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Fig. 1 Regional geological map of Tonghu Wetland and its adjacent areas
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1—Quaternary sediment; 2—Cretaceous- tertiary deposits; 3—Nanshancun Formation; 4—Zhangping Formation; 5— Tangxia Formation;

6—Qianyuan Formation; 7— Triassic strata; 8—Devonian System; 9—granite emplaced in the Cretaceous; 10—granite emplaced in the

Jurassic; 11— thrust/normal fault; 12— shallow seismic exploration section; 13— hole location
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Fig. 2 Location schematic diagram of seismic exploration section of Tonghu ecological smart zone, Guangdong Province
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Fig. 3 Shallow reflection seismic interpretation profile of Tonghu ecological smart zone, Guangdong Province
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Fig. 4 S-wave velocity structure profile of surface wave inversion of Tonghu ecological smart zone, Guangdong Province
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(a)—L1 line surface wave inversion result; (b)—1L2 line surface wave inversion result; (¢)—L3 line surface wave inversion result
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Fig. 5 Three-component resonance impedance ratio interpretation result of Tonghu ecological smart zone, Guangdong Province
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(a)—L1 line interpretation result; (b)—L2 line interpretation result; (¢)—L3 line interpretation result

(2) KRR S (m)

(b) KRR B (m)
500 1000 1500

() KT EEES ()
¢ 500 1000 k1308 1500
~ 50
C
o 1507
5250
3504

L6 ) AR A8 v ) A A A R IX 0t 7 e T 2 5 A 1R R 1
Fig. 6 Seismic geological comprehensive interpretation result of Tonghu ecological smart zone, Guangdong Province
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Fig. 7 Logging borehole map of Tonghu ecological smart zone, Guangdong Province
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Fig. 8 Comprehensive analysis of stratigraphic column, three-component resonance and logging curve for K1306 hole

S




wooB

=
2944 http://www. geojournals. cn/dzxb/ch/index. aspx

2019 4

BT A JZ AR 23 2 5 B BT L 00 ol £ )
A —E IR ZE > =0 8 I IR 00 R 25 R A O BB
LU 55 B AL B2 R IR 22 AN T 1L S, [ s BR )
U R CR 5 R A A B S R . =5
RV R R A BELA B 14 i BELBE AR S AT AR )
A )2 o LB SO T A e 0 R R M R A A R
S e+ RE 8% A5 25048 7 Hb T S50 45 4 7 4 T L2
FEFL IR 59. 60~79. 10m &b, 7 FHLIT HE AR % SR A2 1K
AL BRI AL il 2 oA A 22 Al . B I
o T J22 R AIE 5 B TR 48 B 3 L B BT )2 A R s e A
— B0 P ERS 20 R D D T BT DL ST B 4R
e JER AN | M TR i BR ) BB PR 45 S R RS
Sk T b S A AR 55

4 ghie

(I3 ¥ 2 3 25 18] (200me ) 19 K5 20 14 1
JAG B J2= 2 B AR R T M T s (RO Y T 2
TR TREAT 55 o T2 MR S B 07 ik vl ATk ) o
JEJZEE R AR R BB JZ o 1R 6 R TR 7 3 A TR
AR DX A0 RS g A0 X 23 5310 A 3 Bt 0 5 3 1R A
Jik sy B4 37) 3 RT3 A SEOR ) B I A R L X R
M JZ= A 3 AT RAG R o G A e R £ B XS
W TR 2 HrdE BA HEE . R =06
R AR TT 5 AT U R 2 B R IR T R
BhLJZ IR T RE MR S BT I R R DR
JERIA L.

(2) 3 i) A 258 R X i TR B e M X FE AR D
PR 1 Bl b2 ) 1 5 b Ry B L 22 ) )
SR % A S 4 A 2 il i A A D T A Y O B 2D
BRI 25 o B AL REIR L = o0 B R AR R
SSRUIBIS € RS VAN IR ¥ N IR VL7 ke o N
FHAE 5C AR O Jim 22 9 B T S A B (A i i i . AR K
TP £33 T 150 9T - A2 3 [ Rl J7 1 8T o L X ki
W S (T b B — RE W D S B

References

Alfouzan F, Zhou B, Bakkour K, Alyousif M. 2016. Detecting
near-surfaceburied targets by a geophysical cluster of
electromagnetic, magneticand resistivity scanners. Journal of
Applied Geophysics, 134(11): 55~63.

