#5029 B 9 M
Volume 29 Number 9

rERERERFR

The Chinese Journal of Nonferrous Metals

2019 4 9 H
September 2019

DOI: 10.19476/).ysxb.1004.0609.2019.09.02

KRESHEE BBEBERIEIL SRR

(GE-E b

(1. 7B 4 8 B F00) 5 1 o7 B 58 W 0 280 3 o pU SR BR S5 (H R R ), Kb 410083
2. A GRS S E RIS A AU, KD 410083;
3. MRS HEREESE RS, Kb 410083)

O RS AT S HAR AL, BEAE R A TR H A,

LEZEISESITRIbH

“ORMUERI o

H BRI A BEZE o FLRGVE SRR (SRR —, (B TR A AR SIPEss . FERUY R Z, BUdst T
T A% 40 T3 R R SR AP PO T S MRS, DRI A% ¢ PGSR AE AR DN UR FE « SRS FE AN PRI AE R B2 7 A AE AN AL, BROA R
HOERIN S AR . BE A B MRTEOS, KW TR, @ T DA T O % o ) R R B R R
W, M A BB IRBORIR R, ST T A R o o T g wb e B WP T R e A B R
BRI R IR L e b PRI SR 5264, SEBL T o T IRARAF T HURE A5 5 1A v 3 R bl —rek P — DRI &, 4T 1 4k e
R AX AR A (K I 2B W o | SO R R DR P 0 RSN 5 9 P 70 ) R 55 U FE R I2(CSAMIT i)
(K15 £ 8 fiAl 125 fif, SEBL T FRBE: AR SCRDRS AR S8R, A oS4 1 T 1) [ K B R R ) “URM RN s o

REEIR: JHOBRLL; KRB mREE VNS S
MEHS: 1004-0609(2019)-09-1809-08

FE5SHES: P63l

NEtrERL: A

1 ERAIMARIIR

L B JR N ¥ (RG22t R 4 B e 3 B 4 ) o
D, EITEEERAM AR S SRR
e 22 5, P R RN D O AN T N T B
R AR TE F 0 FL T 3 10 4 A A (00 2 R A BT ) R
PE), R AT D H 5 ) A

R B K HE LR AR AE A IR B IR R LB 1)
MATEUCCI (1867)!"; 1917 4, £ [E T2)ifi CONKLIN
St 7 R NE IR SRS L R]; 1925 4 SUNDBERG
FZE B TR B, HEF 1934 4 H
SCHLUMBERGER SE #l T % i 1) 7 ok B2 i PT .
LUNDBERG(1932) /35 /E B8 5E 7 A2 it F ik 6 atile!,
bR BAZ 7 R AR JEE T LA R #1908 4F VAN
BEMMELENE [ T/E5,

E—HZENREIRES, BRLIRAE R L5
S, WUERRIVE. BRPEIR. AU HEEESESE . XA
HOH L HUT— 2 BRI IRIREA KL 38

ZMRTESE SR A, RS TIRHRA BE O HURI (0

1.1 KihEaREE

AR S B K B G V2 (Magnetotelluric, &K
MT) E AL T 7RI TUXOHOB  (1950) A1 [ )
CAGNIARD(1953)7V43 53] . ik 37 b 47 H S it 38 ik il
2 Fo BV BT AT AN (R 78 1 5 A T4 iR T
M), VT HERY B 2E A% TUXOHOB M S
b A MT R R R 2 a4y “ < Jé T (Cagniard)
HHZR” , WHZES.

