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of the Geophysical Laboratory. The program for the calculation of 26
was obtained from C. Klein.

REFERENCES

CoLEMAN, L. C. (1962) Effect of jonic substitution on the unit-cell dimensions of synthetic
diopside. in, Petrologic Studies: A Volume in Honor of A. F. Buddington, Geol. Soc. Am.
429-446.

Scumirt, H. H. (1963) Petrology and structure of the Eiksundsdal complex, Hareidland,
Sunmgre, Norway. Ph.D. Thesis, Harvard University.

THE AMERICAN MINERALOGIST, VOL. 49, SEPTEMBER-OCTOBER, 1964

ELECTRON PROBE ANALYSES OF COPPER IN MENEGHINITE

Kurt FREDRIKSSON, University of California, ST10, San Diego,
California AND CHRIS A. ANDERSEN, Hassler Research Center,
Applied Research Laboraiories, Goleta, California.

Meneghinite was first described by Bechi (1852) from the Bottino
Mine, near Tuscany, Italy. Based on chemical analyses and ax-ray dif-
fraction its space-group has been given as Dy = Pbum with a=11.36,
b=24.04, c=8.26 A, and the cell content, as PbayCusSbySis (Berry and
Moddle, 1941). Two copper-free meneghinite formulas have been sug-
gested, PbyShyS; (von Rath, 1867) and Pby;ShsSa, (Palache et al., 1938).
Most analyses indicated an excess of Pb, and it seemed doubtful if the
Cu (and much smaller amounts of Fe) really belonged in the structure.
Ramdohr (1960) still quotes both possibilities.

In order to establish the distribution of Cu, two crystals of meneghi-
nite from Bottino (specimen no. RH1407 in the Mineralogical Depart-
ment of the Swedish Natural History Museum in Stockholm) were
analyzed with an ARL electron microprobe x-ray analyzer. The quantita-
tive results are shown in Table 1, and the distribution of Pb, Sb and Cu
is demonstrated semi-quantitatively by beam scanning pictures, Fig. 1.
The probe analysis agrees fairly well with the formula PbasCusShy,Sys.
The deviation as well as the low total, 95.6 per cent (no other elements
were found in concentration above <0.1 per cent), is probably due to
insufficiently known mass absorption and average atomic no. corrections
(Ziebold and Ogilvie, 1963). The standards used were pure Sbh-metal,
galena (PbS), and chemically analysed bornite (CusFeS,).

It is immediately clear from Fig. 1 that although Pb, Sb and Cu are
homogeneously distributed in the meneghinite, this mineral contains
minute exsolved particles of a heavier mineral free from Cu and Sh.
Probe analyses show this mineral to be galena (PhS). It is obvious that
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Tapie 1. CHEMICAL COMPOSITION OF MENEGHINITE. WEIGHT %

Theoretical l Probe Analysis?
(PbaCusSb14S1s) (Bottino Specimen)

Pb 61.5 58.7

S 17.6 16.7

Sb 19.5 19.0

Cu 1.45 1.15

Fe 0 0.04
Total 100.00%, 95.6%,
Pb/S 3.50 3.52
Pb/Sb 3.15 3.09

1 Instrument: Applied Research Laboratories EMX (Univ. Calif. San Diego). X-tay
intensity ratios were corrected for detector deadtime, background, self absorption.
Fluorescence corrections were considered not to be necessary. Atomic number corrections
were eliminated by the use of standards of similar chemical nature and average atomic
number.

these micron-size particles could not easily be separated out, and an
attempted chemical analysis would show an excess of Pb over Sb or S.
Since Cu is evenly distributed in the meneghinite and since probe
analysis does not show excess Pb, it may be concluded that the copper
in Bottino meneghinite belongs to the structure.

The authors are indebted to Professor F. E. Wickman, Stockholm,
who suggested the investigation and supplied the sample. The work was

Fic. 1. Electron beam scanning pictures of 50X 50 microns arca on polished meneghin-
ite from Bottino. a. Back scattered electron picture showing galena (PbS) inclusions white
because this mineral has higher average atomic number than the meneghenite. b. Distribu-
tion of antimony; note the deficiency of this element in the galena inclusions. c. Distribution
of copper; homogeneously in the meneghinite, lacking in the galena.
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SYNTHESIS OF THORIANITE CRYSTALS FROM BISMUTH
OXIDE-LEAD FLUORIDE MELTS

A. B. Cuasg AND Juprte A. OSMER, Aerospace
Corporation, El Segundo, California.

Oxides that can be readily grown as single crystals, and into which rare-
earth ions can be incorporated, are of research interest and may be of
value for certain electronic applications. Uranium and the lanthanides
substitute for thorium in natural occurring thorianite (Palache ef al.,
1944). The growth of thorianite by long continued fusion of ThO, in
Borax has been previously described (Mellor, 1960). However, the syn-
thesis of thorianite by this method results in either minute crystals or
trellis-like aggregates of crystals. The purpose of this report is to describe
a method for the growth of large thorianite crystals.

It has been found that ThO, crystals can be readily synthesized from
the PbO-PbFs, BizO3-PbF,, and PbF, flux systems. The melts from which
the largest ThO; crystals were grown contained 7 mole per cent ThO,,
15 mole per cent BisOs, and 78 mole per cent PbF,. Melts containing 10
mole per cent ThO, and 90 per cent PpF; also produced large crystals.
The materials employed were 99.99 per cent pure ThO,, reagent grade
Bi;03, and a purified grade of PbF,. The powders were mechanically
mixed (generally in 100 gram lots) and fused in tightly covered 50 ml
platinum crucibles.

The crucibles were placed in two Super Kanthal heated horizontal
muffle furnaces. The melts were held at 1250° C. for 4.5 to 8 hr and cooled



