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ABSTRACT 

Minor Kuroko-type deposits occur within a group of acidic volcanic rocks in northeast 'Vanua 
Levu, Fiji. Six prospects are described and their relationship to each other and the associated 
volcanic activity discussed. Variations exist between deposits formed at or near the surface around 
exhalative centres and those occurring at depth as epigenetic vein and stockwork deposits. 

Fijian volcanism and ore deposition seem to be closely associated with a tensional-transform 
regime of regional dimensions rather than subduction. The ore fluids are thought to have sep
arated from cooling felsic magma and mixed with seawater on their way to the surface. 

^a^f'̂ "^ '̂̂ " 

INTRODUCTION 

Stratabound sulphide deposits are found at a number 
of locations within the Fiji Archipelago (Houtz & 
Phillips 1963; Lawrence & Savage 1976; Colley in 
press) and deposits showing close affinities to the 
Kuroko ores of Japan occur on the second largest island 
in the group, Vanua Levu (Colley & Rice 1975; Colley 
1976). This island is composed principally of volcanic 
rocks and associated volcaniclastic sediments (Rickard 
1966). These are divided into the following strati
graphic units in desce.-iding order: 

Mbua Volcanic Group 
Mathuandrove Super-group 

Undu Volcanic Group 
Malau Formation (Malau Breccias) 
Nasavu Formation (Nasavu Dacites) 

Nararo Volcanic Group 
Natewa and Monkey Face Volcanic Groups 

The distribution of these units is shown in Fig. 1. 

The Nafewa-Monkey Face sequence forms the "base
ment" of the island and is chiefly composed of volcanic 
rocks of Middle Miocene to Early Pliocene age. Volcani
clastic and epiclastic sedimentation, representing the in
filling of intervolcanic basins, characterises the upper 
part of the succession. Small plugs of acid andesite cut 
through the Natewa Group and these rocks have been 
assigned to the Nararo Group. The Undu Group covers 
an area of 750 km' in northeast Vanua Levu and is of 
Upper Miocene to Early Pliocene age (Ibbotson 1969), 
probably postdating most of the Natewa-Monkey Face 
succession. It is made up of massive flows, breccias, 
tuffs, and associated sediments, mostly of submarine 
origin. The youngest rocks in Vanua Levu are basalts 
of the Mbua Group which are of Middle Pliocene age 
(Hindle 1976). These were erupted mainly from a 
large, subaerial shield-volcano in southwestern Vanua 
Levu. 

Rocks from the different stratigraphic units have dis
tinctive chemical characteristics, and typical examples are 
given in Table I. Nafewa-Monkey Face rocks are gener
aUy of basaltic andesite composition, hornblende-rich 

acid andesite dominates the Nararo sequence, and quartz-
bearing dacites and rhyodacifes typify the Undu Group. 
There is a trend in rocks of all these units to low or 
moderate alkali contents, and Gill (1972) assigns them 
to the island arc tholeiite suite. However, fhe basalts of 
the Mbua Group differ markedly, and their moderate 
titania and alkali content suggest they are transitional 
between the tholeiite and bceanic alkalic basalt suites 
(Hindle 1976). 

All the Kuroko-type deposits in Vanua Levu are 
found in the Undu Group. The lower part of this group 
is referred to as the Nasavu Formation (or Nasavu 
Dacites) and contains massive flows, autoclastic breccias, 
and tuffs, with minor intercalations ,of furbiditic marine 
sediments and carbonate beds and some welded tuffs. 
Rickard (1970) suggested that part of the Nasavu 
Dacites was subaerial. However, more recent work by 
the authors and members of the Mineral Resources 
Division, Suva has shown that the bulk of the formation 
was erupted from a number of large submarine volcanic 
centres (Fig. 2) . The upper part of the Undu Group is 
referred to as the Malau Formation (or Malau.Breccias) 
and consists mainly of massive and well-bedded pumi
ceous tuffs and breccias having the characteristics of 
subaqueous pyrodastic flows (Fiske & Matsuda, 1964). 
Rare massive flows of dacite and rhyodacite also occur 
and the upper horizons show an increase in volcano-
clastic sedimentation indicative of waning volcanism. 

