ABSTRACT

Mandsar MSS imagery and ground data.

INTRODUCTION

1. General

_ The global Coverage and synnoptic view pro-
waded by Landsat mult speciral scanner (MSS) im-
#gery has enabled geologist 10 interpret regional
features from the data. Tn this project, the geological
mnuciure of Nias Tslnd were swdied, Structurl geo-
Jogy can be intepreted from land forms, out erop ana-
and lineament analysis (Sicgal and Gilespic,
. The present study deals with the lineament
5. Lineaments were defined by O'lcary ot al
11576} us “mappable, simple or composite linear (za-
__Hmnh surface whose par are aligned i a rectili-

or slightly curva linear relationship, and which
iffers distinetly from the pattern of adjacent features
presumasbly reflecis a subsarface phenomenon™,
~ The imagery wsed in the study was acquired
by the United States Lansat 5 multy spectral scanner
IMS5). The data was suplied from the Thailand
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TECTONIC MAPPING IN NIAS ISLAND USING LANDSAT MSS IMAGERY

Muhamad Husen®™ )

Nias Island, is one af the best examples of an exposed subduction complex in active are system. The aim of
study was fo map the structural featwres of this tectomcally complex area, asing a combination of enhanced

A large amount of siruciural geological informaiion including previous!v unmapped lineaments were revealed
wsing a Sobel vertical filter and a siandard falve colour composite ax a complement. The siraciural gealogy was
sund to b dominared by NW-SE and NE-SW orientated lineamentt. These tectonic fabric feanires derived from
thﬁdhusr were integrated with the gealogical skeich mup and Bouguer anomaly map. Al of these proce syes
were carried out within a geographical information system (GIS) framework.

Remote Sensing Centre's Smelle Receiving Station,
in the form of 8 computer compatible wpe (CCT). The
Format of the CCT was Telespazio Band Inter Leaved
{BIL). Detail of imagery are given in Table 1,

The methodology of the study 15 as follows

—  Siage | - Involved a dewiled stody of the case
stuly area, un area around Gunung Sitnli - Alasa
lor which ground information are available, The
main purposc of this stage is 0 develop tech-
niques that can be spplicable for the whole of
Mias [sland.

~  Stage 2 : standard image processing iechniques
Trom stage | were applicd o the five [l resole-
ton subscene thst covered almost all of Mias
Iskand. Finally, afier inicgrating all the data, an
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intempretation of the regional geological strocture
was produced.

1.2, Geological Serting

The islands west of Sumatra, at the western
edge of the Sunda Arc System, constitute onc of the
best example of exposed subduction complexes in an
active arc system (Figure 1), In this area. the slope
from the trench up & the frontal arc can be subdivided
into two morphotecionic regions, summarised in the
schematic section in Figure 2. The upper slope is rela-
tvely smooth snd sediments are lile deformed. On
the other hand, on the lower slope, the sediments are
highly deformed. These slopes are scparated by a
ridge. a bench, ar s msmple break in slope (Dickinson,
1974; Moore & Karig, 1980).

The wench slope break of the Sunds Arc isa
broad ridge (outer arc ridge), continued from the An-
daman Island in the west 1o the vicinity of Sumba in
the cast. However, it s only in the Andaman and Nico-
bar groups and in the region west of Sumatra that the
ridge rises above sea level. Nias, the largest and maost
accessible in the island capping the ridge, exposed
the trenich slope break of the the Sunda Arc Trenh Sys-
tem and the seaward edge of the upper slope basin or
forcare basin (Moore and Karig, 1980}, Moore and
Kanig (1980) also identificd two tectono-stratigraphic
mi:whirhtmniNW—SE,pnlLelmﬂ:mh{Hg-
are 3). The unils are shown in the Table 2.

I3, Implication of Geolagical Setting (o Remote
Sensing

Morphology of the istand which is mainly hilly
area has sicep sides and forms distinctive of the land-
scape. These steep sides often have less vegetation
and form an isolated hill. The appearance of the hills
contrast sharply with the other wpographical features,
and these can be detected on remotely sensed data as
lineamemnts.

Lincaments reveal the geological structure,
which arc probably the boundary of teclonostrati-
graphic units or the eastern boundary of struciural

wones a3 a larpe homochne of hioclastic imess
folds and faults. Most of these structural feat
arientated NW-5E, therefore the image processs
plied fedge enhancement) 1o the istand will ls
focus on enhancing N'W-SE trending lincaments.

Il. GEDLOGICAL IMAGE PROCESSING
1 Creneral

The main aims of image processing |
sindy are o cnhance (he mage [or geologxal
pretation, cspecially i highlight lineuments, thes
enahling the geological strocture 10 he mapped 3
processing was carricd oput al both the contre
reme sensing of Tmperial College and  Unive
College London University of London, using In
tonal Imaging System (128) model 70 and 75 - T4
VICAR software and 750 program.

112, Speciral Enhancement

The study area is almost completelly cos
by vegetation, and spectral swdics of vegeiation 8
could be potentially correlated with the unde
ology were camied oul, these are ;
= Contrast cnhancement
= Colour composiieé
—  Band subtraction and addition
—  Band ratioing and multiplication
—  Principal component analysis

Experimentation showed that lithologic
ferences could not be detected by spectral s
vegetation (geobolany) using MSS data, due
limitation of its speciral and spatial resolution. &
ever, a standard false colour composite (FCC), B
5 and 4 were displayed as red, green and blue (RE
respectively is useful in desermining general strue
information (photographs 1). The colour composs
principal component 3, 2 and 1 (RGR) 15 also be
due 10 its capability to highlight rivers or drad
lem.
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M3, Edge Enhancement

Edge is imensily differences between pixels
can be defined as sudden changes in gradient. A
of the first derivative a1 the point p (xy) is
the measure of the first derivative at the point, There-
; a stecp slope is equivalent to an edge. A Large
‘number of filiers designed to calculale approximation
0 variations i the derivatives exist In this stody, il
“was perforned using a linear filters, ie convolution.

