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ABSTRACT

This study deals with brittleness index, which is a conceptual property that affects fracture behavior in rocks. Generally, more fracture networks are
developed in more brittle rocks. For this reason, brittleness has been used as a guide to decide the target formation of hydraulic fracturing stimulation
for shale and tight gas productions. Previous studies have been conducted to find out which factors have influences on the estimations of various
brittleness indices to represent rock brittleness quantitatively. The objective of this study is to investigate the effect of rock fabric on the estimation
of the mineralogy-based brittleness index. Both elastic moduli- and mineralogy-based brittleness indices, which are the most commonly used indices,
are obtained using available data from the Montney Formation, Canada. The former index is evaluated using the Young’s modulus and the Poisson’s
ratio that are calculated from the sonic and density logs. The latter index is estimated based on the mineral composition from X-ray diffraction
quantitative analysis. Comparison between the results from two different methods indicates that quartz might be the controlling mineral on the brittleness
index of the lower Montney Formation. Thin section observations, however, show that the strength of the lower Montney Formation might be
determined by dolomite and clay considering matrix-supported textures. This means that rock strength and brittleness may not be governed by same
controlling factors. This suggests that rock fabrics, such as anisotropy due to the lamination or quantitative analysis of minerals which constitute grain,
cement, and matrix through thin section observation, should be considered in addition to the mineral composition in order to evaluate mineralogy-based
brittleness index more accurately.
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T2 ARl A5l 739 Al 719 Rk, A Ak,
H/\é(bnttleness)lf]' 71—0 O]—k]cﬂol-?Q _E./léoﬂ Z]@X‘]i Oﬂoé‘%- T%]_'
EHFjeer et al, 2008; Slatt, 2011; Park er al, 2014). ©=hA
/\ohﬂﬁﬂ 7IHE o] &9l #EZ Aot ARTY Frgs 2ty

02 A7) elMle ARSY A EAS mefslis A
o] Z-aslth ettt A B4 F A2 A Yol #EY]
Ay, Hut d {20 JFFE A= AGEARA, -’H*éol =2 94
= 0 7S 89S b o g2 4E9S 3 o™
o-f wizoll F/48-2 Ykl 71 AL S AFsk] A3t 7]
TOE AR

Aol HHE FPH oz FASKY vl Yt HE2H ot
ket X (brittleness index)”} AREEAL Q7] WEo(e.g. Hucka
and Das, 1974; Grieser and Bray, 2007; Jarvie et al, 2007;
Rickman er al,, 2008; Wang and Gale, 2009; Altindag, 2010;
Herwanger et al., 2015; Lai er al, 2015; Zhang et al., 2016),
ZF HPfo A HAPE ALt S A= 84AES I, AR
OE FAAE AL B Abol9] AedddS ERlstEs d=0l
=0} YtHe.g. Guo et al, 2013; Park et al, 2014; Hu et
al, 2015; Dong et al, 2017). °] &, ©/3AS Y&} ZolsH]|
£ ol&ste A 719 HAPEet S Hcks BEY £
3, T 2 F71E A ol8sto] Allsks FESH 78] H%
7} i E2Ql WHog ARRE N QltKTable 1)(e.g. Grieser and
Bray, 2007; Jarvie er al., 2007; Rickman et al, 2008; Wang
and Gale, 2009; Guo et al, 2013; Lai er al, 2015).

2 dolids AR AUt EJ{EX](Western Canada Sedi-
mentary Basin)®] ¥HEl E2(Alberta Basin)of] YA X U7tA

EEY(Montney)g< W2 SdAet FE3} 7|9 W
m—i HEE 77t Alitotal, & AP S Hlwet Zaet v
Z AnE Soto] FESE 719He] AP Alkto] Esop & 94
S= Yot 1A} s3Itk

WA, AlFBollA g5t ST, WA ARERE JEY
HOSHIE EE0H, o F AREsto] BH3AIS 7[Rk HAAYEE A
AbSIGIHE thEo®, REUZY AlFFo] &0 s X-A 34

