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1 	 | 	 INTRODUCTION

Pore	 fluid	 pressure	 distribution	 within	 a	 sedimentary	
basin	is	controlled	by	a	combination	of	factors,	including	
stratigraphic	stacking,	lithofacies	distribution,	fault	zone	
permeability,	 sedimentation	 rate,	 diagenesis,	 petroleum	
generation	 and	 structural	 evolution.	 Basins	 with	 an	 ini-
tial	rift	phase	coupled	with	high	sedimentation	rates	often	

display	pore	fluid	pressures	above	hydrostatic,	but	subse-
quent	structural	shortening	can	drastically	alter	the	initial	
distribution	of	pore	fluid	pressure.	Pore	fluid	pressure	in	
excess	of	the	hydrostatic	gradient	(overpressure)	has	been	
shown	 in	 several	 sedimentary	 basins	 to	 increase	 basin-
ward	(e.g.	Javanshir	et	al., 2015;	Tingay	et	al., 2005;	Van	
Balen	&	Cloetingh, 1994;	Zoccarato	et	al., 2018)	due	to	a	
gradual	reduction	in	sand-	to-	mudrock	ratio	(net-	to-	gross),	
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Abstract
Significant	variations	in	pore	pressure	across	the	Taranaki	Basin,	New	Zealand,	
are	attributed	to	changes	in	lithofacies	and	structure,	usefully	illustrated	in	terms	
of	ten	areas	that	we	term	geopressure	provinces,	each	displaying	individual	pore	
pressure	trends.	Cretaceous	to	Early	Miocene	formations	in	different	parts	of	the	
basin	can	be	either	normally	pressured	(near	or	at	hydrostatic)	or	significantly	
overpressured	(up	to	28	MPa)	at	the	same	depth.	Variations	in	Eocene–	Oligocene	
facies	types	and	thicknesses	both	within	and	between	geopressure	provinces	pro-
vide	first-	order	control	on	the	magnitude,	distribution	and	maintenance	of	over-
pressure	across	 the	basin.	Examples	of	hydraulic	 compartmentalisation	due	 to	
sealing	faults	and	stratigraphic	architecture	are	identified	within	the	basin.	Deep	
pore	 pressure	 transitions	 are	 sealed	 by	 diagenetic,	 structural	 or	 stratigraphic	
mechanisms	in	different	places	and	are	associated	with	an	increase	in	mudrock	
volume	(reduced	permeability)	or	gas	generation.	Thus,	pore	pressure	distribu-
tion	in	the	Taranaki	Basin	is	controlled	by	a	combination	of	sediment	loading,	
lithofacies	 variations,	 fault	 zone	 permeability	 and	 structural	 architecture.	 This	
work	represents	an	appraisal	of	the	pore	pressure	distribution	across	the	whole	
of	a	multiphase	structurally	complex	basin,	and	the	approach	taken	provides	a	
framework	for	better	understanding	the	distribution	of	pore	fluid	pressures	and	
pore	fluid	migration	in	other	sedimentary	basins.

K E Y W O R D S

compartmentalisation,	lithofacies,	overpressure,	pore	pressure,	tectonostratigraphy
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resulting	 in	 decreasing	 hydraulic	 connectivity	 and	 per-
meability	 (Harrison	 &	 Summa,  1991)	 and	 an	 increased	
likelihood	 of	 permeable	 (sandstone)	 beds	 maintaining	
overpressure.	The	effectiveness	of	mudrock	in	maintain-
ing	 overpressure	 also	 determines	 the	 nature	 of	 pressure	
transition	zones	within	stratigraphic	sections	(Swarbrick	
&	 Osborne,  1996).	 Reactivation	 of	 initial	 normal	 faults	
can	lead	to	hydraulic	compartmentalisation	and	the	gen-
eration	of	pressure	cells	within	geopressure	provinces,	as	
demonstrated	in	the	North	Sea	Basin	(Borge, 2002;	Darby	
et	al., 1996).

Processes	 acting	 on	 a	 basin	 to	 microscopic	 scale	 de-
fine	 both	 the	 maintenance	 and	 flow	 of	 excess	 pressure	
within	 a	 sedimentary	 basin.	 Knowledge	 about	 the	 dis-
tribution	of	pore	pressure	within	a	permeable	formation	
together	 with	 its	 relationship	 to	 overpressure	 maintain-
ing	 facies	 (e.g.	 mudrock)	 is	 a	 useful	 means	 for	 investi-
gating	lateral	fluid	flow	and	regional	migration	pathways	
(e.g.	 Iliffe	 et	 al.,  1999;	 Javanshir	 et	 al.,  2015;	 O'Connor	
&	 Swarbrick,  2008;	 Robertson	 et	 al.,  2013).	 Excess	 pres-
sure	 is	 prone	 to	 re-	equilibrate	 to	 hydrostatic	 pressure	
within	an	 inclined	 reservoir	or	 into	 shallower	 reservoirs	
by	 fluid	 migration	 through	 faults	 or	 fractures	 (Tingay	
et	al., 2007;	Yardley	&	Swarbrick, 2000).	Fault-	controlled	
fluid	 overpressure	 compartmentalisation	 has	 been	 iden-
tified	 in	 sedimentary	 basins	 worldwide,	 through	 cata-
clasis	in	fault	zones,	shale	gouge	or	diagenetic	alteration	
(Darby	et	al., 1996;	Prada	et	al., 2018;	Richards	et	al., 2010;	
Wonham	et	al., 2010).	Hydraulic	compartmentalisation	of	
pore	fluids	occurs	when	flow	is	prevented	from	migrating	
across	 ‘sealed'	 boundaries,	 resulting	 in	 the	 segregation	
of	pore	fluids	into	separate	fluid/pressure	compartments	
(Jolley	et	al., 2010).

Previous	 investigations	 of	 pore	 fluid	 overpressure	 at	
basin	 scales	 tend	 to	 have	 restricted	 geographical	 resolu-
tion	 due	 to	 the	 limited	 spatial	 availability	 of	 pore	 fluid	
pressure	data	(e.g.	Drews	et	al., 2018;	Morley	et	al., 2008;	
Shi	 et	 al.,  2013;	 van	 Ruth	 et	 al.,  2000).	 Studies	 focused	
on	 a	 sub-	basin	 scale	 (He	 &	 Middleton,  2002;	 Robertson	
et	al.,  2013;	Williamson, 1995;	Xie	et	al.,  2001)	do	high-
light	spatial	variations	in	pore	fluid	pressure	but	by	their	
nature	 are	 not	 basin-	wide	 investigations.	 The	 Taranaki	
Basin,	New	Zealand,	is	known	to	have	significant	spatial	
variations	in	pore	fluid	pressure	(Webster	et	al., 2011),	and	
it	has	a	wealth	of	high-	quality	data	across	the	whole	of	the	
basin,	thereby	allowing	for	high	spatial	resolution	of	pore	

fluid	pressure.	This	study,	therefore,	provides	a	useful	pore	
fluid	pressure	analogue	for	 tectonically	active	and	struc-
turally	and	stratigraphically	partitioned	basins	globally.

Pore	 pressure	 distribution	 within	 the	 Taranaki	 Basin	
(Figure  1)	 has	 previously	 been	 defined	 using	 a	 discrete	
overpressure	 range	 approach	 (e.g.	 Webster	 et	 al.,  2011),	
which	resulted	in	the	identification	of	three	overpressure	
zones,	defined	partly	by	depth	and	partly	by	stratigraphic	
variations:	a	near-	hydrostatic	interval	(Zone	A),	which	ex-
tends	from	the	surface	to	varying	depths	in	different	parts	
of	the	basin;	an	underlying	overpressured	interval	(Zone	
B)	of	ca.	7.6 MPa	(12.8 MPa/km,	10.9	ppg),	which	extends	
from	ca.	2500	m	to	ca.	4300	m;	and	a	third	interval	(Zone	
C)	of	>14.5 MPa	(14.4 MPa/km,	12.3	ppg)	beneath	zones	
A	and	B	in	some	parts	of	the	basin.	The	Oligocene	Otaraoa	
Formation	(Figure 2),	a	bathyal	calcareous	mudrock,	was	
identified	 as	 the	 principal	 top	 seal	 between	 hydrostatic	
Zone	 A	 and	 deeper	 variably	 overpressured	 zones.	 The	
Otaraoa	formation	together	with	the	underlying	Turi	for-
mation	is	considered	to	be	the	formations	where	overpres-
sure	(low	vertical	effective	stress)	is	maintained	in	the	basin	
through	disequilibrium	compaction	(Webster	et	al., 2011).	
Horizontal	stresses	can	also	contribute	to	the	maintenance	
of	overpressures	(Burgreen-	Chan	et	al., 2016),	but	as	the	
Taranaki	Basin	is	now	situated	in	a	back-	arc	extensional	
setting	(King	&	Thrasher, 1996),	these	stresses	are	no	lon-
ger	being	applied,	therefore	any	previously	maintained	ex-
cess	pressure	will	have	dissipated.

This	work	tests	the	Webster	et	al. (2011)	model	through	
the	analysis	of	a	more	comprehensive	set	of	pressure	data	
for	wells	 that	have	become	open	 file	 (Figure 3a,b)	 since	
the	 Webster	 et	 al.  (2011)	 study	 was	 undertaken.	 Our	

Highlights

•	 Ten	 new	 geopressure	 provinces	 are	 identified	
across	Taranaki	Basin.

•	 Lithofacies	type	and	mudrock	thickness	control	
the	overpressure	distribution	and	magnitude.

•	 Pore	 pressure	 depth	 transitions	 are	 controlled	
by	 diagenetic,	 structural	 and	 stratigraphic	
mechanisms.

•	 Disequilibrium	compaction	controls	the	main-
tenance	of	overpressure.

F I G U R E  1  Map	of	the	Taranaki	Basin	and	ten	numbered	geopressure	provinces	displaying	different	pore	pressure	profiles	due	to	
differences	in	structure,	lithofacies	and	bathymetry.	Only	key	wells	are	shown	in	this	figure.	1.	Southern	Taranaki	Inversion	Zone	(orange);	
2.	Central	Taranaki	(purple);	3.	Manaia	Anticline	(brown);	4.	Central	Taranaki	Peninsula	(red);	5.	Tarata	Thrust	Zone	(turquoise);	6.	Patea-	
Whanganui	Coast	(pink);	7.	Manganui	Platform	(lilac);	8.	Northern	Graben	(grey);	9.	Oligocene	sandstones	(yellow),	10.	Western	Platform	
(green).	See	Figure 4a	for	line	A–	A′;	Figure 4b	for	line	B–	B′;	Figure 8	for	line	C–	C′;	Figure 6	for	line	D–	D′;	and	Figure 9	for	line	E–	E′	
(bathymetry	after	Mitchell	et	al., 2012).

 13652117, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bre.12749 by T

est, W
iley O

nline L
ibrary on [26/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 3
EAGE

O'NEILL et al.

additional	 datasets	 have	 demonstrated	 that	 pore	 pres-
sure	 distribution	 is	 more	 complex	 than	 the	 three	 semi-	
stratigraphic	overpressure	zones	model.

