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weassen | ongley, 1L.M. & Ventris P2021.The Deliberate Search for Stratigraphic Trapas it come of ageRAGE/SEG

workshop Keynote Presentation9" December 2021, Kuala Lumpur.

Most E&P companies are currently focussed on proven basin exploration rather than frontier exploration and in these prove
areas the exploration levels are generally mature with mainly small field discovery sizes being delivered from theesstablish
plays. The stratigraphic/complex traps thus offer significantly larger volumetric upside in these focus areas.

A review of recent international examples of large stratigraphic/complex traps plus a review of many lesser known example
in the SE Asian/Australian region is combined with a new 3D global trap description schemer to identify and classify the ke
aspects of these traps and identify meaningful analogues and insights.

The review strongly suggests that future discoveries will not be randomly distributed rather in proven basin areas they are
likely to be risky (+40% Pg) noamplitude supported features at proven sealing levels in areas with minimal faulting where
lateral migration dominates close to quality mature marine source rocks.

The review also suggests there are multiple ways of trying to find these future features beyond simply screening for seismit
anomalies which includes detailed post well analysis (where access to the full technical datasets are amati@blzut
data) and/or information from field production data or oil geochemistry data can be integrated.

There are many places where large complex/stratigraphic traps remain untested and one such hidden example is describet
I R2F OSyid (2 LINPRdAzOAY3a FASEtRA AY LYR2YSaAl ® ¢KS YIFAYy fA
investment in people and support for their ideas.
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Where and how do we find some new ones and why they probably
wont(be Amplitude Supported!
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Asla Overview -
Presented by

lan Longley & Peter Baillie

A training course for working petroleum geoscientists covering =~
the regional geological

=
-
=
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evolution, petroleum geology and exploration history of the
major hydrocarbon basins of SE Asia plus a discussion of future

exploration hotspots

25-26t June 2018 (2 days) — week prior to SEAPEX
London conference 27-28'" June London Olympia

contact ian.longley@iinet.net.au
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A 3-day course designed for
new or mature professional
petroleum geologists who are
exploring for oil and gas in this
exciting hydrocarbon province.
We cover the petroleum
geology and exploration
history of each of the basins
and discuss the remaining
potential and challenges in
each

We review the regulatory and
licensing regimes, and the
commercial and open-file and
data sources

We also retell the fabled
stories of success and the
unscrupulous rumours about
the many lesser-known
disasters and failures that
mark this (and every) region’s
history.

Presenters are members of

A PESA

Petroleum Exploration
Soc:gty of Australia

Locafion - North Cottesloe
Surf Life Saving Club,
Marine Parade, Cottesloe,

Perth, WA.
(Next door to the Blue Duck Café)

Cost A$2500/person plus GST

10% discount for PESA members

or >5 person bookings
Students and unemployed can
waitlist and we will backfill any of
the unused ~20 places for A$300.
Contact ian.longley@iinet.net.au

for any questions/booking details

and nearby accommodation
options if needed.

o
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wrsen - R2005A Bluffers Guide to Exploration in SE Asia
A2009Why | hate the Gulf of Mexico
A2011HR WTF?!
A2011SE Asian Exploration Strategieshy, where and how?
A2012The secrets to a successful career in modern oil companies

A2015Countercyclic strategic thinking and symbiotic serendigjtyill
they work in Australasia? Or are we all doomed to work for myopic
engineers in the onshore USA? A personal view of the future..

A2015Wankernomicg A journey of enlightenment.

A2016A Draft Apology to Indonesia from Australia

A2017What | have learnt (about failure success and global exploration)
A2018A Draft Charter for Petroleum Exploration Geologists
A20226Mind the Gapé ¢ bad news for feral hypocrites.

A Note | think these were funnyothers may not.
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‘ Cultural Insensitivity..

FLAYER,

Www.gispax.com

.. Is contextual!...

LQY ! dza G NI f Al yX
LQY &adz2NB L gAff
some people so |

apologise up front

now!
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& International Strat/Complex Traps
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Buzzard 2001
i Jubilee 2007
Joahn Sverdrup 2010
Liza 2016

Willow/Pikka 2016

/

Liza Jubilee

QWIKEVAL

Field Discovery Year | 2P volume
(mmboe)

1000mmbo
600mmbo
2500mmbo
2000mmbo
500/1000mmbo

These are the strat traps the industry has been talking about a
lot because they are big and most are very profitalifle
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‘ Stratigraphic vs Complex Traps
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 ACKS AYyRdAGNE (N}RAGAZ2YFEf& dasR
UKEFU KFE@S + a-RE0BAKNEGARY NI RIXYOK

Many discoverieegBuzzard, Johan Sverdrup, Jubilee, Liza, Willow,

Pikka etc all have pinebuts and this has been the focus for a significant
amount of exploration around the world.

AI:Iowever over the history of exploration the E&P industry has also bee
RNAEfEAYI Y2NB OKIYy 2dzad aaia N GA.
with many trap elements including depositional,
unconformities/erosional elements, fault elements (upthrown and
downthrown) and salt elements so we at i prefer to use the more
JSYSNRAO GSNXY 2F aO2YLX SE¢ G NJ LJA
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ThedOver Excitemerd of Management Issue

PLYER  Global Exploration looks easy, or so senior management would™ "
fA1lS U2 UKAYlXZ2dzau aKz2zz2zu o5 I|Yy

TheHype Cycldlustrates human biases when implementing new technology, opening new plays, etc.
A Initial focus tends to be on the positive, ignoring any limitations (Peak of Inflated Expectations)

A Soon the focus turns to the limitations, often dwelling on problems (Trough of Disillusionment)

A Over time, the benefits and limitations come into balance (Slope of Enlightenment)

A Enabling a higher level of productivity than initially available (Plateau of Productivity)

% VISIBILITY Hype Cycle This what typically_hap_pe_ns in all companies with a

Peak of Inflated Expectations new deal/opportunityc its just human nature. The
technical review is the basis for a reality check on

this enthusiasm! Our job is NOT to kill the

2L NI dzyAdGe y2NI N al Ad ¢
GKSOGKSN) 6KS ydzYoSNBE | NB 6
Slope of Enlightenment This is always going to be subjecty®wikEval is

simply trying to get calibrated insight onto the table
asap..

