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As the last area with unknown oil exploration potential, Zealandia has attracted

the attention of petroleum scientists. Under the constraint of the known rift

distribution, the gravity and magnetic anomaly data are utilized to predict the

distribution of rift basins, and the balanced cross-section technique and basin

simulation technique are utilized to analyze the development of the rift basins

and hydrocarbon generation history of source rocks for the hydrate prospect

prediction of the rift basins of northwest Zealandia. The time of rifting in

Zealandia varies greatly from place to place, and it has experienced

extensive rifts, migrated to the east of the Lord Howe Ridge, migrated to the

west of the Lord Howe Ridge, migrated to the west of the Dampier Ridge, and

finally migrated to both sides of the Lord Howe Ridge and then experienced

multiple stages of compression transformation and deep burial transformation.

The Upper Cretaceous coal source rock in the rift Ⅱ stage has entered the wet

gas generation stage in the deep part of the rift or deeper rift on the eastern side

of the Lord Howe Ridge, and the coal-generated wet gasmaymigrate along the

fault and form a gas hydrate in the shallow seabed stable zone.
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1 Introduction

Zealandia is a hidden landmass in the southwestern Pacific Ocean, which is 94%

submerged beneath the oceanic waters (Mortimer et al., 2016), as a result of widespread

Late Cretaceous breakup, crustal thinning, and consequent isostatic balance. With the

deepening of geological and geophysical investigation, especially with the discovery of the

granites and metamorphic rocks in the pre-Cretaceous basement (Suggate et al., 1978;

Beggs et al., 1990; Tulloch et al., 1991, 2009; Gamble et al., 1993; McDougall et al., 1994;

Mortimer et al., 1997, 1998, 2006, 2008a, 2008b, 2014, 2015) and the discovery of
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synchronal volcanic records from the Late Cretaceous (Tulloch

et al., 2009; Mortimer et al., 2014), a great deal of knowledge on

the distribution, structure, and cracking process of the

continental block has been obtained for the in-depth

discussions (Corredorfo, 1996; Ringis, 1972; Shaw, 1979; Stock

and Molnar, 1982; Luyendyk, 1995; Lafoy et al., 2005; Schellart

et al., 2006; Mortimer et al., 2006). Zealandia is considered to be a

consistent continent with an area of 4.9 Mkm2 (Mortimer et al.,

2016), consisting of a series of grabens and horsts (Gaina et al.,

1998). Also, the continental block is considered to be a product of

the breakup of the continent Gondwana in the Late Cretaceous.

Following the breakup of the continent Gondwana, the

continental block experienced extensive rifting and plastic

thinning and then sank under the ocean with the influence of

gravity isostasy.

There is abundant evidence for gas hydrates in the Fairway

Basin and Taranaki Basin, such as diapir structures and BSRs

(Claypool and Kaplan, 1974; Kvenvolden, 1995; Exon et al., 1998;

Collot et al., 2009; Kroeger et al., 2017). Owning to the limitation

to data, a deep understanding of the distribution, the extensional

process, the law of the later reformation, and the prospect of the

exploration of the hydrate is still lacking. In recent years, with the

development of seismic exploration and ocean drilling, it has

shown that it has an important potential for gas hydrate

exploration in view of the Upper Cretaceous coal-measure

source rocks from drillings (Van de Beuque et al., 2003;

Kroeger et al., 2017), especially the findings of BSR (bottom

simulating reflection) and diapir and crater in the Fairway (Exon

et al., 1998) and Taranaki basins (Auzende et al., 2000; Pierrick

et al., 2015; Kroeger et al., 2017).

As the last area with unknown oil exploration potential, it has

attracted the attention of energy scientists. In view of the fact that

hydrocarbon gases can form hydrates in the shallow seabed, they

migrated from the mature hydrocarbon generation of coal-

measure source rocks. So this article is under the constraint of

the known rift distribution, using gravity and magnetic anomaly

data to predict the distribution of rift basins and combining with

the results of seismic interpretation, the balanced cross-section

FIGURE 1
Tectonic location and division of tectonic units of the continent of Zealandia.
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technique, and basin simulation technique to analyze the

development law of the lacunae and hydrocarbon generation

history of source rocks for the hydrate prospect prediction.

2 Regional geological background

Zealandia is located between the Australian Plate in the west

and the Pacific Plate in the east. Specifically, it is located in the sea

area between the trench of New Britain–San Cristobal–New

Hebrides and the Tasman Sea–Coral Sea on the eastern edge

of Australia (Figure 1).