MT (REE IR FE AR T LA Maxwell 75 F&4H 5Lt
LRI BRI o R R R B T B [ s W A R
HHEAT, H DRI B B DA RIR R Bl
IR, 45T U Lk T A T A AR R
i, T RN AR, b R R
H R A E A S B BT R RN,
sz, AR R i (5 5 BB AR 2B IR
BRLG,  AFF 90 Kb FL RS A e i N, ] DLIR A3 T
AN TR JBE A5 FL BEL 2R (14 43 A A

H:sz, #£ TUXOHOB 1 CAGNIARD i R %

HEWH . EEE AR E B H2018YFC0807802); [ |4 4R 5L 4> L35 H (41874081)

i BH: 2019-07-10; f&iTHHEA: 2019-08-22

BIEMEE: T4k, %, Hi%: 0731-88877075; E-mail: hejishan@csu.edu.cn



1810 hEA O RYR

2019 £ 9 H

Z T, ANMITEEAEM SRR RIR iy, 2N
HBAREY, FRNS RN, EEE A
FBA . B F| TUXOHOB 1 CAGNIARD {8 30k #
Z G, ATERT KM LA B B R S . BT A
IR K REE BN, TR LR R G,
ARPR R B T (RIS 2 f 3 S A I K RG4S, 3R
WHFRAFPOE R R, IR S OB R T KR 1)
gk R

MT BEAEFHRRSIE. WURE R RAFH
W BV BB 2T AR R R B 5 — RAIRF AL, FER
TR PE PRI (A0 s BR VR PR AL 38) 77 T B A R e %%, A
FEAEAK A TR XUEE 43Kk . 20 tHad 50~70 402
MT KR &, VOZOFF T 1986 4K MT [
M T m it (Magnetotelluric Method) — 45
i, & MT BB ZAES. BT H1TH MT 24k,
Zonge A FI AR 2 7 #BF MT FIDhge A 7 e
ASCER R o i L R ) R ol A ) g L A i ) A i il
0 FEHATHE R

SR, MT AN EAERME S, —=2E55H
55, TRASSHNL, EATFEORNREERK. TR
ERE R, ASATEN S 5 2 &, 50 E
(i AR, 3 B0 R BRI S R 52 B KR
i, HaE R T B R AR FER ARG R
Bant, B BCA A R RN ER E REIA B MT
R, NS E MG, i .

1.2 AHERESA M B EE

£ Z K%M L4 GOLDTEIN, fE 5
STRANGWAY HJ#55F, T 1971 4E5 T —RARLFH)
s, St MT BT oA, U TI5%R0E
RARIR, 1EFE B 375 1R 1zt 1) b 75 (G2 X ) HL f e vl 3l
AT, Ay 5] K b A AR R 7345 1) R G
FixA MU, BUEE—HIEZ K B B2 thit
SHGL, M2 1R e WAL R P AR KA .

GOLDSTEIN SR E B B R EL S 515 11K
KIS, ARTREIIE B — Tl () R T 7%, X
174t A, #5744 Controlled source audio-frequency
magnetotellurics( 7] 4% J§ & A1 K ML G 5, A AR
CSAMT).

CSAMT fF="Hfm: —RMALIZI, —RE
B E A, =R R T A A A

5 MT i%MtE, CSAMT A TI5¥E, ik 1
MT VL IEBEHL B A, 5 S 3B H L MT 30
o BT ERIMNRBER /N 4b, B AR KRR
KN E R ) HE R A B AR S . B CSAMT #k

40 ZAER, FITIEIEE B Mk DL OK S, B
SRR TZ R, BOASZ ARGE I — Fh BR
WE T

CSAMT EBAEREA KRG E . B2 e i
(R JE T2 IR A2 P T AL, ak AN B e
Z A RLEA AL . MT R 2 o 2 i F i
PAR AR B2 )T A AR, e T, &
55 U0 R BE RS AR S 5 T A2 ST T I BA B A
CSAMT WA T304 e, ERE STk
FIETR AT R . 5 MT AL, CSAMT
MR MCEE LN 2, e DL P T B IE L. CSAMT
iR AR EAL S, 4T A%
T2 RERARE X R s IR, 5N T AN
NEZE: R TIEARGNESIER, WIS
M gs . JLUE CSAMT K4 RE SARME 5 K IR AH
b, PRIGREZLL MT MZERE. 55 =R UE A%k
ik, RIH—N— AR MR ORIE I, R %
FRKBRE, T H., &Ae 2z [a] (R AH X RS B LASE &

