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Giant fields history—thousands of contributors

60% of world reserves!

Extending a 50 year history
of AAPG Giant Field
documentation

— a treasure-trove of collective
knowledge

First digital rollout in GIS
format: 2003, Myron K.
Horn

— Last update 2010

 Myron Horn passed away 2016

This version

— 5 year effort starting in 2016
by John Dolson

* Preparation for 2017 Middle Workshop on
Stratigraphic traps
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Michel Halbouty
(1909-2004):

“First, study the usual about
accumulations”

“Then, concentrate on the unusual—
that is often where the future lies”

Myron K. Horn
(1930-2016)

Robert Merrill
Charles Sternbach
(2 Giant Field
Memoirs

covering the last
20 years

J. Dolson

Co-editor, contributor,

2021 Giants of the Decade
2010-2020

(Standing on the shoulders of giants)
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Giant and Significant Oil and Gas Fields of the World: 1868-2021
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New data:

« Elevation
 Depth below mudline

Operator

hifts



First: Deeper water, deeper below mudline
and deeper stratigraphy!—still oll!

A. Elevation vs. year
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Last 20 years paradigm shifts T

» Stratigraphic/Combination traps now 50% of giants,
vS. historical 10%

— 3D seismic reservoir imaging and integration is
key
» EXxplosion of unconventional exploration
» Glants over oceanic crust

» Giants with oil and liquids at great depth
— 7-10 Km below mudline
— Good reservolir, high pressure
— Tapping the oldest, deepest petroleum systems
* Hydrodynamic upward flow in over-pressured basins
— Under-appreciated and tilted contacts

Finding Petroleum: Giant Fields 5 Paradigm Shifts



Giant Fields Creaming Curve By Trap Type
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Giant Fields Discovered Since 2000 by Trap Type: BBOE

39.5%

1960 1980 2000 2020

Since 2000, 60% of the giant
field reserves found have been
combination and stratigraphic traps

Stratigraphic



A. Giant Fields Found Since 2000 by Age and Trap Type
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Global Giants and Significant Fields 2000-2020
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Highlighted field numbers: 1) Zohr reef, Egypt 2) Caspian Carboniferous reefs 3) Pre-salt carbonates, Brazil
4) Cambrian tight gas-Khazzan, Oman 5) Ordos Basin tight gas 6) Galkynysh mega-giant Jurassic reef
7) Tertiary-Cretaceous turbidite complexes, East Africa 8) Deltaic topset play, Alaska
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Examples of 3D seismic facies imaging advances

A, B: Libra lacustrine carbonates, Santos Basin  C. Coral Field turbidite channel complex, Mozambique

A.
Structural map, base of salt (m)
6400 —- ¥
.
5500 _|
10 Km " Figure modified from Palermo et. al., 2014
o——
8 Figure modified from Rassenfoss, 2017, JPT D. Eocene fluvial channel complex Africa

Depth seismic showing microbial carbonate buildup
Modified from Carlotto et al., 2017, AAPG Memoir 113

Breakthrough technology for stratigraphic traps

Image courtesy of UHCL, by permission of the Ministry of
Petroleum and Energy of Chad
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o . B. Seismic time section
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North Caspian Basin Giant Stratigraphic and Combination Traps @,}

3D structural rendering of the Kashagan/Tengiz trend
Kasgagan Kairan
* North Caspian Basin
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Kashagan: Discovery 2000, 2D seismic
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Kairan (2003)- 740 MMBO
Tengiz (1980)- 5.8 BBO; 11.9 TCF
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Structural map, base of salt (m)

3 Pre-Salt Carbonates, Brazil

Giant Fields-Campos-Santos Basins
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2003 Galkynysh complex

Structure map (meters) on the Upper Jurassic productive complex
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DHI driven clastic fan plays

: v Prolific traps:
A. Strat/Combo traps by lithology 2000-2017  B. £ thick reservoir intervals
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Offshore Senegal Giant Turbidite Traps
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Cairn/Kosmos discoveries

Fan-1:2014 (Cairn)
950 MMBO P50; P10 2.5 BBO
Fan-South-1 successful 310 API oil
SNE-1: 2014 (Cairn)
Paleotopographic: 385 MMBO
SNE-1 extensions successful
Yakaar (Teranga West): 2016: 15 TCF (Kosmos)
Tortue: 2015: 15 TCF (Kosmos)
Teranga: 2016: 15 TCF, 300 MMBO

Mature kitchen/source rock strat traps
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Figure from Reynolds, 2016
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Seismic section

Rovuma Basin Mamba Complex
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Giant/Significant Strat Traps to 2017
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Figures modified from MacAulay, 2015, GEOLSOC
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Old concept: the ‘bread and butter’ play in West Siberia, Russia: Clinoform,
topset, turbidite plays—overlooked in the West?

