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Abstract

The seismic stratigraphy and sedimentary facies of the Cretaceous and Paleogene sedimentary successions in north-eastern
offshore part of Taranaki Basin, New Zealand have been investigated in order to unravel their depositional evolution and
identify the potential hydrocarbon plays. Interpretation of regional seismic lines covering the entire shelf-slope and deep-
water regions as well as integrating seismic and sedimentary facies allows the identification of several seismic-stratigraphic
sequences within the studied successions. Early Cretaceous syn-rift successions (C1 sequence) were deposited in the struc-
tural lows near the present-day slope as swamp and marsh facies changing basinwards into turbidites and marine shales. The
post-rift Cretaceous sequences (C2, C3 sequences) started with the progradation of the Taranaki delta (C2A-C2D units)
followed by sedimentation of the transgressive C3A-E facies accumulated in response to thermal subsidence and high-rates
of clastic supply. Extensive shelf conditions prevailed during the deposition of C2 and C3 Cretaceous sequences continued
during the Paleogene with deposition of uniform marine shales throughout the basin. Rates of sediment supply substantially
decreased during Oligocene prompting the deposition of marine micrite-rich carbonate. Variation in fossil content confirms
the occurrence of several cycles of sea level fluctuations and episodic variations in terrigenous input. Organic-rich facies
could be associated with the prograding clinoforms of the C2B unit and probably contain, basinward, large amount of gas
and oil prone kerogen. The transgressive facies of C2D unit may also contain organic-rich shales basinward and coal near
the present day Taranaki shelf. Potential reservoirs are hosted on the C3 transgressive estuarine sandstones. Paleogene
mudstones are excellent regional seals for the hydrocarbons generated and trapped in the underlying Late Cretaceous facies.
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Introduction

The Taranaki Basin is a huge sedimentary basin accommo-
dating up to 11 km thick Cretaceous and younger sedimen-
tary clastic wedge lying beneath New Zealand’s western
continental margin (Fig. 1). It is one of the largest adjoining,
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Fig.1 A A map showing the location and bathymetry of the study
area in the northeastern offshore part of Taranaki Basin, New Zea-
land; B red rectangle shows the location of the studied seismic survey

reserves are contained in the Cretaceous and Paleogene suc-
cessions which host the most prospective source rocks and
reservoir intervals (e.g. Uruski et al. 2003; King et al. 2011;
Radwan et al. 2021, 2022).

The opening of Taranaki Basin accounts for Gondwana
breakup and separation between Zealandia, Antarctica and
Australia. This was accompanied by accumulation of thick
syn- and post-rift Cretaceous and Paleogene-Neogene sedi-
mentary successions above the pre-rift Jurassic metasedi-
ments and pre-Cambrian basement (Carter 1988; Mortimer
et al. 2014; Strogen et al. 2017). The Gondwana break-up
and the key elements of the Zealandia Cretaceous-Paleogene
rifting phase have been widely discussed over the last dec-
ades (Laird 1993; Turnbull et al. 1993; King and Thrasher
1996; King et al. 2011; Strogen et al. 2017). However, little
is known about the factors controlling the infill of such huge
basin with sediments through geological time.

The onset of the Cretaceous-Paleogene rifting phase has
been estimated as early as 105 Ma, however, it was likely
commenced later in Taranaki region (70-80 Ma; Laird 1993;
Cook et al. 1999; Laird and Bradshaw 2004). Strogen et al
(2017) proposed a two-phase Cretaceous-Paleogene rifting
in the Taranaki region producing series of NW, WNW and
NE extensional normal faults associated with half grabens.
The basin response to these rifting phases and the subse-
quent evolution of the Cretaceous-Paleogene syn- and
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and wells in the framework of the general setting of New Zealand.
Bathymetry data were acquired from Ryan et al. (2009)

post-rift sedimentary successions have gained little inter-
est. Here we present the results of a basin-scale integrated
study, comprising regional 2D seismic reflection profiles,
biostratigraphy and sedimentology data worked out, in order
to reconstruct the basin evolution during the Cretaceous and
Paleogene times and to discuss some implications for hydro-
carbon exploration.

Geologic setting

The composite geological evolution and the complex mor-
phological setting of the Taranaki Basin, comprising diverse
superimposed sub-basins, uplifted areas and depocenters,
were both resulted from several tectonic events that have
been taken place in Zealandia microcontinent from Middle-
Cretaceous to Recent (Laird 1992, 1993; King and Thrasher
1996; Norvick et al. 2001; Laird and Bradshaw 2004). The
basin’s sedimentary cover represents the record of both the
Zealandia rifting phase during Gondwana break-up and the
Paleogene plate boundary processes (King and Thrasher
1996; Uruski et al. 2003; Nicol et al. 2005; King et al. 2011;
Strogen et al. 2017). Taranaki Basin lies on the Zealandia
continental crust along the eastern margin of Gondwana.
The basin evolution and its structural elements were con-
trolled by the kinematics of the Australian and Pacific plate
boundaries prevailed during the Late Cretaceous-Paleocene
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and Oligocene-Neogene times. The main tectonic ele-
ments present within the basin include: rift-related trans-
form faults, passive margin, platform subsidence linked to
incipient subduction, foreland basin and subduction-related
transform faults, as well as volcanic arc, fold-thrust belt,
and back-arc rift. The Oligocene-Neogene plate boundary
deformation only impacts the southern and eastern regions
of the Taranaki Basin, whereas the western parts remained
relatively undeformed (e.g. Uruski et al. 2003; Nicol et al.
2007). The Oligocene-Neogene Pacific-Australian plate
convergence largely overprinted the elements of the former
tectonic phases in the Taranaki Basin (King 2000; Uruski
et al. 2003; Kamp et al. 2004; Reilly et al. 2015).

