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Depositional features and sedimentary facies of steep-faced
fan-delta systems: modern and ancient
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Abstract : Alluvial fan delta often extends into deep water, forming steep-faced delta front. Depositional features of
modern steep-faced fan-delta slope and prodelta are characterized by slump scar, chute/channel, swale, lobe, splay
and debris fall. These features largely originate from sediment failure or sediment-laden underflows (sediment-gravity
flows) off river mouth. Sedimentary facies of equivalent ancient systems comprise sheetlike and/or wedged bodies
of gravelstone and sandstones, slump-scar and -fill, chute/channel-fills, and sheetlike, lobate and slump mass on

steeply-inclined fan-delta foreset and prodelta.
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INTRODUCTION

A fan delta commonly comprises tripartite depositional
elements: lower part of alluvial fan, transitional zone, and
subaqueous part. In shallow water environments, fan-delta
system commonly forms either Hjulstrom- or Gilbert-type
subaqueous delta front and prodelta (Postma, 1990). In
steep-faced delta front, however, sediments are transported
further basinwards, forming debris cone, Gilbert-type fore-
set, or ramp/lobe systems (Postma, 1990). In this realm,
subaqueous sediment gravity flows are important. These
flows originate from either resedimentation of nearshore and
steep delta slope sediments (Postma and Roep, 1985; Colella
et al., 1987) or riverine floods that form hyperpycnal flows
and subaqueous debris flows and turbidity currents (Prior
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and Bornhold, 1990).

Subaqueous processes of coarse-grained (fan) deita sys-
tems attracted little attention compared to those of fine-
grained deltas or submarine fans, as they are virtually ina-
ccessible to sedimentological observations. A number of
modern steep-faced and fjord deltas have recently been
surveyed, revealing seafloor morphology and surface sedi-
ment characters (Prior ef al., 1981a, b; Kostaschuk and Mc-
Cann, 1987; Prior and Bornhold, 1988, 1989, 1990; Syvitski
and Farrow, 1989; Piper ¢t al., 1990). In this paper, we de-
scribe some depositional features and characters of deep-
water steep-faced fan-delta systems in the Pohang Basin
(Miocene) SE Korea. Some sedimentary facies and geometry
mimic those observed and expected in modern systems, but
obvious difference in observation scale exists.

DEPOSITIONAL FEATURES
(MODERN SYSTEMS)

Erosional/depositional features of sedimentary bodies on
steep slope of (fan) delta systems include chutes/channels,
swales, lobes/splays and debris falls (Tables 1, 2 and 3).
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Chutes/Channels

Gravel- or sand-filled erosional features, i.e., chutes and/or
channels, commonly occur on steep subaqueous slope off
river mouth (Fig. 1; Prior and Bornhold, 1989). They range
in width from 10 to 100 m (up to 600 m), in incision depth
from 2 to 10 m (maximum relief, 500 m) and in length from
500 to 2,500 m (Table 1). The chutes/channels are generally

linear or sinuous in shape, and occasionally converge do-
wnslope into larger, incised channels. In some cases, chutes
continue over delta slope and prodelta into deep basin fo-
rming long sinuous channels which are a few tens of kilo-
meters long (up to 70 km long) and a few tens of meters
to hundreds of meters deep (Prior and Bornhold, 1990: Soh
et al,, in press). Within the chute, splays of sand and gravel,

Table 1. Summary of sedimentologic characters of chutes/channels in modern steep-faced fan-delta systems.

Morphology

Dimension

Sediments Environments

Location & Ref.

1) Linear or sinuous

16 chutes over 2.75 km
Width: av. 85 m
Length: 0.5~2.5 km
Gradient: 2°~15°

Sand-rich delta
slope off braided river
system (water

depth: <250 m)

Sands

Bella Coola
(Kostaschuk & McCann,
1987)

2) Large submarine chute

Width: up to 600 m
Gradient: 13°

Gully or shallow channel Gradient: 7.5°

1) From delta front to
lower delta slope

Finger-like, radiating
splays of sand & gravel

Arcuate scarps 2) Lower delta slope

Britannia Beach, Howe
Sound (Prior & Bornhold,
1986)

'3) Sinuous (scoured
conduit)

Width: about 10 m

Lined & flanked with
gravels & sands

Submarine slope off
ephemeral stream

Howe Sound (Prior &
Bornhold, 1988)

