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Abstract

A total of 82 holes ranging in depth from 18 to 400 meters have

been drilled for thermal and hydrologic studies in a 200 km® area of
Grass Valley, Nevada near Leach Hot Springs. Outside of the immediate
area of Leach Hot Springs, heat flow ranges from 1 to 6.5 hfu with a

mean of 2.4 hfu (1 hfu = 10°¢ cal am® s™! = 41.8 mivm" 2). Within 2 km of
the springs, conductive heat flow ranges between 1.6 and more than 70

hfu averaging 13.6 hfu. Besides the conspicuous thermal anomaly associated
with the hot springs, two sdditional anomalies have been identified.

One is associated with faults bounding the western margin of the Tobin
Range near Panther Canyon, a.nd the other is near the middle of Grass
Valley about 5 km SSW of Leach Hot Springs. The mid-valley anomaly
appears to be caused by hydrothermal crrculatlon in a bedrock horst
beneath about 375 meters of mpemeable valley sediments. If the
convective and cond_uctive heat discharge within 2 km of the Leach Hot
Springs }is averaged over the entire h&dmlogic system (including afeas
"of recharge), the combined heat flux from this part of Grass Valiey is
rarbout 3 hfu, consistent with' the .a_v'erage' regional conductive heat flow |
“in the Battle Mountam ngh ~ The hydfotheimal system can be interpreted |
~as being in a statlonary stable phase sustamed by high regmnal heat
flow, and no localized crustal heat sources (other than hydrothemal

' convection to depths of a few kilometers) need' be invoked to explam the

existence of Leach Hot Springs.




INTRODUCTION

o The reg1on surroundlng Leach Hot Sprmgs in Grass Valley, Nevada

’ " (Fxgure 1) has been the object of a concerted geologlcal, geochemlcal

B and geOphySJ.cal study by the Lawrence Berkeley Laboratory (LBL) of the
Ux11vers1ty of Cahforma (Beyer and others, 1976 Wollenberg -and others,
1975) LBL and the USGS have - cooperated in studies of the geothemal
and- hydrologlc reglmes in the Leach Kyle, and Buffalo Valley hot spring
areas. , Olmsted \and others (1975) measured temperatures and flow rates
- from Leach Hot Sprmgs, and they drllled 11 test holes mthm a radius

| of about 2 km of the sprmgs as part of a reg1ona1 hydrolog1ca1 appra15al
‘ of hydrotherml systems in northern Nevada Dlscharge temperatures of

the various. sprmg or1f1ces generally ranged from 70°C to greater than

N 90°C w1th some as low as '»35°C (Olmsted and others, 1975) Source

temperatures have been estlmated by geochemlcal thermometry to be in the

| 'range 150°C to 180°C (Mariner and others 1974) but application of the =

mxlng-model equatlons of Foumler and others (1974) 1nd1cates ‘that the

“source temperatm‘e may exceed 200°C (Beyer and others 1976) " Olmsted
and others (1975) est:unated heat fluxes from the1r test wells and found

L that heat flow decreases from >70 hfu (1 hfu = 1 ‘heat- flow umt =1

4 | ucal/cm2 s = 41 8 mW/m’) near the 5pr1ngs to less than 2 hfu within 2 km
: of the sprmgs.r Sass ‘and others (1976) measured ‘heat flows ranglng from
1.4 to 5.1 hfu 1n six deep (mzoo m) holes out51de of the sprmg area,

'and_-about,thfu in QH-1 about 1 km from the springs (Figure 2). These
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Figure 1. Topographic map showing niajor hot spring systems and regional heat-flow values

(hfu) in relation to the Leach Hot Springs 15' quadrangle (shaded area).
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results confirmed the high heat flow measured previously near Panther

- Canyon (PAN, Figure 1) and indicated that a complicated hydrothermal

'ci‘rculvation system exists in Grass Valley outside of the Leach Hot

Springs area itself. B 7

The present work was undertaken to answer some of the questlons
posed by the earlier work of Olmsted a.nd others (1975) and Sass and
others (1976) and to delineate more fully the thermal features indicated
in the earlier recormalssance studies |

The followmg symbols and un1ts are used frequently in the remmder

of this ‘report:

T, temperature‘C- o

T, temperature gradlent °C/lon ) f;.;

_K, thermal conducti\rlty, tcu, (mcal/cm S °C)

_ ¢, porosity, K’ of VOldS or fractional porosity

' q, heat flow, hfu, (ucal/cm s)

Ty time, s - | |

- R, coeff1c1ent of correlation, ( l < R < +1) 7

=j-'I'he USGS Water Resources D1v151on convention was used to spec1fy,
site locatlons, i. er, 32/ 38 26bba represents NE 1/4 NW 1/4 NW 1/4,
T32N, R38E sec 26. | | | |
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Figure 2. Leach Hot Springs 15' quadrangle showing locations
of holes. Hole designations are explained in the text;
shaded area outlines the area within 2 km of the springs.



- GEOLOGIC SETTING

E

A bedrock geologic map of the Leach Hot Springs quadrangle (Figure
3) was complled from observations by LBL personnel reconnaissance
mappmgs by Ferguson and others (1951) , detalled mappmg by Sllberlmg
(1975) N1chols (1972) , and Snyder (personal comrmmmatlon) , and air-
photo mterpretatlon by Noble (1975) Flgures 4, 5, and 6 are the
accompanymg idealized cross sections E-E', H-H', ‘and T4T' (see Figure
22 for locatlons of cross sect1ons) Roberts and others (1958), Nichols
(1972), and Sllbeman and McKee (1971) prov1ded 11tholog1c descnptmns
of the rock wnits. | |

Pre-Tert1ary basement rocks, exposed in the Sonoma and Tobin Ranges
in the eastern half of the quadrangle, and in the Goldbanks Hills in
vthe southwestern part of the quadrangle ) consist of Paleozou: eugeo-
synclinal and Mesozo1c granltlc, volcamc and mlgeosynclmal rocks.

“Three wnits of Ca.mbrlan age crop out at the northem edge of the
., quadrangle. These are the Osgood Mountaln format:lon, a th1ck mass1ve1y
bedded quartzn:e, the Preble formanon cons1st1ng of shale and micaceous _
shale, and the Harmony formatmn composed of feldspathlc sandstone,
arkose, and grlt mth some chert. 'I’he Preble and Harmony formations
fare in fault contact 1n the structurally complex Clearwater Canyon area
in the northern part ‘of the quadrangle. The Hamony formation is also -
| }exposed in the Goldbanks H1115 where it is thrust over Havallah sequence

, rocks. The 0rdov1c1an Valmy formatlon also crops out 1n the Clearwater




Canyon area and consists of phyllitic argillite, greenstone and pure
 vitreous quartzite. |

Most of the Sonoma and Tobm Ranges and the Goldbanks H1115 are
underlam by the Pennsylvaman—Permam Havallah sequence. The Havallah
sequence is composed of the nearly mdlstmgulshable Pmnpemlckel and
7 Havallah formatlons whlch cons1st of bedded chert, 5111ceous arg1111te,
greenstone, and sandstone. 7
L 'I'he Koipato formatmn, of Permlan-Trlassm age, conszsts of

' dev1tr1f1ed rhyolltlc and trachytlc welded tuff and 1s exposed in parts

| of the Goldbanks Hills and in the Panther Canyon area between the Sonoma
and Tobin Ranges. Three Triassic units are also exposed in the Panther
Canyon area. These are the Chma Mountain formatlon, a conglomerate
composed of chert and volcanic debris from underlying units, the Panther
Canyon formation consisting of dolomite, conglomerate, mudstone, and

" sandstone, and the Augusta Mountain formation, a med1um—th1ck bedded
limestone with minor chert and silt.

These Paleozoic and Mesozoic units are intruded in the northern
portion of ‘the quadrangle by 1gneous rocks of acidic to mtermedlate
composition and Mesozoic age. Rhyolitic and tuffaceous rocks of
~ Tertiary age occur in scattered localities near Leach Hot Sprmgs, in
the Panther Canyon area, and at the northern boundary of the quadrangle
A sequence of sandstone, fresh water limestone, and layered tuffs, all
of Tertiary age, crop out in small areas near Leach Hot Sprmgs and
underlie the Tertiary basalts in the Goldbanks HlllS. The Tertlary



thyolitic and sedimentary units are also present in the subsurface.
Corase gra?el of Quatennéry-Tertiary age underlies the pediment to
| the east of Leach Hot Springs.

The intricate fault and lineament pattern in the area of Leach Hot
Springs,Tbésed strongly on air-photo interpretation (Noble, 1975), is
shown in Figure 29. CharacteristiC-Of hot~spring'systems observed in
northern Nevada whieh arevlocated oﬁefaults Leach Hbt.Springs is located
at the zone of 1ntersect10n between a northeast trending fault strongly
expressed by 2 10 to 15 meter h1gh scarp, and NNW%SSB trending 11neaments.
Normal faulting since m1d~Tertiary has offset rock units vertlcally
several ‘tens to several hundred meters (1dea112ed cross sectlon E E',

Figure 4).
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BOREHOLE TYPES

Five categories of boreholes are defined (Figure 2).

1) BM3 and BM37 were drilled through volcanic rocks and underlying
basement rocks at the Big Mike Mine. Heat flows from these holes were
published by Sass and others (1971b) , and they formed pari: of the data
set used to define the "Battle Motmtam High."

2) Holes H-1 through H—IS are the hydrologlc test wells drilled
near the sprmgs (see Olmsted ;,and others (1975) for a detalled description
of the purpose and constmctidn éf this series) . Very few ;amples were
available for thermal conduétivify seasurenents from these wells. |

3) Sites prefixed Q- were completed as heat-flow test wells.
Cuttings wére obtained at intervals of A5 m for thermal i:onductivity
measurements and lithologic studies; in most instances, one or two cores
‘'were also oBtained from each hole. A pipe, capped at the ‘bottom and
filled with water, was left in the well ‘to allow access for later
temperature measurements. The first set of Q-holes (Q-1, Q-2, and Q-3)
was drilled in 1975 to depths of ~200 m. The holes drilled in 1976 were
shallower than those drilled in previous year (50-150 m) and the annulus
around the casing was backfilled with drill cuttings rather than with
cement, as was done previousl& (Sass and others, ‘1976.) .

