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Abstract 

Raukumara Basin lies beneath Raukumara Plain and Raukumara Peninsula, north-eastern North 

Island, New Zealand. Published work has established a megasequence seismic-stratigraphic 

framework for the basin, which contains an estimated sediment thickness of >13 km. Seismic 

surveys in 2007 and 2011 acquired 4,500 line km of high-quality seismic data. This study uses both 

the 2007 and 2011 survey and is the first study to map the four megasequences (RAU-MS-W, 

RAU-MS-X, RAU-MS-Y, and RAU-MS-Z) across the basin using the combined dataset. 

The basin evolved through four tectonic phases, with each megasequence relating to a phase: 

Gondwana margin subduction (RAU-MS-W; Cretaceous); passive margin burial (RAU-MS-X; 

Cretaceous-Oligocene); allochthon emplacement during inception of the Hikurangi subduction 

margin (RAU-MS-Y; Early Miocene); and subduction margin underplating, deformation and 

volcanism (RAU-MS-Z; Miocene-Recent). 

Petroleum source rocks are inferred to be correlatives of the Whangai and Waipawa Formations 

and possibly the Karekare Formation, mapped as sequences within RAU-MS-X. Reservoir rocks are 

Eocene, Oligocene and Miocene Sandstone and landslide facies (upper RAU-MS-X, RAU-MS-Y, and 

RAU-MS-Z). Seal units are mudstones that are inferred to be widespread in RAU-MS-X and RAU-

MS-Z, and the basal detachment surface or internal faults within RAU-MS-Y. 

The critical moment for the petroleum system is within the Early Miocene, after emplacement of 

RAU-MS-Y and during initial deposition of RAU-MS-Z. The inception of tectonic activity during the 

Eocene–Early Miocene created sedimentary source areas for reservoir sandstones as topography 

and structures formed. 

Four play concepts were identified. An anticlinal play in RAU-MS-X has an inferred Eocene 

sandstone reservoir and a mudstone seal. An unconformity play, with truncation of RAU-MS-X 

against the base of RAU-MS-Y that juxtaposes a potential Oligocene sandstone reservoir against 

an Early Miocene fault seal. An allochthon play within RAU-MS-Y that has possible sandstone 

reservoir units of Cretaceous–Eocene age enhanced by fracture permeability, and sealed by an 

overlying marine mudstone of RAU-MS-Z. A basal sandstone play with Early Miocene sandstone or 

conglomerate reservoir at the base of RAU-MS-Z, channelled into and contained by troughs on 

the top surface of RAU-MS-Y, and sealed by mudstone. 

I suggest that Raukumara Basin is likely to contain all the elements of a petroleum system, but the 

qualities of reservoir and source rocks are identified as significant risks. The basin is unusual for 

New Zealand because the basin is history is inferred to be entirely marine, which may mean that 

source rocks could be oil-prone (type 2) and that oil: gas ratios may be higher than in other New 
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Zealand petroleum provinces. Onshore oil seeps are consistent with this conclusion and suggest 

that the offshore region could be prospective. The basin is relatively slightly deformed, as 

compared to farther south and onshore, and may hence host large accumulations of petroleum. 
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1 Introduction 

1.1 General introduction 

Raukumara Basin is an offshore sedimentary basin located along the north eastern coast of North 

Island, New Zealand. It has the Havre Trough as its western boundary and the East Cape Ridge as 

its eastern boundary. Seismic reflector data images strata that record the last ~110 million years 

of sediment deposited within the basin (Fig. 1.1 (Sutherland et al., 2009) & Fig. 1.2 (NZP&M, 

2016)). 

The Raukumara Basin is a remarkably undeformed basin, considering it is located along the north 

eastern coast of the active subduction margin of the North Island, New Zealand. The basin itself 

lies underneath the Raukumara Plain. Early seismic reflector and refraction data identified a linear 

northeast to southwest trending basin, with basement lying at ~6 s TWT (Gillies and Davey, 1986). 

Further seismic reflector data in 1990 led to the identification of a thick sedimentary fill of ~13 km 

(Davey et al., 1997). The RAU07 survey contracted by New Zealand Petroleum and Minerals 

continued the exploration of the Raukumara Basin. This survey better defined the basic 

parameters of the basin.  

The Raukumara Basin formation coincides with the formation of both the East Coast and Pegasus 

Basins. The East Coast Basin originally formed during the Early Cretaceous as series of continuous 

depocentres, along the ancient Gondwana subduction margin. The separation of the three basins 

occurred during the Neogene, with the southward propagation of subduction along the Hikurangi 

Trench (Ballance, 1976; Rait et al., 1991). This caused the separation of Raukumara Basin from the 

East Coast Basin by the newly formed East Cape Ridge. Deposition and lithology in both basins is 

similar, with deformation being much more prominent in the East Coast Basin during the Neogene 

(Burgreen and Graham, 2014; Burgreen‐Chan et al., 2015). 

The basin itself covers an area of at least 25,000 km2 and is approximately 100 km long. The width 

of the basin tapers from approximately 100 km in the south to <50 km in the north. From the shelf 

edge, the slope descends to around 2,000 m and the basin lies between the 2,000 to 3,000 metres 

water depth range, underneath the Raukumara Plain. Past research has identified the presence of 

three broad megasequences (X, Y and Z), with the possibility of a fourth megasequence (W), 

which are used to represent the sediment fill within the Raukumara Basin (Stagpoole et al., 2008; 

Sutherland et al., 2009). 

There has been relatively little exploration within the Raukumara Basin, with current geological 

knowledge limited to sparse 2D seismic reflector lines. The onshore Raukumara Peninsula 
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provides a possible outcrop analogue for the sedimentary architecture within the offshore basin. 

As there are no deep petroleum exploration wells that have been drilled within the basin, this 

coupling of both the seismic reflector data and onshore stratigraphy is of vital importance to best 

understand the Raukumara Basin. 

This thesis was made possible by the recent acquisition of data by Petrobras. Data were made 

available after Petrobras relinquished Petroleum Exploration Permit (PEP) 52707 in August 2012, 

with the release of Petroleum Report (PR) 4583. These data were used in conjunction with older 

data to form an overall picture for the basin. 

1.2 Project Aims 

The aim of this thesis is to use seismic reflector data from the RAU07 survey and expand the 

seismic stratigraphic model for the Raukumara Basin. This can then be used to make 

lithostratigraphic correlations to onshore geology. A basin history will be developed and hence 

investigate potential petroleum systems within the basin. 

Key seismic horizons were mapped across the Raukumara Basin, separating sequences within the 

three broad megasequences that have already been defined. The development of a fourth 

(Megasequence W) was also included during this initial mapping stage. 

Development of petroleum system concepts was undertaken to assess play types within 

Raukumara Basin. This involved assessing previous exploration ideas and developing these with 

the seismic mapping and basin history model I had developed. 
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Figure 1.1: Location of Raukumara basin (red infilled area) between the Hikurangi 
Margin and Havre Trough, demonstrating currently interpreted seismic lines. The 
Raukumara Peninsula (RP), Coromandel Peninsula (CP) and Taupo Volcanic Zone 
(TVZ) are also labelled, with dashed line representing the East Cape Ridge 
(modified from Sutherland et al., 2009). Offshore seismic lines are displayed: 
OGS90 (orange), 05CM (magenta) and Rau07 (black). Yellow diamonds represent 
significant Holocene volcanic centre locations (Wright et al., 1996; de Ronde et 
al., 2001; Wright et al., 2006; De Ronde et al., 2007). Black arrows represent the 
long-term motion of the Pacific Plate in millimetres per year (DeMets et al., 
1994) and short-term (GPS) motion of the fore arc, also in millimetres , relative 
to the Australian plate. Bathymetric contours are at 1000 m intervals.  
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Figure 1.2: East Coast Province geological map, with the Raukumara Basin 
identified. The present day Hikurangi Margin  is also displayed (NZP&M, 2016). 
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1.3 Tectonic History 

The development of Raukumara Basin along with other basins surrounding the current New 

Zealand continent, were solely formed from tectonically driven forces. The development of 

Raukumara Basin can be described in three key stages: Early Cretaceous Gondwana margin 

subduction, passive margin, onset of the subduction and the development of the Hikurangi-

Kermadec modern day subduction zone (King, 2000). 

Over the last 100 million years the New Zealand subcontinent evolved from an intra-continental 

rift to a convergent margin orogenic belt (King, 2000). Raukumara Basin’s tectonic history can be 

divided into four main phases; Gondwana margin subduction, a passive margin setting, the onset 

of subduction in northern New Zealand and the movement towards the current Australia-Pacific 

plate boundary (Fig. 1.3) (Sutherland et al., 2009).  

Tectonic history within the Raukumara Basin and Peninsula is interpreted to begin with Early 

Cretaceous Gondwana margin subduction. Sediment that was deposited during this period is 

highly tectonised. The Cretaceous Gondwana trench slope is likely to be preserved in the west of 

the basin (Sutherland et al., 2009) and similar to Torlesse Composite Terrane found onshore 

(Mazengarb and Harris, 1994; Mazengarb and Speden, 2000).  

Subduction is inferred to have ceased at ~105 Ma, with the convergent margin setting along the 

Gondwana margin being abruptly replace by crustal extension. The change in tectonic 

environment is attributed to two possible mechanisms (Laird and Bradshaw, 2004). Models from 

both Bradshaw (1989) and Ludendyk (1995) state that the New Zealand continental crust became 

attached to the receding Pacific Plate, and this attachment led to crustal extension developing 

directly after the end of subduction. The increased uplift and erosion associated with this tectonic 

environmental change formed a New Zealand-wide angular unconformity (Laird and Bradshaw, 

2004) 

From 105–85 Ma, widespread rifting is seen in all basins around New Zealand. However, the 

Raukumara Peninsula does not display this rifting, with subduction continuing until latest Albian 

times (Laird and Bradshaw, 2004). Stratigraphic and structural analysis of the Raukumara 

Peninsula supports this notion that subduction-driven deformation and thrust faulting continued 

until 85 Ma (Mazengarb and Harris, 1994).  

By 83-79 Ma, the southern margin of New Zealand had separated away from Gondwana, creating 

an isolated New Zealand continent (Laird, 1993; King and Thrasher, 1996). Following this, New 

Zealand subsided passively, which led to the progressive flooding of the land area (King, 2000). 



6 
 

From 55–45 Ma, the Hikurangi Plateau had its initial impact on the plate boundary. During this 

time there was a change in the azimuth of the Pacific/Australia relative plate motion vector along 

the outer (eastern) subduction zone in the South west Pacific. This caused the western tip of the 

Hikurangi Plateau to impinge on the plate boundary. By 40 Ma, the western tip was well within 

the New Zealand plate boundary zone (Reyners, 2013). 

Westward-dipping subduction at the proto Tonga-Kermadec Trench started at c. 45 Ma (Müller et 

al., 2000), and this extended into northern New Zealand, with reverse faulting and shortening 

dominated in the overlying plate (Stagpoole and Nicol, 2008). During this period, the crustal 

volume balance in the New Zealand region was accounted for by erosion and sedimentation up 

until c. 25 Ma (Wood and Stagpoole, 2007). 

From 25 Ma, the continued impingement of the Hikurangi Plateau led to a change in the tectonic 

environment, with the development of the modern-day Hikurangi-Kermadec subduction system. 

With an increase in the land area and non-rigid deformation of a large region in the centre of the 

New Zealand continent, a 5 million year period of thrusting began in the North Island, New 

Zealand (Rait et al., 1991; Reyners, 2013). The emplacement of both the Northland and East Coast 

Allochthons occurred during this period (Reyners, 2013).  

The formation of the Alpine Fault c. 23 Ma allowed the plate boundary to extend through both 

the North and South Islands of New Zealand. In the North Island, oblique subduction of the Pacific 

plate underneath the Australian plate is presently accommodated, with continental collision and 

strike-slip along the Alpine Fault in the South Island occupied with the margin (Nicol et al., 2007). 

The Hikurangi Plateau rotated eastwards to its current position. The role of this plate convergence 

leads to both back arc volcanism to the west and a fore arc setting within the Raukumara Basin 

that continues today (Ballance, 1993; Sutherland et al., 2009).  
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1.4 Onshore Lithostratigraphy 

The onshore geology of the Raukumara Peninsula is of vital importance as a correlative tool to the 

seismic stratigraphy that is developed in the offshore setting of the Raukumara basin. In this 

section, stratigraphy is broken into lithostratigraphic names (Fig. 1.4). 

1.4.1 Torlesse Supergroup 

The Early Jurassic and Late Cretaceous Pahau Terrane  of the Torlesse Supergroup are the oldest 

rocks identified on the Raukumara Peninsula (Mortimer et al., 2014). The Waioeka Petrofacies is 

 

Figure 1.3: Basin overview for formation of the Raukumara Basin over the last 85 
million years. (A) Current tectonic setting, with the orange line representing the 
current plate boundary. Orange triangles represent the active volcanic chain. (B) 
The establishment of the modern Kermadec subduction system. (C) Passive 
margin deposition. (D) Cessation of Gondwana margin tectonics and 
development of the architecture of western Raukumara Basin (Sutherland et al., 
2009). 
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the predominant petrofacies identified within the Raukumara Peninsula. They consist of 

sandstones, mudstones, conglomerate with clasts of silicic igneous rock, and mélange that 

includes blocks of chert, spilitic basalt and limestone (Isaac, 1977). Structurally, the Torlesse is 

isoclinally-folded and metamorphosed. Deposition of sediment as part of the Torlesse unit is 

inferred to have accumulated mainly in deep-marine environments, within an accretionary prism 

(Speden, 1973). 

Sandstone and mudstone units commonly range from centimetre to decimetre-bedded units. The 

ratio of sandstone to mudstone varies greatly throughout the Torlesse composite terrane. 

Sandstones identified within the Torlesse composite terrane range from fine-coarse, with fine 

sandstone being more prominent (Mazengarb and Speden, 2000). 

Conglomerate units can be up to 100 m thick in areas, with clasts predominantly consisting of 

well-rounded pebbles and cobbles, with clasts containing a significant portion of volcanic material 

(Moore, 1957). Conglomerate units that consist of pebbly mudstone with sandstone clasts 

contained within a concretionary mudstone matrix are interpreted as a debris flow unit (Moore, 

1957; Mazengarb and Speden, 2000). 

Indicator fossils are found within the youngest Torlesse and oldest Matawai Group sediment, with 

some Torlesse sediment younger than Matawai sediment (Kamp, 1999). Subduction-driven 

deformation and thrust faulting is inferred to continue through the Early Cretaceous, with thrust 

faulting occurring during this period (Rait et al., 1991; Mazengarb and Harris, 1994). 

1.4.2 Matawai and Ruatoria groups 

Separation of the Matawai Group from the underlying Torlesse Supergroup is done through local 

angular unconformities that are defined predominantly in the west of the peninsula. There is no 

single unconformity that separates the two groups (Speden, 1975; Mazengarb and Speden, 2000). 

The lack of one singular unconformity, implies that subduction did continue throughout the 

Raukumara Peninsula up until c. 85 Ma, with local unconformities representing the cessation of 

subduction. The unconformities represent a significant break in deposition resulting from a period 

of deformation, uplift and erosion. This was then followed by marine transgression (Mazengarb 

and Harris, 1994; Mazengarb and Speden, 2000). 

The Matawai Group is late Early to Late Cretaceous in age. It is moderately indurated, with four 

formations identified in the west of the peninsula, representing transgressive sequences that are 

bounded by unconformity surfaces. In the west of the peninsula, the Matawai Group experienced 

folding, uplift and erosion, with this not being present in the east of the peninsula. Moving 

towards the east of the peninsula, more bathyal sequences are identified (Mazengarb and 

Speden, 2000). 
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The oldest formation is the Koranga Formation, which is separated from Torlesse basement rocks 

by an angular unconformity. It is 150 m thick, consisting of indurated sandstone, conglomerate, 

intraformational breccia and mudstone (Isaac, 1977; Mazengarb and Speden, 2000). Sandstone 

units consist of volcaniclastic material that is indistinguishable from sandstones contained within 

the Waioeka terrane within the Torlesse Supergroup (Isaac, 1977; Mortimer, 1992).  

The Te Wera Formation is up to 250 m thick, with well-bedded conglomerate, breccia and coarse 

sandstone, with thin mudstone beds, suggesting a near shore deposition. Thin mudstone beds 

identified are inferred to deposition within a deltaic system (Speden, 1975; Moore, 1978). 

Alternatively, deposition could occur in a deep-marine environment, with depositions of the Te 

Wera Formation within submarine fans (Laird and Bradshaw, 1996). It unconformably overlies 

both the Waioeka Terrane and Koranga Formation (Mazengarb and Speden, 2000).  

Oponae Melange overlies Torlesse Group with an angular unconformity. It consists of a wide 

range of sediment types, with angular blocks and rounded pebbles of sandstone, mudstone, coal, 

bedded chert, marble, basalt and other igneous pebbles contained within a mudstone/fine 

sandstone matrix (Mazengarb and Speden, 2000).  

The Karekare Formation is Early-Late Cretaceous in age and is a mudstone dominated unit. Within 

the thick mudstone unit intervals of thinly-bedded sandstone and mudstone are identified, along 

with local areas of thick sandstone, tuff beds, and conglomerate. The key characteristic of this 

formation is the abundance of fossils within, allowing an age range to be determined (Moore, 

1989a; Mazengarb and Speden, 2000). Sandstones within this unit are more quartzose and less 

lithic than Te Wera sandstone identified. This suggests the younger Matawai Group sedimentary 

rocks exhibit higher textural and compositional maturity (Isaac, 1977). 

The Ruatoria Group is correlative in age to the Matawai Group, and is only identifiable in the east 

of the Raukumara Peninsula. These rocks are believed to be allochthonous (Moore et al., 1988; 

Sutherland et al., 2009). It contains both the Tikihore Formation and Tapuwaeroa Formation. The 

Tikihore Formation is predominantly alternating fine-grained and mudstone centimetre-metre 

beds. Five sedimentary cycles are identified with a thick slump horizon identified at the beginning, 

followed by a thick lenticular sandstone unit which is overlain by the predominant mudstone and 

sandstone alternating beds (Mazengarb and Speden, 2000). Deposition is inferred as turbidity 

current, with it accumulating as a submarine fan in deep-marine environments (Mazengarb, 

1993). 
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The Tikihore Formation grades into the Tapuwaeroa Formation in the east of the peninsula. The 

Tapuwaeroa Formation is sandstone dominated. Areas of alternating mudstone and sandstone 

beds are also identified within the formation towards Mahia and the Wairarapa area (Field and 

Uruski, 1997). 

1.4.3 Tinui Group 

The Tinui and Mangatu groups record the Late Cretaceous-Paleogene deposition across the 

Raukumara Peninsula and the East Coast Basin. The deposition of both is inferred to have 

occurred in a passive margin setting (Moore, 1989a; Mazengarb and Speden, 2000).  

In the west of the peninsula a regional unconformity is identified between the Matawai and Tinui 

Group rocks (Mazengarb and Speden, 2000). Tinui Group is mudstone dominated group, with its 

basal beds being the Tahora Formation. This consists of massive to well-bedded fine sandstone, 

with minor siltstone and siltstone breccia present. It is inferred to have been deposited in beach 

to mid shelf environments (Crampton and Moore, 1990; Isaac et al., 1991). To the east, a well 

bedded sandstone and mudstone unit is identified, known as the Owhena Formation. This is 

interpreted as the deep water equivalent of the Tahora Formation, with deposition in outer shelf 

and slope environments (Mazengarb and Speden, 2000). 

The Whangai Formation gradationally overlies the Tinui Group sandstones. It is typically a thick 

mudstone unit, typically consisting of 300–500 m of non-calcareous and calcareous mudstone. In 

the west it is typically massive and in the east it is more calcareous and better bedded 

(Mazengarb and Speden, 2000). Deposition of the Whangai Formation is inferred to be deposited 

in a regionally extensive ocean basin. Western Raukumara Peninsula gives evidence that the 

Whangai Formation deposition is within a shelf to upper slope environment, with the deposition 

of Kirk’s Breccia, a coarse-grained basal member of the Whangai Formation (Moore, 1989a). Total 

Organic Carbon (TOC) value for the Whangai Formation is ~0.5%, with it varying depending on the 

member and the structural block (Hollis and Manzano-Kareah, 2005). 

The Waipawa Formation conformably and gradationally overlies the Whangai Formation. It is also 

the youngest formation of the Tinui Group. Where the Waipawa Formation is absent, the Te Uri 

Member is the youngest formation of the Whangai Formation. It is a very poorly bedded, non-

calcareous micaceous mudstone of Late Paleocene age (Moore, 1989b). It is typically no thicker 

than 20 m, however local thickness can be up to 70 m.   

Depositional environment of Waipawa Formation is inferred to occur in outer shelf to upper 

bathyal depths (Field and Uruski, 1997).  Using biostratigraphy and magnetostratigraphy the age 

of deposition is 58–57 Ma during a short episode of global cooling, superimposed upon a long-

term warming trend. This short term cooling, elevated nutrient supplies from both erosion of 
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well-vegetated coastal areas and enhanced current-driven upwelling resulting in increased Carbon 

delivery and burial (Hollis et al., 2014). TOC for the Waipawa Formation is ~4.1%, with a marine 

origin (Field and Uruski, 1997; Killops et al., 2000). 

1.4.4 Mangatu Group 

The Mangatu Group consists of two formations; the Wanstead and Weber Formations. The 

Wanstead Formation conformably overlies the Waipawa Formation. It is up to 200 m thick, and 

consists of poorly bedded mudstone, with minor alternating glauconitic sandstone and mudstone. 

Smectitic clays are common throughout and are thought to accumulate from hemipelagic 

sedimentation in a deep ocean basin (Mazengarb and Speden, 2000). 

The Weber Formation unconformably overlies the Wanstead Formation in the west of the basin, 

but can conformably overlie in the east. It consists of 400 m of calcareous alternating glauconitic 

sandstone and mudstone, with massive mudstone also identified (Mazengarb and Speden, 2000).  

The Wanstead and Weber Formations represent Paleocene to Oligocene calcareous deposition, 

with foraminifera suggesting deposition occurred at mid bathyal depths (Field and Uruski, 1997).  

1.4.5 East Coast Allochthon 

Structural mapping indicates that all rocks identified in the north and east of Raukumara 

Peninsula that are older than Miocene are allochthonous. Differentiation between allochthonous 

and autochthonous strata is based predominantly on differences in structural style (Mazengarb 

and Speden, 2000).  

15 thrust sheets are identified on the Raukumara Peninsula, with further subsequent mapping 

confirming that Cretaceous to Oligocene age rocks have been displaced tens to hundreds of 

kilometres from their original site of deposition (Stoneley, 1968; Rait et al., 1991; Field and Uruski, 

1997). 

All rocks contained within the East Coast Allochthon are of Early Cretaceous to earliest Miocene in 

age. Thrust sheets are thought to have been emplaced mainly towards the SSW, during the 

earliest Miocene, with large areas of allochthonous rocks thrust over the top of in-place 

Cretaceous-Earliest Miocene strata (Mazengarb and Speden, 2000). Age of emplacement is 

biostratigraphically constrained to 25–22 Ma (Field and Uruski, 1997).  

1.4.6 Tolaga and Mangaheia Groups 

The Tolaga Group represents a marked change in depositional environment across the Raukumara 

Peninsula. It unconformably overlies the East Coast Allochthon in the east and in-place Cretaceous 

to Oligocene sedimentary rocks in the west. The Tolaga Group represents sediment deposition 
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from the  Early to Late Miocene, with the Mangaheia Group representing Late Miocene to 

Pliocene deposition (Mazengarb, 1993). 

Sediment deposited during the Miocene to Pliocene is similar to Matawai group deposits. 

Sedimentary rocks identified include marine sandstone, siltstone and mudstone, with minor 

conglomerate and reworked volcaniclastic deposits (Field and Uruski, 1997; Mazengarb and 

Speden, 2000). 

Neogene depositional environments are inferred as a range of marine shelf and trench slope 

depositional environments (Mazengarb and Speden, 2000). Abundant terrigenous and minor 

volaniclastic sediment input characterises the sequence, which is consistent with the onset of 

subduction along the Australia-Pacific plate boundary (Rait et al., 1991; Ballance, 1993).  

1.4.7 Quaternary Sediments 

No overall group is identified to represent the Quaternary sediment onshore. A wide range of 

depositional environments are identified: coastal plains, alluvial plains and fans, swamps and 

landslides, with each mapped in specific locations onshore. This represents the last ~1.8 million 

years of deposition on the Raukumara Peninsula. This represents the active Hikurangi-Kermadec 

subduction zone that is seen today (Stagpoole et al., 2008). 
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1.5 Offshore Seismic Stratigraphy 

Early stratigraphic work on Raukumara Basin was based primarily upon sparse 2D data. From 

2007–2011, two new datasets were acquired; the RAU07 and RAU11 2D seismic surveys. Both 

surveys were interpreted and greatly enhanced the knowledge of the basin.  

