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T

he region between Te Anau and Picton includes a great diversity of geology and most of the terranes*
of the South Island. It includes rocks which make up the foundations of the island, as well as the
younger rocks deposited on these older basement units. This region is dislocated by the Alpine Fault,
a large, very active crustal fracture that extends for almost the entire length of South Island, and forms the
boundary between the Pacific Plate and the Indo-Australian Plate.
The South Island terranes have been juxtaposed (i.e. accreted) with one another by plate tectonic forces
more than 110 million years ago. The oldest of the terranes was part of the old supercontinent Gondwanaland,
upon which the younger terranes were accreted. The younger terranes represent fragments of the leading
edges of tectonic plates which were deposited over a period of about 180 million years.
The terranes are composed of a wide range of rock types, including volcanic rocks, sedimentary rocks,
limestones, granites and unusual intrusive rocks originating from deep in the crust. They have been folded,
faulted, metamorphosed and carved into a range of landforms, with glacial features dominating the relatively
young landscape.
The basement units are overlain by Cretaceous, Tertiary and Quaternary rocks and unconsolidated
materials (Table 1)
This guide uses a series of sites to demonstrate the diverse geology and landforms of this region. The
sites are easily accessed and pass though scenic and in many cases visually dramatic countryside. The route
has been chosen to provide a relatively continuous journey across a wide range of rocks with varied
metamorphic grades and structural deformation. The route commences at Te Anau, leading off from our
Southland tour, and concludes at Picton which is the terminus for the inter-island ferry to North Island.
Features examined on the route include:
♦
Multiple generations of glacial and post-glacial terraces
♦
Various metamorphic grade rocks of the Haast (Otago) Schist, including schist, gneiss, and phyllite
♦
Historic alluvial gold workings at Bannockburn
♦
The landforms associated with the Alpine Fault
♦
Rocks of the Indo-Pacific plate
♦
Fossiliferous Tertiary sandstone
♦
A coal seam
♦
Cretaceous migmatite (partially melted rocks)
♦
A unique, layered granite
This guide progresses along the suggested route in a number of stages. Approximate distances for each stage
are provided. As there are few towns or villages between the major population centres it is advisable to carry
adequate food, water and fuel. Care should be taken in colder months when snow and ice may be present on
some roads.
*A terrane is a fault-bounded fragment or block of crust that preserves a distinct geological history that
differs in age and depositional environment to those about it. Adjacent terranes may have formed on different crustal plates or in different places on the same plate.
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LIFE FORMS
Human Beings

10,000 1,800,000
1,800,000 5,300,000
Grazing
and
carnivorous
Mammals

GEOLOGICAL EVENTS
Earthquakes, landslides, northeast trending ridges continue to rise. Continued rising of land, down-cutting by
rivers and sea, glaciation and loess deposition, continued formation of alluvial terraces.
Widespread glaciation started about 2 million years
ago, resulting in commencement of extensive loess
and thick floodplain deposition. Southern Alps begin
forming about 3 million years ago as a result of compression by convergent Australian and Pacific Plates.
Initiation of Alpine Fault about 5 million years ago.
Gravels and sands deposited on land, whilst sands,
gravels and limey sediments form in shallow ocean.
Uplift of marine sediments along coast form sandstone,
conglomerate and limestone.

Miocene

5,300,000 23,000,000

Crustal uplift followed by deposition of sandstone, conglomerate and coal swamps.

Oligocene

23,000,000 33,900,000

New Zealand mostly under sea to 25 million years ago,
resulting in widespread sandstone, limestone, siltstone,
greensand and coal. Initial movement on Pacific-Australian Plate boundary results in regional uplift and retreat of ocean.

Modern mammals
Eocene

33,900,000 55,800,000

Australia separated from Antarctica 55 million years
ago. Boundary between Australian and Pacific Plates
formed through New Zealand 45 million years ago.
Deposition of marine sediments.

Paleocene

55,800,000 66,500,000

Cretaceous

66,500,000 145,500,000

Last dinosaurs. First flowering plants

Collision of Gondwana margin 130 million years ago
uplifted New Zealand area. New Zealand separated
from Gondwana 130-85 million years ago, resulting in
formation of Tasman Sea. Final Median Batholith
magmas intrude along Gondwana margin.

Jurassic

145,500,000200,000,000

First birds. Reptiles and ammonites abundant.

Triassic

200,000,000250,000,000

First dinosaurs, ammonites
and primitive mammals

Continued deposition of marine sediments. Crustal
compression 160 million years ago resulted in metamorphism with formation of schists in Caples Terrane.
Rocks of Murihiku Terrane deposited in a deep ocean
adjacent to a plate boundary offshore of Gondwana.

Permian

250,000,000299,000,000

Mammal-like reptiles. Last
trilobites.

New Zealand area part of Gondwana. Erosion of continent formed marine muds, sands and, gravels and minor limestone. Some volcanic activity. Rocks of
Caples, Maitai and Brook Street Terranes formed in
deeper ocean waters adjacent to a plate margin which
was associated with volcanic islands.

Carboniferous

299,000,000359,000,000

First reptiles, fern forests

Earliest intrusion of Median Batholith magmas along
margin of south Gondwana.

Devonian

359,000,000416,000,000

First amphibians and insects

Final deposition of Takaka Terrane rocks.

Silurian

416,000,000443,000,000

Vascular land plants

Ordovician

444,000,000488,000,000

First corals, fish with vertebrae

Rocks of Buller and Takaka Terranes deposited in a
deep ocean adjacent to a continental margin.

Cambrian

488,000,000542,000,000

Shellfish, trilobites

Rocks of Takaka Terrane deposited in ocean adjacent
to plate margin.

Placental animals

Tasman Sea fully opened by 60 million years. Continued erosion of New Zealand land mass. Deposition of
marine sediments.

Table 1. Simplified geological history of the west coast - west Otago region.
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Map 1. Simplified geological map of the guide route showing
geological observation points. Data from Institute of Geological
and Nuclear Sciences Ltd. (2002).
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Map 2. Terrane map of the suggested route. Data from Institute of
Geological and Nuclear Sciences Ltd. (2002).

TE ANAU TO BANNOCKBURN VIA QUEENSTOWN
The route from Te Anau to Bannockburn passes largely through valleys filled with alluvial deposits of
glacially-derived gravel and sand (Map 3). During the last glaciation, which ended about 13,000 years ago,
large volumes of sand, gravel, silt and clay were gouged from the crust by glaciers. This material was
deposited initially at the foot of the glaciers as unconsolidated moraine, and was then transported by water
and wind. Many valleys downstream of glaciers were partially filled to great depths with redistributed
From Bob and Nancy's Geological Tour Site: http://ozgeotours.110mb.com
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Photo 1. Flat-topped terrace in the distance, behind the line of pine trees.

