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=7t getA]7] ol €4 &= Bt Al F971 5-E ok Horn River £2]9] I <3t 1 £7] g3 A
2ale] gego] Bl Wt M= e ol 7} Balslel UubEo R ALEEE BEeol = YHAIES) Rock-Eval
FEA 7S B3 €8 ASEE B716t] olgeh. AlgSell o=k 2 1% Bl EHl(solid bitumen) 2] ¥EA

= 84 45T B7HY dote 2 AR E o] ghou F3] A= 0]9)9] 2ele Yaf IS W= Tl gih
Horn River 24]9] 108 n}a SO 4] ek W] Eejubo] 2 WAL £7]315HE A1 AAHMPL-1) 23]
HIBHE B E 2] o] & WARE S §ARBHCE web o] @1l A 11 ulEu NHARE S Hom River #7) Hl 7]
AL5o 84 e BH7F AAAR 8515t Hom River £2] Hl27] A|Y5-2] HEHE H|EZo|E &F
At B 1L.9%E 7HA BAGA o] 2231922 A Agtt) £-G7] k4 (total organic carbon, TOC)2] 3=
2 1.5-6.8(FE: 3.8) wt% 2 =2 72 Bo|m TOC| E3He ZH J-7|€kA(residual carbon, RC)2] H]-E0]
90% olgoltt. o=t F&3f f+71etax(pyrolysable carbon, PC)7} &hefra 2 HEHE Q3L f7]559]
et a-2 A A%t whEhA Horn River #2|9 Bl27] Y52 7k A4 9 A% Aol =2 A g7t
& TAWAFTL R A

FR0f: AU7k2, G2 Y4, Hom River £4), 14 )=

Sung Kyung Hong, Jiyoung Choi, Hyun Suk Lee and Young Jae Shinn, 2018, Methods for thermal maturity
estimation in shale gas source/reservoir rocks: A case study of a Devonian shale in Western Canadian
Sedimentary Basin. Journal of the Geological Society of Korea. v. 54, no. 1, p. 61-74

ABSTRACT: Thermal maturity has been estimated from various methods. Because residual organic matters in
shales possibly cause erroneous maturity assessment, the methods need to be applied with caution. The Devonian
shales in the Horn River Basin contain little vitrinite and show too low S2 value to obtain reliable Tmax. Thus,
it is difficult to estimate reliable thermal maturity from the Rock-Eval pyrolysis and vitrinite reflectance analysis.
These Devonian shales contain abundant solid bitumen. The reflectance of solid bitumen has been used as an
alternative for maturity estimation, but it could be affected by other factors rather than thermal maturity. In this
study, the vitrinite reflectance converted from the solid bitumen reflectance is in good agreement with the vitrinite
reflectance from MPI-1(Methylphenantrene Index-1) values. This result suggests that the reflectance of solid
bitumen is alternative maturity indicator of the Devonian shales in the Horn River Basin. The converted vitrinite
reflectance (av. 1.9%) shows that the shale samples are within the gas window. TOC (total organic carbon) values range
from 1.5 t0 6.8 (a.v. 3.8) wt% and RC (residual carbon) contents represent up to 90% of TOC. The results indicate that
most of PCs (pyrolysable carbons) have already been converted to hydrocarbon and organic pores have been developed.
Thus, the Devonian shales in the Horn River Basin would have good potential of gas generation and storage.

Key words: shale gas, thermal maturity, Horn River Basin, solid bitumen
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1. ME

