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Abstract: [ Objective] It is of great significance to identify structure of the critical zones (CZs) of the earth for better
understanding the geochemical, ecological and hydrological processes occurring in the CZs. However, previous studies relied

mainly on borehole drilling and profiles, which is far from enough to help draw a full picture of the underground structure of the
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CZs. To overcome this problem, in this study, attempts were made to combine borehole drilling with the seismic refraction
tomography (SRT) method to test if the seismological method can effectively detect the structure of CZs of highly weathered
regolith. [ Method ] To that end, case studies were carried out of the Sunjia Catchment of Yingtan and the terraces of slat bedrock
along the Yangtze River in Changsha. The study areas are both located in the red soil region, but different in bedrock composition.
The bedrock is red sandstone in the Sunjia Catchment and sedimentary slate in the terraces along the Yangtze River. Ten seismic
lines were arranged in the two study areas, and each had a detection depth ranging between 25~30 m. In addition, a total of 13
boreholes were drilled in the two study areas. In the field investigation recognition capability and error range of the SRT method
were evaluated. [ Result] Results show: SRT can effectively discern propagation velocity of p-wave at different depths in the
CZs, and determine depth of key interfaces. In Yingtan, the identified lower boundary of the Overburden layer varies in the range
of 3.0~5.2 m, with root mean square error (RMSE) being 1.7 m, and the identified bedrock surface does in the range between 8.2
and 22.0 m, with RMSE being 7.0 m. In Changsha, the identified lower boundary of the first layer falls in the range of 8.1~13.2
m, with RMSE being 2.4 m, and the identified bedrock surface does between 18.8 and 22.9 m, with RMSE being 0.9 m. The
prediction is in good agreement with the drilling observation. The seismic wave travels at 2400 m/s in red sandstone and at 2 000
m-s ' in sedimentary slate. Under flat terrain the overburden and bedrock are stable, while under sloping terrain, the overburden is
thick on the top slope, and gets thinner on the mid slope. Landfills reduce the precision of seismograph in predicting underground
structure for they have great impacts on the structure of the overburden layer, but not much on the structure of the deep
underground. Groundwater in aquifers makes the overburden of the critical zones divided with the seismic refraction method tend
to be thinner. [ Conclusion ] The longitudinal wave traveling through the subterranean layers of the CZs varies in velocity with
the layer, which is the key to identification of the structural layers of the CZs by seismograph. SRT can not only improve the
efficiency of field investigations, but also advance the development of the CZ three-dimensional mapping.
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Bl 1 EEFRXNZRER (a) AR XL REE (b)
Fig. 1 Survey lines in the Yingtan pilot area (a) and the Changsha pilot area (b )
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Fig. 2 Schematic diagram of the seismograph observation system

x1 HRUNEEKXER

Table 1 Basic information of the seismometer lines

ML 2 AT HEE 5 /MR MLA I o Y DS g R
Serial number ~ Track pitch/m Receiving number Minimum offset/m  Length of line/m  Small terrain  Land use type Elevation/ m
YT 1 3 48 30 141 - iy Lesii) 44.0
YT2 1 48 37 47 T 7K H 45.6
YT 3 3 48 30 141 [pe B 46.9
YT 4 3 48 30 141 pe B 45.6
YT 5 1 24 13 23 T Mt 50.4
YT 6 1 24 20 23 T 7K H 2.1
YT7 1 24 20 23 i B, 41.1
CS1 1 48 0 47 SFSH B U 25.3
CS2 1 24 20 23 ST SH B U 25.3
CS3 1 24 0 23 ST SH B U 25.3

e 1) YT, JEE,; CS, Kb, 2) ML AL T 5= 2. Note: 1) YT: Yingtan; CS: Changsha. 2 ) the elevation of the

line is the elevation at the midpoint of the line.
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Fig.3 Rock core ( 1.5~9 m) from Well 5-YT (a), Rocj core (9~15m) from Well 5-YT (b ), and Rock core of part of the bedrock
from Well 5-YT (¢ ) in the Yingtan pilot area
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Fig. 4 Rock core from Well 4-CS (0~15m) (a), Rock core from Well 4-CS ( 15~22m) (b) and Rock core of part of the bedrock
from Well 4-CS core (¢ ) in the Changsha pilot area
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Table 2 Transmission velocity of the seismic wave relative to type of the medium

