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Chapter 1

Introduction

Prerequisite: 434201 Structural geology

Interpretation of structural geclogy and basin analysis from drilling well and geophysical
data, including subsurface mapping

" Course Content
Chapter 1: Introduction

Chapter 2: Sedimentary environment
Purpose:

Subsurface analysis attempts to recognize the interrelationships among depositional
systems through direct, indirect information and compare with modern sedimentary
environment.

~ Direct & Indirect Evidences

— Concepts & methods
+ 2.1 Sedimentary environment
+ 2.2 Sedimentary Facies
« 2.3 Sedimentary Models

— Sequence/succession

Chapter 3: Environment indication

Purpose:

They are five basic parameters and make data source for over all methodology of
subsurface analysis. Before drilling associated facies and geometry can be analyzed and
after drilling lithology, sediment structure and palaeontology can be analyzed.
General

Associated facies

Geometry

Lithology

Sedimentary structure

Palaeontology

Chapter 4: Sources of information
Purpose:



To analysis sedimentary environments, two types of information are in consideration.
First is direct source of information such as outcrop, core and cutting. Second is indirect
source of information such as wire line iogging, seismic data and lab data.

Cutting

- Core

Wire line logs

Seismic

Chapter 5: Subsurface mapping (6 hrs)

Purpose:
The subsurface correlation points is seen either as a surface of a mass of strata
containing some property in common or as a tangible trace of as abstract correlation
points and interpreting, it leads to subsurface structural contour mapping.

Correlation points of logged data

Stratigraphic law
Contour lines
Nomograms
Cross-sections
Structural contour maps



Chapter 2
Sedimentary Environment

1. Sedimentary environment
Purpose: Subsurface analysis attempts to recognize the interrelationships among
depositional systems through direct, indirect information and compare with modern
sedimentary environment.

1.Direct & Indirect Evidences

2.Concepts & methods
2.1 Sedimentary environment
2.3 Sedimentary Facies
2.3 Sedimentary Models

3. Sequence/succession

Petroleum Exploration and Production
1. Surface Exploration:

a. geological survey

b. filed work

€. mapping
2. Subsurface Exploration

a) Geophysical Surveys: Seismic

b) Core and cutting samples

¢) Wire line logging

Reservoir rocks (Oil Traps)
Impermeable

Traps —-—> Reservoir (Porosity & Permeability)



o The properties controlled by depositional process thus their prediction is base on

facies analysis
e The facies analysis is accomplished chiefly through the construction of an ancient

sedimentary environment model.

Diagram to show how sedimentary rocks may be differentiated by:
1. Facies
2. Lithostratigraphy
3. Chronostratigraphy
4. Sequence stratigraphy
These may then be interpreated as to environment and time

Sedimentary Facies analysis

6. Basin Fill

1. Particles
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1. Information for sedimentary environment analysis
There are two evidences:
1) Direct evidence: surface & subsurface information that can be use this data by do
not interpretation;
- Outcrop
- Cutting
- Core samples
- Fluid samples
2) Indirect evidence: subsurface information that have to interpreting before to use this
data;
- Electrical logs e.g. SP, Density, Resistivity, caliper, neutron, sonic logs etc.
- Seismic section
+ Both Direct & Indirect evident have to mix together to product geologic model
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1.1 Direct evidence- study from outcrop, cutting samples and core samples
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1.2

3. Chronostratigphy
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Idealized flow chart showing the incorporation of various of various types of data to
generate models for facies analysis
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2. Concepts and methods
2.1 Sedimentary Environments
2.2 Sedimentary Facies
2.1 Sedimentary Models

2.1 Sedimentary Environment
- Sediments: loose particulate material (clay, sand, gravel, etc.)
Sediment becomes sedimentary rock through lithification, which involves:
— Compaction
- Cementation
~ Recrystallization (of carbonate sediment)

The Rock Cycle

Weathering

=4

Transport

Dept}_'sit__:pn -

ey B Ay N

- Environment: part of earth’s surface which can be distinguished from adjacent
parts because of variations in conditions (physical, chemical, organic) that influence
the surface

- Sedimentary environment: All of the physical, chemical, biological, and
geographic conditions under which sediments are deposited.



MULTIPLE FACTORS INTERACT TO CREATE SEDIMENTARY ENVIRONMENTS
THE EARTH SYSTEM

.:'Geographtc
"_Iocat:on and:;
Spfate tecto ic

“that modlfy :

sediments’:

Continental margin

Sedimentary Environment

2.2 Sedimentary Facies

Facies: The overall characteristics (physical, chemical and biological) of a rock unit
that reflect its origin and differentiate the unit from others around it.

The facies concept refers to the sum of characteristics of a sedimentary unit,
commonly at a fairly small (cm-m) scale

= |ithology

= Grain size

= Sedimentary structures
= Color

»  Composition

= Blogenic content

12
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In a shallow marine setting, the different facies represent different depositional environments

Lireston
facies

Copyright & 2005 Pearson Prentice Hall, Inc.
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- Example of sedimentary fancies
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CAUSE » EFFECT
Geometry
\
Process Erosional Lithology
di

Physical Non-depositional Sedimentary
Chemical Depositional » | structure

i i Paleocurrent
Biological 2

Fossils

Sedimentary Environment vs. Facies

The relationship between sedimentary environments & facies, that sedimentary facies is
the product of a depositional environment, a particular type of sedimentary environment

Different environments produce different sedimentary rocks or characteristics (facies)
Non-deposition

Alluvial fan

Rivers Lagoon

H Bottom

Beac
clay

+ Facies analysis is the interpretation of strata in terms of depositional environments (or
depositional systems), commonly based on a wide variety of observations

+ Facies associations constitute several facies that occur in combination, and typically
represent one depositional environment

- Facies Sequence (or successions) are facies associations with a characteristic vertical
order

+ Sequence: Relatively conformable (that is, containing no major unconformities),
genetically related succession of strata bounded by unconformities or their correlative
conformities.
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* Patssocurrent direction (nerth 10 top)

Fig 13. Facies Sequence/Cycle
Walther’'s Law
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- Walther's Law (1894) states that ™ two different facies found superimposed on one
another and not separated by an unconformity, must have been deposited adjacent {o
each other at a given point in time” (Fig. 14)

+ Theresult is a vertical sequence of beds. The vertical sequence of facies mirrors the
original lateral distribution of sedimentary environments.

West

East

Facies Change

Sedimentary rocks change laterally. These changes reflect the different environments
where the rocks formed.

— caused by changes in sea-level, shifting climates, etc.

— Walther's law - vertical change in facies is the same as a horizontal one.

ﬂmﬁh[ SEQUENCE

Rising sea-level

Titne lines
)

HORIZGHTAL SEQUENCE

Facies Change
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Sedimentary rocks change laterally
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Type of Sedimentary Facies can be devided into:

1

2.

w

Lithofacies (physical and chemical characteristics of rocks)

Biofacies-Body fossils: the physical remains of an organism preserved in rock.
(macrofossil and microfossil content)

Ichnofacies -Trace fossils: the record of organisms’ behavior preserved in rock.

Lithofacies: the basic descriptive 3-D sedimentary rock elements that record in terms
of their lithology, texture, geometry, sedimentary structure and paleology that related
characteristics, a specific depositional setting or event and can be interpreted in terms
of water depth, depositional energy, and sediment supply/biologic input.

Lithofacies concept

Sediment properties are directly derived from the sedimentary environment the deposits
originated in. This includes lithology and sedimentary architecture

Unit scale depends on the model application, but is typically m-scal

Units are lithofacies associations rather than individual lithofacies

Sedimentary environments repeat itself in geological time.

Glacial environment

Laks

Fiuvial envirenment /L
Aliuvial i
Enian far

{dures)

Lagaon

Flayz laks

Conliremad

Diagram illustrating some depositional environments.



Example: estuarine environment

UPPER
'“L‘j EOnmEE | ESTUARINE FLUVIAL Estuarine Lithofacies units

+ Marine lithofacies units
+ Coastal lithofacies units
— "“Tidal channel”
— “Tidal flat”
— “Salt marsh”
— "“Coastal lagoon”

+  Fluvial [i ies unit
INLET ESTUARINE TIDAL BAR ESTUARINE FLUVIAL a “thOfaCleS S
MU POINT BAA POINT BAR
TIDAL BAR FIDAL ESTUARINE FLUVIAL POINT BAR
POINT BAR
TIDAL FLAT: Rippied TIDAL FLAT: Rippled FLOODPELAIN: Lavaa
=6nd fining upward T sand fining upward muds with crevesse
1o mud. to mud. aplays.
SUBTIDAL-INTER CHANNEL: Upward CHANNEL; Fining

TIDAL: Upwarsd
thickaning sand
bads abundant
clay laminao.

thinnlng aand bads,
abundant clay
laminac,

upward.conglome -
rate to confse
grained aand,

Lithofacies Unit of Estuary

Example: Deltaic System
Deltaic system composed of
1. delta-plain silt & sand
2. delta front sand
3. prodelta shale facies.

Delta plain i}
B f_)f:a level.

oA
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{5ea fathomeier mifie below)

Fluvial Distributary Channel
« organic clay
» rippled sand-mud lamination
« cross bedded medium sand with
« carbonaceous laminae
Tidal Distributary Channel
+ rippled sand-mud lamination with
scattered burrows
« cross bedded and rippled fine to medium
sand with mud laminae
Distributary Mouth Bar
+ fine to medium bioturbated sand
» bioturbated mud with fine sand
» massive prodelta mud

Fluvial Delta Plain

A B S IS5

Tidal Delta Plain

Delta Front Tidal Flats

A

Pmdeité

Lithofacies Unit of Delta

Regression  Transgression

Shallow
Maring

(fossiliferous
siltstoneand

Bammier Shallow
Stream  Lagoon  Island Marine

Stream

shale)
Lagoon Barrier Island
(cross-beddsd
sandstene)
\Dartier
Istand Lagoon
' {bioturbated shals)
Stream
_ . nalow (interbedded
+ lagoon - quiet water, bioturbated shales sandstone and shale)

» Beach - high energy, cross-bedded sandstone



1. Biofacies

Biofacies: A rock unit differing in biclogic aspect from laterally equivalent biotic groups.
Lateral variation in the biologic aspect of a stratigraphic unit.
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= The concept of Ichnofacies used as a paleontological tool to analyze assemblages of
trace fossils to determine ancient depositional settings and facies of sedimentary rocks.
The character determines the ichnofacies assemblage into:

»  Soupground: Slurry
« Softground: Grains in contact, but wet Firmground: De-watered, compacted
« Hardground: Cemented
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Distribution of Conunon Marine Ichnofacies

Typical trace fossils include: 1) Cawlosirepsis; 2) Fwobia; 3) colunoid borings; +) Trypanites; 5} Teredolites:
6} Tholassinoides: 7, 8} Gastrochaenelifes or related gonera; 9} Diplocraterion (Glossifiegites); 10) Skalithos;:
F1 12) Pyifonichnus; 13} Macanopsis; 14} Skelichos; 15) Dhipfocraterion: 16} Arenicolites: 17} Ophivmiorpha;
18) Phvendes; 19} Raizocoralliuny 20) Teichichnns: 21) Planolires; 22) Asreriacites: 23) Zoophyeos, 24} Lorenzinia;
23) Zoophyeos: 26) Paleodictyon; 27) Taphrhelntinrhopsis: 38 Helurinrhoicke; 295 Cosmaorhaphe: 30) Spirorhophe.

Distribution of Common Marine Ichnofacies

2.3 Sedimentary Model

Sedimentary models serve many function can be used to predict:
- the distribution of porosity and permeability within reservoirs
« the distribution of both syngenetic and epigenic ores sedimentary rock (ancient
sedimentary environment)
Sedimentary Model
« Sedimentary logs are one-dimensional representations of vertical sedimentary
successions
+ Architectural elements are the two- or three-dimensional *building blocks’ of a sediment
or a sedimentary rock
= The three-dimensional arrangement of architectural elements is known as sedimentary
architecture
+ Facies models are schematic, three-dimensional representations of specific depositional
environments that serve as norms for interpretation and prediction
Architectural elements
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&, Basin Fill
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(5) Etement stack
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Depositional Archtecture

Peter Haughton, 2007
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Chapter 3
Sedimentary Environment indicators
Purpose:

There are five basic parameters and make data source for over all methodology
of subsurface analysis. Before drilling associated facies and geometry can be
analyzed and after drilling lithology, sediment structure and paleontology can be
analyzed.

— Associated facies

— Geometry

~ Lithology

— Sedimentary structure
— Paleontology

Methodology of Facies Analysis
There are five basic parameters:
1. Associated facies: stratigraphy
2. Geometry: seismic data }
3. Lithology: core, cutting, wireline log, seismic data
4. Sedimentary structure: core, logs, Seismic After Drilling
5. Palaeontology: cutting, core

Earlv State




Observe

Lithology Sedimentary Paleontology Geometry Associated
structure
Cores Cores Logs Environments
Cores
Cuttings Cuttings Seismic Cores
Dip log
logs Logs
Seismic
Seismic Dip logs
Possible depositional environments
Interpret Paleogeography from working
geologic model(s)
Location, trend, “value” of petroleum
Predict accumulation

Figure 2-1. Basic parameters and the overall methodology of facies analysis
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1. Associate facies
: The nature of laterally and vertically associated lithostratigraphic unit

1.1 Lateral associate facies

Sand and siit Shale and coal
Carbonate facies Shale facies facies facies

Figure 2-2: showing the lateral association facies

» Facies (or lithofacies) developed in the marine environment,
:Sand and silt facies of the beach and nearshore environment
:Shale facies in deeper, quieter water
:Carbonate fancies are far from shore in warm shallow seas
: Shale and coal facies develops in a swamp area on a delta

1.2 Vertical sequence

Barrier  Shallow Regression  Transgression
Stream Lagoon Island  Marine Shallow
Marine
(fossiliferous

sifistoneand
hale}

Barrier Island
{cross-bedded
sandstons)

Lagoon
(Biolurbated shale}

Stream

{interbedded
sandslone and shale}

Figure 2-3: A vertical succession of strata
represents progressive passage of time, either continuously at the scale of
observation (conformable) or discontinuously (unconformable).
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Walther's Law

Wast East

Figure 2-4: The vertical sequence of facies mirrors the original lateral distribution
of sedimentary environments.

Laterally & Vertically Associated

The nature of laterally and vertically associated lithostratigraphic unit:
The environment that show the completed depositional environment such coastal
(Lateral) and shallow marine (Vertical):

+ Sea level Rise (Transgression) } Sea Level Change

- Sea level Drop (Regression)

Causes of Sea Level Change

1. Changes in the size of the polar ice caps, due to climatic changes
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Figure 2-6: glaciers melt-Transgressive

2. Rate of seafloor spreading

When seafloor spreading is active the mid-oceanic ridges expand due to
increased heat flow, resuiting displacing water onto the edges of the
continents (transgression).

Subsidence Uplift

Figure 2-7: seafloor speading in mid oceanic ridges (left) and displacement of
water onto the edges of the continents (right)-cause to the transgressive
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3. Localized subsidence (Transgressive) or Uplift of the land
(Regressive)

Facies vs. sea level changes
1. Transgression (sea level rise)

* produce a vertical sequence of facies representing progressively deeper
water environments
(a deepening-upward or fining upward sequence )-Onlap sequence
: offshore facies deposited over nearshore facies (Landward)

Soatova Caused by

atlimeh

J w1, melting of polar ice-caps
2. displacement of ocean

Sea lown

— . water by undersea volcanism
- 3.subsidence of the land in
oo BOIE T:'me-rockunim Coasta! areas'

Soa level
attime G

L B Y
- Former 522 'ovnis

—— Time-esk vnit G
i) esrire Teing-ntick usid B
oo Tifrpe-f0eR 1t A

2. Regressive (Sea level drop)

: produce a sequence of facies representing progressively shallower water
environments

(shallowing-upward or coarsening-upward sequence-Offlap
sequence.

: nearshore facies deposited over offshore facies. (Seaward)

Caused by
1. buildup of ice in the polar ice caps
2. uplift of the land in coastal areas



Sea regressing

Figure 2-8: Facies of Regressive Sequences along the coastal

Transgression Regression

Shallow
hMarine

{rossiliferous
siltstone and
shaie)

Stream

Barrier Istand

Lagoon
(cross-bedded

Barrier  Shallow
Stream Lagoon Island  Marine

sandstone)
Barrier
Lagoon Island
3 {bicturbated shale)

Stream Shall

(interbedded aliow

sandstone and shale) Marine
Transgressive sequence Regressive sequence
Deepening upward, Shallowing upward,
Fining upward. Coarsening upward,

Figure 2-9: Facies of Transgressive and Regressive Sequences

32



Example: Nonmarine and Marine facies

Nonmarine Subme
rged by
C Shallow Sea ‘
Cont) fater F
Erotlon | ~entol | Coat | Mor lmediate] p.
S, Sediment swomglginall Off-  fp.
" atlon thare
(22— LT Disecnfaraliy st {f = Nk i Sl ialalal S
Ehale fbrockish ond i e 2t 1Z)
nonmarine} \
Thale Tmorine)
| Adgal Umestons {eontaing Regrass] .
nearabare ond brocklsh Bony 17 Coarsening upward
weater Invartebrotes)
timostone {contalins for
offeshore Invartcbrates,
L Espadlsily fusulinicad e R
Limestens, impure to shaly >
tgontaing intenmediote .
- off-shore Invartc® -otes} 67;} meg upward
e Shale, morlne tconfalna &9
® = near-shaore [oberiebratas) d\ﬂd
L s

€00 e e e = __._‘___;3‘3!____”. —
Unddrclny -
MNenmaring shale, commanky

Fandy

Monmaring stondslong f“"
D Orinity —e—— T

o e

.o o Rl W e

2
o Shale (merina)

A Algal fimestens {geatalne
near-shors irderdebrates)

Coarsening upward

= Hmeatonn {contolns for
off-shore Inwvartabrates,
espegiglly fusulinids)

Lirmattdne, sholy {eonzaln
e intermadiate off-shore
Invertcbrotash

Fining upward

T Shoformalne desntoira— —H— — ~ f — = - + — —~

Monmasine shole, aondy /

. "y

Hosdrioting stondatona /"'
. g
Disconformity s e e P R atel il o]
Limestons {contolns (X}
Jusulinddz)

Figure 2-10: example of nonmarine and marine facies

2, Geometry

The overall shape of lithofacies maybe deformed controlled by:
1) Depositional Surface (Original)
2) Sedimentary Supply (nature & amount)
3) Depositional Currents (Intensity & Direction)
4) Climate
5) Paleoslope
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Figure 2-11: Shape of lithofacies controlled by Depositional Currents
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TURBIDITY
CURRENT
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Paier Haaphton, 2006

Figure 2-12: Shape of lithofacies controlled by Depositional Currents and fluid
flow
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BARCHAN DUNE

FARABGQLIC

Depositional -
Geometry

Shape of lithofacies
may be referred to each of
debositional environment

Some case of , =
geometry & i;-OFIESHORE
depositional

environment

Same geometry but different environment
« Channel: Fluvial/Deltaic/Tidal/Submarine
« Fan: Alluvial/Deltaic/ Submarine

Fam DELTa, PLATFOR W DELTH

\Vafﬂa_’ncﬂq&'
[=T1ET]
13

Attt Fon

Figure 2-14: Fan Geometry: Alluvial/Deltaic/Submarine
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3. Lithology

37

Lithology: 7he systematic description of rocks, in terms of mineral composition,

grain size, color and texture,

Source of data (Subsurface geology):

1. Direct information: cutting and core sample
2. Indirect information: Wire line log and seismic data

Figure 2-17; Lithologic symbols from
cutting sample
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Figure 2-18: Lithology from Core sample
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Lithology Interpretation

Sedimentary rocks give important clues to the geologic history of an
area

1. Source area
Study of direction and distance
: Sediment composition, shape, size and sorting are indicators of
source rock type and
relative location

2. Environmental Deposition:

Location where sediment came to rest
: Sediment characteristics and sedimentary structures (including
fossils)

VISIBLE GRAINS CLAY-SIZED GRAINS IN SOLUTION
_ ity

Figure 2-20:Classification of Sedimentary Rocks



Eyetrital sediment Chemical sedintent {fnorganic)

-2 Evaporatiorn
Glacier
Salt s
deposit
Glacial
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:J\:::sying; =
swamp
vegetation
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Mivroscopic
maring
organdsms

4 > Sand dunes

Coral reef

Figure 2-21: Types of Sediments

Clastic or Detrital Sediments

«  Weathering & erosion from host rock
« Visible grains: texture

Qtz, Feldspar, other resistance minerals

Clastic sediements: Source area interpretation

Texture

Grain Size: Power of Transport

Grading: Coarse or fine grain —energy level

Grain Shape: Rounding — distant from origin

Sorting: selecting of the grained size-energy level
Orientation: current of water or wind, or flow direction
Transport, Reworking: energy level

Color and Chemistry
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= Red Beds - Often Terrestrial, high oxygen (Oxidization)
= Black Shale - Oxygen Poor, Often Deep Water (reducing )

Source area

Siit and clay

Figure 2-22: Texture of sediment indicates the depositional environemt

Textural Interpretation of Clastic Sedimentary Rocks

Texture refers to the size, shape, sorting, and arrangement of grains in a
sedimentary rock.
1. Clasts - larger grains in the rock (gravel, sand, silt).
2. Matrix - fine-grained material surrounding clasts (often clay/silt).
3. Cement - the "glue" that holds the rocks together.
Silica (quartz, Si0O,) , Calcite (CaC0s) , and Iron oxide Other minerals

Figure 2-23: Clasts and matrix (labelled), and iron oxide cement
(reddish brown color)

42
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Clastic Sediment Textures
Maturity:

Chemical and physical weathering gradually breaks down rock to quartz and clay
minerals. Maturity is a measure of this process.

Depends on: Time, Climate, Transport History, Depositional Environment.

1. Immature: poorly sorted, clays + mineral fragments (olivine, pyroxene,
amphibole, etc.), rock fragments. Grains are angular and vary in size.

2. Mature: well sorted, no clays, mostly made up of rounded quartz grains.

Process:
- Transportation: Rounding - increases with length of transportation
history.
- Sorting: increases with length of transportation history (weaker minerals
broken down).
- Deposition: any process that lays down material.
- Environment of Deposition: location in which deposition occurs.

- Preservation: deposition and burial in a basin. Reworking degrades
preservation.

hara by David MeGeary

Figure 2-24: Transportation: Rounding - increases with length of transportation
history.
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Transportation
Silt & Clay
Low energy
i
Figure 2-25
The river on the right s carrying only stit and clay as it enters the
clear river o the left. This fine sediment may come 10 rest at the
mouth of & river whaere it erters a lake or the sea.

Mountains

T ——, s r&:mﬁmmﬁmnwmmg{;@ar
B E

Sand

Figure 2-26: Sorting increases with length of transportation history
(weaker minerals broken down).



45

Deposition: any process that lays down material.

Environment of Deposition: location in which deposition occurs.

Figure 2-27: Deposition of river sediments depend on the water energy

Example of clastic sedimentary rocks

Figure 2-28: Conglomerate:
coarse (> 2 mm), rounded clasts
(gravel) + finer groundmass.
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Figure 2-28: Breccia: coarse (>
2 mm), angular clasts (gravel) +
finer groundmass.



Siltstone: fine (1/256 — 1/16 mm), fine-grained sandstone, feels gritty.

Figure 2-30: Area of
deposition close to area of
erosion - feldspar weathers

s S

Greywacke

Tigprngnt © g Compsmigt, b6, Farms1:07 Aired 0 it ot

Source area of sedimentary, velcanic,
and metamorphic rocks

Layers of sediment from

previous turbidily currents

Tt ugr @Ml . A s e RS RO TOR P4 Cinliey

Gliff of feldspar-rich rock
such as granite

Layer of coarss, angular,
gldspar-rich sand

Figure 2-31: Earthquake
triggers slumping of
sediments down continental
slopes. Can form V-shaped
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i

s
fe
e

o

Figure 2-32: shale bed show the high organic matter

Shale: mostly clay, fissile (splits because of preferred orientation of clays.
Feels smooth. Quiet deposition.

gt m em e s

e LA B TEANE W

B Weeght of new
sediment

A e mmeaa =

g g

C Splitting surfaces

Shale
(after cementation)

Water
loss

Figure 2-33: Stage of shale forming
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Grain size

The texture of a sedimentary rock can provide clues to the depositional
environment.