4) Between elongate
ridges of gravel
& sand

- Between unscoured

Width: 20~50 m

gradient 15.7°
(up to 27.5°)

Width: 50~100 m

Gravel Upper slope

Sand with cobbles, Lower slope

Bear Bay, Bute Inlet
(Prior & Bornhold, 1988)

_ silt & clay Gradient: 11.3° displaced sediment
5) Highly sinuous Length: 40~50 km, Delta slope to prodelta Homathko & Southgate
channel ‘Depth: max. 25~30 m (water depth: deltas, Bute Inlet (Prior

(downslope decreasing) -
Gradient: 3°~5°

150~430 m)

et al., 1986)

6) Slope-parallel

Width: 200 m
Depth: 10 m
Gradient: 5°~35°

On delta slope
(foreset)

Mainly sands.
(distal fining)

Alta delta,
Norway (Corner
et al., 1990)

7) Anastomosing &
downslope convergent
Incised channel

" Downslope parallel
abandoned chutes

" Width: 10~40 m

Width: 130~160 m
Depth: 5~7 m.

" Width: 30~50 m

Fine sediments 1) Upper delta slope
Sand & gravel _ "
with large flutes

Well developed flutes  2) Mid-slope

Noeick River delta,
British Columbia
(Bornhold & Prior 1990)

8) No levee .
Upslope: bowl-shaped

Width: av. 10 m
Depth: 2~5 m

source region with scarp Gradient: 12°~16°

Downslope: extensive
hummocky zone

Width: 15~30 m
Depth: <3 m
Gradient: 12°~16°

Delta front & upper
slope (water depth:
5~30 m)

”

Longyear delta (Prior
et al., 1981a)

Adventfjord delta (Prior
et al., 1981a)

9

~

Straight & parallel to

Straight, braided,
radiated outward

" -Gradient: 5°~25°
elongation of bulge or lobe

Gradient: 3.6°~8.0°

All around surface of
bulge or lobe
Lower slope

Sheets of sand & gravel

Mud & sand

Fujikawa Fan-Delta
(Soh et al., in press)

. Sakawa Fan-Delta

(Soh ¢t al,, in press)

10) Extensive channeling
intervened by narrow
downslope radiating
ridges of 200 to
600 m wide
Converge:-into a few
incised channels
Meandering

Width: a few hundred
meters

Relief: 100~500 m
Gradient: 9°~11°

Length: 70

" Water depth:
500~1,400 m

Slump body along
some steep-sided
wall of channel
(water depth:
900~1,900 m)
Water depth: 1,000 m

Water depth:
(1,500~ 3,000 m)

Huon Penin. Papua New
Guinea (Liu et al., '

in press)
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Fig. 1. Side-scan sonograph mosaic of subaqueous fan delta
showing gravel and sandy chutes, hummocky lobes and
distal sandy splays. Example from Bear Bay, Bute Inlet,
British Columbia, Canada (after Prior and Bornhold,
1988).

slumps from steep side wall of channel, and displaced se-
diment blocks occur (Fig. 1). Flute marks occur on the chute
floor, which are indicative of powerful flows.

The chutes/channels are largely due to the sediment fai-
Iure of delta front and slope as well as to erosion of con-
tinuing hyperpycnal flow from rivers. The chutes generally
serve as efficient conduit for the transport of coarse-grained
sediment from delta to deep water.

Swales

Gravels and sands commonly occur in divergent and
anastomosing patterns away from the river mouths over the
steep, cone-shaped fan apex (Prior and Bornhold, 1990).
These shallow, smooth-floored linear depressions (swales)
are separated by low, rounded elongate ridges with a relief
of up to 20 m (Fig. 2). The swales are usually filled with
undulating sheets of sand and gravel (Prior and Bornhold,
1990). Further downslope, the swales terminate as indistinct
splays of fine sand and gravel (Fig. 2). In some cases, swales

an 2, Slde-ecan sonar swath of gravel and sand swales on a
: small fan delta. Example from South Bentinck Arm fjord,
British Columbia, Canada (after Prior and Bornhold,

1990).

converge into incised, steep-walled chutes (Prior and Bor-
nhold, 1989).

