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Abstract. The Fourier analysis of 19040 hourly 

measurements of the mercury vapor flow "earth crust � 
atmosphere" were performed. Six distinct lines in power spectra 
were found. The frequencies of these lines coincide with 
frequencies of the Earth tides deformations. This coincidence 
implies a direct influence of the cosmic process (Earth tides) on 
the geochemical process (mercury vapor flow). 

Earth atmosphere contains ~ 3 000 � 4 000 tons of mercury 
and anthropogenic impact (mainly as a results of the combustion 
of fossil fuel) is ca. 1 300 � 2 150 tons [1], and increases by a 
factor of three for 100 years [2]. In this research we conducted a 
series of hourly measurements during 2.5 years of the mercury 
vapor flow density through the interface between Earth's 
crust and atmosphere. Totally 25 000 measurements were 
performed. These measurements allow us to estimate the value 
of the natural flow of mercury vapor and reveal several factors 
affecting this value. The measurements were carried out in a 
seismic region in Dushanbe suburb (1st point) at a distance of 20 
km from the 1st point in Ordzhonikidzeabad (2-nd point). 

EXPERIMENTAL 
Measuring equipment was placed in an instrumental vault 

of 6 m2 area, and 2.5 m height. The vault was equipped with a 
ventiduct and a tambour. The temperature inside the vault was 
maintained at 22±0.1 oC using an electrical fireplace with a 
thermistor. 

The soil in the points of measurements was loess, of over 
100 m2 thickness. BET surface area of the soil was 4.8 m2/g. 
Mineralogical composition: 60 % quartz; 22 % of orthoclase and 
plagioclase; 13 % of calcite; the residual are heavy minerals 
(amphibole, zircon, epidote). Soil moisture in natural state is ~ 
20 wt %. Mercury content in loess is ~ 10 µg/kg. After drying at 
105oC for 24 hours the mercury content decreased to 1.8 � 2.0 
µg/kg. About 70 % of mercury was adsorbed on the surface of 
soil particles [3]. Calculated soil porosity is 22 %. 

Boxes made of vinyl polymer (PVC) of the dimension 50 x 
50 x 5 cm were used as flux chamber for sampling [4]. Boxes 
were placed at a depth of 1 and 2 meters below floor level (first 
box above the second one) and covered by the soil. Thus, the 
closed loop system consists of a sampling box (flux chamber) � 
connecting tubes � collector of mercury vapor � pump of a 
mercury analyzer (0.4 l/min). Collected mercury was returned 
back into the box after each measurement.  

This combination of the accumulation of mercury on the 
collector and the use of the sampling box allowed us to measure 
directly the density of mercury flow with dimension of 
pg/(m2ּh). 

RESULTS 
In order to check the existence of gaseous upflow and to 

determine its rate, 50 ng of mercury vapor was introduced into 
the lower sampling box. The maximum of Hg content was 
detected in the upper box after 12 h. In the second experiment, 
the same amount of Hg vapor was introduced into the upper box. 
. The maximum of Hg content was detected in the lower box 
after 37 h. These measurements allowed us to estimate 
convectional (Vc) and diffusion (Vd) components of the flow rate 
as 2.64 cm/h and 5.36 cm/h respectively. The total rate of the 
upflow was estimated as V = 8.0 cm/h. 

The cumulative frequency distribution was calculated for 
19 040 values of logarithms of mercury flow. The range of 
values is three orders of magnitude. The distribution is a convex 

curve with mode = 1.78 (60 pg/(m2ּh)), median = 1.99 (98 
pg/(m2ּh)) and mean value = 2.064 (116 pg/m2ּh). 

The wide range of variation of upflow values and a complex 
shape of the distribution curve are indicative of a number of 
factors affecting the upflow, and their pronounced interference. 
Nevertheless, even visual analysis of the data makes it possible 
to reveal several relationships. 

Thus, the mean values of the upflow decrease from 167 
pg/(m2ּh) at the beginning of the measurements down to 66 
pg/(m2ּh) at the end of the series. This trend is linear for 
logarithms of flow values. Presumably, this trend is caused by a 
slow relaxation of the soil toward natural state after installation 
of flux chambers. 

In addition to this linear trend of decreasing the flow values, 
two intervals of an increase in upflow values up to 200 pg/(m2ּh) 
can be observed. These intervals belong to wintertime, and, 
presumably, result from a decrease in a permeability of the 
ground for mercury vapor around the vault. Wetting of the soil 
can cause this decrease in the permeability by atmospheric 
precipitates (rain, snow) and freezing of the top layer of the 
ground [6]. 

