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and the presence of hot water within 30 m (100 feet) of the surface.

- Water chemistry data have shown major differences between hot spring
systems at Sou, Hyder and Dixie Meadowé, implying a general lack of
communication between the springs. As yet however, the heat source and
the precise structural or stratigraphic factors which may control the
system have not been defined.

K Exploratory drilling has confirmed the existence of a hot water-
"steam(?) system at depth. This conclusion is based on very limited in-
formation available for a group of wells (SW Lamb #1, #3 and #4) drilled
by Sun 0i1 Company in the vicinity of the Boyer Ranch. Wells DF 45-14
and DF 66-21 have shown high temperature fluids in certain intervals,
but flow rates have generally been low. The locations of the' various
deep exploratory wells are shoWn on Plate III.

'2,3.3 3. Mineral Deposits
~ Numerous mlnera] deposits occur in or near the study area and,

although product1on has been Timited, they are significant to'the present
work. In the Corral Canyon area (Plate III) on the east front of the
_‘Sti]lwater Range, small gold deposits were worked in the 1920's and
1930's with minimal production and, ‘more récent]y, some'prospééting for
titanium minerals was done along albite-calcite dikes which cut the
~gabbroic country rock (Wi1lden and Speed, 1974). The Dixie Comstock
Mine (PTa;g III) also lies along the eastern front of the Stillwater
- .Range. Recently reopened, it was last worked for gold and silver prior
to WOr1d'war II. The ore body is a quartz vein in altered rhyolite.

An amalgamation mill was erected in 1935 but is no longer standing.
Production figures show $293,304 from 17,880 tons of ore with a 2 to 3
gold/silver ratio (Willden and Speed, 1974). The mining was hampered
by large quantities of hot water encountered Tess than 75 feet from the
surface. _

The upper reaches of both White Rock Canyon and, to a lesser extent,
Cottonwood Canyon (Plate III) contain numerous mineral workings within
the Table Mountain-district; These include a nickel mine, a cobalt-
nickel-copper mine, several copper prospects and several small iron de-
‘posits. The nickel-cobalt mines may be particularly significant to the
study as the ore reportedly occurs as arsenides and sulfarsenides
(Willden and Speed, 1974). -
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Just outside'the study area on the west side of the Clan Alpine
Range are deposits of mercury; silver and antimony in the Bernice Canyoﬁ
district. Most important is the Red Bird Mine dnd associated prospects
in Shoshone Canyon. Shoshone Creek which drains the area flows éast
and south into the Humboldt Salt Marsh. A portion of the study area is
within the Shoshone Creek flood plain and the cfeek-may be a source of
anomalous concentrations of both mercury and arsenic. The Red Bird
cinnabar deposit produced approximately 40 flasks of mercury prior to
1943 (Willden and Speed, 1974). | '

~ Numerous prospect pits are found throughout the entire Dixie Valley
area and much small-scale mineralization is evident. . '
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3.0 MERCURY AND ARSENIC SOIL GEOCHEMiSTRY
3.1  Introduction ‘ '
3.1.1 - Purpose and Scope
. The purpose of the present study was to map and ihterpret the soil
~ geochemical distribution of mercury (Hg) and arsenic (As) in Dixie
Valley, Nevada and to relate the observed distribution patterns, where
- possible, to the presence of a geothermal influence. The location and
approximate extent of the study area are shown on Plates I through III.
The study utilized a broad sampling network to identify and de-
lineate specific areas for more detailed study. Additionally, high.

- . density sampling was performed in the vicinity of the ‘two exp]oratory

wells and across specific structural features as outlined by earlier
work (Whitney, 1980). | o

Dixie Valley is present]y undergoing exploration for geothermal
resources and much geologic, geophysical and hydrologic data, as well
as shallow temperature gradient and deep exploratory drilling informa-
tion is available and can be related to the geochemical results (Mackay
Minerals Research Institute, 1980). Thé data have been correlated to
known structures, producing wells, geophysical anomalies and sites of
near surface thermal activity to evaluate the cost-effectiveness of the
technique - for de1ﬁneating permeable structures which may serve as drill-
ing targets. |

3.1.2 Methods and Analytical Techniques
3.1.2.1 Sampling : ,
The initial sampling grid of approximately 400 points is shown on
Plate I. The majority of the grid consists of parallel prdfi]e Tines
~approximately 730 meters (2400 feet) apart bearing N60°W, essentially
“normal to the average valley trend. Sample points along these lines
are approximately 305 m (1000 ft) apart. The data from the grid were
evaluated and used as the basis for selection of follow-up profiles
sampled at 30 m (100 ft)AinterVa1s which are indicated on Plate III.
Certain known structures and the areas around two geothermal wells (DF
45-14, DF 66-21) were sampled at 30 to 180 m (100-600 ft) intervals
(Plate III). » '
Points on the sampling grid were located by bearing and traverse
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"~ using a surveyor's wheel. Field notes at each sample point included a
description of the soil, the surrounding vegetation, soil moisture con-
dition and additiona] comments including local morphology and proximity
to roads or streams. |