Attribute slice through a clinoform
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Analog: old ideas (Priobskoye model) applied to new area: North Slope, Alaska

Giant Strat Traps
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Play rediscovered: Conoco, Caelus, Repsol, Armstrong
2015-2017
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A

Khazzan Tight Gas Field-Late Cambrian (Oman) Sulige Field: Ordos Basin, China

Makarem High Structure depth, top Shanxi Fmt.
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2016: Sulige Field alone estimated 44 TCF (7.3 BBOE)
Combination trap downdip of structural high. *Ordos Basin Permian fields 80 TCF proven

Trap still poorly understood. *145 TCF basin potential

Figures modified from Millson et al., 2008, AAPG Bulletin
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Active unconventional and tight oil/gas plays since 2000

Since 2000, at least 286 BBOE of new recoverable shale and tight gas/oil reserves have been found W®E

140°(l)'0"W 100°(l)'0"W 60°0l'0"W 20°0'0"W 0°0'0" 20°0'0"E 40°0'0"E 60°0'0"E 80°0'0"E 120°0'0"E 160°=)'0"E

9000'0"

~—170°0'0"N

70°0'0"N— = o=
Ni obr?r.;-- ‘ m_ Baklfgnﬂ hree Forks

Wattenber Utica P T Sy i
Mancos |\ ZEE S Marcellus |.. S pStea+ Namavaran =t 7101 os fite gas

30°0'0"N "k PR WOOdfo rd e -4 ‘v' 7 5 it - 4 é;:';"' )p& - SI Ch ua n tl ht aS 30°0'0"N

Barnett [l W {0 = ™ khalij Al Bahrain andy 2%

1or0on] Alpine High/Wolfcampfiy =% " 8 |Jafurah Basin 7 AV N W 10°00"N

=, % |JunggarTriassic tite oil f&

'\/N., = N 500010uN

‘,
-
g

. . ¥.| Khazzan/Mabrouk NE RS IERSS heali
— | . & = <258 WL 10000

. y . X \ / 4 -, ) f.‘r : 4 5 /\/ R
. e G ‘ ) % N
> = | S . P = 4
Y vy S - ¢ e - 2 ¥
e, < .38 - £ ’ Sy / . ; Q . . \'2
- o3 3 & s B ’

1 3 r e Ads

By X . 7 g i

30°0'0"S Los Molles/Vaca Muerta o K & . L e W fpocoo's
T o AL, L i - 1" alloon CBM

50°0'0"S : : . T g ' e - - . _}50000"s

i S | < e 4 ' MMBOE LG
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70°00"S- Stark and Smith, 2017 ® 500-1000 -70°0'0"S
g = A 1000-1250 .
1 | Plays/resources from other sources O 1250-2500

90°0'0"4— i f ¢ 1250-5000 . i 90°00"

Field/Reserve discussed in this paper °0'0"E 60°0' 5000 - 40000 '0"E 160°0'0"E

Classes:

B 1 Kilometers Giant: .5-5 BBOE
Super Giant: > 5 BBOE

0 2,875 5,750 11,500 17,250 Mega Giant: > 50 BBOE
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Cumulative BBOE

BBOE recoverable active unconventional shale and tight oil/gas plays
(Unless highlighted, reserves are from Stark and Smith, 2017)

350 Jafurah
Alpine High ¢ h ) Jurassic:
Junggar Triassic (USA) Jafurah Basin 270 TCF
300 \ \ resource-
Utica (USA) i Only 5.8 TCF
Los Molles/Vaca Muerta (Argentina) . booked by
250 Bzahenov (Russia) Tl Mabrouk NE (Oman), Wood-Mac
Rub Al Khalil (Bahrein) (Latham, 2021)
200 Eagle Ford, Niobrara, Chat (USA) Namaravan (Iran)
Walloon CBM (Australia) >
Cana (USA)
150 Cardium (Canada)
Marcellu§, Haynesville, Three Forks Horn River (Canada)
Bone Spring, Wolfberry (USA) Wolfcamp, Woodford (USA)
100 Sichuan Triassic tight gas (China) Qinshui CMB (China)
Fayettevill, Granite Wash (USA)
50 <«— Bakken, Cleveland/Tonkawa/Marmaton (USA)
; T Montney (Canada), Barnett (USA),|Khazzan tite gas (Oman)
Ordos Basin ,
e > Walloon CBM (Australia)
0 Permian tight gas
1995 2000 2005 2010 2015 2020
Reserves from other sources mentioned in text D'scovery year Field/reserves discussed in this paper

