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the Ordovician Tanjianshan Group;PtlDl— the first formation of Daken Daban Group;7yT,—medium fine grained monzogranite ; 7y—greyish red
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Fig. 2 Grayscale image of band 1~3 after MNF transformation; (a) grayscale ST ph 2 3 4T %) e DE g BiiEus SR
image of the band 1 after the MNF transformation; (b) grayscale image of the St 4% 3 5 4l v 15 5T 1 1 4 9 2 R i
band 2 after the MNF transformation; (c) grayscale image of the band 3 after S 37 EEAS — B U N Wi

the MNF transformation
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Fig. 3 PPI image generated by pixel purity index
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FXHPE BRI (E 6)
4 EHAN SR L B

ERAT ML S el s f B AR (€]
HAA RN T — R AR Y Aster
B(# Landsat8 4 38 i) 1F 28 722 4 BEAS A
KA B IFOR B LG s 1 K o5
B R R S MR 0 T B (i T
%% 2010; Liu Lei et al. ,2014; Poumamdari
et al. ,2014) , AH T4 P M 35 5547 DT FC )%
BOIFH T 32 18053 03 A R0 I A ol
15 A28 T fift Bl b A8 4 ) 12 IR IR 3
FRAE, Gl I 4 5 A H B A T A E)
WFFEIX AR S A 8 R 5L (OH ) B
RGBT (Fe™ Fe™ ) phAE | 17 iX L 5
AR BB ) 7E Landsat8 A1 Aster £0E
(R B b A7 AE W 5 9 D635 2 W RRAE (K
7)o

1 USGS FifE I3 128 r SR i 22 4 )
DT 2 T 1 ( Clark et al. ,2007) , kYL Es
F-(Fe™ Fe™) ph/E iy M A1) BT — 3
E 2 WIRHIE , HAE Aster 040519 Band1
F1 Band3 4b 5 BE 55 W U4 FRAE , 7E Band2
1 Band4 &b BLAT 4wy 1 B SR PR G B 4
Aster ZU#% i) Bandl . Band2 . Band3 , Band4
PR Y AE ph AR . XF N B9 Landsat8 2k

YA W) FE Band2 1 BandS WAL R 55 Ky
I B R 45, 7E Band4 il Band6 [t 54 3¢
Ry B0 Y S 5 g 3% 4 Landsat8 4 1
Band2 .Band4 .Band5 .Band6 #£H8:4L B8
&, TE Aster (4 I Band6 AbA5 B i
KA, £ Band4 1 Band7 A4 B 2 2 5
W iz AL E T L2 AR Al—OH K1Y
Btk WA IS 5 0 A 45 g
Y4 4, Nl Band3 , Band4 . Band6 . Band7
AT RS Al—OH 3 A 1) 1 AR 5 ) S+
I SERAES Mg—OH F 4] 1 2% e 1 | 2%
WA T A0 AF R W) 7E Bandl Al
Band8 4b HA7 3R W W45, 75 Band4 b H A
i S, P 2% Bandl |, Band3 | Band4
Band8 #£4T Mg—OH &+ K {28 5 1) 1) 5 15 2.
AHRERL B9 Landsat8 #5405 5 2 A0 4 (i fk 2k 0
V) 15 7 DB R AT R4 6 i B fff i
IR B TR ¥E £ Band2 | Band5 | Band6 .
Band7 $2IUR AL (E B

4.1 Aster HFERRERK

[l 4 n-D Visualization & H #2800 7C

Fig. 4 End element in the n-D visualizer window
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Fig. 5 Average spectral curve obtained by the n-D

Mean drawing window

4.1.1 HRFMETRESRE

BRE T (Fe™ (Fe’*) LM TE Aster3 Ab 5 P S 4t
BHFAE, Aster2 1 Asterd 5 B S 5 06 A I 3 F
Aster UHE , A5 SCE#E Asterl | Aster2 | Aster3 | Asterd
PO I B il 3 JL o3 A 46, e R ) o A R i BBk
Qe ALz . MR Crosta JI % 1 A W AR EK B
LD 00 B XK B 1 (Fe™ (Fe™ ) JE M a3 71
Wizl e 5248 (£ 1a) FE47 4087, 7T 51 PC4 Xt
Aster3 FYFRIE R AL TTHRAE M 1E , X Aster2 J Asterd
AR IE R ECTTIRE o B, 75 2 IS A SRR AR 1) o £
SARIE, LR PCA MENFREL Fe™ (Fe™ ) B T4
VAR 1) S 6

