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a b s t r a c t

The study of sequence stratigraphy often focuses on shallow marine and shelf-edge regions, while
research on deep-sea stratigraphic sequences remains relatively weak. This study, based on high-
resolution 3D seismic data and drilling information, utilized sequence stratigraphy and seismic sedi-
mentology as guidelines, and employed seismic interpretation methods to performed a division of deep-
sea stratigraphic sequences within the Romney 3D seismic survey area in the deep-water Taranaki Basin,
New Zealand. Furthermore, it analyzed the characteristics of typical depositional systems and their
associated controlling factors. The findings are as follows: (1) Based on seismic reflection termination
relationships and seismic facies characteristics, four second-order sequence boundaries and nine third-
order sequence boundaries were identified, resulting in the delineation of three second-order sequences
and twelve third-order sequences in the basin. (2) Five seismic facies were recognized, corresponding to
five typical sedimentary bodies: mass transport deposits (MTDs), deep-water channel, levee deposits,
deltaic deposits, and pelagic deposits. However, due to the relatively thin sedimentary thickness of
carbonate sediments, the seismic facies characteristics of carbonate sediments cannot be discerned in
seismic data, but can be identified based on well data. Deltaic sediments mainly developed during the rift
stage of the basin, while carbonate sediments formed during the transition from a passive to an active
margin. Deep-water channel and levee deposits and MTDs emerged during the active margin stage,
while pelagic deposits are ubiquitous in marine environments. (3) The uplift of New Zealand's interior
and climate-driven erosion caused the resurgence of clastic sediments, which began to be transported to
the deep sea, the seafloor topography would directly affect the movement path of sediment gravity flow,
and sediment supply can affect the development and evolution of sedimentary systems. (4) Event de-
posits boundaries, such as erosional scour surfaces formed by channels and unconformities created by
MTDs, can serve as boundaries for the division of deep-water stratigraphic sequences. This study pro-
poses a method for delineating deep-water stratigraphic sequences using event deposits, particularly
suitable under conditions where the influence of relative sea-level changes on deep-water deposits is
relatively weak. This research not only enhances the understanding of deep-water depositional se-
quences but also provides a reference for studies on the evolution of deep-water deposition and its
controlling factors in research areas with similar geological backgrounds worldwide.
© 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This

is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

In recent years, research on deep-water sequences has garnered
widespread global attention, holding significant importance for
understanding Earth's history, exploring hydrocarbon resources,
and predicting geological hazards (Van Wagoner et al., 1990; Lin
mmunications Co. Ltd. This is an open access article under the CC BY license (http://

http://creativecommons.org/licenses/by/4.0/
mailto:wei@hpu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.petsci.2025.03.007&domain=pdf
www.sciencedirect.com/science/journal/19958226
www.keaipublishing.com/en/journals/petroleum-science
https://doi.org/10.1016/j.petsci.2025.03.007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.petsci.2025.03.007
https://doi.org/10.1016/j.petsci.2025.03.007


G.-X. Wang, W. Wu, Q. Li et al. Petroleum Science 22 (2025) 1854e1875
et al., 2000; Li et al., 2002). This field of study has not only advanced
geology but also facilitated the development of oil exploration and
extraction technologies. Deep-water depositional systems, due to
their lack of material exchange with shallow-water environments,
have become one of the most difficult systems to interpret in
sequence stratigraphy (Posamentier and Allen, 1999). It is difficult
to identify and trace the boundaries of these key sequence units in
deep-water sedimentary systems, and there are numerous diffi-
culties in performing deep-water sequence stratigraphic division
and sequence unit correlation (Pickering and Hiscott, 2016). Infor-
mation from single wells or outcrops is insufficient to fully reveal
deepwater depositional cycles. However, high-resolution seismic
data offers a solution to this problem. The seismic sequence reflects
the sedimentary sequence in the seismic profiles (Vail et al., 1977),
and the seismic profiles can represent the broad-scale stratigraphic
properties of a particular location (Ge et al., 2012). Sequence
boundaries are typically environment-related, reflecting changes in
specific upper and lower environmental contacts (e.g., onshore
unconformities, maximum flooding surface) (Galloway, 2004).
Sequence boundaries can be identified based on seismic reflection
termination relationships (Brown et al., 1995; Catuneanu, 2002;
Abbas et al., 2018; Fonseca et al., 2020). Additionally, when the
seismic profile lacks the onlap feature and truncation phenomenon
reflecting the sea level fluctuations, the difference in seismic facies
characteristics can also be used to identify the sequence boundaries
(Li et al., 2008; Almasgari and Hamzah, 2016). Therefore, in areas
with no wells or few wells, such as the Romeny 3D region of the
Taranaki Basin in New Zealand, utilizing seismic data to identify
sequence boundaries is the most direct and reliable method.

Numerous published studies on the evolution of hydrocarbon
basins have focused on the Taranaki Basin, the most productive
hydrocarbon basin in New Zealand to date (King and Thrasher,
1992; Stagpoole and Funnell, 2001; Baur, 2012; Li et al., 2017;
Higgs and King, 2018; Bull et al., 2019; Nwoko et al., 2020; Wang
et al., 2022, 2023a, 2023b). Despite variations in sequence divi-
sion, most researchers believe that this basin has undergone three
stages of evolution: intracontinental rift, passive continental
margin, and active continental margin (King and Thrasher, 1996;
Baur, 2012; Strogen et al., 2014; Bull et al., 2019; Kroeger et al.,
2019), with the corresponding sedimentary system also tran-
sitioning from continental deposition to marine deposition. These
studies mostly explore the impact of large-scale events on basin
evolution from a macroscopic perspective. For example, Uruski
(2008) noted that tectonic events controlling sedimentation in
the deep-water Taranaki Basin included rifting during the Meso-
zoic, subsidence accompanying and following spreading in the
Tasman Sea during the Late Cretaceous and Palaeogene, and the
continuing Neogene plate collision. Some studies focus on deposi-
tional processes during specific periods (Nwoko et al., 2020;
Covault et al., 2024), such as Nwoko et al. (2020), who discussed the
influence of large-scale MTDs on the subsequent sedimentary
strata during the Pliocene-Pleistocene period of Taranaki Basin.
However, there are few studies that have systematically analyzed
the overall evolutionary process of the sedimentary system in the
Taranaki Basin and its associated controlling factors.

Sequence stratigraphy has proven effective in deep-water oil
and gas exploration, with its significance lying in understanding
the distribution, evolution, and genesis of sedimentary strata in
order to predict unknown stratigraphic layers (Vail et al., 1977;
Galloway, 1989; Cross, 1994; Catuneanu, 2002; Almasgari and
Hamzah, 2016). The deep-water Taranaki Basin, owing to the
complexity of its environment, has increased the difficulty of
identifying sequence boundaries following the transition to a ma-
rine depositional environment, with the increase in water depth.
Some researchers believe that deep-water areas are less affected by
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changes in relative sea level, resulting in insignificant changes in
depositional patterns (Pickering and Hiscott, 2016). However, Hunt
and Tucker (1992) pointed out that from the continental slope to
the deep-water area, the depositional environment is relatively
stable, and sequence boundaries are mostly conformities. Never-
theless, event sediments formed by sediment gravity flows, such as
erosion surfaces and erosional bases of turbidites, provide condi-
tions for identifying sequence boundaries, forming local un-
conformities. Therefore, identifying event deposits within the
study area can not only delineate sedimentary cycles but also
retroactively explore the lateral distribution and vertical evolution
of event deposits within the established isochronous sequence
stratigraphic framework.

This study relies on 3D seismic and well data to identify event
sediments within the study area. By utilizing reflection termination
relationships and seismic facies variations within the seismic data,
wewill identify sequence boundaries and explore a new scheme for
sequence stratigraphic division in deepwater environments. Sub-
sequently, we will establish an isochronous sequence stratigraphic
framework for the study area. Constrained by this isochronous
stratigraphic framework, we plan to further analyze the lateral
distribution patterns of various event deposits. Meanwhile, taking
into account the regional geological background, we will system-
atically investigate the vertical evolution and controlling factors of
the depositional system in the Taranaki Basin. It is hoped that this
study can deepen our understanding of deep-water sequence
stratigraphy and provide a reference for hydrocarbon exploration in
deep-water basins with similar sedimentary backgrounds.

2. Geological setting

2.1. Overview of the Taranaki Basin and the study area

The Taranaki Basin in New Zealand is an extensional basin that
developed during the late Mesozoic and covers an area of about
330,000 square kilometers, making it a favorable laboratory for
studying basin formation and sedimentary evolution (Baur, 2012).
The present study area is located in the southeastern part of the
deep-water Taranaki Basin (DTB) in New Zealand (Fig. 1), with its
central coordinates of 38�00045.2200S, 172�38009.2900E (Li et al.,
2017). Several geomorphic units have developed around the ba-
sin, with the West Norfolk Ridge (WNR) and the Northland Basin
(NB) in the north, the New Caledonian Trough (NCT) in the north-
west, the Lord Howe Rise (LHR) and Challenger Plateau (CP) in
the south-west, the Taranaki Basin (TB) in the south, and a series of
smaller basins in the east, including the King Country Basin (KCB),
Wanganui Basin (WB), and others.

