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Course Schedule (approximate)

« Day 1: Introduction to  Day 3: Deep-water
deep water processes, channels
products, and models

* Day 2: Submarine
canyons, deep water fan
deltas, deep water slopes

* Day 4: Sheet systems

* Day 5: Integration

[ — ~ HFOKIUREBLG e R KA -

sz —R (10 52H)

B H R S KRB R B A A & T IR Ak e
BT BRI « KIS TR SR IR ~ SERA A BB~
KRB EAISIEE -

KRR RS Byt (Mass transport) » RS ST 2 (A B s R R F R FE »
/B » BT43 FHIE T (E =) ¢ B (creep) ~ JEBH(slide) ~ AR (stump) ~
SRR (flow with plastic behaviour) ~ MR EN(flow with fluidal behaviour) ~ AR%
(fall) * ELTETREYIFSEIMHILE B AT SRR - SRR KA
/N 3 EL R ER RS [ — B o A R I B A R TR S B T = -
TURMEHER % TR U i B )73 - FIIRESRE HEEL AT AR 36 A M T
RRETHERE © UREE S (E =) - BT - AU B et B K
(RS » R KA ) » B A R REERE R ) (Flow)n 7 s KB B
SRR » HEROEACTURINT TR (RS flow » (REILUTURITRG 2 HIAIES -
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aEHAES

& (collisional) >

T @) - Bt =

TEZER YRR A R & 7

A1 Ry K

JE

& WIER] = AE0 = (i 5 B A5 (fluidal) ~ #3994 (plastic) B4
£ = N AR & B I EEBIR [E] > 0T 53 8 R 8 R (turbidity

currents) ~ %5 7 (debris flow)EBLEEHR (erain flow) ©

| s A\ A ANCHE S w—n v o s o sl
y
X & 4

3

i

5

:

i

Mass Transport - Range of Processes

Range of processes

Types of flow

’l’u/{/\‘; ﬁ g]géb

;/074 ?//I? Qé;eg

Mu-q A

. —
& — ~ AKNIUEYIRS EE ]
Classification of Subaqueous Flow Mechanisms
General ' Sediment gravity flows
term |
|
|
_ ! i | | |
Specific ! Turbidi Fluidized Grain Debris
term : curren sediment flow flow flow
|
. | Upward Grain Matri
gﬁ g ;)'g;m | Turbulence In!s;:glroa:ular Interaction Str:nr;h /
mechanism : - a
| 05 %5 hoC%y [Po Ooc O 0°5
! 60 Jo| 001014 5 oo
| /o0 Or ‘O/nrp ooo 3 O
| \
i / 9 \ / / \
Deposit | Distal me:mal Resedimented
| turbidite turbidite conglomerate Fluxoturb'd:!es mudstones
| Middleton and Hampton 1973

5 4 13443
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Continuum of Flow Types

Cohesive
(plastic)

s N

\
/ TURBIDITY CURRENTS \ /\
oW density high GRAIN
FLOW

Viscous — —— —— —~ Granular
(Buidal) St coniart (callisional)

Pickering et al., 1989

&Y ~ R = A lE - AREOK - JBLEE Y £ &M » I LEE 22
TR -

AEEIEbR TSR EE BT RIS B s )5 sUEHERR YL
Yt G A FE R SR - B TR KR T S (R ARG ~ iR
P AN [ i FEE AR B (RR T HERR AR R > AR IR A2 5 > Al e = 2
PEAIRRE AT - SRR ERAY L4207 (co-genetic flows) BLJEHES (slurry flow) » 4k

FERIBVERY A - B 2808 (R A E] - bR T Hrh e iy (e E B e 2= 5
Sh > R T R EEA RS R 5 R W S R R - S ERY
B UM BN T R Ry St (laminar flow) » HAFEUR S M EAHAT - PR T e A

MR YRR ST » RO B PR 7 R PRERE © (2B MEREFUREN T/ BB
(turbulence flow) » it RS A~ [F] 15 RS2 b » JER g (Rl ik AL PR PR 0 A i 2R
EAEF AR i = - T AR BRI - SEBRH R o3 A7 S T A [RIAY B -

