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THE CONDENSED SECTION� THE LINK BETWEEN GEOLOGY AND GEOPHYSICS 

The third order maximum flooding surface and its depositional facies, 
the condensed section, are very valuable biostratigraphic and 
chronostratigraphic elements in Sequence 'and Seismic Stratigraphy. 
The condensed section depositional facies consists of thin, marine, 
hemipelagic to pelagic sediments, deposited at very slow rates during 
sediment starvation, rapid rise of relative sea level and maximum 
transgression of the shoreline. The thickness of the stratigraphic 
section is therefore "condensed". They are associated with authigenic 
minerals and maximum abundance peaks of planktonic microfossils s u c h  
a s  foraminifers and calcareous nannofossils. The condensed section, 
therefore, is the time-stratigraphic correlation tool that" l i nks 
together the deep a n d  s h a l l ow wa te r s e d i me n t  pa ckages . 

Important chronostratigraphic spec i e s wi th i n  the condens e d  sections 
permit an absolute age (in millions of years) to be assigned to each 
third o;der condensed section. These condensed sections along with 
third order sequence boundaries are very important elements in 
sequence stratigraphy analysis. An E-log is annotated with condensed 
sections and paleobathymetry. The E-log is calibrated with the 
seismic record section by noting the placement o f  the cond ensed 
sections on a two-way time log which is overlain on a seismic record 
section. There it is found to c o i nc i d e with regionally continuous, 
parallel, high amplitude seismic re flec to r s  that are usually downlap 
surfaces. The contained chronolog i ca lly s i g n i f i cant s p e c i e s  permit 
the s e  seismic reflectors to be a ccura tely d a te d  i n  mi ll i ons o f  ye a r s .  
Thus the geologists a nd their E-log s  a re d i rec tly linked to the 
g e o p h ys i c i s t s  a nd the i r  s e i smi c re c ord s ec t i ons throug h the ti me­
s tra ti gra ph i c cond e ns e d  s e c t i on.  

Throug h the us e of c ondens ed s e c t i ons, you c a n: 
o Ca li bra te E-lo g s  a nd the s e i s mic record s ections through two-wa y 

ti me log s  
o Recogni ze the d o wnl a p  surfa c e s  on s e is mic s e c t i ons 
o Enh a nc e  re s e rv o i r  pre d ic t i on 
o Co rrela te from well to we l l  
o Provide absolute ages, based on the a s s oc i ati on o f  condense� 

sections with age-datable microfossil assemblages 
o Tie other events to a c ommo n s ta nd a rd o f  re fe rence (e.g. , the 

Ha q, e t  a l .  c ha rt) 

De t a ile d zona ti on b a s e d o n  benth i c  fora mini fers for the shallow wa ter 
o ffs h o re e nvi ronme nts on the Continental Shelf has been use� for fifty 
years in the Gul f o f  Mexico. As c ompa n i e s '  exploration etr �rts move� 
t owa rd the edge o f  th e Continental Shelf a n d i nto dee�er water 
s e d i ments , c orre l at i ons using "s ta nda rd i ndustry top s "  o f  be11thic 
fora m i ni fers became d i f f i c u l t  a nd und e pend a b le. Whe n  th e compa n i e s 
moved the i r  explora t i on p rogram into ev�n d eeper wa ter (600 to 4500 
fe et) on the Contin e n ta l Slo pe i n  the early 1980's, the y found tha t 
their correlation tool, the benthic foraminifers "c l i mbed time" down 
d i p,.were wa s he d  down s lope, were a s s oc i a te d  wi th dee pwa te r s a nds a nd 
ha d no time s igni f i c a n c e .  
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Because the Gulf of ·Mexico is dominated by gradual, regressively 
deposited sediments, the neritic sediments of the Continental Shelf 
thicken rapidly gulfward int'o massive shales, mudstones and 
sandstones, largely on the downthrown side of normal faults. As the 
environment shifts, the sediments and their corresponding benthic 
foraminiferal assemblages peculiar to the environment shift with it 
and are diachronous in nature. In the Gulf Coast, these sediments 
become almost impossible to correlate for any distance on the basis of 
electric logs. 

In 1983, the first commercially available chronological zonation for 
the Pliocene-Pleistocene sediments throughout the Gulf of Mexico was 
established, based on planktonic foraminifers and calcareous nanno­
fossils. This zonation is highly dependable and is facilitated by a 
unique, computer-generated checklisting program. This program . lists 
the species and their abundances in each sample and provides a paleo­
water depth curve for the entire well. The foraminiferal and cal­
careous nannofossil bioevents ("tops") are assigned an absolute age. 
An E-log is annotated with these absolute ages and with a paleowater 
depth curve for the entire well. Subsequently, computer-generated 
histograms of microfossil abundance are made from the checklist and 
are used to recognize various condensed sections in the well. The 
same E-log is annotated with these condensed sections. This is the 
key to linking together deep and shallow water sediment packages. 

Accurate regional time-stratigraphic correlation of Pleistocene 
through Miocene sequences on the Gulf of Mexico Continental Shelf and 
deepwater Slope is absolutely necessary to understanding the problems 
of locating favorable structures, lithofacies (reservoir), and time of 
structural growth -- all factors mandatory to the development of a 
hydrocarbon trap. 

The Maximum Flooding Surfaces (condensed sections) are the 
"bentonites" of the marine environment and are time lines that can be 
recognized and mapped from shallow updip to deep downdip wells from 
offshore Louisiana to offshore Texas. The Maximum Flooding Surfaces 
are the major downlap surfaces on seismic record sections. 
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CONDENSED SECTION characteristics 

Low Sedimentation rates w'th low TOC 
- fossil abundancy peaks 
- fossil diversity peaks 
- thin clay Intervals 
- firm grounds with open burrows 
- diagenetlc minerals 

glauconlte 
side ri t e  
phosphorite 
authogenlc dolomite 
algal-rich source material 

Total organic matter (TOC) peaks when 
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very low sedimentation rates 
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.. 

- hard grounds with bored surfaces 
- winnowing 
- deep water cu�rent erosion 
- diagenetlc minerals as above 
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Pattern Recognition of Condensed Sections 

and Systems Tracts 

Based on Detailed Analysis of Microfosslls 
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\\'ITIII N THE 2:\D ORDER REGRESSIVE PHASE- VERCORS PLATEAU 

(114 to 84 depositional sequences) 
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pelagic /mart cycles 

T JACQUIN 1992 



SB - b�/  ·, 

�� Vl< �� �� �� <� �! �<-�.i < 
� .  '- . 
ti� £i 

Slumps I L c=:...g LO\\'ER 
LOWSTAND 

LEGEND 

� Limestones 

---=7 Marl s 
Organic shales 

SB: Sequence boundary 
liST: Highstand Svstems Tract 
!\.IFS: M�ximum Flooding Surface 

TST: Transgressive Systems Tract 
LST: Lowstand Systems Tract 
TOC: Total Organic Carbon 

1densed SB 
section 
TOC:upto4% 

SB SB 

LO\\'ER 
SLOPE 

PROXIMAL 
BASIN 

� .. � - _\ ! 

���t»f"!Y:�- ,_ .
- - �� --'=- · . . :·��·:·-.:�� -

DI STAL 
BASIN 



THE TECHNIQUES OF 
SEQUENCE STRATIGRAPHY 

PART9 
CHRONOSTRA TIGRAPHY AND GLOBAL CYCLES 

20 Novembre 1992 Techniques of Sequence Stratigraphy Page 37 



' "'  

Tt � e - S ) "" c_' ,.o,., o...,� 

- 5 t- re: (.... r l V r �a C 'C S 

�) 1), a c. L rv -"o v J S" � r �" c -e s 

( .$ V r �" � '('" J K 1 c /" 0 ss ) (' r c ( c ( ) V r r� ( t-J ) 
, Cj&-J ��)re.� 
' 6,:, rf-c;.....- S 1 � t..t lo /,,..1' /c J:loc £ r( 

't>/ �) dro fc S 

0 (I c (t � ' /c.(, r f C '-' "' v,. r )t cJ1 /\ 



0 

� � � ... . 
c ! 

1000 

I 

I 

A 

14 

�--------------��77u���C�O��
�

P�O���M�I�T�Y��---------------------+--�
C�O���p

�
��M�I�T

�Y� I 
ISURJACE OJ NONDI'OSITIONI INO HIATUSI 

- - - -- - - ----- ---- 100 � ... -- - -- -- -- - - --- --- -- � 
A�----��U

�
N
�
C�O

�
N
�
F
7
0
�

R
�
M

�
IT
�
Y
�-----

C
-

0
�
N
-

F
_

O
_
R

_
M

_
I
�
T

-
Y
----------��U�N

�
C�O

�
N
�

F
�

O
�

R
-
M

_
o
_
T
�

Y
----------� A 

!SURFACE OF EROSION CNOHIATUSI !SURFACE OF NONOEI'OSITIONI 
A�O NONOEPOSITIONI 

.IISIIIIll Mitchum, et al, 1977 

"' .. 
z 
::> I ... -; ::1 ;. ; 

':! iJ A 

8 • 
..J 
0 

�1 

UNCONFORMITY CO,..FORMITY 1�------------------------------------------------------�------�----�l 

H" 

)0 

1 � 

10 

--- -------- - ----- - - -- -------
� c.O"" •• 

- - - 100 � ... - - - - - - - - - - - - - - --� 
COI'fFO�MITY UNCONFOIII ... ITY 

A A 

.IUIIIUC Mltchum, 11 el, 1177 

Fig. 11 

The upper figure shqws patterns of chronostratigraphic surfaces for 
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PART 4 • SECTION 7:  S EQUENCES, SYSTEMS TRACTS AND S ILICICLASTIC 

DEPOSITIONAL SYSTEMS AND LITHOFACIES 

OBJECTIVE: 

To illustrate the relation between the depositional systems and lithofacies and determine their 

position within the systems tracts. 

GIVEN: 

"' Work sheet for location of the coarse-grained material within the systems tracts, Figure �/5- 1  

"' Summary diagrams of depositional systems, processes and lithofacies within each systems 

tract, Figures 4/5-2 to 4/5- 1 7  

"' Answer sheet of distribution of the coarse-grained sediments, Figure 4/5- 1 8  

TERMS TO KNOW : 

Depositional systems 

Depositional environments 

Lithofacies 

EXERCISE: DETERMINE TI-IE DISTRIBUTION OF TilE 
COARSE-GRAINED MATERIAL WITHIN EACH SYSTEMS TRACT 

As the instructor goes through the explanation of the distribution of the depositional systems and 

li thofacies within each systems tract, color on the work sheet the corresponding location of the coarse­

grained sediments. 

DISCUSSION: 
. 

Sediments are deposited episodically by deposi tional systems and are packaged in cyclic 

stratigraphic units. The principal depositional systems and li thofacies units are listed below: 

Sequence Stratigraphy Workbook Part 4 - Section 1 page 47 Version 8/28/9 1 
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DEPOSnJONAL SYSTEMS 

Submarine fans: 

basin floor fan 

slope fan 

Deltas: 

highstand delw 

lowstand deltas 

Coastal belt sands: 

Offshore shelf deposits: 

Estuarinellagoonal deposits: 

, 

Marsh (paludal) deposits: 

Lake (lacustrine) deposits: 

Incised valley fills: 

LrtliOFACIES 

sheet lobe sands 

channelized sands 

overbank turbidi tes 

meandering channel sands 

debris flows 

slumps 

canyon fill deposits 

distributary mouth bars 

prodelta turbidites 

coastal beach and storms 

prodelta muds 

same as highstand, but tend 

to be coarser grain size 

slumps 

toe-of-slope turbidites 

barrier islands and beaches 

storm deposits 

burrowed muds 

laminated muds 

organic 

rapid deposition 

authigenic minerals 

glauconite 

dolomite 

phosphorite 

siderite 

tidal flats 

tidal inlet and delw 

burrowed muds and sands 

oyster banks 

peat bogs 

braided stream deposits 

Sequence Stratigraphy Workbook Part 4 · Section 1 page 48 Ve�ion 8/28/9 1 



fluvial plain deposits :  

Wind (eolian) deposits: 

Soils: 

meandering stream deposits 

alluvial fan deposits 

sand dunes 

S�RY OF Sll..ICICLASTIC DEPOSmONAL SYSTEMS, PROCESSES AND 

LITiiOFACIES BY SYSTEMS TRACf: 

LOWST AND SYSTEMS TRACf 

Setting: Deep water basin with well developed shelf/slope break 
• Basin Floor Fan: see Figures 4/S-4 '!ld 415-5 

Setting: Relative sea level fal ls below the depositional coastal break and the sea surface and 

stream profile continuously move downward with respect to the land surface. 

Major economic potential: 

Excellent quality hydrocarbon reservoirs. 

Hydrocarbon migration pathways. 

Question: Why do basin floor fans have a high percentage of sand? 
• Slope Fan: see Figures 415-6 and 4/S-7. 

Setting : Relative sea level is low but rising slowly.  

Major economic potential: 

Excellent quality hydrocarbon reservoir sands within levced channel til ls 

Poor quality but often large volume hydrocarbon reservoir sands in very thin 

(below E-log resolution) turbidites of leveed channel / overbank deposits 

Occasional discontinuous displaced shallow water sand reservoirs within slumps 
. .  

Generally poor hydrocarbon source rock except in a few sil led basins 

• L.owstand Prograding Wedge see Figures 415-8, 415-9 and 4/5- 1 0. 

Setting :  Relative sea level is rising above the shelf/slope break quickly enough ro allow 

pro gradation 

Sequence Stratigraphy Workbook Part 4 - Section 1 page 49 Version 8128/9 1 
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Major economic potential: 

Possible hydrocarbon reservoirs in the coastal bel t  sands in the inci sed valley fill 

sands if the valley are already filled 

A summary of the possible lowstand reservoir sands is presented in Figure 4/5- 1 2. 

TRANSGRESSIVE SYSTEMS TRACT 

Sening: Relative sea level is rising rapidly and drowning the platform 

• See Figures 4/5- 1 3  and 4/5 - 1 4  

HIGHST AND SYSTEMS TRACT 

Setting: Relative sea level is high and during a gradual slowing of rise 

• See Figures 4/5- 1 5  and 4/S- 1 6  

SHELF MARGIN SYSTEMS TRACT 

Setting: The unit is deposited following a gentle eustatic fall and during a progressive increase in 

the rate of relative sea level 

• See Figure 4/5- 1 7  
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PALEO-
BATHYMETRY 

Inner Neritic (0- 100') 
to Fluvial 

Inner Neritic (Q- 100') 
to 

Mid. Neritic ( 100-300') 
Inner Neritic (0- 100') 

to Fluvial 

Middle Neritic 

( 1 00-300') - - - - - -
Inner Neritic 

(0- 1 00') - - - - - -
Middle Nerit1c 

( 1 00-300') 

Outer Neritic 

(300-600') 
to 

Upper Bathyal 

(600- 1 500') 

- -

TYPICAL LOG PATTERNS ASSOCIATED WITH G ULF OF MEXICO 

DEPOSITIONAL SEQUENCES AND SYSTEMS TRACTS 

OEPOSITIONAL LITHOFACIES 
SYSTEMS 

FluYial. Estuarine 0( 

Shoretace Sands Sand 

Backstepping Shoreline 

Fluv•al Estuarine or 
Sand 

Shoreface Sands 

Prograding Shoreline Shorelace Sands and 

or Offshore Silts & Shales 

Delta = Ji!m��i£: �h!!e:!: := := 
Backstepping Shorelace Sands and 

Shorelines Offshore Silts & Shales 

· � · � · � · � · � ·  · � · � · � · � · �·� 

Prograding Shoreline Shoretace Sands and 

or Ollshore Silts & Shales 

Delta 

...•............••.• ••••••4 •••·········· 
Abandonment Facies 

Channei/Overbank Unit 

2 - - - - - - - - - - - -
Channei/Overbank Unit Qyert:Jank 

1 Apron 

ELECTRIC LOG 
PATTERN 

S P  Sonic Of 
01 G R  Resisliwlty 

SEQUENCE STRATIGRAPHY 

lncl•ed V.lley Fill {M) 

Sequence Boundary 

- 1' Maximum Flooding Surface •-
MFS 

lncl••d V./1�1/ {lrl) 
Sequence ndary 

� � Maximum Flooding Surface • -

MFS CS 

·- J0p Low•t•nd Surlece -· 

Progredlng CQmplex {pc) 

Bottom-set (shingled) turbidttes 

,sf CS 
•••• Top of Slc;>�>e Fan Surface ···· 

-
co cs . 

Slope FM CotrlpMx (.,c) 

Sequence Boundary 

- - -- --

0 0 � ... � � 0 
> a: 
0 ... 

LST 

HST ----
TST 

LST 

HST 

TST 

· � · � ·  

' 
u 
CV ... t-
11) E Q) in 
>-Cl) 

'C 
c "' -
11) � 

...J 

HST 
• 



PALEO-
BATHYMETRY 

Outer N eritic 
(300--600') 

to 

Upper Bathyal 
(600- 1 500') 

........ .;. ........... 
Upper Bathyal 

(600- 1 500') 
to 

Middle Bathyal 

( 1 500-3000') 

Midcle Bathyal 
( 1 500-3000') 

to 

lower Bathyal 
(30()()--6000') 

I� 

TYPICAL LOG PATTERNS ASSOCIATED WITH GULF OF MEXICO 

DEPOSITIONAL SEQUENCES AND SYSTEMS TRACTS 

OEPOSITIOHAL LITHOFACIES 

SYSTEMS 

Backstepping Hemipelagic Shale 

Shoreline �- - - - - - - - - - - - -
�-�·�·�-���-� 

Offshore Shale & Silts 
f-·-·.-----

Prograding Shoreline Offshore Shale & Silts 

or 
Delta Hemipelagic Shale 

••••••.•........•... ····At;��niJicie;··· 
Channei /Overbank Unit 

Over bank 
2 Apron 

f-- - - - - - - - - - - - - - - - - - - - - - - - - -Abandonment Facies 
Channei/Overbank Unit Channel Fill 

1 ���if'�" 
Apron 

Mound 2 �!':.,� 
Mound 1 Send Mound 

Hemipelagic Shale 

�-�·�·�·�-�-� 

t-��,.�--
Hemipelagic Shale ....•..•.....•..••.. •....•••..••.•..•.... 

ELECTRIC LOG 
PATTERN Sonic 01 SP. 01 G.R / Resis�Mty \ 

J L _ _ _ _ _  ---- ��---
·- -·7 ·-

----- -
········�·�········ 

� I 
- - - -/ - �- - - -

L, J 
� $ \ f- - - - -

� :J 
J 7 

- - - - - �� - - - - -
·--·,· �·--

� - - - -........ .. . ....... 

