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ABSTRACT

Kesler, S.E., Gerdenich, M.J., Steininger, R.C. and Smith, C., 1990. Dispersion of soil gas around
micron gold deposits. In: S.E. Kesler (Editor), Soil and Rock Gas Geochemistry. J. Geochem. Ex-
plor., 38: 117-132.

Experimental weathering of sediment-hosted micron gold (SHMG) ore from the Alligator Ridge
deposit indicates that ore and adjacent Pilot Shale wallrock release gas with larger concentrations of
COS, CS, and CH,, and lower CH,/ (CH,+C;H,) and CH,/(CH,4+ C,H¢) ratios than does barren
Pilot Shale. The COS and CS, are derived from decomposition of disseminated pyrite, which is prob-
ably more abundant in mineralized zones, and variations in the CH-gas ratios are thought to reflect
increased thermal maturity of organic material in the mineralized zones. Surveys designed to deter-
mine whether these gases are present in detectable haloes around SHMG mineralization were carried
out over the Yankee prospect, a relatively similar deposit several km south of Alligator Ridge. The
surveys included analysis of interstitial soil gas, gases desorbed from soils, and gases desorbed from
two sets of Carbotrap collectors, one left on the bedrock interface (at depths of about 30-70 cm below
the surface) and another placed in holes drilled about 3 m into bedrock. All of the gases observed in
the experiments were detected, as well as organo-sulfur and higher alkane and alkene gases. The sur-
veys indicated systematic variations in gas dispersal related to faults and/or mineralization, with the
most consistent patterns being elevated COS values and depressed CH,/(CH,+C,H,) ratios over
mineralization. Similar highs in COS, as well as other gases including SO, and ethyl mercaptan, were
associated with faults, and it was not possible to distinguish these two sources of anomalous gas pat-
terns in all cases. In general, best results were obtained with gases desorbed from bulk soil, and no
significant advantage was observed with the use of collectors placed in deep holes. Although all of the
survey methods yielded anomalous patterns, none of these patterns are sufficiently strong to merit the
use of gas geochemistry as a primary guide in exploration for SHMG deposits.

INTRODUCTION

Soil-gas surveys have documented the presence of detectable CO,, O,, hy-
drocarbon and sulfur gases around sulfide ore bodies and oil and gas fields
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(Philp and Crisp, 1982; Horvitz, 1985; McCarthy and Reimer, 1986). COS
and CS, have been observed in interstitial soil gas and in gases desorbed from
soil above sulfide deposits in Arizona (Hinkle and Dilbert, 1984; Hinkle,
1986) and in other locations throughout the world (van den Boom and Pop-
pelbaum, 1982; Nicholson et al., 1988 ), indicating that these gases are wide-
spread in all weathering environments. Jones and Drodz (1983) have shown
that straight-chain alkane gases are present in soil gases and that the ratio of
higher alkane gases to CH, is highest over oil and gas fields. Although most
of the gases recognized in these soil-gas studies contain elements that are pres-
ent in large amounts in the ore or oil itself, and which are thought to have
been derived from that source, other gases have been found in some soil gas
studies. For instance, CO, and CH,, which are anomalously abundant over
the Crandon massive Cu-Zn sulfide deposit in Wisconsin, are thought to have
been derived, respectively, from dissolution of carbonate minerals in over-
burden by acidic groundwater and from thermal cracking of kerogen in the
wallrock (McCarthy et al., 1986).

With the exception of a few studies such as that at Crandon, not much at-
tention has been given to the possibility of using soil-gas surveys to search for
deposits where hydrocarbons and sulfur are not major (e.g.> 50%) compo-
nents of the target itself. Sediment-hosted micron gold (SHMG) deposits,
which are discussed in this report, are the most obvious example of such an
exploration target. These deposits consist of small amounts of gold, com-
monly at at the ppm level, and larger amounts of arsenic, antimony and other
metals (Bagby and Berger, 1985, table 8.4) in carbonaceous limestone or shale
with locally intense silicification and kaolinization. Both sulfur, largely in the
form of pyrite, and hydrocarbons, in the form of kerogen, are slightly en-
riched in these deposits, and might form detectable gas haloes. As a test of
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Fig. 1. Location of the Alligator Ridge and Yankee deposits. White Pine County, Nevada.
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this possibility, we carried out field surveys over a number of SHMG deposits
and prospects in eastern Nevada using several sample media. We report here
the results of surveys carried out at the Yankee prospect, which is located
several km south of the Alligator Ridge SHMG deposit (Fig. 1). Yankee is
emphasized here because more sample media were tested here than at any
other deposit or prospect. Results obtained at Yankee are representative of
those from other areas.

