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ABSTRACT

The Manville Group in the Alberta Basin, Canada, contains large amounts of hydrocarbon resources and has long been a target of petroleum exploration
and production. However, there exists no standard stratigraphic classification system that can be applied for the basin-wide underground reservoirs
and petroleum systems, mainly due to the limitations that most stratigraphic nomenclatures were defined by information obtained from underground
boreholes. In this review, after extensive literature survey we reinterpret the spatio-temporal relationships of the Mannville Group and its correlative
strata on the basis of the depositional history and stratigraphic context in the Alberta Plain region. It seems appropriate to distinguish the Deville
Formation lying immediately above the sub-Mannville unconformity as a stratigraphic unit separated from the overlying Mannville Group and the
underlying Jurassic strata based on its unconformable relationship both above and below and its depositional origin. The Basal Quartz, commonly
used unofficially, is a stratigraphic unit referring to the lower Mannville strata beneath the Ostracod Beds. The Bluesky and the Wabiskaw sandstones
in the Mannville Group are very similar to the Glauconitic Sandstone in terms of lithology, but their depositional histories are different from the
latter. The former sandstones had been deposited during the overall transgressive stages, whereas the latter is a deposit that was formed during the
following regressive stage after the deposition of the former sandstones. The main reservoirs in the southern Alberta region are the Basal Quartz
sandstones, which represent fluvial channel sandstones that filled the main channels having a N-S orientation and dendritic tributary channels connected
to the main channels. The main source rocks are interpreted to be organic matter-rich marine shales of the Jurassic Fernie Group. The Ostracod Beds
are very poor in permeability and thus form a regional seal, forming stratigraphic traps in numerous areas.
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Fig. 1. Location map of the Western
Canada Sedimentary Basin relative to
the Canadian Cordillera (Machel et al.,
2012). The Western Canada Sedimen-
tary Basin stretches across several pro-
vinces in Canada and into the northern
United States. It is divided into the
Alberta Basin and the Williston Basin.
The Alberta Basin forms the foreland
basin of the Rocky Mountains.

| CANADR
- B




52 Z8M, UR7|, 0185, SAIT

STRUCTURAL ELEMENTS OF
THE WESTERN CANADA
SEDIMENTARY BASIN

//)) Basin centres

— — — Boundary Intermontane/Omineca belts

— - — Eastern limit of allochthonous terranes

— ey D Preserved rocks of the
=T s s N i _ Western Canada Sedimentary Basin
I _ Scale 1:10 000 000
Alhgbasc 0 100 200 300 kilometres
] ’—‘_|_‘—L|
‘ 3 [ 100 200 miles

.o/ SASKATCHEWAN MANITOBR

$
S
/5

Canadian

| Hearne
» Province

)
Province ]

