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Electrical characteristics and metallogenic prediction of Baishawo rare metal deposit in northeast

Hunan Province

Abstract: [Objective] The aim of this study is to characterize the deep electrical structure of the Baishawo pegmatite-type
deposits, explore the spatial distribution of rare metal mineralization models and ore-conferring carriers, and elucidate the
relationship between the location of ore veins to provide a basis for prediction in rare metal mineral exploration. [Methods]
Through the controlled-source audio-geomagnetic method (CSAMT) and the conjugate gradient method of inverse
measurement of three exploration profiles, deep hidden rock (ore) bodies were detected. Then, by combining these results
with the information from drill holes and elemental geochemical anomalies, a comprehensive analysis was carried out to
reveal the distribution of the hidden dikes and the mineralization characteristics. [Results] The study showed that the
concealed pegmatite veins are mainly located in the Lengjiaxi Group, where they are concentrated on the top of the granite
body and around tectonic fissures and have burial depths ranging from 50 to 300 m. The geophysical signature of pegmatite
vein mineralization is a high-resistance vein-like geologic body intruded from a deep high-resistance body into a shallow
low-resistance body. [Conclusion] The determined distribution and burial depth of concealed pegmatite veins, identified
potential concealed veins in the study area, and geophysical characteristics of the pegmatite vein mineralization provide a
basis for understanding the formation mechanism of fracture zone-constrained pegmatite veins. Significance The research
results provide a scientific basis for follow-up exploration of the Baishawo deposit, reveal the formation mechanism of the
pegmatite veins, and provide reliable physical exploration and prediction technology and experience useful for rare metal
exploration in northeast Hunan and south China.

Keywords: pegmatite; Lianyunshan mountain; CSAMT; lithium-beryllium-niobium-tantalum deposit; rare metal

HE&WEB: ERARBIEIESTH (42130810) ; WIRGH AARFIAIESTH (20237760164, 20231160166 ) ; WIRFAHUTBEFHIITE ( HNGS202201) ;
) P 48 B E AZE A FHTIH - ( HNGSTP202318)

This research is financially supported by the National Natural Science Foundation of China (Grant No. 42130810), Provincial Natural Science of Foundation of
Hunan (Grants No. 2023JJ60164, 2023JJ60166), Scientific Research Project of the Geological Bureau of Hunan Province, China (Grant No. HNGS202201), and
Scientific Research Project of Leading Talents of the Geological Bureau of Hunan Province, China (Grant No. HNGSTP202318).

E—EE: WM (1962—) , 5, WL, HUR, 2B AL REk B R BT IR I S5y a4 BRI 0 AR

Email: 1jx6666@126.com

BIRAEE: WalE (1985—) , B, Wb, EmKTRN, T3Sy N ESORUIT . B H % B TAE. Email: 0404050825@163.com
Wk HHA: 2024-05-29; fEEIHHA: 2024-09-01; RABHF: 2024-09-03; WEHET A 2024-09-03; F[EHE: E_F


https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060
mailto:ljx6666@126.com
mailto:0404050825@163.com

%5 IR, 5. WRILA D ERA SR R RRE 5 R 10 8T 5T 769

W OE: LHGREARASBT REREZNRHRALBT REBZ — #ZWABHAAT AV EH
MERT R, WFAFFEADETREBHGALBEHXRENEA, By KWy FFXEERMK, BRE
BRREKFRERAFAZRESTG. EAARADEFREEY RORBEEEMEME, BRAHHL
By EA KT R B o4, MAYT IR R, BAVRBALBERT FMNR/RE, BT ER
FMAM AL (CSAMT) £AD FEERAE T O REBRRKE (7)) REERMN T, RAZTHE
EREEMIARMHATEE, RUERBRRE (7)) K, F Lol BEEMTRRRMLFRAHFMLR
RH#ATGZEIN, BTRREKN DALY L. FREREXN, RREBEREZEMTAREH
B, BR QM EL KSR A ERREE, EIRAES0~300m; fF &5 kR HRMELS KRB
BEEEANEABEEE TG EACRO TR, ARRRVADET REEHETHERBTHFKE, B