Plateau of Productivity

Trough of Disillusionment

Technology Trigger TIME

https://en.wikipedia.org/wiki/Hype cycle 14
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The three pedestal technical pillars

PLAYéR QWIKEVAL

b e Amplitude Supported Charge Finding Strat
Exploration Modelling Traps

worshipped in
modern exploration:

A Strat Trap exploration is one of three technical presentations on pedestal technologies a
concepts that are discussed endlessly and area often worshipped in conventional explot
teams in many modern E&P companies.

AOur basic message is that we believe that its people/teams that make significant new
discoveries not software nor other bits of flashy technology nor management consultant:
that good exploration teams (and their management) make their own luck looking at rea
data.

A We do not have the answers to all the challenges (otherwise we would be very rich and retired) but we do think we cz

explorers with these topical issues and by exposing many of the myths we see we can make some of the challenges
more transparent and make it easier for explorers to understand and deal with these subjects in thigirddgylives.
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Q Strat/Complex Traps examples this presentatlonQ

PLAYER

Buzzard  Johan Sverdrup

- Willow/Pikka

/

Lisa Jubilee

Global Traps Discussed

f

G R S Ipiecholits A 2

SE Asia Australian Traps Discussed

QWIKEVAL

Ken Bau BadakNilam/Tambora &

aaaaaa

Shwe Wic\luri \ ChamplonWestTunu

WiriagarDeep
/Vorwara

| — Antelope

Fortescue

Dorado
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E&P Industry Current Nomenclature

" "
"

PAYEE Als the standard chaoslots of different schemes used in different

companies and in many cases different schemes used In different te:
In the same company?X the GOM is always special!

AMany publications out there that cover the subject sih@vorserin
1936Xc¢my favourites are below

AHappy to receive other suggested key referenc| i i usire, S il

A review ofproducing ﬁelds AUTHORS

Dublin, Ireland;: Leeds Turbidite Research
. Js P . Group, School of Earth and Environment,
turbidite reservoirs: Trapping Unversty o Leds Leeds, ied Kingdom;:
B lawrence.amy@ucd.ie
3 .S'IyZE'S (pu?’e and Comblned), Lawrence Amy is an assodate professor at the
"Is It Trap? Is It Seal? A Move Towards Consistent Risking of Stratigraphic Traps* N . School of Earth Sciences, University College
pinch-out formation, and Dublin, wih 3 PR in deepter
Mark A. Sykes', J. Steve Davis!, Christopher J. Vandewater!, Samuel J. Plitzuweit', and S. Lance Jackson’ l sedimentology from the University of Leeds.
l s l s 11, 1 His current research interests range from
I I e n &. I | e n 2 O O 6 Search and Discovery Article #42492 (2020)** depo&'lttona Sernng stratigraphic traps, sediment transport, to the
Posted January 27. 2020 stratigraphy of foreland basins. Previously, he
T 10. e Lawrence A. Amy worked in reservoir characterization for Saudi
able 10.6 Classification of trap rypes based on the process Adapted from poster presentation given at 2019 International Conference and Exhibition, Buenos Aires. Argentina, Au -3 Aramco and in exploration for Tullow O, Ltd.
causing trap formation, rather than trap geometry *#Datapages © 2020. Serial rights given by author. For all other rights contact author directly. DOI:10.1306/42492Syk
Structural Tectonic Extensional *ExxonMobil. Houston. TX, United States (mark a.svkes(@exxonmobil.com)
Contractional
Compactional Drape structunes
Diapiric Salt movement T I . .
s Mud movement Advances and Perspectives on Stratigraphic Trap Exploration-Making the Subtle Trap Obvious* rap Styles ‘% New Classification
Gravitational . Based on Sealing Surfaces!
Stra!lgraphx Dﬂpoﬁiiﬁrlal Reafs John Dolson’, Zhiyong He", and Brian W. Horn®
Pinch-outs Search and Discovery Article #60054 (2018)** N. J. Milton and G. T. Bertram?
Channels Posted June 18, 2018
Bars ) *Adapted from extended abstract prepared in conjunction with oral presentation given at AAPG 2017 Middle East Region Geosciences Technology Workshop.
Unconformity Truncation Stratigraphic Traps of the Middle East. Muscat, Oman, December 11-13, 2017 .
Onldp **Datapages © 2018 Serial rights given by author. For all other rights contact author directly. The edges of the wedges‘ a systematic appmach to trap definition and
Driagenetic :"'“"a' 'DSP Geosciences and Delonex Energy (johndolson@d risking for stratigraphic, combination and sub-unconformity traps
ar mats *Zetaware, Inc

’ION E&P Advisors

Gas hydrates

Permafrost Anything from John Dolson or Zhiyong is worth reading IMHO .
BP Exploration Operating Company Lid, 8 Novinsky Boulevard, Moscow, Russian Federation
Hydrodynamic ) ) )
yd “Present address: Olav Nilssongst 47, 4009 Stavanger, Norway

ELEANOR 1. STIRLING,'* EDITH M. G. FUGELLI'? and MARK THOMPSON'-*

H H T ] *Present address: Lurch Oil Consultancy Ltd, 14 Priory Road, Chalfont St. Peter, UK
early a topical subject that we are all struggling wi *Comespondence:leanor.silng @u b com
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Scouting Vs Hard Data Differences

PLAYéR A Scout Reporting by its very nature is based on limited daiarmally just press releases. QWIKEVAL

WAW.gispax.com A Companies rarely release details of why well fail since its commercial and vajubbiejust talk about reservoirs intersect@nd shows etc and put positive
spins on results.
A alye aK2g RSAONALIIA2ya Ay LINBaa NBfSFasSa adSad (KS ymahyekpérienced Heologetszi K F
A Without access to the real data it is impossible to QC the significance of some of the reports/press releases. The tletaflyouzare going to make significant guesses and interpretations based on this data.