- Fine grain: quiet water (low energy).
« Coarse grain: higher energy (higher water velocity)

Flgure 2- 35 table show the ctastlc sedsmentary rock cIassnF catlon Wlth gram size
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Grain Shape

~ angular

an

Roundness: refers to the roughness of surface

- Angular Aauuazyudaiuvdnuarauae

Subangular A ignade AavuaryNuLEIUIKUag
Subrounded fAgAdEUIVAIU VALLATIMNBUALTAY
Rounded fhdugndatdauniunaniiuungsiu

Well Rounded ‘Liiifiauiidnasiia ins12QAta I ULULRZAAUUALED

Grain shape indicate the distant from the source (Roundness/Sphericity)
e Sediments closer to source (traveled less)

e Sediments farther from

Figure 2-36: Grain shape indicate sy wred Wt
the distant from the source

¢ poorly sorted & oo
e angular
e larger grain sizes

source (traveled more)
e rounded

* smaller grain sizes
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: Roundness/Angularity:
Transport by wind or water — rounding occurs.

Transport by ice or gravity — angular.

By Rounding

)

) Lhoaun Yo

.Euﬁingﬁng . Well Rounded

LAY glr

: Sorting (Grain relationship)
Degree of Sorting
Selection/separation of grains is on the basis of size, shape, specific
gravity.
Poorly sorted: fast deposition, high energy.
Well sorted: slow deposition, less chaotic, low energy

GRAIN-SIZE UNIFORMITY

WELL SORTED POORLY SOHTED UNSCRTED GRADED

Figure 2-37:
Environment vs.
Sorting

S ORTING ()
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: Orientation of Grains

SRAIN ORIENTATICOR

CERYSTALLINE
il g
b FRaa ) b B
‘(”f:‘v . :.{_:':J"‘E{::'::_f&
A e % cLaSTIC
LR e ROCKS

SRl 20 FEC S N -y

« Indicate the grains are mixed up into zones.

* Relates to the method of transport and deposition of the grains.
« Interpret ancient current or wind directions.

+ The long axis of the grain indicated the flow direction.

: Chemistry and mineralogy

- Depositional environment may provide by minerals which conditioniginally
precipitated at the time of deposition
- They are extremely sensitive to diagenetic change and can possibly be
more of an indicator of post deposition
- Diagenetic: The physical, chemical or biological alteration of
sediments after deposition.
: Oxidation — Reduction
(Redox Potential, Eh)
* Reduction potential (also known as redox potential, oxidation /
reduction potential ) is a measure of the tendency of a chemical species
to added/reduced electron.
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Relate to the oxygen content of water.
Application of Eh for environmental analysis

: Oxygen content

High Eh: high oxygen, shallow water depth

Low Eh: low oxygen, deep water depth
Depositional environment: cblor, chemical facies

Dark, green or grey: reducing environment, high organic matter (marine
or deep water)

Red, Yellow. Brown: oxidization environment (terrestrial)

: Colors depend on:

*

Mineral, cement, and matrix colors

Common color from ferruginous, carbonaceous, siliceous, calcareous
— Limonite (Yellow) & hematite (Red, Brown)
— Carboraceous &phosphatic = Grey to Black

— Iron sulfide, manganese, glauconite, ferrous iron, serpentine,
chlorite, epidote = Green

Color vs. Environment

Red, Brown: Ferric iron indicate to an oxidizing environment

Green, blueyish gray: Ferric iron indicate to a reducing environments.
Dark brown, Black colors: organic matter indicate to a potential
petroleum source, reducing environments.

Black color of sulfides indicate to anaerobic environment conductive to the
production of hydrocarbon
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.

-

_
Figure 2-38: Difference color in the rock

Figure 2-39: Banded Iron Formation. The red bands are hematite, and are
interbedded with chert.

Common Minerals & Depositional Environment
1. Glauconite
2. Mica flakes
3. Carbonaceous materials (lignite & coal)
4. Shell fragment
5. Clay minerals
6. Trace Element Content



: Glauconite
(K,Na,Ca)(Fe“,AI,Fe*z, Mg).(Si»>Al4040)(OH),

+ Green mineral (reducing environTent)
+ very low weathering resistance
« Continental shelf marine environment

sy

Figure 2-40: Glauconite mineral showing the reducing environment

: Mica flakes (Muscovite) K;Al4(SigAl;)050(OH,F)4

Trend to be winnowed out of high energy of deposition (HE) by strong current
and carried away to be deposited in lower energy of deposition (LE)

HE LE
« Barrier island bar « Quter delta slopes
» Shallow shelf bar « Quter shelf
« Eolian dunes - Submarine channels and fans

55
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: Carbonaceous material
« Lignite & coal
« Most from land plants and commonly found in fluvial, lacustrine, delta
sands
: Shell fragment

+ Mostly indicates a marine deposit and quite limited in continental
deposition due to leaching by acidic meteoric water

: Clay minerals
+ Illite & Montmorillonite: marine rocks
+ Kaolinite: continental rocks
: Trace Element Content
» Continental= Titanium, Thorium
» Marine (slightly anaerobic)= Chromium
» Marine (Highly anaerobic)= Boron, Copper, Vanadium, Gallium

2.0rganic Sediments
Derived due to organic activity,
: fossils + calcite/dolomite.

Figure 2-41: Organic sedimentary rocks
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Figure 2-42: A living coral-algal reef sheds bioclastic sediment into the fore-reef
and back-reef environments.

Copyriant & T ke Gravw-Hill

tar rape ion or di

“Faore reets

The fore reef consists of carse, angular fragments of reef.

Coralline algae ar the major contributors of carbonate sand and mud in the
back-reef environment.

Beaches and dunes = bioclastic sand.
The sediments in each area can lithify to form highly varied LS.

Figure 2-43: Corals precipitate
CaCOs to form limestone ina r

Water depth about 25 feet. Warm and clear water.
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Fheois by Gewd Aot anry

Figure 2-44. Coralline algae on the seafloor off the Bahamas can produce large
quantities of carbonate mud

Example of Organic Sediments

Figure 2-45;
Coquina: rock
composed of shell
fragments only.




5%

Figure 2-46: Chalk:
made up of calcareous
fine grained planktonic
micro-organisms.
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Selection of plankionic diatoms
{not representative for the mediterranian)

Figure 2-47: Diatomite: Siliceous fine grained planktonic organisms (diatoms).
(Marine enviromnet)



Chert Nodules o Chert Beddedr

Lipyright 40 Mollraa Hit Camponi

Froto by Unwd Velinnng Fholz by David Medleary

Figure 2-48: Chert: cryptocrystalline siliceous which may be of organic
(radiolaria) or inorganic origin (chalcedony)-deep marine environment

Figure 2-49; Coal: modified plant material (continental Environment)
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3. Inorganic/Chemical Sediments

Formed by chemical precipitation from solution.

Chemical Sedimentary Rocks

Inorgatiic Sedimentary Racks -

Rock
Limestonie

Composiion

- CaMgicOg:

{Jolcsmne lleratmn of IEMQSIORQ by Mg h solutsons (usually)
Evapantes : ST o Evapurahon ofseawaief orasalme ke,
“:Rock salt = ; 'NaCI ‘Crystaifine :

L CaSOu?HgO Cryslai m&_

*Fotk gypsim

' 'Bio'_chemical Sea_;ﬁi_é;it_éry ﬁ'q‘ck‘s

: Cdmp'qé’qi'iﬁa_:' B

Rovk
G0, (calcite)

Limestons

Céman:a ion Of fragmants of shells ccrais and cora Ezne : gae (b:ecfasr:c
“limesidre such as coquma and chaii:) Alsc precapuaied d|recily hy B
.ergamsms it reefs.

Cemunt&iiﬁa cf mlcroscaplc manne orgamsms ock uszfally

Clastic or cryst:

bry'sialhne {ustallyy

Figure 2-50: Chemical Sedimentary rock classification

Precipitation sequence from seawater:

Calcite (CaCO;)
Anhydrite (CaS0,)
Gypsum (CaS0,.H,0)
Halite (NaCl)

Sylvite (KCI)
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Example of Inorganic/Chemical Sediments

taint excyzired oz régsaducton or dis

o

Figure 2-52: Oolitic Limestone:

Ooliths/ooids and Pisoliths
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4. Sedimentary Structure
Sedimentary structure can be divided into 2 studies:
1. Primary (physical) study: inorganic (mineral) & organic (trace fossil)
2. Secondary (chemical) stqdy: diagenetic concretions (nsil@suuilasann
Tdudeandeiadau wldaunilael)
Kinds of sedimentary structure
1. Erosional structures: unconformity, cut and fill bedding
2. Depositional structures: cross bedding, graded bedding
3. Post-depositional structures: concretion, fracture, fault, curve, sinkhole
4. Biogenic structures: trace fossils, fossils

Sedimentary Structures

Clastic sediments display a wide variety of bed structures
that help in determining:

1. Way-up of a rock sequence

2. Depositional environment
Paleocurrent pattern & paleogeography

Figure 2-53:
Characteristic of
sedimentary structure

ut=and-fill beddin
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Sedimentary Structures indicate to
Give evidence of depositional environments.
Sedimentary rocks are deposited originally in horizontal beds.
Later deformation causes the beds to be inclined.
: Which was the original way up? Structures can give that information.
: Sedimentary structures can give idea of paleocurrents and paleagraph;a

Type of Sedimentary Structures

1. Bedding

:Series of visible layers within a rock

: Horizontal sheets differing in composition

: Most common sedimentary structure

2. Cross-bedding

: Series of thin, inclined layers within a horizontal bed of rock
: Common in sandstones

: Indicative of deposition in ripples, bars, dunes, deltas

Figure 2-55: Characteristic of cross bedding
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3. Ripple marks
Small ridges formed on surface of sediment layer
by moving wind or water in shallow environments.

Figure 2-55: Ripple mark in recent (left) and in ancient (right)

4. Graded bedding
Progressive change in grain size from bottom to top
of a bed as they enter a body of water that is standing still.

Figure 2-56: Gradded bedding

5, Mud cracks
Polygonal cracks formed in drying mud

Figure 2-57: Mud cracks
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Ripple mark

Concretion

Figure 2-58: summarize of sedimentary structure

Bedding or Stratification

Figure 2-59: Bedding and stratification



Sedimentary layering or strata, or a primary sedimentary structure; Structures
formed during deposition

Stratification

Stratification is the layering of sedimentary rock.

It occurs when the conditions of sedimentary deposit change.
What Changes?

: Velocity of water or wind

: Rise in Sea Level

: Change in source of sediments

Figure 2-60: The different layers consist of limestone and shale deposited in
shallow marine settings.
Horizontal Bedding: Beds get younger upward.

Figure 2-61: Deposited in water (no wave affect)

67
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Cross Bedding

Series of thin, inclined layers in a
horizontal bed or rock
Deposition in dunes, sand bars,
deltas

Figure 2-62: Cross bedding show the direction of current

Development of Cross Bedding

Figure 2-63: Form when particles drop from a moving current (water/air)
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Graded bedding

— Change in grain size from coarse at bottom of bed to fine at the top of the
beds

ittt 1 it e, o, Wt By 55

L B e v ST

Figure 2-64: Gradded bedding show the change ofgrain size

SLetghe«'@ — Graded Beddmﬁ C marem

oWWW\WWW&ﬂ’MW 4 o e s PRI Y 2 AT 7 _‘E’MW%M(\%‘W{'QW
W H g
Bzl lame i

pre— . | depoabed as debls
Elme graine, setils
Hfl’gﬁﬁ sicow by bt indo labo

Ssainss Qrnin,
matile Tasber

represenis one insul
_apiade fog. food
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Figure 2-65: Sketches of the gradded beding
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Turbidity current
— beds grade from coarse grained at the bottom to fine grained at the top.

e vT

ey £ Wiopw. ol Ziennarvmn. teal Bt Mpopeead S e
Source area of sedimentary, volcanic,

and metamorphic rocks Figure 2-66: Gradded
bedding form from the

\
Layers of sedimeant from
previous turbidity currents

Ripple Marks
Ripple Marks — wave action, form on top of beds.
Ripple marks for during deposition through water flow. Different

types of ripple marks record different types of water currents, and thus

depositional environments.
Small ridges formed on surface of sediment by moving wind or water

Top
Symmetric |
(Beaches) P » | | Bottom
0 14 20 tm
CURRENT _
Top
Asymmetric

(Rivers and wind)
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Direction of Back-and-fortl:
current wave motion

Movement o vést Of ripple
sand and water migrates in
current direction

Crest ol ripple

(a) Asymmetric ripples {b} Symmetric ripples

Figure 2-67: Asymmetric and Symmetric Ripples
Mud cracks

» Polygonal cracks formed in drying mud on top of bed

Pt b St s ; L . ug%%z%&
A B e

SR g T ARt

Recent mud cracks Mud cracks in rock
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Figure 2-68: Origin of Mud Cracks
Formations

« Extremely thick body of rock with characteristics that distinguish it from
adjacent rock units and is large enough to map.

« Formations are based on rock type or sedimentary structure

« Can be a single thick bed, several thin beds of the same rock type, or an
alternating sequence of two rock types.
: Sedimentary layer: limestone beds, can be separated by fossil types, and
igneous or metamorphic layer.
Contact — is the boundary surface between the two different rock types.
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ab
Limasione

Figure 2-69: Contact of formténdpent on simeary rock type and
sedimentary structure

Unconformity

1. Angular conformity: younger
sediments rest upon the eroded surface
of tilted or folded older rocks.

2. Disconformity: contact between
younger and older beds is marked by a
visible, irregular or uneven erosional
surface.

3. Paraconformity: beds above and
below the unconformity are parallel and
no erosional surface is evident; but can
be recognized based on the gap in the
rock record.

PR e 4. Nonconformity: develops between
enenem sedimentary rock and older igneous or
metamorphic rock that has been
exposed to erosion.

Unconformities {redmwn from Boggs, 2801)

Figure 2-70: Type of unconformity
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Example of Unconformity

Figure 2-71: Angular
unconformity at Siccar Point in
Scotland. Yellow notebook for
scale.

Figure 2-72: Disconformity
exposed in the cliffed bank of
the San Juan River, Paradox
Basin, Southeastern Utah.

5. Paleontology (Fossils)
Type of Fossil
Fossils found in sedimentary rocks include:

1. The tracks and trails of animals
2. Microscopic fossils of:

2.1 continental animal and plants (spores and pollen)

2.2 marine animal and plants (diatoms, coccolithophores, radiolarians,
foraminifera, ostracods, dinoflagellates, etc.)

3. invertebrates (shell, sponges, corals, pelecypods, brachiopods, algea etc.)
4. vertebrates (fish, amphibians, reptiles, and mammals)
5. plants (root, leaf, branch etc.)



Figure 2-73: Flora fossils; leaves spore and poilen

Tomman Peensyivanisn pians: sead fens aeg sordainans

Figure 2-74: Seed ferns and
leaves
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What characteristics of fossils make them useful for interpreting past
environments:

1. They have a distinct geographic range

2. Their distribution was influenced by:

Water or atmospheric temperature

Climate variability

Elevation

Oceanic salinity, nutrients, oxygen content, turbidity, etc

Fossilization

1. Body Fossils - some part of the body preserved (or as molds and casts).
‘Typically hard parts of organisms preserved (such as bone, shell, teeth, etc.).
1.1 Macrofossils: Dinosaur, mammals, primate
1.2 Microfossils: Faraminifera, ostacods, spore& pollen

2. Trace Fossils - tracks, trails, burrows, nests, even fossilized feces

(coprolites).

Figure 2-75: trace fossills

Figure 2-76: Spore& pollen use for
indicating the paleoclimate and
environment i.e. Fossil pine pollen. The
abundance of pine pollen, along with
the rock moss, indicates a dry climate
(temperate)




Figure 2-77: a turtle coprolite from the
Eocene of Madagascar

Types of Preservation
1. Unaltered Remains (‘lufinswl@aunilavanin, avaN INLaN T1itiY)
1.1 hard part (shelis, teeth, bone)
1.2 mummification (dessication),
1.3 frozen remains (example: Wooly Mammoth),

1.4 tar pits (La Brea Tar Pit of California - mammoths, saber tooth tigers,
and other Pleistocene fossils).

2. Altered Remains - changed structurally or chemically or both (n1suils
FAMMMane g iasgaswIataiizasann fossil Wiawlsamuagaaiuy)

2.1 Permineralization - pores filled with mineral matter.
nsTussaeanllunsnludasing

2.2 Recrystallization - no change in basic composition, but crystals grow
larger and are reoriented.

nsifimsanndniutuasusiasarafizunaluadunianisioBaed v ue
srudsenaudusiulifinsiuddsunlag

Eg. Aragonite (CaCQ3) ------ > Calcite (CaC0s)
Silica (as microcrystalline quartz - SiO, recrystallizing to larger crystals.

Recrystallization may destroy some or all of the fine structure, but will
retain the overall shape of the fossil.

2.3 Replacement - another mineral replaces the original hard parts.
(Mt lduviuirasusTusiunuusifinfiag lulasoasie)
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Example: silicification of calcareous, phosphatic (Dinosaurs bones are often
silicified or partially silicified, Petrified wood is commonly silicified), or woody
fossil material is fairly common.

FeS, (Pyrite) often replaces calcite or silica.
- Silicification: Introduction of replacement by silica

Figure 2-78: Permineralization

Figute 1 - Coat kagment with pyrte iyelow}. The seale’s smater
races indicate miltimeters

Petrified wood Pyrite on coal

Figure 2-79: Mineral replaces in the wood (silica) and coal (pyrite)
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Fossils in Environmental Analyses
1. Did the organisms in question live where they were buried?
« Or where their remains or fossils transported there?
Example:
— Fossil dinosaurs usually indicate deposition in a land environment
such as a river floodplain
-~ But if their bones are found in rocks with clams, corals and sea lilies,
— we assume a carcass was washed out to sea

Fossils in Environmental
What kind of habitat did the organisms originally occupy?
+ Studies of a fossil's structure
— and its living relatives, if any, help environmental analysis
For example: clams with heavy, thick shells (deep water)
— typically live in shallow turbulent water whereas those with 4in shells
are found in low-energy environments
* Most corals live in warm, clear
— shallow marine environments where symbiotic bacteria can carry out
photosynthesis

Deposition Environments can be classify into:

1.Non-marine environment
»  Wu Fossil daanitlu Marine environment
—~ Land environment gnwwinganuuln
— Aquatic environment (Lacustrine environment) aanwiasaaulutinga
U NELREY, wuag, v LTusiu
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2. Marine environment

2.1 Benthonic environment gnwwiadanzasRuUnsanTavinnsa &n ‘ﬁaaﬂu
anwwadanwuLd endi Benthos deanunsautiowfiu 2 afiada

- Vagile \flu benthos Awa&auils 1afu 3 A9

- Sessile iy benthos YiagAuv 2y wdundenzia (Crinoid)

- - - 8 ': ar ral i
2.2 Pelagic environment (Nektoplanktonic) anwuwiasannasiuiin daiiaglu
gnnaaanuuud wdailu 2 #iisda

- Nekton fuwinAireminlsizu dan
- Plankton ({fluwinAdreinlilsusaasdataunszuain

Index Fossils

- Index fossils are fossils used to define and identify geclogic periods (or
faunal/floral stages) , some case it can be indicate the depositional
environment at that time.

CHARACTERISTICS OF INDEX FOSSILS

1. Short geologic time range.

2. Wide geographic distribution (implies ecologic tolerance).
3. Abundant (relatively easy to find in rocks)

4. Easily recognizable to a trained paleontologist

EX.: Ammonites and Trilobites are examples of index fossils.
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Trilobites

» Cousins of crabs or insects.

» They used to be very common and came in many different and bizarre
shapes.

» They are now extinct—totally gone! They died out before the dinosaurs
ever lived! |

AMPUTLY BTG RTO TSN SIS




Figure 2-81: Some of the fossils that might be collected on the trip. The
background is made by a slab of limestone crowded by crinoid stem fragments.
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Brachiopods (left) and trilobites (right) are common, as are corals (rugose coral

on photo in center).

AMMONITE

Groptrites waltwri Zryx

% A
Metococaras cornutum t¥pa

- Cephalopoda (Gastropod)

- Late Silurian/early Devonian (400 Ma) to end Cretaceous (65 Ma)

- Marine envi.
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Crinoids

: Sometimes called "sea lilies™ and "feather stars” but they're not plants!
: They are class of Echinoderms, cousins of the starfish.

: When they died, their hard skeletons (calcium carbonate) broke apart

: The "stems" that held them up became many little round pieces sometimes
called "Indian beads!™

. Marine environment
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Corals

Brachiopods

. van 2 sl
« lseTamily indicate draudiudu wavimnateglFaumAaunessdiinen

- Aslunsia ﬂﬁeaf;i”tﬂa"?jwé‘h (shallow marine)ﬁmmﬂfawﬁu (tropical)
« ua1e Species serlivizhgtlanauas Paleozoic

Bil a: em;m :

plone of symmetry
£
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Brachiopoda is a phylum of shelled invertebrate
: Marine animals, i.e., they lived in salt water. (Shallow to deep waters)
: Cold or warm water/ silt laden or clean water

Replaced with pyrite Replaced with quartz & hematite (red color).
"The present is the key to the past”
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Pelecypods

naugadeqvinfurienunaLazzlig
1sina Clam (viaannu), scallop, oyster
wu'lsivie Marine and Non-marine (s¥siutingiu)
iaae AgassuazLanandy

wi'ledng Uaneea Paleozoic to Cenozoic
Thailand: genus Daonella, Halobia,
Posidonis (Late Triassic)
Anatoconcha (Fvnauinmi) a,any?)

Gastropods

vaa iz wiananrazis wiauaiiudg

wulu marine-non marine

dHudaiAufrwiaduded

Ex. vauna (100,000 sp. wuluvinanzainid naume (Aaudaiangd)
Paleozoic to Cenozoic

Thailand: Genus Viviparus (Pliocene)
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Microfossils

« Microfossils are particularly useful
| ~ because many individuals can be recovered from small rock samples
» In oil-drilling operations, small rock chips

— called well cuttings are brought to the surface
« These cuttings rarely

— contain complete fossils of large organisms,

but they might have thousands of microfossils
— that aid in relative dating and environmental analyses

Micropalaeontology

+ Micropalaeontology is the study of the fossilised remains of foraminifera
(single cell protozoans), ostracods (bivalved crustaceans) and associated
microfossils (such as radiolaria and diatoms).

« Foraminifera are of great importance as stratigraphic markers and
indicators of marginal to fully marine environments.

- Cenozoic and Mesozoic foraminifera (planktonic (31e11in), benthonic and
larger benthonic (agauiu)), ostracods (marine and non—marine)

Foraminifera

Foremen = hole Ferre = bear
Test

Testa= shell
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gizehensis  Archaias angulittus

Foraminifera

Small, one-cell animal

Phylum Protozoa, planktonic (free-floating)

Calcareous shells

Early Paleozoic to Recent

Use for zoning wells, age of sediments, paleoecological indicators
Common indicating marine environment

It can be separated three type of foraminifera:
1. Microforaminifera
2. Small foraminifera
3. Large foraminifera

33



Test Well composition
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Proteinaceous & Siliceous Tests

Proteinaceous
- Oldest type of foraminifer
_ Test consists of thin layer of organic material
- Found in low salinity envi.
- Entirely benthic



Siliceous
- First discovered in 1970's

- Test consists of siliceous material
- Found in deep sea envi. (below CCD)
- Entirely benthic

Foraminifera Test (Skeleton/shell) composition vs. Environment
1. Agglutinated test
+ Qtz grn: mica, flake-clay skeleton debris (arenaceous)
« Brackish lagoon & Estuaries
- Shallow-deep water but non-calcareous
2. Porcelaneous Opaque (Secreted)
+ Calcareous: white & brilliant in reflected light
+ Hyper saline Lagoon (shallow water)
3. Hyaline (Secreate)
« Calcareous: Glass like transparency (Ti391%)
- Shallow to deep water but in deepest water

Agglutinated test

+ Cambrian-Recent

- selective incorporation of
foreign particles (commonly
sand grains) onto organic
test wall

- particles cemented by iron
or carbonate cements
secreted by foram

« entirely benthic
+ variable test form

- widest geographical
distribution
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Porcellaneocus
‘earliest in Carboniferous ™

40% of current forams
randomly arranged
microscopic rods of calcite,
with ordered inner and outer
surface layers

imperforate test

generally milky-white calcite
often with complex milicline 4\ L7 crystals
coiling AGTALESEY Ordered
entirely benthic SIS e g

QOrdered outer layer

Random

« generally multilameliar and
commaonly porous

« c-axis of the calcite
framework can show a
preferred growth orientation
(often radial)

« glassy (tranparent if not
altered)

+ perforate (some with sieve
plates)

= benthic and planktonic

forms
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Microforaminifera
Figs 1-4

- Size avg. 500 microns (0.5 mm), ranges from 50-150 microns
» abundant in sedimentary rocks of marine origin.

