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THE SOURCES OF SUPPLY 

By V. G. C. NORWOOD 

TH E demand for industrial diamond is continually increasing. 
As yet the gears of synthetic processes grind very slowly 
indeed. There is as yet no economic substitute for natural 

diamond. I t is from the steaming jungles and arid plains of remote 
regions that vital supplies of rough diamonds flow to keep the 
wheels of modern industry turning. 

But spare a thought for the men who mine these essential 
raw materials, the intrepid adventurers who, living in conditions 
of appalling privation, endure incredible hardships for scant 
reward, Brazil's colourful "Caboclas" , the negro "Port-knockers" 
of British Guiana (now Guyana) , and the Venezuelan "Tejana" , 
all giants in their own particular field of production, and all making 
their modest contribution to the world's needs. 

Much has been written about diamond prospecting. Yet 
surprisingly little is known about the resolute characters who 
forage in outlandish places, rugged individuals of every colour 
and creed, motivated by a common urge, sustained largely by 
sheer optimism, the eternal promise of " tomorrow". They accept 
the challenge of Nature, toil in daily pursuit of elusive mineral 
wealth, driven by an insatiable craving, often working in torrential 
rain, blistered by the torrid tropical sun, tormented by insects 
and ravaged by foul diseases—pawns in a game where the stakes 
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Pork-knockers at work. The old method. 

are high but the balance between riches and death is always 
slender, and governed largely by pure chance. 

I t is more than mere lust for wealth that starts the diamond 
prospector on his endless, lonely quest. Adventure is in his blood, 
the "Call of the Wi ld" stronger than his will to resist. Prospecting 
becomes an obsession, irksome at times, and damned hard work. 
But never boring. The prospector breathes God's pure, fresh air 
in places where few white men ever venture. He knows the majestic 
splendour of sweeping hills and awesome crags that instil appreci
ation of Nature 's wonders into his untutored mind, a realization 
of how insignificant is Mankind, and experiences at the other end 
of the scale the foetid reek of fever swamps, the sinister threat of 
gloomy jungle, the squalor of impoverished river settlements and 
backwater camps. 

A man's life, a challenge accepted, the privation, discomfort 
loneliness and innumerable dangers all discounted against the 
weight of favourable potential. Few thrills can compare with 
that of taking a boat through foaming rapids along some mighty 
jungle river. To tackle such a journey requires nerve above average. 
Here, in the wilderness, man-power remains supreme, a stout 
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heart the major driving force, unconquerable spirit and physical 
strength the true measure of success. There is no turning back. 
Once committed the course is onward, with muscles knotting, 
backs straining, hearts pounding, every corded sinew responding 
with an even greater surge of latent power to meet and overcome 
Nature 's relentless pitfalls. 

This then is the world of the diamond seeker. T o him, all of 
life is a gamble. He stakes his stamina and experience against 
heavy odds. Either the jungle ultimately breaks down his mind, 
or he endures and becomes inured to the eerie borderline between 
blaring sound and awesome silence. The years slip by almost 
unnoticed. ' 'Diamond Fever" has him in its relentless grip, and 
for this "disease" the sweet smell of success is the only cure. 

Diamond recovery methods employed in Guyana and Brazil 

A typical "pork-knocker" of the "old school" with the tools of his 
arduous trade. 
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Industrial diamond workings 
(Sierra Leone). 

differ vastly from processes followed in Africa. Guyana diamonds, 
for example, although of extreme hardness, generally have a kind 
of brown "skin" which resists grease-bed techniques, consequently 
work is done by hand, a wasteful method employing crude sluice-
box washing. The wet gravel concentrate is finally "jigged" (a 
twirling action) in a cumbersome sieve to centralize any diamond 
content by centrifugal force. (See " A Handful of Diamonds and 
Drums Along the Amazon"—T. V. Boardman and Robert Hale 
Ltd.) . 

The subject of diamond origin and crystallization is absorbing, 
and still not conclusively proved. Whatever the nature of rock 
associated with diamond recovery, whether sandstone, gravel, 
conglomerate, or metamorphic schist, rarely is diamond found 
embedded in the actual parent rock wherein it was formed. In 
instances where diamonds have supposedly been found under such 
conditions the matrix has proved to be only a deposit formed 
around the diamond by prolonged contact with eroding soft rocks. 
Despite extreme hardness diamonds often reveal traces of frictional 
wear indicative of tremendous distances over which they have been 
transported in association with abrasives. 
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In regions where "pipes" of "blue ground" (peridotite or 
kimberlite) occur the extent of similar gas-blown vents indicates 
the forcing of matrix from the earth's molten core by internal 
steam pressure, additional signs and evidence of subterranean 
upheaval being the uncovering of former underground rivers 
during excavations, coupled with the alien nature of surrounding 
rocks to the "blue ground" itself. Peridotite is igneous and devoid 
of free silicon, while being extremely rich in olivine (peridot). 
It has a high iron content, the yellow aspect of surface peridotite 
being due to oxidization. There is seldom any indication of mineral 
wealth in the surrounding terrain. In South Africa, red, sandy 
soil covers vast areas containing fabulous diamond deposits. 
In Guyana and Brazil, rain forests and the vegetation growth of 
centuries obscures craggy formations from which diamonds are 
continually being washed into rivers and creeks. 

If we accept as fact the contention that the earth's core con
sists of metallic iron in a molten state, and seismological calcu-

The suction-dredge—the modern method of diamond prospecting in Guyana. 
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Inspecting gravel concentrate for diamonds. 

lations proving increases in temperature relative to depth, we must 
assume that the inner area of the earth's crust must be plastic, 
and subjected to tremendous compression imposed by superin
cumbent, solid upper layers, and by internal stresses. Consequently, 
water seeping through fissures and forming steam when contacting 
the molten core would create terrifying forces that, upon encounter
ing comparatively weak points, ultimately blasted gaping vents 
through which to vomit seething, carbonaceous matter. 

The affinity of iron with carbon suggests that in the absence 
of oxygen, and perhaps assisted by some catalytic mineral as yet 
not positively identified by science, any free carbon content of 
plastic peridotite would crystallize as appalling heat and expanding 
pressures dispersed at the bases of these ruptures. Peculiarities 
pertaining to diamonds recovered from particular ' 'pipes" make 
it possible to identify the source through a process of comparison 
involving various known areas of prehistoric subterranean eruption. 
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I t is not uncommon lor diamonds actually to explode soon 
after being unearthed, due to imprisoned gas bubbles or carbonic 
acid activated by the sudden release from sustained pressure. 

But the average diamond prospector is not concerned with 
theories or scientific principles. He knows diamond by sight and 
by touch, and learns through trial and error. The veteran pro
spector reduces the whole complicated process to a simple formula 
which, wasteful though it is, includes a reasonable amount of 
proven method and thus reduces the element of pure speculation. 

Prospecting is a hard life, and there is little glamour or romance 
associated with actual diamond recovery, only hard work and 
dogged perseverance. Thus the diamond seeker must of necessity 
be of a breed endowed with endurance above average, and sharing 
a philosophy peculiar to his kind. 

ORIGIN OF THE NAME AGATE 

By E. SAROFIM, Ph.D. 

TH E naming of stones after the area or locality in which they 
were discovered, has its root in a long-standing tradition. 
Brasilianite, Amazonite, Utahlite, Labradorite, etc., and 

lately Tanzanite ( 1 ) , are a few examples which perpetuate this trend 
in our modern time. 

Agate, this old yet noble stone, is no exception : it is a classical 
example of this secular trend. T o establish the locality which gave 
its name to this stone, the etymology of the word Agate must first 
be ascertained. Some authors advanced that it is derived from the 
Latin ' 'Achates", a river in Sicily(2), while others see its origin in the 
Greek word "Agatos" ( 3 ) . The appearance of the word in English 
dates only from 1570 A.D. ( 4 ) and it appeared about the same time in 
other European literature. 

The comparatively recent appearance of the word in modern 
languages and in Latin and Greek, while its Semitic transliteration 
" 'Aq iq" in Arabic or "Achi t" in Hebrew was used long before, 
makes it difficult to share the view of a Latin or Indo-European 
origin. 
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Egyptologists who found proofs that some 3,000 years before 
Christ ancient Egyptians used the banded variety of Chalcedony— 
today described as Agate for an infinity of purposes—are uncertain 
about the name which was then given to this stone. But the diffi
culty does not arise for the Semites who about the same time used 
Agate not only for ornamental purposes but for other usages such as 
tablets for recording religious verses or important events. It is 
therefore not improbable that the ten commandments might have 
been recorded on this stone<5). 

