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Regional Heat F]ow and Geochem1ca] Studies in S. w Utah

1.0 Statement of WOrk

We propose to complete the fo]iowing ta§ks in that portion of Utah
within the haehufedloutline shomn in Figureli. Our emphasis will be the
Basin and Range Province but we will attempt to ebtain data on ameas east
of the Basin-Range/Colorado P1ateaU~phy§iqgraphic boundéry in order to locate »
the possible heat flow boundary. However, it must be pointed out at this.'
time, that it is not clear, that there-is4a heat flow boundary and that high
heat flow values may actually occur in the Co]omedo Plateau. If this high
heat.flow exists we certainly want to determine this fact as it will be very

important in terms of the regional geothermal evaluation.

1.1 Measure Heat Flow, Available Ho]es
MeaSume heat flow in available water wells, oil wells, amd mining.'
exploration drill holes where thermal gradients can be measured and where
cores or chips are available or may be readily obtained for thermal conductivity
measurements |

1 2 Apply Geothermometry to Available Water Chem1strx

" .Retrieve from- all available sources, including computer data banks
chemical enelyses of waters of all water wells, oil wells, and mining exploration
“'drill holes for which chemieal ana]yées have been obtained, and then estimate
the temperature of last wall rock equilibration via avat1ab1e geothermometers.

1.3 Drill Eight New Holes for Heat Flow '

Drill e1ght 200 ft. ho]es to provide heat flow measurements and
petro]ogy/11tho1ogy/a1terat1on 1nformat1on in areas where heat flow data is
'scarce and the need is critical.

1. 4 Construct Pre11m1nany Heat F]ow Contour Map

From heat flow measured in the proposed program and from those

already ayai]ab]e, construct a preliminary heat flow contour map of S.W. Utah.



1.5 Assess Geothermal Resource Potential
Assess the heat f]ow,‘water chemistry and oiher data in terms of
fegions poésib]y suitable for steam, hot water, or warm water occurrence in
re]ation.to e}ectrica]-energy; agricultural, space heating and other'uses

of geothermal fluids.




2.0 Previous, Current, and Proposed Related Investigations
| 2.7 Heat F]ow | ‘

Costain and. Wright (1974) report 12 heat flow values in Utah, 6 in
thelBaSin and Rangevand 6 in the Colorado Plateau; these values are coupled
via -assumptions concerning thermal conductivity and hence they are not all
independen#. Monroe and Sass (1974) report 9 heat flow values in Utah, 8
in the Basin and Range and 1 in the Colorado P]atgau. Roy et al, (1968)
report 2 heat flow values for the Basin and Range in Utah. Lovering and
Goode (1963) noted exceptionally high thermal gradients in the East.&intic
bistrict. “Lovering and Morris (1965) reported heat flow in well over 100
drill ho]es‘ih the East Tintic Distfict With values as higﬁ as 7.5 hfu.
David D.vBiackwell has information sufficient for heat flow determinations.
at two sites in western Utah and thesé will be included as pért of ' this
study. Additionally, W. R; Si11 of the University of Utah has.measured
thermal gradients and obtained cores for thermal conductivity measurements
in 6 ho]es'extending from Monroe Hot Springs on fhe east to Roosevelt Hot
Springs on the west. Heat flow values from these latter holes are expected
to be available early in 1976. We ﬁresent Figure 2 (after Dimént et al, 1975)
to show the accepted observed heat flow values in the western U.S. and %n Utah

[8 in the Basin and Range and 6 in the Colorado Plateau] excepting those
" measured by Lovering and Morris (1965).

2.2 Geochemistry and Geothermometry of Water From Mixed Sources

The basic tools for estimation of subsurface temperature in
gedtherma] areas have been provided in a series of papers by Fournier and
co-workers (Fournier, et.al, 1974a, 1974b; Fourn{er and Rowe, 1966, Fournier
and Truesdell (1973).. Application of tﬁe Na-K-Ca geothermometer of Fournier
and Truesdell (1973) by Swanberg (1974) to'published ana]ysis‘of thermal

spring waters in Utah (Mundorff, 1970) has indicated several anomalously.



high- temperatures; the hjghest of these is the.Roosevelt-KGRAx Our own
analyses of water from cool seeps‘in the Roosevelt KGRA also indicates the
anomalousiy high_temperaturei These methods of temperature estination‘must
be app]%ed with - caution; they are invalid in vapor-dominated systems, in
systems where‘the assuned reaction mineral assemblages areinot.present, and
'in'sysfems where the chemical composition of cool mixing water is not known.
An additionai oomplioation is contamination of the‘Warm spring water with
Jurassic salt and gypsum,or Holocene playa evaporites.
.Much_chemica1‘and,geo!ogica] data in the region required for'construction
of an appropriaté geological model ‘and estimation of sub-surface water-rock
'1nteract1on temperatures is ava11ab1e in the open Jliterature, unpub11shed
‘reports, files of government agencies, and computer data banks Analyses of
'waters from‘many of the major nonthermal springs of Utah are availabie
in Mundorff (1971). ‘Analyses of many of the thermal springs are available
in Mundorff.(T970)}' Analyses of well waters in the region are available
“from Lee (1908), Meinzer (1911), Fix Nelson, and Butler (1950), Sandberg (1963),
Sandberg (1966), Hood and Rush (1966), and Mower and Cordova (1974)
'Temperature data are frequent]y included. Many analyses, particularly the
‘older. ones, are 1ncomp1ete or unrealiable. ’

We propose to assemble all available spring and well chemistry together
with geo]ogica] information to provide a basis for estimation of subsurface
temperatures, sources of dissolved constltuents, poss1b1e cool mixing water
compositions, and extent of warm water. reservoirs. Flowing wells and springs
in . key ]ocations for which incomp]ete or unreliable oata are ayaiiable will
‘be resampled-and their waters ana]yzed}. Any flowing wells or springs for
which data are.not.available will be sampled and the waters analyzed for~frace

and major elements and ions. If flowing waters are encountered in heat flow



ho]eé, they will be éamp]ed and analyzed. A thorough search.of'avai1ab1e
computer data.storage bahks:such‘as GRID of ﬁawrence Beﬁkeléy'Laboratory
and_the‘Desert Research Instftute, of govgrnment agency fj]esféych as UGMS
and USG, and of published reports containing water analyses will be conducted.
A11 such data retrieved will be assembled into a computer compatible data
bank. | -

l 2.3 Recent and Proppsed Work of USGS in S.W. Utah

Lippman et al (1975) Have reported on K/Ar dates for silicic
vb]caﬁic rocks in S.N. Utah.  Roberts (1975) has qoﬁducted a preliminary
study of mercury in soils near faults at Roosevelt Hot Springs KGRA. |
Frischkhgcht (1975) s conducting a reconnaissance magnetic Qariation/MT
survey of S.W. Utah.. Rowley and Gayland (1975) are planning to mép the geology
-of two or more quadrangles near the Roosevelt Hot Springs KGRA. Pearson and
Fournier:{1975) are planning to measure tritium and radiocarbon'fn_a wei]
currently being drilled by Phillips Petro]eum:Co. at Roosevelt Hot Springs
KGRA. Arnow‘aﬁd Rush4(1975) are proposing to dri]f, for heat flow and.water
chemistry, a number of holes in S.W. Utah. ' ' |

.Our recent discussion with é]]'of these people have led us to conélude‘
that our proposed fesearch is strictly complementary to theirs and by careful
continuing coordination no redundancy will resuit. | |

2.4 Proposed Work of the UGMS in Utah

Director D. H. McMillan of the Utah Geological and Mineral Survey
has indicated a desire. to measure heat flow in holes that the UGMS may be
dri]]iﬁg‘foerther purposes, primq?i]y in the Co]orado'P]atéau. We shall
coordinate our activities wfth‘anyuof'those of the UGMS. |

2.5 Coordinat%on with E. Decker, University of Wyomigg

Edward Decker is involved in measurements bofh‘ih holes drilled

specifically by'him aﬁd also by others, of heat flow values in northeastern



Utah. We will coordinate our activities with his in order tO'inshre that
there is no over]ap of effort

2. 6 Coordination with W. P. Nash and F. H. Brown, Un1vers1ty of Utah

Nash and Brown are propos1ng a chem1stry/petrology/geochrono]ogy/
paleomagnet1sm study of young s111c1c rocks (and one basalt flow) in ‘south-
western.Utah.i We shall.stay abreast of any results of their proposed studies
which would have a bearing on.our studies.

2.7 Recent Work of the University of Utah Geothermal Team

See attachment{



3.0 Some Sgecia14Crusta]‘Prob1ems in S.W.'Ufah

Much of the thrust of U.S.6.S. activities in southwest Utah is to provide
an understanding of tho traositionizone between the Basin. and Range to the
west and.the Colorado Plateau to the east. | Qur research objectives are
comp]ementary to this, for examp]e, an additional problem requiring under-.

standing is the origin and evo]ut1on of the several east-west crustal

11neaments in-Utah. Figure 1 shows thesé lineaments in relation to the KGRA's .

in Utah The Pioche-Beaver-Tushar trend, for examp]e, is marked by (a) a

40 km r1ght lateral offset of gravity features on its northern boundary, (b)
genera]]y high magnet1c intensity, (c) an abundance of young. acidic to basic
extrusives_and intﬁusiVes,'(d) base metal and iron mineralization, (e) an
abundance of thermal springs, and (f) most of the KGRA's in Utah.

Figure 3 shows that a 100 km wide east;west band of Tertiary volcanics
lies immediately south of the northern border of the Pioche-Beaver-Tushar
trend. .These vo]canjcs are 1ar§e]y intermediate in composition and may make
contribufiops to the aéromagnetic highs‘offthe Pioche-Beavér-Tushar trend
and the IronASprings trend. Also contributing to the magnetic highs of these
latter two trends are basalt flows 1mmed1ate1y to the north and to the south
of the 1ntermed1ate vo]can1c rocks, and intrusive igneous rocks, labeled as
_Precambrian,-durassic,.and Tertiary in Figure 3, but known to be dominantly
in the 20 to 40 my age range. The Deep Creek-Tintio and the Oquirrh-Uinta
- trends are intruded by igneous rocks of similar age. The former trend
contains the Burgin mine at East Tintic. The Bingham and Park City mining
camps 1ie within the Oquirrh-Uinta trend. _ |

- The thermal springs of Utah (Mundorff, 1970) lie largely within the-
Intermountain Seismic'Belt as shown in.Figure 4. THe boundaries of the Basin

and Range, the Colorado PTateau;‘and the: Rocky Mountains are also shown in



this figure. Key questions to which the proposed research shall be addressed

are:

.

3)..

6)

Is the physibgraphic boundary between the'Basin and ‘Range also

"a heat flow boundary?

Do the Deep Creek-Tintic, Pioche-Beaver-Tushar, and Iron Springs
trends cut across the physiographic boundary betwegn.the Basin

and Range and thé Colorado Plateau as the Oquirrh-Uinta trend

“appears to do?

Where is the western termination of the OquirrH-Uinta trend?

Which is most important in controlling the 1ocation:of geétherma]
resources. in Utah,.the easfjwest trends or the Intermountain
Seismic Belt? | |

Do the east-west trends exhibit énomaTous]y high heat flow, relative
to adjacent Basin and-Range terrain?

Are the‘very yoﬁng‘silicic rocks or the Quaternary basalts in Utah
related to high heat flow?‘ | |

Bearing on the above key questions are several important observations

| as follows:

1).

2)

‘Seismic data (e.g., Smith and Sbar, 1974, and Smith et al, 1975),

. aeromagnetic data (Shuey et al, 1975), and gravity data (Cook, 1975)

all indicate that the geologic boundary between Basin and Range

and the Colorado Plateau lies an average of 50 km, and as much as

-100 km, to the east of.the physiographic boundary.

Cook (1975) interprets the gravity map of Utah to infer that the -

' Pioche-Beaver-Tushar trend continues well into the Co]orado Plateau.

3) Ona Tocai scale, both east-west and north-south faulting is



4)

-

6)

imporfant in delineating the geothermal reservoir at Rooéeve]t

Hot Springs KGRA. .

Figure 2 illustrates the grbss inadequacy of heat'flow,measurements
in Utah in generaT and in the Basin and Range/Colorado blateau

transition in particular.

Smith et al. (1975) note that "A pronounced north—trénding'physio-

graphic break known as. the Wasatch'Froﬁt, marks the boundary between

the northern Basin-Range Province to the west with a thin crust

" (~ 30km), low Pn ve]dcity (v 7.6-7.8 km/sgc), and high heat flow
(>‘1.5 hfu):laha Colorado Plateau to the east with a thicker cfust_
:(m 43 km), highef_Pn velocity (v 7.8 km/sec), and'nﬁfmal heat
- flow (< 1.5 hfu). The physiographic bouhdanya]go coincides with an

~area of Cenozoic faulting as well as with a. zone of pronounced

seismicity along the Intermountain Seismic éelt that is characterized
by.focal mechanisms represenﬁative of high-angle normal faulting wifh
east-west extension." |

Eafon (1975) notes that "A fundamenta],'west-trendiné,.transQerse,
crustal bdundary crosses the Basin and Range province between St.
George, Utah;land northern.Death Valley." This trend is most readi]y.
depicted in the seismicityAmap of Smith and Sbar (1974) reproduced
here as Figure 5. Eaton continues, "The boundary is characterﬁzed

by a steep, north-facing gravity gradient bf 70-100 mgls, a coherent

" zone of moderate seismicity, which continues northeast as the

Intermountain Seismic Be]t; a west-trending trough in the M--
discontinuity, with re]étive]y Tow crustal P velocities on the south,

and a suggestive variation in Pn. There may be-a local heat flow

- gradient at this latitude, but the data are admittedly open to other



7)

interpretations.””

Figuﬁe 6 (after Mount, 1964) shows five sulfur occurrences.deep

in the Colorado Plateau (Emery County). At least one of these

- sulfur deposits is associated with a hot spring.



4.0 Work Plan _
| 4.i Heat Flow . _

* Several mining coﬁpanies have advised us of the availébi]ity of
drill‘holes and cores kétrieved from them.. Currently, these holes extend .
from the.Tintic Mining District in the north to the Wah-Wah and the fushar
’Mounpains in the §outh: So far, we have about 30 holes available to us.

We expect to expandtthfs number to 50-75 holes during the project by
.éontaqt with ﬁining and petroleum companies, municipalities éhd individuals.
As many as 8 additional holes will be dri]]ed and cored in areas whefe data
is sparce'yet.critical!‘ . |

Thermgl.gradienfs will be measured in all available holes whether or
not they are suitable for heat flow determinations. When possib]e thermal.
conductivities will be measured oﬁ available cores, cuttingS'br'suFféce
éamp]es. Hgat flow values will be calculated -from these data and terrajn
corrections made for terrain effects if applicable. We wif] also measure
'-fradioactivify.Values of granitic rocks in the areas in order to obtain
information on basement rad1oact1v1ty SO that reduced. heat f]ow values can
be ca]culated and included 1n the 1nterpretat1on

4 2 Nater Chemistry

The water data which we obtain directly or retrieve will be comb1ned
with all avai]ab]e geo]ogica] and geophysical-data to evaluate ai local potential
for convect1ve hydrotherma] systems and. ‘b) the effect of ground water on
thenna] grad1ent measurements in the area. '

The sodium-calcjum-potassium thermometer of Fohrnier'and Truesde]1 (1973)
and the silica~fhermometgr of Fburnier and Rowe (1966) will be applied to all
water analyses to eétﬁmate temperatures and poséib1e-mixing'm0dels and to

evaluate possible geothermal areas.



4.3 Dr1111ng
We plan to drill. up to 8 holes between 200 and 300 feet .deep in bed-

rock using a. combined rotary—percuss1on rig. -Cores will be retrieved every

50 feet (neminal). These holes will be-carefully located to insure .insofar as
possible that heat flow values will be obtained in these sha]]ow}ho]es. Careful
:placement of holes will avoid surface temperature effects, should enabie adea
quate heat flow meésurements to;be‘made in these shallow holes, and the amount
of money that can,be saved by shallow drilling for heat flow justifies the | .

effbrt 1n.£his,respect.

4.4 Petrology/Litholqu/-and~A1tenation o
A1l cuttings and cores will be logged as to 11tho]ogy. Where these
subsurface'data can contribute to new interpretations of local geology, such |
interpretafions,wi11 befmade; This may involve occasional local mapping in the
immediate vicinity of the hole. "

Thin sections will'bermade of significant facies of igneous rocks, and
petrographic descriptione prepared If previously unknown fine-grained silicic
1gneous rocks are encountered in dr1111ng, study of them will be coord1nated
with Nash and Brown

Altered zones or mineralization encountered during dri]iing will be cored.
ATteration wi]i be studied by standard x-ray diffract%on and ana1ytjca1 methods.
Type of q]teratfon, in relation to known assemblages of geothermal areas, will
be used te‘assist in evaluating tne geothermal potential in the immediate
vicinity of the hole.
| Splits of cores and cuttings, not used for our heat flow, alteration, or
petrographic studies will be made available to othen researchers on their requestp

4,5 Geothermal Resource Potential

The geotherha]_gradjents,'heat flow and water chemistry data will



.be reduced and prepared in a suitable form‘fof compafison with other

geological and geophysical Qata. In particular we will compare the results
with fhe 1ocatioh of si1icic and basaltic intrusives and extrusiVes, active
tectpnfsm, zones of young a]fe?ation, hot‘or warm spring occurrénces, and

- young spring. depos{ts The object.of these correlations will be to detefmine:
the, possible 1ocat1ons of undefined convective hydrothermal systems, limits

on known hydrotherma] convect1ve systems, estimates of the maximum temperatures
in hydrothermal systems, and 1nf0rmatxon on the regional contro]s of the
systems of gedtherma] importance. Southeastern Utah is a very large area
and it is unrealistic -to expect to be able to more than scratch the surféce for
édequate'regiona\ geothermal assessment,_particu]ar]y since ﬁp until the present
time this area of Utah has begﬁ partiéu]ar]y lacking in heat flow studies.
However, we feel this study will be very important in overcoming this lack on‘_

basic information
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6.0 Faci]ities

6.1 Heat Flow

The University of Utah has therm1stor probes, cab]e, reels, and a

prec151on digital voltmeter available for thermal grad1ent measurements
We expect some’ attr1t1on of cab]es and reels and we will need an a]ternate
measurement system for backup. Accordingly, we have budgeted for ree]s,
cables, and anlinexpensiye impedance bridge.

Thermal conductivity apparatuévfor.measuremente of watecs is nearing
completion at tﬁe University of Utah. Apparatus suitab]e:for,thermal' B
conductivity measurements on chips is.availab1e at Southern Methodist

Uhiyersity, ' - ,



7.0 Management

Responsibility for the.Managemenf of research grahts énd‘contracts
falls under the activitieé of the office‘of fhe Vicg President for Résearch
at thé‘University of Utah. Some $38'million in reséarch’grants:and contracts
areAadmjnistered‘anﬁua11y by this office. . |

Delegation of authority’fbr day to day management of grants and -
contracts is made to the departments of.the University. In the Department
of Geology'and Geophysics, Dr. S. H. Ward, Principal Investigator of the
broposed reéearﬁh; wi]l,prdvide the necessary technical and overall management
. during the period of the award. Mr. W. L. Forsberg, Business Manager, will
~administer. the administrative requirements and aétivities of the grant,
Approximately: $2.8 million in research grants and contracts areﬁbeing

administered by Mr. Forsberg' and his staff.'
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1.0 Introduction

A June 1, 1976 project start date is requested so the summer effort
can be initiated as early as possible. Our fie]d experience on the NSF
Grant No. GI-43741, "Geothermal Exploration Systems and Their Applications
in Utah" required a considerable amount of time to make the contract
arrangements for the drilling and to complete the drilling project prior
to the arrival of adverse weather conditions.

Experience of cost requirements of other research projects was
used to develop the cost elements of this project where applicable.

Other proposed cost elements are based on our best engineering judgements.

The proposed budget is required to provide.-the necessary manpower
and ‘support items to complete the research outlined in the Statement

of Work.



2.0 Statement of Work

We propose to complete the following tasks in that portion of Utah
within the hachured outline shown in Figure 1. Our emphasis will be the
Basin and Range Province but we will attempt to obtain data on areas east
of the Easin-Range/Co]orado Plateau physiographic boundary in order to locate
the possible heét flow boundary. However, it must be pointed out at this .
time, that it is not clear, that there is a heat flow boundary and that high
heat flow va1ugs hay actually occur in the Colorado Plateau. If this high
heat flow exists we certainly want to determine this fact as it will be very
1mportaﬁt'in terms of the regional geothermal evaluation.

2.1 Measure Heat Flow, Available Holes

Measure heat flow in available water wells, oil wells, and mining
exploration drill holes where thermal gradients can be measured and where

cores or chips are available or may be readily obtained for thermal conductivity

) measurements.

2.2 Apply Geothermometry to Available Water Chemistry

Retrieve from all available sources, including computer data banks
chemical analyses of waters of 511 water wells, o0il wells, and mining exploration
drill holes for which chemical analyses have been obtained, and then estimate
the temperature of last wall rock equilibration via available geothermometers.

2.3 Drill Eight New Holes for Heat Flow

Drill eight 200 ft. holes to provide heat flow measurements and
petrology/lithology/alteration information in areas where heat flow data is
scarce and the need is critical.

2.4 Construct Preliminary Heat Flow Contour Map

From heat flow measured in the proposed program and from those

already avai]gb]e, construct a preliminary heat flow contour map of S.W. Utah.



2.5 Assess Geothermal Resource Potential

Assess the heat flow, water chemistry and other data in terms of
regions possibly suitable for steam, hot water, or warm water occurrence in
relation to electrical energy, agricultural, space heating and other uses

of geothermal fluids.
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3.0

(RESEARCH

CONTRACT PRICING PROPOSAL
AND DEVELOPMENT)

Office of Management and’ Budget
Approval No. 29-RO 184

CThis form is for use when (1) submission of cost or pricing data (see FPR 1-3.807-3) is required and
141) substitugion for ¢he Oprional Form 59 is authorized by the contracting officer.

1PAGE NO.

