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Sequence stratigraphy in the field
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Sequence stratigraphy in the field

Describe & interpret beds

T " Recognize potential condensed
(records of individual depositional events) 8 P

sections:
l, burrowed surfaces
abundant diagenetic minerals

with similar features, deposited e (glauconite, phosphate, pyrite
by similar processes during S N S siderite, hematite, etc.)
similar depositional events : _ fossil concentrations
evidence of subaerial exposure .
closely spaced bentonites
abrupt basinward shift of facies

Identify parasequences (based on
shallowing upward successions or
bedsets) and flooding surfaces

(abrupt decrease in water depth)

|

Identify stacking pattern and parasequence )
sets (based on vertical trends in water depth Identify system tracts (LST, TST, HST)

among successive parasequences) and surfaces (SB, TS, MFS) based on

 ) stacking pattern and significant

stratal surfaces
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Sequence stratigraphy in deep-sea basins

Sequence stratigraphy in deep-sea basins

Sequence stratigraphy defined for continental margins (shelf to continental
slope) — not for deep-sea basins

Deep-sea basin sequence stratigraphy focuses on identifying markers and
detecting evidence of sea level change through lithologic indicators in the
distal basin
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Sequence stratigraphy in deep-sea basins

Basin floor sediments only part
of the very proximal basin floor
during LST

note proposed three-fold
division of deep-water lowstand

Basin floor sediments often
disconnected from shelf

succession

basin-floor fan

lowstand wedge and highstand
rarely downlap onto deep water
fan system

channel-levee systems part
of deep water fan - no

note disconnect between shelf dl
distinct slope fan

and deep-water stratigraphy

P Haughton, 2008
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Sequence stratigraphy in deep-sea basins

-

Maximum flooding surface (mfs)
equated with condensed
section with fossils & organic

= rich radioactive shale draped
both over fans & upslope shelf!

Basin floor sediments are mainly genetically conformable, unconformities are
almost completely absent

Changes in relative sea-level are shown by cyclic changes in lithology and
condensed sections (typical for mfs)

MFS is the most uselful sequence stratigraphic parameter, indicated by
condensed sections - fossil and organic rich layers
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Sequence stratigraphy in deep-sea basins

Lithological changes within the normal basin floor mud sediments are mostly
sand-rich massflow sediments

EVENT TYPES DEPOSITS
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Sedimentary composition
and distribution depends
strongly on flow type
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Sequence stratigraphy in deep-sea basins

Cyclic changes in lithology due to redeposition of shelf sediments into the basin —
lobes with sheeted sands and channel systems

Leveed Channels

sh@lf - & Channel Complex o'é::;:::'y BUT -
For Valov & Q) N Sio System i hi 1
e comtes /N B, pe most cyclic lithological
. x changes are autocyclic
b .
Yssal piaip, = controlled by internal

factors not by relative
sea-level

_‘i?We, Fan

Less litholgical changes
are allocyclic
= controlled by changes

in relative sea-level
CHANNEL COMPLEX

| A ;‘:ﬁ}ég NON-LEVEED ‘WINGED’
- ChATEL DISTRIBUTARY CHANNELS
i FILL B e s
- i = ne)
LEVEED CHANNELS BA
THIN g S o
BEDDED AMALGAMATED .
CLEAN & CHANNEL FINE GRAINED SILTY ~ SHEET SAND
SANDSTONE = FILL SAND & SHALE e

NESTED OFFSET
Christopher G. St. €. Kendall, 2012 (Modified from Bouma, 1997, 4 DeVay et ol 2000) STACKING



Sequence Stratigraphy - Basics, Concepts & Applications

UNIWERSYTET
>< JAGIELLONSKI
W KRAKOWIE

Sequence stratigraphy in deep-sea basins

Influences of relative sea-level changes on basin-floor sedimentation

A
High Relative Sea Level

Lowstand Interval

|~|

Low

R ]

After Posementier & Kolla, 2003

Condensed
Section Interval when shoreline is

located near the shelf edge

- ..

interval of upper-siope ¢ (turbidity flows dominate)
instability (debris flows
dominate)
S usess Leveed Channels Dominate
% (relatively low sand:mud)
Frontal Splays Dominate .
(relatively high sand:mud) J =~
f —
Interval of upper-siope Condensed
instahility (debns flows Section

dominate)