BAS 0|83 A AVE vigow Bt sjuke] FYES
At = 714 *1_% e | ‘ﬁ— 7lHto s Rt FAHEE il

ol Wigos EEYEY Jrg Z:iﬂ;‘
% ol B2 $5E doslion], AHE Al G vXE

2. X2 7L

A Ayt B 48X = Canadian Cordillera®] 55 2 & 74
9] Adigt EHEA gHEr EAY FHAE EX(Williston
Basin)& o]F0]A QIthFig. 1)(Wright et al, 1994). IHE} £X]
£ Canadian Cordillera®} 7i4t} £42](Canadian Shield) Ato]
9] HHA|(foreland)oll sfBoh= HA-Fs HFO=E HoiQle 4]
ojy, YYAE EA= ojir}t ¥ FFol| YA FIA EA(cra-
tonic basin)o|tHWright et a/, 1994). A+ Ut EZEA]
EgjolotA7] AFE2 A2 0= 47) Fof X Ex3HHFig. 1).
B A1 HR[oKBritish Columbia) 9] E&5Cet UHEL 9|
Axo] dx Yeh= 27] AF(Rocky Mountains), 7] AHH 3=
8 Z(Rocky Mountain Foothills) ¥ W& H¥(Interior Plains)
orHel Bx|, 181 AANXY(Saskatchewan) 2 WU EH}
(Manitoba) 5 ‘@50l X3t W5 B LAE EX oA Ezt
oJotA7] A&FEo] EAgto] ERIEATKFig. 1)(Edwards et al,
1994).

EEYSS OHEr 2] Y £EAQ gAY THPeace River
Embayment) Al Yehh= ok EgfolofAr|9] A5 9 A
W7tA AFSOE, et e 39 A& =RE HejgA] 2
gu]o} Fo] BEZ7k] oF 130,000 km?e] W20 AX Bxsiy
QthFig. 1, Fig. 2, Fig. 3)(Edwards er a/, 1994; Kendall,
1999; National Energy Board, 2013). IAEH Tto] Egfo]ofA
7] AEL opgf2EEH EEUS, Eo|I(Doigls, sFEYol(Halfway)
Z, ZElgo]3(Charlie Lake)Zd, ¥ (Baldonne))Z, Tl

Table 1. Examples of reported brittleness indices based on elastic moduli and mineralogy (modified after Zhang et al., 2016 and references

therein).
Formulae Variable description Based on References
BI = E +v, E, : Normalized Young's modulus Elastic (Grieser and Bray, 2007; Rickman et al, 2008;
- 2 V, : Normalized Poisson’s ratio moduli Guo et al, 2013; Lai et al, 2015)

Bl = WCQ%? Q : Quartz (Jarvie et al, 2007)

) C : Carbonate minerals

O+ Dol Dol : Dolomite
Bl = O+ Dol + Im+ (I T0C Lm : Limestone Mineralogy (Wang and Gale, 2009)

Cl : Clay
O+ C+F TOC : Total organic carbon

Bl = Ot Cr Fr al F : Feldspar

(Lai et al, 2015)
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Fig. 1. Location map of the Western Canada Sedimentary Basin with the distribution of Triassic rocks and basin centers (modified after

Wright et al.,, 1994).

(Pardonet)3-Z EgFoln|, A5 Alo]9] 1E-2 & EHT o4
2 53f| o]FoAtHFig. 3)(Bdwards er al, 1994; Kendall, 1999).
HEUZLZ o119 HE7] WA A7) BEo|(Belloy)s, HEE
(Debolt)= FH%O R Hon, AHo Zo|a3ak= Ao B4
o|tHFig. 3)(Edwards et al, 1994; Kendall, 1999).
EEYSZ AEKOE oA HisE oA EHE Zo=
YA, A& Hr} Qfsfo] sidoh= AER EAS 9 oA A
A 3V, &2 Hot Yoo gt Az W 27 34 ot
= Aoz 4HA QIthEdwards et a/, 1994; Markhasin, 1997;
Kendall, 1999; Golding et a/, 2015). AXHTE ZEUZO]
SRR Fole Ea&olM FAKOR 7hA oF 500 moflAf oF
4,500 mZ FHoAl= F= Hol1l, ZEUZY T JA| 5FlA
AMZo= 7PHA AR FAAAE 7] PR VEhdtHEdwards
et al, 1994). EEUSY P2 2 AT E=Zno|EF, 4
D AES} Te AlYRE F/dE0] glom, X0 wet AlEd A
Qtolnt MiQ-0S ESkl| = SH(Fig. 2)(Edwards et al, 1994;
Kendall, 1999; Rokosh er al, 2012; National Energy Board,
2013; Golding et al, 2015).