A The trap classification schemes that some scouting companies use (2D definitions) are consequently relatively simplist

A Conclusions based on these analyses might be interesting but we believe they can sometimes be potentially misleading.
A Egthe BFF updip faults at Jubilee seem to be the key element differentiating Jubilee from other tested fans alongsthikB witg St f 8 ® ¢ KSANI AAYLX S RSAONRLIIAZ2Y adaidsSy é6hr

A Geologists just need to understand the limitations of scouting based datasets and analyses vs ones that have access t
technical datasetg they are not the same.
A wdzad 080l dzasS GKS RIFGF Aa 6Sff LINBaSYGSR FyR &t A O\ ludbi2 hderrafedl skill Which Iyveryh ( &
much admire!

We see similar issues with some well failure and amp”tUde ¢ Depositional pinch out - intraformational pinch out, for example pinch out of channels and

supported lookback schemes which are baeatj/ on SCOUting data lobes within shales and pinch out by onlap onto an underlying unconformity surface
¢ Erosional truncation - where the reservoir is truncated and is sealed by younger shales
¢ Injectites - where unconsolidated sands are injected post deposition in overlying shales

forming dykes and sills

Yes..Shows /' 3/Nillor Very Minor  Migration/Trap

| g /D“’“"" shows/ R Depositional Erosional Injectite
N \ te_ cmions s - = e Dorado-1(P) E2 e ORI BTN
........... \ Mo Charge/Source source/Migration___ A )  in "\H N e
e .."“ "'.‘ -
: ' U ;
S § N .

IMHO the above logic is NOT a technlcally rigourous post well analysis schemer )
since it guesses many key unknownse have been doing it bag.ed owhat you ‘;’ q M’
actually knove in Player for a decade+ but you need the technical data to do o "
this!.. The2 schemes are doing totally different things and are NOT compatible a "‘ ’ , 3¢
geologists just need to understand the differenkes ke EF 201 iy
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What we used historically in Player since 2010 =Milton & Bertram 1992
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Pool Description Scheme
AAPG Bull., 76(7), 98399

QWIKEVAL

This is what we have c c] T

COMPACTION HIGH-SIDE HIGH-SIDE FAULT,
H . Aﬁﬁéfﬁm ANTICLINE BTUDR:CE,_D FAULT, CONFORMABLE UNCONFORMABLE TOP SEAL
been using in Player s
Elevation Elevation Elevation

for 11+ years now

TOF SEAL

Plan
(Contours on base of top seal)

Plan
(Contours on base of top seal)}

A Trap scheme is based on
describing the surfaces

Plan
(Contours on base of top seal)

Plan Plan

SHALE-OUT
~—r

Z 7777}77717/77' I — 3 e
//// spiLL || 2 e
that bound the 7 -

|CIT-
LOW-SIDE FAULT CLOSURE

(NORMAL OR REVERSE FAULTS)

Elevation

Plan
(Contours on base of top seal)

hydrocarbon poohamely
conformable beds (C),
unconformable surface (U),

One-seal closure code CT (upthrown fault -One-seal closure code CU (upthrown fault
ble top seal). Oil fill is shown by cross- trap, unconformable top seal). Oil fill is shown by
ing, water by stippling. H = high point. hatching, water by H=

-One-seal closure code C (drape anticline). 0il “One-seal closure code C (compaction anti-
fill is shown by hatching, water by stipp

H = structural high point.

~ -One-seal closure code U (buried topography).
cline). Oil fill is shown by cross-hatching, water by stip- o4l fill is shown by cross- water by L
pling. H = structural high point.

trap,

point.

cu [uc] [cTic
ONLAP SUBCROP HIGH-SIDE MARINE DEPOSITIONAL
fau It (T) Or Elevation Elevation FAULT CLOSURE “PINCH-OUT" FACIES
. . . - +BOTTOM SEAL (FACIES CHANGE) CHANGE
facies/stratigraphic change oTTou 3 —
F 1. A
( ) . ; X ,t

Plan
{Contours on base of top seal)

Plan
(Contours on base of top seal)

Plan

Plan

The Scheme does N OT {Contours on base of top seal)

describe the generic origin e ] R e
1 vl 'o',////’ 72/ .
of the trap (diapiric > S% </
- Bt;;_“ SLEI;C:EBP %%Z//y/
structure, compressional iz
tectonics etc)

Plan

s
N I
7 2
Lrrisrsfs o
SEAL BRANCH 2
NTERSECTION OF
TOP AND BOTTOM SEALS)

ONLAP
EDGE

ot Poly-seal closure code CT/C (upthrown fault Poly-seal closure code C/F (depositional facies Poly-seal clasure code G/F (postdepositional
o illis s ;?l:;:'j‘}';:ﬁs”é < (g“:;'s‘:‘il; ;’l;‘;’;‘ closure full beyond spill). Oil fil is shown by cross- change trap, c.g., shalc-out). Oil fill is Showi by CrOSS- fucies chanee tan Ol Bl e b oo i,
H = structural high point. d hatching, water by stippling. H = structural high point.  hatching, water by stippling. H = structural high point.  wager by stippling. H = structural high point.

