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AR Pl AR A 5 SR B, ) PN b b ST TAE N B Bl 22
KR T2 5k, ik B A 3 o B ik
(PCA) G £ 2 (SAM) (R A& I 8 DT B 3 % %
(MTMF) % (Rowan and Goetz, 1977 ; X1 i %, 2003 ;
Pour et al., 2011 ; H U5 F1 &2 2013 ; f2 90 15
2017 FhAKMESE, 2018 ; 045 ,2019) .

TR %% W g B R 3R [ L 1 X B B B AR
2% 4 J@ " 7 (Wang et al., 2001 ; & 5 355, 2013;
Ouyang et al.,2015) , #2 IR E LT A9 “FEIE ", H
20 428 70 FEARLAK  FE R %2208 v pg B - T 2R
IR i BT AR AR R BT 8 B R | 1 T R AR
R ORI A B R Rk I R 5 R B i 5
EREVEED SF R R Z &R0 IR (X & 45,
2004) o TN ) FH 18 BB AE R 2% 2 08 R BT
JE T — 2 AR R BT AR, i Xk — 2
FE PR X ER AL T H S SR (GRRL, 2005 ; 5
JEBISE ,2024) , H 2 BT AR S 21— 10 2 O3 5K
i, ATt e S i A VR XA N R S . R,
ATy )R FH 2261 (Landsat-8 . ASTER ) $# % []

PGS (GF=5) K | B X R 2220w Be iy se At 5e
Jit5 T ARUBR P B 3 4 s DT e a1 ol 28 15 2 AR HC, X
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R 22 W i B i 6 s 1XC ) 853 5 0 B L 0 T A 9
PR S

1 K #

KOG W B B T H O 38 Ll 2R 3 (8] 1a, 5K
T4 ,2021) , RV PE RF- 1 S 5 S B
A9 22 I X 48, ( Ouyang et al., 2015 ; 47 & 55, 2021)
AT Ak T 58 S~ A R AT SR B 55 R S R A b
B R A A Y A - T A PR A R 4
PP PR AT A (AR AR, 20215 ZE 4R @ AR
2021) o XX I SIS Bl i =g A g L Ep
SR L R R S s R ()T AR,
20210) DR ik BRG BTIR, Hb)2E OR 22 B I i i
RERAR . A 2Rl AR AR T P B — 2R 5
AR 3 AL AR i 0B 2R Dy 3 %) B SR i (2= 0
{f,2020)

EE (XA O 200 Jemm

1 |1 [amk] 2

o] [
P2l [l [FEl [
- [ e
Bl - ) [ (@]

1 AHZIRERMIEMEE (a) FHF 5 X X5 5T E (b)
Fig. 1 Geotectonic location of the southern section of Great Xing an Range (a) and regional geological map (b) of the study area
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1-Baiyingaolao Formation ; 2-Manketouebo Formation ; 3—Xinmin Formation ; 4-Linxi Formation ; 5-Zhesi Formation ; 6~Dashizhai Formation ; 7-Shoushangou

Formation ; 8—granite ; 9—monzonitic granite ; 10—granite porphyry ; 1 1-diorite ; 12—tonalite ; 13-biotite plagioclase granite ; 14—reverse fault; 15— measured

fault with unknown nature ; 16—pegmatite type Be ore ; 17—contact metasomatic Sn ore ; 18—hydrothermal W~-Be ore ; 19—skarn Fe—Zn ore ; 20~hydrothermal