2.2. Tectonic evolution characteristics of the deep-water Taranaki
Basin

During the Early Cretaceous and earlier periods (>ca. 120 Ma),
the Paleo-Pacific Plate subducted towards the eastern margin of the
Gondwana Paleocontinent, resulting in the formation of a series of
volcanic arc tectonics. During this time, the Taranaki Basin was in
the initial stage of post-arc rifting (King and Thrasher, 1992; Baillie
and Uruski, 2004; Baur, 2012). From the end of the early Cretaceous
to the late Cretaceous, the Northwest Sea area of New Zealand
continued to stretch, causing the continental crust on both sides to
be extended, and the central ocean crust to be formed. At about
83 Ma, with the opening of the Tasman Sea, the continent of New
Zealand, having separated from the Gondwana margin of the
ancient Pacific Ocean, gradually moved away from Australia and
Antarctica, and subsided (Norvick et al., 2001; Sutherland et al.,
2001).



Fig. 1. (a) Location map of the study area. The red solid line indicates the Taranaki Fault, while the yellow dashed line represents the boundary of New Zealand's marine territories;
(b) Structural profile map (X-X0), ranging from Hikurangi edge to deep-water Taranaki basin (modified after Baur, 2012). Note: WNR-West Norfolk Ridge; NCT-New Caledonian
Trough; NB-Northland Basin; LHR-Lord Howe Rise; CP-Challenger Plateau; TB-Taranaki Basin; SI-South Island; NI-North Island; DTB-Deep-water Taranaki Basin; KCB-King Country
Basin; WB-Wanganui Basin; EMB-Eastern Mobile Belt; WP-Western Platform; ECB-East Coast Basin.

G.-X. Wang, W. Wu, Q. Li et al. Petroleum Science 22 (2025) 1854e1875
After the cessation of rifting, the basin evolved into a passive
margin from the Paleocene to the Eocene, characterized by thermal
subsidence and transgression (King and Thrasher, 1992). Since the
Paleocene, there has been no relative deformation in the western
part of the basin, whereas evidence of northern compression and
southern extension indicates that the Australia-Pacific plate
boundary began to deform from themiddle Eocene onwards (Collot
et al., 2008). The eastern and southern parts of the basin are located
within the deformation zone of the Neogene plate boundary (Giba
et al., 2010; Strogen et al., 2014; Reilly et al., 2015). From the Eocene
to the Oligocene, the basin was in a subduction-extrusion-reversal
phase. During this time, the subduction boundary of New Caledonia
Island, located to the north of the basin, began to form. As the New
Zealand plate began to spin counterclockwise with the opening of
the southern ocean during the process of fragmentation drift, the
northeast uplift area (WNR) of the deep-water Taranaki Basin was
1856
subjected to strong compressive stress, resulting in compressional
thrust, and the southwest area (LHR) uplift also occurred
(Lagabrielle and Chauvet, 2008). In the central area, extrusion and
subsidence occurred, ultimately resulting in the formation of a
large-scale accommodation (Yu, 2018).

From the end of the Oligocene to the present, the basin has been
in a stage of continuous subsidence and late local compression,
gradually transitioning from a passive margin to an active margin
(King and Thrasher, 1996; Kroeger et al., 2019). From the late
Oligocene to the Early Miocene, the northwest region of the basin
experienced a period of maximum flooding. The most significant
phase of subsidence in the Taranaki Basin occurred during the
Oligocene and Early Miocene, coinciding with initiation phase of
subduction of the Pacific Plate beneath the Australian Plate
(Kroeger et al., 2019). Furthermore, after the Pliocene, large-scale
MTDs developed within the basin (Uruski, 2008).
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2.3. Sedimentary filling and sequence analysis in the study area

During the period from the Cretaceous to the Quaternary in the
Taranaki Basin, approximately 11 km thick sediments were
deposited, ranging from terrestrial to marine environments (Uruski
et al., 2002; Strogen et al., 2017). This sedimentary record provids
insights into the rifting of Gondwana's ancient landmass and the
formation of Cenozoic plate boundaries (Nicol et al., 2005; Giba
et al., 2010; Reilly et al., 2015). Currently, the oldest rocks drilled
in the Taranaki Basin are of Late Cretaceous age (Rad, 2015), and
beneath them lie thick layers of sedimentary rocks, which belong to
the filling part of the rift system.

Regarding the analysis of the stratigraphic sequence of the
Taranaki Basin, previous studies have also proposed numerous in-
sights. Uruski et al. (2002) divided the deep-water Taranaki Basin
into four mega-sequences, corresponding to the early transgression
stage, the early regressive stage, the secondary transgression stage,
and the secondary regressive stage respectively. Li et al (2019a)
further divided the strata in the deepwater region of the Taranaki
Basin into four sedimentary sequences: early rift (back-arc rift and
rapid transgression), late rift (post-rift regressive delta), trans-
gression (deepening and drifting of water bodies), and regression
(formation of the New Zealand plate boundary and subduction of
the Pacific plate beneath the New Zealand island).

3. Data and methods

3.1. Seismic and well data

We analyzed the publicly available Romney 3D seismic survey,
which was acquired by Anadarko New Zealand between October 23
and December 6, 2011, and processed by ION Geophysical in
February 2013 (NZP&M Petroleum Report available from www.
nzpam.govt.nz) (Li et al., 2017). The vertical sampling interval is 4
ms (TWT: two-way travel time), the bin size is 12.5 � 25 m, the
main frequency is nearly 41 Hz, and the polarity is SEG-normal, i.e.,
positive amplitude reflections (red-yellow) in the seismic profile
represent increased acoustic impedance. Meanwhile, at exploration
well Romney-1, located in the north of the study area, a 4594-m-
thick clastic successionwas drilled (Rusconi, 2017), which was used
to characterize the lithology of the strata at different ages (Fig. 2).

3.2. The sequence boundary identification and deposition feature
analysis based on seismic data

Stratigraphic sequence division is the basis for analyzing the
characteristics of underground sedimentary bodies. The establish-
ment of an isochronous stratigraphic framework helps constrain
the development age of sedimentary bodies and explore the con-
trolling factors of sedimentary system evolution. The 3D seismic
data are routinely used in deep-water sedimentary studies because
its easily accessible and can characterize regional large-scale stra-
tigraphy properties.

The identification of sequence boundaries is primarily guided by
the classic sequence stratigraphy theory proposed by Vail et al.
(1977). Detailed interpretation of seismic data is conducted, and
seismic sequence reflection boundaries are determined based on
seismic reflection termination relationships (such as onlap, trun-
cation, etc.), differences in seismic facies characteristics (such as
geometry, configuration, amplitude, and continuity), and related
drilling data. These boundaries are then used to delineate sequence
units and establish a basin-scale sequence stratigraphic framework.
Additionally, Catuneanu (2020) notes that only the trend of gravity
flow changes during shoreline migration cycles on the shelf can
play a diagnostic role in constructing the sequence stratigraphic
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framework. In deepwater environments, the application of
sequence stratigraphy requires the construction of comprehensive
profiles to describe the relative temporal sequence of different
types of gravity flows at a regional scale.

Under the constraints of the isochronous stratigraphic frame-
work, various seismic interpretation techniques, including seismic
attribute analysis (such as variance attributes, RMS amplitude at-
tributes, etc.) and seismic profile analysis, have been comprehen-
sively applied to identify multiple seismic facies types within the
study area. This has enabled the description of the developmental
characteristics of typical event depositional systems. Furthermore,
the vertical evolution of event deposits in the study area has been
comprehensively explored, integrating the tectonic evolution his-
tory of the region, lithological information from drilling, and pre-
vious understandings of climate change and sea-level variations.

4. Results

4.1. Sequence stratigraphic framework in the deep-water Taranaki
Basin

4.1.1. Seismic sequence boundary identification and its
characteristics

Based on the above research methodology, four secondary
sequence boundaries and nine tertiary sequence boundaries
(SB1eSB13) were identified in typical seismic profiles in the study
area (Figs. 3 and 4).

(1) 2nd order sequence boundary

As shown in Figs. 3 and 4, the overlaying strata exhibit contin-
uous reflections of weak amplitude, contrasting with SB1's (Early
Cretaceous top boundary) significant planar fluctuations, medium-
strong amplitude, and excellent continuity. At the basement uplift,
the basement shows chaotic, weak-amplitude reflections with poor
continuity, while the overlaying strata display onlap characteristics.

Conversely, the overlaying strata possess discontinuous, strong-
amplitude reflections. The underlying strata exhibit weak-
amplitude, medium-to-high continuity reflections. SB4 (Late
Cretaceous top boundary) features minor planar fluctuations, high
continuity, and strong-amplitude reflections.

SB8 (Miocene top boundary) displays a gentle spatial geometry
with strong-amplitude, high-continuity reflections. Its overlaying
strata showweak amplitude, chaos, or absent reflections. In the SW,
the underlying strata's upper part is chaotic andweak in amplitude,
while the lower part is strong and highly continuous. In the NE, the
underlying strata show parallel-subparallel, medium-strong
amplitude, and high-continuity reflections, with locally incised
features.

SB13, representing the current seafloor, is characterized by
strong-amplitude, medium-to-high continuity reflections. Above it
lies seawater affected by modern sediment gravity flow, creating
locally observable concave shapes (Gay et al., 2006). The strata
beneath SB13 also exhibit parallel-subparallel, strong-amplitude,
and high-continuity reflections.