Bensen G D, Ritzwoller M H, Barmin M P, Levshin A L, Lin F,
Moschetti M P, Shapiro N M, Yang Y. 2007. Processing
seismic ambient noise data toobtain reliable broad-band surface
wave  dispersion  measurements. Geophysical ~ Journal
International, 169(3): 1239~1260.

Chen Y M, YuZ X, XuE Q. 2018. Landscape Patterns and Habitat
Quality of Tonghu Wetlands in Guangdong Province for 6

periods since 1965. Wetland Science, 16 (4): 486 ~ 492 (in

Chinese with English abstract).

Colombo D, McNeice G, Rovetta D, et al. 2016. High-resolution
velocity modeling by seismic-airborne TEM joint inversion: A
new perspective for near-surface characterization. The Leading
Edge, 35(11): 977~985.

Craig M, Hayashi K. 2016. Surface wave surveying for near-surface
site characterization in the FEast San Francisco Bay Area,
California. Interpretation, 4(4): SQ59~SQ69.

Domingues A, Silveira G, Ferreira A M G, Chang S, Custodio S,
Fonseca JFBD. 2016. Ambient noise tomography of the East
African Rift in Mozambique. Geophysical Journal International,
204(3) :1565~1578.

DuY N, Xu P F, Ling S Q. 2018. Microtremor survey of soil-rock
mixture landsides: An example of Baidian township, Hengyang
City. Chinese Journal of Geophysics, 61(4):1596 ~1604 (in
Chinese with English abstract).

Han J G, Yu C Q, Zhang X B, Gu B L, Wang Y, Chen P. 2016.
Multiwave Seismic Numerical Simulation Study on Terrestrial
Gas Hydrate in Permafrost Area. Acta Geologica Sinica, 90(9) :
2502~2512 (in Chinese with English abstract).

He SR, Li W R, Liu X W, Zhai Y X. 2007. Brief introduction to
Tonghu wetland bio-hydrogeloy-gy characteristics. Journal of
Engineering Geology, 15 : 519~525 (in Chinese with English
abstract).

Huang H G, Xu S F. 2012. The Application of Resonance Method
of hydrocarbon Detection in Volcanical Reservoir Prediction.
Journal of Oil and Gas Technology, 34(10):47 ~50+ 168 (in
Chinese with English abstract).

Kim S,Nyblade A A, Rhie J, Baag C, Kang T. 2012. Crustal S-
wave velocity structure of the Main Ethiopian Rift from ambient
noise tomography. Geophysical Journal International, 191(2):
865~878.

Luo Y, Xia J, Miller R D, Xu Y, Liu J, Liu Q. 2009. Rayleigh-
wave mode separation by high-resolution linear Radon
transform. Geophysical Journal International, 179 (1): 254
~264.

Liu L B, Qian R Y. 2015. Ground Penetrating Radar: A Critical
Tool in Near-Surface Geophysics.
Geophysics, 58(8), 2606~2617.

Liu Y S, Long T C, Liu R Y. 2019. Discussion on Relevant
Problems in Application of TEM in Urban Geological Survey.

Chinese Journal of

Geotechnical Engineering Technique, 33 (3): 173 ~ 177 (in
Chinese with English abstract).

LiQ H, Lu L Y, Wang K M. 2015. Review on the active and
passive surface wave exploration method for the near surface
structure. Progress in Geophysics ( in Chinese), 30( 6) : 2906
~2922 (in Chinese with English abstract).

LiW L, Liu SF, Tian Q N, Lv P, Jiang C X, Jia L X. 2018.
Reviews in urban geophysics. Progress in Geophysics ( in
Chinese), 33 ( 5): 2134 ~ 2140 (in Chinese with English
abstract).

