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Pore space restrictions on microbial activities in the
Second White Specks shale of the Western Canada Sedimentary Basin

Yin Mengsha', Huang Haiping'*

(1. School of Energy Resources, China University of Geosciences, Beijing 100083, China;
2. Department of Geoscience, University of Calgary, Calgary AB T2N 1N4, Canada)

Abstract; A suit of thirteen shallow biogenic gas source rock samples taken from the Second White Specks Formation
(2WS) in well A at South Alberta Gas Field (SAGF) , Western Canada Sedimentary Basin ( WCSB) were analyzed by
a laser particle size analyzer, nitrogen adsorption and GC—MS to obtain grain size, surface area, pore size distribu-
tion, and hydrocarbon molecular compositions, in order to get an insight into the constraining effects of pore space on
microbial activity within shallow buried source rocks. The samples are organic rich with high TOC values, shallowly
buried and immature , which are suitable for microbial activity. Pore size distributions derived from nitrogen adsorption
isotherms illustrate the dominance of mesopores (2—50 nm). Molecular geochemical parameter analysis indicates that
the compositions of extractable organic matter are basically attributed to the variation of source input with no solid
evidence of biodegradation. The analysis of pore size distribution shows that very limited portion of pores with diameter
over 200 nm cannot sustain extensive microbial activity, which possibly accounts for the slight biodegradation of
organic matter in shale. Biogenic source rocks capable of generating large amount of biogenic gas are supposed to have
a large proportion of pores larger than 200 nm. Traditional schemes for potential biogenic gas source rock assessment
may have neglected the decisive role of shale pore space in bacteria activity.

Key words: biomarkers; biodegradation; shale pore space; Second White Specks shale; Western Canada Sedi-
mentary Basin (WCSB)
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Fig.1 Location of well A (a) and the formation profile through well A (b), Southeast Alberta Gas Field, Western Canada Basin
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Table 1 Grain size distribution characteristic parameters of the studied shale samples

Higms  BERE/m FHEE&E/%  dy/pm dsg/pm dis/pm dgy/pm

14 430.50 19.32 2.03 14.40 30.45 47.69
15 434.05 15.71 2.32 20.56 39.03 58.84
16 438.50 14.10 2.72 21.70 38.83 57.78
17 445.90 31.93 1.54 6.26 11.17 17.07
1 502.65 7.66 5.25 32.66 53.55 76.59

515.33 11.79 3.26 26.08 45.34 66.69

524.54 10.83 3.63 30.50 65.68 147.97

&2 ¥ Rock-Eval T4 R

Table 2 Pyrolysis experimental results of the studied shale samples

Fedh WE/ w(TOC)/  Thy/ S/ S,/ 1y/
% m % T (mg-g') (mg-g') (mg-gh) peond
1 503 9.42 407 0.69 32.97 350 0.02 7.32
2 506 5.94 404 1.00 26.14 440 0.04 16.84
3510 5.85 406 0.45 24.82 424 0.02  7.69
4 515 7.99 403 0.97 37.17 465 0.03 12.14
5 518 7.32 405 0.88 34.91 477 0.02 12.02
6 521  10.04 405 1.12 52.33 521 0.02 11.16
7 525 7.70 400 1.31 41.57 540 0.03 17.01
8 527 3.52 406 0.51 12.08 343 0.04 14.49
9 530 2.53 430 0.39 7.43 294 0.05 15.42
10 534 4.99 405 0.40 19.98 400 0.02  8.02
11 537 3.19 423 0.48 11.22 352 0.04 15.05
12 540 1.83 432 0.34 4.06 222 0.08 18.58
13 545 3.61 430 0.68 10.06 279 0.06 18.84

TR RIEEL PI=S,/ (S, +S,) ; BIEHL 1, =100S,/w(TOC) ; K540 HCI=100S,/w(TOC) ,
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Table 3 Pore size distributions and specific surface area
determination of the studied shale samples

FESh S
S

1 2 3 4 5 7 10 11

LB AR /nm 15.28 16.56 13.41 14.49 14.47 1453 32.18 9.06
MAL(<2 nm) G4/ % 032 001 154  0.65 009 0.18 000 3.97
hfL(2~50 nm) EH4r /% 81.68 81.39 77.86 80.45 82.01 83.22 73.50 81.83
KAL(>50 nm) F4rH/% 18.00 18.60 20.60 18.90 17.90 16.60 26.50 14.10
R/ (m? - g") 12.25 1020 16.98 16.17 14.41 1298  3.42 21.09

RAGER WA 6 FhIS T 0 FF—M8 B 0] £ A
4 PRI GUA A R IV 2SR 26 H, R Rl £k
FHFFE B, BIH BB i A0S T A H, 7 [l
ZR 1 IV 2S5 TR 6t 28 i L 2 70 il £ pef 25 7
JEARRF S 4 nm Ak H BRI FLIK IR G A FA TG 5L
IS 2E RS B 50, 85 5 BIH WL LR S $ it
FOBCRE , AL, T DFT X020 A e fL A s fL Y
Ay A RaE T BIH 3 H T4 TR FL AR
SIRALAART i EARSLE o DT 5 3K 4 A L
TR X B A BIH ¥R/, BORS 1, PR U AR F 5 Hp L
FRE R ACFL AN R L A3 AR AR SR B DET 7545 31 1 4L
P AHERALERSY (KT 50 nm) 2R JH BIH 2 W ff
SBAE a8 AL A0 % B i B AR IR L e
ASFLAR X [R] P A FLBR B A A (T 2)