[ e s b R (3 e st Hi R
Propagation medium type Vy/ (ms™") Propagation medium type Vy/ (ms™)
W1, T Sandstone 200 ~ 800 7K Water 1430~ 1590
#it Clay 1200 ~ 2 500 YIRS Sedimentary rock 1 500 ~ 6 000
BitaF A Loose rock 1500 ~ 2 500 HU% A Dense rock 1 800 ~ 4 000
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a) JE1-YT #i Distance/m S, (m) b) 1% Distance/m SW_ (m)
-30 -10 10 30 50 70 90 110 130 150 170 =37 -17 3 23 43 63 83
60 825 351 =2 331
1200 g 746
g £
£ 1756 3 1161
= 50 El
E 22 £ 1576
< 2688 ;é 1991
E 20 3153 & 2407
(m)
c) 29 Distance/m NW_ (m) d) i Distance/m NW_ (m)
-30 =10 10 30 50 70 90 110 130 150 170 -30 -10 10 30 50 70 90 110 130 150 170
. J‘|‘3-YT - . JE— — : 381 60 J4-YT
60 el
E £ 50
3 1272 8
£ %0 1717 2
= =
_ité 2162 0
£ 40 | 2608 =
30
3 (m)
@) |
€) H5-YT i Distance/m S (m) f) JF6-YT Hi% Distance/m SE_ (m)
-10 10 30 50 =20  -10 0 10 20 30 40 50
5 224 50 : : 34
E 7% g 62
2 45 1369 3 1190
=] £ 40
= 1942 = _ﬁ Vp>2400m-s’ 1617
< 2514 o~ 045
E 35 3087 &= 30 473
(m) (m)

R L i
|:| Layer 1 - Weathering layer - Bedrock

K6 JEFRBFFEXMZ YT1 (a), YT2 (b), YT3 (¢), YT4 (d)., YT5 (e), YT6 (f) fiif/ER
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Table 3 Accuracy deviation of the prediction of the underground structure relative to pilot area

& Yingtan £ 7> Changsha
J=IR ZH — —
T SEBRE T {E SEBR A
Layer Statistics
Predictive value/m Observations/m Predictive value/m Observations/m
rh{H Median 4.4 5.6 12.4 12.8
i KAH Maximum 5.1 8.2 13.15 13.0
7 #% )2 Overburden #%/MHA Minimum 3.0 2.9 8.09 12.6
T4 KR 2% MAE 1.3 1.6
¥ iR 1% 2% RMSE 1.7 2.4
"F {8 Median 15.1 8.5 20.6 21.9
$ KA Maximum 22.0 14.4 22.8 22.0
FLA AL1H Bedrock /M Minimum 8.2 7.1 18.7 18.8
T4 %F iR 2% MAE 5.0 0.8
IR iR 2% RMSE 7.0 0.9

3 3 ®

3.1 HMENSHENEELERMNAKLR
AR FRY], LIRS N 8.2~22.9 m,
KA ZE EREHRE N 3.0~13.2 m, %5255
GEI— 12030 21 I S H FR TT 7 7 ek
JEAE 2 000~2 400 m-s ' Z[H], X 5HTARKBFEEE S
K —50P2 ) EREEPE R 3R RS S i
JEUREE, AR SR B R A B AE 3 300~3
670 m-s ' [6], B TFARIEE XA, S5 KT IEH
FE SRR, ARBFFOR JCIA WA 200 e . A
SR HESA b B, T RN SN S0 A TR
FE SN B . AR R R AR N, b
BUREE RGN, MR DAL RE M ks, (& 6b) Hb
TRV EFEHL R N 300 mes™!, 7EHL R 10 m AbikF) 1
500 ms™', fEHLTF 20 m AbikE] 2 500 mes, HAERE
WEEMHL 5040 REHR—80Y, XER
HRTRITREEA BT, H% . FLBRE . BRI .
WALRREA —FE . — MBS, TREAFK LR
W, LB/, EREES . R I ik e %

FER . FLBREE /N o AL 1 R R R T4 B/
FLBREE R B RS SR, ASHIF 23 3 B 6 VR A
WF5E X Tovk e m R AN X, FE 5 SR
TR ISR X, R ULl R F R LLEAE
g% HEAFAE

