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ABSTRACT 

Lithologic, petrographic, and fluid-inclusion investigations of corehole T -8 from the Karaha-Telaga 
Bodas geothermal system have been conducted to evaluate the field's thermal and chemical evolution and 
determine the origins and compositions of the hydrothermal fluids. Core was cut from 770.7 to 1327.1 m. 
The well encountered a maximum temperature of 288°C. From 770.7 to 860 m veins containing abundant 
calcite and quartz after chalcedony are common. At greater depths, the veins are dominated by epidote, 
actinolite, albite, and quartz, which in part was deposited as chalcedony. Biotite, talc, and clinopyroxene 
occur in the deepest samples. We suggest that the shallow veins were deposited by steam-heated 
condensate whereas the deeper veins represent the upwelling hydrothermal fluids. Fluid-inclusion 
measurements indicate that the deep fluids had temperatures ranging from 220-348°C, although most 
exceed 250°C, and salinities between 2 and 25 weight percent NaCI or NaCI + CaCh equivalent. 
Salinities increased as the system evolved, reflecting interactions between magmatic and hydrothermal 
fluids and the formation of vapor-dominated conditions. The youngest stage of alteration is represented 
by inclusions with salinities of 31 weight percent NaCI equivalent and mineral coatings containing Na, K, 
Fe, Ti, and CI. The inclusions and coatings formed as shallow, downward percolating steam condensate 
boiled off. 

Introduction 

The Karaha-Telaga Bodas geothermal field represents a new, potentially large resource in west 
central Java. The field was delineated by the Karaha-Telaga Bodas Company, LLC (KBC) in the 1990s. 
Their exploration efforts led to the discovery of a partially vapor-dominated geothermal system with a 
subsurface extent of at least 10 km and measured temperatures up to 350°C (Allis et aI., 2000). The 
geologic setting of the field and the characteristics of the reservoir are described by Allis et ai. (2000). 
Their analysis of the downhole pressure and temperature data indicates that the reservoir is horizontally 
zoned, consisting of an upper condensate layer, an underlying vapor-dominated region that thickens to the 
south, and a deeper single phase liquid. , -

Nine exploration and production wells and 19 temperature gradient coreholes were drilled to 
delineate the resource. Four coreholes with an aggregate length of over four km are being evaluated by the 
Energy & Geoscience Institute. This core is important because it provides an unparalleled opportunity to 
directly characterize lithologies, fracturing, and mineral parageneses throughout the system. In this paper, 
we present data on corehole T-8, which was continuously cored from 770.7-1327.1 m (Fig. 1) . 
Approximately 65 samples were studied petrographically and analyzed by X-ray diffraction techniques . 
The well is located near the Telaga end of the field and encountered a maximum temperature of 288°C. 



Hydrothermal Alteration Assemblages and Lithologies 

The rocks in corehole T -8 consist mainly of andesitic lava flows and lahars. Coherent andesite 
flows dominate the top of the core to 850 m, and portions of the corehole from 1130 m to TD (Fig. 2). 
Thin ash-flow tuffs are present at several depths, and highly convoluted sediments occur at 980 m, but 
these lithologies represent only a minor component of the section. The lahars are poorly sorted and 
generally clast-supported. Glassy, porphyritic andesite containing altered phenocrysts of plagioclase, 
pyroxene, hornblende, and rarely olivine dominates the clast lithology. The fine-grained matrix between 
the clasts is commonly altered to chlorite, but in places, glass shards and pumice can be distinguished in 
the matrix and clasts. Although moderate to strong propylitic alteration characterizes the flow rocks and 
lahars, the original textures are well preserved throughout most of the well. In contrast, original textures 
in the ash-flow tuffs are generally obscured by intense sericite alteration. 

The distribution of secondary alteration minerals in bulk samples of T-8 is illustrated in Figure 2. 
In general, similar mineral assemblages characterize the wall rocks and veins. Both the direct 
replacement of phenocrysts by secondary minerals and the infilling of vugs produced by dissolution of the 
phenocrysts are observed. These vugs and partially filled amygdules may contribute significantly to the 
overall porosity of the rocks. 

