
doi: 10.3319/TAO.2016.09.29.02

* Corresponding author 
E-mail: xlsun04@163.com

Soil mercury spatial variations in the fault zone and corresponding influence 
factors

Xiaolong Sun1, *, Xueyun Si 2, Yang Xiang 3, and Dongying Liu1

1 Key Laboratory of Crustal Dynamics, Institute of Crustal Dynamics, China Earthquake Administration, Beijing, China 
2 Earthquake Administration of Ningxia Hui Autonomous Region, Yinchuan, China 

3 Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumqi, China

AbStrAct

Field measurements were performed using a LUMEX RA-915+ mercury vapour 
analyser to determine the gaseous mercury (Hg) concentrations in the soils of the 
North China plain, Loess Plateau, Changping District, Haiyuan fault zone, and north 
Beiluntai (BLT) fault at the edge of south Tianshan. The factors affecting the soil gas 
Hg concentration, such as the sampler type, test hole depth, soil characteristics, fault 
characteristics, and the mechanisms of their influence are discussed in terms of a gas 
diffusion equation. The results show that (1) the soil gas Hg concentration is affected 
mainly by the time lapse between the hole drilling and measurement, test hole depth 
and sampler shape; (2) the measured soil gas Hg concentration agrees well with the 
gas diffusion equation analytical solution, and the curve shape is closely related to 
the degree of Hg enrichment in the soil and the soil density; and (3) the soil gas con-
centration in the fracture zone is largely affected by the rock type, tectonics, the fault 
slip rate, the degree of fault locking, the development degree of fractures between the 
hanging wall and footwall, and the degree of fracture locking because these factors 
can alter the Hg upward transport channels and degree of surface enrichment. The 
effects of these factors on the diffusion coefficient in shallow soil layers are insignifi-
cant. The diffusion coefficient D depends on the particle size, density and porosity 
of the soil materials.
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1. IntroductIon

Mercury (Hg) can be emitted into the atmosphere via 
several natural processes, including geological activity (in 
particular, volcanic, and geothermal emissions). It can also 
be easily enriched in faults due to its unique physical and 
chemical properties, and it can migrate from deep layers 
up to the surface along a fault or rock fracture due to the 
presence of a fluid carrier or a pressure gradient (Jin et al. 
1989; Zhang et al. 2014). Mercury is widely used in earth-
quake monitoring and prediction and active fault detection 
in China (Tang et al. 2004; Liu 2006). For example, anoma-
lous mercury contents in wells or springs have been linked 
to earthquakes (Zhang et al. 2005), and gaseous mercury 
concentrations in soils have been used to detect buried ac-
tive faults (Wang et al. 1991, 2006; Li et al. 2013). Because 
mercury is an effective tool for tracing deep fluid activity 

(Stoffers et al. 1999), it plays an important role in reveal-
ing the relation between fluid activity in fault zones and the 
mechanisms by which strong earthquakes occur.

The size and dynamics of the gas mercury pool in 
soil might play an important role in atmospheric Hg fluxes 
(Johnson and Lindberg 1995; Zhang and Lindberg 1999; 
Sigler and Lee 2006; Moore et al. 2011). Many soil pro-
cesses might influence the conversion of Hg(II) into gas-
eous elemental mercury (GEM), which can be released into 
the atmosphere (Zhang and Lindberg 1999). Soil gas mer-
cury concentrations might change much more slowly and be 
affected by more environmental parameters than the total 
gaseous mercury (TGM) flux in soils (Moore and Castro 
2012). For example, the soil temperature, redox potential, 
moisture content, and organic matter content significantly 
affect the TGM concentration in forest soils. Studies have 
shown that higher soil temperatures can increase atmo-
spheric TGM fluxes (Gustin et al. 1997; Choi and Holsen 
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2009; Lin et al. 2010) and lead to higher TGM concentra-
tions in background soils (Sigler and Lee 2006). The soil 
redox potential might affect soil TGM concentrations by 
changing the availability of electrons for oxidation-reduc-
tion reactions involving Hg(II) and GEM (Schuster 1991; 
Zhang and Lindberg 1999; Obrist et al. 2009). Furthermore, 
an increase in the soil moisture content often leads to a de-
crease in the soil redox potential, which can promote Hg(II) 
reduction to GEM (Zárate-Valdez et al. 2006). Soil organic 
matter (SOM) has been shown to provide Hg(II) binding 
sites (Meili 1991; Skyllberg et al. 2006). If the Hg(II) bound 
to SOM is reduced to GEM, an increase in the Hg(II) con-
tent might result in an increase in the soil TGM concentra-
tion (Gu et al. 2011).