Deposition in Taranaki basin started with the sedimen-
tation of Middle Cretaceous strata inside the half grabens
above the Paleozoic—Mesozoic basement terranes (King
et al. 2011). This initial deposition was followed by four
major phases of sedimentation resulting in accumulation
of the long-lived Late Cretaceous, Paleogene and Neogene
sequences throughout Zealandia (Isaac et al. 1994; King
et al. 2011; Mortimer et al. 2014 and references therein).
The first phase includes the deposition of the Late Creta-
ceous and Paleocene syn-rift transgressive facies (Fig. 2).
During the Eocene, control of rift physiography on sedimen-
tation started to be negligible and the basin was completely
submerged by marine water. Therefore, Eocene post-rift
transgressive marine facies and fine-grained terrigenous
sediments covered the entire Taranaki Basin. Renewed
tectonic subsidence during Oligocene marks the onset of
the third phase when the basin was largely submerged with
deposition of deep-water carbonate (Uruski et al. 2003; King
et al. 2011). A prolonged marine regression took place dur-
ing the Neogene contemporaneous with a progradation of
the Taranaki continental shelf and accumulation of mixed
marine and terrigenous facies (Fig. 2).

Data and methods

The present study is based on an integrated subsurface data-
set including seismic and well data from the north-western
offshore sector of Taranaki Basin (Fig. 1). The data used
in this study has been kindly provided by the New Zealand
Ministry of business, innovation and employment (MBIE)
and institute of geological and nuclear Sciences (GNS). A
total of 37 2D time-migrated post-stacked reflection seismic
profiles covering an area of approximately 800 km?* were
utilized in this study. The seismic survey has been acquired
by TGS-NOPEC and GNS Science in 2001 and processed
to Pre- Stack Time Migration (PSTM) by Western-Geco in
early 2002. This survey was acquired with a 6000 m-long
streamer, a 4000 cubic inch air gun array, and was recorded
to 8 s two-way seismic travel-time (twt). No. of channels
are 480 and shot interval is 25 m and 60 fold. The seismic

data were interpreted using Schlumberger Petrel 2017 soft-
ware. Well data includes wireline logs (gamma ray, sonic,
resistivity, density and neutron), core photographs and core
reports that have been acquired by GNS Science and were
provided with permission from the Ministry of economic
development, New Zealand. Seismic data was calibrated
with well-stratigraphic horizons using time check shots. Dif-
ferent depositional trends were identified using the gamma
ray motifs and patterns. Upward variation in gamma ray val-
ues often reflect changes in lithofacies and hence the depo-
sitional environment (e.g. Rider and Rider 2002; Nazeer
et al. 2016; Abdelmaksoud et al. 2019; Ali et al. 2020a, b;
Yasser et al. 2021; Leila et al. 2022; Abdelmaksoud and
Radwan 2022). Relative ages of the different stratigraphic
horizons were identified using the available biostratigraphic
data. The biostratigraphic dataset from the core and cutting
reports has been re-evaluated and compared to the seismic
facies for a better understanding of the evolution of basin-fill
sedimentary successions. The available core photos were
analysed in order to identify the different sedimentary litho-
facies that were then grouped into facies associations. The
sedimentary facies associations and biostratigraphic results
(e.g. benthonic, planktonic forams and palynology) aided
in the identification of the depositional environment of the
different stratigraphic sequences.

Results and interpretation
Seismic stratigraphy
Early cretaceous

The Cretaceous sedimentary strata in the Taranaki deep-
water were accumulated unconformably above the older
Jurassic beds and basement rocks in the half-grabens as
syn-rift megasequences (Figs. 3 and 4). Jurassic strata are
scattered and preserved only in the deepest parts of the basin
corresponding to the depocenter of the half-graben struc-
tures (Fig. 3; TGS-NOPEC 2001). The seismic facies cor-
responding to the Jurassic strata consist of low-amplitude,
semi-transparent and chaotic reflections displaying a notable
increase in seismic amplitude upward. Jurassic and lower
Cretaceous sediments were likely accumulated during the
onset of the rifting phase that was associated with a phase
of active subsidence in the back arc basins that were initially
developped at the Gondwana margin (Uruski et al. 2003;
Uruski and Baillie 2004). The seismic facies of the Early
Cretaceous sequence (C1) vary greatly throughout the basin;
they are almost absent near the shoreline and the thickness
increases significantly basinwards. C1 facies pinches-out
toward the shelf and therefore C1 sediments are not encoun-
tered in the drilled shallow-water wells. Near the slope, C1
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Fig.2 Generalized lithostratigraphic chart of the Taranaki Basin showing the main lithostratigraphic units (King and Thrasher 1996; Strogen
et al. 2014)

includes low-amplitude, low-frequency, disorganized and  the slope, the C1 sedimentary successions are represented

semi-chaotic reflections often onlapping the small depres- by fluvial coarse-grained clastics near the shoreline locally
sions and small fault-controlled channels (Fig. 5A, B). Bas-  derived from the fault scarps. In the depocenters of the half
inwards, C1 seismic facies changes into parallel, continuous, grabens, swamp and marsh sediments were likely accumu-

vertically-variable amplitude and frequency reflections. Near ~ lated (e.g. Uruski et al. 2003). In Taranaki deep-water, the
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Fig.4 Interpreted regional seismic profile normal to the trend of the Deepwater Taranaki Basin and passing through Tane-1 well showing the

different seismic horizons and seismic-stratigraphic units

sediments of C1 succession change into chaotic turbidites
and marine facies (Fig. 5C, D).

Late cretaceous
In Taranaki deep water, the onset of Upper Cretaceous sedi-

mentation started with the deposition of the Taranaki delta
megasequence (C2) (Uruski and Baillie 2004; Kroger et al.