1.3 HARIRSMERMRE

b CSAMT $2 &5, 1969 =92 5 M 5 1 25 = 1)
DUROUX k# T {Principe Te Mise En Ceuvre Du
Sondage Electromagnetiquf Melos Techno), $#2H 7 “Ri
AR ERYE” . XFRN MELOS Jii%k. MELOS
TSR, 2R T e RO F R 7 TR BE AL
PEAME S I M6k 55, MELOS J7it 2%t MT (1)
—MuEE. CSAMT B 1K AN TIHRLASL, HAd T
g, WLEXE . W IEAS L RS A
R A IR IR 4558 — R i, R L2
Y5 MT f#, {HJ/& MELOS HikikHFHHEARKE S
CSAMT A .

%6, MELOS Z8f% 1 izt DX & Ry BR i, A st il
XIH KRB, 08 7 N U5 F R i s e
[N 3R 75998, %=, MELOS TR T 24
—XFHIEAZ ML WA R MT F-RJB A 3B
L BE AR PR, B — A Fl 2y B B 20 B AR A B
FHRH R

MELOS #H%fF MT il —A~7r &, ARA] LU
WAERSe A . SRS BFANECR, BAEAREIX N A R
I GERTT o, e — L85 B ek B 2 e ik
BRI R IR EH T 24 IR RS 38— 5 B 14 77 =X
AR AT M EE R, K DUROUX R
UF B IE R I, 1853 2 1E 2R A Aoz [X R 45 S ek
IEFEX . XBE, MELOS #Z A BEFE iz [X i
RN WA T ISR IE RS, X2 ZE > [F



2529 B 9 W

k. KRR ks T OB B IR B IR 5 R 1811

BN IESS B &, bk, I —AN g 2R
Hthe R T,

MELOS 77k e ik MT 545 = s BLECR R
JEIE A SESRIE X IEAZ i B B As s R
e X EE VX MEZ A EEA, B
CSAMT SR1G B RMHE, AREAVLZ IR

1.4 SREMRE

BT CSAMT Fl MELOS Jik2 b, iF —Fifx
N CERMNERE” BN T35 U5 AT 35 o R R T4 o
B PR 8 7K R U B AN [ 28 T B ) 2
WEARIRAE 3R, & I w7 5K
ATUAH ZMARBIH A, mEsebr TAE R 3R 2R A
T (7K T FRALR(AB) RN & M N P U2 [A] B 22
) AB-MN 75 2.

AREFRMRIE HE SR AR I X W AR T I e E
{5 T] DAAS B4 P2 R 2k Ko AT RV 7 BT A it
T 7Y (AB)EE I (MN) & RN #3725 A
EDUAFAS TR AR AR L L AR AT o ER T AR R
ARG, HRRRASEIHE

1.5 R smRE R Rk A RN 8] 8

AR, HEBEERI 100 24K, BT HERE
SORIAEI S HRFERO I, AR IAR R T AR SR AR
IR AE, W Rk s A R fioE o dr,  BE R A
A AR ' b, i, BUE 1IN TI8 kiR
J7iE, AR CSAMT 7%, MELOS ¥, 24l
i, AR . BIRTUR, XLk 3L
i) REAE K 52 24% 1) W R g ol T e 7 R T 4 g~ 1T 7
2, WP EEOE A R R G, BRI, &
RZEBR, 3 AR BT U A

1.6 EBEERI L B

S ZFEIA, EEINRE], B EREE R
FUARBLE =ANJ7TH : 1) J7Ew i, SRR RiiE
AN, FEEGREE EAUER; 2) HMBARTTH, %
D, KREBEEEWER, FEOPEE. AFE
ik, BEFES: 3) (A&, ARESS, TG
SoR, MERZEK, FEEREIE, BHEEE, AR,