TTHEERNTENE, FARARLEAEEMENFRALEHERE T TENIRTNEATER
KEIA: RS, %5l CSAMT; #8479 K; HALE

FE5SEES: P631.3+4 XHERFRIRAS: A
DOI: 10.12090/j.issn.1006-6616.2024060

0 3%

i A 42 Jm AT 7 2 I 58 K R ) ik s B R, (]
02 B 2% 7=l & 0 T B RE R BT (F B 415
2016; £ X210, 2016) . #i i &)@ TR FE RE (L) .
B% (Be). %2 (Nb)., 43 (Ta), 40 (Rb) . 4 (Cs). %
(Zr) %, Hop4u & A 8 9% 42 -4 (Li-Be-Nb-Ta) %5
JCR 77 AR AT B KA SR P e s e (R
2145, 2022), PR B PR | TR M L LA R
MR L RE SR MR RE, AERTRR TR L BT RL L (5 B A
ARG 24 A B T AR AT L o B R T AR
() T K 4 (B 45, 2020) o 4 B A b e DA &
s A 42 JAR T P 44, A6 I3 A b 2 0 DR 1 50 A VA R0 A
W B E — B LA R HB I b BT 2 SR 58 i #At (B 5
45, 2019; W E4E, 2019) .

VLR B A 2 B EE A &R R, ©
K Z b 5 - - A &R A e
IR, Gnbaepd Je— - kLl 414 Pe—BH—41e" (-
A B 58 — 0 — B R R L LB R AR B R AR X
R —FE KM IR . 40 24 19 M v o A 2 3
IR, £ MR A 4 X% TR A AF 9T ST R R
R, AT RESE TR BE R R R, R A SRR K
AU S BT o T AR SRR R B A T VL R LA
B 8 VD A A TR (SCR AR AR, 2018a; SR
AT, 2024) , 1145 1) b 3 0 A 0 ) A 45 SRk B AR
AE B 7 SR = B R, AR ak T -
IR X Z 5 M X — KA — R A &8
PR, SR itt— 25 B | T & W AR b R - R - T e Y

NEHRS: 1006-6616 (2024) 05-0768—13

PR T B 1l .

FI V88 0 R A T 2R b % = 1L ) g 38 b Bt
W e A b O R A T ()L i) R 4 Ml ST O £ B ) 7 I T
Ji& T B A BT W R b BT A — RIS (SRR,
2018a), EEAF s A ARG LT 3 4 O YR
FHR(CBm KR AR AR T AR RKIER
T, REWA SR i LCT(Li-Cs-Ta) B i 7
(E 4R A, HEERAE T a8 Kk
5 £+ 1 (Cerny and Ercit, 2005), — 3% £ 75 25 ] By i} 25
KR, Q- m B RIEK A R m o St S Al Ak
B, TG T 1 L — M 1L PR BE h, A A TR AR
FRAZ AL IS 25 &, A A SRR ) B T R R T b
5t (Wen et al., 2021) ; @ 1 V0 55 & 1A 8 i A6 ff A ik &
F, H KK A T 30~750 m, 55 EE A T 0.18~
13.29 mj Horp 2 o v A5 A DK GE ) 32 2 S AR T 1]
K — M 50~500 m. FEFEH 0.5~13.0 m; 7 K R
B A f A Bk GE T EE A db K m, KEN
30~750 m, A 0.18~13.29 m( L H K5, 2018b) .

Br—R M TAEEOC LB 2R, RIRT ™
PRI (221245, 2022) o Bl FR 00 B AR A 0 35T R
JEOR W I, Hb ™ K 1 AN A2 4%, A5 G0 H T 4R
5 1% T R R ER RN R AR R Ok K E R
J1o R CWREE, FHRKRY . B EE
(R 5h, 1992), W25 51 A M Bk 9 B 7 i o dE 47 3K
W HO (G R 0% 55, 2022) o HLRE TR AR N B A R R
FH ) b BR 429 PRI 5 ¥ (Guo et al., 2020), & H AT LA
X b MBS L A 2 BRI TR i AT R 4 Z)
W R T RS R R BRI A SR (Jiao et al.,
2021), i A LA 2 R Bk 7 ik A TR 0 45 7 IR


https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060
https://doi.org/10.12090/j.issn.1006-6616.2024060

770 ¥R 55 54 https://journal.geomech.ac.cn 2024

23 6] B A 4505 B (Liu et al., 2023), fd 15 H % 1%
T B AR 4R Al b & 5 25 E R PR (M 2 B
4.2023) .