AR5 v VAT 51X 118 35 T 500 0 0 41
2R TS, TR FE X 2 1A 15000 5 0 )
EHY I RR2E (RMSE) A 7.0 m, KIPHFITIX 3
T T S WA A RMSE 4 0.9 m (£ 3), &
TRURIE T DX B4 356 55 T U0 245 SRS i DA i R AiF S Ay
MR 2R o LR R AR MR ARG B, AR AL
RN ULt e R R, 7 5
DX AR 5% 35 FH B A7 R0 32 5 UG ORI, 3% 07 %
AR LT B B AL IS M 22 SR F e iE
F, ABAESCHEE R A B A s e AR AR A Ak R
— i, RAFRMMAEAE TR A, Fln (& 4) KIbar
FE XA LA s, BB B, R
FURERT, REFRIEAE B T AR AR S8 AR B4
iz FHEFANW SR P HEL S b Al oy kT, wT LA
WG EAERBIE . AR BESELMESHE
() R 2R A PR TSR (A o R SR, i (1 3)

http://pedologica.issas.ac.cn



144 BhOBRAE: MU OF)E Mk e LU OGS M 2 3 3 BN IS 101

JoE AT ST X B N SR AR, S A, AR
g RS S AU P=r ek iib: N OFAR IS =e S =X 2L/
L bR AR TE B, 7RIS 251 T kbR
W AT AU 2L 5 3 s . e m RUE I,
AL R Tk R BT RRHAE , 2438 HI BN AR A
T A R R, BRI R4y
LA, ARIE R, B LI AR A4 7 i 2 A #)
3~4 m. A T/ EFANIIN LA R A R L) v
R AR S X 520, 5 SR B ST AT Ak T — 2
HhERAb A bR ok A FE A A RIS o AT, An XUk
FeB, REARRAE, WD (B AR I
3.2 HETOKXTHE T ST E R I

Hi T K S SR ) E A R, MR A
53 i R UK IS AN BE 2200 T K i S i AT 4%
B 5 7K )2 F B 3 7K 2 (0 b R BT S0k T 40 1) S By
R ZIEE /AN (L 6), 13X -5 R 3 6 A K WA F
TR —FY . KA MR WAL R N 1400 ms ',
Bk A BD A R TR A M AR D AL B R 300 ~
800 m-s ™, K IR AW I R A T 2 |28,
AHWFFE R R KK S HIE DL 1 000 mes™ 5
LA HVIER, MK 25 m 3 2F 1000 ms™
SR ITIT . 2272 082 B b AR 4Ry vk e 1
AR AKIKASE , AR A5 7K 2 S 1 Ao 7 F Ml R A
POEFEME 1300 mes o K-V s RR 47 S kR
N PETT 7K PR K SR R K AT, TAR A N 5 7K 2 A TGS

07 14 b FE N FE(E A 2 500 mes™' o X5 HKIRAY
S R 1 975 M P i ST S N s R ol 3177 /N <)
b4, TR M= I 4 3% 3 > 300~800 m-s ™,
2 S TR B BRI R ) < 7 A8 A B RD
+, B b2 RAK, BOH ML R KA 43 R (R
1300 m-s™' o MM FESF-22 T8 BT 7K BEAf K B v “ 42
S RARAE A, A6 A TR T R i A5 496 ok J3E
H1 4 500~6 500 m-s', HMCHHL R KOS E R EEE N
2500 ms ', K TFARMFFHAY 1000 ms ',
3.3 ERLIREIEX X BTSN

FaE Py S SELA fof b 7R SR DG T R R 2
B K, B TS BE o X E N T bR I AE T CS 1,
CS 2 M CS 3 B w)AHMEE, St @mbi, HikH
T2 NS B i ) DX I TR R 25 1 (& 8 ). iX
S TN Bl i X R A R AN A e
K, AR I A b ) R P A w2 AT
FERW, NJIE 8h W R i s 2 45, A
XA R R S A PR, CS 1. CS 2 M CS 3
LB AT, (A2 JER B, B O ) X3 CS
3 7 2 A R RE (& 9 ), Hoph gk 2k 5
J2 ST AH SRR HRE R e B OGS 0 B 5 )
X IR 2R A BR . AHFsEH (& 8) CS 3
SRR, DEFUKIRE N ZE R, (HHREN
BHRAHS CS 1, CS2 FALTHIFE N E, H1E
20m 247, HAEFH 3

a) S, % Distance/m  }}2-CS  J£1-CS b _E, i1E Distance/m 44:3.cS  H:4-CS

-35 -25 -15 -5 5 15 (m) Z15 -5 5 15 25 35 45 (m)

| 825 825
c H 1142 1166
?é 1459 19 1507
2 1777 1848
Py 2094 2189
% 2411 20 2530

| %= Vp>2 000ms!

S, Js5-CS  H6-CS
©) 20 -10 0 10 20 30 40 (m)
825
= 1097
= 1370
o3 1642
.fp( 1915
e 2187 T 7KKz
2
= v Goundwater table

B8 KBS CS1 (a), CS2 (b), CS3 (c) fRiFk%
Fig. 8 Seismic refraction tomography interpretation of Survey Lines CS 1 (a), CS2 (b)., CS3 (c¢) in the Changsha pilot area
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