


Seismic Stratigraphy.and Seismic
Geomorphology Analyses
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* Reducingiincertainty; thh respett tu :’“‘thﬁr’ng;c prediction before
drilling & ”

* Assist seismic processing I:r,r |denf1fwng unequwncal
geologic/geomorphic p‘aﬁerns and then usmg thme features as a
guide for compansun o

* Leveraging and maxlmrzmg ‘investment Tr‘r"EE!STTHE data — much
money is spent acquiringseismic data (it’s an asset that should not
be wasted!)
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Pattern recognition — multiple domains

—Section View

—Plan View |
—3D PerspectiveNiew
—Temporal View’ #
—Animadted Viewss

Context is critical™ s




Presentation Outline

- Introduction’ =
» YF

[

. Techniq:ill'qﬁMdiﬂaws::

:,
* Patterngr€Cognition = #

i ¥

- Conclusions S

v




#

# o
- Course Objective

= |tis.my Gﬂjective to expose you to subtleties of the seismic
expression of geologicfeatures and workflows that will get you
there...

-

* |'hope to'change your thinking with respect to how you utilize
_seismic data to better understand geology
&

=" | do not expect you toibecome expert préctitinners overnight, but |

do expect you to become aware ofthe pa't*ential of this approach!

-

-‘i
wh,

One km




When things are not necessarily as they
appear

Reflection amplitude

Distributive or Tributive?



When things are not necess
appear

W ' | Distributive
{ (GOM)

Tributive
(Wyoming)

Distributive or Tributive?




When things are not necessarily as they
appear

Hluminated reflection amplitude

Distributive or Tributive?



Amplitude Extractions

Original pick Criginal pick shifted upwards Original pick shifted downwards

Distributive or Tributive?



Amplitude Extraction Draped onto Structure




Amplitude Extraction Draped onto Structure

Hluminated




Amplitude Extraction Draped onto Structure




Amplitude Extraction Draped onto Structure




Distributaries
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Drainage Network — Colorado

(Google Earth




Excavated “Canyons”

¥ [nline 1854

Crossline 5512
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Where did the
excavated sediment
go?




Pattern recognition: What can we see with seismic data?
| Section View

Plan View

- Reselwabuity vs. Detegctability
114 1116\
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The channels thm‘m.-‘n here are “detectable” but not “resolvable™




Pattern Recognition: Example of Subtle Stratigraphic
Feature — Deep-Water Turbidite Channels

o

Can you see the channels and depositional lobe?




Pattern Recognition: Example of Subtle Stratigraphic
Feature — Deep-Water Turbidite Channels
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From a stratigraphic
perspective, when illustrating
differences in seismic
processing results, always
show section AND plan
views



Pattern Recognition: Example of Subtle Stratigraphic
Feature — Deep-Water Turbidite Channefs
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From a stratigraphic
perspective, when illustrating
differences in seismic
processing results, always
show section AND plan
views




Pattern Recognition: Example of Subtle Stratigraphic

Feature — Deep-Water Turbidite Channels
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From a stratigraphic
perspective, when illustrating
differences in seismic
processing results, always
show section AND plan
views
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Workflows

Reconnaisance >
%+ Evaluate inlines, crosslings, and timej/depth

i

< Animation recommended

Opacity rendering —opticalstacks =« .
%  Animatjon recmmmen;ﬂed ' ’:#

Flatten on' If:ew,lr horizons Hear mtervaﬂa ofAnterest and reevaluate

* Examinein multiple dc:__ma*ih:; = -8 gf amplitude, qﬁhﬂrence spectral
tdecomposition ;

o -l . d L
Focus on specific reflecti%‘z where stratigraphicifeatures have been
detected e B

“ Evaluate Horizon-and interval attributes & &
Evaluate the effects of lightiigdirection'ento picked horizons

Throughout this process, always iterate
between section and plan views

Leverage geologic context whenever possible!







Animated View




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 91




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 101




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 131



ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 141




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 171



|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 191



|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 201




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 211




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 221




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 231




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 251




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 261




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 271




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 281




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 291




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 301




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment
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Crossline 311




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 321




ldentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 331




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 341




|dentification of Channels Using
Animation

Note lateral shifting of high-amplitude reflection segment

Crossline 351
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>~ Much can be learned from the integr:
' stratigraphy and geomorphology s
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Seismic Stratigraphy — 19807%...

Top-Dwn
Oblique

“Depositional Sequence”




Mapping based on 2D seismic grid...

25/1-3

25/2-1
*

25/2-2

25/2-3
»




Mapping based on 2D seismic grid...

