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What Causes These Patterns?

Typical Seismic Section Atlas of China,
Chief of Board: Lu Bang Gan, page 157.
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The Following Pages Are Analogs
to Provide Interpretation Context

The stratigraphic and structural
processes creating the rock
record are repeated worldwide,
across geologic time, and at
various scales. Access to
known analog examples of
outcrop, seismic, and well log
cross-sections guides
geoscientists, enabling
understanding of complex
geology across disciplines as
well as communication to
management, partners, and
Investors.

The Abbott On-Line Atlas is a work In progress and includes:

« Stratigraphic Examples from
— outcrop,
— log, and
— seismic
« Seismic scale analogs, which can
— guide stratigraphic interpretation on logs and seismic,
— transfer years of field experience to interpreters,

— provide examples which can help guide management thinking about new play
fairways, leads, prospects, fields, and/or reservoirs

* Capture of Ward Abbott’s experience and knowledge:
— retired chief stratigrapher at Shell, 20+ years
— retired chief stratigrapher at Occidental Petroleum, 20+ years
— one of the world’s foremost stratigraphers

« Demonstration of knowledge capture for the oil industry,
— an industry where new hires do not experience field geology

— anindustry rapidly loosing experience to old age and retirement
— an industry critical to maintaining modern lifestyles

These pages are derived from work of Ward O. Abbot and H. Roice Nelson, Jr. on the Atlas
as well as other examples, as noted, especially The Seismic Atlas of Australia and New Zealand.



Dr. Peter Vail’s Definitions of Systems Tracts

ARID CARBONATE-EVAPORITE-SILICICLASTIC ARID CARBONATE-EVAPORITE-SILICICLASTIC ARID CARBONATE-EVAPORITE-SILICICLASTIC
RIMMED SHELFTRACT RIMMED SHELF RIMMED SHELF
LOWSTAND SYSTEMS TRANSGRESSIVE SYSTEMS TRACT HIGHSTAND SYSTEMS TRACT (4t ORDER “LOWSTAND")

_EOLIAN DUNES o \£*:L>\\~ SALINE

__ TEPEE-PISOLITE
B BELT  GRAIN SHOAL

INTERDUNE
“ISLAND

. CARBONATE
TURBIDITE

7SILICICLASTIC

; TURBIDITE

Y/ "CARBONATE
DEBRIS FLOW

From Handford and Loucks, 1994. R Handicrd and Lodcks 19

Lowstand Systems Tract. _

Jory A. Pacht, et. al., in Application of 3-D Seismic Data to Exploration and Production, pages 165-169,
drawings from Handford and Loucks, 1994.
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Carbonates, Devonian Sequence, Canning Basin, Australia
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Carbonates, Devonian Sequence, Truncations
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Carbonates, Devonian Seqguence, Onlaps
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Carbonates, Devonlan Sequence, Seguence Boundary
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Carbonates, Devonian Sequence,

Highstand Systems Tract
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Carbonates, Devonian Sequence, Lowstand Systems Tract

Personal Communication W.O. Abbott.
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Shelf Patch Reefs
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A PANORAMIC PHOTOGRAPH OF A PENNSYLVANIAN PATCH REEF IN THE NORTH WALL OF DRY CANYON, EAST OF ALAMOGORDO, NEW MEXICO.
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NOTE THE STRONG PEAK—TROUG—PEAK REFLECTION PATTERNS OF ALGAL MOUND COMPLEXES

SHELF PATCH REEFS

3.3-3

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics: H.L. Scott, data from Occidental International Exploration and Production Company, pages 3.3-2-3.
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LLow Relief Platform Margin Reefs

80 90 100 110 120 130 140 150 160 170 180 182
828’ 810" 774! 684" 606" 198" 330' 306" 282" 204’ 192" 180" 126" G 210" 264' 348 408' 432" 432 420’ 390" 366"

)),, )

«Wa«m«mg«m Wzs&m‘@m«: ‘
44 (SIS

(X » ‘«ﬁ(\gﬁ " K “ﬁ’ P T % o W % i i i ....... T

i i ‘ t\‘ }%}&. « m\\m EEW Q‘?HA gn«« s S M TS ; Wi Vi
)} ) ﬁﬂ ‘\«(\\\-\‘5 \\\\‘ ﬁ. i) «‘(“% I "}j"&z m et TR : s, T " il : el 1] S
‘ﬁ Nﬂ 4‘\%“\‘&“ ﬂc(&\.‘« L ::i 1 w 2 ol 3