Poly-seal closure code C/U (onlap trap). Oil
fill is shown by cross-hatching, water by stippling. H =
structural high point,

Surfaces schemer used for dry well failure location and pool descriptions..

Poly-seal closure code C/T (downthrown fault
trap, conformable top seal). Oil fill is shown by cross-

high hatching, water by stippling. H = structural high point.

KEY TO TRAP TYPE FIGURES

C: Conformable
U: Unconformable
T: Tectonic (Fault)
F: Facies Change
7 Unknown

NOTE:
No Divisor e.g. C,CT, elc =
Monoseal Trap (Mo Base Seal)
with " e.g. CIT upper = Top Seal
lower = Bottom Seal
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Q We can divide these published schemes into 3 basic ty

PLAYER QWIKEVAL
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Type Genetic/Process Driven | Surface Description Industry Common Slang
Systems

Examples Lavorserl936 Milton & Bertram 1992 3 Way/4 Way etc
Allan & Aller2006+ Sterling et al., 2018
IHS
Stratigraphic Combination trap [stuctural /stistigraphicl  Sub-unconformity (stnuctural / stratigraphic D for dip (either original KEY TO TRAP TYPE FIGURES

depositional dip or later

| " structurally controlled dip) C: Conformable

E | U: Unconformable
o ) T. Tectonic (Fault)
e P for depositional (and facies F: Facies Change
B change) pinclouts 2: Unknown
‘E/\P Top reservoir
Depositional D- ~—_ Eroslonal/ e g for erosional pinckouts NOTE
nch- ynch-ou . . .. :
FRISUSER ~____ edgeon ’ (both localized incision and NoDieor eg, C.CT el =
oo MUK sub-crop) Monoseal Trap (No Base Seal
with " e.9. C/T upper = Top Seal
F lower = Botlom Seal
for faults
Fig. 1. Illustration of trap types. H H
- I Sterling et al., 2018 Milton & Bertram 1992

The E&P schemes tend to focus on the trapping surfaces since companies are trying to evaluate the number an
types of seals that have to work for their prospects to be successful traps
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Then we add salt!

PLAYER Ab2yS 2F GKS LIz"t"“A"5
schemes deal with salt!

C: Primary basin trap style

4

e

(X 1 ]

-
e N
-a'

g waily
.

//
N '
N D5 JANHYDRITE 23

Upturned
S e RS Pinchout Figure 2. Schematic representation of salt-related geometries in the deep-water Gulf of Mexico. (A) Interpretation of top primary basin
e 2 A 23 - surface and distinction between primary and secondary basins. Salt is black, primary basins are gray, secondary basins are white, and
5~ welds are indicated by paired black dots. (B) Classification of the top primary basin surface according to the nature of the surface. This

classification allows primary basin bounding features such as feeders, ridges, and bucket welds to be mapped. (C) Schematic salt

&; geometry highlighting primary basin trap types: turtle structure (T), bucket weld (B), salt feeder (F), salt ridge (R), base-of-salt truncation
(S), and salt cored fold (C).

1
=2 SRR | AMegaflaps now all the rage..
. e = \ g DrRg Foid [Sed < Acc followed by Sed << Acc| [Sed = Acc followed by Sed << Acc| | Sed = Acc followed by Sed < Acc |
4 °
s A . Ve — E
7 ~ % A %
L ) ;
Combinatiorr Traps ~

Callotet al., 2016
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and complex structural features PNG example
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A Drilled 1100m+ overturned & steeply dipping Forelimb
A Underlies Agogo field & facilities
A Producing ~1,506tb/d

A Forelimb trend can be traced 75km fraenandain NW toHediniain
the SE suggesting that Toro to amgetargets may be present beneath
other producing fields

MOSA AGOGO MORAN PAUA
Paua Lugl\iﬂiﬁ,'ujg‘."rzv,: from

fonat 1305
743109
9310323

724257 728163
9290545 9294643 :;’:910 -
Agogo 1X ADD1
9°0 R m ADT2 ST1-3 proj 1/298
N, R

000000

000000

000000

000000

000000

000000

OWIKEVAL

Oil Search 2010
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And how do we describe fields like Champion??&

3 QWIKEVAL

PLAYER A In Bruneic multi-pool complex field spatially and stratigraphically
<MV camPION WEST

PERAGAM CHAMPION MAIN CHAMPION SOUTHEAST CHAMPION EAST 2E

@ . | ;

CHAMPION
WEST

Seconds TWT

PERAGAM

CHAMPIO
SOUTHEAS

DEPTH IN KILOMETRES SUB-SEA

Sandall996
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The Way Scheme = Common E&P Slang

PLAYER QWIKEVAL
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As explorers we commonly use the tetBway€ or 4 waye etc when we describe traps.

This is effectively the number of points of the compass that are downdip closures eg a three way
against a fault is a plunging nose up against a fault..

We have never seen this nomenclature defined or publishptkase let us know if you have a
reference!

Geologists very rarely descriBaVay orl Way structures; there are also zero way structures and
there are2 fundamentally different types a2 Way structures!!

