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gold 5 AL A=HS 71eo] SR} JFet 870
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ABSTRACT: Sedimentary basins on Mars are key research targets for understanding the planet’s physical evolution, paleoclimatic
fluctuations, and the potential for preserving biosignatures. This study synthesizes recent findings to review the distribution, formation
processes, stratigraphic characteristics, and analytical methodologies of Martian sedimentary basins. The geological history of Mars is divided
into three major periods - Noachian, Hesperian, and Amazonian - during which the planet evolved from an early humid environment with
active fluvial systems to progressively cooler and drier conditions. Sedimentary basins on the Martian surface are classified into three types:
small impact crater basins, large impact crater basins, and elongated valley basins. These basins preserve evidence of diverse depositional
environments, including alluvial fans, deltas, fluvial channel deposits, lacustrine deposits, and coastal deposits. The Eberswalde delta, in
particular, demonstrates cyclic sedimentation controlled by external factors, as indicated by repeated water-level fluctuations and multi-lobed
deltaic development, representing a key example of climatic modulation in Martian paleoenvironmental studies. Furthermore, sequence
stratigraphic models of the northern oceanic basin suggest a characteristic pattern of long-term forced regression associated with the gradual
disappearance of an early ocean. Studies of sedimentary deposits within the Valles Marineris region also reveal that tectonic activity may
have directly influenced depositional cyclicity, providing new insights into the structural evolution of Mars. Recent research has proposed
an orbital facies framework based on extensive orbital remote-sensing datasets, enabling broad-scale stratigraphic correlation and
interpretation of planetary climate evolution. The search for biosignature on mars may be one of the most important science target of the

Copyright © The Geological Society of Korea 2025
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Korean Mars missions. Sedimentary basins need to be considered as top priority landing sites as they record long-term hydrological activity
and recurrent environmental change which might have provided a cradle of early life forms. In order to select future landing site, the development
of advanced pre-mission observation technologies, such as high-resolution orbital imaging, spectroscopic surveys, and subsurface radar are

required.

Key words: Mars, sedimentary basins, stratigraphy, orbital facies, planetary science
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E]ZEX|(sedimentary basin)o]] 4o|= E|HE2 EZXE
a9 GAL = S o) s}, a4 AlAE W E2
&3S 7153= 5231 ThA o]t Reading, 2009; Allen and
Allen, 2013). o]2fat H|=i71S& AW A7k FHolA
dojt 7] % Wiz}, a4 W, A= W3}, 121 A 3P
d 7R ZEA o 2 jEgsty| wigell, At} 2yt
A A thito] Elojgth(Catuneanu, 2006; Nichols, 2009).
Aol el BlHst ATl At A7) Fot wlebHel WA
2 o)20] gron], 1 3AA Al 711 HAIH 437} B3]
Tz A, EZAF E4(sedimentary facies analysis)
< 3 EAZRE T} 18 B US4, 2R dE
Hy 192 Ash= BLZE(plate tectonics)?] =9, Al
7, ARV B S olslisRe 2715 M sk sequence
stratigraphy) 2] Eo]ci(Miall, 2010; Catuneanu ef al., 2011).
2ol = AeA HHol Bt JAFAS(AD 7]&o] §
A5t 5 B84 Qo] HEHEA, o Bt Aol
A 2 ad FFst 5 =L A dejchdo] 4
37 QIek(|, Ayranci et al., 2021; Di Martino et al., 2023,
Gao et al., 2025).
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F&] LA E](Curiosity), TA]H]o]H 2 (Perseverance), 3=
(Zhurong) - REL EHER 2 == Y, 2 EF
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et al., 2012; Farley et al., 2020). ©]+= 3} 2] EH| A 1}
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Fig. 1. Topographic map of the Mars with names of major geographic features (modified from Coles et al., 2019).
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o] A% d(resurfacing) =] I}, o] Al7]ofli= LA Th & of
B 35 EA9] Eo] AR tefe g ol Fsh= 357
g& o2 WAk, Athgt F3(canyons) = B/ =™ o+
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ot &7 ¥dke dift e S5 AR dREY A4
= AAIRe, FAE W H(cryosphere) o] WS 2
AR Helh Tdeu gk o] e B3 =0 &4,
EG U A w4, 283 i H o m EXste d|lA
go}7] Al (valley networks)> 4 BFo] &3] A
R A= 322 AJARSHH Carr and Head, 2010).
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Tt g% =R oty A7) Bt Bt M E5E
< slaggolr] 9] oF 1/10 Lz FaFon, 2 B
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T A7 FREHIAN a2 T AT R
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o3 FAJH A Foltt. ooz SRS FEFE(polar layered
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Fig. 2. Diagram summarizing major geologic event on Mars in accordance with geologic time scale (modified from Carr and
Head, 2010; Ehlmann and Edwards, 2014; McSween ef al., 2019).
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FAY 25 HolE 2455+ S A|(concentric cra-
ter fillrk Z3HETE 7HE FAAPA Y] @3 (gullies)Ex
=2 o] A]7] 7)) §A = AtHCarr and Head, 2010).