JE R R Y R RN RS RIFHY e > HHRE T RVEDT
&Y BA RFHIFLIR - BRI R GESEEHET] - SRR P2 21 E U2 24 (H




AR Z — KO RPN A EH B RR B 0] ph L PR AL (i ke > Ry KR
20 (FREA (e e PP Y B

/4(
Range of Flows in Deep Water Environments

EVENT TYPES DEPOSITS | BEHAVIOUR
DEBRIS <3
FLOW Debrite
E= o
CO-GENETIC %@%:ﬁg
FLOWS LD

= N D) | [t

. ‘Banded
> i sandstone| (T

%,,\ (\®' ’sr

SLURRY
FLOW

TRANSITIONAL HYBRID |COHESIVE
l-(

HIGH-DENSITY s |
rursiory (§] (g
CURRENT ‘g *“‘\\Q&‘_‘“
8 .
LOW-DENSITY | 3 © @
TURBIDITY |3 2
J_CURRENT < | =~ Sl | 2=y Velooky
\L/ Peter Haughton, 2006

Generally, preferred scheme

[evigt¢ > Vo5 @ror

[ 71~ R/KER R S A (R 0

Al —EBCE RSB (R A BB A - wibidie) B RAFIIE » T8y
fifs B 75 (Bouma Sequence; Bouma, 1962) » By faf i B 2252 Amold H. Bouma 4 1962
AR - BONETR— B BRAVES Y P B R R R R (e T
53Ry AFIE A ELL Ta 5] Te £o1) » A B B J@ RylRBIRL) (Y > EE /b
'EREKL 5 C ~ D Bl E JERIZ iRk ) iiay) - R Rk DECRERERL - A T8 Ky
—ICETIEYIRRE e N R Rk B THERE > NED R B AR R
HIAH AR - AR AR EIEAAIEES - B BNE A&-FE(T —8Ug 2 4k = Hhiha
HERE TR R - C BREARSIINIDE - D B R FEITHIEE - E
& RSN - A BB 2R E R - RIRE A A 2 ba - (HEE AR RN LSS
SEEREINEELES PP - BB (R AR ED - AR A (R & 5 O - BB R s -
MEFERL AR BT _FhRE T URE » R0 NI i D e sl e U -




SRS PP AR NERERE 2 R ECHR(ET) > BESN - R A Bt g ek N Tt
BRHT—XRHEFRHIAESEFPS E 8D E Rt S#EEWE AR D JEsiA 2] C JH
IR ©

2

Bouma Sequence(2 ) #4 ¢ % &% P54 ki

-

‘ THE "COMPLETE" TURBIDITE, AFTER BOUMA (1962) INTERPRETATION IN TERMS OF FLOW REGIME
e — (_ e *-~—j’i
PLANE BED. NO GRAIN =
PELITIC DIVISION E ‘ MOVEMENT s |
- { P g
UPPER DtVISION OF | _— T o
PARALLEL LAMINATION (D) 1 { S _—|5¥
== “RiPPLED B e il =5
o ) \ RIPPLED BED . {
DIVISION OF CURRENT e ‘ ‘ " DUNESWITH | @
~ —
| 1.~ AND WASHED-OUT DUNES,
A ="

S —
RIPPLE LAMINATION O~ — BIPPLES, DUNES, ]
|

LOWER DIVISION OF | R
PARALLEL LAMINATION Bi PLANE BED WITH GRAIN MOVEMENT. s
B Rt o SreEsn e U
{ ; s
| Sasee l STANDING WAVES g
GRADED DIVISION A’ rtize o BN | |:;
Vit e z
e N | ’Lnnncungs | =
B SRS L AR T | o - - %3_4

&N~ BSFPIRERE -




Bouma Sequence: Basic Model

aln

gy 2o ,.’:_
SX B,Q\ NS

"

==l

Bouma, 1962
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A/KEERR T ARSI - A EA) (R e AR T ey i g CR th =]
5y Forenie R HDTF SR FEER LDTE) » S48 (R e izt g - &0
HA £ B VR R (R (R EAVAR R » RESRE T 22 B A BR DR s A A
A > SRR YR T BUER AR EREE - DUIRR s e B BRIV A0S ]
—RRIEZ (ZehrH S s SRR H B 1 WA R EA AR (RfE S HEE