Cu=Sn ore;21-hydrothermal Cu~Zn—-Ag ore

231



Mo 5T 5 IR

2025 4F

TF 5% DXL T P9 5 iy s 0 T e A1 e I L I B
TG B P X, i AUR 2 1074 km?o B 5T X 3%
IR TRAE B 551X, 38 A B R S R . F
SEXCHL)ZE (b)) &l A R =8 R DL o AR Bk
PEMAER, KN HEA SR ELEA
(Pyss) WMEAHBE G 75 LKA ZE AL (P ds) R R B K
PEHTZH (Pzs ) WG AR G 25 K 2 LA B ARG 4 (o) fili
AHI 2 DU RR (Z5h 445 ,2019; T46,2019) . A% &
FEAA TR X ES, kP G R A (Jx) 55
LA (Poss) W24, REEGH FRAZEHZ I
15 o0 Sk SR 2 (Jymk ) S FE PR M JOLE 2 KL iR S
UL RO B DLRLE (RS 1146, 2016) , 5 13
TGS B (K b) & A TR b T B I S
R AR M (TR L4, 2003 2204, 2020) . A
WA T2 43 A0 T X B R S RG24 5 R T
B 35% 5B B A b3 K 1 A 5 A 2 L N
A DA K r B A R AR L AR 2 AL K s N A
TE R BEA A I FUA MR . SR B 5 30 sh il X 8
KT — R HV 028 B AR, ot e i sl o th e
Xk EIE W T A28 X S Ak a5 o BT X b Ak
WS A R B, FEAEX S L R R B
A6 AR — B VG ] W72, 5 R AR R b A 3 E 1 3
(& 1b).

2 BAEA

2.1 HEE

Landsat—-8 L& [ #5#% 1Y OLI & &8 443k 94~
W B, Horp 6 A 3k B e ] )G - 0 40 A1 (Visible
and Near—infrared,, VNIR ) i B¢ , 3 1N B & T 45 i 41
A1 (Short=wave Infrared, SWIR) i B ( 2% £ ¥ 45 |
2022), % 16 KAl LL5E ol — K 4 B3R %H 55 (Chen et al.,
2018)

ASTER & #4845 AR H Terra T AL LY
P U SRR S AN, L2 ] 43 B R Ak T 4K
AR EARE R A E T 15 KRS M HER
B AT G-I LL A% B 30 2K 23 6] 43 FE A A A 4T
A0 % B LA J2 90 K 7 (8] 43 HE 2R (14 4L SF (Thermal
Infrared, TIR ) 3 Bt (1R & i A0 R 6 H L 20125 R AT
4 2021),

o 1 (GF-5) A T 2018 A i T & 4t , &
2 v ] 1R 0 3K L R e e — ) 3 R
TR HAT WS- 0 Lr A E g A AL (AHSD 1A
VNIR~SWIR 3£ 330 4~ i1 Bt , m] R U 5% 60 T2k Ol
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TS BN 5~10 942K (25 18] 2 BER AL T 30 K I &
JCTEEIAN | S R R Dl AR 7 ) SEL I e ) 25 TR )
PEALT R A7 0B TR (PD AR AE L 2018 IR VESE,
2024).
2.2 HURTALIE

e VBN RIS IR, GF-5 B0 I B AL
ZIRBE A, IR 2T S 5 A 30 L5 B T
A, WA ULk 2R B ) 1 it 2 912 Wk e IR
fIE AL T R 21 A0 ik B (GHEAF I 45, 2003 5 £ 5%
%, 2020) , A B A ¢ A B Band269~Band329
(1999.09~2504.8201 nm) I 614~ Bz . [RIH 24 &
I Bt & , Band327~Band329 = A Bt T G 2% 1
BT RBR, AR S8 MBS S i AR E BRI

H T GF-5 AHSIA& 2% i 45007 A4 80 o 14F 41
B, 3X B TE A H 22 () AN AT gkt e b 25 R A B4
1) [l B, S SR B GR=5 Bdi i BUAR 23R4k IR it
AR SR FH R 2 B A 21581 /4 7 B 45 0 (AR R IR
LA NG TCIE I sk B 2 A2k, R B E T Ja 3
BT 2a b i o BRI Z A0, s i At
1) 22 B0 B 25 AN [R) 2 B2 1) 2R SCRUNE , Sl I A
SCRA 4 R 2 45 80 RN 55, 2005) I T L S8 18 T
KBUER o KR RBCERRTT G WLIE 2¢ Fid.