AL oo W oo R $71%9] BE
o] 45} Fgo] Wot ABHL AfA|2H o
oA &3lpaE FAoe THY 2 AFUY dF
&S Ue YEe R F7HE ik Aol =3
$712e Lt gelo] 715 €S A
B3 YR = fEEH IREYL B0l 2 AF
ool A& tJarvie et al., 2007). A&A 02 =9}
Ao STl =W 2hRdshs A=A 7EAR Y
=1 FRshes Y- 2&F E3ll(secondary cracking)
ol &J& 7tAE FAsA Hrt(arvie et al., 2007). A
RYOR GEHA £ IhAE FRYR Ao} 2
ofl 27k A2 RESAL 57150l HE
FEC| FEE O] TUUR] A ESol o= 2hRgth
(Romero-Sarmiento et al., 2013). ML) 323HE 7}
22 B o Qlef At AL Ao 5=
HA|F(horizontal drilling)e} <=<tukd|7 <& (hydraulic
fracturing)©] Wtz Ald3o] Eakel 7Ae) A
o] ZsHA| ZYEHA AYFS ST ARICE
H7t= 3 QJth(Curits, 2002; Jarvie et al., 2007; Hao
etal., 2013).

7182 258 4Eo] F7Ishd oot eEls
2 P2 WskHA ==t ol¢t 22 ¥skE /7]
2o] A7 golet Btk $7180) A H4Es )
A<3(immature), A< (mature), THg<;(overmature) 2
2 FEEH(Peters and Cassa, 1994). 1]/d<; @A 2]
LEE80T ofafoln, 2 A el A
E719 wgtrt2olcHartkopf-Froder et al., 2015).
LE7l A&H o Sl Y-S AHelE %
Ao =Estal o] o] F7| Y wHTtAE s
+ A< SA7F Hoi(Hartkopf-Froder et al., 2015).
7kt A WAL R0 §718 5] B4
Hrk(Jarvie et al., 2007; Loucks et al., 2009; Modica
and Lapierre, 2012). W2bA] ML52] E3 o=
B7h= Al 7k A 9L A7 A Bkl B
Holck

AYSe E43 dares giE o g HEZUolE
HEAFEQ} Rock-Eval 84 7|HS 534 B7Hett
(Peters, 1986; Jarvie et al., 2001; Dembicki, 2009).
Ju AlgFol AE &3 oldel EF=EUAY sl
of| FA = US 5 vl EUo| EVF RAGH BTt

S w(Kenrick and Crane, 1997), Z+d<331 AL 32]
79 Rock-Eval E&4] 7| &g D42 f71&
o] tiF& 7tAR HHPE o] ZHFSHA] Gh=t}. wEhA
IHd<staL H|ERUo|ES Z3H6HA] o2 AlE3ell
A ] E ] }o]E WAFE S} Rock-Eval @84 7]
2 44 g grisk=t e itk (Clementz,
1979; Peters, 1986). o] gt EA| - s 2317] ¥t
of HE 2] o]0} SR BAE 2§18 v
AKE 7} 9 R shek B4 5 Tkt 7w o]
AX =2 Qlck(Bertrand, 1990; Petersen et al., 2013).
S R EE L D EEER bR
HEE 7hE SN AIL7ke 2o/ AR 54
< 123 HAH3tE A7 0| 28 ofof gt}
o Atellx= A7k 7o) ZEE L Y= Al
vkt E]2 E2] 9] EA & 91Xk Horn River
EAof| £3EZdt= 37t MYSE FHeE o
et 7S Agste] €4 dstE Btk 4
TA G A YSE Aol whet n)dsol A T
A7) caket 9 Al ¥9kE HeITHRoss and
Bustin, 2008). A|Q%e] A= A 22 tHste] o
4 Hawg Bk Aget 24 7)ol ekl 7
Fsieick EE B7HE 9 HSES wiEo R A
2o 7k A B AR} AR L Eofala

