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drill cores were extracted
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Table 1 Basic soil properties relative to soil layer
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Layer Clay/% Silt/% Sand/% Silt/Clay Average soil moisture/%
K (n=2) A 20.3 48.6 31.1 2.4 42.0
Paddy soil B 20.8 54.7 24.5 2.6 27.2
C 35.0 55.8 9.2 1.6 213
B (n=4) A 21.8 50.4 27.8 2.3 24.9
Upland B 22.9 54.2 229 2.4 29.1
C 30.7 58.9 103 1.9 23.3

W AW )R, B Mg +)Z, CRLJE Note: A. Homogenized red soil layer, B. Plinthitic red earth, C. Weathered layer
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Table 2 Basic information of the boreholes and GPR surveying lines

MG et =
\‘” Q 2. NS 3 Té"_‘
Kl - Hi R 2 WEKE BHRE RRAE The plinthitic red earth layer
Length of line  Drilling depth Altitude
Borehole Land use type AUl iR
/m /m /m
Upper interface /m Bottom interface /m
S1 7K H Paddy soil 16.2 6.0 50.8 0.9 3.1
S2 2 Upland 50.0 8.2 59.1 0.6 4.5
S3 7K H Paddy soil 18.2 8.5 57.0 1.2 5.2
S4 2 Upland 30.1 10.4 61.8 0.7 6.2
S5 F#h Upland 52.3 7.1 57.2 1.4 4.1
S6 2 Upland 50.0 30.0 61.5 2.0 8.2
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Fig. 2 Natural landscape of Borehole S1(a) and distribution of soil moisture content in the soil profile (b)
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Identification of Plinthitic Red Earth Layers in Red Soil Regions Typical of
South China with Ground Penetrating Radar

CAO Qi"? SONG Xiaodong' YANG Shunhua®’ WU Huayong' ZHANG Ganlin"*'
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective ] The existence of a plinthitic red earth (PRE) layer greatly affects the mass
flow and energy flux in the red soil region of South China due to its unique physical structure, so it is of
great significance to the study of Quaternary Environment and to precision agriculture as well. However,
the costly traditional soil survey down to the bedrock or subsoil through dense sampling is destructive to
soil, time-consuming and laborious. Meanwhile, it is unable to soil layers horizontally, which greatly affects
scope and depth of the investigation. Therefore, ground penetrating radar (GPR) is a mature and widely
used means to conduct shallow geophysical surveys that help overcome the shortage of the traditional soil
surveys. [ Method ] The Sunjia mini-watershed of Yujiang Town, Yingtan City, Jiangxi Province was set as
the study zone for the research. The zone under the subtropical monsoon climate varies in elevation between
48.1 and 66.9 m, and is covered mainly with red soil developed from Quaternary red clay and red sandstone.
Meanwhile, a field survey was carried out in a watershed located in the red soil region with an area of 50.5
hm’, using indirect measurement (i.e., GPR with three frequency antennas) and direct measurement (i.e.,
hole-drilling investigation). An AKULA-9000C, a product of the Swedish Geoscanners Company, consisting
of four parts, i.e. computer, transmitting antenna, receiving antenna and control unit was used, with the
antenna working on frequencies, 60 MHz, 120 MHz and 200 MHz. Six boreholes were drilled deep to the
soil-bedrock interface and photographed to document PRE layers. Water content analysis method was
performed to validate thickness of the soil layers. Meanwhile, a linear regression model was established to
fit and evaluate radiogram interpretation based on different radar measurements. [ Result ] Results show

that the common midpoint method (CMP) can be used to accurately calculate propagation velocity of the
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electromagnetic waves in soil layers different in depth. Propagation speed of the electromagnetic waves in
the PRE layer varied in the range of 0.052 m-ns™' ~ 0.065 m-ns™', with an average of 0.058 m-ns”'. Variation
of soil water content in the soil profile was concerted with distribution of soil layers. Soil water content
increased gradually in the PRE layer and peaked at the bottom of the PRE layer. At the same time, soil
water content decreased with soil depth below the weathered layer. The average soil moisture content of
the PRE layers was 28.95%, higher than that of the weathered layer and bedrock. The radar working on 60
MHz and 120 MHz could easily and accurately distinguish upper and bottom interfaces of the PRE layer
were accurately distinguished. Depth of the two interfaces of the layer was fitted with R* being 0.93 and
0.86, respectively. Compared with the thickness of the PRE layer detected with the radar of a single antenna
working on 60 MHz, the radar with a combination of antennas, working on 200 MHz and 60 MHz antenna
greatly improved accuracy of the detection, by reducing its potential deviation from 16.2% to 6.8%. Notably,
the GPR working on 60 MHz could also distinguish interfaces of the bedrock and groundwater tables.
[ Conclusion ] GPR is an effective instrument to identify PRE layers in red soil regions because dielectric
constant differs between different red soil layer. The radar working on 60 MHz and 120 MHz can relatively
accurately distinguish the upper and bottom interfaces of the PRE layer, but is still not so good as that
working o 200 MHz. Therefore, it could be concluded that antennas high in frequency have short wavelength
that allows a higher resolution in characterizing subsurfaces. At the same time, higher frequencies At the
same time, higher frequencies attenuate more vigorously in the medium, which reduces penetration depth of
electromagnetic waves. Therefore, it is difficult to achieve a win-win situation between the resolution and
penetration depth of GPR. The suggested combined antenna method can be used to identify PRE layers and
improve accuracy of the detections. The utilization of the GPR technology is promising to improve field
survey efficiency and to promote the technology of three-dimensional soil mapping.

Key words Ground penetrating radar ; Plinthitic red earth; Common midpoint ; Critical zone
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