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Fig. 1 Geological map and Layout survey lines in mining area(modified from Ref. [9, 11]): 1—Quaternary; 2—Lengjiaxi

Group; 3—Fine-grained granodiorite; 4—Fine-grained two-micaporphyritic biotite monzogranite; 6—medium-grained

gneissic biotite monzogranite; 7—Neoproterozoic two-mica plagioclase granite; 8—Pegmatite and its serial number; 9—

Main faults and its serial number; 10— Measuring line and serial number
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Table 1 Physical parameters of stratum and igneous rocks

in study area

Magnetic susceptibility/

Resistivity/(Q-m) Density/(g-cm™) .
Type of Number of 10

geological bodies specimens Minimum Maximum Mean  Minimum Maximum Mean Minimum Maximum Mean
value value value value value value  value value value
Quaternary 532 1.21 21112 112.22 2.20 2.23 2.22 0.04 0.07 0.06

Strata Lengjiaxi
388 118.66 198831 886.53 2.70 2.73 2.72 0.09 0.11 0.10

Group
Mufushan

657 6800.45 3125521 2
Granite rock mass

rock Meixian

3569.53 2.59 2.62 2.61 1.44 1.47 1.46

331 5633.23 33552.83 24388.22 2.65 2.69 2.67 1.62 1.65 1.63

rock mass

Ore-bearing

Pegmatite 111 4568.66 26953.77 1
body

7683.41 2.56 2.59 2.57 0.65 0.71 0.68
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Fig. 2 Measured curves of apparent resistivity phase in typical section of audio magnetotelluric sounding: (a) Observation

point data of Mufushan rock mass at point 4520 on line L1; (b) Observation point data of Lengjiaxi Group without pegmatite

vein at point 200 on line L2; (c) Observation point data of Lengjiaxi Group with pegmatite dikes at point 1960 on line L1
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Fig. 6 Inversion results and geological interpretation maps of lines L1 and L2: (a) Inversion result of line L1; (b) Inversion
result of line L2; (¢) Geological interpretation map of line L1; (d) Geological interpretation map of line L21



BREH4H

HAIE, S AR LR L LR R F PR S5 R O A s i i R R 1183

32 it

A T SC T 1R 2% 351 THD PR 2R 350 P 4 ) B L
TR R (LE 6), 454 HhR T A A s 3
TR b5 B L L — LR 350 = b SR 5 1 7 B
AREN )R Ry I (O S DN e sl h i A
WL BAE, S5A R REE AR ROZ IR R AR A
PRITARNY,  HEWT &0 o BB AT FE 27 3 7274
FER CERBRNT B LR L RIERELE 1 km
DAV s AR P 1A F12 W7 24 5 A e 10 R0 1 7 4HE B )
TRGR IR 25 M ok BT, B2 SRR N A X A
AR a K AR R g, AR
JIBT, HdAKEMER, a8, TEEK
PR AT LR X TR BRI PR 1 P8 AL 30 A L 1 X sy
IR

B7 AR AL R L -l DX R 2 50 B e
FHE b &
Fig. 7

metallogenic

Inferred map of deep stratigraphic structure and

model in  Mufushan-Meixian  area,

northeastern Hunan

MEAL 2 PR IR RIRAE B N KA U-Pb 1L AR 14
816 Mal™!, & B 111 A Ak (1) B 2 BEN K AR B A B A
U-Pb VE4ERY 5 151.4 Mal'%. 2019 4F 25 s 2623130 7
A A 5 B Ar-Ar SR N(125.0£1.4) Ma, B
A IR B AW BB AL T (R o 4% B ATIR,
K E A S K O™ BEE SRR TR — = BRI
o KIS s kOR e B LA ik gl b EE A o
F, i AEACE IR B B (Al AR FER S R TR
BRI 25 T ) WA e B SR it 1 B P ) el A [A]

BT F12. F75 S50 AR mAis o A, A
ML B O S g, BRI A IR
2 IS AR it XNEE T2k, £
T IS SN, REFRE SR A K E

PR T LKA,

4 ZEip

1) ASHIF T 3 Ak Rl K L 9 i B R 2R e
WX, AT B A AR R A AU AT Bl
NIX AR e kRS At T RER Sk
VR, ARIEASSCIRIN AR LV E S M FESE R AN
FERRAR S BHARTIUES . 2 4 AE s R AR LA Y 1)
BEL PR A7 BRIV D AR CERI 0 H AR 3t 57 A — 6 it Jik
RS o Al SO 3R E R R 1E B 5 s L EH R
REGIR SR AL 1 S R BRI B b

2) T AR RUR A+ E XU
R G A+ A R R 7 2 DX P s 1
My ety M eh i) S AR S AR A TRl R, HLAR
25 55 3 AR AR B B 3 o A £ LA X
JEAE S MHIERA)ZE A PR AS Xt st o A 7R ) e 3
R T30

3) M A X A AR A SRR S o R
YIVESH,  BRE AR ST FEAT 2R R R 5 - BR )
BB, SR, XA A A AE COACE
R KRR A < A LT PR 0 G A 3 ey ) o S AT
s DO AT )z, R TR

REFERENCES

(1] RE AT A e . o P st 7 3 T M. b e
JH RAL, 2017: 579-622, 913-1037.