The RAU07 survey interpretation led to the development of three megasequences (X, Y, Z) within 

the basin. Internal development of sequences within these broad phases was limited to that of 

Megasequence Z, with no further sequences developed (Gillies and Davey, 1986; Stagpoole et al., 

 

Figure 1.4: Simplified stratigraphic column, demonstrating the relationship between onshore 
stratigraphy with mapped megasequences. Tectonic setting is also shown as it relates to each 
megasequence  (Sutherland et al., 2009). 
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2008). A fourth megasequence was also postulated as evidence of the Gondwana Subduction 

Margin, with no internal sequences identified (Fig. 1.5) (Sutherland et al., 2009). The RAU11 

survey identified key structures within the Raukumara Basin. In particular, the seahorse complex 

was identified, a series of anticlines within the Megasequence X (Petrobras, 2012). 

1.5.1 Basement 

All strata identified underneath Megasequences X to Z is defined as basement. This includes 

Gondwana active margin sediments which were deformed and metamorphosed to different 

degrees and possible ocean crust forming the Gondwana trench and foreland. It is interpreted to 

represent the Torlesse Group as defined on the Raukumara Peninsula (Sutherland et al., 2009). 

The basement is variable in nature across the seismic data interpreted. Sutherland et al. (2009) 

interpreted the upper part of the basement as an east-verging thrust wedge in the west of the 

basin. This is inferred to have been emplaced above subducting crust during the Cretaceous 

(Sutherland et al., 2009). This upper part of the basement along the western margin is correlated 

with the Matawai and Ruatoria groups identified onshore (Mazengarb and Harris, 1994; 

Mazengarb and Speden, 2000). 

High-amplitude reflectors indicate the top of the basement in central and eastern areas of the 

basin. In the central area of the basin, several high-amplitude semi-continuous reflectors are 

identified at depths of 8–9 s TWT. These reflectors are inferred to have significant acoustic 

impedance contrast, and are interpreted as possible crystalline rock (Sutherland et al., 2009). 

Semi-continuous or packages of discontinuous reflectors at 10–11 s TWT in the centre of the basin 

are lower crustal or Moho reflectors. At 13–15 s TWT, west-dipping reflectors are identified. 

These appear to be geometrically continuous and aligned with zones of high-amplitude coherent 

reflectors beneath the East Cape Ridge, that are in turn aligned with top of the subducted slab 

where it is imaged at the Hikurangi Trough. Top of the subducted slab (Sutherland et al., 2009). 

Moho depth is inferred to be between 17–35 km (Bassett et al., 2010). 

1.5.2 Megasequence X 

Megasequence X is defined across the basin and it demonstrates high lateral continuity. The base 

is the deepest continuous or semi-continuous reflector and corresponds to the top of the 

basement. Continuous or semi-continuous reflectors in the central and western areas of the basin 

dip and fan towards the east, which causes an increase in thickness towards the centre of the 

basin. At least five sequences can be identified within Megasequence X on the basis of reflector 

amplitude, onlap and sequence geometry (Stagpoole et al., 2008; Sutherland et al., 2009). 
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Megasequence X is correlated with the Cretaceous passive margin deposition from 85–25 Ma 

identified on the linked Raukumara Peninsula. Thickness is 1 km near the Havre Trough to 7 km in 

the centre of the basin (Stagpoole et al., 2008). 

1.5.3 Megasequence Y 

Megasequence Y is only identified between the East Cape Ridge and the centre of the basin. It is a 

wedge-shaped unit that pinches out in the centre of the basin. Internally, chaotic and variably-

dipping discontinuous reflectors are identified. Its maximum depth beneath the seabed is ~2 km 

in the centre of the basin (Stagpoole et al., 2008; Sutherland et al., 2009). 

Maximum thickness is ~2,500 m, with coherent blocks of dipping reflectors within the 

megasequence interpreted to be large blocks of sedimentary material. Bounding these blocks are 

small faults. Folding is also apparent throughout the megasequence. In other areas of the basin, 

seismic reflectors are acoustically opaque within the megasequence, highlighting the internally 

deformed material. Small ‘piggy-back’ basins are recognised at the top of the unit, with 

continuous high-amplitude reflectors dipping towards the centre of each depression (Sutherland 

et al., 2009).  

The East Coast Allochthon is the obvious onshore correlation for Megasequence Y, with magnetic 

anomalies correlating between onshore mapped units and offshore anomalies identified along 

the East Cape Ridge (Scherwath et al., 2010). 

1.5.4 Megasequence Z 

Megasequence Z is the topmost megasequence identifiable in Raukumara Basin. The lower 

surface is identified as the topmost reflector of Megasequence Y or by the reflector that is the 

time equivalent in the west of the basin. Four sequences are identified within Megasequence Z 

(Sutherland et al., 2009).  

The first sequence (Z1) is interpreted as a basal prograding wedge. Reflectors are mostly 

continuous, with high-amplitude. Reflectors are westward-dipping, and appear to prograde to the 

centre of the basin. It appears to be a shelf region in the east, with a slope following the 

westwards-dipping topography of the allochthon. Downlap occurs on the top of the allochthon 

and onto the basin floor. Maximum thickness is ~1 s TWT (Stagpoole et al., 2008; Sutherland et 

al., 2009). 

The second sequence (Z2) is a westwards-thickening package, with onlap occurring on the slope 

of Z1, with pinching out of Z2 occurring at near the top of the slope. Internal reflectors within Z2 

are continuous and moderately-high-amplitude. Interpretation of this unit is a lowstand wedge, 

and maximum thickness ~1.6 s TWT (Stagpoole et al., 2008; Sutherland et al., 2009). 
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Sequence Z3 downlaps onto the top of Z2 and Z1, and progrades to the east from the western 

margin of the basin. High-amplitude reflectors are identified, which are more prominent along the 

western margin of the basin. The apparent source region for this sequence is the Kermadec Ridge 

and the Havre Trough, with active volcanism seen during the Neogene. Thickness of the unit is 

relatively uniform at ~1 s TWT, with a light thicknening toward the west (Stagpoole et al., 2008; 

Sutherland et al., 2009). 

The final sequence (Z4) is the topmost sequence identified in Megasequence Z. Discontinuous and 

chaotic reflectors are identified, forming units within the megasequence. Numerous units are 

identified and are interpreted as mass-transport deposits, due to submarine slope failures. The 

base of these units is marked by a reverse polarity reflector. Units are predominantly identified in 

the east and the south of Raukumara Basin (Sutherland et al., 2009). The uppermost and largest 

mass-transport deposit within Z4 is identified as the Matakaoa Submarine Instability Complex, 

which was active 600-40 Ka (Lamarche et al., 2008). Z4 thickens from both sides of the basin 

towards the centre, with a maximum thickness of ~1 S TWT (Stagpoole et al., 2008). 

Faulting is prominent along the western margin of the basin. Faults are identified as normal faults 

in the Havre Trough. The eastern area of the basin underlies the East Cape Ridge, with an active 

plate boundary adjacent to it. The complex stratigraphy that is identified along the eastern area of 

the basin is inferred to be related to Neogene subduction (Davey et al., 1997; Collot and Davy, 

1998). 

Depositional environment for Megasequence Z is interpreted as a forearc basin fill. This is 

associated with the development of the Hikurangi-Kermadec subduction system during the 

Neogene. Thickest areas of the megasequence are in the centre and the north of the basin 

(Stagpoole et al., 2008; Sutherland et al., 2009). 
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Figure 1.5: Seismic reflector line RAU07-05, with location of the line shown by the orange line in the inset. This illustrates 
the structure of the Raukumara Basin between the Havre Trough (left) and the Hikurangi-Kermadec Subduction Zone 
(right). Basal reflectors of three megasequences are shown (X- red line, Y- Yellow line and Z- blue line), with white lines 
showing possible sequences within Megasequence X (modified from Stagpoole et al., 2008). 
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2 Data and methods 

2.1 Data Available 

2.1.1 Data Acquisition 

Two surveys are used in this thesis to develop a seismic stratigraphic framework and petroleum 

system analysis for the Raukumara Basin; the RAU07 and RAU11 surveys (Fig. 2.1). 

The RAU07 seismic survey was contracted by New Zealand Petroleum and Minerals and was 

recorded by CGG Veritas Marine in July 2007, and consisted of 9 seismic lines totalling 1,228 line 

km. The main aim of the survey was to better define the basic parameters of the basin, and to 

better map the thick sedimentary sequence observed in previous seismic data. The seismic source 

type is an airgun array, with a shot interval of 37.5 m on all lines except RAU07-05, where a shot 

interval of 50 m was used. Streamer length used was 7.2 km. A 13.3 s record length was used for 

all lines, except RAU07-05, where a record length of 15.3 s was used. An 86.5 l source was used 

(Ltd, 2009). Lines 03–07 represent the north west to south east oriented seismic lines, Line 03 the 

most northern. Lines 08–09 represent the two north-northeast to south-southwest oriented 

seismic lines, with 08 being the most western. 

The RAU11 seismic survey was contracted by Petrobras and recorded by Reflect. It consists of 38 

seismic lines, covering a distance of 3,305 line km. The seismic source used was 65.6 l, with an 

airgun array used. The shot interval was 37.5 m, and a record length of 10 s was used (Petrobras, 

2012).  Lines 1102–1119 represent the northwest to south east seismic lines, with 1103 being the 

most northern. Lines 1122–1138 represent the north-northeast to south-southwest seismic lines, 

with 1122 being the most western. 

Stagpoole et al. (2008) used the RAU07 data to constrain the offshore basin and develop the 

megasequence framework, following previous work from Davey et al. (1986). The availability of 

the RAU11 data has increased the data across the basin fourfold, enabling a more accurate 

constraint of the megasequence framework. 
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2.1.2 Processing and Quality Assessment 

Processing sequence for RAU07 data is shown in Figure 2.2. The processing sequence for RAU11 

data is described below (Fugro, 2012): 

1. Transcription 

2. Filter 

3. Amplitude recovery 

4. Offset determination 

5. Resample 

6. Edits – Various channel and shot kills on each line 

7. CDP sort 

8. Signature deconvolution and debubble 

9. Noise attenuation – TFDN – CDP domain 

10. Noise attenuation – SWNA 

11. Surface related multiple elimination (SRME) 

12. Noise attenuation – TFDN – Shot domain 

13. Velocity analysis – First pass 

14. Tau-P denoise 

15. Radon demultiple 

 

Figure 2.1: Overview of both RAU07 (green lines) and RAU11 (black lines) 
datasets used for seismic interpretation, with line numbers attached. Inset box 
illustrates where the data is in relation to the North Island, New Zealand. 
 

1103 
1104 

1105 1106 
1107 

1108 

1109 
1110 
1111 

1112 

1114 1115 

1116 1117 

1118 1119 

1113 

11
20

 
11

21
 11

2
2 

11
2
3
 

11
2
4

11
2
5

11
2
6
 

11
2
7
 

11
3
0
 

11
28

 
11

29
 

11
3
1 

11
32

 
11

33
 

11
34

 
11

35
 

11
3
6 

11
37

 

11
38

 

R
A
U

0
7
-0

8
 

R
A
U

0
7
-0

9
 

RAU07-03 

RAU07-05 

R
AU07-04 

RAU07-06 RAU07-07 



20 
 

16. Linear radon 

17. Noise attenuation – TFDN – CDP domain 

18. Initial pre-stack time migration (PTSM) 

19. Migration velocity analysis 

20. Pre-stack time migration (PSTM) 

21. Final residual velocities 

22. Residual radon 

23. Q compensation (amplitude only) 

24. Gun and cable static 

25. Post stack processing (scaling and band-pass filter) 

26. Angle stacks 

Both datasets follow the same general processing steps. The difference between the two datasets 

is the size of the source, the record length and application during the processing stage.  The 

RAU07 data has a larger source size and a greater record length, with the reasoning behind each 

survey leading to different emphasis being placed on certain parts of the seismic processing 

method.  

Due to this greater record length and source size, the RAU07 dataset images deeper structures 

more clearly than that of the RAU11 data. Fig. 2.2 shows the general sequence that is taken to 

gain the best image of reflectors from raw seismic data. This process removes any noise or 

unwanted artefacts from the data so you can develop the best interpretation possible.  

During the processing stages of the RAU07 data, more emphasis was placed on better imaging at 

depth than the RAU11 data. The RAU07 survey had greater emphasis on understating the 

architecture of the whole basin, with the RAU11 survey was more focused on a petroleum 

exploration of the basin.  
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2.2 Seismic Stratigraphic Method 

The key tools used in this study to develop a stratigraphic model are a combination of sequence 

stratigraphy, biostratigraphy and lithostratigraphy. The definition for sequence stratigraphy has 

 

Figure 2.2: Processing sequence for RAU07 data from PR3743 (Fugro, 2007). All 
steps involved in the seismic processing are completed to enhance the raw seismic 
data. This gives the best image of the seismic reflectors, which enables the most 
accurate interpretation of the subsurface data to be made. 
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developed over time, with early definitions stating that it was the study of rock relationships 

within a time-stratigraphic framework of strata that are bounded by surfaces of either erosion or 

non-deposition (Vail et al., 1977). Recently, the definition has included the idea of cyclic 

sedimentation, which is an interplay of accommodation space and sediment supply. This interplay 

is a blend of both eustasy and tectonics. In the simplest sense, sequence stratigraphy analyses the 

stacking patterns of rock formations, and the changes in the temporal framework for this 

deposition (Vail et al., 1977; Catuneanu et al., 2009). 

The recognition of sequences and seismic facies allows a seismic stratigraphic model to be applied 

to the offshore seismic data. A sequence is defined as a relatively conformable succession of 

genetically related strata bounded by unconformities or their correlative conformities. A 

sequence is the building block of a seismic stratigraphic framework, with it representing a record 

of the chronostratigraphic depositional and structural pattern during a sequences deposition 

(Mitchum and Vail, 1977).  

Depositional systems are three-dimensional assemblages of process-related facies that are 

genetically linked through active or ancient processes and environments (Galloway, 1989; Van 

Wagoner, 1995). A depositional system is the sedimentary products that are associated with the 

depositional environment (Brown Jr and Fisher, 1977).  

The correlation between both the onshore lithostratigraphy and offshore sequences and 

megasequences of my seismic stratigraphy allows inferences to be made about the depositional 

environment of strata in the offshore basin. This also allows inferences to be made on the 

tectonic framework and relative sea-level during deposition of the offshore strata. This gives an 

overall depositional system for the Raukumara Basin. 

2.3 Stratal Terminations 

Four stratal terminations can be used to define sequence surfaces; onlap, downlap, toplap and 

truncation (Fig. 2.3). Both onlap and downlap occur above a sequence stratigraphic unconformity 

surface, with toplap, offlap and truncation occurring below a sequence stratigraphic surface. 

Stratal terminations are interpreted as lithostratigraphic unconformities and this is a key principle 

in sequence stratigraphy. The identification of these stratal terminations is a key step in the 

development of sequences. (Mitchum and Vail, 1977; Catuneanu, 2006). 
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2.4 Seismic Facies Analysis 

Following the identification of sequence boundaries within seismic data, analysis of internal 

reflectors within each sequence was undertaken. Internal reflector analysis led to seismic facies 

identification within each mapped sequence. Identification of seismic units is based on five key 

components; reflector configuration, continuity, amplitude, frequency contents, and polarity 

(Veeken, 2006; Sheriff, 2012). 

Seismic facies interpretation is a two-fold process; direct interpretation and indirect interpretation. 

The aim of a direct interpretation is to determine the geological causes responsible for the seismic 

reflectors that are identified. This leads to interpretation of lithology, fluid content, porosity, 

relative age, types of stratification and the geometry of the geological unit. The indirect 

interpretation leads to inferences about depositional processes, sediment transport direction and 

aspects of evolution of the basin such as transgression, regression, subsidence, uplift and erosion. 

All five components of seismic facies analysis are needed to  The combination of both the direct 

and indirect interpretation is used to develop the overall basin history (Roksandić, 1978). 

Reflector configuration and continuity establishes stratification, lithology, depositional processes 

and environment, sediment transport direction and geological history (Roksandić, 1978). This is the 

direct interpretation of the seismic data, with geometry and types of stratification within a seismic 

facies identified. In turn, lithology of the seismic facies unit can be inferred. An indirect 

interpretation of the seismic facies unit can also be made, but is aided by the addition of all 

components used in seismic facies analysis. 

Numerous reflector configurations have been identified, with the following key geometries 

established: parallel or sub-parallel, wavy, divergent, clinoforms or foresetted, shingled, and 

hummocky (Fig. 2.4). Chaotic and reflector-free or transparent configurations are also described.  

 

Figure 2.3: Key stratal terminations used in determining seismic horizon 
boundaries within seismic data (Catuneanu, 2006).  

Redacted 
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Each different reflector configuration is used to determine depositional environment and 

lithofacies of each seismic unit (Fig. 2.5) (Veeken, 2006).   

2.4.1 Parallel to Wavy Reflector Configuration 

Uniform sedimentation is indicated through this particular reflector configuration (Fig. 2.2.1). 

Division of this sequence is based on reflector continuity, amplitude and frequency (Veeken, 2006).  

This reflector configuration is identified in both shallow and deep-marine environments, and 

covers both clastic and carbonate settings. It reflects a topset or bottomset deposition. A topset is 

used to describe a coastal plain or a shallow-marine shelf, while a bottomset describes a similar 

deposition within a deeper water environment (Mitchum et al., 1977; Veeken, 2006).  

2.4.2 Divergent Configuration 

Wedge-shaped sediment bodies are indicated through divergent reflector configuration (Fig. 2.4.1). 

Thickness is asymmetric, with important lateral thickness variations identified. This reflector 

geometry is due to variations in sedimentation and differential compaction. There is no distinct 

unconformable surface that internal reflectors terminate against, and this indicates syn-

depositional differential tectonic movements (Veeken, 2006).  

2.4.3 Clinoforms and Foresets 

Prograding slope systems are inferred from this reflector configuration (Fig. 2.4.2). Many processes 

are involved in the shape and angle of the sediment slope systems; composition of deposited 

sediment, the rate and quality of sediment input, water depth and salinity, energy level of the 

depositional environment and position of relative sea level during deposition and subsidence rate 

(Sangree and Widmier, 1979; Veeken, 2006).  

An ideal clinoform will display a topset, foreset, bottomset relationship. A topset is best developed 

under rising relative sea level, with uniform stacking of sediments on top of each other within a 

shelf environment. The role of relative sea level is important in determining the thickness of units 

deposited, with stable conditions depositing thin deposits. A relative sea level fall will result in an 

erosional surface within the shelf sediments that are now exposed (Veeken, 2006). 

Foresets exhibit five shapes; oblique, parallel oblique, tangential oblique, sigmoidal and shingled 

(Vail et al., 1977). An oblique foreset does not exhibit preserved topsets, and bottomsets are 

poorly developed. A high-energy system is inferred during deposition, with coarser deposits in the 

foresets. On distal parts of the basin floor, little sediment is deposited. The toplap geometry that 

is identified infers a rapid fall of relative sea level during the next depositional sequence (Veeken, 

2006).  
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A parallel oblique foreset represents a uniform infilling of the basin (Fig. 2.4.2B). The prograding 

slope has little change in direction. This geometry also reflects a high-energy slope system. A 

tangential oblique foreset has well developed bottomsets, and infers sediment deposition over 

the shelf area and a spreading of sediment over the basin floor. Sediment to the basin floor is 

transported either through suspension and turbidity currents (Veeken, 2006). 

Sigmoidal geometry exhibits well preserved topsets and bottomsets (Fig. 2.4.2A). This suggests a 

rise in relative sea level, and this suggests a lower energy slope system. Sigmoidal geometry also 

infers sediment deposition from suspension is the main depositional process. Shingled geometry is 

characterised by smaller foreset height. This low-angled foreset is found in both the topset and the 

bottomset and two depositional environments be inferred; shallow-marine progradation in a high-

energy environment or a deep-marine progradation on the basin floor. In the deeper parts of the 

basin, shingling may reflect mass sediment transportation (Mitchum et al., 1977; Veeken, 2006).  

2.4.4 Hummocky Reflector Configuration 

These reflectors are irregular and discontinuous with variable amplitudes (Fig.2.4.2F). Reflector 

terminations are sporadic throughout the seismic facies unit. It occurs in both the topset and 

foreset areas and it infers a cut and fill geometry. This suggests channel deposits (Veeken, 2006). 

2.4.5 Chaotic Reflector Configuration 

Discontinuous, discordant reflectors characterise the chaotic configuration. Amplitude and 

frequency of internal reflectors is variable throughout the seismic facies unit. Deposits are inferred 

to have a disorded internal organisation. Depositional environments exhibiting these is wide 

ranging.  

2.4.6 Reflector-Free Zones 

A reflector-free zone represent seismic facies units where acoustic impedance contrasts are small 

or not present. This implies a gross lithology that is homogenous for the seismic facies unit. This 

could be of any lithology e.g. a thick shale, sandstone, limestone, etc. (Mitchum et al., 1977; Veeken, 

2006). 

2.5 Reflector Amplitude and Polarity 

Reflector amplitude is ranked either low, moderate or high, and is important in indicating the 

impedance contrasts between two seismic facies units. Amplitude is proportional to the reflector 

strength (Veeken, 2006), but is affected by the processing sequence. This aids in the direct 

interpretation of the velocity-density contrast, the bed spacing and the fluid content within a 

seismic facies unit. 
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A normal polarity reflects or implies an increase in acoustic impedance with depth, while the 

opposite is true for a reverse polarity reflector (Veeken, 2006). The apparent polarity is interpreted 

and this assumes a single reflector, a zero phase wavelet and no ambiguity due to phase inversion 

(Taner et al., 1979).  

Note that the RAU07 data used SEG reverse (or SEG negative) convention during processing (an 

increase in acoustic impedance is demonstrated by a red reflector) and the RAU11 data uses SEG 

normal (or SEG positive), and a blue reflector in seismic data. In each case, normal polarity is 

determined through comparison with the seabed reflector. 
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Figure 2.4: Examples of reflector configurations shown by reflector. Fig.2.3.1 
shows the general reflector configurations. Fig.2.3.2 shows reflector 
configurations within clinoform structures (Mitchum et al., 1977).  
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Figure 2.5: Examples of reflector geometries and the application of these in both 
seismic facies and geological interpretation parameters (Mitchum et al., 1977). 
The use of all seismic facies parameters allows both direct and indirect 
interpretations to be made.  

 

 

 

Redacted 
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2.6 Stratigraphy Developed in this Thesis 

2.6.1 Introduction 

An offshore megasequence framework has been previously developed with four megasequences 

identified across the basin (W, X, Y, Z), on the basis of regional unconformities and their 

correlative conformities (Stagpoole et al., 2008; Sutherland et al., 2009). Here, I identify 

sequences within these megasequences using the previously describe sequence stratigraphic 

principles.  

The identification of offshore sequences allows direct and indirect interpretations of each 

sequence, with lithostratigraphic correlations made with onshore Raukumara Peninsula 

stratigraphy aiding the seismic stratigraphic model developed. The lack of offshore wells within 

the Raukumara Basin means no direct correlation can be made between the offshore sequence 

and the onshore lithostratigraphy.  

2.6.2 Nomenclature 

Previous work has developed a naming system for the megasequences identified, with 

Megasequences W, X, Y and Z. Naming of seismic sequences in this thesis follows this framework. 

For simplicity the prefix RAU- is used at the start of each reflector or sequence named to attribute 

it to the Raukumara Basin. 

An “S” is used to identify a sequence within the Raukumara Basin and an “R” is used to identify a 

reflector, with the megasequence in question at the end of the name. The use of RAU-MS defines 

an entire megasequence. Numbering of both reflectors and sequences in done from the oldest to 

youngest within each megasequence. RAU-S-X1 would refer to the oldest sequence identified 

within Megasequence X. Subdivision of sequences leads to a letter being attached at the end of a 

name, with lettering named base upwards. RAU-S-Z3A represents the oldest unit defined unit 

within Raukumara Basin sequence Z3. 

2.6.3 Seismic Velocity Analysis and Depth Conversion 

Development of a depth conversion model was undertaken to convert depth in TWT to depth in 

metres (m). This was done through using normal moveout velocities from the RAU11 dataset, 

with seismic lines RAU1101–RAU1117 and RAU1125–RAU1133 used, with Common Midpoints 

(CMP’s) of 3000–21000 used from the selected data. The selection was based on trying to best 

determine an actual velocity model for the Raukumara Basin, without unwanted effects from the 

Havre Trough (western boundary) and the East Cape Ridge (eastern boundary) (Fig. 2.7). 
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Figure 2.6: Map of seismic lines used for depth conversion model from the 
RAU11 dataset. CMP’s from 3000–21000 were used. 
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Two equations are determined; an interval velocity equation as a function of Two-Way Time 

(TWT) (eq. 1) and depth as a function of TWT (eq. 2). Each equation is in second order polynomial 

form (Fig. 2.7). 

