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ABSTRACT

Vast areas of the world consist of hard rocks (basement complexes), where water is restricted to secondary permeability,
and thus to the fractures and the weathered zones. As the success ratio of drilling in hard rock terrain may be low, and the
use of geophysics is often judged as too expensive, the study of linecaments from remote sensed imagery offers an
attractive alternative analysis technique. High production areas in hard-rock aquifers are generally associated with
conductive fracture zones. An effective approach for delineation of fracture zones is based on lineament indices extracted
from satellite imagery. Together with a detailed structural analysis and understanding of the tectonic evolution of a given
area it provides useful information for geological mapping and understanding of groundwater flow and occurrence in
fractured rocks.

The accuracy of extracted lincaments depends strongly on the spatial resolution of the imagery, higher resolution
imagery result in a higher quality of lineament map. The ASTER sensor provides imagery with a higher resolution (15m)
than the LANDSAT sensor (30m). It is tested and shown here that extracted lineaments from the VNIR ASTER imagery
are considerably less noisy and show a higher accuracy than lineaments extracted from other imagery.
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1. INTRODUCTION

Linear features on the earth surface have been a theme of study for geologists for many years, from the early years of the
last century (Hobbs, 1904, 1912) up to now. From the beginning, geologists realized that linear features are the result of
zones of weakness or structural displacement in the crust of the earth. A lineament is a mappable linear or curvilinear
feature of a surface whose parts align in a straight or slightly curving relationship. They may be an expression of a fault
or other line weakness. The surface features making up a lineament may be geomorphological, i.e. caused by relief or
tonal, i.e. caused by contrast differences. Straight stream valleys and aligned segments of a valley are typical
geomorphological expressions of lineaments. A tonal lineament may be a straight boundary between areas of contrasting
tone. Differences in vegetation, moisture content, and soil or rock composition account for most tonal contrast (O’Leary
et al. 1976). In general, linear features are formed by edges, which are marked by subtle brightness differences in the
image and may be difficult to recognize. On the earth, lineaments could be (1) straight stream and valley, (2) aligned
surface depressions, (3) soil tonal changes, (4) alignments in vegetation, (5) vegetation type and height changes, or (6)
abrupt topographic changes. All of these phenomena might be the result of structural phenomena such as faults, joint
sets, folds, cracks or fractures. The old age of many geological lineaments means that younger sediments commonly
cover them. When reactivation of these structures occurs, this results in arrays of brittle structures exposed on the surface
topography. Similarly, the surface expression of a deep-seated lineament may be manifested as a broad zone of discrete
lineaments (Richards, 2000). In order to map structurally significant lineaments, it is necessary first, by careful and
critical analysis of the image, to identify and screen features not caused by faulting (Sabins, 1997).

The study of lineaments has been applied successfully to structural geology studies and their applications such as ore-
forming systems, mineral exploration, petroleum, nuclear energy facility sittings (Lalor, 1987; Woodall, 1993, 1994;
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O'Driscoll and Campbell, 1997; Kutina, 1980; Karnieli et al., 1996; Mostafa and Zakir, 1996; Arlegui and Soriano, 1998;
Suzen and Toprak, 1998; Zakir et al., 1999), and water resource investigations, groundwater studies (Lattman and
Parizek, 1964; Mabee et al., 1994; Magowe and Carr, 1999; Fernandes and Rudolph, 2001; Hung et al., 2003).
Lineament identification via remotely sensed data is achieved by using two principal techniques. First, lineament data
can be visually enhanced using image enhancement techniques (image ration, image fusion, directional edge-detection
filters) and a lineament vector map can be produced using manual digitizing techniques (Arlegui and Soriano, 1998;
Suzen and Toprak, 1998). Second, a lincament map may be produced using computer’s software and algorithms
(Burdick and Speirer 1980, Karnieli et al., 1996; Baumgartner et al. 1999, Hung et al. 2002, 2003, Kim et al. 2004).

Study area

The study area, the Suoimuoi river catchment, is situated northwest of the city of Son La, between longitude 103°33” E
and 104°00° E and latitude 21°20° N and 21°29’ N, covering 284 km? (Fig. 1). This area consists mainly of two sub-
areas. The south-western parts are composed of karst water-bearing carbonate rocks of Paleozoic age, Banpap (D,bp)
and Early Permian-Carboniferous Chienpac (C-P;cp) Formations. The north-eastern part is of Middle Triassic age with
the Dong Giao Formation (T,dg). In the Suoimuoi catchment, karst occurs in lime stones and dolomites of Late
Cambrian, Middle Devonian, Carboniferous - Early Permian and Middle Triassic age. These carbonates have a
favourable composition, texture, and structure for karstification (Hung, 2001).
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Figure 1: The Suoimuoi Cat'c"'l;‘z‘;;f”‘""‘“ E-W fracture type is accompanied by shear

fractures with a NW-SE and NE-SW direction

and extension fractures with a sub-E-W
direction. The NW-SE fracture type is accompanied by shear fractures of sub-N-S and sub-EW direction and extension
fractures with a NW-SE direction. The correspondence of the NW-SE shear and extension directions and the E-W
correspondence of shear and extension directions, make these two directions most favourable for groundwater
development.