Soil samples were collected from a depth of 25-30 cm (10-12 in).
The depth was chosen on the basis of three randomly selected vertical
profiles from the three major soil environments in the area: upper
alluvial fan slopes, fan piedmont and playa. The results of the pro-
files show the Hg and As values generally increasing with depth, with
a zone from 15-25 cm (6-10 in) where va]ues‘tended to increase substan-
tially and then level off. These results were taken as representative
of the Study area as a whole and indicated much higher As and Hg values.
roughly corresponding to the B horizon. This is not unexpected as it
is commonly the site of accumulation of clays and iron/manganese oxides
both of which are important scavengers of mercury and arsenic (Fang,
1978; Horsnail and others, 1969; Boyle and Jonasson, 1973). Organic
material has been shown to be even more effective in scavenging mer-
cury (Trost and Bisque, 1971; Fang, 1978),,but this effect should not
be important in Dixie Valley as the soils are genera11y only. moderately
to poorly developed with véry.1itt1e organic matter. Because identifi- -
cation of specific soil horizons is difficult in many places and con-
‘- sidering the study of Klusman and Landress (1979) which showed that
variation of secondary soil parameters did not mask significant geo-'

- thermal mercury anomalies, a standard sampling depth was chosen.

Dry samples were sieved in a stafnless steel sieve at the site and
the minus 80 mesh (.177 mm) fraction sealed immediately in airtight
glass vials. Wet samples were dried at ambient temperature before
sieving. ' '

3.1.2.2 ~ Quantitative Analysis
A Jerome 301 Gold Film Mercury Detector was used for determining
mercufy concentrations in the soil samples. This analytical method is
based on the change in electrical resistance undergone by gold film
when mercury is adsorbed. Weighed samples are. heated to 600° C for
approximately one minute. The mercury which is vaporized by this pro-
cess is collected.on-a gold plated coil. The coil is then heated to
600O C on a 13 second timed cycle and the sample mercury is carried by
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filtered air to the meter which consists of two gold films comprising
opposite arms of a wheatstone bridge circuit. Before tha air stream
reaches the meter it is spTit and the mercury removed from one -side by
passing over steel wool impregnated with Palladium B]ack (PdC12).' This
stream serves as.the reference for the other fraction from which the
mercury is collected by ‘the sensor film. The resultant difference in
resistance between the bridge leg exposed to filtered air and that ex-
posed to air containing mercury vapor reflects the. amount of mercury in
the sample and is displayed on a digital readout. The accuracy of the
gold film analyzer used in this study was not determined, however, the
mercury values of replicated samples which were reanalyzed by two cold
~vapor atomic absorption techniques including borohydride generation
methods generally ran 60-80% of the AAS values.

The precision of the instrument under field conditions is reported
as greater than 1 ppb (Matlick andeUSeck, 19763 J. McNerney, Jerome
Instrument Corporation, pers. commun., 1980), although a precision of
1tod ppb is:representative of the instrument used in this study. The
reproducibility of the results is affected by several factors. The
~ small sample size (approximately 0.1 gram) from within such an inhomo-
‘geneous medium as soil may‘not-make a given SampTe_representative, par-
ticularly in an area such as Dixie Valley where mercury mineralization
is known. Other sources of variation include temporal changes in the
soil mercury content and experimental errors. The former possibility
was investigated by reoccupying five sample sités at two week intervals
for eight weeks. The results, shown in Table 3-1, show some variability
wfth~time, a1though no consistent pattern'is evident. The variance is
similar to that observed in replicate samples used to determine the
analytical variability.  Matlick and Buseck (1976) showed very little
variation in mercury content .of four sites resampled periodically over
a two month period. Capauno-and Bamford (1978) report significant
variations upon resampling a traverse two weeks later but‘nOte that the
anomalous area remained the same. , _ ' '

Seventy'percent of the samples were analyzed for mercury within 72
~ hours using the Gold Film Mercury Detector. Due to mechanical malfunc-
tion of the instrument, delays of up to 20 days occurred prior to analy-
sis of some samples. .However this delay was found to be insignificant.