The fact that this stone was known to the Semites long before 
the Romans and Greeks and was called, probably as far back as the 
dawn of civilization, ' "Aq iq" or "Achi t" , leads us to believe that 
the origin of the word Agate is Semitic. 

Our contention does not rest only on historical findings and on 
the trilitic formation of the words Agate and Achates, but on the 
fact that the literal Arabic definition of the word ' "Aqiq" , the part
ing of the hair of a new-born baby ( 6 ) , might well be the only plausible 
explanation why the use of the word Agate is restricted to banded 
Chalcedony. Moreover, old Arabic dictionaries state that ' "Aq iq" 
is the name of a valley near Medina ( 7 ) (presently Saudi Arabia) . In 
view of the favourable desert surroundings it is more than likely 
that Agate occurred in this valley which we believe gave its name 
to that stone, long before the Sicilians named their river. 

R E F E R E N C E S 

1. Name given by Tiffany of New York to Blue Zoisite. See the Wall Street Journal (New York) 
of 14th October, 1968. 

2. See "Edelsteine und Per len" by Professor Dr. K. Schlossmacher—printed in Stuttgart in 1965, 
p . 261. 

3. a. 4. See the word Agate in the Shorter Oxford Dictionary on Historical Principles—printed in 
1944 by Clarendon Press, Oxford. 

5. cf. Exodus Chapter 24 Verse 10: I t is mentioned that it might have been Sapphire. See also 
the Midrache Tankhouma Commentaries on Exodus Chapter 34 Verse 1. 

6. a. 7. See the Arabic word ' " A q i q " in Moukhta r Al-Sahah—2nd edition printed in Cairo by 
Boulaq Government Press in 1937, p . 446. 
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THE "WATER-DROP TEST” IN GEMMOLOGY 

By ALBERT TAN HIEN TJWAN 

TH E method used is very simple, and depends upon the 
behaviour of a small drop of water placed upon the top 
surface of a gemstone. Results are indicated by the manner 

in which the droplet stands or stays on, falls off, or is dispersed. I t 
is to be emphasized that only stones of inorganic origin, having the 
hardness property of 7J (beryl), 1\ (zircon and some garnets—with 
the exception of demantoid garnet), 8 (topaz and spinel), 8^ 
(chrysoberyl), 9 (corundum) and 10 (diamond) will provide reliable 
guide tests. O n quartz (H. 7) peridot and demantoid garnet (H. 
6J) and other stones softer than quartz varieties the test will provide 
an indication that the stone is comparatively soft. The method is 
more or less dependent upon the hardness property of minerals, 
which is characteristic in the individual species, though surface 
tension and the nature of the polished surface is also a consideration. 
On the other hand, when this method is applied to gems of organic 
origin, such as pearl, coral and amber, etc., it is not dependent upon 
the hardness, but is probably dependent upon their compositions. 

An hardness test is to be avoided not because this test has been 
considered unnecessary, but merely due to the fact that the act of 
scratching is likely to damage a stone to some extent. The scratch
ing method is only used to test rough materials when no other test 
is possible. As far as identification of a gemstone is concerned, the 
gemmologist has other more scientific means available. But the 
gemmologist is not a walking laboratory. On some occasions he 
might come across a natural stone of doubtful species somewhere 
when such instrumentation as the refractometer is not available to 
test a stone. Perhaps the simplest apparatus a gemmologist can be 
expected to carry with him is the lOx lens or one or two pieces of 
Mohs's scale hardness points consisting of Nos. 8, 9 or 10. Sup
posing that during one of his trips somewhere, someone offered the 
gemmologist a fine specimen of a faceted golden yellow stone at the 
price of a true topaz. Based on its inclusions the 10 x lens could only 
tell him that the stone is real, but possibly not its species. T h e 
inclusions of the stone are not those of a natural corundum, since 
they do not represent the typical angular shape of crystals, straight 
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On diamond On corundum and synthetic corundum 

J^X 

On topaz, spinel, and some garnet, 
and synthetic spinel 

On zircon and morganite 

On Chrysoberyl caVs-eye On tourmaline caVs-eye 

On pearl and coral On emerald, tourmaline and aquamarine 

Behaviour of small drops of water on surface of gems. 
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lines, rutile needles and the liquid feathers, etc., some of which are 
usually present in a natural corundum. Hence the stone offered is 
not a yellow sapphire. I t could be a topaz or a citrine. The 10 x 
lens could not detect which because it is extremely difficult to detect 
topaz and citrine with a hand-lens. Wha t about the hardness test ? 
If the stone yields easily to the No. 8 of the hardness point, then it is 
positively not a topaz. But the mere mention of the hardness test is 
frowned upon by the owner of the stone and besides, it is not for a 
good gemmologist to scratch a well faceted and well polished stone. 

In such circumstances the "water-drop test" method is useful. 
The test shows that a small drop of water stands on the top surface 
of a topaz but falls down instantly flat and dispersed on the top 
surface of a citrine and other stones softer than the quartz varieties. 

To carry out the test : 

(a) The gem to be tested must be kept dry, free from finger
prints, oily substances and cracks, as these will disturb the 
test. Absolute cleanliness is essential and is not easily 
achieved. 

(b) The test on the gem should be exactly on the middle of its 
surface. 

(r) Proceed with the test by placing a small drop of pure water 
on the test centre. The water may be applied by using a 
dropper or a thin rod of glass or metal. Too large a drop 
of water will just slide over the surface of the stone, while 
too small a drop will provide an uncertain result of the test. 
Larger stones provide a wider test area, so a larger drop of 
water may be applied, and consequently on smaller stones 
a smaller drop of water should be applied to the test centre 
of the gem. 

The results of the "water-drop test" method depend solely upon 
the behaviour of the small drop of water which stands on the centre 
of the surface of the gem being tested. 

(i) O n diamond, corundum, chrysoberyl, topaz and spinel (H. 10, 
9, 8^, 8) the small drop of water stands firmly, almost spherical 
in form on the hardest stone, and somewhat hemisphere-like 
on the softer stones. This hemisphere-like form of the small 
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drop of water varies slightly from one to another, dependent 
upon the characteristic hardness of each stone under test. 
In other words, the small drop of water stands firmest on a 
diamond, is less firm on a corundum, and is still less firm on a 
chrysoberyl and so on (see diagram). 
I t is difficult to note the difference in form of the small drop of 
water on a diamond and on a corundum of small size, but on 
stones of larger sizes (5 carats upwards) the slight difference 
may be observed. 

(ii) On stones having hardness of 1\ to 7J, like zircon and some 
garnets (except the demantoid garnet) , tourmaline and beryl, 
the small drop of water stands less firm and nearly flat. Tha t 
is, on zircon and some garnets the small drop of water stands 
less firmly, but on tourmaline and emerald the small drop of 
water becomes almost flattened. 

(iii) O n stones having hardness of 7 and less (quartz, demantoid 
garnet, peridot, nephrite, haematite and opal, etc.), the small 
drop of water is dispersed, and thus provides an indication that 
they belong to the category of soft stones. 

T H E " W A T E R - D R O P T E S T " T H E O R Y 

The property of hardness in minerals is dependent upon the 
cohesion, or the bonding power which arranged the atomic structure 
in a regular, closely packed lattice-like pattern. Topaz is harder 
than citrine, because the atomic structure of the former is more 
closely packed than the latter. A harder stone will hold a small 
drop of water more firmly on its surface, but a soft stone has a weak 
bonding power and consequently gives rise to a less closely packed 
(lattice-like) atomic structure. A soft stone like citrine (from the 
point of view of the "water-drop test" method), will not hold a 
small drop of water on its surface. 

The "water-drop test" method is similar to placing an amount 
of water on a filtering cloth, the construction of which can be likened 
as the atomic structure in a stone. The water will stay much longer 
on a filtering cloth of denser construction. O n the other hand, the 
water will soon filter out on a filtering cloth of rarer and sparser 
construction, similarly as a drop of water is quickly dispersed on the 
surface of a soft stone. 
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The "water-drop test" method when applied to gems of 
organic origin is not dependent upon the hardness property of the 
gems concerned, despite the fact that a small drop of water stands 
on the surface of a pearl (H. 3 J to 4-0), coral (H. 3-75) and amber 
(H. 2 J) all of which are relatively soft, but on the manner in which 
a small drop of water is dispersed. 

Coloured glass is sometimes used to imitate the coral and 
amber, while haematite is fashioned spherically to simulate the 
valuable black pearl. The "water-drop test" method easily dis
tinguishes the organic gems from paste and haematite. 

