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Course Content

Chapter I: Earth Structure

__ Chapter II: The Nature and Origin of
Petroleum

Chapter III: Petroleum Charge System
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Course Content
Chapter I: Earth Structure

Purpose: Earth structure is fundamental
To an understanding of the study of
earth processes and earth history. The
driving mechanisms of the earth's
surface subsidence are ultimately
related to sedimentary basin, which are
very important in exploring and
producing for hydrocarbon

Cuﬂine of Earth Structure

1. Introduction
2. Internal structure of the

earth
2.1 Based on chemical properties
2.2 Based on physical properties

3. Plate tectonics

4. Plate tectonic and basin
setting

4.1 Divergent relate basin
4.2 Convergent related basin
4.3 Strike-slip related basin

5. Pre-, Syn-, and Post-

Nenncitinnal Racine
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Chapter II: The Nature and
Origin of Petroleum

Purpose: The elemental compositions of petroleum
are combined abundantly in nature. This chapter
are explain about the interrelations between the

elemental composition and the routes how they
come to be formed.

Outline of The Nature and
Origin of Petroleum

1. Petroleum system 2. Physical and chemical
1.1 Source properties of
. ; . hydrocarbon
1.2 Migration 2.1 Hydrocarbon gases
1.3 Reservoir 2.2 Nen-hydrocarbon
1.4 Trap gases
1.5 Seal 2.3 Hydrocarbon crude
oil
2.4 Non-hydrocarbon
crude oil

3. The origin of petroleum
3.1 Inorganic origin
3.2 Organic origin
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Chapter III: Petroleum Charge
System

Purpose: The petroleum charge system is
explains about source rocks, which must be
capable of generation, expelling and

migration path way into the reservoir unit.

SN NS

Outline of Petroleum Charge
System

Identification of petroleum source rock
Maturation

Migration

Reservoir rocks

The mechanic of sealing
Trapping
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Score
,,,,,, 1. Quiz 25%
2. Homework or Report 5%
3. Attendance 5%
4. Mid term examination 30%
5. Final examination 35%

References

''''''' *» Gerhard Einsele 1992, Sedimentary Basins.

* North, FK., 1990, Petroleum Geology, second
impression.

* Reading, H.G., 1989, Sedimentary Environments
and Facies, Second edition reprinted.

« Tissot, B.P., 1984, Petroleum formation &
occurrence.
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Class Agreement

1. No Late (15 minute after class)
2. No Talk

3. No Food, Drink

4. No Phone, Facebook, and others
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Chapter I. Earth Structure
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Outline of Earth Structure

1. Introduction

- 2. Interndl structure of the earth
2.1 Based on chemical properties
2.2 Based on physical properties
: 3. Plate fectonics

. 4. Plate tectonic and basin setting
| 4.1 Divergent relate basin

4.2 Convergent related basin

4.3 Strike-slip related basin

Earth Structure

Cross Section of Earth + Radius 6,300-6,400 km
« Thin crust

» Mantle extends almost

halfway to the center

* The core makes up the

rest
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Langapherp

AIRencapheng

8371 d

1. Lithospherél. Crust (0-80
2. km thick)
ASThenOSphe - Oceanic crust (SIMA)

2. Mantle (~2900 km)

3. Core (3470 km)
- Metadllic (Fe, Ni)

Based on chemical properties

1. Crust (0-80 km thick)

- Less dense o
- Rich in Si and Al (continental crust)
- Rich in Si and Mg (oceanic crust)
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- Dense solid rock
- Rich in Mg and Fe

A
’ HY

= Inner core - solid (1/3)
=  Quter core - liguid (2/3)
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Based on physical properties
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What are the Plates?

Earth's Crust

Llﬂ’lOSphef‘e Oceanic crust Continental

- Crust + Uppermost Mantle
- Rigid (tectonic plates)

- Asthenosphere

100 km -
-Weak part of the upper
Mantle 200 km J
Asthenosphere

* Mechanical boundary layer

- Zone of weakn_é_-ss .

+ Zone of partial mleITing.(2—4% melt)

- Its depth is controlled by Temperature
(1300 deg €)

* Allows the plates to slide over it

10
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Lithosphere/Asthenosphere

Continantal crus! }aa b CRanneg crust - Mist-oenan ndge

-
£ 2

Continental vs. Oceanic crust

Continental crust Oceanic crust

- Light (2650 kg/m3)  (Ngnse (2850 kg/ m3)

Granite (SIAL) - Basalt (SIMA)
High elevation Low elevation

* Not so strong

-
L]

+ Can be very old 3Trong

* Lasts for ever oung

- Complex * Gets recycled
+ Moves passively * Simple

Drives plate motions

11
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Plate Tectonic

The Dynamic Earth Theory

1. Convection Current Theory

2. Continental Drift Theory

3. Seafloor Spreading Theory

4. Plate Tectonic Theory
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- 1. Convection (heat) current Theory
Layers from Crust to Core

o Layer Depth  Temperature
*E_ Rocky Crust; 0:{:
§ Upper Mantle | 8r0%c
3 Marntie Muhorovicic

Biscontinuity

Inner Mantle
a - Semi-rigid

3,780°C

Gutenberg

Moiten Quter Discontinuity

Core
Iron/nickel -
=
g
3
o 4,3090°C g
Inner Core §
J— ic g
tron/nigkel 7,200°€C (';?f

The structure of the earth and a
model convection currents

Mid-Allantic

South America s Ridigpe o S e Afiga -
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2. Continental Drift Theory

Alfred Wegener

» Some people thought the
Earth was shrinking and
cracking

» Wegener thought whole
secTions of the crust moved
(plate tectonics)

» Some people did not
understand and thought the
continents floated around in :
the oceans (continental 7
drift)

» He died before people
accepted his ideas

Earth ~200 million years ago

A Maodern reconstruction of Pangasa

B Wegener's Pangaen

14
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Evidence of Pangae ("all land")

AFRICA

« Same

fossils

») and rocks
~ ~yee found in

225 Ma (Permian): all of the land rp@Estks «ofh

were locked together as a great s ﬁgan‘fﬂi?gnp’rl A

The Evolution of the Continents over the past 225 million Years

PERMIAN TAIASSIC
220 million yaars ago 200 mitlon voars 399

JURASSIC CAETACEQUS
135 meillinn yews ago 5 million youis sgo

LRESENTOAY,
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3. Sea floor spreading

« Large continents
begin to crack and
split apart

* The gaps fill with
water

* Small seas become
oceans

+ The mid ocean ridge
continues to produce
new crust

Seafloor Spreading 1

- Mantle convects at about 1-10 cm/yr
- Rising convection at mid-ocean ridges
+ Sinking at the trenches

- Oceanic basins are impermanent,
continents are permanent

* The earth is a dynamic body, its surface
always changing.

16
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Why spread?

Why is the Atlantic still
getting wider
1. The E!a‘res are pulled
apart by convection
currents in the mantle
below

2. Caused by heat releasec
from natural radicactive
processes

3. At the mid Atlantic
ridge molten rock from
below rises up to fill the
gap with new basaltic

A

More evidence

» More evidence has
been found for
Wegeners theory

L
A Pondof nepmd mapatem

» The Earths North and
South pole have
flipped many times

» These leaves
maghetic 'stripes’ in
rock containing iron
minerals

» The ocean floor isa

tane recardep

2 Prendaf oo el

17
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The Dynamic Earth: Plate Tectonic

Plat Tectonics refers to the process of plate
formation, movement, and destruction.

List of 14 Plates
Major Minor
1. Africa 1. Indian
2. Antarctic 2. Arabian -
3. Australian 3. Carribbean
4. Eurasian 4. Juan de Fuca}
5. N. America 5. Nazca "
6. S.America 6. Phillipine v s —— _

17. Pacific 7. Scotia st SN
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Plate Boundary

3 Plate Boundaries: according to the type of motions and
related deformation that affect them.

2
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{5 Consarvativa
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Transform Divergent

Subduction zone
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Tectonic Pite Boundary Typesz

Extensional ™ Compressional Transfarm gsl;ding)\/’\
; or Undefined . .

1. Divergent Plate Boundary

Divergent Plate Boundary: occur where plates have been broken
apart along a spreading center and move away from each other, or

caused by mantle convection brings material to the surface and
produces new ocean crust
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Rift \{aiiey

.

e

o

Divergent boundary of two continental plates.
Creates a __Tift valley . Example: E@st African Rift

2. Convergent Plate Boundary

Convergent Plate Boundary:
are developed where two
continental plates or one
continental and one oceanic
plates collide.

Oceanic crust (more dense) o ) Conversent boundary
subsides beneath continental

plate (less dense) and causes
mountains to form on the
continental crust along the
contact between the two
plates
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B istand arc Trench

Convergent boundary of two oceanic plates.

Creates an Island arc gpq g trench,
Example: Japan

Continents Collide

+ Eventually when plates
move together the
continental crust collides

* The heat and pressure
make metamorphic rock

* It also pushes and folds
the rocks into high
mountains

* The Himalayas rise to
8848m and are still
growing today
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D Folded e
mountain range

Convergent boundary of two continental plates.
Forms a folded mountain range. Examples:

Himalayas  , Alps, _Appalachians

Volcanic .,
maountamn

Convergent boundary of an oceanic plate and a
continental plate. Forms a volcanic mountain range
and a trench . Examples: Cascadesor Andes Mts

23
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Flate Tecionics - Cascade Range

Jumr de Fosa R
Ridgs ™= i - HountS T Helens,
A T Mount At

-B

Pacitic
FPlate s
Lpread hg

~ane Subdugibon

=11

Pasifie Tt Amariesn
CPlate U0 U Plate it Plage

growing?

+ Dense heavy oceanic
crust can be subducted
below less denser |
continental crust.

* The friction melts rock

* This magma rises
through the crust to
form new volcanoes

» This is happening in
South America (The
Andes)
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3. Transform Plate Boundary

CRYST
SENER MARMTLE

* where two plates slide  omenen
past one another '

without converging or
diverging.

}L‘sfhn:pfwrt

}Liiimphc:c

Destrulive Consfeuthive Desfeuilive
boussdior bsony [

Lithasphers
Athenzighere

- Transform-fault boundary where the North American
and Pacific plates are moving Past _each other.

Example: San Andreas Fault in California

25
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Earthquakes

* Plates moving in any
direction causes
earthquakes

» The worst are caused
by plates rubbing past
‘each otherasinC

+ This happens along the
Californian coast

The plates: Distribution of

Earthquakes
Active Volcanoes, Plate Tectonics, and the "Ring of Fire"
5& Do T ; : e :
f 5 SNERTEIC TN PENTITE P
Eurasian Plate " | -

CASCADE oy
CRANGE [T jop

26
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QOutline of Earth Structure

Introduction
2. Internal structure of the earth

2.1 Based on chemical properties

2.2 Based on physical properties
3. Plate tectonics
4, Plate tectonic and basin setting

4.1 Divergent relate basin’

4.2 Convergent related basin’

4.3 Transform or Strike-slip related basin
5. Pre-, Syn-, and Post- Depositional Basins
6. Depositional Environment
7. Sedimentation and Plate Tectonic

[y

Basins & basin types

Basin: a region of depressed crust, typically with greater
thicknesses of sediment accumulation than surrounding
regions.

+ Basins form by tectonic processes that cause the crust
to subside, and so to create large amounts of
accommodation space. Rapid A-space growth translates
into abundant and well-preserved organic matter within
the sediment.

+ The abundance of organic matter combined with the low
grade burial metamorphism that sediments in thick
accumulation experience franslate into major oil and gas
accumulations.

+ Basins provide the most complete successions of the
geological record.

27
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Basins are containers for sediment

Earth's basins contain sedimentary rocks, air, or water
continettal shelf

rontinental shaif

. = Type of Basins
' 1. Depositional Basin
2. Structural Basin

Basin-generating
tectonics is The most -
important prerequisite
for the accumulation of
sediments.
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MANTLE PHASE ~—
CRUSTAL CHANGE CRUSTAL
COMPRESSION TENSION
! Thermal hislge
; =
H

Erosiin -

Intilling
Zone of B
subuduction

SEApenCe

E, Sesbtments

f_—_} Astitenasphere

IGURE B.7 Cross-sactions showing the varigus types of basin formation discussed n the tes,
{After Fischer, 1975)

Tectonic setting for the majority
of basins

. Constructive (spreading) margins: This setting

produces a genetic series of basins from localized
rift-related basins through narrow oceans (Red Sea
phase) fo voluminous passive margin basins.

. Destructive (convergent) margins: This setting

produces basins associated with subduction zones
(foredeep basins), intra-arc spreading basins, back-
arc spreading basins (Sea of Japan, Great Basin), and
back-arc thrust (foreland) basins.

29
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Tectonic setting for the majority
of basins (cont.)

. Transform (strike-slip) margins: mostly localized

pull-apart basins such as the Gulf of California and
Dead Sea. Grades into rift-type and thrust-type
tectonics where relative plate motion is not fully
strike-slip (i.e., transtensional and transpressional
regimes). e :

. Intra-cratonic basins. Fai'r_'-ly:mysfer'ious,

concentrically subsiding basins formed on continental
crust well away from plate boundaries. The cause of
subsidence is unknown, but is generally considered to
involve some combination of density-driven stress
and in-place stress.

