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Abstract

Gold placers in the Nokomai and Nevis valleys are dominantly Quaternary in age. They occur mainly in western
tributaries of the upper Nevis, eastern tributaries of the middle and upper Nokomai, and in the trunk valleys themselves.
Placer gold in both valleys is dominantly α-phase Au-Ag-Hg alloy. Au-Ag alloy is absent or rare in most of the
deposits, except in the lower Nokomai.

Alpha-Au-Ag-Hg alloy is typically coarse-grained (up to 2 cm), angular, and rarely flattened or folded. Crystalline
texture, quartz intergrowths, and psuedo-hexagonal crystal-pluck cavities are common. Fluvial transport distance
predicted from the maximum Flatness Index of Au-Ag-Hg alloy particles is typically less than 10-20 km.  Coarse
(up to 2 cm) cinnabar is commonly associated with the Au-Ag-Hg alloy, and both were probably derived from
hydrothermal sources in western tributaries of the upper Nevis and eastern tributaries of the upper Nokomai. Minor
secondary Au-Ag-Hg alloy occurs locally in the lower Nokomai, where it coats or cements detrital a-phase Au-Ag-
Hg and Au-Ag alloy particles.

Au-Ag alloy dominates over Au-Ag-Hg alloy in the lower half of the lower Nokomai alluvial plain and in a raised
channel incised into semischist basement adjacent to the plain. The Au-Ag alloy is rounded and commonly flattened
and folded. Crystalline texture, quartz intergrowths, and pluck cavities are rare, and a fluvial transport distance of
25-40 km is estimated from maximum Flatness Index of Au-Ag alloy particles. The Au-Ag alloy, three types of
garnet, magnetite, clinozoisite and well foliated schist boulders in the abandoned channel are not found in the
pumpellyite-actinolite facies bedrock in the Nokomai. These components were derived from greenschist facies
schist and sedimentary sources in Otago, many tens of kilometers north of the Nokomai catchment. They were
transported to the Nokomai either in Wakatipu Glacier till or fluvio-glacial outwash that entered the valley via
Nokomai Saddle, the confluence with the Mataura, or both.

Mercury-bearing minerals in hydrothermal systems in the Otago Schist appear to be restricted to the Caples Terrane,
and either cinnabar or Au-Ag-Hg alloy, or both should be expected to occur in placer deposits derived from Caples
Terrane rocks. A gold-mercury ‘sub-paragenisis’ is proposed for the Caples Terrane.

Introduction

Most of the placer gold in southern New Zealand was
ultimately derived from mineralised quartz veins cross-cutting
the Otago Schist (Figure 1) (Williams 1974a; Youngson &
Craw 1996). This vein and placer gold is typically Au-Ag
alloy, with Ag content less than 10%. Au-Ag-Hg alloys are
rare, with only six southern South Island occurrences reported

to date: five from fluvial placers in Otago (Hector & Skey
1866; Youngson & Craw 1995, 1996; Youngson 1996), and
one from raised beach placers near the south coast (Mitchell
1996) (Figure 1).

Not all Au-Ag-Hg alloy found in sediments is hydrothermal
in origin. Authigenic Au-Ag-Hg may form from reaction
between detrital Au-Ag alloy and natural or anthropogenic
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Hg. In addition, Au-Ag-Hg alloy, formed to improve
commercial gold recovery, was sometimes lost to river systems
during historic hard rock or alluvial mining operations (Black
1885; Harrison 1962; Youngson, in review). However, Au-
Ag-Hg alloy of hydrothermal origin differs morphologically,
compositionally and crystallographically from the secondary
and artifact alloys (Youngson, in review; Youngson et al., in
review); hence hydrothermal Au-Ag-Hg alloys are useful
tracer minerals during exploration for source deposits.

In this study, the composition and distribution of Au-Ag-Hg
and Au-Ag alloys in the Nokomai and Nevis valleys are used
to constrain gold source areas, predict gold dispersal patterns,
and explain the mixing of gold populations derived from
different sources.

Terminology

An alloy is a mineral, or synthetic compound composed of
two or more metallic elements. The term “amalgam” is

commonly used for alloys of Hg with other metals (Berman
& Harcourt 1938). It is non-specific and encompasses a range
of synthetic and natural alloys of mercury with other metals.
In this paper alloys of Hg with gold and silver are referred to
as Au-Ag-Hg alloy. “Gold” is used as a collective term for
Au-Ag alloy and Au-Ag-Hg alloy, regardless of composition.
Alloy compositions given in the text are microprobe data in
weight-percent.

For the purposes of this paper, hydrothermal Au-Ag-Hg alloys
are taken as those precipitated from hydrothermal fluids.
Secondary Au-Ag-Hg alloys are defined as those formed at
low temperature (typically <50˚ C) in the near-surface
environment by chemical reaction between detrital gold and
natural or anthropogenically-introduced Hg. They are neither
hydrothermal in origin nor formed intentionally to aid recovery
of gold particles during gold-winning operations. The latter
alloys are artifacts of recovery processes and are synthetic
rather than secondary alloys (Youngson, in review).
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Figure 1. Location map showing geographic locations referred to in the text, gold-bearing quartz veins (after Williams 1974a), and
Cenozoic cover rocks in Central Otago. NCFS is the Nevis-Cardrona Fault System. Approximate positions of the pumpellyite-out isograd
(coarse dash), axis of the Otago Schist belt (uneven dash) (both after Mortimer, in press), the Caples Terrane–Torlesse Terrane boundary
(fine dash; after Craw 1984 & Mortimer 1993), and Figures 2 & 3 are shown.
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Regional geology

Otago Schist basement in the study area formed during
Mesozoic collision of volcanogenic (Caples Terrane) and
quartzofeldspathic (Torlesse Terrane) greywacke suites. The
schist belt grades from garnet-bearing greenschist facies rocks
along its axis to Torlesse and Caples greywacke to the north
and south, respectively (Figure 1) (Mortimer 1993). Numerous
fault-hosted gold-quartz veins were formed during Cretaceous
extension and unroofing of the schist, and Miocene extension
related to the development of the Australia-Pacific plate
boundary through New Zealand (Craw & Norris 1991) (Figure
1).