Small Foraminifera
(Fig 5-14)
« Use more in oil company lab
+ Use widely for correlation age, paleoecologic determination

Large Foraminifera
(Figs. 15-22) |
« Families: Orbitoidae, Discocyclinidae, Miogypsinidae and Fusulinidae



+« Common found in carbonate rocks
«  Fusulinids- Late Paleczoic foraminifera

i : S e = X ;
Micro-foraminifera

Small-foraminifera

Large-foraminifera
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Fusulinids (large foraminifera)

antetheco

Fusufing girfys Bx

« Fusulinids were small, marine organisms, during the Pennsylvanian and
Permian periods.

- Mass extinction at the end of the Permian Period
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Ostracods

- Small Bivalve Crutacea (Faidofiti&aniiu)

« More Marine environments (tU&anuun) than fresh water(Ll@anAauaing
119) and brackish water (1d&anwudhunateusasiisasdinziuiiasaininu
AR QUAYNTELNA)

+ 0.5 to more 20 millimeters in length

« Ordovician to Recent

« Found in shales, marls, and limestone

« (Low energy) Ostracods

Ostracods
Figs 1-5

Conodonts

{Ordovician to Triassic)

Marine

Radiolaria Figs 8-11

{Cambrian to
Recent)

silica or

strontium Scolecodonts

sulfate sediment
Figs 13-16

(Ordovician to Recent)
Brackish to marine

Figs 12

Nannoconus

| (Cretaceous marine sediment)
Figs 25
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Nanopalaeontology

+ The ultra-microsopic calcareous remain of calcite secreting (size 1-35
micron)

« Unocellular marine phytophankton (nanoplankton) (shape: rosette-star-
Button (coccolite agansyan)

» Upper Triassic-Recent

» Marine Environment

» (deep marine)

Palynology (Spore & Pollen)

Palynology is the study of organic walled microfossil (palynomorphs),
Precambrian-Recent

— Marine group : dinoflagellate cysts, acritarch, prasinophycean
algae, chitinozoans

— Non-marine group: pollen, spore, fresh algae
- Tertiary and Mesozoic: dinoflagellate cysts, pollen and spores
« Palaeozoic: chitinozoans, spores and pollen

Spore

Spores are used by groups of ancient plants and fungi in one
stage of their reproduction. Ferns and mosses both produce spores.



Back dots are spores on fern

Fossil spore from New Zealand

Atrapleporftes ankel!

FoHoub ety

B Hapontas s s WHHIR porite

o!w!hq;;—;f;a!é 2 ité

pilhih o d A
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Pollen

Pollen is used by flowering plants to fertilize seeds. Fertilized seeds grow
into adult plants. (pollen size larger than spore)

Zinkgo

MNOSPE

o
LN
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1. Depositional environment
2. Age of formation
3. Source rocks==Plankton

s BBEBEONSND

Presenter notes: It may come as a surprise but most of the world’s
oil and gas is made up of the fossil remains of microscopic marine plants and
animals. That's why oil and gas are often referred to as a fossil fuel. One of the
most important group of plankton involved in the formation of oil and gas are
single-celled marine *plants’ called dinoflagellates, though many types of animal
plankton are also important. Some oil and gas may have also originated from the

remains of land plants, but we will not discuss these types of deposits in this
talk.
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Kerogen Type

2.0 B
metagenesis catagenesis
ALGAIL
Type 1 {(alginite)
1.5
- (exinitey LIFPID sporen
= polfer:
=% coticiules
< .
= was
(.0 biad
Type 1 (vitrinite) oot
caeliulose
0.5 Type IV (inertinite) OXfdatie
pre-depositie
T 1 )
QO (40 ] 0.2 a3

Mramic Oy O

Van Krevelen diagrams are a graphical-statistical method that cross-plots the
O/C and H/C ratios of

Trace fossils or ichnofossils

» Trace fossils or ichnofossils represent the effects of organismal activity
upon or in the substrate.

+ Not preserving the body or the morphology of the original organism

+ Not transported from their original place of origin, and are thus good
indicators of the original sedimentary environment.



162

Ichnofacies

+ The concept of Ichnofacies used as a paleontological tool to analyze
assemblages of trace fossils to determine ancient depositional settings and
facies of sedimentary rocks.

The character determines the ichnofacies assemblage into:
— Soupground: Slurry
— Softground: Grains in contact, but wet
— Firmground: De-watered, compacted
— Hardground: Cemented
Slurry wanmaswadAUianiwiiian uinay Gu duus

Trace fossils or ichnofossils

Vertical burro

. More horizontal
[“burrow
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Distribution of trace fossils in marine environments

g T

Distribution of trace fossils in non-marine environments:

2

Palacohelcura (scorpion trackway); 2. Mesichnium (insect trackway); 3.
Entradichnus (exogenic insect traces); 4. Acrijpes (crustacean trackway); 5.
Cruziana problematica (branchiopod crustacean burrow); 6. Cochlichnus, 7.
Scoyenia gracilis; 8. Siskemia (arthropod trackway); 9. Kouphichnium
(xiphosuran trackway); 10. Undlichnus (fish swimming traces); 11. reptile
track; 12. bird tracks; 13. amphibian track; 14. roots; 15. Beaconites, 16.
insect burrows; 17. Spongeliomorpha carlsbergi (insect burrow); 18.
Lockela siliquaria, 19. Fuerschichnus communis, 20. Dijplocraterion
paraleflum; 21. Skolithos, 22. Psifonichnus and other crab burrows. (after
Bromley, 1996)



Depositional Environment

Copyright @ McGraw-Hiil Compantes. Inc. Parmission required for reproduction or display.
Glaciers

CONTINENTAL

Alluvial fans ENVIRONMENTS

Sand dunes

Beach
MARINE
ENVIRONMENTS

sea flogr

.
e
ﬁﬁ?&%é;% .

Interpretation of ancient
sedimentary environments
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Types of Sediment

Protsital sedi

Chemical gediment (organic)

Glucler

Salr
deposit

Tarke
Clasial
ebris

Dotrital sediment
3

River
Decaying .
SWANY

yvogatition

Chemical xediment (ovganic)

Microscopic g
marioe ;
argamisms

- Saiyed chunes

Caoral recf

Environments Where Deposition Occurs
Sedimentary rocks may be:

1. Extrabasinal in origin - Sediments formed from the weathering of pre-existing rocks

outside the basin, and transported to the environment of deposition.

2. Intrabasinal in origin - Sediments form inside the basin; includes chemical precipitates,

most carbonate rocks, and coal.
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By comparing modern sedimentary deposits with ancient sedimentary rocks, the depositional

conditions can be interpreted



General Environmental Indicators

1. Grain size

Fine grain size: low energy mechanisms (e.g. standing water)

Course grain size: higher energy mechanisms (running water or wave action).
2. Grain composition

Rock fragments & feldspars: close to source

Quartz: generally far from source but depends on source itself

3. Rounding

Angular fragments: close to source

Rounded fragments: generally far from source but, depends on source
3. Sorting

Well sorted: constant or small range of energy at deposition

Poorly sorted: erratic energy or very high energy environment (e.g. glaciers or high
gravitational forces such as near mountains)

4, Color
Red: oxidizing environments- at or near surface, not in oceans.

Special Environmental Indicators
1. Sedimentary Structures

Bedding & lateral continuity, Ripple marks, Mudcracks, Scours, Cross-bedding, graded

bedding, Rip-ups
2. Fossils
Dfn: fossils are the remains or traces of once living organisms

106

Fish live in water, for example. Different species can indicate the environments where they live
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Classification of Sedimentary Environments

= Alluvial or Fluviatile +  Alluvial or Fluviatile +  Continental shelf
{Running Water) _ {Running Water) ; *+  Reef
* Lacustrine (lake) ~«  Lacustrine (lake) |« Continental slope and

~rise

Abyssal Plain

Interpretation of Ancient Depositional Environments from sedimentary rocks
- Continental (Arid climate)
1. Alluvial Fans
2. Playa Lakes

3. Deserts
- Continental (Normal climate)
1. Glacial

2. River Systems: meandering and braided
3. Lakes or lacustrine
4. Swamps or marsh

1. Alluvial Fan

— Fan-shaped deposits formed at the base of mountains.

— Most common in arid and semi-arid regions where rainfall is infrequent but torrential,
and erosion is rapid.

— Sediment is typically coarse, poorly- sorted gravel and sand.
— cross-bedding and lens-shaped channel deposits.
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Narrow mountain canyon

e
L

= Sediment is typically coarse (mix of bounder), poorly- sorted gravel and sand (high

energy)
- There are fine sediments (Siltstone & claystone) interbedded with coarse grain (low

energy)
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Alluvial Facies
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Alluvial fan and petroleum production _
+ Are not generally reservoir rocks because of abrupt and erratic changes in both laterally

and vertically facies
« No source rocks

« No seal
+ Reservoir rocks are usually found within the stream-flow deposits, providing migration
path of hydrocarbon and source rocks are available



2. Fluvial

- Fluvial environments include braided and meandering river and stream systems.
+ River channels, bars, levees, and floodplains are parts {or subenvironments) of the

- o N . .
NI7THN -8 @nusmseivaay alluvial facies (2w Tucker, 1982)

Deposicion @ is complex, alluvial systems include meandcring strcams
with well-developed floodplains, braided streams, and afluvial
fans. In the first, lateral migration of channels is characteristic,
with overbank sedimentation and crevasse splays on floodplains.
Channel processes dominate in braided streams, and on alluvial
fans, stream and sheet floods and debris Flows pccur.

Lithologies: from conglomerates through sandstones to mudrocks; thin
intraformational conglomerates common; many sandstones are
lithic or arkosic.

Textures: many stream-deposited conglomerates have a pebble-support
fabric with imbrication, debris flow conglomerates are matrix
supported; many fluviatile sandstones are red and conmsist of]
angular to rounded grains, with moderate sorting.

Structures: fluviatile sandstones show tabular and trough cross-
bedding, flat bedding + parting lineation, channels and scoured
surfaces; finer sandstones show ripples and cross lamination;
stream deposited conglomerates are often lenticular with crude
cross bedding; mudrocks are often massive, with rootlets and
calearcous nodules (calcreta).

Fossils: plants dominate (fragments or in situ), fish bones and scales,
freshwater moliuscs.

Paleacurrents 1 unidirectional, but dispersion depends on stream type.
Geomerry: sand bodies vary from ribbons to belts to Fans,

Facies sequences: depend on type of alluvial system: alluvial Fan
sequences may show an overall coarsening or fining up depending
on chimatic/tectonic changes; meandering streams produce fining
upward cross-bedded sandstone units up to several meters thick
witth lateral accretion surfaces, interbedded with rnudrocks, often
containing calcretes: sandy braided streams produce lenticular
vross-bedded sandstones with few mudrock interheds.

fluvial environment,

» Channel deposits consist of coarse, rounded gravel, and sand.
« Bars are made of sand or gravel.

» lLevees are made of fine sand or silt.
+ Floodplains are covered by silt and clay.

Fluvial System

Creyasse
splay

root traces

akermnaing

Point Bar
ripple cross-
Baminations

Channel

" deposit

. Fiood Plain
shalke, mudcracks,

Crevasse Splays

sandstone & shalke

trough cross-beds

conglomerate, lag
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2.1 Meandering system
Occurrence: low gradient permanent streams in temperate humid climates.

Physical processes: sedimentation of sand by traction currents. Sedimentation of fines from
suspended load on flood plain

Lithology: Medium-fine sand & shales in about equal proportions, minor conglomerates, coals
and concretionary limestones

Sedimentary structures: spore & pollen, Rare plant debris, vertebrate remains & freshwater
mallusc sheils.

Meandering river facies
There are two main types of meandering river facies:
1) Rippled, cross-bedded, fining-upward sequences of gravel and sand (bars)

2) Fine-grained sediments, such as silt and clay, containing burrows and plant debris
(overbank or flood deposits). In a vertical section through an ancient meandering system,
these will tend to alternate,

Sedimentary Facies Formation: Meandering

Meandering

Present .
AL IV river channel

] landscape Floodplain

River bank
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Sedimentary Facies Formation

Futurc Floodplain facies:

se.dlmentary Fine-grained shales Lake (lacastrine)

rocks: : and organic facies: Thinly bedded,
deposits extremely fine-grained

shales

Riverbank and channel facies:
Cross-bedded, coarse-~grained
channel sandstone and
conglomerate

Older sedimentary
strata showing changing
facies relationships

Floodplains: thin-bedded shales with mud-cracks & fossil footprints. Hematite may color the
floodplain deposits red.

Tappriget € MaditaarHH Commaniat, 0. PAITAGON (8Guted 1f t0produttion of

Flood deposits Sand and gravel
. of silt and clay in channe}

T ¢ ; il “.z-:é’?%}

Point bars . .
of sand Migration of
meander




Meandering Channels

Al
bew Low Welocity

[— Med. Valocity
- Hig velocity

B
g
_ - Low Velocity
; . - » -~ Med. Velogity
Point Bars SRR lod -~ High Velocity
o

Line ccnhetting e
despast points N
stream channesl

TOSION

deposition

rOsion deposition

[ gesiinid

Meandering Streamn
- Erosion on the Outside and Deposition on the inside.

The two sides of the meander erode into each other.
- Water slows in the outside loop causing deposition.
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Meandering Facies

7
Caliche
nodules
6 Dasiccation f; 26’
: ; _ s cracks = E
K_Jpw_a‘rd 'ﬁ_n.l_;r}g ‘upward Root g g 3
channel sand tracas g 5
| | o 2 9%
- Abandoned- Shales and fine sands, wormatng 5
nbandoned. . e gt ot
- (Oxbow lake)  bounded by conglomerates sandstones
o) U R e e e e D and mudstenes
Cnim e 1.00m
R A T Ripple cross-
. - . - laeminated sandstone
Overbank-Floodplain . Shales, rippled sand, - 0.95m

desiccation cracks, soils & -
. peats (coal) transitional =~ -
base, erodedontop ~ -

Trough crogs-
hedded to
parallei-laminated
sandstone
1.71m

POINT BAR
LATERAL ACCRETION

Lag congiomerate
0.32m

METERS

River Channel: lenses of conglomerate or sandstone (arkosic or sand-size rock fragments).
Typically cross-bedded with ripple marks.
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2.2 Braided River
Braided Rivers - characterized by many channels separated by bars or

small islands. Braiding results from rapid, large fluctuations in the volume
of river water, and an abundance of coarse sediment.

There are two main types of braided river facies:
1) Rippled, cross-stratified gravels and coarse sandstones (bars) and

2) Horizontally stratified, fine to coarse sands (channels). In a vertical
3) section through an ancient braided river these will tend to alternate.

Straight Channels
Braided Channel

A R o
. d=4— Low Velocity

" AR -~ Med. Velocity
e e Semme e T Migh elocity | T
RS o T ¥ A Istands "«
Bars R i g
Poalg” ze—L- L ow Velocity
S BESER 4 Mad. Velocity
-+ High Velocity

Line conrecting
.. deepest points in

stream channel




Sediment in a Stream

arl s are large and::
Lo lreegualar, and consist of
Jv o variety, of minerals, 7
lineluding some that
sweather easily 5700

oreunded; and cos R
tainly of minerals: that
" resist-weathering, :
coisuch as guarts

Braided Stream Environments

gravels

Alluvial fans often grade laterally into a braided river

Braided streams are high-energy river systems carrying coarse-grained sands and
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River channels are not well defined and tend to shift and migrate laterally over a broad alluvial

valley rivers separate into vein like channel

Comparative Fluvial Deposits
Two types of fining upwards sequences

Braided

Vertical
accration

\

Bar
top

in-channel

Channel
floor

Meandering

Catiche
nodules

Desiccation
cracks

Reat
Iraces

Mudsignes 2.86 m

Allgmating
sandslones
and mudstenes
1.00m

FRipple nss-
iaminated sandstong
088 m

Trough cross:
bedded to
paraliel-laminaled
sandstone
17m

032m

Lag congiomarate

FLOCDPLAIN
VEATICAL ACCRETION

POINT BAR
LATERAL ACGRETION
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3. Lacustrine or Lake

Lake: Thin-bedded shales, possibly with fish fossils. May contain mud-cracks and interbedded
evaporates, if it periodically dried up. whe
fiows inpust

+ Lacustrine @ N iy
- May be large or small, shallow or deep. Egilincion
Fine grained sediments but may be coarse near the edges.

[ntermediate

Hypolimgion flows

|

X . . i i . T Derse bottom
- Fine grained sediment and organic matter settling in some Hos
lakes produced laminated oil shales. : it
p ik -
- Playa lakes are shallow, temporary lakes that formin = — ~ .. ..~ Enalacusti

_______ dalta

arid regions.
— They periodically dry up as a result of evaporation.

Density flows
(sandisitt)

Stromatalites
i) /

Chemjcal
precigitation

Type of Sedimentary Environments

Bacial environrfent

Fluvial envirenment Lake

Alluviat i Lagaon
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ot . . \ .
arTn l-1e dAnwnusieugaa lacustrine facies (2 Tucker, 1982)

Deposition @ in lakes which vary in size, shape, salinity and depth,
Waves and storm currents important in shallow water, turdibity
currents, often river underflows, in deeper water. Biochemical and
chemical precipitation common. Strong climatic control on lake
sedimentation. :

Lithologies : diverse including conglomerates through sandstones to
mudrocks, limestones, marls, evaporites, cherts, oil shales and
coals.

Structures : wave-formed ripples, desiccation cracks and stromatolites
common in lake shoreline sediments; rhythmic laminations,
possibly with synaeresis cracks, typical of deeper water lake
deposits, together with interbedded graded sandstones of turbidity
current origin,

Fossils : non-marine invertebrates (especially bivalves and gastropods);
vertebrates (footprints and bones); plants, especially algae.

Facies sequences - often reflect changes in water level through climatic
ar tectonic events.

Facies associations : fluviatile and aeolian sediments often associated,
sotl horizons may occur within lacustrine sequences..

4. Swamps and Marshes
. Paludal (swamps and marshes)

: areas where water is more or less permanently at the surface and/or causing saturation of
the soil.

: Organic-rich shale and sandstone or coal deposits with thin of siltstone and shale.
: Plant fossils are common in all stages of preseryationte.g. swamp plants, fern, peatlands).

Marsh
fHtigtrer Plants)

Swamp
(Hictey Plarrs}
-,

2

COxie Waber
@ v Pianfdort)
N,

.,

[RE

N . ”\\ Anoxic Water
A
Orgargo-fRich Crgatic-Rich
Sediment Layer Bedwnent Layer

{Degpenced Migltwr Flantsf {Dregraded Mlankion}



5. Deserts Aeolian or eolian environments
«  Wind is an effective sorting agent and will selectively transport sand.
« Areas of windblown sand near beaches or in arid, desert environments.

« Gravel is left behind and dust-sized particles are lifted high into the atmosphere and

transported great distances.

. Windblown sand forms dunes that are characterized by well-sorted grains showing

large-scale cross bedding.

. - 2
«  Show rlpple marks wmefi H-s  dnunswiueos aeclian facies (i Tucker, 1982)

« Good reservoirs

k]

Deposition : wind-blown sand is typical of deserts but also occurs along
marine shorelines.

Lithology : clean (mairix-free) quartz-rich sandstones, no mica.
Textures : well-soried, well-rounded sand grains (‘millet-seed’);
poassibly with a frosied (dull) appearance; sandstones often stained

red through hematite; any pebbles may be wind-faceted.

Struciures : dominantly large-scale cross-bedding (set heights several to
several 10's of meters); cross-bed dips up to 35°

Fossils : rare, occasional vertebrate footprints and bones.
Facies associations : water-lain sandstones and conglomerates may be

associated; also playa-lake mudrocks and evaporites and arid-zone
soils.
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and blowing of crest of dune, ¥3reat Sand Duncs National Monumen, Colorade ifloexDunes, California

Dune Deposits

Cross-bedded Sandstone.
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6. Glaciers
Glacial environments
— Sediment is eroded, transported, and deposited by ice (glaciers).

~ Glacial deposits called till contain large volumes of unsorted mixtures of
boulders, gravel, sand, and clay.

Ice (glaciers)

Another U-Shaped Valley in Alaska

The U-shaped Valley on the left was made by a glacier

V-shaped valley on the right was made by running water.



!

o " .
wrTEA =11 Snonuneunsy glacial facies (w0 Tucker, 1982)

\Deposition : takes place in a variety of environments: Beneath glaciers of

various types, in glacial lakes, on glacial outwash plains and
glaciomarine shelves and basins, and by a variety of processes
including moving and melting glaciers, melt-water streams, melt-
water density currents and icebergs.

Litheologies : polymictic conglomerates termed tillite, sandstones,
muddy sediments with dispersed clasts (dropstones).

Textture : poorly-sorted, matrix-supported conglomerates (tillites),
angular clasts possibly with striations and facets, and elongate
clasts possibly showing preferred orientation.

Structures @ tillites generally massive but some layering may ocour;
rhythmically laminated ('varved’) muddy sediments common;
flavioglacial sandstones show cross-bedding and lamination, flag
bedding, scours and channels.

Fossils : generally absent (or derived), except in glaciomarine
sediments.

N Geometry : tillites laterally extensive,

Facies sequences : no typical sequence.
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Summary of Continental Sedimentary Environments
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~ IALLUVIAL FAN

FLUVIAL . - .

LACUSTRINE

DESERT =

_ (DUNES) |

PALUDAL - -

i BreCc'a;
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isandstone,
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Transitional Environments

1. Deltaic Environmemt

» Delta is formed when a sediment carrying stream enters a lake or sea, its velocity
decreases and some of the sediment settles to form a delta

* Forces involved are:

— Forces of river Contrel the geometry and distribution of
— Tidal the deposit variation,
- Wave deposition, depending on which of this
Delta: Mostly thick sequences ofl_forres is dominant ngle cross-bedding, cut

by coarse-grained channel deposits. Tt can contain peat/coal beds as well as marine fossils
(Delta plain).

Birds- foot Deltas= Delta plain

Distributary
Channels
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Delta plain

S

Sea level

Figur& I-17 Cross section of a delta. As river water flow
into the sea, it slows down. First sand drops from sus-
pension in the delta plain; then silt and clay settle on the
delta front (the slope is greatly exaggerated in the diagrarma);
and finally clay settles in the prodelta. As the delta grows
seaward, the sandy shallow-—water sediments build out over
the finer-grained sedimeoents deposited in deeper water e

ﬁ_.Fluwiai Distributary Channel organic clay
» Rippled sand-mud lamination

« Cross bedded medium sand with
carbonaceous laminae

=+, Tidal Distributary Channel

+  Rippled sand-mud famination
with scattered burrows

+ Cross bedded and rippled fine to
medium sand with mud laminae

Distributary Mouth Bar

« Fine to medium bioturbated sand
(trace fossil)

+ Bioturbated mud with fine sand
Massive prodelta mud

560 fathometer profie el

Fluvial Delta Plain %

A R B

Tidal Delta Plain

Delta Front
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R

. Deltas

Delta Front Prodelta
| Sand Silk Clay

o 4 , . .
wrraR 12 dnununeiuedd deftaic facies (30 Tucker, 1283)

Deposition : complex, there are scveral types of delta (lobate andf
birdfoot especially), and many deltale subsnvironments
(distributary channels and levees, swamps and lakes, mouth and
disial bars, interdistributary bays and prodelita slope), Many deltas]
are river dominated but reworking and redistribution by marine
processes can be important,

Lithologies : mauinly sandstones (aften lithic) through rﬁuddy

sandstones, sandy mudrocks to mudrocks: also coal seams and
ironstones.

Textures @ not diagnostic, typically average sorting and rounding of
sand grains.

Seructures : cross-bedding of various types in the sandstones, flat

bedding and channels commeoen, Fincr sediments show flaser and}
wavy bedding. Some mudrocks contain rootiets; noduoles of
siderite comman.

Fossils : marine fossils in some mudrocks and sandstones, others with]
non-marine fossils, especially bivalves, Plants common.