(1)                   v(TWT)[ −0.000001.87315388 × 𝑡2 +   0.463587117 × t +  1759.77974]  

(2)                              𝑧(𝑇𝑊𝑇)[  0.000118037030 × 𝑡2 + 1.16614476 × 𝑡 +  −119.693820] 

The development of both equations was completed by Adrian Benson, with a script ran through 

the Python program. An arbitrary cut-off of velocities below 1,650 m.s-1 was also completed 

during this step to produce depths that were below the seabed.  

2.7 Interpretation methods 

Seismic interpretation was performed with the SeisWareTM interpretation program, developed by 

SeisWare International. The following steps were undertaken to develop a sequence stratigraphic 

model for Raukumara Basin: 

 

Figure 2.7: Graphical representation of normal-moveout velocities from the 
RAU11 (Vnmo) as a function of TWT (A) and a representation of depth (m) as a 
function of TWT. Red line in A represents Eq. 1 and red line in B represents Eq. 2. 

 B A
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1. A seismic interpretation project was created within the SeiswareTM interpretation 

program, with both RAU07 and RAU11 datasets included. A New Zealand coastline was 

also added to give geographic context. 

2. Previous research (Stagpoole et al., 2008; Sutherland et al., 2009) was used for 

delineation of three major megasequences. 

3. Mapping of megasequences was undertaken across RAU07 and RAU11 datasets, with 

faults identified that offset megasequence boundaries. Faults were divided into reflector 

faults and internal faults. Reflector faults offset boundary reflectors and internal faults 

offset internal reflectors within a megasequence or sequence. 

4. Internal structure of each megasequence was analysed, and subdivision into sequences 

where possible.  

5. The following bounding reflectors were mapped. 

i. Seabed 

ii. RAU-R-Z1 to RAU-R-Z4 

iii. RAU-R-Y1 to RAU-R-Y2 

iv. RAU-R-X1 to RAU-R-X6 

v. RAU-R-W 

In addition to these horizons, surfaces within sequences were mapped 

i. RAU-R-Z4B 

ii. RAU-R-Z4A 

iii. RAU-R-Z3A 

iv. RAU-R-Y1B 

v. RAU-R-Y1A 

6. Each seismic horizon and composite horizon was used to create a surface map in TWT.  

7. Seismic horizons were run through the 3D seismic visualizer within SeisWare. This gave 

depths of horizons and also thicknesses of both sequences and megasequences. Faults 

were also added where it was applicable. 

8. Depth conversion of picked horizons was completed to develop isocore maps for 

megasequences and sequences.  
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9. A correlation was completed between onshore lithostratigraphy and offshore interpreted 

sequences. This was used to develop a seismic stratigraphic model for the basin 

10. The seismic stratigraphic model was used to assess petroleum systems concepts 

identified within the offshore sequences. 

There was difficulty interpreting seismic horizons at depth. Interpretation was difficult in the east 

of the basin, due to the presence of structural complexity near East Cape Ridge and within RAU-

MS-Y, leading to difficulty of seismic interpretation of RAU-MS-X.  

The development of the seismic horizons is paramount to the final two steps of interpretation; 

seismic stratigraphic model and petroleum systems concept for the basin. Each sequence 

identified was interpreted to infer a lithology and depositional environment. Sediment deposition 

direction was also inferred.  

The development of petroleum systems concepts was derived from the seismic stratigraphic 

model coupled with structural mapping that had been undertaken. Direct hydrocarbon indicators 

(DHI’s) within possible reservoir sequences were also identified.  
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3 RAU-MS-W 

3.1 Introduction 

Acoustic basement has been identified in previous work, with packages of continuous to semi-

continuous reflectors and discontinuous reflectors identified. The packages identified were 

postulated to represent a separate megasequence (Stagpoole et al., 2008; Sutherland et al., 

2009). Interpretation of seismic data in this thesis has led to the mapping of RAU-MS-W in the 

south west corner of the basin (Fig. 3.1). This is separate from what has been labelled acoustic 

basement across the rest of the basin’s area. A continuous to semi-continuous reflector forms the 

base of RAU-MS-W, with the top reflector being represented by the next continuous to semi-

continuous reflector above. This reflector is RAU-R-X1, and forms the base of RAU-MS-X.  

3.2 Basal Surface 

Recognising a basal surface for RAU-MS-W is based on the ability to consistently map the reflector 

across Raukumara Basin. The base of RAU-MS-W is identified in the south west area of the basin, 

with depth ranging from ~5.8–8.3 s TWT (Fig. 3.2). Maximum depth occurs in the south-central 

area of the basin, with depth decreasing towards the south and the west. Identification as a basal 

surface is given through downlap relationships identified by internal reflectors along RAU-R-W1 

(Fig. 3.3). Further evidence for the identification for RAU-R-W1 as a basal surface is onlap 

relationships that are identified towards the wedge of RAU-MS-W (Fig. 3.3).  

Polarity and amplitude for RAU-R-W1 are difficult to determine due to the depth at which the 

reflector is identified. Areas of both normal and reverse polarity are identified in certain areas of 

the basin. The amplitude of RAU-R-W1 is low and remains relatively consistent. This is to be 

expected due to the depth of RAU-R-W1.  

3.3 Top Surface 

The upper bounding surface of RAU-MS-W is RAU-R-X1, which represents the base of 

megasequence RAU-MS-X. It is defined as the next continuous to semi-continuous reflector that 

can be identified above RAU-R-W1. The continuous character of the reflector is identified in the 

centre of the basin, with a semi-continuous character identified along the boundaries of the basin. 

Depth of RAU-R-X1 ranges from 3–8.8 s TWT, with maximum depth occurring in the centre and 

extending to the east of the basin. Depth of RAU-R-X1 decreases to both the west and the south 

of the basin. This will be further described in Chapter 4. 

The amplitude of RAU-R-X1 is again relatively low due to the depth of the reflector. Amplitude is 

relatively consistent, with slight increases in the south of the basin. Both reverse and normal 
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polarity aspects are identified for RAU-R-X1, with normal polarity seen at the truncation of RAU-R-

W1. Again, due to depth of RAU-R-X1 an overall polarity is unattainable. 

 

Figure 3.1: Location map of seismic line interpretations used to interpret RAU-MS-
W. Numbers correspond to figure number within the text. Raukumara Peninsula is 
also labelled. 
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Figure 3.2: Contour of RAU-R-W1 within the Raukumara Basin. Thick contour 
lines represent 1.0 s (TWT) intervals, with thinner contour lines representing 0.2 
s (TWT) intervals. The progression from red to blue indicates a deeper RAU-R-
W1. 

Scale: 1:625000



37 
 

 

 

 

 

 

Figure 3.3: Seismic line RAU11-1111p1 (Fig. 3.1) demonstrating RAU-R-W1 and 
RAU-R-X1. Dotted black lines represent continuous reflectors within RAU-MS-W. 
Red arrows demonstrate downlap on RAU-R-W1. Blue arrows represent 
truncation against RAU-R-X1. Basin-like structures are also identified underneath 
RAU-R-X1, indicated by the V-shape seen.  
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Figure 3.4: Seismic line RAU11-1112p1 (Fig. 3.1), demonstrating the wedge 
shape of RAU-MS-W. Also demonstrated is truncation (blue arrows) against 
RAU-R-X1 and the onlap (black arrows) against RAU-R-W1, indicating sequence 
boundaries. 
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Figure 3.5: Seismic line RAU11-1128p1 (Fig. 3.1) demonstrating the wedge shape 
of RAU-MS-W. Discontinuous reflectors are prominent, with the positive (blue 
reflector) demonstrating the normal polarity of RAU-R-W1. It is also showing 
generally low reflectivity/continuity of reflectors. 
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3.4 Overall Structure and Thickness 

Overall structure of RAU-MS-W is an east-verging wedge that is present in the south and south-

centre areas of the Raukumara Basin (Fig. 3.4 and Fig. 3.5). The thickness of RAU-MS-W is difficult 

to determine and this is due to the inability to map RAU-R-W1 confidently across the basin. 

Generally speaking, thickness increases to the west and the south with a maximum thickness of 

~5 s TWT (Fig. 3.6). 

3.5 Specific reflector Events 

Internal reflectors that are identified in RAU-MS-W can be defined into two broad categories. The 

first and most predominant category is discontinuous reflectors, with no visible coherency 

 

Figure 3.6: Contour map demonstrating the thickness of RAU-MS-W. Thickness 
increases to both the south and west where it is mappable. Thick black lines 
indicate 1.0 s (TWT) intervals, with thin black lines indicating 0.2 s (TWT) time 
intervals. Where 0 interval is identified that is the pinch-out of RAU-R-W1 against 
RAU-R-X1. 
 

Scale: 1:625000
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identifiable. The second category is localised areas of coherent with continuous to semi-

continuous reflectors.  

Discontinuous to chaotic reflectors are prominent throughout the whole of RAU-MS-W. In the 

eastern area of the basin, it is the only seismic facies identified. However, coherent, continuous 

reflectors are also present, especially in the west. Discontinuous reflectors are near the eastern 

pinch out of RAU-MS-W (Fig. 3.5).  

Single coherent continuous reflectors identified, with these terminating against RAU-R-W1 and 

against RAU-R-X1. Polarity of these reflectors is hard to determine and amplitude can vary. 

Downlap of reflectors occurs against RAU-R-W1, with toplap also occurring when reflectors 

terminate against RAU-R-X1 (Fig. 3.3 & Fig. 3.4). It is unlikely these are stratigraphic surfaces, but 

represent faults within RAU-S-W. 

The polarity of the single, continuous reflector is hard to determine due to the depth. These 

reflectors are not mappable over broad sections of the basin, and thus do not form a separate 

sequence within RAU-MS-W. Internal seismic character of the localised sequences is generally 

discontinuous, with polarity and amplitude difficult to determine due to this discontinuous 

seismic character. 

Localised areas of more than one coherent, continuous reflectors are identified. These manifest in 

two different ways. The first of these is small, continuous reflectors, which have 2+ reflectors that 

demonstrate normal polarity, and high-amplitude. Reflectors in this scenario run parallel to each 

other (Fig.3.7).  

The second way groups of reflectors are identified are the presence of two reflectors that are 

perpendicular in orientation, terminating against RAU-R-X1 (Fig. 3.3). The amplitude varies but is 

stronger that surrounding reflectors due to the reflector brightness. The polarity is difficult to 

determine due to the depth of the seismic data. Within these two coherent reflectors, continuous 

to semi-continuous reflectors are identified that converge towards the centre of these two 

bounding perpendicular faults.  

In both instances due to the depth of RAU-MS-W coherent reflectors could represent either 

internal faults or a stratigraphic boundary. The determination of what a reflector represents is 

problematic. Reflectors that run perpendicular to other reflectors are interpreted as faults, and 

groups of reflectors are interpreted as a sedimentary package or block. Single, coherent 

reflectors, however, could be either a stratigraphic surface or a fault. 
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Figure 3.7: Seismic line RAU07-06 (Fig. 3.1) showing the wedge shape of RAU-MS-
W. Groups of coherent internal reflectors are identified and shown through 
dashed white lines. These reflectors truncate (blue arrow) against RAU-R-X1. 
Discontinuous reflectors are also prominent within RAU-MS-W. Faulting of RAU-
R-W1 is indicated by the black line, with black arrows indicating fault motion. 
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3.6 Sequence Analysis 

As stated in the previous section of this chapter, definition of sequences within the 

megasequence RAU-MS-W is not possible, with localized areas of continuous to semi-continuous 

reflectors identified, which are not applicable across the broader Raukumara Basin. This lack of 

definition of sequences within RAU-MS-W is predominantly down to two reasons. The depth of 

RAU-MS-W makes identification of reflectors more problematic, and this could be coupled with 

the depositional nature of RAU-MS-W, which may not have any internal sequences. 

3.7 Faulting 

Faulting within RAU-MS-W is minor. Megasequence boundary faulting is the most easily 

recognisable, with offset of RAU-R-W1 (Fig.3.7). The fault identified has a vertical throw of ~983 

ms TWT, and demonstrates a normal motion. This fault does not propagate into RAU-MS-W (Fig. 

3.7). 

Internal faulting is also identifiable, with small basin-like structures identified underneath RAU-R-

X1 (Fig. 3.3). The two bounding reflectors run perpendicular to that of other reflectors identified 

within the internal seismic character, and thus are interpreted as faults.  Both faults terminate 

against RAU-R-X1, supporting the inference that RAU-R-X1 is an unconformity surface. Between 

both bounding faults, internal reflectors run parallel to RAU-R-X1 and terminate against both 

bounding faults. This is similar to what is identified within RAU-MS-Y beneath RAU-R-Z1.  

3.8 Basement and Moho 

A Moho reflector is also identified within the seismic data. Basement is defined as any seismic 

data below RAU-R-W1 and RAU-R-X1 where RAU-R-W1 is not identifiable, with RAU-R-W1 

pinching out against RAU-R-X1. Identification is easier along RAU07 lines, with different seismic 

data acquistion for this survey compared to RAU11 data set (See Chapter 2). The Moho reflector 

demonstrates a reverse polarity, and depth is >10 s TWT (Fig. 3.8). The extent of the Moho is 

difficult to map due to the different processing of both datasets, with determining a clear Moho 

reflector from discontinuous reflectors problematic.  
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Figure 3.8: RAU07-05 seismic line (Fig. 3.1), demonstrating bounding reflectors 
for RAU-MS-W, basement and the Moho reflector.  
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3.9 Conclusion 

RAU-MS-W is the oldest megasequence that can be mapped across the Raukumara Basin, with a 

maximum thickness of ~5 s TWT. It is defined by a lower (RAU-R-W1) and an upper (RAU-R-X1) 

bounding surface. Both are continuous to semi-continuous in seismic character, and exhibit 

normal polarity and low to moderate amplitude. RAU-MS-W exhibits a wedge shape and 

geometry with the RAU-R-W1 terminating against RAU-R-X1 in the south of the basin. Internal 

seismic character can be split into two broad categories; discontinuous to chaotic reflectors and 

coherent, continuous reflectors. Faulting is minor within RAU-MS-W, with internal and reflector 

faulting identified. 
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4 RAU-MS-X 

4.1 Introduction 

RAU-MS-X is the second-deepest of the recognised megasequences in the Raukumara Basin. It is a 

thick megasequence with maximum thickness of 3–4 s TWT, with six sequences defined within it 

(Fig. 4.1). Thickness increases from the west towards the centre of the basin. Reflectors that define 

sequences dip and fan towards the east of the basin. Delineation of sequences towards the east of 

the basin is problematic due to the presence of the later formed East Cape Ridge, but it is inferred 

that sequences identified will have the same or slightly smaller thicknesses. RAU-MS-X is the most 

important megasequence within the Raukumara Basin, not only for its petroleum system 

implications, but it is also the most poorly understood of the megasequences, with no previous 

work has been done to identify sequences within it. 

 

Figure 4.1: Location of seismic lines interpreted through this chapter. Black lines 
display where seismic data was taken. Numbers correspond to figure within text. 
Grey area between 4.10 and 4.20 is where these two seismic interpretations cross 
each other.  
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4.2 Basal Surface 

The lowermost reflector of RAU-MS-X is defined as RAU-R-X1. It is identified as the lowermost 

continuous reflector within the centre of the basin, becoming a semi-continuous reflector along the 

outer edges of the basin. The polarity of RAU-R-X1 is difficult to define due to the depth of the 

reflector, with both normal and reverse polarity identified within the basin. Towards the boundaries 

of the basin, polarity is slightly harder to recognise due to the only semi-continuous nature of the 

reflector. The depth of RAU-R-X1 ranges from ~2–8.5 s TWT, with maximum depth found in the 

centre of the basin (Fig. 4.2).  

RAU-R-X1 is marks the base of a gently-dipping package of continuous to semi-continuous 

reflectors. Both onlap and downlap relationships are identified, which give credence to the idea 

that RAU-R-X1 is the basal surface of RAU-MS-X. Onlap is identified in the western area of the basin, 

with sequence boundaries within RAU-MS-X onlapping RAU-R-X1 (Fig. 4.3).  

4.3 Top Surface 

The upper bounding reflector of RAU-MS-X can be identified by two reflectors. From the centre to 

the eastern edge of the basin, RAU-R-Y1 serves as the topmost reflector. From the centre to the 

western edge of the basin, RAU-R-Z1 serves as the topmost reflector, due to the termination of 

RAU-R-Y1. In this the top of RAU-MS-X will be referred to as RAU-R-X7, a composite reflector 

comprises both RAU-R-Y1 and RAU-R-Z1. Both reflectors are continuous to semi-continuous in 

nature. Recognition as the top bounding surface for RAU-MS-X is done through the truncation of 

internal reflectors against RAU-R-X7. This is seen across the basin. Toplap of RAU-R-X6 also occurs, 

and this is in the east of the basin. 

The polarity of both RAU-R-Y1 and RAU-R-Z1 is different, with RAU-R-Y1 having reverse polarity 

and RAU-R-Z1 demonstrating normal polarity (Fig. 4.4). With a lesser depth involved in both these 

reflectors than the lower-bounding reflector polarity is easier to identify as continuity of both 

reflectors is prominent across the majority of the basin. Depth of the topmost reflector for RAU-

MS-X, involves a combination of both RAU-R-Y1 and RAU-R-Z1 to form one reflector as the top of 

RAU-MS-X. This is identified as RAU-R-X7. Depth of the topmost reflector ranges from ~1–6 s TWT 

(Fig. 4.4).  

Maximum depth of the upper bounding reflector for RAU-MS-X is found in the centre and north of 

the basin, with depth decreasing towards both the south and east (Fig. 4.5). 
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Figure 4.2: Contour map showing the depth at which RAU-R-X1 can be mapped 
across the basin. Thick black lines represent 1.0 s (TWT) intervals, with the thin 
black lines representing 0.2 s (TWT) intervals. The transition from red to blue 
indicates an increased depth. 

Scale: 1:625000
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Figure 4.3: Seismic line RAU11-1104p1 (Fig 4.1) exhibiting the overall architecture 
of RAU-MS-X, with onlapping relationship of sequence boundaries with RAU-R-X1 
(black arrows). 
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Figure 4.4: Seismic line RAU11-1106p (Fig. 4.1) exhibiting the multiple reflectors 
that correlate to the top of RAU-MS-X, with RAU-R-Z1 and RAU-R-Y1 both serving 
as topmost reflectors. In this chapter the combination of both forms the 
composite reflector RAU-S-X7. 
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Figure 4.5: Contour map exhibiting depth of RAU-R-X7 (top of RAU-MS-X). Thick 
black lines indicate 1.0 s (TWT) intervals, with thin black lines indicating 0.2 s 
(TWT) intervals. Red displays a shallow depth, with blue displaying a deeper 
RAU-R-X7.  
 

Scale: 1:625000
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4.5 Seismic Facies and Sequence Analysis 

Six sequences are identified within RAU-MS-X, and reflectors within these sequences exhibit many 

seismic characters (Fig. 4.2). Sequence boundaries are identified by a continuous to semi-

continuous reflector that spans across the whole of the Raukumara Basin.  

 

Figure 4.6: Isochron map exhibiting the thickness map of RAU-MS-X, with 
thickness at a maximum of 4 s TWT. Maximum thickness is the southeast of the 
basin. A transition from red to blue displays a greater thickness. 
 
 

4.4 Overall Structure and Thickness 

The maximum thickness of the entire megasequence is ~4s TWT, with a minimum thickness <0.2s 

TWT (Fig. 4.6). The maximum thickness occurs in the south eastern part of the basin. Thickness 

decreases across the centre of the basin to both the north and the west. Overall structure of 

RAU-MS-X is best described as fan shape, with the sequence thinning towards the north, east 

and west of the basin.  

 

Scale: 1:625000
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Figure 4.7: Contour map exhibiting the depth of RAU-R-X2 within the Raukumara 
Basin. Thick black lines indicate 1.0 s (TWT) intervals, with thin black lines indicating 
0.2 s (TWT) intervals. The transition from red to blue represents an increase in depth 
of RAU-R-X2. 
 

Internal seismic reflectors are predominantly continuous to semi-continuous in the centre of the 

basin and progress to being more discontinuous along the eastern and western boundaries of the 

basin.  

4.5.1 RAU-S-X1 

The lowest sequence within RAU-MS-X is RAU-S-X1. It has two bounding reflectors, with the 

lowermost being RAU-R-X1 described above. The upper bounding reflector is defined as the first 

continuous to semi-continuous reflector identified above the bottommost reflector and is defined 

as RAU-R-X2. Depth of this reflector ranges from ~4.0–8.0 s TWT, with the maximum depth located 

from the centre to the north east of the basin (Fig. 4.7).Depth decreases in a south west direction 

across the basin. In the top north western corner of the basin, RAU-R-X2 is not identified. 

Scale: 1:625000
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Maximum thickness of RAU-S-X1 is ~1 s TWT, located within the centre of the basin, and towards 

the south east of the basin (Fig. 4.8). Thickness decreases towards the west and north, with RAU-S-

X1 not being identified within the north western corner of the basin. Location of bounding reflectors 

is not possible underneath the East Cape Ridge, as the seismic data is poor quality in this region. A 

tilted onlap relationship is also identified in the north of the basin, with RAU-R-X2 onlapping RAU-

R-X1 (Fig. 4.9).  

Internal seismic reflectors within RAU-S-X1 predominantly fall under two forms of seismic 

character. The most common identified is chaotic, discontinuous reflectors and these are especially 

prominent in the east and eastern areas of the sequence. Continuous to semi-continuous reflectors 

are also identified and these are identified in the west, and can progress to  

Scale: 1:625000

Figure 4.8: Isochron map showing thickness of RAU-S-X1 in s (TWT). Contour 
intervals are at 0.2 s (TWT). Blue areas represent a greater thickness of RAU-S-X1. 
A transition from red to blue represents an increase in thickness of RAU-S-X1. 
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Figure 4.9: Seismic line RAU11-1128p1 (Fig. 4.1) showing the onlap (black arrows) 
and downlap (yellow arrow) identified in RAU-S-X1. Continuity of reflections can 
also be seen within RAU-S-X1. 

 

 

 

 

  

CDP

7750 6950 6150 5350 4550

7
4
0

0
8

4
0

0
7
9

0
0

T
W

T
(m

s
)

7
4

0
0

8
4

0
0

7
9

0
0

T
W

T
(m

s
)

NNESSW
3750

RAU-R-X2 

RAU-R-X1 

RAU11-53br-1128p1-4557 

RAU11-53br-1128p1-4557 

 km8

 km8

RAU-S-X1 



56 
 

  

 
Figure 4.10: Seismic line RAU11-1112p1 (Fig 4.1) showing the onlap (black 
arrows) and downlap (yellow arrow) identified in RAU-S-X1. Continuity of 
reflectors can also be seen in within RAU-S-X1. 
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the centre of the basin. The continuous reflectors will be parallel to that of both bounding 

reflectors, and can onlap onto RAU-R-X1 (Fig. 4.10). 

4.5.2 RAU-S-X2 

RAU-S-X2’s topmost bounding reflector is defined as RAU-R-X3, and is defined through both 

downlap and onlap relationships (Fig. 4.11). Depth of this reflector ranges from ~3.3–7.6 s TWT, 

with its maximum depth located in the centre and north east area of the basin (Fig. 4.12). Depth of 

RAU-R-X3 decreases in a south west direction across the basin. Much like the bottom bounding 

reflector, RAU-R-X3 is not located in the north west corner of the Raukumara Basin. The polarity of 

this reflector is normal and amplitude is low to moderate. 

Maximum thickness of RAU-S-X2 is ~1.2 s TWT, and this is located towards the centre of the basin 

(Fig. 4.13). Thickness of the sequence decreases to both the north and the west. This Thickness is 

due to the onlap relationship between both bounding reflectors, identified in the north and south 

of the basin and the onlap relationship between RAU-R-X3 and RAU-R-X1. This onlap relationship is 

identified predominantly in the west of the basin. 

Internal seismic character within RAU-S-X2 is similar to that described in RAU-S-X1, with both 

continuous to semi-continuous reflectors identified, along with chaotic, discontinuous reflectors 

(Fig. 4.11). Discontinuous reflectors demonstrate a hummocky characteristic. Continuous to semi-

continuous reflectors are less prominent in this sequence, with these being located in the centre of 

the basin and being parallel to both bounding reflectors. These reflectors onlap on to RAU-R-X1, 

especially in the western area of the basin where identifiable. Chaotic, discontinuous reflectors are 

especially prominent in the east of the basin, in close proximity to the East Cape Ridge.  

