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Abstract

A viable Petroleum System (Magoon 1988) consists of: mature source rock; rmgratlon path; reservoir; seal; and
trap, all of which must be present within specific geographic, stratigraphic, and time limits, and which are (or
have been) posmoned in space and time such that a hydrocarbon accumulation results It is not sufficient that
the necessary petroleum System components are present.- The entire system must- work in accordance with
.physical and engmeermg principles. )

It has been said that migration is the least 'understood aspect of Taranaki ‘Basin petroleum geology. The
complex geological hlstory and tectonism has. encouraged vertical mig'ration and incréased the number of
trapping opportunities-over time, but has also- compllcated the mlgratlon and- trappmg processes In' th1s paper
reservoir engmeenng prmclples are applied to petroleum rmgratxon and trappmg processes by consndermg

. the physical properties of the water and hydrocarbon phases 1nvolved

‘e ..the driving forces of buoyancy, pressure and fluid- ﬂow

w s e

° the 1mped1ments of caprllary entry pressure and critical saturatlon, - RPN
° the hydrocarbon losse's along the migration path;

. the time avaxlable for migration to proceed

In this scheme a hydrocarbon accumulation is- consrdered to, be a reglon where mlgratmg hydrocarbons are
'presently (and temporanly) arxested T - N

-y b '

-This “Petroleum System Engmeermg approach allows theories to be put forward as to why the Eastern Moblle
Belt is gas—prone , and’ why only a small fractlon of the theoretically generated hydrocarbons (particularly oil)

can be accounted for.in proven accumulatlons

The approach employs a diverse skill set and requires geoscientists and engineers to work out integrated
solutions. Field data collected to solvé oné problem has proven extremely useful in other contexts. A
physically and mathematically correct analysis of each petroleum system component is the ultimate goal to
-reduce €xploration risk, partlcularly as it only takes one component to be inoperative for the whole pétroleum
system to fail.

1 ' k7 ' . " T i

Introduction - make the petroleum system viable. In particular, the
. . . _ - processes of migration and entrapment are poorly
In this paper we examine aspects of the petroleum system understood despite being major exploration risks. These
approach to exploring the Taranaki Basin. It is clear that are the subject of this paper.

considerable past effort has -gone .into defining the key .

components of petroleum systems, but relatively little It has been said that, ‘-‘The.mo'vement of hydrocarbons
study has gone into the processes that are necessary to through rock is perhaps one of the least. understood
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aspects of petroleum geology, and nothing is known’ of the
mechanisms controlling migration in the Taranaki Basin”
(Bulte and Palmer 1991), and again more recent.ly, “The
movement of hydrocarbons within Taranaki. Basin source-
reservoir systems is poorly known” (King and Thrasher
1996). Many of the engineering principles that govern
migration and trapping traditionally belong in the realms of
reservoir- and petroleum-engineering. Such principles,
routinely applied to understand the extraction of petroleum
fluids from reservoirs, can also help solve the
explorationist’s questions on how petroleum might first
migrate and accumulate in those reservoirs.

Petroleum system engineering

A viable petroleum system, as defined by Magoon (1988)
consists of mature source rock;. migration path; reservoir;
seal; and trap, all of which must be present within specific
geographtc, strattgraphrc and time limits, and which are (or
have been) posmoned in space and time such that a
hydrocarbon accumulation results. The advantage of the
petroleum systems approach is that it forces us to think of
petroleum geology in terms of components (source rock,

reservoir- etc); timing (trap formation,- critical moment, *

etc); .and processes (fluid-flow, mass-transport, capillary
retcntton etc) Recent examples of the petroleum systems
approach in"the Taranaki Basin ‘(ég Cook 1994 ‘Cook and
Gregg 1996; and King and Thrasher 1996) consider the
components and timing aspects of the petroleum system,
but cover few of the essential processes that must also

operate within a working petroleum system. An analysis .

of past exploration well results would suggest that
migration and trapping are significant exploration risks in
the Taranaki Basin.

We would suggest a comparison can be drawn between the
petroleum system approach and some design processes
used in civil engineering. For example, the components
needed for a construction project, such as Auckland’s
“Skytower”, are first assembled and arranged into a
conceptual design. Thereafter, the processes that have to
take place within the structure such as heatmg, plumbing,
‘and access have to be precisely engineered before the
design can be considered functional. Interestingly, in the
case of the “Skytower” it was the plumbing and
engineering of the fire sprinkler system that provided one
of the great engineering challenges (Schaffler 1997). We
iwould argue ‘that it is also the !plumbing” aspects of
Taranaki petroleum systems that provide the great
challenge for petroleum explorers.