2K It — R BHAL R IR AZ B A - ASERAE 8 — (8 B IRk 2 Y I H B R A
F & 5 IR BR BE sle Loy PR (R AH (/)
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EXERCISE: Annotate the following photos -
and ascribe a lithotype and parent flow interpretation to each

Lithotype 9: Type 6, sandstone
breccia

Parent low type: slurry/debris flow

Lithotype 10: Type 18, thin-bedded
turbidites

Parent low type: Low density
turbidity currents

edded Lithotype 12: Type 16, muddy debrite
: ~ Parent low type: Debris flow

B\~ SREEEEGR ¢ (EERTEY R -
EiE a7 el RS W -k ke S e A G e E v AT SN I (L T
Y1H RKERIEHEFOKERSE) WA RO E2EE - /NMEE
HHEVEDY » RE SIS ARSI KEEI(E - &A Rl (R a e ey
BRET) - REBFRAENUE - BRERE > BRBEFERUREE T R NI
TG0 (DEEH Y LR B R Y FE 87 (hyperpycnal flow)s A &0 - 202
it L (B FEE T (hy popycnal flow)JCREAT EE & © (2) LR R RE AT B E M= 45 7 4=
VR o Q)M (A AR » (DMMREBOK LG RRIEEE A 0 - (ORERTE &R
SRS B AR VAT © (6) /KR A A P R SR AR B 7T A bR R i A A
(DIRGEPKIE R AR B (R s s - SRy RER BT -
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What causes these events? What is their
frequency? ————

S - g
/,/ a(‘d source of sedi”)e 5o W
/ e [ o Wi Tk
N -

Veare— X 8, =\
27 winme \a:(? “Vszah"’e b CTIRN
I ' Q\/ - S\ W“?“aale ;‘i’ﬂae v, ?\‘\’ i
External S AN LT
LR Q°:,5f' R L @"@’6,)7/’ \
" |I / \\,SﬁQ‘ s Nt No X
and ‘interna VA \ AN A \ O\
[ [ 32>
controls on [ [ 38 \ _s%
f A | \ 3%% |
. [ [N
[ Deep-water clastic L a0
g raV|ty ﬂOW g depositional ¢ )
| | 3@ systems —1 |
events \ %‘é_ |
2\ 27\ ‘
\3\ ¥\ / \ /o
\ 8\~ %, \ y
\ \ S

Boip, \ 5
u< ;
th Y qé\ G
S a_\?/ A
~ STER NS -1
G o
Ry s
— —

Schematic diagram illustrating the range of controls
that influence deep-water sedimentation (by courtesy of M.
Richards)

[~ SRR LA K) RN R -
H/KIE N VR AR IR LA BB TRl KRBT 0 Ry R ~ Ktz el

NN =

VIR =BT (B ) - S o S R R R B (R K N e
(submarine fans)([& )73 Ry # B R (basin floor fans)EdifHE R (slope fans) © EEHTHIBT
FeRIMIE) R AU RE (B ~ 2 BEELLIR) ~ DRI EE AR (B 1) -
RN EAR FERYAOKI IR RS - ZoKIiEYt 228 KEm S ey E(E =) -
7K T (5] g i B oK gd s B0 (R E Bt &y = 52
b o FEABRIKALAG 235k B (low stand system tract » LST) » AR ECER BLASATHY 2
VR BRI R EMWE) Y] TP RAFIV RS - RS R E
RVERE - TERKEREEE - BB E A -
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Bathymetric Profile of Ocean Basins

Continental Shelf

— Widely varying width

~ Extends from shoreline to some 300ft
water depth (range 150 to 1000ft)

— Low slope (<1°)

Continental Slope

— Starts at shelf break T { Gk

— Slope 1°- 3° (up to 10°) Abyssal Plain

— Lower slope is gently inclined due to
deposition of clastic sediments
(Continental rise)

