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Abstract  The geochemical backgrounds and origins of soil gases in the Yanhuai basin are discussed based on the re-
gional seismogeological data and concentrations of Rn, Hg, CO2 , H2, He and CH4 in soil gas measured at 422 investigating 
sites in field during September to October 2007. The geochemical background values of Rn, Hg, CO2 , H2, He and CH4 are 
(8105.8±5937.4) Bq/m3, (9.7±5.8) ng/m3, (395.9±35.3)×10−6, (4.0±2.3)×10−6, (15.9±10.4)×10−6 and (12.7±8.1)×10−6, respec-
tively. The geochemical backgrounds of the soil gases are higher in the eastern part of the Yanhuai basin. The main factors 
affecting the gasgeochemical backgrounds are gaseous origins, structure of the crust, faults, stratum and microbe activity. 
The higher values of gasgeochemical backgrounds in the eastern part are attributed to the existence of low-velocity zones in 
the upper crust, stronger tectonic activity and more contributions of Hg and He derived from the deep-earth and Rn origi-
nated from granite, corresponding to stronger seismic activity. The results can be applied to identifying seismic precursor 
from monitoring data of gases in the studied area. 
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1 Introduction  

The Yanhuai basin, a seismically active area (Xu et 
al, 2002; Liu et al, 1997) located in the northwestern 
part of Zhangbo seismic belt, is an important monitoring 
area of seismic hazard. Four historical earthquakes 
(M>6) and 163 earthquakes with magnitudes larger than 
2.0 occurred between 1970 and 2004 (Zhu et al, 2006), 
which indicates that seismic activity is high in the Yan-
huai basin. It is primary and important for earthquake 
prediction to monitor and identify seismic precursors, 
which is based on determination of background of each 
monitoring item. There exists  good correlation be-
tween the concentration distributions of gases (Rn, Hg, 
CO2, H2, He, CH4 and so on) in the soil and the stress 
and strain in the crust (Wang et al, 1990), therefore  
underground gases usually show precursory signals be-
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fore and after earthquake occurrence. From the earth-
quake monitoring works of last 40 years in China, it can 
be concluded that the underground gases are good indi-
cators for earthquakes (Wang et al, 1990; Du et al, 1997; 
Du and Kang, (2000a, b; Liu et al, 2006) and predomi-
nant seismic precursors (Wan et al, 2002; Chiodini et al, 
2004; Du, 2005; Du et al, 2008). With over-exploitation 
of groundwater, which leads to sharp decline of 
groundwater level, gasgeochemical measurement was 
more and more used in seismic monitoring other than 
hydrogeochemical measurement.  

However, the gasgeochemical monitoring in the 
Yanhuai basin now are mainly conducted in a few of 
monitoring stations, and few multi-index monitoring 
results of gasgeochemistry are reported (Cao, 2005; Xu, 
2006). It has been shown that the abundances of gas 
components in soil can be easily affected by some fac-
tors, such as atmospheric permutation, biogenic process, 
mantle degassing, radiogenic production, rock alteration 
origins (Zhang et al, 1988; 1990; Ciotoli et al, 2007). 
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Therefore, it is difficult to identify seismic precursor 
using measurements of a gas component and to charac-
terize geochemical backgrounds in the whole study area. 
It is emphasized that increasing amounts of sampling 
sits and monitoring objects is vital for earthquake moni-
toring (Ciotoli et al, 2005, 2007; Baubron et al, 2002; 
Zhang and Sanderson, 1996; Igarashi and Wakita, 1995). 
Up to now, rare result of soil gas surveying in 
large-scale sampling and multi-index monitoring has 
been published. It is necessary to conduct soil gas sur-
vey of Rn, Hg, CH4, CO2, He and H2 in the Yanhuai ba-
sin. The results help better understanding of the soil gas 
geochemical background and recognizing seismic pre-
cursors in the Yanhuai basin. 

