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Abstract: Soil gases from fault zones are good indicators of tectonic and seismic activities, to
which many seismologists and geochemists have been paid much attention. Five measuring sec-
tions for soil gas and one for earth resistivity were designed on the four active faults around the
Jilantai basin, northwestern China. The data of earth resistivity, concentration and flux of soil
gases Rn, Hg and CO, were attained, and the chemical compositions of soil were analyzed in
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all sections and the relative index K, of fault activity was calculated. All the results showed that
soil gases CO, and Rn were blocked by sandy soil layers with low permeability and escaped
along the hanging wall of the faults with broken structures, easily forming concentration peaks.
High concentrations and fluxes of Rn, Hg and CO, were distributed in the southern margin of
the Jilantai basin, which might be related to the migration of U and Ra in granites in southwest-
ern margin of the basin and the decomposition of local carbonate rocks in south margin of the
basin. The variation characteristics of relative index K, of fault activity in each section indic-
ated normal and reverse faults with higher K, values than strike-slip faults. The maximum K,
value was observed in the piedmont fault of Bayanwula mountains, probably indicating that this
fault is of the strongest activity and is also a potential area of high seismic hazards.

Key words: Jilantai faulted depression basin; fault zone; soil gases; geochemistry; flux;
fault activity
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Fig. 1 The tectonic settings and distribution of earthquakes from 19 July 1970 to 10 June 2018
in the studied area (a) and the vertical profile 44’ (b)
F,: Bayanwula mountain Piedmont fault; F,: Langshan mountain Piedmont fault; F3: Zhuozi

mountain Western margin fault of; F,: Zhengyiguan fault
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Table 1 Basic information about the measurement sections for soil gases Rn, Hg and CO,
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Fig. 2 Measuring sites for the concentration and flux of soil gases
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Fig. 8 Soil gas concentration curves of measuring lines 1 (left panels) and 2 (right panels) on the section ZYG
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F 2  1HES Rn, Hg Fl CO, e JiE Ay I 2%

Table 2 Measurement results of the concentrations of soil gases Rn, Hg and CO,

ML RIS Omean 12 Omeant0/2 Omean—0/2 Omax Omin Ko

BYWL-1 0.08% 0.03 0.09% 0.07% 0.14% 0.06% 2.33
BYWL-2 0.11% 0.04 0.13% 0.09% 0.18% 0.04% 4.50
DLG-1 0.10% 0.02 0.11% 0.08% 0.14% 0.06% 2.33
DLG-2 0.10% 0.04 0.12% 0.08% 0.23% 0.07% 3.29
NRWBEGC-1 CO, 0.22% 0.06 0.25% 0.19% 0.38% 0.14% 2.71

WLBX-1 0.14% 0.05 0.16% 0.11% 0.28% 0.11% 2.55
WLBX-2 0.12% 0.03 0.13% 0.10% 0.16% 0.07% 2.29
ZYG-1 0.23% 0.06 0.26% 0.20% 0.32% 0.16% 2.00
ZYG-2 0.22% 0.06 0.25% 0.19% 0.36% 0.15% 2.48
BYWL-1 13 6 16 10 30 6 5.00
BYWL-2 10 3 11 8 15 6 2.50
DLG-1 12 4 14 10 24 8 3.00
DLG-2 12 3 13 11 19 8 2.38
NRWBEGC-1 Hg 10 4 12 8 18 4 4.50
WLBX-1 10 3 11 8 16 8 2.13
WLBX-2 10 3 11 9 15 7 2.14
ZYG-1 9 2 10 8 12 7 1.85
ZYG-2 11 3 12 9 15 7 2.14
BYWL-1 9.784 6.768 13.168 6.400 27.827 4.403 6.32
BYWL-2 16.966 18.015 25.973 7.958 60.091 3.974 15.12
DLG-1 2.486 1.099 3.036 1.937 4.975 0.739 6.73
DLG-2 2.417 0.947 2.891 1.944 4.381 1.008 4.35
NRWBEGC-1 Rn 9.394 2.899 10. 843 7.944 13.376 5.818 2.30
WLBX-1 2.215 0.417 2.423 2.007 2.842 1.643 1.73
WLBX-2 2.018 0.674 2.355 1.681 3.764 0.739 5.09
ZYG-1 7.058 2.409 8.263 5.854 10.420 3.833 2.72
ZYG-2 7.289 1.970 8.274 6.304 10.822 4.706 2.30

