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Synthetic quartz crystals obtained from Bell Telephone Laboratories, U.S.A. were cleaved carefully
along (1071) rhombohedral faces. The etch pattern consists of () individual isolated pits and (b) randomly
distributed micropits interfering with each other. The stratigraphical pattern usually observed on
cleavages of natural crystals is completely missing. Correspondence in the etch pattern has been estab-
lished on matched cleavage faces by etching (i) both simultaneously in the same etchant and (ii) one
in one etchant and the other in a different etchant. If the cleavages are etched in different etchants the
shapes of the pits produced differ. By etching a cleavage face successively for three different periods and
by removing an etch pattern once produced by polishing the face and then re-etching it, it is shown that
the individual isolated pits are produced at the sites of dislocations.

A stratigraphical etch pattern is obtained by etching rhombohedral cleavages of natural quartz crys-
tals. A shift in the stratigraphical pattern across a cleavage step is observed. The implications are
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discussed.

Introduction

It is well known that studies of etch patterns on crystal
cleavages give detailed information regarding the dis-
location content and the history of growth of the crys-
tals. Such investigations have been reported by Gil-
man & Johnston (1956) on lithium fluoride, Patel &
Tolansky (1957) on diamond, Patel & Goswami (1962)
on calcite and Patel & Ramanathan (1962) on mica.
Generally for such investigations freshly cleaved faces
are preferred to natural faces because cleavage faces
are free from the usual complicated growth features.
Because of the usual growth features on natural faces
it is not convenient to make such investigations on
non-cleavable or partially cleavable crystals. Tsinzer-
ling & Mironova (1963) have reported that they have
studied the etch patterns produced by hydrogen flu-
oride on the matched rhombohedral faces of quartz
along which it is partially cleavable. We have studied
in our laboratory the dislocation content and the his-
tory of growth by using etch methods of a number of
cleavable mineral crystals such as diamond, mica, cal-
cite, topaz, graphite, and fluorite. We thought it would
be fruitful to extend similar studies first to partially
cleavable crystals like quartz and then to non-cleavable
mineral crystals. The present work takes its place in
this series.

Experimental and observations

In order to produce better cleavage faces of quartz
for experimental purposes, we selected synthetic quartz
crystals, assuming that these crystals would have fewer
flaws, since they are grown under controlled conditions
and would therefore yield better cleavage faces than
those obtained from natural quartz crystals, These
crystals were supplied to us by Bell Telephone Labor-
atories, Incorporated (U.S.A.). In order to cleave the
crystal, a kerf was made in it, and while a sharp steel
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blade was held in the kerf, a blow was given to the
other end of the blade parallel to the rhombohedral
faces. A cleavage fracture thus took place parallel to
the rhombohedral faces producing two more or less
matched faces. Thus Fig.1(a) represents one of the
cleavage faces and Fig.1(d) represents the multiple
beam interferogram taken on Fig.1(a) revealing the
topography of the cleavage face. The fringes indicate
that the cleavage face is not quite flat as the crystal
has only a partial cleavage. The sharp steps made by
the cleavage lines on the cleavage face as seen on the
perfectly cleavable crystals are also not observed on this
face. In order to test whether the cleavage had taken
place along the plane parallel to the rhombohedral face
a natural rhombohedral face and the rhombohedral
cleavage face were both etched simultaneously in sod-
ium hydroxide solution (20 g NaOH+ 3 ml distilled
water) at 260°C for a few minutes. Thus Fig.2(a)
and 2(b) represent the etch patterns produced on the
natural and the cleavage rhombohedral face respec-
tively. It is clearly seen in these figures that the shape
of the pits on both the faces is the same, thereby in-
dicating that the cleavage is a rhombohedral cleavage.
It may be noted that the etch pattern on the cleavage
face appears more distinct than that on the natural
face. It is conjectured, as usual, that the sites of etch
pits may represent the sites of dislocations in the crys-
tal. In order to test this, a cleavage face was succes-
sively etched for three different periods. Fig.3(a),
(b) and (c) represent the etch patterns on the same
region produced after 15, 30 and 45 minutes respec-
tively of etching at 260°C. It may be noted that:

(1) The shape of the etch pits resembles the shape
of the pits on natural rhombohedral faces.

(2) Most of the pits are point bottomed; however,
attention is drawn to the shallow pits nucleated along
surface scratches.
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(a)
Fig. 1. (@) Quartz cleavage parallel to the rhombohedral face ( x 150). (h) Multiple beam interferogram taken on (a).
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(b)

Fig. 2. Patterns produced by etching for a few minutes in sodium hydroxide on rhombohedral faces of quartz ( x 150). (@) Natural
face. (b) Cleavage face.
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Fig. 3. Etch patterns produced by sodium hydroxide on the
same cleavage face after (@) 15 min, (b) 30 min, (¢) 45 min
(% 125).
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(b)

Fig. 4. Etch patterns produced in sodium hydroxide solution at 260°C on matched cleavage faces ( = 175).
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(6)

Fig. 5. Etch patterns on matched cleavage faces. The patterns were produced, in (a) by sodium hydroxide, in (b) by hydrogen

fluoride ( x 350).
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Fig. 7. Area shown in Fig. 6 after polishing and re-etching ( x 175).