Photo 2. Terrace with bare ridges of Brook Street Terrane in the background.

moraine. As is typical of any
floodplain, the upper surface of
the valley-fill deposits was
scoured flat by floodwaters.
Crustal uplift of South Island
to the east of the Alpine Fault
has elevated the valley-fills,
which have subsequently been
partially eroded into by the
present watercourses.
A
number of significant uplift
events has resulted in periods
of rapid erosion, followed by
periods of relative stability,
during which new floodplains
were carved into the valley fill.
This has resulted in distinctive,
terraced floodplains which
demonstrate the glacial and
post-glacial valley land surfaces. These terraces are a dominant feature of the landscape
on much of the route from Te
Anau to Picton. In places, up
to three terrace levels are apparent.
Prominent terraces are
evident to the north of the road
from about 20 km east of Te

Anau (Photo 1) in The Key area. South of the road at this site
a terrace is also visible (Photo 2), with high, bare, screebordered ridges of Brook Street Terrane volcanic rocks
(Maps 3 & 4).
The older terranes in the area are overlain by nonmarine and marine sedimentary rocks of Triassic to Tertiary
age. These younger rocks have been folded and faulted by
crustal movement. About 38 km from Te Anau a number of
eroded creek banks and cliffs on the northern side of the road

Photo 3. Tilted beds of Jurassic shale and sandstone.

Photo 4. Tall ridges of Maitai Terrane rocks which include serpentine rocks of the Dun Mountain Ophiolite.

display tilted Jurassic grey shale and sandstone
(Photo 3).
After about 48 km from Te Anau a high
ridge to the north (Photo 4) represents Permian
basalt, andesite, volcanic sandstone, mudstone
and limestone of the Maitai Terrane (Maps 3 &
4). These are rocks derived from an island arc,
a volcanic region which occurred above a subduction zone. The Dun Mountain Ophiolite
Belt, located at the base of the Maitai Terrane,
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extends discontinuously through the region as fault-bounded lenses of serpentinitised peridotite, gabbro,
basalt and volcanic breccia. These rocks represent slices of oceanic crust and upper mantle rocks which were
incorporated into the Maitai Terrane rocks during collision with the Gondwana margin during the Triassic
period.
For the next 77 km the route passes along valleys which cut across the Caples Terrane (Map 4). This
terrane comprises Carboniferous to Permian sedimentary rocks (Map 3) that have undergone increasing
degrees of folding and metamorphism relating to their depth of burial in the crust. As the route progresses
northward it is crossing rocks which were increasingly deeply buried in the crust after the Permian period.
Deep burial has imposed high temperatures and pressures on these rocks, resulting in the formation of new
minerals and new textures in the rocks. This progression in metamorphic grade is marked by a gradual loss
of original sedimentary structures, and an increase in development of platy minerals such as mica. The
resulting metamorphic rocks of slate, phyllite, schsist and gneisse will be examined at a number of sites on
this route. This metamorphism cuts across both the Caples Terrane and Torlesse Superterrane. The group of
metamorphic rocks is known as the Haast Schist, and is locally known as the Otago Schist in the Otago region.
It has been subdivided on maps based on observable characteristics into a number of textural zones (Map 3).
About 124 km from Te Anau the village of Kingston is situated on the southern foreshore of Lake
Wakatipu. This is a finger lake, a long, relatively narrow and commonly very deep body of water which
typifies the lakes of South Island. These lakes occupy former glacial valleys. Glacial scarring is evident along
the flanks of the ridges on the western margin of the lake northward from Kingston (Photo 5). The scarring

Glacially scoured rock face

Photo 5. Glacial scouring surface on the ridges bounding the western shore of Lake Wakatipu.

is apparent as large areas of smooth rock faces extending from the lake shore up the ridges for at least several
hundred metres. Above this, the ridges resume an angular appearance, indicating that the upper parts of the
ridges were above the glacial surface.
About 13 km north of Kingston a lookout on the western side of the road provides an opportunity to
observe the glaciated ridges and a large road cutting within the Haast Schist. The rocks examined here belong
within Textural Zone 4 (TZ4) of the Haast Schist. The rocks are cut by numerous quartz veins (Photo 6),
which is a diagnostic feature of TZ4. The host rock is composed of quartz, feldspar and biotite, and was
probably originally a sandstone. Original sedimentary layering (bedding) has been destroyed by the intense
flattening and folding which this rock has been subjected to. Discontinuous remnants of bedding can be
observed in the rock as ragged bands of different colours which are sub-parallel to the quartz veins. Some of
the veins host crystals of pyrite (iron sulphide), which rapidly weathers to rust-coloured iron oxides (Photo 7).
In places throughout the South Island (such as Macraes gold mine which is visited in our Otago tour guide)
these TZ4 rocks are accompanied by gold, which was introduced into the rocks during the latter stages of
metamorphism about 160 million years ago. Narrow quartz veins of a later generation are also present in the
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Photo 7. Folded quartz veins within a quartz-feldspar-biotite variant
of the Haast Schist.

rock, cross cutting the original, thicker veins (Photo 7). The
quartz veins were formed from dissolved quartz in water that was
driven from the rocks during metamorphism. High temperatures
and pressures within the crust dissolved quartz and other minerals
and elements (including gold) from the rocks. The mineralised
Photo 6. Haast Schist with abundant quartz
waters migrated upwards toward lower pressures, and preferenveins.
tially occupied sites of lower stresses, typically within fractures
orientated at right angles to the confining forces, or within zones of localised intense fracturing. As ambient
temperatures dropped, some of the dissolved minerals and elements began to precipitate out of solution,
forming abundant quartz veins with local areas of anomalous gold, pyrite, arsenopyrite (iron-arsenic sulphide)
and scheelite (calcium-tungstate, a major ore of tungsten).
Continue toward Queenstown, noting the spectacle of The Remarkables, a tall mountain range running
north-south on the eastern side of the route. The range is noteworthy for its relief of more than 2000 m and

Photos 8 & 9. The Remarkables.

its jagged peaks and flanks (Photos 8 & 9). The rugged shape and steep, high relief of the range are produced
by the ongoing rapid rise of the mountains along a fault which continually elevates the range, negating the
possibility of more mature topographic features being produced.
The route passes through Queenstown and continues to Arthurs Point on the Shotover River, a distance
of about 5 km. Park adjacent to the jetboat booking facility and walk down the sealed road to the gravel bed
on the river.
The Shotover River passes through a large area of TZ4 rocks. The river historically produced a very
large amount of alluvial gold which was derived from the erosion of gold-bearing rocks in the Haast Schist.
This gravel bed provides a very informative guide to the many forms of Haast Schist rocks upstream from this
point. Observe the manner in which the flat pebbles and cobbles are aligned at a common angle to the
horizontal (Photo 10). This is imbrication, a depositional fabric resulting from deposition in a fast flowing
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Photo 10. Imbricated pebbles and boulders in the Shotover
Photo 11. Layered piedmontite schist.
River gravel bed.

Photo 12. A range of gneiss and schist pebbles.

