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Introduction

Vanuatu comprises a 700km long chain of approximately
80 volcanic islands located above the convergence zone
of the Pacific and Australian Plates. This zone which
extends from New Zealand to Japan hosts some of the
world’s largest copper and gold deposits, as epithermal
or porphyry styles of mineralisation. Active mines in

the region include OK Tedi (17 Moz), Porgera

(7 Moz), Lihir (30 Moz) and Vatukoula(11 Moz).

'The nearest significant deposits to Vanuatu are the
Emperor (Vatukoula) gold mine to the east in Fiji and
Gold Ridge gold deposit to the north in the Solomon
Islands. Vanuatu remains significantly under-explored by
modern standards.

Geological and structural setting

Vanuatu is an active island arc system and comprises

three separate sub-parallel island chains; the calc-alkalic
volcanics of the Western Belt (late Oligocene to mid-
Miocene), the tholeiitic volcanics of the Eastern Belt

(late Miocene to Pliocene) and the active Central Chain
(late Miocene or Pliocene to Holocene). The Western
Belt includes Espiritu Santo and Malekula Islands. Late
Oligocene to mid-Miocene age arc-related volcanoclastics
are overlain by sediments and limestones of Pliocene to
Pleistocene age deposited when the arc was submerged.

Currently the Western Belt is in a period of uplift.

'The islands of Espiritu Santo and Malekula are

considered to be geologically similar Fig.1). Espiritu

Santo is divided into four major structural terranes. The
West Santo terrane comprises early to mid-Miocene
submarine volcanic breccias, volcanics and intrusives.

'The Central Santo Terrane is dominated by younger
sequences formed in complex transtensional structures,
overlying middle Miocene volcanics and onlapped by
Pliocene reefal limestone. The East Santo Terrane is covered
by raised reef and reefal limestone. The North Santo Terrane
comprises largely volcanics and other epiclastic rocks and is
separated from the West Santo terrane by the mineralised

Pialapa fault system.
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Figure 1: Major tectonic elements and structural features of the Western Belt
(Espiritu Santo and Malekula Islands) after Williams et al., 1996.

Only small segments of the West Santo and Central Santo
Terranes extend into Malekula based on aeromagnetic
images (Williams et al, 1996). The West Malekula Terrane
is a narrow belt dominated by red mudstone and pelagic
deposits. This unit is separated from the Central Malekula
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Terrane by an inferred thrust. The Central
Malekula Terrane is similar geologically to
the West Santo Terrane. The East Malekula
Terrane comprises elements similar to the
eastern segment of the Central Santo Terrane.

The Port Sandwich Basin is developed as an
extensional sedimentary basin on the older
volcanic rocks. The Norsup Terrane is an
area of young (~10Ma) volcanic breccia
associated with a major zone of NE- and

NNE-striking faults.

The dominant structural features of

Espiritu Santo and Malekula islands are the
NNW-striking faults which separate the
major geological terranes. These faults are
interpreted to be long-lived structures which
controlled the location of intrusives in the
early to middle Miocene as well as location
of sedimentary basins. Subsidiary faulting

in the Central Santo Terrane is common,
with NE- and NW-striking faults developed
adjacent to terrane boundary faults. In the
mid Pleistocene (approx. 2mya) a large

slab of crust collided with the arc, which is
referred to as the D’Entrecasteaux Collision.
During the late Quaternary this collision
halted extension and resulted in rapid uplift
and significant compression.

Mineralisation

Both porphyry copper and epithermal gold-
silver style mineralisation has been identified
on Espiritu Santo and Malekula islands.
Porphyry style alteration and mineralisation
occurs in a western belt whereas epithermal i
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style mineralisation occurs in a spatially
separate belt to the east (Fig. 2). The Ora
(Navaka) prospect is the most notable porphyry
prospect. Epithermal mineralisation on Espiritu
Santo is hosted within the Central Santo
Terrane where mineralisation appears to be related to subsidiary
faults to the terrane boundary faults. Gold-silver-base metal
mineralisation on Malekula Island occurs in southern Malekula,
the main prospects at Taoran and Amethyst are epithermal in
nature and related to west-dipping thrust faults.

