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Abstract

New Zealand's sedimentary basinswith proven or perceived prospectivity for hydrocarbons have formed over the
last 100 m.y. Today, these basins sit astride or adjacent to the Pacific-Australian plate boundary, and represent the
southernmost petroleum provinces on the western Pacific rim. This paper documents the changing shape of New
Zedand' slandmass and offshore areasin response to tectoni ¢ influencesthrough time, and discussestheimplications
for petroleum systems devel opment.

The Cretaceousto Recent sedimentary successionin New Zeaand correspondsto a100 m.y. 19-order transgressive-
regressive ‘megasequence’, that evolved within a tectonic continuum from intra-continental rift to convergent
margin orogenic belt. Seven tectonically controlled second-order depositional cycles, of 5to 25 m.y. duration, are
correlatable between regions as major, unconformity-bound transgressive or regressive packages.

In the Late Cretaceous alineament of rift sub-basins existed in thewest, linked to a Tasman Ridge transform zone.
Syn-rift deposits include coarse-grained potentia reservoir units and, more importantly, thick coal-rich source
rock intervals. Rapid deposition and high heat flow associated with rifting led to early hydrocarbon generation
locally. To the east of the active rift zone the sea began to transgress low-lying coastal plain areas from c. 80 Ma.

By the end of the Paleocene a passive margin had developed around the sub-continent, including broad marine
embayments at the landward ends of the Bounty Trough and New Caledonia Basin. Rising base level alowed the
accumulation, on broad coastal plains, of thick coal measure sequencesthat are proven sourcerocks. Marine rocks
with source potential, most notably the Waipawa Formation black shale, were also deposited. Re-worked
transgressive shoreline sandstones, derived from aweathered hinterland, constitute the pre-eminent reservoir fairway
in several basins. With ongoing regional subsidence, fine-grained seal rock facieswere deposited in distal regions,
and gradually transgressed across the shoreline sandstone tracts.

By Late Oligocenetimesland areaswere minimal. Obligque extension associated with Emerald Basin rift propagation
created a complex series of sub-basins as far north as eastern Taranaki. Highly variable basin-fill lithofacies
include deep-water turbidites that are proven reservairs.

Southward propagation of the Hikurangi subduction zone and inception of athrough-going plate boundary in the
earliest Miocene heralded the onset of convergent tectonics, uplift and expansion of land areas, and increased
terrigenous sedimentation within most basins. Asdextral convergence gradually increased, the proto-New Zealand
landmass was ‘ squeezed’ into an elongate belt parallel to the plate boundary. With southward migration of the
Australian-Pacific rotation pole, and rotation of the Hikurangi margin, thefocus of compression and arc volcanism
shifted southwards, and extension beganinthe north. Large structural anticlinesformed asaresult of basininversion,
particularly within central-western fold-thrust belt areas. Thin-skinned structures formed within both fore-arc and
back-arc settings in the proto-North Island. The onset of source rock maturity was enhanced by locally rapid and
thick sedimentation, and by higher heat flows associated with extension or volcanism. Reservoir units of Neogene
age mainly comprise regressive deep-water to shelf sandstones of variable quality, derived from avariety of older
sedimentary rocks and uplifted basement terranes.
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The stratigraphic record in New
Zealand

New Zealand’'s sedimentary basins with petroleum
prospectivity have formed in Cretaceous to Cenozoic times.
Rocks of early Cretaceous age and older are generally
considered to be economic basement, although some source
and reservoir potential may exist in some basement terranes.
The unconformity that separates basement and cover rocks
formed through long-lived erosion and peneplanation upon
the cessation of early Cretaceous convergent tectonics along
the Gondwana margin (Rangitata Orogeny). Oldest strata
above basement are mid-Cretaceous, and occur locally inthe
East Coast, Great South, West Coast, northern Taranaki, and
offshore Northland basins.

The composite Cretaceous-Cenozoic succession in New
Zedland basins constitutes abroadly transgressive-regressive
‘megasequence’, that records the gradual submergence and
re-emergence of the New Zealand sub-continent over a 100
m.y. period (see King et al. 1999). This megaseguence
corresponds to a depositiona cycle of first-order duration
(e.g., Vail et a. 1991; Mitchum & van Wagoner 1991). It has
a tectonic origin, ultimately reflecting thermodynamic
processes in the asthenosphere, and essentially records
generic basin development and fill from initial continental
rifting to convergent margin orogenesis (see discussion in
King et a. 1999).

Theentiresuccessionissimplistically illustrated in Figure 1,
together with a schematic relative base level curve that was
constructed by assessing areas of emergence and submergence
of the New Zealand sub-continent through time (from maps
in Figure 2), relative to present-day land areas and shoreline
position. The curve approximates changes in available
accommodation space, at least for marine deposition, and
helps to portray broad depositional patterns and inherent
cyclicity that have resulted from the interplay of tectonic,
eustatic, and oceanographic processes.

Second-order cycles and paleogeography

Many unconformities punctuate the first-order succession.
Severa of the more significant of these can be correlated
between regions, and form the basisfor subdividing the New
Zed and-wide succession into subordinate depositional cycles.
Unconformity-bound cycles of second order duration (3-50
m.y.) areillustrated in Figure 1.

Except for a broadly regressive trend in the late Neogene,
and atransgressivetrend in the mid-Cretaceous, the schematic
baselevel curve derived for the Cretaceous-Cenozoic record
in New Zealand does not seem to match long-term (first-
order) changesin global sealevel (Figure 1; after Hag et al.
1987). Some unconformities bounding second-order cycles
show an apparent match with base-level shifts on the global
curve. However, rather than having aeustatic origin, the New
Zealand second-order cycles are considered to reflect local
tectonic phasesrelated to syn-rift, passive margin, and active
margin evolution (King et al. 1999).

In proximal areas, the unconformity at the base of each cycle
represents a period of base-level fall and relative lowstand,
and the overlying preserved interval represents the ensuing
transgression and rel ative highstand. The proportion of these
depositional tracts varies between cycles; older cycles are
broadly transgressive and younger cycles are broadly
regressive.

From a petroleum exploration perspective, second-order
cycles are important for identifying regional depositional
trends and for correlating key facies belts between regions.
However, specific source, reservoir, or seal rock intervals
generally correspond to stratigraphic units (formations or
members) of third-order (0.5-3 m.y.) or fourth order (0.08-
0.5 m.y.) cyclicity.

