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Abstract: This paper presents the experiences obtained in the application of Principal Component Analysis (PCA)
method to map hydrothermal minerals based on remotely sensed data. In this study, Sentinel-2B MultiSpectral In-
strument (MSI) image is used to detect distribution of hydroxyl-bearing minerals in Vinh Phuc province, northern
Vietnam. Four bands of Sentinel-2B image including blue band (band 2), Vegetation Red Edge band (band 8A) and
SWIR bands (band 11 and 12) are used to calculate the Principal Components, thenand then select the Principal
Component, which containing provides information on the hydrothermal minerals information. The obtained results
findings show that the methodology and data are effective in detecting and mapping hydrothermal mineralization.
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KaprupoBanue ruiporepMajibHbIX MUHEPAJIOB 10 JaHHBIM JUCTAHIMOHHOIO
(CIIyTHMKOBOI'0) 30HIMPOBAHUSA C HCIOJIb30BAHHEM CIIEKTPO30HAJIBHOI0
npudopa CenTune b 2 Ha npuMepe npoBuHIuM Bunb-IIxyk, CeBepHblii BbeTHam

Yunp Jle XyHr
Texunueckuit YuauBepcutet Jle Kyii [lon, Xanoii, BebetHam

AHHoOTauusi: B 1aHHOH cTaThe MpenCTaBIeH OMBIT, MOIYYEHHBIH NPU NPUMEHEHHH METOAa aHaJIn3a IJIaBHBIX
koMroHeHToB (PCA) nist kapTupoBaHUs THAPOTEPMATEHBIX MUHEPAIOB Ha OCHOBE JAHHBIX IMCTAaHIIMOHHOTO 30H-
IpoBaHus. B 3TOM nccnenoBaHu H300pakeHUsl, MOTy4YEeHHbIE TIOCPEACTBOM JUCTAHIIMOHHOTO (CITYTHUKOBOTO)
30HIMPOBAHHS C UCTIOJIb30BAaHUEM CIIEKTPO30HAIBHOT0 prbopa CentruHens 2b, NConb3yoTCs IUIs ONpeaeIeHus
pacnpezesieHus] MUHEPAJIOoB, COAEP KAIUX TUAPOKCHI, B TpoBUHIMK Bunb-IIxyk, CeBepublii BoeTnam. Yetsipe
moJiockl (AnanazoHa) n3oopaxenust CeHTuHens 2b, BKIItoYasi CHHIOKO 1MoJIocy (1mosioca 2), IoJI0Cy pacTUTETbHOCTH
(KpacHBIi1 (JUITMHHOBOJHOBEIN ) Kpa# criekTpa) (tonoca 8A) u mosocsl SWIR (koporkoBomHoBast K obnacts criek-
Tpa, moJstockl 11 u 12), ncnone3yroTes Aj1st pacdera rJiaBHBIX KOMIIOHEHTOB, a 3aT€M BbIOMpPaeTCs TIIaBHbIM KOMITO-
HEHT, HeCYIIHi HH(POPMAIIUIO O THAPOTEPMaIbHBIX MUHepanax. [loryueHHbIe pe3ynbTaThl TOKa3bIBAIOT, YTO pac-
CMaTpHBaeMble METOAOJIOTHS U JaHHbIE 3} (HEKTUBHBI IPU 00HAPY>KEHUH M KApTUPOBAHUH THAPOTEPMAIBbHON MU-
HEepaIu3aLuy.

KiroueBblie c10Ba: qUCTAHIIMOHHOE 30HTUPOBAHUE, THIPOKCHII-COICPIKAIIUE MUHEPAITBI, AHATIN3 TIIABHBIX KOM-
noreHToB, CentuHens 2 (Sentinel 2), BreTHaMm.

Ja nurupoBanus: Ynns Jle Xynr. KaptupoBanue rupoTepMaibHBIX MUHEPAJIOB MO JAHHBIM JIUCTAHIIMOHHOTO (CITyT-
HHKOBOTO) 30HIMPOBAHHS C UCTIONB30BAHNEM CIIEKTPO30HAIBHOTO Mproopa CeHTHHENb 2 Ha NpUMepe NPOBUHIMK BrHb-
Ixyk, CeBepHblii BeetHam. [ oprbie nayku u mexronoeuu. 2019;4(4):309-317. DOI: 10.17073/2500-0632-2019-4-309-317.
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INTRODUCTION

Vinh Phuc province comprises many types
of minerals resources, including those with signif-
icant reserves such as building stone, granite, ka-
olin, sand, gravel, and clay. These minerals are of
great significance in development of construction
industry and other sectors, contributing to the eco-
nomic development in the province [19].