SEQUENCE STRATIGRAPHY 

S equence Boundary 

_ MFS CS 
- - Maximum Flooding Surface - -

1-•- Transgressive Surface -·-

Progr•dlng Complex (pc) 

-11 Cl j.; •••• Top of Slope Fan Surface ••••• 

CO CS 

51(}1» F•n Compl•x (•fc) 

1- I:JI CS 
Top Basin Floor Fan Surface -

S.•ln Floor FM Compl•x (bfc) 
Sequence Boundary 

- - - Ma��tirnun1 Fiooding Sur1ece - - - ·  
1-·-·- Transgres8Nw Sur1ece ·--.. 
1- si cs Progr� Compln (pc} 
j. •• •• Tt f Stope F S rf ••••• op o an u ace 

SICJ�M F•n Compl•x (•fc) 

en en 2 .... 
&IJ u t; � 
>- t-en 

HST 
· - - - -TST 

-i-·· 
0 
e t-
., E 11 i (/) 

1:J 
c Cll I _, 

1 
HST � - - - -�-�--

lST 

..,_llMI' INC. t-tO . 
..S. PRY I 'WYNt  
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I1Tl1 � TRANSGRESSIVE SYSTEMS TRACT 

•' 

Type 1 Sequence Boundary 

1 1  

�t.:J 
•

• 
, .  : : t I I 

'J.;t' 
I 

1 1 
I 

11 I __# 
1 1 

-
-::::(" 

•
• 

I I 

::1' _!ll_l : 

1 Maximum Flooding Surface �� Top Slope Fan 
Downlap Surface 

MICRO-STRAT INC. 1 -90 ° 

JBS, PRV & WW'N 

Top Basin Floor Fan Downlap Surface 



Lake or Marsh Deposits 

TRANSGRESSI V E  SYST EMS TRACT 

Si l ic iclastics 

Ravinem ent Surface 

Beac h and Shoreface Sands Relative Sea Level 6 

Relative Sea Level 5 

Depositional Systems: 
1 )  Incised Valley Fil ls 

LST Prograd ing Complex 

2) Wind {eolian) Deposits 
3) Lake {lacustrine) Deposits 
4) Marsh {paludal) Deposits 
5) Tidal {estuarinenagoonal) Deposits 6) Ravinement Deposits 
7) Coasta l Belt Sands 
8) Offshore Shelf Deposits 
9) Hemipelagic Deposits 

Dominant Depositional 
and Erosional Processes: 
1 )  Estuarine 2) Wind 3) Lake 
4) Marsh 5) Tidal {estuarinenagoonal) 
6) Ravinement 
7) Storm 
8) Beach 9) Reworked Authigenic Minerals 
1 0) Authigenic Minerals 
1 1 ) Suspension 

Slope Fan 

Major Lithofacies: 
1 )  Estuarine Sands in  Incised Valley Fi lls 
2) Dune Sands 
3) Lake Sands, Muds and Carbonates 
4) Widespread Peat, Lignite and Coal 5) Oyster Banks 
6) Tidal {estuarinenagoonal) Deposits 
7) Pebble Lags 
8) Beach and Storm Sands 9) Authigenic Minerals 
10) Laminqted {organic rich) Shales 
1 1 ) Offshore Burrowed Mudstone 



-� 

HST 

\ \ 

SP. or G.R 

TRANSGRESSIVE SYSTEMS TRACT 
Chara ct e rist ic We l l  Respons e  

MAXIMUM FLOODING SURFACE 
• Com m only lowest resist ivity-highest gamma 
• Most clay rich shale (most starved) 
• Faunal abundance peak (MFS Condensed Sect ions) 
• Apparent truncat ion common below boundary 
• Downlap common above boundary 

INTERVAL 

� 

MFS CS - - -

TST 

HST 

• Individual parasequences prograde. fine and thin upward (backstepl 
• Beach and shoreface sands common near base 
• Basinal equiva lent is thin hemipelagic shale 
• Correlat ion is good. but backstepping transgressive surface of erosion 

are time-transgressive 
• Sands often better sorted than HST 
• Auth igen ic minerals common 

SEQUENCE BOUNDARY 
• Onlaps sequence boundary 
• Com monly t ransgressive surface of erosion (ravinement surface) 

over LST. IVF or older shelf sedi ments near shelf edge 
• Nonmarine sediments (coastal  plain, coal or lake sediments) onlap 

sequence boundary in more landward areas 

• Top Lowstand surface at base of TST 

MCRO-STRAT INC. 1-80 G 

JBS. PRV & �  
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J I S I I 1 7 1 l 

T Y P I C A L  L O Q  • X PRI!S S I O N  O F  TA A N Q A I! S SI Y E  
S Y STEM T-R A C T  A N D  S E Q U I! N C E  B O U N D A R Y  

S.P.  RESIST . 

ENVI R O N M E NTAL ANAL YSIS 

FROM LOGS  FROM C O R ES.  

S. W.C. & CUTTINGS 

TRA N S G R E S S IVE M A R I N E  SHALE 

SHALES 

- - - - - - - - - - - ·  

�V 
SEQUENCE 

REGRESSIVE B O U NDARY 
CYCLE II 

REGRE S S I VE DELTA 

FRONT A ND DELTA 

PLAIN S EDI MENTS: 

CTCLE n 

REGRESSIVE 

REGRESSIVE  DELTA FRONT 

CTCLE I S E D I M E NTS: 

CTCLE I 
. 

REGR E S S IVE 

SLOPE S H A LES DELTA SLOPE 

S H A LES 

C O N D .  INTERVAL  

LA M I N ATED  SHALE  

TR A N S G R ESSIVE 

M A R I N E  BARS & 
S H D R E FACE S A N D S  

V e i l .  !'era.  C • • •· · 1 1 1 1  

F iq . 4 
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TRANSGRESSIVE SYSTEMS TRACTS (TST) 
EXPLORATION APPLICATIONS 

R E S E R VOIR S OURCE S E A L  

8 E ACH-SHOREFACE GOOD TOP AND GOOD TOP TST.  

E XCELLENT k & 4J. L AT E R AL T ST. VARIABLE LATERAL 

L AGOONAL VARIABLE. AND BASE. 

PREDICTABLE LINEAR 

TR ENDS. 

MIG R AT ION 

T Y PICALlY DOWN­

WA RD AND LATERAL 

W I T HIN TST. 

JBS 1 1 J l 5 1 

TRAPS 

S T R AT TRAPS IN ISOLAT E D  

SANDS. CONTINUOUS BASAL 
TST REQUIRES A STRUC TUR AL TR AP. 
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HIGHSTAND SYSTEMS TRACT 

Maximum Flooding 
Downlap Surface 

MICRO-STRAT INC. 1 -90 • 

JBS. PRV & WWW 

Basin Floor Fan Complex 
Downlap Surface 
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DEPO SITIOt:IAL .SYSTE M S  

1 ) Fluvial Plain D e ll a 

2 )  Delta Deposits 

3 )  Co�slal Plain Deposlls 

4 )  Coastal Dell Sands 

5 )  Oil sHore Sills and Muds 

H I G H STA N D  S YSTE M S  a R A CT 

Deposl ls  

DOMIN ANT D E P OSITIONAL 
AND EROSIONAL P R OCESSES 

1 )  Fluvial 

2 )  Fluvial 

3 )  Bay and Marsh 

4 )  Beach and Slorm 

5 )  S u s p e n s i o n  

MAJOR LITifOFACIES 

1 )  Meandering S I  reams 
Aluvlal Fans 

2 )  D e l l a l c  

3 1  B a y  and Marsh 

4 I S a n d  

5 I Sill and Mud 
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\ '\ HIGH STAND SYSTEMS TRACT 
Chara c t e ri st i c  Wel l  Response 

S P  or G.R. 

TST I 

J __ ...,. ___ _ 

HST 

MFS CS 

�

:;
��

"1�
=:l 

IKRO-Il'Mr INC. 1-.cl e 

.BS. PRV I WtNI \ 

SEQUENCE BOUNDARY 

• Onlap above boundary 
• Lowstand erosion on shelf 
• Incised va lleys on shelf  
• Ca nyon cuts and slump scars on upper slope 
• Truncat ion or toplap below boundary 
• F luvial (meandering streams. alluvial fans) below boundary 

in more landward areas 

INTERVAL 
• Coarsening and shallowi ng upward sand and silt interbedded 
• Shoreface & deltaic sands near top 
• Progrades lateral ly into offshore shales 
• Basinal equivalent is hemipelagic shales 
• Log correlation i s  d i fficult i n  upper part 
• Reservoir continuity is fair to poor 

MAXIMUM FlOODING SURFACE 
• Commonly lowest resist ivi ty-highest gamma 
• Most clay rich sha le (most starved) . 
• Faunal abundance peak (MFS CS) 
• Oownlap common above boundary 
• Apparent truncation common below boundary 

. .  
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NERITIC FACIES SYSTEMS TRACTS 
S .P .  or G.R. 

TST 

HST 

MFS CS 

TST 

HST 

MFS CS - - -2 - - - - mfs · - T�T - - - - - - ­

� �� · � · �  

LST pc 

TRANSGRESSIVE SYSTEMS TRACT 

---- INCISED VALLEY FILL ----

---- SEQUENCE BOUNDARY ----

HIGHSTAND SYSTEMS TRACT 

--- MAXIMUM F LOODING SURFACE --

TRANSGRESSIVE SYSTEMS TRACT 

---- S EQUENCE BOUNDARY ----

HIGHSTAND SYSTEM S  TRACT 

--- MAXIMUM FLOODING SURFACE ---

--- TRANSGRESSIVE SURFACE ---

LOWSTAND SYSTEMS TRACT 

prograding c6mplex 

. . . . 

MCRO-S1'RAT INC. 1-tO . 
JBS. PAV & WWW 
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HIGH STA N D  SYSTEMS TRACTS (HST) 

E X P LO R ATION APPliCAT I O N S  
R E S E RVOIR 

D I S C O N T INUOUS 

FLUVIAL,  D E LTAIC 

FACIE S P R EDOMINATE. 

MINOR S HOREFACE FACIES. 

MIGR AT ION 

G A S  A ND L E A N  OIL 

T Y PICAL FROM 

CON T E MPOR ANEOUS 

SOURCE. GOOD OIL 

S O UR C E  O F T EN R EQUIRES 

V E R TICAL FAULT CONDUIT. 

S OURCE 

O F T E N  A PROBLEM. 

DEEP SOURCE T YPICAL. 

H S T  SHALES O F T E N  

L E A N  AND GAS-PRONE. 

T R APS 

S E A L  

LE AKS UPOIP I N T O  

T S T .  

LEAKS L AT E R A L LY .  

FLOODING SURFACE 

USUALLY T O P  S E A L .  

P R E DOMINANTLY STRUCTUR AL. 

E ARLY TIMING CRITICAL. 

JOS I U JSO 



LOWSTAND SYSTEMS TRACT 
MORPHOLOGIES OF TURBIDITES 

Bottomaet C'ahlngled'') Passive Margin 

1 

Channel Ov..._. "High Mud Conl•nt" 

Sheet Lobe Mostly Sand Input 1 

4 � 

4 • 

Basin Fill "Active Margins" 

Aprona ....... Sand Content" 

Remanent Lobe and Co.Uourlea 

AV 121 
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LOWSTAND SYSTEMS TRACT 
BASIN FLOOR FAN COMPLEX 

MICRo-STRAT INC. 1 -90 • 
JBS. PRV & WWN 

Top Basin Floor Fan Complex 
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LOWSTAN D  SYST E MS TRACT - BAS I N  FLOOR FAN C O M PLEX 

Stream Profile 1 Sll lclclastics 
Stream Profile 2 

Incised 
Valley 

Original Depositional Profile 

e.,(.) �- '' 
Sand rich sediments slu mped 
forming h igh density tu rbidites 
or grai nflows 

Relative Sea Level 1 I 
Relative Sea Level 2 f 

Top Basin Floor 
Fan Su rface 

Original Depositional Mound 
<1°/o dip strike section 

Depositions/ Systems: 
1 )  Soils 
2) Basin Floor Fan 
3) Wig� geAeity Tttr.,iEtites 

or Grai Afl e��s 
• Basin Floor Contourites 

Dominant Depositions/ 
and Erosional Processes: 
1 )  Soils 
2) Headward Erosion 

- Incised Valleys 
- Flushing of River 

Val ley Sand into Basin 3) Slumping 
- Submarine Canyons and Slope 

Scars 
4) High Density Turbidity Currents 5) Grainflows 
6) Basin Floor "Contour" Currents 

Major Lithofacies: 
1) Soils 
2) Massive Basin Floor Sheet Mounds 

- Winnowed amalgamated sands (a) 
- Unamalgamated sands (b) 
- Remenant mounds (c) 
- �ttached contourites (d) 
- Basi n  Floor Contourites (e) 

3) Minor Interbedded Lithofacies 
- Hemi pelagic si lts and shales 
- Thi n  bedded turbidites 
- Debris flows at proximale edge 

AV 12192 



\ Characterist i c  Log Response 

S .P. or G.R. S.P.  or G.R. 

SF 

HST/TST 
Hemlpelagic Shale 

.. CAO-STRAT INC. 1 -90 e 
JBS. PRV & WWN 

bf cs S 
•• .. <tbts>·· 

Amalgamaled 

Turbidile Sands. 
Winnowed Sands Of '?9nlourile Sands 

- (SB) -

UPPER BOUNDARY 

• Hemipelag ic shale or channelloverbank apron facies 
above boundary 

e Sharp boundary with m inimal transition 

INTERVAL 
• Turbidite sands 

• Amalgamated massive turbidi te sands 
• Unamalgamated massive turbidite sands. with 

shale breaks 
• M inor erosional surfaces within sand 
• Commonly a major erosional ·surface at top of fan 
• May be remnant fan mounds 

• Redepos1 ted massive sh ingled sands bordering 
fan mounds 

• Contouri te sands 
• Redeposited massive sands in separate mounds 

SEQUENCE BOUNDARY 
e Massive sand above hem ipelagic shale 

(rai lroad t rack shale) 
• Sharp boundary 
• No erosion at  base except somet im es at  proximal 

portion of fan 
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SEQUENCE STRA"IlGRAPI I Y  AS AN EXPLORATION TOOL 

Figure 6. &ismic sect ion wh ich shows s�·stems tracts w i t h i n  a n  i n d i ,·id ual  c..lc:posi tion a l  sequence i n  t he oiTsluwc L ou il;iana Sout h 
1\c..lc..l i t ions. Abo'·e, u n in terp�ted; hclo�·, i nterpret n t ion . 

After Pacht e t  a l . ,  1 9 9 0  
- 2 7 0 -



Flaure 9. Sei.�rn ic sect ion "·h ich shows n jl:IS lich.l ucnlop4:d " i t h i n  :1 h:L� in -noor· fan. 

A f t e r  Pa c h t  et a l . 1990 

- 2 6 9 -
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BASIN FLOOR LOWSTAND FAN SYSTEMS TRACTS (LSF) 
EXPLORATION APPLICATIONS 

RESE RVOIR 
T Y PICALLY E XCEL­
lENT k & t/J. 
CON T INUITY VARIABLE, 

OF TEN A PROBLEM IN 
UPPER CHANNEUZED 

LOBES. 

MIGR ATION 

V E R TICAL FROM 
DEEPER SOURCE. 
POSSIBLE DOWNWARD 

A ND L ATERAL FROM 

C.S. SHALES. 

SOURCE SEAl 
LEAK AGE FROM E XCEllENT ,  PELAGIC 
DEEPER BEDS. SH ALES OF C.S. RISK 

POSSIBLE - TOP & NO SE AL IF OVERLAIN 

L ATERAL CONDENSED BY SLOPE FAN. 

SECTION (C.S.) 
SHALES. 

TRAPS 
T Y PICALLY STRATIGR APHIC. 

JIIS I 1 2 J U  

. 
FIG. 4 
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MICRO-STRAT INC. 1 -90 ° 

JBS, PRV & WWW 

LOWSTAND SYSTEMS TRACT 
SLOPE FAN COMPLEX 

_ I  

Top Basin Floor Fan Compl  
Downlap Surface 
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LOWSTAN D  SYST E M S  T RACT - SLOPE FAN CO M P LEX 

S l l l clclastlcs 
Stream Profile 2 

Stream Profile 3 

9epesitieAal Systefhe: 
l) Soils -2) SluMps 

Proxi mal Slope Fan (Canyon Fill) 
(may extend into storm wavebase) 

: from previous slope . . . 

Relative Sea Level 2 

Channel Overb.,k Lobes 

- from fluvial systems Mapr L �hofactes:  

- frOill headward erosion 1) Soils. . 
Chaotic Slump 

of canyons 2) Prox•mal Slope Fan: 

� Tttt!�idite• �,.,.,.__, (.v., !,.11 I;,J. Slumps 
� ttemipelagic r t. le s... Cong�omerates 

Mass1ve sands 
Debris flows 3) Channel Overbank Lobes: 
Abandonment facies Dominant Depositional 

and Erosional Processes: 
1) Soil formation 
2) Slumping 

-.....-3) Mass Aow 
4) Turbidity Currents 

Channel fill {turbidite sands or silts) 
Overbank thin-bedded turbidites 
Thickening upward chan nel attached lobes 
Distal mudstone apron 

5) Suspension 
4) Chaotic slumps 
5) Hemipelagic shales between lobes 

� 
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LOW STAND SYSTEMS TRACT - S LOPE FAN COMPLEX 

Characterist ic We l l  R espon se 

-.A 

SF 

S P Of' G R 

PC � J - st'"cs _ _________ _ ................... 

CHANNE L /  

OVERBANK 

UNIT 2 

OiANNEl/ 

OVERBANK 

UNIT 1 

AF ICES t 
- ICES 
- ICES 
BCES 

Al 

LEGEND 

JAULTlSTORY 
SANDS 

CHANNEl 

Fill 

' 

AF - Abandonment facies 
a= -IChamel lill 

ICES _Internal channel 
.-oslonal sur1ace 

OB- Overbank 
AI_ .. Allached lobes 
A - Apfon 

BCfS-�sal char,nel 
erosional surface 

MCS _ M in� condensed 
scchon 

UPPER BQlrnDARY 
• Downward s hift from hemipelagic shale to laminated 

fine grained turbidi tes 
• Fining upward digi tated log character beJow boundary 
• Fa una I a bundance peak (si cs) 

INTERVAL 
• Crescent shape t o  individual channel / overbank uni�s 
• Within c ha nnel l overbank units. sands t hicken. 

then thin upward 
• 1 - 1 0 channel /overbank units within each slope fan 
• Proximal facies may be highly sand-prone near 

source 
• Channel f i l l  facies may be: 

• Massive turbidite sands 
• Massive turbidi te sands fining upward with sharp 

ba ses 
• Mudstone-fine g r a i ned turbidites 

LOWER BOUNDARY 

• Hemipelagic shale w i t h  faunal abundance peak 
commonly at base of slope fan complex (bf cs) 

• Lies on Sequence Boundary or on low Stand Systems 
Tract Basin Floor Fan Complex 

• Boundary com monly ·conformable in basin a nd 
erosional on slope 

MIC RO-STRAT INC. 1-901 
1f1 C: P11\' ·' VI/'1.'\'\'V 



EXA M P L E  1 :  LOW S TA N D  S Y S T E M S  T R ACT- S LO P E  FA N 

, ·. 

OFFSHORE LA. PLBS TOCENE 
MICRO-STRAT IHC.  1 - 90 � 
JBS PRV & W"'-//li 

ICES 
ICE S 
ICE S  
B C E S  

CHANN E L /  
OVERBANK 

UN IT  3 

' 

1 
CHAN N E L /  
OVE RBANK 

UNIT 2 

' 

1 
CHANNEL / 
OVERBANK 
UN IT 1 

LEGE ND 

eO-Cha nnel  overt:e n k  

condensed sect•on 

AF -Abandonmenl  lac•es 
CF- Cha n nel lill 

OB- Overbank 

AL- Attached lObes 
A - Apron 

ICE S - Int ernal c hannel 
ero s•ona l surtace 

ecc:s- Ba sal cl'la nnel 
ero s •ona l  surt a c e 



E X A M P L E  2 :  LO W S TA N D  S Y S T E M S  TRACT - S LO P E  FAN 

GAMMA 

-
(.l § 

w 
(J't 8 

-
• § 

!=lE S I S  TIVITY CONDUCTIVITY 
AF 

OB 

A L  
CHA N N E L /  

OVE RBANK 
UNIT 2 

I I 
I 

A 

' 

1 
CHAN N E L / 
OVE RBANK 

U N IT 1 

BCE S  

LEGEND 
COC&-CI'Iannel overbank t...:.. _ _:_ __ ...l.. ___ :___r------- 0 ' 

condensed section 

OFFSHORE LA . PLEIS TOCENE 
AF - Atend6nment l a c•es 
CF- Channel fill 

0 � 
MICRO- STR..U IHC. 1 -90 .. 
JBS PRV & WV{IN 

) � '(.. 
293 

OB - Overbe nk 
AL-attacl'led lobea 

A- Agron 

ICES - Internal channel 
eros•onal surt a ee 

B CC S - Basal channel 
eros•onal surta c e  
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LOW RESISTIVITY PLIOCENE SANDS 
M Cl' c c •"'• ua 

110 SI' IWVI 10 

• CAt•fll I .. I Ltsosuvnw •- •11 •oc "' 
I.J I S  I J I P et Jl 

RMSil:UJI 

figure 

Dl1'1N 
.. .. ,. 

·-

•••• 

SHliDEA. p.c . ... , 

log of slope tan overbank aands. 

C ORE OF LOW RESISTI V I T Y PLIOCENE S AND 

U l l 

.... . . . .. 

ura 

,,. .. 

CJ SANJS ANJ sa_ r v SAtv 
� SHALE. 5a.T Y SI IALE AN) 
� SltALY 5a.TS10UE 

. ® WHOlE CORE A NALYSIS 
SHE IOEA, p c .  1 111 

Core ol slope tan over bank sands ( from Fig. b) 
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S LOPE FA N (LEVEED C H A NNEL FACIES • LCF) 
EX PLO R ATION APPLICATIONS 

R E S E R VOIR 

5 · 4 0  m S A NDS IN C H A NNELS. 

T HIN ( 1 - 30 cm) SANDS IN 

O V E A B A N K  FACIES. C HA NNEL 

S A NDS DISCON T INUOU S. 

O V E R BA N K  SA NDS M AY BE 

Q UI T E  WIDE S P R E A D. 

OV E A B A NK S A NDS DIFF ICULT 

T O  R E C OGNI Z E  A ND E VALUATE .  

S O U R C E  

U N C E R TAIN, 

P R O B A B LY D E E P. 

MIGR AT ION T R A P S  

S E A L  

IN T E R N A L  S H A L E  S E A L S .  

TOP S E A L  C .S. 

OVE A BA NK S A ND S  

LIMI T E D  B Y  L E V E E S  A N D  

A P R O N - E D G E  PINCH O U T S .  

UNC E R TA IN, PROBA BLY V E A TI·  T Y PICA LLY S T R ATIGR A PHIC. 

C A L ,  VIA FAULT C ONDUI T S  OR 

F n OM L S F .  
S O M E  S TR U C TURAL 

E N H A N C E ME N T .  

