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COMPOSITONS OF NATURAL SILLIMANITES
FROM VOLCANIC INCLUSIONS
AND METAMORPHIC ROCKS

TnuNrs A. P. Kwar, Ven'i.ng Meinesz Loboratorium,
Rijksunioersiteit te Utrecht, Utrecht, The Netheiland.s

AssrnA'clt

Thirty-trvo sillimanites from numerous world-wide localities and geological environments

were analyzed for Al, Si, Fe, and Ti by use of the electronmicroprobe. These sillimanites

occur as fibrolitic, tabular, and granular crystals in middle almandine amphibolite (600oC,

+ 5 kbar minimum ?) to granulite facies rocks and within inclusions in dacitic and olivinc

basaltic lavas (about 1150oC, *0.5 kbar pressure?). All the sillimanites analyzed were

within very close limits pure Al2SiOs indicating that the possibility of sillimanite-mullite

solid solution in most natural enviornments need not be considered at values greater than

the Sl6level (the maximum error of measurement). This was even found true of corundum-

bearing samples (Alzoa-buffered), which occurred in high temperature-low pressure olivine

basalts. The conclusion does not, of course, eliminate order-disorder efiects in siilimanite

nor slow kinetics as possible reasons for the too common occurrence of kyanite=sillimanite
pairs.

IN:rnooucrror.T

The problem involving the AhSiOr polymorphs is known to all petrolo-
g is ts  and need not  be e laborated upon here.  Zen (1969),  Pi tcher  (1965),

and Fyfe (1969) give excellent reviews with newer ideas.
The possible influence of minor elements such as Fe, Ti, Mn, and Cr

may, theoretically, produce a two phase area (Strens, 1968) but field
studies have not substantiated this as being important (Albee and
Chodos, 1969; Chinner et a1.,1966). The possible drastic efiects of order-
disorder in sillimanite at constant composition have been considered by
a number of investigators (Zen, 1969; Greenwood, 1970), and some
crystallographic evidence supports this hypothesis from experimental
studies (Beger, Burnham, and Hays, 1970).

Theoretically, there is no reason why a solid solution series from sil-
l imanite Al2SiOs to pure AIzOr should not exist (Burnham, 1964), and
some evidence does exist for such a series between sillimanite and mullite
(Aramaki, 1961; Aramaki and Roy, 1963). Aramaki (1961) found a
fibrous sillimanite in a glassy inclusion from the Asama Volcano, Japan,
which had an apparent AlzOa:SiO: molecular ratio of. 52.4:47.6, lying
compositionallv and crystallographically between sillimanite and mul-
lite. This raises the question as to whether the complete solid solution
series exists.

As pointed out by Chinner (1961) and many other investigators, sil-
limanite is found both as large prisms and as fine mats of "fibrolite",
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often together. The fibrolite is not usually analyzed (Zen, 1969, p. 30a)
and may well show Iimited mullite solid solution (or order-disorder
effects). Moore and Best (1969) have crystallographically analyzed
fibrolite from two pyroxene hornfels facies contact aureoles and have
found no mullite, nor do the results suggest a solid solution series. Analy-
sis of sillimanite in inclusions from low pressure-high temperature en-
vironments such as lavas are also scarce and should show the solid solu-
tion to the degree Aramaki's work suggests, especially if corundum oc-
curs as a buffering phase.

ANALyTTcAL Rusulrs

AII of the sillimanite samples from volcanic inclusions, most of the fibrolite, and most of the
other samples were X-rayed and found to have a pure sillimanite pattern with no mullite
reflections.

The chemical analyses were made on carbon-coated, polished thin-sections and grain
mounts with a Norelco TPD low-angle (15o) electron microprobe. Wavelength scans were
made on each sillimanite sample that did not fall within close limits (1.5 percent) of a
100 percent total, to see if other elements besides AI, Si, Ti, and Fe were present. Other
elements were never detected above the 0.01 percent level and most of the variation is
probably due to the orientation of the sample, to which analyses with the low-angle probe
are sensitive.