Abyssal Plain
— Starts at £12,000ft
~ Flat plain

Note: Vertical scale is highly exaggerated

&+ ~ JRKE N ERAHPET -

Slope-apron deposits Deep-water fan deposits Basin plain deposits
Upper slope Upper fan =]
Slump scars 2 e
e = Channel fills; [ = Slary fing
2 <</ including : x
Lo Bne - olistostromes [==— sandstones,
e siltstones of
! e marked lateral
e continuity
ch e Middle fan |t
annel-fi :
sandstones Channel-fill ——— -F -
sequences G O
: Thickening/ _"_ —
Olistostromes coarsening -
and _."4.A.......A upwards .:._.A'.'.'I~A,'..
e sequences —— :
slump deposits [T me————— et
Lower fan T
T r *. ,
Medium-to- o —]
fine, graded AT LD
sandstones of =¥ ‘ 50 m
good lateral ,
continuity = -
Mutti and Ricci Lucchi, 1972

[l +— ~ FRARVAOKIUR I » HERBIEE ~ ZoKE L@ PR -
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[ LINE SOURCE -]
[ SHORE ARHONS ] Reading and Richards (1994),
g " classification of deep-marine clastic
i e
| systems by grain size and feeder
) DOMINANT |
GRAIN SiZ& }
} !
SINGLE MULTIPLE ’
ENTRY POINT ENTRY POINT { SLOPE APRONS
SUBMARINE SUBMARINE (SLIDES AND
‘ FANS RAMPS ! SLUMPS)
‘/
SLOPE APRONS
(SUIDES AND
i~
MUD-RICH ELONGATE o SEUM; <)
FANS ~ <— — — st
& / o &
SAND-RICH SLOPE MIXED 3
_X APRONS SAND-MUD 4
MIXED SAND-MUD i SYSTEMS CHANNEL-
RADIALFANS 7 — 7 i LEVEE
P " COMPLEXES
TALUS CONES SAND-RICH -
SAND-DOMINATED SYSTEMS //
RADIALFANS 7~ = ~° » 2 SUBMARINE
s Pl RAMP
CONGLOMERATE-RICH N SYSTEMS
GRAVEL-RICH
RADIAL FANS SYSTEMS ///
s s SLOPE FRINGE
e AND APRON
FRINGE FANS
= — 3 NN =N A S ERNTE SIE AL AH LK
+ = S RRE) AR B L) (R AR IR e (4 534 -
- 48k  INCISED VALLEY
g g MARINE / ESTURAINE — M
N e GGRA! -
ol TSGR A RN, remomow
HST delta / :uuqés;:g‘ \C:A, ':ZEL ;‘::ﬂ W0m
é - e e s
solays e .~ LEVEES
LST deita - sandy z
turbchtes

ELONGATH
FRONTAL
SPLAY
(SANDY
DEBRITES)

R
LATE STAGE MTCs 1 s F -
MEANDERING CHANNEL (SLUMPS & SLIDES / BASIN FLOOR
/ FAN

& — £ 1UDDY DEBRITES)
T wsTEr

SUBMARINE

190-
CANYON Fd b
e
e e |
' LOBATE

(clustered)

T 1oKkm FRONTAL
CONFINED SLOPE lS:‘;:V _—

CNANNEL COMPLEX il

(erosional - aggradation)

Cronin, B.T|
201

&+ =~ JRKE LK) AR (fon Bl -
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SRS — R & LB FETT4ERR (B 1Y) - ERE NS D ECHEE M RIS
5~ RBLAVE ST - DUCBRIBE BRI UEAY S S - BAFRCRAERR K 755w - L
i N — HHERAE -

sEsR—K (10 A3 H)

