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Abstract

Micromotion is the daily tiny vibration of the earth’s surface. Micromotional
exploration can use the surface wave information of micro motion to study
the shallow structure of underground media. In this study, we collected mi-
crotremor data at 68 stations in the Middle-Lower Yangtze Metallogenic Belt
(MLYMB) and determined the resonant frequency and obtained the distribu-
tion of sedimentary thickness in this area by using H/V spectral ratio. Ac-
cording to the results of H/V, the sedimentary layer in the basin is thick, and
the predominant frequency of the basin is 0.05 - 0.1 Hz. There are no obvious
lateral changes in the impedance interface between bedrock and sedimentary
layer in this area. The basement of Tongling, Anqing and Luzhou mining
areas and their adjacent areas is Kongling-Dongling type basement, which is
composed of a set of metamorphic core complex. The predominant frequency
is 0.05 - 0.1 Hz. The sedimentary thickness gradually thinned from 3800 m in
the west to 2100 m in the East. Moreover, this article used SPAC (spatial au-
tocorrelation) method to obtain the S-wave velocity structure of the mining
area near Luzong. The SPAC method reveals that the depth of the interface
between the loose sediments and the volcanic rocks is about 600 m in the
study area near the Luzhou mining area in the Middle-Lower Yangtze Metal-
logenic Belt, and the average depth of the interface between the volcanic rock
section and the intrusive complex section is about 1000 m. The thickness of
the intrusive rock is more than 2500 m. Tourmaline is developed in the inte-
rior of the intrusive rock, which may have better exploration value.

Keywords

H/V Spectral Ratio, Spatial Autocorrelation (SPAC), Middle-Lower Yangtze
Metallogenic Belt, Sedimentary Thickness

DOI: 10.4236/ijg.2021.1210052  Oct. 29, 2021 994

International Journal of Geosciences


https://www.scirp.org/journal/ijg
https://doi.org/10.4236/ijg.2021.1210052
https://www.scirp.org/
https://doi.org/10.4236/ijg.2021.1210052
http://creativecommons.org/licenses/by/4.0/

X.Q.Sun, X. F. Li

1. Introduction

The mineralization belt of the Middle-Lower Yangtze area is one of the most
important mineral belts in China. It is composed of a series of ore depo-
sits-concentrated areas such as the southeast Hubei, Jiurui, Anqing-Guichi,
Tongling, Luzong and Ningwu, etc., which is rich in polymetallic resources, in-
cluding copper, iron, gold and sulfur [1] [2], having great economic value [3]
[4]. Its location is shown in Figure 1. Many geological and geophysical methods
have been used to explore this area because of the rich mineral resources, which
mainly studies the mineralization and deep mineralization process in the Mid-
dle-Lower Yangtze [2] [5] [6]. The occurrence of minerals in the shallow surface
of the study area, however, has not been studied by previous geophysical explo-
ration. Although the drilling can directly study the underground structure, it can
only obtain the information of individual points. Moreover, the existing drilling
data in the study area is less [7], and the cost is too high compared with the H/V
spectral ratio and spatial autocorrelation method.

Spectral ratio of horizontal component to vertical component method (H/V)
was first introduced by Nogoshi and Igarashi and later generalized by Nakamura
[8] [9] [10]. H/V spectral ratios based on microtremor signals can also be used
to reliably calculate the resonance frequency and hence thickness of surficial soft
sediments [11]-[17]. An empirical equation relating the resonance frequency to
sediment thickness was first introduced by Seht and Wohlenberg [18]. Based on

the results of H/V spectral ratios, Chen et a/ depicted the seismic response and
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Figure 1. Location and tectonic setting of the study area. The green square in the upper
left corner of the illustration shows the geodetic location of the Middle-Lower Yangtze
Metallogenic Belt, the red solid line represents the TanLu fault, the blue solid line is the
Yangtze River, and the blue irregular figure is the distribution location of the mining area
(quoted from Jiang G. M. et al, 2013).

DOI: 10.4236/ijg.2021.1210052

995 International Journal of Geosciences


https://doi.org/10.4236/ijg.2021.1210052

X.Q.Sun, X. F. Li

determined sediment thickness in the Beijing area [19]. Using similar methods,
Sukumaran et al [20] determined the depth profile of the Late Tertiary/Early
Quaternary surface in the lower reaches of the Narmada Valley. Using H/V
measurements, many researchers have been able to calculate the characteristic
site period and thereby estimate sediment thickness [21] [22].