‘.\x\\w‘ it \'.'v wmt«:!""«\ &2 "?3"2 ‘@5 e D, G 2 % N : : e
\{“.ﬁ‘q etdefy s (s ..‘ 4& )) «i& n‘ 5.& m“ A .g,-\cge,(wz hpipsi Y5y LT SR ““ P N-g_mi_?‘ .m,., % v o £3 o Y RPOOMMIBONTY L G
< \(\i ,U(I&?‘Q ﬁlﬁ e‘A _— #& "’I‘ ‘«Q s &M ‘)Im‘ % : L e o o St Bemmrtill i

i
!
i HEHH | i
I it i HiLH \rl

i

& J';; za,"
’isﬂfj

‘?}“/* W’W‘ e AN 3 SO l“\ 2 -. crrn o
}{@‘2‘:“‘{ e i ”“:}"‘g""» '&}éﬁf{«*«x*‘ e o 4.\““ z? 2 ﬁ.\ R ..t"r‘ u. RIS
s ;f’v-. “'“"4“.”:1% 50 )E) «gf' ‘wf ?"' AT :& o) e “nqi(r.“'. e '“\'4
BTG "A.‘!. S e s i <; \\ﬁ{ ,— ) um m e »,
e %g: A % i
S e v.‘ﬂl’g\.), “"1 .A«m.tﬂ‘ h <§l“ "t‘)"m. .’3.\}@‘1 ""‘ “’ & 43
ey’ e LR w M -s\* --r ”«f“""" ~

R ST A W.H TN

,‘%L‘,é.r 4.,’3‘).‘: > -r‘ ‘“’b"ﬁﬁﬁ. ﬂ:‘ b Y} ‘\n\ \\37"\ ":-Lfﬁ‘“ g“"*“ﬁ" \ﬁ _t‘)é“zl‘# Xl (bg"'k }' ;_,4 ‘%

.*_:&* mﬂff\‘m&mn% ok T s PRSI Y R

; % N o o e L RS SR TTAS TN 0 T o S "‘&&:
A5 o W A g SR i T B, iﬁze.ﬂ AP T A J’ # "' *“i‘ s A«"N‘ eyl o o *‘W : s
% ‘;“3 <"’*—.\ Vel s S er e vy S 2 .\4 g -5..11 1Py TR A 1',::1 It 2menadls %»“ : "\’v«m
‘z‘-f”‘}”’?;")‘” e e S ;;' 1‘*"’?:.3:2’“% \.‘?1’«' 31) : "*“t‘::%ﬁ-&if‘f“% i BSOS e e e S 1.0
SUE W iy J‘.. AN 4"«' v o) »" T 5 . 4 Ll M IR DT DS - T YU WECD s s S L0 LI MW i
J"? e "‘1"" u'&'\“h “« ) M‘“‘}: F& Soe 'Q‘:h .33(‘ & Qi 155 ﬁ( 4'\ ‘ 4 ‘} vk s &1 ..:l‘\ \4_."&-4.‘_ $ihcowra ".. ~-.'" \""”va";‘.:;m?;*’ R S ',. o "'f’@ ,,,,,,,,,,,
o
IOO' . 110 . ‘ 120. 130 140 150 160 170 180 190 200 210 221
" 1008 990 540 192 186 108" 90" 96" 144' 186" 186" 192" 192" 204’ 300' 468" = 720" 846’ 972" 1134° 1350 1620" 1782" 1764° 1404'1350"
\ v V. v v v v v v

| | | | | 2l | | | | | | - |

SEISMIC LINES FROM OFFSHORE ARUBA, SOUTH AMERICA
NOTE THE CLASSIC UP AND OUT BUILDING CARBONATE SEISMIC FACIES PATTERNS.

PLATFORM MARGIN REEFS (LOW RELIEF)

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics by: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.5-1.
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T.D.3922m

Cobden Limestone

The Seismic Atlas of Australian and New Zealand
Sedimentary Basins, Edited by: C. Gregory Skilbeck and
Malcom J. Lennox, pages 279 & 289.

HORIZONTAL SCALE 1+ 35,000
SSE | km
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TARANAKI BASIN
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Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics by: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.5-2.
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Scott Reef

The Seismic Atlas of Australian and New Zealand
Sedimentary Basins, Edited by: C. Gregory Skilbeck and
Malcom J. Lennox, pages 25 & 29.

