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Recognition of electromagnetic field asymptotic properties and
improved definition of wide field apparent resistivity on
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Abstract: Wide field electromagnetic method defines the apparent resistivity by the accurate expression of full-zone of
horizontal electric dipole source in homogeneous earth surface. Compared with the Cagniard apparent resisitivity, it can
preferably show the electrical characteristics of geoelectric model. The computational formula of the improved apparent
resistivity of E—FE, array in the wide field electromagnetic method, near-zone apparent resistivity and far-zone apparent
resisitivity is defined, the influence of observed azimuth is considered and the coefficient of the observation array and
electromagnetic response function is obtained by the pattern of wide field electromagnetic apparent resistivity definition.
Based on the calculation and analysis of curve A, curve Q, curve K and curve H of three-layer model in 1-D forward
modeling, the influence of observation azimuth (¢) is equal to the rotation of the coordinate system at p=90° in the wide
field electromagnetic sounding of the E—E, array. Through proper calibration, the sounding curve of the arbitrary angle
azimuth (¢) can more truly show the objective change of geoelectric section with the depth. Through comprehensive
analysis of three different apparent resistivities, the different asymptotic characteristics of electromagnetic field in the
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controlled source frequency sounding method can be well identified. The wide field electromagnetic sounding method

based on the observation of E—E,, array can expand the observed scope, and has better prospect of application.

Key words: wide field electromagnetic method; E—E, array; electromagnetic response function; apparent resistivity;

controlled source frequency sounding

FE LR R D, T I 2 g | AR B A
(O SC, RIS HRL BEL 4 i gt 2k PO Py 37 {81 B e
S FE SRR A A, X R 2 T ATy
VEIVRE AR FEATR R A T A 2 R B e
SOPER?, e i T AR AL . SRTi, A
TR AR S R T 2 2] s 1A R T LRI (B S R
L NOAFAEA RRIBS RO R, HELL AT gk
B B 2 TR S e ek 28 DALk, AR A%
FRALLE Lo EATI00 0 S T 3 AN AT e .
RO XL,

T FERSCE, B LGk, NS
By “ 48—k, s S FhaXALRBEER, e K5
DRI r ) DR A R BEL A 5 SCH BL S — il K,
Bt LR B PR AZ A, LAY M S 37 RO AS TR A 1
AT 1) T 08 e e P B 1T 90 5 i o AR A ) H
(o A AR AN 2R U AR 400 P B 2 5 SO R AR
WU, o FURE Y rp 22 P L BEL AR S SUICT B, FR A
DX F B 32 A T AR LB o 7 SR AR PR K 38
AR A NS I A UL, SRS — ML
IERE K, R DOE SCREHLBL A 3fe EAR IE AR K, B
ARG A 5 SCRL R B AR 127 5T HL A 50 S B
BRSPS, Ty
VAT W ELRS B o 0 AR T 5 it 2 A Ax X A B
FEX, BIEZHM T N e AL, S
PP SR P, AR B AT P IAR, B, E 3
4 XML HLE A, R R IR I 30, Bk S
fifo

ATk 35 Bt A Ry AT F A AR ™ L K 37
WHAEBA S, S T RV UM P IR A A g
GRS K I I NS e S A T
LB A2 HIIE 5 T Atk i) 2 U SR i LA, e S
WL T N TSR Qi R Ve S 48—V, SERE
KL 5 I 4 e L BT T LA S 1) B A AL o ) sl LR
55 2" PR AN O REATLAS S5 AN 4G 4 T sl (K 2" Fy 50k
RS ) i ik, e T DU P I RS0 K
ﬁﬂjﬂ%[ll—n]o

PR A ARl i A P SR 0
TAHIRIAOAREE S [A)—Stn H WTIET,  8- sl el BEL < iy 7 4%

At 7B 6 FfsE,  JF HEW 32 2R A AR )
XA s DX, s XM, JXANZ 0 fsgm. 1E4
M X PR AL AR AR (38 S0~ A 8] (K LR 7 A )
3R, B T At E-E, 77 2GE ST A
BEA,  RT LU BRI A 50, [ I S o i g R
HLBE A SO RE R A oA, AR 4 IE SR e
B SCBUN TR S 1 %) 5y 5 HAAR Y X3
DX P S IX, A4 R AE SRR TAR X s
FE DR i 2 R PE AN

1 E-E, 7B M BEEEX

WiE 1 R, EERSIRRAAE R, — AP LA
W (Feth S 2e) b7 T e, IEEL A ILARKR JR S T8
WO I AEAR bR AT B A AARR 2R, x Bl AR EE
AR (R o=0° 1177 1], o A MRl s S5 A B -3 42 1 7
WS Af), y AR EARAREE P (P=Idy, 1 AR, d
DB K TT ), z B L) R o BT I R,
TEIX L EHLh A AR AR e R I, A DA
W0 @ 7 1053 () E—E, % ) Rk SO Bk Ui B
ok v BEL % 1 s i R 1014,