FORMATION OF SULFUR AND HYDROCARBON GAS HALOES AROUND SHMG
DEPOSITS

Gases given off by weathering SHMG deposits should differ from those
given off by weathering of barren rock for several reasons. In the case of sulfur
gases, any enrichment of pyrite, caused by hydrothermal activity in the de-
posits, should result in the generation of increased amounts of sulfur gases.
Although calculations based on the assumption of thermodynamic equilib-
rium indicate that H,S should be the dominant gas released during the oxi-
dative weathering of sulfide minerals, Taylor et al. (1982) have shown that
COS and C8S, are, in fact, the dominant S-gases and Stedman et al. (1984)
have shown that carbon in these gases is derived from organic material. Kes-
ler and Gardner (1986) have shown that CS, is most common in interstitial
soil gas, whereas COS is more commonly adsorbed onto soil particles. CS, is
likely to be a shortlived gas in the upper part of the soil zone, where it proba-
bly oxidizes to several gases, including COS (Sze and Ko, 1979).

The abundance and composition of the hydrocarbon fraction of gases over
SHMG deposits should be related to the thermal maturity of the organic mat-
ter. Iichik et al. (1986) have shown that the organic matter at Alligator Ridge
is more mature near the ore zone, and Kettler et al. (1990) have demon-
strated that the mineralizing fluids oxidized the organic material. Minerali-
zation in the Alligator Ridge SHMG deposits is thought to have occurred at
temperatures of about 200°C (Ilchik, 1987), which is above the range of tem-
peratures typical of catagenesis (Tissot and Welte, 1978). Although these ob-
servations do not indicate exactly what types of hydrocarbon gases should be
given off by weathering SHMG deposits, the simplest possibility is that cata-
genesis associated with mineralization should produce more labile light al-
kanes such as CH,, in keeping with the production of natural gas at depths
and temperatures greater than those commonly needed to form oil (Tissot
and Welte, 1978).

As a partial test of these generalizations, laboratory experiments were car-
ried out on mineralized and barren Pilot Shale from the Alligator Ridge mine,
as well as on barren shale from the region. Early versions of these experiments
simulated weathering by circulating water over crushed sample or by dripping
it through a soil/or column with periodic analysis of headspace gas (Taylor
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et al., 1982; Kesler and Gardner, 1986), and demonstrated that weathering
ore released large amounts of COS and CS,, as well as hydrocarbon gases.
Further experiments to quantify relative gas abundances were carried out us-
ing 1 gram of pulverized rock and 6 ml of water in a 50-ml glass vial with a
Minert valve cap. Gases were withdrawn from these vials for analysis after 2
weeks. As can be seen in Figure 2, CS, and COS abundances were much higher
in ore and wallrock samples than in country rock. CH, abundances in gases
given off by ore samples are also much greater than those in gases from barren
country rock and wallrock samples. Although smaller differences were ob-
served in the heavier hydrocarbon gases, the CH,/(CH,+ C,H,) and CH,/
(CH,+ C,H,) ratios were lowest in ore samples and greatest in barren sam-
ples, as would be expected if catagenesis of the mineralized rocks produced
abundant CH, and higher hydrocarbons.

Additional tests were made to determine whether arsine (AsH;) could be
an important gaseous constituent given off by these deposits during oxidative
weathering. Arsine is a strongly reduced gas and would not be stable under
oxidative weathering conditions. However, other reduced gases such a CS,
are relatively common around oxidizing sulfide deposits and it is possible
that arsine might also persist metastably into more oxidizing environments.
These tests involved artificial weathering experiments similar to those dis-
cussed above, in which pieces of realgar-rich gold ore were used in place of
As-free ore. Sulfur and hydrocarbon gases released in these experiments did
not differ from those observed in the other experiments. Gases from these
experiments were also analyzed for AsH, using the gas chromatographic tech-
nique of Photovac, Ltd. of Toronto, which employs a photoionization detec-
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Fig. 2. Bar graph comparing average concentration or ratio value for gases produced by weath-
ering samples of ore, barren wallrock, and unmineralized country rock from the Alligator Ridge
SHMG deposit.
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tor with a sensitivity of considerably less than 1 ppb AsH; (v/v). Tests with
this unit, done under the supervision of Photovac personnel, were completely
negative, although it is still possible that arsine is present in gases formed in
more reducing weathering environments.

