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Sedimentology of Inclined Heterolithic Stratification in Sukmo Channel,
Kyonggi Bay, Korea - Application to Oil Sand Exploration
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Abstract : An occurrence of inclined heterolithic stratification (IHS) is described from a tidal point bar in a 40-m-deep
distributary of the macrotidal, Han River delta, Korea. The channel bank demonstrates a convex-upward profile with intermittent
presence of wave-formed scarps znd terraces near the low-water level. The vertical succession of IHS is approximately 25 m
thick and dips into the channel with angles reaching up to 14°. The IHS overlies 15 m of trough cross-bedded sand deposited in
the channel bottom. Even though the channel as a whole is ebb dominated, the preserved cross bedding is predominantly flood
directed because the mutually evasive nature of the ebb and flood currents causes the point bar surface to be flood dominated.
The THS itself consists of inter-stratified fine sand, sandy silt, and silt with an fining-upward textural trend. Seasonal discharge
variations of the Han River are not obvious in the deposits, because the large size, distal location, and energetic tidal

environment of the studied chanrel reduces the impact of river-stage fluctuations.

Keywords : inclined heterolithic stratification (IHS), oil sand, tidal flat, Sukmo channel, Kyonggi Bay

M B

ot HES wiFo| 7EH AARAA wede AE A
Alo| "2 (IHS, inclined heterolithic stratificationy2txl gk
tHThomas er al., 1987). 7AAtelASHdEel= FHH ol epsiton
cross stratification (Allen, 1963) X+= longitudinal cross bedding
(Reineck, 1958)0 2 E27|= glow z|Zol= 3] H2ld 9l
oAxe] oo FAEHM FES B s HAA o] H
HAAe o] 47l SaiA A= AT (Stanley and
Surdam, 1978; Martinius et al, 2001), F2 Aldsls sk
FREN) Fog AR stA] hEeZItt (Barwis, 1978; Clifton,
1983; De Mowbray, 1983; Thomas et al, 1987; Smith, 1988).
Lo gl #EE 7% st (Jackson, 1981; Makaske
and Nap, 1995; Page er al., 2003), ZAIE S 24H

@A FeHAA AZEKSmith, 1987; Thomas et al,
1987; Shanley et al, 1992; Kvale and Vondra, 1993; Ainsworth
and Walker, 1994; Eberth, 1996; Cotter and Driese, 1998;
Falcon-Lang, 1998; Gingras et al., 1999; Gingras et al, 2002;
Shanmugam et al, 2000; Martinius et al, 2001; Beets et al.,
2003; Dalrymple er al., 2003). €A 77] HAZ)r BZY
= ZAAelddidEele] FRe e S9AR] Aol Bk |
Bolr FAEe AreldddFee tl 1~4vEe aEE
el 9 (Reineck, 1958; Bridges and Leeder, 1976; Barwis,
1978; Clifton, 1983; De Mowbray 1983; Smith 1988; Anima
et al, 1989), 27| HAZAAM = A 259 FAE Holr|=
StC}(Mossop and Flach, 1983; Plint and Wadsworth, 2003)
(Fig. 1).
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Fig. 1. Giant (~25 m thick) inclined heterolithic stratification (IHS) in
McMurray Formation (Alberta, Canada).
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Fig. 2. Schematic diagram of Steam Assisted Gravity Drainage (SAGD) in
2 stacked channel deposits. (A) Longitudinal profile of horizontal
well pair. (B) Cross section of (A) showing development of steam
chamber retarded by lateral accretion of mudstones. Sandy to
muddy channel “life cycle” from Wightman and Pemberton (1997).

g o] HAAe} FAGE FEE ke EAAT o7 AAelA
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o] 7ix] 7HdEe] AAlE Bl ATk (Mossop and Flach, 1983;
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£ Hols 7% CSS (Cyclic Steam Stimulation), 334 H38he]
7dekS Hol= Z-F SAGD (Steam Assisted Gravity Drainage)
o] Fo| HLHT} (Wightman, 2003) (Fig. 2). B =EolMe
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Fig. 3. (A) Map of Korean Peninsular showing location of Kyonggi Bay
(B) Map of inner Kyonggi Bay showing study area in Sukmo
Channel, the main distributary of the Han River. (C) Bathymetric
map of Sukmo Channe! in the vicinity of Oepori Port.
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(KIER, 1987). %‘Lﬂ%ﬂ% =z B2 1 km AR} HAREH
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7904 99 Atojol] FEFET} (MCT, 2001). 82 Z71) o]
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HEE Hojed @2 FHEAAE ~750mg/l, F571°
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Fig. 4. Cross-sectional profile of Sukmo Channel, drawn from echo-
sounding. The maxium slope of channe! wall reaches 9 degree.
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Fig. 5. Repeated profiles of Oepori channel bank. Note alternation of
progradation/aggradation and retreat over short time intervals,
especially in the area below mean sea level (MSL).
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Fig. 7. Photographs showing representative sedimentary facies: laminated sandy silt (A, B), laminated siit (C, D), and laminated mud (E, F). Note lamina
thickness and size of deformation structures generally decrease from lower (A) to higher (F) elevations. Scale bar in (F) is 3 cm.
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Fig. 8. Line drawings showing variation of rhythmic tidal lamination (tidal
thythmites) with increasing elevation. Arrows indicate inferred
neap-stage laminae. Thicknesses o7 neap-spring cycles become
smaller with increasing elevation. Note that convolute lamination
commonly occurs in thick, spring-tide laminae. MSL, mean sea
level; MNHWL, mean neap high-water level; MHWL, mean high-
water level.
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Fig. 9. Schematic columnar section of Sukmo Channel bank near Oepori
Port. Note that inclined heterolithic stratification extends through
the entire intertidal and shallow subtidal portion (upper 25 m) of
the bank. Tidal rhythmies are present mainly in the upper intertidal
zone, and may also be present in the shallow subtidal zone.
Coarsening near the MSLWL is attributed to wave influence. The
cross-bedded medium sand below —25 m is flood dominated; ebb-
oriented cross bedding may occur at the very base of the
succession. The IHS may be cut by large-scale slump scars, with
chaotic debris near the channel base. MSLWL, mean spring low-
water level; MSL, mean sea level; MSHWL, mean spring high-
water level.
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Fig. 10. Flow patterns of the dominant and subordinant currents in a
meandering tidal channel. The dorninant current is responsible
for the obliquely down-current migration of the point bars, as
indicated by the short black arrows, because the point-bar
surfaces (indicated by stars) are in & low-speed zone at this time.
By contrast, the subordinate current is stronger on the point-bar
surface than it is on the cut-bank side of the channel. This may
cuase the preferential preservation within the point bar of cross
stratification dipping in the directicn of the subordinate current.
The deposits of the channel thalwe;z may preserve the dominant
flow direction.
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