3. 3k EIXEXIC 222 EIHLE

spge] EHe A W4 FRON ERT PulT- B
A% o2 T2E Mtk 1). YR PHiTE 4
2 o2 &2 A H(highlands)2 o]Fo)A o, g
L &4 FEF(impact crater)} TR o] EX| 50| EE3IC)
Wb, Exks vl A $2 I (lowlands) S 7HAIH, BEk
g A Fo] WA et AR FAds o= Sl Andrews-
Hanna et al., 2008; Carr and Head, 2010). FHF9] 31]
Holl= ot 2719 = 719 B4 F2E50] FEE
Rom o] uAERE 2 WRE d4Z2449 st=9
AZE A S| it Aoz 22 SAFET
EA ST A3 LEEE HE EAEE Rt £Ast
=4, o}27]d| EX)/H Y(Argyre Basin/Plantia)i} &zt
H%]/ Y (Hellas Basin/ Plantia)o] tJEZ]|Q] tfg EX|=2
H3th o2 A% W LAR2nE 29 FE EAE,
AHH o2 22 FHRA 7| Qe A E4} FHEY &
2kxjolzL, ARl it SAlolle &l fEEHe &
YR 2 A3} K Frey, 2006; Tanaka ef al., 2014). £E3]
ekt EA = P4 2 FolAE M 2E AY F s
2, BHE S 7] ool Fad Qg AR
##] 9Jth(Head and Pratt, 2001). o]of H|& EH1 A %]
&= 74 2] tjoFER](oceanic basins)Z 4] &= FH
Tt HEAFE o]FH, o 7] A Z|(sub-basins) = Al
S, tEAe) Bul B2 o BX)/BUtopia
Basin/Planitia), ©]A]t]A 2-X)/HY(Isidis Basin/Planitia),
831 B=EX|(North Polar Basin) 5°] 3loH, o]&2 &

SKNorthern Oceans) A|A|2] X2 7t Carr, 2007,
Carr & Head, 2010). o] BAS- 5} oh3) Ayehe] Bo] =
A i Ei iR 5o ge] EHow sHm,
3Pyl o) 719 9 el Belol glof A= whA
£ A F3tcHAndrews-Hanna ef al., 2008). S EHo|+=
HFE 7199 AA e th2A fom AA AH o
T ASE EE8A AR, 1 fiol= ottt A4
7t Bofglo] EHEAE A3 & 5 UrhDavis et
al., 2021).

o]} Zro] gt XA 25| fle Y HAE
Az, &R FAFET B4, EHE EX19F gt i+
B NFET A, dFE A EAE giEE 4+ Utk
3] T2 EA| o A= thakst B A2 ol A B =4
2 E|ZA7} Bk o]2i3t EFAl= AV (alluvial fan),