2017). The boundary between C1 and C2 megasequences is
very sharp and probably regflects a period of erosion and/or
non-deposition. C2 megasequence comprises four second-
order sequences (C2A-C2D) recording successive episodes
of relative sea level rises and falls (TGS-NOPEC 2001).
C2A is the oldest sequence and coincides with the earli-
est phase of the Taranaki delta progradation during the sea
level highstand. C2A consists of low-amplitude prograding
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clinoforms terminating against the fault-block highs near
the shelf edge. The maximum thickness of C2A is recorded
(~700 ms two way time “ms TWT”) near the slope and
pinches-out basinwards (Fig. 5C, D).

C2B sequence is more extensive basinwards, it onlaps
C2A and comprises medium to high-amplitude clinoforms
downlap onto the underlying syn- and pre-rift facies. C2B
sediments are transgressive clastic facies accumulated dur-
ing the sea level rise. C2B sequence pinches-out basinwards
where it attains a maximum thickness of ~550 ms TWT.
C2C represents the lowstand wedge sediments that are only
observed in the deep water regions. C2C seismic facies
is represented by parallel, high-amplitude and reflectiv-
ity reflections onlapping the C2B facies and downlap onto
the C1 syn-rift facies. C2C unit thickens basinwards with a
maximum of ~500 ms TWT and pinches out landward. The
sediments of C2B and C2C sequences are not encountered
in any of the studied wells, however, the seismic facies point
to uniform, fine-grained clastic facies probably deposited in
deep marine conditions (e.g. Uruski et al. 2003; King et al.
2011).

The deposition of C2C lowstand wedge was terminated
by a regional sea level rise and transgressive event which
marks the deposition of C2D sequence (TGS-NOPEC 2001).
C2D facies comprise semi-continuous, parallel, high-ampli-
tude reflections that are extensively distributed in both deep
and shallow water regions. C2D sequence attains a maxi-
mum thickness of ~600 ms TWT in the slope and pinches
out both basinward and near the shelf. In Tane-1 well, the
sediments of C2D sequence are represented by the shales
alternated with coal and marine sandstones of the Rakopi. In

@ Springer

62G unit

Miocens PliOCONE-PIOISIOCENe N

clarifies the seismic facies, reflector terminations and geometry of the
different seismic-stratigraphic units

Wainui-1 and Ariki-1 wells, the sediments of C2 sequence
are completely absent and Rakopi Formation was not depos-
ited (Fig. 6).

A sea level lowstand prevailed after the deposition of
the C2D facies which are onlapped by lowstand systems
tract sediments that marks the base of the transgressive
megasequence C3 presenting the latest Cretaceous facies in
Taranaki deep-water. The extensive shelf area formed during
the deposition of Taranaki Delta (C2 sequence) lasted dur-
ing the deposition of C3 sediments that followed the same
depositional pattern of C2 megasequence with no signs of
major changes in the basin physiography. The C3A is a low-
stand sequence followed by four transgressive successions
(C3B-C3E, Fig. 5C, D). The C3A seismic facies includes
discontinuous vertically variable amplitude and frequency
reflections downlapping onto the underlying C2D facies.
C3A unit is localized in the deep water regions attaining
maximum thickness of ~250 ms TWT near the basin-floor
and pinches out toward the shelf. The seismic characteris-
tics of C3A facies reveal that they most likely represent the
sediments of a lowstand clastic wedge deposited near the
basinfloor.

The sediments of C3B unit are more extensive than that
of C3A and is more developed near the present-day Taranaki
Shelf where it attains a maximum thickness of ~750 ms
TWT. C3B pinches out basinward where it downlaps the
C3A facies. The seismic facies of C3B comprises continu-
ous, high-amplitude, and high-reflectivity reflections near
the shelf changing into low-amplitude semi-transparent
facies basinwards. C3C constitutes a wedge-shaped unit
of vertically-variable amplitude reflections localized near
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Fig.6 NE-SW correlation panel illustrating the distribution of the different stratigraphic units encountered in the studied wells

the present-day basin floor and pinch-out toward the shelf
(Fig. 5C). In the basinal regions, C3C reflections onlap C3A
and C2D facies. The sediments of C3C unit are likely rep-
resented by uniform marine shales. Thin (<300 ms TWT),
parallel, continuous high- to medium-amplitude reflections
(C3D) onlap the C3B facies near the shelf and downlap onto
the C3C in the basinal regions. C3D sediments are thicken-
ing near the present-day slope where it attains its maximum
thickness of ~275 ms TWT.

The sediments of C3D unit are interpreted as being
deposited during the maximum sea level rise and therefore
comprise a condensed section of marine and organic-rich
shales. C3 transgressive megasequence was ended by the
deposition of C3E unit that was likely accumulated dur-
ing highstand systems tract phase. C3E consists of parallel,
semi-continuous, medium- to high-amplitude reflections
which are widespread throughout the basin. C3E reflec-
tions downlap onto C3C unit in the basinal regions where
its thickness decreases despite the remarkable increase in
seismic amplitude (Fig. 5C, D). C3E sediments comprise
marine shales however turbiditic sandstones were likely
accumulated in the basinal areas. C3 sequence is represented
by the sediments of North Cape Formation which consists
of marine sandstones, siltstones and shales intercalated
with coal seams that were deposited in a continental shelf

depositional environment (Fig. 6). In the eastern part of the
present day shelf (Ariki-1 region), C3 facies are represented
by C3D, C3E facies that downlap onto the basement rocks
(Fig. 5C, D). Westwards, preserved C2 and C3 facies are
recorded in Tane-1 well region where the clinoforms reflec-
tions of the Taranaki Delta (Rakopi Fm) are followed by
the homogeneous medium-amplitude marine facies of C3D
sequence.