\Winnipes |

Red™]
i t e
Slfem . Williston
Basin » ——" il 96

>

Fig. 2. Structural elements of the Western Canada Sedimentary Basin (Wright et al., 1994). The Alberta Basin is defined by the Tathlina
High and the Bow Island Arch which separates the Alberta Basin from the Williston Basin to the southeast. The Peace River Arch separates
the Alberta Basin into two basins, the Northern and Southern basins.
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the Lower Cretaceous overthrust belt
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cross section (A-A’) shows truncation
of Devonian to Jurassic units below.
A cross section (B-B’) is shown in Fig.
8. Modified from Cant (1996).
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Fig. 4. Schematic illustration of the direct relationship between thrusting in the Rockies and its consequences in the Alberta Basin. Tectonic
pulses bringing about flexural subsidence by tectonic loading (a) and subsequent uplift due to erosional unloading (b) are the primary
controls on the creation or destruction of accommodation space in the foreland system, thus controlling, to a large extent, the type of
depositional system and the thickness of depositional sequences. Modified from Alberta Geological Survey (2017).
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Fig. 3). W3] A= IHE SARE AQJeh el g
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(member)#} 4J5-9] 27| F(formation)2& Hrof2l=d], sHie=
ZFARKCut Bank Sandstone), AAMAEARKSunburst Sand-
stone), LAEZFEH|E(Ostracod Beds)ZE, AH = S2FUO]
EARKGlauconitic Sandstone) ¥ ARE WlE(Upper Manni-
ville Formation)2.& FAEcKFigs. 5, 6). AWIAARE HJES
kol AL SHA ARICE FE FAEU, AR 2=
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717} F7KRIEHCSPG, 1990). AEAAREE 740l 243 o)
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U o] Y(mudstone clast) 59 H(gravel)& ZESFHHCSPG,
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Fig. 5. Lower Cretaceous stratigraphy of the Alberta Basin formally presented by Alberta Geological Survey in 2015, showing stratigraphic
correlation between 5 subdivided regions in the Alberta Plain. The green-colored polygons in the small reference maps represent only the
approximate area that each stratigraphic column represents. Blank gaps in the columns represent major unconformities due either to
nondeposition or deposition and subsequent erosion. The time scale is not linear. Question marks denote considerable uncertainty in the
stratigraphic position or naming of the unit. Modified from Alberta Geological Survey (2015).
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Fig. 6. Stratigraphic nomenclature for the Manniville Group and equivalent strata in the Alberta Basin for comparison to the more recently
formalized stratigraphy (Fig. 5). Column numbers refer to areas marked in the map (left). The dotted lines indicate the boundary between
the Lower Mannville and Upper Mannville units, and the Bluesky Formation and Glauconitic Sandstone are correlated as equivalent strata

above the dotted line. Modified from Hayes et al. (1994).

(Figs. 5. 6), BHERE 529 Aol o] 5L AL L A7
ARt F2 P4, 294 AR A Gk FAHE B

=0
o

Y(Falher Member) ¥ EJAUSY(Notikewin Member)2.2
TAHEHFigs. 5, 6). WA H

o spole Yo olgeel

7} 5o AfjElo] Batoh= dE HolBg, B2 Ao A4 T
oot SPggolA HAEQE ACE SfAHHSmith er al,
1984; Hayes et al., 1994).

GHERE 54 BY A GojA ZEARIEZST(Port St. John
Group)9] YFQl EFA7I0IGI ANFHIZ A WS
et ERATPOIAREE 7184 8 S AAoke S5k ¢
SJEAE So] PR v Al7|of E-H SiEA o AlE
ARl A 5559 oM ATZA(Wabiskaw Member) ¥ &
5 dtjo] SEFUolEAR} 53 thAIE tiulE= 2R dEA
UckFig. 6). 2T HZZ G HY A9 5 WdSAH A
AHog HREHok= HEe EZTORA Hopio] $2 si¢3
] A& HE LA EWilrich Member)#t 71 459 AY
oA AR gzl 2 A Y AlER o|Foixl TS

SFEE¥(Harmon Member), A3 ARM-AEQ}OZ LAH 7%
EZYU(Cadotte Member), 12|31 thoFst YA} 2719 A144 EA
Ao 2 o]Fof7l wjr}F-H(Paddy Member) 2= FJHHFigs. 5,
0). N=ESHUY} it #A= TP, Wis+d 25
eI Afolof] EAok= FAgo] ST A&ZQl ElZo] Qe
o] A|FojlAl= Hlw A AqtEE W 208 wEHFigs. 5, 6
Leckie et al, 1994; Smith et al, 1994).

e 55 Y A9 WS ohEEEEH WS, o
B AFZY S2]o]¥E]&(Clearwater Formation), 181 I13HE
1 =&(Grand Rapids Formation)°] A2 E2Ic}. WIS
AlEEe] Agd Ao A, dHEs E55 ofipA7HAtha-
basaca) A9GelA FH(bitumen)E HEE ot U= AF
Fo2 Z d#A SItHCant, 1996). WHZSFL &3] HFAHI

g
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[[] conglomerate and sandstone

[] sandstone

Edmonton Valley

g of

200
00
400
500

[ intervedded shale, sittstone, fine-grained sandstone Interbedded fine clastics and imestone

B shate, minor sitstone and sandstone

—_— hin coal beds

Fig. 7. Regional NW-SE cross-section of the Mannville Group and its equivalent strata in WCSB (A-A’, red line in the map). An enlarged
section is shown for the areas of interest. The offshore Wilrich shale thins toward the southeast to be replaced by shallower facies such
as the Glauconite Sandstone. Note also that the incised valley fills are more abundant in the proximal region. Modified from Hayes et

al. (1994).

