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Abstract—Exploration activities must be focused and
efficient to optimize the use of available resources in
identifying prospective areas. Remote sensing plays a crucial
role in achieving this goal. Understanding the genesis of
nickel laterite formation and utilizing Landsat-8 imagery are
essential for exploration in the Indara Block. The band ratio
method is used to process Landsat-8 imagery, and the results
help assess the potential for laterization in the research area.
Image interpretation guides field checks to validate our
interpretation. This study evaluates the effectiveness and
abilities of Landsat-8 in nickel laterite exploration, aiming to
provide breakthroughs in other regions and act as a reference
for future research.
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I. INTRODUCTION

The research area called Block Indara, which is
administratively located in Central and East Halmahera
Regency, is shown at Fig. 1. The ongoing exploration
stages in this block are regional exploration aimed at
searching for and discovering potential nickel laterization
that is not yet known.
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Fig. 1. Research location map and its surroundings, Landsat-8.
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Understanding the regional geology is a key factor that
must be understood in exploration activities in an area. In
the development of nickel laterite exploration, a
morphological approach was employed to deepen the
analysis and interpret the presence of nickel laterization.
The author believes that these common methods are
insufficient for effectively interpreting nickel laterization.
Therefore, a remhave ote sensing method using Landsat-8
imagery has been developed as a complementary approach
to previous techniques, while also assessing the
effectiveness of this method, which will be detailed in this
study.

A. Regional Geology

Regional geological information for the research area
was obtained from Geologic Map of the Ternate
Quadrangle, North Maluku [1] as shown at Fig. 2.
Halmahera is known for its extensive distribution of
ultramafic rocks, providing numerous location options for
nickel laterite exploration. It is also not uncommon for
regional information to be very different locally, so that
exploration targets may not be possible to form in that area.

B. Nickel Laterite

Nickel laterite deposits are formed through the
weathering of ultramafic rocks that contain Ni-silicate.
These source rocks typically have a nickel content ranging
from 0.2% to 0.4% [2]. Additionally, the topography of an
area significantly influences nickel formation; in gentle
topography, water moves slowly, allowing it to penetrate
deeper into the fractures or pores of the rock compared to
steeper terrains [3]. The formation of nickel laterite
depends on the interaction between geological factors
(such as the original rocks and morphology) and
environmental factors (such as climate) [4, 5]. Nickel
laterization results in a profile, known as the nickel laterite
profile, which, in general, will be formed in the research
area as shown at Fig. 3.

On the surface, a layer of limonite will form with >55%
Fe;03 and no visible remnants of ultramafic rock textures
are still present. A number of grains (Quartz, Serpentinite
alteration fragments, manganese oxide) are found in a
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matrix dominated by iron oxide [6]. The materials in this  from 30-50%. The weathered material that is sand and
limonite zone that are clay-sized range from 50-70%,  coarse sand-sized looks rather hard and is estimated to be
while the proportion of sand and coarse sand sizes range  iron oxides [2].
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Fig. 2. Digitize geologic map of the ternate quadrangle, North Maluku [1].
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The secondary data used consist of Landsat-8/OLI
Level 1T images with minimal cloud cover. The image
was obtained from the U.S. Geological Survey Earth

Ferruginous saprolite Nirich goethite  1.2-1.6 4-8 . .
o e Mln”(:xijz:} “ Resources Observation and Science Center (USGS-EROS;
hydroxides http://earthexplorer.usgs.gov/) and was obtained in
January 2020.

Transition zone

B.  Band Ratio Methode
The interpretation of Landsat-8 imagery, utilizing the

Saprolite Mg silicates 1.5-2.5 2-4 R N X X
Nirich available bands, is presented in Table I. The band ratio
serpentine o o qe
e method enhances contrast between hues by dividing the

Lower saprolite I:ir;)eic:line 0.5-0:8 highest and lowest brightness values in the reflectance
St . . .. .

