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Application of hyperspectral imaging data to mineral identification
in Tudun Cu-Ni deposit, Hami, Xinjiang
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Abstract

Mineral is an important end-member in the processing of geological data. In this paper, a mineral identifica-
tion method is put forward in the light of the similitude probability between pure mineral end-members and mix-
ture pixel, including some model parameters obtained from mathematical and statistical means. Maximum coeffi-
cients based on pure mineral end-members and mixture pixel by the Spearman R and the Kendall zau statistical
methods were designed and developed to extract the information of mineral with HyMAP data. Six minerals,
namely, calcite, chlorite, epidote, serpentine, kaolinite and sericite, were identified by this method, with their
spatial abundances given. The results were varified in the field and by the thin section identification. The hyper-
spectral imaging technique supplies 2 new and useful tool for mineral spatial analysis in geology.
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Tudun Cu-Ni deposit
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BAIR, ERANT KR EXE ST =HRI
H5E#.

T YR B R R 6 R AR b S L B AL T B
2z — (EKT%,2005), YRS LEERIK
FHAE AT AR ARl S B B (A) JRRRE (H) MR
W (W) JRICEE(A) JRBCTFRIE (d) R
Ha)MEFSHEE—-TENRE(RRES,
1998) . MERAT YKL LIHERKETE , AR
HEPE P RBOGEHBRILSHER, TEEAT
RHET 4% (BEN-DOR et al., 1995), {EX T H#b
FY T FHHETRENIBYTE,
FEXT G R 0 B R R AR, B R B LA TR
RAMI R BB NG STRE, R EER T
RRIASEER B THEME L 2%, REARMR
EXETYIRFMBARTERZETREE,E
BFTURANENIEREYE, FET PRIING
REEAHE. AL, AXERGHEETHT
YIBFR (B, 2004) WERMZ L, EKEFBAX
W%+ A RBAYT K, R R L% HYMAP
BRFRMET YRR, GH T EF =R
AHE, U ZD KRR RARER, B
HFERE A RS X5 Y75 627 = B R E TR
ek S58%,

1 T30 XS

B A S A R TR L A R
YIRS P, 36 5 S B A K 1 3R
WO—NEHEF IR, TRAHREHRE. X
AEBHENEGRARPABRE T4, B—-EBK
WEARE P M- PR LB E R KILEBE, £
ERUHAAIRBE BERE ARE ARAR
B RARERREERRERE TUEKE, RAE
HARATEAEKLEREAESE 1)(RXE,2002),

BT R AR KN T R AR,
HEIERGHABEEED. AHANSYT EHEER
BEBEAN EX—AHTNEAL THREE
K, hBER. LHBEES RS REREEN
5 HEAHE SH,S0,K0,Na0 i, &% KR
A TETYARMA SEEA EHER &
WA KETYERAEEANA EEAKE;
BlO-YE G REED R RERY  HH

vRA%E. BEEIETVWAESMKA EA;
RETYWHRCEEANG MO M7 DA
VBRARREEY MEKT S 3V AAMR
B, WEARAL ENGL RRA L HRLE
oo BATRIRE A F BALER, MR,
RO REFTHEOREZEFERBE REAR
B, HREL LR, RECRAK L Bk T, X
S ERHE R R W EEINS .

2 HyMAP 3R BUR HBIRRHE

HEF K EDGHEHIE R T 2002 4 10 A MR
KFI T & i HyMAP, ZEF 8 4 K L1 B 4t X
HATRE ST, R IE R 23 (Cocks
etal., 1998)10°F:

(1) YR : 400~2 500 nm

(2) BB 128

(3) ik P, W R¥E-HLLH:15 nm

KEPLIHP:15~20 nm

(4) BT 1~3 ZIE

(5) MM 30~65

FEZX RATHAHE 3000 m, BB A B 6%
BHES R HE S m, #ARKF T X HYMAP
AR & B9 T 6S BRI H4R $ B IE % FIBEH Rt
BB HT T RKARE, FAAZXRB S &
M RAT YRS HyMAP $EEEE
HHESH, NEERLBRREEIEN RS
AT (H#F%,2005),

