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Seok Hoon Yoon and Young Jin Joe, 2019, Sedimentary facies and depositional environments of the Montney
formation in Alberta, Canada: Sedimentological characterization for a shale gas formation. Journal of
the Geological Society of Korea. v. 55, no. 3, p. 277-289

ABSTRACT: The Montney Formation in the western Alberta, Canada, is a gas-bearing sedimentary deposit of
the early Triassic in age. For the understanding of the sedimentological diversity of source rock reservoirs as a
major controlling factor of fracturing efficiency during the shale gas development, this study focuses on sedimentary
processes and depositional environments of the Montney Formation (MF) based on sedimentary facies analysis
of rock cores (about 200 m in total length) from the Kakwa well. The main lithology of the formation includes
siltstones and silty mudstones consisting dominantly of silicate minerals (quartz and felspar) averaging
approximately 60% (by weight). Six sedimentary facies were identified on the basis of centimeter-scale description
of sedimentary structures and texture in borehole cores: homogeneous mudstone (HM), parallel-laminated
mudstone (PL), cross-laminated mudstone (XL), indistinctly laminated mudstone (IL), bioturbated mudstone (BT)
and deformed mudstone (DF). The overall occurrence of sedimentary facies shows a distinct contrast between
the upper and lower parts of the formation. In the lower MF, contents of clay minerals and organic matters are
relatively high, and sedimentary facies are suggestive of persistent hemipelagic sedimentation under the stable
and low energy environments. The upper MF, on the other hand, consists of diverse sedimentary facies formed
by wave- or storm-induced sedimentation, erosion and deformation as well as bioturbation in high energy
environments. During the deposition of the MF, the depositional site has experienced an relative sea-level fall
changing from offshore or deeper seafloor below the storm wave base to nearshore in a wave- and storm-dominated
continental shelf.

Key words: sedimentary facies analysis, sedimentary process, mud-dominated continental shelf, storm deposit,
Montney formation
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1. Mo

AY7kaE f7180] 78 AlESl S35
UE HATFEEA, A MY7tASY] S
AeA= AT X539 SA, FH8E 9L AE
Fxo| S4T FEO| et AR vk 2 F3
WL P25 0|2 3UH 02 SN BROH A
U7FAS-2] HAKsweet spot =&)<} 7N AlS=EA
A 9 s EE ZH) Bl Ak Yuo| o
$E2 ol o] ZasttkSlatt ef al., 2012). &
3], 7}2F0] Y AFS(source rock reservoir)
£ Yok 22 A AYEL oD AT R
Hol| 2Zst= EHUY oF 75%F AAT A==
chofet Bl He (51, 37, At tiEs, AdiA 5)
oA BT 2ol FETY, 38 IETE,
ARG, ST, ASEFE 5ol WE 2 4
5= ool QlojA] ¢ FH-S HIEAGS Hel
th(Potter et al., 2010). o3t AL thFd2 A
AT A4 E A E4e 2RTEN A
7k A% AR} Aol A%t MR 283t Al

60°
0N 120°W

Wk A S13 330 B 3 BAL Y
A Z2] ¥ A5 EAJSH(sedimentological chracte-
rization)o|t}. o] Ao A= G Fojuh BHESE
o] &3t ] K71} EHTA R R &
Ao] 3 E, o] F T3l it AFY STt SA
545 oo SAlol BAMAYUEST FA4H
o tet AuE ASToRA SymRel Age
of Felx QMHELE BUL T2 4 UckSlatt e
al., 2012).

Aie AR AR FA4R0] 9173t Kakwa %
A2 1= ARIEIALR] ol A7l
T(2013-20179) & &3l =W A% A o= FAL
o} N2AAT} Saslol, 20199 B4 ko] o]
AT Qe BH G Al YrhAole B B
Ab} Ako] 744 BFHA o] 2olA] 1 Y Bl
0] 7hAghe HUSL TR shne] S5} 3k
o] AIgte Azt oA BAEE Aoz dEA ot
(Loucks and Ruppel, 2007; Yoon et al., 2018). 1
2L Kakwa 31| -1¢k 47531 EEUS(Montney
Formation)2 A g o] EAH A]UAF3(tight res-
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Fig. 1. Location of the Kakwa well (core site) and distribution of the Triassic Montney Formation with overall deposi-

tional setting. Modified from Edwards et al. (1994).