Changes in dominating
sedimentation types

but no clear sequence
boundaries and surfaces
are recognized

Best identified sequence
stratigraphic surface is
the mfs
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Carbonate sequence stratigraphy

Carbonate Sequence Stratigraphy
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Carbonate sequence stratigraphy - carbonate shelfs

Carbonate sediments are mainly biogenic sediments:

primary sediment supply (production rate) and distribution is strongly controlled by
biological and environmental parameters

secondary sediment distribution is controlled by hydrodynamic (physical) processes

Sequence Stratigraphy - Basics, Concepts & Applications

= major difference to siliciclastic shelfs, were sediment supply and distribution is
controlled by hydrodynamic (physical) processes only

Carbonate production controlled by: water depth (light), temperature, salinity, oxygen

Carbonate production mainly at shallow marine shelfs (photic zone) in marine conditions
(salinity, oxygen) in moderate to warm climates
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Carbonate sequence stratigraphy - carbonate shelfs

Different types of carbonate shelfs

Ramp

1
IIIIIIIIIII

3 major types of carbonate shelfs:

10-100km

Ramp

Rimmed shelf

Shelf (rimmed, unrimmed)

s

-
-

1 S

10-100km

Platform (connected, isolated)

Epeiric platform

e —

Relative sea-level change has

-
%;, — ———rr
L e o e B o B S e RS SR

-1

different effect on different types

100-10000km

il
-

| o i I =
T

of carbonate shelfs

>
>

Isolated platform

Sequence Stratigraphic analysis

Pr—

differs in different carbonate

1-100km

- B

shelfs
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Carbonate sequence stratigraphy - carbonate shelfs

Facies distribution on carbonate shelfs

Highest — Coast —
energy
. S S M Low
— Basin Storm deposition — Wave agitated — \ energy [
and reworking shallow water [ 1

Sea level
Fair weather wave base

Different facies
distribution in different

| | Stormwavebase ___ _ memmmieasie / /
e Packstone and W.

ki
wackestone anda;:?s(:gge Ca rbonate Shelf SyStemS
S s o g ; i o ey Different effect of relative
(pelagic)
sea-level changes
Toe of slope — Reef Restricted shelf Coastal plain — . .
° * e astaple Differences in Sequence
~—— Basin Forereef 1 [ Open shelf St tl h . I S . S
| ctoon ratigraphic analysi
| Sealevel sone ‘ Shelf lagoon
e Boundstone [— Wackestone
(reef) and mudstone
Carbonate Rudstone Supratidal
mudstone (slope breccia) facies
(pelagic)

—— Redeposited Grainstone
limestone and packstone
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Carbonate sequence stratigraphy - carbonate shelfs

Carbonate and siliclastic shelf systems are marked by similar boundaries and surfaces (related
to relative sea-level changes)

But — major difference in Sediment accomodation: Silicilclastic shelf: transport (physical) only

Carbonate shelf: in-situ production and transport (ecological & physical accommodation)
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Carbonate sequence stratigraphy - carbonate shelfs

Sequences | 3,
MFs | <
w
=]
'—
MFS
K140
MFS | &
K130 | €
©
- £
& []
3 c
g 8
Carbonate platforms | 2 MFS
and intra-shelf basins K120
* Rudist rimmed R0}
platform margins S
* Organic-rich basins E K190
* Platform incisionand | £ L
o MFS
lowstands S | K120 K110
O
=
Mixed, low angle ramps K110 MES s
« Siliciclastic-dominated c K100 <
lowstands ®
« Carbonate-dominated | =
highstands < |K100 MFS
= > = % K0 |
= Low.Shu‘aib g
a
KoL <
w
<— 3 rd. order MFS []Basinal carbonates [_] Argillaceous limestones and marls [[] Marine shales
— 3 rd. order s:im“ o :I Shallow water carbonates ESandsbones Restricted platform top shales
< rudist ik

[+ Jorganic-rich, basinal limestone Orbitolinid/Trocholinid-dominated carbonate ramps

Geometric pattern and lithofacies changes within different sequences on a
carbonate shelf — major difference between ramp and rimmed margin style
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Carbonate sequence stratigraphy - sea-level cycle