A probable cause of a small drop of water standing on gems of 
organic origin is some oily element in the composition of the gems. 
The pearl is a product of the shell-fish known as mollusc in science. 
Coral is a calcareous skeleton of tiny animal polyps, while amber is 
a fossil resin of vegetable origin. We have fish oil, and also vege
table oil. I t is therefore logical that some varying amount of oily 
element may exist in the composition of organic gems or materials. 
Water is heavier than oil, and consequently it sinks in oil and oil 
floats on water. This act of separation or rejection is also seen when 
a small drop of water is placed on the surface of a substance coated 
with a thin film of oil, on which it stands. 

In practice, sometimes a repetition of the test upon a gem is 
necessary, i.e. when the first test provides an uncertain result. 

This can happen in the event of the following : 

1. The test is carried out too hastily. 

2. The small drop of water applied on the gem during the test 
is not of suitable proportion. 

3. The surface of the gem tested is not clean or dry enough, has 
cracks or a thin film of oil. 

I t must be borne in mind that in the case of testing a stone, or a 
repetition of test, the gem must first be carefully wiped with a clean 
dry cloth or handkerchief, unstained with any oily element, and the 
stone must be in a dry condition. 

Listed below is a comparison table of the "water-drop test" 
method of the chief varieties of gems tones and their possible counter
parts. The manner in which the small drop of water stands or 
disperses is indicated above the stones listed. 
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Firmly Less firmly Almost flat Totally flat and dispersed 
Diamond Topaz, zircon, — Quartz, syn. rutile, 

synthetic spinel strontium titanate. 
Corundum (ruby Spinel, topaz, Tourmaline, Quartz (amethyst, 
and sapphire), zircon, morganite, aquamarine. citrine and star-rose-
syn. corundum almandine, py- quartz) paste. 

rope, hessonite, 
synthetic spinel. 

Ghrysoberyl — Tourmaline cat's- Quartz cat's-eye, 
cat's-eye. eye. tiger's-eye (crocidolite), 

moonstone. 
Green sapphire. Soude emerald Emerald. Soudé emerald with 

with syn. spinel quartz as crown, 
as crown. demantoid garnet, 

Jadeite, nephrite peridot, sphene. 
— — Some turquoise Some turquoise 

(less porous), (porous). 
plastic materials. 

True pearl, — — Haematite (used to 
cultured pearl, simulate black pearl). 
glass bead coated 
with "essence 
d'orient". 
Red coral. — — Paste. 

— Amber. — Paste. 

T h e above list is not a table of determination. 

Modern gemmology demands conclusive tests, hence the 
4 'water-drop test" method should be used together with some other 

test in identifying a stone. 

T H E LIMITATIONS OF THE " W A T E R - D R O P T E S T " 

I t does not distinguish: 

1. The characteristic hardness of a stone, only giving an 

indication that one stone is harder than the other. 

2. Between natural stones and their synthetic counterparts. 

3. Between (a) a true pearl and cultured pearl and (b) true 

pearl or cultured pearl from glass bead coated with fish 

scales known as "Essence d 'Or ient" . 

4. Between true turquoise and (a) plastic-bonded imitation of 

turquoise or (b) plastic-bonded real turquoise. 
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A STUDY OF SOME GOLD MINE DIAMONDS 

By F. A. RAAL 

Diamond Research Laboratory, Johannesburg, South Africa. 

ABSTRACT 

A non-destructive study has been made of some diamonds 
recovered during gold mining operations. The stones appear to be 
ordinary Type I diamonds which had suffered charged particle 
irradiation and some annealing of the radiation damage at a tem
perature not exceeding 500°C at some stage of their existence. 
Two absorption features have not been observed in diamond pre
viously and it is thought that they might he a consequence of the 
time scale of the annealing process which differs vastly from any
thing we can practically achieve. 

INTRODUCTION 

Recently a small diamond was recovered in cleaning out a tube 
mill on one of the Witwatersrand gold mines. This rekindled 
interest in some other diamonds—38 in all—which are museum 
pieces and which have been found in gold mines from time to time. 
In some of the older gold recovery processes the crushed ore was 
sent over corduroy which retained the gold particles in its folds and 
allowed the lighter materials to be washed over. Being relatively 
heavy the diamonds were found with the gold. A non-destructive 
study of these unique diamonds, which have kindly been made 
available to us, has now been made. 

APPEARANCE AND MORPHOLOGY 

The 38 stones, the largest of which weighs 1-53 carats and the 
smallest 0-08 carats are shown in Figure 1. As can be seen they are 
all of reasonable crystallographic habit and a few well-shaped 
octahedrons and dodecahedrons are in evidence. The diamonds 
are all coloured various shades of yellowish-green or green, ranging 
from a barely perceptible green tinge in one instance to a dark-
green, almost black, colour in another. The colouration appears 
to be only skin-deep as is the case, in our experience, with most 
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FIG. 1. 

green diamonds found. The skin-deep colouration is consistent 
with the diamonds having been irradiated with high energy alpha-
or beta-particles (Dugdale, 1953). These emanated, in all prob
ability from uranium (or one of its degradation products) since this 
element is quite abundantly present in the gold mines where the 
diamonds were found. 

T Y P E DESIGNATION 

Robertson et al (1934) were the first to draw a distinction 
between Type I and Type I I diamonds and noticed that diamonds 
of the latter category have nondescript shapes as opposed to those 
of the Type I variety with good crystallographic features. Kaiser 
and Bond (1959) showed that all Type I diamonds contain varying 
amounts of nitrogen in substitutional position in the diamond 
lattice and that they are characterized by a strong absorption band 
at 7-8(JL in their infra-red spectra. Elliot (1960) proposed that this 
nitrogen in Type I diamonds is segregated into a layer configuration 
and Evans and Phaal (1962) observed platelets in (100) planes in 
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these diamonds which could only be explained as being due to
segregated substitutional nitrogen atoms: a qualitative study of the
infra-red absorption spectra of the 38 diamonds revealed the
presence of the 7,8[1. band in all instances. I t is concluded, there
fore, that as is the case with about 980/0 of all diamonds from more
conventional sources the gold mine stones are all of the Type I
variety, i.e. they contain appreciable amounts of substitutional
nitrogen in platelet configuration.

OPTICAL ABSORPTION FEATURES AND DISCUSSION

Three octahedrons with relatively smooth parallel-sided faces
lent themselves to optical studies of a more quantitative nature.
The optical spectra obtained for these three stones showed identical
absorption features although the strength of the bands varied in
degree. Spectra were recorded at liquid nitrogen temperature
(80 0K) and a typical spectrum is reproduced in Figure 2 where the
product of absorption coefficient and thickness of the diamond is
plotted as a function of the photon energy of the incident radiation.

As can be seen there are prominent absorption band systems
centred at 3,3, 2·6 and 1·7 eV respectively. In addition, there are
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present two absorption systems with main bands at 2·1 and 1·17 eV
respectively which to our knowledge have never been observed in
diamond before. It is probable that these are a result of annealing
of irradiation damage in the diamond over many thousands of years
at a temperature which might have been well below but not exceed
ing Sooac as we have reason to believe.

The 1·7 eV band, designated G .R.I, is known to be associated
with radiation damage in diamond (Clark et al, 1956). Experi
ments in this laboratory have shown that on heating irradiated
Type I diamonds to sooac G.R.I can be annealed out completely
with time to produce the band at 2·6 cV. At lower temperatures
G .R.I is annealed out only partially and an equilibrium with the
2·6 eV band is reached dependent on the temperature of heating.

Since both the G.R.I and 2·6 eV bands are present in the gold
mine diamonds the inference is that these diamonds were initially
irradiated by a natural radio-active source and at some subsequent
stage in their histories were heated to a temperature not in excess of
sooae and most likely considerably less than this value to partially
anneal out the G.R.l system.

Figure 3 depicts the absorption spectra at room temperature of
one of the selected octahedrons before and after the diamond had
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been heated in the dark at 400°C for 10 minutes. Curve 1 is that of 
the diamond in its normal state whereas curve 2, superimposed on 
curve 1, is that of the diamond in its thermally activated condition. 
O n exposure to ultra-violet light or daylight curve 2 reverts to 
curve 15 i.e. the activated state reverts to the normal condition. 

