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Alteration and mineralization characteristics of Tonglingxia copper polymetallic
deposit in Gannan based on infrared spectroscopy technology
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Abstract

The Gannan region in southern Jiangxi Province is a significant ore concentration area of polymetallic mine-
ral deposits in China with high mineralization potential. As deep exploration for mineral resources progresses, tra-
ditional exploration methods prove inadequate, necessitating the urgent adoption of new methods and approaches.
This study focuses on the Tonglingxia copper-polymetallic deposit in the Gannan region and employs short-
wave infrared spectroscopy in conjunction with thermal infrared spectroscopy. By utilizing mineralogy and mineral

geochemical methods, it establishes the composition and spatial distribution characteristics of alteration minerals
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in the deposit area. Furthermore, it examines the relationship between spectral features and the grade of minera-
lization, investigates the formation and evolution process of typical alteration minerals in the Tonglingxia deposit,
and constructs a spectral exploration model. The findings unfold as follows: Cu-Mo mineralization primarily oc-
curs at the top of the granite body in the northern part of the deposit, with sericite minerals serving as exploration
indicators. In the middle part of the deposit, Cu-Zn mineralization is located in the contact zone of the granite in-
trusive body and can be identified through low P0s2250 values (<2243 nm) of chlorite, as well as the presence of
serpentine and fractures; In the southern part of the deposit, W-Sn-Cu mineralization is associated with quartz
veins and demonstrates limited overall correlation with alteration minerals, indicating a predominant occurrence
of mineralization infilling rock fractures. The IC values of illite spectra in drill holes ZK9-3 and ZK9-4 in the
northern part indicate a greater depth of granite intrusive body, suggesting closer proximity to the heat source cen-
ter. Additionally, the variation of sericite wavelength at 2200 nm on spectrum suggests that the mineralizing fluid
may originate from the northern part of the deposit. Chlorite in the central part of the deposit consists mainly of
magnesium-rich chlorite, and the Pos2250 value exhibits a decreasing trend from the granite intrusive body to the
contact zone. The ore-forming environment in the study area is complex, resulting in a composite ore deposit sys-

tem that transitions from an alteration granite type (Cu-Mo) in the North to a weak skarn type (Cu-Zn) controlled

by structures and finally to a quartz vein type (W-Sn-Cu) in the South.

Keywords: shortwave infrared spectroscopy, thermal infrared spectroscopy, alteration minerals, Tonglingxia
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Fig. 1 Geotectonic location (a, modified from Zhao et al., 2020), ore concentration area (b, modified from Yin et al., 2021) and

simplified geological map of the Tonglingxia deposit (c)
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I—Quaternary Holocene Lianxu Formation; 2—Quaternary Pleistocene Wanggao Formation; 3—Upper Carboniferous Huanglong Formation; 4—Lower

Carboniferous Zishan Formation ; 5—Lower Cambrian Niujiaohe Formation; 6—Late Jurassic fine-grained biotite (two-mica) granite; 7—Middle

Jurassic medium (coarse) grained porphyritic biotite granite; 8—Granite with greisenization; 9—Quartz porphyry dyke; 10—Geological boundary;

11—Spectral measurement borehole; 12—Main faults and numbering; 13—Spectral mapping profile; 14—Scope of study area
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Fig.2 Typical photos of minerals in the Tonglingxia mining area
a. Massive structure, purple fluorite; b. Block like molybdenite+wolframite- chalcopyrite+molybdenite-wolframite- chalcopyrite; c. Massive chalco-
pyrite- chalcopyrite+wolframite in quartz veins; d. Disseminated chalcopyrite-star shaped chalcopyrite+pyrite in skarn; e. Interlaced vein like struc-
ture of calcitetgarnet bearing skarn veins; f. Crystal cavity structure, which grows relatively intact crystal form from the wall to the center, containing
blade shaped calcite; g. Biotite undergoes chloritization; h. Disseminated structure, anhedral granular chalcopyrite-pyrite, chalcopyrite and pyrite
present a co-edge structure; i. Garnet with chloritization; j. Disseminated pyrite is contained in chlorite; k. Euhedral granular sphalerite; 1. Pyrite
exhibits a interstitial structure along fluorite cracks
Fl—Fluorite; Qtz—Quartz; Cal—Calcite; Grt—Garnet; Bt—Biotite; Chl—Chlorite; Ccp—Chalcopyrite; Py—Pyrite; Mol—Molybdenite;
Wol—Wolframite; Sp—Sphalerite
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Table 1 Main alteration mineral assemblages in boreholes of the Tonglingxia mining area
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Fig.4 Microscopic and spectral characteristics of main alteration minerals in the mining area