Photo 13. A quartz-ankerite vein in mica schist.

current. Imbrication forms as pebbles are rolled along the stream bed, the flat pebbles eventually coming to
rest with their downstream end propped up by the downstream pebbles. In river deposits the long axes of the
pebbles are orientated perpendicular to the flow direction of the stream. By recognising imbrication in ancient
rocks, geologists can determine the direction of current flows.
Imbrication is evident in the Shotover River gravel bed as flat pebbles and boulders sloping uniformly
upwards in a downstream direction.
Many interesting samples of schists (Photo 11) and gneisses (Photo 12) can be found in the gravels.
Possibly the most unique schist is piedmontite schist (Photo 10), a rare rock composed of piedmontite (a pink
variety of the calcium-rich mineral epidote, a complex silicate), muscovite (white mica) and quartz, with small
amounts of manganese-garnet, magnetite, tourmaline and barite (barium carbonate). This rock has formed by
the metamorphism of jasper* which has been directly associated with basaltic lavas. Metamorphism and
associated alteration of both these rocks in close proximity has provided adequate amounts of calcium and
manganese to produce piedmontite. The alternating quartz-rich and mica-piedmontite-rich layers may
represent original layering in the jasper.
It is also possible to find specimens of quartz-ankerite veins (Photo 13). These are significant as
ankerite (yellow to orange calcium-iron carbonate) is a mineral resulting from the alteration of certain rocks
during the formation of mineral deposits. It is a common associate of gold mineralisation in New Zealand and
throughout the world. The quartz-ankerite veins found amongst the gravels of the river may contain small
amounts of gold!
The route continues through Arrowtown toward Cromwell. About 34 km from Arthurs Point the road
enters the start of the Kawarau Gorge (Photo 14). A parking area is formed on the north side of the road,

*Jasper is an iron-rich variety of chert, a rock which has formed by either precipitation of quartz from fluids emanating from submarine springs associated with sea floor volcanic activity, or from the accumulation
of very small skeletons of marine organisms.
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Photo 15. River falling rapidly into the narrow opening of
the Kawarau Gorge.

adjacent to a tall road cutting. Stop at this site and examine the river as it leaves the alluvial valley and enters
the gorge (Photo 15).
This area is undergoing rapid uplift of millimetres per year. As the land surface rises rapidly, the river
cuts a narrow, shallow channel which forms a high-walled gorge. Gold-bearing veins within the local Haast
Schist TZ4 rocks are eroding and depositing gold within the river, which has been locally mined for the rich
alluvial deposits. Significant alluvial deposits both within the river, and as high terraces along its banks and
floodplains have been historically mined downstream in the Bannockburn area.
The adjacent road cutting is developed in schists. Some show original pebble shapes, indicating that the
original rocks were pebble-bearing sandstones.
The route continues through the gorge before emerging on the alluvial plain to the west of Cromwell.
The rising, high relief range to the west acts as a barrier to moist westerly winds, resulting in a rain shadow in
the region to the east of the mountain range. Contrast the arid, poorly vegetated country here with the more
verdant country to the west of the range. The high ranges on the South Island’s west coast act as precipitators
to orographic rainfall. This terrain-induced precipitation results from the forced upward movement of moist
air by a high physiographic landform. Upon ascent, the air that is being lifted expands and cools, the moist
air condensing the water vapor contained within it and forming clouds. If enough water vapor condenses into
cloud droplets, these droplets may become large enough to fall to the ground
as precipitation. As a result, the west
coast is subjected to very frequent high
rainfall. Central and eastern parts of
the South Island that are on the opposite side of the ranges are starved of
rainfall and are relatively arid.
Before reaching Cromwell, turn
right into Pearson Road, then turn right
onto Bannockburn Road (Map 5).
Cross the river and turn right into Felton Road. Proceed along Felton Road
for 1.7 km until the entrance to the
parking area for the Bannockburn
sluicings is reached. Park here, and
walk into the reserve, following the
track towards the hills.
The alluvial valley-fill in the
Bannockburn-Cromwell area has been
sourced from the erosion of the goldbearing Haast Schist rocks to the west.
As the region continues to be elevated
Map 5. Route to the Bannockburn diggings.
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Photo 16. View across the Bannockburn valley towards
the diggings. At least 2 terrace levels are apparent, the
upper terrace indicated by dashed line.

Photo 17. View northwards from a sluiced area just beneath the flat surface of the uppermost terrace. The
present river banks are in the central distance.

Photo 18. Sluiced remnants of the gold-bearing uppermost terrace, Bannockburn

Photo 19. Remnants of terrace gravels with the opening
of a mine tunnel at the foot of the cliff.

by crustal movement, the river flats rise and are eroded into by the river, forming terraces (Photos 16 & 17).
Rich alluvial gold has been worked from these terraces using hand mining, sluicing and dredging. Some of
the oldest hand workings are examined at this site, where early tunneling along the base of the gravels was
subsequently replaced by sluicing and much later, during the 1930s, by additional tunneling. Much of the
highest terrace on this side of the river was sluiced away to liberate the alluvial gold. Only remnants of the
original terrace remain.
As the heavy gold was mainly concentrated at the base of the alluvial gravels, mining was focused on
this level. Original tunneling followed the base of the gravel beds (Photo 18), and sluicing stripped all
alluvium away to reveal the rich layers at the base. Two forms of sluicing were used:
1
ground sluicing, in which water was allowed to run from the tops of the terrace down hill,
stripping the overburden and gold-bearing wash, and trapping the gold in sluice boxes,
and
2
hydraulic sluicing, whereby water was fed into pipelines from the races and was directed
via a nozzle at the gravels to selectively work the areas of interest by stripping and
concentrating
The many piles of stones resulted from the miners sorting the large rocks from the material being sluiced to
prevent them from trapping gold (Photo 19). The process of gold extraction required that the slurry of gravel
and water must be allowed to travel unimpeded into the sluice boxes; any large rock could halt the passage of
heavy gold grains. Some areas of terrace remain, probably because it was found that the quantity of gold in
the basal gravel layers was insufficient to warrant extraction.

BANNOCKBURN TO HAAST
The next section of the route travels from Bannockburn to the Alpine Fault through Lake Hawea and the Haast
Pass (Maps 6 & 7). The journey between Bannockburn and Lake Hawea passes through an alluvial valley with
multiple terrace levels (Photo 20). The valley is bounded by steep, rugged mountains composed of Haast
From Bob and Nancy's Geological Tour Site: http://ozgeotours.110mb.com
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Map 7. Terrane map of the area between Bannockburn and the Alpine Fault near
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Photo 20. Two prominent terrace levels south of Lake Hawea.

Schist TZ 4 and TZ3 rocks. These
rocks are of the Torlesse Superterrane, an assemblage of deep water
marine sandstones and minor mudstones which were deposited during
the Permian to Middle Triassic periods, about 255-235 million years
ago. Deep burial and metamorphism
of these rocks has converted the
original sandstones to phyllites
(platy rocks composed of quartz,
white mica and chlorite with a silky,
golden sheen), schists and gneisses.
Lake Hawea, and the neighbouring Lake Wanaka to the west
are finger lakes similar in form to
Lake Wakatipu. The ridges bordering the lake exhibit similar glaciallyscoured lower flanks, demonstrating

that the lakes occupy the site of a glacial valley.
Travel 36 km from Lake Hawea village on the Lake Hawea- Makarora Road. Where the road turns
westerly, following a side inlet of the lake, a parking area is developed on the northern side of the road,
opposite a high road cutting. Stop here to examine the rocks in the cutting.
These rocks are lower metamorphic grade phyllites of the Haast Schist TZ3 (Photo 21). They are grey,
glossy rocks with multiple generations of quartz veins present (Photo 22). The surface sheen on these rocks

Photo 21. Glossy, dark grey phyllite of the Haast Schist.
Layering dipping downwards toward the road may be
bedding.

