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Abstract: Studies on geothermal water geochemistry are of great significance for understanding the genesis of various
hydrothermal resources. By taking the Xinzhou basin in Shanxi Province as a study area, this paper aims to identify the
geochemical origin of the Xinzhou geothermal waters, to evaluate the mixing process between the geothermal waters and the
shallow cold groundwaters, and to reveal the geological genesis of the Xinzhou geothermal system based on a systematic
geochemical study conducted there. The formation of the Xinzhou geothermal system should have nothing to do with a shallow
magma chamber or excessive decay heat of radioactive elements in shallow rocks. Instead, it occurred as a result of the deep
groundwater circulation in a normal heat flow background. The atmospheric precipitation in the western Yunzhongshan recharge
area infiltrated into the deep underground and migrated to the Xinzhou basin with circulation depths between 1 618.3 and

3 451.5 m. Correspondingly, the reservoir temperatures ranged from 48.4 to 91.8 °C. The geothermal waters were mixed
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substantially with the shallow groundwaters when ascending to the Quaternary aquifers, the highest mixing ratio being up to 78 %.

Key words: geothermal water; geochemistry; reservoir temperature; heat source; Xinzhou basin.
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Fig.1 Geological map of Xinzhou basin and sampling locations (after Han ez al., 2010b)

OF LUV HOESHIE Y 1L O

A NKAEFE UKEKERNERR B
W 2 K A4 (8 & Mg, 2007 ) . K B R A
O EE TE LB A Wb sl X,
JE B R F 1620 m, Ho KAk 58 )2 JE 10~30 m.
= L N (MO R Ol 7. W O e s 1B

BEAEZEEH(EREZ, 2014).

2 B REE S

AR YR B 5 AE T N A 9 B A R AR TR
FE DT 45 bR A L AROKRE B 18 R L SR T R VR 2
TR KA S 17 1 A6 B A RE S SR SRR AL
B 1. BT AT KRR AE B35 0.45 pm 38 B8 33 08, IR Ik
AR 3 500 mL & % B R SR A SRR SSUORAE 3
LK FE , — UM AL 4l HNO, = pHK T 1, F T /H
BT pr, — R T B B T A AR T, —

A AL W2 s @ 1 g AR TR

A R E pH L SR (EC) A ALE i A7 (Eh)
R fi M R (TDS) %5 A B e KAk 24 2 50 B
Y ol i 485 =X 72 { (345 Sy Thermo Scientific Ori-
on Star A329) Ml & . B FE 7E BCAE Y K Tk B2 Ry
0.025 mol/L 1y h MR % & , HAb KA = HE ARt R IS
— A WNME F.Cl.Br \NO, SO, % 7&
ok H ICS-900 AL - 6,35 A (1C) I i (e I KR Ay
0.01 mg/L) ;%8 M4 E It K & /& H iICAP RQ #Y
HiL SRR A 45 B T IR A (TCP-MIS ) I i (ARG T FR Ay
0.1 pg/L) ; & & % & [ {7 & H Flash HT2000 -
MAT253 B S PR A R 7] 47 2 HE A 3% A0 52 (D

RS B2 20005 O ME0KS B2 0.2000) . A A ke R B 85 11 U
Pb A AR5 70 M SR O 3% iy A JEORR 5 25 38 1 il

CLA-ICP-MS) 5€ B, ol oo 2 & v O 5 46
B AR (ICP-MS) % 523 Br . [ S 173 A7
A A TR S (a0 PR BT 27 Be 2 = 58 0, AR



976 HBERBL2%  http://www.earth-science.net 48 %
1zl I
E 1800
E’ﬁ
e _
1 600
] Aw
1400
1200 \
-t 40 km- S
1 000 \
800
Aw
600 0 2 km
Q. |gHlS | o | s Q | wwmt NE |REEES| m |mws
- Wz H= ey = | H Yy =
Aw | K Bus | Mk ik x| BB A RNy — it
- J Jeb s AR H L T K Xl K
— = AR N (R o] R | S | 5T AR

I 2

PN £ b 7K SCHb BT T

Fig.2 Hydrogeological cross-sections of Xinzhou basin
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Fig.3 Piper diagram of groundwater in Xinzhou basin
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Table 1 In-situ parameters of water samples from Xinzhou basin