In this study, a portable mercury vapour analyser 
(model RA-915+) was used to measure soil gas Hg concen-
trations in the field. The sampling method, sampling depth 
and characteristics of the surface soil layer effects on the 
gaseous Hg concentration are discussed in terms of a gas 
diffusion model. The Hg concentration soil gas spatial dis-
tribution across and along a fault is analysed.

2. SAmplIng And methodS

The mercury concentrations in different soils were 
measured using a LUMEX RA-915+ analyser (from Uni-
versity of British Columbia, CERM3). It uses a Zeeman 
process (Zeeman atomic absorption spectrometry with high 
frequency modulation of light polarization) to eliminate in-
terference with the measurements (Špirić and Mashyanov 
2000). The RA-915+ Zeeman mercury spectrometer is suit-
able for the direct determination (without a pre-concentra-
tion step in the absorption trap) of mercury concentrations 
in various samples, such as air, water, soil, food, coal, and 
oil (Sholupov et al. 2004; Cordy et al. 2011).

Figure 1 illustrates the set-up for measuring soil gas Hg 
concentrations. Drilling steel is used first to drill a 30 mm 
diameter hole in the soil with a depth of 80 cm to take soil 
samples. A pyramidal gas sampler is immediately inserted 
into the hole after removing the drill bit. Before each mea-
surement, a certain amount of gas is fed into and then ex-
pelled out of the sampler to remove any foreign gas from the 
sampler and the rubber tube between the sampler and detec-
tor. The RA-915+ mercury vapour meter displays an instan-
taneous gaseous Hg concentration every second and gener-
ates an average concentration, i.e., the recorded gaseous Hg 
concentration, every ten seconds.

An air extraction pump inside the instrument first ex-
tracts gas from the test hole and feeds it into the sampler. 
The gaseous Hg concentration is then measured by the in-
strument. Gases in the surrounding soils continuously dif-
fuse through the soil pores towards the test hole, supplying 
gas to the test hole. The diffusion rate is closely related to 
the soil porosity. The gas diffusion process through the sur-

rounding soils towards the test hole is similar to diffusion 
through fluids, which can be mathematically described as 
diffusion equation (Aral and Liao 1996):
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where C is the gaseous Hg concentration; D is the diffusion 
coefficient; t is time; and x, y, and z represent the spatial co-
ordinate position. Assuming that the soils near the test hole 
are isotropic, Eq. (1) can be simplified in spherical coordi-
nates to Eq. (2) with the following boundary conditions:
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where R is the distance to the spherical centre, n is the po-
rosity, and m is the gaseous Hg content per unit soil volume. 
The analytical solution can be obtained by solving Eq. (2) 
using the Boltzman transform (Chen and Li 1996):
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Equation (3) gives the concentration at an arbitrary 
spatial point R if the corresponding time t is given in one-
dimensional space. The dimensions of C, R, D, m/n, and t 
are [M/L3], [L], [L2/T], [M], and [T] in this equation, re-
spectively. Equation (3) shows that the concentration at 
point R is affected mainly by the gaseous Hg content m/n 
of the soil and the diffusion coefficient D. As shown in  

Fig. 1. Soil gas mercury measurement. (Color online only)
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Fig. 2, the m/n value significantly impacts the maximum 
value of the concentration curve (Fig. 2a), and the diffu-
sion coefficient mainly affects the shape of the concentra-
tion curve (Fig. 2b), i.e., the rates at which the concentration 
increases and decreases.

3. reSultS And dIScuSSIon

Using the previously described sampling method, soil 
gas Hg concentrations were measured in different areas of 
China to determine the influence factors, such as the sam-
pler type, test hole depth, soil characteristics, fracture zone 
characteristics, and tectonism, for soil gas Hg concentration 
in the field.