A regional low relief erosion surface was cut across basement
terranes and local sedimentary basins during Cretaceous
unroofing of the schist and Cretaceous-Oligocene regional
marine transgression after Gondwana rifting (LeMasurier &
Landis 1996). The unconformity and basal auriferous cover
sediments are diachronous, ranging from Late Cretaceous in
East Otago to early Miocene immediately east of the Nevis-
Cardrona Fault System in Central Otago (Figure 1). The
unconformity and auriferous cover strata are not preserved
west of this fault system, where minor high land persisted
during maximum transgression (Norris et al. 1978). Marine
transgression from the south also occurred along an
extensional Oligocene (Moonlight) aulacogen, which formed
west of this high land immediately before development of the
present Australia-Pacific plate boundary through New Zealand
(Norris et al. 1978).

Most of the present relief and drainage has evolved since the
Miocene, following inception of the plate boundary and related
regional marine regression. Cover strata and the regional
unconformity on basement have been locally eroded during
uplift. In the Nevis valley, fine-grained Miocene fluvio-
lacustrine strata (Manuherikia Group) locally overlie
pumpellyite-actinolite and greenschist facies schist (Caples
Terrane) east of the Nevis-Cardrona Fault System (Figures 1
and 2) (Williams 1974b; Douglas 1986). Most Manuherikia
Group strata in the Nevis is either not gold bearing or only
weakly auriferous. It is locally succeeded by Pliocene-
Pleistocene Dell Sandstone and Schoolhouse Fanglomerate;
the former recycled from the Miocene strata (Youngson et al.
1998), the latter auriferous immature schistose gravels derived
from the adjacent ranges to the west (Williams 1974b).

There are no Manuherikia Group strata in the Nokomai, which
is entrenched into pumpellyite-actinolite facies (Caples
Terrane) semischist for most of its length. Quaternary alluvial
fill in the Nokomai deepens from less than 10 m at Donkey
Flat, to 24 m at the top end of a narrow alluvial plain in the
lower 3-4 km of the valley (Figure 3), to 35 m at the bottom
end of this plain. The alluvial fill consists of weakly auriferous
(0-30 mg/m3) schistose fluvial and intercalated fan gravels
with 1-2 m of highly auriferous (1-3 g/m3) bouldery lag gravels
at their base. Carbon dating of peat overlying the basal lag
gives an age of >45 ka. An undated, presumably Pleistocene,
abandoned river channel is incised into schist along the
northwestern margin of the lower Nokomai alluvial plain
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Figure 2. Detail map of the Nevis Valley. The western tributaries
of the Nevis sampled for this study, not all of which are shown, lie
between Sopers Flat and the northern end of the upper Nevis
basin. Inset on right shows the longitudinal profile of the Nevis
River. Shaded areas are Cenozoic cover rocks. NCFS is the Nevis-
Cardrona Fault System. Inferred dispersal paths for HgS, Au-Ag
and type 1 (α-phase) Au-Ag-Hg alloy are shown with coarse
arrows. D = Drummond Creek, W = Whittens Creek.

(Figure 3). Alluvial fill in this channel consists of brown, clay-
cemented, weathered greywacke semischist and schist gravels
and intercalated transverse bouldery fan gravels with a hard
clay matrix. Coarse lag and debris flow deposits at the channel
base have been extensively worked for gold. Terrace remnants
of similar weathered gravels up to 120 m above the valley
floor have also been worked for gold, especially on the
northwestern side of the valley.

Cyclic climate variation and associated glaciations in the
Pleistocene have played a major role in the geomorphic
evolution of the Wakatipu region. Repeated glacial advances
have periodically integrated catchments and resulted in
complex drainage system changes and dispersal patterns for
auriferous sediments. Distributary ice tongues and/or outwash
sediments have pushed up several tributary valleys of the
present Wakatipu, Kawarau and Mataura catchments and
crossed low saddles into several adjacent catchments (Figure
1) (e.g. Brockie 1973; Turnbull & Forsyth 1988).

Sample locations

Nevis gold samples were recovered from alluvial gold mines
in the lower reaches of Whittens and Drummond creeks, as
well as from prospect pits at Sopers Flat and in Camerons,
Swampy, Kingston, Tailrace, German, Little Stoney, and
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Stoney creeks. These tributaries all enter the Nevis from the
west, between Sopers Flat and the downstream end of the
upper Nevis Basin, and all samples were taken from
downstream of the Nevis–Cardrona Fault System (Figure 2).
Nokomai gold samples were recovered during mining of lag
gravels at the base of alluvial flats in the lower Nokomai and
an eastern tributary, Victoria Gully, a few kilometres upstream
(Figure 3). Gold samples were also recovered from 57 prospect
pits between Donkey Flat and Bullock Head Creek in the upper
Nokomai, and from fossil channel gravels on the northwestern
side of the lower Nokomai (Figure 3). Western tributaries of
the Nokomai and all but one of the eastern tributaries of the
Nevis contain no significant gold concentrations.

Gold characteristics

Gold composition

Hg content
Au-Ag-Hg alloy greatly dominates over rare (<1%) Au-Ag
alloy in gold samples from the Nevis valley, and occurs
without Au-Ag alloy in the upper Nokomai prospect pits,
Victoria Gully mine, and upper end of the lower Nokomai
valley alluvial plain (Table 1). Au-Ag-Hg alloy is less common
in samples from the middle reaches of this alluvial plain
(<50%), and is absent in its lower reaches. Au-Ag-Hg alloy is
rare in the abandoned channel gravel on the northwestern side

of the lower valley, the gold in which is dominantly Au-Ag
alloy (Table 1).