Paleogene

Extensive shelf conditions prevailed during the deposi-
tion of C2 and C3 Cretaceous sequences continued dur-
ing Early Paleogene. The rate of accommodation space
creation likely controlled the thickness and type of the
Paleocene and Eocene sediments. Rate of subsidence of
the New Zealand land mass exceeded the sediment supply
and therefore retrograding Paleocene and Eocene succes-
sions were accumulated within an accommodation space
of less than 500 m. The Paleocene sequence (P1) displays
a uniform seismic facies comprising low-amplitude and
semi-transparent reflections with almost constant thickness
ranging between 100 and 200 ms TWT on the present-day
shelf and slope (Fig. 5C, D). P1 sequence thickens gradu-
ally basinwards to a maximum thickness of approximately
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500 ms TWT near the Paleocene shelf break and then thins
again to less than 100 ms basinwards. The top Paleocene
is a uniform surface, however, it is locally drapped over
several small channels (~2 km width, Fig. 5C). P1 facies
likely comprise marine mudstones and siltstones with
sub-marine incised-channel systems, infilled by parallel,
high-amplitude and reflectivity reflections onlapping the
channel margins. The channels likely contain coarser sedi-
ments than those accumulated in the surrounding regions.
The high-reflectivity of P1 channel-fill facies may either
suggest the presence of hydrocarbons or coarse-grained,
porous channel lag deposits (Fig. 5C).

Eocene sequence (P2) displays similar seismic char-
acteristics to P1 comprising semi-transparent, very-low
amplitude and reflectivity reflections however it lacks
any channel systems. P2 thins basinwards and attains a
maximum thickness of approximately 1000 ms TWT near
the present-day Taranaki shelf. The seismic character-
istics of P2 reflect a homogeneous marine fine-grained
clastics analogue to those of the Paleocene. Below the
Paleocene shelf edge, P2 thins to approximately 100 ms
TWT and the seismic facies change into high-amplitude,
semi-parallel reflections typifying a variation in sedimen-
tary facies basinwards likely from clastic to carbonate
deposition (Fig. 5C, D). Top Eocene reflector is uniform
and is marked by medium- to high-amplitude reflector
suggesting sudden change in sedimentary facies. In the
eastern part of the present day shelf (Ariki-1 region), P1
and P2 sequences include well-bedded, continuous, low- to
medium-amplitude seismic reflections (Fig. 5C). P1 and
P2 sediments are represented by homogenous marine mud-
stones sediments of Turi Formation. Westward in Tane-1
region, P1 is thicker than P2 and both comprise low- to
medium-amplitude, parallel and semi-continuous reflec-
tions (Fig. 5C). P2 reflections display better continuity
than P1. In Tane-1 well, P1 and P2 sequences constitute a
retrograding transgressive sedimentary pattern consisting
of basal siltstones changing upward into marine mudstones
(Fig. 6). Oligocene sequence (P3) consists of continuous,
parallel, high- to medium-amplitude reflections. P3 has
uniform thin (< 100 ms TWT) thickness throughout the
entire basin. It is relatively thinner in the western (Tane-1
well) than in the eastern region (Ariki-1 well) (Fig. 6).
P2-P3 boundary is marked by an increase in the acous-
tic impedance and seismic amplitude. The Oligocene
sedimentary facies are represented by carbonate facies
reflecting marine deposition coupled with minimal rate of
sediment supply. The carbonate rocks of P3 sequence were
deposited during a period of high sea level, however, they
are probably shallower than the open marine mudstones of
P1 and P2 sequences. Therefore, we interpret the Oligo-
cene carbonate as high-stand systems tract facies accumu-
lated after the transgressive facies P1 and P2 sequences.

@ Springer

Sedimentary facies analysis
and paleoenvironmental interpretation

Upper cretaceous sequence

In the studied wells (Tane-1, Wainui-1 and Ariki-1), the
upper Cetaceous sequence comprises early and late upper
Cretaceous Rakopi and North Cape Formation, respec-
tively (Fig. 6). The Rakopi Formation correlates with
the progradational C2 sequence, whereas North Cape
Formation coincides with the transgressive facies of C3
sequence. The overall thickness of C2 and C3 sequences
decreases eastwards and the sediments of Rakopi Forma-
tion were only observed in Tane-1 well region (Fig. 6).
The analysed side-wall core and cutting samples from
Rakopi Formation reveal its sandstone composition inter-
bedded with carbonaceous mudstones and minor coals.
The sandstones are stacked in a coarsening-upward sedi-
mentary package with an upward increase in bed thick-
ness and decrease in the mudstone and coal interbeds. The
seismic characteristics of C2 sequence (high-amplitude
prograding clinoforms) and the corresponding sedimen-
tary facies, both suggest deposition in a prograding delta
where the coals and carbonaceous mudstones represent the
swamp facies and the coarsening up sandstones represent
the distributary channel deposits. This interpretation is
supported by the occurrence of palynofloras in the coal
seams characterizing a continental depositional environ-
ment. Foraminifera are absent; pollen and spore assem-
blages reflect deltaic and coastal marine environments.

The sediments of C3 sequence were drilled in all the
studied wells and are represented by North Cape Forma-
tion. In the western part of the present-day shelf (Tane-1
well), North Cape Formation consists of interbedded
sandstones, shales and siltstones with thin coal interbeds
and carbonaceous mudstones. The sediments are stacked
in several progradational coarsening- and thickening-
upward sedimentary packages. Eastwards (Ariki-1 well),
the sediments of North Cape Formation are also stacked in
a coarsening-upward pattern with a vertical change in sedi-
mentary facies from shale- to sand-dominated succession.
North Cape sediments contain scarce Foraminifera, how-
ever the occurrence of some dinoflagellates in some inter-
vals may reflect marine influence during the deposition.