Al 7H9] SEo g FEE=Y|, oM S 1A TS flol
93t 7] 8ol & 5ot flof A9d AU 2 Egol EFRt old
AIRFS082A F& E|Z GA| AP AR ‘/}E}L}“ﬁi 38 3%
B3 AtHCSPG, 1990). 1 919 $739E 4 1l HF29
A 328 Hol AU AREoR THED, 4 FUL 7144
SE(fauna) 3HE EFstH, 9 FEE Hols old U A
Aporo & LAECHCSPG, 1990). WHE2L Agdos HXA
R0 HtEE 84 EjA7Msa7Hfluvial accommodation)2]
S7IE M9 sl ARY, 9] HhEskol] Q15Eh AR (mean-
dering stream) FFAR(point bar) B3, 181 4Ho] Mz
ZF(peritidal) o1&/AFE EJZE0] AR Fol= AR sfAE
(Mossop and Flach, 1983; Flach and Mossop, 1985; Hassan-
pour, 2009; Jo and Ha, 2013). 2M]|ATZLL Z]|o{YEF9)
st Feloz s, AL EYst it A9 AR &
A Aldel sF07 FHHEHCSPG, 1990). SHIATZAE A9
2 FelolglElEe] ol 34 EE ko YR 2 74
o, 7K S]A = =A10] AR HFRITHCSPG, 1990). S0

zo/l

, oF9] A5 ARl BAE 7Y, e A9
&R Wil diulEckFigs. 5, 6). IHEHHESS F2 HFH

oot Sl AlEoA SHEY ARICE A5, 715 Al
Yo} HEAES ;o 5] HEE doi mfotal ot
(CSPG, 1990). Sl ESH IAEH =SS o] AHoJA 5
AZog 3A AW IA(interfingering relationship)s Helct
(CSPG, 1990).

Aoz WlIFE AFR50] gt 4] 7 =yt
U~edihd 2719 AAFE o W (eustatic sea-level
change)o] Z3E A o= Bislol w2 E X3y wist 9 B4
£ 330 ukE e Hilks UehdthHayes er al, 1994
Cant, 1990) &, otf WlZo] JRE 455 ARl silo]
Y= oA S439] sheit HeEkd oA EHE 452
E—‘?—Ei At oA EJFH iSO R HIlE HofFs Wi,

“HH]T:{LS A s ASEES FAE FARE Qs oo
o sigd MLollA si=A /\F’ S 22 Hof9] SR
‘3—1 A7V AWo] A, 121 sy MY 59 84 s

F

tlo
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2d, SR

29] H3lE BoltHayes et al, 1994; Smith, 1994).

Fig. 7:% WCSB W3S9 EA-Ea @S Holas 394
O] ZAH T (stratigraphic cross section)@A WS S5
= HAE gHes 54 B0 YA sAeHoA] Hifo s of
A2 F7Fok= AL Helok T3t 2Jsf9] s/ MYl LAY
2 oFe] EFATIOARIY A AHERE FHE HHol| AT
H|t} 3lo|gi=(Pembina Highland)E 33 A (pinch out)sh=
g 11 JERolA RAEFEH|E 9 FE SO EARM 77}
guElE A & 5 UkFig. 7). Cant(1996)2 AHEREY 2|9
WSS FETde] A3 2 AAIY] A sfeH Ho] e
E A3 Hslel Tt sfasty, WS W o] X5E oy
Sto] WHERER] W B3] AL el FAA SADHE 2Ho] &
2319t Fig. 8).