The Au-Ag-Hg alloy in the Nevis and Nokomai typically
contains between 0.3% and 11% Hg (type 1). However, Au-
Ag-Hg alloy with 20–37% Hg (type 2) was locally abundant
where a tributary stream (fan) enters the lower Nokomai
alluvial plain from the southeast (Figure 3), and also present
as rare particles in two other Nokomai samples (Table 1).
During a recent mining operation, nearly all of the gold
recovered from basal lag gravel at the mouth of this tributary
(type 1 Au-Ag-Hg alloy plus minor Au-Ag alloy) was coated
with type 2 Au-Ag-Hg alloy. Drops of liquid Hg were also
present in this gravel. The type 2 Au-Ag-Hg alloy occurs as
unzoned overgrowths on Au-Ag and type 1 Au-Ag-Hg alloys
and, rarely, as zoned overgrowths. The unzoned overgrowths
contain 20–37% Hg, whereas zoned overgrowths have an Hg-
rich (20-37%) inner zone overlying the host particle, and a
relatively Hg-poor (12%) outer zone (Figure 4). Microprobe
analyses of type 1 and type 2 Au-Ag-Hg alloys from the Nevis
and Nokomai are plotted on an Au-Ag-Hg ternary in Figure
5.

Ag content
The Ag content of Au-Ag alloy and both types of Au-Ag-Hg
alloy in the Nevis and Nokomai valleys is typically less than
8%, although a few particles from the Nokomai contain up to
13% (Figure 5). The Ag content of unzoned Hg-rich type 2
Au-Ag-Hg alloy is consistently lower than that of the type 1
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Figure 3. Map of the Nokomai valley showing the extent of
historic alluvial gold workings and inferred dispersal paths for
cinnabar, liquid Hg of possible hydrothermal origin, α-phase Au-
Ag-Hg alloy, and Au-Ag alloy.

Figure 4. Polished section (reflected light) through detrital zoned
Au-Ag-Hg alloy (left) and un-zoned type 1 (α-phase) Au-Ag-Hg
alloy (right) from lower Nokomai valley, which have been
cemented to form a composite particle. The dark gray inner of the
zoned particle is the remnant core of a detrital type 1 (α-phase)
Au-Ag-Hg alloy particle. The white central zone is Hg-rich (35%
Hg) secondary Au-Ag-Hg alloy, and the outer dark gray zone is
secondary Au-Ag-Hg alloy that has been partly leached of Hg
(12% Hg). A thin rim of partly leached secondary Au-Ag-Hg alloy
is also locally present on the un-zoned particle. The composite
particle is 1.4 mm across.
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Au-Ag-Hg or Au-Ag alloy particles that host them. In zoned
type 2 alloys, the Ag content of the inner zone is consistently
lower than that in both the host particle and the outer zone of
the type 2 alloy.

Particle rims
Thin (<10µm) Hg±Ag-depleted rims occur on many type 1
Au-Ag-Hg alloys and zoned or unzoned type 2 alloys.
However, no leached rims are present on those parts of type 1
alloy that are overgrown with type 2 alloy. Rim zonation is
consistent with Ag- and Hg-leaching from particle surfaces,
with relatively greater leaching of Hg due to its higher
solubility (Hem 1970).

Gold morphology and colour

Type 1 Au-Ag-Hg alloy
Type 1 Au-Ag-Hg alloy has the same colour and texture as
Au-Ag alloy with similar fineness and transport history, and
can only be identified by chemical analysis (Youngson
submitted). Both are typically bright yellow in polished section
but paler with increasing Ag content.

Crystalline textures are uncommon in the type 1 Au-Ag-Hg
alloy in gold samples from the Nevis valley, but quartz
intergrowths and hexagonal pluck cavities are abundant (Table
1). Flattened and folded particles are rare and not present in
several samples. Very angular, angular, and sub-angular
particles predominate. A small proportion (<10%) of some of
the Nevis samples is much more rounded, and some of these
particles have been folded and/or flattened as well. This
morphologically contrasting proportion is independent of gold
composition, however, and applies to type 1 Au-Ag-Hg and
Au-Ag (below) particles.

Crystalline textures, quartz intergrowths and hexagonal pluck
cavities are common in type 1 Au-Ag-Hg alloy from the upper
Nokomai pits, Victoria Gully and the lower Nokomai alluvial
plain (Table 1). Particle flattening and/or folding is absent or
rare in all of these samples. Most particles are very angular,
angular, or sub-angular, and exhibit only minor rounding.

Type 2 Au-Ag-Hg alloy
The morphology of the Hg-rich, type 2 Au-Ag-Hg alloy differs
substantially from that of type 1 Au-Ag-Hg alloy and is
described fully by Youngson et al. (in review). Type 2 alloy
occurs as variable thickness (up to 200µm) overgrowths that
coat or cement type 1 alloy or, rarely, Au-Ag alloy, host
particles (Figure 6). Nearly all of the host particles have been
partly rounded before addition of the type 2 alloy, reflecting
transport of the host before addition of the type 2 alloy. These
relationships clearly indicate a two-stage origin for particles
coated or cemented with type 2 Au-Ag-Hg alloy.

Type 2 alloy is composed of masses of porous, poorly
developed hexagonal crystals, commonly separated by narrow
crevasse-like cavities around their margins, filiform-textured

Figure 5. (A) Au-Ag-Hg ternary plots showing compositional
variation of type 1 Au-Ag-Hg alloy from the Nevis, Upper
Nokomai, and lower Nokomai and Victoria Gully. (B) Au-Ag-Hg
ternary comparing the composition of type 1 Au-Ag-Hg alloy
from the Nevis (n=52) and Nokomai (n=121) valleys with type 2
Au-Ag-Hg alloy from the Nokomai (n=10). Internal field
boundaries are from Youngson (in review), and that for
hydrothermal α-phase Au-Ag-Hg alloys is drawn for a
temperature of 25˚C.