Remote sensing has been used for hydro-
thermally altered mineral mapping and mineral
prospecting [6]. The Landsat and ASTER data are
the most widely used multispectral data for
mapping iron oxides and hydroxyl-bearing
minerals [1, 2,4, 5, 8, 11, 12; 16]. There are many
technique based on band ratio and Principal Com-
ponent Analysis (PCA) applicable to detecting
and mapping distribution of minerals [2, 17].
In general, these studies showed that the PCA
method is able to detect and map hydrothermal
minerals better than band ratio—based method.

Fraser and Green [5] developed DPCA (Di-
rected Principal Component Analysis) method for
monitoring hydrothermal minerals distribution. The
DPCA method is based on the combination of ad-
vantages of the band ratio and PCA methods. Trinh
and Zablotskii [17] have developed computer pro-
gram RS-MINERALS to detect and map iron oxide
and clay minerals from Landsat 8 OLI data.

Sentinel-2 (2 satellites: Sentinel-2A and
Sentinel-2B) carried on-board high-resolution
multispectral imager with 13 bands spanning
VNIR through SWIR bands. Sentinel-2A data
found the first use for geological applications by
Van der Meer et al. in 2014 [18]. In study [18],
the authors compared the performance of Senti-
nel-2A MSI imager with that of the ASTER im-
ager in mapping hydrothermal mineral areas. So far,
there are a few studies on mapping and detecting
minerals using Sentinel 2 MSI data [6, 9, 13, 15].
Spatial and spectral performance characteristics
of the Sentinel-2 MSI are similar to those of Land-
sat data, and the band ratio and PCA methods can
be also used to map hydrothermal minerals based
on Sentinel-2 MSI data [6].

This study focuses on the application of
Sentinel 2 MSI data to detect and map hydroxyl-
bearing minerals in Vinh Phuc province, northern
Vietnam. In this study, four Sentinel 2 MSI bands
(band 2, 8A, 11 and 12) were used to calculate
Principal Component (PC). The PC containing in-
formation concerning hydroxyl-bearing minerals
was selected based on the comparison of eigen-
vector matrix values and then used to map hy-
droxyl-bearing minerals.

STUDY AREA

Vinh Phuc is the province in the Red river
delta in northern Vietnam. The province is bor-
dered to the north by Thai Nguyen and Tuyen Quang
provinces, to the west by Phu Tho province, and to
the south by Hanoi capital city (Fig. 1). According to
the statistical yearbook 2018, Vinh Phuc province co-
vers area of 1235.87 km? with population of
1,092,424 people. The province is subdivided into
7 districts and 2 cities. The terrain features extend
northwest — southeast, that is characteristic for the
North and Northeast of Vietnam. The northern
part of the province comprises Tam Dao mountain
range with the highest peak of 1.592 m, and the
southwestern part is surrounded by two large riv-
ers (Red River and Lo River). The terrain altitude de-
scends from northeast to southwest and is divided
into 3 regions with characteristic topography: plains,
hills, low and medium-altitude mountains [19].

MATERIALS

The Sentinel-2 mission comprises two sat-
ellites developed and launched to support vegeta-
tion, land cover, and environmental monitoring.
The Sentinel-2A satellite was launched by ESA
on June 23, 2015 and operates in sun-synchronous
orbit at 10 day repeat cycle. The second identical
satellite (Sentinel-2B) was launched on March 7,
2017. Together they cover the whole Earth’s land
surface, large islands, and inland and coastal wa-
ters every five days. The Sentinel-2 MultiSpectral
Instrument (MSI) acquires 13 spectral bands
ranging from Visible and Near-Infrared (VNIR)
to Shortwave Infrared (SWIR) wavelengths along
the 290 km orbital swath. Characteristics of Sen-
tinel 2 satellite bands are showed in Tab. 1 [14].
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Fig. 1. Study area map, Vinh Phuc province, northern Vietnam