SRS T RBHIA Y S R R B e (R T g B & fE R B
TEEAHRK o B G748 R R KR BB 1B 2 (slope and canyon) » fiZ (£ 27K7T
FEEREE R ROEAIA B (B F) > Shir B X2 BafE RS ahE R RS - E ok
s AT H B Ay B E AR (8 1Y) » (i 51 v SR Y S8 A 5 S S (2R 4T )
DR e @l MIERE (R 4k )Y e S A ) (R & 1 Ry KIE TR (FSST - falling
stage system tract) FFHA - JE/KTE T FE[ER K E /YUY HERG S Ay MTD(mass
transport deposits) » H_F N ITEEE G A BOBE /K E (R EE E)MHBIN R4 - BT
5 H EIREERT R HEE < MRS BARERE(E T-7X) - (DIDEEIE Lf
BRI AR AR AR » (QF D EIREFIERIREE - B SRR BAERE -
Q)N afBEIRAEE L T R B A B0 RRY) » &R RS > (4) BRI 2]
IR T R = AdY o
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Erosional/Bypass C %

\\/

Incised

Erosional/Backfilled g Channel \ Slump
~ / 3 Pk~ 9
% &  Open Slope N
& :"’ Background : Mass :
e Transport
g Complex
Depositional/Channel-Levee % Leveed =
Y Channel °

=

Depositional/Dist. Channel-Lobe

/_,LQA\

Channel/
Lobe
Complex

Depositional/Sheets )
Distal

Lobe

Slope/Basin
Depositional
Elements

Galloway and Hobday (1996)

&7 BRIREE KRR T ILE -

Canyons are normally:
Damuth et al., 1983)
slopes

crystalline rock

erosion of the canyon.

General Characteristics of Modern Canyons

* Associated with large rivers (e.g., Amazon Canyon:
* Rare on gentle slopes, and densely spaced on steeper
« Erosive into any substrate, from unlithified sediment to

* Older, where the canyon head is more deeply recessed
into the slope, or indeed, back across the shelf. This
indicates that canyons develop shorewards by headward

[ +75 ~ TR AR -
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AR PR ] 3 Rt B BRI 2 iy - 208 S IR S BT B R AT R B
HEEEE AR FR ERE L MR (I AERBER YRR - e U el & EEEL A V o5
R BAEAE MR g s S DI A Ere 182 &y U FRIRyBSR (1)
SRS E RS —ERERE  WHAERZFEZ BRI T - fEH
FEE— I BRI FERR M - [BEAREEETE  BRIREIRE 2
EUEE T EE ) -

Canyon Walls

WEST SOUTH EAST
and down
gulleys system
steep o) tion
channel
waHs
scalloped
shaped terraces

parallel
bedde
d
strata

Wheeler et al, 2003
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Fault control on canyons on the eastern seaboard of
New England

e 3830 TN 35

2, / & .
rthﬁ# —'I'i *.fi-:;i;j v:‘ ‘;,_r__.f- e
-~ ] ‘—‘—’4.1‘.- T__.z % e
‘ [ ;/- o Y o ’
& , gy ¥ 4 ! § 3 A
' F“? 'g - e At rfi " " "J?Hl{‘l ? (l
Fatlle 7 ST R ETETEE AT
causing s =R AN RO vl {7 b ey
canyOﬁfjfL,,i,l—T—>;ix;; v 1) VALY B
bend b \\\\n-, ‘ AR x P

£ nin, o Toliy
T Tl i T B
—i e 2 ane asly

- R,

- T;;’: ‘;" 'f" ::‘, swg#ay Malahoff et al, 1982

&1 /\ ~ IBREE S 2 iSE s B E# TT A

BRI REERIE N s % HIBBR (AU el RN e L B
A = Al S [ (backfilled) {F FHHVER SR (8 -+ 1) - BEAE/KEERSS B (REIE St
FyRAIEL/KE #5705 (confined channel complex) (] —+) » Rl Ry— 5 HER Bk
HIEA R EREL) (R FEIE (cut and fill) #4216 FRFHIE—(E# R BIRY/KE N - B
AR UREYIACR &I IO SR & (= 800 VROt R Y 8 5
BN FKE TR RBIRE T UIFrEE AR » (B 7K R AR R R - (e
R b (B — 1) o KBS MRS & G HERE B 2R - /KE ARSI
SRR R HERBIS 4 AE R AT B A B2 (inner levee, IL) » {EISSENIRA —E G
OREE T 2K » SR E YIRS S O Eeh - IS8t GRS s0EKE
SLERZE » FRAVES) 2B/ B _EHIREGIE HE — 1) -
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Erosional/Bypass