The relationships between tectonic setting and sedimentary
style within second-order depositional cycles are discussed
below (after King et al. 1999), and illustrated with a series of
pal eogeographic mapsfor selected timedices (Figure2). The
tectonic reconstruction template for these mapsis explained
in King (manuscript submitted). The paleogeographic
interpretations are based primarily on the following review
volumes: Nathan et al. (1986), Field & Browneet a. (1989),
Wood et al. (1989), Turnbull & Uruski et al. (1993), |saac et
al. (1994), King and Thrasher (1996), Field & Uruski et al.
(1997), Cook et al. (1999). The maps also draw upon
paleogeographic interpretations in Herzer et al. (1997),
Matthews et al. (1998), and King et al. (1999).

Cycle 1: mid-Cretaceous

The oldest sediments overlying the basal megasequence
boundary include mid-Cretaceous non-marine and marine
transgressive deposits (e.g. in East Coast and Marlborough),
and terrestrial deposits (e.g. in northern Otago, Great South
Basin, Chatham Islands, and West Coast). In western New
Zealand, thereisamajor gap in the sedimentary record from
the Ngaterian (Cenomanian) to theend of the Piripauan (lower
Campanian). An intra-Piripauan unconformity is regionally
extensivein eastern New Zealand. All of the mid-Cretaceous
succession above basement and below the end-Piripauan
unconformity corresponds to one second-order cycle (Cycle
1, Figure 1).

Early sedimentation was generally within normal fault-
controlled grabens associ ated with Gondwana break-up prior
to opening of the Tasman Sea (e.g. Laird 1981, 1993, 1994).
The initiation of this extension was around 103 Ma (see
review in King et al. 1999).

Theearly basin-fill successionsof Cycle1 generally comprise
coarse-grained clastic rocks, deposited in alluvial fan,
meandering river, and braided river environments. Mid-
Cretaceous rocks in northeast Taranaki Basin and in the
Chatham | lands appear to have been deposited in amarginal
marine (estuarine-deltaic) environment, probably with some
fault control. Early Cretaceous rocks of the East Coast are
largely marine.
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Figure 1: Summary of the Cretaceous-Cenozoic stratigraphic succession in New Zealand, and some factors broadly controlling
deposition (simplified after King et al. 1999). Timescale after Crampton et al. (1995) and Morgans et al. (1996); global sealevel curve
after Hag et al. (1987). A “curve” of changing relative base level for deposition is depicted as the right-hand edge of the graphic lithology
column. This curve approximates the trends of regional marine transgression and regression with respect to the proto-New Zealand
landmass, asillustrated in Figure 2.
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Latest Cretaceous
c.65Ma

New Zealand
continent drifting from
Gondwana. Rift basins
in central west,
possibly part of a
ECB transform system
B linked to sea-floor
spreading. Volcanism
in Westland and
probable high heat
flow locally.
Deposition of coal
measure source rocks
(green) and shoreline
sandstones (yellow).
See present day map
for legend and caption
for abbreviation
definitions.

CB
GSB

Latest Paleocene
c.55Ma

Relatively quiescent
tectonics, New
Zealand drifting
northwards from
Antarctica. Marine
transgression of
passive margin.
Deposition of
potential reservoir and
source rocks
including marine
black shale (hatched
areas).

Possible seaway
between South
Westland and Great
South Basin.

Figure 2: Paleogeographic re-constructions of New Zealand for the latest Cretaceous and Cenozoic. The tectonic template for the mapsis
described in King (submitted manuscript). Bold line depicts paleo-coastline. Colour coding: white = terrestrial non-deposition; green =
terrestrial deposition; yellow = margina marine sand-dominated facies; pale blue-grey = shelf; mid-blue = slope or submarine rise; dark
blue = deep ocean. Basins depicted include: Taranaki (TB), East Coast (ECB), Canterbury (CB), Great South (GSB), and Western
Southland (WS). ChP = Challenger Plateau, CP = Campbell Plateau, CR = Chatham Rise; NCB = New Caledonia Basin; NB = Norfolk
Basin; PT = Puysegur Trench; EB = Emerald Basin. Faults, subduction zones, and seafloor spreading centres shown in red. Pink circles =
active volcanism.
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EB

GSB

Middle Eocene
c.40Ma

Incipient subduction
north of New Zealand.
Emerald Basin
opening south of New
Zealand. Rift
ECB propagating through
western Southland to
Taranaki. Likely high
flow in south.
Challenger Plateau
breached by marine
CB seaway. Deposition of
potential source and
reservoir rocks.

Late Oligocene
c.25Ma

Maximum marine
inundation of New
Zealand sub-
continent. Minimal
clastic supply.
Widespread
deposition of
TB carbonates (seal
rocks, or potential

ECB

/
/ — fractured reservoirs)
ws
0/‘ vz 7 CB
s O
GSB

Figure 2 continued.
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Early Miocene
c.20Ma

Alpine Fault
propagates between
subduction zone in
north and obliquerriftin
south. Norfolk Basin
opening and arc
volcanism in
Northland region.
Compression in
central New Zealand.
Start of development
of fold-thrust belt in
Taranaki Basin and
areas to the east.
Rejuvenation of clastic
supply and start of
long-lived regression.

Late Miocene
c.10Ma

Colville, Coromandel,
and Mohakatino arcs
active. Pervasive
compression and
structural trap
development in many
regions, including
Taranaki Basin.
Regressive clastic
wedge in Canterbury
Basin, and significant
turbidite deposition in
Taranaki and East
Coast basins
(reservoir rocks).
Development of
Puysegur subduction
zone south of NZ.

Figure 2 continued.
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Base Pliocene
c.5Ma

Extension in proto-
North Island,
compression in proto-
South Island. Final
volcanism in
Coromandel and
Havre Trough starting
toopen.

Present Day

Subduction along
Hikurangi and
Puysegur margins.
Transpression on
Alpine Fault and splay
faults. Overall,
extension in north,
compression in south.
B Areas in white are
above 500m
elevation. Areas in
greeninclude areas of
deposition and/or

CB

GSB

Figure 2 continued.
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Cycle 2: Late Cretaceous to Paleocene

Cycle 2 was deposited during the Haumurian (upper
Campanian-Maastrichtian; Late Cretaceous) to Paleocene,
contemporaneous with Tasman Sea spreading. By the Late
Cretaceous extensional basinswere confined to western New
Zedland (Figure 2, 65 Ma). These basins probably formed
part of arift transform zone linked to the Tasman spreading
centre (e.g. Laird 1981, Thrasher 1990, Laird 1994).