ich UeElT BELISS SR EHEY

ervoir) 0 24 Bu]X|¢o] HFH 7haghg AL
Foll vlsl AEGFo] U B3 Tl HHTES
e A SHL Bl o ATelHE BE
BECEELERERL BRI EE RS R
Ao 712510 H2A B4E sk A7)
%0 BAL AEnE 2AUR AFI0] AL 7]
Apste] HaALS Baahozn BEUZe H2ag
3} S48 vl gk o2 B Thrst Al
SRR LN R DR BN
4} Bzl felg 87 2] vhat ARE A
3T+ Ye Ao |gan

Auehe] EEYSE A2 oF 29 3,2009¢
~2934,5009hd A S| E=to]opA7|(Triassic)
7] 27]0o]] £u]x] 3 (North American craton)2] A
£ 7P o gt W EREX](Alberta Basin) <]
2o YAE shEla2e] dlo|thEdwards ef
al., 1994). ZEUZY| EEA| 9L B A gu|ot
(British Columbia)Z S ERofx=E] AnEK Alberta)
3 AEAG7HA] oF 140,000 km’f] AH B4
2 etk 1). 39 ARAAE AL 71E
A2 7 2)(true vertical depth)Z 2,800-3,500 m Z
olof] YX|at FAEFO 2 HAA Itk (Kuppe et al.,
2012). Bt 57 oF 200 mo|™ FHoJA ARZ
7FRLA] 25 350 m o471 £ALA FAHL.
2 BEY2e 1A H27]9] W] Belloy) S
BARHOR HRsinl, ARo|AE EdfolofrT]
of| A ¥t 7| (A&l A FEFLE 7P A7t Fof
Aol F2E =0l (Doig)Zell oaf #AFH =
T EE o] Ytk BEYZ oA AFEEE= 3H42 uf¢-
EEn A= BT, gRtd o= HE7]
Z7104 58 7] Ezto|ofA7](Olenekian)71A] €]
AE 2= Aoz dA JYtHGolding et al., 2014).
EEUZY EHIH 2 durd o2 A3 Wk
O] B2 S-S BAZ 5t 2719 HAHAAH), =
FZ2] Y3 A3 (proximal shoreface or inner
shelf) 2} X Z9] ]3] 27 (distal deeper marine or
outer shelf). 02 FEETKKuppe ef al., 2012)(1H 1).
7|1&9 Aol W=, Wal AstEE A HAH

5|2 %2 Aok Al(shoreface sandstones), B¢

2t 7

&2 g z+et(coquinas), 35 ALMH A EQHlower
shoreface siltstones) .2 A, BA] GA|Fo]
wEshe 3 HAFANM= FE--Al(storm-do-
minated) AEolLt AR AEY FL Algfol
W F5h= A2 A thMoslow and Davies,
1997; Kendall, 1999; Zonneveld et al., 2010).

3. 097 X2 & di

o] A9 F2 EATY AL 20149 =4 F-FA
(HarvestrAh)7} et Wujels FA]Fo|l A HE35E
Kakwa A2 2(T12 1)0] TojA|@aA] A7} 3166
~3371.6 m&| ZEUZo] s} EZ4 EA4Z HA
SHaT FoA o] B4 ), 24, EHAx, &
2|H(bedding plane)5-/3, A4} Fof thsl St 2
21} 1:20 4= S B9l o] FolF ok ZEYS
AlF=3Lojof gt mNRE], FE, f71E 42 A
Yt} &% A47]3(CoreLab Canada Ltd)2 E3)
FPE o, o] AoA= B4 AAEIAE S
&3ttt

4. & &

71 Aol 93] AAE 2EYUSY T4 A
2 71202 B, Kakwa A|&Zo| Yehts ZE
Y22 A|3A % 3161.8~3361.7 m 2ol 200 m
FAR vepdtt 223 ste] wleh 4= 3268.8
mE FA R ato] R ZEYZI M ZEYZ O
2 Eg

S BEyZe 22 2o FEtmodenately
well sorted) 2 T2 59 AE A2 FAHH,
Ztg o)A ol o] YnteE Hlth XA AR
(XRD) A3}, G2 =2 28 ~52% (Bt 45%, ©|
st FAH|)oIn G4 Ffeldspar)i= 6~15% (Bt
12%) 9] 3Fge Holet| & 44 AE d&
2 vehdth @24 (dolomite) 9] FFS 8~42%
(B 15%)0o1H ndE, ndsd 9 U2 7|4
Pt ok HE 4 (pyrite), 5 &Y (siderite), ¥
Z X (marcasite)> A A 3~9% (Bt 5%)<] T