Geology Survey Institute of Hunan Province. China Regional
Geological Records :
Geological Publishing House, 2017: 579-622, 913-1037.

[2] o6 FR, D5 A, s SR, SR UL EAT BB ORI s
TR 2 SR E IR B R B R L)), RIS 5 el
24,2018, 42(2): 235-243.

LIU Xiang, ZHOU Fang-chun, HUANG Zhi-biao, et al.

Hunan Province[M]. Beijing:

Discovery of Renli superlarge pegmatite-type Nb-Ta
polymetallic deposit in Pingjiang, Hunan Province and its
significances[J]. Geotectonica et Metallogenia, 2018, 42(2):
235-243.



1184

T A e E SR

2022 £ 4 H

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

B 5% WAZR AL X A - - BE -5 2 &R T R4 (D). b
I R E B R (AR R, 2019: 1-11.

SHAN  Liang.  Copper-lead-zinc-cobalt  polymetallic
mineralization system in northeastern Hunan[D]. Beijing:
China University of Geosciences (Beijing), 2019: 1-11.

o AR BEURAR L R A 2 2017 4 B H O B AL
HEJ A R M SR BT R S 7 A [EB/OL]. [2018 -02 - 10].
https://www. cn/xwl/ddyw/201802/t20180226

451616.html.

cgs. gov.
China Natural Resources News. Brief introduction of the ten
major geological scientific and technological progress of the
Chinese Geological Society in 2017 and ten major geological
prospecting results[EB/OL]. [2018-02-10]. https://www.cgs.
gov.cn /xwl/ddyw/201802/t20180226_451616.html.

2, B, SkarP, & BRI GO SR
5 i A 2 B X R I R = LI W R b, 2019, 38(5):
1069-1076.

LI Peng, LI Jian-kang, ZHANG Li-ping, et al. Discovery and
significance of Huangbaishan rare metal pegmatite
concentration area on southern margin of Mufushan[J].
Mineral Deposits, 2019, 38(5): 1069-1076.

W, MG, TR, A R IR e ARE R
BRAGSARFE SRR RS [T ] . BEAREL TR 2244, 2018,
38(4): 614-624.

HUANG Zhi-biao, LI Peng, ZHOU Fang-chun, et al.
Geochemical  characteristics and  genesis of  the
Neoproterozoic granite in Mufu Mountain area[J]. Journal of
Guilin University of Technology, 2018, 38(4): 614-624.

ZHU J C, LI R K, LI F C, et al. Topaz-albite granites and
rare-metal mineralization in the Limu District, Guangxi
Province, southeast China[J]. Mineralium Deposita, 2001,
36: 393-405.

EVENSEN J M, LONDON D. Experimental silicate mineral/
melt partition coefficients for beryllium and the crustal Be
cycle from migmatite to pegmatite[J]. Geochimica et
Cosmochimica Acta, 2002, 66(12): 2239-2265.

SCRAE, BN, BREIEE, 55 R AL R R L XL s
FWWEHA B R RI]. P EM A, 2019,
6(6): 19-28.

WEN Chun-hua, LUO Xiao-ya, CHEN Jian-feng, et al.
Relationship between Yanshanian magmatic activity and
rare metal mineralization in Mufushan area of Northeast
Hunan[J]. Geological Survey of China, 2019, 6(6): 19-28.
2, AR, AR, A AR AL A R R P TR
R fRAE B A 850 U-Pb 4R . HF A 3R AE A H b i
NI R 3 5 Rl 2%, 2020, 44(3): 486-500.

LI Peng, ZHOU Fang-chun, LI Jian-kang, et al. Zircon U-Pb

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ages and Hf isotopic compositions of the concealed granite
of renli-chuanziyuan deposit, NE Hunan and geological
significance[J]. Geotectonica et Metallogenia, 2020, 44(3):
486-500.

JI5AR, AR, X, S e EARAEAT IR A kA
SRR S FL R R 7 D). MR 2E 3k, 2019, 93(6): 1392-
1404.