3.2. EXAKDepositional History)

WCSBOIA M- #epr] wil3o] 42 %
50 I HAAEA|(foredeep)?] LR AFE|QIH. HHA
e 2t FeolA EAZ AHERRAIE 47 Fdoty
A AT AlA"o] FAEJUL, ol 4 Al Shxdo] {h
HAES BEoE 2RIg] wet ARAI9Gel 4 d&ol= s
AlAgo] Higelal, BEole A9t 9 42 $g0], T18al 55
APAEYR} QIFIRE A& A HofA= SAAYA o] 747t i
SFITHFig. 9a). o] Al7]o] A A& F2AFA O] 71l At
Fol AL, £A] tiF=0] S steel M oA A
PR ST AeAeS D AYSo| EHEI o, o]e} tiH|
He 4 5559 HolMe He|So] A=
(Smith, 1994).

<4 -0l SAIRE olF WS B 2715 A A

S

| AZ0] ZAR

=i
£

r 1o
Ir 1o

32,
o o

AL

ol r-[

¢

%

=z
N4z

NNW

S SO QIS siRlo] AP HA A EF AR A Fo 9
A ALM/TE $go] W&o s 3} S It A o S
&E&7h Fa o] Gik A7)0l mAR oA A dRet TAHE
ALfet AEAUT EAREA] Aol siH o2 A71A =AU
(Fig. 9b), o|} A3]%to] Q] L AEZTTHETL Ao 7]
9] Qiet 40l E1# =9It Smith, 1994). $HH, QAEEIT =H|
T} tin|=]o] ShEAS Zitohs ARIAIQ] EFATol9L 2H|AT
FEE2 5 A7)0l THE51- o] F(estuary mouth)oll HX|SH Al
(sand bar) -2 7fs2] 1o U A] SiRPAHE SF0lA El&E A
o2 sA=rhFig. 8).

WCSBOIA] He) 818712 ALt Alth s A St B3 7
AsshiL St AAERA HAE Bo] AR BL v, o

T J5e FF AA Lokd EA FAE A HojAe ot /HE
¥, I8 1 AHY 4l o] B3 3Fdf thA SE7] Al
Z5IthFig. 90). ©] Al7lel E&H S2FUC|EARLC] Histe
Smith(1994)= FA41& A9 FF=UE A7 (incised valley)
= SIE-TRESE SF0A] ElRE AlQto] FA[Ho g FHTE AL
2 iAo, Cant (1996} 7HHE ths-6 20lA X si3
715 A 2719 ARE A= SiPHE ARIAE sjAstal T

Xl E¥= G354 s/ Aol thelsHirkFig. 8).
JR WS B8 A7) o|22] SjE7}F Al g =o] st /He
| A 30| A HAE A9 o R e E&} 553 Tl
|27 ot A A5 WEFo] shz/He 2olA E=1C
o, SToigETolU JHEHFESS A/ SHo Az
SHolA E-=AHFig. 9d). o] WS A WA 5
ko R0 SfEl= A&EATE 5 oREE XPEA] B, AT
o] sfigohs A HL o4s] AM/T P02 HolQAl =k
(Fig. 9e).

HN,
a ox rlO ll

e
b

E
[
ol

2

SSE

“" Notikewin

;7 Falher

N

+

Undivided non-marine T
+ Upper Manville - ~+ ~100m
& . \L
- &

incised valley fill

-
shoreface sandbody

Fig. 8. Composite diagram of the Mannville Group stratigraphy across the Alberta Plain (location in Fig. 3). The basal transgressive systems
tract (TST) is dominantly nonmarine (Cadomin and Gething). These sediments are overlain by Bluesky shoreface sandstones. The maximum
flooding surface (MFS) lies above these, at the base of the Wilrich Shale and extends into the lagoonal Ostracod unit. The highstand systems
tract (HST) regresses strongly during Glauconite shoreface deposition. The Falher and Notikewin shorefaces are stacked vertically at the

margin of a basement structure. Modified from Cant (1996).
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Highland

Alluvial

Prograding barrier
Prograding delta
Fluvial

Brackish bay

Shallow shelf (sandy)
Shallow shelf (muddy)

Sediment transport direction

IRERNCCNN

Fig. 9. Paleogeography of the Western Canada Sedimentary Basin during (a) Ellerslie/Gething, (b) Ostracod Beds, (c) Glauconite, (d) Middle
Upper Mannville, and (e) Late Upper Mannville times. Modified from Smith et al. (1994).