Figure 2 shows that the secondary minerals are strongly zoned with depth. From the top of the 
core to 860 m, the common secondary minerals include calcite, quartz and minor pyrite, chlorite, 
magnetite, hematite, anhydrite, and titanite . Mixed-layer illite-smectite occurs at 807.3 m and at 859.7 m, 
wairakite is present. Below depths of 860 m silicate minerals dominate the hydrothermal assemblages. 
Calcite persists to a depth of about 930 m whereas anhydrite is found to 1044.9 m. Epidote first appears 
at ~ 778 m as an alteration product of primary plagioclase but is not observed in the veins until 829.5 m. 
Actinolite is encountered at 885 m and is an important vein mineral below 950 m. Biotite appears as 
aggregates of fine-grained, brownish-colored grains and in veinlets at ~ 1124 m. Minor clinopyroxene and 
talc are present below ~ 1230 m. In addition, secondary albite, minor potassium feldspar after albite or 
rarely as individual crystals, and pyrophyllite are found below 860 m. However, the presence of 
actinolite, biotite, talc, and clinopyroxene are important because they are indicative of temperatures 
>300°C (Henley and Ellis, 1985). 

SEM backscattered electron images of core samples from several depths indicates that the 
minerals were coated with scales. Figure 3 shows scale coating late anhydrite from a depth of 1044.9 m. 
The scales exhibit desiccation cracks, and in Figure 3, the scale can be seen peeling off of the anhydrite. 
EDAX analyses of the scales indicate that they contain various proportions of Fe, Na, K, Ti, and CI and 
X-ray analysis of the sample from 1018.5 m indicates that presence of halite. The scale in Figure 3 
consists dominantly of Ti, Si, and Fe. Scale consisting of iron chloride occurs at 1169.3 m. The high 
solubility of iron chloride suggests that the rocks were not "washed" by the hydrothermal fluids after scale 
formation. 

Mineral Paragenetic R,zlationships 

The mineral parageneses of most veins are relatively simple. Petrographically, the veins can be 
grouped into three types on the basis of their assemblages. The ve:~n'3 are dominated by 1) illite and 
illite/smectite; 2) calcite; and 3) propylitic assembJages (epidote + actinolite 2: albite). Interlayered 
illite/smectite or illite veins and extensive wall rock alteration to these minerals occurs sporadically 
throughout the well and at 1018.5, pyrophyllite is also present. At 807.8 m, the clay minerals are 
overprinted by anhydrite + quartz and at 1066.9 and 1132.3 m, propylitic assemblages clearly postdate the 



as rounded grains that are tentatively identified as fluorite, based on the crystal form produced when the 
inclusions are repeatedly heated and cooled. None of the other solid phases has yet been identified. 
However, their crystal habits indicate that neither halite nor sylvite (KCI), which are common in 
magmatic environments, are likely to be present (Roedder, 1984). 

Homogenization temperatures and salinities obtained on individual inclusions are shown in Figure 
5. The homogenization temperatures range from 198° to 348°C, but most exceed 250°C. The 
compositions of the inclusions, however, vary widely from 2 to 31 weight percent NaCI equivalent. 
Primary fluid inclusions trapped in quartz from 1169.6 m have salinities ranging from 3.1 to 7.0 weight 
percent NaCI equivalent. These salinities may most closely represent the compositions of the early deep 
reservoir fluids. In contrast, the primary inclusion fluids trapped in calcite from 913 m, and the majority 
of the secondary inclusions, have salinities that are higher than those of modern geothermal systems. The 
behavior of the fluid inclusions from 1266.6 m during heating and freezing indicates that the fluids are 
chemically complex brines containing divalent cations (e.g. Ca, Mg, and Fe) in addition to monovalent Na 
and K. The estimated salinities of these inclusions, based on phase relationships in the system H20 -
NaCI - CaCh (Goldstein and Reynolds, 1994), range from 22.3-25 weight percent NaCI + CaCh 
equivalent. It is likely that most of the high salinity inclusions from other depths also contain significant 
concentrations of divalent cations, although this cannot be demonstrated with certainty. 

