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CRYSTAL DATA FOR SYNTHETIC Cus sxFexSo 5x (IDAITE)

Rrcuano A. YuNo, Department oJ Geology, Brown LlniaersiLy,

Prouidence, Rhode I sland.

A synthetic phase corresponding to the general formula Cu511FeS611
was f irst reported by Merwin and Lombard (1937). Roseboom and Kul-
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lerud (1958) found that this phase has a Cu:Fe ratio of approximately
17:3 when synthesized in equil ibrium with l iquid sulfur between 434o and
501' C. The latter temperature is the upper stabil ity l imit under these
experimental conditions. Frenzel (1959) reported the natural occurrence
of this phase, based on the similarit ies of the r-ray powder patterns and
distinctive optical properties of the natural and synthetic materials, and
named the new mineral idaite. He proposed a hexagonal unit cell with
a:3.90 A and c:16.95 A on the basis  of  the powder pat tern of  the syn-
thetic preparation.

The phase Cu5a1FeS611 was synthesized in this laboratory as part of a
study to determine the stable phase assemblages in a portion of the sys-
tem Cu-Fe-S. High purity elements (>99.999 wI. 7d were reacted in
evacuated, silica-glass tubes at controlled temperature. A bulk composi-
tion of CuroFerSig was prepared by heating synthetic CuS and FeS at
400'C. for 200 days. The phases present at the end of this period were
well crystallized Cu6..11FeS6..1 and 1 to 2 volume per cent FeSz (pyrite)
which was estimated by a microscopic examination of a polished section
of the sample. A second preparation with a bulk composition of
Cu17Fe3S26 was prepared by reacting the elements at 400o C. for 11days,
then regrinding to promote reaction, and reheating for an additional 11
days. The f.nal product consisted of Cu4lFeSo+x and 1 to 2 volume per
cent CuS (covellite). Assuming negligible weight loss during regrinding,
these experiments indicate that the Cu:Fe ratio of Cu511FeSo+x is 5.5
* 0.2 and that the (Cu* Fe) : S ratio is one or very nearly one under the
P-T conditions of the experiments. Although the elemental ratios are
approximately known, the formula weight is not known and the number
of formula weights per unit cell (Z) cannot be calculated directly. There-
fore the more general formula Cu6.6;Fe1S6.s1 is preferred because it does
not exclude values of less than one for X. The formula written in this
manner is not intended to exclude the possibility of a small variation in
the Cu:Fe ratio, although any such variation must be within the l imit
given above.

The corresponding d values for Cus sxFexSe .rx in these preparations
are equal within the experimental error, but they are signifi.cantly differ-
ent from the values reported by Frenzel (1959). The observed d values
listed in the third column of Table 1 were obtained on a difiractometer
with copper radiation, using sil icon (a:5.4306 A) as a standard. Also
included in this column are reflections which were only observed with a
114.6 mm camera using either copper or iron radiation. These reflections
have been assigned intensities oI (-2. The two or three most intense
reflections of FeS2 (pyrite) and CuS were also recorded on the films, but
they were easily eliminated by comparing the patterns of the two prepa-



674 MINERALOGICAL NOTES

Terr-n 1. X-n,qv Powlrt Dere ron Cus sxFnxSo sx
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T.rnr,r 1.-(Continueil)
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rations. The x-ray powder data reported by Frenzel (1959) are included
in Table 1 for comparison. The important difierences between the new
data and those of Frenzel are the three new reflections corresponding to
the largest spacings, as well as other new reflections at higher 2 0, and the
absence of 13 reflections reported by Frenzel. It is possible, however, to
account for all the additional reflections on his pattern by FeKB radiation
and the stronger pyrite reflections. (See Table 1.)

Synthetic Cu6.61Fe1S6 51 has been reindexed on the basis of the data in
Table l  wi th a hexagonal  uni t  ce l l  o I  a:3.772 A,  c :11.18 A.  The good
agreement between the observed and calculated d values can be seen in
the table.

Appleman (1962) has called to the author's attention that the volume
of the unit cell of covellite or chalcopyrite divided by the number of sulfur
atoms in the unit cell results in a value of approximately 35 A3/sulfur
atom for both minerals. The unit cell volume of Cu6.61Fe1So.rx is about
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i38 A3 and by analogy with covellite and chalcopyrite suggests a formula

corresponding to Cu3.3sFeo.ozS+ for the unit cell. The density computed on

the basis of this formula is 4.54 gm/cm3. Although the material used for

the r-ray study was unsuitable for an accurate density determination, a

value of 4.2 gmf cm3 was obtained for a polycrystalline aggregate from the

preparation containing a trace of CuS. Thus the proposed formula ap-

pears reasonable on the basis of all available evidence.
This study was supported by a National Science Foundation grant'

The constructive crit icism of the manuscript by Drs. D. E. Appleman,

B. J. Giletti, E. H. Roseboom, and B. J. Skinner is gratefully acknowl-

edged.
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ON CRYSTAL DATA FOR IDAITE

GBnuano Fnexzot, Heidelberg, Germany.

