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Content Review

e Why it matters: Some basics

e History of petroleum

e The carbon cycle, organic matter and maturation

e Composition of oil and gas

e Migration from source to reservoir

e Reservoir rock properties

e Trapping

e Basin types and their exploration and development
e Reserves and resources
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CRATONIC BASINS

......

Basin Types el
[epnonc C"'L‘ﬁf?ﬁ!f‘a"; /G
This is a very simplified representation R .
depicting the various sedimentary basin ~ —— | —
types. Transitions from one type to
another are possible. o
Back-arc are

------

Notice that topographic gradients are in % SRS -
general conducive to increased sediment a
transport and deposition. These often
occur at basement boundaries.

Which plate-tectonic situation is not
depicted? How would those basins look
like?
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Basin Types /2

In a post-depositional
basin there is no
relationship between the
basin infill and the basin
floor contours, as the
former occurred prior to
the latter.

In a syn-depositional basin
the sedimentary facies and  Postdepositional basin Syndepositional basin
basin contours are

correlated.

___ Structure contours
on basin floor

Continental sediments

- Paralic sediments

~—— Paleocurrent

Deep marine sediments
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Source: North, FK. (1985) Petroleum Geology, Allen & Unwin



Case Study:
Niger Delta

Notice the main elements
on the sketch above: The
magnetic signature, the
transition from
continental to oceanic
crust, and the aulacogen
rift branching off into the
Benue trough.

The main productive
horizon is the Agbada
Formation
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Case Study: Gabon Basin (W. Africa)

\ \ Coast Prograding sands o
| IS, [ W, 0

Albian- Oil Yields o ’ : : - = 2
Recent s TR ’

14

— 6
Upper Jurassic- ) ,
Lower Cretaceous” ~ Aptian evaporites 18
continental beds Basement  yrerrical exaggeration X 4 o

m
’ -
OL 1 F ..I() 310 4J0 km Source: North, F.K. (1985) Petroleum Geology, Allen & Unwin

An transgressive-regressive sequence caused by the rifting, drifting and
collapse of the continental margin, followed by infill. The evaporitic phase was
caused by enclosure of the initial South Atlantic by the Walvis Ridge in the
south, leading to hyper-saline conditions. Today’ s prospects are all deep
offshore turbidites and subsalt plays to the west of the cross-section (arrows).
The Brazilian margin is almost an exact mirror-image of this cross-section.
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Case Study:
Gulf of Mexico

Notice how the productive
zones become
progressively younger and

Plio-Pleistocene

deeper towards the south. o N e

This is a clear indication 100 kn

that time as well as =

temperature are important o o Gl ok o

for maturation (remember
the Lopatin TTI index!). 500}

1000 —

Pleistocene

AR Pliocene
AHEREVEVERA R :
W \Q\N}_\\ AR

A

Why is the onshore il
productive zone so i
shallow? -

meters

S h 0 100 km
Productive interval
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il Major fault

Case Study: e i

CALEDONIDE

North Sea /A
/
§
Shown are the tectonic units in o 4 S g 31
YH PLATFOR

# NORWEIGAN-
DANISH BASIN

the North Sea. The principal
features are the graben formed 7
during Jurassic rifting. Many oil
and gas fields are related to
these features, but the

Rotliegend and the chalk fields W
in the South are not. J % | EeEy

2 FORTH B R
| APPROACHES - 2%
BASIN ‘ RINGKOBING - g
2 : FYN HIGH

The next slide shows the two S

cross-sections A-B and Y-Z. y s <GPy 0 om
(Wﬁ i | 0 100 200 km
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Case Study: North Sea /2

EAST SHETLAND | EAST SHETLAND VIKING SCANDINAVIAN
A PLATFORM BASIN GRABEN SHIELD B
Depth, km
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Case Study: Alaskan North Slope

Ba’fow Prudhoe Bay complex

Point Thompson
Flaxman |.

——
—

Arctic National
Wildlife Range

Naval Petroleum
Reserve Alaska
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Case Study: North Slope - Prudhoe Bay

Brooks Range

Prudhoe Bay Beaufort Sea

0
S
)

m ss )

O

=5000—

10 000— MP  Mio-Pliocene MK mid-Cretaceous C Carboniferous
Eoc Eocene J-K Jura—Cretaceous U. Dev Upper Devonian 0 S0k
_ >
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Source: North, FK. (1985) Petroleum Geology, Allen & Unwin

Example of a fore-arc basin. Notice the decreasing influence of tectonic
deformation with distance away from the Brooks Range. At the Barrow Arch
(previous slide) there is only gentle arching without major faulting. Here the
best trapping conditions are found. Notice also the presence of an
unconformity, which makes this a giant combination trap.
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Case Study:
Alberta Basin

The Western Canada trough is a
major hydrocarbon province that
includes the giant EImsworth gas
field. This is a retroarc-foreland
basin; it was originally created as a
backarc basin due to subduction in
the West, then thrusting led to
sagging of the continental crust
and sedimentary infill.

