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Tab. 5 The earthquakes corresponding to the anomalous hydrogen data at Aksu station
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Fig. 5

Relations between the hydrogen anomaly and the theoretical earth tide recorded by Aksu station



%2

BUARMESE : E TR 480 N7 LG BRI B 1B 2 S LA 5 217

e ol T R o S e o 3 1 = R
2020—2021 4FB] 5 75 5 20 6 W8I0 s o B a4
SL 5 WO R, BTG AT A JLIR AR A A Rl Al S
MJe—d 5515 8., H I TG 2h v B2 0% 1 AT R
WoanlEA RN, &2, 3 @i HEAR
UL T i b 7% S5 R DR R BE | AR R R T W] G
Z, T A v] fE 5 M5t B 1 B AR Y SR —
EXR,

I R AR AL AL R, S I SR R AL
NS BT AE 4 I 34 R TE R AR R M s A
ZABRAERTE KR 4, U T A R, I T AR
BRI, T JI0 460 28K i 7 L B D) A J2E A B 1 1 g
MR B T AR AL B, TR % 2E W2 1H
Ry LSy 13858 (Yu et al, 2020),
A AP R, S AU AR YR,
iR FRAFE 1 A A 0 %) W 42 vy T )23 T B 1)
T HE H B B ( Byerlee, 1978; Stein et al,
1994) , fEHIGTR F3sR R, IE R S 4R A A
RATREASIE , MY A A A e APy
R R R, Wang % (2023) ETHIZASK
TEAYHTIN R, W2 0B ) o7 A% Ak BR B9 1 ) A 48
KIEFR ., nE o R b 55 0 B, B e s
A AL T N S B B, AR A S8 N i 3
T, AAREZERK A RO T AR, 2B
B4 BE IR B 3 Ry b 3% SOOI B4 T B DR
Tz B B ) 2 B B S AR S e e AR Ak B
Wl 225, AANBEE AT RRIRE,

ES' Qs NANPIESEE A URIPIN =R VLV s
W72 0TI R 3 R B A AR A 2 A 5 AR AT
1A, AN 2B e L L T ko e 2 R
ARACHLEE AR AL EAT T RS, EEABLT
gt

(1) W2 B BB R, fEH7e b
TIMEBAET, SR B ) B R

(2) Barse 55 13 Wi 2 S0 LI K 1) S
PO BRER S A b, W9 9 ) I B B B R SR
SR AT RE R M T XM S S E R, BURE
BT B EA M =5. 0 M fa it

(3) gk By by 2 5 AW &5 A 1
H VU BE 77 AN RE RLCRE PG T LA LI B s . BT o
B AL I 55 RN 52.4% , LURR A
HARMER N 90.5% 5 FE /R &5 16 WL
WHRWERN 0, LURR A5 HMEHR N 62.5% , i
Ak Be KR 4 T, W)= AR LURR i 3 E
1.02, XA M, =5.0 HiRAE— & hE i
T X, e bREE T R ARV,
i 17 b 3 i N AR e T AR IR BIEE ), 18
7N TR IS ST A AR A B BL Gkt
E— LN HW Z S A S WEE X RA — &
W,

oS

A KA CSEP ¥ B 4%+ LURR F & R
3R A3 o B4 A 2 B 34 GMT 24,
e — St R T R,

S 30Hf

IR, XM T34 . 2015, U247 50 |, L
JEL I B BT AR ] MR ,35(4) : 1 - 10.

Che Y T,Liu Y W, He L.2015. Hydrogen monitoring in fault zone soil

gas: A new approach to short/immediate earthquake prediction[ J].
Earthquake ,35(4) :1 = 10. (in Chinese)

WER AIEH, 25546, 4. 2020 W24 130 H, ok AR AL AR AE K
PRI T]. IEFT ,43(2) :302 - 309.

Fan X F,Yang Z M,Li H W et al. 2020. Research on variation character-
istic and influence factors of hydrogen concentration in the soil[ J].
Journal of Seismological Research,43(2) :302 —309. (in Chinese)

W, KA, AL, 5F 2016, WAL LSRR B AR T
[J]. HbFEHb T ,38(2) 303 - 315.

Fan X F,Zhang L,Li Z H,et al. 2016. High-accuracy analysis of soil hy-
drogen anomaly in fault zone[ J]. Seismology and Geology,38(2) :
303 -315. (in Chinese)

TR IR AR TERE A L 2020, MR SR ST S HER R AR AR
FRAE 22 SR [ ] b8 TR 2441 ,42(3) 1705 - 713.

Fang Z, Zhang B, Li J H, et al. 2020. Characteristics and difference of
trace hydrogen in escape gas from geothermal hot spring well and soil
[J]. China Farthquake Engineering Journal, 42 (3):705 — 713.
(in Chinese)

B Lei X L, /N, % . 2015, 1% B 1% 2007 4F My6. 4 T*IH
H TR AR VRN B R Rt R R R [ )], P R R R
45(9) :1409 - 1420.