As can be seen there is a difference in light absorption between 
the normal and activated states. By heating the diamond in the 
dark the G.R.I and 2-6 eV systems are reduced and the one at 3-3 
eV enhanced. The G.R.I and 2-6 eV bands being in the visible 
part of the spectrum one would expect a visible colour change to 
accompany the heating and light exposure cycles. This is indeed 
the case. After heating in the dark at 400°C for a few minutes the 
diamond appears yellow which colour rapidly changes to yellowish-
green or green on exposure to light. Similar observations have 
been made in this laboratory on natural Type I diamonds which 
have been irradiated (Dyer and du Preez, 1965). Our under
standing of this chameleon behaviour of diamond substantiates the 
claim that the gold mine diamonds were subjected to irradiation as 
well as annealing of the radiation damage at temperatures probably 
very much less than but not exceeding 500°C at some stage during 
their existence. 
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Gemmological Abstracts 

R O L F F (A.). The aquamarine-bearing regions of Brazil- Lapidary 
Journ . , 1968, 22, 8, 1044. 
A brief account of the prolific Brazilian gem area of Teofilo 

Otoni. S.P. 

ANON. Diamonds from Methane. Science Horizons, 1968, 98, 6. 
Diamonds can now be grown from methane, the gas which is 

better known as marsh gas. At present the process is extremely 
slow and is used only to increase the size of industrial diamond 
abrasive powder. Eut a long-range goal of the research into 
methane-produced diamonds, which is being carried out at Case 
Western Reserve University in Cleveland, Ohio, is to grow a 
synthetic diamond of gems tone size and quality. 

In the experimental process they have developed, methane is 
passed over a diamond seed crystal at temperatures of about 
2,000°F. The gas decomposes and gives off carbon, which deposits 
on the crystal. The carbon atoms arrange themselves in the same 
atomic pat tern as the seed crystal and it grows. A potential appli
cation is the production of diamond for use as electrica] conductors 
at high temperatures. 

MORRISSEY (F. R. ) . Turquoise deposits of Nevada. Nevada Bur. 
Mines Rept . 17, 1968. 36 pp. , 2 figs., 1 map . Published by 
Mackay School of Mines, Univ. of Nevada, price $1-50. 
All known deposits of turquoise in Nevada are recorded for 

their location, production and history of mining. 
R .A.H. 

M A P L E S (ERNEST) . Let's call a jade, a jade. Rocks and Minerals, 
1968, 43, p . 491. 
Numerous minerals are incorrectly called j ade by dealers in 

gems and ornamental stones. In these names the term jade is 
usually modified by a geographical name. Ten examples are cited 
and correctly identified. 

R.A.H. 
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PETERSON ( H E L E N ) . Black star-corundum. Rocks and Minerals, 
1968, 43, pp . 492-493, 2 figs. 
Black asteriated corundum crystals, averaging f inch across, 

occur in nepheline syenite near Bancroft, Ontario. The removal 
of the crystals from the matrix by using hydrochloric acid is dis
cussed. R.A.H. 

ANON. Gem stones of Western Australia. Rocks and Minerals, 1968, 
43, pp . 651-653. 
Comments on major localities are given for diamond, beryl 

(emerald, aquamarine, heliodor, morganite), opal, topaz, corundum 
(ruby, sapphire), quartz (amethyst, chalcedony, agate, Chrysoprase, 
prase, jasper) , tourmaline, and others. 

R.A.H. 

POUGH (F. H.) . The Carnaiba Emerald Mine. Lapidary Journ . , 
1968, 22, 9, p . 1162. 
The Carnaiba Mine, in Bahia, was found four years ago and 

is the biggest producer at the present time. The majority of 
crystals found are small and cut stones can only be a carat or so at 
best. S.P, 

M C L A R E N (A. C ) . The problems of amethyst. Australian Gem-
mologist, 1968, 10, 4, p . 7. 
At Monash University, Australia, electron and nuclear spin 

resonance techniques are being used in an at tempt to ascertain how 
the presence of iron, which is associated with the colour of amethyst, 
fits into the quartz structure. 

S.P. 

The German Gemmological Society issued a special booklet in 
honour of the seventy-fifth birthday of Georg O. Wild, of Idar-
Oberstein. Professor Kar l Chudoba introduced the booklet with a 
biographical sketch of Wild and a bibliography of his published 
work. His position as an evening class teacher of gemmology is also 
mentioned. Abstracts of the principal articles which appeared in 
the special issue are set out below. 
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GHUDOBA ( K A R L F.) . lieber die Bedeutung^ Entstehung und Klassifika
tion der Mineral—insbesondere der Edelsteinfarben im geschichtlichen 
Rückblick. Deutsche Gemmologische Gesellschaft, 1969, 3, 
27-40. 
About the importance, formation and classification of mineral 

colouring, especially colouring of gems seen from a historical point 
of view. This article includes a bibliography of 55 items and des
cribes the classification according to colour of many minerals or 
gems starting with Agricola. Gems were at different times sub
divided into having metallic or non-metallic colours ; or being idio-
chromatic, allochromatic or colourless (!) ; he also subdivides 
inclusions into macroscopic, microscopic and submicroscopic, these 
being either ultra-microscopic or electron-microscopic. 

E.S. 

BAMBAUER (H. U. ) , LEHMANN (G.). Farbr und Farbveränderung von 

Quart zen. Colour and colour alteration in quartzes. Deutsche 
Gemmologische Gesellschaft, 1969, 3, 41-49. This article 
includes a bibliography of 16 items, 7 tables and graphs. 
Quar tz can be sub-divided into macro-crystalline quartz, such 

as rock-crystal, smokey quartz, amethyst, citrine, etc. and micro- or 
crypto-crystalline quartz such as agate or aventurine. This article 
only deals with the first group. The various trace elements in these 
quartzes are compared. Quar tz seems to be one of the purest 
minerals due to the fact that Si can only be replaced by few ions, 
and then only to a limited extent. Details are given about rock-
crystal and smokey quartz, amethyst citrine, rose and blue quartz. 

E.S. 

RÖSCH (S.). Optisches über die Farbe des Amethysten. Optics of the 
colour of amethyst. Deutsche Gemmologische Gesellschaft, 
1969, 3, 50-54. 
T h e colour of amethyst has usually been examined in relation 

to the chemical composition of the stone. T h e author tries to 
measure and compare the colour of various amethysts with the help 
of D I N colour plates (German standard colours). 

E.S. 
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E P P L E R (W. F.). Pleochroitische Höfe. Pleochroic halos. Deutsche 
Gemmologische Gesellschaft 1969, 3, 55-57. 
The importance for gemmology of pleochroic halos or radio

active halos is the similarity to stress cracks in transparent gems. 
This is illustrated with 3 photographs, one showing a stress crack 
in a Ceylonese almandine, the other two a pleochroic halo in a 
zircon inclusion of a biotite at various magnifications. 

E.S. 

W I L D (K. E.). Produktion und Handelswege der Edelsteine aus Brasilien. 
Production and trade in gems from Brazil. Deutsche Gem
mologische Gesellschaft, 1969, 3, 73-87. This is the text of a 
lecture given at the institute in Idar-Oberstein in 1967, with 
an added bibliography of 19 items. 
The lecture included details of the historical development, 

especially of the special relationship between miners, traders and 
dealers with Brazil, the geographical situation of the various finds 
and the development of the trade between Brazil and Germany. 
T h e gems mostly traded are agates, amethysts, fired amethyst, 
citrine, rock-crystal, aquamarines and tourmalines. The author 
also mentions Brazilian emeralds and diamonds. 

E.S. 

BANK (H.) . Amethystverkommen in Bahia, Brasilien. Amethyst finds 
in Bahia, Brazil. Deutsche Gemmologische Gesellschaft, 1969, 
3, 88-96. 
Description and maps of the various occurrences of amethyst in 

Bahia, showing geological formation and geographical details. 
E.S. 

H A H N (M.) . Edelsteine aus Indien und Ceylon. Gems from India and 
Ceylon. Deutsche Gemmologische Gesellschaft, 1969, 3, 
97-101. 
Historical survey of the gem trade of India and Ceylon, starting 

with the Romans and later with Marco Polo and Vasco da Gama 
up to today's financial difficulties. 

E.S. 
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B O O K REVIEWS 

GUBELIN (E.). Die Edelsteine der Insel Ceylon. Lucerne, 1968, pp . 
152. 70s. 
This text in German, has many fine colour plates and black 

and white photographs. I t is a concise account of the occurrence, 
mining, recovery, cutting and selling of the gems found in Ceylon. 
The various species are considered in detail and there is a useful 
tabulated guide. There is a comprehensive bibliography. Much 
of the information stems from the author 's first-hand knowledge of 
Sinhalese gems acquired during periodic visits to the island. 

S.P. 