In	this	study,	differences	in	the	distribution	of	sedimen-
tary	 facies,	 stratigraphic	 architecture	 and	 structural	 de-
velopment	across	the	Taranaki	Basin,	are	found	to	define	
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areas	that	we	term	geopressure	provinces,	which	our	data	
show	 to	 have	 characteristic	 pore	 pressure	 distributions	
with	 depth	 that	 may	 influence	 regional	 fluid	 flow	 path-
ways.	Consideration	of	 the	distribution	of	pore	pressure	
across	a	whole	basin,	particularly	one	where	sedimenta-
tion	continued	during	successive	phases	of	deformation,	
may	be	an	approach	 that	can	be	applied	 to	other	basins	
to	 understand	 compartmentalisation	 of	 pore	 fluid	 pres-
sure	and	related	fluid	migration.	This	study	highlights	the	
great	value	of	pore	fluid	pressure	data	and	implications	for	

structural	 geology,	 facies	 analysis,	 geohazards,	 gas	 stor-
age,	drilling	operations	and	regional	subsurface	fluid	flow.

1.1	 |	 Development of the Taranaki 
Basin— Depositional systems, timing and 
style of deformation

The	 Taranaki	 Basin	 covers	 approximately	 100,000	km2	
underlying	the	Taranaki	Peninsula	and	the	shelf	and	con-
tinental	 slope	 offshore	 of	 central-	western	 North	 Island	
(Figure 1).	It	contains	an	Upper	Cretaceous	to	Quaternary	
sedimentary	fill	up	to	8 km	thick	(King	&	Thrasher, 1996).	
There	 is	a	relatively	undeformed	block	 in	 the	northwest	
known	as	the	Western	Platform.	A	significantly	deformed	
area	 termed	the	Eastern	Mobile	Belt	occurs	beneath	 the	
eastern	Taranaki	Peninsula.

The	sedimentary	fill	of	the	Taranaki	Basin	is	illustrated	
in	Figure 2.	Full	description	of	the	basin	fill,	related	syn-	
sedimentary	structures	and	the	paleogeographic	develop-
ment	of	the	basin	are	given	in	King	and	Thrasher (1996)	
and	Strogen (2011),	Strogen,	Bland,	Nicol,	and	King (2014)	
and	Strogen	et	al.	 (2017).	Particularly	relevant	basin	ele-
ments	for	this	study	are	as	follows:

1.	 Early	 extension	 (84–	57	Ma)	 and	 influx	 of	 clastic	 sedi-
ments	resulted	in	the	accumulation	of	fluvial	sandstone	
beds	 and	 intervening	 coal	 measures	 (Rakopi,	 North	
Cape	 and	 Farewell	 formations),	 including	 extensive	
neritic	 sandstone	 (F-	Sand)	 (Figure  2).

2.	 The	Eocene	section	is	characterised	by	fluvial	Kaimiro	
Formation	and	associated	neritic	D	and	C	Sand	units	
and	McKee	Formation	shoreface	sandstone,	with	inter-
vening	Turi	Formation.	(Figure 2).

3.	 During	 the	Late	Eocene,	normal	 faults	 in	 the	vicinity	
of	the	Taranaki	Peninsula	were	re-	activated	as	reverse	
faults	 forming	 the	 Manaia	 Anticline	 in	 the	 Kapuni	
and	 Kupe	 gas	 condensate	 fields	 (central-	southern	
Peninsula	and	offshore	 to	 the	south)	 (Strogen,	Bland,	
Nicol,	&	King, 2014;	Voggenreiter, 1993).

4.	 The	Early	Oligocene	(33–	29	Ma)	section	is	characterised	
by	unconformity	development	with	mild	erosion	across	
central	and	southern	parts	of	 the	Taranaki	Peninsula	
(King	&	Thrasher, 1996;	Strogen	et	al.,	2017),	whereas,	
during	 ca.	 29–	27	Ma	 a	 foredeep	 developed	 along	 the	
eastern	 margin	 of	 the	 Taranaki	 Peninsula	 (Holt	 &	
Stern, 1994;	Stern	&	Davey, 1990;	Strogen	et	al.,	2017)	
due	 to	basement	overthrusting	on	 the	Taranaki	Fault	
(Kamp	 et	 al.,  2014;	 Tripathi	 &	 Kamp,  2008).	 A	 thick	
(800	m)	 calcareous	 mudstone	 succession	 (Otaraoa	
Formation)	 then	 accumulated	 in	 the	 foredeep	 associ-
ated	 with	 intervening	 small	 submarine	 fan	 deposits	
(Tariki	Sandstone	Member)	(de	Bock	et	al., 1990).

F I G U R E  2  Subsurface	stratigraphy	of	the	Taranaki	Basin	
east	to	west	from	the	Taranaki	peninsula	to	the	Western	Platform	
(modified	from	King	&	Thrasher, 1996).
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F I G U R E  3  (a)	Basin-	wide	plot	of	formation	pore	pressure	against	depth	(all	WFT	data	are	designated	as	either	good	or	fair,	which	
stabilise	to	0.1 psi	over	45	s).	DST	and	kick	data	are	included,	but	no	quality	designation	is	given.	(b)	Basin-	wide	plots	of	overpressure	against	
true	vertical	depth	labelled	by	data	type	and	annotated	with	key	wells.	Most	overpressure	estimates	of	more	than	13.8 MPa	(14.1 MPa/km,	
12	ppg)	are	recorded	from	kicks	and	drill	stem	tests.	(Blue	line:	Hydrostatic	pressure;	red	line:	Lithostatic	pressure;	dashed	lines:	Pressures	
gradients	in	MPa/km).
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5.	 During	 the	 latest	 Oligocene	 and	 earliest	 Miocene	 (25–	
22	Ma),	bioclastic	sediments	formed	upon	a	basement	high	
along	the	eastern	basin	margin	and	were	eroded	and	de-
posited	westward	into	the	Taranaki	Basin	foredeep,	form-
ing	the	Tikorangi	Limestone	(Hood	et	al., 2003)	(Figure 2).

6.	 The	 Early	 Miocene	 (22–	19	Ma)	 marked	 a	 significant	
phase	of	basement	overthrusting	on	the	Taranaki	Fault	
(Kamp	et	al., 2014;	Stagpoole	&	Nicol, 2008)	and	the	ac-
cumulation	of	terrigenous	mud	in	the	basin	(Manganui	
Formation).	Bathyal	mudstone	is	the	main	facies	in	the	
Neogene	 section,	 which	 also	 contains	 amalgamated	
slope	to	basin	floor	channelised	sandstone	facies	and	sub-
marine	fans	(Moki	and	Mt	Messenger	formations).

7.	 In	the	Eastern	Mobile	Belt,	thin-	skinned	splayed	thrust	
faults,	 which	 display	 sled-	runner	 geometries	 rooted	
into	the	Taranaki	Fault	(Tarata	Thrust	Zone),	deformed	
the	Paleogene	and	E.	Miocene	succession,	forming	an-
ticline	segments	at	their	terminations.

8.	 The	 Late	 Miocene	 and	 Pliocene	 structure	 develop-
ment	 in	 the	 southern	 Taranaki	 Basin	 was	 character-
ised	 by	 reverse	 displacement	 on	 prior	 normal	 faults,	
forming	prominent	antiform	structures	(Crowhurst	et	
al., 2002;	Kamp	&	Green, 1990),	the	erosion	of	which	
helped	 force	 progradation	 of	 the	 existing	 shelf-	slope	
system	to	the	northwest	during	11–	7 Ma	(Masalimova	
et	al., 2016;	Sharman	et	al., 2015),	together	with	sedi-
ment	being	concurrently	 supplied	 from	 the	emerging	
Southern	Alps	(Tippett	&	Kamp,	1993).

9.	 During	 the	 Late	 Miocene—	Early	 Pliocene,	 an	 ex-
tensional	 graben	 formed	 in	 the	 northern	 Taranaki	
Basin	 (Giba	 et	 al.,	 2010),	 being	 a	 significant	 de-
pocentre	 for	 terrigenous	 sediment	 accumulation.	
Subsequently,	 (3.0–	1.6  Ma)	 a	 shelf-	slope	 wedge	 (up	
to	2 km	thick)	prograded	to	the	northwest	across	the	
northern	 and	 central	 Taranaki	 Basin,	 known	 as	 the	
Giant	 Foresets	 Formation	 (Hansen	 &	 Kamp,  2004;	
King	&	Thrasher, 1996;	Mattos	et	al., 2018;	Salazar	et	
al., 2018).

2 	 | 	 METHODOLOGY

In	this	study,	well	pressure	depth	plots	were	prepared	for	
127	 wells	 in	 the	 Taranaki	 Basin,	 of	 which	 99	 contained	
direct	 wireline	 formation	 tester	 (WFT)	 data	 (RFT,	 MDT,	
XPT,	FIT	and	RCI),	23	contained	Drill	Stem	Tests	 (DST)	
and	 21	 contained	 wellbore	 kicks.	 Values	 of	 overpressure	

were	 calculated	 using	 IKON	 Sciences	 RokDoc	 software	
(v.6.3.0.272)	and	these	values	were	assigned	to	the	correct	
reservoir	 unit	 by	 referring	 to	 composite	 logs,	 biostratig-
raphy	 and	 wireline	 data.	 The	 final	 database	 comprising	
>2000	WFT	measurements	was	used	to	calculate	228	for-
mation	overpressure	values.	Quality	control	was	applied	to	
reject	 any	 pressure	 values	 that	 might	 have	 been	 affected	
by	pore	pressure	drawdown	associated	with	hydrocarbon	
production	in	nearby	fields.	This	was	achieved	through	the	
visualisation	 of	 data	 from	 the	 same	 field	 (or	 geopressure	
province)	on	a	multi-	well	plot	and	by	comparing	the	over-
pressure	values,	which	indicated	whether	those	pressures	
represent	 virgin	 pressure	 or	 whether	 production-	related	
depletion	had	caused	a	change	in	the	pressure	regime.

All	 of	 the	 WFT	 and	 kick	 data	 were	 collected	 from	
well	 completion	 reports	and	 their	associated	enclosures,	
supplied	 in	 the	 2015	 &	 2018	 New	 Zealand	 Petroleum	
Exploration	 Data	 Pack	 (NZP&M,  2018)	 (https://data.
nzpam.govt.nz/GOLD/syste	m/mainf	rame.asp).	DST	data	
were	collected	from	Leap	Energy's	New	Zealand	ArcGIS	
Geodatabase	(Leap	Energy, 2014).	All	the	raw	pore	pres-
sure	data	included	in	this	study	can	be	found	in	the	sup-
plementary	material.

2.1	 |	 Direct pressure measurements

2.1.1	 |	 Quality	control	of	wireline	
formation	testers

Wireline	 Formation	 Test	 (WFT)	 tools	 are	 considered	
by	 some	 workers	 to	 be	 the	 most	 reliable	 and	 efficient	
method	 of	 acquiring	 multiple	 pressure	 measurements	
in	 open-	hole	 conditions	 (Gunter	 &	 Moore,  1987).	
Obtaining	 high-	quality	 interpretations	 from	 pressure	
data	 requires	 particular	 attention	 to	 be	 given	 to	 data	
acquisition	 procedures	 and	 interpretation	 techniques	
(Gunter	 &	 Moore,  1987).	 Wireline	 formation	 tests	 can	
be	assigned	a	measure	of	quality	based	on	their	 ‘build-
	up	plots’,	depending	on	whether	the	tests	have	reached	
equilibrium	or	 full	build-	up	with	respect	 to	 the	forma-
tion	 pore	 fluid	 pressure.	 In	 this	 study	 >2000	 build-	up	
plots	have	been	analysed	and	quality	values	applied	to	
each	 of	 the	 pressure	 points.	 Only	 tests	 that	 produced	
a	 reading	 that	 stabilises	 to	within	0.1 psi	 (0.0007	MPa)	
over	a	45-	second	interval	have	been	included	in	the	final	
data	set.