4) The QH-holes were of dﬁal purpose construction. - {QH-1 through
QH-4 were drilled in 1975 and were about 150 mgters deep.) They were
identical to the Q-holes as regards backfilling and sampling for thermal
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conductivity and lithology (3, above), but in addition to the access
pipe, a parallel pipe with a well screen at the bottom was emplaced.

The annulus around the screen and for 1 or 2 m above it was packed off

- with gravel to protect ‘the screen and to allow access of formation

water. |

'5) Based on some earlier obsérvat_ions concerning the relation of
shallOW'tenqjerature to ténxperatﬁre gradients and heat flow at .depth (to
be discussed below), the T- (for temperature) series of holes was drilled
to obtain detail around known anomalies or around isolated deeper holes
(e.g., Q-18 region, Figure 2). These holes were only 15 to 18 meters
deep (as compared with 50 to 200 meters for ‘tlie Q- and GH- series) and
no cores were obtamed A smgle sample of cuttings from the lowemost

5 m of each of the T-holes was retamed
 DRILLING PROGRAM
" The drilling was carried out in two distinct stages:
'1) Based ‘on the previous sumer's work (Sass and others, 1976) a
pattern of about 20 Q and QH holes was laid out to fill in the area west
of Leach Hot Spnngs a.nd to delineate the ma;or anomahes (Panther |

Canyon and QH-3, Flgure 2) discovered by the ‘earlier drill:l.ng As this

| part of the program neared completmn, we were ahead of schedule and"

under budget, and’ add1t10nal Q and QH holes were added to increase the

density of coverage.
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-.2) Earlier work in Grass Valley indicated that the temperature
just below the zone of annual temperature variation (12-15 m) was
strongly dependent on the temperature gradient (and heat flow) at
greater depths (see e.g., Figure 3 of Sass and others, 1976). _ Therefore,
the series of 'T' holes about 18 m (60 feet) deep was pla;m'l_éd to enhance
and outline the known anomalies and those discovered during the course
of the Q and QH drilling. This series (T-1 through T-31, Flgure 2) was
obtained very rapidly and cheaply'with an average fproducrtior;igi:' between
6 and 8 holes per shift. , | T ;

~ Acknowledgments. Tom Moses designed and supervised the technical .

phases of the drilling program. Drilling opefations were ,peripmjxed, in
an efficient and pfofeésional manner by Western Geophysical crew GI-3
under the supervision of John Clinéan. Gene Smith set up the thermal
conductivity laborétory in Winnemucca and performed. most of the thermal
conductivity measurements on core. Frank Olmsted and Mike Sorey offered
valuzble advice during the plamning stages of the project. Fred Henderson
assisted in collecting some of the samples and lithologic. l_ogging. |
We are indebted to Dennis Simontacchi of the Bureau of Land Management
- for his conscieni:ious and prompt action on applications for drilling
permits, particularly for the T-series, when the drill was very close_
béhind the plamners. | ' o
Dave Magleby, Bureau of Reclamation, kindly adnsed us on coring

operations and loaned us coring equipment.
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TEMPERATURES

Temperature logs were run in all holes within a few days of completion
and at least once a month or so after completion. The most recent
temperature log for each Q and QH hole is reproduced in Appendix A.
These logs were made between 1 1/2 and 4 months after completion of the
holes and represent near-equilibrium temperatures. A contour map (Figure
7) of temperatures at 15 meters in all holes #, Q, H and T) outlines
the three majer andmaiies;“Groups of temperature profiles (Figures 8
through 12) illustrate tﬁe variation of temperature}with depth within
individualvareas in the region. Temperature gradients in the upper 10-
20 meters are systematically higher than these at greater depths, most
probably because the water table is,generelly deeper than‘ZO m and the
rocks above it are not cemp?etely saturated, resulting in a systematically
lower conductiuity. The greatest'variatipnAin temperature occurs near
the springs (Figures 7 and“8)§?temperatures at ls.m range from about
14°C in T—23 to over 80°C 1n H-lO (Flgures 2 and 8) Outside 5f the
spring area (Flgures 9 through 12), the var1ab111ty in temperature, and
the essentlally conductive thermal reglme in the upper 50-100 m of most
holes is ev1dent from the proflles. Do o .

_ The surface elevatlons of the holes range from about 1350 to 1600
meters. On the average, land surface temperature should dec11ne with
1ncrea51ng elevatlon at the rate of about 5°C/knm or 6°C/km (see Birch,

- 19503 Clark and Niblett 1956 Sass and others 1967) All of the holes
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Temperature profiles along HH'

Figure 9
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Figure 11. Temperature profiles in the Panther Canyon area.
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drilled in this work were on flat or gently undulating terrain with no

great variation in vegetation except within the drainage of the hot -

springs themselves (Olmsted and others, 1975) nor is there appreciable
variation in the appearance of the land surface. Because of this, ﬁe

might eﬁcpect that microclimatic effects (Blackwell, 1973; D. D. Blackwell,
personal commmication) wouldnot have ‘a large effect on Sﬁfface temperature,
" and that the variation in near-surfaée ,temper'atures not attributable to
elevation would reflect variations in heat flow, and near-surface

thermal conductivity (caused in turn by variations in compositi&n,

porosity, and depths to the zone of satm'ation).. Temperatm'es' at 15

- meters (Figure 13) show a large Yscatter, somer of which certainly is
attributable to diffezjences in heat flow, but there is no obvioﬁs correlation
with elevation even when heatffiow variatiqn is taken into account. We
attempted to correlate temperaﬁes’ at 15 meters for narrow ranges of

heat flow with depth to water and lithology; but no clear-cut relations
could be found. e

| It thus seems likely that subtle differences in vegetation distribution
and other near-surface conditions contribute to the scattef in near-

surface temperatures as has been observed elsewhere (D. D. Blackwell,

personal commmication).
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THERMAL CONDUCTIVITY AND POROSITY

Two distinct methods were used to determine thermal conductivity:

1) For each core, the needle-probe technique was used at spacings
of between 5 and 15 cm along the core (Appendix B) to obtain thexfmal
condnctlnty values (I(np) representauve of the formatlon in the cored
mterval Measurements were mde at the dnll site or in the Wumemcca
f1e1d laboratory. Under the condltlons encountered durmg thls study,
tlu_s method has a reproducibility of +2 to 3%.

| 2) The thermal conductivity of the solid compament (K_) of the
porous sedimentary rocks encountered in all holes was detexnﬁned from
meesurements on cuttings (see Sass and others, 1971a) obtained during
dr1111ng K was determined at intervals of between 5 and 10 meters for
all holes (Appendix A). The reproducibility of this type of measurement
is about +10%.

Histograms for both types of conductivity measurement (Figure 14)
show near-norml distributions with means of 3.75 and 7.90 tcu for Knp
and K » respectively.

The high cost of coring and the difficulty in coring much of the
materié.l encountered severely limited the mumber of cotes' and, hence,
the mmber of high-quality conductivity data (l(np) that could be obtamed
The ""chip" conductivities (Ks) are much more widely distributed (compare
conductivity eolumns, Appendix A), but a knowledge of the in situ porosity
is necessary to calculate the thermal conductivity of the formation

using Ks
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Figure 14, Histograms of themmal conductivities for Grass Valley. Unshaded histogram
gives Ks» the solid component as measurcd on chips. Stippled histogram shows
needle-probe measurements on core .(Knp).
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The average porosity for the entire study area was estimated from
comparison of Knp and K at the same depths. In addition, porosity
measurements were made on a11 smtable core samples The average of
these measurements compared favorably with our original estimate (compare
Flgures 16 and 19).

The needle-probe method is 1dentica1 in principle to that first
: descr1bed by Von Herzen and Maxwell (1959) and sumarized by Langseth
(1965) The system is an updated version of the one described by

Lachenbruch and Mershall (1966).
: For t'he_v work at Grass 'Valle&, two identical 'needle}probe systems
were employed. One was mounted in the USGS logging vehicle, the other
| in the laborator} in Winnermcea, A50 km north of tihe field area. Most
cores were taicen into Wmnexmcca at the end of the shift and the measmernents
were made there the following day. Sufficient measurements were made in
the logging truck at the drill sites, however, to establish that no loss
of data quality resulted from the transportation and time lag between
core recover} and measurement.

All core sa.mpies were doubly wrapped and sealed in plastic at the
drill site and were transported in capped PVC tubes to which sufficient
water had been added to maintain a 100% humidity environment. We are
satlsfled that no 51gmf1cant moisture loss occurred between retneval
and physical properties measurements (both conductivity and por051ty) .

Most conductivities were measured with the needle prebe Alperpend.icular

to the core axis (Krad); however, ’many were measured along the cere axis
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; superscript a in Appendix B). To test for anisotropy, the average

Koy
Kra g was plotted against Kax for all cores in which 2 or more values of

Kax were measured (Fignre 15). The correlation is good (R = 0.92) with

an indication of slight anisotropy, on the order of 5% (Figure 15).
Thermal conductivities were measnred on the 483 sarples of drill

cuttings (Figure 14) using the'method desci'ibed by Sass and others

(1971a). The ptocedure involves packing the crushed drill cuttings

(ch:.ps) 1nto a cell, saturating them with water, measuring the conduct1v1ty
of the aggregate (K ) on a divided-bar apparatus, and finally calculatlng
~ the sol_id component conductivity K (Appendnc A) from the geometric mean

lm‘;del (see e.g., Woodside and Messmer, 1961), '
L @) L R | |
Ka X IQ e - @

where Kw is the conducti\rlty of water (~1.4 tcu at 15°C) and ¢ is the :
fractmnal water content (by volume) of the aggregate in the cell. |

It is customary in the geothemal exploration mdustry to measure

| K from ch1ps and to combine it with mdependent estimates (or guesses)

of the formatlon poro51ty (¢) to arrlve at a value (Kf) charactenstic

B

}fof the formation. To achieve some redmdancy in estimates of heat flow .