4. MQNAY

4.1. M=ot
AHElE G BY A9 F AFZLS fUEy} WS 5k
9] o] dFY2E Bl AYFo A, T Yol ddH Ay
IS SHE AlQto] A5G ZAolt), AHER: Ui AL i AR
)=

of ke Bxo] Hls) A wgke Bk ok, Fule] TATER
¥ g Hago] Augl 2l AT & 7S ujet 2] L
wol7] Tl B=E gl vla) Ao we Bk Et
WS 270 SAHCR, F90] et w2 5719 A s

SP7ol= 71200 29l El-EC] H4lo] dolur|k stitHArdies
et al, 2002). °|& <Io} WHERE FF AF ARISES 4 A
FHEH, 1 FA% 4 Aol F7tEe] et ARUE B4
gk 9, WuElE S5 A oA dHEHCE =2 EA7NsE1
e 20E QS| ARRKES 77} Eo] vls) 22 Aoz o
A HHayes er al, 1994). HoldH= W AFSS R o}
A AN A B HE ol ARFFOEA EJF A St AT
S A9 52wt EA6tql7] wizel ske] 2570l sidst
= AT E2 AR -5 iR S Holuh, A5l sidst
= ARAFEY Beole 7Y A, & 5HOERE SRR 2
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9] AFEF ojoj-tHArdies er al, 2002).

ol

42 I::I:IJHOI‘ g_<| IIO%D
YufeE JE BY X F9] H{AAgo e = AFULL Ho]
AF2 St AR ALY BRA9) HEY ol AFF)e] XY
2oz 7M} 33 9] HTS Sk gk AR }—ZHG‘FE— ]
st FHER LA QAERFEH T B2 Aol A7 oA
A7) B3t ElF =] o] F7H Aol FHolu] wiEel| e g
Qo] gk it} E5] Aol wheh F AFY 71A FAEH ot
of EAcks A|Wet ghAlgo] sl E SH AAE o|F = A
53 A4 A (stratigraphic trap)e] 342 & Utk

43, 3 U ElSlAA O|E

el HRol| EAjok= Hlo|dF=o] FEd Hilea 15
7179 FAdHS AARE Hotl Sle 18 o 23Rt
719 A FozRE Y FFEUAY, T WYY O]Xd«]
A Lhd=0] HEAH EA7F dgehs ol EsE
S w3951 7Rs7do] AXE Atk Brooks
et al., 1988, 1989, 1990: Creaney and Allen, 1990, 1992:
Riediger er al,, 2001). 3HH WS YoM FHeligol A=/
St B 5o EolA EFH sl Aggo] A “H‘:Q—O]"}
JEY AR ARSE dofl S48 7199 HRleas 358
7RsAE AAEATHWelte er al, 1984). Creaney and Allen
(1990, 1992)2 Fe719] HUS(Fernie Group), A&t719] A4Z
(Exshaw Formation), 719 F#Hul&(Duvernay Formation),
24719 50]15(D01g Formation) 5°| WS ©3leio]
AR 7155, o] F &3] HYSol &3 A=Y/
Lo & J(Gordondale/Nordegg Member)o] 7} 4 29
Ao AQtstTt. ol2k= Brooks et al(1988, 1989,
1990} AEA HE(biomarker)E AFE3E Atol| A WHZLO] B
Sleedrt 2190 TA L] v A FAsH= AT 23E B
B Tet o] WS HAY geleAE 3EHE 7
< AlAIskSAT