Most of the Kuroko-type deposits in Vanua Levu are 
small subeconomic bodies, although a limited amount of 
mining has been carried out at Nukundamu (Undu 
mine). Smaller mineral showings occur at Mouta, Wai-
nikoro, Thonggeloa, Matailambasa, Nalangi River, and 
Numbu (Fig. 2) . Over half of these deposits occur in 
horizons close to the contact of fhe Nasavu and Malau 
Formations. 

THE MINERAL DEPOSITS 

Nukundamu {IJndu mine) 

The Nukundamu deposit is located about 10 km from 
the tip of Undu Peninsula (Fig. 2) and has been 
described in varying detail by Houtz & Phillips (1963), 
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sketch-map of Vanua 
Levu. 

Rickard (1966), and Colley & Rice (1975). It was mined 
briefly during 1968 when 32 435 tonnes of concentrate 
containing 5 '9% Cu and 6-7% Zn was produced. 

Deep drilling at the mine has shown the lowest inter
sected horizons to consist of quartz-bearing dacitic brec
cias and flows of the Nasavu Formation. These rocks are 
also exposed in hills south of the mine (Fig. 3) . The 
high percentage of clasts in the breccias and the incipient 
nature of much of the brecciation are indicative of an 
autoclastic origin. The Nasavu Formation is virtually 
non-pumiceous and is in marked contrast to the over
lying Malau Formation. In the lower part of the latter 
formation, massive and well-bedded pumice breccias pre
dominate and there are minor intercalations of dacite 

flows and volcaniclastic sediments. The massive pumice 
breccia occurs immediately south of the mine and appears 
to mark the site of a small eruptive centre (Figs 3 and 
4) . North from this centre is a lateral and vertical facies 
change into well-bedded pumice breccia and pumiceous 
sediments. It is within this unit, which represents 
waning volcanism, that the main mineralisation is found. 

The mineralisation is chiefly composed of massive 
copper, zinc, and iron sulphides as irregular spheroidal 
pods up to 16 m in diameter. They are surrounded by 
a zone of intensely altered pumiceous breccia and sedi
ments approximately 450 m X 220m (Fig. 4) . Kao
linite, smectite, chalcedony, quartz, and pyrite are the 

TABLE 1—Chemical analyses of rocks from Vanua Levu. 
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F6—Dacite. Undu Group. Malau Head. 
Analyses made at Department of Geology and 
Mineralogy. Marischal College. Aberdeen; 
oxides by Sheila Lindsay, trace metals by F. 
Campbell. 
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FIG. 2—Geological sketch-map of northeast Vanua Levu showing the location of mineral prospects and volcanic 
centres. 

main components of this zone. The pyrite occurs as dis
seminations and impregnations and is commonly accom
panied by enargite and baryte. Irregular sheets of pyriti-
ferous gypsum and anhydrite and localised chlorite 
concentrations are also present. 

There is a rudimentary mineral zonation, with ore 
pods from the lower (No. 1 pit) and upper (No. 2 
pit) parts of the deposit tending to be richer in copper 
and zinc-lead respectively (Table 2, analyses 1-4). The 

-main primary sulphide minerals are sphalerite, chalco
pyrite, and pyrite with lesser quantities of galena, bor
nite, enargite, tennantite, covcllite, and possibly idaite. 
Gypsum, anhydrite, and baryte are the common gangue 
minerals. In places black and yellow ore and other ore 
types (e.g., siliceous ores) similar to those found in the 
Japanese Kuroko deposits occur. The remnants of copper-
rich pods can be seen in No. I pit and these have a 
base or root of siliceous pyrite ore. A supergene zone 

of copper enrichment, rarely more than 5 m thick, occurs 
beneath an extensive gossan. 

CoUoform textures are particularly abundant in the 
upper part of the deposit, whereas replacement textures 
become more important with depth. Brecciation of the 
ore is ubiquitous and the fractures are usually infilled 
by chalcedony. Sphalerite contains very little Fe (maxi
mum recorded = 0-7%) and, unlike the Japanese 
deposits, tennantite is not a major carrier of Ag. 