EE N FL T B AR A I e — L B H 7~ T U8
SR, F ST A il RS, HESh i)
BB 535 4 1048, SEE BRI H 24 5% () B S A A

EHAEEBR B A NG TR R, Rk
W TUART QUL 2 298 R 47 38 P UG TR L ) 2 B0 4 3 2% R AE
P, 5 ST TEAT R B AR IE ) Sk A0 s PR S 5,

SERT N LIRS AT 40 2 aEIRZE K i gk
MR E AR L, KW TAEANRT “ix
X7 B TR W ) IR, BUE T
W REE R RETE X7 R DA

[ RLE AR T CSAMT Al 5 AL A, 7
BT MT ZUEREHLTEANE S99 Bk al, EHF T
CSAMT B IERIER AL, TR — IR RERE 24
W R AARIREET P BENLE 512, wrRE <9k
WEX 7 FATIE, RORHH R 1 N VR B A AR v
B, B 7O RGN A PR

CRIRFE R REE ) SRR IR AR 535 %7 2018
G SUEIEP & 5% NV, 4 ik A

2 JOEEBEDE

2.1 ERIER

IR 2 35 ) KM, SR FH 7K P-4 B AR AR R A
NIRRT, W IR TT I ) Y E, AR LR T R )
Widn H, kg 28 W F

EX:E%§B0m2¢—2+€WKHdhﬂ (1)
2nr
1dL . ikr .

H, = — {(l—4sm2 HIK, +751n2 e —IOKI)}

2)

pe TR dL RSFIEKE; i NARE:
WOREE: ¢ 8 r SRIFEIICA: p N RHH P,
k=\Houlp s w NI Iy L K K S5HH
PLlikr /2 78/ 0 By 1 BT AIEE —38, S8 KB IE T
FEIRBREL

FLREVE PRI G e =25 B« U S50 f
HLRG RO NIAE L N AR IR “FE s 5" JeFvee. <L
SH7 RSB RIARL B R SR A
WS R PR B AR A, O T R LT, AR
“RERET . MBS REEE. WSE. K
Hby PR 2R AR BE AL O ST oA B, RO T FRRE RN TE
R BRI, RN “ RN R .

CSAMT EBORAE R RATIFIRIZ M) “mIX” , 2
W “REREC  BROMQ)PE A RS BRI
TG, WA ERERN “ B /57 , AHERR
AR EMHEEE S, RREARM X" F
BCR R r=15D(D NRIIRFE), 40 D=1 km, | r=15
km; BT3RO RS, —# r<<20 km, ] D<1.3

km.



1812

hEA O RYR

2019 49 A

I B ARA AP S A LR E R, WA
5 BE MR — AR L B L, 5B 4B 8“3
BERE M RN R, WEERS BT L
RGBSR, XA SR A I B AR

J I LRI AT R FL G T R R R AR AL
KRS L AR — o B — K L P R 5 R A A
G RFBRAEN, RERTHETHARM RS,
SKHL T AR A RLBNR; WU T CSAMT £ 2 “3E
R AR MO R ORI
SEIRT N R L i 2 K P TR L P B
S ORISR 70 40 4R K7 52, SKBL 1 Rk p R
BRGN035 1

HI TR R I0RIE I, B8 T “HRE R M
AHRH BN R, FTUEANRERT X

10°

(@ — B, =20k
—CSAMT#:,  r=20km
=
g
o
=
£ £
= 10° 5*
N I
=~ sl
iy

=1

(f

BLBH) p/(Qem)
B 1 B R B AT CSAMT 36t (a) WUV

(KX I &, Wk EE »=3D BIAT, 1 D=1 km I,
r=3 km BIW], S0 1N YRR S Ak R REAE

ZEIX ) ) AR

1) s A ST KB AR N 100 Q'm, R
FE 20 km B R T ZE . BT CSAMT 2085 JL{A 2
¥, REEEREVMESH, FNILMBHE%EE D>1.3
km(r/15) LA N R BEIS (i 85 1 ELSERY 100 Qom, HIRHRH
IIPRRIEC T .