T:: RnFHglY e BE QI B0 35 kBg-m " Fllng m™; Omeans 02 Omeant 072, Omean™ /21 Omuax M Qi 733 B AR L L1
BERIFIE . bRvfEdm2E | S BRSO TR RO/ IME s K B2 SRR

4 i

4.1 W R IREFFEMRE

T 20 W7 2 b 2 H B 8 i R LB, R ) g S, TR B
Wiy 247 b 3% 28w XL 2 B B %) SR MR fE 2% 55 B4 (Trwin, Barnes, 1980; King, 1986;
Ghosh et al, 2009) . 7 % 7% Wi 3 4 Hb K HL ) 2% A () M I 058 3l 7 4 149 + 58 <K R, Hg F1 CO, ¥
JE ) TR B AN R 23 () 4y A TR 25 . IE W02 B 2 S hn 1l il g e 4 1 i BYWL ST . 1F 385 6 &
T 119 ZY G ) T A W2 S I B A Y CO, R Hg YR WA, 1T OE W72 R 1L 1L i
W% I 9 WLBX 1 (Rn, CO,) . NRWBEGC | i 1 5 - 111 VG Z& 386 vh 7 24 b %) DLG i) i (Hg,
CO,) VU AE W7 2 F2 Wr 1f0 b s 30 BE IR, 7 3 5 0T 22 1 A 00 o 30— 1 sl o A e R 06 {1 (] 4—
8) . TR AU Wy A 1Y 18 B T B2 W 24l 8 24Uk B R B 9 4% 1 ( Toutain, Baubron, 1999;
Fuetal, 2017) . # Wi 2405 N0 K 1 % B 0 LG sk P 3o 33, DR 18 o DB 1 4 25 )23 1998 38 2
FLBRE by TR v ik B A 1 4 v 30 TIPS (AL A0 R 3 T, O T S O TR RO R B e
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S R ik JE B 0% ( Annunziatellis ef al, 2008; Sun et al, 2018) . Wi Z &% #1054 &t 48 sh—nk
TR — BT 5 11T T2 o %) 200 02 49 Jo 5 W 40 PN KA A TR RE 1 i) — S 2 0 1 S5 AR 485 6 2E B
JEUe (34 7 55, 2008; Zheng et al, 2008; EAEARAE, 2017), )2 e S H B i o8 7 W) i 78 SE 3] by
R, BB R, IR 2 BIBHEE, I A% 0 N R AR T Y
PRk, B B I A (Faulkner ef al, 2003; Annunziatellis et al, 2008; Sun et al, 2018) .

W )22 b A 1 b 2K Ak 22 R AR A 2 ) A8 Ak 32 2 R W2 PR BT L bR W T A5 A R BT R
T V) SRR 2 45 AL 4, SR FH CSAMT vA 78 WLBX A M #2535 1 1 5] A 3R A7 1 K b H, i )
i, JHUAER R W72 b 4548 R A P B0 SRR 2 e, 25 R An i 10 Fos . ATLUE Y, 1
F, BH % 2 A AR B 1T (&L 10a) W72 1 8 5 30 1 rpoc 7K P B2 50— 125 m 22 [H] A7 7E IR BH X
(<17 Q-m), %X B TS CO, Fl R o B2 IR H B0 XA (1] 10b) . BFAME AR, %
AR BEL DX Sy A 0 A 5 P9 7 R AED 5 R 8 IX, T DO ) T ) R DX A S D - (e L) 7 5 X
E Ji 30 X505 YRR A B0 LA BB T, W) b 8 0 M BH DX R Ay T 3 AR 11 R ik
i DX, PR 2 G 08 $1) B 5 COL AN R ¥k J 4 1 (Schiitze et al, 2012) (& 11) . {H 2,
CO, Fl Rn ¥k FETE W2 B 8AR, X A B2 i T 25 01T I8 J2 2L TR A X - 38 A3 iU 8 T B

