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ABSTRACT

A relatively new soil gas collection technol ogy
has been tested on two New Zeal and epithernmal gol
deposits and one active hydrothermal systemwith the
aimof ascertaining its usefulness as an exploration
tool in these environnents. The method successfully
identified the trace levels of base netal
mneralisation associated with hydrothermally
altered units at both the Golden Cross deposit in
the Coromandel Peninsula and the Chakuri prospect in
the Taupo Vol canic Zone, and detected gold in a
single site over the Golden Cross deposit.

Two survei/]s at the Rotokawa hydrothermal system
have proven the nmethod to be successful at
delineating both zones of shallow permeability and
areas of sul phide mineralisation.

| NTRODUCT! ON

The analysis of key soil gases overle]/i ng buried
ore deposits is a conmon exploration technique in
the mnerals industry, particularly in terranes
where there is extensive overburden (e.g. the review
paper of McCarthy and Reimer, 1986).  Such

techni ques have also been applied to the study of
geothermal systens with the aimof defining both the
structure and the boundaries of geothernal

reservoirs (see Koga and Mahon, 1982; Hinkle, ME.
1980; and Whitehead, 1984).

Thi's paFer reports on the N apﬁlication of a
passive collection technique which has been used
successfully in the exploration for base netal

sul phi de deposits in Europe, the United States and
Saudi Arabia. Here wé apply the so called GEOGAS
method (Kristiansson and Malnmgvist, 1988) to two
known epi t her mal %old deposits in the Taupo Vol canic
Zone and Coromandel Peninsula, and to the Rotokawa
geothermal field, a well studied active hydrothernal
system | ocated about 20 kmnortheast of Taupo. The
aimwas to test its usefulness not only froman
epithermal netals exploration standpoint, but also
as a guide to shallow, permeable structures in the
active hydrothermal environnent.

GEOGAS BACKGROUND AND CONCEPTS

The GEOGAS nethod is founded on the premise that
there exists in the upper earths crust a small but
measurabl e, upwardly streaming nicroflow of free gas
which is capable of serving as a carrier for trace
quantities of rock matter. The existence of such a
non-di f fusive transport mechani sm has been
denonstrated both indirectly in controlled soil gas
“ Rn experinents (Kristiansson and Ml ngvist,
1982), and by direct measurement of the carrier flux
indrill holes at three nining areas in central
Sweden (Malngvist and Kristiansson, 1984).

Analysis of the carrier gases at two of the
three study areas in Sweden showed them consisting
of varying ratios of air constituents, with nitrogen
doninating (from77.9 and 94 vol. %) , argon ranging
from0.9 to 1.2% and oxygen contents varying

between 5.2 and 19.6% Methane was al so present as
a mnor or trace constituent at these |ocations, but
was found to be a major constituent in the third
study area where it conprised as much as 54. 4% of
the total flow, and varied inversely with oxygen.

The origins of these carrier gases are |argely
atmospheric, but with local contributions of nethane
from biogenic reactions, or interactions between
pore flurds and graphitic shale units as in the
nethane rich exanpl e above (Malmgvist and
Kristiansson, 1984). However, the possibility of a
small, but hitherto undetected mantle contribution
cannot be excl uded.

Local exsolution of these gases from saturated
?roundvxater is predicted as a response to meteoric
| ow al ong pressure gradients, pressure shocks or
other disturbances (Kristiansson, and Malnmvist,
1982). Flow rates of up to 4 cni/min nf were
recorded in the above studies in central Sweden, a
veri/] old and tectonically inactive cratonic terrane.
H gher flows were exFected in more juvenile terranes
such as the Taupo Vol canic Zone where there are also
P drothermal and/or vol canogeni ¢ conponents in the

ow.