4.5.3 RAU-S-X3 

Its topmost bounding reflector is defined as RAU-R-X4, and is the next continuous to semi-

continuous reflector that is identified (Fig. 4.14). Its depth ranges from 3.3–7 s TWT, with its 

maximum depth located in both the centre and the north east area of the basin (Fig. 4.15). The 

depth of this reflector decreases in a south west direction, with minimum depth occurring to south 

of the basin. RAU-R-X4 does not occur in the northwest corner, similar to those reflectors identified 

below it, and is also not present in the southeast of the basin. Polarity of this reflector is normal, 

with amplitude low to moderate (Fig. 4.14). 
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Figure 4.11: Seismic line RAU11-110p1 demonstrating Sequences 1, 2, 3 and 4 
within RAU-MS-X. Onlap is shown by black arrows, with downlap shown by yellow 
arrows. Internal seismic character is also shown, with RAU-S-X1 having continuous 
to semi-continuous reflectors. RAU-S-X2 has lighter infernal reflectors, with a 
more discontinuous nature. Both RAU-S-X3 and RAU-S-X4 have similar seismic 
character, with brighter reflectors seen in RAU-S-X3. 
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Figure 4.12: Contour map of RAU-R-X3, with thickness increasing towards the northeast 
of the basin. Thick black lines represent 1.0 s (TWT) intervals, with thin black lines 
representing 0.2 s (TWT) intervals.  A transition from red to blue represents an increase 
in thickness of RAU-R-X3. 

Scale: 1:625000
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Figure 4.13: Isochron map showing thickness of RAU-S-X2 in s (TWT). Contour intervals 
are at 0.2 s (TWT).  A transition from red to blue represents an increase in thickness of 
RAU-S-X2. 

Scale: 1:625000
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Figure 4.14: Seismic line RAU11-1129p demonstrating the normal polarity of both 
RAU-R-X3 and RAU-R-X4. Also identified is the downlap within sequence RAU-S-X3. 
Internal seismic character of both RAU-S-X3 and RAU-S-X4 are also shown, with both 
continuous to semi-continuous reflectors and discontinuous reflectors shown for 
each. RAU-S-X5 is also shown with prograding reflectors shown by dashed black 
lines. 
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Maximum thickness of RAU-S-X3 is ~1 s TWT, and this is identified in the south east of the basin 

(Fig. 4.16). Thickness of the sequence decreases to both the west and north of the basin. RAU-R-X4 

onlaps onto both the bottom reflector RAU-R-X3 in the west and onto RAU-R-X1 to the north. This 

leads to a pinch-out of the sequence to both west and the south of the basin. To the east of the 

basin, no pinch-out of the sequence is identified, with a uniform thickness being identified. 

 

Figure 4.15: Contour map demonstrating depth of RAU-R-X4 across the basin. 
Thick black lines represent 1.0 s (TWT) intervals, with thin black lines representing 
0.2 s (TWT) intervals.  A transition from red to blue represents an increase in 
thickness of RAU-R-X4. 

Scale: 1:625000
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Figure 4.16: Isochron map showing thickness of RAU-S-X3 in s (TWT). Contour 
intervals are at 0.2 s (TWT).  A transition from red to blue represents an increase in 
thickness of RAU-S-X3. 
 

Internal seismic character for RAU-S-X3 is again split into two main categories; chaotic, 

discontinuous reflectors and coherent continuous to semi-continuous reflectors. Chaotic, 

discontinuous reflectors are especially prominent in the east, in close proximity to the East Cape 

Ridge. Discontinuous reflectors are also present where pinching-out of the sequence occurs. 

Continuous to semi-continuous reflectors are also identified and these are again prominent in the 

centre of the basin (Fig. 4.14). Reflectors identified run parallel to the bounding reflectors, and 

onlap onto RAU-R-X3, where the sequence begins to thin (Fig. 4.16) 

Scale: 1:625000
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Figure 4.17: Contour map of depth of RAU-R-X5 across the basin. Thick lines 
represent 1.0 s (TWT) intervals, and thin black lines represent 0.2 s (TWT) intervals.  
A transition from red to blue represents an increase in thickness of RAU-R-X5. 
 

4.5.4 RAU-S-X4  

Its topmost reflector is RAU-R-X5 and is a continuous to semi-continuous reflector. Depth ranges 

from ~3.2–7.0 s TWT, with maximum depth found in the centre and the north of the basin (Fig. 

4.17). Depth decreases towards the south of the basin, with minimum depth occurring in the south, 

close to the Raukumara Peninsula. RAU-R-X5 is not identified in the north west corner of the basin 

or in the most southern area of the basin. Polarity is difficult to determine, with normal polarity 

identified in the centre of the basin (Fig. 4.14).   

 

 

Scale: 1:625000
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Figure 4.18: Isochron map showing thickness of RAU-S-X4 in s (TWT). Contour 
intervals are at 0.2 s (TWT).  A transition from red to blue represents an increase in 
thickness of RAU-S-X4. 

 

 

Scale: 1:625000
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Maximum thickness of RAU-S-X4 is ~1.0 s TWT, with depth varying across the basin (Fig. 4.18). In 

general, greater thickness is identified in the centre and south east of the basin, with thickness 

decreasing towards both the north and the west. As stated above, RAU-R-X5 is not seen in both the 

north west and south of the basin, due to this reflector onlapping RAU-R-X1. This causes a pinch-

out of the sequence in both these areas (Fig. 4.18).  

 Internal seismic character is slightly different within RAU-S-X4 compared to sequences identified 

below stratigraphically. There is still two main seismic characters; discontinuous, chaotic reflectors 

and continuous to semi-continuous reflectors identified (Fig. 4.14). However, discontinuous, 

chaotic reflectors are much more prominent across the basin, not just along both the eastern and 

western boundaries of the basin. Discontinuous reflectors demonstrate a hummocky characteristic.  

 

Figure 4.19: Contour map of depth of RAU-R-X6 across the basin. Thick lines 
represent 1.0 s (TWT) intervals, and thin black lines represent 0.2 s (TWT) intervals.  
A transition from red to blue represents an increase in thickness of RAU-R-X6. 

 

Scale: 1:625000
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Figure 4.20: Isochron map showing thickness of RAU-S-X5 in s (TWT). Contour intervals 
are at 0.2 s (TWT). A transition from red to blue represents an increase in thickness of 
RAU-S-X5. 

 
Continuous to semi-continuous reflectors are identified in the centre of the basin. However, these 

are not as easily identifiable as those in previous sequences. There is also a lack of termination of 

these reflectors against bounding reflectors, with the continuation of reflectors unclear and not 

being able to be identified. 

4.5.5 RAU-S-X5 

Its top bounding reflector is RAU-R-X6, with RAU-R-Y1 serving as the top most reflector to the east 

of the basin, where RAU-MS-Y was deposited. Depth of RAU-R-X6 ranges from ~3–6.4 s TWT, with 

maximum thickness identified within the north east of the basin (Fig. 4.19). Coverage of RAU-R-X6 

across the basin is less extensive compared to that of other sequence boundaries due to the 

termination against RAU-R-Y1. 

Scale: 1:625000
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Figure 4.21: Seismic line RAU11-1128p1 demonstrating the internal seismic character 
of both RAU-S-X5 and RAU-S-X6. RAU-S-X5 demonstrates discontinuous facies at the 
bottom, with a northward prograding succession above this (dashed black lines). 
Onlap (black arrows), downlap (yellow arrows) and toplap (blue arrows) are all 
identified. RAU-S-X6 demonstrates continuous to semi-continuous reflectors that 
run parallel to that of its two bounding reflectors. 
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Figure 4.22: Isochron map showing thickness of RAU-S-X6 in s (TWT). Contour 
intervals are at 0.05 s (TWT).  A transition from red to blue represents an increase in 
thickness of RAU-S-X6. 
 

Maximum thickness of RAU-S-X5 is ~0.8 s TWT, with maximum thickness identified in the south 

eastern corner of the basin (Fig. 4.20). Thickness decreases moving towards the west and the north 

of the basin. Onlapping of RAU-R-X6 occurs against RAU-R-X1 in the southern and western areas of 

the basin, and this causes the pinch-out of the sequence.  

Internal seismic character is a combination of both discontinuous and continuous reflectors, with 

discontinuous reflectors prominent in the lower half of the sequence and continuous reflectors 

more prominent in the upper half of the sequence (Fig. 4.21). Continuous to semi-continuous 

reflectors prograde in a northern direction. Prograding reflectors terminate against RAU-R-X6, with 

an oblique geometry identified. Downlap of the prograding reflectors does not continue to the basal 

reflector for RAU-S-X5, with a continuous, bright normal polarity reflector acting as a lowermost 

boundary. This is not mappable across the basin. 

Scale: 1:625000
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Discontinuous, chaotic reflectors are more prominent to the east of the basin. This may be due to 

the presence of RAU-MS-Y1 to the east of the basin, causing poor imaging of the underlying strata, 

including RAU-S-X5. 

4.5.6 RAU-S-X6 

RAU-S-X6 is the final sequence identified within RAU-MS-X. Its bottom bounding reflector is RAU-

R-X6, which exhibits predominantly reverse polarity and is identified through onlap of internal 

reflectors. The top surface is RAU-R-X7 (composite top of RAU-MS-X), and has been described in 

the top surface section of this chapter (Section 4.1). 

Maximum thickness is <0.3 s TWT, with thickness increasing towards the west of the basin (Fig. 

4.22). Pockets of maximum thickness are found in both the north west and centre of the basin.  

Internal seismic character within RAU-S-X6 is uniform, with continuous to semi-continuous 

reflectors identified within the sequence (Fig. 4.21). These terminate against RAU-R-X7 where the 

truncation of RAU-S-X6 occurs. Internal seismic reflectors are parallel to bounding reflectors and 

are high in amplitude due to the brightness of reflectors (Fig. 4.21).  

4.6 Internal Structure of RAU-MS-X  

Sequences within RAU-MS-X all have the same general structure, with sequences fanning and 

dipping towards the east of the basin. RAU-S-X6 is the only sequence that varies from this general 

architecture, with it observed to occur from the centre of the basin and fanning towards the west. 

Localised areas of differing internal structure are identified, with anticline structures identified in 

the south west of the basin and faulting along both the eastern and western margins. 

Anticlines identified are present on seismic lines RAU11-1125p1, RAU11-1126p1 and RAU11-

1127p1 (Fig. 4.23). All anticlines identified plunge towards the south east, with the crest of each 

anticline exhibiting a similar depth across all three. The amplitude of the anticline increases in a 

south westwards direction. 

Timing of anticline formation is identified through the lateral variation in thickness of sequences. In 

both the 1125 and 1127 anticline this is not present, while there is lateral variation in thickness in 

the 1126 anticline occurring in RAU-S-X5. This implies that formation of these anticlines involved all 

of RAU-MS-X sequences, with formation likely to be during the emplacement of RAU-MS-Y. 
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Figure 4.23: Isochron map of thickness of anticlines in s (TWT), with anticlines 
identified. Green arrow shows vergence towards the south east. Dashed green line 
shows the possible link between the three anticlines as one anticline. Numbers 
represent lines that are anticlines are found on, with dashed yellow box on inset 
showing where lines are. 
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Figure 4.24 Seismic line RAU11-1125p1 exhibiting anticlinal structure. All 
sequence boundaries are labelled, with onlap (black arrows), downlap (yellow 
arrows) and truncation (blue arrows) all identified. 
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Figure 4.25: Seismic line RAU11-1126p1 exhibiting anticlinal structure. All 
sequence boundaries are labelled, with onlap (black arrows), downlap (yellow 
arrows) and truncation (blue arrows) all identified. 
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Figure 4.26: Seismic line RAU11-1127p1 exhibiting anticlinal structure. All 
sequence boundaries are labelled, with onlap (black arrows) and downlap (yellow 
arrows) identified. RAU-R-X6 is not mappable through this anticline. 
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4.6.1 1125p1 Anticline 

An anticlinal structure is identified along seismic line RAU11-1125p1 (Fig.4.24). All RAU-MS-X 

sequence boundaries are identified within the anticline. Seismic character within sequences has 

slight variation, with brighter reflectors identified in RAU-S-X3 on the northern side of the anticline. 

All other sequences within RAU-MS-X do not demonstrate much variation in seismic character. 

Within the apex of the anticline structure, reflectors become much more discontinuous and chaotic, 

with this identified in Sequences 1–4.  Onlap, downlap and truncation stratal terminations are 

identified. Downlap is identified in sequences 1–5 within RAU-MS-X. Onlap relationships are 

identified in sequences 2–5. Truncations are identified, with RAU-R-X6 truncating against RAU-R-

X7.  

4.6.2 1126p1 Anticline 

An anticlinal structure is identified to the southwest along seismic line RAU-1126p1 (Fig.4.25). All 

sequences within RAU-MS-X are present within the anticlinal structure. Seismic character within 

sequences has slight variations, with brighter reflectors identified on the southern side of the 

anticline for all sequences. Within the apex of the anticline, reflectors become chaotic and 

discontinuous, especially in RAU-S-X3. 

Three types of stratal terminations are identified; onlap, downlap and truncation. Downlap is 

identified in sequences 1–3. Onlap is identified in sequences 2–5, with truncation of RAU-R-X6 

against RAU-R-X7 identified on the northern side of the anticline.  

4.6.3 1127p1 Anticline 

An anticlinal structure is identified along seismic line RAU11-1127p1 (Fig. 4.26). Sequences 1–5 of 

RAU-MS-X are present within the structure, with a broader anticline identified in comparison to the 

two structures previously described. Seismic character within each sequence has little variation on 

either side of the anticline. RAU-S-X4 has the most variation, with an area of bright internal 

reflectors on the southern side of the anticline. Downlap and onlap relationships are identified 

within the sequences. Downlap is present in all sequences, with onlap identified in RAU-S-X4 and 

RAU-S-X5. RAU-R-X6 is not present within this anticline. 

4.7 Conclusion 

RAU-MS-X has maximum thickness ~4 s TWT in the south east of the basin. Six sequences are 

identified within RAU-MS-X. RAU-S-X1 has moderate to high-amplitude continuous internal 

reflectors. RAU-S-X2 to the lower half of RAU-S-X5 demonstrate similar characteristics, with low-

amplitude discontinuous to continuous reflectors identified. The top half of RAU-S-X5 demonstrates 

prograding reflectors and RAU-S-X6 demonstrates entirely continuous to semi-continuous internal 
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reflectors. Onlap occurs predominantly in the west of the basin, with some onlap of reflectors 

occurring in both the south and north of the basin. . RAU-R-X6 truncates against RAU-R-X7 in the 

centre of the basin.  

Minor faulting is identified to the south west and east of the basin. Internally, all sequences except 

RAU-S-X6 dip and fan towards the east of the basin, and are mappable across most of the basin. 

RAU-S-X6 demonstrates a relatively uniform thickness and is only identified from the centre to the 

west of the basin. Anticlinal structures are identified in the south west of the basin, with formation 

of these inferred to have begun during the deposition of RAU-MS-Y.  
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5 RAU-MS-Y  

5.1 Introduction 

RAU-MS-Y is defined as the megasequence between the RAU-MS-X and RAU-MS-Z. The key 

identification characteristic of RAU-MS-Y is the chaotic, discontinuous nature of internal 

reflectors, which is very different from the underlying RAU-MS-X and the overlying RAU-MS-Z. The 

importance of RAU-MS-Y is that it has been correlated to the East Coast Allochthon onshore 

(Stagpoole et al., 2008). This enables an estimation of the age range for deposition of RAU-MS-Y, 

and is of utmost importance for delineation of all megasequences within the Raukumara Basin. 

RAU-MS-Y as stated above, pinches out in the centre of the basin, with the predominant internal 

seismic character being chaotic and discontinuous in nature (Fig. 5.1). Continuous reflectors are 

identified in packages but are sporadic throughout. Reflectors are variably dipping throughout the 

megasequence. Delineation of sequences within RAU-MS-Y is difficult as the mapping of a 

continuous to semi-continuous bounding reflector within RAU-MS-Y across numerous seismic 

lines not possible. Any identification of a continuous reflector across a small area of RAU-MS-Y is 

thought to represent a sedimentary block within the greater megasequence. 

5.2 Basal Surface 

The lowermost surface of RAU-MS-Y is defined as RAU-R-Y1, and is identified from the east to the 

centre of the basin. RAU-R-Y1 is continuous to semi-continuous in nature and exhibits reverse 

polarity. Depth of this reflector ranges from 2.6–6.1 s TWT, with the maximum depth found in the 

north west area of RAU-MS-Y, with a decreasing depth in a south east direction (Fig. 5.2).  

The identification of RAU-R-Y1 as a basal surface for RAU-MS-Y is done numerous ways. The first is 

the identification of downlap of internal reflectors against RAU-R-Y1. This infers that RAU-R-Y1 is a 

basal surface for RAU-MS-Y. This is coupled with the marked difference between seismic 

character above and below RAU-R-Y1, with below reflectors described in Chapter 4, sections 4.5 

and 6.6. Above reflectors predominantly demonstrate discontinuous to chaotic reflectors (Fig. 5.3 

& Fig. 5.4).  

Amplitude of RAU-R-Y1 is moderate to high, with a general consistency of amplitude across the 

reflector. There are slight trends that can be identified, with a decrease in amplitude towards the 

south east of RAU-MS-Y and an increase in amplitude towards the west of the megasequence. 
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Figure 5.1: Map of all seismic lines interpreted in this chapter. Numbers 
correspond to figure number in the text 
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Figure 5.2: Contour map for depth of RAU-R-Y1 in the Raukumara Basin. This marks 
the actual extent of the horizon. Thick black lines indicate 1.0 s (TWT) intervals, and 
thin black lines indicate 0.2 s (TWT) intervals.  The transition from red to blue 
represents an increase in depth of RAU-R-Y1. 
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Figure 5.3: Seismic line RAU07-03 showing the delineation of RAU-MS-Y. Both 
bounding reflectors are identified. Seismic internal character is discontinuous 
and chaotic, with internal seismic character of RAU-MS-X and RAU-MS-Z 
demonstrating a more coherent nature. Also identified is the wedge shape of 
RAU-MS-Y. 
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Figure 5.4: Seismic line RAU11-1134p1 showing the units identifiable within RAU-
MS-Y. Downlap (yellow arrows) and truncation (blue arrows) is identified. 
Dotted black lines indicate coherent reflectors that are identifiable within RAU-
MS-Y, with parallel and folded reflectors identified. Also exhibited is the chaotic 
and discontinuous nature of the internal seismic character. 
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Figure 5.5: Contour map for depth of RAU-R-Z1, representing the top of RAU-MS-
Y. Thick black lines indicate 1.0 s (TWT) intervals, while thin black lines indicate 
0.2 s (TWT) intervals. The transition from red to blue represents an increase in 
depth of RAU-R-Z1. 
 

5.3 Top Surface 

The uppermost surface of RAU-MS-Y is defined as RAU-R-Z1, which delineates RAU-MS-Y from 

RAU-MS-Z. It is identified from the centre towards the east of the basin. RAU-R-Z1 is a continuous 

to semi-continuous reflector, which exhibits normal polarity. Depth of this reflector ranges from 

2.0–6.0 s TWT, with the maximum depth in the north west area of RAU-MS-Y, depth of RAU-R-Z1 

decreases towards the south east of RAU-MS-Y (Fig. 5.5). 

The identification of RAU-R-Z1 as a top surface is identified through the truncation of internal 

reflectors against RAU-R-Z1 (Fig. 5.4). This is coupled with the obvious difference in seismic 

character above and below RAU-R-Z1, with chaotic, discontinuous reflectors prominent below and 

continuous to semi-continuous reflectors in RAU-MS-Z (Fig. 5.3).  

Scale: 1:625000
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Amplitude of RAU-R-Z1 is moderate to high, with trends able to be identified. Amplitude 

decreases towards the north west of RAU-MS-Y, with visibly higher-amplitude to the north east 

and east of RAU-MS-Y. 

5.4 Overall Thickness and Structure 

RAU-MS-Y’s maximum thickness is to ~2 s TWT to the south east of the basin. Thickness decreases 

towards both the west, south and north of the basin (Fig. 5.6). 

 

Figure 5.6: Isochron map of the thickness of RAU-MS-Y in s (TWT). This is the 
geological extent of RAU-MS-Y. Thick black lines indicate 1.0 s (TWT) intervals, 
while thin black lines indicate 0.2 s (TWT) intervals.  The transition from red to 
blue represents an increase in thickness of RAU-MS-Y. 
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5.5 Internal Seismic Character 

The dominant internal seismic character within RAU-MS-Y is discontinuous to chaotic. However, 

there are different seismic characters that can be identified within RAU-MS-Y. Coherent reflectors 

can be identified and these are identified in three ways: within fault bounded blocks, within basin-

like structures beneath RAU-R-Z1, and continuous to semi-continuous reflectors that are 

identified in the eastern area of RAU-MS-Y.  

The chaotic to discontinuous reflectors are more prominent in both the southern and western 

areas of RAU-MS-Y. These are variably dipping and there is there is no coherency between 

internal reflectors (Fig. 5.3, Fig. 5.4 & Fig. 5.7). Due to this, determining both amplitude and 

polarity of these reflectors is difficult. Through assessing the brightness of internal reflectors as a 

gauge of amplitude, it can be seen that amplitude is highly variable, with bright to almost 

transparent areas identified within RAU-MS-Y. 

Moving towards the eastern area of RAU-MS-Y, coherent, continuous to semi-continuous 

reflectors are identified. These are within a discontinuous to chaotic matrix of reflectors. 

Coherent reflectors are identified within bounding reflectors, which exhibit an orientation 

perpendicular to the other internal coherent reflectors. Amplitude of the coherent reflectors are 

generally higher than discontinuous, chaotic reflectors exhibited. Polarity of these continuous to 

semi-continuous reflectors is predominantly reverse, but can be hard to determine due to the 

chaotic nature of the surrounding seismic character (Fig. 5.4 & Fig. 5.7). 

5.6 Units within RAU-MS-Y 

Within the eastern area of RAU-MS-Y, coherent continuous to semi-continuous reflectors are 

identified, which can be mapped between both bounding reflectors. These are identified in the 

north east of RAU-MS-Y’s area. These are not defined as sequence boundaries within RAU-MS-Y 

due to the lack of mappability across a substantial area of RAU-MS-Y. The reflectors are likely 

representative boundaries of secondary deposits within overall RAU-MS-Y deposition. The 

reflectors bounding these secondary deposits are identified as RAU-R-Y1A and RAU-R-Y1B (Fig. 5.4 

& Fig. 5.7).  

Boundaries separating the secondary deposits are reverse in polarity, with amplitude appearing to 

be moderate to high and similar to that of both RAU-MS-Y’s bounding reflectors. This amplitude 

assessment is established through the similarity in brightness between these boundaries and the 

bounding reflectors (Fig. 5.4 & Fig. 5.7).  

Internally, seismic character within all secondary deposits is highly variable. Packages of coherent 

reflectors can be identified, which are variably dipping. These truncate against both of the unit  
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Figure 5.7: Seismic line RAU11-1134p1. This exhibits the truncation (blue arrow) 
of RAU-R-Y1B against RAU-R-Z1. Also exhibited are internal faults within RAU-
MS-Y (solid black lines), with dotted black lines representing coherent reflectors 
within these fault bounded blocks. The faults located under RAU-R-Z1 form 
“basin-like” structures, with internal reflectors dipping towards the centre of the 
structure.  
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5.7 Faulting and Internal Structures 

Both internal and reflector faulting is identified in RAU-MS-Y. Reflector faulting is identified in the 

central eastern area of RAU-MS-Y, with a smaller number of faults identified within the north east 

of RAU-MS-Y. Internal faults within RAU-MS-Y are identified in the northern area of the 

megasequence and toward the central eastern area of the basin. Dips of these faults is limited to 

apparent dips. 

Fault identification within RAU-MS-Y is based on the orientation of reflectors and the nature of 

reflectors seen within the seismic data. Fault surfaces are identified primarily on orientation of 

 

Figure 5.8: Map of reflector faulting within RAU-MS-Y. Black arrows indicates a 
fault present, with arrow direct indicating apparent dip. 

 
boundaries (Fig. 5.4).  Packages of folded coherent reflectors are also identified. Discontinuous, 

chaotic reflectors are also prominent, as is the case in much of RAU-MS-Y. Amplitude for the 

coherent packages is generally higher than the discontinuous, chaotic reflectors due to the 

brightness of reflectors observed. Polarity is hard to determine for either seismic character due 

to the wide-range of seismic facies found throughout RAU-MS-Y. 
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the reflectors. A fault surface reflector is perpendicular to other reflectors that surround it within 

an area of RAU-MS-Y. The fault surface is further enhanced through the termination of reflectors 

against the fault surface (Fig. 5.8).  

Reflector faulting identified is mostly exclusive to RAU-R-Z1, with one fault identified that offsets 

RAU-R-Y1. The key component that can be measured from these reflector faults is the vertical 

throw, with an average of 345 ms. Faults that offset RAU-R-Y1 predominantly dip to the north-

northeast along north-south seismic lines, and north west along east to east-west seismic lines. 