2 AT ARBAIESRE ASERE vt dHE 9] A
Zof| YARE AlF=F AY AT AR, X-A Id B4 A&, AlF
Fo] T E A9 H1A, vhH 1 BIAE SEoto] AHE
Pololtt. WA, A ATS A} AlFFo] T Btk A5t

HEUSS AR 0|13 08 R &SI A dAS A

5 A°A] = ‘4’_‘01 3,167-3,355 m<] Zlo]9

32 59-117 GAPIY #uti4dE
H*ﬁ 62 160 GAPIY] gk 7H& ol 2
EY3e %ﬂ%ﬂ(ﬁg 4a). ERL, A|FT0] T HIAZHE
HEYZO 0%%9—% lstGitKFig. 4b). AF REUSS T2 E2
F= FELOE o|FolA qlom, 1] FHj, 4

Ad JJ}E EOkA A5, d& AF9S(ripple cross-lamina-
tion), &7 AFEZEl(hummocky lamination), g 28 1]
I AAEHHEG LR (soft-sediment deformation structure)2}
22 ket EixE0] wosk yeidtiFig. 4b, Fig. 5, Fig. 6).
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MONTNEY LITHOFACIES

Shale, gray, with interbedded argillaceous siltsone;
grading upward into very fine- to fine grained, silty sandstone.
Facies 2
Siltstone, gray, argillaceous and slightly sandy, with interbedded shale;
grading upward into very fine- to fine-grained, well sorted, silty, dolomitic sandstone.

Facies 1

Facies 3
Interbedded sandstone, very fine- to fine-grained, porous, pyritic; S
siltstone, gray, argillaceous; and shale; local coquina lenses.

\‘L .

- Variable lithology in thinner zones, dominated by shale. A\\ r/
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Fig. 2. Large-scale lithofacies distribution of the Montney Formation in the subsurface of Alberta and British Columbia (modified after Edwards
et al., 1994).
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Fig. 3. Stratigraphic summary of the Triassic sedimentary units in the Peace River Embayment of the Alberta Basin (modified after Edwards

et al., 1994).

E0jR|1L QItiAltindag, 2010; Zhang et al, 2016): (1) 9439 FEsP] Yot o R FATE ARSI, AT A EU=
HZ(Morley, 1944: Hetényi, 1950), (2) W S5 (internal Yt SHuo] £A5HA] YotA] olE AXtel] el g2t |
cohesion)& %= Z(Ramsay, 1968), (3) AWl A9 glo] 3, dY9 A%, S3A, BE A L T=F Soll AT oFst

Aol 7AAY BEH= A(Howell, 1960). S ez WS ARSIAL %

AHe.g. Hucka and Das, 1974; Grieser and
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Fig. 4. Identification and subdivision of the Montney Formation. (a) Subdivision of the Montney Formation based on the gamma ray log.
(b) Subdivision of the Montney Formation based on the lithofacies from the core analysis reports.
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Fig. 5. Photographs of core samples of the upper Montney Formation. (a) 3,181.58-3,184.17 m. (b) 3,184.17-3,186.59 m. (c) 3,186.59-
3,189.33 m.
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Fig. 6. Photographs of core samples of the upper Montney Formation. (a) 3,232.38-3,235.21 m. (b) 3,235.21-3,238.01 m. (c) 3,238.01-
3,240.81 m.