- and to pmv:Lde as complete a "case h15tory" of geothermal techniques as

p0551b1e, we measured K for most d1tch samples obtamed in thls study

and attemp_ted to arrive at a reasonable average porosity.
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Figure 15. Needle-probe conductivities measured with pmbe‘perpendimrar to the core
axis (Krad) versus parallel to the axis (Kax)’ Grass Valley, Nevada, '
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When we know Ks and ¢, a number of models can be used to calculate
_Kf. The simplest is the geometric mean already outlined for the chip
method (equation 1).

In this case we may write _
- x (-9 . | |
Ke = K T KB , ' A (2)

where ¢ is the formation porosity, and Ks and K, are as defined in
equatioh 88) Kf is,‘ of course, the conductivity of the water-satuieted
part of the formation. It is brobabl_y futile to attempt an estimate of
‘i:he formation conductivity above the zone of co@lefe saturation from
measurements on chlps | ‘ -

’ In Flgure 16 the geometrlc mean model is used to compare needle-
probe conductivities from cp_re with the chip conductivities measured
over the same dep"th.iriterv'al.  If we set Ke = Knp’ we may rewriﬁe

equation (2) as
z:i(xs/lglp) = ipi k.n(Ks/IQ,) o o (3

Thus, 1f there is a smgle porosity (cb) characteristic of the entire

/ sedmentary section, then all of the data pairs defmed by (3) should be

~ona stralght line with slope 4>

Cons1derab1e scatter exists (F1gure 16) However most (nv2/3) of

the pomts plot between lines with slopes (¢) of 0.3 and 0.5 (30% to 50%
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porosity). The least-squares line calculated for the complete data set
has a slope of 0.4 + 0,06 (40% + 6% porosity). This average seems high
for the poorly sorted gravelly materlal characterlstlc of Grass Valley
(F H. Olmsted wrltten conmm1cat1on, Manger, 1963) and the question
arises as to whether a sampling bias was introduce_d, because the Clay-
rich samples were easier to core. |

Porosity kwas also measured on ’different sectiorxs of all suitable
cores (cores that had not dried out or d151ntegrated) in our own laboratory
and at the USGS Hydro Lab in La.kewood Colorado (Table 1) There are
cons1derable differences between the two labs for mdependent measurements
on separate sectlons of the same core (Table 1) but taken as a whole,

there is no- systematu: dlfference between the two data sets (Frgure 17)

~ This leads us to conclude that the dlfferences are real and are the

result’ of differences in' por051ty between two sectmns of the same core,

rather than of expermental €rTors. Some support for thlS conclusmn

may be found by exammmg individual conductwlty ‘values in Table B-1.

For example, conductnn.tles in the lower part of the core from Q-19 are

much h1gher than those in the upper part (Table B-1). There 1s a

correspondmg d1fference in the por051ty measurements on the two sectlons

of core (Table 1). Generally, the average ”of the two cal_culated conduct1v1ties
(Xg, a and b) 'in Table 1 agrees well with-,the average needle-probe _iialue

Igup for ‘the entlre core. o i |

There ‘appears to be no correlatlon between por051ty a.nd depth -

| (Flgure 18), whlch is reasonable in view of the extreme heterogenelty

and generally poor sortmg of these materials (F. H. 01msted, written

commmication).
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Table 1. Porosity from cores and thermal condmtxuty from cores and cuttings,
Grass Valley, Nevads

Hole No. Depth interval () Porosity ()7 Thermal conductivity (ncal/em sec °C)t

a b : a b
Q-5 76.2 - 77.1 14.6 7.0 5,53 3.69
Q-6 57.0 - 58.5 23.7 6.22 437 412
Q-7 32.3 - 3.1 33.8° ©8.15 449 T 3.37
| 57.9 - 59.4 24.5 28 6.3 4.3 4.13 417
Q-8 29.0 - 30.5 69.7 3.6 1.86 el
64.6 - 66.1 58.8  48.1 4.45 2.26  2.55 3.01
Q-9 48.8 - 50.3 42.0 10.05 4.39 - 3.49
Q-10 33.5 - 35.1 36.1 43.8 8.3 4.14 3.81 2.90
Q-12 1 46.3 - 47.9 26.0 8.3 5.23  4.39
57.9 - 59.4 24.0 §.16 3.7 3.35
Q-13 85.3 - 86.9 20.5 36.8 7.1 4.40 3.91 4,38
Qu 2.3 - 30.8 32.2 8.8 4.87 4.93
Q-15 29.0 - 30.5 67.3 5.03 2.13 2.45
42.7 - 44.2 35.9  60.4 5.05 3.18 2.32 2.97
Q-16 48.8 - 50.3 27.9 7.01 4.47 3.16
75.3 - 76.8 26.9 : 7.4 4.73  4.63
Q-17 33.5 - 35.1 29.9 8.6 5.00 4.06
Q-18 27.4 - 29.0 18.9  20.6 5.25 4.08 3.99 3.8
Q-19 28.4 - 25.9 6.8 21.4 6.09 3.06 4.45 4.03
Q-22 28.4 - 25.9 39.0 17.2 8.1 4.08 5.99 3.4
@6 27.4 - 29.0 20.4° 32.7 6.66 4.85 4.00 4.16
Q-7 34.4 - 36.0 36.0 5.6 3.40 . -35.43
61.0 - 62.5 54.5  54.9 7.9 3.08 3.06 3.07
QH-8 34.4 - 36.0 54.9  46.8 7.0 2.8 3.3 3.35
44.2 - 45.7 30.3 5.3

.33 3.55 2.80
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Table 1. Porosity from cores and thermal conductivity from cores and cuttings,
Grass Valley, Nevada (continued)

Hole No. Depth interval (m) Porosity (%)+ Thermal conductivity (mcal/cm sec l’C)'H'

o X, __ K Kp
a b a b

QG-11 . 39.6 - 41.1 59.6 4.14 2,17 2.31

29,7 - 51.2 63.0 47.4 4.0 2.06 2.43 2.41

@12 - 39.6 - 41.1 54.1 S4.9 6.4 2.81 2.78 2.77

Q13 - 35.1- 36.6 25.2 7.4 4.86 4.46

53

+Porosity (¢). &) Lakewood; b) Menlo Park. .
"hermal conductivity: K, conductivity of solid component over the depth specified.
' , harmonic mean of needle-probe determinations (see Table B-1).
Kg, = K'scl'd’) . lﬁ, 'whg;fé ¢ is fractional porosity. ’
K,» conductivity of liquid yater at ~15°C (1.4 mcal/cm sec °C).
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The dlstnbutlon of por051ty (F1gure 19) is b1moda1 with peaks
between 20% and 30% and between 45% and 55%. Th1s is cons1stent with
the d15tr1but10n of pomts obtamed m the companson of 2n(K /lgm)
versus R.n(K /Kw) (F:Lgure 16) An attempt to correlate poro51ty with
llthology was 1nconc1u51ve, mamly because most cores contamed a combmatlon
of the predomnant 11tholog1c units (clay sand + some gravel) > and it
was d1ff1cu1t to quantlfy "11thology." There was a tendency, however,
for clay-nch mater1a1 to have a lower poro51ty than sand1er sections,
and the b:.modahty of the dlstnbutlon (Flgure 19) may be largely the |
result of thrs d1fference Thls tendency is, however, counter to that
usually observed (Olmsted and others, 975 F. H. Olmsted written
conmm1catlon) » and leads us to suspect that the cores are not an
A adequate sample of the valley sedments Most of the holes penetrated :
predommantly gravelly mater1a1 (see 11tholog1c summarles Appendlx A),
which was d1ff1cu1t to core, and thus is under-represented m cores,
por051ty determmatmns, and needle-probe conduct1v1t1es ’I‘he few
gravelly sectlons successfully cored had poros1t1es spannmg most of the
: range measured on the other 11tholog1es w1th an average of about 40%
| 'I‘he matenal wn:h h1ghest por051ty ('\o70%) was tuffaceous and had very
‘, low measured conduct1v1ty (e gy Q-8 30 m, Table 1) | |
1 Prom the foregomg d1scu551on and from the results sxmmarlzed in |

Flgures 16 and 19 we adopt the followmg scheme for calculatmg Kf from
‘ K and ¢ (equation 2): .