F i g . 5 

JO S 1 7 l l 4 6  
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LOWSTAND SYSTEMS TRACT 
PROGRADING COMPLEX 

Top Lowstand Surface 
Top of Prograding Com plex 

Top Slope Com plex 
Downlap Surface 

MICRO-STRAT INC. 1 -90 G 

JBS. PRV & WNW 

Top Ba sin  Floor Fan Complex 
Down lap S u rface 



LOWSTAN D SYST E MS T RACT - P R O G RADI N G  CO M P LEX 

LOW TO MODERATE S EDI M ENTATI ON RATES 

S i l ic ic lastlcs 

Stream Profile 4 l Stream P rofi le 3 

Braided 
Stream 

Depositions/ Systems: 
1 )  Soils 
2) Incised Valley Fil ls 

. 3) Wave Dominated Deltas 
4) Beach and Storm Deposits 
5) Tidal Dominated Deltas 6) Slide Blocks 

Coastal Plain 

Beach and Storm Deposits 

Relative Sea Level 4 t Relative Sea Level 3 

Prodelta or Offshore Muds 

Dominant Depositions/ 
and Erosional Processes: 
1 )  Soi l Formation 
2) Fluvial 
3) Deltaic 
4) Beach 5) Storm 
6) Tidal 
7) Shal low Marine 
8) Hemipelagic 

Hem ipelagic Shales 

Major L ithofacies: 
1 )  Soils 
2) Braided Streams 
3) Tidal Deposits 
4) Coastal Plain 

- usually sand rich 
- sometimes shale rich 

5) Beach and Storm Sands 
Foreshore 

· Upper Shoreface 
Lower Shoreface 
Transitional 

6) Prodelta 
7) Offshore 
8) · Hemipelagic 
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�QWSTAND SYSTEMS TRACT -PROGRADING COMPLEX 
C hara c t e r i st i c We l l  Response 

S P 01 G n 

( 
-�s_}- - - - .. �--- mfs f 

TST � 
� - � - � �� - � - � ·  

pc 

LST 
sf C S  

· · · · · · · · t · · · · · · , 

si t 
� \ 

:. 

IOe_lQWSTA�ILSUBFACE; 
• Tra ns i t ion from upward sha llowing to  upward deepening 
• Toplap common be low boundary 
• Transgre�s1vc sur face of erosion (rav i n e m e nt s u rlac e }  

o n  t h e  shelf  

INTERVAL 
• Thick intervals of coarsen i ng upwa rd sa nds common n ear top 

• Shor c fa ce a nd de l t a ic sands typical 

• Progrades la t er a l lv into ba t hya l hemipelagic shale 

• Pinches out  near  off lap break of underlyi ng h ighstand 

• May cont a i n  sh ing l ed t u rbid i t c  mounds a t  ba se 

LOWER BQU�DARY 
e S lope fan Condensed Sec t ions 

• Maximum clay-shale point  
• F a unal a bunda nce peak 

• Downlap c o m mon a bove boundary 

MICRO-STRAT INC. 1 -90 � 
JOS. PRV & WWN 



LOWSTAN D SYST E MS TRACT - P R O G RADI NG COM PLEX 

Stream P rofile 4 H I G H  S E D I M ENTATION RATES 

1 Stream Profile 3 

I _L_\.. 
Braided 
Stream 

Delta Plain 

Depositional Systems: 
1 )  Soils - . 

2) Incised Valley Fi l ls 
3) Deltas 
4) Slumps 
5) Bottom Set (Shingled) 

Turbidites 
6) Hemipelagic Deposits 

Dominant Depositional 
and Erosional Processes: 
1 )  Soil Formation 2) Fluvial  
3) Deltaic 
4) Slumping of Delta Front 
5) Turbidites 6) Suspension 

Si l ic iclastics 

Hemipelagic Shales 

Major Lithofacies : 
1 )  Soil. 2) Braided Streams 
3) Deltaic (usually wave or fluvial dominated) 

- Delta Plain 
- Delta Front 

4) Tidal Sands in absense of deltas 
5) Slump blocks and Ol istostroms at 

end of LPC in tectonically active areas 
6) Bottom Set (Shi ngled) Turbid ite Sands 
7) Hemipelagic Shales 

t 
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S P. or G R  

HST 

PROGRADING COMPLEX 
BOTTOM-S ET (SHING LED) TURBIDITES 

CHARACTERISTIC WELL RESPON SE 

IQP LOWSTA�D SURFACE 

Transit ion from upward sha llowing 
to upwa rd deepening 

- ------- - - Top l a p  below boundary 

LST 

TST 

PGC 

bl 

Tra nsgressive surface of erosion on t h e  shel f  

INTERVAL 

Thick intervals of blocky sands com m on near top 
F luvial and del t a ic sands typical 

Progrades lateral ly into bat hyal shales 
PGC pinches out against break - in - slope at shelf  edge 

UPPER BOUNDARY 
�� � Maxi m u m  clay-shale point  

· - · - Minor fauna I a bu n dance peak (bt  cs)  

INTERVAL 
Series o f  t h i n  u n i t s  w i t h  blocky sand a t  base a n d  each 

uni t  f ines upward ("Christ mas t ree" pa t tern) 
Sand u n i t s  are separated by t h in h e mipelagic shales 
Overa l l  pattern i s  com monly f ining upward 

• - - ----- LOWER BOUNDARY s f  C S  0 o 

CHANNEL /  
OVERBANK 

UNIT 

• • • • • • •  Hem•pelagac sha le 
Wel l  developed a bundance peak (sf  cs) 

---------- -- - -- - - ----
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S.P. 

CHANNELIZED SEQUENCE BOUNDARY 

S P. S.P. 

Fluvial Fi l l  of the Late Prograding Complex or 
Estaurine Fi l l  of the Early Transgressive 

Systems Tract . 1  I 
S.P. 

.� SEQUENCE BOUNDARY 

< < 3 \ 
�- CHRONOSTRATIGRAPHIC 

Incised Lowsland -
MARKER BED 

River Va l ley 
CORRELATION 

MICRQ-STRAT INC. 1-90 .® 
JBS. PRV & WWW 
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PROGRADING COMPLEX 
EXPLOR ATION APPLICATIONS 

R E S E R VOIR SOURCE S E AL 

VA RIABLE:  STACKED DEEPER BEDS, OR 

FLUVIAL,  DELTAIC TST SOURCE AT 

AND SHOR E FACE. TOP. 

GOOD T S T  TOP S E A L. 

L AT E R A L  S E AL M AY 

BE POOR. 

VA RIABLE CONTINUIT Y .  

MIGR AT ION T R APS 

PROBA BLY DEPENDS O N  T Y PICALLY STRUC TUR A L. 

FAULT C ONDUIT S  FROM POSSIBLE COMPAC TION 

DE EPER SOURCE. CLOSURE. 

P O S SIBLE DOWNWA R D  

MIG R AT ION F R O M  T S T .  JBSI 7 l l 4 S  
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INCISED VA LLE Y FILL ( I V F )  

EXPLORATION APPLICATIONS 
R E S E R VOIR 

B R A IDED S TR E AM 

SANDS T YPICAL. 

GOOD TO FAIR 

. · CONT INUI T Y .  

MIG R AT ION 

DOW N WA R D  FROM 

T S T .  P O S SIBLE 

V E R T IC A L  MIGR A ­

T ION V I A  FAULTS. 

SOURCE 

TOP SOUHCE F ROM 

TST. POSSIBLE 

DEEP SOURCES • 

TR APS 

S E A L  

T ST S H AL E S. POOR 

L AT E R AL S E AL. 

T Y PICALLY R E QUIRE S  

S T RUC TUR AL CLOSURE O R  NOSE.  

JBSI 7 J l 4 1  
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R E S ERVOIR 

SUBMARINE C A N YON FILL ( SC F )  

E X PLOR ATION A P P LI C AT I O N S  

SOURCE S E A L  

V E R Y  VARIABLE. 

S UBMA RINE CHANNEL 

S A NDS, · y �A B IDITES. 

POOR C ONTINUITY. 

UNCER TA IN.  C O N T E M P O - LOCAL S H A L E  

R ANEOUS SOURCE IS SEA LS. 

PROBAB LY GAS PRONE. 

MIG R ATION T R APS 

UNC E R TA IN .  V E R T ICA L S T R ATIGR APHIC P INCH-OUT S .  

M I G R ATION V I A  FAULTS 

M AY B E  B E S T .  

Fig . 1 0  

JO SI 7 :zl 4 4  
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\ ' S U R F A C E S  
(SB) SEQUENCE BOUNDARIES 

(58 1 )  = T YPE 1 
(SB 2 )  = TYPE 2 

(OLS) OOWM... AP SURF ACES 

(mfe )  = m••lmum flooding eur face 

(tbf�)  = top basin floor fan ewface 

(hfe) = top �tape fan �-. face 

( TS )  TRANSGRESSIVE SURFACE 

(Fi ut flooding �-. face above 

mallmum progradallon) 

JBS 8 8 l l 9 1  

F igure 

�1..-----:-- T 

(':;.;:] P O S SIBLE R E S E R VOIR SANDS 

CD INCISED VAlLE y F ILL SANDS 

0 COASTAL BELT SA NDS 

0 CHANNEL/OV E A BANK CHANNEL SANDS 
JII S I U l t t  

S Y S T E M S  T R AC TS 
HST = HGHSTANO SYSTEMS TRACT 

TST = TRANSGRESSIVE SYSTEMS TRACT 

l v f  = Incised v..ney 110 
LST = LOWSTANO SYSTEMS TRACT 

lvf = Incised v..Dey fill 

law = low�tand wedg e -prog ndlng comple • 

sf = towaland elop4 fan 

bf = loweland buln floor fan 

SMST = SHELF MARGIN SYSTEMS TRACT 

VAIL, 1 9 1 7  

0 OVEABANK SANDS 

CD BASIN FlOOR FA N 

(;'\ SHINGLED. TOE OF LOWSTA ND \V PROGR A DING WEDGE SANDS 
VA il 1 9 11 7 



VARIATIONS IN CARBONATE SYSTEMS TRACTS 
CARBONATE RIM 

(end member typical of gentle slopes 
and grainstone margins) 

I 

HST 

Either carbonate mcgabreccias Pclagic mudstone 
or bioclastic basin floor fan 

CARBONATE RAMP 

HST ... 
mrs .. ,;;: � 

TST J" �� 
Lowsland prograding complex or Shelf margin systems tracl 

T. Jacquin 199 1 

CARBONATE RIM 
(end member typical of steep wel l-cemented slopes) 

HST 
': mfs......., -...... � �  

TST � � 
Pclagic drape 
Peri-plat form derived mud 

ISOLATED PLATFORM 
(end member typical of bypass and steep slopes) 

.; . ... 
l iST 

. .  ,. 

LST . . . (Piatrann delived grains and roze) 

:�;· . • .,-_. :;or�.: i "  r · �=-· , . • ! ! H  � ; ; , . 1 .:::: 



TRIASSIC OF tHE DOLOMITE MolJNTAir�S ITALY 
. , 
I ' - - - - l 'l' l lr--.1 1 1 1 ' ' " -' '  ,...... ..... '' VI I,IVUI VVII It'IVI"f 

-�� II CWI _, � ISBI --

-�� . -/ 

-

• 
MYnt• 

� � 21& 

CSBI- l 
.,._ PHO'fO 

An M 

. . ,  I -- .-- , - COLS) I 
� 

S B - SEQUENCE iJOU�OAAY ' . 

. DLS - DOWN LAP SUR� ACE 
. (S�I 

lSW- lOWSTANO W.DGE . , 

t2 z <C( 
. (CARBONATE OR CLASTIC) 

J (Summ�rlzed from Bosolllnl, 1984) 
r:Jo. 23.-Schemali� umm:ary of Tri:assie .c:arbon:alc sequences, Dolomite Mountain•. northern ll:aly (lnlerpreled from Dosellini. 1 984). 

•. Sarg, 1 988 

) 

I 

ll7 



GENERALI ZED R E LATIONS H I P  OF FACIES TO THI RD-ORDER SYSTEMS TRACTS 
\\'ITII IN THE 2�D ORD ER REGRESSI VE PHASE - \'ERCORS PLATEAU I 

J:<�ine grained tu rbidites & __ _ 
peri-platform mud """'....,... (slope fan) � Lowstand flushi ng : slope .,. basin tloo� fan 

= LO\\'ER LO\\'STA . .''ID 

Downward shift of coastal on lap 
' (up to 70 meters) 

(1-14 to 84 depositional sequences) 

--· · - - - - - . � - · - - . --- . --------- --------

Pdarty condensed section 

Platform derived grains 
(basin-noor fan )  

------------

\Vdl-bedded ,.­

pelagic lmarl cycles 

T JACQUIN 1992 

! 
I ! 



SB - 1 I ·-

�..J  
V:: � � �  � �  ::: z. 
Q tl,l  
..J �  � -- l""l , , _  � z ;:.· ,...) � �o.:· � (� ;... ��� 

� 

Slumps 

LO\\'ER 

LEGEND � Limestones 
-

Marl s 
Organic shales 

SB: Sequence boundary 
liST: H ighstand Systems Tract 

1\lf�S: M<tximum Flooding Surface 
TST: Transgressive Systems Tract 
LST: Lowstand Systems Tract 
TOC :  Tot al Organic �aroon 

I 0 SB 
' 

I con,deosed 
'· section LOWSTAND T<X; : up to 4 c.t 

so--�----�----------�--�--------

LO\\"ER 
SLOPE 

PROXIMAL 
BASIN 

- i-l-- .,..(,�·':'.J �-· · ··-: ; : :  . �·\ >Tt�: �-�· .. ... ·�· ·.'\:'.-' . : .  -�·�;.t:,.��� 

. .  

DISTAL 
BASIN 

SB 
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F i g . 4 H i g h 1 t a n d  b u n d l e •  a n d  c o m p o s i t i o� a l  s i g n a l s i n  

c a l c i t u r b i d i t e s  f r o •  Q u a t e r n a r y  c o r e s  o f  T o n g u e  of t h e  O c e a n , a 
b a s i n  s u r r o u n d e d  b y  t h e  G r e a t  B ah a m a  B a n k . T u r b i d i t e s a r e  m o s t 
a b u n d a n t d u r i n g  i n t e r g l a c i a l h i g h s t an d a  o f  t h e  s e a , w h e n p l a t f o r m  
t o p s  a r e  f l o o d e d  a n d  p r o d u c e  s e d i m e n t . Tu rb i d i t e s  a l s o  v a r y  i n  
c o a p o s i t i o n : H i r h s t a n d  l a y e r s a r e  r i c h  i n  p e l l e t s a n d  o o i d a  -
i . e .  g r a i n s  t h a t  f o r a  o n  t h e  s h a l l o w  b an k s  b y  t h e  i n t e r a c t i o n  o r  
t i d a l  cu r r e n t s  a n d  w a v e a . � o w s t a n d  t u r b i d i t e a  c o n s i s t  m a i n l y o C  
s k e l e t a l  m a t e r i a l , i n c l u d i n g  r e e f  d e t r i t u s , b e c a u s e  f r i n g i n r 
r e e f s  a n d  s k e l e t a l  s a n d  c a n m i g r a t e  d o w n s l o'p e  · w i t h  f a l l i n g  s e a  
l e v e l . G l a c i a l - i n t e r r l a c i a l  s t r a t i g r a p h y  i s  p r o v i d e d b y  v a r i a t i o n  
i n  a r a g o n i t e / c a l c i � e r a t i o , a p r o p e r t y t h a t  i s  c l o s e l y  c o r r e l a t e d  
w i t h t h e  o x y r e n  i a o t o p a  c u r v e  ( g l a c i a l  i s o t o p e  s t a g e s  a r e  
s h a d e d ) . A f t e r  H a ak � S c h l a r a r ( 1 9 8 9 ) . 

adapted from Haak and Schlager, 1 989 
�i""�"'r�hacl 17 Vat ,·, , ,�, , 

240 
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F i g . l 5 P o s t u l a t e d  e u s t a t i c  s e a  l e v e l  c u rv e  ( H a q  e t  a l . ,  1 9 8 7 ) f o r  
t h e  m i d - C r e t a c e o u s , a t i m e  o f  g l o b a l  p l a t f o r m d r o w n i n g . A 
p l a t f o r m t h a t  k e p t  u p  w i t h r i s i n g  s e a  l e v e l  a n d  s u b s i d e d  a t  5 0  
m / M a  m u s t h a v e  b e e n  e x p o s e d  d u r i n g  t h e  d o t t e d  i n t e r v a l s  o f  t h e  
c u r v e  a n d  e x p e r i e n c e d  o n l y  t h e  f �u c t u a t i o n s  d r a w n  i n  f u l l . T h e  
a m p l i t u d e •  o f  t h e a e  e f f e c t i v e  s e a - l e v e l  r i s e s  a r e  s h o w n  i n  m e t e r s  
o n  t h e  g r a p h . T h e y  a r e  t o o  s m a l l t o  m o v e  a p l a t f o r m o u t  o f  t h e  
p h o t i c  z o n e  a n d  o f t e n  t o o  s m a l l t o  e v e n  r e m o v e  i t  f r o m  t h e  z o n e  
o r  l i g h t s a t u r a t i o n . 

10 

ANOX I A  
Nr38 

DROWNING 
N.� 

100 BOih 

... 

F i g . l 6 F r e q u e n c y  d i s t r i b u t i o n  t h r o u g h t i m e  o f  o c e a n i c  a n o x i c  
e v e n t s  ( t o p ) a n d  p l a t f o r m  d r o w n i n g s  ( b o t t o m ) . T h e  c o i n c i d e n c e  i n  
t i m e  s u p p o r t s  t h e  i d e a  o f  a c a u s a l  l i n k . T h i s  m a y b e  o n e  e x a m p l e  
o f  e n v i r o n m e n t a l  c o n t r o l  o n  d e p o s i t i o n a l  s e q u e n c e s  a n d  s e q u e n c e  
b o u n c a r i e s . A f t e r  S c h l a g e r L P h i l i p ( 1 9 9 0 ) . 
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HST·ALLUVIA L  FAN FACIES (AF) 
EXPLORATION APPLICATIONS 

R E S E R VOIR 

ALLUVIAL G R AVELS 

A N D  S ANDS. POOR TO 

FAIR C ONTINUI T Y. 

P E R M E A BILI T Y  POOR 

TO FAIR. BEST 

RE SERVOIR SANDS 

A R E  AT toP IN TST 

L AG G R AVELS. 

MIGR ATION 

V E R TICAL MIGRATION 

V I A  FAULT S ,  OR 

MIGR ATION THROUGH 

L AT E R A L  HST FACIES. 

SOURCE 

DIFFICULT. BEST 

CHANCE IS A DEEP 

OLDER S OURCE. 

T R APS 

STRUC TUR AL T R APS 

BEST. DEEP BASIN 

STR ATIGR APHIC T R A P S .  

S E A L  

HIGH R ISK O F  N O  S E A L .  

SHALES ASSOCIATED 

WITH T S T  ARE BEST, 

BUT CUT BY CHANNELS. 

. . . 

.18S 1 1 2 l 4 t  
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SHELF MARGIN SYSTEMS TRACT 
SHELF MARGIN WED G E  

Top lowstand Surface 
Boundary 

Type 1 Sequence. Boundary 

MICRO-STRAT INC. 1 -90 • 

JBS. PRV & WWW 

Top Basin Floor Fon 
Downlap Surface 

I · I ' 

Maximum Flooding 
Downlap Surface 

Top Slopo Fan 
Downlap Surface 
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lone counesy E uon Co. 

F i g . 8 a U n c o n f o r m i t y  o n  a C r e t a c e o u s - J u r a s s i c  p l a t f o r m o f f  M o r o c c o  
( d o t t e d ) . T h i s  s e q u e n c e  b o u n d a r y w a s  a t t r i b u t e d  t o  a V a l a n g i n i a n  
l o w s t a n d  b y  V a i l e t  a l . ( 1 9 7 7 ) . S c h l a g e r ( 1 9 8 9 ) i n t e r p r e t e d  i t  a s  
d r o w n i n g  u n c o n f o r m i t y . N o t e  s i m i l a r i t y  w i t h  t h e  c o e v a l  W i l m i n g t o n  
p l a t f o r m  i n  t h e  n e a r l y  c o n j u g a t e  A m e r i c a n m a r g i n . N o t e  f u r t h e r m o r e  
t h e  r a i s e d  r i m  a t  t h e  p l a t f o r m  m a r g i n  a n d  d i f f e r e n t i a l c o m p a c t i o n , 
c a u s i n g  f o l d s  i n  o v e r l y i n g s i l i c i c l a s t i c s . A r r o w s  m a r k  p o s i t i o n s  
o f  b o r e h o l e s . 

SITE 4 1 6 
1.0 Agt 

1 . 1  
Hlwl. 

1 . 2  �--1 

· ·� 

1 . �  
Berr.  