L RE B /m
0
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Fig. 10 The electric resistivity tomography (a) and the concentration curves (b) for the section WLBX

The concentrations of Rn, Hg and CO, are the average concentrations on the two measuring lines
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LB /m (Giammanco et al, 2009; Zarroca et al, 2012) .

—150 —100 —50 0 50 100 150 . o .
\ & ; : : ‘ : He WM ZE B wE &g, nRE_RE T
[F5k:S mm/a 1300 N JEN
G HERIIL 109 mon Hg A %F CO, il R FLA5 TF 38 ) 4% 2% Y 1 535

e 1 (L, 2018), A5z LKA £l
4(El 10b) .
4.2 KESBRHEBESHNEE ST

H7 4% 35 1 9 Rn, Hg Fl1 CO, 1 ¥ FE FiRE
I 430 Bk DA B (2 3) , RIS I{E 1Y)
AT KN, G5 AP 12 Frzs . AT WL . Rn
BEE BYWL i b fi =, CO, W ETE ZYG
I NRWBEGC ) i | fiz 55, 1 Hg ¥ Ji& 45 53

1050 =

850

[N e — T AU =870 . A=A 37 =
25N Rn B Hg I 6EE BYWL
m TR A ZE[H[HHWE%& = Coz ﬁ%& 7ZYG ﬁﬂﬁ%% Liﬂjéﬁ%%‘%

W, &2 RWi b A bR g 2y AR
o R R e R G i AR

FEAEKINIX, BRIT R A RS, HIHESE
HEWGE 25 32 8R4 45 (Winkler e al, 2001) .
TRHR 3L %5 2H 1 (Papp et al, 2008) | ¥R L R A= %6 L0 1) A0 4 184k 2= 28 Wi S 48 %% (Lehmann et
al, 2000; Han et al, 2014) {520 . AR SCHF T X @ T 7 K Bl vk 1 52 00, R0 4o Ry e B A g 7
X, AFERE R 0 (109 mm/a) (B i, 2008) , HLFRATIM TAELE e 7—8 H 58 i, ANl
e T (R 1 R T R AR TR I, 05 R 2 e e R 2% D 28 AU 45 SR 1) 5 i) T L 2 ek
ARt FAh, EAh R, XA R IR R O AT T R RS R, T
A SRR SO Y (U, Th, Ra fTK) & . Bk (TC) F1E R (Hg) , 455851 F 3% 4.

* 3 HEAHIENT R O MBGEE F

Table 3 The average values of concentration Q and flux F at each soil gas section

11 ARl e e S HE s
Fig. 11 Mode of soil gas emission

of Langshan piedmont fault

H Feoo/(grm™>-d™) Fry/(mBq-m?-s™) Fyg/(ng-m-h™") Ocon Or/(kBg-m™) On,/(ng-m™)
BYWL 11.76 39.07 7.46 0.09% 13.375 11
ZYG 15.17 12.71 0 0.23% 7.174 10
DLG 10.52 22.82 0 0.10% 2.452 12
NRWBEGC 9.38 17.25 3.69 0.22% 9.394 10
WLBX 6.54 5.17 0.62 0.13% 2.117 10
FHME 10.67 19.40 2.35 0.15% 6.902 11