PLATE22
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Fig. 8. Natural quartz crystal cleaved along a rhombohedral plane and etched in sodium hydroxide solution ( x 250),
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(3) Successive etching does not produce any new
pits, but the original pits grow in extension and depth.

(4) The pits nucleated at surface scratches are com-
pletely washed out in the third etching indicating that
the dislocations introduced at these sites are only sup-
erficial.

Etch pattern on matched cleavage faces

Fig.4(a) and (&) represents the etch patterns pro-
duced on matched cleavage faces in sodium hydroxide
solution at 260°C. Just as in the case of perfectly cleav-
able crystals, it is interesting to find here also that there is
an exactly one to one correspondence in the number and
positioning of the etch pits on matched cleavage faces,
when etched one in one etchant and the other in a dif-
ferent etchant. Thus (@) and (b) in Fig.5 represent the
etch patterns produced on matched faces by sodium
hydroxide solution and hydrogen fluoride respective-
ly. It is indeed interesting to find that there exists a
one to one correspondence in the number and position
of the etch pits on matched faces, even when they are
etched in two different etchants. It may be pointed that
the shapes of the pits on the two faces are different
because they are formed by different etchants. These
observations suggest that the pits reveal the sites
termination of dislocation lines in the crystal faces. In
order to know how deep the dislocation lines run in
the body of the crystal, a rhombohedral cleavage was
etched for 15 minutes in sodium hydroxide solution
at 260°C. Fig.6 shows the etch pattern produced. This
face was then heavily polished to remove a layer
20 microns thick, the etch pattern thus being com-
pletely removed. The polished face was then re-etched
in the same etchant. Fig.7 represents the etch pattern
produced on the polished face in the same region as
shown in Fig.6. It may be noted that the etch pattein
consists of somewhat bigger isolated pits and small
crowded pits interfering with each other. Comparison
of the etch patterns of Figs.6 and 7 reveals that there
is a one to one correspondence in the bigger pits; how-
ever, no correspondence exists in the small crowded
pits. The small crowded pits in Fig.7 are numerous
in comparison those in Fig.6, because in Fig.7 they
are nucleated at scratches developed during polishing.
It is observed that the small crowded pits are washed
out on further etching of the crystal.

It may be pointed out that in numbers of rhombo-
hedral cleavages of synthetic quartz that were studied
by etching, the stratigraphical etch pattern, as reported
by Patel & Tolansky (1957) on diamond, Patel & Gos-
wami (1962) on calcite, was completely absent. This
may be because the conditions in which the synthetic
quartz crystals grow do not change until the growth
is completed. In order to find whether the stratigraph-
ical etch pattern can be produced on rhombohedral
cleavages of natural quartz crystals, a natural crystal
was cleaved along the rhombohedral plane and etched
in sodium hydroxide solution. Fig. 8 represents the etch
pattern. The stratigraphical etch pattern is clearly seen.

ETCHING OF RHOMBOHEDRAL CLEAVAGES OF QUARTZ

The thick black line running across the photograph is
a large cleavage step. Careful observation reveals that
the stratigraphical pattern is shifted on crossing the
cleavage step. The shift in the pattern and the corre-
sponding depth of the step were measured at different
places along the cleavage step. These observations are
given in Table 1.

Table 1. Displacement of rectilinear etch patierns
across cleavage steps

Shift Mag- Angle
Step in the nifica- calculated
Observation height pattern tion f=tan-!
No. h) () (m)  (mhfd)
1 2:5x10~4cm 8§x10-3cm 33 45°0°
2 3 9 33 46 42
3 4 12 33 46 48
4 2:5 8 33 45 0
5 3 10 33 44 48

The inclination of the plane which gives rise to the
stratigraphical pattern is calculated from the depth and
the corresponding shift as reported by Patel & Gos-
wami (1964) and is given in the last column. Now in
quartz the angle that one rhombohedral face makes
with the other rhombohedral face is 46°16’, which is
very near to the observed values of § mentioned in the
table. It may therefore be conjectured that the strat-
igraphy reveals the edges of the layers of one (1011)
face on the neighbouring (0111) face.

Conclusions

That the number and position of the individual iso-
lated pits do not change (i) on successive etching and
(ii) even after polishing the face heavily, suggests that
these pits may represent the sites of dislocations in the
crystal. This is also confirmed by the matching of the
individual isolated pits on matched faces when etched
with different etchants. The stratigraphical pattern ob-
served on rhombohedral cleavage faces of natural
quartz crystal can be explained in the same manner as
explained by Patel & Tolansky (1957) in the case of
diamond. That the stratigraphical etch pattern appears
on the rhombohedral cleavages of natural quartz crys-
tal and is completely absent on synthetic quartz crys-
tals suggests that the conditions under which the quartz
grew in nature might not have remained constant dur-
ing the entire period of its growth while these condi-
tions are controlled in the case of quartz grown in the
laboratory.
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