3.1 test hole depth and Sampler type effects

The sampler type and test hole depth effects on the mea-
sured soil gas Hg concentrations in the Changping District of 
Beijing, China were studied. The soils in this area are mainly 
quaternary, with the sampling sites located mostly in idle 
farmlands. Although crops were not being farmed at these 
sites during the research period, the soil porosity and com-
ponents in the shallow layers (approximately 30 cm) might 
have been affected by human activities, such as fertilization 
and irrigation and by crop root systems. These factors, how-
ever, should not alter the sampler type and test hole depth 
effects on the soil gas Hg concentration. Figure 3 shows the 
soil gas Hg concentrations measured in different test holes 
using different samplers. The open circles represent the mea-
sured concentrations and the solid lines represent the fitted 
curve obtained using Eq. (3).

As shown in Fig. 3, a pyramidal sampler was used for 
some of the soil gas Hg concentration measurements. The 
Y50N and Y80N curves represent soil gas Hg concentra-
tions measured in new test holes at depths of 50 and 80 cm, 
respectively. The measured gaseous Hg concentrations and 
the parameters m/n and D of the fitted curve are higher for 

the deeper test hole than for the shallower test hole. As Hg 
gas in the deep earth is enriched and released out continu-
ously, the gas closer to the surface escapes into the atmo-
sphere easier. A deeper sampling hole is closer to the Hg 
source area. Higher Hg concentrations were therefore de-
tected in the deeper sampling hole.

As shown in Fig. 3, a columnar sampler was used to 
measure the soil gas Hg concentrations for the S50N and 
S80O curves. Specifically, the S50N curve shows the soil 
gas Hg concentrations measured in a new test hole with a 
depth of 50 cm (the measurements were performed imme-
diately after drilling the hole with a drilling steel), and the 
S80O curve shows the soil gas Hg concentrations measured 
in an old test hole with a depth of 80 cm. The gaseous Hg 
concentrations measured in the new test hole are slightly 
higher than those measured in the old test hole (after drill-
ing the hole the gaseous Hg concentration was measured 
twice, once immediately after drilling and once 30 minutes 
later. The recorded gaseous Hg concentration in the old test 
hole is from the second measurement). Although the new 
test hole is shallower than the old test hole, the m/n value 
for the old test hole is smaller because the initially enriched 
gaseous Hg in the test hole and from the surrounding soils 
was mostly extracted during the first measurement, whereas 
during the second measurement, the detected gas was most-
ly supplied by gas diffusion from more distant areas to the 
test hole, resulting in a lower measured value. The soil gas 
Hg concentration measured in the old test hole during the 
second measurement is apparently lower than that measured 
during the first measurement, but the diffusion coefficient D 
remained constant.

The curves in Fig. 3 indicate that the sampler shape also 
significantly affects the measured soil gas Hg concentration. 
Generally speaking, the values measured using the pyrami-
dal sampler are clearly higher than those measured using the 
columnar sampler. From a new 50 cm test hole (at the same 
sampling site using the same instrument and method with the 
same measurement duration), the concentration measured 

Fig. 2. Degree of enrichment m/n and diffusion coefficient D effects on the concentration. (Color online only)
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using the pyramidal sampler (Y50N) is almost eight times 
that measured using the columnar sampler (S50N). These 
results can be explained similarly to those for the hole depth 
study. As shown in Fig. 4, when the columnar sampler is 
inserted into the test hole, the gas inlet at the tip nearly con-
tacts the soil. The gas volume below the sampler in the test 
hole is quite small. Therefore, the amount of soil gas that can 
diffuse from the surrounding soils into the test hole is quite 
limited. In contrast, when the pyramidal sampler is inserted 
into the test hole, the gas inlet is at a certain distance from 
the surrounding soil in the test hole, with the gas volume be-
low the sampler in the test hole is still large. Consequently, 
the gas in the surrounding soils can easily diffuse into the 
test hole and be extracted by the pyramidal sampler. It is 
evident that the gas in the surrounding soil can more easily 
diffuse into the test hole when the pyramidal sampler is used 
for the soil gas measurements, resulting in higher measured 
soil gas Hg concentrations.