Dyke-like bodies of highly argillised and, to a certain 
extent, mineralised volcaniclastic material are found in 
the lower part of the deposit and may represent feeder 
channels. About 20 000 m of drilling was carried out at 
the mine by Banno Brothers, a subsidiary of Dowa 
Mining of Japan, and a study of borehole logs sug
gests that the alteration and attendant mineralisation 
extend downwards in an ill-defined, pipe-like form which 
plunges roughly ESE at 20° to 30° (Fig. 3). -•^ ' j •-» t l 

and 

FIG. 3 — North-south 
cross section of the 
Undu peninsula in the 
vicinity of Undu mine 
(Reproduced with per
mission of Economic 
Geology, 1975 Vol. 
70. p. 137). 
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FIG. 4—Geological sketch-map of Undu mine (Reproduced with permission of Economic Geology, 1975 Vol. 
70, p. 1375). 

Mouta 

The Mouta prospect is situated' about 45 km W S W of 
Nukundamu but appears to occupy a similar strati
graphic position. Host rocks at Mouta belong to the 
Malau Formation and consist of finely-bedded pumice 
breccias overlying a dacite flow and massive pumice 
breccias. The dacite flow is of limited lateral extent and 
the main mineralisation occurs just below it (Fig. 5). 

Alteration consists of slight silicification and kaolini-
sation and is restricted to the massive pumice breccias. 
Trenching and drilling at the prospect (Rickard 1961) 
has revealed sphalerite and pyrite in argillised rocks to 
a depth of about 52 m. Above this disseminated minerali
sation there is a small sheet or bar of massive minerali
sation 2-3 m thick and covering an area of approxi
mately 140 m'. This sheet or bar contains pyrite, 
chalcopyrite, and secondary copper minerals set in a 
matrix of baryte and chalcedony. Its upper contact with 
the country rock is marked by a thin zone (a few cm) 
of baryte and chalcedony in which coUoform textures 
are common. Some of the massive material shows a 
rudimentary layering. Drilling by the Geological Survey, 
Fiji (Rickard 1961) has revealed that this sheet or bar 
does not extend downwards. Primary disseminated 
mineralisation from depth contains variable amounts of 
copper and zinc and an analysis approximating to the 
overall grade is given in Table 2 (No. 5 ) ; the oxidised 
massive material shows considerable enrichment in 
copper (Table 2, No. 6 ) . 

Wain/koro 

The Wainikoro prospect is located about 5 km south 
of Mouta (Fig. 2) and has been briefly described by 
Rickard (1966). It occurs within the Nasavu Formation 
and is at a lower stratigraphic level than the Nukun
damu and Mouta occurrences. Host rocks are obscured 
by intense alteration, but there appears to be a plug-like 
mass of andesitic-dacitic breccia which passes laterally ' 
into coarse tuffs (locally pumiceous), dacite flows, and 
possibly silicified carbonate rock (Fig. 6) . Much of the 
brecciation is autoclastic. Alteration is most intense in 
tuffaceous rocks bordering the plug-like body and takes 
the form of argillisation (sericite-chlorite-possible 
smectite) and silicification. Pyrite is disseminated through 
these altered rocks and is also concentrated in clays 
occurring in a large vein-like structure defined by drill
ing and induced polarisation surveys carried out by 
Banno Brothers Ltd. (Fig. 6 ) . Minor amounts of 
sphalerite, chalcopyrite, covcllite, and chalcocite have 
also been found in the vein. Analysed ore from the vein 
tends to be richer in copper than zinc (Table 2, No. 7), 
but there flas been supergene enrichment of copper and 
it is diflicult to give a reliable estimate of the copper 
content of primary ore. Drilling has revealed further 
copper-zinc mineralisation in a stockwork of quartz 
veins developed along the tufT-breccia contact of the 
plug. It has also shown gypsum to be common at depth. 
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TABLE 2—Metal composition of some ore-rocks from 
northeast Vanua Levu. 
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Locations 

pit. Undu Mine (company assay— 1. AveraEcd ore No. 
Banno Brothers Ltd). 