2. 95 M= EIPIY

21 ®R7I189| BAIE EH 7Y

e 5782 E2] < 7ol 233k 7|
o2 ol 7|7t E-gE o] Hrh BlEZUOE HiAtE
(Vro) 7" A1E9] 52 FiolA 7|¥== vihE
(maceral) 9] 3+ £7-21 H|E&|Uo|E(vitrinite) 2] &
=7} 57HE vt A SHA S8k E4
< o]&3t 3 HA&TE H7IzttH(Bostic, 1979).
Rt o 2 v|Eg}o]E BEAETL 0.6% 0] Hf
7} A= 7] ARk 1% 0] 0| 2W 7hA7F YA =] 7]
AlZste] 2% o] oA 2 A4 7kA7F AdE T
(Hartkopf-Froder et al., 2015). H|Q7}2 AAko] A
Y=L Q= Fo| A Y7EA LY/ AFEY B H
EgYo|E Ul E 1.5% o]Ato]th(Jarvie, 2012).
AlE2 Hl&7] o] &&3st37] wfiZol "l&7] o]
Aol Bl Z € Mg3olut AE9 fo] AlgtE Ay
AsE o] HAE HEZUo|ES ol s
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AHg3olA BIEZ U o] E HALE 7S o]-§5to] &
A =g Bkt 4171 9t Dembicki, 2009;
Cheshire et al., 2017).

4% sigio] RAje Az A4 H&wg Bt
317] $J8f FEZH2E(zooclast)2F 113 B EH(solid
bitumen) YEALE H7} 7|Ho| AA| = itk (Bertrand,
1990; Petersen et al., 2013). FZHAE Q] 3+ F7F2U
T A (graptolite)i= H| E2|Lo| EL} AR Fo14]
EA4S 7 o2 FE 2B H]gA] T RIE
7} ot vIEZ U EZF BAE s MY E b
27] o|Rof| EHE MY €7 == B drt
20 2 Z2E| 7 QlcH(Petersen et al., 2013; Hartkopf-
Froder et al., 2015). 23y B F HALE = A4 <
g 7ol oS 27 ol AR sz
ula} 20| & Holn F7 skt ofuzt B X3,
E A& Foll Yol G = T o] dk(Cole,
1994). 11% H]FH2 A-5-9] 0]2F2Q1 HE g 9
A FAE SA g AFEo|tH(Jarvie et al., 2007).
1 v RS FSolu FE At & A9 2
Bt (Taylor et al., 1998). 11§ H|EH HIAIE = H]
Ez|o|E WALzl A S Zh=TH(Petersen et
al., 2013). 1% H|EHLS 7] Qo] choFsl B AF
gholl weh WAL Afo]7} eiL] whge] 18 vl
H HIALES o83t G4 s B7HA| 78
THtH(Curiale, 1986; Sanei et al., 2015).

2.2 Rock-Eval @& 7|8

Rock-Eval G@E4 7L #8]80 2 thr|7to|] &
F1ge] 91 HHE, $712 B 2 24L SA|
7 4 ol A oheo] HlEelUolE Wil 7]
Hoj| o]o] dulz o 2 ARLE 1 9Jt} Rock-Eval €
4L EE AT STHAIZIUA SI(W &
o), S2(AI=A), S3(ARAY] EESHE Tl &
A= CO,) AES A&3tc(Jarvie et al., 2007). ©]
23t B4 A5 o] &5t 24A]4=(hydrogen in-
dex, HI)2} AFA-X]4=(oxygen index, OI)&= o}2f 4]
ofl 2J3j F7He .

HI=52x100/TOC
OI=53x100/TOC

Tmax:=S2 139 2= E A5t €3 s

H7tol &-8Eth AYF2 Tmax7}435C ofsto]d
u| < AR Y5 A/do] oJFoh(Hartkopf-Froder
et al., 2015). AA7k2= Tmax7}F470°C o]Atol| A A
A Hth(Hartkopf-Froder et al., 2015). A|=2A2] &
27} moll 7 HIe} Ol AR A Aok =
£8 BolA BP9 9 H4E B} bssich
(Peter et al., 2005). Tmax= E7 =87 olY
g 57189 24 FIFE 7] & Tmaxe] 2
A WP QA EEs vEo]E HalE 5
3} e The BAylYae] vng B9 AFl 2
8 3tch(Peter et al., 2005). T3t 37182 S2 g=Fo]
W2 A AT €A s grptolE ¢
o] Slth(Clementz, 1979; Peters, 1986).