Ora prospect

The Ora prospect is the best documented porphyry style
prospect and is located in Miocene sediments, volcanics
and intrusive rocks adjacent to major N- and NW-trending
regional faults on the terrane boundary between the West
Santo and Central Santo terranes. This porphyry prospect
has been mapped as a mafic to felsic intrusive complex and
occurs within a mixed sequence of basaltic to dacitic lavas,
minor lapilli tuff, lahar volcanoclastic siltstone sandstone

Figure 2: Geology of Espiritu Santo and Malekula illustrating porphyry style prospects
(in red) and epithermal prospects (in blue). (Source: Geological Map of the New Hebrides
Condominium 1982)

and conglomerate and minor limestone phases. Both
proximal and distal skarns are locally developed in carbonate
facies rocks. Some skarn bodies form roof pendants to

the intrusive. The prospect is defined by a hydrothermal
alteration zone with Cu and/or Au mineralisation in
bedrock and CuxAu anomalism in soils defining a 6km

by 2.5km NNW-trending zone. Mineralisation occurs as
sulphide disseminations in altered intrusives and volcanics,
clay-pyrite shears, proximal skarns (massive magnetite +
pyrite + epidote + garnet * sphalerite) and distal skarns
(silica + chlorite + epidote + magnetite * garnet).

Tafuse

Epithermal style Au * basemetal mineralisation in the
Tafuse area on Espiritu Santo occurs within a 3km by 4km
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zone hosted within the Wambu Inlier, an erosional window
of Miocene andesitic to trachyandesite island arc volcanics
and related sediments surrounded by younger limestone and
marine clastic sediments. Mineralisation occurs in quartz
veins, quartz stockworks, hydrothermal breccias, shears and
silica-sulphide replaced limestone, surrounded by envelopes
of argillic, sericitic or propylitic alteration. Five separate
centres have been identified to date and explored to only

a limited degree. Magnetic signatures show very strong
structural control on the mineralisation. The prospects lie
on the intersection of NE and NW striking faults and these
areas are characterised by zones of de-magnetisation.

Webe Creek
To the south of Tafuse, the NW trending Webe Creek alteration

system is exposed in the headwaters of the northern branches of
the Fusi Creek and Torefuru Creek systems, 8km inland from
the south coast of Espiritu Santo. Webe Creek was discovered in
1985 by United Resources Vanuatu (City Resources) by stream
sediment reconnaissance that followed a train of epithermal
silica float and panned concentrate anomalies. Pyritised, silicified
outcrop, including hydrothermal breccias was discovered in
1986. Between 1986 and late 1987 United Resources carried
out gridding, soil sampling, rock chip sampling and bulldozer
trenching. Prospect evaluation was supported by contracted
petrology (Chartered Mineral Services). The United Resources
program was terminated in late 1987 following the collapse of
the share market. Cominco Resources conducted a prospecting
program in 1994 targeting open pittable resources >1Moz at
>3g/t Au. The program comprised gridding, auger soil sampling,
as well as further float and rock chip sampling. The regional
mapping indicates that the host rocks to mineralisation are
intermediate volcanics and outliers of Pleistocene limestone.
'The volcanics comprise magnetite bearing andesite agglomerate
and tuff. Pyritic, propylitic and argillic alteration occurs together
with areas of silicification over a Skm NW-trending zone.
Hydrothermal breccias, probably milled eruption breccias and
quartz veining are present.