Id; . i
E¢:2n0'Lr3 s1n(p~[2—ek (1—1kr)} 1)
Kb E, I G Ab il SCRGEL T I, r
A SRR T O RIEEE, o P S R R
R,k NP

B 1 s AR Ao

Fig. 1 Coordinate system on homogeneous half-space

()AL EACT USRI E, 1™ 4
Kt 2IA e AR A0y ar BUE SO 388 SRR
P



F23EE oM

BRI, )P E TR EEBOT A
IESZRREN, AR TE, RS BN SZ I 47 5
MR IT AL R g

E,= E{ngoo -sing, p#90° 2)

P52 bR CAE B I v, R Q@)K
S8 SOBT AR ARSI H b7 o B VT S A il B

Before

gl = Ty ik ], g0 (3)

KGR R T R HL A — NI R, A
BE LR SHAG 2L HL R
%‘%7 /?\:

ﬂ%%abo=[z—é”a—mm] 4)

K@@ LN E-E, 250 A0 Gk i v pd
IDAEE A

WRH AN p=1/0, KX @RAKXB), Q)
fHEr A b

Before

E

or Id . o
Blpter == L F (k) , g0 (5)
sin @ 2nor ?
A
21
g = 6
™ (6)

(6T AR XN E-E, B 1) MR L
OB AR T R, 19 LU BRI 2 T A
A ROMNAR(S), BHATH E-E, WH ) S
%

E-E, | After Before 1
=Ky ‘'E —_— 7
Pa @ E-E, @ FE,E (lkl") ( )
?

A7) 5 S S L BEL B 5 5 L
T 7k 0 B 15 2 D 5 A 0 W B
R LU TSR OV s 4 vk
) LA,

51 S L 9 2| BT L i WL 75 £
U 22 (B AV TESLES BT

WIEEHE, 25 E—E, ) 340l B 5w IR ek g v R I A 2361
Before _ AVM (8)
v MN

15 EARREAL L LR HE S RE . WTBLE AL
TE 5 A M HLL BE 38 28 OB I i AR R BEL 3 24 2GiAeAT
R TTRE SIS, U R AR 2] 23 () a2 AR
S, AEGRRE MN AR B, RETE S () g el L
PR A A5 LA AR R AR I B RS (90°—p) Ja TS BT
T 9=90° (HII sin @=1)I iy HLIZ R/ o 8 SE Billl
P, DU AL LR A T AT AT Y

2 ANTRSEE B IA1E R AKX
FE PR 2R

EN TR AR W, RS R R o=
503\ p/ f 5 R HIELAR (r/0) K1 43 3 AN X (I X 37
T R X 37) 0 1T DX 3 S BB AR BE U, X 37 1
REMAR AR, hagAema 2. 3 MR L
PErh 2B E], RIGHE F SR, T AR
EIIHL TR . A EDEBOREE ry S SRR R
Dt AN IR FE AL I, T 0 A0 i) 1. ()RR R BH 2
2w LLr a3 Bee B SC(RBY) il e & T X 0
W, RS AR nT i J8 T3 X I, wp B) K38 4>
WAE 1S, AR 3 R X k.

ML e 12 o 0 X (4) I R B X (6)
AT LA B AH N P28 DA R BH 28 20 ORI XA HL B 2
K.

iz 1:

1 A e g i 13 pR B (4) R K € (1-ikr)— 0, AR
S, AT ALz R R BH A 5

3 After
- 1 s E‘(p
E-E, | After, YQ _ K .| After — (9)
a 4 T NE-E 4 2 ]dL

i 2:
1 A B i 1 o B (@) R e (1-ikr)—2, BII
Fy_g, (k) =1, ARN(S)HRTAFI AN AR BLIT X AR

TUEVS

E-E, | After,JQ Aft 271:1"3 E‘;‘;ﬁer
- €1, ~ . er —
Pa ¢ ] ~ KE—E E‘

¢ IdL

(10)

WSRO FIR(10)T BLF th: SR(10) RO 2 fif
5 < R WL L 4 5 RE RS2 R s
frIm.



