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Arr. XV.—On the Formula of Borwite; by B. J.
H ARRINGTON.

Taxr subject of the formula of bornite is one which has long
required investigation. If we refer to the standard works on
mineralogy we generally find that the formula of the e¢rystal-
lized mineral is given as Cu,FeS, (or 3Cu,S Fe,S, as originally
written by Plattner) and that numerous analyses of the massive
mineral from various parts of the world show little agreement
with this formula and often differ widely from one another.
The difference in the composition of the massive specimens
has been explained by saying that they were mixtures of bor-
nite with chalcopyrite and chalcocite, and no doubt in the case
of some analyses these or other mixtures have been called
upon to do duty for bornite.

So far as the writer is aware, crystallized bornite has not
been met with in Canada. The massive mineral of evident
purity, however, occurs at many localities, and it was thought
that an examination of carefully selected specimens might
throw some light on the question under consideration. Those
chosen were from widely separated points in the Provinces of
Quebec, Ontario, and British Columbia, and the results of
their analysis are as follows :

L. IL III. Iv. VA

Copper. ... .: 6355 62°78 6273 6334 6318
L § o7 D et on T 10-92 11-28 1105 10°823 11:28
Sulphur, s 2563 25°39 2579 2554 24-88
Insoluble..... HA 030 ¥ g 0°38 0°24
10010 99°75 9957 10009 9958

Sp. gr. at 15°C  5'085 5055 5090 5:029* e

I. Harvey Hill, P. Q.
II. Bruce Mines, Ontario.
II1. Dean Channel, How Sound, B. C.
IV. Copper Mountain, South Fork of Similkameen River, B. €.
V. Texada Island, B. C. The two last analyses were made
by Mr. J. E. A. Egleson.
It will be observed that the results agree well with one
another and also with the formula Cu,FeS,, which gives :
CusFeS,

Copper- . cucaoccnmnnanann- 6327
Jron: JUERam e oL e 11-18
Sulphur . ... cco-ooieiae oo 25°55

100°00

# The fragment used for this determination contained a little malachite,
the effect of which would be to lower the specific gravity slightly.
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Nor are such concordant results likely to have been obtained
from mere mixtures of different sulphides. Furthermore,
they are in close accord with a number of previously published
analyses of massive bornites. Out of fifty analyses cited by
Hintze* about one-fifth agree well with the formula Cu,FeS,
and the average of eight of these gives:

Coppereaiicg oL bl 2 laln AiieariiO 85
RO v bl e e o i o L8 1157
SUlphutilte: . lamait ox ... 2534

9976

We pass now to the consideration of crystallized bornite.
Through the kindness of Professors Dana and Penfield of
Yale University, the writer has been able to obtain a speci-
men of the crystallized mineral from Bristol, Connecticut,
which, though lmw known, had apparently never been anal-
yzed.t It came from the Brush collection (specimen No. 805)
and though partly massive showed at one end a group of fairly
distinet rhombie dodecahedrons, which, so far as could be ascer-
tained microscopically, were entirely free from other minerals
and were found to have a specific’ gravity of 5-072 at 15°
Their analysis gave :

CusFeS,

GOPPEr o cxas . i 63:24 63:27
BpOh oo s e 11°20 11°18
Sulphar c.c.o-. g 2554 2565
99-98 100°00

Here then we have a crystallized bornite which does not
agree in composition with the (',01111110111\' accepted formula
Cu,FeS As to this formula, which has so long been assigned
to the Cl‘V\thI/C 1 mineral, we find that it was based upon the
analysis of a Cornish \pecnnen published by Plattner in 1839.1
This was followed in the same year by an analysis of another
Cornish specimen by Varrentr: ll)l),\ § while a third analysis by
Chodney appeared in the same ]nmn al in 1844.|] These three
analyses, together with two others, also of Cornish specimens,
are given below :

* Handbuch der Mineralogie, 1901, p. 915.