Photo 22. Multiple generations of quartz veins. The
older veins are folded.

Photos 23 & 24. Various sizes of folded quartz veins within phyllite of the Haast Schist.
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is caused by aligned crystals of mica, which have grown in this position due to directed, high pressures within
the crust, and resulting metamorphism. The rocks and oldest quartz veins have been folded (Photos 23 & 24).
These rocks were originally carbonaceous (i.e. containing organic material) silts and muds deposited in deep
sea conditions. What may be
original sedimentary layering
(bedding) is apparent in some
outcrops (Photo 21). Note also
the platy, slate-like fracturing
character of the phyllites, which
is quite dissimilar to the blocky
form of the TZ4 schists and
gneisses examined previously.
The route continues along
the edge of Lake Hawea, then
travels along the eastern shore of
Lake Wanaka. These rocks are
once again higher grade TZ4
schists of the Haast Schist, with
abundant quartz veins (Photo 25).
From the northern end of lake
Wanaka the route parallels the
course of the Makarora River, a
typical high energy braided river
(Photo 26) with extensive gravel
Photo 25. Metamorphosed sandstones with abundant quartz veins of the
Haast Schist, TZ4.

beds and numerous bifurcating channels. Braided
rivers are common in environments which are prone
to strong seasonal variation in water flows. They are
common in arid, inland Australia, where rare flooding
rains result in large volumes of water carrying high
volumes of coarse to fine sediment. The thaw-fed
rivers of alpine New Zealand show identical characteristics, with periodic flood events and an abundance

Photo 26. Satellite image of the Makarora River entering
Lake Wanaka.

of glacial and post-glacial debris choking the channels
with boulder to sand-size material. The river channels
constantly change their paths, splitting into numerous
channels to maintain constant flow. Broad gravel beds
are constructed within a relatively linear tract, with the
channels meandering and bifurcating through this
broad bed.
After passing through the village of Makarora
the road follows the braided Makarora River which
Photo 27. The Gates of Haast Bridge. Bouldery outcrops of
high grade metamorphic rocks occur beneath the bridge.
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narrows into a gorge-like channel
towards Haast Pass. Spectacular,
high relief, glacially-carved mountains border the road, revealing
spectacular vistas and numerous
waterfalls. About 27.5 km from
Makarora the Gates of Haast
Bridge is crossed (Photo 27). Stop
in the parking area on the northern
side of the bridge. It is possible to
follow an unformed track from the
parking area to large bouldery
rocks beneath the bridge.
These outcrops of metamorphosed sandstone were buried at
depths of about 30 km in the crust
Photo 28. Metamorphosed sandstone with abundant, folded quartz-feldspar segregations.

Open

Tight

Isoclinal

Figure 1. Fold geometry terminology.

when metamorphosed. These rocks have
been elevated into their present level by extreme upward movement of the very western
edge of the Pacific Plate along the Alpine
Photo 29. Detail of segregations, with ptygmatic folds above lens
Fault. The great depth of burial imposed very
cap.
high pressures and temperatures on the rocks,
which began to melt. Most of the narrow veins in the rock are composed of quartz and feldspar (Photos 28 &
29) which were originally components of the surrounding rock but have melted and flowed into planes of
weakness in the rock These are known as quartzo-feldspathic segregations. The metamorphic conditions
surpassed those in lower textural zones, with all white
mica being converted to the higher temperature and
pressure black mica (biotite). Accompanying, and
subsequent crustal forces have folded the rocks into
isoclinal folds (Figure 1). These are folds with parallel
limbs, signifying very high degrees of compression.
Ptygmatic folds are also present. These are chaotic
folds, with no regular pattern to their form. They occur
in high grade metamorphic rocks and generally represent conditions where the folded material was of a
much greater viscosity than the surrounding medium
during metamorphism.
The next site is Pivot Creek, about 14 km from
the Gates of Haast Bridge. Park safely on the western
Photo 30. Epidote- and magnetite-rich metamorphic rock.
The black crystals are mainly magnetite. Note the folded
white quartz veins.
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Photo 31. A selection of high grade metamorphic rocks
Photo 32. Sodalite-nepheline-amphibole rock from Pivot
from Pivot Creek. Note the blue-grey riebeckite-rich rock at Creek
top of photo.
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side of the Pivot Creek bridge, where a large, cleared
site is available on the south of the road. It is an easy
walk from the end of the bridge to the gravel beds,
where a diverse range of high grade metamorphic
rocks can be found. Abundant specimens of green,
epidote- and magnetite- (magnetic iron oxide) rich
rock (Photo 30) represent altered basaltic rocks.
Biotite- and garnet-bearing schists and gneisses are
common (Photo 31).
Careful hunting amongst the gravels may unearth specimens of blue-grey riebeckite-rich (Photo
31) and pale blue sodalite-rich rock (Photo 32).
Riebeckite is a sodium-rich amphibole and sodalite
is an uncommon, distinctive, sodium-rich feldspathoid. Both these minerals are related to the
Alpine Dike Swarm, an extensive, post-metamorphic dyke swarm which extends from Paringa in the
north (where the swarm is truncated and terminated
by the Alpine Fault), through the Haast River, to the
Matukituki River in the south, a distance of about
105 km (Figure 2). The swarm is about 25 km wide
near the Haast River, and numerous dykes have been
mapped in the vicinity of Pivot
1
2
3 km
Creek (Figure 3). The dykes
intruded about 120 -130 million
years ago when the surrounding
rocks were at depths of 10 to 15
km. They have been elevated to
their present level in the crust by
Pliocene-Holocene uplift on the
Alpine Fault and subsequent erosion. Geophysical evidence sugFigure 3. The distribution of post
metamorphism dykes in the Pivot
Creek area. Modified from Cooper
(1971).

