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COLOURED DIAMONDS — NATURAL OR
ARTIFICIALLY TREATED?

By CHARLES A. SCHIFFMANN, F.G.A., G.G.
Gubelin Laboratory, Lucerne

SuMMARY

These days the intervention of techniques in the synthesizing
and modification of the properties of precious stones is a source of
worry for the gem jeweller. An actual case is described here, with
the examination of 20 so-called fancy-coloured diamonds. This
term covers shades other than those of the usual commercial scale
for gem diamonds, which includes colourless stones to those of a
yellowish tint. To begin with, the aim was to find out whether the
colours of the diamonds under test were of natural origin or due to
radiation treatment. The investigations were carried out under the
working conditions of a well-equipped gemmological laboratory.
The determining characteristics of the stones examined are set out in
table form. These results enable definite conclusions to be reached
in certain cases whilst in other cases giving only clues but no proof,
since the positive signs of treatment are not always evident or at
least not perceptible within the limits of the equipment used.

GENERAL

The distinction between natural and artificially induced colora-
tion of diamonds is a topic causing more and more concern. An
alteration of the original shade can be effected by simple means,
relatively easy to detect; these effects are not permanent and are set
out here as a reminder.
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1. CoLoureDp Fiim

A translucent coating or an ink is applied to the underside of the
diamond. The dying stuff chosen is generally of a shade comple-
mentary to that of the diamond and thus the general colour impres-
sion is improved when the shades are mixed by the eye. These
coatings are eliminated by solvents such as alcohol or acetone and
are easily removed if the stone is set in an open setting.

2. FoiLEp Back

A process already known for a long time and still being applied
nowadays, is the use of a thin reflecting, coloured metallic leaf, or
foil, covering the inside of the closed stone setting. The foil acts as
a mirror and gives the impression of a better and deeper colour (in
coloured stones) by optical blending. It also improves the liveliness
of shallow stones or of badly cut stones. The metallic leaf is gener-
ally of aluminium. The process is revealed often by dull stains due
to superficial oxidation of the metal or to infiltrated dust and
liquids. Here, the pocket lens is a good means of identification.

3. Fruor CoaTiNg

A more modern procedure is the application around the circum-
ference on the pavilion side of the diamond of a fluoride composition
similar to that used in optics for the anti-reflection coating of the
lens surfaces. Here, too, the illusion of seeing better colour is due to
the mixing of complementary colours by the eye. For example, a
yellowish diamond having a bluish coating will appear less yellow.
Detection is made by observation of the lustre, because the thin film
will not show the typical adamantine lustre. Some iridescence is
occasionally visible, and the edge of the coating is shown up under
microscopic magnification of about x 60. A treatment in hot acid
removes this type of coating.

A much more complex problem is posed by the discoloration of
diamonds under the action of ionizing or high energy radiation and
by its identification. Since the systematic experiences of Crookes at
the beginning of this century (1904) on the modifications obtained
by exposing diamonds to alpha particles of radium, analogous pro-
cesses of discoloration have more than purely scientific research
interest and the derived methods have left the laboratory and taken
their place in commerce.
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The radium treatment is no longer applied because of the costs
involved and because the radioactivity imparted to the stones will be
retained for years, possibly being dangerous when the diamond is
worn close to the skin. Detection is simple, as such stones will fog a
piece of film when left in contact with the film from a few hours up
to a few days.

The means of irradiation are today the cyclotron, the nuclear
reactor, and the Van de Graaf generator. Based on the work of
Crookes, Cork, Custers, Dugdale, Ehrmann and others, the experi-
ences of specialists in commercial discoloration have simplified and
rationalized the methods. Consequently, the irradiation, or “bom-
bardment”, of diamonds has become a relatively simple operation,
costing about $60.00 per carat.

ErFecTs OF IRRADIATION PROGESS

Irradiation effected in a cyclotron or in a nuclear reactor,
modifies the original colour, turning it progressively green to an
opaque dark green, depending on the size of the stone and duration
of treatment. On consecutive heating and under progressive tem-
perature in the range -+400°—1,000°C @, the dark green colour
reverts to shades of brown, yellow-brown or yellow. Irradiation in
a Van de Graaf accelerator results in shades of a pale blue to blue-
green.

SeELECTING DIAMONDS FOR TREATING

There is no point whatsoever in irradiating gem diamonds of
good original colour as this would probably only result in a less
prized colour. For this reason, the stones chosen for irradiation are
“off-colour” stones which, it is hoped, can be improved in shade or
converted to a definite fancy hue, and markedly “piqué” stones,
where a new, saturated fancy body colour will help conceal the
flaws. Small, old-cut stones and those of mediocre quality are often
treated such as they are, because the price of recutting to ideal pro-
portions would be too high in relationship to their colour and purity
grade; in such instances, the lack of symmetry of the facets, together
with wearing marks, nicks and cracks seen with a lens on such stones,
evoke the possibility of treatment when they are observed together
with a naturally less frequent shade.
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SPECIFICATION OF ARTIFICIALLY INDUCED CoOLOUR

The identification of a treated diamond is not always easy. To
avoid mistakes when buying and especially with regard to his
responsibility towards his clients, the retailing jeweller will find it to
his advantage to keep up to date with this subject. From different
sides, efforts are being made to eliminate the use of abusive designa-
tions for gemstones and to encourage a more ethical approach in
this sphere, particularly with regards to artificial products or artifi-
cially treated gemstones. On these lines, “bombarded” stones
offered for sale should be clearly defined as such and many national
organizations are trying to establish this idea.

Artificially coloured diamonds must be designated as such.
Such designations, established by associations for the protection of
the buying public, are welcomed by members of the trade who pro-
mote and follow an ethical professional policy and are very much
aware of their responsibility, thus maintaining the confidence of
their customers.

However, the application of rules is not always simple. In
effect, when in an economic section a regulation of quality defined
by a nomenclature and normed standards is put forward for certain
products, the corollary of it is the establishment of an official or
private body freely open to all interested circles, thus enabling them
to classify or identify their goods. In the jewellery trade, there are
control laboratories in some countries, some run on a private basis,
others supported by the state or a university. Some of the best
known are the laboratories for the identification of gems and pearls
in London, Milan, Paris, Idar-Oberstein, Los Angeles and New
York. The question of finance raises problems of the establishment
of similar laboratories in regions or countries where the small number
of interested parties would be unable to support such an institution.
Switzerland does not, as yet, have such a body either official or
partly supported by the trade. On a private basis, the Giibelin
laboratory is striving to help find a solution to such problems and
routine identification is undertaken. Often the expericnces or dis-
coveries made are so interesting as to be well worth conveying to the
trade, as a contribution to the improvement of the general level of
knowledge and understanding.



OsjecT OF THIS STUDY AND DESCRIPTION OF THE INSTRUMENTS

UTiLIZED

The present study has been made on a series of 20 diamonds,
varying greatly in colour, in order to determine whether the origin of
their coloration is natural or artificial.  To overcome the difficul-
ties of colour printing, the stones are shown on Figure 1 in shades of
grey, as registered on black and white panchromatic film, without
filter; their actual colours, their characteristics as well as the result of
the different tests conducted, are given in table form. With refer-
ence to the weight of the stones, the reader’s attention is drawn to the
small size of some of these gems. Thanks to the spectroscopical
techniques utilized, even the small stones could be examined at ease
with good results. The spectroscope is a diagnostically important
instrument, quite resourceful in investigating possibilities, but
requiring much practice to master its use. The analysing direction
within the specimen under test, its optimal illumination and the
correct setting-up of the instrument are often the cause of difficulties,
even for people with some experience, as the author has often seen.
Of course, nothing would replace a personal demonstration to
improve the individual technique but it is hoped that the advice in
the following description might help those interested to obtain
complete success.

SPECTROSCOPIC EXAMINATION

As a paradox one could say that white light is a light full of
colours, as it consists of all the different and visible wavelengths
resulting in a general balanced impression to the eye. The spectro-
scope is an instrument which spreads and analyses that visible white
light in the form of a coloured ribbon of light going from the red,
yellow, green, blue through violet, thus bringing to the eye the com-
ponents of the spectrum or rather what appear to be differentiated
steps, for, in reality, the different colours fuse into one another with-
out definite border. The stone under examination is set within the
light beam of the instrument and acts as a filter, absorbing some of
the radiations and letting through others. 'This phenomenon mani-
fests itself by narrow or wider black absorption bands, where no light
passes, across the bright spectrum and is called the absorption
spectrum. The distribution of these lines is often typical for a gem-
stone variety although by no means all gem materials show definite
absorption bands. There are two ways of proceeding to illuminate
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Fic. 1. The diamonds depicted in shades of grey, as registered on panchromatic Adox KB 14
Silm.  Compare with the actual colours cited in the general table.

the specimen:
(1) in transmitted light, right through the specimen;
(2) in reflected light.

This second procedure eliminates the disturbing reflections on
the facets of a cut stone, which deviates much of the light outside the
slit of the spectroscope; in this way, the loss of light is reduced. The
method is particularly applicable to cut diamonds, because of their
high refractive index. In profile, a cut diamond can be compared
to a toally reflecting prism and the light behaves in it in a similar
way ; with the diamond resting on its table, the beam of a microscopy
low-voltage lamp is directed along the normal to the pavilion facets
of the diamond, is totally reflected at the inner surface of the table
side and escapes through the opposite pavilion facets to reach the
collecting lens of the spectroscope, or the slit directly in the simpler
instruments. The facets reflections being thus quite well sup-
pressed, and the light efficiently utilized, a brightly iluminated
spectrum is obtained even with a small specimen.

Two types of spectroscope have been used:

(1) a modified Kriiss model, to which a lighting of the wavelength
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scale as well as a powerful microscopy low voltage Zeiss lamp
have been added. The narrow beam has the advantage of
avoiding dazzling glare, which is particularly important when
looking for faint lines, where it is necessary for the eye to make
use of its maximum resolving power.

It is not necessary for complete darkness in the room when
working with this arrangement. The Kriiss spectroscope is
efficient, although its fixed angular position limits its use to
examination in reflected light. The setting up is shown in
Figure 2.

(2) the latest Giibelin, which has been improved with regard to the
former model: the optical system is of Zeiss origin. The precise
wavelength scale is illuminated at will by a rheostat; a second
rheostat controls the intensity of the main lamp, lodged in the
foot of the instrument. The details are well visible in Figure 3,
where the instrument is normally set for the transmitted light
procedure. For reflected light, the lamp in the foot of the
instrument is turned off, and the light beam of an additional
lamp is directed on to the specimen, itself maintained in the

Fic. 2. Modified Kriiss spectroscope, as F¥ic. 3. Latest Giibelin model, with incor-

described in the text.  The mode of illumination  porated Leiss spectroscope, to be used in trans-

is clearly visible, as well as the 50 cc flasks ‘mitted or in reflected light. The additional lamp

Silled with filtering solutions, used as additional  used in the second procedure is not tllustrated.
light condensers.
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removable stone-holder. All these refinements are handy and

allow for precision work to be carried out.

Faintly coloured diamonds strongly transmit the yellow-green
and the eye, being dazzled by the glare of the brightest part of the
spectrum, does not easily see the faint lines in the blue and violet.
To alleviate this inconvenience, it is of advantage to use filtering
solutions to more or less cancel out the red and yellow end of the
spectrum, as described by B. W. Anderson (Gem Testing, 1964
edition). However, instead of the large containers recommended in
that book, the author has found it advantageous to use much smaller
spherical laboratory Pyrex glass flasks of only 50 cc. capacity. They
are very effective, thanks to the small diameter of the microscopy
light beam. These spherical flasks have an effective 45 millimeter
thickness of filtering solution in their diameter, which acts as a con-
densing lens and helps to avoid simultaneous undue heating of the
specimen. Copper sulphate and liquids of different filtering
capacity are used, according to necessity. The setting of the flasks
on a laboratory stand prevides for an easy exchange of the filters and
prevents the eye from being dazzled, thus enabling a quicker eye
accommodation. '

SPECTRAL CHARACTERISTIGS OF THE 20 Diamonps UNDER TEST

In the table are noted the absorption bands observed. Some
of the specimens (2, 4, 9, 11) show clearly the “Cape” spectrum, its
features being a series of bands based on astrong line at 41554, of
variable width, and of accompanying bands at 42304,43504, 45204,
46504, 4780A, superimposed upon lines typically due to irradiation
and consecutive heat treatment, at 49804, 50404, 5940A.

Number 6 showed a weak, orangy fluorescence under copper
sulphate solution, with a distinct line at 5750, formerly mentioned
in similar fluorescing diamonds by G. R. Crowningshield and E.
Giibelin.  Under the same filter, number 7 had an equally weak
fluorescence in the orange-yellow, without sharp limits. In the
number 10, there are clues of a naturally coloured diamond, because
in the 5040A and 4980A pair of lines, the former is predominant, the
stone having a greenish fluorescence. Similarly, the number 14
speaks for a natural origin of the colour, although it was inert under
UV radiation. The number 18 of yellow shade has a strong yellow-
ish response to the ultraviolet light and shows the features of the
“brown” series, with a quite distinct 4155A line; accompanying
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ones at 3370A, 50404, 4980A, have already been observed in one
brown diamond by Crowningshield, as well as in the green fluores-
cing ones, by Miss Mani, a worker of the school of Raman, in
Bangalore. But here, the stone has a yellow response and emits
feebly in the red-orange at about 6200A-6000A under the copper
sulphate light. The two bluish stones 20 and 21 both have a
distinct to strong 4155A line. Let us here recall the hypothesis of
Nayar (1941) cited by Anderson on ‘“‘the proportional ratio of the
41554 line to the strength of the fluorescence”; after Anderson, the
experience has not confirmed this view, as he reports having tested
numerous diamonds with a 41554 line to be inert under ultraviolet
radiation. In accordance with these last facts, the 41554 line is of
equivalent strength in the two diamonds, but only one of them
fluoresced blue-green (No. 20), the other one (No. 21) being inert.
A test for electrical conduction, performed on the apparatus
devised by Giibelin (Fig. 4) proved the two stones to be non-
conductor, thus not being of the type IIb to which naturally blue
diamonds belong. Furthermore, microscopic examination showed
21 to have curious green to black spots, with round outline,
located at the angle of the table, and near the girdle (Figs. 5 and 6).

F1c. 4.  Giibelin electro-conducting device, working on 220 volts.  The two neon lamps light

up when the tested diamond transmits electric current.  The stone rests table down on the

round metallic cap visible on the left side of the instrument. A flexible metallic strip ensures
proper contact on the culet side.
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Fic. 5. Dark spots due to irradiation, at the angle of table and star JSacet, on diamond
number 21. The depth of penetration is 0-03 mm and was better visible in reality.
Magn. x25.

Fi6. 6. Dark green spois with round outline, along the girdle, and due to irradiation.
Diamond number 21. - Magn. x 25
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These spots have been found to be 0-03 mm deep, when measured
with a micrometric eyepiece used on a newest X10-X70 Bausch and
Lomb stereozoom microscope, mounted on a G.I.A. black-field
illuminator.