Bathymetric map of the southwestern Pacific region showing

data used for this study. Countries (AUS: Australia, NZ:

New Zealand, and NC: New Caledonia); rises (LHR: Lord

Howe Rise, DR: Dampier Ridge, WNR: West Norfolk Ridge,

NR: Norfolk Ridge, RR: Reinga Ridge, STR: South Tasman Ridge,

and NHR, New Hebrides Ridge); seas (CS: Coral Sea and SS:

Solomon Sea); back-arc basins (TB: Taranaki Basin, RB: Reinga

Basin, NCB: New Caledonia Basin, NLB: North Loyalty Basin,

FAB: Faust Basin, FB: Fairway Basin, CB: Capel Basin, MB:

Middleton Basin, GB: Gower Basin, MOB: Moore Basin, MNB:

Monowai Basin, and LB: Lord Howe Basin); troughs (PT:

Pocklington Trough, NBT: New Britain Trough, and NHT:

New Hebrides Trench). A-A′ and B-B′ are seismic profile

positions (the same as follows).

There are a number of basins, basin-bounding plateaus, and

elongated ridges in Zealandia, which were mainly rifted from the

eastern margin of the Gondwana continent in the Late

Cretaceous. The ridges and plateaus are underlain by extended

continental crust (e.g., Dampier Ridge, Lord Howe Rise,

Challenger Plateau, Norfolk Ridge, Campbell Plateau, and

Chatham Rise). Most of the basins (Fairway Basin, Capel

Basin, and Reinga Basin) are mainly located between the Lord

FIGURE 2
Comprehensive histogram of formation drilling (Willcox and Sayers, 2002; Stagg et al., 2002; Van de Beuque et al., 2003; Collot et al., 2009).
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Howe Rise and the Norfolk Ridge or on the east and west sides,

which are mainly covered by mid to Late Cretaceous rift valley-

related sediments and volcanic and Cenozoic pelagic sediments

(Figure 2).

1) Initial continental rift stage (~120–95 Ma)

This Zealandia extension and the formation of its internal rift

basin groups were mainly followed by episodic opening from

early to middle Cretaceous to present, as a direct consequence of

hinge-retreat of the subducting Pacific Plate and collapse of the

overriding Zealandia toward the retreating hinge of the Pacific

Plate. It can be roughly divided into the following five stages.

From the early to middle Cretaceous, there is a strong,

widespread east-west to northeast-southwest-directed

extension in the eastern margin of Gondwana, resulting from

east to northeast-directed rollback of west to southwest-dipping

subduction of the Pacific Plate. A set of pyroclastic rocks

deposited in these rift basins during this period overlain the

pre-Cretaceous metamorphic or granite basement (Van de

Beuque et al., 2003). In the Late Cretaceous Cenomanian

(~95 Ma), the overriding Zealandia extension ceased in

relative plate motion from the collision between Zealandia

and the Pacific Plate (Veevers, 2000a, b).

2) Pulsatile continental breakup and drift stage (95–52 Ma)

From the Late Cretaceous (~95Ma) to Early Eocene (~52Ma),

the eastern margin of Gondwana continues to widespread rifting,

primarily due to the west-directed subduction and east-directed

rollback of the Pacific Plate (up to at least 1,200 km) (Schellart

et al., 2006), accommodating opening of the New Caledonia,

South Loyalty, Coral Sea, and Pocklington back-arc basins and

partly accommodating spreading in the Tasman Sea. From 73 Ma

to 68 Ma, the spreading rifting occurred between the Lord Howe

Ridge and Dampier Ridge in the South Tasman Sea.

Subsequently, the spreading rifting ridge then jumped to the

west of the Dampier Ridge and continued to expand northward

(Ringis, 1972), leading to the formation of the Coral Sea from

62 Ma to 52 Ma in the northern Tasman Sea (Gaina et al., 1999).

3) Pulsatile compressional tectonic stage (52–22.3 Ma)

In the Eocene, the convergent motion between the Pacific

Plate and Zealandia increased gradually due to the northward

migration of Australia and Zealandia. This convergence process

resulted in the cessation of the expansion of the Coral Sea

(~52Ma) (Gaina et al., 1999), Tasman Sea (~52 Ma) (Gaina

et al., 1998), and the south Loyalty–Santa Cruz–Pocklington

FIGURE 3
Seismic profile with gravity–magnetic anomalies.
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Basin (~55Ma) (Schellart et al., 2006) and also caused the oceanic

crust of the back-arc basin of the new back-arc basin subducting

toward the New Caledonia island arc. Subsequently, New

Caledonia–Pocklington subduction zone was formed in

Paleocene to earliest Eocene (~50–45 Ma) (Cluzel et al., 2001).