Based on this analysis, it can be concluded that the soil 
gas Hg concentration can be affected by the hole depth or 
sampler shape, and whether the hole has been used before 
has lower Hg concentration than a new drilling hole. Thus, 
when using the portable RA-915+ mercury vapour analyser 
for field measurements, new test holes should be used for 
instantaneous measurements. To compare data collected in 

the same area, the same sampler type and test hole depth 
should be employed. Here, a pyramidal sampler and a test 
hole depth of 80 - 100 cm is recommended for the soil gas 
Hg measurements.

3.2 Soil gas hg concentrations Across a Fault

The Hg concentration in the soil is affected by the soil 
characteristics of the shallow surface layers (Gustin et al. 
1997; Zhang and Lindberg 1999; Obrist et al. 2009; Moore 
and Castro 2012) and by deep tectonic activities, such as 
fault movements, volcanic activities, and seismic processes 
(Jin et al. 1989; Nriagu and Becker 2003; Zhang et al. 2014). 
Some carriers (underground water, CO2 and CH4) can gradu-
ally bring Hg from deep layers to the surface though pores, 
fractures and deep and large faults, leading to Hg accumula-
tion in the surface soil or Hg release into the atmosphere. 
Thus, if faults or fractures develop under the surface lay-
ers, they provide good channels for Hg to migrate from deep 
layers to the surface, resulting in high Hg concentrations in 
the surface soil. Whether a fault is creeping or locking can 
also directly affect Hg migration from the deep layers to the 
surface. Just as other gases (e.g., Radon or Carbon dioxide), 
gaseous Hg activity growth from reverse faults to strike-slip 
and normal faults (Seminsky and Bobrov 2009), is consistent 

Fig. 3. The sampler type and test hole depth effects on the soil gas Hg concentration. S80O: columnar sampler in an old 80-cm-deep test hole; S50N: 
columnar sampler in a new 50-cm-deep test hole; Y50N: pyramidal sampler in a new 50-cm-deep test hole; Y80N: pyramidal sampler in a new 
80-cm-deep test hole. (Color online only)



Soil Mercury Spatial Variations in the Fault Zone 287

with greater emanation in extension zones relative to that in 
compressive structures (Utkin et al. 2006). The permeability 
of faults, other things being equal, should decrease in the 
series of faults formed under extension, shear, and compres-
sion, respectively. If a fault is affected by tensile stress (e.g., 
normal fault), its fault layers are creeping; in contrast, if a 
fault is affected by compressive stress (e.g., reverse fault), its 
fault layers are locked. Creeping faults are advantageous for 
Hg migration to the surface, whereas locked faults prevent 
upward Hg migration along the fault layers. Hg migrates by 
two mechanisms: independently of other chemical species 
with a relatively lower rate or via carriers (e.g., water or gas) 
with a relatively higher rate.

Field measurements were performed across the Bei-
luntai fault zone in Xinjiang Province, China to study soil 
gas Hg concentrations. The Beiluntai fault zone is a typical 
thrust fault with a certain degree of slipping subcomponents. 
The red line in Fig. 5a shows the fault zone along the near 
EW direction, and the white arrow indicates the direction of 
the relative motion of the blocks on both sides of the fault. 
The north side of the fault is the hanging wall and exhibits a 
topographic uplift. The south side of the fault is the footwall, 
which is flatter. Three sampling sites were chosen for these 
measurements at each of the following three locations: the 
hanging wall, fault zone and footwall (Fig. 5a). The LUMEX 
RA-915+ mercury vapour analyser with the pyramidal sam-
pler was employed to perform measurements in 80-cm-deep 
test holes. Figure 6 shows the soil gas Hg concentration 
curves obtained at the nine sampling sites. The circles are 
the measured values, and the solid lines are the fitted curves 
obtained using Eq. (3). The sampling sites F1, F2, and F3 
are located on the footwall on the south side of the Beiluntai 
fault, the central sampling sites F4, F5, and F6 are near the 
fault zone, and the north sampling sites F7, F8, and F9 are 
located on the hanging wall.

Figures 5 and 6 show that the soil gas concentrations 
at sampling sites F1, F2, and F3 on the fault footwall are 
quite high, whereas those at sampling sites F7, F8, and F9 

on the fault hanging wall are quite low. The lowest concen-
trations are observed at sampling sites F4, F5, and F6 near 
the fault zone. As shown in Fig. 5b, the fitted m/n values 
(soil gas Hg enrichment amounts) obtained using Eq. (3) 
are significantly lower for the sampling sites near the fault 
zone than for those on the hanging wall and footwall, but 
the D values (diffusion coefficients) are similar at all of the 
sampling sites.

