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kel Bwes A7) weby] o)) Aol E EHF

%"3015% AAY doht B oA &3] WA, 1171 ElZ Fol| A BalE|a EAEH o2 A1H o=
2o} stch AelRe] ] Wers] e dlolSelH ART G5 St HAE Y of g o]ghEEe 1
SESARRO SJF 4SS uale) olefal oS HoldoR A wasiel 112 vy
(microfacies, <1~25 mm F£7))2.2 LESI T n|EHA}F 1-& F 729 Ol?J'(structureless mudstone) oz
2 HE AR AL FAANSHA Exdt= 2HA ‘?JA(L%Q HE~ANF gt 294
VAEL AT 4 9l oL AW A OER, 2 SH0lE5] Aslol vEAA 1o] BE Ao
fiﬂ%;‘%_l:}(quasi—lammar plug flow). B|EZAF 2= A EHZZ i?‘J'O},_ o] ¢} (silt-streaked mudstone). 2.2 AHAY
3 29Q AR EFIE olgo 2 TR, BAsAoln e g AEYZ-S Eaalet. =AY 17
FAT 2L BolB e, ujHAA 2% R4 8] g0l ofa] HH A0 ST ST BA%H
AEHSE otgfjo]] ZHdF o] 1 ot Wt F-2-50] a2 At (upper transitional plug flow). 7] €%
A 32 0]& g=2] 9] o|(heterolithic laminated mudstone) .2 AEGZ1} YEHZO o2 FAEHH, J
FA5E B ALAE AGSYE ol 7hE W2 7|59 A& FHiE Bt o]F H52l= A2 plug °P
o g2 01]/\1 A7)0 e BFAgo] Yol 22 X|A|3}H, lower transitional plug flow o}fof| A 1t
gobe e Fo] Old) FANIE A0 AT, of vISAIEE §43} Yol o] el 2o}
A= %‘30155’4 o8 712 A& Uehdtha & &= ok o2 A FoA {01 ESE o A3t 0| ¢k Bzt
$2 Weh T ol st Aol Zaprt 2agt AL A stelet Bzhen

FR0k f401%, W= Ay, HA%E, Gol7 HH3, wejolS

Juhyeon Oh and Hyung Rae Jo, 2018, Fluid-mud deposits in the Early Cretaceous McMurray Formation,
Alberta, Canada. Journal of the Geological Society of Korea. v. 54, no. 5, p. 477-488

ABSTRACT: Fluid muds commonly occur in estuarine environments, but their ancient examples have rarely been
studied in terms of depositional characteristics and processes. Cores of estuarine channel deposits of the Early
Cretaceous McMurray Formation, Alberta, Canada show various mudstone layers that possess depositional
characteristics of high clay-concentration flows. These mudstone layers are examined in detail through microscopic
observation of thin sections and classified into three microfacies (<1 to 25 mm thick) on the basis of sedimentary
texture and structures. Structureless mudstone (Microfacies 1) consists mainly of clay particles and contains
randomly dispersed coarser grains (coarse silt to fine sand). This microfacies is interpreted as being deposited by
cohesive mud flows, i.e., fluid muds, which possessed sufficient strength to support suspended coarser grains
(quasi-laminar plug flow). Silt-streaked mudstone (Microfacies 2) mainly comprises mudstone with dispersed
coarse grains and includes very thin, discontinuous silt streaks of coarse-silt to very-fine-sand grains. The texture
similar to Microfacies 1 indicates that Microfacies 2 was also deposited by cohesive fluid muds. The silt streaks
are, however, suggestive of the presence of intermittent weak turbulence under the plug (upper transitional plug
flow). Heterolithic laminated mudstone (Microfacies 3) is characterized by alternation of relatively thick silt
laminae and much thinner clay laminae. It is either parallel-laminated or low-angle cross-laminated, occasionally
showing low-amplitude ripple forms. The heterolithic laminae are interpreted as the results of shear sorting in the
basal turbulent zone under a cohesive plug. They may represent low-amplitude bed-waves formed under lower
transitional plug flows. These three microfacies reflect a range of flow phases of fluid muds, which change with
flow velocities and suspended mud concentrations. The results of this study provide important knowledge to
recognize fluid-mud deposits in ancient sequences and to better understand depositional processes of mudstones.