Table 3-1

Sample Stations Reoccupied at Two-Week Intervals

Mercury Values (in ppb)

Sample number 1 2 3 4
1 104 117 101 : 79
39 180 139 131 249
45 8 0 0 6
92 - 80 110 122 48

152 . 68 65 80 68
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Upon rerunning 13 samples ranging from 28 to 272 ppb at one week inter-
vals for four weeks to.determine if mercury was escaping, no consistent
patterh of declining mercury was observed (Table 3-2). Moreover, sam-
ples showed variations upon remeasurement similar to those of replicate
-samples rerun consecutively. Samp]e numbers, which correspond with
sites indicated on Plate I, and their respective mercury concentrations
are listed in Appendix A. ' )

The arsenic analyses were performed by Rocky Mountafh Geochemical

Corporation of Salt Lake City using a colorimetric technique after
. Vasak and Sedivic (1952). In this method As is reduced to theAtrivalent
state with potassium iodide and tin (II) chloride. The arsenic is then
converted to its hydride by the action of nascent hydrogen,'generated
by>adding zinc metal to the.acid solution. The evolved arsenic hydride
- (arsine) is bubbled through a solution of si]Ver diethyldithiocarbamate
in a basic brucine-chloroform (or'pyridine) solution. A -brownish-red
color is produced by the absorbing solution, the intensity of which is
measured by a colorimeter and the arsenic concentration ca]cuiatgdi
Results of the analysis ihdicating sample number and arsenic content .
are listed in Appendix A,:with geographic distribution and values plot-
ted on Plate II. _ -

| The arsenic content in many_samp1es was not measured for up to two
months from the time of sampling. Due to its lower volatility relative -
to mercury this was not expected to pose a problem. To verify this
assumption, eight samples were rerun after more than four months in
sealed storage. These samples showed no significant loss of arsenic as
indicated by Table 3-3. ’ ’

3.1.2.3 Data Presentation

’ - Much of the data reduction and presentation has been performed by
computer. The subroutines SRFACE and EZMXY from the National Center
for Atmospheric Research graphits package (Wright, 1977) were used to
make the chemical surface plots and profile line graphs, respectively.
Subroutine CONRCSM from the same package generated the contours of the

' mercury and arsenic values for the broad grid and We11rsite'samp1ing;
The programs were run from time share and output to a Hewlett Packard
7202A plotter. '



Table 3:2

Successive Mercury Analyses at One-Week Intervals

Mercury Values (in ppb)

Sample Number 1 2 3 4
15 88 82 50 | 63
36 232 170 305 280
65 28 10 21 15
8 116 - 109 124 125
98 ' 376 308 366 343
125 52 87 48 85
160 272 240 350 248
193 156 135 130 120
242 40 25 50 20
287 156 165 120 115
310 28 55 38 35
362 : 84 70 62 75
401 16 ' 10 10 12

Table 3-3

Successive Arsenic Analyses at Four-Month Interval

Sample Number Arsenic in ppm Arsenic in ppm
(9-6-1979) ‘(3—4—1980)
1-10 11 _ 10
1-35 14 15
2-5 y _ 15 A 15
2-15 12 ‘ 10
2-35 S 10
3-15 46 : 50
3-35 25 30

3-45 24 | 20
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Statistical analysis of the data_utf]ized portions of the Statisti-
~ cal Package for the Social Scientist (Nie and others, 1975). Subprogram
CONDESCRIPTIVE was used to compute descriptive statistics which included
‘mean, standard error, standard deviation, kurtosis and skewness. Sub-
program FREQUENCIES provided histograms of the. data, and\COMputed abso-
lute and relative frequencies as well as cumulative frequency (%). The
cumulative frequency data were used in the preparation of log probability
plots. o - | ‘

The relationship between: the érsehic and mercury values was evalu-
ated using the subprogram SCATTERGRAM. This routine draws an x-y plot
and. computes the correlation coefficient (Pearson's r), significance of
r, standard error of the estimate and the equation of the regression

~ . line.

Analysis of replicate samples for temporal and analytical variance
was performed by subprogram ONEWAY. .Output from this routine is a
standard;ana1ysis of variance table which includes degrees of freedom,
sum of squares, mean square, F ratio and F probabi1ity.

The computer methods were supplemented with the use of probability
grébh[paper with a logarithmic ordinate scale and an abscissa scale of
cumuTatfvé frequency (%) or probability. The probability axis is ‘
aﬁ?ahged»such that a population that is lognormally distributed will
- plot as a straight line. An important'consequehce of this property is
that a bimodal distribution, such as background plus-anomaly, which is
frequently encountered in geochemica1,samp11hg will show-a sigmoid pro-
bability curve with two fairly linear segments joined through an inflex-
jon point. Both the arsenic and mertury values from the broad grid
sampling were p]ottéd on log probabi]ity paper pribr to the computer
" analyses which greatly aided their interpretation.-'For a more detailed
~ discussion of probabi]ity.p1ots,int]Udﬁng their use in partitioning '
mixed populations and selecting threshold values the reader is referred
to Sinclair (1974). B ' ‘