I have noted with satisfaction that the mineral idaite has aroused a

good deal of interest. It was only after the acceptance of the relatively

common occurrence of idaite by -y colleagues that I read Eliseev's
(1960) crit icism on this subject. Eliseev is of the opinion that this min-

eral, which he has never seen, is only covellite containing bornite or chal-

copyrite. Eliseev comes to this conclusion on grounds of purely theoreti-
cal considerations, His nonacceptance of the mineral was not based upon

any laboratory investigation and therefore cannot be accepted seriously.

Of greater interest, however, is Dr. Yund's letter which I have just re-

ceived. Dr. Yund is of the opinion that a new hexagonal unit cell with

a:3.772 h,  , :11.18 A (approximately  f  X16.95)  should be g iven to

idaite with Z:1, if the composition be expressed by the formula

Cus.aeFeo.ozSa. This is in lieu of the hexagonal ̂ cell which I published
(Frenzel ,  1958,  1959) wi th o:3.90 A,  c : t6,95 A and Z:1,  i l  the com-

pound is Cur,FeSo. Dr. Yund is of the opinion that 13 l ines of my powder

diagram (made with Mn-filterr Fe-radiation (FeK")) are KB-lines plus

pyrite K"- and KB-reflexes. If FeKB-radiation were to play any role in my

diagrams (which is practically impossible because of the set-up of the

1 By this the intensities of the Kp lines are reduced down to lls oI the Ko lines.
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Frc. 1. Cu5FeS6 in KCl-LiCl melt.
6 days *420" C. Parallel intergrowth
between CurFeSs (outside) and CuS
(inside), 550X, oil immersion (polished

section).

apparatus) then the FeKe-radiation would result in all strong reflexes
having a subsidiary Kp-reflex in addition to the ones mentioned by Dr.
Yund.

That Dr. Yund believes that the strong pyrite l ines occur in his own
idaite powder diagrams, in spite of the small amount of 1 to 2 vol. /6
pyrite and the mass absorption coeffi.cients of Fe and Cu (with copper
radiation) is astonishing. I feel it is almost impossible. I can only state
that with my camera (57.3 mm diameter), amounts of pyrite up to
nearly 10 vol. /6 do not show up, and definitely not as KB-lines.

The r-ray samples used by me were carefully selected after complete
investigation under the microscope on a polished section. Possible im-
purities such as pyrite were present in the same or greater amounts as in
IIr. Yund's substance. These impurit ies were nearly eliminated.

The "accidental" coincidence of d-values from my idaite-diagram with
the mentioned K"- and KB-lines of pyrite should not mislead one into
ignoring these as irrelevant. For example one could, in the same erroneous
way, discover nearly all the strong chalcopyrite lines in idaite or find
pyrite lines in covellite and klockmannite2 etc. It is no surprise in dia-
grams having so many lines. The unit cell I suggested for idaite accentu-
ates the similarity with covellite and klockmannite. For example, this
similarity is also noticable in the oriented intergrowths of idaite and
covell ite (Fig. 1).

However, as a final point I would like to remark that it is theoretically
possible that sheet-structure minerals such as covell ite, klockmannite
and idaite have varieties of structure with different values for c.
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FLUOBORITE FROM CRESTMORE, CALIFORNIA

E. R. SncNrr AND C. J. LaNcucrr, Diaision of Building Research,

C o mm o nw e al th S ci entif, c and' I n d.u s tr i al Re s e ar c Jt O r gamiz ati o n,
Melbourne, Auslralio.

INrnopucrroN

The thermally metamorphosed impure l imestones at Crestmore, Cali-

fornia, are well known for the wealth of minerals found in them (Nlurdoch

and Webb, 1948). Among specimens collected by one of us (E'R.S.) dur-

ing an excursion to Crestmore quarries in 1958 was a dolomitic marble

containing numerous prismatic crystals up to 5 mm by 1 mm in size' Thin

sections of the rock showed the presence of two non-carbonate minerals.

One was the new mineral wightmanite (ltlurdoch, 1962), and the other

occurred as somewhat poikiloblastic crystals which were first taken to be

scapolite. Some basal sections, however, appeared to be hexagonal rather

than tetragonal (Fig. 1), and more detailed optical and r-ray examination

identif ied the material as fluoborite. It comprised about one per cent of

the rock sample.

Cupurcer. CouposrrroN

An analysis of the Crestmore material is given in Table 1. Two samples,

each of approximately 0.1 gram, were separated from two apparently

identical rock fragments by dissolving the carbonate mineral in 10 per

cent hydrochloric acid followed by centrifuging the residue in bromoform,

in which the fluoborite just sank.
The first sample was almost completely free from contaminating ma-

terials. Fluorine and boron were determined on this at the C.S.I.R.O'

Micro-Analytical Laboratory, Melbourne, Australia. The second sample




