55 47 B4 4 0] v w5 & & Vol. 47 No. 4
2023 4F 8 f GEOPHYSICAL & GEOCHEMICAL EXPLORATION Aug. ,2023

doi: 10. 11720/ wtyht. 2023. 1424

W KA VG TR AR AR M AR A e R PE A BT S R (). 4R 5 6K, 2023,47(4) 1 1010-1017. http://doi. org/10. 11720/ wtyht.

2023. 1424

Yang T C,Hu F M, Yu X, et al. Analysis and application of the responses of the frequency selection method of telluric electricity field[ J]. Geophysical and
Geochemical Exploration,2023,47(4) :1010-1017. hitp://doi. org/10. 11720/ wtyht. 2023. 1424

R AR FRL 375 158 9 1% 1) W) IO 2 43 A 55 o

MmEA e TR MAEL, ER i’
(L. HEREAF MRB 5 E A TREK, W ME 411201;2. 384 %M TR E P, #
M| K 410007;3. # 8 B Rk AT R I, W E K 410000)

8T WSROI AR I N TP A A G ) — ) PG 8 e e A I T R A T R B B . A SO
— LR FH R R e 3 P A A ST A 3 S P S AR R 4 RE B, R P SR 9K i S A3 (FSMD) RE A I K
IRASAE WL TG MR T 7 AR I T LA AN R JER R K1 R 3 20 B R I T B A I iy AR Al 1 2R 4 AT FR A
JGIEXS FSM TR TE AU, BAU A SRR - 23 MR A7 AR AR BEL ST 3 MR, 2 7 I £ D7 1) ) /K F i 370 4 46
FSM S I8 25 AR ), 2EARBE A 4B 5 th B0+ B AR 67 e 5 2B OB 8 2 H 37 2 T T 2
e AL i P 2 Hh B S I RS AR, & B FSML S S it b B SR WA SO BT, FSML 552 B N7 P SR R il - 36 i
LKW, A R KA AR FSM SN fry ) i it £ B UL 1 P 2 ) BRI A A58 BE G, HL S CSAMIT A BB #8
BR B, T BT ST, BRI DR IR R R 4 R 5 B T TR RS L P S A B B R AT AT AT A
AL T ) A0 5 Sl e, ) e AN IR T T 2 3t B K

5K SRR - L BR A PRI s B S ONTE 5 AT PRI O G DN TR 5 AT BRBATT I s AR eI s o T K

hE 4SS P631.1;P641.7 X EEARIRED . A

0 55

TEM AR RGN TR rh | 52382 AN B 2 (R F L P
AL AR RSN, PR I L 2o A 18 20 1A S T I 2 il AR
S, RIS FL L 2 R At BRI AR | B 3R
TOLIN Fr) FEL 373 - ) B 2 SR e i Dl 553 , 00745 1 1R R
FEAM R SIE R I LA L B E PR R | Xt
SRR I S RON R R Y e R 1 TR
DRI IR T AN 3 S RS B, G52 0 )t A il 22
X 1R P B A AL TR 10 T 55, S 0 — R B A
G SNEMVAE (=R N 1R R N A RN a5
/N UNSEBRGEORE f R BB BT < T AR G, KT
IR RSB RLN FTEL

A U R R Sl P TV IO P P DG e B ) —
MTERBLR , B2 5 1R TURR REBCR H B 22 SRS
B, PRI — ety A D T Eab A7 He i A B | DA

Wi B4, 2022-08-29; 1&E HEA. 2023-02-27
E£mAB. HEARFAELLTH (42074219)

XEHS: 1000-8918(2023)04-1010-08

EREME T R G ﬁﬂ;Zongemfﬂ?%;ﬁ{H#%ﬁﬁ
AL b, S IR IE T 5 AR Z ] O R AR A
ASRUSEAS T M A S 09 S B ) T AR LA R 1
Bostick F1 X5 HER AR L YL (MT) AR s 4 mi$2
Y P 57 0 THT 3 Kaufman ™ 424 T 15 EMAP
JELEEAE BL 1l R 4805 125 5 Zonge 451 SR I 46 °F- 7%
65 il § A RN ; Andrieux | Sternberg g Lo=7] i |
FHIBRAZ B 32 (TEM) THBREOLAE X MT i £ Ak B4
R E AR E RS IR A ER TR T2
ST TAE RIS AL )P Hb 3 3% 4 22 1 el L5
b L B AR MR i 3, Ui e W I A%
FEFIFIZ AL i 2 20E MT /A0 B e ith 25 494
SR T S H T e e S I 11 H 4 e S it
ASAEIE Y ik 3 B8 T3 A4 O o T V5 A K e L
2:(CSAMT) Wy oy f L 3 b AT T WF9E; TAE =
SEUHR T BT N I A 4 AR K (TR AN AR 1
CSAMT 8 IE