SEISMIC L|WMIT OF LDgE

From MobGoveny and Radovitch, 1983




Seismic Stratigraphy — 2000’s W

Cretaceous
#
Devonian '




- Key Takeaways -

<+ Integration of seismicl straﬁﬁfaphy and
seismic ge€omorpho Ggy7 —

T

% ﬁa“ttern recngnrttmn - recﬁg jj@hat
“look”-i“ke gemci@’ic;ally 5|g:;|f|can‘f'patterns

s Effi c:eﬁtﬁ‘nﬂ crgatlﬁ#ﬂﬁws

.t .
o Understarfﬂ C texts—Know where you are

F" e
(shallow VS. de ; -@3 vS. clastic)




Caveats — Uncertainty

Reservoir quality is significantly more difficult to predict than
reservoir presence

Data quality diminishes with deptﬁ-;;ﬂecréaﬁﬁd'fﬁmfutmn and
detectability - =

e

Data guality is impacted by presenc 2 ab e“tﬁ Et ‘
mpEﬁdgj’iGE deposits suc‘l"ra?vgi;a ﬁﬂd -arbonate

Some stmhgfﬁpﬁt patterns provide nDI'FUHIqLTE fi“i. _

Seismic ﬁ‘i’ulﬁﬁ@s fluid cunta# low ng.[‘laﬁtﬂ
interpretati m‘i’ﬁfwﬁﬂaiﬁw ~




Mapping based on 3D seismic grid...

_ Geomorphology

—

Base Cretaceous
Unconformity

Stratigraphy
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Lecture ObjegtiVes
y ,.i: )
Provide participants Wl

*|deas to try | ' ."'u

oA | [ } !!:-1.-' I 1
pplications ex 4'4. 17

" ﬂ .
*Discuss workflofss

*Discuss geologyi



TTERN RECOGNITION -
DEP.SITS

-
i’J'J,
"‘r'\ ote: the “overiap indid

J ‘the direction of meandd
loop migration

#

Mote: the"overlap Indicates
the dirsgtion of meandeoer
loop migration

ol




PATTERN RECOGNITION = FLUVIAL
DEPOSITS

r

Meander logp
migration direction
indicates flow
direction




PATTERN RECOGNITION = FLUVIAL
DEPOSITS

r

Meander logp
migration direction
indicates flow
direction




PATTERN RECOGNITION = FLUVIAL
DEPOSITS

r

Meander logp
migration direction
indicates flow
direction

Kin

MNofe fruncared
point bar deposits




PATTERN RECOGNITION = FLUVIAL
DEPOSITS

r

Meander logp
migration direction
indicates flow
direction

Kin

MNofe fruncared
point bar deposits




PATTERN RECOGNITION = FLUVIAL
DEPOSITS

r

Meander logp
migration direction
indicates flow
direction

4
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r “averlapping
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Pattern Recognition — Fluvial Deposits

Meander loop
migration direction
indicates flow
direction

74




Volcanoes

“Jolcano

» Multiple volcanoes on flanks of structure
- Note pointed tops



Volcanoes

76



Volcanoes

« Note "cone-in-cone” internal architecture within volcanoes
» Note pointed tops




Paleo subaqueous volcano
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Fote gata disruption —
beneath-core of -

Ea .
interpreted volcano

- _'5‘“‘._

Note That these two
lines are imaging the
same volcano

—~Yaolcane

Mote well confirms
presence of volcanics







VVolcanoes — Recognition Criteria
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Cone-in-cone architecture (section view)

Concentric circles with minor rugosity (plan view)

Data disruption beneath volcano core

H|F|P'

|

E Onlapping reflections on both sides of cone |
M Concave-up profile on flanks :

Pointed top

oy
i

e  Angular discordance at volcano base



Extrusive Volcanics

Note arcuate margins
Note influence of syndepositional fauits



Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Carbonate pinnacle reef

Volcanic cone




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 1 M e e P
é Wave base
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Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 2

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base

il




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 3

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base
Internal reflections approximating paleo-sealevel

av




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 4

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base
Internal reflections approximating paleo-sealevel

aa




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 5

Wave base

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base
Internal reflections approximating paleo-sealevel

a9




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 6

Wave base

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base
Internal reflections approximating paleo-sealevel

S0




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 7

Wave base

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base
Internal reflections approximating paleo-sealevel

91




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 8

Wave base

Rising sea level “Cone-in-cone” architecture
Shrinking carbonate “factory” Volcano growing below wave base
Internal reflections approximating paleo-sealevel

End of reef growth

92




Carbonates vs. Volcanics

Distinguishing Architectural Attributes

Time 8

m




Shale-prone Shrinkage Cracks
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Shale-prone Shrinkage Cracks




Mixing seismic stratigrapny
and seismic geormorphology
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Evolution of Deep-water Meander Loops




MTD Grooves and Sediment Waves
on Lower Slope and Basin Floor

| MTD Grooves | MTD Grooves

i -

S 1 fF 4 B ez
i ‘r“f; Yt &
Approximate base of slope 777
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MTD Grooves




MTD Grooves and Sediment Waves
on Lower Slope and Basin Floor

Vertical Relief = ~50m
Wavelength = ~1500-2100m

MTD Grooves




MTD Grooves and Sediment Waves
on Lower Slope and Basin Floor
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MTD Grooves and Sediment Waves
on Lower Slope and Basin Floor

Height of wave climb = ~150m
Wave Length = ~ 1600-2100m




Sediment Wave Field
on Lower Slope and Basin Floor




Sediment Wave Field
on Lower Slope and Basin Floor




Sediment Wave Field
on Lower Slope and Basin Floor

Note: Direction of sediment wave accretion
is obligue to direction of sediment wave migration



Clinoforms...or Sediment Waves?