Key words: fluid mud, microfacies, depositional process, estuarine deposits, McMurray Formation
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1. M

o|E(mud)= &4 B tiRE XY, 5, A
kO] Az, skt AW, 1E)al diEFoll A Als
of o|27|71A] A7t U 7Y W2 RES 9
U= EAEolt). o] 27} 13 o] -2 E Aol A
7V & R g Aok, AR5 XS D3l
A1) ol 7] = st FZoll= o|¢holl 23t
ZHA(MIY7E2) 9] o] gttt o3t S Aol
] olgte] thet HEEHY olafe Hlwd thew
Holch. Aekrzre Hake 4ahy o227t B3
AL HH7-82 A 2]8tT(Talling ef al., 2012), o)
FE o] 9 35°] AY gle 283 B3
ol A HH3] 7letgtol A E= Ao 2 olsfiEof £
t}. o]Qte] E|H&-gof| tfgl olaf7t FrH o r B
gt 8 olF F shhs vl E ] oHE A
=2 Algdol7] ol okejell A st ) A
7} k= Aot WG| o2& o|YE T Tkt
EAES BT AR gl Assto] 3%
| g3 & sfAlstaat sl Aol L, o=
Q13f o] ko] EjAsta E4 1} B & &G0 T3t o] 3f
o] F g o] A o & 7hatE|o] it

2T YA A AT 53l olE9 EHAE
ofl tigt olali7} 3A| SH = rHBaas and Best, 2002;
Baas et al., 2009, 2011, 2016). & o HES] &7
57} olAle, BE U3 Alele] A7t el
IS U= HE YAEC A= BB A EA E
o B2 AE YAE0] A2 2o d25H FA41Y
5ol JAI=L H2HY(cohesion)o] A7k £
FEEH Y o] & RS Bol X3t 50| A4 H
A o] & JAFE0] AA3] Fsle] s FAdst
W, YR (turbulent flow)o]l A H&d EE(cohesive
flow) 22 WHIFET) o] Hto] ThdA] UFollA
2k 2 "= o] ofye, o2 ©A|9 HolF &
£ (transitional flows)& A2 4= )l0] A A&
< 53l 818 th(Baas and Best, 2002; Baas et al.,
2009, 2011, 2016). W3 7o) AHH o2 Y& 7
=71 7k @AYo dojubs(turbulence-enhanced
transitional flow), FE =7} o Z751H, U&F &
o] JA= L Fzdo] -Agt plug7t HrEsict. plug
W] 27] GAlA plug BAIHES] /el 2
gk ako] AutE|o] plug®} BiE Ato] 9 GRS Fofl

kA
ogk
o

F 250 $A81A 4= th(lower transition plug
flow). 557} & 271518 plug SA7E Z7F5HEA
339 vl M= ¢F 50| u|u|s| ] L (upper
transitional plug flow), A= AA|7} g gojg|9]
A2 350 2 W3t (quasi-laminar plug flow).
5 AEE go| T/ s50] A5t H4==
TGN FRTt HRRE ek o, E 7R 9] Aol
2 470 355 AXNER T ¥ ERARHA
9] EZzhgo] dojual of 7 79 E&Fo] A
o] 48 4 ek o2t HAS vig e R 1
LY B§ HES X3l TF, EH o2 Aldd
o] BlAE STl sl F4E Aol et A=
< o] A==l QltKe.g., Ghadeer and Macquaker,
2011; Plint, 2014; Hovikoski et al., 2016).

ALk @ujete] wots] wsje o] 3 (McMurray
Formation)2 2 YME EFZF0 2 fslH, E3]
F3 B85 71 Y| R bitumen) 453
o2 A QJtiHein et al., 2000; Hein and Cotterill,
2006). winiEo]3o] $3 HAZE 2 AelT o
I (estuarine channel) E|Z&02 FLAEEY, =
o] oJaFE W= Shol A HlEE ofekEo] thoys
A dgdtch Aets 22| 2Eud o] S (Christina
Lake) 7 €}9] ujeo] oA BEgt A% 0jo]
= Q8 ok 13 o] tieket ojgkaEe]
St 1 % theo] oIQRS olmg YRPEE
wo|] g Fst, AAfste] BESHE 29 4
EoA AlFE B 2719 YRS TR o
23 S A= B e 5 HAES %
% 8ol E(fluid mud)e] 23] =& =
& AAg B2 o] ¢t 3 4bESh= ol
5=l vAIg A5e S0l Eash=d], o] o|¢F
TS R0 = B Eo HAEHUS A= A
ek & AolA] o] gt o|UFTES ErH LR
AA|8] TSt B A S RS, o5& 40l
Eof| ot FF oz sjHslgen, olE Fd 4
o|E EJA3o £ 5t