15 G (T 7= 9 U5 PR S Ry 1 TR B R b
T 0 % 32 (Magnetotelluric Sounding, MT) | B ZF Hi,
% (Transient Electromagnetic Methods, TEM ) 1 7] $: Ji
O K L H /% I 3R 9% (Controlled Source Audio-
frequency Magnetotelluric Method, CSAMT) % . MT il
H W R REAE ST T 7 K (Wang et
al., 2024), #AE 5 (8 H N iz, 78 SRR AR
o BN A AR B B O ik 4, 2009) . {H 2
MT 2 I KR IR A5 5 e 55 HLP0 T g o 4 22 (B
ST, 2002) . TEM AN T A& 3 28 B8 i LA Jbk o e
T J A 157 75 L T S R AT B MR AR I, L A% G Y B
CERRE 7SRV NN A7 8= I o 7S B B
BTN RSE, (HRYAFLE EEARZER 24
bS5 MR S BB A M T R T L R T 0 2L
S (% [ 58 A1 XS, 2007) . CSAMT P H 45 73 B %
B LRI B KA fE 44 (Strangway et al., 1973),
FE R B AR CED W IR M 3z B T T3z /Y R
F . CSAMT R4 5L i 2 o F Wi 2 . B R34 . &
PR3 fil 5 45 5 8 A e B b R M B R KORR 4
2011), X8 X f # 2 Fn AL & AL i AT 5 AR .
Wy i %5 (2014), 250K (2014)  CSAMT 43 51 1
TR RS X2 &R R IR kA
H15 Ly et al.(2022) # CSAMT i JH T 18 350 0 bk #9448
RSN e el R R e e U I T el R (v NI
B Ty 350 O B A R T X He et al.(2024) 7£
CSAMT Hi, BH 2 31 [ rp P& 22 st T W7 )2 0 A a7
P38 2o Al AL AF 50 TE HE T A R PE L L AR AR
2 HF 5% IR K AR Sk B, CSAMT 18 3350 B ARk % 5
R T BEEM .

PR B 5 T, 2E TR ST AR 2 RO B
¥, De Groot-Hedlin and Constable(1990) 7 & T
CSAMT J5 ¥ (1) —. 4k OCCAM J i ; Rodi and Mackie
(2001) 2 th AF e Pk L0 86 B 1 (NLGG) 5 IR = 5%
(2006) BF 75 T P A o — 2k ml R PR A 1k TR
Wb H (2007) 2R FH 4 S 505 MR 25600 T — 44
Rk AT 48 R K M R S5 ] AR 2% 45 (2008) 3K
M T CSAMT — 4 OCCAM J% i ; 75 ik (2010)%f
OCCAM %3k 1 FH 21 — 4 ] #5 J5 ) 3, O H % &
T Y A sg ;R AN AE (2010) FF R T HAT T HiAL

il B CSAMT % 4 — 4 & 1t 1k /2 35 M 2 37 45
(2012) FE4H ) R T 4k OCCAM Sz 3 J5 3% ; kB it
A5 (2012)3K 58 T CSAMT A = 4 I i B B I 18 .
OCCAM Jx 1 J5 2% [F] BF 25 J& 8 1] 1 2 1] 149 5 4 bR
B, v LIS B0 p R ) A AR A RS R (B2
WA T BB /NG T W 5, AN 5 40 b TR A R T
PR TF R o DR ol B0 AR 0 B 5 9 1) I 94
FE TIPS B 5 AR D, DA 7 5200 504 F
T A B Tz N o

F) AR s, (7083 i IX b 35 8 (0 4E B
il 2 1 ML BT R AIE AR B B (SCR AR AR, 2020), B
W A O B A B s T R A R AE i AN B
By, e R BB AR R ST ARG . WA A
JR R Hl CSAMT #E 17 %3 Ba AR 2 () 4R i #00 T
M, 35T 52 0 B 5 G 4 B TR, A I R AR AR
e K 8 A AV A O .