PEARIE2E RSB, R BIFFEIX. PC4 R HEAT I (E
A3, 2 b A AR R AN [) A R e b AR o o AR
PC4 F 531 BB FARAE S | LLF Y E +nxbrifE
227 MHEFEIX PC4 PR EAT BI{E 81, 70 I =2,
2.5,3, BEUE> CFME+3xbRiER ) & SR gl
AR DX R T (G +2. 5xARifE22) 5 (1
{H+3xbRifE 22 ) Z A SO g 5 X 4 8UE
T PR +2x bR ) 5 CFEME+2. SxPrifE %)
Z I SCHAR G AR 55 X (5K BB 45 ,2003) . 7
ENVIS. 3 i 54211 T A (Statisties ) 74 H1 PC4
F o AR EZE N 25. 33, FH{E (mean) N 0,20+
mean } 50. 66, 2. 56 +mean N 63.33,30 +mean N
75.99, WAE LA FEUERSEAT RE ) H, e 245 3 BF
FEDCER YL il A8 18 B S 15 S, R Bk e o A8 e o )
o R A S RO R ALY ) A
(&l 8a),

% 1 Aster 1 Landsat8 #IR8 LR EZERN
T B 5> T IR HAE 5] 2 5E P
Table 1 Principal component transformation eigenvector
matrix of ferric contamination anomaly and hydroxy

alterations in Aster and Landsat8 data

Band ‘ PC1 ‘ pPC2 ‘ PC3 ‘ PC4
(a) Aster £Hlikie
1 0.37 0.36 -0.75 0.42
2 0.49 0.43 0.02 -0.76
3 0.50 0.27 0. 66 0.50
4 0.61 -0.78 -0.09 -0. 06
(b) Aster §tif Mg F2 5L
1 0.37 0.59 -0.16 0.70
3 0.49 0.54 0.08 -0. 68
4 0.61 -0.51 -0.61 -0.03
8 0.50 -0.34 0.77 0.19
(¢) Aster B4ls Al #£3:
3 0.44 0.89 0.03 0.11
4 0.54 -0.19 -0.68 -0.45
6 0.50 -0.34 -0.04 0. 80
7 0.51 -0.23 0.73 -0.38
(d) Landsat8 Bk Y
2 0.28 0.26 0.87 -0.31
4 0.47 0.43 -0.01 0.77
5 0.52 0.41 -0.50 -0.55
6 0. 65 -0.76 0.03 0.02
(e) Landsat8 BRI
2 0.26 0.38 0.70 -0.54
5 0.48 0.73 -0.23 0.43
6 0. 60 -0.24 -0.52 -0.56
7 0.58 -0.52 0.42 0.46

4.1.2 BREMTFEISRR

L Mg—OH Tl ZF BEHL Asterl | Aster3 | Asterd
Aster8 DU BAif 3 10 53 A2 8 | 44 SRR 1] 2 LR
HR3 45 Crosta J 5 15 W H WA Mg—OH FE A 1) £ 43
i, X Mg—OH B E stk L e 2 %10 (R
1b) #4758, 7T 0 PC3 X Aster3 A Aster8 B4R
FBTTHRE M 1E, H STRR A, XT Asterd [ HFAIE R %L
TTRRE 57, R PC3 55 4540 M $2H Mg—OH
e AR B FE 0

Al—OH ZEMVEH Y 7E Aster6 Kb 52 RN A R
i, Asterd F1 Aster7 S BU LS 506 | R I BEEF Aster 21
PEEPE Aster3 | Asterd | Aster6 | Aster7 DU Befil 3
JRLG3 7R A FHEARPAE ) 15 2R P, $ L Al—OH R Akt
A%, AR Crosta Fl5E M F W ALK Al—OH FEHT 1Y
S X Al—OH JE P 31003 07 8 LA e 2 2% {1
(3 L) HEATAMHT, AT 1 PCA XoF Aster6 [FFMF R AT
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Fig. 6 Mineral information distribution map after spectral angle classification
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&l 7 USGS FrUfEGiE 1 s ) G IS A 9T [X. Aster  Landsat8 (& E 2 AR T #5615 . (a) USGS fRuENGiE 7 sl
TGS ; (b) Aster BUE FELMAR G WI NG 5 (¢) Landsat8 3048 £ 2l AR )01

Fig. 7 Typical mineral spectra in USGS standard spectrum library and main altered mineral spectra of Aster and Landsat8 data in

the study area: (a) typical mineral spectra in USGS standard spectrum library; (b) spectra of major altered minerals from Aster