The goal is to take the petroleum system approach beyond
the conceptual design stage and through to a fully
-engineered solution. To do this we need to make
numerous quantitative assessments of the properties of the
rocks and fluids.involved, some of which are listed under
the following categories: .

¢ - Thermal Controls: heat-flow; thermal conduct:lvmcs,
specific heat. "

268

.'Petroleum Mlgratlon

e Flid Properties:  phase. .. behaviour; . densities;

viscosities; solubilities; mterfac1al tension.

e Driving Forces:
potentials.

buoyancy, fluid-flow; hydraulic

e  Impeding Forces: captllary eutry pressures, crmcal
saturations. : i Loy

e Losses Along the way: resrdual saturatrons, fracture
pressure limits. A

This, together with consideration of the time necessary for
these processes to operate, we term “Petroleum System
Engineering”. R

In the remainder of this paper we consider two aspects of
petroleum system engineering where our understanding is
least, namely secondary-migration and petroleum-
entrapment. We shall see that the processes govermng
migration and entrapment- are the same as; or similar to,
some reservoir engineering processes, though. on -a
generally slower timescale. Quantitative methods can be
used'to gain- better understanding of these processes, and
how they operate in the Taranaki Basin.

Sl .

Historical background

- The concept ofy oil .and'gas in' a water-saturated

environment being 1mpelled by the forces of buoyancy was
formulated in the late ninetéenth’ century and led to the
establishment of the “anticlinal theory”, which was amply
supported by the numerous discoveries of hydrocarbons at
structural crests. During the early twentieth century, the
“hydrauhc theory” was proposed in which the primary
driver was-water flow and that oil and gas migrated, except
for an oblique upward. drift, in the .direction, of water
movement. During the 1940s and 1950s important
contributions: to the debate were made by Hubbert (1940,

_.1953) on hydrodynarmc influences and Gussow (1954) on

differential entrapment. By the 1960s the fundame_ntal
questions in petroleum migration had been identified.

-~

These it'lclud’eld:

e  Factors affecting the quantitative estimation of
generation - and expulsion, . including heat-flow;
thermal conductivity; and specific heat.

e  Mechanisms for expulsion from rocks subsequently
acting as seals (primary migration).
K

e Migration losses and.

secondary migration
efﬁciency. P

[V -~ .

e  Quantitative understandmg of subsurface phase
! behaviour. - T
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e  The role of capillary forces.

= .
LIS

e The role’' of compaction; overpressure, and” fluid

potentials: -
e  Effects of lithological anisotropy.-

e  The role of faults as seals and conduits.

e  Migration fronts versus discrete pathways.

e The time requtred for these processes to take place
During the 1970s Berg (1975) presented: pracncal
approaches to the capillary phenomenon and lmked the
principles -of capillary buoyancy pressure’ ‘to<-the
displacement pressure of reservoirs and seals: A landmark
paper by Schowalter (1979) provided' a synthesis ‘of the
physical mechanics of sécondary hydrocarbon' migration.
Schowalter’s- paper examined ‘the role of buoyancy,
capillarity and hydrodynamics and provided- a series: of
nomographs. and “how tos” ‘aimed ‘‘at the petroleum
explorationist. During 1970s and-1980s' the roles’ of
overpressuring, compaction, and fluid charge and recharge
were examined by, for example, Tissot and Welte (1984)
Magara (1987), Chapman (1987), England et al’ (1987),
and.- Bredehoeft et al (1988). - Concomitant - w1th these
studies, detailed investigations into large”and small scale
fluid flow were being carried out in research institutions
using the- increased :availability of: supercomputmg
facilities (eg Bethke: et: al 1988) The ‘rolés. of- faults as
seals and .conduits - - was “discussed - - by. Smith"- (1966)
Downey (1984) and more recently by- Kmpe (1993). -The
issue of how pétroléum migrates; whéther in solution or as
a separate phase has-been the subject: -of much debate but
general' consensus-now favours ‘migration as'a dxscrete
phase (McAulrffe 1979) e