F I G U R E  4  Interpreted	seismic	cross-	sections:	(a)	southern	Taranaki	Basin	from	the	Patea-	Whanganui	coast	to	the	Maui	high,	
displaying	thrusted	‘sled	runners’	on	the	eastern	basin	margin	and	variations	in	the	thickness	of	the	Oligocene	section;	(b)	from	the	
Maui	high	across	the	Western	platform	to	the	present-	day	shelf	edge,	displaying	variations	in	net-	to-	gross	in	the	Eocene	stratigraphy	and	
associated	changes	in	mudrock	pressures	(seismic	section	illustration	is	modified	from	Strogen,	Bland,	Bull,	et	al., 2014).
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Pressure	 points	 are	 designated	 as	 ‘invalid'	 when	 the	
wireline	tool	has	encountered	problems	and	failed	to	ac-
quire	a	representative	reading	of	the	formation	pressure.	
The	 two	 most	 commonly	 encountered	 problems	 are	 a	
‘tight’	formation	and	‘seal	failure'.	In	a	tight	test,	the	for-
mation	usually	has	low	permeability	and	the	test	is	aban-
doned	if	it	cannot	be	conducted	in	a	15–	20	min	interval.	
Seal	failures	occur	when	the	pressure	reading	probe	is	not	
isolated	from	borehole	mud,	which	results	in	a	rapid	pres-
sure	build-	up	to	static	mud	pressure.	Also,	in	low	perme-
ability	formations,	drilling	mud	can	invade	the	formation	
and	 retain	 some	 of	 the	 excess	 pressure,	 which	 is	 called	
‘supercharging’,	observed	when	the	formation	pressure	is	
equivalent	to,	or	higher	than,	the	static	mud	pressure.

2.1.2	 |	 Drill	stem	tests

Drill	 stem	 tests	 are	 typically	 carried	 out	 during	 drill-
ing	 when	 zones	 containing	 hydrocarbon	 fluids	 have	
been	 identified	 using	 perforated	 drill	 pipe	 and	 packers	
(Robertson, 2013).	WFT	data	are	generally	more	reliable	
because	of	greater	sampling	capability,	more	reliable	ver-
tical	pressure	profiles	and	the	ability	to	acquire	measure-
ments	at	specific	depths,	whereas	DST	gauges	are	usually	
positioned	in	the	test	tool	string	above	the	reservoir	being	
tested	(Gunter	&	Moore, 1987).	In	this	study,	all	DST	pres-
sures	are	plotted	at	the	mid-	perforation	depth	for	consist-
ency.	Only	DST	measurements	that	have	been	designated	
as	‘final	build-	ups’	are	used	in	the	database,	as	these	pro-
vide	the	best	representation	of	true	formation	pressure.

2.1.3	 |	 Kicks

A	kick	is	defined	as	any	unplanned	influx	or	intrusion	
of	 formation	 fluids	 into	 the	 wellbore,	 which	 results	 in	
an	 unexpected	 gain	 of	 fluid	 into	 the	 mud	 pits,	 indica-
tive	of	formation	fluid	pressure	in	excess	of	the	weight	
of	the	mud	column.	Quality	control	methodologies	from	
Lee	et	al. (2022)	were	applied	to	the	Taranaki	Basin	oc-
currences	of	wellbore	influxes,	where	shut-	in	drill	pipe	
pressures	 (SIDPP)	 were	 recorded	 by	 removing	 any	 er-
roneous	 data	 due	 to	 swabbing	 or	 wellbore	 breathing.	
Kick	pressures	were	calculated	using	the	‘u-	tube	model’,	
which	 uses	 the	 sum	 of	 the	 estimated	 downhole	 pres-
sure	exerted	by	the	column	of	mud	in	the	drill	pipe	and	
the	shut-	in	drill	pipe	pressure	(SIDPP)	(from	a	surface	
gauge):

Kicks	 are	 especially	 useful	 pore	 pressure	 measure-
ments	 as	 they	 occur	 outside	 of	 conventional	 reservoirs	
with	WFT	and	DST	data.

2.1.4	 |	 Mudweight

In	 the	 absence	 of	 direct	 pressure	 measurements,	 well-
bore	 mudweight	 can	 be	 used	 as	 a	 proxy	 for	 pore	 pres-
sure,	using	the	assumption	that	mudweights	are	kept	in	
balance	or	at	slightly	greater	pressures	than	the	forma-
tion	 pressure	 (e.g.	 Webster	 et	 al.,  2011).	 Mudweight	 is	
usually	kept	in	an	overbalance	state	to	prevent	influxes	
in	conventional	drilling,	although	it	is	possible	for	wells	
to	sometimes	be	drilled	underbalanced,	without	taking	
a	kick,	in	very	low	permeable	formations	(mudrocks).	In	
this	 study,	 fluid	 pressures	 calculated	 from	 mudweight	
increases	associated	with	rises	in	mud	gas	and	fluid	in-
fluxes	due	to	underbalanced	drilling,	are	used	as	a	proxy	
for	formation	pressure.

2.2	 |	 Wireline log data

Pore	 pressure	 in	 fine-	grained	 sediments	 can	 be	 esti-
mated	using	wireline	log	data,	which	exploit	the	devia-
tion	of	mudrock	properties	(e.g.	sonic	velocities,	density	
and	 resistivity	 data)	 relative	 to	 those	 values	 typical	 of	
a	 normally	 compacted	 sequence	 at	 the	 depth	 of	 inter-
est	 (Webster	 et	 al.,  2011).	 Overpressure	 generated	 by	
disequilibrium	 compaction,	 as	 in	 the	 Taranaki	 Basin,	
is	 associated	 with	 anomalously	 high	 sediment	 porosi-
ties	(undercompaction)	and	is	thus	readily	detectable	in	
wireline	data	(Osborne	&	Swarbrick, 1997).	Deviation	in	
the	 log	data	can	be	used	qualitatively	 to	predict	poros-
ity	 anomalies	 and	 therefore	 overpressure	 maintenance	
within	fine-	grained	facies.

2.3	 |	 Overpressure determination

A	constant	hydrostatic	gradient	of	9.8 MPa/km	(8.3	ppg)	
was	used	as	a	 reference	value	 for	 the	Taranaki	Basin	as	
a	 basis	 to	 calculate	 from	 direct	 pore	 pressure	 measure-
ments	 the	 degree	 of	 overpressure	 in	 particular	 wells	 in	
the	basin	(Robertson	et	al., 2013).	This	hydrostatic	gradi-
ent	 was	 calculated	 from	 the	 average	 value	 in	 reservoirs	
in	21	wells	displaying	clear	aquifer	gradients,	those	wells	
being	 widely	 dispersed	 across	 the	 basin.	 Applying	 best-	
fit	 straight	 lines	 to	 possible	 fluid	 gradients	 in	 each	 well	
enabled	the	identification	of	the	most	likely	type	of	pore	
fluid	present	within	the	reservoir	(i.e.	gas,	condensate,	oil	
or	 water)	 and	 these	 were	 cross-	checked	 against	 known	

Kick pressure (MPa)=

(Drilling fluid gradient (MPa∕m)×TVD (m))

+SIDPP (MPa)
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hydrocarbon	accumulations,	wireline	data	and	well	com-
pletion	reports	(e.g.	Robertson	et	al., 2013).

In	 all	 reservoirs	 that	 contain	 a	 water	 leg,	 a	 value	 of	
overpressure	 representative	 of	 the	 entire	 reservoir	 unit	
was	 calculated	 using	 the	 shallowest	 pore	 pressure	 mea-
surement	interpreted	to	lie	directly	on	the	water	gradient.	
If	only	hydrocarbons	are	present,	the	deepest	direct	pore	
pressure	 measurement	 interpreted	 to	 lie	 on	 the	 hydro-
carbon	 gradient	 was	 used	 to	 calculate	 the	 overpressure.	
Hydrocarbon	buoyancy	affects	cause	overpressure	values	
calculated	in	the	oil	or	gas	leg	to	be	an	overestimation	of	
pressure	in	the	water	column	(Robertson	et	al., 2013).

2.3.1	 |	 Errors	associated	with	using	a	
constant	regional	hydrostatic	gradient

The	use	of	a	constant	hydrostatic	gradient	of	9.8 MPa/km	
(8.3	ppg)	for	the	entire	basin,	implies	the	absence	of	salin-
ity	variation	and	hence	the	variation	in	pore	water	density	
across	the	region,	which	is	an	unrealistic	assumption	and	
introduces	errors	in	overpressure	calculations	(Robertson	
et	 al.,  2013).	 The	 gradient	 across	 both	 the	 Southern	
Taranaki	 Inversion	 Zone	 and	 the	 Western	 Platform	 dis-
plays	 a	 gradient	 of	 10  MPa/km	 (8.5	 ppg),	 implying	 that	
the	aquifer	 is	more	saline	than	the	areas	with	a	gradient	
of	9.8 MPa/km.	The	higher	pore	water	gradient	in	the	two	
areas	noted	above	probably	arises	from	the	incorporation	
of	 more	 fully	 marine	 water	 during	 sediment	 accumula-
tion	and	its	subsequent	retention	within	reservoirs	than	in	
other	areas	of	the	basin.	The	Eocene	to	Cretaceous	reser-
voirs	in	the	Central	Taranaki	Peninsula	and	in	the	Manaia	
Anticline	 were	 deposited	 in	 coastal	 plain	 and	 marginal	
marine	settings	(Higgs	et	al., 2012;	Strogen, 2011),	which	
had	 fresh	 to	 brackish	 water	 input.	 Therefore,	 reservoirs	
across	 the	 Southern	 Taranaki	 Inversion	 Zone	 and	 the	
Western	Platform	that	appear	to	be	slightly	overpressured	
(ca.	0.7 MPa)	are	actually	hydrostatically	pressured.

2.4	 |	 Wireline time- depth conversion

The	software	named	RokDoc	(v.6.3)	was	used	to	calculate	
depth-	to-	time	conversion	for	wireline	sonic	logs	from	se-
lected	wells	for	plotting	in	Figures 4,	6	and	8.	Check	shot	
data	were	compiled	from	well-	completion	reports.

2.5	 |	 Geopressure province 
determination

Regions	 of	 the	 basin	 with	 similar	 stratigraphic	 stacking	
patterns	and	structural	frameworks	were	grouped,	to	form	

ten	provinces.	Pore	pressure	data	from	wells	within	these	
provinces	were	analysed	using	multi-	well	pressure	depth	
plots	 to	 identify	 and	 test	 shared	 trends	 with	 depth.	 The	
boundaries	 between	 these	 provinces	 are	 defined	 using	
faults	and	geobody	dimensions,	which	can	act	as	barriers	
to	flow	forming	overpressure	cells.	The	most	accurate	esti-
mation	of	boundaries	was	determined	using	stratigraphic	
and	structural	information	from	published	literature	and	
petroleum	 reports	 lodged	 with	 New	 Zealand	 Petroleum	
and	 Minerals,	 a	 government	 agency.	 Not	 all	 boundaries	
are	distinct	and	hence	they	need	to	be	treated	with	a	de-
gree	of	uncertainty.

Well-	specific	 pore	 pressure	 trends	 within	 each	 prov-
ince	 are	 chiefly	 dependent	 on	 the	 depth	 of	 penetration	
and	the	quality	of	the	data	collected	during	drilling.	Well	
density	 on	 land	 in	 the	 Taranaki	 Peninsula	 and	 in	 near-	
offshore	 areas	 is	 significantly	 greater	 than	 in	 the	 deep-	
water	settings	of	western	and	north-	western	parts	of	the	
basin,	 due	 to	 the	 high	 density	 of	 wells	 associated	 with	
known	hydrocarbon	fields	or	accumulations.	The	specific	
structural	styles	and	stratigraphic	stacking	patterns	within	
each	 geopressure	 province	 are	 described	 in	 the	 geopres-
sure	 province	 evolution	 and	 pore	 pressure	 distribution	
sections	below.

