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ABSTRACT The identification of metamorphic minerals is the basis of metamorphic rock research. Extraction of mineral information
by remote sensing technology has been widely used. Digital image processing technology is also effectively applied to remote sensing
image processing. Results show that the band ratio of remote sensing images can enhance mineral information, while the variogram
function can describe the spatial correlation and variability of image pixels and extract more detailed texture information. The
metamorphic minerals are found to present a block or strip distribution. The object-oriented remote sensing image information extraction
method can avoid the “salt and pepper phenomenon” based on pixel extraction. Meanwhile, the random forest classification method has
a fast calculation speed and high parameter accuracy. It is not sensitive to the noise caused by more lithologic components and its
classification effect is found to be stable. To improve the extraction accuracy of metamorphic minerals from remote sensing images and
further improve the recognition effect of metamorphic zones, this paper combined the ratio operation, multiscale segmentation, and
random forest classification to extract metamorphic mineral information from ASTER images in Beishan area in Gansu Province.
Initially, the image was enhanced by the ratio formula of the characteristic spectral structure of the target mineral. Multiscale image
segmentation was then performed based on the spectrum and variogram. Finally, the accuracy was evaluated by the thin film

identification results of the field exploration samples after the extraction of the target mineral by random forest. Results show that biotite,
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muscovite, and amphibole have identification characteristics on the ASTER image with an extraction accuracy of 85.4088%, 84.7640%,

and 85.7308%, respectively. The extraction accuracy of other metamorphic minerals with less content are found to reach more than 60%.

Multiscale segmentation can make full use of the clustering features of minerals and the variogram texture can enhance the ability of

morphological features to distinguish the minerals. Random forest is not sensitive to noise and the extraction results are observed to be

stable.

KEY WORDS variogram; multiscale segmentation; ASTER; mineral extraction; random forest
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Table 1 Correspondence relation between the absorption bands of the minerals and ASTER bands

ASTER band
Mineral
1 5 6 7 9 10 11 12 13

Bi Reflex Absorption Reflex
Mus Absorption Reflex Absorption Reflex

Am Reflex Absorption Reflex

Chl Absorption Reflex Absorption Reflex

Gt Absorption Reflex
Act Reflex Absorption Reflex

Crosstalk correction
Radiometric calibration
Atmospheric calibration

Cloud removal

Pretreatment

Spectral features
Texture features
i Geometric features |

[ Mineral extraction ](—RF

Feature selection |(—

Gray value
Variogram function
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Fig.3 Technical process
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Table 2 Ratio formula of minerals
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Features
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1 80.0041 75.1212 723755 66.0052 64.6564 60.0027
2 82.3421 76.2342 75.1137 67.2311 65.0033 60.0456

3 83.0302 76.7802 76.0232 67.6121 679111 60.0101
4 83.0012 76.8767 75.3545 67.5689 65.5889  60.01

5 82.4632 76.2069 75.1182 66.7865 65.3421 60.0043
6 81.8795 76.1951 74.1147 66.0011 65.001 59.9876
7 80.789  76.0022 73.2433 65.5045 64.7768 59.3425
8 79.6574 755467 72.1389 64.8675 64.3345 59.0001
9 78.6759 743452 71.3511 63.7865 62.9976 58.3456
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200, 100, 50. 6 H500t Ay 4 BOKG B2 19 5% i 78 7] 45
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02 A M A, R AR LI Bl 0.0471, fe/N 2 FH
EAT, 2B AR B 0.0177.
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Fig.10  Mineral extraction results: (a) Bi; (b) Mus; (c) Am; (d) Chl;
(e) Gt; and (f) Act
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Table 5 Identification results of some sample slices

Sampling location

rsu'ﬁgz Lithology Mineral composition
Longitude Latitude
DO158 06°32'13.1"  41°59'4] 4" Albi id hlorite schi Quartz 48%, Feldspar 25%, Chlorite 12%, Epidote 8%,
. K ite epidote chlorite schist Biotite 3%, Sphene 3%
DO126 06°32'53.1" 41959720 4" Plagiocl hiboli Amphibole 75%, Plagioclase 15%, Quartz 5%, Carbonate minerals 4%,
. . agioclase amphibolite Opague minerals 1%
DO0123  96°32'56.6"  41°59'19.5" Garnet muscovite plagioclase gneiss Muscovite 30%, Feldspar 62%, Quartz 5%, Garnet 3%
DO0121 96°32'57.6"  41°59'19.3" Biotite plagioclase gneiss Quartz 45%, Plagioclase 33%, Biotite 20%, Amphibole 2%
1 033/3 2" 41°59'17.8" iotite plagiocl . Quartz 28%, Plagioclase 25%, Biotite 25%, Chlorite 15%,
DO0117 96°33'8. 59'17.8 Biotite plagioclase gneiss K-feldspar 5%, Opaque minerals 2%
D010 6°33'16.8" 419597757 Tonali Quartz 42%, Feldspar 34%, Biotite 12%, Amphibole 8%, Carbonate
7 9 ’ 97. onalite minerals 2%, Sericite 2%
D0105 96°33'16.6" 4105947 biotite plagiocl. . Quartz 50%, Feldspar 31%, Biotite 10%, Garnet 5%,
. Garnet biotite plagioclase gneiss Opaque minerals 3%, Apatite 1%
D0103  96°33'16.3" 41°59'3" Garnet biotite plagioclase gneiss ~ Quartz 40%, Plagioclase 30%, K-feldspar 7%, Biotite 12%, Garnet 3%