23 wIIEEE EE 1Y

F71E2 HAE o|Fo] d& A =4 =gt
e AP =L G o= Pl 722 A
s et oA H2E Wl HA 3R] AL ot
A9l 722 BEH) gl $71NTES 0|85
o 9x H4ES B 4 ook SRRk
A(polycyclic aromatic hydrocarbons, PAHs)<]
4Z<2 #'dE= (phenanthrene, P)3} g s dER
(methylphenanthrene, MP)2 H|E2|U}o|E HEALE
0.6-2.0% Hejell sB=le 2 Aurod 9=
L}(Peter et al., 2005). HEHIEAL HFE |
Wey)7h AskE Aoz AghE Fxo et MPL,
MP2, MP3, MP9Z 23t} sje i} i 2oy
EfS o]83 G4 5= AEe EHEES A
“*(Methylphenantrene Index-1, MPI-1)2 g3}
] o} o] 5241 o] §:3fe] AT,

1.5(MP3+ MP2)

MPLL = S mam

MPI-1& B|EZ|Uo|E HRAE 0.6-1.35% HolA]
£ 257 E71R4E F710hE, v ER o] £ vk}
% 1.35-2.0% ¥ oAM= =7 S7HeE F4ast
= EAL B2tk (Radke et al., 1982; Szczerba and
Rospondek, 2010). MPI-12] €& 213} ¢]of thaf
A o1 A7} 213 Folu MUl whEe
EAE 2ol7] diizol| G4 A Bl 285
I Rl Radke and Welte, 1983; Polissar et al., 2011).
ML MPI-1 €3 A== F77]8(total organic
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carbon, TOC) §FFo] 1% o4kl AR oA HEsH
B7he= AR 42iA iriRadke and Welte, 1983).

A7 ) €12 EX|&= British Columbia©f|A] Alberta
£ AXA Saskatchewan7lA] Eixste 1A B
gol7|olA AABH A3710) 0|2 EFYeZ 4
Ht}. Horn River A= A7iuch B4 £2]9] &
S22 $Jx]5hH WAL 12,000 km’o|thDong et al.,
2015). Horn River £X]9] 5Z& 3} E& 7 A= Slave
Point ®AFE tA] €} Presquiile Barriere] 3k QL
o XZ7Al= Bovie ©50ll 2JaliA] Liard #X]2} -
FE=thRoss and Bustin, 2008)(Z2& 1a). Horn River
Bjol RESE 57 627] oo} ElH 2 sl
A A2 7FH A Horn River2} Muskwa 0.2 3
A=t Horn River &2 Evie®} Otterpark S92
2 2Rl 1Y 1b). Horn River 2] d}kol= 3}
H Keg River 50| &°]31 Muskwa & AF5-¢] Fort
Simpson Z-°] €1l Itk 7] HlE7] EH3 A
9] FF FiolA 7AWt A&7 A 9] Bovie
S50 2 7HHA gFoRRltt. Evie®} Otterpark S92
Horn River BX]o] Algtd e 2 B =L} Horn River
28 911 Q)= Muskwa && Alberta | g7HA] &
A=) Alberta X gof B3 5= Muskwa 39| 3}

a} 126°w

12¢0°

i/

Horn Rivier

sl
) o Basin

Fastarn adge nf
| deformation frony
s

L]

Foll= gAFg o] ol f7189] gl =2
Muskwa Z-9] FH I3t HZ = B3 FA| A7t
B ER o] §4% sl s B SRS ARG
THAllan and Creaney, 1991). Horn River EX]o]| &
5= Muskwa Z& Alberta x| go]| E]Z%E Muskwa
Zoll vl8l| 72 A=ofA] &gt