1

NO, OF PAGES

2

NAME OF OFFEROR

University of Utah

HOME OFFICE ADDRESS

Office of Research Adhinistration
University of Utah, S.L.C., UT 84112

SUPPLIES AND/OR SERVICES TO BE FURNISHED

Regional Heat Flow and Geochemical
Studies in S. W. Utah

OIVISION,5) AND LOCATION(S] WHERE WORK 15 O BE PERFORMED

Dept. of Geology and Geophysics

TOTAL AMOUNT

s 99,400.

OF PROPOSAL

00

GOV'T SOUCITATION NO.

DETAIL DESCRIPTION OF COST ELEMENTS

1. DIRECY MATERIAL [ frameze un Exhibu A) €SYT COST (§) EST'OC‘SLSTI :EJCEER
T puRchastD parts $ 2,340
"'-';.' .S‘a;((;_NIRACIED ITEMS
«. OTHER —(1 ;_nw_wueam

(2} YOUR STANDARD COMMERCIAL ITEMS

fi) lNlERDIVIS;ONAl TRANSFERS (A1 uther than «ni1)
- .“‘—_ ) TOUAL DIRECT MATERLAL
2 MATERIAL OVERHEAD' (Rute %N'S buase =)
3. DIRECT LABOR (dpeutfy) * Es,:'é"J‘RISED ffgf)ﬁ cosErST(s)
Senior Personnel a. P.I.-S.H.Ward 87 hrs. 780 £18.56 [$14,480
b. Co.I.-T)W.T.Parry 87 hrs. 2)J.A.Whelan

173 hrs. 3JW.R.S3171 260 hrs. 4)D.D.Blackwell 173 hfs.

Graduate "Research Assistant 1,298 4.24 5,500
Undergraduate ReSearch Assistant 1,298 2.70 3,500
Electronics Technician 173 5.92 1,025

Secretarial TOTAL DIRECT LABOR 3%82 ",980'. 5$26,485 '
A_‘__U;B?i»O‘V.E-R.‘l:i-Etlz (Specify ')—('!l'.ll'l”l('lll ar Cost Center)? O.H, RATE X BASE = EST COST (§) : g
61% of Salaries Wages_and Employee ~ )
Benefits. 61% 530,347 [$18,513

TOTAL LABOR OVERIEALD

187573

5. SPECIA\ YESIING (Induding ficld work ut Gorernment installations)

SO

EST COST (§)

et e e e e T PR I -
T - TOTAL SPECIAL TESTING ;0_ )
6. SPECIAL EQUIPMENT (I direit charge) (lemize on Exhibit A) = ) 600 Fxhi bLt_/:\
7 mwn t1y divevt churge) f(,m xl.luh on witahed \nhnluh‘) €SY COSY () A
“. |R—ﬁTb;§PORIAIION o T - .$~ -6 1 O—S’" -
h. PER DIEM OR SUBSISTENCE 7.295 .
TOTAL TRAVEL " 1$13.400 |Schedule
B CONSULTANTS (Llentify -purpruse = vate ) EST COST( S) ! N
TOT AL CONSULTANTY _0_
9. OTHER DIRECY COSIS (ltemite on Exhibit A): 538 -OG_Z__E?Sh] b-‘ t A
10. TOUAL DIRECT CONE AND OVERHEAD 99 ‘400
11, GENERAL AND ADMINISTRATIVE EXPENSE ( Rute % of vest clement Nos, ) L -0-
12. ROYALTIES * ) -0-
K] TOTAL ENUIMATED (ONT
| 99,40Q
11 TR RROR . - o 20=
15, TOTAL ESTIMATED COST AND FEE OR PROFIT 99400

ra

*No new hires required

OPTIONAL
October 1971

FORM 6o

Creneral Services Adionstreton

FPR 1-10,800

060~ 101

No.
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This proposal is submictted for use in connection with and in response o (Describe RI l’ el )

Regional Heat Flow and Geochemical Studies in S. W. Utah

and reflects our best estimates as of this date, in accordance with the lnsteuctions to Offcrors and the Footnotes which foltow.

TYPED NAME AND TITLE : SIGNATURE

NAME OF FIRM : DATE OF SUBMISSION

EXHIBIT A—SUPPORTING SCHEDULE (Specify. If more spuce is needed, use reverse)

COST EL NO. ITEM DESCRIPTION (See footnote $) . EST COST (S
1 a.- |Expendable Supplies and Equipment $.2,340.00
1. Replacement Parts
a. Reels . : $200.00_
b. Cables 400.00
2. laboratory Chemicals & Glassware 500..00
3. Electronic Parts 500.00
4. Wire : 200.00 N
5. Office Supplies 240.00
6. Misc. Supplies 300.00
6 Permanent Equipment
1. Impedance Bridge 600.00
9 Employee Benefits 3,862.00
1. 19% of $17,485.00 ' $3,322.00 o
2. 6% of $9,000.00 540.00 ' L
9 . Publication Cost . 1,200.00 _
1. Drafting and Reproduction $_ 500.00
2. Report Preparation 700.00
9 Computer Costs - 5 hours @ $600/hr. 3,000.00
9 Drilling Costs - (8) 200' holes @ $15/ft. 24,000.00
9 Equipment Use Charges 6.,000.00_
1. Thermal Conductivity $3.000.00
2. X-Ray and Geochemical Analysis of 100 Samples  3,000.00 o

I, HAS ANY EXECUTIVE AGENCY OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECHION WITH ANY OTHESR
GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWELVE MONTHS?

m YES D NO  (If yes. sdentify below. )

NAME AND ADDRESS OF REVIEWING OFFICE AND INDIVIDUAL TELEPHONE NUMBER/EXTENSION

DHEW Audit Agency 225 So. 2nd East S.L.C. UT 84111 (801)524-411]

. WILL YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY IN THE PERFORMANCE OF THIS PROPOSED CONTRACT?
D YES m NO  (1f yes. identify on reverse ar separate page)

il DO YOU REQUIRE GOVERNMENT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONIRACT? »
X ves [J no cuf vés. identify.): [} apvance pavments [K] PROGRESS PAYMENTS OR [ ] GUARANTEED LOANS

V. DO YOU NOW HOLD ANY CONTRACT (Or. do you have any independently finunced (IRG1)) projects) FOR THE SAME OR SIMILAR WORK CALLED FOR BY THIS
PROPOSED CONTRACY?

D YES & NO (If yes, identify. ):
vV DOES THIS COST SUMMARY CONFORM WITH THE COST PRINCIPLES SET FORTH IN AGENCY REGULATIONS?

m YES D NO  (If un. expluin on reverse ar veparate page)
See Reverse for Instructions und Footnotes ) QOPTIONAL FORM 60 (10-"1)
) 2
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4.0- Research Contract Proposal Budget

Year Beginning June 1, 1976

USGS Funded .
Man-Months
Cal -Acad Sum

A. Salaries and Wages:

1. Senior Personnel

. P.1.7S. Ward
Co.I1. D. Blackwell 1.
Co.I. W. Parry

Co.I. W Sill 1.5 1.
Co.I. Jd . Whelan 1.

mon oW
p R RNl
counowm

2. Other Personnel

a. Graduate Research Assistant
100% 3 Summer Months 3.0
50% 9 Academic Months 4.5

b. Undergraduate Assistant
100% 3 Summer Months 3.
50% 9 Academic Months 4.5

c. Electronics Technician ‘

d. Secretarial 2.0

Jura—
QO o

(3N
o

Total Salaries and Wages: 12.5 12.

B. Employee Benefits:

19% of Salaries and Wages
less Research Assistants

6% Salaries and Wages
Research Assistants

Total Employee Benefits

$14,480.

5,500.
3,500.

1,025.
. ]9980.

$ 3,322.
540.

00

00

00

00
00

00

00

USGS
Proposed
Amount

$ 26,485.00

$ 3,862.00

Uof U

Cost Share

$ 2,766.00
(60 MM)

$  526.00

$ 526.00



Total Salaries and. Wages

and Fmployee Benefits:

Permanent Equipment:

1.

Impedance Bridge

Expendable Supplies and

Equipment

1.

Replacement Parts
a. Reels
b. Cables

1.

WMo

2. Laboratory Chemicals & Glassware

3. Electronic  Parts

4. Wire

5. Office Supplies

6. Misc. Supplies

Total Expendable Supplies and
quipment

Travel

Vehicle. Rental (3)

- 15,000 @ $.25/mile

Vehicle Insurance

Vehicle Damage Repairs

Gasoline .& 01l

Per Diem

a. 3 Persons for 60 Days Each
@ $25/day

Supervisory Trips to Research Areas

a. 6 Trips @ $300/each

Research Area Local Labor
(3 People for 20 Days)

Scientific Meetings (2)

Total Travel

$ 200.
400.
500.
500,
200.
240.
300.

$ 3,750.

- 150

4,500.
1.,800.

1,650

00

00
00
00

00
00

00
.00
500.
250.

00

00

Qo .

.00
800.,

USGS _
Proposed Uof U
Amount _Cost Share
$ 30,347.00 $ 3,292.00
$ 600.00
$ 2,340.00

$ 13,400.00



. - Publication Costs:

1. Drafting and Reproduction
2. Report Preparation

Total Publication Costs

Computer Costs:

1. UNIVAC - 1108, 5 Hours
@ $600/hour

Qther Costs:
1. Drilling Costs
3. 8 Holes @ 200 feet deep
@ $15/foot
2. Equipment Use Charges
a. Thermal Conductivity
b. X-ray and Geochemical
analysis {100 samples
@ $30/sampie)

Total Other Costs

Total Direct Costs:

Indirect Costs

61% of Salaries and Wages
and Employee Benefits

Total Costs:

Total Estimated Project Cost:

$ 500.00
. 700.00

$ 24,000.00

3,000.00

-3,000.00

USGS
Proposed
Amount

$ 1,200.00

$ 3,000.00

$ 30,000.00
$ 80,887.00

$ 18,513.00

$ 99,400.00

u fU
Cost Share

$ 3,292.00

§ 2,008.00

§ 5.300.00



5.0 Schedule No. 1 - Travel

Destination No. of

. No. of No. of Air Per Auto &
Item No. or Purpose Trips Days People Fare Diem Misc.
1. Vehicle Rental $ $ $3,750.00
2. Vehicle Insurance 150.00
3. Vehicle Damage
Repairs 500.00
4, Gasoline and 0il 250.00
5. Field Rgsearch Area 1 60 3 4,500.00
6. Field Research Area 6 7 1 1,050.00 .750.00
7. Field Research Area 3 20 . 1 1,500.00 150.00
8. Scientific Meetings
a. West Coast 1 3 1 130.00 105.00 50.00
b. East Coast 1 4 1 300.00 140.00 75.00
Total $430.00 $7,295.00 $5,675.00

Total

$3,750.
150.

500.

250

4,500.
1,800.
1,650.

285.
515.

$13,400.

00
00

00

.00

00
00
00

00

00



6.0 Current Federal Funded Research

Project Title

Workshop on Geophysics Applied to
Detection, Delineation and Evalua-
tion of Geothermal Resources

(14-08-001-G-191)

Lunar Data Synthesis (NSG-7090)

Multifrequency Electromagnetic

Exploration (GA 31021)

Geothermal Exploration Systems
and their Applications in Utah.

(AER 74-01043 A01)

An Inductive Method of Electro-
magnetic Séunding of Water Bear-

ing Strata (GA-24421)

Operations of Telemetered Seismo-
graph stations for Data Collection
and Epicenter Determinations along

the Wasatch Front, Utah
(14-08-001-14107)

Regional Seismicity and Tectonics
of the Southern Intermountain
Seismic Belt, including the Wasatch

Front (EAR 73-0055-02)

Agency

USGS

NASA

NSF

NSF

NSF

USGS

NSF

Duration

5-22-75 to 5-21-76

7-1-74 to 6-30-76

9-1-71 to 8-31-76

5-01-74 to 10-31-76

10-1-70 to 7-31-76

11-1-73 to 9-30-76

10-15-73 to. 3-31-78

Funding
$18,455.00

102,400.00

77,800.00

558,800.00

102,500.00

179,802.00

160,000.00

P.I. and Co.I. Effort

P.I. S.H. Ward 2%*

P.I. S.H. Ward 2%%*
1 month summer
Co.I1.-W. R. Si11 40%

P.I. S.H. Ward 2%*
.5 month summer
Co.I-G. W. Hohmann 15%
(no cost)

P.I. S.H. Ward 7%*
.5 month summer

Co.I.-W. T. Parry 3%*

1 month summer
W.R. Sill 45%
J.A. Whelan 3%*
1.5 months summer

P.I. S.H. Ward 2%*
.5 month summer

P.I. S.H. Ward 24%%*

P.I. S.H. Ward 2%*



Project Title

8. Geophysical Studies of the
Afro-Arabian Plate Foundry
and Tectonics of Egypt
(DES 75-21851)

9. Heat Flow Studies in.
Southern Mexico
(GA-30590)

10, The Numerical Solution of

Singular Integral Equations
(DAHC-04-G~0175)

* Academic Year - no cost

Agency -
NSF

NSF

- U.S. Army

Duration

9-1-75 to 8-31-77

1-1-71 to 8-31-76

7-1-74 to 6-30-77

Funding _P.I. and- Co.I. Effort

74,800.00 P.I. D.D. Blackwell 11%
93,300.00 P.I. D.D. Blackwell 5%
30,757.00 P.I. F. Stenger

2 months summer

F /1,34 37/‘ 7 00.



7.0 Proposals Submitted

Project Title Agency . Duration Funding P.I. and Co.I. Effort
1. Deep Probing Electromagnetic - NSF 1-1-76 to 12-31-76 - $ 234,300 P.I.-S. H. Ward

System ) . _ . 1 Month Summer

Co.l.-W. R. Sill
4 Months Summer

2. Regional Heat Flow and Geo-
chemical Studies in S.W. Utah USGS 6-1-76 to 5-31-77 99,400 P.I.-S. H. Ward
.5 Month Summer

Co.I.'s-
D. D. Blackwell
1 Month Summer .

W. T. Parry

.5 Month Summer

W. R. Sill .
2.5 Months Summer
J. A. Whelan -
1 Month Summer

3. Proposal for Workshop-on " USGS 8-1-76 to 7-31-77 34,000 P.I.-S. H. Ward 2%*
Geothermal Case Histories '

4. Forward and Inverse Inter- ' NSF 4-1-76 to 3-31-77 278,000 P.I.-S. H. Ward
pretation of Multiple 1 Month Summer/yr.
Electrical Data Sets Over : Co.I.'s -
Two-Dimensional Structures - 0- W. R. Si11 25%
Theoretical Development and t
Field Example F. Stenger

1 Month Summer/yr.

W. E. Mason,'Jr.
2 Months Summer/yr.

G. W. Hohmann 15%
No Cost

C. M. Swift, Jr. 15%
No Cost
*Academic Year - No Cost '



Projeqt Title

Proposal for the Design of
Continuously Monitoring
Resistivity System

The Mumerical Solution
of Singular Integral Equations

Agency
USGS

U.S. Army

Duration

10-1-75 to 9-30-76

7-1-76 to 6-30-77

Funding
$ 29,900

16,000

B Tl 6P

P.I. and Co.I. Effort

P.I.-W. R. Sil1l1 16%

Co.I.-S. H. Ward
.5 Month Summer

P.I.-F. Stenger
2 Months Summer



8.0 Attachments - Forms

a. Representations, Certifications, and Acknowledgements
b. Affirmative Action Program

c. Patent Information Checklist



REPRESENTATIONS, CERTIHZATIOMS, AND ACKNOWLEDGMENTS .
The Ofieror represents and certifies as part of his ofier that: ¢ Check or complete ull applnable boxes or hlocks. ) '

I SMALL BUSINESS (See par 13 on SF 33-4.) L . . .

He [ 1s. (8 15 not: 2 small business toncern. I offeror s a small business conceen and is not the manufacturer of the supr}lics offered. he also represents that
il supphies to be furnished hereunder [J will, [A will not. be manufactured or produced by a small business concern in the United States. its possessions, or
Puerto Rivo. :

2. REGULAR DEALER —MANUFACTURER ¢ Applicable only 1o :lfhpl) contracis exceeding $10.000.)
He is a [J regular dealer in, (J manufacturer of, the supplies offered,

Y .
3. CONTINGENT FEE ¢ Ser par. 15 on SF.33-A.) ‘ ' _

(a) He (] has. [A] has not, employed or retained any companv or peeson (other than a4 full-time. bana fide employee working 1alely for the offeror )t solicie o
weute this contract. and (b) he [J has, KX has not. paid or agreed o pay anv company or person (other thun a full-t1me kens fide empinyes workimy 1olehy for the
afigror) any fec. commission, percentage, or brokeraie fee contingent upon o resulting from the award of this contract: and ugrees to turaish infurmation reba
g 0 (a) and (b) above, as requested by the Contracting Officer. ( For tnterpretation of the representation, incliuding the term “bona fide employee.” see Code of
Federal Regulations. Tule 41, Subpart 1-1.5.) . . ’

(. TYPE OF BUSINESS ORGANIZATION
He operates 33 (J an individual, (J a parlncrship.ﬁ a nonprofit orgnniu(ion,ﬂa corporation. incorpotated under the laws of the State of
.

3. AFFILIATION AND IDENTIFYING DATA (A(pl:rablc only to advertised solicitations.)
Fach offeror shy)l complete (a) and (b)) of applicable. and (¢) below:
(1) He O . K03 not. owned or conteolled by a patent company. (See par. 16 on SF 33-A.)

(b} If the offeror is owned or controlled by a parent company, he shall enter in the blocks below the name and main office address of the parent company.

Name of Parent company and main office address
(include ZIP Code) ——

(¢) Employer's identfication number (See par. 17 on SF 33-A.)

(Offeror's E.I. No.) (Parent Companys E1 No.)

h EQUAL OPPORTUNITY . .

He has, [ has not, participated 10 g previous contrict of subcontrace subgect either to the Equal Opportunity clanse herern qg the clavse - rigonally con.
snned 10 secton W ot Baeoutne Ocder Noo 10024, or the clause contained 0 section 201 of Executive Order No. 111139, that he hae (Jbn o b ik
ruited comphance repores, gl thae representations indicanng submission ot required comphance reputts, signed by proposed sube oot actors, wiit b e
et 1o subcontract awards. ¢ The ahare represensation need not be submitied 1 connetion with contracts or subiontracts which ure exempt from the ciiute

* BUY AMERICAN CEBTIFI('ATE
The offeror hereby certities that each end product. except the end produces listed below, is 4 domestic source end product fas defined in the orw o enoied
Buy American Act’ ). and that components of unknown otigin have been considered to have been mined, produced. or manutsceured catsy e dhe Unaed aey

YCLUOED END PROOUCTS UM ST GG, T T

t CERTIFICATION OF INDEPENDENT PRICE DETERMINATION /See pur, 18 on SF 33-4.)
‘{a) By submisnion uf this offer, the offeror certihies. and in the case of a joint offer, each party thereto certifies as to its own orgamzation. that 1in tonaa ton
vith this procurement:

(1) The prices in this offer have been arnived at independently. sithout consultation, cominunication, or agrecenent. for the purpese of resres e gy
1on, as to any matter refating to such prices with any other offeror or with any competitor;

* (2) Unless otherwnise requited by law, the prices which have been quared in this offer have not been knowingiy disclosed by the ofizur apdd will noe
inowingly be disclosed by the ofteror prior to opening in the case of an advertised procurement or prior tu award in the case of 3 negotiated procurement.
leectly or indirecthy to any other oleror or to anv compentor: and

(3) No attempt has heen made or will be made by the offeror tolinduce any other person or firm to submit ¢r not to submit sn offer for the purpose of
EMIICING Competiion, :

(b) Each person signing chis otter certsfies thaee '

(1) He s the person in the offeror’s organization responsible within that organizaton for the decision as to the prices being oftered hereir and that b has
wt pu(icip.ncd, and will poe partiapate. 10 any action contrary to (a) (1) rhn}ugh 13} (1) above, or ’

(2) (1) He s not the person i the oftecor’s organization respensible wichin that orgamizauon for the decision as to the prices being nifered heren but
hat he has been suthanzed in anting 1o act as sgent fos the persons responsible tor such decision in cerurying that such persons have not parnepated.
vl not participate, in any action conteary to (2) (1)} through (a) (3) above. and 43 their agent does hereby so certity: nmr(ii) he has not particaipated. am!
"M not partiapate. a0 any 3dion conteary to ta) 11) through {a) {3) above.

" CERTIFICATION OOF NONSEGREGATFED FACILITIES .

(Applicable to 11) contracts, 127 subcontracts. and (31 agreements with applicants who are themselves pecforming federally assisted construcuan contracts,
weeding $10.000 which are not exempt trom the provisians of the Equal Opportunity clause.)

By the submission ot this td, the bidder. oneror, appicant, or subcontractor certifes that he does not maintain or provide for his enrplovecs any soceegate|
wiliies at any of his establishments, and that he does not rermit his emplovees (o perform their services at any location, under his tontrol winere vy cegated
wihities ate mancaned He certifies turther that he sall not maintain or provade tor his emplovees any segrccﬁted facilities at anv of his estasinimens, int
hat he will not permit bis emplovees to pettoem thewr services at any location, under his control, where sepregated facihities see mamtaned iine badider cdlesoer
"P'lx':n(._.ur subcontiaceor agrees thac a breach of this certrtheation 1s a violation of the Fqual Opportunity Jause in this contras o As used a rhis certine g,
ve term Usegregated tacihines T means any wainng rooms. sork areas. rest rooms and wash rooms. restaurants and other eating arcas. time oo by, locker
ms and other storage or dressing arers, parking lots, denking tountains, recredtinn o entertainment are4s. teansportation, and housap faolion - provetd
' rmplu)yecs which tee serregared by explicit dicective or are i fact cegrevated on the basis of race. color, relann ar national ongin, beoause of habat, b !
ustom. or utherwise. He turther agrees thar (except where he has obtained identcal certibications from propased subenntaactoes for gpeaiiic Qme perexds s
N obtin idennca! certifications from proposed subcontractars prioe to the ward of subcuntacts exceeding $10.000 wtuch are not exempt from the Provisionne
f the Equal Oppoctunity ause: that he wall retain such certificatians i hay iies: and that he aali forward the follooing notice to such propused suboontes
s (except where the proposed subcontrdctors have submitted wlenteal certhzaoons for speaific time.periods):

Notue to prospectite anhcuntraiiors of recutrement for COrLpcalion. ot moneecregated ractiitier,

A Cetvrfiiatiun of Nonsegtegated Facilines muse be submitied prios o the sward ot 2 subconteact exceeding $10.000 which iv not exempe from the prov
ons of the Equal Oppartunity (Liuse The certrhoation may be sulimiteed ether tor cach subcontract o for all subcontracts during a4 period 1oz, quaestezly
muannually, or anouslhvy, NOTE: The penaity for making false statemenis in ofers 1 presceribed 1a 18 U.S.C. 1001,

ACKNOWLEDGMENT OF AMENDMENTS AMENDMENT NO. —_JL. DATE AMEMDMENT MO. DATE

e oMecor achnowledget receipt of amendments

o s Solictation for ONers and related docys beoo—mae Tmem ST e e I T e e
ments aumbered ond doled o follows ’

IOTE —Offers must set foreh full, sccurate,_amd somplere. utformation_us eecursed by this Solicetasian_ancludine attachmentsd The enalty for making false 1.5
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Standard Form 33, continued:

r.