22 G B T BT AR 6 bR SR AR TE Ak
BT TG A | 6 T 2R A Savitzky—Golay
UE U (TRTFR SG U8 I ) 4 XU 3 1) B 143 R e 7 144 71
T AL B R T /D A LA R A i i
¢k (Savitzky and Golay,2002) , Hifgr = EAY I AE T
RE AT LT BRAF 5 v (0 405 14 4K W 75 30 ] DL R LB
IR AN N & A 2 2R (Liu et al., 2016) o &2 IR SE
B AT K e VR A A s B BN S PR 2
TR B 4 B A FRROR e oSG UE I AL PR T S
DLIE 2e £,
2.3 Landsat-8 [T FEE BRI

FEF Y oA 1y (A BP AR BT R ARk
45 ) BY Landsat—8 51K FF 7 135 il 26 (18] 3a) RR1iE 5k
M7, 1E Landsat—8 12 BEE b, 2k YL {5 EL7E Band2 |
522 W ISCHHE , T 7E Band4 .6 22 4 USHRRAE , H8 1t
A SCR Band2.4.5.6 2 5 F 5043 43 B F DL Uk
Yefs B, MIEBand2 4.5 .6 B RAR LR (F 1)0]
VL& ) PCARRIE ] 1 2847 B 77 Band 2 2R f4H
TE Band4 N 1IEAH , IR 235 Bk L i A8 5 1) 1) D' 1%
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Fig. 2 Comparison of before (a) and after repairing (b) of bad lines, comparison of before (c) and after strip removal (d)

%1 Landsat-8#{#EBand 2.4.5.6 T =T R

Tablel Changes of principal components for bands 2, 4,

and comparison of before (e) and after Savitzky Golay filter processing (f)
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Fig.3 Resampling spectrum curves of Landsat—8 data
a~ RPN Y s b-FRFER MR )

a—iron—stained altered minerals ; b—hydroxyl group altered minerals

5 and 6 of Landsat—8 data

i X RIS AR Y (IS R R A
B4 ) 1Y Landsat—8 B R RBE 15 gl 28 (18] 3b) 1) 43
el 40, #2515 B AE Band 6 20 K ETHEAF , Band 7

Eigenvectors  Band 2 Band4  Band 5 Band 6 S KT T LU Band 2.5.6.7 PUA 0
PCl 0.191288  0.395651  0.489405  0.753228
PC2 0355238 0.501506  0.451404  -0.646940 BLyeAT E 0307 [ AR S Band 2.5.6.7 £
PC3 ~0.610067 -0.349871  0.701241  —0.116917 AR (3R 2) B PCAAE M 2 3 2 Dl AR 75 B HE B
PC4 ~0.681933  0.685231  -0.254909 —0.021127 4%
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%2 Landsat-8#{}EBand2.5.6.7 EHETLR
Table 2 Changes in principal components for bands 2, 5,
6 and 7 of Landsat-8 data

Eigenvectors Band 2 Band 5 Band 6 Band 7
PC1 0.182804  0.446574 0.623148 0.615500
pPC2 0.040886  —0.729307  -0.147913  0.666754
PC3 0.629838  0.361882  -0.653697  0.212194
pPC4 0.753801  -0.371111  0.403099  -0.362728

B i, T U M A Bk AR S R 5 Y 4
A, A Y 5E 2R 1 Crost J7 2 0E A7 (il A8 S 4 25 9% (1)
X153, BI3E i Y E+N X AR T 22 (o) 7 2R 3 1
B, Horb VERUE A 2.2.5 3 Bl ok 28 S5 o iR B 0 A 4L
BT o RIEE, T R BRARST WS, P AR i
A BT A DR DA B . 2R
BRI KU P T R/INBE R 5 XS RHOR BT,
K15 2| B F Landsat—-8 B¢ 95 10 1 48 {5 5L 42 B &%
HR(E4),
2.4 ASTEREZTREFESIEN