(2) 3rd order sequence boundary

As shown in Figs. 3 and 4, SB2 and SB3, boundaries of distinct
Late Cretaceous depositional stages, were sequentially formed with
SB2 preceding SB3. Both exhibit gentle geometries, medium-strong
amplitudes, and good continuity reflections, contrasting with the
medium-weak amplitudes andmoderate continuity of the adjacent
strata.

SB5, marking the Paleocene-Eocene boundary, is characterized

http://www.nzpam.govt.nz
http://www.nzpam.govt.nz


Fig. 2. Chronology-lithological-seismic stratigraphic chart showing the stratigraphic succession intersected by the Romney-1 well-bore (Li et al., 2022).

Fig. 3. The seismic reflection termination relationship in typical seismic profiles, and related seismic reflection characteristics. (a) Original seismic profiles (see Fig. 1(a) for the
specific location); (b)e(e) were local seismic profiles with emphasis on interpretation, and two kinds of seismic reflection termination relations such as onlap and truncation are
mainly identified in these regions.
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by minimal undulation, high continuity, and strong amplitude re-
flections. It intersects SB4 at an angle in the SW but aligns parallel
in the NE, with both overlying and underlying strata displaying
1858
strong amplitudes but poor continuity.
SB6, the Oligocene boundary, features minimal undulation, high

continuity, and significant amplitude reflections. In the NE, it aligns



Fig. 4. Establishment of the isochronous stratigraphic framework in deep-water Taranaki Basin, New Zealand. (a) In the original seismic profile, sequence boundaries can be
identified by observing some obvious seismic reflection termination relationships or significant differences in seismic facies characteristics; (b) The sedimentary strata of different
periods have been color-filled. Combined with Fig. 4(a), a clearer understanding of the seismic reflection characteristics of the sedimentary strata in different periods can be
obtained.
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with both underlying and overlying strata, while in the SW, onlap
reflections are observed above the interface.

SB7, representing Miocene depositional sub-boundaries, lacks
significant fluctuation and features a local depression, exhibiting
strong amplitudes and high continuity reflections. The overlying
strata show medium-weak amplitudes and chaotic reflections,
while the underlying strata display medium-weak amplitudes but
good continuity.

SB9-12, boundaries spanning Pliocene to seafloor depositional
stages, vary in fluctuation intensity with SB11 and SB12 more un-
dulating than SB9 and SB10. Overall, they exhibit medium-weak
amplitudes and moderate continuity. SB9's reflections are
medium-weak, chaotic, or absent, while SB10's overlying strata
show medium-strong amplitudes and good continuity. In the NE,
SB10 and SB11 nearly coincide, obscuring boundary lineup char-
acteristics. SB11's overlying strata share SB9's reflection character-
istics, while SB12's resemble SB10's.
1859
4.1.2. Seismic sequence unit classification and establishment of
sequence stratigraphic framework

The core of classifying seismic sequences lies in tracking and
identifying the reflective boundary that can define the seismic
sequence, which is typically a plane or unconformity with density
and velocity differences (Gong et al., 2014). Sequence stratigraphic
boundaries are utilized to establish a chronostratigraphic frame-
work for sedimentary strata within a basin. Their identification
marks include the type of stratigraphic contact (conformity or
unconformity), the type of sedimentary system at the interface,
stratigraphic termination relationship related to the interface, and
changes in sedimentary trend above and below the stratigraphic
interface (Catuneanu, 2006). Based on the seismic reflection
boundary identified above, the stratigraphy of the Taranaki Basin
has been divided into three secondary sequences (I, II, III).
Furthermore, these three secondary sequences can be subdivided
into three tertiary sequences (I1, I2, I3), four tertiary sequences (II1,
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II2, II3, II4), and five tertiary sequences (III1, III2, III3, III4, III5). This
subdivision has formed the basis for establishing the sequence
stratigraphic framework of the deep-water Taranaki Basin (Fig. 4).

4.2. Seismic facies characteristics

A variety of seismic facies have been identified by predecessors
in the Taranaki Basin, New Zealand. Based on the 3D seismic data
and combined with previous studies (Almasgari and Hamzah,
2016), a total of five types of seismic facies were identified: low
amplitudes, discontinuous, chaotic reflection seismic facies; high
amplitudes, semicontinuous, filling reflection seismic facies; me-
dium amplitudes, high continuous, wedge-shaped reflection
seismic facies; high amplitudes, high continuous, parallel reflection
seismic facies; medium amplitudes, semicontinuous, prograda-
tional reflection seismic facies (Table 1). All facies were associated
with the appropriate formations, ages, and lithology based on well
correlations.

4.2.1. SF1: low amplitudes, discontinuous, chaotic reflection seismic
facies

The seismic facies are highly chaotic and discontinuous, or parts
of the seismic lineups are continuous and folded, and its top
boundary is often wavy, which has an impact on the accumulation
mode of overlying sediments. Generally, parallel and highly
continuous stable sediments are deposited at the concave position
of the top boundary, while the bottom boundary is relatively gentle,
and local incised is observed.

4.2.2. SF2: high amplitudes, semicontinuous, filling reflection
seismic facies

The seismic facies are characterized by a concave boundary fil-
led with bidirectional onlap and mound-like reflections, with
truncated underlying lineups defining a clear boundary. On both
sides, parallel, highly continuous reflections indicate stable deep-
sea deposits. These facies are common in major deepwater ba-
sins, including the Baiyun Sag in the South China Sea. Sun et al.
(2015) identified an incised valley-shaped facies as indicative of
incised channel deposition.
Table 1
Summary of different seismic facies.

Seismic facies Reflection
configuration

Reflection
continuity

Refle
amp

SF1 Low amplitudes, discontinuous, chaotic
reflection

Chaotic Discontinuous Low
amp

SF2 High amplitudes, semicontinuous, filling
reflection

Fill Semicontinuous High
amp

SF3 Medium amplitudes, high continuous,
wedge-shaped reflection

Wedge-shaped High
continuous

Med
amp

SF4 High amplitudes, high continuous, parallel
reflection

Parallel High
continuous

High
amp

SF5 Medium amplitudes, semicontinuous,
progradational reflection

Progradational Semicontinuous Med
amp
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4.2.3. SF3: medium amplitudes, high continuous, wedge-shaped
reflection seismic facies

This seismic facies exhibit a wedge-shaped morphology with
medium-strong amplitude and medium-continuity reflections, and
its overlying strata are mostly characterized by medium-amplitude
and high-continuity reflections, while the underlying strata are
characterized bymedium-weak amplitude andmedium-continuity
reflections. The spatial distribution of these seismic facies is rela-
tively small, and accordingly, deposition generally occurs pinch-out
in the direction of depositional thickness thinning.

4.2.4. SF4: high amplitudes, high continuous, parallel reflection
seismic facies

The seismic facies comprise parallel-subparallel reflection
lineups of medium-strong amplitude and high continuity, indica-
tive of laminar deposition. This facies, prevalent across various
periods in the study area, reflects a stable sedimentary environ-
ment with weak hydrodynamic conditions, primarily mudstone
deposition. It is most common in deep-water settings, with sedi-
ments exhibiting in-situ deposition and continuous, straight strata,
suggesting a stable depositional environment. This facies type is
frequently observed in prior research (Li et al., 2019b).

4.2.5. SF5: medium amplitudes, semicontinuous, progradational
reflection seismic facies

The seismic facies exhibit a wedge-like profile with a diagonally
intersecting type of progradational structure, characterized by
medium-amplitude, and moderately continuous reflections, and its
progradational wedges have low angle and nearly parallel charac-
teristics. The overlying strata exhibit medium-weak amplitude and
moderately continuous reflection characteristics, while the under-
lying strata are characterized by variable amplitude, and relatively
chaotic reflection.

4.3. Developmental characteristics of typical sedimentary systems
in the deep-water Taranaki Basin

Based on the identified seismic facies types (SF1-SF5) and the
basin's tectonic evolution history, six types of sedimentary bodies
ction
litude

Bounding relationship Seismic profile image

litude
Local erosion and discontinuous contact with
underlying strata

litude
Onlap, truncation

ium
litude

Continuous, the thickness of the strata
gradually decreases outward

litude
Continuous and draping underlying
topography

ium
litude

Continuous, with low-angle, nearly parallel
features
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can be correspondingly identified, including MTDs, deep-water
channels, levee deposits, carbonate sediments, delta deposits, and
pelagic deposits (Fig. 5).