10. AFFIRMATIVE -ACTION PROGRAM: The offeror represents that (check one):

(1) he (x) has developed and has on file, or (2) he ( ) has not
developed and does not have on file at cach establishment affirmative
action programs as required by the rules and regulations of the
Sccretary of Labor, or (3) he ( ) has not previously had contracts
subject to the written affirmative action program requirement of the
rules and regulations of the Secretary of Labor.

The following certification is reouired to be included with all cffers:

(a) Have you participated in any contractual agreement which contained
the Fqual Employment Opportunity Clause prescribed in Section 202 of
Execulive Order 1124627 Yes X No If answer to (a) is yes, answer
question (b).

(b) Were you required vursuant to the Rnles and Regulations on Egual
Pnployment Opportunity (41 CFR €0-1) to file a compliance report =s
the resmlt of such contractual agreement? Yes X No If answer
Lo (b) in yeu, answer question (c)./

(¢) Lid you file the necessary compliance report in accordance with

the instructions contained on the appropriate report form? Yes X o @
If ansver to (¢) is yes, answer questicn (d). bate filea:
(4) Mane of agency requiring report Regional Office of HEW .

: (e) Mas any astion been required of you to improve your compliance postu,«
Yeur N, X g ’

(f) Mow many persons are curreritly employed by you and yvour affilj.tes?
fumbier f Percons: 9627 .

) Page 2A (revised 20 \y 1074)



- PATFNT THTORMATION CHICKLIST

To be completed by Prospective Contractor and returned with wour proposal.

1. Is your organization known as manufacturer or source of products or

services in the area involved? | Yes No X
2. 1Is your organization regularly engaged in the sale, whether domestic
or foreign, of such products or services to the general public and the

Government? . Yes No X

3. Does your organization have a record of developing non-Government com-
mercial markets for inventions in the area involved?

Yes No X

L. Does your organization have an "established non-Government commercial

position' in the area involved? Yes No X

5. Is your organization an educational or nonprofit institution having an

established patent policy approved by DCD? Yes X No

6. 1Is your organization a research and development corporation formed
within the last five ycars for establishing a non-Governmental commer—
cial position directly related to this field of technology?

Yes No L

7. Is your organization an independent research and development division of
and created by a parent corporation wilhin the last five years as a non-
Governmental commercial antity in the field of technolosy directly related

to this Procurement? : Yes No X

Signed




. RECE#VED
eophysics Division Operatigne

JUL 15 197

-

THE UNIVERSITY OF UTAH

COLLEGE OF MINES : - -
AND MINERAL INDUSTRIES . '

DEPARTMENT OF GEOLOGY
AND GEOPHYSICS

717 Mingrat. Science Builning . . Ju]y 8 , -I 976

H. L. Bauer, Jr.

Bear Creek Mining Company
1826 Kennecott Building

10 East South Temple

Salt Lake City, Utah 84133

Dear Herm:

Thank you very much for your-letter of July 1, 1976. I shall. con-
tact Paul L. Hunter to seek access to drill holes which might not in-
volve Steam Corporation of America or Phillips Petroleum Company per-
mission. Mr. Arentz has expressed a desire that we defer our work on
KCC/SCA/Phillips properties; we shall abide by that desire (cc.letter
attached). '

Our research depends entirely upon cooperation of members of the
resource industry. Accordingly, we shall always appreciate their help
while acknowledging their restrictions.

Your help is most sincerely appreciated.

Yours_sincerely
=

Stanley H. Ward
Chairman

SJIW:mkd
cc: Samuel S. Arentz..
Paul L. Hunter _.-

P.M. Wright —
J.C. Wilson

CAIT T AVE CTTV R411?



COLLEGE OF MINES
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THE UNIVERSITY OF UTAH
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July 8, 1976

Mr. Paul L. Hunter

General Manager

Tintic Division

Kennecott Copper Corporation
2300 West 1700 South

Salt Lake City, Utah

Dear Mr. Hunter:

You have received a copy of Herm Bauer's letter of July 1, 1976. I
understand from W.R. Sil1l that you have also spoken with Sill and Arentz's
in Eureka. Hence you know that we seek drill holes in which we might
measure thermal gradients in available drill holes. Mr. Arentz has ex-
pressed a desire that we defer our activities (see copy of letter attached)
in which both Steam Corporation of America and Phillips Petroleum Corporation
have a joint interest. It is our intent to recognize this desire. Hence,
we wish to express our interest in access to any drill holes in your Divi-
sion which are not covered under the KCC/SCA/Phillips agreements. Your
early advice on this matter would be sincerely appreciated.

sincerely, /}
—

/Stanley H. Ward
Chairman

“You

SHW:mkd

cc: H.L. Bauer, Jr.

. S.S. Arentz, Jr.
P.M. Wright ¢~
J.C. Wilson

SALT T AKF F1TY 214117
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STEAM CORPORATION OF AMERICA

1720 BENEFICIAL LIFE TOWER
B8ALT LAKE CITY, UTAH 8411
(801) sa323-83203

July 2, 1976

D. Stanley Ward, Chairman

Department of Geology and Geophysics
College of Mines and Mineral Industries
University of Utah

Salt Lake City, Utah 8kl12

Dear Stan:

Confirming our telephone conversation this morning, I will appre-
ciate your deferring work on the .area covered by our geothermal leases
in the Tintic area for the time being.

We have entered into a joint venture agreement with Phillips
Petroleum Company covering our leases in the area, and that company
presently has several crews working.in the area.

We have greatly appreciated your cooperation and the work your
department is doing in this important field, and I will make -the area
accessible to your personnel at the earliest possible date.

With kindest regards,

SSA:cl



THE UNIVERSITY OF UTAH

COLLEGE OF MINES
AND MINERAL INDUSTRIES

DEPARTMENT OF GEOLOGY
AND GEOPHYSICS

717 Minerat Science Buiining N Ju]y 8 , . ] 976

Mr. Paul Mogensen, Manager
Southwest Tintic Division
Bear Creek Mining Company
1826 Kennecott Building

10 East South Temple

Salt Lake City, Utah 84133

Dear Mr. Mogensen:

Herm Bauer has suggested that I contact you concerning the availability
of drill holes, in the Southwest Tintic District, for thermal gradient
measurements. We would like to put a thermal probe into any hole in which
a reliable thermal gradient can be-otained and for which representative drill
core or outcrop samples can be made available. Mike Wright, who completed
his Ph.D. dissertation in terrestrial heat flow, has offered to provide the

background information on our studies.
s1ncere1y
QA

/Stan1ey H. Ward
Chairman

Your early cooperation would be appreciated.

SHW :mkd
- cc: H.L. Bauer, Jr.

P.M. Wright. .~
J.C. Wilson

SALT LAKE CITY 84112
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Bear Creek Mining Company e

July 1, 1976

H. L. BAUER, JR.
PARSIDERT

Mr. S. H. Ward Chairman

Co”ege of Mines & Mineral Indusfr:es

Department of Geology & Geophys:cs

University -of Utah
717 Mineral Science Bmldmg '

Solt Lake City, Utah 84112

Dear S_fdn: ) e
’ U}ah- Tini‘i'c - Geothermal

-

With reference to your Ietfer oF June 22, Kenneco!i- ond Beqr Creek wouid hke
to enhance your Department's study of heat flow in the state By making available
accessible drill holes in the Tintic District. We will requife.certdin restraints on.
publication of data pertaining to mineralization, but this.should not interfere -
with your study, John Costain made. heat- F!ow measurements at Blngham Lmder
the same condifions. ; YL g %

With-regard 1o availoble holes ar Kennecott's Tintic Division, contact should be
made directly with the General Manager, Mr, Paul L. Hunter. Tintic Division

has leased out its geothermal rights ond Phillips Petroleum is now operator of the
lease. It may be necessary for you fo get coricurrence from Phillips fo conduct

the heat flow measuremenfs, but | suggesf you fake this matter up w:th Mr. Hunfe. .
W'ih regard fo Bear Creek's Southwest Tintic. Project, Paui Mogensen, Tmhc '
Division; is willing to handle this for us and direct you to holes that may be

open. The people who will be running the survey must moke certain not to drop
anything in the holes ds we wish to maintain them for deeper dril} testing. Further-
more, all hales should be securely capped when not runmng msi‘rumenfs down them,

Our Geophysics people at Kennecott Explorohon Sew:ces w:il be mferesfed m
1eurn|ng of your resuli‘s. : ; :

Smcerely,

G‘R?GINAL S?GN‘D By’
©H L BAUER, JA,

" H. L. Bauer, Jr. .

HLB:ps

ce: R. C. Babcock
P. L. Hunter
A, P, Mogensen
4 SriWilsonzg

1826 ‘KENNECOTT BUILDING ® 10 EAST SOUTH TEMPLE * SALT LAKE CITY, UTAH B4133 = TELEPHONE: BOI:521.-3380 ® TwX: 910.925-5826
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COLLEGE OF ARTS AND SCIENCES

VIRGINIA POLYTEC_HN_IC INSTITUTE AND STATE. UNIVERSITY

Blacksburg, Virginia 24061
DEPARTMENT OF Gmmélc:AI..;SCIENQE.s

1

June 26, 1971

‘Dr. P, M. Wright

Kennecott Copper Corporation
2300 West 1700 South' = = —
Salt Lake City, Utah- 84104

Dear Mikes

At long last ‘here is the paper including the Bingham hole “ This is a
preliminary copy only. I will be in Utzh in a few weeks and would like to
discuss some points with you iricluding a) how much ™I can say about the’
lithology and stratigraphy, b) exact locatieny ¢) cause of the distinct
change in the gradient -at about 1,000 meters.

There is gome additional work to be done on the thérmal conductivity
measurements since I was mnot able to get most of the samples prepared
before I left. I.have thehm all now, however, and will finish thé conductivity
measurements whéen I get back, ..Also,. the topographic correction needs more
work. I would like to submlt the paper to the JGR at the end of August, and
thought we could save some time by getting a prellmlnary COpPY to you now.
You will probably prefer to wait until the final draft is ready before
submitting it to Kennecott management for approval. '

See you in a few weeks;
Sincerely yours,.

Y

B Jehn K. Costain
JKC:cc Professor of Géophysics



HEAT FLOW AT SPOR MOUNTAIN, JORDAN VALLEY, BINGHAM, AND LA SAL, UTAH
by
John K. Costain and P. M. Wright

ABSTRACT

Geothermal gradients were determined in 20 holes in Utah at Svor
Mohntéin, Enterprise, La Sal, Monticello, Bingham, and Jordan Valley.
Temperatures were measured using platinum and thermistor probes. " The
resistance of the probe was compared with primary resistance standards
acéurate to ¥0.001%. Thirteen of the 20 holes are believed to be dis-
turbed by shallow ground water effects. Thermal conductivity was
Q;é;ured'o; rock discs using ‘a dividgd-bar apparatus. The discs were’
machined from drill core and frém bulk rock ébécimens; A heat flow
value of 2.8 pcal/cml-sec was found at Spor Mountain (39°h3' N. Lat.,
113°13' W. Long.). This value may be subject to revision because of
possible circulation of warm ground water in the area. A heat flow
value of 1.8 pcal/cm®-sec was estimated at Jordan Valley (L0°47.0' N.
Lat., 112°04.3' W. Long.). The heat flow at La Sal (38°1Lk.3' N. Lat.,
109°16.3' W. Long.) was found to be 1.2 *0.2 ncal/cm2-sec, and is
believed to be ?epresentative for that area. Terrain corrections
celculated for La Sal were approximétely 3% of the gradient. The
heat flow at Bingham (40°32' N. Lat., 112°09' W. Long.) is 2.§*Eo.21

ucal/cme-sec.

Py A, «Le»-«%u;;éL



INTRODUCTLON

Temperatures were measured in 20 holes st Spor Mountain, Tnterprise,
La Sal, Monticello, Bingham, and Jordan Valley, Utah. TFigure | shows
the. published heat Tlow déterminatiorns made tc date in Utah, including
the new values in this paper. With these determinations, several values
are now available for the Colorsede Plateau province snd for the Bagin
and Range province in Utah. In Figure , 80lid circles denote areas
where a heat flow value has been determined, and open circles matrk areas
wheré only the geothermal gradient was measured. Temperaturés were.
measured in five heles in the Enterprise ares, and in one hole near
Monticello, San Juan County-. In the Enterprise .and Monticello areas,
the temperature gradients were disturbed by shallevw ground water circu- .
lation, .and ne further interpretion of these holes was Jjustified. Details

of these measurements can be found in Wright (1966).

TEMPERATURE MEASUREMENTS

For the hgles at Spor Mountain, Jordan Valley, and Lz Sal, we used

2 platinum resistanée thermometer, Model 13LHH, made by Rosemouwrit Engi-
neering Company, with a nominal ice-peint resistance of 1,000 ohms.
Initial calibration of this probe by Rosemount Engineering‘Company at
temperatures ‘of 0° ¢ £0.015° ¢, 50° ¢ 10J02° ¢, and 100° C *0.02° C

gave probe resistanced of 999.99 ohms, 1197.38 ofims, -and 1391.89 ohms,
respectively. The-Internationél'Eractical Temperature Scale of 1948 for
platinum resistance thermometers used in the range 0° € o 630.5° ¢

(Berry, 1962; Robertson and Walch, 1962) is based on the Callendar equa-—

tion ' T = (RT_Rbl+ 5?{T_l} . {. T )
~ R, 100 1060
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where
Rp = resistance at tempefature T (°C)
R, = resistance at 0° C, i.e., the ice-point resistance
o = the "fundamental" coefficient of a platinum thermometer
obtained by calibration éf the probe
§ = the Callendar coefficient, obtained by calibration o
the probe
Typical values of a and § are 0.0039261 and 1.495, respectively.

A change in temperature of 0.01° C corresponds, for the 1,000-ohm
element, to a change in resistance of apéroximately 0.036 ohm. Any
system used to measure resistance must therefore be able to detect a
change in resistance of this magnitude in order to resolve temperature
changes as small and smaller than 0.01° C. In order to measure tem-
perature to an accuracy of *0.01° C at, say, 50° C using & conventional
Wheatstone bridge this means measuring the resistance of a probe whose
nominal ice-point resistance is 1,000 ohms to an accuracy of 1197.38
*+0.036 ohms, or to about 0.003%. The individual bridge decades can be
calibrated to this accuracy. However, because of the limited resistance
range that will be encountered in the field using a 1,000-ohm platinum
probe, about 390 ohms for the temperature range from 0° C-100° C, it
is possible 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 RAF Corporation,
Hudson, New Hampshire. This bridge balanées out most of the probe
resistance with a primary standard resistance accurate to +0.001%.

That is, if the nominal resistance of the probe is 1,000, 2,000, or 5,000,



ohms, then the resistance of the primgry standard is 1,000.00, 2,000.00,
or 5,000.00 ohms, respectively. The standards were calibrated by the manu-
facturer, by a secondary standards laboratory, and by the National Bureau
of Standards. The final balance is achieved using the Rubicon decade
resistances in the bridge. These resistances are variable from O to

99.99 ohms in steps of 0.0l ohm, and can be switched into either of the
lowver two arms of the bridge so that the decade resistance can be either
added to or subtracted from the primary standard. The resistance of the
decade is varied until the bridge is balanced. A null detector with &
sensitivity of 0.01 microamp per scale division will detect =z bridge
unbalance of 0.0l ohm. For a temperature of 50° C, and taking into
eccount the accuracy of the decade (%0.05%) this gives a probe resistance,
R_ of

P
(1000.00 *0.010) + (50.23 *0.025)

2v}
il

1050.23 *0.035 ohms
or an accuracy of about 0.003%. This is the optimum accuracy that could
be hoped for in measuring absolute values of temperatures. It is uniikely
that temperatures measured in drill holes using this system will be more
accurate than several hundredths of a Centigrade degree for other reasons
iiscussed below. However, relative values, or precision, will be more
accurate. We believe the accuracy of our temperature measurements with
the 1,000-ohm probe to be.t0.05° C, and the precision to be 0.003° C.
The hole at Bingham was logged usiﬁg a 5,000-ohm platinum resistance
probe with a precision of about 0.001° C.

Terminals on thé DBR-1 reéistance compafison bridge for connection
to three lead wires effectively place the battery of the bridge in the

circuit at the sensor elements, and a lead-wire resistance appears in each



lower arm of the bridge. If the resistapces of the lead wires in the
L-conductor cable were eéual then automatic compensation for lead-wire
resistance would be obtained. However, measurement showed that none
of the resistances of the four cable conductors was the same, and e
switching scheme was devised so that lead-wire resistance could be
eliminated. Switching was provided by a Leeds and Northrup rotary
switch with very low contact.resistance so that any two of the four
lead wires could be used for these averages. Thus, four probe resis-
tance readings resulted from using all possible combinations of lead
wires. During field measurements these four resistance determinations
always agreed to within 0.01 ohm.

Different apparatus was used at the Bingham, Utah hole, and we
are now using a Honeywell 1551-E Mueller bridge in conjunction with
Electroscientific Industries SR-1 standard resistors, which are accurate
to 0.001%. A Honeywell 3972 DC microvolt null detector is used to
balance the bridge. The Mueller bridge also alléws balancing out most
of the resistance of the probe with an external primary standard resis-
tance. The final balance is then achieved using decades built into the
bridge.

Most workers in heat flow use thermistors for temperature measure-
ment, and it will be in order here to discuss the suitability of platinum
for temperature measurements in deep holes. We have consistently obtained
excellent results using platinum. For example, periodic relogging of
hole (B-1-2) 28dcc-1 near Salt Lake City over a period of two years showed
differences in absolute temperature at any given depth of no more than
£0.03° C, using probes of different ice—point resistances made by

different manufacturers. This accuracy has always prevailed for repeat



measurements in every hole measured, regardless of depth, and using
probes of nominal ice-point resistance; of 1,000, 2,000, and 5,000 ohms
made by different manufacturers. Gradients have alweys repeated to
within 2% or better. There are disadvantages in using platinum; bridge
calibratién and galvanometer sensitivity become more critical because
of the lower resclution of platinum as compared with thermistors, and,
for the probes we have been using, the time constants are longer. Many
repeat measurements in several holes confirm that the éalibration curve
for platinum does shift slightly, but that it shifts parallel to itself,
and the constant shift can be determined £y noting the change in the
ice-point resistance. The shift is apparently related to the amount
and type of mechanical shock received by the probe over the years. For
short intervals in a drill hole, the resolution afforded by thermistors
is a definite advantage, and we have now essentially shifted to thermistors
because of the better resolution and faster time constants. We have
compared some of our gradients measured at Bingham, Utah, using platinum
with those obtained using a Fenwal K-1868 thermistor with an ice-point
resistance of about 11,000 ohms and resistance of about 4,800 ohms at
20° C. The differences are negligible.

For the holes at Spor Mountain, Jordan Valley, and La Sal, we used
U.S. Steel L-H-1 double-armored Amergraph cable. This is a heavy cable
with a resistance of about 15 chms per thousand feet and a breaking
strength of 7,200 pounds. The leakége resistance of our 1,000-foot
Amergraph cable was always greater than 50 megohms and usually greater
than 100 megohms. The cable was marked at 5-meter intervals. Tests
made by the Mechanical Engineering Department at -the University of Utah
established that the cable stretch was about 0.03 percent when the 1,000~

foot cable huhg fully. extended under its own weight of 142 pounds per



1,000 feet. Depths at which temperatures a;e reported in this paper
using the armored cable should therefore be accurate to better than
0.1 meter, the maximum expected stretch for the cable. We have since
changed to lighter, more portable cables, and are now using Vector
L-conductor types A342198 and B128L65.

A capstan hoist was used to bring the armored cable out of the
hole. The diameter of the capstan is 16 inches and the capstan is
powered by a 2-hp, 110-volt electric motor with a speed varigble from
zero to 90 feet per minute. The maximum direct-lift capability of the
hoist is about 1,800 pounds. Power is suﬁplied by a 3,000-watt, 110~
volt gasoline-driven alternator. The use of a capstan hoist permits
storing the cable on the take-up reel under very little tension since
most of the tensional stress that is present in the cable while it is
being raised is relieved in the several wraps of cable around the capstan.
Relieving the stress is not as important when using the lighter Vector
cables.

The vehicle used for the field work, a 1965 Chevrolet panel truck,
is air-conditioned and thermally insulated with polyurethane. The back
end is fitted with a removeable polyurethane insulated door which is
generally in place during logging operations. This makes it possible to
control the inside temperature to within about 3° C during field
measurements. Temperature control minimizes changes in the resistance
of the primary standards and the bridge due to temperature variations.
The temperature coefficient of resistance of the Julie primary standard

v

resistances was less than 0.0007 ohm/°C. over the range 20° C to 30° C



MEASUREMENT OF THERMAL CONDUCTIVITY

Of the several methods that have been used to measure the thermal
conductivity of rocks (Beck, 1965) the most common method is the stacked,
divided-bar apparatus described by Birch (1950). The apparatus constructed
by us for our work is designed after that used in the Hoffman Laboratory
at Harvard University.