BT YRR 74 19 ASTER %04 5 R AR I
T 2R (18] 5a) , Bk Y S B AR 7 4 7F Band3 22 AW UK
FFAE , 7€ Band2 .4 2y S RRAE o 908 1 AR 3¢ 356 B
ASTER $(#5 9 Band 1.2 .3 .4 UG B S 5 3 a0 43
Bk PR Bk gL b A7 AR5 L 3 o i AR R (3R 3),
Band1 .3 ##iE{E 745 4 1t H Band2'. 4 M iF , 75 5 8
YL AZTE ASTER 048 L 0 15 FRAE , i3 B PC4
VSR B IR e T AR (R 2 4

X F LA B I A A R R R il AR
U ARAEZ 25 ) i ASTER B 5 Rt ik i 2k
(&l 5b) A 41, )i 6 4% Band1 .3 .4 . 6 IO B R4 T 32
A 53 o v s W I BE Band6 £ 5 Ok i,
Bandl .4 WA ATS0 1E , H otk 3ok, MRE R
4 ASCHE IO B EER 19 PCA ME N HR IR R AL 1k

El4 Landsat-8 M5 SIREUERE
Fig. 4 = Extraction of alteration information based on
Landsat—8 data

I=ERRe— 2 s 2 BRI i 3 3R S 5 4R —
RESEE RS I e e S

1-iron—stained Class 1 anomaly ; 2—iron—stained Class 2 anomaly ; 3—iron—

stained Class 3 anomaly;4=hydroxyl Class 1 anomaly; 5—hydroxyl Class 2
anomaly ; 6~hydroxyl Class 3 anomaly
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Fig.5 The resampling spectrum curves of ASTER
a— R Y SR s b0 R S VR ) 5 o~ R RS IR )

a—iron—stained alteration minerals ; b—Al hydroxyl alteration minerals ; c=Mg hydroxyl alteration minerals
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%3 ASTER#{EBandl.2.3 4EHETLE
Table 3 Changes in principal components of band 1, 2, 3

and 4 of ASTER data
Eigenvectors Band 1 Band 2 Band 3 Band 4
PC1 0.349317  0.492777  0.592672 0.532811
PC2 0.347558  0.422081 0.179441 -0.817833
PC3 0.680804  0.128669 -0.691622  0.203981
PC4 -0.541928 0.749975  -0.371751 0.075188

%4 ASTER#{EBandl.3.4.6 EHETE
Table 4 Changes in principal components of band 1, 3, 4

and 6 of ASTER data
Eigenvectors Band 1 Band 3 Band 4 Band 6
PC1 0.311475  0.478131 0.623313 0.534654
PC2 0.478494  0.653157 -0.315848  -0.494640
PC3 0.504350 -0.211270 -0.595120  0.588921
PC4 0.647810 -0.547852  0.396928 -0.350212

%5 ASTER##FBand1.3.4.8EHETHFE
Table 5 Changes in principal components of band 1, 3, 4

and 8 of ASTER data
Eigenvectors Band 1 Band 3 Band 4 Band 8
PC1 0.304497 0.461383 0.607775 0.570103
PC2 0.399629 0.651148 -0.096045 -0.638027
PC3 0.462773 0.077299 —-0.741064 0.480303
PC4 0.730355 -0.597626 0.268720 -0.192908

2.5 GF-5T¥BALIRT

e /NI 43 5 (MINF) A8 3 FH 38 J8 2504 Ak
B AR TR ) [R]B A B0 Bk Ak RS 43 B
AEG IG5 45 H 0 (RRHES 12020) o H AR FXF
T B HEAT T PR R AR 8 < B — R AR s D
T B B YRR DG 5 55 — R R M A 1 A s
PR T 3 B AE 0 (R 55,2023 ) o 383 MNF A8
e, 5 TS B REAE AR R AR b BRARAE M L, W] A
A BB AR T AE S Y LA LA BB