Carbonatite dyke
Creek
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gests that the source magma chamber for the dykes is only 2-3 km below the floor of the Haast valley
The dykes range in composition from peridotite (a rock rich in olivine) to camptonite (a rock containing
pyroxene, hornblende, olivine and plagioclase), sodalite-rich microsyenite (containing orthoclase, nepheline,
augite, sodalite and epidote), tinguaite (containing orthoclase, cancrinite, sodalite and pyroxene), trachyte
(containing orthoclase, muscovite and quartz), and rare carbonatite (containing a range of barium-, magnesium- and iron- carbonate minerals, amphibole and albite). All of these dykes have undergone various degrees
of chemical alteration of their original minerals, with sodalite and riebeckite being notable products of the
sodium-rich alteration fluids.
Alpine Fault scarp. About 30 km from Pivot Creek the road passes from the ranges onto a broad
floodplain bordering the Haast River (Maps 6 and 7). This abrupt transition marks the crossing of the Alpine
Fault, with rocks of the Pacific Plate on the eastern, mountainous side, and the Australian Plate on the west.
The Alpine Fault is a presently active, oblique-slip* fault. Lateral movement on the fault is 460-480 km,
with the Australian Plate moving northward relative to the Pacific Plate. The Pacific Plate is also being pushed
over the Australian Plate (i.e. the plate boundary is convergent), with a vertical uplift as high as 25 km. The
plate boundary is believed to have formed up to 23 million years ago (Table 1), although the Alpine Fault is
believed to only have formed as a distinct structure about 5 million years ago. Recent movement along the
fault has displaced terraces and watercourses. The average rate of movement measured at Franz Josef is 36
mm per year parallel to the fault plane. Calculated rates of motion from a number of sites along the fault plane
indicate localised rates between 1.4-23.5 mm per year vertically, and 2.25-31.4 mm per year horizontally.
The wide variations in local rates of movement can be explained by the ability of local rocks and structures to
absorb and redistribute the incident stresses. Uplift rates have accelerated during the past 5 million years,
which marks the period of formation of the Alps.
The view of the Southern Alps from the plain shows flat-topped steps up to 1.3 km long developed at a
height of about 1450 m. Lower, less extensive steps are also evident, particularly at 960 m. Some of these very
high level terraces preserve remnant beach sands. The terraces are interpreted to be remnants of uplifted
marine platforms which developed as the Alps commenced rising. Studies of the platforms has indicated a
constant uplift rate of 5.8 mm per year at Haast and 7.8 mm per year at Franz Josef for the past 140 000 years.
This increased rate of uplift to the northeast is compatible with the increased summit elevations in that
direction, toward Mt Cook.
Evidence for relatively recent movement of the Alpine fault is shown by vertical and lateral displacement of a terrace adjacent to the road. The terrace is displaced vertically 1.5 m and laterally 16 m. The
displacement is considered by researchers to have taken place within the past 800 years.

HAAST TO PICTON
This section of the route passes through rocks of the Pacific Plate. A range of interesting rocks and landforms
are examined, including Fox Glacier, a coal seam, limestone, and a unique granite (Maps 8 and 9).
Traveling from Haast, the route passes through lowland rainforest growing on shore-parallel dunes. The
dunes are developed close to the major river mouths and extend for up to 3 km inland. These dunes have
formed in distinct episodes, with six evident since 1200 AD. Research has determined that each dune
represents an event of major sediment input from rivers draining the alpine regions. Each event is interpreted
to have resulted from major Alpine Fault earthquakes. Earthquake dates of AD 1826, 1717, 1615, 1500, 1430
and 1220 correlate with subsequent dune-building periods which followed the seismic activity by several
years, to many decades.
About 20 km from Haast village the road enters poorly exposed Tertiary sedimentary and volcanic
rocks. These overlie and are also locally faulted against Ordovician low grade metamorphic sandstone, shale
and siltstone which is visible in road cuttings from about 28 km from Haast. These Ordovician rocks
represent rifted fragments of the southern Lachlan Orogen in eastern Australia. Their presence here relates to
dismemberment of the edges of the Australian Plate during the breakup of Gondwana, and the subsequent
collision of the Pacific and Australian Plates.
Lake Paringa is encountered about 51 km from Haast Village. During the last Ice Age, 20,000-14,000
years ago, the Paringa Glacier flowed northward along the western edge of the Alpine Fault before turning
* An oblique-slip fault is one which has components of dip-slip and strike-slip motion. The direction of
movement is both vertical and lateral.
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Map 8. Simplified geology of the route between Haast and Picton.

westward in what is now the Paringa River, about 3 km northeast from here. A number of tributary glaciers
intersected the Paringa Glacier from the east and west. One glacier occupied what is now Lake Moeraki
(Figure 4), and another, west-flowing glacier occupied the present site of Lake Paringa. This latter glacier
encountered a particularly hard rock unit (a sandstone or greywacke) which caused the glacier to split and
bifurcate about the rock mass. This rock mass now forms the prominent Fish Hill in the centre of Lake Paringa.
Bruce Bay is a further 25 km northeast along the highway. This beach offers a number of interesting
features to observe, including a range of high grade metamorphic Haast Schist pebbles, heavy mineral sand
placers composed of garnet and magnetite, and shoreline armour stone composed of coarse pegmatite. As an
additional attraction, informal sculptures of beach pebbles and driftwood have been constructed along the
shoreline and roadside by tourists.
Many of the pebbles on the Bruce Bay beach are high grade gneisses and schists (Photo 33). Examples
of garnet-bearing gneiss with coarse, fresh garnet crystals are relatively common (Photo 34).
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Map 9. Simplified terrane map of the route between Haast and Picton.

River
Paringa

Bruce bay offers an environment
suitable for the concentration of heavy
mineral sands on the beach. As the rocks
inland are eroded away and carried to the
sea by rivers, the resulting sand is made up
of most of the original constituents of
those rocks. As a result, minerals such as
biotite, quartz, feldspar, garnet and magFis
hH
Lake Paringa
netite are common in the sand, along with
ill
fragments of the original rocks. Wave action on the beach can separate the minerals
Lake Moeraki
in the sand based on their density. Heavy
minerals, such as garnet, ilmenite and
t
ul
a
magnetite, are separated into layers and
F
ne
pi
l
lenses from the lighter quartz, feldspar,
A
biotite and rock fragments. The accumulations of magnetite, ilmenite (i.e. iron-titanium oxide) and garnet are evident as
2 km
red-brown layers on the beach (Photo 35).
In some other localities fine grained gold
Figure 4. Satellite image of the Lake Paringa area showing an interpreted reconstruction of the Paringa Glacier (pale blue lines) and gla- also accompanies these minerals. About
cier flow direction (pale blue arrows).
320 km of the west coast contain rich
beach deposits of garnet and ilmenite,
some of which have been evaluated for their potential as a source of titanium dioxide.
The edges of the road have been protected from erosion by placement of large boulders of armour stone.
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Photo 34. Garnet-bearing gneiss from Bruce Bay
beach.

