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Abstract The Alpine Schist immediately west of the Main
Divide of the Southern Alps is a west-dipping duplex system
consisting of an imbricated stack of rock slabs, each c. 250—
1000 m thick. The imbricated stack has low grade, little
deformed pumpellyite-actinolite facies semischists at the
base, overlain by progressively higher grade and more
deformed schists. The structurally highest slab mapped
consists of multiply-deformed biotite zone schist. The duplex
lies on the hanging wall of the northwest-dipping Main
Divide Fault Zone, which separates semischist from
structurally underlying greywacke. Rock slabs are internally
disrupted by faults subparallel to layering, and consist of
lozenge-shaped blocks of 10-100 m. Fault zones separating
rock slabs consist of <50 cm thick zones of weakly lithified
cataclasite and soft gouge. Slickensides on fault surfaces
plunge northwest. The duplex formed during late Cenozoic
rise of the Southern Alps.

Four generations of postmetamorphic veins cut rock slabs
of the duplex system. The earliest veins contain quartz,
chlorite, calcite, and sulphides and lie subparallel to foliation
in the higher grade slabs only. A distinctive set of open-
space-filling fissure veins in a lower greenschist facies slab
contains euhedral quartz, adularia, bladed calcite, and
chlorite. The whole duplex system is cut by steeply dipping
shears and fractures containing quartz and ankerite infilling
and breccia cementation. Late stage iron oxy-hydroxide-
coated fractures, generally steeply dipping, cut all rock slabs.
Pyrite and, locally, arsenopyrite accompanies quartz and
ankerite veins in extensional sites of steeply dipping late
stage fractures, and gold contents up to 850 ppb occur. This
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gold mineralisation occurred within c. 1 km of the surface
and had epithermal affinities.

Hydrothermal fluids mineralising the various fractures
range in temperature between 350°C and near-ambient
temperatures. The quartz-adularia-calcite veins formed at
0.5—2.5 km depth before duplex formation, and later veins
formed at shallower levels after duplex formation. Vein
carbonates have 518O(SMOW) between 11.4 and26.1%o, and
813C(PDB) between -0.6 and -11.4%o. Calculated isotopic
ratios for the mineralising fluids show little evidence for
meteoric origin. The fluid may be meteoric water which has
undergone isotopic exchange with host rocks, metamorphic
water, or a mixture of these, and mineralisation occurred
during rise of the fluids from depth.
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INTRODUCTION

The Southern Alps of New Zealand is an actively rising
mountain belt formed along an oblique convergent portion
of the Australian-Pacific plate boundary. The overall
structure of the Southern Alps is moderately well understood
on the 50-100 km scale (Wellman 1979; Findlay & Sporli
1984; Koons 1989; Norris et al. 1990). Likewise, tectonically
induced hydrothermal systems which accompany the rise
of the Southern Alps are documented on a regional scale
and have been integrated into structural models (Holm et
al. 1989; Koons & Craw 1991a, b; Upton et al. 1995).
However, the details of structural evolution and associated
fluid flow on the kilometre scale are less well understood.
In particular, the nature of structural development of the crest
of the mountains, the Main Divide, is almost unknown except
for recent identification of a major structural zone, the
Main Divide Fault Zone (Cox & Findlay 1995), which is
apparently related to uplift of these mountains. Although
hydrothermal activity is well known in the main uplift zone
near the Alpine Fault, little is known of the nature and
structural control of fluid flow in the high mountains at the
Main Divide.

The present paper addresses these gaps in knowledge by
presenting results of a study of the Main Divide region in
the headwaters of the Karangarua, Landsborough, and
Mueller valleys (Fig. 1, 2). In this area, recent deglaciation
has exposed numerous steep-sided canyons, revealing superb
outcrops of the internal structure of the Main Divide region.
We focus on the late Cenozoic structural development of
the mountains in the hanging wall of the Main Divide Fault
Zone, and describe a sequence of semischist and schist units
that are imbricated by oblique reverse faults into a duplex
structure. We then examine the interrelationships between
this structural development and fluid flow through the rocks
during uplift.
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Fig. 1 Location map, central Southern Alps, New Zealand,
showing the study area (box at Mt Sefton) in relation to the Main
Divide (heavy black line) and principal faults of the Southern Alps:
the Alpine Fault (discontinuous due to segmentation), the Main
Divide Fault Zone, and minor faults (lighter east-striking lines).