Paleocurrents 1 mainly divected offshore but may be shore-parailel or}
onshore if much marine reworking,

Geometry © sand bodies vary from ribbons to sheets depending on delia , )
type. ]

Faciey sequence : these typically consist of coarsening upward units
(mudrock to sandstone), through delta pregradation. capped by a
seatearth and coals there are many variations however, particulacly |,
at the top of such units.




2. Linear Shoreline

1.

2.
3.
4.
5

’

Barrier Island
Beach

Tidal Flat
Lagoon
Estuary

2.1 Barrier Island Environments

Barrier Island and Beaches
— Shoreline deposits
~ Exposed to wave energy
-~ Dominated by sand
- Marine fauna (animals)
— Afew km or less in width but may be more than 100 km long
- Separated from the mainland by a lagoon (or salt marsh)
— Commonly associated with tidal flat deposits

Salr marsh

FROGRAIDANTION

Marsh poat Sen Ievel

Figure 5-22 rhe stratigraphic sequence produced when

a barrier island-logoon complex progrades. Sediments of
the lagoon and of the adjacent marshes and tidal flats are

superimposced on beach sands of the barrvier island.

 weptsy

Fidat de'ftq;m&"s"ubmerged)

eyt B Me ke e L

Barrior island

e

Barrier Island
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Snclien peipandicuiar to shore

.o vy

o Barrier Island Environment

+ Chain of sand bodies
running parallel to the
shoreline
- - Occur as long, narrow,
T avg. thickness 50 ft

i
Themoface

Laggan

Crrarn wths
- zoum ssmisionw

Crossended,
Base Sadded

Fenatzhines
[E0s138! JHnian)

gt
Anoratace

535 malter

Geazateddnd
FRGCRH

imedhan grainah

. Than, dapad
anedutadey

iy (o geyinag —-

1
Btastan Sl
Thalo

Beach

Beach, Barrier Island, Dune: a Barrier Island is an elongate sand bar built by wave
action. All are comprised of well-sorted quartz sandstones with rounded grains.

-Beach and Barrier Island: low angle cross-bedding and marine fossils.
Dune: high-angle and low-angle cross-bedding and occasional fossil footprints.

All 3 environments can also contain carbonate sand in tropical areas producing cross-bedded
clastic limestone.
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2.3 Tidal Flats

Tidal flats: Behind the beach area of this sand spit lies another transitional environment, is
border lagoons.

: They are periodically flooded and drained by tides (usually twice each day).
: Low relief, cut by meandering tidal channels.

: Laminated or rippled clay, silt, and fine sand (either terrigenous or carbonate) may be
deposited.

: Intense burrowing is common.
: Stromatolites (arusudidien)

Sandy Tidal flats

Spit

Copyright & 20035 Peoarscen Prentice Hali, Inc.
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Sabkhas are another
transitional environment that,
although rare today, are
important to the geologic past
of Utah.

Sabkhas only occur in, hot, arid
climates where sea water can
evaporate rapidly.

& '\)%‘gm‘;

Sabkhas : can occur with tidal
flats or pools that are
periodically

inundated with water.

: Evaporate minerals: halite
(sait) or gypsum.

2.4 Lagoon Deposits

Lagoon: semi-enclosed body of water between a barrier island and the mainland. Fine
grained dark shale cut by tidal channels of coarse sand containing marine fossils. Limestones
may also form in lagoons adjacent to reefs. '

Copyright © MeGinw-Hil €

far reproguction or diapiay.

Tidal delta (submerged)

Barrier island
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Facies sequence of coastal

swamp

coal
A

lagoonal

mudstones
A

mudstones
with
sandstones

sarkistones

2.5 Estuaries
» Mouth of a river drowned by the sea
Brackish water (mixture of fresh and salt water)
May trap large volumes of sediment
Sand, silt, and clay may be deposited depending on energy level
Many estuaries formed due to sea level rise as glaciers melted at end of last Ice
Age
> Some formed due to tectonic subsidence, allowing sea water to migrate
upstream
Coastal and shallow marine environments

YV ¥V ¥V V¥

Estuary

T B '\
ntinental slope ™
el e L TS

Coastal and shallow marine anvironmaents

. W T T
L _ pgap marine

Epicontinental sea

Ccean basin floor
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Estuarine environment

ESTUARY MCUTH
ol

INNER ESTUARY ALLuviaL ptan  Lithofacies units:

» Marine lithofacies units
« Coastal lithofacies units
i"

Tidal channe

“Tidal flat”

“Salt marsh”

“Coastal lagoon”

Fluvial lithofacies units

e

o e . P .
wrTian li-13 andmElewtsa shallow-marine siliciciasiic facies
(" Tucker, 1982) )

y a . . . -
FDeposition : takes place in a variety of environments and

JLithologies : mainly sandstones (often guartz arenites) through muddy

{Structures : in the sandstones: cross-bedding, possibly herring-bone in

YPaleocurrents : variable, parallel to and normal to shoreline, unimodat,

subenvironments including tidal flat, beach, barrier island, lagoon
and ncarshore to offshore shelf. Waves, tidal and storm currents
are the most important procasses.

sandstone, sandy mudrocks to mudracks: also thin conglomerates,

Textures : not diagnostic although sancistonés often have well-rounded
and well-sorted grains,

character and with teactivation surfaces, flat bedding (in truncated
sets if beach), wave-formed and current ripples and cross-
lamination, flaser and lenticular bedding, desiccation cracks, thin
graded sandstones of storm current orgin; mudrocks may contain
pyrite nodules, bioturbation and various trace fossils common.

Fossils : marine faunas with diversity dependent on salinity, level of
turbulence, substrate, etc. :
bimaodal or polymodal.

Geometry : linear and bodies if barrier or beach, sheet sands if
extensive epeiric-sea platform.

Facies sequcnces @ vary considerably depending on precise environment
and sea-level history (rising or falling); both fining up and
coarsening up units occor,

Facies associations : limestones, ironstones and phosphates may occur
within shallow-marine siliciclastic facies.




MTHA t-1s ANz LAY shallow-marine carbonate facies
(310 Tucker, 1983) )

n =
Deposition : takes place in a variety of envirenments and
subenviranments: tidal flats, beaches, barriers, lagoons, nearshore
to offshoré shelves and plaiforms, epeiric shelf seas, submarine
shoals and reefs (shelf-margin and largely responsible for
formation and deposition of sediment, although physical processes

of waves, tidal and storm currents are important,

Lithologies : many types of limestones, especially biosparites,
oosparites, biomicrites and pelleted limestones; also dolomites.
Limestones may be silicified. Evaporites, especially suiphates (or
their replacements) may be associated.

Textures ; diverse.

Structures ; diverse including cross-bedding, flat bedding, scours,
ripples, desiccation cracks, stromatolites, fenestrae, stromatactis
and stylolites; reef limestones: massive and unbedded, many
organisms in growth position.

Fossils : vary from diverse and abundant in normal marine facies to
restricted and rare in hypersaline or hyposaline facies,

Paleocurrents : variable: parallel and normal to shoreline.

Facies sequences : many types but shallowing-up sequecnces are
common ,

Potential Reservoir & Source rocks vs. Transitional Deposits
Reservoir rocks: Delta, Beach sand, Barrier Island
Source rocks: Lagoon, Tidal flat, Estuary, deltas
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Summary of Transitional Environment
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shells

DELTA BARRIER (LAGOON TIDAL FLAT
BEACH
Rock Type Sandstone, |Quartz arenite,[Siltstone, shale, |Siltstone, shale,
siltstone, coquina limestone, oolitic |calcilutite, dolostone
shale, coal limestone or or gypsum
gypsum
Composition Terrigenous {Terrigenous or{Terrigenous, Terrigenous,
carbonate carbonate, or carbonate, or
evaporite evaporite
Color Brown, black, White to tan  |Dark gray to black|Gray, brown, tan
gray, green,
red
Grain Size Clay to sand |Sand Clay to silt Clay to silt
(Coarsening
upward
Grain Shape e Rounded to 1= o
angular
Sorting Poor Good Poor Variable
Inorganic Cross- Cross-bedding, Lamination, lLamination,
Sedimentary bedding, symmetrical  iripples, cross- mudcracks, ripples,
Structures graded ripples bedding cross-bedding
bedding
Organic or Trails, Tracks, trails, Trails, burrows  [Stromatolites, trails,
Biogenic burrows burrows tracks, burrows
Sedimentary
Structures
Fossils Plant Marine shells Marine shells Marine shells
fragments, '
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Marine Environments

Marine Depth Zones

: : High tide g ——,
LIttoral zone ! E ) . L
Low tlde : !

Nerille zona @
‘200 Maters e rr——

Bathyal xone @
\v — 2000 Motors —
\ .

Abyssal zone
. ¥:

e T

Intertidal zone

Neritic zone QOceanic zone

Littoral zone (coastal)

Neritic zone (cont. shelf)
Bathyal zone (cont. slop)
Abyssal zone (open sea)

"SRl =

Copyatd © Paersun Educaion. e, Febiuing ot fe gaent Cirmsaigs,

Marine environment can be subdivided into 4 depth zones:

1.

2.

Littoral zone max. erosion, life ( animals & plants) forms that live in both marine and
terrestrial environments

Neritic zone (intertidal and subtidal)- -below littoral zone to water depth 200 m.,
approximate edge of the continental shelf, contains majority of marine life, coral, algae
etc.

Bathyal zone from 200 m to 2,000 m., continental slope, varies in abundance of life
and depositional environment between the top and bottom-submarine canyon are often
developed

Abyssal zone-below 2,000 m. to ocean floor, sediments are deposited by turbidity
currents from the shelf and slope-no light
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Marine sedimentary environment

Continental Continental
shelf stope

1\ 2 T
T Shalgy, i
D maring \"‘l

Sea level Depth
200 o
Conlinnenlie] sheld @ H
Submarine fan
Aeposila
{turbiditas)
A0008 m

| Albyesa: plain -1

Marine environment can be divided in to 4 parts:

The continental shelfis the flooded edge of the continent.

The continental slope are located seaward of the
The continental rise continental shelf.

The abyssal plain is the deep ocean floor.

el A\ .

Marine Environments
1. Continental Shelf or Shatlow Marine Shelf:

Grain size decreases offshore, Widespread sandstones, siltstones, shales. Sandstone &
siltstone contains ripple marks, low-angie cross-beds, & marine fossils. If tidal flats near shore
are alternately covered & exposed, mud-cracked marine shales form

Relatively flat (slope < 0.1°).

Shallow water (less than 200 m deep).

Exposed to waves, tides, and currents.

Coral reefs and carbonate sediments may accumulate in tropical areas.



Beark

e Ph
D i i L

Near Shelf Far Shall

b SO

shale

limestone

Carbonate Reservoir
+ Carbonate sediments are born

- Organisms==Corals, Bivalves or Gastropods, Algae
- Direct precipitation _
+ Require special marine environment (Clear-warm-fairly shallow-agitated water)

Example of some modern carbonate forming organisms and type of sediments they
produce

Organisms Sediment produced
Corals Reefs

Bivalves, Gastropods Sand & Gravel- Sized particles
Algae Sand, Lime, Mud

Carbonate-rich
swaler

Current direction

Loose carbonate
ezl

Bedrock R Back-and-forth
wave miotion

- Oolitic carbonate sand (High-energy shelf)-excellent reservoir rocks if porosity &
permeability are not destroyed by subsequent diagenesis

e.g. Oil field in Saudi Arabia
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Reefs

138

Wave-resistant, mound-Ilike structures made of the calcareous skeletons of organisms
such as corals and certain types of algae.

: Most modern reefs are in warm, clear, shallow (25 ft), tropical seas (latitudes of 30°N
and 30°S of the equator)

: Massive limestone in core of reef, with steep beds of limestone breccia forming seaward
(aangweia), horizontal beds of sand-sized and finer-grained limestones form landward (12g

ia).

: All are full of fossil fragments (coral, shells, etc.).

2. Continental slope-The steeper slope at edge of the continent.

Located seaward of the continental sheif.

Boundary between continental and oceanic crust,

Deeper water.,

More steeply inclined (3 - 69).

Rapid sediment transport down the slope by dense, muddy turbidity currents.
Passes seaward into the continental rise.

pofleview
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3. Continental rise
Continental rise - At the base of the continental slope.

>
»
5
5

>

More gradual slope.
Water depths of 1400 to 3200 m.
Submarine fans form at mouth of submarine canyons.

Turbidity currents deposit thick accumulations of sediment (called
turbidites), transported downslope from continental shelf, |

Passes seaward into the abyssal plain.

Submarine-fan deposition

+ The concept of submarine fan is simifar to alluvial fan deposits-sediment overloading,
storms, and possibly earthquake, coarse material periodically avalanches down canyons
is the continental slope==Fan development

v' Channel deposits in the upper part of the lobe, near canyon mouth, are dominated by
massive conglomeratic and very coarse-grained sands==good reservoir

Deep-sea fan deposited by turbidity currents on the continental rise

Submarine-fan deposition
1. Mid fan-channels branch into braided distributaries deposits show a feature called
graded bedding
e.g. A single layer with coarser material at the base and progressively finer sand above-
imply that when one suprafan lobe is active, other lobes and their former distributary channels
are being blanketed by mud==forming stratigraphic traps over potential suprafan oil and gas

reservoirs

2. Lower fan-consist of a series of thin, laterally extensive sand beds deposited in broad
lobes separated by muds==referred as turbidite deposit
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Finning-upward deposits (coarse to fine grains)
that were transported seaward in deep-sea
channels and canyons by high-density, sediment
laden currents.

The deposit of a turbidity current is called a
turbidite

Turbidites
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4, Abyssal plain _
Abyssal plain - The deep ocean floor.

»  Nearly flat.
» Water depths of 3 to 5 km (2 - 3 miles), or more.
> Covered by very fine-grained sediment and shells of microscopic organisms.
«  Clay.
+ Chalk (calcareous limestone)
+  Volcanic ash. (red colors)
+  Foraminifera (calcareous).
+ Radiolarians (siliceous).
+  Diatoms (siliceous).

Pelagic - fine-grained sediments deposited far from land influence by slowly settling particles
suspended in the water column.

» Red Terrigenous Clay:

L d

&*

the abyssal floor is red clay

Origin from blown dust, meteoritic dust, volcanic ash, and possible clay sized
terrigenous material.

The red colour relate to oxidizing nature of the cold abyssal waters, which are poor in
organic material.

Calcareous Oozes:
water depths less than 3500 m
the accumulated skeletons of the floating foraminifera

Sediments are not found in deeper water, below the carbonate compensation depth,

because CaCOs; is undersaturated in these colder deep waters, and the skeletons
dissolve.

Siliceous Oozes:
deeper 3500 m

formed by the settling of the silica skeletons of diatoms (aquatic algae) and radiolarian
(planktonic protozoan).

Diatoms occur preferentially in the colder waters of high latitudes.
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'd Al J . - -
arrn -1 anwmswewaas voleaniclastic facies (Rin Tucker. 1983)

Deposition : takes place in subaerial and submarine (shallow or decp)
envirgnments by pyroclastic fall-out, volcaniclastic flows such as
ignimbrites, Iahars and base surges, and reworking and
resedimentation by waves, tidal, storm and turbidity currents.

’Lithlolgie.s » tuffs, lapillistones, agglomerates and breccias.

Textures : diverse, include welding in ignimbrites and matrix-support
fabric in lahar deposits.

Structures © include grading in air-fall tuffs, current and wave structures
in reworked and redeposited tuffs, planar and cross-bedding in
base surge tuffs,

Fossils : do occur although may be rare.

Facies associations . submarine volcaniclastics frequently associated
with pillow lavas, cherts and other pelagic sediments.




MR H-14 dnutisisiusas  deeper-marine siliciclastic facies
(n Tucker, 1982)

Depaosition : takes place on submarine slopes, submarine fans and in
basins of many types, particularly by turbidity currents, debris
flows, contour currents and deposition from suspension.

Lithlolgies : sandstones (often graywacke in composition) and
mudrocks; also conglomerates.

Texture : not diagnostic; sandstones often matrix-rich; conglomerates
muostly matrix-supported and of debris flow origin.

Struciures : in sandstones of turbidity current origin: graded beds
(interbedded with hemipelagic mudrocks) wich may show
'‘Bauma' sequence of structures (Fig.I1-13); sole marks common,
channels perhaps large-scale, also glump and dewatering
structures, Some sandstones may be massive. Mudrocks may be
finely laminated.

Fossils : mudrocks chiefly contain pelagic fossils; interbedded
sandstones may contain derived shallow water fossils.

Paleocurrents © variable, may be downslope or along basin axis.

Facies sequences : turbidite successions may show upwards coarsening
and thickening of sandstone beds, or upwards fining and thinning.

w199 fl-17 Anponeinens desper-water carbonates and other
pelagic facies (0 Tucker. 19a2)

*

Deposition : takes place in deeper-water epeiric seas, outer shelves and
platforms, submarine slopes, in basins of many types and on
ridges and banks within basinal areas. Deposition is from
suspension and by resedimentation processes.

Lithologies : pelagic limestones are usually fine grained with
dominantly pelagic fauna; limestone turbidites are coarser grained
and consist largely of shallow water fossils; cherts, phosphorites,
iron-manganese nodules and enrichrnents, hemipelagic mudrocks.

Structures : pelagic mestones: often nodular, hardgrounds common
together with sheet cracks and nepmnian dykes, stylolites common;
turbidite limestones: grade bedding and other structures {sole and
intermal) as in Fig. II-13 although often less well developed;
bedded cherts: may be graded and laminated. Pelagic sediments
may be slump folded and brecciated. :

Fossils ; pelagic fossils dominate; derived shallow-water fossils in
limestone turbidites._

Facies sequences © no typical sequences; pelagic facies may overlie or
underlie turbidite successions or follow platform carbonates,
Pelagic facies may be associated with volcaniclastic sediments and

- pillow lavas. :
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Summary of Marine Sedimentary Environments
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shells

plant fragments

REEF CONTINENTAL |[CONTINENTAL ABYSSAL PLAIN
SHELF SLOPE AND RISE '
Rock Type Fossiliferous Sandstone, shale, |Litharenite, siltstone, [Shale, chert, micrité,
limestone siltstone, and shale (or chalk, diatomite
fossiliferous limestone)
limestone, oolitic
limestone
Composition Carbonate Terrigenous or Terrigenous or Terrigenous or
carbonate carbonate carbonate
Color Gray to white  |Gray to brown Gray, green, brown  |Black, white red
Grain Size Variable, Clay to sand Clay to sand Clay
frameworks, few
to no grains
Grain Shape |- By --=
Sorting --= Poor to good Poor Good
Inorganic - Lamination, cross- Graded bedding, Lamination
Sedimentary bedding cross-bedding,
Structures lamination, flute
marks, tool marks
(turbidites)
Organic or - Trails, burrows Trails, burrows Trails, burrows
Biogenic
Sedimentary
Structures
Fossils Corals, marine  Marine shells Marine shells, rare Marine shells (mostly

microscopic)




_sedimentary Depositional Environments
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Chapter 4
Sources of information
Purpose:

To analysis sedimentary environments, two types of information are in
consideration.

+ First is direct source of information such as outcrop, core and cutting.

+ Second is indirect source of information such as wire line logging, seismic data
and lab data.

- Cutting

— Core

—  Wire line logs
- Seismic

1. Core and cutting
- Core and drilling cuttings are normally first examined with:
1. A low~-power binocular microscope which will indentify most of the important
features of the sample.
2. Petrographic microscope may be used to indentify some pore surface and
microscorosity feature.
3. Scanning electron microscope (SEM) can magnify from low power up to
magnifications of about 2000X, which enables clay mineral texture, microporosity, and
pore coating to be dramatically revealed.

¢ Drill Cuttings
- Drill cuttings refers to any material (typically called solids) removed from a
borehole while drilling petroleum well.
« Sand and shale make up the majority of the cuttings
These include but are not limited to: anhvydrite, calcite, chalk, chert, clay, dolomite,
feldspar, glauconite, granite, gypsum, hematite, iron, kaolinite, lime, marlstone, mica,
mudstone, pisolite, pyrite, quartz, sandstone, silica, silt and sulfur.
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Sample of drill cutting

Why drilling cutting?

1.

Drill cutting are the first and most obvious source of information obtained from
the formation being drilled.

Drill cuttings are usuaily removed by circulating the dritling fluid over shale
shakers

Cutting may reveal the first physical evidence of oil or gas.
Cutting can be indicator of increased pore pressure and can reveal formation.

i

4l

Swivel

AL Vol

Dritl
¥lpa

Mudpits | ~ ||| Ip—

Drill
Collar

Boreholo

Drill cuttings are usually removed by circulating the drilling fluid over shale shakers



Cutting Log Type
1. Sample log: show formation boundary & lithology (Description+symbols)

2. Mud log: a graphical representation of the ROP (Rate Of Penetration), lithology,
hydrocarbons and other drilling parameters generated while drilling a petroleum well.

Samplelog
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Sample Log
« Formation boundary
« Lithology
(Description+symbols)
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Mud Log

Rate Of Penetration (ROP): Drill
Rate

Lithology (Description+
Symbol)

Hydrocarbon: Gas & Qil show

The rock samples are obtained by cutting a piece of rock from the well bore; the

process is called Coring.

Important elements in a reservoir description

: By estimate of these properties from Well logs or Rock samples can be done in the

- Porosity
- Permeability
- Grain density
- Mineralogy
laboratory.
Core Type

1. Conventional Cores are cut using a specialized subassembly at the bottom of the

drill string.
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: This consists of a coring drill bit (usually a diamond bit), a core barrel to
hold the recovered core '

2. Sidewall Cores used to cut samples measuring 15/16 in x 1 34 in. from the
formation,

: Sidewall core gun or a sidewall rotary coring tool. The sidewall core gun
uses black powder explosives to fire a steel bullet into the rock adjacent to the tool.

1. Conventional Cores

~ Drili collar
connection

Thrust bearing

" Inner-barrel

Core retaining |
Cooring G0
Core bit— ey _

Coring assembly on bottom of drill string and coring bit

Drilling Core Barrels

Extended Core Barrel RCB Roller Cone Barrel
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How it is physically accomplished

1.
2. Weight is applied to the core bit and the drillstring is rotated.
3.
4

2.

1. Rotary core drill on wireline

Coring assembly is run on the bottom of the drilling assembly.

Doughnut is cut by the core bit
Core is swallowed by the core barrel.

Sidewall Cores

Core bullets

Coring bit
- _F.btm_at_ion rock

- Samples «— Core sample

N

. Sidewall core gun with steel
bullets

Sidewall Core gun

The sidewall core gun uses black
powder explosives to fire a steel
bullet into the rock.

CORING
BULLET
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Why sidewall cores?
1. Much cheaper than conventional cores
2. Core after drilling through the formations and have run electric logs
3. You do not core in zones where core data is not needed.
4. You can selectively retrieve formation samples.

Storage and transport
+ Most cores are analyzed on the rig, then the cores are transported to land.

+ Cores are then available for additional study by personnel or by other interested
parties.

Wellsite Core Evaluation
» Furnish quick preliminary evaluation of core samples
«  Cut and preserve core samples for detailed laboratory analysis.

AR o i dawdor
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Why protect the cores
+ Altered permeability
» Altered porosity
» Altered fluid content and saturations

Core Handling Procedures
1. Prepare adequate number of boxes. Have rags
2. Set up joints of drill pipe, as required to lay out core
3. Supervise core lay-out to insure correct orientation and order
4, Wipe core clean, with clean dry rags. DO NOT WASH.
5. Fit core. Space rubble between ends of core. Then record depth.