It is important to note that there is not a one-to-one corre-
spondence between seismic facies types and sedimentary body
types. This is because carbonate sediments in this study area are
relatively thin, making it difficult to discern internal reflection
structures within the deposits in seismic data. However, according
to the basin's tectonic evolution history, the Oligocene period
witnessed the maximum transgression, during which carbonate
rocks were widely developed. Furthermore, the lithological infor-
mation from Romney-1 well confirms the presence of carbonate
rocks in this region (Fig. 2).
Fig. 5. Identification of typical sedimentary systems in the study area. (a) Unexplained seism
can be identified from the figure, respectively delta deposits, carbonate sediments, deep-w
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4.3.1. Mass transport deposits
The Taranaki Basin in New Zealand, as a world-class case study

of the MTDs (Strachan, 2002), has attracted the interest of many
researchers (Omeru and Cartwright, 2019). According to the above
seismic facies characteristics, SF1 represents MTDs (Fig. 6). These
MTDs were predominantly allogenic deposits, formed through
secondary transport and deposition of original sediments following
triggering mechanisms such as sea level fluctuations and earth-
quakes (Wang et al., 2009; Rusconi, 2017). He et al. (2018) have
pointed out that the main triggering mechanisms for Quaternary
MTDs in the Beikang Basin are sea level changes and the decom-
position and transportation of hydrates.

In this study area, large-scale MTDs developed during the Plio-
cene to the present, and the spatial distribution characteristics of
ic profile; (b) Schematic diagram of the interpretation, six typical sedimentary systems
ater channel, levee deposits, MTDs, and pelagic deposits.



Fig. 6. Pliocene-present MTDs distribution in the study area. (a) Original seismic profile, which not only marks the specific locations of the four time slices but also allows for a clear
observation of the seismic reflection characteristics within different spatial regions for the same time slice. These characteristics can be compared with the planar features displayed
by each time slice; (b)e(e) are the variance attribute time slices, and the distribution of the MTDs in the study area is depicted from the horizontal view. Note: the green arrow in the
map indicates the direction of north.
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multiple MTDs were analyzed using variance attribute slices
(Fig. 6). At 2460 ms and 2656 ms below sea level, the MTDs basi-
cally covered the whole area, while at 2268 ms, the MTDs only
covered about half of the study area. Near the seafloor at 2088 ms,
localized MTDs were observed in the SW region and extensive
rafted blocks were observed in the NE region. Combining seismic
profiles and variance attribute slices, a variety of structures such as
ramps, rafted blocks, shield blocks, promontory, and convolute
fabric were identified in MTDs (Rusconi, 2017) (Figs. 5 and 6). The
MTDs in the study area have a large depositional thickness and
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wide coverage, and according to the stratigraphic lithology
revealed by drilling (Fig. 2), the MTDs were mostly fine-grained
deposits, which can be used as effective cap rocks for hydrocarbons.
4.3.2. Deep-water channel
The deep-water channels in the Taranaki Basin were mainly

developed in the Miocene and Quaternary, the former was mostly a
large-scale channel system, while the latter was mostly a small-
scale single channel system. Among them, SF2 corresponds to
deep-water channel deposits (Fig. 5).
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4.3.2.1. Seafloor deep-water channel. Currently, the submarine
single channel remains largely intact from late fluid or tectonic
activities, retaining its complete shape. Six channels (C1eC6) were
identified using variance attributes, with clear planar morpholog-
ical characteristics depicted in Fig. 7(a).

Due to their small scale and seismic resolution limitations, in-
ternal structural features of the channels are difficult to observe,
but planar morphological changes are significant. Wu et al. (2023)
categorized channel sinuosity into three levels: low (1.0 < S < 1.2),
medium (1.2 < S < 1.5), and high (S > 1.5). C1 exhibits a primarily
low sinuosity, with some medium-to-high sinuosity areas. C2 has a
Fig. 7. Plane and profile diagram of Miocene channel system and seafloor deep-water chan
morphological distribution of the single channel; (b) the profile morphology of the single c
Miocene channel system, and (c) shows the location of multiple channel systems on the Inlin
of developmental stages of the channel system A. Note: the green arrow in the map indica
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slight sinuosity, locally reaching medium levels. C3 spans the
longest distance, showing a variable trend of low-to-high-to-
medium sinuosity. C4 divides into a high sinuosity (proximal) and
low sinuosity (terminal) section. C5 is small and short, with overall
low sinuosity but locally high. C6, though smaller, also displays a
low-to-high-to-medium sinuosity trend.

Additionally, various profiles such as "V-shaped," "U-shaped,"
and dish-shaped can be seen on the seismic profile (Fig. 7(b)). Near
the source, large-scale, high-energy gravity flows with strong
erosion capabilities form "V-shaped" profiles. Farther from the
source, gravity flow scale and energy decrease, reducing erosion
nel in the study area. (a)e(b) represent the seafloor single channel, and (a) the planar
hannel, such as "V-shaped", "U-shaped", and dish-shaped. (c)e(f) represent the large
e profile; (d) the planar morphology of the channel system A; (e)e(f) the classification
tes the direction of north.
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and favoring "U-shaped" or dish-shaped profiles. Thus, evenwithin
the same sedimentary environment, channel plane and profile
morphologies vary significantly due to multiple influencing factors.

4.3.2.2. Miocene channel system. In this study, multiple channel
systems were identified in the Miocene stratigraphy, as shown in
Fig. 7(c), and named channel systems A and B, respectively. Wang
et al. (2023a) believe that there are significant differences in the
scale of channels at different evolutionary stages. Based on different
levels of channel erosion surfaces, channel system A can be divided
into 5 sedimentary units (SU1eSU5) (Fig. 7(b)).

Through the analysis of the plane morphology and seismic
profiles at various locations within the channel system, it is evident
that the plane sinuosity of the channel in the downstream area is
obviously higher than that in the upstream area. However, the
development characteristics of the channel remain consistent
across each stage.

SU1 was destroyed by the late channel, and only part of the
deposits remained (Fig. 7(e) and (f)). It is inferred that the original
plane shape of SU1 was relatively straight and the width did not
change much. SU2 was mainly lateral migration, and its width
increased gradually from near source to far source, reflecting the
active lateral migration movement of the channel. SU3 was mainly
vertical superposition in the proximal source region (Fig. 7(d) and
(e)), but the atrophic movement towards the axis of the channel
system in the distal source region, reflecting the gradual weakening
of sediment supply capacity. SU4 mainly developed in the axis of
the channel system formed strong erosion to the early sediments
andwas distributed in a large spatial range. The upper part of SU4 is
dominated by deep-sea mud deposits with blank reflections. SU5 is
the last development stage of channel system A, which is in a non-
restrictive environment, so that SU5 has the uniqueness of chaotic
distribution and different forms on the plane (Fig. 7(e) and (f)).

4.3.3. Levee deposits
The deep-water channel system is often accompanied by the

development of natural levee deposits (Covault et al., 2024). When
sediment gravity flows pass through the channel, some fine-
grained sediments will overflow the channel and move towards
both sides, gradually depositing on both sides of the channel. The
deposition thickness is greater near the channel and smaller away
from it, presenting an overall wedge-shaped appearance. SF3 cor-
responds to the levee deposits (Fig. 5).

4.3.4. Carbonate sediments
Carbonate sediments in the study area only developed thin layer

(as observed in the composite log of the Romney-1 well), which,
due to seismic resolution limitations, can not be observed seismic
reflection characteristics in the seismic profiles (Fig. 3). Uruski and
Warburton (2015) pointed out that the second transgression pro-
cess in the Taranaki Basin lasted until the Paleogene and reached its
peak during the Oligocene. During this period, few terrigenous
clastic sediments were imported into the deep-water basin,
resulting in the development of regional cap rocks, which were
mainly composed of fine-grained clastic sediments and carbonate
rocks. In addition, through the analysis of the only drilling data in
the study area (Fig. 2), it is further determined that the study area
was mainly dominated by carbonate sedimentary systems during
the Oligocene.

4.3.5. Delta deposits
The delta sedimentary system flourished during the Late

Cretaceous (Uruski, 2008), characterized by thick sedimentary
strata with medium-amplitude, moderately continuous, prograda-
tional reflections (SF5) on seismic profiles (Fig. 5 and Table 1).
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Deposition thickness peaks in the SW, gradually decreasing to-
wards the NE (Figs. 4 and 5).

Strogen et al. (2017) highlighted that the Taranaki delta is
marked by prograding downlapping clinoforms, with proximal
basin uplift and erosion (e.g., Waiau and Balleny basins) as themain
source of deltaic sediments. Their palaeogeographical maps indi-
cate that at approximately 82 Ma (Horizons K80eK90), the delta in
the study areawas situated in the inner shelf region (0e50 mwater
depth). Seismic profiles across the area show low-angle prograda-
tional reflections with no slope changes (Fig. 8), confirming the
delta's location landward of the shelf edge (Fig. 5).

The Romney-1 well intercepted a ~650 m-thick deltaic succes-
sion (Fig. 2), comprising sandstone and siltstone interbedded with
coal seams (Rad, 2015). This succession was deposited across shelf,
shallow marine, and non-marine environments (Schiøler et al.,
2014).

4.3.6. Pelagic deposits
The pelagic deposits are the most widely developed and largest

sedimentary body in the Taranaki Basin, reflecting a relatively
stable sedimentary environment with weak hydrodynamic condi-
tions (Fig. 5). SF4 corresponds to the pelagic deposits. Due to their
wide coverage and low porosity and permeability, the pelagic de-
posits can serve as effective caps for clastic reservoir sand bodies.
The regional cover in the study area comprises the Cretaceous to
Eocene Turi Formation (characterized by the development of thick-
bedded mudstones) and the Miocene Manganui Formation
(featuring the development of thick-bedded mudstones inter-
spersed with some sandstone deposits). King and Thrasher (1996)
suggested that carbonate sediments in the Oligocene to Miocene
Tikorangi Formation could provide an effective seal for reservoir
sand without fracturing.