Spatial autocorrelation method (SPAC) was proposed by Akiwhich who laid
the foundation of stationary random wave theory [23]. In the 1980s, the SPAC
method still has higher requirements for the array layout conditions, and its
shape must be a regular polygon tangent to the circle, which greatly limits the
application scope of the method. Then, Ling and Okada proposed the ESPAC
method [24], which is an improvement of the SPAC method, and its advantage
is that the array layout is more flexible. Chavez Garcia ef al proved that spatial
averaging can be replaced by using long-time broadband seismic records [25].
Even if the seismograph is not required to be arranged in special geometry,
SPAC method can extract better dispersion curve. Spatial autocorrelation me-
thod has been widely used to obtain the S-wave velocity structure underground
[26] [27] [28] [29]. In this paper, we use SPAC method to obtain the S-wave ve-

locity structure of Luzong mining area.

2. Geological Background and Data Collection

The Middle-Lower Yangtze is located at 28° to 34°N and 113° to 120°E. After
the Triassic Indosinian and Yanshanian movements, the stratigraphic sequence
of the Middle-Lower Yangtze consists of three tectonostratigraphic units, name-
ly, the preSinian metamorphic basement, the Sinian Early Triassic submarine
sedimentary cover, and the Middle Triassic to Cretaceous continental clastic
rocks and volcanic rocks. The special tectonic location, regional dynamic back-
ground and deep magmatic process result in the unique volcanic rock distribu-
tion and metal mineral accumulation pattern in the area, especially in the Mid-
dle-Lower Yangtze River valley metallogenic belt.

The study area of SPAC method is located near Luzong volcanic basin in the
Middle-Lower Yangtze metallogenic Belt. The area near Luzong ore concentra-
tion area has been in depression environment for a long time from Sinian to
Middle Jurassic. The sedimentary strata in this area are mainly sandstone strata
of Middle Jurassic, which are composed of iron, sulfur, copper, lead and zinc,
alunite, gold, uranium and other deposits.

In order to explore the sedimentary distribution characteristics in the Mid-
dle-Lower Yangtze Metallogenic Belt, we collected data from 68 broadband
seismic stations deployed by China University of Geosciences (Beijing) from July
2012 to June 2016, including 33 GME-3ESPC broadband seismometers, 25
GME-3ESPCDE broadband seismometers and 10 nanometrics trillium 120 PA.
Figure 2 shows the distribution of these stations.

3. H/V Spectral Ratio

Firstly, we resample the three-component data to 100 Hz and intercept the
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Figure 2. Distribution of stations used in this study. The red pentacles represent Anqing,
Tongling and Lubrown mining areas. The blue triangle represents the station, the white
solid line represents the faults, the black solid line represents the boundary of the Hehuai
basin.

stationary random noise of one hour after eliminating the earthquake events.
Then, we calibrate the instrument response, remove mean and remove linear
trend. Due to the strong inhomogeneity of the lateral distribution of sedimenta-
ry thickness, the data are filtered at 0.05 - 10 Hz.

After data preprocessing, we calculated the resonance frequencies for all of the
microtremor signals at the different sites. The open source Matlab batch pro-
gram Openhvsr-ProTois used for H/V spectral ratio data processing in this
study [30]. Figure 3 shows the distribution of H/V curves for the three example

stations. Figure 4 shows the resonance frequency distribution in the study area.

4. Spectral Autocorrelation

In this paper, we select Luzong mining area as the research area of spatial auto-
correlation method. Station distribution is shown in Figure 5. Firstly, the micro
motion data of 8 stations are preprocessed, including remove linear trend, in-
strument response correction, and remove mean. We use 0.1 - 10 Hz band-pass
filtering for vertical component data to improve the signal-to-noise ratio. Figure
6 shows the noise recording of z-component after the preprocessing. After im-
porting the data into Geopsy software, we combined 8 stations in the study area
in pairs to get 21 pairs of stations with different distances. According to the dis-
tance and azimuth angle, 21 pairs of stations are grouped. The grouping is based

on the fact that each concentric ring should contain as many station pairs as
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Figure 3. H/V curves of HF22 (a), HF23 (b) and HF31 (c). The black solid line indicates the average value
of H/V curve, and the gray solid line is the standard deviation.
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Figure 4. Distribution of predominant frequency in the study area. The white solid line is
the fault in the study area, the black solid line is the basin boundary, the red pentacles are
the metallogenic belt in the Middle-Lower Yangtze region, the white circle is the predo-
minant frequency beneath each station, the black circle is the city.
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Figure 6. Distribution of station pairs in different radius ranges.

possible, and the azimuth angles of these pairs are as evenly distributed as possi-
ble in the concentric circle. The positions of station pairs are shown in Figure 6.
Then, the spatial autocorrelation is calculated for the waveform records of each
station pair in the same time period. In order to obtain reliable spatial autocor-
relation coefficients, it is necessary that spatial autocorrelation curve is averaged
in azimuth in the same radius range. Finally, we get 6 spatial autocorrelation
function curves, showed in Figure 7.

