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APPENDIX I: GEOLOGICAL SETTINGS AND NEW ZEALAND PETROLEUM SYSTEMS 

I.I Tectonic development and sedimentary rocks of New Zealand 

New Zealand sedimentary basins are younger than Early Cretaceous, most of them are 

composite basins resulting from multiple evolutionary phases and sediment deposition. The 

basin evolution can be divided (from oldest to youngest) into rifted margin, passive margin 

and convergent margin episodes. The paleogeographic and tectonic development of New 

Zealand, given in FIGURE I-I, have been reconstructed by KING ET AL., 1999 and KING, 2000. The 

generalised stratigraphy of New Zealand sedimentary basins is summarised in FIGURE I-II (AFTER 

KING ET AL., 1999). 

Rifted margin 

• The initial formation of rift basins started since the time Gondwana broke up (mid-

Cretaceous) and Tasman See spreading in late Cretaceous and Paleocene. The late 

Cretaceous basins in western New Zealand formed part of a rift transform zone 

linked to the Tasman spreading ridge (FIGURE I-IA). Paralic and shallow marine 

conditions in Late Cretaceous resulted in the extensive deposition of coal measures 

and transgressive sands. These sediments are volumetrically significant in the New 

Zealand basins. For examples, in the Great South Basin the Cretaceous and 

Paleocene rocks of the Hoiho and Pakaha groups, ~ 5km thick, comprise two-thirds 

of the total solid volume of sediments in the basins. Rift-related sediments are 

important components of petroleum system in the New Zealand region. In the 

Taranaki Basin, hydrocarbons, sourced from Cretaceous and early Cenozoic strata, 

are trapped in Paleocene and Eocene coastal facies sands in the Maui, Kupe and 

Kapuni fields. 

Passive margin 

• The spreading of the Tasman Sea ends at early Eocene, the New Zealand sub-

continent continued to drift away from Antarctica until the Middle Eocene, and was 

remote from any plate boundary. The early Paleocene was a period of comparative 

tectonic quiescence, basin development was characterised by regional post-rift 
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thermal subsidence, and widespread marine transgression (FIGURE I-IB). It decreases 

the land area and reduces the supply of clastic material to sedimentary basins. 

 
Figure I-I: Paleogeographic and tectonic development maps for New Zealand based on 

reconstructions referenced to present day coastlines (in bold) and 2000m (dashed 

line). Taranaki Basin (TB), East Coast Basin (ECB) and Great South Basin (GSB) are 

marked on each map (after King et al., 1999). 
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Figure I-II: Generalised chronostratigraphic diagram for New Zealand sedimentary basins 

showing major geological events (after King et al., 1999) 
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Convergent margin 

• The initial see floor spreading in the Emerald Basin began in the Middle and Late 

Eocene. It marked the initial development of the present-day Australia-Pacific plate 

boundary in the New Zealand region (FIGURE I-IC). Pacific Plate subduction began to 

impinge upon northern New Zealand from mid-Oligocene. See-floor spreading 

propagates northwards, causing extensional basins to form the southern New Zealand 

during late Eocene- Oligocene. Marine transgression continued, marine mud and 

carbonates were the main depositions. In most areas, the carbonate-dominated 

interval is generally very thin (~ 100m) compared with clastic successions above and 

below, even though it spans ten million years. 

• Early Miocene is characterized by convergent margin evolution. Regional subsidence 

and obduction of Cretaceous and Paleogene sediments, and reverse faulting occurred 

in the Northland and Taranaki basin. Back-arc extension and local volcanism ensued, 

and has continued to the present day. At the same time the Alpine Fault evolved to 

form a link between westward dipping subduction in the north and spreading and 

oblique extension in the southwest (FIGURE I-ID). During early Miocene, land area is 

small and clastic sedimentation is limited. Shelf and bathyal carbonated deposition is 

predominates.  

