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HYDROTHERMAL SYSTEM IN SOUTHERN GRASS VALLEY,
PERSHING COUNTY, NEVADA

Alan H. Welch, M. L. Sorey, and F. H. Olmsted

ABSTRACT

Southern Grass Valley is a fairly typical extensional basin in the Basin
and Range province. Leach Hot Springs, in the southern part of the valley,
represents the discharge end of an active hydrothermal flow system with an
estimated deep aquifer temperature of 163-176°C. This report discusses
results of geologic, hydrologic, geophysical and geochemical investigations in
an attempt to construct an internally consistent model of the system.

Basin and Range extensional tectonics, responsible for the formation of
Grass Valley and probably the existing hydrothermal system, began about 15
million years ago. Pre-Tertiary mountain-forming bedrock, which was already
extensively folded and faulted, was affected by widespread east-west extension
producing north-trending mountains and.intervening basins. The basin was
filled with predominantly poorly sorted clastic rocks derived from the ad-
jacent rising consolidated bedrock. Southern Grass Valley evolved into a
partly filled alluvial basin with sediments reaching a thickness of more than
1 kilometer (km). The basin is asymmetric with a much steeper bedrock surface
near the eastern edge of the basin, which is apparently due to greater move-

ment along the eastern basin-bounding fault(s). Leach Hot Springs is at the



base of a recent scarp which seems to be associated with the faulting that is
responsible for the steep eastern bedrock surface.

The study area is in the Battle Mountain heat-flow high, a region
typified by heat flow greater than normal for the Basin and Range province.

Heat flow measurements over a 125 km2

area including Leach Hot Springs
indicate that the mean heat flow is 3-4 HFU, in agreement with the other
measurements in the Battle Mountain high. Appproximately three-fourths of the
heat is lost from the study area through conduction; the remainder is due to
approximately equal proportions of advective and convective loss. The thermal
data from shallower wells reveal areas of anomalously high heat flow associated
with rising thermal water and areas of low heat flow caused by the recharge of
cold water. The data also indicate the presence of a temperature distribution
at the base of the sedimentary fill (top of the bedrock) that results from
circulation within the underlying consolidated rocks.

Chemical and isotopic data indicate that the thermal water was recharged
under cooler and possibly wetter conditions, which would imply a residence
time for the water of at least 8,000 years. The chemical data have confirmed
that thermal water is moving upward through the sedimentary fill in an area
about 5 km southwest of Leach Hot Springs, in addition to the upward flow
directly beneath Leach Hot Springs.

Numerical modeling has proved useful in delineating important aspects
of the hydrothermal system. Analysis of a fault-plane flow model consisting of
movement of ground water entirely within the fault zone from which the hot
springs discharge indicates that the modeled residence time is much shorter
than that implied by the isotope data and that circulation depths near 5 km are
required for reservoir temperatures near 180°C to be attained. A more plaus-

ible model, consisting of lateral movement in the bedrock under the sedimentary



fill, implies a minimum depth of circulation of 3 km and a fluid residence
time consistent with. the isotope data. The results of this lateral-flow model
indicate that the hydraulic conductivity of the deep aquifer and the upflow
area are critical parameters needed to evaluate the exploitation potential of
the system. If the present flow of thermal water is restricted mainly by the
Tow hydraulic conductivity in the sediments in the vicinity of Leach Hot
Springs, then a deep aquifer could be sufficiently permeable to allow ex-
ploitation for electric-power generation at rates exceeding 10 Mwe. However,
if the flow of thermal water is restricted mainly by low hydraulic conduc-
tivity in the deep part of the system, then the potential for electrical-power

generation is much Tess.



INTRODUCTION

Purpose of the Study

The present effort is an outgrowth of a reconnaissance of the hydrology
of selected hydrothermal systems in Nevada. The purpose was to use a detailed
multi-discipline approach to the examination of a high-temperature system
in the Basin and Range province as well as to evaluate different exploration
and evaluation techniques. Geophysical investigations by personnel of the
Lawrence Berkeley Laboratory have been discussed in detail in various
reports cited in the section "Previous Studies". This report therefore deals
primarily with the results of the hydrologic, geochemical, and heat-flow work
by the U.S. Geological Survey, although the geophysical data have been used
extensively. It is hoped that the results of this effort will make any future
studies more efficient by allowing them to concentrate on the more critical
elements of the problem of understanding the hydrology of high-temperature

systems.
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Previous Studies

Prior to the 1970's, little information on Leach Hot Springs was publish-
ed. The earliest mention of the hot springs was by Clarence King in his
report on the 40th parallel survey (King, 1878). Russell (1896) and Jones
(1915) later examined the fault scarp at Leach Hot Springs. Dreyer (1940)
presented a brief description of the springs, along with a chemical analysis
of the spring water and temperature data. Waring (1965) included 1imited data
on the springs in a geographic listing of thermal waters.

Extensive and intensive geologic, hydrologic, geochemical, and geophysical
studies are available for the area under consideration. Recent work in Grass
Valley has combined effort by members of the U.S. Geological Survey and
Environment Division of the Lawrence Berkeley Laboratory. A source list of
data for evaluation of the geothermal potential of the Leach Hot Springs area
has been assembled by Olmsted, Glancy, Harrill, Rush, and VanDenburgh (1973).
Subseguent to this compilation, a variety of more recent studies has been
published. Regional coverage of the geology (Johnson, 1977), gravity (Erwin,
1974), seismic refraction (Majer, 1978), aeromagnetics (Zietz and others,
1978 and U.S. Geological Survey, 1973), and heat flow (Sass and others, 1971)
are also available.

Geologic reports concerned with the geothermal aspects of southern Grass
Valley have been presented by Olmsted, Glancy, Harrill, Rush, and VanDenburgh
(1975), Noble (written communication, 1975), Noble, Wollenberg, Silberman, and
Archibald (1975), and Beyer and others (1975). Although there has not
previously been a complete geochemical study of this area, there are several
sources of published data. A single analysis is available in Dreyer (1940) on
one of the springs. Chemical, isotopic and gas analyses have been published
by Mariner, Rapp, Willey, and Presser (1974),and Mariner, Presser, Rapp, and

Willey (1975) for samples from the thermal springs. Major, minor, and trace



elements analyses of the thermal and some nonthermal waters are presented in
Bowman, Hebert, Wollenberg, and Asaro (1976) and Wollenberg, Bowman, and Asaro
(1977). 0'Connell and Kaufmann (1976), Wollenberg (1974) and Wollenberg,
Bowman, and Asara (1977) have studied the radioactivity at Leach Hot Springs
and several other northern Nevada geothermal areas. The sulfate-water geo-
thermometry has been presented in comparative studies by Nehring and others
(1979) and Nehring and Mariner (1979). Heat-flow studies by Sass, Lachen-
bruch, Munroe, Greene, and Moses (1976), Sass, and others (1977), and Olmsted,
Glancy, Harrill, Rush, and VanDenburgh (1975) show the local heat-flow picture
in the southern Grass Valley area.

A variety of geophysical techniques has been used in examining the south-
ern Grass Valley to evaluate the techniques themselves in a Basin and Range
setting and to examine the southern Grass Valley area in particular. The
present interpretation has relied on the results of these investigations. For
example, seismic-reflections profiling has been useful in delineating major
faults, some of which extend into bedrock (Majer, 1978). These major faults,
which may provide the primary avenues for deep fluid circulation, appear to be
primarily on the eastern side of the basin. Interpretation of gravity data
reveals a much steeper gradient on the eastern side of the basin (Goldstein
and Paulson, 1977), with a northwest-trending trough immediately west of the
springs. Meidav and Tonani (1975) noted that thermal-spring activity is most
often associated with the eastern side of basins in the Basin and Range.
province; the eastern sides generally have the steeper gravity gradients,
which is true in Grass Valley.

Geophysical studies in the vicinity of Leach Hot Springs indicate the
presence of significant silica deposits beneath the spring area. Interpreta-
tion of the gravity data indicates excess mass, which is consistent with

densification due to silicification (Goldstein and Paulson, 1977). Advanced



seismic P-wave arrival times and variations of frequency content in the
seismic signal indicate that the silicified zone has a relatively small
lateral extent but extends to an appreciable depth (Beyer and others, 1976;
Majer 1978). Although microearthquakes of tectonic origin were not detected in
the immediate vicinity of Leach Hot Springs, a very shallow source of seismic
noise was detected which may be related to near-surface boiling (Liaw, 1977).

Several earlier papers discuss temperature and heat flow in southern
Grass Valley or in the surrounding region. Sass, Lachenbruch, Munroe, Greene,
and Moses (1971, p. 6407-6411) described regional heat flow in the Basin and
Range province and first described the Battle Mountain (heat-flow) high,
which includes southern Grass Valley. Their interpretations were necessarily
generalized and tentative because of scanty data, but the general heat-flow
pattern has been corroborated by more recent measurements. Among the data that
helped to define the Battle Mountain high were corrected heat-flow values of
3.5 and 4.0 heat-flow units (hfu) determined in two wells in Panther Canyon in
the southeastern part of the present study area (Sass and others, 1971, p.
6393, table 8). Coincidentally, the mean heat flow in these two holes, 3.8
hfu, is the same as the value estimated in the present study for the entire
budget area in southern Grass Valley.

Olmsted, Glancy, Harrill, Rush, and VanDenburgh (1975, p. 193-204) defined
the pattern of the shallow (0-50 m) subsurface temperature and heat flow in the
Leach Hot Springs area and estimated the discharge of heat and water from
the hydrothermal-discharge system. They concluded (p. 205-206) that the
conductive heat flow in valley fill outside the Leach Hot Springs thermal
anomaly is perhaps no more than 2 hfu, that the spring discharge represents
thermal water which has risen along a steeply inclined conduit system or

systems associated with the Leach Hot Springs fault, and that most of the



thermal water emerges at the springs rather than leaking from the conduit
system Taterally into shallow aquifers.

Sass and others (1977) defined the distribution of heat flow in southern
Grass Valley on the basis data from of 82 test wells, most of which were
drilled in cooperation with Lawrence Berkeley Laboratory and were outside the
Leach Hot Springs thermal anomaly. They calculated a heat budget for southern
Grass Valley which supported earlier inferences of high heat flow and the

occurrence of the Battle Mountain high.



Numbering System for Wells and Springs

In this investigation, wells and springs are assigned numbers according
to the rectangular system of subdividing public lands, referred to the Mount
Diablo baseline and meridian. The first two elements of the number, separated
by a slash, are, respectively, the township (north) and range (east); the
third element, separated from the second by a hyphen, indicates the section
number; and the lowercase letters following the section number indicate
the successive quadrant subdivisions of the section. The letters, a, b, ¢,
and d designate, respectively, the northeast, northwest, southwest, and
southeast quadrants as shown in figure 1. Where more than one well or spring
is catalogued within the smallest designated quadrant, the last lowercase
letter is followed by a numeral that designates the order in which the feature
was catalogued during the investigation. For example, well number 32/23-
25bdb1 designates the first well recorded in the NW 1/4 SE 1/4 NW 1/4 section
25, T. 32 N., R. 23 E., Mount Diablo baseline and meridian.

In addition to the location numbers, test wells in the study area have
been assigned a combination of letter(s) and number(s)as in table 1. Several
sets of wells have been drilled for the U.S. Geological Survey and Lawrence
Berkeley Laboratory with different letter designations being used to dis-
tinguish the various sets. The wells assigned the capital letters GVDH were
drilled for the Geological Survey indicating that the wells are located in the
Grass Valley area and are drilled wells (hydraulic rotary was used). The
construction of the first 11 wells is discussed by Olmsted, Glancy, Harrill,
Rush, and Van Denburgh (1975). Six additional wells were drilled by the U.S.
Bureau of Reclamation in the spring of 1975 for the Geological Survey. Three
of the holes were constructed for the collection of heat-flow data by capping

the bottom of the casing and filling it with water and the other three wells
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TABLE 1 -- Data for wells and test wells in southern Grass Valley

3/

Name Height of Nominal
of measuring ins ide Geophysical Other
test Locatfon  Latitude Llogitude Altitude of point above Depth of screen diameter Type of logs ,, datp
well  number north west land surface Yand surface or cap at bottom  of casing  completion = available & available =
n m ft m ft mn in .
OH1  33/38- ldbc 40 3515 117 39 10 1,406.835 0.152 0.52 44 .42 145.7- 51 2.00 P,S¢ G.GZ.N.T L.V
44.88 147.2
DH2  32/39-30acc 40 37 11 117 38 02 1,469 0.457 1.50 50.05 164.2 51 2.00 f,C G.GZ,N,T L
DH3 -31cbb 40 36 13 117 38 29 1,455,252 0.610 2.00 49.98 164.0 51 2.00 P,C Gigi(i), L
. N(2).
OH4  32/38-25ddc 40 36 43 117 38 45 1,429.4 0.610 2.00 49.83 163.83 51 2.00 ?,C G.GZ,N.‘ L
OHS  32/39-31cad 40 3 08 117 38 03 1,482 0.914 ' 3.00 27.13 89.0 51 2.00 P,C G,GZ,N,T ) L
DH6  31/38- laac 40 35 41 117 38 53 1,425.956 0.914 3.00 44,38~ 165.5- 38 1.50 St,Sc G,GZ.N.T LW
44 .84 147.1
DH7  32/38-25ccd 40 36 43 117 39 35 1,395.932 0.524 1.72 50.44 165.44 51 2.00 P,Sc G,GZ,N,T LW
DH8 -35dba 40 35 59 117 39 04 1,394.2 0.914 3.00 44.56- 146.2 38 1.50 St,Sc B,Gz.u.‘ LW
OH9 ~  -36dcb 40 35 39 117 39 40  1,417.146 0.914  3.00 44.56- 146.2- 3B  1.50 st,Sc 6,62,N,T LW
. 45.2 147.7
DH10 -36ada 40 36 24 117 38 44 1,429.573 0.610 2.00 16.38- 53.6 8 '1.50 St,Sc 6,7 LW
. . 16.79 55.1
OH11 -36bdb 40 36 22 117 39 20 1,400.608 0.853 2.80 44 .35- 145.5- k' } 1.50 St,Sc G,GZ,N.R,T LW
1.8  147.0 : :
DH12 31/38- 1bdd 40 35 40 117 39 29 "1,401.172 0.518 1.70 44.18- 145.0- 51 2.00 P,S5¢ G.GZ,N,T LW
44.64 146.5 :
DH13A 32/38-36daal 40 36 13 117 38 44 1,440.244 0.610 2.00 51.37- 168.5- 51 2.00 P,S5c T L}
52.28 171.5
0OH138 -36daa2 40 36 13 117 38 44 1,440.244 d.607 1.99 41.43 : 135.9 32 1.25 st,C,c T
DH14A -36abbl 40 36 34 117 39 02 1.415.186 0.305 45.00- . 147.6- 51 2.00 P.Sc LW

