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Limestone Mapping in Gangwon Area, South Korea Using EO-1 Hyperion 
Hyperspectral Satellite Imagery

Chang-Uk Hyun and Hyeong-Dong Park

Abstract : This study presents approaches for limestone mapping in Gangwon area using EO-1 Hyperion 
hyperspectral satellite imagery. Limestone potential index formula was developed for fast and effective limestone 
detection, with utilization of intrinsic spectral absorption features within short-wave infrared wavelength region 
selected in reflectance spectra of carbonate minerals and spectra measured on samples collected in field. The 
limestone potential index was mapped on water, vegetation and snow land-covers removed area, and limestone 
open-pit mining sites, exposed slopes around road, vegetation removed construction sites, and few bare ground 
areas showed high index values. To apply partial unmixing matched filtering method for sub-pixel abundance 
mapping, spectrally pure end-member was extracted from the imagery. The partial unmixing result showed similar 
limestone distribution to the limestone potential index mapping result but slightly improved, with verification using 
high-spatial-resolution aerial photographs.
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AVIRIS(Airborne Visible/Infrared Imaging Spectrometer) 
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et al., 2003) Mordor Pound 
HyMap(Hyperspectral Mapper) 

(Rowan et al., 2004), 
(Harris et al., 2005, 2010) (Bedini, 2009) 
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(Chi and Lee, 2007; Hyun and Park, 2007, 2010), 
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(Son et al., 2011), 
(Lee et al., 2009) 
(Lee et al., 2011)
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Fig. 1. Location, true color composite image and geology 
of study area.

Fig. 2. Workflow chart for the processing used during this 
study.
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Table 1. Water, vegetation and snow indices for masking of water, vegetation and snow land-covers

Index Original formula Reference Hyperion band input

Normalized difference 
water index (NDWI) NDWI = (Green - NIR*) / (Green + NIR) Xu, 2006

Green: 569.3 nm, 
NIR: 823.7 nm

Normalized difference 
vegetation index (NDVI) NDVI = (NIR - Red) / (NIR + Red)

Tucker, 1979;
Jackson et al., 1983

NIR: 962.9 nm, 
Red: 630.3 nm

Normalized difference 
snow index (NDSI) NDSI = (Green - SWIR**) / (Green + SWIR) Hall et al., 1995

Green: 569.3 nm, 
SWIR: 1648.9 nm

*near infrared
**short-wave infrared

Datt (2003)
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.
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Boardman and Kruse, 1994).
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Table 2. Positions and widths of spectral absorption features of calcite and dolomite in SWIR region (Gaffey, 1985, 1986)

Carbonate 
band

Calcite Dolomite

Position ( ) Width ( ) Position ( ) Width ( )

1 2.530-2.541 0.0223-0.0255 2.503-2.518 0.0208-0.0228

2 2.333-2.340 0.0154-0.0168 2.312-2.322 0.0173-0.0201

3 2.254-2.720 0.0121-0.0149 2.234-2.248 0.0099-0.0138

4 2.167-2.179 0.0170-0.0288 2.150-2.170 0.0188-0.0310

5 1.974-1.995 0.0183-0.0330 1.971-1.979 0.0206-0.0341

6 1.871-1.885 0.0190-0.0246 1.853-1.882 0.0188-0.0261

7 1.753-1.885 0.0256-0.0430 1.735-1.740 0.0178-0.0395

.

(matched filtering) .

,

.
(matched filtering 

score)
1

0 1 (Harsanyi
and Chang, 1994; Boardman et al., 1995). 

(Rowan et al., 2004; Vaughan 
et al., 2005; Bedini, 2011).
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  (a)                                                (b)

Fig. 3. Spectral reflectances of (a) carbonate minerals selected from U.S. Geological Survey spectral library(Clark et al., 
2007) and (b) laboratory measured spectral reflectances of limestone rock samples. The selected diagnostic absorption 
features within 2.30-2.35 in the inner boxes are marked with vertical lines corresponding to the nearest Hyperion imagery 
band center.

Fig. 4. NDWI thresholding for water masking.
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                       (a)               (b)             (c)            (d)

Fig. 5. Study area subsetting using masks for water, vegetation and snow areas: (a) NDWI thresholding, (b) NDVI and 
(c) NDSI thresholding on water masked area, and (d) study area subsetted with all masks.

            (a)              (b)

Fig. 6. Minimum noise fraction (MNF) transformed bands: 
(a) the 1st MNF band containing most abundant 
information among MNF bands and (b) the 7th MNF band 
recognized as noise dominant band.
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Fig. 7. Limestone potential mapping result using limestone 
potential index: A indicates limestone open-pit mines, B 
indicates exposed rocks and soils for road construction, C 
indicates limestone open-pit mines, D indicates exposed 
slopes of bedrock around road, and E indicates exposed 
rocks and soils in alluvium of construction site.
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(a)

(b)

(c)

Fig. 8. Limestone end-member extraction: (a) end-member 
extraction using n-dimensional visualization with 1-3 
MNF bands, (b) location of the extracted end-member, and 
(c) spectral reflectance of the end-member and the limestone
samples.

Fig. 9. Partial spectral unmixing map using highest 
limestone potential pixels: A indicates limestone open-pit 
mines, B indicates exposed rocks and soils for road construction, 
C indicates limestone open-pit mines, D indicates exposed 
slopes of bedrock around road, and E indicates exposed 
rocks and soils in alluvium of construction site.
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(a)

(b)

(c)

Fig. 10. Comparison between partial unmixing map and 
limestone potential index map in open-pit mining site 
shown in the area A of Fig. 7 and in the area A of Fig. 
9: (a) partial unmixing matched filtering score map, (b) 
histogram matched limestone potential index map using 
the matched filtering score map, and (c) high-spatial-
resolution aerial photograph. Arrows indicate prominent 
differences between the partial unmixing mapping result 
and the limestone potential index mapping result.
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