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INTRODUCTION

The Canterbury region lies on the eastern side of the South
Island of New Zealand (Fig. 1). Ten petroleum exploration
wells have been drilled in the Cretaceous-Cenozoic cover
rocks of the region though only two, Clipper-1 and Galleon-
1, have been drilled in the last ten years. Each of these two
later wells produced hydrocarbon shows from Cretaceous
source and reservoir rocks, with the most recent well,
Galleon-1, warranting onsite testing of gas condensate flows.
The prospectivity of the region indicates further evaluation
and exploration are warranted.

A major review of the basin evolution of the region has just
been completed and this paper is based-on extracts from this
publication (Field and Browne etal., 1989). Similar reviews
have also been completed for two adjacent regions (Fig. 1):
the West Coast (Nathan et al., 1986) and Chatham Rise
(Wood, Andrews and Herzer et al., 1989).

GEOLOGICAL SETTING

The Canterbury region lies on the western edge of the Pacific
plate. About 480 km of right lateral offset, and several
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kilometres of uplift and shortening occurred along the plate
boundary (manifest as the Alpine Fault) in the Neogene. In
the Cretaceous-Paleogene the Canterbury region lay much
further east and north with respect to western New Zealand
(e.g. see Stock and Molnar, 1987).

Major crustal features in the northern half of the
region include the Chatham Rise (an east-west-trending
Cretaceous-Recent topographic high) and the Hikurangi
Trough, an offshore element of the Australian-Pacific plate
boundary system that propagated southward to its present
position in the Neogene.

Economic basement consists mainly of Permian to Early
Cretaceous inter- bedded greywacke and argillite (Torlesse
Supergroup), grading into schist in the south (Haast Schist)
and far west (Alpine Schist).

The oldest cover rocks are of mid Cretaceous age and overlie
basement unconformably. The thickest sequence of Creta-
ceous-Cenozoic cover rocks (6500 m) lies offshore, in the
Canterbury Bight. The structure in the prospective part of
the basin is generally simple; most structures developed in
the Cretaceous.
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Fig. 1: Locality map, showing petroleum exploration wells and seismic lines.

PREVIOUS WORK most recent wells (see Hawkes et al., 1985; Wilson 1985;

Demie and Mound 1986) and compiled several 1:250 000

Most of the detailed work onshore has been done by DSIR  and 1:100 000 scale maps of horizons in the offshore part of
geologists. The lithostratigraphy of most of the region has  the region. They also compiled several reports giving their
recently beenreassessed (Browne and Field, 1985;Fieldand  company’s interpretation of the prospectivity of the region
Browne, 1986; Andrews et al., 1987; Field and Browne et . (see B.P. Shell Todd 1984; Mound and Pratt, 1984). B.P.
al., 1989) and several stratigraphic holes have been drilled  Shell Todd mapped, locally, up to nine reflectors offshore.

(e.g. Field, 1985; Field et al., 1989).
BASIN EVOLUTION

Most of the offshore studies in the Canterbury Bight have

been carried out by B.P. Shell Todd (Canterbury). This Cretaceous

company, which recently held the twolicencesinthe region,  In the mid Cretaceous, prior to the breakup of New Zealand
ran 5819 km of new seismic reflection lines, drilled the two  and Antarctica, crustal stretching and subsidence led to the
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development of numerous half grabens. In the present
onshore area, remnants of these may be found at Banks
Peninsula, Hewson River, Kyeburn and near Shag Point.

The 4000+ m of sediments that accumulated in the Kyeburn
area were mainly conglomeratic, though they include thick,

partly carbonaceous lacustrine units (Bishop and Laird,

1976). Atboth Kyebum and Shag Point the conglomerates
record progressive unroofing of the Haast Schist on the
south side of the Waihemo Fault. Probably similar, though
generally smaller, half graben structures formed in terres-

trial settings under the Canterbury Bight and on the Chatham
Rise. Mid Cretaceous volcanism (e.g. Mt Somers Volcan-
ics) was widespread, though is now best exposed in mid
Canterbury. By Cenomanian-Santonian times, new regional
structures had started to develop (see Field and Browne et
al., 1989). Inthe Canterbury Bight, seismic reflection
profiles have provided a good three-dimensional picture of
Cretaceous paleotopography. The main basin, Clipper Basin
(Fig.2), appears to have been bounded to the east by a growth
fault. Up to 2000 m of mid Cretaceous coal measures and
paralic sediments accumulated in the Clipper Basin (Fig. 3).