ZHOU Fang-chun, LI Jian-kang, LIU Xiang, et al.
Geochemical characteristics and genetic significance of ore
bodies in Renli Nb-Ta deposit, Hunan Province[J]. Acta
Geologica Sinica, 2019, 93(6): 1392-1404.

GARCIA X, BOERNER D, PEDERSEN L B. Electric and
magnetic galvanic distortion decomposition of tensor
CSAMT data. Application to data from the Buchans Mine
(Newfoundland, Canada) [J].
International, 2003, 154(3): 957-969.

MA Yi-xing, HU Jun-hua, CHANG Yan-jun, et al. Study on

Geophysical ~ Journal

the coincident-loop transient electromagnetic method in
seafloor exploration—Taking Jiaodong polymetallic mine as
a model[J]. Journal of Earth Science, 2021, 32(1): 25-41.
JEARER, AR, SRIE %, &5 . SR SO b B g vk (] 42 4R
WG E SR A G4 8 %R, 2012, 22(3):
928-933.

XI Zhen-zhu, ZHU Wei-guo, ZHANG Dao-jun, et al.
Indirectly exploit buried deposits of rich iron by audio-
frequency magnetotelluric method[J]. The Chinese Journal
of Nonferrous Metals, 2012, 22(3): 928-933.

WA, X8 L, M. KEREHLIX CS AM TR B
W RSl o Hr[1]. b A G &R R, 2017, 27(2):
345-355.

CAO Chuang-hua, DENG Zhuan, LIU Jian-xin. Case study
and analysis on distance between transmitter and receiver of
CSAMT method in Chang-Zhu-Tan area, China[J]. The
Chinese Journal of Nonferrous Metals, 2017, 27(2): 345-355.
TR . RV e LT I3 PR L R R 18 5 HOR (D). o
48 2E], 2019, 29(9): 1809-1816.

HE Ji-shan. Theory and technology of wide field
electromagnetic method[J]. The
Nonferrous Metals, 2019, 29(9): 1809-1816.

HU Yan-fang, LI Di-quan, YUAN Bo, et al. Application of

Chinese Journal of

pseudo-random frequency domain electromagnetic method
in mining areas with strong interferences[J]. Transactions of
Nonferrous Metals Society of China, 2020, 30(3): 774-788.

B O, B, B4R, 45 D5 E I e SR X RS E
SERIRFFE[D]. TP ERL2A(D %), 2008, 38(10): 1258-1267.
XIAO Qi-bin, ZHAO Guo-ze, WANG Ji-jun, et al. Research

on the deep electrical structure of the Sulu orogenic belt and



BREH4H

WOlE, %

WA ARAERE B Ll — AL R 0 P P 1 B HOO A < s B B 1 A

1185

[19]

[20]

[21]

[22]

[23]

adjacent areas[J]. Science in China (Series D: Earth
Sciences), 2008, 38(10): 1258-1267.

TR, @ M, BUSCHE, 55 3 s IR S DU )1 e R 52
0 e M S R FE[T]. HOERPBE 2R, 2012, 55(12): 4126—
4137.

ZHANG Le-tian, JIN Sheng, WEI Wen-bo, et al. Electrical
structure of crust and upper mantle beneath the eastern
margin of the Tibetan Plateau and the Sichuan Basin[J].
Chinese Journal of Geophysics, 2012, 55(12): 4126-4137.

Jo Bk e BB AR X = 4R FURE RS ORN RRT S5t
FUDL. A A AR ERRERAR K, 2021: 1-121.

YOU Miao. The study of 3D magnetotelluric imaging and
metallogenic background in the nanling-Xuancheng ore
concentration area[D]. Hefei: University of Science and
Technology of China, 2021: 1-121.

VLD, X, #E %, S OMARICE R L S B R T KRR
IR AR AR I R SEAREAE X 5 SR R B R BT b 2R 51
R IE R[] Hi2ERT 2, 2017, 24(2):104-122.

XU De-ru, DENG Teng, DONG Guo-jun, et al. Zircon U-Pb
geochronological and geochemical characteristics of the
Lianyunshan two-mica monzogranites in northeastern Hunan
Province: implications for petrogenesis and tectonic setting
associated with polymetallic mineralization[J]. Earth Science
Frontiers, 2017, 24(2): 104-122.

IR B BT AT . 1:25 55 B IR [R]. Kb Wi
B HLT R, 1978: 1-87.

Geology Survey Institute of Hunan Province. Geological
Map with 1:250,000 -Pingjiang Sheet [R]. Changsha: Hunan
Provincial Bureau of Geology, 1978: 1-87.