As the stone is an old brilliant-cut, there is no reason to presume
that it has been cut in such a way since World War 11, that is to say,
subsequent to the beginning of the commercialization of diamond-
irradiation. The shape of the spots is reminiscent of the ones found
in formerly radium-treated stones: for that reason a test was per-
formed for possible radioactivity and turned out to be negative:
after five days of contact, a radiographic sheet of film displayed no
trace of fogging. Another possible cause of the spots might have
been that the diamond, still in its rough condition, had been in
contact or lying in the vicinity of a natural radioactive source, as
according to Dugdale’s® observations in green diamonds, the colour
of which is not artificially induced. In the occurrences cited by
Dugdale, the green shade, accompanied by darker spots, was con-
fined to the surface of the rough diamonds, whereas they were
colourless inside the crystals. Such external markings would, of
course, have disappeared during the process of cutting. Due to
their location on the stones concerned, there are reasons to think
that the spots have taken place after the cutting, therefore, that they
are due to an irradiation treatment.

In the stone 25 the vague lines seen toward 70004, 67004,
4820A, 4780A (some of them cited by Dugdale) together with a
green colour, suggest that the stone has been heat-treated at less than
400°C after irradiation, to lighten the green colour.

In stone 25 the 5040A line is quite marked (about 25A wide)
whereas the 4980A one is still just visible. This observation is in
contradiction to the rule given by Liddicoat (Handbook of Gem
Identification, 1966, p. 231): “Large treated stones may show no
5920A line, but the presence of the 4980A and 50404 lines, with the
former stronger, should be considered as proof of treatment”. As a
set-off, the features observed in number 25 correspond to the des-
cription of Miss Mani and B. W. Anderson for green stones with a
green fluorescence. The same remark applies to the number 10.
Against this, the number 18 corresponds to the indication of Liddi-
coat, but it is yellow and not green. The two lines of the pair are of
equivalent strength in the numbers 2, 4, 7, 9, 11, 19, 22, 24,
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As indicated in the foregoing, today it is possible to carry out a
good amount of work in spectroscopy applied to gemmology, thanks
to the research conducted by numerous workers, like Anderson(t),
Crowningshield(), Dugdale® and others, whose findings are a firm
base for a project like the present study.

Microscoric EXAMINATION

Under black-field examination in the stereomicroscope evidence
of a colour modified by irradiation treatment was present in
number 11, under the form of curved, darker thin lines around the
culet. (“Cloverleaf” or “umbrella” pattern) Fig. 7. This feature
is well known in gemmology as being typical; in the present case,
however, the pattern partly had a doubled outline consisting of two
thin, more or less parallel, lines. Does this mean that the stone had
been submitted twice to the irradiation, the first one having failed to
result in the desired shade? The question is open.

Among other features observed under the microscope, the
green spots of number 21 have already been described. As to the

F1c. 7. Positive signs of irradiation: curved line, partly double, around the culet of the
stone, known as *‘cloverleaf” or “umbrella” pattern. Magn. x 50.
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general quality of the cut, the diamonds were generally somewhat
irregular; some were in the old full-cut style with numerous breaks
and small cleavages at the girdle, due to rapid bruting. The
number 19 had strong, coloured uneven alternate zones of brown
colour, as marked as the growth zoning met with often in corun-
dums.

In the numbers 1, 7, 15, 20, under x 70 magnification, thin
particles of carbonized matter have been observed in the numerous
small cracks open to the surface of the stones. The fact suggests the
possibility of a heat treatment taking place after cutting, as prac-
tised with the stones, whose colour has been modified by irradiation.

X-RAY FLUORESCENCE AND PHOSPHORESCENGE

Reference is made to the results appearing in the table. The
X-ray unit used is a Siemens unit, with a molybdene anode, working
under a maximum of 60 KV/17mA. The diamonds were placed in
the parallel beam usually used for pearl diffraction radiography.
The response was judged by the eye, the tenuity of the reactions
involved necessitating a good eye adaption. Consequently, the test
is carried out in darkness.

UrtrAVIOLET RADIATION FLUORESCENCE

Under the action of an invisible radiation of a wavelength lying
beyond the violet, some substances react by emitting a radiance of a
visible, longer wavelength called fluorescence. When the radiance
subsists some time after the primary radiation has been shut off, the
phenomenon is called phosphorescence. The relative intensity and
the colour of these reactions are often typical, and are an important
diagnostic element in the identification of gemstones.

Many of the ultra-violet lamps on the market use as an ultra-
violet source two of the principal emission lines of mercury vapour
called:

Short wave, UV radiation 2537 A

Long wave, UV radiation 3650A.

The lamp used for this examination is an “Uvanalys’ model of
German make. The discharge tubes are enclosed in a fairly wide
rectangular metal case, lined black inside, and made tight to
external light. Opening on the sides permit the introduction of the
specimen ; windows allow for checking of the reactions. In this way,
with the eyes close to the windows, even weak fluorescence is visible
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without having to darken the room, being an advantage in the
course of rapid investigation.

After the comprehensive experiences of Anderson and Payne,
diamonds should be classified into three main groups, according to
the colour of their ultraviolet fluorescence—:

Blue Diamonds of the “Cape” series with absorption

Sfluorescence lines at 47804, 46504, 45204, 43504, 4230A, and a
fundamental line at 4155A. Emission lines may be
visible at 46504, 45204, 4390A, 4285A.

Green Diamonds of the brown series with absorption lines

Sluorescence at 53704, 51204, 50404, 49804, which may appear
as emission lines, to the exception of 4980A.

Yellow Comprising the true “Canary” diamonds, without

JSluoresence visible absorption lines at room temperature.

The classification is most helpful in interpreting the practical results
gained in examination.

Spectroscopy conducted with the help of elaborate techniques
(7) has made possible the discovery of two main systems of lines
based on 41554, and on 50404, in the majority of the type I dia-
monds showing blue or green fluorescence and in type IT diamonds
with yellow fluorescence. These two lines seem to be the key posi-
tions around which a series of additional lines may appear in a
mirror-like position, whether in absorption or in emission.

In the present instance, it has been possible to consider an
irradiation treatment as the cause of the colour, when the features of
the stones observed, that is, fluorescence, absorption lines, and body
colour, did not agree with the generally known data typical of
naturally coloured diamonds (see table).

TRANSPARENCY TO ULTRAVIOLET RADIATION

A most important diagnostic element in the identification of
gemstones is the threshold of transparence to ultraviolet radiation.
Usually, synthetics have a lower transparency limit as opposed to
natural stones. With diamonds, the experience has shown that the
feature of the majority of the type I diamonds are opaque below
3000A and fluoresce under 3650A UV radiation, whereas the trans-
parence limit of type 1T diamonds is situated toward 2250A and may
show a weak fluorescence (7). Another important characteristic of
the naturally blue diamonds is their good electric conductability,
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due possibly to the presence of aluminium in the crystalline lattice.
For that reason, they have been classified in a separate category,
according to Dr. J. Custers. Actually, in the light of today’s
knowledge, a blue non-conductor diamond can be considered as
owing its coloration to irradiation.  On the principle, the two blue
diamonds numbers 20 and 21 have been checked as to their con-
ductibility, using a Gubelin electro-conducting device, working on
220 volts. Both stones did not lead the current, in accordance with
their other characteristics, thus proving to be “bombarded” stones.

Ultraviolet transparency to 2537A can be checked in different
ways, of which two simple methods are as follows:

(1) MEetHOD OF DIRECT PHOTOGRAPHY

In darkness, the stones are placed table down on a sheet of
photographic paper immersed in a water-filled shallow dish,
with just enough liquid to cover them. Samples of a known
degree of transparence, such as an opaque material (natural
beryl) and a transparent one (quartz) are placed beside the
unknown stones. After a short exposure (about two seconds)
to the shortwave lamp—resting at some distance above the
basin—the developed photographic paper will be seen to have
remained white under the opaque specimen and to have turned
more or less grey, according to the degree of transparency of the
others under test, or even black under the fully transparent
stones.

(2) METHOD BY USE OF SCHEELITE
This mineral has the property of strongly fluorescing under
shortwave radiation. As soon as a substance opaque to that
radiation is placed between the scheelite and the lamp it will
intercept the ultraviolet beam, and the fluorescence will cease.
Therefore, it is possible to use an unknown substance as a filter
and, from the reaction of the piece of scheelite, deduce if its
transparence threshold lies above or below 2537A. A simple
way of proceeding is to enclose a scheelite sample in a small box
impervious to light (an old cylindrical tin can used to store 10
meters of 35 mm film will suffice), the lid of which is pierced
and accommodates different diaphragms, according to the
shape and size of the stone being tested. The stone must lie
well over the rim of the diaphragm to avoid the admittance of
any stray light from the lamp placed above. The reaction of
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the scheelite is observed through a lateral opening in the box.

This test is to be made in darkness and precaution in the inter-

pretation of the reactions observed is vital: prior to testing

unknown stones, it is necessary to become acquainted with the
strength of the reaction of known samples, as the fluorescence
involved might be very tenuous. Furthermore, if the dia-
phragm chosen does not correctly accommodate the shape of
the sample, diffused light may entirely distort the value of the

test. Last but not least, some synthetics may fail to exhibit a

normal transparency.

The 20 diamonds tested by this method all showed opaque and

it can therefore be deduced that they all belong to type I ; in

other words, that there are no naturally blue ones amongst them.
ConcLusioN

The series of tests conducted on the 20 diamonds has led to the
following results:

in 11 stones positive signs of artificially induced colour were

observed

in 3 stones clues to artificially induced colour were observed

in 6 stones no signs of artificially induced colour were observed.

Within the limits of the investigation methods used and based

on present knowledge, their colour can be considered as being

of natural origin.

The present study confirms the mysterious nature of the dia-
mond and the oddness of some of its characters. Thanks to the
efforts of numerous workers in the study of spectral features, statistics
have made it possible to correlate groups of absorption lines with the
fluorescence and the body colour. Some of these elements may
appear today as anomalies: however, they certainly belong to the
logical and coherent laws ruling natural phenomenons. It is hoped
that development of the science allows the puzzle to be completed,
thus bringing to light the fundamental principles presiding over the
appearance changes of these glittering marvels called diamonds.
On the practical level of the jeweller, these mysteries result in diffi-
culty in ascertaining the origin of the colour. Nevertheless,
numerous experiments and comparisons make it possible for some
points of the uncertainty to be slowly enlightened. It is hoped that
the included statistical table might be helpful to the gemmologist
having to cope with such problems or, more generally, taking
interest in new experiments.

248



oo 00ed
QAT O86Y
Runsp. 06LS
uonnyos |
oreydpns |
1addos | 009
sw:oEHLh 00%9 MOT[24]
IN0{09) saur| A3ueio -ystumolq
[einieu Jo sanp)) UOISSIID anbedo, Suons 119Ul 11Ul ored| /770 9
Punsip - 610¥
'S 661
pn {11
urey  08LY
jure}  098¥ Asusyut
wunsp - 0864 wnipaw]
ounsip - 0¥06 LEALICH Mop4
INO[03 padnpuj Jurey 1A YOI66 anbedo Jeom| ERET 119UT -mens| 7o'l ¥
wunsip - ¢y~
3uoms GGy
ey 059%
ey 08L%
ey 048Y
wnnoads  adep,, unslp  (086¥% U9945|
YIIM 2UOIS PIIBIT) PUnSIP  OF0S u2218 ~ysmiq Mmoy[A4|
‘Inofod paonpuy QA YOP6S anbedo| wnipsw 119Ul Jeom -mens| 060 z
20BJINS 911 I Fo-md  0ogE Jmbuof,,
INO[0d|  [ELI2)IBW PIZIUOq| ongdea QIGy~ < MOT[RA]
[eAmieU JO SN[ -IBD JO SUTEWIY[SATST2 ‘TUIE] Y(C6H anbedo| 1I9UT 1I3UT fREYoi wy8uq| g¢0 I
%«h mmN %Omwm .UwD&OQQ AU ) .OZ
Amuapy 2doosoIdTIN adoosonoadg 01 Aouaaed | -osarong -soyd -sax0njj mMOOD | S | auorg
-Suel} A AN Aer-x¢ Aer-x ’

SANOWVIA QaUNOTOD NO SNOLLVAHASIO

249



y18ua13s Juateambs Jo souly 7 959Y) 4

dreys ‘Suomns GGy

e prosq { Q05F
wunsip - 08LY
jarey - 068%
R wunsip - 086% =
punoute uialjed 0ULSIP  O0F0S % YSIMO][a4] Mmof[aLk
ano[od paonpuy «Jearano),, PUBSIP YOF6S onbedo| Jounsip 119Ul jurejl  -uoeppod| 7870 I
ounstp  086h ‘uo313
3uons YSIU2.13) ysmpq| -mofe4
INOT00 padNpuj 3unsIp Yo¥0S onbedo| 3uons L104) 11Ul Jeom ored| 70 01
peoiq
‘Buons  Gccly
yurey [ 006k
‘preoiq | 079%
ounsip - 08L¥
e 086% ud213
Inoj0d padnpur ey oF0S ~YSIMO[[a4] ysmiq| MOR4
‘pareaa], jurey A12A YOR6S anbedo) Suons 119Ul Jeom| wnipowl| Gg8'() 6
Jo-mo> - 00¢F ~
Suons GGIy
X L ‘uSep yurer  08L%
[eHsrew e 0L8h~
paziuoqures| dieys ‘yurey  0ged
ystumoxq ym| dreys ‘qurey  gp0G U213
POIY $YOBIO M| urel 0F6S -MmoR4 Mo[pA
ANO[02 padnpuy S[pA13 papIedg[owos Y0009-Y00%9 anbedo| wnipow| Jjurey A10A yeom sred) 690 L
YL66T Y059¢ +osazoyd 20U 1 “ON
Amuopy adoosordry adoosonoadg 01 Aouared | -osazonyy -soyd -sa1onyj TMOIOD | yyStop | ouoig
-SUBIl AN AN Aex-x Ler-x

SANONVIA dTIN0TOD NO SNOLLVAYISIO

250



8uans Juseanbs jo

SIUI| 7 ISAYL 4

(mofyod
po-mo 0zh =y
Imood syeaiq ure]  086¥% YSIMO[[4] uMmolIq
[eImeu Jo son)| pue soeId AuBy JUTRL YOROS * onbedo, Jurej JIauy jpun  wnpaw| 770 LT
uoTnN[os ey
-[ns roddoo
Iopun
o8uelo
awos sossed
OIS 0065-0029
po-m> - 000S~
wunstp - 08617
wunstp - 0r0S #
ey 0896~
pasyIew a8uero
Ino[od pasnpuy 01 10UnSIP YOH6S onbedo| jraul 119Ul FRetei; doap| 080 91
Jom 006y~
SYORID 0p0S umolq
JpISul [RLI9)BW Suons 3I04s -A3uel0
INo[od paonpuj pozIuoqIe)| O} PASIRW ()65 anbedo wouy  jurey A1 sfeam doap| ¢g 9 I
JoudIsIIONY MmoJpA
Uu2213 ou pue aur| umolq
0F06 Jo asneaaq po-mo  (OGGH ~uapjo8
INno[oo [ernIEN Jure) A1 YOR0S anbedo| Rl 110Uy fRatsi: doop| 37°0 ¥i
YLESE Y069¢ +osazoyd 20U20 1 -oNI
Amuepy adoosoroTN adoosoxioadg 01 Aouared | -osarony -soyd -sarongj mo[OD) | yysim | suorg
-suen A AN Aer-x Ker-x :

SANONYVIA aQIUNO0TO0D NO SNOLLVAYASHO

251



Inojod
[eInyeU JO sanyy)