3 	 | 	 RESULTS

3.1	 |	 Geopressure province model

A	key	outcome	of	this	study	is	the	introduction	of	a	novel	
geopressure	 province	 approach	 to	 the	 interpretation	 of	
pore	pressure	data	available	for	the	basin.	This	approach	
is	considered	to	have	applicability	to	other	basins	exhibit-
ing	fluid	overpressure	and	displaying	polyphase	histories	
or	 diverse	 tectonostratigraphic	 regimes.	 Ten	 geopres-
sure	 provinces	 have	 been	 defined	 (Figure  1;	 Table  1).	
Interpretation	of	regional	seismic	lines	(Figures 4,	6	and	8)	
enabled	the	identification	of	facies	variations	between	the	
subareas	and	structural	zones,	which	are	shown	to	have	
first-	order	 control	 on	 overpressure	 maintenance	 and	 re-
gional	fluid	flow.	See	supporting	information	for	a	full	list	
of	all	wells	and	associated	geopressure	provinces.

3.2	 |	 Geopressure province structure and 
pore pressure distribution

3.2.1	 |	 Southern	Taranaki	Inversion	Zone

The	Southern	Taranaki	Inversion	Zone	(STIZ)	(Figure 1)	
is	characterised	by	a	series	of	inverted	Late	Cretaceous	to	
Palaeocene	grabens	and	half-	grabens,	forming	a	series	of	
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positive	structures	(antiforms)	along	a	sequence	of	north/
northeast	striking,	re-	activated	reverse	faults	(e.g.	the	Maui	
High;	Figure 4a)	(Bull	et	al., 2018;	King	&	Thrasher, 1996;	
Reilly	et	al., 2015).	In	contrast	to	every	other	geopressure	
province,	 the	 STIZ	 does	 not	 contain	 thick	 sequences	 of	
undercompacted	 Eocene	 or	 Oligocene	 mudrocks,	 which	
is	the	primary	stratigraphic	interval	for	the	maintenance	
of	excess	pressure	in	the	basin	(Webster	et	al., 2011).	The	
geopressure	 province	 displays	 hydrostatic	 (or	 near	 to	
hydrostatic)	 pressures,	 across	 the	 entire	 region	 and	 the	
stratigraphy	from	the	Cretaceous	to	Pliocene-	Pleistocene	
section	 (Figure  5a).	 The	 mudrock	 sections	 in	 the	 Maui	
Field	 (Figure  4b),	 albeit	 thin,	 act	 as	 barriers	 to	 vertical	
flow	 demonstrated	 by	 the	 differential	 pressure	 between	
stacked	 reservoirs.	 The	 mudrock	 barriers	 also	 act	 over	
large	distances,	shown	by	the	lack	of	depletion	in	F-	sands	
in	 Rahi-	1	 well	 (Figure  1),	 even	 after	 significant	 produc-
tion	(17	years)	 from	the	overlying	Early	Eocene	Kaimiro	
Formation	in	the	Maui	Field	(20	km	away).

3.2.2	 |	 Central	Taranaki

The	Central	Taranaki	has	been	marginal	to	structure	devel-
opment	during	the	Neogene	and	is	characterised	by	hydro-
static	conditions	throughout	the	stratigraphy	(Figure 5b).	
The	 Late	 Miocene	 inversion	 of	 the	 Southern	 Taranaki	
did	 not	 extend	 as	 far	 north	 as	 Te	 Kiri-	2,	 but	 this	 region	
received	a	pulse	of	sediment	from	the	eroding	area	to	the	
south,	which	 is	expressed	as	Late	Miocene	progradation	
of	the	shelf-	slope	margin	involving	the	Mt	Messenger	and	
Urenui	formations.	During	the	Early	Pliocene	the	Central	
Taranaki	region	lay	immediately	south	of	the	active	exten-
sion	 of	 the	 Northern	 Graben	 and	 so	 did	 not	 receive	 the	
pulse	of	sediment	driving	high	overpressures	to	the	north.	
Mount	Taranaki,	a	 large	andesite	volcano	formed	in	the	
central	part	of	this	region	around	0.25	Ma,	which	may	be	
contributing	towards	the	development	of	underpressures	
as	witness	in	the	Central	Taranaki	Peninsula	province.

3.2.3	 |	 Manaia	Anticline

The	late	mid-	Miocene	start	of	shortening	in	the	Southern	
Taranaki	Basin	 is	also	expressed	 in	 the	Manaia	Anticline	
Province	 as	 reverse	 displacement	 on	 the	 Manaia	 Fault	
and	 an	 associated	 back-	thrust,	 forming	 the	 Manaia	 anti-
clinal	ridge	(Figure 4a).	This	structure	 incorporates	 three	
separate	structural	closures	forming	the	Kapuni,	Toru	and	
Kupe	South	fields	(Ilg	et	al., 2012;	King	&	Thrasher, 1996;	
Voggenreiter, 1993).	In	the	Kupe	South	area,	the	Palaeocene	
Farewell	 Formation	 is	 unconformably	 overlain	 by	 the	
Oligocene	 Otaraoa	 Formation	 (Martin	 et	 al.,  1994)	 and	

this	unconformity	cuts	down	through	the	stratigraphy	to-
wards	the	Southern	Taranaki	Basin.	Hydrostatic	conditions	
prevail	 throughout	 the	 Neogene	 section	 down	 to	 the	 top	
Oligocene.	The	nature	of	the	sub-	Oligocene	unconformity	
in	this	region	means	that	the	top	of	the	overpressure	zone	
(6.73	MPa,	 12.1  MPa/km,	 10.3	 ppg)	 across	 the	 geopres-
sure	 province	 occurs	 at	 2878	 mTVDss	 in	 the	 Palaeocene	
Farewell	Formation	at	Momoho-	1,	south	of	the	Kupe	South	
Field.	Overpressure	increases	to	ca.	9.0 MPa	(12.1 MPa/km,	
10.3	ppg)	with	increasing	depth	in	the	Kaimiro	Formation	
at	 Toru-	1	 (Figure  5c).	 The	 overpressure	 increases	 again	
to	 >20.6  MPa	 (14	MPa/km,	 11.9	 ppg)	 in	 the	 Farewell	
Formation	 in	 the	 Kapuni	 Field,	 the	 highest	 (75.39	MPa)	
and	deepest	(5540	mTVDgl)	recorded	pore	pressure	in	the	
basin	(Figure 3a)	(O'Neill	et	al., 2018).

Tawa-	B1	well	(Figure 4a)	was	drilled	into	the	eastern	
limb	 of	 the	 Manaia	 Anticline	 in	 the	 deepest	 part	 of	 the	
Oligocene	foredeep	in	the	footwall	of	the	Taranaki	Fault	
(Strogen,	 Bland,	 Nicol,	 &	 King,  2014).	 The	 Oligocene	
basin	 floor	 fan	 of	 the	 Kauri	 and	 Rimu	 fields	 are	 poorly	
developed	 in	 this	well,	 leaving	a	 stratigraphy	almost	en-
tirely	comprised	of	mudrocks,	which	become	thicker	with	
increasing	 distance	 to	 the	 west	 away	 from	 the	 Taranaki	
Fault.	 The	 Otaraoa	 Formation	 is	 >800	 mTVD	 thick	 in	
Tawa-	B1,	 meaning	 it	 has	 greater	 potential	 for	 overpres-
sure	 maintenance,	 as	 demonstrated	 by	 overpressures	 in	
excess	 of	 20	MPa	 (14	MPa/km,	 12	 ppg)	 (Figure  4a).	 The	
three	kicks	taken	in	Tawa	B-	1,	are	associated	with	a	rapid	
stratigraphic	change	 into	predominantly	 fine-	grained	fa-
cies,	 which	 reduces	 permeability	 and	 thus	 connectivity	
(Figure 5c).

3.2.4	 |	 Central	Taranaki	Peninsula

The	Central	Taranaki	Peninsula	(Figure 1)	contains	a	se-
ries	of	structures	of	similar	origin	to	the	Manaia	Anticline	
(King	 et	 al.,  2009;	 King	 &	 Thrasher,  1996),	 particularly	
in	 the	 northern	 part	 of	 the	 Peninsula,	 where	 numerous	
small	 closures	 occur	 (Pohokura,	 Mangahewa,	 Turangi	
and	Kowhai	Fields)	upon	the	same	large	inversion	struc-
ture	 (Figure  6).	 In	 contrast	 to	 the	 Manaia	 Anticline	 to	
the	 south,	 this	 geopressure	 province	 comprises	 thick	
sequences	 of	 marine	 mudrocks	 and	 an	 increase	 in	 the	
occurrence	 of	 thin	 isolated	 sandstone	 beds.	 The	 top	 of	
overpressure	(5.36	MPa,	11.4 MPa/km,	9.7	ppg)	in	the	geo-
pressure	province	occurs	in	one	of	these	isolated	Eocene	
intra-	Turi	sandstone	beds	at	3169	mTVDss.	The	pressure	
transition	 between	 the	 Mangahewa	 Formation	 and	 the	
overlying	McKee	Formation	varies	across	the	region,	both	
in-	depth	and	magnitude	(Figure 5d).	 In	Waitui-	1	and	 in	
the	Mangahewa	Field,	the	McKee	and	Mangahewa	forma-
tions	are	in	pressure	communication,	while	to	the	north	
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there	 is	 a	 ca.	 1.7  MPa	 differential	 in	 the	 Pohokura	 and	
Turangi	 fields.	 The	 Omata	 Member	 (Turi	 Formation)	 is	
present	in	both	this	geopressure	province	and	the	Manaia	
Anticline	 and	 acts	 as	 a	 vertical	 pressure	 barrier	 within	
the	 Early-	Mid	 Eocene,	 as	 shown	 by	 the	 1.38	MPa	 pres-
sure	 differential	 between	 the	 Mangahewa	 and	 Kaimiro	
Formations	in	the	Turangi	Field	(Figures 5c	and	6).

The	 top	 Eocene	 is	 not	 intercepted	 until	 ca.	 3900	 mT-
VDss	in	the	northwest	of	this	province	at	Waimanu-	1	and	
Okoki-	1	(Figure 5d),	some	ca.	600	m	deeper	than	in	the	east-
ern	part	of	this	province.	Waimanu-	1	penetrated	the	Eocene	

coastal	plain	in	a	more	distal	location,	so	has	a	finer	grained	
lithofacies	 than	 farther	 south	 and	 displays	 five	 separate	
pressure	transitions	(Figures 5d	and	6).	Kowhai-	A1R	well	
to	the	east,	influxes	and	associated	increases	in	mudweight	
below	4500	mTVD	suggest	formation	pressure	in	excess	of	
27	MPa	(15.8 MPa/km,	13.4	ppg)	above	hydrostatic.

The	 Radnor	 Field	 situated	 in	 the	 centre	 of	 the	 pen-
insula	 displays	 three	 pressure	 transitions	 through	 the	
Mangahewa	Formation,	sealed	by	fine-	grained	floodplain	
sequences.	Wireline	signatures,	mudweight	and	mud	log	
profiles	from	three	outliers	(Cardiff,	Waihapa	&	Kaimiro	

F I G U R E  5  Geopressure	province	multi-	well	pressure	depth	plots:	(a)	Southern	Taranaki	Inversion	Zone;	(b)	Central	Taranaki;	(c)	
Manaia	Anticline;	and	(d)	Central	Taranaki	Peninsula.	All	plots	display	only	fair	and	good	data	(blue	line:	Hydrostatic	pressure;	red	line:	
Lithostatic	pressure;	dashed	lines:	Pressures	gradients	in	MPa/km).
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Fields)	 suggest	 numerous	 pressure	 transitions	 through	
the	 Mangahewa	 Formation	 due	 to	 sealing	 by	 interbed-
ded	fine-	grained	horizons.	This	geopressure	province	ex-
tends	underneath	the	Taranaki	Fault	as	demonstrated	by	
McKee-	1	in	the	following	section.