3 ELERAT YR

3 HRTSERR LA AT YR TTEE A B IR
B, —~SRRSSHEEIRERRESFRE, &
BAYHE ST WP (HHF,2004) HERZ
EREEITETHERIEE, ARIEAMES K
HREXRAT, AR EOLHE (REEH) S/EY
Y1 2 (8] A AR R A, R L G I R B BRI
B OLEERREENT YRR, Nk, KR
TETRBR AR AMHRKROLEY WRATE,
FAZT ML AR E B AL R
J&# HyMAP 30Xt + 805 X §p 5 Y 174128
Wl
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A1 e XA (KSR, 2002 B 4)
1—BNAEFHERFRED L . BA - F=ZR LHGHSREBL ORI RRE . HARE 3-ARFEREFHKLEER
KIWBIBE a— BN TERBABEE S—RKE 6B KE; 7—RUVNZ 8—RMREGR - FB AR FL
Fig. 1 Geological Map of Tudun area
1—Quaternary deluvial material; 2—Teritiary salmon pink silty mudstone and white conglomerate; 3—Cerboniferous Wutongwozi Formation
volcanic lava and pyroclastic rock; 4—Variscan intrusive peridotite; S—Diorite; 6—Gabbro; 7—Inffered strike-slip fault; 8—Suture of plate;
9—Unconformity geological boundary

3.1 ETRBBEBAEXMEKET WIRMNE
BOUR BRI BOEE L RRA . X TXRA
OG- AR BRI UKk AR ER Yt
g Yt IR K R R BT LA O R P B
AR A AR, AR B KRR THFERE
ERK RS, B ] REFF B 7E 59 B R (Causality ) I
F R (Hierarchy ) s Mg R H R R R FREE AT
LA X P 4 B OO R K R AT EAT IR R,

FRECURE RSB Yr ik 2 B B 3t
SRR R , WA 2 G Y1 R A F1 15 B
B, Spearman R (M /REMKER R Y M
Kendall zau (Fk/R—BHERBOBEER TR E
HIXRAEFTHRVE, N TS BN B0 YR F

FEAE BERZEHF R REKE KM T , Spear-
man R 4 5H# Pearson R (B /RFHFHRRL) %
B, BRI 2 MR BRI AR E . BRE
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Feil o, B8 0 # R X AR Tt B R
7E Spearman R BiZH, It RWAREA HEFHRE
(Plakhov,2004; Monjardet, 1997), BHit,RITRE
Kk 55 Yk T LIE N BN R BE A
IRFF . xR, AT LA 13 XA P B0 41 (B s AT A R
HA S BEEHBRAR, XBMHELXFERH
A, DA A R0 9 A8 B K/ M o 3 S5 R
FIIKE, EHEBERBRBEVESET, ARHMH
X AR B AR B ) AR BL45 78 B0 & AL ) A AR IE &
%, BRI NN IR EER K,
MR — 2 KRR AT 8, RA BT,

Kendall tau #EAF L5 Spearman R —#., M
GHMAEERERMOMN, B Kendall tau 5
Spearman R A & A A #% : Spearman R 7]
N RHEF A B 898 Pearson B HS M X R ¥
7l Kendall tau RHER, BFZ R LHREEL THIF
IR B 1 2 DL B 5 4k F S (R e 6 38 22 il A 4
£ EFRTETRA G S .57 YRS Z R/
PITERR R B, A (UOUE0HE 41 1) 4 R MR I Bk 2R LR
HE,FNHEARNFNERUEFEE,

XF EiR##®, I Spearman R Ml Kendall
tau BT B (RBHEE,2001), RE T E &
ETPRANE TSR AR AL EAET Y
PR, BAET URELEETSERENR
O B da abrirs 3T AR RN - Dk S by L ]
% ¥ %%, FIFH Spearman R 1 Kendall tau 5
FEN RGBS —RIULERELH) S
By Y2 B R RERE S 82T Yk
EHAXRER KNG T, BREBANASEQRE
SELRTY.

3.2 RAER

EERHROEMZ L AALEY XHZH
i HyMAP i BT YHIRGIR. AR
b 5% 8 & /B USGS 5 Yibn e % B P 8 07 8
6.G%A 56 YA RE A . Z80LE, %
H—-FT PR ERES HyMAP & IJ0 % i A R
4,1 Spearman R 1 Kendall tau 75 J 453
BRTCHIT B R E 2 B AR, A B R E
HATE RHE A T L8 X MR ET Y.
& 2 R F|F Spearman R 1 Kendall tau REHHEBZ
O SRR LR Y Z R AR KHERX R, I
PAIZAE 56 2R B A B VR 31 A o 5 4 R AT IO R R K
NSRBI N E, B2, NG