5 =
ReE=

o

% o

Nl

al
ES

,c1>

2. SM Y EH

Ol
rlok

o] 52 K Aptian)ofl 4] LH]RH Albian)
B2t A7 EJ&EX](Western Canada Sedimentary
Basin) || ¥/ M7 (Mannville Group)2] 2|
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She3oz A oE7) Sk Slo) 2R
2o 2 F2Itl(2d 1, 2) (Flach and Mossop, 1985;
Leckie and Smith, 1992; Stockmal et al., 1992; Cant,
1996; Ranger and Pemberton, 1997; Wightman and
Pemberton, 1997). @ glo] 52 3)F 53 A=
o] e o] wet shi, S, ARE Uret), ot
5 i o] 52 A=A A7 52t F4E st
A gH5oz2 K Mossop and Flach, 1983;
Crerar and Arnott, 2007). S5 Wmg|o] 2o 4]
P W2 ot YR do EHFom FAYEY,
33 2719 FAEH A Mossop and Flach, 1983;

ALBERTA

Athabasca

Fort
McMurray
°

Peace River

Wabiskaw-McMurray
Deposit

(;hristir\a
Lake

Cold Lake
100 km

Fig. 1. The location of the study area (Christina Lake)
and major oil-sands accumulation areas (Athabasca,
Peace River, and Cold Lake) in the Western Canada
sedimentary basin. Modified from Cant (1996) and
Alberta Energy and Utilities Board (2007).
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Flach, 1984; Flach and Mossop, 1985; Crerar and
Arnott, 2007; Musial et al., 2012). A5 B o]
2 3% 2719 F710 BAE et HHF o2 5
A= th(Hein et al., 2000; Hein and Cotterill, 2006;
Crerar and Arnott, 2007; Hein, 2015).

# AFolA ZAE 2oi(6-5-77-6)= Ayt A
HER:O] S| Ay o]a A oA FSH T
g 3). o] A¥9] WmFo|F2 dli27] njd|e]=
(Beaverhill Lake) 43|t ¢Jof AT o2 2l
tH2¥ 2) (Jo and Ha 2013a; Shinn ef al., 2014;
Hein, 2015). o] FA3tH-2 Wrjd|o|Zo] E|Zd
Al FEE-AEA BRko 2 Wadt 1A RO A&
vk St 29 3) (Jo and Ha, 2013a, 2013b). @
qolEe BAT SH AARL o] WAL we}
Fxo2 Fo) wnjglo] sANAHe] HEE 5
SFal OFA|Y Ho} AlE(Assiniboia valley)& wet &
20 2 Z3tHLeckie and Smith, 1992; Ranger and
Pemberton, 1997; Jo and Ha, 2013b). Z2]AE]}
dol= x|eje] winialo]E F 40~130 mols,
ATA] 2 9] o] X3k TAT e HA AT
A7 ARTolE AAZo 2R BEOZ o 6

Grand Rapids
Formation

——=_

Clearwater
Formation

Albian

Wabiskaw Member

Upper

Early Cretaceous
Mannville Group

Middle

NN NS

Beaverhill Lake
Group

Aptian

McMurray Formation

Devonian (

Fig. 2. Stratigraphy of the Early Cretaceous Mannville
Group in the study area. The McMurray Formation
overlies unconformably the Devonian limestone of the
Beaverhill Lake Group.
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to
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km EolXl o AZITHLY 3). Z2E 0]
3 Y A& YA g EHZE(BlackGold) B+
olA M 71¥9 FAL AKFE BiEs IASS
ol BEo 2 SRS SHA A5 ALDS AN
(29 3) (Lee et al., 2015). I AEYHo]a A Y
NN = TAZO] BZo| YAFH A|F=2 o] X Fo &
2 o) B2 AR/ UEsES Ao 24