3.1.3  Previous Work

- A general association of arsenic and mercury with geothermal activ-
ity has been demonstrated by many workers. Weissberg and others (1979)
reviewed a number of active geothermal systems where Hg and As precipi-
tates occur and/or where thermal fluids contain high concentrations of -

t
-
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these elements. White (1967) showed the occurrence of Hg and As minerali-
zation in numerous active or fossil hot spring systems. Robertson and
others (1978) gave evidence of elevated Hg and As Tlevels in the noncon-
densible gas, steam condensate and flashed brine phases of effluent from
nine gebtherma] fields. Tonani (1970) shewed high mercury levels in
stream sediments around two Italian gebtherma] areas. . Koga and Noda
(1976) found anomalous Hg and As concentrations in both fumarole conden-
sates and altered rocks'in severa]IJapanese thermal systems. Matlick
and Buseck (1976), Phelps and Buseck (1978) and Klusman and Landress
(1978, 1979) have shown.broad Hg ancmalies in the s0ils of several known.
geothermal areas. Klusman and others (1977) also showed broad arsenic
soil anomalies in six Colorado thermal areas. More detailed soil sur-
veys in‘knowh-geothermaT areas have shown mercury anomalies associated
with faults and/or geophysical anomalies (Klusman and Landress, 1978;
Souto, 1978; Capauno and Bamford, 1978). .Surveys of this type may prove
useful in selecting drilling targets. I o

Some mercury sampling of a reconnaissance nature was done in Dixie
- Valley by the Southland Royalty Company. This.amounted to analysis of
" samples obtainéd‘during the insta11ation of a one-meter*temperature
survey net. The data will probab]y not be pub11shed but are mentioned
briefly in this report.

3.1.4 Geochemistry of Mercury and Arsenic

- Evaluation and interpretation of the field and 1aboratory data re-
.quire consideration of certain aspects of the geochemistry of As and Hg.
. The elemental soil distribution patterns associated with geothermal
activity in Dixie Valley are complicated by the presence of sulfide
mineralization. Mechry and arsenic geochemical haloes associated with
a variety of mineral deposité are well known. ‘Numefous mineral explora-
tion efforts using Hg and As content in soils have been'éonducted in the.

" past and many of the geochemical principles deve1OPEd in th1s work are

applicable to geothermal exploration.

3.1.4.1 Mercury o
"Mercury can exist in three principal oxidation states, +2, +1 and _
the native metal (0). The relatively high vapor pressure of the native
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element énd, to lesser degrees, certaih~Hg compounds 1is unique among the
metals. Mercury volatility is enhanced by the elevated temperatures
within a geothermal system and its mobility in the vapor phase allows it
to migrate to thé surface through permeable zones. Robertson and others
(1978) noted that elemental mercury was the dominant gaseous form of
mercury in a study of effluent from eight geothermal areas.

~ While native mercury is known to occur in certain mineral deposits,
iné]uding»several within the Bernice Canyon district on the east side
of Dixie Valley, generally it is found as the sulfide (cinnabar HgS) or
as a trace within the lattice of other minerals. Various mechanisms have
been proposed whereby mercury bound in this.manner may be converted to
the native element,’ , o '
| Figure 3-1 shows the relative stability fields of the important in-
_organic mercury compounds. The sulfide which has a restricted field of
stability will yield native mercury in the zone of oxidation. Mercury
contained within the 1atficef0f other su1fides.such as pyrite-(FeSZ)
or sphalerite (ZnS) may also be released as the native element upon
oxidation.. This involves the coupled oxidation of sulfur with the re-
duction of mercuric (+2) ion. The oxidation may occur in steps initial-
1y producing mercurous (+1) ions, - The mercurous ions may then dispro-
portionate by the following reaction (Jonasson and Boyle, 1972):

|  2Hgt == Hg't + HgO -

Natural reducing agents such as iron may account for Hg(0) release
~ below the zone of oxidation. McNerney and Buseck (1973)_pr0posed stoi-
chiometric adjustments wfthin sulfide lattices. as a possible source of-
electrons which could reduce mercuric ion and release vaporous mercury.
Khayretdinov'(1971),_citing the inert behavior of mercury at higher
temperatures, indicates elemental mercury may be electrochemically bound
- to the Sqrface of mineral gfains at depth and migrate in résponse to
electrochemical gradients. Dickson (1968) prbposed a source of native
mercury,frbm thermal decomposition of existent cinnabar combined With
the reaction of sulfur with certain other jonic species. - The release
of Hg(0) by the thermal dissociation of various inorganic mercury com-
pounds has been shown by Koksoy and others (1967). They indicated com-

- plete decomposition of mercurous and mercuric chloride below 2500 C,
and HgS below 340° C. Detectable quantities of native mercury and the
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~ chlorides were liberated within 30 seconds at less than 80° C, detec-
table amounts of the sulfide were released at 210° C. Note that the
samples for this experiment were crushed to pass a .074 mm (200 mesh)
screen and that the amount of mercury released in 30 seconds is generally
less for larger gra1n sizes. _