These sediments, known as the Clipper Formation, occur
over a large part of the Canterbury Bight and are the most
widespread potential source and reservoir rocks to have
reached thermal maturity in the region. Clipper-1 and
Endeavour-1 are the only wells to have penetrated the
formation which, at these two wells, consists mainly of
interbedded units of sandstone and mudstone. The forma-
tion appears to fine up-sequence, from being pebbly at the
base to coaly near the top.

The Caroline Basin, just east of Timaru, was smaller but is
inferred to have had a similar history, with similar deposits,
as are the numerous small half-grabens recorded by Mound
and Praut (1984). A NE-trending topographic rise, the
Canterbury Bight High, dominated the western part of the
Canterbury Bight. Other highs existed east and southeast of

deposued atbathyal depths, and this suggests arapid relative

. rise in sea level in the Santonian. This is attributed mainly

to increased regional subsidence. The raised base level
heralded widespread accumulation of paralic coal
measures in the westemn (present onshore) part of the region
in the Campanian-Maastrichtian (e.g. Taratu, Papakalo and
Broken River Formations). The Cretaceous sequence in the
Clipper Basin is locally over 3000 m thick.
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Paleogene

The passive margin drift phase of the Paleocene is character-
ised by continued, though slightly slower, subsidence and
westward transgression. The main sediments deposited in
the Canterbury Bight were the dark shales of the Moeraki
Formation. In North Canterbury the Paleocene is-also
marked by dark mudstone (Loburn Formation), with overly-
ing greensand (Waipara Greensand). The Eocene is gener-
ally characterised by calcareous mudstones (Ashley and
Hampden Formations) that pass up-sequence into Eocene to
Early Oligocene micrite (Amuri Limestone). In the west the
Eocene sequence is more varied, with influxes of quartzose
sand (Homebush, Karetu and Opawa Sandstones).

Mild tectonism started in the Late Eocene, and a basin
developed around Fairlie. Faulting and erosion in the
northwest of the region was locally sufficient to lead to
Oligocene Amuri Limestone resting on Torlesse basement
(McLennan and Bradshaw, 1984). These movements may
have been precursors to the development of the Alpine
Fault plate boundary. The inception of this boundary,
accompanied by partly extensional or transtensional tecton-
ism, occurred in the Late Oligocene. This was manifest as
sand diapirism and low amplitude regional folding, as well
as the development of a low, NE-trending ridge in the
Canterbury Bight (Endeavour High, Fig. 4) that was
probably subaerial or shallow submarine for much of the
Late Oligocene and Early Miocene. Subsidence and marine
deposition continued on either side of the high. A record of
the effects of the Late Oligocene to Early Miocene deform-
ation is preserved around a widespread unconformity (c.30
Ma age) that was caused by a large relative fall in sea level
(cf., the Tejas A/B supercycle set boundary of Haq et al.,
1987). The Late Oligocene is characterised by shelfal
calcareous greensand (Kokoamu Greensand) and grain-
stone (e.g. Otekaike Limestone) though, in the deeper water
settings in the east of Canterbury Bight, the unconformity
and up-sequence lithological change is less marked. Late
Oligocene alkalic to tholeiitic volcanism was widespread
in the west (e.g. Brothers Basalt, Cookson Volcanics).

Neogene
Tectonism increased throughout the Neogene, as the
Southern Alps gradually rose in the west, shedding pre-
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Fig. 4: Major Oligocene structural elements.

Neogene cover sediments and eroding great thicknesses of

_ Permian-Cretaceous basement rocks. This detritus built an

eastward-prograding sediment wedge that now forms the
continental shelf in Canterbury (Fig. 3). In the west, the
early sediments (e.g. the Early Miocene Southburn Sand and
Caversham Sandstone) invaded settings previously domi-
nated by the calcareous blue-green Tokama Siltstone and its
correlative, the Rifle Butts Formation. Subsidence contin-
ued in the Fairlie Basin.

By Pliocene times thick sheets of conglomerate (Kowai
Formation) were laid down in the west, in an increasingly
faulted and folded terrain; faults had locally over 1000 m of
reverse throw. Siltstone deposition persisted through to the
Recent in the east, where the Neogene sequence is virtually
undeformed. -

Neogene deformation was most intense in North Canterbury
adjacent to the Hikurangi Trough section of the plate
boundary which was propagating southward. In thc
Canterbury Bight there is very little evidence of Neogenc
deformation apart from regional subsidence, the Cretaceous
structures appear to be undisturbed. In the west, however,
some earlier faults appear to have been rejuvenated (e.g.
Waihemo Fault), with Neogene reverse movements. The
four main centres of volcanism in the Neogene were Otago
Peninsula (Middle Miocene; Coombs et al., 1986), Banks
Peninsula (Late Miocene; Sewell, 1988), Timaru-Geraldine
(Pliocene; Duggan and Reay,.1986) and Urry Knolls (Plio-
Pleistocene; Herzer et al., 1989), though several smaller
eruptions occurred near the foothills of central Canterbury
(Sewell and Gibson, 1988).

