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Glad I did it!,

But I had no idea 

what I was getting 

into—it swallows 

you whole

John C. Dolson

DSP Geosciences and Associates 

Coconut Grove, Florida

But First: a Word on the Updated AAPG Giant 
Fields GIS Database



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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Myron K. Horn

(1930-2016)

Michel Halbouty

(1909-2004): 

“First, study the usual about 

accumulations”

“Then, concentrate on the unusual—

that is often where the future lies”

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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1204 Giant and Significant 

Fields

4900 + references searchable 

by field name

Keys to understanding Super 

Basins and Evolving plays

646 Fields edited or added

1000+ new references

New data:

• Elevation

• Depth below mudline

• Operator

Edited field

Super Basin



First: Deeper water, deeper below mudline 

and deeper stratigraphy!—still oil!
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Last 20 years paradigm shifts

• Stratigraphic/Combination traps now 50% of giants, 

vs. historical 10%

– 3D seismic reservoir imaging and integration is 

key

• Explosion of unconventional exploration

• Giants over oceanic crust 

• Giants with oil and liquids at great depth

– 7-10 Km below mudline

– Good reservoir, high pressure

– Tapping the oldest, deepest petroleum systems

• Hydrodynamic upward flow in over-pressured basins

– Under-appreciated and tilted contacts
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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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Breakthrough technology for stratigraphic traps
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New play, old Basin: The 

Zohr Reef discovery, Egypt 

(ENI, 2015)
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3 Pre-Salt Carbonates, Brazil
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DHI driven clastic fan plays
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Old concept: the ‘bread and butter’ play in West Siberia, Russia: Clinoform, 

topset, turbidite plays—overlooked in the West?
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(Dolson et al., 2021, Giant Fields Memoir)

Jafurah 

Jurassic:

270 TCF 

resource-

Only 5.8 TCF 

booked by 

Wood-Mac 

(Latham, 2021)
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Drilling deeper below mudline…
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Deeper and deeper drilling and more liquids in high pressure, high temperature



• 7000-8000 meter oil

• Combination trap-karsted 

carbonate reservoirs

• High pressure

– 10,878-12,238 Psi

• Moderate to high 

temperatures

– 140o-172oC

– Cold geothermal 

gradient (22o C/Km)

• Mature oil-carbonate 

marine source rock 

(Cambrian)

• High salinity water

• Oil density

– .8-.9 g/cm3

– (17-45 API)
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Super deep Ordovician oil-6000-8000 meters-Halahatang oil field, Tarim Basin, China: 2.2 

BBOE, 17-45 API-2010 Discovery, Tarim Oil and Gas Company



Appomattox-2009-Oil and 

Gas- 650 MMBOE

• Deep water: 

– 2096 m (6876 ft)

– Sub-salt structural trap

• Reservoir depth

– Jurassic Norphlet Aeolian

• 162 m (530’) oil 

– 24,000-25000 ft

• (7314-7619 m)

– Below mudline

• (17,124-18,124 ft 

below mudline)

• 5219-5523 m below 

mudline)

– Porosity preservation from 

chlorite rim cements
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Gulf of Mexico

Louisiana



• Gulf of Mexico 

sub-salt 

generalizations

• Cool geothermal 

gradient

• High pressure

• Still good phi/k 

at 9+ kilometers 

(30,000’) below

mudline
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https://www.ogj.com/drilling-production/article/17218200/ultradeep-shelf-well-logs-four-indicated-pays-in-miocene

2008 Blackbeard well



Liquids at great depth: re-think things
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• Kinetics of source rocks

• Pressure

• PVT properties



Global datasets: GOR vs depth, pressure
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High pressure at depth 

helps preserve initial oil 

and gas generated by 

source rock.

The source rock may be 

‘spent’, but the liquids 

expelled may not ‘crack’ 

to gas.

