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Abstract: The Fukeshan copper depositis one of the major prospecting breakthroughs recently made in Heilongjiang Province.
After detailed field work and microscopic observation, we found that this deposit has typical porphyry style characteristics. Out
study shows that the diorite porphyry is the mineralization-causative porphyry. The emplacement of the diorite porphyry caused the
potassic alteration, phyllicalteration and latest age chlorite-pyrite alteration in and around this porphyry. Mineralization in the
Fukeshan deposit is mainly associated with phyllic alteration. Mineralization is mostly confined within diorite porphyry and
granodiorite. Distribution of alteration and the causative diorite porphyry indicate that there may be a large-scale causative porphyry
at depth in the southwest of the deposit. Detailed SWIR study indicates that the Pos2200 of muscovite and Pos2250 of chlorite are

controlled by the composition of the original altered minerals, thus not suitable to be used as a vector for exploration. The IC
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values of muscovite group and MnO concentration in chlorite are controlled by temperature and can be used to be a vector to

find the hydrothermal center at Fukeshan.This research highlights that the combination of alteration mapping and SWIR analysis

can be of great help in mineral exploration.
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Fig. 1

Geological map of the Great Xing’an range, Northeast China
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Fig. 2 Geological map of the Fukeshan deposit
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EPMA analysis results of chlorite in ZK4001

AL BEAh & I I & LR BE S R
B AN ) 25 B Bk A, 40 A Bk LB Bk A D ik (1R 5d~
Se, &l 81). FiR B R FW], & v 1l 4 8 ) Be S B5E
FRER BT R e L RS K S B
A TE 148.7 Ma 22 £y, b BR Ak 2 FRAE R AR
T b 7S A3 0 Al B v A A A RS M, T e
SRy S K TV T DA A A R TR i e e L Y
Y (Deng et al., 2019). X Fp A 55 T 25 5 th 8l & &
BN N G =S = A i 2 o < I I S N S
A 1 A SR R s A B A R Y B T IR B
W4 (Sillitoe, 2010) , i by B¢ 5 B W7 K .
4.2 SWIRYFER HEI&EFRIR

= BEIG ™ ) 10 ICAE 5 FOOR UL B %5 D) AH G,
— ke Y, T R R R IC (AR K (B W1 55, 2012) . 7



%5

ZEUNER A R4 22 0 3 DX 1L B B PR 3 SRR 5 SWIR B8} A 17 ] 1527

e A P IC K S S N K By A R )
(1 10a). [t , IC f45 {E 1T BE A 75 N By e B 6
WAL AR TR TR R WK A B AL ICE
WY Tt (& 10a) , 3 16 B S 300 KA 3 80 Y Jm) 38 i
FETHm 2 B R B s BRI 0 IC (B SRR
Ui, TCAH F+ =y BN ORT 3 30 A9 b 5, — R 2 N K
By B AE 2 4k Rl i 25 3 1 = BRI A el
O ATAR Tz (B 9) AR SN 1 = BE R 9 5 TC {E
(2.0 Z&470) "] LIME S & S L SR — 20 4k i) A
1 SWIR 8 b7 . F1 = B: % 19 AIOH Wz i 1 Pos2200
B9 {H & A 2 186~2 225 nm (Herrmann et al.,
2001; Pontual, 2001; Jones er al., 2005; Chang and
Yang, 2012).Pos2200 FY W W i I 4 B T 0 4 45
4 T 7S U AL B (ALY B 35 &, AR, ATOH 1
g g 30t K A . IR I, Pos 2200 M AT 437 {1 1Y) T s %
B AV 1 % {% (Herrmann es al., 2001; Pontual,
2001; Jones, 2005) . 1€ & 5@ LA X, R 76 5% 1 800
BE# 9 T Pos2200 W Wi i W] 2 T & (181 10b) , {H 2
Pos2200 F9 fiz &5 {8 A0 ) BLAE 79 30 44 v (18] 10b) . AF
FERY, AR IR R, H R A 7E & Fe Mg iy
W) (a8 = B e 48 ) I, 2 £ B A 0 5
A" E Fe Mg B 28 BT [/ 42 & #e . 5 iX F )iz
K HE I 23 AT R B AR A Pos2200 M Wi I 437 i
i 7+ 75 (Post and Noble, 1993; Duke, 1994 ; LLaakso
et al.,2015; 3k ¥4 %5, 2017 ; 70 7 o %5, 20185 K5 i
W45, 2018) . % & F Pos2200 Tt 1 i Hh 7 — i £
AV A I CE9) , & 5l Pos2200 19+
R] REJE T ALY 5 Fe Mg 1 2% i [7] 4 B 6 1
B R 8 5 I s B R Pos2200 fE AR 1T fE 32
JEUA BG4 5 i, H Pos2200 Y w5 {8 7E 25 8] - JF R
AE HE Al P M 45 1] 5 5 LA B BT B RROR PG L BT R
ARSI K E 2 B iR Pos2200 {8 A B AE A & e 1l 4
A Y SWIR # 25 b i