Regardless of the mechanism of format1on elemental mercury will
A “migrate in the vapor state through permeable zones toward the surface.
Mercury in soil gas as an exploration technique has been demonstrated by
McCarthy (1972), McNerney and Buseck (1973), and others. However, the
soil-air mercury gradient is'not fixed and may fluctuate temporally due
to changes in temperature, barometric pressure, or moisture conditions.
Because mercury tends. to adsorb on clay and organic matter and to co-
precipitate with hydrous oxides of iron and manganese it can accumulate
~ in soils. A mercury anomaly in soil may be more consistent and pro-

~nounced than a corresponding soi1'gas,anoma]y. :

Soil vapor anomalies are known over Ore deposits as well as geo-
thermal areas and the two can be d1ff1cu1t to d1st1ngu1sh from each
other and from -hydromorphic or mechan1ca1 dispersion -haloes associated
with m1nera11zat1on Anomalies related to both of the latter processes
may occur in Dixie Valley. '

-Generally mechanical d1spers1on haloes are restricted in extent,
.occurring directly above or downslope from a mineralized.-area. The
elements in this type of halo are he]d.tight1y'by metallic bonds. Hydro-
~ morphic anomalies may be of greater extent and commonly occur as seepage
‘ahomalies at a break in slope. The elements in this type of anomaly are
commonly adsorbed on clays or chelated by organic matter and not as
" tightly bound as mechan1ca11y dispersed haloes.

" Figure 3-2 shows the stab111ty fields and relative solubilities of
the important inorganic aqueous spec1es of mercury at STP in solution,
with 36 ppm C1™ and 96 ppm SO4 2. It can be seen that mercury is rela-
tively insoluble under most circumstances. Additionally, the dispro-

- portionation react1on mentioned earlier can produce native mercury in
'water which may then volatize and escape, effectively lowering its solu-
bilities even further.

Oxygenated high chloride waters can carry a considerable amount of
mercury if the waters are relatively acidic. This effect has been
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observed in varijous geothermal areés where much higher mercury va]ues
are found in certain hot springs of high chldride and sulfate contents
(Davy, 1974; Nakagawa, 1974). These types of springs probably represent
supergene conditions and have been affected by surface oxidation and
possibly evaporation. While relatively high Ch]oride_water is common in
Dixie Va]]ey, the deeper thermaT waters exhibit low Eh values and the
oxygenated surface waters are generally alkaline.

Most hot spr1ngs closely associated with the active hypogene trans-
port and deposition of cinnabar carry only a few parts per billion mer-
cury. The overall transporting capability of the springs is probably
greater since the samples are representative of mercury concentration
after deposition.’ Where;tota] sulfur is high (approximately 3200 ppm).
very large amounts of mercury can be held in solution as sulfide com-
plexes. Mercury ore is typically deposited at temperatures of 100° to A
200° ¢ and pressures of 1 to 30 atmospheres from neutral to weakly alka-
line waters of moderate to low salinity (Barnes, 1979). Above 200° ¢
mercury is mobile in steam even in the presence of excess sulfide (E]1is
and Mahon, 1977). This effect has been observed at the Senator fumaroles
in northern Dixie Valley where cinnabar and native sulfur are being
actively deposited by HZS bearing vapors with no liquid phase present
(Lawrence, 1971). »

Once in the surface environment in aqueous or vaporous'form, the
_tendency.of mérCury to be adsorbed onto sediments will greatly restrict
its mobility. In Dixie Valley where soils and waters are mostly alka-
line, aqueous dispersion haloes should not persist for any great dis-
tance from the source of the mercury. However, sediments which have
adsorbed mercury are susceptible to mechanical dispersion processes
which may increase the size of a halo to some extent.

The adsorption behavior of mercury is central to the format1on of
soil anomalies. Numerous authors have demonstrated its ability to ad-
sorb on clays and organic matter (Fang, 1978; Trost and Bisque, 1971;
-1972; Rogers and McFarlane, 1978; Landa, 1978). High mercury values
associated with the iron/manganese oxide fractions of some sediments
suggest a COprecipitation or scavenging effect which has been demon-
strated for other metals by Horsnail and others (1969). The possibil-
ity of secondary 5011 parameters masking mercury soil anomalies was
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invésfigated by'Klusman‘and others (1977) and Klusman and Landress (1978).
This work indicated positive correlation between mercuryvcontent and .soil
PH, organic content, Fe/Mn oxides and aspect. Total carbon was found to
be the most significant factor statistically. The authors concluded that,
while significant, the controlling effects of these secondary parameters
are overwhelmed in an area of prominent geothermal activity.