PRoZEPESR, MR PP Ra AR Y, RN 3,825 K, HOERBH AR, 5wk
W . B LK. EE, RnfEEK AT ERE, KRB A A KA MBS
(Baixeras et al, 2001) . 5 FL X B B ARHR XN THEZAN#LZE, Z L0 LUFRG (L
86%) A=A £1 (29 11%) S E (R TEMEE, 2018) . 7 4b, BFFE X VPG M ¢ B = R0 AR th &%
B EEONE R . RS L B SE Gvg, 1982) . — I, ok [ e B LA B A s
BAFTE R Rl CO,, CHy AN, S5 1E 0 35S 17 b 3632 B (Etiope, Martinelli, 2002); 55— J7 i,
16 RALAE T A0 LR 7Kz B AR, 6 & U R Ra BYJE 5 RE e | % 4l (UST) I R M 2 i 10 2%
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Fig. 12 Spatial distribution map of concentration Q and flux F of fault gases at all the measuring sites
5N IZ R, JFTEWD A2 T R A, SRS 38 i B 2 1) R s B (X35 42, 2006; Chen er al,
2018) (K& 13) . Kk, sERRIYIRE . A RS A6 2 K 2 2 B9 LW R 2, a5 a7 0158 X
PR 2 BYWL 3 i (1 Z 257 10) H NRWBEGC #1  (CfR 1) 482 55 f49 R B FURS i &, [
38 BT 3 A T R X #R = A U, Th il Ra f it (36 4) .

H AR S 1) CO, F2EA TEHLFNA ML AR, 1k R 26 A 14 43 il 2 TC LA A CO, 1)
BORRZ —(E R4, 2015) . PR X &R B 2 ILdbE Ik 2 ohmmEs . KA. s sh
A BA CE NI, 2001) . B+ 58E LA E CO, Ab, MR B0 A A i BR h 2 30 o e, DA B ik
A ST KR ERNAKEREAEN, B2 R Co, (B2, 2011; £ x5, 2015), &
A RE SR T BOUF 9T X B 4 1 ZY G ) i (B8 22 1 A6 2% ) B HE5 1 CO, Vi 3 R il il o 1) o0 22 Ji
Wz — (& 13) . R LA W A7 FE i il ZYG & 3 b TC & i s FH ek 4) .

[QE | #i:fe
HE— kT a
ERL

R —T6 48
EE R
[N Wi
ttET7J<

[ A |=mesrin

B3 R IX A HE O R
Fig. 13 Schematic diagram for gas degassing model of the studied area
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x4 AL TGS

Table 4 The test results of chemical composition analysis of soil samples

] Cy/(Bq-kg ") Cry/(Bq-kg™") Cro/(Bq-kg™) Cy/(Bq-kg ") TCH = Cyy/(ng-g™)
BYWL 39.8 46.2 28.7 616 0.972% 1.54
DLG 24.2 36.8 23.7 546 0.762% 13.30
NRWBEGC 40.2 52.7 30.6 944 0.163% 5.67
WLBX 17.6 17.6 13.0 553 0.577% 5.85
ZYG 8.1 4.5 27.2 559 2.420% 28.90

e FER LA T20174E8 F AL Tl M BTIT S B A TR s o BT 35 B2

Hg 3 R I T b 3K U8 35 F0 L 26 5 OR B AL 0 0 R BT 5 R Z8 SR # & (FR 4 5L, 1997) .
WEFT X5 AN 80 1 1Y Hg % B 45 3 2% 5 8% /N (10—12 ng/m®) , 18 2 2% 58 K (0—7.46 ng-m */h) ,
Hrr, BYWL # 0 |- Hg 3 &5 K T H el m, mid 5 Hg & /N FHEHm(E4) .
J3Ak, O SR A BEORER I, XN AN AE KSR B AL T K, R K B Ak W 1
A1 8F CERE , 1982) . BRI, BIF 5T X380 P9 45 O A Hg 38 4 (9 25 0] 40 A0 22 55, W BE 55 F 5% IX 35
DA BT SR Bl 2 R A O