1 .1 T•l". 

lwri)•Chtl 
llloUIItU o11 1 1 .  DIIOIDII. ooicll caro. leerrig. cero. 

m11a '" '" 1111a w. 111111. on 1111a IO.,CI cort  

E ! i 
� • � 0 ! ... .. • • � 

E 0 i 
• 
� 
. 

km cm 1 0  I S  t. I O I $ " I 2 "  1 0  2 0 0 . 1  I 10 100 � 

b )  T u r b i d i t e s  i n  D S D P  H o l e  4 1 6  m o n i t o r  t h e  d r o w n i n g  o f  t h i s  
p l a t f o r m b e l t :  T h e  d i s a p p e a r a n c e  o f  p l a t f o r m  m u d  i n d i c a t e s  
re d u c t i o n o f  g r o w t h : p h o s p h a t e  g r a i n s  a n d  o o i d s  w i t h  q u a r t z  
n u c l e i  a r e n e w  g r a i n  t y p e s , n o t  p r e s e n t  d e e p e r  i n  t h e  s e c t i o n : 
t h e i r  f o r m a t i o n  i n d i c a t e s  c o n t i n u e d  f l o o d i n g  o f  t h e  p l a t f o r m a n d  
i n c r e a s e  o f  w a t e r  d e p t h  r a t h e r  t h a n e x p o s u r e . A f t e r  S c h l a g e r  
( 1 9 8 0 ) , m o d i f i e d . 
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soloc i ·  c ll!Siics 
C r e 1 .  · l e l l .  

pl�t l l o r m  

l a i n  Jui 
E .  C r c l  

W I L M I N G T O N P L /I. T F O n M  

f'l l n • � l l• r1  piA I I o r m  m ; u gln 

... . . ... d r o w ning unc o f'l l o r mll t 

on " " "  .. " ' d  s i d fl  

F i g . I 0 •. 0 w n i n g u ll ( () n r 0 ,. m 1 l y () l l  1 .. I I '" i I J !; l 0 1\ I' L il l r 0 1" '" . T h e  s e  0 w a r c1 
f l a n k 1 s o v e r 2 ') 0 0 m h i g h r1 11 d t •; o n  l a p p  e d h y m o r e  g • •  n t l y .  d i p p  i n g , 
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THE TECHNIQUES OF 
SEQUENCE STRATIGRAPHY 

PART 2C: 
Results of Changes in Shelfal Accommodation: 

Introduction to Basin ·Fill Model 

Description Of Fig. 2-21 
Initial depositional surface is shown as a heavy black line. It depicts, from left to right, the 

equilibrium stream gradient, shelf, slope, and basin floor. 

Subsidence is shown in meters per 100,000 years by vertical arrows located below the initial 

surface of deposition (heavy line). The subsidence rate is 0.0 m/1 00 ky at the left hand edge of the 

figure, and increases with distance to 2.0 m/100 ky at the basin margin. The basin subsides at a 

constant rate of 3.0 m/100 ky. 

Eustatic changes of sea level are shown in mete� ve�us geologic time on the graph located in the 
upper right hand portion of the figure. Each time interval is 100,000 years in duration. Thus the 

total interval of time represented by geologic time lines 1 through 30 is 3 million years. Two 

eustatic falls are shown. The magnitude of the first eustatic fall is 80 mete� and the second is 1 S 

mete�. The first fall (stratal surfaces 5- 12) has a rate of eustatic fall greater than the rate of tectonic 

subsidence. The second fall (stratal surfaces 20-27) has a rate of eustatic fall less than the rate of 

subsidence. 

Volume of sediments per unit time ( 1  00,000 years) corresponds to the area of the rectangular box 

in the left hand ponion of the figure (0.01 sq. km./ 100,000 years). 

Lines mark the depositional interface after the sediment supply is exhausted at the end of each 

1 QO,OOO year time increment. Therefore, the lines mark the position of each 100,000 year geologic 

time line at the end of the model run. They form continuous stratal surfaces that correspond to 

reflection events in a seismic depth section. They are depositional interfaces that separate older 

from younger rocks. The diagram simulates the primary reflection patterns as recorded on seismic 

pro�les. 

Sequence Stratigraphy Workbook - Ve�ion 30/10/92 Page S 



Basic Assumptions of diagram: 

: . 

The sediment supply rate is constant through time. 

Erosion is not present. 

All depositional processes occur within the two-dimensional cross-section. 

Sequence Sttatigraphy Workbook - Version 30/10/92 



. Stratal Pattern Analysis Basic In put 
Vertkal E:uaention = 3S x 15  30 
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____.,. Disconti nuous b o r izons 

Geologic Time Lines ( 1 -35) are :  

I)  Deposilional Interfaces 

2) Continuous Stratal S u r faces 

3) Surfaces that cause Seismic Renection Patterns 

Fig. 2-21 
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Initial Setting 0 

Initial Depositional Surface 

A d j u st  Acco m mod ation Sc ace I 

Pill S c ace with Sedim ent - 1 

Pill S c ace with Se diment - 2 

Fig. 2-22 

t A d j u s t  
Sea  Level 

A d j u st 
� S u b s i d ence 

. .  



� Sedim ent Acco m mod ation Ter m s  

S e a  S u rface 

Sea  Floor 

I nitial De positional  
S u rface 

A cco m m o d at ion  
( S p ace Avai lab le 

for Se d i ment ) 

Fig. 2-23 

R e l a tive Ris e of 
S e a leve l  

E u s t a s y  

S u b s i d e n ce 
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THE TECHNIQUES OF 

SEQUENCE STRATIGRAPHY 

13  
PART I: 

SEQUENCE STRATIGRAPHY INTERPRETATION 

PROCEDURE 
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WELL L O G/S E I SMIC/B I O ST R ATI G R A PH Y  S E Q U EN C E  S T R ATIG R A P H Y  
I N T E R P R ETATI O N  P R O C E D U R E  

A P P L I E D  T O  T H E  N EOG E N E  O F  T H E G U L F  O F  M E X I C O  

STEP 1 • U N D E R STAN D D E P O S IT I O N A L  S ETTI N G  

* S eismic Overview I n  V ic 1n ity O f  We.l l Log To Be I nterp re ted 

* I n te rpret Rock Type Fro m Well  Log s 

• I n te rpret Deposi t ional  E nviron ments From Biostrat ig raphy And Wel l 

Logs 

• I n terpret M ajor Reg ress ive/Transg ress ive Facies C ycle Wedges On 

Well  Log s 
• Identify Discontin u i t ies  Fro m  Dipmeter Log s 

STEP 2 · I D E NTIFY C O N D E N S E D  S ECTI O N S  F R O M  B I OSTRATI G R A P H Y  

* I d e n ti fy Conde nsed S ect ions And Locate On W e l l  Logs 

• Age Date Conden sed S ections With Biostratig raphy 

STE P  3 · I N TE R P R ET S E Q U E N C E S  A N D  S YS T E M S  TRACTS 

* I n te rpret Seq u e nces .  S ystems Tracts ,  A nd Fau l ts On Well  Logs 

* I n terpret Sequence s ,  Systems Tracts ,  And Fau l ts On Se ismic  Data 

• I n te rpret Sequences and S ystems Tracts on Adjacent Outcrops 

• Tie To G lobal  Cycle Chart 
· 

STE P 4 · C O R R E LATE W E L L  LO G S  B Y  U TI LI Z I N G  P A R A S E Q U EN C E S  
A N D  M A R K E R  B E D S  WITH I N  S Y STEMS TR ACTS 

* C o rrelate Wel l  Logs By Parasequence/Marker Bed Correlatio n  

STE P  5 · C O N STR UCT S U M M A R Y  DIAGR AMS 

* C ross Sect ions  S ho w ing Sequences,  Sys tems Tracts ,  Paraseq uence 

Bou ndaries and Li thofac ies 
• I nterpreted Key Se is m ic Sections That Coinc ide With Geologic Cross 

S ection Where P ossib le 

• S u mmary C h ronostrat ig raph ic Charts S howi ng Sequence s .  S . .:tems 

: Tracts , and L i tho fac ies 

• Map Sequences And Systems Tracts Fo r l nterpretin� Paleogeography 

And Geologic H isto ry 

STE P  6 · M A K E  S E Q U c.  . .  C E  B O U N D A R Y  B A S E D  TECTO N I C  S U B S I D EN C E  
C U R V E S A N D C O R R E L A T E  TO C H R ON O S TR ATI G R A PH I C  C H A R T  

STE P  7 · I D E NTI FY R E SO U R C E  P L A Y S  A N D  P R O S PECTS 

• 
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W E L L  LOG/S E I S M I C/ B I O ST R AT I G R A P H Y  S E Q U E N C E  

ST R AT I G R A P H Y  I NT E R P R ETAT I O N P R O C E D U R E  

A P P L I E D  TO T H E N EO G E N E  O F  TH E G U L F  O F  M EX I C O  

D ATA AN D M ATER I A L S  
- W e l l  l o g s  (approx i mate ly  1 i n c h  equals 1 00 feet} 
• Hig h reso l ut ion b iostrat igraphy check l i s ts ,  for  reference wel ls  
- Wel l log  sequence strat igraphy in terpretat ion  charts,  where 

poss ib le  ( Paleowater  depth , Faunal  abundance,  Faunal d ivers i t!es ,  

and we l l  log s) 
- Seismic section s  
- Synthet ic seismog rams and/or t ime depth conversion charts 
- Wel l  log cross sections  (un i nterpreted and approx i mately 1 i nch 

equals  400 to 500 feet) 
• G raph paper for chronostratig raph ic chart 
• Calor  penc i ls  ( red , o range,  green ,  rose ,  brown , tuscan red , yel low, 

and blue) and strai g h t  edge 

STEP 1 · U N D ER STAN D  D E PO SITIONAL S ETTIN G  

* Seismic Overview I n  V ic in ity O f  Wel l  Log To Be In terpreted 
• Identi fy fau l ts 
• Identi fy tru ncat ion unconform i ties 
• Identi fy incised val leys and canyons 
• I n te rpret approx imate paleowater depths 

* I n terpret Rock Type From Wel l  Logs 

· Gamma and/or spo ntaneous potent ia l c u rves 
• Son ic and/o r res istivity curves 
• Poros ity logs 

* I n terpret Depo sit ion a l  Environ ments From B iost ratig raph y  And Wel l  
Log s 

• Paleon to log y  
• Cores and cuttings 
• Well  log patterns . 

., • Compare to se ismic in terpretation fro m Step 1 
..
. I n terpret M ajor Regressive/Transg ress ive Fac i es Cycle Wedges On 

Wel l  Log s  
- Second order  cycles ( 3 -50  My) 

• Ident i fy D iscontin u i ties  From Oipmeter Log s  
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STEP 2 · I D E NTIFY C O N D E N S E D  S ECTI O N S  FROM B I O ST R ATIG R A P H Y  
• Ident i fy Condensed Sect ions A n d  Locate On Wel l  Log s  

• Fau nal  and f loral  abundancy peaks from hig h reso lu t ion  
b iostratig raphy 

• Faunal and f lora l  divers i ty peaks fro m h i g h  reso lu t ion  
b io strat ig raphy 

• Total o rganic matter peaks 
• Authigenic mineral peaks 
• Hardg rounds 

* Age Date Conden sed Sectio n s  With Biostrat igraphy 
. Determ i ne ag e o f  conden sed sect ion fro m  high reso lut ion  

b iostratig raphy 
- C heck for miss ing or  stacked condensed s ect ions,  i .  e. for 

i nd icat ions of  fau l ts ,  s l u mp scars , canyons ,  or  mu l tip le  
sequence starvati on.  

STE P  3 · I N TE R P R ET S E Q U E N C E S  AND S YSTEMS TRACTS 

• I n terpret Sequence s ,  Systems Tracts ,  And Fau lts On Wel l  Logs 

- Use scale that  is approx imately 1 i nch equals 1 00 feet 
• I n te rpret Sequences,  System s  Tracts , And Fau l ts On Seismic D ata 

• Identity and correlate d iscontinu it ies from reflection 
terminat ion pattern s 

· Ident ity sequences and systems tracts 
· Tie sequence and systems tract boundanes to we l ls with 

synthetic se ismog rams or  t ime-depth convers ion charts 
· C h eck cons 1 stency of sei s m ic correl&t ions by clos ing  loops on 

the  seismic g rid 
- Ca lor  systems tracts on key se ismic sections,  h ig h l ig ht ing 

sand and porous  carbonate beds 

* I n te rpret Sequences and Systems Tracts on Adjacent Outcro p s  

• Tie To G lobal  Cycle C h a rt  
, • Deterrl"ine correspondance of  n u mber and age of  sequences 
.. with n u mber and age of sequences predicted by the chart 

• i f  d i ffe rent ,  evaulate the reason for the d i fference 
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� T E P  4 · C O R R E LATE W E L L  L O G S  B Y  UTI LIZI N G  P A R A S E Q U EN C E S  
A N D  MA R K ER B E D S  WITH I N  S Y STEMS TR ACTS 

• Correlate Wel l  Log s Sy Parasequence/Marker Bed Correlat i o n  
- O n  ind iv id u a l  we l l s  iden t i fy parasequ ences a n d  marker beds 

wi th i n  the systems tracts 
- Correlate sequences and systems t racts between wel l  log s ,  

fo l lowing se is mic corre latio ns  a n d  b iostrat ig raphic a g e s  
- Corre late paraseque nces a n d  marker b e d s  between wel ls ,  

starting i n  t h e  v ic in i ty of  m ax i m u m  f looding s u rfaces 

- Eva l u ate systems tract bou ndaries us ing parasequence 
s tack ing patterns 

STEP 5 · C ON STR U CT S U M M A R Y  D I AG R AMS 
• C ross  Sectio n s  Showing Sequence s ,  Systems Tracts ,  Paraseq uence 

Bou ndar ies and Lithofac1es 
' 

* I n terpreted Key Se is mic S ect ions That Co incide With Geologic C ross 

S ect ion Where Poss ib le  

* S ummary C h ronostrat igraphic Charts S howing Sequences , S ystems 
Tracts , and Li thofacies  

* Map S equences And Systems Tracts For In terp ret ing Paleogeography 
And Geolog ic H is to ry  

- Wel l  l og i sopachs and facias 
- Seismic isochro n s  and facies 

STEP 6 · M A K E  S E Q U E N C E  B O U N D A R Y  B A S E D  T E CTON IC S U B S I D EN C E  
C U R V E S  AN D C O R R ELATE T O  C H R O N OSTRATI G RAPHIC C H AR T  

"' 

- Re late changes i n  rate of tecto n ic subs idence to maj o r  
transg ressive/reg ress ive facias wedg es 

- Ca lcu late eu static variat ions 
- P lot  s u m mary tecto n ic subs idence curve on 

chronostratig raphic chart 
I 

STEP 7 · I D E NTIFY R E S O U R C E  PLAYS A N D  P R O S P ECTS 
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6�0 TRANSACTIONS--Gt.rtF COAST ASSOCIATION OF GEOLOGICAL SOCIETI"ES VOLUME Xl..l .  i 9,) 

A N  INTE G R AT E D  A P P R O A C H  TO EXPLO R ATI O N  AND D E V EL O PM ENT 1!\. 
T H E  90s : W E L L  L O G -SEIS MIC SEQUENCE STRATI G R A P H Y  ANALYSIS 

Pc1cr R. '.'ai l ,  1 &1\d Wa her Womardt Jr.l 

ABSTRACI" 

Well Loc·Scismic Sequence S1raucr�phy An&Jym is a new 1echnolo1Y 11111 incecraces h iJh resoluuon b•oscracicr;phic 
and p;teoo;ll'lr:r.ecn: d::: �d che -:t:u�c•cnsucs of che we I I Io& sianarurcs w•IJ'I seism•c rcnecuon prori ln. Thi1 rnccllodn• · 
01)' pcnn1U IJ'Ie bioscnucr;phcr. &eOIOSISI and &eophysiciSI 10 work 101e1her 10 SUbdivide � Slr�ugr;phic SeCIIOn 1n10 
;�ackages oi sedimenu bounded by chronosrraurnphiully sicnific:uu condensed seccions and 1hei r  usoci�ced maa1m11m 
r�ood•nc sun·aces and sequence boundanes usinc well toes and seiSmic proCiles. Each sequence i1 subd•v•dcll in1o smaller 
l uhoacncuc ( (;c1es l inked) unus c&Jicd symms 1r;cu on che buis of characccnsue wetl·loc p:anems.  The syuems cr:acc 
boundanes. ate idenu fied on wetl loas. marked on cwo.way lime loas or synclleuc se•smorr;ms and com:la1ed w•IJ'I cnrn . 
spond•na syuems cr:accs 111a1 have been •ndcpcndenc ly •dencified on che se1Sm1c profiles us1n1 se•sm•c ·ur;uar:aphic 1ncer· 
prccacion procedures ( Vail and Womudc. 1990). 

Faunat �d noraJ abundance and diveniry hiscocr:ims provide cricical infonn:uion eo m&lce reproducible chronosrnci· 
ar;phiC COrTelauonl (HUIIII and Womudl. 1 986: Sh;(fer. 1 987: Womardl. 1 919: llld Sha(fer. 1 990) . The paleobachymc• · 
ne in1erprccauons pcnnu 111c 1denufic�uon or rock cypcs in rclauon eo che deposilional env�rorvnenc and s ySiems rraci.S. The 

h•&h rnoluuon biourauanpny 11 cnuc:aJ in 1n•err11ed we ll loa·seJsm•c sequence uncianphic analysis bcc;use ic provic·�s 
in (onnauon for •denufylllc rou•l abunda��ce and divcniry pew IJ'Iac an: 1mponan1 for recol"�&•nc and com:laung cc n ·  
densed sec11ons an d  mu1mum Oood1111 surlaces o n  well loa• and 1c•sm1c pror.tes. Hiah resoluuon b•osiT1111r::IPhY ll,d 

p&Jeobacllymccry daca prov•des lhc adduionaJ daca packace IJ'Iac hu herccoforc been missinc in seismic sequence scnci c r; . 
phy. Added 10 1he well toe and sc•sm•c daca 1e1. IJ'Iey prov•de an •ncccnccd da� package 11111 pcrTnii.S che inupcrience� 
pcr1on eo u1e 1he concepcs of se•smic well loc·sc.quence s�raucraphy 10 develop czpcnisc llld confidence in •u pnc;uce. In 
onser eo ob111n conSiscencly reliable rcsulu '" well loc·aeismic sequence s�nci craphy, a pan•culu procedure muse be fol · 

lowed and 1pcc1fic daca acu muse be used. 

INTRODUCTION 
Durin& l.he pas1 few years we have developed a tocally ince· 

crated technolo&y cal led Wtii·LDg Stismic Stqutflct Smwg· 
raplly A.naiysis. This ccchn 1que he lps unr�vcl the comple� 
s�ncisnphy in vanous pans of the world. and ciramatic&Jiy 
:ncre�es !.he ability of c�plorationisu to intefl!rct the rock 
types usociated wil.h A VO &1\omalic..s or 10 predict hydrocar· 
bons where AVO &1\0malies do not exist. 

We l l ·  Los Seism1c Seque nce S�nu gnphy is � new tcchncquc 
that in1e1ntes hi&h reso lution bioslt�tigraphic 11\d palcobal.hy· 
metric data. 11\d the charactensucs of tl•e wc l l · los signarur� 
w i r.h  sc1smic-rcneccion profiles. This mcr.hodolol)' penniu !.he 
acologisl  &1\d geophysccist to div1dc a rock sccuon into a scnes 
of genetic unics bounded by condensed sccuons 11\d theU' 
chronoscntigraphic mu1mum Oood&ng surface 11\d sequence 
boundaries using well logs 111d sc•sm•c profiles. When r.hc 
mu:.imum Oooding surfaces 111d sequence boundancs are 
daccd at  !.heir minimum hiatus or their confonnnics. they are 

1 Proc'euor. Ocp&IVncnc o( Ceolol)' &t Ceoph711cs. Rice U N veru· 
ry, P.O. Boa I 192, Hou11on . Tcau 7723 1 

2 M ICRO·STRAT. INC .. and Acljuncc Professor. Ocpanmenl of 
CcolorY &t Ceopllyuu. Rice Un•ven 1ry. P.O. Boa 1 192. Hous· 
con, Tcau 7723 I 
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ch.ronoscratignphic boundaric.s. All the rocks deposited be· 
twcen these surfaces arc therefore chronosuati&�phic inter· 
'!•Is. Condensed sections 111d sequence bounda.ncs arc d�ccc: 
on the basis of hi&h rc.soluuon biostntigraphy. Subseqllenlly. 
each sequence is subdivided inco smaller pa�lt�gcs c alled ;rs· 
tcms D'ICU on the buis of charac1erisuc weii·IO& p;mem,. 