2. Bulk sample analysis, top of No. 1 pit, Undu mine (com
pany assay—Banno Brothers Ltd). 

3. Grab sample, top of No. 1 pit. Undu mine (company assay 
—Banno Brothers Ltd). 

4. Averaged ore No. 2 pit. Undu mine (company assay—Banno 
Brothers Ltd). 

5. Disseminated ore sample, primary zone. Mouta (Rickard 
1961). 

6. Oxidised oie (average of 5 samples). Mouta (Rickard 1 9 6 0 . 
7. Auger samples, main trench, Waimikoro (Ibbotson 19691. 
8. Silicified rock with disseminated mineralisation, Thonggeloa 

(Colley in press). 
9. Carbonate rocks with disseminated mineralisation, Thong

geloa (Colley in press). 
10. Gossan containing chlorite, specularite. pyrite. and Cu-rich 

iron oxide (Colley in press). 
11. Grab samples, mineral veins. Matailambasa (Colley in 

press). 
12. Mixed-sulphide ore. Nalangi River (McDonald 1975). 

where it appears to form sheets that are almost con-
co'rdant with the ill-defined bedding in the tuffaceous 
rocks. Baryte, the other common gangue mineral, usually 
occurs in veins associated with gossanous material. 

Thonggeloa 

There are several small mineral showings in the area 
around Thonggeloa, about 10 km southwest of Mouta 
and Wainikoro. Host rocks in the Thonggeloa district 
consist of andesitic to dacitic flows and breccias of the 
Nasavu Formation and include a carbonate member made 
up of calcilutites, limey tuff's, and coralline limestone. 
Field investigations by Colley and members of the Fiji 
Mineral Resources Division shows that the latter rocks 
accumulated in the basin of a large caldera (Fig. 2) 
during a period of reduced volcanism. The geology of 
the area is dominated by the caldera and most of the 
mineral showings occur within the caldera basin. They 
are largely found in rocks belonging to the upper part 
of the Nasavu Formation, which show weak propylitic 
alteration and pervasive silicification (McDonald 1975). 
Pyi te is sparsely disseminated through the silicified 
tocks and there are trace amounts of sphalerite and chal
copyrite (Table 2, No. 8) . These minerals are also con
centrated into soft clayey shears and are accompanied by 
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FIG. 5—Northeast-southwest section at the Mouta 
prospect. 

covcllite. Mineralised clays from these shears contain up 
to 7% copper and 24% zinc. Sphalerite and minor 
amounts of galena and copper sulphide are disseminated 
through the carbonate member of the Nasavu For
mation along with such minerals as chlorite and epidote 
(see Table 2, No. 9) . The uppermost part of the Nasavu 
Formation in the Thonggeloa area is characterised by 
volcanic siltstones and claystones, and gossanous material 
associated with these fine-grained sedime.its probably 
represents weathered pods and le.nses of massive sul
phide. Minerals commonly found in the gossans are 
quartz, chlorite, pyrite, specular hematite, chalcopyrite, 
covcllite, malachite, and an isotropic gel-like iron oxide 
which contains as much as 12% copper. Chalcopyrite is 
locally abundant and analyses of 2-4% copper are 
common; values greater than 10% are recorded in sam
ples containing the copper-rich iron oxide (Table 2, 
No. 10). Cherty boulders are commonly associated with 
the mineral' occurrences at Thonggeloa but typical 
Kuroko-type gangue minerals such as gypsum and baryte 
have not yet been found. 

Matai lambasa 

The Matailambasa prospect is situated about 8 km 
southwest of Thonggeloa on the opposite side of the 
Mbuthaisau caldera (Fig. 2) . Host rocks at the prospect 
are pumiceous breccias belonging to the lower part of 
the Malau Formation and these have been cut by a 
number of dacite dykes. The most important minerali
sation occtJfs along the silicified contacts of some of the 
dykes where copper-rich ore containing abundant pyrite 
and chalcopyrite is found (Table 2, No. 11). Pervasive 
silicification, quartz veining, chloritisation, sericitisation, 
mineralised shears, and gossanous material rich in copper 
and zinc also occur in the Matailambasa area. 

http://22.lt
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FIG. 6—Geological sketch-map of the Wainikoro prospect. 