Li X J. 2011. Applications and development of city geophysical
prospecting in China. Progress in Geophysics ( in Chinese) , 26(
6) : 2221~2231 (in Chinese with English abstract).

LiX J, Dou S E,Qu H T. 2008. A View on Application and
Development of Engineering Geophysical Prospecting and
Testing in City. Progress in Geophysics ( in Chinese), 5( 5)
564~573 (in Chinese with English abstract).

LiX T, Wu HL, WuC D. 2014. The application of resonance
method hydrocarbon detection in oil and gas exploration.
Natural Gas Geoscience, 25(S1): 1~5 (in Chinese with English
abstract).

Park C B, Miller R D, Xia J. 1998. Imaging dispersion curves of
surface waves on multi-channel record. SEG Expanded
Abstracts, (1) 1377.

Xia J, Miller R D, Park C B. 1999. Estimation of near-surface
shear-wave velocity by inversion of Rayleigh waves.
Geophysics, 64(3): 691~700.

Xu P, Ling S, Ran w, Liu Q, Liu J. 2013, Estimating cenozoic



511 4

T I I A AR A T ) A AR S DX R Ry LR S )2 W o A 2945

thickness in the Beijing plain area using array microtremor data,
Seismological Research Letters, 84 (6): 1039~1047.

Yang M G, Wang G H. 2019. Formation and evolution of the plate
activity and the structural system in the South China continental
region. Acta Geologica Sinica, 30(6) : 2906~2922 (in Chinese
with English abstract).

Zeng Z F, Liu S X, Liu S H. 2004. The new progress of
environmental and engineering geophysics.
Geophysics ( in Chinese) , 19(3)
English abstract).

Zhang F L. 2007. Tonghu wetland soil and water environmental

Progress in
: 486 ~491 (in Chinese with

pollution characters. Journal of Engineering Geology, 15: 539
~542 (in Chinese with English abstract).

Zhang J Q. 2016. Engineering geophysical detection methods
technology application and prospects. Progress in Geophysics (
in Chinese), 31(4) . 1867 ~ 1878 (in Chinese with English
abstract).

Zhang K, Chen G N, Zhuang W M, Peng Z L., Hou W S, Yang X
Q. Zhang C B, Qiu Y, Liu Y Y, Zhang X H, Qiu S S, Hu W
H, Tang L K, Ma Z W, Zhang D Z. 2009. New Evidences for
Late Quaternary Tectonic Movement in the North Pearl River
Delta. South China Journal of Seismology, 29(s1): 22~26 (in
Chinese with English abstract).

Zhao P, Jiang J, Wang X R. 2017. Urban Underground Space
Exploration Key Technologies and Development Trend. Coal
Geology of China, 29C 9) : 61~66 (in Chinese with English
abstract).

Zheng Z X, Zhou J G, Peng Y S. 2006. Wetland Studies on
Resources and Vegetation in Tonghu of Huizhou City. Journal
of huizhou university, 26(3):18~20 (in Chinese with English
abstract).

& % x Mt

Wi—i, T4 VR BE. 2018, 1965 4F LAK 6 ANBF 0 1 4% T W1 1
B SRS = AR B R TR R A%, 16 (4) 1486 ~492.

FEE A IS v BERE. 2018, A IR A IE IR S AR I . A4 PR RE
B & WA R ). M ER Y HR AR, 61(4) :1596~1604.

SHOE, TR IR AT, T3, M. 2016, B 04 + X R R
SOKREY £k Mo 78 R0 A BLBE 5. b BT A iR, 90 (9D 2502
~2512.

B . 2R, XU ST, RIS HE. 2007, 18 b AR 25 7K S Hl 5
fEf AR, TREHL 244,15 519~525.

UL AR 0. 2012, SRR T2 T AR T B AR A kLl A i 2 B0 AR Y
R A KRR 2, 34(10) :47~50+168.

e XSS BT B ZEE 0T, B e . 2018, T Mk 4 #E
SELER. MERY) AR RS, 33C 5) ¢ 2134~2140.

A2 2201 1. FR T R0 0 5 R R M ER ) B2 0 L 26 C 6)
: 2221~2231.