1.00

6.62.N.T
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TABLE 1 -- Data for wells and test wells in southern Grass Valley (Continued)

Name Height of Nominal
of measuring inside Geophysical Other
test Location Latitude Logitude Altitude of point above Depth of screen di ameter Type of v Togs 2/ data 3/
well number north west land surface land surface or cap at bottom of casim‘) completion = avatlable =’ avallable =
m m ft m ft mm n
DH148 -36abb2 40 36 34 117 39 02 1,415.186 0.302 0.99 32.07 105.2 51 2.00 P,C T
DH15 32//39-31ccd 40 35 53. 117 38 26 1,455 0.594 1.95 44.39 145.6 51 2.00 P,C G.GZ,N.T L
QH1A 32/39-31bbbl 40 36 38 117 38 26 1,446.023 0.101 0.33 137.15 449.67 32 1.25 st.C,c R.T,G.Gz,n.T I..Cs
QH18 -31bbb2 40 36 3 117 38 26 1,446.023 0.152 0.50 152.4-4, 500 4/ 38 1.50 §t,Sc,c W
(32.9)-" (108)-
QHiC - -31bbb3 40 36 38 117 38 26 1,446.023 0.128 0.42 25.20- 82.68- 35 1.0 . St,Sc l.il.cs
25.66 84.19 . .
QH2A 32/39-19dbal 40 37 59 117 37 48 1,490° -0.085 -0.28 134.00 441.27 3R 1.25 St,C,c n,r.s.az.u L.c‘
QH28 -19dba2 40 37 59 117 37 40 1,490 -0.061 -0.2 152.92- 501.71- 38 1.50 St,Sc,c
153.38 503.22
QH3A 31/38-14acdl 40 33 42 117 40 07 1,434.38 0.093 0.305 140.12 459.71 32 1.25 st,C,c a.r.s.ez.u L.cs
QH3B -l4acd 40 33 42 117 40 07 1,434.74 0.258 0.845 153.82 504.66 38 1.50 st,C.c R.T.G,Gz.ﬂ { N+
QH3C ~-14acd3 40-33 42 117 40 07 1,434,74 0.401 1.316 63.45- 208.17 38 1.50 St,Sc ]
63.91 209.68
QH3D -14acd4 40 32 37 117 42 40 1,434.74 1.307 4.289 , 408.7-4/1,340~ 4/ st R.T.G,Gz.@ L.Cs
. (410.2=" (1,345)~
QH4A 31/38-22caal 40 32 40 117 42 40 1,519 0.168 0.55 123.58 405.45 32 1.25 st,C,c R.T.G.Gz.ﬂ I..Cs
QH4B -22caa2 40 32 39 117 42 40 1,519 0.290 0.95 127.27- 417.55 38 1.50 St,Sc,c |}
127.73 419.06
QHSA 32/38-14accl 40 38 53 117 40 14 1,390.93 0.396 1.30 130 425 2 1.2% st,C,c R,7,6 L.Cs
Q58 -l4acc2 40 38 53 117 40 14 1,390.933 1.193 3.62 130 425 51 2.0 P.Sc.c w,C
QH6A 32/38-21adal 40 38 11 117 42 11 1,378.234 0.457 1.50 55 180 32 1.25 $t,S,c R, 7,6 L.Cs
QH68 -2lada2 40 38 11 117 42 11 1,379 1.15 55 180 51 2.0 P,Sc,c * u,C

0.351
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TABLE 1 -- Data for wells and test wells in southern Grass Valley (Continued)
Kame Height of Nominal
of A measur ing inside Geophysical Other
Sl i el amees mEder  bendgm o Swn DO B ey
m m ft m ft m in
QH7A 31/38-3aacl 40 35 41 117 41 08 1,396.530 0.427 1.40 75 245 2 . 1.2 st,C,c R,T,6 I.,Cs
qu7s 4 -3aac2 40 35 41 117 41 08 1,396.530 0.792 2.60 75 245 51 2.00 P,Sc,c W,C
QHBA 31/39-7aaal 40 35 55 117 37 25 1,478.264 0.762 2.50 50 165 32 1.2% st,C,c R,T,6 L.CSE
QH8B -7Taaal 40 34 55 117 37 25 1,478.264 0.088 0.29 50 165 51 2.00 P,Sc,c W
QH9A 31/39-17abcl 40 33 55 117 36 41 1,478.554 0.702 2.60 91 300 32 1.2% St,C,c R, 7,6 l.,Cs
QH98 . -17abc2 40 33 55 117 36 44 1,478.554 0.972 3.19 91 300 sl 2.00 P,Sc,c R,T,6 L,Cs
QH11A 31/38-16acal 40 33 51 117 42 29 1,484 0.582 ©1.91 55 182 . 32 1.2% st,C,c R.T,G I.,Cs
QHl118 -16aca2 40 33 51 117 42 29 1,481 0.396 1.30 55 182 51 2.00 P,Sc,c W
QH12A 31/39-34babl 40 31 23 117 34 49 1,512 0.396 1.30 53 173 32 1.25 st,C,c R,T,6 - L,Cs‘
QH128 -34bab2 40 31 23 117 34 49 1,512 0.600 1.97 53 173 51 2.00 P,Sc,e ) L]
Q1 32/38-26bba 40 37 31 117 40 42 1,385.6 .30 1.0 188 Y, 617 8/ 32 1.25 st,C,c G.GZ,N,I.R l.Cs.H
. (61.0)= (200)-
Q2 31/39-12daa 40 34 25 117 38 25 1,419 ) 162 532 32 1.25 ) 'st,C,¢ G.GZ,N.T.R L;Cs
Q3 31/39-28aad” 40 32 16 117 35 15 1,491 . 175 575 32 1.25 St,C,c : G.GZ.N:T,R L,Cs
Q4 31/38-24ccd 40 37 36 117 39 35 1,403 66 215 . 51 2.00 P,C R,T,6 L.Cs
Qs 32/39-30bba 40 37 31 117.38 19 1,454 107 350 51 2.00 P,C R,7,6 L.Cs
qé 32/38-29bba 40 37 27 117 34 12 1,393 .61 2.0 59 Y, 195 8/ 51 2.00 P.C R,7,6 L.Cs
. (45.7)=" (150)~
Q7 31/38-4dab 40 3517 11742 10 1,402 . 75< 245 51 2.00 p.C R,7,6 . L.Cs
Q8 31/38-8aac 40 34 47 117 43 22 1,437 o 75 245 - 51 2.00 P,C R,7,6 . L.Cs
Q9 31/38-10dcc 40 34 12 117 41 22 1,438 . 58 190 51 2.00 p.C R,7,6 . L,C
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TABLE 1 -- Data for wells and test uell§ in southern Grass Valley (Continued)

Name Height of Nominal
of measuring inside Geophysical Other
test Location Latitude Logitude Altitude of point above Depth of screen di ameter Type of Y logs / data 3/
well number north west land surface land surface or cap at bottom of casing completion = available = -available =
m m ft n ft mn in

Q10  31/38-12cdc 40 34 07 117 39 28 1,643 56 185 51 2.00 P,C R,T,6 L,Cs
Q11 31/38-l4ccc 40 33 18 117 40 34 1,466 a3 272 51 2.00 P,C R,7,6 L.Cs
Q12 31/38-23dca 40 32 32 117 40 05 1,463 67 230 51 2.00 pP,C R,T,6 LC
Q13 31/32-24ddd 40 32 22 117 38 38 1,436 101 330 51 2.00 P,C R,T,6 L.Cs
Q14 '3113§-Z9bbb 40 32 15 117 37 19 1,447 87 285 51 2.00 p,C R,T,6 L,Cs
Q15 31/39-28bcb 40 32 09 117 36 23 1,465 53 175 51 2.06 P,C R,T,G L.Cs
qQle 31/3§~21dcb 40 32 34 117 35 43 1,496 82 270 51 2.00 p,C R,T,6 L.Cg
Q17 31/39-27acc 40 31 55 117 34 28 1,527 76 250 51 2.00 p,C R,T,6 L.Cs
Q18 32/36-18aba 40 39 10 117 934 37 1,375 64 210 51 2.00 p,C R,T,G - L.C;
Q19  32/38-34bbd 40 36 34 117 41 36 1,389 59 195 51 2,00 PC, R,T,6 ) L.Cs
Q20 31/3&-2dcc .40 ;{ 56 117 40 12 1,405 12 235 51 2.00 p,C R,T,6 . L
Q21 31/38113cdd 40 33 12 117 39 12 1,433 &4 at 51 2.00 P,C R,T,6 L.Cg

© Q22 - 31/39-20bbc 40 33 14 117 37 24 1.442_ 49 160 51 2.00 P,C R,T,6. . L.Cs
Q23 31/39-6cca 403509 117 3819 1,433.5 152 500 51 2.00 .St,c,f T L
Q24 31/39-35caa 40 31 00 117 33 29 1,518 152 500 51 2.00 st,C,c T t
QH13A 31/31-22abdl 40 33 00 117 34 25 1,548 - 0.503 1.65 55 180 32 1.25 st,C,c R,T,6 L.C,
QH138 -22abd2 40 33 00- 117 34 25 1,548 0.488 1.60 55 180 81 2.00 P,C,c W,C
QHl4A 32/38-32dbdl 40 36 16 117 43 39 1,407 0.213 0.70 85 280 32 1.25 st,C,c R,T,6¢ L,CS,C
QH148 -32dbb2 40 36 16 . 117 43 39 1,616 0.216 0.1l 85 280 51 2.00 P,Sc,c L}
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TABLE 1 -- Data for wells and test wells in southern Grass Valley (Continuec)

. .

Name Height of Nominal

of measuring inside Geophysical Other
test Location Latitude logitude Altitude of point above Depth of screen diameter Type of 1/ logs 2/ data 3/
well  number north west land surface land surface or cap at bottom  of casing  completion = available available =
m m ft m ft m . in

 § R 403350 117 40 52 1,440.2 ———— e -- .- e eeee p,C T ———-
7 J— 403348 117 4019  1,433.5 ———— - -—- -- ———— e P,C T -
13 e-e-- 03340 177 4019 1,439.3  =eee- --- --- - S X T —---
73 R 403211 1173428  1,500.3 = =e-e- -—- - - S P,C T -
122 eceen 403108 1173508  1,510.4  e=ee- — e - S X T —--
X S 40 34 51 117 39 24 1,408.5 ———— e .- - e e P.C T ——-
7Y 403822 1173942  1,415.2 ——— e . ee  eeee eeee P.C T —
125  eeee- 403309 1174029  1,461.9 = e=ae- --- .- - ce—e eemm P.C T -
126  ==-ne 403318 117395  1,4841.7  ee--- - -—- - —.——— emee P.C T ———-
77 Z—— 403800 1174428  1,387.8 c——e me- - - c.ee eee- P.C o T -
T28 cee-= - 40 38 44 117 44 45  1,380.4 ——— - --- - ———— ee P,C T —
T29 -e-em - 403842 1174527  -=e-- S, --- - T X T -—--
T30 ' ceoee | 403913 117 4528 --me- c o eeme- - - -- e i P,C T ———-
131 ----- 40 39 04 117 44 01 1,374.0  ceee- .= - .- csee  emem P,C T m——-
G2 32/38-26acb 40 37 14 117 39 59 1,396.3  ee-a- ——- 152.4 500 .> 38 1.50 st,C T ———-
63 32/39-29dcc 40 37 09 117 37 23 1,521.3 cemm- .—- 152.4 500 38 1.50 st,C T cee-
G4 32/38-35bcd 40 35 57 117 40 17 1,397.8  ~eee- == 152.4 500 38 1.50  st,C T ———-
G5a 32/39-32dbd 40 36 25 117 37 07 1,536.6  =e--- --- 152.4 500 25 1.00 st,C T .eee
G7 32/39-32dbd 40 36 25 117 37 07 1,536.6 .emee -—- 152.4 ‘500 ’ 25 1.00 st,C T -——-
68 31/39-8dda 40 34 52 117 37 15 1,493.9  e-e-- --- ° 152.4 500 38 1.50 st.C T —eee
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TABLE 1 -- Data for wells and test wells in southern Grass Valley (Continued)

Name Height of Nominal

of measuring inside . Geophysical Other
test Location Latitude Logitude Altitude of point above Depth of screen diameter Type of Y logs 2/ data 3/
well number north west land surface . land surface or cap at bottom of casing completion < available = available =~
m m ft m ft mm in
69  31/39-14cda 40 33 32 117 33 46 1,603.6  ----- --- 134.1 440 38 1.50 St,C T —eee
G10 31/39-20aad 40 33 03 117 36 25 1,469.5 = --we- - 152.4 500 38 1.50 st,C T omee
Gl1  31/39-29acd 40 32 01 117 36 49 1,457.3 eeee- - 152.4 500 38 1.50 St, C T .-
G612  31/39-28cba 40 31 36 117 35 42 1,487.8 ——-ee .- 152.4 500 38 1.50 St,C T ceee
613  31/39-33bac 40 30 50 117 35 19 1,503.0 = ----- -— 146.3 480 k}:} 1.50 st,C T —--
G14 30/39-4dcc 40 30 11 117 36 16 1,481.7  eee-e --- 152.4 500 38 1.50 St,C T ————
615 30/39-3caa 40 30 02 117 34 43 1,512.1 ----- - 152.4 500 38 1.50 St,C T .-e-
G105 31/39-6bcc 40 35 30 117 38 31 1,436.9  ----- -- 352.1 (115 ., Sl 2.00 st,C T LW
(139.3)=" (457)-
G106 31/39-18caa 40 33 33 117 38 02 1,433.4 B - 454.8 1,492 = sl 2.00 St,C T L
G108 51/39-27caa 40 31 48 117 34 32 1,525.0  w-ee- - 448.1 1,470 51 2.00 st,C ¢ T LW
L { J—— 40 33 33 117 40 13 1,442.3 ————- - - - -- - P.C T c——-
15 mmem- 40 33 35 117 39 52 1,435.0 . ----- .- ——- .o - e b,c ] ———-
T6  ----- 40 33 53 117 39 59 1,428.3  ----- - .- .- = eeea . pC T —em-
T eeeee 40 33 22 11739 28 1,434.7 -eee- e - — - - P.C T -
8 ceeem 03212 117365  1,41.8 ———— e e e B X T -
| J— 40 32 10 117 36 36 1,463.4  -e--e - .- .- - - P,C T -
15 (- 40 32 05 117 35 49 1,487.8 S - - - - P,C T . -
Tl ee--- 40 32 01 117 35 15 1,500.9  e--e- .- .- -—e - —ce- P,C T . ceen
T12  ~---- 40 31 57 117 34 51 1,512.88 ----- --- --- --- - cee- p,C T ———-
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1 -- Data for wells and test wells in southern Grass Valley (Continued)