1) An average'porosity of 40% is assume_d.‘v From Figure 19, we note

that the porosity is just as likely to be 30% or 50% as the assumed
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value, but we have msuff1c1ent correlat:.on wu:h 11thology to choose ‘
betweengthem in individual cases. | o | )

2) Assuming complete saturation, the "formation eonducti;it'y": Kg
is then calculated from the I( for a given depth mterval using equatlon
Zandthevalueofltttcuforlg‘

Some indication of the adequacy of th:Ls scheme may be obtamed by
calc:ulatmg a mean K¢ from K (Figure 14) (wh1ch represents a complete
sample of all drill cuttlngs) usmg the mean poro51ty of 40% * 6%
detemﬁned from cores. The resultlng value, 3.95 + 0.4 1s m good
agreement Wlth the average Knp of 3 75 + 0.1, Th:l.s mdicates that the
range of solid components found in the cores is an adequate sample, but
1t leaves unanswered the question of whether or not the poros:.t1es
measured on core adequately represent the more gravelly material characteristic |
of most of the valley. |

We are confident that the thermal conductivities obrtained from K
in this manner are suff1c1ent1y accurate to make compansons among heat-
flow values in this valley for the purposes of delineating thermal
anomalies, characterizing the average heat flow of the study area, and
makmg heat budget calculatlons. On the other hand, these conductlntles
are not suff1c1ent1y well detenmned to be useful in calculatmg regmnal
heat-flow values of the quality normally attamed by more trad1t10na1
methods.
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HEAT FLOW

Estimates of heat flow were made in all holes ihcluding those
discussed prevmusly by Olmsted and others (1975) Because of the
limited conduct1v1ty mformatlon from ‘the latter senes “the mean of all
needle-probe values (3 7 tcu) was used to estimate: the heat flow (Table
2) in the "H" series holes: ThlS conduct:wlty value is about 10% lower
than the mean for QH-1 in the same area. It should prov1de reasonable
est1mates of heat flow from all holes except H-’Z and H-5 in which all
temperatures were measured above the water table (Sass and others, 1976
Table 2) In these two holes, we have probably overestlmated heat flow
by 20% or so (see Olmsted and others, 1975)

In Tables 3 and 4, our best estimates of heat flow from the Q and
QH holes are sumanzed along mth the locatlons, elevatlons and temperature
~ at 15 meters (see Appendlx C for detalls of the calculatmns) The
uncertamty of an’ md1v1dual heat-flow detennmatlon within thlS data
set (Tables 3 and 4) is on the order of _-:0‘.3 to 0.5 hfu, mainly because
of -the difficulty in tharactefitingthe thermal conductivity at individual
‘51tes | | 1 o vh
“Heat flcrws w1th1n 2 km of Leach Hot Spnngs (shaded area, F1gure 2)
~ are 1rregular1y dlstnbuted with a mean of 13 6 hfu (F:Lgure 20). Away
from the spnngs (Flgure 21) heat flow ranges from 1 0 to 6.5 hfu with
~ an »average of 2.4, less than the _char_actenstlc value for the Battle
Mountain High. The modal value of heat flow in this region (Figure 21)
is'about 1.7 hfu. |




Table 2. Btmates of heat flow from USGS hydrologic test wells

Hole Depth interval T °C/km | q* ucal/an"sec

()
e .45 - 66 2.5
H-2 34 - 42 “ 16
B3 20 - 50 a8s . 18.0
 H4 -5 260 9.6
s 10 - 27 194 7.2
H-6 30 - 45 175 6.5
H7  30-50 m 4.1
H-8 30 - 44 70 2.6
H-9 36 - 42 630 23.3
H-10 10-16 2,000 74
E-11 s2-45 240 8.9
H-12. 30 - 43 80 3.0
H1S 40 - 82 700 26
B4 35-39 300 1.1
H-15 28 - 44 270 10.0

Ycalculated us I=S7ma1/unsec‘(:(\hichisﬂxe
av:rlaigtleo?the ¢ mean <K> needl probevalnesfot
es



Table 3. Heat flows from Q holes, Grass Valley, Nevada
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\,Q-ZZ

40° 33°

A , : Temp., 15 m Heat flow
Hole . Location Mmber lat.  Long.  Elev. () Obs. Corr.”  HRU
Q-1 3y/3s-zeébba  40° 380 117° 41 138 12.9  12.%8 2.2
Q-2 S1/39-124a  40° 34 17° 39 1419 123 1255 2.0

Q-3 31/39-28aad  40° 32' 117°35' MO 1.2 1484 4.9
Q4 32/38-24ccd  40° 38'  117° 40' 1403 12.68 12.84 . 2.0
QS 32/39-30bba  40° 38" 11738 1448 13.95 133 1.6

Q6 msese 40037 W74 133 12,90 1301 3.0
Q7 3U/38-4dab - 40° 35" 117° 42' 02 1271 12.86 1.5
@8 SUse-gaac  40°35' W7o 43 L3 1238 1272 3.0

Q9 s/3-l0dce 400 340 117041 438 1258 12.94 1.5

Q10 S/l 4003 170300 M1 . 15.05 1321 1.7
QU A/sddcce 400 34T W7O 4l M66 1842 18.89 L6
Q-12 31/3§f23dca a0° 330 117° 4pf _.741'4:53?~ 13;49 13.95 L7
Q-13  31/39-24ddd  40° 32' 1;57;35- w1209 1251 18
Q14 31/39-20bbb  40°32' - 117° 37' . 1447 11.69 12.07 1.5
Q15 31/39-28bcb  40° 32' 117° 36¢ 1472 12,01 12.53 3.0
Q16 31/39-2ldch - 40° 33' 117° 36' 1496 . 13.7 1432 3.0
Q17 31/38-27acc  40° 32' 117° 34" 1529 16.63 17.42 6.5
Q18 3y/3-lsaba  40° 39 117°45' 175 1342 1344 2.7
Q-19  3z/38-34bbd  40° 37' 117° 42 1389 12.82 12.91 2.3
Q20 3yss2dcc 4035 1170 40' 1408 13.30 133 2.5
Q-21  S1/38-13cd  40° 33" 117° 390 1433 12.66 13.0 1.7
31/39-20bbe nr s a2 12.40 1277 1.0 .

i"’l'eiupera't:u're at 15 meters reddced to a common elevation of 1372 meters (4500 feet)

assuming a decrease in surface temperature of 5°C/km.
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Table 4. Heat flows from QH holes, Grass Valley, Nevada

Heat flow

Tewp., 15 m
' Hole Location Number  lat. Long. Elev. (m) Obs. Corr.’ HFU
Ul 32/39-31bbb  40° 36.6'  117° 38.4' 1446 18.3 18.66 9.0
Q-2 32/39-19dba  40° 37.9' 117° 37.8' 1480  13.2 13.7%6 1.5
-3  51/38-Mabc  40° 33.7' 117°40.1' W35 14.0 1454 5.1
Q-4 31/38-22caa  40° 32.6' 117° 42.7' 1519 12.4 13.16 1.4
Q-5  32/38-l4acc  40° 38.9' 117°40.2' 1391  12.79 12.88 1.6
Q-6 32/38-Zlada  40° 38.2' 117° 42.2' 1378 - 13.04 13.06 2.1
-7 - 31/38-3aac  40° 35.7' 117° 41.1' 1397  13.25 13.37 1.6
Q-8 31/39-Sccc 40° 34.8' 117° 37.4' 1465 13.99 14.51 2.0
-9  31/39-17abc  40° 33.9' 117° 36.7° 1471 13.80 14.32 2.2
Qi-11  31/38-16abd  40° 33.8' 117° 42.5' 1484 B 1.3
Q-12  31/39-34bba  40° 31.4' 117° 34.8' 1512 13.38 14.08 3.5
QH-13  31/39-22abc  40° 33.0' 117° 34.4' 1548 13.58 14.47 5.5
QH-14  32/38-32acc  40° 36.3' 117° 45.6' 1407  13.03 13.2 1.2

+’l‘enperatufe at 15 meters rediced to & camon elevation of 1372 meters (4500 feet)
assuming a decrease in surface temperature of 5°C/km.
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Figure 21. Heat flows at distances greater than 2 km from Leach Hot Springs.
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The heat-flow contours (Figure 22) outline in detail, the thermal
anomalies reported by Sass and others (1976). The anomaly around the.
springs is not very different from the interpretation of Olmsted and
others (1975, Figure 34). The anomaly centered on QH-3 seems to be
elongated in roughly a north-south direction. The strike of the Panther
Canyon anomaly coincides with the major structural trends in the area
(see d15cuss1on below)

InsPectlon of F1gure 3 of Sass and others (1976) revealed that the
- temperature at 12 to 15 meters correlated reasonably well with temperature
grad1ent and heat flow at depth for the holes drilled in 1975. Part of
our strategy in the present work was to mvestlgate whether the cost-
effectiveness of heat-flow estnnates in the geothemal exploratlon mode
| might be increased relatlve to the research -type drilling done prev1ously
To do th:.s, we drilled a serles of T holes (60 feet deep) to mterpolate
between more widely spaced, deeper holes and to 1mprove the resolutlon
of the boundaries of known anomalles These holes were dr:.lled very
rapldly and cheaply (6 to 8 per day) and, as endenced by the contom‘s '
of tenperature at 15 meters (Plgure 7) they were suff1c1ent1y deep to
outline the major. thermal anomahes in th1s valley

We have attempted to extend the mfomation derived from temperatures
alone by: 1) obtammg a quantltatlve relatlon between the temperature
at 15 meters (T;s ) and heat flow in the Q and QH holes, and 2) estlmatlng
heat flows f_rom the T holes based on this- relatlon.v Before this was

done, Ti m was irechiced ;tb a common datum of 1372 meters (4'500 'feet)
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Figure 22. Heat-flow contours for H, Q, and (H holes. Contour interval,
"1 hfu with dashed contours'at 0.5 hfu. Control is indicated by .
Lettered lines are geophysical traverses conducted in the LBL studies.
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assuning a temperature lapse rate of 5°C/km (Tables 3 and 4). The plot

of q versus T, Sm shows considerable scatter (Figure 23) but there is a ’
positive correlation (R = 0.83) between the two quantities. The .determination
‘of slope is most strongly influenced by data from the two holes with

iughest heat flow (QHl and Q-17).