Although there were significant areas of exposed basement
and an activerift topography in thewest, marinetransgression
of coastal plains had also started. In fact in many areas this
cycle equates with regional marine transgression across
basement, related to passive margin subsidence around the
drifting New Zealand sub-continent. The first major marine
transgression occurred in eastern New Zealand at about 80
Ma, and in western New Zeal and significant marineflooding
only began in the latest Cretaceous (e.g. c. 67-65 Ma in
Taranaki Basin).

Cycle2rocksinthewestern basinsmainly compriseterrestrial
to shallow-marine facies. Areas between the rifted western
sub-basins were eroded and peneplaned. In eastern basins,
coeval sediments were deposited primarily in coastal plain
and transgressive shallow marine to bathyal sedimentary
environments. On the East Coast, sediments of this age are
typically marine sandstones, flysch and shales.

By early-mid Paleocenetimes, only afew rift transform sub-
basins remained in Westland and southern Taranaki.
Elsewhere passive margin deposition prevailed. The top of
Cycle 2 corresponds to the end of Tasman Sea-related
extension in western New Zealand (Figure 2, 55 Ma). At the
end of rifting, localised uplift and erosion became less
marked, and awidespread regional unconformity developed
in the west due either to protracted subaerial peneplanation,
very broad doming and erosion, and/or the amal gamation of
successive episodes of marine planation. In some places the
post-rift unconformity was long lived, with sedimentation
not beginning again until near the end of the Eocene.

By the end of the Paleocene a post-rift passive margin had
developed around the sub-continent (Figure 2, 55 Ma). The
entire region was tectonically quiescent, and had started to
founder. Broad marine embayments with wide shelf areas
are notable in the Canterbury and Taranaki basins, at the
landward ends of the Bounty Trough and New Caledonia
Basin respectively. About this time there was also a change
in marine environments around the paleo-margin of New
Zedland, particularly in the east, resulting in deposition of
the Wai pawa Formation black shaleand itslateral equivalents
(e.g. Killopset al. 1996). Thisformation issignificant for its
source rock potential.

Cycle 3: Eocene

Upon cessation of Tasman spreading at about 52 Ma (Gaina
et al. 1998), the New Zealand sub-continent continued to drift
away from Antarctica during the Early to early-Middle
Eocene, and was remote from any plate boundary (Stock &
Molnar 1982 & 1987, Kamp 1986a & 1986b, Sutherland

1995). During this period of comparativetectonic quiescence,
basin development was characterised by regional post-rift
rift crustal cooling and passive continental margin subsidence
(e.g. Ballance 1993).

Cycle 3 equateswith this passive margin phasein most areas.
The stratigraphic architecture of Cycle 3 is exemplified by
the progressive onlap of marginal-marine and shelf facies
across coastal plain regions. Some areas, such as southern
Taranaki, northern West Coast, Wanganui/Waikato, and
interior Northland, persisted as areas of emergent basement.
Other areas, such as parts of Western Southland and West
Coast, reverted to non-deposition once Cretaceous-Pal eocene
rift subsidence had ceased. Elsewhere, steady marine
transgression continued across former rift depocentres and
intervening basement areas. In south Westland, and distal
parts of the Great South Basin, marine clastic sedimentation
was supplanted by carbonate-dominated sedimentation,
whereas in Marlborough carbonate deposition was aready
prevalent.

An intra-cycle (intra-Porangan) unconformity is identified
in Taranaki Basin, Great South Basin, and onshore Otago,
and correspondsto a basinward facies shift (lowering of base
level). Conversely, arise in base level is apparent in other
parts of the West Coast, and Western Southland, where
sedimentation resumed across former peneplain areas.

The changes in sedimentation style relate to the onset of
seafloor spreading and obligue extension within the Emerald
Basin south of New Zealand, which impinged upon southern
and western parts of New Zealand (Figure 2, 40 Ma).

This new extensional tectonic regime (Moonlight Tectonic
Zone or Moonlight Aulocogen; Norris et al. 1978) marked
theinitial stage in the development of an Australian-Pacific
plate boundary in the New Zealand region (e.g. Carter &
Norris 1976, Kamp 1986a, Sutherland 1995, Lamarcheet al.
1997, Wood et al. 1996). Away from the propagating
continental rift zonein southwestern New Zealand, asubdued
topography, broad coastal plain areas, and agently subsiding
passive continental margin continued to exist. Inthefar north,
a subduction zone is inferred to have been propagating
southwards from the New Caledonia region.

Cycle 4: Oligocene to earliest Miocene

Cycle 4 spans the Oligocene to earliest Miocene, and
corresponds to the period of maximum submergence of the
proto-New Zealand landmass (Figure 2, 25 Ma). Cycle 4
consists primarily of carbonate rocks, deposited on extensive
shallow marine platforms, and in deep water. The cycle
contains numerous unconformities, the origins of which
remain enigmatic (see Carter 1985, Carter and Landis 1982,
Fulthorpe et al. 1996). Some of the unconformities may be
erosional, created either by deep-sea currentsthat formed as
the circum-Antarctic current evolved, local uplift (and in
places karstification), or sea-level fall. Others may have
entailed non-deposition and sediment starvation, which could
have resulted from dwindling clastic supply as land areas
were flooded by the sea, or in the case of distal Taranaki

2000 New Zealand Petroleum Conference Proceedings « 19 - 22 March 2000



Basin, by the capture of sediment in an adjacent, rapidly
subsiding proximal foredeep trough (King and Thrasher
1996).

The base of Cycle 4 corresponds to the regional flooding
surface (RFS) of the first-order megacycle (Figure 1). Well-
developed greensands are often present at this stratigraphic
level, indicating a considerable reduction or starvation of
clastic supply caused by therelatively sudden regional marine
transgression. This surface generally coincides with the
Eocene-Oligocene boundary. However, in eastern areas such
as Great South Basin, northern Canterbury Basin and
Marlborough, the transition from clastic-dominated to
carbonate-dominated sedimentation began much earlier, in
keeping with the generally earlier onset of marine
transgression in those areas. In Marlborough a very thick
carbonate interval is present. In most other areas however,
the carbonate-dominated interval is generally very thin
compared with clastic successions above and below, even
though it spans at least 10 m.y. duration.