R I C H T E R (G. M. A.). Engraved Gems of the Greeks and the Etruscans. 
Phaidon Press, London, 1968. £ 1 8 . 
A study of Greek and Etruscan gems is singularly rewarding. 

They span the whole evolution of Greek art, beginning with the 
Geometric period of the late ninth and eighth centuries, proceeding 
to the time of heterogeneous Oriental influences and then passing 
stage by stage to the pure Greek forms of the archaic, the developed, 
and the Hellenistic periods. 

This is the first comprehensive book on the subject since Furt-
wängler's monumental work published in 1900. Dr. Richter gives 
a representative selection of 695 Greek and 181 Etruscan examples, 
taken from all major European and American collections. In most 
cases an illustration of the intaglio in the original, minute size is 
accompanied by an enlarged illustration of the impression, which 
shows the design as it was intended to be seen when used as a seal. 

The material is arranged chronologically, with an introductory 
chapter for each period, preceded by a general introduction dealing 
with the uses of engraved gems, the choice of designs, the materials 
used, the technique, and information about the artists. 

Etruscan gems are treated in the same way. 
The book, which will be followed by a companion volume on 

the engraved gems of the Romans, is intended to serve as a standard 
work on an important field of classical archaeology. 

P.P. 
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THE DETERMINATION DIAGRAM: AN AID FOR 
RAPID IDENTIFICATION OF GEMSTONES 

By C. E. S. ARPS, F.G.A. 

Stichting Ned. Inst. Wetensch. Ond . Edelstenen en Paarlen (Gem. Laboratory) , c/o Rijksmuseum 
van Geologie en Mineralogie, Leiden, The Netherlands. 

INTRODUCTION 

For many years, diagrams similar to the one introduced in this 
article have been used successfully by geology students from the 
Geological and Mineralogical Institute of the University of Leiden. 
They have proved to be a valuable help when minerals must be 
identified on slides of rocks and grains. 

Because of the good results with such diagrams it seemed 
justifiable to produce a similar determination diagram for the special 
benefit of the gemmologist. Many minerals of interest, including 
several scarcely known in gemmology, have been set out in this 
clear, comprehensive diagram and it is therefore expected that the 
diagram will be of use even to the more experienced among gem-
mologists. But it may also be of special interest to those experts, 
including many jewellers, who can only afford some relatively low 
cost instruments, such as the refractometer, to supplement the 
immersion (density) liquid tests. 

This chart is not meant to replace the many indispensable text
books. Its importance lies in the speed with which information can 
be gained from the diagram, after the initial observations are 
obtained using the refractometer and/or some immersion (density) 
liquids. After reading the "possibilities" from the chart, the text
books may be consulted if necessary. 

T H E CONSTRUCTION OF THE DETERMINATION DIAGRAM 

The diagram consists of two fields: a small field on the left 
wheie minerals with single refraction (isotropic) are set out and a 
larger one for the minerals with double refraction (anisotropic). 

The coordinates of the fields are the \a lues for birefringence (A) 
along the abscissa (horizontal) and for the refractive index, whether 
N for isotropic minerals or N 0 and N^ for the anisotropic uniaxial 
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and biaxial minerals respectively, in the direction of the ordinate 
(vertical). The birefringence is set out logarithmically and the 
refractive indices linearly with irregular changes in scale. 

The optical properties of the minerals of interest to the gem-
mologists are seldom presented as single points on the diagram but 
most often as lines. The optical properties (and also densities) vary 
with the chemical composition of the minerals, and in some cases the 
process of metamictization causes a decline in the refractive indices, 
birefringence and density (zircon). All chemical variations known 
belong to complete or partial isomorphous replacement series 
(garnets, spinels^ some tourmalines, some apatites, and olivines). 

For most of the minerals of interest, the mean of the optical 
variations could be represented sufficiently on the diagram with 
lines and circled dots, but in some cases the mineral properties are 
much more scattered than the lines indicate (apatite, \ariscite, 
chrysocolla, etc.). In the case of very small variations or when too 
few analyses were available, the mineral positions on the chart are 
shown by circled dots. 

The physical properties of the minerals in question were mainly 
obtained from Deer, Howie and Zussman (1962), Winchell (1959), 
Anderson (1964) and Webster (1962). 

The physical variations of most of the minerals are generally 
greater than the variations in the known gem varieties; therefore, 
the optical variations are often drawn as dotted lines when these 
properties are of less importance to the gemmologist (e.g. nephrite 
is a gem variety of the tremolite-actinolite series ; peridot is the gem 
variety of the olivine series; of the scapoli te series two gem varieties 
are known). 

According to their general importance as gem varieties, the 
minerals in the diagram are indicated by heavy lines and dots 
circled twice when the more important gems are considered and 
thin lines and dots circled once for the more or less unusual stones. 

Density, another major physical property of the gem varieties, 
has been added to the mineral names. For the minerals with double 
refraction, symbols are included to indicate whether the minerals 
are uniaxial or biaxial, with a positive or negative optical sign, 
(respectively + 0 , —0 and + b , — b) . 

The presence of so many minerals on the diagram clearly 
emphasizes that certain coordinates which lead more or less to an 
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important gem variety might also indicate another mineral of minor 
importance with physical properties very near to the former 
(examples are peridot and sinhalite; quartz, iolite and scapolite 
with low birefringence; sillimanite and euclase). 

I t is evident that when larger quantities of gems tones are to be 
identified at the same time, the diagram will once more prove its 
usefulness. The immersion-contrast method is advised here (Gem-
testing by B. W. Anderson), thus subdividing the minerals into 
smaller groups with relatively similar properties. For this reason, 
the refractive indices and also in a few cases the densities of several 
of the more important immersion liquids have been included in the 
chart (methylene iodide, bromoform, benzyl benzoate). 

In addition to the many natural minerals, the most important 
synthetics, glass varieties and other imitations can be found in the 
diagram. 

Special attention has been paid to synthetic emeralds. The 
optical properties of the known natural emeralds and their synthetic 
counterparts have been grouped together separately in more detail in 
the upper left corner of the diagram. I t is, however, still important 
to stress that all natural emeralds have a mean refractive index 
higher than the immersion liquid benzyl benzoate (l-569j, but 
emeralds with a mean refractive index higher than 1-569 might still 
include some synthetic emeralds (Lechleitner, Linde). To com
plete the diagram, the scale ranges of the standard Rayner refracto
meter (1-30-1-86), the spinel refractometer (1-30-1-68) and the 
diamond refractomer (1-55-2-05) are also indicated. 

T H E U S E OF THE DIAGRAM 

The refractometer readings must be carefully carried out to 
obtain the most reliable results from the chart. The refractometer 
determines many important optical details of the minerals in ques
tion (Anderson, page 40). Thus it is possible to distinguish between 
singly and doubly refractive minerals, and very often between aniso
tropic uniaxial and biaxial minerals. 

When a faceted stone is placed with the table facet on the 
refractometer and only one shadow-edge is seen through the ocular, 
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the stone will probably be isotropic. Isotropy is proved only when 
the shadow-edge remains fixed as the stone is rotated on the refrac-
tometer. The reason for this necessary check is that anisotropic 
minerals can behave isotropically when light is transmitted through 
the stone in the direction of (one of) the optic axis (es). I t rather 
often occurs that uniaxial minerals are cut in such a manner that the 
direction of the optic axis is parallel to the table facet (beryl, quartz, 
tourmaline) ; when the stone is examined through the refractometer, 
full birefringence will be visible in one position (A maximal) but 
after being rotated over 90°, only one edge will remain (A = 0). 
This edge, the ordinary ray, either corresponds with the higher re
fractive index when the mineral is uniaxial negative, or with the 
lower reading for the uniaxial positive mineral. Uniaxial minerals 
cut this way produce readings which are perfectly suited to the dia
gram, because the maximum double refraction is equal to the bire
fringence of the mineral while the stable shadow-edge corresponds 
with N°. An arbitrarily cut uniaxial mineral placed on the refrac-
tomer will, after rotation, be recognized by the fixed shadow-edge 
(N°), which is always present, and another (Ne') shifting toward or 
from the ordinary ray. T h e maximum distance between the rays 
must be measured {A'). For an arbitrarily cut stone this maximum 
difference {A') will nearly always be smaller than the birefringence 
(A). 