Figure 6. Scanning electron microscope image of two rounded
particles of type 1 (α-phase) Au-Ag-Hg alloy which have been
cemented together by highly porous type 2 (secondary) Au-Ag-Hg
alloy. The top particle is 0.8 mm long.
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alloy, globular anhedral alloy, or combinations of these
(Youngson, in review; Youngson et al. in review). Unzoned
type 2 alloy and the inner zone of zoned type 2 alloy are both
silver-grey in colour, white in polished section, and perforated
by numerous 1-15 µm pores. The outer zone of zoned type 2
alloy is a brassy-gold colour, pale yellow in polished section,
and perforated by abundant small pores (Figure 4). The pores
observed in type 2 Au-Ag-Hg alloy are rare or absent in type
1 alloy.

Au-Ag alloy
The morphology of the Au-Ag alloy that dominates gold
samples from the lower half of the lower Nokomai alluvial
plain and the adjacent abandoned channel contrasts strongly
with the morphology of type 1 Au-Ag-Hg alloy from the same
samples and elsewhere in the Nokomai. Crystalline textures
are rare in the Au-Ag alloy, intergrowths and pluck cavities
are uncommon, and rounded particles dominate over angular
particles. Up to 50% of the particles have been flattened and
folding is common (Table 1). Although the relative proportion
of rounded, flattened and folded gold generally increases
downstream through the lower Nokomai alluvial plain, this
change is dependent on composition and corresponds to an
increase in the relative proportion of Au-Ag to Au-Ag-Hg
alloys in the samples. Considered individually, there is no
significant change in the morphology of either Au-Ag alloy

or type 1 Au-Ag-Hg alloy downstream through the lower
Nokomai alluvial plain (Table 1).

The small quantity (<1%) of Au-Ag alloy particles present in
several Nevis samples (Table 1) have a similar range of
morphological variation to that observed in type 1 Au-Ag-Hg
alloy particles in the same and nearby samples. However, a
small proportion (<10%) of more rounded, more flattened,
and folded gold in some of the Nevis samples is independent
of composition and includes both Au-Ag-Hg and Au-Ag alloy
particles.

Associated rock clasts and heavy
minerals

Rock clasts

Rock clasts associated with the Au-Ag alloy in the abandoned
channel in the lower Nokomai are pervasively weathered, but
preserved metamorphic fabric in many clasts is consistent with
derivation from pumpellyite-actinolite semischist basement
within the catchment (Table 2). Boulders up to 0.5 m across
of well-foliated, probably greenschist facies schist are
common in the basal lag, and rare scarlet-coloured jasperlitic
chert cobbles are present in terrace gravels and mine tailings
up to 120 m above the abandoned channel.

Mineral Nokomai Nevis Upper alluvial Abandoned Mid-lower alluvial
bedrock bedrock plain channel

epidote common (d) rare (cores to common common common
clinozoisite)

clinozoisite rare/absent (h) present/common rare common moderate

hematite common present common moderate moderate

magnetite -rare/absent Generally rare, rare common moderate
(Ti-poor) common near

Kawarau R.

garnet
    Fe-Mn ? (d) ? (d) - rare -
    Fe-Mg - -
    Fe-Mg-Ca - -

pyrite rare rare abundant (a+d) rare (d) common (a+d)

arsenopyrite rare rare rare - rare

cinnabar none known small veins common up to 1cm rare common sand size

Mercury none known none known - present -

α-phase Victoria Gully ? none known common rare rare/absent
Au-Ag-Hg alloy

Secondary none known none known - - common
Au-Ag-Hg alloy

Au-Ag alloy Victoria Gully ? - - common common

Table 2. Summary of heavy minerals in Nokomai and Nevis valley bedrock and placers. (d) = detrital, (h) = hydrothermal, (a) = authigenic.
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Epidote and clinozoisite

Most of the heavy minerals in the alluvial plain and abandoned
channel in the lower Nokomai are consistent with derivation
from pumpellyite-actinolite facies semischist basement within
the catchment. However, abundant clinozoisite with first order
interference tint in gravels of the abandoned channel and lower
half of the alluvial plain is not found in bedrock of the
Nokomai catchment (Table 2). Rare euhedral clinozoisite
occurs in a hydrothermal quartz vein in Victoria Gully (Figure
3) but, in contrast with the detrital clinozoisite, has anomalous
blue interference tint. Clinozoisite with first order interference
tint is common in greenschist facies rocks to the north, closer
to the axis of the schist belt (Bishop 1972; Cooper 1972),
including those in the Nevis valley. Some of the Nevis
clinozoisite contains relict cores of epidote, which is common
as discrete grains in the lower rank Nokomai schist.

Magnetite

Coarse (up to 4 mm) magnetite containing little or no titanium
is common in the abandoned channel and lower half of the
alluvial plain in the lower Nokomai, but is rare in Nokomai,
upper Nevis and middle Nevis bedrock (Table 2). It is locally
abundant in metavolcanic horizons in greenschist facies schist
in the lower Nevis, especially near and northwest of its
confluence with the Kawarau (Figure 1) (Craw 1984). Coarse
detrital magnetite is also abundant in the Mataura valley to
the west, particularly in fluvial outwash sediments derived
from Pleistocene Wakatipu glaciers, and in the Kawarau valley
and its northern tributaries (Figure 1).

Garnet

Rare garnets are present in the abandoned channel in the lower
Nokomai, but were not found in the Nokomai itself, and do
not occur in either Nokomai or Nevis valley bedrock (Table
2). Microprobe analyses recast to the Almandine–Spessartine–
Grossular ternary system indicate three compositionally
distinct garnet types (Figure 7). All three types contain less
than 1.5 wt.% MgO. Comparison with garnets from potential
source rocks recast to the same ternary system (Figure 7)
suggests that greenschist and amphibolite facies schists in
northwest Otago (White 1996, Mortimer, in press) are possible
sources for both the type 1 and type 2 garnets. Some of the the
type 2 garnets overlap with those from Western Fiordland
Orthogneiss, but the latter contain substantially more MgO (up
to 11 wt.%; Bradshaw 1989) than type 2 garnets from the
Nokomai. Stewart Island intrusives (Frewin 1987, Peden 1988)
appear the most likely sources for the type 3 Nokomai garnets.