TABLE
Name Height of Nominal
of measuring inside Geophysical Other
test Location Latitude Logitude Altitude of point above Depth of screen diameter Type of 1/ logs / data 3
well number north west land surface land surface or cap at bottom of casing completion = available £ .available &
m m ft m ft mm in
713  emee- 40 31 63 117 34 08 1,546.4  e-e-s ceeee - -—- -- ———- P,C T -—=-
T14  --e-- 40 33 15 117 34 00 1,673.2 eesem eeeee - -—- -- = p,C T D
T15 ee-e- 40 32 50 117 35 01 1,523.5 = eeeee mmee- -- - - ———— P,C T .—e-
T16  ==--- 40 32 53 117 36 09 1,487.2 eeeme emaee -- ——- - ——- P,C T “===
T17  +e--- 40 32 25 117 35 29 1,498.2  ~meem emeas - -—- -~ ~——- P,C T -——-
T18  ==m-- 40 31 32- 117 34 16 1,837.5 ~-=-- R - - - ———— P,C T c——-
T19  ece-- 40 31 32 117 34 16 1,537.5 m——ee meea- - -—- - -——- P,C T ———-
T20  ~=--- 40 31 30 117 34 35 1,519.8 cemen eeme- -- —— - ———- P,C T  eeea-
ATtitude of Nominal Other
Location Latitude Longitude land Altitude of Depth of wel) inside diameter data Description
Name of well number north west surface measuring point or perforation of casing avail- of well
m m ft m ft mm in able
Goldbanks
~windmill 30/39-16abb 40 29 20 117 35 51 ————— 1,475.695 4,841.46 ---- N ———— W Windmill
Mine well {old) 31/39- 4ccc 40 33 12 117 23 58 ——— 1,562 5,125 —— —. ee- ———- W ' Engine, Pump
------ 31/38-26abb 40 32 14 117 40 12 1,473 1,473 4,831 - 60 117 153 6.00 W Abandoned
: windmill
Quicksilver : .
windmill 31/38-34ada 40 31 10 117 40 50  ----- 1,406 4,875 -———- N -——- W Windmill
Mine well (new) 31/39-27bbb 40 32 17 117 35 00 ----- 1,503 4,931 ———- = - ———- W  Engine, pump
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TABLE 1 -- Data for wells and

test wells in southern Grass Valley (Ccntinued)

Altitude of Nominal Other

Location Latitude Longitude land Altitude of Depth of well inside diameter data Description

Name of well number north west surface measuring point or perforation of casing avails of well
m m ft m ft mn in able .

Mud Springs Irrigation,
ranch (new) 31/39-29dcc 40 31 28 117 36 47  ----- 1,460.781 4,792.53 90.2 296 406 16.00 W engine, pump
Mud Springs Irrigation,
Ranch (o1d) 31/39-32abc 40 31 18 117 36 48 1,460 1,460.403 4,791.29 ---- .= eee eemea W engine, pump
Turner .32/38-18acc 40 38 54 117 44 54  ----- 1,378 4,521 38.1 125 153 6.00 W Windmill
----- ' 32/38-33bec 40 36 15 117 43 06 1,378 1,431 - 4,695 -—— —— === | mememeenn
Hot Springs - ;
Ranch 32/38-36¢cba 40 36 12 117 39 28 1,397.139 1,397.766 4,585.71 24.4- 90- 305 12 W Irrigation

Footnotes:

v St, galvanized-steel pipe; P, polyvinyl chloride (PVC) pipe; Sc, screen or wellpoint at bottom; C, capped at bottom and filled with water; c,
cement seal in annulus (all other holes sealed with drill cuttings and/or surface materials).

o G, natural gamma log; GZ’ gamma-gamma (density) log; N, neutron log; T, temperature log; R, resistivity log.

3

(qQl, Q6, G105, 6108).

L, lithologic log; W, water level measurements; T

LJ Wells were initally capped. The value in

P

, temperature profile; C, chemical analysis of water; Cs, core sample (s).

parentheses indicates the depth to perforations which were shot im June 1977 (QH3D, QH1B) May 1980.



were fitted with well points. A T-prefix was assigned to a series of shallower
wells (15-18 m) drilled to help define the detail around known anomalies and
isolated deeper holes Several wells have also been drilled for Sunoco Energy
Development Co. by Geotherm Ex Inc. as part of a geothermal exploration effort
--these wells have been given an "G" prefix.

Conversion of Units

The metric system is used throughout this report, although some of the
original measurements and data were reported in inch-pound units. Thermal
parameters are given in the more familiar "working units" rather than in the
now-standard SI (Systeme Internationale) units. Table 2 Tists metric and
equivalent inch-pound units, and "working units" and equivalent SI units for

the thermal parameters.

20



TABLE 2.-- Conversion factors between units.

Metric units Inch-pound units
Length
millimeter (mm) = 3.937 x 1072 inch (in)
meter (m) = 3.281 feet (ft)
kilometer = .6241 mile (mi)
Area
centimeter 2 (cmz) = .1550 inch2 (inz)
meter? (m?) - 10.76  feet®  (ft?)
hectare (ha) = 2.471 acres
Kilometer? (km2) = 247.1 acres
- .3861 mite?  (mi%)
Volume
centimeters (cm3) = 6.102 x 102 inch’ (in3)
lTiter (L) = 2646 gallon  (gal)
- 3.531 x 102 foot3 (ft3)
meter3 = 35.31 feet3 (ft3)
= 8.107 x 10™% acre-foot (ac-ft)
hectometers (hm3) = 8.107 «x 102 acre-feet (ac-ft)
kilometers (km3) = .2399 mi]e3 (mi3)
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TABLE 2.-- Conversion factors between units (Continued).

Metric units Inch-pound units

Flow

liter per second (L/s) 15.85 gallons per minute (gal/min)

25.58 acre-feet per year (ac-ft/yr)

per year (hm3/yr) = 8.107 x 102 acre-feet per year
(ac-ft/yr)

hectometer3

7.938 x 103 pounds per hour (1b/hr)

kilogram per second (kg/s)

Mass
gram (g) = 3.528 x 1072 ounce (0z)
kilogram (kg) = 2.205 pounds (1b)
Density
grams per centimeter3 (g/cm3) = 62.43 pounds per foot3 (1b/ft3)
Pressure
bar = 14 .50 pounds per square inch (psi)
Temperature
degrees Celsius (°C) = (degrees Fahrenheit -32) +1.8
(°F - 32)+1.8
Permeability
micrometer2 @sz) = 18.4 gallons per day per foot2 @ 60°F

(gal/day x ft2 @ 60°F)

22



TABLE 2.-- Conversion factors between units (Continued).

Metric units Inch-pound units

Thermal parameters

Working units International system of units (SI units)

Thermal conductivity

thermal conductivity unit (tcu) = 41.87 milliwatts per meter x degree
(mcal/em x s x °C) kelvin (mW/m x °K)

Heat capacity

calories per gram x degree Celsius = 4.187 joules per gram x degree kelvin
(cal/g x °C) (3/g9 x °K)

Heat flow

heat flow units (hfu) 41.87 milliwatts per meter2
(u ca]/cm2 X s) (mW/mZ)

Energy

calorie (cal) 4.187 joules (J)

kilocalorie (kcal) 4,187 joules (J)

Heat discharge

calorie per second (cal/s) = 4.187 watts (w)

23



HYDROGEOLOGIC FRAMEWORK

Location and Physiographic Features

Leach Hot Springs is in southern Grass Valley, approximately 50 km south
of the city of Winnemucca, within a region of active and fossil geothermal
systems (fig. 2). Grass Valley is a fairly typical alluviated basin within the
Basin and Range province. The altitude within the study area varies from
about 1,375 m NVGD (National Vertical Geodetic Datum of 1929) in the valley
floor to about 2,680 m in the southern Sonoma Range to the east. The valley is
bounded by the East Range to the west, the Sonoma Range to the east and the
Table Mountain-Goldbanks Hills area to the southwest. It is bounded on
the north by the Humboldt River and is separated from Pleasant Valley to the
south by a Tow, subtle drainage divide. The mountains consist primarily of
intensely deformed Paleozoic and Mesozoic igneous and metamorphic rocks (pl.
1).

The structural basin has been partly filled with as much as 2 km
of mildly deformed to undeformed volcanic rocks and consolidated to semicon-
solidated sedimentary rocks. Leach Hot Springs is at the base of a prominent
fault scarp. The fault is part of a complex system along which large aggregate
displacement has occurred. Other important features of southern Grass Valley
include Spaulding and Sheep Ranch Canyons, which appear to provide significant
ground-water recharge, and Panther Canyon, the site of a thermal anomaly.

The rock units in the southern Grass Valley area have been described
by Johnson (1977), Noble (1975a), and in the vicinity of Leach Hot Springs
by Olmsted, Glancy, Harrill, Rush and VanDenburgh (1975). The following
description of the units and geologic structure has been derived primarily

from these sources.
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FIGURE 2. -- Index map showing location of study area. Inset map upper in
the upper left corner shows the leading edge of the Roberts
Mountain thrust with sawteeth on the upper plate, and the
outline of Pershing County. Outline of mountain ranges based

on 5,000 ft land-surface contour.
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Rock Units and Physical Properties of Rocks and Deposits

The physical and chemical characteristics of the rock materials in south-
ern Grass Valley control the flow of fluids and heat as well as the chemical
composition of the ground water. A basic knowledge of the geology of the
study area is therefore required in order to understand the geothermal system
and its relationship to the shallower ground-water system. The general
hydrologic and physical properties of the rocks exposed in the area are
summarized in table 3, and the results of laboratory measurements made
on core samples are presented in table 4. The areal distribution of the
mapped rock units is shown on plate 1.

The pre-Tertiary rocks in the southern Grass Valley are lithologically
inhomogeneous, structurally complex, and, slightly to moderately metamorphosed.
Secondary permeability resulting from fractures and also from dissolution
of the carbonate rocks probably controls most ground-water flow in these
rocks. Large-scale, interbasin movement of ground water through thick
sequences of Paleozoic carbonate rocks in the southern Great Basin has been
demonstrated by Winograd and Friedman (1972) and Winograd and Pearson (1976).
Thus, the possibility of interbasin flow in carbonate rocké should be evalu-
ated. The thick carbonate assemblage exposed east and south of the study area
represents miogeosynclinal deposition with contemporaneous eugeosynclinal
deposition to the west. Although subsequent eastward movement of the eugeo-
synclinal rocks along the Roberts Mountain thrust (fig. 2) has concealed thick
sequences of miogeosynclinal carbonate rocks in parts of central Nevada, some
windows exist which suggest that a transitional facies composed of a rela-

tively minor amount of carbonate rock types is present beneath the

26



L3

TAME 3 ~-- Physical and hydrologic propertics of rock units

Other physica) properties

Y, Degree of deformation -  Location Electrical 2/ Saturat. 3/ Thermal
Geologic unit Rock types~ and lithification od extent Hydrologic Characteristics resistivity = bulk density = conductivity
(ohm - meters) (teu)
Cenozoic
erathea
Unconsolidated Relatitely undisturbed Laterally Generally low hydraulic
Quarternary fluvial deposits except nesr zone of extens fve conduct fyity with s low Mean of 22 Mean of 10
alluvium ranging’ from active faulting along fa the basin horfzonta) to vertical values 2.0 values 3.04
gravel to siit the margins of the permeability ratio due standard
and clay. val ley, to dominately horizontal deviation
stratification. 0.63
Primarily poorly Unconsolidated except Porosities vary from
sorted with local vhere hydrodthermal woderate to high
silicification. activity has caused values.
silicification.
Coarse to fine Only minor ex- Terrestial sands Mean of 2 Mean of 49
Quarternary gnlned sediments posures along claystone, values 1.58 values 3.98
Tertiary ncluding tuff the western base and arkoso standard
alluvium and volcanic of the Sonoma 15-50 * deviation
clastics range Laterally 0.71
extens ive beneath
Simliconsolidated the younger
deposits rangi alluvium. Similar to the overlyi
from ash and tuff alluvium uith somewha
and tuffaceous Minor exposures lower permeabilities and *
. sands to mudstone are present in  porosities due to compac-
Tertiary and silitstone. the Goldbanks tion and lithification,
sediments Primarily poorly area. Probably Minor vertical fracturing
sorted fanglo- laterlly exten- may allow greater vertical
moerates which sive beneath ground-water movement,
haye undergone the younger
local silicifica- Locally these deposts have sediments.
tion. been faulted, and eroded
after deposition,
A large part of the
Goldbanks ares is wsn of 3
Tertfary capped by relatively 10-200 values 2.61
volcanics Qark vestcular undisturbed basalt standard
olivine basalt and a minor exposure : diviation
flows and shal- fs present 1.5 kn . . o
low §ntrusive southeast of Leach
rhyolite. Hot Springs. Oaly
minor exposures of
rhyolite are present
fn the Sonoma Range.
Mesozic
erathem
Jurassic .
grandiorite Grandiorite Occurs as scattered Low primary porosity 500-2,000 6.2-8.3
outcrops In the and permeability
East and Sonoma . due to fracturt

ranges

and solut fon cavit-
fes in the carbon-
ates.
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TABLE 3 -- Physical and hydrologic properties of rock units {Continued),