\\/

Erosional/Backfilled
~N

\&/

Depositional/Channel-Levee

=

Depositional/Dist. Channel-Lobe

/,/_\’:\:A

Sediment Dispersal Fairway

Depositional/Sheets

P —

: ’
\ Submarine Canyon ’
4

Leveed =
Channel

Channel/
Lobe
Complex «

Distal
Lobe

59

SLOPE/BASIN
DEPOSITIONAL
ELEMENTS

Galloway and Hobday (1996)

&1 ~ SRR Y DR KIEAE K R 2 A AL B B IR A

and Stewart, 2000)

Confined Channel Complex

L;@g/t

i

Lower N:G .
Channels i2vee complex . -==

High N'G Sz

Slacked 7.kl
hannels fill Z7_. "~

Sand and Gravels
{By-pass phase)

Schematic idealised fill of an erosionally confined channel complex (modified from Mayail

Slumps and
debns flows

o

&+~ IREIIKIEE &) RS

KB LR TR R -
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Filling of Erosionally Confined Channel Complex

levee asymmetry assocated
transition from unconfined IL - to ﬂmﬁw e locally developed sediment waves
! . 0y )

to 2nd period of OL

e) Fill - Phase 3

d) Fill - Phase 2

stacked channel deposits
and their eroded remnants

c) Fill - Phase 1

earliest OL drapes
erosional scarps

v

b) Late Incision

MTD = Mass Transport Deposits
OL = Outer Levee I
IL = Inner Levee

vertical incision leads erosion assocated
10 sediment instability vdtr& passage M‘MTD

a) Early Incision ‘ o
(models by Mark Deptuck)

[ —— ~ PREHEKEE &) RRAEE -

Offset Stacked and Vertical Stacked Channel
Elements

Second master cut
Bl mASTER OVERBANK Fill:Vertical & Lateral migration
% SECONDARY OVERBANK First master cut

CHANNEL Fill: Lateral migration

| VERTICAL
AGGRADATION

LATERAL MIGRATION
MODES OF cut AND VERTICAL
and FILL AGGRADATION

LATERAL MIGRATION

Kolla, 2007, MG

B+ JKIERKPRIIEE R IIEME -
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TE—EFKE g d - /8K FREESST FHH) » TR/ T S HE ot R
HIREY) » BEE /KIS 1F S FELST BFHH - lowstand system tract) B FH(TST B
$ > transgrassive system tract) » $ERa (R GHE 2 SSAN(E 1) - B ==
U —ERGEKEE &) R e R e AR N H I B R - e &9 a/KiE
ST B SR R (AT S e ML - BiE RS S R HIRL )
A PR E T AR A IS S SR B E A 6 H B ER A e e THER RS -
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Channel Examples
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Channel Examples

Correlatable datum

- surface (?mfs)
— /
Wf\/\/}f\\/ﬂ
v,

\\/X:f\“//i&:;)v(/

D High net-to-gross reservoir
Base channel

Low net-to-gross reservoir
D Water-bearing reservoir (percl

ed)
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FAPEE Ry KRR T HER > - SEHERRAIRERL B A B D IR (BIHE TST)

fefe

597\

P B R IR D U )R > T RE & (o) BT IIAR A Je IR WD 5 ot Jeg ME R (T . HST

highstand system tract) ©

' Sequoia Channel model
Cross et al 2009

General upward decrease in
sand content through reservoir

| Abandonment mudstones (stage V)
| at the top of the reservior

provide a seal and isolate the
sandsheets above (stage VI)

——— frontal splays = higher potential

Smaller composite channels
comprising small channels with

for isolation (stage IV)

Westrooivno

Irregular incision
surface traps
perched water
(stage I)

Aggradational
sinuous channels
promote vertical
connectivity
(stage M)

~50m

~2km

- o |

Amalgamated
channels with high
degree of lateral
connectivity (stage | |I)

i Injected sand has the

L= potential to vertically
link otherwise isolated
sand bodies (stage IV)