5. Discussion

5.1. Genesis mechanism of sequence boundaries

The unconformities of 2nd order sequence boundaries are
widely distributed and can be used for regional correlation, serving
as the basic unit for establishing a regional sequence stratigraphic
framework. The formation of 2nd sequences is often controlled by
periodic tectonic evolution, also known as "tectonic sequences"
(Wang, 2008). In contrast, 3rd order sequence boundaries often
manifest as erosional unconformities or regional erosional surfaces
at the basin margins or uplift areas, while in the central part of the
basin or relatively depressed zones, these boundaries gradually
transition to conformable contacts or the baselap surfaces of low-
stand systems tracts. The formation of such boundaries is the result
of erosion, mutation of sediment supply and migration of sedi-
mentary phase zone.

Many authors have documented the applicability of sequence
stratigraphic concepts to deep-water deposits (Posamentier and
Kolla, 2003; Posamentier and Walker, 2006; Catuneanu et al.,
2009). In this study, the stratigraphy of the Taranaki Basin was
divided into thirteen sequence boundaries, including four s-order
sequence boundaries and nine third-order sequence boundaries.
These sequence boundaries were represented in the form of
stratigraphic truncation, stratigraphic overlap, and lithology-
lithofacies mutation (Posamentier et al., 1988; Brown et al., 1995;
Qin et al., 2004). Based on previous studies (Li et al., 2022) and the
lithology information from the Romney-1 well (Fig. 2), the rela-
tionship between the lithological information of the well and the
reflection information from the seismic profile corresponds to the
time-depth relationship of the well. This establishes the relation-
ship between lithology and age, which can serve as the main basis



Fig. 8. Typical seismic profiles from different directions of the only well drilled in the study area (Romney-1) are presented: (a) the seismic profile in the inline direction; (b) the
seismic profile in the crossline direction. The seismic profile in the inline direction reveals significant differences in strata thickness at various locations within the study area,
whereas the crossline direction shows a relatively uniform strata thickness. Furthermore, the crossline seismic profile also indicates that there was no abrupt slope change during
the Late Cretaceous period.
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for identifying sequence boundaries in the study area (Table 2).

(1) 2nd order sequence boundary

SB1, exhibiting clear onlap features across the boundary (Figs. 3
and 4), indicates continuous stretching of the Northwest New
Zealand Sea during the Early to Late Cretaceous, with expanding
oceanic crust and stretched terrestrial crust on both sides (Yu,
2018). Qin et al. (2004) proposed that regional tectonic activities,
such as orogeny, regional uplift, and subsidence, could result in
angular unconformity or parallel unconformity contact between
strata and overlying sediments, often leading to the formation of
sequence boundaries of larger order. Consequently, extensional
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tectonic activities during this period formed unconformity contact
between Early and Late Cretaceous sediments.

SB4 shows distinct seismic facies differences above and below
the boundary (Figs. 3 and 4). The strata above display a retrogres-
sional sequence, indicating transgression, while the Paleocene-
Eocene stratigraphy in well Romney-1 consists of marine shale
(Fig. 2), further suggesting a transgressional period. The underlying
strata aremainly siltstone interbeddedwith coal (Fig. 2 and Table 2)
(Higgs et al., 2007), classifying SB4 as a lithology-lithofacies mu-
tation boundary.

SB8 marks the transition between depositional environments.
The overlying strata exhibit weak amplitude, chaotic, or blank re-
flections indicative of MTDs (Figs. 3 and 4), representing a high-



Table 2
The relationship between lithology and age in the study area was established by using the data from well Romney-1 and seismic data.

Well
depth, m

Time depth,
ms

Lithology description Age

1571.6 2015.46 / Present
seafloor

2369 2905.70 Calcareous claystone with trace very fine sand and grading to silty claystone with depth. limestone stringers at various depths Miocene
2506 3027.68
2506 3027.68 Limestone dominates. with occassional thin argillaceous limestone and calcareous claystone and siltstone interbeds. gradational to

calcareous claystone over lowermost 10m2576 3087.45
2576 3087.45 Calcareous claystone dominated but grading to interbeds of silstone and variably argillaceous limestone in places. rare thin

sandstone and limestone stringers in places2993 3412.94
2993 3412.94 Limestone mostly tending clean but with rare calcareous claystone stringers. basal section grades to calcareous claystone of the

underlying turi shale formation
Oligocene

3067 3465.93
3067 3465.93 Calcareous claystone interbedded with minor thin limestone beds and stringers Eocene
3161 3531.42
3161 3531.42 Mostly claystone interbedded with minor calcareous clatstone and rare glauconitic claystone beds Paleocene
3286 3615.55
3286 3615.55 Claystone interbedded with siltstone and minor sandstone Late

Cretaceous3439 3714.28
3439 3714.28 Sandstone dominated but clearly grading to interbeds of argillaceous sandstone, sandy siltstone, and siltstone in places. rare

volcaniclastics appearing below 3680 m3733 3892.24
3733 3892.24 Volcanic/volcaniclastics
3784 3921.68
3784 3921.68 Graded beds/interbeds of sandstone and siltstone with persistantly occurring coal seamsmostly between 0.5 and 1.0 m thick, but up

to 3 m thick (appearing below 3821.5 m)4204.5 4150.27
4204.5 4150.27 Stacked broadly coarsening upwards cycles of siltstone to sandstone. several thin 0.5e1.0 m thickness coal seams at base of interval

only4537 4315.39
4537 4315.39 Interbeds of sandstone and siltstone with minor claystone
4586 4338.69
4586 4338.69 Carbonaceous siltstone dominated with very minor sandstone and siltstone in places
4619 4354.25
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energy, chaotic hydrodynamic environment. The underlying strata
show medium-strong amplitude and high continuity reflections,
indicative of pelagic deposits in a stable, low-energy environment
(Wang et al., 2023b). This transition forms SB8, exhibiting strong
wave impedance characteristics.

SB13 is the current seafloor boundary, with a strong wave
impedance contrast between the seawater above and sedimentary
strata below on seismic profiles (Wang et al., 2022). This boundary
can be traced regionally and serves as the top boundary of sequence
III (Figs. 3 and 4).

(2) 3rd order sequence boundary

SB2 and SB3 are two sub-boundaries in the Late Cretaceous
stratum, above which an overlap phenomenon is observed (Fig. 3).
At about 83 Ma, with the opening of the Tasman Sea, the New
Zealand continental block gradually moved away from Australia
and Antarctica and began to subside (Norvick et al., 2001;
Sutherland et al., 2001), resulting in the rapid movement of
seawater from the northern part of the Rift Valley into the Rift Basin
and the deposition of transgressive mudstones, followed by
regression. With the regression, the deep-water area of the Tar-
anaki Basin received multiple phases of advancing Taranaki deltaic
deposits from south to north (Nie et al., 2017). The Late Cretaceous
period was characterized by overall transgressive conditions, such
that the rapid regression was followed by a transgression event
(Uruski and Warburton, 2015), which led to the formation of two
third-order sequence boundaries, SB2 and SB3, was formed during
the Late Cretaceous (Strogen et al., 2017).

The truncation characteristics can be observed under SB5, and
the underlying layer represents a retrogression sequence, reflecting
the process of continuous transgression during this period. Li et al.
(2019a) indicated that during the late Cretaceous to Eocene, the
basin underwent extensivemarine intrusion, withmarginal marine
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sandy and mudstone deposits developing during the early stages of
the intrusion, and marine shale deposits forming under localized
anoxia conditions in the Late Paleocene (Fig. 2 and Table 2).
Concurrently, the overlying strata are in a maximum flooding
period, during which extensive carbonate-rich sediments are
developed (Fig. 2 and Table 2). The transition from marine shale
sediments to carbonate-rich sediments mirrors the change in the
sedimentary environment, and thus the boundary SB5 is formed.

SB6 represents a depositional environment transition interface,
dating back to the late Oligocene, about 25 Ma (Uruski and
Warburton, 2015). This boundary arises from the establishment of
the modern plate boundary in New Zealand, which led to inland
uplift combined with deep-sea basin subsidence. This combination
resulted in an overall maximum flooding stage in the northwest
New Zealandwaters at the end of the Oligocene (King and Thrasher,
1996; Strogen et al., 2014; Yu, 2018; Li et al., 2019a). The resulting
low supply of clastic sediments facilitated the development of
extensive carbonate-rich facies deposits in the distal part of the
basin (Fig. 2 and Table 2) (King and Thrasher, 1996), distinguishing
them from the overlying turbiditic deposits that formed the large
Miocene channels, thereby defining the SB6 boundary.

Previously, it has been suggested that Miocene deep-water
sedimentary units, such as the Moki Formation and the Tortonian
Mount Messenger Formation in the northern Taranaki Basin
represent 3rd order sequence stratigraphic cycles (King and
Browne, 2001). SB7 is a parting surface within the Miocene
strata, which is an erosional scouring surface, a gravity-flow incised
erosion surface, and its corresponding integration surface (Fig. 3).
As the modern plate boundary in New Zealand began to form, a
large number of terrigenous clastic sediments began to recover
(Uruski and Warburton, 2015), and large amounts of clastic sedi-
ments were transported to deep-water areas (Holt and Stern,1994).
Consequently, during the Miocene period, several large channel
systems with deep incised were formed (Baur, 2012; La Marca and
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Bedle, 2022). Thses took the erosional base of the channel system as
the sequence boundary, and the laterally corresponding integration
surface was traced as the sequence boundary SB7.

