PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Automated lineament extraction
applied to high-resolution imagery
Worldview-3 and LiDAR data for
pegmatite mineral exploration

D. Santos, A. Mendes, A. Azzalini, J. Cardoso-Fernandes,
A. Lima, et al.

D. Santos, A. Mendes, A. Azzalini, J. Cardoso-Fernandes, A. Lima, A. C.
Teodoro, "Automated lineament extraction applied to high-resolution imagery
Worldview-3 and LiDAR data for pegmatite mineral exploration," Proc. SPIE
12734, Earth Resources and Environmental Remote Sensing/GIS
Applications X1V, 1273414 (19 October 2023); doi: 10.1117/12.2679367

SPIE. Event: SPIE Remote Sensing, 2023, Amsterdam, Netherlands

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 20 Oct 2023 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Automated Lineament Extraction applied to high-resolution imagery
Worldview-3 and LiDAR data for pegmatite mineral exploration

Santos, D.1%* Mendes, A.L, Azzalini, A, J. Cardoso-Fernandes'?, Lima, A.12, Teodoro, A.C.1?

YInstitute of Earth Sciences, FCUP pole, Porto, Portugal; ? Department of Geosciences, Environment
and Spatial Planning Faculty of Sciences of the University of Porto, Portugal;

ABSTRACT

Lineament extraction is a commonly used technique in mineral exploration to identify geological structures such as fault
scarps, joints, and folds. However, the accuracy of this technique can be limited by factors such as the low spatial resolution
of the data. This study aims to address these limitations by exploring the potential of high spatial resolution data for
extracting linear structures in Tysfjord, northern Norway. Two types of high-resolution data were utilized for lineament
extraction: (i) WorldView-3 (WV3) satellite orbital imagery with a ground sample distance (GSD) of 2 meters, and (ii)
Light Detection And Ranging (LiDAR) point cloud data, with a GSD of 1 meter. The LiDAR point cloud was utilized to
generate a Digital Terrain Model (DTM), and automated lineament extraction was performed on both WV3 and LiDAR
data using the lineament algorithm (LINE) available in PCI Geomatics software. A comparison was conducted using
Sentinel 2 images to analyze the impact of utilizing high-resolution images on the final results. The outcomes illustrate
that high-resolution images hold substantial potential for extracting lineaments and can aid in identifying mineral deposits
and neotectonic activity. In the future, these findings could be integrated with other remote sensing methods to enhance
the capabilities of remote sensing for mineral exploration.

Keywords: high spatial resolution; high-resolution images; mineral exploration; Tysfjord.

1. INTRODUCTION

Geological formations are crucial factors in determining the presence of mineral deposits and, at a regional level, these
characteristics can be mapped using different spatial data sources!. It is possible to extract lineaments applying manual?,
automatic ® or semiautomatic # lineament extraction methods, but in this work, just the automatic method was applied. The
automatic lineament extraction has some advantages in relation to manual methods such as it is easier to run, it is faster,
and it does not depend on the quality of the analysis and user experience®”’. The automatic lineament extraction is
performed by analyzing digital images using computer-assisted software®. According to Dossary et al., ° the content of the
information present in the base image and process factors such as the noise, the threshold, the size, and the orientation of
the linear features are crucial for the efficiency of the automatic extraction®. Considering these factors, it is clear the
impact of the spatial resolution of the satellite images in this process. Previous studies’ have evaluated the potential of
DEM data for lineament extraction in Tysfjord, but high-resolution imagery was not used. This work aims to apply
automatic lineament extraction in different data with different spatial resolutions, comparing their results, and analyzing
the potential of high-resolution data to extract geological linear features in Tysfjord, Norway. Two very high spatial
resolution data were processed: a Worldview 3 (band 7) image with 2 m of ground sample distance (GSD), and a LIDAR-
derived Digital Terrain Model (DTM) hillshade with 1 m of GSD. Band 8 of Sentinel 2 also was used to compare the
results with the very high-resolution data. The image processing was done through PCI Geomatics software(version 2018).
After extraction, it was necessary to analyze the lineaments and delete the ones with no geological importance. After that,
densities maps were composed to analyze the concentration of the lineaments
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2. STUDY AREA