On the basis of these experiments, we designed our field surveys to test for
elevated levels of COS, CS,, CH, and depressed levels of the ratios CH,/
(CH4+C,H,) and CH,/(CH,+C,H¢) over SHMG mineralization in a va-
riety of sample types.

GEOLOGY OF THE YANKEE SURVEY AREA

Bedrock in the Yankee area (Fig. 3) consists largely of the Devonian-Mis-
sissippian Pilot Shale, which is overlain in the southwestern part of the area
by the Mississippian Joana Limestone and float derived from largely eroded
Tertiary basalt flows (Klessig, 1984). North- to northwest-trending faults cut
the area, and two northeast-trending faults are inferred to cut the central part
of the area. Yankee is characterized by widespread low-grade gold minerali-
zation. Delineation of mineralized zones proved to be a significant problem

MINERALIZED ZONE

JASPEROID

YANKEE TEST AREA

Fig. 3. Schematic geologic map of the Yankee SHMG deposit showing the location of samples
along the two traverses discussed in this report and location of faults that cut the traverse. The
hachured block marks the location of the northern, shallow ore zone.
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in designing our field sampling tests, particularly because the sampling pro-
grams coincided with the latter phase of drilling activity. The zones of miner-
alization shown on Figure 3 were outlined by contouring the parameter:

(Grade) X (Thickness/Depth to Ore)

and outlining a constant value. This approach was used, rather than simply
outlining gold mineralization of similar intensity regardless of its depth, be-
cause near-surface mineralization should yield more gases than deeper miner-
alization of the same grade. Regardless of these uncertainties, it was clear that
the largest, shallowest zone of gold is in and near an east-trending jasperoid
in the northern part of the area (Fig. 3). The smaller zones of mineralization
shown in the central part of the area are the highest grade and/or shallowest
parts of a larger zone of more deeply buried, low grade mineralization. Fault
zones in the area, which were delineated by a combination of field and photo
indications, appear to terminate the northern ore zone on the west, and two
probable faults cut the central ore zone.

The Yankee prospect has been weathered to depths of several tens of me-
ters, and most pyrite and organic material have been removed. Although ex-
tensively weathered rocks such as this are probably not as strong a source of
gases as are rocks that are only partly weathered, they are typical of wallrocks
that host many SHMG prospects and, as such, must be evaluated. Our soil-
gas studies in other, less weathered SHMG prospects in Nevada did not detect
significant differences in gas abundances or species, suggesting that some of
the gases released during oxidation are adsorbed and retained by wallrocks
even after extensive weathering.

SAMPLE LOCATIONS, SAMPLE TYPES AND COLLECTION PROCEDURES

Samples discussed in this report were collected along two mutually perpen-
dicular traverses that crossed the northern, shallow and central, deeper min-
eralized zones. A large number of survey types were carried out along the
north-south traverse, which crosses the shallow ore zone, and most of this
report is based on results from that traverse. Overburden in the Yankee area
consists of thin (0.3-1 m) immature soils developed on Pilot shale bedrock.
Vegetation consists essentially of small, widely spaced, juniper and pinyon
trees. Surface disturbance of the test area was limited to a few drill roads and
numerous drill pads. Surveys described here were carried out in two stages.
In the summer of 1984, surveys were based on interstitial soil gas, and gases
desorbed from both soils and collectors, which were placed in shallow, 30- to
70-cm holes that bottomed in bedrock. In the summer of 1985, a second set
of collectors was placed in holes drilled to depths of about 3 m into bedrock
in an attempt to obtain stronger gas signals with less surface contamination.

Soil samples were obtained by digging holes with a shovel to the bedrock
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interface where about 50 g of soil were removed and stored in 4 mil polyeth-
ylene bags and glass vials. Soil gas was obtained by driving a metal probe
about 1 m into the ground, and allowing a gas sample to flow into an evacu-
ated 280-cm? stainless steel container. Pressure checks following gas collec-
tion showed that most containers were only about 80% full, indicating that
free leakage of atmosphere into the samples did not occur. Assuming an av-
erage porosity of 30%, the 225 cm? of gas recovered at each station could have
come from a cubic volume of soil measuring about 9 cm on a side.

