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ABSTRACT: This study is to interpret the sedimentary environments using some core data from two exploration
wells adjacent to the Donghae Gas Field in the southwestern Ulleung Basin, Korea. Based on sedimentological
and ichnological characteristics, the cores were classified into nine facies (Mm: homogeneous mudstone, Ml: faintly
laminated mudstone, MS1, 2: interbedded sandstone and mudstone, Sm: homogenous sandstone, Sh: horizontally
stratified sandstone, Sm-b: bioturbated massive sandstone, Sc: cross-bedded sandstone, G: matrix- to clast-
supported conglomerate). The facies can be grouped into seven facies associations. The study section is interpreted
mostly as a deltaic environment from shoreface to offshore, and it can be divided into prodelta, outer delta front,
and inner delta front. FA1, composed of mostly mud deposits with thin sandy layers, is accumulated in a prodelta
environment. FA2 is sand deposits interbedded with mud, and FA3 are deposits of fine mature sands. Both of them
are to have been deposited in an outer delta front environment. In this environment, alternating sediments of
mudstone and sandstone were formed by continuous reactivation of deltaic sediments at the steep slope. In an outer
delta front, close to land, fine-grained sandstones are observed with frequent Skolithos ichnofacies. This ichnofacies
indicates a high-energy environment, possibly in a lower to middle shoreface environment. FA4 is fine to medium
sandy deposits containing rare trace fossils. FA5 and FA7 are medium to coarse sandy deposits with various
cross-beddings. FA6 is composted of muds with sandy layers and medium to coarse sandy deposits. Inner delta
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front deposits are FA4, FAS, FA6, FA7. In this environment they consists of medium to pure coarse sandy sediments,

which are interpreted as distributary channel deposits.

Key words: Ulleung Basin, middle Miocene, facies association, ichnofacies, depositional environment
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Table 1. Stratigraphy of TSU Ko-1 well in southern Ulleung Basin (modified from KNOC, 2014).

Group Geologic age Lithology

D group Late Miocene ~ shallow marine sandstone and mudstone
K group Middle to Late Miocene shallow marine mudstone and sandstone
N group Early to Middle Miocene hemipelagic mud and turbidite sandstone
X group Oligocene to Early Moicene nonmarine or coastal sediments
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1992). o] Al7]e]l &3l gl HX|gt oputEE A9
=T EAAE A 7o) dojuk £X]9] EFo]
A= itk (Tamaki et al., 1992). 7] uto] 2 A|(23~
18 Ma)olis 5alo) shato] M) A= o, 5
7] ol 2.4 Wolls 7t7F BE-A W Yol
28519 tHChough and Barg, 1987; Ingle Jr, 1992;
Yoon and Chough, 1995). 3¢5 9] A7tz &858
A G e B0 53 e e &
3t A (thrust fault)o] TE3lR L, o]F §
719 S5 (thrust fault)e] A= 4= o]
¥gRo] YA EIRon, Auke ciefe] HAEL
FH AN F5d AR A= glr(Lee et al,
2001; Yoon et al., 2002; Kim et al., 2007). 7] ufo]
2Aof| o] 28 EFEA AR HE 5 = FA
U S5 7R 2 V 27 A H
R AA7IA] §71&-F0] AEH L JUekar A¢te
AT} (Lee et al., 2011).

eat Zkze] o) M S5EA SHFY
719 S| A 10 km sH5-of] EA s, 71RkeF 4
£ A $7] EAS FA= oF 8~10 kmoj| o]
2oz dEA ok 7Rk oty 9 1 A3
7] SPIFe R AFET, e mto]l Ao Asl
AR AES, S5 R sfehEoF 17jar Sl
LA o] 29| U ES 2 Y] A EHFT LR o]
1A Qlth(Park, 1992). #4] EA{FoA 57 &
du} Apzof| o5t AR uho] @A FO] IFRES
T2 A oA 559 HeFdS Hlth(Park, 1992).

STRAE EFE Q2 99 EHAHF gt
Z27] 34 A7t BT 'AF AR AlFE ALR
(TSU Ko-1)& o]-&3t A1, B &35S st ER
g 7Rk, X3 NS, KS, DSTo 2 &
SHATHE 1). XS 2LA37]~ 2 7] upo] 24| A]7]
o] vja g = At BAS, N2 A7]~57] vt
o] @A Al7]19] WA ol H AERF At EF

I

, KZE $71~37] uto] 4] A|7]9] A/ o]
15} Ajet, DEZ-L $7] vfol @A~ A Al719) A
143 ARkt o] ko 2 A HEHKNOC, 2014).