The Tysfjord region in northern Nordland, Norway, specifically the Tysfjord-Hamargy pegmatite field (Figure 1), has a
mining legacy spanning over a century. Initially focused on ceramic feldspar, since 1975, it shifted to extracting high-
purity quartz, vital for high-tech products due to its low trace elements. The field comprises NYF-type pegmatite bodies
within the Trans-Scandinavian Igneous Belt. Husdal's classification divides Tysfjord pegmatites into (i) metapegmatites
and (ii) pegmatites based on age, size, and deformation. Muller et al. highlighted their enrichment in rare elements and
defined two stages of pegmatite formation: (i) during Svecofennian, linked to tectonic-metamorphic events, and (i)
Caledonian, marked by orogenic-metamorphic activity. The Svecofennian pegmatites derived from residual melts and
underwent multiple deformation phases resulting in large-scale shearing of the pegmatite bodies, while the Caledonian
pegmatites derived from partial melting of the Tysfjord granitic gneiss during late Caledonian events!! . These younger
pegmatites generally show a N-S strike parallel to inherited ancient Precambrian structures that were reactivated during
the Caledonian orogeny and that could have served for pegmatite melt emplacement 213 | In the Tysfjord area, about 20
pegmatites were emplaced along several parallel or diverging structures in a 4 km long array which was presumably ductile
during melt emplacement.
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Figure 1. Study area location. The Hakonhals and Jennyhaugen mines are highlighted by the yellow and red rectangles respectively. a)
An overview of the study area. b) Study area location in Europe.

3. METHODOLOGY
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3.1 Data and preprocessing

The WV3 image was acquired on May 23, 2022. The image has eight bands in the VNIR region (with 2 meters of GSD),
and eight bands in the SWIR region (with 3.7 meters of GSD). A panchromatic band is also provided with 0.5 meters of
GSD. A DTM (Digital Terrain Model) was also acquired, provided by the Norwegian government (Hoydedata.no), and
based on LiDAR technology. After the acquisition of the DTM, a hillshade was applied to the terrain topography to help
to interpret the analyses of the results. A Sentinel 2 MSI image was acquired on September 28, 2019, and was used in this
study as a baseline indicator to compare with the results obtained with high-resolution data. The atmospheric correction of
the Sentinel 2 image was computed through Dark object subtraction (DOS1).

The VNIR, SWIR, and panchromatic bands of WV3 images are provided in separate products. Consequently, before
preprocessing the image, it was necessary to do a layer stacking to bring together the SWIR and VNIR bands into one
dataset. To avoid many mosaics, the tiled images were chosen to compute the band stack. In the next step, the RPC
Orthorectification Workflow available in ENVI software version 5.6.3'° was used to perform an orthorectification, and the
ATCOR Ground Reflectance (PCl Geomatica 2018) was applied to convert the Top Of Atmosphere (TOA) reflectance
into surface reflectance. Two tiled images were necessary to cover the entire study area. One tiled image, in the west of
the study area, encompasses the Hakonhals mine (A1), and the other one, in the east, encompasses the Jennyhaugen mine
(A2). Nevertheless, after applying raze removal to minimize visible haze effects, it was possible to see that the raze removal
negatively impacted the tiled image of A2. Thus, it was decided to keep the images separated. After preprocessing bands
7 (NEAR IR1) and 8 (NEAR IR) of the WV3 and Sentinel 2 respectively, were chosen as input for the automated lineament
extraction processes.

3.2 Automated Lineament Extraction

As a crucial role in determining the formation deposits, the geological structures can be identified through various spatial
data®'’, In this research, the focus will be on automatic lineament extraction. This method was chosen due to its
reproducibility and efficiency regarding the final results!®2, In this study, the lineament was performed by the lineament
extraction algorithm (LINE) available in PCI Geomatic software. The parameters chosen for each data can be observed in
Table 1.