Coarse-grained sediments in the swales are transported
during river floods upstream. During floods, high-energy,
hyperpycnal flows continue across the (fan) delta apex with
scour of mouth bar (Prior and Bornhold, 1990). The swales
are commonly filled with high-concentration turbidite sands
and gravelly sands (Prior and Bornhold, 1990). '

Lobes/Splays

Depositional features such as lobes and/or splays com-
monly develop downslope of chutes on the gentle lower (or
distal) slope of fan delta (av. gradient: <10°) (Table 2; Fig.
2). The lobes are irregular, hummocky or lobate in shape,
forming low-relief depositional area several km wide (Table
2). They consist of splays of sand and gravel, scattered blocks
of displaced sediment and discontinuous ridge, rotational
slide and hummocks (Table 2).

The lobes mainly form by unconfined sediment-gravity
flows at the end of chute. Decrease in slope gradient and
flow spreading off chute result in rapid depostion of sus-
pended sediments. '

Debris falls

The steep (fan)delta slopes are also characterized by de-
bris fall deposits such as isolated blocks and pebbles and
boulders (Table 3; Prior and Bornhold, 1990). The debris
may fall as a single particle, or small- to large-volume as-
semblages of strongly dispersed particles forming isolated
block or linear debris stream to broad debris zone. Slump
scars and slide blocks commonly occur upslope.
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Table 2. Summary of sedimentologic characters of lobes in modern steep-faced fan-delta systems.

Morphology

Dimension

Sediments

Environments

Location & Ref.

1) Irregular

Blocks & spreads

Lower end of chute

Longyear Delta (Prior ¢t al.,
1981a)

2) Hummocky

Hummock, block, scarp

Downsolpe of chute

Adventfyord delta (Prior et
al., 1981a)

3) Low-relief splay
(<5 m in thickness)

Sand & gravel

Submarine slope associated Howe Sound (Prior &

with ephemeral stream

Bornhold, 1988)

4) Low-relief hummocky
with crenulate
pressure ridge
Radiating thin sand
splay
Lobate

gradient: 1.6°

gradient: 1.1°

Sand

Scattered blocks of
Displaced sediment &
discont. ridge

distal delta

Downslope end of chute
Downslope end of delta

Bear Bay, Bute Inlet
(Prior & Bornhold, 1988)

5) Spillover

Overlapping, low relief
& abandoned, partially
field channel remnants
Distal splay

Sand with flute marks

Sand with debris & dis-

placed sediment blocks

Sides of channel (water

depth: >430 m)
Further downslope

(water depth:530~600 m)

Further downslope

(water depth: 600~700 m)

Homathko & Southgate
deltas, Bute Inlet
(Prior et al., 1986)

6) Elongate convex-
upward

Width: 2~3 km
Length: 4—6 km
Gradient: 5°~25°

Gravel & sand

Lower delta slope

Fujikawa Fan-Delta
(Soh et al., in press)

7) Smooth & minor

Area: 4X1 km?
Gradient: 3.6°~8.0°

Lower delta slope

Sakawa Fan-Delta
(Soh et al., in press)

8) Lobate

Gradient 7.5°

Scattered blocks of
displaced sediment
& discont. ridge

Lower delta slope

Britannia Beach, Howe
Sound (Prior &
Bornhold, 1986)

9) Broad, overlapping
splays

Gradient: 0.5°~2.2°

Sand with debris lobes
& displaced sediment
blocks

Distal end of chute

Bella Coola (Kostaschuk
& McCann, 1987)

Large-scale Rotational slide Prodelta (water
deformation depth: 250~550 m)
10) Slump Area: 5~12 km Toe of delta (water Huon Peninsula, Papua

Gradient: 5°~8°

depth: 500~1,400 m) New Guinea (Liu et al.,

in press)

SEDIMENTARY FACIES AND GEOMETRY
(ANCIENT SYSTEMS)

Sedimentary facies that are indicative of steep-faced fan
delta systems can be grouped into a few distinct architec-
tures (Table 4): sheet-like or wedged bodies on steeply-in-
clined foreset, slump-scar and -fill, channel fill, lobe seque-
nce, sheet sequence, slump mass and debris fall deposit.
These elements can be outlined by observations of sediment
bodies on 2-dimensional outcrop sections with subsequent
three-dimensional interpretation (e.g. Bridge, 1993). These
architectural elements occur in steeply inclined foreset and
prodelta environments.