A2 (delta), AR5 (fan-delta), SF=(alluvial channel),
S 4(lacustrine), 18|31 3fj@Kcoastal) 2HF FollA EZH A
© =2 3| HE i Hauber ef al., 2011; Grotzinger et al., 2015).
3 YE X FGojA= tF 2 F<(catastrophic flood)Z ¢l
3l FA4E A2 Hol= FI(canyon)Tt Al (valley)S
A= A A = Bl tiBaker, 1982; Burr ef al., 2009).
o2 @717+ ST = Aol o 4], Kt EA
H 294 245 it g FEEAY Y 3
Aol A= sk Aol s F4E A FA F=(coastal
erosional features)7} 2+ W&sl= 7$7) Wl o] AAR
£ w2t ol WFe 2 A HAA Y st ATE A4
Z o2 didsi, o]= AP B ol FAE X EHE
5 WS S5k bl 83 GAE AlFRItHDi Achille
and Hynek, 2010; Mangold and Ansan, 2006). £-%]2] &<}
Foll= ety oz Faj7t 2 idet AlEd B ™AL 2
gtk o= A7kl Az FE oA &] A2 (standing
water condition)of|A] F--E|2ZRg0] ofsf F4H AR, =
B 354 B BA| YR 2 S WgdtK(Grotzinger
et al., 2014; Stack et al., 2019). o5& EZH|= A7t o+
£ E489 ¥k, 17]F W, 1ol A R s E
B HBLE 7| S5al Qlof, 3 1eh B 4 AR E
282531 QJth(Ehlmann et al., 2008; Grant et al., 2014).

3.1. A8 2MFE 29| EIHE2 SM
SAFETe #RE FHE IR 22 YRkN= 5
EF Y(rim) 2] FAPHN A 912 FY(interior plain) &Z O]
A= AL A B & wet AR B AR, 18
A7 S A2 g A JltiMorgan et al.,

Fig. 3. A fan-shaped features showing how flow of water trans-
ported sediment from the upstream catchment. The water and
sediment spread outward and are deposited through a single
point, the apex, where the flow meets the lowland. The
ridge-like features (white arrows) that appear on the distal fan
surface represent inverted channels, which are remnants of flu-
vial deposits that have resisted eolian erosion after the for-
mation of the alluvial fan (from CTX mosaic map of Murray
Lab, centered at 22.3817°S, 77.0142°E).
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Fig. 4. Example of fan-shaped deposits in a small impact crater basin. (a) A CTX image of Hargraves Crater in the west of Isidis
Basin (CTX mosaic map of Murray Lab, centered at 20.7654°N, 75.8603°E). (b) Detailed view of boxed area in Fig. 4a showing
fan-shaped deposit with its catchment area and general sedimentary transportation direction. Note that the south eastern margin
of the deposit is eroded and exposed its stratigraphy. (c) A CTX image of a small impact crater basin with an inlet valley (CTX
mosaic map of Murray Lab, centered at 8.5255°N, 48.0046°W). The basin is nearly filled up with a fan-shaped deposit. Blue
dotted lines denote catchment areas and red dotted lines demarcate the boundaries of fan-shaped deposits. (d) A CTX image of
a small impact crater basin with alluvial fans (CTX mosaic map of Murray Lab, centered at 47.9145°S, 104.6278°W). (e) Detailed
view of boxed area in Fig. 4d showing laterally arrayed relatively recent alluvial fans.
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Fig. 5. A fan-delta within Eberswalde Crater. (a) Topography showing the impact crater and the surrounding highlands. Valleys
that supplied water and sediment downstream are clearly observed in the upstream area of the delta (CTX mosaic map from Murray
Lab, centered at 23.9103°S, 33.6839°W). (b) Enlarged view of the rectangular area in the overall topographic map, showing
well-developed radial delta lobes formed through multiple depositional episodes.
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Goudge, 2022). 9NH8© 2 47151 Hetak Abel(flat-top-
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Wpalat )] £4) Ghig FEoHs WA A AR
i (AR