Rock dises 0.875, 1.180, 1.305, and 1.425 inches in diameter were
commercially prepared from rock samples. The surfaces of the discs were
machined flat and parallel to *0.0003 inch with diameters uniform and
accurate to fone percent. Copper-constantan thermocouples were iﬁserted
into copper discs to measure the temperature differences across the quartz
and across the rock specimen. Thermal resistance at the contacts between
the discs was reduced by applying a thin layer of Vaseline to the disc
faces. Thermal resistance was further reduced by applying an axial
pressure of 200 bars to the stack. In order to ensure axial heat flow
and minimize radial heat loss the stack was insulated with a tight-
fitting block of high-density Polystyrene. A temperature differential
of about 15° C was applied across the stack. Measurements of the emf
drop across each quarti disc and across the rock specimen were made with
a Leeds and Northrup K-3 potentiometer. The temperature difference across
the stack was held constant by Lauda K-2/R and Colora NB thermostatically
controlled temperature baths. All of our conductivity measurements are
relative to the value for fused quartz, although the thermal conductivities
of several specimens were also measured using crystalline quartz and
found to agree with the value; obtained from fused quartz to within two

percent or less.

1



Fach time the stack is assembled to measure g new sample or to
repeat a measurement, there is no assurance that exactly the same con-
ditions of thermal resistance, thermocouple seating, or radial heat
loss can be duplicated. However, repeat measurements on the same
rock disc were almost always reproducible to within two percent.

For some of the more porous rock discs, it was found that the
Vaseline would soak into the rock during measurement, leaving only
a small area of good contact. After the disc had been measured a
few times, less Vaseline would be absorbed, and a progressively better
contact would result. This had the effecé of causing the apparent
rock conductivity to increase with successife measurements until the
faces of the discs no longer absorbed Vaseline. When this "equilibrium"
state was reached, reproducibility of measurement was almost always
within two percent.

In order to obtain a more uniform contact, and to prevent
Vaseline from being absorbed by the specimen, a thin foil of aluminum
0.001" thick was bonded to the flat faces of some of the discs with
epoxy cement. Curing of the epoxy was completed at room temperature
under about 5,000 psi for at least 12 hours. This resulted in a good
bond and a smooth, mirror-like disc face. Vaseline was used as a
contact substance between these aluminum-surfaced discs and the copper
discs of the stack. Measurements made in this manner were reproducible
to about 0.5 percent. Several discs which had been measured without
the aluminum foll coating were later surfaced as described above. The
thermal conductivity results were the same, within about two percent,
as those which had been obtained after the disc had stopped absorbiné

Vaseline. Repeatibility was also improved by epoxying the copper
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discs to the quartz reference discs using silver epoxy cement.
Reproducibility of measurement is not necessarily an indication
that the measured value is qdrrect. It is difficult to assign an
absolute accuracy to the measurements. Roy (1963, p. 7) states that
"systematic and random errors in the measurement of a single disc
amount to X5 percent." It seems likely that this figure would also

apply to our conductivity apparatus.

RESULTS

Geothermal gradients measured in a borehole are not always suit-
able for heat flow determinations. A negative gradient or a near-zero
gradient is often the result of shallow ground water disturbances, i.e.,
the holes were not deep enough to obtain a regionally representative
geothermal gradient. Indeed, it is not always possible to be certain
when the gradient is representative. Ideally, for laterally isotropic
layered rock sequences, if the vertical heat flow remains constant
along the length of the borehole, then the product of the geothermal
gradient and the thermal conductivity should be the same anywhere in
the hole. Roy, Decker, Blackwell and Birch (1968, p. 5213) give an
excellent correlation between lithology, gradient and conductivity
over a thickness of 120 meters of layered argillites and quartzites.
Their work also points out the potential usefulness of precision tem-
perature measurements as an aid in stratigraphic correlation.

Detailed sampling of the rocks for thermal conductivity measure-
ments is not always possible, and if only a limited number of heat
flow determinations can be.made from a borehole, then the samples for

thermal conductivity measurements should be selected from those intervals
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in the hole where the gradient is uniform. Furthermore, thermal conduc-
tivity should be measured in the leboratory under conditions of temperature
and water saturation similar to the environment from which the rock was
taken (Birch and Clark, 1940; Walsh and Decker, 1966).

The overall accuracy of the heat flow measurements reported herein
is probably 10-15%. If the rock discs on which the thermal conductivity
measurements are made are known t®6 be representative of the rock as a
whole, if the geothermal gradients are stable and are not disturbed
by ground water movement, if isotherms are not refracted by local
geology, and if geological corrections foé uplift, erosion and topo-
graphy can be properly made,. then a higher accuracy could be realized,
probably to within five percent.

The heat flow determinations at Spor Mountain, Jordan Valley and
La Sal point out some problems encountered in obtaining a heat flow
determination. No core was available for thermal conductivity measure-
ments for the holes at La Sal, Utah, and conductivity was measured
from bulk rock specimens that were representative of the rock penetrated
in the boreholes. The holes at Spor Mountain, Utah, were dry when
drilled and when measured, and thermal conductivity measurements on rock
discs from these areas were made on specimens that were in a shelf-dried
condition. The hole at Jordan Valley, Utah, was drilled into unconsoli-
dated sediments for which the thermal conductivity had to be estimated.
Shallow ground water disturbances might be affecting the heat flow
determination at Spor Mountain. The results of all of the measurements
are shown on Figure . Geothermal gradients for all holes were computed
by fitting a least squares straight line to points on the temperature

-

vs. depth curve.
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Spor Mountain. Spor Mountain is in the central part of Juab County,

Utah, in the Basin and Range province. Temperatures were measured in
five holes drilled by the Brush Beryllium Company in the Topaz Mountain
Tuff. (Lat. 39°43' N., Long. 113°13' W.).

Four of these holes were within 1,500 feet of each other and had
an average gradient of 58° C /km. The fifth hole (Hole 106) located 2,000
feet to the north was found to have a lower gradient of 4L7° ¢ /knm.
Figure shows the temperature profiles obtained for all holes except
Hole 106. The reason for the difference between this hole and the holes
to the south is not clear. Wright (1966).discusses in detail possible
reasons for the difference.

Thermal conductivity values were determined for 20 rock discs
from the Spor Mountsain area. These discs were cut from nine rock
specimens. Specimens 10SM66 through 14SM66 (Table 1) were pieces
of core from Hole 110, taken over the depth interval from 120 meters
to 127 meters. Temperatures were measured over this interval in Hole
110. Specimens 15SM66 through 17SM66 were core specimens from Hole 111,
but they were from a depth interval deeper than the deepest temperatures
measurement in that hole. Specimens 18SM66 were blocks taken from
outcrops near Holes 110, 113, 103. All of the rock specimens are
representative of the volcanic Topaz Mountain Rhyolite. Table 1 also
lists results 6f the thermal conductivity measurements on rocks from
the Spor Mountain area. The average value is 5.4 mcal/cm-sec-°C

A geothermal gradient of 58° C /km and a rock conductivity of
5.4 mqal/cm—sec-°C give a heat flow'of 3.1 pcal/em2-sec. It is
difficult to place error limits on this value because it is not known

how closely the 58° C./km gradient represents the actual regional,
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Disc
Number

10SM66

11.SM66-1
118M66-2
11SM66-3

13SM66

1L4sM66-1
14sM66-2
14SM66-3
158M66-1
15SM66-2
16SM66-1
16SM66-2
17SM66-1
17SM66-2
18SM66-1
18sM66~-2
18sM66-3
19SM66-1
19SM66-2

19SM66-3

Table 1.

Thickness
(inches)

1/2

1/2

3/4
1l

3/u

1/2
3/4
1
1/2
3/4

1/2
1/2
3/4

1/2

1-1/2

1/2

1-1/2

Conductivity
(mcal/cm-sec=°C)

5.
.36

P

Wi O O O O W

N A RN

51

.50
.52

.78

L9
.46
43
.21
.25
.43
.63
.46
.66
.63
. 6L
.73
L7
.63
.63 -

Location

Hole 110 (123m)

Hole 110 (123m)

Hole 110 (125m)

Hole 110 (127m)

Hole 111
below 130 m
Hole 111
below 130 m
Hole 111

below 130 m

surfeace

surface

13

Remarks

no prominent banding

contorted banding

volcanic breccisa,
fragments to 1 em.

no prominent banding
3 bonds, 1/4" wide
45° to disc

1 band, 1/2" wide

70° to disc axis

no banding

no banding

Conductivity measurements from Spor Mountain ares.
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undisturbed gradient. Variations in the geothermal gradient were found
between Hole 106 and the four holeé to the south in the Spor Mountain
area and this variation might possibly be attributed to near-surface
ground water disturbances.

Jordan Valley. The geothermal gradient determined in borehole

(B-1-2) 28dcc-1 in Jorden Valley (Lat. 40°47.0' N., Long. 112°0L4.3' W.)
near Saelt Lake City was 58.9° C /km. The temperature profile is shown
in Figure ; This hole was drilled into the interbedded sandy and
muddy layers of the relatively unconsolideted Lake Bonneville deposits.
Although a core drill was used, core recévery was very poor because of
the unconsolidated natufe of the deposits, and no core was available
for laboratory measurements of thermallconductivity.

The high gradient of 58.9° C /km is believed to be due to the low
thermal conductivity of the unconsolidated Lake Bonneville deposits.
According to Langseth (1965, p. 70), published conductivity values for
oceanic sediments are generally within 25 percent of 2.0 mcal/cm-sec~°C-
This value could presumably be used as an indication of the thgrmal
conductivity of the material in the hole in Jordan Valley. The conduc-
tivity of the Bonneville sediments is probably larger than 2.0 mcal/cm-sec=-°C
for two reasons: (1) the Bonneville sediments contain more quartz (in
the sandy layers)‘than deep oceanic sediments contain, and (2) because
the porosity of a sand is generally less than the porosity of a typical
oceanic lutite,; which may contain %5 percent water, a sand contains more
solid material per unit volume than a lutite. Many well~consolidated
shales and sandy sheles have thermal conductivities about 4.0 mcal/cm~sec-°C
and lower (Birch, 1954; Joyner, 1960). We may use this value as an upper

-

. 1limit. The sediments penétrated by the hole, then, probably have a thermal
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conductivity greater than 2.0 mcal/cm-sec/°C. and less than 4.0 mcal/
cm-sec-°C. If a thermal conductivity of 3.0 mcal/cm-sec-°C. is used,
the heat flow value would be about 1.8 uoal/cmz-sec.

This value of heat flow is the approximate value of the regional
heat flow in Jordan Valley: According to Marine and Price (1964, p.LT),
Jordan Valley contains two areas of thermal springs. The hole under
discussion was drilled in an area which is characterized by warm water
above 15° C  Temperatures in this hole were found to be about 16° C.

" at depths below 50 meters.

Bingham, Utah. The hole at Bingham, Utah, drilled by Kennecott

Copper Corporation is located in R. 3 W., T. 3 S. on the side of the
Bingham copper pit at an elevation of 1,951 meters above sea level.
Temperatures were measured to a depth of 1,200 m. The temperature
profile and gradient are shown in Figure . Of particular concern

is the magnitude of the topographic correction to the gradient. The
level of the bottom of the pit is approximately 1,676 meters above sea
level and the horizontal distance from the hole to the bottop of the

pit is one kilometer. Most of the peaks within ten kilometers of the
hole have elevations between 2,650 and 2,710 meters above sea level.
Nelson Peak, with an elevation of 2,853 meters above sea level, about

9 km to the north, is the highest pesk within a radius of 10 km of the
hole. The stéady—state topographic correction considered relief within
a 20-km radius of the hole and corrections to the measured temperatures
were computed for depths from 776 meters to 1,186 meters. Details of the
procedure used fbr'making the correction after Birch (1950) can be found
in Wright (1966). Topographic relief was estimated using the method of

Kane (1962). The geothermal gradient and standard deviation of the
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gradient from 776 meters to 1,016 meters depth in the hole is 18.14
+0.10° ¢ /km. From 1,026 meters to 1,186 meters in the hole the gradient
is 2k.24 *0.13° C./km. The temperature profile and gradient for D-1k2
are shown in Figure . The topographic correction was found to be L% '
of the gradient for the interval 776-1016 meters and ZZﬁ?or the interval
1026-1186 meters. The température profile and gradient. are shown in
Figure

Conductivity was measured on 30 discs made from core taken from
the hole. The discs were 0.875 inch in diameter.and 0.5 and 1.0 inch
in thickness. The average conductivity for the interval 776-1,015 meters
based on 20 samples was found to be 13.7 mcal/cm-sec~°C. The average
conductivity for the interval 1,026-1,186 meters, based on 10 samples,
was 10.2 mcal/cm-sec-°C. The product of average thermal conductivity
and the least squares gradient for the two intervals yields a heat flow
‘value of 2.5 ucal/cm2-sec, ~-This vglue is probably good to at least
10% and the topographically corrected heat flow value is therefore
2.4610. 25 ucal/cme-sec.

La Sal, Utah. Most of the holes logged were in the Chinle Formation

which is composed of fluvial mudstones and sandstones with irregular
conglomeratic beds which probably represent ancient stream channels.
Temperatures were measured in four holes close together belonging to

the Atlas Minerals Corporation in the Big Indian mining district. Detailed
information can be found in Wrightj(l966). The measured temperatures

give a straight-line least squares gradient of about 17.7° C./km. High
~coefficients of correlation indicate a nearly linear relation between
temperature and depth. The gradient typically passes several times
through maximum and minimum values of about 22 and 14° C /km. The plots

of temperature gradient versus depth are similar for all of these holes
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and are shown in Figure . The 14° C./km-gradient is measured in
the more sandy layers, whereas the 22° C /km-gradient is representative
of the shaly beds.

Since no core was available for these holes, thermal conductivity
was measured from bulk rock specimens. Table 2 gives the measured .
thermal conductivity values along with disc thickness and a brief rock
description. The four specimens labelled H66 were teken from the lower
75 feet of the Chinle Formation. Specimens 1L66 through 11L66 were
taken from surface exposures on the Wingate-Chinle cliff and talus
slope immediately east of the La Sal tri;ngulation station (Lat. 38°14!'
16.9" N., Long. 109°16'20.7" W.). Specimens 1SJ66 and 11L66 are both
representative of the Wingate Sandstone. The remainder of the L66
specimens were collected within 3.5 miles of the holes. Table 2 also
gives an estimate based on hand specimen examinstion 6f the amount of
:quartz sand in the rock. 1In general, it can be seen that the more sandy
portions of the Chinle Formastion have a higher thermsl conductiyity than
the more muddy portions. Specimeén 8H66, with an approximate sand
content of 80 percent, was found to have a thermal coénductivity of 8.37
mcal/cm-sec-°C. Specimen 9H66, with an approximate sand content of
10 percent, had a thermal conductivity of 5.45 mcal/cm-sec-°C. The
6ther Chinle specimens hqd_conductivities and sand contents between
these extremes. |

The average value of thermal conductivity for the 10 specimens
from the Chinle Formation was 6.9 mcal/cm-sec-°C. It is unlikely,
however, that this value represents the average Chinle conductivity.
The L66 specimens in the Chinle were collected from a slope on which

outcrops projected through the talus. The beds which had survived



Disc
Number

4H66-1
LH66-2
6H66-1
., 6H66-2
6H66-3
EH66-L
8H66 -

9H66

1L66-1

1L66-2
2L66

5L66

6166

TL66

9L66-1

9L66-2

11L66-1

11L66-2

15J66-1

15J66-2

Table - 2.

Thickness
(inches)

1/2
1
1/2
1

1/2

1/2

1/2

1/2

1/2

1

Thermal conductivity measurements ffom La Sal area.

Conductivity
(mcal/cm-sec=°C)

6.88
7.16
T.40
7.68
7.28
7.08
8.37

5.5

7.05

4

7.50

7.98
6.09 -

7.98

6.42

5.42

6.00

11.50

12.19

11.67.

12.10

Location

Alice incline

Alice incline

Alice incline

Alice incline-

Surface -

_ Surface

Surface
Surface

Surface

Surface

Surface

Surface

18

Remarks

Chinle, 20% quartz;
sandy mudstone

Chinle, 50% quartz;
muddy sandstone

Chinle, 80% quartz;
sandstone

Chinle, 10% quartz;
mudstone

Chinle, T0% quartz;
muddy seandstone

Chinle, 80% quartz; .
sandstone

Chinle, 75% quartz;
muddy sandstone

Chinle, T0% quartz;
muddy sandstone

Chinle, 70% quartz;

muddy sandstone

Chinle, 40% quartz:
sandy mudstone

Wingate, 95% quartz;
sandstone

Wingate, 95% quartz;
sar stone
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surface weathering enough to form a resistant outcrop were the more
sandy layers. Also, the more shaly layers of the Chinle were highly
weathered, and were too incompetent to make discs. Therefore, specimen
collecting was biased toward the sandstones, and the average thermal
conductivity of the Chinle Formation is probably less than 6.9 mcal/
cm=-sec~-°C. The Chinle has been described in many arees near the Big
Indian mining district (Dane, 1935; Barber, 1933; Rodgers, 1954). These
descriptions, taken as a whole, indicate that the typical Chinle is
about 50 percent sandstone, and about 50 percent shale or mudstone.
The average conductivity of the three muéstones (less than 50 percent
quartz) in the La Sal specimens listed in Table 2 is 5.9 meal/cm-sec-°C;
the averége conductivity of the sandstones (50 percent or more nuartz)
in these specimens is T7.3.mcal/cm-sec-°C. The mean of these values is
6.6 mcal/cm-sec-°C, the value accepted as the average thermal conduc-
tivity of the.Chinle Formation. |

The measured temperature gradient and thermal conduetivity can be
combined in several ways to obtain a heat flow value. The average geo-
thermal gradient in the ChinleFormation was observed to be 17.7° C/km.
The average thermal conductivity for the Chinle was 6.6 mcal/cm~sec-°C.
The product of these two quantities indicates a heat flow value of
1.2 ucal/cma—sec. Also, the temperature gradient in the Wingate Sandstone
was 12° C /km, and the measured thermal conductivity of the Wingate was
about 12 ucal/cm—seq/°C._ The product of these two quantities gives a
heat flow of 1.4 ucal/cm2-sec.

?emperature measurements taken in the Chinle Formation in the HR-65
holes indicated the existence of beds of varying thermal conductivity.

.A gradient of about 14° C /km was typical in the most sandy layers. Chinle
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sandstonE“bed; had an average conductivitf of about 8 meal/em-~sec-°C. A
heat flow of 1.1 uqal/cmg—Sec is believed to be representative for the
La Ssl, Utah, region.

A topographic évolution correction to correct for: effects of
topography, uplift and erosion (Birch, 1956) was calculated for the
La Sal holes. The uncertainty place. on the uncorrected heat flow
value for La Sel was 20 percent. The compuﬁéd topographic evolution
corrections were only a few percent. The value of 1.2 *0.2 mcal/cm®-sec

is therefore the corrected heat flow vdlue &t La Sal, Utah.

ACKNOWLEDGEMENTS

This work was supported by National Science Foundation Grants
CP-2625, Ga-608 and qA-138'hi The University of Utah Research Committee
sponsored some of the preliminary work in temperature meaSurement when
the .authors weére st the Uhi%érsity'of Utah.

Dr. Rebert F. Roy made many helpful suggestions in regard to
temperature measurement and the design of the thermal conductivity
apparatus.,

Walter Rohloff did the machine work at the University .of Utah
and made many original and ‘significant coptribuﬁions to the design
of the holsting eguipment,

The Atlas Minerals Corporation, Brush Beryllium Company, Hogle
Investment Company, and Kennecott Copper Corporation gave permissién
to log boreholes on ‘thelr property and their cooperation is gratefully

acknowledged.



COLLEGE OF ARTS AND SCIENCES

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Blacksburg, V ir.’q:z::r_tia 24061 -

DepARTMENT OF GEOLOCICAL SCIENCES (703) 951-6521

July 25, 1973

RECEIVED.
Beophysics Division Operations
Dr. Orson L. Anderson, Editor
Journal of Geophysical Research : AUG 3 1973
Institute of Geophysics and Planetary Physics
University of California
Los Angeles, California 90024

Dear Dr. Anderson:
Re: JGR MS#2893-2 .

Enclosed are two (2) copies of the revised paper "Heat Flow at Spor
Mountain, Jordan Valley, Bingham, and La Sal, Utah! By J. K. Costain and
P. M. Wright. The Checklist for Authors is also enclosed. With reference
to the comments included in your letter of December 8, 1972,

(1) The discussion of the instrumentation and corrections has been
considerably shortened.

(2) Location, gradient, conductivity, and heat flow for all areas
have been incorporated in a summary table as recommended (Table 1).

3) ' The vaseline problem was avoided by bonding aluminum foil to
. each face of the disc. The discussion in the manuscript has been
amplified and clarified.

With reference to the comments of Reviewer A:
Q) The suggested table has been included (Table 1).

(2) The discussion of the temperature measuring apparatus has been
considerably shortened, and some sections deleted. The discussion
of the platinum probes has been retained.

(3) The vaseline problem was avoided by bonding aluminum foil to the
rock discs. The discussion has been clarified in the manuscript.

(4) Brand names of circulating baths and vacuum pumps have been
deleted. Brand names of some of the temperature-measuring
instrumentation have been retained since 1 think this is of
some interest.




Dr. Orson L. Anderson, Editor

July 25, 1973

Page 2

(5) The procedure on calibration has been clarified.

(6) First paragraph under Results has been deleted.

(7) * A comparison of our results with values obtained at Bingham
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ABSTRACT

Geothermal g}adignts were obtained in drill holes in Utah at
Spar Mountain, Enterprise; La Sal, Monticello, Biﬁéham, and Jordan
Valley. A'héat flow of 3.0 + 0.3 ucal/cmz—sec was fopnd at Spor
Mountain (39°43' N. Lat., 113°13' W. Long.). The flux at Jordan
Valley (40°47.0' N. Lat., 112°04.3' W. Long.) is estimated to be
1.8 + 0.6 ucal/cmz—sec. The revised heat flow at La Sal (38°14.3"!
N. Lat., 109°16.3' W. Long.) on the Colorado Plateéu is. 1.5 + 0.2
ucal/cmz—sec. The heat flow at Bingham (40°32' N. Lat., 112°09"
W. Long.) is 2.3 ¢ 0.3<ucal/cm2—sec. On the basis of much of the heat
flow data now available for the Colorado Plateau, including our
revised values at La Sal, there appears to be less justification for
defining the Colorado Plateau as a Séparate heat flow province with

abnormally low heat flow.