Landsat ETM and ASTER imagery are used to improve the quality of lineament map by their spectral and resolution
properties. The images were resized to the exact coordinates of the study area by a subset from the original scenes. The
Landsat ETM image was a subset from an original scene of a path 128 and row 045 and acquired on 27/1/2000. The
ASTER image was a subset from an original ASTER scene of L2 processing level, acquired on 6/10/2003. All images
are registered to the UTM WGS84 N48 projection. The image resolution of LANDSAT and ASTER are sufficient for the
study at map scale of 1/50.000 to 1/100.000.
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Where: o1 is the direction of shear fracture, and 3 is the direction of extension fracture
Figure 2: Rose diagram depicting the distribution of faults on the geological map and the orientations of shear and extension fractures

2. DEVELOPMENT OF METHODOLOGY

The aim of this paper is to create a methodology for automatically and digital lineament analysis. The processing is
developed based on the map scale of 1/50.000. Figure 3 shows the major steps which are applied for the lineament
analysis. The methodology aims at incorporating remote sensed data and principles of processing these data (Drury, 1993
Schowengerdt, 1997; Hung et al. 2002 and 2003; Kim et al. 2004).
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Figure 3: The major steps of lineament analysis

2.1. Lineament extraction

From previous studies we can conclude that lineaments usually occur as edges with tonal differences in satellite images.
According to literature there are two common methods for the extraction of lineaments from satellite images: 1. Visual
extraction: At which the user first starts by some image processing techniques to make edge enhancements, using the
directional and non directional filters such as the Laplacian, and Sobel, then the lineaments are digitized manually by the
user. 2. Automatic (or digital) extraction: various computer-aided methods for lineament extraction have been proposed.
Most methods are based on edge filtering techniques. The most widely used software for the automatic lineament
extraction is the LINE module of the PCI Geomatica. A comparison between the visual and automatic methods for
lineament extraction is shown in Table 1, after Hung 2001.

The ETM image used in this study is composed of 6 VNIR and SWIR bands with a resolution of 30 m, and the
panchromatic band 8 with a resolution of 15 m. The ASTER image has 3 VNIR bands with a resolution of 15 m, and 6
SWIR bands with a resolution of 30 m (Table 2). Lineaments were automatically extracted from these bands with the
LINE module and parameters as shown in Table 3. In this study, the thermal bands of both ETM and ASTER will not be
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taken into account because of too low resolution, 120 and 90m respectively.

Table 1: Comparison between the Visual and the Automatic (Digital) lineament extraction methods

Visual process Digital process
- Depend on the quality of the performance of the image (on - Depend on only the quality of the image
paper and/or screen)
- Partly depend on the complexity of the research area - Totally depend on the complexity of the research area
- Strongly depended on human experience and ability - Totally depend on the mathematical function of software
- Takes a lot of time - Very quickly
- Strong effect of human subjectiveness - Little effect of human subjectiveness
- Easy to distinguish the kind of lineament (tectonic setting, - Can not recognize the kind of lineament, so the result may be
manmade, ...) confused.
- Simple but subjective method - Complex but objective method

Table 2: VNIR and SWIR Landsat ETM and ASTER imagery

Subsystem ETM+ ASTER
Wave length (um) Resolution (m) Wave length (um) Resolution (m)

Blue 0.45-0.52 30
= Green 0.53-0.61 30 0.52-0.60 15
E Red 0.63-0.69 30 0.63-0.69 15
NIR 0.75-0.90 30 0.78-0.86 15

Panchromatic 0.52-0.90 15
1.55-1.75 30 1.60-1.70 30
2.10-2.35 30 2.145-2.185 30
= 2.185-2.225 30
z 2.235-2.285 30
2.295-2.365 30
2.360-2.430 30

Table 3: The used parameters for the PCI - LINE Module, for each data type. RADI - Radius of filter in pixels, GTHR - Threshold for
edge gradient, LTHR - Threshold for curve length, FTHR - Threshold for line fitting error, ATHR - Threshold for angular difference,
DTHR - Threshold for linking distance (PCI Geomatica Manual, 2001).