A further refinement of this process involved subdividing the study
area 1nto three regions (Table 5, Appendlx D). The resultlng least-
squares 11nes (Flgure 24) were then used to estmate heat flow from the
j'_ T holes.’ 4 |
The heat-flow est:.mates (Table 6). cover the _same range as the Q and

QH holes and are significant in the context of outllmng areas of
: ; potential economic mportance.l ‘Ifl_-;e uncertalnty of a g_1ven estimate is
“on the order of 0.5 to 1 hfu. Thus, estimates from the T holes are not
. | adeimate for _out@iriing details of "areas of lover heat flow 1-3 hfu) ,
- ‘butbtheyt‘may be useful in refining the interpretation of the anomalous
_zones (3-10 hfu).i."A_cornparison of Figures 22 and 25 reveals that the T
. Tholes provitle_ some additional 'detail (much of it probably spurious) in
the lower heat-flow areas. The hot springs -and QH-SI anomalies are -
: essentially mchanged but the closure of the Panther Canyon anomaly

represents an mportant dlfference in mterpretatlon between the two

i “maps.
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Tab'le‘ 5. Intercept (T,), slope (dq/dT), and coefficient of correlation  (R)
for the heat flow versus Tis, relation, Grass Valley, Nevada

Regions Holes used for -correlatioﬂ , 'ro dq/dT R
Northwest (Q-18)  QH-5, QH-6, Q-18 L 229 1.9 0.9

Mid-valley (QH-3) Qi-3, Q-9, Q-20, Q-2, Q-10,
: h p Q-21 : -21.7 1.8 0.91

Southeast © :  Q-14, Q-15, Q-3, Q-16, | |
-7 (Panther Canyon) - QH°12, QU17, Q13 - 8.3 0.9 0.89

Entire region -  All Q and GH holes -12.1 1.1 0.83
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Figure 24, Heat flow versus Tis, for all Q and QH holes showing the least-squares lines for
different regions (see Table 5 and Appendix D).
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‘Table 6. Heat flow (derived from the relations in Table §) for T holes

1510

13.2

. Hole Llocation number  Lat. Long. - Elev. (m) Temp., 15m _ Heat flow't
" . o obs. Corr.' HFU
T-1 31/38-14bbb 40° 34.0' 117° 40.9' ’»1439 ' 13.4 13.7 3.1
T-2 31/38-14bda 40° 33.8' 117° 40.3' 1437 13.6 13.9 3.5
T-3 31/38-14bdd - 40° 33.7' 117°.40.3' 1439 14.0 14.3 4.2
T-4 31/38-14dbb - 40“*33.6' 117° 40.2* 1439 14.3 14.6 4.8
T-5 31/38-14dab 40° 33.6' 117° 39.9' 1433 13.7 14.0 3.7
T-6 31/38-14aac- - 40°-33.9' 117°40.0" 1426 13.6 13.9 . 3.5
T-7 31/38-13chd - - 40°,33;4' 117° 39.5' - 1433 12.9 13.2 2.2
T-8 31/39-29bad 40° 32.2' 117°.37.0' 1452 12.1 = 12.5 2.4
T-9 . 31/39-29abd  40° 32.2' 117° 36.6' 1463 12,3 12.8 2.7

T-10 31/39-28bda - '40°‘3Z£1' “117° 35.8" 1487l. 13,00 13.6 3.3
T 3/3-28ada 40° 3200 107° 5.3 1500 139 1.5 4.1
T-12 -31/39-27bcd .. -40° 32.0' - 1179 3419' 1512 . 15.6 | . 16.3 5.7
T-13 31/;9-Z7dab 40° 31.9' ~117° 34.1' 1539 i5.6 - 16.4 | 5.8
T-14 31/39-19ddd 40° 33.3' 117° 34.0' 1582 13.4 14.4 4.0
T-15 31/39-?2bc5 s 40° 32.8' 117° 35.0' 1524 135 14.3 3.9
T-16 31/39-21bcb = 40°-32,.9' 117° 36.2' 1475 12.6 13.1 2.9
T-17 31/39-21ddc 1 40° 32.4' 117° 35.%° 1489 13.0 13.6 3.3
T-18 31/39-27cad 40° 31.7'  117° 34.5' 1529 15.0 15.8 5.2
T-19 31/39-27dca 40°.31.5' 117° 34.3' 1536 14.0 14.8 4.4

.T-ZO 31/39-27cdd 40° 31.5¢ 1179'34.6f 1519 14,5 15.2 ‘ 4.7
T-21 31/39-27abé 40° 32.2* 117° 3.4 1536 16.7 17.5 . 6.7
T-22 31/39-34bca 40° 31.1' 117° 35.1° 12.5 3.0
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Table 6. Heat flow (derived from the relations in Table §) for T holes(continued)
'Hole ' Location mmber = Llat. Long. Elev. () Temp., 15m ° Heat flow''
obs. Corr.'  HRU
T-23  31/38-1Zbba  40° 34.9' 117° 35.4' 1408 12.0  12.2 0.4
T-24  31/38-12cbc - 40° 32.4' 117° 39.7' 1414 13.1 13.3° 2.4
T-25  31/38-14cdc  40° 33.2' 117° 40.5' 1455 13.1 13.5 2.8
T.26  31/38-14dda 40° 33.3 117° 30.8' 1439 13.2 13.5 2.8
T-27  32/38-19dia  40°°38.0' 117° 44.5' 1384 134 135 2.8
T-28  32/38-18da  40° 38.7' 117° 44.8' 1379 136 13.6° 3.0 |
T-20  32/38-18cbc  40° 38.7° 117° 45.5' 1382 13.6 136 3.0
T-30  32/38-186bb  40° 39.2' 117° 45.5' 1376 13.9 13.9 3.3
T-31  32/38-17bca  40° 39.1' 117° 44.0' 1373 14.0 14.0 3.7

'l‘emperature at 15 meters reduced to a8 comnon elevation of 1372 meters (4500 feet)
assuming @2 decrease in surface temperature of 5°C/km.

Heat flow calculated from heat flow versus Tis m relations for Q and QH -holes
(see Table $S).
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DISCUSSION

The heat-flow distribution found in this study may be viewed within

the topographic setting of the area and compared with the various

- geological and geophysical parameters summarized by Beyer and others
- (1976). The hot springs and Panther Canyon anomalies (Figure 26) appear

to be related physiographically to the western boundaries of the Sonoma
and Tobin Ranges, but there is no apparent surface expression of the
md-valley anomaly centered on QH- The Q-3 anomaly does, however,
appear to be related to a bur1ed bedrock structure (a horst) 1nferred
from gravity studies (Grammell, 1977). This inference seems to have
been confirmed from reeent deep drilling by the Water Resomces Division
Of the USGS at the QH-3 site (M. L. Sorey, personal commmication,
1977). The new hole (QH3-D) intersected pre-Tertiary(?) bedrock at
about 1230 feet (V375 m). At this depth, there is a reversal in the
témperature profile (Figure 27) indicating that the high heat flow
measured to a depth of 175 meters in QH-3 has a hydrologic origin. (The
increasing temperature gradient’ with depth below 150 m is matched by
decreasing thermal conductivity in clay-rich impermeéble sediments.) _
The depth to the static water level in the casing (which was grouted in
place and then perforated at 1342 feet (409 m)) 1s only about 6 meters as
compared with 61-62 m in QH-3B and QH-3C, mdlcatmg a substantial
positive hydraulic gradient between 175 and 375 meters (F. H. Olmsted ‘
and M. L. Sorey,} oral commmication, 1977). . v
The hot springs and Pé.nfher Canyon anomalies correspond with major

structural trends in bedrock geology (Figure 28), and they are contained
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within the band of NNW trending faults mapped by Noble (1975) (Figure
29). By contrast, the QH-S anomaly is an area almost totally devoid of

surface faults (Figure 29) The hot sprmgs anomaly is assoc1ated with

. the zone of intersection of NW-striking range-front faults and NE-

striking cross faults, ‘,The,_ Panther Canyon anomaly strikes parallel to
the ran'ge-front‘fault's; and coincides roughly with resistivity, seismic,
and grav1ty anomahes (Beyer and others, 1976)

Heat budget calculatlon As pomted out by Lachenbruch and Sass

| (1977) the mean heat flow mthm a hydrothermal convection system

supported by reg10na1 heat flow may be greater than, equal to, or less

" " than the reglonal heat flow, dependmg on the age, and geometry of the

system and on flux cond1t10ns at the boundanes of the system. To gain |
' some 1ns1ght mto the state of the Leach system we have performed a
smple calculatlon to determme the mean flux For the purposes of this '
_.calculatlon, we rather arbztrarlly def:Lne the "system" to be somewhere

g between the outer bomdarles of drlllmg and the outer bomdary of our

" contour plots (see e. g., Flgure 29). There is some )ust1f1cat10n for

. thlS as heat flows on all 51des of the study area (F1gure 1 and prehmmary
USGS data) are in the range (2 S to 3. 5 hfu) normally assoc1ated with

“ ,the Battle Mountaln H1gh -Our defnution results in an area for the
system of between 200 and 300 ka ' At dlstances greater than 2 km from
Leach Hot Springs. (F1gure 2) the mean heat flow is 2.4 hfu (F1gure 21).

- ‘W:Lthm 2 km of the sprmgs, 1t is 13 6 hfu (Flgure 20) From the latter
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figure, we estimate a conductive flux of 1.7 x 10° cal/sec from the
spring area. Combined with the convective discharge of 10.9 x 10°

cal/sec (see Olmsted and others, 1975, p. 196-200), the net heat discharge
from the spring system is thus 2.6 x 10° cal/sec.

If we assume that the heat discharge near the springs is balanced _
by recharge in other parts of our system, we may take the mean (weighted
by area) of the heat fluxes as repi'esenting the heat flow from the
entire ''system." For the upper gsti;nate of total area (;’:OO'knz),_ this |
value is 3.3 hfu and for the smaller "system,}" the ‘meaﬁ' heat flow is 3.7
hfu. if we compare these values with the surrounding regioha; heat
flows (Figure 1) we may conclude that the Leach systein is in a "'stationary
stable" phase as defined by Latheﬁbruch and Sass (1977).