Nalangi' River 

The Nalangi prospect is about 12 km south of Waini
koro and occurs in a small intervolcanic basin between 
the Mbuthaisau caldera and the Nasasa volcanic centre 
(Fig. 2) . At Nasasa a small dacitic dome borders the 
northern edge of the basin. No in situ mineralisation 
has been discovered at the prospect, but boulders of 
mixed-sulphide massive ore containing sphalerite, pyrite-
marcasite, chalcopyrite, and minor galena are associated 
with a gossan developed along a contact between acidic 
volcanic rocks and chloritic sediments (McDonald 
1975). CoUoform textures are common and some of the 
ore shows rudimentary layering. The ore is rich in 
copper and zinc (Table 2, No. 12) and is similar to 
some of the black ore from Nukundamu. 

A SYSTEM OF KUROKO-TYPE MINERALISATION 
IN "VANUA L E V U 

The mineral deposits of northeast 'Vanua Levu have 
been compared to the Kuroko ores of Japan (Colley & 
Rice 1975; Colley 1976). However, the Fiji deposits 
show significant differences to the classic, stratabound, 
sheet-like orebodies found in most Japanese occurrences; 
for example, zonation of argillic alteration is absent in 
the Fiji deposits and layered ores and Pb-rich ores are 
rare. 

'Variations in chemistry, volcanic setting, stratigraphic 
position, and style of mineralisation within the Fiji 
examples (Table 3) led Colley (1976) to postulate a 
system of Kuroko mineralisation. The system contains 
syngenetic stratabound ores at higher stratigraphic levels 
and epigenetic veins and stockwork deposits with meta
somatic replacement bodies at lower levels. 

The deepest levels in the system are represented by the 
occurrences at Wainikoro, Thonggeloa, and Matailambasa 
and these are referred to as type I deposits (Fig. 7) . 
Mineralisation usually occurs in disseminated and vein 
form and at Wainikoro is accompanied by a stockwork 
of quartz veining. Host rocks are usually breccias which 
have allowed easy access to mineralising fluids. Near the 
deposits there is fairly intense silicification. Peripheral to 
this there is widespread weak propylitic alteration. In 
fact, some of the Thonggeloa occurrences show features 
which could be readily ascribed to porphyry copper 
deposits (e.g., pervasive silicification, dominance of 
copper sulphides, disseminated sulphides, etc.) and it 
does seem that the Kuroko and porphyry copper systems 
of mineralisation grade into each other (see Fig. 7) . 
Copper is usually the dominant metal, but zinc and lead 
are important in the metasomatic ores associated with 
carbonate beds (Table 2, No. 9) . The type I deposits 
appear to represent a deeper level of mineralisation than 
that found in the classical Kuroko deposits of Japan and 
form the feeder vent to such stratabound occurrences. 

The orebody at Nukundamu also appears to have 
formed in a feeder vent but at the point where it reaches 
the surface. As a consequence both syngenetic and epi
genetic features are visible in the deposit (Colley & Rice 
1975) and it has been designated as a type II occur
rence (Fig. 7). Although it shows a rudimentary zona
tion from a copper-rich base to a top rich in zinc and 
lead, it differs from the Japanese deposits in that strata-
bound lenses and sheets of massive ore are not deve
loped. " 

The lenticular stratabound bodies of massive ore that 
characterise many of the Japanese deposits are designated 
by Colley (1976) as types III and IV (Fig. 7). Type III 
deposits are closely associated with a feeder vent but 
type IV occurrences form some distance away from the 
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TABLE 3—Geological synopsis of ore deposits and prospects in northeast Vanua Levu. 