In- the- 1980s the advent of accessrble computmg facilities
led to the development of prachcal tools: for modelling
hydrocarbon mtgratlon in the subsurface. - These tools.can
be classified into two broad types;- smgle-pomt Or - CTOSS-
sectional burial history, maturation an_d migration
modelling packages; such as BASINMODTM,'GENEXTM,
TEMISPACK™, and PETROMOD™, and 2D horizontal
ray-tracing software which includes maturation modelling
inputs and equations of state to accommodate phase
behaviour changes. Sylta (1991) demonstrated the results
of his “Basin of Domes” .modelling conducted at the KU
with the now commercially-available SEMI™ programme.
Other major oil companies have developed similar
software in house, such as Amoco’s FINESSE maturatwn,
ray-tracing and hydrodynarmcs application. '

Schowalter, in an abstrac_t_ for The Geological Society’s
Petroleum Migration symposium in London (England and
Fleet 1991) artxculated the concerns  that many in the
commercral petroleum exploratlon world have by h1s
comments that although the physxcal pnnctples of
mlgratlon aré well known, quanutanve esumates of the

PRIV LT SO L

controlling phenomena on a basin scale are very difficult.

'As a consequence quantitative modelling on a basin scale

“‘complex” to" the ' pomt of "being insolvable” Sylta
acknowledges ‘that 1ncorporat10n of equations of state into
modellmg programmes requifes considerable computer
power. Burrus et al (1991) conclude that modelling
cannot at présent provide quantitativé estimates of the
volume of hydrocarbons -in 'structures, -but it can permit
the analysis of various migration’ scenarios and their
sensitivities to parameters which are poorly constrained.

Specific aspects of petroleum mlgratlon
|n the Taranakl Basm

(R Lt ) LT

Inlthts paper we ‘will' follow the excellént approach "of
England et al (1987) and consider’ petroleum migration in
térms of the movement and evolution of multi-phase fluids
through - a *porous ‘medium’ 'and through 'changlng
temperature ahd pressure conditions. We ‘can énvisage
scénario§ where tli¢ iigrating hydrocarbon's are’ vanously
acted upon by these parameters throughout geological time
as they move towards their ultimate fate (which may be
leakage to surface, or thermal or bacterial degiadation). In
this scenario a hydrocarbon accumulation i is merely a point
where hydrocarbons are presently and temporanly arrested
along their mtgratxon route.. .. . ... Foe o

A schematxc representatton of petroleum mxgrat:lon and
entrapment, and some of .the unportant driving. forces,
controls, and 1mped1ments is shown .in Figure 1. The
buoyancy differences between the hydrocarbon and water
phases provides the upwards driving force for migration
(Fb). A lateral dnvmg force (Fh) due to hydrodynamtc
flow of ground waters is a potennally important
addmonal component that has mostly been neglected in
studies of the Taranak1 Basm The net result of the
buoyant forces and hydrodynamic forces can be a
resultant mxgratlon vector (Fr) that is 1nclmed w1th
respect to the verttcal :

Figure 1. Schematic representation of mlgratmg .
hydrocarbons through a water saturated porous ‘meditim:**
P, . el A R BT b I PR

. .
i PR € a1 nc.---l-.hl - -
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Webster and Adams (1996) show a map with the areal
distribution of overpressures in the Taranaki Basin and
comment on their possible role in promoting vertical
migration, but do not specifically address the implications
for lateral migration. England et al (1987) state that in
most rapidly subsiding sedimentary basins the major
driving force controlling petroleum movement is
compaction-related groundwater flow., The possible
effects of this have yet to be determmed in the Taranaki
Basm

anure ‘1 also illustrates how the migrating stream of
hydrocarbons needs to build up to a critical saturation
(Sc) before bulk flow of hydrocarbons can occur. The
value of this critical saturation is generally considered to
be very low for finer grained (eg .shale and.siltstone)
carrier beds, but could be higher for coarser (eg
sandstone) carrier bed lithologies. Experimental data
from Rudd and Pandey (1973), Schowater (1979) and
England et al (1987) suggest reasonable critical saturation
values to be: :

Shales and Carbonates

3-10%
Siltstones 20-30%
Sandstones _around 50%. ..