A suggested exploration strategy. Based on the extensive measurements

of heat flow described above, we emumerate a few "rules of thurb" which
might be useful in plamingAheat;fidw measurements for eﬁlmtion of
similar systems: | ,

1) Drill 5 to 10 deep (150 to 200 meters) holes spaced a few
kilometers apart to obtain backgrbmd heat flow and hydrologic data.
Drill cuttings should be collected from all holes and as much coring as
possible should be done to evaluate the range of conductivity and porosity
within the region of interest. If possible, calibrated radiation logs
(i.e., neutron and gamma-gamma) and sonic logs should be pbtaiped in all

holes so that empirical relations between the log parameters and thermal
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conductivity can be established (e. g., Goss and Combs, 1976) and used
for heat-flow calculations. | “

2) Drill 5 to 10 hples to depths below the water table (and below
the zone of annual ‘temperature \'rariation)rl in the immediate discharge
area to -obtain data bearing on the heat flow end local "plumbing" (see
e.g., Olmsted and others, 1975). _

3) If no clear-cut relation is fpmd bet;ween heat flow and shallow
temperatures 1n phase 1, drill 10 to 20 intermediate depth holes (50-
100 m) to delineate _anqnlalqus zenes and possibly ,Vto ext;end‘l coverage. If
a reasonable average porosity value has been established in phase 1),
conng can be kept to a minimm, and reasonable values of conduct1v1ty
can be estlmated from measurements on drill cuttmgs and ca11brated

geophysmal logs. -

4) If heat flow is found to be strongly related to shallow temperatures

(15 - 20 m) in phase 1 .as many shallow holes as con51dered necessary
can be drilled within the area covered by phase 1 to prov1de the deta11
requlred to charactenze the heat flow within the area.

No two areas arethe same, of course, and for a given problem,
~ various combinations of phases 1 through 4 and some novel approaches

suited to the locality under study might have'; to be employed. =
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APPENDIX A

‘ L:'{thologié summaries, thermal condﬁétivities, and temperature profiles
for Q and QH holes. -

Figure A-0 explains the abbreviations and symbols used in the remainder
of the figures (A-1 through 'A-28) ALl of the temperatm'e profiles shown
were obtained between October 29 and November 3 1976 at least six weeks

and up ‘to four months after completion of the holes. | Spot checks in the
spring of- 1977 conﬁrmed ‘that the holes were in thermal equ111br1um

,, below the zone of ammal variation (10-15 m).~
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APPENDIX B

Values of thermal conductivity of core obtained using the needle probe.

Individual determinations of thermal conductivity are listed (Table
B-1) together with the harmonic mean for each core and a summary of the
lithologic composition. Values with superscript "a" denote that the
needle -prbbe was emplaced along the axis of the corei; all other values

were obtained mth the needle emplacéd pérpendicula: to the axis.




Table B-1. Thermal conductivity and lithologic descriptions of cores,
leach Hot Springs area, Grass Valley, ‘

Hole No. Cored interval Sample Thermal conductivity ' Lithology
m) depth . mcal/om sec °C ,

)

<K>

Q-4 51.82 - 52.34 51.90 3.84 Yellowish-brown, poorly sorted clayey sandstone.

51.99 3.78 -
§2.06 3.87
52.12 3.03%
52,21 4.13
52.28 3.51%
52.28 3.28%
52.38 3.58
§2.46 2.9
52.53 2,958
52.65 2.87
52.79 3.74%

3.49

+ .13
Q-5 61.87 - 62.48 61.92 4,52 Coarse gravel and pebbles (sub-angular) in silty clayey
matrix, poorly sorted.
76.20 - 76.50 76.28 5.18 Podrly sorted gravelly, silty, buff-brown clay.

76.30 2.87 ‘ .

3.69

+1.06

A




Table B-1. . Thermal conductivity and lithologic descriptions of cores,

Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Thermal conductivity ' Lithology
. (m) depth ‘mcal/cm sec °C '
" (m) .
:f'ﬂ' K <K>
Q-6 33.53 - 35.05  .33.56  2.99 ‘Large pebbles and cobbles (chert) with same gritty pebbly
‘ 33.50 "7.87 » silty clay.
o 4.33
: 41,95 , -
§7.00 - 58.52  :57.06 - 3.34 o Very tight conglomerate.
57.08 . 4.56 : ’
57.11  4.78% ,
B . 4.12
; PR SR S S 4,489 I ‘
Q-7 32.92 - 34,14  33.02 = 2.93 Sandy clay and fine gravel.
- 33.20  2.83 ' ‘
33.33 . 2.68%
33.43 a4
33.52 3.87
33.69 - 4.40% .
o 3.37
B R S v
57.91 - 59,44 §7.97  3.63 - . _ Sandy silty clay.
58,02 3.81% : : .
s8.11. 4,27
58.20 - 3.83%

58.35 5.06
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Table B-1, Thermal conductivity and liihologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Themal conductivity - Lithology

() depth mcal/cm sec °C
(m)
X <>
Q-7 5§7.91 - 59.44  58.51 4,30° ° Sandy silty clay
58.56 . 4.54
58.72 4.25
4.17
S +.16 :
Q-8 28,96 - 32,00 28,96 1.87% Light bluish-grey tuff with clear flat glass shards --
29.05 1.84 stratified. :
29.16 2.04
29.21 2.01°
29.39 2.07
29.54 2.07%
29,54 1.50"
29.84 1.75
29,97 2.25
30.56 2.152
30.73 2.15
30.84 2,34
31.03 142
'31.17 1.92°

31,17 1.43%
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Table B-l; Thermal conductivity and litholdgic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued) -

Ible No. Cored interval Sample = Themmal conductivity ‘ Lithology .
. m) . depth mcal/cm sec °C ‘ ,
' m) ,
| 4 B
Q-8 28.96 - 32.00 31.36 1.84 Light bluish-grey tuff with clear flat glass shards --
: ‘ 31.48 1.612 - stratified. .
T 1.86 '
T _ L +.07
64,62 - 66.14 64,77 - 3.39 Yellowish-buff sandy,? tuffaceous clay, some quartz grains.
: © 64.85 . 3.10% '

-64.95 3.9

'65.03 2.85

65.14 2.66

65.36 ~ 3.06%

65.47 3.24

65.65 3.3

65.76 - - 2.54

65.90  2.62%

ROV 301

Q-9 32.61 - 33.53 32,72 6.14 ' Sandy clay and gravel.
: : SRR 32,79 - 3.8 - '- ‘ :

32.85 4,64

4.68
+ .63

00T




Table B-1.

Thermal conductivity and lithologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

Lithdlogy

Hole No. Cored interval Sample Themmal conductivity
m) depth mcal/om sec °C
(m)
K <K>
Q-9 48,77 - 50.29  48.77 3.97 Silty gravel, gravel, sandy clay.
48.83 3.27 '
48.95 3.42
49,24 3.39°
: 3.49
+ .14
Q-10 33.53 - 35.02 33.77 2.81 Reddish-brown clayey siltstone, very few pebbles.
33.85 2.72%
33.85 2.66%
33.96 2.88
34,14 2.73%
34.20 2.90
34,33 3.28
34.47 3.362
2.90
+ .09
48.77 - 50.29  49.01 4.27 Sandy claystone.
49,10 3,922 .
4.09
+ .18

10T




Table B-1. Thermal conductivity and lithologic descriptions of cores,
- Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Thermal conductivity - Lithology

m) depth mcal/om sec °C
' m) '
L K <K>‘
Q11  76.20 - 77.72.  76.37 3.96 : Clay and sandy clay with gravel.
76.44 5.93
- 76.54 5.12
iy 4.87
S R LR : + .59 L SRR
Q-12 46.33 - 47.85  46.37  3.07 Grit, clay, angular gravel.
| 26.42 ~ 3.78 -
. 46,57 5.12
46.67 5.07.
46.85  4.83
46.88 5.67
o 4,39
R ¢4 .45
57.91 - 59.44 58,02 2.92 ~ Gritty, sandy clay.
e 58.12 . 3.42% S
58.18 3.84
3.35
+.27

201




Table B-1. Thermal conductivity and lithologic descriptions of: coreé, v

Leach Hot Springs area, Grass Valley, Nevada (continued) -

Hole No. Cored interval Sample Thermal conductivity = Lithology
m) depth mcal/em sec °C . ' B
(m) Py
o K <K>
Q-13 85.34 - 86.87  85.40 3.66 _Gravelly clay.
85.57 3.54
85.66 3.89%
85.73 4.60
85.82 5.412
85.86 4.9
85.96 5.52
4.38
; : + .31 : S
Q-14 29.26 - 30.78 29.33 4.08 Gravelly, gritty, clayey.
29.37 6.24%
' - 4.93
+1.03
46.63 - 47.55  46.66 5.21 Gravelly, sandy clay.
Q-15 28.96 - 30.48 28,96 2.26° Clay.
29.01 2.41
29,09 2.47
29.10 2.57%
29.15 1.90°
129,20 4.23
29,25 2.44

€01




© Table B-1. Thermal conductivity and lithologic descriptions of cores,
w7 Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Themmal conductivity - Lithology
, m) depth mcal/cm sec °C , .
K <K> o
Q-15 128,96 - 30.48 29,30 2.34 i Clay , :
29,34 2.41 - _ -
29.37 1.862 : '
129.42 2.54
.29.50 2.67
2053 2.46°
.29.53 2,452
20.57  3.18
29.62 2.46
20.69 233
2.58
| L %09 |
42.67 - 44,20 42.86  3.14% “White siliceous tuff.
42,01 2.99 o -
43.00  2,75%
‘ 43.08 . 3.10
43,13 3.00°
43.66 2.98
43.70 .17
‘ ’ 2.97°
+ .06

vt




Table B-1. Thermal conductivity and lithologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample 'l‘hemal conductivity ' Lithology
' () depth =~ mcal/an sec °C o
m
K <K>
Q-16 48.77 - 50.29  48.33 3.10 Clayey silt with pebbles and gravel
48.33 3.63 -
48.85 2.50
48.87 2.69
48.87 3.63
48,87 3.92
3.16
+ .2
66.45 - 67.97 66.47 4.43 Well-sorted, medium-grained, moderately rounded sand
66.50 3.03 (lithic fragments predominant).
66.57 2.78%
66.57 4.74
66.60 3.64
3.57
. .+ .37 . ,
75.29 - 76.81 75.35 4,72 0.5' gritty clay with pebbles -- remainder gravel with no
| 75.36 4.27 matrix.
75.41 4,68
75.46 4.21% -
75.54 5.01
75.56 4.54