3.1.4.2 Arsenic- ‘ : _

Arsenic exists naturally in three principal oxidation states, +3,
+5 and 0. It may also occur in a -3 oxidation state in the very unstable
hydride arsine (AsH3) under extreme reducing conditions in natural waters
(Sergeyeva and Khodakovskiy, 1969). The geochemistry of arsenic is com-
plex and many factors bear on the mobility and fixation of the element
in the geologic environment. .Although the chemical states in which ar-.
senic may migrate in a thermal system have not been characterized, several
volatile phases are known. The native metal, AsC13, ASO3,and’AsS, ameng
others are known to be relatively volatile below 300°C. The -chloride is
highly volatile but hydfo]yzes,readi]y in the presence of water. "It
may be‘jmportant in acid chloride vapors or thermal waters (Boyle and
Jénasson, 1973). .Despite its potential to migrate in the vapor phase,
Robertson and others (1978) report Tow As levels (.003 to .016 mg/1) in
the noncondensible gas fraction of effluent from eight geothermal areas.
Steam condensates from that study showed somewhat higher As levels (.001
to .09 mg/1), but the majority (.028 mg/1 to 10 mg/1) remained in the
flashed brine. | | - ’

Arsenic forms ions of high charge (+3, +5) which are fapid]y'hydro-
lyzed in aqueous solutions and rarely exist as caiionit tomp1exes. In
‘natural processes, it commonly forms anionic complexes and polymers,
primarily with oxygen and sulfur. Where oxidation potential is low, ar-
senite;(AsOZ)'l or thioarsenite (A“sSZ)"1 specieé would predominate. In

)-3

more oxidizing environments, arsenate (AsO4)°° and thioarsenate (AsS4

species would be stable.

Depending on its complexed form arsenic may be mobile in both alka-
line and acidic waters and, like mercury, arsenic can form sulfide com-
plexes of high solubility. Orpiment (A5253) and realgar (AsS) are
common hot spring precipitates, frequently associated with mercury
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minerals. The hypogene transport of arsenic is not completely charac-
terized but is probably similar to mercury (Barnes, 1979). High arsenic
" concentrations in thermal waters in general " have been reported from
many geothermal areas (Weissberg and others, 1979; Hem, 1970b).

In the weathéring-cyc]e arsenic enters surface and ground water
mainly as soluble arsenates. Thermodynamfc data indicates the species
(H2A504)‘ and (HASO4)—2
most natural waters, with the former dominant -below pH 7.2 and the -

are the equilibrium forms over the pH range of

latter above_(Hem, 1970b). In reducing conditions HAsO2 may be present.

Arsenic concentrations in.surface water depend on cation concen- '
trations as well as the solubility of individual -arsenate species which
could exist as precipitates. While magnesium and calcium form relative-
1y soluble arsenates, certain trace' metals such as copper can greatly
1imit its solubility. The solubility products of various metal arsenates
indicate very Tow solubility in terms of the anion AsO4'3 (Si]1en and
Martell, 1964); however, this form is dominant only above pH 11.4 which
is much higher ‘than most natural waters. This effect could have some
bearing in part of Dixie Valley particularly in or near the playa, where
extremely alkaline conditions prevail. - |

Arsenic also may be taken from solution by coprecipitation/adsorb-
tion by hydrous iron oxides or adsorbtion on clays or organic matter.
The tendency of hydrous iron oxides.as well as certain iron bearing -
colloids to concentrate As explains why many mineral exploration soil
‘surveys have found B horizons, the site of hydrous ox1de accumulation,
to be the most effective for samp11ng _

Klusman and others (1977) in a study of six Cb]orado géotherma]
areas found anomalous arsenic values generally out11ned the same area as
the mercury anoma11es though not as strongly. They conc]uded that ar-
'sen1c was not as effective as mercury in de11neat1ng areas of geotherma]
influence due to 1ts closer aff1n1ty for the liquid phase ‘
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3.2 ANALYTICAL RESULTS
3.2.1 'Mercury
3.2.1.1 Geochemical Surface v

The results of the broad grid sampling of mercury are shown by three
dimensional plots in-Figures 3-3 and 3-4. The z axis represents the soil
mercury -concentration in parts per billion. This geochemical surface '
reveals some of the important aspects of the distribution of mercury in
Dixie Valley.  ‘Most notable is‘the isolated high at the Dixie Comstock
‘Mine and the prominent spike and cluster of somewhat lesser peaks between
the fumaroles and Cottonwood Canyon. Both areas exhibit mineralization
along the range front. Also apparent is the trend toward lower values
~ away from the range front, c]osér to. the playa.. The gedchemica] surface
for mercury is contoured on Plate I with sample locations and values
shown.