Data; (c) spectra of major altered minerals from Landsat8 data

I— 8 I— B I— [ =B IV—8 R A, V— i

I—Pyrite; II—Limonite; IIIl—Muscovite; IV—Chlorite ; V—Montmorillonite

WREH IE , HBTEk K, XT Asterd [ Aster7 BYHRRME &
BoTk{E A T, N FE PC4 1 R Al—OH 3
P A 1) 5 1
VAR Y (E +BRoE 25 R BT, YR 9E X
PC4 EIRA PC3 EG 5 M3 BE 351, 43 51 o
=2,2.5,3 {2 AI—OH F1 Mg—OH & 145 25 %] /3
(M, 7F ENVIS. 3 it it B g it 515 Al—
OH FEH%E 4 T4y R ks N 81. 16, FI(E M 0,

158 20 +mean H 162. 32,2. So+mean 4 202.9,30+
mean A 243. 48 ,Mg—OH LM 3 £ 40 bR 2
A 110.01,3F3{EH 0,20 +mean 4 220. 02,2. So+
mean N 275. 03 , 30 +mean Sh330.03, RIELL E%L
{ER AT B VI #) K Mg—OH Al Al—Mg & A1 5"
5 o m 9 PRI = A5, A3 BT X
HuIX Mg—OH FI Al—Mg 3 [ 1l 25 15 8 23 8] 43 A 4
fiE (151 8b) .
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Fig. 8 Remote sensing anomaly information map of ferric contamination anomaly and hydroxyl alteration superposition: (a)

superposition diagram of ferric contamination anomaly information; (b) superposition diagram of hydroxyl alteration information
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Fig. 9 Statistical table of superposition area of hydroxyl alteration and ferric contamination anomaly alteration; (a) statistical table

of stacking area of hydroxyl alteration; (b) statistical table of superimposed area of ferric contamination anomaly alteration
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Fig. 10 Information superposition statistical diagram of ferric contamination anomaly and hydroxyl alteration
(a) information superposition statistical diagram of ferric contamination anomaly alteration; (b) information

superposition statistical diagram of hydroxyl alteration
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Fig. 11 Measured spectral curves of different rocks
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(A) Marble: a—marble(weathering surface); b—marble(fresh surface); c—limonite; d—muscovite; e—chlorite; f—calcite; (B) chlorite biotite
mylonite: a—chlorite biotite mylonite; b—limonite; c—chlorite; d—muscovite; (C) altered gabbro diabase: a—altered gabbro diabas (weathering
surface); b—altered gabbro diabase(fresh surface); c—limonite; d— muscovite; e—chlorite; (D) plagioclase granite: a—plagioclase granite

(weathering surface); b—plagioclase granite (fresh surface); c—limonite; d—muscovite; e—chlorite; (E) carbonated chlorite mica felsic structural
schist: a—carbonated chlorite mica felsic structural schist (weathering surface) (weathering surface); b—carbonated chlorite mica felsic structural
schist (fresh surface); c—limonite; d—muscovite; e—chlorite; f—calcite
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Table 2 Coordinates of acquisition points of

measured spectral samples
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Fig. 12 Microscopic characteristic photos of the sampled rocks: (a)supermylonite (limonitization) ; (b) altered gabbro diabase

('sericitization, ilmenite and limonite ) ; (¢) hornblende biotite chlorite felsic mylonite schist ( chloritization and sericitization ) ;

(d) medium fine grained gabbro diorite;(e), (f) chlorite mica mylonite schist (sericitization)

PAR R WSR2 BT B AR AR B A SR 4G
¥, AT LRSI RHC A VA, B BR ke, &)
KA AR, AR R S AR A AR,
T RH A MG 2R RN 2 ~4 mm , TR A RHS A D
W T RHAAS LR LR S5 . A R
B pAR  BH A RO A IN AR, &8
WY& d 8% ~10% , F B 434, 2 BRIk, b i
270.06~0.5 mm Z 8], /DECEHUIR

FAIN R = BRI 0 T BRI o« R IRORRAE
g5k, FDUER BRI A AR A R bE AN
AR Y AR WL B R AR A IR
W RS SR W AR ) E ) 50 A1, f N
SRR G AR ZE B A

H AR IN A MR 25, RH A HEA
b g m i WA R, A AR EEZY 0.5~2.5 mm),
22 DUARCIR , 22 K WL R F, AR
JR: 081\ 8 WP E I E S PR | N Ve A AW ik
ML NG R AR Es R, &8
Y AN TR N RS O

LR R BEEERE o RDIR AR AR A5
FORBER A, L R RN AR S A R, R BRERL AR K

/NTE 4~ 10 mm, g1 RHS A FIA S R, BHS A di A
SR, A SR B2 B BURLR , JRUa T A AR A
BEZ WA IMAS | W B R aR e £ 52X, S iB i
AREUIRBCIRIR I, bk Baty il a 3%
MR, % R T 50% , 5 K358 BT Py AR ) 5E
I 3
5.3 FMRIERSERZGEMSH