Furthermore, the experiments of Rudd and Pandley
(1973) in_particular, suggest breakthrough of the non-
wetting phase occurs along'a focused, rather than diffuse,
pathway through the carrier bed. T

Also depicted ‘in Fxgure 1 is the residual hydrocarbon
saturation left behind the migrating hydrocarbons (Sr) this
controls* the' amount of hydrocarbon lost along” “the
migration pathway. Typical residual saturauon values
mlght be expected to be around 30% or less

Finally, upon reaching a different rock type where the
pore throats are smaller and the capillary entry-pressure
(Pc) exceeds the pressure exerted by the migrating string
of hydrocarbons, the migration is arrested.

Estimates of the timing required for petroleum migration
can be made by calculating the rate of. supply of liquid
hydrocarbons from the source rock, the pore volume of
the rock involved in the migration pathway, - the
saturations required for the hydrocarbons to become
mobile, and the Darcy flux equations for the migrating
hydrocarbons. It is generally regarded that the secondary
migration process is almost instantaneous compared with
the rate of supply of liquid hydrocarbons from maturing
source rock. Using -typical rock and fluid properties
suggests lateral flux in sandstone carrier beds of around 8
x 10° m* m™ s” (England et al 1987)." In more practical
units this equates to a flow of 160 MMD of oil per million
years through a carrier bed 1 m thick and 1 km wide. -

Dembicki and Anderson (1992) and Thomas and Clouse

(1994) concluded from experimental studies that once a
stringer of hydrocarbon has been formed which
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overcomes the capillary entry pressure of the pore-throats,
then the migration appears to take place in very discrete
pathways along a line of least resistance. This is in sharp
contrast with the common portrayal of migration taking
place along generally broad migration fronts (eg Haskell
1991). The consequence of this is that migration losses
could be smaller than previously assumed, because the
zone of residual hydrocarbon saturation would be
restricted to a more discrete pathway.

Hindle (1997), acknowledging that the physical
mechanics of secondary migration are reasonably well
known, noted that the prediction of 3D migration routes
was not routinely undertaken. Using a simple ray-tracing

tool known as PATHWAYS™, he analysed known

petroleum occurrences in the Paris Basin (Figure 2).
Using simple buoyancy drive, the ray-tracing method
predicted 81% of discoveries and wells with oil shows
(85% -of discoveries) within 2000 m of the predicted
pathways. Hindle stated his- belief that using multiple
sealing surfaces to account for remigration would result in
a pre-drill prediction rate of 44% for hydrocarbon
discoveries, compared to the overall success rate in the
basin of 6%. .

Clearly, an,improvement of predictlve risk of this kind

represents a significant advance in exploration capability,
and offers a great opportunity to loosen the constraints
implicit in the practice of exploration. using only

historical statistics, to: control risk/reward economics.

Hindle - also’ applied the _technique _effectively to the
Madison Group in the -Williston: . Basin, utilising
potentiometric profiles to modify fluid flow for
hydrodynamic effects. Hindle’s paper also demonstrates
the role of structure, whereby anticlinal features, and
structural noses tend to concentrate hydrocarbons whereas
synclines tend to disperse them.: This, together with
Dembicki and Anderson’s concept of migration along
constricted pathways, exemplifies the need for the best
possible mapping techniques. Once the pathway has been
initiated it will follow' the constraints of structure,
buoyancy and hydrodynamics. The modelling technique

i
] Breachgd

A l. M4 IC: sa‘%‘uré/\

Figure 2. Example of modelled nugiauon pathways

generated by PATHWAYS™ programme (After Hindle - ,
1997). Note the focussing and de-focussmg that takes )
placeé along discrete “critical pathways" ' o
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also permits the backtracking of hydrocarbon pools and
surface seeps to a source fetch area and the migration of
hydrocarbons .to. a different reservoir . -level, .
permitting.a gridded 3D approach. This may not be a
perfect solution but these techniques of hypothesis-test, as
exemplified by the approach used by Hindle, for yvhrch
we consider the term “Critical Path 3D Modelling”
appropriate, may provide the explorauomst with a quick,
cost-effective, fit-for-purpose methodology which has the
potential to sxgmﬁcantly decrease explorauon risk.

Petroleum Entrapment - .

