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Abstract

Textural relations and mineral chemistry have been used to determine
the differences between igneous and hydrothermal biotites from
different depths in borehole NO. 1, Dieng, Indonesia.

The igneous_and hydrothermal biotites occur as coarse and fine
grained naterial respectively, Igneous biotites are homogeneouswhile
hydrothermal biotites change in composition with increasing
temperature and depth. Hydrothermal biotites are depleted in Ti, Mg,
and K, but enriched in Fe, Si, and Ca relative to igneous ones. The
hydrothermal biotites also have sufficient (Si + Al) to fill the
tetrahedral sites as indicated in the general structural formula.

Compositional variations of hydrothermal biotite reveal that they have
been controlled by temperatures, rock permeability and duration of
thermal activity.

Introduction

Borehole No. 1 is located in the Dieng geothermal area, Indonesia. It
was drilled to 1900 m depth. The general sequence of rock types
enetrated during drilling were: andesites, tuff breccias, and tuffs.
etween 1608 m and 1900 m, the andesiteis intruded by diorite. The
andesites, tuffs, and tuff breccias have undergone intense
hydrothermalalteration but the diorite is relatively fresh..

Hydrothermal biotite first appears in an andesite at 1450 m depth
where it completely replaces igneous biotite and partiallg replaces
clinopyroxene and amphibole. Below this depth igneous biotite has
undergone partial recrystallization to hydrothermal biotite.

Analytical Methods

Four drillcores sampled from 1450, 1608, 1807, and 1900 m depth
were selected for more detailed study. Polished thin sections were
prepared from each sample for petrographic observation and
microprobe analysis. A JEOL Super Probe 733 with acceleratin

voltage of 15 KV and probe current of 1.2mA was used. Chemical
analyses of the mineral standard biotites, P.S.U.5-110and U.M.R-
2208, were compared with biotites from Dieng.

Petrography

Primary igneous biotite occurs with augite, amphibole, ilmenite, rutile,
and andesine. Biotite comprisesabout5 to 10% of the host rocksand
is one of the dominant mafic minerals present. The biotites commonly
contain magnetite and apatite inclusions(Fig. 1). Hydrothermal biotite
is closely associated with actinolite, adularia, pyrite, chlorite and
titanite,

Igneous biotite is deep-brown to medium brown, and occurs as
rectangular flakes up to 1 mm in length. The hydrothermal biotite
forms fine grained aggregates, and has a faint pale yellowish or
greenish-brown pleochroism. It commonly fills fractures or cavities in
primary feldspar (Fig. 2).

Composition of igneous biotite

Analyses of igneous biotite are listed in Table 1, and are plotted on an
Al-Fe-Mg diagram (Fig. 3A). The biotites are characterized by high
TiO?2 (4-5% wt.%), and the Fe/Fe+Mg ratios range from 0.38 - 0.41
gTabIe 1). Almostall of the biotites do not containenough (Si+Al) to

ill their tetrahedral sites. The igneous biotites from different depths
and rock types are chemically homogeneous.

Composition of hydrothermal biotites

Analyses of hydrothermal biotites are presented in Table 2, and plotted
on Fig. 3B. In contrast 1 the igneous biotites, the TiO2 content of
hydrothermal biotites is low and ranges from 0.2 - 3.3 wt.%, Thereis
sufficient(Si+Al) to fill the tetrahedral sitesand there is additional Al
(up to 0.51 atom per formula unit) to fill the octahedral sites. These
biotites contain significant CaO, have variable Na20, and have lower
K20 than the igneous biotite.

Biotite in diorite (porosity = ¢<1%) has a wide range in Ti, from 0.02
to 0.33 per formula unit. Fe/Fe+Mg ratios vary from 0.41 © 0.58.

Biotites in altered andesite from 1450 m (¢ = 3%)and 1807 m($ =
1%)depths hare a narrow range of Ti content; 0.03 to 0.12 and 0.25
605%30 respectively, while Fe/Fe+Mg ratios vary between 0.43 to

Biotite composition changes with depth

The composition of igneous biotites varies only slightly with
increasing depth, except for the biotite from 1900 m (Table 1).
However, in general these biotites are considered to be homogeneous
in composition (Fig. 3A). ©On the other hand, with increasing depth
and decreasing temperature, there is a significantand regular increase
in K and Al, and a decreases in Si for hydrothermal biotites (Table 2
and Fig. 4). The average Fe/Fe+Mg ratics decrease slightly, but there
is a significant increase in average W content with increasing depth .
These trends have also been observed in the Salton Sea geothermal
biotites over a temperaturerange from 325°C up t 360°C In borehole
Elmore 1 (McDowell and Elders, 1980).

Table 1. Representative Electron Microprobe analysesof Igneous
Biotites from BoreholeNo. 1, Dieng.