283 

Strat i£r jpl) ic 
f*osition Volcanic Setting Style of Mineral isat ion 

Nulcundacu 

Mouta 

Wainikoro 

Thonggeloa 

Matailambasa 

Nalangi River 

Lower Mal:iu I'n 

LoMcr Mal:m Va 

N'asavu Fm 

N'asa\'u Fo 
Lower Malau Fm 

Upper Nasawi Fa 

Lower Malau Fm 

Zn-Cu 

:n-Cu 

Cu-In 

Cu-"n 

Cu 

Cu-In 

Pb 

As 

Pb 

Ag 

Ag 

Close to snai l vo 
centre 

Outer rlanl.' ut" u 
volcanic ccnirc 

Icanic 

Close to a volcanic 
centre 

Basin witliin a c; 
and on the r i n 

Uutcr flank ot~ a 
caldera 

Intcn'olcaii ic ba* 

Idera 

in 

Massive and disseminated ore in a 
p ipe- l ike s t ruc tu re 

Massive and disscoLnatcd ore rouglily 
conformable with bedding - possibly 
roo t l e s s 

Disseminated o i i tc ra l t sa t ion In lar^fo 
vein and quar t i vein stockwork 

UisscQtnated and r a r e massive 
ntiiicrnl Isa t ion in s i l i c i f i e d rocks 
and carbonate beds 

Disseminated and vcin-t>T« 
minera l i sa t ion in s i l i c i f i e d rocks 

Uncertain - possibly massive i>ods 
of ore fonncd alor^ sedimentary -
volcanic contact 

vent and are essentially rootless bodies. Both types are 
poorly represented in northeast Vanua Levu; however, 
the sheet or bar of massive mineralisation at Mouta can 
be regarded as type IV. The boulders of massive Cu-
Zn-Pb material found at Nalangi River are probably 
derived from a stratabound body of type III or IV but 
as yet the source for these boulders has not been found. 
In addition, some of the gossanous deposits at Thong
geloa and Matailambasa are visibly derived from massive 
sulphides which are possibly type III or IV occurrences. 
Significantly, these gossanous deposits occur in strati
graphic horizons higher than those with which the type 
I deposits at Thonggeloa and Matailambasa are asso
ciated. 

A further category of Kuroko mineralisation, type V, 
is not represented in Vanua Levu probably because it is 
likely to occur in fairly deep marine basins and such 
basins are now offshore from the island (Colley 1976). 

From Fig. 7, type I deposits will usually be asso
ciated with older rocks than those containing types II, 
111, and IV. This is exemplified in Vanua Levu, where 
the Wainikoro and some of the Thonggeloa and Matai
lambasa prospects (type I disseminated and vein occur
rences) occur at lower stratigraphic horizons than 
the Nukundamu, Mouta, and Nalangi River occurrences 
(type II-I'V deposits). 

METALLOGENESIS 

Regional Tectonic Considerations 

Fiji lies between the east-dipping New Hebrides and 
the west-dipping Tonga subduction zones. These two 
zones are connected by a complex system of transform 
faults whose major components are the Hunter—Kandavu 
fracture zone and the Fiji fracture zone (Green & Cullen 

~.^s 

^ 
i^^j•;;v 

^ . ; m 
I XX 

Fine sedimeni 
Coarse sedinient 
Corbonate sediment 
Fine volconicbslic sediment 
Fragmental volcanic rocks 
Lovo flows 
Intrusive rocks 

Sediments 
' d o m i n o t e 

Suboeriot / submar i ne 
facies boundory 

Emergent 
s l ro tovo l cono 

Coldero 

Seo level 

Deep-woter sedimentary 
sequence —pelogic rocks , 
tu rb id i tes . g reyv fockes , 
l imestones , volconic lost ic rocks 

• • • • ' . ; » - . 

, y7^7 
Subvo lcan ic + 
pluton (diori l ic) 

pyroc los l i c ( l o w s , lavas; 
sediments concentroted 
o l top of succession 

Porph^Tf- style . 
m ineraiisolion 

K-^—^ system of Kuroko-type mineralisation showing the location of five types of deposit and their rclation-
Y1*P *̂  porphyry copper mineralisation (Reproduced with permission of Transactions of the Inst'ituiion of 
Mining and Metallurgy, Section B, Vol. 85, p. Bl92) . 
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1973). Seismic evidence indicates that the latter is 
located about 70 km north of Vanua Levu and trends 
roughly parallel to that island (Sykes et at. 1969). 