Cross-Sections
SRR § A'

o
Block Diagram Y} '

o scale |057505NG A A
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Relationship between plate tectonic setting
and structural style:

Tectonic Stress Types of
Setting State Structures Examples
normal faults, roll

Divergent over anticlines, North Sea, Red Sea,

plates extension tilted blocks Basin and Range

: Andes, Zagros Mts

Convergent thrust faults, folds, (Iran), Canadian

plates compression | faulted folds Rockies

Transform
plate

strike-slip

strike-slip faults,
compressional and
extensional flower
structures

San Andreas fault,
Alpine Fault (New
Zealand).

o Terrauttial
;o rift basin
~  Passive

P sontinsntal
H margin

i~ Baskare basin

¢~ Ferpare basin

Plate tectonic and Basin Setting

£ Intractatonic
g bagin

= Qcaanic hasin

31
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Concept of a Basin

+ Three dimensional architecture of basin fill.

+ Affected by spatial and temporal pattern of
tectonic subsidence:

~ Lithospheric deformation process.
— Three basic causes of subsidence:
* Loading and flexure (like an elastic plate).
» Thermal and density changes - isostasy.
» Faulting - isostasy.
*+ Sea level changes.

* Sediment supply rates and source position
(drainage basin outlets).

Basin Analysis

* Basins

~ Topographically low plac'es' where
sedimentary -

— materials accumulate.

— Basins are characterized by accomudation
space.

— Accomudation is created by...
* Eustatic sea-level rise
« Subsidence

32
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Basin Analysis

Basin analysis is the detailed

- investigation of the processes that
— Form basins

- — Fill basins

— Alter basins

— Uplift (invert) basins

— Destroy basins

— Requires sedimentology, stratigraphy,
hydrogeology, petroleum geology, seismology,
geophysics, geochemistry, paleontology, etc.

Tectonic Basin Classification

1. Divergence or extensional related basin
~ Sag basin: e.g. Chad Basin, Africa.

— Riff basin: Half graben/graben: e.g. Basin
and Range, U.S.A.

— Failed rift or aulacogen basin
— Passive margin basin: Atlantic margin

33
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Basins: Forces that shape the earth’s crust

Basins form in response fo subsidence of the crust and
grow due “loading” of sediment deposited in them

F5105C F2arn

Ay atrengihem arel e Felogh e
i

greben {nl)

aezhuseies Flay Svsas

Bsap e

PEEe L

Tectonic Basin Classification (cont.)

2. Convergence or compressional related basin
2.1 Subduction related basin

Oceanic trenches basin: e.g. Marianas Trench.
Accretionary basin

Fore-arc basin: Taiwan or Median Valley in Scotland.
Back-arc basin: Sea of Japan.

Intra-arc basin

2.2 Collision related basin

Foreland basin: flexural loading of the Earth's
lithosphere-e.g. Himalaya.

3. Strike-slip related basin

Strike-slip basin: e.g. Dead Sea, Israel.

34
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Table 1.t. Tectonic basin classification,
{After Kingsten er al. 1983; Mirzholl and Reading 1986)

Basin eategory

Special basin Underiying Sipie of Basin

1ype OF pynomymist erhist feelonics chazactoristics
a Continentz! Bpicontinental Centineatal . Divergenes Large areas,
A PF inke) basing, infn- i i slow subsidence

cratuaie basing

3
<. sag basiag

i

[S] Continental Urnaben stractires, C 1 i Relatively narrow
5 T orinterior it valleys and e basins, [xuvbounded,
F o facre il zones, rapid subsidence dur-
';;% aulscopens Yy ing carly rifing
o Tensional-nfted Transttioral " Divergence Asymmetrio baging
g ins. s !+ shear partly owbuilding
X lension-sheared H of sediment, erte
¥ basins, sunk ! 10 low subsidenco dor-
‘5 margin basing ing, later stages
T Qeeanic g Nascent scean Qceanie * Divergence Large, asymmetric,
LA GRS hasin (growing — slow subsidence
R cccanic basin)
anb;i relrad Derprsea trenches Ozean Convergenze Parily asymmetric,
: to wbduction s reatly varyin
& T—— Forearo basins, Teansitional, Dominantly ﬁqzlh and 4
L
P backare basing, oveanic divergence sibsidence
2 interare basing
&
&1 Basing related Remant baying Oceania Canvergenee Astivated subsid
w0 eotlizion B dus to rapid sexdi-
» pottis H
o i mentary foading
? Foreland basing Continental Crastai Asymmelriv
£ (peripheraly, flexuring, basing, trend o
o] fetredre basins i lecad cen- increasing
L (intramontane), vergenie or subsidence,
broken foreland wraasform uplift and sub-
hasins, motions sidenie
E Termng-rafsted Oceanic Similar lo backars
‘%5 basing basins
Sjg Ske-slip/ Pull-apart basing Continentd Transform Relatively small,
@ wirgneh bising {translensional) and’or motien, ® di-  clongate, rapud
- and lpsnspres- Beanic YerpEnce or subsidence
P siona} basing cenverpence
| f Basin
Basing
I : -
On : On Ogeanic
Continerdai Crust
Crust
1 .
Divergent Convergent .- Convergent Divergent
2 S .
NG - A\
e ) R AV
. Plaie &\ Plate lnterior Subduction . Plate  G\3
wf U Margin Near Margin Margin -~ Margin \
S \
i
* - Interior Margin . Continental Trench Oceanic Qcganic  Qceanic Oceanle
“- Fracturs Sag - Wrench

Trench  Wrench  Fracture  Sag

Sagin ype Adapted fom Kingston, et al.. 1983. Permission to publish by AAPG.
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Continental margin sedimentation

> Siliciclastic systems
— Regionally extensive, tabular units
— Moderately mature sands - quartz dominant -
grade to fine-grained pelagic sediments
— Generally well developed bedding
> Carbonate systems

— Confined Yo low latitude, warm clear seas
with little terrigenous input

— Patterns affected by organisms, such as
those that form reefs, not just
sedimentation processes

Ocean basins

» Dominated by pelagic deposition
(biogenic material and clays) in the
central parts and furbidites along the
margins

36
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b GRABEN AULACHELN

1. Divergence or
extensional
related basin

231,20 AFT
(AU ACDGER:
T ooNT. CusT

C HIFY ZONE,

1.1 Sag basin
1.2 Rift basin

1.3 Failed rift or
aulacogen basin

1.4 Passive margin basin

1.1 Sag basin

Sags :To sink, droop, or settle from pressure or weight.

@ INTERIOR SAG BASIN SHALLOW FAAHIE SEOMENTS
L -

TR
Epicontinental, Intracratonic basins
-Large area, slow subsidence

f OGEANIC SAG BASIN DEEP
SEA FAM SE:}_I‘.EVEL

T e i oo

i

ceanccrust L 1660 kam

Nascent ocean basin {(growing oceanic basin)
-Large area, asymmetric, slow subsidence
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L

Sag basins occur along the San Andreas and
other transcurrent (strike-slip) faults.
They're the counterpart of pressure ridges.
(more below)

The two sag ponds lie in a larger rift, a linear
valley. Sag basins can be quite large; e.g San
Francisco Bay

Sag basins can also form along faults with
part normal and part strike-slip motion, where
the blended stress called transtension
operates. They may be called pull-apart
basins.

A
continental crust Rift Basin
B 334 basin
' Sag Basin

38
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1.2 Rift basin

* Rifts - Divergent plate boundaries that eventually
" develop into spreading centers,

Sedimentation

1) Initial rift sediments are arkosic sandstones
interbedded with basalts.

2) Basin rifts then flood and deposit a thick
sequence of evaporites.
3) Then marine sedimentation takes over

C RIFT ZONE, o}, Sacatime
AULACOGEM o e

7 EAILED RET
(AL ACOGEN)

Rift Development
Crustal thinning produces depocenters

2. Half-graben geometry results in asymmetric
patterns of deposition

3. Sediments are typically immature,
intercalated with volcanic rocks

4. Distribution of sediment types over time
records tectonic activity

5. Older sedimentary layers have higher dips
than younger layers
Bulge

[y

Bor
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Rift Development

J T
iR

Manmng sl
o e Fgatuat
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.
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Hadtgraian
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Evolution of Rifts

Evolution of rifcs:

Cratonic rifts are often the precursors of other bhasin o

CRATONIC RIFTS  —> stahilization s PLATFORM 345
' (failed rifets?) ~ - .. 0
\L_ N

distension and ___. PASSIVE MARGIN -
spreading . -

divergence then .., OROGENIC BELT
convergence T
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Characteristic of Rift Basins

* Smallish volumes of sediment (100-1000 m
of accommodation space) in localized,
fault-bounded basins.

+ Dominantly terrestrial (subaerial and
lacustrine) and arid as result of uplifted
margins that cast rain-shadows into the
basins

+ Examples: Viking Graben (North Sea), Gulf
of Suez (Egypt), African rift valley

Characteristic of Rift Basins

* Rifts are point of great interest for
petroleum geologists.

* Early marine rift sediments are often
restricted, organic-rich sediments with
are preserved by rapid burial and yield
hydrocarbons because of high heat flows.
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Two stages of an opening rift

Sfage of Rif.r 57“‘:‘5:5‘ ‘f?.?:‘e?-’:-s,v'-.r':l« = :ss::;-.:;f;s
Basin Evolution ——vo _

* Early rift sediments
typically heterogeneous
with basement clasts
and volcanics dominant.
Grains with low physical
and chemical maturity.
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e
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Hrnas
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» Late rift sediments
often include extensive
evaporite from episodic
oceanic invasions
(reflects variable rates
of subsidence and sea
level rise and fall).
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1.3 Failed rift and aulacogen

Failed rift

« Cause: divergent plate motion comes to an end
before the moving blocks are separated by
accretion of new oceanic crust, the rift zone is
referred o as "failed".

Aulacogens

* Aulacogens represent the failed arms continue
their development to form an oceanic basin.
Aulacogen floors consist of oceanic or

Transitional crust and allow the deposition of
thick sedimentary sequences

Failed rift or aulacogen basin

b C Ri ZONE e b3 gg&&%&e
RIFT , :
Gh !ABEN AULACOGEN -

— e -
km . iR
¢ “/” FALLED RIFT
L 7 (AULACOGEN)
 CONT. CRUST
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1.4 Passive margin basin

> Passive margin: occur where plates are in contact
but are not undergoing active differential

movement, plateform type sedimentation
prevails.

> Basins on passive continental margins, margin sag
basins (Transitional crust)

> Tensional-rifted basins, tension-sheared basins,
sunk margin basin (Divergence+shear)

> Passive margins represent rifts which formed and
continued to widen until the two sides of the rift
became completely separated.

Passive margin basin

o TAL . SEDIMENT OF
d MARGIN SAG BASIN gﬁngﬂﬁfgﬁ% CONTINENTAL
CARBONATES/SHALES {TERRACE] PigE

—————

——OCEANIC CRUST

SEDIMENTS OF NCIPENT
SPREADING TRHOUGH

BASAL = : € OCEANIC BASIN PLAIN
CLASTICS / TRAEE{'%Q{NA%. AND FAULT-BQUNDED SASIN

RIFT VALLEY
DESQSITS
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Shear Expressional or Tension-
Sheared Basin

GRABTN Bk HASIN

“iﬁﬁu'-; SUDSIDEHGE BALN

==

Characteristic of Passive margin basins

+ Lots of accommodation space (10,000 to 15,000 m or
more) from combination of thermal and sediment load-
driven subsidence.

« Two distinct sedimentary profiles corresponding to the
rift and post-rift stages.

— Early rift: Evaporites, black shales and organic rich
marls. (Marine sediments)

— Post rift: marine trough and deep water sediments-
marginal deltas and turbidite fans if sedimentation rate
remain high.

+ Example: Atlantic coast of North America, South
America, Africa, and Europe.

+ The eastern margin of North America was dominated in
the Cambrian and Ordovician entirely by carbonates. Both
are major source of petroleum,
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Stages in the Development of a Passive Margin
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Detailed Cross-section of a Passive Margin

_ ‘ Cretaceous &
Atlantic Margin Cenozoic sediments

Jurassic salt

Conilnental Cantinental -

slope rise
Coentinenlal 57

Triassic rift valley sediments
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Conversion of a passive margin to a convergent margin

A classic passive

A. Passive margin

margin {A) can be
converted into an

active convergent
margin by collision
with an arc (B).

Thrust loading and
erosion of mountains

B. Aclive margin

produce a foreland = pzvainiianz

basin (FB).

Cessation of tectonic
activity and deep

erosion can produce @ ¢ Fussvemarn
new passive margin
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2. Convergence or
compressional

related basin

2.1 Subduction related
basin

2.1.1 Oceanic trenches
basin

2.1.2 Accretionary
basin pond

2.1.3 Fore-arc basin
2.1.4 Back-arc basin
2.1.5 Intra-arc basin
2.2 Collision related basin
2.2.1 Foreland Basin
2.2.2 Piggyback Basin
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2.1 Subduction related basin

Sibrduchion it ihe process off the weanic
itheeeie cliding with andl deseending baneaiin
Hhe comiinenhall oF eeranit lithesphere.