-'r'k_"‘"_!"' o "\-\.— -
l.l"!—u—\.lq}-.r\.n.'.l— o




Clinoforms...or Sediment Waves?




Clinoforms...or Sediment Waves?




Clinoforms...or Sediment Waves
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Clinoforms...or Sediment Waves

Sediment wave origin more clear in this section




Clinoforms...or Sediment Waves

Sediment wave origin more clear in this section
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Process of Upstream Migration

of Sediment Waves

Note that angles of

Flow Direction dip are commonly
less than 2 degrees

A
‘{??
"

Amalgamated Surfaces

Mote high vertical exaggeration



Sediment Wave Architecture

No amalgamated surface

=

Y

Increased angle of climb

Tl

Amalgamated surface



Sediment Waves — Gulf of Mexico

High climb angle
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Pseudo-clinoforms!

wNote the internal reflections betieene™

successive amalgamated siffaces™
—
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What constitutes an FLT?

A feature tha deological.

Cretaceous Modern



What constitutes an FLT?

A feature tha @ eological.

s A Ll
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Cretaceous Modern



The Role of Context

What lithology is
predicted for this
stratigraphic unit???




The Role of Context

What lithology is
predicted for this
stratigraphic unit???

The bracketing slope
valleys set the context




The Role of Context

What lithology is
predicted for this
stratigraphic unit???

The bracketing slope
valleys set the context: Deep water




The Role of Context — the Lower Slope Valley

ower slope v




Optical stack

Honzon slice




Optical stack

Deep-water turbidite channels

o

=t
Flow direGtion

Horizon slice




The Role of Context in Pattern
Recognition and Interpretation

w

N

Head of slope valley

Ciptical stack (40ms)




The Role of Context in Pattern
Recognition and Interpretation
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Ciptical stack (40ms)




The Role of Context in Pattern
Recognition and Interpretation

shelf-slope break

-

=

Ciptical stack (40ms)

e -"--'l L
'hl--rk:'_“,r




Optical stack

—

i

=
Flow dire€tior

F ' ;-.:. ot 4

Assuming a slope angle of 2° [  Horizon slice




The Role of Context — the Upper Slope Valley

“«-‘15,'-.. N\ ldHnF I by slope Fa'!lu re w

\\
o r

SlicestMrou 1h middle of slope valley
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The Role of Context — the Upper Slope Valley

“«nym witdened by slope falllire

olice tirough base of slope valley

132
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Further evidence for
deep-water slope setting

T

\ 100m Compressional structures associated with gravity
sliding = indicative of slope setting

Decollement surface

o
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Extension and Compression Associated with
Mass Transport Sliding

| Extension — raft blocks l
H-h"'“"‘--,

Decollement surface

Decollement surface
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Siopewvalley'canyon

Lires

Further evidence for
deep-water slope setiing
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L 100m

Decollement surface
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The Role of Context

Smalllateral

slope Tallures




The Role of Context

TR

Deep water

Jeep waler

I'he bracketing slope
valleys set the context: Deep water

137

What lithology is
nredicted for this

stratigraphic unit?’??




The Role of Context

138
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Deltaic/shoreface progradation???
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Significance of alternative interpretations

Reservoir prone — deltaic/shoreface progradation







Upper section — Deep-water

For this section to be deltaic or
Ishoreface, relative sea level would
need to have fallen 250-300m and

“lthen risen a similar amount
(assuming a slope gradient of 2%

N

— Deep-water




Upper section — Deep-water

For this section to be deltaic or
Ishoreface, relative sea level would
need to have fallen 250-300m and

‘Ithen risen a similar amount
(assuming a slope gradient of 2%

N

Conclusion: sand-challenged feature
likely related fo contour current rather
fhan deltaic processes

..... L

— Deep-water




Contour Current Progradation — Analog

T m——

- I 100m

143




Workflows: Slicing Styles

Stratigraphic Interpretation

Horizontal Planar Slice (i.e., Time Slice)

Time slice \_\

Horizon Parallel Slice (i.e., Horizon
Slice or Stratal Slice)

fnterval of interest

e

Interval of interest




Slicing Styles [E. SESENE 2

Horizontal Planar Slice (i.e., Time Slice)