WSl FEHo] Sle ©alead] §42 ZUUCERE
o5 A7} &S 7153 oAl AMsk=d], Riediger(1994)=
ol Higro g AE Ayt EX|9| A&} FE AT EEst=
FeP715(Fig. 3)2 WS 5 B4 55F G0 SA5k= AR
Wol7HA] &3l E FHol = olEighE ZlolH, by WS
717573 ool EAsl: TRt AFAIR ] UFEo] 27 2l
T AR A E TEFE S lrkal F4518iH ol ¢
5lo] Riediger er al (2001)2 HEARE O]QOM W25 5
i A420] Du Rouchet(1985)2 49 |3leH4 %
/g0l 7|5kste] A7) Eol g0l 4 E*L%}%‘ 7rs73S AAIStA
o}, 18y Ert 22of Higley er a/(2009)2 AR £ ddk
TdS ol8ste] GAs oA FEb] HUZHo] £A] 5559

rln _V}i

SIAAE
Zt=

PSS Eefote] £A] Age] WiSo] Hisf dekeas o
3 % 9tk AMLE ANSIH, Riediger 52 o]t wid)

HL 72 2ol v} g}, E6] RARTE WlS7o] e5jart
FH3 B 1S A=A 7] st l—‘% THE %
A2 WY olQlofl= 2] offirks He A=t

5. E9

=Y F Mgt WS 2 olet SAH0E thH|E=
‘3-—11‘31‘:4":‘ A]9] 7+ Ztol| ZRtEl= F/5UY HAHZ A o] we, A
7o wet E2 AR F Hodel wet off Al
(lithostratigraphic name)2 7FX 1 thFigs. 5, 6). |23t 7
2 EAZ0] GurHQl g4 AJstolA g AAE Zfolo| ALt
52 A8 FAtke BNt ASol diE 29l
(misidentification)o]vt S412 7Hdol| gt oJsfo] FZoflA U2
7Y Skt wehA £ EQojAs WSS IR gt o
2] ZRIA, BAT Al 4 Fol 7P BEHSEAU EYA|k=
A SE0] et EAIHE AHE T o]of digt §ZsHA 41} SA4
o4 djulo] 7123t 98 AAlstaAt gtk

5.1. HYS(CIEIHHE)

HHEPF Y Aoz WS oM FogEH viE 9ol 1 AR
o] AFAQ WS 45 s W SxEe e
£4 EFFo] FAH o Exot=t, o] AFZ HLS(Deville
Formation) 22 YEZE #j=(Detrital Beds)Z F-ECHWilliams,
1963; Figs. 5, 6). HE3Z =34 E= PAME Hol, 534
E}i](siderite nodule) Afﬂ%l g_g ME?:]- o];ﬂ Aﬂ‘ﬂo] oo /HO:]FG ;\].01:]-
SOE gH. T 71419 T iR sl 7] A
BRI Hale F9ol= AE F(chert pebble)E°] AlY oo &
o] Zg}x|o] YEI(CSPG, 1990), Al¥e] met 3 & paleosol)
o] T35 &It Hayes et al, 1994; Poulton et al., 1994).
S5 "S- BE 30| AEEA] got 11 A7)7F HEsHA|
gormg o FAMIO] wet ohi wiohy] Wit Kokl &
FEAWHFig. 5), B A7IE F75sto] A7) W] (Barremian;
Burden, 1984) &-& FEH7|o 37| I tHFig. 6; Hayes
et al, 1994).