Cinnabar

Coarse (up to 1 cm), commonly crystalline, and fine-grained
detrital cinnabar is abundant in the Nokomai upstream from
Sharks Bay Creek, in Victoria Gully, and at the upper end of
the lower Nokomai alluvial plain (Table 2). Abundance and
grain size decrease downstream through the alluvial plain,
with the cinnabar rarely being larger than fine sand (0.25 mm)
in the lower reaches of the plain. Coarse, crystalline cinnabar

is also abundant at Sopers Flat, and in western tributaries of
the Nevis upstream from German Creek (Figure 2, Table 2).
It is either rare or present in small quantities only in Nokomai
prospect pits downstream from Sharks Bay Creek, and in
samples from Nevis tributaries downstream from German
Creek. Cinnabar is absent or rare in samples from the
abandoned channel gravels in the lower Nokomai. A
previously undocumented cinnabar-bearing vein on the slopes
of the Hector Range west of Sopers Flat (Soper brothers, pers.
comm. to P.W., 1996) (Figure 2) could be a source for some
detrital cinnabar in the Nevis, but no cinnabar-bearing veins
are known to exist in the Nokomai catchment.

Rare hydrothermal cinnabar deposits are reported from
elsewhere in the Otago Schist (Hutton & Ulrich 1875;
Williams 1974a), one of which lies about 30 km southeast of
the Nokomai in the Waikaka valley (Figure 1) (Henderson
1923). Detrital, commonly coarse, cinnabar occurs in close
proximity to each of these sources (Morgan, 1914; Marshall
1918; Healy 1936; Williams 1974a). Cinnabar is brittle and
rapidly comminuted in fluvial systems, however, and grain
size decreases rapidly downstream from each source. Thus,
coarse-grained cinnabar in the upper Nokomai, Victoria Gully,
lower Nokomai, and Nevis, and rapid decrease in abundance
and grain size downstream from each locality, imply derivation
from a number of local sources rather than widespread
dispersal from a single source. The rarity of the cinnabar in
the abandoned channel gravel (Table 2) may indicate an
external source for this gravel, but could alternatively result
from cinnabar sources within the catchment not being exposed
or eroded at the time of gravel deposition in the abandoned
channel.

Figure 7. Compositional range of the three types detrital garnet
from the lower Nokomai valley recast to the Almandine–
Spessartine–Grossular system. Compositional variation of garnets
from the Western Fiordland Orthogneiss (WFO) (Bradshaw 1989),
Anglem Complex (Frewin 1987), Rakeahua Batholith, (Peden
1988), Otago and Alpine schists in northwest Otago (Cooper 1970,
White 1996), and Otago Schist in East Otago (Brown 1965, 1967),
are shown for comparison. Potential sources for the Nokomai
detrital garnets are discussed in the text.
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Discussion

Gold alloy subtypes

Au-Ag alloy
Although type 1 Au-Ag-Hg alloy dominates most of the
Nokomai and Nevis gold samples, Au-Ag alloy was detected
locally by routine microprobe analysis of samples (Table 1).
Significant morphological differences between Au-Ag and
type 1 Au-Ag-Hg alloy subtypes were noted only in samples
from the abandoned channel and lower reaches of the lower
Nokomai alluvial plain, where Au-Ag alloy is more rounded
and more flattened than Au-Ag-Hg alloy in the same or nearby
samples (Table 1).

Au-Ag-Hg alloys
Au-Ag-Hg alloys of hydrothermal and secondary origin differ
in composition, crystal structure, colour and morphology
(Youngson, in review). With two rare exceptions (weishanite
and γ-goldamalgam), all hydrothermal Au-Ag-Hg alloys have
face-centered cubic structure and plot within the α-phase field
in the Au-Ag-Hg ternary (Figure 5B) (Basu et al. 1981; Healy
& Petruk 1990; Youngson, in review). Conversely, secondary
Au-Ag-Hg alloys formed by reaction between gold and liquid
Hg in the near-surface environment are more mercury-rich
than α-phase Au-Ag-Hg alloy of hydrothermal origin, and
have hexagonal structure (Figure 5) (Youngson, in review).

Type 1 Au-Ag-Hg alloy from the Nevis and Nokomai valleys
plot within the α-phase field in the Au-Ag-Hg ternary (Figure
5B), have cubic structure (Youngson, in review), and exhibit
morphological and textural features indicative of near-source
detrital gold (Table 1). Consequently, they are interpreted to
be detrital α-phase Au-Ag-Hg alloys of hydrothermal origin.

Type 2 Au-Ag-Hg alloys that coat or cement gold locally in
the Nokomai are hexagonal (Youngson, in review), exhibit
textural relationships indicative of a two-stage origin (Figures
4 and 7), and all but two analyses plot outside the α-phase
field (Figure 5). These latter two analyses are from the outer
zone of zoned type 2 alloys and plot within the α-phase field.
In both cases the outer zone is brass-gold in colour and highly
porous, features interpreted by Youngson (in review) and
Youngson et al. (in review) to reflect leaching of Hg from the
outer several tens of microns of particles. Consequently, type
2 Au-Ag-Hg alloy in the Nokomai is interpreted to be
secondary, and formed after some fluvial transport of the Au-
Ag and α-phase Au-Ag-Hg alloy hosts. Compositionally and
morphologically similar secondary Au-Ag-Hg alloy is
common in river systems elsewhere that have been
contaminated with liquid mercury (Atanasov & Jordanov
1983; Atanasov et al. 1988; Youngson 1996; Youngson, in
review).