Thin beds increase
lateral connectivity
between isolated

channels (stage Ill)
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~/ Elements

> Incised =/ | Open Slope !
Erosional/Backfilled g Channel A\ | Slump !
Ny E > i
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a i Trahsport
‘é Comnplex . _

Depositional/Channel-Levee 3 Leveed -
wv

Depositional/Dist. Channel-Lobe Channe

/_,43\ Lobe
Complek £

Depositional/Sheets :
- g Distal
Lobe

Galloway and Hobday (1996)
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Fan Building as a Dynamic Process

An example from the Zaire Deep Sea Fan

" e i f e -
Nie ne k9 i
oDP
Nig 175
N e '\ @ Leg 175 1076 CONGO
5 i N22 5 —< 3 1077 e SHELF
R\8)s Zaire
‘ - . Canyon
\ \ (N1-A38)
Zaire B S
"04 = Channel
(A1-36) ANGOLA
SHELF
channellevee | . i Fans
systems
”"“':'”“ A38  axial Fan
sie 13 Southern Fan
. s LK } N23
EP | " i 5‘1‘9' omlesx N1 Nonhefl’I\ 0

Data from Babonneau et al 2002, and analysis Bret Dixon
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L eveed Channels: Process

The deposits are produced from
the over-spilling of the upper,
dilute part of the gravity-flow
event's turbulent cloud as it moves
down slope:

Over-spill also known as ‘flow
stripping’

\,
™ Modified from Jennette, 2004

* This is actually a debris flow, but it shows the billowing suspended cloud well

[ =— ~ SEHEKERY) (A B RO R E -

Overspill in a channel-levee system

Channel Inner levee Outer levee

Kane, 2007
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30




13
t  Aggrading Channel-Levee
1 Complex

]

1
1
1
L

Proximal
Levee

Galloway and Hobday, 1995

Leveed Channel
Complex

From Galloway and
Hobday (1995) showing
the main architectural
elements (i.e.
subenvironments) within a
leveed channel complex.
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HARP Units

8 aAZ0 >
994 ODP Leg

N, (4
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- ¥ e
o o
RN S /s HARPs —— I
A AT o : 2
e vy

Distribution of sedimentary facies within acoustic units and turbidite

elements of Amazon Fan mamuth and kowsmann, 1998)
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Levee Reservoir Characteristics

* Dominated by thin to medium bedded classical turbidites.

*Variable sand presence in axis.

» Straight to sinuous map patterns with central channel dim.
* Gull-wing cross section.

* Good lateral continuity, poor vertical continuity.

Reservoir in
Channel and Levees
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T HRARWHERNREEREC




Producing Levee Facies: Tahoe Field: M4.1 Reservoir

4-ST
2l

Figure 45. A field developed within levee facies is the Tahoe Field in
the northern Gulf of Mexico. The channel-axis sands are wet, clearly
demonstrating the presence of an effective mud-drape seal within the
channel. Early reports suggest as much as 3000 meters of lateral
connectivity within the levee facies with a potential of 110 MMBOE
recoverable. Initial development followed installation of infrastructure
for larger nearby fields.
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) > Incised i Open Slope !
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Galloway and Hobday (1996)
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Brunei DLCs - Upper Package- Seismic Character - Proximal

S
iivery and Cook

* Mounded high amplitude reflections in core (arrow) = probable channel
+ Downlapping towards the margins

5‘(% /\@y/a—{ﬂ_ //70»,1140// (/‘;/ﬁ/]/@
e STARE s oy

Brunei DLCs - Upper Package- Seismic Character - Medial

*Mounded - lower curvature
*no central zone of HARs
~downlapping

«Internally disorganized, possible small channels

Brunei DLCs - Upper Package- Seismic Character - Distal

« Continuous reflectors
* low convexity
+ ~sheet-like
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o[ B SEIRMERA 80 > T B A T IRMERA S M
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LayereShes

| Classic turbidites with Bouma
A-E divisions interbedded with i
ite beds

“Layered Sheets” — Distal basin floor setting
Miocene Marnosa Arenacea — Apennines of Italy