Horizon Parallel Slice (i.e., Horizon Slice)







Meandering deep-water channel detail




Application of Optical Stacking - Thailand
Seismic Transect

148




Application of Optical Stacking - Thailand
Seismic Transect

149
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Time Slice




Application of Optical Stacking - Thailand
Seismic Transect

Optical Stack (48ms)
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Time Slice

Optical Stack
(48ms)




Animations

Inline Animation (west Africa) Optical Stack Animation (west Africa)




Animations

Thailand time slices Thailand optical stack




Workflows: Attribute Analysis
Spectral Decomposition

High Froquancies



15m

Spectral
Decomposition

100 ms

Low Fraquencies

A
\

1
-

iadium

High Froquancies




Co-Rendered Low/Medium/High Frequencies (Spectral Decomposition)

Signal Envelope




Spectral Decomposition vs. Full Frequency

159



Spectral Decomposition vs. Full Frequency




Spectral Decomposition vs. Full Frequenc

161



Transparency and Formation Sculpting




Top Bashkirian Dip Magnitude Map - Tengiz
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Slope gull










Formation sculpted
Transect showing top and base Unit 1




Sculpted Unit 1




North
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Lower 1/3
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Seismic Facies Map (10 classes)
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3-D Visualization




3-D Visualization
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Proportional slicing through divergent seismic reflections

Reference horizon 1

Reference horizon 2



Proportional slicing through divergent seismic reflections

Reference horizon 1

Reference horizon 2



Horizon Slice

(Proportional Slice between Top
and Base Carbonates)

High-Velocity Core Post-Carbonate fill

Reef Build-up

Co-eval Basinal Marl



Horizon Slice
(Proportional Slice between Top
and Base Carbonates)

Top Carbonate

Base Carbonate

61
slices







‘Workﬂow: Creative Datuming |

Or... what to do if no continuous
horizon is available to pick on
which to flatten



Slicing Techniques: “Creative” Datuming

1) Interpret an approximate horizon near the zone of interest

e E——— —_— —— - ==

e i—




Creative datuming — Interpretation workflow

2a) Map this horizon across the study area

A. Interpret “forced” horizon onto a skeleton grid B. Interpolate “forced” horizon pick



Creative datuming — Interpretation workflow

2b) Extract amplitude at this horizon

Interpolated “forced” horizon

Amplitude extraction on
“forced” horizon




Creative datuming — Interpretation workflow

3) Flatten on this horizon

wi. e
=
- -

-
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e

iy

Flatten on interpreted “forced” horizon




Creative datuming — Interpretation workflow
4) Generate horizon slices

Slices parallel to interpreted “forced” horizon - horizon slices




Creative datuming — Interpretation workflow

5) Create optical stack




Creative datuming — Interpretation workflow

Adjust opacity for optical stack



Leveed channel detail

Channel

Levee is likely sand-poor; high
amplitude probably related to silt
content



Seismic Expression of Weakly Confined Channels

il T o g e e

Time Slice




2 Arbitrary
Planes




Seismic Expression of Weakly Confined Channels
Using “Creative Datuming”

Step 1: Pick approximate base of target section

Step 2: Pick loose grid — approximate base of target section



Seismic Expression of Weakly Confined Channels
Using “Creative Datuming”

Step 3: Interpolate loose grid — approximate base of target section



Seismic Expression of Weakly Confined Channels
Using “Creative Datuming”

Step 4: Drape coherence values onto mapped horizon



Horizon Slice

Seismic Expression of Weakly Confined Channels
Using “"Creative Datuming”




Time Slice

Ited Planar Slice

=

Horizon Slice

198




Slicing techniques -







Figure 10

Shallowest



Flattening workflow

Downlap surface I

Target Section

202




Flattening workflow

Target Section

...... . = — = = == E -.. | Fickaﬂhnn‘zﬂn

Downlap surface I - _ \f‘

¥

" 1

B el

Smoothed picked horizon
Detail of downlap surface e

203




__ Flattened on the picked horizon

Flattening workflow

- =

Flattened n the mnmhed picked horizon
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Flattening workflow

Flattened on the smoothed picked horizon *




Flattening workflow

] Best to flatten on the smoothed pick L
I A
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Shallowewaian

Hluminated horizon
(base clinoforms)

Observations:
Sediment wave relief ~ 12ms
Sediment wave length = 1.5km

Interpretation:

| Sand-prone aeoltan dunes

Formed subaerially just prier o drowning and overldin
by condensed section (downlap surface)




Time structure
(base clinoforms)

Chree kmn
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- Sediment wave length = 1.5km
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Deep-water :
—sewsameli—— |nterpretation:
Shallew-waler - | Sand-prone aeolian dunes

= t———Eryrmaaments ‘:’ - Formed subaerially just prier o drowning and overldin
- s by condensed section (downlap surface)