RGB=B11:B8a:B2

Fig. 2. Sentinel 2B multispectral image in Vinh Phuc province, RGB=B11:B8A:B2
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Sentinel-2 band characteristics ;

Sentinel - 2 Bands Central wavelength (um) Resolution (m) 1

Band 1 — Coastal aerosol 0.443 60 e
Band 2 — Blue 0.490 10
Band 3 — Green 0.560 10
Band 4 — Red 0.665 10
Band 5 — Vegetation Red Edge 0.705 20
Band 6 — Vegetation Red Edge 0.740 20
Band 7 — Vegetation Red Edge 0.783 20
Band 8 — NIR 0.842 10
Band 8A — Vegetation Red Edge 0.865 20
Band 9 — Water vapour 0.945 60
Band 10 — SWIR-Cirrus 1.375 60
Band 11 - SWIR 1.610 20
Band 12 - SWIR 2.190 20

Table 2

Comparison of the nominal band centers, bandwidths, and spatial resolution of Sentinel-2 MSI and Landsat 8 OLI

Nominal band centers (nm)

MSI 444 497 560 664 704 740 783 843 865 1613 2190
OLlI 443 482 561 665 NA NA NA NA 865 1609 2201
Nominal bandwidths (nm)

MSI 20 55 35 30 15 15 15 115 20 90 175
oLl 20 65 60 40 NA NA NA NA 30 85 190
Spatial resolution (m)

MSI 60 10 10 10 20 20 20 10 20 20 20
OLI 30 30 30 30 NA NA NA NA 30 30 30

In this study, multispectral cloud-free Sen-
tinel-2B images with spatial resolution of 10 m
(bands 2, 3, 4, 8), 20 m (bands 5, 6, 7, 8A, 11, 12)
and 60 m (bands 1, 9, 10), produced since Decem-
ber 5, 2019 in the Vinh Phuc province (northern
Vietnam) were used for mapping hydroxyl-bear-
ing minerals distribution (Fig. 2). The Sentinel-
2B data presented the L2A level product, down-
loaded from Copernicus Open Access Hub
(https://scihub.copernicus.eu)  website.  The
Level-2A product provides Bottom Of Atmos-
phere (BOA) reflectance images derived from the
associated Level-1C products. The comparison of
the nominal band centers, bandwidths, and spatial
resolution of Sentinel-2 MSI and Landsat 8 OLI
bands is presented in Tab. 2 [14].

METHODS AND FINDINGS

The image processing started with radio-
metric and geometric correction. At the next step,
the Sentinel-2B MSI images were subdivided into
subsets for the study area. In this study, image
processing was performed using ERDAS Imagine
2014 programs, and hydroxyl-bearing distribution
map was created using ArcGIS 10 program.

The PCA method uses the Principal Com-
ponents transformation technique for reducing di-
mensionality of correlated multispectral data [10].
The analysis is based on multivariate statistical
technique, which selects uncorrelated linear com-
binations (eigenvector loadings) of variables in
such a way that each successively extracted linear
combination, or Principal Component (PC), has
smaller variance [12]. The statistical variance in
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multispectral images is related to the spectral re-
sponse of various surficial materials such as
rocks, soils, and vegetation, and it is also influ-
enced by the statistical dimensionality of the im-
age data [10]. Eigenvalues provide information
(using magnitude and sign) about spectral proper-
ties of vegetation, rocks and soils, which are re-
sponsible for statistical variance mapped into
each PC [12].

Hydroxyl-bearing minerals, which have spec-
tral diagnostic feature in the 2.10 — 2.28 um [3, 7],
can cause low reflectance in the Sentinel-2B MSI
band 12 (2.180 — 2.200 um). These minerals also
have very high reflectance in the Sentinel-2B MSI
band 11 (1.600 — 1.620 um). Similar to Crosta
technique using Landsat TM images, which
adopts the association of bands 1, 4, 5 and 7, hy-
droxyl-bearing minerals are extracted by the com-
bination of Sentinel-2B MSI bands 2, 8A, 11, 12.