a. Scatter plot of characteristic absorption peak depth and Cu grade change near 2325 nm for serpentine in borehole ZK8-1; b. Microscopic photo of

serpentine in drill hole ZK3-2-472 m depth; c. Short wave infrared spectrum of serpentine in borehole ZK3-2-472 m depth; d, e. Microscopic photos

of chlorite in borehole ZK8-1-94.5 m depth; f. Short wave infrared spectrum of chlorite in borehole ZK8-1-94.5 m depth; g, h. Microscopic photo of

sericite in drill hole ZK8-1-278 m depth; i. Short wave infrared spectrum of sericite in borehole ZK8-1-278 m depth
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Fig. 5 Fine alteration mapping of two-dimensional (a, b) and three-dimensional (c) in the Tonglingxia mining area

1—Muscovite+kaolinitet+quartz; 2—Serpentine+phlogopite+(chloritet+kaolinite); 3—Muscovite+quartz+montmorillonite; 4—Muscovite+montmoril-

lonite+quartz+(kaolinite+potassium feldspar); 5S—Serpentine+phlogopite+chlorite; 6—Carbonation; 7—Montmorillonite+garnet+pyroxene; 8—Ser-

pentinitetmuscovite+chlorite; 9—Muscovitetmontmorillonite+quartz+chlorite; 10—Quartz+montmorillonite+chlorite+(garnet); 11—Muscovite+

montmorillonite+quartz+chlorite+(zoisite); 12—Muscovite+montmorillonite+chlorite; 13—Alunite+muscovite+kaolinite; 14—Ore body in three

dimension; 15—Quaternary residual and slope deposits; 16—1Jurassic granite body; 17—Huanglong Formation dolomitic marble; 18—Quartz

porphyry; 19—Molybdenum ore body; 20—Tin ore body; 21—Tungsten ore body; 22—Copper ore body; 23—Zinc ore body; 24—Dirill hole;

25—Measured fault; 26—Inferred fault; 27—Boundary of mineralization system
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A 13.7% , Zn f5c 8 TV 17.9%) K T 5589 -+
B Cu-Zn W AR R . ERBEIEIL T & & Si0, iy
W AR I PR i 28 il 2B b IR A bl
Bl L ZK8-1 114 g s A5 A S ik 7R 45 () Vi) w4k, 32
BLOMG T X BB L B 1A R S A e oy Y
1) £ S 28 s v, HA A kP W-Sn-Cu iU HFEAIE .

ZE L TR VB N XIE N T —E 5 A R
A, HARTT DL RT3 (N—S) AR 48 54 2 Cu-Mo
WAL — 551 F 58 Cu-Zn 5™ fb— 47 F2 ik ! W-Sn-Cu
Wik
33 ZEBEPMASHTER

XA DX P AN [ R B S e A R il 951 T EPMA B 4)
S HE (£ 2), W58 45 R W R, w(Si0,) A 24.36%~
32.69%, ¥ ¥ N 27.81%; w(ALO;) A 15.26%~
20.05%, V-4 4 18.08% ; w(FeO) N 1.45%~37.44%,
1R 26.19% ; w(MgO) N 4.79%~31.36%, “F- 14 K
13.55%. H, gple M RERR o 2 & AU, T
BREETCER & AR, X PN 5 ik A7 A R B AR
BB, X 505 a5 R,

4 ¥ ®

4.1 HiLBIERERNEL

DU IR S = RVALOL I WS B U R 7/ R Y e
FAEGEAELLAMNIE B AR A Wos , 50716 i
IRZ TR . SERERRNE S E CRAAE M SO0 s 35 98
45 5 EE) IE SR LT AN TSR 1Y i b 208, vl ok
UM S BUA ARIE OAER , SEIE P 28 R Y
%75 (Thompson et al., 1999; Al 1555 ,2023)

H AT, IS A bn R 7 4 25 R b iy 7 ik
B XS S5 (2015 ) 38 o AFF 7 4 Ak M LU B B DR s
P& 0 ORI 45 O B (R B A R AT sk R &5

