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Tourmaline (dravite) from a layered two-plagioclase anorthosite in the Boehls
Butte quadrangle, Idaho, has the following structural formula:
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The indices of refraction are ® = 1.647(1) and € = 1.621(1), and the unit cell pa-
rameters are @ = 15.9425(6) and ¢ = 7.1883(3).
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Introduction

Layers and small masses of tourmaline occur
locally in the southernmost anorthosite body and
neighboring metapelitic rocks in the Boehls Butte
15-minute quadrangle, Idaho (Hietanen 1963).
Chemical analyses, optical properties, and
unit-cell data show that the tourmaline is a vari-
ety of dravite. The name dravite was given by
Tschermak (1885) to a magnesium-rich tourma-
line found near the village of Dobrava in Unter-
drauburg on the Drava River, Carinthia, Austria.

Occurrence

Near Boehls, Idaho, monomineralic layers and
small masses of greenish-black dravite occur in
layered anorthosite at the western end of a
20-km-long anticlinal body. At the eastern end
of the body, quartzite layers interbedded with

aluminum-silicate-rich schist that borders the
anorthosite consist locally of 75 percent bluish
gray-green dravite that has ® = 1.640%0.005
and € = 1.620+0.005 (Hietanen 1963, p. 18).
Both dravite-rich rocks weather readily to a sand-
like material that consists mainly of small crys-
tals of tourmaline.

The host rock of the greenish-black dravite is
a layered bimodal anorthosite that consists of
white to light-gray layers, 10 to 100 cm thick, of
andesine-bytownite or andesine-anorthite rock
separated by 1- to 5-cm-thick dark layers. The
dark layers contain either hornblende and biotite
or three to six of the following minerals: biotite,
muscovite, sillimanite, kyanite, andalusite, gar-
net, cordierite and rutile; they also contain the
two plagioclases, An, ,s and Ang, o, that
make up the white-weathering layers (Hietanen
1963, 1984). Kyanite occurs in some plagioclase
layers and in some hornblende-bearing layers. In
a road cut near the former site of the Boehls
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Cabin several of the dark-colored layers, 1 —2 cm
thick but locally thickened to small masses
3—S5 cm thick, are tourmaline.

The tourmaline, specimen 926, was collected
in 1952 from a greenish-black friable tourmaline
mass, 10—20 cm long and 4 ¢cm thick, in a dark
layer 700 m north of the former Boehls Cabin.
This locality (long 115°54'30''W. and lat
46°52'50''N.) is now under 100 feet of water,
flooded by the Dworshak Dam 50 miles down
stream on the North Fork of the Clearwater
River.

Chemical composition

Specimen 926 consists of small dark-green
prisms 1—10 mm long and 0.1—1 mm thick.
Under magnification the thin crystals are trans-
parent and emerald green. The purified material
was analyzed chemically by Sarah Neil, U.S.
Geological Survey (Table 1). The sample was
analyzed for Fe?* and Fe** by Robert G. John-
son, U.S. Geological Survey, using Mdssbauer
spectroscopy. The results showed a single
quadrupole douplet with an isomer shift of +1.10
and a quadrupole splitting of 2.49 mm/sec, which
indicates that the only detectable species was
Fe?+.

Calculation of the structural formula from the
chemical analysis on the basis of 31 (O, OH, F)
(no. 1, Table 2) shows that this tourmaline is an
iron-bearing dravite. The general formula for the
schorl-dravite series can be written as follows:
Na(Fe,Mg);Al((BO,);Si;0,s(OH),. The calcu-
lated formula of the analyzed material is:
(Nay 5sCay 17), (M8, 96F€0.57M1g 6 Tig 04 V.03AL0 47);5 5
Al(BO,), ,Si5 950,5(OH,F); 5. The structural
formula shows a deficiency of the alkali ions and
hydroxyl group and an excess of Al substituting
for Mg. According to Foit and Rosenberg (1977),
compositions that are alkali- and anion-deficient
and Al-rich are common among naturally occur-
ring tourmalines. Such compositions involve a
coupling of univalent and trivalent cations ac-

cording to the equation (H*, R*) + R?** =
R,

Comparison of the chemical analysis of speci-
men 926 (no. 1, Table 1) with analyses of dravites
in the literature shows that the Boehls dravite is
similar to those that occur in aluminum-rich
metapelites and metapsammites (Henry and
Guidotti 1985; Mittwede, 1984) and in gneissic
rocks and schist near ultramafic rocks (DuRietz
1935; Kunitz 1930; Deer et al. 1963). The total
iron/magnesium ratio in the chemical analyses
(nos. 1, 2 and 3, Table 1) is about 1 : 2 and in
the corresponding calculated structural formulas
(Table 2) it is close to 1 : 3. In contrast, the end-
member dravites such as those from Dobrava and
the Hirose Mine (nos. 4 and 5, Tables 1 and 2)
contain very little iron.

Optical properties and unit-cell

Optical properties and unit-cell dimensions of
naturally occurring tourmalines change with
chemical composition. The indices of refraction
and the unit-cell data of the Boehls dravite were
determined by Richard C. Erd, U.S. Geological
Survey. The indices of refraction measured in
immersion liquids with sodium light are ®
(brownish-green) = 1.647(1), & (pale reddish-
brown) = 1.621(1), and ®—e = 0.026(1). These
are similar to the indices of refraction of the
iron-bearing dravites from gneissic rocks (nos. 2
and 3, Table 2), whereas the indices of refrac-
tion of the end-member dravites (nos. 4 and 3,
Table 2) are lower. The unit-cell data, a =
15.9425(6) and ¢ = 7.1883(3), were obtained by
a least-square refinement of the X-ray powder
diffraction data scanned at 1/4° 26 per minute
from 12°—104° 26. The unit-cell dimensions of
the Boehls dravite are practically identical with
those given by Kitahara (1966) for the dravite
from Hirose Mine, Japan (no. 5, Table 2) and
very close to those of the end-member dravite
from Dobrava (no. 4 Table 2) as given by the
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U.S. National Bureau of Standards (Swanson et
al. 1964, p. 47—48).

Discussion

Epprecht (1953) redetermined «¢ and ¢ for a
large number of analyzed tourmalines and com-
pared his new data with that in the literature.
When plotted against c¢/a, his new values for a
and ¢ show much less scatter than the old values
and suggest a regular change in the unit-cell
dimensions from schorl to dravite as well as from
schorl to elbaite. From schorl to dravite, the iron
content generally decreases, and with it a de-
creases but ¢ increases in relation to increasing
c/a.

Although the Boehls dravite contains a con-
siderable amount of iron, its unit-cell dimensions
are close to those of the end-member dravites.
This suggest an influence on its unit cell of some
other chemical factor in addition to iron. In their
study of magnesium-rich tourmalines from East
Africa, Schmetzer ef al. (1979) concluded that in
iron-free and iron-poor dravites the lattice con-
stants @ and ¢ can be correlated with the number
of Al cations in the formula. Their graph shows
aregular increase in @ as the Al content decreases
in the series: dravite with Al > 6 — dravite with
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