Time structure
(base clinoforms)

Key Takeaway: To get the best image,
choose wisely the best surface upon
which to flatten!

e .,

e — 1) wai.ar
"‘“"'”““E"wmnm&ni— | Observations:

— : Sediment wave rellef ~ 12ms
Sediment wave langth ~ 1.5km
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s by condensed section (downlap surface)










Comparison with

Modern Analog |

Namibia




Flattened time slice showing strand plain deposits of the
Lower Grand Rapids. Volume flattened on Wabiskaw (mfs)

e Ekm |~ & 4 i | 8.

e X:3103.00 E73.08 4300
r 111%,08

o.0%

i_POTHTH _SabT Flab4dd.Boi decddvo

From Grieg, 2010



* 6.5 miles (10.46 km)
of progradation

*Remarkably continuous
clinoform bodies along
depositional strike

*** Wave-dominated with
longshore currents

1 mile (1.6 km)

From Handford, 2004




Middle East

T A1
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Qtic grainstone shoals




-

Hadler-Jacobsen et al,, 2010



Shoreface and
Associated Estuaries

Horizon slice







Shoreface and Associated Estuaries
Main Sand

Optical stack 48ms



Shoreface and Associated Estuaries
Main Sand
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Shoreface
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Optical stack 48ms
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Lower Neocomian Main Sand and Modern

Shoreline of the Zambesi Delta, Mozambique

Note that scale is the same



Note that the estuary is deepest where it crosses the shoreline;
At that location the estuary is narrowed by shoreface/spit growth
across the estuary mouth. Flushing into and out of estuary by tidal
currents can erode deeply into the substrate

Modern estuary — Gulf of Carpentaria, Australia



Seismic expression of estuary with
analog

Estuary, Mozambigue




Mote channel path sub-
parallel to shoreface
beach ridges

Horizon slice base shoreface shifted 16ms upwards



Note channel path
sub-parallel to
shoreface beach
ridges

Horizon slice base shoreface shifted 16ms upwards co-rendered with optical stack




MNote channel path
sub-parallel to
shoreface beach
ridges

PN Bte that'channel “feels” the
ot . underlying beach ridges

Horizon slice base shoreface shifted 16ms upwards co-rendered with optical stack




Mote channel path sub-
parallel to shoreface beach
ridges

Mote channel path sub-
parallel to shoreface
beach ridges

Modern shoreface and
associated channels,
Mozambique

Horizon slice base shoreface shifted 16ms upwards co-rendered with optical stack



Strandplain




Strandplain




Flattened time slice showing strand plain deposits of the
Lower Gran Rapids. Volume flattened on Wabiskaw (mfs)

From Grieg, 2010
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Strandplain Environment of Depaosition

Harizom slice




Strandplain Environment of Depaosition

Fluvial input point 1

Fluvial input point 2

Progradation direction




The Benetits ot Horizon Illumination
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The Effect of Lighting Direction

Lighting from upper right Lighting from upper left



Base of Mass Transport Deposit (MTD)

Evidence for basal erosion

Grooves are bi-directional
indicators of transport
direction




Base of Mass Transport Deposit (MTD)

Evidence for internal deformation (thrust faults)

= |

oo

= [0

4z iR

£

Arcuate lineaments

- (associated with internal
thrust faulting) are uni-
directional indicators of

transport direction ﬁ



Basal Grooves MTD — Brazil

Lighting from
lower right

Lighting from
lower left
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.. @ Word about dip azimuth
Cannot distinguish between...

Dip Azimuth ‘n; Magnity J'J'






Structure (3%




MTD Track

one km




MTD Track

one km




one km




Fluvial Deposition



Modern Fluvial Channel - Wyoming
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How is River Meandering Initiated
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" Flow deflection associated
with small unpredictable

| events initiates

pertu rbations that

= ., propagate down-system
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Baffles and Barriers within Fluvial Deposits

Potential Baffles to fluid flow

AN

Potential Barrier
to fluid flow
rtment 1 Abandoned channel

Compartrerit 2




Can you identify the fluvial system?
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Devonian Eluviall— Western Canada




one km
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Stratigraphic Architecture related to Regional
Unconformity

With Alllson Teletzke ard Angrew Kulpecz



Stratigraphic Architecture related to Regional Unconformity

By, T

Ercsionaltfuncation

With Allizon Teletzke and Andrew Kulpecz |




Stratigraphic and Depositional Systems
Evolution

Large channels subcropping —— -)-I-e: — Emall channels subcropping

e e

- : “—"{:::-: "'\_.-h p— i Vi -
e 5 . “—
— J'——I":"':"l-"_"i_“_-""-_ - . ——H'i-_ \'\.\__ﬁ_ﬁ_f =2
o
Time 3: Continued tectonic tilting to NNE and erosion
' ¢ N —
_H_‘:—?J \‘H—-i_;"'_.a-’ N x‘*——éi-r“'