In this case the armour stones are pegmatite derived
from a quarry near the Paringa River. The pegmatite
is composed of very coarse crystals of quartz, muscovite mica and feldspar. Crystals of beryl, garnet
and tourmaline occur rarely in the pegmatite.
From Bruce Bay it is about 44 km to the
turnoff to the Fox Glacier. Although the Franz Josef
Glacier is also present in the vicinity, the Fox Glacier is easier and quicker to walk to, and offers
spectacular views of the glacier and its associated
landforms.
The Fox Glacier (Photo 36) is 12.5 km long
and falls 2,600 m from its névé (the snow and ice
accumulation site at the head of the glacier, located
above the altitude of perpetual snow) to its lower
end, which is less than 300 m above sea level. The
glacier has generally retreated since the last ice age
until 1985, after which it has been advancing, with
Photo 35. An accumulation of garnet-, ilmenite- and magnetite-rich sand in centre of photo.
the rate of advance in 2006 averaging about 1 m per
week. This rapid advance makes the leading face of
the glacier very dangerous, as ice falls are common. It takes about 7 years for the ice to travel from the top to
the bottom of the glacier. At its steepest point the glacial ice is moving at 2 - 3 m per day.
Although the overall trend of most glaciers throughout the world is for retreat, a glacier will advance if
there has been a period where accumulation of ice in the upper glacier exceeds the rate of melting in the lower
part of the glacier.
Glaciers form when snow is able to collect in a protected, elevated alpine area in great thicknesses. As
the depth of snow builds up, the deeply buried snow compacts into hard, blue ice. The ice will flow down slope
under the force of gravity and from the weight of ice and snow above. The ice moves by sliding over the
underlying rocks on a film of water, and by plastic flow within the glacier. Over time the moving ice carves
a path which continues to deepen as the ice, and its burden of rock fragments (scree and rocks plucked from
the glacial channel) erode the base and flanks of the channel. In time, the channel widens and deepens into a
valley. Grooves are cut into the valley walls by the moving ice and rock (Photo 37). Large volumes of rock
are transported by the glacier and deposited at its end to form a deposit of moraine (an unsorted jumble of
angular rocks ranging in grainsize from silt to very large boulders). Scattered rock debris on the glacier
surface are known as surface moraines, whereas debris concentrated along the edges of the glacier are lateral
moraines. The glacier shows layering (Photo 38) which is a combination of original ice deposition, and
differential, layered flow in the glacial ice mass. Irregularities in the base of the valley and drag along the
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Photo 37. The Fox Glacier valley walls show deep
grooves etched by the glacier thousands of years ago.

Photo 36. The Fox Glacier.

Photo 38. Seracs at the terminal face of the Fox Glacier, with prominent layering within the ice.

Photo 40. An ice cave at the terminal face of the Fox
Glacier discharges melt water.

Photo 39. Seracs toward the top of the Fox Glacier.

Photo 41. Melt water from the Fox Glacier within its braided
channel.

valley walls cause the ice to break into wide, deep cracks (crevasses) and blocks (Photo 39), often with
pinnacle-like shapes (seracs). Glaciers constantly melt, the water forming a cave at the lower end of the
glacier (Photo 40) which runs out into a fast-flowing watercourse within a sediment-rich braided channel
(Photo 41). The melt water is always milky, the turbidity resulting from finely ground rock particles which
are known as rock flour. The typical, blue colour of the glacial ice is believed to be caused by refraction of
light through the ice crystals.
The journey to Greymouth is about 196 km. The route largely passes through coastal marine and
alluvial terraces and alluvial flats. On arriving at Greymouth, cross the Grey River (Photo 42) and park in the
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Photo 43. Tilted Tertiary sandstone and siltstone on the
north side of the Grey River.

Photo 44. Fossiliferous Tertiary silty sandstone with
Photo 45. Fossiliferous Tertiary silty sandstone with a
woody plant remains and iron staining from decomposing worm burrow and fine plant remains.
pyrite.

car park on the northern side of the river, immediately to the east of the bridge. Cross the main road with
caution to examine the tilted rocks in the cliff, and the stockpiled boulders to the west of the cliff.
The rocks exposed here are Oligocene (Table 1), shallow marine calcareous sandstone and siltstone.
These rocks occur in close proximity to well bedded Oligocene limestone, which is visible in the cliff on the
opposite side of the river. These rocks were deposited upon non-marine Cretaceous sandstones, mudstones,
conglomerates and coal seams (not visible here), which deposited in rift valleys formed during the final stages
of opening of the Tasman Sea. The Cretaceous coal seams are some of the most important in New Zealand,
as they are thick, relatively continuous, and generally low in sulphur. A number of collieries are active in the
local region.
During the Oligocene the rift valleys were inundated by the sea, resulting in marine sandstones,
limestone, and mudstone units. The sandstones (Photo 43) contain fossil plant fragments (Photo 44) and
burrows formed by marine worms (Photo 45). Elsewhere, shelly fossils are preserved. Abundant plant and
other fossil traces are found amongst the boulders on the western side of the road cutting.
The journey from Greymouth toward Westport passes across areas of Quaternary alluvial and elevated
marine bench sediments, Tertiary sandstone, limestone and coal-bearing strata, minor Cretaceous sandstone,
and a range of granites, gneisses and schists of the Buller Terrane (Maps 8 & 9). Recommended stops examine
the Tertiary limestone at Punakaiki (Pancake Rocks), a thick coal seam south of Charleston, spectacular
migmatites (melted rocks) near Charleston, and a unique, layered granite near Cape Foulwind.
From Greymouth to Punakaiki is a distance of 45 km. The spectacular, subhorizontally layered
limestone cropping out on the Dolomite Point headland at Punakaiki is an Oligocene (Table 1) dolomite (a
limestone with a significant proportion of magnesium as well as calcium). The dolomite was deposited about
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30 million years ago in a warm marine sea. The minute, calcium carbonate-rich skeletal remains of marine
organisms and small amounts of clay settled to the sea floor, and were buried under hundreds to thousands of
metres of sediment. Over the following millions of years, the great pressure of the overlying sediment caused
the limestone to compact. During this time it is possible that migrating groundwater rich in dissolved
magnesium altered the calcium carbonate to calcium-magnesium carbonate - dolomite. The process of
compaction and alteration is known as diagenesis.

Photo 46. Detail of the stylobedding at Pancake rocks. Photo 47. Pancake Rocks, showing well developed stylobedNote the variation in thickness and irregular shape of
ding.
layers.

Photo 48. A collapsed sea cave within the dolomite at
Pancake Rocks.

Photo 49. Dolomite with overlying unconsolidated seafloor
gravels.

The discontinuous layering formed during diagenesis is known as stylobedding. Stylobedding is a false
bedding which may cut across original sedimentary layering. It is caused by the diagenetic process of
pressure solution, a phenomenon which follows mechanical compaction and is caused by load and/or tectonic
stress. Pressure solution results in the dissolving of carbonates along their grain boundaries, and the
development of cracks by volume reduction and solution channeling. Discontinuous, insoluble layers rich in
clay were formed as a residue by the removal of carbonates, forming stylobedding (Photos 46 & 47), or
stylolamination (where the clay content is high).
Following the crustal elevation and subsequent erosion and exposure of the dolomite the erosional and
chemical action of the sea and rain etched the dolomite and enhanced the stylobedding texture. Caves and
associated blowholes were formed by dissolving the carbonates, and as the caves widened they eventually
collapsed (Photo 48).
Local crustal uplift exposed the dolomite to erosion whilst still beneath the sea. Further uplift elevated
the dolomite to its present position, with a capping of seafloor gravels and sand visible on the limestone along
the edge of the highway to the north (Photo 49).
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Continue northwards along the highway for 24 km from Punakaiki. On a sweeping bend in the road
with a tall cutting on the eastern side a large coal seam is visible (Photo 50). Park safely off the road to
examine the coal.
The South
Island’s
West
Coast region contains
New
Zealand’s only bituminous coals.
Bituminous coals
(Figure 5) are
dense and black,
frequently
containing bands with
a brilliant lustre.
The carbon content of these coals Figure 5. The classification of coal, also known as ”coal rank”.
ranges from 78 to 91 percent and the water content from 1.5 to 7 percent. There are 13 coalfields of various
sizes between Greymouth and Seddonville (40 kilometres north of Westport). The Buller, Greymouth, Pike
River and Reefton coalfields are the most economically important (Figure 6).
There are two main types of coal measures (coal-bearing sedimentary rocks) on the West Coast: late
Cretaceous to earliest Tertiary Paparoa Coal Measures, and Eocene Brunner Coal Measures. Both Paparoa and
Brunner coalfields contain seams up to 20 metres thick. Paparoa coals are characterised by low ash and
sulphur contents, and Brunner coals have lower ash and varying sulphur content. The coal seam at this site is
part of the Brunner Coal Measures.
The Brunner Coal Measures were deposited following an early Tertiary period of tectonic inactivity and
peneplanation, when renewed widespread non-marine sedimentation occurred in the Eocene. Differential