Xie Z D,Lei X L,Wu X P, et al. 2015. Effect of tidal stress on fault nu-
cleation and failure of the 2007 M6. 4 Ning’ er earthquake[ J]. Sci-
entia Sinica Terrae,45(9) ;1409 - 1420. (in Chinese)



218 o=

fiff

48 3%

S

e, BT, m/NEL AE L2019, ARJRLS. 7 R AERE P IX E R R
BRAE[T]. v EHE ,35(2) 277 - 285.

Kang J, Xiao N, Gao X Q, et al. 2019. Characteristics of soil hydrogen var-
iation after the Songyuan Mg5.7 earthquake[ J]. Earthquake Re-
search in China,35(2) ;277 -285. (in Chinese)

XA, 20, BEAR I, 45 . 2022, T[] iy A Hb I A W 0 BRCER  A B
JEE[)]. HRAFSY ,45(2) 1161 - 172.

Liu C G,Yan R,Fan C Y, et al. 2022. Analysis and prospect of seismic
subsurface fluid monitoring in China [ J ]. Journal of Seismological
Research,45(2) :161 —172. (in Chinese)

XUTEPE W 5T G YE 45 2020. 2017 4E 9 A 16 BIES M5.7 HiE
AR SE 5 PR AR T2 A S R TS (], A R b 7%, 34
(2):187 —195.

Liu H Y, Lai A J,Feng Y, et al. 2020. Reliability analysis of hydrogen a-
nomaly in Akesu west bridge fault before Kuche M¢5.7 on Septem-
ber 16th, 2017 [ J]. Inland Earthquake, 34 (2 ) 187 — 195.
(in Chinese)

XIETE, A R, L2019, 7 22 JRIKT I b TR Sk M AL SRR L
BT Wi 2GS 0 HE R B [ T]. M 2 4R, 41 (5) . 613
-632.

Liu Z F,Li Y,Chen Z,et al. 2019. Gas emission from active fault zones a-
round the Jilantai faulted depression basin and its implications for
fault activities[ J]. Acta Seismological Sinica,41(5) :613 —632. (in
Chinese)

Dk N RE 2004, SEF R (EVEA (WA B M52 U4 8 F1 97
Mr[J]. HiZ ,24(2) :31 -37.

Ma H S, Liu J, Wu H, et al. 2004. Scientific evaluation of annual earth-
quake prediction efficiency based on R-value [ J]. Earthquake, 24
(2):31 =37. (in Chinese)

N, BERRRI, B2 25 45 2017, WiJZHF 80 S0/ 8 T R LY
WEZ[ )], RSBk S) 12,37 (4) 1436 - 440.

Sun X L, Shao Z G,Si X Y, et al. 2017. Soil hydrogen concentration in
fault zone ; Analysis of corresponding influence factors[ J]. Journal of
Geodesy and Geodynamics,37(4) :436 —440. (in Chinese)

T, B8 5E, A, % 2022, i1 T8 —H S WRIE TR AR K
TR e HT [ T]. HAERFST ,45(2) 275 - 283.

Wang X L, Yang M Y, Guo H X, et al. 2022. Analysis of the anomalies
and earthquake prediction efficiency of hydrogen in groundwater in
Panjin 1st well, Liaoning province[ J]. Journal of Seismological Re-
search,45(2) ;275 —283. (in Chinese)

SEHERT VAR, TR, A 2022, TTUR My6. 9 HiuRE i M HL 3 {1 S
A2 55 I e B L S AR AT ()] MR TR AR R 44 (2) .
415 - 424.

Xin J C,Sun J S, Yu C,et al. 2022. Abnormal variation of dominant azi-
muth and Load/Unload Response Ratio of geoelectric field before the
Menyuan M6.9 earthquake [ J]. China Earthquake Engineering
Journal |44 (2) :415 —424. (in Chinese)

VFIEZE KA W BT, 4. 2022, TR 6.9 St 5 iy 37 A5 i 380 2 g

EP

VoS o[ )], MR R4 44 (3) 2707 - 712.

Xu Y J,Zhang X H,Cao Y,et al. 2022. Load/Unload Response Ratio a-
nomalies of strain before the Menyuan 6.9 earthquake [ J]. China
Earthquake Engineering Journal 44 (3) ;707 —712. (in Chinese)

EHL B A E 2023, B R R S R R
RS R BRI ETFE )], MIBGHRE ,37 (1) .72 - 79.

Yan W,Li X Y, Yang S F, et al. 2023. Study on influence factors of hy-
drogen concentration and anomaly information extraction method of
Kuerle fault in Xinjiang[ J]. Inland Earthquake,37 (1) :72 = 79.
(in Chinese)

FHERN B RVAY- . 1994, i E) 2 1] L B e K L AE b R B0
PR TR R[] HuBRPBEA 4, (ST) 223 - 230.

Yin X C,Chen X Z,Song Z P. 1994. Research progress of Load — Unloa-
ding Response Ratio theory and its application in earthquake predic-
tion [ J ]. Chinese Journal of Ceophysics, ( S1): 223 - 230.
(in Chinese)

THRER, HAL . 1991, FELME R SR AR AT IR 5 H R TR
g LR L], A ERE 2 ,21(5) 512 -518.

