SOME SOLUBLE CONSTITUENTS OF METEORITES

Joun Davis BUDDHUE, Pasadena, California.

No doubt the most frequently recognized water soluble constituent
of meteorites is lawrencite (FeCl,) as it is doubtless responsible for the
rusty spots so frequently seen on light colored stones. Its effect on irons
is all too familiar to collectors. In spite of its commonness, such deter-
minations as we have of the amount present are almost invariably calcu-
lated from the chlorine content. Since other chlorine compounds are
sometimes present, such figures are likely to be too high. The largest
amount so far reported is from the Mount Eldon (Arizona), graphite mass
in which W. A. Sloane! found 1.9809%,. The writer found 1.64% by ex-
traction with alcohol but some was lost.?

Numerous other water soluble salts have been reported from time to
time. Thus the Lancé meteorite (France) is reported to contain 0.21% so-
dium chloride.? Maskelyne reported 0.449, calcium sulphate and 4.139,
calcium sulphide in the Bustee stone (Oudh, United Provinces, India),
while Dancer reported 0.769, sodium sulphide, 1.58%, calcium sulphate
and 0.01 calcium chloride in the same stone.* Berzelius reported 10.3%
magnesium sulphate and vitriolic nickel (presumably nickel sulphate) in
Alais (France) and Roscoe found 10.919%,; Scheerer found sodium chloride
in the Stannern stone (Moravia); and Shepard reported the sulphates
of magnesium and sodium, the chlorides of calcium and magnesium, the
hyposulphites of sodium and magnesium, and soluble silica in the
Bishopville stone (South Carolina).® He also mentions that a sulphate
of iron was found in the troilite of the Cosby Creek (Tennessee) iron.
Baumhauer® reported a water soluble substance in the Knyahinya
(Ruthenia) stone which reacted with turmeric paper.

Next to lawrencite, oldhamite is probably the best known of the water
soluble meteoritic minerals. This mineral is an impure calcium sulphide
which was discovered in the Bustee stone by Maskelyne” in a part of the
stone which differs in other respects from the rest. Two analyses of the
little nodules showed that it consisted of calcium sulphide plus about
three per cent of magnesium sulphide. Calcium sulphate and carbonate,
which were also found, were doubtless alteration products. He also re-
ported it as somewhat doubtfully present in the Bishopville meteorite.
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Borgstrom certainly found it in Hvittis (Finland); Brezina probably
found it in Aubres (France); and it has been reported in Nagaya
(Nogoya, Argentina?). Lacroix identified it by both optical and chemical
means in the Saint-Sauveur stone (France),® and reported 1.159%.

Tassin found large quantities of calcium and sulphur in a fine powder
derived from the Allegan (Michigan) stone.® Extraction with boiling
water, however, gave only 0.0649, of oldhamite and it could not be de-
tected optically. According to Merrill,'* G. Gilbert obtained Ca0O equiva-
lent to 0.0729; of CaS by extracting the Cullison (Kansas) stone with
distilled water, and A. Blair using 1:50 HCI obtained 0.289, CaO and
0.05% SOs. If these constituents represent original oldhamite they corre-
spond to 0.36 and 0.459, respectively. On the other hand the mineral
could not be found present optically. Merrill* digested twenty-five stones
with boiling water and tested the extract for calcium. The result was
positive in twenty cases, doubtful in one and negative in four. In the case
of Pultusk, two samples gave a positive result and a third was negative.
Later, Ochansk was reported to have given a negative test.!?

The presence of calcium is interpreted as evidence of the presence of
oldhamite but since other soluble calcium salts have been reported, the
value of this research is impaired by failure to test the extract for sulphide
or sulphate, When one of these meteorites, Alfianello (Ttaly), was thor-
oughly washed with water and then extracted with dilute hydrochloric
acid, 0.03% CaO and 0.0139, S were obtained. These values are equiva-
lent to 0.0309, of additional oldhamite. Oldhamite was detected by both
optical and chemical methods in the Indarch stone (Russia). Extraction
with water gave 0.4649, CaO which is equivalent to 0.5969, CaS. Its
presence in Bishopville seems to be definitely established since Merrill®®
obtained calcium equivalent to 0.67% of oldhamite by extraction with
water. The author confirms this to the extent of finding a strong calcium
reaction in a water extract of Bishopville, and in addition he finds an
equally strong reaction for sulphate.