Sheet-like or wedged bodies on steeply-inclined foreset

Sheet-like bodies of gravelstone and sandstone extend

laterally (or downslope) for some distances (width/thickness
ratio, more than 15°) and retain similar grain size and se-
dimentary structures over a few tens of meters (Fig. 3).
Whereas wedged gravelstone and sandstone bodies are
characterized by rapid downslope decrease both in bed thi-
ckness and in grain size. These bodies form steeply-inclined
(>20°, up to 40°) foreset sequence of steep-faced fan delta
and comprise disorganized, (crudely) stratified, normally
graded gravelstone and inversely or inverse-to-normally
graded gravelstone with some intercalating sandstone layers
(Table 4). Individual depositional units range in thickness
from a few centimeters to several meters (Fig. 3). Gravel
clasts are either matrix- or clast-supported in a very poo-
rly-sorted sand matrix (Fig. 3).

The sheet-like or wedged bodies form on initially stee-
ply-inclined surface by gravity slides, debris (or grain) fall,
cohesionless debris flows and high-density turbidity curre-
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Table 3. Summary of sedimentologic characters of debris fall on modern steep-faced fan-delta systems.

Morphology Dimension

Component Environment Location & Ref

1) Broad coarse talus

debris zone Gradient: 24°

Width: up to several meters Very large subrounded Submarine slopes off  (Prior & Bornhold, 1988)

boulders with rock debris alluvial fans
of av. 0.5 m long

2) Linear debris stream

matrix-free debris "

3) Isolated block

1~2 m long block outrun "
10~50 m

Table 4. Architectural elements, bed geometry, sedimentary facies, and processes of ancient steep-faced fan-delta system.

Architectural Elements Bed geometry

Facies Processes

Steeply inclined Sheet-like/Wedged

foreset

Gravelstone: disorganized, crudely st- Small-scale slides (gravity slides), debris fall

ratified, stratifed, normally graded, in- (or grain falls), cohesionless debris flow (or

versely or inverse-to-normally graded grain flow, density-modified grain flow) with

Sandstone: massive, laminated, graded slight influence of gravelly high-density tu-
rbidity current, frictional freezing of avala-
nching of gravels and sands

Slump

scar Scar-fill

Gravelstone: Proximal: cohesive debris flow, retrogres-

Proximal: disorganized, crudely-stratified sive slide/stlump

Distal: normally or inversely graded Distal: cohesionless debris flow, high-den-
sity turbidity current

Chute/channel Channellized

Gravelstone: disorganized, crudely st- Various sediment gravity flows
ratified, normally graded, inversely or

inverse-to-normally graded

Sandstone: massive, laminated, graded

Lobe

Lobate

Gravelstone: disorganized, normally Cohesionless debris flow, gravelly high-de-
graded, inversely graded nsity turbidity current

Sandstone: massive, laminated, narma- Sandy high-density turbidity current

lly graded

Interchannel/interlobe Sheet-like

Thick homogeneous muddy sandstone Particle-by-particle settling° from turbid
with intercalations with intercalations of clouds with intermittent sediment gravity
disorganized or graded gravelstone & flows

massive, laminated or graded sandstone

layers

Slide block/slump mass Chaotic

Disrupted beds of gravelstone, sands- Slide/slump
tone and mudstone

Fig. 3.

Sheet-like bodies of gravelstone and gravelly sandstone ) . ]
on steeply-inclined foreset. The gravelstone units are (Fig. 4A), whereas the floor is flat-lying (Fig. 4A). The scar
partly openwork, indicative of deposition by small-scale ranges in depth from a few tens to hundreds of meters and
gravity sliding and/or grain flow on inclined surface. Scale

is 20 cm long. Example from a Miocene fan delta, Pohang A ) ; .
Basin, SE Korea (after Hwang and Chough, 1990). The scar is commonly filled with thick (up to several tens

nts (Postma, 1983, 1984a, b; Postma and Roep, 1985; Colella
et al., 1987; Colella, 1988; Chough et al., 1990; Hwang and
Chough, 1990). Frictional freezing of avalanching gravels and
sands or cohesionless debris flows plays more important role
in deposition of wedged bodies (Postma and Cruickshank,
1988; Massari and Parea, 1990). Sediments are fed by high-
energy alluvial fans and ephemeral streams in fjord deltas
(e.g. Prior and Bornhold, 1988, 1989, 1990).