Thus A' <Zl = Ne—NCl for uniaxial positive minerals, or 

A'^A = N 0—N e for uniaxial negative minerals 

on the other hand, certain cuts of biaxial minerals may behave 
similarly and uniaxiality must therefore be proved (although this is 
not always possible) by obtaining refractometer readings from 
different facets of the same stone. T h e fixed shadow-edge will 
always be present; however biaxial minerals are different in that 
two movable shadow-edges will then be visible. Finding the bire
fringence of biaxial minerals is also a mat ter of routine. 

A'^A = N y —N a counts for both biaxial positive and negative 
minerals. N a , N^ and Ny are the three principal indices and N a < 
Nß < Ny always. Thus finding the coordinates of biaxial minerals 
needed for the diagram means finding the lowest refractive index 
N a ' (where Nß>Na'>Na) and the highest index N y ' (where N ^ < 
N y ' < N y ) then A' = N y ' — N a ' . The average between N a ' and 

224 



Ny' will often more or less correspond with N^. As Anderson 
pointed out (page 42), the optic sign of biaxial minerals can also be 
found, but this is in practice a rather difficult matter . Anderson 
states that " I f the higher R . l . edge is seen to move beyond the half
way position between maximum and minimum readings it must be 
positive. If the lower R . I . edge moves past the half-way position, 
the stone is negative". I t is clear that it will be easier to evaluate 
the optic sign of biaxial stones when the birefringence is high. But 
even when birefringence is high, if at the same time the optical 
angle of the mineral is large, about 90°, the deduction of the optic 
sign will be difficult. 

Summarizing, it can be said: 

1. The measurements suitable for application to the diagram are 
most exact for the singly refractive minerals (one stable N and 
A=0). 

2. In the case of uniaxial minerals, the ordinary ray will always be 
visible, while birefringence depends on the orientation of the 
optical properties of the stone compared with the facets 
(A'= | N e ' N 0 | ). 

3. Measurements on biaxial stones must be carefully carried out 
to obtain the best results for the diagram; N^ more or less 
corresponds with the mean refractive index and the double 
refraction with the maximum possible difference between the 
highest and the lowest measurable refractive indices — 

(A' = N / - N a ' ) . 

4. To distinguish between isotropy, uniaxiality and biaxiality, one 
must at least rotate the stone on the table facet and it is some
times necessary to obtain readings from other facets. 

5. In the case of cabochon cut stones it is impossible to get these 
exact results for the optical properties. 
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ASSOCIATION 
N O T I C E S 

MEMBERS' MEETING 
Mr. Robert Webster was the speaker at a meeting of members of the Associa

tion held at Goldsmiths' Hall on Wednesday, 22nd January, 1969. He spoke 
about a recent trip to associations and gem-testing laboratories in Canada and 
the U.S.A. 

His visits included the Canadian Gemmological Association, the Royal 
Ontario Museum, the Smithsonian Institution, and the laboratories of the 
Gemological Institute of America in Los Angeles and New York. Mr. Webster 
was also able to have discussions with Dr. Kurt Nassau, of the Bell Telephone 
laboratories. 

In addition to describing the various gem-testing techniques which he had 
seen, Mr. Webster displayed various natural and synthetic gem materials which 
had been presented to him during his visits. These included synthetic quartz 
and garnet, flux-grown magnetite and peristerite feldspar, microcline feldspar, 
sodalite and rose-quartz. 

Collections which Mr. Webster showed came from the Royal Ontario 
Museum, Bell laboratories, Mr. Grant Waite, of Toronto, Mr. Hugh Leiper, 
F.G.A., Editor of the U.S. Lapidary Journal, Mr. Maziarek of the Venezuelan 
Dept. of Mines, and Mr. Jerry Call, of the New York laboratory of the Gemological 
Institute of America. 

MIDLANDS BRANCH 
A well attended meeting of the Midlands Branch of the Association was held 

in Birmingham on the 23rd January, 1969. The speaker of the evening was 
Chief Inspector J . A. Birch, D.P.A., M.I.W.M.A. of the Weights and Measures 
Department in Birmingham. Mr. Birch discussed the 1968 Trade Descriptions 
Act at length and subsequently answered questions concerning descriptions that 
were used in the jewellery trade. Mr. Douglas King, Chairman of the Branch, 
presided, and Mr. W. A. Peplow of Stourbridge proposed a vote of thanks to the 
speaker. 

SCANDINAVIAN DIAMOND NOMENCLATURE 
The Gemmological Society of Finland has recently published a chapter on 

clarity from the Scandinavian Diamond Nomenclature. It comprises over 180 
illustrations, with descriptions of the various clarity grades of diamond to be used 
in Denmark, Finland, Norway and Sweden. The official version of the nomen
clature is in English. Copies of the clarity chapter may be obtained from the 
Association, price 25s. Od. including postage. 
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GIFTS TO THE ASSOCIATION 
Mr. Argimiro Santos Munsuri, of Madrid, has kindly donated a copy of his 

book "La Esmeralda" to the Library of the Association. 

The Association is grateful to Mr. Walter E. Johansen of California, U.S.A., 
who has donated a parcel of synthetic red spinel preforms. 

The Association has received various gifts for its library which include a 
transparent faceted grossular garnet from Central Africa, presented by Inter
national Gems of Luxembourg, and a refractometer and polariscope from the 
Gemmological Association of All Japan. 

Mr. John R. Fuhrbach, of Amarillo, Texas, U.S.A., has kindly donated 
various specimens for student use. 

OBITUARY 

February 29th, 1969. Mr. John R. Page, F.G.A., of Knockholt, Kent. 
(D. 1948), aged 62. 

COUNCIL MEETING 

At a meeting of the Council of the Association held on Tuesday, 25th February, 
1969, at Saint Dunstan's House, Carey Lane, London, E.C.2, the following 
were elected to membership:— 

FELLOWSHIP 

Aria, Felisart, Ramon, 
Barcelona, Spain 

Ash, Stephen Leslie, Exeter, Devon. 
Baguena, Ruiz, Carlos, 

Barcelona, Spain 
Ball, Norman Douglas, 

Bideford, N. Devon. 
Barrenger, Jonathan, 

Weybridge, Surrey 
Best, Joseph, Santa Barbara, 

California, U.S.A. 
Bos, Elisabeth, Amsterdam, Holland 
Broughton, Timothy John, 

Knutsford, Cheshire 
Bruquetas, Dot, Eduardo, 

Barcelona, Spain 
Buckingham, Robert George, 

Witney, Oxon. 
Connard, John Martin, 

Southport, Lanes. 
Dalewski, Orest, London 
Davenport, Charles Edward, 

Coulsdon, Surrey 

Derges, Leonard Frederick, 
Paignton, S. Devon. 

De Souza, Victor J., Kobe, Japan 
De Vroomen, Leonardus Johannes 

Maria, London 
Domenech, Bisbe, Juan, 

Barcelona, Spain 
Fieldhouse, John Ernest, 

Sutton Coldfield, Warwicks. 
Gastager (Jr.), Max, 

Bad Reichenhall, Germany 
Gibson, Paul Walter, London 
Glen, Susan Elizabeth, 

Coventry, Warwicks. 
Goodson, David Lloyd, 

Wolverhampton, Staffs. 
Goodson, David Lloyd, 

Wolverhampton, Staffs. 
Holroyd, Philip, Frodsham, Cheshire 
Htein, U Win, Durham 
Hulme, Elizabeth, York. 
Jones, Stephen Richard, 

Newtown, N.S.W., Australia 
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Kaye, David, Leicester. 
Kjendlie, Karl Magnus, 

Larvik, Norway 
Lewis, David Trevor Keyes, 

Nottingham. 
Mason, Harold Ensor, London 
Mercer, Ian Frederick, London 
Millington, Grenville Arthur, 

Warley, Worcs. 
Mitchell, Frank Richard, 

Gloucester. 
Moreno, del Rio, Carlos, 

Barcelona, Spain 
Morgan, Deryck, 

Pembroke Dock, S. Wales 
Morrow, Roger Anthony, 

Lymm, Cheshire 
Pairman, Gordon Sinclair, 

Leven, Fife. 
Pardoe, Paul Roger, 

Worthing, Sussex 
Pass, John, Haslington, 

Nr. Crewe, Cheshire 
Pitt, Robert William, 

Sutton Coldfield, Warwicks. 
Pladellorens, Lluch, Jose, 

Barcelona, Spain 
Pragneil, Jeremy Martin, 

Stratford-upon-Avon, Warwicks. 