ol

Bray, 2007; Jarvie et al, 2007; Rickman et al, 2008, Wang T} BE 24 9 kg 0|83l Hho] LS Alll= 7 B
and Gale, 2009; Altindag, 2010; Herwanger et al, 2015; Lai ZQl v o g A}8E] 1 9l om(Table 1), ¥ AL o] T 714
et al, 2015; Zhang et al, 2016). 71 %, SHAATE o]83t W Hpo. AerstolT)
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Fig. 7. Photographs of core samples of the lower Montney Formation. (a) 3,279.46-3,282.13 m. (b) 3,282.13-3,284.78 m. (c) 3,284.78~
3,287.38 m.
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Fig. 8. Photographs of core samples of the lower Montney Formation. (a) 3,310.86-3,313.35 m. (b) 3,313.35-3,315.87 m. (c) 3,315.87-
3,318.58 m.

3.2.1. EFgAI 78 Fdx 2008; Guo et al, 2013; Lai et al., 2015). Grieser and Bray
EMAIE 7190 HAEE AR FET ZolSH|E 0]-8] (2007)= vFdl AlY(Barnett Shale)ollA] FEF} EokEH|9] tiu]=
o] HAHP=E ARSI HGrieser and Bray, 2007; Rickman er al, H(crossplon)s G4l thsto] FEo| 11 FolgH|7F e oF
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A4 AH g Fgo] o Wol FAu= 9 E4do] Uet Table 2. Elastic moduli derived from sonic and density logs (modi-

U AL Fols)ich fied after Rider and Kennedy, 2011).
£ A= AIFF AY AT ARt AlFIo] AY A=

2 Ag3lo] S 7o) HY5E AU P-ot S0t g )

AE g0} deAE AFE A|SFo] AgogHE Ao —‘% G Shear modulus (psi) l-fr’o4><10]0A7[;z Eq. (1)

2 94 2ol Yo Exéﬁml’%ﬁg. 9. BAHE ST, Uk )

Z A&E Rider and Kennedy (2011)9] 2345, UeiE Z}E y Poisson's ratio E(Ats/ At,)? =1 Eq (2)

o eHgAIS Ale]] A Al0] tidste] P& ZolSHIE Al (At,/At,) =1

HFig. 9; Table 2). A FET} ZoRSH|E Lai er al (2015)9]

Elastic moduli derived from the sonic and density logs

. B i} ~ E Young's modulus (psi) 2G(1+v) Eq. (3)
A 715 A AiAo] diddele] ZEUSO] FHEE =&
T el Tenneny Torw DT IR ToRIe 1 |
] ] [ RE ] et ECEE] o3 ?li |
tm}  mirates O m mmm E-wa = Cmﬂ&::ln‘ll-l 1 CruI'\'n‘uI:.lmn.n Cowe Paipnons o
) CTSMam AHRE | Fhoa o b ] | Pk ralia En Vin Blewas
[ L RRE:D [ LIEE) Fod EXDLE L= I E-IL LA W |8 T 6 T |
| L
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Fig. 9. Estimation of brittleness index based on elastic moduli. Track 1: Compressional slowness, Track 2: Shear slowness, Track 3: Bulk
density, Track 4: Shear modulus, Track 5: Young's modulus, Track 6: Poisson’s ratio, Track 7: Normalized Young's modulus, Track 8:
Normalized Poisson’s ratio, Track 9: Brittleness index based on elastic moduli (In track 1, 2, 3, black lines are logs before core calibration,
blue lines are after core calibration, red dots are core measurements. In track 4, 5, 6, black lines are elastic moduli calculated from calibrated
logs, red dots are core measurements.).
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Table 3. Brittleness index estimation based on elastic moduli (after
Guo et al., 2013; Lai et al., 2015).