IR IR T A LA A B S A, ML
P2 UERAY, RS 1 N VRS e 35 i ik R
REZER IR (/3). FIFERIRIETh RO, |
I LRI R BRI FEE 2 CSAMT 1 5 1%, KEEFAhSE
BIER, 5 H AT & 2, T I A 1) S BRI
RE OB 8 km(WLE 2). HaR(D)ATH1, 5k~

\\\\\\\\\\\\\\\\\\\

R SH: 5K 100 Qm
RHTHLI 100 A
RGHFEKSE 1km |

IR, r=3km
117.893 mV/km

CSAMT{%, r=15km
0.943 mV/km

-1 M N ST R L -
10 8 9 10 11 12 13 14 15 16 17 18 19 20

(UK BE) r/km

01 2 3 45 6 7

IRHZ: (b) 155 58%

Fig.1 Comparison of WFEM and CSAMT: (a) Sounding curve; (b) Signal intensity

Elevation/km

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

Distance/km

He45-db

HaEH

2 IR AR B IR AR LE (R [FITIZG

Ab3E)

Fig. 2 Exploration results comparison of WFEM and seismic within same survey line



2529 B 9 W

k. KRR ks T OB B IR B IR 5 R 1813

B EE, T G AT CSAMT ¥4 HOAA IR B 43 )
73 /15, [ERER) RGBT APRIIR BE, | 3 s
[R5 5 9L & CSAMT ¥/ 125 £ 1(b)), LTk
VAP NN/ T

22 RMEAR

TV 5 P A5 e L ) 240 402 3 P RV 20 R 1)
0o R, AR 8 N TR A3 35 L RV ATAE 9 N2
—IERH CARAEY TR SRR IR 1 R
ARSI, e i K B 8] B I3 s L — AR (45
WELG, TAERCRAC, M CASEOlmais 2 Bl s — 2
K GUTHEBGERE LT, JCIE VAl R X R
SIS YRRRE, XM A LLORIIE .

N VR A e 3 v B a0 B B B AR A 1) M
FEAET B 2) KRB B, R4
5 EEANT 1% 3) RS He J 1 ipk Ak iy nge s 2
HoR AL, FHARpE g S5 A, e
99% I 75 24 TR

FRATCE PR S ™ 7 0 e 7 R R
UMT 1%, RORRES, Bon 7 FETH 28
R, TR SR SR, BTSSR
&5, BHIPRAT T RE(T 15 AL T RSB
BRSO s 7 IS S A, i 1 A%
GGtk gk « 2 Bk,

TATEHE 7 > JE AN AR W 43, R 40259y
A ERSE I I

1) A (R IUE SR ) B A0S 1S
B E R, HAE AR S R (AR B AT s T B EL
NP e TRUAL B IS A 73 B ATURT St 70 s s
T RAARRR e R = AT 43 1 s 2, SR
3 AT BT () Bk AR 2R, B RN 7S AT 5
H5¢ S AR B, 28 2 5 0T I = AR R B AR M ) B A T B
sk 7 A) S M B, 1 12 v 5 Mg L ) AR A5 5

2) A A (B TR S 3R E): T IR SN
i, RGIEHHE SRR MG R, &8 m g
VAL A=W S R S I R e
KA BT VR IR e T REA, OB — W F) SR e v
T353R A P LR 0 R FE B T, R FE
(AT R 9 2 M P A, B R S S A

EHE 3 AT, SRAIFRATAR BIRHAR, EANHE n iy
SATAERERIGOLT, R AE AR 206 4, =HME
MR VIR EUE B (24 M) 8.6 5, HhZOLNE, (S0
o SEIL T SEAH S 5 o BT A 8UE S (FE K
FOE B PR - SR FE PRI, MO & T R

107
£ 00 IZLMHER
G——0 BREG

1072 E
b e

—~_

1073 3

JA—Ab 7 38 B/ (mV-A™)

1072 107! 10° 10! 10?