(Dolson et al., 2021, Giant Fields Memoir)
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Drilling deeper below mudline...

Cumulative BBOE

Creaming curve of giant fields deeper than 5000 meters below mud line or surface
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Deeper and deeper drilling and more liquids in high pressure, high temperature

Giant Fields > 5000 meters below mud line or surface by fluid phase
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Super deep Ordovician 0il-6000-8000 meters-Halahatang oil field, Tarim Basin, China: 2.2
BBOE, 17-45 API-2010 Discovery, Tarim Oil and Gas Company

Stratigraphy mirce-Reseeviod
E[7a[|on| S [aneipopated | e 7000-8000 meter oil
g N « Combination trap-karsted
AR carbonate reservoirs
5 «  High pressure
g — 10,878-12,238 Psi
R (70 BT = == el ey . -
K K .2{4 = - Y\:':'.I:'," (PR : MOderate to hlgh
MR- e temperatures
e R — — 140°-172°C
e (o ron] | o — Cold geothermal
e [ [ [ — T [ gradient (22° C/Km)
'.3 -‘7"—{ o Earl m a E :
1o o [ «  Mature oil-carbonate
S ot L (‘altj('l:u;m = : marine Source rOCk
(Cambrian)
s| 101N B | e le High salinity water
o1 =3 g « Oil density
2 Op :’:] Middle §s
>y - P 510 ‘. 7 " y Caledomniand | H” — .8_ . 9 g/cm3
c|® | — (17-45 API)
1=t e [0, B | o)
qu“'] I P ] [onzﬁ ?*."‘ﬂjl ] "[”:lm‘mn { ] r—'“f:‘f"j .'"TI'?TI
B Depth  Fault Well  Block [\ Sesdiame si}.a_\.;t‘ ""f'{'“i"'_"f"" i ":l Bzt
g Contour(m) (0 10 20km e \*r«lﬁ, LLJ — 2y BE=
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Appomattox-2009-0Oil and
Gas- 650 MMBOE

 Deep water:
— 2096 m (6876 ft)
— Sub-salt structural trap
Appo OH (MC 3521) * Reservoir depth
iEE S;EJ%EEE'-}ZI&LP” — Jurassic Norphlet Aeolian
Avpo NE (MC 348.3) « 162 m (530) all
— 24,000-25000 ft
e (7314-7619 m)
— Below mudline

Appo NEstl (MC 348-3stl)
e (17,124-18,124 ft
below mudline)

Well - informal names

AN

e « 5219-5523 m below
Appo OHbp " —::: mudline)
Wl — Porosity preservation from
A / i chlorite rim cements

0 1.5 3.0

Scale = miles Jigm Shifts
Contour interval = 500 feet




2008 Blackbeard well

South Timbailier Depositional Wedge Model and Discovery
Estimated 1 BBOE, shallow water, sub-salt

Depositional wedge conceptual model

Planned locaton South Timbalier Block 168 cross-section
I 1 st sk « Gulf of Mexico
sub-salt
r— generalizations
B « Cool geothermal
gradient
_ | |+ High pressure
. | |+ siill good phi/k

No vertical scale| \ — — |

readable 1
at 9+ kilometers
’
(30,000’) below
. High Pressure 25,000 PSI Flat rock area nearby:
@ Oil or gas-condensate Blackbeard well 2008 High quality deep water 14,800-17200 Ft .
T— p— Oil or Cond pays Oligocene Frio Sandstones (4500-5242 m) m u d I I n e
!.'Qz Foirge " ARSI TD 32,997 FT and Miocene Rob-L sandstones  Good porosity
N ety B . 10596 m gross production

280 MMCGFD

§ Abandoned to testin high pressure setting (also geo-pressured)