N T Boikiz TR I T Bt MU 19 B i s Fi
L P 8 )7 R 1] -5 52 P O 19 2 1 — B, Rk
FTEFAMSC LR UE (] 13) CRESIE AT AR AR (3 3) 3 ]
Arcgis10. 6 5 B 7E Bk e N 72 KL h 8 S o A 1 1
(P 14) K BUAERR G S 0 Bk s 0L e 3 i A ™
b, WY DA KA 2 5 FR I P A B IE A BT T WLAR
BRAL REACAIYRAL B , W W T RBE . X EEEFAR
SR BB A7 R R R Al AR 3 A1
Fl, AT AR A b 8 S DX 0l BB A I s W)
R, R IR AR FERAR T E R X 4
DX AB R e KBTI LS W R 3 1O 2% W= e
iy i I HLAS W A 1 K B T R — 2 BRIHANR
SEMUH ik AR 5 25 0700 5 50 07 B AR SRR
A ARG R s AL S A B X B BA A



TRES . FT Aster Fl Landsat8 B 76 5 1 FE 115 M X ph AR 15 B IR BUIF 5T 275

Pl 13 BFANIE 5 A ok

AR (a) WREROAER NS (BEAL) 5 (b) K CORDRORE K WU TR (18 BT L BT i)

(o) KOBRBHT A (SRIAICET) 5 (d) FAEAER A kA SR A GRS ; () MMEMAZIF; () KR
(R e S W ST /R AT

Fig. 13 Photos of surrounding rock alteration at field verification points; (a) light gray-green granodiorite ( silicified); (b)

weathering surface of grey-brown coarse-grained gabbro ( obvious limonite mineralization); (c¢) gray biotite plagioclase gneiss

(green mud petrification) ; (d) white granodiorite dyke and gray and white silicified marble; (e) fading alteration zone; (f) grey

black sandy slate, and limonite bands can be seen

RIBEMBY AW T L RLER
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Fig. 14 Superposition of extracted hydroxyl alteration and ferric contamination anomaly with field verification points: (a)

superposition diagram of extracted hydroxyl alteration and field verification points; (b) superposition diagram of extracted ferric

contamination anomaly and field verification points
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Research on alteration information extraction in Saishiteng area
of Qinghai based on Aster and Landsat8 data

WANG Xi, CHENG Sanyou, LIN Haixing, CHEN Jing, XIAO Liang
Chang’ an University , School of Earth Sciences and Resources, Xi’ an, 710054

Objective: The Saishiteng area in Qinghai province is located in a depopulated zone with poor environment,
which can be difficult to carry out geological prospecting through traditional methods. However, multi-spectral
remote sensing data provide the great potential for extracting mineralization alteration information in such areas
owing to abundant spectrum and continuous space information. This paper extracts remote sensing alteration
anomaly information of Saishiteng mining area using Aster and Landsat8.

Methods;: Some minerals in the study area were identified from Aster data using imaging spectroscopy
techniques such as minimum noise transform ( MNF), pixel purity index ( PPI), n-dimensional endmember
recognition visualization ( n-dimensional visualization) and spectral angle matching (SAM). For mineralization
alteration information, principal component analysis ( PCA) was used. Specifically, the band 1, 2, 3 and 4 of
Aster data are used to extract the ferric contamination anomaly alteration, band3, 4, 6 and 7 were selected to
extract the anomaly information of Al—OH altered minerals, and band 1, 3, 4 and 8 were used to extract the
anomaly information of Mg—OH altered minerals. Meanwhile, the band 2, 4, 5 and 6 of Landsat8 were selected to
extract ferric contamination anomaly, and band 2. 5, 6 and 7 were used to extract hydroxyl alteration.

Results; The distribution map of mineral information in the study area was obtained through imaging
spectroscopy techniques using Aster data. Through principal component analysis of Aster and Landsat8 data, the
ferric contamination anomaly alteration minerals such as pyrite and hydroxyl alteration minerals such as sericite were
extracted respectively, and then the distribution map of mineralization alteration information in the study area was
obtained.

Conclusion ; Through the spatial superposition analysis of the alteration information extracted from Aster and
Landsat8 data, it can not only quantitatively analyze the extraction effects, but also improve the extraction
accuracy, and the ferric contamination anomaly alteration and hydroxyl alteration were demonstrated through
measured spectrum profiles and microscopic characteristics of the samples, in addition, the alteration information
was verified by the mineralization points of field investigation. Therefore, it can be feasible to extract alteration
information based on the two remote sensing data, which has the important guiding significance for delineating
prospecting targets.

Keywords: Qinghai Saishiteng area; Aster; Landsat8; superposition analysis; mineralization alteration
information
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