2 Field exploration  
The concentrations of Rn, Hg, CH4, CO2, He and H2 

were measured in the field at 422 sampling sites in the 
Yanhuai basin (about 2 200 km2 ) from 20 September to 
30 October, 2007. The distance between every two sur-
veying sites is averagely about 2 km. A Teflon probe 
sampler was employed for sample collection and meas-
urement, which was inserted into the hole (diameter, 30 
mm and 80 mm in depth) obtained by driving a steel 
stick into the ground. Rn was analyzed by an HDC-B 
Radon Detector with a calibration error of 0.3% (Zhou et 
al, 2007). The measuring chamber (2 L volume) of the 
instrument was cleaned at first by soil gas, then a film 
sampler was inserted into the chamber in which soil gas 
was pumped up to a pressure of 1.5×105 Pa. After 3 min 
sampling, the film sampler was transported into the in-
strument for testing. The concentration of Hg was meas-
ured with a RA-915+ Zeeman Effect Mercury Instrument 
that was connected to the Teflon probe sampler. The 
analyzing data can be read out in site under the gas sam-
ple mode of the instrument with a calibration error of 3%. 
Other gases (CH4, CO2, He and H2) were analyzed by a 
gas chromatography (Agilent 3000) with a calibration 
error of 5%. In sampling a 30 ml soil gas sample col-
lected with a glass syringe was injected directly into the 
gas chromatography for measuring. The procedure can 
effectively prevent the contamination of air. The errors 
for the measuring data are 7% for Rn, 6.5% for Hg and 
5% for CH4, CO2, He and H2, respectively. 

3 Results and discussion 
The minimum, maximum and average values of 

measured gaseous components are listed in Table 1.  

Table 1 Gas geochemical data of the Yanhuai basin 

 Min Max Mean Standard 
deviation Remark 

Hg/ ng⋅m−3 1.0 54.0 9.7 5.8 
CH4, 10−6 0.0 52.3 12.7 8.1 
He, 10−6 0.1 175.7 15.9 10.4 

Rn, Bq/m3 1302.0 57812.0 8105.8 5937.4 
CO2, 10−6 331.5 572.6 395.9 35.3 
H2, 10−6 0.0 73.2 4.0 2.3 

Sediments are 
mainly loess soil 
in Holocene and 
upper Pleisto-
cene series in 
Quaternary 

system 

 
3.1 Mercury 

In the Yanhuai basin, the average concentration of 
Hg in soil gas is 9.7 ng/m3, the minimum and maximum 
values are 1.0 ng/m3 and 54.0 ng/m3, respectively. The 
Yanhuai basin is divided by the north boundary fault of 
Yanfan basin into two sub-basins, the Huaizhuo basin 
and Yanfan bain, in the western and eastern parts, respec-
tively (Figure 1). The contour map (Figure 2) shows that 
mercury concentration in the western part is lower than 
that in the eastern part. The number of high (≥20 ng/m3) 
and low (≤5 ng/m3) Hg concentration sites accounts for 
4% and 8% of total sampling sites, respectively. Statistic 
results show that the Hg concentration data do not cor-
respond to the models of normal distribution and loga-
rithmic distribution, indicating multiple sources of Hg 
and influencing factors of mercury. In addition, the factor 
analysis results (Table 2) show that the factor 1 is domi-
nated by mercury, which means Hg is relative independ-
ent. Vapor pressure of mercury is high at normal tem-
perature. Vapor pressure and evaporation rate of mercury 
are increased sharply with increasing temperature, re-
sulting in its strong penetrating ability and escaping into 
air easily (Wei and Shen, 1995). On the contrary, mer-
cury can be recycled back into soil through atmospheric 
precipitation process (Zhou et al, 2007). Mercury in the 
soil may be mainly originated from the deep crust and 
partially from Quaternary sediments, and migrate up-
wards to the Earth surface through faults and fractures. In 
the Yanhuai basin, Hg concentrations sites spatially dis-
tribute inhomogeneously, that may be caused by varia-
tions in sediment thickness, crustal thickness and adsorp-
tion ability, underground temperature and pressure gra-
dient, as well as the movements of thermal fluids (Che et 
al, 2001). Obvious inhomogeneity of crustal thickness in 
the study area was revealed by geophysical exploration 
(Gao and Ma, 1993; Cheng and Li, 1998). Such inho-
mogeneities in the Yanhuai basin lead to variations of 
migration velocity, absorption and occlusion effect of Hg 
vapor in its transition processes. Consequently, the re-
sults display that the background of Hg in soil gas in 
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Figure 1 Generalized geology and surveying sites in the Yanhuai basin. 1 North boundary fault of 
Huaizhuo Basin; 2 Xinbaoan- Shacheng fault; 3 Sanggan river fault; 4 North boundary fault of Yanfan 
Basin, which is the borderline between Yanfan basin and Huaizhuo basin.

the Yanhuai basin is controlled by sources of Hg, crustal 
structure, regional tectonics, strata, gas exchange be-
tween soil and atmosphere, etc. 