The Filter Radius (RADI) Specifies the radius (in pixels) to be used in the edge’s detection filter, aiming to utilize lower
values for detecting more intricate details and higher values to minimize noise detection. This parameter significantly
influences the ability to detect small details in the processed image. The Edge Gradient Threshold (GTHR) defines the
threshold of brightness change and represents the minimum gradient value required to be considered as an edge during the
edge detection process. The Length Threshold (LTHR) expounds the minimum length of curve (in pixels) used for
mapping curved linear objects, that are taken as the lineament for further consideration. The Fitting Error Threshold
(FTHR) specifies the allowed tolerance when fitting an arc or line segment to form a curved lineament. Ideally, values
between 2 and 5 are recommended. The Angular Difference Threshold (ATHR) is the parameter that defines the
maximum angle (in degrees) that allows two neighboring polylines to be linked. And finally, the Linking Distance
Threshold (DTHR) is a measurement that specifies the minimum distance (in pixels) required between the endpoints of
a polyline to be linked. Recommended distance values range from 10 to 45 pixels'®2,

Table 1. Parameters used in the lineament extraction algorithm.

RADI GTHR LTHR FATHER ATHR DTHR
WV3 10 100 30 3 30 20
DTM 5 100 30 3 30 20
Sentinel 2 10 100 30 3 30 20

3.3 Post-processing

Many of the lineaments extracted by automatic methods have no geological importance. Therefore, after the lineament
extraction a post-processing control is necessary to discard those non-geological lineaments and other false positives such
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as roads, tracks, lakes, and cultivated areas, amongst others (e.g. coastal areas). These data were manually removed in a
GIS environment’ using a high-resolution true color map composition from the WV3 satellite.

4. RESULTS AND DISCUSSION
4.1 Lineament extraction

The lineament extraction results in 245 lineaments for Sentinel 2 (Figure 2 a), 1383 lineaments for WV3 (Figure 2 b), and
1974 lineaments for the DTM hillshade (Figure 2 c). By analyzing the results, it’s possible to observe that the Sentinel 2
lineaments have a minimum length of 300 m and a maximum length of 2549 m. The WV3 lineaments have a minimum
length of 60 m and a maximum length of 593 m. DTM lineaments have a minimum length of 30 m and a maximum length
of 588 m (Figure 3). The results indicate that the lineament length is influenced by the spatial resolution of the data used
as input in the lineament extraction. The higher the spatial resolution, the smaller the length of the lineaments. With a
lower spatial resolution, it is more difficult to detect smaller structural details, which were detected on very high-resolution
images. This can explain the increased number of extracted lineaments when we compare the Sentinel 2 (245), the WV3
(1383), and the DTM hillshade (1974). Analyzing the results by length, we observed that most abundance lineaments are
between 30-50 m for DTM hillshade (52%), between 60-100 m for WV3 lineaments (62%), and between 400-600 m for
Sentinel 2 (33%). The complete values of the relationship between the quantity and length of the lineaments can be seen
in Figure 4.
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Figure 2. Automated lineament extraction results. The Lineaments are represented by red lines. a) Lineament extraction for DTM
hillshade. b) Lineament extraction for WV3 image. ¢) Lineament extraction for Sentinel 2 image.
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Figure 3 The minimum and maximum lengths of the extracted lineaments for each data type are represented in a bar graph.
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Figure 4. The number of lineaments according to the length and occupational percentage for the automatically extracted. a) DTM
Hillshade. b) Sentinel 2 Band 8.. ¢) WV3 Band 7
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4.2 Line density