& =+J1 ~ JEFA AR R BTSN R -

Base of Ross Formation: Sheet Turbidites

Note - net:gross, bed continuity and connectivity

Amalgamated sheets

Layered sheets
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Lobe System

Source /%
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Mud-Rich vs. Sand-rich Fans

‘\' S
MUD-RICH FAN -

1
/ Gol.
/ <y
MIXED SAND-MUD FAN -
e.g., Bengal A _'
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Key Characteristics: ‘Lobes’ vs ‘Channels’

Lobes (sheets) Channel fills

laterally extensive, tabular elongate/lenticular
largely aggradational erosion & bypass
"thickening-upward" cycles thinning-up cycles
radial/complex palaeocurrents unimodal palaeocurrents

&0+ = ~ FEIRHERR KRR = -
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Turbidite Reservoir Classification

Levees Channel Complexes Sheet Sands
5ull Wing External Geometries Discontinuous to Shingled Laterally Continuous
( Log Shape &\
Core Correlation
& Log Shape & \ ( o Log Shape & \ |o
ore Correlation 0ie Correlation o u
©
A — g STACKED =
MASSIVE 2
= (UPPER) ¥ l o 2 SAND T B
= BOUMA o . STACKED alle CYCLES f
- CYCLES. ) =3 MASSIVE il
SAND POCR 3 & |12 SAND poey 3
3 LENSES Q3 CYCLES <
RIPPLED i m saay FULL TO
-U \ ) 13 = enst-
& =) ABSENT
; =1 BOUMA
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Chapin et al., 1994 (Shell) L
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Erosional/Bypass

\\/

Erosional/Backfilled
~ o

\%/

Depositional/Channel-Levee

Sediment Dispersal Fairway

\ Submarine Canyon
\

Incised
Channel

Open Slope
Background

Leveed =X\
Channel *

U
/
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SLOPE/BASIN
DEPOSITIONAL
ELEMENTS
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Depositional/Dist. Channel-Lobe

/,Q‘\

Channel/
Lobe
Complex /

Depositional/Sheets

Galloway and Hobday (1996)
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Mass Transport Model

Rotated Slide Blocks
Slumps

Potentially
Toe-Thrusted Structures

If the slope sediments are sandy, some of
the mass-transport complex can be sandy

Elements

N

“Floating” Slump Blocks

Debris Flows

Prior et al., 1984
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Detailed Mass Transport Model

A

Slide Movement Direction

headwall stratified slab
collapse pop-up

syncline
=
Vo N
origi

inal seafloor

Explanation

normal fault, _~ I
. strike-slip fault, i
downtobell ~ | map » coherent slab. original seafloor
e thrust faullt, ,—shear direction, with fault indicators
teethtodip —< o cross-section —= fold
Dykstra, 2006
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Deformation in a Slide
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I Paganzo basin, Quebrada de la Pena, Argentina ]
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Bottom Currents

» Bottom currents have been under-recognized historically in deep water geology
» There are four main types of bottom currents:

1. Thermohaline-induced geostrophic contour currents

2. Wind-driven bottom currents

3. Tide-driven bottom currents, mostly in submarine canyons

4

Internal wave/tide-driven baroclinic currents.

Deep -Water Bottom Currents

anmUGar

R - Thermohaline - l 7
eworki Driven Wind -
ng Geostrophic | Bottom Currents Bottom Currents
|

ide -Dnven I
E¥ocee Comom‘cun_m_s! l_‘ sl ]

Driven
N \/'7 <
Faci Contourite BCRS* Tidalite Baroclinite
aces (Hotlister, 1957)  (Shanmugam etal (Klein 19710%)  (Shanmugam, 2013 %)

Term 19937)
J g

Appropriate

Inappropriate

Facies
Term

(Lovell and Stow, 1981 1'%, Stow et al , 2008 2*1)
* BCRS = Bottom -current reworked sands This general term is appropnate for all four fypes.

V-1 ~ AR B R RERY AR -

43



Proposed Lithology Mean
divisions and qrain size
structure 4 3163264 um
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Sediment Waves

Current Flow Direction

Wave
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Wynn et al., 2000
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