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Real time drilling mud gas records the asymmetric damaging process associated
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Abstract: A considerable part of energy released during an earthquake is used to create fractures within the surrounding rocks. The
real—time drilling mud gas from WFSD—1 shows that the fractures generated during the Wenchuan Earthquake coincide with large

fluid peaks, and hence they are favorable passages for underground fluid migrations. The drilling mud gas distributes asymmetrically
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around the principal slip zone (PSZ), with the major anomaly zone emerging 120 m below the PSZ. Gas concentrations are much

higher and vary more intensively than the upper 120 m. Additionally, the geophysical logs also prove that this zone is highly

fractured and associated with serious water inrush, suggesting that the 2008 Wenchuan earthquake caused more damage to the

footwall than to the hanging wall. The difference in rock strength between the volcanic hanging wall of Pengguan complex and the

sedimentary footwall of Xujiahe Formation and the asymmetric stress during the rupture propagation might have contributed to the

damage process.

Key words: real—time mud gas; co—seismic damage; asymmetric; Wenchuan Earthquake; Yinxiu—Beichuan fault zone; WFSD—1
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Fig.1 Tectonic setting of the Longmenshan and the co—seismic rupture zone during the 2008 Wenchuan earthquake. The WFSD—1
drilling site is located on the southern Yingxiu—Beichuan fault, within the Pengguan complex
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Fig.2 Drilling sketch (a) of WFSD—1(the principal slip zone was encountered at the depth of 589.2 m™”), and the lithology retrieved
from the drilling core (b)

InF R DY I 20 AR B E

Teit

( Htmaban

SARFREAGRIASAK:  Hz, He, Ar, CO2, CH4, N2, O

SAREE MRS AR CHa, C2Hsg, C3Hs, CaHio

> > 5 5 5 5 5 5 5]

ok T HRI G S fR: - Radon

P 3 Bt Rl i A IR R 2L &
PIE ST BRI o SR BT RN o RIS, @AM 45 I FRTEASC P 7R (A [27])
Fig.3 Fild equipments and the Sampling procedure
TWO datasets ore recorded by mass spoctro mater and Alpha partide detector separately (Modified after reference[27])

ZA S 2N BHURGTRL iS5 24]. BB Z AN, FA S % Brzinger 21 H: 2006 4F
Wit A A A T 1A A 4 A S TR B B DA SCHR A ARG IARDT, SR b SARTE PRI Y 1 Ak b
FRAAESZ AT B UL I, BLARAG B S R T ERR T PRI S A LB R RACEFHY Z 5

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(2)



484 G ] b 5 20154
POX PV B L R B HAT O EE KA R 5 min—4> i EIFRAM GRS RG &
T Z A AR SRR 1M CRTRE TR R T EIES 524,

AhFE(E3) . BRI &b 37 ) Bl , o —
A RN 3 e A ] AR S SN R, A A F
(CH.) .2 (He) . 5 Abik (CO,) VAT (H) VAR
(No) VS (0) AR (Ar), RAEEFI R 5 55 53 4h—
BRI L 11X &R, IR Rad—7 &Y,

JIT A 8 AR 13 0 S A2 DA ST ] 3 4] i S
30 e TR M R K AR i I S T R S R R U A
WA SR Z B R (R 1), 2R 5 AR 2 HER
TR R 1 mELE 0.01 mIEE RIFE A . &
S RAEA FRAGIREE 200~800 m [X 1] BeA diic 55

R 1 SHHERS T (ERSY), 1B R BIRESE AR £ 15 1 E it 18] % 7 21 45 E 19 2R AR BE

Table 1 Part of the drilling schedule, the real time mud gas is correlated to the drilling depth based on time information

UMY [T IT-4f i ) [Pl 45 TR i) JHUGREE/m SR IE/m LK E/m PRIE
1 2008/11/4 9:10 2008/11/4 9:30 0.00 0.40 0.38 95.0
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Fig.4 The real time drilling mud gas concentrations from 70 m to 1201 m in depth
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FZ608 602.65 6108 8.12 3.62
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FZ628 621.1 6342 13.12 2.9
FZ639 635.63 6395 3.84 291
e 75 — 16 )11 ity FZ646 639.47 647.1 7.66 131
FZ655 649.64 6563 6.66 1.95
FZ669 6563 669.1 128 1.31
FZ678 669.1 680.9 11.83 0.85
FZ759 753.13 759 59 1.94
Ve SUE FZ970 970.26 971.78 1.52 0.86
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Fig.5 The real time mud gas concentrations in FZ233
(A conspicuous gas anomaly zone is detected at the depth from 239.2 m to 239.5 m where large, only open fractures can be found. It highlights the
importance of the conductive fractures in controlling the gas fluctuations)
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Fig.6 The real time drilling mud gas and the geophysical logs of the YBFZ
(Overall, the YBFZ possesses a very low electrical resistivity. From 681m to 754m, where secondary faults are fewer than the lower section, the gas
concentrations change even more intensively, the fracture statistics show that this part of core actually has a higher fracture density)
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Fig.7 The gas concentrations at the depth from 739 m to 741m, which can be subdivided into two sections, the gas concentrations
above 736.6 m are generally higher, and this is also supported by the fracture distribution
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Fig.8 Real time mud gas distribution from 798 m to 800 m
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