Sedimentary core samples retrieved from the upper-
most part of North Cape Formation in Tane-1 well are
characteristic of several sedimentary lithofacies that were
accumulated in variable depositional conditions (Table 1).
The cored interval typified the deposition of the upper part
of North Cape-Formation in a fluvio-deltaic environment.
Three main sedimentary facies associations (FA) were
observed from the core samples:
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Table 1 Characteristics of the sedimentary lithofacies interpreted in the cored intervals within the upper part of the Cretaceous sedimentary suc-
cession in Tane-1 well

Sedimentary lithofacies Characteristics Depositional processes
Crossbedded sandstone (LF 1) Light grey, medium-grained sandstones with High energy deposition from unidirectional
planar low-angle, and locally slumped traction flows

cross-beds. Bed thickness is in the range of
several centimeters up to few decimeters.
Rip-up clasts and mud chips are occasionally

observed
Heterolithic sandstone/siltstone (LF 2) Light to dark grey fine to very fine-grained Deposition by low energy tidal currents in
sandstones interlaminated with siltstones coastal-marine environment

and occasionally mudstones. The sandstones
are highly-argillaceous. The sediments are
slightly bioturbated. The beds range in thick-
ness from several centimeters to decimeters.
Thin (~5 cm) lenticular sandstone beds are
observed and are occasionally associated with

mud drapes
Laminated mudstone/siltstone (LF 3) Dark grey to brown, slightly-fissile mudstones  Deposition from suspension in low energy
intercalated with siltstones and occasionally environment

very fine-grained sandstones. Planar pinstripe
to vague laminations are the main sedimen-
tary structures. Mottling caused by bioturba-
tion is present in the siltstones and very fine-
grained sand intervals. However, disruption
of sedimentary structures by bioturbation is
minor. The beds range in thickness from few
to several centimeters

Massive sandstone (LF4) Medium to coarse-grained, light grey sand- High energy deposition
stones with no observed sedimentary
structures. Bioturbation is absent. Sandstone
beds range in thickness from few to several
centimeters. Mudstone and siltstone interbeds
are absent. Rip- up are locally observed

Planar and cross-laminated sandstone (LF 5) Medium to dark grey, fine to very fine-grained = Deposition from suspension load in low energy,
sandstones interlaminated with siltstones and quite conditions
locally mudstones. Parallel planar and cross
laminae are the main sedimentary structures.
The sandstone beds are thin (< 10 cm) and
have both gradational bases and tops. The
sandstones are slightly bioturbated

Ripple cross-laminated sandstone (LF 6) Medium to dark grey, fine to very fine-grained  Deposition by low energy tidal currents in shal-
sandstones, occasionally interlaminated with low marine settings
siltstones and mudstones. Current ripples,
climbing ripples and ripple drift laminations
are the sedimentary structures observed.
Laminae are picked out by carbonaceous
debris and clayey material. Slight bioturba-
tion is present. Bed thickness is on the range
of few decimeters

Carbonaceous shale and coal (LF 7) Dark brown to dull black, massive to banded Poorly drained, vegetated peat-forming back-
and thinly- laminated carbonaceous to highly-  swamps.
carbonaceous shale interbedded with coal
streaks (< 10 cm). The coal streaks gener-
ally take a tabular form and aligned with the
bedding planes. Root traces and carbonaceous
plant remains are common observed features

1) Delta-plain distributary channel facies (FA 1) consists laceous planar and cross-laminated sandstones (LF5)
of a sharp-based interval of cross-bedded (LF 1) and (Fig. 7A). The sharp base is mantled by rip-up clasts
massive sandstones (LF 4) changing upward into argil- and mud chips. FA 1 sediments overlie a carbonaceous,
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Fig.7 Core photographs of

the studied core interval in the
upper part of the Cretaceous
succession in Tane-1 well show-
ing the sedimentary lithofacies
and their corresponding gamma
ray patterns
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muddy-rich interval made of massive and laminated
mudstones and siltstones with thin sandstone interbeds
which likely represent the delta-plain interdistribu-
tary bay or crevasse splay facies. FA 1 sandstones are
stacked in a fining-upward trend clearly visible from the
core and on the gamma ray log pattern (Fig. 7A). The
sharp base of the FA 1 sandstones as well as the overall
upward decrease in the grain size suggest in channel
deposition with decreasing energy of the depositing cur-
rent (Orton and Reading 1993; Miall 1996; Ainsworth
et al. 2011). The sedimentary features in the base FA 1
sandstones are typical for those deposited by traction
currents and change upward into suspension deposition
suggesting their accumulation in a non-marine river-
dominated channels. This further supported by the
absence of bioturbation and the non-calcareous nature
of the succession. Occurrence of FA 1 sandstones above
the carbonaceous-rich mudstone interval supports the
interpretation of their accumulation in a subaerial delta-
plain environment.

Tidally-influenced estuarine facies (FA 2) comprises
very fine to fine-grained interval of argillaceous sand-
stones (LF 2, LF 5, LF 6 and LF7) interlaminated with
mudstones and siltstones (LF 3). The sediments are
stacked in a successive fining and coarsening-upward
patterns (Fig. 7B). Current ripples, climbing ripples and
ripple drift laminations are the most common sedimen-
tary structures. Characteristic sedimentary structures
comprise heterolithic centimetre-scale wave to len-
ticular bedding with flat lenses commonly intercalated
with mud drapes and mud couplet. The sandstones are
slightly bioturbated with tiny Planolites and Chon-
drites. The upward increase in heterolithic sediments,
first appearance of bioturbation and common occurrence
of mud drapes and ripple laminations suggest tidal and
marine influence of the sedimentation. Wave and lentic-
ular bedding associated with flat lenses and mud drapes
point deposition in a shallow intertidal environment (e.g.
Van den berg et al. 2007; MacEachern and Bann 2008;
Vakarelov et al. 2012).