S Oseanicecontinental convergonse

‘Subduction zones

* also termed convergent or consuming plate
margins

* occur where adjacent plates move toward
each other and relative motion is
accommodated by one plate over-riding the
other.

* These zones are classified as either oceanic
or subcontinental, depending on the overriding
plate.

« If the "subducting" plate is continentdl,
subduction will cease and a mountain belt will
form within a collision zone.

48



Petfoieum Geology

TYPICAL SUBDUCTION ZONE COMPONENTS

Strugtural
? High
sidduction Abyssal

- Complex i
: ... Tronch ] 5.?45'_‘?9“‘5

Qcaan Lithosphera

sthencsphera

Click to play animalios

§ Where do subduction zones occur?

. + Along the "Ring of Fire" around the Pacific Ocean.
| » Two short subduction zones occur at

—the Lesser Antilles, at the eastern side of the
Carribean plate

—the South Sandwich Island plate.
+ Three short segments of

~the Alpine Hima!aKan system invoive subduction
of oceanic lithosphere,

— the Calibrian and Aegean boundaries in the
Mediterranean Sea

— Makran boundary along the SW boundary of the
Iran plate.
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T Tectonic Plate Boundary Types: |
 Extes W - slonal * Transform (sliding)™ - -
Extensional Compregsiona! : .o:aa storm n‘ed ngINg .
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Possible Driving Mechanisms for Plate
Tectonics

A. Ocean ridge push

B. Gravity sliding (down
slope of an ocean ridge)

C. Gravitational pull on a
cold plate (down a
subduction zone)

D. Carried on convection
cell.

2.1.1 Oceanic trenches basin

Elongate trends of thick sedimentary sequences

associated with subduction zones
» Trench: Trench basins can be very deep, and the
sedimentary fill depends primarily on whether they are

intra-oceanic or proximal to a continent,
= Accretionary prism includes material carried to trench on
downgoing slab; wedge-shaped, faulted and folded

» Trench-slope: (intra-slope basins)
= Hemipelagic sediments, turbidites, slumps

o

Trenes Fowatg Foretand Iouitatonic
: 3 : i

i i

Pasgive margin

Subidustion Thrugt loating Trinning, taeling

s loading
CAUSES OF SUBSIDENCE
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Slab-pull due to its greater density

f = earthguakes
Slab puil' ¥ g

Penzhina segment of the Uda-Murgal island arc

Voleanie are

Foreare

Accretionary prism
4

Khariteniya

CGanychalan teryan
3 g 50
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Bapras Thungdy

Tetupaaes, Pdesu

Chemical Differentiation

* Mid-Ocean Ridge:
Partial melting of Mantle basalt magma
 Subduction Zone:
Partial melting of Basalt crust, Andesite
magma
* Mature Arcs:
Partial melting of Andesite crust, rhyolite
magma
— All of this is an irreversible chemical
differentiation of the mantle in several stages

— Continental crust grows by accumulation of
increasingly silica-rich rocks
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- Basst tow, ot eay

Curitingatal o e
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o

-

Metamorphic Rocks and Subduction

- High Temﬂ - Low Pressure
n Metamorphism

= occurs in the core of volcanic arcs
= Abnormal heating of the crust
* thermal effects of subduction-related magmatism

- High Pressure-Low Temp.
= Metamorphism

= occurs in the accretionary wedge

" Old rocks are dragged to great depths and then
upthrust again Granites
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2.1.2 Accretionary basin pond

- Unconsolidated sediment from the ocean floor is
scraped of f the descending plate at the trench

« Slices of the oceanic crust may be included as ophiolite
belts -

* These rocks form a complex rock mass called an
Accretionary Wedge

* The Accretionary Wedge is buckled upwards as new
material is pushed beneath its base

* The chaotic jumble of rocks in the Accretionary wedge
is calied a Tectonic Mélange Accretionary Wedge

» The accretionary prism underlies the inner trench wall,

the outer ridge and part of the fore-arc basin.

OPHIOLITE LOCALITIES

RASIAN

. WoRTH AL
AMERICAN
@ Rlamaths ]

Franclscan R = U, Cuba
PACIFIC  Thiei®

’f‘\/ Samvlento g

W
ANTARCTIC ((g e DIVERGENT BOUNDARIES
8 - QFHICLITE ————— COHVERGENT BOUNDARIES 5.

sland

35




Petroleum Geology

Accretionary Wedge
.fﬁ?‘ggg sl
Subdurtion
CAUSES OF SuBSinEnGe
Accretionary Wedge
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Chaotic jumble of rocks and gravel
called Tectonic Mélange Accretionary Wedge

« Rocks are typically cut by numerous

Accretionary Prism

« Wedge of deformed sedimentary rocks
* The main locus of crustal deformation

imbricate Thrust faults that dip in the
same direction as the subduction zone.

« As more material is added to the toe of
the wedge, the thrusts are moved
upwards and rotate arcwards.

« Rocks within the accretionary prism are
derived from the downgoing and/or
overriding plates.
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Penzhina segment of the Uda-Murgal island arc
- K,

Volcanie are

Aceretionary prism
£

Turbidites

Kharitoniya
Ganychalan terranes

Tzanagi plate

. Serpentinite
Fig 3 diapiy

U :i-Murv
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Accretionary Prism

+ At the toe of the wedge, sediments are

added thru offscraping

* propagation of the basal thrust into

undeformed sediments on the subducting
plate.

* This process results in progressive

widening of the wedge, and eventually a
decrease in dip on the subduction zone.

Volcanic Arc

« Active arc built on a topographically high

region of older rocks,

In oceanic arc, the basement may be a shallow
marine platform or an emergent region of
older rocks,

In continental arcs, the basement is
continental crust standing a few kms above
sea level,

Volcanoes in island arcs are usually 1 - 2 km
above sea level.

Volcano elevation in continental arcs is
strongly influenced by continental crust
thickness.
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Basins related to volcanic arcs

1. Fore-arc
2. Back-arc
3. Intra-arc

» All may be either submarine or subaerial

or may have marine & subaerial parts

- Much sediment is supplied from active

arc.

I

Volcanic Arc

Back-are hasin Voleanic are Fore-are basin Trench

Oceanie crust
hY

Ocen\nic crust

60



Petroleum Geology

Volcanic arcs may develop...

1. Within oceanic lithosphere, where ocean
floor subducts beneath ocean floor, and
an island arc results, e.g. Japan

2. At the edge of a continent, where
oceanic lithosphere subducts beneath
continental lithosphere, and a continental
margin magmatic arc forms, e.g. Andes

B Islandarc __ Trench

Convergent boundary of two oceanic pld’fés.

Creates an island arc and a trench.
Example: Japan

61




Petroleum Geology

Ocean-ocean plate convergent
boundary
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Characteristic of Arcs

+ Arc basement

— older more deformed and metamorphosed rocks
in platform on which the modern arc is built.

— QOceanic rocks
— oh the continents, complex continental basement,

» Volcanic arc

— a chain of largely andesitic stratovelcanoes
spaced at fairly regular intervals of 70 km.

— The structural environment of these arcs is
commonly extensional (numerous normal faults)

— volcanoes in grabens termed volcanic
depressions.

— underiain by large plutonic bodies (e. g. the
Sierra Nevada).

Characteristic of Arcs

* Metamorphism
— common and suggest a high geothermal gradient.

— Much of the lower crust may be at the melting
temperature of granite.

+ Sediments

— debris from active volcanoes.
— deposited as turbidites.

— In tropics, settings these volcanogenic
sediments may interfinger with carbonate
reefs.

— In continental arcs, sediments are often
deposited subaerially.
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2.1.3 Fore-arc basins

« Fore-ach basin: the shelf basin formed on
the trench side of an active volcanic arc

- Lie in the arc-trench gap, between volcanic
arc and submarine trench

- range from small basins on trench slope to
large basins (50 to 100 km wide, and > 500
km long) with thick fills (several km)

« Basins tend to become wider and shallower

with time, partly because of accretion at
trenches

BACK ARG YOLTANIC AR fCAE ARG
Imacuve Remnant Achivg mirgndl Sasin Yeleamg Ffonat
magenH arg ingRr-HG 323

nnnnn

ACSfelominy gosm Tienea
G . Aeg-ianen g

Cirae arw Outer arg
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Fore-arc (Arc-Trench Gap)

— Consists of region between trench and the arc.

* steep inner trench wall (lower trench slope)
~dips of - 10 degree
* flattens into a gentle slope termed the
forearc basin (upper trench slope).

* The inner trench wall is usually separated
from the forearc by the outer ridge.

* The accretionary prism underlies the inner
trench wall, the outer ridge and part of the
forearc basin.

Fore-arc basin configuration

S R

';};\’:’\Qj\’\. :
NSO
“SLOPED © .

Y mDGED

- -Fig. 2.5, Forearé basin configusations. From Seely and [)ickinsun.{l‘j'??).” )
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Fore-arc basins

Sediment sources: || Tectonic style

varies:
m volcanic arc
m outer arc = compressional
w fongitudinally = gxtensional
from | m strike-slip

a continent

Example of Forearc basin in South

America (Andes)

I dapigiod
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wEyEnd nge
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2.1.4 Back-arc basins

ared

- Structural/depositional basin in the convex

Area behind the volcanic arc.
Lie behind the magmatic arc
Often the site of extension & thinning of

crust

May overlie either ocean or continental

crust

50 —%

106

® Back-arc Basin: extensional, occurs where
plates moving in same direction, at different

Volcanic are —

Backarc
1 (axtensional)

Accretionary — Abyssal -
prism plain ¢

| Foreare y

} ] ~ Trench

Sedimant aceumulations
-cee| Centinental crust

Oceanic crust

i Voleanic arc

On continents this region is the
continental platform which may

be subaerially exposed, or the
site of a shallow marine basin.

Inisland arcs this region
consists of basins with
oceanic crustal structure

and abyssal water depths.
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Back-arc sediments

« extensional tectonics and subsidence.

* In oceans arc-derived sediments are
deposited in an ocean basin behind the
arc termed the back-arc basin.

* In continents, sediments are deposited
into basins on the continental platform
and are termed foreland basins or

retro-arc basins.

Arcs occur from Java Trench

Sumalra
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5w ’
Barisan mounlains

Java tranch Back are bagin
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Malacca strail
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Fig 175 Cress-section of indonesian geasyncline
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The Six Major Types of Sedimentary Basins

Nevada ]
E. Africa

E. Coast NA

Michigan Basin

Fordjand intragsatonls Pagsivg mangin

A 17 : T e R

5 % L R

Thinmiag, cooling,
and pading

2.1.5 Intra-arc basins

> Sedimentary basins within magmatic arcs,
between volcanoes, or between older and
younger belts of the arc

» Some are fault-bounded and subside
rapidly. Faulting due to extension within
arc, or flexure of lithosphere due to
weight of volcano.

> With fime, position of the arc migrates,
and basins may change between intra-arc,
back-arc and fore-arc.
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The Six Major Types of Sedimentary Basins

Indonesia Nevada

E. Affica

Offshore Calif, E. Coast NA

Michjgan Basin

Forearc Fordiand intragratonic

i i SRR N R S
Subduction Thrust ioading Tainning, cocling,
and loading
Causes of subsidence

The six major types of sedimentary basins are shown in
their plate-tectonic settings. The major physical cause or
causes of subsidence for each case are shown below the
diagram. Some examples are indicated in top.
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COLLISION-AELATED BASING

REMEANT 3ASMN WHTHAMUNTANE
., s
. S

voner 2.2 Collision
= related basin
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+ 2.2.1 Foreland
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Conversion of a passive margin to a convergent margin

A classic passive i /IR PR ’Cﬂm —
margin (A) can be acatatdaiaieien = IR \v-f;__m_
converted into an S TR R o~ il )
active convergent

margin by collision

with an arc (B).

8. Active margin

Thrust loading and S——
erosion of mountains B=ASiAziodacioiels
produce a foreland —
basin (FB).

Cessation of tectonic
activity and deep €. Parsive margin
erosion can produce a
new passive margin

(.
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—

Structure of a continent-ocean
convergent boundary

Continent-continent collision
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D Folded .
mountain range ]

Convergent boundary of two continental plates.

Forms a folded mountain range. Examples:
Himalayas ajps, Appalachians

2.2 Collision related basin

= Foreland basin: elongate regions of
potential sediment accumulation that
form on continental crust between
constructional orogenic (fold and thrust)
belt and craton (produced by thrust
loading)

» Arch or bulge separates foreland from
cratonic basin
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Formation of an intercratonic basin and a foreland basin

Formation of an intercratonic basin and a foreland basin and
. an intervening arch by “thrust loading” e.g thrust faulting a
package of rock onto a continental margin.