Ainley, Derek, Poole, Dorset. 
Akiyama, Kenjiro, Kyoto, Japan 
Alahendra, Anandapala, London 
Alvarez, Fernandez, Laurentino, 

Grado-Oviedo, Spain 
Alvarez, Fernandex, Manuel, 

Grado-Oviedo, Spain 
Amerasinghe, Charles Henry, 

Mount-Lavinia, Ceylon 
Andrade, Malde, Julio, 

La Coruna, Spain 
Antras, de Togores, Juan, 

Barcelona, Spain 
Appleby, Wilfrid Morrison, 

Cheltenham, Glos. 

Purchon, Eric, Brandford, Yorks. 
Samuels, Stephen Jeffery, 

Wembley, Middlesex 
Satterthwaite, Frank Clement, 

Wraysbury, Bucks. 
Scott, Conroy, Salisbury, Rhodesia 
Sendon, Gimenez, Pedro, 

Barcelona, Spain 
Shaw, John Reginald Marshall, 

Northampton. 
Smith, Charles Rubin, Selfridge 

A.F.B., Michigan, U.S.A. 
Solans, Huguet, Joaguin, 

Barcelona, Spain 
Solman, Barbara, 

Godstone Green, Surrey 
Stuckey, Howard, Sale, Cheshire 
Tassell, Warren Bruce, London 
Torrents, Domenech, Thomas, 

Barcelona, Spain 
Traveria, Cros, Adolfo, 

Barcelona, Spain 
Williams, Christopher John, 

West Wickham, Kent 
Winterson, Martin Richard, 

Bristol, Glos. 
Wohlwend, Hans Ruedi, 

Lucerne, Switzerland 
Zara, Louise Vida, Leicester. 

Arbunies, Andreu, Manuel, 
Barcelona, Spain 

Aria, Felisart, Francisco, 
Barcelona, Spain 

Armengol, Abril, Emilio, 
Barcelona, Spain 

Aspland, Lindsey Jerment, 
Camberley, Surrey 

Babely, Aron Zaro, Tehran, Iran 
Bajo, Ortiz de Apodaca, Julian, 

Pamplona, Spain 
Balendra, Arasaratnam, 

Manipay, Ceylon 
Bates, William Ernest, London 

ORDINARY MEMBERSHIP 
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Berger, Roland Dr., 
Ludwigsburg, Germany 

Binns, David George, 
Hastings, Sussex 

Blockley, Doreen Sandra, 
Gheadle, Cheshire 

Brooking, Grassy, Albert, 
Madrid, Spain 

Bourne, Robert, Dartford, Kent 
Budd, Malcolm David, 

Pinner, Middlesex 
Gall, Jerry Eugene, 

New York, U.S.A. 
Gaplin, Stanley Henry, 

Banks, Nr. Southport, Lanes. 
Garter, Brigitte, Courchevel, France 
Carthikesan, Arasaretnam, 

Manipay, Ceylon 
Garvajal, Bartolome, Carlos, 

Madrid, Spain 
Castro, Ferrer, Jaime, 

Barcelona, Spain 
Clarke, David Bertram, 

London Golney, Herts. 
Collin, Alan Arthur, 

Chester, Ghshire 
Collingridge, James William, 

Tonbridge, Kent 
Dark, Leslie James Haines, London 
Deeks, Noel William, Luton, Beds. 
Delgado, Irazola, Fernando, 

Bilbao, Spain 
Dryburgh, Peter McAllister, 

Northampton, Northants. 
Dunn, Pete J., Boston, Mass., U.S.A. 
Dyer, Wilbur E., Joliet, 

Illinois, U.S.A. 
Estrada, Mollet, Federico, 

Barcelona, Spain 
Farras, Sole, Jose, 

Barcelona, Spain 
Fehleisen, David, Rivervalc, 

New Jersey, U.S.A. 
Finch, Julia Ann, London 
Fujii, Atuo, Akita-Ken, Japan 
Gargano, Frank, New York, U.S.A. 
Grau, Roca, Manuel, 

Barcelona, Spain 

Gray, Philip, Hessle, Yorkshire 
Harr, Yung-liang, 

North Point, Hong Kong 
Haslam, Helena Mary, 

Penzance, Cornwall 
Hayes, Brian, Sheffield, Yorks. 
Hu, Eugene, Freeport, Bahamas 
Hu, Mary, Freeport, Bahamas 
Ierodiaconou, P. L., 

Famagusta, Cyprus 
Igea, Lopez-Vazguez, Javier, 

Madrid, Spain 
Ishida, Masahira, Tokyo, Japan 
Ishimatsu, Yutaka, 

Fukuoka-Ken, Japan 
Ishiyama, Iwao, Tokyo, Japan 
Isomura, Kinoe, Tokyo, Japan 
Iwase, Sotoo, Ishikawa-Ken, Japan 
Jarvis, Maurice Leslie, 

Durban, S. Africa 
Jeevendrampillai, Velupillai, 

Colombo, Ceylon 
Jones, George Harrison, 

Burnham, Bucks. 
Kennedy, William, Baltimore, 

Maryland, U.S.A. 
Kimoto, Toshio, Tokyo, Japan 
Komiya, Yoshio, Tokyo, Japan 
Kosaka, Yoshinobu, Tokyo, Japan 
Kumano, Isamu, Huogo-Ken, Japan 
Kurimura, Teruko, 

Fukushima-Ken, Japan 
Leamy, Paul David, Dublin, Ireland 
Leuw, David, Haifa, Israel 
Lyons, Raymond David, 

Croydon, Surrey 
McCormick, Wendy Lynette, 

Kew, Victoria, Australia 
McMillan, Geoffrey Alexander, 

Chessington, Surrey 
Maihara, Giichi, Aomori-Ken, Japan 
Mallac, Joseph Henri Louis, 

Omaruru, S.W. Africa 
Malone, Thomas Frances S., 

Dublin, Ireland 
Matsumura, Mitsugu, 

Iwatc-Ken, Japan 
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Minejima, Heihachi, 
Ghiba-Ken, Japan 

Miyake, Yoshio, Tokyo, Japan 
Miyoshi, Shyichi, Tokyo, Japan 
Mori, Hisao, Ishikawa-Ken, Japan 
Mori, Masatoshi, Tokyo, Japan 
Murtagh, Thomas, Dublin, Ireland 
Nadal, Gerezo, Antonio, 

Barcelona, Spain 
Nagahashi, Kinichi, 

Miyagi-Ken, Japan 
Namioka, Fukuji, Iwate-Ken, Japan 
Nehashi, Kesazo, Tokyo, Japan 
Nemoto, Ki, Ankara, Turkey 
Newall, Edward David, 

Bristol, Glos. 
Nicolau, Santasusagna, Ramon, 

Barcelona, Spain 
Nishimura, Kenzo, Tokyo, Japan 
Noakes, Norman De Berri, 

Auckland, New Zealand 
Oguntayo, Bodie Toks, London 
Okura, Tsunemitsu, Tokyo, Japan 
Otaguro, Iwao, 

Fukuoka-Ken, Japan 
Oughton, Frederick, 

Rhos, Glamorgan 
Patak, Alexander O., 

Newcastle, Penna., U.S.A. 
Perera, Bravo, Alberto, 

Madrid, Spain 
Pfeiffer, William V., 

Warrandyte, Victoria, Australia 
Pierce, Shirley, U.S. Forces 
Pitt, Nicholas Charles Hamilton, 

Stourport-on-Severn, Worcs. 
Pollak, Charles John, 

New York, U.S.A. 
Prats, Barreda, Lorenzo, 

Barcelona, Spain 
Rangott, Gladys Marjorie 

Glen Iris, Victoria, Australia 
Read, Henry Lewis, Whitstable, Kent 
Rigau, Mestre, Francisco Xavier, 

Barcelona, Spain 
Ripley, Allen Robert, 

Swindon, Wilts. 

Romero, Fournier, Carmen, 
Barcelona, Spain 

Ruff, Peter Clive, Bexley, Kent 
Sadamatsu, Toyojiro, 

Nagasaki-Ken, Japan 
Sakai, Yasuji, Ishikawa-Ken, Japan 
Sancho, Canto, Jaime, 

Barcelona, Spain 
Sancho, Canto, Pilar, 

Barcelona, Spain 
Santherasakaram, Xystus, 

Weybridge, Surrey 
Sasaki, Shizuo, 

Kanagawa-Ken, Japan 
Scott, Cecil Ernest Edward, London 
Shah, Pravin Chandra, 

Harrow, Middlesex 
Shine, Laurence, 

Saffron Waiden, Essex 
Shire, Aubrey, London 
Shishido, Yoneko, 

Hiroshima-Ken, Japan 
Shoa, Morris, London 
Smith, John David, 

Blackpool, Lanes. 
Smith, Phyllis, London 
Smith, William Alexander, 

Salisbury, Rhodesia 
Somerville, John Maitland, 

Rutherglen, Lanarks. 
Spicer, Shirley Isabel, 

Toronto, Ontario, Canada 
Standard (Jr.), Alan Kimball, 

Hawkinsville, Georgia, U.S.A. 
Stevens, Ronald Claude, 

Auckland, New Zealand 
Stokoe, Colin Edmund, 

Wallsend, Northumberland 
Sugihara, Taizo, 

Hyogo-Ken, Japan 
Takagi, Katsuji, Tokyo, Japan 
Takeuchi, Sanai, Fukui-Ken, Japan 
Talajia, Lalbhai Dalpatram, 

Ahmedabad (Gujarat) India 
Tanaka, Tadataka, 

Kanagawa-Ken, Japan 
Tassell, Jessie Agnes, London 
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Tenhagen (Jr.), Joseph W., 
Miama, Florida, U.S.A. 