Gold sources

α-phase Au-Ag-Hg alloy
Crystalline habit, abundant quartz intergrowths and pluck
cavities, and minimal rounding and flattening of the detrital
α-phase Au-Ag-Hg alloy in the Nokomai valley samples

(Table 1) strongly suggest local primary sources for this gold.
Moreover, gold distribution and the morphological similarity
between all Nokomai samples upstream of the alluvial plain
in the lower valley (Table 1) imply that the gold sources are,
or were, in several eastern tributaries in the upper half of the
catchment (Figure 3). One such vein in Victoria Gully (Figure
3) was worked historically, but the composition of that gold
is unknown and none was found during this study. A soil-
sampling program throughout the Nokomai catchment (by
L&M Mining) in the 1990s did not locate significant gold
anomalies (Kerr & Wopereis 1996).

Abundant gold-quartz intergrowths and pluck cavities in
nearly all of the α-phase Au-Ag-Hg alloy from the Nevis,
and minimal rounding and flattening of the majority of
particles (Table 1), imply local primary sources for most of
that gold as well. The abundance of gold in all of the western
tributaries sampled, and virtual absence of gold in all but one
of the eastern tributaries, implies that the primary sources are,
or were, within the western tributaries of the Nevis.
Morphological similarity between samples from all of these
tributaries (Table 1) precludes more than a few kilometres of
transport parallel to the Nevis valley axis. However, the small
proportion of more deformed Au-Ag-Hg and Au-Ag alloys in
some Nevis samples suggests either more distant primary
sources for that gold or minor recycling from pre-existing
placers, possibly the Miocene-Pliocene sedimentary strata
within the valley. The distribution of α-phase Au-Ag-Hg alloy
in the Nevis and Nokomai valleys (Figures 2 and 3) would
support either small primary sources within individual
tributaries, or larger primary sources trending sub-parallel to
the valley axes.

Au-Ag alloy
Similarity in the range of morphological variation within the
Au-Ag and Au-Ag-Hg alloy sub-types in individual Nevis
samples implies similar transport and deformation histories
for each sub-type. The small proportion (<10%) in some
samples, of significantly more deformed particles of both sub-
types suggests that some particles of each sub-type have a
relatively longer transport history. Again, this could be due to
more distant primary sources or result from recycling of gold
from auriferous Miocene-Pliocene strata within the valley.

The dominance of Au-Ag alloy over α-phase Au-Ag-Hg alloy
in the lower half of the lower Nokomai alluvial plain and the
gravel in the adjacent abandoned channel contrasts strongly
with all other Nokomai and Nevis samples (Table 1), in which
α-phase Au-Ag-Hg alloy dominates. The Au-Ag alloy in the
lower Nokomai is much more deformed than α-phase Au-
Ag-Hg alloy in the same or nearby samples. As both alloys
have similar Mohs hardness (2–3), morphological differences
between them in the lower Nokomai could reflect recycling
of the Au-Ag alloy from older sediments no longer preserved
in the Nokomai and/or relatively more distant primary sources
for the Au-Ag alloy.

Transport distance estimates
Rounding, flattening and folding of detrital gold preserves a
cumulative record of the deformation it undergoes during



2000 New Zealand Minerals & Mining Conference Proceedings • 29-31 October 2000

transport from a primary source to the ultimate site of
deposition. Particle flattening is particularly important,
because it progressively lowers the surface area-to-volume
ratio of gold which, in turn, enhances the entrainability of
particles in a given current. On-going flattening thus allows
gold particles to be progressively transported to lower-energy
parts of the fluvial system (Youngson & Craw 1999).
Consequently, there is a predictable relationship between the
maximum flatness of gold particles and maximum transport
distance in gravel bed-load rivers. This has been quantified
for the Arrow-Kawarau-Clutha River system in Otago, where
the gold sources are well-constrained (Youngson 1998;
Youngson & Craw 1999), and similar relationships have been
established elsewhere (Hérail et al. 1990, Knight et al. 1994).
Fluvial transport distance estimates for Nevis and Nokomai
gold (Table 1) were made using the method of Youngson &
Craw (1999). This method relates fluvial transport distance
to the maximum flatness index for gold particles in a particular
sample [F.I.=(a+b)/2c, where a, b, and c are the mutually
perpendicular long, intermediate and short axes of the particle].
The method cannot account for any glacial transport, however,
as little or no flattening of gold occurs during such transport.

The small proportion of relatively more deformed gold
particles in some Nevis samples has higher maximum flatness
index (18–25) than that for the bulk of the gold (<15) in those
samples (Table 1). Maximum transport distance estimates of
20–30 km for the more flattened gold is consistently greater
than the <10–20 km estimates for the bulk of the Nevis gold
(Table 1), and supports more distant primary sources and/or a
recycling history for the more deformed gold. Conversely,
the shorter transport distance estimates for the bulk of the
Nevis gold are compatible with our inference of primary
sources within the western tributaries of the Nevis. Similarly,
low maximum flatness index (<15) and short (<10–20 km)
maximum transport distance estimates for a-phase Au-Ag-
Hg alloy in all samples upstream of the alluvial plain in the
lower Nokomai (Table 1) support our inference of primary
sources in the upper eastern tributaries of the Nokomai.
Furthermore, 15–25 km estimates for α-phase Au-Ag-Hg alloy
within the alluvial plain are also consistent with derivation
from such sources.

The 25–40 km fluvial transport estimates for Au-Ag alloy in
the abandoned channel and alluvial plain in the lower Nokomai
are enigmatic, firstly because the Nokomai valley is only about
20 km in length (Figure 3), and secondly because detrital Au-
Ag alloy has not been found elsewhere within the catchment.
The fluvial transport distance estimates require either
considerable fluvial recycling of Au-Ag alloy within the
Nokomai, or a former connection with an Au-Ag alloy source
outside the present Nokomai catchment. The absence of Au-Ag
alloy elsewhere in the Nokomai does not support the possibility
of local Au-Ag sources or recycling within the catchment.