Fit Core Rubble

No marks necessory Une chevron each Two chevrons on each
side of breck side of break

6. Strap core. The unrecovered interval

7. Scribe core with reference lines and depth, using marker pens and stralght edge:
Black line always to the right; Red fine always to the left

Good ,FH F;oor‘ Fit

8. Describe core and shows
9. Box core and mark boxes




Basic logging form (refer handout)

Logging requirements apply generally to logging of rock
= Dates of drilling
= Drilling method
» Drilling machine make & model

= Drilling fluid type & amount

= Depth and type of casing

= Zones of severe core loss

= Problems that necessitated casing

»  Fluid losses

» Bad drilling zones

»  Zones of severe bit wear

= Groundwater levels & dates measured

Rock Core Logs
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+ To record all relevant information about the core and to make a field description

« Contains:
— Percent core recovery
— Amount and location of core loss
— Depth of the beginning and ending of each core run

Fratn: vz VA #: 02.6077740
Gustsrmer: Shaws o Vs Diame: Dok Springs
Dottty B 2 EEren heconan;

Fort Mason Logging
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Laboratory Core Analysis
+ Porosity e =
+ Fluid content and saturation
+ Permeability, relative permeability
- Chemical composition "
» Particle size distribution
» Rock strength

:3)

B2

e

. /?’ or 1 13\
Plug ) ¥
Slab Taken for
Most Common 'Photography
Description
*Archival
Full Diameter
Heterogeneous
Whele Core
Heterogeneous

Core slab, core plug, full diameter,

Core photo of slabbed core
and whole core definition

Sample Description
From Cutting & Cores
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Order of written Description

Required a standardized order of description:

1) Reduces the chance of not recording all important properties
2) Increase the uniformity of description among geologists

3) Saves time in obtaining specific information from description

Handling Procedures

The following order is used:

Rock type or lithology-underlined and followed by classification
Color

Texture-including grain size, roundness, and sorting

Cement and matrix material

Fossil and accessories

Sedimentary structure

Porosity and permeability

Hydrocarbon show

LN DA e

1. Rock Type or Lithology

Rock type can be classify into two types:

1. The basic rock name: rock name that has underline, such as Sandstone, Dolomite,
Limestone, Shale, Conlomerate,etc.

2. The proper composition: describe to textural of rock, such as Lithic, Oolitic,
Grainstone, Calcareouse, Sandy, Silty, Coaly, Dolomite etc.
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2, Color
Red, Brown colors: Ferric iron indicate to an oxidizing environment
Green blueyish gray: Ferric iron indicate to a reducing environment

L]

Dark brown, Black colors: organic matter indicate to a potential petroleum

source

Black color of sulfides indicate to anaerobic environment conductive to the

production of hydrocarbon

Common use of Color

Color Extension of color
& w .
Buff (Aifla, mAnagew) Olive Dark
Black Pink Light
Moderate, Medium
Blue Purple
Brown Red Mottled (FaaLfiuaA)
Grey Tan Variegated (aduL@aduann)
3. Texture

3.1 Grain or crystal size: size grades and sorting
3.2 Shape: used to decipher the history of deposit

3.3 Sorting

3.4 Composition
3.5 Hardness
3.5 Luster

3.1 Grain or Crystal Size

Copys i 63 MG rgw- kil Companias. (nc. FermisEsion raaurad 10r rograductian ac display.

Diarmeter |0 ity

(mm) JlSediment

Y CUBoulder | i 'j';_Breca:la (anguléf. béfttcles) :

256 . S Cobble oo ST Grave! s D o Conglomerate [ it

-__64 T Pebbie SRR -(rounded p'lrtsctes)

1/2 - Sand . CSandstone o S

+ 1e SIS s i b e TMLlued L Siltstone (rmosthy. szlt) 2

/253 -.-Ciay g Shale or mudstone (mosﬂy'-:
- 5 . Celay) Lo S

Faandf-.tono [2taTwl .'_-,l @le are quxte COrMMmon; ti"ie o;hﬁrs are reidﬂvc—zly rcare
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Chart X Texture arncd Rock Coloars

Toxture
=
oy -
5 E =
= el = SO v =
g B = = s = e |2 e
= ==
El = (&l B . = | 2 | E &
& BB B S 5 el B | 8 | 8 &
FE5 ol S & e el B8 = Ed E=4
[ £y
[~ory conras
R moany Sone
ESD ot Symbols adjacent SORTIMNMG Plot eyrnbals acdbaceant
tor toxtoral designation, 1 taactural destgoation.
Angulor <> Fal N R Ecraerrialy el | s
SHwuks atrrguriar - g e Wenry el WOV
Bubroundad = = VVertd AUy
Flowundadc > - ] [LI] MMoycderraateriy hA
3 =t Fooriy =2
= i wory Poorly v
E M )
Ex, Fimna subrounded, -+ - Vnea WT 747 ror !illing iy
wall Boriod 23 % fexture aoluer
Flock Colorsily
BRow S rRroxirmate cohlor (wat)l of miajor roak
Eaey
Two dominant rock colors
P Aottings -~ 105 with aRproXIimate gk
HUmBmOSrMPpOosed o dorminant rock oolor

(1) Uswe e G.5.4A Aock Solor Char tOF sioourate colar aasiormoatiomg,

3.2 Shape

Sphericity: refers to shape of grain.
Roundness: refers to the roughness of surface

_ Reundness and Spherlc:ty
hlghspherlmty

| lové sphericity

s rotmded --well

“angular rounded rounded

+  Angular wauuazyufodundnuazauat

» Subangular fAvlignTa vauwaNUULEINIKLaE

» Subrounded fAigndaunedru BauuRTYNUULALIEAS

*  Rounded Adugndaiauvuaantiuinegiu

»  Well Rounded hififsnmdaa iR unnygndaaulULRENRNRNALE
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1z.7 Roundness and Spericity:

Roundness refers o the roughnesa of the surface; Sphericity refers
te the shape of the pgrain. These paramctera can be expressed by words
or by numerdical values as shown in the two charts below.

DEGREES OF ROUNDNESS

HIGH
SPHERICITY

LOoOw
SPHERICITY

AMNGULAR

WELL—
ROUNDED ROUNDED

(from Poweras, 1953)

SPHERICITY

0.3 LOow - -
0.54 0.7 MODERATE ~0.9 ‘ o . .
0.9 HIGH
~
£-o7 | O - L i | >
ROURDMESY o=
0.1 ANGULAR o
0.3 SUBANGULAR o —o.5 -
0.5 SUBROUNDED hid -_- - e L
0.7 ROUNDED
0.9 WELL ROUNDED
-o.3 | e e - - | o
a. 0.3 .7 [

HOUNDNESS

3.2 Sorting

GRAIN-SIZE UNIFORMITY

WELL SORTED POORLY SCATED UNSCOHTED GRADED

wal sorted moderately sorted

e Eriik : * Good: 90% in 1 or 2 size classes

« Fair: 90% in 3 or 4 size classes

myestly mostly smalland  large and

o . e sl 03 largean - mt&aigzmﬂ = Poor: 90% in 5 or more size classes

ety angiadat subranguiar subr-roundad weell rounded
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12.51 GRATIN SIZE AND SORTING COMPARATORS (FPhotomicrographs of Thin Sections)

LOWER MEDIUM GRALN SHIE UPPER MEDIUM GRALN 517%
MEDIAN BEAMETIR D. 97 mm. ()

MEDIAN DIAMETER ©.420 mm. (4@9)

UPPER COARSE GRAIN SIZE

LOWER CUOARSE GRAIN SI1ZE
() MEDIAN DIAMETEX o.un.uu.(

MENIAN DIAMETER D370 mm_(
2t

(from Beard and Wesyl) 52

Ao Redane A an Green algse
5. FossilsandAccessorieg. <iv a xv excent
- Fossilt Foramitiifera, Ustfesd, Bryozoa, GCAStFEPdds, Coral, AlGEE,"CHifiiod,
Braciopadanon a% 3= -
~§\banﬂﬁﬂﬁaﬁ§§£§;‘%bﬁ&%m ot rimarat < Tranmmarent

AN T o1 } Use appropriate chert symbal followed

~ Common: fossils >10-25% SHay J By aRreen o eser

TEXTUIRAES — Sama mza on Chart X & X,

S”I‘RUCTTJR&mérgggﬂgn%hqalcos/gvn & XV

theACERSSOTIESH glaveanitespystermica, feldspar, chert, calcite, siderite, heavy
eosmmzrals and sand=size-rock fragments

OIL SHOWS —— Same ag on Sharn VI oxcopt gt gym 3 40 dinck.
~ - _Anhédral, AR TR,

1o axcellant oil staln A Doead ol stain



Chiaart X11: Fossils(l) & @)

163

ENVIRONMENT

DEPTH & TOPS
ENGR. DATA
SHOWS
POROSITY
CORES
LITHOLOGY

CRYSTALY
PARTICLE
5IZE

ACCESSORIES
SED. STRUCTURES

COLOR
[t

oS

Vors

¥ors
FOSSILS

HEw B

REMARKS

FOSSILS
Geneaeral Symbois

Macrotossil fragments, undifferentiated
Macrotossil fragments, rounded

Macrofossiis, whola

Microfossiis, undifferentiated

Fosslls, encrusting

Specitic Symbois
Algae, undifferentiataed
Algae, Red
Algae, Green
Algal plates

MAlgal balls, oncotitaea, rhodoliths

Algal stromatolites

Brachiopods, undifferantiated
Brachiopods, phosphatlc

Brachiopods, producticd
Bryozoa, tube-like iorms

Eryozoa, fenastellic forms

Calcispheres
Chara

Conodonts and scolecodonts

Corals, colonial
Corals, Chaetatas
Corals, Syringopora
Corals, saolitary
Crinolds

Diatoms
Echinoderms

foraminifers

VT 7a4
wvT 751

jexsffBisonati (30w |80

Use as underline under
appropriate foasil symbol.
Exr . % = encrusting

Use appropriate fossl) symbol
within clrcie or square if
fossil identifiabie

(1) Relative abundance ia indicated by dots over symbols

CHyart XKz

MNo GOt — O0-109%

To be used over fossil symbols

Fossils, contintaoc]

ERVIRONMENT

POROSITY
(ORES
LTHOLOGY

DEPTH & TCPS

CRYSTAY
PARTICLE
SIE

ACCESSORIES
SEG. STRUCTURES

G0E0R

FEMARKS

Foraminifera, unadilffarantiztoc
Foraminifora, patagic
Foramipnifera,. amall boanthonic
MMiiclics
Tubauimr torarms
Foramlmilora, large benthonics
Oritalina
Dty Ooornus

Coakinalina and Coskinalincidos

Fusulinics
Ciraptofites
Hydrozooa
Molluscs, unadifftearentiated
Caphnalopoacts
Balamnilas
Sazstropods
Palacypocds (clams)
Choncrodonta
Gryphaan
INOCararmus
Dynters
Rudisie, undifferentiatect
Caprinids
Caprotinids
MonopHeurica
Aequianiida
FracHolitias
Tentaculilas
Ostracaodds
Flant remains
Siticitiad wood
S@miculan

T
i
i
f
hil
4
e
YIS
& It eEOQO0O b
Iy QQ@J“*nng o SEIREST

minizls
<HD'3

} fo0iddE 04
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Chart XIV: Fossils, continued; and Accessories
Foasils

CRYSTAL/
PARTICLE
8zt

ENVIRONMENT
SHOWS
POROSITY
CORES
LITHOLOGY
COL0R

0
ACCESSORIES
SED, STRUCTURES
REMARKS

Spineg, brachiopod

Spines, echiinaid

Spongoes

Spores and/er poliaen
Swomatoporoida, undcifferentintecd
Stromatoporcids, mmillar
Stromatcporaids, spharical
Stroamataopmoraics, hemisphoerical
Stromatoporaics, branching
Stromatoporoalds, Amphipora, undifforentiated
Suromatoporalds, Amphipora, lamitlar
Aadictarians

Trilotritas

wwWorm tubes

Vertgtbrates

I3 4BABRRED NN Fossis

Accessories(n) & &

Ash - VT 7651
Chlorita e
Folcdaponr P
Glauconite
Hamatite
Limonie
Mica
Phosphate nodulas
Pyrita
Quartz crysials
ouhoedral
Birgiy wrminated
Quuartz grains
(Jloating)

$9
% N
pe

VT 735 1/2

Sidarite gralns VT 745 1/2
Sultur - VT Far
Valcanic glass . . . T 751

0 G” ﬁ@(r:-.

{1} Relative abundance ia indicared by dots over symbois (soe Chart X1 )
{2} Any of these aymbols can be used as ovarlays In the lithic column if they
represent a major rock constituant.

Chart XV: (Accessories) Chert?: 23 & &)

z £ 2

= a

=l oz EES =

g 8 = . = 5 = = o
2 2 |2z i = = = & &
2 E 25|28 Z (|B5.._.nne| B 7 g

tMineralizatiaon
Yuag Tiling
Vein or fracture fitling
SHERT
Bandac

Tk Tasxiurec
{irigrohiio)

Foanaliforous

7
fear hrydrottharsmal rminoral fill

Ling aporopritate foonid
t

SGramuiar ByYrmibo
hiilky
Mottiect m&‘!kﬁb tioka wilh appro—
# H
Crotitic printo cotor penah
USe apropriate ooloer
Cpaque { manci] for tilling In
Polleotal Bnymisol
Forcelanecus
SBancy
Spicular
=y =1-3400-1 Mok ticks with mppro-—

mrinte cotar panclt
Subporcoianoous

Transiucent
Tranaparant
Uniditterentimted

Carnpeoaite syrmiool
{03, fousliferous,
el itic, samcly)

WRO ADpropriale color
perrtezl] for fiHing in ar
coutlining symbhols

VT 73T

COLEIIagoidd 4 myg | soosonss

4
¢
3

1) Undifferontatec ohert avmbol iz placed in HNology column. Detallad symisalogy 18 s howm im
SCEORBArY GOl urTir., :

(=) CGhert aymbola should be mads with oolored pancl approximeting ths color of the chart,
While chert symbol ahould be eolored ght Hluae (VT 741 1,2,

¢3) FRalauve abwndanoe s indicated by Gota over symbols (Sea hart X1},



6. Sedimentary structure

» Structure can not found in cutting but it can found in any core

+ Structures related to statification
« The origin can be divide into 2 deposition:

165

6.1 Syngenetic (formed during with deposition): very important environmental

deposition indicator
6.2 Epigenetic (formed after deposition and burial)

Common symbols

LEGEND

Structuras

Litholo nioemal
v i micrafault

Sand! | DiamicyDiamictiio Pailive

Ea enEsrotault

Sandstone ith gilt/clay maitrix

4 siickensidas

fEverse
mierafaull

Sl DiamicyDiamictite
with sandy matrix

] siy
5 sand

T
?,a Wy coze ToVErse
s masiolauit

BN Ry

...... qur(ltzn!
Clayey GG nprles
sand gggg%g Conglomerate ... isolatad tamina
Sl o PlANAF
lamination
v vswil Diatom sl g o L“;zféfne
e Cooe " reccia ‘
e Siltstana chactic
@ podding
TNy o ! srasn
Hrdua) Radiclarian Sandy ¥ Volcanic ' Jamination
ot g OOZE st ash or tuff
. b . sand
lamina
sbbies?
4 Nannofossil Glayey 1 Volcanie = ;:‘unu‘l‘es.’sunu
3 chalk it sapili
= = narmat
*  gradesd
=
x L - ifversea
4 Foraminifer Clay/ [0 Valcanic H graded
o chatk | Claystone rryvieioge.d breccia clay
Lo e
lamina
2 ot eae HIR
Y Cnaik 1 Sandy SRR Sisized, sand- lamina
| clay e sizad sempentine g ook
firvvwivirvs arey fragmants
F 22 slump
o, 3 = i ] i lenticutar
 Limestonie Silty A j, Sespenting = bedsing
H clay : breceia cakite
fmm| GEmL
Foereoy ey :/ nirtaral-Hiled
Chert Sand- : ;_%.E Shaared phacokdal  Hracturo
sii-clay el serpenting

7. Porosity and Permeability

Accorsorien

mangeassa
concration

z zoalita
- lonegtong
oy pyrito

<> nodule

chen

T noduk

undoefined
< burrow

\,\.“ fosail

- fragrmant
shait
feagrnents

an  charty
- Fip-Up GlRots

== calcarseus

Contacts

sharp

,,,,,,, gradational
e gGOUTG

e BiGWIRAIRD

undulating

{nuited

e irlined

Bioturbatlon

abundant

Driliing
Diaturbance
alighitly
digharlres

moderataly
disturbed

highly
disturbed

soupy

siurry

ot me v —e e

daeforrmed

JU flav-in

< fracturea

oz tighly
#agmonied

&= biscuits

« Porosity (f) = measures the fraction of the total rock volume that is void space.

« Permeability (k)=The ability of rocks to store and transmit

- Cementation tends to reduce pore volume (porosity) and pore interconnection

(permeability).

— Calcite, silica and iron oxides are the common cements in sediments.

« Clean sands free from fines (silt and clay) make the best aquifers and reservoir

rocks.
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« Dirty sands have the porosity plugged by fine particles.

8. Hydrocarbon Show

8.1 Charecteristic of fluorescent samples (fresh, wet, dry)

8.2 Distribution

8.3 Colors

8.4 Concentration

8.5 Acetone color of cut

8.6 Chlorothene color of cut -
8.7 Fluoresence Chiorothene cut

8.8 Fluorescence acetone cut

ot Wikl Hiydirecarbon Shows angd Otler Fluabkda, amed Soweree Rocks
Frdircsarton Shoms arnd Oihae Fraidgsiit

{I5TAL]
FARMICLE
8

ENVIRONKENT
DEFH A Tors

it
ACGERSORES
SED. £ERtRes
FERARKS

ENGR DATA
SHOWG
FORDAIFY
LARES
LITHOLEGY

F

- {0LeR
<]

oo of) arsie

Craveed bas mewesesiiessy] eod] sstosdce
el el ePryayrcd STy WReished
TETy S e il

41 e @asEiemay b5 il

FToad ens o T i asres seos e e

¥

H
]

B X

BrnreE Ol Hoso oo oo s e

Frone simim, 1aint Set fHanos eoarics
I e i e mia 2 Unda 13 AT g

Tam imciicadmmnsg

Satn weaitar E
5 Busfurous Sl vwisber
Tt Frosr: eymboe

3 SEtarous IneEn wesiar

SHIGINCn  FRualwxiom (R

U
i

Ko P RE Crngesirefal enmey

T TR R Pt %] SR TS P PO LRSI YT LY

11

i

AT Pt Wit ien SPobC Do ras el Lnsfer tha
S {AT D STy Rade 3 povsn bk mopnimibEaal, Sk mhceas N LN s b

CEROSTONCN S R rdii Ol frsiihcmens menrnpebon. s
ST R ORI el ncney I B magrr i kg

T

TH Aastadeildescriotiism ol el onilisant shons s S e Se oW HlbeE 15 1he terrarkss Ge ko m T eissesresdiaes
TV i) Smeserite LT B RIam e li By f e T 3 0 0t et R sy e i BIPanG VR b e haoer  SER FToms OO i Py, (322 15 . G kT
L R W EET Y T ot T o)

SR o itheireg plals of Sl erme ke AT st r Tty e s mRon b ne tdtsredase] de tlres T P TR O B T,
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Example of Lithologic Logs

[ = — Lithologic
;_%: & T2 E | Lithologic Description
o L2 B o 9 o
Lrl 1LE . : =
. T oo —r —
| wsgper |LIDper] b e ~___ | Red claystone and sanstone
 Mio. [Fars (20 [— T e T | withiout marl

=1 Alternation of redclaystone and
=i sandstons with cecassional mar)

10l

2 Adternation of sandstone . shate
v teme e 4 o partwith ocassional beds
- 23 of 2ooem fossiiferouslimestone

e

12

Miocene

| T of well bedded  paclage of
medism o coarse sandstone,
Aasaer Bodded, cross stratified an

CENOZOIC
TERTIARY

Lower Fars (Fatha) Formation

T ey~ ripple Mmiarked laminited {at top)
Iriivieieteledel and laterally extond to Gkm
S it 3 e :D: Sandy  Galecareous shale with
e TR T s | skolithos trace fossils
_ N N p RN, Bedded or nodoular or laminitic”
ZE H WV VW VT W WV SLITEY
] W NE NN N N NN oy
e e T e e ] Green mard with gy psun
&
6 = *_"E"" wir—e— Limestone and chert
“‘&";.,..."‘*w*:_;;::“;ﬁm.““‘ parsconglomorate
% o 1 Chalky sparsly fossiliferous
=1 e §120 i i _ -
5 £ A . T ?iﬂftestona
Yule #9 - Oif Zone
T b g LT e R i s 3 -y 7
T e % g - -
“ LS S . : -
B ! .
TEL . T
2 g 11630 P i '
. : ETppr » j‘::» n e 2T pARSE
e 2 i i ] -
G-5/8", S8 K-55 casiag H
ﬁ@ 7,200" to surf, : 3 kY ] p o :
T.0. (Driller) i =
‘;.2"‘0’ Fu b Rennd - rla fwhe yi 4 i
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2. Well logging methods and interpretation

Well Log

Resistivity

Ig

LY
%

Y
{
Wt
{
4

{

g
[AFd
2
A

[

T\ LA

Wireline logs
+  Wireline logs, Well log, logs wia niswdvasdiluniguiany
« flumsiEudayasuiReasiuRiuriansasnasdauaasiuaigniniuluduiu

i THEAVELLING
:j/awca
1
THILLINS S WM DU
1 TEP PULLET A%ND AT 0TS
H }

SUAFASE
FLECTADMLS

) H 1
D“’}ij H T DUPTE WRERL

[}
{
i BOTTOR
4
H

DRZL ! PuLLEY =
RooR [ et
H ] /
b i — ,
_g;;_ uuuuu % . suREncE - ROAD-GOING
snos | L o LOGGING VEHICLE
did
BGREMOLE {! WHRELINE CABLE
wekse 1 /mn TABLE HEAD
e Y
g GAMUA BAY i
/ DETECTOR :
5 I
scresoie { DOWN-HOLE
SETECTOR | LOGGING TOOL
sEnmTe ! OR SONDE
] DETELTOA %
RATRIALTIVE i
o B 4




What do we need to find out?

«  Rock type?
« Sandstone? Shale?
Limestone?
»  Rock Properties
+ Porosity
» Permeability

» Bedding Orientation
+  Fractures

«  Fault

+  Temperature

¢ Fluids
«  Type (water, oil, gas)
+ Saturation
«  Salinity
+  Pressure
« Engineering
«  Well trajectory (coord)
« Shape of hole
+ (Casing Joints
»  Quality of cement

What for? (Log applications)
+ Lithology type
+ Stratigraphic correlation
+ Formation Tops

« Quantitative Oil, Gas , Water saturations

+ Porosity & Permeability

» Correlation with seismic data

+ Sedimentological studies
« Reservoir modeling
« Structural studies etc.