Other physical) properties

" Degree of deformation Location Electrical 2 Saturated 3/ Thermal
geologic unit Rock types=~ and lithification and extent Hydrologic Characteristics resistivity & bulk density conduct fvity
{ohm - meters) {tcu)
’
Winnemuccs and {imestone,dolo- Minor exposures Vertical fractures Limestone Limestone . Limestone
Dun Glen mite, sand- are present on allow downward and dolo- 2.58 -2.72 4.7-7.1
Format fons stone, and the eastern flank movement of ground = wite 100- Dolomite Dolomite
fine-grained Extensively folded of the central water which may be 10,000 2.717-2.80 9.6-12.0
clastic rocks. and faulted due East Range, at least partially Sands tone Quartzite
to several periods responsible for re- 2.17-2.70 14.2-17.0-
of tectonism, charging the geo- Shale Sandstone
Grass Valley Mudstone and . v thermal system. 2.06-2.66 3.5-10.2
Formation fine-grained Metamorphism ranges A moderately large . Shale
sandstone from Jow grade to outcrop is pres- Extensional faulting Marine sand, 3.0-6.9
locally high grade ent in the East apparently creates shale and
near intrusive Range west of zones of relatively  graywacke
Triassic Met amorphosed contacts. Leach Hot Springs high permeability 5-20
meta- limestone and Volcanic rocks
sedimentary shale .
rocks Terrestrial .
sand,
claystone,
Nachez Pass Limestone, dolo- Minor exposures are md arkose
and Pride mite, siltsone, present in the 25-100
Formations and sandstone central East Range
Kiopato 6roup Altered porphy- Occurs as scattered
ritic andesite outcrops in
rhyolite, and Goldbanks Hills,
tuftaceous sed- East and Sonoma
imentary rocks. Ranges .
Triassic Fine- to medium One outcrop occures 2.52-2.81 6.2-9.0
leucogranite grained granite Goldbanks Hills
Fal::xolc
erathem
artzite, chert, Major parts of Limestone and Typical values
Havallah quar;HHie, Time- Goldbanks Hills, dolomite given sbove
formation stone, sandstone, and the southern 10,000-
and greenstone Sonoma and Tobin 100,000
Ranges. Marine sand
shale, :
P roickle Greenstone , dark- graywacke
Fmtlon gray chert, quartzite, . 40-200
and argillite with, Terrestrial
minor sandstone ’:'l.:;;tone
i .
and limestone Clarsione.
100-500 .
sk i Sandstone conglom- Moderately Yarge
ggma‘:mn erate, quargzlte. area in the west-
sandy silistone, central East Range
and thin Himestone
alm Argtllite, chert, Large outcroo area
gom:ﬁon 3reenstone. and in the East Range
vitreous quartzite .
Harmony Feldspathic quartz, Minor outcrop east
Formatfon sandstone, and of Spaulding

conglomerate with
lesser amounts of
argillaceous rocks
and )imestone

canyon and a larger
outcrop in the central

Sonoma Range




TABLE 3 -- Physical and hydrologic properties of rock units (Continued).

Footnotes:

1/ From Johnson (1977).

2/ Typical electrical resistivity values are for water-bearing rock types
from Keller (1966).

3/ The saturated bulk density data are typical values from Daly and others
(1966) for all pre-Cenozoic rock types. A1l other values are from the
data given in table 2.

&/ The thermal conductivity data are typical values for the rock types from
Clark (1966) for all pre-Cenozoic rocks with values determined at 20°C
on dry samples. All other values are from saturated samples collected dur-
ing this study. The individual measurements are listed in table 4.
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TABLE 4. -- Physical properties of cores from southern Grass Valley.

[ffec-
tive
poros- Satu- Vertical
ity Thermal rated hpdravlic
Total ot  conduc- bulk Computed conduc-
Soturated Dr{ poros- 2,000 tivity thersal Stand- thersal Wifore-  tivit
Grain bulk bulk  Molsture Moisture Ity pst of conduc- ard  conduc- Computed Medion Sorting ity 8 L4
Depth Lithologic dens ‘"’5’ dersity conteat coatest (per- (per- seolt um{ devi- mn' porosity  stze  Coeffic- Shew- Coeffice (15.5°C)
Well —Tr“‘""'i‘—" description (97ca’) {9/cad) (g/cor’) by welght by volume cent) cent) (tcu)! {tcu)! atfon (tecu)' (percent) (mw) fent ness  Rurtosls  feat {n/d) Formatier
@1 $72-210 $2.2-54.0 Cley and silt, ton; .- .- - P e .- .- - 3.9 e P - .- - - .. o . Qt or Q1
rare pebbles of
Chert and quartzito
. . - . - . Do
207 (18] Hosageneovs clay n .. 1.6 -- - 39.5 .- - - e P .. R
- - - - - - n..
400-4)0 121.9-129.0 Clay and silt, taa; . .- .- e - . - 3.7 - - -
$-20 percent medium :
to coarse sand
0.00 © 4.9 0.28 .- .- . Bo.
408 123.% Lithic graywacke .69 = 1.69 - - .2 - - - - - -
0,02 4.4 0.n .- . P Do.
406 1236 Homogeneous siit .62 .. 1.40 - e 4.6 - - - . -, -
and clay
0.09 29. .87 - - - 0.
408 128.4 Moderately sorted 2.69 1.46 - . 4.7 . - .- T e .- ..
$111 and clay :
. - . P - - De.
$90-992 167.6-168.1 Clay to very fine - - o - - . - 3.9 . . -
sand, tan
0.0 3.3 1.5 o.07 » - 0o
550-95% 167.7-169.2 Mudstone 2.76 1.70 -- - 38.4 .- - -- . - -
. [ X TN | 2.0 - - . e,
$50-655 167.7-169.2 Lithic graywacke 2.67 .2 - . 16.5 - . - . .- .
) . .- - .- - - . Do. -
w2 209-209 62.5-6).6 Conglomerete, 20-60 -- - - - - . - P .04 - . -
percent aatrix of .
ten clay and silt;
11)-sorted
o.2 5.0 o.n 0.08 $25. . De.
208 63.4 Graywacke 2.72 - .- 2.03 .- .. 25.4 .- - - .- - -
- .- P - - .. Do.
402-41) 122.5-128.2 Clay, siit, and - .- -- .- - - . e .M .- - -
“conglomerste,” . .
$-50 percent of
chert, quarteite o
nlmlu'l . 0.02 3.7 0.7% - - .4 3 10°6 8o.
490 - 1.8 Proto quartiite 2.67 - 1.5% - . .. .- . - - .- . .- P - PN - o Do
-3  212-216 B4.6-66.0 Clay, stlt ond - - .. - - - - . “Nn .- - -
“conglonerate”
40-60 percent of
chert, quartzite
pebbles
-3 04 65.2 Mudstone 2.7 -- 1.98 - - W7 .. -~ .- .- - - 0.6 1.2 0.31 0.0 1,060, . Oe.



I€

TABLE 4. -- Physical

properties of cores from southern Grass Valley (Continued).

Lrrec~
tive
pores- Satu- Vertice!
1ty Thermt roted Nydravtic
Total a conduc-  bulk Computed Senduce
Saturated s{ porese 2,000 tivity thermal Stand- thermal Wntfore- Nvag
Grala  bulk bult  Molsture Molsture Ity  psi of conduc- ard  conduc- Computed Medlan Sorting ity ot 60 u
Depth Litholugic mﬂ"; uns:” “MS content  conteat  (per- (per- il tlllt{ devi- u.u' porasity size Coeffic.  Shew. Coeffic- (15.5°C)
vell T T LN description (9/c (s/c {e/¢ ‘ by weight by volume cent) cent) (teu)! (tcu)!  atton (tcu)?  (perceat) () lent ness  Kurtosis fent (»/d)  Forwation
-3 420-420 120.0-130.6 Cloy, siit, and -- - - - - - . e Ln . - . - - - . . - Qsl or QTg
. “conglomerate,*
tome coarse sand
(] 120.4 Grayvacke - - - .- .. - . . - - .. - 0.06 - .s e -a .. De.
- $40-344 164.6-165.9 Congloserate, 11~ . - . - . - - e - .- . . .- - - - - .- Do
serted; pebbles
af cherl, quartzite,
and andesite
s 1.8 Subgraywacte 2.65 - s - - M0 e .. - - - - 0.% - 1. .04 - .- . De.
] 1671 Lithic grapwache 2.66 - .48 - P T T - - - . . 06 28 WO 0.18 8.7 - oo,
Q-0 170-175 51.0-82.3  Clayey sandsione, .n 2.1 (N7} 0.204 0.355 a8 -~ 5.5 3.49 . IR 9.328 . v v - .. - (O]
yellowlsh.brown,
poorly soried
QS0 203-205 61.9-62.5 Clay, slity, and .. - - . .- [T - 1.0 .52 - 5.53 2n - - - P . .. QlgerTs
gravel, poorly
sorted
Q-80 230-281 76.2-76.8 Clay, siity, pebbly, .- .- - - . L . .- 2.69 1.08 — e - e - e - P De.
bult-brown, poarly
sorted N
Q-6  110-11% 233,5-35.0  Gravel (chert), and .- -- - .o . .- - . 433 1.98 - o - oy .. Py - P (Y]
clay, siit, grit; .
and pebbles
187-192 51.9-90.3 Con:;:-nme. very - -- -- - - 3 B % B N1 RTINS 1) 206 - - - - - - Qot or 0Ty
tight
Q-7 106-112 32.)-.1  Clwy, c:m. and fine  2.66  2.12 1.2 .20) o 0387 - - 8l Ly SIN N |} +50) - - - - == - [ 0]
grave .
190-195  $7.9-59.4  Clay, stity ond sendy. 2.69  2.28 2.03 .185 6 200 W63 [N Jd6 4N 20 - - - - - -, Qg or s
190-195  §.9-53.4  Poorly sorted . - - .- -- 2y W) - - - - . .- - - . P P [™%
sandstone
Q-0 95-100 29.0-30.5  Tutf, 11ght blulsh- 2.4 LM g4 .838 S8 e e 36 s o1 L8 499 - - .- -~ - - Te (Ts) .
gray, bedded
100-105 30.5-22.0 do. - - .- - - - - 1.6 - . ae - -~ - .- . b -~ De.
22-217 64.6-66.1  Clay, Luffaceous, 242 1.60 1.03 .57 593 48,0 39 446 20V a3 288 339 - .- - - .- .- Bo.

yellowish-buff;
some quirty
gralng
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TABLE 4. -- Physical properties of cores from

southern Grass Valley (Continued).

tivec-
tlve .
pures~ Satu- Vertical
ity  Thermal rated hydravtic
Yotal . comauc-  bulk Conputed conduc.
Seturated  Dry poros- 2,000 tlvity thermal Stand- thermal Uatforn-  tivity
Grala  bulk bulk  Moisturs Molsture 1ty  ps) of conduc-  4ard  conduc- Computed Median Serting ity ot 0
1 Litheloglc “MIJ{ density densily coateat coatent {per- (per- solt tivit, devi- lluit‘ porosity slze Coeffic-  Skew- Coefflc- (15.8°C)
welt — W ] desceiption (9/¢c (9/c’)  (g/cor') by welght by volume cent) cent) (tcu)’  (tcu)!  atton (tcu)?  (perceat) (wm) fent ness  Kurtesis  flent {m/d)  Formstioe
Q-0 212-217 64.6-66.1 vell sorted .- .- .. . - 8.4 WY .- -- - . .- . .- . . - .- s
. siitstone .
Q-9 182110 32.6-3%.5 Clay, sendy, ond grove)  -- - -- - - -- - .- 4.6 .63 - .- - - . - . «- Qal? er QTy
160-165 48.8-50.3  Gravel, silty; grovel; 2.6 .98 L% 214 27 42.0 .- 10,087 3.49 A4 “» 53 - - . o P .. De.
. . and sandy clay ! .
Q-10 110-115 33.5-35.0  Stltstone, cloyey, 2.65 2.00 2.0% +352 g2t 4ne 2.0 8. 2.9 .09 1.8 .59 .- - - . - .. Qal?
reddlish-brown, few .
pebbles
118-115 33.5-35  Well sorted - -- -- - . 9. W0 - - . P . o - - . - . Do.
sudstone
160-165 48.8-30.3 Claystone, sangy .- .- -- - .. P -- -- 409 .18 .- . .. . - PO - e 152
Q-18 250-25% 76.2-11.7 Clay and sondy clay - -- - -- .. .- - - .8 +59 .- e e - .. - e - Qilger Ty
uith grovel
Q-12 152-157 46.3-47.0  Grit, clay, and engular .- .- - -- - 26.0 .- 8.3 4. 4% 8.2 .358 - - - - P e [T
gravel .
190195 §7.9-99.4  Clay, gritty and sondy 2.78 2.19 1.86 .187 38 .- 12.8 5.6 3.3 .21 2.3 <0 - - .. .- - - do.
190-19%  $2.9-59.4  Canglomerate . - - ‘. - 240 12.8 - . . - - - - - . - . De.
Q-13 280-285 05.3-86.9 Clay, grovelly 2.60 218 1.89 <158 299 3.8 - [A] 4.38 1] a0’ 98 - - . . - - Do.
Q-14  96-101 29.3-)0.8 cloyi grevelly and 2.76 2.1y 1.87 ’ .187 294 . -- 8.8 4.9 1.0 4.87 318 .- .- - e - . Oo.
gritly
153-156  46.6-47.6  Clay, gravelly and - . . . - - -~ - 5.21 . . - - . . - - e Do.
sandy .
Q-1%  95-100 29.0-30.% Clay 2.66 L5 L g 626 .- -- 803 .58 .09 2.1 S - - . .- - - . qal
' 140-145 42.7-44.2  Tuff, white, sillceous 2076 L wn 154 213 60.4 .. sl tR 1] 06 uls Sz .- - . - - - Ty
Q-16 160-165 48,8-50.3  Stle, c:.,z,. with 2.2 .24 1.9 151 <298 -- -- .o .16 2 (N1 498 .- . .- - - - Qat or QTg
grove M
218-22) 66.4-88.0 S4nd, medium, well- .- .- .- -- .- .- - -- .97 3 - e - - oa .- .. pes De.
sorted
247-252 15.3-76.8  Gravel and gritay clay .- .- - -- -- 26.9 . 7.4 4.63 o4 “n 2n .- .- .- . - - QifgerTs
Q=17 110-115 32.5-35.1  Clay, brows with 2.74 2,22 L% 149 +206 .- .- 0.6 4.06 .39 $.00 413 - .- -- - .- .. Qot or Qtg
send and pebbles
215-220 65.5-61.1  Clay, gracelly - - -- - - .- - e 4.61 .- -- .- -- - . - .- -~ QgorTs
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4. -- Physical properties of cores from southern Grass Val ley (Continued).
Effec-
tive
poroes- Satu- ~ VYerttce)
ity  Thermal rated . hydraultc
Total ot  conduc-  bulk Cosputed Conduc.
Saturated  Dry porog- 2,000 tivity thermal Stand- thersal Uniform-  tivit,
Grain bulk bulk  Motsture Molsture . Sty  psi of conduc~ ard  cenduc- ted Median Sortiag ity &«
th Lithelogtc dens i uns‘l" an;& conteat  content (per- (per- sold um{ devi- um, porosity stze Coefftc-  Skew- Coeffic- (19.49°C) .
[ 111] . description te/c {e/c ; {9/c ‘ by welght by volume cent) ceat) {teu)l (teu)! ation (teu)? (percent) (sm)  feat ness  Kurtests  femt (e1d) formation
Q-18  90-95%  27.4-29.0 Sand, clayey, brown 2.60 . 2.01 4347 (§3] 200.6 V7.3 .2) 3.89 24 3.88 225 .- .- .- .- .. - Qal or QT
90-95  27.4-20.9 Moderately sorted .- . e - - e 3 - - . . - ey es - - - - [
' andstone
100-108 54.9-56.8 (lay, brown, sendy .- .- - .- .- . - . 412 .13 - P s - - - - e o,
Q-19  80-8% 20.4-25.9  Clay and fine to 2.6 1.90 1.4 352 .50 2.8 -« 609 403 . 3.06 W28 - kS . - - - Do.
medium gravel
Q-21  01-8%  24.7-25.9 Sandstone, stity, .- - e - . e - P 463 .87 e o am .o o P P - - Pgorls
abundant peddles
Q-2 80-8%5  24.4-25.8 Clay, browa, siity; 2.64 2.00 1.6l 247 - 398 1.2 .28 8 3.4 .10 4.08 +493 - .- - - o Lo Qat or QTy
scettered pebdles .
80-8%  24.4-25.9 - . - - .- 7.5 2.8 - - .. . - - . - - - . Do.
-1 191-192 58.2-58.8 Conglomerate; 30 - .- - - - .- - - $.45 - - - .. - - e . . Qlg er Is
percent matrix of '
tight-green clay
and sile .
192-196  $8.5.59.7 Clay and stit, Vight - . - - . . - e 3.70 - - - . - - . . . "
green; sheared;
scattered pebdles
195 $9.47 Homogeneous clay .n - 1.48 .- e $5.4 . P .- P - - .- .. - -~ e .. ['%
392-398 119.5-121.3 Sand, fine te oedium; - - - e - PO - 3.9 - - - - - e - s P Oe.
clay and sitg, 114- . .
sorted
13 119.06  Mudstone 2.14 . 0.55 .. . 799 ee . - - .- - - 0.0 4.7 0.n p.24 " - . o
$01-806 152.7-154.2 Clay and s1ON, brown; 2,562  2.322 2458 .- - 16,62 .. 5,09 41l - - - - - - - - - Po.
scattered pebbles of
. chert and quartsite
$03 153.4 Subgraywache 2.69 - 1.97 - - 26.8 - . - . . - 0.03 .. P - - .. Oe.
Q-2 200-206 61.0-62.8 Clay and siit, light- . ae - - - .- o - 2.1 . . . . - - - - . T
green, tadistinct ) Tuffoceous?
intrabeds of very
fine sand
206 62.0 Argiiiite an - .59 .- - a3 - . -- .- . - 0.01 .. . - . - De.
400-407 121.9-124.Q Clay and 3438, Vight- - - - - - .- - .- 2.14 - - .- - - - - - an Do