The transport mechanismis portrayed
schematically in Fig. 1. Belowthe water table, the
upwardly streamng bubbles are presumed to possess
sufficient binding energy at their gas-liquid
interface to effectively scavenge a smll but
su{;mhcant quantity of dissolved constituents from
solution. The bubbles then stream upward to the
pi sometric surface, fromwhere the dissolved
constituents are carried via a_less efficient
aerosol mechanism A special 2<‘Rn study over a
large underground mine in Central Sweden reveal ed
transport velocities of as high as 10 nfday
(Kristiansson and Mal ngvist, 1982), although these
rates are not necessarily representative o
unperturbed, steady state systens.
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Evi dence fromthe Rn studies also suggests
that flow is restricted to the more perneable
fracture channels rather than intergranular pore
networks which would tend to be inherently "sticky"
to such bubble transport. The primary useful ness of
the method, froma netals exploration standpoint,
stems fromthe fact that flow through fractures
penetrating an ore body at depth will necessarily
pick up not only the traditional indicator or tracer
constituents associated with the ore, but also the
ore netals thenselves, ultimtely delivering the ore
matter to the surface environnent.

COLLECTI ON AND ANALYSI S

The col l ection system consists of an inverted
funnel apparatu| which focuses the flow of geo gas
past a 20 ug/cm Eol ystyrene nenbrane. The
pol ystyrene, which serves as an adsorption surface
for the transported matter, is mounted on a glass
backing to facilitate handling, and is housed inside
a noul ded plasti'c beaker assembly which is designed
to channel flow past the menbrane. To guard agai nst
atnospheric contamination, the entire apparatus is
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Fig. 1. Schemattc diagram of GECGAS transport
nmechani sm  Bel ow the water table, ascending
bubbl es carry individual atoms and/or atom
clusters malong the gas-liquid interface.
Above the water table, the gas flux carries the
matter in an aerosol suspension.

buried at a depth of ca. 50 cmfor exposure periods
ranging from22 to 91 days in fossils systens, but
for periods as short as two hours in active areas

such as Rotokawa where the carrier flux is locally
extraordinarily high.

The trace amounts of matter thus collected are
anal ysed by by the PIXE method (Johansson and
Johansson, 1976). The exposed menbranes are
bonbarded with protons having an ener?y of 2.55 MeV,
which is sufficient to excite inner electron shells
of the collected matter, thus generating
characteristic X-ray spectra. The analytical nethod
is nost sensitive for elements in the atomc nunber
range 14 < 7 < 33; data for atomnumbers < 14 are
unobt ai nabl e due to absorption of their
characteristic X-rays by the detector windows on the
instrunent. Data are obtainable for those elenents
having Z > 34, but with somewhat dininished
sensitivity.

As this is an ultra-trace, analytical method
(sensitivity is on the ng/cm*level), the
possibility of contanmination is a constant concern.
Therefore utnost care is taken to guard against
contamination during transport to and fromthe
exposure sites, and unexposed control sanples
provide correction factors on background
contani nati ons.

DATA HANDLI NG

An indication of the total flux which passes
through a collector szstem is gained fromthe
amounts of common rock forning el ements which are
retained by the nenmbrane. Therefore, the analytical
quantities of Si, K Ca and Fe are sunmed into a
parameter which is subsequently used to normalise
trace metal contents to flux independent values. In
this way, the metal values are directly conparable
and indicative of netal anomalies encountered along
the flux path.

Al data are normalised to 45 collection days so
to facilitate inter-study conparison.

NEW ZEALAND EPI THERVAL ENVI RONVENTS

Studies were nade at two well known epithermal
deposits in New Zeal and, nanely at Golden Cross in
the Witekauri Valley, northwest of Wihi (Cyprus
Mnerals Inc.), and at Chakuri in the Central TVZ (a

B.P. Mnerals hol di ng) .

The Golden Cross deposit is characterised by a
| obate ore body of high grade stockwork
mneralisation carrying up to 7.2 ¢/T gold and 17.3
g/T silver. This is unconformably overlain by up to
140 mof late to post mineralisation andesite (Fig.
2; de Ronde, 1985; Keith Hay, pers. comm, 1988)
which thins to the west. The gold is hosted by
quartz/calcite veins, and is acconpanied by trace
amounts of sul phide mineralisation.

The GEQOGAS traverses were designed to cross the
present day regional structures at high angle, so to
Increase the I1kelihood of intersecting high flux
rates. The main traverse (shown in Fig. 2()] was sone
1.5 km long with sensor spacings ranging from 10 to
200 m apart, being nore densely concentrated over
the main ore zone. Results for the base metals Cu
and Zn show very strong anomalies at roughly 3200E
and 3260E, over the main stockwork zone, and another
at about 3800E (Fi?. 2). There were locally
anomal ous levels of C, Br and As over the ore zone,
as vell as a single occurrences of gold, tin,
tungsten and silver at the 3200E mgrid site. As
depicted in Fig. 2, this location directly overlies
the highest grade gold ore at depth.