BROWSE BASIN

Modified from Powell (1976) & Crostella (1976)

LOCATION: Off shore, northern Western Australia,

ESTIMATED AREA: 100,000-155000 sguare

kilometres.

?;AXIMUM THICKNESS OF SEDIMENT:
000+ m.

AGE OF SEDIMENTS: Late Carboniferous or

Early Permizn to Holocene, with numerous local

unconfoemities,

BASEMENT TYPE: Continental crust consisting
of Proterozoic metamorphics and intrusives.

moreSahul Block and the Londonderry ,\r%n"x.
West: western margin of the Seott Plateau

WATER DEPTHS: 3000 m along western margin,
Most of the basin, except for the eastern margin, lics in
water depths greater than 200 m,

TYPE OF BASIN: Passive continental margin.
AGE OF RESERVOIR(S: Latc Trisssic amd
Jurassic.

'l'nYdell OF HYDROCARBONS: Gas, condensate
and oil.

GENERAL REFERENCE: Allen et ol. (1978).

BROWSE BASIN

10°s

Y

12°

ABYSSAL PLAIN ;f

16

YAy, ) &
vy, 7
Y I
— /’:f:{ I LZE=
7,
/] / v
INDIAR / ‘\ » K / BONAPARTE GULF
~ / T
A . - B \x_ \{ ,/_44,.(-/ BASIN
4 y - KRN £
e i BRONSE BASIN o Ea skl
g ] =

Kimberlay

R
IS

WESTERN AUSTRALIA

126°

e N —lf?
n
(Projected ) Line 18-6I
SCOTT REEF-|

R e

AN

%

R

S

S ?;\»a‘h U

N

N

T~
60 2TOP OF ACOUSTIC BASEMENT

25-27 September 2011 2011 Walden 3-D, Inc.

3-D Seismic Interpretation - with an emphasis on carbonate terrainsCopyright ©

Carbonate Patterns Workshop- Page 16

JWIL 13AVHEL AVM OML

(SAN0D3S)



Carbonate Shelf Margins Interpretation

l qrast

SEISMIC LINE OFF NORTHEAST COAST BRAZIL ILLUSTRATING
DIFFERENT SEISMIC FACIES PATTERNS OF A CARBONATE
SHELF MARGIN.

NORTHWEST

_ g "'! \ SOUTHEAST
= TN

/

Guadalups sories

Ochoa series

(]

P e G OAT Srs
: .. = R \\N\\Q'.‘\%\
e ==l =

i/

D

L

Leonard sovies

STRATIGRAPHIC DIAGRAM OF EXPOSED OUTCROP FACIES
PATTERNS OF A CARBONATE SHELF MARGIN.

Guadalupe series

fertical scale
(Two times horizontal scale)

Y =
Region of numerous local unconformities UPDIKE WELL
in Bone Spring limestone 3400 FEET DEEP Region of contorted beds in Bone Spring limestone

[ = = = = = praced

Leonard series

Maseive limestone, beds several Thick-bedded limestone, beds Thin-bedded, light gray limestone, Thbedded, dark gray lime- Thin-bedded, black lime- Coarse-grained, massive sand- Fine-grained, thin-bedded Conglomerate Dolomitic, sandy breccia
hundred feet thick Capiten 185 to 50 feet thick Capitan with thin sandstone beds e (members in Delaware stone (Bone Spring limestone) stone (in Brushy Canyon (in Delaware (in Brushy Canyon formation) (inCapitan )ln":"m)
and Goat Seep limestones and Goat Seep limestones Carisbad and Goat Seep limestones tuntain group) Shown by diagonal ruling Mountain group)

in sections below

A. STRATIGRAPHIC DIAGRAM OF EXPOSED PERMIAN ROCKS
PERMIAN BASIN

CARBONATE SHELF MARGINS 3.6-2

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics by: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.6-2.
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Carbonate Shelf Margins Outcrop

SEISMIC LINE OFF NORTHWEST SHELF OF AUSTRALIA HIGHLIGHTING A PROGRADING CARBONATE MARGIN. i
NOTE PARALLEL PATTERNS GRADE INTO SIGMOID PATTERNS AND SIGMOID PATTERNS GRADE INTO OBLIQUE PATTFRNS. 0 2MILES