L5EA Y EHE2 At E Hefjgg oz
g Alajgiel o|27] 7 thake Ao sjatgt.
R R g e L
of gk 4R2o) AAFHe] ofs) B
QFA B EE T2 FHof I3t AFF EHA =
34 Eth(Chough et al., 2000).

STEA Y AR FL T Y Abo]
ket S84 55 HFLE 4lo] FHAF ZH oA
= Aplo] BAHolth g 1). tiE% Xoe gt
St AR WS-8 5t=9F F3o] W3t o=
TLog TR STEA FARl fAsh diE
T EHAES e RN R HHEE I
Be 427 25 Yo zo] AAw Ao o o
A48 Aoz FHEH, 8 9o BHE A
7 oSS A Ad AR HAE ok thE
ThAlzkE Bl A 7RssthKNOC, 2014). o
FAPA-S APAAFE-APH B2 22 E]E] FAAd H
Foluh ARo| ool whe A4lo] ad Ao
2 FAEH(Chough et al., 2000). =5t ) SAHS
$El5te] £7] HUOR o) Fol BB FH
22 A FTe B AP A o= sfAHEt
(KNOC, 2014). £Hu} Aol H A2 of
HEE Rpe gERoly gy Be sj4E
= X0l vls] o] FA] o, e s
27H3T PekelA) ok e welrh ol
A ) WEE A5 ol A4 om s HaFel
57 A2go] S Baely] Yo sjasc
(KNOC, 2014). £5279] tjofA2 oj2t A=
HA2e ofa W FHE o A%ks HH=
TFAE o] tk(Chough et al., 2000). AZFHof 23]
F4 4R B Zo| WEHo 2 =HEof Al
ALAE o] R glon, EHFE 2H JH=z F

IDOO

ol




768 501 - QA - WA - HOHT

I I
125°E " 135°E 140°E

Fig. 1. A physiographic map of the East Sea. Box indicates the location of the study area (modified after Lee et
al.,2001).

Table 2. Core inventory of #1and #2 wells.

A. Well #1
Depth (M
Core pth (M) Total (M) Comments
number Top Bottom

Well #1-1  2345.00 2363.44 18.44
Well #1-2 2413.00 2430.6 17.6  49.56 m depth gap between base of Well #1-1 and top of Well #1-2
Well #1-3  2462.00 248145 1945 31.4 m depth gap between base of Well #1-2 and top of core

Well #1-3
Well #1-4 257500 2593.00  18.00 93.54 m depth gap between base of Well #1-3 and top of core
Well #1-4
Total 73.49
B. Well #2
Depth (M
Core epth (M) Total (M) Comments
number Top Bottom

Well #2-1  2740.00 276532 2532
Well #2-2 2768.00 279437  26.37 2.68 m depth gap between base of Well #2-1 and top of Well #2-2

Well #2-3  2796.00 282439  28.39 \17‘./2%1 I;z(};pth gap between base of Well #2-2 and top of core

Total 80.08
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Fig. 2A. Simplified stratigraphic section of Well #1 in southwestern Ulleung Basin, Korea.
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Fig. 2B. Simplified stratigraphic section of Well #2 in southwestern Ulleung Basin, Korea.
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Fig. 3. Core photographs showing representative sedimentary facies in the upper middle Miocene sediments. (a)
Facies Mm; (b) Facies MI; (c) Facies SI; (d) Facies MS; (e) Facies Sm; (f) Facies Sm-b; (g) Facies Sh; (h) Facies

Sc; and (i) Facies G.



Table 3. The main characteristics and interpretation of sedimentary facies with trace-fossils in the studied interval, upper middle Miocene, southwestern Ulleung