T 2847 4 Y Ml Bk b S AR AE 5 R 3 e bR T 2 %5 VDA 56 (Woodruff et al, 2009; Zhou
etal, 2016), 5 [F H & X B £ 54K R, Hg, CO, ¥ & FI B MCE & (18 14) #E47 b4 T
M1, BFST X Rn Fl Hg 04 Wk B2 R S (E 8, 398 TR LM DX | 1l 79 Ml 4 Jb B . 4 I 7 b A
PR F M, AR 01| MR i 4, T CO, 1A ViR B A o (B 5 1L P b AR A A B L AE A A b R
L2 2 b e 2 SR AT, WA TR LU DT A SRR e R T L O] M R A A Ak
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Fig. 14 Contrast map of concentrations and fluxes of soil gases from different places in China
Data is after Li ef al (2013), Zhou et al (2016) and Yang (2018)
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JRR A R & B (EHAE, 2009), HH T &4 F & M RIR M (Zheng et al, 2013), 31| M8.0
Hb R A AR IR T e T L B R B COp AR B 2L 1R L (Chen er al, 20155 J& IG5
2017), 3K AT RE RS 30801 Ml 52 2 X CO, ¥ B RIS JIC 3 k378 /2 1 7 22 4% I o 7k b ) 2% by 4
W FEIRF 2 — . L8 DATIR, 3F 2% Z8 W7 A A 2k B R A AR B 1 8 R, Hg,
CO, ¥ BE FIVRE i B, nl BE S B Bl 2R ok 7R & 2B O TR FE B X 2 —, T B M G
4.3 EiEEE

H T AN [R) 0723 i Ak DX 3l J5 ) b B S N ], G IR RE R R AR R R 25 5, (UIRAS
DB L I 40 R % A /NS A AN T T 28 1) 356 sl P, SR S5 AR AE — 8 R s P (BRI, 2012) .

- R W2 5 B S T AR R 8 KR K SR I AR ok ST I BT E S SRR R AR 2 — . B
FEFE R, AR bR AT LA R0CH R AIG X I T St R R KT U 24 0 Bl 1k £ 0 DT R 1 R
BE 1% B A X% A& B W )2 19 75 sh 4 (Seminsky, Bobrov, 2009; Seminsky, Demberel, 2013;
Seminsky, eral, 2014) . P15 Ko & B HT 42 S 5 2% 30 10 A 0 1 B R AE R M | A 1A%
TR E-BONNE AT #AT, BRI E W E . E R, BA R Ky K Z,
1% B M AE X 45 (Yang er al, 2018) .

WFFEIX 9 LML | Rn, Hg Fl CO, 1Y Ko (HZZ LI FI 2 1.73—15.12. #R¥E Ky F B2
e, K A 23 o 3 A IXIR (A 15) 0 K> 5.0 AR i s P X, 2.5<K,<<5.0 Jy i s 1 X Al
Kp<2.5 MAETEshE X .t 15 7] WL: BYWL-2 Ik 19 K, F- B 00 T 8% sh v X, ZYG 4%
I £RF1 WLBX-1 0 2k 19 Ko P38 WA FARE stk X, e 6 T 4 iE sk X . B BYWL-2
I NRWBEGC-1 M £ 51, Rn Fl Hg [ K, th & AE L SR, CO, I Ky ML A —E X
b, BRI B/ . BFEIX 5 A BT Ko F- 3 R F) /53531 BYWL GEWZ ), DLG
(%W )2), WLBX (IEWZ), NRWBEGC (IEWiZ), ZYG GEWWIZ) . 451K, EWIZEM
T I K P E R TR W Wi, B BYWL I (9 Ky V39 (A s, 13X e I B2 13 i L i
Wr 4 ELAT A R S sh vk, R R AR MR, NOIZ T DL UOGTE.