INTRODUCTION

Temperatures were measured in drill holes at Spor Mountain, La
Sal, Bingham, and Jordan Valley, Utah. Five drill hoies were logged
for temperature in the Enterprise area and one hole near Monticello,
San Juan County. In the Enterprise and Monticello areas, the tempera-—
ture gradients were disturbed by shallow ground-water circulation,
and no further interpretation of the data from these holes was

justified (Wright, 1966).

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 nominal 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 used to measure resistance must be able to detect
a change in resistance of this magnitude in order ‘to resolve tempera-
ture changes‘as small and smaller than 0.01°C. To measure temperature
to aﬁ accuracy of *0.01°C at, say, 50°¢ would require measuring the
resistance of a probe whose nominal ice-point resistance is 1000 ohms
to an accuracy 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 that will be
encountered in the field using a 1000-ohm platinum probe, about 390

ohms for the temperature range from 0-100°C, it is possible to compare



the resistance of the probe with the constant resistance of an
accurate primary standard for which the resistance ié,kﬁown to
#0.001%. For all of the holes except the one at Bingham, we used a
camparison bridge, Model DBR~1, manufactured hy the RdF Corporation,
Hudson, New Hampshire. This bridge balances out most 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.SOOO 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 Standérds. The
final bridge balance was achieved using the Rubicon decade resistances
in the bridge. We believe the acéuracy of our temperature measure-
ments with the 1000-ohm probe to be *0.05°C, and the precision to
be $0.01°C, The hole at Bingham was logged using a 5000-ohm
platinum resistance probe with a préciéion of about +0.002°C.
Different apparatus was used at the Bingham hole, and we are
now using a Honeywell_lSSl—E ﬁueller bridge in conjunction with
Julie Research Laboratories and Electroscientific Industries SR-1
standard résistors, which are accurate to ?0;001%. A Honeywell 3972
DC microvolt null de?ector 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 resistance. As with
the comparison bridge, final balance is achieved using decgdes built

into the bridge.



Most temperature measurements for terrestrial heat flow
determinations are made using thermistors, aand it will be in order
here to discugs the suitability of platinum for temperature ﬁeaéure~
ments in deep holes. We have consistently obtained excellenf results
using platin;m. For example, periodic relogging of hole (B-1-2)28dcc-1
in Jordan Valley near Salt Lake City over a period of two years showed
differences in absolute temperature at any given depth of no more
than +0.03°C, using probes of different nominal resistances made by
different manufacturers. We obtained this accuracy for repeated
measurements in every hole not disturbed by grbund water movement, -
regardless of depth, and using probes of nominal ice-point resistances
of 1000, 2000, and 5000 ohms. There are disadvantages to using
platinum; bridge calibration and galvanometer sensitivity are more
critical because of the lower resolution of platinum as compared with
thermistors, and, for the probes we have been us&ng, the time con-
stants are longer. Repeated measurements 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 re-
lated to the amount and type of mechanical shock received by the probe
over the years. Over a period of five months the resistance of the
1000-phm probe was found to increase by about 0.7 ohm, corresponding
to an apparent temperature increase of about 0.2°C. This increase
was generally small for any given field trip, and no change in ice-
point resistance was noted between field trips (Wright, 1966, p. 130-

131). For short intervals in a drill hole, the better resolution of



thermistors is a definite advantage. Our original reason for using
platinum was the better stability of platinum over thermistors; however,
. thermistor probes with excellent stability such as the Fenwal oceano-
graphic type probes are now available and we have essentially shifted
to thermistors for field measurements witﬁ occasional checks using a
platinum probe. We have compared gradients obtained with a 5000-ohm
platinum'element with those obtained using a Fenwal oceanographic
proBe of about 11,000 ohms ice-point resistance and about 4800 ohms
at 20°C. The difference in the gradients over intervals of about
100 m was less than two per cent.

For tﬁe holes at Spor Mountain, Jordan Valley, and La Sal, we
used U. S. Steel 4-H—i 4~conductor double-armored Amergraph cable.
This is a heavy cable with a resistance of about 15 ohms per thousand
feet and a breaking strength of 7200 pounds. The leakage resistance
of the Amergraph cable was always greater than 50 megohms and usually
greater than 100 megohms. We have since changed to lighter, more
portable cables, and are now using Mark Products WF-TQ-190 W/4 Penalastic-—
filled polyurethanevcables. Four—conductor cables were used for all

temperature measurements to minimize 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 cous;fuctéd by us was designed
after that used in the Hoffﬁan Laboratory at Harvard University.

Rock disks.2.22, 3.0, 3.31, and 3.62 cm in diameter were
'Acommercially prepared from rock samples. The surfaces of the disks
were machined flat énd parallel to +0.0008 cm with diameters uniform
and accurate to * one per cent. Copper—-constantan thermocouples were
" inserted into copper discs to measure the temperature differences
across fused quartz reference disks and across the rock specimen.
Thermal resistance at the contacts befween the disks was 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 order to
engure axial heat flow and minimize radial heat loss the stack was
insulated with a tight-fitting machined block of high-density poly-
styrene. A temperature differential of about 10°C was applied across
the stack. Measurements of the emf across each quartz disk and across
the rock specimen were made with a Leeds and Northoup K-3 potentiometer. .
The temperature difference across the stack was held constant by
thermostatically controlled temﬁerature baths,

Repeated measurements on the same low-porosity rock disk were
almost always reproducible to within two percent. For some of the
more porous disks, it was found that a small amount of vaseline would

soak into the rock during measurement. After the disk had been



measured a few times, less'vaseline would be absorbed.. This.had the
effect of causing the apparent rock conductivity to increase with
successive measuremeﬁts until the faces of the disks no longer absorbed
vaseline. When this "equilibrium" state was reaéhed the thermal con-
ductivity rarely increased by more thaﬁ five pércent, and repeated
measurements reproduced to within two percent. In order to prevent
vaseline from being absorbed by the specimen, a thin foil of aluminum
0.00254 cm thick was bonded to the flat faces of éome of the disks
with epoxy cement. Curing of the epoxy was completed at room tempera-
ture under about 350 bars for at least 12 hours. This resglted in

a good bond and a smooth, mirror-like disk face. Vaseline was used

as a contact substance between these aluminum—surface& disks and the
copper disks of the stack. Measurements made in this manner were
reproducible to about 0.5 percent. Several disks which had been
measured witﬁbut the aluminum foil coating were later gurfaced as
described above. The thermal conductivity results were the same,
within abouf two‘percent; Reproduétion of measurements was also
improved by cementing the copper disks to thé quartz reference disks
ﬁsing silver epoxy cement.

Reproducibility of measurement is not pecessarily an indication
that the measured value is correct. It is difficult to. assign an
absolute accuracy to the meaéurements. 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 figure 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 con-
. ductivity determinations are made (Bifch and Clark, 1940; Walsh and
Decker, 1966). This was not done for the thermal conductivity
measurements previously reported for La Sal, Utah (Cosfain and Wright,
1968). Except for hole BIN-~8-65, however, the temperature medsure—

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 sampleé, except as noted, were
saturated with water while exposed to a vacuum of 5 microns. 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 calibrated at the in
situ temperature by replacing the rock samples with GE-101 fused
quartz disks of the same size. The calibration thus included a
corrgction for radial heat loss and contact resistance; i.e., the
"stack correction factor" required to make the measured conductivity
equal to fhe known cogductivity of fused quartz never exceeded seven
percent, and was usually about threg percent. The known thermal
conductivity, K, of the fused quartz at a temperature of T°C was based

on the equation (Ratcliffe, 1959)

K-= (3160 + 4.6T - 0.016T2) X 10™3 mcal/cm-sec~-°C

The thermal conductivities of several specimens were also measured

using crystalline quartz cut perpendicular to the optic axis. The



results agreed with the conductivity values obtained using fused

quartz to within less than three percent.
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RESULTS

Bingham, Utah. Hole D-142 at Bingham is located on the side of "

the Bingham Canyon copper mine (40° 31' N. Lat., 112° 09' W. Long.)

at an elevation of 1963 meters above sea level. Temperatures were
measured to depth of 1200 m. The temperature profile and gradient

are shown in Figufe 1. Table 1 summarizés straight—-line least-squares
gradients in ?his hole for several intervals.

Since the Bingham hole is not included in Wright (1966), a few
details concerning the terrain correction will be given here. ‘The
level of the bottom of the open-pit mine is approximately 1810 m above
sea level. The horizontal distance from the hole to the bottom of
the mine is one kilometer. Most of the peaks within 20 km of the hole
have elevations between 2200 and 2700 m above sea level. Nelson Peak,
4 2853 m aone sea level and about 9 km to the north, is the highest
peak within a distance of 20 km from the hole. Terrain corrections
to the geothermal gra&ient were calculated using the method described
by Birch (1950, p. .582—"600) and Wright (1966, p. 149-178). In order
to examine the changes in fhe hcorrected" gradient for different
assuﬁptions about the physiog?aphic history, correcéions were
calculated aésuming uplifts of from 0 to 4572 m, evolution timés of
from 10 m.y. to infinity, and atmospheric temperature gfadieﬁts of
from ~3 °C/km to -6 °C/km. Table 2 summarizes the results of the
effects of different physiographic histories. The observed gradient
for the dépth interval 656-936 m is 18.45 + 0.25 °C/km. The largest

correction ta the observed gradient is for short evolution times.
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‘For an evolution time of 10 m. y. the correction to the observed gradient,
assuming no uplift and 4572 m uplift, is -9 7 and -15 %, respectively, for

an atmospheric gradient of -6 °C/km. For an atmospheric gradient 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 completely known,'the effects of uplift.and erosion for assumptions
which probably bracket the correct physiographic history are shown in |
Table 2. Aésuming extreme conditions of 4572 m uplift and 10 m. y.

evolution time, the corrected gradient is only about 15 % less than the
observed gradient. TFor an infinite evolﬁtibn time, the corrected steady-
state gradient is 18;03.i 0.074 °C/km, of about -2 7 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 smail composite granite and granite
porphyry stock which intrudes'qﬁa?tzites'of léwer‘Penhsylvanian age. Hole
D-142 is drilled in quartzite until a depth of about 1036 m where it enters
the stock. Associated dikes of quartz latite porphyry and latite porphyry
were emplaced last, cross-cutting all other rocks (James, Smith and Bray,
1961). The granite has few feldspar phenocrysts and na quartz phenocrysfs.
Phenocrysts of feldspar'make up about 50 per cent of the granite porphyry
and a&erage 3.5 mm in length. Quartz phenocrysts are rare. The dikes of
quartz latite porphyry contain feldspar phenocrysts which make up about
v35'peréent of the rock and average 2.5 mm in length. Quartz phenocrysts,
averaging 2 mm in diametér; make up 3 per cent of the rock: The ground-
mass of the dikes is aphanitic: The latite porphyry contéins
no quartz phenocrysts and; eébept for color, is similar to the quartz

latite porphyry in appearance. Since no samples of the stock below
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1036 m were available for thermal conductivity determinations, -the
thermal conductivity of the rsck for the depth interval 1046-1156 m
was assumed to be appro#imately.equal to that of the dikes cut by

the hole above 1036 m.. The locations of the dikes in the hole were
well ‘deffned by a gamma-ray log run in hole D-142 to a depth of

841l m using a Well Reconnaissance Geo-Logger Model 8036. The hole
was blocked to this logging tool at 841 m. The log was essentially
featureless throﬁghbut the quartzites, but excellent response was
obtained for dikes at depth intervals 671-686 m and 747-754 m. At
about 1036 m 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 dépths of 676, 681, 752, and 854 m. The mean thermal
conductivity and standard error as determined from four saturated
cylinders under a pressure of 100 bars was 9.08 * 0.95 incal/cm-sec-°C.
. The resulting heat flow within the stock is 2.25 ucal/cmz—sec with

a probably error of about 157 because of the assumption that the dike
rock has approximately the same thermal conductivity as the main ‘
Bingham prophyry stock. In the depth interval 656~936 m, the mean of
7. thermal conductivity determinatiohs of the quartzite and four
samples éf dike rock, is 12.73 ¢ 0.98'mca1/ém—sec -°C. Combined
with an observed gradient of 18.45 + 0.25 °C/km in the quartzites,
this gives a heat flow of 2.35 ucal/cmz-sece, in good agreement with
the deeper interval. The mean thermal conductivity of the quartzites
only was 14.?7 + 0.32 mcal/cm-sec —°C. Tablé 3 li§£§ théémél cond-

uctivity.detérminations from hole D-142.
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Our heat flow values at Bingham are somewhat higher ﬁhan those de-—
termined by Roy et. al. (1968, p..5219) who reported, two values -at
. Bingham of 1.5 aand 1;9-ﬁca1/cm2—seta The lowe¥ value of 1.5 ;call
cm?-sec was apparently determined in the main Bingham stack since the
average thermal condﬁbtivity reported was ?.lg'i:O.Zg ﬁcal/cmﬁsec~°c.
The value of 1.9 ugal/cmz—SEC~was apparently determined in the quartzites
gince the mean coﬁdudtivity was li.5fﬁcal/cm'—sec—9CL Qur mean 'con—
ducﬁivities_areeabqut 29% and 26% higher for rocks which presimably
‘would cdrréspond-ta the qﬁartzite$ and stock, respectively; our
gradients are about 9% and 27% higher in the quartzites and stock,
respeétivéiy. Undoubtedly, with the large differences in thermal con-
ductivity between the porphyry and quartzites, refraction is probably
an important factor in the differgncgs observed.

We feel the best heat flow value from hole D-142 is 2.3 + 0.3 ﬁcal/
em2~gsec. If only our three lowest conductivity values for the dike.
rock cut by hole D-142 are considered, the assumed conductivity of
the stock would be 8.18 i;0.87fméalfcm—secﬁac and the flux in the
stock would bé:ZQﬁaucallcmz;seﬁ,lstill within our assumed uncertainty,
and the-lo%er condictivity value is in better agreement with that of
Roy et. al. (1968, p. 5219). We prefer the higher value of 2.3-#

0.3 ucal/cm®-sec since it is compatible with flux values obtained
above and below the boundary of the main Bingham stock as penetrated

by hole D-142,



14

Jordan Valley. The“temperature.profile in drill hole (B-1-2)28dcc-1

in Jordan Valley (40° 47.0' N. Lat., 112° 04.3" W. Long.) 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 deposits. Because of pob% racévery‘of'the unconsoli-
dated deposits no material was available for laboratory measutements
of thermai conductivity. No topographic correction to the gradient
waé‘necessaqy. |

The high gradient of 58.7 °C/km (Figure 2) is believed to be due
to the Tow fhermal conductivity of the unconsolidated Lake Bonneville
deposits. According to Langseth (1965, f. 70) , published conductivity
values for oceanic sediments afe generally within 25 percent of 2.0
mcal/cm~sec-°C. This value could presumably be used as,é lower bound
fo¥ the thérmal condu:tivity of the material in Jordan Valley. The
conductiéity of the Bonmeville sediments is probably higher than
2.0.ﬁpal/cm~5ec;°c for two reasoﬁsr (1) the Bonneville sediments
contain moresquartz'gin the sandy layers) than'déep oceanic sediments,
and (2) thelporoéity of a sand is generally less than the porosity
of a tyPic;l oceanic lutite, which may contain 75 percent water;
therefore -a sand contains more salid‘material per unit volume than
a lutite. Many wellfconsnlidated'shalés and sandy shales have thermal
conductivities about. 4.0 mcal/cm—sec=°C and lower (Birch, 1954;
Joyner, 1960). We may usé‘this value as an upper linit. The sediments
penetrated by thE»h0133 then probaﬁly have a thermal eonductivity

_greater than 2.0 mcal/cm-sec~°C and less than 4.0 mcal/ém-sec~°C. If a
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thermal conductivity of 3.0 mcal/cm-sec~°C is used, the regional

heat flow in Jordan Valley would be. about 1.8 + 0.6 ucal/cmz;sec.

Spor Mountain. Spor Mountain is in the central part of Juab
County, Utah, in the Basin and Range province. Temperatures wére
measured in five drill holes in the Topaz Mountain tuff. Four of
these holes were within 460 m of each other énd had an average gradient
of 58 °C/km. The fifth hole (hole 106), located 600 m to the north,
was found to have a lower gradient of 46.9 °C/km. Figure 2 shauws
the temperature profiles for all holes.
"Table 4 lists the results of thermal conductivity determinations
from the Spor Mountain afea. Disks were cut from nine specimens. All
of the rock speciméns are representative of the Topaz Mountain rhyolite.
- The mean thermal conducfivity and standard error of 20 rhyolite speci-
mens was 5.47 + 0.14 upal/cm—sgc—gc. The mean geothermal gradient

of all five holes is 55.5 % 3.7 °C/km. This gives an average heat

flow of 3.0 * O.jﬁ pcal/cm2-sec. The gradient over the depth interval
120 to 127 m in hole 110 is 55.0.% 1.0 °C/km. The mean conductivity
and standard error of 8 samples over this interval in hole 110 is

5.26 % O.2tﬂnal/cm—sec—°c. The prodgct indicates a flux of 2:9 *

0.2 }ﬁcal/cmz—sec. No terrain. corrections were necesséry. The
variation in the geothermal gradient between hole 106 (46.9 °C/km)

and the four holes to the south (avegége value 57.6 °C/km) might be

due to near-surface ground-water circuiation, or more propably is the '
result of lateral variation in the thermal conductivity of the rhyolite.
No core was available from hole 106. All thermal coﬁdﬁctivity values
.wéfé &etérﬁined on unsaturated'speéimené in a shelf-dried state;'sinée"

the holes were all dry when logged.



The heat flow in the Spor Mountain area is taken to be 3.0 £
0.3 ucal/cmz-sec. The uncertainty of 107 is assigned primarily be-
. cause not all of the conductivity determinations were made on core

from the holes.

16
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La Sal. Most of the .gradients were determined in holes drilled into
the Chinle Formation which is composed of fluvial mudstones and sandstones
with irregular conglomeratic beds which probably represent ancient stream
channels. One hole (BIN-8-64) was drilled entirely in the Wingate Sandstone,
which overlies the Chinle. Temperatures were measurgd in four holes (HR series)
within 150 m of each other, and in two holes (BIN series) about ;hree km
. northwest of the HR group in the Big Indian mining district (Wright, 1966).
The temperature profiles are shown in Figure 3. The average straight-~line
1east—squareé.gradient in the HR holes is 17.7 * 0.26 °C/km. The gradient
typically passes several times through makimum and minimum values of about
22 and 14 °C/km (Wright, 1966, p. 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; Using data from below 126 meters in hole
BIN-10-65, the straight-line least—sqﬁares 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 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 to 2438 m; probably beginning in Pliocene time. For an
uplift of 1829 m, 335 m of erosion; and an evolution time of 15 m. y.,
the coﬁditions.which Eardley considers most representative, the corrected
gradient in HR-1-65 is 17.79 i'OEZO °C/km: or 3;5 % greater than the
observed gradient. For an infinite evolution time the corrected gradient

is 18.38 + 0.20.



18

6C/km, or about 7 per cent greater than the observed gradient in HR-1-65,
For Eardley's assumptions about the physiégraphic 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 frdm bulk rock_specimehs} All specimens
were collected within 2 km of the HR ﬁoles, and within léss than 6 lm of
the BIN holes, The lithology typical of the Chinle Formation is about 50
per;centAsandstone and about 50 per cent mudstome (Wright, 1966, p. 92-94).
‘We previously reported heat flow walues at La Sal based on measurements’ of
samples in -a shelf-dried condition. Nine of the Cﬁinle samples have since
been remeasured after being vacuum-saturated with distilled water. The
difference between the dry and saturated coﬁductivities 1s;showp in Table 5.

Thé mean value and standard error of the thermal conductivity of 8
saturated specimens of the Chinle Formation is 8.61 t 0.26 m¢al/em-sec-°C,
This represents an increase of about 20 per cent over the corresponding
unsaturated mean value of 7.15 T 0.29. One sample of the Winpgate was re-
measured after saturation; unsaturated conductivity values were used for
the Wingate since hole BIN-8-64, which was entirelyﬁin fhe Wingate, was
logged dry (Wright, 1966, p.77).

The average geothermal gradientAin‘the Chinle Formation in the HR-65
holes was 17.7 ¥ 0.2 °C/km. The mean theﬁmal conductivity of the saturated
.samples of Chinle was 8.61 mcal/em—sec-°C. The product indicates a flu%
of 1.5'pcalfcm2—sec.‘Hole BIN-8-64 was dry when logged. The temperature
gradient in the Wingate sandstone in this hole was 12.1-i 0.8 °C/km, and
the mean unsaturated Wingate conéuctivity of 4 samples was 11.9 Y 0.14

meal/cm-sec—"C, giving a heat flow of 1.44 f'b.lliﬁcallcm?—secl



Previously reported (Costain and Wright, 1968) values for La Sal
were given as 1.2 * 0.2 pcal/cmz—sec based entirely on thermal
conductivity measurements of unsaturate&.rocks. The revised value
for La Sal, based on conductivity measurements on saturated Chinle
rocks as well as umsaturated Wingate sandstone ié 1.5 ¢+ 0,2.uca1/cm2—sec. The
" uncertainty placed on the revised value is primarily a result of
the uncertainty of the conductivity of the Wingate and Chinle rocks,
since measurements were not made on core samples from holes in

which the gradients were determined.
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DISCUSSION

Decker (1969) presented nine new heat flow values. in Colorado
and New Mexico. Only one of these values, l.ZZlucal/émz—sec at
Cerrillos, New Mexico near the southern Border of the 'Southern Rocky
Mountains, fell below 1.6 ucal/cmz—sec. .ﬁass, et»al. (1971) preséﬁted
- a large number of additionél values for the. Rocky Mountain and
Colorado Plateau provinces. All of their "Category 1" falue& for the
Colorado Plateaﬁ were 1.3 ucal/cmz?sec.or above. North of the
Colorado Plateau province, at Green River, tﬁej obtained a value of
1.6 ucdlfcm?—53c1 In thé Basin and Range province, Sass et al. (1971)
gave a number of new,vélues.south and west of theée Colorado Plateau.
Only five values are less than 1.5 ﬁcal/cmz—sec and these are close
to other sites (< 20 km) where the heat flow is greater than 1.5
ucal/cmz-sec. It would -appear that the low heat flow values in
AfiZOHa,-southwesg and south of the Colorado Plateau, 5 out of 25
determinations, may ﬁot be representative of the'regipnal héat flux,
and could be either the resuit of refractioﬁ,»oryshaliQW'grouﬁd
water circulation., |

The revised value given in this paper for L; Sal, Utah, on the
Colorade Platéau, is 1.5 Hcal/cmz—sec. This is in close égreément
with values found for the northern pért of the.Colorado‘Plapeéu by
Sass et al. (1971), although it is considerably higher thanAsﬁica:'s (1964)
value of 1.2 ﬁéalf@ﬁzﬂsng On the basis of much of the heét flow now
‘availahle.thefe appears to be less evidence to deélineate the Colorado.