A% FojolA] AT oF 14 m FA o)k 7
2+e wulajo]2e] wero 2R oF 20 m Ao
BEBTHE 4a). o] HAOIA Hoidlo]ze] 1A
F7 60 mols, AFF olohE 7R 3w
Holzo] 2ttt o] olFREL Ajgto] LA A
A Yol W), £7x EE Q%) olg
O 2 AL, o] Z=e I AR, B3
2ot ALESE 9] Al S §A ARERITH 1| 4b,
4c, 4d). ArQFat o] b ThFRE PR E W T ST,
% eme4: 4] em F7A9) SRR BB 5}
AFT2 TEI|E Bk BAYE B A
Y AR o] HES &3] ZARITHAE 4c,
4d). o83t EAL2 o]AP AT (inclined hetero-
lithic stratification; IHS)¢] tj®7 EA]21d], o|=

BlackGold

T T
-111°E -110.9°E -110.8°E

Fig. 3. Paleotopography on the sub-Cretaceous uncon-
formity surface in the Christina Lake and the BlackGold
Lease areas. The location of the studied core is marked
with a star. Contours in meters represent the depths of
the unconformity surface, measured from the top of the
Wabiskaw Member (datum). Thick solid lines in the
BlackGold Lease area show river systems defined by
the distribution of thick channel-sandstone bodies at 61 m
below the datum. Dashed lines in the Christina Lake area
indicate a inferred tributary river system at the core
location. Major river systems developed toward ENE along
the paleovalley in the southern part of Christina Lake area.

kA
ogk
o

F2 auigol3o) 2H QTS B Ay X
2l EH}(point bar) B &5 X AlgttH(Mossop and
Flach, 1983; Flach, 1984; Hein et al., 2000; Hubbard
et al., 2011; Musial et al., 2012; Nardin et al., 2013;
Shinn et al., 2014). o]gHA Z} 2 Al 3
# o502 Fo| FA|uo] T olghHo] s
E& =] o] A=tk Mossop and Flach, 1983; Hein
et al., 2000; Hubbard ef al., 2011; Musial et al., 2012).
W AT B o, ATE olgSE

(a) (b)

Wabiskaw Member

£
o
0
C
= .0
5 (c)
IS
.
e}
s
>
©
i =
>
=
o
=
1S
o
== 0
i Fig. 4c, d
JFig.5
=im=m — Fig. 4b (d)
T
i ¥ = Mudstone Intractasts
= |
e I
By S
e 0

¢ Beaverhill Lake Limestone

Fig. 4. (a) Columnar log of core 6-5-77-6. The studied
mudstone beds (Fig. 5) occur in the middle McMurray
Formation. These mudstone beds are associated with
various sedimentary facies indicating deposition in ti-
dally-influenced meandering channels. (b) Mudstone-
intraclast breccia with bitumen-stained (black) sand-
stone matrix. (c) Interbedded sandstones (black) and
mudstones with heterolithic laminations. (d) Ripple
cross-laminated and parallel-laminated sandstones with
heterolithic laminations.
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2 2 P W2 AYPsh e BRI A EF S A2 QX LY, S AFEte] dujF oz
A Aoz sAHEtt A3 BT A P48 Be S wrE

23 Yi3e) 59 HETRE 7|Hteg F 37
3. O|E2| EIXM 24 9] u]E] &4 (microfacies) 2 2 EF3t¢ct Z+ w|E

24 1 mm 0|54 4 em £AY 3 FA}
w, gold B HHT AAE A1 A2 547
o2 Wskshs BAS B2 5). £ ATolA

BEC g5se
Sandstone and mat

E Organic materials E Microbial
siltstone

Hg. 5. Detailed columnar logs of mudstone layers. Microfacies codes of the mudstone layers are presented on the right of columns.
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o pEALL R 1 em oJ51el 59 =
AE 7HA B2 ofe| AL Aol A-&-H &= 7]E9] F
4 B5 o2 TRER ghe) dojdoz B
e 2 Qs BY oy FREU|0] 054
o= Rofsjgrt. vEAAES A7) (grading)
£ wolx] 97 Te) AWHo R Rusie 27
WS B B4 7K EE 24 5229
H7po] oh T o] =] ofd) Ee How 5
A= t}(Ichaso and Darlymple, 2009; Mackay and
Darlymple, 2011). T3t JERTFR7F AL §lo
B2 o|E7} 283 BN A sheieto} B
& o] ohjz} wnx WA s HFE Ao
2 BRItiMackay and Darlymple, 2011).