Regional crustal foundering and marine inundation in the
Oligocene is commonly considered to represent the
culmination of passive margin development. However, by
Oligocenetimes parts of the New Zealand sub-continent were
no longer tectonically quiescent, and slow regional subsidence
was being overprinted by local tectonism associated with
initial development of the Australia-Pacific plate boundary.
This tectonic activity probably accounts for some of the
diverse unconformities present within this second-order cycle.
In Western Southland and probably the West Coast region,
local basin subsidence was controlled by an increasingly
oblique extensional regime (Maoonlight Aulocogen). At the
same time, Pecific Plate subduction had become established
to the northeast of New Zealand (Ballance 1976, Isaac et al.
1994, Herzer 1995). Rapid Oligocene subsidencein Taranaki
Basin could reflect development of the Moonlight Tectonic
Zoneto the south, or incipient subduction of the Pacific Plate
to the east (see King, submitted manuscript).

Cycle 5: Early Miocene

In the earliest Miocene the Alpine Fault evolved as a link
between west-dipping Hikurangi subduction in the northeast,
and Emerald Basin spreading and oblique extension in the
southwest (Figure 2, 20 Ma). The Alpine Fault became the
primary focus of dextral dislocation between the Pacific and
Austraian platesin the New Zealand region. Relative motion
across this plate boundary increased in rate and became
increasingly convergent throughout the Neogene (Wal cott
1978, 1987).

Cycle5istheoldest of three second-order cyclesrecognised
within the Neogene regressive portion of the Cretaceous-
Cenozoic succession. Itsbaseis marked by the first influx of
primarily terrigenous sediments upon the carbonate-
dominated sediments of Cycle 4. This lithologic boundary
corresponds to the downlap surface (DLS) of the first-order
megacycle (Figure1). It marksthe onset of uplift and erosion
of clastic source areas coincident with the inception of the
convergent plate boundary through New Zealand. Although

this lithologic change is fairly abrupt, its age is generaly
only poorly defined, as within the Waitakian to Otaian.

In most areas the basal portion of Cycle 5 is fine-grained,
although sandstones were deposited around the fringes of
rising land areas in Western Southland and Canterbury. In
addition, alternating sandstone and siltstone or flysch-like
seguences were deposited in the Murchison Basin, western
Moutere Depression, and Wairarapa. The first minor pulses
of deep-water sandstone deposition began in eastern Taranaki
and the East Coast (Hawke's Bay and Wairarapa).

Cycle 6: Middle-Late Miocene

The base of Cycle 6 is marked by an unconformity at
approximately the Lillburnian-Waiauan boundary, which
marks a magjor transition in tectono-sedimentary patterns,
particularly in western New Zedland. Thistransition probably
relatesto achangein plate boundary configuration, whichin
turnisindicated by asignificant changein volcanic styleand
orientation in the North Island (Kear 1994, Herzer 1995),
and by theinitiation of subduction along the Puysegur Trench
(Figure 2, 10 Ma). Some of the depositional outcomes of
this event include: a change to terrestrial sedimentation in
the Te Anau Basin, local inversion and erosion on the West
Coast; non-depositionin Marlborough; final reversefaulting
on the Taranaki Basin northeastern margin, followed
immediately by submarine andesitic vol canism and associated
sedimentation. There is no significant event recorded at the
Lillburnian-Waiauan boundary on the East Coast, although a
major intra-Waiauan event is present (Field & Uruski et al.
1997).

Cycle 6 comprises generally coarser-grained deposits than
Cycle5, but is otherwise comparable. Most basins remained
primarily marine, and turbidite deposition became significant
in Taranaki and the East Coast. The most distal deposition
wasin the Great South Basin, although thiswas tempered by
aphase of gentle deformation inthe basin’s northwest corner.
Some areas, such asMarlborough, accumul ated thick bathyal
successions.

Cycle 7: Plio-Pleistocene

Cycle 7 spansthe Pliocene to Recent; itsbaseis marked by a
significant unconformity. The cycle contains a considerable
volume of coarse clastic sediments, and is overall strongly
regressive. These characteristic depositiona signaturesreflect
an increased tempo of convergent margin uplift, erosion, and
outpouring of clastic sedimentsinto most New Zealand basins
during the Plio-Pleistocene. Rotation of the Hikurangi margin
resulted in a southwards shift in the focus of compressionin
western basins, and theinitiation of extensional basinsfurther
north, as well as southward migration and re-orientation of
active arc volcanism. Gradually, increasing dextral
convergence ‘ squeezed’ the proto-New Zealand landmassinto
an elongate belt parallel to the plate boundary, with a
concomitant increase in rates of uplift, erosion, and supply
of clastics to neighbouring basins (Figure 2, 5 Ma).

Cycle 7 is commonly severely disrupted or in places
completely absent as aresult of intra-basinal uplift, erosion,
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and/or non-deposition. In areas such as Taranaki and present-
day offshore Canterbury there was substantial outbuilding
of the continental slope margin and dramatic expansion of
shelf areas. This progradation was significantly enhanced
during periods of glacio-eustatic falls. In some areas,
particularly adjacent to therising Southern Alps (e.g. Moutere
Depression, Canterbury), thick, coarse-grained fluvial
sediments were deposited extensively.

Relationships between tectono-
stratigraphic history and evolution
of petroleum systems

Hydrocarbon generation and accumulation within
sedimentary basinsrelieson thetimely occurrence of several
geological and thermal history conditions. The critical
parametersin any petroleum system include: adequate source,
reservoir, and seal rocks, trap development, burial and heating
of sourcekitchens, and migration of hydrocarbonsinto traps.
The relationships between pal eogeographic evolution of the
New Zealand sub-continent and the broad evolution of
petroleum systems is summarised below, and in Figures 1
and 3. The discussion deals only with broad tectonic events
and depositional facies trends within the second-order
tectono-stratigraphic development of New Zealand’s
Cretaceous-Cenozoic sedimentary basins (Figure 1). It also
only dealswith ahypothetical petroleum system nationwide,
that isacompositederived fromindividual basins, and which
shows the cumulative potential age span of each generic
petroleum system element (Figure 3).