3.2.1.2  Freguency Distribution .

The frequency distribution for mercury'is'showh.ih Table 3-4 along
with certain descriptive statistics. The distribution is highly skewed
with most of the values smaller than the mean, but with @ few extreme
values being much greater indicating a more‘]oganorma11y distributed
population.. A log-normal distribution is common fbr trace elements in
geochemistry (Ahrens, 1954). ' ' : A

' Deviations of the data set from log normality may be explained by - -
g the,presence of a polymodal distribution. The polymodal or mixed fre-
quency distribution can arise in various ways. In geochemistry‘it.js
_common for a trace element to have a regional distribution pattern of
values that may then be mingled with another population associated with
mineralization which will have a markedly different frequency distribu-
tion.. This would produce a bimodal distribution indicated by two peaks
(modes) on the histogram of values. Where several sources or dispersion
mechaniSms contribute to the abundance of a given element a polymodal
‘distribution will occur. o |

- The possibility of a mixed frequency distribution can be, examined
by gfaphing the data on log probability paper as shown in Figure 3-5.
The graph suggests the presence of three log-normally distributed popu-
. lations. These consist of a set of va]ueé ranging from 0 to 20 ppb
comprising approximately 15% of the éamples, an intermediate grodp of
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Table 3-4
Frequency Distribution for Mercury .
ppb - Adj. Cum. ' ' - Adj. Cum.
Value Freq. ~ Freq.%  Freq.% Value Freq. Freq.%  Freq.%
0 2 0 0.5 144 2 0 87.4
4 6 1 1.0 148 1 0 88.2
8 13 4 4.7 152 2 0 - 88.7
12 14 3 8.6 156 5 1 89.8
16 16 4 12.6 160 5 1 91.0
20 6 1. 14,1 164 .2 0 91.5
24 18 4 18.6 168 - 3 1 92.3
28 22 5 24.0 176 3 1 93.0
32 20 5 29.0 180 1 0 93.3
36 16 -4 32.9 188 2 0 93.8
40 28 7 39.8 204 1 0 94.1
44 10 2 42.3 212 1 0 94.3
48 19 -5 47.7 220 1 0 . 94.6
52° 6 1 48.2 232 2 -0 95.1
56 24 6 54.2 248 1 0. 95.3
60 10 2 56.6 256 2 0 95.8
64 13 3 59.9 272 2 0 96.3
68 13 3 63.1 284 1 .0 96.6
72 11 3 65.8 288 1 0 96.8
76 8 2 '67.8 296 1 0 97.0
80 7 2 69.5 364 1 0 97.3
84 7 2 71.2 376 - 1 0 97.5
88 9 2 - 73.5 .388 1. 0 97.8
92 4 1 74.5 392 1 0 98.0
96 8 2 76.7 400 1 0 98.3
100 3 1 77.4 480 1 0 98.5
. 104 7 2 79.2 488 1 0 98.7
108 8 2 81.2 560 1 0 99.0
112 2 0 81.7 976 1 0 0 99.3
116 6 1 83.1 1240 1 0 99.5
120 9 2 85.4 1400 1 0 99.8
124 1 0 85.7 2120 1 0 100.0
128 1 0 - 85.9
132 3 1 86.6
© 136 1 0 86.9
140 2 0 87.4
Mean ' 87.901 Variance . L 25432.764
‘Mode 40.000 : Standard Deviation 159.477
Median - 55.000 Standard Error . 7.934
Minimum 0 | Skewness 8.158

Maximum  2120.000 . Kurtosis 84.794
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.values ranging from rough]y,ZO to 300 ppb making up about 83% of the
samples and a small group of values above 300 ppm. The degree of over-
lap between groups is indicated by the Steepness of the bend joining
linear segments on the graph. A steep break between linear segments
indicates a sharp demarcation, whereas a gentle break indicates con-
siderable overlap between populations. The break between the lowest and
intermediate populations is gentle and occurs over a small range of values
indicating a large degree of overlap. " _.

The group of lowest values probably rebresents a bdckground popu-
lation. It is cbmparable to background values for soil mercury in other
geothermal areas as reported by Matlick and Buseck (1976) and Capauno
and Bamford (1978). Four widely separated samples taken in the southern

- portion of the valley where there are no thermal manifestations and no
nearby mineralization all had mercury values in this range. The majority

of the points within the background group are in or near the playa, which
is not unexpected‘for several reasons. First, the playa area is away
from the mineralized bedrock and mercury is. not eas11y transported in
neutral to alkaline surface waters such as those commonly found in Dixie

fValTey. Also the potential vaporous mobility of mercury .in the playa is
inhibited by the near-surface water tab]e, by the plastic weakly permeable
nature of the sediments which will tend to close potential migration con-

- duits such as faults, and by the ability of c]ays below the surface to

effect1ve1y adsorb 1arge amounts of mercury.

The popu]at1on of highest values on the probab111ty p]ot js almost

exclusively associated with areas of mineralization along the range front.
This segment of the graph is not as well defined aé the central regioh

* due to far fewer points and because values in this .range tend to '

' tax the capabilities of the gold film detector‘making the results less

'reproducib1e, however a distintt~break‘fromethe midd]e'segment'is clear.

