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Transmission electron microscopy of muscovite alteration of tourmaline
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ABSTRACT

Partially sericitized tourmaline from a pegmatite was investigated using high-resolution
transmission electron microscopy (HRTEM). Fine-grained muscovite crystals form exten-
sive narrow veinlets preferentially developed along the {110} and {100} cleavages of
tourmaline, indicating that a cleavage-controlled alteration mechanism was dominant.
HRTEM images show that tourmaline-muscovite interfaces parallel well-defined {110} and
{100} of tourmaline. In general, (001) of muscovite parallels the c axis of tourmaline, but
otherwise tourmaline and replacing muscovite lack crystallographically oriented relation-
ships. The muscovite consists of numerous 100 to 1000 Å thick subparallel packets, and
the angles between (001) of muscovite and (110) of tourmaline are highly variable. Alu-
minous minerals other than muscovite were not observed as alteration products of tour-
maline, suggesting that the tourmaline reacted directly to form muscovite; the alteration
apparently involved residual fluids in which K1 was available and silica was not deficient.

TABLE 1. Representative electron microprobe analyses of
tourmaline and muscovite

Oxides (wt%)

Tourmaline Muscovite

Ions per formula unit

Tourmaline Muscovite

SiO2

Al2O3

MgO
FeO§
MnO
TiO2

35.69
43.01
0.00
0.41
2.57
0.26

SiO2

Al2O3

MgO
FeO§
MnO
TiO2

47.08
38.11
0.00
0.08
0.12
0.12

Si†
B‡
Al(Z)

Al(Y)
Mg

6.00
3.00
6.00

2.52
0.00

Si
Al(Tet)
STet.

Al(Oct)
Mg

3.08
0.92
4.00

2.02
0.00

K2O
Na2O
CaO
F
Total

0.01
2.26
0.31
0.42

84.94

K2O
Na2O
CaO
F
Total

8.85
0.52
0.00
0.00

94.88

Fe
Mn
Ti
SY site

K

0.06
0.37
0.03
2.98

0.00

Fe
Mn
Ti
SOct.

K

0.00
0.01
0.01
2.04

0.74
Na
Ca
SX site

F

0.74
0.05
0.79

0.22

Na
Ca
SInterlayer

F

0.07
0.00
0.81

0.00

* Muscovite formula normalized to O10(OH)2.
† Tourmaline formula normalized to 6 Si atoms.
‡ Boron assumed to be 3 ions per formula unit.
§ Total Fe reported as FeO.

INTRODUCTION

Tourmaline is a common boron-rich mineral in granitic
pegmatites and some metamorphic rocks (Henry and Du-
trow 1996; London et al. 1996). It is quite resistant to
weathering and typically occurs as a detrital mineral in
sedimentary rocks and soils (Krynine 1946; Graham
1957; Allen et al. 1974). However, tourmaline in peg-
matites may be partially sericitized or altered to various
aluminous minerals; most alteration of such tourmaline is
apparently caused by late magmatic fluids (Dietrich
1985). In addition to the alterations in pegmatites (cf.
Dietrich 1985), recent studies report tourmaline break-
down by hydrothermal fluids in ore deposits (Shaw et al.
1993; Slack 1996) and retrograde shear zones (Slack et
al. 1990).

Various minerals in pegmatites, especially Al-rich min-
erals, are subject to late sericitic replacement by residual
fluids (C̆erný and Hawthorne 1982); K1 and H1 metaso-
matism commonly results in assemblages containing
muscovite as an alteration product (C̆erný and Burt 1984).
Aluminous minerals either react directly to form musco-
vite as a final alteration product or indirectly through var-
ious intermediate stages as the fluids evolve and equilib-
rium is attained. Such alteration of aluminous minerals in
pegmatites can be found in spodumene (London and Burt
1982) and andalusite (Burt and Stump 1984; Ahn et al.
1988).

Alteration of rock-forming minerals can be investigated
in detail by use of high-resolution transmission electron
microscopy (HRTEM), which can reveal reaction interfac-
es as well as crystallographic relationships occurring as a
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result of alteration (e.g., Eggleton 1984; Ahn et al. 1988;
Banfield and Eggleton 1990; Hochella and Banfield 1995).
In the present study, HRTEM of partially sericitized tour-
maline was used to investigate the detailed mineralogical
and structural aspects of the alteration and to determine if
intermediate phases developed during the alteration.

SPECIMENS AND EXPERIMENTAL METHODS

The partially sericitized tourmaline comes from a peg-
matite associated with the Harney Peak Granite at the