A} AlFF=-2 Horn River £X](Kiwigana
B-14-D/94-O-7 A]&3)¢} Horn River £2] 2l
Alberta X]9(ATH Rainbow 4-33-108-05w5 A|3
)l FX 3T H 1a). Kiwigana A]33-2] Horn
River 4] Al &A= Evieg} Otterpark 53t
Muskwa 202 ZA9CHIY 2). Evie 29(2,436-
2,460 m)-& st 2T B4 AL TR0 4
FA7te) AEQte] 7k FAYStHHong ef al., 2018).
Ottperpark &9(2,355-2,436 m) A4} AEQto]
wEao] AR 7740l 4317 ofeto] FAfich Muskwa
5o Zm B B Aol $AEH B3 77t
of] AEQto] At Hong et al., 2018). Evie S
I Muskwa -2 Otterpark Zof 8|3} $~4]0] 7212
Ao A EHH AL 2 g EriHong ef al., 2018).
Alberta A9 ¢Jx|5}= ATH Rainbow A]S=Z9]
Muskwa 52 1,436-1,476 m -7bo]| E323ch( 2
2). Horn River £X]2] Muskwa &3 -AFSHA| 7F
T 3] Q3|7 WA EE FAT I AR
TAAE SHE A7t ghAbE A AESro] FAfgith

b)
Northern
oy ; Morthern
Age British Columbia Alberta
(Horn River Basin)
Fort Simpson Fort Simpson
@ Formation Formation
a |
a
e |D
] Muskwa Fm. Muskwa Fm.
=
o
= — )
@« 5 < Beaverhill Lake
ole|2s Otterpark Group
s|ER= Mbr.
o |cE |
S|leg : Elkpoint
£ Evie Mbr. Graup

Fig. 1. (a) Location map (modified after Dong et al., 2015; Ross and Bustin, 2008) and (b) Middle and Upper Devonian
stratigraphy of the Horn River Basin and adjacent area (modified after Fowler et al., 2001).
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4. ATty

MG Bl B B Az BEsls 7] e
7] LSS gros AErt Be 29 AREe
qelo] 2 J4ES B7519c} Hom River 2

British Colombia
(Horn River Basin)

o YIxIek= Kiwigana AlE3{(A%E: 2,320.5-2,450.4
m)3}+ Alberta B-5Z] §J*x|3= ATH Rainbow A
F3(A=: 1,436-1,449 m)of|A 22 16712+ 10702] A
F2E AF5te] ATH Rainbow A|5=# A]&Zo]|A Rock-
Eval 824 3519 2™, Kiwigana Al35-3 o
Ao 2 vlEl vAbE 248 =854t Kiwigana
AFZel4 TOC Fepo] 2 10749 A2S 27}

Alberta

P

-

Kiwigana well

1
2310
ER

Muskwa Formation

Otterpark Member

Horn River Formation

2= = SIMPLIFIED LITHOFACIES ]

I:]Shh: Gray homogeneous shale, faintly

-

-SII: Laminated siltstone, horizontally
laminated, partly normally graded,
upward change from laminated to
massive, gray

|:|Shg: Gray homogeneous shale, calc-
:l Shl: Laminated shale, a few-mm-thick
Shwg: Shale with fine grains, fine

sand grains dispersed, thin dark

= Shlg: Gray laminated shale, 1-mm-thick

I:lSISh:AIlernation of shale and siltstone,
a-few-cm thick bedded siltstone
and shale, gray to dark gray, pyrite
abundant in siltstone

o

ATH Rainbow well

1436

1456

Muskwa Formation

1476 ™1
(o) ShSi

laminated or homogeneous,
dark gray to gray
Black homogeneous fractured shale

areous to slightly calcareous, gray
to bright gray

lamination, gray to dark gray
alternation, calcareous

gray shale commonly interlayered

lamination, slightly calcareous

Evie Member |

2460-3
im)

Carbonate
ShSi

Fig. 2. Measured lithologic logs of the Kiwigana and ATH Rainbow wells (modified after Hong et al., 2018).
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=]