2 /Hz
B3 fifa i 179 5B m kb

Fig. 3 Comparison of denoising effect at 179 station in

Banshi basin
I\ 1) 70 HER AN BEVEF FH 2

23 UFERE

AT AR RS
TR FE v R PR )

CSAMT ¥R HAH UM s vt AR : 1) R
CBINET , TEBAMER RS- BRI T
THAE 12 MERE AR 2) ARG H — M,
%ﬁ@ﬁﬁﬁ:$¢%=zw;+ﬁy,mEﬁum
WMIERZEA 1%, PR 7R 2.8%, 1K 180%:
MR E A H, WO EEH, SChREEmZE, Xl
BRIz 2 o

J B F R R PR AH A AR T AR 1) SR
B SRR AE 5 R B, Bk PUTHiRE TR
SRS, 2) BN ARSI E,, S
Fy AP 3) S, =05 » AOINKINIRE.

FRATTR TR RS B T G R 1 B2 B A S 30 5 43
WSS R, F2T “IBIX 7 FEHIBARRUE R T
IGBT WHEFFG, RO JCH 2% K o A Bl
BeAR, ST (0.01~8192 Hz). 53R 55 5 (80 4
AR KHTL(Q200 A) RS S RS OLE 4(a)). B
WU FH RS 25 (00 75 DL S T PR ROR B R 0k il
YA B AR ROR, SO A S 5ok
£ TERRE VR SNBSS A B AS b SEI A TR
AR, PO SRECR RS S IRERARG S5, i R
Yo, RIS S T EME L . SR AR 2T AL T CSAMT
ERIZNE S

FRIISEIL T 200 kW BEAUH KRG 5 K8, bk

G REESEFES 40 AT, ST AR = 4k s PR (L )
4(b)), A& H ATRERIAT KBS = 4k ro R PR I — {3 2%
Bk, FURE T E AN RERACES K A 2E T .

RIENHEARLEIR: © RKKIETHZE 200 kW;

IR A K



1814 hEA O RYR

201949 A

~ RS =

B4 JHOBRARNR#: (a) 200 kW RIS RS0 (b) HMHL; (o) KPR 3D BjIR
Fig. 4 WFEM equipment: (a) 200 kW launch system; (b) Receivers; (c) 3D exploration of Daqing oilfield

@ FKEHHEIE 1000 V; @ f KAZEHR 200
A(EE); @ HFRMERSE £0.5%FS+5dgt; © Ay
0.01~8192 Hz.

FHLEA S R: © A5 0.01~8192 Hz; @ il
BHEE1%: @ BHULIAR P 24bit; @ FaAN
FHPL=3 MQ; B 50 Hz T4iJE#] 80 dB.

24 BEEX

3 B R A5 R T N TR R 3 v A
LR ZE R LA F B R T AR I s, R
ATPEANPR T X ” (9“7 R PR SR
% BVE TSR LR R R CEIX O B,
NI IRTFRE T ST ORI S, A s T
HESWERYEL 22 )32

I3 B RGE TR TN R 4ok, e v R P —
RS IR R D AR, WER T B e E A
WAL KR P Rk PRI AR 535 4%, B N IR AN
A B ARIIAE 1.5 km 327HE 8 km, HiK
Bl s e 7 5 0L b, SR T AT B RS A
(ISR, T2 T “URHBERI” BEmE “TE R 3000 K AV
P RIRBHREOAR , i 4% 5000 2K DL B IR B0 2 B 5
A7 HEER, OA CIRHERIN SRS SR S R

25 ZFNHLE

WP B R NS . [ RE& TR Rk
AR AR SR, EHREF, 95%LL ERIRETR.
80%LA_E g T JEUREAT 70% A L A4 b A= 77 B R R I
TR KRG, 00 E E RE 5
(B R AL A 2 O, T IR HE R 22 4, AT
Sk E E R e EE .