The lineament density map allows us to do correlation analysis and provides us with information about the concentration
of the lineaments per area'®?2, In this research, a density map was made for each dataset of extracted lineament. The low
concentration of the lineaments is represented in blueish colors and the high concentration is represented in red colour.
The density for DTM hillshade lineaments shows some spots of high concentration in the west of the study area. Those
high-density spots are around Finngy island where are located the Hakonhals mine and Karlsgy quarry (Figure 5 a). The
density map for WV3 lineaments (Figure 5 b) shows a high concentration around the Hakonhals mine and some spots of
higher concentration 5 km northeast of the Hakonhals mine. We also observed some high density around Jennyhaugen
mine at Drag, Hamargy. The Sentinel 2 results indicate high-density zones around the Hakonhals mine and at the
northeastern edge of the study area. Overall, the map displays an abundance of medium-density clusters (depicted in
yellowish and orange colors) when utilizing the lower spatial resolution data. While the DTM density map (Figure 5 a)
shows fewer medium-density clusters (in yellowish and orange colors), the Sentinel 2 density map (Figure 5 c) presents
most of its lineaments in medium-density clustering. The density maps generated in this research will be integrated with
classification processing methods results to form a robust analysis of the geological structures and outcrops at Tysfjord.
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Figure 5. Density maps for lineament extraction. a) Density map for DTM hillshade. b) Density map for WV3 band 7. c) Density map
for Sentinel 2 band 8.

Proc. of SPIE Vol. 12734 1273414-6

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 20 Oct 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



4.3 Line bearing

The main direction of the lineaments for the DTM hillshade is ENE — WSW, and the second more expressive orientation
has a similar direction (ENE — WSW). The less expressive orientation among these lineaments is SW-NW. For WV3
lineaments the main orientation is E-W, followed by ENE-WSW orientation. The smaller population of lineament
corresponds to NNE-SSW (Figure 6 a). The Sentinel 2 and WV3 had similar results concerning the main orientation (E-
W), followed by a ENE-WSW trend (Figure 6 b), while the less expressive orientation for Sentinel 2, was SSE-NNW
(Figure 6 c). Analysing the results, it is noticeable that the lineaments have an orientation pattern for E-W, ENE-WSW
population in line with the results presented by Cardoso-Fernandes et al 3. The results also show us a smaller orientation
pattern corresponding to a N-S, NNE-SSW population, also highlighted by the same authors, that could match potential
emplacement structures for Caledonian pegmatites. Comparing the results with the tectonic lineament map of Norway??,
the main orientation of the lineaments doesn’t match. For Gabrielsen et al., 2, the main population of the lineaments in
northern Norway are oriented according to WNW-ESE, and NW-SE directions. On the other hand, the author points out
that the N-S, and NNE-SSW populations occur in lower density in the north, in accordance with the results of this research.
The difference in the spatial resolution of the data used may make the difference between the results of this research and
Gabrielsen et al.,?. While Gabrielsen et al., % used Landsat images with 30 m of GSD, the lowest spatial resolution data
used in this research were Sentinel 2 images with 10 m of GSD. Nonetheless, the same author? highlighted a higher density
of E-W trending faults in Northern Norway, probably associated with a later extension and collapse of the Caledonian
orogeny, compatible with the major trends observed in WV3 and Sentinel-2 data.

a) DTM Hillshade b) wv3 0

Sentinel 2
0 0 o
270 % 00 270 %90 270 % )
180 180 180

Figure 6. Number of lineaments according to the length and occupational percentage for the automatically extracted. a) DTM hillshade.
b) WV3. ¢) Sentinel 2.

5. CONCLUSIONS

This research explores data at different spatial resolutions to investigate the impact that spatial resolution has on the results
of automated lineament extraction. The results reveal a relationship between spatial resolution and the number of extracted
lineaments. Higher spatial resolution data led to the identification of more lineaments. Additionally, a correlation between
spatial resolution and the length of extracted lineaments was observed. Greater resolution corresponded to narrower ranges
of minimum and maximum lineament lengths. Regarding lineament orientation, the findings display a prevailing pattern
for E-W and ENE-WSW orientations, while the N-S and NNE-SSW orientations exhibit lower frequencies. However, the
latter could match potential emplacement structures for Caledonian pegmatites. In summary, the results indicate significant
potential for utilizing high-resolution imagery in automated lineament extraction. In the future, these outcomes could be
integrated with other products generated through high-resolution image processing, such as subpixel classification
methods. This integration could aid in identifying anomalies indicative of potential points of interest for exploration. The
findings highlight that very high-resolution images hold significant potential for extracting lineaments, which in turn can
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aid in identifying mineral deposits and neotectonic activity. These discoveries can be combined with other remote sensing
techniques to amplify the capabilities of remote sensing for mineral exploration.
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