The Beiluntai fault is a thrust fault that is affected by 
the compressive force caused by regional tectonics. Its fault 
zone is sealed, which adversely affects Hg migration from 
the deep layers to the shallow soil layers along the fault 
zone. Therefore, Hg in the deep soil layers can only migrate 
through the hanging wall or footwall fractures on either side 
of the fault zone. Due to differences in the degrees of defor-
mation in the hanging wall and footwall, their fractures ex-
hibit different development degrees. The fault hanging wall 
is characterized mainly by uplift or bending deformation, 
which results in local tensile force on the surface and open 
fracture development (Fig. 5d). The resulting fractures are 
advantageous for soil gas release to the atmosphere. Conse-
quently, gaseous Hg diffusing from the deep layers is con-
tinuously released to the atmosphere and therefore cannot 
be enriched. On the other hand, the footwall topography, 
which is affected by compressive forces, is quite flat. The 
surface fractures are mainly closed or semi-closed, which 
isn’t suitable for gaseous Hg diffusion upward from the 
deep layers and its subsequent emission into the air. Thus, 
Hg gradually accumulates in the soil. In summary, the soil 
gas Hg concentrations across the north Beiluntai fault in-
crease in the following order: near the fault zone, in the 
hanging wall and in the footwall. This pattern is due to the 
degree of Hg enrichment, i.e., the m/n value, observed in 
the shallow surface layer after Hg migrates upward from the 
deep soil layers.

These results show that the soil gas Hg concentrations 
across the fault zone are affected mainly by the fault zone de-
velopment degree and the surface fractures and their degree 

Fig. 4. Illustration of measurements using columnar and pyramidal samplers. (Color online only)
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(a)

(b)

(c)
(d)

Fig. 5. Spatial distribution of the sampling sites at the north Beiluntai fault (a), fitting parameters for the gaseous Hg concentration curves (b), geo-
logical map around sampling points (c), and schematic diagram of thrust fault (d). (Color online only)

Fig. 6. Soil gas Hg concentrations measured across the Beiluntai fault and the corresponding fitted curves. (Color online only)
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of locking because these characteristics affect the surface 
enrichment of gaseous Hg that diffuses from deep soil lay-
ers to the surface in the fault zone or surrounding medium. 
If fault activity or the fault zone structure affects the soil gas 
Hg concentration, then large-scale tectonics also mainly im-
pact the degree of enrichment (m/n) of this gaseous Hg. In 
contrast, shallow surface soil properties effect (weathering 
layer) is insignificant; i.e., it does not significantly affect the 
diffusion coefficient D.

Rock type is also a main factor that affects the concen-
trations of gaseous Hg. From Fig. 5c, we can see the rock 
type in handing wall is granite, and in foot wall is Protero-
zoic shale. It is known that natural mercury in soil originates 
mainly from the parent rock; granite has the lowest mercury 
content (about 0.1 mg kg-1) while shale contains the highest 
amount of mercury (about 0.4 mg kg-1). Another reason for 
the significant change in gaseous Hg concentrations from 
hanging wall (F7 - F9) to foot wall (F1, F2) maybe the dif-
ference in rock type.

3.3 Soil gas hg concentrations Along a Fault

The soil gas Hg concentration varies across fault zones 
due to differences in the structural deformation caused by 
tectonic forces in the fault zone. The concentration along the 
fault zone is also of interest. It is well known that due to the 
impacts of seismic activities and regional tectonism, fault 
healing, locking and deformation properties vary consider-
ably along large fault zones. Thus, in this study, the soil gas 
Hg concentrations were measured along a typical strike-slip 
fault in West China, the Haiyuan fault zone (Liu-Zeng et 
al. 2007; Cavalié et al. 2008). The employed measurement 
method was similar to that used at the Beiluntai fault: the 
LUMEX RA-915+ mercury vapour analyser was used with 
the pyramidal sampler to sample 80-cm-deep test holes.