SOt




Table B-1.  Thermal conductivity and lithologic desci'iptions of cores,
Leach Hot Springs area, Grass Valley, Nevada {continued)

Hole No. Cored interval — Sample

. o
Thermal conductivity

‘Lithology

(m) depth mcal/cm sec °C
B
E <K>
Q-16 75.29 - 76.81  75.56 5.22 0.5' gritty clay with pebbles -- remainder gravel with no
R : L 4.63 matrix. ,
: N T
Q-17 33.53 - 35.05  33.63 3.55 ' Brown clay with sand and pebbles.
- S 33,70 3.48 '
33.71 - 3.39.
33.85 5.29 .
T 4,06 .
: o + .39 ;
65.53 - 67.06 65.59 4,61 Gravelly, cobbly, clay
Q-18 28.35 - 20.87 . 28.46 -3.30 Brown clayey sand
T . 28,62 438
© 28,69 4.04 S
28,73 3.99
= 3.89
. + .24

90T




Table B-1. Thermal conductivity and lithologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

tole No. Cored interval Smmple Themmal conductivity " Lithology
, (m) 73 mecal/on sec °c_- :
K <b.
Q-18 54.86 - 56.39 54,93 3.95 Brown, sandy clay
54,03 417 :
55.01 3.76
55.07 4.32
55.11 4.47
4.12
s
Q-19 24.38 - 25.91  24.38 3.57* Clay with fine to medium gravel.
24,51 .39
24.62 4.70°
24.72  3.98
24.82 2,892
24.91 3.00
25.07 3.0
25.26 .19
25.37 5.5¢%
25.35 5.74
25.50 5.79%
4,08
+.29

L0t




Table B-1., Thermal conductivity and lithologic descriptighs of cores,
> Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No.  Cored interval  Sample Thermal conductivity . . . . Lithology
' . m) depth - mcal/am sec °C -
- (m) .
K ‘<l(>
Q-21 24.69 - 25.91 . 24.77 4.09 . Silty sandstone, abundant pebbles.
.24.86 . 6.14 ' ‘ : ‘
.-25.00  4.16 »
' 4.63
: + .57
Q-22 24.38 - 25,91  24.46 3.15 . Brown silty clay, scattered pebbles.
: . 20,85 .3.44
2463 3.1°
.24.68 . 3.70
2488 3.64
2898 352
’ 3.4
H-6  27.43 - 28,96 27.43  3.10% . Prown, sandy, silty clay.
' 2154 3.53 R
‘27,70 4.9
a9 3SRt
T2 At
27.91 . 4.77

80T



Table B-1. Thermal conductivity and lithologic descriptions of.cores,
Leach Hot Springs area, Grass Valley, Mevada (continued)

Hole No. Cored interval Sample Themmal conductivity Lithology
m) depth mcal/om sec °C
(m)
<K>
QH-6 27.43 - 28.96 28,07 4.02% Brown, sandy, silty clay.
28.13 4.73
28.19  5.10
28.40 4,582
28.40  5.29%
28.50 4.00
28.61 3.652
4.16
+ .19
41.15 - 42.67 41.21 3.22 Sandy clay with fine gravel.
41.26 ~ 3.75
41.35 4.57
41.39 4.14
41.44 4.19
3.92
. Lo+ 24
QH-7 . 34,44 - 35.97 . 34.55 2.97 .. Clay, fine-grained sand.
34,82 2.89%
34.93 3.16
35.03 3,042
35.08 4.39

601




" 'Table B-1, ‘Thermal conductivity and lithologic descriptions of cores,
i leach Hot Springs area, Grass Valley, Nevada (continued)

- Hole No. = Cored interval . Sample Themmal conductivity . Lithology
‘ @m) ~ depth mcal/cn sec¢ °C o
B _
SR . <>
Q-7 '34.44 - 35,97 1 35.21 '3.95 ' Clay, fine-grained sand.
: TR '35.31 U 4.662 GRS R R
35.37 - 338
© 35.55 3.277
g : 3.43
Ep o r .19
60.96 - 62.48  61.06- - 3.02  Clay with coarse sand.
61,26 2.73% ' '
0 61.37 . 3.02
"61.57  2.82%
61.68 ©2.83
5 61.93 2,682
62.00 3.72
62,22 3.47
62.31 . 3.73
’ 3.07
%13

011
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Table B-1, Thermal conductivity and lithologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Thermal conductivity ) Lithology
™) dtngh mcal/cm sec °C .
m
K <K>
- QH-8 34.44 - 35.97 34,54 3.68 Medium-brown pebbly clay, sub-angular fragments of greenstone.
34.62 4,238
34,62 3.262
34.81 4.19
34,90 2.80
35.08 2.832
35.08 2,832
35.17 3.48
35.28 3.50%
‘ 3.35
+ .18
44,20 - 45.72 44,25 3.13 Brown clay with pebbles and gravel.
44.32 3.08
44,44 2.712
44,50 3.00
44,63 2.98
4.77 2.242
.44.77 2.742 .
44,92 -~ 3,07 e
45.02 .02 o ‘
45.08 3.00

I11




Table B-1. Thermal conductivity and lithologic descriptions' of cores,

Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Themmal conductivity : Lithology
pein e m) ' depth mcal/am sec °C ¢ e
m) L
K <K
-8 . 44.20 - 45,72 45.21 3.32 ‘ Brown clay with pebbles and gravel,
o ‘4536 2.80° | |
g 2,90
- o _ + .09 :
QH-9 48.77 - 50.29 48,77  3.22% Brown gritty clay with pebbles and gravel.
: : " 48.79 3.89
1 48.83 3.47
o 7 3.51
. o219
@-11 27.43 - 28.96  27.46 - 3.42 Mostly gravel, very wet and soft
B 7121.52 A5 : ' '
o 3.87 ,
. e &+ .51
39,62 - 4115 ' 39.62 2,40 Brown and bluish gray layered clayey sand.
B 3070  2.56 ' - -
39.77 - 2.28%
39,98 2,16%
40.08  '2.30
40.17 2.21%
o 2.31
+ .06

AN



Table B-1. Thermal condixtivity and lithologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No. Cored interval Sample Thermal conductivity Lithology
(m) depth mcal/am sec °C
(m)
K <K>
Qi-11 49.68 - 51.21  49.77 2.54 Brown clay
' 49.91 2.52
50.02 2.26 - N
50.15 2.55
50.25 2.35°
50.35 2.28
50.45 2.58
50.63 2.332
50.75 2.46
50,87 2.56
51.02 2.23
51.08 2.232
'51.08 2.36
51.16 2.60
2.46
+ .07
QH-12 39.62 - 41,15 = 39.67 2.26 ’ Fine sandstone, pebbles, brown siltstone.
39,79 2.46 ‘ | -

39.95 3.39%
40.08 2,25
40.13 2.85

40.26 3.482

¢t




Table B-1. Thermal conductivity and lithologic descriptions of cores,
Leach Hot Springs area, Grass Valley, Nevada (continued)

Hole No.  Cored interval Sample Thermal conductivity . Lithology
: m) " depth mcal/cm sec °C - : ' .
s .
K C <>
. QH-12 39.62. - 41.15 " 40.28 3.76 Fine sandstone, pebbles, brown siltstone.
40.51 2.81 '
40.61 2.69%
40.64 2.81
40.76 2.91 -
40.84 2.632
-40.89 2.83
41.02 2.54%
' - 2.77
1 ‘ + .11 v
H-13 35.05 - 36.58  35.11° 4.88 Reddish-brown claystone with alundant angular rock fragments.
: 35,19 3.51 : : ’
3534 4,28
34.44 5.79%
' 4,46
‘ . + .47 ‘ : :
48.77 - 50.29  48.82 §.31 ". Brown silty clay with abumdant angular pebbles.
48,94 6.37 '
.49.02 4,09
5.09
*+ .66

AConductivity measured with probe along axis of core.

p1t
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~ APPENDIX C

‘Heat-flow calculations, Q and QH holes.

Heat -flows were calculated over the depth mtervals mdlcated
(Table C-1) by multiplying the interval temperature gradie_nts by the
appropriate thermal conductivities. The basic data for holes Q-1
through Q-3 and QH-1 through QH-4 were presented by Sass and others
(1976). Basic data for the other holes are graphed and tabulated in
ApperxdicesAandB; | e |
_ For the 1976 work, heat flows vver_e calculated using both needle
probe and Chlp conductivities For the former, the gradient over &3
meters centered on the core was calculated and combmed with the hammonic
mean conductiv:l.ty K; to calculate Q (Table C-l) The harmonic mean
chip conductivity Kz calculated assumng a porosity of 40%, see discuss:.on
of conductiv:.ty and poros:.ty above) over linear sections of the temperattn'e
profiles was combined with the least-squares temperature gradierrt to
determme qz (Table C-l) ‘The value adopted for a given hole (Qs,
Table C-l) was usually the rounded mean of all the determinations, but
in some mstances, one or more of the 1nd1v1dual est:mates was excluded
from the mean., This was most often done because of an obvious
disturbance (usually hydrologic) to the temperature profile. Values
of qs flagged with superscript et are from holes in which convective
} disturbances have been mferred from curvature or abrupt 1rregular1t1es

in the temperature profile.