· The boundaric.s of systems 1racu identified on wl' l l locs �c 
m�lted on two-way time logs or synthetic sc1smograms 111d 
then correlated with corresponding sysccms tr�cts l.h�t have 
been independently idenufied on the sc1smic prorcles us•n� 
seismic-suatigraphic principles. Faunal ll\d nor:al abundiii�C 
11\d diversity dat.a plus palcobal.hynicaic intefl!recuions pro· 
vide extremely valuable additional dill 10 m�e rcwoduclblc 
chronostraugraphic corTC iauons &1\d eo Identify !.he r•)Ck cypcs 
in relauon 10 the deposn.ional environments 111d sysccms tr�ccs. 
H igh rcsolucion biostnu gr:aphy prov•dcs che bio logccal  111d 

geologcc&J data set that has heretofore been 1':\issin& in seism•c 
s�uencc sD'Iugraphy. 11 provu:ies a data packa&e that  allows 

the inexperienced penon to use the concepts of sccsmic se· 
quence sa-augraphy 11\d 10 develop cxpcnisc &1\d confidence 
using this methodoloay. 

ldenlificaLion of the muimum flooding surbcc and its  uso· 
ciated dcposiLional facic.s. the condensed sec cion cF: aurc I ). 
through the &1\alysis of faun&J &1\d noraJ abund&I\Ccidivcrsu;r 
data obtained from the detailed checkJistJ (stnti&raphic diStn· 



MAX IMUM FLO O D I N G  S U R FA C E  CONDENSED S ECTION (SED IMENT STARVATION )  

Fossil Abund ance and Dlverslly Puk 
S B  

TS T I s I h e  c h a rac lerlsl lc zone for 
l o s s l l  c h ange , launal and 
u l l n cl lon evenls and 111ge 
b o u n cl a r l u .  

on ly 

In Organic Carbon 

• Wi n n o w i n g  / 
• Submarine !ro alon 
• Bloalratlgra phlc Hlalua 

1un 1. The posl llon or muimum noodlnc surrace and condensed section, and their relationship la dlrrerenl s7"ems 1racu wllhln 1 
!)Oiillonal sequ ence. 

ion chuu ), ue criricaJ in wcll log·scismic sequence stnri· 
phic analysis and pcnnic subdivision of E· logs and seismic 

l)rd sccuons into a series of packages of scd imcnu that ue 

1ndcd by c:hronomati graphic: sun'ac:es (Womudt. 1 989). 

alysis of faunaJ and flor.11 �bundancc/divcrsuy data pro· 
cs a method of re liably and c:onmtcnrly rcco gni11ng differ· 
types or condensed sections on well logs. Condensed sec· 
IS develop not only in usoc:aauon wuh the muimum 
xling surface. bur also ar the bue of the lowstand prograd· 
c:omplu/top of slope fan c:omplu. Minor condensed sec · 
IS ue also present bc1wecn the channel overbii\X lobes 
!un the · lope fan c:omplu/top of 1he bas1n floor fans. The 
, ,,um nood i n g  sun'ac:es &re .ssoc: ia tcd with warm water 

1110 �onu. Where:u lhe condensed scc:uons an lhc low· 
1d systems 1rac:ts arc ::a.ssoc:aated wuh cold water fauna and 
:u. 

order 10 obta an c:ons islcntly re l iable rcsu lu . spec ific: data 
1 be used and a panac:ular procedure (T�ble I )  must be 
)Wed. 

DATA R EQUIREM ENTS 

arcc types o f  daca uc necessary: wc i i iO!S .  h igh  resoluuon 
trau,r;aph•c: ;a.nd pa lcobatllymetrlc: data, a.nd seum ac: · rc· 
IOn pro ri les . A iul l SU IIe Oi pctrophysac:;a J iy  C:OI'TeC:Ied Wile ·  
logs 1 I f  possaole I ,  •nc: ludang ;a dapmctc r I O ! .  a s  opumum: 
ever. an E · IO@  waiJ'I S . P  . .  resuuvuy a.nd Gamma Ray and/or 
: C:I.U'VU IS adcquace for sequence mau gr;apnac: anterpreta· 
A Ios se: ;ale of I 00' • 1 •  is mou u�eful for the tirsc steps of 
nalvsas. � 

8 iosa-atip-aphic daca have been commonly pr;�ented in four 
general fonnau: ( I )  "Paleo tops" infonnation is b:ued on the 
first downholc oc:cWTCncc of a panic:u lar species in a well 
which may or may not be iu crue cauncuon poan1 in time. ln the 
Oulr of Mex ico "Palco cops" have been convnonly based on 
bcnthic forami111 fers thar usua l ly climb i..n secuon downdip and 
become very rare in bathyaJ cnvi.ronmcnu. (2) "Paleo tops" 
With m&nimum raunaJ and floral abundance data ( Rare. Few, 
Common, Abund.&IU). The abundancy pew from then data 
arc often very mis leadin g . (3) "Palco tops" using benc.hic 
foramanifcrs 111d the "bioe vcnu" of lhe plani.tonac foramina(· 
ers 111d calcareous n111nofossils are recorded (Womardl and 
Lamb, 1 98S).  Di vcrs11y is usual ly nor accurate bcc::&use of the 
l im ire9 number of s pcc aes adenufied per sample ::a.nd the alnln· 
dances c:;a.n be misleading because only the s::a.mples with many 
fossils arc deemed imponant. 

Therefore. these three types of "palco cop" and �bundancc 
rcpons alone arc inadequate for we l l los·s�i�m ac sequence 
straugraphy ana lysis. (4) Very detailed biostnugraphic and 
pal:obathymccnc: analyses of r.."'e cor..al fauna :l.ld nora •n each 
sample at JO.or 60-fool intervals aR IMOr.ate:.: on a c:hcclc.list 
or Str:ltigraphic distribution chan, using bcnthic foraminifcr$ 
for plleobac.hymeuy; and the "bioevenu" of the plllllc.ton•c 
forarninifers 111d calcareous nannofossils for age daccs in m i l· 
l ions of yean ( Womardt �d La.mb, 1 98S).  We have ;also found 
the daversuy 111d �quenc y  his tograms to be very ac:c:urate 
when a fall amount of ongana.J sample wu processed. 

This i'li!h reso luuon b•osuaugr;aphy is the anregnuon of � 
very detai led baoscnrisraphic chcckJisu. biocvcnts. rec:ogn•·  
uon of lhc warm and cold condensed sccuons 111d i t  1S the only 
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Fi&UI"'C ::. Pan or microros.sil checklist, which provides lht dtlailtd strat icraphic and palcobath7 mttric i n rormllion ror So!tiUtnce 
slratl&ra phic an1l7sLS. · 

methodology that provides 1he adequa1ely detailed data neces· 

vy 10 properly pcrfonn seismic seque nce scra1 igraphy :illll)'·  
.s 10  a cos l ·effecu ve manner. 

The buis of the high resolu1ion biom:at�graphy is the check· 
lis1 (Fi gure 2). I t  IS consl.l\lcted by record ing the dei&Jied 
occWTence :llld abundance of p l�li.Lon�e �d benth�e foruna· 
n1fers and caJc�eous nll\llofossi ls  in c u 11 1ngs  samples at 30· 10 
60-foot 1111ervaJs ( Womudt and Lam b . 1 985) .  These checiUiSLs 
prov1de the de�1led stnu gnphic :1.11d paJeobalilymeCI"'c 111for· 
mat ion necessary to evaluate &JI of the 1mpoi"W''t foram1nife"' 
and c&Jcareous nannofoss1l biocvents a.s they relate 10 the 
recognition of the major conc1ensed secuons 11\d their mui· 
mwn nooding surfaces. They are �so very valuable because 
they prov ide an oppommiry to evaluate the placement of a 
SpcC iC.S ' nm down.hole OCCWTence ( its "top"), and idcnufy 
shallow.water spec1cs that have been tra.nsponed down slope 
in1o a deepwater env1ronment. H i gh resol uuon biostraugraphy 
1n1egra1cs 1 he occurrences and abundances of speCies on a 
sample by sample bu1s (l..amb. t1 al . . 1 987) .  h prov1des the 

u1c dc:scnpuve dcw led in fonnauon nc:cc ssll)' 10 ca.Jcula1e 
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sm&JI variations in paleowater depth espcci&J iy lhe deepenings 
a.ssoc iatcd with 1he condensed sections a.ssociatcd w ith wann 
wa�er s pec ies. and the me�s 10 conscruct his1ograms s howing 
mac:rofossil abundance and diversity variation (not just abun· 
dance pew) tiVouahout the suatigraphic section in a well 
(Figure 3). These histograms. in rurn. provide detailed infor· 
mation th11 penn1ts the recognition 11\d venfic:uion of watm 
condensed secuons a.ssociated w1th Che muimum noodin& 
sw'face. and cold condensed secuon s  on the 10p of basin noor 
f:1.11s, 10p of slope fans. �d minor condensed sectio.,s on  l.hc 
lop of individual lobes w1thin l.he slope fill and sequence 
boundaries by the lack of foss i ls . 

A&e dating 11\d comlation in well log·SCISmic: sequence 
stnugraphy 11\aJysis is ba.sec1 on the condensed secuon. its 
�ssemblaae of foss als ana its a.ssoc 1auon with siana lic:aru mi· 
crofo�al bioevents anc1 thc1r age 1n m1ll ions of ye:an and 
corre lanon w1th the g lobal cycle chart. Us111g this mdhodolo· 
gy the conc1ensed sections g 1 ves much more re: l iable rc:su lts for 
ciVonostraugnpi'ILC corn l a uon lil an  lilc usu&J biost ra t ! graph iC 
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I"� J. Pauem rccocnllfon or condensed JCCiions and srs• 
.,, :acu baud on detailed analysis or microrouiLI. 

1arion <Huans. 1 986. Sh&ffer. 1 987, Womardr. 1 989 �d 
affcr. 1 990). 

"he rhird data ser required is the seismic reflection profile. A 
) or closely spaced &rid of high·resoluuon seasmic secrions 
.h syntheuc seasmosrams consU"Ycted from petrophysically 
�tea well loss wi th check shou is opumum. However. :a 
t kev seismic l ines tied 10 the avaal:able well conuol with 
sr�;i graphy commonly provades adequate information for 
11 los·seismac sequence scraugr:aphac ;nalysis. 

'o fac iliaate our interpretations in wc ll log·seismic sequence 
uigraphy, we prepare :a wc l l · log sequcnce ·maugraphic 
. lys is eh� which shows from left to riJhl .  :at the same sc:ale. 
fol lowin; d:ta: 

::laleowater depth 

2) Nannofossil abundance and diversity with impo�t biocv­
enu ("tops'') 

3) PI&Nttonic �d bcnthonic foramini{cral abundance and di· 
versity with imporwu biocvents ("tops") 

4) Well logs (SP/Oamma & Resistivity/Sonic) 

5) Inrerprct&rion or deposirional systems and lirhoracic.s 

6) lnrerprcrarion or sequences and systems tracts 

7) Absolure aae 

INTERPRETATION PROCEDURE 
Table 1. Procedure for well IOJ·Seismic sequence 

s&ra&IJraphlc analysis 
I )  Seismic overview 
2} tnrerprer litholo&Y from log character (confirm with cores 

and cuni.ngs when possible) 
3) lnrerprcr deposirionaJ environments and paleobathymeu-y 

from micropaleontolosy/paleoccology �d then from wel l  
loa characrer 

4) ldenrify major 2nd·order, cransgrcssive and rcsrcssive 
wedsc.s 

') lnrcrprcr condensed sections from raunal ;nd no..-l abun· 
dU\ce and diveniry to recognize: 
• Warm-w:arcr condensed sec&ions llSSociated wirh mui· 
mum floodins swfaces 
• Cold-water condensed sec:cinns associated with 

• Buc or lowsrU\d pros..-ding wedses·top slope fU\ 
comp lex 
•Minor condensed secrions between channel overbank 
lobes in s lope ran complcac.s U\d rop of buin noorJU\ 
compleus 

6) Age dacc condensed secrion with hi&h resolution bion..-ti· 
araphy 

7) L..oc11e disconunuities on dipmcrer log 
8) lnrcrprcr sequence �d synenu; uact boundaries from Ios 

character 
9) · interprcr sequence boundaries, mu.imum noodin& sur· 

rilcc.s and systems uacu on seismac d:ata �d tie the seismic 
interpretation to the well loss 

10) 1ic 10 alobaJ cycle chan 
1 1 )  Identify and cornlare pan.sequences anct marker beds 
1 2) Conmucr wel l  log·seismic sequence m:atisraph ic  

cross·sections 
1 3 )  �paR a chronos�ugnphic chart from key cross ·sec· 

rions 10 summanle suaugraphic framework 

The specific procedure we recommend for well los·seismic 
sequence srnti&1'1phic analysis hu I 3 steps (Table I ). Se·  
quence s�ugl'1phic terminology used in !his  procedure is 
illustrated in Fisure 4. 
1)  The fim srep is a seismic overview in rhe area of rhe well .  A 

se ism1c overview prov•des informauon on location or ma· 
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jor fau lu.  m.mcauon. unconfom1111e$.  gener:�l paleobalil )' ·  
meuy. 

2) The second srep IS ro inrerprer l i rhology from log characrer. 
· Any error in this srep c:a.n lud ro misinrerprerauons in l.he 
larer Slaces of the procedure, rhus confi.I'Tnallon wirh cores 
and cunincs. where possrble.  is vez:t impon:a.nr. 

J) The rhird seep involves the de1a1 led inreJ1lrecauon of rhe 
paleoenvironmenu i&l\d paleobachymeu y from lhe benrhic 
for:uninifers w1lhin rhe cunings or core samples. The daca 
available for chese inreJ1lret:llions are obtained from the 
hi&h resolution bioscr:�rigraphic checltJisr. The benthic for· 
aminifers arc ploued on a scpuarc checklisc with the 
shal low warer spcc1es on rhe ngi'K and rhe spcc1es rhac are 
char:�cterisuc of success 1vely deeper environments ploued 
to rhe left in each sample. This check.Jist IS made from the 
onginal  check l ist rhat is ploned w1th firsl occurrence 
downhole. Afrer rhe occurrence and abundance of each 
species has been ploned from shallow ro deep warer for 
every 60-foor sample downholc. a paleobathymeQ"lc curve 
is drawn bued on rhe rnre111rerarion of the benchic for�nu· 

n ife rs in each sample.  De rai led analysis of each sample 
and the a.ss1gnmenr of rhac sample ro a ceruin palcowarcr 
depth permiu rhe recognir ion of the deepeninss thar are 
:�ssoc1ared wun the warm condensed secrions. These lev· 
els. are checks agwm changes in abundanceldiversiry 
curves. when: mL,imum values generally reflec1 uans· 
gressrve condicions and minimum v&Jues rcsrcssivc co:t· 
dir ions (Clement, cc &J..  1 989). This palcobathymcaic 
curve is ploned ditcccly on lhe checklist, and provides 
valuable iniormalion with re&Ud 10 the "acrual" dCPQSI•  
rional environmcnc o f  lhe re£ervoir sand. 

Once the p&Jeowa1er depchs are de1errnincd from 1he '" 
situ benlhic forwinifers. racher 1han from r.he species rhac 
have been wuhed downs lope. a number of paleoenviron· 
menu usoci:�red wirh lhe differenr warcr deprhs can be 
inteJ11rered diteclly from rhe wel l  logs. A c lassificarion of 

paleoenvwnmentS is shown in Table 2 (Worn udc and 
La.mb, 1 985). h is imporu.tU 10 dcrerrnine r.he paleowa1er 
depth from paJeobathymeaic inrerpretalions bcfcre inter· 
pre1ins r.he log panems because similar Ios panems may 
be observed in deep and $hallow wa1e:- .environmentS. 

SEQUENCE STRATIGRAPH�C TERMINOLOGY 
TlME 

l:h:.\:� Shell Margin Sytltfftl Tr.ct CSMS'n 

[22j Hlptand SYtttma Tract CHSn 

lTIII!J TranaQrniNt Syattma Tract CTSn 

0 L�tand Sytttma Tract CLSTl 

� ProQr'ldli"'Q ComDitl (DC) 

- Slope F111 ComDIII 

[J Basin Floor Compltl 

SURFACES 

CSBl SEQI...etoa BOUHOAAIES 
<SB 1 l  • TYPE 1 

($8 2) • TYP£ 2 
CT\.Sl TOP I.J:JW STAHO SURFACE 

Cflrst 1\oodnQ aurface 1� 
m uJrnurn Dt'00'1�11onl 

COLS) OOWNL.AP SURFACES 

• • - •  (mfa) • m&almum noodii"'Q IUrfiCt 
Ctlfl) • lOO alooe fan IUrfiC'I 
Clt:tl) • IOD t:.aln noor fan IUrfiCt 

,cun •· Sequence sl7'11ilraphlc lenninolou. 

:I:rTjtt!, �t=klJ.;:o _ ___, TECTONIC � SUBSIDENCE 0... -- " " (/J W CD 15 - -' C r.n - !!  1- RELATlVE CHANGE \�lit !! U
1 �� OF SEA LEVEL 

(Base Level) 

..,... _ _. ,  . �  I •  
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• rll l ll 

SXSTfWI TB6CTS 

SMST • SHELF MARGIN S't'STEMS '1"RJCT 
HST • HtGHSTANO SYSTEMS TRACT 
TST • TRANSGRESSNE SYSTEMS TP.,.I.CT 

ivf . inciMd ftlley flll 
- � • condtnMCI MCtlon - . 

LST • L.OWSTAHD SYsnMS 'T'RACT 
lvf • lnciMd VSIII'f flU 
I)C • on:>Qradii"'Q COfnDIU 

: : : mc.a • minor con� aecllon 
:le • slooe tan comC)Iu 
� • c:cnotnMd Metl)n 
bfc • blain noor 1111 com�x 
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'Ius S l m l l lll' :og ;:J311ems � ;u�  �e;:re se�t  very d i fferent  

aeposauonal env 1 ronmenu . 

Ta ble 2. P:ale-oba t h y m r l ric Zon a 1 1 on 

r:alcobathy mcary I ! In (ft l l  

0· 1 00  I 
1 00· 300 I 
j00-600 I 

600· 1 200 I 
1 200· 1 !00 I I 
1 500-jOOQ I 
3000-4500 I -

,00·6000 I 
Below 6000 I 

P:altOfn\l roon m c n t  -

Inner Ncnw; 

.\l addlc �enuc Scnuc 

Ouccr ,"'enuc 

Upper Upper I B�lll y a l  Lip  pe r  
l...ower l.'pper Ba111yal 

Balll ya l  

M addlc B�en�aJ I .\o1 addlc 
Upper Lowe r  

BalllyaJ Lower 

L..owcr L.owcr Ba1hy&J 
Ballly&J 

. .l.byss&J 

· -

The iounh step is to idenufy the major C":lns rrcssave :1nd 
re;ressave (�caes wedges CSm1th. ! 965) .  These wedges are 
rel:ated 10 the r21e Uld type oi sediment sup p ly (Fi gu re Sl. 
They &Jso control ho...,. well the l iti'\oi:acael 41'C de,·eloped 
within the systems tracu. 

S J The ri fth step u to 1denuiy t.�e � ro l..,d :t."a ore er  c:onoensec 
secaons usang iaun:U :1nd ilora! aeund01nc:: 1110 d1ve:sny 
peas < Fi g ure j) .  These �e .: orr: !� ted wath 2nd ·l)rder  
cycles  that �e teCIOn iC3l ly  or  ICC: tOnO•e UStJI IC:Uiy COn• 
u-olled.  The condensed secuon deposiuona l f:�c1es consists 
O( thin, manne, hem 1 pe la1 ic tO pe 1 1 g1C SedlmentS depoS· 
1 ted at  il re lauvel y slow rate C sed 1 ment stuvauon) in corn· 
panson to the over· 111d underlyang sediments. Concensed 
secuons may occur ;u four difie rent pos 1 1 1ons wuhin :� 
de;10SI I Ion&J sequen.:e. The !'1!iiJOr condcn::: sec: 1on I) 
aSSOC ia ted Wll.h warm Water iauna.s llld noru. the mU I •  
mum nood ing surface. :1n d  nooaing onto the she l f  CFil·  
u res 6, 7 .  S illld 9) . 1 1  se pu:atcs the �3ck mppmg tnnsrrc s ·  
s 1 ve s ystems trac:t from the fore steppln£ h i £hstand · 

sys tems C"act .  Addit ion&J condensed secuons usc.ciated 
With COld Water raunU Uld norii.S ate present a! the toeS Oi 
the lowsWld prograd il'l g  comple l/top of slope ran ( Fi g ·  
ure I 0). M �nor condensed sccuons 01lso occur between 

channe l  overbanJt lobes within the lowsW\d s lope filii illld 
the top of the basin noor fan c:omplu below the slope f111 
complex. 