Oil and gas finds

Oil and gas have been discovered in reservoirs of widely
varying agein New Zedland (Figure 3). However, commercial
production has so far only been established in Taranaki Basin,
from reservoirs of Paleocene age or younger. Outside of
Taranaki, hydrocarbons have been recorded in older (i.e.
Cretaceous) reservoir units, as sub-commercial discoveries
(offshore Great South Basin and Canterbury), shows during
drilling, or as surface seeps. Other productive intervals of
note include Late Eocene lacustrine oil shales in western
Southland, and Miocene turbidites in East Coast.

Reservoir Rocks

Most known petroleum reserves are reservoired in Paleogene
shoreline and coastal plain sandstones (Cycles 2-3), in
Taranaki Basin. These sands were deposited in a late rift or
post-rift passive margin setting. All younger reservoir rocks
were deposited contemporaneously with the devel opment of
the convergent plate boundary through New Zealand. They
reflect an increased tectonic tempo and general outpouring
of coarse clastics from rising land areas. In Taranaki, they
includeavariety of lithofacies: Oligoceneforedeep turbidites,
earliest Miocene foredeep limestonesthat have been fractured
by overthrusting, Miocene slope and basin-floor fan
sandstones, Miocene volcaniclastics associated with
submarine volcanoes, and Pliocene shelf sandstones.

A similarly broad range of faciesvariantswith reservoir rock
potential is present within the Cretaceous-Cenozoic
succession elsewhere in New Zealand. Some compelling
reservoir fairway targets include: Cretaceous-Paleogene,
passive margin, coastal plain and shoreline sand tractsin Great
South Basin, Canterbury, and possibly offshore Northland;
Eocene syn-rift, coarse-grained, terrestrial and shallow marine
units in western Southland and West Coast; and Miocene
activemargin, sand-rich, bathyal turbidites and shelf deposits
in East Coast and western Southland.

Seal rocks

Fine-grained clastic rocks (mainly marine) were commonly
deposited during passive margin transgression (Cycles2 and
3), and convergent margin regression (Cycles 5-7). In the
earlier cycles, coarse-clastic supply to basins was
progressively reduced as base level rose and fine-grained
clastic sediments were extensively deposited, particularly in
shelf and deeper marine environments. These rocks are, or
have the potential to be, effective regional sealsfor trapping
hydrocarbons. The onlapping stratal relationshipsalso provide
considerable scope for stratigraphic trapping plays. In
Taranaki Basin, shelf mudstonesact ascap rocksand asintra-
reservoir seals to several marginal marine-terrestrial
sandstone reservoirs.

Mudstones deposited during the Neogene (Cycles 5-7)
represent the eroded and often re-cycled products of older
rocksuplifted dueto plate boundary-rel ated tectonism. These
fine-grained rocks are particularly voluminousin many aress.
In these younger cycleshowever, fine-grained rocks may not
be sufficiently compacted to act as suitable seals.

Between the long-lived periods of clastic mudstone
deposition, fine-grained carbonate-rich rocks (micritic
limestones and cal careous mudstones) werewidely deposited,
largely coincident with the phase of maximum marine
transgression (Cycle 4). The sealing potential of these
limestonesisillustrated in Taranaki Basin, where upper parts
of the Eocene succession are over-pressured beneath regional
Oligocene carbonates.

Source rocks

The oldest potential source rocks are late-Early Cretaceous
coarse-grained clastic rocks of variable carbonaceous content.
These units are largely non-marine, and were deposited in
fault-angle depressions and sub-basins that formed during
Gondwana break-up, mainly in the Canterbury and Great
South Basin regions. Qil shows have been recorded in strata
of thisagein the Great South Basin. Early Cretaceous rocks
of the East Coast are largely marine, but sometimes contain
re-worked carbonaceous detritus.

The most significant source rock intervals occur mainly
within Cretaceous to Eocene syn-rift and passive margin
terrestrial and marginal marine coal measure sequences of
Cycles 2 and 3. These source rock lithologies are present in
all Cretaceous-Eocene basinsin New Zea and except perhaps
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the East Coast, where sediments of this age are typically
deeper-water flysch and shales, and in general are not
considered to be important source rocks (Field & Uruski et
al. 1997). Themaost promising regions of primarily terrestrial
source rock distribution areillustrated in Figure 2.

Younger strata with high organic contents may have source
potential, but have generally not been sufficiently buried to
generate hydrocarbons, or have since been uplifted above
the oil generation window.

A distinctive marine black shale interval (Waipawa
Formation) has significant source potential in the East Coast
and Great South basins, and elsewhere (Figure 2, 55 Mg
after Killops et a. 1996). It typically comprises dark, non-
cal careous, micaceous siltstone deposited within dysaerobic
outer shelf to upper slope depositional environments (Killops
et al. 1996, 1997, 2000, Field & Uruski et a. 1997). The
paleo-environmental significance of the black shale is
enigmatic, but its deposition may be related to changing
oceanic circulation patterns during the latest Paleocene
(Killops et a. 1996).

All Taranaki oils exhibit geochemical evidence of a
contribution from marine source rocks (Killops et al. 1994).
These source rocks were presumably shales deposited
periodically across coastal plain areas during regional post-
rift transgression.

Structural traps

All of thecommercial discoveriesmadeinthe Taranaki Basin
involve structural traps that formed during the Neogene, in
various phases of deformation related to convergent plate
boundary devel opment. Themain trap stylesincludeinverted
anticlines (e.g. Kapuni, Kupefields), and thin-skinned thrusts
(e.g. McKee Field). The giant Maui Field structure formed
through a combination of reverse faulting and doming,
followed by normal faulting along one flank, which
exaggerated the el evation of the structurerelativeto adjacent
potential kitchen areas. Fields such as Kaimiro also have a
hybrid trapping mechanism, involving compression followed
by extension. Volcanic edifices formed the structure of the
Kora discovery offshore, and probably form part of the
trapping mechanism in the onshore Moturoa Field.

Inthe Great South and Canterbury basins, early rift structures
are prominent, as are compactional drape featuresabovefault
block highs. Similar traps are evident in western Southland,
and are related to both Cretaceous and mid-late Eocene
extensional phases in that region. The mgjority of potential
trapping structures in the East Coast and West Coast basins
were formed by convergent tectonics in the Neogene.
Neogene compressional structures are also evident in
northwestern Great South Basin, northern Canterbury Basin,
and in western Southland.