Collectors used for both the shallow and deep surveys were constructed of
glass vials, which were covered by a 325 mesh polyester screen attached to the
mouth of the vial with galvanized steel wire. The absorbent used in the vials
was 1 cm? of Carbotrap, a gas absorbent manufactured by Supelco, Inc., which
was heated previously to 200°C to clean it of adsorbed gases. This material
was chosen after absorbent tests carried out on a variety of chromatographic
column compounds indicated that it absorbed the largest amounts and vari-
ety of sulfur and hydrocarbon gases important to this study. Vials containing
the Carbotrap were capped with open-top, screw caps lined with Teflon septa
for transportation to and from the field site. For the shallow tests, the 6-ml
vials were suspended in an inverted position in small plastic sleeves at the
bottom of the holes used for soil samples, where they were left from July to
September, 1984. The deep survey collectors were planted in holes that were
drilled to an average depth of 3 m using an Air Track percussion drill. The
upper 60 cm of these holes were drilled with water, but deeper parts of the
holes were drilled dry. The holes were cased with 3.13 cm (1.25 in) ID PVC
pipe and the area around the casing was sealed with soil and cuttings to impede
influx of surface gases. Collectors consisting of 20-ml glass vials with 1 cm? of
Carbotrap were inverted in the casing about 5 ¢cm from the bottom of the
holes suspended by steel wire. The casing, which was left open to permit re-
moval of the vials, capped with aluminum metal and sealed with Scotch All-
Weather tape. The collectors were left in these holes from late July to mid-
October, 1985. Unopened collectors were left at the field site and in the lab
for later comparison.

ANALYTICAL PROCEDURES

All analyses reported here were obtained using a Tracor 560 gas chroma-
tograph with a flame ionization detector (FID") for hydrocarbon gases and a
Hall electrolytic conductivity detector (HECD) for sulfur gases. This system
permitted simultaneous analysis for H,S, CS,, COS, SO,, methyl mercaptan
(MSH or CH,SH), ethyl mercaptan (ESH or C,H;SH), dimethyl sulfide
(DMS or CzHﬁs ), dimethyl disulfide (DMDS or C2H6SZ ), CH4, C2H6, C3H3,
C4H,,, C,H,, and C;H. Detection limits for all gases were in the lower ppb
range for a 3-ml gas sample. Gases were removed from their respective con-
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tainers with a Pressure-Lok syringe, compressed to slightly greater than at-
mospheric pressure in the syringe, and injected onto two, in-series, 3-ml sam-
ple loops attached to a 12-port valve. This valve was used to switch the contents
of one loop onto a Chromosil 330 column (Supelco) leading to the HECD
and the contents of the other loop onto a VD-7 column (Supelco) leading to
the FID. The columns were operated at a constant temperature of 55°C with
a He gas flow of 30 cm® min—!.

Gas was removed from the stainless steel containers without heating or other
preparation and injected directly into the sample loop of the gas chromato-
graph. Soils were degassed in two ways. The low temperature fraction of soil
gas was desorbed by placing a 2-g aliquot in a glass vial capped by a plastic lid
with a Teflon-lined septum, heating the vials to 70°C overnight in an oven,
and allowing them to cool before analysis (van den Boom and Poppelbaum,
1982). This method does not destroy the water layer that can trap gases around
particles and thus only liberates relatively lightly adsorbed gases. Heating of
the same samples to temperatures high enough to evaporate this water layer
to release more strongly adsorbed gases failed when expansion of water vapor
caused the Teflon septa to burst; water vapor also impeded column efficiency.
Accordingly, glass vials containing soils from which the low temperature gas
fraction had been desorbed at 70°C, were opened, heated for two hours at
70°C to remove excess moisture, and then closed and heated to 125°C over-
night before analysis. In all cases, gas abundances desorbed at 125°C were
10-20 times greater than those desorbed at 70°C. Collector vials, which were
also capped with Teflon-lined septa, were heated to 200°C for 2 minutes
(shallow survey) and 5 minutes before removing gas for analysis.

