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Abstract Arsenic is released into the environment by
decomposition of natural arsenopyrite in gold-bearing veins
in east Otago. Natural release is slow, but is accelerated by
mining activity. Waters from old mine adits have pH of 6-
7, compared to normal groundwater pH of 7-8, and adit
waters have arsenic concentrations up to 4 ppm compared
to background levels of c. 0.01 ppm. Tailings disposed about
80-90 years ago into what is now a wetland at Barewood
have arsenic concentrations of up to 33 000 ppm, principally
in the form of the secondary arsenic mineral scorodite. The
maximum dissolved arsenic concentration in the Barewood
tailings is 0.75 ppm at pH of c. 5.5. Dissolved arsenic release
at that pH may be restricted to levels near 1 ppm by the
formation of scorodite with solubility and/or kinetic controls
on scorodite redissolution. Modern mining activity in the
Macraes area has resulted in localised dissolved arsenic
concentrations in excess of 200 ppm at pH near 10.
Evaporation of this water produces scorodite precipitates.
Dissolved arsenic released from arsenopyrite decomposition
is attenuated by fine-grained minerals, predominantly
phyllosilicates, in soils around weathered veins, and in
wetlands downstream from mine workings. Lithic soils can
hold at least 50-100 ppm As on the fine fraction (c. 1 |J,m),
and wetland soils can hold hundreds to thousands of parts
per million on their fine fractions. Both soil adsorption and
scorodite mediation slow the release of arsenic into the
environment, allowing more effective dilution by
downstream waters to safe arsenic levels.
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INTRODUCTION

Arsenic is a common accessory to many metallic mineral
deposits, particularly gold deposits. In mesothermal gold
deposits, arsenic is the principal anomalous metal, typically
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orders of magnitude higher concentrations than gold,
as arsenic sulphides. Natural erosion of gold deposits releases
the arsenic into the environment where it is diluted and the
anomaly is destroyed. In areas of high erosion rates, arsenic
minerals are physically eroded and transported downstream
to be dispersed into sediments. Under low erosion rates, in
situ chemical oxidation of arsenic sulphides results in
dissolution of arsenic and dispersal via stream water.

Gold mining involves extraction and crushing of arsenic-
bearing ore, followed by disposal of arsenic-bearing rock
as mine tailings; historically these tailings were disposed
into the nearest stream. Mining and tailings disposal
promotes oxidative arsenic mobilisation by increasing
permeability and increasing contact between arsenic
sulphides and oxygenated water. Hence, anthropogenic
interference accelerates the natural processes of arsenic
mobilisation and dispersal into streams.

Historic workings
This study examines the nature and controls of arsenic
mobilisation in the vicinity of three different historic gold
mining areas in east Otago: Macraes, Nenthorn, and
Barewood (Fig. 1). These mining areas are all in unforested
grassy uplands which receive 400-800 mm/yr precipitation
with a similar amount of evaporation. Broad low-relief
interfluves separate steep-sided streams incised 20-100 m
below the interfluves. The gold mines were developed in
mesothermal fault-hosted quartz vein systems, which have
a regional northwest strike and northeastward dip (McKeag
& Craw 1989; MacKenzie & Craw 1993). Arsenic in these
deposits occurs as arsenopyrite (FeAsS) in primary
(unoxidised) ore, and as iron arsenates such as scorodite and
pharmacosiderite in naturally oxidised zones (Craw &
MacKenzie 1992).

Historic gold mining in these areas occurred between
1875 and 1920 (Williamson 1939), and was mainly
underground. Tunnels (adits) and shafts penetrated the upper
naturally oxidised zone (c. 20 m thick) into unoxidised
primary sulphide-bearing ore. The sulphide-bearing ore was
difficult to extract gold from, and most mines quickly
became uneconomic in this primary ore and were abandoned.
The legacy of this mining activity is a few scattered tunnels
which have since become water conduits, and some remnants
of mine tailings in streams. Our study examines this legacy
for evidence of present arsenic mobilisation, in order to
obtain information on the rates of decomposition of arsenic
minerals during mining-accelerated oxidation in the 100 yr
time frame.

Modern mining
The Macraes area is also the site of a large modern gold
mine, and some arsenic concentration data from this site are
presented for comparison. The modern Macraes mine is a
large open-cut operation producing c. 100 000 ounces of
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Fig. 1 A, Locality map showing
the east Otago portion of the
Otago Schist in the South Island
of New Zealand. B, The location
of principal gold-mining areas in
the Otago Schist of east
Otago. C, The Bare wood gold-
mining area with sampling sites,
studied wetland, and downstream
pond, shown in relation to the
gold-arsenopyrite-bearing quartz
vein zone.
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gold per year. The mine mainly exploits primary
(unoxidised) ore in which gold is associated with sulphides.
The sulphides are separated by flotation before fine grinding
(c. 15 (im) and cyanidation. Between 1989 and 1993, the
sulphide-rich cyanidation tailings were discharged to a
dedicated concentrate tailings impoundment. From late 1993,
the concentrate tailings were remixed with the dominant
silicate tailings and discharged to a larger flotation tailings
impoundment. The concentrate tailings impoundment has
since remained unused except for short-term concentrate
discharges for temporary operational reasons.

METHODS

Surface-water samples from wetlands in old gold-mining
areas have a high content of suspended solids when sampled.
These were centrifuged to remove coarse particulate matter
(which was analysed separately), transferred immediately
to clean glass vials, then filtered (0.45 (im) before analysis
by atomic absorption spectrometry (AAS) (Chemsearch
Laboratory, University of Otago Chemistry Department)
using the hydride method. Precision of analyses is c. 2r/r at
the arsenic levels in this study. Some additional water data
were provided by Macraes Mining Co Ltd from their