Because of the complex structural evolution of most New
Zealand basins, depositional facies distributions also tend to
be highly complex. As such, a myriad of potential

stratigraphic playsis conceivable. Just two examplesinclude:
pinch-out of transgressive shoreline sandstones onto basement
(and capped by transgressive or highstand mudstones), and
pinch-out of deep-water turbidites onto seabed anticlines.

Overburden, thermal regime, and
maturation

There are several New Zealand basins in which potential
sourcerock areasare overlain by thick sedimentary sections,
such that active generative kitchen areas are likely to have
developed. Ingeneral, thethick, rapidly deposited regressive
successions of Cycles5-7 arethe most important overburden
units for maturation of source rocks. Thick successions
accumul ated in areaswhere tectoni ¢ subsidence of sub-basins
associated with plate boundary evolution was matched by a
substantial influx of eroded clastic detritus, or where a
regressive clastic wedge devel oped across agently subsiding
passive margin.

Thereare several periodsand tectonic episodesin which heat
flow at the base of the sedimentary succession may have been
increased, thereby accel erating source rock maturation. The
first of these episodesinvolves crustal thinning and extension
associated with Gondwana break-up. Similar processes
probably occurred asthe Emerald Basin opened south of New
Zealand inthelate Paleogene, although any increasein basal
heat flow may have been restricted to basinsin the southwest.
Crustal extension in northern New Zealand in the last 5-10
m.y. has also led to locally increased heat flows (e.g.
Armstrong et al. 1996). Vol canism was associated with all of
these extensional episodes. In addition, a series of volcanic
arcs have erupted in the north throughout the Neogene. Intra-
plate volcanism has occurred sporadically throughout the
Cenozoic. Thevolcanism may only have had alocalised effect
on basin heat flows (e.g. Stagpoole and Funnell in press).

The Cretaceous to Paleogene-aged source rocks have
generally only achieved sufficient maturity for oil generation
and expulsion following accelerated burial in the Neogene.
However, in some areas with high rates of Cretaceous syn-
rift basin subsidence and sediment infilling, as well as high
heat flow, buria of source rocks may have been sufficient
for oil generation to have started by the end of the Cretaceous
(e.g.inTaranaki, East Coast), or perhaps earlier (Great South
Basin; see Funnell and Allis 1996, King et al. 1998, their
figure 5). Eocene source rocks have primarily reached
maturity in the Neogene.

Concluding remarks

Depositional trendsin most New Zealand basins are broadly
similar. In the broadest sense the overall sedimentary
succession istransgressive from late Cretaceousto Oligocene
times, and regressive during the Neogene. Subordinate
transgressive and regressive cyclesare also recognisable. The
similarity of faciesarchitecture between basins suggeststhat
certain regiona factors were controlling depositional style
across large areas of the New Zealand sub-continent at any
onetime. In general, sedimentation patternsreflect the crustal
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response to significant plate tectonic eventsin the southwest
Pacific region. Because of therelatively poor correspondence
between global sealevel oscillations and marine onlap/offlap
trends in New Zealand, eustatic controls on depositional
architecture are considered to be subordinate to tectonic
influences.

Thereisacorrelation between tectono-stratigraphic evolution
and petroleum systemsevolutionin New Zealand basins. The
pre-eminent petroleum source rocks are coals and
carbonaceous mudstones, deposited in the late Cretaceous
and Paleogene. Thick coal measure intervals accumulated,
both within rapidly subsiding rift sub-basins, and on low-
lying coastal plains. Peat swamp devel opment was enhanced
by progressively rising baselevel asthe post-rift continental
margin subsided. At the same time, because extensive land
areas still persisted, a considerable volume of coarse clastic
detrituswas also available for deposition. Most of the coarse
clasticsthat weretransported into the seawere deposited close
to the shoreline, due to the “bulldozing” effect of ongoing
marinetransgression. These shoreline sand tractsarelaterally
extensiveand form attractive reservoir play fairwaysin many
basins. Turbidite faciesare acomparatively minor component
of the Late Cretaceous-Paleogene succession, except in the
Marlborough and East Coast areas. Conversely, they form a
significant part of Neogene regressive depositional systems,
and in some areas are the most highly prospective reservoir
intervals within those successions.

There has been considerable tectonic deformation in New
Zealand since the late Eocene, due to development of the
Australia-Pacific plate boundary through the region.
Structura styles are varied, and patterns of late Cenozoic
faulting, uplift, and subsidence within individual basins are
complex. A legacy of thisisthat patterns of sedimentation,
erosion, and re-working are similarly complex. In addition,
heat flow within basins has varied according to the degree of
lithospheric thickening or stretching, and volcanism, and in
responseto denudation and burial. Thesefactorshave affected
the timing and amount of source rock maturation. The net
result is that a large number of trapping and hydrocarbon
charge scenarios are conceivable within New Zealand's
basins. The widely varying size and reservoir age of known
petroleum accumulations are entirely consistent with the
known geologic complexity of these basins. Because of this
complexity, future discoveries can be expected in a variety
of play types, with varying reserve sizes. The discovery of
one or more very large fields remains a distinct possibility.

Acknowledgements

Thisreview paper draws upon the accumul ated contributions
of several researchers at GNS over recent years, including:
G. Browne, B. Field, R. Funnell, R. Herzer, S. Killops, T.
Naish, V. Stagpoole, R. Sutherland, R. Sykes, R. Wood, H.
Zhu. G. Cutress and S. Shaw are thanked for drafting the
figures. D. Darby, R. Sutherland, and S. Duggan reviewed
the manuscript. This paper was funded by the Foundation
for Research, Science and Technology, contract CO5806.

References

Armstrong, PA., Chapman, D.S., Funnell, R.H., Allis, R.G. and
Kamp, P.J.J. 1996. Thermal modelling and hydrocarbon generation
in an active margin basin: the Taranaki Basin, New Zealand.
American Association Petroleum Geology Bulletin, 80: 1216-1241.

Ballance, PF. 1976. Evolution of the Upper Cenozoic magmetic
arc and plate boundary in northern New Zealand. Earth and Planetary
Science Letters, 28: 356-370.

Ballance, PF. 1993. The paleo-Pacific, post-subduction, passive
margin thermal rel axation sequence (L ate Cretaceousto Paleogene)
of thedrifting New Zealand continent. In: Ballance, PF. (Ed) South
Pacific Sedimentary Basins, Sedimentary Basins of the World 2,
Elsevier: 93-110.