The one fault that offsets RAU-R-Y2 occurs in the most eastern area of RAU-MS-Y. Vertical throw 

of this fault is 251 ms, with an apparent dip direction of north west (Fig. 5.9). 

Internal faults are identified in two areas; to the north-northeast and the central eastern area of 

RAU-MS-Y (Fig. 5.8). Internal faults identified within RAU-MS-Y manifest in three key ways. The 

first is two parallel faults, with coherent, continuous reflectors between these two faults. The 

second is formation of “basin-like” structures underneath RAU-R-Y2, with reflectors within these 

structures semi-continuous and terminating against each fault. The final internal faulting 

recognised is the truncation of folds that are formed in the east of RAU-MS-Y (Fig.5.7). 

Parallel faults are identified along north-south seismic lines, with apparent dips of these faults 

north-northeast. The parallel faults with continuous, coherent reflectors between faults are 

defined as fault-bounded sedimentary blocks within the RAU-MS-Y (Fig. 5.4). Vertical throw is not 

measured due to the fact there are no clear reflectors on either side of the fault surface. 

‘Basin-like’ structures below RAU-R-Z1 have two faults that are perpendicular in orientation that 

forms a V-shape. Internal reflectors continued within these faults are semi-continuous in nature 

and terminate against each fault, with each reflector folding towards the base of the structure 

(Fig. 5.7).  

Folding is also identified towards the east of RAU-MS-Y (Fig. 5.4). Folding is present underneath 

RAU-R-Z1 and is present within block forms. Folds identified are truncated by faults on side, with 

reflectors terminating against RAU-R-Y1 on the other side. Folded reflectors demonstrate a high-

amplitude due to the brightness observed of the reflectors. 
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Figure 5.9: Map of internal faulting within RAU-MS-Y. Black arrows indicate a 
fault present, with arrow direction indicating an apparent dip of the fault. Those 
faults that are in opposite directions to each other represent “basin-like” 
structures, with those following each other represent fault bounded blocks. 

 

5.8 Conclusion 

RAU-MS-Y is a located from the centre to the east of the basin. Its general architecture is a west-

verging wedge, which is predominantly comprised of discontinuous, chaotic reflectors, which are 

variably dipping. Internal reflectors do show some variation, with coherent, continuous reflectors 

identified. These are defined as units within RAU-MS-Y and not sequences due to the lack of 

mappability for a reflector. Both unit boundaries have a reverse polarity. 

Structurally, faults are identified both internally and offsetting of reflectors throughout RAU-MS-

Y. Internal faults form fault-bounded blocks, “basin-like” structures underneath RAU-R-Z1 and 

truncation of folding identified. Apparent dip of fault-bounded block faults is to the north-

northeast, with “basin-like” structures faults having opposing apparent dips.  
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RAU-R-Z1 is almost exclusively the only reflector that is faulted, with one fault offsetting RAU-R-

Y1. Generally speaking, reflector faults have an apparent dip direction of north-northeast and 

north west.  
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6 RAU-MS-Z 

6.1 Introduction 

RAU-MS-Z is the topmost megasequence identified within the Raukumara Basin. Its topmost 

bounding reflector is the seabed, with its lowermost reflector being defined as RAU-R-Z1. Both 

bounding reflectors are continuous in nature. RAU-MS-Z is identified across the basin with 

thickness increasing from ~1 s TWT to 2.5 s TWT in the northern area of the basin.  

Four broad sequences are identified within RAU-MS-Z, with the two lower identified sequences 

demonstrating continuous to semi-continuous reflectors that are north west dipping (Fig. 6.1). 

The upper two sequences demonstrate a wider range of internal seismic character, with 

continuous to discontinuous, chaotic reflectors identified. 

Faulting is prominent along both the eastern and western margins of the basin, which leads to the 

identification of complex stratigraphic relationships. Along the southern margin of the basin, uplift 

of RAU-MS-Z has occurred with reflectors dipping towards the north.  

6.2 Basal Surface 

The lowermost reflector identified in RAU-MS-Z is termed RAU-R-Z1. This reflector doubles as the 

top surface of RAU-MS-X in the west and RAU-MS-Y in the east. The polarity of this reflector is 

normal across the basin and its amplitude is high. An amplitude map is not applicable in this case, 

with differences in amplitude in the basal surface illustrating the different rocks underneath.  

The key stratal termination identified is the downlap of reflectors against RAU-R-Z1, with 

reflectors north westward dipping. There is also onlap of reflectors against RAU-R-Z1 to the south 

of the basin (Fig. 6.2). Depth of RAU-R-Z1 ranges ~1.7–6.0 s TWT, with maximum depth found in 

the north of the basin. Minimum depth is found in both the eastern and southern areas of the 

basin (Fig. 6.3). 

 

 

 

 

 

 



91 
 

 

Figure 6.1: Map of all seismic lines interpreted in this chapter. Black lines indicate 
what part of lines were used 
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Figure 6.2: Seismic line RAU11-1106p exhibiting the four sequences of RAU-MS-Z. 
Differences in internal seismic character can be seen, with downlap (yellow 
arrows) and onlap (black arrows) identified. Chaotic nature of RAU-S-Z3A is also 
exhibited. 

 

  

CDP

10500 10800 11100 11400 11700
4

2
0

0
5

6
0

0
4
9

0
0

T
W

T
(m

s
)

SENW

4
2
0

0
5

6
0

0
4
9

0
0

T
W

T
(m

s
)

12000

RAU-R-Z1

RAU-R-Z2

RAU-R-Z3

RAU-R-Z3A

RAU-R-Z3B

RAU-R-Z4

RAU11-53br-1106p-4557

RAU11-53br-1106p-4557

RAU-S-Z3 

RAU-S-Z3A 

RAU-S-Z2 

RAU-S-Z3 

RAU-S-Z1 

3 km

3 km



93 
 

 

Figure 6.3: Contour map for depth of RAU-R-Z1. Thick black lines represent 1.0 s 
(TWT) intervals and thin black lines represent 0.2 s (TWT) intervals. The 
transition from red to blue represents an increase in depth of RAU-R-Z1. 
 

6.3 Top Surface 

The topmost reflector identified within RAU-MS-Z is the seabed. This is the first seismic reflector 

that is identifiable within any seismic line that is interpreted within the Raukumara Basin. Polarity 

of this topmost reflector is normal, with a very high-amplitude observed due to the transition 

from sea water to rock. Depth of the seabed reflector ranges from <0.5–3.5 s TWT, with maximum 

depth found in the northern and central areas of the basin (Fig. 6.4). 

Stratal terminations that are identified include truncation of reflectors, in particular to the north 

west area of the basin. However, the main basis for this being the topmost reflector is that it is 

the first coherent, continuous reflector that can be observed within the seismic data.  

  

Scale: 1:625000
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Figure 6.4: Contour map for depth of seabed reflector. Thick black lines represent 
1.0 s (TWT) intervals and thin black lines represent 0.2 s (TWT) intervals. The 
transition from red to blue represents an increase in depth of the seabed. 
 

 

6.4 Overall Structure and Thickness 

Thickness of RAU-MS-Z ranges from 0.5–3.5 s TWT, with maximum thickness occurring the north 

of the basin. Thickness decreases to both the south and the east of the basin, with a smaller 

decrease in thickness towards the west of the basin (Fig. 6.5). 

  

Scale: 1:625000
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Figure 6.5: Contour map of RAU-MS-X thickness. Thick black lines indicate 1.0 s 
(TWT) intervals and thin black line indicate 0.2 s (TWT) intervals. The transition 
from red to blue represents an increase in thickness of RAU-MS-X. 
 

6.5 Seismic Facies and Sequence Analysis 

As described in the introduction of this chapter, seismic facies changes are identified moving up 

through RAU-MS-Z. Four sequences are identified within RAU-MS-Z, with RAU-S-Z1 and RAU-S-Z2 

characterised by continuous to semi-continuous reflectors, which dip towards the north west (Fig. 

6.6). The top two sequences (RAU-S-Z3 and RAU-S-Z4) exhibit different internal seismic character, 

with chaotic, discontinuous packages more identifiable within each sequence (Fig. 6.7). 

6.5.1 RAU-S-Z1 

The topmost reflector is defined as RAU-R-Z2 and is a continuous, normal polarity reflector. 

Amplitude of RAU-R-Z2 is high.  

Scale: 1:625000
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Figure 6.6: Seismic line RAU11-1107p1showing the general seismic character of 
RAU-S-Z1 and RAU-S-Z2. Internal reflectors dip towards the north west (black 
dashed lines), with continuous reflectors prominent in both sequences. 
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Figure 6.7: Seismic line RAU11-1107p1 showing the general seismic character for 
RAU-S-Z3 and RAU-S-Z4, with unit RAU-S-Z3A and RAU-S-Z4B identified. Dipping 
of reflectors towards the north west is not as prominent as in lower sequences. 
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Depth of this reflector ranges from 2.8–5.2 s TWT, with a maximum depth found in the north west 

of the basin (Fig. 6.8). Depth of RAU-R-Z2 decreases in both a southern and eastern direction, with 

it not identified within the south east. Where RAU-R-Z2 is not defined in the basin, RAU-R-Z1 

serves as the lowermost reflector identified within the southern area of the basin. 

Internal seismic character demonstrates predominantly continuous to semi-continuous internal 

reflectors, which are parallel to sub-parallel to both bounding reflectors. Onlap of reflectors is 

identified in the south and east of the basin and downlap of internal reflectors is identified in the 

west of the basin (Fig. 6.9 & Fig. 6.10). Internal reflectors dip north westwards following bounding 

reflectors (Fig. 6.6)  

 

Figure 6.8: Contour map for depth of RAU-R-Z2. Thick black lines represent 1.0 s 
(TWT) intervals and thin black lines represent 0.2 s (TWT) intervals.  The 
transition from red to blue represents an increase in depth of the RAU-R-Z2. 
 

Scale: 1:625000
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Figure 6.9: Seismic line RAU11-1128p1 showing the onlap in RAU-S-Z1 towards 
the south of the basin. Onlap is identified by black arrows. It is also noted that 
the sequence thins towards the south. 
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Figure 6.10: Seismic line RAU11-1103p1exhibiting RAU-MS-Z toward the east of 
the basin. Onlap (black arrows), toplap (blue arrows) and downlap (yellow 
arrows) are identified where applicable for sequences. Identification of both 
RAU-S-Z4A and RAU-S-Z4B is exhibited, with discontinuous, chaotic internal 
character seen. Other sequences exhibit more continuous, coherent reflectors. 
Faulting of RAU-R-Z1 is also identified, indicated by the black line, with arrows 
showing direction of fault motion. 
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6.5.2 RAU-S-Z2 

RAU-R-Z3 is the topmost reflector. This is a continuous reflector that runs parallel to that of RAU-

R-Z2 and exhibits a normal polarity. Amplitude of this reflector is again high, with bright 

reflectivity observed. Depth of RAU-R-Z3 ranges from 1.8–5.0 s TWT, with maximum depth 

occurring in the north west of the basin. Depth of RAU-R-Z3 decreases to both the south and the 

east (Fig. 6.12). 

 

Figure 6.11: Isochron map for total sediment thickness of RAU-S-Z1 in s (TWT). 
Contours are in 0.2 s (TWT) intervals.  The transition from red to blue represents 
an increase in thickness of RAU-S-Z1. 
 

Scale: 1:625000
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Maximum thickness of RAU-S-Z2 is ~1.2 s TWT. Maximum thickness is identified in two areas of 

the basin, being in the central and southern areas of the basin (Fig. 6.13). Minimum thickness is 

identified to the south east and north west of the basin. Generally, thickness increases towards 

the west of the basin, and further east. The thickness decrease is due to faulting, and causes a 

thinning of RAU-S-Z2. 

Continuous to semi-continuous reflectors are identified within RAU-S-Z2, and these are parallel to 

both bounding reflectors (Fig. 6.10). Amplitude is relatively high with bright internal reflectors 

identified. Between these reflectors, discontinuous to chaotic reflectors are identified. These are 

also identified where thinning of RAU-S-Z1 occurs (Fig. 6.10). Amplitude of these reflectors is high, 

with bright reflectors identified.  

 

Figure 6.12: Contour map for depth of RAU-R-Z3. Thick black lines represent 1.0 s 
(TWT) intervals and thin black lines represent 0.2 s (TWT) intervals.  The 
transition from red to blue represents an increase in depth of the RAU-R-Z3. 
 

Scale: 1:625000
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6.5.3 RAU-S-Z3 

RAU-S-Z3 is the third sequence identified in RAU-MS-Z. The bottom bounding reflector is RAU-R-

Z3, described above, and the top bounding reflector is defined as RAU-R-Z4. This top bounding 

reflector is normal in polarity and its amplitude is high. Depth of RAU-R-Z4 ranges from 1.1–4.2s 

TWT, with maximum depth found in the north of the basin, with depth decreasing to both the 

south and the east (Fig. 6.14). 

Maximum thickness of RAU-S-Z3 is <1.4 s TWT, which occurs in an area in the south, closest to the 

Raukumara Peninsula (Fig. 6.15). In a broad sense depth of RAU-S-Z3 decreases moving both 

eastwards cross the basin, with minimum depth occurring in the eastern area of the basin. 

Structurally, the thickness decrease to the east is due to folding present of RAU-R-Z2.  

 

Figure 6.13:  Isochron map for total sediment thickness of RAU-S-Z2 in s (TWT). 
Contours are in 0.2 s (TWT) intervals.  The transition from red to blue represents 
an increase in thickness of the RAU-R-Z2. 
 
 

Scale: 1:625000
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Internal seismic character, as described, is wide ranging, with chaotic, discontinuous reflectors 

identified and continuous to semi-continuous reflectors identified. Packages of continuous to 

semi-continuous reflectors are identified to the west and east of the basin, with reflectors 

demonstrating high-amplitude due to the brightness observed. These reflectors are also parallel 

to each other. Within the centre of the basin, discontinuous, chaotic reflectors become more 

prominent and are bound by two parallel reflectors. The lowermost reflector is defined as RAU-R-

Z3A and the top bounding reflector is defined as RAU-R-Z3B. This chaotic package pinches out 

within RAU-S-Z3 or terminates against faults identified (Fig. 6.10). 

 

Figure 6.14:  Contour map for depth of RAU-R-Z4. Thick black lines represent 1.0 s 
(TWT) intervals and thin black lines represent 0.2 s (TWT) intervals.  The 
transition from red to blue represents an increase in depth of the RAU-R-Z4. 
 

Scale: 1:625000
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6.5.4 RAU-S-Z4 

RAU-S-Z4 is the final sequence identified in RAU-MS-Z. Its top bounding reflector being the 

seabed, which is described in the top surface section of this chapter.  

Maximum thickness of RAU-S-Z4 is >1 s TWT (Fig. 6.16). Maximum thickness occurs in the north, 

with localised area in the south and south east where maximum thickness is identified. Generally, 

thickness decreases to the south, and also to both the east and the west. Structurally, a decrease 

in thickness of RAU-S-Z4 is due to faulting along the East Cape Ridge and into Havre Trough, with 

faulting not as prominent in the northern area of the basin, creating a greater thickness of RAU-S-

Z4. Internal seismic character is again wide ranging, with continuous to semi-continuous packages 

(Fig. 6.17) identified along with discontinuous, chaotic packages also present. Continuous to semi-

continuous packages are the only recognised internal seismic character between from the  

 

Figure 6.15: Isochron map for total sediment thickness of RAU-S-Z3 in s (TWT). 
Contours are in 0.2 s (TWT) intervals.  The transition from red to blue represents 
an increase in thickness of the RAU-S-Z3. 
 

Scale: 1:625000
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west across the centre of the basin (Fig. 6.18). The packages exhibit parallel reflectors, with 

amplitude varying from high to very high due to the rock properties. Polarity of these reflectors 

alternates from reverse to normal, with both being as prominent as each other through the 

seismic data.  

Chaotic, discontinuous reflectors are identified in the north to the centre of the basin. These are 

debris flow parasequences. They are also prominent in the north east of the basin (Fig. 6.17). Two 

packages of chaotic, discontinuous reflectors are identified across the north and the north east of 

the basin. The first unit identified is RAU-S-Z4A. The bottom reflector is reverse in polarity and has 

high-amplitude, and is defined as RAU-R-Z4A. The top reflector is the second unit boundary 

identified and it is named RAU-S-Z4B. It also exhibits reverse polarity. Internally, reflectors exhibit 

a wide range of amplitudes, with bright reflectors to transparent reflectors identified.  

 

Figure 6.16: Isochron map for total sediment thickness of RAU-S-Z4 in s (TWT). 
Contours are in 0.2 s (TWT) intervals.  The transition from red to blue represents 
an increase in thickness of the RAU-S-Z4. 
 
 

Scale: 1:625000
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Figure 6.17: Seismic line RAU11-1107p1exhibiting the varying internal seismic 
character of RAU-S-Z3 and RAU-S-Z4. Black arrows indicate onlap of internal 
reflectors within RAU-MS-Z. In the west of the basin, RAU-S-Z4 has continuous, 
coherent reflectors, with RAU-S-Z4 having much more semi-continuous to 
discontinuous reflectors. 
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Figure 6.18: Seismic line RAU11-53br-1103p1-4557 showing the two units, RAU-
S-Z4A and RAU-MS-ZB identified within. RAU-R-Z4A truncates RAU-R-Z4. Both 
unit bounding reflectors are reverse in polarity. 
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The second unit identified is RAU-S-Z4B, with RAU-S-Z4A as its lower bounding reflector and the 

seabed as its top reflector. Internally, the chaotic, discontinuous reflectors have a wide range of 

amplitudes, with bright to low-amplitude reflectors identified.  

The second unit identified is RAU-S-Z4B, with RAU-S-Z4A as its lower bounding reflector and the 

seabed as its top reflector. Internally, the chaotic, discontinuous reflectors have a wide range of 

amplitudes, with bright to low-amplitude reflectors identified.  

6.6 Faulting 

Faulting within RAU-MS-Z is extensive, with faults most easily identified in RAU-MS-Z compared to 

other megasequences. Faulting is prominent in the east of the basin, with faulting also identified 

in the north west of the basin. Sporadic faulting is seen across the centre of the basin. Both 

internal faulting and reflector faulting is identified, with faulting much more prominent in the top 

 

Figure 6.19: Map of reflector faulting within RAU-MS-Z. Black arrows indicate 
where a fault is mapped, with arrow direction indicating apparent dip direction. 
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two sequences than in the bottom two sequences within RAU-MS-Z. Internal faults are identified 

through the truncation of internal reflectors. There is a wide range of apparent dip for both 

internal and reflector faults identified (Fig. 6.19 & Fig. 6.20). 

Faulting of RAU-R-Z1 is identified and this has been described in the RAU-MS-Y chapter. Faults 

that offset RAU-R-Z1 also propagate and cause the offset of both RAU-R-Z2 and RAU-R-Z3. This is 

identified on one seismic line, with the apparent dip of both faults to the south east. Vertical 

throw can be measured from these two faults with the throw for RAU-R-Z2 being ~154 m/s and 

for RAU-R-Z3 ~282 m/s. Internal faulting is also identified in within the bottom two sequences, 

with truncation of RAU-R-Z2 identified in the east of the basin.  

Faulting of RAU-R-Z4 is the most common reflector faulting that is identified within RAU-MS-Z. 

Average vertical throw for faults that offset RAU-R-Z4 is ~221 m/s, with apparent dip of these 

identified faults predominantly towards the south east, with some dipping towards the north 

west. True dips are not measured due to the lack of mappability of faults across numerous seismic 

lines. Faulting of RAU-R-Z4 is predominant in the east and south of the basin. 

Debris flow parasequences within RAU-S-Z3 and RAU-S-Z4 also have identifiable faults along the 

bounding reflectors of each parasequence. The most common faulting is identified along RAU-R-

Z3A and RAU-R-Z4A within RAU-MS-Z. Average vertical throw for RAU-R-Z3A is ~237 ms, with 

average vertical throw for RAU-R-Z4A is ~108 ms. Faulting of RAU-R-Z3A is located in the south of 

the basin, with a graben structure identified. Apparent dips are wide-ranging, and there is no 

general pattern with identified faults. Faulting of RAU-R-Z4A is located predominantly in the north 

of the basin, with apparent dip of faults towards the south east. Faulting of RAU-R-Z3B is also 

identified, with average vertical throw being ~151 ms. 

Internal faulting is identified throughout RAU-S-Z3 and RAU-S-Z4 (Fig. 6.18), with the termination 

of unit reflector boundaries the key identifying feature for the presence of an internal fault. 

Sporadic internal faults are identified in the south and east of the basin, with minor faulting also 

present in the centre of the basin. An average vertical throw cannot be measured, as there is no 

clear reflector being offset by the faults. Apparent dip of internal faults is categorised in two 

directions; south east and north west. Identification of these internal faults is also aided by the 

change in internal seismic character from discontinuous, chaotic reflectors to more continuous 

reflectors within a sequence. 

Both internal and reflector faults identified are shallow dipping throughout the basin. Steeper 

faults are identified outside of both the western and eastern boundaries of the basin.  



111 
 

 

Those steeper faults are interpreted to be normal faults. Faulting within the basin, especially 

those that are reflector faults identified as low angle normal faults. 

Faulting within RAU-MS-Z is predominantly identified within RAU-S-Z3 and RAU-S-Z4, with deeper 

faulting of RAU-S-Z1 and RAU-S-Z2 attributed to faulting within RAU-MS-Y. Faulting is prominent 

in both the southern and eastern areas of the basin, with minor faulting identified across the 

centre and western areas of the basin. Faults identified are generally shallow dipping, with much 

steeper faults identified on the outer edges of both the western and eastern boundaries. Faults 

identified are generally shallower dipping, with much steeper faults identified on the outer edges 

of both the western and eastern boundaries of the basin. Apparent dip of faults is wide ranging, 

with reflector faults predominantly dipping towards the south east, with some dipping towards 

the north west. Internal faults apparent dip is much harder to gauge, with a wide range of dips 

identified. 

 

Figure 6.20: Map of internal faulting within RAU-MS-Z. Black arrows indicate 
where a fault is mapped, with arrow direction indicating apparent dip direction. 
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6.7 Conclusion 

RAU-MS-Z is ~4 s TWT thick, and can be separated into four broad sequences. Each sequence has 

differing internal seismic character, with RAU-S-Z1 exhibiting continuous to semi-continuous 

reflectors throughout. RAU-S-Z2 exhibits continuous to semi-continuous reflectors that are 

parallel to each other, with chaotic, discontinuous reflectors seen between parallel reflectors. 

RAU-S-Z3 exhibits continuous reflectors in the west and east of the basin, with internal debris 

flows (Fig. 6.10) found across the centre of the basin. RAU-S-Z4 exhibits continuous to semi-

continuous internal reflectors to the west and chaotic, discontinuous reflectors to east.  

Both internal and reflector faulting are identified, with reflector faulting demonstrating an 

apparent dip towards the south east. Internal faulting exhibits a wide range of apparent dips. 

Faulting is predominantly identified within RAU-S-Z3 and RAU-S-Z4, with minor faulting in RAU-S-

Z1 and RAU-S-Z2, which is attributed to faulting identified in the RAU-MS-Y chapter. Faults 

identified exhibit a shallow dip. 

  



113 
 

7 Basin History 

7.1 Introduction 

The basin history of the Raukumara Basin can be interpreted in terms of four phases; the old 

Gondwana subduction margin in the southwest of the basin, the thermally subsiding passive 

margin setting across during the late Cretaceous to Oligocene, the beginning of the modern day 

Hikurangi-Kermadec Subduction Margin in the earliest Neogene and continuing up until the 

present day. 

This tectonic history of the basin gives an overarching guide to the linking of onshore stratigraphy 

with offshore seismic stratigraphy. Isocore maps are also produced to show actual thicknesses of 

RAU-MS-X, RAU-MS-Y and RAU-MS-Z (see section 2.6.3). Due to the depth of RAU-MS-W, this 

velocity analysis was not completed as the model created was not applicable.  

To link the offshore sequences and onshore stratigraphy, the most obvious starting point is the 

correlation of RAU-MS-Y with the East Coast Allochthon. This method has been adopted in 

previous studies  (Stagpoole et al., 2008; Sutherland et al., 2009) and I agree with this method. 

This allows RAU-MS-W and all sequences within RAU-MS-X to be attributed to onshore formations 

that are stratigraphically lower than the East Coast Allochthon. RAU-MS-Z and its sequences are 

attributed to onshore formations stratigraphically above the East Coast Allochthon. The use of 

seismic facies analysis enables correlations to be made. 

7.2 RAU-MS-W 

7.2.1 Introduction 

The identification of a RAU-MS-W within the Raukumara Basin offshore seismic data was first 

postulated in Stagpoole et al., (2008), but was included as part of basement rocks. Sutherland et 

al., (2009) named the megasequence as Megasequence W. RAU-MS-W is further developed in this 

thesis, with it providing a useful insight into the early basin history.  