As of 2021, results unknown

McMoran-Freeport

‘ Modified by J. Dolson
Location image from: 9/25/2021 from
https://www.sIb.com/reservoir-characterization/seismic/multiclient-data-library/gulf-of-mexico-south-timbalier® 0GJ 2008 article

https://www.ogj.com/drilling-production/article/17218200/ultradeep-shelf-well-logs-four-indicated-pays-in-miocene
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Liquids at great depth: re-think things

Variable kinetics of source rocks by type and temperature

Type A: aquatic marine clay poor Type B: aquatic marein clay-rich

Generalized oil and gas windows as a function of temperature

. *m‘;"”(.'?;fm Ot Bk
Crude Oil Natural Gas B e i 0il I cicimstuon oil
=
= D as =06+ -~ =06 -~
g S g Biodegradation g 3 g 3
100F (38C) — S 3 E window - ~ £ O/
125F (52C) LR 28 .. =
150F (65C) — ——— = S~ ————— - ———————— — 1 5. .. — . .
3 Heavy oil a2 - :
200F(93C) 4 &
E ‘Norma'l 0“ : ;‘ ,:,U ‘:L. _"U'” 5“ " Q * {_‘ ‘%] q' r'(, -r';, i
250F(210 1 = S | C eweno
o C: aquatic non-marine (lacustrine) _D/E: Terrigenous terrestrial was/resin
300F (148 Q) —— =~ e ——— ool e O
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g s =06 o K o o o o
400 F (204 C)] 5« § | y
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- o Bue Ie) / %l _Oil
2
JGas .
0 o0 0 mem";e - a0 >0 am 0 n 0 30

F-Terrigeneous terrestrial lignin-rich

Note: these are rough standards
following the BP model of
Pepper and Corvi (1995).

= | OGerwrston bk (Frins)

Kinetics of source rocks
P fessure B
PVT properties

<}

They can also be modeled as mixed
combination and against Ro, TR
or many other variables.

Yickd {fraction)
7‘

»

Where possible, obtain your own
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kinetics through direct measurement
of source rocks.



Global datasets: GOR vs depth, pressure

Observations from big data sets: PVT properties and phase separation

Cumulative GOR (scf/bbl) GOR (scf/bbl) :
A. , 100 1000 10000 100000 1e+0061e+007  B. , 10 100 1000 104 105 1e+006 High pressure at depth
- i helps preserve initial oil
5600° | . s & 200 00 & and gas generated by

= | g £ 4000 Rt ey source rock.
*= 10,000’ | 3.2 »v 6000 o g  offtoo
= -% 4 3 L
& ey R 34 oo o2 The source rock may be
s U .. mcuva S 810000 ‘spent’, but the liquids

20000 | Bybble point curve 6.1 %12000 expelled may not ‘crack’

g ool to gas.

25000

C Phase behavior at depth varies with fluid type D

. Fields with known gés caps or oil legs

Trends ca be defined for basins with big data sets

" 700- 10000 As they migration, phase
s | gl o N5 N T Ree P changes occur either to
- S 8000 = = R0 Y & gassier or heavier oil, so
© 5004 IS 2 W . Neteo oS Y ) _
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v Of iy L v 2 e b 05 P AR g il fi
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Example of phase changes with migration

A. Different organo-facies produce different fluids
and PVT properties that respond differently

B. Migration impacts with fluids from different
organo-facies

GOR (scf/bbl) CGR (bbl/mmcf) GOR (scf/bbl)  CGR (bbl/mmcf)
Jo 100 1000 100 10 1 10 100 1000 100 10 5
No fluid should No Single Fhase Fluid
& o Sing
1 %6/9 plot here && .%6\61@ Should lot here R ®
3000/ , & 2000 \% e ENLVER
N N ST 3
< 6000 Pt o0 | &
= 6000- 4000 = Nl 6000
5 | Depth (meters) 9 :é PR S = =
n = © o © £ =
£ 9000, 0, 6000 s g 25 ) & < 2 9000 2
. 3 53 58 §22 4
12000 8000 o 28 o =
oY = ol O % £ 5 12000
T © E LL LORN v 9 wn =
- A 5208 238 83 58¢
15000 He and Murray, 20119 :{ﬁmw.m A 10000 _ ; 15000
Mostly oil Oilandgas  Gas Qil follow Fluids follow  Fluids follow dew
bubble point either bubble point curve
C. Example of phase fractionization curve or dew point
pathway in a gas condensate system curve
API 57