Foreland
basin

Eig. 2.8. Development of furebnd basiv by theilsting aod cnuital fesaral réspanse: Thedécollement surbice may lecither within the
coust {4,803 of #t the crussimande bovnddary IALBECY, The precise loeation of the fxeland bazms fesprecialfy the minor hasing is
goeemed by the location of the decolienren, surfary and the thicknes of the overthnurshsh, -
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Piggyback Basin (thrust sheet
top basin)

® Thrust belt typically propagates into
foreland basin, moving depocenter in
the direction of thrust motion

= Piggyback Basin: basins that are on the
hanging wall of a thrust fault and move
with the hanging wall,

= Sediments evolve from fine-grained
furbidites to shallow water continental
seds over time

Piggyback. Basin

-10000

Helght (m)

140 180 180 200 220

Distance {km)
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3. Transform or Strike-slip
related basin

* Strike-slip basin: basin associated with

convergent and divergent plate boundaries.

Some plate margins are transcurrent and
develop a particular type of rift basin.

* Transcurrent plate margins are defined by
major wrench faults.
* One type of rift basin, very deep, subside

rapidly and have rates of high heat flow
such as Dead Sea rift

Strike-slip related basin
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Transform fault

. .

Transcurrent fault

A B

Upper: Plates are spreading away from ridge axis and the transform fault
connects two offset segments of that axis. Segments of adjacent moving
oceanic crust slide past one another along the transform while spreading
oceurs.

Lower: Sea-floor spreading ceased before A and then a transcurrent fault
cut the ridge. Between times A and B the dead ridge was offset in the
direction shown by the arrows in the opposite sense of displacement from
that of the transform fault,

Transtensional
Basin

Judua suaaniiay

1 Tanin (A, 0 TeIRepreasionat it black LD i retgintoa t Gateral iovement adusy
5 5 frg tEor s =it St
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Spreading Centers Offset by
Transform Boundary

Fig. 20.7

Mid-ocean ridge divergent boundary
showing transform faults

Qceanic

Transform

LContinental |
taults :

©:Oceanic crust:
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Strike-slip related basm

Iy STRIKE GLIPAWAENCH BASING DEATRAL (FRGHE-LATERALY
sm:-zwabm upu-'rza /f — MOV

,{ <N

mww.' m 5 ,/’; /

Pre-, Syn-, and Post-
Depositional Basins

Tectonic movements and sedimenTary

processes can inferact in 3 different
ways.

1. Pre-depositional basm-———Before dep.

2. Syn-depositional basin—During dep.
3. Post-depositional basin—After dep.
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1. Pre-depositional basin

* Occur before the basin development

* Rapid tectonic movement predate
significant sediment accumulation and
create a morphology basin

* The water depth in the basin decreases
with time

» Sediment ftransport as well as vertical
and lateral facies development

2. Syn-depositional basin

+ Occyr during the basin development

+ Sediment accumulation is affected by syn-
depositional fectonic movement

~+ The distribution and facies of sediments will

be affect by morphology of basin

— High sedimentation=subsidence: sedimentary
transport, distribution and facies remain
unchanged

— Low sedimentation< subsidence: sedimentary

Transport, distribution and facies are
changed
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3. Post-depositional basin

* Occur affer the basin development

* No or little relationship between the
transport, distribution, and facies of
the sediments and the later evolved
basin structure,

Basin Analysis

PRE-RIFT

SYN-RIFT
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Basin Morphology

Im
¢

ROET-DEPOSIMION S, BASH

Post deposition basin created by tectonic
movements after the deposition of sheet-like
fluivial and lake sediments; younger syn-
tectonic basin fill is removed by subsequent
erosion,

Syn-depositional tectonic movement control
varying thicknesses of fluvial and shallow-
marine sediments and generate a basin-fill
structure, although a morphological basin
barely existed.

Rapid, pre depositional tectonics creates a ¢

deep morphological basin which later filledup ==
by post-tectonic sediments. The geometry of
the former basin can be derived from '
transport directions and facies distribution

Basin Morphology: Pre-Dep.

Rapid, pre depositional tectonics creates a deep
morphological basin which later filled up by post-
tectonic sediments. The geometry of the former
basin can be derived from fransport directions
and facies distribution

C PRE-DEP .
- EPOSITIONAL BASIN eer

DISTINCT

PALEC-
SHALLOWING | SL(%P%
UPWARD

< = !

< >

PRONOUNCED LATERAL //
FACIES CHANGE
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Basin Morphology-Syn-dep.

Syn-depositional tectonic movement control varying
thicknesses of fluvial and shallow-marine sediments
and generate a basin-fill structure, although a
morphological basin barely existed.

b SYN-DEPOSITIONAL BASIN

PALEOD-CURRENT
DIRECTION
¢

DIFFERENTIAL
SUBSIDENCE */——«4@""""“"@

SYN-BEDI-
At T MENTARY
. FALLTS
< > Jl \\LI'Tt.“ E
SIGMFICANT { ATERAL CHANGE Sl e VERTICAL
B THICKNESS, SOME CHANGE 1N SACIES FACIES CHANGE

Basin Morphology: Post-Dep.

Post deposition basin created by tectonic
movements after the deposition of sheet-like
fluivial and lake sediments; younger syn-tectonic
basin fill is removed by subsequent erosion.

a POST-DEPOSITIONAL BASIN
~— : - ERODED
e LAKE ~R="
FLuviaL  SEDMENT 7 IQ\
I i // o -

FLvial  Rig
' NO SPECIFIC
P - VERTICAL TREND
™ LITTLE LATERAL CHANGE  ~ PALEG-CURRENT
N FACIES AND THICKNESS DIRECTION
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Depositional Environments

Depositional Environments can be divided
into 3 major of sedimentary basins:

1. Continental : fluvial, glacial, eolian,
lucustrine (lake),

2. Adjacent sea basins and epicontinental
seas of varying salinity
(Transition=between continental and
marine)

3. Marine depositional areas of normal
salinity

Sedimentary Depositional
‘Environment

Glaciers

CONTINENTAL
Atluvial fans ENVIRONMENTS

Sand dunes

Beach
MARINE
ENVIRONMENTS

sea floor

Abyssal fan
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Base level of erosion in different
Environment
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trolling upbuilding and outbuilding of sediments. Nole that the model :

may be medified by sea level changes
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Continental Environments

a2 CONTINERNTAL, LACUSTERINE
OF OIFFERENT TECTONIC SETTINGS

AR NG SuBSIDENCE DASE
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Transitional Environments
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Marine Environments

d MARINE DEPOSITIONAL AREAS
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Subsidence Mechanisms

1. Subsidence related to cooling

» Passive continental margin
2. Subsidence related Yo crustal thinning
3. Subductional subsidence (trench)
4. Loading

» Glaciers
» Sediments

= Thrust loading
5. Local basin formation in transcurrent
settings

Regional Crustal Subsidence due to local sediment loading

Regression ——- Sea level

Example: Gulf of
Mexico and Mississippi
River

Sediments delivered by
major river systems
eventually deposit a
non-negligible load on
the crust, resulting in
slight deformation
(subsidence) and opens
accomodation space for
further sediment
loading. (positive

Accumuiation of thick shaliow-marine
feedbac k)‘ and alluvial plain sediments
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Sediment supply and transport

Sediment supply

- Sediment supply varies according to volcano

behaviour, governed by magma viscosity and gas
content.

» In deep water, explosive activity is suppressed

by hydrostatic pressure.

More silicic magmas in more evolved arcs -
therefore greater explosive activity, more
supply of pyroclastic sediment.

Sediment transport and deposition is
controlled by:

1. Topography - both subaerial and
submarine

2. Volcanic processes, especially eruption
column height, direction of pyroclastic
flows

3. Sediment transport systems - e.q.
rivers, prevailing winds
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Sedimentation and Rate of
Subsidence

1. Rapid subsidence and Rapid deposition
Subsidence = Deposition
» thick sediments
* source area: sediments strongly uplift
« Strong tectonism
 Rapid dep. make no destroy sediments
* Poorly sorted sedimentary rock
« Unstable mineral
* No carbonate and non-clastic rocks
» Eugeosyncline

Sedimentation and Rate of
Subsidence

2. Rapid subsidence and Slow deposition
Subsidence > Deposition

- Deep basin==may reach bathyal or absyssal
- Fine sediments and non-clastic rock

- Less deposition due Yo less sediments weakly
uplift, subsidence is near Island arc until sea
level

- Eugeosyncline: Restricted condition
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Sedimentation and Rate of
Subsidence

3. Slow subsidence and Rapid deposition
Subsidence < Deposition

- Sediments be higher than base level

e.g. Delta : Deposition faster than wave or
current

- Clastic rock

- Shallow marine brackish or continental
deposits

- Shelf area

Sedimentation and Rate- of
Subsidence

4. Slow subsidence and Slow deposition

Subsidence =Deposition

- Slow transportation

- No Unstable minerals

- Rounded sand and well sorted

- Slow subsidence and deposition are the slow
erosion of source area

- Stable shelf area on craton
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Sedimentation and Plate Tectonic

« Sedimentation and Plate Tectonic or
Sedimentary tectonics refer to the
sedimentation and tectonism

* There are 2 components:

— Sedimentary framework
— Degree of tectonism

Sedimentary framework

Sumalra

T

‘!

Bangan mayntaing
Java irgnchs Back ar¢ basin

AN

Eugacsaynchnal belt Miogeosyncinal beit

| il

Fig. 175. Cross-section of Indongsian geosynchine
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1) Eugeosyncline: more active (outer belt) near marine

1. Geosycline

Graywacke sandstone
Dark siliceous shale
Minor siliceous limestone or bedded chert

May show quartzose sandstone or conglomerate
in the section

Volcanic rock

Sediments derived from Island arc
2) Miogeosyncline: less active, near Eugeosyncline

Have sedimentary rocks
No volcanic rock
Have carbonate rock more than Eugeosyncline

2. Craton Stable Part

* Craton stable part or central part of

the continent between Orthogeosyncline

It consist of

2.1 Intracratonic basin

2.2 Cratonic shelf area

2.2.1 Stable shelf
2.2.2 Unstable shelf
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Lithologic Association

*» Group of sedimentary rock that occurs
in same tectonic condition

+ Depend on type of sandstone be with
shale or limestone

+ Each group of sedimentary rock relate
to tectonic intensity

Classification of Lithologic
Association

1. Geosynclinal Associations
1.1 Eugeosyncline
1.2 Miogeosyncline
2. Craton Stable part
2.1 Cratonic Shelf Area
2.1.1 Stable Shelf
2.2.2 Unstable Shelf
2.2 Intracratonic Basin
- 3. Other Lithologic Association
3.1 Red Beds
3.2 Black Shales
3.3 Cyclothem
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1. Geosynclinal Associations

1.1 Eugeosyncline association

Sandstone - Graywacke (commonly with
inferbedded greenstones (ophiolite)) salt-and
pepper sandstone, commonly tuffaceous

Shales - chiefly siltstones, chloritic gray,
green, red, black siliceous, micaceous, pyritic
carbonaceous

- Large variety of minerals in silt

Limestone - Dense, dark, silicoues
- Bedded chert

1. Geosynclinal Associations
1.2 Miogeosyncline association

Sandstone - Graywacke to subgraywacke salt-
and pepper sandstone, Abnormally
thickened shelf sandstone

Shales - Chiefly siltstones, some clay shales
gray, green, red, black siliceous,

- micaceous, carbonaceous and
calcareous

[

- Limestone - Dense, dark, silicoues

- Abnormally thickened shelf types
normal marine, fossiliferous
fragmental-foraminiferal limestone
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2. Craton Stable Parts

2.1 Cratonic Shelf Areas Associations
2.1.1 Stable Shelf

Sandstone - Pure quartz type
- Quartz-glauconite
- Quartz-iron oxide
~Quartz-muscovite
Shales - Chiefly clay shales
- Gray, green, red, brown, black
- Calcareous, glauconitic, carbonaceous
- Quartz common in sikt
Limestone - Normal marine type
- Fossiliferous-fragmental
- Foraminiferal
- Biothermal

- -2 chert and dolomite common
- Ranrdam reef dictribution

IR 2. Craton Stable Parts

. 2.1 Cratonic Shelf Areas Associations
2.1.1 Ustable Shelf: subsidence more than stable shelf
Sandstone - Feldspatic '
- "Blanket" arkose
-Quartz-muscovite, subgraywacke

Shales - Cheifty silty shales
- Gray, green, red, brown, black
- Micaceous, aalcareous, carbonaceous
- feldspar may be common in silt

Limestone - Nodular types
- Dense, argillaceous
- Thickened, stable shelf types
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2. Craton Stable Parts

2.2 Intracratonic Basin Association
Basin occurs in subsidence of the middle craton

1) Normal "Open Basin” Association

Sandstone - Subgraywacke

Shales - Chiefly siltstone
- Gray, red, brown, black, chiefly dark,
- Calcareous, siliceous, micaceous
- Variety of minerals in silt

Limestone - Thickened shelf types

- Dense, often argillaceous

2) "Wedge"Arkose Association: occur in granite rock with near basin
Sandstone - Arkose
Shales - Silty, micaceous, kaolinitic red and chocolate colors
- Abondant feldspar in silt
Non-clastics- Nodular limestone types
-Special evaporite sequence

2. Craton Stable Parts

2.2 Intracratonic Basin Association

3) Arid "Restricted Basin” Association

Sandstone - Subgraywacke
Shales - Chiefly siltstone
- Gray, red, brown, black, chiefly dark,
- Calcareous, siliceous, micaceous
- Variety of minerals in silt
Limestone - Fine-textured, calcitic types
- Dense “primary” dolomites
- marginal reef belts of biothermal
limestone
Evapolites - Sulphates (gypsum and anhydrite)
- Chlorides (halite)
- "Primary” dolomite
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2. Craton Stable Parts

2.2 Intracratonic Basin Association

4) Black shale “Restricted Basin” Association

Sandstone - Subgraywacke
- Thin quartzose types
Shales - Chiefly black, pyritic
carbonaceous
Limestone - Thin shelf types

- Dense, dark with much organic matter

3. Other Lithologic Association

.1 Red Beds can be define into 4 types:

. Primary Red Beds: red color derived from

source area and in situ deposition e.g
Piedmont and alluvial plain

. Post depositional Red Beds: oxidation of

sediments e.g delta

. Secondary Red Beds: red color of rock occur

from exist sediment color by transportation

. Chemical Red Beds: red color occur while

deposition
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Chapter II:

The Nature and Origin of
Petroleum

Purpose: The elemental compositions of

petroleum are combined abundantly in
nature. This chapter are explain about
the interrelations between the

elemental composition and the routes
how they come to be formed.