Suruoz amojod
1911e1ed payreuy

uonn[os

sreydins tod

-dod sopun

98ueio

QuIos

sassed suols
Jo-md> 00y
fJeomasnygrp  Q¢9¥
eamasnygip  08L¥
Seamoasugip  (086¥
M IsnyIp YOF0S

IN0j0d
[eanyBU Jo san[)

uonnjosareyd
-1as xaddoo
Iopun

a8uero

owos sassed

SU0IS 0009-0059
dreysjurey  GG1§
peoiq
andea (09%
ondea (Gg¥
Ajoom
RUnsIp - 086+
uey)
Jo8uons

wunsip - 0+0¢
dreys

1UNSIP YOLEG ~

anbedo

anbedo

YSImo[A
Jurej|

110Ut

qeom

umoIq
wWnipaw

¥2'0

61

MmofaL|
Suomns|

119Ul

ysmjq
unsIp

{eny]
ystua.u3)
mogpA
umnipaw

o

81

Auapy

odoosoot N

adoosondadg

YLEST

031 Aouared
-suerl A

Y059¢

-9soonyy
AN

-osazoyd
-soyyd
Aer-y

U
-saqong
Aer-x

anojon)

10
WBM

auo1g

SANOWNVIA dTINO0TOD NO SNOLLVAYASHO

252



y3ua13s Jud[eAInba JO soul] 7 359Ul

sour| ade)) preoiq
YIIM OPISUIOD Suons GGy
10U S30p INO[OY) yeam  O16¥
Jeam  (Go% u2213
Inojoo proq ysmiq -ysimq u2213
poonput Jo sany) 10UnSIP Y08LY anbedo, 1oUnsIp Jaoul 1ounsIp, oredl 9g°Q $C
ourf aden
—Suons  ¢CI¥ u3213 ua013
INojod el 086¥ ~YSIMO][4] ysmyq -191eM
poonpur jo sang) Ry YOy05 anbedo posrew ERETo) Pposjaew osred| 301 o
129ys Wy Avi-X
uo aansodxo
sAep ¢ 19)Je 153)
aAne3ou : pareanl
wnipel JoN]! *o7paI3
JUALIND|  3Y) punode oj3ue
2111090 TwIsueTy afqel o) uo :doap
10U SI0P SUOIG| urw ¢(-( srods Bo-md>  g00%
punou ‘usais srep Suons GGly
INo[0d paonpuy mo ppo urey YogLy onbedo 11Ut 11Ul qeam| onyg-[21s| G/ 0 12
Suoxns
LMD [euIateW( 0110UNSIP GGl
JLI1D9[ JTWISURLY poziuoqIed - f005¥ |
JOU S30P JU0IG| YUM SHOBID AUBIA L 009+ S
osnyIpyesm 079 U323
SsnyIp “usmiq ysmiq onq
Inojod paonpuy Heom A1aA Y(86¥ onbedo JounsIp 19Uy younsip| ored A1oa| 8¢ 0 0%
YLE5T Y0598 *asazoyd 30U00 1 N
Amuapy adoosouot adoosoroadg 01 Aouared | -osoxong -soyd -saiongy moo) | 1y8op | suog
-suer) AN AN Ae1-x Ae1-x :

SANONVIA dIYNOTOD NO SNOLLVAYISdO

253



y3uans Jud[eAINbd JO SAUI| 7 OS] 4

Bo-mo - 00gh
qeam 099%
wunsip - 08L¥
Punsip. 0z8%
SIU0)S PoIEAI} dreysuryy  (g6% ~ 90U2089
10} 1B001PPI] Suons AA  H0S -1oydsoyd
Aq mA1S anl 3} agdrel yeam (079 YSIMO[PA
0 UOIIDIPBIIUOD jure;  00.L9 JeOM
w ‘0L6F ueys *orpn3
Jo8uoais yonu punore
AJoA ST QpQG dUI 90UD0S3| WILI I3IEP)
(erePSn(Q -1ogdsoyd| ‘oprsiamo U213
Aq pain) USIMOTRA| o 1o8uons -ssouwr
yurey Apaed PUNSIPl  YSIMO[[L] y1ep 09
INo[0d padnpuy SouI] V(00 12U anbedo Jurej EREY: ) seom| wnIpowy /g8°(Q lovd
peouq
sourp aden Suons ¢glyp
YHM 9pRuIe ey 7St
10U S20p INOJOY) ure]  (G9¥
PUBSIp  08L% U213
Jnojoo ey 086% = -191BM)
poonpur jo sanp) TUTe) YOS * anbedo ERED 110UT jurej ored| 001 e
YL66¢ Y059¢ -osaaoyd 90U
Amuapy 2doososdTy 2doosoajoedg 01 Lousaed | ‘osazony -soyd -sozony | anoon » °N
-suei) A AN kea-x¢ Ker-x WBM | Suog

SANONVIA dIdN0T0D NO SNOILLVAYISIO

254



BIBLIOGRAPHY

Anderson, B. W. The classification of diamonds on the basis of their absorption and emission
of light. Journal of Gemmology Vol. IX, No. 2, April 1963.

Anderson, B. W. Lines and line systems in the fluorescence spectra of diamonds. Journal of
Gemmology, Vol. VIII, No. 5, Jan. 1962.

Crowningshield, R. G. Spectroscopic recognition of yellow bombarded diamonds. Gems and
Gemology, winter 1957-58.

Dugdale, R. A. The colouring of diamonds by neutron and electron bombardment. Brit.
J. Appl. Phys., Vol. 4, Nov. 1953.

Liddicoat, R. T. Handbook of gem identification, G.I.A. 1966.
Webster, R.  Gems, 1962.

Dyer, H. B. & Matthews, I. G. The fluorescence of diamond. Physics Research Laboratory,
University of Reading 1957.

Photographs by the author.

255



SYNGENETIC MINERAL INCLUSIONS IN
DIAMOND AS IDENTIFIED BY X-RAY ANALYSIS

Summary of a Paper by J. HARRIS of University College, London,
in the ““Industrial Diamond Review”

HE inclusion of foreign minerals in diamond crystals is of
peculiar interest in view of the mystery surrounding the
conditions under which diamond was formed in nature.

Even in the 19th century several workers had described some of
the more striking of these inclusions and made more or less plausible
guesses as to their identity, and in several of the books on diamond
published in the present century resumés of diamond inclusion
investigations are given in varying degrees of detail, for instance, in
Spencer’s translation of Bauer in 1904, in Crookes (1909), Catelle
(1911), Escard (1914), and Wagner (1914).

One of the more informed workers was Sutton, who actually
worked in the diamond fields for many years and published his
observations in his book ‘““Diamonds, a Descriptive Treatise”, in
1920. Most of these investigators used the microscope as their main
means of identification, relying chiefly on the form and colour of the
enclosed minerals, due consideration being given to the types of
mineral most likely to be found accompanying diamond in the basic
rocks in which, presumably, it had its birth.

By the early 1930’s, calcite, iron pyrite, dipside, magnetite,
pyrope, olivine and graphite had probably been correctly identified
in diamond by various workers. In 1948 and in 1952 Giibelin
published extensive observations on diamond inclusions, accom-
panied by numerous photomicrographs, and the work was carried
on by Eppler, who found it possible after crushing suitable industrial
rough, to isolate some of the included particles, enabling closer
microscopic investigation to be carried out, including determina-
tions of refractive index. By such methods Eppler claimed apatite
and ilmenite as diamond inclusions for the first time.

There are, however, limitations to these purely optical methods,
and even an accurate refractive index value may not prove con-
clusive. The figure 1-6585 found by Eppler as average for his
apatite particles, for instance, corresponds almost exactly with the
average value of 1-652 for forsterite olivine.
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PraTe 1. Isometric garnet inclusion ( x 64).

Prate I1.  Etched elongated rutile crystal extracted from a diamond ( x 80).
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As incidental to a general investigation of diamond a fresh
approach to these problems of identification was made in the first
place by Mitchell and Giardini (1953) in the U.S.A., who applied
the powerful techniques of x-ray diffraction to establish the species
of a number of elongated crystals of olivine which were noted in
diamond ‘““flats”’. These crystals were lying parallel to the (111)
planes and elongated along the (101) direction of the diamond. Both
x-ray rotation photographs and x-ray patterns from a single crystal,
superimposed on the diamond patterns, were obtained, and the
diagnosis was beyond doubt.

Since that time Russian workers have undertaken a systematic
investigation of inclusions in diamond by x-ray methods, and have
definitely identified chrome spinel, diamond, diopside, enstatite,
graphite, iron hydroxide, olivine, pyrope garnet, and serpentine. In
1961, Milledge of University College was able to establish coesite (a
high pressure polymorph of silica) as a rare inclusion in diamond.
In 1966 Sharp found by x-ray powder photography that large dark
regions in South African diamonds were sulphide ore minerals such
as pyrrhotite, pentlandite and pyrite. The latter, however, was
not considered to be a syngenetic inclusion.

During the present course of x-ray diffraction studies at Univer-
sity College, which is still in progress, 22 mineral species have been
positively identified in diamonds from Southern Africa, Sierra
Leone and Ghana. Six of these had not previously been identified
by x-ray techniques, and a further three are completely new as
diamond inclusions. The inclusions discussed and illustrated in
this part of the paper are confined to the so-called syngenetic mineral
inclusions; that is, those which are formed contemporaneously with
the diamond. The other types of inclusion, not dealt with here, are
known as epigenetic mineral inclusions, which are those which have
formed subsequently to the formation of the diamond.

A syngenetic mineral must of necessity be one which is associ-
ated with the rocks such as peridotites, eclogites, etc., which made
up the original environment when the diamonds were being formed.
The mineral must also be known to have a stable phase at tempera-
tures and pressures envisaged for the crystallization of diamond.

The illustrations show examples of well-developed syngenetic
inclusions in diamond, the magnification of each being noted in
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Prate IV.  Isometric well-faceted magnetite inclusions ( x 64).
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brackets. The photograph in Plate VI depicts one of three dia-
monds in which a dense white cloud of particles was observed ; these
being less than three microns in diameter. The shape of the cloud
is here rectangular, but may be more rounded in other cases. Only
a single line was seen in an x-ray powder photograph, but this at
least indicated that the material is crystalline. So far this type of
inclusion has been found only in Type I diamonds.

Single crystal syngenetic mineral inclusions vary from less than
0-05 to a maximum of 0-4 mm, and one of the main guides to their
nature is their colour. Inclusions of diamond itself are usually diffi-
cult to see because of the similarity of their refractive index with that
of the host mineral, unless the included crystal is “coated’ by some
other substance. Most included diamonds have an octahedral
habit and show no strain birefringence, neither is there any internal
fracturing or strain surrounding such inclusions.

Of the two specimens found to contain coesite inclusions, one
showed a well-formed crystal, the other had multiple inclusions
which together gave the coesite x-ray pattern. Olivine is the
commonest inclusion in diamond, and is usually seen as colourless
or faintly green crystals ; sometimes well-formed, sometimes irregular
in outline. Enstatite is a rarer inclusion, and usually a transparent
faint green. It is virtually impossible to distinguish between olivine
and enstatite inclusions except by x-ray analysis. '

Garnet inclusions range from transparent deep red purples to
light orange; some having a colour similar to topaz and zircon for
which they have probably been mistaken by some workers. Garnet
inclusions are commonly well-formed and isotropic. Three rutile
inclusions found during this study were reddish to medium brown
in colour: one of these was transparent and showed straight extinc-
tion. Opaque rutile is likely to be confused with goethite. Diopside
inclusions are either a dull opaque green or transparent emerald
green: the colour here forming a useful characteristic.

Magnetite inclusions are black and opaque, either lath-shaped
or in long, irregular masses. So far, no octahedral crystals of
magnetite have been observed. In very small diamonds (less than
4$mm in size) the whole diamond may become attracted by a
magnetic field when these inclusions are present. Irregularly
shaped magnetite inclusions may easily be mistaken for graphite,
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Prate VI.  Dense white cloud-like inclusion of unknown composition.
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and discrete crystals for chrome spinel. Ilmenite, though common
in exposed holes on the diamond surface, is extremely rare as an
actual inclusion. Chrome spinel can perhaps be characterized by
the deep cherry-red colour of these opaque crystals, though these
may appear black in larger pieces, and then be confused with
magnetite or graphite. Chrome spinel occurs commonly in dumb-
bell shaped or rod-like specimens. These were found in diamond
from Sierra Leone and Ghana, but doubtfully from South Africa.

Most diamond crystals exhibit internal strain when examined
between crossed polars at points which can usually be seen to
centre on to an inclusion; and sometimes the strain may be great
enough to cause a fracture.

B.WA

The Association is indebted to the ‘‘Industrial Diamond Review” for the coloured illustrations.
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INSIGHT
By A. E. FARN

IT has been mooted among people in the jewellery trade that
there are two kinds of gemmologist. 'The one, shall we say, the
front-line troops who absorb the assaults of the gem-querying

customer. The other, the support troops, who furnish the ammuni-

tion to them in the guise of theoretical and practical explanations.

It is said that the late Harry Truman, when President of the
United States of America, had on his desk a notice which indicated
“the buck stops here”. Likewise, we in the laboratory of the
London Chamber of Commerce feel the same way about jewellery
tests. Provided the item is jewellery in the broad sense—we should
be able to furnish the answer. We are not magic, we are almost
human, we have certain skills which predominate and between the
useful combination of experience, skill, training, aptitude, com-
parison stones, notes, books and stored-up knowledge, we come to a
decision on most items.

Even to a modest expert or the shyest gemmologist there some-
times comes a moment of sheer amazement when, showing proudly
a very rare or unusual piece to one’s friends, acquaintance or family,
they turn round and say is it rhodochrosite or is it an aximite? Just
as guileless as that. In my early and possibly more enthusiastic
days I bought a necklace of rhodonite beads—I had passed my
diploma about six months previously and felt very proud of myself
on spotting these beads on a street market stall. 1 showed them
proudly to my wife who said, “Are they rhodonite?*’> She had
helped me with my swotting, so maybe it was feminine insight!

For sheer feminine insight though I think one of the young lady
workers in the office of the N.A.G. wants some beating (metaphori-
cally). In the course of routine business we do all kinds of tests on
all kinds of jewellery for the N.A.G. and the G.A. We are never
very surprised at what we receive or what we are asked to do.
Among quite an interesting assortment of stone elephants, jade
figures, and similar items, was a box which contained a vanity case
to test. We presumed by the outward appearance of the article that
it was tortoiseshell or plastic imitation. Since it was very badly
damaged we felt it must be a question of insurance replacement. So
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we set to work to prove the material. The lid gave a very good
distant vision reading of 1-54 and an examination by microscope of
the darker portions of the mottling did not reveal the multitudinous
dises described in Webster’s compendium. The markings of
brown/black and yellow in the mottling were also too sharp in their
delineation. The conclusive test came about because the item was
badly damaged. Working upon the theory that a little more
wouldn’t do any harm, we heated to red heat a very special hat pin
we keep for such delicate tasks, placed it against an inconspicuous
portion of a fracture surface and sniffed. Who hasn’t smelt burnt
milk on a saucepan? Well here was a golden opportunity to
refresh ones olfactory senses. When casein—a plastic product with
a density of 1-33 and refractive index 1-55—is burned it gives a smell
like burned milk—which, since casein is a milk product, is not
surprising. Hence the vanity case was casein—a plastic. What
really intrigued me though were the instructions on the wrapper of
the box containing the vanity case, which were: “Please test case in
box”. Did the young lady really separate out casein to make it
‘““case in box’’ or was it feminine insight again?
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Gemmological Abstracts

Poucn (F. H.). The Jacobina amethyst mine in Brazil. Lapidary
Journ., 1969, 22, 10, p. 1306.