F—1EE. *ﬁ%%( 1968-) , A ,ﬁ&,ﬁi, T MNFEYH I ZAEE SR TAE, Email ytc6803@ 163. com



44 MR ARAT R IR L Sk ) g 7 4 -5 2

- 1011 -

KR Wk (T RRIEAE , FSM ) & DA rh
] 2 25 SCHR P 3 20 A F Bk b A SR L IIE SR AR 2 T
ERERR e i EAEE T 20 4D 80 AR AR
R 38 A A b T 0 R R A AR LR A A 1)
— A LA AN [R5 23 1) H 35 7K OF- 43 a4 A8 AL L
A58 T Ml T T P R AR AL, DA R SR
) T ARSI R — R 15~ 1 500 Hz, HATE REALIXAS
KZ M 10~5 000 Hz; 76 FF &) 1 ik i, MN (1)
e BE AR /N—BEH 10 m 5% 20 m, 3 & A% FSM Y
5 32 AR 7R AS S I T AR S B 1y T 5 T T X
HHESHF D s MO BSR4 IR
A 37 P50 A % FSM I i o BIS 45 3 KR
SEU DI R IR TR T AT A 2 M 5 b Bk ) A
(1) FSM S, X = 2 rL G 37 2 [l T BRAK Y 5
W AT IE TR V), Yang T C 251 IEF MT
BB X FSM A9 IH 5 1 T 3R 247

Bl H T R i AR & R RN E 5T ) B R A
H AR 2 5030 1 2 g dh, B 1ok 2 i 4 22 1
2, NS H S8 R T 5250 ERA Y
N, AR SCAR 38 FSMOBF A T 4E B9 4% 05, T
CSAMT JF B, N HE i F AR FSM 1 B IS il 45 H
K, 456 CSAMT H1 FSM A9 52 B0 FH 3261, 5B FSM
T TR S A T D B R R S AN
AL DA 0 b BB A O

1 RERE ek —4E BTG

FL A 7 I I Tk R U ARk A PR 22
Sy BROCIR S, Horp g B AR T i o F R A T
B T AT e BT A B S ik E
ol H B R T 9% L R ) R ) B T B —

FRAE LAAE (9 57 FH AT %0, A MT 3% AMT i
LA (FSM) M8 R R — Mtk K27
200 m Z N FT L, H— R %R T 5 MT —
FEA HUBRZ AN IR S | 3% N SR 3l BT e A 1 T
MES W N FEISE, M, 7 H CSAMT 3
WAL AL FSM 19155,

1.1 HEEF_HREHRYFE

AT AT Ff B P) LR & Maxwell J7FE4H, FSM 7E
S Rz FH RS i O v e 2k A R B 1 SC T
FE FSM FTif 45, B An 1 9T 7 1 s Jo s

. Ik, oE,
FE + MG—— +MHa—’ -R (Um-

ax z

BRYY PRI |y BPAT R3S E 1), A PES B « T 2
J7 ) S A K S IRTICE AR AR AL O, BE AT
LT LAYy

Idy ! y
/ | s
[}
,l/ : ”/ ":
Vd 1 yad Vs
b H v ’/’ Y y
y : FS LS wT
H N g
! FEME
1
A 4

Bl1 Z#mER SRR

Fig.1 2D geoelectrical model and coordinate system

fBUE B o JEEH T e 75 A B
Hh 2 LA HL I DU A E R 37 B SR A B0y O R
H
VX E =- iwuH , ()
VxH=0E +],
A E HH 5350 00 v 358 B A 0 5 I, R
R s o 200 A B AR R S R 350 Oy
RS o 50 Oy AR 12 =1,
BT R4 (1) 78 B A AL AR & R R IT JFAE A S
S U] A B B 6 M sy R

