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CRYSTAL DATA FOR SYNTHETIC Cu;;sxFexSssx (IDAITE)

RiceARD A. YUND, Department of Geology, Brown University,
Providence, Rhode Island.

A synthetic phase corresponding to the general formula CusixFeSerx
was first 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 equilibrium with liquid sulfur between 434° and
501° C. The latter temperature is the upper stability limit under these
experimental conditions. Frenzel (1959) reported the natural occurrence
of this phase, based on the similarities of the x-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 ¢=16.95 A on the basis of the powder pattern of the syn-
thetic preparation.

The phase Cus;xFeSex 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 wt. 9) were reacted in
evacuated, silica-glass tubes at controlled temperature. A bulk composi-
tion of CuFesSiy 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 CusyxFeSe;x and 1 to 2 volume per cent FeS, (pyrite)
which was estimated by a microscopic examination of a polished section
of the sample. A second preparation with a bulk composition of
CuyFesSq was prepared by reacting the elements at 400° C. for 11 days,
then regrinding to promote reaction, and reheating for an additional 11
days. The final product consisted of CusyxFeSsix and 1 to 2 volume per
cent CuS (covellite). Assuming negligible weight loss during regrinding,
these experiments indicate that the Cu:Fe ratio of CusyxFeSerx is 5.5
£0.2 and that the (Cu4-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 Cug.sxFexSs.5x 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 limit
given above.

The corresponding d values for Cus sxFexSe.sx in these preparations
are equal within the experimental error, but they are significantly 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 diffractometer
with copper radiation, using silicon (¢=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 of <2. The two or three most intense
reflections of FeS, (pyrite) and CuS were also recorded on the films, but
they were easily eliminated by comparing the patterns of the two prepa-
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TasrE 1. X-rAY POWDER DaTA FOR CU; 5xFExSs5x

This Study Frenzel (1959)

Hexagonal a=3.77; A ¢=11.18 &
CukeiA=1.5418 A Fex:n1.9373 A
Intensity hkl d obs. d calc. Intensity' d obs.
3 001 11.17 11.18
5 002 5.58 5.59
10 003 3.723 3.727
ss 3.45 (Fegg of 101)?
25 100 3.265 3.270 s/m  3.27
100 101 3.134 3.139 st 3.14
ss 3.00 (Fegg of pyrite 200)
80 102 2.818 2.823
60 004 2.792 2.795} 2
m 2.70 (pyrite 200)
5 103 2.456 2.458
s 2.42 (pyrite 210)
<2 005 2.236 2.236
S 2.20 (pyrite 211)
7 104 2.123 2.125 sS 2.13
65 110 1.887 1.888 st 1.89
65 105 1.845 1.846 st 1.85
ss 1.79 (Fexkg of pyrite 311)
s 1.73 (Feggof 114)
2 113 1.684 1.684 ss 1.686
<2 200 1.635 1.635
s/m  1.630 (pyrite 311)
201 1.618
i {106} s {1.619
<2 007 1.597 1.597
30 114 1.564 1.565 st 1.564
<2 203 1.497 1.497 88 1.500
5 107 1.435 1.435 s 1.442
<2 204 1.413 1.412
10 205 1.320 1.320 m 1.317
sS 1.275 (Fexg of 109)
121 1.229
{206} 1.229 {1 .229} s 1.225
3 122 1.207 1.207 s 1.206
S8 1.188 (pyrite 421)
S 109 1.162 1.161 s/m 1.161
<2 207 1.141 1.143 ss 1.141
<2 124 1.128 1.130

L ss=very weak, s=weak, m=medium, st=strong.
2 Suggested explanations for additional reflections reported by Frenzel (1959) are
given in parentheses.
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TasLE 1.—(Continued)

This Study Frenzel (1959)
Hexagonal ¢=3.77; A ¢=11.18 A
CuxaiA=1.5418 A Fex:21.9373 A
Intensity hkl d obs. d calc. Intensity' d obs.
s 1.104 (pyrite 422)
5 300 1.091 1.090 ss/s 1.091
10 125 1.082 1.082 m 1.081
<2 10-10 1.057 1.058 3 1.058
m 1.043 (pyrite 511)
<2 126 1.030 1.030
3 304 1.015 1.016 s 1.017
s 1.006 (pyrite 432)
<2 209 .9895 .9892 s .987
305 .9799
S B e
<2 220 .9435 .9441
<2 20-10 .9224 .9229
<2 131 .9039 .9041
<2 224 .8938 .8944
3 129 .8762 .8762
20-11 .8632
= { 134 } o651 {.8628
<2 135 .8405 .8405
401 8154
w2 {136} B151 {.8155
<2 10-14 L7763 L7758

rations. The x-ray powder data reported by Frenzel (1959) are included
in Table 1 for comparison. The important differences 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 ¢, and the
absence of 13 reflections reported by Frenzel. It is possible, however, to
account for all the additional reflections on his pattern by FeKg radiation
and the stronger pyrite reflections. (See Table 1.)

Synthetic Cus sxFexSs.sx has been reindexed on the basis of the data in
Table 1 with a hexagonal unit cell of a=3.77; A, ¢=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 Cu; sxFexSe.sx is about
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138 A% and by analogy with covellite and chalcopyrite suggests a formula
corresponding to Cus ysFeq 6254 for the unit cell. The density computed on
the basis of this formula is 4.54 gm/cm?. Although the material used for
the x-ray study was unsuitable for an accurate density determination, a
value of 4.2 gm/cm?® 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 criticism 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

GERHARD FRENZEL, Heidelberg, Germany.

T 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 my colleagues that I read Eliseev’s
(1960) criticism 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
¢=3.77; A, ¢c=11.18 A (approximately 2X16.95) should be given to
idaite with Z=1, if the composition be expressed by the formula
Cus.ssFeo.e2Ss. This is in lieu of the hexagonal cell which I published
(Frenzel, 1958, 1959) with ¢=3.90 A, ¢c=16.95 A and Z=1, if the com-
pound is CusFeSs. Dr. Yund is of the opinion that 13 lines of my powder
diagram (made with Mn-filter! Fe-radiation (FeK,)) are Kglines plus
pyrite K.- and Kg-reflexes. If FeKgradiation were to play any role in my
diagrams (which is practically impossible because of the set-up of the

! By this the intensities of the K8 lines are reduced down to 19 of the K lines.
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F1c. 1. CusFeSe in KCI-LiCl melt.
6 days «~420° C. Parallel intergrowth
between CusFeSs (outside) and CuS
(inside), 550X, oil immersion (polished
section).

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

That Dr. Yund believes that the strong pyrite lines occur in his own
idaite powder diagrams, in spite of the small amount of 1 to 2 vol. %
pyrite and the mass absorption coefficients of Fe and Cu (with copper
radiation) is astonishing. T 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. 9, do not show up, and definitely not as Kg-lines.

The x-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
Mr. Yund’s substance. These impurities were nearly eliminated.

The “accidental” coincidence of d-values from my idaite-diagram with
the mentioned K,- and Kg-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 klockmannite? etc. It is no surprise in dia-
grams having so many lines. The unit cell T 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
covellite (Fig. 1).

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

E. R. SEoniT AND C. J. LaNcuckl, Division of Building Research,
Commonwealth Scientific and Indusirial Research Organization,
Melbourne, Australia.

INTRODUCTION

The thermally metamorphosed impure limestones at Crestmore, Cali-
fornia, are well known for the wealth of minerals found in them (Murdoch
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 (Murdoch, 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 #-ray examination
identified the material as fluoborite. Tt comprised about one per cent of
the rock sample.

CHEMICAL COMPOSITION

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