7.2.2 Stratigraphic Correlation 

RAU-R-W1 and RAU-R-X1 have been described within the seismic interpretation section. RAU-R-

W1 has both downlap and onlap terminations identified. These terminations are likely to be 

faults, rather than identified stratal surfaces. It is unlikely that RAU-R-W1 is a stratigraphic 

surface, with it interpreted to represent a low angle fault. The depth of reflector is >8 s TWT so 

interpretation of what this surface represents is difficult (Fig. 7.1).  

Truncation of internal seismic reflectors beneath RAU-R-X1 imply that this is an angular 

unconformity. RAU-R-W1 is truncated by RAU-R-X1. Steep faults forming piggy-back basins  
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underneath RAU-R-X1 imply syn-emplacement of these structures during deposition of RAU-R-X1, 

much like what was seen in RAU-MS-Y. RAU-R-X1 is defined as the regional-scale moderate- to 

low-angle unconformity separating the Matawai Group (RAU-MS-W) from the Tinui Group (RAU-

S-X1). While this unconformity is not seen onshore, the presence of local unconformities gives 

support that a regional unconformity is possible offshore.  

Internal seismic character is highly variable, with discontinuous, chaotic reflectors identified along 

with single or groups of continuous, coherent reflectors. Previous work has interpreted RAU-MS-

W as a thrust wedge composed of both the Torlesse Terrane and Matawai Group The 

discontinuous, chaotic reflectors are interpreted to represent deformed rocks within the Torlesse 

Terrane and Matawai Group within RAU-MS-W. Continuous, coherent reflectors underneath RAU-

R-X1 (Fig.3.6) are interpreted to be correlative with weakly-deformed Matawai Group strata.  

 

Figure 7.1: Isochron map of RAU-MS-W, with thick contours represent 1.0 s TWT 
and thin contours representing 0.2 s TWT. A transition from red to blue 
represents an increase in thickness. 
 

Scale: 1:625000
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In many cases internal reflectors that are identified are interpreted as faults, with many 

moderately dipping. The presence of a high proportion of faults within the Matawai Group to be 

dipping at >40⁰ onshore (Mazengarb and Harris, 1994; Sutherland et al., 2009) is postulated as a 

reason for the predominant chaotic nature within RAU-MS-W. The depth of RAU-S-W could also 

contribute to the poor imaging of internal reflectors.  

7.2.3 Tectonic Deformation and Paleogeography 

The deepening of RAU-MS-W, beneath modern day sea level towards the south west of the 

current basin orientation identifies a thickening wedge towards the south west corner of the 

basin.  The wedge-shape structure of RAU-MS-W is inferred to represent the ancient Gondwana 

subduction fore-arc trench slope (Sutherland et al., 2009) (Fig.7.2). With thickness of the wedge 

increasing towards the south west of the basin, an inferred sediment deposition direction is also 

towards the south west, with transport of sediment towards the north east along the trench of 

the Gondwana margin.  

Gondwana subduction is inferred to cease at ~105 Ma as the Hikurangi Plateau impacted on the 

Chatham Rise sector of the Gondwana margin (Davy et al., 2008). However, subduction-driven 

deformation and thrust faulting is identified onshore that continued until ~85 Ma (Mazengarb and 

Harris, 1994). 

With the inferred ending of subduction being at ~105-85 Ma, an onshore correlation is likely to be 

both the Matawai and Ruatoria groups. This infers a range of lithologies including sandstone, 

 

Figure 7.2: Schematic representation of RAU-MS-W, with black arrows indicating 
subduction.  The black dotted line represents a trench at the base of the trench 
slope. Yellow arrows indicate possible sediment transport direct, with it moving 
down the trench slope into the trench. The blue indicates the subducting slab. 

RAU-R-W1

RAU-MS-W
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mudstone and conglomerate units. RAU-R-X1 serving as an unconformity surface also confirms a 

change in depositional environment within the basin. 

A modern analogue for RAU-MS-W is the modern Hikurangi trench slope with the subduction of 

the Pacific plate subducted beneath North Island, New Zealand (Barnes, 1990; Nicol et al., 2007). 

Lithologies identified in both are similar, with sandstone, mudstone and conglomerate identified, 

with transport down the trench slope into the Hikurangi Trough, with the accretionary slope basin 

resembling that of RAU-MS-W (Lewis et al., 1998). 

7.3 RAU-MS-X 

7.3.1 Introduction 

Depositional history of RAU-MS-X is of paramount importance as key elements of a petroleum 

system are likely to be contained within the megasequence. Developing a depositional history is 

dependent on numerous factors: general architecture of RAU-MS-X, internal seismic character 

within each sequence, internal structure that is identified, correlation with onshore stratigraphy, 

tectonic history of the basin, and relative sea level. The combination of all of these factors leads to 

inferences on how RAU-MS-X was deposited. Six sequences are identified within RAU-MS-X. Overall 

thickness of the megasequence is ~6.5 km (Fig.7.3).  

7.3.2 Stratigraphic Correlation 

Framework for a stratigraphic correlation between onshore stratigraphy and offshore sequences 

is based on previous work (Sutherland et al., 2009), with RAU-R-X1 correlated to the regional 

unconformity between the Tinui and Matawai groups onshore (Mazengarb and Harris, 1994). 

RAU-R-X1 is interpreted as the beginning of the thermally-subsiding passive margin phase of 

deposition within the Raukumara Basin.  

Correlation between onshore stratigraphy and offshore sequences is based on a seismic facies 

comparison with onshore observed stratigraphy and a comparison in thicknesses of onshore 

formations with attributed offshore sequences for RAU-MS-X (Fig 7.4). 

This lateral variation in thickness between the onshore and offshore is due to the different 

depositional processes involved at each location, and also the available accommodation space 

within the basin compared to that on the peninsula. Deformation associated with the East Coast 

Allochthon deposition may also attribute to reduced thickness onshore of RAU-MS-X rocks. There 

is also the possibility of lateral facies variation. 
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Figure 7.3: Isocore map showing the total sediment thickness in km of RAU-MS-X. 
The transition from blue to red represents an increase in thickness. 

 

There is high confidence in this correlation, with subtle seismic facies changes allowing sequences 

to be delineated and correlated. The simplest correlation has been undertaken that best fits the 

seismic facies that have been mapped.   

7.3.3 RAU-S-X1 

The basal surface for RAU-S-X1 is RAU-R-X1, and has already been defined as a regional 

unconformity surface. Thickness of this sequence increases to the southeast of the basin, with 

inferred sediment sources to be from the south west. Maximum thickness of RAU-S-X1 is ~1.4 km 

(Fig. 7.5).  

Scale: 1:625000
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Figure 7.4: Simplified comparison of onshore stratigraphy formations with 
offshore identified sequences for RAU-MS-X. 
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Figure 7.5: Isocore map showing total sediment thickness in km of RAU-S-X1, 
with grey arrows representing sediment supply directions. Sediment supply is 
inferred from the west to south west. Red colours indicate a greater thickness. 

 

The onshore correlative for RAU-S-X1 is interpreted as the Tahora Formation, which has a 

maximum thickness of ~500 m onshore (Isaac et al., 1991). The presence of the identified 

regional unconformity in RAU-R-X1 implies that RAU-S-X1 represents the beginning of the Tinui 

Group 

deposition. The Tahora Formation consists of massive to well-bedded sandstone onshore, 

which is confirmed by the presence of continuous, coherent reflectors that have moderate to 

high-amplitude. Semi-continuous to discontinuous reflectors, with lower amplitude towards the 

east of the basin may be attributed to mudstone deposition, which is interpreted as 

representing the Owhena Formation.  

 

Scale: 1:625000
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The cessation of subduction, with thrust faulting continuing until ~85 Ma (Mazengarb and Harris, 

19941994) and the presence of the trench slope allows inferences of sediment transport direction 

to be made. Sediment transport direction is predominantly from the south west, down the slope 

into the Raukumara Basin. This does have supporting evidence with onlap identified in the west 

against RAU-R-X1 and downlap towards the east of the basin (see chapter 4). The variation in 

seismic facies, with sandstone present in the west and mudstone present in the east also implies a 

sandy sediment source is present in the south west of the basin. 

 

 

 

Figure 7.6: Isocore map showing total sediment thickness in km of RAU-S-X2. 
Grey arrows indicate sediment supply directions, with sediment supply inferred 
to be from the west. A transition from blue to red represents an increase in 
thickness. 

 
 

Scale: 1:625000
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Maximum thickness of this sequence occurs in the south east of the basin, with thickness being 

~1.4 km (Fig. 7.6). 

The onshore correlative for RAU-S-X2 is likely to be the Whangai Formation, with a maximum 

thickness onshore of ~900 m. It is usually only ~600 m onshore, but there may be undetected 

structural repetition (Moore, 1988).  Coherent, continuous reflectors in the centre of the basin are 

identified along with semi-continuous to discontinuous reflectors towards the east and west. The 

presence of the more discontinuous to semi-continuous, low-amplitude reflectors within RAU-S-

X2 imply a lower-energy environment than deposition of RAU-S-X1. This is interpreted as the 

Scale: 1:625000

Figure 7.7: Isocore map showing total sediment thickness in km of RAU-S-X3. A 
transition from blue to red represents an increase in thickness. 
 
 

7.3.4 RAU-S-X2 
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beginning of the Whangai Formation and is supported onshore with the Whangai Formation 

conformably overlying the Tahora Formation. 

Tectonically, RAU-S-X2 shows that the Raukumara Basin is beginning a thermally-subsiding passive 

phase of deposition. The decrease in amplitude of internal reflectors and the increase of 

discontinuous-semi-continuous reflectors supports the interpretation that mudstone is becoming 

the dominant lithology, moving towards the deposition of RAU-S-X3. The lack of prograding 

reflectors or any evidence higher-amplitude seismic reflectors suggests a lack of sandstone within 

the sequence. This suggests a low-energy environment, consistent with a passive phase of 

deposition. 

The presence of the trench slope in the west gives a primary sediment depocentre, with sediment 

transport towards the east of the basin during early deposition of RAU-S-X2. This is supported by 

onlap relationships to the west in the basal part of the sequence.  

Scale: 1:625000

Figure 7.8: Isocore map showing total sediment thickness in km of RAU-S-X4. A 
transition from blue to red represents an increase in thickness 
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7.3.5  RAU-S-X3 

Thickness of RAU-S-X3 is greatest in the south of the basin. Maximum thickness is 2 km, with a 

more typical sediment thickness <1.3 km (Fig. 7.7). 

The onshore correlative For RAU-S-X3 is the Upper Calcareous Member of the Whangai 

Formation. Its onshore thickness is ~200 m (Moore, 1988). A clear boundary reflector is identified. 

Internal reflectors exhibit a slightly different internal character than that of RAU-S-X2, with more 

continuous to semi-continuous reflectors identified. Amplitude across this sequence is still low. 

The presence of these reflectors imply uniform sedimentation, with higher-amplitude reflectors 

interpreted as possible glauconitic sandstone units within RAU-S-X3. This may represent the Te 

Uri Member identified onshore (Moore, 1989a) 

The Waipawa Formation is above the Whangai Formation, with thickness of <20 m onshore. It can 

also be locally absent. Seismic data that represents the Waipawa Formation is thought to be high-

amplitude continuous reflector (Herzer et al., 1997). There are higher-amplitude areas of RAU-R-

X4 identified but these are in localised areas. The lack of mappability of the Waipawa Formation 

could be due to the depth of reflectors being identified or the general thin nature of the Waipawa 

Formation. 

Tectonically, the basin lay within a passive phase of deposition. This is confirmed by the 

predominantly mudstone deposition during RAU-S-X3, with low reflectivity and continuity of 

reflectors identified throughout the sequence.  Age of deposition of RAU-S-X3 is inferred to have 

been from the Late Cretaceous to the Paleocene, with the inferred Waipawa Formation thought 

to be deposited in the earliest Late Paleocene (Hollis et al., 2014). 

The identification of continuous, coherent reflectors in the centre of the basin imply uniform 

sedimentation. The amplitude of reflectors is low, which is interpreted as evidence for a low-

energy environment. The increase in thickness towards the east and change in internal seismic 

character across the basin implies that lateral facies variation has occurred.  A thicker Whangai 

Formation is recorded to the east and this is interpreted as there being more accommodation 

space towards the east. Deposition of RAU-S-X3 is interpreted as being a drape over original 

sediment already deposited within the basin. 

7.3.6 RAU-S-X4 

Thickness of RAU-S-X4 is less than the previously described sequences. Maximum thickness is 

identified along the current day southern margin. Maximum thickness is ~1 km (Fig.7.8).  
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Figure 7.9: Isocore map showing total thickness in km of RAU-S-X5. Grey arrows 
indicate inferred sediment supply directions from the west and south of the basin. 
A transition from blue to red colours indicates an increase in thickness 

The onshore correlative for RAU-S-X4 is the Wanstead Formation, with its maximum onshore 

thickness apparently up to ~300 m (Mazengarb and Speden, 2000). Internal reflectors are 

dominated by low-amplitude discontinuous to semi-continuous reflectors (Fig. 4.14). This implies 

that the dominant lithology during deposition of RAU-S-X4 is mudstone, which is the dominant 

lithology of the Wanstead Formation (Mazengarb and Speden, 2000). Higher-amplitude 

continuous to semi-continuous reflectors that are identified to the west of the sequence are 

inferred to represent sandstone and mudstone bedding, such as that is present to the west 

onshore (Mazengarb and Speden, 2000). Onlap relationships are identified to the west and south 

of the basin, with downlap relationships to the east. Smectite identification onshore indicates 

background sedimentation within a deep ocean basin (Mazengarb and Speden, 2000). Betonite 

clays that are identified onshore are derived are interpreted to have been from the alteration of  

Scale: 1:625000
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volcanic tephra and tuff (Fergusson, 1985) imply volcanic input within the onshore stratigraphy. 

This could be attributed to the onset of subduction to the north of New Zealand. 

Tectonic deformation is similar what has been described in RAU-S-X3, with a thermally-subsiding-

subsiding passive phase identified. The identification of clays onshore indicating volcanic input 

(Fergusson, 1985) does imply the onset of subduction north of New Zealand. However this does 

not manifest itself in the offshore sequences, with no prograding reflectors identified.   

Internal reflectors are consistent through RAU-S-X4 suggest lateral facies variation is not present. 

The presence of discontinuous, hummocky reflectors indicate mudstone deposition, with 

 

Figure 7.10: Isocore map showing total sediment thickness of RAU-S-X5in km. 
Grey arrow indicates sediment supply from the north east of the basin. Areas of 
0 thickness towards the centre of the basin indicate where RAU-S-X6 is truncated 
by RAU-R-Z1 or RAU-R-Y1.  Transition from blue to red represents an increase in 
thickness. 

Scale: 1:625000
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sediment deposition likely to be a drape across previously deposited strata. Maximum thickness is 

towards the east of the basin, with accommodation space greater towards the central and 

eastern areas of the basin.  

7.3.7 RAU-S-X5 

 Thickness of RAU-S-X5 is ~1.2 km, with maximum thickness identified in the east of the basin 

(Fig.7.9). 

The onshore correlative for RAU-S-X5 is the Weber Formation, with its maximum onshore 

thickness ~900 m (Mazengarb and Speden, 2000). In the lower half of the sequence, semi-

continuous to discontinuous internal reflectors are identified, with the top half exhibiting more 

continuous, higher-amplitude reflectors. A northward prograding sequence is also identified in 

the centre of the basin. The oblique nature of these reflectors (Fig.4.19) implies a high-energy 

environment (Veeken, 2006), supporting the notion of sandstone deposition. Onshore 

stratigraphy identifies the Weber Formation as a predominantly mudstone unit, which is 

confirmed in the offshore sequence by the discontinuous reflectors identified in at its base. The 

presence of more continuous, coherent reflectors and the north east prograding package in the 

centre of the basin implies sandstone deposition at the top of RAU-S-X4. 

Tectonic deformation during deposition of RAU-S-X5 is different to the tectonic history seen 

through the deposition of RAU-MS-X. The principle evidence for this is the presence of a north 

east prograding package, with uplift towards the south west of the basin implied to lead to 

provide sandstone towards the basin. This uplift could be attributed to the subduction zone 

formation in the north east of the basin.  

The uplift along the south to south west margin of the basin is evidence that this area serves as a 

sediment supply for RAU-S-X5. This is supported by the presence of the northward-prograding 

sequence and implies that sediment influx occurred during the top half of deposition. 

Discontinuous to semi-continuous reflectors in the lower half implies that a passive phase was still 

occurring within the Raukumara Basin, with sediment draping across already deposited strata. 

7.3.8  RAU-S-X6 

RAU-S-X6’s maximum thickness is ~200 m, with maximum thickness found in the north west of 

the basin. Predominantly thickness is ~50 m, with it only identified in the north west corner of the 

basin (Fig. 7.10). 

The onshore correlative for RAU-S-X6 is the top of the Mangatu Group. This could represent the 

Weber Formation. However the presence of high-amplitude continuous (Fig. 4.19) reflectors 

implies that this is not a mudstone deposition, but more likely a sandstone deposition. This could 
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be the Whakai or Wheao formations, which are identified on the western side of Raukumara 

Peninsula (Chapman-Smith and Grant-Mackie, 1971). It is plausible that a sandstone deposition 

occurred due to the subduction zone towards the north east of the basin, causing uplift in the 

south west of the basin.  

A second possible correlative for RAU-S-X6 is a limestone formation that is identified onshore in 

eastern areas, named Dome Limestone (Black, 1980). The ‘sheet-like” nature of the internal 

reflectors implies a limestone deposition. This also supports the notion of a shallower marine 

environment, with limestone deposition indicating a low terrigenous input.  

Tectonic deformation during deposition of RAU-S-X6 is much different to that experienced 

through the other five sequences. At this point, the subduction zone ramps up activity within the 

period 30–20 Ma and the rotation of the subduction zone towards subduction from the north east 

of the basin (Herzer, 1995; Nicol et al., 2007), leading to uplift along the south west corner of the 

basin. This uplift enables the south west corner to become a sediment supply area for the basin.  

The identification of high-amplitude continuous internal reflectors implies sandstone or limestone 

deposition within RAU-S-X6. A sediment depocentre is inferred to be within the north east, with 

sediment thickness increasing towards the north west. The relative small extent that RAU-S-X6 is 

identifiable across the basin could be due to two reasons. The first is that the emplacement of 

RAU-MS-Y eroded much of the unit in the east of the basin, as identified by truncation observed 

within the seismic data. The second reason is that this was a relatively short pulse of sediment 

influx into the basin and it did not propagate that far across the basin. Both the Whakai and 

Wheao formations are identified onshore, as is the Dome Limestone, which does suggest that it is 

possible sediment was transported from the south west into the basin. 

7.3.9 Tectonic Deformation 

Overall, the tectonic setting during the deposition of RAU-MS-X predominantly comprised a 

passive margin depositional environment, with the onset of subduction identifiable during the 

latter parts of RAU-S-X5’s deposition. This serves as precursor to the development of the modern 

Hikurangi Margin.  

Three anticline structures are identified in the south west of the basin (Fig. 4.25, Fig. 4.26 & Fig. 

4.27). The formation of these anticlines also serves as evidence for the beginning of the modern 

subduction zone, with sequences within RAU-MS-X folded.  

Faulting within RAU-MS-X is minor and predominantly occurs in the south west of the basin. 

Faulting is observed through all sequences identified within RAU-MS-X. Those faults identified 

within stratigraphically higher sequences in RAU-MS-X are related to the onset of subduction 
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along the Australia-Pacific plate during the deposition of RAU-S-X5. As a whole, faulting is minor 

across RAU-MS-X, supporting the idea of a passive margin during the deposition of RAU-MS-X. 

7.3.10 Paleogeography 

Overall, RAU-MS-X deposited within a thermally-subsiding passive margin setting, due to the 

cooling of over-thickened crust of the underlying Hikurangi Plateau. The predominant inferred 

lithology from the onshore through sequences is mudstone, with packages of sandstone sporadic 

throughout, especially in RAU-S-X5 and possibly RAU-S-X6. The deposition of sandstone 

throughout RAU-MS-X is possibly related to the onset of the subduction in the north of New 

Zealand (Herzer, 1995; Nicol et al., 2007). 

During early deposition of RAU-MS-X, sequences RAU-S-X1 and RAU-S-X2 are interpreted to 

represent the transition from basal sandstones of the Tinui Group. During the deposition of RAU-

S-X1 a transition into a more mudstone-dominated deposition in RAU-S-X3. This is interpreted to 

represent the period of Late Cretaceous deposition within the basin. The onshore stratigraphy 

correlated to the offshore stratigraphy is the Tahora Formation and the Whangai Formation 

Sedimentary deposition is predominantly from the west of the basin, where the Gondwana trench 

slope is preserved (Sutherland et al., 2009).Sediment is transported into the centre of the basin, 

with accommodation space created due to the cessation of subduction 105–85 Ma (Mazengarb 

and Harris, 1994; Laird and Bradshaw, 2004) (Fig.7.11).  

Deposition during RAU-S-X3, RAU-S-X4, and the lower half of RAU-S-X5, occurred during passive 

margin phase, with mudstone the interpreted dominant lithology. These sequences drape over 

already deposited strata (Fig. 7.12).  

Deposition of the upper half of RAU-S-X5 and RAU-S-X6 is interpreted occurring through a 

different mechanism to those sequences below. Reflectors dip towards the north east and 

prograding reflectors are identified that are north east-oriented. This is interpreted to be a 

consequence of uplift along the south west margin of the basin (possibly close to today’s current 

coastline) causing an influx of sediment that is transported in a north east direction (Fig.7.13). The 

cause of this uplift is interpreted as the beginning of subduction within northern New Zealand 

(Laird and Bradshaw, 2004; Nicol et al., 2007).  
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Figure 7.11: Schematic representation of deposition of RAU-S-X1 and RAU-S-X2 
(shown by bounding reflectors for both) across a west to east transect. Sediment 
supply is from the west down the preserved trench slope (shown by yellow 
arrow), represented by RAU-R-X1. RAU-S-X2 is interpreted as drape deposition 
over RAU-S-X1. 

 

Figure 7.12: Schematic representation of deposition of RAU-S-X1 to RAU-S-X4 
(shown by the bounding reflectors for each). Sediment supply is difficult to 
interpret due to the passive phase the basin is in, with RAU-S-X3 and RAU-S-X4 
interpreted as drape sequences. 
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Figure 7.13: Schematic representation of RAU-S-X5 and RAU-S-X6’s deposition. 
The lower half of RAU-S-X5 is similar to RAU-S-X3 and RAU-S-X4, with the top 
half and RAU-S-X6 having sediment supplied from the south west (shown by 
black arrows). Grey arrow indicated uplift along this margin. 

 

7.4 RAU-MS-Y  

7.4.1 Introduction 

RAU-MS-Y is fundamentally different from both RAU-MS-X and RAU-MS-Z in both general 

architecture and seismic character. It forms a north west-verging wedge, with pinch-out in the 

centre of the basin. Internal seismic character is highly variable, with chaotic, discontinuous and 

coherent, continuous reflectors. Internal reflectors are variably dipping, and faulting of both 

bounding reflectors and internal reflectors is prominent throughout the megasequence.  

7.4.2 Stratigraphic Correlation 

Maximum thickness of RAU-MS-Y is ~2 km (Fig. 7.14). RAU-MS-Y’s onshore correlation is the East 

Coast Allochthon. The East Coast Allochthon is a large scale displacement of Cretaceous to earliest 

Miocene rocks within the Raukumara Peninsula (Stoneley, 1968; Mazengarb and Speden, 2000). 

The East Coast Allochthon was divided into 15 gently- to moderately-dipping thrust bounded 

blocks, with inverted units also predominant throughout. The Cretaceous-Oligocene rocks 

identified are allochthonous, with an inferred 10–100 km of displacement from original 

deposition site (Mazengarb and Speden, 2000).  

 

 

SW NE
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Differing between autochthonous and allochthonous sediment is based on structural style, with 

allochthonous material demonstrating low-angle thrusts and folds throughout the onshore East 

Coast Allochthon. The thrust sheets identified are believed to be the south western margin of the 

allochthon, and emplacement of these thrust sheets is to the south-southwest on the current 

Raukumara Peninsula (Mazengarb and Speden, 2000). The paleo-orientation of emplacement is 

likely to be different, with emplacement direction to be though to be towards the north west of 

Raukumara Basin (Scherwath et al., 2010)  

Emplacement of the East Coast Allochthon originally was as a response to the increase in the 

convergence rate at ~25 Ma (Rait et al., 1991; Reyners, 2013). It was part of an original larger 

allochthon that consisted of both the East Coast and Northland allochthons. Obduction of this 

larger allochthon occurred from the present day north or northeast direction. Separation 

 

Figure 7.14: Isocore map showing total sediment thickness in km of RAU-MS-Y. 
Thick contours represent 1 km intervals and thin contours represent 0.2 km 
intervals. Grey arrows emplacement direction towards the north west of the 
basin. A transition from Blue to red represent an increase in thickness 

Scale: 1:625000
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occurred as the rotation of eastern North Island occurred, relative to the western part (Ballance, 

1999) 

The correlation of the East Coast Allochthon with RAU-MS-Y is firstly done through the wide-

ranging internal seismic character that is exhibited by RAU-MS-Y (Fig. 5.2, Fig. 5.5 & Fig.5.6). This 

is interpreted to represent different sedimentary packages that were emplaced within RAU-MS-Y, 

with no coherent sequences able to be identified. The wedge-shape of RAU-MS-Y is identified 

through the divergent configuration of the two bounding reflectors (RAU-R-Y1 and RAU-R-Z1), and 

this infers a variation in both sedimentation and differential compaction.  