3.2.5	 |	 Tarata	Thrust	Zone

The	Tarata	Thrust	Zone	is	located	along	the	basin's	east-
ern	margin	in	the	eastern	Taranaki	Peninsula	(Figure 1),	

with	an	overall	northerly	 strike,	west	of	and	subparallel	
to,	the	basin-	bounding	Taranaki	Fault	farther	east	(King	
&	 Thrasher,  1996;	 Stagpoole	 et	 al.,  2004).	 The	 Taranaki	
Fault	 comprises	 multiple	 laterally	 and	 vertically	 discon-
tinuous	and	anastomosing	slip	surfaces	 that	define	a	se-
ries	of	 fault-	bound	slivers	or	horse	structures	 (Stagpoole	
et	 al.,  2004).	 Thrusted	 blocks	 can	 be	 entirely	 confined	
within	Tertiary	 strata	or	 inter-	finger	with	basement	and	
Cretaceous-	Tertiary	 strata	 in	 mixed	 stratigraphic	 order	
(Stagpoole	&	Nicol, 2008).

The	Tarata	Thrust	Zone	comprises	thrust	faults	and	du-
plex	structures	within	mid-	Tertiary	formations,	the	thrust	
faults	rooted	in	the	Taranaki	Fault	Zone	to	the	east.	The	ir-
regular	nature	of	the	hanging	wall	along	the	Tarata	Thrust	
Zone	 and	 variations	 in	 fault	 zone	 permeability	 across	 it	
cause	vertically	stacked	overthrust	structures	to	vary	be-
tween	those	that	are	hydraulically	isolated	and	those	that	
are	draining	in	the	same	well,	 leading	to	the	trapping	of	
hydrocarbons	 at	 multiple	 levels	 (Stagpoole	 et	 al.,  2004).	
The	 top	 of	 overpressure	 (2.55	MPa,	 11.1  MPa/km,	 9.5	
ppg)	 was	 recorded	 in	 a	 kick	 at	 1830	 TVDss	 (Toetoe-	2	
well)	 taken	 in	 the	Late	Eocene	McKee	Formation	of	 the	
McKee	Field	(Figure 7a),	which	is	significantly	shallower	
(ca.	1000	m)	than	in	the	Manaia	Anticline	and	the	Central	
Taranaki	Peninsula	provinces.	Thrust	sheets	in	the	north-
ern	part	of	the	Peninsula	have	been	buried	to	deeper	levels	
than	in	the	McKee	trend	in	the	central-	eastern	part	of	the	
Peninsula,	but	depth	of	burial	is	not	a	good	proxy	for	over-
pressure	 magnitude	 in	 this	 geopressure	 province,	 as	 the	
Mangahewa	Formation	 is	both	hydrostatically	pressured	
and	 significantly	 overpressured	 (7.1  MPa)	 at	 the	 same	
depth	in	different	parts	of	the	field	(Figure 7a).

The	Ohanga	Field	has	the	deepest	reservoirs	(ca.	3500	
mTVDss)	 in	 the	 thrust	 zone	 with	 overpressure	 values	
of	 ca.	 7.7	MPa	 (11.9  MPa/km,	 10.1	 ppg)	 in	 Mangahewa	
Formation.	 McKee-	1	 was	 drilled	 to	 beyond	 the	 deepest	
thrust	 into	 a	 repeated	 autochthonous	 section,	 whereas	
Beluga-	1	 was	 drilled	 downdip	 of	 the	 McKee	 Field.	 Peak	
pressures	(6.2 MPa)	recorded	in	these	two	wells	occur	at	
the	same	depth.	The	inherent	complexity	in	this	geopres-
sure	province	is	exemplified	by	the	uncertainty	around	the	
depth	and	magnitude	of	the	pressure	transition	zone	be-
tween	the	Mangahewa	and	McKee	formations.

3.2.6	 |	 Patea-	Whanganui	Coast

The	 Patea-	Whanganui	 Coast	 Province	 is	 situated	 to-
wards	the	south	and	offshore	of	the	Taranaki	Peninsula	
(Figure 1),	differing	from	the	Tarata	Thrust	Zone	in	that	
its	 overthrust	 morphologies	 are	 directly	 related	 to	 dis-
placements	within	the	Taranaki	Fault	Zone	(Figure 4a).	
Basement	 and	 Cenozoic	 cover	 rocks	 are	 up-	thrown	

F I G U R E  6  Interpreted	seismic	cross-	section	through	the	
northern	Taranaki	Peninsula,	displaying	both	stratigraphic	
and	structural	pressure	compartmentalisation.	(seismic	section	
illustration	is	modified	from	Murray, 2000).
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F I G U R E  7  Geopressure	province	multi-	well	pressure	depth	plots:	(a)	Tarata	Thrust	Zone;	(b)	Patea-	Whanganui	Coast;	(c)	Oligocene	
Sandstones;	(d)	Manganui	Platform;	and	(e)	Western	platform.	All	plots	display	only	fair	and	good	data	(blue	line:	Hydrostatic	pressure;	red	
line:	Lithostatic	pressure;	dashed	lines:	Pressures	gradients	in	MPa/km).
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immediately	west	of	the	Taranaki	Fault,	forming	a	series	
of	stacked	overthrust,	imbricate	wedges	and	allochtho-
nous	slivers	of	the	basement	(Figure 4a),	all	controlled	
by	west-	verging	 thrust	 faults	 (King	&	Thrasher, 1996).	
Figure  4a	 demonstrates	 how	 wells	 (e.g.	 Kauri-	1)	 can	
intersect	 as	 many	 as	 three	 separate	 stacked	 basement	
thrust	 sheets.	 A	 drill	 stem	 test	 taken	 in	 the	 Tariki	
Sandstone	 in	 Kauri-	1	 was	 only	 slightly	 overpressured;	
however,	other	wells	at	the	same	depth	are	significantly	
overpressured	 (>7  MPa)	 (Figure  7b).	 As	 in	 the	 Tarata	
Thrust	 Zone,	 the	 stacked	 thrust	 sheets	 have	 created	
traps	 at	 multiple	 levels,	 acting	 as	 independent	 pres-
sure	 cells	 and	 compartments.	 Wells	 in	 both	 the	 Kauri	
and	Rimu	fields	experienced	kicks	and	formation	fluid	
influxes	at	multiple	levels	while	drilling	proceeded,	as-
sociated	with	uncertainty	 in	 the	depth	to,	and	number	

of	thrust	sheets	encountered	(Figure 7b).	Kauri-	A4	ST1	
experienced	two	successive	kicks	of	10.65	and	18.51	MPa	
(13.2	 &	 14.5  MPa/km)	 above	 hydrostatic,	 855	 mTVD	
apart,	 at	 the	 top	 of	 two	 thrust	 sheets	 both	 in	 the	 frac-
tured	Rimu	limestone.

3.2.7	 |	 Manganui	Platform

Manganui	 Platform	 (Figures  1	 and	 8)	 is	 situated	 to	 the	
north	of	 the	Taranaki	Peninsula	and	contains	structures	
(e.g.	 Awakino	 Anticline)	 that	 lie	 west	 of	 a	 thrust	 zone	
rooted	in	the	Taranaki	Fault	and	can	be	regarded	as	struc-
turally	similar	to	the	Tarata	Thrust	Zone	but	disconnected	
from	it	(King	&	Thrasher, 1996;	Stagpoole	&	Nicol, 2008).	
Towards	 the	 south	 along	 this	 structure,	 the	 controlling	

F I G U R E  8  Interpreted	seismic	cross-	section	through	the	Manganui	Platform,	Northern	Graben	and	Northern	Taranaki	Bight,	
displaying	very	high	overpressures	in	isolated	sandstone	units	within	the	Kapuni	Group	in	the	Turi	Fault	Zone	and	in	the	Oligocene	
Tangaroa	sandstone	in	the	North	Taranaki	Bight	(seismic	section	illustration	is	modified	from	Strogen,	Bland,	Bull,	et	al., 2014).
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displacement	 on	 the	 thrust	 fault	 gradually	 diminishes	
and	 the	 resulting	 structures	 in	 the	 vicinity	 of	 Mokau-	1	
appear	 immediately	west	of	 the	Taranaki	Fault	 (King	&	
Thrasher,  1996).	 Besides	 wells	 drilled	 into	 the	 Awakino	
Anticline,	they	have	also	been	drilled	into	the	Mangahewa	
Formation	 (e.g.	 Mauku-	1)	 directly	 through	 the	 tip	 of	 a	
basement	overthrust	block	(e.g.	Pluto-	1).

The	change	in	vertical	motion	of	the	Manganui	Platform	
through	the	Neogene	has	 led	 to	 the	development	of	vari-
able	pore	pressure	regimes.	The	basin-	wide	top	of	signifi-
cant	overpressure	(9.04	MPa,	14.5 MPa/km,	12.4	ppg)	was	
recorded	from	a	kick	in	the	fractured	Tikorangi	Limestone	
at	 the	 crest	 (1899	 mTVDss)	 of	 the	 Awakino	 Anticline	
(Figures 7d	and	8).	Successions	of	isolated	turbidites	within	
the	Otaraoa	Formation	have	been	intercepted	in	wells	and	
are	 better	 developed	 north	 of	 the	 peninsula	 beneath	 the	
Manganui	Platform.	They	display	a	wide	variation	 in	 the	
magnitude	of	overpressures,	from	1.71	MPa	at	Mauku-	1	to	
9.03	MPa	at	Awakino-	1,	 linked	to	the	depth	of	burial	and	
level	of	geobody	connectivity.	The	Mangahewa	Formation	
in	Mokau-	1,	Mauku-	1,	Awakino-	1	and	Waimanu-	1	sits	on	
a	clear	water	gradient	with	the	same	level	of	overpressure	
(8.3  MPa;	 Figure  7d),	 which	 is	 not	 too	 dissimilar	 to	 the	
range	in	wells	within	the	Central	Taranaki	Peninsula	to	the	
south	(ca.	6.9–	8.6 MPa;	Figure 5d).

3.2.8	 |	 Northern	Graben

The	Northern	Graben	(Figures 1	and	8)	formed	during	the	
latest	 Miocene	 to	 Pliocene	 and	 was	 rapidly	 filled	 (up	 to	
700	m/Ma)	by	sediments	of	the	Mangaa	and	Giant	Foresets	
formations,	 contributing	 over	 2000	m	 of	 sediment	 thick-
ness	(Hansen	&	Kamp, 2004;	Stagpoole	&	Funnell, 2001).	
No	deep	wells	have	been	drilled	in	the	Northern	Graben,	
but	 pore	 pressures	 approaching	 fracture	 pressure	 could	
be	 expected	 in	 permeable	 basin	 floor	 fan	 facies	 (e.g.	
Mangaa	and	Tangaroa	Formations),	as	observed	in	Turi-	1	
(Figures 7c,	8	and	9).