Taoran and Amethyst

In southern Malekula the best documented epithermal
prospects are the Taoran and Amethyst prospects. The
Taoran prospect was discovered in the latter half of 1985 by
United Resources Vanuatu (City Resources) by helicopter
supported drainage sampling following a train of epithermal
vein silica, amethystine quartz and panned concentrates in
the Pankumu River. Mineralised outcrop was discovered in
1986 and between 1986 and December 1987 United carried
out stream sediment sampling, rock chip sampling and
gridding at Taoran and the southern extension at Livimboas.
Bulldozer trenching, ground magnetics was completed

in 1987.Three drill holes were completed in 1986. The
prospect lies within a fault controlled basin in the hanging
wall of the west dipping Taoran Fault, a 100m wide fault
breccia and pyritic blue clay shear zone. Host rocks to the
mineralisation are tuffs, and pyroclastic breccias, sandstones
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and conglomerates and basalt lavas. Gold mineralisation is
best developed in sequences of trachyandesite tuffs and lavas.
The gold mineralisation occurs in breccias, within NNW
trending vein stockwork systems within replaced limestone
and within massive silica + pyrite replaced volcanics.
Mineralised zones are also delineated by areas of Pb-Zn

and Au-As in soil anomalies. Wallrock alteration consists of
intense silicification in andesite flows and tuffs and clay +
pyrite alteration in volcanoclastics. The assemblages include
illite + quartz + chlorite + pyrite and illite + smectite + pyrite.
An argillic assemblage of gypsum + kaolinite + pyrite occurs
in faults zones. Limestone is replaced by massive silica,
manganese, barite and cross cutting quartz veins. Quartz
veins associated with mineralisation in the central and
western stockwork areas consist of SW to W striking cm
thick banded and open vughy multistage quartz veins. The
presence of adularia was identified in petrology. Quartz vein
breccias contain pyrite, galena, sphalerite and chalcopyrite.

'The most significant trench results include;
12.3m at 3.3g/t Au,
17.8m at 1.37g/t Au and
10.5m at 1.15g/t Au.

Three drill holes were drilled with best intersections
including 1.5m at 0.85g/t Au (TR001 from Om) and 1.5m
at 3.22g/t Au (TR0O03 from 20.6m). In 1999 ISCOR Ltd
explored the area completing soil sampling, an IP survey and
drilling of 9 holes at Taoran (TR004 to TR012). The most
significant intersections were 2m at 8.61g/t Au and 3.7%
Zn (TRO07 from 46m) and 13m at 1.6g/t Au (TR009).
ISCOR concluded that the drilling programme confirmed
that the IP and 5m infill soil programme could define major
structures and that ore grade gold mineralisation occurred in
irregular veins and breccias that were discontinuous.

The Amethyst prospect, located 4km south east of Taoran,
was similarly discovered by United Resources in 1985 by
helicopter supported drainage sampling that followed a

train of epithermal vein silica and amethystine quartz float
in the Pankumu River. Amethyst rubble was discovered
along 700m of the ridge at Amethyst in 1986. Mapping, pit
sampling, soil sampling and a ground magnetic survey were
completed. In 1987 a bulldozer was used to cut trenches
along the ridge line through areas of amethyst float and
Pb-Zn soil anomalies. Epithermal gold mineralisation is best
developed in sequences of andesitic tuffs and lavas. The gold
mineralisation occurs within shallow west dipping amethyst
vein stockworks the largest of which is 37m thick and

240m in length. Traces of coarsely disseminated sphalerite,
galena and chalcopyrite also occur in the vein stockworks.
'The five zones of amethyst stockworking were delineated by
mapping amethyst float and trenching and closely coincide
with a Pb-Zn and patchy Au-As soil anomaly. In 1991
Vanaust completed a 9-hole drill programme all within a
76m by 40m surface area above a trench exposing outcrop of
amethyst vein. In 1999 ISCOR Ltd completed one drill hole
(TRO13). Neither drill programmes intersected significant
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mineralisation although SRK Consulting indicate core loss
(>90% in some quartz zones) through the target zone was a
recurrent problem for Vanaust.