This convergence shortening event was represented by the

formation of the high-pressure/low-temperature (HP/LT) rocks

from the Pouebo metamorphic terrane in northern New

Caledonia, the original rock of which was formed in

~85–55 Ma (Spandler et al., 2005) and for which peak high-

pressure metamorphism has been dated at ~44Ma (Spandler

et al., 2005). This subduction and convergence process continued

until the earliest Miocene and eventually led to the obduction of

ophiolite remnants and terranes in the South Loyalty back-arc

basin along the newly formed New Caledonia–Pocklington

subduction zone, which was formed in the Eocene to Early

Miocene (~38–33.7 Ma) (Cluzel et al., 2001).

This subduction–convergence event also has an obvious

response in the sedimentary record, which caused the two

angular unconformity contacts with the underlying Paleocene

and between the Eocene and Oligocene. These angular

unconformity contact relationships are revealed in drilling

DSDP 206, 207, and 208 (Van de Beuque et al., 2003). With

the weakening of subduction-compression, the rift basins entered

the stage of stress relaxation depression and deposited a set of

nannofossil ooze, chalk, and volcanic ash in Oligocene.

4) Shear extrusion tectonic stage (23.3–5 Ma)

Since 23 Ma, with the Southeast Indian Ocean Ridge

extending eastward, the Resolution Ridge began to form due

to seafloor expansion and mantle uplift, which led to the Alpine

rupture of the North and South Islands of New Zealand.With the

striking southwestward extension of the Campbell Plateau

relative to the Challenger Plateau in New Zealand, the dextral

lithospheric Alpine fault zone was gradually formed by left-

lateral strike-slip (Kamp, 1986), which led to the multi-stage

compression and denudation reformation in south Zealandia

(Figure 2).

With the rapid southeastward expansion movement of the

Southeast Indian Ocean Ridge, which merged with the Southwest

Pacific Ridge, Zealandia was completely separated from the

surrounding Antarctic at 10 Ma.

5) Thermogravimetric equilibrium subsidence stage (5–0 Ma)

From the latest Miocene or Pliocene to the present, especially

owning to subducting westward and retreating eastward of the

Pacific Plate (up to ~400 km of rollback distance) (Schellart et al.,

2006), Zealandia was strongly thermal and extensionally

subsided and concealed under the sea, covered by thick deep-

sea ooze deposits, accompanying with the extension of the Lau

back-arc Basin.

3 Methods

3.1 Rift distribution identification method
and process

3.1.1 Principle of rift identification and data
source

The sedimentary strata in rift basins are characterized by

large thickness variations, lateral discontinuity, and local

distribution. Therefore, the gravity anomalies often caused by

them should be local low-gravity anomalies. Since most of the

rifted sedimentary layers in rift basins are non-magnetic or

weakly magnetic, their magnetic anomalies should also be

local low-magnetic anomalies. However, given that the

magnetism of the metamorphic basement of the Zealandia

plate may vary greatly when using the local anomalies of

gravity and magnetism to identify the distribution of rifted

layers in this area, gravity is the main force, and magnetism is

the supplement.

Gravity satellite altimetry gravity anomaly data come from

the latest satellite gravity data covering the world provided by the

University of California, San Diego, and the Scripps

Oceanographic Institute, version 23.1. Data sources and

descriptions are available at http://topex.ucsd.edu/cgi-bin/get_

data.cgi. The gravity potential field was processed in m or km.

The magnetic data come from EMAG2 (the Earth Magnetic

Anomaly Grid), which is the result of data splicing of different

observation forms (aerial magnetic survey and marine ship

survey) in different regions. The network degree of air

magnetic survey and marine ship survey is different, and the

average grid degree of data is 2′×2’. See https://www.ngdc.noaa.
gov/docucomp/page?xml = NOAA/NESDIS/NGDC/MGG/

Geophysical_Models/iso/xml/EMAG2.xml &view=

getDataView&header=none for data source and description.

Modified from (Bache et al., 2013), the section location is

shown in Figure 1.

3.1.2 Method and process of rift distribution
identification

By comparing the locations of the rift basin in both the plane

and the profile with those identified by the seismic profile, the

local gravity and magnetic anomalies would be determined for

the purpose of identifying the distribution of rift basins. The

identification method and process of the Northwest Zealandia

rift basin are as follows.