1 XE#HFEEE

AR AL 3t DX TV R o Ll o B, X R
wIn i GE = IERE L Tl AR KR BRI T
fOBEREH I . KN KER TR, A —EK
IR O R CE | SRS | B i R
AR BEIR BTN B, R kL s,
5 EEBREREAEAB S M A D MARIEX
PR A A Y SI — fil RIE 8 9 B (A A, 2017) il A5
Mo JZ R A AU AR 1) B B T, I G R T B0 R A
JE o WIARAL M X R A E T O BRI B SO
A L 0] e I e, T e L R e A B )
Z, EEAREAGERAES LA GIFaE &
Bolya R Bl R BRI s AR £ s ik
8o MELAZ Bl LUK, 32 T Al R nfr il R i A
AR A s R AN S, AR AL X T AR AR
Ti) 14 7 W TR R 28, AR V> — VLW 28 B T - K
T 25 R D) P — R Iz T 2R S5 5 R I AR T B AR Y
li] B AW =5 K | 3 2 I =R Vb F s w45 B 1
B . SRR A MR B, R R BRE .
Z WA R 3 2 B T XN B H 2 B L R
TR ST N SR SN TR N RE R (TP
T o 0 T e — M L DK o 2 s, 3 6 AR 4 A 3 T
(B ) 2 Hb e [) 49 801 9 7 b DX 38Ry 23 0 A ) 44 3
Fe e (K1) o FE iz sh e dh], iy 34k 1 o B % 1



% S5H Mg, . WRILADERAE &R0 IR B RHE 5 5R5 T0 BF 5T 771
112°E |“3°E |“4°E FEER R
N / 4/
A # I s —=2=
bo°N| [29°N|

e

115°E

LEEe)

== | g

-
O |WHEmEE )

@ | WX fiE

112°E |113°E

I —HZWikE ;s T —HE Rl 2R s T — K VD VWi a2 s IV 30 BH - AR T I 5 v — i e — e L 007 o %5
a— £ 14 3 4] 43 8] (Chen and Jahn, 1998) ; b— 3l Z= It Hh [X K b A4 3 &1 (14 78 4n 4%, 2009)

B 1 o R b3 X 3 T 4 A

Fig. 1 Generalized geological map of northeast Hunan Province in the Jiangnan Orogen Belt

(a) Tectonic division map of South China (Chen and Jahn, 1998); (b) Geotectonic map of northeast Hunan (Xu et al., 2009)
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Table 1 Physical parameters of main strata and magmatic rocks in the Baishawo mining area

FLFHZ/(Q - m)

Hb A BB
B ! /M Fokfi T
s EAUES 532 121 211.12 112.22
) BHRIERE 388 118.66 1988.31 886.53
A ERUEEHN 331 5633.23 33552.83 24388.22
EURIS fidhar 111 4568.66 26953.77 17683.41
Y/km
3155.0 ,
7p 16 Qbx | 7110 FR/INASEAH
ypl-5 Qbx
CIEES e
31545 Frvb i AL R B 5
yp 1-4 A -
w0 17 B R AR
31540 " CSAMTHIZ (4i%)
LRy F
P 1-2
b ETHAL (5%5)
wp 1-1
RN 7 B AR
3153.5
Nk
L . . > . . 1 X/km
485.0 485.5 486.0 486.5 487.0 487.5 488.0

W2 arhaEy RNE&AERE (FE4%E, 20205 %)
Fig.2 Map of CSAMT survey line layout in the research area (modified after Cao et al., 2020)

e SR L S B S, DR B ST T

3C SR AR 2 L B B B 5 1 (NLCG; Rodi
and Mackie, 2001), O3 7E F3d & “4000F 3”7 F Bkt
B T AT LU B A SR BORTAF i, T BB AT L
T S HL A e 5 R — ) A TR R, R AR o
SEAR R DT I M A2 K, 15 B RE 6 £ H AR ok B0k 5
fe/ME B 0 B L f# o A% 8 (Transverse Magnetic, TM)
S HE AT 4 T AT DA AR R AR AR R
(FE W5, 2012), HocH R A T™M B0 R A Y 3 2%
AHE AT 19 CSAMT 0 6 B4k o0 ) 147 i vt . 1) T
S0 S A A v LG B X L 5 R an 5] 3
N, R B e R R R v RS R M AE 3 4RI
ST UL A R B AT, T LA R T A R R AT A
R, Jo e e o
22 HIEZH#RE

