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Outline

• Geology of Oil and Gas (Petroleum)
– conventional
– unconventional

• Resources
– Conventional
– Unconventional

• Duration of petroleum era?



Sedimentary Basins: where 
products of erosion accumulate
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Infer salt movement 
from sedimentation ⇒

Jurassic TII: 0.1 x 125 x 202 km, 5Wt% TOC, HI=628 => 204 Bt HC

Eocene TIII:  0.03 x 125 x 93 km, 4Wt% TOC, HI=204 => 6.9 Bt
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Migration of HC from 2 Sources
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13.8 Ma
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10.5 Ma

Inversion of Louann Salt to form sill0
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10.1 Ma
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8.2 Ma
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5.5 Ma
Southern Minibasin

0

16.7
0 200 km

Cathles (2004)



4.2 Ma
Southern Minibasin

0

16.7
0 200 km

Cathles (2004)



3 Ma
Southern Minibasin

0

16.7
0 200 km

Cathles (2004)



1.4 Ma
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0.95 Ma
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GoM is a massively 
leaky system

Gulf of Mexico
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Bush Hill 
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and gas seep

Hydrocarbons maturing 
and migrating today, 
pouring out of ~10,000 
seeps on the seafloor



Vent only if Smigr<0.5%
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Fraction of migrating 
petroleum on the pore space



Eocene Oil Dominates if Smigr < 0.05%

Cathles (2004)



Source and Spill are main “new” resources

184 Bto Generated

37 Retained in 
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http://oceanlink.island.net/ONews/ONews7/images/
mud%20vol%20-%20FBGNMS.jpg

Mud Volcano

gas

Salt dome

Brine pool

Methanotrophic mussels

Ian MacDonald (TAMU)

Worms grazing on bacteria 
growing on surface of methane ice

Ian MacDonald (TAMU)

Ian MacDonald (TAMU)

Images mainly from the Gulf of Mexico



Callogoria coral; cup coral

Small oil droplets
adhering to hydrate

Ian MacDonald (TAMU)

Ian MacDonald (TAMU)

http://i.livescience.com/images/090407-deep-vent-02.jpg
Mineral chimney and microbe mats

Madrepora coral
Mississippi Canyon
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Azerbaijan

Mud volcanoes, stratigraphic inversion
HC overpressuring makes sediments quick



Azerbaijan dramatic example

Gas pipe- when gas can leave source
Mud volcano- when it can’t

14 km depth

In Azerjaijan mud volcanoes are 
literally inverting the stratigraphy

Mud Volcanoes of the Azerbaijan SSR, Publ. House of the Academy of Sciences Azerbaijan, Baku, 1971

Mud volcanoes



Mud volcano 400-500 m 
high and 1-3.5 km diameter

Mud breccia outbursts with gaseous jets
Entrained fragments of rock 1-2 m diameter

Mud Volcanoes of the Azerbaijan SSR, Publ. House of the Academy of Sciences Azerbaijan, Baku, 1971

Mud Volcano

Mud Volcano



mudflow

Oil flow

Oil pond

Gas vent

Triad of oil, gas, and diapiric structures
10 to 13 year eruption cycle
Eternal methane fires (1000 yrs)

Mud Volcanoes of the Azerbaijan SSR, Publ. House of the Academy of Sciences Azerbaijan, Baku, 1971



Unconventional resource
184 Bto Generated

37 Retained in 
source

15 In Migration 
Pathways

1.4 Proven 
Resources

131
~1000 x 10^9 bbls

Vented

Big resources = 
source and spill

What are scientists saying about resources?...
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Unconv. #1: Tar Sands
11% Rogner’s RB of 870 Gto

Athabasca

100 Gto

Craig et al. (2001)

Cathles and Adams (2005)

11% Rogner’s RB of 870 Gto



Unconv #2: Oil Shale
“the rock that burns”

92     297  74    1,179  2,037   42,600  Gto

Craig et al. (2001)

% Rogner’s RB       11%    34%     9%      1.4 x      2.3 x         53 x RB = 870 Gto

0.134 t/bbl
Gbbl



Unconv #3: Technology

Craig et al. (2001)



Technology:

• Production
• Exploration
• Refining

Craig et al. (2001)



Finding more:

• Unexpected discoveries
– Empty Quarter 200’ sand 

dunes
– Paleozoic oil (even 

Cambrian in Oman; 
Mideast oil generally 
Mesozoic or Tertiary)

– Barents Sea, Arctic,…

• Better exploration 
economics and recovery

1980->2000
– $/bbl discov $21->$6
– Recovery   22% ->35%50%

Abu Sidr

Empty Quarter

“Oil is found in the mind…” Wallace Pratt



Natural Gas



Convtional Reserves

(857 Gboe = 115 Gtoe)