Plateau as a separate heat flow province with abnormally low Beat flow.
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The extensive recent tectonic activity in the Basin and Range
province is reflected by the high surface heat flow. Depending on the
upward penetration of fault zones,heat flow anomalies might be
expected to (1) follow- superimposed trends associatgd 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
available to date; however, the density of heat floﬁ'determinations
is no£ sufficient to rule out the possibility of linear heat flow
patterns associated with major trends in block faulting. Figure 4
shows all ofrthe 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 ucal/cmz-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)
méy.include the Colorado Plateau province. Decker (1962) and Sass et
al. (1971) obtained high heat flow values (> 2.0.ﬁca1/cm2#sec) near
the eastern boundary of the Plateau. The apparent overall higher heat’
flow in the Basin and Rénée province, about 2.0 ucal/cmz—sec, suggests
a higher density of fracture zones with deeper penetration into the

mantle than to the east in the Colorado Plateau province.
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of gradients, conductivities, and heat flow.

, Depth Range, mca?}cm

; meters sec °C*

i

| 576-886  13.25 £ 0.76 (15)%

| 656036 12,73 *°0,98 (11)
1046-1156 9.08 ¥ 1.09 (&7
1046-1156 8.18 £ 0.87 i
20-63 3.0+ 1.0
50-138 5.47 + 0.14(20)
30-152 5.47 + 0.14(20)

i 30-&31 5.26 & 0.2(51

" 120-127 5.26 + 0.2(8)

" so-130 5.47 + 0.14(20)

. 30-118 5.47 t 0.14(20)

5.47 * 0.14(20)

18.45 +

Gradiegt
°C/Km

18.64 * 0.3(22)§

0.25(23)

24,77 £ 0.36 (12)

+

24,77 + 0,36 (12)

58.72+ 1,07 (9

538,48 = 0:93(10)

46,94 + 0.51(4) -
59.35 + 0.70(12)
55.0 + 1.1(3)

34.70

H—

"0.56(9)
57.95 + 0.97(10)

55.48 = 0.73

q(unc%
ycalfem~~sec

2.47 = 0.18

2.35 £ 0,21
2.25 +

2.03 =

1.8 -% 0.6

3:20 £ 0.13

2,57 +0.09
3.12 £ 0.16
2.89 £ 0.17
2.99 # 0.11

3.17 + 0.3

I+

3.0 2.0.3

0.31

0..24

qg(corr)
pcal/cmzasec

2.30 + 0.18

2.3 ¥ 0.3

1.8 + 0.6

o

-

.
¢

2

o

3.0 £0.3



lof gradients, conductivities, and heat flow.

(Continued)
K

Depth Range, mecal/cm

meters sec °C*
90-180 Mean Chinle.
50-210 conductivity
90-160 , = 8.61 £ 0.26(8)
100-145
130-170

11.9 = 0.14(4)
!Wingate)

76, 681, 752, and 853 m.

76, 752, and 853 m.

thermal conductivity determinations.

q(corr)

Gradie&t )
°C/Km q(unc)

pcal/cml-sec
17.19 + 0.19(18) .1.48 = 0.06
14.90 £ 0.96(17) 1.28 = 0.13
17.98 + 0.23(15) 1.55 # 0.07
17.64 + 0.33(10) 1.52 * 0.07
21.90 £+ 0.32 (5) 1.89 + 0.15
12.13+ 0.79 1.44 = 0.12

are straight-line least-squares gradients.

pcal/cml-sec

1.53 + 0.07

1.5 £ 0.2

panurluo)
1 @1qel - 97 923eq
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Elevation of Corrected Elevation of Corrected
~Evolution Uplifted Gradient, Evolution -Uplifted - Gradient,
Time, my Surface, m °C/km ‘Time, my ° Surface, m " °C/km
4,572 15.73 *+ 0.066 4,572 17.25 + 0.072- .
110 . 3,048 16.09 + 0.066 100 3,048 17.37 + 0.071
0 16.80 + 0.066 0 17.61 + 0.071
3,048 16.73 + 0.070 3,048 17.60 + 0.073
10 1,524 17.10 + 0.070 100 1,524 17.73 £ 0.073
0 © 17.48 * 0.070 0 17.85 + 0.073

Table 2. Summary of corrected geothermal gradiemnts for
hole D-142, Bingham, for the depth interval
656-936 m, o« = 6 °C/km, collar elevation of
hole = 1963 m, diffusivity = 0.02 cm2/sec,
-observed gradienf = 18.45 °C/km. Steady-state

gradient (infinite evolution time) is 18.03 *+ 0.074 °C/km.



Table 3. Thermal conductivity from core samples, hole D~142, Bingham, Utah.

Depth
(meters)

587.7
629.7
630.6
646. 2

- 675.8
680.6
696.2
752.0
767.8
790.7
799.2
825.7
844.9
853.2
884.8

*Porphyry dike.

#A11 disks 2.22 cm didmeter and 2-54 cm thickness.

"' Thermal Conductivity#®

Gmcal/tmzﬂséc—qc)

12.99
14.96
15.29.
15.52
8.30%
11.79%
15.39
6.61%
15.31
14.62
15.60
14.99
12.46
9.62%
15.35

28



Table 4. Thermal Conductivity measurements from Spor Mountain area.

values determined from shelf-dried specimens.

29

Disc Thickness Conductivity

Number (cm) (mcal/cm~sec~°C) Location

105466 1.27 © 5051 Hole 110 (123m)
11sM66-1 1.27 5.36

11SM66-2 1.91 5.50 Hole 110 (123m)
11sM66-3 2.54 . 5.52

135M66 1.91 3.78 Hole 110 (125m)
14SM66-1 1.27 5.49

14SM66-2 1.91 5.46 Hole 110 (127m)
14SM66-3 2.54 5;43

155M66-1 1.27 6.21 Hole 111 (below 130m)
"155M66-2 1.91 6.25 .

165M66-1 1.27 6.43 Hole 111 (below 130m)
16SM66-2 2.54 6;63 |
175M66-1 1.27 5.46 Hole-111 (below 130m)
17SM66-2 1.91 _ 5.66

18SM66-1 1.27 4.63

18SM66-2 2f54 4.64 surface

185M66-3 3.81 4.73

19SM66-1 1.27 5.47

195M66~2 2.54 *5.63 surface

19SM66-3 3.81 5.63

All



Tablé 5
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Thermal Conductivity Measurements From La Sal,; Utah

Thétnial Condudtivity

Rema¥ks, Location

Frou lower 75 feet

of Chinle Formation,
Alice inglined shaft.

From lower 75 feet

of Chinle Formation,
Alice inclined shaft.
Muddy sandstone,

From lower 75 feet

of Chinle Formation,
Alice inclined shaft.
Sandstone, * §0% quartz

From lower 75 feet

of Chinle Formation,
Alice inclined shaft.
Mudstone, 10% quartz

Sample 1L66 through 9L66

© dre Chinle from

surface exposures on
the Wingate-Chinle cliff
and talus slope just

+ east of La Sal trian—

gulation station (38°
14' 16.9" N. Lat., 109°

- 16" 20.7" W. Long.)

Muddy sandstone,

Sample No. Thicknegs, cm
. necal/cem-sec-"C
dry saturated
4H66-1 1.27 6.88 —
4H66-2 2.54 7.16 8.75
Sandy mudstone,
+ 20% quartz
6H66-1 1.27 7.40 -
6HB6-2 2.54 7.68 9.14
6H66-3 1.27 7.28 — + 50% quartz
6HB6-4 2.54 7.08 _—
8HA6 2.54 8.37 9.24
9HE6 2.54 5.45 -
1L66-1 1.27 7.05 —
1L66-2 2.54 7.50 9,32
+ 80% quartz:
21,66 2.54 7.68 —

- Sandstone, iNSQZ.quartz

Chinle.
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Table 5
con't.
‘Sample No. - Thickness, cm ‘Thermal Conductivity " 'Rémarks, Location
mcal/cm-sec~°C
dry saturated
5L66 2.54 6.09 7.08 Chinle. Muddy
sandstone,
+ 70% quartz.
6L66 , 2.54 7.98 9.08 Chinle. Muddy
sandstone,
+ 707 quartz.
7166 2.54 6.42 7.86 Chinle. Muddy
sandstone,
+ 707, quartz.
9L66-1 1.27 5.42 - Chinle. Sandy
. ‘muds tone.
91.66-2 2.54 6.00 8.38 , + 407 quartz.
11L66-1 - 1,27 11.50 -— Wingate. From Wingate-
. Chinle cliff, See 1166.
11L.66~2 2.54 - 12.19 13.94 * 95% quartz.
18J66-1 1.27 . 11.67 - ' Wingate. From Wingate-

» Chinle cliff. See 1L66.
18J66-2 2.54 12.10 - * 95% quartz.



Figure

Tigure

Figure

Figure

‘Figure Captions

Temperature profile in hole D-142, Bingham, Utah:

" Temperature profiles in drill holes at Spor Mountain and

Jordan Valley, Utah
Temperature profiles in drill holes at La Sal, Utah

Heat flow measurements tfo date in Utah.
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Heat Flow Measurements ((Beck), Sass, Judge, Mustonen)

All available data on underground temperatures in
Southwestern Ontario are being obtained. A preliminary
study based on over 100 conductivity determinations indicates
that the mean thermal conductivities of individual sedimentary
sections can be correlated over large distances within South-
western Ontario. ‘A study of the five major formations in-
-volving about 1000 conductivity determinations is now in
progress.

Over one hundred and fifty determinations of thermal
conductivity for the U.W,0., hole have been made. When com-
bined with temperature data, these result in a mean heat flow
of 0.82 + 0,05. Work is continuing on the preparation of a
heat flow contour map of Southwestern Ontario

) Temperature measurements have been obtained from over
80 boreholes within an area of 5 km? around Lake Dufault
' Mines, Quebec. Isotherm maps have been contoured for -500,
- 0, and + 500 ft. above mean sea level, There is little
- evidence that temperatures have been disturbed by water flow
or oxidation of sulphides. It is difficult to correlate the
minor temperature perturbations that occur with topography,
structure, or geological history, as they have almost certainly
" been caused by a complicated combination of all of these
factors, About. 200 thermal conductivities have been measured
and a conductivity contrast between the two main rock-types
(Andesite and Rhyolite) has been noted, The ore has a ther-
mal conductivity about twice that of the country rock but
this has not been reflected in the thermal gradients near ore .
bodies, possibly because of the relatively small volume occupied
by high grade ore, The low heat flow (about 0.7) at the Du-
" fault site confirms the values measured by Misener and others
within the Grenville Province.,

Over 100 conductivities have been measured on rocks
from two holes (Muskox South and Muskox North) at the
Muskox site near Coppermine N, W,T. Temperatures measured in
Muskox South during the summer of 1965 have been corrected
for the warming effect of a nearby lake and have been com-

" bined with conductivity data to give a heat flow of 1.3 +
0.1 glcals/cm?2 sec (Beck & Sass, 1966); Preliminary studies
‘indicate a4 high degree of correlation between thermal con-

' ductivity and mineralogy for rocks .from. the Muskox holes.
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- ,f\;,j Laren want set oppoat Daldng Polnt N T, Fivk: epn ;

cohe Tt e petagtrely Clar witha ';1}5‘3(,',!&1{!"_‘%";?, RN SN Y
T L R S N L B A S S LY N T SR SUMENES 172 SN SR

!




35 Km on the eastern side. Further’ studies are. " being made “i
_ on the detection and application of converted waves using a :
. three component array to crustal interpretation.

,} T During October 1965, the department cooperated with the - -

C '~ Americans in successfully recording the operation Longshot
nuclear shot, A three component station was set up near" .
Wawa, Ontario. - B Co ' I

Preparations are now under way for participation in the . -
"Early Rise" Lake Superior seismic experiment. Recordings .
here will be done on a new Sanborne hot wire recorder,’ This . .
" station will be used to £111 in a grid .on time-term study of ..
the orust. o e paety el

C. GEOMAGNETISM | e e
Paleomagnetism (Palmer, Carmichael) . - . - | .Miﬁ”'i.
A major portion of the academic year was devoted to an.if
intensive study of the remanent magnetization of some 230
. ° .samples of volcanic rock collected from 5 areas around the
: perimeter of Lake Superior, Stability of the remanent
magnetization of these Keweenawan lavas is indicated by AC

demagnetization experiments, by conglomerate tests and fold SR
tests, Statistical examination of the results of- these "“'S"‘/

Loe: 2

tests are now examined on a routine basis by the use of the
IBM 7040 computer on campus. .In addition to providing pole
positions for North America in Keweenawan time (1,05 b.y.), :
the presence of reversals of magnetic polarity in these se-
quences, will be an aid in correlating these units from one’
area to another. This will be an aid in reconstructing the
development of this major volcanic pile of the Canadian Shielda

The above Keweenawan data, together with other results
obtained, or in progress in our laboratory, will enable us to-
calculate paleomagnetic pole positions for North America for
the ages 1.05 b.y., 1.47 b.y. and 2.1 b.y.

In addition to providing a pole position, the measurement 4
of the remarnent magnetization of a group of samples from a rock
unit can be used to calculate paleolatitudes for the contin-
.ental mass of which the rock unit is a part at the time the

- rock unit in question was deposited, The most recent glacia-
tion, the Pleistocene, was confined to regions of the earth
in high or intermediate latitudes. Paleomagnetic data has
indicated that the glacial deposits of Permian age found on’
the major continents of- the Southern hemisphere were deposited




in high latitudes in Permian time. There is evidence
however, that glacial deposits of the Late Precambrian

may have had a world-wide distribution., It is therefore of
scientific interest to test whether earlier Precambrian
glaciations were world-wide or confined to polar or near-
polar regions, With this idea in mind, a suite of varvites
from the Huronian sequence near Iron Bridge, Ontario have
been collected and initial measurements of their natural
remanent magnetization have been completed in our own lab-
oratory and at the magnetic laboratory of the Dominion
Observatory, Ottawa.

A manuscript reporting our investigation of the paleo-
magnetism of the Late Triassic North Mountain Basalt of
Nova Scotia is in preparation and will be submitted for
publication this coming year.

R

Six weeks in March and April of this past year were
spent on a research trip to Chile and Peru. A collection of
Jurassic, Cretaceous, and Tertiary rocks was obtained. It
is hoped that these suites of samples will provide paleo-
magnetic poles for South America that can be compared with
paleomagnetic data from other continents of the southern
hemisphere : .

Attenuation of Elastic Waves by Magnetic Fields (Lilley,

Elastic waves in conducting materials have been shown to
be attenuated by magnetic fiéld gradients. ' Both experimental:
and theoretical studies have been conducted on the problem,
The conducting media used were bars of aluminum copper and
brass in various thicknesses from one eighth to three eighths
inches and lengths from .one to twelve feet. Standing elastic
waves were generated by a plezoelectric crystal and the dis-
placement was measured using strain gauges. The attenuation
has, been shown to be due to the field gradient.

D, .OTHER

Hydrodynamics of the earth's Core (Smylie, Beck)

An experimental set-up in cylindrical geometry has been
constructed to investigate the feasibility of using high
electric field gradients in a dielectric fluid to produce
thermal convection under a central force, Work is continuing
on the development of the apparatus,

A ,
cwe’ © '

.
[ .

Carmichael) .
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6. ABSTRACTS OF THESES

)

LAW, L. K, "Anistropic Susceptibility of Rock Samples'" - .« -

It would be useful in rock magnetism studies to have a
versatile apparatus’ capable of routinely determining the
remanent magnetic vector, the anisotropic susceptibility
and the variation of these parameters with temperature.

A vibrational magnetometer with the coil configuration of
Krause (1963) measures three orthogonal components of the

" magnetic veator without changing the orientation of the

sample and has provisions for a furnace, This type of system
was constructed and an orthogonal set of Helmholtz coils added
to obtain sufficient measurements for the determination of the
anisotropic susceptibility. The computer program for the
computation of the susceptibility ellipsoid is presented. Ex-
amples of the method are given, using core samples from the

- Nakina area. The problems of the vibrational system are dis- . l'

cussed and recommendations made to improve the present minimum
detectable signal level of approximately 2 x 10-4 emu/c.c.

M.Sc.

. NEOPHYTOU, J.P. "Tritium Dating Theory And Applications'" .

. The variation of 3H and 90Sr inventories, the factors in-

" fluencing global fallout in general and of 3H in particular,
with special emphasis on Canadian fallout, and 3H content of
Saskatchewan waters are investigated. On the basis of these
findings, a broader theory for interpreting 3H "age" id . '
hydrological studies is developed and applied to determine the
transit times and velocity of water circulating in the
Coronation Mine near Flin. Flon, Manitoba.

The present 3H and 90Sr inventories are 235 + 25 kg and
37 + 4 Mc respectively, The distribution of tritium depends
on the same meteorological factors influencing the fallout of .
other radio-active nuclides namely jet streams, global winds, -
humidity, precipitation and their variability. 1In addition QH
fallout is complicated by the additional factors of evapor-
ation and molecular exchange between the atmosphere and the
ocean surfaces. The.annual pattern of 3H in precipitation
exhibits maxima in spring and minima in late autumn, a point
on which other investigators agree, The fallout over Canada
follows the increased inventory of radioc-active nuclides. The
3H content of Saskatoon precipitation can be taken .as a guide ..
for the total average fallout in precipitation for the whole': .
of Canada. Assuming that the moratorium of nuclear testing
will last the future peaks of 3H in the grécipitation at - o
Saskatoon are predicted on the basis of 9H inventory. The
small lakes of Saskatchewan are effective in retaining de-

5 A
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A New Steady-State Method for Determining Thermal Conductivity

MarsHALL REITER AND HAROLD HARTMAN

New Mexico Institute of Mining and Technology, Secorro 87801

A new steady-state absolute method for determining the thermal conductivity of rock specimens
is presented. The technique involves putting a known quantity of heat into a specimen with
an ohmic heater and determining the thermal gradient across the specimen with thermocouples.
It follows from the steady-state conduction equation that the thermal conductivity can be cal-
culated from the expression K = ¢/(A%'/Az). The heating element and the sample are insulated
with polyurethane to reduce thermal losses. The bottom of the specimen is placed in contact
with a massive aluminum block that serves as a thermal sink and remains essentially an isotherm’
for the duration of an experiment. Thermal-conductivity values for fused and crystalline quartz
determined by the new apparatus agree with Ratcliffe’s data to within 1.5% for fused quartz
and to within 2% for crystalline quartz. Thermal-conductivity values of rock specimens measured
on our apparatus agree to within 3.5% with the thermal-conductivity values of the same specimens
determined on a divided-bar apparatus. It is estimated that the system has an absolute accuracy
of +4%,. The apparatus is easier and less expensive to construct than many other thermal-
conductivity systems. The apparatus should also be applicable to measuring thermal diffusivity

by a variation on Angstréom’s method.

Theory. A general discussion of the various
methods employed to measure the thermal
conductivity of rock specimens is given by Beck
[1960, 1965] and Jaeger [1965]. The present
method of determining thermal conductivity
is an absolute technique differing from that
described by Ratcliffe [1959, 1960] in essentially
one way: the constant-temperature baths used
by Ratcliffe are replaced in our system by a
massive aluminum heat sink. Absolute methods
typically involve putting a known quantity of
heat into a specimen and measuring the resulting
equilibirum gradient across the specimen. In
the steady state one can apply the conduction
equation

¢ = K(AT/A2) (1)

where ¢ is the flux of heat (heat flow per unit area -
per unit time) into the specimen, K is the thermal

conductivity of the specimen, and (AT/Az) is

the thermal gradient across the specimen.

From equation 1 the thermal conductivity

follows as

K = q/(AT/A2) (2)

To measure K, one must therefore determine ¢
and (AT/Az).

Copyright © 1971 by the American Geophysical Union.

Description of apparatus. Figure 1 illustrates
the new apparatus. The heating element,
screwed to the upper copper disk, is molded in
polyurethane so that almost all the heat output
is directed into the rock specimen. (Heat losses
through the insulation will be discussed later.)
Because the sample is radially insulated, the heat
flow will be essentially axial into the massive
aluminum block. (Radial heat losses will also be
discussed later.) The temperature of the alumi-
num block changes very little over the duration
of an experiment. Therefore the lower surface of
the rock is almost an isotherm during an ex-
periment. By extending the duration of an
experiment from 20 min to several hours we could
not detect experimentally a measurable change in
the thermal conductivity of the specimen (the
average time required to measure the thermal
conductivity of a sample 1.27 em thick is approx-
imately 20 min). We may therefore conclude
that, mainly owing to temperature fluctua-
tion in the room, the heat input of the aluminum
block is experimentally insignificant. The alu-
minum block used in this apparatus weighed
31.8 kg. Of course, any large piece of metal can
be used for the thermal sink.