RE R AR, HAr ORI 6 170
R, G R &L R R E G 70 4R RLR,

REY 7= G A P2 IR T — B ST NS
GraE v A Tl bk 8, KiEth et 7 3R E M 2i & E 7.
SR, FREE AR, #o@ T Rrsi kg Ik
TH I B 58 S W ) P B, BESE T R T BE RN
PR R TR, BRI RE IR AN A= TR R
TR OB s i, SR T 7 JE H 25 58
Ho

TR = T, angR Sk, R, KR
P o M L BRI A 1010 82K A B 1 SR
TE TR A SE R AT AL, 60% LA R L AT R 8 4
FPEEAE. Bk L . PR BB MO
H, SHMETEE R iE 50%~80%, izt T [F 5 25 (1) %
AR LR (RHIMEAETE 40%) . W= BRI A B H 25 7™ &,
J5 A5 R B EE S R LIRS ANBEE, RN 2
PRI 250 e i) E R

TR N “ar . R R D
PRECAR, FTRATE LA L7 TH R FE AR M AR -
1) FN7 7 IE A B [ AR 4 R R AR T
STV AR, i TR e g i s 3 5 0L 1,
LRI 70%; 2) AEFEH LRI R B PR
ettt T IRERT B 3) vkileam Rt T A
MR T B 4) e HHUb X 3R T F SR
FB 5) AETOKFRME TE MR TE: 6) A
Tl AR T RN TFE 7) ATUESER
Seftt T aE I TBes 8) Bk AP iR TRt 1
ARIIBARF B

IR REEAE A Pat. P EE R, A
He, EREE 50 Z RN RIIN A, TETUAS. H
B AR B TR R K S R T AR
HRATHHE R . HAR A RS AR 3 5P
Tk, A BRI TG 4641.22 {2305k 3k
IR MG = 1.86 120, SRS E 80



2529 B 9 W

k. KRR ks T OB B IR B IR 5 R

1815

ACSETT R BT T PR At 2000 2 50, sk L%
NEEG B R PR Mt ekttt 7
I, A7) T IRER B RAT AL .

3 MAR=RSRE

J I AL RER A NT T LA T IR O A% O 1 LR B R B
W, W T A S B EREOR R R, S TR R
R 0 T U8 380 o TR B PO SRR S A RO T B A —
T A B AR AR S ORI 0 TR S D
HEENE DS 5% N G NRTLTE SE GRS
MR OB ABCRMERR, WP T B e 4 B BRI
BRI RIRFE ks FLAR M BAR 528 o | Ik L VA AE
B TUES AR B s R
F I TR P S 2N, UG T BT i
RN B A QU e R, SEBL T FRIET FR R
BURGAHIES L, A7 ST T “URMERI” fs,
P GIROREE . 2257 R A 2 2 2Rt T AR
SCHE, BT R LA RS AN T AR

REFERENCES

[1] WARD S H. Electrical, electromagnetic, and magnetotelluric
methods[J]. Geophysics, 1980, 45(11): 1659—1666.

[2] SUNDBERG K, LUNDBERG H, EKLUND ]J. Electrical
prospecting in Sweden[M]. Arsbok 17, Sveriges Geologiska
Undersokning, Stockholm, 1923.

[3] SCHLUMBERGER M. The application of telluric currents
to surface prospecting[J]. Eos, Transactions American
Geophysical Union, 1939, 20(3): 271-277.

[4] LUNDBERG H, ZUSCHLAG T. A new development in
electrical prospecting[C]//Geophysical Prospecting. New
York: Amer Inst Min Met Eng , 1932: 47-62.

[S1] VAN BEMMELEN W. Registration of earth-currents at
Batavia for the investigation of the connection between

force  of

earth-current  and earth-magnetism[C]//

NEDERLANDSE K, VAN WETENSCHAPPEN A.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Proceedings Series B: Physical Sciences, 1907, 10: 512—533.
TIKHONOV A N. On determining electric characteristics of
the deep layers of the Earth's crust[J]. Doklady Akademii
nauk SSSR, 1950, 73(2): 295-297.

