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PrEvVioUus WoORK

Schneiderhshn and Ramdohr? suggest that certain intergrowths
of sphalerite and chalcopyrite may be due to an unmixing of chal-
copyrite from sphalerite. To the best of the writer’s knowledge,
Schwartz’ is the only one who has carried on any experiments which
might show chalcopyrite dissolving in sphalerite. Nine specimens
from Leadville, Colorado, were heated at temperatures ranging
from 200° to 650°C. for time intervals of from 22 hours to 240
hours. The results of all runs were negative.

Gross® states that chalcopyrite is oriented parallel to the sphaler-
ite (100) planes and Gruner* says that it is just as commonly
oriented parallel to the (111) sphalerite planes.

Professor W. H. Newhouse, in an examination of some specimens
of sphalerite from Bingham Canyon, Utah, noted blebs of chal-
copyrite arranged in planes within the sphalerite. These small
masses of chalcopyrite were observed near or on the borders of
clear growth bands in the sphalerite. A specimen was heated for
one week and then quenched in water. Dark haloes seemed to have
developed about the chalcopyrite blebs. This strongly suggested
that the chalcopyrite had dissolved in the sphalerite. These ob-
servations led to the present investigation of the phenomenon.

METHOD OF ATTACK

The writer has been fortunate in obtaining euhedral sphalerite
from Bingham Canyon, Utah. The larger crystals in thin section
show growth zones ranging from clear and transparent to opaque.
The chalcopyrite blebs seem to be confined to the clear zones ad-
jacent to the opaque zones, and probably merge into the opaque
zones.
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In order to study these minerals in three dimensions, and also
to combine the advantages of polished section study with thin sec-
tion study, an entirely new method of procedure has been adopted.
This is the use of polished thick sections. A polished thick section
consists of a “thin” section of about 0.5 to 1 mm. in thickness,
polished on both surfaces. In making a section of this kind the fol-
lowing method is used: One surface of the specimen is ground and
polished. This surface is firmly fastened to a glass slide by means of
Canada balsam. A cut is then made with a diamond saw so as to
leave about 2 mm. of the specimen attached to the slide. This is
ground down to the desired thickness (usually about 0.8 mm.) and
polished. The slide is next heated on a hot plate and section slipped
off. The excess Canada balsam is dissolved in methyl alcohol, and
the section is ready for use.

In the examination of the section both reflected and transmitted
light were used. This was made possible without shifting the speci-
ment by employing a metallographic microscope with a sub-stage
attachment for transmitted light. The section was placed on a
glass slide and examined. The regions in which the blebs occurred
were noted on a small sketch map of the section in order that the
same regions cculd be studied both before and after heating.

An electric furnace was set up which had a range of from 200°C.
to 1000°C. Each specimen was enclosed in a pyrex glass tube of a
size into which the particular specimen best fitted. A small pyrex
tube was then joined onto the end of this and the container evacu-
ated and sealed.

All specimens were rapidly cooled in a blast of air, since it was
found that water quenching shattered the specimen to such an ex-
tent that it could not be used.

EXPERIMENTAL DATA ON RE-MIXING

Temperature and time are factors in any mixing or unmixing
process. In order that the results of all runs made during this in-
vestigation would be consistent, the time factor was kept constant
at seven days (168 hours). Runs were made at temperatures rang-
ing from 200°C. to 500°C.

In scme cases it was found possible to use the same specimen for
a sequence of runs. This was most desirable since exactly the same
areas were examined at the end of each run. The same specimen
was used in runs 1, 2, 3 and 4. In all other runs new specimens were
used each time.
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Eight runs were made and these will be described separately:
Run 1.

Temperature: 200°C.

Time: 168 hours.

Results: No observable change has taken place either in the
chalcopyrite blebs or in the surrounding sphalerite.

Run 2.
Temperature: 250°C.
Time: 140 hours.

Results: No change in the chalcopyrite blebs or in the surround-
ing sphalerite.
Run 3.

Temperature: 305°C.

Time: 169 hours.

Results: When the tube was opened, a peculiar odor was noticed
which could not be identified since it was unfamiliar to those who
detected it. It was certainly not hydrogen sulphide.

No observable change in either the chalcopyrite blebs or in the
surrounding sphalerite.

Run 4.

Temperature: 350°C.

Time: 169 hours.

Results: The peculiar odor was again noticed, together with some
hydrogen sulphide.

Although no marked change was noted, it was thought that
there was a perceptible darkening of the sphalerite around each
bleb of chalcopyrite. This darkening was so slight, as to be nearly
unnoticeable. However, the writer felt that this indicated a prox-
imity to the possible mixing temperature.