green; scatlercd
prdbies
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TABLE 4. --

3

Physical properties of cores from southern Grass Valley (Continued).

te
"
pores- Yevticat
Ity Memal  rated . hydreeiic
Totod ot  conduce Wik Computod conduce
Setureted Dr{ porsy- 2,000 tivity Lhersa) Stond |I¢v~l Vatterm  thelt
Grola uu Wit Molsturs Matsturs fty  pst of  coaduce  ord Conputed Medion Serting 1ty C s
Nptd Lithelegic .‘ .‘ .!{ conteat contebt  (pero (per- seit um’ devle um' m, stze Coelfice Showe Conttie- {15.9°C)
[ <] [ sescription (7 { T3 ‘ {y/c Wy weight by velume cent) cent) (tcwdd  fecu)?  atten  {tew) r':cnt) {em) tem ats Remtmsles  fem (s14)  Formation
. " .86 - L2 - - 1Y . - - - - 00 $.) (X] (RN N
" - m Argitiite 2 ? Yottt et
$01-507 1S2. 11348 $15t ond very fine 24?0 L o . w3t .. s N2 - - - - - . . - - De.

: tond, Hight-green; - ! . :
o2 S0l 152.8 LItNIE grapwache 2,59 .. 1.9 - . °wo .- - .- .. .o .. 6.0} 4.3 [ 3, ] - o .- be.
"l W N8 Sraywacke .68 .- 1.60 - . i . P v - .. v 0.0 3.4 [ X, ] - L2 e b
-3 200-780 61.0-60.% Conglorerate; aversge - - .- - .- .- . - $.18 . - . - . . o . o (X Y]]

clost slze 15-24 am;
10 perceat ton sil¢
me clay
390-39% 116.9-120.4 Congloserate; sversge .- . . . e . - . 4.02 wn . . pos . - £ . e [T9
10-80 ew; 20-30 per-
cent ton sile and clay
$01-50 182.7-190.4 Cenglowerale; vortadle o« .- - - P * ee - e .32 . - - P .. . ™ - ~ [T
anount of clay and sthh
") 1430 Sragwacie e - . . .. - .- - ey .. . . 1.y 0.2 [ %] (% 'Y - . De.
G4 9003 20.0-78.9  Woserstely sorted - v - . - 0.4 163 - - - . v - - - - . . os.
sendstone
W4 191-190 80.2-89.2  Conglorcrale, 20-30 o - - - - v e es .08 - - - - - - - - - o
peccent tyn clay
and st N
we m M2 Gregwicie .66 .- .6 - .. Y DR 2.9 .- - - .4 1) Y %} N1} - (%
194-196  80.2.99.0  Cluy ond siit, Lon; . - e . o . - . (%1 .- . . .. - . Py o - De.
2-40 peccent coarsy : .
s4nd and grovel
"4 N » Mdstone 2.9 .. 1.4 . . [T . .- ae . - . .- - P - . pos De.
400-40¢ 122.0-120.0 Conglamerate; clasts .- . . . - . . . 2.8% - .. . - . .. o . - Cgoertls
of quartzite, chert,
etc., 10 percent red
Cloy matris
) [HR] Light blue ane 1.9 . 1.6 . . @8 - - “1e . P - 0.82 . P - P . Y
red cloy
S01-512 194.8-138.1 Clay, Brich-res; Mghs - . .- . - - e 2.08 .- - . . . . o . . [

engle (80°) shear
Plares
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TABLE 4. -- Physical

properties of cores from

southern Grass Valley (Continued).

(ffec-
teve
poros- Satu~ Yertica)
ity Tharasl rated . hydraul i
N Total ot conduce  bulk Computed Conduc~
Satursted Ir{ poros- 2,000 tivity thermil Stand- thersal niforn- lhw
Grala bulh bulk  Molsture Meistere ity psd of conduc- ard conduc- Computed Median Sorting "Ny ot ¥
) Litholegic «-IB; dentity densily comteat content (per- (per- solid (|vll{ devi- mu{ ruslu size Coeffic- Skewe Coeffice (15.5°C)
Vel ﬂ"!' (. description (9/ca’) (g/ca’) {g/c by weight by volume ceat) cent) {tcu)!  (tcu)!  stlom ftcu) percent) (am) fent mess  Kurtesls  lent (s/d) Fermetinm
-4 L1 155.8 Indurated clay 2.%93 .- .25 - .- .- .- 50.6 .. .- - - - o - . - - o
-6 W95 20.4-29.0 Cl:;. siity and sany, " - - - - .- - - - RT3 K1) - . . . - . - - Qul e Qny
. rown .
195-140 41.2-42.7  Clay, sandy, with fine  -- . - - . .- e - 3.9 4 .- - - . - - - .- [ Y
gravel .
QW=7 933-110 34.4-36.0 Clay and fine sand .62 1.02 .3 0.360 o .- 0.5 5.6 3.4 .9 .0 354 .- - .- - .- .- [T
-7 13118 M.4-35.9  Siltstone - . . . . 6.0 0.5 - - - .- - . . - - P . [
200-205 61.0-62.5 Clay with cearse sand  2.66 .76 .23 428 +519 4.9 6.2 1.9 o0 1 3.08 546 - -~ .. - - - Do
-7 200208  &1-62.% well sortes . - - - - 0.0 6.2 - .- . . - . - P - e - Do
sudstone
Q-0 113-110 30.4-34.0 Clay, pebdly, medlum 2.68 L. (1% 1] 469 567 468 .. 1.8 235 <8 2.89 450 - . - - o .- Ds.
brown, subangular
frageents of green -
stone .
QH-8 145-150 44.2-45.7  Moderatety sorted . -- - 2.3 15.1 0.3 -. .- -- - .- . - . - . . .- be.
stitstone .
145-150 44.2-45.7 cClay, b;wn. with 2.62 1.68 1.10 .540 | 594 - JAS1 5.3 2.9 09 2.4§ <455 o o o .- . - Do
grave
Q-9 160-145 48.8-50.3 Clay, brown, gritty - - . . - e . . 351 .19 .. - e o e . . P (%3
with gravel
QH-31 90-93  27.4-29.0  Grave) {mostly), wet 2.68 .1 2.12 40 ° 27 7 Li6d 66 .87 .51 4,81 % L I - - - . - Oe.
and soft
130-13% 39.6-41.1  Send, clayey, layered  2.51 1.6 1.0? .28 T e 0 4 .31 06 202 53 - . . - - Qoit
brown and bluish-gray
QGt-11 130-135  29.6-41.1  Fine grained - - - - - 59.6 6.0 - . .- - .- - . - .. . . Pe.
. sandstone
163-168 49.7-51.2 (Clay, brown .4 1.53 %0 .59 521 .4 - 4.9 2.46 .07 2.06 <463 - .- - A b L Qol or O
- H-12 130-135 29.6-41.) Sandstone, (ine, .1 1.78 1.24 432 .56 54.9 .- 64 Ln il 2.81 «9551 - .- - - - o Do,
pebbly, brown
stitstone .
QH-13 115-120 35.1-36.6 Claystone, reddisn- 2.66 2.24 1.9 146 2907 .- .- 1.4 4.4 A7 4.86 04 - .. - .. .- . Qiger Ty

brown, with abundent
rock fragreats
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TABLE 4. -- Physical properties of cores from southern Grass Valley (Continued).

Etfes.
tive
poras. Satu- Verttcal
1ty  Therms) rated . Mdravlic
Total ot conduc-  bulk Computed onduC~
Saturated Oy poros- 2,000 tivity thermal S$tend- thermal Unlfore- Uvﬂ!
Gratn  bulk Wik Mofsture Mofsture 1ty  psi of canduc- ard conduc- Computed Median Sorting Ity ot 0%
th Lithologic nnsﬂy dens ity lens:’y content content  (per- (per- ol Nvll{ devl- nm{ porosity stze Coeffic. Skew- . Coeffic- (15.5°C)
Wel) O description (9/co’} {g/ca’)  (9/ca’) by welght by volume cent) ceat) (tcu)! (tew)l  atton (tcu)!  (percent) (mm) fent ness  Rurtesis  lem (nrd)  Forsation
QH-13 160-168 48.8-50.3 Clay, silty, brown, - - - Py .. .- .. .- S.09 68 .- - - -- - - o P Qg or s
with abyndant angular
pedbles
N8  92-93  20.1-26.3 Sand, siity, and grovel; -- - .- .o . - - - .50 - - P e P - P .. - [ 3]
nesrly dry
DH-1) 106-122 32.2-37.3  Mudstone, biuish-gray . .- - . . - - - «©n e . - - e . P - o 1
OH-12 10-17  3.0-5.3 311t te coarse sand; - .- . - - - - e 2.64 . . - . .- . . .- . Qel
scetlered peddles
8- 134 30-31 9.1-5.4 Sand, soft, clayey; .- e . .o . .- - . .29 - .. P . e - .o .. e 00,
gravel unsaturated
133-134 40.4-40.9  Wudstone, varigsted - .- - - B L - e - - - - - o - Ts

3. ) tew e ) xal/em$.°C,
2. Seeple from 154.2 m measured by Menlo Park Lab; seturated bulk thermad conductivity 4,13 mcal/cm.$.%C,
3. Sampla from 154.% m exssured by Menlo Park Lob; saturated bulk therms) conductivity 3.51 mcal/cm.5.°C.



autochthon (Stewart and McKee, 1977). This suggests that if carbonate rocks
are present beneath the thrust, they are probably not as thick as those seen to
the east and south of the Roberts Mountain thrust. Subsequent tectonism would
then have made the carbonate units discontinuous, which would largely prevent
interbasin flow through these units.

The Tertiary volcanic rocks and associated sedimentary rocks in Pershing
County can be separated into two major sequences consisting of an older 0ligocene
to Miocene sequence and a younger sequence coincident with the onset of Basin
and Range tectonics. Although the older Oligocene to Miocene group is not
exposed in the area covered by plate 1, Noble (1975a) concluded on the basis of
their presence in the central Tobin Range, that a significant thickness (from
about 100 to more than 300 m) unconformably overlies the Mesozoic and Paleozoic
units beneath Grass Valley. Subsequent drilling and interpretation of geo-
physical data indicate that the actual thickness may be closer to the lower
limit of this estimate.

Relatively minor exposures of Tertiary sedimentary rocks, chiefly fan-
glomerate, have been mapped in the Table Mountain and Goldbanks Hills area
(see p1. 1). Fanglomerate was derived from rapidly rising pre-Tertiary
bedrock and records the beginning of Basin and Range tectonics. Conformably
overlying the fanglomerate are volcanic rocks extruded about 12 to 15 million
years ago. Both the sedimentary and the volcanic rocks are considered Mio-
cene. In the vicinity of Leach Hot Springs coarse- to fine-grained nonmarine
sedimentary rocks including volcanic clastic rocks and fresh-water limestone
were deposited. These sedimentary rocks are overlain by a gravel derived from
the pre-Tertiary rocks in the adjacent Sonoma Range. Although not shown as a
map unit, the fanglomerate has undergone chalcedonic and opaline silicifica-
tion in the Goldbanks Hills and Table Mountain area. The silicified fanglome-

rate is associated with mercury mineralization and is overlain by unaltered
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lake sediments and volcanic rocks.