TUAA L R 2 2 iR GC-MS 5 3
AT MERE AT, B SRR R I R R R
TN G BE AN g (R AR L 93 ¢ 7 TR A 1T A Y
R RG24 72 h 15 2] T A Pl
B (EOM) , IN A& KA d4 AB &5 e R i ke 4i
Iy REE B NAR . 1525 7 A P e R B 1 A A BORE I

0.003 O
0.002 5[~
0.002 0

0.001 5

aV/dd/(mL « g' + nm™)

0.001 0

0.000 5

TSI, B a2 5 R A B
A3 IE S ke, A IE S BEIR A TG K &
AN ST TR A WO AE TR B8 Bl ke o5k
MR 43, f# L HEAS 5973 MSD & 485 1 Al
SR AT A3 BT, SR PG TR R A 7 B AR

3 SR

31 BURRBER
FRWFSERE S A ML & i 5, TOC % it 3
1 1.83% ~10.04% ,F-YI{H 5.69% , 48805 F 1E
222 ~540 mg/g, F-¥I{H 393 mg/g, B9 5 11~13
SRR A WL IR IR T, AbT 423 ~432 C LU
G HAMEM B T, /T 410 C (%R 2), 95,
11~ 13RS W s i T (AT RE S5 R IR A A A
BILITE 1) W B, A ML 2K B R S G AR R 2 R
Felo0 o SKF| 435 °C K R AERAE 0.1~0.4
YU PR P9 A A ML R AR S B AR R B R
T FE SR AR B A AR T TR, WAL T A 1R HIBY
Be ) ARYREIR B T, 04 LS R, R
AHLEZEREE T 1 AL 3)

— FEdl — FEm2
BEfh3 — FEihd
Ffdhs BT

— BEA10 — REML

& 2

U S B0 R R Al FL AR O A

INABARACIAT— FLARME BT 1 ) B T2 ALA B AL B B PR R 36 T i

Fig.2

Pore size distribution of the studied shale samples by nitrogen adsorption isotherms
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Table 4 Peak identification of terpane mass chromatographs
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Table 5 Peak identification of sterane mass chromatographs
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Table 6 Biomarker parameters of saturated hydrocarbon in extractable organic matters of the studied shale samples

FE
S8
1 2 3 4 5 6 7 8 9 10 11 12 13

WREE/m 503.00 506.00 510.00 515.00 518.00 521.00 525.00 527.00 530.00 534.00 537.00 540.00 545.00
Cos_/Cops 1,75 268 131 191 165 275 175 159 094 156  0.92 0.80  1.77
cPI 183 170 2.05 189 1.94 173 198 145 191 1.94 228 245 139
TAR 049 021 067 034 044 020 047 036 111 054 112 148 0.9
(Pr+Ph)/¥nCi, ;s 3.00 265 446 3.60 3.80 218 1.86 278 245 299 144 126 2.77
Pi/Ph 0.78 0.83 060 071 059 077 076 061 0.60 053 0098 1.04  0.69
TT/PT 0.08 044 015 021 0.3 028 007 017 006 0.09 002 0.12  0.18
Gam/CoH 030 035 040 036 033 040 055 035 036 035 025 0.13 024
DBT/P 082 082 08 08 085 084 0.8 08 073 083  0.68 0.57 078
Sv/H 736 746 826 7.62 720 7.46 7.09 589 473 907 157 052 5.07
Cpy TT/CopH 021 154 046 073 041 132 021 048 0.2 028  0.04 0.52  0.50

C,St20R/ (20R+20S) 0.11 0.08 0.08 006 0.06 0.09 0.05 0.07  0.06 0.05 0.05 0.07 0.06
CoSI8B/ (BB+act) 033 032 032 031 0.30 034 030 027 027 0.26 0.26 0.23 0.25
Cy H22R/ (22R+22S) 0.30 0.28 034 032 031 024  0.23 024 020 0.26 0.14 0.09 0.27

Preg/St 0.03 004 003 003 002 004 002 002 002 002 0.04 0.16  0.04
C,S/Ca St 096 103 076 094 107 121 129 111 094 100 0.5 058 158
€05 S/ Cpsy St 1,73 1.65 138 137 135 150 144 130 113 1.64  1.26 .01 1.22
g SU/CoSt 1.66 170 105 128 144 182 186 144 106 164  0.94 0.59  1.91

BB FihE /107

574.00 296.00 427.00 479.00 533.00 361.00 561.00 743.00 821.00 797.00 2 365.00 2 118.00 814.00

T (Pr+Ph) / ZnC g s (EEEE+HIEE ) /C o IEABERE s TT/PT = FRT5 B8/ TLIR =T k% ; Gam/ Cp H: AN S 5 458/ o 170 (H) ,218( H) 7E
Bt s DBT/ P+ AR F0EWY/3E ;s St/H RN S BE/ 720 Co T/ Cyg H: Cog ZFRMEBE/ Cag 17at( H) ,21B( H) FEAE ; Preg/St: 22 {5 bt/ f§
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Fig.6  Organic input related biomarker parameters vs. depth
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Fig.7 Biodegradation related biomarker parameters vs. depth
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