Yin X C, Yin C. 1991. Precursors of nonlinear system instability and

Wi 7 FE

earthquake prediction—response ratio theory and its application[ J].
Scientia Sinica Chimica,21(5) :512 —=518. (in Chinese)

FHERE . 1987, MR BB R MIRR )], HEME,3(1) :3 - 10.

Yin X C. 1987. The new approach of earthquake prediction [ J]. Earth-
quake Research in China,3(1):3 —10. (in Chinese)

TR A BRAURE, 55 L 2002, IFORIR AL FE S5 M BFFE( ]
HuER PR ,45(5) 1665 - 671.

Zhang X K, Zhao J R, Zhang C K, et al. 2002. Crustal structure at the
northeast side of the Pamirs[ J]. Chinese Jourral of Geophysics,45
(5):665 - 671. (in Chinese)

PhOR, T, EIEE A 2021, B SR T AR BE S A R S R
SCRELT]. MR 43 (5) .1 - 13.

Zhong J,Wang B, Yan W ,et al. 2021. Dynamic characteristics of fault hy-
drogen concentration in Akesu and its earthquake reflecting efficien-
cy[J]. Acta Seismological Sinica,43(5) :1 —13. (in Chinese)

Beckon M, Ritter O, Park S K, et al. 2008. A deep crustal fluid channel
into the San Andreas fault system near Parkfield , California J]. Geo-
phys J Int,173(2) ;718 —732.

Biagi P F,Castellana L, Minafra A, et al. 2006. Groundwater chemical a-
nomalies connected with the Kamchatka earthquake (M =7.1) on
March 1992[ J]. Natural Hazards and Earth System Sciences,6(5) :
853 -859.

Byerlee J D. 1978. Friction of rocks[ J]. Pure and Applied Geophysics,
116(4 -5) :615 - 626.

Chen Z,Li Y,Liu Z F,et al. 2018. Radon emission from soil gases in the
active fault zones in the capital of China and its environmental effects
[J]. Scientific Reports,8(1) :16772.

Deb A, Gazi M, Ghosh J, et al. 2018. Monitoring of soil radon by SSNTD

in Eastern India in search of possible earthquake precursor[ J]. Jour-



%2

BUARMESE : E TR 480 N7 LG BRI B 1B 2 S LA 5 219

nal of Environmental Radioactivity,184 —185( APR) :63 -70.

Giuntoli F, Menegon L, Siron G, et al. 2024. Methane — hydrogen — rich
fluid migration may trigger seismic failure in subdue ction zones at
forearc depths[ J]. Nature Communications,15(1) :480.

Jia D H,Zhao B B, Yu H Z, et al.2022. Multi field coupled coseismic
changes of the Jiashi M¢6. 4 earthquake of 19 January 2020, based
on ground temperature observation[ J]. Atmosphere,13(2) ;154.

Stein R S, King G, Lin J. 1994. Stress triggering of the 1994 M6.7
Northridge , California , earthquake by its predecessors[ J]. Science,
265(5177) . 1432 - 1435.

Wang L,Jin Z J,Chen X, et al. 2023. The origin and occurrence of natural

hydrogen[ J]. Energies, 16 (5) :2400.

Yu H Z,Yu C,Ma Z,et al. 2020. Temporal and spatial evolution of Load/
Unload Response Ratio before the M7.0 Jiuzhaigou earthquake of
Aug. 8,2017 in Sichuan province[ J]. Pure and Applied Geophys-
ics,177(16) ;321 =331,

Zgonnik V. 2020. The occurrence and geoscience of natural hydrogen: A
comprehensive review [ J |. Earth-Science Reviews, 203 (8 ).
103140.

Zhao B B,Qian C,Yu H Z,et al. 2022. Preliminary analysis of ionospher-
ic anomalies before strong earthquakes in and around mainland

China[ J]. Atmosphere,13:410.

Research on Fault Hydrogen Anomaly Mechanism Based on the

Load/Unload Response Ratio Theory
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Abstract

The fault’s hydrogen data which are observed by Aksu station and Korla station in Xinjiang are used to study

the relationship between the tidal stress and the hydrogen dynamics in this area. The Load/Unload Response Ratio

(LURR) theory is used to explore the abnormal change mechanism and the earthquake precursory mechanism of

the fault’s hydrogen, to obtain the response characteristics of the hydrogen under the action of the tidal stress load-

ing. The results show that the variation of fault’s hydrogen has tidal effect; it is sensitive to tidal stress in the case of

the crustal stress loading. The hydrogen’s high-value anomaly occurs mostly in the modulation period. According to

the calculation of the Load/Unload Response Ratio, the Load/Unload Response Ratio has better prediction effi-

ciency than the original observation data. The number 1. 02 can be used as a threshold for judging the fault’ s hy-

drogen anomaly; when LURR value exceeds the threshold, there would exist a risk of moderate-and strong-earth-

quake in a short term in the study area. This index has passed the R — value test evaluation.

Keywords: hydrogen; Load/Unload Response

tectonic activity

Ratio; anomaly mechanism;

earthquake precursor;