Thomson, Edward Arthur, London 
Thompson, Bruce, 

Karachi, Pakistan 
Turner, Violet Louisa, 

Letchworth, Herts. 
Turney, James Stewart, 

Gheam, Surrey 
Uchimura, Takeyoshi, 

Tokyo, Japan 
Vila, Oltra, Miguel, 

Barcelona, Spain 
Vilalta, Gapdevila, Juan 

Barcelona, Spain 

Villegas, Sanvicens, Cesar, 
Barcelona, Spain 

Weinstein, Maurice, London 
Wilkes, Ronald, Blackpool, Lanes. 
Woolgar, Michael, Durban, S. Africa 
Yacobi, Ben-Zion, London 
Yamada, Katuya, Tokyo, Japan 
Yasunaka, Noriaki, 

Fukuoka-Ken, Japan 
Yokono, Tahichiro, Shiga-Ken, Japan 
Yoshioka, Shozo, Tokyo, Japan 
Yu, Robert Miu, 

Kowloon, Hong Kong 
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ROCKMIN GEM COMPANY 
LIMITED 

70-71 Gamage Building, 118-122 Holborn, London, E.C.1 

Telephone: 01-242 4611 

Cables : Azizgem London EC1 

DEALERS IN FINE 

GEMSTONES 

EMERALDS, SAPPHIRES, 

RUBIES, CAT'S-EYES, 

AQUAMARINE 

AND OTHER GEMS 

WE ARE INTERESTED IN 

BUYING ROUGH GEM 

MATERIALS OF ALL KINDS 
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BERNARD C. LOWE & Co LTD 
formerly Lowe, Son & Price Ltd. 

PRECIOUS STONE DEALERS 

DIAMONDS * SAPPHIRES 
• OPALS • PEARLS • 
AMETHYSTS • TOPAZES, Etc. 

STONES FOR THE 

GEMMOLOGIST AND STUDENT 

| 73/75 SPENCER ST., BIRMINGHAM, 18 § 
g | T e l e p h o n e : C E N t r a l 7769 * Te leg rams : Supergems gg) 

* * * * 

rgems 
* * * 

\i^ \i^ \t/ \i^ \i^ 
/p>. "^\ ^\ ^\ / ^ 

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 
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For Students, Hobbyists and Professionals 
For GEMMOLOGY STUDENTS A N D 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 A N D LAPIDARY HOBBYISTS; 
2 Facetable Gems either Aquamarine, Tourmaline, Citrine Rio Grande or 
Amethyst of best quality (over 3 Carats each) and one good colour 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 
holder 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. 

Precious and other Gemstones 

III! I M 11 k IUMAW LTD. 
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 lY x i y . Price £3 3s. Od. each set. Discount available for quantity. 

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

A. ZARMATI 
4 Clerkenwell Road, London, E.C.I. 

01-253 2372 

B. K. S A R I N , B.A., F.G.A. 

1 Hatton Garden • London * E.C.I 
Telephone (01) HOL 9962 Telegrams MOHNI, E.C.I. 

Buyers and Sellers 
of Precious Gems 

and Jewels 
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Tel: K 660949 

Cable: "GEMCRYSTAL" 
HONG KONG 

GEMSTONES FROM:-

BURMA 
INDIA 

CEYLON 
THAILAND 

All kinds of Cut Precious and Other Gemstones: 

Gemeast Corporation 
23 CHATHAM ROAD, 2nd floor, 

KOWLOON, HONG KONG. 

Mailing Address: 
TST.P.O. BOX. 6363 
HONG KONG. 

^ ^ M FOUNDED l»47 BY LELANDE 

Year / 
FOR GEM CUTTERS 
GEM COLLECTORS 
JEWELRY MAKERS 

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. 

. . 4 - C O L O R C O V E R S , COLOR inside, 
FAMOUS AUTHORS . one year, $6.25 U.S. 

funds. 2 years $12.00, 3 years $17.75. 
Largest circulation of any gem magazine in 
the world. QUALITY built it ! 

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

.̂1111111111111111111111111 11111111111111111111111111111111111111111111111111111 ! 1111111111111111111111111111111111111111111111111111111̂  

I MAGNIFIERS 
= 10 x achromatic and aplanatic black plastic cover. %eiss. £4 13s. Ë 

| 10 x achromatic, metal cover. Gowllands £3 9s. § 

Ë 10 x lensy metal cover. Gowllands 17s. 6d. = 

E Postage and packing Is. Od. extra U.K. only. E 

= Gemmological Instruments Ltd. E 

= Saint Dunstan's House, Carey Lane, London, E.C.2 E 

1̂1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 i 1111111111111111111111111111111111111111111111?F 

KCXNOWCRAFT ROCH $ and OEMS 
Highertown, Truro, Cornwall 

Raytech Ultra-Violet Lamps Robilt Lapidary Machines 

M. K. Diamond Blades Bitner's Templates 

Rough Rock for Lapidary Work 

Mineral Specimens and Fluorescents 

Catalogue 1/-
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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, pie lots 

to 
in 9, 12, 15, 18, 22 carat gold, "coloured" gold, silver, silver and gold, pinchbeck, 
cut-steel, enamel, pique tortoiseshell, aluminium and gold, Berlin iron, ivory, 
bone, hair, amber, jet, amethyst, "pierre Anglais", cloisonne, plique-à-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 FS 
Halton House . 20/3 Hoi born . London . E.C.1. 

Telephone: 01-242 3404 
Please Note New Address 
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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 4f x 2\ ins. and 5i 
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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Lapidary machines by Robilt 
Turn rocks into gems 

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 

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 (M8) 
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, Kernowcraft Rocks & 
29 Ludgate Hill, Minerals, 68 Highertown, 
London, EC4, England Truro, Cornwall, England 
Telephone 01-248 2881 Telephone Truro 2695 
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SAPPHIRES W ^ EMERALDS 

RUBIES m 3 ZIRCONS 

GEORGE LINDLEY 
& CO. ( L O N D O N ) LIMITED 

" Everything in Gem Stones " 

26 HATTON GARDEN, 
LONDON, E.C.1 

Telephone : Cables : 

CHAncery JADRAGON 

5772/3 LONDON 

FINE QUALITY 

D I A M O N D S 
R U B I E S 

E M E R A L D S 
S A P P H I R E S 

P E A R L S 
AND 

Every known G E M S T O N E 

ALBERT HAHN & SON, LTD. 
SUITE 55, 118 HOLBORN 

LONDON, E.C.1 
TELEPHONE HOLBORN 5 0 8 0 

Q U A L I F I E D G E M M O L O G I S T S 
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i . KHEMCHAN D KUNDAMAL CHANDUMAl BROS.
32 /34 BOM BAY CHA M BERS. MAR IN E LINES.

BOM BAY . 2, INDIA

CA BLES. - PREM LO K ' DAD DA R, BOMBAY

PHONES : 2 307 6

HONG KONG
TelEPHONES
66 - 5323
6 6 - 512 9

SUITE C. 11th FLOOR,

GOLDEN CROWN COURT .

66 -70 NATHAN ROAD.

KOWLOON . HONG KONG ,

Kowloon P. O. Box 6316~

Jewellers since four
generations. Specialising
in all kinds of rough
& cut Precious Stones.

EMERALDS .
______"",,\\ I II/ /,/

RUBIES * SAPPHIRES :::~~_
CATSEYES * MOONSTONES ~ , ~ • --::::::-
GARN ETS (rough & cut) /// I I \ \ """,,-

INDIA STAR RUBIES
AGATE NECKLACES

ASf/)rN tiEM
i)ts.TR(aUTO~$ LTD.
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