HYDROCARBON POTENTIAL

Potential hydrocarbon source rocks of various ages arc
widespread in Canterbury. Itis likely, by analogy with the
Kyeburn sequence, that some of the mid Cretaceous half
graben structurescontain carbonaceous units, and it is known
that coal beds occur in the Clipper Formation. The Taratu,
Pukeiwitahi, Papakaio and Broken River Formations locally
contain sufficient carbonaceous material to be considered
potential source rocks though, for these units, in the west of
the region, maturity may not have been reached. The marine
Katiki Formation is in places very carbonaceous and must
also be considered a potential source rock. Some of the
Paleocene-Eocene units have promising TOC values, but
have probably not reached maturity.

No kerogen data is available for the mid Cretaceous rocks.
Vitrinite is the dominant kerogen in the Late Cretaceous
lithologies, except at Endeavour-1, where inertinite is
locally more: common, and at Kowai-1, where liptinite is
more common. Sapropelic material is slightly dominant
over humic material, suggesting good oil-prone potential.
Hydrogen index/oxygen index diagrams for Clipper-1 and
Galleon-1 (Fig. 5) generally show poor discrimination, but
with a predominance of type II and III organic matter,
consistent with the inferred paralic to non-marine paleo-

- environments. Organic material in the Clipper Formation

has a predominance of C,, and C,, hydrocarbons with long-
chain n-alkanes and high pristane/phytane ratios. The single
gas sample analysed from the Clipper Formation had 57%
methane, 15% higher alkanes and 28% incombust-ables.
Gibbons and Herridge (1984) concluded that the gas was

derived from an oil-prone source of quite high maturity. The
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Fig. 5: Hydrogen index vs oxygen index diagrams. (a) Clipper-1 and (b) Galleon-1.

test oil/condensate from Galleon-1 (between 2753-2763 m)
was a light (51° API) paraffinic-aromatic crude with low
sulphur, nickel and vanadium (Gibbons and Fry, 1986).
There was a good C, + solvent-extractable bitumen content
in samples from Kowai-1, and Thompson et al., (1978) con-
cluded that the Late Cretaceous sediments were a good
potential oil and associated gas source.

Vitrinite reflectance is not a reliable guide to maturation
level (Newman and Newman, 1982; Suggate and Lowery,
1982). Nevertheless, reflectance data is available for many
Canterbury samples and, in the absence of large numbers of
chemical analyses, is used here as a very approximate guide
tomaturation levels. The generation window is taken as 0.6-
1.3% Ro (max). Data from Kowai-1, Resolution-1 and
Endeavour-1 suggestthat the sequences there are unlikely to
have reached maturity, though Torlesse basement was not
reached at Resolution-1 and greater maturity could be
expected below the base of the drill hole. The basal 175 m
of the sequence at Galleon-1 has probably reached maturity,
and at Clipper-1 the oil floor apparently lies about 500 m
above basement. Effectively, the reflectance data suggest
that the oil window lies beneath the regional Late Cretaceous
(Haumurian) seismic reflector, and that the central
Canterbury Bight (especially the Clipper Basin) is the most
prospective part of the region (Fig. 6).

Potential reservoir units include the Clipper, Pukeiwitahi,
Herbert and Katiki Formations. The porosity of the Clipper
Formation varies with both lithofacies and degree of
diagenetic clay formation. More favourable porosities have
"been recorded for the other three formations.

Data from some of the older exploration wells have
indicated extensive flushing has occurred in the west of the
region. Trap evaluation should allow for this, and also allow
for the presence of hydrodynamic traps. Fourteen potential
trap structures, with potential reserves ranging from 28 to
503 million barrels, at various risks, have been delineated by
B.P. Shell Todd, but only two of these (Clipperand Galleon,
both structural) have been drilled. No stratigraphic play has
been drilled.
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Fig. 6: Distribution of sediments between basement and the
Late Cretaceous (Haumurian) seismic reflector; this corre-
sponds approximately to the distribution of sediments that
have reached sufficient maturity to have generated hydro-
carbons. Bathymetry (in metres) is also shown.

CONCLUSIONS

There is good quality, modem seismic reflection coverage
for the most prospective part of the Canterbury region, and
the two most recent wells have demonstrated that hydro-
carbons have been generated. The search for a productive
trap should include a reassessment of the carly half graben
features, stratigraphic traps, and hydrodynamic effects.
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