Examining equation (2), one can see that the
parameters necessary to determine K are ¢ and
(AT/Az). The value of ¢ is calculated by deter-
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mining the power output of the heater and producibility of approximately 4=1 X 10-¢ volt.
dividing by the surface area of the specimen. To keep the potentiometer reproducibility at
Knowing the energy dissipation of the heater better than 1%, we maintain 150-200 X 10-¢
involves measuring the current through and the volt between thermocouples. This necessitates
voltage across the heater. Power to the heater is  putting a 4°-5°C temperature difference across
supplied by a constant-current—constant-voltage the specimen. For the samples in this study, »
power supply. Copper-constantan thermocouples which are 3.683 cm in diameter and 1.27 c¢m

are used to determine the temperature difference  thick, this temperature difference requires a -4
AT across the specimen. A micrometer is used to  power dissipation of about 0.5 watt for fused i
determine specimen dimensions, the diameter and quartz and 2.5 watts for crystalline quarta.
the thickness (Az) of the specimen. Power dissipation for the rock samples lies

Qur K-2 potentiometer demonstrates a re- between these limits.

POWER SUPP
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Fig. 1. Schematic diagram illustrating the new apparatus.
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In our study the diameter of the specimens
matched the diameter of the upper copper
heating disk. Smaller-diameter specimens can
be used if an appropriate insulating bushing is
placed around the specimen, but the amount of
heat axially dissipated through the insulating
bushing must be considered. Of course, one can
also construct different-sized heating elements
that match the diameter of the specimens to be
measured. . '

A thrust bearing mounted to & screw press
pushes against the fiber glass tube and puts axial
pressure on the specimen. This pressure reduces
the contact resistance at the specimen surfaces.
With the screw-press arrangement we did not
measure the axial pressure. (We believe it to be
more than several bars.) The apparatus can
easily be modified to incorporate a hydraulic
system for axial pressure, and in such an arrange-
ment the axial pressure can readily be measured.
Wakefield thermal compound is applied to the
flat surfaces of the specimen. to give better
thermal contact. (Calculations of the errors
introduced in the thermal-conductivity meas-
urements by the film at the contact surfaces of
the specimen are presented later.)

The new system could be used to determine
thermal conductivities at different temperatures
by varying the temperature of the aluminum
block.

The present technique for measuring thermal
conductivity should also lend itself to measuring
thermal diffusivity. This measurement might be
accomplished by connecting the heater to a
timing device that would create a square-wave
heating current and then monitoring the thermo-
couple output at each end of the specimen with a
strip-chart recorder. This technique would re-

~ quire a slight change in the thermocouple setup

because in the present system we are interested
only in determining AT. The theory for such a
technique is essentially an extension of hg—
strom’s method and is presented for an experi-
mental system by Kanamori et. al. [1968].

Daia and errors. Table 1 presents a com-
parison of the data taken in this study with data
taken by other techniques. The standards of
fused and crystalline quartz, whose, thermal
conductivitics have been measured by many
scientists, and rock samples previously measured
on a divided-bar apparatus have been used to
evaluate the relative accuracy of our apparatus.

Mean thermal-conductivity values for fused and
crystalline quartz measured on our apparatus
agree with other accepted measurements to
within 2%,. All the data taken on the divided-bar
apparatus agree with our data to within 3.5%,.
Roy [1963] states that the absolute accuracy of
the divided-bar apparatus is =+5%. Ralcliffe
[1959] estimates the accuracy of his thermal-
conductivity measurements to be +=1.5%. We
therefore conclude that there is good agreement
between the data taken on our system and the
data taken by other investigators on other
systems.

The most probable sources of error in our
measurements are meter inaccuracy, heat losses
through the polyurethane insulation (both from
the heater and radially from the rock), and
thermal-contact resistance. The meters used
have an accuracy of 4=1%,.

We have calculated that a maximum of 2.5%,
of the energy produced by the heater can be lost
through the insulation if the specimen is fused
quartz and 1.5% if the specimen is crystalline
quartz. These calculations employ the ratios
of the thermal conductivities, lengths of thermal
paths, and surface areas of the insulation and
of the rock. A similar calculation for the radial
heat losses in the specimen indicates that a
maximum of 1.5%, of the heat introduced into the
top surface of the fused quartz specimen and
less than 1% of that introduced into the crystal-
line quartz sample can be radially lost. For
fused quartz the heat losses could therefore
introduce a maximum error of 4%, in the thermal-
conductivity measurements. This error would
tend to increase the measured thermal con-
ductivity; i.e. the measured ¢ would appear
greater than the actual ¢ through the specimen.
Ratcliffe used a guard heater to eliminate heat
losses in his measurements. If heat loss is the
only reason for the difference between our data
and Rateliffe’s data for fused quartz, the differ-
ence (3.33-3.28 meal/cm sec °C) suggests that
our total heat losses would be less than 49%,.
This value would be proportionally less for
crystalline quartz.

Calculation of the errors introduced into
thermal-conduétivity measurements by the con-
tact films at the surface of the.specimen, based
on Ralcliffe’s [1959, p. 23] formula, indicates
that for a fused or a crystalline quartz specimen
1 em thick the errors will be 1.59% and 7.5%,
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TABLE 1. Comparisonof Data Obtained by the Present Method with Data Obtained by Other
Techniques

Values for Present Method,*

Values Determined

No. of Mean Value & 8. D,, by Other Techniques,
Sample Measurements mcal/cm sec °C mcal/em sec °C

Fused quartz 9 3.33 + 0.02 3.28%
Crystalline quartz (normal to

the optic axis) 9 14.8 + 0.1 15.1%
CC-4-400 '

(carbonate) 6 13.5(5) + 0.0(2) 14.0§
CC4-1124

(carbonate) 6 9.66 + 0.08 10.0§
CC-4-1325

(carbonate) 6 12.4 + 0.1 12.5§
CC-2-2424

(carbonate) 6 8.49 + 0.10 8.22§

* Measurements taken at mean sample temperature of 26°C & 1.5°C.

t Ratcliffe [1959].
1 Preferred value, Ratcliffe [1959].

§ Value measured on the divided-bar apparatus at Virginia Polytechnic Institute.

respectively, if a 0.00254-cm gyclerial film is
used and 0.3 and 1.5, if a 0.00254-cm Wakefield
thermal-compound film is used. (Rateliffe calcu-
lated these errors in his conductivity measure-
ments to be 1-5% for fused quartz and 2.5-13%,
for crystalline quartz, depending on the thickness
of the specimen.) For the applied axial pressure
in our apparatus the thickness of the contact
films can be reduced. Consequently, we expect an
insignificant error to result from contact resist-
ance for fused quartz. Discrepancies between
the values in Table 1 for fused quartz are
probably due to a combination of additional
thermal losses and better contact resistance with
our system and possible specimen differences.

Ratcliffe prefers a value of 15.1 meal/em sec
°C for the thermal conductivity of crystalline
quartz normal to the optic axis. However, other
data cited by Ratcliffe suggest that crystalline
quartz may possess a lower thermal conductivity,
(e.g., the Griffiths and Kaye value of 14.7 meal/
em see °C). Values of the thermal conductivity
of crystalline quartz normal to the optic axis at
25°C between 14.7 and 15.1 meal/cm sec °C
now appear to be within acceptable limits.
Again, slight specimen differences might contri-
bute to the differences in’ the data. (Note that
increased thermal losses and better thermal
contact with our system would tend to produce
differences in the data opposite from those
observed.)

If all possible errors are taken into account,
the writers believe the above analysis allows the
present technique an absolute accuracy of 4%,

Comparison with other lechniques. Tigure 1
llustrates the relative simplicity of our appara-
tus. Instead of a metal block, most other tech-
niques employ thermal sinks whose temperatures
are regulated by expensive water baths. These
thermal sinks involve machining and necessitate
the construction of a rather sophisticated frame.
Our experience has shown that our apparatus is
considerably easier and less expensive to con-
struct than a typical divided-bar apparatus.

Requirements for specimen preparation are
the same with our technique as with other
techniques such as the divided bar. However,
changing specimen size with the divided bar
involves a repertory of quartz reference disks
and stack members. These extra stacks involve
extra expense. As previously pointed out, we
may interchange specimen sizes up to the diam-
eter of the heating plate by employing an
appropriate insulating bushing.

The time per measurement with our system is
approximately 20 min. This is comparable to,
or slightly faster than, the time per measurement
with the divided-bar apparatus. Because it is
an absolute technique, the new system takes
slightly longer to achieve equilibrium; however,
specimen changing is less time consuming.
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'LABORATORY MICROPROBE THERMOMETERS

® A DIRECT  READING THERMOCOUPLE
THERMOMETER

® TWO  INPUTS.  READS  DIFFERENTIAL
TEMPERATURES

® ACCEPTS MICROPROBE, .009"" DIAMETER

® FIVE RANGES, —100°C TO +175°C

® OTHER MODELS COVER —200°C TO 1500°C

® DRIVES CHART RECORDER OR OSCILLOSCOPE

©® WIDE RANGE, EASY TO USE, ACCURATE

©® NEARLY INSTANT READINGS

® All probes for BAT-4 are all interchangeable without
recalibration and every probe has a copper/ constantan
connector to eliminate input errors. They are svitable for
medical as well asssiidustrial use and all can be
avtoclaved.

® Accuracy is unaffected by length of leads (up to Y% mile)
or by gouge of wire.

® Accepts all copper/ constantan thermocouples of any size
or make.

® Medical Research. BAT-4 is designed to accept the new
implantable thermocouples. A Teflon-coated bead no
more than .009" diameter is connected to the instrument
by fine leads and is inserted into the tissue by a 24 gauge
hypodermic, which is then withdrawn. The bead causes lit-
tle discomfort even in small animals and is suitable for
continuous monitoring.

® Response time of less than 15 milliseconds when a recorder
or oscilloscope is used for readout, so it can monitor most
chemical reactions and is useful in process control.

® Llocate ‘hotspots’ in electronic circuits, transistors, chips
and deposited resistors in hybrid circuits.

In recent years electronic thermometers have become widely
used, and most laborotories have at least one. They are easy-
to-read, and their sensors have less effect on specimen tem-
perature than do glass thermometers.

Model BAT-4 includes these features and, because it uses
thermocouples in place of thermistors, its sensors are smaller,
have wider range and faster response. They give BAT-4 its
unique ability to make accurate measurements on small ob-
jects and to read temperature differences directly.

BAT-4 is portable, battery operated and has a modern taut-
band meter with mirror scale. There is a built-in ‘cold junction
reference’ and a battery check facility. The instrument is elec-
tronically stabilized, so is free from drift and needs no set-
ting-up adjustments. Just switch on—apply probe— read
temperature. Model BAT-4 is an easy-to-use, wide range
thermometer and it finds continual use in lab, field and
factory.

.

$295 MO.DEl BAT-4, -5, & -7

OTHER MODELS AND ACCESSORIES

Cyrogenic BAT-5 This model hag'ranges covering -200°C to
+100°C. all direct reading. For measurement of even lower
temperatures the differential range is used, with one sensor
immersed in liquid nitrogen or helium to provide a reference,
the second sensor being used for measurement. This range is
calibrated in microvolts.

High Temperature BAT-7. Covers 0°C to +400°C in 4
ranges. Excellent discrimination, instrument accuracy within
1°C. Lightweight and portoble, BAT-7 is ideal for spot or con-
tinuous measurements in the factory. It gives instant surface
?emperofure readings.

Multlprobe Switchbox. All BAT models accept two probes,
the input switch selecting one or the other. The Multiprobe

‘...Swnchbox provndes a further 5 switch-selected inputs. Boxes

=8

can 'be connected in series 5,10,15 etc. inputs.

SPECIFICATIONS Ranges:

BAT-4 BAT-5 BAT-7
A 90 to 175°C —200 to —=110°C 0 to 125°C
B 0to 100 —110 to —50 100 to 200°C
C —10010 + 20 —50 to O 200 to 300°C
D 25 to 45 0 to 4100 300 to 400°C
Diff. + 20°C 0 to 500uV 0 to 500uV

Accuracy: BAT-4 Ranges A, B, C, within 1°C
Ranges D, Diff within 0.2°C

BAT-5 within 1%
BAT-7 within 1°C

Size: 9" x 6% x 3"
Weight: 2% lbs.

DIGITAL THERMOCOUPLE
THERMOMETER

Wide temperature range. 0-400°C or
0-750°F.
Resolution of
through 60°C.
Triple probe inputs — they can moni-
tor 3 temps at once.

Linear 3 volt output. They drive even
low sensitivity recorders.

AC and battery operation. Battery
pack has built-in charger.

$395

i/10th degree, O

BAT-8 {Celsius) and
BAT-8F (Farenheit)

The instruments are free from calibration drift and readings are unaffected by
battery voltage chonges. A special circuit makes them insensitive to thermocouple
resistance and they can, in fact, give full accurocy with extension leads up to %2
mile long. There are a wide range of general purpose, medical and physiologicol
probes to choose from (see list). A new “"make them yourself' kit SK-2 provides in-
structions, all tools, and materiols to make 100 12" thermocouples.

BAT-8 thermometers give immediate readings on just about anything in lab or fac-
tory; and with this simple and quick means of measuring temperature it is surpris-
ing how often they come to be used. In fact “Every lob needs o BAT”.

SPECIFICATION
BAT-8 (Celsius)
LOW 0-60
HIGH 0-400
DIFFERENTIAL:

RANGES

gy

between 2 probes.

LOW 1/10th degree
HIGH One degree

ACCURACY: 0.2% + 1 digit
READOUT: 0.4"
digits.

RESOLUTION:

PROBES & SENSORS:

microprobes.
PROBE INPUTS:
RECORDER QUTPUT: 3V max,

recorders.
DIMENSIONS: Ve "x7"x6%"

POWER SUPPLY, AC:
order.
PRICES:

Reads
temperature difference

illuminated LED

Three, switch selected.

linearised.
Drives all types of chart

BAT-8F (Farenheit)
LOW 0-90
HIGH 0-750

LOW 1/ 5th degree
HIGH Two degrees

0.2% + 1 digit

Accepts — call probes and

115V. Other voltages to

BAT-8, BAT-8F, AC only — $395
Thermocouple Kit SK-2 —

89



PROBES & SENSORS

All sensors, probes ond microprobes are interchangeable; there are no conversion charts. Types SST 1, OT, 1, MTD and RET 1 have 5 foot
leads, os also do PT 6 flexible probes. All others have 3 foot leads.

TYPE MAIN PURPOSE FEATURES TIME CONSTANT* DIMENSIONS PRICE
Lab 'workhorse’ probe Welded stainless steel -
HT 1 for goses, liquids, shaft, plastic handle, 2 Sec. s $25
solids. immersible. | LA P |
HT 2 As HT 1 but with 9" shaft. 2 Sec. $35
NEW ‘Workhorse' like Rugged, welded r—l——"{\r_ﬁ
HT 1 (above) but also stainless steel, 0.9 Sec. Vv $35
BT good for surface temps. immersible | o L 3" _—'
/0 Man.
Skin surface (tape on) Gold clloy, é AN
SST 1 and axillary. fast response. 0.9 Sec. S‘ La/are $35
1/4"Dia. )
Oral and lab. use Stainless steel 30 ga. [——-!‘—"‘—“'—'
oT with handle. Fast 1.0 Sec. ! / ' $30
_ response, immersible. (F L
3/33° Dis. — 030" Dis.
Rectal, esophageal. Flexible, vinyl, <y [TV e
RET 1 immersible, inexpensive 3.1 Sec. q# $15
$/32° M. /31
Rectal, efc. in small Cl::::/’//
Im animals. Also tissue Flexible, Teflon-
implantable with 18 ga. needle. sheathed, immersible. 0.1 Sec. 028° D, $35
Tissue implantable, Sensor bead only .009" T
T2 with 24 ga. needle. dia. Teflon leads. 0.05 Sec. $25
Also microbiology. Fast response. L coe” oie.
Assembly of 10 thermo-
TPT-1 couples wired up in pairs. 0.1 Sec. $160
The 2 ends are 12 inches
apart in a Y formation.
Subcutaneous temp- Microprobe needle .013" dia. 0.25 Sec. "-' Y —f—t/1 — $50
MT 3 eratures; also (29 go.) Very fast response. [
& semi-solids. Needle lengths up to 2". L
MT 3/$ Acupuncture etc. Can be re-sharpened. 0.25 Sec. 013 “Dia.
Microbiology; instant Microprobe, blunt I——'/: — T
MT 4 skin and surface temp- .013” dia. (29 go.) 0.1 Sec. $50
eratures. Locate “hotspots” Very fast response.
lin electricol circuits. -012” ie.
Industrial & Lab use. Rugged Microprobe “—53‘—‘“—3/‘ —
MT 5 Surface temps and small .025" dia. (23 ga.) 0.25 Sec ¢ $30
specimen measurements. Fast response L .
-025°0io.
Microprobe, blunt. ' . |
MTD Dental ond skin Very fast response. Stain- 0.1 Sec. Ll $60
(hond held). less steel, immersible. R ~
013" Die. Die.
Tnexpensive, flexible Welded beads, tough . $48
PT 6 probes for multi- Kapton insulation, 5 ft. .01 Sec. “r— per pack
point measurements. leads. Usable to 400°C. ! of 6
SWT-) Multi-point Switch to any one $70

sensing-switch box

of 5 probes

*Time constant is defined as the time required to reach 63% of final temperature, in liquid. Accurate body femperatures are indicated in 10-12 time constants;

slightly more if disoosable probe cover is used.

Your check with order we pay postage. Or rated firms shipped open account net 10 doys. FOB Factory

ot O s Y

T . W T o o o W e
IRONCLAD GUARANTEE

No ifs, ands or buts in our guarantee — here it is — 100% absolute satis-
taction is guaranteed or your money back within 10 days without question
or quibble.

—

SEND YOUR ORDER TODAY TO:

ABBEON CAL, INC.

123-31N GRAY AVENUE

SANTA BARBARA, CALIF. 93101

BULK RATE
U.S. POSTAGE

PAID

SANTA BARBARA, CA.
PERMIT NO. 241

KENMECOTT COPPER LAS
RESEARCH LAB CORP '
GEOPHYSICS 0IV=-0PERS

2300 W 1700 s ..

SALT LAKE CITY UT 84104

THIS INFORMATION IS NEW —
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in measuring temperatures accurately
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Geothermal gradlent- were obtained in drill holes in Utah at Spor Mountain, Enterprise,
La 8al, Monticello, Bingham, and Jordan Valley. A heat flow of 30 *+ 0.3 ucal/em® sec was
found at Spor Mountain (39°43'N, 113°13W). The flux at Jordan Valley (40°470°N,

112°04.3'W) is estimated to be 18 =+

0.6 /,acal/cm sec. The revised heat flow at La Sal

(38°14.3'N, 109°16.3'W) on the Co.loxado Plateau is 15 = 02 ucal/cm® sec. The heat flow
+ at Bingham (40°32'N, 112°09'W) is 2.3 == 0.3 ucal/cm?® sec. On the basis of .much of the heat
flow data now available for the Colorado Plateau, including our revised values at La Sal,
there appears to be less justification for defining the Colorado Plateau as a separate heat

flow province with abnormally low heat flow.

Temperatures were measured in drill holes
at Spor Mountain, La Sal, Bingham, and Jordan
Valley, Utah. Five drill holes were logged for
temperature in the Enterprise area, and one
hole near Monticello, San Juan County. In the
Enterprise and Monticello areas the tempera-
ture gradients were disturbed by shallow ground-
water circulation, and no further interpretation
of the data from these holes was justified
(Wright, 1966].

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
in temperature of 0.01°C corresponds, for a
1000-ohm element, to a change in resistazice 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
to resolve temperature changes as small as and

smaller than 0.01°C, To measure temperature -

- to an accuracy of 0. 01 C at, say, 50°C would
require measuring the resistance of a probe

whose nominal ice pomt resistance i is 1000 ohns -

Copyright © 1973 by the American Geophysical Union.

to an accuracy 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
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 Bingham we used a comparison
biidge, model DBR-1, manufactured by the
RdF Corporation, Hudson, New Hampshire.
This bridge balances out most of the probe
resistance with a primary standard resistance
accurate to within #=0.0019. 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 500000 == 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 1000-0hm probe to be #0.05°C and
the precision to be =0.01°C. The holé 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-E  Mueller bridge in conjunction with
Julie Research Laboratories and Electroscien-
tific Industries SR-1 standard resistors, which
are accurate to =0.0019%. A Honeywell 3972 dc
microvolt null detector 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 temperature measurements in deep
-holes is discussed. We have cousistently obtained
excellent results using platinum.” For example,
periodic relogging of hole (B-1-2)28dce-1 in
Jordan Valley near Salt Lake City over a
period of 2 years showed differences in absolute
temperature at any given depth of no more
than #0.03°C, when probes of different nominal
resistances made by different manufacturers
were used. We obtained this accuracy for re-
peated -measurements in every hole not dis-
turbed by groundwater movement regardless of
depth, using probes of nominal ice point re-
sistances of 1000, 2000, and 5000 ohms. There
are disadvantages to using platinum; bridge
calibration and galvanometer 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 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 hole
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-
graphic-type probes, are now available, and we
have essentially shifted to thermistors for field
measurements, making occasional checks by
using a platinum probe. We have compared
gradients obtained with a 5000-ohm platinum
element with those obtained with a Fenwal
oceanographic probe of about 11,000-chm ice
point resistance and about 4800 ohms at
20°C. The difference in the gradients over
intervals of about 100 meters was less than 29.
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
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.

DererMINATION 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 cm 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
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

“f
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order to ensure axial heat flow and to minimize
radial heat loss, the stack was insulated with a
tight-fitting machined block of high-density
polystyrene. A temperature differential of about
10°C was applied across the stack. Measure-
ments of the emf across each quartz disk and
across the rock specimen were made with a
Leeds and Northrup K-3 potentiometer. The
temperature difference across the stack was
held constant by thermostatically controlled
temperature baths,

Repeated measurements on thée same low-
porosity rock disk were almost always repro-
ducible to within 29. For some of the more
porous disks it was found that a small amount
of vaseline would soak -into the rock during
measurement. After the disk had been measured
a few times, less vaseline would be absorbed.
This caused the apparent rock conductivity to
increase with successive measurements until the
faces of the disks no longer absorbed vaseline.
When this ‘equilibrium’ state was reached, the
thermal conductivity rarely increased by more
than 5%, and repeated measurements repro-
duced to within 2%. In order to prevent vase-
line from being absorbed by the specimen, a
thin foil of aluminum 0.00254 cm 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 as 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 29;. 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-
sarily an indication that the measured value
is correct. It is difficult to assign an absolute
accuracy 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 woild
also apply to our conductivity apparatus.