Start D/E rich gas condensate
source rock 5-20 K scf/bbl

Waxy oil rim, light stripped by
gas cap

Lean gas condensate leaked
from gas cap

Depth (Km)

Spilled liquid from a
condensate rim

. Lean gas found at shallow depth
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What is in the deepest
basins may be quite
different from the fluids
after vertical migration
and phase changes



Field
‘Mad Dog

Britannia

El Temsah

Ormen-
Lange

Azeri

Guneshli

Shah Deniz

MJ-1

Yakaar-1

Agulha 1

Coral 1
Lavani 1
Zafarani 1

Tangawizi 1

uUD-1

Mronge 1

hmeyim

rca-1
BirAllah
Bonga N-1
Bonga

outhwest
Bonga

gbami
Ikija

Long
-90.2

0.83

32.5

5.34

51.28

51.1

50.42

82.85

-18.22

41.21

41.17
40.44
40.44

40.5

82.14

40.48

-17.62

-17.55
-17.551
4.55

4.53

4.36
5.56
5.37

Lat

27.28

58.08

32

63.54

40.05

40.17

39.85

16.53

15.16

-11.37

-11.15
-9.38
-9.24

-9.32

15.12

-9.07

16.13

16.51
16.608
4.64

4.46

4.33
3.46
3.42

Year

Country
1998 United States

United
e Kingdom

1977 Egypt

1997 Norway
1987 Azerbaijan

1979 Azerbaijan

1999 Azerbaijan

2014 India

2016 Senegal

2013Mozambique

2012 Mozambique
2012 Tanzania
2012 Tanzania

2013 Tanzania

2007 India

2013 Tanzania

2015 Mauritania

2019 Mauritania
2015Mauritania
2004 Nigeria

2001 Nigeria

1996 Nigeria
1998 Nigeria
2000 Nigeria

Type
Oil
Gas and

Condensate

Gas and
Condensate

Gas

Qil

Qil

Gas and
Condensate

Gas and
Condensate

Gas and
Condensate

Gas and
Condensate

Gas
Gas
Gas

Gas

Oil and Gas

Gas

Gas

Gas
Gas
Oil and Gas

Oil and Gas
Oil

Oil and Gas
Gas

Class

Giant

Giant

Giant

Giant

Giant

Giant
Giant

Large-
significant

Giant

Giant

Giant
Giant
Giant
Giant

Large-
significant

Large-
significant
Giant

Giant
Giant
Giant

Giant

Giant
Giant
Giant

MMBOE Comment

500 Hydrodynamic

668.93 Hydrodynamic

916.67 Hydrodynamic

1833.33 Hydrodynamic
1284.67 Hydrodynamic

762.07 Hydrodynamic

4483.33 Hydrodynamic

223 Hydrodynamic

2950 0Oceanic crust

1000 0Oceanic crust

1848 Oceanic crust
672 Oceanic crust
697 Oceanic crust

636 Oceanic crust

333 Oceanic crust

4000ceanic crust

2796 Oceanic crust

1668 Oceanic crust
616 Oceanic crust
610 Thin transitional crust

921 Thin transitional crust

1200 Thin transitional crust
1059.44 Thin transitional crust
500Thin transitional crust

2 more
paradigm
shifts

Oceanic crust or
thinned
continental
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Pushing the envelope beyvond continental crust with giant traps

Depth seismic sections (ION SPAN lines)--outer fold belt Niger Delta

Oceanic crusts
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Niger Delta fields on thin
transitional or oceanic crust:

Bong North-1 (2004)
Bonga Southwest (2001)
Bonga (1996)

Agbami (1998)

Ikija (2000)

Others on or near oceanic crust

UD-1 (India, 2007)

Orca, Ahmeyin (Mauritania, 2019, 2015

Coral, Agulha (Mozambique, 2012,2013)

Yakaar (Senegal, 2016

Mronge, Tangawizi, Zafarani, Levani
(Tanzania, 2012, 2013)

QLT
Map from Bellingham, et al.,
2014, GeoExpro




Example fields discovered over oceanic or thinned continental crust
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Increasing recognition of deep, over-pressured basin hydrodynamic tilting (literature review
since 2000)—example of 25 years to recognition of tilt-Temsah-Field, Egypt-this may turn out

to be the norm in deep plays

A.Two types of hydrodynamic flow B. Temsah Field, Egypt: Flat contacts
with deep basin flow

Hydrodynamic Traps .
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C.Tilted contact with deep basin flow
matches field contacts
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Where next?