AR TE AR MG V. 2008, IR T R L BR A FE0 B R B T 5
RIEHH HERY P FEJE, 5C 5) : 564~573.

AUV R R RBIAR. 2014, I HIR T AR I HE R FE I A B R
IR . RAR S MR B2 . 25(S1) . 1~5.

XIPSAE Gk T, TYLIE. 2015, 3 Sl Ak sh i i il 1 8y i 4R
HiER P B2 TR, 30C 6) 1 2906~2922.

XK A BRI XA S0 2019, F A% o B v 76 30 17 b 5 98 A % op
A RME R, A+ TRHR,33(3):173~177.

P B EOGHE. 2019, 42 R Rl X AR B 3 2l 55 0 1 1A R T8 i 1.
Hb T 2F %, 93(03) ; 528~544.,

IR, R, X /b AR 2004, BREE S TORE R4 HR A B F S Mk
PP R, 19C 3) : 486~491.

FRAEAR. 2007, AR MK £ IREETE Y ARAE. TREHLR AR, 15:539

~542.
SREEE. 2016, TREW)HRAS I Ty #5 BR N B Je Bt Bk ) B0 2
J&. 31(4) ; 1867~1878.

TR F L R E RE RSO B AR T A A /D R SRR T S e L ) FE
B kT S AR W SCME R R . T R IR A AF. 2009. BR
T =1 U 00 G 58 DO 40K 3 32 Bl B T UE . SR AR L 29 (s D)
22~26.

RS R B, 2017 01T MR A ) BRI G Bk R B Kk R R .
o) e ML, 29C 9) . 61~66.

FRUNFER  JH WL 82 3% 2. 2006, B i 80 38 M AR B K% IR B WS UL
BFFE. BN 2B, 26(3) :18~20.



Hoom R )
2946 http://www. geojournals. cn/dzxb/ch/index. aspx 2019 4

Shallow geophysical exploration and stratigraphic properties analysis
of the Tonghu ecological smart zone, Guangdong Province

ZHANG Xiaobo*"?, WANG Chengshan” , WANG Zhihui® , LI Hailong® ,
LI Weirong” , WANG Qiangmao®
1) China University of Geosciences (Beijing) s Beijing, 100083 ;
2) Chinese Academy of Geological Sciences, Beijing, 100037;
3) Seventh Geological Brigade of Guangdong Geological Bureau » Huizhou, Guangdong. 516000

* Corresponding author : hangxiaobo@cags. ac. cn
Abstract

Geological disasters, active faults, special geotechnical bodies and ancient rivers are the main
geological problems affecting the development of shallow underground space in cities, and non-destructive
geophysical testing methods can be used for the detection of these geological problems. Tonghu ecological
smart zone is an important area in the development of national ecological civilization construction
demonstration zone and Huizhou smart city underground space. Shallow geophysical exploration and
stratigraphic properties analysis provide detailed geological, geotechnical and geophysical data for the
urban development and underground space utilization of the Tonghu ecological smart zone, which is an
essential element for constructing the underground space model of the area. Although basic geological
exploration research has been carried out for the region, comprehensive geophysical research on fine
geological structures and stratigraphic divisions is still in the blank. In order to solve the problem of low
level of fine detection in shallow underground space and limited resolution of traditional detection methods,
the shallow reflection wave seismic method, S wave velocity structure imaging method of mixed source
surface wave, three component resonance wave impedance ratio method and comprehensive logging method
are used to perform high-precision stratigraphic division and fine interpretation of fault distribution for
shallow underground space (200 m) in the area. Based on the shallow reflection wave seismic method to
divide thick and large-scale faults, the active source and passive source surface wave method are used to
obtain more detailed shallow stratum and structural features, and the three-component seismic frequency
resonance method is used to identify the shallow soil layer, which compensates for the low accuracy of the
detection signal of a single method over different depth ranges. The response characteristics of stratigraphy
and geophysics in the Tonghu area are discussed, and the detailed relationship between stratigraphic

properties and geophysical parameters are constructed, which provides basic data for subsequent modeling.

Key words: underground space; geophysical exploration; surface wave; velocity; physical properties