Interdistributary bay and crevasse splay facies (FA 3)
consists of muddy-rich interval locally interbedded with
cross-bedded sandstone (LF 1), heterolithic sandstone/
siltstone (LF 2) and planar and cross-laminated sand-
stone (LF 5). The muddy-rich interval constitutes highly-
cabonaceous shale and coal seams (LF 7) (Fig. 7C).
The carbonaceous shales are rich in root traces typify-
ing their deposition in subaerial continental conditions
likely in the delta plain interdistributary bay environ-
ment (e.g. Wilhelmsson 1999). This is further supported
by the general lack of marine bioturbations and the pres-
ence of coals streaks which reflect peat accumulation
in a vegetated backswamp environment (e.g. Steel and

Dalland 1978; Hansen 2004). The sandstone and silt-
stone interbeds (LF 1, LF 2, and LF 5) are stacked the
deposits of crevasse splay. Festoon crossbedding and
vague parallel and cross-laminations are the common
sedimentary structures within the crevasse splay sedi-
ments. The crossbedded sandstone beds display sharp
contacts and often grade upward into argillaceous, fine-
grained LF 2 and LF 5 sediments. Occurrence of root
traces and carbonaceous woody materials associated
with LF 2 sediments reflect accumulation in a subaerial
vegetated environment. Crossbedded sandstone grading
into argillaceous fine-materials of LF5 suggest gradual
decrease in the flow energy and change from traction
to suspension sedimentation in a crevasse splay or cre-
vasse channel environment (e.g. Farrell 2001; Burns
et al. 2017; Lepre 2017).

Paleocene sequence

The sediments of the Paleocene sequence are represented by
the shales of the Lower Turi Formation which are observed
in all the studied wells (Fig. 6). The Lower Turi shales are
massive and are occasionally intercalated with thin layers
of siltstones, very fine-grained sandstones and limestone.
A gradual decrease in grain size is observed with upward
decrease in the silt and sand intercalations and sand/mud
ratio suggesting a deepening upward trend. The Paleocene
sediments were deposited in a marine environment as con-
firmed by the lack of either coal, continental materials or
palynomorphs and the occurrence of limestone interbeds
as well as marine fossils. The lower part of the Paleocene
sequence was likely deposited in an inner neritic environ-
ment with upward deepening into a middle neritic setting.
This agrees with the benthic foraminiferal assemblage typi-
cal of inner to middle neritic conditions such as: Gaudryina,
Bulimina, Cibicides, Oridorsalis, Elpidium, Buliminella.

Eocene sequence

Analogue to Paleocene sequence, the sediments of the
Eocene sequence consist mainly of massive shales inter-
bedded with limestone. The sandstones and siltstone inter-
calations are occasionally present, however they are minor
if compared with the Paleocene succession. In the studied
wells, the early and middle Eocene sediments are repre-
sented by the mudstones of the upper part of Turi Forma-
tion (Fig. 6). The middle Eocene mudstones contain more
frequent limestone interbeds. The sedimentary facies of
the late Eocene varies significantly in the studied wells. In
Tani-1 and Wainui-1 wells, the late Eocene sediments are
represented by the marine mudstones of the upper Turi For-
mation. In Ariki-1 well, the late Eocene sedimentary facies
comprise a~ 113 m thick, coarsening-upward succession of
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mudstones and sandstones of the Tangaroa Formation. The
Tangaroa sandstones were probably deposited as a large
turbidite fan. Generally, the Eocene sediments were depos-
ited in a marine depositional environment likely in a deeper
conditions than the underlying Paleocene facies. This is
supported by the marine fossils assemblages that are domi-
nated by outer neritic calcareous foraminiferal species in
the middle Eocene, such as: Gaudryina proreussi, plectina
quennelli, Valvina bortonica, Lenticulina hampdenensis,
Anomalina, visenda, Bulmina bortonica, and Cibicides cf.
tholus. During the upper Eocene interval, this assemblage
is dominated by more deep forms e.g.: Cibicides, Rectuvi-
gerina, Euuvigerina. At the Ariki well, the dominant taxa
indicate deep upper bathyal setting (e.g. Pullenia quinque-
loba, Cibicides semiperforatus, Nuttallides truempyi and
Oridorsalis umbonatus).

Oligocene sequence

The Oligocene sequence (P3) in Taranaki region constitutes
carbonate facies consisting of planktonic white to light grey
foraminiferal micritic and argillaceous lime wackestone
grading upward into foraminiferal wackstone-packstone.
The sediments of P3 are represented by Tikorangi Forma-
tion with a maximum thickness of 146 m in Ariki-1 well
(Fig. 6). P3 sediments contain diverse assemblages of ben-
thonic foraminifera, including the simple agglutinating
forms Adercotryma glomeratum, Haplophragmoides, and
Ammodiscus, together with Karreriella, Eggerella and the
more complex Cyclammina. Also, the calcareous benthonic
forms included; Cassidulina cuneata, Gyroidina neosol-
danii, Pullenia bulloides, Anomalinoides, Gyroidinoides
allani and Vaginulinopsis interruptus. These foraminiferal

assemblages reveal the deposition of the Oligocene carbon-
ate in a bathyal setting.