—
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R = " s Vo
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PANORAMIC VIEW OF WEST FACE OF GUAD:ALUPE MOUNTAINS, WEST TEXAS . .
BUSH MOUNTAIN BARTLETT PEAK SHUMARD PEAK . GUADALUPE PEAK e EL CAPITAN
NOTE PARALLEL PATTERNS GRADE INTO SIGMOID PATTERNS. * * *

CARBONATE SHELF MARGINS 3.6-3

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics by: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.6-3.
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TWO WAY TRAVEL TIME (SECONDS)

Tertiary & Prograding Carbonate e SNNREAEN

The Seismic Atlas of Australian and New Zealand T
Sedimentary Basins, Edited by: C. Gregory Skilbeck and

Malcom J. Lennox, pages 61 & 73.
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Prograding Carbonate

The Seismic Atlas of Australian and New Zealand
Sedimentary Basins, Edited by: C. Gregory Skilbeck and

Malcom J. Lennox, pages 61 & 77.
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GREAT AUSTRALIAN BIGHT BASIN

Medified from Conolly et al, (1970) & Pattinson et al, (1976)
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(SECONDS)

ITWO  WAY TRAVEL TIME

CARNARVON BASIN

112°E 1 /\ 118°
LOCATION: Onshore and offshare, Western Aust- 4. ‘\ BJAGLE SUB BASIN
ralia. T ~

ESTIMATED AREA: 300,000 square kxlomclms 129
(total) incluca%wszmo square kilometres {Damype ey
Sub-hasin), square kikimetres (Barrow h >
basin), and 8,000 square kilometres (Exmm(h Sub- &

[ ¥
basin). Rankin & N
MAXIMUM THICKNESS OF SEDIMENT: 1
20,000 m (estimated from gravity and magnetic data).
AGE OF SEDIMENTS: Silurian to Halocene, but RS

may also contain okder Palacozoic strata.

BASEMENT TYPE: Continental crust compased North West Cape
of Precambeian continensal shickl {Pilbara Block).

PRESENT BOUNDARIES: Fast: predominantly

sedlmmrary onhp anmsl the adsacent shieid, b&al

n

vedlmmh are dmmf;u)(ed against the shicld. South:

Palacozoic Northampton

Blockb Imuh. De Girey Nos: (basement high) and an

arhnmry line joining this feature and the Kangarco

Syncline. Wesr: taken at the continental nsargin,

except where adjacent 10 the Exmouth Phteau
{Kangarco Syncling),

WATER DEPTHS: Onshore to 1500 m.
TYPE OF BASIN: Multicycie intrscratonic basin,

Contitental rift evolving mto passive continental
margin since Jurassic,

A PILBARA BLOCK

WESTERN AUSTRALIA

The Seismic Atlas of Australian and New Zealand ::E°::"§j::1“:“::“::’$: e

Sedimentary Basins, Edited by: C. Gregory Skilbeck and g e

. Modified from Thomas and Smith (1976)
& Playfard (1971)

Malcom J. Lennox, pages 45 & 57.
: P
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(SECONDS)

TWO WAY TRAVEL TIME

Carbonate Progradation

The Seismic Atlas of Australian and New Zealand
Sedimentary Basins, Edited by: C. Gregory Skilbeck and
Malcom J. Lennox, pages 35 & 39.

500

o v e

intersection

IOIDO

HURIZUNIAL

SUALE
NNE

1 282,00V

EXMOUTH PLATEAU

LOCATION: snal platean, . Wi
M ] Marginal pl offshore, Western

ESTIMATED AREA: 150,000 square kilome!
00,000 square " kiomeres - including adicen:

continental
MAXIMUM THICKNESS OF SEDIMENT:
10,000+ m,

:ﬁg OF SElgrlmMIEﬂ'S: Silurian n:’ EH;(loc:Jm\ with
« ic,
s T e e e
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Carbonate Shelf Margin Intermediate Relief

STRATIGRAPHIC DIAGRAM SHOWING RELATIONS OF SOME PERMIAN ROCKS IN GUADALUPE MOUNTAIN AREA (FROM P.B. KING)
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Grayburg formation Pg

Goat Seep limestone
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Bell Canyon formation DATA ON THIS PAGE AND PAGE 3.8—2 ILLUSTRATE A CARBONATE SHELF MARGIN.