Most of the crystals found at Jacobina are a good rich violet
colour. Hard-rock digging techniques are used, as the mine lies in
solid rock. It is privately owned.

S.P.

Eurrrz. (W. R.). The optics of brilliant-cut diamonds. Gems and
Gemology, 1968, XII, 9, pp. 263-271, 5illus.

This article, as the title infers, deals with the proportions of
diamond, and is a continuation, if that word can be used, of the
work of Roesch, Eppler, Kluppelberg and Grodzinski. The treat-
ment is mainly mathematical.

R.W.

Gunn~ (C. B.). A descriptive catalog of the Drift diamonds of the Great
Lakes region, North America. Gems and Gemology, 1968, XII,
10 & 11, pp. 297-303 and 333-334, 1 map.

A list of the known diamonds found in the Great Lakes region,
a “potted history” being given with each stone recorded. This list
of stones was originally part of a research on the vexed question of
the original source of North American diamonds.

R.W.

McKacue (H. L.). The serpentine mineral group. Gems and Gem-
ology, 1968, XII, 11, pp. 326-332 and 356, 6 illus.

A concise article on the serpentines. The text mainly treats
with the mineralogical and petrographical aspects rather than those
more useful to the gemmologist. The term “Yu-Yen Stone”,
ascribed to Faust and Fahey, is not a term current in gemmological
literature.

R.W,
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ANDERSON (B. W.).  The first two taaffeites : an historical note. Gems
and Gemology, 1968, XII, 9, pp. 259-262.

Gives an account, from personal knowledge, of the finding of
the first taaffeite by the late Count Taaffe during 1945. The
characters of the mineral are given.

R.W.

Liopicoar (R. T.). Developments and highlights at the Gem Trade
Laboratory in Los Angeles. Gems and Gemology, 1968, XII,
9, 10 & 11, pp. 281-288; 311-320; 344-352, 64 illus.

In these reports notes are given on the effect of dust on tour-
maline, an emerald with a subsidiary crystal protruding from the
unpolished girdle, and an unusual hematite intaglio, which had the
surface sand-blasted to give it a roughened effect. Unusual opal
doublets and a doublet consisting of a synthetic sapphire cabochon
top cemented to a synthetic spinel base are mentioned. By x-ray
powder photograph and chemical analysis a pink mineral was
identified as benitoite but no information is given as to whether the
stone was transparent and suitable for use as a gemstone. Other
items were interesting inclusions seen in a chalcedony and extra-
ordinary features in a diamond. There is a discussion on green-
coloured yttrium aluminium garnets grown synthetically. The
result of x-ray and isotope irradiation of kunzite and morganite is
mentioned. Trapiche emeralds are again referred to, and so is
another pendeloque-shaped diamond with a double culet. Among
other unusual pieces examined were a possible fake amber contain-
ing a spider, a carved statuette in banded serpentine, a cut cuprite
and an andesine-labradorite cat’s-eye. A new source of peridot
from North Carolina and emerald from Zambia are reported.

R.W.

CrROWNINGSHIELD (R.). Developments and highlights at the Gen Trade
Laboratory in New York. Gems and Gemology, 1968, XII, 9,
10 & 11, pp. 277-280; 304-310; 335-343, 52 illus.

This laboratory has examined several blue zoisite crystals, one
of which weighed more than 1100 carats. The problem of the
identification of dyed lapis-lazuli may be got over, it is suggested, by
using a swab moistened with finger-nail polish remover which
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colours if dye be present. The waxing of lapis-lazuli is also men-
tioned. An interesting item was a specimen of “Yunnan jadeite”
which showed red through the colour filter although it was not dyed.
There is a good report on a radium-treated diamond which recorded
a radioactivity of 40 milliroentgens per hour. Recorded also were
a synthetic blue spinel, which did not show red through the filter,
unusual diamond inclusions, a doublet of blue synthetic spinel
cemented onto a base of natural star-sapphire, a plastic-coated beryl
and an imitation turquoise which revealed itself by turning yellow a
spot of hydrochloric acid placed upon it. Intaglios of glass cemented
to a base of chalcedony, trapiche emeralds and many varieties of
composite stones are recorded. The inclusions seen in transparent
green grossular, quartz and tanzanite are mentioned. The testing
of a snuff bottle which was probably made of horn is discussed, as
well as an unusual synthetic emerald which had a density of 2-73
and indices 'of refraction of 1-565-1-570. It had odd inclusions
which fluoresced yellow and others of the typical veil-like synthetic
type. Diamonds with rubbed facet edges, a large “portrait” dia-
mond and a double culet effect seen in a pendeloque-shaped
diamond are noted. The question of synthetic and natural brown
scheelite is discussed and the absorption spectra of various synthetic
scheelites are illustrated. Doublets formed of a crown of synthetic
white spinel and a base of strontium titanate, are said to be fused
together, but examination seems to show that a modern hard cement
may have been used.

R.W.

Kacava (B). Application of goniometry to gemmology. Journ. Mining
Coll., Akita Univ., Ser. A, Vol. V, No. 3, 1-21, 13 figs., 1968.
A method has been developed for the characterization and
identification of individual cut diamonds by two-circle goniometry.
The angular coordinates of the facets of cut stones are measured to
0-01". The author has measured 62 diamonds of over 1 carat and
considers that goniometric measurement for cut stones is as useful as
the fingerprint method for individual people. Assuming the limit
of the longitude and latitude of each of the 32 facets +3° and an
allowable error of the value of each facet +3’ (including personal
and instrumental errors), the probability of the occurrence of equal
goniometrical data is calculated to be 9-58 x 1041,
R.AH.
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SmitH (J. V.) & Risee (P. H.). Atomic movements in plagioclase
Seldspars:  kinetic interpretation. Contrib.Min.Petr., Vol. 21,
No. 2, pp. 157-202, 1969. 4
An advanced structural interpretation of the plagioclases is

presented in which the delicate irridescence of peristerite and the

labradorescence of plagioclases of intermediate composition are
explained in terms of the diffraction of light from alternate lamellae
of slightly different structural type. Labradorescence is found in
intermediate plagioclases relatively rich in potassium and the
lamellae represent segregation of alternate bands richer in sodium
and potassium than their neighbours. R.A.H.

Barrosuinskry (Z. V.). Some features of diamonds from placers in the
northeast Stberian platform. Geol. and Geophys., Acad. Nauk
SSSR (Siberian Branch), 1967, No. 3, 60-67 (in Russian;
English summary p. 146).

The crystal habit, colour, transparency, photoluminescence,
and degree of fragmentation of diamonds from placer deposits of the
northeast Siberian platform have been statistically tabulated, and
are compared with one another and with diamonds of the Yakutian
fields to the south. Rounded crystals and crystals with hackly
striations predominate in the northeast Siberian fields, and there is
less variation in crystal morphology than in Yakutia. Coloured
diamonds are more common in the northeast Siberian fields, with
brown and yellow tints predominant. Non-luminescent diamonds
predominate, but crystals with blue luminescence are relatively
abundant. The degree of crystal fragmentation varies widely
among the diamond fields studied, and is attributed to brecciation
during emplacement of the source pipes. R.AH.

BOOK REVIEWS

SuTHERLAND (C. V.). Gold: Its beauty, power and allure. 'Thames &
Hudon, London, 1969 (third and revised edition). £2 10s.
Dr. Sutherland’s revised and enlarged edition of his classic
work is compulsive reading for all who are fascinated by the use of
gold down the ages, whether for jewellery, coinage or industry. The
effect of gold in the monetary world of today is dealt with in an
expanded last chapter, which speculates on its future in a world of
credit currency. S.P.
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Harisut (CorNELIUS S.). Minerals and man. Thames & Hudson,
London, 1969. [£5 5s. :

During the past five years various books on minerals and gem-
stones have been produced, most of which can best be described as
“picture books”. Professor Hurlbut’s ‘“Minerals and man’ can,
perhaps, be classed as a “picture book’, but a “picture book” with a
difference, for the text is detailed and entertainingly written and the
colour plates are superb.

The book contains 19 chapters commencing with “Minerals
and how to know them”’, a chapter which gives an excellent descrip-
tion of the elements of crystallography and the physical properties of
minerals. This is followed by chapters on “Early use of minerals”,
“The earth and its rocks”, “Minor minerals of the rocks”, and
“Nature’s treasure house’’, a chapter which deals with the pegmatite
rocks.

There are chapters in which the minerals and their formations
are well described. Minerals which fluoresce in ultra-violet light
are given a chapter on their own.

Chapters which concern the gemmologist most are ‘““Minerals
of the precious stones”, “Quartz”, and “Coloured stones and orna-
mental minerals”. Then follows ‘“Minerals for atomic energy”, a
chapter of modern interest; and the penultimate chapter, “The
mines and minerals of Cornwall™, is so well covered by this American
writer that it can only be supposed that the author spent some time
in the Duchy and enjoyed his stay and was intrigued by its history.
The final chapter, “An incombustible fabric and a stone that
burns”, deals with the asbestos minerals and sulphur. The volume
is completed by an appendix consisting of a table of the properties of
some common minerals, which is more comprehensive than one
might expect, but which does not give any optical properties. There
is a very full index.

The reviewer finds the text adequate and written with that
personal touch which makes so much difference to the ease of reading
and, with the beautiful pictures, a real understanding of minerals.
There are, however, a few minor points which merit discussion.
They mainly devolve upon the fact that a mineralogist, as a rule,
does not completely understand the modern conception of gemmo-
logical nomenclature, and for the benefit of future editions they may
be referred to here.
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The terms “hyacinth” and “jacinth”, which in earlier times
have been used indiscriminately for both zircon and hessonite
garnet, are not now current; nor is “chrysolite’” now a permitted
name, for it has been used for many different species of gemstones in
the past. The term “‘pigeon’s-blood’ as a colour for ruby, and the
prefix “oriental” for colours of corundum common to stones of other
species are outmoded terms and should not be perpetuated.

The most common alexandrite simulant is not synthetic spinel
but synthetic corundum, which s coloured by vanadium, whereas
the much less common synthetic spinel appears to owe its changing
colour to traces of cobalt and chromium. That amethyst turns
colourless at 450°C and yellow at 550°C is not strictly true as experi-
ments by G. O. Wild have shown. It is doubtful whether Blue John
can strictly be termed fibrous, and is there a black pyrope garnet?
Mention could have been made of the important source of sphene in
Baja California, and Macon Co., the source of rhodolite garnet, is in
North Carolina, not in Georgia.

Some of the values of density given in the appendix table call
for amendment, the most important being the value for lazurite
(lapis-lazuli). The value of 2-4-2-45, as given, is probably correct
for pure grains, but the ornamental lapis-lazuli is a rock and, as
pointed out by B. W. Anderson, the density for the ornamental lapis-
lazuli is about 2-8. The density of olivine given both in the table on
page 41 and in the appendix table as 3-27-4-37 should be 3-27-3-37.
3-51 for the density of pyrope garnet is too low—it should be, to be
more realistic, 3-65. Corundum has a better mean at 3-99, and
better values for zircon would be 4-:00 to 4:68, in order to cover the
metamict low type. The values for beryl need revising for much
emerald has a density of 2:69 to 2:71. A better range for beryl
would be 2-7 to 29, which would cover the higher density of the
caesium-rich beryls. Further, 2-2 is too low a value for serpentine,
for most of the ornamental serpentines have a density near 2-6.

Despite these minor criticisms ‘“‘Minerals and man” makes a
very fine volume and is a book that can be recommended for
popular reading as it gives such interesting insights into minerals
and their uses.

R.W.
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Toransky (S.).  The strategic diamond. Oliver & Boyd, Edinburgh,
1968, 119 pp. 7s. 6d.

This is a paper-back in the “Contemporary Science’ series of
the publishers. Professor Tolansky has written in the style of his
established History and use of diamond and his book gives a popular
account of diamond and its technological uses. A chapter on
diamond grits, a favourite subject of the author, is of interest to
industry. A useful addition to the literature on diamond, present-
ing known information in a fascinating way.

S.P.

Tuesen (V.).  Diamanten-Fibel. Diamond Handbook 1968. Printed
in Germany. DM 28-50.

A very well produced book on the determination of the quality
of cut diamonds with 300 illustrations, many of them excellent
microphotographs. There are tables of weights for the various cuts
and formulae are given to determine the weight loss when re-cutting
old or damaged brilliant-cut stones.

The chapters dealing with cut and purity are well set out and
should prove to be useful to students as well as jewellers, especially
the photographs showing the differences between, say, VVS and VS
or between first and second piqué, although one could perhaps argue
about one or two small points.  Of special value is the confrontation
of photographs with excellent drawings showing clearly the inclu-
sions or defects under discussion. The illustrations naturally are
originally photomicrographs or macrographs. Inspection under
the Gemolite, for instance, at 10 x magnification is more critical than
under a 10x loupe, which is the recognized method in the trade.
Any other method which tends to enlarge the importance of the
smallest natural inclusion should be discouraged.

The chapter dealing with the colour grading suffers from the
fact that the book is produced in black and white only, although of
course, reasonable colour prints would be expensive and most diffi-
cult to reproduce. The way to determine the colour is perhaps not
quite adequately described ; one really should look at the stone from
all angles and certainly along the girdle plane. The chapter on
colour is difficult to use because references to different shades of
grey and black do not convey very much.
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For a jeweller with an understanding of German the book

would be an excellent addition to his library.
W.S.

Munsurt  (A. Santos). La Esmeralda. Instituto Gemologico
Espafiol, Madrid. Limited edition 4,000 numbered copies.
63s.

A monograph on emerald, in Spanish, produced on good
quality paper, but rather inadequately bound between limp covers.
72 colour plates which are, for the most part, excellent.

The author has devoted the first five chapters to classical
references, superstitions and famous historical emeralds. A second
part deals with the many sources of the gem in some imaginative
detail and includes some places which are not known to produce
gem quality material and others where different minerals, such as
tourmaline and hiddenite, have been mistaken for emerald.
Although the book professes to deal with such other minerals, the
reviewer feels that their inclusion among sources of emerald is mis-
leading.

The third section of the book deals with technical (gemmo-
logical) details. A coloured schematic representation of the
chemical composition contributes little and could be mistaken for an
atomic lattice. The few illustrations of absorption spectra are not
always accurate. Tables of constants are a little erratic in that
there is no attempt to give refractive indices in the same order every
time. Chemical formulae are quoted in reverse to the usual order,
e.g. (8i03)¢ Al;O3 BeO. Olivine (peridot) is listed as a uniaxial
mineral.

Most of the illustrations are good and colour reproduction is
acceptable. One obvious green aventurine quartz is labelled
fuchsite mica and another, purporting to be hiddenite in pegmatite,
looks much more like tourmaline in quartz. The illustrations of
inclusions, all the work of the author, are particularly good and, for
the most part easily interpreted.

This book is the first of a series planned on the major gems. As
such its contribution could be limited by the language barrier,
although Spanish is third among the major commercial languages
of the world.
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The single page of bibliography contains 10 or more spelling
and other errors, including one in which the book has apparently
written the authors. Other mis-spellings and misprints appear in
the text. These occur easily where foreign names are set by type-
setters unfamiliar with them, and careful proof reading is needed to
eliminate such errors.