od3o] etk A9 EHALE AWEH Fepr|g~oly)
of AAME §71°l Yo AiF o2 F A=ZA7F AAYH EAF
FAE A GZ ARt tiFE AHERE Y Aol 4] Ao &
St tHPoulton et al, 1994). HdEL o] AJ7]of TAH =
H 7|5ieto] @8 7|7t F3lRHE-Z Hio} EQfo] AdE o] 11 A
zk ﬂﬂ"}, YH= IAZ=E O]EEM A1 A A|hof| EH
Aoz FHEhPoulton er al, 1994). W=bA A, ShE- X3
H X% A ] lqj_ o1& Jq-xqoﬂ/\-] E]z% 22 A /\]7]§
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NW ALBERTA
AND B.C. ATHABASCA
§ NOTIKEWIN GRAND RAPIDS j‘
¥ FaHLER CLEARWATER R
5 WABISKAW T
RIZ| WILRICH r--_____l_ e —= MCMURRAY
T|  BLUESKY i ‘\
GETHING LLOYDMINSTER
! ig. 10. Stratigraphic breakdown
CADOMIN , | 1 T CoLoNY Fig. 10. Stratigraphic breakd
I ‘\ g MCLAREN of the Mannville Group and its
CENTRAL 2| WASECA correlation to the equivalent strata
ALBERTA ! ALBERTA |\ sask. | MANITOBA SPARKY . -
}UPPERMANNWL | \ w —FGem’!ral— in the Alberta Basin (Cant, 1996)
Rl GLAUCONITE 3—""rex Lithostratigraphic formations (and
'\T gi{:::ﬁ: \ i A =|LLoYDMINSTER| /R | some members) are shown in each
\\, | \ e EEHEUHES ‘ﬁ column. T and R represent trans-
SELUBTI;'RET?AN ‘\ | A gression and regression, respecti-
DPPER MANNVILLE BRITISH "t \ SASKATCHEWAN vely. Based on the interpreted over-
]; GLAUCONITE COLUmMBIA , h _). PENSE all depositional trend (T-R), most
T|  oSTRACOD ——— e of the stratigraphic units can be
SUNBURS T CANTUAR R | well correlated inter-regionall
CUTBANK/TABER L o ) g v
within one basin.

Ea5}o] Wot7] Z(Necomian: Berriasian~Hauterivian)2] =9
H AF02 k= Ao AT Ao wEHPoulton er al,
1994). E3F Aot AlFFolA Fojxl AT AEFro = wrs of 4
U332 1L AR ARl 677} o B R dgoA AT
< 282 o fog B8t Qi

5.2. HO|EH= ARt
Beels T A o= ol a3t 5/5Y Hike

ofg] FoA WEST 5 Agd ARIS(E= FE ARl
tjsto] &3] Hlo]dH=(Basal Quartz)ztl Ask= A7t Utk
(Lukie, 1999; Ardies er al, 2002; Zaitlin et al, 2002). o]=
Aeel FF B A Fof| EActs WS 71 ARHEH HollAR
B] QAEZITH|E o7 BE EZFE Tdoks HFA] &
FogA F& A/ GACA BIHsHA A= Sk ESE H|
ojdFx= EAT Folut FU 1112 th3HA| ¢, A Fuitt
OE tiiE AAsks 397 B2, dAE deads, Agaet
AHAE FU9] o] wloldH =2 2= HLukie, 1999). §F
H, g @R A9 HloldHxE AR Yl 7Y AEA
(sequence)ollA] 2t AlEA0] EJZA} £t ofe}, 38 FE 270
ol o] TREEY|, o|2RH shte] Gdsh ARIGORE Q14
=AY HoldH=7} ofe A4 B2 719 AT EjF o] HHEE]
£ oA A, A= dE A7 g FFE(incised
valley fill)o] £ Hol2ta fA =K Lukie, 1999; Zaitlin er
al, 2002). wetA HoldF 22t S ofe] A FojlA A= tE
Solut S| sk 22 PHolH, ofg A Hof thE A|7]9
APTA 0 2 gt 4] A7iH(incised valley)& S45k= ALl
thof A dekd FRE glo] AREIL Ql7] wiEel, A= e A9
Ho|dHA=E FAH R FYstAY FHor ALKH AFolgtal