Serpentine diopside dolomitic

D1125 96°31'36.8" 41°5724.3" Calcite 49%, Diopside 32%, Serpentine 14%, Actinolite 5%

marble
D0901  96°40'47.7"  41°55'39.2" Albite chlorite quartz phyllite Quartz 32%, Plagioclase 16%, Chlorite 48%, Epidote 4%, Sphene
D0420 96°34'35.6"  41°52'36.5" Plagioclase amphibolite Plagioclase 55%, Amphibole 30%, Quartz 10%, Biotite 3%, Epidote 2%
D0426 96°34'34.5" 41°52"29" Mica quartz schist Quartz 50%, Muscovite 30%, Biotite 20%
D0450  96°34'14.9"  41°51'38.6" Plagioclase hornblende gneiss Plagioclase 35%, Amphibole 55%, Epidote 5%, Quartz 5%
DI007  96°30'44.9"  41°50'45.1" Mica monzonite gneiss K-Aeldsp ar;o%, Plagioclase 25%, Quartz 27%,

iotite 14%, Muscovite 4%

D0055 96°33'49" 41°50'6.3" Biotite plagioclase gneiss Plagioclase 38%, Quartz 35%, Biotite 20%, Muscovite 3%, Chlorite 4%
D113 9693419 3" 41°5146" Plagioclase hornblende gneiss Ampbhibole 45%, Albite 37%, Microcline 10%, Quartz 5%, Pyroxene

2%, Opaque minerals 1%

X |
Q—~Quartz; Pl—Plagioclase; Kf—K-feldspar; Ser—Sericite; Am—Amphibole; Bi—Biotite; Di—Diopside; Act—Actinolite; Serp—Serpentine,
Cc—Carbonate minerals; Mus—Muscovite; Gt—Garnet; Chl—Chlorite; Ep—Epidote

B 11 sk REE . () mifse g () Aata H s BRHCR RS (OMESUA BN H = BRI (DK A ekl iAo THCE
Fig.11 Micrograph of some samples: (a) mica quartz schist; (b) garnet muscovite plagioclase gneiss; (c) serpentine diopside dolomitic marble; (d) albite

chlorite quartz phyllite
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Table 6 Accuracy evaluation

Minere S on <o {HL -+ {8 20 103 o B3 55 T 8.0542% ., 8.7624% K
Bi 80.95 78.64 85.4088 0.7779 " ) o
Mus 83.35 75.60 84.7640 0.7833 6.0339%; Hf‘ H‘/‘ {E +SVM {£ ﬁ %IJ :]:’% % T 4.2747%.
Am o7 T ss 457308 07748 4.6306% M 4.2401%. TiH =t:. A A . PHEA N
al e s e ososs B I B 9 A I AR A, AR S 9 L L (BB
Gt 58.42 58.43 65.5992 0.5462 @ﬁ%ugﬁ%U%% T 3.481%. 3.757% & 3.9662%;
Act 59.61 64.41 66.7509 0.5560 b He AR +SVMAR IR Sl 4 55 T 1.777%. 2.4106% 2

2.5158%.
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Table 7 Comparison of extraction accuracy between the present method
and other methods

Extraction accuracy/%

Mineral

Ratio + threshold Ratio +SVM Mgthod of
segmentation this paper
Bi 77.3546 81.1341 85.4088
Mus 81.2830 82.9870 84.7640
Am 76.9684 81.1002 85.7308
Chl 64.6594 66.4532 70.6933
Gt 61.8422 63.1886 65.5992
Act 62.7847 64.2351 66.7509
4 it
AR A2 A ) O R A P D AR R AT LB

THA TR ASTER 5218, I 3k F 615 RRAE A1 4% 25 pR 2L
QU HE AT Z2 I 43, SR 5, ok RF $2 BU2E B
Yis B, f)n Zad B ARG UE EATAG FE PEAY . 45 SRR
W, Batk A=tk fINASE ASTER 214 I
B S E YRR, B2 JURS B2 AT 4303 35 3] 85.4088% .
84.7640% . 85.7308%; T4kl A . AMA . FHEA
VERREER ), % I E 2 a0 ) T3, $2
KB K 5 609% LA I
T B AR A8 A ASTER S84 40 3 347 748 R
Wy 1 B BT A AR R AR T A T A O A ROR FORS
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