Figure 7 shows the soil gas Hg concentrations and the 
corresponding fitted curves at six sampling sites along the 
Haiyuan fault. The six sampling sites from east to west are 
Anyuan (AY), Santang (ST), Gaozao (GZ), Wanjia (WJ), 
Caiyuan (CY), and Caowa (CW). These sampling sites are 
all located at the fault zone (Fig. 8a), and similar measuring 
methods and conditions were employed during the soil gas 
Hg concentration measurements. The AY site is located at 
the Maomaoshan fault (F1), which is on the west side of 
the Haiyuan fault. The ST and GZ sites are located at the 
western section of the Haiyuan fault (F3). The WJ site is 
located at the middle section of the Haiyuan fault (F4), and 
the CY and CW sites are located at the eastern section of 
the Haiyuan fault (F5). Figure 8b presents the parameters 
m/n and D of the fitted curves for the six sampling sites. 
Figures 7 and 8 show that the soil gas Hg concentrations at 
the middle and eastern sections of the Haiyuan fault zone 
are quite low, whereas those at the western section (ST and 
GZ) are higher, indicating a higher degree of Hg enrichment 

in the soil, i.e., larger m/n values. The diffusion coefficient 
D is similar at all of the sampling sites, except at the ST 
sampling site, along the entire fault zone.

The Haiyuan fault zone is a typical strike-slip fault 
oriented along the NWW direction. The south side of the 
fault moves towards the right and is characterized by a slight 
topographic uplift, and the north side moves towards the left 
and has a flat terrain (Zhang et al. 1988). An 8.5 magnitude 
earthquake occurred on 12/16/1920 in the middle section of 
the Haiyuan fault. The slip rates and locking depths of the 
Haiyuan fault that were back-calculated using recent GPS 
data (Table 1) show that the western section of the Haiyuan 
fault has a deeper locking depth and smaller slip rate than the 
eastern and middle sections (Cui et al. 2009). From contrast-
ing the GPS data results and gaseous Hg concentrations, we 
find that high slip rates are not conducive to mercury enrich-
ment. Because higher slip rates may induce more fractures, 
which is the convenient access route for gaseous Hg diffus-
ing from the deep layers into the atmosphere, and therefore 
cannot enrich mercury in shallow soils. Thus, the soil gas Hg 
concentrations measured in the shallow surface layers of the 
western section (F3) are higher than those of the eastern and 
middle sections (F5, F4). More than this, too large locking 
depth, as close to crust depth, means the access is sealed, 
and unfavourable to gaseous Hg migration. The Maomao-
shan fault has a very deep locking depth (22 km), but the 
gaseous Hg concentration (AY) is lowest, in contrast with 
other sections.

Thus, the degree of Hg enrichment (m/n) in the shallow 
surface layers varies along the fault due to differences in 
the fault slip rates, locking depths, and healing degrees, and 
consequently, the soil gas Hg concentrations also vary along 
the fault. These factors do not have a significant impact on 
the diffusion coefficient D in shallow soil.

Based on the above analysis the soil gas concentration 
along the fault is affected mainly by tectonics, the fault slip 
rate, the fault and fracture locking degrees, and the hanging 
and footwall degree of development. The Hg content that 
we measured in the soil contains two parts, diffusion and 
deposition. The Hg concentration in the soil is affected by 
the diffusion (migration velocity from the deep layers, as-
sociated with coefficient D), and also the deposition content 
(previously adsorbed/enriched in soil particles, associated 
with m/n). Fault/fractures are a good channel for gaseous 
mercury to migrate from the deep layers to the surface, but 
if the gas connects directly to the atmosphere, it will go 
against gaseous mercury enrichment in the surface soil. As-
suming that a fault is connected to the deep layers, with sed-
iments covering over it, gaseous mercury produced in the 
deep layers can migrate up along the fault, and enrich the 
shallow soil because of the sediment obstruction. If there 
are no sediments over the fault, gaseous mercury would 
continue to migrate up and escape into the atmosphere. Not 
only that, air will easily be absorbed into the shallow fault 
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zone, diluting the Hg concentration.
Of course, the fault/fracture assumption as a channel 

for gaseous mercury migrating up has a premise; that the 
fault/fracture is in open or freely connected condition. As 
we know, a fault will slowly heal after an event/earthquake 
and close/lock due to tectonic force until the next event 

(Meade and Hager 2005). In the early healing time, fault-
parallel velocities near fault zone are larger than in the late 
time, and gaseous mercury can migrate up from the deep 
layers along fault easier than in late periods. As time goes 
on, the fault will lock and the channel for gaseous mercury 
migration will be closed.