For studying the dynamic characteristics of the mercury 
vapor flow, autocorrelation functions (n=18) were calculated. 
For calculations 1000 h segments (containing 1000 points each) 
were used. Calculations were performed by shifting the 
realization be the step of 1000 h. Interval of correlation was 
determined. This interval corresponds to the period of time, 
required for weakening the statistic relationship between original 
and shifted values of mercury flow by e-times. 

Interval of correlation was changed in a wide range from 6 
to 122 h. Besides, harmonic oscillations with periods of 328 and 
24 h can be observed on autocorrelation functions. 

For precise determination of frequencies and amplitudes of 
harmonic oscillations of mercury flow values, Fourier analysis 
for 89 segments of the realization was performed. 

For example, the time series of mercury flow at point 2 and 
power spectra of this series is presented at Figs 1 and 2. In 
general, amplitudes for all six frequencies observed are varied in 
a wide range. Nevertheless, 20-30 points in the spectra confirm 
the existence of each line, and the positions of the maxima 
remain constant within 1�7.8 % (see Table and Fig. 2). 

Table. Frequencies of the Earth tides by astronomic data, ωa 
[5], and frequencies of flow vapors mercury oscillation, 
registrated geochemically, ωg. 

Symb
ol 

ωa, 

c/day 
ωg, 

c/day 
σ(ωg), 
n=89 

σω/ω 
% 

ωa - ωg 

Mf 0.073 0.069 0.0054 7.8 0.0035 
O1 0.929 0.936 0.0055 0.58 -0.007 
P1 0.997 - - - - 
24 1.000 1.002 0.0025 0.25 -0.002 
K1 1.003 - - - - 
M2 1.932 1.931 0.0067 0.35 0.001 
S2 2.000 2.001 0.0016 0.07 0.001 
M3 2.899 2.904 0 0 -0.005 

 
For clarifying the reasons of the variations of the 

amplitudes of the lines, we calculated correlation coefficients of 
averaged values of mercury flow with amplitude of each line. 
Correlation coefficients of average values F with amplitudes of 
Mf, O1, M2, and M3 oscillations are within the range 0.837 � 
0.557. Correlation coefficient with S2 oscillation is around 0.42. 
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Correlation coefficient with oscillation of frequency "one 
cycle/24 hours" is negative (-0.057). This implies a contribution 
of unknown factors to the frequencies of these oscillations under 
consideration. 

Examination of the spectra of oscillations of atmospheric 
temperature and pressure and co-spectra "temperature-mercury 
flow" and "atmospheric pressure-mercury flow" revealed a close 
relation between corresponding variables. Periodic dependence 
of mercury flow values on atmospheric pressure was found 
(periods = 12 and 24 h exactly). The upper estimation of the 
sensitivity of mercury flow for atmospheric pressure on the 
frequency "one cycle/24 hours" leads to the value 20 
pg/(m2ּh)/mbar. Thus, it was found the oscillations of the 
mercury flow with frequencies 12 and 24 h (resulted from tidal 
deformations) are superimposed with oscillations of the mercury 
flow resulted from variations of the atmospheric pressure (also 
with 12 and 24 h periods) due to "pumping" effect [7]. 

CONCLUSIONS 
1. It was found, that mercury flow values varied by 3 orders 

of magnitude from 40 to 40 000 pg/(m2ּh). Distribution of the 
mercury flow values is close to logarithmically normal. 

2. Random variations of the mercury flow are superimposed 
with harmonic oscillation with frequencies 0.0695, 0.936, 1.002, 

1.932, 2.001, and 2.904 cylcles/24 hours. These frequencies 
correspond to frequencies of the earth-crust tides, resulted from 
the interaction with the Moon and the Sun. Thus, in this study, 
we experimentally revealed a novel phenomenon of the 
influence of cosmic factors on the geochemical process of 
mercury effusion from the Earth crust to the Earth atmosphere. 

3. It was shown, that 24 hours oscillations, and, to a lesser 
extend, 12 h oscillations caused by tide deformations of Earth 
crust, are superimposed with the oscillations of the mercury flow 
caused by daily oscillations of atmospheric pressure (with the 
same periods) due to "pumping" effect. The amplitudes mercury 
flow variations caused variations in atmospheric pressure exceed 
the "tidal" oscillations. The upper estimate of the sensitivity of 
the mercury flow to variations in atmospheric pressure for 24 h 
period is ~ 20 pg/(m2ּh)/mbar, and for 12 h period is ~ 11 
pg/(m2ּh)/mbar. 
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Fig. 1. The time series of mercury vapor flow from earth crust to atmosphere at point 2. 
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Fig 2. Power spectrum of mercury vapors flow from earth crust to atmosphere. The vertical lines correspond to the frequencies of the Earth 
tide oscillations: Mm, Mf, O1, P1 and K1, M2, S2, M3, from left to right.
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