ol2|gt AP o2 agt] AFA] Aol F HE
Ho o, A AT Fo T, BA ol F A4
o3| =i Tl o3 I S WEE ot = Q=
g EA Alo]ti(2 9 5; Pondrelli ez al., 2008). o] AAMA]
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AR 3 oA A goz TAEe] dov), 2% v
A 475 719 B saEchad 6). 2 del
A A A= gt A BA|(cross-cutting rela-
tionships) & &3l HU 4= lom, o] & vl o= 425
B Y(delta plain)@} AFzFE A W(delta front) Alo]o] ZHo|
Frrozae gAle] okl 49 MBS A - 3
Th(Pondrelli ef al., 2008).

ZF 4 7He] Mk 94 gRlef ofs 2HH AL E Ho|
o, A 29 9] HE(water-level fluctuations)©] 2%
B}, o] 27k HR A hiksystems tracts)Z} ATE 715

Fig. 6. (a) Detailed satellite imagery of the fan-delta showing individual channel-fill depositional lobes and their relative strati-
graphic order from A (older) to E (younger) Redrawn after Pondrelli ez al. (2008). (b) Sequence stratigraphic interpretation
(Pondrelli et al., 2008) based on the spatial relationships among bottomset, foreset, and topset units of the delta deposits and their
corresponding depositional lobes (fig. 15 in Pondrelli et al., 2008). (¢) Grain-size recognition and its vertical variation derived
from surface characteristics of the deltaic deposits, indicating an overall upward-fining trend (HiRISE image PSP_001336
1560 _RED). See fig. 7 of Pondrelli ef al. (2008) for more interpretation.

e : Water-level | Systems Tracts/
Lobes West Depositional environments East curve Boundaries
E ' 1 Ris ?TST
e — Rise TS?
D - Delta plain FSST-LST
= HST
: MFS
C TST
c TS
B FSST-LST
A Fall MFS
TST

Fig. 7. Sequence stratigraphic model of the Eberswalde crater fan—delta system (modified from fig. 21 of Pondrelli e al., 2008).
Short-term fluctuations indicating episodic variations in water-level are superimposed on a long-term trend of water-level fall.
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53 339 S Bd(stratigraphic model)Z A| A3} =4]
(¥ ), o|52 AAH E XA Y] Hxo}t FeHE =254
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Aol S sAE AR flel Slae 918 Y
2 S AlFsiH, 3Hd 55 AR o] SAEGAL ool &
A o 2 A= 4= Qltt. Barker and Bhattacharya (2018)
= 27] 3l 9| seke] EARS 7Hs A ASE ¥
A A o]% 9] thfR &= 42 (outflow channels) BFE A
710 @& TA 2R J2AH EFEo] ARt &4
otk 7He] A BdS AAgtt 750 HXH
Wrtol ofa) S TAe] A BAH T WA A9l
A FofA FF D LS4 (surface and near-surface wa-
ter)9] FXA 24E 2 star, I it Eo] L= A
ol 47} E8(cold-trapping) FH= AL ARE AOE
AStATHH 8).

olefat Wk 2] W A HHEA ol A =53}
I A714Q1 A S = (forced regression), &, =32 X
4 200} W] A&Ho2 B YRuges o |
Ho7o MEE SIS Aoz g A7 A
ol Al mho] @ Ao Lot HiALE & $17](Messinian
Salinity Crisis)i= 5% Aol &J8f th2 527} H 714
o= susin g HHsHY 9 847 232 ol
317] Q5 x| FL2] 3 A]-G-AHterrestrial analogue) A 2 H]
WEH o]} FARRE B o] S A = YT, o=
10} e} HAE Ul e Bl A4l diagnostic
sequences of deposits)@} I E A3 (regional-scale un-
conformities)S FJAHS 7Fsg ol Atk o] A A5HH
EAL BE X9 7Fd A ¢l A FH3Hintermittent re-
surfacing) @} o7, &2 2|olr| B7]|712] X3P 27] 5
ope] WAH AL AA|BH= 279 A gekBarker and
Bhattacharya, 2018). o]= AA|Z ¢l SAHIIE bl g