SB9eSB12 belong to the sequence boundary between the Plio-
cene and the present seafloor. Because no obvious seismic reflec-
tion termination relationship can be observed, the reflection
boundaries are identified using differences in seismic facies char-
acteristics, and they are sedimentary environment conversion
boundaries (Figs. 3 and 4). Since 5 Ma, the basin has maintained a
high sedimentation rate (Stagpoole and Funnell, 2001), and
depositing extremely thick sediments in a short period of time. The
seismic facies characteristics of the strata above and below of SB9
are basically similar, but a good continuous boundary can be
identified between the two strata, which may be the unconformity
formed by the erosion of the overlying MTD on the underlying
layer. There are significant seismic facies differences between the
strata above and below SB10, SB11, and SB12, which represent the
transition surface of the sedimentary environment. These three
sequence boundaries divide the area into four sequence units.

5.2. Analysis of the tectonic and sedimentary evolution of the
Taranaki Basin

Emery and Myers (1996) defined sequence stratigraphy as "a
subdiscipline of stratigraphy that studies the filling of sedimentary
basins, forming genetic units bounded by unconformities or cor-
responding conformities." Its primary purpose is to reconstruct the
evolutionary process and spatial distribution patterns of strata,
thereby facilitating effective stratigraphic division and correlation.

Consequently, based on the isochronous sequence stratigraphic
framework established in the previous sections (Fig. 4), this paper
delves into the vertical evolution of sedimentary systems devel-
oped within the basin. Previous analyses suggest that the basin has
experienced many tectonic and climatic events during its evolution
(King and Thrasher, 1996; Gaina et al., 1998; Stagpoole and Funnell,
2001; Zachos et al., 2001; Baur, 2012; Baur et al., 2014; Uruski and
Warburton, 2015; Strogen et al., 2014, 2017; Yu, 2018; Li et al.,
2019a; Bull et al., 2019; Kroeger et al., 2019; La Marca and Bedle,
2022), and the tectonic activity plays a significant role in control-
ling the development of typical sedimentary systems in the basin
(Fig. 9).

In the Early Cretaceous and earlier (ca. 120 Ma), the Pacific Plate
subducted beneath Gondwana, forming volcanic arcs. Meanwhile,
the Taranaki Basin originated during back-arc rifting, influenced by
rifting along the Gondwana-Pacific margin from the Middle to Late
Cretaceous, creating NNE-SSW trending sub-basins and half-
graben structures (Yu, 2018). From the late Early Cretaceous to
early Late Cretaceous (ca. 105-90 Ma), NW New Zealand waters
underwent continuous extension, ceasing only by Late Cretaceous's
end. Notably, the basin's rift phase was prominent during the Late
Cretaceous, marking delta sediment formation. Li et al. (2019a)
proposed that Pacific Plate subduction beneath Gondwana ceased
during this time, with the New Caledonia back-arc rift peaking.
Rapid transgression events formed transgressive mudstones, fol-
lowed by regression. Nie et al. (2017) suggested that sea-level drop
facilitated delta advancement towards the shelf edge and incised
valley formation on the continental slope. Consequently, during
regression, Taranaki Basin's deepwater areas received multi-phase
delta sediments advancing northward, forming the Taranaki delta
sedimentary system (Fig. 10), characterized by progradational
reflection patterns. Notably, the Rakopi Formation's coal seams (ca.
75 Ma) are essential source rocks, and oil generation in this basin
began in the Late Cretaceous (ca. 90 Ma), continuing into the Early
Cenozoic (ca. 45 Ma).

During the Palaeogene, the basin was flooded by a coastline
1867
transgression, resulting in continuous terrestrial sediment deposi-
tion in sub-basins. This transgression is evident in condensed layers
and local unconformities (Fig. 10), with Oligocene sediments
overlaying Eocene and Paleocene deposits across the passive con-
tinental margin. Notably, during the Paleocene (approx. 60 Ma),
active fault-controlled sub-basins formed in the basin's south,
while other regions subsided passively, leading to complete erosion
of highlands (Strogen et al., 2012). During this time, the basin's
sedimentary environment shifted from non-marine to coastal.
Meanwhile, analysis of typical seismic profiles reveals that only
very thin sedimentary strata developed during the Palaeogene
period (Figs. 3 and 4). This also indicates that the study areawas in a
relatively stable depositional environment during this period, with
minimal impact from tectonic activities.

Subsequently, the basin's evolution was influenced by subduc-
tion at the Pacific-Australian plate boundary. Accelerated subsi-
dence led to maximum transgression during the Oligocene to Early
Miocene (ca. 25e21 Ma) (King and Thrasher, 1996; Strogen et al.,
2014), submerging most of the study area. This reduced terrige-
nous clastic sediment supply, promoting widespread carbonate
sediment development within the basin (Fig. 10). The thin car-
bonate layers in seismic data form excellent hydrocarbon seals.
During the Early Oligocene, terrigenous sediment supply ceased,
shifting deposition southwards due to continuous transgression
(King and Thrasher, 1996). This depositional gap in southern Tar-
anaki, known as the "Basal Oligocene Quasi-Conformity," marks the
transition from passive to active margin phases (King and Thrasher,
1992).

During the Miocene, sedimentary processes in the Taranaki
Basin were influenced by the Pacific-Australian plate transform
boundary. Convergence caused the Taranaki Fault to thrust west-
ward, and erosion from uplifted hinterland facilitated a transition
from carbonate to terrigenous siliciclastic deposition. This was
marked by south-to-north margin progradation and widespread
submarine-fan deposits. The evolution of this siliciclastic system
responded to basin subsidence and hinterland uplift, suggesting
tectonic controls on increased sediment input (Kroeger et al., 2019).
Major channel systems formed due to plate boundary evolution,
South Island uplift, and increased clastic sediment input. All
Miocene sediments in the basin were part of a regression process,
leading to southern shelf progradation. In southern Taranaki, this
transition involved a shift from mud-dominated early Miocene
deposits to sand-dominated Moki Formation middle Miocene de-
posits, followed by a return to mud-dominance likely related to
chemical weathering or westerly wind changes (Kroeger et al.,
2019). The deep-water channel-levee system developed during
the active margin phase, characterized by erosional incision
(Fig. 10). Post-Miocene, plate boundary faults underwent strike-slip
and subduction, impacting onshore and shallow-water areas while
deep-water regions remained stable and regressed (Li et al., 2019a).
Modern plate boundary formation around 25 Ma intensified land
uplift and erosion, resuming significant terrigenous clastic sedi-
ment transport towards the northwestern basin, forming large-
scale channel-levee systems (Uruski and Warburton, 2015). This
was driven by Oligocene basin subsidence, Miocene land uplift, and
erosion intensification, coupled with global sea-level peak and
decline. As sea levels fell, terrigenous clastic sediments were
transported to the deep-sea basin, contributing to Middle Miocene
channel-levee system formation. In the Late Miocene, the shelf-
slope system rapidly prograded into the deep-sea basin, with
sediment transport shifting northwest and deposition dominated
by mudstones, along with basin fans and slope channel systems.

During the Pliocene, uplift and enhanced erosion in the south-
ern basin's sediment source areas accelerated basin margin pro-
gradation. Drilling data and seismic analysis revealed exceptionally



Fig. 9. The tectonic evolutionary history of the Taranaki Basin in New Zealand (modified after King and Thrasher, 1996; Gaina et al., 1998; Stagpoole and Funnell, 2001; Baur, 2012;
Baur et al., 2014; Uruski and Warburton, 2015; Strogen et al., 2014, 2017; Yu, 2018; Li et al., 2019a; Bull et al., 2019; Kroeger et al., 2019; La Marca and Bedle, 2022).
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thick MTDs with chaotic reflections deposited from the Pliocene to
Holocene. These rapid accumulations indicate high deposition rates
during the basin's active margin phase. MTD distribution varied
across the study area during this period (Fig. 10). Often, MTDs are
secondary transport products of shelf/slope sediments, triggered by
factors like sea-level fluctuations andweak sediment consolidation.
In the study area, MTDs may have formed through the collapse and
transport of poorly consolidated shelf-edge to upper slope sedi-
ments into the deep-water basin.