Values for ASTER and | Values for the TM Values for ASTER Values for the TM
Parameter . . Parameter | and the fused ETM .
the fused ETM image image . image
image
RADI 5 5 FTHR 3 3
GTHR 10 10 ATHR 7 7
LTHR 7 3 DTHR 3 3

The main advantage of ETM is that the panchromatic band can be used to have an image with the resolution of 15 m,
after the process of image fusion. The method of intensity—hue—saturation (IHS) fusion is applied to enhance the
resolution of LANDSAT image bands 3, 4 and 5, which is reported to have smallest spectral error (Schowengerdt, 1997).
The number of lineaments from each band in each data type, before and after correcting, is given in Table 4. There are
two groups of lineaments, Group A consists of lincaments derived from images of 30 m resolution and B of 15 m
resolution (Fig. 4). The higher number of lineaments in group B is derived from the three ASTER bands 1, 2 and 3, and
three ETM fused band 3, 4, and 5. The number of lineaments in group B is proximately twice the amount in group A.
While, the number of lineaments in each image in group B is almost the same, (Table 4 and Fig. 4B), the number of
lineaments in each image in group A is a function of the wave length. The highest number of lineaments in both groups
is in the VNIR image, band 3 of ASTER in group B and band 4 of LANDSAT in group A. The error of number of
lineament before and after correcting is smallest in VNIR band of both groups (Table 4). By visual comparison, it is clear
that VNIR is the best band for the automatic lineament extraction in the study area, due to its high lineament frequency
and accuracy. Schowengerdt (1997) also observed that the VNIR band has smallest spectral error. The distribution of
number of lineament for LANDSAT and ASTER image shows the same trend of alteration (Table 5, 6 and Fig. 5, 6) by
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direction. It proves that the parameters which were chosen for LINE module are suitable for the research area.
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Figure 4: The number of lineaments before and after correction; A. 30m resolution images; B. 15m resolution images

Table 4: The number and max length of lineaments before and after correction

Before correcting After correcting The deferent of number of lineament,
Band number ;

Total number | Max length (m) | Total number | Max length (m) | before and after correcting (%)
™1 9819 1897 8833 1897 11.2
™2 9656 2058 8718 2058 10.8
™3 9764 1916 8806 2029 10.9
T™M4 9653 2670 9156 2670 5.4
TMS5 9926 2643 8989 2643 10.4
™7 9826 2643 8920 2643 10.2
AST4 9119 2175 8342 2175 9.3
ASTS5 9203 2343 8356 2343 10.1
AST6 9357 2238 8522 2238 9.8
AST7 9350 2451 8539 2451 9.5
ASTS 9390 2125 8512 2125 10.3
AST9 9436 2099 8618 2099 9.5
ETM3 F 21834 1340 18444 1340 18.4
ETM4 F 21985 1452 18667 1452 17.8
ETMS F 21938 1158 18880 1158 16.2
AST1 22431 1423 19104 1423 17.5
AST2 22428 1461 18973 1461 18.2
AST3 22785 1468 19369 1468 17.6

Table 5: Distribution of number of lineaments by direction interval for SWIR image.

Interval AST4 | ASTS5 | AST6 | AST7 | AST8 | AST9 | T™M1 | TM2 | TM3 | TM4 | TM5 | T™M7
<13.06 912 905 886 931 896 935 946 942 947 1015 | 955 949
13.06 - 26.11 739 657 720 706 738 686 771 781 708 822 797 789
26.11-39.17 1058 986 994 990 961 963 950 1024 | 982 1156 | 1085 | 1072
39.17-52.23 947 933 968 918 932 960 1004 | 1015 | 945 1074 | 1015 | 1009
52.23 - 65.29 857 824 836 819 777 799 833 892 881 1047 | 919 900
65.29 - 78.34 659 597 642 617 595 521 623 687 588 640 645 649
78.34-91.40 385 429 406 394 451 518 473 416 528 560 497 492
91.40 - 104.46 291 307 322 307 321 322 348 280 318 256 325 325
104.46 - 117.52 | 236 333 304 349 338 350 313 282 331 266 326 324
117.52-130.58 | 289 326 359 332 339 374 386 317 350 278 284 295
130.58 - 143.64 | 444 553 527 530 540 519 522 484 550 378 494 476
143.64 - 156.69 | 577 555 545 565 605 608 594 490 586 532 516 514
>=156.69 948 951 1013 1081 1019 1063 1070 | 1108 | 1092 | 1132 | 1131 1126
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