Basalt and minor associated rhyolite about 12 to 15 million years old are
exposed in the Table Mountain and Goldbanks Hills area (Noble 1975a). A small
basalt outcrop about 1.5 km southeast of Leach Hot Springs is probably assoc-
jated with this suite of Miocene basalts as indicated by age dating, litho-
logy, and trace element abundance (Noble, 1975a). Although the outcrop has
been interpreted as a dike by Noble (1975a), we believe the basalt is in fault
contact with the alluvium to the west. However, contact relations are obscur-
ed by poor exposure, and the nature of the contact of the basalt and the
pre-alluvial sediments is unknown.

Unconsolidated alluvium covers older rocks and deposits throughout most of
southern Grass Valley. This poorly sorted and obscurely bedded alluvium
ranges downward in grain size from gravel to silt and clay. Caliche in the
form of coatings on pebbles and fragments was observed at the surface and in
drill cuttings. The alluvial cover ranges in thickness from 1 to about 200 m,
with a maximum toward the axis of the valley.

Silicified alluvium is exposed on the upthrown side of the fault at Leach
Hot Springs and downgradient westward from the springs (pl.1 and fig. 25).
The alteration products along the fault scarp consist of dense chalcedonic
sinter and kaolinized alluvium. White and yellow deposits near orifices at the
base of the scarp (orifices 12, 15, and 16 of fig. 7) are believed to be sulfur
compounds. The flow from the springs has apparently caused the formation of the
fragmental sinter of the springs. The fragments consist of white to Tight-gray
opaline sinter and range in size from pebbles to sand. This sinter is younger

than that exposed in the fault scarp.
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Structural Geology

The pre-Cenozoic structural history of the Grass Valley area comprises
three major periods of deformation. The oldest recognized period of
deformation is the Late Devonian and Early Mississippian Antler orogeny.

The Antler orogeny generally consisted of large-scale eastward thrusting of
thick siliceous-volcanic sequences over a Paleozoic carbonate assemblage
(Johnson, 1977). This movement, which took place along the Roberts Mountain
thrust, displaced the Tower Paleozoic Harmony and Valmy Formations 145 km to
the east. In the East and Sonoma Ranges, these formations are complexly
faulted and folded, resulting in significant secondary permeability. The
lithology of the lower plate of the thrust cannot be definitely determined
because of lack of exposures. The closest recognized exposures of the lower
plate are known as the Goat and Horse Mountain windows, approximately 65 km
southeast of Leach Hot Springs, exposing quartzite, limestone, and shale
(Stewart and McKee, 1977).

The Havallah and Pumpernickel Formations were deposited west of their
present locations in relatively deep ocean, and the Inskip Formation was
disconformably deposited on the Valmy Formation. The deposition of these
rocks followed the Antler orogeny and was in turn followed by the Sonoma
orogeny. Tectonic features of the Sonoma orogeny are similar to those of
the Antler orogeny with large-scale eastward movement of deep-water sedimen-
tary rocks onto previously deformed lower Paleozoic rocks.

Following the Sonoma orogeny, Triassic and Jurassic marine and nonmarine
rocks were deposited unconformably on the older, deformed units. The Nevadan
orogeny occurred during Jurassic and Cretaceous time and affected all the
pre-Tertiary rocks. This episode is characterized by east-to-west movement

of a few kilometers, northeasterly folds, and low-grade regional metamorphism.
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The orogeny culminated in the intrusion of granodiorite into metasedimentary
rocks resulting in contact metamorphic aureoles and minor local folding
and faulting.

Cenozoic deformation and volcanism occurred during two distinct periods.
The first period consisted of volcanic activity in a generally stable region.
Although the volcanic rocks are not exposed in the southern Grass Valley area,
they may be present beneath the sedimentary rocks filling the valley.

The onset of Basin and Range extensional tectonics and associated volcanic
activity began about 15 million years ago. In southern Grass Valley, a major
basin bounding fault occurs on the eastern side of the basin. Noble (1975a,
b, and c) presented a complex picture of the faults that affect the basin
filling sediments. He separates the faults into three systems consisting of a
east-side system, a central-graben system, and a transverse system. The
east-side system is the result of uplift of the southern Sonoma Range.
Tertiary rocks exposed to the east of Leach Hot Springs have been rotated to
dips of as much as 30 to 50 degrees to the east. Leach Hot Springs is on
one of the prominent transverse faults near an intersection with one of the
faults of east-side system. A warm spring about 0.5 km southwest of Leach
Hot Springs is also along this same transverse fault. The southwestern part
of this fault appears to be acting as a barrier to the northward movement of
ground water as will be discussed in a later section. The central-graben
system is interpreted as being a result of localized crustal extension at
depth. If this relatively narrow central system extends into bedrock, then
enhanced permeability should be expected. The transverse system, which consists
of those faults that are alined at a high angle to north, may be at least in
part due to differential subsidence. At present the most Tikely locations for
permeable zones within the basement appear to be at the intersection of the

major transverse fauits with major north-trending faults. Although the
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faulting has locally enhanced the permeability, concurrent displacement of
possibly high permeability units, such as the Paleozoic carbonate rocks,
decreases the probability of interbasin flow in the Grass Valley area.

The Panther Canyon area is an area of complicated faulting and is on a
regional northeast-trending lineament (Beyer and others, 1976). The fault
along which the Pleasant Valley earthquake of 1915 (magnitude of 7 to 8) resulted
in about 5 m of displacement (Page, 1933) apparently terminates in the Panther
Canyon area.

Thickness of the valley fill of Tertiary and Quaternary age in southern
Grass Valley is poorly known because of the lack of test-hole data in the deeper
parts of the valley. Goldstein and Paulson (1977, fig. 8) used a gravity survey
to construct a map showing depth to apparent density contrast, which commonly is
interpreted as depth to so-called "bedrock" or thickness of valley fill. Depths
so interprested are inversely related to the assumed density contrast between the
Tertiary and Quaternary valley-fill deposits and the pre-Tertiary rocks (bedrock)
for a given gravity survey: the greater the density contrast, the smaller the
depth to bedrock. Goldstein and Paulson (1977, p. 5) used a density con-
trast, DP, of 0.6 g/cm3 (incorectiy given in the paper as 0.06 g/cm3:

Goldstein, oral communication, 1980) in constructing their map; they noted also
(p. 7) that the depth interpreted from the gravity data is approximately 200-
300 m less than the depth interpreted from electrical surveys, but they re-
garded the estimate from gravity as the more reliable.

Our map (fig. 3) is based on the map of Goldstein and Paulson (1977, fig. 8).
but the thickness of fill, or depth to bedrock, is everywhere 17 percent less
than that shown by Goldstein and Paulson. The adjustment is based on the

depth to bedrock actually found in test wells QH3D and G105, as compared with
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the greater depth indicated for the those locations by Goldstein and Paulson
(1977, fig. 8). Thus, our map (fig. 3) implies a density contrast between
bedrock and valley fill greater than 0.6 g/cm3. Saturated bulk density

of valley-fill deposits averages 1.99 g/cm3 for 28 samples from test wells;
if this mean value is truly representative of all the valley fill, the
average density of the pre-Tertiary bedrock exceeds 2.7 g/cm3.

Although data are not available to refine our present estimate of valley-
fil1l depths shown in figure 3 and used later in calculations of nonthermal
ground-water flow and advective heat discharge beyond the study area (see
fig. 6, table 6), we believe the thickness of fill in the center of the
valley may be substantially greater than shown in figure 3. The reasons for
this belief are enumerated as follows:

(1) The shallower-than-expected bedrock penetrated in test well QH3D
represents a buried high on which only a minor thickness of Tertiary sedi-
mentary rocks is present. Therefore, the density contrast between the valley
fill and the bedrock is Targer at this location than it is in the deeper parts
of the valley trough where greater thicknesses of relatively dense Tertiary
sedimentary (and volcanic?) rocks overlie the pre-Tertiary bedrock.

(2) At test well G105, the other point used in adjusting the thickness
interpreted by Goldstein and Paulson (1977), the "bedrock", although probably
considerably denser than most valley fill, actually is a Tertiary rhyolite.
However, the density of the rhyolite almost certainly is much less than
2.7 g/cm3; moreover, it might overlie Tertiary sedimentary rocks rather than
pre-Tertiary bedrock. The true depth to bedrock at the site of G105, there-
fore may be greater than shown by Goldstein and Paulson (1977, fig 8), not
less.

In summary, the valley-fill thicknesses shown on figure 3 should be re-

garded as minimum values in the deeper parts of the valley. More reliable
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estimates of thickness must await the drilling of deep wells that penetrate

the pre-Tertiary rocks in the axial parts of southern Grass Valley.
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HYDROLOGIC SETTING

Climate and precipitation

The main factor controlling the climate of Grass Valley is the effect
of the Sierra Nevada on eastward-moving storms. As warm, moist air masses
from the Pacific Ocean cross these mountains, they are forced to greater
altitudes resulting in a large loss in moisture through precipitation.

The eastward-moving air masses are relatively dry and yield fairly small
amounts of precipitation. The Basin and Range topography also causes these
orographic effects so that the valleys tend to be arid to semiarid and the
mountains subhumid.

Climatological data have been only sparsely collected in Nevada making
detailed analysis of the southern Grass Valley area impossible. Analysis
of precipitation is a particular problem as most of the weather statAons
are in the lowlands, whereas the mountains receive greater amounts of pre-
cipitation, which is the major source of ground-water recharge.

The station closest to southern Grass Valley where climatological data
have been collected is at Winnemucca Airport about 45 km north of Leach Hot
Springs. A mean annual precipitation of 213 mm per year has been observed,
most of which (66 percent) occurrs between December and May in the form of
rain or snow. The mountains receive a greater amount of precipitation,
estimated to exceed 510 mm per year in the higher peaks of the Sonoma Range
(Cohen, 1964). An annual evaporation rate from free-water surfaces in the
valley lowlands has been estimated to be about 1,200 mm (Kohler and others,
1959), which is more than five times the annual precipitation. Temperature
data show large diurnal fluctuations of as much as 25°C and average monthly
values ranging from -2 to 22°C. The climatological data are used in the
analysis of the heat flow and recharge to the ground-water system, discussed

later.
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Surface Water

Although some of the streams in Grass Valley flow for short distances
during most of the year, the majority flow only during times of rainfall
or snowmelt. Flows from the mountains, even during intense rainfall or
warm rain on frozen ground, probably do not leave the valley as streamflow.
Hansen (1963) reported that even a large peak flow of 320,000 L/s from Clear
Creek (in the central Sonoma Range) did not reach the Humboldt River, which
borders Grass Valley on the north.

Rapid infiltration of water as it traverses the coarse-grained alluvial
fans supplies a significant source of ground-water recharge as indicated by
the disappearance of surface water and by the temperature of the ground water
(as is discussed in a later section). The temperature data, size of watershed
area, and the presence of surface water through much of the year indicate that
the streams in Sheep Ranch, Spaulding and Pollard Canyons, in addition to
Clear Creek, are supplying significant ground-water recharge. Surface water
recharges the alluvial aquifers and may also supply some of the water to the
geothermal system. However the sources of recharge to the geothermal system

are as yet poorly known.
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Shallow Ground-Water System

The hydrologic system can be separated into two separate, but not neces-
sarily distinct, flow systems. The flow within the valley-fill sediments
and adjacent mountain-forming bedrock will be referred to as the "shallow
ground-water system." The flow of the thermal water, deep within the bedrock
underlying the basin and upward along faults in the sediments, will be termed
the "deep ground-water system." The two systems are interrelated, which
presents a problem in rigorously defining boundaries; however, the concept
is believed to be useful for discussion purposes.

Information on the shallow ground-water system has been obtained from
both test wells drilled during this study, from existing wells in the area,
and from previous studies. A list of the holes drilled specifically for
this study showing construction details and the types of information collected
is presented in table 2. The history of the drilling program has been dis-
cussed by Olmsted, Glancy, Harrill, Rush, and Van Denburgh (1975); Sass and
others (1976), and Beyer and others (1976).

The flow of ground water in the shallow system is primarily through
intergranular pores in the unconsolidated valley sediments and fractures
in the consolidated bedrock. The available data on the shallow ground-water
system, which consists of water-level measurements (table 5) and mapping of
phreatophytes, has been used to construct figures 4 and 5. The water-table
contour map is greatly generalized, owing to the scarcity of data in most of
the area studied. This Tack of information also prevents the documentation of
the effect that faulting of the unconsolidated sediments has on the flow of
ground water. In the vicinity of Leach Hot Springs, the water-table altitude
is about 10 m lower on the downthrown (northwestern) side of the fault that
causes the scarp than it is to the southeast. This style of a large diffe-

rence in the water-table altitude across recent faults is believed to
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TABLE 5.--Water-level data for wells in southern Grass Valley

Depth to water

Location Well Date below land surface Altitude of water level
m ft m ft
DHL 77 06 07 12.674  41.58 1394.161  4574.24
DH3 750918 26.1Y ss.6l  1420.2 4888
e 750918 20.1Y 787 Y 1405.4 4611
DH6 77 06 07 16.404  53.82 1409.542  4624.71
DH7 77 06 06 26.530  87.04 1369.402  4493.01
DH8 77 06 08 23.354  76.62 1370.707  4497.29
DH9 77 06 07 36.436  119.55 1380.710  4530.11
DHIO 77 06 15 5.870  19.26 1423.703  4671.17
DHI1 77 06 07 29.331  96.24 1371.225  4498.99
DHI2 77 06 07 25.127  83.11 1376.045  4514.80
DHI3A 77 06 15 17.317  56.82 18422.927  4668.62
DHI4A 77 06 15 32.004  105.01 '1383.182  4538.22
DHIS 750917 34.0Y 111.5Y  1a20.8 4661
QHIB 77 06 15 32.44  106.4 1413 4634
GH2B 77 06 07 74.917  245.80 1415 4643
QH3B 77 06 06 61.967  203.31 1372.77  4504.06
QH3C 77 06 06 61.271  201.03 1373.47  4506.36
QH3D 77 06 28  4.98 16. 34 1429.76  4691.04
QH8B 77 06 07 45.870  150.50 1473 4833
QHSB 77 06 06 30.397  99.73 1360.536  4463.92
QH6B 77 06 06 16.990  55.74 1362 4466
QH78 77 06 06 30.144  98.90 1366.386  4483.11
QH8B 77 06 07 45.557  149.47 1432.707  4700.71
QH9B 77 06 07 65.718  215.62 1412.836  4635.5
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TABLE 5.--Water-level data for wells in southern Grass Valley (continued)

Depth to water

Location Well Date below land surface Altitude of water level
: m ft m ft
QHI1B 77 06 06 38.106  125.03 1446 4744
QHI2B 77 06 07 31.429  103.12 1481 4859
QHI13B 77 06 07 45.635  149.73 1502 4928
QH14B 77 06 06 45.717  150.00 1361 4465
Q1 800618 21.3% 702 1364 4475
® 800731 31.6% 103.6% 1362 4466
@3 770718 21.03 g9 3/ 1413 4636
@4 770718 65.53 2153/ 1514 4965
30/39 16dbb Goldbanks windmill "y 4
770307 4.80% 15.73%  171.26  4825.73
31/37 4ccc Mine well (old)
77 03 08 16.5 54 1546 5070
31/38 26abb 77 03 10 49.4 162 1423 4668
31/38 34ada Quicksilver windmill
77 04 29 27.4 89.8 1459 4785
31/39 27bbb Mine well (new)
805 17 20.1 66 1489 4884
31/39 32abc Mud Springs Ranch (old)
7703 08 44.2 145 1416 4646
32/38 18acc Turner well
55 09 22 2/ 24 79 Y ———- e
731029 Y 39 128 ——- e
77 04 26 25. 3 83 1353 4438
32/38 36¢cba Hot Springs Ranch
7306 14 Y 25 82 —- e
77 0311 28.7 94 1369 4490
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TABLE 5.--Water-level data for wells in southern Grass Valley (continued)

Depth to water

Location Well Date below land surface Altitude of water level
m ft m ft
6sa 791015 79.3Y 260 V 1413 2636
G105 80 07 31 2.4 & 7.8 % 1439.3 4720.8
G108 800731 32.42  106.2% 1493 4896
Footnotes:

Y Based on neutron and gamma-gamma logs, or temperature log.