3.2.9	 |	 Oligocene	sandstones

The	 Late	 Eocene	 and	 earliest	 Oligocene	 Tangaroa	
Formation	(Figures 1,	2	and	8)	is	comprised	of	a	sequence	
of	fine	to	medium	sandstone	beds	deposited	as	a	subma-
rine	fan	within	bathyal	mudrocks	of	the	Turi	Formation	
(Bloch,  1994;	 Gresko	 et	 al.,  1990).	 The	 current	 mapped	
extent	(Strogen, 2011)	of	the	Tangaroa	Formation	depos-
its	 straddle	 the	 Northern	 Graben	 and	 Western	 Platform	
and	are	characterised	by	hydraulically	isolated	sandstones	
interbed	 and	 enclosed	 by	 undercompacted	 mudrocks.	
This	 has	 led	 to	 the	 maintenance	 of	 overpressures	 of	 up	

to	28.6 MPa	(18.4 MPa/km,	15.6	ppg),	recorded	in	a	kick	
taken	at	3321	mTVDss	 in	 sandstone	beds	 in	Turi-	1	well	
(Figures 1,	7c,	8	and	9).	All	the	wells	that	have	penetrated	
the	 Tangaroa	 Sandstone	 have	 measured	 overpressure	
through	either	direct	pressure	data	(Kora-	4	&	Tangaroa-	1;	
Figure 7c)	or	via	wireline	signatures	 (Ariki-	1;	Figure 8).	
The	extent	of	 this	geopressure	province	 is	based	on	pal-
aeographic	maps	showing	the	coverage	of	submarine	fans	
as	 illustrated	 in	Strogen (2011),	but	 these	are	 inherently	
uncertain,	so	the	reality	could	differ.

3.2.10	 |	 Western	Platform

The	 Western	 Platform	 (Figure  1)	 has	 remained	 rela-
tively	 tectonically	 quiescent	 since	 the	 Late	 Cretaceous	
except	 for	 ongoing	 slow	 subsidence	 (Baur	 et	 al.,  2014;	
King	 &	 Thrasher,  1996).	 A	 shelf-	slope	 wedge	 prograded	
onto	it	during	the	Miocene	to	Recent	(Kamp	et	al., 2004)	
(Figure 4).	Almost	all	of	the	direct	pressure	measurements	
acquired	 in	 Western	 Platform	 wells	 (Figure  1)	 display	
hydrostatic	 pressures,	 with	 a	 few	 exceptions.	 Takapou-	1	
shows	 slight	 overpressures	 of	 3.94	MPa	 (10.61	MPa/km,	
9	ppg)	 in	 the	Late	Cretaceous	section	 (Figure 7e),	while	
Awatea-	1	 displays	 steadily	 increasing	 overpressure	 in	
three	separate	isolated	fan	deposits	(0.74–	1.88	-		2.98	MPa)	
all	 within	 the	 Pliocene	 Mangaa	 Formation	 (Webster	
et	al., 2011).	A	similar	pressure	depth	profile	could	be	ex-
pected	 in	 the	 Mangaa	 Formation	 sandstones	 across	 the	
Western	Platform.

F I G U R E  9  Plot	of	mudrock	thickness	against	maximum	
mudrock	pressure,	calculated	from	wireline	sonic	logs	using	the	
equivalent	depth	method	(well	locations	in	Figure 1).
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Mudrock	 pressure	 estimates	 within	 the	 Oligocene	
to	 Eocene	 section	 intercepted	 by	 Tane-	1	 and	 Takapou-	1	
wells,	show	overpressures	of	up	to	ca.	19	MPa	(Figure 4b),	
suggesting	that	sandstone	beds	and	mudrock	sections	are	
not	 in	 equilibrium.	 Mudrock	 estimates	 from	 the	 other	
fully	 hydrostatic	 geopressure	 province,	 the	 Southern	
Taranaki	Inversion	Zone,	are	much	lower	by	comparison	
at	ca.	3 MPa	(Figure 4a,b).	The	thickness	of	the	Oligocene	
to	 Eocene	 mudrock	 section	 varies	 from	 ca.	 75	m	 in	 the	
Maui	Field	at	the	northern	end	of	the	Southern	Taranaki	
Inversion	Zone	to	ca.	700	m	at	Takapou-	1.	The	deep-	water	
Taranaki	 Basin	 has	 a	 similar	 Neogene	 burial	 history	 to	
that	 of	 the	 Western	 Platform	 with	 loading	 due	 to	 slope	
progradation,	meaning	that	the	Neogene	mudrock	facies	
could	maintain	overpressure	but	are	in	equilibrium	with	
permeable	formations	as	demonstrated	by	the	pressure	re-
cord	in	Romney-	1	(Figure 1).

4 	 | 	 DISCUSSION

Each	 of	 the	 ten	 geopressure	 provinces	 identified	 in	 the	
Taranaki	 Basin	 display	 its	 own	 pore	 pressure	 regime,	
nevertheless	 linked	 through	 a	 shared	 stratigraphy	 and	
through	 regional	 structural	 and	 stratigraphic	 fluid	 flow	
pathways	 (e.g.	 Figure  10).	 Facies	 differences	 between	
stratigraphic	intervals	provide	a	first-	order	control	on	the	
maintenance	and	distribution	of	overpressure,	both	tem-
porally	and	spatially	across	the	basin	(e.g.	Figure 11).

4.1	 |	 Facies variation as a control 
on overpressure maintenance and 
distribution

The	 stratigraphy	 of	 the	 Taranaki	 Basin	 is	 dominated	 by	
the	 occurrence	 of	 mud-	silt	 grade	 facies	 (ca.	 70%	 by	 vol-
ume;	 Figure  2),	 which	 is	 the	 key	 element	 for	 the	 gen-
eration	 and	 maintenance	 of	 overpressure	 (Darby,  2002).	
Overpressure	has	a	tendency	to	increase	basinward	from	
coarse-	grained	 facies	 at	 basin	 margins	 to	 mudrocks	 in	
deep-	water	 environments	 (Harrison	 &	 Summa,  1991;	
Javanshir	et	al., 2015).	Hence,	a	better	understanding	of	
the	distribution	of	mudrocks	within	a	basin	aids	predic-
tion	of	the	likely	magnitude	of	overpressure.	Harrison	and	
Summa (1991)	used	well	data	from	the	Gulf	of	Mexico	to	
define	a	cut-	off	of	less	than	30%	sand,	after	which	hydrau-
lic	 conductivity	 between	 stacked	 permeable	 sandstone	
beds	is	limited	enough	to	maintain	excess	pressure.	This	
understanding	coupled	with	an	appreciation	of	 the	con-
nectivity	 of	 permeable	 units	 within	 the	 Taranaki	 Basin	
can	 lead	 to	 the	 identification	 of	 fluid	 flow	 pathways.	 In	
other	 foreland	 basin	 settings	 such	 as	 the	 South	 Junggar	

Depression	 (Western	 China)	 and	 the	 Bavarian	 Molasse	
Basin,	 the	 magnitude	 of	 overpressure	 has	 been	 shown	
to	 be	 associated	 with	 depositional	 environments	 and	
in	 particular	 the	 thickness	 of	 mudrocks	 in	 the	 basin	 fill	
(Figure 9)	(Drews	et	al., 2018;	Yan	et	al., 2002).

Pore	pressure	distribution	across	a	palaeo	basin	mar-
gin	 (shoreline)	 is,	 in	 part,	 defined	 by	 the	 development	
of	 sequences	 and	 their	 systems	 tracts.	 For	 example,	 in	
the	 Taranaki	 Basin,	 transgressive	 Eocene	 to	 Oligocene	
mudrock	 beds	 can	 act	 as	 vertical	 pressure	 seals	 across	
tens	 of	 kilometres	 perpendicular	 to	 the	 palaeoshoreline	
(Figure  12a).	 Facies	 and	 formation	 thicknesses	 vary	 sig-
nificantly	 across	 the	 Taranaki	 Basin.	 The	 variation	 in	
net-	to-	gross	of	Eocene	sandstone	beds	in	the	Mangahewa	
and	 Kaimiro	 formations	 and	 their	 associated	 laterally	
equivalent	 mudrocks	 (Omata	 Member,	 Turi	 Formation)	
plays	a	first-	order	control	on	the	presence	and	magnitude	
of	 preserved	 overpressure	 (Table  1).	The	 transect	 across	
the	 Manganui	 Platform	 (Figure  8)	 displays	 an	 increase	
in	pore	pressure	from	Awakino-	1	to	Turi-	1	in	the	Eocene	
Mangahewa	 Formation,	 which	 is	 correlated	 to	 a	 signifi-
cant	increase	in	mudrock	volume	as	the	facies	grade	from	
a	palaeoshoreline	in	the	east	to	shelfal	then	bathyal	condi-
tions	in	the	northwest	(Figure 12a,b)	(Higgs	et	al., 2012).	
Wireline	 sonic	 data	 plotted	 against	 well	 trajectories	 in	
Figure 8,	display	porosity	anomalies	below	the	Tikorangi	
Limestone,	which	are	an	 indicator	of	overpressure	pres-
ervation	 (Sayers	 et	 al.,  2002).	 The	 isolated	 nature	 of	
Mangahewa	Formation	sandstone	beds	has	allowed	them	
to	maintain	excess	pressure,	as	shown	by	a	good	correla-
tion	between	estimated	mudrock	pressures	and	reservoir	
pressures	in	Turi-	1	(Figure 8).

The	transect	from	the	Maui	High	across	the	Western	
Platform	 to	 the	 present	 shelf-	edge	 break	 (Figure  4b),	
displays	a	gradation	within	the	Eocene	section	from	ca.	
90%	coarse	sandstone	facies	in	the	Maui	Field	to	essen-
tially	100%	silt-	mud	grade	facies	at	Tane-	1,	which	is	con-
sistent	 with	 an	 east–	west	 change	 in	 seismic	 amplitude	
from	 high	 to	 low	 impedance.	 The	 estimated	 mudrock	
overpressures	within	the	Eocene	section	range	from	ca.	
3.5  MPa	 at	 Maui	 to	 ca.	 19	MPa	 at	 Tane-	1	 and	 directly	
correlate	 with	 mudrock	 volume/thickness	 (Figures  4b	
and	9).

The	Oligocene	Otaraoa	Formation	and	its	correlatives	
not	only	act	as	the	primary	seal	to	hydrocarbon	accumu-
lations	in	the	basin	but	also	maintain	overpressure,	often	
in	 tandem	 with	 the	 Turi	 Formation.	 The	 facies	 within	
the	Otaraoa	Formation	do	not	change	significantly,	apart	
from	 the	 rare	 occurrence	 of	 thin	 turbidites	 fans	 (Tariki	
Sandstone	Member),	but	thickness	variations	(increasing	
eastward	 towards	 the	 Taranaki	 Fault)	 are	 considerable	
and	correlate	with	mudrock	pressure	(Figure 9).	The	most	
dramatic	thinning	of	the	Otaraoa	Formation	can	be	seen	
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in	Figure 4a,	where	the	thickness	ranges	 from	ca.	800	m	
at	 Tawa-	B1	 in	 the	 deepest	 part	 of	 the	 foredeep,	 south-	
westward	to	ca.	200	m	at	Toru-	1	on	the	Manaia	Anticline,	
to	only	ca.	30	m	farther	west	in	the	Maui	Field,	which	at	
that	 time	 lay	near	 the	 forebulge	position	of	 the	 foreland	
basin	 (King	 &	 Thrasher,  1996).	 This	 thickness	 variation	
with	 the	 data	 available	 can	 be	 directly	 correlated	 to	 in-
creasing	mudrock	pressure	eastward	towards	the	Taranaki	
Fault.	In	the	Bavarian	Molasse	Basin,	lateral	distribution	
of	 overpressure	 correlates	 with	 an	 increase	 in	 mudrock	
volume	 and	 deepening	 and	 thickening	 of	 the	 wedge-	
shaped	 basin	 from	 north	 to	 south,	 generating	 high	 pore	
pressures	in	a	similar	foredeep	position	to	that	of	Tawa-	B1	
(Drews	et	al., 2018).