\ 4AWAY= ANTIFORM 4 unfaulted or faulted dip flanks

—

i

S .
/ \\\\ 3WAY=PLUNGING NOSE= 3 unfaulted or faulted dip
' flanks + 1 fault, salt, subcrop or pinchout flank
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The PlayeSix Ways of DipDefinition

Common terms applied if traps Charge/
PLAYER . _ .
ai ) are tectonic & other non-dip Migration F
WWW.gispax.com clement(s) are pinchouts igration Focus
e AWAY= ANTIFORM 4 unfaulted or faulted dip flanks ~ Nobaseseal
IS require
e

—

3WAY=PLUNGING NOSE= 3 unfaulted or faulted dip
flanks + 1 fault, salt, subcrop or pinchout flank

- » Structural/ \
Unfaulted or faulted dip . .
flank Stratigraphic \
Trap 2

E—
Fault, =alt, subcrop or
pinchout flanks

2WAY= 2 unfaulted or faulted
dip flanks (either parallel “p”
or orthogonal “0” to each

other) + 2 fault, salt, subcrop

or pinchout flank

Stratigraphic /
Trap / \

ZODipping Plane

Stratigraphic "
Trap N
N
Stratigraphic < [ > OWAY=SYNFORM = 0 unfaulted or faulted dip + 4 Nohe/
Trap " fault, salt, subcrop or pinchout flank Dispqrsive

An effective
hase seal is
required

2P Ridge

1WAY=PLUNGING SYNFORM = 1 unfaulted or
faulted dip + 3 fault, salt, subcrop or pinchout flank

complddWIKE VAL
Risk
Simple
Low
Risk
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‘ The Player Modifiled M&B Global Trap Scheme Q

PLAYER . _ _ QWIKEVAL
wraron A \We have developed a simple global trap scheme that is applicable to ALL

conventional hydrocarbon traps we have observed on the plgrmeédstic and
carbonate, diapiric/salt related, complex and simple etc etc

AThe scheme defines 9 different flank types which in different combinations bounc
all conventional hydrocarbon traps.

AThese flank types in combinations of 3 or 4 can then be used to accurately and
simply describe any trap type 3 dimensions

AEach Flank type can be described by the combination of mixtures of 13 different
top/lateral and base seal elements which when applied to prospects can then be
risked individually.

AThe KEY aspect of this scheme is it is a 3D trap description s¢heeneelieve that
ANY trap scheme relying on 2D crgsstion definitions are misleading and
dangerous.

AWe will outline the key elements of the scheme on the following slides
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Player Global Trap SchemeModified Milton & Bertram

PLAYER

.gispax.com

These are the 9 flank types that bound all hydrocarbon traps

GIS Flank
PAX Types

\ «

Downthrown

Facies Change

GIS packages for exploration success Upthrown Subcro % Gon - e 3
WWW.gis-pax.com Fault Block Fault Block Onlap P Erosional/Incision Diapiric /Lateral Pinchout
This Trap Descri " T S v T v T v
& Way Dip = Anticlinal
e e i Map View /2\ Later!Stacking Facto] 1x
i i o’ GLOBAL TRAP DESCRIPTION SCHEMER %

3 Way Dip - Plunging Anticline

2 Way Orthogonal Dip - Dipping Plane

2 Way Paraliel Dip - Saddle

£

1 Way Dip - Plunging Syncine

Sl N

Section1to 3

\_/

More Complex Traps
/" Typeally require Base Seals

Less (or zero) Charge Migration Focus
‘More requirement to be close/interbedded
with Mature Source Rocks

Legend
Dip Flanks
Non-Dip Flank Types - 8 Options ~ ————

Longley & Ventris, 2021

PLAYER

A & Way Dip Closure Anticlinal Trap Top Seal Unevaluated
definedbya 4 flank evaluation
with 0 faulted flanks
\ 0 onlap/subcrop flanks Lateral Seal Unevaluated e
0 erosional flanks
/ 0 drapiric flanks
~ and 0 facieschange/ pinchout fisaks sase ses! Unevaluated
the faults are Diapir Type Unevaluated " Fank2
Extensional faulting
Faok i [] towerowra Genetic Descriptors Unevalusted
oo @ @ e Unsetond
ool s iy Flank 3
Bl Doeslsniy
z St stp fout
) ot Map Legend Flank4

Section2to 4

Section Legend

- Trag/Prospect

Diapirc
Material

Vertical Stacling Factor

Reservoir Type| Clastics
1 Fl 1
NI EREARRE %
B " L g [° |8
cluld T [e[o[Fr]

Unfaulted Dip Flank with 1o base seal

Unfaulted Dip Flank

Unfaulted Dip it seal

Unfaulted Dip Flank

Trap Elements Required for Defined Trap

Overall wesk link risking for eac
Weak Link
Estimated Trap Effectiveness

IR

] easesen

Laterat Seal

0 o 1 o o o o o o o o o 0 1 0
d / d

100% | 100% | 100% | 100% | s00% | 100% | 100% | 100w 200% | 100% | 100% | 100% xm‘

100% 100% To0% |

100% |

Trap Name
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Player Global Trap SchemeModified Milton & Bertram

: . . . QWIKEVAL
ELAYER, The user defines the selection for a collection of 3 or 4 flgrtkere are 5 or more flank traps

but these can always be simplified back to 4 and there are no traps with less than 3 flank
typesqpda’z 2 F | f GNJ LJA FNB n FflFyl OGN LEAX

Facies Change

Upthrown

Subcrop

Www.gis-pax.com Dip Fault Block Erosional/Incision Diapiric /Lateral Pinchout
This Trap Description mmmp 4 0 0 0 0 0 0
4 Way Dip = ntclina
Stmpl Trops . —~
Settar Charge Migration Fosus Map View 2 1x
’ Can be distant from Source Kitchen £ =

ERIEE]

1 | 4 7! 2 | | K MEN.g .
IR 1§é§é§§%:“%
, -

 Dip - Phnging Anticline H PLAYER

SIMPLE

fined by
2 w seal [ Unevauat ed
'y 3 L\
- 4 1) N | ,\“3 ) emee .
sadd : e Unevahuat e
/' : s v Uneveluated
7 : oo @ @ s wnstoes
e —
5 2
$ [ Map Legend
A
- \ﬂ, Section1to3 Section 2to 4
clinal
|
T
/“‘ 7 Less
More

lllll
ooooooooo
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Player Global Trap SchemeModified Milton & Bertram
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There arel3 surface types that describe flanks.
4 Top seal typeg Conformable, Unconformable, Diapiric etc