Aste] §718hHE B4 Susc,

Rock-Eval E84-2 = A ARG A Ho] B
SF T VinciAke] Rock-Eval 6 Turbo AHH|E o]
231931 Behar et al. (2001)2] v o ukel E45}
A} BukA RS 6070 mg Aol BAE AA
g o VinciAle] IFP 160,000 EEEZ=Z AF
23}tk Rock-Eval 6 Turbox= =24 G&E3F &
(pyrolysis method)d} Ak} F-H (oxidation method)
o T} QR RRHE 2 B2 57
B4 (pyrolysable carbon, PC)E &3k, A+st 2
Ho M= 7 57182 (residual carbon, RC) U F
7|Ek4 (inorganic carbon, IC)E &3ttt S1 93
£ B 2271300C Y off 44 E= EHEW
oyt 2 Telpa) PEle] PEH T, 52 13
£300C ol 4] 650C Atool| ] Al=ANo] BEa] =] o]
AEHh RCE Ak} R4 850°C ofstol| A H&E
=] 11, o] AkshetA=400C ofsteflA] FE&H T TOC
£ PC&}RC 3o golct.

713 A4S fsiA Al A28 EE3)st
o] &4 (soxhlet)d]] Wil ]2 2| gk (dichloro-
methane) ¥} HEH-&-(methanol)S Iz &3t
golS ALgele] mmUE 2ESIUT. 22T HE
-2 o)t A (Alumina Column)& ©]-8-5}od
oles HEUR RS BE BelhaE
Sik(Hexane) 3} 22 2oehs 2 of dro B3
2§08 AMgslo] Helsigick 712HES Agilent
7890A /5975 7|4 A2k Tekn) Aekalz)(GC-MS)
£ A8-51e] SIM (selective ion monitoring) =2
AR BEE BEL 5 A dEN D oD
HEHL m/z 178, 192 fragment ionof| 4] 2z} A
c}.
HIER AL 2 Sfa) Al S Bl
21} = E 4o 2371 § ASTM (2011)
& Faelo] EHE Antelgich 0P vlEwe] B
P4 9 Wbk BAHE 919) Afuieh Ak 2
2] X Fof HgZ9] Zeiss Axioimager 11 HAFE N
3= ARE3HE REAFA ]S Dikus-Fossil A|2F)
1} AFE o] 1F HEH WIAEE SHSHES 21t
At WAL= 53 (oil immersion) AFEjof A &
A3IT) HALE 24 H AL 0,08 pmo|t). A2
50-1007) Ato] o] WAL= S Ratelz ZAske] B
NEALE S AL T

_

K
Z o X

S

KX
=

oft

L=

5. TR Y £9

5.1 Rock-Eval Q&4 241}

ATH Rainbow A|33-3 Kiwigana Al5% AlY
29| Rock-Eval G484 Aat= & 13}

ATH Rainbow A]32¢] TOC 32k 2.2-3.6(%F
2 3.0) wt%olck. 519} 529] gtk 1.5-3.5(H 7= 2.4)
mgHC/gRock ¢} 5.0-8.7(F+t: 7.0) mgHC/ gRock
o] §9E BRIt HI&= 210-245(F - 228) mgHC/
gTOCo|H Ol= 0-21(34F: 8.6) mgCO,/gTOCE
H7FE ) Tmaxs 441-446(5H o 444) Colt}

Kiwigana Al5=3-2] S19}S2 &ek2- 1 mgHC/gRock
o5} ghe ZH=r}. TOC ke 15-6.8(F = 3.8) wt%
HAE ol TOC 9] 90% o)/ RCE 4
= oQlct. HIx= 7-40(F+t: 19.5) mgHC/ gTOCo|H
Ol+= 1-95(3+: 17.3) mgHC/gTOCZE H7Het}.
Tmax= 318-342( 7 330) C o]t}

A2V = Tmax 3k E7] HeiAi= 52712 mgHC/
gRock o]4tolm 19 39 #EFE2AH S2 929
225 JAE 5= Qlojokzitt. ATH Rainbow Al
T AYe] S2 g2 4.9-8.7(F: 7.0) mgHC/gRocko]
™ 82 935 A 4= JUTHZH 3). 12 Kiwigana
Al ML) S2=1 mg HC/gRock o]ste]w S2 3]
35 5] 57| ot 1E 3). webA] Kiwigana
AFFo A £ E Tmax= A18|817] ot