Discussion
Depositional sequence stratigraphy

The depositional sequences have been recognized based
on the variations in the fossil content (e.g. reworking, vari-
ation in foraminiferal assemblage with abrupt changes in
planktonic/benthonic contents), lithofacies changes, abrupt
variations in gamma ray log pattern and seismic response
(Hunt and Tucker 1992; Posamentier and Allen 1999).
Three sequence boundaries (SB1, SB2, and SB3) have
been observed in the Cretaceous-Paleogene successions
encountered in the studied wells (Figs. 8, 9, 10). Most of
these sequences are represented by transgressive systems
tract (TST) and highstand systems tract (HST), while the
lowstand systems tract (LST) are missing. The following is
a detailed description of the detected sequences and their
bounding surfaces:

The upper cretaceous sequence Sq-1

Sq-1 represents the oldest depositional sequence encoun-
tered in the studied wells. The base of this sequence
(Sequence boundary, SB1) represents a non-conformity
surface above the basement rocks. The basal sediments
were initially deposited on an eroded and weathered gra-
nitic basement. Sq-1 is represented by prograding clinoforms
seismic facies and the gamma ray patterns display succes-
sive coarsening-up patterns at the base and fining patterns at
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Fig.8 Interpretation of the different stratigraphic sequences and
sequence boundaries encountered in Tane-1 well and correlated with
their corresponding seismic facies. Sequence boundaries have been
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Fig. 10 Interpretation of the different stratigraphic sequences and
sequence boundaries encountered in Ariki-1 well and correlated with
their corresponding seismic facies. Sequence boundaries have been

the top. At the base, Sq-1 is made up of thick high-energy,
prograding fluvial-deltaic sandstones. However, the deposi-
tional environment changes upward into estuarine to shal-
low marine conditions reflecting an upward increase in
marine influence (Fig. 11A). The fluvial-deltaic sediments
at the base were accumulated during a highstand system
tract phase where the sediment supply outpaced the accom-
modation space allowing the delta and fluvial channels to
prograde into the shelf. The basement and faulted highs such
as Moa high in Wainui-1 region (Fig. 9) provide a source for
the clastic supply prograding onto the shelf (e.g. Norvick

BN Basment N
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Masimum floadin
Mashrw 9 [ Sequence boundary

=E Mar

Oligocene

identified based on the variation in lithology, gamma ray pattern and
fossil content and planktonic/benthonic forams (P/B ratio)

et al. 2001; Uruski et al. 2003). The relative sea-level rise
and the accumulation of transgressive sedimentary pattern
prevailed at the end of Late Cretaceous were tectonically-
driven in response to the extensional phase of the Tasman
rift (100-80 Ma) (e.g. King et al. 1999; Norvick et al. 2001).
The prograded deltaic sediments (Rakopi Formation) cor-
responds to the Taranaki Delta which is believed as being
deposited within the failed back-arc rift of the New Caledo-
nia Basin between 100 and 75 Ma (Sutherland et al. 2001;
Uruski et al. 2003; Browne et al. 2007). The sediments of the
Taranaki delta are dominated by mudstones and siltstones;
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Fig. 11 Schematic cartoon showing the depositional evolution of the studied Cretaceous-Paleogene successions in the northeastern offshore part

of Taranaki basin

the sandstones were mostly accumulated within the fluvial
and delta distributary channels or in the mouthbars. The
occurrence of coal beds occupying the delta-plain implies
an ecosystem thrived with plants and vegetation (e.g. Elliott
1978; Miall 2006). This is further supported by the abundant
pollen and spores reflecting a flourishing vegetated ecosys-
tems dominated during the deposition of the Taranaki Delta.
However, the fairly well-preserved dinoflagellates imply epi-
sodic marine conditions.

Transgressive phase prevailed after the deposition of the
Taranaki Delta possibly due to accelerated sea level rise in
response to thermal subsidence of the New Zealand mini-
continent following the extensional rifting of the Tasman
Sea (e.g. King et al. 1999; Norvick et al. 2001). The thermal
subsidence was accompanied by accelerated sea-level rise
coupled with a paramount decrease in the clastic supply thus
creating a large accommodation space on the continental
shelf where the marine and coastal marine sediments of the
North Cape Formation were accumulated with a landward
shift of the depositional locus. The sediments of North Cape
Formation were accumulated on a nearly flat topography
with minimal variations either in the sediment supply or
sea-level (Fig. 11B).

The paleocene-eocene sequence Sq-2

Sq-2 is bounded by two sequence boundaries (SB2 and
SB3). SB2 is clearly observed at the base of Sq-2 and is
marked by an abrupt increase in the gamma ray log val-
ues (Figs. 8, 9, 10). On seismic, SB2 is traced between the
Cretaceous high-amplitude seismic facies and the overlying
low-amplitude, semi-transparent reflections of the Paleocene
sediments. SB2 also marks the transition from a coastal to an

@ Springer

inner neritic environment. Sq2 comprises two systems tracts
TST and HST. The transgressive systems tract (TST) com-
prises the Paleocene and Early Eocene (Figs. 8, 9, 10) and is
characterized by an upward increase in gamma ray and P/B
ratios. The benthonic forams assemblage implies an inner
to middle neritic environment. The MFS, that separates the
TST and HST in this sequence, is characterized by increase
in gamma ray values, which indicates the deepest bathym-
etry, and maximum P/B% (~75%). The HST covers the
uppermost part of the Lower Eocene to the Upper Eocene.
The transgressive facies are followed by a progradational
(HST) succession consisting mainly of shale and limestone
interbeds accumulated in a middle-outer neritic environment
exhibiting a pronounced decrease in the P/B% (~20-50%).
During the deposition of Sq-2, the physiography followed
the same pattern of the North Cape Formation, however the
locus of the deposition was shifted more landward. Homoge-
neous marine shales and siltstones were deposited during the
Paleocene and Eocene with the deposition in a transgressive
marine conditions (Fig. 11C). Thermal subsidence along the
Tasman Sea rift continued throughout most of the Paleocene
and Eocene and thus keeping accommodation space for the
marine sediments to accumulate on the shelf (e.g. King and
Trasher 1996; Reilly et al. 2015; Strogen et al. 2017).