THESE PAGES CORRELATE OUTCROP, SUBSURFACE AND SEISMIC DATA
FROM THE DELAWARE AND MIDLAND BASINS OF NEW MEXICO—WEST TEXAS.

v DELAWARE
Cherry Canyon formation MOUNTAIN
GROUP
Seale 1:32 500 il
1 2 Miles

Guadalupe series

13 ] Bone Spring limestone g
Vertical exaggeration 2X Brushy Canyon formation

PANORAMIC VIEW OF EAST SIDE OF SLAUGHTER CANYON FROM NEW CAVE
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0 160
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CARBONATE SHELF MARGINS (INTERMEDIATE RELIEF) 3.8-1

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics by: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.8-1.
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TWO WAY TRAVEL TIME ( SECONDS)

Carbonate Sequence

The Seismic Atlas of Australian and New Zealand

Sedimentary Basins, Edited by: C. Gregory Skilbeck and
Malcom J. Lennox, pages 111 & 129.
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Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.11-3.
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Basin Pinnacle Reefs Outcrop
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BASIN PINNACLE REEFS 3.11-6

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.11-6.
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Basin Pinnacle Reefs Seismic
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BASIN PINNACLE REEFS 3.11-7

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: A.O. Abbott,
graphics: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.11-7.
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Carbonate Margin to Deep Basin
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CARBONATE MARGIN TO DEEP BASIN 3.12-2

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.12-2.
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Sigmoid and Oblique Carbonate Margins
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SIGMOID AND OBLIQUE CARBONATE MARGINS 3.13-1

Outcrop, Subsurface and Seismic Exploration Stratigraphy, Volume 111 Carbonates, by: W.O. Abbott,
graphics: H.L. Scott, data from Occidental International Exploration and Production Company, page 3.13-1.
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Carbonate Examples Far East 1L

Personal Communication W.O. Abbott.
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Carbonate Examples Far East 2L
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Indices for the Ward Abbott's On-Line Atlas

Type of Display:
. Outcrop

- Outcrop Synthetic Well Log Section

- Outcrop Synthetic Seismic Section

- Measured Section Correlation

- Outcrop Chronostratigraphic Reconstruction
. Well Log Cross-Section

- Well Data Synthetic Seismic Section

- Well Data Chronostratigraphic Reconstruction
. Well Core Data
. Seismic Sections

- Seismic Travel-Time Cross-Sections

- Seismic Time-Slice

- Seismic Depth Cross-Section

- Seismic Depth-Slice

- Seismic Chronostratigraphic Reconstruction

. Culture Map

. Topography Map

. Bathymetry Map

. Surface Geology Map

. Satellite Images

. Integrated 3-D Immersive Reality Model of Outcrop, Well Log, Seismic, and Other Data

Infinite GridSM Geographic Location

TimedexSM Location

Episodic Depositional Analysis Basin Tectonic Setting
Basin Tectonic Setting:

. Basin Tectonic Setting
. Flexure Loading Basins
. Wrenches

Identify Structural Style within Basin
Cycle/Sequence Duration

. 1st Order Cycles: 200 MY - 400 MY
. 2nd Order Cycles: 10 MY - 200 MY
. 3rd Order Cycles: 1 MY - 10 MY

. 4th Order Cycles: 1 KY -1 MY

. 5th Order Cycles: Seasonal - 1 MY

Stratal Pattern Cycles (1-10 MY)

. Termination Description
. Eustatic Boundaries
. Tectonic Controlled Boundaries
. Boundary Description
. Top of Unit
. Base of Unit
. Intervals: Stratigraphy Cycles Associated with Depositional Systems (1-10 MY)
. Reflection Configurations or Stratal Patterns
. External Forms of a Sequence
Depositional Systems (Rocks Deposited in a Particular Environment:
. Permeability
. Porosity
. Petrography (range of values)
. Color
. Rock Systems
. Siliciclastic Rocks
. Carbonate Rocks
. Carbonates Evaporate Rocks
. Carbonate-Siliciclastic Rocks
. Lithofacies
. Grain Size
. Primary Sedimentary Structure Contemporaneous with Deposition
. Sedimentary Structure
. Paleo-Bathymetry and Paleo-Topography
. Facies (Sub-Environment)
Exploration Categories, Plays, and Prospects
. Source Rocks (Type of Organic Material
. Seal Rocks (Pore Pressure, Type of Seal, Thickness of Seal
. Reservoir Rocks (Porosity, Permeability)
. Structural Traps
. Stratigraphic Traps Not Adjacent to Unconformities
. Diagenetic
. Traps Adjacent to Unconformities (Below Unconformity)
. Traps Adjacent to Unconformities (Above Unconformity)

. Combination Traps (Undifferentiated)
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