Analytical response from the gas-chromatograph detectors were recorded
on Spectra-Physics 420 peak integrators and reported as peak areas. Results
were standardized by comparison to peak areas for standard gas composi-
tions similar to the unknowns. Individual peaks on chromatograms were
identified by comparison to the retention time for known gases injected under
the same analytical conditions. Sulfur gas standards were obtained using a
permeation tube system that released about 100 ppm COS and CS,, and for
hydrocarbon gases with commercial standards containing about 20 ppm of
each gas. All sample compositions are expressed as ppb gas in the headspace
of the container, which was constant because all sample volumes were con-
stant. Replicate analyses of the same sample over extended periods indicated
precision of about +30% (2 s.d.) for sulfur gases and + 10% for hydrocarbon
gases. Analyses of duplicate samples from the same location indicated differ-
ences of up to +50% for duplicate pairs, with the greatest differences ob-
served for samples with the lowest gas contents. Although these results make
it clear that duplicate samples from individual soil gas sample sites exhibit
greater variation than is observed in more commonly applied geochemical
survey methods, the variation observed between different sample stations is
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much greater than this analytical and sampling variation, and geologically
important differences in gas evolution patterns can be recognized throughout
the survey area.

RESULTS OF THE GAS SURVEYS

The Yankee survey indicates that different sample types detected similar
gas patterns and that anomalous values coincide with mineralization and
faults. Most of the anomalous patterns are not strong, however. The results of
each of the sample types are summarized below, with an emphasis on the
north—south traverse, where all four types of surveys were run (in contrast to
the east-west traverse on which only the soil-gas and deep collector surveys
were carried out).

The interstitial soil-gas survey provided evidence for a strong low in the
CH,/(CH4+C,H,) ratio over the shallow ore zone in the northern part of
the area and less well defined lows over the deeper fault and mineralized zones
to the south (Fig. 4A). The CH,/(CH,+C,H{) ratio exhibited a generally
similar pattern, but the stronger lows were over the deep ore zone rather than
the shallow one (Fig. 4A). CH, response over these zones was not strongly
anomalous, although the higher values clustered over the shallow ore zone
(Fig. 4B). Results for COS and CS, soil gas were obtained during two trav-
erses, one in July and the other in August, 1984. Although gas abundances
were higher in the August traverse (Fig. 4B), the July traverse contained
anomalies with stronger contrast. The southern of the two July traverse
anomalies, both of which consisted largely of CS,, coincides with a possible
fault, but the northern one is unexplained.

Gases desorbed from the shallow, Carbotrap collectors exhibited similar
minima in the CH,/ (CH,+C,;H,) and CH,/(CH,+C,H;) ratios over the
northern, shallow ore zone, and large minima south of the deeper ore zone
(Fig. 4C). CH, abundances are highest in the northern part of the traverse,
generally over the ore zones. CS,, COS and COS+ CS, exhibit less variation,
although ore zones are associated with elevated values (Fig. 4D).

Gases desorbed from the soil samples differed greatly, with the lower tem-
perature desorbtion yielding results similar to those observed for the vacutai-
ners and shallow collectors. The bulk soils, from which gases were desorbed
at 70°C, exhibit CH, maxima and C,H, and C,H, ratio minima over or near
the mineralized zones (Fig. SA,B). Note that the largest CH, levels are asso-
ciated with the shallowest mineralization. Sulfur gas abundances do not ex-
hibit much variation, although they show poorly defined maxima over miner-
alization (Fig. 5B). Soils from the east-west traverse (which were collected
from only part of the stations) exhibited a strong C,H, ratio anomaly over
the deep ore zone and less well defined C,Hg ratio and COS anomalies (Fig.
5C,D). Gases desorbed from sieved soil also show C,H, ratio minima over
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Fig. 4. Results obtained for vacutainer (A,B) and shallow Carbotrap collectors along the north~
south traverse. Fault zones are shown by dark lines at base of traverse and mineralized zones
are shown by hatchured zones.

A) Values of the ratios CH,/ (CH,+C,H,) and CH,/ (CH,—C,Hg) for survey carried out in
August, 1984.

B) Concentrations of CH, (for a survey in August, 1984) and COS+CS, (for surveys in July
and August, 1984). Fault locations are not shown because of overlap with gas abundance data.
C and D. Results obtained for gases desorbed from Carbotrap collectors placed in shallow holes
along the north—south traverse at the Yankee deposit. Additional symbols are explained in cap-
tion for Figure 4A.