BRRAZETHEERY U HILEHDBIR, KR
HEE 1 RE—ERXM KR, X Spearman R £
o510 B A — E I RE AT S 35 &, T AR S
HA B KBy We 27 (8 3),

3.3 ESMRNE

B HALHEE, S AFMN AT LS
HyMAP BEFRHINMET YA A NERERS
LRRFRE T -, ERRFIRIIT YNNI HX,
REERRMF - HTETEE, HERME 1,
HTFREAT YRR KRR, RER 1 PHLH. &T
EEERERA, IREL SR A A5G HyMAP
BEEBTRNT PR R R Y,

3.4 SW5ite

i3 %t Spearman R A (3 2) fl Kendall tau
R (F 3G, AT A Spearman R REEK
EZHRTF0.6~0.9 ZfH, i Kendall tau RERT
0.4~0.7 Z @, REHRR p<0.06, £ REH4 T
0.001 M. B, it BEREX AR BEMK
B, RAERAMEE,

Spearman R fl Kendall tau REHATEFH
ROTRBESH, X IESF#HELERENIEE
Y, TEREXRENAER EUARERBESHA
BEE R TR S (R AL L 289 UK
A% . BT Kendall tau 5 Spearman R HIRR
HFEARWBERE, EMXRBNBEX/NLFE
—ex R HENHEEREAR—-B, FHAXHHE
U R B2 S, 7T LUART W8 % (B B AR
& FUH S EBTYESRBEPHYENL
AEFSR, KBEN R RAE R .

MARET WM X RE S (B 2) SHSMRIE
AL, HERBRARM G HE, SHEY PR
H—H. ABanHFRESR FRFEAXMAR LTS
SRFUBHARAL , B KO RAL B A i & X, 4%
EBANAEHERBYI AR, FEIFRAES
BEHRSRAERTT WHBREY, a0 H KN
F EARMEGERT YRS EEFIMRIEPHEEER
AFERATRRR, FE KR LR A R
AR —R A T, RALRE B AR W AR 4, BT iR
BESR AT Y SR E P RER —BRS M
BA—%, BRA B8 . FRAS(E2hAf
FRED) SV EAHAE -, EXGFEITED, &
EEEMNFRABRLHTAR BERAHAK, BE
ARBAHEERBERAAM RO ANERE
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B2 L8E KAETEREAEAHRNT WS (SHAMIFMREE) (4 Spearman REM; #: Kendall tauR#)
a i DRI R QML e kb LIS TR R SEAHHEIE WA I i AR, EHI R EA
47 B R T BB B T A Al T NEES0” ) Sl A AT R AL
Fig.2 Mineral identification based on mixed Maximum Relationship along Spectral Mixture End-members using Hypers-
pectral Imaging Data for Tudun area (Mosaicking with three aero lines; Left figures are coefficients of Spearman R of
different minerals, whereas right figures are coefficients of Kendall tau of different minerals)
a. Caleite; b, Chlorite; ¢. Epidosite; d. Serpentine; e. Kaolinite; I Sericite
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Fig. 3 Distribution of altered minerals from Tudun area (Mosaicking with three aero lines)

1 THTE#SHERETERSEMAAN

Table 1 Comparison with the thin section identification and mineral identification using HyMAFP data for Tudun area

Al

RS  RREpT .
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%2 1HH X Spearman R REAH
Table 2 Analyzing of coefficient of Spearman R
for Tudun area

7Y ORE BME  RAHE HiE HE
FBA R 0.447213  0.934594 0.812560 0.032227
P 0 0.013219  0.000000 0.000014
®®A R 0.484761 0.871858 0.789467 0.019424
P 0 0.006630  0.000000 0.000012
KHFH R 0.349761 0.870397 0.698577 0.042139
? 0 0.058138  0.000045 0.000139
BIEH R 0.542158  0.938154 0.776793  0.031374
p 0 0.001969  0.000002 0.000008
Bz=E R 0.459399  0.935929 0.753615 0.036218
P 0 0.010653  0.000007  0.000032
A R 0.437152  0.835818  0.739126  0.025418
p 0 0.015709  0.000006  0.000029

F:p HEEHRE,
%3 1M E Kendall rau R
Table 3  Analyzing of coefficient of Kendall tau
for Tudun area