As they migration, phase 

changes occur either to 

gassier or heavier oil, so 

gas fields can lie over 

deep oil fields from the 

same source rocks. 



Example of phase changes with migration
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What is in the deepest 

basins may be quite 

different from the fluids 

after vertical migration 

and phase changes
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Field Long Lat Year Country Type Class MMBOE Comment

Mad Dog -90.2 27.28 1998United States Oil Giant 500Hydrodynamic

Britannia 0.83 58.08 1975
United 

Kingdom

Gas and 

Condensate
Giant 668.93Hydrodynamic

El Temsah 32.5 32 1977Egypt
Gas and 

Condensate
Giant 916.67Hydrodynamic

Ormen-

Lange
5.34 63.54 1997Norway Gas Giant 1833.33Hydrodynamic

Azeri 51.28 40.05 1987Azerbaijan Oil Giant 1284.67Hydrodynamic

Guneshli 51.1 40.17 1979Azerbaijan Oil Giant 762.07Hydrodynamic

Shah Deniz 50.42 39.85 1999Azerbaijan
Gas and 

Condensate
Giant 4483.33Hydrodynamic

MJ-1 82.85 16.53 2014India
Gas and 

Condensate

Large-

significant
223Hydrodynamic

Yakaar-1 -18.22 15.16 2016Senegal
Gas and 

Condensate
Giant 2950Oceanic crust

Agulha 1 41.21 -11.37 2013Mozambique
Gas and 

Condensate
Giant 1000Oceanic crust

Coral 1 41.17 -11.15 2012Mozambique Gas Giant 1848Oceanic crust

Lavani 1 40.44 -9.38 2012Tanzania Gas Giant 672Oceanic crust

Zafarani 1 40.44 -9.24 2012Tanzania Gas Giant 697Oceanic crust

Tangawizi 1 40.5 -9.32 2013Tanzania Gas Giant 636Oceanic crust

UD-1 82.14 15.12 2007India Oil and Gas
Large-

significant
333Oceanic crust

Mronge 1 40.48 -9.07 2013Tanzania Gas
Large-

significant
400Oceanic crust

Ahmeyim -17.62 16.13 2015Mauritania Gas Giant 2796Oceanic crust

Orca-1 -17.55 16.51 2019Mauritania Gas Giant 1668Oceanic crust

BirAllah -17.551 16.608 2015Mauritania Gas Giant 616Oceanic crust

Bonga N-1 4.55 4.64 2004Nigeria Oil and Gas Giant 610Thin transitional crust

Bonga 

Southwest
4.53 4.46 2001Nigeria Oil and Gas Giant 921Thin transitional crust

Bonga 4.36 4.33 1996Nigeria Oil Giant 1200Thin transitional crust

Agbami 5.56 3.46 1998Nigeria Oil and Gas Giant 1059.44Thin transitional crust

Ikija 5.37 3.42 2000Nigeria Gas Giant 500Thin transitional crust

Oceanic crust or 

thinned 

continental

Upward 

hydrodynamic 

flow tilted 

contacts

2 more 

paradigm 

shifts
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Pushing the envelope beyond continental crust with giant traps



Senegal offshore- Huge new as gas/condensate fields: 

oceanic or thin continental crust
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USGS boundary,

Oceanic crust

Thinned continental crust within

USGS oceanic crust boundary

Tortue-Ahmeyim-2

2105 Discovery, opens up 100 + TCF 

(Kosmos Energy)

• 11.28 TCF , 226 MMBC at Tortue

• Cenomanian-Albian sandstones

• Source rock unknown

• 2776 meters water depth

• Reservoirs at 5200 meters, 2424 

meters below mudline (shallow 

burial)

Images from McGuinness et al., 2021, AAPG Memoir 125
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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



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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New Access, old 

plays (structures)-

Arctic potential huge

Partially ice-bound 

Kara Sea, offshore 

West Siberian 

Basin

Giant fields creaming 

curve broken 2019-

2021

• 7 new giants in two 

years

• 17.8 BBOE (107 

TCF)
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Increasingly better seismic imaging—looking deeper, older 

stratigraphy: old play was post-salt! Big play pre-salt!



