


WELL LOGS

> Resistivity Logs

> Snontaneous Potential [SP) Logs
> Gamma Ray Logs

> Neutron Logs

> Density Logs

> Sonic (acoustic) Logs




TrlE TOOLS OF SUBSURFACE ANAL

~acles analysis of subsurface data
depends on tools which delimit of
surfaces and provide clues as to the
sediments they contain:

< Wealllogs

- Cores
o Seismie

Gravity & magnetic
‘ GEOL 553 Lecture 3; Subsurface Analysis




- Well logs
=Great vertical resoluti
= Delimit hounding surfs

cEstahlish lithology of S¢
Seismic
oGreat lateral continuity

=Define gross sediment
E—




. TOOLS ARE KEYS TO ALLOSTRATIGRA

& SEQUENCE STRATIGRAPHY
@ Allostratigraphy:

bounding discontinuities including erosion surfaces,
marine flooding surfaces, tuffs, and/or turbidity
boundaries etc. as time markers

® Sequence Stratigraphy: higher level allostratigraphic
model which interprets depositional origin of
sedimentary strata as products of “relative sea level
change”




. THE TOOLS OF
SUBSURFACE ANALYSIS

Facies analysis of subsurface data
depends on tools which delimit of
surfaces and provide clues as to the
sediments they contain:

S

= Wellloys
o Seismic




Delimit of surfaces & identify sediments penetra

WELL LOGS

> Resistivity Logs

> Snontaneous Potential [SP) Logs
> Gamma Ray Logs

> Neutron Logs

> Density Logs

> Sonic (acoustic) Loygs
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CLEANING-UP TREND

{or funnel trend)
Gradual decrease wpward

in gamma signal

DIRTYING-UP TREND
(or bell trend)

Gradual increase upward
in gamma signal

BOXCAR TREND

(or cylindrical trend)
Low gamma, sharp
boundarias, no internal

change

BOW TREND

(or symmatrical frend)
Gradual dacrease
then increase in
gamma signal

IRREGULAR TREND




. RESISTIVITY LOGS

The most commonly used logs:

> Measures resistance of flow of electric
current

2 Is function of porosity & pore fluid in rock
> Frequently used to identity lithology







SPONTANEOUS POTENTIAL (SP) LO

Next most common log
> Measures electrical current in well

= Result of salinity differences hetween
formation water and the horehole mud

> Separates bhed houndaries of permeable
sands & impermeable shales.






. GAMMA RAY LOGS
Another common log

2 Records radioactivity of a formation

© Shales have high gamma radioactive response

= Gamma ray logs infer grain size (and so subsequently inferred deposi

energy)

< Gamma ray logs are most commonly used logs for sequence stratigra
analysis
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Retrograding
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tidal flat; trangressive
sheli
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NEUTRON LOGS
Another common log

2 Measures porosity of formation
2 Uses quantity of hydrogen present
2 Measures lithology when used with Density Log




. DENSITY LOGS
A common loy

2 Measures formation’s bulk density
2 Used as a porosity measure
2 Differentiates lithologies with Neutron Log

2 Used with Sonic Logs to generate synthetic seismic
traces to match to seismic lines




@ SONIC (ACOUSTIC) LOGS
Another common loy

2 Measures of speed of sound in formation
2 Tied to porosity and lithology

2 Used with Density Logs to generate Synthetic
Seismic traces to match to Seismic lines




Synthetic Reflection

Seismogram Scale Acoustic Log Coefficient
1D SYN <DT> <RC>
5-10-30-45 :0 0] [338] us/ft L>H=(+)

NorPol |l Time feet|| 140 120 10 80 60 40 || -0,3 0.3

e
After Saller & Marris, 1999
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THE TOOLS OF SUBSURFACE ANAL

Facies analysis of subsuriace data
depends on tools which delimit of
surfaces and provide clues as to the
sediments they contain:

= Wellloys
o Seismic

S




. SEISMIC

> Define geometries of genetic reflection
packages that envelope seismic sequences
and systems tracts.

> ldentify bounding discontinuities on hasis
of reflection termination patterns and
continuity.