Xof T S RN, 2GR OT A TE P R A
PR DL L B 15 B iZ AR e s RO IR ARt
(T P25 ,2020) . IRA15I0H RO th & AR XEA
B ZRAE W IS R AE | T R T IR AR S
[F] 73 3 23 11 B ) LA b = s 1 52 2k | 3 B0 Jek
AR AF TR IR SRt A, XS T i i
JEAF BRI, 245 o0 i 4 UBE B T AS AT Bkt ) —
Ao HET LAY SEAR TR U A RO sl B
FREC(PPD) B i St KA #E (SMACC) (& = 5%,
20115 B SCHESF,2012) 45 o AR 3¢k H PPLJT v 58 B

E 6 ASTERME(EERINERE
Fig. 6 - The alteration information extraction results of
ASTER
I=BRGE— G 2R R T 3R = U o 4B —
S SRR S - R S R TR S 18-
FRFRIE TR O- R =

1-iron—stained Class 1 anomaly ; 2—iron—stained Class 2 anomaly ;3—iron—

stained Class 3 anomaly ;4—Mg hydroxyl Class 1 anomaly ; 5-Mg hydroxyl
Class 2 anomaly ; 6—Mg hydroxyl Class 3 anomaly; 7-Al hydroxyl Class 1
anomaly ; 8—Al hydroxyl Class 2 anomaly ; 9~Al hydroxyl Class 3 anomaly

Ui TG A I, R ARUREL 5 I, 38 3 15 A ) 1) I
REA M 2 RPRIE T T 0. ARRBFSOR R AR B X
h 5000, F{EH 2.5

FETF DL EARBREE R A SO ENVIS. 3 5 iF
7 n—Dimensional Visualizer T..H., 38 5 N ZE 505 &
TE Il AR 5 1) 3 76, AR S DL Y% R X (Regions of
Interest, ROD) A JE X 7 th ok, 2 )5 3R B 4l v o
(4 0 1% H A, b T LU E A WESE X NAFTE A =
Bl G5 A Fl i U A X = R RS i AR A4, DA
SEARSE DR e AR ) 28 36 e 15 P (T 7)) o

I Ja T A G AR AT R Y R IR
& VA DT C 38 9% (Mixture Tuned Matched Filtering,
MTMF ) J2& — Flvfs LR TR 5 23 A 55 DT C I8 I 45 5
K BIZ ATk (PN, 2015) o %07 B0 VC i g 9%
T T S5 i TG I T A5 2 DL B R 2 M IR & 40 i 7
PR IT N A oG o LR IE HARIIA 1 AR A AL
ZEaE Rk (HE45,2010) . R4 TIE VT BC IR 145
AT LA Ry o — o 2 P ih £ DL M py 1
SR A5 53 (E i 2R W] 3 R AR AL 5 58 AR A AN
AT R AT R R B A BN T R AR ST
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Fig.7 Empirical spectrum library curves
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Fig. 8 The alteration information extraction results of GF-5
1= B 253505 1 5 31l £
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BT AL GE s o T Be, i S5 B S IR e
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FORR 25 Fhalias . M 260 al
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236

b b PR A O A XU TE N AN 2 5 T 6
A nT LUK IS 2 ) 1) 328 226 1% i 2, FEmTR A
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IF 5T DX P4 1 0 2R 1 8 LA S 2R R AT B A ] SRR ok
AR S i RAE BB WRHIE, = G A BRI 1 2 B
AR A AT T DX IR JEHR A 1 B X 0 AR
URMWT T 45 G Tl 728 S 5 73 A RRAE LA S 5 DX 3 5T ¢
HE, LR 6 b Bl s X, e hy Pl AR {5 8 in A X
Pl e 45 2R UL 9.