Ik, R
ik bk, ——= —iwuH_,
’ 0z

E z . A
- = —iwpH

oH
. A y A A A A
lk)’Hz - - a-x;\ E.r + a-xyEy + a-sz: + ]ex >

0z
o, of, . ; 0o+ ]
ok vk o k4],

y g " " " A
E - lk}Hx _O-sz.r + U'Z)E; + (Tz:Ez + Jt.zo

(2)
Sk AR R R EOR I 1 SR

K5 (2) 19 6 A HTRIEAT AL B A A
Y B, FREY: A, 02 RS TR

2\ 0*E 2\ 0’E.
_i}) 2)+(0-x_i}) 2) +
wu/ 0z wp/ ox



- 1012 - wow 5 e ® 47 %
R a(aﬁ)) , a(aE%) : l(azﬁl aE) _poll,_qol,
Ta 0z \ dx T ox\ 0z iou\ 9z ox? B ox B 0z
M( Ol azﬁy) . ( ikf) 9 (aﬁ),) ( iki) 3 (aﬁy) _
7 0z - o’ T ™ wp) 92\ ox T " o) I\ 0z ) |
) . aJ., af. ik aJ,
]e),+Q]H—M(a' —a‘zz+1‘) , (3)
> B 0z ox  wu dx
A, ¢ Ik, 9 (aE) e (aE}) M( ikj’,) 9 (aE) .\
B ox B oz ©0x\ ox 0z\ oz Tan = wp/ Ox 0z
M( ikf) a(aE),) , I a(aH) , 9= a(aﬁy) N 1( ikf)a(aﬁy) .
9= wu) 9z\ dx B dx\ oz B 0z\ ox B Tan wu) 0x\ dox
ik oA, X L0, ik?\ aJ.,
;(a'zz - 1}) g ()) + iopH, =- To Per l(o'zz - IW) : (4)
ou) 9z\ 9z B ox B wp) 9z
2 rp iy ) A2 A A
. o, ol ( iki) ol 1 ( iki)j
; — 4+ — - - R - o
A = O-Z.y O-.tx - O-xy O-u' - 0’;}* ° i ’ B ox B O-ZZ L 0z B O-ZZ wp
"k (5)
B=ou0n —ouo 0y v o) b se R E AR BRI S %
3 k197
Cevo t0c P oo 1.2 SRS — S R ST A
" K ” FHAT BR B TT SR A PR IR) R, BRI 5T
M = k, 18 DX 3 S A FRAS B BT, & BT N S 1 5 A
wpB 125 BTE T SR R A R L4277, LK SR 32 96
Feto, -0, - 0., BRIV oK 22 T BB B A
A U TR EIT T RS X B 0, FLAMNED
CCovo oo 1B o0, # W IE 5k R R SIS (3) |
AT (LR PN Z 2% A4 Galerkin 47 BREAITIL,
e dso o o + B PV A S A BA R
Xz yx xx 7 yz a)lu, ’ n
E —
. ) [[N.R¥dxdz = 0, (6)
P=o o, - L ‘ e oy g sh o P
Tre T 0T T e e (RFEHIE S m g WTE ARG N, 25 0 AT
) Ko, AR R
0= = 0w = P A
k2
_ K 9 9
R= g [ idxdz =- ﬂ£¢dxdz +$dendi, (7

R (3) A (4) BN CSAMT TF ¥ 7] 530 Bt 2 SR it 1) fi
WO IR, iz T PR RE A B Mg B ARG
A 2 5 iifE, A 4 AN B (E R A,
AT DL Ao i O O N ) A2 s T O R AR R, B
g B EASR e

c. k ( ik_f,)
O-ZZ -

Wp

Ik, ko, ok,
- + -/ -
B 7 wuB

ox

A

EX

wuB 0z

A1 BT SRR B, R A R

E;n = 2 NkE;k ,
' (8)
a,-= zk, N,

K N, RS kAT S S R
Sl AN AEE , 12 H Galerkin 0] 15 3| 1F 15
I A TR R A RO T R4 R



44 MR ARAT R IR L Sk ) g 7 4 -5 2 - 1013 -

X

e=1

=)