LA B AR FeOH W g 08 | 12 W WAC Ui 7
T2 250 nm BT (2 235~2 265 nm) (Herrmann and
Blake, 2001; Jones et al., 2005). &t 4 1) FeOH I
W U e K 32 2 H Wy b Y Fe A1 Mg Y LG4 1)
BRKS5%JeAr Fe & & 2 1E A X & & (Yang and
Huntington, 1996 ; Pontual, 2001; Thompson ez al.,
2009). A& SCE5 AL KB Fe & 5 Pos2250 W i
Y TEAH G OG & (B 12a)  AH A Bs, TC 8 BT AR 3R A T2
5 Pos2250 W £ {8 3 TC B AR SC M (181 12b) . 3x 3
WY, 7E s v LA SR AT b i RE O AN 2 4 ) A 8 A il

(a)

2248 @)
(=]
S22 (O
Cg O
2240 L L . L
15 20 25 30 35 40
FeO(%)
(b)
2248F (O O O o)
s O
s O O O
S 2244
o
& QD
2240 - o
@) (c)
04F T O C
2 g
g oaf N ¢
g o
o, ., O
0.6 0.8 1.0 1.2 1.4

c
K12 ZK4001 &g 1 B 55 SWIR FHIEE 956 &
Fig. 12 The relationship between composition of chlorite
and SWIR spectrum in ZK4001
a.P0s2250 5 FeO MKl ;b.Pos2250 5 IC{H AR I 5 ¢.MnO & & 55
IC{EAR R

Iy Fe i EZH & N, A SN gk T A1
I T H 22 90 1Y Pos2250 U3 {5 45 1iF AR 7] fE 37 4 18
A1 PR B T A3 s L T BT X SR e A Y A
A5V BB LU A A PR, BT L, 83 A1 Pos2250 {E 76 & ve 1l
TS REAR U b A6 7~ PP O PO A7 AE

B T LR AR bR Z A AR SO R B = BRI IC
gk A Mo E 2B BN AMEXER (K
12¢). X ] fig [ Min 2 AR o0 &, I AE = I 26
B R 2 5 i B AN £ 9 ek U8 A Al AR T S 2o IC
H 5 Mn 9 7 AH CC R R, Mn £E 5008 1 i &
AR AT AR A B A 4 i JE A T S
Xt R N 1L TR BT N K By s R
H &6 A MnO & i B A% 1 L 78 41 B AE 5 I
Kadmmaag, 2 R EAN03%. XL H
B Mn & (U MnO IiXF 0.3%) /] /E Ry & 5 1 i~
IR (BB 5 ) i I A dr i 2z — .
43 ERUNRERETEESEIER

R AR SC M b 25 3 A0 R A B 2o A G R 5T L
S LU BE 2 ) BH T Y AR T A ER A TE T OE B ) 3K
N K B3 B SE 0 1) . st E AT B2 3R A5 A0 B0 4
5 R AR SO B0 I By 4 0 AR B LA T8 X g
PG 75 1] B BT AR AL ., DAl L G i I 45 ROk
BN By 55 09 43 A0 30 R 3 AP TR 2 0 X