The dispersion characteristics of surface wave are related to the thickness,
density, velocity of P-wave and S-wave. The inversion calculation is effectively
the solution of multi extremum problem. Because the dispersion of surface wave
is more sensitive to S-wave velocity than P-wave and medium density, only S-wave
velocity is inversed in this study. In this paper, the neighborhood algorithm is
used to invert S-wave velocity structure. In inversion, the same parameters need
to be iterated in many groups, and the one with the smallest residual error is se-

lected as the final result. The S-wave velocity structure obtained by inversion can
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Figure 7. Spatial autocorrelation coefficients in different radius ranges.

be regarded as the average value of S-wave velocity structure in the area covered
by 7 stations, as shown in Figure 8(a). Figure 8(b) shows the residual errors in
the inversion process.

5. Results and Discussion

1) There is an empirical equation that gives the relation between thickness of

the sedimentary layer and the resonance frequency,
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Figure 8. Average S-wave velocity structure beneath the station.

h=af" (1)

where 4 is the thickness of the sedimentary layer, fis the resonance frequency,
and a and b are adjustable constants [18]. We can’t fine tune the constants a and
b of Equation (1) for which we had no enough drill hole data in this local study
area. Therefore, we use Equation (2) to calculate the sedimentary thickness of

the study area. The sedimentary thickness is shown in Figure 9.
h — 96 .I: -1.388 (2)

According to the results of H/V, the sedimentary layer in the HeHuai basin is
thick, and the predominant frequency of the basin is 0.05 - 0.1 Hz. The Hehuai
basin was formed in Cretaceous tertiary, and its lithology mainly includes sand-
stone, there is no obvious lateral change in the wave impedance interface be-
tween bedrock and sedimentary layer in this area. The sedimentary thickness of
the margin of Jianghan Basin is more than 3000 m, It shows that the thickness of
the central sedimentary layer in Jianghan Basin is relatively deep. The basement
of Tongling, Anging and Luzhou mining areas and their adjacent areas is Kon-
gling-Dongling type basement, which is composed of a set of metamorphic core
complex [31]. According to well logging data, the sedimentary above rocks are
volcanic rocks and sandstones [7], mainly formed from Sinian to early Creta-
ceous. The sedimentary cover is volcanic rock [7]. In this area, the predominant
frequency is 0.05 - 0.1 Hz. The sedimentary thickness gradually thinned from
3800 m in the west to 2100 m in the East, which is consistent with the change
trend of basement [31].

2) The SPAC method reveals that the depth of the interface between the loose
sediments and the volcanic rocks in the study area near the Luzhou mining area
in the Middle-Lower Yangtze is about 600 m, and the average depth of the inter-

face between the volcanic rock section and the intrusive complex section is about
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Figure 9. Distribution of sedimentary thickness in the study area. The white solid line is
the fault in the study area, the black solid line is the basin boundary, the red five pointed
star is the metallogenic belt in the Middle-Lower Yangtze region, the white circle is the
sedimentary thickness of each station location, the black circle is the city.

1000 m. This indicates that the thickness of volcanic rock section in the study
area is small. In the formation with depth greater than 1000 m, the thickness of
the intrusive rock is more than 2500 m, according to the results of H/V spectrum
ratio and well logging data. In this formation, tourmaline is developed in the in-
terior of the intrusive rock, which is distributed in black gray clumps and clus-
ters, which may have better exploration value.

3) This study shows that H/V spectral ratio method and spatial autocorrela-
tion play an important role in shallow exploration. In the future, with the ma-
turity of these two technologies, they will have broad application prospects in the
study of basin sedimentary mechanism, exploration of geothermal resources,

evaluation of landslide hazards and so on.

6. Conclusions

In this study, we obtained the distribution of sedimentary thickness in the Mid-
dle and Lower Yangtze River by using the H/V spectral ratio method (Spectral
ratio of horizontal component to vertical component), obtained the shallow sur-

face S-wave velocity structure of 0 - 2.2 km in Luzong mining area by using
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SPAC (spatial autocorrelation) method, predicted and estimated the prospect of
mineral exploration, and got the following conclusions:

According to the results of H/V, spectral ratio method, we can see that after a
long period of geological denudation and artificial mining, most areas of the
metallogenic area in the middle and lower reaches of the Yangtze River still have
thick sedimentary layers, which have good exploration prospects in the future.
In Luzong mining area, the thickness of the intrusive rock is more than 2500 m.
Tourmaline is developed in the interior of the intrusive rock, which is distri-
buted in black gray clumps and clusters. Carbonate minerals, anhydrite and
chalcopyrite are associated with electricity, which may have better exploration

potential.
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