1 bbloe = 6000 scf

90×1012 scf/y
=15 Gboe/y

57 yrs
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14% Rogner’s resource base of 814 Gtoe



USGS conv. gas resources

Reserves 867 Gboe
Reserve Growth 664
Undiscovered 1068

2600 Gboe 350 Gtoe

U.S. Geological Survey world petroleum assessment 2000,
http://pubs.usgs.gov/dds/dds-060/ESpt6.hml

(2311 Gbo, 309 Gto)USGS Oil resource

43% Rogner’s resource base of 814 Gtoe
(but need to add historic production of 1 Tboe)

43% Rogner’s resource base of 870 Gto
(on same basis)



Basin Center Gas
154 Gtoe in 4 basins (resource)

tight+shale+coal gas 
= 818 Gtoe

http://www.kkrva.se/images/energi/odell

19% Rogner’s RB814

100% Rogner’s RB814

Basin center gas plus
Tight+shale+coal=
119% of Rogner’s RB814
(not counting historic production)

Marcellus = (363 tcf /6000 tcf/boe))x0.134 toe/boe
= 8 Gtoe



Methane Hydrate

the ice that burns

Seafloor Gulf or Mexico

US 95% Confid 2500 Gtoe
50% Confid 7100    “

World est. to   1,165,000  “

resources

USGS Fact Sheet FS-021-01

3xRB814

9xRB814

1431=RB814



Coal

… the least desirable (but most 
abundant)  fossil fuel



Coal is hazardous and produces 
more CO2

30 miners/yr

US Coal mining deaths per year

Craig et al. (2001)

…but not as 
hazardous as hydro



US Coal

coal

Powder River Basin, Mt

Craig et al. (2001)



Glacial

• Deposition today in Dismal Swamp of 
Virginia and NC, coastal swamps of 
Canada, Scandanavia, Ireland

• Peat forming today and can be reharvested 
in many areas every 5 to 10 years

• Ireland gets 25% energy from peat

• Peat matures to coal by loosing O and H 
and concentrating C:

H/C

O/C

Van Krevelen Diagram

8560 kcal/kg = 35.8 GJ/t
5500 kcal/kg = 23 GJ/t

3000 kcal/kg  = 12.5 GJ/t

COAL

Craig et al. (2001)



Coal largest conventional FF resource

Joules
(× 1019)

* *

Craig et al. (2001)

664 Gtoe of coal 5257 Gtoe of coal

Rogner’s Resource Base coal = 5041 Gt  coal
= 3400 Gtoe

Rogner’s Resource Base oil = 814 Gto
4.2 x more coal than oil

19% RB3400
1.5 RB3400



Coal Giants
US, Russia, China 

Craig et al. (2001)



Coal production
is rising

Insert: http://www.worldcoal.org/pages/content/index.asp?PageID=188

Craig et al. (2001)

21.6×109 boe/yr 5 bt/y

5

8 bt/y

(oil = 29 Gbo/y)



Summary
USGS Resources
Gtoe (Gboe) [%RB]

Unconventional
%RB

ID    Hyp Spec

Rogner
Resource
Base (Gtoe)

GtC/ 
PAL

Gas 350 (2600)[43%] Basn Ctr:  14% RB814
shale+coal gas: 119% RB814

Hydrate:  1431 RB814

814 0.9

Oil 309 (2311)[36%] Tar sands: 106% RB870
Oil shale:             1.4       55 RB870

870 1.2

Coal 5921 (44,000)[117%] 3400 6.6

TOTAL 5084 8.8



Scenarios
Straight IEO projection
anon-FF = 0

99.3% oil
97.7% gas    consumed = 3.4 PAL
19.1% coal
∆pre-indT=2.7°C

Meet Paris Accord
anon-FF = 0.22%/y

74.3% oil
87.6% gas    consumed = 2.1 PAL
6.3% coal
∆pre-indT=2°C

Worst Case (exhaust resource base)
anon-FF = 0
Gnon-FF = 0

100% oil
100% gas    consumed = 8.8 PAL
100% coal
∆pre-indT=4.4°C

Prosperity goal 
cannot be met 
without non-
fossil fuels
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Conclusions

fuel

1. End of fuel age probably exaggerated



“Crossing brooks is what we do.
Always better on the other side. 
Progress and change is the human imperative.”

“Brook is wide.
Will be tough to cross.
Better start to appreciate that 
crossing will put our 
civilization to a severe test.”

Transition
1. Worrisome
2. Exciting
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