Data convolution are commonly used in
‘memole sensing for the cdge enhancement of digiml
imagery. Most of the computer algorithms are used in
‘matnix operations 1o define how much an individual

differs from its noighbours. Using this method,
-:dg:mlmmmunthuulph:hdd'fﬂmu
from the majority of each of their respective neigh-
hours,

Filters may be non directional for more general
-_ﬂlfptﬂin.g effects, or directional if & structural trend
s anticipated. In this study, a number of fillers were
“mitially tested on band 7 and the best resalt was
found from Sobel vertical filler (Photograph 2). The
Sobel filicrs are an effecuve cdge enhancers (o indi-
cate the magnitude or strength on an edge, without
paying any atiention 10 its direction. The matrix are 3
x 3 elements with the following value :
= 101
- 201
= 101

This will be used as a stundard technique 1o
‘apply lor five subscenes of Niss.

L DATA INTEGRATION AND INTERPRE-
TATION

HLL Inserpretaion of the Case Siudy Area

Linesments could be traced interactivelly and
the resali indicate that the dominant wrend is NW-SE.
This directions has been identified previously as
gither tecto nostratigraphic unit boundaries between
the Nias Beds and the Oyo Complex, 2 bomocling of
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Middle Miocene limesione, a reel lerrace edge or
folds and fauls

ANW-SE wend was also depicied from the im-
agery. This trend was préviously unreported and
could be intcpreted 85 an antithetic stnke slip fault
(see Harding, 1974) as some of the licaments cut by
this lauls cin be 2zen o be dis placed,

1.2, fmage-to-map-Re gioraiion

Remotely sensed data image generated by a
multy spectral scanner ane sioeed i raster format. Tio
integraie this with thematic information, the data need
o be corme loed and regisiered with known ground
informaton. The method of mage recufication used
iz affine transformation. Four ground control points,
which pre evenly distributed were wsed,

The first step of the work was 10 generate the
coast ling from five subscenes and ground conirol
painis were also written. The data weore then prpns-
formed and Dited opether. The second step, the coas-
ting iaken Irom (he digitised map was pverfaid onio
the mossic subscenes (o verily the accuracy of the reg-
istration. Finally, the comand macros wene oon-
structed to integrate the digitised gravity and
peclogical skeich map Tiles with the lincamenis files,
Output on hard copics were also produced (Figures 4
and 5}.

111 3. Interpretation for Nias {sland

Az in the caze study area, the N'W-SE and NE-
5W directions are the major orieniation ol the linea-
ments. In the NW.SE trend. the homocline of the
limestone horizone ore very prominent as a group of
subparaliel lincaments. The repetition of these hori-
mones which are reponed by Moore and kang { 19800)
are evidence of both east ond west dipping reverse
faulis. Tn the nonh westend of the island, these hor-
rones were formed a rounded nose of anticlinal struc-
ture and displaced by NE-5W onentaied lineaments,
This area comcides with the Bouguer anomaly high.

A socomd trond, WE-8W is widely disiribuicd
throughoul Nias, Field dita (bedding auiludes) from
the 5W part of the mlond suggest some of these linea-



ments are anthitetic strike siip faulis. N-§ wends were
also founds, especially in the N-NW area (Lahewa) as
a series of parallel ridges. shown from ficld data 1o be
composed of mesione.

V. CONCLUSIONS AND DISCUSSIONS

Diana used in this study is from landsat MSS in
which the bands are highly correlated and apparently
shows no distributions in the spectral signatures. Al-
though digital image processing allows a great flexi-
bility in data manipulation, in heavily vegealed
terrain like this study arca, a large number of image
enhancement and information extraction technigues
were not provide adequate spectral information that
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Table 1
Imagery detail of Landsat scene and tupe

Path number 1129
Row number : 59-50)
Data acquired 1 29-06-1985
Scene centre - Latitude : 1.26 N
- Longitude 19790 E

Mumber of zample  : 3TED
Number of lines 1 2286
MSS  hands :0.5-0.6um
2 06 - 0.7 umi
10.7 - 0.8 um
0B - LT um
Comection applied - sensor offset
« Communication crror
- fixed geometry
- earth rotabion

- line length

-~ S A A
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Tahle 2
Stratigraphic column of Nias Island (after Kallagher, 1987)

ACE [Mismes er af, 19795
MIAS Loors & KsAg, 1990}
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Fhoto |

Photo 2
Saobel Vertical enhanced hand 7 image of the case study area
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Figure 2
Hypothetical shallow structure across the Sunda Arc in the Mias aren
(after Moore & Karig, 1980}
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EXPLANATION
UPLIFTED QUARTERMARY
@ TERRACE COMPLEXES

E MIAS BEDS AND
YOUNGER STRATA

==:0V0 COMPLEX
# MARKER LIMESTONE HORIZON s
~ MAREKER LIMESTOME HORIZON "a"
I,I" THRUST FAULT

0
<" HIGH ANGLE FAULT Ln;;‘
_~ MAJOR RIVER PR T

Figure 3

Geological sketch map of Nias Istand (after Moore & others, 19RO}
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| MAS BEDS AMD TOUMGER STRATA

- OY0 COMPLEX

—— A MARKEH LIMESTOME HORIZIOME "A™
—  MARKER LIMESTONE HORIIOWE "B

—— LINEAMENTS

Figure 4
Tecionic fabric map with geological sketch map of Nias Island
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Tectonic fabric map with gravity map, Niss Island
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