\

In some Taranaki petroleum assessments, the mere
presence of a widespread fine-grained lithology .has
been considered sufficient to provide a seal. Event
charts typically show the seal component to be
satisfied as soon as the fine-grained cap rock has been
deposited above the reservoir, However, our studies
show a number of instances where a more cautious
approach is necessary. Some of these are discussed in the
followmg sections. :

Cap-rock Ilthology insufficiently fine-
grained to form an effective seal

Not all Taranaki»Basin cap-rocks are sufﬁcientlylﬁne-
grained to be effective seals. Grainsize data collected in
wells and outcrops (for example: Browne etal 1996 and
Lindsay 1996) commonly show Miocene deep-manne
sediments to have relatively little contrast in grainsize
between the reservoir (mostly very-ﬁne grained
sandstone) and the cap-rock (mostly fine-siltstone).
Using the approach of Berg (1975) to estimate sealing
potential suggests this combination of reservorr/mp—rock
lithologies could withhold oil columns no greater than
approximately 30 m (Figure 3). An example using actual
capillary pressure data from a Miocene reservoir and cap-
rock shows an expected maximum trapped column of ¢ 80 m
(based on the common assumption that the seal limit is
reached at around 10% non-wetting phase saturation) -
and also-that a-significant-capillary - transition" zone
would be expected within the trapped column itself
(Figure 4). . .

Examples of other formations in the Taranaki Basin
where capillary pressure data indicate some element of
seal quality risk are the Pliocene “Giant Foresets”
Formation (Bergman, et al 1992) and "the Palacocene
Tane Siltstone (Taylor 1986). It'is therefore concluded
that capillary entry pressure analysis, based on grainsrze
considerations of the cap-rock .are an essential part of
petroleum system analysis.

Cap-rock not suﬁlclently compacted to

form an effective seal

- W —_— -

The drawback of Berg's method (Figure.3) is that it does
not consider the effects of compactron, whrch serves to
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Figure 3. Nomogram for e'stimating oil column that might
be trapped by different reservorr/cap-rock grainsize .
combinations (Modified after Berg 1975) The nomogram
assumes perfectly sorted sediments with 26% porosity and
rhombohedral grain packing Other implicit parameters
are: Water Density = 1.0 g/ec Oil Densxty 0.63 g/cc;
Oil/Water Interfacial Tension = 35 dyne/cm
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Fxgure 4. Cap—rock seal quality and expected reservorr'- !
transition zone saturation proﬁle based on actual:
mercury/air capillary pressure injection data (Mrocene <
example from Taranaki Basin). In this case the cap-rock is
expected to retain a maximum oil column height of 80 m .
(ie seal lmut reached at 10% non-wettmg phase saturatron)
close up the pore throats and increase capillary enl:ry
pressures, thereby 1mprovmg seal quality., Berg’s
theoretical calculations are valid only for a porous medium
with .perfect ‘thombohedral grain packing  ‘and 26%
porosity. ' Sediments with a greater or lesser degree of
grain packing can be expected to exhibit correspondmgly
better or poorer seal characteristics. .. .. (i (o
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In order to investigate the possible effects of compaction
on cap-rocks we have taken the published compaction
. trend data produced by the IGNS (Funnell et al 1996).
These compaction trends are shown in Figure 5a. Using
porosity/permeability relationships the IGNS have also
derived theoretical trends of sediment permeability versus
depth (Figure 5b).

Using theoretical considerations, Purcell (1949) proposed
the simple relationship whereby capillary entry pressure
(Pc) is proportional to the inverse square root of
permeability. Later, and more sophisticated derivations of
a Pc versus permeability relationship are summarised by
Nelson (1988) but all are of a similar mathematical form
and are derived either in spirit or rigour from the Kozeny-
Carman relationship:

(Kozeny-Carman)

K=C, x R’
Pc=C,xR" (Capillary Theory)
therefore: '

Pc=C,x K* (Purcell)

Where: © . K = permeability

R = pore throat radius
Pc = capillary entry pressure
C,,C,,andC, are constants .

Using Purcell’s relationship, and calibrating the predicted
Pc values to measurements determined in the laboratory,
has resulted in the theoretical -curves of Pc versus depth,
shown in Figure Sc. Whilst this approach is somewhat
simplistic, and is only calibrated to relatively few
laboratory, Pc measurements, the results nevertheless
appear to have reasonable predictive power. Predictions of
seal quality made before drilling have been reasonably
reliable ,"when matched to drilling results. All that is
necessary to apply this approach to have some prior
estimate of the cap rock lithology and maximum depth of
burial (or effective stress).