A& Yol S29] o] W A2 TOCS] o]
- FAY E= AR tffEo] ehdkra® ¥
FE AH-9o|t} Kiwigana AlF52] TOCE 1.5-6.8
(B 3.8) wt%h 02 =2 7k Koy TOCS] 90%
olfo] RCE FA == EAS 1stH, I o
Aol =sto] AZA L thFEo] 7tAZ HIP E o
AR JFok= S29] Fgo] B2 Ao =2 watETh

52 MPI-1 €98 M=z I}

Kiwigana A|5=g A 430 A HGEA L o L
HEH S 24 k= T 49 2tk m/z 1789192
oA 4z A FdEA Y dEA ] HE
& 0] 43}te] MPI-1S AARH A3 MPL-12 0.6-0.7
o|th(3E 2). A AFe AAY MPI-1-2 H|EgL}o]
E BRAFE(Vro) 7} 0.6-1.35% 9]0l QLoH o] A
4| (Vro = (0.60xMPI-1)+0.40) S Z+= Bl o] 1]
Eguo|E viAlE711.35-2% el Lo 9] A
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Table 1. Rock-Eval data for shale samples in the Kiwigana and ATH Rianbow wells.

ST s2  S3 HI Ol
Well Depth Tmax TOC RC PC (RC/TOC)
No (mgHC (mgHC (mgHC - (mgHC (mgHC o
name (M) JsRock) /gRock) fgRock) (&) /gTOC) /gToC) (W) (Wi%) (wtde) *100(%)

S1  2308.8 0.2 0.3 2.3 334 140 950 24 22 02 93
S11 23205 04 0.5 0.2 336 15 6 3.1 3.0 0.1 97
S18 23299 03 0.5 0.5 337 13 15 3.4 33 0.1 98
S21 23339 038 1.0 0.0 337 24 1 42 4.1 0.2 96
S25 23397 2.1 1.1 0.4 318 40 13 2.7 24 03 89
S27 23422 1.0 0.6 0.1 318 28 2 22 20 0.1 94
Kiwigana* S28 23433 0.8 0.8 1.0 325 21 27 3.7 35 02 95
S57 2382.1 0.2 0.2 0.4 322 15 28 1.5 1.5 0.1 97
S80 24123 0.3 0.6 0.2 340 9 3 6.8 6.7 0.1 98
S103 24175 0.2 0.3 0.3 342 7 5 5.1 50 0.1 99
S110 24458 1.3 1.3 0.3 324 28 7 4.8 45 02 95
S112 24479 0.8 1.0 1.1 332 19 21 5.1 50 0.2 96
S114 24504 0.7 1.0 0.1 328 21 2 4.8 47 0.1 97
4-15 14490 24 7.5 0.2 444 231 7 32 24 038 74
4-16 14455 32 8.1 0.2 444 245 6 33 23 1.0 71
4-17 14452 35 8.7 0.1 444 245 1 3.6 2.5 1.0 71
4-18 14439 2.1 4.9 0.4 441 225 19 2.2 1.6 0.6 72
ATH  4-19 14418 2.7 7.7 0.0 444 224 0 34 26 09 74
Rainbow 4-20 14394 1.9 7.2 0.2 446 227 7 32 24 0.8 75
4-21 14392 23 7.7 0.2 445 227 6 34 25 09 75
4-22 14379 1.7 5.2 0.3 444 210 12 2.5 1.9 06 76
4-23 14375 24 7.9 0.2 443 229 7 3.4 26 09 75
4-24 14362 1.6 5.0 0.5 443 218 21 2.3 1.7 06 75
* Rock-Eval data of the Kiwigana well was published by Hong et al. (2018).

Table 2. Geochemical results from shales in the Kiwigana well.