The four Principal Components transfor-
mation on unstretched bands 2, 8A, 11, 12 of Sen-
tinel-2B image of Vinh Phuc province are shown
in Fig. 3. As can be seen, PC1 — the "albedo" im-
age, is about 67.442 % of eigenvalue of the total
variance for the unstretched data PCA. PC2 com-
prises 29.316 % information, PC3 comprises
2.601 % information and PC4 comprises 0.5 %
information of four Sentinel-2B bands. In this
study area, PC4 highlights hydroxyl-containing
minerals as dark pixels because of the greatest
loading of band 11(-0.6745) and band

12 (0.6813) (Tab. 3).
The hydroxyl-containing minerals are manifested
as dark pixels because the positive loading at
band 12, and the bands need to be reversed. Fig. 4
shows the PC4 reverse, in which the bright pixels
represent hydroxyl-bearing minerals.

The anomalies for hydroxyl-bearing minerals
are determined based on threshold of pn + 26, where
nand o represent the mean value and standard devi-
ation of the relevant Principal Component images,
respectively [6]. In this study, the threshold value is
6439.928. Fig. 5 shows the final result for hydroxyl-
bearing minerals derived from Sentinel-2B MSI
data in Vinh Phuc province, in which the hydroxyl-
bearing minerals are depicted by blue color. The re-
sults presented in this figure show that the hydroxyl-
bearing minerals in Vinh Phuc province are concen-
trated in the central and northwestern parts. This is
also consistent with the Vinh Phuc mineral distribu-
tion map at a scale of 1 : 200 000 [20].

In this study, the authors also compared

the results of mapping hydroxyl-bearing minerals
in mines of Vinh Phuc province and their images
based on the Sentinel-2B MSI data (Tab. 4).
Tab. 4 shows that the mines bearing hydroxyl-
containing minerals such as Nhan Ly pegmatite
mine, Dong Dao and Xuan Hoa sedimentary rock
mines have been correctly mapped based on the
Sentinel-2B MSI data using PCA method.

Table 3

The eigenvector matrix values and eigenvalues of PCA for 2, 8A, 11, 12 bands of Sentinel -2B MSI images

Principal Eigen matrix .
Eigenvalues (%0)
Component B2 B8A B11l B12
PC1 0.1081 0.5628 0.6353 0.5176 67.442
PC2 —0.2599 0.7834 —0.2295 -0.5159 29.316
PC3 —0.9335 —0.1952 0.2980 0.0414 2.601
PC4 —-0.2222 0.1774 —0.6745 0.6813 0.941
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Fig. 3. Principal Component Analysis for mapping hydroxyl-bearing minerals
in Vinh Phuc province, northern Vietnam

PC4 reverse

Fig.4. PC4 reverse, bright pixels represent the hydroxyl-bearing minerals
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Fig. 5. Results of mapping the hydroxyl-bearing minerals (blue color) in Vinh Phuc province using Sentinel-2B image
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Fig. 6. Mineral distribution map of Vinh Phuc province [20]
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Table 4

Hydroxyl-bearing minerals in mines of Vinh Phuc province (northern Vietnam)
and results of mapping based on the Sentinel-2B data

Mine name

Hydroxyl-bearing minerals on Sentinel
2B image

Results of mapping based on
Sentinel-2B data

Nhan Ly pegmatite mine

Dong Dao sedimentary rock mine

Xuan Hoa sedimentary rock mine

CONCLUSION

This study attests to the significance and ad-
vantages of the application of Sentinel-2 MSI data
to detect and map hydrothermal alteration zones.
The Sentinel-2B MSI image produced on Decem-
ber 5, 2019 was analyzed to map spatial distribu-
tion of hydroxyl-bearing minerals in Vinh Phuc
province (northern Vietnam). Four Sentinel-2B
MSI bands (2, 8A, 11 and 12) were used to calcu-
lated Principal Components, and then select the

Principal Component which contains the basic in-
formation of hydroxyl-bearing minerals. The 4%
Principal Component clearly identifies the area
comprising hydroxyl-containing altered minerals
in this region. The results obtained in this study
show that the Sentinel-2 MSI image with spatial
resolution exceeding that of Landsat image can be
effectively used in mapping hydrothermal mineral
distribution.
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