The major condensed section which contains the mui· 
mum flooding surface ;utd which separates the tr'll1sgres· 
save systems tract from the h i gnsW1d sys tems ITIC:I is 
commonly associated with aut.higenic mil'ler1.ls. wum ...,.�. 
ter foss1 ls .  fossil abW1dil.nce pew 111d hcm ipe la1 •c laml· 

nated sha.Jcs C Figure I ) . 1n the Cenozotc section or the Culf 
of Mc.JtJCO, where the scdimcnt:tuon r.ues �e cxa'emc ly 
high.  these major condensed scc:uons arc chuacterized by 

lil l  • Ill 

Jrt 5. Straticraphic dla,ram o( Cla abornc cro u p  IEocencl, showin; C)'CIIc.al Mdlment.:ary units in Cane Rivtr·5part.a and cl&•l Yc1u1. Ccncnl Louuiana parc l y  a ft e r H . . 'i. F'isk 1 1 9601 ( .\1ocSificd a fler Lohman 1 949, AAPC l. 
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1un 7. Checklln showinl H 11ll&l & Ani "B" condtnJCd HC11on. 

hcmipclagic shales which may be hundreds of feet thick. 
The major condenacd section c:oncains a muimum flood· 
in& sw1ace wt\ich is �c:ocniublc on an E · los. Thi$ mui· 
mum flooding sw1acc is a correlacable physical surface 
that commonly  �presents chc muimum shale pouu be· 
tween the fU\i.n& upw11d 11'11\s grcssive sySiems trace and 

c:oaneni.ng upw11d hi ghSI&nd syscems trace. ln some 
cues the muimum flooding surface may be reprcscnced 
by a thin shaJe spike. or limescone bec1. 

The s�th step is 10 evaluate chronostracigraphically impor· 
tanl biocvenu so that an absolute age can be assigned to 
each condensed section ( Fi sure 1 1  ) . The r111 1 downhole 
occWTCnce of impo�1 m1crofouils spec: 1es arc eva· 
luatcd asi.U\sl each other using che high rcsoluuon check· 
list to decermi.ne whether they uc true lut occumnccs up 
hole, deprcued lops. or have cl i mbed secuon down dip 
(diachronous). 1/ the biocvenl or an impona111 species is 
interpreted � its Utinc:Uon po1nt an age in mil lions Of 
years (ma) is usiancd to che spcc1es. 

The seventh Slep is to evaluate lhc dipmeter Ios. i f  ava1 l ·  
able.  for d isconunuities. Oipmeter logs wi l l  not show 
disconunu ities at a l l  syStems 1rac1 boundancs. but uc very 

he lpfu l. 
t 

. . : � 
: ' 

. . . . . . . . . . . . 

. . . . . . . . . . .  
t t I I t  o I I I I I 

. .. � • • • • • • • • • •  0 
0 I t I I 0 I 0 0 I I I I 0 
0 t I 0 I I o o o I I 0 I o 

. . . . . . . . . . . . . . 

. . . . . . . .  ' . . . . . 

. I . , . . . . . . ' . .  . 
: i : : i : : : : : : : : : 

8) ln the eighth step we intcrp�t sequence �d systema a-act 
boundaries from lo& character. F'ttst.  the m�imum flood· 
in& surfacu �e identified w1thin the m3jor condensed 
sections on the E·logs. Muimum flooding surfaces :u-c 
identified a.s the high gamma. low SP. low resistivity, lov.· 
sonic log pick characteristic: of 1hc shaliest pan of che 
section. 1n the nencic environment this pick should ma,·k ;, 
point where a fin1ng upw:u-d p:mem changu 10 3 comen· 
ins u pw11d panem. In some c:ue.s 3 hiJh resistivity spike 
may occur at the muimum flood in� surface because of 3 
conc:cnU'Ition of calcareous fossi ls.  Muimum Oooding 
surfaces arc :usociatcd ,..,"" major faun� �d nonal abun· 
dance and d ivc�ity pear.� .&nd a characcensi 1c :a:.scmbl:ag•: 
or foss i ls  in the CcnOZOIC: or lhc Ciulf  of M u ico. In 1�11! 
deep water environment. muimum flood ing surfacu rep· 
resent the mtervaJs of lowest sedimentation rate within the 
hem ipelaJIC shaJes or the conden�ed section. 

Sequence bound&ries arc identi fied withi., 1he coanenin& 
upward pancm between the muimum floodin¥ surf:aces. 
ln the nericic environment. sequence boundaries milk an 
abrupt shallowing or an abrupt incrc:ase in depositional 
rates . The rypic3l log pane m 1s an :�ggrada1 1 onal (massive 1 
log panem lhat overlies an interbedded IO! pane m. In 1he 
deep-water cnv�ronment sequence bound�es commonly 
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, f'lcure I. Checklist showlnc C. ,..�;,.,,; condcn11d MCIIon. 

occur ac che base of loa panems indicatina an abrupc 
increue in si l l  or sand which overlie hcmipclagic shales. 
Sequence boundanes located 11 submanne cros1on sur· 
faces and pencccntemporanecus slump surf�ccs may be 
the most d ifficult  to recognize on legs because they inter· 
Npt r.hc repemious trend and systems a-acu. However. the 
log panems and biostr�lii�PhY commonly ch01.11gc signifi·  
c01.11t ly �� such  surfaces. In acneral, the secuon overlying 
che submarine eros1onal or slump surf�ce 11 sh:�J ier. Scis· 
m1c da1.1 as npec1aJiy ampona.nt in loc:�uns 1hcsc surfaces. 

Within the deep water (bllhyal) environment r.he log pat· 
acm cyp1ca l  of a sequence bound� shows an abn.tpc in· 
crcuc in sill or sand deposuicn over the hemipe laJIC 
shales. For c.r.amplc. sequence bounda.nes :11 the b3sc of 
buin- noor fans are the cu1cst to rccogn1z.c (Figure 1 2) .  
They arc charactenz.cd by a blocky (bol cat) sand Ios 
pancm over raalroad tnck log panems IYPICII or hemlpc• 
IIJIC shales ( Fi gure I 3). The sequence boundary IS loc:�ted 
at che base of the blocky sand. A vanation oi chu pancm 
OCCUrs lt the m11g1n Of I biSin noor f01.11 . where the sands 
ate unamal 1 amated. In this cue. the blocky Ios panem 
w11 l  show Uun sha le sp1kcs w11h1n. 
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ln c:lles where the slope ran rests directly on older SC• 
quences and no buinfloor ran u.istS, lhe sequence bound· 
ary is more di((icult co idenu ry ! Fi gure 1 4 ). In gene"l the 
boundary is pl:�ced :u the first s1gn1  fic�t increue� n si  hi·  
ncss above a hem1pelaa•c shale. The sequence b�unduy 
�eparales lhe "ilroad rrack shale pauem or the un� :rlyinc 
h�cnipelag1c sh:�le sec1ion from chc crescenc·sh�red log 
pauem or 1he coarsening/finina upward lobes of che s lope 
f01.11 ( Figure I S). Several crcsccnr·shapcd lobes m:ay be 
presenl Wllhln one slope ran (Figure 16). Individual lobe 
boundaries arc characlentcd by minor raun:al ��ne nor:al 
:1bundanccs and diversicy pca.ks in minor condensed inter· 
vols. The individual sands and Si l lS wirhin che crcs· 
ccnl·shapcd lobes are hi&hly d isiraced 01.11d show 3 ch�:IC· 
cerislic fining upward pauem. Varialions of rhis pauem 
OCcur where S lumps wichin 11 slope (� overlie lhe Se · 
qucnce bound� Or in lhe diSl:ll ponions Of SlOpe f�s.  
Ois ca l  slope fans cenci eo be silt ier r.han chc underlying 
hcmipela11C shales.  but l:�ck sands and wel l  deve loped 
crcscenc. sh:�pcd Ios paw:ms. The sequence boundary 1S 
locarcd 11 rhc shale/si l l  boundary. 

The boundary bcrween rhe slope fan and bu1n-noor l':�n i s  
located 1 1  lhe muimum shale po1nt 1mmed1ate ly above the 
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QRT. JU.R<i.AArTAE, A. 'Tl'ICOAHICUUTUS AHD GBQ. Mn"RA CONDENSED SECnOHS 
&un t. Checkllsl showing Cirr m.,.,,,.,, A. l'l'i(omic�l4tul :and Cibr. mi.IN condcrued senlons. 

basin floor fan. A fauna! llld floral abund111ce and diversi· 
1y pc:Ut often marks a well developed condensed in1erval at 
chis boundary. 

The surface 11 che cop of che lowscand syscems 11acc was 
, tiously referTed 10 u 1he D':uiSIJUSt ve sur1':1ce. We fel l 
lh:u chis change was neceUU';/ bec:1use transgremve s ur· 
facu of eroston or rav memen1 surfaces wuhm the 11ans·  
arcssrve sys1cms 1rac1 were someumes confl.Jsed wllh lhe 
ll1IISCRssivc surface (Fi g. 1 8). 

Where the lowsWld progradins complex rests direct ly  on 

the underly•n& sequence. several Ios panems may mark 

the sequence boundary. Ln tMcr or iMcr·maddle neri1ic 

envLrorvnenLS this boundary may be .I the base oi a blocky 

(massive )  S:u'\d lo& panem ( Fi sure 1 9 ). 1n outer·m•ddlc or 

outer nentic :u'\d uppermos1 bathya.J envu-onmcn1s the se· 

qucnce boundary may be :11 the base of :1 coarsening up· 

ward panem representing 1he downlapping 1ocs of 1he 

lowsWld prograding complex. This is the reg1on where 

lowstand procradin& complexes oauain thear mu.1mum 

thickness <Fie.  1 7). 1n bathyal :u�d deeper water environ· 

menu the !owswtd prosrading complex rypicarr:r- has 1he 

, 

railroad-cnck panem of 1 hemipe!agic shale. Sometimes a 
s li&ht coancninc upward pauem may be identifiable. 

Where the lows�and prograding complex rcsu direelly on 
1he underlying slope fan complex of previous sequence. 
bonom set rurbidile sands and sha.Jcs :at the 1oes or 1he 
lows W\d progradirtg complex may develop. These 1urbi·  
d itcs commonly h:avc a sec  or  Chnsrmas· rrcc shaped log 
panems. We call  these shins led nubtdilcs. These turbidi1cs 
can be well developed and arc characteristically found to 
be deposited para.Jiel to strike. 

The boundary berween the lowsrand procriding complex 
and slo pe f111 is generally marked by a muimum shale 
point 111d a well developed condensed section associated 
with a cold water fauna 111d flora. The abundance and 
diversity pew associated with th is  boundary IR often 
confused with the warm condensed section and iu mu• ·  
mum flooding surface. I f  rhis cold·water condensed sec · 
uon is m istaken for the wum.waler condensed section .  
1hen the shingled rurbidites may be masintell'reted as 51.1\d 
pacKaaes ill the highstand systems tract. 

The tranSJRssive systems U'ICt CFigw-e 20) is character · 
ized by 111 over :all fine and thin upward ( backstep} even 
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LOWSTAHD SYST'EMS 'nU.CT 

_ _  .., '· ·- '·� '-- \ 
F'lcure 11. Lows1ancl sys1cms 1rac1 basin nour f:an complu. __ ... 

,. ..... ,_ , ... c.-
a.-- --

SF 

thoush the individual pan.sequences tend 10 prograde 
(Fisure :! I ). The sequence bound:uy between the trans· 
sressive s ys tems tncl and lhe unde rlying sequence is com­
monly recogn i �ed by one of 1wo log pauems ( Figure 22): 
I )  the poin1 of chan ge be1ween coarsencng upward ( fore 

scepping) and linins upward (back uepping) progradins 
packaaes (parasequences), or (2) 1he base of a blocky 
(mass ive )  sand pauem thal i s  loca1cd be1wcen 1he coarsen· 
in& upwud and fill i n g  upward panem. Th i s  m�sivc sand 
is commonly an incased val ley lil l .  1n ahc deep m:uinc 

F'lcure 13. Lowstancl sys11ms 1rac1 slope fan complu. 

environment the lr:lllsgreuive sys1ems 1ract is commonl �· 
represen1ed by 3 very thin hemapela�ic sh:�le .,.·hich h:as 3 
railroad 1rack loa pauem showm g  a s l igh1 rinans upw:arl3 

The hi&h stand systems tr.scl (Figure ::!.3) is chancterizc. 
by a set of prograding, coarsening upward and shallowins 
upward pansequences that tennina1e :11 3 sequence bound· 
ary C Fiaure 24). Where 1he sha l lowing upward panem 
includes the coasw or deha plain deposi 1ional fac ies. the 

LOW STAND SYSTEMS TJ=fACT - BASIN FLOOR FAN COMPLEX 

S.P. or G.P. 

Characterjstlc Log Response 

S.P. OI GA 

• Hem ipe lagic shale or channel/overbank agron lacies 

{ UPPER BOUNDARY 

.. IHOR e Sha� boundary with minimal transition 
OOHCIEMS(O 

- -----· S 
above boundary 

._!�)•• INTERVAL 

ww-o..o sa- • 

HST/TST 
H-...et�C Siw• 

• Turbidi te sands 
• Ama lgamated massive turbidite sands 
• Unama lgama ted massive turbidite s.ands, with 

shale breaks 
• Minor erosional surlaces within sand 
• Commonty a major eroaional lvr1ace at too of fan 
• May be remnant fan mounds 

• Redeposited musive shingled sands bordering 
fan mounds 

• Contourite sands · 
•· Redepositecl maaaive sands in aegarate mound.s 

SEOUENCE BOUNDABY 
e Massive sand above tlemipelagic shale 

<railroad track shale) 
• Shall) boundary 
• No erosion at base except sometimes a t proximal 

ponlon of tan 

I� � 14. LOI chancllristlc:s or I buin noor fan complea. 
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LOW STAND SYSTEM S TRACT - S LOPE FAN CO M P LEX 
Characterjstjc Well Response 

uppER BOUNQARY 
S.P. or CLA 

--------P_9.._-_-._..;-..-J&t=;;:::;:.:.f 
• Downward shift from hemipelagic shale to laminated 

fine grained turt)idites 
• Fining upward digitated log character below boundary 
• Faunal abundance peak 

..2., ICES t INTERVAL 

SF 

- ICI:S lolu.J'\STOAY 
SANDS 

�NEL 
e Crescent shape to individual channelloverbank units 
• Within channelloverbank units. sands thl�en, 

then thin upward 
• 1 - 1 0  channel/overbank units within each slope fan 
• Proximal facies may be highly sand-prone near 

source 
• Channel fi ll faciea may be: 

• Muaive turbidltl aands 
• Maasive turbidite aands fining upward with. shall) 

bases 
• Mudstone-flne grained turbidites 

LOWER BOUNDARY 

1$• Atancionment tac•u 
·a- 0\amet nu 
OB- �M 
N.- AftacMd 1oe1ee 
A • Apro/1 

ICI:S _lntem�l Cllannel 
woa10na1 a�o�rtace 

S.11l Cllannel ICES· er•IOnat a..�rtace 

MCS . �'"riCin CGnOinMd 

F'l�un 15. Los charactcrlallcs or I slope ran compln. 

log pancm commonly indic::ncs ill1 interbedded sand and 
shale l itholosic facies The sequence boundary commonly 
occurs at the boundary be tween the interbedded coast� or 
de lta plain sedimenu and overlytng mass1ve Si&lldstone 
panem 11 the b11se of the transJressivc systems tract or 
incised val ley rill  CFi¥ure 1 9l .  

9) The ninth step IS to compare the :1gcs of  the depositional 
sequences defined on the we ll  logs to the a lobal cycle 
chill. This companson c::tn help yau evaluate whether :2 1 1  
sequences have been Identi fied. Haq , et  a l .  ( 1 987) have the 
latest publ ished verstons (l:!B)  of the g lobal cycle chart 
( Figure 2�). Our recently revtsed Plio·Pie istoc:enc eh� 
for the Gulf  Coast ts i l lusllated in Fiaure 26. 

1 0) The tenth step is 10 identify the sequence bound�es. 
muimum nooding surf:ac:cs i111d systems tracu on seismtc 
proli les. Once the s:qucnccs i111d systems traces h:1ve been 
identified i ndependent ly on the wel l  logs and setsmtc data . 
they can be ued. by use o f  2 -way ume loas. syntheucs 
based on check. shots. or synthewa b:ued on petroph)'Stc::�l 

34 1  

• Hemipelagic ahale with faunal abundance peak 
commonty at base of slope fan complex 

• · Lies on SeQuence Boundary or on Low Stond Systems 
Tract Basin Floor Fan Complex 

• Boundary commonly conformable in basin and 
erosional on slope 

relationsh ips .  ln sencn l . most o( th� sequence :u\d sys·  
tems llact boundancs wil l t tc. but  oc:c::tstonally some wi l l  
not. Where t ics are not posstble.  rc ·cvaJuation of the wel l  
log � d  scasm ic intcrpretauon must be made to resolve the 
problem. 

In !Cnel'lll seismic profiles from Gulf of Muico Cenotoic 
slope basins. offshore Teus and Louisiana. c:u\ be divided 
into four intervals: ( I )  :a lower zone of apparently continu· 
ous renecuons intci'T\Ipted by f:tu lu and diapir1. (2) :a thick 
overlyins zone or complu mounds with thin zones or  
continuous rcnectof1 . (3 )  a zone of continuous renectors. 
i111d. (4) near the upper ponton of the s<ection. � zone of 
continuous rcnectors witt .  eros 1on:al surface.s. 

The f:acics of the four zones typical ly  have the followina 
tnterpretation: Zone I c:onmu of distal slope fans with 
thin hcmipelasic shales or the highstand. lli111S&rcssive and 
lowstill1d progradins c:omplu .. Zor.e 2 is  mostly s:opc (�. 
With biS in ncor ianS near the b&Se 11\d thJn he:Ttpcl:lSIC 
shales of the highs tand . tf'll\s rrcSSive.  and lowsL'U\d pro· 
sr�d tng c:omple.t.. Paleowater depths ue commonly batny· 
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EXA M P LE 1 :  LOWSTAND SYSTEMS TRACT-SLOPE FAN 
GAMMA S .P. 

-

� 

-
Ul 8 

-

§ 

RE SISTfVITY 

OFFSHORE LA. PLEISTOCENE 

ICES 

BC£S 

181§ 
ICES 
BCES 

· OB 

F11un 16. Example showtn1 cnscenl·lhspcd lo1 nsponse of 1 slope fan complex. 
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UNIT 3 
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CHANNEL/ 
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CF- Channel IRI 
oe- Ovenxnk 
AL- An ached lot. 
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ICES- Internal enaMel 

erostonal aurtace 
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_ ... .. 

LOWSTAND SYSTDIS TRACT 

,. _ _  .. ,_ , .. '- .. -
_ _  ..__ _ ...._ _ ,_ ,  ... c­

_ __ 

CHAHNEI rng SEOUEHCf BOUHQABX 

..,,_ 

al. buc will somet imes inc lude outer neritic environmenu. 
Zone 3 is mostly lowscand prosndin& complu and trans· 
aressive and h ighstand systems tracu. Reservoir quality 
shin&led turbidites may be developed in the lower ponion 
of this zone. Zone 4 is cransaressivc and hiahscand systems 
tr:1ccs th:ll :u-c deposited in a neritic environment with 

Flaure 1,. LOJ chancltrlsllcs or I Incised Ylllt7 nu. 
incised valley fill dcposiu in a nuviaJ or estuarine environ· 
ment. 

Sequences and sysccms U"'CU arc difficult to recogniu in 
Zone I.  but aR rudily identifiab le in Zone 2. ln Jeneral 

HST 

TST 

l 
LST 

• 

LOWSTAND SYSTEMS TBACT-PBOGBAQ!NG COMPLEX 

Characteristic Well Response 

S.P. 01 QJl 

·- - -.:5 
r:>C 

1.4CS 

---\ 
,, 

TOp LOWSTAND SURFACE 

• Transition from upward shallowing to upward deepening 
• Toplap common below boundary 
• Transgressive surtace of erosion (ravinement surface> 

on the shelf 

INTERVAL 
• Thick Intervals Qf-coarsening upward sands common near top 
• Shoreface and deltaic sands typical 

• Proorades laterallY into bathyal hemlpelagic shale 

• Pinches out near oHiap break of undertying h ighstand 
• May contain shingled turbldlte mounds at base 

LOWER BOUNDARY 
• Minor Condensed Section 
• Maximum clay-shale point 
• Fauna! abundance peak 
• Oownlap common above boundary 

riiUrt I I, Lo1 ChlriCttristriCS O( ; pro&;radlnl COmpln •. 
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.,. .... "-' ,. c- .,. .... '"' c.-__ .,.... ...._ ._ 

NEB!T!C EAC!ES SYSTEMS TRACTS 
... . .... TST.L 

::·\ ·--------- � -
'" - -
"" 

- � 'u:ICCIMCI I""'C'C -
11WfSGMSIIYI S'I"Sl1WS TRACT 

--- l&o.AJG IJQHWPI ---
..aHITAHO SYSTEMS � 

- .....ui""UW � a.wr.cr -
un lO. Transcrcssive systems ar;ca. 

- �Q .. s.IN'I 1'-"""C' -
I.IT .. 