2362 A G A R

201349 H

3 HEHEERSN

WP EE S AEHET IR H B (7). K9)
S (L0 —HERF O T T AT, SR R OLE 2 ~
5)e HEREY g=0°1f, E,~0, KUk, ZEHEATI A
N vioti =1 VA | P 98

RIS, B di=1 000 m, ORI =
4 000 m, FLYL =10 A, S5 )38l P AN RS FH Y T,
Soin=0.011 718 75 Hz, fix=8 192 Hz, JHHEAEN 40,
HARBE VSO AR P SRR A

A BT,

S5 p=1.0 Qm, p,=10.0 Q'm, ps=100.0
Qm, h=50m, h,=500m,

Q B

M B4 p=100.0 Qm, p,=10.0 Qm, p;=1.0

Qm, hA=150m, h,=500m,

M 2 R 3 TTLLE H, 9=00°K}, pf " ML
BAZ I o WIsgm . R BE—E i, Bl W
o B84k, r AHN AR (— M OL T » KT IOR ER),
P BR 2 1) 1 S G X)) A AR A, RS (X)) - 1)
O WS — AN E A, BErR R s g,
oUW EN TR S B VAREE | B R S et st AR S

K AR,

i B4 p1=5.0 Q'm, p,=200.0 Q'm, p3=5.0 Q'm,
=100 m, #,=50 m.

M B4 p1=100.0 Q'm, p,=10.0 Q'm, ps=100.0
Qm, 7=200m, h,=50 m,

4 FlE 5 L JQ ARFILIX, YQ fREIZIX , GDD
RELWE, GY A, NH 3 FAE 7 20E
PLHLBE 6, BT DAYERR F BE 6 il 2 R ERI 43 A A st
WL 3 AN, IR S I BT R, R

10?
- (019() c, =4 000 m T e B S e A
-------- »=90°, =8 000 m o
® »=30°, =4000m
= 101_
g
e
<
100_
107!

10* 103 10?

B2 ARG
Fig. 2 Comparison of type A model

10! 10° 107! 1072
f/Hz

103
— »=90°, =4 000 m
------ »=90°, =8 000 m
* »=30°, =4000m
102_
)
c
<
10'E
10° - : : : : T
104 103 102 10! 10° 107! 1072
f/Hz

B3 QALK ihZ
Fig. 3 Comparison of type Q model



W23 559 W WU HT, 5. E-E, ) S0 H B 2R 5E SO ek 75 20 R R U0 2363
102
»=30°
— JQ resistivity
-------- YQ resistivity
e QY resistivity
B
c 10'F
< Q-a-...o-o--.-.--....o.........o...-Q.....-0,..--".'.'"'..“"...'""."."".".'"'.‘""".".'"'Y".""5.".""""""“’-.., oo oo
R
L T
YO : GDD
10° ' ( ' = |
10¢ 10° 102 10! 10° 10 o

B4 MR K R
Fig. 4 Curve K of three-layer model

f/Hz

102

»=30°
— JQ resistivity
- Y Q resistivity
e GY resistivity
B
g 10!
\3 * |
L l |
| |
| |
| |
YQ : GDD Lo
| |
10° : ' i I i
10¢ 10° 102 10! 10° 10 v

BElS5 R H R
Fig. 5 Curve H of three-layer model

FEJ RPN, AL HL PR il e — R I H 2z X A ]
DX o T AR L BEL 38 A 48 1 DX W] DA S G e bl
i,

4 g

1) BIEJRTGFEIK E-E, J7 AR FE AT LA ER U
DTT AL R, e ELOLIC S S e L B T A 5 1Y)
BN [, thREAECRE A T 1) S R
FOAl 2R B R 5 B R A 21K

2) e FLL R o K 20 A A9 13 XA X
AL HLBELR T S A 3 0e ORER » e, "I RLAEE
TR S P RAG AR BN TR LR A L X oty
A DRI AN« M P, R B
WAL PEIN WIS, w5 YU 3 AN, TR Sl

PR F IR RO, R AR

3) HURHBAESS (K 22, AT LASEEL » 5 AT o JF
[ IEAS NG, JF HLE 13 B A EL L R ATy
RESRIREM,  SEBLGERAE G X R IEAC LN &

REFERENCES

(11 B, AMESR. R MIRVE A i BH 2 5 SCIR) i T 5 (0]
YR S ER, 1991, 15(4): 290—-299
YIN Chang-chun, PIAO Hua-rong. A study of the definition of
apparent resistivity in electromagnetic sounding [J]. Geophysical
& Geochemical Exploration, 1991, 15(4): 290-299.

[2] CAGNIARD L. Basic theory of the magnetotelluric method of
geophysical prospecting [J]. Geophysics, 1953, 18(1): 605—635.

[3] GOLDSTEIN M A, STRANGWAY D W. Audio-frequency
magnetotellurics with a gounded-electric dipole source [J].

Geophysics, 1975, 40(4): 669—683.



2364 A G A R 201349 H
(41 GIFH, T4k, KT H AR AT R S5l 3 w4 DXRR R BEL %6 analysis and realization of a" sequence pseudo-random

[10]

[11]

SCHTTE]. HUERYIER2EHR, 1994, 3(4): 543-552.

TONG Jing-tian, HE Ji-shan. A new method to define the
full-zone resistivity in horizontal electric dipole frequency
sounding on a layed earch [J]. Chinese Journal of Geophysics,
1994, 3(4): 543—-552.