Carter, R.M. 1985. The mid-Oligocene Marshall paraconformity,
New Zealand: coincidencewith global eustatic sea-level fall or rise?
Journal of Geology, 93: 359-371.

Carter, R.M. and Landis, C.A, 1982. Oligocene unconformitiesin
the South Island. Journal of the Royal Society, 12: 42-46.

Carter, R.M. and Norris, R.J., 1976. Cainozoic history of southern
New Zealand: an accord between geological observationsand plate
tectonic predictions. Earth and Planetary Science Letters, 31: 85-
%4,

Cook, R.A., Zhu, H. and Sutherland, R. 1999. Cretaceous - Cenozoic
Geology and Petroleum Systems of the Great South Basin, New
Zealand. Institute of Geological and Nuclear Sciences monograph
20.

Crampton, J.S., Beu, A.G., Campbell, H.J., Cooper, R.A., Morgans,
H.E.G., Raine, J.I., Scott, G.H., Stevens, G.R., Strong, C.P. and
Wilson, G.J. 1995. An interim New Zealand geological time scale.
Institute of Geological & Nuclear Sciences Limited, science report
95/9.

Field, B.D. and Browne, G.H. et al. 1989. Cretaceous and Cenozoic
Sedimentary Basins and Geological Evolution of the Canterbury
Region, South Island, New Zealand. NZ Geological Survey Basin
Studies 2. DSIR, Wellington.

Field, B.D. and Uruski, C.I. et al. 1997. Cretaceous-Cenozoic
Geology and Petroleum Systems of the East Coast Region, New
Zealand. Institute of Geological and Nuclear Sciences monograph
19, 301p, 7 enclosures. Lower Hutt, New Zealand.

Fulthorpe, C.S., Carter, R.M., Miller, K.G. and Willson, J. 1996.
Marshall Paraconformity: a mid-Oligocene record of inception of
the Antarctic-Circumpolar Current or coeval glacio-eustatic
lowstand? Marine and Petroleum Geology, 13: 61-77.

Funnell, R.H. and Allis, R.G. 1996. Hydrocarbon maturation
potential of offshore Canterbury and Great South Basins. 1996 New
Zealand Petroleum Conference Proceedings. Ministry of Commerce,
Wellington: 22-30.

Gaina, C., Muller, D.R., Royer, JY., Stock, J., Hardebeck, J., and
Symonds, P. 1998. Thetectonic history of the Tasman Sea: apuzzle
with 13 pieces. Journal of geophysical research, 103(B6):12,413-
12,433.

Hag, B.U., Hardenbol, J. and Vail, PR. 1987. Chronology of
fluctuating sealevels since the Triassic. Science, 235: 1156-1167.

Herzer, R.H. 1995. Seismic stratigraphy of a buried volcanic arc,
Northland, New Zealand and implications for Neogene subduction.
Marine and Petroleum Geology, 12: 511-531

2000 New Zealand Petroleum Conference Proceedings ¢ 19 - 22 March 2000



Herzer, R.H., Chaproniere, G.C.H., Edwards, A.R., Hollis, C.J,
Pelletier, B., Raine, J.I., Scott, G.H., Stagpoole, V., Strong, C.P,
Symonds, P, Wilson, G.J. and Zhu, H. 1997: Seismic stratigraphy
and structural history of the ReingaBasin and its margins, southern
Norfolk Ridge system. New Zealand journal of geology and
geophysics, 40: 425-451.

Isaac, M.J., Herzer, R.H., Brook, FJ. and Hayward, B.W. 1994.
Cretaceous and Cenozoic Geology of Northland, New Zealand.
Institute of Geological and Nuclear Sciences monograph 8.

Kamp, PJ.J. 1986a. The mid-Cenozoic Challenger Rift system of
western New Zealand and itsimplications for the age of the Alpine
Fault inception. Geological Society of America Bulletin, 97: 255-
281.

Kamp, P.J.J. 1986b. L ate Cretaceous-Cenozoic tectonic devel opment
of the Southwest Pacific region. Tectonophysics, 121: 225-251.

Kear, D. 1994. A “least-complex” dynamic model for late Cenozoic
volcanism in the North Island, New Zealand. New Zealand Journal
of Geology and Geophysics, 37: 223-236.

Killops, S.D., Woodhouse, A.D., Weston, R.J. and Cook, R.A., 1994,
A geochemical appraisal of oil generation in the Taranaki Basin,
New Zeal and. American Association of Petroleum Geology Bulletin,
78: 1560-1585.

Killops, S.D., Morgans, H.E.G. and Leckie, D.A. 1996. The
Waipawa Black shale - a ubiquitous super source rock? In:
Proceedings of the 1996 New Zealand Petroleum Conference.
Ministry of Commerce, Wellington. p. 12-21.

Killops, S.D., Cook, R.A., Sykes, R. and Boudou, J.P. 1997.
Petroleum potential and oil-source correlation in the Great South
and Canterbury Basins. New Zealand Journal of Geology and
Geophysics, 40: 405-423.

Killops, S.D., Hallis, C.J., Morgans, H.E.G., Sutherland, R., Field,
B.D., Leckie, D.A., 2000. Paleo-oceanographic significance of Late
Paleocene dysaerobiaat the shelf/slope break around New Zealand.
Paleogeography Paleoclimatology Paleoecology, 156: 51-70.

King, P.R. submitted manuscript: Tectonic re-constructions of New
Zedland: 40 Mato present. New Zealand Journal of Geology and
Geophysics.

King, PR. and Thrasher, G.P, 1996, Cretaceous-Cenozoic Geology
and Petroleum Systems of the Taranaki Basin, New Zealand. Institute
of Geologica and Nuclear Sciences monograph 13.

King, PR., Cook, R.A., Field, B.D., Funnell, R.H., Killops, S.D.
and Sykes, R., 1998. Petroleum systems of the Taranaki, East Coast
and Great South Basins. In: 1998 New Zealand Petroleum
Conference Proceedings, Ministry of Commerce, Wellington: 71-
80.

King, PR., Naish, T.R., Browne, G.H., Field, B.D., Edbrooke, S.W.
1999: Cretaceous to Recent sedimentary patternsin New Zealand.
Institute of Geological and Nuclear Sciencesfolio series 1, version
1999.1.