Slump scar and fill
Large-scale slump scar and fill commonly occur on the

steeply-inclined fine-grained foreset environment. The scar
is bounded by sharp scour surfaces with the underlying beds

is several hundred meters wide.
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of meters) disorganized (clast- or matrix-supported) grave-
Istones and sandstones (Table 4). Some gravelstone bodies
can be traced for more than hundreds of meters across the
chute axis and more than several kilometers along the chute
axis, revealing a large-scale tongue-like geometry in the fo-
reset, bottomset and prodelta slope environments. In the
foreset, the gravel bodies are generally disorganized and
crudely stratified in which gravel clasts are either clast- or
matrix-supported in poorly-sorted sand or muddy sand ma-
trices (Fig. 4A). They contain large-scale rip-up mud clasts,
calcite-cemented sandstone blocks and distorted sandstone
and muddy sandstone blocks as well as armored mudstone
balls. Some units are bounded by sharp erosional surface
with the underlying muddy sandstone (Fig. 4A).

The gravel bodies filling the slump-scar are most probably
deposited by cohesive debris flows as evidenced by disor-
ganized and crudely-stratified nature, poorly-sorted sand
and muddy sand matrices (Curry, 1966; Winn and Dott,
1977; Lowe, 1982; Postma, 1986). Large-scale rip-up mud
clasts and distorted sandstone and muddy sandstone blocks
suggest that the debris flows were triggered by slide/slump
in the upslope part of the foreset, forming downslope-run-
ning scour surfaces or troughs which commonly occur on
modern steep-faced slopes or foreset (e.g. Postma, 1983,
1984a, b; Prior and Bornhold, 1988, 1989, 1990). Retrogre-
ssive slide and slump are generally responsible for the thick
stacked units of gravelstone (commonly upto 50 m in thi-
ckness). Some sequences are penecontemporaneously de-
formed with slump folds, faults and large-scale flame stru-
ctures.

In the prodelta slope, however, the gravel clasts are either
matrix- or clast-supported in a well-sorted sand matrix and
are horizontally stratified (Fig. 4B). Here, thin units of gra-
ded gravelstone and inversely graded gravelstone are partly
intercalated. The well-sorted sand matrix, relatively well-
defined flow units as well as thin layers of graded gravel-
stone and inversely graded gravelstone may represent de-
position by cohesionless debris flows and high-density tu-
rbidity currents (e.g. Lowe, 1982). Downslope variations in
matrix content, fabric and sedimentary structures suggest
transformation of sediment gravity flows from slide/slump
to cohesive debris flows and, finally, into cohesionless debris
flows and high-density turbidity currents (Middleton and
Hampton, 1973).

Channelized bodies (channel fills) of gravelstone and sandstone

The channelized body of gravelstone and sandstone is

commonly bounded by sharp, concave-up or step-wise scour
surfaces encased within fine-grained deposits. The channels
range in depth from 1 m up to several tens of meters and
are more than several tens of meters wide. The channels
are filled with lenticular bodies of disorganized, crudely-st-

ratified, normally or inversely graded, and cross-bedded
gravelstone and massive, laminated and normally graded
sandstones (Table 4; Postma and Roep, 1985; Choe, 1990;
Hwang, 1993).

Channel fills in steep slope environment are characterized
by abrupt channel margin and deeply scoured (about 2~3
m in relief) channel base (Fig. 5). Channel fills in prodeita
environment can be divided into two types: gravelstone-fi-
lled and sandstone-filled channel fills. The former occurs in
the proximal area (Fig. 6), whereas the latter occurs further
basinward (Fig. 7) '