G b mLE FFERE (m) BUK 2 pH T(C)  EC(ps/cm) TDS (mg/L) Eh (mV)
Wol (At i) 260 PR 8.7 50.5 1022 501.5 24.7
W02 b & &N 264 Kty 8.8 59.0 1219 597.7 5.1
W03 AR SE 270 Ky 8.7 52.0 971 476.4 -107.7
W04 AT 150 PR 8.7 60.0 1584 776.7 -45.5
W05 AFAS 180 EHIUER 8.3 42.5 851 417.4 76.3
W06 A i 62 EHLES 8.6 60.0 1686 826.7 12.2
W07 A 50 EHIUER 8.8 43.0 1253 614.5 -123.5
Wo08 Ak - EHUER 8.4 51.1 1106 542.6 67.4
W09 A 120 EHILER 8.7 52.0 1678 822.9 55.4
MO1 T 337 Jeit A 7.6 40.2 1607 787.9 -33.6
MO02 HZE A 377 JCiT A 7.7 38.5 1867 915.2 68.0
MO03 e B 1040 PILE 8.1 44.1 2193 1075.0 -115.6
MO4 2 g R 1868 I 8.3 36.0 1252 614.1 -286.1
MO05 FE RN 450 Jolr 8.9 37.5 1891 926.9 -34.7
MO06 JA R 470 Joilr 5t 9.0 38.0 1605 786.8 -57.9
EO01 RPN 59 EHIUER 8.0 57.0 3270 1603.0 41.6
E02 IR/PSN) 58 EHIES 7.6 51.2 3297 1616.0 89.4
E03 IR 72 PR 7.7 45.0 2813 1379.0 74.2
CGo1 R - EHUER 7.9 18.7 389 191.0 164.0
CG02 B 55 EHILER 7.2 12.5 771 378.0 215.0
CGO3 I B At 55 PR 7.6 13.5 433 212.0 214.0
CGO4 - BEAS 60 EHIES 7.7 13.1 459 225.0 209.0
CGO5 B 185 EHILER 7.6 14.3 729 358.0 121.0
CG06 I Be At 160 PR 7.8 14.0 418 205.0 118.0
CGOo7 R - EHIES 7.7 11.0 356 175.0 238.0
CGOo8 rf =R 30 PR 7.2 11.8 1503 737.0 189.0
CG09 =R - EHUER 7.7 12.1 402 198.0 219.0
CG10 =R A 180 EAUTES 8.1 11.5 385 189.0 224.0
CcG11 b b 170 EHIUER 7.7 12.7 525 258.0 85.0
CG12 LB 27 EHUER 7.8 9.8 884 434.0 179.0
CG13 4 AT 120 EHILER 7.9 12.0 515 253.0 85.0
CGl4 it 8 Y JEE A 120 PR 7.5 10.1 1158 568.0 33.0
CG15 ¥ INSET) 50 EHIUER 7.3 9.3 3937 1.930.0 143.0
CG16 W el 4+F 140 EDYUES 7.9 13.1 488 240.0 128.0
CG17 [ikGE 120 PR 7.9 11.0 463 227.0 109.0
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Fig.4 Box diagram of main hydrochemical components in geothermal water
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TR Hb R K AE TH it AR b 5 )2 R Rk
TR A2 I R G N & DL L 7E R 4 M A 5 I
ST 76 M 36 M 340 58 7R B b 30 X 7R 2 R ¥ K
b = R VR ) A I (AN i A 2/ N T
AR DX AE A K BCRD b B U A I 4l L 7E © F
A7 R R 7K HR AU 1 BB I R R AR T SR B b BRI TR
JZ Hb T ¥ K FE H #ROK Hh TR A R U AT AE
R A AR — U i s T 2 ORI BE AR, 5w
i R GE R R A, D5 — O T AT g ek AR R 2 LR ¥ K
7K Ak 2 20 R, 5% e LK BT L 48 R R TR
WHOKEEZ TR KMRA S BEE HE . A
(CU)E Ry — Pl <7 41 4, B0 A6 e 2 AR & A9 2% 1
T AR e DA HL R K H T U Bk S K2 A R
NI H B T 48 R # R K R 4P R IR A R O
€ f TR A 3 T TR A b L 6 S BIF Y Xl R
KH Na.BE5CLE X R E, N Al LLFE %K
MAAKBR T RAFMIEECHR, WTIESE TR
B KORT R K IR A B AR BE K AR P Cl
i, M a7 i B R AT iE — 25 3 B8 Bk
MR A L B A 40 F (Han ez al, 2010b) -