1528 M ERFF2=  http://www .earth-science.net

45 %

At R AR L s B Y R B AR /N (18] 3) . H i AT
) W7 DN By 1) AR N A T X R P T
WA 78 H AT A N By 3255 R O i ) 1y
BEGEIRAIATY 53 A A 22 b TN By 3, i B 3 3 57 D0 9
A B 3) X = WY K B 2 i AR R (A RO 1R
AIREDL T H AT O 2 & B IN K By CH RO 19 .
AN, K AR 8 144.9 Ma (Deng et al.,
2019) , S0 IR PN 3 55 W 1) 25 05 B (B N K By
AEWA Ay 148.7 Ma; Deng et al.,2019) . [N K A Ik B 9%
55007 2 B0 A BT R DX AT AL DR S ko 17 U2
BB G, e WY W2 05 30 T IR A K . B R FT RE
I B0 TE BT IR ROBE N A7 7E — ZR 89 4 I 089
A IR A kAR A BB 2 3 Bl A R AL . AR T R e
b INR B SRR, 5 OR INK A K AR AL (1= A B
B £ B A A (6] . S5 J T J2 00 46 T 8 0 8
SHNKARMERN . SERE. ERilt &k
B N K By A B /N 2 o E RCIR DR AR
SCIN R BT E & B TN K By AT g R A TR
B R A A T 3 AR AR AT BB AL TR X R PG P 1]
TEER . Hk, N SWIR A 58 45 ROk B, Bl 4 IC 1
A 5 N B 0y A B W] LR A b 4R R
RIS = o TR N (O [ RS =1 5 T S S s
A, 1o A6 B S K (P 10a) . 78 2R 04 1) 39 1 L
IC () 5 {8 4 P 16 ZK4002 b, 1 15 4G L 45 58 i 1A
KB HM AN —5 . 2480 EER, A S0A
B K By A AR AT AR R N BT X RS P Y
RS 13 [ | o Ayl L2 1 R VAR v I A syl I R N
R AR — 2 o B A

5 45t

B AT XA IRAR AL D B K B B
H AR AL IR By . & e LR SR A 0 DR Hb 5
FEAE , TS 7 A AR AF 0 R 1 PR B8 R W20 IR S 8
BUARY ) BEE R R L IN K By A R BT H A &
K L5 v i A Bk 28 e 2 Ak R e T e A — B
BRA AL AR L 2 B IC A S Y8 41 h MnO & &
AL UAE e s i 8 — 2B i A bR il e =
H % Pos2200 F1 43¢ I8 41 Pos2250 & v {5 75 & 72 111 b
XAEAE A& AR iR 255 PR BT X R 74 U7 ]
FA) TR AT BB AE AE 3 R AR B B Ak

Bl AL HITAFE 2RI By AR
B 50 BT 4 B A 8 v 3K 3 T 64 HoH A B, 4F Bt

W £ LT B M (http://www.earth—science.net).

References

Chang, Z.S., Yang, Z.M., 2012. Evaluation of Inter-Instru-
ment Variations among Short Wavelength Infrared
(SWIR) Devices. Economic Geology, 107:1479—1488.

Chen, S.B., Huang, B.Q., Li, C., et al., 2018. Alteration
and Mineralization of the Yuhai Cu Deposit in Eastern
Tianshan, Xinjiang and Applications of Short Wave-
length Infra-Red (SWIR) in Exploration. Earth Science,
43(9): 2911—2928 (in Chinese with English abstract).
https://doi.org/10.3799/dqkx.2018.156

Chen, Y. J., Chen, H. Y., Liu, Y. L., etal., 2000. Progress
and Records in the Study of Endogenetic Mineralization
during Collisional Orogenesis. Chinese Science Bulletin,
45(1): 1—10. https://doi.org/10.1007/bf02884893

Chen, Y. J., Chen, H. Y., Zaw, K., et al., 2007. Geody-
namic Settings and Tectonic Model of Skarn Gold De-
posits in China: An Overview. Ore Geology Reviews, 31
(1—4): 139—169. https://doi. org/10.1016/]. oregeor-
ev.2005.01.001

Chen, Y.J., Zhai, M.G., Jiang, S.Y., et al., 2009. Signifi-
cant Achievements and Open Issues in Study of Orogen-
esis and Metallogenesis Surrounding the North China
Continent. Acta Petrologica Sinica, 25(11):2695— 2726
(in Chinese with English abstract)

Chen, Y.J., Zhang, C., Li, N., et al., 2012. Geology of the
Mo Deposits in Northeast China. Journal of Jilin Uni-
versity (Earth Science Edition), 42(5): 1223—1268 (in
Chinese with English abstract)