» Harsher, more difficult new area access or imaging
— Kara Sea, Arctic
— Politically unstable countries
— Sub-volcanics
— Difficult sub-salt

* Drill deeper into older basins below proven systems

— Test the deepest petroleum system
— Question paradigms on source, charge migration

« Geochemical oil and rock typing to unlock new plays
* Fluid Inclusion Stratigraphy

— Old planet, lots of undrilled rock out there

* Rich Neoproterozoic source rocks globally—are they all tested?
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90°0'0*

Giant and significant oil and gas fields of the World: 1868-2021
with some Super Basins for comparison to West Siberia
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=
- Dinkov EUR_MMBOE
l"'.
ﬁ 7 Kamennomskyoe Pnbe:_da o o 0-10000
Leningrad e P UPSr-C S @  10000-20000
D 7 T R S -
=2 Priobskoye P — \ () 20000-30000
! Lo fajed () 20000-40000
1 Bovanenk: 3.. .- Rokossovsky
W 2 ] Q\—“i Zhukov (O 40000-50000
O ] and others
R=R Q 50000-60000
1& ]
§ ] ' Yamburg Field_Type
.B_ 7 Arkticheskoye & Gas
- @ Gas and Condensate
o . Urengoy
=10 ' £ Gas and Oil
: d © Gas, oil, condensate
Zapolyamoye
3 - . & Oi
Ty o!\—_ ; .
‘ Pravdinks-5alym @ Oiland Gas
Samotlor | ——— :
o Lribs -Krasnoleninsk | | L o @ Oiland Gas and Condensate
1955 1960 1965 1970 1575 1880 1985 1890 1985 2000 2005 2010 2015 2020_ 2025

_ Finding Petroleum: Giant Fields 5 Paradigm Shifts
Discovery Year

Arctic potential huge
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Increasingly better seismic imaging—Ilooking deeper, older
stratigraphy: old play was post-salt! Big play pre-salt!

Depth NW SE
(Km) A Typ_i_calexploratior_\ﬁ3Dsub-saItimq_ging Lula (Tupi) Field A’

e B S———

25—
5.0 —

/" Lulu/
Tupi Field

P 2.5
Pre-2000 vintage 2D Base salt
seismic had even worse 5.0 —
sub-salt imaging. Play was
post-salt only.
Long offset 2D seismic 7.5

acquired 2000-2004
from several vendors
allowed deep rift imaging
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Look deeper, older stratigraphy-Sichuan Basin

Neoproterozoic, China example

DU Jinhu et al. / Petroleum Exploration and Development, 2014, 41(3): 294-305
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Old field re-vitalized:

e Gas

pools known since 1970’s

« 2011 Realization deeper pools

Siant Fields 5 Paradigm Shifts

Neoproterozoic/Lower Cambrian
Trillion m3gas (35 TCF)
High pressure, high temperature
e 76 Mpa pressure (11023 psi) at
-4324 m (14147 ft)-.78 psi/ft)
141.4 °C
Lowest gas -4459 M, 100 m below
closure, no water leg defined



Bazhenov maturity, fields and anomalous wells | akatite B
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Fluid inclusion stratigraphy: cheap, fast, new look, old basins

150 Km (90 Mi)-Migration pathway-these wells:

800 Km pathway proven regionally Migration pathway in regional carbonate zone. Orange
‘ > ‘blank’ zones are intervals of no samples.
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Geochemical data used to tie oil to source

rocks—this can come from FIS data!

Additional geochemical information that can be gleaned from fluid inclusions

A. Crush GC data from an oil-inclusing silicified carbonate.

N7
i (Example courtesy of Torkelson Geochemistry)

Utility of these data:

*Oil families

* Gross maturity of the oil

*Water washing or biodegradation

Utility of these data:
* Oil to source rock ties for
m/z 217 + 218 migration studies

Steranes *This kind of information provides
the link back to migration
modeling

Intensity (mv)

0 S N A
440 450 480 470 480 4950 500 510 520 530 540
Retentlon Time (min)

Finding Petroleum: Giant Fields 5 Paradigm Shifts

Why wouldn’t
anyone want
Information like

this?

Unlocking complex
migration pathways!