R=(Cly — Clux)/(Cl; — Cl¢ ), (2)
K R FIEA (LA KB H 3 R EIR ), Clux
e CUMREE , CLy A #OK R CURE, Cle
SV K S oG B e B TR 7K B30 B /0N L
JEAR TDS LAY CG124E A% /K 3 I ; i B & . TDS
= 1 EOL 1 S #AK i ot , 48 F Na Al CLE /R T 3 8
W IR A 06 &, 2 # U Na & 20k B E TR A it
SRS AT SR 45 R B R KRR SR A HE
BRZEAE 100 DAPY, Ul W 3B 4 SR R T REAY 4y
POKFE S IR A T 8 B 8 K, G L2 7 B A
H b X s R A T A 78.0 %0 (W05) , E LA
Shy VG 8 R S AR XA T B R SR X, Ml #ROK
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Table 2 U, Th, K compositions and the radiogenic heating rate of granite samples from Xinzhou basin
FE g SR Hl FeReE il K(%) Th(pg/g) Ulpg/g) PR A(pW/m?)
103 FESE L FiAsE 4.37 23.13 2.29 2.60
L04 HEAE 11 3.70 27.51 3.49 3.15
L05 HEAE FATESy 3.77 28.12 3.84 3.29
GO1 TRH FATES 4.90 27.00 2.06 2.86
G04 TR Ak 0.79 17.40 6.24 2.88
500
A Bk LA a ok VA
o il AR o RV =
400} ; 1.2 :
A '
* 1.0t '
2300 i | =
W . '
£ ‘A 038 :
2 A & ‘4
200f M 0.6 V34
a A A b
A',' 0.4 A &4 AA
100} S O~
wwﬁ ¢ m%—¢ °
0.2r
& ogoPio e ® . oh.'}'f' ‘o @ _®
1 10 100 1 000 01 1 1 000
Cl (mg/L) Cl (mg/L)

K6 i FK Na.B5 ClK R

Fig.6 Relationship map of Na, B and Cl concentrations of water samples from Xinzhou basin

FEHBEMREHRIBEAKREWNERZL TERK,MA
Ho R ¥ KR A EL B K, i AR K TR B RS (A
7). 5 ET B ST CHROK R R K IR A L R
6.3%~49.3% ) #H kb (Han ez al, 2010b) , Pt M Z&
iy Hl B K b 2 R Y K TR A L B A B G
I, ER R UL B A I AF R M HR BT IR Y R AR I
K, Bl T KGE R E N R K IR A
3.4 HFK B9 25 F0 1B ER T A2

H R 7K SR RN 2 RRAE BT LA b R KGR R
B 7 T K I AN 25 25 A R B 55, 2021) . 5% IX b AR
K E R % K AE 8D - 8°0 X R LIRS T
4 R AR 2 (B4R 2% 55, 2015) I (&1 8) , 16 B
LRI 2 12 4 R R R T Y KRR K AR T
TS, R o B AR — R e 2 R
K28 1R 2 MR A K 9 B 5 IR R vk 2 3
ZE R A0 5% e A G 5 b R K A i 2 00 R B o e
AT BREUK —H RN F RIS LR 4,
SR LT Ve KR L, SRR 43 Ml BOK R S B AT I
1 S0 S A 07 3R, i TR SCIR Bl R e b L B
KB AR 1R 2 H R % K TR A B 04 M BROK RE A

90L o K
- - B
75+
S
~ 60r [ ) °
% ________ o T"-® o°
j\: o ° o® e N J
b ° [ LN -
k=] ® "%
30F
15}
0 . L . L
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EIEH N A KR AT
L7 N 2 R OK G 5 T v KR B R AR
Fig.7 Relationship between geothermal water temperature
and mixing ratio of underground cold water in Xinzhou

basin

HL U AR A7 2R o AR T O g . 5 A b BAOK 32 2 b
TR KR A B R A, S0 R R A R R A — E Y
fii 22 , 8 T B E M AOK TR R JE MR Ve K IR A R A
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TR 3 MR # = = HH BEEITESE
KR F3 ITMBHMAKSEERVUEHERMESETEER
50+ .%;&;Li 15 Table 3 Hydrogen and oxygen isotope data and recharge eleva-