m . NG aN: ik?\ ON: ON,
S [ -NNFE M UNE, + MH N, - R(cr ) —
t 0 Yy 0z A

E,
wu) 9z 0z

ik} \ ON; N, IN; ON, aN; oN, 1 (3N; aN
R(o- ) —F +Ro,——k +Ro, —k, ( }
“ wp) ox 0x Y 0z Ox dx 0z iww\ 9z 0z E,
aN; oN; ) P aNfNH Q aNfNH M( aN; aNjH N aNIﬂ )
—7 - — H - = H + —'g - ! +
ox ox 7 B o 7 B a9z’ * 9z 9z 7 T dx ox
ik?\ ON; N, . ik?\ ON; aN
M (0' - y) — —H - (0’ ) dxdz =
" ou) 9z dx 7 ¥ wu) ox az !

N Qs aN; aN: . kM AN;
2 f ije)‘ +7N§Jex F29 ex - ex dxdz’ <9>
=17 B ox o Ox
m A 0N CON . aN: aN, . aN: aN, .
2f - NE -~ —NE + Mo, ——E -Mo, ——F -
=17 B 9 B 0z ox Ox dz 0z
ik?\ ON; ON, ik?\ ON; N, . o, ON; ON, . o, dN; ON,
A L L P AL L AL LA PR AL
Y ou) 9x 9z * wu) 0z x 7 B ox 9z 7 B 0z ox
1 ik?\ ONT N, . 1 ik?\ ON; N, X
(0_ - y) —H, + (0’ - y) —iouN;NH, |dxdz =
B\"™ wu/ dx ox ° B\ * ou) 9z 9z 7
n o aN 1 i\ ON° .
> [ o %}dxdzo (10)
=179, B ww) 0z
Xb: N, FoRBI BB HITEG N R e MO 2.1 R
HER @ AN A AT (EL PR B 1 UnE 2 R R —A = 2K B
EEJE(9) (10) AFRAFAA T S PR B DHISRAE T A et il o R A B DU B =

W E, A, PR (5) K E A& R E,

i%ﬁﬁﬁ%ﬂTmﬁﬁfﬁo FH Galerkin fiTL
Ak A AT W T 7 R B T S B R AT R
TR,

2 KRRk AT S b

FIFH 1 3R 2 A B PR e I B 400 B 38, B AT
FSM 1) - 2f b, Jiiy 3b 3R 490 BEAS A A LT3 . |
T FSM — g LU0 7 00 £ ) 19 b 2 7K SF- L 3 4y
i, BT « e, BrlA, R A ™™ # 4k
B TS .

P 2 AR P TR R 3 K
200 m, &SGR 100 A, HHE SR £ R 10
10"% 10" 10" 7 [10° Hz, 3R 2 £& () 3 B #E 24
6.6 km, SR HIHIE WA XA A R 1530 43, 143 SR
SRy R S AR AT X I L 359 5] A ) 4, ) TG S A
(R DA SMEE DX 3, XA 2D K He KT 1 A B 1
BORE, AT ZECRIE T BE A 15 0 T el A 1043
WA AR,

JR A AR A, BHEE 51K p, =350 Q - m p, =
1500 Q- mp,=5500 Q - m, BH#HZERE h, =80
m h,=1 000 m;7EH = B HAAAE— B K
FEIE AR BE 7975 7 A B L HL B2 py =40 Q -
m, K/INK 160 mx80 m, Bl d, =160 m . .d, =80 m, H
TESHYR hy =200 m, MR3E DR BIISE0T 50, K 2
YA O PRSI 1 By AR AR O HUFE SRR 6. 6

km,

2 BRAFRHPHREEEDR 1
Fig.2 A abnormal body in layered half space of model 1



- 1014 -

oW 5 K &

47 4

K3 AR 1Y) 5 MIIREUZE R . KT
Yo B, W as S (& 3a) ol WL, B 50 T il 26
FE x=0 b H B /ME, EE FFH%B‘@_%%%E@H%
AR T EA6 T BB AAS R 5 K/ VAR
B Hd 10" He 5 101 7 Hz 4 ) i 22
ZRBN EERTILPFRERAGTE R, 78 E, W El
(& 3b) , E, {ERESR BRI/, B A (E 27