R.K.M.

Youna (8.). The Queen’s jewellery. Michael Joseph, London, 1969.
35s. 120 illus (12 in colour).

A collection of photographs, with descriptions, of some of the
favourite items from Her Majesty’s personal jewellery. Diamonds
form a considerable part, and sapphires and pearls are also favoured.
In many instances the photographs show the Queen better than
some of the jewellery.

S.P.
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COMMON GEMS OF SAN DIEGO COUNTY,
CALIFORNIA

By PAUL WILLARD FOHNSON
With photographs by the author

AN DIEGO COUNTY is richly endowed with gem minerals.
In the 4,258 square miles of the county more than 140 different

minerals have reportedly been found. Here, the title “gem
basket of the United States” is justly deserved, for no other U.S.
county has the profusion, variety and quality of gems so represented
within its boundaries. From the ocean on the west through the
mountains in the middle to the desert on the east—San Diego
County is unique in physiography.

The common gem minerals described herein, occur in pockets,
or vugs, in granitic pegmatite dikes or bodies. No placer deposits
of gemstones have ever been found in San Diego County. The gem
mines are located in a central mountain belt trending from north-
west to southeast across the county (Fig. 1). It is peculiar that the
pegmatite districts closely coincide with the northwest to southeast
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F1G. 1. Map of San Diego County, California showing the location of the main pegmatite
gem mining districts.
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trending fault zones. Most of the gem districts occupy areas of
dense chaparral (low vegetation), composed mainly of greasewood
(or chamise).

There are eight main pegmatite districts: Aguanga Mountain,
Banner, Chihuahua Valley, Jacumba, Mesa Grande, Pala, Ramona
and Rincon. These districts are indicated on the map. The two
principal mining districts are Pala and Mesa Grande.

Lepidolite seems to be a valuable indicator mineral ; without it
there is very little chance of finding coloured gemstones. Lepi-
dolite in the Pala district has been dated by John Earl using the
rubidium-strontium method and found to be 106, plus or minus six
million years old.

Matrix specimens in the past were usually discarded and ended
up on the dump. They are currently very much in vogue and
specimens of this type from San Diego County grace mineral collec-
tions throughout the world.

The most complete permanent collection of San Diego County
gems and minerals, mainly a study collection, can be viewed at the
San Diego Museum of Natural History in Balboa Park, San Diego,
California. A small collection of specimens from the county can
also be seen at the San Diego County Department of Agriculture at
5555 Overland Avenue, San Diego, California. During the summer
the San Diego County Fair held at Del Mar, California, usually has
an excellent collection of San Diego County minerals and gems.

HisToricAL SKETCH

Local Indians had been collecting surface tourmaline from the
Pala and Mesa Grande districts before white men arrived. In many
Indian graves have been found green and pink tourmalines. The
first discovery by white men of gems in San Diego County was in
1890, when Charles Russell Orcutt found pink tourmaline at what
later became the Stewart mine at Pala (Figs. 2 and 3). This
stimulated a local search for other gem deposits.

In 1892, 18 tons of lepidolite from the Stewart mine at Pala
were shipped to New York for specimens of pink tourmaline sun-
bursts on lepidolite. The famous Himalaya mine, in the Mesa
Grande district, was first opened in 1898. The Himalaya mine was
first worked by C. R. Orcutt, and ater by Gail Lewis and Fred J.
Rynerson. The Mesa Grande district was most actively mined
from 1902 to 1912.
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Fic. 2. Main enirance on the south side at the Stewart mine, Pala district, San Diego
County, California. It was here thai gemstones were first discovered in San Diego County.
Because of the lilac-colour of the lepidolite (lithia mica) found here it was at first thought to
be cinnabar, an ore of mercury.  The large white area in the centre right is the mine dump.

— e —— : P

¥16. 3. Open cut on north side at Stewart mine, Pala district, San Diego County, Cali-
Sornia. It is here that the compact lepidolite is shot through with pink tourmaline.
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Kunzite was first found at the Katerina mine on Hiriart Moun-
tain, Pala district, in May 1902 by M. M. Sickler and his son
Frederick M. Sickler. The mineral sicklerite was named for the
son. In May 1903 the famous Pala Chief mine was opened on
Chief Mountain in the Pala district.

The Rincon district was first prospected by John Mack in 1903
and was worked primarily from 1903 to 1910. The Ramona
district was first discovered in 1903.

The fall of the Chinese dynasty, headed by the dowager
Empress Tzu Hsi, in 1912 caused the market for pink tourmaline to
dwindle to insignificance. Thus, the Himalaya mine was forced to
close down. When the news arrived, the miners left in such a
hurry they didn’t even bother to remove their tools. Years later
when the mine was reopened they found all the miners’ equipment,
just as it had been left, and open pockets of tourmaline.

Frank A. Salmons was an early developer in the Pala district.
The mineral Salmons te was named in his honour.

Morganite, the pink cesium variety of beryl, was first found in
the Pala district.

In 1947, George Ashley, known as a fine faceter of kunzite,
bought all the mines on Hiriart Mountain in the Pala district.
Presently, Norman E. Dawson of San Marcos, controls the Fargo,
White Queen and Vanderburg mines on Hiriart Mountain.

Since 1914, gem mining in San Diego County has been on a
small scale. Most of the gem mining at present is being done only
by individuals or small groups.

Propucrion

From 1900 to 1914 about 90 per cent of the gem output of San
Diego County was recorded. Over 90 per cent of the gem produc-
tion has come from five mines: Himalaya and San Diego in the
Mesa Grande district and the Pala Chief, Tourmaline Queen and
Katerina in the Pala district. Over $320,000 (£133,000) worth of
gem minerals have been taken from the Pala district alone in the last
50 years From 1898 to 1952 the Mesa Grande district produced
over 244,850 pounds of tourmaline worth approximately $779,700
(£325,000). The estimated market value of cut stones of the Mesa
Grande district tourmaline from 1901 to 1912 is 2-7 million dollars
(£1-1 million). The Himalaya has produced more tourmaline
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(about 100 tons) than all the other mines in San Diego County
combined. The total value of gem minerals (in the rough state) in
the county has been at 'east 2-3 million dollars (,£958,000).

PeemaTiTES

The granit ¢ pegmatite dikes or bodies originate in the north in
Riverside County (where they were first found by Henry Hamilton
in 1872 on Thomas Mountain)—pass through San Diego County
and terminate on the Gulf of California about 350 miles south of the
United States border in Baja California, Mexico. The pegmatites
are underlain mainly by plutonic igneous rocks of the Southern
California Batholith. This batholith is composed mostly of gabbro,
tonalite, diorite, granodiorite and granite.

The common gem minerals discussed in this article are all
pocket minerals and are found exclusively in the “pocket pegmatite”’
part of the dike, which usually varies in thickness from a few inches
to about four feet. Pegmatite is a plutonic rock that is irregular in
texture and usually very coarse grained. It is composed mainly of
quartz and feldspar of the perthite variety, with minor amounts of
mica and gem minerals.

ol o PR R
¥ic. 4. Close-up of a large block of pegmatite at the north side apen cut of the Stewart
mine, Pala district, San Diego County, California. The black spois are black tourmaline.
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Four zones of a complex pegmatite dike are frequently recog-
nized: (1) border zones, or outermost zones, (2) wall zones, (3)
intermediate zones, and (4) cores or innermost zones. Graphic
granite is usually present in the border and wall zones. It is com-
posed of a cuneiformlike pattern of quartz and feldspar. The inter-
mediate zones, or line rock, are frequently a garnet-rich aplite.
Zones of massive (bull) quartz can usually be found between the
gem-bearing pegmatites and the sourrounding country rock.
“Pocket pegmatite” is customarily found in the cores of the dikes,
and is composed mainly of quartz, albite and orthoclase with minor
amounts of microcline, muscovite, lepidolite and black tourmaline.
It is within the “pocket pegmatite” that the vugs and pockets of
gemstones are found. A single pocket in the Mesa Grande district
reportedly produced 1,500 pounds of tourmaline. The pockets are
usually filled with a red clay composed mainly of the mineral mont-
morillonite. Most of the gems are encrusted with this pocket clay
and must be cleaned to show their beauty. Sometimes in the
mining operations pockets are encountered, in which the gem
minerals are so friable they will crumble to pieces when touched.

Pegmatite dikes vary in thickness from less than an inch to 100
feet, and in length to about one-half mile. The productive Hmia-
laya dike averages only four feet in thickness.

BErYL

Crystal description: Hexagonal system, hexagonal division;
dihexagonal-dipyramidal class. In San Diego County it crystallizes
in beautiful hexagonal prisms, some of which are vertically striated.
Also equant to tabular. Faces of the second-order pyramid are
commonly well-developed.

Physical properties: Colour; white, blue, yellow, green, and
pink. Lustre: vitreous. Hardness: 7-5-8. Specific gravity: 2-63-
2:80. Fracture: conchoidal to uneven. Cleavage: imperfect and
indistinct. Uniaxial and optically negative. Transparent to sub-
translucent. Tenacity: brittle. Not acted upon by acids, with the
exception of hydrofluoric. Refractive index: «» =1-568—1-602 and
£=1-564—1-595.

Composition: Be3Al;SigO;g.

Beryllium aluminum silicate.  Sodium, lithium and cesium

may replace part of the beryllium, thus reducing the beryllium
oxide content.
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Fi6. 5. Pegmatite dike at the Mack mine, Rincon district, San Diego County, California.
The while area in the centre is the dike which is dipping 43 degrees southwest. - This mine
is noted for prisms of light-green beryl.

Fic. 6. Rough crystals of beryl mainly from the Emeralite Number Two mine on Aguanga
Mountain, San Diego County, California. The specimen just below the ring (shown for
scale) is morganite.  All specimens shown are from the author’s cabinet.
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Varieties occurring in San Diego County:

Aquamarine—Bluish-green, blue, light green, yellow-green.

Golden beryl—Yellow. Goshenite—Colourless. Morganite

—Pink, pale rose to peach colour.

Occurrence: In San Diego County beryl has been found in the
following districts: Aguanga Mountain, Jacumba, Mesa Grande,
Pala, Ramona and Rincon.

Interesting facts: Beryl from San Diego County is associated
with quartz, albite, lepidolite, potash feldspar, muscovite and tour-
maline. Gem beryl in San Diego County occurs to about six inches
in maximum dimensions, with an average of 2-5 inches or less.
Non-gem beryls in the county get quite large. The author found
one that weighs over 85 pounds. Some of the San Diego County
beryls are tapered, probably due to the effects of corrosion.

Morganite beryl was named by Dr. George F. Kunz in honour
of the banker John Pierpont Morgan. Morganite is rarer than
emerald, although not as popular. Morganite seems to be more
common than aquamarine in the county. Morganite and aqua-
marine usually occur as greatly compressed hexagonal prisms.
Some of the prisms have side growths with flat terminations at
different levels along the c-axis. Usually the county beryl has a
flat basal termination, which sometimes has pyramidal faces deve-
loped. Some of the flat basal terminations have a negative cavity
due to corrosion paralleling the c-axis. The Mack mine (Fig. 5) in
the Rincon district, has produced some flawless light-green prisms of
beryl. One beryl from Pala had an aquamarine centre with a
morganite edge. The beryls of San Diego County are usually
faceted with the emerald-cut and these are usually cut deep to bring
out the colour.

Beryl from San Diego County sometimes has inclusions of
muscovite, lepidolite, quartz and tourmaline. It commonly has
two-phase inclusions with a gas bubble. Two movable bubble
inclusions were found out of 26 specimens examined. One movable
bubble, after being heated with the microscope light, disappeared.
There are also veil-like liquid inclusions.

SPESSARTITE

Crystal description: Isometric system; hexoctahedral class.
Commonly in crystals, usually dodecahedrons up to % inch in dia-
meter. The larger crystals from San Diego County are usually
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simple dodecahedrons. Some are heavily etched and others, usually
the smaller ones, are commonly trapezohedral with minor dodeca-
hedral faces. The smaller the crystals of this garnet the more
perfect they seem to become.

Physical properties: Colour: orange to dark red or brown.
San Diego County spessartite varies according to the GSA rock
colour chart from a moderate reddish-orange 10R 6/6 to a moderate
reddish-brown 10R 4/6. Lustre: vitreous to resinous. Hardness:
6-:5-7-5. Specific gravity: 4-19. Fracture: subconchoidal to
uneven Cleavage: none. Transparent tosubtranslucent. Refrac-
tive index: 1-79-1-82.

Composition: Mn3Al,(SiOy);.

Manganese aluminum silicate. Ferrous iron usually replaces
some of the manganese and ferric iron some of the aluminum.

Occurrence: In San Diego County spessartite is found primarily
in the Ramona district; with very minor amounts in the Pala and
Mesa Grande districts. In the Ramona district it is found mainly at
the Little Three mine, and sometimes at the A.B.C. and Hercules
mines.

Interesting facts: Spessartite from San Diego County is asso-
ciated with albite, quartz, perthite and black tourmaline. For a
long time these garnets in San Diego County were thought to

sdo D
°99

F1e. 7. Rough spessartite crystals from the Little Three mine, Ramona district, San Diego
County, California.
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be essonite (hessonite), which is another name for grossularite.
Finally, gemmological tests backed up by x-rays led to the corrected
designation of spessartite.

Spessartite when fused with sodium carbonate gives a bluish-
green bead (test for manganese). This rare garnet exhibits very
pronounced step-like growth on the crystal faces and most crystals
have been etched.

Spessartite in San Diego County commonly has two-phase
inclusions with a gas bubble. It also has liquid inclusions that are
very irregular in outline. It has wispy veil-like inclusions. What
looked like a quartz crystal inclusion was found in one crystal. This
spessartite rarely has angular three-phase inclusions which contain a
liquid, gas bubble and crystal of some unknown mineral.

A garnet found in the pegmatite dikes just west of Tule Moun-
tain, in the Jacumba area, was found by x-ray examination to be
half spessartite and half almandite. This garnet, quite a bit redder
than the orange-coloured spessartite, occurs on white feldspar and
makes very attractive specimens, besides cutting into very colourful
gems.

SPODUMENE

Crystal description: Monoclinic system; prismatic class. In
San Diego County the crystals are prismatic, often flattened (lath-
shaped) and vertical planes striated and furrowed. Spodumene
nearly always shows lamellar twinning on the front pinacoid, with
the twin plane parallel to their flat sides. Crystals as long as nine
feet and 14 inches wide have been found in San Diego County.

Physical properties: Opaque varieties: buff, white, lavender
and greenish; transparent varieties: lilac, colourless, light blue,
yellow and green. Lustre: vitreous, on cleavage surfaces somewhat
pearly. Hardness: 6-5-7. Specific gravity: 3-13-3:20. Biaxial
and optically positive. Fracture: uneven to subconchoidal.
Tenacity: brittle. Transparent to translucent. Coloured varieties
are strongly pleochroic. Cleavage: perfect prismatic at 87 and 93
degrees. A tough splintery fracture distinguishes it from feldspar.
A parting or false cleavage due to twinning is shown by most speci-
mens; it is more readily obtained than the prismatic cleavage and
yields many platy masses which may be either thick or thin. Refrac-
tive index a 1-65-1-66; $1-66-1-67; v1-675-1-68.
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Fic. 8. Medium-sized crystals of spodumene from the Pala disirict, San Diego County,
California.  The three specimens on the right are kunzite and the three on the left are the
triphane variety.  The crystal in the lower lefi-hand corner is twinned.