I}Z;ﬂle No. D(ipl);[h MPI-1 Vitrinite reﬂecta?\c/foc)?ﬂr/l‘)\;%rted from MPI-1
S12 2321.8 0.7 1.9
S15 2325.4 0.7 1.9
S27 23422 0.7 1.9
S78 2408.6 0.7 1.9
Kiwigana S85 2417.5 0.6 1.9
S100 24357 0.6 1.9
S102 2437.4 0.7 1.9
S105 2440.5 0.6 1.9
S109 24445 0.7 1.9

Y Vro = (-0.06xMPI-1)+2.3

THA|(Vro = (-0.60xMPI-1)+2.30)E zF=tHRadke HY sdr]o] 2231R] Bl TA4SH Aol m
and Welte, 1983). Kiwigana A3 AL Sk e 2 89 A@BAAE o] §3te] HlEe| o] = ¥hrL
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Fig. 3. Pyrolysis results of organic compounds from
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Kiwigana wells.
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Fig. 4. Mass chromatograph of m/z 178 (phenanthrene)
and m/z 192 (methylphenanthrenes) of shale samples
(2,320.5 m) from the Kiwigana wells.
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o A4 Aol 2]7} B ashch(Bertrand, 1993).
Jacob (1989)3} Landis and Castano (1995)-2 g4t
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etal. (2007) SHAd AA=o] AXT A=E T
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Haeri-Ardakani et al. (2015)2 7iutt}t QuebecA| S
L2wnlA7] HlYSe] 117 BIEH YIAES Bertrand
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Fig. 5. Microphotographic images (white-light reflection and oil immersion) of shales in the Horn River Basin.
(a, b) Solid bitumen with mineral matrix interference. (¢) Solid bitumen within carbonate mineral. (d) Solid bitumen
within micro fractures showing excellent visible surface quality.
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Table 3. Summary of maturity estimates of shale samples in the Kiwigiana well.

Vitrinite reflectance converted from Bro

i Tmax (C
well Depth ~Bitumen (Vro) (%) )
No. reflectance - ;
name (m) Bro)(% Jacob Bertrand Landis and Schoenherr etal. Javie et al.
(Bro)(%) 1 2) 3) 4) 5)
(1989)7 (1990)” Castano (1995) (2007) (2001)
SI11  2320.5 1.7 1.5 1.8 1.9 1.9 498
S18 23299 1.8 1.5 1.9 2.0 1.9 502
S21 23339 1.8 1.5 1.9 2.0 1.9 501
S25  2339.7 1.9 1.6 2.0 2.1 2.1 510
S27 23422 1.8 1.5 1.9 2.0 1.9 502
L S28 23433 1.8 1.5 2.0 2.1 2.0 506
Kiwigana
S57  2382.1 1.9 1.6 2.0 2.1 2.1 511
S80  2412.3 1.9 1.5 2.0 2.1 2.0 507
S103  2417.5 1.8 1.5 1.9 2.0 2.0 505
S110 24458 1.8 1.5 1.9 2.1 2.0 506
S112 24479 1.8 1.5 1.9 2.0 2.0 505
S114  2450.4 1.8 1.5 1.9 2.0 2.0 505

;) Vro=0.618xBro +0.4

; Vro=(Bro+0.03)/0.9

) Vro=(Bro+0.41)/1.09

Y Vro=(Bro+0.2443)/1.0495
> Tmax=(Vro+7.16)/0.0180

2.27

2.0

-

Reflectancea (%)

-

.
.

=
1.4
Bro Jacob Bertrand  Landis & Castano Schoenherr et al.
(1989) (19390) (1995) (2007)

Fig. 7. Solid bitumen reflectance (Bro) measured in the Kiwigana well and vitrinite reflectance converted from the
solid bitumen reflectance, using equations of Jacob (1986), Bertrand (1990), Landis and Castano (1995) and
Schoenherr et al. (2007). Red line represents range of vitrinite reflectance converted from MPI-1.
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Fig. 8. Hydrogen Index (HI) versus Tmax plot of shale
samples from the ATH rainbow and Kiwigana wells.
The calculated reflectance values are used to calculate
Tmax for the Horn River shales (Jarvie et al., 2001).
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