Table 2 Factor analysis of soil gas data of the Yanhuai basin 
(rotated component matrix) 

Factor 
Gas species 

1 2 3 4 

He 0.035 0.056 0.016 0.993 
H2 0.297 0.213 0.799 −0.015 

CH4 −0.356 0.779 0.046 −0.035 
CO2 0.261 0.638 0.007 0.081 
Rn 0.461 0.283 −0.647 −0.054 
Hg 0.836 −0.034 0.087 0.032 

 
3.2 Methane 

CH4 is thought to be a reduced form of carbon and 
derived from a variety of sources. The major process 
involved in CH4 genesis is microbial action (Klusman, 
1993). In an active tectonic area, methane has an in-
creasing leak associated with heat release induced by the 
faults and fractures. Therefore, there is a correlation 
between the concentrations of releasing methane in soil 
gas and the activity of faults, indicating methane may be 
a good indicator for seismic activity in a fault active 
area (Toutain and Baubron, 1999). The measured aver-
age concentration of CH4 in soil gas in the Yanhuai ba-
sin is 12.7×10−6, and the minimum and maximum con-
centrations are less than 0.1×10−6 and 52.3×10−6, re-
spectively. Most sites with high values of CH4 concen-
trations detected scatter in the middle-eastern part of the 

Yanhuai basin (Figure 2). On December 16, 1996, be-
fore the Shunyi MS4.5 earthquake, ice in the 
Longqingxia reservoir cracked, and the storage water 
was disturbed intensively by bubbles.  

Except a low content of He, CH4 is the main com-
ponent in the escaping gas discharged from the anoma-
lous sits. The carbon isotope ratio of CH4 is −51‰, 
which indicates that CH4 was mainly biogenic (GU et al, 
2001). In the Yanhuai basin, the concentrations of CH4 
and CO2 in soil gas are controlled by factor 2 (Table 2), 
which reflects that CH4 and CO2 may have a genetic 
correlation, i.e., CO2 can be formed through the oxida-
tion of CH4. Zu et al (1997) confirmed that in the Yan-
huai basin, the plain areas have a higher heat flow value 
than the mountain areas. Therefore, it is reasonable to 
conclude that the concentrations of the gaseous compo-
nents are influenced in some degree by underground 
heat flows because both CH4 and CO2 concentrations 
are sensitive to heat flow value. In addition, there is a 
wide distribution of farmlands, rivers and reservoirs in 
the Yanhuai basin, providing a better environment for 
microbe action and organic matter deposit, which indi-
cates geochemical backgrounds of CH4 and CO2 may be 
controlled by biogenic gases.   
3.3 Helium 

Helium is a product of the uranium-thorium decay 
series, which is thought to be a good tracer for active 
fault and indicator in earthquake monitoring and study-
ing (Sugisaki, 1978; Du et al, 2008), because He is  
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Figure 2 Map of concentrations of Hg, CH4 and He in soil in the Yanhuai basin (For names of the faults see Figure 1). 

chemically inert, physically stable, highly insoluble in 
water and highly mobile and able to pass through great 
thicknesses (150−800 m) of geological bodies (Ciotoli et 
al, 2005; 2007). In the Yanhuai basin, the average con-
centration of He in soil gas is 15.9×10−6 which is 3 times 
of He concentration in air (5.2×10−6, Holland and Em-
erson, 1990). The minimum and maximum concentra-

tions are 0.1×10−6 and 175.7×10−6, respectively. The 
numbers of surveying sites with high concentration 
value (≥40×10−6) and low concentration value 
(≤5×10−6）account for 8% and 20%, respectively. The He 
geochemical background value is higher in the eastern 
part of the Yanhuai basin than that in the western part 
(Figure 2), which may be induced by the largely granite 
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distribution around the basin. After one week of Shunyi 
earthquake on December 16, 1996, He in the escaping 
gas from the Longqingxia reservoir is identified to be 
mainly originated from crust because the 3He/4He value 
in the gas is 2.6×10−7 that is close to the value of crust 
(Gu et al, 2001). This conclusion is also supported by 
the isotopic geochemial data of the solution gas from the 

springs and/or wells in the Yanqing and Huailai regions 
(Wan et al, 2003). He derived from crust and mantle can 
dissipate in the air quickly after being transported up to 
ground surface. Geophysical research results in the 
Yanhuai basin reveal the existence of low velocity bod-
ies at depth about 10 km, and they interlace with low 
velocity bodies in the crust, as well as Tangshan region  