169



170

Wireline Log Type

 Open Hole Well Logging  Cased Hole Well Logging

Log Types

« Lithologic Logs » Other

~ Spontaneous Potential (SP) - Dipmeter

- Gamma Ray (GR) ~ Caliper

» Porosity Logs - Temperature
— Neutron -~ Acoustic

- Density -~ FMI

— Sonic — Many more ...
» Resistivity Logs (Fluid Type)
~ Resistivity
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'l_thology (in some cases), L

Spontaneous :_ [Correlation, Curve shape |
potenttaf (SP)Z__ .+ [Natural electri _ppte_p_tla__l:__;-:___: : __fanalyszs, Identlfy porous zones
Resistance to electric Identification of coals,

Re51st|vn:y current flow ohm.meters |Bentonitess, Fluid evaluation

o - (Lithology (shaliness),
_-._.l_.:Natural adtoactev:ty relateci | o _fCorreIatton, Curve shape
GammaRay - -

[analysis
Ve!ocity of compressional Identxf;catlon of porous zones,
Sonic wave msec/meter |Coal. Tightly cemented zones

;: Evaluatl_on hole condxt|on, i

Caliper

{Reliability: of other Iogs _
Identif“ cation of porous zones,
Crossplots with sonic, density
Concentration of hydrogen logs for empirical separation of
Neutron in pores % porosity  {lithology
' Identlﬂcatton of some _
SR e - inc ol : i_ltholog'les, such as anhydrlte, S
Density =~~~ fluad |n measurement |halite, nonporous: carbonates
Or:entatlon of dlpplng
surface by resistivity Structure analysis,
Dipmeter changes stratigraphic analysis

Borehole environment
AAEANUFUTERINMSIAERaTNsudessdl lunanany ienniladuaasdiuda

1. ennuduludiuiiv (Formation pressure): pressure occur from fluid & gas in formation
under pressure condition

2. anudunasaaduminasdriaay
Anuduzavaadnizasthinauiuagfunnudnuazanumuiniueacitaay Po >
Prormation= =40 {2ilas Auusedunteluduimbdushulafasdulimmsuaneiaiain
WANLATAGMSLREUNY dauwan’tuﬁﬁaau{‘ioLﬂuwaauﬁoaetﬁmm‘saeaﬁﬁnmeatj TAnils
namazusnaiiilufuiuihdukwlsdesanin Mud cake sHruimifluzasivardodunia
Mud filtrate a¥'mainld utuiuthdushuladulvuasivadiesagluduiuinbugy
adnwin'ld luduiiu
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uAnamilinnsuvsndlzasiiinau (Invasion zone)
sgunsaudvaantediflu 2 drulunaiada
1. Flushed zone {lusghudinavlnaduiiiasaglutufiwmindushuldfonungaunudise

mud filtrate
2. Transition zone (flusdhurizasinadudiaaag uduituthduduldudiugnunuies
mud filtrate

. virgin or uninvaded zone &a v5a mud filtrate ligansaunsastun e

B— Resistvity of the zone
O-—‘ Resistvity of the water in the zone

&.._. VWater saturation in the Tone

FOLE
DIAMETER

Borehole Condition for Wireline logging
+ Avg. Depth= 6,000 ft (may be 1,000 &v 20,000 ft)
« Borehole diameter 9" (may be 15")
- Borehore dip 0-5° (onshore) and 20-40° (offshore)
- Bottom Temperature avg. = 150°F (may be between 350°F)
+ Mud salinity avg. = 10,000 ppm (may be 3,000-200,000 ppm)
» Wt of mud avg. 11 Ib/gal (may be 9 -16 Ib/gal)
+ Bottom pressure avg. = 3,000 psi (may be 3,000 -15,000 psi)
+ Thickness of Mud cake avg. 0.5” (may be 0.1-1")
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Formation parameters
Tumsuwlanuuuiadayaildaninnsudessdiluvauae foddnfdasifmaasday 2 fHuda
1. shusznauwaeiiu (constitutes of rock) lad 1ifatiu {(matrix) iuduau (shale)
aadtua (fluids)
2. sesua@uaeHiusiu (nature of formation) 6 anuwgu (porosity) duilssd@niaiudy
16 (permeability) arusihuvnuldn (resistivity)

Matrix |+ ddudssraumastudi@u |+ Clean formation %mnmﬁu
adun j.'«ua\swﬁa ﬂnnuai'mmﬂu e '_ Hum‘tﬁumumuuqusa
RN IR .'_'-Humumumaﬁumumum ﬁumumuﬂ uummmsna&u
e ._ﬂsxnau‘lﬁmmmuanﬂuﬁ A e peae

Shaly format:on wsa DlrI:y
formation duiunfiduintien.
fmauumumuﬁ“ﬂumasmsn
”Vﬁaauaq

~d9q (grains) uav mvﬂa:u
aJ's”mu (cements) £

Fud | dhapafarduie mmﬂ_-mm‘ mﬂ’ju uauﬁmm_; |
| 1 sﬁannaummmu‘éﬁm o
ul _.ﬁ -:_._____-_m\'iq"l'; amﬁlumu'ﬂww'mm E

Structure of Shale

. PORE  LENINEG

=) FORE DRIOGING LI

Fem DTS Wi EEpieee Tpiee WraS iRaiTiteesinns oF dismeerac astlvgreris slay menooal e do pane spase Qvoen Roasboam. 1T}
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Logging techniques

nsuifessiinauiaty WWadasauidsng aasduinuluvaniaiviy aunsautvaantsiiy 2
aNHULAa

1.

.

mMsiaavitAaduaseiusssuaing (Natural phenomena)
Natural gamma radioactivity (Gamma)

Spontaneous potential (SP)

Resistivity (R)

Formation temperature

Borehole diameter (Caliper)

Inclination of borehole and formation(Dipmeter)

. mMs¥adildainnismwidosa (Induced phenomena)

Electrical measurement: Induction log
Nuclear measurement: Density, Neutron
Acoustic measurement: Sonic

1. Spontaneous potential or Self potential log (SP Log)

One of the oldest logging measurements
“ Used commercially in 1931
Discovered as Noise in Resistivity
Found to be Related to Presence of sandstone

SP Log Properties

-

Measures natural electrical potentials that occur in boreholes

“Battery” mechanism caused by drilling with fluid that has a different salinity from
formation waters

Ions diffuse from more concentrated solution (generally formation water) to more dilute
Ion flow an electrical current
Potential measured in milfivolts

The earth well works like a battery
E = -Klog (aw/ams)
When: E is in millivolts, a,,= water salinity, ams= mud salinity
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Principle of SP

Volimerer
Sheave -,

o} maREHQLL b

AATTAPLLLIRR RN

VLRBED FHE

FIGURE 3.18 Basic ssrangement for the 5.9 log,

. tAhdr
s deabwe

Ion flow is easier in permeable sandstones | @ i 1w

As luariguaasnszug Wi
nsiuadnupasnsenalWrhiguuauianusonsesiunetuii(electromotive forces, emf) {utiu
Aurlsann

1. anueaadnelWilad (Electrochemical potential, Eo) 1Aa'lelu 2 dneay Aa

liguid junction potential (Ey; Yuay membrain potential (Em)
E.= E|j+ Em
2. eamuavdnedlWilidana (Electrokinetic potential, Ex) anadunii streaming
potential (Emc)Waa electrofiftration potential (Esp )
Ex = Emct Egp

Etotat = Ec+ Ex

Total Electrochemical potential, E.

Total SP Picture
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Total potential
- anruadnesiu (Total potential)
Etotal = Ect+ Ex
~ e B < Ec tusnavhhlududusidaundugs (@amusumuididniasnii 0.1
a1y -ues) uazanuuanawuasauaudaliunn (dsyunal 200-300 psi wialaunin )
gunsaaylsiin dr B unsamdials

~ gen By ardufinadudranusiedndsiy dainiufadnduasadiaiunanauasaiiudy
n3a K (permeability) sihunn

Condition for SP Log

+ SP log measure the difference of the natural electric potential that occur in
borehole

»  Mud properties==Conductive mud: water base mud
« SPlog can not work in
- oil-base mud,
—  Air or foam drilling,
— empty holes
- cased holes
+ The SP electrode is built into different logging tools for example:
— Induction log, Laterolog, Sonic log. , Sidewall core gun etc.

RECORDIRG VOLTHETER
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1. Conductivity mud; water base mud

2. Salinity: Water salinity > Mud
salinity==electrical current flow

-
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sziuaminng SP Logs

1. wanuduiusssuinetuiiy (correlation)
2. fmmuaanwosdinuasiu (lithology indicator)
3. Taflssanamanunsunasaanugu'ls (porosity and permeability indicators)

4, Yaaanusrumuliihuszaanuduaanilutiuiiudaiu (formation water resistivity
(Rw) and formation water salinity)

5, ldrimuadiuniaractuiufiuniu dudu viadstna dadiunasiuduaiu (lithologic
indicator: shale, coal-seam, shale fraction estimation)

6. Td9wmsievinn Facies anngisreanwasaasnsiy (facies analysis)

7. Tadrmsuaainuduldisgtunsdluenaednduastalasarduauluiudu srudnisanus
AILUIAINENDAYsA RN RYDIAUILRZUNTU
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SSP (Static Spontaneous potential )

SP (Spontaneous potential )

- msiraszudlivhluwihieausiafinng
anasnseus iy gamrluasuad
(idealized condition)

- msiadausdndldihgogaiauiy
anusadnd Wi AaduTuefy
AUGueIU

+ ¢ SSP tudfusiuduau = 0 Bun a1w
siedn g Wi lugu Audueuii Shale

. asSansuudliihluinieauiiadiaas
Tnaunasnsznd TugnILa’dy

« @1 SP 1l peak fidiasnit SSP Banin
Pseudostatic potential (PSP)
fuariy
- anuvunaasdutiu

«  enanudunmulwduas
invaded uae virgin zones

base line «  anudnuay invasion Usuaa
ARIUIRY

Hmfeq s

Ty . s e s Rmf
SSP=-K¢olog| % | | G 13374 61) log
weq T Rwe

Fmfe

SSP=-E, ®log| ——2

Weq

SSP : potential in mud when SP currents are prevented from flowing (idealized condition)

SP: potential in mud when SP currents are flowing
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luaasiaeitll nasuuasanusedngi Bundt Static SP (SSP) s uisad uialannaunis

K. =65 + .24 « T(°C)

Rmfaq
SSP=-K, olog| —— K= 61+.133« T(°F)
weq
sSSP is Static SP (mv) measured from a shale baseline,
R is equivalent resistivity (activity) of mud filtrate at formation
mfeq temperature,
Rwe q is equivalent resistivity (activity) of formation water,

Shape of SP curves

SaLe
BASE LNE

Normal SP

B pt e vy
AL E TAMNDSG

THICK CE A
WET SAND

SHLE
EASE UIKE

aSRP

s —

TN =R rFSP [

TrIMN ZAMD

THAGCH, =AY

TRAEDK 1T ES ST
H£AS SaEND

M P 2 =

Reverse SP

THICK TRALY
CALD S ND

s <= Ry [ o

K oalog LR~ R}
pler.n 10O E

R > Ry :SP deflects to the left (- SP)
Rt < Ry :SP deflects to the right (+ SP)
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Shape of SP curves

fle bascling -

Band bascline

Shallow depths Intermediste depths Normal S.B.
{teversed 5P (suppresscd 5.P.)
Salinity of mud > salinity Salinity of mud = Salinity Salinny of mud < saliniry
of formation wazer (fresh) of formation water of formation water

Spontaneour Potential (SP)

— 20 v o
2S00 T =
: J
Depth E «c':'l
(Foat) ! L
200 : ‘21 E
: ]
; ]
g = 2
= = FLOWERFOT
: ;B SHALE
g i [ =l e, aabydritke
% : : g shale o
! rol 2
2700 : ; =
H . H 8
3 P =
I R =
l i CEDAR, HILLS =
ZBROO : SANDSTONE re
1 SESP 1 srange-pink, =
L fimegrrained,
B O H sub-roundod,
; ) friable as. =
; nI
i ﬁw— H
2000 : st > SALT PLAXN
: <] : FORMATION
1 ' ceddish-brown,
i : silky shale
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Factors influencing the SP curve
dnwmiznavzag SP uarAAnlndiiAindy duagfunatoiiady
n15inata SP Tdldlsdavianuseinsyietladueeglaua
1. eununaasafudiuduie:
2. anudunuiihaasdusiuduitie nasarnusruniuiwitheas mud filtrate: SP
,Rt/ang (in \'?lrgin Zone)
SP T,Rxo/Rm ? (in invaded zone)
3.a2udnwavdu invasion: SP | ,Depth 4
4, \Junnguiinatgnasuauany: SP év, diameter T
5. anushumutiihaasdusiuduaiu: SP |, Rsh
6. asisznaulaiasasuau: SP \L @ HC zone
AMuBUIaItuRudii e

(. 100 mY i 00 oV
- SP % ,voltageinmud | I \
— . . - <) b /_,,__,z
. SPWSS_P. Rt<<Rm when thick A8 2
formation g !
» In thin formation can not occurs the ™~
completed current B EEEEES
« Thus SP | Formation thickness |
v F=Ss=T! ssE==z:
| ; E==%;
cE=_ D50,
e Ay =21 Ry
o Parmesbie Strata = impersibue Strats
— e Stagie 55 Diagram T < |
anusumuiWithaasfudududtiduay UL B W
auaunIuiidiaay mud filtrate o i
=] ““:,«-—
+ Invirgin zone: Rt/Rrj ,SP 4} S o
(cause can not indentified the
boundary ) ml .::::..,_,-—:.g"j.
- SP | at HC zone
+ SPinshalel , Ra/Rn 1 ssesrE) srezzEl
« InInvaded zone: SP 1 ,Ruo/Rm 1 ]i -
=N N
A= F,y, Py 21 Bty

o Permestie Strata mpervi‘ou-; Btrats

—_ — Statle EF Diagram e SR LOL



Re=Rm=Rs ; SP curve clear & SP =5S5P

s Re=Rg= 21 Ry ; SP curve not clear & SP< SSP

Irregular anomaly of SP curves

1. Highly resistivity formations or tight formation

SEss * =
I &1 I . | B
> T T r T

-l I I o— - X .
e, s gl b q S PRI, 23 T

.

W] i 1 1

ST T 11

fa
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7

i

%24

Schematic reprasentatign 0:
tormuations and S.P log

Schermatic istrbuton

at S.F currenis

Shaie [impersious and comparatively @onductval

E Comoact Farmation ivery bigh resntivity)

Permeabte Leomparatively conductivel
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Response
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be detect
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2. Shale baseline shifts

Spnlaremin E@lni‘&‘l 150 Cammn Ry
— KTN'@; P AF wzip b}
L
it 4
Shale A . 2
A
A
- :’é‘% :
- 3
s
_ X
Sandsione B 2
Shaia C
Shela €
Sandstong £
S Ehaie G
Sandsione H
Aer = 0.2 a8t 165°F

tleyuuazdadfinuag SP log

Tamnareginulalunisdsegnsle nswlaas SP lu nsAnianiwwiasanaasnisie Lz

1. grfinsl@uuutlaearnnuidunanih lutdufiunse aunssiovin A dneasituiiunsaafi
itdy uaavdnasuiiautuRuduay

2. M3t Teauuansedutulunsaiswauntieq asfinaluifianisildsuntasnsivuag SP
Tamawzdla mud filtrate uag M tutdusiu ferausumuviy windu vintiudasaindluduy
AUAUAIU

3. lumnsnsdlaaungiifinanansiwuag SP

4, funnaidfaviainiu @1 SP azanag

5. aslafnsane SP s1dunTzasa s umulWiy asmssmanzduusaffuduiu
e -Auduau daudy usagladlails nadduusnaiduinialiviud farernungunauass
anudnaasirlufuiiuge

6. SP log s usavintunguazuiy (hiffintaau) wWiavauily Oil base mud wianauilas
Casing wa?
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2. Gamma Ray Log
+ Lithology log
+ Measures natural radioactivity
« Uses a scintilometer (Gaiger counter)
« Potassium (K), Uranium, Thorium, Phosphorous
- K - abundant in clay - shales
« Unaffected by fluids
» Gamma ray log can work both open hole and cased hole
=GR log can be use for replacement SP log
+ GR logs can work in salt mud, air or oil-based mud (non-conductivity mud)

Objective of gamma ray log

1. wanuduwudaasduiu (correlation)
2. sufiutsuamastiuiufuniuluiuiu
3. Swmszvuiiauasus
4
5

. uanuflauasBinaassiaiitanildan
. Fofununifiag tuduiiuduany

Principles of Gamma rays
+ Three naturally radioactive isotopes abundant in nature:
~ Uranium series (U-235, U-238) - fixed by fine-grained organic material
— Thorium series (Th-232 )— absorbed by clay minerals
— Potassium-40 (K-40) — part of clay mineral composition (particularly illite)
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Where are these radioactive element found?
+ In zones containing potassium feldspars (i.e. granites, feldspathic sands)
« Volcanic and igneous rocks
« Sands containing volcanic ash
+ Clays
— Shales tend to be more radioactive than “clean” sandstones, limestones
- Exceptions: feldspathic sandstone (k-spar),
uranium mineralization in carbonates, etc.

Gamma ray tool
+ Scintillation detector (originally Geiger counters): present use sodium iodide crystal
« Measured in American Petroleum Institute (API) units
— Arbitrary scale

— Calibration in API test pit at U. of Houston — 200 API = 2x average “midcontinent
shale”

Gamma ray tool
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Gamma ray Application

1. Broad-scale lithology: “clean” versus shaly units
2. Quantification of shale content

3. Stratigraphic correlation

4. Depositional environment identification

5. Quantification of radioactive element content

Estimating shale content
. fiasansasuiuaffilnfanuduussuwidudaiudiutssnauvdnastiuiiuduaiu
gotuBiansalddadunuuviiaisdurlssfiuilzunmnsnas  shale-volume indicator

. Gaxnma Ray
GR — GRmin 0 APT aumits 150

GRmax — GRMizdpa
feet) e

Vshale =

raneros Shale

-
e T

100

GRmin ﬁ‘;';g GRmax
=18 = 150

Vshale=(85-18)/(150-18) =51%

Spectral Gamma Ray (SGR)
Differentiates the different sources of gamma rays
: Type and quantity of radioactive element
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Figure 12.5 Thorfunvpotassium ratic plot for mineral identification using spectral gamma ray ¢
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Table 12.3 Sedimentological inferences from spectral gamma ray data.

SGR Observation

Sedimentological Inference

Presence of glauconite

Marine, mainly continental shelf origin.

Plhosphatic deposits

Marine. mainly continental shelf origin. with wanm water in a reducing
envirommnent.

Uranium Low energy. reducing conditions

Clay type Analysis of depositional envirommnent.

Bauxite Warm, humid. continental environment with good drainage.
Feldspars Indicator of the degree of evolution of sand facies, only found in

abundance close to the igneous source,

Table 12.1 Interpretation of spectral gamma ray <ata in carbonates,

K

Th

N

Explanation

Low

TLow

Lowr

Pure carbonate, no organic matter or
omidizing epvircmment.

Tow

Low

Pure carbonate, organic matter,
rediteing envireoument,

Tow

High

Not a carbonate, or shaly carbonate
with raver low 15 high Th clay
minerals, 0o organic matter or
oxidizing spvivonment.

Low

High

Not a canbonate o shaly carbonate
with rarer low K high Th clay
minerals, organtc manter. reducing
EnVircIlent.

High

Lowr

Fow

Glanconite carbonate, no organic
matier or exidizing environnent.
Also consider K-bearing evaporitas.

High

Law

Algal carbonate, or glanconite
present, erganic matter, reducing
environment.

High

Saoly carbonate, o orgame matter
o oxidizing envirommens,

High

Shaly carbonate, orgaaic matter,
reducing environment,

MNote: Sivlolites can locally concentrate U elays and orcanic matter.
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CHARACTERISTICS OF GAMMA RAY
1. lunsiaefunuyi Gamma ray fiftaglufiunusssuang lifinsinaaauiingg

2.
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WO N O

szl la 9 1an
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Tailstasald Tudiuyu

iisuﬁuuaiasﬂﬁmzﬁﬂmé’nwmsmaﬁ Curve iawsiy
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16 t2du SP Curve
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f19natvuag Slope uag GR curve aziludruansyay Top way bottom uavtiutiu

GR curve agliflfgutiuay base line naaiaulsifuwin (+)

GR curve danmsanatadusiusofAfivialudluduiuisanss

10 GR curve LifuAunuauasuauiany wialduanazdnsuanauaniate (Enlarged bore

well)

11.GR curve aglifluansenusiadtunuviangviansas fidaselinarludaiiaia
12.GR curve ar'lifinansenuny Formation fluid wae Bore hole fluid
13.GR curve aglhivanauauiifaasuiia Formation fluid 1a 9 iwshzar Gamma u'ldduatiiu

F A S Lo &
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Log Shape — Depositional Environments
« Gamma ray and SP curves sensitive to
“shaliness”
- Different types of depositional environments produce stratigraphic columns that show
characteristic changes in lithology/shaliness
« Use vertical GR or SP profiles to identify depositional environment

Log Shape — Depositional Environments
» Caution: Similar curve shapes may be
produced in a variety of depositional environments
E.g., “cylindrical” — braided fluvial channels, submarine channels, sharp-based
shorefaces, carbonate shelves, etc.

« Use in conjunction with other lines of evidence (core, lateral correlations, seismic data,
etc.)

Recognition of sandstone depositional environments
of as E oo ¥ G = ' o
Asvaae SP Minanntudunseasivdnerasiamisadeuanss

- Boundary: uaasdnmaizaisldsundasaranusadndiWihatietiaausdianisunsnadu
291U Huduaiu duruduaiutunsie

. Interbedded: dnwanisunsnsduadtiuiiu way Grain distribution: n1snszanadIuag
unuadidannznau
Turtuiiunsa (Sandstone)

- dnsazuasnsviuuuimlan (serrated) Wlavainan SP ldfuransynLatoNIAAA
a5l &auudlalBn aiuduaiulutiusiu vinld nsuandednuaisnnsnsyatadiuag
dinagnauvinladunduy

— a5 aad SP Mifeaautuadifluiiunsig avasunsawdaanuminatudneawuas

mIanuunuaInznaududuuy (Fining upward) wia asiAnzadud unu
(Coarsening upward) _ i
. -_ -

« Sandstone with thin shale
interbeded resuit the saw-tooth
pattern (fnauzWuLdan) e |
« Upper= abnormal of SP > SSP

Hole

s s s,
i — —— — b

Lot ol oo U oo v o—

S
B ) s
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+ Under= abnormal of SP< SSP
« This abnormal result from mud filtrate deposit under shale bed

FESISTIT Y] 5P m?ms‘:ww\;!
i i Y -B- o S )
e T AP TY g 3 1] S IO
e emeed 2 L) S o
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| e

femednr gy ol
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Shape of SP graph
ssoRugu 4 wuunasnsuas SP Aialsandusiunsy dun
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dsenaudurayadug iy Auiss uisfiuainuauiaie usu
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Shape of SP graph
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‘General Gamma Ray Respornse fo Variaotions in Grain Size

Cylindrical
GR->

Aggrading

Eelinn, benided favinl,
chigtribiutory channel-fdl,
subuniarine canson-AlL,
carbonate sheffmargin,
syaporite fifl of Basin.

Funnel
GR->

Prograding

Crevasse splay river
soouth bardaliae frong,
shoralacasubymaring
fan foba, crange fram
clastic to carbonates.

Be!ll
GR->

Retrograding

Fluwial point ber,
tiddal pelit bearn, desp-
tlclak charosel-4ill,
tidak fint, wangrevive
shell

GR->

RAsworkad offzhare
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shaore face defta.

Symmetrical |
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Serrated
G
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=
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Aggrading

Fluvial floodplain,
eirrn-elaminatid
shuafl, and distal
deap-marine slope.

OGS Mg

Gamma-Ray Log Responses of Some Glacigenic
Materials in Northeast Indiana

T ¥ e et frcen Exnvtey FORM

Gamma Log (counts/second) 4 Log
? 5::3 100 1 ?O Material Response Origin
H
Silty clay Meoderate to high
i Silty clay toam defiection
MModerate to low
variation Basati till

Eoam

Sandy loam

Uniform: responsea

Sand and graveal
Clean, rich in
quiartz and
carbonate rocks

Low to moderate
deflactian
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GR and SP curve shape vs. Environment
« Depositional environment: Use GR and SP vs. resistivity curve
» Resistivity curve is opposite from SP curve
+ Resistivity log can identify coal and dense limestone but SP can not identify

+ GR & SP curve:
— Bell or cylinder pattern in Closed bay
— Funnel pattern in Barrier island and marine bars
— SP curve show close to shale base line in Pro-delta
— Serrated pattern in Regressive sands in delta front
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SP vs. short-normal device curve shape
1. Regressive sand

S50
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4. Turbidite

Idealized Facies System Log

Facies
SP System

Character -

5. Constructive delta

Progradation
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Progradulion = line copnecting suocessive depositional coastal breaks
that buikd seaward

e lad

L.obate

Elongate

R ]
Pk b

AIFLARATION © 5

Hadiflng from Firhar WL, 199, Factas Sharactorization O Gull Coust i n dafis aysiems,
aan1

WAty sOma Holacans analbipues: Sul G,
Trerunckicns, v, 10, g, T98-261,
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distribution paltarna (G, P} ara diffarsnt for 1ho two 2eolta typon, but sands ars
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3. Resistivity Logs

Wireline logging

Several tools are run on each logging trip into the
hole.

First run will usually be a "resistivity run" using a
combined tool "string" (several tools attached
together) consisting of a gamma-ray tool, a caliper
tool, and three different types of resistivity tools.
The log generated from this run is called a "Gamma-
Ray & Resistivity Log".