. SEISMIC BOUNDARIES

Termination helow discontinuity, or
upper sequence boundary:

> Toplap termination

> Truncation of sediment surface
> Often channel hottom

> Onlap over surface
> Downiap surface




SEISMIC BOUNDARIES
Below Boundary - Toplap termination

i —————

B S




SEISMIC BOUNDARIES

Below Boundary - Truncation of surface




SEISMIC BOUNDARIES

_hn_'
Channeled SA=TEancE
surface —

- Below
Boundary




SEISMIC BOUNDARIES
Over Boundary - Onlap onto surface




SEISMIC BOUNDARIES
Over Boundary- Downlap onto surface
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S Floay Fap

Fgure 1 0 Sequences and system tract interpretation.




i@ IeRNS

l&iéure 3. Régibnal seismic line illustrating the stratigraphic
relationships among the major rock units within the NPRA.



SEQUENCE STRATIGRAPHY

Subdivision & interpretation of sedimentary record us
a framework surfaces seen in outcrops, well 10gs, & 2-
and 3-D seismic.
Include:

Surfaces of erosion & non-deposition (sequen
boundari

Flooding (trangressive surfaces [TS] &/or maxim
flooding surfaces [mfs]) & high stand conden

surfa
This framework used to predict the extent of

sedimentary facies geometry, lithologic charact
rain size, sorting & reservoir quality




TOOLS DEFINE BOUNDING SURFAC

These surfaces suhdivide sedimentary rock &
provide:-

« Relative time framework for sedimentary
succession

« Better understanding of inter-relationship of
depositional settings & their lateral correlation

Conceptual models follow that link the processes that

formed the sediments and enable the prediction of their
gross geometries




PROGRADATIONAL PARASEQUENCE SET WELL-LOG

DEPOSITION > ACCOMMODATION RESPONSE
SpP RES

[JCOASTAL-PLAIN [ ]SHALLOW MARINE Il SHELF MUDSTONE

SANDSTONE & MUDSTONES SANDSTONES (after Van Wagoner et al., 1988)

RETROGRADATIONAL PARASEQUENCE SET




RETROGRADATIONAL PARASEQUENCE SET WELL-LOG

—— NEPOSITION < ACCOMMODATION nsespozgg
oA [eAsinwaRD > pa
[ COASTAL-PLAIN [ ]SHALLOW MARINE [ SHELF MUDSTONE
SANDSTONE & MUDSTONES SANDSTONES (after Van Wagoner et al., 1988)




AGGRADATIONAL PARASEQUENCE SET WELL-LOG

RESPONSE
Wl Locason DEPOSITION = ACCOMMODATION SP  RES
i E 7
-COASTAL-PLAIN | ISHALLOW MARINE - SHELF MUDSTONE
SANDSTONE & MUDSTONES SANDSTONES {after Van Wagoner ef al., 1988)
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CHANNEL - GULF COAST

; -i
Noieincisel Suriace
GEOL 553 Lecture 3; Subsurface Analysis




Subsurface Analysis

GEOL 553 Lecture 3
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L GEOL 553 Lecture 3; Subsurface Analysis






CLASTIC SEQUENCE STRATIGRAPHIC
HIERARCHIES

Cylindrical




CHANNELS & SHELVES




TOOLS ENABLE SEQUENCE STRATIGRAPHIC ANAL

This analysis involves

® Subdivision of section into sequences, para- sequences
and beds.

@ Link conceptual models with mix of components of the
individual sequence, para-sequence or beds.

® Use these to explain the depositional setting in terms of
their lithology, grain size, sedimentary structures,
contacts character (gradational, abrupt) etc




Creation of stratigraphic cross sections & geologic models of carbonates
The use of sequence stratigraphy to
correlate & interpet carbonates from well logs & cores

Depositional setting of the carbonates determined from:

Geoclogical model provided by literature

Graphic column that characterizes
lithologw
grain size
sedimentary structures
fossils
surfaces subdividing parasequences

Subdivision by these surface Iinto parasequence stacking patterns reflecting

Grain size
. =Soeguences Bowndary
Thickness Acoremodetian fes
Prograsdaticn bl o 58

Facies architecture & trajectory caused by changes in Uit sl o e

Bl e S i s D LI
rates of change of sea level, sediment acounulation,
and sea floor slope affecting: J—-
.'. A TR o [ S pr—-

Sequence boundaries (SB) e Pk i
Flooding surfaces {TS & mifs)
& determining direction of shoreline moticon; namely
Progradation
Aggradatiom
Retrogradation

Creation of stratigraphic cross
sections & geologic modals of
carbonates

After Ehevli ed al 2000
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