Chen, Y. J., Zhang, C., Wang, P., et al., 2017. The Mo
Deposits of Northeast China: A Powerful Indicator of
Tectonic Settings and Associated Evolutionary Trends.
Ore Geology Reviews, 81: 602—640. https://doi. org/
10.1016/j.oregeorev.2016.04.017

Cooke, D. R., Baker, M., Hollings, P., et al., 2014. New
Advances in Detecting the Distal Geochemical Foot-
prints of Porphyry Systems—Epidote Mineral Chemis-
try as a Tool for Vectoring and Fertility Assessments.
In: Kelley, K. D., Golden, H. C., eds., Building Ex-
ploration Capability for the 21st Century. Society of
Economic Geologists, New York.

Deng, C. Z., Sun, D. Y., Han, J. S., et al., 2019. Late-
Stage Southwards Subduction of the Mongol - Okhotsk
Oceanic Slab and Implications for Porphyry CuMo Miner-
alization: Constraints from Igneous Rocks Associated
with the Fukeshan Deposit, NE China. Lithos, 326/327:
341—357. https://doi.org/10.1016/].lithos.2018.12.030

Deng, J.F., Zhao, G.C., Su, S.G., et al., 2005. Structure

Overlap and Tectonic Setting of Yanshanorogenic Belt



5 5 2 AR DL M X i 1L B0 B PR M GF 5 SWIR B8 1 1529

in Yanshan Era. Geotectonica et Metalbgenia, 105:157—
165 (in Chinese with English abstract)

Duke, E. F., 1994. Near Infrared Spectra of Muscovite, Ts-
chermak Substitution, and Metamorphic Reaction Prog-
ress: Implications for Remote Sensing. Geology, 22(7):
621. https://doi.org/10.1130/0091-7613(1994)0220621:
nisomt—>2.3.co;2

Herrmann, W., Blake, M., Doyle M., et al., 2001. Short
Wavelength Infrared (SWIR) Spectral Analysis of Hy-
drothermal Alteration Zones Associated with Base Met-
al Sulfide Deposits at Rosebery and Western Tharsis,
Tasmania, and Highway - Reward, Queensland. Eco-
nomic Geology, 96(5): 939—955. https://doi. org/
10.2113/96.5.939

Hu, J.M., Liu, X.W., Zhao, Y., et al., 2004. On Yanshan
Intraplate Orogene: An Example from Taiyanggouarea,
Lingyuan, Western Liaoning Province, Northeast Chi-
na. Earth Science Frontiers, 11(3): 255—271 (in Chi-
nese with English abstract).

Huang, J. H., Chen, H. Y., Han, J. S., etal., 2018. Altera-
tion Zonation and Short Wavelength Infrared (SWIR)
Characteristics of the Honghai VMS Cu-Zn Deposit,
Eastern Tianshan, NW China. Ore Geology Reviews,
100:  263—279. https://doi. org/10.1016/j. oregeor-
ev.2017.02.037

Jones, S., Herrmann, W., Gemmell, J. B., 2005. Short
Wavelength Infrared Spectral Characteristics of the HW
Horizon: Implications for Exploration in the Myra Falls
Volcanic-Hosted Massive Sulfide Camp, Vancouver Is-
land, British Columbia, Canada. Economic Geology,
100(2): 273—294. https://doi.org/10.2113/100.2.273

Laakso, K., Peter, J. M., Rivard, B., etal., 2016. Short-
Wave Infrared Spectral and Geochemical Characteristics
of Hydrothermal Alteration at the Archean Izok Lake Zn-
Cu-Pb-Ag Volcanogenic Massive Sulfide Deposit, Nun-
avut, Canada: Application in Exploration Target Vector-
ing.Economic Geology, 111(5):1223—1239. https://doi.
org/10.2113/econgeo.111.5.1223

Laakso, K., Rivard, B., Peter, J. M., et al., 2015. Applica-
tion of Airborne, Laboratory, and Field Hyperspectral
Methods to Mineral Exploration in the Canadian Arctic:
Recognition and Characterization of Volcanogenic Mas-
sive Sulfide - Associated Hydrothermal Alteration in the
Izok Lake Deposit Area, Nunavut, Canada. Economic
Geology, 110(4): 925—941. https://doi. org/10.2113/
econgeo.110.4.925

Li, N., Chen, Y. J., Ulrich, T., et al., 2012. Fluid Inclu-
sion Study of the Wunugetu Cu-Mo Deposit, Inner Mon-

golia, China. Mineralium Deposita, 47(5): 467 —482.
https://doi.org/10.1007/s00126-011-0384-1

Liu, J.M., Zhang, R., Zhang, Q.Z, 2004. The Regional
Metallogeny of Da Hinggan Ling, China. Earth Sci-
ence Frontiers, 11(1): 269—277 (in Chinese with
English abstract).