¥ie. 9. Small crystal fragments of spodumene from San Diego County, California. The
specimen in the upper left exhibits the typical etched termination on a crystal fragment.
Notice the siriations.
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Composition: LiAlSi;Og.
Lithium aluminum silicate. Generally contains a little sodium
which replaces the lithium.

Varieties occurring in San Diego County:

Blue Spodumene —Light blue

Green Spodumene—Light green

Kunzite —Pale to rose-pink, violet, lilac

Triphane —Colourless to yellow.

Occurrence: In San Diego County spdumene occurs at
Aguanga Mountain, Mesa Grande, Pala and Rincon. Most of the
gem spodumene has come from the Pala Chief, Katerina and Van-
derburg mines in the Pala district. The Pala Chief mine, on Chief
Mountain, has been the foremost producer of gem quality spodu-
mene in the United States.

Interesting facts: Spodumene in San Diego County is associated
with quartz, lepidolite, albite and muscovite. All transparent
spodumenes are etched fragments of once larger crystals. These
crystal fragments are deeply striated in a direction parallel to their
elongation. The original lustre of the faces has been removed and
the surface is sometimes altered to appear dull and or earthy. Many
specimens occur as crystal fragments within altered spodumene.
Most of the gem quality fragments have been less than 15 inches long.
They also have triangular etch pits (Fig. 10). The deepest colours
are seen when the stones are viewed parallel to the long axis of the
crystal; the table of cut stones should also be oriented in this manner.
Spodumene is usually cut deep so that maximum colour is obtained.
The pre-form should be sawed into shape and then finished on a fine
lap, as it has a tendency to break near the edges during cutting.

The colour of some stones fades on prolonged exposure to sun-
light. Spodumene has had its colour changed to light green by
exposure to a strong source of x-rays. This material will revert to
its original colour when exposed to sunlight. Gem spodumene is
thermoluminescent and fluorescent. Spodumene is strongly phos-
phorescent when exposed to x-rays, ultra-violet, radioactive emana-
tions and high tension electric currents. Some spodumene is colour
zoned with a lilac centre and a colourless to green edge. Hiddenite
from a gemmological standpoint is usually reserved for the dark
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Fic. 10.  Microphotograph of triangular etch pits on the surface of spodumene, variety
kunzite from the Pala district, San Diego County, California.

emerald green variety of spodumene and derives its colour from a
small amount of chromium. The light green San Diego County
material owes its green colour to iron and therefore the variety
name hiddenite is not applicable. It also has a light green colour
which adds weight against using the variety name hiddenite.

Kunzite, the rare lilac spodumene, is found principally three
places in the world: Brazil; Vanakarata, Madagascar, and San Diego
County. Kunzite was named for the late Dr. George Frederick
Kunz (1856-1932) gemmologist and former vice-president of Tiffany
and Company in New York City. The colour of kunzite is due to
manganese.

Blue spodumene, a light blue variety, was re-discovered by
George Ashley, of Pala, in 1952. The name spodumene means
“ashes” in Greek, in allusion to the fact that this mineral becomes
ashy before the blowpipe.

San Diego County kunzite sometimes contains inclusions of
what looks like pocket clay. There are also two-phase inclusions in
spodumene with a gas bubble; and long, thin, rod-shaped (needle-
like) inclusions. There are also funnel-shaped inclusions.

286



Toraz

Crystal description: Orthorhombic system; rhombic-dipyra-
midal class. In San Diego County, topaz crystals are commonly of
short prismatic habit. Very rarely twinned crystals have been
found. Crystals of three different terminations occur in San Diego
County: one with a broad flat 001 or c-face developed; one which is
an inverted V-shape with the 021 or y-face well developed; and a
domed-shape with the 111 or o-face and the 112 or p-face developed
(see Fig. 921, Dana’s Texthook of Mineralogy, fourth edition, page 613).
Usually, the crystals have only one termination with the base frac-
tured on the perfect basal cleavage. However, where growth con-
ditions were favourable, a few are doubly terminated. Topaz
crystals are sometimes slightly striated parallel to the length of the
prism.

Physical properties: Colour: white, colourless, greyish and light
hues of blue, yellow, brown, green, violet, pinkish brown, pinkish
and reddish. Lustre: vitreous. Hardness: 8. Specific gravity:
3-4-3:6.  Fracture: subconchoidal to uneven. Cleavage: highly

Fic. 11.  Medium-sized crystals of topaz from the Little Three mine, Ramona district,
San Diego County, California. The crystal in the upper right is doubly terminated.
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perfect basal. Tenacity: brittle. Transparent to subtranslucent.
Biaxial and optically positive. Refractive index: al.607-1-629,
p1-610-1-631, v1-617-1-638. Pleochroic. It is pyroeléctric and
piezoelectric. Infusible and dissolves slowly in sulphuric acid.

Composition: Aly(F, OH),S8i0,.
Aluminum fluosilicate.

Varieties occurring in San Diego County: The ordinary variety
occurs in San Diego County and is usually colourless or white; and
less commonly it is a light blue or greenish-blue.

Occurrence: Topaz occurs in San Diego County at the Little
Three and A.B.C. mines in the Ramona area; and from the Emeral-
ite Number Two mine on Aguanga Mountain. It has also been
found at the Himalaya mine at Mesa Grande and in very minor
amounts in the Pala district.

Interesting facts: Topaz from San Diego County is associated
with quartz, albite, lepidolite and green tourmaline. The San

Frc. 12, Small crystals of topaz from the Little Three mine, Ramona district, San Diego
County, California.
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Diego County topaz crystals are very similar to those found in the
Ural Mountains of Russia. Blue topaz has been found in sizes up to
2% x 3% inches at the Emeralite Number Two mine on Aguanga
Mountain, 13 miles northwest of Warner’s Hot Springs. This mine
was owned and operated by the late John W. Ware of San Diego.
Some San Diego County crystals have frosted surfaces due to etching.
San Diego County topaz has inclusions of albite. It also has two-
phase inclusions with a gas bubble, and three-phase inclusions, some
of which have two nonmiscible liquids, gas bubble and crystal of an
unknown mineral. There are also liquid veil-like inclusions.

TOURMALINE

Crystal description: Hexagonal system, rhombohedral division;
ditrigonal-pyramidal class. San Diego County crystals are usually
prismatic in habit; with divergent radiating groups; also acicular.
Tourmaline sometimes shows parallel side growths and columnar
composites. Crystals usually display three curved sides in cross-
section. They occur in size from microscopic specimens to over a
foot long. The most common termination is the flat basal type.
Tourmaline with a flat basal termination is called a negative termi-
nation; a slightly curved end is called a positive termination. Doubly
terminated crystals usually have a flat termination at both ends or a
flat end and a trigonal pyramid or modification of it. Rarely, both
ends will be terminated by the trigonal pyramid, and occasionally
the trigonal pyramid is itself slightly truncated by three faces.

F1c. 13.  Large crystals of green tourmaline from the Little Three mine, Ramona district,
San Diego County, California.  The crystal on the left has the “positive” termination and
the other two the “negative’ termination. The centre crystal is encrusted with white cookeite.
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Fic. 14.  Medium-sized crysials of tourmaline, mainly from the Himalaya mine, Mesa
Grande district, San Diego County, California.  Notice the curved crystal in the top row and
the crystal in the bottom row (next to the ring) that has been almost completely etched.

Rarely tourmaline crystals are found that are curved or bent.
Tourmaline crystals are usually vertically striated.

Physical properties: Colour: red, pink, yellow, violet, green,
white, brown, black, blue and colourless. Lustre: vitreous to
resinous. Hardness: 7-7-5.  Specific gravity: 2-98-3-25.  Fracture:
conchoidal to uneven. Transparent to opaque. Cleavage: poor
prismatic and rhombohedral. Tenacity: brittle. Dichroism is
developed to a high degree in the darker varieties. Strongly pyro-
clectric and piezoelectric. A crystal is easily charged with elec-
tricity, either by friction, or by heating and shows positive at one
end and negative at the other. Uniaxial and optically negative.
Refractive index: €1-613-1-6538, w1-632-1-698. Sometimes fluores-
cent in short-wave ultraviolet light.

Composition: Lithium sodium aluminum hydroxyl-boro-
silicate. A complex silicate sometimes also containing: potassium,
iron, magnesium, chromium, calcium and fluorine.

Varieties occurring in San Diego County:

Achroite —Colourless
Bi-coloured —Red, green, blue, black, yellow, pink,
white

Bi-coloured cat’seye—Pink and white
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Cat’s-eye Green, pink, white

Green tourmaline —Green

Indicolite —Blue

Rubellite Pink or red

Schorl —Black

Tri-coloured —Green, white, pink; blue, yellow, red
Violet tourmaline -—Violet

Watermelon -—Red or pink and green (colour zoned)

Yellow tourmaline —Yellow.

Occurrence: Tourmalines from San Diego County are found in
all the pegmatite districts: Aguanga Mountain, Banner, Chihuahua
Valley, Jacumba, Mesa Grande, Pala, Ramona and Rincon.

Interesting facts: Tourmaline from San Diego County is asso-
ciated with quartz, albite, lepidolite, beryl, perthite (feldspar),
muscovite and cookeite. The colour is sometimes arranged in
transverse layers along the length of the prism, producing bi-
coloured or tri-coloured stones. The colour may also change from
the centre outward showing very definite colour zones. Sometimes,
there is a black core with a yellow edge, or a yellow core with a pink
edge. The pink core with a green edge indicates the famous water-
melon tourmaline. Rubellite with an indicolite edge is sometimes
called a blue-skinned rubellite.

Coloured tourmalines show the best colour through the side of
the prism or when viewed through its length. Faceted tourmaline
is therefore usually cut with the table parallel to the length of the
prism, or perpendicular to it, to take advantage of the colour. The
emerald-cut and round brilliant-cut are usually used.

Rubellite, either red or pink, was a popular gem in China, where
it was carved into beautiful figurines. The fall of the Chinese
Dynasty in 1912, however, caused this market to dwindle to insignifi-
cance, and the resulting drop in price contributed to the virtual dis-
continuance of profitable mining in the Mesa Grande district. In
the early days of gem mining in the county, occasionally micro-
scopic tourmaline crystals would penetrate the miner’s fingers and
they would become infected.

Tourmaline is commonly encrusted with the white mineral
cookeite. Tourmaline can be cleaned, especially of cookeite, by the
use of hydrofluoric acid. Tourmaline is sometimes found with an
altered crust revealing a hard nodular core that has a conchoidal
fracture and is often flawless. Only about three per cent of the
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tourmaline recovered is of gem quality. Etching on tourmaline is
sometimes quite pronounced, even to the extent of eating holes in
the crystals. Some of the pink tourmaline crystals from the Hima-
laya mine are encrusted with a very thin coating. They look like
they had been sprayed with black paint. Negative cavities some-
times begin on the termination and are oriented parallel to the sides
of the prism. A bi-coloured pink and white cat’s-eye, with the eye
in the white end, has very rarely been found in San Diego County.
Rarely, tourmaline is found encrusted with muscovite casts. These
casts with a core of tourmaline have been found at the Himalaya
mine. Some of the green tourmaline crystals from the Himalaya
mine have a black cap, which is terminated by a trigonal pyramid.

The Emeralite Number Two mine on Aguanga Mountain,
produced tourmaline that was closest in colour to the GSA rock
colour chart light blue 5B 7/6 and light blue green 5BG 6/6. This
tourmaline in the past has been called “emeralite”. One unusual
colour zoned tourmaline from the Tourmaline King mine in the
Pala district, had a pink core surrounded by four distinct green
bands. Radiating sunbursts of pink tourmaline (called tourmaline
suns) in a fine grained lepidolite are found at the Stewart mine in the
Pala district. The famous Himalaya mine in the Mesa Grande
district has probably produced more tourmaline (about 100 tons)
than any other mine in the world. The only colour of tourmaline
not normally found in San Diego County is brown.

Small, usually less than an inch, radiating groups of pink tour-
maline associated with lepidolite, cookeite, and quartz (which was
the last to form) have been found in San Diego County. Some of
the small, thin, black looking tourmalines from the Ramona district
are actually a beautiful brown when viewed by a strong transmitted
light.

San Diego County tourmaline sometimes has inclusions of
quartz, albite and the micas. It also has two-phase inclusions with
a gas bubble, and is usually very irregular in shape. Very fine,
long, rod-shaped inclusions and small elongated cavities that are
triangular in cross-section are oriented parallel to the length of the
prism. When these inclusions are numerous enough they are the
cause of the chatoyancy, or cat’s-eye phenomenon.

Tourmaline, that myriad coloured gem that mimics the spectral
hues of the rainbow, is the most colourful of the San Diego County
gems.
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Minerals reportedly found at the Little Three mine, Ramona district:

Albite, var. Cleavelandite NaAlSi;O,

Allanite (Ca, Ce, La, Na), (OH) (AI Fe, Be, Mn, Mg); (SiOy)s
Andalusite A1231O

Apatite Ca; (t, Cl OH) (PO,);

Axinite Ca, (OH) (Fe, Mn) Al, (BOj) SiyOy,

Beryl, var. Blue BeyAl,SigOyg

Beryl, var. Golden Be;Al;Si40,,

Beryl, var. Goshenite BegAl,Si40,5

Beryl, var. Green Be;AlSig

Beryl, var. Morganite Be;Aly 5150ls

Cassiterite SnO,

Columbite (Fe, Mn) Nb-_.Og

Cookeite Li (OH), Al

Eosphorite (Mn!I, Feu) (OH) Al(PO.) ‘H,O

Epidote Cay{OH) (ALFe)Siz;O

Hambergite Beﬂ(OH) BO,

Lepidolite KLiy( OH)2A1514010

Microcline KAiSi;O,4

Montmorillonite (Al, Mg)g(OH)m(ShOw)x 12H,O

Muscovite K{(OH),AlL;81;0;,

QOpal, var. Hyalite SlO,I 2

Orthoclase, var. Adularia KAISi;O,4

Quartz, var. Milky SiO,

Quartz, var. Rutilated SiO, with Rutile

Quartz, var. Smoky Si

Quartz, var. Tourmalinated SiQ, with black tourmaline
Rhodochrosite MnCO,

Spessartite Mn;,Alz(Slol,)a

Stibiotantalite Sb{ £2,Nb)O,

Stilbite CaAl,Si,0;4 7H,0

Tantalite, var. Manganotantalite (Fe,Mn)Ta,04 Mn:Fe > 3:1
Topaz Al (F,OH),Si0,

Tourmaline, var. Bi-colour Na(O,OH,F)4(A1,Fe,Li,Mg)B3Al,SiGO,7
Tourmaline, var. Green Na(O,0OH,F),(Al,Fe,Li,Mg)B3AlSi O,
Tourmaline, var. Rubellite Na(O, OH ,F),(AL,Fe,Li,Mg)B;Al Sl,O,-,
Tourmaline, var. Schorl Na(OH)4Fe,B,A1681uOg7

Zinnwaldite K (F,OH),(Li,Fel%,Al) ¢(Si,Al) ;O;,

Minerals reportedly found at the Stewart mine, Pala district:

Albite, var. Cleavelandite NaAlSizOg
Amblygomte (Li,Na) (F, OH)A](PO‘)
Beryl, var. Golden BegAl;Sig0O,,

Beryl, var. Goshenite BeaA],SxﬂO”
Beryl, var. Morganite BeyAl,Si140,5
Beyerite Ca(BiO)3(COy;),

Bismite Bi,Oy

Bismuth, Native Bi

Bismuthinite Bi,S;
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Bismutite (BiO),(COy)

Bornite Cu;FeS,

Chalcocite Cu,S

Chrysocolla CuSiO;-2H,0

Columbite (Fe,Mn)Nb,Oy,

Columbite, var. Ferrocolumbite (Fe,Mn)Nb,O4 Fe:Mn > 3:1
Cookeite Li(OH) 4Al3Si,04

Heterosite {Fel'l, Mn!ll)(PO,

Hureaulite (Palaite) (Mn Fe1 )sHa(PO,) 4H,O

Lepidolite K(OH),Li,A18i,0,,

Lithiophilite Li(Mn!1 Fell) (PO4)

Malachite Cuy(OH),(CO,)

Manganese oxides

Microlite (Na,Ca),(O,0H,F)Ta,0

Muscovite K(OH), lsSAEO

Muscovite, var. Damourite K(OH)gAlasi_«}Olo

Orthoclase, var. Sanidine KAlSi;O,4

Petalite LiAlSi,O,,

Pucherite BiVO,

Purpurite (MnULFelll) (PO,)

Quartz SiO,

Salmonsite MnIUFe, 1 I(PO,) ¢ 14H,O (?)