Notice the change in sediment
transport direction through time. It
reflects the uplifting of the Rocky
Mountain chain.
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\ RESERVES
E BASIN (EUR billion BOE)

Ca Se StUdyl : A  Sacramento 0.583

- = B  San Joaquin 7.795

Ca I |f0 rn Ia C Ventura 1.200
D Los Angeles _5.440

Total 15.018

. MAJOR FAULT SYS'I'I:‘.M_.?
The basins found here L. Set Audieas

I1. Nacimiento

are back-arc, strike-slip
and pull-apart basins,
some with very deep
infills. Most reservoirs
are in Late Tertiary
sandstones and some 0 _
contain very young oil Ocean
(Plio- to Pleistocene) |

IIl. Santa Ynez
IV. Santa Monica

0 100 200 km
1 ]

L

N Major fault Approximate
AR (arrows indicate limits of major

Teruary basins

relative displacement)
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Case Study: Middle East
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Case Study:
Middle East /2
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Try to interpret the
origin of their
structures.
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Case Study: Middle East /3
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_ e Fig. 1-8 — Stratigraphic correlation of Abu Dhabi offshore wells. P _

Source: Murris, R. J. kﬁ%‘(‘)’)’”Midd/‘e East; stratigraphic evolution and oil (;
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Case Study:
Middle East /4

Situation during the Early
Cenomanian. Notice the gentle,
monotonic changes across the
platform, and incipient thrusting
along the Zagros thrust.

Compare this paleogeographic
reconstruction with the present-
day situation and comment on
the differences.

Source: Murris, R. J. (1980) Middle East; stratigraphic evolution and oil

habitat, AAPG Bulletin

Petroleum Geology AES/TA 3820

“8 EARLY CENOMANIAN

‘s; ALLUVIAL PLAIN |
() LOWER COASTAL PLAIN
b\ SHALLOW SHELF

% CLASTIC
BB MIXED

\ CARBONATE /EVAPORITIC
B\ Bl CARBONATE

£ B SHW+ DPR CARB. SHELF
R B INTRA-SHELF BASIN

R, -~ EROSIONAL LIMIT

N
72//
ﬁMIDDLE EAST

250 KM




Exploration and Production

Production
‘
Seismic
S. — .. Adagnctic
— . — Surface geology
— - — Remote sensing

Source: Hunt, J.M. (1995) Petroleum Geochemistry — === Tlmc, Y Cars =t
and Geology, 2nd edition. W.H. Freeman & Co
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Remote
Sensing

This satellite image
from NASA shows the
southeastern Zagros
mountains, with giant
anticlines and pierced
salt domes that locally
develop into salt
glaciers (black).

This region is devoid
of major oil fields but
it is quite under-
explored.
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Gravimetry

Gravimetric anomaly
map of South
England, showing
large-scale structures
and basins

- 0 miles
e ST b tiomeres 5]
AV

Source: Levorsen, A.L. (1967) Geology of Petroleum, W.H. Freeman and Co
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Magnetometry

Magnetic anomalies
off the northern
coast of Ireland,
with their
interpretations
superposed.

This gives a general
picture of the
larger-scale tectonic
units

CJo-100n1 |

:‘j 100 = 300 = Only positive anomalies {
= shown, |

D > -

e Faulls mapped by McQuillin
& Binmns (B73)

M3t Alternative courses | Riddihough (1968) |
tor the Gt. Glen F. | Ahmad (1967)

Source: Levorsen, A.L. (1967) Geology of Petroleum, =
W.H. Freeman and Co

o~ Possible laulls crossing the
tinental margin, downthrow shown |

Fault inferred from rellection
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Source: North, FK. (1985) Petroleum
Gravity Geology, Allen & Unwin

Gravimetry and e USRI

Magnetic
e g

Magnetometry @ e |
Interpretation R R e S

These sketches show typical
structural situations and the : A
corresponding gravimetric and
magnetic responses.

Quantitative inversions of these
measurements need such model
assumptions as well as ground
truth data from wells in order to
constrain them. Otherwise, they
remain ambiguous.

_ e S e e
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Seismic Surveys
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Seismic
Interpretation -
Pitfalls

Source: North, FK. (1985) Petroleum
Geology, Allen & Unwin
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SEISMIC SECTION
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Sea floor

Apparent anticline beneath
salt dome

Bow tie diffractions

S

Dipping strata

Simple syncline



Source: North, FK. (1985) Petroleum
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Seismic Interpretation - |
Toplap
Sequence Stratigraph
q g p y Onlap/ Joplapj Distal
truncation ownlap onlap
Downlap
The slide on the right shows several PR
steps performed in the seismic e i e e
interpretation of a passive margin /@ /j // fys (; @
sequence. In the end (step 4) an / j
accurate idea of where the most Sy o R
prospective parts of the sedimentary el
Sequence Can be found’ thereby h@lplng Identify reflector continuity and shape. Define internal form
to define potential drilling targets. SR shelfedge
Reflective
fr;‘e(:;i-ve . clinoforms
Sequence stratigraphy has been sc
developed by Exxon researchers and is
now widely used by seismic interpreters. o Mot el
Deita front
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Seismic Interpretation ctd.