Pontual, S., 2001. Implementing Field-Based and Hy Log-
ging Spectral Datasets in Exploration and Mining. Aus-
Spec International, Unpublished Manual.

Post, J. L., Noble, P. N., 1993. The Near-Infrared Combi-
nation Band Frequencies of Dioctahedral Smectites, Mi-
cas, and Illites. Clays and Clay Minerals, 41(6): 639—
644. https://doi.org/10.1346/ccmn.1993.0410601

Qi, J.P., Chen, Y.J., Pirano, F, 2005. Geological
Characteristics and Tectonic Setting of the Epither-
mal Deposits in the Northeast China. Journal of
Mineralogy and Petrology, 25(2): 47—359 (in Chi-
nese with English abstract).

Shao, J.A., Zhang, L.Q., Mou, B.L., 1999. Magmatism in
the Mesozoic Extending Orogenic Process of Da Hing-
gan MTS. Earth Science Frontiers, 6(4): 339—346 (in
Chinese with English abstract).

Sillitoe, R. H., 2010. Porphyry Copper Systems. Economic
Geology, 105(1): 3—41. htips://doi.org/10.2113/gsec-
ongeo.105.1.3

Sun, W.L., Peng, S.X., Bai, J.K., et al., 2018. Fluid Inclu-
sions and Geochronology of Wulunbulake Copper Depos-
it in Xinjiang. Earth Science, 43(12):4475—4489 (in Chi~
nese with English abstract).

Thompson, A., Scott, K., Huntington, J., et al., 2009.
Mapping Mineralogy with Reflectance Spectroscopy: Ex-
amples from Volcanogenic Massive Sulfide Deposits. Re-
views in Economic Geology, 16:25—40.

Wang, H. Z., Mo, X. X., 1995. An Outline of the Tectonic
Evolution of China. Episodes, 18(1/2): 6—16. https://
doi.org/10.18814/epiiugs/1995/v18i1.2/003

Wu, G., Chen, Y.J., Sun, F.Y., et al., 2006. Geological
Characteristics and Tectonic Settings of Gold Deposits
in the Central Segment of the Mongolia-Okhotsk Metal-
logenic Belt. Mineral Deposits, 25(S1): 51—54 (in Chi-
nese with English abstract)

Xiao, W.J., Windley, B. F., Hao, J., et al., 2003. Accre-
tion Leading to Collision and the Permian Solonker Su-
ture, Inner Mongolia, China: Termination of the Central
Asian Orogenic Belt. Tectonics, 22(6): 00— 00. https://
doi.org/10.1029/2002tc001484

Yang, K., Huntington, J., 1996. Spectral Signatures of Hy-

drothermal Alteration in the Metasediments at Dead



1530 HBRBL 2

http://www.earth-science.net

45 %

Bullock Soak, Tanami Desert, Northern Territory. Aus-
tralian Jowrnal of Earth Sciences, 25:257.

Yang, K., Lian, C., Huntington, J. F., et al., 2005. Infra-
red Spectral Reflectance Characterization of the Hydro-
thermal Alteration at the Tuwu Cu-Au Deposit, Xinji-
ang, China. Mineralium Deposita, 40(3): 324—336.
https://doi.org/10.1007/s00126-005-0479-7

Yang, Z.M., Hou, Z.Q., Yang, Z.S., et al., 2012. Appli-
cation of Short Wavelength Infrared (SWIR) Tech-
nique in Exploration of Poorly Eroded Porphyry Cu
District: ACase Study of Niancun Ore District, Tibet.
Mineral Deposits, 31(4): 699—717 (in Chinese with
English abstract).

