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INTRODUCTION

During the course of mineral deposits studies in
Northern Vancouver Island (Figure 1) as part of an
integrated project (Panteleyev er al., 1994), stream waters
emanating from, and flowing through, large areas of
pyritic rocks were found to be strongly acidic (commonly
<4 pH). The badrock sources for the acidic waters are
hydrothermally altered and mineralized Bonanza
volcanic rocks and some Island intrusions containing
porphyry copper mineralization and large zones of
advanced argillic alteration.
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Figure 1. Location of water sampling in Quatsino map area
(NTS 92L/12).

GEOLOGICAL SETTING AND
MINERALIZATION

The regional geological setting of the Quatsino
Sound area is described by Nixon et o/. (1994) and
Hammack ef al. (1994). The style of mineralization and
alteration 15 to 40 kilometres to the west of Island
Copper mine, mainly in the Bonanza volcanic rocks and
to a lesser extent in the Island intrusions, is discussed by
Panteleyev and Koyanagi (1993, 1994). Ages of
hostrocks, hydrothermal systems and alteration minerals
are summarized by Archibald and Nixon (1995) and
Panteleyev et al. (1995).

The principal mineral deposits in the study area are
the intrusion-related, pyrite-rich Hushamu and Red Dog
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porphyry copper deposits. A number of related, smualler
pytitic zones are also present, for example the Hep
deposit. The Hushamu deposit has ar overprint of
advanced argillic alteration that is expressed as the
siliceous “capping” on Mount McIntosh. The alteration
(quartz-pyrophyllite-kaolinite-alunite-zunyite-diaspore)
is superimposed, together with vuggy quastz, and wzakly
developed, high-sulphidation epithermal mineralizition,
on the deeper, underlying Hushamu pcrphyry copper
deposit. The advanced argillic overprinting occurrad
when the late hydrothermal system collupsed onto the
deeper  copper-bearing,  predominantly  quanz-
sericite/illite-pyrite andl  quartz-amphibole-magnetite-
chlorite alteration zones. Both the upper Mount McIttosh
and the underlying Hushamu zones are cut by younger,
siliceous hydrothermal breccias. The weakly developzd
epithermal mineralization that accompani.:s the advanczd
argillic and vuggy quartz aiteration contains abuwidant
pyrite with minor enargite, chalcopyrite, covellite aad
chalcocite (Panteleyev and Koyanagi, 1994; Dasler et
al., 1995).

There is widespread advanced argillic alteration to
the east of the Hushamu deposit tiroughont the
Pemberton Hills over a distance of about 11 kilometres,
and in the western part of the study area .t the Recl Dog
deposit and the nearby Northwest Expo claim area It is
evident as pyritic quartz-kaolinite-alunitz alteration in
the rhyolitic Bonanaza map wunits. Centres of most
intense alteration seem to be associatec. with rhyolite
dome emplacement, associated vent deposits and
hydrothermal breccia bodies. In addition to abundant
pyrite, quartz-alunite is widespread anc there is rure
enargite, covellite and chalcocite; native sulpbur is
locally abundant. The sirongly altered, siliczois,
aluminous rocks have been hydrothermal y acid lezched.
They lack buffering (acid neutralizing) capacity and
weathering of the highly pyritic rocks gives rise to
extensive zones of near-surface, secondiry (supergene)
acid-leached limonitic rocks.

GEOCHEMICAL WATER SAMPLING

Starting in 1991, and continuing in 1992 and 1993,
stream and various standing waters ‘were mezsured
directly in the field for pH, conductivity and total
dissolved solids (TDS) at 248 sites, using a Corning
Checkmate™ M90 portable microprocessor. Preliminary
results are summarized by Kovanagi and Pantclevev
(1993, 1994). Water geochemical samples were taken
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Plumlee et al. (1994). Fields are: A - pyrite-rich massive sulphides; B - sulphide-rich ores in silica-alunite-kaolinite-ciay altered
rocks (advanced argillic alteration), C - high-suiphide, low- base metal hotspring ores in acid-altered wallrocks; D - high-sulphide,
low-base metal porphyry Mo ores in igneous wallrocks; E - pyrite and base metal-rich polymetallic veins and disseminations in
wallrocks with Jow acid-buffering capability, F - pyrite-rich, base metal-poor veins and disseminations in wailrocks with low acid-
buffering capacity, G - pyrite and base metal-rich polymetallic veins with carbonate gangue or carbonate-altered wallrocks; H - pyrite
and base metal-rich, polymetallic replacements and veins in carbonate-rich sediments; I - polymetallic veins with moderate to low
pyrite and base metal content with carbonate gangue and/or carbonate wallrock alteration; J - pyrite-poor polymetallic replacements
in carbonate-rich sediments; K - pyrite-poor, Au-Te veins and breccias with carbonate gangue.

from 55 of the sites and analyzed for their SO, and metal
contents. Two water samples were submitted; one for SO,
and the other, acidified with nitric acid, for dissolved
metals. In 1995, ten additional water samples were taken
for analysis and the pH measured in sifu using a Cole
Parmer model 5941-00 pocket digital pH meter. All the
geoc‘l;ezmiw.l analytical results are summarized in Tables
land 2.