Resistivity Log

Resistivity measures the electric properties of the
formation,

Resistivity is measured as, R (Ohm-m unit)
Resistivity is the inverse of conductivity,

Related to:

Resistivity Log in borehole

Ry, is mud resistivity
R.o is shallow resistivity
R; is medium resistivity
Rt is virgin resistivity

Fluid content (hydrocarbons/water)
Porosity

Mineralogy

Temperature

Measured in several ways

157

Reaesistivi

Undisturbed
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Resistivity and Conductivity
anusruvmullidn (resistivity) 2asingleq iluaisiasinssasdiunisivasas

assualiiduasiuiagiiug 4 misedlu ohm.m

—  Water: low resistivity

— Qil and gas: high resistivity
m'sm“tww': (conductivity) zavinglaq wWunsiaanusunsalunmssantinszuginvn
tuianifug wia anvamnsalumniwihdadugiuadufuaiuaunmuini Swie

Wl (s/m)
—~  Water: high conductivity
— Oil and gas: low conductivity

Electrical conductivity in 5'm

10 1 0 1O .i -+ 1= 10l 1 In 1= o o
z lgneous Rocks | | Fresh water | Ore E‘;ﬁmmlﬁ |
§ Sedime nia?ﬁ'? Rocks ' |
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Specific resistivity and conductivity in rocks
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e aenuaum e Tudurudueiu iasatnTudfuransaiin Wil (SP g9)

« e lWihaasusduAats 2 dneae da s iwihidasanntiiaglulasssssuaustiu
WAL TATIRS IV YAILIAULDY

- Taseafnasusfuiiuiiuuas silicate dofiandudlsyaay vinlvdszauinaasfaaud1aqun
sausauwaziudidy Tuanauastifisansay Na* Sndfunily shfAdansavusdumand
W¥and1 Bound water

Resistivity devices iadaviiaiaaianusiuniuini
UANAITY NI

—  psdenszuatidina i tuiuiy wariansaauauasuasiuiiy Afsanszuslwihidss
'l Taslddsuduanatiihgded ersvagiteseninefmdenssua ldndusaty
Sy iihdlaefidnis drsvaninsssuinedsenssuatWihdusmiuduanavdiag
Wughimueanudnfieiasiaazaunsaiaan 'l tuduiuls

Type of Resistivity Device
1. Resistivity devices or Conventional resistivity tools
1.1 Non-focus long-spacing tools
- 1.1.1 Normal configuration
1.1.2 Lateral and inverse configuration
1.2 Focus long-spacing tools
1.2.1 Laterologs: which are used with salt mud.
1.2.2 Spherically focused log (SFL)
2.Induction devices; which are used with fresh water base mud

3.Non-focused Microtools: Microlog (ML), Microlaterolog (MLL),
Microproximity log (PL), Microspherically focused log (MSFL)

Resistivity or Conventional resistivity
tools

It consist of
1.1 Non-focus long-spacing tools
1.2 Focus long-spacing tools:

- Laterologs

Lirfooused -




1.1 Non-focus long-spacing tools

1.1.1 Normal Resistivity Tool

Spacing of electrodes determines penetration
NORMAL

Short normal
- SpacingAand M = 16 in
Long Normal
- Spacing Aand M = 64 in

Normal devices: 2 current electrode (A, B) and 2 potential electrode (M, N)

1.1.2 Guard or Laterolog Tool
The guard electrodes focus the current in a narrow disk

GUARD or LATEROLOG

201
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1.1.3 Induction (Conductivity) Tool

Receiver coil measures the induced electrical

INDUCTION

Resistivity logs and Induction logs

Resistivity logs: ausuniutuiia (electrical resistivity) ansfaailluanusisalunis
sumums vaussnsvua i uingiusg

Aanusunulihaastuiy sunsaialdainnis wdsuwdasnssualwia (current
variations) Taula t3asiia electrical devices

Induction logs: n1siaanansuldsuudasanszuatwihmidanin (induced current
variation) Taela 1e3avfia induction devices

Comparing Laterologs and Induction Logs

Induction logs and Laterologs are complimentary,

Induction logs provide conductivity (that can be converted to resistivity).

Laterologs provide resistivity (that can be converted to conductivity).

Induction logs work best in wells with low conductivity fluids. (fresh water base mud)
Laterologs work best in wells with low resistivity fluids. (salt water base mud)

Both logs provide a range of depths of penetrations and vertical resolutions.
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Depth of Investigation of Logging Tools

Logging Tools

80 cm

—

RESISTIVITY

=

80cm O

5

40ecm g

RADIGACTIVITY 30 cm g

__Ki, 20cm %

ACOUSTIC SONIC 80 cm
A MICRO RESISTIVITYad 5 erm
RESISTWITY MICROLOG®] 2 &m
¥ ; 4 ’ ' DIFMETER ®1 0 cm
250 cm 2040 150 100 50 Ocm

DEPTH OF INVESTIGATION

The Borehole Environment
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Resistivity log depth of investigation:

“Microspherical =~ ~ “Induction‘log

focused log (MSFL) (M)
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Log Presentation
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Resistivity Log Applications

1. “True” Rt Formation Resistivity
Fluid Saturation Sw from Archie’s Equation
Determination of Hydrocarbon-Bearing vs. Water-Bearing Zones

2.

© N O U AW

Geopressure Detection
Diameter of Invasion
Porosity & Permeability

Source rock identification and it is maturity.
Stratigraphic correlation and facies depositicnal environment.

TRLE FORMATION
RESBISTIVITIES

e
U .

p¥

M\""‘-o..‘ .

MEASUIRED
RESISTYIVTY LOGS

T TEE
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Werse poaainis
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Figure 19.25 shows the characteristics thnt are being looked for schematically.

Lithology

‘Unknown

Formation

o m————— Sy O OYPOFQUS
— e —— Medium Eormation.
Deep

Figure shows the response of resistivity logs in formations with various fluids (recognition of
hydrocarbon zones).

Lithology

- )
g g Separation
) 8
2 3
1 b H
| i i
. : i
1 | i
P & :
8
8 B
: g
H )

---------— Shallow | Irrelevant

—— e fedium

Deep

Fig. 19.26 The behaviour of the resistivity log responses for different formation water salinifies.
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msauun Hydrocarbon Zones _
Recognition of oil and gas in reservoir rocks is carried out by:

Oil shows in the mud log. Noting a difference in the shallow, medium and deep resistivity
tool responses. :

If all three curves are low resistivity, and overlie each other, the formation is an
impermeable shale, or, rarely, the formation is permeable and water-bearing but the mud
filtrate has the same resistivity as the formation water.

If all three curves are higher resistivity than the surrounding shales, and overlie each other,
the formation is an impermeable cleaner formation (sandstone, limestone).

If the shallow curve has low resistivity, but the medium and deep penetrating tools have a
higher resistivity that is the same (they overlie each other), the formation is permeable and
contains only formation water.

If the shallow curve has low resistivity, the medium as a higher resistivity, and the deep
one has an even higher resistivity (i.e., there is separation of HC formation)

Textures and Facies Recognition

_______ INODUCTION 8FF40
18" NORMAL
so ohm m=/m 100
IS} bbb b L 20
CYCLE 4
Use of resistivity logs to track changes of
lithofacies.
In this case the log shows small scale deltaic
~ CYOLE & cycles
TCYCLE 2
£
S
S
D
o
75 ?CLE 1
...... /




Tight Limestons/
Dolomite

Porous Limestone!
Dolomite by

Halite

Anhydrite i
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Gypsm
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Rich Shale |
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Sandstone i" 4 ¢ 4 §-.
with Pyrite #6444}

Talal at

Resistivity Logs
Deep 1

Variable

80-6600

Variabie
10-1,090,000

Variahle

H,000.inf.
10,680-inf.

1000

Variahie

<if)

Variable

<1
Variable

Variable

Tig.19.28 Chasscteristic resistivities from variows lithologies recorded by resistivity logs
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|
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ResISTIVITY e

R, >R,

210

Lithology Recognition

+  Gypsum 1000 Qm.
+ Anhydrite 10,000 - a Qm.
« Halite 10,000 - a Qm.
» Coals 10-106 OQm.
+ Tight limestones and
dolomites 80 — 6000 Qm.
- Disseminated pyrite
< 1 Qm (pyrite has a

resistivity of 0.0001 - 0.1
Qm.

+ Chamosite <10 Qm.

Hydroearbon
bearing
zone

Rt of HC zone is higher
than Rt in water zone.
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Fluid Saturation
Calculating Fluid Saturation

Sw = o(Rw/Rt Y or Sw= (Rxo/Rt)*®
(Rmf/Rw)

Where
Rxo= Resistivity of flushed zone
Rw= Resistivity of formation water
Rmf= Resistivity of mud filtrate
Rt= Resistivity of uninvaded zone
® = Porosity of formation

Gamma ray, Sp and Resistivity logs correlation
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Gamma ray uaz Resistivity

uannisudannuninaainns iy SP

«  BasicRule "A": \ila GR (or SP) the'lal
nzhuudaaily clean wazataily reservoir.
ia GR Wwen dndiy Shale zone (not a
reservoir quality rock). '

+ Basic Rule "B": Porosity logs (sonic log)
waaaA1 higher porosity Tidwvsuaing uassa lower
porosity lvnesiuan devsuaniniludu clean
formation and porous reservoir, §atiu nsiseuiue
GR ffu Porosity log aguan clean+porous zones.

+ Basic Rule "C": Resistivity logs @resistivity
ga'ldwnesinuan
A1 resistivity gae veuaniwdudy hydrocarbons or
low porosity.

A7 resistivity 61 Houandu shale or water zones.

iy clean+porous-+high resistivity vilu formation
1nazily reservoir .

© NONSOURCE

MATURE SCURCE

HiGH ¢ RESERVOIR

4. Dipmeter Log
Dipmeter tool:
Records the attitude (dip angle and dip direction) of rock layers in the borehole

' _Magmj-it::f North .

7 Poaition of | -
¥ Bleatrode, ~7L_‘

© Fuone 19-E Basic principles of dipmeter.” .. L




Dipmeter survey
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Log Presentation

L i

§-Duna Type | Longiiginal |- Dome. | Paratm!sc ITr\nwevse "‘;Bair.hanil_r
SPogh .. O R | I IR R e
T {Jupmdfreclwn : Pian viaw |2 L))? L}—‘H-‘ "'L@J
" palrtia L icurrenﬂlow*ﬁﬂ” L L D T 0 L I B R B - S
- : lglier E
_Sund I:I!e{i 12 R
s;raamc:hamel 18| v
: A8 o] S
StiaamChanne!
ClayPlug Fig
Marshor Swarmp
S E - lLogs are presented at tadpole plots with
Eotian Dpslngenarallysame R - i
' e ._‘*'m""" “*’m"a“‘ﬂﬁ“"“ the tail indicating the bearing and the
ity - B P .
el position the dip.
~
o 44 !N H
Flabd Blain .Eagu anis appearanc.e -
:' .::.:-Em?rpan; .é_" g~ Grructural dip : N

ssiuaizuas Dipmeter log
1. Tectonic or structural application

Ayud s ldannieiasiagnldiiudayatugrulunsivuaaiyuidasnuasTrseds v

el Tunsaiy

dnpndaanfifalndluaind i peinlafluiBaduy sueuasiayie aiatie

Wlaganarsudlsaninanslaseasne iy santdau sasdudalidatiias nsaaTdoinsemso
FAfotiuusanaug i Iaundady



214

1.1 Salt dome :
« winaladiaundadudnpidssmnasidiunnuasiaeanfiaviiainTeuiadaiu

True dip angle

1.2 Fault
saatausnuisadonaiiulaatansildsundasamundaam adeFunduannfiusdu
wllspavsamlawlddednAuinduniisnadsamiau




1.3 Unconformity
sandudd Wsaflasdunaannnmsiddaundasnfiameuasaiuuidsomnanafiunanie
T fendnyanils
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Structural mapping
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Sedimentary applications
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5. Stratigraphic application
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Calipper and Dipmeter in sand dune Dipmeter in reef environment

Dip Pattern

Structural analysis begins with a review of the arrow plot. It defined by the color
of the pencil used to mark them:

1. GREEN PATTERNS (GP): nearly constant dip and direction, representing regional dip,
sometimes called structural dip.

2. RED PATTERNS (RP): increasing dip with depth, representing drape, down dip thickening,
differential compaction, drag on faults, or folding.

3. BLUE PATTERNS (BP): decreasing dip with depth, representing drag on faults or folding.

4. BLACK PATTERNS: abrupt change in dip and/or direction, representing unconformities, fault
planes, or erosional boundaries between stratigraphic units.

5. CIRCLED PATTERNS or YELLOW PATTERNS: random dip angles or directions indicates bad
hole conditions, contorted bedding, fractures, slumping, or breccia, sometimes associated with
fault planes.



Dip Pattern
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. Hole caliper in
Recording operation

pane!
Caliper lop, average }-—-_—-—}ﬁ‘
. nole diameter, cm
5. Caliper Log e

a0 B0 zo
o T

* Sjze of Borehole
+  Size of casing
+ Detect cave or dissolution

Casing

2 Crevices

formation
« Detect mud cake thicness core
- Determination of lithology Tana

Caving
shales

Cravices

Variable resislar enolivated by caliper ars

Caliper Log

+ To assist in the guantitative interpretation of many other logs that are sensitive to
borehole diameter and wall roughness (rugosity).

»  Normaily run with GR or SP log.
+ The deflections Mud cake (smaller radius) and Caving (oversize excursions)
» Shales , coals and LS are lithologies that tend to cave.

> The absence of mud cake adjacent to a porous bed may indicate a tight sand or
possible overpressure.
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| LITHOLOGIC
DESCRIPTION

Shale

Sanclstones
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Shan ke

wrsissheod ouat

Sandstomne

cdolomitic
caboca rao s

s o maeritic

sh=aly

1040

1060

e om. s
b

1080

Shale

Sandstone

Strale

1100

Sancdstoreer

T 120
Shale

Soanclsiomne

Shale

Sandstone

I P

11 <0
Shale

calocareous

dkdabbbi

Caliper log graph and lithology
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6. Porosity logs
» dasiiadfeuldlunismanunguluiy leun

» Density log

» Neutron log

» Sonic log
wtasflawmaildyuananaain ANINTURavaI TutasIe warsE ulssnaumnsTuRiy
(matrix mineral)
aanunguir ldannaiasiiausarafiaatalvd i livitduwle dethlunsdrsiadeded
arudnilufiavdasldiesaciians 3 ufinlunsmmanunTuRTRLRaTusiy

6.1 Density log
» anuwmnuiufusuifuastududuntdeididndimiuns Ussiudnaninaaodiusiu dolal

Wuduiidassuisnanieninuniuaasiuiy

Density log galdifuiadasfiain

h A A A A . A . R S

AAIUBIIWL ATy (bulk density)

mmw;maaﬁguﬁu

dunienaoiissnauiu

ATaaunsazaNdInavfalududiniy
wiAaunuduaataiasasuoy

Ussifiuanauifuag dunsodd shale uae (shaly sands)
adiudidiueiau (complex lithology)
mmmahm'mﬁuﬁaﬁmmﬂmsﬂauﬁ‘ﬂmﬁuagjsﬁuuu (overburden pressure)
isufiuauas oil-shale

AsARauANTANINNanaIiuY

AnuruLtdusasiuiuiia s duanunuiutiunuzasdaniu (matrix) wiausvidsznauiiu
(rock-forming minerals) uasuaswual (fluid) fagluzaaite == Bulk density

Principle of Density Log

>

Wasaduiuaded (Cs-137 wia Co-60) Uaniaasdefunuuwdonuthuaaio 'l iyt
Ay Sodunuunwanilifavududifansauasgandandssiu rediulituiifansaunasgn
aanduatluduiiu

fuiufifianuuwtiumn WBnanisyuzasiunuadusuiimuiildansaufannndu
Gael

nsgandusadunuantuduiudiamunuiwiugan asinilutudiuddiaunuiwiudag
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> FofunnuVindaagulAunmen AN a0 TUSIR WAL NSUTEEEIHIITERINY
wnadAfiafaduaviianaduiFuanunasusad i aenunuLuunasuiuls

WiasanarumuLueay Formation sunsada'ledain Density log a5u'6791

Audausy (Dense formation) a13snaanausIdunuNl6a wanIas high-density
formations

RunAaungy (Porous formation) ahunsagandusefunuunldan ugnefly  low-density
formations

fotiu ArAnuWguzasiuiy Aansanaindsnamstuaaciyfunundudidansay Ay
wuniuuaitdnasayu fuiudiuauuunuldusinnasiuiiu (true bulk density, ps) Seduazdu
ANNMUILuTasIULsEAA LML AITEL AIIUNWTY LAY ATINMINLINTAs AN MaIiag Ty
2409719

Type of Density Logs
1) Compensated formation density tool (FDC)

» ntasfiadsznaudindlanldansefununn (source) Mdeat fua e 1 69 wawiinsiaduy
Fafuwnuun (scintillation detector) 2 672

b aviadindilandsdaniedunuunEenit Masiafuiedunuundalng (short-spacing
detector) uar desradudsdunuinglna (long-spacing detector)

»  fedaviianldlunsnalilmiasiiadaduntivaamanany Walwdunuand daslaas
aanudunng ldlutuiula sl suduiiiu mud cake

Source of Compensated formation density tool (FDC)
Mud cake Formation (pp)

(Pmc + hmc)

=

E

i
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Density porosity determination

Tunseflaad clean formation ifluanualaglustasite Aanuwsuiledann density
log way @p A ldmuaNnIs

Pog = Pma(l —@p )+ prpp

wsa
®p = °ma "~ Aog
L ma — Pr

Wia  Pma = anuvuiwiuuay matrix
Plog = Anumuutuiaulsain log
P = ANHAUILUULDIUDILUARD

» Bulk density, py, is dependent upon:
» Lithology

» Porosity
¥ Density and saturation of fluids in pores

» Saturation is fraction of pore volume occupied by a particular fluid

(intensive)
001} B::)NANZA}. 1
BULK DENSITY LOG R Y T T

[P 1 -/ s MU .
i-160 MV 40 0.2

L
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Some effects on density log
1. Borehole effect

wilagan density tool gnnalvifiadunionaniane deifuly winariuiivauatsasusewiad
washout aziinaduaiaiuls detiua caliper fia1ulel aggnildidlunrsunlae

2. Hydrocarbon effect

usiudlu oil-bearing formation tfiavannanununuinnasihiunanihfialndidaefunn o
BigusawanTviiu anuuandwlédann density log

P

wsilu gas bearing formation dvauvunnduiaAdasninui detiu density log fiauldFefian
dannining

3. Effect of shale

Tudiuiuif shale wia clay ag fewianiauas shale analdsuntadtiinelunsasduiy
waaMNUUIRULAaY shale avagTuaine 2.2 69 2.65 g/cm® winliudrzasanunuiuluaas shale
Windueuanudnuay compaction

sothulutudiud shale A%i compaction w3a Wlufusiuid clay agluzasine Aranumuiuiu
nastuiuiauldaviidnianninlng

4. Effect of pressure

TaanfivuTinzasanunuuiunas shale waumu
ANUANURYNITaNE I (compaction) ualuuiiiea
overpressure ANUMUIRULARY shale aaad 12
anudnfindu dnwule vnlussnadiaglng
high-pressure permeable sands
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is¥isaninayg Density Logs

1. msiasanununiiusminidmatunisudasnuvune Asd1sadunsI TN auazng
fAasdunfutmigadiauled

2. ifala$mdy neutron, sonic log uay log ufiadus anansa uands lithology ‘e
3. Tdfswmfu neutron uay resistivity log Tun1ssmun gas-oil, gas-water, oil-water contact

6.2 Neutron log

»

2

Neutron log fluiedasfiafigminunlalunismduiuiiianungu (porous rock) uaseiaau
WunasuRuiiulnens

winsfinavanasautBnaueadlatananluduiy Tonaundgruiidasiwludasiug
sasmalay dezadimadntana dudwdadsiu

lumsasnadautuiuififassaudiag neutron log assaslamiudgAulaiasianiindy iy
GR, resistivity log #3a core

Neutron log

]
=1

s ilunmsesiatadiuiuaynne neutron figniddanaanainuvasauila (source) Miflusia
Americium-241 way Beryllium-226

Tamdinaunanas Amercium-241 gauddagaanuiuasaudy Beryllium AagvinTvitAnnns
laasfiinsaunanin wausassanaldguassin Plutonium-239/Beryllium-226 wia
Radium-226/Beryllium-226 \flusmdniisauninaasiinsauf s

: Anfuaymazasihasautignilsagaaniasidunaintl ududy wasineaiuasinisu
Auduaymauastiuiuvinigardandesnlluiaataaunmauvdiugndndulilududiy
Aauidruimdaasifiumonduinnieiasiiansiaten (detector)
Anndsudrnunnimeliifiaannaisiauniauasiiasaullauduy hydrogen ion diauilu
sHutsznauvdnaacitin (H0) Fetfundsudganderllifefionuduiusiaaasedulsuno
ilurasineuastiu dliinaeynieiiasauwngldun usgasinludasitsnashiumaniiud
5naniiagunn

uann1svinduaay Neutron Logging Tool

1) Logging tool emits high energy neutrons into formation

2} Neutrons collide with nuclei of formation’s atoms

3) Neutrons lose energy (velocity) with each collision

4) The most energy is lost when colliding with a hydrogen atom nucleus
5) Neutrons are slowed sufficiently to be captured by nuclei

6) Capturing nuclei become excited and emit gamma ray
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Equipment
wiaviladniuiinsauwlasuniswarnduilusgeu aan

1,

Gamma ray/Neutron Tool (GNT) dotlsznausn unasd e aynafiinsau 1 a7 uay
fiuFedunuan (Scintillation w3a Geiger-Mueller detector) 1 &3 ilavanndvndwaanvax
ginavitiemenunguiialdfianataldinn wiasfiaufied S9%ifnslduarlutlaqii
Sidewall neutron porosity tool (SNP) or Neutron-epithermal neutron log (CNT-G) folu
agdufilaianudinauiu

waiasfianifelalutlaaifuiiy Compensated neutron logging (CNL) was Dual-energy
neutron logging (DNL.)

Compensated neutron logging (CNL)

fud

Far

Detector .