1 For an analysis of the massive mineral from Bristol see Dana, ¢ System
of Mineralogy,” 1892, p. V7.

1 Pogg. Ann \1\‘ii. p. 351, 1839.

\ U)l(l 372.
H Ibid., 1\1, p. 895, 1844,
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E II. T1I. IV. V. Cu;FeS;
Copper:s&. = 5@-76 55820 5788 (5701 - H768Y LB
ITOE S, weharnc s 1484 14'85 1494 1389 15°11 1636
sulphar :x: . 2824  26'98 26:84 2717 2646 2806

99-84 100°03 9967 9877 99:25 100°00
I. Condorra Mine, Cornwall. Analysis by Plattner.

II. No locality is given, but the description makes it practi-
cally certain that the specimen was from Cornwall.
Analysis by Varrentrapp.

ITI. Redruth, Cornwall. Analysis by Chodney.
IV. and V. Cornwall. Exact locality not known. Analyses
by the writer. 3 g
It is obvious that none of these analyses agrees well with
the formula Cu,FeS,, nor could it be expected that satisfactory
results would be obtained from the analysis of the Cornish
crystals, all of which, so far as the writer has had an oppor-
tunity of observing, are very impure.* Not only have they
generally been altered by oxidation, but they almost always
contain a yellow sulphide with the characters of chalcopyrite.
In some specimens nearly every crystal when broken shows ¢
yellow nucleus of chalcopyrite and the writer found it impos-
sible to obtain material which could be regarded as pure. The
early analysts, too, evidently found difficulty, if we are to judge
from their descriptions. Plattner, for example, tells how he
broke up the crystals and picked out the pieces which he con-
sidered to be free from copper pyrites. He further trusted to
washing with distilled water in order “as far as possible” to
remove the superficial portion of the erystals which appeared
to be somewhat oxidized. Varrentrapp, again, states that the
small cubical crystals examined by him all contained a nucleus
(kern) of chalcopyrite and had their surfaces covered with a
layer of copper oxide. He admits also that his results do not
aoree well with those of Plattner.
“There is then good reason for believing that the formula
Cu,FeS, was deduced from analyses of impure material, and,
as we have seen, it does not apply to the crystallized mineral as
found at Bristol, Connecticut. If a mineral having this for-
mula really exists, then we have two distinet species—bornite
and something else. Artificial products agreeing well with
the formula (;1131*‘08ﬂ are said to have been prepared,t and there

# Professor Penfield has kindly sent me a number of crystals broken from
specimens of Cornish bornite in the Brush collection and these are also very
impure. :

+ See Hintze, ‘‘ Handbuch der Mineralogie, 1901, p. 914.

Doelter states that by heating a mixture of CuO,Cu.0 and Fe,O; in a
current of H,S at a temperature not above 200° he obtained the ‘‘ normal
bornite Cu.S + CuS + FeS ” in aggregates of little cubes. He, however, gives
no analysis of these (Zeitschr. f. Kryst., xi, 1886, 36).
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is no evident reason why such a mineral should not occur in
nature.

Many of the published analyses of so-called bornite show a
composition which could be easily explained by the presence
of chalcopyrite, which would reduce the proportion of copper
and increase the proportions of iron and sulphur. In other
cases chalcocite would appear to be present. In this connec-
tion it is interesting to note that a mixture of- one molecule of
bornite with one of chalcopyrite would give the old formula,
thus :

Bornite Cu FeS,
Chalcopyrite CuFeS,
CuFeS, = 2Cu,FeS,.
Such a mixture would contain 73:20 per cent of bornite and
268 per cent of chalcopyrite.

The range for the specific gravity of bornite is sometimes
stated to be 4'9 to 5:4; but a substance with as definite a com-
position as pure bornite evidently possesses should not show
so great variation, and it will probably be found that when
the material is carefully selected the range will be more like
5:05 to 5°10. As we have seen, the crystallized mineral from
Bristol gave 5:072.