Outline of The Nature and
Origin of Petroleum

Petroleum system
1.1 Source

1.2 Migration

1.3 Reservoir

14 Trap

L5 Seal

. Physical and chemical properties of hydrocarbon

2.1 Hydrocarbon gases

2.2 Nen-hydrocarbon gases

2.3 Hydrocarbon crude oil

2.4 Non-hydrocarbon crude oil
The origin of petroleum

3.1 Inorganic origin

3.2 Organic origin
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History of Petroleum

First Use:

+ Egyptians: oil to preserve mummies

* Chinese: natural gas for fuel

* Babylonians: oil fo seal walls and pave streets
* Americans: tar to seal canoes

First Drilling:

* Chinese using bamboo: to 800" in 347 AD

* Americans using cable tool: to 70" in 1859 AD
First Product: '

* Kerosene for lamps .

* Gasoline was unwanted by-product

Demand Increase: Industrial Revolution

-Internal Combustion Engine (1885)
-Global Economic Growth

Petroleum System Elements

1. Source Rock - A rock with abundant hydrocarbon,
hydrocarbon-prone organic matter

2. Reservoir Rock - A rock in which oil and gas
accumuiates:

- Porosity - space between rock grains in which oil
accumulates

- Permeability - passage passage-ways between pores
through which oil and gas moves
3. Seal Rock - A rock through which oil and gas can't
move effectively (such as mudstone and claystone)
4. Migration Route - Avenues in rock through which oil
and gas moves from source rock to trap

5. Trap - The structural and stratigraphic configuration
that focuses oil and gas into an accumulation
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Petroleum Systems

»Source Rock w»Generation

» Migration Route *Migration
»Reservoir Rock »Accumulation
»Seal Rock =Preservation
»Trap

Generation, Migration, and
Trap of Hydrocarbons
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What is Petroleum?

* Petroleum: a natural yellow to-black
flammable liquid hydrocarbon found
beneath the earth’s surface
—H (11-15 %wt),

—C (82-87 %wt),
—bitsof S5, N, 0

* Hydrocarbon: an organic compound
made up of carbon and hydrogen atoms

- Hydrocarbon

1. Gas
— Natural Gas: wet and dry gas
— Condensate
2. Liquids
— Qil, Crude oil
3. Plastic
— Asphalt, Tar
4, Solids
— Coal

— Kerogen- Insoluble in organic solvents
— Bitumen-Soluble
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Natural Gas =~

Classification of Hydrocarbon

hplrocmbons
]

alipiatc hydrocarbons
]

l

aronmtic hydiocarbons
{contain the benzene ring}

saturated
(single bonads
etween C atoms)

unsaturated | i

eyalic |
{olosad chain} :

[
alkanes alkenes

(only single (at least one
bonds) denble bond}

i A
H-C-C-H \c &

P! Padl

HH H H

etiane ethgne

CnH2n+2 CnHZn

]
alloymes He
{at lzast one cycleatizanes ¢
triple bond) (elosed carben dng) f
H H ;

H-C=C-H <

4

H- !

— {7
o \O/
I

l
H
ety cwlopopans

CnHZn-—Z

107




Petroleum Geology

Physical and chemical
properties of hydrocarbon

1. Hydrocarbon gases
2. Non-hydrocarbon gases

3. Hydrocarbon crude oil
4. Non-hydrocarbon crude oil

1. Physical and chemical properties of
HC gas

> Various descriptive terms for natural gas:

- Dissolved gas~ That portion of natural gas that is
dissolved in liquid phase in the subsurface. It can be (and
usually is) physically separated from the liquid when the
fluids are produced. ,

- Associated gas- Also known as the "gas cap" is free
gas (not dissolved) that sits on top of, and in contact with
crude oil in the reservoir.

- Non-associated gas- Free gas that is trapped without
a significant amount of crude oil.

- Natural gas liquids- The liquids that can be, and are
liquified, in the field and at gas processing plants.

Include the wet gases, natural gasoline, and condensate.

- Sweet Gas (and Qil)- Contains no H,S

- Sour Gas (and Qil)- Contains H,S.
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Hydrocarbon Gas Type

The common gasses in reservoirs can be divided
based on their origins:

(1) Inorganic- Helium, Argon, Krypton, Radon
(2) Mixed inorganic and organic- CO,, H,S

. (3) Organic- Hydrogen (???), Methane, Ethane,
- Propane, Butane

In summary: there are two major type of
hydrocarbon gas is '

1. Hydrocarbon gas
2. Non-hydrocarbon gas

S 1. Hydrocarbon gases

Hydrocarbon gases are largely composed of the
paraffin series (C1-C4)

. - straight and branched

— - single bonded changes of hydrocarbons

‘| The gases decrease in abundance up through pentane |
(C5).

Hydrocarbon Gas consist of:
1. Methane
2. Heavier hydrocarbon
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1. Methane is the largest constituent of natural gas. It can
form in three ways:

a) Mantle methane: Derived from the mantle (presumably

primordial methane).

b) Microbial methane: As a reaction product of the bacterial
decay of organic matter. Large caused by the reduction of CO,
during oxidation of the organic matter.

c¢) Thermogenic methane: Thermal breakdown of heavier
hydrocarbons. Appears that the thermal degr‘adaﬂon has to be
catalyzed for it to occur in nature.

- Microbial methane can be distinguished from thermogenic

“methane on the basis of its isotopic composition,

- Microbial is lighter in 33C (range from -80 to -60 %) than

thermogenic methane (range -40 to -30%o)

Hydrocarbon Gasi§
Me‘rhqn |

Paraffins (Alkanes)
Saturated Chains
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Natural Gas

* Chains of 1 to 4 Carbons
—~ CH, - Methane
- C,Hg - Ethane
— C3Hg - Propane
— C4H;o - Butane
+ Plus He, Argon, Krypton, Radon, N,, O,, CO,, H,,
HZS
>Dry gas: C1>90%
>Wet gas: C1< 90%

»Condensate: gas phase at reservoir and liquid phase at
surface

»Gas hydrates- Solids composed of water molecules
surrounding gas molecules, usually methane, but also
H,S, €CO,, and other less common gases.

2. Heavier hydrocarbons:

Rarely (perhaps never) formed by bacterial
processes. Thus the presence of heavier
hydrocarbons in natural gas probably reflects
proximity to liquid hydrocarbon reservoir.

Gases are important during drilling of wells-
(1) commonly overpressured, can cause blowouts

(2) Useful way to identify producing (or
hydrocarbon bearing) horizons.

« Extract gas from drilling mud, run through
chromatograph, identify the amount and type of
gases entering the well bore.,
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2. Non-hydrocarbon gas

1) Noble Gases- Helium, Argon, and Radon

These gases are inert- do not take part in
chemical reactions.

They originate from decay of radioactive
isotopes of various elements, predominately
the U series elements.

They can be quite concentrated in natural gas
(>1% of the gas present)

2. Nitrogen 11 ]| a7
Three potential origins of nitrogen:

(1) Oxidation of NH,, which is derived from thermal
breakdown of organic matter. The oxidation-reduction
reaction includes Ferric Fe redbeds- Nitrogen-bearing
deposits are commonly associated with redbeds.

(2) Atmospheric origin (atmosphere is 70% nitrogen)-
How does it get into the subsurface?

(3) Mantle outgassing- continuation of the outgassing that
started soon after the formation or the earth.

There is no economic significance to the nitrogen
(other than is reduces the concentrations of
economic hydrocarbons).
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Nitrogen Cycle

3. Hydrogen

Hydrogen is so mobile and reactive, it cannot be
permenantly retained in the subsurface.

It must be actively produced with in reservoir,
adjacent source beds, or diffusing upward from
depth.

Nonetheless, it can be concentrated- 35% of the
gas in the Mid-continent rift system is hydrogen.

Possible origins include:

1) from reactions in the crust that involve
Ferrous iron reduction

2) during thermal maturation of organic matter.
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4. Carbon dioxide

CO., has erratic distribution in the subsurface
because of numerous sources and variations in
solubility

a) Solubility of CO,

@ STP, about 1/1 in water (volume ratio)

@ 7,000 psi (~15,000 ft depth), about 30/1 in
water

@ 7,000 psi, about 170/1 in 40° APT oil

@ T > 31°C, any undissolved CO, will exist as a
gas regardless of the pressure

b) Inorganic clay reactions- largely from reaction
between carbonates and kaolinite to form chlorite
group:

5F6C03 + Slo;y_ + A|25!205(OH)4 +2H2 Cmmm> Fe5AI25E3010(OH)5
+5CO,

Occurs between temperature of 100 and 160°C
¢) Volcanic activity- Decomposition of carbonate
rocks during injection of high temperature magmas

and by acidic water,

CO, now used for enhanced oil recovery so it can be
economic.
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3. Physical properties of HC Crude
QOil

1) Appearance- color- yellow, green, brown to black.

2) Texture- Qily

- 3) Viscosity- generally decreases with temperature,

so that oil at surface is less viscous than oil in
subsurface.

4) Density- most commonly expressed according to a
formula that uses the specific gravity of the oil,
given units of “APT (API stands for American
Petroleum Institute)

American Petroleum Institute (API)

° API = (1415/specific gravity @60/60 °F) - 131.5

+ Light oils : > 40 °API (56=0.83)

-+ Heavy oils : < 10 °API (with S6=1).

* Most oil : > 10 °APTI, and thus will float on
water.

Increasing API gravity = decreasing density
— Low APT = High Density, high viscosity
~ High API = Low Density, low viscosity
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Hydrocarbon Crude Oil

* Mix of hydrocarbons of different
Types
»>30% Paraffins- Chains
»>50 % Naphtenes- Single bond rings
»>15 % Aromatics - Double bond

rings
>5 % Asphaltics- Include impurities
(N, S, 0)

Paraffins

+ C1 to €80 chains
* Millions of possible branched chains

« C1-C4 Gases
. C5-Cl4 Liquids
« -C1H SO’fd

+ Waxy
« C5-C8 in gasoline
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Naphetenes (Cycloparaffins)

‘Rings with single bonds
Most common HC in crude oil (~50%)

C5 - Cyclopentane
C6 - Cyclohexane

,,,,,

Aromatics
Unsaturated rings H
|
Bc.zsed on benzer.le Ho _Co__H
High octane rating G
Concentrate in heavy fraction | .Cs ..C<

Carcinogenic '

H
”ﬁ;[” Q Benzene
H H

Toluene
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4. Non-hydrocarbon Crude Oil

« They main "other" elements in crude oil include
Nitrogen, Oxygen, Sulfur
— Oxygen : 0.06 and 0.4 wt. %,
— Nitrogen: 0.01 and 0.9 wt %,
— Sulfur : 0.1 and 7 wt%.

» These elements are not other compounds (e.g.
H,S or free N) or contaminants

- There are also some metals, but only Nickel and
Vanadium have been shown to be part of the
compounds and not contaminants.