GENERAL GEOLOGY

Tectonic setting
Relative motion between the Pacific and Australian plates
is currently c. 39 mm/yr in the central South Island of New
Zealand (Cooper & Norris 1994, using De Mets et al. 1990).
The Alpine Fault is the principal locus of displacement
between the two plates and acts as a transform fault plate
boundary linking easterly directed subduction southwest of
the South Island with westerly directed subduction in the

North Island. The fault strikes 055° and is thought to dip
c. 50° southeast at a regional scale (Norris et al. 1990), so
that the Pacific-Australian plate displacement can be
resolved into components 37 mm/yr parallel and 11 mm\ r
normal to the fault. Offset Pliocene-Pleistocene sediments
and overthrust Recent gravels at the Alpine Fault to the west
of the studied area indicate slip rates of 18—34 mm/yr
(Berryman et al. 1992; Sutherland 1994; Sutherland \k
Norris 1995; Cooper & Norris 1994, 1995a, b), whicii
account for between one-half and two-thirds of thi
relative plate motion.

Geology of Main Divide region
The rocks which make up the Main Divide region are meta-
sediments of the Mesozoic Torlesse Terrane (MacKinnon
1983; Findlay & Sporli 1984; Bishop et al. 1985). Before
Cenozoic deformation, these rocks lay in an apparently
continuous transition from low grade little-deformed
metagreywacke through to thoroughly reconstituted schist.
This transition has been documented outside the Cenozoic
mountain belt in terms of "textural zones (TZ)" (Bishop
1972; Table 1), with progressively higher textural zones
occurring structurally beneath lower textural zones.
Boundaries between textural zones are typically shallow -
dipping, parallel to shallow-dipping schistosity (Bishop
1972).

A major backthrust east of the Alpine Fault, the Main
Divide Fault Zone, appears to be responsible for topographic
development of the Southern Alps (Cox & Findlay 1995).
Uplift is greatest in a wedge-shaped region between the
northwesterly dipping Main Divide Fault Zone and the
southeasterly dipping Alpine Fault. Seismicity and geodetie
surveys confirm that deformation does currently occur east
of the Alpine Fault (e.g., Rynn & Scholz 1978; Wood &.
Blick 1986; Anderson & Webb 1994; Pearson 1994;
Eberhart-Phillips 1995; Pearson et al. 1995). However, offset
marker horizons and datable surfaces are not common in
the rapidly eroding and monotonous greywacke-schist
sequences in the central Southern Alps. To date, the only
evidence of late Cenozoic displacement in this region is
minor brittle fractures (e.g., Norris & Cooper 1986; Holm
et al. 1989) and different fission track ages of zircons and
apatites either side of the Main Divide Fault Zone (Cox &
Findlay 1995, using data of Tippett & Kamp 1993).

Table 1 Textural zones (modified after Bishop 1972), used to classify the textural reconstitution of Torlesse greywackes into schist
(following Norris & Bishop 1990).

TZ General description Cleavage Segregations

1 Indurated, non-foliated greywacke. No preferred
splitting direction in hand specimen

2A Slightly foliated metagreywacke. Weak
preferential splitting on foliation

2B Well-foliated slaty greywacke. Foliation
penetrative in hand specimen

3A Strongly foliated semischist with incipient
leucocratic segregation laminae

3B Strongly foliated and laminated fine to
medium grained schists

4 Strongly foliated and laminated coarse-grained
schists

none in greywacke (may be none
developed in argillite)

weakly developed often spaced none
cleavage

well-developed slaty cleavage none visible

phyllitic cleavage with micaceous leucocratic laminae 1-10 mm long
sheen

schistosity

schistosity

leucocratic laminae >10 mm long
and 0.1-0.2 mm thick

leucocratic laminae >0.1-0.2 mm
thick