7)
ssk| @ WEHTAK tion of geothermal water samples from Xinzhou basin
LMWL
3D=6.425"°0-4.6 Rk BKIRATT

5'%0(%o)
FEL8 T N 7 b b oK 552 R ¥ K 8D SO JE &
Fig.8 8D-5"0 plot of water samples from Xinzhou basin

AEAL R, EHAH TR
BRI (& 55, 2021) -
On="0w(1— 1)+ b1, (3)
K, 0, MUK 5 R KIRA RS AR A EH
(%) 5 0o M 043 00 R IR A BT #K AT K B A&
A FAE (%) 5 £ A% KR AL .o B
K oug oo CG12 K i 19 & A Il i & H (D=
—68.7%0; 0"O=—10.1%, ) , 11 5 1% i H $ K £
iR R R KR G R AR K
oD A F —59.6%~ —110.1%,, 00 & i+ F
—31%~—16.9%, (% 3). 2 T A EF 1 £ M &
B &N (Clark , 1998) , A Y #F 58 ] T4 [A] o2 &=
IR TR S &R, EALN
H=H,+(D—D,)/K, (4)
KA, H o KRN 4 R B0 m H oA SRR A
E R B my D R IR SD A, B K %o s D, K
K RE BT R K 9 8D fE, B R %o s K A 8D
%%ﬁ%ﬁﬁﬁﬁxﬁﬁﬁ%ﬂmmﬁMﬁﬁk
B KSR TR A A B SD=—51.2%, ( B 4 2%
zmmﬁD%ﬁﬁ%ﬁ@ﬁaﬁ—zawm%mﬁ
K, 2013) . 45 5 R (3 3) 1 M Ak H b ROk i
W EFEAE 1 122~3 837 m, HEA | 5 4% Hb PG )
o Il T AR A AT UGB AN 25 X R R =il X
5507 303 T A K AR S AL R A W) A
i K &5 (1995) 19 J5 35, A R BIF 5 A, X647
2 1t Hb R K B R AR BE AT TR
H=(T,,—T,)/T+h, (5)
K, H Ry b ROKAE B UR BE (m) 5 T, oy 68 R 2
(°C) 5 Ty M fE R 25 B (°C) |, B M 35 <3

4 BOR K I 3

- 50 50 FREmE AR

3D(%0) 3D(%0) it (m) 2 (m)

(%) (%)

w02 -840 -11.6  -110.1 -14.2 840 3194
w03  -83.1 -11.8 -126.3  -16.9 833 3837
W04  -80.0 -10.7  -90.4  -11.3 832 2401
w06  -81.0 -11.0  -885  -11.6 836 2330
MOl -76.5 -10.5  -99.9  -11.7 831 2779
M02 =787 =99  -100.0  -9.5 798 2748
M03  -83.2 -11.4  -100.9 -13.0 790 2779
MO4  -66.6 -85  -59.6 -3.1 787 1122
MO6  -87.3  -12.0 -100.2  -13.3 789 2750
EO1  -81.1 -11.7  -81.1  -11.7 768 1964

Na/1 000

O W X He ok
O #ifprh K
VAR H K

AOHBOK X

K/100

Na-K4 2k
K-MgZ i 28

L9 b S A8 3ih DX PA0K Na-K-Mg = ff1 ]
Fig.9 Na-K-Mg triangular diagram for Xinzhou basin and

Rehai geothermal water samples
PG EHE R 5T Guo and Wang (2012) F1 Guo ez al. (2014)

