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Figure 1 The model of regional faults in the Junggar Basin control the release of CO, and CH4[26]
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Table 1 Gas concentrations of some active fault zones in the world

Rzl v e Rn(kBg/m’) COX(%) Hg(ng/m’) it
FHE L FHME L H EHE bl
FRIEMJAIX 0.17 0.11~0.24 59.80 0.51~98.47 - - [27]
HFH-Ab S B2 4.82 1.03~18.15 0.64 0.10~4.53 - - [28]
S Ll Sy 5.55 0.41~38.47 0.28 0.05~0.17 12.00  2.00~61.00 [29,30]
SEP 8.11 1.30~57.81 0.40 0.33~0.57 9.70 1.00~54.00 [30,31]
HHUmR 25.51 2.12~63.38 0.69 0.09~2.16 9.16 3.00~34.00 [32]
HHRZE VDI 12.51 0.31~18.22 0.78 0.05~1.19 1750 2.00~54.00 [30]
G BN T AR B 481 0.26~19.69 0.38 0.09~2.79 9.00 2.00~83.00 [33]
B BT R 7.15 1.09~13.45 0.43 0.15~1.10 1450  4.00~64.00 [34]
vl 1.53 2.88~8.34 0.26 0.15~0.50 6.50 4.00~27.00 [33]
T 9.47 7.46~20.99 0.37 0.21~0.42 1415 7.00~26.00 [34]
pNCIPAI 7.08 5.27~9.75 0.22 0.16~0.26 13.00  9.00~19.00 [33]
IPH fe - R FEL IR 4 9.69 2.99~18.54 0.38 0.24~0.80 7.60 5.00~10.00 [33]
=W FH SR 7 A 2 4 10.72 3.60~18.55 0.79 0.26~2.05 1400  6.00~29.00 [33]
R 24 ZR - 2 6.90 0.41~16.20 0.15 0.05~0.38 11.00  5.00~74.00 [35]
WP 2 AR AL i 2% 2.92 2.19~3.72 - - 4736  21.10~79.40 [36]
AR Wy 7.93 1.34~30.76 0.89 0.14~5.27 1750  6.00~99.00 [35]
T BESIOE Wi 24 5.80 1.43~59.76 0.15 0.06~0.32 5040  7.00~92.00 [35]
PRS2 o 1.93 0.60~4.28 - - 2.54 0.92~3.83 [37]
X R WTZ 1.97 0.09~13.37 - - 40.07  16.00~457.00 [38]
Ere SR 10.73 8.47~53.67 - - 0.40 0.10~1.45 [39]
R LI AR B 17.79 15.40~48.58 0.39 0.32~1.78 5.20 2.20~34.00 [40]
B 7R 4 T2l 58.86 6.00~139.00 0.31 0.04~0.71 1459 14.17~15.00 [41]
bR L8 s U ki - 5.01 1.10~18.00 - - [26]
O A=A 11.37 0.04~106.64 1.31 0.04~9.88 13.50 1.00~73.00 [42]
RN NE TR 12.02 7.67~18.87 0.37 0.04~2.41 - - [43,44]
v [ P i A 6.18 3.12~25.40 - - 0.11 0.06~0.24 [45]
Hsinchu-Hsincheng#i%4 - 6.60~32.20 - 0.10~34.80 - - [46]
Hsinhual7 %! 29.46 0.70~40.60 3.34 0.00~13.84 - - [47]
JETR e DRI 37.50 25.00~60.00 0.80 0.73~0.86 - - [48]
FAH]S. Martino-Costalbi 4 52.90 0.00~314.10 1.20 0.03~7.10 - - [49]
H A Ofantolsk 725 17.00 0.70~97.30 133 0.13~15.10 - - [50]
51 HEAFFucino i 19.40 0.00~119.51 3.35 0.02~20.54 - - [51]
Wi SCE T RavnelBi 24 13.40 0.90~32.90 - - - - [52]
ENRE KA R U Matiid 1.17 0.25~6.21 - - - _ [53]
PSR VIS RIRE & 1.15 0.00~23.76 - - - - [54]
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Figure 2 Distribution of Rn concentration in soil gas in faults under different strain regimes I (a) A normal fault; (b) a thrust fault; (c) a

transtensional fault; (d) a transpressional fault
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Figure 3 Statistical data of global seismic fluid geochemical pre-
cursors from year 1995 to 201417
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Table 2  Statistics on geochemistry anomalies based on earthquake cases in China (1966-2012)

REUE SR E3M45(F2).
T F0 A [RIH X0 ) W AR AR S A AE 2252, HuBR
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L
SR ER
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Co, 36 0 9 24 3 0 0
HAAS A5 24 0 1 7 14 0 2
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R KR cr 12 0 6 0 1 3 2
220 _
e HCO, 21 0 1 18 0 0 2
iy 24 3 1 10 7 2 1
Atk A 65 3 7 42 7 0 6
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Table 3 Statistics on the magnitude characteristics of geochemistry anomalies based on earthquake cases in China (1966-2012)
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Earthquakes are one of the most serious natural disasters of the world, with huge potential to cause serious injury and
damage to humans and society. Earthquake forecasting, however, still remains a worldwide unsolved problem. The
generation and occurrence of an earthquake—Accompanied by material migration, energy transmission and abrupt
changes of underground conditions—Can result in the migration and evolution of geochemical elements and isotopes in
natural fluids. Active fault zones are not only earthquake-prone areas but also deep fluid overflow channels. The
geochemical characteristics of fluids in active faults act as good indicators for tectonic and seismic activities due to their
high sensitivities to the changes of stress, temperature and permeability in the crust. The spatial and temporal variations of
fluids in the active fault zones are closely related to the deep geological process and as well as the type, scale, and state of
the active faults. On the contrary, the state change of an active fault can continue to affect the evolution and migration
process of the deep fluids. The close relationship between fluid geochemistry and active faults makes fluid geochemistry
not only an important role in earthquake forecasting but also an effective means to explain the changes of materials and
conditions that take place during an earthquake. Before the occurrence of an earthquake, the stress and strain can lead to
complex changes of chemical elements and isotopes in subsurface water, gas, soil and/or other media, that is, seismic fluid
geochemistry anomalies. Therefore, in active fault zones or seismically active areas, monitoring the fluid geochemistry in
these surface media and effectively identifying anomalies related to earthquakes have been identified as promising methods
for earthquake forecasting. In recent years, seismic fluid geochemistry has been widely used to forecast earthquakes around
the world due to its comparatively low costs and the advantages of its timeliness, simplicity, and convenience. Furthermore,
with the accumulation of observation data, improved data processing methods and summaries of earthquake cases, more
and more fluid geochemistry anomalies are being detected before the occurrence of earthquakes, particularly that of big
earthquakes. As a result of the early detection of geochemistry anomalies, some earthquakes have even been successfully
predicted. In addition, new analytical techniques play a more significant role in studies of the mechanism of earthquake
precursors and seismic physical processes. However, most earthquake predictions are currently based on phenomenon
correspondence and/or empirical statistics, and the lack of research on the genetic mechanism of seismic fluid
geochemistry anomalies leads to difficulties in the further application of this method. As such, there remains significant
room for improvement for the construction of a prediction model based on seismic fluid geochemistry. In this paper, the
recent research progress of seismic fluid geochemistry in the field of earthquake forecasting is summarised and combined
with our research results and insights to provide guidance for future works in earthquake forecasting methods.

earthquake, seismic fluids, fluid geochemistry anomalies, earthquake forecasting
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