B IE 107 (2= 0 m) BFT 3 B ) b g 42, B
“HEH RTINS SHEHARAE v =0 m BT ROE A B
AR,

P 3 R AL A 25 Sl L T 12 P A A0 g L 7Y
R, R, 1E 3a YT AIE S5 FSM fEHL T
IR R 8 S il LI AR A A R Y, FSML IE 2
R P T T 2 P ORI A SR o B

x/m

S
48 Y ey -600  -400 -2
1 i{i _______ aaa 2.00
43 k
1.75 g
> —_ |
=, 38 N 1
= 10°Hz %1'50 I
E 101.75 HZ -210
a 101.50HZ
33 e 12500
“10'Hz 2 AN
28 . 1.00 -
-600  -400  -200 0 200 400 600 R T T11 | l l l [T | [ E(pV-m?)
x/m 28 31 34 37 40 43
() AKF 374> BE FH th £k (b) E LW
3 REHERLTESER
Fig.3 Simulation calculation results of model 1
2.2 #EE2

11[11514}5)?/?1‘7%9?”2 sk —A~ 2 AKFEAr

il AU EN Ay I I P %Kﬂﬁ%tﬂ
j\jp,—14OQ m,p, = 2000 Q - m, & E)EE
B hy = 20 m, JEFE A IR R A LTI
W hy = h, = 20 m, BT 1A 5 75 Pk 43 A 1 557, 96
JEd,= 10m & d, = 20 m; 1?”“'3#14:7@0%

BRSBTS E N 10 m, E3F 10 m fyas
o AWRIFEMHEZE p, =60 Q - m, 285 PR
Hp, = 60000 Q - m,
5
WWWW
s J’L/'Vz *
. =
m
<)
dm

4 ERNTBEHHFERER2
Fig.4 A abnormal body in layered half space of model 2

K5 AR 2 BT A R . Kl Sa iRk
VLo B )RR 5 1B 3a i TR
LR AR RL, i 2 Bl A A0 23R A T e i R A )
M S KON R, 5 10" Hz 5
10* Hz Z—F 150w i £ 22 54/, B S, E
W 1A ] A AR AR R 5 1] 3b AR A, 7E =0 m BT
LR SR BB, B 3b AR —

“CHETHI KT BLG X g T AR 2 rp SR AR Y TE
INFARH 1SR AR SR

H LA 7 S A TR g A 0L AR AT A, O
FBHUT AR BH 5 R B A7 A, IE AR5 K T i
Sy E, BT 2R S EE A FSMOSEI A H A8 22
RICASFRAE AR, U B0 A b 3 1F 38 B e A48 FSM
()50 T A 2 T AT Y, RIS, Bl AR 1 A8 4k, B,
LT 2 R UL DR T R R D ) e S N
IESE TR B X A EE S RS S 80T WG TR
R P B BRI 2R p, IR AR o B3 i 5
Ak, E T R4 AT G T s AR ) R T
AT AB AR FH T 5 4005 10 35 O, BB PR R B k) | 7

A SRR 5 36 50 BT 8 I =22, Bl AR 0 /0N,
F(ﬂ“i*j: TR A T My e BN HE Y R 3 ek 5
A E B A 98N T



44 MR ARAT R IR L Sk ) g 7 4 -5 2

- 1015 -

39 :.;;;-67'"”‘".;;:;..:;':“'\

Q‘\; Y
Lo ﬁﬂi(;zﬁﬁ;\&\ ¢ AAAA”A'AAAA
............. 175 \ /
~ 3 T ey A A
E _____________ 101 Hz A
> 10'Hz
I I
my
29
A Ea T
N A
N
24
-300 -200 -100 0 100 200 300
x/m
() ACFHIZ 5 BE HiZk

EELLLIIIIIIIIIIL 12 /(v m)
24.5 27.5 30.5 33,5 36.5 395

(b) E i

5 BB HEMTEER

Fig.5 Simulation calculation results of model 2

3 FSM SZgen

F LA T 3 4347 T 60 . FSML S0 3] 1L 9 41
07 2 ph 3 3 AR EL A ) 77 7 i B, Bt L
PR HE 22 26 ) T i 2 2 5 L ) I ) e 2 A0
EG s vl DL FSMJZ AT 1 AR dul o vk B0 i 25 000
IGRAR P AR TAR T 17— 28 FH SR i LA
LA