QWIKEVAL

5 Lateral seal types Upthrown & Downthrown Faults, Erosional/Incision, Diapiric and Facies Change/Pinchouts
3 Base Seal typesConformable, Unconformable Diapiric etc
When the flank type is selected the user then adds extra elements as required

GIS Flank

lllll
uuuuuuuuu

Onlap Subcrop

GIS packages far eaploration sucsess ; - Upthrown
WWW.gis-pax.com Dlp Fault Block
This Trap Description mmmp 4 0
4 Way Dip = Anticlina!
implr Traps " —~
Wit Charge MGrtonFieid Map View 2
’ Can be distant from Source Kitchen S,
ging Ar
(1)} =\
% 4 1) ..................................................................... KS )
- Sadd
/' Fauk Say
] Q@
[
A
5 \.9, Section1to 3
final
]
)

Efbsional/Incision

0 0 0 0

GLOBAL TRAP DESCRIPTION SCHEMER 4,

Facies Change

Diapiric /Lateral Pinchout

0 0

2 Longley & Ventris, 2021 _— ‘ i
PLAYER a
1 ] | ] F H 3 H
SIMPLE ANTICLINE i |11 P (% (F(3]d i AR !
3| " CIRE R s i ¢
4 Way 03 Topseal (1111 Unsiakiat o 3 0r 8 Flank Trap Type? s o % ‘
fined by T
lllllllllllllllll - Unfsulted Dip Flank with no base seal _
B -
""""""" e Unevaluated - i bideva
- N—
il ST
»»»» e T—
Maplegend | o uited Dip Flan ——
Section2to 4 0
d for Defined Trap d / d
00% 00% | 100% 00% 100% 100% | 100% 00% 100% 100% 100% 100% 100%
100% To0% 0% |
T00%

nnnnnn
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Player Global Trap SchemeModified Milton & Bertram

PLAYER QWIKEVAL
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The input automatically draws maps and crgsstions so that the user can QC the mogi#iis is important
so that geologists cagse€ their model and understand the elements involved (Flanks and Surfaces)

GIS Flank

BIS packages for exploration succass Types Upthrown Downthrown + T e facles Change
WWW.gis-pax.com Fault Block Fault Block Onlap Subcrop Erosional/Incision Diapiric /tateral Pinchout
This Trap Description mmmp 4 0 0 0 0 0 0 0 0
4 Way Dip = ntclina » -
s i Map View /i\ atarol Siocking Foctor 1x
» e S < GLOBAL TRAP DESCRIPTION SCHEMER __ ~ """
3 Longley & Ventris, 2021 e i[s, ;\ 3!
3 Way Dip - Phunging Anticline : PLAYER ERIEE] 5;132
2 : s | 2 i 1 § H 4
. : i H Pl g |4l i [ 3
| 3 SIMPLE ANTICLINE BRI RRHUELIRRRE
: . A & Way Dip Clos \nticlinal Trap TopSeal ~ Unevaluats ted 3 or 4 Flank Trap Type? 4 Top Senl Elements. Laterel Seal Elements PP NrT—
2wy cluld T [E[p[F T [cJulad
Way Parallel Di
Way Dip mclinal
i
/“‘ ’7.
..... aert =
= i 1= B — Trap Name
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Player Global Trap SchemeModified Milton & Bertram
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The counts for each flank type are showthe 2 Flank counts are split into Orthogon&PQ¢) and Parallel
(6RP%) to define thelarrangement of the trap.

i =
=i s
Upth: Downthrown . - — Facies Change
i Fault Block Onlap Subcrop Erosional/Incision Diapiric JLateral Pinchout
This Trap Description mmmp 4 0 0 0 0 0 0 0 0 I
- —
Map View 2 Lateral Stacking Factor] 1x
— GLOBAL TRAP DESCRIPTION SCHEMER R
: 3 Longley & Ventris, 2021 _— : ] i,
w —— PLAYER ERIEE]
g | 2 | i
i i 13 §
SIMPLE ANTICLINE i i i i AR
TopSeal ~ Unevaluats ted 3 or 4 Flank Trap Type? 4 Top Senl Elements. Base Seal Erements
2Way Onhogonsi Oip defned cluld Tl c[uld
e : " seet (VAR = 7
P / ¢ ./' \ Flank 1
W : CEO R - — -
Way Parallel Dip - Sac : o pe Unevaluat red k2
S v oo o p—
P Flank 3
e
Map Legend Flank 4
A
: ‘L Section1to 3 Section2to 4
Wey Op- e d / o
. 00% | 100% | 100% | 100% | 100% | 100% | 100% | 100% 00% | 100% | 100% | 100% | 100%
3 0% 100% 0% |
] 100% |
L
o Trap Name
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Player Global Trap SchemeModified Milton & Bertram
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The dip Flanks are conted and thé&ay Typé is indicated in this panel. There are actu@hvay Types as
summarised on the following slide..