Time 2: small single-threaded fluvial systems — flowing from SSW to NNE

= Tecionic filfing towards the NME resulted in parallel drainage pattern

— =
\u‘i Ny ! F ___,.r"-. "‘-\_\__-" ‘\\"—--—.:: _'_,.r‘" "I.‘\___

Time 1: Large single-threaded fluvial systems — flowing from SE to NW

With Allison Teletzke and Andrew Kulpecz










Parallel Drainage: Barents Sea vs.
Analog

Example of parallel drainage on dipping surface

266
With Allizon Teletzke and Andrew Kulpecz
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3-29-52-Tw4 1-20.52.7W4

-15-532-TW4

7.71-52-TW4 4-21-52-TW4
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1-29-52-TW4
Note differential compaction effect
| R

wr -
= - -
= r,

14-21-52-TW4
3-29-52-Tw4

=,

Flattened on lower coal

Aspect Ratio: ~ 35:1

e, 1015
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"op Channel Time Structure
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one km



Channel-fill Patterns: Compaction Effects and Lithology
prediction — sand-filled vs. mud-filled channels

Applies to any deposits that compact more (or less) than adjacent deposits

Examples: channel fills (fluvial and deepwater), canyon fills, reefs, barrier bars, sediment waves

Time 1 Time 2

Process: Fill channel with incompressible sediments (sand) that
are adjacent to shales that are very compactable

DA

Time 1 Time 2

Process: Fill channel with compressible sediments (mud) that
are adjacent to sediments that are less compactable

Case 1

Case 2




Channel-fill Patterns: Compaction Effects and Lithology
prediction — sand-filled vs. mud-filled channels

Bump = sand-filled channel




Channel-fill Patterns: Compaction Effects and Lithology
prediction — sand-filled vs. mud-filled channels

Differential compaction...in reverse

S5  Clues to lithology: Nate in addition
ko compackion... amplitude strength
and continuity
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Note raised channel 1 due o n".-.-.-"-'. Feniidal compaciion
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Time Structure Map



Channel-belt de-compaction

_———'-"'-—-—_
Interpretation:

» |nversion of topography occurred over short time

« | evee deposits are more compactable ( ); finer grained than
nannel bell [‘]ED{JSHE { ' ::I

* Channel belt deposits are more compactable ( ) and
therefore finer grained than channel deposits ( ]




Note: convex-up profile and onlapping reflections
— indicative of sand presence [associated differential compaction]

“Nested” Channels

Base Slope Valley Complex

Proposed Location 1

i [

Slope Channel - West Africa _
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Slope Channel - West Africa

Sand-prone sections

Proposed Location 1
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Pleistocene Fluvial Meander Belt — Thailand

Time Slice
120 msec
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Madagascan®




Pleistocene Fluvial Meander Belt — Thailand

Time Slice
124 msec



Pleistocene Fluvial Meander Belt — Thailand

Truntairm BerD| Meander loop “swEBEPY

i
Mo tidal indicators &8

10 km
Time Slice
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Integration of 3D with 2D High-Resolution Seismic Data

Conventional 3D seismic data

ke "




Integration of 3D with 2D High-Resolution Seismic Data

Conventional 3D seismic data 2D Sparker profile
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Conventional 3D Section and Time Slice

" 70 Hz 3D (tuning thickness: ~6 m)
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Conventional 3D Section and Hi-Res 2D Section

Al

v0 Hz 3D (tuning thickness: ~bim)

|




Conventional 3D Section and Hi-Res 2D Section

Al

v0 Hz 3D (tuning thickness: ~bim)

50 m ‘
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Incised Valley Deposition

Early transgressive deposits

| | ' ' Fiuuial Pnint har depusits - | =

Oxbow lake
Lowstand Fluvial Deposits

13 5
U= 12

/e of an incised valley




Incised Valley Deposition
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Facies architecture




Prograding
Mouth Bar

Laterally
accreting
Point Bar




Variability of Point Bar Thickness
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Rules regarding correlation of well logs in fluvial settings

|

Top of point bar usually has common level

N

Base of point bar can be variable - 25-30% of thickness







Indications of Fluvial Depusitiun

High-resolution
seismic image

Low-resolution
seismic image

Compartment 1 \ Compartment 2

Note pinching and swelling of channel belt limit




Meandering Channel with Point Bars
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Point Bar Metrics