Kl 6 S MFE RLBE A A DU Tt BUSE B SOHE
AR MN BAREE R 10 m, £50E 5 m, &
HA R 55 B A BRI, e i DI 2R 50
m HERZ) 80 m AbAFTEFEK AT, WK 6 W LUA
I ¢ TR A LN D IV A il w0 (3
Fr5e , I ECBARBE R PR A B BRI, X
55 HT SO IE T A R IEAR— 2L

TE FSM 4L I8, A — A sl LA R Y
P T P 2 3 R ORBR ] 1 AT RS e I PR A AR

B6 EIMEERKER LHRMER"
Fig.6 Exploration results of FSM in water filled karst' "

Bl L HOR B & SR AR R e b A4t B
BTSRRI A5 R 4 2 2838 3L+, 40 TC150 AU
REALIEAAYL

K 7 W R N K YRR R . B E
i THREA R EARIE S BE A FEE AR 18
km, 3R T8 980 ~1 110 m, H AT J7 BT, WAR B 4S
KM RIRFY) 2% X B™ B K, 13565 0 & L
TR K R K TR Bk DS Ik b T
o Bl 7aky CSAMT (14400 H BH 481 1T, 00 i ot
k20 m, B AT UL FEFITE 80 m BT 19 3T b 2 1 IR
] N S I BEL S 47 | BIAEAE TSRO0 . 76 LAAE
() 23R Sl L VA SR T, K 22 G B R TR AR L B AR
XA A RS SO H R S AR T T LRI B
THFR ., FEUL, AR H T 0 IE A 45 S, 2
80 m P 3T (1% 3t b 2% 77 76 i T /K A5 AR BH 55 3 14
W, E— 25 SR FH e 0 Mo 2 5 S A L S % AR T Je &
B, BEF] TC150 AR RRALIEMY , TAEAISE 33
A~ JEFIFE 100~5 000 Hz, 554 2 m ,MN 7 10 m,
K 7h SH RS A HL AL 22 AV SUUT I, AR AR TR
JE 2 FHH R D5 %) TR R E R 8 0 2R I v AR A
. I 7b AT UL AV SEEZAE T 80 m L fE7E
AH S 1) T 0B e I R 7 S T, B BE TR B
XE— B E T CSAMT #2526 07 5 & A% ml S
TEIZHI 80 m AL A B4 L ZK1, B R B 120 m,
HKEA 115 v/d,

F A 7 S5 AT L, e A5 (FSM) 1) T il 26
() AVR FELASE S 2 B 2 Pl 0 3l P 1 ) e 5250 e
B, FCALL T ] A < T AR IR B — P IR T
FRASBON BAEAE 5 [R]INE, FSML (% 107 1) S 9 58 W, o 1%
PSRN PG 2 ] AR F A, DR T v
Hb ST A BB



- 1016 - vo® 5 b’ 41 %
£
o
i
(a) CSAMTHIL HLRE 2 41 I 2 (b) FSM R for Z= T T i
7 BEEGMTKEIRAR
Fig.7 Map of groundwater exploration results in Yuanyang meadow
2 2% 3Lk ( References) ;
4 égﬁ/t\‘ (1] JRE= AR HH, BEER, . TR DR 5 5 BB H AR o

1) HR 4 A B 55T 1 1) BE AT (FSM) — 4 B4l
WEFE AT, Y30 b SR AF 7 T M S5 R, b 3R
ML 7 0] /K- fL 7 43 f B, ) T R 26 2 A I R A
1E BJ7 H BEH S f AR R A SR, SXHE B T A SR
R REAAR 77 7E S K -4 52 7 B 2 W0 000 A1 46 4
Z0F, E A5 T 2 B 05 0 3G R T A ) i
%, AR M R Ik e Tk R S R A TG s 1T B, 1Y
UL T P D) B AR B4, AR (E AR f A
i) [ b 336 T 2 i A R 7 A 0L UK T ] v 1) L A
LK,