-~
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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
wasg 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 um. The samples were
measured after soaking for several days.

Thermal conductivities reported herein were
measured while the temperature of the sample
wag 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
included 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 7°C
was based on [Ratcliffe, 1959]

- K = (3160 + 4.6T — 0.0167%)

X 107° meal/cm 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 39;.

RESULTS

Bingham, Utah. Hole D-142 at Bingham is
located on the side of the Bingham Canyon
copper mine (40°31N, 112°09W) 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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Fig. 1. Temperature profile in hole D-142, Bingham, Utah.

Since the Bingham hole is not included in
Wright [1966], a few details concerning the
terrain correction will be given here. The level
of the bottom of the open-pit mine is approxi-
mately 1810 meters above sea level. The hori-
zontal distance from the hole to the bottom of
the mine is 1 km. Most, of the peaks within 20
km of the hole have elevations 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.

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 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 —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 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

™~
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TABLE 1, Summary of Gradients, Conductivities, and Heat Flow -
X, Uncorrected
Elevation, Depth Range, mcal/cm Gradient, q, Corrected q,
Locality Geographic Position meters meters sec °C* °C/kn® wcal/cm? sec wcal/em? sec
Bingham, D-142 40°32'N, 112°09'W 1963 576 to 886 13.25 £ 0.76 (15)7 18.64 £ 0.3 (22)7 2.47 £ 0.18
. 656 to 936 12.73 £ 0.98 (11) 18.45 ¢t 0,25 (23) 2.35 ¢ 0.21 2.30 £ 0.18
1046 to 1156 9.08 ¢ 1.09 (4)Y 24.77 £ 0.36 (12) 2,25 ¢ 0.31
1046 to 1156 8.18 ¢+ .0.87 (3)§ 24,77 & 0.36 (12) 2,03 ¢ 0.24
Best value . i 2,3¢0.3
Jordan Valley, 40°47'N, 112°04.3'H 1285 20 to 63 3.0 £ 1.0 $§8.72 + 1,07 (9) 1.8 ¢ 0.6 1.8 £ 0,6
(B-1-2)28dcc-1
Spor Mountain
103 ° 1451 S50 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 2 0.51 (4) 2,57 £ 0.09
110 39°43'N, 113°13'W 1462 30 to 131 5.26 £ 0.2 (8) 59.35 + 0.70 (12) 3.12 £ 0.16
110 1462 . 120 to 127 5.26 £ 0.2 (8) - $5.0 % 1.1 (3} 2.89 t 0.17
111 1448 S0 to 130 5.47 ¢ 0.14 (20) 54,70 £ 0.56 (9) 2,99 ¢ 0.11
113 1457 © 30 to 118 5.47 ¢ 0.14 (20) 57.95 t 0.97 (10) 3,17 £ 0.3
Best value . .47 £ 0.14 (20) 55.48 + 0,73 .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 S0 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° 1.44 ¢ 0.12
(Wingate):
Best value 1.5 ¢ 0.2

*Errors are standard- errors.

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.

"' Sumber of temperature measurements or thermal conductivity determinations.

Gradients are straight-line least squares gradients.
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TABLE 2. Summary of Corrected Geothermal
Gradients for Hole D-142, Bingham, for
the Depth Interval 656 to 936 Meters

A Amount of Corrected
Evolution Uplift Assumed, Gradient,
Time, m.y. meters °C/km
10 4572 (4572) 15.73 ¢ 0.066
3048 (4572) 16,09 * 0.066
0 (4572) 16.80 % 0.066
3048 (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 (4572) 17.37 £ 0,071
0 (4572) 17.61 ¢ 0.071
3048 (3048) 17.60 + 0.073
1524 (3048) 17.73 £ 0,073
0 (3048) 17.85 ¢ 0.073

The collar elevation of the hole is 1963
meters, a = 6°C/km, the diffusivity is 0.02
cm?/sec, the observed gradient is 18.45°C/knm,
and the steady state gradient (infinite evolu-
tion time) is 18.03 % 0.074°C/km. Numbers in
parentheses denote original elevation of uplift-
ed surface.

porphyry and latite porphyry were emplaced
last, crosscutting all other rocks [James et al.,
1961]. The granite has few feldspar phenocrysts
and no quartz phenocrysts. Phenocrysts of
feldspar make up about 509 of the granite
porphyry and average 3.5 mm in length. Quartz
phenocrysts are rare. The 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 diametér, 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
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log was essentially featureless 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
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 mptersf The mean thermal conductivity and
the standard error as determined from four
saturated cylinders under a pressure of 100 bars
were 9.08 % 0.95 mcal/cm sec °C. The resulting
heat flow within the stock is 2.25 ucal/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
1273 = 098 mecal/em sec °C. Combined with
an observed gradient of 18.45° =+ 0.25°C/km in
the quartzites, this value gives a heat flow of
2.35 pcal/em® sec, in good agreement with the
deeper interval. The mean thermal conductivity
of the quartzites only was 1477 =+ 0.32
mcal/em 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
825.7 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 diametér and 2.54
cm thick.)

Our heat flow values at Bingham are some-
what higher than those determined by Roy
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et ol. (1968, p. 52191, who reported two values
at Bingham of 1.5 and 1.9 peal/em® sec. The
lower value of 1.5 pcal/em® sec was apparently
determined in the main Bingham stock, since
the average thermal conductivity reported was
7.19 = 0.28 mecal/cm sec °C. The value of 1.9
pcal/cm® sec was apparently determined in the
quartzites, since the mean conduectivity was
11.5 mecal/cm sec °C. Our mean conductivities
are about 29 and 26% higher for rocks, which
presumably would correspond to the quartazites
and the stock, respectively; our gradients are
about 9 and 27% higher in the quartzites and
the stock, respectively. Undoubtedly, with the
large differences in thermal conductivity be-
tween the porphyry and the quartzites, refrac-
tion is probably an important factor in the dif-
ferences observed.

We feel the best heat flow value from hole
D-142 is 23 = 0.3 peal/cm® sec. If only our
three lowest conductivity values for the dike
rock cut by hole D-142 are considered, the
assumed conductivity of the stock would be
8.18 =+ 0.87 mcal/cm sec °C, and the flux in .
the stock would be 2.0 pcal/em® sec, still within
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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 ucal/cm® sec, since it
is compatible with flux values obtained above
and below the boundary of the main Bingham
stock as penctrated by hole D-142.

Jordan Valley. The temperature profile in
drill hole (B-1-2)28dce-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 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/cin
sec °C. This value could presumably be used
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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 mecal/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
lutite, which may contain 75% water; therefore
& sand contains more solid material per unit
volume than a lutite. Many well-consolidated
shales and sandy shales have thermal conduc-
tivities of about 4.0 mcal/cm 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 greater than 2.0 mcal/em sec °C
and less than 4.0 mcal/em sec °C. If a thermal
conductivity of 3.0 mcal/cm sec °C is used, the
regional heat flow in Jordan Valley would be
about 1.8 = 0.6 peal/cm® sec.

Spor Mountain. Spor Mountain is in the
central part of Juab County, Utah, in the Basin

CosTAIN AND WRIGHT:
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and Range province. Temperatures were mea-
sured i 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 547 = 0.14 mcal/cm sec
°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 ucal/cm® 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 thig interval in hole 110 were

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

L,

TABLE 3. Thermal Copductivity Measurements from the Spor Mountain Area

Disk Thickness,

Conductivity,

No. cm mcal/cm sec °C Location
105M66 1.27 5.51 hole 110 (123 meters)
118M66-1 : 1.27 5.36
115M66-2 1.91 5.50 hole 110 (123 meters)
118M66-3 2.54 5.52
135M66 1.91 3.78 hole 110 (125 meters)
145M66-1 1.27 5.49
14SM66-2 ’ 1.91 5.46 hole 110 (127 meters)
145M66-3 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)
175M66-2 1:91 5.66 . :
18sM66-1 1.27 4,63
185M66-~2 2,54 4,64 surface
185M66-3 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 determined from shelf-dried specimens.
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cates a flux of 29 == 02 ucal/em® sec. No
terrain corrections were necessary. The varia-
tion in the geothermal gradient betiween 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
available from hole 106. All thermal conduc-
tivity, values were determined on unsaturated
specimens in a shelf-dried 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 pcal/em® sec. The uncer-
tainty of 109 is assigned primarily because not

all of the conductivity determinations were .

made on core from the holes.

La Sal. Most of the gradients were deter-
mined in holes drilled into the Chinle formation,
which is composed of fluvidl mudstones and
sandstones with irregular conglomeratic beds
that probably represent ancient stream chan:

nels. One hole (Bin-8-64) was drilled entirely.

in the Wingate sandstone, which overlies the
Chinle. Temperatures were measured in four
holes (HR series) within 150 meters of each
other and in two holes (Bin series) about 3
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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 15.17.7° £ 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
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° =
0.20°C/km, or 3.59% greater than the observed
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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 specimens were collected within 2 km of
the HR holes and within less than 6 km of
the Bin holes. The lithology typical of the
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Chinle formation is about 509, sandstone and
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 dif-
ference between the dry and the saturated con-
ductivities is shown in Table 4.

The mean value and the standard error of
the thermal conductivity of eight saturated
specimens of the Chinle formation are 8.61 =+

TABLE 4. Thermal Conductivity Measurements from La Sal, Utah
Thermal Conductivity,
. mcal/cm sec °C
Sample Thickness,
‘No. . cm Dry Saturated Remarks, Location
4H66-1 1.27 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 1.27 7:40 From lower 75 feet of
6H66-2 2,54 7.68 '9.14 Chinle formation,
6H66-3 1.27 7.28 Alice-inclined shaft;
6H66-4 2.54 7.08 muddy sandstone, +50%
quartz.
8H66 2.54 8.37 9.24 From lower 75 feet of
Chinle formationm,
Alice-inclined shaft;
sandstone, *80% quartz,
9H66 . 2,54 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°16120.7'*W) ; muddy
sandstone, *80% quartz.
2L66 2.54 7.98 Chinle; sandstone, +80%
quartz.
SL66 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;
+95% quartz.
18J66-1 1.27 11,67 Wingate; from Wingate-
18J66-2 2.54 12.10 Chinle cliff; see 1L66;

+95% quartz.
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0.26 mcal/cm sec °C. This value represents an
increase of about 209 over the corresponding
unsaturated mean value of 7.15 = 029 One
sample of the Wingate was remeasured after
saturation,; unsaturated conductivity values were
used for the Wingate, since hole Bin-8-64,
which was entirely in the Wingate, was logged
dry [Wright, 1966, p. 77].

The average geothermal gradient in the
Chinle formation in the HR-65 holes was
17.7° =+ 02°C/km. The mean thermal condue-
tivity of the saturated samples of Chinle was
8.61 meal/em sec °C. The product indicates a
flux of 1.5 pcal/em® sec. Hole Bin-8-64 was dry
when it was logged. The temperature gradient
in the Wingate sandstone in this hole was 12.1°
#+ 0.8°C/km, and the mean unsaturated Win-
gate conduciivity of four samples was 11.9 =%
0.14 mcal/em sec °C, giving a heat flow of
1.44 %= 0.11 peal/em® sec.

Previously reporied [Costain and Wright,
1968] wvalues for La Sal were given as 1.2 =%
0.2 peal/cm® sec, based entirely on thermal con-
ductivity measurements of unsaturated rocks.
The revised value for La Sal, based on con-
ductivity measurements on saturated Chinle
rocks as well as on unsaturated Wingate sand-
stone, is 1.5 == 0.2 pcal/em® sec. The uncer-
tainty placed on the revised value is primarily
a result of the uncertainty of the conductivity
of the Wingate and Chinle rocks, since measure-
ments were not made on core samples from
holes in which the gradients were determined.

Discussion

Decler [1969] presented nine new heat flow
values in Colorado and New Mexico. Only one
of these values, 1.22 ucal/ecm® sec at Cerrillos,
New Mexico, near the southern border of the
southern Rocky Mountains, fell helow 16
peal/em® sec. Sass et al. [1971] presented a
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 ucal/em® sec or above. North of
the Colorado Plateau provinee, at Green River,
they obtained a value of 1.6 pcal/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/cm® sec, and these sites are close
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to other sites (<20 km) where the heat flow
is greater than 1.5 ucal/em® see. 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
wmeal/cm® sec. 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 ueal/em® 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 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
available 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 trendsin 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 uecal/ecm® 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 ol. [1971] obtiained 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 province, 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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Your paper represents a lot of work, and it contains
new information. However, there are a few comments
I have which I suggest you consider:

(1) The instrumentation-and corrections
are discussed in more detail than is
appropriate for the JOURNAL OF GEO-
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of the revised paper, being certain to incorporate in-
structions from the enclosed '"Checklist for Authors."

Sincerely yours,

QJ\U&T‘VU Jﬁ C( h()L;)_,:)»»‘n, (¢

Orson L. Anderson
Editor s

OLA/ck



) _ | MS # AT IB-R

) | / .. Ry ) ,'7 e -
Date .- /H%/49/470/ ' ~Author(s) Coa s/ cse.
/ / , ] ] ‘ . . /.
JOURNAL OF GEOPHYSICAL RESEARCH - ~ WA{j//Z/’

Checklist for Authors

Your manuscript has been returned for completion of the following edi-
torial requirements. These revisions must be completed before the manu-
script will be forwarded to the copy editor for final editing.

Aweply i bt from o] Gpew Tl

Please read carefully the attached JGR Style Guide for Authors
and use_ it as guide in the revision of your, tzgescrnpt
DAl ceoldl rin Do ool (ol L Ll YT
The ‘manuscript must be retyped on good quality bond paper or
rasable paper or similar paper is not acceptable.

Double space all material, including title page, abstract,(refe
orp, table titles, list of figure legends, and footnotes.

Supply an abstract.

Type a list of figure legends on separate page.

Submit one set of clear, sharp, glossy prints or original draw-
ings of figures for the engraver. Figure copy 8-1/2" x 11" is
preferred because it is the most efficient size for processing.
If glossy prints are made of the figures, they should not be any
iarger than o-1/2% x ii* In any cése, copy that exceeds i5% in
any direction is not acceptable

Your figures are not suitable for photographic reproduction in
The Journal. Please have them redrafted following the recommen-
dations in the Style Guide. See below for specific comments.

Use Leroy lettering set for lettering on figures.

Cite references in text by name(s) of author(s) and year of pub-
fication.

Alphabetize references by names of authors.
Incluae titles of articles, letters, reports, and/or books.

Check text citations against reference section for spelling, dates,
and omissions. Some discrepancies are marked on manuscript.

Do not draw vertical lines on tables.
Convert to metric system throughout.

Math must be typed or very carefully rewritten so that it is le-
gible. Idnetlfy all symbols the first time they are written.

Include ZIP codes in addresses wherever given.

‘\/
A

Please return this checklist with thopnes of your revised MS.



Review of Heat Flow at Spor Mountain, Jordan Valley,
Bingham and LaSal, Utah

by J. K. Costain and P. M. Wright

General Comments

I think that this paper should be published because of the .new information
it contains. I believe there are several ways in which the paper could be 1m~‘
proved for publication however.

Specific Comments

Include a table listing the important information for each drill
hole such as latitude, longitude, collar elevation, etc. al la Roy
et al., 1968 or Sass et al., 1971. This procedure should simplify
the abstracting of such material for summary publications and also -
avoid errors and misquotations in such uses.

I believe the discussion on the temperature measuring apparatus
(pages 2 - 7) could be removed from the paper without loss of in-
terest or content. The general techniques are enough used that such
material seems redundant. A very short paragraph on the platinum
probes might, however, be useful.

The experience with vaseline noted on page 9 was also found in the
laboratory at Harvard. The explanation for this phenomenon seems to
be that the dry rocks absorb the vaseline which then acts as a fluid
to fill the pores of the rock and decrease the thermal resistance
caused by air filled pores. When the rock is essentially 'saturated
with vaseline or the vaseline has been pushed as far into the rock as
it can go then, the rock no longer takes up vaseline and the conducti-
vity no longer increases. Such a behavior is usually not observed
when measurements are made on saturated rocks. The appropriate numbers
to use are the initial numbers made on dry rocks if that is the quan-
tity required or the conductivity measured in saturated rocks. The
significance of the conductivity of a rock ”saturated” the vaseline is
questionable at best. -

I don't see that it is necessary for you to list the brand of vacuum
pumps used in your saturation experiments. I think we can assume
that whatever vacuum pump was used was satisfactory for the required
results. Similar comment is true for the circulating baths.

I don't understand the significance of the sentence '"The calibration thus
incorporated to corréct for radial heat loss and contact resistence
never exceeds 7%'". What do you mean by the statement the calibration
never exceeds 7%7 -



6. I believe the first pavagraph under the title Results could be
deleted with no significant modification in the results of the
paper, :

7. Roy et al. (1968, p. 5219) published two values of heat flow at
Bingham, Utah, yet these numbers are not referred to in the dis-
cussion by the authors on the heat flow at Bingham. . Roy et al
published measurements on 22 samples of the Bingham porphyry with
an average thermal conductivity of 7.2. Twenty-two measurements
(probably of the quartzites) had an average conductivity of 11.5.
They determined heat flow values of 1.5 and 1.9. It appears that
combining the two sets of results would suggest that the gradient
in the Bingham granitic rock would be on the order of 25°C/km while
the gradient and the quartzites would be between 17 and 20°C/km. The
appropriate conductivity for the higher gradient would appear to be
between 7.2 and 8.9. In the quartzites the heat flow value pro-
bably involves a certain amount of refraction because of the ex-
tremely high thermal conductivity. The best heat flow is probably
that in the granitic rocks. With the range of conductivities from
7.2 to 8.9 and a gradient of 25, the heat flow would be between
1.8 and 2.2. Thus it seems to me that the best value of heat flow
at Blngham would probably be 2.0 T 10% rather than the value of
2.5 T 107 resulting from the analysis on page 18.

-8. In the analysis of the heat flow at Spor Mountain the hole 106 is
not plotted while all the others are. I think it would be helpful
if this hole was plotted as well. Also it seems that there might be -
lateral variations of thermal conductivity large enough to explain
the differences in gradient. Thus there may be other explanatioas
for the variation in gradient besides such nonconductive explanations
as near-surface ground water.

9. I think it would be helpful if the lithology was included in Table 5
as well as the conductivity measurement. '

10. The units of heat flow are inconsistent on page 29. The author should
either stick to HFU or 10-“gal/cmzsep.

( ﬂﬁwd) Dpseal 1 ﬁ/{j//xu///



Costain and Wright -- Heat Flow at Spor Mountain, Jordan Valley, Bingham,
and ta Sal, Utah

Although much effort has gone into this research, | can nét recommend
publication of this manuscript in J.G.R. The paper should be shortened gnd
re-submitted for later review and publication in the JOanal.

My general comments are:

1. Too many details, interesting only to a very few specialists. If
possible, make more references to WrightA(f966), for details. .

2. With the exeeption of ﬁole D-142 at Bingham, Utah, it is not clear’
which portions 'of holes were used for gradient calcdlétioqs.‘ A short summary
table for all basic heat flgw data might be appropriafe for each locality.

3. There is much confusion, redundancy and some possisle fnconsisten—
cies at places in the text. |

Some of my spécific comments are summarized below (see text also).

1. Confusion between first 3 lines of abstract and introéuction, For
example, 20 and 13 holes (absfract) vs 20 and_S holes at Enterprise and Monti-
cello (Introduction):

2. Delete temperature and thermal conductivity measuring systems from
abstract. Delete statement about rock discs also.

3. Delete 'last 5 lines of paragraph at top of page 9. Put shdrter.ver-
s}on of comparison with crystalline quartz on page ll,-just before RESULTS,.
section: | 2

L, Refer to Walsh and Decker (1964) and others at.beginning of last
paragrabh on page 10. Delete from first paragraph on page 11.

5. Firsf paragraphs under RESULTS, pages 1i1-12. When compared with sub- -
sequent discussions of localities these seem redundant. Would'suggest re-

placing by short statement that gradients are least-squares gradients, that



standard errors are used, and that values of flux are probably goéd to within
+ 10-15%.  Also might mention something about intervals used for gra&ient
calculations and why.

. 6. iDelete mining company names from text -- just mentfén in acknowledge-

ments.

p-142, Bfngham, Utah

}. Possible confusion between 656-936 meter depths mentioned on p. 12,
and '"no core beiow depth.885 meters . . . '' on page 17.

é. Delete lengthy discussion of topo-shéets,.etc. If possible, refer
readers to Wright (1966) for details. The writers méntion that magnitude o%
terrain correction is of concern but don't say why..‘

. 3. Delete most of paragraph on bottom of p. 14, Simply refer to Birch
{1950). Then incorporafe'next paragraph. Why were theée«physiographic histories
used? Might include'highlights of preceding paragraph here (sq. grid, out to

16 km.).

Spor Mountain, Utah

‘Y. Mention holes dry when drilled and measured.
2. Plot hole #106 in Figure 2! if not plotted, Why?
3. In K section mention that samples were dry!>;

L. Shorten.-

La Sal, Utah

1. First paragraph, p. 23. Not clear. Why were '"'most'' of holes in
Chinle? Was BIN-10165 not in Chinle?

Would suggest:



a) One paragraph locating holes and describing general geology. Use
Wright: (1966) for additional details.

b) One paragraph on T-D plots; indicating general (depth-ranges) and
fine-structure. '

2. Paragraphs on Terrain. Why no steady-state terrain .correction- more .

justification. It should be noted that lapse rate of ground-surface temperéﬁ
ture.possibly not the same as that for air. Fortunately not much difference
when using drill holes.

3. Paragraphs on K. Separate ''dry'" Ks from.''wet'' Ks. Use eleven wet

as correction? Shorten sections and cleariy separate‘Costain & Wright (1968)
from new results.

L. Why no errors on gradients?

Figure 4. Needs physiographic provinces. Slightly more complete caption

or explanations.