The second piece of evidence that correlates RAU-MS-Y with the onshore East Coast Allochthon is 

the presence of units. Both unit boundaries, RAU-R-Y1A and RAU-R-Y1B terminate against RAU-R-

Y1 and RAU-R-Y2, forming what is interpreted as thrust sheets within the sequence. Direction of 

emplacement for these thrust sheets is towards the south west of the current-day basin. 

This correlates with the East Coast Allochthon onshore. Rocks from Late Cretaceous to earliest 

Miocene are identified within the East Coast Allochthon (Mazengarb and Speden, 2000), with 

structural mapping identifying thrust faulting throughout. This correlates with the seismic facies 

that are identifiable described in Chapter Five. 

The third piece of evidence that identifies a correlation between the East Coast Allochthon and 

RAU-MS-Y is the numerous faults and folds that are seen throughout. This infers syn-depositional 

processes throughout RAU-MS-Y. “Basin-like” structures identified underneath RAU-R-Y2 

represent being depressions infilled with reworked sediment. Fault bounded blocks represent 

large blocks of sedimentary material being deposited during RAU-MS-Y’s deposition. Folding 

occurs in the eastern area of RAU-MS-Y, which infer compressional forces within RAU-MS-Y. 

7.4.3 Tectonic Environment and Paleogeography 

As the East Coast Allochthon is the onshore correlative, deposition of RAU-MS-Y is inferred to 

have occurred 25–22 Ma (Field and Uruski, 1997). As stated previously, this is during the onset of 

subduction in the New Zealand subcontinent, along the Hikurangi Margin.  

From 25 Ma, the continued impingement of the Hikurangi Plateau led to the development of the 

modern-day Hikurangi-Kermadec subduction system. Due to the difficulty in subducting the thick, 

buoyant Hikurangi Plateau, continued trench roll back was identified in the North of New Zealand. 

The increasingly curved termination of the eastern subduction zone against the western edge of 

the plateau created a high strain zone (Reyners, 2013). This created an environment for the 

obduction of both the Northland and East Coast allochthons, with the jamming of the subduction 

zone by continental lithosphere combined with the advancement of the eastern subduction zone  
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created an environment conducive to obduction of both allochthons (Schellart, 2007; Reyners, 

2013). 

Emplacement of RAU-MS-Y is towards the north west of the present day basin (Fig. 7.14), with it 

being emplaced as part of a series of allochthonous sheets, combining with the Northland 

Allochthon (Ballance and Spörli, 1979). Separation occurred as the subduction zone rotated on 

the eastern side of the North Island relative to the west.  

7.5 RAU-MS-Z 

7.5.1 Introduction 

RAU-MS-Z is the topmost megasequence identified within the Raukumara Basin. RAU-MS-Z 

represents the majority of Neogene deposition within the basin, and is interpreted to represent 

the fore-arc basin of the Hikurangi-Kermadec subduction zone (Sutherland et al., 2009). Maximum 

thickness is ~4 km (Fig. 7.16).  

Four sequences are identified within RAU-MS-Z (see chapter 6), each reflecting differing seismic 

facies and subsequent tectonic history involved during deposition. The internal seismic character 

of each sequence leads to interpretation of the depositional environment and, with the thickness 

of each sequence giving inference of sediment deposition direction. 

7.5.2 Stratigraphic Correlation 

RAU-MS-Z represents the youngest deposition within the basin and as such is correlated to the 

youngest strata that are identified onshore. This correlates primarily to the Miocene to Recent  

 

Figure 7.15: Schematic representation of RAU-MS-Y’s emplacement towards the 
north west of the basin. Truncation of RAU-R-X6 is shown, with RAU-S-Z1 draped 
over the allochthon where it is deposited. 
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successions encompassed by consisting of the Tolaga and Mangaheia groups, with Quaternary 

strata representing the last sediment deposition onshore. 

Correlation between sequences and onshore stratigraphic groups was achieved in the same way 

as it was done through the previous three sequences, with the comparison of seismic facies 

identified and the onshore stratigraphy, with thicknesses of both onshore and offshore strata 

taken into account.  

Less thickness variation was seen between the offshore sequences and onshore stratigraphy. 

However, there was lateral variation in strata, with the identification of different units present 

offshore than onshore. This implies different depositional processes for both areas. 

 

Figure 7.16: Isocore map showing total sediment thickness of RAU-MS-Z. Thick 
contours represent 1 km intervals and thin contours represent 0.2 km intervals. 
A transition from blue to red represents an increase in thickness. 

Scale: 1:625000
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7.5.3 RAU-S-Z1 and RAU-S-Z2 

Maximum thickness of RAU-S-Z1 is ~1 km, with maximum thickness identified across the central 

and northern areas of the basin (Fig. 7.17). 

The onshore correlation for RAU-S-Z1 is the lower Tolaga Group, with an onshore thickness of ~1 

km (Mazengarb, 1993). Continuous reflectors are identified at the base of the unit, interpreted to 

be marine sandstone units that overlie RAU-MS-Y (Fig. 6.1) Moving up through RAU-S-Z1, 

amplitude of reflectors decreases implying increasing deposition of siltstone/mudstone occurs in 

latter parts of RAU-S-Z1. 

 

 

Figure 7.17: Isocore map showing total sediment thickness in km of RAU-S-Z1. 
Possible sediment supply directions are from the south west and east of the 
basin, indicated by grey arrows. 
 
 

Scale: 1:625000
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The tectonic environment during the deposition of RAU-S-Z1 is similar to that during 

emplacement of RAU-MS-Y, with the development of the Hikurangi-Kermadec Subduction Zone 

occurring. The Hikurangi margin has caused uplift in both the south and east of the basin. 

The uplift along both the southern and eastern margins implies that sediment depocentres are in 

both these areas, allowing sediment to be deposited to across the centre of the basin towards the 

north. The presence of onlap in the east and south of the basin, coupled with downlap identified 

in the west adds credence to both the east and south being depocentres for RAU-S-Z1. 

 

 

 

Figure 7.18: Isocore map showing total sediment thickness in km of RAU-S-Z2. 
Grey arrows indicate sediment deposition direction from the south and east of 
the basin. Yellow dashed line indicates the axis of East Cape Ridge within the 
basin. A transition from blue to red represents an increase in thickness. 

Scale: 1:625000
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Maximum thickness of RAU-S-Z2 is ~0.5 km (Fig.7.18). RAU-S-Z2 exhibits similar internal seismic 

character to RAU-S-Z1, with brighter internal reflectors identified. Parallel, coherent reflectors 

predominate, with packages discontinuous, chaotic reflector observed towards the east of the 

basin. The onshore correlation for RAU-S-Z2 is the upper Tolaga Group. 

With both RAU-S-Z1 and RAU-S-Z2 inferred to represent the Tolaga Group, this infers an age of 

Early–Late Miocene for both sequences (Mazengarb and Speden, 2000). RAU-S-Z1 is inferred to 

represent the earliest deposition of the Tolaga Group. The inferred lithology is sandstone 

turbidite units within mudstone, with mudstone more prominent moving up to the top of RAU-S-

Z2. 

The tectonic environment during the deposition of RAU-S-Z2 is slightly different to that of RAU-S-

Z1, with the identification of the East Cape Ridge axis (Fig. 7.18). This development is due to the 

rotation of the Hikurangi Margin towards the east (Nicol et al., 2007), with subsequent uplift 

concentrated along the eastern margin of the basin.  

The presence of East Cape Ridge indicates that the present-day East Coast Basin and Raukumara 

Basin have become to separate entities. The growth of East Cape Ridge is due to underplating 

caused by the subducting Pacific Plate, with a no net decrease in the volume of the fore-arc 

wedge via tectonic erosion since ca. 22 Ma (Sutherland et al., 2009). With a net increase in the 

fore-arc wedge, this leads to the growth of East Cape Ridge (Scherwath et al., 2010) 

The uplift identified in both the eastern and southern areas of the basin implies that both areas 

are sediment supply areas for sediment deposited in RAU-S-Z2. The presence of higher-amplitude 

internal reflectors towards the east imply that this is sandstone deposition with RAU-S-Z2. The 

unit thickness towards the west implies that sediment travelled from the east towards the west, 

with greater accommodation space to the west of the basin. The southern region is also a 

sediment depocentre, with transportation sediment to the north of the basin.  

7.5.4 RAU-S-Z3 

Maximum thickness of RAU-S-X3 is ~1 km, identified in the west of the basin, with thickness 

increasing across the centre of the basin (Fig. 7.19).  

The onshore correlative for RAU-S-Z3 is the Mangaheia Group, with a thickness of up to 2 km. 

Internal seismic character of RAU-S-Z3 varies across the basin. In the west, continuous, coherent 

reflectors are identified (Fig. 6.6). These reflectors are parallel and prograde towards the west, 

with continuous reflectors identified in the east of the basin. A discontinuous, chaotic package is 

identified which occurs across the basin. Amplitude of internal reflectors within RAU-S-Z3 is high, 
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with reflectivity of reflectors brighter than seen in the lower two sequences. This implies a range 

of lithologies including sandstone and mudstone which are identified onshore (Mazengarb, 1993).   

During the Miocene–Pliocene a compressional tectonic regime is identified within the Raukumara 

Basin (Sutherland et al., 2009; Scherwath et al., 2010). Folding and faulting is identified 

(Sutherland et al., 2009), and this is supported by the faulting identified within RAU-S-Z3. The 

continued presence of East Cape Ridge to the east of the basin gives evidence for the crustal 

underplating to the east of the basin (Scherwath et al., 2010). The location of the East Cape 

Ridge’s axis is moving due to the rotating of the Hikurangi Plateau eastwards (Nicol et al., 2007).  

The formation of the Tokata Anticline in the east of the basin occurs, with it being a subdued 

structural and topographic feature (Lamarche et al., 2008). 

During the Pliocene, a failure at the upper part of the continental slope occurred. This is identified 

by an anticline and a failure along its north west flank. As a result of tectonic activity, the 

Raukumara Slump is inferred to have occurred. This is the beginning of the Matakaoa Submarine 

Instability Complex (Lamarche et al., 2008). The Raukumara Slump extends into the basin and 

termination is against faults or pinching out into the surrounding sedimentary sequence of RAU-S-

Z3 (Lamarche et al., 2008). This is represented by debris flow RAU-S-Z3A, giving an age range of 

Pliocene for the upper section of RAU-S-Z3. Complete deposition of RAU-SS-Z3 is likely to have 

finished at the beginning of the Pleistocene.  

The deposition centre for RAU-S-Z3 is implied to be from the east of the basin, with sediment 

deposition in a western direction. This is implied due to the subsequent uplift along in the east of 

the basin, and the thickening of the sequence towards the west. This is supported by the presence 

of the western prograding units identified in the west of the basin.  

From Figures 7.18 and 7.19, the position of the East Cape Ridge is shown to be moving further 

towards the east of the basin. This is in response to the decreasing rates of vertical-axis rotations 

in the west, resulting in the rotation of the North Island (Reyners, 2013). This caused a rotation of 

the Hikurangi Margin (Nicol et al., 2007). This also allowed accommodation space to be created in 

the northwest of the basin, with subsidence occurring in response to this rotating of the plate 

boundary.  

7.5.5 RAU-S-Z4 

Maximum thickness of RAU-S-Z4 is ~1 km, with this identified in the north of the basin (Fig. 7.20). 

The onshore correlation for RAU-S-Z4 is the Pleistocene sediments due to the wide range of 

seismic facies identified. It is difficult to regionally map and hard to determine an overall thickness 

for the onshore unit (Mazengarb and Speden, 2000). RAU-S-Z4 represents the last 1.8 million 
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Figure 7.19: Isocore map showing total sediment thickness of RAU-S-Z3. Grey 
arrows indicate sediment supply direction from the east of the basin. Yellow 
dashed line indicates the axis of East Cape Ridge within the basin. This has 
rotated due to the eastwards rotating of the Hikurangi Plateau. Green line shows 
formation of the Tokata Anticline within the basin. A transition from blue to red 
represents an increase in thickness. 

Scale: 1:625000
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years of sediment deposition within the basin. The whole of RAU-S-Z4 is inferred to be deposited 

from the Pleistocene to present day.  

In both the north and the east of the basin, discontinuous, chaotic packages are identified (Fig. 

6.17). Both of these packages are interpreted as debris flow units due to their internal seismic 

character. The deposition of each debris flow is a manifestation of the tectonic environment 

within the basin. RAU-S-Z4A is interpreted to represent the Matakaoa Debris Avalanche (MDA) 

deposited 600–150 Ka (Lamarche et al., 2008). It is characterised by blocky and weak reflective 

units, which have been identified throughout the seismic data. The main characteristic is the 

 

Figure 7.20: Isocore map showing total sediment thickness in km of RAU-S-Z4. 
Grey arrows indicate sediment supply direction from the south, west and east of 
the basin. Yellow dashed line represents the axis of East Cape Ridge. This has 
moved due to the continued rotation of the Hikurangi Plateau eastwards to its 
current position. The green line shows the Tokata Anticline. A transition from 
blue to red represents an increase in thickness. 

Scale: 1:625000
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negative-reverse polarity basal reflector, which is also identified throughout the seismic data. 

Truncation of underlying sediments also occurs with deposition of MDA (Lamarche et al., 2008).  

RAU-S-Z4B is interpreted to be the Matakaoa Debris Flow (MDF). Deposition of this unit is dated 

to be 100–38 Ka (Lamarche et al., 2008). It is characterised by a chaotic, low-amplitude internal 

seismic character (Lamarche et al., 2008). This is identified throughout the seismic data. The MDF 

has been mapped from the east to north of the basin.  

As stated previously, tectonic processes are paramount in the deposition of both the MDA and 

MDF within RAU-S-Z4. During the Plio-Pleistocene, continuing regional deformation was 

occurring, as evidenced by additional faulting identified in this study within RAU-S-Z4. The growth 

of the Tokata Anticline as a prominent morphological feature also occurred. The combined uplift 

of the Raukumara Peninsula and subsidence within the Raukumara Basin led to an increase in the 

north westward dip of the continental slope. This led sedimentation to rates increasing, with 

terrestrial-derived sediment filling both shelf and slope basins (Lamarche et al., 2008). 

The MDA was emplaced following the collapse of a Mio-Pliocene sedimentary block at the edge of 

the continental shelf as a large slope, with the distal part of the MDA being deflected northwards 

around the Tokata Anticline. The MDF was emplaced due to sediment accumulating, with the 

Raukumara Corridor guiding the MDF to the Raukumara Basin (Lamarche et al., 2008). 

Maximum thickness of RAU-S-Z4 is ~1 km, with sediment supply predominantly from the south, 

and secondary sediment supply from the east and west of the basin. The sediment transport 

direction is towards the north of the basin. Uplift along the southern margin (Raukumara 

Peninsula) is the dominant mechanism for development of a sediment source, with uplift along 

the eastern margin a secondary mechanism (Fig. 7.20). 

The eastern and southern depocentres are a result of the subsequent uplift caused by the 

Hikurangi Margin as it moved to its current day position (Scherwath et al., 2010). Sediment 

direction is towards the north of the basin. This evidence infers that uplift along the southern 

margin (Raukumara Peninsula) is the dominant sediment source, with uplift along the eastern 

margin less of a sediment source (Fig. 7.20). The eastern sediment supply source is confirmed 

from a westward prograding sequence within the basin. Thickening of RAU-S-Z4 towards the 

north gives credence to a southern sediment supply source. Sediment supply from the west is also 

inferred due to the presence of volcaniclastics n the onshore stratigraphy. The range of seismic 

facies within the sequence implies lateral variation in facies, which is confirmed by the range of 

lithologies identified onshore.  
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7.5.6 Tectonic Deformation 

During the Neogene period, tectonic history within the Raukumara Basin is vastly different to 

previous basin tectonic environments. As described in the RAU-MS-X chapter, a passive margin 

setting is identified within the Raukumara Basin. The onset of subduction is postulated to begin 

~40 Ma, with major changes along the plate boundary occurring between 30–20 Ma (King, 2000). 

During the deposition of RAU-MS-Z, an active subduction margin is the tectonic environment of 

the Raukumara Basin. With subduction occurring to the north and moving towards the east of the 

Raukumara basin between 25 Ma to the present day, uplift and erosion processes have been 

present throughout the deposition of RAU-MS-Z (Nicol et al., 2007; Sutherland et al., 2009; 

Scherwath et al., 2010). 

The role of the active Hikurangi Subduction Zone is of paramount importance to the deposition of 

sequences within RAU-MS-Z. Deformation across the Hikurangi margin in the Raukumara Basin 

region involves shortening, extension and vertical-axis rotations (Nicol et al., 2007; Scherwath et 

al., 2010).  

During the Miocene, shortening is recorded on the Raukumara Peninsula, and this is associated 

with the obduction of the East Coast Allochthon from the subducting Pacific Plate (Rait, 2000; 

Reyners, 2013). Accompanying this shortening, extension of the Raukumara Peninsula and the 

region east of the axial ranges occurred from the Middle Miocene (Field and Uruski, 1997; 

Mazengarb and Speden, 2000). The causation of the normal faults identified may have formed 

because of tectonic erosion, oversteepening and gravitational collapse of the accretionary wedge 

(Chanier et al., 1999) and sediment underplating underneath, and the associated uplift of the 

Raukumara Peninsula (Walcott, 1987; Reyners and McGinty, 1999). 

Pliocene-Pleistocene deformation involves extension and clockwise rotation of the upper plate on 

the Raukumara Peninsula (Wallace et al., 2004). Stable sliding is occurring along the plate 

interface (Reyners, 1998; Wallace et al., 2004). 
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The role of crustal underplating beneath the Raukumara Basin is attributed to the development of 

the East Cape Ridge. This occurred from ~24 Ma and continues throughout until the present day. 

This causes the uplift of not only the Raukumara Peninsula, but the subsequent uplift of the East 

Cape Ridge, forming the eastern boundary of the Raukumara Basin (Walcott, 1987; Sutherland et 

al., 2009; Scherwath et al., 2010).  

7.5.7 Paleogeography 

Due to the deposition of RAU-MS-Z in an active subduction margin, there is more than one 

depocentre for sediment transport into the basin. This is due to the changing tectonic 

environment during deposition of RAU-MS-Z. 

The initial beginning of subduction caused the formation of the East Cape Ridge. Consequently, 

sediment was transported from the east towards the centre of the basin (Fig. 7.21). This is 

identified in the deposition of both RAU-S-Z1 and RAU-S-Z2, with internal reflectors dipping  

 

Figure 7.21: Schematic representation of RAU-S-Z1 and RAU-S-Z2 deposition. Black 
arrows indicate sediment transport direction. Grey arrows next to compass 
directions indicate uplift, with this uplift along the eastern and southern margins of 
the basin. 
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towards the north west. Uplift also occurred along the southern margin, providing a secondary 

sediment depocentre for RAU-S-Z1. RAUS-Z2 terminates in the east of the basin, with continued 

uplift along the eastern margin and southern margin during deposition.  

RAU-S-Z3 and RAU-S-Z4 illustrate different deposition mechanisms than previous sequences 

identified within RAU-MS-Z (Fig. 7.21). Prograding reflectors are identified from the west, implying 

that sediment deposition is occurring from the east of the basin. This is linked to the development 

of the Kermadec Ridge and Havre Trough. Chaotic packages are also identified within both 

sequences, and these are interpreted as the Matakaoa Instability Complex. This confirms a 

sedimentary source from the east and south of the basin for deposition of RAU-S-Z3 and RAU-S-

Z4.  

 

Figure 7.22: Schematic representation of RAU-S-X3 and RAU-S-X4’s deposition. 
Sediment sources are interpreted from the east, west and south (black arrows). 
Grey arrows indicate uplift on both the eastern and southern margins of the 
basin. The black dotted line represent the Hikurangi Trough, with the green 
dashed outline representing the Kermadec Ridge. 
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7.6 Conclusion 

Faulting identified in RAU-MS-X, RAU-MS-Y and RAU-MS-Z is relatively minor, which infers that 

deformation throughout the basin is relatively minor. This is different to what is identified in the 

adjacent East Coast basin, which exhibits intense Neogene deformation(Burgreen and Graham, 

2014). 

RAU-MS-W has a wedge shape with a wide range of internal seismic character. This infers varying 

rates of sedimentation, with a wide range of lithologies within RAU-MS-W. Thickness of RAU-MS-

W indicates a trench shape, with sediment supply towards the pinch-out of the sequence. It is 

inferred to represent the Gondwana subduction margin, with the Matawai Group onshore the 

most likely correlative. 

RAU-MS-X’s deposition is predominantly within a passive margin environment, with internal 

seismic character identified aiding this interpretation. Discontinuous, hummocky reflectors are 

inferred to represent mudstone deposition, with continuous, coherent internal reflectors inferring 

a different lithology, but also suggesting uniform sedimentation within the basin. Minor faulting 

also infers a stable tectonic environment throughout deposition of RAU-MS-X. 

RAU-MS-Y has variable internal seismic character and can be correlated to the East Coast 

Allochthon, with its emplacement from ~25–22 Ma. This change in internal seismic character 

infers a change in tectonic environment, with the subduction along the Australia-Pacific plate 

boundary becoming more prominent. The wedge shape of RAU-MS-Y allows emplacement 

direction to be inferred, with emplacement towards the south west of the basin. 

RAU-MS-Z represents the fore-arc basin that is currently seen within the Raukumara Basin. A wide 

range of seismic character within the four sequences identified infers a different depositional 

environment. With the formation of the East Cape Ridge and the uplift along the southern margin 

of the basin, evidence is presented for the role of the Hikurangi Subduction Zone being involved 

during the deposition of RAU-MS-Z, with crustal underplating leading to the formation of the East 

Cape Ridge. This leads to subsidence within the basin, forming what is seen there today. 

  



146 
 

8 Petroleum System Analysis 

8.1 Introduction 

A petroleum system is made up of five key elements; source, migration, trap, seal and reservoir 

(Allen and Allen, 2013). The maturation of source rocks and the concept of critical moment are 

also important in the assessment of a possible petroleum system.  

Two surveys (RAU07 and RAU11) have been completed assessing the petroleum prospectivity of 

the Raukumara Basin. In each case all five elements were assessed and an inferred petroleum 

system models were developed. In both cases, seismic data were used with onshore correlation 

undertaken. With no wells drilled within the Raukumara Basin, no ground truth can be applied to 

the inferred petroleum system. Models that are applied for petroleum systems concepts are 

based on a seismic interpretation calibrated to onshore analogues.  

Re-analysis of petroleum systems concepts involves assessing each individual component in light 

of the inferred basin history developed in Chapter 7. This leads to the development of play 

concepts, with four key plays identified. Overall, this is an assessment of the regional prospectivity 

of the basin, but does not go into detailed analysis of reservoir fairways, leads and prospects.  

8.2 Petroleum Systems Analysis 

8.2.1 Offshore Slicks and Onshore Seeps 

Previous work identified offshore slicks (NPA, 2008) and onshore seeps (Hollis and Manzano-

Kareah, 2005) within the Raukumara Basin and the adjacent Raukumara Peninsula. The presence 

of the inferred slicks and seeps gives abundant evidence for petroleum generation and migration, 

onshore. 

104 slicks in six clusters were mapped offshore (Fig.8.1), with the majority lacking diagnostic 

characteristics and are therefore characterised as unassigned slicks (NPA, 2008). Slick density was 

low to moderate on a global scale, however this is typical of basins surrounding New Zealand. 

While there is no clear unequivocal seepage slicks, the onshore oil and gas seeps within the 

adjacent Raukumara Peninsula suggest that some of the offshore slicks may be related to these 

seeps. 
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Onshore oil seeps were analysed from the Waitangi, Totangi and Rotokautuku seeps (Fig. 8.2). 

Those oil seeps identified on the East Coast are divided into two main oil families (Rogers et al., 

1999; Hollis and Manzano-Kareah, 2005). Family A oils are correlated with the Whangai 

Formation, while family B oils are correlated to the Waipawa Formation (Field and Uruski, 1997). 

The Whangai Formation derived oils are identified within the onshore seeps on the Raukumara 

Peninsula (Stagpoole et al., 2008). 