7Y RN BRME Bk BE FE
FRA tau 0.317607 0.783908 0.618844 0.037760
? 0 0.013705  0.000004 0.000019
BP®A rau 0.301149 0.696552 0.521554  0.038770
P 0 0.019430  0.000094 0.000118
BWA tau 0.251152  0.713464  0.544243  0.041325
P 0 0.051277  0.000057  0.000151
HWA twu 0.393103 0.797701 0.597479  0.032225
p 0 0.002282  0.000008 0.000022
BZz® tau 0.31954  0.802299 0.538260 0.034176
P 0 0.013142  0.000063  0.000140
MEESE au 0.264368 0.641379  0.497374  0.031543
p 0.000001 0.040197 0.000174 0.000206

ep HEEHQR,

WL T 4 B0k B B AR R B LR X IR
EFLIIERER, MRET RNRIFEFA M,
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g2 1B

B i 1 R R i 18 JB WA X 3 4 ) 5 ] ( Dis-
crimination) & & Bl X # #7 i) B £ 1R B (Identifica-
tion) , {1 B 8 T4k J7 3k et B4R 4 W 5 25 A LA 3l 4
ok EHE S A MR B, R RA i
Y e SO N R TR (INE ) 15 BREL
AXFARAEHAERSTHEYT WA, B
THAED W FRES, AT Y E AR 2R,
At S E R, B2 AR PO R E AR A
KR M EHBRES Ry HARERBET TR

AR, R TRERRASHRNENEG S, 3 hib
T RRETH LA,

References

BEN -DOR E and Kruse F A. 1995. Surface mineral mapping of Makh-

tesh RamonNegev, Israel using GER 63 channel scanner data[ J]. Int.
J. Remote Sensing, 16(8): 3529~3553.

Chen S P, Tong Q X and Guo HD. 1998. Mechanism of remote sensing
information] M]. Beijing: Sci. Press(in Chinese).

Cocks T D, Jenssen R, Stewart A, Wilson | and Shields T. 1998. The
HyMAP airborne hyperspectral sensor: The system, calibration and
performance[ A]. In: 1st EARSEL Workshop on Imaging Spec-
trometry[C]. 6~8, October, 1998, Zurich.

Gan F P. 2004. Imaging-spectral information of hyperspectral remote
sensing and its application [R]. Postdoctor Report. Peking Univ.
(in Chinese with English abstract).

Gan F P, Zhang Z G, Wang R S, Yang K, Liu S W and Yan B K.
2005. Spectral application in spectral reconstruction and validation
based on hyperspectral imaging data[]]. Remote Sensing for Land
& Resources, 63(1): 12~16(in Chinese with English abstract).

Monjardet B. 1997. Concordance between two linear orders: The Spear-
man and Kendall coefficients revisited [J]. J. Classification, 14
(2): 269~297.

LianC Y, Zhang G and Yuan C H. 2005. Application of SWIR re-
flectance spectroscopy to pulang porphyry copper ore district, Yu-
nan Province[J]. Mineral Deposits, 24(6): 621 ~637(in Chinese
with English abstract).

Plakhov A. 2004. Relation between the Kendall and Spearman coeffi-
cients and concordance graphs[J]. J. Mathematical Sci. , 120(1):
988~994.

Xu J B, Feng SM and Sun Y H. 2001. Statistics{ M]. Dalian: Dongbei
Univ. Finance & Econ. Press(in Chinese).

Yong W F. 2002. Investigation on characteristics of mafic-ultramafic
rocks and its anomaly evaluation of Tudun area, Hami distreit of
Xinjiang Uighur Autonomous Region[]J]. Non-Ferrous Metals of
Xinjiang Uighur Autonomous Region, (3): 1~6(in Chinese).

LS 504

BRRE, HEH, BER. 1998, REESMNEFE(M). L5 &
SRR

HEF. 2004, BGEEEERERMAR]. BLEHEHRE. 1t
HRE.

HEF, KRR, THE, B 4, N2, ERE. 2005 LiEE
BESAMATHRRFHYIEENER]]. BLRRRE, 63
(1): 12~16.

ERE, BE THE. 2005. GEAIAETYRBHEREEHR
AR RAMMET WHEEPRNA]. ¥R, 24(6):621
~637.

HEE, GRE, HEF. 2001. KiHFIM]. K& RiMBEA%E
HRRAL.

AXE. 2002. HRATHHES BEEESEBSTERL ST
K] HWECER,(3):1~6.

2006 4F