CAGNIARD L. Basic theory of the magneto-telluric method
of geophysical prospecting[J]. Geophysics, 1953, 18(3):
605—-635.

VOZOFF K. Magnetotelluric methods[M]. Soc of
Exploration Geophysicists, 1986.

XIE R, MRRAR. KA EEIIRAT S M), Jbat: 3R IR
#L:, 1984,

LIU Guo-dong, CHEN Le-shou. Study on magnetotelluric
methods[M]. Beijing: Seismological Press, 1984.
GOLDSTEIN M A, STRANGWAY D W. Audio-frequency
magnetotellurics with a grounded electric dipole source[J].
Geophysics, 1975, 40(4): 669—683.

GOLDSTEIN M A. Magnetotelluric experiments employing
an artificial dipolar source[D]. Toronto: University of
Toronto, 1971.

4k, 2" RPIBENUE 5 RS A (7] 0 [ R 0 2 4
T, 1998: 199

HE Ji-shan. 2" Pseudo-random signal and its application[J].
Annual Journal of the Chinese Geophysical Society, 1998:
199.

k. PRI AIARGITE )], HERYIE 2 HERE, 2007,
22(4): 1250—1254.

HE Ji-shan. The new development of frequency domain
electro-prospecting[J]. Progress in Geophysics (in Chinese),
2007, 22(4): 1250—1254.

ks, IR BIE M BENLE S BIEM]. dbat: &5
A AL, 2010.

HE Ji-shan. Wide field electromagnetic sounding methods
and pseudo-random signal coding electrical method[M].
Beijing: Higher Education Press, 2010.

FFMK, KHZ, AR §RES E X2 eM]. bt
HBJBT A AL, 2000.

WANG Jia-shu, ZHANG Xin-an, ZHANG Xiao-lang.
Mineral and national

Geological Publishing House, 2000.

resources security[M]. Beijing:



1816 o EA 4R AR 2019 49 A

Theory and technology of wide field electromagnetic method

HE Ji-shan® 23

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring(Central
South University), Ministry of Education; Changsha 410083, China;
2. Key Laboratory of Non-ferrous and Geological Hazard Detection, Changsha 410083, China;
3. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China)

Abstract: Mineral resources are the material basis for building a moderately prosperous society in all respects by the time
the Communist Party of China celebrates its centenary in 2021, and to turn China into a modern socialist country that is
prosperous, strong, democratic, culturally advanced, and harmonious by the time the People’s Republic of China
celebrates its centenary in 2049. With the depletion of shallow resources, the strategy of ‘deep exploration’ is proposed
for mineral resources. Electromagnetic method is one of the pillar methods for deep exploration. However, due to the
strong inhomogeneity and dissipation of the earth, the solution of the propagation of underground electromagnetic wave
has become a century-old problem. Therefore, the traditional electromagnetic method has some shortcomings in probe
depth, accuracy and accuracy, which has become the key bottleneck of the ‘deep exploration’ strategy. The author
invented a new geophysical exploration method-wide field electromagnetic method (WFEM), established the
electromagnetic exploration theory with curved surface wave as the core, and constructed the technical system of
holographic electromagnetic exploration. The span of frequency-domain electromagnetic method from plane wave to
curved wave was realized. The author also developed a large-depth and high-precision exploration technology and
equipment with completely independent intellectual property rights, which realizes high signal-to-noise ratio, high
precision and fast measurement of electromagnetic signals under strong interference conditions. The probe depth,
resolution and signal intensity of WFEM are 5, 8 and 125 times higher than those of CSAMT, respectively, realizing the
leap from rough to fine of electromagnetic method.

Key words: wide field electromagnetic method; large depth; high precision; pseudo-random signal
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