Additionally, New Zealand's Southern Alps, a rapidly rising
mountain range, indicate ongoing regional uplift, leading to contin-
uous basin margin progradation from the Pliocene to Pleistocene.
This shifted the shelf edge from the Cape Egmont fault zone to the
Western Stable Platform. During the Pliocene (ca. 4 Ma), significant
subsidence occurred in the eastern (Wanganui Basin) and northern
grabens, with condensed marls forming in the northwest. In the late
Pleistocene, tributary canyons incised the shelf, disrupting coastal
and river sediment supply and redirecting it to deeper basin areas.
These canyons sourced material for modern seabed submarine
channel systems (King and Thrasher, 1992), explaining the abundant
deep-water channels formed during the Quaternary (Fig. 10), pri-
marily sourced from New Zealand's South and North Islands.
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5.3. Analysis of controlling factors of some typical sedimentary
system in the basin

The development and evolution of the basin and the sedimen-
tary systemwere controlled bymany factors. The previous research
has emphasized the crucial role of tectonic activities in the evolu-
tion of basins and sedimentary systems. Specifically, tectonic ac-
tivities are pivotal to the formation and evolution of the Taranaki
Basin, often influencing the entire basin environment, including
subsidence of the basin and uplift of surrounding landmasses.
Meanwhile, climate change and relative sea-level change regulates
the scale of terrigenous clastic sediment supply, while submarine
topography directly impacts the transport processes of these sed-
iments. Ultimately, these factors are manifested in the terrigenous
clastic sediments transported towards the basin, and the scale and
properties of these sediments further influence the development of
sedimentary systems within the basin.
5.3.1. Climate change and relative sea-level change
In the study area, the deep-water channel-levee and mass-

transport deposits belong to allochthonous deposits, while the
pelagic deposits belong to autochthonous deposits. In the basin, the



Fig. 10. A schematic diagram illustrating the evolution of the sedimentary system in the Romney-3D survey of the Taranaki Basin, New Zealand, from the Late Cretaceous to the
present. During the sedimentary evolution, distinct typical sedimentary bodies were developed in different periods. Specifically, delta deposits developed during the Late Creta-
ceous; from the Paleocene to the Eocene, the study area was dominated by the development of condensed sections, influenced by the transgression process; carbonate sediments
developed due to extensive transgression during the Oligocene; large-scale channel systems were the main feature during the Miocene; massive mass-transport deposits developed
from the Pliocene to the Holocene; and single channels are widely developed on the present-day seafloor.
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proportion of pelagic deposits is the largest, which represents a
relatively stable sedimentary environment with weak hydrody-
namic conditions. Only when the external fluid activity changes,
will break the stable sedimentary environment, and then form a
variety of deep-water sedimentary systems. The intermittent
sediment gravity flows moving from land to the basin are crucial in
shaping the diverse sedimentary systems within the basin, and
climate change and relative sea-level changes directly influence the
scale of these sediment gravity flows.

During the Miocene period, the impacts of climate change and
relative sea-level changes on the sedimentary systems in the study
areawere relatively significant. According to the research by Zachos
et al. (2001), the global ice volume was low from the Oligocene to
the Middle Miocene (ca. 15 Ma), and this warm period peaked
during the Mid-Miocene Climatic Optimum (ca. 17e15 Ma). Sub-
sequently, temperatures began to gradually decrease, and
Antarctica formed a major ice sheet again (ca. 10 Ma). Until the
Early Pliocene (ca. 6 Ma), the average d18O values continued to rise
slowly, leading to further cooling and ice sheet expansion in West
Antarctica and the Arctic region. Although there were brief periods
of climate warming during this time, by approximately 3.2 Ma, the
d18O values rose again, indicating the onset of Northern Hemi-
sphere glaciation (NHG). When compared with the global sea-level
change curve by Haq et al. (1987), it can be observed that the
climate changes were generally consistent with the relative sea-
level changes (short-term). Specifically, as the d18O values
increased, temperatures decreased, corresponding to a fall in sea
levels, and vice versa.

Climate changes are particularly evident in variations of sedi-
mentary lithology. Lithological data from the well (Romney-1) in
the study area shows that during the Oligocene's maximum
flooding (Fig. 2), the sedimentary lithology was dominated by
nearly clean limestone, with rare occurrences of calcareous clay-
stone stringers. Transitioning into the Early-Middle Miocene, the
lithology shifted to primarily calcareous claystone, locally evolving
into interbedded siltstone and variable argillaceous limestones,
with scattered sandstone and limestone streaks. This suggests a
gradual resumption of terrigenous clastic sediment supply to the
deep-sea basin, reflecting heightened weathering and erosion on
land and a more pronounced sea-level drop. As temperatures
declined during the late Miocene, sea-level decline fluctuated
(Wang et al., 2023b), and the lithology changed to limestone-
dominated, occasionally mixed with thin argillaceous limestones,
calcareous claystones, and siltstone interbeds. From the Pliocene to
Pleistocene, large-scale MTDs formed, primarily composed of silt-
stone, shale, and interbedded sandstone (Fig. 2). As discussed
earlier, Miocene plate formation in New Zealand caused uplift,
enhancing weathering and rejuvenating clastic sediments. Their
transport to the deep sea was facilitated by this uplift and global
cooling-induced sea-level decline (Holt and Stern, 1994). This was
crucial for Middle Miocene channel system development. Pliocene
to Pleistocene MTDs result mainly from secondary sediment
transport due to slope deposit destabilization.

5.3.2. Submarine topographic
The slope of submarine topography is an important factor

influencing the development of deep-water sedimentary systems
(Mayall et al., 2010; Gamboa and Alves, 2015; Sun et al., 2019). The
study area of this paper is located in the lower continental slope or
abyssal plain area, where the submarine topographic slope is
generally gentle (Nwoko et al., 2020). The Taranaki Basin of New
Zealand, as a world-class mass-transport deposits case study area,
has been thoroughly studied by previous researchers (Uruski, 2019;
Nwoko et al., 2020). For example, Uruski (2019) pointed out that the
Taranaki Basin developed large-scale mass-transport deposits from
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the Pliocene to the present. These deposits were caused by an
overly steep gradient in the foreset bedding of the continental
slope, which made the sedimentary strata susceptible to destabi-
lization and collapse under triggering mechanisms, such as earth-
quakes or storm surges.

In this study, it is suggested that large-scale mass-transport
deposits were formed as a result of the collapse of sedimentary
strata, induced by the steepness of the upper continental slope. This
material was then transported to deeper water through secondary
transport. From the Late Miocene to the early Pliocene, the mass-
transport deposits could basically cover the whole study area, but
from the late Pliocene to the Pleistocene, the coverage of mass-
transport deposits in the study area gradually decreased. This also
means that the collapse scale of the original sedimentary strata
forming mass-transport deposits is gradually decreasing, leading to
a reduction in mass-transport deposits in the study area due to an
inadequate supply of material. La Marca and Bedle (2022) point out
that during the Late Miocene, the channel system was predomi-
nantly filled with muddy sediments, which also reflects a gradual
decrease in the content of terrestrial clastic sediments (Fig. 9).
Consequently, following the resurgence of terrigenous clastic sed-
iments in the Early Miocene, an immense amount of sediment was
transported seawards, forming thick sedimentary strata on the
shelf area. However, during the Late Miocene to Early Pliocene,
these thick sedimentary strata accumulated on the shelf became
unstable due to gravitational effects (Stagpoole and Funnell, 2001),
resulting in large-scale mass transport deposits (MTDs) along the
steep continental slope (Bull et al., 2020). With the subsequent
reduction in the supply of terrigenous clastic sediments and the
gentling of the continental slope, the scale of MTDs developed in
the study area gradually decreased, as evidenced in the time-slice
plans at different periods (Fig. 6).

In addition, Wang et al. (2022) pointed out in their study of a
single near-bottom channel in the deep-water Taranaki Basin in
New Zealand that the channel morphology was straight and less
prone to lateral migration at steep slopes. In contrast, gentle slopes
were more conducive to lateral migration of channels. The topo-
graphic slope at the development position of the submarine
channel gradually slows down along the direction of the channel
movement (from 3.91� to 3.31� and then to 2.34�) (Wu et al., 2023),
resulting in the channel's planformmorphology changing from low
to high to medium sinuous.

In summary, the submarine topographic slope has a crucial in-
fluence on the development of typical sedimentary systems, and
changes in topographic slope will directly feedback to the deep-
water sedimentary system in a short period of time, controlling
its external morphology, internal structure, and evolutionary
process.

5.3.3. Sediment supply
Broucke et al. (2004) state that the most important factor in

understanding the patterns of formation and evolution of subma-
rine channel or fan systems is to consider changes in sediment
supply over time, which is largely driven by sea level fluctuations
and changes in the ratio of sediment supply to source area material
sources. Therefore, combined with the above-mentioned, tectonic
activity and climate change will control the scale and nature of
terrigenous clastic sediments, and the slope of submarine topog-
raphy will affect the transport process of clastic sediments.
Therefore, the scale and nature of sediment supply emerge as the
most crucial factors influencing the developmental process of
typical sedimentary systems within basins.

Paumard et al. (2020) proposed that the areawith themaximum
sedimentation rate in the basin indicates that more sediments are
being transported to this region, and the provenance direction can
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be inferred to a certain extent. In this study, the sedimentation rate
of each sequence unit were compiled (Table 3), through the analysis
of the total thickness of strata in different ages, the main sediment
sources of the basin in different periods can be roughly judged. The
results show that the thickness of stratigraphic deposits in the
study area from Early Cretaceous to Late Cretaceous, Late Creta-
ceous to the Paleocene-Eocene, Paleocene-Eocene to the Oligocene,
Oligocene to the Miocene, and Miocene to the present is 450e1000
ms, 0e200 ms, 0e120 ms, 200e550 ms, and 725e1050 ms,
respectively (Figs. 8 and 11 and Table 3). Although the time thick-
ness is used in this study, which may be affected by velocity vari-
ations at different depths, and the time thickness displayed in
seismic profiles does not represent the true stratigraphic thickness,
sedimentary strata of the same period should possess similar ve-
locities. Therefore, the time thickness within the same period can
still reflect the amount of sediment in different regions, thereby
allowing the inference of potential provenance directions. Addi-
tionally, this study can also utilize stratigraphic data from the
Romney-1 well within the study area obtain the true stratigraphic
thickness for different periods (Fig. 2).