BI based on elastic moduli

E, B g Eq. (4)
Em ax Emin
V—U,
Un — 18 X100 Eq. (5)
Vimin ™ Ymax
E +v
Blgastic % Eq (6)

SFtHFig. 9; Table 3). B/3AIG 715 HAE ALt w2,
YET HoRSHE 22 At FH, g5t H YET ZoksH| 9
Batgro] alE ZolofAe] HAEE HerditiTable 3)(Guo er al,
2013; Lai et al, 2015).

3.2.2. =5t 7|8 A8

HAREE Fop7] ARt E o2 o R MM FE A W 9t
S o]gst FEst 7|ke] Aot ARgHHJarvie er al, 2007;
Wang and Gale, 2009; Lai et al, 2015). 33Es} 74t A==
UAE Fols BE FE 9 F77194(Total Organic Carbon
E= TOC) Tl izt 343 B2 vl&E Td= &4 Yol
3 BEY TFo] E25E § =2 T @2 7Rh

£ dolrs AlFg Aol disf X-A g1 E4o= et 2EY
39 FE 24 9 I ARE AFEeten, o] ol8sto] FETH
719 HEEE ALl AlSg AQ] BEUSOIA & 4 m 7+4
o7 5% 477 AlF=To] AE0] s X-4 31" £44E o]t
BE AHEAZ Y6, B4 P2 ohaat Aok AlSTo] A
S5 A% (whole-rock) ¥ HE(clay-fraction)] tist X-Al 3]
B4 98 AR McCrone micronizing mill& ©]-&3}
=43t 5kglet, £Est |J AE F I95= 142E 2| random
whole-rock mount= AIZs3iet. 1 9] B3} # MEES 34
H KHHEE &S ol&sto] EARFL, RREES AR
HE o851 < 2 pme] Y= FRIeE EEoiyitt BEE HaE

=0

=2 silver membrane filter®ll vacuum-depositst] oriented

H

2, o

clay mineral aggregatesE &t X-Al 3 £42 Scintag
= Philips9] automated powder diffractometerg ©J-&-5]
£9¥5}99t}. Random whole-rock mount©]] tgt 242 1°/min
9] scan rateZ 2°-60°9] 20 T4 =514t Glycol-sol-
vated clay-fraction mount= 1.5°/min® scan rate® 2°-50°
9] 20 oA BRI A} S BEY FREAL
integrated peak area®t £ Ao AREHE F)HEA7|(diffrac-
tometer)°]] o] A¥H o ZAE Relative Intensity Ratio
(RIR) g2 AREsto] Sagotitt. - MEolA FLFE ZFTE A4
AEZEFS AEZ=EY s F (001) Ee= (hk)Hy} AEH
RIR %& ©]8%F whole-rock XRD patterng ©]-8sto] 2A5I

t}. Glycol-solvated clay-fraction &% Yo} GASH oz
E 4519t Mixed layer clay ordering® WA EE glycol-sol-
vated clay aggregates2%E ¥ojzl 34 dloJeje} NEWMOD
T2 S 0]83) E4% one dimensional 32 profiled H|a
stof A=t

FEA 2}, FEYUSE AP(21-63 vol%), A4(6-20 vol%),
H2A(8-41 vol%)Tt Yeto|E-AHE|E, YTo|E-QHF, 7L
ZUo|E, HU4 0 o|Folz] HEZE(4-53 vol%)= FTIEE
2 3o, 259 FEH(1-5 vol%)T 4106 voln)E ET
SHKFig. 10, Table 4).

EEUZY FE 24 9 =S v = (Fig. 10; Table 4), A
3 ATEY] 71E FES 7|5 FAAE AL (Table 1)& 4785t0]
£ Aol ARES HAEE ARHAE /oIt Table 5). Jarvie
et al (2007)=} Wang and Gale (2009)2] FAx Aol A4
o] Ztxo} YA AT, ZEYZOIA = o] Bt 13 vol%Y
A Ho|7] wf2e] HAE Aol A TS EFITE E
3t Wang and Gale(2009)9] oA+ FAEE AL o 5771
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Fig. 10. Vertical variations of mineral abundances (vol%) of the Montney Formation obtained by the X-ray diffraction quantitative analysis
of the borehole samples in this study. Track 1: Quartz, Track 2: K-feldpsar, Track 3: Plagioclase, Track 4: Dolomite, Track 5: Anhydrite,
Track 6: Pyrite, Track 7: Clay, Track 8: lllite-smectite, Track 9: lllite-mica, Track 10: Kaolinite, Track 11: Chlorite.
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Table 4. Mineral compositions (in vol%) of the Montney Formation determined by X-ray diffraction quantitative analysis of the core samples.