<— Depocenter migrates
M R R OO RIICICIOON = o o RO v
topographic B e Sl o

axs :" 2 i o

. . : North, EK. (1 Petrol / i
Present basin axis Source: North, (1985) Petroleum Geology, Allen & Unwin

Due to depocenter migration in a pre- or syn-depositional basin
the individual stratigraphic thicknesses cannot be added up to
obtain the total thickness of the sequence.
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Prospect Evaluation

Prospects

Probabilities A B o D
Probability of a source rock 0.9 0.6 0.7 0.3
Probability of a reservoir 1.0 0.7 0.5 0.4
Probability of a trap 0.7 0.6 0.5 0.6
Probability of a seal 0.8 0.5 0.6 0.0
Probability of correct maturation level 0.6 0.4 0.4 0.1
PROBABILITY OF SUCCESS 0.302 0.050 0.042 0.000

-

Decreasing probability of success

Source: North, FK. (1985) Petroleum Geology, Allen & Unwin

In order to evaluate a prospect, geologists calculate the probability of success
by multiplying the probabilities for the principal conditions for reservoir

accumulation.

If the combined probability is high, it is worthwhile drilling an exploration well.
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Exploration Drilling
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Reserves and Resources

o ~ ~. Resource
7% NG \\ base
g N Additional \
% "'_\\\ \_  resources \
s N \
- \ 9
g Cumulative Possible '\
45 | production \\ e \\
: o Probable
Geological knowledge E__,,gg e\ \
and economic feasibility % E \ \
define the various types ¢ & Regnes \
a o reserves
of prospects, from \
resources to reserves \

Decreasing ———
geological knowledge

o Sourcer Nomy R (1955) Pedoleum Gealogy Allen & Ui
s
TUDelft
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Reserves and Resources /2

-

Proved recoverable Probable Possible
reserves reserves reserves Y
o, E
=
z | Developed Undeveloped g
% =] Producible <
vl @ =
e
v l i
o
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5 | !
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| | g
| | | =
| | | z
| | S
| | | 2
| 8
=
: | | | a

Another way of defining the different prospects.
Geological knowledge decreases from left to right

- SRR eSSt
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Estimates of Producible Reserves

0.6 minimum Source: North, FK. (1985) Petroleum Geology, Allen & Unwin
j .
A0 l l T l T
— ; 1 - ,8 12 minimum .
minimum minimum
= 80— —
<
8 |
gy [
E go 60 — -
v
a2 - -
3 % 20 mean
ks v 40 — -
g 8
= S — =
g
g 20 maximum ")
18 maximum 36 maximum
- 12 =
maximum
0 | l l |
0 5 10 15 20 25 30 35 40

Trillions of cubic feet of recoverable gas

Cumulative probabilities of speculative, possible, and probable gas
reserves in South Louisiana and their summation.
- From the latter the P90, P50 and P10 values can be calculated -
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Oil Reserves, North Sea

2000 l1ﬂ

1000 |— =
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—— Cumulative percentage
Source: North, FK. (1985) Petroleum Geology, Allen & Unwin

Qil reserves in the UK sector of the North Sea. Plotted are all fields known

Bl up to 1981. The trend line shows that it is more or less a log-normal I
distribution. Such graphs can be used to predict total basin resource.
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Reserves by Basin

Notice:

Current world consumption
is about 31 Gbo per year

Kashgan discovery may be
70 Gbo (?)

Average deepwater
discovery in Angola is 2 Gbo

Petroleum Geology AES/TA 3820

Total petroleum World

Basin (107 BOE?) ranking
Arabian/lranian” 651 1
West Siberian (CIS) 167 2
Volga-Ural 58 3
Maracaibo {Venezuela) 50.2 4
Mississippi delta 49.7 5
Permian basin (USA) 42.3 6
Texas Gulf Coast (USA and NE Mexico) 41.6 7
Reforma-Campeche (Mexico) 40.6 8
Northern North Sea (UK and Norway) 40 9
Sirte (Libya) 35.3 10
Alberta (Canada) 32.0 11
Amarillo-Anadarko-Ardmore (USA) 29.2 12
Niger delta 29.0 13
Triassic {Algeria) 25.8 14
E. Texas-Arkla (USA) 23.7 15
N. Caucasus-Mangyshlak (CIS) 20.8 16
Netherlands and NW Germany 17.5 7
E. Venezuela and Trinidad 16.6 18
South Caspian (Azerbaydzhan) 14.3 19
North Slope Alaska (USA) 14.2 20
San Joaquin (USA) 13.6 21
Tampico-Misantla (Mexico) 12.2 22
Amu Daryu (CIS) 10.5 23
Appalachian (USA) 10.4 24

10.0 25

TOTAL 1700.0

“BOE = barrels of oil equivalent.

bNote that nearly 40 percent of the world’s known reserves occur in the Arabian/Iranian basin



Ultimate Recoverable Reserves

Consult slides at the beginning of the presentation material

Thank you and good luck with your study!
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