3.1 O[EEA 1: 27X 0|2(Structureless Mudstone)

311 7|&

o] EJZAF B (structureless) 9] o|¢ o= 3
mmofA | 25 mmé| FA°|™, H 10 mm]
FAE 7R 7132 2 JE YRR FAE=
9|, #5HA] a1 AR 23 (grainy texture; Plint,
2014)& BEJATH Y 6a). =HA A E(coarse silt)o]|
A A8 2@ (fine sand) 272 2HZA YAFEO]
o] o] AAof b oz Faxsty, thFe] o
213t 715 o] S Ut F3sHA v =] 2l
THLH 6a, 6b). T EALA 0|2 uf - ¢k 2|
A HE PS5 (silt streak)o] o]45-29] shitol| =EH
RN o] F AL v E A4} 291 ol F 3l AA
£ Ho|A|u v EA4} 33k= AR BAE 7
(2™ 6c). 53] n|= &AL 3 offjoll T2 - sk
Z(load structure)7} AR H &3] Hrdst(2Y
6c), T EJZ 30] FAL v E A 13} oA a2
73 mE A 3 &3] W F E o] Uehdtt

31.2 34

o HAAbe dmgolet YFelo] 1A, 44
o BEakl e 297 YAES TPR 5H0
2 Hol 2 o|ER, & FAo1 & o3 HA|H

S A0 2 g EHSoyinka and Slatt, 2008; Ichaso
and Dalrymple, 2009; Mackay and Dalrymple,
2011; Plint, 2014; Hovikoski et al., 2016). 5-52]
02 A8 RRAUE w7} Z715H, AHE ¢
A w2 o] 7)ol s A= EogA floex 3

to
3
ot

B
oz
=

AJ3HWang and Larsen, 1994; Baas and Best, 2002;
Plint, 2014). T3] E 24204 FA4H floc
O 2 EFEGI7]of YRR 2Zjo] UEhb(Plint, 2014),

gt Ay

Fig. 6. Micrographs of structureless mudstone (Microfacies
1). (a) Grainy texture of clay matrix and dispersed coars-
er grains. (b) Coarser grains (coarse silt to fine sand) and
flat organic materials (black) are randomly scattered
throughout clay matrix. (c) Microfacies 1 (F1) over-
lying Microfacies 2 (F2) with a transitional boundary and
overlain by Microfacies 3 (F3) with a sharp boundary.
Load structures (arrows) at the base of Microfacies 3.
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o|3t floc E= H2 HEYAES 35 AA|9
FFE AR plugE B/dgtHBaas and Best, 2002;
Bass ef al,, 2009). Ze]lo] BYsHA A 571
oHH-2 plug We 54 AH2-E(laminar shearing)
< AX g o] = plug Y& S2+= S50 o8 A
ch S8 (shear stress)o] 7}al| A 23 4= it} o]
249 shito] =24 Yehs AEFSS qua-
si-laminar plug flow %= upper transitional plug
flow 9] 7] A Fof| A B2 A 7HESE A Sk oFgt
ol 98 B4 4= 2th(Baas and Best, 2002; Baas
et al., 2009). §A| 4HEsH= BB 24 3o|A &3] U
Ehbt sl TRe HETRE GA0lES ke B
g o2 A ARbE o2 WR o) A
o H2MS Ak EAQ Lz Hol n|E A4} 15
FAZ GAlo|EX quasi-laminar plug flow AFEj

A FHAHAS Az A Eh

ol
rr

32 D|E|™A 2: MEQES T8l
(Silt-Streaked Mudstone)

321 71&

o B AALS G NEGSS TR oloro
2,2+10 mm FEY FAS 7w, HHS5Eo| F
22 39 &) 25 mm FAE BATKY 7). vl
A2 EF YA 222 Bolm, A Yk F
YU A=Y me Yt Soe] Fash
A A §718 BES Tl vE2A 10
223} vj 9 FAFTHLY 7a). AEHZE 1 mm
olste] Brolw, 2 2 Aoy nAUd
9 2719 49 YA FHE o] AEGFEL
Z2)9} Hayshe] B o|x|uk vk A Yu|o]
A7 gH oz A= ofojAch. u]gA 27} v] )4
A3 obdel ol Aol Ul EaE AARNL
R A, A% AP o] B2 AEGZE] FHH
4 29) o] B3 HolH BAE Hol7|= &
CTHE 7b). =23 13} A Aba s A, BAl=
o] &oltH (1 6c).