Only secondary inclusions were observed in the late-stage anhydrite. Liquid-rich inclusions 
trapped in anhydrite from 1044.9 m, which is coated with scale, are halite saturated. These inclusions 
have salinities calculated from halite dissolution temperatures (Brown, 1989) of 31 weight percent NaCI 
equivalent. 

Synthesis of Petrologic Data 

The vein minerals and fluid-inclusion data suggest that the early geothermal system at Karaha
Telaga Bodas consisted of a deep high temperature saline reservoir and an overlying thick blanket of 
steam condensate rich in dissolved C02. Boiling of the steam condensate resulted in the formation of the 
calcite veins and subsequent replacement of calcite by quartz and chalcedony. At greater depths, epidote, 
actinolite, albite, biotite, clinopyroxene, and quartz precipitated from neutral pH fluids with salinities of 
6.5 to 7 weight percent NaCI equivalent. Significantly, no evidence that the system has cooled to 
temperatures below the present-day conditions has been observed in the rocks in corehole T-8. 

As the system evolved, the salinities of the fluids increased. There are several possible 
mechanisms that could result in these higher salinities. The most likely include the boiling off and 
concentration of the existing fluids, downward percolation and boiling of shallow condensate, trapping of 
magmatic fluids, and interactions between magmatic gases and deep hydrothermal fluids. Extensive 
boiling off of the early hydrothermal fluids, with an average salinity of ~6 weight percent NaCI equivalent 
is unlikely because this should have resulted in a reservoir fluid that is more concentrated than the present 
fluid of ~ 1 weight percent NaCl. Downward percolation of waters should have resulted in the formation 
oflate anhydrite and/or calcite because of their retrograde solubilities, but these minerals are not common 
in the deepest part of the corehole. The direct trapping of magmatic brines is also unlikely because halite
or sylvite-saturated fluids, which are common in rocks immediately adjacent to intrusions (e.g. Roedder, 
1984), an:; absent. Alternatively, high salinity chemically complex brines may result from interactions 
between magmatic gases (especialiy HC! and S02) and the overlying hydrothermal waters or condensate. 
These gases can reach relatively shallow depths when vapor-dominated chimneys develop over the 
subvo1canic intrusions supplying heat to the system (Reyes, 1993; ii.Jlis et aI., 2000). Dissolution of the 
gases into the overlying liquids will produce an acidic fluid enriched in S04-2 and Cr. As thc rocks in 
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contact with these fluids undergo advanced argillic alteration and intense acid leaching, the pH and cation 
contents of the fluids will increase (Hem ley et aI. , 1969). Further neutralization and cooling can lead to 
illite stability and finally equilibrium with propylitic assemblages. Lateral or downward migration of 
these compositionally complex, pH-neutralized fluids could have been the source of the high-salinity 
fluids trapped in the quartz and calcite. Similar fluid salinities (7-21 weight percent NaCI equivalent) 
have been found in the acid altered rocks associated with the Summitville gold deposit and other fossil 
systems (Bruha and Noble, 1983). The abundance of vapor-rich inclusions and evidence of chalcedony 
deposition at high temperatures in corehole T -8 suggest that development of vapor-dominated conditions 
was triggered by volcanic eruptions and the accompanying depressurization and boiling of the reservoir 
fluids. 

As the initial high pressures within the chimney declined, heating of downward percolating 
carbonate- and sulfate-rich steam condensates resulted in the deposition of anhydrite and calcite. These 
fluids boiled off, leaving halite-saturated fluid inclusions trapped in the anhydrite and chemically complex 
precipitates on the vein minerals. 
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Figure Captions 

Fig. 1. Location map of the Karaha-Telaga Bodas geothermal system showing the distribution of wells 
and volcanic and thermal features. Triangles in the lower figure of Java denote volcanoes that have 
erupted since 10,000 BP. 