CRUDE O1IL
CLASSES OF COMPOUMDS

HYDROCARBONS

CONTAIN CNLY CARBON AND HYDROGEM

SATu;RATES ARGMATICS

r 1 . 1
NORMAL PARAFFINS  BRANCHED PARAFFINS CYCLEC PARAFFINS [C¥-RING HIGH-RING

0 SOPARAFF [ HS) - MAPHTHENES )

= WOST HYDROGEN RICH « | NTERMED| ATE HYDROGEN «CONTAIH BENZENE RIHG(S)
s LEAST HYDROGEN — RICH

NONwHYD%OCARBONS

CONTAIN CARBON AND HYDROGEN PLUS NWITROGEN, SULPHUR, OXYGEN
1

]
HS0 COMPQUNDS [RESINS] ' ASPHM!IEHES

* RELATIVELY SMALL MOLECULES #LARGE MOLEQULES
* MOSTLY LINCAR STRUCTURES «CYCLEC (ARQMATIC) STRUCTURES

*STACKED SHEZITS
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Chemical Composition of Typical Petroleum

Crude O Asphai? Heteral Gas

Element %o Weight €5 Weight G5 Weaight
Corbon 82,2-87,1 BO~85 4580
Hydrogen 11.7«14.7 8.5-11 1-25
{ Sulfur Ok~ 55 2- 8 trace—0.2

5o { HMilragen
'kOxchn

0.1- 1.5
0.1~ 4.5

0- 2 1~13

COMPOSITION OF A

TIPICAL CRUDE OIf

MOLECULAR SIZE

wWT. 25

GASOLINE (C,-C,) 31
KEROSENE (C,,-<,,) 10
SAS OIL
LUBRICATING OIL {(C,..<C,.) 20

RESIDUUM (=>C

(C12-Cag)

40)

MOLECULAR TYPE

PARAFFINS
NMAPHTHEMNES
AROMATICS
ASPHALTICS
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Figure 2~42. Properties of Liquid Hydvepearbony
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C02

[l I
ST LT

Mitrogen

Helium

Oxvgen

Fauinment hva

alzie to Measure [moueity

H,S Detactor

All Gas/Nitrogen Detector

TC Chromatograpch

TC Chromatograph
All {3as Detector

Water

Salinity Cheek
{AgNO3I Titration)

Figure 2-43,

[T

Impurities Associated with Hydrocarbons

Crude | Product 'éas Range Distiliate Type AP Gravity
Gag Matursl Gas . e, C
. . N 1 2 T =110°
LHG {Liguid I *
o Hetural Gasg) o C:l' nC:4 .
Matural Gaseling | 1C,, Cq, Cy, G, 74°% 1o 110°
[ ST Condensate:
. Light i?)istil‘})ates o
o Gasoling Cg* BP= = 1607C 50 e as”
Kerosina
MidéIEO{Jistilintr_eg;
. S— 8P 1507 10 3507¢ 307 10 38°
- - Diegel
Fuel Oil
Hervy Distillates:
—_— BP 3507 ta 520°C 18% to 20°
Luke 0il
7 Wax/Asphalts —_— Residuums:_ —
of] BP =35207°C
*BP: Beiling Paint
Figure g-44. Crude Oil Products
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Origin Of Hydrocarbon Theory

There are Two theory:
1. Inorganic (Igneous and metamorphic
rocks)

2. _Organic matter (sedimentary rock)

The Origin of Petroleum |
Hydrocarbon |

T v‘%‘ﬁ*‘sﬁ v .
: S

A

Geological association: Associated witth  Deep origin: carbide + water = acetylene

unalterad aquatic {marine, lacustrine) {C,H,), subsequent condensation
sediments Variation: Association with hydrothermal
Inferences: Similar to known biotic oils: systems) o
YWhale oil, fish oil
Knowledge from mining: Gas and coal Cosmic origin: Hadean “petroleum rain”
closely associated

Analysis; Chemically simifar to known
componers of life: proteins, fats, fatty
acids

Isotopes: Always very light C13
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Which Theory does most
accept?

Most exploration today is based on the Organic
Theory.

* 99.9% of oil in sedimentary basins (hot in igheous
or metamorphic rocks)

¢ 99% in rocks younger than 400 million yrs

* Bituminous shales can be heated up to produce oil
* Analogous to coal (which contains plant fossils)

e Crude oil contains many biomarkers

 °C/=C is typical of biological activity (enriched in
12C)

Origin Of Petroleum
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Origin of Petroleum

Development of the oil and natural gas shown in three steps

PETROLEUM & NATURAL GAS FORMATION

OCEAN OCEAN
300-400 million years ago | | 50-100 million years ago
o N T T T T

' !
iy 1oa plants and animals died  Ower millions of years, the remaing Today, we drill down teough layers

‘andowers burfed on the ccean fioor,  were butled deeper and deaper. of 3ang, sitt, and rock 1o reach |
| Over tima, they ware coversd by Tha ononmoss heal amd prassame the roek formations thal contsin
fayers of st and sand. wernpd them into o and gas. off apd gas depasits. !

Uil and Gas Deposits _.:
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Chapter III:
Petroleum Charge System

Purpose: The petroleum charge system is
explains about source rocks, which must
be capable of generation, expelling and

migration path way into the reservoir
***** unit.

o Outline of Petroleum Charge
- System

o 1. Identification of petroleum source rock
2. Maturation

| 3. Migration

4. Reservoir rocks

5. The mechanic of sealing
6. Trapping
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Source Rock

* Petroleum/Qil: complex mixture of naturally
occurring organic compounds.

» Organic rich sediments are buried in a basin.

* Through time, under pressure and femperature
associated with deep burial, organics undergo

physical and chemical changes, eventually forming
oil.

* A good source rock is a black organic rich shale
(mud), claystone (OM > 1%==Good source rock)

» Once the generation of oil has beaun, it hormally
begins To move (migrate) through the rock column.

Characteristics of a Good Qil
Source Rock

* High organic carbon
(TOC)

* High Hydrogen Index
(HI)

» Vitrinite reflectance
(indication of maturity)
between 0.5 - 1.4 R,

TUCHLLs & Dolo
Lithology
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Geology

Source Rcck _for __Pe?rolgum

Organic-Rich Thin Laminae

Total
Organic Hy;ﬂl;;ien
Carbon
3.39 378

Table 1. Classic interpretations of TOC coatent in
sediments (based on early ofl window malurity}

{a)
Gereration TOC in Shales TOC in Carhonates|
Potentiat W%y fwt, 35
Paocr 0.0-0.5 0.0-0.2
Fair 0.5-1.0 0.2-0.5
Goocd 1.0-20 0.51.0
W Very good 2.0-5.0 1.0-2.0
Excellert >5.0 >2.0

Organic Matter Composition

Proteins

Carbohydrates (sugars, starch,
cellulose)

Lipids (oils, fats)

Lignin (in plants)

* HC generation is limited by available H
(reducing environment)

127




Petroleum Geology

Types of OM in Sediments

® Structured :
— Spores and pollen

—Cellular plant tissues (leaves, stems,
roots)

® Amorphous
— Algal debris

—Decayed higher plants _(maﬁine or
terrestrial)

® Charcoal (carbonized wood)
®Recycled kerogen

Average chemical composition of
natural substances

Substances  ~  Elemental Composition in wt. (%)
. B
Carbohydrate ' 44' IR T
Clgnin [ &35 w
' P'rote_iﬂs”_' 53 ;
Tpetroleum | 82-87 | 1215 | 042 | 0150 o2 |
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Classification of Organic
Matters

Marine & Lacustrine Plankton;
Protein & Carbohydrate= 50% and

Llpid 25%
Bacteria; Protein and Lipids

Landplant; Cellulose, Lignin,
Waxes, Resin and small Lipid

Composition of Living Matter

Higher - =
Invertebrates -
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Source of

Hydrocarbon

’ ane
+F yas. iematian

ST T

548 bydrnzaciany
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Exchange between Carbon

Reservoirs

— 24% Organic C (reduced) in sediments
—76% Inorganic C (oxidized) in Limestones

» 0.01% in Coal and Qil

> 0.005% in oil reservoirs

> 0.04% Dissolved in the Ocean
»0.005% Atmosphere and life

Requirements for High Organic
Productivity

- Light (for photosynthesis)
- Temperature

* Nutrients

* Low turbidity

* Phytoplankton (Photosynthesizing algae)

90% of Organic Matter in Oceans
+ Bacteria, zooplankton, fish, etc
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Photosynthesis

. The most important reaction on the
- planet (for us)

chlorophyl

CO2 I + H20 = [CH20] + 021
light
glucose

Plankton Productivity Map
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Ocean surface Temperature

Preservation of OM

eHigh productivity (high nutrient

supply)
eModerate sedimentation rate

oL ow oxygen supply (Anoxic conditions)
® Rapid burial

134
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Reaction of Organic Matter

® Oxic conditions
CH,0 + 0, ===> C0O, + H,0
(Limiting condition: O, > OM)

® Anoxic conditions
2CH,0 + H,S0,* ===> 2C0, + 2H,0 + H,5
{Limiting condition: OM > 0O,)

The bottom of a basin

Oxiz 2w A
Subuke s w‘M
W liceo
; 10 WBLTG Cosrse
R L I in 13 S0t
0 ot A (¥ 13 2.4
£4 fypn Fand 3 o 3 o 1V

Figare 3-1
Marine ard Boustring bonebin evdronments. Onypen contents in mif HaO ars onic
greater than | subonde | ro 0.1, and anoade tess thia 0.8 OM. Types | to IV are defined
in Chapter &,
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r( )
Biogeochemical Zones
} photosynthesis
water %
i ey . acrobic
- e
Q?_ QR ZGNE el sediment respiration
SO = b anacrobic
H f; respiration
HCO | anoxic, sulfate :
3 reducing zone
T lealized cr
CH - of an open marine
H,, - organic carbon-rich:
noxiz, carbonate v ‘se_d}mm}ta_\_ry e
| recucing zone
LL

How do you get Anoxic conditions?

- Water Stratification

- Temperature

- Salinity

* High organic productivity near surface
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Black Sea: permanent salinity
stratification

Lk
{7 e}

Foncasit sodimants Uvpande Cosfany 113 % SaTulas seltinga
ot et Chgand Sartne < 2.5 Boalthe, S bt dede
s GSA3 Wrem ye

= Restricted marine basin, high
evaporation

_ Evaporation

'd : Oxic :} Oxygenated

saltzer denser
Least oxygenated water sinks
water

Denser
water
spills out
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 Presarvation imipaclay. 0
ot parhonate mad -0 0

v &

Preservation of Organic Matter in
sediments

drsdunstidsaudauinay Adasineszuivuinaznaudauie

tan vinhiildaandamias idadntnelnaannuuy Anaerobic

Destruction of Organic Matter in
sediments

Desuuetion In 4 porous sedimant.
dappsited under asrobic conditions.

asunsdfazauluarnauidsnsuaunaua andnd§Asun
aandianau vinliansdunidgniitana
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Accumulation of OM in Sediments

Driving Mechanism

« Upwelling of deep water brings nutrients

C9f Bhore Wi
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Factors Leading to Low OM

® L ow productivity

® Low or high sedimentation rate
® Low OM supply from land

® High water depth

OM decreases

Onshore -----c--ccvcuceo- > Offshore

Composition of Organic Matter
Common Analytical Methods Used

= Elemental Analyses (C, H,
O, N, S)

= Isotopes
= Gas Chromatography (GC)

» GC combined with Mass
Spectrometry (6C/MS)

= Rock-Eval pyrolysis
(Hydrogen Index and
Oxygen Index)

© Kerogen
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Source rock
kerogen can

be correlated to
oil/gas found in
carrier beds
and reservoirs

Pyrolysis

=] Pyrolysis (pyr "fire" and lysis
"separating") is a
thermochemical
decomposition of organic
material at elevated Temp. in
the absence of oxygen.

=] Pyrolysis typically occurs
under P&Temp. > 430 -C (800
°F).

Rock Evan Pyrolysis

LAL PYROLYSIS YiELDS 3% AND GAS T

Guy gonoration {white patche

O expulsion

ez

Pyrtiysis of kerogen
T3
53
Retease of
wapped CO2

81

Volatizaticn
of guisting HC

¥

i
é > Timo
Incraasing +

' Pyrolysis H
A Termparpiure | § Losting
3

L T —

141




Petroleum Geology

Rock Eval Pyrolysis
Samples are heated in an inert atmosphere at 300°C for
3-5 mins to distill out free hydrocarbons - S; peak
Heated at a fixed rate to 550-600°C fo pyrolyse the
kerogen - the S, peak

The temperature at which maximum pyrolysis occurs is
called Tmax

The CO, released between 300-390°C is measured -~ S,
peGk Quiput

Parameters

M Gas
N Free Volatifization
Hydrocarbons|™ 4, anag

Total
Organic
atter

(e

Sz g Mg rass

Féydroeen rekax
#m (B TOCH 100

Oy index
OF (5,500 e 100

St ISPty e
5 8 (g O 100K
85 g HCAG racks

Dreppertr
FRTLULG ‘-,'h
3
B

figare 10.7

Selematic of grrogram showing the evolution of hydromrbans and GO, from a ok
sampte duting hoating (increasing time and lemperatuse from feft ta right]. Important
measurements nclude 5:. %y, S5 and Tr,.. Mydrogen and oxygen indices are caleulated
a3 shown, [Poters 1928)
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Term in PT Geochemistry

* 51 Amount of generated oil and gas in the shale sample

% S, Amount of oil and gas generated through thermal
breakdown of organic matter by heating

< Szt Amount of CO, released during pyrolysis

% Tmax: Temperature of maximum release of
hydrocarbons. Tmax indicates the stage of maturation.

< From this data the origin of the organic matter can be
determined by :
v Hydrogen index (HI) measures the hydrogen

richness of the sample.

. v Oxygen index (OI) measures the oxygen richness of

the sample.

‘ v" Production index (PL) is the ratio of generated
hydrocarbons to potential hydrocarbons. Low ratios

- indicate immature or postmature organic matter.