= Holed|, 352 AL wd=doly 71 diA
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FE(matrix-replacing) 2 Yepdt) o]Qlo= dzfo]
E(illite), &, AHELO|E(smectite), THE (kaolinite),
U4 (chlorite) T} Z-2 SAF 7RIS 4E(phyllosilicate)
o] 7|AEAE Uehh=t| 3RS 11~ %(B 26%)
2 wolt} olo} e BBRAL Vo B B
EYZe fi7E JEA 24 AESKargillaceous
dolomitic siltstone)2.Z2 EFE0, FRAoZ 3
EZ AEQto|u} AEA o] ¢k (silty mudstone)©] Lt
E|% gt 297123=HTO0)S 0.18~132%
(Bt 0.68%) HLE Helr}

|==

42 A8 BELS
o
ua
=

r
X

AR EE
Y3 FAFSEA]
P&+ 4), Y= 24y
FoHA vrehd . FERAONA A T 21~
62% (BT 49%)0lH AT 9~19%(F 14%)
9] =FE Hol=t s ZEUTZ I B3| tha &
Al vehdtt o] 52 tiRE A8 AE AR Y
EfLp, HEA 02 234 AlRojA Ag IHdHquartz
overgrowth)o| T2E]7| & it} 3HH, 34 AN
FEY 2L s ZEYSZ Hlg| A 2R
Ao} gEFo] Hat 15%(4~50% W)= oha &
Al ettt @24 (dolomite) o] S 8~33%
(B 19%)01H wEdE, nEdE2

Zu}

(EEYE =9 A
B kel

ojj

4 yd 7138S
o|F11 QJt}. B (pyrite), 584 (siderite), B4
(marcasite) 2] S 2~11%(H+ 3%)%1dl, 5

2 352 A& ndsdou 71d oA FE= ¢

Bt} o]9jo e FA Tt wAEA R Yehs
o] 2 1~8% (Bt 4%) 9] HAHE ElH olet
TE FEXRE 7L E AR ZEYSE A5
= AL FHER WA AEQY(slightly argilla-
ceous dolomitic siltstone) 22 ESEH, JEZ 4]
EQloluf A=A ofglo] XM o2 gtk TOCE
SHE ZEUZ] H|a] tha: 22 0.06~1.28% (B
0.26%) 15 Hloh

4
el

E|FA

1o

= O
(=)

E| & A (sedimentary facies)S %] /33t
A= HFHE 97| F(mechanism)e} A%

o
7ol et BEE AlFshe 7124 <] S4 oItk (Stow,

2005; Dalrymple, 2010). E]&Z2] i F1} A|5=H0]
O] AL A E40f 7P ] AgEEs V2R
2 121 EF3 2ot YApe] 23] E4Jo|t}. o]t
EAES BAE] J4dE dAY FH AdxAS
Hhegst7] wizoll 1719 EjFeE& siAlstr] gt
7|8 =2 A 8 B9 giide] =i 3ltk(Boggs
Jr, 2006). ZEYZS| AU FEsHH o2 Yt
A o] 60% Wl A A Y (siliciclastics)
O 7 BREW, 202 = AE 9| jefo] A%
AEQ T2 REA O R JARE o AELL HE
2 A4 olgto] $AHA Uehdtt B3t x 2=
ookt ASE(BAESE, AdSE 2 Iuet 4
Z9)e SEY dgo] gl B4R 5 1A EE
Z9 T, B|A & x2A HEuT 9 7k |
FPrzrt Ik o|oh T2 2R EAJ I Bl Lz
£ 7|2 E sto o] AFoM = 6719 EHE =
SIATHAE 1 19 2). thgh, Y=o gt =7 &5
2ot AL oo 2 FYste] H-85k3t

51 #& 0|2 (HM: homogeneous mudstone)

511 &%

o] HHAS o2 FU AE o] HHTR
7+ QAR kL el Wit 7o) gl A1
o2 T 54E BITHIY 2). A% w2
oh$ Sule Bt Hole 2 HolHel 44
2 Appsht BAEE B g AR T
A QAT R AS FHAL wn, grHoz
He ool ofEl B8 gamloz tehich
A EEAF B919) FAE 4 m of5jolH 30 cm
olAb7IA] WshEo] ZA] etk ghEiAle] 3
OI9HE A 5 cm of31R g Lehtel 52
oRt Hold 21 3¢ A4 WSS Wolk AS
= ok ST AR} s BAl= vl d F5
A Yeht=dl, g2 skl g3 B3l &
ol 790z 1 FAHo] WA e HolHo.
2 vehdrh A2 Ree Wik o R SAsA) Lt

= e oh AT, A EEUZe] A 77k
Ut 23 AEGHY] Aoy REE oz A
3 AEESol} e FEet Feje) AR
(burrow)7} AR =7 &= Fteh #d AEST oY
o 42 BEYZ) B2 BkEo] tehin, o)
B EEYZo|ME ol T7h) AH e ke



Table 1. Summary of sedimentary facies from the Montney Formation.