C. Values of CH,/ (CH,+C,H,) and CH,/ (CH,+ C,Hy) ratios.

D. CH,, COS, CS, (multiplied by 10) and COS+ CS, concentrations.

the mineralized zones, but no C,H, ratio minima (Fig. 5E). CH, and sulfur
gas patterns are more erratic, with minima over the shallow ore zone and
weak to strong maxima over the southern, deeper ore zone (Fig. 5F).

The deep collectors, which were placed in 3-m-deep holes, yielded a differ-
ent gas suite than did the shallow collectors and, in most cases, less total gas.
Whereas CH,, C,H,, C;H,, C;H;, C3Hg and heavier hydrocarbons were de-
tected from the shallow collectors, only CH,, C,H,, C,Hg, and two heavier,
unidentified hydrocarbon gases were detected from the deep collectors. Fur-
thermore, CH, abundances in gases desorbed from the deep collectors did not
vary significantly and ranged near 4 ppm, which is the same amount of CH,
desorbed from a blank collector that was never opened in the field. In spite of
these disappointingly low gas yields, the gases that were adsorbed by the col-
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Fig. 5. Results obtained for gases desorbed from bulk soil at 70°C and from sieved soil at 125°C
for soil samples collected along the north-south and east—west traverses at Yankee. Additional
symbols explained in caption for Figure 4A.

A. Values of the CH,/ (CH,+ C,H,) and CH,/ (CH,+ C,H;) ratios for bulk soils (70°C) along
the north-south traverse.

B. CH,, COS, CS, and COS+CS, abundances for bulk soils (70°C) along the north-south
traverse.

C. Values of the CH,/ (CH,+ C,H,) and CH,/ (CH,+ C,H) ratios for bulk soils (70°C) along
the east—west traverse.

D. CH,, COS, CS, and COS+CS, abundances for bulk soils (70°C) along the east—west traverse.
E. Values of the CH,/(CH,+C,H,) and CH,/(CH,+ C,Hg) ratios for sieved soils (125°C)
along the north—south traverse.

F. CH,, COS, CS,, and COS+ CS, abundances for sieved soils (125°C) along the north-south
traverse.

lectors appear to reflect a deeper environment consistent with their location.
The constancy in the CH, probably reflects fewer microbial sources of this
gas below the soil zone (Schoell, 1988), and consequent smaller variability
in abundance of this gas within the bedrock. More importantly, the fact that
C,H is much more abundant than C,H, in the deep collectors than it is in
the shallow collectors (compare Figs. 4C and 6B) is consistent with the ob-
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servation that most C,H, is a product of microbial activity in the soil horizon
(Van Cleemput and El-Sebaay, 1985). Sulfur gases desorbed from the deep
collectors (Fig. 6C) differed from those seen in the shallow collector survey
in having a significant content of SO,, apparently derived from weathering of
sulfide minerals in the surrounding rocks.

As can be seen in Figure 6B, the C,H; ratio along the north—south traverse
exhibits a distinct minimum over the northerly, shallow ore zone and a few
low values over the southerly, deep ore zone. Sulfur gas patterns from the
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Fig. 6. Results obtained for Carbotrap collectors placed in 3-m holes along the north—south and
east-west traverses at Yankee. Symbols are explained in caption for Figure 4A.

A. COS, CS,, and COS +CS, abundances along the north-south traverse. CH, abundances do
not vary enough to merit plotting them.

B. CH,/(CH,+C,H,) and CH,/(CH,+C,H,) ratios for gases desorbed from deep collectors

along the north-south traverse.
C. SO, and ESH (ethyl mercaptan ) abundances for gases desorbed from deep collectors along

the north-south traverse.
D. COS, CS, and COS+CS, abundances along the north-south traverse. CH, abundances do

not vary enough to merit plotting.
E. CH,/(CH,+C,H,) and CH,/(CH,+C,H;) ratios for gases desorbed from deep collectors

along the east—west traverse.
F. SO, and ESH (ethyl mercaptan) abundances for gases desorbed from deep collectors along