Another interesting aspect of this approach is that it allows
estimates of ‘seal quality to be made through geological
time by making use of the burial history. Figure 6 shows
the prediction of seal development through geologic time
for two Miocene prospects in the offshore Taranaki Basin.
Different cap rock lithologies and burial histories result in
‘different predicted - seal qualities. Prospect “A” was
subsequently drilled ‘and the measured seal quality
(determined in,the laboratory) was close to the predicted
value. Prospect “B” was not drilled, partly because of
greater perceived seal risk resulting from shallower depth
of burial. .

Using this appréach, we argue that the “critical moment”
for sealing is not the time when the cap rock sediments are
first deposited, but the time when sufficient- burial has
occurred such- that the cap rock-can retain a commercial
column of hydrocarbons.
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ICOmpa'ction related overpressures may § |\
‘have exceeded the fracture-limit of the ! ;
cap-rock and destroyed the seal . ﬁ j . :
—~— . . . N | R - . - '
It is well known that in some areas, the deeper parts of the - ﬁ . - : g .
_Taranakl Basin are significantly overpressured. Present- ,

day overpressures in the upper part of the Kapuni Group
range from around 100 psi in near ‘nérmally-pressured ' -
,regions, to over 2,000 psi in parts of th¢ Eastern Mobile .

lBelt (Webster and Adams 1996). Preliminary modelling : .
results by the IGNS indicate the observed overpressures .
might be explained by the relatively rapid sedimentation K
rates and low mudstone permeabilities (Funnel et al 1994 '
and Allis et al 1997). . One dimensional fluid- flow '
. modelling also mdlcates that overpressures may-have been
‘considerably higher in the past than observed at present,
particularly in the Northern Onshore Taranaki, which has
undergone 1 km or more tectonic uplift and denudation .
during the late Neogene (King and Thrasher 1996; :and
Funnell, in press). - - ..

-

maximum during the Miocene, slowed in the Pliocene, and subsequently gave way to Late Pliocene denudation: In the Western Stable Platform, m

attained during the Pliocene.

Our fluid-flow modelling, which also combines. thermal
maturation modelling, allows the overpressure history to

be easily displayed and suggests that'compaction-related
overpressures in some areas occasionally exceed the
fracture strength limit of the overlying seals: This finding
suggests that any previously generated hydrocarbons might

be lost to shallower levels, or escape fo- the surface ...
altogether. This could have important consequences for

the overall hydrocarbon habitat of the Taranaki Basin.

-

— WESTERN STABLE PLATFORM

[~

Flgure 7 shows an approxxmately East-West. cross-sectmn
through the Taranaki Basin. It can be seen.that the
prograding Miocene -to Pliocene clastic wedge produced .
high rates of sedimentation in the Eastern Mobile Belt ; -
during the Miocene. In the Western Stable Platform area,
the -maximum rates of sedimentation were experienced
later during the Pliocene to Recent... Figires 8 and 9 show .
a. graphical summary of results from fluid-flow and
thermal ' modelling* from -two . locanons in the ' Taranaki . o

Basin. .ou ' I ) .,

-

Figure 8 shows the modelling results from a pseudo-well
location within a potential kitchen area in the Western

Figure 7. Schematic WNW-ESE cross-section thrpugh the Targnaki-_Basin; (modified after King and Thrasher 1996). In the Eastern Mobile B
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Figure 8. Results from fluid-flow and thermal modelling
at Pseudo Well-1 Location on Western Stable Platform.
Upper chart shows compaction corrected burial history.
Middle chart shows overpressure development beneath
regional Oligocene seal. Lower chart shown modelled rate
of oil expulsion from Cretaceous source rocks. The
modelling suggests late-expelled oils are likely to have
remained beneath the regional Oligocene seal.