Depth Whole rock mineralogy (vol%) Clay mineralogy (vol%) TOC (vol%)
(m) Qtz Kfs Pl Dol Anh Py Clay I/S Il&Mca  Kin Chl TOC
3,168.50 50.5 9.2 7.3 15.4 1.3 1.4 14.7 1.5 11.0 0.5 1.7 0.4
3,172.10 51.8 8.0 7.0 18.2 4.1 1.1 9.1 1.0 6.6 0.2 1.3 0.3
3,176.30 52.4 10.1 7.2 14.8 0.0 1.1 14.1 1.2 10.5 0.0 2.4 0.5
3,180.86 52.4 11.2 8.2 10.3 0.0 1.3 16.4 1.5 12.4 0.1 2.4 0.3
3,184.95 50.6 81 7.3 17.6 0.0 1.0 15.2 1.4 10.8 0.0 3.0 0.2
3,189.13 539 9.2 6.1 16.3 0.0 1.2 12.9 11 9.4 0.0 2.4 0.4
3,192.27 52.7 7.9 6.1 15.9 55 1.0 10.3 11 7.3 0.1 1.8 0.4
3,196.49 53.6 10.1 6.6 14.6 0.0 11 13.5 1.4 9.9 0.3 1.9 0.4
3,200.37 47.8 9.4 7.5 17.9 18 11 13.9 1.2 10.0 0.1 2.6 0.5
3,204.30 56.0 8.3 6.4 9.0 0.0 1.3 183 1.5 13.4 0.4 3.0 0.2
3,208.46 50.4 5.6 4.6 30.5 0.0 0.7 7.8 1.0 5.1 0.0 1.7 0.2
3,213.14 63.1 6.1 4.3 19.4 1.9 1.0 4.0 0.2 2.8 0.0 1.0 0.4
3,216.90 53.8 7.6 55 18.4 0.0 1.2 12.9 1.5 9.2 0.0 2.2 0.5
3,221.17 46.2 6.9 5.6 314 0.0 0.9 8.5 1.0 5.8 0.0 1.7 0.4
3,225.57 45.2 8.0 6.9 19.0 0.0 1.4 18.0 2.1 12.9 0.4 2.6 0.5
3,229.30 53.2 49 5.8 26.7 0.0 14 7.8 0.7 5.5 0.0 1.6 0.4
3,234.01 50.3 8.0 6.6 235 0.0 1.2 9.7 1.1 6.6 0.0 2.0 0.6
3,237.84 45.8 8.9 7.3 17.3 0.0 1.0 17.3 1.6 12.4 0.0 3.3 0.7
3,242.51 43.2 6.1 6.7 21.3 0.0 1.6 20.1 1.8 14.6 0.0 3.7 0.6
3,246.77 43.2 7.9 6.8 22.2 0.0 1.5 18.0 1.5 12.8 0.5 3.2 0.3
3,249.97 213 5.2 3.7 7.5 0.0 5.2 53.1 8.6 37.2 0.0 7.3 1.0
3,252.52 55.7 7.9 6.7 18.6 0.0 0.8 10.0 1.0 6.7 0.0 2.3 0.5
3,256.39 50.9 6.3 6.5 23.0 0.0 1.3 11.7 1.2 7.8 0.0 2.7 0.6
3,260.54 53.8 10.2 85 9.1 0.0 1.2 17.2 1.2 12.4 0.1 3.5 0.3
3,266.45 535 8.1 8.9 11.9 0.0 1.2 16.1 1.3 11.5 0.1 3.2 0.4
3,270.32 48.8 51 5.5 14.5 0.0 2.5 21.2 2.4 15.1 0.1 3.6 0.9
3,275.44 49.0 6.4 5.4 19.5 0.0 1.6 16.0 1.3 11.7 0.4 2.6 0.9
3,279.70 45.8 8.4 5.8 9.8 0.0 1.8 26.4 2.3 18.7 0.2 5.2 0.8
3,283.67 45.7 6.8 6.3 12.9 0.0 1.4 24.7 2.3 17.6 0.0 4.8 1.1
3,287.92 46.2 7.5 6.3 11.8 0.0 1.4 24.5 2.4 17.4 0.0 4.7 1.1
3,291.47 47.6 7.9 6.5 12.8 0.0 1.5 214 2.1 15.3 0.6 3.4 1.2