the east—west traverse.
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deep collectors are generally ambiguous with maxima over the northern part
of the survey area and lower values to the south (Fig. 6A). Individual max-
ima are not clearly associated with specific ore or fault zones. SO, and ethyl
mercaptan, which were also desorbed from the deep collectors, showed
strongly correlated response, with maxima over the northerly, shallow ore zone
and over the southern end of the deep ore zone (Fig. 6C). Deep collectors
along the east—west traverse did not show C,H, or C,H; ratio anomalies, but
showed strong COS anomalies that appeared to be controlled largely by faults,
particularly the fault at the Joana-Pilot contact (Fig. 6D,E). SO, and ethyl
mercaptan response along this traverse is limited to a strong maximum over
the fault at the Joana-Pilot contact (Fig. 6F).

DISCUSSION AND CONCLUSIONS

The results of the survey along the north—south traverse are summarized in
Figure 7, which shows the number of anomalous values obtained at each of
the stations. Values were categorized as anomalous if they exceeded 1.5 stan-
dard deviations from the mean for that population. As can be seen here, the
traverse contains three zones with contiguous anomalous values. Two of the
three zones are over known ore zones. The third is at the south end of the
traverse in the area of ore that was delineated by drilling after this survey.
Several of the stations over the shallow, northern ore zone were distinctive in
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Fig. 7. Summary of anomalies obtained for stations along the north—south traverse. Summary
is shown as the percentage of anomalous values for each station because each station did not
yield samples for each survey. Samples were defined as anomalous if they deviated from the
mean by 1.5 standard deviations.
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that the same anomaly was obtained from several different sample types. For
instance, station 33 exhibited anomalies for the C,H, ratio in the vacutainer,
bulk soil and sieved soil traverses and COS anomalies in the vacutainer and
deep collector traverses. Stations 35, 36 and 37 had COS anomalies in the
vacutainer, shallow collector, bulk soil and deep collector surveys and C,H,
ratio anomalies in the vacutainer, shallow collector and deep collector sur-
veys. Station 41 yielded CH, anomalies for the vacutainer, shallow collector,
bulk and sieved soil surveys, as well as COS anomalies for the vacutainer and
sieved soil traverse.

These results indicate that soil-gas compositions vary systematically with
respect to geological features and that these variations can be detected by sev-
eral different gas sample media. It is clear from our results that faults are
zones of enhanced gas movement. For instance, the fault that cuts the north-
ern, shallow ore zone and is intersected at station 36 by the north—south trav-
erse, exhibits 7 anomalies, and the fault at station 59 on the east-west trav-
erse, which was crossed by only the deep gas traverse, exhibits strong anomalies
for the sulfur gases. However, the zone of deep mineralization at the southern
end of the north—south traverse is characterized by several anomalous sta-
tions that do not appear to be associated with faults, suggesting that at least
some of the gas patterns observed here did not arrive at the surface along
faults. Although it might be suggested that CH,4, which can be derived from
deep basin sources as well as near surface microbial activity (Schoell, 1988),
would be more important than sulfur gases along faults, no support for this
possibility is provided by our data.

Although gas anomalies were detected over SHMG ore, our data show that
anomalies are also common in areas apparently lacking ore. Furthermore, gas
concentrations tend to be relatively erratic compared to standard geochemi-
cal indicators. For these reasons, gas geochemistry does not have much appeal
in exploration for near-surface ore where the host rock unit is widely exposed.
These problems are not resolved by using a sampling method that reaches to
depths below the soil horizon. In fact, it appears that satisfactory results can
be obtained using gases desorbed from soil or gases extracted from interstitial
space in soil, and that the use of collectors at any level does not result in a
significant improvement in performance. Complications might also be en-
countered in attempts to use the same hydrocarbon gases observed in this
survey in exploration for SHMG deposits elsewhere in Nevada because the
thermal maturity of organic material in the Alligator Ridge area is relatively
low in relation to most other parts of the Great Basin (Poole et al., 1983).

In spite of this negative assessment, there are situations in which gas geo-
chemistry might be of use in exploration. The most obvious of these is one in
which thick alluvial or other transported overburden obscures bedrock and
limited information can be obtained from more conventional geological and
geophysical methods. In these cases, soil-gas geochemistry might be used to
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trace faults and possibly to generate anomalies that could be used in conjunc-
tion with other survey methods such as vegetation geochemistry to identify
anomalous areas for shallow drilling.
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