The nethod appears to have accurately detected
the mineralisation over the 3100E to 3300E interval
where the base metals prove an association with
gold. The nearest drill hole to the 3800E Cu
anomaly, on the other hand, revealed oan sul phi de
bearing argillic alteration underlying the unaltered
andesite with little or no gold over this drilled
interval éKenh Hay, pers. comm 1988). Wether the
nethod indicates a deeper, hitherto unrecognised
gold mneralisation, or sinply a wider aureole of
ase metals surrounding the gold anonmaly will
require further study.

Simlar base netal and hal ogen group anomalies
were recorded at the Chakuri prospect. Here the
mneralised units breach the surface, and -although
the method successfully detected the boundaries of
the mneralisation, gold was not identified on any
of the nmenbranes making the base netal - gold
associ ation less defined.

Since the target element in the epithermal
environnent, ie. Fold, has a high atonic nunber (Z =
79), the PIXE analytical nethod is sonmewhat |ess
sensitive to its detection than, for exanple, the
lighter base metals. This, coupled with the fact
that most epithermal gold deposits are economic at
relatively low levels of Au content (often at a few
ppm Au) indicates that further studies will be
required to:

1. further delineate the association between the
co(rijnly detected elements and gold occurrence;
an

2. deternmine the sensible gold concentration -
exposure time - flux relationship so to
facilitate the estimation of gold content in
prospective ore body. The fact that gold was
detected at Colden Cross suggests that we are
close to sone threshold detection limt with our
present approach, and that further work will
Inprove our abilities to "see" this metal of
interest.
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Golden Cross Prospect
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Fig. 2. Copper and zinc anonmlies over the Col den
Cross deposit. Ateration schematic after de
Ronde (1985) shows the location of the main ore

body.

ACTIVE SYSTEMS STUDY - THE ROTOKAWA GEOTHERMAL FIELD

Apﬁlication of this nethod to the active
hydrothermal systemat Rotokawa (Fig. 3a) is of
interest not only because the systemis present|
ore form n? (Krupp and Seward, 1987), but also the
high gas flux fromthe field makes the nethod
anenable to the study of shallow reservoir
structures and processes.

Two surveys have been conpleted at Rotokawa thus
far. A prelimnary study was carried out in Cctober
of 1987 to determine suitable menbrane exposure
times. Here a total of just 20 sensors were placed
at 11 stations having approximately 1 km spacings.
The sanpling locations were chosen along a NWSE
line so as to: 1) cross the regional NE structural
trends at high angle; 2) fall along existing

thermal and non-thernal

roadways both within and outside the apparent

resistivity anomaly; and 3) cross areas of hoth

ground within the anomaly.

The exposure tines were set at 10 days, with the
exception of a single sarrEIe placed for two hours at
a

a site on the shore of L

e Rot okawa.

Notabl e findings of the first test were: 1) the
large flux values over the system generally; and 2)
the very large quantity of matter collected on the
menbrane placed in thermal ground adjacent to Lake
Rot okawa. Here the collector hole was dug into the
highly mineralised, olive green siliceous mds
described by Krupp and Seward (1987). There was a
high local di schar?e of gas in this area, as evident
fromthe very ebullient pools located within a few
metres of the sanple site. The sanple site was also
very close to the local water table, as hot (65°C)
flurds were intersected at 30 cmdepth.
collection, there was noted a small but sustained
bubbling of gases fromthe bottom of the sanple pit.

Al though the nembrane was exposed at this
locality for just 2 hours, the analysis revealed,
after nornmalisation to a common residence tine of 45
days, roughla/ two orders of magnitude more netal s
than observed at any of the other sanple localities.
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In order of decreasing abundance, anomalies were
recorded for S, Pb, CI, Zn, Ti, Cu, As and Ni.
provides strong support for the non-diffusive
transport mechani sm described earlier.