o8k PES FoIF WAt Ik

5.3. E8A710], AHAT I FZILIOE ALY

AEtE Y 2 A H9] o} WUSwa AR WS A
A o= siEAS S5 hFolal & Add~S5HE9 A
I ARRFoE JH EATo] YEU=H], o] A= A wt
SEIUOIEARY, EFA7MIG I AT JYU0E HEWH
(Figs. 5, 6), o8] T2oA &Y Al7] EHEZo= tfH|=]ct
(Smith et al, 1984; CSPG, 1990: Hayes er al, 1994). 18tk
e 55 (99 ERATI01G W e AT UL SIEAS B
o] ghfotH, o |A|7L SAIRE Hofoll A E&E ARtAle= A
ofAE S5 g7 90l ZEZIYO|EZT} uf- FAHATE, 7]
4 3 Arske &4 M Hichnofacies) ¥ HAY 23
(Oppelt, 1988; Shields and Strobl, 2010y 31 A|7]o] FA=]
+ WS Al W 3ol A (river mouth) AIFAIE 7R A= Al
Attt SHH, EFA710] W oH|AT ARKS AXIE| sk sk
HE AR sfjdcks F-olx 4717 si3] FAo S3d=o]
ofd] e B2 F71E HAE Aoz AR A4 o2 SEEH
(retrogradational back-stepping)sh= AIAAIZ9] a4(Fig. 8)
o] 7hg stk oA, Hdiei717F Aut 717k 714 siE =
710l AZIEHok= AU ARIAIR sfAE= SEFUOIES
He SAHeR Bes] F-EEHCant, 1996).

b SREIUO|ESS HXIA 33710 EAE o1F WS
9] o] G EFATI0], QH|AT, QAEHFITHE F
TGS At EAS A FEsto] 714 siE7of HAE AR W
U359 F[ohi5ol sfdoh=s AR siAlsh= Aol AHT Ao
ke olegt Ik Arigos B4 FYo 7Pk B X9
o] EFA7t0] 9 QH|AT AQFEo] WA EAE Y, £X] 7R

1o r

i
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Z8M, UR7|, 0185, SAIT

o X FH A Goll FARE EJ&/4IR] SETUC|EAIRSC
o EFE= 7HdatE 2 X3 HojlA Hs A5Hol
o2 dholEofZint. Cant (19962 WCSB W WS+ 4 5 /\WH

2520 tisll =214 EJA4} §StE #A5te] vbde] 2% 5
Z-345 F7I(T-R cycle)& dj4stL, ol =AA 9 FA4 FA
oo 2-835199=Y|(Fig. 10), ol&st E&3A|(depositional trend)
of 7]z3t F7 )= 545 (sequence stratigraphic) @
9] vigto] Eli= HZjolH, 5Y EA] ol EAck= SAIH A5l
st w2 983t tid] WoltHCatuneanu et al., 2009; Choi,
2016).
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6. 22

BHEPFY Aol ZAJoRe Sk el Wl U ofsk ol
He 35S ofd A ARE 59 vlL 2R 23 9 A3
2o] Al @ 3 RES BA @A) HaAlet 4 ool 5
oA Theat o] Ashatlc. WA e i 8l 5 xele]
WIS 714 B vk glo] FAFoR Yehit diEe
wloly] 2710 5 Ao 7]sleto] 9 7|7k EE A PAE I
A2 32 uyl AR olsk|o] &) E|FZo|mg A}HO]
57 Y o] Fellsat Rejelo] SYE AB0R Pk
o] H3t o2 WerE) T, WHEF ¥ AdoA 72
A u134H A5 vol Rt QAERTEYE of
o <1t ofF WS W ARKSE AR, &2 5719
A4zt Hl#jo] of 2 A RiEEE YoM A= tE Ao 34
H = SAE0] 29 AR shAE. Eet oht Wl

g WAST2 AT AR SFL710lAR Bl ohl AT AR
< 25 g Qe s diEAS Bol Zdkeitks Ao
A SERIVOIEARIY YH R v frARIY, datt F A5
o] HxIA sil7ol 24 ¥l 7k F5 A9l =4 wi,
FEIUO|EARIZ AR A =t AldEE 2710 £
A 7R aligohe AHEREA] ER Aol ARl AlSolEk=

0

=)
i

Qo] $AHeT THElolo} T}
ARAL
o] AL oA 7|&H 7MY F9 AFHEARI(201625101

02040)9] Aoz P dFU 2 AFE sl et Aol
A Am S 2ol Eed B EA AAEEYT B & =
e HESIL 73 2AS Al o8 wpEA HAEEY

o9 PAAAE A=,
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