Relative sea-level cycle on carbonate platform — HST & FSST/LST

SHALLOW REEFS & SHOALS

PERITIDAL + SUBTIDAL
EVAPORITES /
Time I\Q SL—
—_—> =
SLOPE

CARBONATE SEDIMENTS
& EVAPORITE

Rise
I Base level

1. HST: platform growth and progradation

Fall
KARST
EXPOSED SHELF NARROW
/ PLATFORM BASIN CENTER
Time EVAPORITES
= —— / sL—

CARBONATE STARVED
& EVAPORITE o +

2. FSST - LST: carbonate factory shut down
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Carbonate sequence stratigraphy - sea-level cycle

Relative sea-level cycle on carbonate platform — TST & HST

SHALLOW

SUBTIDAL REEFS & SHOALS

PERITIDAL
MUDFLATS / EVARORITES /
Time ¥ ] SL—
I SLOPE
CARBONATE SEDIMENTS
& EVAPORITE _

3. TST - slow transgression: catch-up phase

SHALLOW REEFS & SHOALS

PERITIDAL + SUBTIDAL
EVAPORITES /
Ti % ¥ SLOPE .
ime M
TTT— - SEDIMENTS

CARBONATE
& EVAPORITE

4. HST: keep-up and progradation (‘h/ghstand shedding’)
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Carbonate sequence stratigraphy - sea-level cycle

Relative Sea-level cycle on carbonate platform — TST & HST

BACKSTEPPING INSTABILITY
PLATFORM AND EROSION
/L SL-

e
— TRANSGRESSIVE
Time “ﬂ\é\, > SLOPE APRON (HEALING-
— — PHASE WEDGE)
CARBONATE
& EVAPORITE 7
A——

5. TST - rapid transgression: drowning unconformity

DELTAS STABLE SHELF EDGE
SL-

b / STARVED
Time /
\M?
SILICICLASTIC

6. HST: piatform burial (siiiciclastic progradation)
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Carbonate sequence stratigraphy - depositional sequence

DEPOSITIONAL SEQUENCE MODEL
HUMID CARBONATE RIMMED SHELF

TYPE 1 SB
/ LS SHELF EDGE

TYPE1SB

AND KARST LS.” W
SHELF EDG
LSW
LSF
4TH ORDER

T 3RD ORDER SYSTEMS TRACTS CARBONATE LITHOFACIES
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r
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Carbonate sequence stratigraphy - depositional sequence

Depositional sequence of an isolated platform
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Carbonate sequence stratigraphy - depositional sequence

Depositional sequences related to different carbonate shelf environments

& lowstand
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Carbonate sequence stratigraphy - depositional sequence

Depositional sequences related to different carbonate shelf environments

terrigenous clastics humid lime eco-accomodation
coastal plain aggradation
& nearshore lowstang reef &  (catch up)

wedge

estuarine tidal  lagoon shoal

T, S BN \
ol tiM rela t,-Me

sea-level low s lovel e i

pelagic

trans%essive
systems tract

humid lime phys-accomodation arid carbonates-evaporites

aggradation relative fall isolates

gg ' bioclastic (catch up) platform evaporites = depressions
‘7’ g tidal  lagoon shoal slope mudflat saltern exposed barrier
3 ——— - < >
g ) ~
9’>§ high ™\ high
e\ S || i) J

relative ime : ; '
S0 | sealevel oo g %’g%ﬁe N time aggradation
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Carbonate sequence stratigraphy - depositional sequence

Depositional sequences related to different carbonate shelf environments

terrigenous clastics humid lime eco-accomodation
alluvial plain coastal plain

+ | & continental 2 nearshore . lagoon reef &
- 8 evaporites tidal J shoal
cS | 4 ,
S e
AP aN A f"'\ —

>, | relative time relative time roqradation

© | sea-level sea-level piRd

low low (keep up)

humid lime phys-accomodation arid carbonates-evaporites

bioclastic & continental mudflat  marine mudflats
| tidar 89000 shoal in small depressions
O { <
cS
'55 a\ e ﬂ/;gv
" ' 4 = 4
< g relativ/e\/ time , /\/ i
L ime ;
0 | sea-level P r((l)(%réadzt/;m geelgfgie/ — progradation
low P up low (keep up)