2) FSM () 5 B i A% SR B He 55 CSAMT 7%
R 0 SR XT L A5 R B, FSM 1Y S ke [ =
LI PR H R B R S RN T B FSML7E T K )
PR A B4 B Ty S 4 A 158 B R R A 5 R R G 1
AN TG AT DL TR A 3R T M AR,
FrLL, A JE W al FIF MT ,AMT Fl CSAMT 25 7 2% 14
TSR I B G R % T 30T il A R M S AR R
FRAS BN AT BRI W] BR 2 N B A BN 1

JERRYE CSAMT 1Y 25 2500 B0 42 v] 358 56 56
Hiff BE FSM 350 T S AR R (AR 9 2 o Y adE —
A AT A RON AS BE (B I i R RSM IR 1k
(58 B IR TR BF s G 92 X FSM (1) 3 25 5500 L 42
A PR R X SR R BERA 1 A 5 i — 20T

it RORHBEERARAEAAILRE T
N il DG R o e = S G P B R i e
FEAE L S 5 PR A6 Bl )

[9]

[10]

FEHER[T]. SBERY LA, 2019,62(6) :2128-2138.

Di Q Y,Zhu R X,Xue G Q,et al. New development of the electro-
magnetic (EM) methods for deep exploration[ J |. Chinese Journal
of Geophysics,2019,62(6) :2128-2138.

Zonge K L. Comparison of time, frequency and phase measurement
in IP[J]. Geophysical Prospecting,1972,20.626—-648.

Jones A G. Static shift of magnetotelluric data and its removal in a
sedimentary basin environment [ J ]. Geophysics, 1988,53 (7):
967-978.

Kaufman A A. Reduction of the geological noise in magnetotelluric
sounding[ J ]. Geoexploration,, 1988 ,25.:145-161.

Zonge K L ,Hughes L J. Controlled source audio-frequency magne-
totellurics[ M ]// Nabighian M N. Electromagnetic Methods: The-
ory and Practice, Society of Exploration Geophysicists, 1988.
Andrieux P, Wightman W E. The so-called static corrections in
magnetotelluric measurements[ C]//54™ Ann. Mtg. , Soc. Expl.
Geophys. , Expanded Abstracts, 1984 :43-44.

Sternberg B K, Washburne J C, Pellerin L. Correction for the static
shift in magnetotellurics using transient electromagnetic soundings
[J]. Geophysics, 1988 ,53:1459-1468.

WRIEAL, 5K, 9 3C 5. 1 Jr R IR A A X Al 00 ¢ o 2k
SWMBRIELT]. AR, 1999,21(3) :30-32.

Chen Q L,Zhang X,Hu W B. Static migration correction of magne-
totelluric sounding curve in carbonate area of South Chinal[J].
Journal of Jianghan Petroleum Institute,1999,21(3) :30-32.
A BOGHL, 25 55 MT ¥ P SR8 K BT ok it S AR OE
B[], R Tl K41, 2002,33(1) :8-13.

Yang S,Bao G S,Li A Y. The static migration to MT data and the
impedance tensor static correction method[ J]. Journal of Central-
South University of Technology,2002,33(1) :8-13.

IR EIA  BEESR 45, CSAMT A5/ k£ LU HORS 44
MIVEFIL ], HuERYE 270 8 ,2011,26(2) :664-668.