First, the extraction of the gravity anomaly of the

sedimentary layer and the calculation of the pole magnetic

anomaly were performed. The Bouguer gravity anomaly was

calculated by subtracting the seawater gravity anomaly from the

free space gravity anomaly, which is obtained by forward

modeling from seafloor topography data. The density of

seawater is 1.03 × 103 kg/m3, and the average density of the

rift sedimentary layer is 2.30 × 103 kg/m3. The gravity anomaly of
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the sedimentary layer was obtained by subtracting the Moho

gravity anomaly from the Bouguer gravity anomaly, and the

fluctuation of the Moho was forwardly calculated by the Moho

depth data in CRUST1.0, with the density difference between the

crust and mantle being 0.5 × 103 kg/m3. Affected by the oblique

magnetization, the position of the geological body does not

correspond to that of the magnetic force ΔT anomaly.

Therefore, the pole magnetic anomaly was calculated by the

method of changing the magnetic dip angle. According to the

comprehensive histogram of regional formation drilling, the

stratigraphic unit age in the seismic profile (Figure 3 and

Bache et al., 2013) is revised. Unit 1a: Oligocene to

Pleistocene deposits (?); unit 2a: Paleocene to Eocene

sedimentary rocks (?); unit 3: Late Cretaceous Rift seismic

unit (inference from rift sequence characteristics); RU1 and

RU2: regional unconformities.

Second, the extraction of rift weight and magnetic anomalies

was performed. In order to determine the range of local gravity

and magnetic anomalies, the vertical first-order derivative of the

gravity anomaly and the vertical first-order derivative of the

polarized magnetic force anomaly are obtained at different

extension heights through, respectively, calculating the vertical

first-order derivatives of the sedimentary layer gravity anomaly

and the pole magnetic anomaly by the upward continuation

method to suppress the high-frequency interference. By

comparing the different calculation results with the positions

of the rifts identified by the seismic data (Figure 3), the vertical

first-order derivative of gravity and magnetic anomalies is

determined, which is most consistent with the seismic rift

distribution results (Figure 4).

Finally, the identification of the distribution of the rift

sedimentary layer. Considering the best vertical first-order

derivative determined in the second step as the basic data,

combined with the seismic profiles collected in the study area

as constraints, the plane distribution of the rift layer in the study

area was comprehensively identified (Figure 5), mainly by

utilizing the negative region of the vertical first-order

derivative of the gravity anomaly and supplementally utilizing

the negative region of the vertical first-order derivative of

polarized magnetic force anomaly.

The green shaded area represents the rift location identified

by gravity andmagnetic anomalies; the blue shaded area is the rift

location identified by Bache et al. (2013) using seismic profiles.

The detailed name of the basin is shown in Figure 1.

3.2 Time-depth conversion and selection
of boundary conditions for thermal
simulation

For modeling hydrocarbon generation history, conversion of

data (including reflection seismic profiles) from time domain

(two-way travel time, TWT) to depth domain (meters) was

carried out by 3D-Move software. The model used in this

study was based on a regional model using velocity data from

the speed of velocity layers (Kroeger et al., 2017). PetroMod

modeling is a well-established method to forward model the

evolution of sedimentary basins by restoring the original basin

conditions and adding sediment through time (Naeth et al., 2005;

Beha et al., 2008; Hantschel and Kauerauf, 2009; Ondrak et al.,

2009). Forward modeling is often used to reconstruct the thermal

evolution of the hydrocarbon generation history of source rocks

(Kroeger et al., 2017). The modern average heat flow value on the

source rocks’ thermal evolution modeling is derived from

Foucher and Scient (2006) and Kroeger et al. (2017), which is

55 mW/m2. The heat flow values of paleo-geological historical

periods are comprehensively determined according to the

dynamic background of the basin (Allen and Allen, 1990).

The parameters of formation lithology are calculated

according to the drilling data, and paleo-depth parameters are

obtained from sedimentary facies analysis.