Department of Chemistry and Mineralogy,
MecGill University, May, 1903.
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Arr. XV.—On the Formula of Bornite; by B. J.
H ARRINGTON,

TuE subject of the formula of bornite is one which has long
required investigation. If we refer to the standard works on
mineralogy we generally find that the formula of the crystal-
lized mineral is given as Cu,FeS, (or 3Cu,S Fe,S, as originally
written by Plattner) and that numerous analyses of the massive
mineral from various parts of the world show little agreement
with this formula and often differ widely from one another.
The difference in the composition of the massive specimens
has been explained by saying that they were mixtures of bor-
nite with chalcopyrite and chalcocite, and no doubt in the case
of some analyses these or other mixtures have been called
upon to do duty for bornite.

So far as the writer is aware, crystallized bornite has not
been met with in Canada. The massive mineral of evident
purity, however, occurs at many localities, and it was thought
that an examination of carefully selected specimens might
throw some light on the question under consideration. Those
chosen were from widely separated points in the Provinces of
Quebee, Ontario, and British Columbia, and the results of
their analysis are as follows :

I. II. IIL. IV. V.

Copper ...... 6355 6278 6273 6334 6318
im0 10°92 11-28 1105 1082 11-28
Sulphur__o: s 2563 2539 2579 2554 24°88
Insoluble.___. Aind 030 e 0°38 024
100°10 99°75 99517 100709 9958

Sp. gr.at 15°C 5085 5055 5090 5:029* RN

I. Harvey Hill, P. Q.

II. Bruce Mines, Ontario.

II1. Dean Channel, How Sound, B. C.

IV. Copper Mountain, South Fork of Similkameen River, B. C.

V. Texada Island, B. C. The two last analyses were made
by Mr. J. E. A. Egleson.

Tt will be observed that the results agree well with one
another and also with the formula CuFeS,, which gives :

Cu;FeS,
Coppet.. e Jas e wehanint 63:27
dIron o i s alila g e 11-18
Sulphur ..o coos lontasasin 25°55
10000

* The fragment used for this determination contained a little malachite,
the effect of which would be to lower the specific gravity slightly.
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Nor are such concordant results likely to have been obtained
from mere mixtures of different ~1111>mle\ Furthermore,
they are in close ¢ accord with a number of previously ])llli]h]l(‘(l
analyses of massive bornites. Out of hft\ (UH]\\(‘\ cited | )y

Hintze* about one-fifth agree well with the formula Cu FeS
and the average of eight of these gives:
(Foppee=lise. .. 6285
TTON il e s i e e 11°57
Sulphur 2534
99°76

We 1m<s now to the consideration of crystallized bornite.
Through the kindness of Professors Dana and Penfield of
Yale University, the writer has been able to obtain a speci-
men of the (1'\~mlh/vl mineral from Bristol, Connecticut,
which, though long known, had apparently never been anal-
yzed. + Tt came from the Brush collection (specimen No. 805)
and though partly massive showed at one end a group of fairly
distinet rhombic dodecahedrons, which, so far as could be ascer-
tained microscopically, were entirely free from other minerals
and were found to have a specific gravity of 5-072 at 15° C.
Their analysis gave :

CusFeS,
opper c.sei ol oL 6324 63°27
JroneEase e L o 11°20 11°18
PRlphurtecis oot < 2554 2595

99°98 10000

Here then we have a crystallized bornite which does not
agree 111 composition \Vlth the commonly accepted formula
Chu, FeS,. As to this formula, which has so long |>LC11 assigned
10 thc (’n\taﬂl/od mineral, we find that it was based upon the
analysis of a Cornish kpocnnen published by Plattner in 1839.1
This was followed in the same year by an analysis of mmthor
Cornish specimen by Varrentrapp,§ & while a third analysis by
Chodney appeared in the same journal in 1844.| These three
analyses, together with two others, also of Cornish specimens,
are given below :