Sicklerite (Li,Mn! ¥eIll) (PO,)

Stewartite Mn;(PO,), 4H,O

Strengite Felll{PQ,)-2H,O

Tantalite (Fe,Mn)Ta,Oy

Tourmaline, var. Bi-colour Na(O,0H,F),(Al,Fe,Li, ‘\/Ig)B Al SigOy,
Tourmaline, var, Green Na{O,0H,F),(Al,Fe,Li,Mg)B;Al1,Si;O;;
Tourmaline, var. Rubellite Na(O, OH ,F) (Al Fe, ,Li,Mg)B3AlS1,0;,
Tourmalme, var. Schorl Na(OH),FeaBSAl Si¢Oqs

Triphylite Li(Fell, Mnil) (P!

Triplite (Mn!I Fell Mg,Ca)g(F OH)(PO,)

Vivianite FeaH(PO‘)ﬂ

Minerals reportedly found in the Mesa Grande district:

Albite NaAlSi,O,

Albite, var. Cleavelandite NaAlSi;O,

Allanite (Ca,Ce,La. Na)z(OH) (Al Fe,Be Mn,Mg);(Si0,),
Almandite FesAlz( Oy)s

Amblygonite Ll,Na) F L,LOH)Al(PO,)
Andradite CagFe,(Si 04)

Apatite Ca;(F,CL,OH)(PO,),

Arsenopyrite FeAsS

Bavenite Ca,BeAl,S1,0,,-H,O

Beryl, var. Aquamarine Be;Al,Si O,

Beryl, var. Common BegAl,Sig

Beryl, var. Goshenite BeaAlﬂSl‘,OU

Beryl, var. Morganite BegAl,S1,0,,

Biotite K(OH),(Mg,Fe)3AlS1,0,,

Bismite (?) Bi;Oy

Bismuth, Native Bi

Bismutite (BiO),(CO;)

Cassiterite SnQ,

Chrysocolla CuSiOy-2H,0

Columbite (Fe,Mn)Nb,O4

Columbite, var. Ferrocolumbite (Fe,Mn)NbyO4 Fe:Mn > 3:1
Columbite, var. Manganocolumbite (Fe,Mn)Nb,O¢ Mn:Fe> 3:1
Cookeite Li(OH) Al,Si,04

Epidote Ca,(OH) (Al Fe} Si,0y,

Eucryptite Li(AlS1),0,

Fluorite CaF,

Gahnite ZnAl,O,

Grossularite CazAl,(S5i0y),

Halloysite Al,(OH),Si,O,,

Hambergite Be,(OH)BO,

Hatchettolite (Ca,Fe U)g(O OH,F);(Nb,Ta,Ti),
Helvite (Mn,Fe,Zn) BEﬁblso:“Sz

Hematite Fe,O

Heulandite CaAl,Si;0,46H

Hureaulite (Palalte) (Mn, Feﬂ)5H,(P04)4 4H,0
Kaolinite Al,(OH){S1,04,

Laumontite {Ca,Na) ,Al,g(Al S1)5S154040-25H,0O
Lepidolite K(OH),LiyAlS1,04,

Lithiophilite Li(MnILFell) (PO,}

Magnetite Fe,O,

Manganite Mn(OH)O

Microcline KAIS1;Oy

Microlite (Na,Ca)3(O,0H,F)Ta,O,

Monazite (Ce,La,Y, Th)(PO,)
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Montmorillonite (Al Mg) (OH),,(81,044)5°12H,C

Muscovite K{(OH), Al SlaO

Oligoclase (Na,Si,Ca. Al)AISl,Oé

Opal SiO;nH,O

Orthoclase KAlSi;O4

Pollucite CsAl,Si,O,6 H,O

Psilomelane Ba(OH), nHMnIVBO”,

Pucherite BiVO,

Purpurite (MnIII Felll) (PO,)

Pyrite FeS,

Pyrochlore (Ca,Na,Ce),(O,0H,T),(Nb,Ti.Ta),

Quartz SiO,

Sicklerite (L1 MnILFelll) (PO,)

Spessartite MnzAl, (S|O4)3

Spinel MgAl,O,

Spinel, var. Pleonaste (Mg,Fe)Al,O,

Spodumene, var. Common LiAlSi;Oy

Spodumene, var. Green LiAlSi,O,

Spodumene, var. Kunzite LiAlSi,Og

Spodumene, var. Triphane LiAlSi, O

Stibiocolumbite SbNbO,

Stibictantalite Sb(Ta,Nb)O,

Stilbite CaAl;Si Oy 7H,O

Strengite FellI(PO,)-2H,0

Tantalite (Fe,Mn)Ta,Oy

Tantalite, var. Ferrotantalite (Fe,Mn)Ta,Q4 Fe:Mn> 3:1
Tantallte, var. Manganotantalite (Fe,Mn)Ta,;0O¢ Mn:Fe> 3:1
Topaz Al,(F,OH),8:0,

Tourmaline, var. Achroite Ca(O,0H),Mg,B;Al:Sis0,,
Tourmaline, var. Bi-colour Na(O,OH,F),(Al,Fe,Li,Mg)B;Al (81,0,
‘Tourmaline, var. Cat’s Eye Na(OQ,OH,F),(Al,Fe,Li,Mg)B,Al;Si,O,,
Tourmaline, var. Green Na(Q,0OH,F),(Al Fe,Li,Mg)B;Al:Si¢O,,
Tourmaline, var. Indicolite Na(O,OH,F),(Al,Fe,Li,Mg)B;Al;Si O,
Tourmaline, var. Rubellite Na(Q,0OH,F),(Al,Fe, Li Mg)B Al SlaO“
Tourmaline, var. Schorl Na(OH), FesAl BQSu,.O 27

Tourmaline, var. Tri-colour Na(O,OH,F),(Al,Fe,Li,Mg)B;Al4SisO,,
Tourmaline, var. Yellow Na(O,OH,F)Q(Al,Fe,Li,Mg)}33A1“Si6027
Triplite (Mn™,Fell, Mg,Ca),(F,OH)(PO,)

Vermiculite (Mg,Fell, FelllL Al) . ,(OH),(Si,Al) ;O,,-8H,O
Zinnwaldite K,(F,OH),(L1i,Fell,Al) 4(S1,Al)Os,

Zircon, var. Cyrtolite ZrSiO, with H,O

Reported by Jahns and Hanley, and Schaller.
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ASSOCIATION
NOTICES

A YEAR OF GEMMOLOGY IN BURMA

A year he spent teaching gemmology at Rangoon University, in Burma,
resulting in all 15 students passing the preliminary examination of the Gemmo-
logical Association, and 10 of them, in addition, passing the diploma examination
—two with distinction, was the subject of a most interesting talk given to members
of the Association, at Goldsmiths’ Hall, London, on 12th March, 1969, by Mr.
E. A. Jobbins of the Institute of Geological Sciences.

Mr. Jobbins started his lecture by giving a few facts about Burma and how
he came to be associated with setting up a training scheme at the University.

The army took over the government in 1962 and formed a revolutionary
council. In 1963 there was extensive nationalization of all industries and means
of distribution, which, with other restrictions, particularly on foreigners, resulted
in many of the Chinese who ran the jade industry, Indians, Burmese and British
who ran the gemstone industry, and the Japanese who were largely responsible
for the pearl fisheries leaving the country.

Again, another result was the loss of the expertise of the people who left, and
it became apparent to the authorities at Rangoon University, and others, that
outside help in setting up a training scheme and laboratory for gemmological
studies was very necessary. It was also considered that those to be trained should
be graduates or students about to become graduates.

Putting action to thought, an approach was made to UNESCO for assistance,
and Mr. Jobbins was asked in November 1966 if he would be interested in going
to Burma. Being keen to go, and having got the blessing of the director of the
Institute of Geological Sciences, Mr. Jobbins left for Burma on 19th July, 1967,
where he arrived at 7.30 on the morning of 30th July, having called at Delhi and
Colombo on the way out.

His first impression while approaching land was of a bright yellowish-green
colour, coupled with a general mirror-like reflection which he soon realized was
from flooded paddy fields. On disembarking the heat and humidity really hit
him. He took up residence in a modern hotel, about five miles from the centre
of Rangoon, and this was his home for the rest of his stay—most of the time in a
pleasant (and very expensive) flat on the fourth floor, overlooking a lake.

The geology department in the University (now known as the Arts and
Science University) where he was to work had a staff of one professor, three
lecturers and about 10 demonstrators. Discussions with the professor resulted
in agreement that there should be two courses, one for postgraduates and one for
undergraduates and that the syllabus for both should be that for the diploma
examination of the Gemmological Association, with extensions as appropriate.
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The University term in Burma began on 1st November, and Mr. Jobbins was
faced with two pressing tasks—to get together the necessary instruments and
specimens, and to inaugerate a new laboratory. Both had to be started from scratch,
there being only two very corroded and useless Rayner refractometers and no
laboratory extant.

Fortunately, the previous professor of geology had been elevated in 1964 to
Secretary for Education to the Government. Mr. Jobbins, with virtual direct
access to him, found him very helpful throughout his stay. It was through his
good offices that foreign exchange was made available for five sets of refracto-
meters, sodium lights and spectroscopes to be ordered from the Gemmological
Association, in London, on 15th August. This order was delivered in Rangoon
on 8th September—a very quick turnround, for which Mr. Jobbins publicly
thanked the GA staff for their co-operation. Specimens were not so easy to obtain,
and assuming that nothing would be available in Rangoon, Mr. Jobbins was
able to borrow 50 rare and unused stones from Mr. Basil Anderson, 30 stones
from the GA, 20 from Mr. Robert Webster (which he subsequently presented to
the Burmese) and jade and jade-like specimens from the Natural History Museum.
To these Mr. Jobbins added his own collection of 300 specimens, which was used
for day-to-day gem testing. No other gemstone specimens were received from
other sources until May 1968, so the loan specimens proved indispensible.

The room designated for the laboratory had no fittings, a wood block floor
with cracks large enough to lose sizeable gemstones and very poor electrical fittings.
The laboratory was replanned and the work was started on obtaining the fittings
and building materials of which none were available on the open market, because
there was not really an open market. A high proportion of the normal electrical
and other shops had closed down, only to be replaced by a few people’s shops.

To obtain the necessary electrical fittings, paint, curtain materials, and other
commodities, it was first necessary to go to the head of the appropriate trade
corporation to obtain the necessary permits, which were then taken to the appro-
priate people’s shops.

The actual fitting out of the laboratory took four months longer than it would
have taken in England, but, apparently, quicker than it normally took in Burma.

The laboratory was completed at the end of November, and courses were
started at the beginning of December 1967.

The laboratory was designed to take up to nine students, and two practical
courses were instituted—the undergraduates formed a group of six and the post-
graduates made up another nine. In the latter group were the principal gem-
mologist, planning manager and two other managers of the Gem Trade Corpora-
tion, a mineralogist from the Mineral Development Corporation, a geologist from
the Applied Research Institute, and a customs and excise assessor; in effect, all
the top Government officials concerned with practical aspects of gemmology.

All students spent two long morning, weekly, on practical work, which
sometimes continued into the afternoons, and at least three hours of lectures. By
really hard work it was hoped to cover the normal two-year G.A. Course in six
months. All of the students had, previously, studied crystallography and some
mineralogy, although some of the older men had forgotten most of it.

In October 1967, Mr. Jobbins went to Bangkok, and while there he called
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upon the Department of Mineral Resources, and discussed Thai and Burmese
mineral production with geologists there. Following this visit he received an
invitation to visit the Thai Mining Convention in January 1968, in Bangkok, and
he was lucky enough to obtain the necessary approval for the trip.

From the gemmological point of view, said Mr. Jobbins, the most interesting
part of the trip was a visit to the gem-mining area of Chantaburi, some 200 miles
east of Bangkok towards the Cambodian border. He was accompanied by a Thai
geologist. A side issue on this trip was the time he spent one evening bargaining
for specimens with a Chinese-Thai who, at one stage, produced a Rayner refracto-
meter which someone had offered him in exchange for specimens.

By then, January 1968, the laboratory was working well and Mr. Jobbins
obtained Oertling semi-automatic balances, which were in use by 24th February,
and an Olympus stereo-zoom gemmological microscope Model JM, which he said
he could thoroughly recommend and which compared very favourably with the
American Gemolite miscroscope.

The G.A. examinations took place from 11th to 13th June, but the examina-
tion specimens were taken to the examination centre by an assistant commissioner
from the customs and opened in his presence. He stayed during the examination
and the specimens were sealed up again, in his presence, at the end of the practical
examination. The incident had its funny side, said Mr. Jobbins, but it was of
considerable practical use because it avoided any subsequent customs trouble.

The examination results were available at the end of August and all 15
students had got through the preliminary examination and 10 of them had also
got through the diploma-—two (undergraduates) with distinction. The results,
said Mr. Jobbins, were very pleasing both to him and the Burmese, and made the
front pages in both English language papers and in most of the Burmese, too.

During the time he was in Burma the 4th Gem Emporium was held.
Although, in theory, the Emporium is the sole exporting source of Burmese gems,
jade and pearls, in fact Burmese gemstones are freely available in Bangkok to where
they are known to be extensively smuggled in return for consumer goods.

Broadly, the actual gem-workings are still in private hands and the recovered
gems are supposed to be sold to government buyers who make fortnightly visits.
Jade recovery, usually in fair-sized boulder, is largely in the hands of the Mineral
Development Corporation. who use some modern equipment. The cultured
pearl industry is run by the Peoples’ Pearl and Fishing Board.

As time was running out, Mr. Jobbins managed to fit in a week’s tour to
Mandalay and, to his surprise, was invited to visit the new jade factory of the
Gem Trade Corporation. The most important fact there was that slabbing of
boulders and cutting of cabochons had been mechanized. American machinery
was installed and work was to close tolerances, and there was a careful inspection
system. Most of the workers were young men and a few of them were being
trained in jade carving by a master carver of the old school.