t

olg

3.2.2 A

|4 2 R QA ole] ¥, AR &
ZH YA AF, A 279 EAS Ho|ER
Aol|E E|ZZo 2 |4 FchPlint, 2014; Hovikoski
et al.,, 2016). AEHZL plug olefjolA ZHEFH o2

s dRoll o8 H2H B ol ERREH 29
2 4= B = o] A A upper transitional
plug flow E+= quasi-laminar plug flowoll A &2}
So| U2 AlakAIT 218 A=A P v
Ao oFst W7k R 4 9Irk(Baas and Best,
2002; Baas et al., 2009, 2011). 7o o) Eajg
HE JREE WHOR o)1) UEGES B4
& 4 itk IR floce] & HABE 2Aa) S
AZE A 0|1l 235]7] el EALA AEY
Z0] A== A2 2 A c}(Baas et al., 2016).

3.3 DIE|FA 3: 0|A 52 ol
(Heterolithic Laminated Mudstone)
331 71«
o= 2 32 1 mm of3te] o} gre MEGS

Fig. 7. Micrographs of silt-streaked mudstone (Microfacies
2). (a) Grainy texture and thin, discontinuous streaks
consisting of coarse-silt to very-fine-sand grains. (b)
Alternations of Microfacies 2 (F2) and 3 (F3). F2 shows
an upward increase in thickness and proportion of silt
laminae and changes to silt-dominant F3.
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HHEFS BE = 4, 1~6 mm FA 9] ¢
S&(lamina-set)2 FAATHIH 7b, 8). HEFS
o 2397 Y=l wAY By 279 QA=
T, ARG FuT A HoR £ HEY
T2 AEGSHET X ¢F2 FolH, HE 4=
7h AR 7heE ALE AL 4TS Sl 38
oz AEQET HEAZO] v2E FAE wols]
T sttt 4552 33 P22 (parallel-lamination)
I+= A= AFFSE2](low-angle cross-lamination)
2 Rojy, 7}31 sA} 2o¥(sigmoidal) 2] o] & AFgS
2| & o]F= B2 A5 (low-amplitude ripple)©] T+
ZHTH1Y 8a, 8b, 8c). o] MEHF] A7 F2

=24 94 =235 Wl A
59 sHolA HiA = A H o= TEEJ %‘EH 2
Kol ﬂ —‘%011*1 A2 FHHA AG= AL
FAgshetl, HdFOIA AEESY v
ETHH 8a, 8b). o33t AFgS2l= A
ol *4“<i‘f& 75‘741“5_% 7, off 2 o535 2
Ao] AR FAl &3] T (H 8b). 3H
A = EH7H ATt off ol m| =AY 271 5
ol 7-Foll Hol3 TAE Hol7| = gttt o] nF
2ol mE A1 Yo FolH sg7=7F &3 T
%6“}4—(1‘%1 6c), T v EHA 13 3 2kEE
785t M H o] ATHZH 8c).

2-3709] @He] $AHoT FHH T
d, o152 A3 Fe) ulAIE Aol = P U
B AZE AGE $& D=0 2 AEs, v]

3.3.2 A
A2 o ER HA5T BeiE] JEHE o]

Fig. 8. Micrographs of heterolithic laminated mudstone (Microfacies 3). (a) Alternations of silt laminae and thin
clay laminae in Microfacies 3 (F3). (b) A sketch of silt and clay laminae in Microfacies 3. Note that the laminae
are stacked vertically in the lower part and change to be stacked laterally in the uppermost part, forming low-angle
cross-lamination. The sharp upper boundary of Microfacies 3 includes shallow scour surfaces. (¢) Low-angle
cross-lamination and low-amplitude ripple forms of Microfacies 3 (F3). (d) Deformed layers of Microfacies 3 (F3)
associated with relatively thick Microfacies 1 (F1).
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A2 2 plug oFflefk] Ak 5 (shear sorting) o
o3 A Aoz A EichMackay and Dalrymple,
2011; Plint, 2014; Hovikoski et al., 2016). £ &
E &7t S71el weEh dRe dold s5o=
k=, o] o H2Hd plug7h FA= L 1 offof
+ dF3(turbulent zone) o] Y3t Baas and Best,
2002; Baas et al., 2009). plug®} t732] A Hoj
A 2A5H= Kelvin-Hemholtz B9 A 0.2 Q3]
U2 Yol 4= W] dolihm, o2 8] AE
o 4= Y] Hlzo] mrj= dofu 4+ glrh(Baas
and Best, 2002; Mackay and Dalrymple, 2011).