Table C-1. Calculations of heat flow for Q and QH holes,

Grass Valley, Nevada
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Hole Depth interval  Gradient N*  Conductivity' Heat flow &
(m) (°C/km) - (mcal/am sec.°C) (ucal/an?sec)
K K2 Q@ q2 Qs
Q-1 50 - 200. 65.5 12 3.42 2.24 2.2
Q-2 50 - 160 55.5 10 3.68 2.04 2.0
Q3 S0 -170 120 16 4.06 4.87 4.9
Q-4 15 - 53 57.1 7 4.09 2.33
53 - 65 32.8 3 3.39 1.11
51.8 - 53.3 50.9 12 3.49 177
. Z:-C
Q5 38 - 107 40.8 - 18 4.04 1.6
61.9 - 62.5 3.2 1 4.52 1.5
76.2 - 77.7 35.2 2 3.69 1.3 -
1.6
Q-6 12 - 27 9.2 3 4.30 3.9
30 - 53 8.6 6 4.05 2.0
33.5 - 35.1 61.3 2 4.33 2.66
57.0 - 58.5 20.5 3 4.12 1.21 c
3+
Q-7 24 -73 3.7 12 3.76 1.27
' '32.9 - 34.1 5.4 6 3.37 1.53
57.9 - 59.4 36.8 8 4.17 1.53
1.5
Q-8 17 - 38 130.2 4 2.83 3.94
46 - 66 6.6 S 2.09 2.52
29.0 - 30.5 152.1 9 1.91 2.91
30.5 - 32.0 143.4 8 1.80 2.58
64.6 - 66.1 22.6 10 3.01 0.68 c
3+
Q-9 27 - 85 32.6 8 4.54 1.48
. 32.6 - 33.5 39.2 3 4.68 1.83
48.8 - 50.3 6.0 4 3.49 .91
. 1.5
Q10 15 - 30 38.3 4 4.36 1.67
o 30 - 52 483 4 . 3.76 1.81
33.5 - 35.1 42.2 8 2.90 1.22
48.8 - 50.3 48.5 2 4.09 1.98
: ,, 1.7
Q11 46 - 78 37.08 8 s.21 . 1.56
76.2 - 77.7 34.66 3 4.87 S 1.69 :

1.6



Teble C-1. Calculations of heat £low for Q and GH holes,

‘Grass Valley, Nevada (continued)
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‘ 'Hole Depth interval  Gradient N*  Conductivity’ = Heat flow't
m) (°C/km) . " (mcal/cm sec °C) (ucal/cm?sec)
Q12 . 35 -62 445 7 374 . 1.67
| 36.3 - 47.8 8.2 6 4.39 1.68
 57.9 - 59.4 4.9 - 3 - 3.35 1.40
' : , 1.7
Q13 30 -91  40.0 12 , 4.43 1.77
85.3 - 86.9 $6.9 7 4.38 249 - .
Q14 47 -116 = 22.4 .19 4.52 1.01
29.3 - 30.5 - 40.0.° 2 4.93 1.97
46.6 - 47.5 5.3 1 5.21 .84 1.5+
Q15 18 - 43 %48 6 3.07 2.91
| 28.9-30.5  ‘91.4 17  2.45 2.2
' 42.7-88.2  126.2 1 2.9 3.75 .
. ' | o 3.0
Q16 23 -8l 82.4 13 3.89 3.21 3
1 48.8-50.3  75.7 6 - 3.6 .. 2.39
66.4 - 68.0 - 8.7 S 3.57 2.9
75.3 - 76.8  80.0, 7 4.63 3.70
g SRR o : 3.0
Q17 15 -4 1747 s ¢ 3.79 6.62
848 .75 . T 134.4 8 3.30 518
33.5 - 35.0 174. 4 406 - 7.06
65.5 - 67.0 135.3 1 4.61 6.24
| X 5 B 6.5
Q18 14 -235 . -98.4 . 2 3.12 3.07
38 -53 710 8 3.5 - 2.41
28.3 - 29.9 $9.6 4 3.89 2.32
54.9 - 56.4 68.9 S  4.12 2.84 -
' IR g 2.7
Q18 13 -27 6.2 3 "3.61 2.42
32 - S5 452 6 3.50 1.58
244 -25.9  56.2 11 | ‘4,03 - 2.21
S S ‘ - L 2.3
Q20 12 -30 2.2 s 4,86 3.29
; 30 - 69 43.0 9 4.49 1.3
Q21 18 -6 3.4 11 431 1.57
0 u7-2509 0 384 3 0 465 178

1.7
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Table C-1. Calculations of heat flow for Q and (H holes,
Grass Valley, Nevada (continued)
Hole - Depth interval Gradient N* Conductivit)"* ‘Heat flow' |
o m) - (°C/km) (mcal/am sec °C) (ucal/om?sec)
K K2 o Qe qs
Q2 .12 -2 33.6 4 3.50 1.18
27 - 49 200 S 4.27 0.84
24.4 - 25.9 25.9 6 3.41 0.8
. 1.0
Q-1 80 - 155 224 12 4.03 9.03 9.0
@2 25 -130 52 17 2.88 1.50 1.5
-3 80 - 155 118 9 4.33 5.1 5.1
-4 125 - 155 42 1 3.25 1.36 1.4
‘@5 55 -85 a4 7 3.89 1.71
‘85 -128 30.7 9 4.57 1.40
1.6
G-6 15 - 50 51.4 7 4.15 2.13
' 27.4 - 29.0 471 13 4.16 1.96
41.1 - 42.7 54.3 5 3.92 2.13
2.1
-7 15 -30 98.4 3 3.23 3.18
‘ 30 -73 45.4 6 3.74 1.70
34.4 - 36.0 48.2 9 3.43 1.65
61.0 - 62.5 45.8 9 3.07 1.41
» : 1.6
Q-8 19 - 49 6.2 6 3.48 2.30
34.4 - 36.0 54.2 9 3.35 1.82 ,
42.7 - 44.2 68.5 12 2.90 1.8
2.0
G-9 30 -75 55.8 9 3.98 2.22
48.8 - 50.3 62.6 3 3.51 2.20
. . 2.’»2,
Q-1 29 - 55 42.0 6 2.86 1.20
27.4 - 29.0 35.7 2 3.87 1.38
39.6 - 41.1 63.1 6 2.31 1.46
49.7 - §1.2 8.4 14 2.41 1.17
1.3
@G-12 12 -26 109.4 4 3.73 4.08
26 - 38 71.0 7 4.27 3.03
38 - 52 105.3 3 3.50 : 3.68
39.6 - 102.4 14 2.77 2.84

3.5
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Table C-1. Calculations of heat flow for Q and @ holes,
Grass Valley, Nevada (contimued)
Hole Depth interval Gradient N*  Conductivity' Heat flow '
m) (°C/km) (mcal/cm sec °C) (ucal/am?sec)
| < € qi Q2 qs
@-13 30 - 50 120.0 5 3.90 4.67
35.1 - 36.6 125.0 4 4.46 5.57
48.8 - 50.3 120.0 3 5.09 6.10
‘ Scs
@-14 23 -73 29.6 10 3.92 1.16
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APPENDIX D

The relation between Tis_ and heat flow for Q and QH holes

In an attempt to calculate representative heat flows for the T
holes, mumerous approaches and associated statistical schemes were tried.
The criteria finally adopted were:

/ ‘l)v forcing the data to fit a linear function between heat flow and
Tisy. This theoretically should be fhe case, but statistically does
not. always represent the function that best fits _the data.

L 2) selecting groups of holes that were not obvmusly disturbed by

water flow for each regional ana1y51s rather than all the holes within
the reglon. |

| Thls appendz.x presents plots of heat ﬂow versus temperature at

15 meters using Q and H holes 1n three reg1ons (Figures D-1, D-2, and
D-S) along with their calculated linear least-squares fits and the 95%
confidence bands (dashed lmes). The confidence bands for three Q-18
regions (Figure D-1) are too large .to be shown on the graph (because
only three points were used in the calculatmn) ~ Obviously some
subjectivity.is :mvolved in this aPproach and we emphaslze that the '"T"
heat flows were only used to .help £i11 in the details of the heat-flow
picture and should not be a,ssigned} the same status as values obtained
from deeper holes. R | |
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Figure D-1. Heat flow versus temperature at 15 meters for Q and QH holes in the vicinity of
Q-18 (Figure 2). b ‘
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Figure D-2. Heat flow versus temperature at 15 meters for Q and QH holes in the vicinity of
Q-3 (Figure 2). Dashed curves enclo_se the 95% confidence band.
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Figure D-3. Heat flow versus temperature at 15 meters for Q and QH holes in the Panther Canyon
area (Figure 2). Dashed curves enclose the 95% confidence band.
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APPENDIX E

| Oontounng software
.. _ Contour plots appearmg in Flgures 7 22 25 26 28 and 29 were
made usmg the Callforma Computer Products (CalComp) General Purpose
Contour Program (GPCP)

The program is d1v1ded 1nto three parts

1) Gradlent (tangent plane) generation,

2) Grid value generation,

3) Contour generation. _

In part 1) a tangent plane is calculated at each randomly spaced
data point that must satisfy these requirements:

1) The plane must pass through the data at each poi;nt,' and

2) The angles this plane makes with vectors to all of the various
neighborhood points must be minimized.
~ Grid value generation (part 2) begins by selecting the n neighboring
data points closest to the grid value 1n question. The program assigns
weights to the data points on the basis of the distance from the grid
value and then proceeds to calculate the grid value. This process is
repeated for all the grid values. | |

Finally, in part 3, GPCP uses this discrete surface to generate the
contour lmes. ‘ |

The variable that influences the final contour ‘map most is the
| number of neighboring pomts used to construct the grid and tangent
surface. Generally, the larger the mumber of neighboring points used in |

gridding, the smoother the contour features, few points produce a contour
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map emphasizing local features. For all contour maps but one (Figure
25) 10 points were used to construct each grid element. F1gure 25
mcludes the hea.t-flow data from the T holes as well as the H, Q, and QH
holes. As the T holes tend to be clustered around the Q or QH holes,
the number of nelglwormg points used :m the first two parts of the
program were reduced from' 10 to § to highlight the local effects of the
"' data points.
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