Palaeontological dating suggests that the bulk of the 
volcanic rocks on Vanua Levu was erupted in a com
paratively short period during the Middle Miocene to 
Early Pliocene (Rickard 1966; Ibbotson 1969). There is 
no strong evidence to suggest that a subduction zone 
existed in the Fiji region at that time, but regional 
studies (e.g., Chase 1971; Green & Cullen 1973) indi
cate that the transform system linking the New Hebrides, 
Fiji, and Tonga was highly active in the Late Miocene. 
In addition, Karig (1970) has postulated further ten
sional mo^'ements in the Fiji region at that time, with 
the opening of the Tonga-Lau-Kermadec interarc basin. 
So, although the rocks of Vanua Levu are typical of 
those associated with a compressive subduction regime, 
the volcanism on Vanua Levu may have resulted from 
deep fracturing in response to tensional movements 
along the Fiji fracture system. In particular, the distri
bution of the Undu Group rocks in a linear belt termin
ating in the elongate Undu Peninsula (Fig, 1) indicates 
eruption from volcanoes aligned along a northeasterly 
trending fissure which parallels the transform faulting. 
The Kuroko-type deposits are of course closely related 
fo Undu volcanism and therefore are associated with a 
tensional-transform regime of regional dimensions rather 
than with subduction. 

The Nature and Origin oj the Ore Fluids and 
Contained Metals 

The close association between the Kuroko-type ore 
deposits and the Undu Group acidic rocks is striking, 
but the reasons for this and the absence cf such deposits 
in the intermediate and basic rocks of Vanua Levu are 
obscure. Copper, lead, and zinc values for the non-
mineralised rocks (Table 1) suggest that the parent 
magmas were not abnormally enriched in these metals. 
In the following discussion a possible model of ore for
mation is outlined which must be considered tentative 
at this stage. 

The geological and mineralogical sirnilarities between 
the Fijian and Japanese deposits suggest that the ore 
fluids may also have been similar, i.e., brines at around 
250°C during the major stages of mineralisation (see 
for example, Lambert & Sato 1974). The aqueous com
ponent of the Kuroko ore fluid is predominantly sea
water (Ohmoto & Rye 1974; Sakai & Matsubaya 1974). 
The former workers proposed that the metals were 
leached from volcanic rocks by convecting seawater 
heated by volcanic activity. If such a mechanism operated 
in Vanua Levu, it is diflScult to understand why ore 
deposits were not formed during periods-of intermediate 
and basic volcanism. 

Alternatively, an ore fluid may have separated from 
cooling felsic magma and mixed with seawater on its 
way to the surface. Such mixing would be very likely 
because of the submarine nature of most of the Undu 
volcanism. There is good evidence that metalliferous 
chloride-rich aqueous solutions can separate from cooling 
felsic magma (Kilinc & Burnham 1972; Holland 1972). 

The converse, that this is unlikely for undersaturated 
alkaline magma owing to retention of chlorine in silicate 
phases (Carmichael et al. 1974), might explain the 
absence of ore deposits in the olivine basalts of the Mbua 
Group which have alkalic affinities. Gill (1972) has 
shown that the Undu acidic rocks and Natewa inter
mediate rocks are probably geochemically related. This 
suggests that differentiation has played a part in gener
ating the ore fluids. Chlorine might be expected to con
centrate in residual fluids, and Greenland & Lovering 
(1966) have demonstrated a small enrichment during 
the differentiation of a tholeiitic magma. However, the 
probable loss of chlorine in volatiles makes the extent of 
enrichment difficult to prove. A high chlorine content 
in the aqueous phase facilitates the separation of metals 
(Holland 1972), and it is tentatively suggested that the 
Undu magma had a high chlorine content and that this 
was primarily responsible for the generatio.T of ore 
fluids. 
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