4 11 1 RS R R Y DR A3 A e o7 AR P 43 A7 5 1 FH - 1017 -

Qiu W Z,Yan S,Xue G Q,et al. Action of CSAMT field compo- S B AT S SR T[] HAERT 4, 2020,27 (4)
nents in mountainous fine prospecting[ J]. Progress in Geophysics, 302-310.
2011,26(2) :664-668. Yang T C,Chen Z C,Liang J, et al. Theoretical analysis of sound-
[11] P A, S ISE, 55 BT/ AR AR A (B 0 B ing anomaly and field application of the natural electric field fre-
Y CSAMT B SARIE )], HbER Y B4 4%,2017,60( 1) :360— quency selection sounding method in groundwater exploration[ J].
368. Earth Science Frontiers,2020,27(4) :302-310.
Yu S B,Zheng J B,Gao M L, et al. CSAMT static correction meth- [16] Yang T C,Gao Q S,Li H,et al. New insights into the anomaly gen-
od based on wavelet transform modulus maxima and thresholds esis of the frequency selection method: Supported by numerical
[J]. Chinese Journal of Geophysics,2017,60( 1) :360—-368. modeling and case studies [ J]. Pure and Applied Geophysics,
[12] #HRFE, A, £, 5. KR BI04k IR F 55 5 5 H 2023. http;//doi. org/10. 1007/500024-022-03220-8
[(M]. K. g R H A ,2017. [17] Ren Z,Kalscheuer T,Greenhalgh S, et al. A goal-oriented adaptive
Yang T C, Xia D L, Wang Q R, et al. Theoretical research and finite-element approach for plane wave 3-D electromagnetic model-
application of frequency selection method for telluric electricity ing[ J]. Geophysical Journal International,2013,194(2) ;700 -
field[ M ]. Changsha : Central South University Press,2017. 718.
[13] 7. Ul I o 76 A Vs b DX s R S e o [ 1] 9 [18] BRFA, IRIEA  VFEEAR , 5. 76 5 75 b DX 3 R b T K I g ol
BRSAER,1982,6( 1) :41-54. FGE [ T]. K SCHL T TR LT, 2017 ,44(5) :20-24,32.
Yang J. Experimental results and theoretical study of the stray cur- Yang T C,Zhang Z F,Xu D G, et al. Fast determination of shallow
rent method in karst area[ J ]. Geophysical and Geochemical Explo- groundwater wells in a granite area[ J|. Hydrogeology & Engineer-
ration, 1982 ,6( 1) :41-54. ing Geology,2017,44(5) :20-24,32.
[14] MEZE TERKA, HE . KRB )], KA B (197 FEVEVE. AT E IS AR v vk — 2 4% 1) S PEAE TP ST [ D ).
4%, 1983,13(2) : 114-126. At P E TR, 2017.
Lin J Q,Lei C S,Dong Q S. The natural low frequency electric field Wang W W. Controlled-source audio-frequency magnetotelluric
method[ J]. Journal of Jilin University,1983,13(2) :114-126. two-dimensional modeling for arbitrary anisotropy structures[ D ].
[15] B REE  WRe 8, 3 A5 AR ol 7 AR VA 12 /6 b T 7K S Beijing: China University of Geosciences ( Beijing) ,2017.

Analysis and application of the responses of the frequency selection method
of telluric electricity field

YANG Tian-Chun', HU Feng-Ming', YU Xi', FU Guo-Hong', LI Jun®, YANG Zhui’

(1. School of Earth Sciences and Spatial Information Engineering, Hunan University of Science and Technology, Xiangtan 411201, China; 2. Nuclear
Geological Survey of Hunan, Changsha 410007, China; 3. Hunan Puqi Geologic Exploration Equipment Institute, Changsha 410000, China)

Abstract: As an inevitable physical phenomenon in the application of frequency-domain electromagnetics, the static shift effect is gen-
erally suppressed or eliminated by correction. This study proposed a new approach of directly utilizing the static shift effect of natural e-
lectromagnetic methods to explore shallow electrical anomalies. The frequency selection method of telluric electricity field (FSM) is to
study the variations in electrical properties of subsurface media by measuring several horizontal electric field components with different
frequencies generated on the surface by the natural alternating electromagnetic field. In this study, the forward modeling of FSM data
was conducted using the two-dimensional finite element method. The modeling results are shown as follows: (1) In the case of low-re-
sistivity anomalies near the surface, the curves of horizontal electric field components along the survey line on the surface showed the
same morphologies as the FSM-derived curves, with significant low-potential anomalies above the low-resistivity anomalies; (2) As the
calculated frequencies increased, both the profile curves and the pseudosection map of electric field components exhibited a static shift
effect, indicating that the FSM-derived anomalies were mainly caused by the static shift effect. Both the FSM application results and the
drilling verification results showed that with the presence of groundwater, the FSM-derived profile curves and pseudosection map exhibi-
ted a significant static shift effect, which was consistent with the CSAMT exploration results. As indicated by theoretical and practical
research, it is feasible to directly use the components of the telluric electricity field for the exploration of shallow electrical anomalies.
Moreover, shallow geological exploration can be conducted by utilizing the static shift effect of the frequency domain electromagnetics.

Key words: geophysical exploration; static shift effect; CSAMT; finite element method; FSM; groundwater
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