~ The well -defined central segment of mercury values on the graph is
being tentatively attributed to the geothermaT‘inf]ueheefwhere no miner-

alization occurs, though other sources are possible.  Motor vehicle ,

traffic is known to account for anomalous concentrations of mercury, al-
though anomalies would then be expected to trend a1ong'the main roads;
this was not observed. . Pesticides and seed are possible sources but
considering the Timited cultivation within the study area this too seems
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un]ikely. ‘The nature of the break between the intermediate and high .
populations on the probability plot indicates somewhat less overlapping
than observed for the low and intermediate popu]ations.' Some of the
overlapping portion may represent areas where mercury previously con-
centrated by minera]izing'procésses,has been remobilized by a thermal
mechanism. ' ‘ ’ ‘

3.2.2 Arsenic
3.2.2.1  Geochemical Surface

The. arsenic geochemical surface is depicted in Figures 3-6 and 3-7.
There are some marked differences when compared to the mercury surface.
The arsenic -peak in the fumarole area is only moderate and- the high near
the Dixie Comstock is not nearly as anomalous ‘as it is for mercury.
Moreover, in contrast to the mercury values, high arsenic seems more pre- -
valent towards the playa, particularly right at the playa margin. The
NGOON trending zone of low mercury values in the area of the most moun-
tainward advance of the pTaya is the site of highly anomalous arsenic
values (Section 14). - The geochemical surface for arsenic is contoured on
Plate II with sample locations and values shown.

3.2.2.2 Frequency Distribution 4 ,

. Descriptive statistics for the arsenic distribution are listed in
Table 3-5. Like the mercury it'is'rough1y~1og—nbrma1]y«distributed.
Figure 3-8 depicts the arsenic data using a Tog probability plot. The =~
graph shows én_apparent bimodal distribution with a large population
ranging from 5 to approximately 35 ppm and a smaller group of values
~ above 35 ppm. Unlike the mercury data the highest population of arsenic
is not as clearly associated with mineralization. However many of the |
‘high values are associated with the drainage from mineralized areas and
.may be hydromorphic dispersion halos. This is consistent with the
affinityvof arsenic for the 1iquid phasé,'particu1ar1y«in comparison to
mercury. At least four.re1at1ve1y high arsenic values -are associated
with springs,‘and another possib]y with drillhole discharge during test-
- ing. Thermal fluids from drillholes DF 45-14 and DF 66-21 showed rather
high As contents (0.59 ppm and 2.1 ppm, reépective]y; Bohm and others,

. 1980) making source implications for these latter anomalies clear.








































































































































































































































































































































































































































































PLATE 1IV:

RELATIVE ABUNDANCE OF SELECTED
MINERAL SPECIES IN DF 45-14
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PLATE V:

RELATIVE ABUNDANCE OF SELECTED
MINERAL

SPECIES

IN DF 66-21
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PLATE VI:

DISTRIBUTION OF SELECTED ELEMENTS IN DIXIE FEDERAL 45-14 HEAVY MINERAL FRACTIONS
DIXIE VALLEY, CHURCHILL COUNTY, NEVADA
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0 2500 5000 0 2500 5000 0 2500 5000 7500 0 500 1000 0 5000 10000 15000 20000

DEPTH —lElN..D.l il [T e -l ND P B T el | _I ND i e e 1 e SRR N | IN.. 5 Lufans o mie . ] —lN:Dl o 5.2l | | S 1 Sl 1T o S g Y — DEPTH
: g |

1000 fﬂ 1000

F 1 = |
2000 — f — 2000

N.D

3000 — — 3000
4000 — 4000
5000 — — 5000

(= 2
6000 — — 6000
7000 — _J — 7000
8000 — 1 — 8000

E J _N.D.

9000 = — 9000

N.D. - NO DATA

BY: T.R. BARD APRIL 24, 1980



PLA

TE VII:

DISTRIBUTION OF SELECTED ELEMENTS IN DIXIE FEDERAL 45-14 WHOLE ROCK SAMPLES
DIXIE VALLEY, CHURCHILL COUNTY, NEVADA
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PLATE VIII:

DISTRIBUTION OF SELECTED ELEMENTS IN DIXIE FEDERAL 66-21 HEAVY MINERAL FRACTIONS
DIXIE VALLEY, CHURCHILL COUNTY, NEVADA

LEAD ZINC ARSENIC ANTIMONY MERCURY
PPM Pb PPM Zn PPM As PPM Sb PPM Hg
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PLATE IX:

DISTRIBUTION OF SELECTED ELEMENTS IN DIXIE FEDERAL 66-21 WHOLE ROCK SAMPLES
DIXIE VALLEY, CHURCHILL COUNTY, NEVADA
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