 
Figure 3 Map of Rn, CO2 and H2 in soil gas of the Yanhuai basin (For names of the faults see Figure 1). 
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(Liu et al, 2007). Therefore, the other factor controlling 
geochemical background character of helium is special 
inhomogeneity of fluids and rocks, as well as the sup-
plying areas of thermal fluids from deep crust. 
3.4 Radon 

Activity of radon is known to be effectively con-
trolled by temperature and pressure in the processes of 
absorption and desorption on the rock or/and soil grain 
surface, dissolution and transformation in underground 
water. Therefore, radon is sensitive and even escapes 
freely caused by the variation of underground stress 
field (Che et al, 2001). Radon concentrations are always 
alternative before an earthquake coming (Zhang et al, 
1998; Igarashi et al, 1995; King et al, 1995; Steinitz et al, 
2003). Thus it appears to be a powerful indicator for 
earthquake. In the Yanhuai basin, the average radon 
concentration in soil gas is 8 105.8 Bq/m3. There are five 
surveying sites where over high values (≥30 000 Bq/m3) 
of radon concentrations were detected scattering indi-
vidually in the basin. Same as Hg and He, the radon 
background value (8 831.85 Bq/m3) is higher in the 
eastern part of the basin than that in the eastern part (8 

105.80 Bq/m3) due to the widely existence of granite 
(enriched in radioactive elements) in the eastern part of 
the basin. Furthermore, the factor analysis results (Table 
2) show the factor 3 is contributed mostly by H2 and Rn, 
but correlation between the concentrations of these two 
components is negative. On the other hand, He contrib-
utes to the factor 4 individually, which means that these 
3 components have different sources or genesis. The 
sampling depth is 0.8 m and reaches the soil illuvial ho-
rizon of study area (Wang et al, 2006) where is in rich of 
radioactive elements (U, Th and Ra) that can generate 
Rn via radioactive decay. As a result, Rn in soil gas is 
derived mainly from the lower crust and He is from 
deeper source area (Du and Kang, 2000a). 
3.5 Carbon dioxide 

The presence of carbon dioxide in an active fault 
area may be resulted from 1 mantle degassing, 2 car-
bonate metamorphism and decomposition, 3 organic 
material oxidation and 4 microorganism or plant respi-
ration (Sugisaki, 1983). High concentrations of carbon 
dioxide in soil gas are often related to high heat flux in 
an active volcanic area or the other areas cracked by 
deep faults (Ciotoli et al, 2007). CO2 discharges may 
serve as identifying fault activity and earthquake hazard 
(Irwin and Barnes, 1980; Annunziatellis et al, 2003). In 
the Yanhuai basin, the carbon dioxide concentrations 
range from 331.5×10−6 to 572.6×10−6 with a mean value 

of 395.9×10−6. In the Velingrad area in Bulgaria, soil gas 
CO2 concentrations are in the range of 
20000×10−6−60000×10−6 (Toutain and Baubron, 1999). 
The average of CO2 concentration for 845 soil gas sam-
ples in the Fucino plain in central Italy is 33500×10−6 . 
CO2 concentrations for 106 soil gas samples from the 
Ofanto basin in southern Apennine mountains, Italy, are 
in a range from 1300×10−6 to 155100×10−6 (Ciotoli et al, 
2007). In Pingdong area, Taiwan, crossed by Chaozhou 
fault, CO2 concentrations in soil gas range from 0 to 
123100×10−6 with mean content of 42100×10−6 (Fu et al, 
2005). Comparison between the CO2 concetrations in 
soil gas mentioned above and the results in the Yanhuai 
basin shows that the carbon dioxide in soil gas in the 
study area appears not to be oriented mainly from the 
deep earth. The average CO2 content of soil gas in the 
eastern part of the Yanhuai basin is 399.9×10−6, close to 
the content of western part (392.0×10−6), which reflects 
that there is little amount of CO2 from the deep earth, 
indicating a weaker tectonic activity in the Yanhuai ba-
sin.  
3.6 Hydrogen 