Sk 3 N S o T AR A M T A% 1, T R AT M TE
1) CSAMT 46 — 4 Jo vt . — 4 fe 3 45 SR an &1 4 i
N, OSSR LG DR, IR L1 ) 16 34 07 AR
(Root Mean Square, RMS) 24 50.12, 1% 1t 40 ¥ Y& 84,
HUS 37 WK B 1 3k AR ZE SR, RMS Oy 4.8; I £ L2 %)
f RMS 2y 55, 24X 40 YOI 8, HUER 35 W s v 1Y i

fR 45 F, RMS 2y 5.17; Ml £ L3 9] 4 RMS 4 59.2, i%
£ 40 YRSk, B 37 IR BT M AR45 R, RMS 7 5.2,
2.3 RIEHEE S HFNLEIE

3 %0 2 ) T B A Bk CURAER R B IR AR
BEL” o A BELAA Y 25 (E 7E 0~5000 Q + m =[], B 44
B BUAE 7E 5000~10000 Q - m 22 8], 7= BELAA 1 K (i 78
15000~55000 Q - m Z[], MLk L1 (1S 45 R A 4a
R, EFEAE 300 mE O mMISE BN, M “m
RH — v e B —AIR BEL” AH 8] 53 47 F¢ 4E, 7 0 4 350~
750 m. & FE 100~300 m 2 [A] £7 75 K 7 5 BH b 5T
P, I H— 56 43 w55 BH b 5T A 4= A 00 A IR BEL A
i FE 0~—600 m 7 [l N, 5 90 “mi BH—h P —m B
A3 A HRAE, A7 T I 5 250~450 m 2 [ 4 3 [ 43 A th
BELHE 43 380 195 0] 719 7 BEL A&, 322 v BELHY 0 Ay v BHL 38
Al ml Al A i R PR G R A B 2= Rl o W&
L2 1 S i 25 S ] 4b TR, B 548 L1 2l
OY AR RRAE, 3B 2 F% ) T 22 A8 AR 1 o BE SR AR
fiE, 5 A2 200~500 m 35 [l P9, S 2R B £k L1 H A
7o IEL —EK JSEL A 180 0 A5 45 A1F , {FL 255 BHL M I K H S o {1
Fb N 2 L1 v BEL b 5T A /0N, /N BBl PN 43 A7 I BH
AR B R AE 200 m 255 m, Ry w5 FH—K B
A3 AT FEAE, AL T 5 700~900 m 2 Ja) B 2 i 43 A



55 5 MR, 45 WAL AV S A SR 5 IR i PR R AE 5 R 0T T A 5 773

a 106 4 b 90 -
] 75 4
~ ] t
£ 10° 4 1 I t 60
g J 5
= 45 1
3 10°4 ' Z 30
= ]
15 4
10° T LA LA 1 0 T LA T T 1
104 108 10? 10 1 10 10° 10? 10 1
% /Hz Ji%/Hz
C 10 5 d 90
75
g 10° 4 I 60 |
G i } { B 1 i3 t
= ] = 45 i
AN S 1 3 i 1
5 10°+ £ 30
2 =
o SEIE 15
— S 1
103 T LR L T T T 1 O T L L LR 1
104 10° 10 10 1 104 10° 10 10 1
A/ Hz W/ Hz

a— ML L1 HP 170 5k A9 P AL BE R I 25 b— Ik L1 P 170 5 5 B9 AR 67 1l 2k 5 c— £ L2 v 870 5 5 A A1 HL BHL Rl 25 d— 28 L2 v 870 5 i iy
AR it 22

B3 & sE Bl A = 4 ROEAR A B3R

Fig.3 Data of line measurement and two-dimensional inversion model

(a) Apparent resistivity curve at point 170 in Line 1; (b) Phase curve at point 170 in Line 1; (c) Apparent resistivity curve at point 870 in Line 2;

(d) Phase curve at point 870 in Line 2
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(a) Two-dimensional inversion result map of Line 1; (b) Two-dimensional inversion result map of Line 2; (c) Two-dimensional inversion result

map of Line 3
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Fig. 6 LI1-L3 electrical structure and geological interpretation map of the Baishawo mining area
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(a) Geological profile of drill hole ZK201; (b) Characterization of L3 elemental geochemical anomalies in the survey line (Wen et al., 2021)
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