Water samples taken in 1991 were neither acidified
nor filtered. Replicate sampling of some sites in
subsequent years with acidified samples shows no
appreciable differences between the acidified and non-
acidified samples for most metals. However the
unacidified waters do appear to have lower iron contents
and inconsistent lead values compared to acidified
samples taken in later years. The 1995 sample suite
provided both acidified and filtered samples and used
acid-washed, ultra-clean sample bottles. For most metals
there is no evident difference between metal content of
these most recent, filtered samples and the earlier
unfiltered ones. All waters analyzed contain very little
dissolved ore metals though iror, and other metals

64

derived from silicate mineral breakdowna such as
aluminum, calcium and magnesium, are present in
abundance. Results of replicated sampling are given in
Table 3.

GEOENVIRONMENTAL ORE DEPOSIT
MODEL

Geochemical classification and description of metal
distributions within, and in waters derived from, various
mineralized environments and ore deposits is currently
being undertaken and is referred to  as
‘geoenvironmental’ mineral deposit modeling. The work
of the United States Geological Survey, by Ficklin ef al.
{1992) and Plumlee er al. (1992, 1994), among others,
has documented and classified a large number of mine
and natural drainages derived and evolved from various
mineralized settings. The information is presented
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graphically in what has been referred to as a ‘Ficklin’
plot (Figure 2).

The data from the measured and analyzed natural
drainages in this study on Vancouver Island arc
illustrated on Figure 2. Numerous samples have low pH
{(pH 2 to 4), elevated iron, magnesium, manganesec and
aluminum, but low levels of copper and zinc (tens to
hundreds of ppb) compared to mine drainages. The
waters all display low levels of metal loading, rarely
greater than 3 ppm combined Zn+Cu+Cd+Co+Ni+Pb.

The effects of dilution are described by Sibbick and
Laurus (1995). Their detailed follow-up work in a stream
undisturbed by logging in the the Mount McIntosh area,
shows that stream acidity and dissolved metals have their
sources, and are most concentrated, in the strongly
altered rocks from which the streams emanate or pass
over. Downstream from the source areas, metal
concentrations and acidity decrease due to dilution by
tributary streams. Their results are shown on Figure 2 as
open circles. The most acidic samples are at the source
of the strecam in the altered and mineralized rocks; the
other circles are sample sites at 100 to 200-metre
intervals downstreamn, where progressively greater
dilution cffects are evident over the measured distance of
800 metres.

CONCLUSIONS

The main factors determining the pH and metal
contents of drainages are, according to Plumlee et al.
(1992). the acid-buffering capacity of the gangue
minerals and hostrocks in which the mineralization
occurs, the types and abundances of metal-bearing
sulphide minerals present, the availability of sulphides
for weathering; and the availability of dissolved oxygen
during sulphide weathering and drainage generation.
Geologic factors influencing the stream geochemistry
are; deposit size, hostrock composition, wallrock
alteration, surrounding geological and surficial terrains,
nature of ore, trace element geochemistry, ore and
gangue mineralogy and zonation, mineral characteristics,
secondary mineralogy, topography and physiography,
hydrology and degree of surface disruption or
exploitation.

The natural acidity in the northern Vancouver Island
study area is due to the abundance of pyrite in the
extensive zones of advanced argillic alteration and the
locally underlying porphyry copper mineralization. There
is a lack of neutralizing capability in the hydrothermally
altered, rhyolitic Bonanza volcanic rocks, and their
related granitic bodies. Pyrite, mainly as fine-grained
disseminations and fracture fillings, is abundant but littie
ore metal is present in the acidic leaching solutions, due
to an apparent lack of ore minerals in the near-surface
(weathering) environment.

In the generally wet coastal climate, rainwater with
pH of about 5.6, and the augmentation of streams by
surface, groundwater and tributary stream additions,
results in downstream dilution of pH and metal contents.
Nevertheless, streams maintain their acid character (pH

Geological Fieldwork 1995, Paper 1996-1

<5) over distances of a few kilometres from the scurces
of actdity unless they flow across neutralizing rocks. In
the study area, the most effective neutralization rakes
place in sedimentary rocks of the Parson Bay and
Quatsino limestone map urits and the weakly altered,
zeolite and calcite-bearing basaltic units of the Bonanza
volcanics.

The sources of ferruginous, base metal deficient
acidic drainages derived from hydrothermally acd-
leached rocks of northern Vancouver Island «<zn be
classified as ‘pyrite-rich, base metal-pror veins and
disseminations in wallrocks with low acid-bufring
capacity’ (category F on Figure 2), or mcre simply, {(zn)
“acid, low-metal environmensz”,
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