King, PR,, Field, B.D., Sutherland, R., Wood, R.A. and Zhu, H.
1999: Late Cretaceous-Early Cenozoic foundering of the New
Zealand sub-continent. . Geological Society of New Zealand annual
conference, Palmerston North, Programme and Abstracts.
Geologica Society of New Zealand miscellaneous publication
107A: 81.

Laird, M.G. 1981. The late Mesozoic fragmentation of the New
Zealand segment of Gondwana. In Cresswell, M.M., Vella, P. (Eds)
Gondwana Five: Proceedings of the Fifth International Gondwana
Symposium, Wellington, Feburary 1980: 311-318. Balkema,
Rotterdam.

Laird M.G. 1993. Cretaceous continental rifts: New Zealand Region.
In: Ballance, P.F. (Ed) South Pacific Sedimentary Basins,
Sedimentary Basins of the World 2: 37-47, Elsevier, Amsterdam.

Laird, M.G. 1994. Geological aspects of the opening of the Tasman
Sea. In: vander Lingen, G.J., Swanson, K.M., Muir, R.J. (Eds) The
evolution of the Tasman Sea Basin: proceedings of the Tasman Sea
conference, Christchurch, New Zealand, 27-30 November 1992: 1-
17. Bakema, Rotterdam.

Lamarche, G., Collot, }Y, Wood, R.A., Sosson, M, Sutherland, R.,
and Ddlteil, J., 1997. The Oligocene-Miocene Pacific-Austraiaplate
boundary, south of New Zealand: Evolution from oceanic spreading
to strike-dlip faulting. Earth and Planetary Science L etters, 148: 129-
139.

Matthews, E.R., Brand, R.P,, Buchan, R.J., Jamieson, W.A., Jones,
N.T., and Mills, K.L. 1998. Exploration of the area west of Maui
Field, Taranaki Basin, New Zealand. In 1998 New Zealand
Petroleum Conference proceedings: 89-100. Ministry of Commerce,
Wellington.

Morgans, H.E.G., Scott, G.H., Beu, A.G., Graham, 1.J., Mumme,
T.C., St George, W and Strong, C.P. 1996, New Zealand Cenozoic
Timescale, Institute of Geological and Nuclear Sciences Science
Report 96/38, Institute of Geological and Nuclear SciencesLimited,
Lower Hutt, New Zealand.

Mitchum, R.M. Jr. and van Wagoner, J.C. 1991. High-frequency
sequences and their stacking patterns: sequence-stratigraphic
evidence of high-frequency eustatic cycles. In: Biddle, K.T. and
Schlager, W. (Eds). Therecord of sea-level fluctuations. Sedimentary
Geology, 70: 131-160.

Nathan, S., Anderson, H.J., Cook, R.A., Herzer, R.H., Hoskins, R.H.,
Raine, J.I. and Smale, D. 1986. Cretaceous and Cenozoic
sedimentary basins of the West Coast Region, South Island, New
Zealand. NZ Geologica Survey Basin Studies 1. New Zealand
Geological Survey, DSIR, Wellington.

Norris, R.J., Carter, R.M. and Turnbull, |.M. 1978. Cainozoic
sedimentation in basins adjacent to a major continental transform
boundary in southern New Zealand. Journal of the Geological
Society of London, 135: 191-205.

StagpooleV.M. and Funnell, R.H. in press. Hydrocarbon generation
from Miocene magmatism in the northern Taranaki Basin, New
Zealand. Submitted to Petroleum Geoscience.

Stock, J. and Molnar, P. 1982. Uncertaintiesin therelative positions
of theAustralia, Antarctica, Lord Howe and Pacific plates since the
Late Cretaceous. Journal of Geophysical Research, 87: 4679-4714.

Stock, J. and Molnar, P. 1987. Revised history of early Tertiary plate
motion in the southwest Pacific. Nature, 325: 495-499.

Sutherland, R.S. 1995. TheAustralia-Pacific boundary and Cenozoic
platemotionsin the SW Pacific: Some constraintsfrom Geosat data.
Tectonics, 14: 819-831.

Thrasher, G.P. 1990. Tectonics of the Taranaki Rift. In: 1989 New
Zealand Oil Exploration Conference proceedings: 124-133. Ministry
of Commerce, Wellington.

2000 New Zealand Petroleum Conference Proceedings « 19 - 22 March 2000



Turnbull, I.M. and Uruski, C.|. et a. 1993. Cretaceous and Cenozoic
sedimentary basins of Western Southland, South Island, New
Zedland. Ingtitute of Geological and Nuclear Sciences monograph 1.

Vail, PR., Audemard, F., Bowman, S.A., Einser, PN. and Perez-
Cruz, C. 1991. The stratigraphic signatures of tectonics, eustacy
and sedimentology - an overview. In: Einsele, G., Ricken, W. and
Seilacher, A. (Eds.), Cycles and Events in Stratigraphy: 617-659.
Springer-Verlag, Berlin Heidleberg.

Walcott, R.l. 1978. Present tectonics and Late Cenozoic evolution
of New Zealand. Geophysical journal of the Royal Astronomical
Society, 52: 137-164.

Author

Walcott, R.I. 1987. Geodetic strain and the deformational history
of the North Island of New Zealand during the late Cainozoic.
Philosophical transactions of the Royal Society of London, A321:
163-181.

Wood, R.A., Andrews, PB., Herzer, R.H. 1989. Cretaceous and
Cenozoic Geology of the Chatham Rise Region, South Island, New
Zedland. New Zealand Geological Survey Basin Studies 3. New
Zedland Geological Survey, DSIR, Lower Huitt.

Wood, R.A., Lamarche, G., Herzer, R.H., Delteil, J. and Davy, B.W.
1996. Paleogene seafloor spreading in the southeast Tasman Sea.
Tectonics, 15: 966-975.

PETER KING joined the Institute of Geological and Nuclear Sciencesin 1984 as a sedimentary basin analyst and stratigrapher.
He previoudly worked as a Production Geologist in Oman with Shell International . He isthe senior author of two monographs
on the Taranaki Basin, and isaregular contributor to the New Zealand Petroleum Exploration conference. Peter graduated in
1978 with an MSc (Hons.) degree in Earth Sciences from the University of Waikato, and in 1998 was awarded a DSc degree
from the same university for hiswork on Taranaki Basin geology.

2000 New Zealand Petroleum Conference Proceedings ¢ 19 - 22 March 2000