The oligocene-middle miocene sequence Sq-3

This depositional sequence constitutes the Oligocene-
Middle Miocene succession, it is represented by Tikorangi,
Taimana and Lower part of Manganui formations at Tane;
Taimana, Manganui and Moki formations at Wainui; and
Tikorangi, Taimana and Lower Manganui, and Moki forma-
tions at Ariki wells. The Sq3 attains 163 m, 409 m, 104 m



Marine Geophysical Research (2022) 43:23

Page 150f18 23

Fig. 12 A simplified sketch

of potential source-migration-
accumulation hydrocarbon plays
within the Cretaceous-Paleo-
gene succession in Taranaki
Basin

Depth (Km)

Upper Cretaceous
carbonaceous shale
(source rock)

thick at Tane, Wainui and Ariki wells respectively. The lower
boundary of this sequence (SB3) coincides with the Eocene/
Oligocene boundary. SB3 documents an abrupt change in
lithology from greyish green shales to light grey glauco-
nitic limestone. The transgressive systems tract (TST) of
this sequence is marked by the increase in P/B% from ~ 80%
at the base to~95% at the top, and the gamma-ray log data
are marked by a finning-upward pattern, on the other hand
the benthonic assemblage contains bathyal species, these
indicate continuous transgression (Figs. 8, 9, 10). The maxi-
mum flooding surface (MFS) is placed at the highest positive
peak in the P/B% (~95%) and coincides with the top of the
Oligocene facies.

Oligocene sedimentation is characterized by a major shift
in the sedimentation pattern from clastic to carbonate-dom-
inated. This shift is a regional phenomenon following the
onset of a new boundary formation between the Australian
and pacific plates coupled with development of the Taranaki
foredeep along the eastern margin of the basin (Stagpoole
and Nicol 2008; Strogen et al. 2014; Reilly et al. 2015).
This was accompanied by an abrupt decrease in the rate of
sediment supply and clastic input with the development of
clean and calm water conditions permitted the carbonate
production and deposition (Fig. 11D).

Implications for hydrocarbon exploration

Potential source rock intervals are believed as being asso-
ciated with late Cretaceous post-rift sediments of C2
sequence (Taranaki Delta or Rakopi Formation). Older
Jurassic and early Cretaceous syn-rift facies which host
carbonaceous-shales, coals near the shelf and organic-
rich marine shales in the deep-water could have been
expelled most of hydrocarbons at an early stage (Uruski
et al. 2003). Organic-rich facies could be associated with
the prograding clinoforms of the C2B unit and probably
contain voluminous gas and oil prone kerogen basinwards.
The transgressive facies of C2D unit may also contain
organic-rich shales basinwards and coal near the present

day Taranaki shelf. In addition, coals and carbonaceous-
shales in the Rakopi Formation are mostly gas-prone and
would generate gas and/or mixed oil and gas. These shales
occur in the near shelf foresets and were also carried into
the deep-water by the lowstand turbidite fans. These dis-
seminated coals represent potential source rock intervals
in the deep water settings. Additionally, the late Creta-
ceous basin floor fans which represent correlative units to
the near-shelf coaly-facies possibly contain voluminous
oil prone kerogen that are likely mature and should pro-
duce significant amounts of hydrocarbons (Stagpoole et al.
2007; Stagpoole and Nicol 2008).

Potential reservoir targets are associated with the
transgressive coastal-marine sandstones of the North
Cape Formation and their correlative deep-water turbid-
itic sandstones. The faults of the early Cretaceous rifting
which were locally activated during the progradation of
the Taranaki Delta as well as the late Cretaceous faults
which extend northward from the present day Taranaki
shelf below the slope present the main migration paths
from the source rocks into the reservoir intervals (Fig. 12).
The Paleogene transgressive marine mudstones (P1-P3
sequences) represent excellent regional seals for the hydro-
carbons generated and migrated within the underlying Cre-
taceous deltaic and coastal-marine facies. Structural and
possibly stratigraphic traps exist in the basin. The thick-
ness of the Paleogene sequences is commonly more than
100 m and therefore have a good seal efficiency throughout
the entire basin. According to Uruski et al. (2003), the
source rock intervals in the Taranaki Delta are currently
in the oil window maturity and the present-day oil genera-
tion is below 2800 m, whereas the gas window is below
5000 m. The hydrocarbons were likely expulsed from the
Cretaceous source rocks during the Eocene—Oligocene,
in particular, the Eocene tectonism and activation of the
older fault trends promoted the expulsion and migration
of the oil and gaseous hydrocarbons which were sealed
beneath the Paleogene sedimentary successions.
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Conclusive remarks

1. Well and seismic data have been analyzed in order to
define the different seismic-stratigraphic sequences
and reconstruct the sedimentary evolution of the Creta-
ceous-Paleogene successions in the north-eastern part
of Taranaki Basin, New Zealand.

2. Early Cretaceous syn-rift facies (C1 sequence) were
accumulated in the grabens and half-grabens either
above crystalline basement or the locally-preserved ter-
rigenous Jurassic facies.

3. The post-rift sequences started with the progradation
of the Upper Cretaceous Taranaki Delta succession (C2
sequence) deposited over an extensive continental shelf
region.

4. Thermal subsidence along the Tasman Sea rift continued
throughout most of the Paleocene and Eocene and thus
keeping accommodation space for the marine sediments
to accumulate on the continental shelf.

5. End of Paleogene is characterized by a major change
in the sedimentation pattern from clastic to carbonate-
dominated following the onset of a new plate boundary
formation between the Australian and Pacific plates.

6. Voluminous oil and gas-prone kerogen are most prob-
ably associated with the prograding facies of the Upper
Cretaceous Taranaki Delta and transgressive Paleo-
gene facies, whereas the transgressive sandstones of
C3 sequence likely host unexplored potential reservoir
intervals.
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