5 MG, a) R, AR, 45 WARACAT B AR RREST IR 5 S
mi e AR A R AR R AE B T IR AR ], MR 24
2019, 93(6): 1374-1391.

LI Peng, LIU Xiang, LI Jian-kang, et al. Petrographic and

geochemical characteristics of Renli-Chuanziyuan No. 5

[24]

[25]

[26]

[27]

(28]

[29]

pegmatite, NE Hunan, and its metallogenic age[J]. Acta
Geologica Sinica, 2019, 93(6): 1374-1391.

4t s 5 R R IMI. Lt U5 R, 2005:
36-59.

LI Jin-ming. Geoelectric field and electrical exploration[M].
Beijing: Geological Publishing House, 2007: 36-59.

SWIFT C M. A magnetotelluric investigation of an electrical
conductivity anomaly in the southwestern United States[D].
Cambridge: Massachusetts Institute of Technology, 1967:
1-32.

M, B2 A0, FRAR O, A5 L ORHE R IR A R SRk
RS RREIM]. st B R, 2012.

LIU Jian-xin, TONG Xiao-zhong, GUO Rong-wen, et al.
Magnetotelluric sounding exploration: Data processing,
inversion and interpretation[M]. Beijing: Science Press,
2012.

HAIE, A8O6, 92 A, AT b RORIE AR X VR A F v 5
g Je I SC[I]. HBER 41, 2020, 41(2): 219-229.

CAO Chuang-hua, ZOU Guang-jun, PENG lie, et al. Deep
electrical structure in the neighboring areas of Minle in
northwestern Hunan Province[J]. Acta Geoscientica Sinica,
2020, 41(2): 219-229.

MRoR73, Eo08s . b BTN R (M. A b5 H AL,
1990.

CHEN Le-shou, WANG Guang-e. Magnetotelluric sounding
method[M]. Beijing: Geological Publishing House, 1990.
XU, FE R ¥, R, 5. CSAMT 55 AMT #dis “Hf #2”
Ab TR DLW RS AT AR AN IR 7 5 HITE A BI]. YR SR,
2021, 45(1): 68-75.

LIU Jun-feng, CHENG Yun-tao, DENG Zhi-qgiang, et al.
CSAMT and AMT data “splicing” processing: A case study
of No. 7 profile of the Renli niobium tantalum deposit in
Hunan and  Geochemical

Province[J].  Geophysical

Exploration, 2021, 45(1): 68-75.



1186 [ E B4 R 2022 % 4 A

Deep electrical structure and its control on rare metal
mineralization of Mufu Mountain-Meixian in northeastern of
Hunan Province, China

CAO Chuang-hua"*** CHENG Yun-tao’, ZOU Guang-jun*, HUANG Jian-zhong*, LIU Jun-feng’,
WEN Chun-hua*, MENG De-bao*, LIU Jian-xin®, LOU Fa-sheng', DENG Ju-zhi?

(1. Geology Survey Institute of Jiangxi Province, Nanchang 330030, China;
2. School of Geophysics and Measurement-control Technology,East China University Technology,
Nanchang 330013, China;
3. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China;
4. Geology Survey Institute of Hunan Province, Changsha 410116, China;
5. Nuclear Geology Institute of Hunan Province, Changsha 410011, China)

Abstract: In order to reveal the stratigraphic structure between the Mufushan-Meixian pluton in northeastern
Hunan, to deepen the understanding of magmatic structure for ore control, and to realize the guidance of
geophysical deep exploration technology for pegmatite rare metal deposits, the electromagnetic sounding profile in
the area passing through the Mufushan-Meixian ore concentration area in northeastern Hunan was processed and
interpreted, and the stratigraphic structure was deduced based on geological information. First, the impedance
tensor and phase tensor decomposition analysis of the frequency domain magnetotelluric detection data reveals
that the Renli ore cluster in northeastern Hunan mainly presents two-dimensional structural features in the high-
frequency area (greater than 1 Hz). Second, the Swift decomposition and the phase tensor decomposition result
carried out the electrical principal axis analysis on the data of all the survey points of the profile, and it was judged
that the main structural trend of the profile was 48° —50° west by north as a whole. Finally, the Occam inversion
method was used for the TE and TM modes, respectively. Individual and joint inversions were carried out, and the
deep electrical distribution in the Mufushan-Meixian area was obtained and geological interpretation was carried
out. The research results show that there is a magmatic structure in the deep part of the Mufushan-Meixian pluton,
which strikes the northwest-southeast and tends to the northeast. Under the activity of this structure, the rock veins
perpendicular to its azimuth intersect into the Lengjiaxi Group and form a series of rare metal-bearing pegmatite
groups trending northwest and leaning southwest.

Key words: Mufushan area in northeast of Hunan; electrical structure; pegmatite veins; electromagnetic sounding;

magmatic structure; rare metals
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