.. ..  , _  

the sequence boundary is  a &  &he aop of  &he continuous 
rcnectors. mariUns the hemipcl:�gic shales and the base of 
the compte��: mounds in the slope fans. When a basin noor 
fan is present it is usually difficult 10 recosnize. The buin 
noor fans are characterized by one or awo continuous 
r. :tors that onlap the edge oi &he pcneconaempo�eous 
slope basin and show evidence oi mound ins . The sequence 
boundary is placed below these onl;ppins renec:aors. The 

Flaure :n .. Le�� characteristics or nerlllc racies sys&ems &nets. 

lop 111d base of the tnnSSRSsive systems Er.lc:ts c:hanc:ter: 
istic�ly produces the most c:omlatable rcrlec:tors. These 

TRANS GRESSIVE SYSTEMS TRACT 

Characteristic W�ll Response 

MAXIMUM FLOODING SURFACE 
• Commonty lowest resistivity-highest gamma 
e Most clay rich shale <most starved) 
• Faunal abundance peak 
e Apparent tNnc:atlon common below boundary 
• Oownlap common above boundary 

INTERVAL 
• Individual paraseQuences prograde. tine and thin upward Cblckstep) 
• Beach and shoreface sands. common near base 
• Bas ina l eQUivalent Is thin he mipelagac $hale 
e Correlation Is good, but backstepp1ng trans;reaaive surfac. of erosion 

:ue tlme-�ns;ressive 
• Sands otten better sorted than HST 
• Authlgenlc minerals common . .  

SEQUENCE BOUNDARY 
• Onlap.s sequence boundary 
• Commonly transgre�ve surface of erosion Cravinement surface) 

over LST, JVF or older shelf sediments near shelf edQe 
e Nonmarine sedlments (coastal plain, coal or lake sedlments) onlap 

seQuence boundary in more landward areas 

e Top Lowstand surface at base of TST 

.as. PfiN & WWW 

,,. 11.  Lo1 char:ac11nstlcs of a aransaressivt sys1ems 1rac&. 

, 
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- - -

HIOHSTAI'Ctl SYSTDIS T'RACT 

.. _ ,_ 
....._ , __ 

._ _ ,  ... .... ,_ ,,. c­
- ....._ __ 
...... -.. 

1he 1ransgress ave sysaems cracu commonly produce ahc 
mos1 conunuous reflectors. Highstand sys&cms trac:as arc 
v:u"�able an ch ick.ness. but may be well deve loped. Zone "' i� 
cypcca l ly  very sandy because i 1  is composed of 1he massa\'e 
Sillds in •nc: ased valley ri l l s :  s lacked . backs1cpping sands of  
chc  rra.nsgress1ve sys1cms rracc and st.ackcd sa.nds of 1he 
highsta.nd sys1ems u-ac1. The inci sed valley eroSional $ur· 
faces uc commonly readi ly iden1ifiablc on seism1c d:lla. 

F11ure 13. Hllhlland JyuemJ 1rac1. 

1 1 ) The eleventh s1ep is to ident ify and correlate parasc · 
quences and m:��kcr beds wuhin I he sys1ems trac:as on wel l  
loss. The bcs1 intcrval lo idcnufy correlative p111scquence 
m11kcr beds is associated wath the marine noodins sur· 
face. P:Lrlsequcnce boundaries arc rloodins surfaces :u rhe 
bue or coarscnins u pwud panems. They are useful for 
devclopans a consistent log correlation po11cm. Muker 
beds arc commonly usociated wi1h ahc parascqucnces. 
Parasequcnce correlations arc impon:uu for basan resc:r· 

are 1he resional ly conainuous. p11al le l ,  hi&h ampliaude 
reflec&ors. 

In Zone 2 systems tncc boundaries arc of1cn difficult to 
idcnlify wilhin lhC conlinuous re nec:�ions of Zone 2. tuld 
well  Ios lies arc especially impona.na in 1his zone. In 
aencraJ, Zone 2 is mos&ly lowm.nd prosrading complex 
!ha1 may include shinsled 1urbidi1cs. The 1op a.nd base of 

·· voir cvalua1ion because they ca.n be used:  
( I )  to evaluate correlation c:onsis1ency 
(2) 10 define chronosu-atisraphic hori zons 
(3} to correla1e with seismic panems 

HST 

TST 

HIGH STANP SYSTEMS TBACI 
Characteristic Well Response 

SI' or GA 

--=-�\ - - \ 

SEQUENCE BOUNPARY 
e· Onlap above boundary 
• Lowstanct erosion on shelf 
e Incised valleya on shelf 
• Canyon cuts and slump scars on upper slope 
• Tn,mcatlon or toplap below boundary 
• Fluvia l (meandering streams. alluvial fans) below boundary 

in mort landward areas 

INTERVAL 
• Coarsening and shallowing upward sand and si lt lntert>edded 
• Shoretace & de l ta ic sand:s near top 
• Progrades laterally into oNshore sha les 
• Sasinal equivalent is hem1pelagic shalee 
• Log correlation is difficult in upper pan 
• Reservoir continuity ia fair to poor 

MAXIMUM FLOODING S URFACE 
• Commonly lowest resistivity-highest gamma 
• Most clay rich shale <mosr starved) 
• Faunal abundance peak 

· 

• Oownlap common above boundary 
• Apparent truncation common below boundary 

J11un l4. Loa chancceriJIICI of a hl&hlland •rsrerns U"'cL 
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:4) 10 serve as units for reservoir descriplion. since they 
ocfinc the pnmary porosiry disaibutions. 

i1e11 1wclve is one of lhc most imponuu and involves 
tr\IC:tion of a well los·scrsmic sequence stratignphic: 

:ross section in which lhc muimum flooding surfaces. 
1equcnc:c boundanes and sysu:ms tracts arc correlated 
'rom wel l  to we l l  CFi gW"c 27). Ln a dip sccuon that has been 
.ied to a scumrc section lhc lowstand b&SLll floor fans and 
llope rans arc wel l  developed in lhe lower (downciip) 
JOnion of !he section. ln lhc updip direction lhc basin floor 
'ans arc generally absent. lhc slope fans arc less well  
jevelopec1 and the pro grading wedges become well dcvcl· 
lped. The basin floor fans, the slope fans anc1 prognc1ins 
Nedgcs of the lowsta.nd systems rncts progrusivcly pinch 
lUt in a landward Cupdip) dirccuon. The updip pon&on of 
.he section shows well c1evcloped backsteppLng D"al\sgres· 
;ive and foresteppLng and hasnstand systems tracts and 
xc:asionaJ incised valleys. 

ne rLllaJ Slep, number I J, involves lhe prep&ntiOn of I 
:hronom� t r graphic chart from key cro�s·secuons to sum· t 

marizc the scratignphic fruncworlc in1erpre1ed from the 
palcontolo&ic: c1ata, we ll loss and seismic profiles. 

CONCLUSIONS 
WC'I:!C: I ieve that lhe use of well-los seismic: sequence scn1ig·  

raphy w&ll g ive companies a competitive ac1van1.1gc anc1 sub· 
s1antially reduce !heir nsk in bidc1illg on offshore blocks by 
&Jiow1ng them to properly cvL1u11e new and p�v&ously lcucd 
bloc:kJ. This melhodoloay CU\ be u.sed to: 

• Mo� &CCW"'Iely age d.ate, correlate anc1 calibrate con­
densed icctions. sequence bounc1aru:s anc1 systems II"'Cts wit.h 
!he seismic: rencc:uoru on seismic pnlfiles between wel l ! .  

• Identify the rypc of systems triC:I !hat i s  assoc:i�tc� with 
potenuaJ hydrocarbon rcscrvoin. so�e roc:lc.s and seLls Uld 
detennine the play concept for the reservoir sands (she l f  or 
slope) because each system crac:1 requiRs a different aplora· 
tion philosophy. 

• Unc1ersW1d the geometry of the �servoir (e.g . . basin noor 
fan. channel or ovcrbw sanc1s. shing led I'W'bidilcs, delta 
lobes. longsho� bu or incised v&Jicy fil l ). 
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1 4) 10 serve u unils ror �servoir description. since they 
icfinc lhe primary porosiry disaibuuons. 

;,,. 1wclve is one or the mosr imponuu and involves 
:o ... .zuction of a well lo&·Sel5mic sequence suatignphic 

l :ross section in which the muimum Ooodin& surfaces. 
I ;cqucnce boundll'les and sysrems uacu are correlated 
1 'rorr. we II Io well (Fi&W'e 27). 11' a dip section that has been 1 1cd 10 a seumac secuon the lowuand basU1 noor fans and 
. iiOpc fans IR well developed in the lower (downdjp) I JOnron of lhe section. ln the updip direction the basin noor 
'w aR aenerally absent, the slope fans are less well 
kvclopcd and the prosradin& wedges become well devel· 
lpcd. The ba.sin noor fans, the s lope fans and progndans 
'edges of the lowstmd systems rr�ccs pros�ssively pinch 
lUI in a landward Cu pdip) dU'ecuon. The updip pon1on of nc sec1ion shows well developed backsleppltl& cransgres· 
;rvc and fo�steppltll &nd hishstand syscems cncu and 
xcasion&J incised valleys. 

:'ne r111&J Step. number 1 3. involves the prepanuon of I :h1osrr:ui gnphic: chan from key c:rou·secuons 10 sum· 

marize the scntirraphic framework inte'l'reted from the 
paJeon&olocic data, well toes and seismic profiles. 

CONCLUSIONS 
We·bCiieve that the use or well·loa seismic sequence sa;uig· 

raphy will &ive companies a competitive advantage and sub· 
scantiaJiy reduce their nsk in bidding on offshore blocks by 
aJiow•ns thcm to properly evaJuatc new and p�vaously leued 
blocks. This methodolol)' can be \&Sed to: 

• Mon: accurately ace date, comlate and �aJibra1e con­
densed sections. sequence boundaries and systems tracu with 
the seismic n:flecuons on seismic profiles between well! . 

• Identify the rypc of systems cnc:t that is a.ssoci�te� wi1h 
potenuaJ hydrocarbon rc.£ervoLI'S. SOW'te roclu and seaJs U\d 
determine the play concept for the reservoir sanc1s (she lf or 
slope) because each syStem �:race n:qu�s a diffe�nt c.xplora· 
cion philosophy. 

• Undentand the seomeD"Y or the n:servoir (e.g .. buin noor 
fan. ch&rU1cJ or overbw sands. shingled Nrbidilcs, de lta 
lobes. lonsshon: bu or incised vaJiey till) .  
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11!.. WORNARDT 

LOG RESPON S E  SHELF/ S LO PE SJLJCJC LASTICS 
0' 300' 3000' 

... ...... .  c.s. CONOENSEO SECTION · · · · - - .  
MCS 

TST 
MINOR CONOENSEO SECTlON 

T'RANSGRESSIVE SYSTEMS TJI.ACT 
-·- PC 

SF 
••••••• BF 

s.s. 

PAOGRADING · COMPL.a 

SL.OPE FAH CO MP ID:. 
BASIN FLOOR FAN COMP\.EX 

SEQUENCE BOUNDARY 

HST HIGHSTAHO SYSTEMS TRACT 
• • - • MFS �MUM FLOODING SURFACE 

rure 11. Distribution and loc response of diFferent sys1rms tracts on the shelf 111d slope. 
'Coi'T'CIIIC sand packages from upl.hrown to rJownwown sequence stntisnphy tecnnoloJY provides an opponunity fo1 
111 blocks. around salt  domes, up·dip.  down-dip and along compan aes 10 we 1 quanNm leap into the 90's by providins :1 
1kc with 1 very high confidence level .  methodology that may present the gre:�test polotull to discov­

, Dale condensed sections on the seismic record section (the 
wnlap surf1ces� to determine time or faulting and s&Jt move· 
:nL 

' Cons�n�ct maps based on systems tracts. 

• Develop 1 seismic-sequence su:n1gr.1phy !nd for the Gulf  
Mc�ico. The crc:�rive applicauon of this wel l  los·seasmic 

er new and extend old oil, and cas fields. 
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E X E R CISES 

SECTION 1 

WELL LOG I SEISMIC LITH OSTRATIGRAPHY AND 

CHR ONOSTRATIG RAPHY 

IN THE TRANSGRESSIVE AND HIG HSTAND SYSTEMS TRACTS 
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GIVEN: 

PART 1 0 - S ECTION 1 :  WELL LOG I SEISMIC L ITH OSTRATIGRAPHY 

AND CHRONOSTR ATIG R A PHY TRANSGR ESSIVE AND H IG HSTAND 

SYSTEMS TRACTS 

• Well log sequence stratigraphy procedure 

• Big sheet with the five well logs to correlate 

• Characteristic Log responses for each systems tract, Figures 417b- l to 417b-6 

"' Some informations on the different logs, Figures 417b-7 to 417b- 1 2  

• Answer sheet, Figure 417b- 1 3  
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EXERC I S E  
L I T HOSTRAT IGRAPHY AND CBRONOSTRAT IGRAPHY FROM WELL LOGS 

Pe te r R .  Vai l  Ana John B .  san g r ee 

C o n t r i b u t i o n s  F r o m T . R . N a r a i n A n d  J .  v a n  W a g o n e r ,  E x x o n  
P r od uc t i on R e s e a r c h  Company and R. M .  Sne i d e r ,  R i c h a r d s o n , S an g r ee 

and Sne i d e r  

OBJE CT IVE 
T o  u n d e r s t a n d  t h e  r e l a t i o n s h i p  be t w e e n  l i t h o s t r a t i g r a p hy 
( r o c k ) a nd c h r o n o s t r a t i g r a p h y ( t i m e - r o c k ) u n i t s a n d to 
e x p l o r e  the use f u l ne s s  of seq u e n c e  and pa r a s eq u e n c e  c on c e pt s 
i n  l o g  c o r r e l a t i on a n d  i n t e r p r e t a t i o n . 

DE FI N ITI ONS 
STRAT I G RAPHY i s  the s c i en c e  o f  rock s t r a t a . 
C H R O N O S TRAT I G RA P H Y  ( T I M E - ROC K S T R A T I G RA P H Y ) i s  a t y pe o f  
s t r a t i g r a p h y  t h a t  s u b d i v i d e s  a s e d i m e n t a r y  s e c t i o n i n t o  
u n i t s  c om p o s e d  o f  a l l  t h e s e d i m e n t s  d e p o s � t e d  d u r i n g  a 
s p e c i f i c i n t e r v a l  o f  g e o l o g i c t i m� 
L I T H O S T RA T I G RA P R Y  ( R O C K  S T RAT I G R A P H Y ) i s  a t y p e  o f  
s t r a t i g r a ph y  t h a t  s � b d i v i d e s  a s e d i me n t a r y  s e c t i o n i n t o 
u n i t s c o mpo s e d  o f  t h e s a me g e n e r a l  r o c k  t y p e .  T h e  b a s i c  
u n i t  i s  a FO R M AT I O N d e f i n e d  a s  a m a p p a b l e r o c k  u n i t . A 
f o r ma t i on may ha v e  t ime - t r an s g r e s s i v e  bo u nd a r i e s .  ( H e d be r g  
and S a l v a d o r 1 9 8 - )  
PARAS E O U E N C E  i s  a r e l a t i v e l y  c o n f o r m a b l e  s u c c e s s i o n o f  
g e ne t i c a l l y  r e l a t ed be ds bounded by ma r i ne f l ood i n g  s u r f a c e s  
o r  the i r  c o r r e l a t i v e  conf o r m i t i e s  ( V an Wagone r ,  1 9 8 5 ) . 

WORit MATE R I ALS 
F i v e  w e l l  l og s  ( s p o n t a n e o u s  P o t e n t i a l  - S P ,  s h o r t n o r m a l 
r e s i s t i v i t y ,  a m p l i f i e d  s h o r t  n o r m a l  r e s i s t i v i t y a n d  
l i th o l o g y ) . 

I nd e x  m a p  s h ow ing s u b s e a  s t r u c t u r e  o f  unc on f o r m i ty su r f a c e  
Pl a t e  I :  Log · c r o s s -s e c t i on , 
Pl a t e  I l l : C h r ono s t r a t i g r a ph i c  c ha r t . 

ANSWER MATER I ALS : 

P l a t e  I I :  L i t h o s t r a t i g r a ph i c  a n d  c h r o n o s t r a t i g r a ph i c  
c o r r e l a t i on 

Pl a t e  I V : • 

·
c h r ono s t r a t i g r a ph i c  c ha r t .  



LOG CHARACTERIST I CS 
L ITHOLOG I C  LOG : The l i t h o l og i c  l og i s  l oc a t e d  i n  the c en t e r  

o f  e a c h  w e l l and s h ows the r oc k  type . I n  t h i s  c a s e  the r oc k  
t ype sh own i s  the i n t e r p r e t e d  d i s t r i bu t i on o f  s a n d s t one and 
s ha l e . The s a n d s t o ne a nd s h a l e  b e d s  a r e  i n t e r p r e t e d  f r om 
the S P  and res i st i v i ty c u r v e s .  

· 

S PO NTA N E O U S  POT E N T I AL - S P : T h e  c u r v e a t  t he l e f t  o f  e a c h  
l i t h o l o g i c l o g i s  t h e  S P  l o g .  E x c u r s i o n s  t o  t h e  l e f t  
ind i ca te pe rme a b l e s e d imen t s , i n  t h i s  c a s e  s a n d s tone. Th e 
mo r e  nea r l y  s t r a i gh t  po r t i on a l on g  the r i g h t  s i de of the S P  
t r a c k  i n d i c a t e s  i m p e r v i o u s  s e d i m e n t s , i n  t h i s  c a s e  s h a l e . 
The S P  i s  a me a s u r e  of the d i f f e r e n c e  be tween t h e  pot en t i a l  
o f  a m o v ab l e  e l e c t r ode i n  the b o r eho l e  and a f i xed r e f e r e n c e  
e l e c t r o d e  a t  t h e  s u r f a c e .  I t  p r o v i d e s  a m e a s u r e o f  
f o r ma t i on pe rme a b i l i ty .  

SB ORT NOR M AL R E S I S T I V I TY : T h e  c u r v e  a t  t h e  r i g h t  o f  e a c h  
l i t h o l o g i c  l o g i s  a r e s i s t i v i t y l o g .  I t  m e a s u r e s  t h e  
i n v e r s e  o f  the e l e c t r i c a l  c o n d u c t i v i t y .  T h e  s h o r t  n o r m a l 
c u r v e  i s  a r e s i s t i v i ty c u r v e  w i th a s ho r t  s o u r ce to r e c e i v e r  
d i s t a n c e .  Excu r s i on s  o f  the . r e s i s t i v i t y l o g c a n  b e  c a u s e d  
by c h a n g e s  i n  po ro s i ty ,  t o r t uo s i ty ,  m i ner o l o g ic c ompos i t ion , 
a n d  t y p e  a n d  d e g r e e o f  f l u i d  s a t u r a t i o n .  T h e  A M P L I F I E D  
S H O RT NOR M AL i s  t h e  s a me c u r v e  w i t h a n  e x p a n d e d  l a t e r a l  
s c a l e . I t .  i s  e s p e c i a l l y  u s e f u l  f o r  m a k i n g  w e l l l o g 
c o r r e l a t ions in s h a l y  s e c t i ons . 

· 

PART I 

I NSTRUCT IONS ( use sepa r a t e l o g s  a nd i ndex map ) . 
Ar r a n g e  t h e  l o g s  i n  t h e  o r d e r  s h o w n  o n  t h e  i n d e x  m a p  a n d  
ma ke a q u ick pr e l i m i n a r y  c o r r e l a t i on. O u r  p u r po s e  a t  t h i s  
p o i n t  l S  t o  d e c i d e  w h a t i s  a n  a p p r o p r i a t e  
ch ron o s t r a t i g r aph i c  da t um f o ,. a c r o s s - s e c t i on. Can we u s e  
t h e  t o p  o f  t h e  sand t h a t  o v e r l i e s  the unc on f o r m i ty s u r f a c e ? 
D o  y o u  s e e  a b e t t e r  c o r r e l a t i o n  s u r f a c e i n  t h e m o r e  
con t i n u o u s  sha l e  se c t i oQ ?  

I NSTRUCT I O NS : ( u se P l a t e  I )  • 

PART I I  

1 .  I de n t i fy l i thol og i c  f orma t i ons us i n g  the S . P . c u rve . 
* C o l o r  the s a nd s  yel l ow 
* I d e n t i f y t h e  t o p  o f  t h e  " b a s a l s a n d "  t h a t  l i e s  a b o v e  

t h e  unconf o r mi t y .  
* I d e n t i f y th e top o f  the ma r i ne sha l e , and c on s e q u e n t l y  

t h e  ba se of the s a nd ove r l y i n g  t he � ha l e  wed ge . 
* M a r k  t h e t o p  a nd b a s e  o f  t h e  s a n d , c o m p l e x e s  w i t h  a 



y e l l ow ma r k e r  on each l og. 
2 .  I de n t i fy and c o r r el a te t he pa r a s eq u e n c e s . 

* E a c h  pa r a s eq u ence bounda r y  occu r s  of the top of a un i t  
t h a t  b o t h  c o a r s e n s  a n d t h i c k e n s  u p w a r d .  O u r 
i n t e r p r e t a t i o n o f  t h e  pa r a s e q u e n c e  b o !J n d a r i e s i s  
ind i c a t ed by a r r owhe a ds on we l l  5 .  