Figure 6. Coalfields of West Coast New Zealand. From Barry et Photo 50. Black, bituminous coal seam beneath
al. 1994.
thickly bedded sandstone.
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subsidence led to considerable variation in coal measures thickness, ranging from a few metres to more than
130 m in the Greymouth Coalfield. Coal measure sedimentation ended with inundation by the sea and
deposition of marine sandstone (such as was examined at Greymouth) and eventually limestones similar to
those at Greymouth and Pancake Rocks . Brunner seams have a sporadic distribution and are commonly of
variable thickness and limited lateral extent. Seams are typically up to 10 m, but can be as thick as 20 m
locally. Most mined seams have low to very low ash contents, particularly the thicker seams, but many have
high to very high sulphur contents with substantial in-seam variation.
The coal exposed in this road cutting is black, glossy bituminous coal. It occurs beneath a thick section
of sandstone, with thin silty and coaly layers. The sandstones were deposited by meandering streams on wide,
slowly subsiding floodplains, with local swampy areas and lakes. The lakes and swamps were infilled with
plant remains (mainly trees), and these were rapidly buried by the meandering stream as it migrated back
across the plain. This sudden and premature burial sheltered the debris from the air, thus preventing it from
rotting quickly. The sedimentary basin continued to sink gradually under the weight of the sediments and the
layers of dead plant matter, and in places new swamps and lakes formed, accumulated masses of dead plant
material, and subsequently were also buried. As the organic accumulations were buried deeper they became
subject to increasing pressures and heat and were slowly transformed. The cellulose in the wood was initially
changed to humic acids (products of incomplete decomposition, which give the earth its brown colour), then
into bitumens and finally into elementary carbon. The process is extremely long, but is accelerated by higher
pressure and temperature conditions. The vegetal masses buried during the Tertiary Period, less than 65
million years ago, are generally less evolved than older Carboniferous and Permian coals found elsewhere in
the world. Tertiary coals are commonly lignite which still contain a lot of volatile matter, but whose carbon
content is lower. Coals of excellent quality can be found dating from the Tertiary Period in West Coast New
Zealand, brought into early maturity by the heating effects of colliding tectonic plates.
New Zealand coals have characteristics that distinguish them from coals found in other countries. Most
of the northern hemisphere’s coals were formed in great swamps during the Carboniferous period, about
300–350 million years ago. New Zealand coals are much younger, having been formed mainly in the late
Cretaceous and Tertiary periods, 30–70 million years ago, from more-evolved vegetation types containing
flowering plants. Because the original vegetation is different, New Zealand coals have some unusual properties, giving them high value for specialised purposes. In particular, most New Zealand coals have an ash
content of less than 4%, which is lower than most Carboniferous coals. A few seams have an exceptionally
low ash content – less than 1%.
The route now continues toward Charleston, passing through the village for about half a
kilometre then crossing the Nile River, a distance of 7.3 km from the coal seam site. Turn
left (northwest) into Beach Road (Map 10) and
follow this for 1.1 km until an access track to
the beach is encountered. Park here and walk to
the beach, then follow the beach south for 50 m
to the prominent outcrops.
This site shows some excellent outcrops
of the Charleston Gneiss. This is a Late Cretaceous migmatite (see below) of the Buller Terrane which was derived from the partial melting
of 640 million year old (Neoproterozoic era)
sandstones and siltstones.
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Migmatites are metamorphic rocks which
are undergoing melting and are showing some
igneous characteristics. They form under exMap 10. Access route to the Charleston Gneiss
outcrops, shown by red line.
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treme temperature conditions during metamorphism, in rocks with a mineral chemistry which is capable of
melting at those conditions. Migmatites are composed of a leucosome, new material that crystallized from the
melting of susceptible minerals (usually quartz and feldspar), and mesosome, original rock that resisted
melting. Commonly, migmatites occur within extremely deformed rocks that represent the deeply buried base
of eroded mountain chains.
The Charleston Gneiss has formed from rocks which were once part of Gondwana. The original
sedimentary rocks were metamorphosed and migmatised during a period of mountain building (the Rangitata
Orogeny) between 100 and 120 million years ago. Many granitic plutons resulted from this metamorphic event.
Outcrops of the Charleston Gneiss show schist,
gneiss and migmatitic textures (Photos 51-53). Some
parts of the rocks show much
more melted (pale coloured)
material than others, due to
the composition of the original rock. Sedimentary rocks
with abundant original
quartz and feldspar (such as
most sandstones) produce
larger volumes of melted
material, whereas rocks rich
in micas and clays (such as
siltstones and mudstones)
produce relatively little melt.
The layers, pods and veins of
melt (leucosome) are comPhoto 51. A migmatite in the Charleston Gneiss, showing folded, pale layers of
posed mainly of quartz and
melted rock and dark layers of recrystallised but not melted rock.
feldspar, with a little biotite.
Neosome (non-melted) layers are biotite-rich (and were therefore originally silts and muds), as biotite tends
to grow into larger crystals during metamorphism, rather than melt.

Photo 52. Dark, biotite-rich schist with sparse layers, veins Photo 53. Detail of migmatite, showing white quartz-feldand pods of quartz-feldspar melt.
spar melt layers, black biotite-rich schist layers, and a
quartz-feldspar-biotite melt layer resembling granite.