. . . . -2((-390°C
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Pyrolysis vs Depth
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- Petroleum Geology

Hydrocarbon analysis
(fingerprinting)

CRUDE STANDARD

APPROXPEATE BOWING RANGES OF INCMIGUAL HYDROCARBON SRMPOUNDS

e, P71 oasoumy
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unsbure
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) b e
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H o
REEERAITE Ak
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”
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Vitedutte Redortance {2ale)

Ny |
EX] rE

Vitrinite reflectance

+ Vitrinite reflectance (VR or Ro) is used for determining
the thermal maturity of the shale and coal.

* VR is sensitive to temperatures that correlate
to hydrocarbon generation (60 -120 °C)

Table 3, Vitrinite Refletance and Hydrocarbon Generation®

Oil-Prone Generation Gas-Prone Generation

Generation Stage  Ryfw}  Generation Stage  R,{t) il

Immature €6 e <08 | !H I li |

Ay o 05-03 Ealygas 0812 T

Peak ¢il 08-10 Peak gas 1.2-20 e Retlssace (C-Ray

Late ol 10-135] | Late gos >29 |+ Oil generation in an oil-prone
B Wel gas 1.35-20 shale isa VR of 0.6% to
Dry gas 510 >1.35%

PFiom Dow (1977) 3nd Seetle and Landis (191 * Gas generation in a gas-prone
" shale is a VR of 0.8%t0 >2%
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TABLE22 MACERAL GROUPS, SUB-GROUPS, MACERALS AND SUB-MACERALS

MACERAL GROUP

MACERAL SUBGROUP

MACERAL

MACERAL TYPE

VITRINITE

TELOVITRINITE

TEXTINITE

TEXTINITE A (dark) & B dight)

{TEXTO-ULMINGTE]

ULMINITE

COLLOTELINITE

TELINITE

DETROVITRINITE

ATIRINITE

DENSINITE

VITRODETRINITE

COLLODETRINITE

CORPOHUMINITE

GELOVITRINITE

CORPOGELINITE

GELINITE

PHLOBAPHINITE
LEVIBELINETEZPORIGELINITE

INERTINITE

Macersfs with plant cell structures

FLSINITE

SEMIFUSINITE

FUNGINITE

Bacerals Jacking plant cell stsuctures

SECRETINGTE

MACRIMITE

MICRINITE

Fragmental inertinits

INERTCDETRINITE

LIPTINITE

SPORINITE

CUTINITE

SUBERINITE

RESINITE

FLUCRINITE

LIPTODETRINITE

ALOINITE

TELALGINITE

LAMALGRGTE

BITUMINITE

Strictly a biznen rather than o maceral

EXSUDATINITE

146




Petroleum Geology

Alginite
Botryococcus sp.

Botryococcus brounii
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Sporinite

Cutinite &
Chlorophyilinite
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Fusinite
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Petroleum Geology

1.

Source Material

Non-Biogenic Origins

Coals)

Kerogen Types

2. Biogenic (Kerogen) - Host rock (Shales and

Type I - Algal (oil prone) ——-—sapropel;c

Type II - Mixed

Type III - Woody (gas prone)---humic

| | Bacterial |-

e - f:_{ ngh Lipids - -
r .--‘Marmei Lacustrme

MAINLY o

Land"Planti :
Ie “Exinite 0
wCutinite |
Spoxomte.
“"Resinite 1§

/C

S fSapropehc Keragen -
ffAmor hous OM

vm:xmte)

(non- ﬂuoxescent f-;" RRDH A

. St_ructured coaly‘f;_f? :

Lo_w H/ C
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Kerogen Families

fCIéssification szpes Land I Type III |

‘Descriptive ; Amorphous | Structured
Terms - | "Algal” -] "Coaly"

o : _ "Saprope}ic" "Humic"
‘Chemical Hydrogen-rich | Oxygen-rich
Nature - | Oxygen-poor - | Hydrogen-poor
Products of Liquid and Coal, methane |
Catagenesis gaseous

hydrocarbons

Sources of n-Alkanes in
Sediments

® Organisms in The water column
—Phytoplankton and zooplankton

® Organisms on/in the sediment
—Bacteria, sea grasses, inverftebrates

® Terrestrial runoff

® Fossil fuel
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A4S
Kelative
fone. .

N-Alkanes in Sediments and O3]

Carbon Number

Hylredorbon Aximict
San Micokrs Bosin sediment

Cohare tmptrgtueg 1522550 4¥min
- o ot urmnosed with Jroa em
Micwis Syvin, wriespnd, Cobvum: | Odnat by (h.iuh 7%, bomimn whevrn wa Ovmnssarh W,
it v 40 i/t Tompareers programmad frim 73l 123°C ul 4* Frberie, The s
00 7 b BHEEE Bt T Armbor o coribt af et in o s,

ATOGRAM FOR MATU
OCK EXTRACT.OR O

R e P L

L

HC Generation

® Deposited in environments conducive to
preservation of abundant sedimentary

OM

® OM (kerogen) releases hydrocarbons

® Marine kerogen ftends to generate oil;
Terrestrial kerogen tends to generate

gas

® Methane forms at high (thermogenic)
and low (<50 °C) temperatures (biogenic)

1-Source Rocks
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HC Generation 2-Temperature Effects

® Thermal alferation of kerogen requires
minimum of 50-60 °C

—~ ® Oil generation is a time- AND
temperature-dependent process

- »Quantity generated increases linearly
with Time, geometrically with
Temperature

> At high T, wet or dry gas is more stable
_____ Than liguid HC

>Laboratory experiments at high T
- reproduce general aspects of HC

Importance of Hydrogen
- ® Generation of HC (alkanes) requires
| hydrogen
- ® Kerogen is The source of hydrogen
- ® With increasing maturity:
— Kerogen loses hydrogen
—H/C of kerogen decreases
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Breaking C - C Bonds

| Formation of saturated hydrocarbons after br
a - Cbond reguires bvdrogen., - :
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Petroleum Generation

® A temperature-dependent chemical
process that occurs in sedimentary basins
as a natural consequence of thermal
alteration of OM deposited with the
sediments.

® The sedimentary OM is of biogenic origin.

® The extent of the reaction i.e., amount of
oil generated is a function of the
Temperature at which the reaction occurs
and the duration of the reaction.
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Petroleum Generation and Accumulation

Trap
. OitKitchen
Organic Matter _ Bur[ed - (cooked)  Migration
SRR S L '--_Ma_turat:iqn.j PR
Source Rocks Qil Kitchen Migration Reservoir Rocks
Shale Tirme Compaction Sandstone
Carbonate Temperature Buoyancy Carbonates

Pressure

Organic-rich  E=> Thermally Matured => il
Source Rock Organic Matter

Kerogen

Kerogen: Complex organic molecules that are
produced by modification of organic matter
preserved in sediments. When heated, this solid

waXy organic substance can produce coal
macerals, oil and gas.

S’rage 1 S’raqe 3 S'raqe 3

Kerogen Transformation

,,,,,,
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vk
method that cross.plots the G/C and H/C ratios of,

Van krevelen diagram

20

1.54

HIC
Ratio

1.0

0.6 4

GOz, CHy H0

Cg: catagenesis
N\ Mg: metagenesis

wet
g f . Zone of gas formation
ry

g

¥ 1 T
01 02 03
O/C ratio

diagrams are a graphical statistical ™

Type I: (Alginite
group) Algal

Type IT: (Exinite
group) Lipid
(spore, pollen,
leaf, resin,)

Type TIT:
(Vitrinite group);
plant tissue, root,
wood)

Type IV:
(Inertinite group);
burn wood, fungi

Microscople |

Coal

i L
EXE) 14 ] ) 5

¥itrlnite Reffortanicr (4sRa}

El
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Kerogen Types

+ Type I (Algal)--Sapropelic  Type IIT (Humic)
- High H:C ~1.65, Low O:C - Low H:C ~0.84, High O:C

- Rich in lipids (mostly - Rich in aromatic
saturated ) compounds

- Oil prone - Plant material and coal

- &as prone
* Type II (Liptinic) Type IV (Inertinite)

- Infermediate H:C ~1.25, - Low H:C 0.45-0.3, High
Interm O:C 0:C

- Algal+Zooplancton - No petroleum

- Oil and Gas prone

Types of Petroleum

Qil and gas are formed by the thermal cracking of
organic compounds buried in fine-grained rocks

Algae= Hydrogen rich = Oil-prone .

TOC 212 WT% TOC .38 WT.%
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Geological Control of Petroleum Types
Marine versus Non-marine Organic Matters

* Marine organic matter
- Kerogen Type IT

_ — Paraffinic, naphthenic or aromatic intermediate
crude oils,

— Saturated hydrocarbons 30-70%
— Aromatics amount to 25-60%
- High S in certain type of crude oils

* Non-marine organic matters
— Kerogen Type IIT, less common Type I
— Paraffinic: naphthenic crude oils
— Saturated hydrocarbons 60-90%
— Aromatics amount to 10-30%
— Low S contents (usually <0.5%)

The Petroleum Kitchen (PT Maturity)

Temperature-Pressure-Time

* Geothermal Gradient: (thermogenic hydrocarbons)
- Range: <1 o 11 °F per 100 ft
- Typical Sedimentary Basins: 1.0-1.7 °F per 100
f+, Good average 1.2 ° F
- Oil window of ~ 60-120 °C, or depth about
5,000-20,000 ft
- In practice,
- QOil below 15,000 ft rare
- Gas - no practical limit to stable depth
- Cracking of oil to gas controlled by source
kerogen and temperature
- Deep basins mostly gas
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Depth (km}

WM o~ D o 4 1 R e

-t
o

Temperature {C)

190 1200

Depth
(f.) -
5,000

10,004

15,000

L immature:

_T'gmpz.
"¢ [Hagenesis

60
- Calagenesis

120

140. .:-
Me}agenesis
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Three Stages of Genesis:

. Diagenesis. Biogenic decomposition produces biogenic

methane. At slightly higher temperatures and pressures
the organic matter is converted to kerogen - an
amorphous material of carbon, hydrogen, and oxygen. (<
60°C , few hundred meters depth; “heavy” oil)

. Catagenesis. AT higher temperatures and pressures

kerogen is altered and the majority of crude oil is
formed. During this phase and the next, the larger
molecules break down into simpler molecules (a process
called cracking). (60-120°C , 120-1409C wet gas, Depth
up to 15,000 ft - kerogen and “light" petroleum)

. Metagenesis. In the final stage of alteration (at higher

temperatures and pressures) of kerogen and crude oil,
natural gas (mostly methane is formed.(>140°C dry gas
, depth >15,000 f1)

Maturation of Organic Matter

* Catagenesis 50 to 200°C

- Qil Window 60 to 120-160°C

+ Gas Window 120 to 225°C

* Thermal maturation of kerogen
* H:C decreases
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General Scheme of Organic Matter Evolution

Quantily -~ Stage of Evalution

Maturity besériptiun
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Hydrocarbon Occurrence & Thermal Maturity

Gasoline

Solid

C,-C, C,-C C Kerogen
Immature | Mainly | Lean - Most Rich - Yellow
C, “components |  Mainly ' -

-~ absent -
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Hydrocarbon Generation in Different Basins

Paris Basin
. L. Jur.

Douala Basin
U, Cret.

Ulinta Basin
- Eocene

. LA Basin

\ 60 oc

"~

e
w

F O A
Depth tkm)

\. 90 uc.

C,,, Hydrocar

bons (mg/g C.

: 4 \\y 115 °C

Mio-~Plio

Time-Temperature for Qil Generation

~Temp, *C |

Age, MY
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dadafivinliinnszusunindfeugisauvisatluilingaan
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decarboxylatio

OM altered, liguid HGs form

o IO ‘:(é\fi'ziééw :
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a Y o - =4 = Ty o ]
tlaqeRyin b AanszuIunslfauansaursa i uiiinsiaan

3. WAnAuyisEasNanNnuAznauiLaNsawaaazgn
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ianalagwinaduviza nsilaaundasilay

1 D e &V L4 k4
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[
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1) Microbial Activity
2) Polycondendsation Diagenesis

3) Insolubilization
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1. Microbial Activity
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3. Insolubilization
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stluni lilaaeifamnaisuasansaunsy ananisavaudIlu
araausINAUIUNIS Diagenesis, Catagenesis auéiv
Metagenesis

Tagenesiy

ataganeng

Migration
General

- Hydrocarbons are less dense than water,
therefore buoyant

~ Will flow up until stopped by a seal

- Horizontal migration is important also-
can be long distances.

~ Vertical migration requires a break in the

regional seal (faults, salt, stacked
channels)

168



Petroleum Geology

How does Oil get out of the
Source rock?

After its formation, petroleum may migrate from the
source rock into porous and permeable beds where it
accumulates and continues its migration until finally
trapped.

The forces causing this migration are:

1. Compaction of sediments as depth of burial increases.

2. Diastrophism: crustal movements causing pressure
differentials and consequent subsurface fluid
movements.

3. Capillary forces causing oil to be expelled from fine
pores by the preferential entry of water.

4. Gravity which promotes fluid segregation according to
density differences.

Why do hydrocarbons migrate?