(2021)%F 1% B &8 KL% A Fe-OH W IS I JE 47 $2 B
AT E g B R Al C BRI, 28 £1 Fe-OH W
W R I Bl . ARSI T X N4 o BEGAT
YL By X RS R R i AR My Sk e A T
B BRI A IR RIE S8, R T 0 Wik
EJHR A b A AR DG A A, 2R T EE ST T RS XY
g bR, B IX R HA S kA W-Sn-Cu i fb 5
PR RA K A SO S

4.1.1 BT YA RS

28 7Bk A1-OH I K (P0s2200) 7254k 3 2 i TR
EEFMFHAL NGRS EARN (HEHE,
2012),Scott % (2015) 45 1 pH B FZ e HAk 5 F
WHEEHRNRK., B EIEREAT] 2N EZERE
(Jones et al.,2005) , ZBHEAE (2022) 42 H} 2200 nm fff il
H = BRI AE RE PT /R TR AR, AT 47 pHAH
FEJT B A TR L R Y S K AR A IR
K 2200 nm BT AL-OH 9% 4k S AT X i
AT FE AR Ak 28 T T B S A 11432 A% 30 R R T 3
AR . Guo i (2019) I =1k Pos2200 iff 2 H H
HEEE- R AR R G S3A D RAAE R
HABGET W —F, 598 o8 E20 X HIFETRE
R NI P ) oK 2535 in, AT 1900 nm
b iy W i U6 R (Dep1900) B | 45 5 (IC=
Dep2200/Dep1900) FEAIG, Lt , A A7 45 it B2 AR
R EARE 280 (Chang et al.,2011; I 3F45,2019) .,

S H B X AGER 48 = BT B £ 1 A AL
ZK9-3 F1 ZK9-4 AT 5T | 8 i e ih Ao A gl L vh
45 = B Pos2200 1H LA S R F A7 ICHH , K L4 = B
P0s2200 {F 2% 1k X 1] 2 2200~2210 nm ( [ 6a) , I %
IC{HAZAL X 8] 4 0.39~1.67 (& 7) ; [Al i}, $2 B X
BRAI A L ZK8-1 . ZK8-2 45 = B Pos2200 {H , X}
DN T A IS RS I A T S e (&1 8 ) o

K2 TEXAFERATYEPMA &R wWB)/%)

Table 2 EPMA analysis results of chlorite minerals from the mining area (w(B)/%)

i i Sio, TiO, AlLO, FeO MnO MgO Ca0O Na,O K,0 Cr,0, SR
ZK3-1-110 31.06 0 17.49 18.64 0.17 20.32 0.13 0.02 0.03 0.22 88.08
ZK3-2-302 26.68 0 15.75 31.82 0.67 10.85 0.04 0 0 0.05 85.86
ZK8-1-94.5 25.48 0 19.91 33.50 2.81 6.15 0.09 0.02 0.02 0.22 88.20
ZK8-1-139 26.69 0.02 15.26 25.99 1.84 14.39 0.16 0.01 0.02 0.54 87.92
ZK8-1-159.5 27.15 0 16.51 29.13 0.24 13.51 0.09 0 0 0.09 86.72
ZK8-1-204 25.03 0.04 19.87 33.45 2.11 7.34 0.05 0 0.02 0.01 87.92
ZK8-1-222.5 24.36 0.01 19.95 37.44 0.74 4.79 0.38 0.02 0.01 0.06 87.76
ZK8-2-235 28.72 0 16.53 26.69 2.52 12.38 0.47 0.01 0.02 0.09 87.43
ZK8-2-330 32.69 0.08 19.48 1.45 0.02 31.36 0.27 0 0.01 0.16 85.52
ZK8-2-346 27.21 0.01 20.05 23.84 0.15 14.40 0.25 0 0.02 0.20 86.13
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Fig. 10 Schematic Metallogenic Model of the Tonglingxia Type Copper Polymetallic Deposit (modified from Duan et al., 2021)

1—Jurassic granite; 2—Huanglong Formation marble; 3—Cu-Mo mineralized-altered granite; 4—Cu-Zn mineralized skarn and retrograde alteration

zone; 5—Fault structure; 6—Fissure structure; 7—Meteoric water; 8—Groundwater
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