The next site at Tauranga Bay near Cape Foulwind offers an opportunity to examine an unusual granite.
Return to the highway and continue northward toward Westport for 15 km from the Beach Road intersection.
Turn left (west) into Wilsons Lead Road and follow this to its T-intersection with Tauranga Bay Road (11
km). Turn left (south) and follow this road to its intersection with Coast Road (2.7 km). Turn left and travel
about 400 m to the car park before the Bay House Cafe. The road past this point is narrow and parking is not
recommended. Walk along the road to the west, parallel to the shoreline. Follow the walking track past the
end of the sealed road to examine the rocks along the point. Care should be taken along this exposed
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Outcrops start here

Walk along this route

Café
Parking area

50 m
Map 11. Satellite image of the site at Tauranga Bay. The red line shows the preferred walking route.

headland, as violent seas are common.
The granite cropping our here is one of the various plutons in the Cape Foulwind Supersuite. These are
327 million year old (Carboniferous) rocks which include a range of rock types including granite, monzonite
and diorite. They are considered to be the residue from a previous partial melting event of mantle-derived
basaltic rocks.
The granitic rocks show a number of preferred orientations of minerals and foliations (alignment of
minerals due to imposed crustal forces). The most prominent is alignment of the numerous, large orthoclase
(K-feldspar) crystals in the rocks (Photos 54 & 55 ). The crystals vary in concentration throughout the rock,
with some layers and pods composed of up to 80% orthoclase, and adjacent rock being 10-20%. In places the
crystal-rich and crystal-poor layers are cut by other orthoclase crystal-rich layers. The crystals can also show
two orientations within the one rock (Photo 56), both of which are also associated with aligned biotite crystals.
The dominant orientation of orthoclase crystals parallels compositional layering in the granite. Many
outcrops show parallel layering which is defined by variations in orthoclase crystal content, and in some cases
by variations in biotite content. Hence, some layers are darker than others. It is also evident that there are
irregular masses of aligned orthoclase crystals which are not forming layers (Photo 54).
Another alignment within the rocks is defined by elongate fragments of another grey, igneous rock

Photo 54. Aligned masses of orthoclase crystals. Note the
contrasting crystal-rich and crystal-poor areas of the rock.

Photo 55. Aligned zones of orthoclase crystal-rich and
crystal-poor granite, cross-cut by a crystal-rich layer.
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Photo 56. Photo of orthoclase crystals within granite, and an interpretation of linear features within the field of view. It
is apparent that there are two crystal orientations which are also paralleled by aligned biotite crystals.

(Photos 57 and 58). This is considered to be remnants of the original rock which melted to form the granite.
As was seen in the previous Charleston Gneiss site, biotite-rich rocks don’t easily melt, and are commonly
left as blocks of neosome amongst melted material. This granite has formed from the prolonged, high grade
metamorphism of rocks, with eventual formation of gneiss, migmatite, and eventually a granite. The remnant
neosome blocks are referred to as enclaves when included within a granite.

Photo 57. Grey, elongate fragments of igneous rock within
the granite. These are known as enclaves.

Photo 58. Parallel compositional and textural layers, and
thick pegmatite dykes (left of photo).

From previous examination of high grade metamorphic Haast Schist rocks at Pivot Creek and Bruce Bay
it is evident that garnet is a high grade metamorphic mineral commonly found in schists and gneisses. Those
metamorphic garnets are preserved when a metamorphic rock passes into a migmatite or a granite. Red
garnets can be found within this granite, further supporting its origin from melting of metamorphic rocks.
Dykes of pegmatite are also present within the
granite (Photos 58 & 59). These are composed of
quartz, feldspar and white muscovite mica. They are
probably a late stage residual product of the granite,
formed from material that was left over after the
granite was in an advanced stage of crystallisation.
The features observable in the granite, and from
age dating of microscopic zircon crystals in the rock,
geologists can reconstruct its complex history. Whilst
New Zealand was still part of Gondwana, the margin
of that supercontinent grew outward by adding fragPhoto 59. Pegmatite dykes in granite.
ments of adjacent tectonic plates in what is known as
accretion. About 370-330 million years ago the Buller Terrane was accreted onto the Gondwana landmass.
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This accretion was accompanied by mountain building, folding and melting of rocks which had been pushed
deep into the crust. It resulted in the formation of rocks of the Median Batholith, and in numerous other,
scattered plutons, including the Cape Foulwind rocks. Because the granite was formed during a period of
intense pressures, many minerals
were aligned at right angles to the
major stress direction. Hence the
aligned feldspar and biotite crystals and enclaves. However, this
granite apparently intruded into its
final site of crystallisation as multiple pulses of viscous magma, resulting
in
layering
and
compositional variation in parts of
the granite.
The granite was further disrupted during the Rangitata Orogeny in the Early Cretaceous period,
about 142-99 million years ago.
This was the same orogeny which
produced the migmatites in the
Charleston Gneiss. The high temperatures and pressures associated
with this deformed the Cape Foulwind rocks, heating them sufficiently for some feldspars and
biotite crystals to rotate into a new
orientation. Some feldspars were
also fractured during a stage of the
deformation.
Map 10. Terrane map of the area about the Wairau River site.

The final part of the route
passes through Westport and
the spectacular Buller Gorge
to a crossing of the Wairau
River on Highway 63, 181
km from Westport (Maps 8
& 9). This site provides easy
examination of some of the
rocks of the Dun Mountain
Ophiolite, and the Esk Head
Melange. The site lies close
to the Alpine Fault, which
trends through the centre of
the valley (Map 10).
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Map 11. Satellite image of the Wairau River site. The cyan line indicates walking
track.

There are a number of
cleared tracks leading off the
highway on the northern side
of the Wairau River Bridge.
About 100 m after crossing
the small bridge over a small
creek, take the first track on
the right (Map 11). A partially overgrown track leads
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to the gravel beds below this point and allows easy access to the river and creek.
The small creek flowing from the north flows through rocks of the Caples and Maitai Terranes. At this
site the Maitai Terrane is composed of rocks of the Dun Mountain Ophiolite, an assemblage of Permian rocks
which were originally part of the crust of an ocean bordering Gondwana. Those original rocks included
intrusions from the Earth’s mantle, lavas from a mid-oceanic ridge, and deep sea sedimentary rocks deposited
upon them. The original igneous rock types included gabbro, dolerite, basalt, harzburgite, lherzolite and
dunite. These rocks contained various amounts of olivine, pyroxene and plagioclase. The ophiolite rocks
were accreted onto Gondwana after the Permian, after which they have undergone extensive alteration with
some or all of the original minerals converted to other species in a process known as serpentinisation. This
belt of rocks is traceable discontinuously throughout the entire length of New Zealand. Multiple periods of
deformation have folded, metamorphosed, and dislocated them into diverse geometric relationships.
Some of the rock types typifying the ophiolite are abundant in the creek. Black basaltic and gabbroic
rocks and brown to buff coloured harzburgite are most common. It is noteworthy that the rocks in this creek
are very different to the rocks which dominate the Wairau River gravel beds, where very few ophiolite rocks
can be found.
Several prominent outcrops in the creek bank are part of the Esk Head Melange (Map 10, Photo 60). A
melange is a large scale breccia, a body of rock characterised by a lack of continuous bedding and the
inclusion of fragments of rock of all sizes, contained in a fine-grained, deformed matrix. They form from
processes which may include mixing of material by tectonic forces, ductile flow of a water-charged or
deformable matrix, sedimentary action such as slumping or gravity-flow, or some combination of these.

Photo 60. Outcrop of melange, comprising numerous sharp-edged fragments of rock in a matrix with a prominent
alignment of elongate objects.

The melange outcrops show many angular, sharp edged and attenuated fragments in a black, muddy
matrix. The rock shows a deformational texture in which elongate fragments are aligned, and in some cases
form layers which are draped over larger blocks.
This is the final site of the tour. The route continues to Picton along alluvium-filled and terraced valleys. The next route
in the series continues from Wellington in the North Island, and concludes in Aukland.
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