The writer has digested thirteen stony meteorites, and associated
minerals from iron meteorites, with boiling distilled water and tested the
extracts for certain ions. Ammonium oxalate was used for calcium;
ammonium thiosulphate for iron; dimethylglyoxime test paper for
nickel; silver nitrate for chlorine; sodium nitroprusside for sulphide;
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barium chloride for sulphate; malachite green for sulphite; and molyb-
date reagent plus stannous chloride for phosphate. The results are given
in the accompanying Table 1.

TasLE 1

Meteorite Ca Fe Ni Cl POy

oo

S04 S0z

Holbrook, Ariz. 4+ ? = +4+ s 4
Richardton, N.D. 4+ — +
Adrian, Tex. I + = + -
Adrian, Tex. II  + — = + - -
Tyron, Nebr. +4+ — — ++ -
Gretna, Kans. + — ? =
Bishopville, S.C. +++ — . _ _ _ 4+
Plainview, Tex. — — - — ? = + =
Allegan, Mich. — = == 2 - 2 _
Amalia Farm

graphite - — ? + = = +
Mt. Eldon

graphite = +++ ++ 4+ =
Canyon Diablo,

troilite — — ? - 7 - 5 =
Xiquipilco,

troilite — — ? ? = =g +4++ —

A blank indicates that the test was not made; a minus sign indicates a negative re-
action; a question mark indicates a doubtful reaction; and the approximate strength of a
positive result is indicated by one, two or three plus signs.

The positive results for phosphate are of interest. As far as I can deter-
mine they are the first ones to be obtained using a neutral solvent.
Merrill has obtained positive results on several meteorites, but he used
dilute acid and attributes the result to the solution of apatite, or a similar
mineral. The Richardton, the two Adrian and the Tyron stones, appar-
ently contain calcium chloride. (The Adrian and some of the other stones
have not yet been described.) The calcium sulphate indicated in the
Bishopville meteorite is probably derived from the oxidation of oldhamite.

Extraction of meteorites with organic solvents has yielded interesting
results, and the origin of the organic compounds obtained is puzzling
to say the least. The only definitely identifiable product however is free
sulphur. Wohler obtained it from Cold Bokkeveld (South Africa), and
from Kaba (Hungary). Roscoe® found 1.249, of free sulphur in Alais
(France). Shepards reported visible grains of sulphur in Bishopville and
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this was confirmed by Reichenbach.’® Flight!” extracted the powdered
troilite of the Cranbourne (Australia) iron with carbon disulphide and
obtained 0.0207% of free sulphur. Wright!® obtained a yellow deposit
when he heated Cold Bokkeveld in a vacuum. He regarded this as
sulphur and states that Ramelsberg also obtained sulphur from this
stone, thus confirming Wéhler’s result. Dewar and Ansdell'® found small
pieces of free sulphur floating on the water they obtained by heating
Orgueil (France). The sulphur reported in the last two cases may have
been derived from the decomposition of some other compound, although
Smith?® obtained free sulphur from Orgueil by extraction with carbon
disulphide. He also believed that he had found free sulphur in the
graphite of the Cosby Creek (Tennessee), the Cranbourne (Australia),
and the Smithville (Tennessee) irons.

The writer has examined all of the meteorites in the above table for
free sulphur using the sensitive pyridine-caustic soda test.?! In addition,
I have examined the Cuero and Kimble Co. (Texas) stones which were
kindly supplied by Dr. Virgil E. Barnes of the University of Texas; a
piece of the terrestrial troilite from Del Norte Co., California, and a
sample of pyrrhotite from Sudbury, Ontario. Since it is possible to make
rough estimates of the amount of sulphur present when using this test I
record some rather crude estimates of the percentages of free sulphur in
the various samples as follows:

Specimen Sulphur content
Cuero, Texas None
Kimble Co., Texas Doubtful trace
Amalia Farm graphite 0.000X%
Mt. Eldon graphite 0.000X %,
Canyon Diablo troilite 0.00000X %,
Xiquipilco troilite 0.00000X %,
Bishopville, S.C. 1.5%
California troilite 0.00000X97,
Sudbury pyrrhotite 0.0X%

All of the rest contained no free sulphur. The accuracy of these estimates is low. It is
possible that they are as much as ten fold too small, except for the Bishopville stone.
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