Fig. 2. Lithologies and alteration minerals encountered in corehole T-S. Abbreviations: Act = actinolite; 
Alb = albite; Anhy = anhydrite; Ba = barite; Bio = biotite; Cal = calcite; Cpx = clinopyroxene Ep = 
epidote; IIS = interlayered illite/smectite; I = illite; KF = potassium feldspar; Py = pyrite; Pyro = 
pyrophyllite; Qtz = quartz; Tc = talc; Wair = wairakite. Mineral abundances are indicated by the width of 
the line. 

Fig. 3. SEM electron bacscattered image of anhydrite coated with Ti-rich scale. The anhydrite 
encapsulates fine needles of actinolite. The coarser-grained crystal on the left is epidote. Note that the 
scale has peeled off the top of the crystal. The sample is from a depth of 1044.9 m. 

Fig. 4. Photomicrograph of a vein from 1139.5 m in corehole T-S. Abbreviations as in Fig. 2; chal = 
chalcedony. The botryoidal textures of the quartz indicate that it was deposited as chalcedony or 
amorphous silica. Some of the actinolite (labeled) near the lower center edge of the vein was deposited 
after the initial deposition of chalcedony. These textures suggest that deposition of chalcedony occurred 
at > 300DC in response to rapid decompression. 

Fig. 5. Homogenization temperatures and salinities of individual fluid inclusions from corehole T-S. 
Mineral abbreviations as in Figure 1. Other abbreviations: p = primary fluid inclusion; s = secondary 
fluid inclusion. All salinities calculated as weight percent NaCI equivalent except those in quartz with the 
highest salinities, which are calculated as weight percent NaCI + CaCh equivalent. 
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I Mineralogy, Approx. Wt.% 00 (or) RelativeAbW1danc~ 0 
Caithness 

~ ~ ~ 0?k ~ ~ I 
' .~ 0 

Karaha T-8 
~ ~ • ~ ~ ~ ¢ .~ ~ t;?; 
~ ~ .:0& / .~ ~ .:0& II 0 ~ r!i ¢ C) ~ ~c-, 

core samples (ft) f . ~ ~C{./ g~//I.t::~.! e # :t $ ~ f ,# I -I ~,~:& $ 

Sample No. 
I ~ 4i / "Y o·~ ~ 0 • 8: / . I I · C~ ~ r~' °i 

770.7 bulk 16 46 3 5 1 1 2 5 5 16 - -- -
clay 100 tr 

771.0 bulk 15 40 6 8 1 3 10 . 3 12 2 trhem 
clay 100 

----
tr 

772.6 bulk 15 42 3 6 1 tr 4 10 2 9 4 4 
clay 78 22 10 

-----

775.0 bulk 27 22 13 1 2 10 9 8 8 
--~- -

clay 100 ---
777.1 bulk 11 46 5 7 1 3 14 13 - specular hem in ve_iE. 

clay 100 
--~--

778.0 bulk 13 38 3 4 2 tr 4 20 6 10 - trhem 
------ --- ---

clay 100 --

780.8 bulk 32 9 3 33 tr tr 5 3 10 3 2 mostly vein 
clay 32 68 10 -----

794.7 bulk 25 26 3 19 1 tr 2 10 2 12 -
-

clay 100 
-----

802.2 bulk 13 49 5 5 tr 4 10 1 13 -
---- - -

clay 100 --
807.3 bulk 6 9 II 10 16 48 -

clay 100 10 ---
817.8 bulk 15 36 5 11 tr 4 5 2 12 10 

clay · 100 - -
829.5 bulk 7 55 6 4 2 tr tr 5 7 3 8 3 -

-

clay I 58 42 

MM = Predominant M=Major m = Minor Tr = Trace ? = Tentative Identification 

EGI SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
Energy & Geoscience Institute at the University of Utah 

---
S. Lutz 
03 -2000 

, 

I 



Mineralogy, Approx. Wt.% 00 (or) Relative Abundance D 
Caithness ~~ ... i ~ ~ 1/ . . 0 