Associated provenance indicators

Rock clasts, magnetite and clinozoisite
Boulders of well-foliated schist, abundant clinozoisite, and
coarse magnetite associated with Au-Ag alloy in the lower

Nokomai require sources in higher grade, probably greenschist
facies, rocks than the pumpellyite-actinolite facies semischist
within the catchment. Hematite is the dominant iron oxide in
the Nokomai bedrock, but this has recrystallised to magnetite
in greenschist facies rocks farther north (e.g. Craw 1984).
Clinozoisite is an index mineral for the greenschist facies,
hence the nearest source rocks for the magnetite and
clinozoisite in the lower Nokomai are the greenschist facies
rocks many tens of kilometers north of the Nokomai catchment
(Figure 1). The source of allochthonous scarlet-coloured
jasperlitic chert cobbles in high terrace gravels and mine
tailings above the lower Nokomai alluvial plain is unknown,
but similar rocks are common in Caples Terrane greywacke
basement west of Lake Wakatipu, and in fluvial or fluvio-
glacial outwash derived from that area (Turnbull 1980, 1988).

Garnets
The three compositionally distinct garnets types in the
abandoned channel in the lower Nokomai demand a complex
transport history to concentrate them together if they are
derived from the northwest Otago schists (types 1 & 2 garnet)
and Stewart Island (type 3 garnet) intrusive source rocks
inferred from Figure 7. Northward marine currents and
longshore drift since at least the Paleocene are indicated by
garnets and other heavy minerals derived from south coast,
and/or Fiordland intrusives in early- to mid-Tertiary marine
sandstones throughout Otago (Hutton & Turner 1936; Sharp
1993). Garnets with the same composition as type 3 garnets
in the Nokomai occur 50 km southeast of the Nokomai in
Quaternary sediments containing detritus recycled from
marine strata (Falconer 1987). Both occurrences probably
reflect widespread dispersal during Tertiary marine
transgression. If the type 1 and type 2 Nokomai garnets are
derived from northwest Otago schists, then alternate transport
mechanisms are required to get them into the Nokomai, as
those source rocks were not exhumed until after the marine
transgression (Adams 1981; Sutherland 1996).

Although marine transgression could account for widespread
occurrence of type 3 garnets in Central Otago, the absence of
all three garnet types anywhere in the Nokomai other than in
the abandoned channel does not favour transgression for
getting the garnets into the Nokomai itself. The most likely
source rocks for types 1 & 2 garnet (northwest Otago schists),
and Tertiary marine sediments (Turnbull et al. 1975), which
are a potential intermediate source for the type 3 garnets, lie
many tens of kilometres north of the Nokomai catchment.
Southward sediment transport required to get garnets from
these rocks into the Nokomai is supported by the magnetite,
clinozoisite and greenschist facies rock clasts associated with
garnets in the abandoned channel gravel. Furthermore, Au-
Ag alloy in the abandoned channel and lower half of the
Nokomai alluvial plain is a common hydrothermal vein
mineral in the greenschist facies schist to the north as well
(Figure 1) (Williams 1974a; Craw & Norris 1991). Thus, it is
possible that the Au-Ag alloy, garnets, magnetite, clinozoisite
and greenschist facies boulders in the lower Nokomai were
all derived from basement rocks and intermediate sedimentary
sources north of the Nokomai catchment. Dispersal
mechanisms from these sources are discussed below.
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Alternate dispersal mechanisms

River capture and tectonic slope reversal
The longitudinal profile of the Nevis River is concave in its
upper and lower reaches, but convex in the middle reaches
(Figure 2). This profile is atypical compared to other Kawarau
tributaries such as the Arrow and Shotover, which are concave
throughout (Youngson & Craw 1999). We suggest that
convexity of the Nevis profile reflects capture of the
headwaters of an ancestral Nokomai River by a former steep
short tributary of the Kawarau (Figures 1 and 2). Further, that
capture occurred at a former drainage divide in the vicinity of
Nevis crossing (Figure 2), and that the middle and upper
reaches of the present Nevis represent the former upper and
middle reaches, respectively, of the ancestral Nokomai. These
reaches are part of a broad low-relief upland plateau that
extends over 25 km eastward from the Nevis to the Clutha
valley (Stirling 1990) (Figures 1 and 3). The plateau itself
has been locally warped by Quaternary growth of schist
antiforms (Stirling 1990). With the exception of the Nevis
area, the upland is drained to the south by rivers with low
gradients in their upper reaches on the upland (Figure 1). The
portion of the upland inferred to have formerly drained
southward by the ancestral Nokomai has been tectonically
tilted by uplift along a complex zone of active faults and
antiforms that flank the Nevis valley. These structures
converge toward the low saddle between the Nevis and the
Nokomai (Beanland & Barrow-Hurlbert 1988; Kerr et al., in
press). The Nevis portion of the upland is now drained
northward to the capture point by the middle and upper reaches
of the Nevis, and ultimately to the Kawarau (Figures 1 and
3). Presumably, a low stream gradient in the upper reaches of
the ancestral Nokomai on the plateau was insufficient to
maintain an antecedent southward course through the zone of
uplift.

Prolonged low relief on the plateau is indicated by up to 300 m
of sandy sediments and oil shale in Miocene strata in the Nevis,
with coarse detritus and significant amounts of gold first
appearing in Pliocene and Pleistocene transverse fan sediments
derived from the west (Williams 1974b, Douglas 1986).
Greenschist facies clasts and clinozoisite are common in the
fan sediments but magnetite and garnet are not. Although some
of the allochthonous clasts and minerals in the lower Nokomai
could have been transported from these fan sediments by an
ancestral Nokomai, we suggest that its gradient on the upland
plateau was probably insufficient to transport gold or coarse
clasts of schist to the south. This contention is supported by
the absence in all Nokomai samples upstream of the Nokomai
alluvial plain, of greenschist facies detritus and the relatively
more deformed gold that is present in most of the Nevis
samples (Table 1).