Run 5.

Temperature: 400°C.

Time: 168 hours.

Results: The tube was blackened on the inside and a strong odor
of HsS was noted on opening.

The specimen had apparently blown up while the run was being
made, for it was in countless fragments. This was probably due to
the presence of liquid inclusions. Fortunately, however, one of the
fragments was found to be large enough to examine. This measured
about 10 mm. by 5 mm. There were only three small areas of clear
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sphalerite present. One of these contained a plane of chalcopyrite
blebs running through it, but they had remained apparently un-
changed.

In the examination of the surface by reflected light, evidences
that a mixing of chalcopyrite and sphalerite had taken place were
clearly seen. There were a number of relatively large masses of
chalcopyrite present as islands in the sphalerite. Surrounding each
one of these, and extending perhaps over a millimeter into the
sphalerite, tiny blebs of chalcopyrite had developed. These were
so small as to be just barely discernable using a number 3 objective.
A high power oil immersion objective was therefore used in the de-
tailed examination of the areas. Figure 1 is a photomicrograph of
such an area. The blebs showed a definite relation to the large chal-
copyrite masses. The size and number of the blebs decreased in
distance from the main masses, finally disappearing altogether at
about 1 to 1.5 mm. from the chalcopyrite mass.

Frc. 1. Photomicrograph of an area adjacent to a large mass of chalcopyrite. 0il
immersion, X 368. The large blebs are those which occur in planes throughout the
sphalerite. The small blebs are those produced by mixing and unmixing as described
in the text. The main chalcopyrite mass lies outside the field.

This development of minute chalcopyrite blebs in the sphalerite
adjacent to large masses of chalcopyrite can only be accounted
for by a mixing and unmixing process having taken place. The
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chalcopyrite dissolved in the adjoining sphalerite to form a solid
solution of the two minerals. The cooling by air was not quite
rapid enough to retain the homogeneous character of the solid
solution, but allowed at least part of the chalcopyrite to exsolve,
or separate out, from the sphalerite, resulting in the small blebs
observed. Since the chalcopyrite in solution was more concentrated
near the large mass of that mineral, more blebs have been segre-
gated close to the mass, diminishing in number and finally dis-
appearing further out in the sphalerite.

The fact that no mixing was apparent in the plane of blebs seen
within the clear sphalerite may be accounted for by a factor not
yet considered, that is the composition of the enclosing sphalerite.
The only large blebs (of the type which occur in planes within the
sphalerite) which may be seen by transmitted light are those in the
clear portions of the sphalerite. There is no doubt that this sphaler-
ite is of different composition than the opaque portions. The large
chalcopyrite masses around which the mixing-unmixing took place
are in regions of opaque sphalerite. The larger blebs of chalcopy-
rite, seen on the surface of the opaque sphalerite, which are un-
doubtedly similar to those observed in the clear portions (and are
probably similarly arranged in planes within the sphalerite) also
show the minute blebs of chalcopyrite concentrated about them.
These facts seem to indicate that the opaque sphalerite tends to
form a solid solution with chalcopyrite more readily than does the
clear type. It may well be that mixing-unmixing has occurred to
some extent in the clear portion, but is so slight that it cannot be
observed.

It is of interest that about an island of galena in the sphalerite
a similar (but less pronounced and less widespread) effect as de-
scribed above for chalcopyrite, was noted. Minute blebs, probably
of galena, had developed about the larger galena mass. This sug-
gests the possibility of a solid solution of galena in sphalerite taking
place. Except as a point of interest, this is not considered in the
present paper.

Run 6.

Temperature: 440°C.

Time: 163 hours.

Results: The tube was blackened on the inside. Upon opening
tube, there was an odor of hydrogen sulphide clearly discernible
together with the unfamiliar odor noted in previous runs.
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The specimen had become entirely opaque. This is taken to
indicate that the mixing temperature had been exceeded with the
result that some of the chalcopyrite had diffused through the
sphalerite, causing discoloration. In an examination of the surface
by reflected light distinct haloes were noted surrounding each
chalcopyrite bleb. Tt is difficult to attribute this to anything other
than to a difference in composition of the sphalerite due to diffusion
of unmixed chalcopyrite into the sphalerite.

Run 7.
Temperature: 470°C.
Time: 168 hours.
Results: Same as for run 6.

Run §.
Temperature: 500°C.
Time: 164 hours.
Results: Same as for run 6.

CONCLUSIONS

The results of this investigation definitely prove the existence
of a solid solution of chalcopyrite in sphalerite, and the unmixing
of chalcopyrite from such a solution. The unmixing temperature
for this example lies within the range 350° to 400°C.