No AF6 AF.6° AF30 AF30 AF7 AF7
Depth 1608 1608 1807 1807 1900 1900

mpc) 315 315 260 260 235 235

Si02 388 389 393 392 378 397
Al03 114 121 122 119 120 127
TiOp 4.3 4.8 4.5 4.0 4.3 4.6

FeO 157 154 168 163 165 16.0

MnO 0.3 0.4 0.3
MgO 147 144 140 146 135 141
GO 0.1
Na20 0.2 0.2 0.3 0.2

K20 9.5 8.9 8.8 8.8 9.3 8.6
Total 944 947 958 951 940 96.1

Cations Number of ions on the basis O =22

Si 587 584 583 587 579 586
Al 203 215 213 209 216 2.20
Ti 048 055 050 045 050 051
Fe 199 193 208 204 211 197
Mn 0.04 005 0.04
-Mg 331 322 309 327 308 311
Ca 0.01

Na 0.04 0.07 0.08 0.05
K 182 170 166 168 181 1.62

F;fiFe 0.38 038 040 038 041 0.39
+vg

Allv 203 215 213 209 216 214
AlIVI
XVI 569 550 567 576 574 569
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Fig. 1. Backscattered electron image photo (BEI) of igneous biotite Fig. 3. Compositiosal variations oF the two types of biotite.
éBt% which is partly altered 1o hydrothennal biotite (Bi) and actinolite A - Composition of igneous biotites,
Ac). Pl Txg)lagioc ase (An44), Mt = magnetite, Ap = apatite, and bar B - Composition of hydrothermal biotites,
scaleis 1001,
1 biotite from 1450 m,
2 biotite from 1608 m
3 biotite from 1807 m
4 biotite from 1900 m.
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Fig. 2. Backscattered electron image of hydrothermal biotite ﬁBi) fills
caV|t|eS|n(PIag|ocIasg- Pl (An56) and PI' (And3), Ac =actinolite, Q = Fig. 4. Compositional variations of biotite versus depth (m)and
quartz, and bar scaleis 10 . temperature (°C).



Table 2. Representative Electron Microprobe analysesof hydrothermal
biotites from Borehole No.- 1, Dieng.

No. AR4 AF4 AF6 AF6 AF30 AF30 AF7 AF7
(De;)th 1450 1450 1608 1608 1807 1807 1900 1500
m

TCO 320 320 315 315 260 260 235 235

Si02 414 381 407 38.6 39.3 398 395 39.1
Al203 121 127 93 117 123 110 145 134

TiOp 10 08 23 23 22 23 03 25
FeO 19.8 23.0 20.0 225 205 18.6 19.2 21.8
MnO 0.3 02 03 04 0.2 03 02
MgO 131 104 108 101 12.0 112 123 10.6
CaO 06 03 21 04 12 21 02 05
Na20 0.1 02 0.2 0.2 02 0.2
K20 72 72 68 84 84 75 96 88
NiO 0.5

Total 95.6 929 93.0 945 96.1 927 96.1 97.1
Cations Number of ions on the basis O =22

Si 6.17 599 6.33 6.01 594 6.17 595 5.87
A 214 235 1.70 216 219 200 257 2.38
Ti 0.12 0.10 0.27 0.27 0.25 0.27 0.03 0.28
Fe 247 3.03 2.60 292 259 241 242 274
Mn 0.03 0.03 0.03 0.05 0.03 0.03 0.03
Mg 291 245 250 235 270 258 277 2.38
Ca 0.10 0.05 0.35 0.07 0.19 0.34 0.04 0.08
Na 0.03 0.05 0.06 0.04 0.05 0.05
K 1.36 145 .133 166 161 147 184 1.69
Ni 0.06

Fe/Fe 0.46 555 0.51 0.55 0.49 0.48 047 054
Mg

AllY 1.83 201 167 199 206 183 206 213
AlVI 0.31 0.34 0.03 015 0.13 0.17 051 0.25
VI 5.84 5.95 543 5.74 5.67 546 576 5.68

The temperatures measured in borehole NO. 1 (Dieng) decrease from
320°C to 235°C with increasing depth (Fig. 4). This suggests that
present day temperatures in this borehole below a depth 1608 m are
not those required for hydrothermal biotite crystallization. The first
appearance of hydrothermal biotite in the Salton Sea boreholes is at
330°C. Thus it can be concluded that in Dieng NO. 1, temperatures
have decreased from about 330°C 1235°C below 1608 m depth.

Discussion

Hydrothermal biotites in active geothermal systems are found at
temperatures higher than 300°C (McDowell and Elders, 1980; and
Schiffman et al., 1985). In rocks with low permeability, equilibrium
between the rocks and the fluid is seldom achieved and at high
temperatures, primary phases can remain unaltered (Browne, 1978),

In samples with high porosity ({8 =3.0%), ¢.g. at 1450 m depth,
primary biotite is totally replaced by secondar%/ biotite. This su?gests
extensiveinteraction between these rocks and high temperature fluids.
The restricted compositional range of hydrothermal biotites #especiall
Ti contents <1.0%) in these samples suggests that fluid-roc
interaction has approached equilibrium. The composition of Dieng
biotites are compared to the hydrothermal biotites found in borehole
Elmore 1 where Ti02 contents are much less than 1.0 by wt. percent
and rock porosity ranges from 5 to 20%. However, the wide range of
Ti contents in hydrothermal biotite from Dieng diorite could alsoresult
from dlffgrent compositionsof host minerals with which the biotite is
associated.

In rocks with low porosity, ¢.g. diorite (¢ =<1.0%) at 1608and 1900

m depths, and andesite (¢ = 1.0%)at 1807 m depth, igneous biotite
still remains unaltered suggesting that the amount of interaction with
high temperature fluids in these samples was low. Since the diorite
has low porosit?/ and intrudes andesite that has already been
he/drothermally altered, it has been interacting with high temperature
fluidsfor a shorter time.

Thus, temperature, rock po_ros_iP/ (effectiveporosity), and duration of
thermal activity have a significant control on the composition of
hydrothermal biotites forming in this borehole.
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