Sedimentary facies Characteristics Sedimentary processes Deppsmonal
environments
Rapid settling from buoyant
Homogeneous Absence of primary structures including bioturbation, but sometimes  riverine plumes or Offshore

mudstone (HM)

faintly laminated or graded; boundaries transitional

storm-generated sediment gravity
flows

Parallel-laminated
mudstone (PL)

Frequent intercalation of thin laminae; thickness or vertical spacing of
individual lamina 0.5~a few mm; lamination dominantly planar and par-
allel, but partly hummocky cross-laminated (HL); sometimes having
a distinct base and a diffuse top; light-colored laminae dominantly com-
posed of siliceous silt particles

Combined flows induced by
storms

Nearshore to offshore
above storm wave base

Cross-laminated
mudstone (XL)

Interbedding of silt-rich and clay-rich layers showing a complex of vari-
ous wave ripple cross-lamination with interwoven or bundled appear-
ance; reactivation surfaces common and distinct; lower bounding surfa-
ces of bedding set arcuate and irregular; variable arrangements of in-
ternal foreset lamination; no systematic change among individual lami-
nation types

Oscillatory flows by fair-weather
waves

Nearshore above
fair-weather wave base

Indistinctly lami
nated mudstone (IL)

Lamination identified by a non-systematic repetition of thin streaks of
light-colored siliceous silt laminae; lamination dominantly planar and
parallel, but locally curved (wavy) and pinching out; boundaries of in-
dividual deposition unit mostly indistinct and gradational

Persistent hemipelagic settling
and occasional inrush of waning
sediment gravity flows

Offshore or deeper
marine setting below
storm wave base

Bioturbated
mudstone (BT)

Intensely disturbed by bioturbation; primary sedimentary structures ab-
sent except for diffuse banding; facies thickness variable; boundaries
poorly defined and irregular

Mixing or stirring of sediments by
benthic organisms during
burrowing and grazing

Oxic nearshore to
offshore

Deformed mudstone
(DF)

Irregularly disrupted or convoluted (contorted) bedding with compli-
cated or overturned folds and small-scale faults; original beddings re-
markably continuous in spite of intensive deformation; sometimes de-
formation restricted to the uppermost part of a deposition unit

Penecontemporaneous plastic
deformation resulting from the
pressure of storm waves

Nearshore to offshore
above storm wave base

== <3k {3le

= 62

TR
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T2 )

5.1.2 A

A EAS2 BEs] EEE BT AY
o] UL Egol HA 2 Q2 1=A &
AtElo] Qe 22A EA4SE Bk o|=3t E34t
2 ATH o= QYA A7 257] DA B4
EEA, AGRY STt HAastaA 50 AEE
2 BREo] Jd A gAso] w=A 7hekgtot
AE Ao =R A= 1 Qlk(Piper, 1978; Stow and
Shanmugam, 1980; Chough et al., 1984). o] o <=
Ze) sist W AEeky 2700) det AlYAAe] &
H(flocculation) F4Fe] dojutA| =d t=of w2
Bo] 28] o|2oj2|A] groba] AE} ol %
2o} 2o E|m7zo] wrero) uleksA| Bk, ojg}
2 AFE 3 OEREY B2 AERF o=
Z57l0l sH2RE FU S gRY F5ael 9

3 oF7] € HE =7 (hyperpicnal flow)o] A% A
SHA Lofd 4= A em(H 4), ofuf v 7%
w2 UASo] 42 4 Uck(Plint, 2010).