Hydrogen concentrations in soil gas vary in a large 
range (less than 0.1×10−6 to dozens ×10−6) in fault zones 
where hydrogen is thought to be produced by the reac-
tions between fractured rocks and groundwater. In detail, 
the reactions occur at fresh mineral interfaces when the 
fluids, such as groundwater, emerge into the space of 
rock fractures. A great deal of hydrogen is generated 
during such process and moves up to the surface through 
the fractures (Sugisaki, 1983; 1987). Therefore, H2 also 
is considered to be a good indicator for fault activity. In 
the study area, the minimum and maximum values of H2 
concentrations in soil gas are <0.1×10−6 and 73.2×10−6, 
respectively, and the average content is 4.0×10−6. Five 
surveying sites with high H2 concentrations (≥30×10−6), 
considered to be related to the active faults, distribute in 
the western part of the Yanhuai basin. Comparing with 
other areas of active faults in the world, the Yanhuai 
basin has a lower hydrogen concentration in soil gas, 
which may be induced by the reduce environment at the 
surveying soil depth. The Yanhuai basin is tectonically a 
dustpan basin with a deeper subsidence in north-
ern-western edge. Factor analysis results (Table 2) show 
that H2 contributes to the factor 3 together with Rn, but 
in negative correlation, which reflects that H2 is mainly 
derived from the deep Earth, but Rn mainly from the 
shallow crust.  
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3.7 Geochemical characteristics of soil gas in the 
Yanhuai basin   

The Huaizhuo basin and Yanfan basin are two 
sub-basins of the Yanhuai basin. The concentrations of 
Rn, Hg, He and CO2 are higher in the Yanfan basin, 
which indicates the fault activities are stronger there. 
Such a character is considered to be related to the thick-
ness inhomogeneity of crust and the fault distribution in 
the basin. Artificial seismic sounding, magnetotelluric 
prospecting (Gao and Ma, 1993) and two dimensional 
temperature structure calculation (Zu et al, 1997) dem-
onstrate that the thickness of lithosphere and Moho 
depth increase gradually from east to west in the Yan-
huai basin, resulting that Rn, Hg, He and CO2 are ab-
sorbed and dissolved in different degree when they 
penetrate the overlain strata in differential regions. Zhu 
et al (2006) predicted that the Yanfan basin appears to 
suffer more severe seismic hazards and a potential 
earthquake seams to occur earlier comparing to Huaiz-
huo basin according to the research on tectonics, fault 
slip velocity in the Yanhuai basin and magnitude-time 
prediction model calculation.            

Except CO2, all the surveying gases have high 
concentration values that may be attributed to the sites 
located in the intersections of two or more fracture 
zones (Ciotoli et al, 1998; Fridman, 1990), and/or to the 
existence of special discontinuity around the sites lead-
ing an enrichment of the surveying component (Ciotoli 
et al, 1998; Lombardi et al, 1996). Consequently, it can 
be deduced that distributions of faults and fractures are 
more complicated than present known in the Yanhuai 
basin. However, this needs more work to be done in the 
future. 

4 Conclusions 
The geochemical backgrounds of six gases in soil 

in the Yanhuai basin are drawn out according to the 
measurements at 422 sampling sites. The geochemical 
backround values of Rn, Hg, CO2 , H2, He and CH4 are 
(8105.8±5937.4) Bq/m3, (9.7±5.8) ng/m3, (395.9±35.3)× 

10−6, (4.0±2.3)×10−6, (15.9±10.4)×10−6 and (12.7±8.1)× 

10−6, respectively, and Rn, Hg, He and CO2 show higher 
background values in the eastern part of the Yanhuai 
basin.  

The factor analysis on the soil gas data and the 
geological characteristics indicate that the concentra-
tions of the six studied gases are derived from various 
sources and affected by different factors in the Yanhuai 

basin. Rn in soil gas is mainly derived from the sources 
in the upper crust correlating with the petrological geo-
chemistry character in the area. Hg and He are mostly 
from deep sources involving the inhomogeneity of local 
crust. On the contrary, CO2 and CH4 are mostly derived 
from the upper crust, and dominated by underground 
heat flow and biogenic action. H2 has mainly a deep 
crust origin and affected by the redox environment in 
soil illuvial horizon. We therefore conclude that in the 
Yanhuai basin, the soil gas geochemical background is 
correlated to the regional characteristics of seismogeol-
ogy and can be used to study the tendency of earthquake 
activity.  
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