Karaha T-8 
~~ . ~ ~ ~ -::J: -!:i . ~ ¢' E:;; 

eo; ~ .~ ./ .-::: ~ .~ 8 0 ~ 8 -!:i C) t::; ~", 

core samples (ft) ~ '$ 'S~.~ ~~//f ~ ~ e ~ '~.$ C) '§ tS·~ ~ ~ "q;" & ~ 

Sample No. 
~ .4f I 'Y I G t;' , .~ C 0" 0 " 

~ /' I '(1 ~,~ 'o ~l 
859.7 bulk 13 36 4 13 3 I? tr 3 7 10 8 2 -

clay 
- -.-

56 44 10 -

866.7 bulk 1 35 7 6 3 tr? 20 4 5 8 11 -
- -

clay 100 
885.3 bulk 14 33 3 6 3 6 4 10 8 f-r 13 -

clay 100 
-

--

904.0 bulk 6 45 11 9 2 4 4 6 3 1r 10 -
- -

clay 100 - , 

907.2 bulk 1 33 7 3 23 3 10 13 +r 7 -
clay 100 -

913 .8 bulk 15 15 3 15 2 20 3 6 13 1 7 -
-clay 100 -.--

928.5 bulk 8 38 5 2 18 12 3 3 4 7 -
clay 100 

-

-.---
930.8 bulk 1 11 3 tr 3 50 3 10 3 2 14 - mostly vein 

clay -
100 

940.2 bulk 17 37 7 1 1 7 3 6 7 14 -
---- --

clay 100 -
948.3 bulk 6 33 2 2 18 3 12 18 6 - mostly vein 

clay 100 tr? 
968.1 bulk 17 30 4 7 2 8 6 13 13 -

clay 100 -

978.7 bulk 75 23 2 - vern 
clay 100 

--, 

I 

MM: = Predominant M=Major m = Minor Tr = Trace ? = Tentative Identification i 

EGI SU~1MARY OF X-RAY DIFFRACTION ANALYSIS 
Energy & Geoscience Institute at the University of Utah 

S. Lutz 
03-2000 



Mineralogy, Approx. Wt.% [Xl (or) Relative Abundance D I 
Caithness .V& / 

Q) ~ Q) Q) ~.~ '!:::i .~ . tS; 
Karaha T-8 C:5 ~ .~ .-::: Ib .v& {1 0 ~ Ib;; '!:::i $" ~'" 

core samples (ft) fP-&~§~~.~ . .§f~t$~~ff;&;; Q-.~~~$" 

Sample No. 
~ ¥ "" ~ '--l "" '0.,;"; G ~;!i :, (f ~ c ~ 

1001.2 bulk 21 19 2 4 25 3 10 7 9 - no t .S. 

clay 100 
1018.5 bulk 25 4 2 2? 10 15 42 -

clay M 100 
1029.7 bulk 13 43 4 8 3 10 13 5 1 -

clay 84 16 
1042.0 bulk 8 35 4 17 4 15 7 3 7 -

clay 100 
1044.9 bulk 13 42 2 6 9 2 12 4 1 9 -

clay 100 
1047.1 bulk 10 28 4 23 3 15 13 4 8 - leu in t .S. = ep in xrd? 

clay 100 
1052.3 bulk 12 31 10? 15 3 11 3 1 14 - can't see kf in t. s. 

clay 100 I. _n' <) 

1066.9 bulk 26 *11 6 1 2 12 42 - tr apatite, *part albite 
clay 100 

1072.4 bulk 11 55 2 6 3 6 7 10 -
clay 100 

1075.2 bulk 12 38 6 5 3 20 5 11 -
clay 100 

1080.5 bulk 20 40 4 6 4 4 5 8 9 -
clay 67 33 

1094.5 bulk 7 45 4 14 2 9 6 5 8 -
clay 100 

MM = Predominant M=Major m=Minor Tr= Trace ? = Tentative Identification 
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Mineralogy, Approx. Wt.% IXl (or) Relative Abw:dance D · T-
Caithness . % .~ ~ § / .' f'b' ~ " 
Karaha T-8 ~ ~ .~/' .~ ~ .~ #"$ f·Cj s t? $.'~~'~ 