• During the Neogene, the Alpine Fault became the primary focus of dextral 

dislocation between the Pacific and Australian plates in the New Zealand region 

(FIGURE I-I D, E, F). As the Australia-Pacific rotation pole migrated progressively 

southward, spreading in the Emerald Basin became increasingly oblique until it was 

superseded by strike-slip motion and subduction of the Australian Plate beneath the 

Pacific Plate (FIGURE I-IE). In the north, the Hikurangi subduction zone rotated 

clockwise through 90° with the Kermadec Trench translating eastwards. The 

Neogene succession is characterized by a wide range of sedimentary facies, ranging 

from coastal plain sands to slope and bathyal limestones, including volcanic clastic. 

In most New Zealand basins, the Neogene succession is generally thick, it accounts 

about half the total solid volume of sediments in the Taranaki Basin. The interval 

characteristically reflects the progressive infilling of new and previously formed 

marine basins and progradation of continental shelves (STAGPOOLE ET AL., 2002). 
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• Since the Middle Miocene, the rate of convergence across the plate boundary has 

accelerated, resulting in increasingly rapid uplift, erosion and sedimentation, and 

widespread basin inversions (FIGURE I-IF). The major present-day sediment 

accumulations occur in northwest and southeast New Zealand (Taranaki and Great 

South basins).  

I.II Petroleum potential and petroleum system in New Zealand 

All the prospective basins close to New Zealand are characterized by rapid subsidence 

in the Cretaceous and early Cenozoic. The terrestrial sediments, which filled the basins at this 

time, form the predominant source rocks in many basins. Marine inundation in the Early 

Tertiary led to the deposition of shoreline sands followed by marine silts and muds. These 

transgressive shoreline systems are the most productive reservoir rocks, while overlying silts, 

muds and carbonates form good seals. Widespread uplift and erosion as the convergent plate 

margin developed through New Zealand in the Neogene supplied large quantities of sediment 

to most basins, and the deformation associated with this tectonism produced many structural 

traps. The rapid burial enhanced hydrocarbon generation and expulsion in basin. 

Source rock  

The source rock of New Zealand oils encompass a wide range of depositional 

environments, from fully terrestrial (coals), to open marine, but most exhibit mixed terrestrial 

and marine influences (KILLOPS, 1996). Terrestrial rocks that are Late Cretaceous and Eocene, 

occurring within both syn-rift and transgressive coastal plain settings, are known to be the 

source rocks of most current hydrocarbon production in New Zealand. Biomarker 

relationships indicate that marine sources also occur in both Cretaceous and Paleocene rocks. 

Marine rocks with some source potential, most notably the Waipawa Formation black shale 

and its equivalents are found in most sedimentary basins in New Zealand. It appears to have 

been deposited in deep water, on the upper continental slope (COOK ET AL., 1999). 

KILLOPS (1996) have summarized that the Late Cretaceous coals as the source of oils are 

found in the Grey River, Canterbury and Taranaki basin, although there is also a small marine 

influence in all but the Grey River Basin oils. Marine-sourced oils of mid to Late Cretaceous 

age predominantly occur in the East Coast Basin. Mid-Cretaceous coaly sediments are the 

source of most oils in the Great South and Canterbury basins, and some oils presenting in 

northern Taranaki Basin. The Eocene source rocks (predominantly coaly) have generated oils 



 
 

217

in the Taranaki and Murchison basins. Paleocene oils generated from terrestrial source rocks 

are found in the Taranaki Basin, meanwhile, the Paleocene marine oils are present in both 

Taranaki and East Coast basins.  

Reservoirs 

Potential reservoir rocks are present throughout the stratigraphic record. The most 

productive reservoir rocks are in Paleogene transgressive shoreline systems and a variety of 

facies belts within Neogene clastic depocentres. Oligocene and Early Miocene limestone with 

high fracture permeability is a prolific oil reservoir in the Taranaki Basin, and younger 

coquina limestone in the East Coast Basin also have favourable reservoir characteristics. Late 

Cretaceous transgressive shoreline sands are also viable, but untested reservoirs. 

