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Abstract: The short-wave infrared reflectance spectroscopy has been used in a wide range of
mineral exploration especially to recognize the alteration minerals related with mineralization.
The techniques are also very useful in geothermal exploration especially to determine
hydrothermal alteration minerals that are related to the physical and chemical characteristics of
the geothermal formation. The spectrally detectable major hydrothermal alterations in wells
MT-1 and MT-2 are montmorillonite (+/- zeolite), halloysite, kaolinite, illite and dickite. The
over print between the smectite group (montmorillonite) and kaolin group (kaolinite, halloysite
and dickite) shows the two fluid conditions in the formation. The smectite group occurs in a
non-acid condition while the kaolin group occurs in an acid condition. The trend of decreasing
Al-OH band wavelength from near the surface to the bottom of the holes reflects to change of
state from montmorillonite rich (high Al-OH band absorption) to illite rich (low Al-OH band ab-
sorption). Therefore, the AlI-OH wavelength data reveal a transition from a smectite dominated
zone near the surface to illite dominated zone at the bottom of the well. These features probably

also reveal the temperature history of the geothermal formation.

1. Introduction

The joint research cooperation project between the
Indonesian and Japanese Governments to develop
small-scale geothermal resources in Mataloko,
Ngada District, Flores Island, East Nusatenggara
Province - Indonesia commenced in fiscal year 1997
and continues until 2002. The project focused on the
surface and subsurface study of the Mataloko geo-
thermal area.

Three shallow wells have been drilled during 1999-
2000. The thermal gradient well MTL-1 was drilled
by the Volcanological Survey of Indonesia (VSI)
while the exploration well of MT-1 and MT-2 drilled
by the cooperation between Indonesia and Japan.

The thermal gradient well of MTL-1 was drilled
on 14 October 1999 to a depth of 103.23 m. The 250
m drilling target can not be reached due to steam
suddenly flowing out from down the hole. The first
exploration well MT-1 with target about 600 m situ-
ated about 103 m north of well MTL-1. The well
was killed and plugged with cement due to a sudden
steam flow and blow out of steam with gases (H.S
& CO,) around the collar at a total depth 207.26 m.

' Directorate of Mineral Resources Inventory. J1. Soekarno-
Hatta No.444, Bandung, 40254 Indonesia
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In order to continue drilling and reach the target,
the well MT-1 site shifted to the MT-2 well site
that lies 32 m north of the MT-1 well site. Similar
to the MT-1 well, the 600-m drilling target could
not be reached. The drilling was stopped at a total
depth of 180.02 m because of the unstable down hole
condition as caving of the hole made the drilling op-
eration difficult (Sitorus and Nanlohy, 2000; Sitorus
et. al, 2001).

This paper will describe the characteristic of
hydrothermal alteration minerals of wells MT-1 and
MT-2 by using Short Wave Infrared Reflectance
Spectroscopy (SWIR). Portable Infrared Mineral
Analyzer (PIMA-II) was used in this study to ana-
lyze 68 cutting samples from well MT-1 and 59 cut-
ting sample from well MT-2.

The SWIR detects reflected molecular vibrational
energy in the 1.3 um to 2.5 wum range of the elec-
tromagnetic spectrum. The observed molecules in-
clude OH, H,O, Al-OH, Mg-OH, Fe-OH, CO; and N
H,. These are found as major components of com-
mon hydrothermal alteration mineral species such
as the kaolinite group (kaolinite, dickite, halloysite),
illite  (sericite, white micas), smectite group
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(montmorillonite, nontronite, saponite), carbonate,
sulfate and chlorite. Hauff and Cocks (1992) describe
that the spectral features of molecules are found at
1.4 pum (H:O plus OH for clay and sulfates), 2.02
um and 2.12 pum (NH,), 2.2 um (AI-OH), 2.26 um
(Fe-OH), 2.3 um Mg-OH) and 2.3 um - 2.35 um
(COy).

2. Subsurface geology

From the lithologic column of wells MT-1 and
MT-2 (Figs. 1 and 2), it can be seen that the study
area 1s covered by lava and pyroclastics of Quaternary
volcanic rocks. The volcanic rocks consist of andesite
lava, tuff and tuff breccia. Nanlohy et al (2002, this
volume) describe that the surface of the well is cov-
ered by 10 to 15 m thick of pyroclastic deposit (breccia
tuff). The pyroclastics consist of dacitic ash tuff and
tuff breccia. From the 15 m until 100 m depth, the
lithology predominantly consists of andesite. From
100 m to the bottom of the well, the lithology is
mainly pyroclastic deposits (ash tuff and breccia
tuff) interbedded with andesite lava.

