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While multispectral images have been in regular use since the
1970s, the widespread use of hyperspectral images is a relative-
ly recent trend. This technology comprises remote measure-
ment of specific chemical and physical properties of surface
materials through imaging spectroscopy. Regional geological
mapping and mineral exploration are among the main appli-
cations that may benefit from hyperspectral technology. Min-
erals and rocks exhibit diagnostic spectral features through-
out the electromagnetic spectrum that allow their chemical
composition and relative abundance to be mapped.

Most studies using hyperspectral data for geological appli-
cations have concerned areas with arid to semi-arid climates,
and using airborne data collection. Other studies have inves-
tigated terrestrial outcrop sensing and integration with laser
scanning 3D models in ranges of up to a few hundred metres,
whereas less attention has been paid to ground-based imag-
ing of more distant targets such as mountain ridges, cliffs or
the walls of large pits. Here we investigate the potential of
using such data in well-exposed Arctic regions with steep
topography as part of regional geological mapping field cam-
paigns, and to test how airborne hyperspectral data can be
combined with similar data collected on the ground or from
moving platforms such as a small ship. The region between
the fjords Ikertoq and Kangerlussuaq (Sendre Stremfjord)
in West Greenland was selected for a field study in the sum-
mer of 2016. This region is located in the southern part of
the Palacoproterozoic Nagssugtoqidian orogen and consists
of high-grade metamorphic ortho- and paragneisses and me-
tabasic rocks (see below). A regional airborne hyperspectral
data set (i.e. HYMAP) was acquired here in 2002 (Tukiainen
& Thorning 2005), comprising 54 flight lines covering an
area of ¢. 7500 km?; 19 of these flight lines were selected for
the present study (Fig. 1). The target areas visited in the field
were selected on the basis of preliminary interpretations of
HyMap scenes and geology (Korstgird 1979).

Two different sensors were utilised to acquire the new hy-
perspectral data, predominantly a Specim AisaFenix hyper-
spectral scanner due to its wide spectral range covering the
visible to near infrared and shortwave infrared parts of the
electromagnetic spectrum. A Rikola Hyperspectral Imager
constituted a secondary imaging system. It is much smaller

and lighter than the Fenix scanner, but is spectrally limited
to the visible near infrared range. The results obtained from
combining the airborne hyperspectral data and the Rikola
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Fig. 1. Geological map across the southern Nagssugtoqidian Orogen
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simplified from Garde & Marker (2010) and locations of scanned areas
mentioned in the text. Red frame: coverage of airborne hyperspectral data
selected for this study. From south to north this region comprises (K.
Serensen, personal communication 2018): an autochthonous zone
in which deformation regularly increases towards the parautochthonous
zone expressed in clockwise rotation of Kangimiut basic dykes, a parau-
tochthonous zone in which Nagssugtoqidian deformation and meta-
morphism are highly heterogencous, and an allochthonous zone where
juvenile metasedimentary rocks are interfolded and thrust-stacked with

Archaean gneisses containing amphibolitic metadykes.
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Fig. 2. A, C: True colour Fenix hyperspectral scenes from the Maligiaq area. See Fig. 1 for scene locations. B, D: Minimum Noise Fraction false colour im-

age: Red: band 2. Green: band 7. Blue: band 8, overlain on grayscale hyperspectral images.

instrument are presented in Salehi (2018), this volume. In
addition, representative samples of the main rock types were
collected for subsequent laboratory analysis. A parallel study
was integrated with geological and 3D photogrammetric
mapping in Karrat region farther north in West Greenland
(Rosa ez al. 2017; Fig. 1).

Analysis of surface mineralogy using sub-
horizontal hyperspectral data collection

The extreme influence of atmospheric effects and topogra-
phy-induced illumination differences in long-range ground-
based spectradata cannotbe corrected by means of correction
tools commonly used for nadir satellite or airborne data. An
adapted workflow is presented in Lorenz ez 4l. (2018) to over-
come the challenges of long-range outcrop sensing, including
atmospheric and topographic corrections. Minimum Noise
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Fraction transformation (Boardman 1993) and Spectral An-
gle Mapper classification (Kruse ez al. 1993) were applied to
test the applicability of the data for mapping the main rock-
forming minerals. The former is important for dimensional-
ity reduction and filtering of noise from hyperspectral data.
This method can extract spatially coherent information and
show the variations between bands in the hyperspectral data.
The Spectral Angle Mapper classification permits rapid map-

ping of the similarity between image and reference spectra.