Point Bar Metrics

Big (i.e., wide) rivers have big (area and thickness) point bars




Point Bar Metrics

Channel
| Wavelength

I-|-

Point Bar
Thickness @

10 km

—-i

Measurable parameters - all interrelated




Point Bar Metrics

F’ni Bar
Thickness

Measurable parameters - all interrelated




Jdata/voxel_thaifvgre_cambodia/premier_pstm_aniso_g_00.vol

Sinuosity = 2,13
Wavelength = 5.33 km
Channel width = ~246m

Time: 116ms




Jdata/voxel_thaifvgre_cambodia/premier_pstm_aniso_g_00.vol

Sinuosity = 2,13
Wavelength = 5.33 km
Channel width = ~246m

Time: 116ms




Sinuosity-= 1
Wavelength
Channel wi




Sinunsity:-= 13
Wavelength
Channel wi




Sinuosity '= 1,30
Wavelength = 4.18km
Channela«rrdl‘h = w 200m




Sinuosity = 1,35
Wavelength = 4.21km
Channela«rrdth = 200m




Sinuosity = 1.2/
Wavelength = 7.59 km
Channel width = ~ 220m

Times; 180ms




Sinuosity = 1.2/
Wavelength = 7.59 km
Channel width = ~ 220m

Time: 180ms




-

. Sinuosity = 3.19
Wavelength = 2.36 km
Channel width = ~ 84m




-

Sinuosity = 3,19
Wavelength = 2.36 km
Channel width = ~ 84m




Sinbosity = 1.52
Wavelength = 1,35 km
Channel width = ~ 35m




Sinliosity = 1.52
Wavelength = 1,35 km
Channel width = ~

35m




Sinuosity, = 1.32
favelength = 1,43 km
Channel width = & 38m
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Sinuosity, = 1.32
Wavelength = 1,43 km
Channel width = & 38m
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' -_%\uusmy = 1,35
velength = 4,10 k

b
il .t;'l‘lannel width = ~ 1
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S’nuna =35
W th = 4.10 km
nne

["Width = ~ 130 m

LI km




High-resolution sparker seismic — resolution <1m

Abandoned channel
{mud plug) = possible — g ;
flow barrier/baffle \,\
between point bar
compartments

Internal "shingling” (possible flow baffle)




Abandoned channel
{mud plug) = possible
flow barrier/baffle
between point bar
compartments

Channel (i.e., river)

o L e B

' Channel belt ':-"":"'** =

—_—

Abandoned channel
{mud plug) = possible
barrier/baffle

Compartment 2

Campartment 3




Relationship between Channel width and
Channel Wavelength (based on Gulf of S a7
Thailand empirical observations)
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SO00
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.
4000 |
N ==S5E | | |
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H : - j | | size, and Pt Bar thickness is derived
1000 +——— | N N U R S S W S S S S T S P S — : .
: : e | directly from well logs
- - | L
0 20 LoD 150 200 £50 300
1000 Channel Width (m) 1, wL

Big/deep rivers are associated with big/thick point bars |




Relationship between Pt Bar Thickness
and Channel Wavelength (based on Gulf
of Thailand empirical observations)

Wavelength = 30.209 * Channel Width
R*=0.774

Channel Width = 17 *® Paint Bar Thickness

5000 Wavelength = 30.209 * 17 * Point Bar Thickness
4500 Point Bar Thickness = Wavelength / (30.209 * 17)
4000 = Point Bar Thickness = ¥ Wavelength / 257

ar

3500 |

¥ Wavelength = 257 * Point Bar Thickness

¥ Wavelength (m)
P Pl ]
(= i =
L ] L} ]
[ = =

1500 [~ s s C LD - P ses y
E ~ | This is critical because:

1000 - -~ 2 WL is a measure of the Pt Bar
i : — size, and Pt Bar thickness is derived

o 1 I ¢ G O N A O ) S S S S R - _
' | directly from well logs

. | = | = |
a 3 & g 12 15 18
1000 Point Bar Thickness 14 WL

Big/deep rivers are associated with big/thick point bars |




Relationship of Point Bar Thickness vs. River Size (width) vs. ¥

Wavelength (Length of Point Bar)
(based on Gulf of Thailand empirical observations)

1.9m 33m
3.9m 6bm
5.8m 99m
7.8m 132m
9.7m 166m
11.6m 199m
13.6m 232m
15.6m 265m
17.5m 298m
19.5m 331m
21.4m 364m

Big/deep rivers are associated with big/thick point bars

500m
1000m
1500m
2000m
2500m
3000m
3500m
4000m
4500m
5000m
5500m

o River Width j

Pt Bar Thickness

!

W

v WL




Point Bar Thickness Prediction
e ] e BT

3.9m BEM 1000m
5.8m 99m 1500m
7.3m 132Zm 200m
9.3m 16E6m 2500km
11.6m 199m 300
13.6m 232m 3500m
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o Wavelength=2.1 k
SRR .

Predicted thickness = ~1
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redicted thickness = <3.1m Note final position of
hannels {mud plug?)
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Note final position of

channels {mud plug?)
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Sinuosity = 1.32
Wavelength = 1.43 km
Channel width = ~ 38m

335




Low sinuosity pp—
sandy bedload
rivers — long bank attached bars

7

Wavelength can be
measured seismically

| Thickness can
be predicted

Seismic
expression



Determining Well Connectivity — Best Case

Scenario

1500m half wavelength
100m wide river

h“x@' LY
,
. .