2°C; T R Hu i B B (°C/100m) 5 h M 1H 2 B (m).
F 58 X AR50 R 8.5 “C Ui & 48, 2007) , fH )2
TR BE B 20 m. 45 B Fi i JH 28 ok — i 2 3 000 m Y
iy BRI T R — TR R A AR A (P B R, DR R %
TCAAT) X 5 IR RS E R 2.37 °C/100m. 7
Na-K-Mg = # & (1 9) L, P P 4% bbb B4R K #R A7
TR B X B 43T A DX 2 S R L X
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6 7% HIm oK 35 B % Na K Mg 595 59 F £, A itk
AN A BB R A B AR IR SIO, IR AR
JE HHIE CEAY R B L UE DX AR b T T R ORE L T
A M K AR B i IR R Y G IR T 120 °C 5 X R,
45 25 SIO, i B L SR O 8 TR AR T 5 A6 TR
JE R AR P A ROl 48.4~91.8°C(F 4).
BT Bk S8, B E A T N 2 b 1y Bk
TEHREE K 1 618.3~3451.5 m( % 4).
PHREEQC J& — 3K LA C 1 75 4 3 i 1 7K S3C H
BRAC AR TPk A EAEH RS
IR Ak 27 ) 0 2 ST B A TR R (5K L 2017) .k
Tk 2D Bk PR A 5 BRI PHRE-
EQC i Hlt $ROK FE S E AT AL 30 2 2 Rl 4 109 3
AR5 R EE I PR BOC R, TR0 W 35 B8 5 B 9 TR
BE (27K A, 2021) . o0 TR AT R D> CO, M <AE
DA S 2 J2 MR ¥ AR TR A %o 435 S A B2 ) 36 B M BHOK
T TR MR Y KR A H AN (R RE i WO4 (P
HBHL X ) (MO3(H EB LX) (EOT (ZR S b #4 X))
Y R I 5 X6 G A P 230 3t PR K RE i ob O A B T
i 7 4b T 1k A8 FUIR 25 (32 5) , 0 B T il A7 7 H 4R K
T I A A ST A L B AR AEC I M BROK AR b T A L R
HATE 32 8 — R COL B AE s m . Rl T
BEGF b 340 Ji AR () P R AR PR AU TP A E Y

F4 TN R AR B A M PR KR IR R
Table 4  Reservoir temperatures and circulation depth of

Xinzhou basin

%> JFERECC)  PEEREREZCC)  JRIRRE(m)
WOl 50.5 79.6 2937.6
W02 59.0 84.7 3152.8
W03 52.0 72.1 2618.0
W04 60.0 90.8 3409.2
W05 42.5 74.7 2728.9
W06 60.0 91.4 3435.5
W07 43.0 67.6 2430.2
W08 51.1 91.8 3451.5
W09 52.0 91.2 34244
MO1 40.2 64.6 2301.8
MO2 38.5 63.5 2 256.6
MO3 44.1 70.2 2537.6
MO4 36.0 48.4 1618.3
MO5 37.5 59.8 2100.7
MO6 38.0 61.2 2159.8
EO1 57.0 78.7 2896.0
E02 51.2 81.0 2996.1
E03 45.0 80.2 2960.8

- BV R BB TR B5 Arnorsson ez al. (1983).

COA M. I8 10 7] WK %8 7 filf A1 S0 A 1
E ST=0 M A 22 2 I 2 B30T, [ Ak s 356 10 i B4 oK

x5 MMM HEKENEMT WHIETELR

Table 5 The saturation indices of geothermal water relative to various minerals in Xinzhou basin
i B i 158 et TR XA T A7 A AT A ma Hzf1
Wo1 0.19 0.54 3.20 0.23 0.11 -2.43 -2.37 -0.09 -0.67 4.94 -0.69
Wo02 0.12 0.45 2.85 0.23 0.11 -2.20 -2.21 0.03 -0.81 5.33 -1.10
W03 0.10 0.45 3.08 0.47 0.34 -2.35 -2.30 -0.06 -0.95 5.34 -0.14
W04 0.18 0.51 2.81 0.34 0.22 -2.15 -2.17 0.05 -0.84 5.20 -1.02
W05 0.27 0.65 5.41 0.21 0.08 -2.48 -2.36 -0.11 -0.34 3.76 -0.33
W06 0.20 0.53 3.49 0.34 0.22 -2.02 -2.04 0.06 -0.60 4.63 -1.10
Wwo7 0.15 0.53 5.06 0.43 0.30 -2.22 -2.10 0.13 -0.56 5.59 -0.20
W08 0.32 0.68 4.56 0.41 0.28 -2.24 -2.18 -0.03 -0.32 5.79 0.03
W09 0.27 0.62 4.23 0.47 0.34 -2.46 -2.41 -0.19 -0.30 4.64 -0.62
MO1 0.22 0.60 7.51 0.24 0.11 -1.08 -0.94 0.08 -0.14 -0.32 -0.81
MO2 0.23 0.62 7.66 0.13 0.00 -0.94 -0.79 0.18 -0.04 0.18 -1.04
MO3 0.22 0.60 6.27 0.28 0.15 -0.82 -0.71 0.17 -0.05 2.36 -1.11
MO04 0.08 0.48 6.45 0.54 0.41 -1.67 -1.51 -0.15 -0.34 3.43 0.40
MO5 0.13 0.52 4.10 0.34 0.21 -1.61 -1.45 0.57 -0.47 3.00 -1.52
MO6 0.12 0.51 4.45 0.31 0.17 -1.48 -1.32 0.58 -0.26 3.58 -1.69
EO01 0.17 0.51 5.70 0.14 0.01 -0.36 -0.36 0.29 -0.19 3.21 -1.62
EO02 0.26 0.62 6.51 0.25 0.13 -0.69 -0.64 0.00 -0.20 2.40 -0.57
EO03 0.32 0.69 7.20 0.38 0.25 -0.58 -0.47 0.11 0.20 0.93 -0.93
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Fig.10 The diagram of selected mineral saturation indices changing with temperature in geothermal water samples W04, MO03