Water Loss: & Water Loss:
NN / Cold Trapping at Poles
Sublimation and Space
SN

i

Water Table

Prograding Clinoforms

Southern Highlands

Legend: S.L. - Sea Level
HST - Highstand System Tract
FSST - Falling Stage System Tract
SB - Sequence Boundary

Crustal Dichotomy

Northern Lowlands

Water-saturated NN\, Subaqueous Deposits ~nnnnnn  Erosion Surface
Ocean/Ponded Water

Subsurface Ice Detrital/Evaporite Deposits

Fig. 8. Low-order sequence stratigraphic model of the northern ocean showing Amazonian time with pre-Amazonian stratigraphy
(modified from fig. 8 of Barker and Bhattacharya (2018) with permission from the publisher). It is characterized by a unidirectional
decline in surface water and the influence of persistent ice on the stratigraphic architecture. HST and FSST formed in the early
Noachian while the lower ice layer formed in the latter part of the Noachian. Continental dust, ejecta, and volcanic material accumu-
lated on top of the lower ice. Middle and late Hesperian outflow events might form the upper ice layer which eventually buried
by continued deposition of the mantling dust and volcanics (Barker and Bhattacharya, 2018).
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gheh wEbA 4,000 km 0]4e] Aol & 7H miEjv|E
2 AGE HARARZ ogfstaL o] AAdt 25 AT
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Fig. 9. (a) Topographic map of Valles Marineris (Viking colorized global mosaic 232 m v2). Southern Coprates Chasma is marked
by a white box. (b) Detailed view of the southern Coprates Chasma. Two layers of alluvial-fan horizons, older upper fans and
younger lower fans are color coded. Arrows mark normal faults run parallel to the orientation of the valley. They are separated
by steep slope formed by inward fault propagation. For detailed lithology, drainage system, and formative processes, refer to Davis

etal. (2021).
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4.E9) Ak 7 WSkE @ B sk Sk et shye) B9,
A& 1% o] il AskAolo]A] A\ Toh Ze AL
2 S22 2474 Wge A BN ofhch At
257} ZASERE, SHGRNN BE ST
A Q) 57 o] s AH OB He 5 £

4.1. 3+S0 S3HE EXoiM L

T

Fig. 10. Examples of Martian orbital facies proposed by Grotzinger and Milliken (2012). (a) Massive Breccia (MBR) exposed
in the central part of the Valles Marineris (HiRISE image ESP_025600 1735). (b) Complexly Stratified Clay (CSC) exposed
in the northern rim of Muara Crater within Mawrth Vallis (HiRISE image ESP_050362 2045 RED). Arrows indicate different
types of unconformable contacts. See more details in fig. 16 in Grotzinger and Milliken (2012). (c) Laterally Continuous Sulfate
(LCS) observed in Melas Chasma (HiRISE image PSP_006678 1675). (d) Laterally Continuous Heterolithic (LCH) outcrops
near Juventae Chasma (HiRISE image PSP_002946_1765), where bright and dark layers in satellite imagery correspond to strata
containing opaline silica and sulfides (Grotzinger and Milliken, 2012). (e) Distributary Network (DNW) developed in a lacustrine
delta at the southwestern Melas Chasma (HiRISE image PSP_007087_1700). Arrows indicate inferred sedimentary pathways.
See Metz et al. (2009) for more detailed interpretation. (f) Rhythmite (RHY) within the strata filling the Becquerel Crater (HiRISE
image ESP_044784 2015, same view with fig. 3B of Lewis et al., 2008 and fig. 9C of Grotzinger and Milliken, 2012), with arrows
indicating cyclic bedding patterns regularly observed in the sequence.
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2 7IAE A3e] A3 ol BAHe Aeto] mET,
olefat B FRal7] Sfat A= HIUOR, Grotzinger
and Milliken (2012)& A7 E|=57]0] EbAdu} SRR S
e o 2 31 et ulik(seismic facies) 7]g-S S-83F A=
% (orbital facies) 7H'd-& A2FSHATE ol= = BAL A=
(orbiter observations)E 7|Wto 2 EZH Q] FLZ3F
(depositional framework), A4 72 L 22144
A (bed-scale textural/morphologic attributes), 12|31
2ok4 2 (mineralogy)& FEHOR Tejslo] AL
o] & FRIIE B Aolch. AZEEA A o)
=1 22 AN 7HR] 8 {FF O E A HH(Grotzinger
and Milliken, 2012).