Stable Platform. Here basement is at a present day depth
of 5.5 km (subsea) and the main period of sediment
loading occurred during the Pliocene (4-2 MaBP). The
sediment loading is ‘predicted to have caused the
Cretaceous source rock inits to enter the oil-window in the

1]ate Pliocene (middle chart). Sediment loading appears not

to have been rapid enough to generate overpressures that
were large enough to take the regional seal beyond its
fracture limit. One might reasonably conclude therefore
that ‘any hydrocarbons generated from this kitchen are
more likély to have remained sealed within the petroleum
system. '

By contrast, Figure 9 presents modelling results from a
location within the Eastern Mobile Belt (Kaimiro-1
location). '

Figure 9. Modelling results at-Kaimiro-1 Location. Middle
chart shows that overpressures beneath the regional
Oligocene seal reached the fracture limit of the seal from
the. late-Miocene until commencement of late-Pliocene
uplift. Cretaceous source rocks were oil generative during
the Miocene (lower chart) and then entered the gas
window. The early-expelled oils are likely to have
breached the regional Oligocene seal due to severe
contemporaneous overpressuring.

The upper chart in Figure 9 shows the compaction-
corrected burial history. Basement at this location is at a
present day depth of 5.7 km,; but has undergone ¢ 900 m of
uplift during the late Pliocene (Funnell and Allis, in prep).
The Cretaceous source rocks. are modelled to have
generated oil during the period 16-4 MaBP and- have
subsequently passed into the gas window (lower chart).
The middle chart shows' the modelled development of
overpressures at the base Oligocene regional seal. The
increase in sedimentation rate at around 16 MaBP, is
predicted to have caused overpressures to .develop- in
excess of the fracture limit for- the seals. Much of the
previously generated oil might therefore have been lost
from the petroleum system at this time. Slowing rates of
sedimentation and eventual uplift during the mid- to late-
.. . . . ]

+
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Pliocene . (2-0 MaBP) is predicted to have’ caused "a
reduction in overpressure, to levels lower.than the fracture

limit of the seals. The gas generated during this period is -

therefore more likely to have been retained within the
deeper parts of the petroleum system A T
The modellmg results in the Eastem Mob11e Belt mrght
help explain the observation why so little of the
theoretically generated hydrocarbons’ and’ particularly the
early-generated (Cretaceous sourced) oil, can be accountéd
for by present discoveri€s. - Our modelling suggests the
main regional seals became breached ‘by. compaction-
related overpressures after much of the early oil had been
geénerated. Killops (1996) presents oil biomadrker data:for
the Taranaki Basin that indicates Cretaceous sourced oils
to be essentially restricted to the Eastem Mobile Belt. *

(. A
Chapman et al (1996) also ponder thrs question of what
happened to early-formed hydrocarbons? Théy concluded
that whilst. lack of ~structural- traps might partly be

responsible,” the lack of ‘hydrocarbon ‘discoveries in

stratigraphic traps suggests early-generated hydrocarbons__

have escaped from the petroleum system, either to the
surface or to areas outside and probably to'the west of the
Eastern Mobile Belt. Their simple’ volumetric calculations,
whilst subject- to much uncertainty,: suggests: thatveven
with significant'migration. losses;. more:than: 95% of the
oil potentially expelled from the Eastern Mobile: Beit. is
unaccounted for.

DR RN .('- A R

Conclusmns N et T

For the tectonically active Taranaki Basin, the analysis- of
where, when and how hydrocarbons' have migrated and
become entrapped is a fundamental task. There is
sufficient evidence - to. suggest¢ compaction-generated
overpressures -are+ sufficient ito have -influenced - both
vertical and lateral migration of hydrocarbons ‘in the
Taranaki Basin. Furthermore, the seal integrity of some
prospects. might ~be. _jeopardised - by original ‘cap-rock
lithology; lack. of.-burial; .or. bréaching 'by: extréme
overpressures. However, we live in a world of budget and
manpower constraints and,‘in the case of many of the
major. ' oil- companies, .+ drastically ‘. shrinking research
facilities. As Hinch et al (1994) have pointed out, petroleum
explorationists must not only understand .the geological,
geothermal and- geochemical - framework of the basin,.but
they also must understand the Sspatial and .temporal
relationships of the framework. This requires the coming
together of a considerable number of different skill sets;
geochemistry, stratigraphy, fluid mechanics, petrophysics,
and geophysics- to -name but a- few generalised ones.
Solutions may be sought-under;the 80:20 ‘principle ‘that,

although not necessarily “state of the art”, may be atlong

way down the road of continuous improvement.
Lastly we consider there.is sufficient data available from
the Taranaki Basin to allow a more quantitative approach

to estimating migration paths; migration rates; migration

-Referen'ces ' ;J

d63.00 v 12,

losses; and seal qixality than has usually been done in the
past. . ; . .
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