TiSCEE, &Sk, FTE, ST SR P 2
A X [I]. VG2 B 2E R, 1992, 14(4): 81-86.

FANG Wen-zao, LI Xiu, LI Yu-guo, FENG Bing. The
whole-zone definition of apparent resistivity used in the
frequency domain electromagnetic methods [J]. Journal of Xi’an
College of Geology, 1992, 14(4): 81-86.

BIGHE, BEOGIL. AKT HL A A B R A XA L B
W B g DMK 224k, 1996, 27(3): 254-257.
MAO Xian-jin, BAO Guang-shu. A direct algorithm for
full-wave apparent resistivity from horizontal electric dipole
frequency sounding [J]. J Cent South Univ Technol, 1996, 27(3):
254-257.

WM, JE O, TRAR. CSAMT Hidg y 7 Il W HPH 2R (1) 52
MR RSN, ARR G MR B AR, 2011, 41(2):
552-558.

TANG Jing-tian, ZHOU Cong, ZHANG Lin-cheng. A new
apparent resistivity of CSAMT defined by electric field
y-direction [J]. Journal of Jilin University: Earch Science Edition,
2011, 41(2): 552-558.

Tk )i A A DY RS 5 iiE M), dbst: @S AT
th ARt 2010.
HE Ji-shan. Wide field electromagnetic method and
pseudo-random signal electrical method [M]. Beijing: Higher
Education Press, 2010.

ENE, B M. TR R B B T A D). A
RIS, 2012, 34(4): 380-383.

WANG Shun-guo, XIONG Bin. Numerical calculation methods
of wide field apparent resistivity [J]. Computing Techniques for
Geophysical and Geochemical 2012, 34(4):
380-383.

gkt ) A NIRRT U], PR AR
iz, 2010, 41(3): 1065-1072.

Exploration,

HE Ji-shan. Wide field electromagnetic sounding methods [J].
Journal of Central South University: Science and Technology,
2010, 41(3): 1065-1072.

gkt PR, WIEEHr. o P4 Dl BEHLZ J0fE 5 B 2 i 2%
SCHRN). R R AR BAREERR, 2009, 40(6): 1666-1671.
HE Ji-shan, TONG Tie-gang, LIU Jian-xin. Mathematical

[13]

[14]

[15]

[17]

[18]

multi-frequencies signal [J]. Journal of Central South University:
Science and Technology, 2009, 40(6): 1666—1671.

JIBIC, & WL E-Ey TR BEVEERI K L v SRR I S
WEFET]. i HbERY)BE, 2012, 10(3): 56-59.

ZHOU Bi-wen, LIN Fan. E-E, wide field electromagnetic
method experiment research rock
reservoirs [J]. Petroleum Geophysics, 2012, 10(3): 56—59.
BT, AT B AR SRR IR 5T L NI [T). IR AR
PEHIR, 1991, 13(2): 129-138.

in exploring volcanic

YIN Chang-chun. Forward calculation and application of
frequency domain sounding at any azimuth [J]. Computing
Techniques for Geophysical and Geochemical Exploration, 1991,
13(2): 129-138.

IFH, Ak, AR E AU R AR KR I M. Kb
KA R, 2005,

TANG Jing-tian, HE Ji-shan. Controlled source audio-frequency
magnetotelluric method and its application [M]. Changsha:
Central South University Press, 2005.

PN, E-Hz | IR AUI T EEDU[D]. Kb o R R
5 B, 2010.

TONG Tie-gang. Study on E-Hz wide-field electromagnetical
method [D]. Changsha: School of Geosciences and Info-Physic,
Central South University, 2010.

PN, MR, — R CSAMT M2 B vk 5L D).
YRR SLE R, 2009, 31(3): 210-213.

TONG Tie-gang, LIU Jian-xin. A new calculation method of
CSAMT observation parameter [J]. Computing Techniques for
Geophysical and Geochemical Exploration, 2009, 31(3):
210-213.

BN, XA, 4R35, CSAMT 4xIX Hi BHAVE B ERLINL
N HERBII]. ki #2518 RE, 2009, 24(5): 1855-1860.
TONG Tie-gang, LIU Chun-ming, HE Ji-shan. Numerical
simulation and application discussion of the CSAMT full-zone
resistivity method [J]. Progress in Geophysics, 2009, 24(5):
1855-1860.

e M. KIS AR HL R v 4 DX AL H B 3 R A 4 T 5
[J]. EMORZ 24 i BRBHE R, 2005, 35(4): 515-519.
XIONG Bin. Inverse spline interpolation for the calculation of
all-time resistivity for the large-loop transient electromagnetic
method [J]. Journal of Jilin University: Earth Science Edition,
2005, 35(4): 515-519.

(4miE  BRD)