Glacial catchment integration
The penultimate and some earlier advances of the Wakatipu
glacier have extended southward down the Mataura valley
beyond the ultimate (Otiran) advance terminal moraine at the
southern end of Lake Wakatipu (Figure 1). Pre-Otiran
remnants of moraine or outwash sediment occur at various
elevations up to 160 m above the present Mataura valley floor

(Ashcroft 1964; Brockie 1973; McIntosh et al. 1990), and are
locally auriferous. Outwash gravel correlated with the Athol
Advance (approximately 200 ka) is preserved above 500 m
on both sides of the Mataura valley at Athol (Figures 1 and
3). Brockie (1973) suggests that Nokomai Saddle (480 m)
between the Mataura and the Nokomai valleys (Figure 3)
would have been topped and cut by diffluent ice during the
Athol Advance. There is no evidence to indicate whether the
lower Nokomai valley was occupied by ice, but it must
nevertheless have received glacially transported and/or
fluvially redistributed sediment derived from Wakatipu glacier
tributaries farther upstream. Clinozoisite, magnetite, type 1
garnets, greenschist facies schist, and hydrothermal Au-Ag
alloy are common in several of these tributaries. In addition,
the most important intermediate repository for type 2 (if from
Fiordland) and type 3 (Stewart Island) garnets, the middle
Tertiary transgressive marine sediments, are preserved in the
middle arm of the Lake Wakatipu basin.

Projection of Brockie’s (1973) profile of Athol advance
outwash surfaces down the Mataura valley suggests that
outwash sediment will have have dammed the Nokomai at its
confluence with the Mataura. Up to 3 m of undated remnants
of varved lake silt are preserved 120 m above the valley floor
in the lower Nokomai, and could have been deposited during
such events. Wedges of Mataura River-type gravel inter-
fingered with the Nokomai gravel were encountered during
mining of the lower Nokomai, and such deposits may have
prograded for some distance up the lower Nokomai valley
during earlier glacial cycles. Thus, glacial integration of
catchments appears the most plausible mechanism to explain
the presence of Au-Ag alloy and other allochthonous minerals
and clasts in the Nokomai, irrespective of whether they entered
the valley via Nokomai Saddle or the confluence with the
Mataura. Presumably, however, their heavy mineral content
has been reworked and reconcentrated into the fossil channel
in the lower valley and, in turn, into the sediments of the lower
Nokomai alluvial plain.

Hg association with Caples
metavolcanics?

Marshall (1918) genetically associated Otago cinnabar
occurrences with basic Cenozoic volcanics in East Otago
(Coombs et al. 1986), believing that cinnabar deposits only
occur in close proximity to these rocks. Although mercury-
bearing minerals are commonly associated with igneous
hydrothermal systems elsewhere (Rytuba and Heropoulos
1992), a more complete distribution of occurrences in Otago
(e.g. Morgan, 1914; Marshall 1918; Henderson 1923; Healy
1936; Williams 1974a) does not support Marshall’s volcanic
association, because most occurrences are remote from
volcanic centres. Williams (1974a) suggested that Marshall
(1918) may have been correct in dissociating mercurous
mineralisation from the gold scheelite paragenesis of the Otago
Schist (Craw & Norris 1991). The widespread occurrence of
detrital α-phase Au-Ag-Hg alloy in the Nevis and Nokomai,
and the primary sources we infer in those catchments, suggest
instead that a gold-mercury paragenesis may be appropriate
in some parts of the schist belt.
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Gold and scheelite veins in the Otago Schist occur in both
Caples and Torlesse Terrane rocks but are more common in
the latter (Figure 1) (see Mortimer 1993). Predominance of
one or other of these minerals in veins is controlled more by
local geochemical conditions at the site of deposition (Paterson
1986; Craw & Norris 1991) rather than by fluid characteristics
or the composition of the schist protolith. Consequently, the
gold-scheelite paragenesis is applicable to the whole of the
schist belt. Primary cinnabar deposits in the Otago Schist occur
only within the Caples Terrane, however, and all significant
occurrences of detrital cinnabar, as well as the α-phase Au-
Ag-Hg alloy described in this study, are found only in
catchments draining Caples Terrane rocks. We therefore
propose a gold-mercury ‘sub-paragenisis’ for the Caples
Terrane. We suggest that Hg may be an important indicator
element for primary gold deposits in Caples rocks, and should
be cosidered in soil geochemistry and stream sediment
sampling surveys during exploration for such deposits.

Conclusions

Gold in Quaternary placers in the Nevis and Nokomai valleys
is dominantly α-phase Au-Ag-Hg alloy with less than about
10 wt.% Hg, which is interpreted to be derived from
hydrothermal sources in western tributaries of the upper Nevis
and eastern tributaries of the upper Nokomai. These and related
sources may also have supplied the abundant cinnabar
commonly associated with the Au-Ag-Hg alloy. Minor silver-
grey-coloured, secondary Au-Ag-Hg alloy with up to about
38 wt.% Hg is present locally in the lower Nokomai alluvial
plain. This alloy is interpreted to have formed in the lower
Nokomai and/or adjacent tributary by diffusion between both
detrital Au-Ag and α-phase Au-Ag-Hg alloys, and liquid Hg
that is either hydrothermal in origin or derived from local
breakdown of cinnabar.

Gold in the lower half of the Nokomai alluvial plain and
adjacent abandoned channel is dominantly Au-Ag alloy, but
minor α-phase Au-Ag-Hg alloy is also present in the latter.
The Au-Ag alloy and associated magnetite, clinozoisite, well
foliated schist boulders, and three types of garnet, are
allochthonous to the Nokomai catchment. They were most
likely derived from greenschist facies and sedimentary rocks
many tens of kilometers north of the Nokomai catchment.
They were introduced to the Nokomai in outwash or till during
Quaternary advances of the Wakatipu Glacier, either via
Nokomai Saddle on the western side of the valley, via the
confluence with the Mataura, or both.

A gold-mercury ‘sub-paragenisis’ is proposed for the Caples
Terrane. Hydrothermal cinnabar in the Otago Schist, and
probably hydrothermal Au-Ag-Hg alloy as well, are restricted
to the Caples Terrane, and one or both of these minerals should
be expected to occur in placer deposits derived from Caples
Terrane rocks.
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