and EO1

22000 /XA

=N i | © |mmmn
L1 Dk [ ] wmnwern [ Jwwmms SR

K . 5 ¥ K .
BE1T A N 220 s 3R 2R 40 R DR ML ) ARE A B 0 (i | X B 2 45 2020)

Fig.11 Conceptual model of formation mechanism of Xinzhou basin geothermal system (after Liu er al., 2020)
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o B 4R R POk 5 R R R 2 AR OF A L 1
FHE B IR br 2 A BRI P B X R
fith W B i R 7E 95 CC BRI 5 7R 0 M B X B R
W Z 70 CCH I 5 3B b A DX A T B d K
7E 60 CHEIL . 5 E X EBEER MG Ry 4A .
AEUIR A 2 4k 3 B AR X b A K B R TR T
KA K, i Hb T Hb AR AE (AR 5 LU DX K T AR
BN PER I XA R R EE LK
) BA KK S BR Ak 2 A0SR TR L R R AR 4R R
PG 3B 2 rpil XA b RO B 3 AN 4 XL KR E
Yy K AR 2 5 1 43 B 45 S 3% 0 M A OK 98
] SR MNP ] AR KSR K DA P S 2 L b 25 X
A B FE ) AT M A b B HE S XK W A2 B
U L R = i A SR S L A (1)
Wl A E SRR K EW N s, —
B W AF T A 2B, B R M BRAAE R, S — B
SraliE R RN RMEUZ I 5ER)Z T B K
AN FE IR A, T LSS U R L BRI 2 (B 11).

4 4k

(1) DA T 22t 78 0 1K v 3 A X 2 AR
L IX , TDS Na™ \Cl .Ca® .SO,” .Sr.B & K
G el L N A o N (O <
AR B B A R A OR3GO 00 AR K
BN IX 2 B Ry A b P ) == R X

(2) W 5% IX M #4 K &4 ) 7 3R AE R
LM g5 ¥ B B M) B Ok U T Y M R R K,
A2 T FE L B AE 1 122~3 837 m, HA 5 4
VG = opol i Bk — 2.

(3) 1 4] 22, by BB K R B T oA 1 2 X B8 43
ST X PN 2 30T A B X AT B B s T A 3k B X
Na.K.Mg " #) 0 -5 , B b A 38 A B 1 IR bR
TP TR B . i DX 3 b A T S HE DB A A TR
JE 8 [, 76 45 25 S1OL 0 B v, SR R B TR A 31 B 4R
it B 2 e FE s B W] B R 2 T ) o A R B IR T
PRI B TS B RS R 48.4~91.8°C,
AH 75 B b HOK G AR A 1 618.3~3 451.5 m.

()T 235 1 i 3R K ) 3 BR Ak 27 4 AE 5 7R 1%
X PR AL HE 5 IR e A AR A A BR AL
3BT 45 SR ) U8 W R A A S M T R A IR
ST 28 SR N NS N T B B L < A T
BT ST LR KRG PR IE B . R AR K
PO = i #h 45 XA I6 30 2 3 km DL FIREEAL

TE XA = FIE K T 90 CZE 4 By s oK, I
of A 5 X BRAR IR Rk ) L s e, Sl 3
a5 R EH TR AKRFERBRER G, AN T X
T2 53 A B A [6] S R 3R 3R 45

A F W B AR E R (http://www. earth-

science.net/).
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