e
A\J
i
P A X T es Facies Change
18 packages for exl s yp Upthrown Downtheown. Subcro : i P
5 Fault Block Onla P Erosional/Incision Diapiric /Lateral Pinchout
WWW.BlS:paxiEom Fault Block P /! p
> tionmmmp 4 0 0 0 0 0 0 0 0
& Wey Dip = Anticlinal
it g M4 Map View 2) P—— 1
= £58 b ot eam Seuss Ktikien - GLOBAL TRAP DESCRIPTION SCHEMER 1x
k erica
i 2 Longley & Ventris, 2021 _—
3 Way Dip - Phunging Anticline : PLAYER
Adwa cinal Trap Top Seal Unevaluated 3o 4 Flank Trap Type? 4
2 Way Orthogonal Dip - Dipping Plane dafined b 4
- . H °
N2 / 1\ ’ /»3 N\ g Lateral S Unsyaloss - Flank 1 Unfaulted Dip Flank with no base seal
), : >/ s —
2 Way furausl Dip - Saddle :m.mx-«,:m ) n”u’ . Diapir Type Unevaluate red ] fonk2 Unfacked Oip Flank
@ $ e [S— pes—
et : o @ @ Us Unsedoed
3 2 .1 B Flank 3 Unfauhed Dip Flank w seal
s F s Uoevelunted
2 s "
Y Map Legend i Unfauited Oip Flank
l A
\,
L ‘L Section1to 3 Section2to 4 0.8 1 o 0 0o o o o o 0o o0 o 1 o
. Trap Elements Required for Defined Trap d / d
Way Dip - Sync
B . 100% | 100% | 100% | 100% | 300% | 100% | 100% [ 100% 100% | 100% | 100% | 100% | 100%
Risking Addgreg 100% 100% 100% |
More Complex Traps 100% |
// Typleally require Base Seals
/=" Lass (or 26r0) Charge Migration Focus
‘More requirement to be close/interbedded|
with Mature Source Rocks
Logand I
Dl Section Legend ra N a e
NonDip Flank Types - 8 Optians  ——— ection Legen | I I
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Player Global Trap SchemeModified Milton & Bertram

: o e . .  OWIKEV
PLAYER  Because all the specific trap elements are identified for each trap in this section we make rlskl%g input it are

available so that the trap chance can be evaluated in a transparent way.

We do Not define what numbers go in here since most companies have this guidance documented elsewhere and evel
company is different

o — b — - =
. o i "
Facies Change
Upthrown % ~PY T 3
Www.gis-pax.com Dip Fault Block Onlap Subcrop Erosional/Incision Diapiric /Lateral Pinchout
This Trap Description mmmp 4 0 0 0 0 0 0 0
4 Way Dip = Anticlna!
St Chargy S Fos Map View E L x
» | £t et e Bovend Kb — GLOBAL TRAP DESCRIPTION SCHMQJER “ 1x
2 Longley & Ventris, 2021 _— ieli, \
 Dip - Phunging Anticline : PLAYER z8/33 38133
: 1 3 : 3 1 H F 1
i EEENEL i Il £
SIMPLE ANTICLINE i BHENRme
ay 0 o od 3 or 4 Flank Trap Type? 4 CTITE | || oo Do
fined by cluld T}zlo]rl/lr clulad
H TV 0 cipbcvpanks iaeerni ool [ ed
(2} : L/~ 0\ ed Dip Flank with no base se:
4 \ 1) KS / nnnnnnn ed
- Sadd SO B euswe 0 . DlepeTy e Unevaluats red - N
53 S o e—
:».."‘w Decemlisted hed O
] e Maplegend = WMo wited Dip Flan
A
: \9, Section1to 3 Section2to 4
= [Trap Elements Required for Defined Trap d / d
et 00% 00% 00% 00% 100% 100% | 100% | 100% 100% 100% 100% 100% 100%
= g A 00 100% o0 |
/ oo ]
/ —
[ R -
o W s N
..... e - I m
iy Sectionlegend | | Ll ra p a e
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Player Global Trap SchemeModified Milton & Bertram
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PLAYER The scheme is basically a surface description scheme not one based on genesis. We have a&y‘(’e extra it

WWW.gispax.com
to add these subtle elements eqg is the trap a salt withdrawal feature? Subsalt? Overturned beds etc?
These additional modifiers fill in the soft data sometimes needed to group/classify complex trap..

e
A\J
‘ i
EA)S( . 5 i
3 T es ——— Facies Change
GIS packages far eaploration sucsess yp Upthrown = FE T S
WWW.gis-pax.com Dip Fault Block Subcrop Erosional/Incision Diapiric /Lateral Pinchout
This Trap Description mmmp 4 0 0 0 0 0 0
4 Wy Dip = Anictina
il S M e Map View E Loterl Siackin Focton 1x
» | £t ot e Semee i - GLOBAL TRAP DESCRIPTION SCHEMER e 1x
3 LongleN& Ventris, 2021 _— 8.3 \ |
Dip - Punging Anticine : PLAYER 1 ILH
- H : ! é i 3 i 111 i
SIMPLE ANTICL i BRI R
Wy 0 p— — 3 0r 4 Flank Trop Type? s T T
fined by T =
> i ~ 0 cipbcoptanks [ isterni ool [ =
\. : W \
4 \ 1) KS / nnnnnnn ed
- Sadd SO B0 sewmee o . B oweew pe  Unevaluats red
- e e - _—
:‘ e Map Legend
A
: \9, Section1to 3 Section2to 4
-
IS
.....
‘‘‘‘‘‘‘‘‘
Non
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Q Player Global Trap SchemeModified Milton & Bertram Q

PLAYE-,;Q QWIKE\}AL
“ AWe will now show how this scheme is applied to Btecompex/strat traps in this

presentation and we hope you see how clear, easy and powerful the classificatic
system is..
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Introduction¢ Why me??

Regional Contex¢ Why this subject?

Trap & Risking Description Schemes & why this matters?

Case Studieslnternational Examples of Strat/Complex Traps

Case StudiesAustralian SE Asian Examples of Strat/Complex Traps

Where and how do we find some new ones and why they probably
wont(be Amplitude Supported!