* Handbuch der Mineralogie, 1901, p..915

1 For an Anal\ sis of the massive nmmldl nmn Bristol see Dana, ‘‘ System
ok Mineralogy,” 1892, p. 77.

1 Pogg. Ann. xlvii, p. 351, 1839.

U)ld DT

H Ibid., Ixi, p. 895, 1844.
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¥ II1. I11. IV. Vi CusFeS,
Copper. _..._ 58:76 58:20° 5789 577l bEBS S5058
e B SR 14-84 14:85 1494 13°89  15°11 16°36
Bniphur Sl 28:24 . .26°98 26584 | 271G E 06BN USI06

9984 100°03 99°67 9877 99:25 100°00
. Condorra Mine, Cornwall. Analysis by Plattner.
II. No locality is given, but the (]v\(nlm«m makes it practi-
cally certain th: 11 the specimen was from Cornwall.
'\ll‘ll\ sis by Varrentrapp.

III. Redruth, Cornwall. Analysis by Chodney.

IV. and V. (01‘11\\':111. Exact locality not known. Analyses

by the writer. 2 )

It is obvious that none of these analyses agrees well with
the formula Cu,FeS,, nor could it be expected that satisfactory
results would be obtained from the analysis of the Cornish
crystals, all of which, so far as the writer has had an oppor-
tumt\ of* observing, are very impure.* Not only have they
gene mﬂ\ been altered by n\uidtmn but they almost always
contain a yellow ~ul]>111110 with the characters of (hdlmp\ulu
In some specimens nearly every crystal when broken shows a
yellow nucleus of ('lm]mp'\ntc and the writer found it impos-
sible to obtain material which could be regarded as pure. The
early analysts, too, evidently found difficulty, if we are to judge
from their <1m<.11ptmn>. Plattner, for (‘\,unplc tells how he
broke up the erystals and picked out the pieces which he con-
sidered to be free from copper pyrites. He further trusted to
washing with distilled water in order “as far as possible” to
remove the superficial portion of the erystals which appeared
to be somewhat oxidized. Varrentrapp, again, states that the
small cubical crystals examined by him all contained a nucleus
(kern) of chalecopyrite and had their surfaces covered with a
layer of copper oxide. He admits also that his results do not
agree well with those of Plattner.

There is then good reason for believing that the formula
Cu,FeS, was deduced from analyses of impure material, and,
as we have seen, it does not apply to the crystallized mineral as
found at Bristol, Connecticut. If a mineral having this for-
mula really exists, then we have two distinet species—bornite
and something else. Artificial products agreeing well with
the formula Cu,FeS, are said to have been preparec ,# and there

* Professor Penfield has kindly sent me a number of crystals broken from
specimens of Cornish bornite in the Brush collection and these are also very
impure. : Eon

4 See Hintze, ‘‘ Handbuch der Mineralogie,” 1901, p. 914.

Doelter states that by heating a mixture of Cu0,Cu.,0 and Fe,O; in a
current of H,S at a tempemhue not above 200° he obtained the ‘‘ normal
bornite Cu,S + CuS + FeS ” in aggregates nf little cubes. He, however, gives
no analysis of these (Zeitschr. f. hl\st , 1886, 36).
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is no evident reason why such a mineral should not occur in
nature.

Many of the published analyses of so-called bornite show a
composition which could be easily explained by the presence
of chalcopyrite, which would reduece the proportion of copper
and increase the proportions of iron and sulphur. In other
cases chalcocite would appear to be present. In this connee-
tion it is interesting to note that a mixture of one molecule of
bornite with one of chalcopyrite would give the old formula,
thus :

Bornite CuFeS,
Chalcopyrite CuFeS,

CuFeS, = 2Cu,FeS,.
Such a mixture would contain 73:20 per cent of bornite and
26-8 per cent of chalcopyrite.

The range for the specific gravity of bornite is sometimes
stated to be 4'9 to 54 ; but a substance with as definite a com-
position as pure bornite evidently possesses should not show
so great variation, and it will probably be found that when
the material is carefully selected the range will be more like
505 to 510. As we have seen, the crystallized mineral from
Bristol gave 5:072.

Department of Chemistry and Mineralogy,

MecGill University, May, 1903.
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