Near
Detector ]
Epithermal Netron
44 Collisions with
N Huclei of Atoms
Sourcs in Formation

A0S0,

Formation

Gamma Ray

Wy, Therial Nattron
§ Caplure

. : Grined b per-
st Of e SDEAL R ELIRTLSELAIME,

Fast Neulrons

Log presentation

4

AAuWTUTilaan SNP logging avgnifudinuanduuaanus Tu scale ioidu trace 9 2
uar 3 dinanse Awidlaann log anasasiinrsudendawane wasaminndnuasiin
Taau anudn aaunfilarruiauadia

CNL tool waz DNL tool azguamsdmuwsulapawdsfiuafinuasiuddmiua'ly doaraily
Auu via Aunse Waufiazasiuldaullannvifiivua 'ty asdasinisduiauialunsd
ilaf CNL log vinnsyaaiayasiufiy porosity log §h8u 2t Compensated density (FCD)
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b @ANWTUTIEIUAIN neutron tool uazAERINwUuAE W an density tool anaidau
aglu trace WfedWle Wabinosansuilaaumnafsaianunsunazafinuadiiu
Taaanizagsfislurdnamiduuvssasaudiuasfiia

POROSITY FROM NEUTRON LOG

001) BONANZA 1
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Neutron Log
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i T A N

¥

Environmental effect
1. Response to hydrocarbon
» Oil finaniseauauasuay neutron log naidaeduiy
» Gas (Hd5ualaissiautiasnin) fﬁaﬁuagﬁuamﬁaﬁummmﬁu glotiu drdfifaaglnany
gauzastuturin it in e mamuaniue el Tasauanag Aranunsuniaule azdien
wannidng dhaainnnslal neutron log sy log 8uq sunsaasiagavusmifinisayam
fruag MadalhnBnasasfudassuitsfauaraaanad e (Gas-0il Contact: GOC)

2. Shale, bound water _

\lagann neutron log asadaulimallaiasiaulutusiu delu ueedolalasiauaiatli
\mdasfunaanaifidnmAuagludasinenastuiuAls iy thilagseuinlaseasousazdunag
shale virlvidanuwsuiiaule faunninainuiuase
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3. Effect of lithology

\lasaindianunguAalsiain  neutron log gafuaty nmdsufuiuiauten de
el ldoradiulu w3a duwnsia deliu dniunsiasianunsulutiudy Sedndlusaefinng
FruaaInunsuln

ils¥iganiiuas Neutron Log
» SNP tool gnaanuuulvviteuluvauis waslidiauwiuiifinatdasanuauaiy v

v ar

flodnunsaldleadduraniaziladainieiany (air mud)

» Neutron tool tialaismAy resistivity tool, sonic tool #3a density tool @usauanferdia
Afimsazandlvasie wialaTasersuamihuniiniunle wia Tdlumsirwunufianagiiule
» Neutron tool leflunvsesrasau gravel pack

Responses of porosity logs
b The three porosity logs:
» Respond differently to different matrix composition
» Respond differently to presence of gas or light oils
» Combinations of logs can:
» Imply composition of matrix
» Indicate the type of hydrocarbon in pores

6.3 Sonic or Acoustic log
Sonic too! luetasfiatiaanuuiniia

> astadinunsuaasiiudu Tuvamagifuasivalad Tanarduanudizamiy
eIt A U9 s T Tudiuiu

» ayaniidain sonic tool f9 gnivldldlsznaudunisudasnuvinadayanisdisa
gruadulwigziiau

P AsAusAMNTIAduNRT Y
P n5vin synthetic seismogram
»  Sonic tool Usznausin didendu (transmitter) doifludilanddanadudas (sonic pulse)
way fasudaana (recelver) doiflu piezoelectric vinann lead zirconate titanate (PZT)
LﬂumiﬁﬁaumwmLmum\‘}muﬁuﬁuﬂanmm’lusﬂmaammmu vinmsul&eudoyeo
Wuaruduhhfufyana i wazdedaanaldawaaiinianstiuindaya
Principle of Neutron Log

+ Tool usually consists of one sound transmitter (above) and two receivers (below)
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Sound is generated, travels through formation
Elapsed time between sound wave at receiver 1 vs receiver 2 is dependent upon density

*

of medium through wh:ch the sound traveled

SFT
Transmitter Near Far
Ise receiver receiver
207
. semsnasin T[Ty st
: T Ty

Travel time from near to
far reciever=T,- T, = At

on ol the SFEAIME from Alger 61 28, 1871 . 2.9 1871 SPEAIME

o "
et i
1§ 'J \/\!V\ Storeley
2 arnivals

armfa!s m 3,-d arrrva!
amis

e ANPLITUDE e
it.f

Type of sonic log tool
1. Conventional sonic tool

2. Barehole compensated sonic tool (BHC)
3. Long-spaced sonic tool (LLS) w3a depth- derived borehole compensated

4, Array-sonic tool &nnsaialdviouun BHC log was LSS log Tu open hole uag
cement bond log (CBL) uag variable density log (VDL) Tu cased hole

Log presentation
A1 interval transit time wa9 sonic log finuasatin trace 2 uaz 3
» flu scale wuwndadu (linear scale) Tuniuuas ps/ft ‘imnmm interval transit time (t) ¥

L 4
Winduagniesiuznauas trace deminaaude msnduzasianunguaIn @1t Inn

dndiagluaszidng 40 fla 140 us

uannAKaTlEan sonic tool uarfefidayadnuauds uxaailuynuasdaiing (series
of pips) agluusueuaing a9 trace 2 dhudasdaidnuans 1 millisec 1ag integrated
travel time (TTI) daluajuans 10 msec donaasfiviad ldananadauasniiuEivasg
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duBunaanulBauAauduaudnlunuifiv JuUsrTaruf i urIanuFUWus seuIonan

wayaNUIAnTuAWARLIINIARUWIRTIiaY (Seismic section)

SONIC LOG GRAPH
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Sonic vs. Resistivity

Sonic and other logs

. MATURE SOURCE'

HIGH © RESERVOIR

CLEANING-UP TREND
for firinal brend}

Gradual decrease upward

in gamma signal

DIRTYING-UP TREND
{or bell trandj

Gradual incraase spward
in gamma signal

HOXGAR TREND

{ur cylindrical brend}
Lows gamma, shaip
beundariss, no infernal
change

BOW TREXD

1or symmatrical frend)
Gradual dsoreasa
then increase in

g=mma signal

IRREGIILAR TREND
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Factors affecting sonic log response

1. Unconsolidated formation
Naturally fractured formations

232

2
3. Hydrocarbons (especially gas) ¢ t unnadu
4

Rugose salt section

isziu2inag Sonic Log laraya
Porosity

Volume of clay (Vs )
Lithology

Reflection coefficients

S S o A

Time-depth relationship: Synthetic seismogram

Mechanical properties: can be determined from the shear and compressional waves,

fracture identification from shear and Stoneley waves and permeability indication from

Stoneley waves.

> Tunsdluase gas-bearing zone azanusadansiiulaanansaaanasasIuag
compressional waves vinliaivieduldlunsifuniafiudy @ interval transit time (t)

mnffu

Y

sruFuvin hydrofracturing

Porosity determination by logging

luifuufnsuanidanuiiaudu sonic log arunsairlulafvituiadousiaduunsay
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Gas Effect

» Density — Porosity is too high
» Neutron- porosity is too low

» Sonic- porosity is not significantly affected by gas

| buai InductioniNeutroniDensity
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Summary of Combination of Wireline Logging

1} Bed bhoundary: Drilling rate may be compared with Sonic/GR logs and gave a good
interpretative of bed boundary.

2) Horizontal variation: The same lithology interpretation of Mud log/Cores/Wireline
logs may be used for Horizontal analysis

3) Vertical variation: Base line/Color/Curve separation of Mud log/Cores/Wireline logs
may be used for vertical analysis

4) Completion log: Mud log+Cores+Wireline logs can be corroborated and compared for
Completion/Final/Composite log

5) Lithology: GR, SP, Density & Neutron logs combination may indicates matrix type
6) Fracture, Overpressure zone and Unconformity: Density & Sonic logs
combination, Dipmeter log may indicate those feature

7) Source rock potential: Density-+Neutron+Resistivity+GR combination may indicates
source rocks
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Seismic Interpretation

+  Seismic stratigraphphy is technique for interpreting stratigraphic information from
seismic data

+ The resolution of the seismic reflection follow gross bedding and as such they
approximate time line )

Seismic Reflection

+  The seismic reflection method works by bouncing
sound waves off boundaries between different
types of rock.

+ The reflections recorded are plotted as dark lines
on a seismic section,

. tand
seismiom elers

Seismic reflection from refraction
deep-carth features “hrough deep earth
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Seismic acquisition onshore

« Seismic horizons represent changes in density and altfow the subsurface geology to be
interpreted.

or Explosive

o,

Thumper truck

Lithology change
Angular unconformity

Lithology change

Qir-gun iz the sourcs : : s
‘shock wawes — compressed  hydrophones — there are’
air is more envircrumentally U o 3000 hhydrophones
Xf’: M”‘*afri&ndiy than explosives «an a 3000 cakble

AT ) i 4
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Application of Seismic reflection
1. Seismic Facies Analysis
2. Seismic Stratigraphic Analysis
3. Seismic Sequence Analysis

1. Seismic Facies Analysis
3-D units of reflection indicating:
1.1 Configuration and Continuity
1.2 Amplitude
1.3 Geometry of the reflection package
All are resulting from the depositional environment

Seismic Reflection vs. Facies change

‘WMWMWM%%,

Facles change across the
bedding is ABRUPT

Facies change aibng the bedding is GRADUAL

+ The key is that the contrast represented by seismic lines come from bedding surface
and not lateral variations (facies changes).

1.1 Seismic reflection configuration & continuity
Configuration:
1) Parallel/Sub-parallel Configuration
(Uniform rate of deposition or subsidence)
2) Divergent Configuration
(Differential rate of deposition or subsidence)
3) Clinoform Configuration
—Oblique unit: Shallow water with high energy deposit
—Sigmoid unit: Deeper water with low energy deposit
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—Hummocky unit: Shallow water with storm deposit
—Shingled unit (Off-lap): Continental shelf
—Lenticular unit: Submarine fan, Reef

Continuity:
- Good Continuity: Large area with low energy deposit
- Poor Continuity; Small area with high energy deposit

Primary depositional conditions
— Parallel, divergent, prograding

REFLECTION CONFIGURATION REFLEGTION CONTINUITY
Pattern Interpretation Laterally continuous reflections

Sediment deposited at a uniform rate
e G @ uniformly subsiding shelf or
o0 stable basin

Parallel-subparaflel

Lateral variations in rates of deposition Discontinuous reflections
or progressive tilting of the sedimentary s
surface during deposition

N ‘\%

Divergent
m— ‘ Top discordant
Parallel Strata deposited by lateral cutbuilding
or progradation, forming gently sloping
"N cfaces called cingfomns -
Sigmoid-ablique Base discordant
Prograding

Soft-sediment deformation or possibly
== deposition of sediment in a highly
= variable high-energy environment

R

Chaotic-deformed

- "~ U .| Highly disordered arrangement of
(N 7N o3| reflecting surfaces

N

Chaotic-no
stratal pattem

Few or no reflections in seismically
homegeneous strata, e.0., ignecus masses,
thick salt deposits, steeply dipping strata

Reflection free




239
Common Seismic facies patterns

Aggradational Sigmoid offlap (S-type)— Low
offla Nner
Sigmoi Shelf Obligiie b e gy

offlap edge offlap
\

&3

Shelf edge Oblique offlap~ High energy

Channel/overbank
complex

\ Drape

1}

/ \
Apparent Slope front Mound
truncation fill

Seismic facies unit — mappable, aerially definable, 3-D unit composed of seismic
reflections, differ from adjacent units

A prograding clinoform pattern formed by a number of superposed sigmoid (s-shaped)

reflections interpreted as strata with thin, gently dipping upper and lower segments, and
thicker
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Sigmoid offlap (S-type) — Low energy
Oblique offlap- High energy
SIGMOID SIGMOID-0BLIQUE

= e

Clinoform pattern

b Boe Y e

e e

CVELICHAAE — paraalied]

Clirmmaoform Profiles som airchom, 20771

1.2 Amplitude

. Amplitude - indicates bed thickness, and spacing
~ Fluid and gas in formation affect amplitude
— Bright spots — dark bands

Depend on
1. Reflection frequency
— number of oscillations of seismic waves per second, hertz (Hz) or kilohertz (KHz)
- Frequency of seismic waves induced by energy source used to create the waves
2. Interval velocity
— average velocity of seismic wave between reflectors.
— Porosity, density, external pressure and pore pressure affect this.
3. External form
— geometry of the stratigraphic body, seismic facies
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LATE SEAGE
PASSIVE WEDGL

_.Ql P ;9>-:5 e

i i
12 MILSHLT LAY

Variable-Density Mode, waves of certain amplitude shaded black, other light
colored

% If High Amp. & Good Continuity== Quiet water deposition
(lake, lacustrine)
> If Low Amp. but Good Cont. ==Deep sea

Maundg ypes

»  High Amp. & Poor
Continuity== Continental
7Y deposition
(aeraratie (Alluvial, Fluvial)

« High Amp. & Good

”,5 Continuity== Quiet

— water deposition

(lake, lacustrine)

1 srougn +  Low Amp. but Good
Cont. ==Deep sea

» High Amp. & Poor
Continuity==
Continental deposition

(Alluvial, Fluvial)

Shaet drape

FiH types
/_"‘ e
/

NN

i

GChaotic~-deformed

— B,

—
— o —
— — —
-

-
| T~ [,

- Frosit fill
Chaatic-no

stratal pattern



Elements of sequence stratigraphic interpretation

2. Seismic Stratigraphic Analysis
+ Depositional processes interpreted from seismic profiles
+ Based on analog from established stratigraphic and depositional models

+ Used for: lithofacies changes, relief, topography of unconformities, paleobathymetry
(depth relationships),burial history

Time line

Time line can divide into 2 type:
1. Chronostratigraphy : Parallel to bedding surface (1intusiisiasianiy)
2. Transgressive: Cross to bedding surface (ﬁuﬁmﬁm’tunmﬁumﬂ@i'wr“fu)

242
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YERTICAL SEQUENCE Rising sea-level

Time !Enes

HORIZONTAL SEQUENCE

Parallel Bedding




Example of Seismic Stratigraphy Gulf of Thailand

3. Seismic Sequence Analysis
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Sequence - any grouping or succession of strata; (more restrictive) distinctive

stratigraphic units

Depositional sequence - stratigraphic unit composed of a relatively conformable
grouping of genetically related strata and bounded at its top and base by
unconformities or their correlative conformities
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Undaform, Clinoform and Fondoform

Land Clinoform

Fondoform
Sea level

Undaform

Depositional Environments in relationship to wave base.
(1) Unda for shallow water overlying the shelf,
(2) Clino for the deeper water overlying the slope
(3) Fondo for the deepest water covering the bottom of the basin

Internal Relationships
« Concordant — parallel to the sequence boundary
+ Discordant - lack parallelism with sequence boundaries

Truncation

Downlap Downlap

Aftar Qctavian Cataneanu, 2002 D {;wn]ap
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Seismic Boundaries
Termination below discontinuity, or upper sequence boundary :
+ Toplap: termination of strata against an overlying surface, representing the result of
non-deposition and/or minor erosion
< Truncation of sediment surface (same with toplap but have erosional surface)
< Often channel bottom

Termination above a discontinuity defining lower sequence boundary:

< Onlap: A base-discordant relationship in which initially horizontal strata progressively
terminate against an initially inclined surface (Two Types: marine & coastal)

= Downlap: seismic reflections of inclined strata terminate downdip against an inclined
or horizontal surface

Original Sequence Stratigraphic Approach (seismic stratigraphy) was based on
recognition of unconformity-bound sequences using geometry and termination patterns of
seismic reflectors.
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Sequence Boundaries, Downlap, Reflection termination
Upper SB
Sequence

\ Tj}:%fag/—\// boundary

-4—-___Onlap

\ . §\ S N

-

\Truncaticn / Sequ & ——
wnlap

boundary e ——
Do

Downlap surface
P Apparent

fruncation

Above discontinuities (Lower boundary) — onlap, downlap
Below discontinuities (Upper boundary) — truncation, toplap, apparent truncation

Unconformities
-» Outcrop - there are 4 kinds; Angular, Disconformity, Paraconformity and
Nonconformity
> Seismic stratigraphic — 2 kinds of discontinuities — good reflectors

1) Erosional unconformity surface — hiatus produced by subaerial or
subaqueous erosional truncation

2) Downlap surfaces — marine surfaces representing a hiatus without evidence of
erosion.
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The Classic Slug Exxon Model
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Unconformity (OUTCROP)

1) Angular unconformity: younger sediments
rest upon the eroded surface of tilted or folded older
rocks.

2) Disconformity: contact between younger and
older beds is marked by a visible, irregular or uneven
erosional surface.

3) Paraconformity: beds above and below the
unconformity are parallel and no erosional surface is
evident; but can be recognized based on the gap in the
rock record.

4) Nonconformity: develops between
sedimentary rock and older igneous or
metamorphic rock that has been exposed
to erosion.

SB - sequence boundary

LST — Lowstand systems tract
TST - Transgressive systems tract
HST — Highstand systems tract
SMW - shelf-margin wedge

Mfs — maximum fiooding surface

Lsw — lowstand wedge
Sf - slope fan

Bf — basin-floor fan
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System Tracts

- <Sequence Boundary HST
ecomodatonless - -
than sedimentipply.

Accomadation < Sediment Supply

s

Progradation belowB

Progradation

TST

Accomodation > Sediment Supply

- Accomodatongreater
i than Sediment supply -

Retrogradation

LST

Accomodation = Sediment Supply

Acconiodation below
-sediment surface

nsionin B ilbelonT |

Aggradation

"::"Téééqaenca_jundar:.,.__._..__:::_.;’?Ef'

¢ Christanher Kendall 200327050

Seismic System Tracts
1. LST — Lowstand systems tract

" bounded by the Falling Stage Systems Tract and the Transgressive

LOWSTAND SYSTEMS TRACT

Rising Sea Level & High Sedimentation
Produce Onlapping & Aggrading Clinoform
Enveloped by 1st Onlapping Parasquence

& Transgressive Surface
Movié Animation bu C. G. St. C. Kendall. 2003




2. TST — Transgressive systems tract

~_ below by underlytng SB and above by mfs _ t
|
E

mounded geometry . i

TRANGRESSIVE SYSTEMS TRACT
Rapid Sea Level Rise & Low Sedimentation

Produce Retrogradational Onlapping
Parasquences Enveloped by Transgressive

- Surface and Maximum Flooding Surface (mfs)
. Mcme Anzmatxon buC G St C Kendal! 2003

3. HST — Highstand systems tract

- below by mfs anci above by SB I

shmgled or ofﬂappmg (chnoformal) stratai geometry

HIGHSTAND SYSTEM TRACT

Sea Level Stillstand & Low Sedimentation
Produce Prograding Onlapping
and Aggrading Clinoforms

Animated Gif by C.G.5LC. Kendall, 2002

250



251

Principle of Seismic interpretation

1.
2.
3.

Check line scale and orientation
Work from the top of the section, where clarity is usually best, towards the bottom.
Distinguish the major reflectors and geometries of seismic sequence

Recommended procedures for performing seismic sequence analysis include:

1.

Identifying the unconformities in the area of interest. Unconformities are recognized as
surfaces onto which reflectors converge.

Mark these terminations with arrows.

Draw the unconformity surface between the onlapping and downlapping reflections
above; and the truncating and toplapping reflections below.

Extend the unconformity surface over the complete section. If the boundary becomes
conformable, trace its position across the section by visually correlating the reflections.

Continue identifying the unconformities on all the remaining seismic sections for the
basin.

Make sure the interpretation ties correctly among all the lines.
Identify the type of unconformity:

a. Sequence boundary: this is characterized by regional onlap above and truncation
below.

b. Downlap surface: this is characterized by regional downlap.

Recommended color codes:

Red: Reflection patterns and reflection terminations.
Grean: Downlap surfaces

Biua! Transgressive surfaces (15)

Other colors: Sequence boundaries (SB)

If using only black and white:

Thin solid lines : Reflection patterns

Thicker solid lines —— : Sequence boundaries (SB)
Dashed lines .. .. : Downlap surfaces

Dotted lines :..-...; Transgressive surfaces (TS)
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Reflector character and geometry

» Continuous reflector
truncating short ones

» Next continuous reflector

> Reflectors onlapping
continuous one

Figure 3. Fiegio?xéi saismic line illustrating the stratigraphic
relationships among the major rock units within the NPRAC
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Advantages of Seismic Data

- Good lateral resolution

- Good definition of structural features

- May be only data type present in some areas {exploration)
Conductive to digital analyses

. Lithology prediction, etc.

.



Disadvantages of Seismic Data

May be expensive to collect
Vertical resolution is poor
Depends on frequency content of seismic data
10s of meters common
Difficult to collect good-quality data in places
Non-unigue answers passible
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Table show the summary of Sandstone Reservoir Facies
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Sandstone Reservoir Facies

Sedimentary Deposition

Cores

. Logs

Seismic

1, Aluvial

.|Upper fan: coarser+angular+ poor sorting
. [Lover fan: fier+crossbeddng
(U sea.

High GR Shake of lwdp ange (GP)
{Low GR Sand of 3 braided channel (BP)

Fangbmerate (random dip pattem)

Poor conthuty

2. Braided streams

{Channet; sharp erosional base

Bocky GR: braided channefsand

Homogenety khology:
poor internal reflection

3. Meanderng streams

Channet: sharp erosional base + FU

_[BelGRipontbarsand
~|Structure dip (GP) + Accretion shpes (RP)+

high crossbedding (BP)

| Erosional base: high ampltuce

4 Eolndune

Wel sorting (rework}+crossbeddng

Bocky GR:sand dwnebody
Saw toothed FDC/GR: finer grain+mica (base)
Low dip angke at the base then icrease

upward untd reaching a max. of about 25-35 degree

Not defectabe

5 lacustrne

Define as fancies group and consider as
smal inaind seas

o marce el grabeﬁ-typé” Y .

6. Coastal barrier lands

Welsortng upward +CU
Abundance & scake of cross stratification
creasing Upward but Boturbation incrasing
downward

Funnel GR/SP
B Dp

High ampitude.
(beach/dune sand
overlyng marinefiagoonat shale

7, Contiental Shef Sand

FVC grain, mod-wel sorting crossbedding Sst

_[Ripple Sst ntercalated wthsitygy
Sh/Boturbated SstandSh

Burrowed sity gy Sh

Funnel GR/SP (CU)

.. |High ampltude and become
|transtional updip to the right

8. Deep sea sands

. {Dominate cut-and-fil channel in upper portion

Biocky or bell GR/SP+random dip in upper fan

|Mountd-shaped with an nteral

... |Incomplete turbidte sequence i lower porton |Thinner bel GR/SP+RP dpinmidfan ~ hummocky/chactic
Funnel GR/SP in lower fan
9Defas |Flwialdominatedelta .|
+ Upper part-aluvil chiannel (meandering)
: Lower part-distributary defta
__________ . {Wave or tidal dominate defta
 Barrier island, tidal channel, tidal flat
Distributary channel sands  |Blocky to bed GR/SP
: Moderate to welsofngtFU ~~~~ |RPDip
: Crossbeddng (ower)+rpple & plinlamp |
{upper)
Distributary mouth bar sands |Funnel GR/SP



Chapter 5
Subsurface Mapping

Correlation points of Logged Data
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Using correlation points/data points/key beds/log markers to define surfaces.

1. Distinctive thin configuration
2. Similar curve configuration
3. Recognizable over large area
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Depth (m)
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Type of correlation points

1. Vertical correlation points

The correlation points is seen either as a surface of a mass of strata containing some
property in common or as a tangible trace of as abstract geological event.

2. Horizontal correlation points
Lithofacies and biofacies shift laterally in space through time

Stratigraphic Law
1. Superposition
- Each sedimentary bed is younger than the bed beneath it and older than the bed
above it.
2. Faunal Succession
- The relative age of rocks can be determined from their fossil content

3. Original continuity and horizontal water-laid sediments are deposited in nearly
horizontal strata; each stratum initially continuous faterally in all directions until it abuts
against the edge of the original depositional basin

TIHE SCALE

AIAD
S Yabngest
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4. Crosscutting relationship
- A younger one cuttings an older surface

5. Correlation of facies (Walther’s Law)

- Within a given sedimentary cycle, the same succession of facies that occurs laterally
is also present in vertical succession

Structure contour maps
General
1. Scale & Contour should be appropriate to the data available to the map.
2. Map should not be so overloaded with data that they become confusing.

3. Ali the geologist’s maps and sections of any one area must conform with one
another.

4, The art of contouring is so critical

R~ w2
% SRR TS
y . - REY -
e RS

o~

Contouring Rules
1. Contour line separates points that are higher from points that are lower
2. Contour lines cannot cross
3. Contour lines cannot merge
4

. Contour lines must close on themselves within the map area or extend to the edge
of the map
5. Contour interval must remain constant for the entire map
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Structural contour maps

1. Datum plane (SL)

2. Chosen horizontal marker

3. Closed contours should be marked as positive (High) or negative (Low)
4. Faults should be shown clearly with dip direction.

Negative (Low) Positive (High)
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Ex. Subsurface Maps
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Z miles

Fig. 128 Structucal contaur map with sof of avbhvertical fauirs
rosuiling in rolatively ynifarm oip direction znd several small

. faulnpioek reservoins,
Fig. 10z Shuctural contaur map witht eonlouts meckanically

speced. resuiling in ane large teatwie

Cross sections

1. Correlation cross sections

First geologic structure map in the exploration drilling phase

2. Structural cross sections

Present structural attitudes of rocks in relation to sea level (SL) as the horizontal datum
3. Stratigraphic cross sections

Show correlation of strata with respect one of them selected as the horizontal datum
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Kind of Map
1. Isopach maps
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Correlation cross sections

Structural cross sections

~Showing lines of equal thickness of strata contained between two reference plans.
-Uesful to determining the age and growth of stuctures both of positive structures (Uplift)

and negative structures (Subsidence)

Negative structures (Subsidence) positive structures (Uplift)
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Isopach

2. Lithofacies maps

2.1 Ratio maps
Showing the ratios of thicknesses of selected components.

2.2 Isolith maps
Showing net thicknesses of single lithologic components in fithologic percentage

rather than its absolute thickness.

Figure 2221 Two facies maps of a{‘
bameroa and boy-$goon system in the
Witcox Group ([Eocene) of the Texas Guy
Const: {n} sandstone © shale ratio map;
b sand isofith map - isolith inteny
a0 m. [From C. L. Lofion and W, i
Adamsa, AAPG Memor 18, 1971 alwy

W. L Fisher and ”Lﬁ%fgties maps
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Ratio maps
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Isolith maps




265

|imestones .

z.rrhozogm Una"i“ﬁ
L_Rewcomhaned :

SrETai
.Fgofilagr: !“7‘51

e

Isolith maps

Arkw&wzam.-rs : B .
Bmﬁogeo!ogic
Ark., ayp -

F:f'm(r zt—zﬂ C k '_ fion _' e




Showing the surface geology as it was at that time.

4. Internal property maps
: Porosity — TOC — Maturity etc.
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5. Hydrodynamic maps

Equipotential surfaces of Qil (U) and Water (V)

Dw=Water density Do=0il density

Hw=Water high column Ho=0il high column

Z =The elevation of the point of above or below datum plane.
[Do/(Dw-Do)]Ho = [Dw/(Dw-Do)]Hw-Z> U=V-Z
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