(1) A Z+= g (Massive Breccia, MBR) - T2 2}
A HATE L 5 719Y A HHA R Y o
£ A 3A TEIETHE 10a). (2) 55 oY
(Complexly Stratified Clay, CSC) - 233t Z2|& 714
HEA, S8 oA 9 WA Bl &S gt 1™ 10b).
(3) &9 < skAkg(Laterally Continuous Sulfate, LCS) -
Foz Ao Hojd AR, A EEolA 9 S L
3leH4 B4 9] AR SiAEHd 10c). (4) S o]
A (Laterally Continuous Heterolithic, LCH) - T}Fst ¢
Zol FEHe] nZsh o YA A%E= AR
L7, Hilsh= EREES AXREHE 10d). (5) A7
(Distributary Network, DNW) - A2} = 3= )
o] ZAF HAG o= Wi AR RE FuE 53 HE =0
A A1 EZAeTt 1 10e). (6) BHE5(Rhythmite, RHY)
- 5714 S2(thythmic bedding)7} 5313 =44}, A€
EE 715710 o FAE A2 A ETHIE 10f).

37 ER LSS M9 o] thEA] A H(reference sec-
tions)of| A W=, o] 59| A<%A vl H(succession)> H
2] Dozl Ao 7+9] FA] tfH|E 7Fs5HA $itt. o] & F3l
3 EH9] &7 HIE ATHE-g A o2 Wk Qs
A 4T 4 A H U A E o= B, 31d 9] 7}
7 22 ¥ AP MBR1} CSC EJZ 4ol LA, At
2 2 F2 APl A= LCS, DNW, RHY E|&4}o] |ulj2]
olch. gyt Y A FofA= HES T3 DNWEE LCH
E| &gl that i it EZA(LCS)2t FAIH(EAIA, co-
eva) 2 U7 = ghe} o]= 349 715 X137} whed
A YA eE]-AR] Ao)(global alkaline-acidic transition)
2499 4 ¢leS BojEr) 23]8 97 $E|x)3ket 3t
Z(aqueous geochemistry)2] ThoFAJ1}, X E4(surface wa-
ten)9 AJ5}x(groundwater)7} 212} AR5 R= Al efgtol
Halr o g ZRgo S AJARSICH Grotzinger and Milliken,
2012).

o m jm
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4.2. 2elLI2H 2k EFALHI AU0IM 9l &l

3 FAE 3t Hl Jlo] 7P Al BEh &
9] A|l=9l= AEA| £ (biosignatures) 2] Eelo]tt. o]
= "FFEFT(NASA), FHSF=(ESA) 5 8 =5
7139 7] gA 22 ao e A=A 2AE 239
At A=, 54 & oA E-4A4-F71E 22l
e A 245 Fdl 242 o ok vt ¥ 5
3 HALAY E3 Y Fo] 2 oM B FshtE A3
2 7FsAol wom, oo Rtshe 'AL | o HA A &
FA] A4 Heo] futE|ojof qirh. A Y] E2 o] &
7hsAo] 2 S gtE o Fo] ATt g How
ZAPE X H2 EHEA] 2} W EZA|t}. E3], T
3| YAl =17} o2l WHEA Q) =9] HE 23 W
37t 7189 A9, tpefet se-EEA 24 A
7F AU FAEHNS THAEE HEE o e 2A
o] $H o}