Sequence Stratigraphy - Basics, Concepts & Applications ,t’c”g'.‘fﬁkéﬁli’,

KRAKOWIE

Sequence stratigraphy of seismic lines

Sequence stratigraphy in seismic lines
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Sequence stratigraphy of seismic lines

Main application for Sequence Stratigraphy is the interpretation of
seismic transects

Geometrical features (terminations) observed in seismic section
represent changes of physcal properties = lithological changes

Main features of Sequence Stratigraphy are terminations (time lines),
boundaries and surfaces - all recognized in seismic sections
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Sequence stratigraphy of seismic lines

Termination Types:

Sketch . . . . 1.
Geometric features IN seiIsMmic Ilnes

Maximum Flooding
mf*\f e
1.Downlap /
Initial idea of sequence stratigraphic

5 Do " analysis of seismic section was the
i = Identification of sequences (bounded
2 Toplap e sequence by .unc_onformities) usi.ng terminations
(seismic reflectors) to identify
geometries and surface pattern

Upper Boundary

Erosional Toplap Concordance
Truncation

Lower Boundary

— ==

Onlap

Dowaap Concordance

Baselap
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Sequence stratigraphy of seismic lines

Different formats of seismic sections

)
R

A




Sequence Stratigraphy - Basics, Concepts & Applications

S s I $, ] s —
— e
LT Sl FUPTE LY I |
= ]
), — e e
LY
vlvv
S
HAES
a/ | 2
bk §
" | 1
By AP
I\ BV,
i | "n
AR =
" Ay
) 1
S |
-~
)
£
.S N
Y, T
v
- o
O B e e T R R T R R s
&k R g 8 oA, B RF R R B
IW g 3 (st) awny.
S
r — [r—— — — —— —
cg P - o] e L A A
n |— = //\\lll"(}\”(\l\’\*«)\(" —  ———— A~
a -rH~————L . -~
= — = —=
Q = =
|
[~
Q
u o
i~
Q
vy

SUC SN URR

L TCUE A
o227
|
|
Py 1o \{\
il

———
]
7,
L g s e 2
NE L T T P ~
I |: S
S
2
5 : g
5 2 — . . —
| P SETRS TR o i o e o S S s T
T t® ® 8 13 & E § § 8§ K B &
| — A )A P — . — (sw) dwiy
'8 R '8 X ‘B ‘B #§° § 8B K & 8 ©
(Sw) awiy
T

Seismic resolution limits the detail of sequence stratigraphy



Sequence Stratigraphy - Basics, Concepts & Applications JAGIELLON SKI

W KRAKOWIE

Sequence stratigraphy of seismic lines

Recommended procedures for seismic sequence analysis:

e I|dentifying the unconformities in the area of interest. Unconformities are
recognized as surfaces onto which reflectors converge.

 Mark these terminations with arrows.

 Draw the unconformity surface between the onlapping and downlapping
reflections above; and the truncating and toplapping reflections below.

* Extend the unconformity surface over the complete section. If the
boundary becomes conformable, trace its position across the section by
visually correlating the reflections.

e Continue identifying all unconformities in the remaining seismic section

e |dentify the type of unconformity:

Sequence boundary: this is characterized by regional onlap above and
truncation below.
Downlap surface: this is characterized by regional downlap.

truncation

toplap

sequence offlap
boundary SBX

SN oniap
downlap onlap —

Kandah, 2017 (affar Cahwvieans X02)
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Sequence stratigraphy of seismic lines

Recommended color codes:

Sequence Stratigraphy - Basics, Concepts & Applications JAGIELLON SKI

Red: reflection patterns and reflection terminations.
Green: downlap surface

Blue: transgressive surface

Other colors: seguence boundaries

If using only black and white:
Thin solid lines:  reflection patterns

Thicker solid lines: sequence boundaries

Dashed lines: downlap surface

Dotted lines: transgressive surface
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Sequence stratigraphy of seismic lines
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Sequence stratigraphy of seismic lines

GR Seismic .

seismic pattern and
well logs of different
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Sequence stratigraphy of seismic lines

Identification of of different depositional settings (related to different system tracts)
in a seismic section
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