Long-range terrestrial hyperspectral
scanning in the southern Nagssugtoqidian
orogen

In the summer of 2016, new hyperspectral datasets from rela-
tively distant targets were acquired in the allochthonous (Fig.
1, scans 1-6) and autochthonous (Fig. 1, scan 8) zones of the



Fig. 3. Scan 9 in Fig. 1. A: 2D pscudo-ortho-
photo. B: The resulting Spectral Angle Mapper
classification image from the Sendre Stremfjord
region. See Salehi ez a/. (2018) for a detailed de-
scription of how to match hyperspectral products
to pseudo-orthophotos. Spectral end-members

used in the classification are shown in the plot.

[ Amphibole
B Amphibole + pyroxene
Host rock (gneiss)

- Amphibole-rich gneiss
- Mica-rich gneiss
:] Masked pixels

Nagssugtogidian orogen. Metasedimentary rocks in the al-
lochthonous zone are tectonically interleaved with quartzo-
feldspathic gneisses between the southern shore of Qeqertalik
fjord and the northern border of the Ikertoq shear zone (Figs
1, 2). Parts of this zone are well exposed along the eastern
shore of Maligiaq and were scanned with the Fenix instru-
ment from a distance of . 2-3 km (see Fig. 1 and below). The
metasedimentary rocks are predominantly biotite-garnet par-
agneisses but also comprise aluminous schists and graphitic—
sulfidic varieties with up to a few percent graphite and iron
sulfides, and they may include both Archacan and Palacopro-
terozoic components (see legend to the regional map of Garde
& Marker 2010). The scanned area also transects an amphi-
bolite—granulite facies boundary, which follows one of the
shear zone branches (Fig. 2). Such facies transitions may be dif-
ficult to precisely identify in the field, because the occurrence
of the granulite facies index mineral hypersthene depends on
bulk rock composition in addition to P, T and xH,O condi-
tions; hypersthene first occurs in mafic rocks and will be ab-
sent from leucocratic metasedimentary and magmatic rocks
at similar metamorphic grade. Besides, granulite facies rocks
can be retrogressed along younger shear zones.

The result generated from the Fenix spectral data (Fig. 2)
highlights the metasedimentary screens. The graphite- and sul-
phide-bearing schists mapped using such data are shown with
purple colour in Fig. 2B and pink in Fig. 2D. The general colour
differences are caused by changes in illumination conditions
between the acquisition of the two datasets. While graphitic
and sulfidic lithologies are readily detected with the Minimum
Noise Fraction method used here, the metamorphic transition
from amphibolite facies to granulite facies (Korstgird 1979) is
not distinguishable; this might be due to absence of diagnos-
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tic, hypersthene-bearing lithologies. The boundary might be
detected e.g. Matched Filtering (Harsanyi & Chang 1994) and
Mixture-tuned Matched Filtering (Boardman 1998), where
changes in mineral chemical composition and information on
relative abundances of the lithologies are enhanced.

Integration of ship-based hyperspectral
scanning and 3D photogrammetry

Mobile mapping of steep coastal cliffs using ship-based hy-
perspectral scanning was tested — for the first time — in the
outer part of the Kangerlussuaq area (Figs 3, 4) and in the
related study in the Karrat region mentioned in the introduc-
tion. The data processing related to such data acquisition has
been fully discussed in Salehi ez 4/. (2018).

Our analysis in the former area reveals Kangdmiut dykes
intruding intensely deformed Archacan gneisses, besides
other metabasic bodies (Fig. 3). The gneissic foliation is
clearly identifiable, and several ductile and brittle structures
can be observed in the dykes and other metabasic rocks,
where amphiboles are the dominant minerals and mica and
pyroxene are present with secondary abundances.

The spectral mapping products were integrated with 3D
photogrammetric data to create accurate, large-scale out-
crop models, which are well suited for quantitative purposes
in geological analysis or in preparation for field operations
(Fig. 4). For this, a dense and accurate dataset of topographic
points (also referred to as a point cloud) can be generated
from stereo images describing the terrain surface in three di-
mensions. The implemented algorithms work reliably even
for complex geometries, and with high accuracy. Slightly dis-
torted data, such as images over a low-relief landscape, can be
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Fig. 4. General workflow for 3D-integration of hyperspectral data cubes

and point clouds.

treated quickly using homographic or polynomial transfor-
mations, and even data with high local distortions caused by
the underlying topography can be processed.

Concluding remarks

The workflow presented here for the acquisition of spectral
data from moving platforms and long-range, ground-based
hyperspectral scanning opens up a range of new possibilities
in the application of hyperspectral imagery by significantly
enlarging the scale of measurements. The proposed auto-

matic approach to combine spectral and point cloud dataisa
fast alternative to manual approaches and has high potential
for field geologists who wish to establish accurate outcrop
models in areas of difficult access that can be brought to life
and visualised in 3D surface models.
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