4.2	 |	 Compartmentalisation

Faults	 have	 been	 shown	 to	 act	 as	 barriers	 to	 fluid	 flow	
in	 thrusted	 sections	 along	 the	 Taranaki	 Fault	 Zone,	 in	
the	Turi	Fault	Zone	and	between	geopressure	provinces	
(Figure 6)	but	may	also	operate	as	conduits	to	fluid	flow	
(Jolley	et	al., 2010).	Figure 6	shows	a	section	through	the	
Central	Taranaki	Peninsula	Province	onto	the	Manganui	
Platform	Province,	which	highlights	the	varying	connectiv-
ity	of	reservoirs	across	the	region.	Pressure	data	from	four	
wells	that	intersect	the	Eocene	Mangahewa	Formation	in-
dicate	hydraulic	connectivity	between	two	structures	from	
Okoki-	1/Waimanu-	1	 to	 Pohokura/Turangi,	 which	 does	
not	hold	true	for	other	reservoirs.	The	Matapo	Sandstone	
Member	is	in	pressure	communication	across	the	Central	
Taranaki	Peninsula	structure	but	is	not	present	in	the	syn-
cline	or	at	Okoki-	1	and	is	at	lower	pressure	in	Waimanu-	1,	
suggesting	that	it	is	a	separate	geobody.	The	Early	to	Mid	
Eocene	Omata	Member	(Turi	Formation)	acts	as	a	seal	on	
both	sides	of	the	basement	high,	but	the	pore	pressure	val-
ues	for	the	Mangahewa	Formation	are	5.73	MPa	higher	in	
Waimanu-	1,	which	suggests	that	the	intervening	faults	act	
as	barriers	to	horizontal	stratal	fluid	flow.	The	low	net-	to-	
gross	towards	the	base	of	these	wells,	suggests	that	reverse	
faults	on	the	eastern	side	of	the	structure	have	entrained	
fine-	grained	material	 from	depth,	decreasing	the	perme-
ability	 of	 the	 fault	 zone.	 Stratigraphic	 architecture	 can	
also	 affect	 hydraulic	 connectivity	 through	 compartmen-
talisation	 of	 parallel	 geobodies	 by	 continuous	 mudrock	
layers	 (Hovadik	 &	 Larue,  2010),	 as	 shown	 above	 in	 the	
Oligocene	Sandstone	Province.

4.3	 |	 Fluid pressure migration pathways

The	complex	structural	architecture	of	the	Eastern	Mobile	
Belt	Province	provides	little	opportunity	for	regional	fluid	

migration.	In	comparison,	the	relatively	quiescent	burial	
history	of	the	Western	Platform	Province	has	allowed	for	
connected	stratigraphy	to	drain	excess	pressure	both	lat-
erally	 and	 vertically	 into	 the	 generally	 high	 net-	to-	gross	
Cretaceous	to	Palaeocene	stratigraphy	(Strogen, 2011)	or	
permeable	 faults.	 Mudrock	 overpressures	 estimations	 in	
wells	 (e.g.	 Tane-	1;	 Figure  4b)	 on	 the	 Western	 Platform	
are	 significantly	 higher	 than	 their	 associated	 (underly-
ing)	permeable	sandstone	beds,	which	suggests	that	they	
are	not	in	equilibrium	(Figure 4b)	and	are	draining	fluid	
pressure.

Recent	rapid	loading	of	the	basin	by	thick	Miocene	to	
Pleistocene	deposits	has	led	to	the	formation	of	fluid	es-
cape	features.	Pockmarks	highlight	the	presence	of	active	
or	 palaeo	 fluid	 flow	 that	 would	 aid	 vertical	 drainage	 of	
pressure	(Chenrai	&	Huuse, 2017).	 Ilg	et	al.  (2012)	have	
identified	 the	 presence	 of	 gas	 chimneys	 associated	 with	
predominantly	 late-	stage	 (ca.	 3.6  Ma)	 normal	 faults	 act-
ing	as	conduits	to	flow	in	southern	parts	of	the	Taranaki	
Basin.	These	late-	stage	normal	and	reverse	faults	associ-
ated	with	basin	inversion	could	contribute	to	the	dissipa-
tion	of	overpressure	vertically,	as	demonstrated	in	Brunei	
(Tingay	et	al., 2007).

Fluid	 flow	pathways	are	also	present	within	 the	 stra-
tigraphy	of	the	two	geopressure	provinces	on	the	eastern	
basin	 margin.	 The	 lateral	 transfer	 of	 fluid	 overpressure,	

F I G U R E  1 0  Schematic	cross-	section	showing	lateral	transfer	
of	formation	pressure	in	the	Tarata	Thrust	Zone	(modified	from	
Adams	et	al., 1989).
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defined	 by	 Yardley	 and	 Swarbrick  (2000)	 as	 the	 inter-
nal	 redistribution	 of	 fluid	 pressure	 in	 a	 confined	 and	
tilted	 reservoir,	 can	 produce	 elevated	 crestal	 pore	 pres-
sures	 and	 occurs	 via	 the	 centroid	 effect	 (Bowers,  2001;	
Dickinson, 1953;	Traugott, 1997).	This	phenomenon	can	
cause	 challenges	 in	 pore	 pressure	 prediction,	 especially	
in	 complex	 environments	 such	 as	 fold	 and	 thrust	 belts	
(Flemings	&	Lupa, 2004;	Kaeng	et	al., 2014).	The	McKee	
Field	 in	 the	 Tarata	 Thrust	 Zone	 is	 comprised	 of	 several	
adjoining	 fault	blocks	 that	produce	oil,	 gas	and	conden-
sate	from	a	steep	south-	easterly	dipping	(up	to	60°)	sand-
stone	reservoir	sequence	truncated	against	a	deep	thrust	
(Figure 9)	(King	&	Thrasher, 1996).	If	we	assume	that	the	
Mangahewa	 Formation	 is	 confined	 and	 in	 lateral	 conti-
nuity,	the	excess	pressure	maintained	downdip	(Beluga-	1	
well;	Figure 9)	could	be	migrating	up	dip	via	the	centroid	
effect.	 The	 dipping	 nature	 of	 many	 of	 the	 deep-	rooted	
thrusted	 reservoir	 sequences	 across	 the	 Tarata	 Thrust	
Zone	and	Patea-	Whanganui	Coast	(e.g.	Figure 4a)	implies	
that	 lateral	 transfer	may	be	occurring	across	 the	eastern	
basin	margin.

4.4	 |	 Fluid pressure transitions

Pressure	 transition	 zones,	 defined	 by	 Swarbrick	 and	
Osborne  (1996),	 occur	 where	 the	 rate	 of	 increase	 in	
pressure	 with	 depth	 exceeds	 the	 increase	 attributable	
to	 the	 density	 of	 the	 formation	 fluids.	 Disequilibrium	
compaction	 induced	transition	zones	are	characterised	
by	relatively	abrupt	deviations	from	the	hydrostatic	gra-
dient,	 below	 which	 almost	 all	 pore	 fluids	 are	 retained	
(Swarbrick	 &	 Osborne,  1996),	 as	 highlighted	 in	 nu-
merous	 rapidly	 subsiding	 Tertiary	 Basins	 (Nile	 Delta,	
Niger	 Delta,	 Gulf	 of	 Mexico	 &	 Taranaki	 Basin)	 (Badri	
et	 al.,  2000;	 Bilotti	 &	 Shaw,  2005;	 Dickinson,  1953;	
Webster	et	al., 2011).

Rapid	 increases	 in	 pore	 pressure	 have	 been	 docu-
mented	in	the	mudweight	profiles	of	wells	penetrating	
>5000	 mTVDgl	 on	 the	 Taranaki	 Peninsula	 and	 wells	
>ca.	 3500	 mTVDss	 on	 the	 north-	western	 Manganui	
Platform	(Figure 11).	Mudweight	can	be	used	as	a	proxy	
for	 formation	 pressure,	 especially	 when	 increases	 are	
due	 to	 wellbore	 kicks	 or	 dynamic	 fluid	 influx,	 as	 was	
the	 case	 with	 all	 of	 these	 wells.	 One	 recent	 deep	 well,	
Kowhai-	A1R	 (Figure  11),	 required	 a	 kill	 mudweight	
equal	 to	 an	 overpressure	 of	 ca.	 27	MPa	 (15.8  MPa/km,	
13.4	ppg)	to	address	a	fluid	influx.	The	well	penetrated	
farewell	 formation	 at	 the	 distal	 part	 of	 the	 Palaeocene	
coastal	plain	 sequence,	which	 is	 exemplified	by	a	 sub-
stantial	 increase	 in	 mudrock	 volume	 (mud	 log	 and	 in	
wireline	 signatures),	 and	 thus	 potential	 to	 maintain	
overpressures.	 The	 mud	 log	 implies	 that	 the	 drilling	

break	 occurred	 in	 soft,	 friable,	 very	 fine-	grained	 and	
weakly	 calcareous	 sandstone,	 which	 is	 overlain	 by	 a	
hard	 calcareous	 concretionary	 layer.	 This	 suggests	 the	
occurrence	 of	 a	 vertical	 pressure	 barrier	 of	 diagenetic	
origin,	as	discussed	in	a	case	study	from	Kapuni	Deep-	1	
on	the	Manaia	Anticline	(O'Neill	et	al., 2018).

Figure 12a	displays	the	mapped	extent	of	shoreline	fa-
cies	(reservoir	sandstone)	for	the	major	reservoir	intervals	
within	the	Taranaki	Basin	and	associated	wells	that	were	
drilled	close	to	these	boundaries.	Kowhai-	A1R	was	drilled	
close	 to	 the	 northwest	 extent	 of	 shoreline	 facies	 of	 the	
Early	Eocene	Kaimiro	Formation,	terminating	in	a	thick	
sequence	 of	 undercompacted	 mudrocks,	 which	 are	 sug-
gested	to	be	contributing	to	the	preservation	of	overpres-
sure	 at	 depth.	 In	 all	 the	 wells	 in	 Figure  12b,c,	 mudrock	
volume	increases	dramatically	towards	the	well	termina-
tion	depth,	associated	with	an	 increase	 in	 the	 formation	
pressure	of	adjacent	 sandstone	beds.	The	rapid	decrease	
in	 net	 sand	 leads	 to	 a	 reduction	 in	 hydraulic	 connectiv-
ity,	thereby	limiting	the	permeability	to	a	point	where	the	
majority	of	the	excess	pressure	is	maintained,	producing	
relatively	 abrupt	 pressure	 transitions	 indicative	 of	 dis-
equilibrium	 compaction	 (Swarbrick	 &	 Osborne,  1996).	
Porosity	anomalies	and	associated	significant	deviation	of	
wireline	 sonic	 data	 below	 the	Tikorangi	 Limestone	 sup-
port	this	hypothesis	(Sayers	et	al., 2002)	(Figure 8).