15.0 —@— RnffIK,fH
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Fig. 15 The decrement sequence for K of the nine sections

AR S S 2 2 W B A b 2 T 24 18 R, Hg Fl CO, Y R B2 R B0 &5, 255 Hi
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B FE GERE B H i B R 25 T, 032 DX ) 38 SR HE ICRR AR 0B 2 35 3l 1k AT 40 A, A9 3 LA
TH:

g A e b R Ab 2 vk AT FA R O Ml H R T O AR L L R R S A B g R, B
2 AR AR 2 W R T SR, R B E R 0 b ey B BELEYS , W2 b
I R R ) R D A (IR BED) S rhr ik i, JE L CO, Al Rn VR B WM. th 25 IR W7 2 R BRTR
AR A 38 S R B, B0 CO, Fl R 76 W72 BT (9 v BE B0 . Heg BA BE0R 1 95 K Pk M 28 35
BEJ1, A5 FEG R L ROBH RS, Hiore W2 BTt v T e

T 2E 2R W A 7 M RS 2% W 24 £ 18R R, Hg Ml CO, B 1 ¥k B i R 33l kY0 4 0
AR LR B B2 S 7 1 b DX 4B 1) 25 H U R Ra (1938 7 5 35040 b P4 R 2% R 1) R R LG8 03000 . R
== 1 G Bk R R 2 1 A 03 Al S 5 TR oK 22 R B 2K e A BAE T, S A R 2k CO, TR
I £ R . Hig 3 2 1Y 25 (8] 43 A 22 5 W RE -5 A0 90 DX S0 ON 1 7 SR 05 Bl 1 22 e O

o FH W 2407 T BV W 2 S S kAR 2, BRA ARG SR E (R s E S
SOE M ) (X542, 2006) F1 55 e BE (BRACHT, 2012) 09 75 ¥, W i FH S5 o5 v 1 (5K 22
&, 2005) R4 HTWTZ 15 sh M 9 . Seminsky S5 i M BR ) B O B T oA AR . DU oR WP
P L2 TR R EB M X 3k 41 S5 072 00 82 i A R, JRAE S LR ERIL S A AL, 4R T
JZ 1 Bl 1 95 8 K (Seminsky, Bobrov, 2009; Seminsky, Demberel, 2013; Seminsky ez al, 2014) .
2T AHERR IR Se R R B2, A3 R0 B2 06 sh e AT 40 b, UhPH T Tk A B

AU ST 5 R, Hg M1 CO, [ K (HAEALVEF 29 1.73—15.12. Rn Hl Hg [ Ky i £k
AR RE BT, Mk AT, CO, 1 Ko M2 AL AT, 15 W] 44X Rn A1 Hg (945 725 PEAL
T CO,. H Rn 1 Hg Y48 7R PE MRS B85 , 3B 5 2F — 2D WF 9T . RS DX P TE 1T J2 AR50 7 2 1) K 1B
BEORTE W Wr)Z . BYWL FTH 19 Ko {B e i, BEH I 2 55 47 1 L iy 7 2R 05 2 P de i, v fiE
Hby 52 A TV TE A M X

AW T 32 FH W T - 5 SPF A TR J2 35 20 M B R R b R T AR G I DX B HI B 2 5
SC, ABAR SO T 2% 28 W A M AT T — S0 6, T — 2D R X U L L S AT
e, 2 W L 0 SRR AL, (R R — 20 T R SR A A R RS TTRR A AT, X b RR G
I X 3 — 25 AE A

TRl IR DR SR AR S I ST B IR A I S A S A R SR R P 4 T D O 4R
BT R S B G BORE, A SN A SR B A T A A BR BT AR 2 Rl X CSAMT 34 B 8 25
T LU REIF 2 B, R L SO0 AR SCHEAT AR B R 3R HE T R, AEF AR — IR R
B RS

2 % X W
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