3,295.47 45.7 8.0 5.7 10.0 0.0 1.5 28.1 2.9 20.3 0.3 4.6 0.9
3,299.18 47.1 7.4 6.4 11.2 0.0 1.7 24.8 2.5 17.4 0.8 4.1 0.9
3,303.83 44.6 8.8 6.3 11.0 0.0 1.4 26.0 2.6 18.6 0.0 4.8 1.4
3,307.83 43.8 7.8 6.1 8.0 0.0 1.9 29.8 3.2 21.2 0.0 5.4 1.0
3,311.50 46.1 6.4 4.8 14.3 0.0 2.3 23.0 2.4 16.3 0.0 4.3 1.5
3,314.83 43.8 6.4 5.2 8.7 0.0 2.0 30.1 33 219 0.0 49 1.8
3,318.84 46.1 6.4 6.0 12.9 0.0 1.8 24.3 2.9 17.0 0.7 3.7 1.4
3,322.83 46.3 7.3 5.4 10.2 0.0 2.1 259 2.7 19.5 0.5 3.2 1.3
3,326.87 44.6 6.6 5.5 14.4 0.0 1.8 24.7 2.8 18.0 0.0 3.9 1.1
3,330.64 42.2 6.6 6.6 9.4 0.0 2.8 30.4 3.2 22.8 0.1 43 0.5
3,334.78 29.0 4.8 2.9 16.8 0.0 4.3 40.6 4.8 31.7 0.7 3.4 0.5
3,338.49 313 5.7 35 7.6 0.0 4.0 45.5 5.6 37.2 0.0 2.7 0.6
3,341.24 39.1 5.3 4.8 17.2 0.0 3.3 28.7 3.6 23.3 0.0 1.8 11
3,346.09 53.0 6.6 6.1 21.3 0.0 1.5 11.1 1.3 9.4 0.1 0.3 0.6
3,351.49 46.1 5.2 49 18.6 0.0 2.8 211 2.6 18.3 0.0 0.2 1.1
3,355.32 31.2 33 2.6 40.7 0.0 2.1 18.0 2.3 15.4 0.1 0.2 1.0

Qtz: Quartz, Kfs: K-feldspar, Pl: Plagioclase, Dol: Dolomite, Anh: Anhydrite, Py: Pyrite, 1/S: Illite/Smectite, 1ll&Mca: Illite & Mica, Kln: Kaolinite,
Chl: Chlorite.
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Table 5. Mineralogy-based brittleness indices used in this study.

Mineralogy-based brittleness indices
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Fig. 11. Results of brittleness index estimations based on mi-

neralogy. Track 1: BI1, Track 2: BI2, Track 3: BI3.
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moduli and mineralogy. Track 1: Blgasic-Bl1, Track 2: Blgastic-Bl2,
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Fig. 13. Photomicrographs of the lower Montney Formation.
Quartz grains are surrounded by dolomite and clay. (a) 3,275.44
m. (b) 3,283.67 m. (c) 3,295.47 m. (d) 3,307.83 m. (e) 3,314.83
m. (f) 3,326.87 m. (g) 3,334.78 m. (h) 3,341.24 m. Qz-quartz;
Dol-dolomite.
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