The rock unit in both wells mostly altered. The
intensity of alteration varies from less intense to
very intense occurrence. Clay 1s most prominent
hydrothermal alteration mineral found in this area.
In some samples, the clay content is up to 70 %. The
other altered minerals are carbonate, pyrite, anhy-
drite and silica.

3. Analysis methods

Cutting samples were collected from every 3 m of
wells MT-1 and MT-2. The short-wave infrared
(SWIR) spectra were measured with an Integrated
Spectronics Pty Ltd PIMA-II portable infrared spec-
trometer. The PIMA-II measures the reflectance of
samples across the region of 1.3 um to 2.5 wum.
The spectral data were interpreted by using the
PIMA VIEW 3.1 software.

No sample preparation or treatment was carried
out prior to spectral measurement. All the data re-
ported in this study are for bulk samples. Also, no
special treatment was made for the distinction be-
tween mixed layer and mixtures of discrete clay
minerals.

4. Hydrothermal alteration mineral

4.1 Montmorillonite

The statistical data show that montmorillonite is
the major clay mineral found in both wells MT-1
and MT-2 (Figs. 1 and 2). The mineral can be found
from near the surface to the bottom of the hole. A
significant amount of montmorillonite in well MT-1
can be seen at the depths of 50 - 110 m and 160 -
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175 m. In well MT-2, a significant amount of
montmorillonite can be seen at a depth of 60 - 86 m
and around 150 m.

4.2 Halloysite

The second major clay mineral found in both
wells MT-1 and MT-2 is halloysite. The mineral ap-
pears almost in all levels of hole. The halloysite in
well MT-1 is predominantly found near the surface
to a 100 m depth and from 150 m to the bottom of
well MT-1 while in well MT-2 halloysite 1s found
from near the surface to a 60 m depth and below
140 m.

4.3 Kaolinite

Unlike montmorillonite and halloysite, kaolinite
only appears near the surface in both wells MT-1
and MT-2. There are only a few samples that show
kaolinite so it is very limited.

4.4 Dickite

Dickite i1s only found as a trace mineral in wells
MT-1 and MT-2. The mineral is only found in one
sample at a depth of 190 m in well MT-1 and 143 m
in well MT-2.

4.5 Tllite.

Similar to dickite, illite is also found only in a
few samples in both wells MT-1 and MT-2. The
minerals also occur only at the lower level of the
holes.

5. Discussion

In general, there are three groups of clay miner-
als in both wells MT-1 and MT-2: the kaolinite/
halloysite group at the top of the hole, smectite
group (+/- zeolite) in the middle and kaolin
(halloysite+dickite) +/- illite at the bottom.

The predominance of montmorillonite in the sam-
ples probably coexisted with zeolite minerals, al-
though the spectrum of zeolite minerals is very
similar with the spectrum of montmorillonite. This
is also supported by XRD and microscopic study of
those samples by Nasution (2001; personal communi-
cation) as wairakite has been found in several sam-
ples at the lower part of the holes.

The chemical change in the fluids can be seen
from the overprint between montmorillonite and
kaolin group (kaolinite, dickite and halloysite) be-
cause montmorillonite occurs in a non-acidic condi-
tion while the kaolin group occurs in an acidic
condition. The appearance of dickite at the lower
part of the well shows that the condition of forma-
tion 1s acidic and temperature increases downward.

Figures 3 and 4 clearly show that the Al-OH ab-
sorption in both drill holes decreases downward.
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Fig. 3 AIl-OH absorption of well MT-1.
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Fig. 4 Al-OH absorption of well MT-2.

According to Yang and Browne (1999), the trend of
decreasing Al-OH band wavelength from near sur-
face to the bottom of the hole reflects the down-
ward change from montmorillonite (Al-OH band
near 2208 nm) to illite (Al-OH band near 2198 nm).

6. Conclusion

The hydrothermal alteration minerals in wells
MT-1 and MT-2 are dominated by low temperature
alteration minerals (argillite) with an overprint be-
tween the acidic condition and non-acidic condition.

The general distribution of clay minerals in wells
MT-1 and MT-2 can be divided into three zones.
They are the kaolin (halloysite) zone at the surface,
montmorilonite (+/- zeolite) zone at the middle and
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kaolin (+/- 1llite) zone at the bottom.

The Al-OH wavelength data reveal a transition
from smectite rich (montmorillonite) nature near the
surface to 1illite rich nature at the bottom.
Therefore, SWIR can be used as a tool in geother-
mal exploration to determine the hydrothermal al-
teration minerals especially clay minerals.
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