3713t 272 olu| 27} Bkl Y= A Z(Jezero),
AY(Gale) A E= $A AFH oW 2Ag 245
T-of o] A717ke] £+ BE HA F7)4o| 3ESH=
A QoA fEA o2 FEET SR tj o) TpA At
2|9 E3 H|EE S o] WERE o AAEANE 1
Fi s 587300 Blsf oFz]71R] "ALY] Sl=7} g o
o} wheba] e uhete] 3 2HE gALAE T3 S5 E A
A7 sk, oekdt 87 XA FES EAE
gz dAske o] Higrdlsith ol slise A=
A XA o)A A2 AL A= T=(orbital reconnaissance)
o] AAAo|t} A=A9 A= (resolution)} 34 ©R|%
H(spectral sensitivity)> £ EZ A Q] JL2A wjg, JE&
24, 283 A4 A5S 285t H E530)7] of
Zolth. 53] o] II/NE A=E v o2 A AAE F
ZA} A A(Grotzinger and Milliken, 2012)E X313}
AA| Aol Agst= F ol FHETH, Ut &F
T R vt E A= YA AREE 3 ERY SA
2 R3tel 3+ HIlE AFH o2 S = 9 Aotk

5.2E

sho) HARR AT Besl oA W40l NP A2
S BT 222 ol A7 WA st AT A
Ro) BE 2AL FHSHE WA Hob xe] A Yk 5
3), s4de) HAAE 410 W He) 7% AE, +d &3
sheb] Foh, 193 A3k BE0) BAS RESL glo],
W o 9 WEE A B0 B S gl §
At A= 7T,



Aol A S E B AEHFAEe o]22l EAA &4,
TASAS, EAEA NE-S 34 9] 278 RIBHE olsfish=
o] A3 a3 =45 Attt 22 As G4 7|6
A= Loz, ARt #5 AoME 3 2HY
SAA-FETH EAS AFHLE 4T = = Az
7} utEglom, o] Ao A 9] EAE A HHE|
P A= E i =2A AR S 4 e Syt
FS S BAbs A71E FA1A AY BF HollA EF
A A FAF A e sof gt Ao 22
2A5L7] YeliAe, A7 o SARY EHEA, v
2l 9] W} ok 27 Hol7} 7| 5H BAE 4 1
Hafof gttt M A= B4, 3 FAL A8t ol
HA T A5 A Y AR A A 9 Fdo] Ad3E ook
she, S AF7lo] FrA oz T 4 Q= HAEA
2dlg 9 A= golg 7|9 SA 24 7e SR} AlG
sith EFA 02, X -3} v 1§ A 8K comparative sed-
imentology)> S-2|ute}t 3Hg AR R4 FAEdS &
B = e WS AR 9] EHEXE ol sfist
= AL &, AFY 3t YA FAE = A E &
205 HA sdshe Lol st wEks S =
3Hd BAF ZE2 L gt A 'L 71 TS o,
B AR R = A3 718 Fel, A 249 |4
H Q44S AHsh Fotalnlue] A Aeiule
Yt gt ojeh 2L SHEA vHL et To] SF g
A} Thste] 2158 Yo, AT} obo] $4] AR £
kst 7]4to] 8 R0l

A =

=go] AMH )AL F4l F Ho| HAel At B3
A FAEY UL 2 d3e SedT ATl AEs
Hho} 223 5] 91U THRS-2023-00301976).
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