-\._ L1
— |
L

ss=6m (20) | .

3 wells in same Pt Bar i "

500m half wavelength
30m wide river

500m

1000m half wavelength

70m wide river

|dentical well spacing




Stratigraphic Trap Accumulation

ﬂﬁ#km
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Stratigraphic Trap Accumulation

Flow Direction




Stratigraphic Trap Accumulation




Stratigraphic Trap Accumulation




Stratigraphic Trap Accumulation

Mud plug not apparent




Stratigraphic Prediction

Key Question: How big is the point bar?
or...How large is the compartment?

Big rivers have large point bars...little rivers have small point bars...




Stratigraphic Prediction

Key Question: How big is the point bar?
or...How large is the compartment?

Big rivers have

point bars...little rivers have point bars...




Stratigraphic Prediction

Key Question: How big is the point bar?
or...How large is the compartment?

Well penetrations indicate point bar thickness..
Can we predict the associated point bar size? e




Point Bar Size (km2)

Channel Wavelength vs. Point Bar Size

[ y = 1E-07%? + 1E-D5x + 0.2361
{ - { 4 R2Z = 0.5439

Pt bar size
—Paoly, [Pt bar size)

0 1000 2000 3000 4000 5000m
/2 Wavelength
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Point Bar Size (Acres)

51?5_--.-.i..---.-.--...:. ey N T

Channel Wavelength vs. Point Bar Size

[ y = 1E-07%? + 1E-D5x + 0.2361

4040 | | | 1 | | | R2 = 0.5435
3?‘]5 —— — - ] e - - e T - - - LT IEPE— o o+
Pt bar size
2470 ——Poly, [Pt bar size)
1235

0 3.9 7-'..8 11.6 15.6 19.5m
Point Bar Thickness
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‘Workflow: Channel chasing |

Fluvial channel belt




“Channel Chasing” (Superbenchemas data set)

500,









































































Meander Scrolls

Base Eretaceous Fluvial Deposits




ander Scrolls - " 8 g HrgheSmuosity Eluvial Deposits Near
Base Cretaceous Unconformity

200 mse




Cretaceous Channel Systems in the Cretaceous, Alberta

one km



Cretaceous Channel Systems in the Cretaceous, Alberta




High-Sinuosity Channel System
with Scroll Bars in the Cretaceous, Alberta

& e




Can you ideniify ihe fluvial channel bali?



Talang Akar High-Sinuosity Fluvial Channel Belt
Offshore Northwest Java

—— [op Fluvial
Talang Akar
(Datum)
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Talang Akar
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Meander Belt with Backswamp Area
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Case Study

Shelf Ridges
Offshore Indonesia (Miocene)
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Offshore Indonesia

5 km
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Offshore Indonesia




Offshore Indonesia
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E-10 ETB-4 ETA-4 ETA-1 ETA-3

E-Field
Shelf Ridge 2480
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Leading Edge

ETA-4 Bl
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Trailing Edge

I15m

L1 2480 Shelf Ridge




E-Field - 2732 Shelf Ridges (Indonesia)

Reflection Amplitude Extract




E-Field - 2732 Shelf Ridges (Indonesia)

Interval Attribute: Cumulative Amplitude (Stratimagic)




Shelf Ridge 2
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E-Field )
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Shelf Ridge - Basal Boundary
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Shelf Ridges - East China Sea
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Shelf Ridges - East China Sea
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Shelf Ridge Transverse Section
- East China Sea
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Shelf Ridge - Natuna Sea (Miocene)

Leading Edge

B Amplitude Anomaly

Data courtesy of Towl/Finn/ELf




- Methodology - I

m [ntegration of seismic stratigraphy and
seismic geomorphology

m Pattern recognition - recognition of
what “look” like geologically significant
patterns

m Efficient workflows and creative
analytical techniques




Conclusions
- Final Thoughts -

Significant stratigraphic information can be
extracted from 3D seismic volumes

Recommended workflow:
L (geologist MUST get involved)

m Examine in 3D ( )

m Tie of stratigraphic features and
evaluate exploration significance

m Evaluate additional

There is no cookbook approach - is the key!!




Conclusions

Benefits of
Seismic stratigraphy/seismic geomorphology

Identify Depositional system/depositional element
...and then predict lithofacies distribution




Imaue the Ilenosumnal Element

Analysis.

1. Reconnaissance
2. Detailed evaluation

Interpretation

Procedure: /ﬁﬁf P Wﬁ%%%

[ntegration of //l




Keys to Success

*Robust catalogue of geologic patterns
*Good working knowledge of interpretation software

*Good understanding of strengths and weaknesses of
geophysical data