Fig. 4. Slump-scar and fill in steeply-inclined fine-grained fo-
reset (A) and gravelstone bodies in prodelta (B). Example
from a Miocene fan delta, Pohang Basin, SE Korea. (A)
A large-scale slump scar with lower flat boundary (arrow
3) occurs on the steep-faced fine-grained foreset (arrow
1), which is subsequently filled with disorganized and
crudely stratified gravel deposits (arrow 2). The deposits
are either clast- or matrix-supported in poorly-sorted
sand and muddy sand matrices. Large-scale mudstone
clasts also occur. The underlying sandstone layers are
deformed in part (arrow 4). The gravel body is up to
50 m thick, about 500 m wide and 1~2 km long. The
gravel body formed as a fill of a large-scale slump scar
(or chute) on the foreset (slope), whereas the underlying
muddy sandstone and sandstone was deposited in the
interchute areas. (B) The gravelstone bodies in prodelta
slope are disorganized (L) and stratified (M) showing
flat lower boundaries. The upper part (U) represents
slump deposits of disrupted sandstone and mudstone
layers with large boulders. Bar is about 2 m long.
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Fig. 5. A detailed sketch of channel-fill deposits in steep-faced slope (Maesan fan delta, Pohang Basin). Gravelstone shows a cross
section of a chute-fill with abrupt margins and deeply scoured (about 2 - 3 m in relief, arrow 4) base. The underlying sand
beds are discontinuous and either graded or massive (arrows 1, 2). The chute-fill is inverse(-to-normally) graded and large
clasts (boulder grade) are concentrated near the chute margins. The gravel body is clast-supported with sandy mud matrix
(maximum clast, 130 cm). The flute casts in the sandstone layers and chute walls indicate that the paleoflow was southeastward

(into the sheet) with a slope gradient of about 15°, Note a chute wing on the left margin (arrow 3). The chute-fill represents
a chute-fill debris flow. The wedged sandstone layers (arrow 5) are indicative of small-scale depositional lobes.

Fig. 6. Detailed sketch of channellized gravelstone bodies (Dou-
msan fan delta, Pohang Basin). Note three chan
nel-fill gravelstone and gravelly sandstone units (Arrow
1, 2 and 3) deposited in the proximal part of mass-
flow-dominated prodelta environment off fan-delta slope
(foreset).

The dominance of gravel clasts, sand matrix and disor-
ganized nature, normal (and inverse) grading, stratification
and cross bedding of gravel and sands are all indicative of
high-density turbidity currents and cohesionless debris
flows (Table 4).

The channel-fill sequences commonly show thinning-up-
ward trends largely due to progressive channel abandon-
ment. Downchannel decrease in frequency of gravel layers
and increase in sand and mud layers are suggestive of ba-
sinward decrease of flow competence. The channellized bo-
dies mimic submarine chute deposits that commonly occur
on modern fan deltas (Prior et al., 1981a, b; Kostaschuck and
McCann, 1987; Prior and Bornhold, 1988, 1989, 1990; Sy-

Fig. 7. Detailed sketches of channel fill deposits in mass-flow-
dominated prodelta. Example from a Miocene fan delta,
Pohang Basin SE Korea. (A) Massive and graded fine
sandstone units show cross-cutting geometry, which most
probably resulted from scouring by powerful turbulent
flows. Note thin draping mudstone layers. The sandstone
units commonly contain outsize clasts, lignite fragments
and rip-up mud clasts. In upper-left corner, the sandstone
layers are scoured by disorganized and clast-supported
gravelstone. (B) Three sandstone bodies (indicated by
1, 2 & 3) are bounded by inclined erosional surfaces
(Arrows) which represent scouring by powerful, turbulent
flows. Very thin mudstone layers are intercalated. The
sandstone units commonly contain rip-up mud clasts and
lignite fragments. Outsize clasts rarely occur in the sa-
ndstone. In the center, laterally discontinuous, disorga-
nized (partly inversely graded) and matrix-supported
gravelstone layers incise the sandstone unit.

vitski and Farrow, 1989).
Lobate gravelstome and sandstome

The lobate bodies commonly consist of disorganized, cru-
dely-stratified, graded, inversely(-to-normally) graded units
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of gravelstone and sandstone (Table 4). Individual units ra-
nge in thickness from a few cm to 2 m and commonly shows
sheet-like or lobate bed geometry with convex-up upper
boundaries and show downslope decrease in bed thickness
(Figs. 8 and 9). Some gravelstone units laterally terminate
abruptly and are draped by sandstone and muddy sandstone
(Fig. 8). The unit boundaries are flat and smooth but some
exhibit erosive lower boundaries. The gravelstone and sa-
ndstone units are commonly amalgamated, forming thick bed
and contain outsized gravels and rip-up mudstone clasts. The
gravelstone and gravelly sandstone mainly develop in the
proximal part adjacent to the channel or chute, whereas the
sandstone occurs further basinward.