Bedrock Serpentine 03 curve, after correcting for atmospheric conditions. This
Olivine, method is particularly useful for highlighting specific hues
pyroxene

or materials that may not be visible in the raw bands. Band
Fig. 3. The Weda Bay profile [6]. ratio transformation is effective for the qualitative
detection of hydrothermal alteration minerals [7, 8]

44



International Journal of Geology and Earth Sciences, Vol. 10, No. 2, 2024

TABLEI. PERFORMANCE CHARACTERISTICS LANDSAT-8/ OLI 9]
Satellite/ sensor Subsystem Band name Band Spectral range Spatlz.ll Spectr.al Radlom?trlc Sv.vath
number (um) resolution resolution resolution width
Coastal aerosol 1 0.43-0.45
Blue 2 0.45-0.51
VNIR Green 3 0.53-0.59
Red 4 0.64-0.67
Near Infrared 5 0.85-0.88 30m
Landsat -8/ OLI 9 bands 16-bits 185 km
Shortwave Infrared 1 6 1.57-1.65
SWIR
Shortwave Infrared 2 7 2.11-2.29
Panchromatic 8 0.50-0.68 15m
VNIR
Cirrus 9 1.36-1.38 30m

Field Check

A field check is conducted to gather primary data and
validate the interpretation results, allowing for an
assessment of how effectively remote sensing can guide
exploration targets. The results of the field check include
observation points, documentation of outcrops, and
descriptions of lithology.

C.

III. RESULT

A. Regional Geology

Based on the Geologic Map of The Ternate Quadrangle,
North Maluku [1], the entire research area consists of
Ultramafic Complex (Ub), as shown at Fig. 4. The
geological conditions in this area are highly favorable for
the formation of nickel laterite due to the abundance of

ultramafic rocks.

B.  Remote Sensing Interpretation

Landsat-8 imagery is used to identify iron oxide on the
surface of the research area. The limonite layer is
characterized by a high iron oxide content. High values in
the 4/2 band ratio are effective for detecting charge transfer
absorption associated with ferric iron oxides in the blue
spectrum region [9]. High values in the 4/2 band ratio were
observed in the research area, highlighted at Fig. 5.

The combination of Sabin’s ratio, typically used for
lithology mapping and hydrothermal alteration, with an
RGB composite facilitates easier observation. Sabin’s
ratio employs band ratios B6/B5, B6/B7, and B4/B2 in
RGB [10]. The results for the research area are shown at
Fig. 6. In the Sabin’s Ratio results, the accumulation of
iron oxide is represented by the color blue, providing a
clearer and more detailed interpretation of iron oxide in the
research area and its surroundings.
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Fig. 4. Geology map of research area from geologic map of the ternate
quadrangle, North Maluku [1].
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Fig. 5. Iron oxide interpretation map in monochrome.
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Fig. 6. Sabin’s ration map in RGB.

C. Field Check

Based on the results of the interpretation of iron oxide,
the research area has a significant concentration of iron
oxide in the northern part. Therefore, the researchers are
confident that nickel laterite soil will be found in this area.
Field checks are focused on accessing the northern part of
the Indara Block and taking photographs at several
observation points. The observation points and the
appearance of the nickel laterite soil identified are shown
at Fig. 7. This soil is formed from Dunite rocks, which
display an abundance of Olivine minerals (80%) as shown
at hand specimens, shown at Fig. 8. The appearance of the
nickel laterite soil found closely resembles the top layer of
nickel laterite profiles in general, which consists of
limonite, as shown at Fig. 3.
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Fig. 7. Preview of field check base on remote sensing interpretation (Ultramafic Laterization).
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On Fig. 9 shows the appearance of the observation point,
which the author believes represents the laterization of un-
ultramafic rocks. The soil was formed by the weathering
of Gabbro, with minerals predominantly composed of
Plagioclase, as observed in the hand specimens shown at
Fig. 10. There is a visible difference in the color of the soil
produced by the weathering of the source rock. This field
check validates the distribution of nickel laterite soil,
which closely resembles the interpretation of iron oxide in
Landsat-8 imagery. This aligns with the author’s
expectations, indicating that the application of remote
sensing can provide valuable insights and enhance the
effectiveness of nickel laterite exploration in the Indara
Block.
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Fig. 9. Preview of field check base on remote sensing interpretation (Un-ultramafic Laterization).
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Fig. 10. Hand speciment of Gabbro in Un-ultramafic Laterite Soil
Zone.

III. CONCLUSION

Based on the overall results of the research in the Indara
Block, the following conclusions can be drawn:

e  The remote sensing method is a key approach for
achieving effective and efficient exploration.

e Landsat-8 imagery can effectively interpret the
presence of iron oxide targets, even in very dense
vegetation, as seen in the Indara Block.

e  Areas with high iron oxide concentrations in the
Indara Block are associated with nickel laterite
soil resulting from the weathering of ultramafic
rocks.

e  Understanding regional geology, the genesis of
nickel laterite, and the application of remote
sensing methods are essential for identifying
locations with potential for nickel laterization.
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