Seals  

Seal rocks in most basins are widespread marine mudstones that were deposited during 

both the passive margin transgressive phase and the regressive convergent margin phase. The 

Oligocene and Early Miocene limestones that were not fractured during Neogene tectonism 

form seals in many basins, such as Western Southland, West Coast and Northland basins. In 

Western Southland Basins, the marine mudstone of Oligocene and Miocene are widespread 

and reaches 3000m in thickness in the onshore of Waitutu Basin. This mudstone, however, is 

interrupted by submarine fan sandstones in places along basin margins. It could reduce the 

effectiveness of seals in these areas. On the contrary, seals are seldom a problem in the 

Taranaki Basin because of the generally thick, fine-grained overburden formations. The 

Paleogene mudstone unit is mapped as the Kapuni/Moa Group in Taranaki, and it forms the 

top seals of hydrocarbon-bearing reservoirs. In the Northland Basin, this unit is much thicker 

and more extensive suggesting that seal forming rocks are widespread in this area (CROWN 

MINERALS, 2000).  

Overbunden 

There are two important periods of sedimentation resulted in substantial burial in New 

Zealand. The first phase is the Late Cretaceous rifting that produced grabens several 

kilometres deep that rapidly filled with sediments. During the Late Cretaceous and Early 

Tertiary, the hydrocarbon generation began in the deepest of these basins. A second phase of 

rapid sedimentation occurred in many basins during the Neogene when the development of 
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the plate boundary through New Zealand caused rapid uplift and erosion. Very high Neogene 

sedimentation rates, in excess of 1000 m/m.y., have occurred in some basins. For example, 

deposition of the Giant Foresets Formation in the Taranaki Basin since the end of the 

Miocene, increased the overburden thickness by as much as 2000 m over much of the basin in 

just 3 m.y. The volume of the Giant Foresets Formation is greater than the present day volume 

of the New Zealand landmass. 

Traps  

To date, all commercial hydrocarbon accumulations encountered in New Zealand 

occur in structural traps formed in the Neogene. In the Taranaki and East Coast basins the 

most prospective traps include thrust-controlled anticlines, overthrusts, inversion structures 

and normal fault-bounded blocks. Other leads include pinch-outs and drape-folds on high 

standing basement blocks, which are common in Northland and Great South basins. In the 

Great South Basin, fault traps associated with Cretaceous normal faults, sediment drapes 

formed during post-rift subsidence and controlled by the location of mid-Cretaceous structural 

highs, and anticlines formed during Tertiary shortening along the northwest margin of the 

basin (COOK ET AL., 1999). In the East Coast Basin where smectitic mudstones are common, 

daipiric structures may also form traps. 

Generation, Migration and Accumulations  

Thermal modelling studies predict that over most of New Zealand the present day 

depth of source rocks for oil expulsion requires burial of more than about 4000 m. Some 

hydrocarbons were possibly expelled in the deepest parts of basins as early as the Late 

Cretaceous, but in many basins the present day mature kitchen areas are essentially confined 

to areas where there has been significant Neogene deposition. In general, deepest source rocks 

comprise type III terrestrial sources, and younger overlying rocks are type II marine sources. 

Migration paths from source rocks to reservoirs are poorly understood in New Zealand 

basins, and in basins where there has been a lot of deformation, there is uncertainly about the 

importance of faults as pathways for hydrocarbons. In the Taranaki Basin, biomarker 

relationships indicate reservoirs are charged from nearby source rocks, so it seems that 

secondary lateral migration distances are limited. 
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Potential traps and seal rocks are abundant at all levels in most basins in New Zealand. 

Many untested structural closures are potentially larger than the giant Maui field in the 

Taranaki Basin. The critical moment for the petroleum systems, when all prerequisite 

geological factors for the charging of traps begins, is predicted to be in the Eocene and 

Oligocene for the Great South, West Coast and Western Southland basins, and in the Neogene 

for all other basins. 