Basin.
lglgclizs Lithology Sedimentary Textures & Structures Biogenic Structures Interpretation (Yang et al., 2019)
Mm hor?l?(%;gi(éus common homogeneous texture bioturbation absent (BI 0) concentrated density flow
fal_ntly ! il uncommon bioturbation (BI 1-2), few discrete traces. . !
Ml laminated faint lamination i ] b suspension settling
Planolites, Nereites, Cylindrichnus
mudstone
: high trace density with overlap common (BI 4).
interbedded i Il i S Ayl
wave ripple, parallel lamination, swaly Thalassinoides, Schaubcylindrichnus, Cylindrichnus, i !
MS mudstone and i ; g ) j wave influenced environment
and hummocky cross-stratification Teichichnus, Planorites, Paleochycus, Gyrolithes,
sandstone i i ! il vl
Diplomacraterion, Bergaueria, fugichnia, navichnia
Laminated flaser, wavy, and lenticular bedding, sparse bioturbation (BI 1). Thalassinoides, Planolites, ~ low-energy suspension settling.
Sl I e ) 2
sandstone small scale trough, mud drapes Bergaueria, fugichnia tidal affinities
il massive swell sorted, Thint Tamination sparse bloturbatlop (BI 1)._rare Ophiomorpha and Skolithos, rapld deposition. low;r to
sandstone common cryptobioturbation middle shoreface environment
G bioturbated  well sorted, faint lamination, density =~ moderate to common bioturbation (BI 2-5) Ophiomorpha, lower shoreface environment
massive sandstone of trace fossils is relatively high Teichichnus, Skolithos, Chondrites, Conichnus near fairweather wave base
horizontally i ! ! !
. abundant woody fragments, very rare  uncommon bioturbation (BI 1-2). rare Ophiomorpha, ~ upper flow regime. upper
Sh stratified ) ! j )
| small pebble and shell fragment layers Phycosphon, Conichnus, local cryptobioturbation shoreface or deltaic channel
cross-bedded med@um i e IOVY_ " . : ’ ! upper flow regime, strong flow
Sc medium-angled planar lamination, rare bioturbation (BI 0-1), local cryptobioturbation . k g
sandstone in a deltaic channel
abundant woody fragments
matrix- to gravel with coarse sand matrix. cross- R RN
G clast-supported and horizontal bedding, sharp or bioturbation absent (BI 0) sl
; channel deposits
conglomerate  erosional lower boundary

TLL
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Fig. 4. Core photographs of individual facies showing physical sedimentary structures. a, Homogeneous and faint
laminated mudston; b, Convolute bedding with crumpling beds; c, d, & e, Gradational spectrum of heterolithic depos-
its consisting of alternated sand with draped mud in the Facies Sl (c, lenticular bedding; d, wavy bedding; e, flaser
bedding); F, Hummocky and swaley cross stratification; g, h, & i, Cross-lamination formed by small wave ripples
(g, Chevron cross-lamination; h, Double mud drapes; i, Bundled lamination); j, Planar laminated and low-angle
cross-bed with wood fragments; k, Trough cross-beds and planar bounding surface with mud pebbles in the Facies
Sc; 1, Clast-supported conglomerate layer; m, Matrix-supported conglomerate layer; and n, Planar cross-stratified
conglomerate layer containing shell fragments mixed with mud pebbles in the Facies G.
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Fig. 5. Cross-bedded (a) and faint horizontal-bedded
(b) sandstone with a disrupted lamina (arrow) due to the
process of cryptobioturbation.
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Fig. 6. Photographs of trace fossils in the cored intervals. a, Faintly laminated mudstone crosscut by grazing microbes
trace fossils (Facies Ml); b, Silty mudstone with Fugichnia (Fu), Navichnia (Na) and Bergaueria (Be) showing
plug-shaped depressions along the base of sandstone layers. This is commonly related to a high-energy nearshore
environment (Facies Sl); ¢, Thalassinoides (Th) passively filled with fine-grained sand indicating a high-energy
environment. d. High-diversity trace fossil suite in offshore transition deposits including Schaubcylindrichnus (Sc),
Fugichnia(Fu) and Conichnus (Co), commonly observed in the Facies MS; e, Cross-section through retrusive spreite
burrow, Diplocraterion habichi (Di) commonly recorded in a marginal-marine environment; f, Small Planolites (P1)
in silty mudstone with lamination, commonly observed in the Facies MS and Sl; g, Chondrites (Ch) as clusters of
burrows of a similar diameter, rarely occurring in the Facies Sm; h, Conichnus (Co) is a kind of equilibrium trace,
a common element of nearshore to upper shoreface deposits in the Facies Sm and Sh; i, Ophiomorpha (O), a typical
component related to high-energy environments, commonly observed trace fossils in the Facies Sm and Sh; j,
High-energy Skolithos assemblage including Schaubcylindrichnus (Sc), Cylindrichnus (Cy) and Skolithos (Sk), com-
monly occurred in sand-dominated heterolithic beds; k, Upper part of Palaeophycus (Pa) eroded by a high-energy
flow; 1, Teichichnus (Te) observed in the Facies Sm, frequently occurred associated with delta deposits and typical
for fair-weather rather than storm deposits; m, Rosselia (Ro) typically occurring in lower to middle shoreface deposits,
commonly observed in the Facies Sm and MS; n, Skolithos (Sk) is a typical component related to high-energy environ-
ments and commonly observed trace fossils in the Facies Sm.
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Fig. 7. The stratigraphic section in Well #1-1 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.
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Fig. 8. The stratigraphic section in Well #1-2 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.
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Fig. 9. The stratigraphic section in Well #1-3 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.