This

The second survey was conpleted in Februar
along the same transect (shown in Fig. 3a). The
main focus of this study was on changes acconpanying
the transition fromthermal to non-thernal ground
south of the Waikato River. A fairly high density
survey was laid out starting at the Parariki Stream
and extending NW with 25 m spacings along the first
1200 m and 50 m spacings thereafter. Sensors were
also placed north of the River, but along a nuch
wider, 200 mspacing (Fig. 3a). Background stations
were |ocated along the Broadl ands Highway, and
extending up onto the Kaiangaroa plateau, a distance
of some 12 kmeast of the Parariki Stream |ocation.
Exposure tines were reduced to 6 days for the south
bank sanpl es, 10 days for the north, and the
background menbranes were exposed for 14 days.

Data for the hi ?h density survey are sunmmarised
in Fig. 4. South of the River, the flux paraneter
reveals three main zones of elevated gas Tlow
between Parariki Streamand the deep exploration
vell RK1, two of which correspond to areas of warm
altered ground. A fourth anomaly occurs inmediately
adjacent to the Waikato River, near an area where
nurerous |ow vol une seeps have been reported (Khabar
et al., 1986).

North of the River, the widely spaced array
detected just one very strong flux anomaly at 5200
m positioned close to margins of the resistivity
anomaly, and there are nunerous significant
anomal I es recorded for sulphur and total base netals
on both sides of the River.

Geol ogi ¢ structures along the southbank transect
are shown in Fig. 4. The lineations plotted here
are derived from combined air photo mapping and
field observations of the thermal features. The
flux anomalies correspond surprisingly well to the
inferred structures, considering that a 25 m sensor
spacing is fairly broad and thus prone to nissi n%
finer scale features. The apparent ability of the
flux measurenents to delineate structures on such a
scale nust point to both the relatively large size
of the shallow structures, and the large flux of

throtherrraI gases (principally CO2) emanating
through them
The total ampunts of base netals collected at

each station are conpared to their associated flux
parameters in Fig. 5a. Note that three
relationships arise fromthe data;, namely, that in
sone places, large flux anomalies occur locally

wi thout associated base metal anomalies, large base
nmetal anomalies my occur with low associated flux
and third, large coincident anomalies occur |ocally
for both flux and netals.

Although the origins of the base nmetal anomalies
are at present somewhat specul ative, noting that
boiling leads to the focused deposition of base
netal sul phides fromthese dilute TVZ fluids (Brown,
1986; Christenson, 1987) and that the high neasured
flux rates necessarily inply boiling at depth, it is
possible that we are observing different stages of
devel opnent of the individual ore formng fracture
systems. The large flux anomaly at 250 m may
correspond, for exanple, to a relatively new
fracture systemwhich is at present barren of ore

Ehases. Coi nciding anomalies at 125 m on the other
and, may portend a "nmiddle aged", highly
mneralised environment that has sustained

permeability, whereas the situation at 750 mis
suggeatlve of a nineralised zone which now largely
seal ed.

Sul phur values, plotted in Fig. 5b, show simlar

rel ationships. However, interpretation of the

sul phur results is conplicated by the fact that

sul phur exists in at least two states in the system
as H,S gas and as native (crystalline) sul phur. The
latter s restricted to ca. the upper 20 mof the
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reservoir (where ascending h*S gas had,
oxidised to S. in the openly aerated vadose zone).
That this proEess continues today is evident in mine
workings located just north of Lake Rotokawa.

in the past,

Al'though the locations showing large sul phur
anomalies with |ow associated flux values in Fig. 5b
probably indicate the presence of sulphur ore (as at
ca. 175 m), those with high flux and sul phur val ues
may reflect either high Hy emssion, shallowy
seated native sul phur or f)ﬁossi bly both. Further
study of these environments may reveal an
i ndependent paraneter which wll help to resolve
these questions.

CONCLUSI ONS

The application of the GEOGAS nethod to
gf)itherrml and hydrothermal systens |ooks pronising.
though there are at present some detection
problems for the low levels of gold encountered in
the NZ epithermal deposits, the nethod quite
successfully delineates associated mneralisation.
In the nore active environments, the nethod is quite
adept at defining zones of enhanced perneability,
zones of sulphide mneralisation and with further
investigations, may even provide some insights into
processes operating in the mneralising environnment.
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