T, 4 BEAS A e &5 2
2 EAEo] AsHA EdEH St 22 9o 1
A EAF27E 48] gid Feole yehd &
S tHReineck and Singh, 1980). S A&l <
T ndTFRe AREA O R Gt FE Y A4
(burrow) 24 E&Z ollA A7} 7FssHAIt &
A U 350l AA sk nldEolu 27 AA8=
o] o= k&2 9] F7]7} Zoba] i A4l
27} Sete g A FEHA @7] etk 2E
U3 Y 27] Eftolotir|of 44 EAF

o2 290 Yiejo] oH 7|71 52t H S0l U
53 W EE £42H80] A== Il L
o BEndT27t SuIsH Hgle 7Hs/d = HiA

3 ik

Fig. 2. Photos of sedimentary facies. For location of photos, see Figure 3. HM: homogeneous mudstone, PL: paral-
lel-laminated mudstone, HL: hummocky laminated mudstone, XL: cross-laminated mudstone, IL: indistinctly lami-
nated mudstone, BT: bioturbated mudstone, DF: deformed mudstone.
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5.2 Ti3H 24=2| O|APL: parallel laminated mudstone)

521 EA

B 39 EAALS "IN 52 o3 o
+ 57 1 mm o]&}2] Hekgt g3-(lamina)Eo] ¥
X0z FAEo Ustes E4& HAH1H
2b). 1L} RO A= ot P& Ho|AY HF
o] FA7} HstEA STt FARE 2= A9 A
& (hummocky lamination) &7} T&EH7|=
FHE 20). A= 2 YA -AIE =3
Aot F71 oI HETF AG 43N] A7 n s
sto] JAEHA FAAE U=, HE G52 SHY
SO 2 Aol FEstal FA| HIkE Ak =2 F
o 2= 38 7oy HehEo A dagolut AlA
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Fig. 3. Summarized borehole plots of stratigraphy and sedimentary facies.
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ARy B3 ()57t SAlsHA BEE T (Kumar
and Sanders, 1976; Amos et al., 1996). ZF-0] AL
< S8k 3% F3afll &It uhEF(oscillatory
flow) 2} A SR H & =T d<5(storm surge) &
2 o719 s|A A @F(geostrophic bottom current)
7} B3tz o2 24514 FHoh(Plint, 2010) (21 4).
BYFFEE Ik B2 dUFE ABF
Hop ub577F 455 24t 59 HEA 7 B4
=, J3} FitEs dAA= AGAEE7} T
SAIBHA == Aoz d=A Ath(Armott and
Southard, 1990; Cheel, 1991). AGAE2]= o3
o by oz uje FE Yehis] g o ¢
FollHe} o] Ho] AL BAIaHE Lol Bey
Fell e £RAS 2 QXD = ek
2, ZFjo] ojs) W o] MY HH 2ol
AEE FRrEe B¢ = YEF(density
current)7} F4E 4 ), o2 BEs)Y B
E5HF(WESGF: wave-enhanced sediment grav-
ity flow)2} gFcWright et al., 2001; Friedrichs and
Wright, 2004)(18 4). T+ HHES A1
< AdAE AsstaL A2 FAre HAE 5
of &gt =59 WEX= Y29 o5 oF7Ist
= 89lo] Aty(Macquaker et al., 2010; Lazar et
al, 2015). EHES] o] 5TpgL shwol ofat ke

4], F5, ZolE(traction transport) 2.2 o]F
AL 7)Y WEF Y wekn G U
RENE] ReUH Foz FRELY, BYo
59} B4ol4 BaAZe7 942 5 AcklLazar
et al., 2015). S+, Baas et al. (2016)2 H2Hd(UZA)
o FAR(AH) HA gl EAth: 3R
(turbulent flow) 2] u}x|g} Ao A FA3E 7
dojd B9, dRelt AF7F FESh= Aol
% (transitional plug flow)7} @&slar o 3t
A A7 BAHE o U2 T EHES E9
RN v} L.

5.3 Al=2| 0|2(XL: cross-laminated mudstone)

53.1 EA

o] |l ZAL 7| EF o2 FE|HH(principal sur-
face of sedimentation)o]] AAMA WE3t= AFGS
2](cross-lamination) & X &sh= tho] AqPH(F
Al 1~2 em) AREElS(cross-bed) 2.2 o] Zo]A L
THE 2d). W& F32= B3 939 H24elA
of frAfsHA 4 JAZE AR F3A 5 o
o L& t= 7=l FEZL SANIS A3 A4S
o2 FAE ] Utk 7 ASESe] AAHES JA
Holu} A &AM (reactivation surface) 2] E4

ol BER F9= E'il T2 AEF (ripple

b > o
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Storm Surge Riyering Input

Backshore

_Foreshore

Wave-Enhanced
Sediment Gravity Flow \

Storm Wave Base

L a—-— [N
Offshore

Hyperpycnal Flow \U /
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<<= Geostrophic Bottom Current
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Fig. 4. Schematic diagram showing depositional environments and sedimentary processes of the Montney
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