2/ Wells gun perforated after completion.

3/ Water level in unscreened heat-flow well responding to slug test.
Y Depth below measuring point.

5/ pata from Cohen (1964, table 8) and files of Nevada State.

8/ Height above land surface.
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occur along many of the basin-bounding faults although it cannot be shown
throughout most of the southern Grass Valley area because of a lack of data.
The presence of phreatophytes in the southeastern part of the study area is
probably due to infiltration of intermittent runoff rather than to the ground-
water-barrier effect of faults, as indicated by the relatively large depth to
the water table (fig. 5). In general, the presence of phreatophytes where the
water table is deeper than about 20 m appears to be due to infiltrated runoff.
The phreatophytes in most of the area are not vigorous and are widely spaced,
which indicates that either the water-table altitude has been declining or
that about 20 m may be the maximum depth from which the plants can extract
water.

Physical properties measured on cores from southern Grass Valley (table
4) reveal a heterogeneous assemblage of primarily fine-grained, poorly sorted
sediments. The interlayering of sediments having variable hydraulic conduct-
ivity indicates that there is a high ratio of overall horizontal to vertical
hydraulic conductivitity in the valley fill. This is in marked contrast to
the probable conditions in the consolidated rocks, where ground water movement
is primarily in vertical fractures. As will be discussed in the following
section, these vertical fractures may be responsible for the deep circulation
that allows recharge to the thermal system.

The general, northerly ground-water flow direction is complicated locally
by significant vertical components of flow. Although the vertical component
is generally small, it is significant in the vicinity of Leach Hot Springs and
wells QH3.and G105. Comparison of water-level and neutron-log data indicate a
strong upward gradient in the vicinity of well DH9 and a downward gradient
around well DH6. Thus, an upward flow along the fault with a downward flow
downgradient from the hot springs is indicated. There is apparently little

vertical flow at the locations of wells DH1, 7,8, and 11, wher= the water-table
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indications from the neutron logs and the measured water level coincide.
The data for wells QH3 and G105 will be discussed in a Tater section.

The volumetric flow rate northward from the study area has been
estimated using two separate methods. The first method uses the ob-
served hydraulic gradient across an east-west cross section of valley
fill whose configuration is estimated from drill-hole and gravity data.

The second method is based on a water-budget calculation for the study area
using the general procedure and the potential recharge estimated for the
entire Grass Valley basin by Cohen (1964). Each of the methods is described
below.

The ground-water flow estimated by the first method is used to
calculate the amount of heat advected northward beyond the area used to
calculate a heat budget, as discussed in the section on heat flow (p. 99).
Section A-A' shown in figure 6, at the north edge of the budget
area, was constructed using the depth to the apparent density interface
calculated by Goldstein and Paulson (1977), multiplied by a factor of 0.83
to agree with the depth to the interface actually penetrated in test well
QH3D and G105. The flow normal to section A-A' and the advected heat was
calculated using Darcy's law and the following assumptions:

(1) The apparent density interface can be interpreted as the contact
of the Cenozoic valley fill and pre-Cenozoic "bedrock", and northward ground-
water flow occurs only in the valley fill.

(2) The valley fill can be represented by five rectangular subsec-
tions occupying the central part of section A-A' (fig. 6)-- the part
through which almost all the ground water is moving northward (fig. 4).
The upper boundary of the top subsection is a horizontal line at 1,360 m
altitude NVGD.

e raulic conductivi Yy a a reference temper‘a ure o .
(3) The hydrauli ductivity at f t f 15.6°¢C
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(GOQF) is 1 m/day at the water table and decreases linearly to 0.1
m/day at a depth of 1,000 m below the water table. Using the average
temperature for each subsection, the hydraulic conductivity at 15.6°C
by the ratio of the kinematic viscosity of water at 15.6°C to that at
the average temperature in the subsection. The temperature distribution
in each cross section can be represented by extrapolating the temperature
gradients measured in test wells Q18, QH6 and QH5 to the base of the
fill. The average temperature for each subsection is estimated from the
resulting temperature pattern shown in figure 6.

(4) The lateral hydraulic gradient of the water table applies to the
entire transmitting section. The gradient normal to the transmitting section

(fig. 4) used in the calculation is 0.0019.

The ground-water flow through each subsection is computed using a form of

Darcy's law
Q = KIA

where Q is the volumetric flow rate (m/day)
K is the temperature-adjusted hydraulic
conductivity (m/day)
I is the component of the hydraulic
gradient normal to the transmitting
section (dimensionless)
A is the area of subsection (m2).
The advected heat flux through each subsection is computed using the equation
g =10.C (T-T,)
where q is the advected heat discharge (cal/s)
Q, is the mass flow rate (g/s)
C is the specific heat of water (1.0 cal/q.°C was
used)
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T is the average temperature in the subsection (°C)

Ts is the average annual temperature at the land

surface (11.5°C was used)

The mass flow rate is computed by adjusting the volumetric flow rate
for the density of water at the average temperature in the subsection
and converting the units from m3/day to g/s. The values of advective
heat flux for the subsections are summed to obtain the total advective
heat flux (table 6).

In the second method, a simple calculation of water balance indicates that
ground-water discharge from the study area is approximately equal to the
ground-water recharge. Ground-water recharge is computed using the procedure
and the precipitation that Cohen (1964) used for the entire Grass Valley basin
(table 7). The outflow is estimated by summing the amounts of discharge
across cross section A-A' and the losses due to phreatophyte evapotranspira-
tion and evaporation from the thermal water at the surface. The total outflow

6 m3/yr, or about 5.8 percent greater

is estimated to be about 4.73 x 10
than estimated ground-water recharge. It is interesting to note that if the
discharge from Leach Hot Springs is added to the local recharge (which would
be appropriate if interbasin movement were supplying the thermal water) then
the inflow would equal the outflow. Unfortunately, the calculation is not
precise enough to support or refute this possibility. In any case, the
calculations do indicate a general internal consistency even if not accuracy
so that the outflow volume probably is not greatly in error.

The volumes of ground-water flow estimated using the two different
methods show general agreement indicating that the estimated advected heat

flux is probably a good value within a factor of 2. The advected heat

flux will be evaluated further in the section on heat flow.

57



89

TABLE 6.--Estimated ground-water outflow and advective heat discharge
through valley fill in section A-A' near northern edge of budget
area.

(See figs. 3, 4, and 6. Hydraulic gradient normal to section A-A').

Ground- )
Average A Adjusted . Heat
hydraulic verage hydraulic water . discharge
Argaz conductivity tempgrature conductivity ougf;ow 6
Subsection (x10°m®) (m/day) (7c) (m/day) (x10°m”/day) (x10°cal/s)
1 1.48 0.91 19.1 0.99 2.78 0.24
2 1.48 .73 29.5 1.01 . 2.84 .59
3 1.14 .55 38.1 ’ .91 1.97 .60
4 .77 .37 43.3 .67 ' .98 + .36
5 .34 .19 49,5 .38 .24 11
Rounded _
totals 5.2 Y 30.1 8.8 1.9

Footnote:

l/Neighted average



TABLE 7. -- Estimate of potential ground-water recharge based on altitude

(precipitation) zones in southern Grass Valley south of line A-A'

(fig. 3).
Zone Area Precipitation Percentage of Recharge
9 3 6 precipitation 3 6

(m) (km®) (m/yr) (m°/ x 107) (m“/yr x 107)
Above 2,438 0.518 0.533 0.276 25 0.069
2,134-2,438 8.13 .445 3.62 15 .543
1,829-2,134 79.75 .341 27.19 7 1.90
1,542-1,829 258.1 .253 65.30 3 1.96
Below 1,524 229.6 .152 34.90 0 0
Total 4.47

59



Deep Ground-Water System

Information on the deep hydrothermal flow system is limited to the
geophysical data and direct measurements at Leach Hot Springs and wells QH3
and G105. Although some limits can be placed on the character of the deep
system through the use of appropriate numerical modelling, as discussed in a
later section, the lack of data make it impossible to provide a complete des-
cription of this system.

On the basis of the discovery of a heat-flow high in the vicinity of
well QH3 as discussed by Sass and others (1977), a decision was made to
drill an additional, deeper well (QH3D) at this location. The well casing
was perforated at a depth of about 409-410 m-below the land surface, which
the geophysical logs indicate is a zone of high porosity and low clay content
within the pre-Tertiary rocks. The water level in well QH3D rose to within 5
m of the ground surface, which indicates a strong vertical component of flow
when compared to a static water level in well QH3B of about 62 m below the
ground surface. The strong gradient of about 0.22 m/m between the depths of
about 155 and 410 m does not exist in the shallower part of the sedimentary
fill, where a very slight downward component exists between wells QH3B and
3C. As will be discussed in a later section, the water at well QH3B is
chemically and isotopically similar to the thermal waters in the area. This
indicates that the vertical hydraulic gradient is causing an upward flow of
water from the pre-Tertiary rocks into the unconsolidated deposits.

A hydraulic gradient for upward flow was also observed at well G105
located 1.7 km south by southeast of Leach Hot Springs. The temperature
profile on this well, which penetrates Tertiary rhyolite at a depth of 323 m,
shows a nearly isothermal interval with temperatures near 93°C within the

rhyolite (fig. 16). The well was perforated at a depth of 139 m, following
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which the the water level rose to 2.4 m above land surface. The water
table at this site is near 20 m below land surface, indicating that a
gradient for upward flow exists in the fill at this location of 0.18 m/m.
The chemical characteristics of water from the perforated interval in well
G105 have not been determined.

The only area other than at wells QH3 and G105 where the geothermal water
has been definitely found is in the vicinity of Leach Hot Springs. The flow
from the springs, which represents the outflow from the geothermal system, is
given in table 8 and the orifice designations are shown in figure 7. The
springs consist of two roughly linear arrays of orifices parallel to the fault
scarp. Most of the flow (almost 80 percent) is from six of the western
orifices. Intermittent measurements of the flow from orifices 1-29 pre-
sented in figure 8 show distinct changes in flow rate with time. These
fluctuations are not obviously correlated with rainfall and, unfortunately,
temperature was not measured concurrently with the flow. The variations in
temperature measured at each orifice (table 8) may be related primarily to
variations in flow rate and water-surface area.

The exact hydrologic relationship between Leach Hot Springs and the
thermal waters at wells QH3D and G105 cannot be determined owing to lack of
data on ground-water-flow directions in the pre-Tertiary bedrock. The hydro-
static heads at the perforated intervals in wells QH3D (1,430 m) and G105
(1439 m) is greater than that at the orifices of Leach Hot Springs (1422 m).
Whether this difference indicates a potential for flow toward the springs at
depth is unknown. Such a determination would require a measurements of head at
depths in the spring conduit system corresponding to the altitudes of the
perforations in these wells. The temperature logs indicate slight de-

creases in temperature near the bottom of each well. If this represents
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actual undisturbed conditions, unaffected by the construction of the

well, the thermal water must Tose heat at both locations, and be flowing away
from rather than toward a heat source. The temperature-gradient reversal would
imply that either this is a transient condition or a cooler water is flowing
beneath the zone of highest temperature in order to supply the heat sink
necessary to maintain the reversal. Definitive conclusions as to the signifi-
cance of the relations of temperatures and hydrostatic heads at wells QH3D and

G105 and Leach Hot Springs must await the acquisition of more data.
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TABLE 8.-- Data for individual orifices at Leach Hot Springs

63

Orifice Temperature &/ Discharge Date " Specific
1938 1973-4 Nov. 1973 2 1972.8 ¥/ sampled conductance Chloride Boron
(°C) L/sec) (umhos/cm) (mg/L) (ug/L)
1 85  83.3-85.0 1.7 1.26 78 01 09 780 27 1,200 -
2 -~ 83.3-85.0 Y & - - - e
3 - 77.5-78.8 2.1d 1.56 - - —- e
s -~ 81.9-83.6 42 .31 78 01 09 781 2 1,200
5 83.5 82.2-83.5 <.01 <.01 78 01 09 779 27 1,200
6 75.5  72.5-80.8 .34 .25 78 01 09 820 28 1,200
7 73 62.8-70.0 .34 .25 78 01 09 780 27 1,200
7A - 73.6 5/ 8/ - - - e
- 33.9 <.01 <.01 - e -- - -
9 6 - 433 <.01 <.01 - - - e
10 67 3.3 <.01 <.01 - - - ———
11 73.5  65.3-66.4 .06 .04 78 01 09 800 2 1,200
12 9% 91.1-92.3 .06 .04 78 01 09 802 - 1,300
13 95.5b 86.9-93.6 J1d 53 - - - - ————-
14 - 70.3-72.8 .0 .01 720617 % 811 29 1,200
144 -~ 75.0-75.4 .23d .17 - e - - ——
15 91  94.2-95.6b .01 .01 78 01 09 558 10 350
16 - 91.7-95.0 .01 .01 - - - e
17 78 78.2-77.8 594 .48 78 01 09 810 7 1,200
18 -~ 80.8-82.8 .06 04 - - — - e
19 - 71.9-83.4 .06 .04 R —- S
20 - 3.1-47.2 <.01 <.01 73 02 11 919 - e
21 - 47.2 <.01 <.01 - --- - e
22 79.5  80.6-81.4 2.0d 1.48 78 09 14 -- 25 1,300
23 - 78.6-80.6 2.0d 1.48 78 01 09 778 27 1,200
28 - 78.1-79.2 A1 .08 - e - - e
" 28 . - 66.9-68.1 .08 <.01 78 01 09 795 28 1,300
26 -~ 66.9-68.1 <.01 <.01 78 01 09 795 28 1,300
27 71 47.2-56.1 <.01 <.01 - - -- -----
28 - 70.6-71.4 .03d .02 7302 11 795 —- e
29 - 81.5-48.6 .40 .30 73 02 112 890 30 —
Total or
orifices 1-29 78.8 11.3 8.37 795 27 1,200
0 - 34.5-39.0 .59 .44 7311 14 812 S
Total or
average,
orifices 1-30 76.8 11.9 8.81 796 27



TABLE 8.-- Data for individual orifices at Leach Hot Springs (Continued).