& 'iJ 'iJ"'·fJ § /. S ~ ~ t! # .S;$ " f IS' ~ ,," t 0 ,,''1 1 . core samples (ft) 

Sample No. 
4;1 i4; / ~ 'Y () ~ ~.:;j :R /., <' 

. I I C:r ~ ~' 0 Q . _____ .. _,.~._. 
1217.6 bulk 7 47 5 5 5 10 5 5 10 -

clay 100 ------_.-

1226,6 bulk 12 44 6 3 5 5 8 7 10 - - -~----

clay 100 
1230.4 bulk 5 49 7 tr 10 4 3 11 9 *2 - -----

clay 83 *17 *hv<hothemlal biotitl:: 
1234.4 bulk 17 40 8 4 10 10 5 *6 -

clay 51 *49 
1240.1 bulk 7 24 4 tr 10 2 13 14 8 1\18 I\amorphous Fe oxidles 

clay M 100 hydroxides in v~~~~ __ 
1246.4 bulk 15 28 6 13 4 10 15 3 6 -

----.-~~- .. -- -----

clay M 100 
1257,7 bulk 25 27 5? 4 2 2 '35 

, 
sericite {not biotite L -

clay 4 '96 - _ .. _._-_ .. -----

1259.2 bulk 38 19 2 3 9 8 '18 1\3 1{ , 
/) V /"il~e - f7 ) ______ 

clay 41 '59 
--------

1262.8 bulk 19 34 6? kr 14 4 4 8 11 - a h ~I k"vC r /- " ·',-<h. 

clay 100 
" ; , 

----- ----.~---

1266.6 bulk 1 41 .h- 3 8 24 20 3 - ~i.."1~'7 .. _----------- ------

clay M tr 100 ,I 
- ---------- _.---

1287.0 bulk 7 43 5 ;-.~~ ~ 5 4 5 12 9 10 -
--~--

clay M 100 
- --

1297.1 bulk 8 4 3 4 34 5 10 10 17 5 - )0 '/ ( C 'f, <.Y.I""-\ 
clay M 100 

--------1 
m IV I 

,-------,., ..... _,--"j 

MM = Predominant M=Major m=Minor Tr = Trace ? = Tentative Identification I 
I 
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Energy & Geoscience Institute at the University of Utah 
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Mineralogy, Approx. Wt. % 00 (or) Relative AblUldance 0 ~ 
Caithness . r;: 11% ~ I ~ ~ ~;,'.~ ~ ~ -§: e . ~.~;"f $I " Karaha T-8 f.I#!#/r!'I.f.#'§l!#" &1011 /i;:"cf . core samples (ft) 

Sample No. 
~4i :4....l 0 ~~ ';:$ ". ~8-I . I' if ~ 1:$ ~' " t ____ " __ ,, .. ___ 

1301.9 bulk 15 24 tr 5 .2 2 12 40 - o";I'O,~ -- ! 

clay IMM tr ( f 

- .. _.. ._ ... 

1306.0 bulk 10 31 10 4 24 4 11 6 - J'J <.I ,~7 ..a.-v-P -- --'~'--'" 

I clay m MM m 
~---.--- --'~---

1311.8 bulk 4 43 5 4 7 13 *24 - p ..; ('7)/..4--~_ , 
-- i 

clay m tr i<10C I *hy(hothennal biotit~~ 
1320.0 bulk 15 35 5 9 33 2 *1 - JI' '.I l' ."CfJ-2_J? 

-~ 

clay MM m 79 *21 

---- --_.- ._"" --- --_._. 

~- _._- -_.-----' 

.. __ .. . .. 

J 

- ----- --------

- - -_._.- - ---

----- . -'- -. 

-----------

----- - --------< 

-- -----

-----_ ............ ,,-, ...... , ............... 
11M = Predominant M=Major m = Minor Tr= Trace ? = Tentative Identification 

Ell 
-'8 

SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
Energy & Geoscience Institute at the University of Utah 
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