8.2.2 Source Rocks 

Three possible source rocks are identified within the Raukumara Basin, the Waipawa, Whangai 

and Karekare Formations. All source rocks are marine (Type 2) in nature, with the Waipawa and 

Whangai identified within RAU-MS-X. The Karekare Formation is interpreted to be below, within 

RAU-MS-W. 

The Karekare Formation is on average ~1 km thick and is widespread throughout the Raukumara 

region (Mazengarb and Speden, 2000). Average TOC is 0.48 %, with a HI of 60 mgHC/gTOC, with 

the formation being more gas prone. It is thought that it has little contribution to the hydrocarbon 

potential of the Raukumara Basin, due to its low HI (Hollis and Manzano-Kareah, 2005).  

 

 

Figure 8.1: Offshore slicks identified for the Raukumara Basin (thick black line). 
Light blue dots correlate to unassigned/other oil slicks and dark blue dots 
correlate to unassigned oil slick (modified from NPA, 2008).  
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The Waipawa Formation lies stratigraphically above the Whangai Formation, near reflector RAU-

R-X4. However, identifying this formation as a regional seismic facies unit was problematic, due to 

the lack of a bright reflector just below RAU-R-X4, with only localised areas of brighter reflectors 

identified below RAU-R-X4 compared to the rest of RAU-S-X3. This is primarily down to the thin 

nature (<20 m) of the Waipawa Formation onshore, so it is not seismically resolvable. While 

confidence is low in identification of the Waipawa Formation, it is a possible source rock target. 

I correlate the Whangai Formation to RAU-S-X2 and RAU-S-X3. Thickness of the unit is ~2 km (Fig 

8.3).  An average TOC is 0.5%, but can be up to 2.0% locally, with a HI of 225 mgHC/gTOC (Hollis 

and Manzano-Kareah, 2005). This formation has been linked to oil seeps within the onshore 

Raukumara Peninsula (Field and Uruski, 1997). 

A 1D model was used to model maturity of source rocks. This assessed source rock maturity 

(Stagpoole et al., 2008) These include; source rock richness and generation characteristics, water 

depth history and heat flow history. 

Source rock richness and generation for offshore Whangai and Waipawa Formations is inferred 

from the onshore correlatives. These are thought to give a good approximation for the offshore 

source rocks that are inferred (Stagpoole et al., 2008).  

 

Figure 8.2: Onshore oil seeps identified on the Raukumara Peninsula. Green 
dots indicate oil and yellow dots indicate gas seeps (Stagpoole et al., 2008). 
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Heat flow history is also an unknown as the present day heat flow nor the thermal history of the 

basin are understood. A simplified temperature gradient of 21–26 ⁰C/km was used within the 1D 

model. The role of the volcanically active Havre Trough may alter this temperature gradient, and 

this could have an effect on depth of maturity for source rocks. 

Paleo-water depth throughout the Raukumara Basin is difficult to extensively analyse, with 

limited knowledge of the tectonic history of the basin. Inferences can be made as to broad 

tectonic environments and subsequently relative sea-level during deposition of each 

megasequence. The 1D model uses a simplistic paleo-water depth model, with a more detailed 

model of paleo-water depth unlikely to cause too much difference in model results (Stagpoole et 

al., 2008).  

 

Figure 8.3: Isocore map of total sediment thickness in km of the Whangai 
Formation. 

Scale: 1:625000
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The key conclusion from this is that the earlier deposited Whangai Formation is more likely to 

produce gas within a petroleum system, where later deposited Whangai (and inferred Waipawa) 

is likely to produce on average 3 MMbbl/km2 of oil within a petroleum system (Stagpoole et al., 

2008). This is due to the Kerogen type being Type-2, a marine source rock. However, the 

terrestrial contribution to the Waipawa can be significant and this does effect whether the source 

rocks are more gas prone (Schiøler et al., 2010). The TOC of the Whangai may also not be high 

enough for petroleum to be produced. Timing of expulsion is Oligocene–Miocene (and possibly 

later) within the Raukumara Basin, during the deposition of RAU-MS-Z (Uruski et al., 2008). 

Burial depth maps for both the Whangai Formation and Waipawa Formation were completed (Fig. 

8.4 & Fig. 8.5), with it depicting areas of oil-prone and gas-prone source rocks within the 

Raukumara Basin. The key conclusion from this that the Whangai and Waipawa Formations are 

prone for oil, with a possibility that the deepest part of the Whangai Formation may be gas 

producing.   

 

Figure 8.4: Contour lines of total sediment thickness in km from the base of the 
Whangai Formation (RAU-R-X2) to the seabed. The red indicates where a more 
gas prone source rock is likely, with the green representing a more oil prone 
source rock. 

Scale: 1:625000



151 
 

 

8.2.3 Reservoir Rocks 

Potential reservoir units are inferred to be present within Megasequences X, Y and Z. 

Megasequence Z is thought to hold the most likely reservoir units, with onshore work identifying 

possible turbidite units within the Tolaga Group(Mazengarb and Speden, 2000). Offshore seismic 

stratigraphy identifies possible reservoir units within RAU-MS-X and RAU-MS-Z, with RAU-MS-Y 

also containing possible reservoir targets. 

As stated previously, a passive margin depositional environment is inferred during RAU-MS-X’s 

deposition. Presence of sandstone units is identified within the Cretaceous, Oligocene and Eocene 

onshore (Moore, 1989a; Mazengarb and Speden, 2000). Seismic evidence supports this, with 

continuous reflectors identified, correlating to the Tahora, Wheao and Whakai formations. 

However, reservoir quality of these sandstone units onshore is poor, with much of the sandstone 

 

Figure 8.5: Contour lines of total sediment thickness in km between the top of 
the Waipawa Formation RAU-R-X4) and the seabed. The red area represents a 
more gas prone source rock, with the green area representing a more oil prone 
source rock. 

Scale: 1:625000
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onshore being fine-grained and calcareous, with poor reservoir quality (Chapman-Smith and 

Grant-Mackie, 1971; Isaac et al., 1991; Stagpoole et al., 2008). 

Late Cretaceous transgression is identified onshore, with the Maungataniwha Member of the 

Tahora Formation being evidence for this. It is a well-sorted fine grained sandstone, with a 

porosity of ~10% and generally low permeabilities (Isaac et al., 1991). Reservoir quality does 

appear to be poor, but with reworking due to transport down slope, equivalent members may 

increase reservoir quality (Isaac et al., 1991; Stagpoole et al., 2008). 

Reservoir potential through the Paleogene, and subsequently predominantly through 

Megasequence X, is assessed through the presence of several thick units of sandstone within 

allochthonous sheets identified on the Raukumara Peninsula (Stoneley, 1968). Identified 

sandstone units include Eocene greensand, thick Eocene sandstone, and Oligocene bathyal 

sandstone and siltstone (Stoneley, 1960). 

Possible reservoir units are identified within sequences RAU-S-X5 and RAU-S-X6 which was 

deposited in the Eocene–Oligocene. Evidence for possible sand units within RAU-S-X5 is the north 

eastward prograding reflectors identified in the top half of RAU-S-X5, which is correlated to the 

Weber Formation. The Weber Formation is predominantly mudstone onshore but correlative 

units within the East Coast Allochthon may have reservoir potential (Stoneley, 1960; Stagpoole et 

al., 2008). RAU-S-X5 is inferred to represent a sandstone facies that may correlate with those 

identified in the East Coast Allochthon. While these cannot be seen onshore, it is possible that the 

sequence has been preserved within the basin. 

RAU-S-X6 is also a possible reservoir target within RAU-S-X6. The onshore correlation is the top of 

the Weber Formation, or the Dome Limestone (Black, 1980). However, the high reflectivity of 

internal reflectors imply that this unit could contain a sandstone lithology within. A secondary 

possibility is a limestone lithology, which could also serve as a reservoir possibility. If Marl is 

present instead of Limestone this will reduce reservoir potential. 

RAU-MS-Y also contains possible reservoir units within the Raukumara Basin. The onshore 

correlation is the East Coast Allochthon, with a wide range of lithologies seen within. While there 

are no reservoir targets onshore, Eocene to Oligocene sandstone units with reservoir potential 

are known to be in the East Coast Allochthon (Mazengarb and Speden, 2000). Matawai Group 

Cretaceous sandstones are also identified within the onshore East Coast Allochthon (Mazengarb 

and Harris, 1994). The possible presence of fracture permeability and porosity within RAU-MS-Y 

also enhances the possible reservoir target identified. 
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Reservoir units within RAU-MS-Z are inferred to be represented by RAU-S-Z1, and may contain 

similar facies to Miocene turbidites identified onshore. High-amplitude reflectors are identified at 

the base of RAU-S-Z1, with these being possible sandstone units within RAU-S-Z1.  

8.2.4 Seal Rocks 

Mudstone-rich units are identified throughout the onshore stratigraphy, with seal rocks present 

at many intervals throughout both RAU-MS-X and RAU-MS-Z (Stagpoole et al., 2008), with these 

seal units inferred within the offshore strata. The role of RAU-MS-Y is important, with the basal 

surface possibly serving as a seal for underlying RAU-S-X5 and RAU-S-X6. There is also relatively 

little deformation identified offshore, seal unit offshore are not likely to be fractured, reducing 

the seal integrity. 

8.2.5 Migration 

Migration pathways within the basin is inferred to be along carrier beds or faults acting as 

conduits. Possible migration pathways are shown in Figure 8.6.  

Migration across the basin is away from the basin centre with migration. The north east dipping 

nature of sequence boundary reflectors within RAU-MS-X leads to inferences that hydrocarbon 

migration was up-dip and towards the north west of the basin.  

The emplacement of RAU-MS-Y and the subsequent change in tectonic environment during the 

deposition of RAU-MS-Z may have slightly altered migration direction, with uplift of both the East 

Ridge and Raukumara Range causing up-dip migration towards both the south and east. However, 

this has not drastically changed migration direction, with most seen towards the west. The change 

in tectonic environment has likely enhanced migration pathways that were already present after 

the deposition of RAU-MS-X. Later migration could possibly be towards both the south and east of 

the basin. 

8.2.6 Traps 

Both structural and stratigraphic traps are identified within the Raukumara Basin. Structural trap 

formation is due to the two tectonic events within the basin’s history: the emplacement of RAU-

MS-Y and continuing subduction along the Hikurangi Margin during the deposition of RAU-MS-Z. 

Stratigraphic traps are identified as basins on top of the allochthon and isolated sandstone 

channels and fans. 

General characteristics can be applied to each anticline; all anticlines plunge towards the south 

east, with the crest of each being at a similar depth. The relief of each anticline increases towards 

the south west. Timing of formation for these anticlines is postulated to be latest Oligocene- 
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earliest Miocene in age, during the emplacement of RAU-MS-Y. RAU-S-X5 is identified within all 

anticlines. 

Structural traps are also identified within RAU-MS-Z. Faulting associated with the uplift of both 

the East Cape Ridge is identified, with petroleum possibly trapped against these faults within RAU-

S-Z1. 

Stratigraphic traps are also identified, with sandstone turbidites the key target at the base of RAU-

MS-Z. Localised units on the top of RAU-MS-Y are also identifiable as sand is guided into these 

through the topography caused by the emplacement of RAU-MS-Y. The isolation of sandstone 

units is the key for stratigraphic trap formation. 

 

 

Figure 8.6: Isocore map from bottom of Whangai Formation (RAU-R-X2) to 
bottom of Weber Formation (RAU-R-X5). Yellow arrows indicate direction of 
migration up-dip. 
 

Scale: 1:625000
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Figure 8.7: Anticlinal structure identified along seismic line RAU11-53br-1125p1-
4557. Formation of this is during the emplacement of RAU-MS-Y, with possible 
hydrocarbon implications associated with this structure. These include a suitable 
trap for petroleum to be present. 
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8.3 Petroleum Plays 

This section develops possible petroleum plays within the Raukumara Basin, with possible risks 

associated with each play type. The source rock for all play types described is the Whangai and 

Waipawa Formations.  

8.3.1 RAU-MS-X Anticlinal Play  

The identification of anticlinal structures within RAU-MS-X offers the first possible petroleum play 

type within the Raukumara Basin (Fig. 8.7). This is not unlike what was seen in the RAU11 seismic 

facies analysis, with it being named the seahorse complex (Petrobras, 2012). The reservoir unit is 

Weber Formation, with brighter internal reflectors identified on the southern side of each 

anticline. Anticline formation is postulated to have completed by the Oligocene, due to seismic 

stratigraphic relationships within sequences. The seal unit is the lower Tolaga Group, which is 

inferred to have mudstone within. 

There is relative confidence in the seal of RAU-S-Z1. However there are inferred turbidite units 

from the onshore stratigraphy (Mazengarb, 1993) spread throughout the sequence which may 

degrade the quality of RAU-S-Z1 as a seal unit. It is regionally extensive and relatively thick (~1 

km) so offers good qualities on that front for a seal unit. The presence of anticlines gives a trap for 

the play. Confidence in the presence of this trap is high with it easily identified within seismic 

data. Location of this play is in the south west of the basin, with migration charge direction from 

the north east or south east.  

The biggest issue with this play type is the potential absence of a quality reservoir unit within 

RAU-MS-X. While a prograding unit has been mapped within RAU-S-X5, as stated previously this is 

not regionally mapped across the basin. The development of this reservoir unit needs to be 

further developed. 
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Figure 8.8: RAU-S-X6 play, with potential reservoir rock identified by yellow 
shading. The role of RAU-R-Y1 is paramount, with it being a seal and a 
stratigraphic trap with RAU-R-X6 truncating against it. Lower amplitude 
reflectors within RAU-S-Z1 are interpreted to be a possible seal rock above 
RAU-S-X6. Black dashed lines indicate prograding reflectors within RAU-S-X5, 
suggesting possible stacking of reservoir units 

 

 

 

 

 

CDP

5000 6000 7000 8000 9000

T
W

T
(m

s
)

T
W

T
(m

s
)

NNESSW

10000

4
6

0
0

5
0
0

0
5

4
0

0
4

6
0

0
5

4
0

0
5

0
0

0

RAU-R-Y1 

RAU-R-Z1 

RAU-R-X5 

RAU-R-Z2

RAU-R-X6 

RAU11-53br-1129p-4557 

RAU11-53br-1129p-4557 

 km5

 km5



158 
 

8.3.2 RAU-S-X6 Truncation Play  

RAU-S-X6 is only identifiable across a small portion of the basin relative to other units. However it 

serves a possible stratigraphic trap play, with the truncation of RAU-R-X6 against RAU-R-Y1 

serving as a possible trapping mechanism, with the reservoir unit truncated by an overlying 

reflector (RAU-R-Z1) (Fig. 8.8). 

Reflectors within RAU-S-X6 are high, with this implying sandstone/limestone reservoir. The 

possible seal unit for this play type is RAU-S-Z1, with the truncation of RAU-R-X6 against RAU-R-Y1 

forming a trap for the play. Migration of hydrocarbons would be from the south towards the 

north, crossing the centre of the basin.  

The biggest issue with this play type is the reservoir quality and also an effective charge 

mechanism to get petroleum into the reservoir. 

8.3.3 RAU-MS-Y Play 

Possible reservoir units within RAU-MS-Y are numerous, with Eocene to Oligocene sandstones and 

Late Cretaceous sandstones identified within allochthonous sheets onshore (Stoneley, 1960).  

Trapping mechanisms within RAU-MS-Y could be either structural or stratigraphic. The role of 

faults within the formation could serve as structural traps, with the mixture of lithologies resulting 

in sandstone pinch-out within mudstone/claystone units. With migration inferred to be towards 

the south west of the basin, hydrocarbon migration into RAU-MS-Y is possibly aided through 

faulting at its base (Fig 8.9).  

 While there are identified reservoir units onshore, the location and presence of these in the 

offshore is hard to determine and target.  There is the possibility of enhancing porosity and 

permeability within RAU-MS-Y by fracturing during the emplacement of RAU-MS-Y. Faulting of 

RAU-R-Z1 at the top of RAU-MS-Y may lead to leakage of hydrocarbons and may deteriorate seal 

integrity. RAU-MS-Y is an unknown quantity but does warrant further study into its potential 

petroleum system. 

8.3.4 RAU-MS-Z Eastern Drape over RAU-MS-Y 

Reservoir potential within the Miocene Tolaga Group which contains sandstone units identified as 

bathyal channel-fill and thinly bedded turbidite units. Late Miocene reservoir sandstone units are 

also identified onshore. Local sandstone units are channelled into troughs identified on the top 

surface of RAU-MS-Y that are sealed by overlying mudstone. Young faulting and folding during the 

deposition of RAU-MS-Z offer possible structural traps within RAU-S-Z1 (Fig. 8.10).  
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Figure 8.9: RAU-MS-Y play, with potential reservoir shown by yellow shaded 
area. The chaotic nature of RAU-MS-Y makes it hard to predict a continuous 
reservoir, with this a package of coherent reflectors. Migration is along RAU-R-
Y1A and RAU-R-Y1B, interpreted as thrust sheets, into a suitable reservoir unit. 
This enables hydrocarbons to migrate up through RAU-MS-Y. Seal lithology is an 
issue, with bright reflectors identified above within RAU-S-Z1.  
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Figure 8.10: RAU-S-Z1 play. Migration of hydrocarbons occurs towards the east of 
RAU-S-Z1. Presence of faulting and the termination of RAU-R-Z1 offers a possible 
structural trap to the east, with the reservoir unit contained within a trough 
along the top surface of RAU-MS-Y (yellow shading). Other bright internal 
reflectors are identified, and are interpreted to represent possible isolated local 
sandstone units. Seal integrity of RAU-S-Z2 may be compromised due to faulting. 
Also the presence of bright reflectors within may suggest that the lithology 
present does not favour a seal lithology. 
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While there are reservoir targets identified in the offshore sequences, the seal integrity, especially 

in RAU-S-Z3 is brought into question. This is due to the relative lack of burial compared to other 

seals found within the basin at deeper stratigraphic levels. This lack of burial mean porosity and 

permeability are not low, with leakage from the seal a possibility. 

8.4 Discussion and Conclusions 

My project had access to four times the number of seismic data than previous studies (Stagpoole 

et al., 2008; Sutherland et al., 2009) and my detailed seismic stratigraphy and subdivision and re-

interpretation of RAU-MS-W--Z has significant implications for basin petroleum prospectivity (Fig 

8.11). My analysis is based on seismic stratigraphic sequences identified offshore and interpreted 

within the context of the basin’s history and lithostratigraphic correlations with onshore geology.  

The main petroleum source rocks inferred within Raukumara Basin are the Whangai and Waipawa 

formations, which are correlated to RAU-S-X2 and RAU-S-X3. A shallower burial depth is inferred 

for the source rocks than was originally suggested by Stagpoole et al., 2008, using a different 

velocity analysis (see Chapter 2). Expulsion of petroleum from the Whangai Formation is inferred 

to begin in approximately the Oligocene, with most expulsion occurring during the deposition of 

RAU-MS-Z (Stagpoole et al., 2008). The emplacement of RAU-MS-Y may have caused early 

expulsion in the east of the basin. 

The major uncertainty with source rock maturity modelling (Stagpoole et al., 2008) is associated 

with poor understanding of the heat flow history through the basin. The role of the subducting 

plate may have a cooling effect on the lithosphere and the presence of the volcanically active 

Havre Trough along the western margin of the basin may provide higher than expected heat flow 

to the basin. The model used a constant heat flow of 50 mW/m2 at the base of the lithosphere, 

with a temperature gradient within the basin of 21–26 ⁰C/km and a heat flow of 55–60 mW/m2 

for surface heat flows (Stagpoole et al., 2008). It is also uncertain but possible that source rocks 

may exist beneath the Whangai Formation (e.g. Karekare Formation). 

Migration of petroleum was likely away from the basin centre, because uplift of East Cape Ridge 

and the Raukumara range has likely enhanced pre-existing (Miocene) structure. 

Sandstone reservoir units are identified within RAU-MS-X, RAU-MS-Y and RAU-MS-Z, with sand 

influx due to the change in tectonic environment before, during, and after the emplacement of 

RAU-MS-Y. 
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Figure 8.11: Petroleum systems for possible petroleum aspects within the Raukumara Basin. Each block indicates the likely timing of each key 
element. From this evidence, the critical moment (black dashed line) is Oligocene-Earliest Miocene. 
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Sealing lithologies are present throughout the basin, with widespread deep-marine mudstone 

inferred. The role of RAU-MS-Y as a seal is also important as the RAU-R-Y1 could be an 

impermeable fault. However, faulting is prominent in RAU-MS-Y, and this diminishes the possible 

seal integrity. 

Trapping mechanisms identified include stratigraphic and structural traps. Stratigraphic traps are 

associated with the isolation of sand bodies by channels, onlap and/or basin floor fans. Structural 

traps are associated with the emplacement of RAU-MS-Y and the ongoing deformation to the east 

and south during the deposition of RAU-MS-Z.  

An anticlinal play is identified within RAU-MS-X. Three anticlines are identified in the south west 

of the basin, with formation during the latest Oligocene–earliest Miocene, associated the 

emplacement of RAU-MS-Y. 

A truncation play of RAU-S-X6 against the basal surface of RAU-MS-Y is identified. The high 

reflectivity of internal units within RAU-S-X6 offer a targetable reservoir, inferred to be syn-

tectonic sandstone with the basal detachment of RAU-MS-Y serving as a trap against an 

impermeable fault. 

RAU-MS-Y offers another play with Cretaceous, Eocene and Oligocene sands within this 

Oligocene-Miocene allochthonous unit. The possibility of fracture porosity and permeability also 

aids in the conclusion that a viable reservoir is contained within RAU-MS-Y. The crests on the top 

surface offer structures, with RAU-S-Z1 mudstone draped over, acting as a seal. 

RAU-S-Z1 also offers a play type within the basin, with sandstone units channelled into and 

contained by troughs on the top surface of RAU-MS-Y. There is the possibility of isolated sand 

bodies within a mudstone sealing lithology and the truncation of sandstone reservoir units against 

young faults to the east of the basin. 

Key conclusions from this petroleum systems analysis of the Raukumara Basin include: 

 The Waipawa and Whangai formations are mature marine (Type 2; oil prone) source 

rocks. The terrestrial organic matter in localised areas does detract from the completely 

marine source rock 

 The basin has undergone relatively minor deformation. Oligocene-Miocene tectonic 

activity has produced anticlinal traps and a large submarine slide (RAU-MS-Y). Subduction 

associated with the Hikurangi margin during deposition of RAU-MS-Z caused uplift in the 

east and south and some additional faulting. The role of RAU-MS-Y’s emplacement is 

important for reservoir sandstones and trap formation during the latest Oligocene-Early 

Miocene. 
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 Possible play types with reservoir sandstones are identified in RAU-S-X5, RAU-S-X6, RAU-

MS-Y and RAU-S-Z1. Reservoir sandstones are interpreted to be Eocene–Miocene in age, 

with the possibility of Cretaceous sandstones identified in RAU-MS-Y. 

Raukumara Basin is unique to New Zealand due to its increased likelihood of being an oil-prone 

basin. The reasons for this are: 

 Abundant evidence from onshore seeps and offshore oil slicks identified offshore confirm 

petroleum generation within the basin; and 

 Coaly source rocks are unlikely to be present due to the inference of continuous marine 

deposition. This makes this basin unique in New Zealand as it is not a purely terrestrial-

derived source rock; and 

 Large structures are identified that formed in the Oligocene-Early Miocene before 

petroleum generation; and 

 Relatively small chance of late-stage leakage from sealing lithologies due to ongoing 

subduction, as indicated by the minimal structural complexity 

I conclude that there is potential for a large oil find within the offshore basin, or within RAU-MS-X 

onshore. There is a small risk of gas charge if deeper source rocks exist beneath the Whangai 

Formation, but the largest exploration risk remains the unknown reservoir quality of sandstone 

units. A secondary concerns arise from the nature of the source rock and the effectiveness for it 

to dispel oil.  

8.5 Future Work  

As with any exploration within a frontier petroleum basin, many elements of the petroleum 

system are still unknown. The lack of wells within the area gives no ground truth for the onshore-

offshore correlation that has been completed. Ongoing work within the onshore region will 

further enhance this correlation. 

Better understanding of particular formations within the onshore stratigraphy can assist in 

assessing the reservoir quality of the offshore sequences identified. A further focus on the 

Eocene-Oligocene sandstones that are identified within the East Coast Allochthon onshore could 

help develop reservoir properties for identified offshore reservoir units within RAU-MS-X. Future 

work could include a well drilled onshore to assess the RAU-S-X5 and RAU-S-X6 sandstone units 

identified offshore to assess the feasibility of this play. 

The coverage of seismic data across the basin was sufficient. However, the difference in data 

processing led to issues with identifying deeper horizons within the basin. A reprocessing of both 
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datasets to the same standard would greatly enhance the imaging of deeper horizons and 

structures across the basin.  
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