o] E|&Ake] o] @3]+ lower transitional plug
flow ZJefoll Al B == W2 bed-wave E= A&
9] Bl 20} -FARSH EA-& B oIt Baas ef al., 2016).
B2 SlolH ARE 242 Q30| £H%H
Bolq Y5 Fez W ST AEdZel
H]-& Z7}+= lower transitional plug flow (LTPF)
oM HE 5= Z7lol 02 vt 2R UE Zw
Z71ol] 7]e18} Fl02 SAEIckBaas ef al., 2009, 2011,
2016). A o2 Fe FE 9 LTPFo|A= F
B 2o APEE 13| FUTRY 22 F 7
o] L-A|3lt}(Baas ef al., 2016). 3}A|TF B| WA =2
9] LTPFAE Ze U8 2 ol3) 4= el
K7po] k)L veke] 20| FalElo] Apsact
(Baas et al., 2011, 2016). v} E| A& 5 HE floc
7k ol o3l 417 RAIA ARG 4 U, A
E QIAES P48 ¥ olRE ol5sio] AT} &
A5t F2 bed-waveE A3ttt o] 23l bed-wave
L 2g R we A28 vt e
H B0 2 QI3 22 PO o|Fahe] PH O
2 399 AAE2IE 94T Rolch o] HHA 4}
3o] 21423} 0 Beivol A 55 Wl
BAE A= AMASEl= LTPF ool A B2 Eo]
78 Rl sl A= A HY SRl W2
bed-wave= A & 2| H §l2-2 A AR

4. E 9|
ZA3, B3] Gkt AL Bg o|Er} FHFE
EAQ Folch. T4 Al Qo) oy gL

1
R R EEEEE
Re] o|=7t §9E1, Hiere] Fheieke o] £} wet
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ofl 218 ARgEo] SFol g olE7} Fxelet,
g o] =i 72T HiEo] Aol Kol 4 2T
FES Holid|, T8 ZAUFS W AT A
Yol oA F 1L g (turbidity maximum)E 4
ttHAllen et al., 1980; Dyer, 1995; Dalrymple and
Choi, 2003, 2007). T5=2] B-5 o|BE= 277} oFs
o) = 7] floc = wW=A| 7lEigkol f40| &
£ FAgtHDalrymple and Choi, 2007; McAnally
et al.,, 2007). o] 282 T3l Hsh+ MM
Jo|E= &3] WEdit) shA|TE 9] Ht §
H2oA 0|57t A7H o v ERTieg,
Ichaso and Dalrymple, 2009; Mackay and Dalrymple,
2011).

Wog|o| 5o F7 EAFE 24 FFS U= o)
A B Fohteld AR Aoz siAEtHMossop
and Flach, 1983; Flach, 1984; Flach and Mossop,
1985; Crerar and Arnott, 2007; Hubbard et al.,
2011; Musial et al., 2012). W o] FH B3 |
o F/01EZ0] EHEUS 7Hs ol B2ole &
T-8kaL, obA] HarE upzt glok. S B 2S5 el 4t
Stk vl A FAL o|Y¢F(5 m~30 m) eF
A5 38t AEu TS T2 £S5 2ol
=4, 7719 dl=(abandoned channel) = He
i} 22 283 oA B o] =7} HH3F] F]
Aste] HHE AoR M Et(Hein et al., 2000;
Hubbard et al., 2011; Musial et al., 2012; Shinn et
al., 2014). 24 IS W= AFYSHE 9] LI EH] E
Mol olekzo] ARkt g oA e inclined
heterolithic stratification)E& #AJslH AH&3ict. o]
F AES Y A 9 ESh= 5 mm 7 o819
-9 gF2 oS- H 27| Bt o] &7} 7hEkgkot
A5 Ao=Z 4 HrhHein et al., 2000; Hubbard
et al., 2011; Musial et al., 2012; Shinn et al., 2014).
o| A S olA Bl FAL o]UFS HHF
AEZQl Hstet B Eo] FAHUS Aoz 4
EL(Hein et al., 2000; Hubbard et al., 2011; Musial
et al., 2012; Shinn et al., 2014), <= A] 999 -2
o) 0|27} g W7 EE f40lEd] ofa) B
HA=A Hes] A=A gtk