REQUIRED

Polarizing microscope for examination purposes. Details to Secretary of
Association.
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GEMMOLOGIST
The Hatton Garden Laboratory of the London Chamber of Commerce has
a vacancy for a young enthusiastic man, qualified F.G.A. Apply in writing to
Mr. B. W. Anderson, c/o The Laboratory, 15 Hatton Garden, London, E.C.1.

GIFTS TO THE ASSOCIATION
The Council of the Association is indebted to Miss Verena Theisen, of
Dusseldorf, for a copy of her book Diamanten Fibel (Handbuch der Diamant-
Graduierung) and to Mr. R. Webster for a collection of Canadian gem minerals.

ANNUAL GENERAL MEETING

Mr. Norman Harper, chairman of the Gemmological Association, presided
over the 39th annual general meeting of the Association, held at Winston
Churchill House, Ethel Street, Birmingham, on 16th April, 1969. Welcoming
those who were there, he said the annual general meeting gave members and
fellows of the Association a chance to see what the officers had done through the
year.

Making his report, Mr. Harper said that last year the Association celebrated
the diamond Jubilee of gemmology in Great Britain and on that occasion had
presented to the National Association of Goldsmiths of Great Britain and Ireland
with two pieces of antique silver. The presentation was made, he said, because
they were the people that founded the Gemmological Association.

He went on to say that the annual examinations were attracting more
candidates as the years went by, and it was becoming quite a business to organize
them. Those people present and the Association generally owed a great debt of
gratitude to the permanent staff for handling the work so efficiently. Last year
there were a large number of students from Spain and this year there were going
to be even more of them. The work involved was not apparent when one read
the list of names of people who had passed, but papers were returned from Burma,
Japan, Spain, Finland and other countries, and marking of the papers was a
formidable task. Mr. Harper then proposed adoption of the report and audited
accounts for the year ended 31st December, 1968.

Seconding the proposition, Mr. D. N. King said anyone who read the report
would do so with a great deal of pride and pleasure, because it set out the affairs
of the Association in a concise manner. It hid, also, a great deal of the work that
went into the Association. The Association had, he said, just celebrated 60 years
of gemmology and for more than half of that time the affairs of the Association
had been in the hands of Mr. Gordon Andrews, himself a fellow, and of him he
would say, he knew of no man who ran such an able association, who demanded
so little of its members and made so much work for himself. He conducted the
Association’s affairs quietly, efficiently, and ably and it would be an extremely sad
day when he felt the time had come to lay down his office. He hoped it would
not be for many years yet. Mr. King continued by saying that he also included
the many people who worked with Mr. Andrews and hoped that he would convey
to them the meeting’s thanks and good wishes.

Turning to the balance sheet, Mr. King said it was years since he read such
a plesant sheet which showed such an excellent surplus. He knew the money
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was well invested and used as and when the opportunity arose. The Association’s
expenses were increasing all the time and it was fortunate that it had been possible
to accumulate funds for what one might call “a rainy day”’.

The election of officers followed and the retiring president, Sir Lawrence
Bragg, C.H., F.R.S.; chairman, Mr. Norman Harper; vice-chairman, Mr. Philip
Riley; and treasurer, Mr. F. E. Lawson Clarke were re-elected, there being no
other nominations.

In the election of members of the Council, Mr. T. Bevis-Smith was re-elected ;
Mr. M. Asprey, who had served on the Council as a co-opted member for several
years, and Mr. D. G. Kent, who had taken an active interest in the Association’s
affairs over many years, were nominated and elected. Messrs. Watson Collin
& Co., chartered accountants, signified their willingness to continue as auditors.

After the Annual Mecting Dr. M., J. A, Smith, of the School of Physics,
University of Warwick, spoke to members about a physicist’s view of diamond.

MIDLANDS BRANCH

The Annual Meeting of the Midlands Branch of the Association was held
on Friday, 16th May, 1969, at the Auctioneers Institute, Birmingham. The
following Officers were elected:

Chairman: Mr. Peter Spacey. Vice-Chairman: Mrs. S. Hiscox. Deputy
Chairman: Mr. D. N. King. Secretary: Mr. D. M. Jones.

The retiring Chairman, Mr. D. N. King, thanked the Committee and Branch
members for the support they had given to him during his three years of office. He
also thanked the national Chairman, Mr. Norman Harper, for his guidance and
support. Mr. King reported that the Branch had had a particularly successful
year with many interesting meetings and two social occasions being arranged.

Before the election of Officers was held, Mr. King presented a beautiful
bouquet of flowers to Mrs. Hiscox in appreciation of her six years as Secretary of
the Branch.

Messrs. J. Marshall, A. Alabaster, D. Price and J. Salloway were elected as
Committee members. Minor alterations to the Branch regulations were approved.

After the meeting members were shown two films: “Looking for Gold and
Silver” and ‘“Hallmark™.

GEMMOLOGY INSTRUCTOR
2nd year theory instructor in gemmology required for evening work at Sir
John Cass College, London. Details of qualifications to Dr. E. Rutland c/o the
Association.

MEETINGS
9th October, 1969. Herbert Smith Memorial Lecture. Mrs. Nancy
Armstrong on “Jewellery”. Goldsmiths’ Hall, London.
19th November, 1969. Presentation of awards by Professor S. Tolanksy,
F.R.S., at Goldsmiths’ Hall, London.
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Importers of rough precious stones direct from the mines
Specialists in rare stones and cutters of fine gems

CHAS MATHEWS & SON LTD
Established 1893

14 Hatton Garden London EC 1

Cables Lapidary London

Telephone Holborn 5103




For Students, Hobbyists and Professionals

For GEMMOLOGY STUDENTS AND LAPIDARY HOBBYISTS;
27 Gemstones including Emerald, Chrysoberyl, Aquamarine, various types
of Tourmaline, Topaz, Citrine, Chalcedony, Garnet, etc. Good quality
Gemstones out of which many cabochons can be cut. US$8. per box.

FOR PROFESSIONALS AND LAPIDARY HOBBYISTS;
2 Facetable Gems either Aquamarine, Tourmaline, Citrine Rio Grande or
Amethyst of best quality (over 3 Carats each) and one good coiour EMERALD
over one carat. Also 6 sets of 4 Gemstones each of Topaz, Aquamarine,
Pink Tourmaline, Amethyst and Citrine Rio Grande. Over 7 oz. of best
cabochon grade at US$26. per box.

Rough EMERALD: Bright dark colour. Grades, A, B, C at $5. at $4. at $2. per
carat respectfully, minimum quantity 5 carats.

FOR CRAFTSMAN JEWELRY;
Best quality tumble polished (Ring or Pendant size) well crystalized: Tourma-
line and Aquamarine at $8. per 4 oz. lot. Amethyst, Citrine Rio Grande
at $6. per 4 oz. lot. Burned Agate, Rose Quartz, Green Quartz at $2. per
4 oz. lot. Heart-shaped Rose-Quartz, Agate, Green Quartz, set on key
hoider at 85 Cents a piece.

Payment by bank cheque. Prices include registered airmail postage covered
by our MONEY BACK guaranteed. Wholesale prices for quantities.
IMPORTSERVICE,

Florencio de Abreu 157, Conj.103,

Sao-Paulo, Brazil.

—To enquire whether

o

"D & B Ltd. have it

Precious and other Gemstones

P

25 Hatton Garden, London, EC1
Telegrams : Eternity, London, EC1 Telephone: 01-405 3850 01-242 6797
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MINERALS OF MADAGASCAR

Three different collections each one comprised of 15 mineralogical
specimens of selected quality. These specimens are set in 7” x 4” golden-
backed cases, with transparent crystal covers, divided into compartments
of 14" x 14", Price £3 3s. 0d. each set. Discount available for quantity.

Rare specimens available. Visitors welcome (By appointment only).

A, ZARMATI

4 Clerkenwell Road, London, E.C.1.
01-253 2372

B. K. SARIN, BA, F.GA.

1 Hatton Garden * London ¢ E.C.1
Telephone (01) HOL 9962 Telegrams MOHNI, E.C.1.
Buyers and Sellers
of Precious Gems
and Jewels
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o — —
GEMSTONES FROM:— I

BURMA
INDIA
CEYLON |
THAILAND
All kinds of Cut Precious and Other Gemstones:—
: |
Tel: K 660949 Gemeast Corporation Mailing Address:
Cable: “GEMCRYSTAL” 23 CHATHAM ROAD, 2nd floor, TST.P.O. BOX. 6363
I HONG KONG. KOWLOON, HONG KONG, HONG KONG.
IR

RS

You've seen it quoted
in abstracts many times

...WHY NOT SUBSCRIBE...12monthly issues,
including annual April BUYER'S GUIDE issue
(284 pages), average 100 pages each month.

23rd ...4-COLOR COVERS, COLOR inside,
Year ke FAMOUS AUTHORS...one year, $6.25 U.S.
funds. 2 years $12.00, 3 years $17.75.
FOR GEM CUTTERS Largest circulation of any gem magazine in
GEM COLLECTORS the world. QUALITY buile it
JEWELRY MAKERS LAPIDARY JOURNAL Inc,,

P.O. Box 2369, San Diego, Calif., U.S.A.

NOW CUT AND POLISHED IN ENGLAND

STRONTIUM TITANATE

(sizes ¥ ct — 20 cts)
BRILLIANT-CUT
EMERALD-CUT
MARQUISE and
PEAR-SHAPES

J. BROOKS LAPIDARIES

45 HATTON GARDEN, LONDON, E.C.1.
01-242 8026

Leaflet and prices on request
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Wanted

Parures, sautoirs, demi-parures, brooches, lockets, chains, necklets, pendants,
bangles, bracelets, biblots, seals, stomachers, mementi-mori, mourning jewellery,
insect and animal motifs, vinaigrettes, mosaics, inlays, stone-cameos, stone
intaglia, probate lots, pic lots

to

in 9, 12, 15, 18, 22 carat gold, “coloured” gold, silver, silver and gold, pinchbeck,
cut-steel, enamel, piqué tortoiseshell, aluminium and gold, Berlin iron, ivory,
bone, hair, amber, jet, amethyst, “pierre Anglais”, cloisonne, plique-a-jour, pearl,
half-pearl, garnet, moonstone, coral, chrysoberyl, pink pearl, demantoid, peridot,
topaz, tourmaline, opal, ruby, sapphire, emerald, diamond.

Purchase
Victorian and Antique
Jewellery of all kinds

anything in good or reasonable condition that is usable

R. Keith Mitchell:..

Halton House . 20/3 Holborn . London . E.C.1.

Telephone: 01-242 3404
Please Note New Address




RAYNER
POLARISCOPE

The Rayner Polariscope allows not only uncut stones and rough specimens to
be examined but stones in pieces of jewellery, rings, etc., can just as easily be
tested to see whether they are doubly refractive.

An aperture at the front has been so placed that it can be used as an ordinary
light source for the refractometer.

The instrument incorporates a rotating stone table. Upon rotation a doubly
refractive stone will allow light to pass through it in one position and when
rotated again will appear dark. If the specimen is singly refractive the amount
of light passing through will normally be constant in whatever position it may
be viewed. It is essential to view the specimen at a number of angles. Best
results are usually obtained with the table of the stone facing downwards.

The instrument measures 43 x 23 ins. and 5%
ins. high. It is available for use on 110 or
230 volts and is supplied complete with flex.

U.K. Price £10 5s. (Cat. No. 1136) Spare bulbs 4s. 6d. each (Cat. No. 1137)

Distributed by GEMMOLOGICAL INSTRUMENTS LIMITED
St. Dunstan’s House, Carey Lane, London, E.C.2 (By Goldsmiths’ Hall)
Telephone: 01-606 5025. Cables: Geminst London EC2,
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SAPPHIRES ; EMERALDS

:»%‘ e j;:

RUBIES ZIRCONS

GEORGE LINDLEY

& CO. (LONDON) LIMITED
““Everything in Gem Stones ”

26 HATTON GARDEN,
LONDON, E.C.1

Telephone : Cables:

CHAncery JADRAGON

51723 LONDON
FINE QUALITY

DIAMONDS

RUBIES
EMERALDS
SAPPHIRES
PEARLS

AND

Every known GEMSTONE

ALBERT HAHN & SON, LTD.
SUITE 55, 118 HOLBORN
LONDON, E.C.1

TELEPHONE HOLBORN 5080

QUALIFIED éEMMOLOGISTS
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Lapldary machines by Robilt

Robilt gem maker kit (M1)
Saws, grinds, sands, polishes.

Optional extras Facetting head-
O’'Brien type or index type

Flat lapping special cast-iron
lap available

Sphere making make quartz,
tiger-eye, agate, spheres

- Turn rocks into gems

Tumbling machines (M7)
2 heavy duty 1 gallon jars
8" aluminium pulley

Bronze self-lube bearings
Plates zinc plated

6" trim saw (M6)

Cast aluminium base, steel
tray, aluminium swivel guard,
drain plug. Includes 6" x -025"
diamond blade.

Junior gem maker kit (M3)

For the beginner saws, grinds,
sands, polishes

Other machines available -

6" Combination machine (M4)
Facetting machine (M2)
10" slab and trim saw (M5)

Call, write or phone for price list and delivery -

Hirsh Jacobson Limited,
29 Ludgate Hill,
London, EC4, England

Telephone 01-248 2881

Kernowcraft Rocks &
Minerals, 68 Highertown,
Truro, Cornwall, England

Telephone Truro 2695
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MAX DAVISsus LTD.

38 OXFORD STREET, LONDON, WIiN 9FJ)
Telephones: 01-580 7571 & 01-580 5264

Telegrams: ZOISITE London W1
Telex: 25208 MAX DAVIS LONDON

Max Davis Stones Ltd. are now
able to offer diamonds of white,
fine white and blue white qualities
only.

These are available in one carat
sizes upwards in brilliant and
emerald-cut.

Diamonds can be viewed in your
bank at your convenience.

Please write stating your require-
ments to the above address.
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Come and see our fabulous
collection of minerals and geo-
logical specimens in our new
showrooms at 38 Oxford Street,

London, W1

Due to security problems viewing
is strictly by appointment.

Write or phone for your
appointment

MAX DAVIS @y

38 OXFORD STREET, LONDON, W1N 9FJ
Telephone: 01-636 3100 & 01-580 5264
Telegrams: APATITE London W1
Telex: 25208 MAX DAVIS LONDON




SLNIOV SHIUNLIVANNYW * SYILYOdWI * SHILYOd XTI + SHITVSITOHM

DISTRIBUTORS LTD.

SUITE C, 11th FLOOR,
GOLDEN CROWN COURT,
66-70 NATHAN ROAD,
KOWLOON, HONG KONG.

Kowloon P. 0. Box 6316

EMERALDS

RUBIES * SAPPHIRES
CATSEYES * MOONSTONES — N7
GARNETS (rough & cut)
INDIA STAR RUBIES
AGATE NECKLACES

Jewellers since four

generations. Specialising HONG KONG

’ . TELEPHONES
in all kinds of rough 66-5323
& cut Precious Stones. 66-8129

L. KHEMCHAND KUNDAMAL CHANDUMAL BROS,
32/34 BOMBAY CHAMBERS, MARINE LINES,
BOMBAY -2, INDIA
CABLES: "PREMLOK " DADDAR. BOMBAY
PHONES: 23078
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