The lobate bodies can be viewed as submarine deposi-
tional lobes that commonly occur in steep-faced slope en-
vironments of modern fan deltas (Prior et al., 1981a, b; Ko-
staschuck and McCann, 1987; Prior and Bornhold, 1988,
1989, 1990; Bornhold and Prior, 1990; Syvitski and Farrow,
1989) and ancient examples (Pos}ma and Cruickshank, 1988;
Choe, 1990). The bodies were deposited by various sediment
gravity flows such as cohesionless debris flows (or density-
modified grain flows) and high- or low-density turbidity
currents (Choe, 1990). As the slope gradient gradually de-
creases downslope at the terminal edge of the submarine
channel/chute, the sediment gravity flows decelerate, for-
ming gravelstone and sandstone bodies.

Sheet sandstone body

The sheet sandstone bodies (up to 15 m thick) are laterally
extensive (>1 km) (Fig. 10). Outsized clasts commonly occur
in the lowermost part of each unit and large mudstone clasts
are abundant in the middle and upper parts.

The sheet sandstone bodies are deposited most likely by
unconfined high-density turbidity currents which probably
originate from slide/slump on steep fan-delta foreset (Pos-
tma and Roep, 1985; Choe, 1990), continuation of sheetfloods
off alluvial fan (Turnbridge, 1981; Ballance, 1984; Dabrio and
Polo, 1988) and resedimentation of nearshore sediments by
seismic and storm events (Q’Connell et al., 1985; Bouma et
al., 1985; Choe, 1990). The thick sheety sandstone bodies
mimic distal splays deposited at the downslope end of fjord
delta channel (Prior et al., 1986).

Fig. 8. Detailed sketch of proximal lobe deposits in mass-flow-
dominated prodelta (Doumsan fan delta, Pohang Basin).
The lobe comprises stacked sequence of gravelstone and
sandstone units with very thin mudstone layers. The
gravelstone units are laterally discontinuous, disorgani-
zed and matrix-supported. Note floating large protruding
clasts (Arrow 2). Intercalating very thin mudsotne is
incised by overlying massive and normally graded sa-
ndstone units.

Fig. 9. Distal lobe deposits in mass-flow-dominated prodelta (Doumsan fan delta, Pohang Basin). The lobe comprises mainly massive
or normally graded fine to medium sandstone layers with very thin mudstone layers. This section is divided into two sandstone
bodies. The lower one (1) shows a rightward decrease in thickness from 1 m (plane-bedded sandstone) to 40 cm (amalgameted
sandstone) in 5 m. This body exhibits lower flat and upper convex-up geometry and is overlain by about 2 m thick upper

sandstone body.
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Fig. 10. Sheet sandstone body in mass-flow-dominated prodelta
slope is dominated by very thick (over 15 m) normally
graded gravelstone-sandstone bed with extensive lateral
continuity (traceable for up to 1 km). The sandstone
body was deposited by unconfined high-density turbidity
currents. Note abundant large mud clasts. Man for scale.
Example from a Miocene fan delta, Pohang Basin, SE
Korea.

Sheet-like mudstone and sandstone

It mainly comprises thick homogeneous mudstone and
thin massive fine sandstone (Table 4). Wedges of disorga-
nized, graded gravelstone and massive, graded gravelly sa-
ndstone units are rarely intercalated (Table 4). These de-
posits represent low-energy setting, characterized by sedi-
mentation from hemipelagic suspension and low-density tu
rbidity currents (Table 4), adjacent to the channels and de-
positional lobes (Mutti and Ricci-Lucchi, 1975).

" Chactic depasits of gravelstone, sandstone and muddy san-
dstone

The chaotic bodies are represented by disrupted beds of
gravelstone, sandstone and muddy sandstone, and shear
zones due to rotational slumps, folds, faults and loading and
shearing by moving flow (Fig. 11). Small-scale chaotic units
such as slide blocks of calcite-cemented sandstone, armored
mudstone balls and outsized boulders also occur (Fig. 4B).
The chaotic bodies are interpreted as large-scale slide and
slump deposits (Prior et al., 1987; Prior and Bornhold, 1988,
1989, 1990; Bornhold and Prior, 1990).

COMPARISON AND DEPOSITIONAL PROCESSES

Superficial depositional features of modern steep-faced
slopes off fan-delta systems are commonly surveyed by

high-resolution instruments whose resolved dimension is in
the order of several hundreds of meters or more. In out
crops, however, observations are made on tens of meters

scale and large-scale festures such as channel (or chute)

ik, i i |

Fig. 11. Chaotic deposits showing slide/slump structure (or
growth fault). Note slump fold on the right part of slump
(or slide) plane. Over- and underlying sequences of
slumped unit are laterally continuous. Example from
the Miocene Pohang Basin, southeast Korea (after Choe
and Chough, 1988).

margins are scarcely measured. Most descriptions on out
crop sections are thus scale-dependent and are interpreted
for the third dimension.