4 Results and discussion

4.1 Formation, evolution, and
transformation of rift basins

The rifting time in Zealandia varies greatly from place to

place; however, the migration of the rifting has obvious

regularity. It has experienced extensive rifts, migrated to the

east of the Lord Howe Ridge, migrated to the west of the Lord

Howe Ridge, migrated to the west of the Dampier Ridge, and

finally migrated to both sides of the Lord Howe Ridge and then

experienced multiple stages of compression transformation and

deep burial transformation. For a single rift basin in Zealandia, it

can be roughly divided into the volcanic eruption rift I stage, rift

Ⅱ stage, rift Ⅲ stage, compression transformation stage, stress

relaxation subsistence stage, shear compression deformation

stage, and thermal-gravity equilibrium subsidence stage

(Figure 6). The initial profile of the evolution section was

modified from the seismic profile line 206/04 (Van de Beuque

et al., 2003).

4.1.1 Early Cretaceous intracontinental volcanic
rift I stage (c.120–95Ma)

At the initial continental rifting stage during the early

Cretaceous (Barremian-Cenomanian), a large number of

alkaline non-marine volcaniclastic and volcanic rocks were

deposited in each rift basin all over Zealandia, with possible

coal and lacustrine sediments as the result of the incipient

extensional rifting. On the Lord Howe Rise, there is direct

evidence of this volcanic phase in DSDP site 207, which

penetrated subaerial to shallow marine rhyolite tuffs and flows

(Van de Beuque et al., 1996). There is a depositional hiatus in

Cenomanian between the volcanic rift I sequence and its
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overburden system in response to the collision between

Zealandia and the Pacific Plate (Veevers, 2000a,b).

4.1.2 Late Cretaceous Cenomanian–Campanian
rift Ⅱ stage (95–83 Ma)

In the Late Cretaceous (Cenomanian–Campanian,

95–83 Ma), the rift basins were mainly developed on the east

side of the Lord Howe Ridge, which was filled with a set of

continental or marine-continental coal-bearing volcanic clastic

rocks, grading upward to a shallow marine clastic-dominated

succession (Gibson et al., 2015). Drillings of Tane-1 andWainui-

1 and outcrops onshore New Caledonia revealed that coal seams

and carbonaceous mudstones were developed in the southern

end of the New Caledonia basin and the northwest sea basin of

New Zealand on the east side of the Lord Howe Ridge (Paris and

Lille, 1977; Stagg et al., 2002).

4.1.3 Late Cretaceous (Campanian)-earliest
Eocene rift Ⅲ stage (83-52Ma)

Since the Late Campanian in the Late Cretaceous, rifting

migrated to the west of Lord Howe ridge and rifted from south

to north. From the Late Cretaceous (Campanian) to Eocene, the

rift basins were mainly filled with siliciclastic to calcareous

sandstones and mudstones of marginal marine to neritic origin,

grading upward to fine-grained bathyal sediments in the deeper

depocenters of rift basins (Gibson et al., 2015). Then, the deep-sea

calcareous ooze was deposited in the Paleocene.

4.1.4 Earliest Eocene to early Oligocene
extrusion transformation stage (52–33.7Ma).

From earliest Eocene to early Oligocene, this convergence

along the eastern margin of Zealandia from New Guinea to

New Zealand caused rift basin inversion and compressional uplift

FIGURE 4
First-order vertical derivative of (A) gravity and (B)magnetic anomaly reduced to the pole. The solid black line pointed by thewhite arrow locates
the position of the seismic section in Figure 3. (A) First-order vertical derivative of gravity anomaly. (B). First-order vertical derivative of magnetic
anomaly reduced to the pole. The white area is the data blank area. Abbreviation of basin name (see Figure 1).
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denudation, manifesting as the absence of upper Eocene and even

middle-lower Oligocene in the majority of the rift basins in the

Lord Howe Rise (Stagg et al., 2002; Van de Beuque et al., 2003).

4.1.5 Mid-late Oligocene stress relaxation
subsistence transformation stage (33.7-23.3Ma)

With the weakening of subduction-compression, the rift

basins entered the stage of stress relaxation depression and

thermal subsidence transformation stage and were filled with

a set of nannofossil ooze, chalk, and volcanic ash in the Oligocene

(Gaina et al., 1998; Gibson et al., 2015).

4.1.6 Miocene shear compression extrusion
transformation stage (23.3–5Ma).

In the Miocene, the plate boundary began to propagate

through New Zealand as a convergent boundary, initiated by

Neogene clockwise rotation of the Pacific subduction system

(Van de Beuque et al., 2003). Since the late Miocene, oblique

FIGURE 5
Identified rift distribution and its location map.
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FIGURE 6
Formation, evolution, and transformation map of rift basins.
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compression along the Alpine Fault caused an uplift of the

Macquarie Ridge. This pulsating shear compression resulted

in the fold uplift, denudation of rift basins, and Miocene

multiple depositional discontinuities in southeastern Zealandia.