HH T A il A S 1 o0 A RS2 A
T AT B2 W R T . R BPAMRG AL X
SEIAIP A i E 25 QLU A A OG, Horh 5 0k
LTS O 28 B 285 U0 A i L 1 e TR v o Ll 1%
NG A G S AR BYRER A B B A IR R R 81,
PRl g oA o T LRI oo 25 1) 73 Bk 3 5000 B R R B
T DX Slebth, 57 ) 3 AT R SRR, R AR A R S
TERFEARSS G 1 18 B A &

3.2 BimATEHIMNRIE

KL W B B oL T 16 74 DR i 1 5 vty I
DN RER™ S8 1) S 91 DX, A s o — TV P i 2,
2R A Z R (AR R 5 3, 2022) , A5 1% X
T T 3544 10 224 JE L, XN IR LA 22 U™ It
R AEA R A GIRIE AR, 2021) 4% 1A R AE AT
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Fig. 9 Alteration information superposition results and target area delineation in the study area
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Fig. 10 Field photos of alteration and mineralization in the study-area
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(a)-albitite pegmatite in CF—1 (Biliutai) area; (h)—muscovite granite in CF—1 (Biliutai)-area; (¢)=green mud fine sandstone in CF—2 (Hujiadian West) area;

(d)—epidotite fine sandstone in CF-2 (Hujiadian West) area; (e)—copper blue and malachite in CF—2 (Hujiadian West) area; (f)=chlorinated and tin mineralized

outcrops in CF=2 (Hujiadian West) area; (g)—dolomitic rhyolite in CF—4 (Dazhujiayingzi) area; (h)—galena rhyolite in CF—4 (Dazhujiayingzi) area
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Abstract: The northern Chifeng region of Inner Mongolia contains abundant lead-zinc, silver, tin, tungsten, copper, lithium, beryllium, niobium,

tantalum, molybdenum, and iron resources, making it significant in the nonferrous metal-rare metal-silver metallogenic belt of the southern Great

Xing'an Range. Previous studies have conducted extensive geological, geophysical, geochemical, remote sensing, and mineral resource surveys in the

southern Great Xing’an Range, particularly in the Chifeng area. However, there is still a lack of effective prospecting methods for shallow overburden

areas. Considering the metallogenic geological background and spatial distribution patterns of deposits in this region, this study employed multi-source

remote sensing technology to extract mineralization alteration in Hexigten Banner and Linxi County, northern Chifeng. Multispectral data (Landsat-8,

ASTER) were used to extract alteration of different mineral types through principal component analysis. For GF-5 data, the mixed—tuned matched

filtering technique was applied to extract mineralization alteration. The results from the three remote sensing methods were then integrated for

comprehensive analysis to delineate prospective metallogenic targets. We also conducted field verification, further advancing the application of remote
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sensing in geological and mineral resource exploration. Based on Landsat—8 and ASTER multispectral data, iron—stained and hydroxyl-bearing (Mg—
OH, Al-OH) mineral information was extracted. Three alteration minerals of muscovite, epidote, and kaolinite were identified based on the GF-5 data.
Field verification confirmed that the remote sensing extraction results corresponded well with actual alteration anomalies, and tin—copper—silver-lead—
zinc mineralization was discovered within the delineated target areas. This study, by combining extraction and overlay results from different data sources
and validating them through field surveys, demonstrates the accuracy of the remote sensing methods used for mineralization alteration extraction. The
integration of multispectral and hyperspectral remote sensing data facilitates subsequent alteration zoning analysis and more precise metallogenic
prediction, thereby better serving mineral resource exploration and related fields.

Key words: multi-source remote sensing data, alteration information extraction, principal component analysis, hybrid tuned matched filtering,

Chifeng area, Inner Mongolia

242