Vanuatu and Hauraki gold province
comparison

The geology, structural setting, and styles of mineralisation
on Espiritu Santo and Malekula are considered analogous

to the gold and base metal deposits and prospects of the
Hauraki province in the Coromandel Peninsular of New
Zealand. Whereas the Hauraki Province has been a gold-
silver-basemetal producer since the mid-1800s and has

been the focus of modern exploration since the early 1980s
leading to the development of the Golden Cross and Waihi
mines, exploration activities on Espiritu Santo and Malekula
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islands have not had the same attention. Some of the major
characteristics of the porphyry and epithermal deposits and
prospects of the Hauraki Goldfield and Espiritu Santo and
Malekula island deposits are listed in Table 1.

Historical mining commenced in the Hauraki Goldfield

in the mid-1800s and has produced more than 10Moz Au.
'There is no reported gold mining from Santo and Malekula.
Modern exploration has been continuous and comparatively
intense in the Hauraki Goldfield since the early-80s and in
parallel research has led to a comprehensive understanding
of the deposit characteristics and controls on mineralisation.
Exploration activities in Vanuatu have been intermittent
since the 80s and little or no research has been conducted on
the known deposits.

Many modern geophysical, geochemical, and geological
techniques have been trialled at known deposits in the

Comparison of deposit features of the Hauraki Goldfield with western islands of Vanuatu

Hauraki Goldfield Santo-Malekula Islands

Terrain dimensions 200km by 30km 200km by 30km
. . Above convergence zone of Australia-Pacific plate Above convergence zone of Australia-Pacific plate
Regional structural setting
boundary boundary

NW trending boundary faults NW trending boundary faults

Local tectonic setting NE trending secondary structures control

mineralisation

NE trending secondary structures control
mineralisation

Host rocks Greywacke, andesite, dacite Andesitic lavas and volcanoclastics
Age Miocene to Pliocene Miocene to Pliocene
Porphyry Cu-Au-Mo Porphyry Cu-Au
Prospect types

Epithermal Au-Ag (adularia-sericite) Epithermal Au-Ag (adularia-sericite)

Porphyry characteristics Dacite porphyry + intrusion breccias Felsic intrusive rocks

Potassic, propylitic, phyllic alteration with lithocap Alteration not specified, skarns

Disseminated chalcopyrite + molybdenum Chalcopyrite

Partially drilled Not drilled

Epithermal characteristics Quartz + calcite + adularia + illite type

Productive veins in andesite host

Vein dimensions 300-1300m strike, 170-700+m
vertical, 1-5m wide

Zoned Au-Ag—Cu-Pb-Zn with depth

Quartz + adularia + illite + amethyst

Best developed in andesite lavas
<200m strike

Au-basemetal association

Multi-stage quartz veins — massive, banded

(colloform), breccia Banded (colloform), amethyst

Bonanza style ore shoots None known
Alteration halos ~5-120km? 1-2km?
e S - .
Propylitic — quartz, chlorite, illite, pyrite + adularia Propylitic

+ albite * calcite

Assoclated with hydrothermal breccia, sinter Associated with hydrothermal breccia, no sinter

reported
Number of porphyry prospects 4 5 known
Number of epithermal 50 4 known
prospects
Production 14.1Moz Au No production

Note: the lack of detail in many Vanuatu prospects is mainly due to poor documentation
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Hauraki Goldfield with variable success. Geophysics
including magnetics, IP, EM, gravity and Controlled-
source Audio-frequency Magnetotellusics (CSAMT)

has been found useful in identifying alteration zones and
geochemical and mineralogical studies have been found
useful in mapping within alteration zones, but the primary
tool that has led to discovery has been good geology
involving a combination of both surface mapping and drill
core logging. The knowledge about epithermal systems (and
to some extent porphyry systems) developed in the Hauraki
Goldfield has considerable relevance and direct input into
exploration strategies in Vanuatu. Focus should be on good
geology enhanced by modern geophysical techniques and
geochemical analysis. Research should be encouraged to
better understand the processes involved in the formation of

the epithermal and porphyry prospects.

Canterbury Resources, an unlisted public company, has granted
exploration licences and licence applications on Malekula Island
and licence applications on Espiritu Santo island.
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