* I dent i fy and c o r r e l a t e  a s  many o f  the pa ra s e q u e n c e s  a s  
y o u  c a n . N o t e  t h a t t h e  e a s i e s t  p a r a s e q u e n c e  
c o r r e l a t i o n o c c u r s  i n  t h e  ma r i n e s h a l e w e d g e .  th e  
c o r r e l a t i o n  c a n  b e  e x t e nd e d  i n t o  t h e  s a n d s  on c e  t h e  
s ha l e  co r r e l a t i on pa t t e r n  i s  e s t a b l i s h e d. 

3 . I d e n t i f y t h e  s e q u e n c e b o u n d a r y  o v e r l y i n g  t he s h a l e  
w e d g e .  Th i s  i s  b e s t  s e e n  i n  w e l l s  2 , 3 ,  a n d  4 w h e r e  a 
m a s s i v e we l l  s o r t e d  ma r i ne sand o v e r l i e s  t h inne r bedded 
d e l ta i c  sands and sha l e s . 

4 .  I d e n t i fy the s u r fa c e  c o r r e s pond i n g  to the ma x imum ma r i ne 
i n v a s i o n , t h e  c o n d e n s e d  s e c t i o n .  T h i s  1 i e s  a t  t h e  
c e n t e r o f  t h e m a r i n e  s h a l e  w e d g e  i n  t h e  l o w e s t 
r e s i s t i v i ty s ha l e s .  

s .  C o n n e c t  t h e  f o r ma t i on bo u n d a r i e s u s i n g a y e l l ow l i n e .  
B e g i n  a t  t h e l e f t  o f  t h e s e c t i o n a nd c a r r y t h e  y e l l o w 
l i n e  a l o n g  t h e  t o p  o f  t h e  s a n d  a t  t h e  pa r a s e q u e n c e  
b o u n d a r y  u n t i l  t h e  s an d  g r a d e s  l a t e r a l l y  i n t o s h a l e ,  
t h e n  d r op v e r t i c a l l y  to the ne x t  s a n d - sha l e  bo unda r y and 
r e p e a t  t h e  p r o c e s s .  The s a m e  p r o c e d u r e  is u s e d  t o  
i d e n t i f y  t h e  t o p  o f  t h e  s h a l e  w e d g e , e x c e p t  t h a t  t h e  
b o u n d a ry s t e ps u p  i n s t e ad of d ow n .  

6 .  N o w  t a k e  ou t P l a t e  I I  a n d  c o m pa r e  y o u r s o l u t i o n w i t h  o u r  
i n t e r p r e t a t i o n .  W e  h a ve d e f i n e d  t h e  i n d i v i d u a l  s a n d 
b e d s  w i t h s l o p i n g c · s h a a a m • )  l i n e s a n d  t h e  f o r ma t i o n 
bo unda ry w i t h a d a shed l in e .  

PART I l l  

INSTRUCT I ONS ( U s e  P l a t e s  I I  a nd I I I )  
1 .  U s i n g b i os t r a t i g r a ph i c  d a ta and the e u s t a t i c  cyc l e  cha r t  

w e  h a v e  i d e n t i f i e d  t he a g e  o f  t h e s e q u e n c e  b o u n d a r i e s  
a n d  w e  ha v e  e s t a  . .  l i s h e d  p r o po r t i o n a l a g e s  f o r  e a c h  
pa r a s equen ce. I d en t i fy t h e s e  i n  P l a t e  I I . 

2 .  U s i n g t h e  f o r m a t i o n bo u n d a r i e s  a n d  a g e s  o f  P l a t e I I ,  
c o n s t r u c t  a c h r o n o s t r a t i g r a p h i c  d i a g r a m o f  t he a g e  
r e l a t i o n s h i p s o f  t h e  t w o  s a n d  f o r m a t i o n s  a n d t h e  
i n t e r v e n i ng s h a l e w e d g e .  P l o t t h e s e  bound a r i e s o n  P l a t e  



• 

I I I .  U s e  w i d e - s pa c e d  v e r t i c a l l i n e s  t o  i n d i c a t e  a n  
e r o s i o n a l  o r d e p o s i t i o n a l  h i a t u s .  C o l o r  t h e  s a nd 
f o rma t i ons ye l l ow. 

3 .  Compa r e you r  sol u t i on w i th our own shown on Pl a te IV . 

D I S CUSS I ON : 
The r e  a r e  two types of phys i c a l  s t r a t i g r a ph i c s u r faces 

i n  t h e  s e d i me n t s  a t  t h e  t i me o f  d e po s i t i o n  - b e d d i n g  o r  
s t r a t a l s u r f a c e s  and s t r a ta l d i sc on t i nu i t i e s .  

B e d d i n g  s u r f a c e s  a r e  the phys i c a l d e pos i t i o n a l  s u r fa c e s  
that s e p a r a t e  the p r i nc i pa l  s e d i me n t a r y r o c k  l ay e r s . They 
r e p r e s e n t  p e r i o d s  of n o n d e p o s i t i o n  o r  . a c h a n g e  in t h e  
d e p o s i t i o n a l r e g i m e .  W i t h i n. a g i v e n i n t e r v a l , b e d d i n g 
s u r f a c e s  m a y  e x t e n d  f r om a r e g i o n w h e r e  t h ey s e pa r a t e 
r e c o g n i z a b l e d i f f e r e n t  l a y e r s  t o a r e g i o n w h e r e  t h e  
b o r d e r i n g  l a y e r s  a r e  t h e  s a me t y p e  r o c k .  T h u s , a t  a n y 
pa r t i cu l a r po i nt , bedd i ng s u r f a ce s  may o r  ma y  n o t  be r e a d i l y  
r e c o g n i z a b l e .  S t r a t a l  s u r f a c e s  a r e  ma j o r  t h r o u g h - g o i n g  
b e d d i n g s u r f a c e s  t h a t s e p a r a t e  t h e  p r i n c i pa l  s e d i me n t a r y  
s t r a t a  a n d f o r m p r a c t i c a l  g e o l o g i c t i m e - l i n e s  t h r o u g h a 
s t r a t i g r aph i c  s e c t i on . 

S t r a ta l  d i scont i nu i t i e s  a r e  phy s i ca l s u r f a c e s  c a use d by 
e r o s i o n o r  n o n d ep o s i t i o n .  O i s c o n t i n u i t i e s  a r e c om m o n l y  
uncon f o rrn i t i e s  o r  non d e po s i t i ona l h i a t u s e s .  An unc on f o rm i ty 
i s  a s u r f a c e  r e ; n e s e n t i n g  a s i g n i f i c a n t  t i me g a p w i t h 
e r o s i o n a l t r u n c a t i o n  ( s u b a e r i a l  o r  s u b a q u e o u s )  a n d / o r  
s u ba e r i a l  e x p o s u r e .  T h e s e s u r f a c e s  s e p a r a t e  o l d e r  s t r a t a 
be l ow f r om youn g e r s t r a t a  a bo v e  and o f t e n  ( b u t n o t  a l ways ) 
a r e  ma r k e d  by the d i s c o r d ant pa t t e r n s  o f  t r un c a t i on , on l ap 
o r  t o p l a p .  ( V a i l ,  l:i a r d e n b o l a n d T o d d , 1 9 a 5 ) . 
�on d e po s i t i on a l  h i a t u s es a r e  � ime g ap s  i n  the s t r a t i g r a ph i c  
r e c o r d  c a u s e d  by n o n d e p o s i t i o n o r  v e r y  s l o w d e p o s i t i o n a l 
r a t e s .  I n  t h e  l a t t e r  c a s e  t h e  n o n d e p o s i t i o n a l h i a t u s  i s  
common l y  a s s oc i a t e d  w i t h  a cond e n s e d  i nt e r v a l .  s u ba q u e o u s  
nond e po s i t i ona l � i a t u s e s  a r e  c ommon l y  . cha r a c t e r i z e d by the 
p i n c h o u t  o f  the t o e s of p r o g r a d i n g c l i no f o r m s . Th i s  pa t t e r n  
i s  c a l l ed cl own l ap.  ( V  a i l , Ha r de n b o l  a n d  Todd , 1 9 8 1 ) . 

B o t h  b e d d i n g  o r  s t r a t a l s u r f a c e s  a n d s t r a t a l 
d i s c o n t i n u i t i e s a r e g e o l o g i c t i me s u r f a c e s .  B e d d i n g  a n cl  
s t r a t a l s u r f a c e s  a r e  s y n c h r o n o u s  g e o l o g i c  t i me s u r f a c e s  
b e c a u s e  t h e y  r e p r e s e n t  f o r me r  d e po s i t i u n a l s u r f a c e s  � h a t  
e x i s t e d  a t  a s p e c i f i c t i m e  i n  g e o l o g i c  h i s � o r y . W e  c a n  
o b s e r v e  b e d d i n g  s u r f a c e s  f o r m i n g  t o d a y  i n  b e a c h e s ,  
� u r b i d i t e s , v a r v e s ,  a s h  f a l l s  a n d f l u v i a l  o e p o s i t s .  



C o m p a r i s o n  o f  t h e s e  r e c e n t  s e d i me n t &  w i t h  a n c i e n t  r o c k s  
s h ow s  i d e n t i c a l  b e d d i n g  f e a t u r e s .  T h e r e f o r e , i f  t h e s e  
s u r f a c e s  f o r m  i n  h o u r s ,  d a y s , o r  e v en y e a r s ,  t h e y  a r e  
p r a c t i c a l  s y n c h r o n o u s  s u r f a c e s  r e p r e s e n t i n g  a n  i n s t a n t  o f  
g e o l o g i c a l  t i m e . S t r a t a l d i s c o n t i n u i t i e s a r e  n o t  t i m e  
s y n c h r o n o u s , b u t  t h e y  a r e g e o l o g i c t i me b o u � d a r i e s  t h a t  
s e pa r a t e  o l de r  f r om youn g e r  r oc k s .  The i r  exa c t  g e o l o g i c  a g e  
i s  d e t e r m i n e d  b y  d a t i n g  t h e  s t r a t a l s u r f a c e  w h e r e  t h e y  
be c ome con f o rmabl e .  
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C o rr e l a c ions e s c a b l i s h e d  us ing s c ra ca l s u r f a c es . ( A f t e r  Va i l  

e c  a l , 1 9 7 9 ) . 
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Fig . 4-2 . High f requency synthetic seismic sec t ion u s ing a 90-Hz s ine 
vave (Af t e r  Vail et al , 197 7 ) . 
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Fi g .  4-3 . Lov frequen cy syn the t ic s e ismic s e c t ion u s i n g  a 2 0-Hz s in e  wave . 
S t ipple pa t t e rn  r e p r es e n t s  s ands t one . Af t e r Va i l , Todd and 
Sangre e ,  1 9 7 7 .  
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Materials 

Well Log I Seismic Sequence Strati gra phy 
· 

and 

High Resolution Biostratl graphy Exercise 

A) SEPM Transect A: Plio-Pliestocene Offshore Galveston, Texas 

- Index Map 

- Well locations 

• Seismic line 
• Well log cross section 

• Seismic section (display copy only) 

B) Wells A 70, 158, 1 88, 2 1 8, 248, 1 60, 247 
- Sequence stratignphy interpretation chan 

• Seismic panel 

• Tune • depth ovc:rlay 

Insmictor exbibic; 
A) Overhead projector clear films 

• Interpreted well logs 

• Interpreted histograms 

• Overview seismic panels 

• Interpreted seismic panels 

B) Posters 

Problem 

• Well log interpretations 

- Well log cross section 

• Seismic section interpretation 
• Cbronostratigraphic chart 

1 )  Interpret dcpositional systems and lithofacies on well logs and seismic panels. 

2) Interpret sequences and system tracts on well logs and seismic section. 

3) Construct stratigraphic cross section and chronostratigraphic chart. 

<0 Rlce Uruversny Sequence Straugraphy Work Group & MicroStrat Inc. 1 1/ l/9 1 Page # 1 
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tiJ&O k{ es o & u t i on B i ostratigraphy Exercise 

. .  Matma}s 
A) East I West Cameron region , Offshore Louisiana Pli�Pleistocene Well log 

• Sequence stratigraphy interpretation chart 

B) Seismic section 

C) Time depth table 

D) Time · depth ovcr�y 

• Linear time scale that over�ys sc:simic section 

• Non-linear depth scale 

• Paleowatcr depths 

• Fouil abundance curve 

• Key fossil tops 

E) Well log seismic tic overlay 

- Instructor cxhibjts 
A) Overhead projector clear films 

• Interpreted well log 

• Inte:pmcd histop-am 

• Ova-view seismic panel 

• In�tcd scisntic panel 

B) Posten 

• Well log intcrpmation 

• Seismic section intcpretation 

Pmbl;m 

' )  Interpret dcpositional sysu:ms and llthofacies on well log and seismic panel . 

• J Interpret sequences and system tracts on well log and seismic section. 

Pmc;dun; · Follow Sequence Stratigrapby Int=prctation Proccdu.rc iD workbook 

1)  On well log color 

• Sanc1= yellow 
� - Shale: lfCCD 

• turbid.itc m\ldstone : brown 

e Rice 0Nvenlty Sequence Sa-acgraphy Work Group Ck MicroStrat Int: . l t  · 1 ·1 1 Page t 1 
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-, - · ·  - · - r - - -- - .. - r  - ·  ... �-

- inner ncritic: yellow 
- middle neritic: light p-een 
• outer nc:ritic: dark green 
• upper bathyal: light blue 
• middle batbyal: dark blue 

• lower bathyal: purple 

3) On abundance/diversity overlay, mark abunadancy peaks in green. 
4) On abundance/diversity overlay, mark fossil top numerical ages. 

5) On well log Il'W'k ckpositional systems. 
• forateppinl parascquences 
• backsteppin& parasequences 
• incised valley fills 
• shinilcd turbidites 
• hemipclagic shalea 
• channel overbmk lobe$ 

• chacnd 
• overbiDk 
• a.aa.ched lobes 
• distal &prOD 

• sheet lobe sands 
• See step 3 in workbook interpretation procedure for complete list 

· · - '  

-

6) On well log mark sequence and systems tract boundaries using sWldard colon (in conjunction with 

Step 7). 
7) On seismic section interpret sequences and system tracts in vincinity of well log (with step 6). 

• Color system traca usin& standard colc?n 
• Highlight sand occurence in yellow 

8) On well log, age date sequence boundaries and mu.imum flooding swfaces using Plio-Pleistoc 
sequence strati�phy cycle$. 

. . 

.. 

(0 Rlce Omvcrslty Sequence Stracgraphy Work drour ·' \fiCT'OStrat Inc. l ltl/91 Page 11 2  
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SB : SeQuence Boundary 
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P : Prograding comp. 
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S i t uat i o n : ·  

EXERCISE SEQUENCE STRATIGTRAPHY 

Mi d l and Ba s i n  

( Se i smic data cour t e sy J .  F .  Sa r g )  

I n t e rbedded Pe rmi a n  sands a n d  c a r bon a t es i n  t h e  M i d l and Ba s i n  present an 
ideal o p portunity for r a p i d  c hanges in d e pos i t i onal facies resu l t i n g  f r om 
r a p i d  e u s t a t i c  sea level changes . The comb inat i on o f  a rich source of 
hyd roca rbons and low pe rmea b i l i t y  sands a n d  c a r bona tes presen t s  excel le n t  
o p por t u n i t i e s  for stra t i g ra ph i c  t r a ps and f ra c t ured reservo i r s . 

Gi ven : 

Loc a t i on map and Permian e u s t a t i c c y c l e  chart 
Nort h-Wes t  seismic section 

Prob l em : Stage 1 

Figu re 

1 
2 

Cor re late the sequence bounda r ies , u s i n g  o n l a p  and dovnlap c r i te r i a . Ca n  
y o u  i d e nt i f y  lowstand f a n  mound s ?  

Pro blem : Stage 2 
Supplied : Three vel l  logs 
Synthetic seismosrams and l i thologs Fi gure 4 

1 )  I d e n t i f y  sequence bounda ries and systems t ra c t s  on logs . 
2 )  Tie synthetics t o  seismic sec t ion a n d  i d e n t i f y  c a r bona te banks and 

l ows ta nd san d s  i n  vel l s  and on s e i smic sec t i ons . 
3 )  Comp lete your sei smic correlat ion and seismic facies ana lysi s .  

Discus s i on : 

1 )  Wha t plays can you see i n  the a rea , both car bona tes and sends? 
2 )  What c r i teria coul d be u se d  to pred i c t  sand occurrence a n d  sand 

poros i t y ?  
3 ) If you had to select a single p l a y  t o  pursue a s  an exploration 

venture , vhere voul d  you p u t  your t i me and mone y ?  

S t age 3 Figur e  

Su p p l i ed : I n terpreted s e i sm i c  sec t i on 

Discuss i o n : 

Wel l  log c o r rel a t io n  sec t i on 
S ynthetic mod el f rom log correla t i on 

3 
5 
6 

1 )  Are you convinced of the congruenc e o f  t ime- s t ra t i gra phi c log corre­
la tion and seismic r e f l e c t ions? 

2) Do you see the u t i l i t y  o f  comb i n i ng log and seismic da ta in a sequence 
f r�ework to d e v e l o p  a c omplete t ime-s t r a t i g ra phic interpret a t ion ? 
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MIDLAND BASIN EXERCISE 
HSWINSON PAFOWLER TENNCRUM 
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Gnrphic Correlation Exe. cise 
BiostratieraRJaic Ranee Ct.art \\'dl Data \\lith Biostratierapby Graphic Corrdation Interpretation 
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Species 
Com posite Standard tTnits (time) 

Procedure 
I .  I dent if�· Time "·alue (in CSU) from the Biostratigraphic Range Chart of the ,·arious significant tops 

and acme ocrurances in the Well '"ith Biostratigraphic Data 

2. Plot the data from the well in Time and Depth on the Graphic Correlation Interpretation diagram 

3. Draw a Line of Correlation connecting the maximum number of data points 
4. Interpret the Sequence Stratigraphy based on obsen•ations from the well and biostratigraphic data 
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PART 10 

EXERCISES 

SECTION 4 

SEQUENCE STRATIGRAPHY 
From Literature Diagrams 
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P ART 10 · • EXER CISES 

SECTION 4 • SEQUENCE STR ATIG R A PH Y  FR O M  LITERATURE DIA G RA MS 

INTRODUCilON 

Consider Figure 1 to be a geologic Cross Section published in a geologic magazine what 

would be your working hypotheses on how this Cross Section could be interpreted in terms 

of sequence Stratigraphy? The following questions arc to guide your answers. 

QUESTIONS 
• 
. 

1 )  On figure 1 draw the following: 
• Parasequence boundaries in blue. 
• Parasequence boundary terminations with red arrows. 
• Sequence boundaries in orange. 
• Maximum flooding surfaces in green. 
• Top lowstand systems tracts in rose. 
• Top slope fans in brown. 
• Top basin floor fans in Tuscan (dark) red. 

2) On Figure 1 number the parasequence boundaries from 1 to . . . . n . . . .  and name the 

following: 

• Stratal termination patterns. 
• Stratal patterns. 

3) On Figure 1 1abel: 
• Highstar.d Systems Tracts (HST) 
• Transgressive Systems Tracts (TST) 
• Lowstand Systems Tracts (LST) 

• prograding complex ( 1 pc) 
• slope fan (sf) 
• basin floor fan (bf) 

Sequence Stratigraphy Workbook Part 4 - Section 1 page 91  Version 8/28/91 
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.; 

4) On Figure 1 label: 

• Meandering streams . . . . . . . . . � ms 

• Braided streams . . . . . . . . . � bs 

• Coals and !ignites . . . . . . . . . . .  •••• 

• Lakes and marshes . . . . . . . . .  . 

• Coastal belt sands 

• Major ravinement 

�� � 
EZJ • beach to shoreface 

... tidal 
• distributa.ry mouth bars · 

surfaces .. . . . . . . .  . RS (color red) 

• Authogenic Minerals .... . ...... G 
• Organic matter deposited . . . . . . . .  TOC m 

• Organic matter deposited 
in a non-marine environment .. . . . TOC nm 

• Hemipelagic shales 

• Offshore facies 

• Turbidite ml.idstones 

.5) Consider the basal unconfonnity to have on age of 30 M.A. Estimate the age of the over 

lying sequence boundaries and maximum flooding surfaces. 

6) On a separate piece of graph paper draw a chronostratigraphic chart and include: 

• Systems tracts. 

• Lithofacies. 

7) Sketch shape of Tectonic Subsidence curve at location A. Draw at same time scale L 

chronostratigraphic chart. 

8) Indicate major transgr�ssi ve and regressive cycles on tectonic subsidence curve and 

include: 

• Peak transgressions 

• Maximum regressions 

9) Sketch shape of eustatic curve at same scale as chronostratigraphic chart. 

Sequence Stratigraphy Workbook Part 4 · Section 1 page 92 Version 8/28/9 1 
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1 0) Indicate type 1 and possible type 2 sequence boundaries. 

- �  
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