1. Fluids migrate along a pressure gradient

- = pressure driven

2. Density contrasts between hydrocarbons and

water—> buoyancy driven

3. Diffusion due to concentration differences

- chemical gradient driven

u’=u"Hp"-p°y-g-htp

Overpressure Buoyancy  Capillary Pressure
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Chemical gradient driven

Hydrocarbons migrate as
a separate phase from
the higher potential to a
lower potential on the
direct way

- topography driven

from Source

Generated HC Masses

Type of Migration

Migration is the process, whereby hydrocarbons move
from source rocks to traps.

Migration is divided into four categories:

Primary migration The process of loss of hydrocarbons
from the source rock (also Expulsion).

Secondary Migration from source to reservoir rock

migration in trap configuration along a carrier
system. Including the migration within
the reservoir rock itself.

Tertiary Migration to the surface, either from

migration the reservoir or source rock
(dismigration).

Re-migration Migration from one reservoir system

position through an intervening section
into another reservoir position (trap) in
the same or a different reservoir.
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Migration

TJortlary
Migration

Accumulation

Primary Secondary
Migration Migration

I ——

Primary Migration
(Expulsion of Hydrocarbons)
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Proposed Expulsion Mechanisms

1) Expulsion during compaction? (wrong

fiming)

SHALE Porosities (Vsh=0.59)
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2) Dissolution in water? (Insufficient)
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3) Dissolution in Gas Phase ?
(Works for light oil, but not for heavy oil)

TEMFEHATURE (45}
2’;? -‘}?2

s Condensate-Gas
] & u L Ratio (CGR) for oil
i1 3 safurated gas.
foi e m§ Spindle top crude
2

COR BLARSCF) N

and methane.

D4

2] LAt {ng wy™

séo sha
TEUTEALTURE £°0)

4) Oil Phase Migration (this is the good
one)

- Kerogen is 5-10% of source rocks and is
load bearing

- Maturation transform kerogen fo a
‘hydrocarbon fluid.

- The fluid is also load-bearing, therefore

overpressured

- Overpressure fractures the rock

- Hydorcarbons escape through microcracks

- Cracks close up until a new episode of
generation takes place
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Microfracture

Microfractures in organic rich shale. Hunt, 1995.

Migration through Fractures

m, RESERVOIR

Carrier/Reservelr

Source Roek
Patroleumn Migration *

Soal Faliure é
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Secondary Migration

Movement from source to trap
Along carrier bed

As separate hydrocarbon phase
(mostly)

OOl W N

Secondary Migration

Driving Force

Resisting Forces

Phase Behavior

Rates of migration
Efficiency

Long distance migration
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Driving forces for migration

- Buoyancy (This force acts vertically
and is proportional fo the density
difference between water and the

hydrocarbon so it is stronger for gas
than heavier oil)

— Hydrodynamic flow (water potential
deflect the direction of oil migration,
The effect is usually minor except in
overpressured zones (primary migration)

The driving mechanisms can be
distinguished:

1. Pressure Gradient Driven
1.1 Sediment Compaction -> overpressure,
compaction driven fluid movement, permeability

1.2 Capillary inhibition =~ -> capillary pressure
differences between fine and coarse grained layers
(leads to downward expulsion)
- capillary fluid flow depends on fluid
components involved, relative permeability
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Capillary Forces

Water ?
e ’\é;:,, ]
\ "/ %/
Grain A fr';“

where py=Displacement pressure : i

= Oib~water interfacial tension

= Contact angle of oil and water against the sofid
R=Radius of the pore throat P %2 20,21 2y, 21

s 7 increases py increases
Mo 6 dlocreases py increases
P R clecreises py indreases

Displacement Pressure vs. Pore Size

SEAL INEFFECTIVE
{Largest pore throat determines seal capability)

A, B: Capillary displacement pressure exceeds hydrocarbon buoyancy
pressure,
C: Large pore throat has insufficient displacement pressure (o retain
hydrocarbons - seal is ineffective,
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2. Buoyancy Driven
2.1 Fluid composition ->density contrast between
hydrocarbons and water
2.2 Temperature
increasing buoyancy

> Temperature increase leads to

- primary effect - the density contrast between water
and HC's increase _
- secondary effect - cracking to lighter HC's

2.3 Pressure -> Pressure increase leads to decreasing
buoyancy

- primary effect - the density contrast between water
and HC's decrease

- secondary effect - dissolving of lighter HC's into the
liquid phase
2.4 Chemical potential

> concentration differences
{diffuigion)y

Filling of the Reservoir

xa%}' coviREp oY (B

®

%

Water Boaring Nigrat F.\ " Potroloum Badrog - 508 .
Sand Pl oteam I/ S BRI I 7

© ®

Figure 10. Sch & howd
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Tertiary Migration

1) Early Generation

. . Spill Point
Spill Point i

R

’ Seal Rock
Reservoir Rock  (Mudstone)

(Sandstone)

/ Migration from
7 'Kitchen'

Gas beginning to

2) Late Generation

Displaced oit
accumulates

Gas displtaces all
oil

GUSSOW'S PRINCIPLE

(WITH EXAMPLES FAOM THE BADIN CONCESSION) NG PETROLEUM 7 -

MINDR 0L

GQLABTE// a

GAY.

MAKHDUMPUR A

Autnor: D, BOFR Drafied by: TASARUL Date: nOY. §d
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e, o
Sl ot
. e
Hlaga 1. alave spill point. Dol
o e trapped while water
diggrlae et Shape wnds whon Gilownloer
ivterince reaskh mprill pertat.

et dd (=) A T e e
ol Water .
/r—‘
Grape 7. Ghage of selective soteapimeat aod gus (ushiog.

5 contiouss o be trappod Lutl 6il s spitlad

wp digr. This stage codx when oll-gan interfacs
vyoaehan apill paint.

et

=
Water

Stage 3. Eoed stage. Trap filled with gas. Fréaas gon
rpilla wp dip An rmora gan SWteTs tran. i) by-
paamcs Lrap and senkinues upsiopd migyatico

Tagn 2.1, Tiluateation of differantin) estrapiant principle, show-
i wirlonn stoges of bydrocarbon acowmulation in an mticling,
ol nad daslsed nrcews denote ail nnd Ees snovement ranpectivas
Yy, After Chasnaw, sourfesy AATTCE

né Loterssminein 1

Migration Pathways

Involved to

1. Hydrocarbon Expulsion
2. Vertical vs. Horizontal Migration

3. Residual Saturations
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(a)

Migration Pathways

""Cﬁ;} charge.}

gy —_—

'.

Poor charge, > s

Migration Pathways

(updip: perpendicular to confours)

=

Thrust front

kitchen Poor charge

econdary migration focused
along regional highs

)
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Petroleum System Processes

Source
Rock

Reservoir

A reservoir reck is a rock that
is capable of storing & fiuid or
gas.

There are 2 requirements for CONNATE WATER
a reservoir: IN PORE SPACE
1. Porosity

2. Permeability

A rock with pores is referred
lo as porous.

it has liny holes within which
fluid (off, water, gas) may be
stored.

OIL IN
PORE SPACE
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Reservoir
»  Areservoir rock is also
permeable. That means its .
pores are connected.
) . LOW PERMEABILITY §
+ If hydrocarbons are in the pores PORE CHANNEL
of a rock, they must be able to -
move out of them.
« Sandstones and carbonates -
(mesiones) are good reservoir
rock. : =
HIGH PERMEABILITY
- Aspongeis a good visual of a PORE CHANNEL
reservolr rock.

Reservoir Rock

Ciasnc - .';5_ - Chermcal s Orgaﬁic - __ .Oﬂler

‘Conglomer Carbonate = Evaporite ~ Peat -~ Chert. .

Sandstone | Jimestone Gypsum =~ Diatomite
‘Siltstone - Dolomite -~ Anhydrite ~ Limestone "

Shaler ol L gl T
D S
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Requirements for Good Reservoir Rocks

ommon reservoir rocks

1. Sandstone (about
50%)

« High primary
porosity, normally in
the range of 20-40%

» Coarse grained, well
sorted

2. Carbonate

v High Porosity (>10%) (Limestone and

v High Permeability dolomite) (about 30%)
v Great thickness (>10 ft.) * Low to moderate
v Good lateral continuity and cover Primary porosity
wide area + High secondary
porosity

Reservoir Fluids

Schematic diagrams of varicus gas, oil and water contacts

fonyk aechun

Can-62 .
oy

» The subterranean
fluid trapped by a
reservoir
formation; can
include:

— Natural gas
- Water
— QOil

Ga-water

arg-akke dordatd

CF-wat

regs S epaRN shoLucy

Prpdacting vt

{7 Tr—

Tt il amdpe

[T
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/ANTECHNHL vy

Reservoir Fluid Distribution

L el

RESERVOIR 7 " / 4
/ GAS CAP A //
STRUCTURE /ﬁ;{om.r Pﬁm‘?o‘c“ﬂ} /

ey " A1
r/ ST ARas- o TRANSITION ZO’\lc G()C T
ol {GAS AND DIL PRODUGCED) _ ‘

AN

(o1 ONLY PRODUCED)

LEVEL ABOVE WHICH ALl
CDUCTION 15 HYOROCAREBON - -

Ci. ZONE

(OIL AND WATER PRODUCED)

(WATER UONLY PRIDUCED)

WATER ZGNE

{WATER ONLY PRIDUCED

To Swl 0t
WATER SATURATION (SW) e

Reservoir pressure

Reservoir Pressures
are normally
controlled by:

* Pressure Gradient
in the reservoir

" e Gravity (drilling low

pt. in formation)

Capillary action

}1,/’ (fluid has been flow
into thiny opening)
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Classify of Reservoir Drive
mechanism

1. Solution gas drive (or depletion drive) depends on
the associated gas of the oil. A drive mechanism
where a drop in pressure releases gas from the oil
that helps drive the oil towards the wellbore.

2. Gas cap drive
The use of the energy that raises from the expansion

of compressed gas in a reservoir to move crude oil fo
a wellbore.

3. Aquifer (water) drive

Below the hydrocarbons may be a ground water
aquifer. Water will to expand or move up as oil is
produced which will push up on the hydrocarbons,
maintaining pressure.,

4. Water and gas injection: recovery processes

Solution gas drive Gas cap drive

Further gas breaking
from solution as
pressure dreps

in the wellbore

__ Gascap

Gas-oil contact

Solution gas breaking
from sofution in the
wellbore 1o provide
drive epergy

Gambar 11. Solution Gas Drive Reservoir
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Water and gas injection
Aquifer (water) drive

Waler Flooding - Mow 3 works
FreampRing kot
Péeat 4 el

7 N

Hydrocarbon Traps

Trap is the stratigraphic or structural feature that ensures
the juxtaposition of reservoir and seal

Classification of traps Stuctural T

1. Structural Traps

B Fold related

B Fault related

G Diapirs : Salt Dome

Stratigraphic traps
Related to unconformi‘l'ies Heet Uncantormi Pinch-Ost
Sedimentological : Reef
Pinchout

B EF N

o

Hydrodynamic traps

4. Combination traps

Slraligrahlc Traps
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Structural Traps

Anticline

Salt Deme

Closure
—Oil-warer
CONEACT

Gas-oil contact

Edge water — Je———Bottom wat:¢=:r——~~~-~~~-—--~—-!E — Edge water
I

Trap Terminology

Gas cap

Oil zone

Water zone

§ FIGURE 7.1 Cross-section through a simple antickinal trap.

* Crest: the higher point of the trap

» Spill point: the lowest point at which HC may
be contained in the trap
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Structural Hydrocarbon Traps

. Gas
Shale Oil Trap Qi Gas Closure

Contact

Salt Dome

Hydrocarbon Traps - Dome

Sandstone Shale
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Fault Trap

Qil / Gas

Cross section

Anticlingt structural frap

Fig. 2.6 Anticlinal structure.

Cross section

Fault trap

Fig. 2.7 Fault trap.

191




Petroleum Geology

Stratigraphic Oil Traps

D Sandsione lenses

%§Uﬁc:dﬂfﬁfm_i s

F Unconformity G Reef (a small “patch” reef)

Stratigraphic Hydrocarbon Traps

Unconformity

{modified from Bjorlykke, 1989)
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Other Traps

Meteoric
Water

Asphalt Trap

R
N

&%ﬁ%{ﬁ{ Biodegraded
Oil/Asphalt
Partly
Water Biodegraded Oil

HYd rodynamic Trap /LHydrost:ltic
. = Head

(madified from Bjorlykke, 198

Hydrodynamic Traps

A Hydtostatic rap B Hydodynamic lran

The movement of
water can modify
the geometry of

an oil

€ Hydrodynamic trep with increated
water flow ar o desity

accumulation
(tilted OWC is
the most common
example)

D Hywodyosmia tap without statlc

closwre crented by downdip water

F Tited odwtet contect hn foide
dominaied g with downdp
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Hydrodynamic Traps

1. HYDROSTATIC

Qll, Qam,
o Walor J’

Watod, and J
minar Qas ’

A STRONGLY HYDAODYNAMIC

A o gaa wntar

Hydrodynamic Traps

Tep of Syucture

Minimum g
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