Footnotes:

Y Temperatures for 1938 measured by Dreyer (1940, p. 22) sometime between
September 1 and October 15; are probably accurate to + 1/2 °C. Temp-
eratures for 1973-74 measured one or more times from May 6, 1973 to
September 24, 1974. Measurements in 1973-74 were made using a single
maximum thermometer, lowered as deeply as possible in the orifice. The

accuracy was probably about + 0.3°C. Boiling is indicated by "b".

2/ Discharge measured, estimated, or calculated by the difference; (the

latter values are indicated by "“d").

3/ More accurate measurements than those for November 1973 indicate that the
total flow for the period June 1974 to October 1978 (shown in fig. 8)
averaged 74 percent of that for November 1973. Flows from individual
orifices for the latter period are estimated by assuming that the flow
from each orifice is 74 percent of that measured, estimated, or calculated

for November 1973.

4/ Included in discharge from orifice.

5/ Included in discharge from orifice 7.

8/ From Mariner,Rapp, Willey, and Presser, (1974).
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FIGURE 7. — Sketch map of Leach Hot Springs showing location
of orifices
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DISCHARGE, IN LITERS PER SECOND
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FIGURE 8. — Discharge from orifices 1-29 at Leach Hot Springs,
November 1974 to July 1978

66



GEOCHEMISTRY

Sampling Techniques

Geochemical sampling of wells and springs included the analysis of
selected unstable constituents in the field and sample preservation. Prior
to sampling, each well was pumped and (or) bailed several times over a period
of several months. During the pumping and bailing effort, the total water
discharge was recorded and samples were collected for specific conductance
determination. These data were used to determine whether the water quality
was reasonably stable after at least several well-bore volumes of water had
been removed. Final sampling for laboratory analysis began only after
the specific conductance in several successive samples was found to be virtu-
ally constant. Results of chemical and isotopic analyses of water from
wells and and springs are listed in table 9.

Because of the small diameter of the wells, the substantial depth to the
water table, and the desirability of being able to sample at a specified
depth, a special pumping apparatus was designed. The device, as shown in
figure 9, basically consists of a gas source (nitrogen was used during the
final sampling) and two lines connected to a one-way-flow valve. A larger
diameter hose positioned immediately above the one-way-flow valve was found to
increase the pumping rate by acting as a larger reservoir. The operation
consisted of setting a pressure with the regulator, opening the gas valve
(with the gas relief valve closed) and allowing the water to be forced up the
hose and discharged at the surface. After the lines were free of water, the
gas valve was closed and the gas relief valve opened to vent the gas. When
the gas in the lines was at or near atmospheric pressure, the water rose in

the hose and again was forced out. This device provided a higher pumping rate
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TAILE 9.-- Chanical and isotopic amalysis of sasples fram sosthern Grass Valley nd vicinity {chemical snalysis wos urfw-:d by the U.S. Geological
Survey Central Laboratory, mm. Colorade (except where otherwise uecfﬂd)

Letter Date Hater Specific Carbon Alka- Bfcar- Cor-  Calcimm

dasig- of temper conduct -~ dioxide linity bonste bonate disolved

Location mmber  Sample site nation  Latitude  Llomgitude sﬂle sture,, ance pH disolved  (mg/L  (mg/L (mg/L (mg/L
north west (*c) & (ui:ro-u (mg/L L X7} as 4 3y, &

whos )= s 00,) Cacoy)="  NCO4)~ cnl)- Ca

Leach ot Sp.
32/38 36dbal . Orifice 1 e 0%¥%. WNB M0 %0 827 18« 20 W o0 a7
32/38 36dbal Orifice 1 8y 40 35 36 nz 3! b 78 09 14 86.0 810 6.70 13 36 385 0 1
32/38 J6ctal2 Oiticelz b 405 3% 1WNB BN R0 "2 097 5 m E*) I s
32/38 36abal3 offlcals ¢ ©0X%3% 1wwas 12012 s at e =2 £ % 0 a8
.32/38 363balS Oifice 15 4 M35 % 17228 MWI213 920 8 5.9 60 2 t I Y
23 Wemazz  Oriflce 22 e 40B% WINAB 706 8O - &S 70 s W B 0 10
/3 %M Orifice2 e W0N%  N7H2W MO 8.0 2 660 14 m ®» o n
32/38 36dsa MITONIA ¢ 403631 W B 780823 525 1250 865 s ® 8 8
32/38 36000 WIHIOA g  403%20 1173048 .T80914  86.2 a5 050 18 m ms v n
3738 14abe2 ¥el 10430 N wBe 170 B2 S8l w3 8.2 w2 m % & n
/38 14abc2 el 10430 N @3 Lo 7B0ss S8l s 810 5.9 10 “ 1 n
32738 abd Hel1gH14A 1 W¥H W W02 BN B9 a0 a0 21w » s 1
30/39 30404 Coyote Sp.  § w2s05 urw23 706 2.0 %9 7w M @ o n
31/38 laabel Well1gH38 k 40 13 42 117 40 0§ 78 08 29 4.5 388 6.18 17 [+ 2 0 14
12/39 17804 Sheep Ranch Sp. @ 0 W28 LT 6 7706 13.0 70 7.60 14 an w0 n
32/39 17add Sheep Ranch Sp. ~ 40 %828 117 36 &7 78 08 22 .0 72 7.50 e —- - ] ”
N3 O3ace M . wxe Wwao w2 163 s 8.5 e W w 3 0
32/37 23bbd Point Sp. 3 40 37 49 117 47 58 7 66 10.0 1250 7.58 14 246 300 - 150
31740 18adc Petain Sp. ] 40 32 &8 117 1 22 77 06 12.0 541 1.81 8.2 172 210 .- ‘7
31740 18adc Pataia Sp. Y 4 32 48 117 3t 2 78 08 22 16.0 515 7.8% 4.9 178 Taar -~ ‘65
31739 33ccc Mad Sp. ] 40 31 4 117 36 S5t 77 06 14.0 819 . 1.26 18 164 200 .. [
31739 33che ot e ©ne wsea 706 15.0 s 166 67 15 1% - &
32/38 35dba e r 40 3% 09 117 40 03 78 08 23 14.8 542 8.30 1.7 169 202 2 56
31739 2ec GH13A s 4 33 00 1174 5 783425 18.4 538 8.30 L7 174 208 ? a
31/38 Daved 3:i |:; 4 Gress t 40 33 57 117 43 2 77 06 20.0 L 1220 7.64 6.6 148 180 - [}
31/38 olebbe Y v @331 wrNi0 82 155 o 8.40 IRUETY) ] : e
3137 fndue Sayon P wam waes nm 13.0 %2 v @ 28 20 -
20/38 13 Clewr Creek w40 QSL 2% 7032 S0 m 820 1§ w 153 1 e
33/39 3040c rand Trunk Sp. x T T - —— - - - - e
31/19 36cce Pollerd Camyon y  w = e e e e e - — - - - - -
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TARE 9.-- Chemical and fsotopic analysts of samples ﬁ:n southern Grass Valley snd vicinity ( Continued)

Solids Altt-
e T eaw TS EDoDE e . Gz s me b, o
desig- dis~ dis- dis- dis- dis- dis- solved .dis~ dis- dis- at 180°C tuents  surface
sation solved solved solved solved solved solved {wy/L solved solved solved dis- dis- datum 50
:’:i,) Ry Ay Al 41 é"s{:';) ot sm';) K TS AR v ?3;/'{? K012 (oot (001!
s 0.8 170 12 % €3 8.2 us 1300 - 870 ST 588 1420.97  (-1291)  -15:7  ---
y 11 180 13 2% 56 9.0 108 1300 Qo a7 - 593 1420.97 129 -16.0  ~-
b 1 180 16 12 57 2.7 1s 1300 - [T I 577 w2387 127 -15.4 e
c 5 13 2 (] 7.8 133 1200 9 1700 534 s91 1421.09 (-128.6) -15.7 -9.13(q)¥’
d 2 12 &} 20 a7 180 40 —- 450 504 1423.93 -124 -14.0  ---
) 1.0 170 12 3 50 8.5 100 1300° - 860 564 513 142,32 -130.§  -16.45 -
. 1.2 170 1 -1 52 9.0 95 1300 Qo 80— 558 “21.23  -131 -16.9 -16.9
f 2.0 210 14 10 110 6.2 v 1800 2 L] — 758 440,24 134 -16.4 -
g 1.5 180 12 /4 3 8.8 L] 1300 <10 810 .- 530 1429.57 131 -16.6 -
h 1.8 180 u ] k] 2.9 16 600 <10 20 . 507 w74 o133 -16.8  ve-
L 21 0 180 12 23 % 4.3 8.3 540 a0 240 - 498 143474 —- cene <24
1 2.3 180 n ] L) 8.1 n 1300 <10 910  --- 570 1407 - Pr ——
3 7 130 8.2 n .65 1.4 L 630 —- 20 551 sa1 a—-- —- ———- --
k 2.0 s7 3.5 ] L 1.5 16 Mo e 10 - %7 14474 -125 -ig.l e--
" R 3 2.5 59 110 0.2 2 110 — 10 4 429 1535 . (-124.5)  o-- -
n 31 3.5 62 10 3 2 120 - . SR —— 1535 - ——e .
1 6.2 3 4.5 » 15 6 A6 A0 o 50 - a2 1396.53 .15 -16.2 .-
n 6l 65 6.5 110 50 5 19 170’ - 0 a8 910 o—e- (-124.2)  -~-- -
° 9.1 a6 » k ] 3 s8 0 —— 4 365 9 1760 -126.40  -16.45  ---
(-124.50)
o 9.6 -] 4.2 % » .2 54 1s0 ‘a0 9 e 34 1780 -124,-123 -15.8 -
] 18 » 1.8 56 5 2 2 100 - LI 1 1474 (-122.7)  -16.00 ~-e
9 19 : ] 2.3 81 s3 B 2 110 - 8 0 s 1481 -122.25  -15.90 -
v 12 » 3.1 3 3 3 19 300 © % .- 20 7.1 123 <16.5  eee
s 12 82 3.0 » L] 8 2 260 10 % — 328 1548 -124 IS T S—
t R . 110 A7 18 " 190 a2 % %0 —- (- T ] 723 1535 -123.65  -15.15 -
(-125.3 )
v 12 » 3.2 » a “ - 140 10 30 — 293 1406.83  -125 -16.9 -
v R €5 18 8 150 10 .19 20 ez 0 582 99 1512 -123.78  -15.75 -
(-124.4 )
" 13 2.0 W » 4 v ) — 3 - a5 u63 215 -15.8 -
x - - - = - - - -- - e .- 1682 (-125.7)  -16.48 -
y - - - - - - - - - —— - - 1594 (-119.5 ) =eee —
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TABLE 9.-- Chemical and isotopic analysis of samples from southern Grass
Valley and vicinity ( Continued).
Footnotes:

Y Well water temperatures are bottom-hole values from down-hole temperature
measurements.

2/ Specific conductance was determined in the laboratory.

3/ Bicarbonate and carbonate species were mathematically distributed using
field pH and titration data.

& Isotopic analysis of samples collected by R. H. Mariner were performed
by two laboratories The values not in parentheses are from a commercial
Laboratory which also performed the analysis of other samples. The values
in parenthesies were performed by a U.S. Geological Survey Laboratory.

5/ Oxygen isotope analyses were performed by a commercial laboratory except
for the samples collected by R. H. Mariner which were performed by a U.S.
Geological Survey Laboratory.

&/ A1l samples collected in June were collected by R. H. Mariner.

1/ From Mariner and others, 1974; Mariner and others, 1975.

8/ Gas sample.
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than could be obtained by bailing and also allowed sampling at a predetermined
depth.

Field determinations were made of pH and alkalinity using the methods
of Wood (1976, p. 12-18). The water was filtered through a 0.45-ym pore-size
membrane (142-mm diameter), with acidification of samples collected for cation
analysis. Unacidified filtered samples were collected for anion and isotopic
analysis. Samples for silica analysis were diluted with distilled water to
prevent polymerization where oversaturation with respect to quartz was sus-
pected. One separate sample was also collected after a second filtration
through an 0.1-um pore-size filter for the aluminum analysis. All samples
collected for chemical analysis were placed in plastic bottles which had been
washed with acid. Glass bottles were used on samples collected for isotopic
analysis.

Major Constituents and Chemical Types of Water

The chemical and isotopic composition of the sodium bicarbonate type
hot-springs water is virtually the same for all of the sampled orifices with
high flow rates (table 8). The chemistry of this water is unusual for near-
boiling hot springs with moderate to high discharges. Such water is char-
acterized by "high contents of alkali chlorides, Si02, B, and As" (White
and others, 1971, p.77). The hot springs water by comparison, has unusually
small concentrations of both chloride and arsenic. The chemistry of this
water is similar to that found in a metamorphic terrain in Taiwan, as recently
reported by Cherng (1979). The thermal water from Taiwan, which is believed
to be meteoric, has a low chloride concentration even though the estimated
reservoir temperature is 195-220°C. In contrast to the sodium bicarbonate
type water of the orifices with the high flow rates, orifice 15 discharges a
dilute, acid-sulfate type water. This orifice does not have a visible surface
discharge. Instead, the low chloride and and dissolved-solids 