Fig. 7. Soil gas Hg concentrations along the Haiyuan fault and the corresponding fitted curves. (Color online only)

(a) (b)

Fig. 8. Spatial distribution of the sampling sites along the Haiyuan fault (a) and fitting parameters for the corresponding gaseous Hg concentration 
curves (b). The open grey arrows indicate the directions of the relative motion of the blocks on both sides of Haiyuan fault. (Color online only)

Fault (segment) length (km) locking depth (km) Slip rates (mm a-1) m/n (ng)

F1 37.37 22.0 3.5 25

F2 68.01 10.3 6.5 -

F3 80.56 8.4 4.0 106 - 172

F4 37.60 3.6 5.6 16

F5 101.9 4.3 5.5 33 - 69

Table 1. Fault slip rates and locking depths inversion results (Cui et al. 2009).
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Similar to the above pattern, Hg concentration in fault 
zone/fracture will change during changes in tectonic force. 
According to the qualitative soil gas concentration change 
pattern associated with stress change (Utkin and Yurkov 
2010), assume that the measured Hg concentration per unit 
volume in soil gas at the initial stress corresponds to the 
Hg concentration. Under compression (stress increases and 
becomes greater than initial stress), the concentration first 
rises as the volume of cracks contracts, and then it falls 
after the cracks close. Later on, as the stress grows, rocks 
become subject to failure, weak links between pores break 
down, and radon activity increases notably. Under exten-
sion (stress decreases and becomes less than initial stress), 
concentration first falls as the volume of cracks expands, 
but then it rises after the cracks broaden and the pores open. 
Thus, some quasi-elastic strain exists in which compression 
and extension strains decrease or increase the Hg concentra-
tion, respectively.

The soil gas concentration along the fault is affected 
mainly by tectonics, the fault slip rate, the fault and fracture 
locking degrees. If the fault zone concentration is higher, 
there are no channels, and only weak connectivity with the 
atmosphere, as with the F3 segment in the Haiyuan fault. 
The F1 segments have low Hg concentration due to their 
deep locking depth, which is not conducive to gas migrating 
up. Although the F4 and F5 segments have good connectiv-
ity with the deep layer (small locking depth), their stronger 
activities (large slip rate) are good for gaseous mercury es-
caping into the atmosphere and not conducive to mercury 
soil enrichment. Our observation at the Beiluntai fault shows 
that the fault Hg concentration was low because the fault is 
locked, and the Hg concentration in the hanging wall was 
lower than that in the foot wall because the gaseous mercury 
easily escapes into the atmosphere from the tensile fractures 
in the hanging wall. In addition, if there is atresia in the fault 
zone, the parent rock will also affect the Hg concentration.

3.4 effects of the Soil characteristics

The factors discussed above can alter the upward Hg 
migration channels in the deep soil layers and influence the 
degree of Hg enrichment (m/n) at the surface. However, their 
effect on the diffusion coefficient D is insignificant. The dif-
fusion coefficient D in Eq. (3) depends on the soil character-
istics, such as the particle size, density, and porosity.

Figure 9 shows images of the surfaces in the research 
areas included in this study. The soil features (e.g., particle 
size, density, and porosity) are listed in Table 2. The surface 
soil in the Changping District in Beijing is a typical Quater-
nary soil in the north China plain. The land in this area is used 
mainly as farmland. The surface soil is thus heavily affected 
by human activities. Because of irrigating and ploughing ac-
tivities, the shallow soil has a low density (0.7 - 1.0 g cm-3) 
and high porosity (0.55 - 0.65). Thus, the diffusion coeffi-

cient in this area is large, in the range of 20 - 30 cm2 s-1 (the 
data were measured using the columnar sampler).