Look deeper, older stratigraphy-Sichuan Basin 

Neoproterozoic, China example
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Shallow play: Upper 

Cambrian

Deep play: Neoproterozoic (Sinian)

and Lower Cambrian

Shallow play closure: Longwangmiao

Formation—hidden deep traps not matching structure

Old field re-vitalized:  

• Gas pools known since 1970’s

• 2011 Realization deeper pools

• Neoproterozoic/Lower Cambrian

• Trillion m3 gas (35 TCF)

• High pressure, high temperature

• 76 Mpa pressure (11023 psi) at

-4324 m (14147 ft)-.78 psi/ft)

• 141.4 oC

• Lowest gas -4459 M, 100 m below 

closure, no water leg defined



• Geochemical anomaly mapping, 

West Siberia

– Jurassic/Cretaceous 

petroleum system but…

• Bazhenov (Jurassic) 

maturation map, or Lower 

Jurassic source rocks 

can’t explain all 

anomalies easily

– Neoproterozoic source 

proven in SE corner

– Thermogenic gas well 

beyond gas or oil windows in 

Mesozoic systems

• Ask the right questions

• Be a skeptic
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Question paradigms



Fluid inclusion stratigraphy: cheap, fast, new look, old basins

• Other data

– Paleo water salinity

– Temperature of emplacement

– Api gravity

– GCMS

– Seal identification

– Source rock identification, maturity

– Integration to burial models
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Migration pathway in regional carbonate zone. Orange 

‘blank’ zones are intervals of no samples.

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

800 Km pathway proven regionally



Geochemical data used to tie oil to source 

rocks—this can come from FIS data!
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Why wouldn’t 

anyone want 

information like 

this?

Unlocking complex 

migration pathways!

Oil geochemistry 

data is essential to 

validate migration 

and burial models.
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Analogs and anomalies count!

You can’t have enough 

analogs in your ‘tool kit’! 



BACKUP
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Who were the big giant field finders, last 20 years?

Iran (structures) Petrobras sub-salt
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But that is only part of the story!  Who were some of the ‘new play makers?”

• ENI: Zohr, other global giants, variety of plays (15 total)

• Kosmos: Cretaceous turbidites African margin

• Exxon/Mobil: Guyana offshore

• Cove Energy: Mozambique Tertiary-Cretaceous deep water

• PetroChina, other Chinese companies: Deep drilling, carbonate giants

• Tullow-East Africa rift, Africa turbidites

• Rockhopper (Falklands)

• Nexen, Suncor, BG (Buzzard, North Sea)

• Hurricane Energy: Giant fractured basement, Faeroes-Shetland-Orkney Basin

• Armstrong energy (North Slope, Alaska)

R
o
s
n

e
ft

G
a
z
p

ro
m

P
e

m
e

x

H
u

rr
ic

a
n

e

L
u

k
o
il

K
o
s
m

o
s

O
th

e
r 

C
h

in
a

L
u

k
o
il

N
o
b

e
l

ENI tops (15) list for broadest play types and global variety

Apache



Tangawizi giant 

tilted contact or 

perched water

Finding Petroleum: Giant Fields 5 Paradigm Shifts

D
e
p

th
, 
T

V
D

S
S

Pressure (Bar)

2012: Zafarani-5.2 TCF, Tangawizi 4.8 TCF GIP-offshore Tanzania

G/W contact

G/W contact



AAPG Giant Fields volume at September, 2021 Image 

Conference, Denver, Colorado
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Giant Ahmeyim-Deep Water DHI
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Combination trap: 50-100 TCF GIP!

Area ‘written off’ by all major oil 

companies
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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.

Oceanic crust!