Coarse-grained sediments on Gilbert-type foresets and
steep slopes commonly form inclined beds. Here, deposi-
tional processes are largely controlled by the grain size of
sediments (Orton and Reading, 1993) which is also related
to the fluvial discharge rate and resultant variation in se-
diment supply rate (or bed-load/suspended-load ratio) from
the alluvial feeder system (e.g. Syvitski ef al., 1988). When
observed in outcrop sections, sequences are planar and in-
clined at an angle of repose or more (over 35°) (Kauzanci,
1990; Mastalerz, 1990). Coarse-grained sediments are clast-
(or matrix-) supported; individual beds are either conti-
nuous, wedged and isolated or chaotic.

In coarse-grained foreset, sediments are transported by
avalanching of loose grains at the brink point between the
Gilbert-type topset and foreset. Further downslope, sedi-
ments move mainly as small-scale slides (or gravity slides),
cohesionless debris flows (or density-modified grain flows)
or high-density turbidity currents (e.g. Postma, 1984a, b;
Colella et al., 1987; Nemec, 1990). These systems lack la-
rge-scale slope failures that commonly occur in fine-grained
delta fronts (e.g. Prior and Bornhold, 1988, 1939, 1990).

Fine-grained systems are represented by various sedi-
mentary facies and bed geometries, which show systematic
downslope variation in architecture. Fine-grained foreset
sequences comprise steeply-inclined (>20°) beds of sheet-
like, wedged, and chaotic bodies. The sheet-like units are
largely deposited in low-energy settings. The wedged gra-
velstone and sandstone bodies represent frictional freezing
of avalanched gravels and sands. Rapid deposition of fine-
grained sediments results in intermittent slope failure, fo-
rming long, narrow, downslope-running troughs (Postma,
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Fig. 12. Simplified depositional model for subaqueous fan-delta
system. Note diverse architectures deposited in foreset
and prodelta environments.

1983; Prior and Bornhold, 1988, 1989, 1990) (Fig. 12). These
deposits are penecontemporaneously deformed largely due
to rotational slump and plastic flowage (Postma et al., 1988).
The deformation propagates to the bottomset (or prodelta)
and slope apron mainly as ‘bulldozer’ effect, associated with
the laminar flowage of the detached foreset strata (Postma
et al., 1988).

Slides and slumps result in deposition of channellized
gravelstone and sandstone bodies in the upslope part of the
prodelta (or bottomset) (e.g. Prior and Bornhold, 1988, 1989,
1990) (Fig. 12). The proximal channels (or chutes) are filled
with sandstone units. The channels gradually become sha-
llower and wider downslope, and finally disappear in the
distal prodelta where depositional lobes are developed (Fig.
12). Occasionally, large-scale turbidity currents are genera-
ted by resedimentation of shallow nearshore sediments du-
ring seismic and storm events (Fig. 12). These flows acce-
lerate in the steeply inclined foreset. Abrupt decrease in
slope gradient in the bottomset (or prodelta) results in hy-
draulic jump, during which thick graded sandstone units are
deposited (Fig. 12). Interchannel and interlobe areas are
dominated by sheet-like muddy sandstone, sandstone and
gravelstone. Most of these sequence are penecontempora-
neously deformed, resulting from the detached foreset se-
quence and plastic flowage of the foreset and bottomset st-
rata.

CONCLUSIONS

Modern steep-faced fan-delta system comprises steeply-
inclined foreset and prodelta which are characterized by
distinct large-scale surface morphology including chute/
channel, swale, lobe/splay and debris fall. These features are

mainly formed by underflows of riverine processes and se-
diment-gravity flows originating from sediment failure up-
slope.

The steeply-inclined foreset sequence of equivalent an-
cient system comprises sheet-like and/or wedged bodies of
gravelstone and sandstone and slump-scar and -fill. Ancient
prodelta environment is characterized by channel/chute-fills,
depositional lobe sequence, sheet sandstone body intercha-
nnel/interlobe sequences and slides/slumps.
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