The Beiluntai fault is located at the southern edge of 
the Tianshan District in Xinjiang Province. The soil gas Hg 
concentration sampling sites were located mainly in moun-
tain valleys where the surface soil is primarily fine sand or 
sandy soil sedimentary layers. The soil layer under the gravel 
is relatively dense, with Bulk density about 1.2 - 1.5 g cm-3, 
and has a low porosity (0.32 - 0.35), which is unfavourable 
for soil gas diffusion. Thus, the diffusion coefficient in this 
area is small, in the range of 1 - 2 cm2 s-1.

The surface soil in the Haiyuan fault zone is a typical 
Loess Plateau Quaternary soil. Because of the dry climate 
it is not significantly affected by human activities, and the 
surface plants are mostly naturally grown dwarf grass. The 
surface soil in the Haiyuan fault zone is denser than that in 
the Changping District, but it is not as dense as fine sandy 
sedimentary layers. Thus, the soil gas Hg diffusion coeffi-
cient D in the Haiyuan area lies between the Changping and 
Beiluntai soil diffusion values.

The Santang sampling site is a notable exception. Sim-
ilar to Beiluntai, this sampling site is located in a valley be-
tween two mountains. The surface soil layer is a fine sand-
loess mixed sedimentary layer. Although the shallow soil 
layers at Santang are not as dense as those at Beiluntai, they 
are denser than Quaternary loess. Thus, the diffusion coeffi-
cient D measured at the Santang sampling site is 1.5 cm2 s-1, 
which is slightly higher than that measured at Beiluntai but 
lower than that measured at the Haiyuan fault zone.

4. concluSIonS

The soil gas Hg concentrations in the north China plain, 
Loess Plateau, Changping District, Haiyuan fault zone, and 
Beiluntai fault at the edge of south Tianshan were measured 
using a LUMEX RA-915+ mercury vapour analyser. A 
theoretical gas diffusion equation was employed to analyse 
the influence factors, including the sampler type, test hole 
depth, soil characteristics, fault characteristics, and their ef-
fects on the soil gas Hg concentration measurements. The 
following conclusions were drawn:
(1)  The measured soil gas Hg concentrations are generally 

consistent with the theoretical gas diffusion equation 
analytical solution. The shape of the measurement curve 
is closely related to the degree of Hg enrichment in the 
soil (m/n) and the soil density (D).

(2)  The soil gas Hg concentration is affected mainly by the 
time lapse between the test hole drilling and the mea-
surement, the test hole depth, and the sampler shape. We 
recommend that newly drilled test holes be used for each 
measurement, which should be performed immediately 
after the hole is drilled. Furthermore, when comparing 
regional results, the sampler and the measurement hole 
depth should be the same.
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(3)  Across a fault the soil gas Hg concentration is affected 
mainly by the fractures degree of development in the 
fault zone and their locking degree. These factors affect 
the degree of Hg enrichment (m/n) due to upward Hg 
migration from the deep layers, but they do not have a 
significant effect on the diffusion coefficient D in the 
shallow weathered soil layer.

(4)  Along a fault the Hg enrichment degree (m/n) in the 
shallow surface layer might vary due to differences in 
the fault slip rate, locking degree and healing degree, but 
the diffusion coefficient D in the shallow soil layers is 
not significantly influenced by these factors.

Overall, tectonics, rock type, the fault slip rate, the fault 
and fracture locking degrees, and the hanging and footwall 
degrees of development affect the soil gas concentration in 
a fault zone because they can alter the Hg upward migration 
channels in the deep layers and the Hg enrichment degree 
at the surface (m/n). However, these factors do not signifi-
cantly impact the diffusion coefficient D in shallow soil lay-
ers. The diffusion coefficient D depends on the particle size, 
density and porosity of the soil materials.

Areas particle Size (mm) bulk density (g cm-3) porosity diffusion coefficient (cm2 s-1)

Changping 0.01 - 0.02 0.7 - 1.0 0.55 - 0.65 20 - 30

Haiyuan 0.02 - 0.05 1.0 - 1.3 0.45 - 0.55 2 - 4

Beiluntai 0.25 - 0.5 1.2 - 1.5 0.32 - 0.35 1 - 2

Santang 0.1 - 0.5 1.3 - 1.5 0.35 - 0.42 1.5

Table 2. Soil characteristics in different areas (Lin 2002).

Fig. 9. Diffusion coefficient D in soils with different characteristics. (Color online only)
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