The analytical conditions were 16 5 kV, 0.1 to 0.2 pA for Fe and Ti and 17.5 kV for Al
and Si at constant beam current. The standards used were kyanite from St. Gothard,
Switzerland, Ti metal, and hematite (FerOr). The kyanite contained only 0.02 percent
FezO: (some of the Fe may have been Fd+), and no detectable Ti. The stoichiometry of the
kyanite was independently checked b)r use of corundum and quartz standards and found to
have essentially a 1 : 1 ratio of ALO3: SiOz (molecular proportion) . In the samples and stan-
dards, sufficient counts were accumulated at each analyzed point to reduce statistical
counting errors for Fe and Ti to less than 2 percent and for AI and Si to less than 0.3 per-
cent. At least 5 grains were measured in each section, except in some fibrolites with in-
sufficiently large crystals, where an area was measured. These areas gave an AlrOs:SiOz
ratio identical to the sillimanite occurring as crystals larger than 10 pm.

To check the supposition that matrix effect corrections are unimportant when the
standard (kyanite) is essentially identical in composition to the sample (sillimanite),
corrections rvere done on a number of samples using the method of Springer (1967). These
corrections generally r,vere within 0.2 weight percent of the particular oxides of the samples
and are well within the uncertainty of the total measurement. Some of the sillimanite
crystals measured were very small (10-15 pm), and surface efiects (orientation) play a
significant part in the uncertainties of the analysis.

Tables 1 and 2 shoq'respectively the pertinent geological and analytical data. As can
be seen, the variation of the A1rO3:SiOa ratios (molecular proportions) are small. Sample 9
has a high value of AlrOa approaching that of Aramaki's. The reason for this is unknown,
but this sample and 13, which has a high SiO, proportion, both have relatively Iarge uncer-
tainties of analysis. It must also be remembered that the uncertainties are calculated from
the variation of the radiation readings and include problems of orientation as mentioned
earlier. Samples l, 3, 5, 9, 19, 21, 28, and 32 contain between 0.34 and 0.88 weight percent
of calculated FezOs and samples 7,7,26 and 28 between 0.25 and 0.81 weight percent of
calculated TiOz. These relativelv low values mav have a limited efiect on the sillimanite
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stability, but, as mentioned in the introduction, such minor amounts have not been found
to be a major factor.

As can be seen in table 2, the samples from the three different environments-alrnandine
amphibolite facies, granulite facies, and from inclusions in lava show no important varia-
tions. The samples from corundum-bearing, quartz-bearing, and quartz- and corundum-free
assemblages are also fairly similar, although the latter have a higher SiO2 content. The
reason for this is unknown, and the average is only of two analyses, both of which are
themselves highly uncertain. 'Ihe 

corundum-bearing samples have an average AhOs:SiO:
ratio that is highest but well within the uncertainties of measurement, and no conclusion
can be drawn.

DrscussroN

Some of the sillimanites from inclusions in volcanic lavas (Finkenberg)
must have been subjected to temperatures near or greater than those of
Aramaki's (1961) sil l imanite; and, l ike Aramaki's sil l imanite, have corun-
dum as a buffering AI2O3 phase, but show no significant excess of Al2Os
over the ideal composition. The olivine-bearing basalts at Finkenberg
probably were quenched at temperatures near 1150oC and a few bars
pressure and, if Aramaki's sillimanite is a metastable phase, these should
theoretically also have persisted. A pre-existing mullite m.ay have re-
acted as follows,

mullite 3 sillimanite f corundum

but this seems unlikely in the Finkenberg samples in view of the coarse
grain (averaging 2 cm long and 1 mm wide) that can hardly be attributed
to quench conditions. No reason is known for the differing conclusions of
Aramaki (1961) and the present study, but it appears that possible mul-
lite-sillimanite solid solutions at values greater than the 3 weight percent
(the maximum error of measurement) in nearly all geological materials
need not worry the petrologist.
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