St 22X gMF 57| 0lo|M MFEe| EXHet oA 779

7} =8181A] ¢l B3k Bl AALRE 3] oA g Teichichnus, Bergaueria, Planolite, Cylindrichnus = &
ZA L EAGE 49 FAFSIH, —rx AAETLE F ol Au ERIE) Skolithos ichnofaciest= &
(Skolithos ichnofacies)7} Uehb= o] Q& otk Fo| &gt o= AlghellA & #EEH, a0y
(=23 16). Ophiomorpha, Thalassinm'des, Skolithos= E}4] 2] A S A XSk AEAfolth 2 HE-FH 3
A3 2 7000 o) BEHOR o0, Conidmus,  SHARIROIA B UEhhel SR @Rl e A4

Depth Facies Ichnotaxa Biiran—
G Facies Associ— [T T = = el el ml gl = A
ation —|RElE|a|E|lo|B| 2SSO &/ men
2,675
n
Sm
Sc
FA4
Sm
2,580
Sh n
n
s . |
MS2 FA7 1
n(m n
Sh FAS
2,585 |
Sm FA4
Mm ; u [ ]
- FA1 1 : [
MS2 | FA? . 1
m
o [ ]
M52 FAD . "
2,590
Sm FA4
[
ANMm
\le
Am [ | n
DI . I
M FAl I I
259341 7 Mm

[ ] middle to upper shoreface
[ ] lower shoreface
[ offshore transition

Bl offshore

Fig. 10. The stratigraphic section in Well #1-4 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.
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Fig. 11. The stratigraphic section in Well #2-1 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.
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Fig. 12. The stratigraphic section in Well #2-2 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.
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Fig. 13. The stratigraphic section in Well #2-3 showing the sedimentological, ichnological characteristics and inter-
pretation of the depositional environments of the upper Middle Miocene in Ulleung Basin, Korea.
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Fig. 14. The photograph and representative column type of Facies Association 1 (FA1). FA1 is interpreted as the

deposits of inner prodelta environment.
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Fig. 15. The photograph and representative column type of Facies Association 2 (FA2). This is characterized by
alternating wave-ripple sandstone with mudstone (MS2), interpreted as a distal bar deposits in the outer delta front.
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Fig. 16. The photograph and representative column type of Facies Association 3 (FA3). This is characterized by
bioturbated massive sandstone (Sm-b) and massive sandstone (Sm), interpreted as the terminal distributary mouth

bar deposits.
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Fig. 17. The photograph and representative column type of Facies Association 4 (FA4). This is characterized by
massive sandstone (Sm) and faintly laminated sandstone (Sh), interpreted as the distributary mouth bar deposits.
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Fig. 18. The photograph and representative column type of Facies Association 5 (FAS). This is characterized by
horizontal stratified sandstone (Sh), cross-bedded sandstone (Sc) and gravel (G), interpreted as the river-influenced

channel deposits.
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Fig. 19. The thin section image of stratified sandstone in FAS. Both thin sections show fair visible porosity(blue-dyed
areas). Visible porosity is mainly restricted by compaction, quartz overgrowths, dispersive clay, and authigenic
kaolinite. a, 25 magnification view showing mostly medium-grained sandstone (moderately well sorted and mas-
sive). Overall visible porosity (blue-dyed areas) is good (8.0%) and most white grains are quartz. b, 25 magnification
view showing mostly lower medium-grained sandstone (moderately to well sorted). Visible porosity is good
(10.0%). Note large dissolution porosity (G12.1, GH4.5, and H6.6) formed from feldspar leaching. Grid Reference

Increment Length (4-B, 1-2, etc) - 0.28 mm.
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Fig. 20. The photograph and representative column type of Facies Association 6 (FA6). This is characterized by
alternating thin mudstone and sandstone (MS), interpreted as the intertidal deposits.
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Fig. 21. The photograph and representative column type of Facies Association 7 (FA7). This is characterized by
alternating thin mudstone and sandstone (MS) with wave ripples, interpreted as the tide-influenced channel deposits.
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Fig. 22. The photographs of sedimentary structures from facies association 7. a, Disrupted wave ripples, character-
istic features of a swash bar. It is redistributed along the middle shoreface to the upper shoreface by strong currents.
Cross-bedded gravels include shell fragments and coals. b, Low-angle cross-bed commonly consisting of wood
fragments. ¢, Wave ripples and syneresis cracks.
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Fig. 23. The schematic diagram showing the depositional model for the deltaic environment of the upper middle
Miocene sediment in Ulleung Basin, Korea (modified after Li et al., 2017). (a) Facies Association 1; (b) Facies
Association 2; (c), (d) Facies Association 3; (¢) Facies Association 4; (f) Facies Association 5; (g) Facies Association
6; (h) Facies Association 7.
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