During the Early to Late Cretaceous, the SW zone has the
maximum sediment thickness, though the NEE zone also shows
significant thickness, possibly due to stratigraphic faulting
enhancing sedimentary accommodation. Along the seismic profile
(SW to NE), sedimentary strata thickness gradually decreases
(Fig. 11(f)), indicating a southeastern provenance during this
period.

The thinnest sediments occur during the Late Cretaceous to
Paleocene-Eocene and Paleocene-Eocene to Oligocene periods
(Fig. 11(d) and (e)), reflecting a rising sea level trend since the
Paleocene, continuing to the Oligocene and reaching the maximum
flooding surface. During this time, the supply of terrigenous clastic
sediments drastically decreased or ceased. In the late Paleocene-
Table 3
Sedimentary thickness and seismic reflection characteristics of different areas of seismic

Age, Ma Sequence Sedimentation rate, ms

SW area Central area NE area

Pliocene-Pleistocene III5 162.6 174.4 101.2
III4 313.9 71.0 221.3
III3 122.2 187.1 19.6
III2 48.5 171.9 222.9
III1 404.6 316.6 316.2

Miocene II4 152.9 183.0 196.1
II3 71.0 279.1 322.1

Oligocene II2 77.2 54.4 60.6
Paleocene-Eocene II1 164.9 106.3 127.8

Late-Cretaceous I3 310.1 218.3 127.5
I2 301.0 236.0 185.1
I1 528.4 440.1 192.2
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Eocene to Oligocene periods, relatively thick sediments are found
in the NE and SW parts of the study area, hypothesized to originate
from the NE and SE, moving northwest. The sedimentary thickness
from the end of the Late Cretaceous to the Paleocene-Eocene is
comparable to that of the Early to Late Cretaceous, gradually
decreasing along the seismic profile with a southeastern source.

During the period from Oligocene to Miocene, the minimum
thickness was observed in the SW region, with a small range, while
the maximum sedimentary layer thickness was found in the NE
region, exhibiting a large range. This NE region belongs to the
Miocene large channel system region, and it is inferred that the
provenance during this period was mainly oriented towards the E
direction (Fig. 11(c)). This phenomenon provides evidence for the
recovery of large amounts of clastic sediments caused by basin
subsidence and inland uplift during the Miocene. With the decline
of global sea level, a large number of detrital sediments were
transported to the deep-sea, and the sediments formed after the
collapse of the shelf-slope, accelerated by gravity flow, possess a
strong erosive ability and have the potential to form a large-scale
channel system.

The period from the Miocene to the present exhibits the largest
sediment thickness, reflecting the high sedimentation rate during
this period, which can accumulate a large amount of sediment in a
short period of time, maximum sediment thickness is in the SW
region. Along the direction of the seismic profile, the sediment
thickness gradually decreases, suggesting that the sediments dur-
ing this period primarily originated from the SE region (Fig. 11(b)).
The huge thickness of sediments can not be fully consolidated into
the rock in a short period, and the formed sediments have a low
degree of consolidation, which is very prone to collapse under the
triggering of external factors leading to the secondary trans-
portation of sediments. This may be one of the reasons for the
development of large-scale mass transportation sedimentation
sequence in deep-water Taranaki basin.

Continuity Amplitude Seismic profile image

High Moderate to high
Low Low
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Low Low
Low Low
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Low Low to moderate
Low Moderate to high

High Low to moderate
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Fig. 11. Time thickness map of different dated deposits in the study area. (a) A typical seismic profile with SE-NE, which visually shows the time thickness change between different
age deposits; (b)e(f) The plane distribution maps of time thickness between different age deposits. Note: the green arrow in the map indicates the direction of north.
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from the Pliocene to the Quaternary period.

5.4. Implications for the study of deep-water sequence stratigraphy

Classical sequence stratigraphic theory is mostly applicable to
the study of sedimentary systems with clear stratigraphic archi-
tecture at the edge of the shelf (Vail et al., 1977; VanWagoner et al.,
1990), but its guiding significance for deep-water sequence strati-
graphic research is limited. In shallow sea environments, the for-
mation of unconformities was usually caused by the decline of sea
level, and these unconformities were regarded as isotemporal
stratum marks (Vail et al., 1977). The deep-water Taranaki basin
was in the rift stage transitioning to the passive margin stage
during the Cretaceous to the Eocene period (Fig. 9), with a relatively
shallow water depth. Consequently, the sedimentary stratigraphic
architecture was relatively clear. Clear seismic reflection termina-
tion phenomena, such as onlap and truncation, which serve as
markers for identifying sequence boundaries, can be identified
using seismic cross-sections (Fig. 3(b)e(d)). These cross-sections
also reflects that the sedimentary strata of the basin at this stage
were greatly affected by sea level fluctuation. Although most re-
searchers suggest that the formation of deep-water sequence
stratigraphic is influenced by multiple factors, including relative
sea level fluctuations, climate change, and sediment transport
modes (Catuneanu, 2006; Slatt and Zavala, 2011; Pickering and
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Hiscott, 2016), some researchers also believe that only when the
relative sea level fluctuations slightly, and the change amplitude in
sea level in the deep-water area is very small compared to the total
water depth, may the sedimentary pattern of strata in the deep-
water area not change significantly (Shanmugam, 2012; Pickering
and Hiscott, 2016). Therefore, during the Oligocene to the Quater-
nary period (when the basin was in the transitional stage to the
active margin stage, and the water depth was relatively deep)
(Fig. 9), fewer seismic reflection termination characteristics were
observed. This further reflects the limited guiding significance of
classical sequence stratigraphy theory for deep-water deposition.

According to the Exxon sedimentary sequence model, the
sequence boundary is an unconformity formed by exposure and
denudation of shallow water deposits, in contrast to the confor-
mities observed in deep-water settings. However, identifying
sequence boundaries and contrasting sequence units in the deep-
water environment poses a challenge (Embry, 1990; Hunt and
Tucker, 1992; Porbski and Steel, 2006; Pickering and Hiscott,
2016). Embry (1990) proposed that it was difficult to identify the
conformities corresponding to sequence boundaries in the deep-
water environment because there was no obvious lithology
change. Therefore, in view of the identification of sedimentary
sequence boundaries in the deep-water and shallow-water areas,
this study proposes that the boundaries formed by event deposits
within the strata should serve as the foundation for identifying
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sedimentary sequence boundaries specifically in the deep-water
areas. For example, the erosion scour surface created by sediment
gravity flow downcutting within the Miocene channel system in
the study area (Fig. 7) and the unconformities arising from the
erosion of the underlying layers by large-scale Pliocene-Pleistocene
MTDs (Figs. 3, 4 and 6). For the study of deep-water sedimentary
sequence stratigraphy, adopting the event deposits interface as the
dividing boundary of sedimentary strata in the deep-water area not
only clarifies crucial information such as the age of event deposits
development but also establishes a basis for interpreting the for-
mation and evolution process of these event deposits.
6. Conclusions

(1) A sequence stratigraphic framework for the deep-water
Taranaki Basin has been established, encompassing twelve
third-order and three s-order sequences. Each boundary's
formation is controlled by regional tectonic activity, sea level
fluctuations, and changes in the sedimentary environment.

(2) Based on 3D seismic data, five seismic facies (SF1-SF5) were
identified: SF1 (chaotic, discontinuous, low-amplitude re-
flections); SF2 (filling, semicontinuous, high-amplitude re-
flections); SF3 (wedge-shaped, high-continuous, medium-
amplitude reflections); SF4 (parallel, high-continuous, high-
amplitude reflections); and SF5 (progradational, semi-
continuous, medium-amplitude reflections). These seismic
facies correspond to five typical sedimentary systems: delta
deposits (SF5), carbonate sediments (well data-based), deep-
water channels (SF2), levees (SF3), mass-transport deposits
(MTDs; SF1), and pelagic deposits (SF4).

(3) Delta deposits formed during the basin rift stage (Late
Cretaceous); carbonate sediments during the transition from
passive to active margin (late Eocene to Oligocene); deep-
water channels, levees, and MTDs in the active margin
stage (early Miocene to present); and pelagic deposits, which
can form at any time under stable hydrodynamic conditions,
are the most widely distributed and largest sedimentary
body in the basin

(4) Deep-water sedimentary system formation is influenced by
tectonic activity, climatic change, sea-level fluctuations, and
submarine topography, which ultimately impact sediment
supply and, consequently, the development and evolution of
sedimentary systems in the basin.

(5) Unlike the shallow water regions of the continental shelf, the
identification of sedimentary sequences in deep-water areas,
which are less affected by sea-level changes, can be delin-
eated using event depositional interfaces. These include
bottom erosion surfaces formed by channel and mass
transport deposits, all of which provide support for the di-
vision of deep-water sedimentary sequences.
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