Oil geochemistry
data I1s essential to
validate migration
and burial models.




Analogs and anomalies count!
You can't have enough

analogs in your ‘tool kit'!

EUR_MMBOE
o 0-500
500-1000
Image and quote e T — S GE—a
courtesy Stuart Burley ~ gt g ' ._ o S —_— :
5000-160000
) 160000-200000
Trap_Class
@ Combination
) Stratigraphic

® Structural
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Iran (structures) Petrobras sub-salt
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2012: Zafarani-5.2 TCF, TangaW|Z| 4.8 TCF GIP-offshore Tanzania
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Figure 27. Random line through the Tangawizi resemvoir indicating the outline of sand bodies (left) between top and base
gas. Note differences between GWCs and RGWCs. The figure to the right shows a variance map
clearly shows the outlines of sand bodies with varying orientations.
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AAPG Giant Fields volume at September, 2021 Image
Conference, Denver, Colorado

Giant fields found in the decade 2010-2020 and historical giants @
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Some other tools that unlock new ideas
A. Wheeler transform from seismic B.

Trinity quick look migration from depth seismic

West East
Well A Well B Oil window (Ro-.6%)
< = iz

Regional Stratigraphic Analysis
Reservoir prediction, distribution and geometry

HorizonCube- all packages

2000
T

4000
T

P N
| AT

=% Gas window (

8000
T
prs

£000
T

i e

10000

Seal capacity artibrarity & ) —
assigned to amplitude * 410 API oil show o

strength 0-700 meters

0 10 200 30 40 500 8%

Calibrated t oil shows From Dolson, 2017: GeoExpro

Landward-stacked
Eocene/Oligo fan systems;
subsidence >> sedimentation

Incision at 051,
followed by hiatus

Proximal ‘forced Multiple regressive pulses;
regressive’ fan systems? Lowstand systems tract

Major transgression,
early Miocene

Modeling 3D migration calibrated to oil geochemistry
A A’

e v o 7 Show type
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Giant Ahmeyim-Deep Water DHI
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Figure 16. Greater Tortue paleo-depositional setting for the lower slope during the Early Cenomanian. Tortue-1 log section
of the main pay interval, showing gamma ray (GR) and resistivity (RES) logs for sand and hydrocarbon response, respec-
tively. Main pay interval amplitude extraction map shows extent of gas-bearing reservoir. (Note: Tortue-1 was renamed

Combination trap: 50-100 TCF GIP!
Area ‘written off’ by all major oill

Ahmeyim-1.)

companies
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Angle Stack Example ion
= s T Stratigrahpic/Combination Trap Helper: AVO Analysis
2000 — _,a,ﬁx Tanzania offshore I
— ‘-,.‘rv-:rﬁ;* e Rock property dependent: do your homework
3000 Tmim«la.\ mp e e e e |
s ., |
e — . = A key factor in giant fan discoveries 2000-2017
4000— e = s
== - = Olig? fan
e T—— e Key pitfalls:
K/Tboundary = NG
B AVO analysis shows no conformance to structure

Deeper event near K/T boundary only seen on
offset stacks: Paleocene? channel trend

Angle Stack Example

Prestack Time Migration (PSTM) — Far Stack

(probably lithology)

ion
Amplitude maps don't look like geology

(amplitudes in space)

2000-__ -~

3000 —

e
\&‘M%«‘ergifan =S

5000—

Sty "‘"’m =
- o ”‘- -1"

K/T boundar;l =

i H

Best analysis uses multiple visualization

techniques
Semblance, Seismic wavlet facies

and other methods--
the image has to look like geology!

eai
Amplitude increases with offset '

— — 10Km

Far offset: Bright Oligocene? fan and thick gas pay
section. This is a verified discovery where angle
stacks provide a basis for DHI (AVO) comparisons
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A. Progressively deeper water exploration
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B. Progressively deeper basin exploration

YEAR
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5 B. | Depth below surface or mudline by year | Field Type
: g ® Gas
2000 m Gas/Cond.
4000 m | @ Gas with oil
@ Mostly oil
6000 m i
8000 m
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. 5 —TFlevation + water depth




Multiple basins and play types: Until the last 20 years, giants were dominated by structural traps (80-
90%). Unconventional and strat-combination traps are becoming the most dominant trap types with
advances in 3D seismic and unlocking tight rocks with horizontal drilling.
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