Zhang, G., Lian, C.Y., Yuan, C.H., 2004. Application of
SWIR Reflectance Spectroscopy to Identify the Altera-
tion Minerals in the Pulang Porphyry Copper Ore Dis-
trict, Yunnan Province. Earth Science Frontiers, 11(4):
460—460 (in Chinese with English abstract).

Zhang, S.T., Chen, H.Y., Zhang, X.B., etal., 2017. Appli-
cation of Short Wavelength Infrared (SWIR) Technique
to Exploration of Skarn Deposit: A Case Study of
Tonglvshan Cu-Fe-Au Deposit, Edongnan (Southeast
Hubei) Ore Concentration Area. Mineral Deposits, 36
(6): 1263— 1288 (in Chinese with English abstract).

Zhao, Y., Xu, G., Zhang, S.H., et al., 2004. Yanshanian
Movement and Conversion Oftectonic Regimes in East
Asia. Earth Science Frontiers, 11(3): 319—328 (in
Chinese with English abstract).

Zheng, H.T., Zheng, Y.Y., Xu, J., et al., 2018. Zircon
U-Pb Ages and Petrogenesis of Ore-Bearing Porphyry
for Qingcaoshan Porphyry Cu - Au Deposit, Tibet.
Earth Science, 43(8): 2858—2874 (in Chinese with
English abstract).

Zorin, Y. A., Zorina, L. D., Spiridonov, A. M., et al.,
2001. Geodynamic Setting of Gold Deposits in Eastern
and Central Trans-Baikal (Chita Region, Russia). Ore
Geology Reviews, 17(4): 215—232. https://doi. org/
10.1016/s0169-1368(00)00015-9

Bt o 32 5% STk
BRAIE, AR, T, 4, 2018, BTHEAK (L K IG5 R

WAL FRAE & SWIR ) A g FHAF 5% . Hb BRBL 2%, 43(9):
2911—2928.

BAs s, I, %A, 2009, A KR 4 1l i
BT BIF 5% 1) B SR R [R] . A A eE R, 25:3— 34,
B, dknl, 253, %, 2012, i E R ILAR O R LB . 35 bk

KR ERBL 2 M), 42:1223—1268.

A, B, R, %, 2005, FE L 1L A LY
B I By R M A SR R M A S Ol %, 20
3—11.

WE R, XIBESC, XAk, 2, 2004, FE AR P s S0 v
AR TR Ak L IL T v YR K B At XA ] L AE T 2%, 11
(3): 255—271.

XA, G, DU, 2004, K 2422 4 3 X B IX 38l A7
fE . HL2FRTZE, 11(1): 269—277.

AHEF , EATS, Pirajno, F., 2005. 78 b Hl X 4 5 AR I PO
W IR 0 b TR AE FAS 15 75 5 07 WA A, 25(2): 47—59.

BRIk, IEAT, ARG, 1999, K 242208 v AR AR B 3% 1
AR E AR MRS, 6:339— 346.

N, RE, AHRE, 4, 2018, Hi 88 20 A B sg 4 07
PR AL BEARCRRAE B & 07 25 AR A AR 2 M BRBL 2% 43(12):
4475— 4489

B BRIV &, 2006, 52— BRE P v A
Be 4 7 IR Hb BT R AR M A 3 E R . TR M BT, 25(S1):
51—54.

M, BEERE, M AR, 5, 2012, ST AN e R e
S ok BRE 4 DX 4l A v ) R - DT R R R A XA
W R, 31(4): 699—717.

KT, JUHERE, 2004, PIMA 6= 3% W KA e 6
Y BN L H2E 2%, 11:460—460.

et BRAETE, Sk, %, 2017, JE AL A T B R fE R
REREBR A - DUSR AR A Lk A R
). W R LT, 36(6): 1263 —1288.

HOWHE T, A, g, 4, 2018, PH TS I BE A AR 4R R
B B A U-Ph AR 2 SO Al L ek L2, 43
(8): 2858—2874.

BHE, RN, KR & 2004, FE 111 35 2R R AR Y
BEAS  HLAERTSE, 11(3): 319—328.

HHETE, A, i, 2, 2018, P4 A L BE A AR A i R
W BEA B A U-PhARAR S KA A i N . iR BL 2% | 43
(8):336—352.