Bersembunyia an overlooked giantHipstei prospect in Indonesia?
Conclusions/Comments/Questions
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Q Strat/Complex Traps examples this presentatlonQ

WIKEVAL
ELAYER Buzzard _ Johan Sverdrup  SE Asia Australian Traps Discussed”
‘ SE5= e - Ken Bau BadakNilam/Tambora &
Shwe  widuri \ Champion West, Tunu
oy WiriagarDeep
/Vorwara
T s =4 Antelope
| Willow/Pikka "
Lisa Jubilee
Global Traps Discussed Fortescue

All cdepositionalpinchouts

Dorado
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Complex/Strat Discovery examples in this Presentatl
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d
(N

AThese are the examples | have selected to use in this presentation for Variots
reasons; grouped into global vs regional sorted by discovery year

AThe regional ones are the ones we do not talk about much within the industry
because they are generally poorly known but these discovceries tell us a lot ab
strat/complex traps..and where we do and might find more in the future..

. Recoverable 2P approximatg . Super Source Peppgr g Il_ater.al Arifli%e Amplitude Dip Flan} . . Other non-c}ip nor . Base Seal Latergl Vertic.al Modified
Disc yeal Key Discovery Element Source Corvi SHMigration supported Dip Flank CounPinchout Flankss  stratigraphic trap Pinchout Type - Stacking| Stackingf M&B
scout volumes Rock Age| ; Supported . Count Desciption s
. Rock? Type | Distance| . post-drill? elements Factor | Factor |Description
International Examples Pre-drill?
|Buzzard 20011000mmbo Rig Slot P Kimm B Short @) 0] 4 1 20 1 x Lowside Fault Marine Marine Shale¢  1x 1x CF/TC
Jubilee 2007/600mmbo Wildcatter Ethos P CT B Short [®) P 4 1 2P 1 x Lowside Fault Marine Marine Shale¢  1x 1x CF/TC
Johan Sverdrup 20102500mmbo Shows in old well P Kimm B Moderate| (@) (0] 4 3 1 None Marine Basement 1x 1x C/CU
JLiza 20152000mmbo 3tcf Commitment well P CT B Short o P 4 1 3 None Marine Marine Shale  1x 1x CF/C
Willow/Pikka 2016500/1000mmbo Shows in old wells P Kimm B Short () o) 4 3 1 None Marine __IMarine Shale __1x 1x C/CU
Regional ExamEIes
Fortescue & Hallibut-Cobia 1967 1400mmbo Appraisal Drﬁng P Paleo DE Short [¢) [¢] 4 20 0 2 Orthogonal Erosional - Marine Shale  4x 1x CEIC
Champion Main 19701000mmbo 5tcf Bump Drilling Era P Mio DE Short [®) P 4 3 0 1 x Upthrown Fault - Marine Shal¢ 5-9x 4x CT/C
Champion Peragan 197(Qincluded in above Bump Drilling Era P Mio DE Short @) ? 4 3 0 1 x Downthrown Fault - Marine Shale¢  1x 5-9x CITC
IBadak/Nikam/Tambora 1971{12tcf 300mmbo+c Bump Drilling Era P Mio DE Short @) 0] 4 2P 2P None Marine Marine Shal¢ 100x+ | 20-49x CF/IC
Widuri 1988400mmbo Luck (0] Paleo C Moderate| (@) (0] 4 20 1 1 x Upthrown Fault |Coastal/MaringBasement 1x 1x CTF/C
West Flank Tunu/NW Pecikd 1991?8tcf 250mmbc / 5 tcf 100mmbdProduction Data P Mio DE Short [¢] 0o 4 1 3 None Marine Marine Shal¢ 20-49x | 10-19x CTF/C
Stag 199380mmbo Wildcatter Ethos P Oxf B Long (@) (0] 4 20 20 None Marine Marine Shale  1x 1x CF/C
Wiriagar Deep/Vorwata 19944/15 tcf Oil Geochem P Perm F Short (@) (0] 4 3 0 1 x Subcrop - Marine Shale  1x 1x CuU/C
|Perseus 199511tcf 300mmbc Production Data P M.Jur-U.Ti  DE Short o P 4 2P 0 2P x Lowside Faults - Marine Shale  1x 1x C/ITC
IEnfield 199980mmbo Double Flat Events on 3D O Oxf B Short P P 3 1 0 Up & Downthrown Faults - Marine Shale  1x 1x C/TC
Jantz-lo 200011 tcf 50mmbc 2D Seismic Blob P U. Tri F Short P P 4 0 3 1 x Subcrop Marine Marine Shale  1x 1x CUF/C
Shwe Complex 2004 4.5tcf 3D Sesimic AVO (0] Neo Biogenic| Short P P 4 1 3 None Marine Marine Shale  1x 1x CF/C
Antelope 2008 6.4tcf 100mmbc Gas seeps and Luck (0] L.Cret F Short (@) (0] 4 0 3 1 x Upthrown Fault Marine Marine Shale  1x 1x CTF/C
|Dorado 2018150mmbo 1tcf Wildcatter Ethos ¢} LTri DE Short [¢] 0o 4 20 0 2 Orthogonal Erosiona - Marine Shale 5-9x 1x CE/C
|Ken Bau 20205tcf 150mmbc 2D Seismic AVO anomaly O Mio DE Short P P 4 ?1 ?3 None Marine Marine Shalé¢  1x 1x CF/C
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Q Buzzard Nexen Inner Moray Fir@fD01UKCS

NSy Alnter Kimmeridgian Sand
LEGEND . ~1000mmbo 2P rec.

Dip Flan
F= Pinchout/lfacies Change ATrap Isal Wa‘y Dlp Trap with 2
T = Upthrown Fault orthogonal pinchouts and a

/T= Downthrown Fault lowside fault

O = Reservoir Onlap
S = Reservoir Subcrop
E= Erosion/Incision

' Top Seal Element ‘
O Lateral Seal Element

O Base Seal Element

O

Ray et al.2010
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