Ho EZ oA HaE Aol EF0] EEAT,
Fiucte] 7] wielr] E8A510)5(Bluesky Formation)
oA A7 &7} QlthMackay and Dalrymple, 2011).
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2ol 3e dufdlol 3w sk 2, AL
THEX](Western Canada Basin)of| 4] 3 & o] dojit
L 5ok 9ol BolA HAET 200 94
o asky vpete] Rg HE Bwsl Z7ehEA
transitional plug flow”} A= 11, plug o=l ol A
o] A& 9] o]E(heterolithic stratified mudstone)
o] A= ¢ ck(Mackay and Dalrymple, 2011).
go] o AT ¥ HE FE5} o Zale] of
g} 382 quasi-laminar plug flow2 ¥3}1, 2=
plug A7} ARsPAA F5219] 0| ¢S (unstratified
mudstone)©] FAJ =¥tk (Mackay and Dalrymple,
2011). EFA7I0|5Y FAolESS EHeE W
Bl & Aol 9lo], & AollA AAE W o]52
ol 233w FAFSH

1Ee F/01E EF | tiE A7 EENE
AL 01 B9 554 A @/l tigt olsf
7h BE37] otk 2 d¥9 AF A1ES
Bl LeEe FRHES RS 58 /59%
1} E|ZE A5l gt olsi7t A 3= ick(Baas
and Best, 2002; Baas et al., 2009, 2011, 2016). ©]&]
AFATY ATE EY R, 5 Ao, 25 F
oA FHE EHZNA AMEE EHE FH 7 9
3 EAE oldFES Bt 8] E= AEA Sh
A8 4= 9Jth(Soyinka and Slatt, 2008; Ghadeer
and Macquaker, 2011; Plint, 2014; Hovikoski et
al, 2016). A5 HHBNHE o] E0] 28] B
48 olgrael BlHsty B4o] Azl 7 4
AR HMackay and Dalrymple, 2011). oA E
oJEiglsel, PotT BHL fAolErt L 4
Fo 238 257 U] thRel 2719 ot
T B3] ol= o] £a] Bt dab
ok AR 9] B2 Aol 53 1 7] H
glo]FollA FEE FA0IE EHF B2 2
of2] HAZA A folESS RISt Ast
= 2AFe] HE2t AE

=
(<]

oL
AR

5.4 2
(BT B L DEDE SRR TR

S17 BolA] 24 GRS we stmol] 34E
H3oE F2 THU oY ShE HHF o]
CRFRE FAY o]kl BB, o5 Ao s

kA
ogk
o

Hol= A g du|Astold Fd] w2 ek
S AR BT 2E B o459 243
EZILZE 7|22 2 3719 n|E & AHmicrofacies)
< FESIT 24 H24-2 1 mm oJsto A 4= cm
FA 9 o|21 3 H o2 AR Q1ste L}
ok | EAS 12 HE 710 2-E AE A A
HE 2 2719 29A QA7 FEA A Z23t
€ T2 ooy, nE Y 2= v EA 13}
TR 2 21 AAE 2dshe olde R 14
Hu 2454 mi¢ R HEASS Z3e
B2 32 HEGSH HEFSO| Eshe 0]
A GSor FH, FYFSE e ALE A
HS2E HA o] FAAES AeES] F
B2} J24 plug® B3 52, = fAd0lE o
3 &9 AoR A==y, 2+t quasi-laminar
plug flow, upper transitional plug flow, lower
transitional plug flowol|A 9] B &S yebditt. 1
S Y9 Heh HASA fA0lESO| E=
A BAE AR, MAUTHEA] 2] EFLT101SA
Q78 oo 2 A7) Hujo] Fo 4 FHE $4
O|EZ9 EALE thE A9 HAZA /0]
B3-S YA Ash=t 583 7|45 & Aok

= O
o=

- rf

=
=

NI

ZAe| 2

o :Ee QrETheta 7| RATA YA o3}
of AE LTk AP =R Ths) £19]
AL A 99 T 1 YA PAET
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