4.5	 |	 Overpressure & underpressure  
mechanisms

Overpressure	maintenance	through	disequilibrium	com-
paction	 has	 been	 shown	 to	 be	 the	 driving	 mechanism	
in	 overpressure	 maintenance	 across	 the	 Taranaki	 Basin	

F I G U R E  1 1  Mudweight	depth	profiles	for	specific	wells	in	the	
Central	Taranaki	Peninsula	area	and	on	the	Manganui	Platform.
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F I G U R E  1 2  (a)	The	outer,	north-	western	extents	of	sandstone	distribution	in	the	labelled	main	reservoir	formations	in	the	Taranaki	
Basin.	The	font	colour	of	well	name	correlates	with	the	colour	of	the	formation	line	(modified	from	Strogen, 2011).	(b)	Interpreted	seismic	
cross-	section	through	Waihi-	1A	&	Turi-	1	wells,	including	facies	distribution.	(c)	Interpreted	seismic	cross-	section	through	Waimanu-	1	&	
Turangi-	3,	including	facies	distribution	(seismic	section	illustrations	are	modified	from	Strogen,	Bland,	Bull,	et	al., 2014).
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(Webster	et	al., 2011),	and	 this	work	has	highlighted	no	
further	 compelling	 evidence	 to	 suggest	 further	 second-
ary	 mechanisms.	 Pressure	 predictions	 from	 wireline	
logs	 using	 the	 equivalent	 depth	 method	 (Hottmann	 &	
Johnson,  1965)	 are	 very	 close	 to	 measured	 pore	 pres-
sure	 (demonstrated	 in	 Turi-	1;	 Figure  8),	 showing	 that	
compaction-	related	 mechanisms	 can	 account	 alone	 for	
the	 overpressures.	 Uplift	 in	 the	 eastern	 Taranaki	 Basin	
may	 have	 led	 to	 the	 preservation	 of	 anomalously	 high	
overpressures	at	shallow	depths,	but	uplift	in	the	Southern	
Inversion	 zone	 has	 resulted	 in	 reservoir	 drainage.	 Also,	
rapidly	 uplifted	 reservoirs	 surrounding	 Mount	 Taranaki	
are	underpressured,	which	has	been	demonstrated	in	the	
laboratory	environment	(Neuzil	&	Pollock, 1983)	and	ba-
sins	worldwide	(Birchall	et	al., 2019).

Hydrocarbon	 generation,	 especially	 kerogen	 to	 gas	
maturation,	has	been	considered	the	principal	overpres-
sure	 generating	 mechanism	 in	 certain	 basins	 (Amazon	
Fan,	Kutai	Basin	&	Malay	Basin),	which	are	associated	
with	 significant	 transition	 zones	 of	 up	 to	 15	MPa/km	
(Cobbold	et	al., 2004;	Ramdhan	&	Goulty, 2010;	Tingay	
et	al., 2013).	The	presence	of	significant	gas	cuts	in	deep	
well	influx	hints	at	the	possibility	of	gas	expansion	and	
kerogen	 cracking	 as	 a	 further	 overpressure	 generat-
ing	 mechanism,	 though	 this	 is	 difficult	 to	 test	 as	 coaly	
source	rocks	do	not	 lend	themselves	to	wireline	log	re-
sponse	 methodologies	 as	 with	 mudrocks	 (Swarbrick	
et	al., 2002).

The	Miocene	to	Recent	section	in	the	Taranaki	Basin,	
for	the	most	part,	is	normally	pressured	across	the	basin,	
but	 wells	 drilled	 in	 the	 foothills	 of	 Mt.	 Taranaki	 have	
highlighted	the	occurrence	of	underpressure	in	the	Plio-	
Pleistocene	 section	 (Figure  3a,b),	 even	 with	 a	 sea	 level	
correction	 applied.	 The	 geological	 mechanisms	 for	 the	
occurrence	of	underpressure	were	outlined	by	Swarbrick	
and	Osborne (1998)	as	(a)	differential	recharge/discharge	
of	reservoirs,	(b)	deflationary	pressures	during	elastic	re-
bound	on	uplift,	 (c)	thermal	contraction	of	fluid	and	(d)	
location	of	a	well	at	a	 site	where	 the	water	 table	 is	 sub-
stantially	 below	 Earth's	 surface.	 The	 Central	 Taranaki	
Peninsula	 and	 the	 area	 to	 the	 east	 have	 experienced	
Quaternary	(<2 Ma)	uplift	of	ca.	2 km	due	to	the	uplift	of	
the	North	Island	(Kamp	et	al., 2004)	and	have	large	vari-
ations	in	water	table	elevation	due	to	seasonal	discharge	
variations.

4.6	 |	 Disadvantages of the geopressure 
province model

The	lack	of	wellbore	penetrations	in	certain	provinces	can	
cause	 calibration	 difficulties	 over	 wide	 areas,	 resulting	
in	a	greater	 reliance	on	 the	use	of	palaeogeography	and	

structural	reconstructions	in	defining	the	boundaries	be-
tween	provinces.	The	Northern	Graben	for	example	has	no	
deep	>2000	m	wellbore	penetration,	which	makes	calibra-
tion	very	difficult,	meaning	that	pore	pressure	estimation	
is	reliant	upon	sedimentation	and	burial	rate	approxima-
tions	 and	 seismic	 velocities.	 The	 actual	 depositional	 ex-
tent	of	Oligocene-	Pleistocene	deep-	water	fans	(permeable	
formations),	 like	 the	Mangaa	and	Tangaroa	Formations,	
is	highly	uncertain,	which	may	have	consequences	upon	
basin	plumbing	and	the	definition	of	province	boundaries.	
A	related	issue	is	the	potential	disparity	between	reservoir	
formation	 pressures	 and	 mudrock	 pressure	 estimations,	
as	 they	are	often	not	 in	equilibrium.	This	study	has	had	
a	greater	focus	on	the	more	permeable	formations,	which	
have	 been	 shown	 to	 be	 drained	 with	 respect	 to	 the	 sur-
rounding	mudrocks.

4.7	 |	 Implications for sedimentary basins

Measured	pore	fluid	pressure	data	are	routinely	collected	
during	drilling	operations	but	are	rarely	discussed	in	the	
context	 of	 a	 basin's	 tectonostratigraphic	 development	 or	
regional	variations	in	fluid	pressure.	This	study	highlights	
the	great	value	of	pore	fluid	pressure	data	and	their	impli-
cations	for	structural	geology,	facies	analysis,	geohazards,	
gas	 storage,	 drilling	 operations	 and	 regional	 subsurface	
fluid	flow.	Knowledge	of	pore	pressure	distribution	within	
a	basin	can	also	be	used	in	prospecting	activity	for	suitable	
reservoirs	 for	gas	storage	(e.g.	Carbon	Dioxide,	Methane	
or	Hydrogen)	(Dewers	et	al., 2018)	and	in	exploration	for	
geothermal	fluid	reservoirs.

Direct	 pore	 pressure	 measurements	 are	 typically	 re-
stricted	 to	 permeable	 formations	 encountered	 in	 drill-
ing,	 which	 alone	 cannot	 define	 the	 distribution	 of	 pore	
pressure	 across	 a	 sedimentary	 basin,	 as	 overpressures	
are	 maintained	 in	 mudrocks	 adjacent	 to	 permeable	
formations,	 and	 the	 two	 are	 often	 not	 in	 equilibrium	
(Zhang,  2011).	The	 application	 of	 mudrock	 pressure	 es-
timation	methodologies	allows	for	the	definition	of	mag-
nitude	and	variation	 in	maintained	overpressures	across	
a	basin	and	the	identification	of	potential	fluid	flow	path-
ways.	Overpressure	distributions	within	permeable	facies	
are	 strongly	 influenced	 by	 long-	range	 pressure	 interac-
tions	caused	by	horizontal	and	vertical	 flows	(Hantschel	
&	 Kauerauf,  2009).	 Mudrock	 lithofacies,	 thickness	 and	
distribution	 are	 shown	 to	 exert	 a	 first-	order	 control	 on	
pore	pressure	distributions.	The	connected	nature	of	deep	
permeable	 stratigraphic	 units	 and	 complex	 interplays	
with	associated	mudrocks	in	the	Taranaki	Basin,	provide	
an	excellent	analogue	for	tectonostratigraphically	diverse	
basins,	which	can	be	investigated	using	wireline	log	and	
compaction	data.
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The	maintenance	of	excess	pore	fluid	pressures	is	not	
solely	 defined	 by	 stratigraphic	 or	 structural	 controls	 but	
often	by	a	combination	of	the	two.	The	pore	pressure	re-
gime	in	geopressure	province	on	the	Eastern	Mobile	Belt	is	
defined	by	laterally	sealing	faults,	which	hydraulically	iso-
late	adjacent	reservoirs	of	the	same	age.	The	Tarata	Thrust	
Zone	also	provides	an	excellent	example	of	inherent	vari-
ations	in	pressure	both	laterally	and	vertically,	which	can	
be	used	 to	express	 the	 level	of	uncertainty	and	 to	better	
calibrate	pore	pressure	predictions	in	fold	and	thrust	belts	
(e.g.	Couzens-	Schultz	&	Azbel, 2014;	Roure	et	al., 2010).

Pore	fluid	pressure	has	also	been	implicated	as	a	driver	of	
seismic	activity	and	fault	propagation	(Leclère	et	al., 2015)	
in	both	extensional	(Morley	&	Naghadeh, 2017)	and	com-
pressional	settings	(Wallace	et	al., 2017)	as	it	plays	a	pri-
mary	mechanical	role	during	faulting	by	reducing	effective	
normal	 stress	 and	 the	 required	 shear	 stress	 for	 sliding.	
Recent	modelling	has	demonstrated	that	pore	fluid	pres-
sure	magnitude	is	directly	related	to	nucleation	length	and	
duration	 of	 the	 nucleation	 phase	 during	 faulting	 (Snell	
et	al., 2019).

5 	 | 	 CONCLUSIONS

1.	 The	interpretation	of	pore	pressure	data	at	basin	scale	
within	 the	Taranaki	Basin	has	been	 shown	 to	be	best	
explained	 by	 consideration	 of	 the	 basin	 as	 ten	 geo-
pressure	 provinces,	 each	 having	 its	 own	 distinctive	
pore	 pressure	 profiles	 defined	 by	 their	 stratigraphic	
architecture	 and	 structural	 development.

2.	 Facies	 variations	 across	 stratigraphic	 intervals	 pro-
vide	 a	 first-	order	 control	 on	 hydraulic	 conductivity	
within	 interbedded	 sandstone	 and	 mudrock	 succes-
sions,	which	has	in	turn	defined	the	level	of	overpres-
sure	maintenance	and	distribution	across	the	Taranaki	
Basin.

3.	 Cretaceous	to	Early	Miocene	formations	are	both	nor-
mally	 pressured	 (near	 or	 at	 hydrostatic)	 and	 signifi-
cantly	overpressured	(up	to	28	MPa,	3321	mTVDss)	at	
the	same	depth	in	separate	parts	of	the	basin.

4.	 Faults	 have	 been	 shown	 to	 act	 as	 barriers	 to	 lateral	
and	 vertical	 fluid	 flow	 in	 the	 Tarata	 Thrust	 Zone,	 in	
the	Patea-	Whanganui	Coast	area	and	in	the	Turi	Fault	
Zone,	 but	 they	 can	 also	 define	 barriers	 between	 geo-
pressure	provinces.

5.	 Repeated	 stratigraphic	 slices	 due	 to	 thrust	 faulting	
along	the	eastern	basin	margin	place	major	uncertainty	
on	the	prediction	of	the	stratigraphic	stacking	pattern	
and	on	associated	facies	architecture	away	from	wells.

6.	 Deep	 pressure	 transitions	 in	 the	 basin	 have	 been	
shown	to	occur	across	sealing	horizons	caused	by	dia-
genetic,	 structural	 and	 stratigraphic	 mechanisms	 and	

generated	by	an	increase	in	mudrock	volume	(reduced	
permeability)	or	gas	generation.

7.	 Pore	 pressure	 distributions	 and	 significant	 increases	
with	 depth	 across	 the	 palaeoshoreline	 are	 defined	 by	
the	development	of	sequences,	their	systems	tracts	and	
associated	lithofacies.
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