4.1.7 Pliocene deep-buried transformation stage
(5-0Ma)

Since the Pliocene, under the regional dynamics of thermal

gravity sedimentation, the region in rift basins has been strongly

subsiding and was strongly buried by the thick deep-sea ooze.

4.2 Thermal history simulation and
analysis

PetroMod thermal history systems modeling predicts that the

Upper Cretaceous coal-measure source rocks at the bottom of the rift

basins on the east side of the Lord Howe Ridge have entered the gas

stage since theMiocene (Figure 7). In the Paleocene, the coal-measure

source rock in the deep rifts in the central part of the New Caledonia

Basin entered the hydrocarbon generation threshold (Figure 7C). In

the Miocene, the coal-measure source rock in the deep rifts in the

central part of the Fairway Basin and New Caledonia Basin entered

the wet and dry stages, respectively (Figure 7B). At present, the

thermal evolution degree of Upper Cretaceous coal-measure source

rocks gradually increases from west to east and that at the bottom of

the rifts in the Fairway Basin have entered the stage of generating wet

gas, while most of the source rocks in the New Caledonia Basin have

entered the stage of generating dry gas (Figure 7A).

4.3 Favorable zone forecast

Gas in hydrate deposits may come from thermogenic

hydrocarbons deeper in the sediment pile (Claypool & Kaplan,

1974; Kvenvolden, 1995). The general coincidence of BSR-like

FIGURE 7
Large-section thermal history simulation profile across Zealandia (line 206/04 from Van de (Beuque et al. 2003).
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distribution with the structural depression and depocenter in the

Fairway Basin indicates a thermogenic component to the gas hydrates

(Exon et al., 1998; Collot et al., 2009). The observed BSR-like depth of

0.7 s TWT below the seabed is consistent with the calculation of the

predicted transition boundary in the eastern Lord Howe Rise and in

the New Caledonia Basin based on the recorded thermal gradients

(Exon et al., 1998). In the oceanic crust, sediment gas hydrates occur

where bottom water temperatures approach 0 °C and water depths

exceed about 300m, and the lower limit of gas hydrate occurrence is

up to about 2,000mbelow the seafloor, determined by the geothermal

gradient (Van de Beuque et al., 2003).

BSR-like are true BSRs in the Fairway and Taranaki basins, a

thermogenic hydrocarbon gas source from the buried Upper

Cretaceous coal-measure source rock. Such thermogenic gas

could be generated from the organic-rich coal sediments in

the rift basins and migrated up-dip onto the shallow strata

through the Cretaceous-Paleogene extensional faults, perhaps

in part beneath a seal of early forming hydrates. The shallow layer

of rift basins shows potential for gas hydrate formation and

exploration potential on the eastern side of the Lord Howe Rise

(Figure 1), when the upper Cretaceous coal-measure source rocks

are under the gas generation stage.

5 Conclusion

As the last area with unknown oil exploration potential, it has

attracted the attention of energy scientists. Gravity and magnetic

anomaly data, balanced cross-section, and thermal history

modeling results show the following.

1) The rifting time in Zealandia varies greatly from place to

place. It has experienced extensive rifts, migrated to the east of

the Lord Howe Ridge, migrated to the west of the Lord Howe

Ridge, migrated to the west of the Dampier Ridge, and finally

migrated to both sides of the Lord Howe Ridge and then

experienced multiple stages of compression transformation

and deep burial transformation.

2) For a single rift basin in Zealandia, it can be roughly divided

into the volcanic eruption rift I stage, rift Ⅱ stage, and/or riftⅢ
stage, compression transformation stage, stress relaxation

subsistence stage, shear compression deformation stage,

and thermal-gravity equilibrium subsidence stage.

3) In the Late Cretaceous (Cenomanian-Campanian,

95–83 Ma), the continental or marine-continental coal-

bearing clastic rock sequence was mainly developed in the

rift basins on the east side of the Lord Howe Ridge.

4) The Upper Cretaceous coal source rocks were deposited,

and their burial depth is higher than the gas generation

threshold in the Fairway and New Caledonia basins and

other basins on the eastern side of the Lord Howe Ridge.

The deeply buried source rocks in the central part of the rift

have entered the wet-late maturity stage since Cenozoic

and may migrate along the fault and form a gas hydrate in

the shallow seabed stable zone. The shallow layer of rift

basins on the eastern side of the Lord Howe Ridge has the

gas hydrate-forming potential.
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