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Introduction

Since the early 1990s, lasers have become
increasingly popular not only in the advanced
instrumentation of gem labs but also for jewellery
repair (Weldon, 1992). The enormous advantage
of these commercial laser systems is that a bench
jeweller can make delicate repairs to jewellery set
with heat-sensitive materials without having to
unmount all the gems. Because the laser’s beam
is narrow and focused, it can make pinpoint solder
joints or welds without much heat conduction to
the surrounding setting, which minimizes the risk of
damage (Misiorowski, 2000; Wade 2002).

Despite the claims that the jewellery repair laser
doesn't harm mounted gemstones, reports have
been published from time to time that document
damage obviously caused by such lasers (Hanni,
2009), and online discussions mentioning damage
to diamonds and coloured gemstones date back as
far as 2002 (https://orchid.ganoksin.com/t/laser-
welding/16491).

Recently, several gem labs have observed damage
to coloured gemstones caused by a repair laser
(SSEF, 2019; Kiefert & Schollenbruch, 2019).
Some of this damage has occurred on high-value
gemstones such as Kashmir sapphires (Fig. 1) and
Burmese (Myanmar sapphires), East African and
Thai rubies. If these gems have to be repolished
due to such damage, they lose considerable weight
and therefore value.

Fig. 1 Kashmir sapphire of 5.11 cts (table and pavilion
side) submitted by a client showing several deep areas of
laser damage along the girdle and on the pavilion, even
visible with the naked eye through the crown.

Photo: M.S. Krzemnicki, SSEF
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In order to investigate the actual damage a
commercial jewellery repair laser may produce, a
range of coloured gemstones of various quality was
selected and these were exposed to a commercial
laser used in a professional workshop for jewellery
repairs. The results of this experiment are
presented here.
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Fig.2 These gemstones were tested with the jewellery repair laser: from top left to bottom right: one tanzanite,
two green tourmalines, three sapphires, three rubies, five emeralds and one garnet. Photo: K. Schollenbruch, GGL.
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Materials and methods

16 gemstones were selected for this study to cover
different mineral species as well as different clarity
grades in order to evaluate the effect of the laser
on these gems. Fig. 2 gives an overview of the
tested gemstones (sapphire, ruby, emerald, garnet,
tourmaline, and tanzanite).

For this study we used a commercial laser welder
(Alpha Laser A50) equipped with an Nd-YAG laser
emitting at 1064 nm with a maximum laser power
of 50 W. The working power used for welding is
usually about 4.0 W.

Although jewellery pieces are usually handheld
during soldering and the laser is focused free hand
on the surface, in most cases we used a metal
block (adjustable in height) on which the gemstone
could rest instead. This sample holder was covered
with a leather pad in order to avoid reflections from
the metallic surface (Fig. 3).

The gemstones were tested using various energy
settings with and without the leather pad as well
as hand-held to see if the results varied. Standard
setup was on a metal block with a leather pad

(Fig. 3) with the laser focused on the surface of the
pavilion.

Microscopic images were taken using a GIA DL
Scope Pro Trinocular Microscope equipped with a
Canon EOS 6D camera.

Fig. 3 Interior of the Alpha Laser A50 chamber. The stone
is positioned on a metal block covered with a leather pad to
avoid reflection of the laser on the metallic surface.

Photo: L. Kiefert, GGL.
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Results

The first sapphire that was tested while hand-held
produced a surprising result. The damage appeared
on the opposite side of the laser focus in a cone-
shaped tube (Fig. 4). A secondary area of damage
was recorded at a random location which was also
located on the opposite side of the stone.
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Fig. 4 This cone-shaped tube was caused by a laser
focused on the surface opposite the area of damage.
Photo: K. Schollenbruch, GGL.
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Most tests were performed with an energy of 3.6
to 4.1 W, the usual setting for jewellery welding.
The laser beam was focused to a spot diameter of
approx. 5 um. With this laser energy and focus the
laser caused damage on all tested samples with
various results. It is difficult to estimate the impact
of the various factors (such as for example laser
energy, focus position, gem species, presence of
inclusions) on the resulting damage due to the
laser shooting.

Apart from the energy, the pulse, the focus of

the laser beam and the backing of the mineral,

it seemed that the number of inclusions and the
size of the stone also affected the final result.
The more fractures that were observed in a stone
the shallower the impact was of the laser beam.
On stones without fractures the laser left distinct
traces which could be used to identify laser
damage (Fig. 5).

Fig. 5 Series of cone-shaped areas of damage created by
a laser (1064 nm emission) in an inclusion-free synthetic
green corundum. Photo: M.S. Krzemnicki, SSEF
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In most cases a shallow to cone-shaped cavity
was observed. Often this cavity was either filled or
coated with a glassy substance (Fig. 6) resulting
from the local melting of the gemstone due to the

laser. In some cases, this feature might visually
resemble a cavity filled with “aged” resin or lacquer.

00044714 Uni Basel
Fig. 6 SEM micrograph (high magnification) of a sapphire
surface showing a cone-shaped area of laser damage with
deposition of molten material as a glassy residue in the
cavity created. Photo: M.S. Krzemnicki, SSEF and University
of Basel.
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The glassy substance observed in these laser holes
often shows a brownish colour and is pervaded by
small fissures (crackling) as a result of fast cooling
(Fig. 7a), but in some cases it may also have a
whitish, foamy appearance due to numerous small
microcracks and tiny inclusions (Fig. 7b).

Fig. 7 a) laser spot with brownish glassy crust - crackled.
b) whitish, foamy glass residue around the laser hole.
Photos: K. Schollenbruch, GGL.
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In many cases small chips are splintered from the
surface around the hole. In some of the samples,
the tension caused during laser treatment lead to
the formation of numerous cracks around the laser
hole (Fig. 1) or even forced the stone to break as
shown in Fig. 8a and 8b.

Fig. 8 a) Laser-induced damage on a garnet.

b) This inclusion-free tourmaline broke after the laser hit
its surface (The white spot in the centre of the sample was
caused by another laser impulse with less energy).
Photos: K. Schollenbruch, GGL.
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Fig. 9 Experiment using three different laser energies (0.1,
7 and 15 Watt). Photo: K. Schollenbruch, GGL.
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To assess the relationship between laser energy
and resulting damage, we used a synthetic
sapphire which was hit by a single laser shot on
three positions, each with a different laser energy
(0.1W, 15 W, 7 W). As expected, the strongest
impact and greatest laser damage occurred when
the highest laser power was applied (Fig. 9).

The laser shot at 0.1 W energy did not leave any
traces on the stone. The 15 W shot created a hole
that went right through the synthetic sapphire.
Simultaneously, numerous and extensive fractures
were created around the laser hole but only very
little glassy substance was found. The laser shot
at 7 W created a deep cone-shaped cavity (about
half the depth of the stone) with some cracking
around the drill hole, but notably also considerable
brownish glassy residue (from the local melting

of the synthetic sapphire) in and around the laser
hole.

Conclusion

As mentioned before, the starting point for this
experimental study was that the authors had
recently came across a number of cases in

which the sort of laser damage discussed above
were observed on stones submitted to the Swiss
Gemmological Institute SSEF and Gubelin Gem
Lab by clients for gem testing. Some of this laser
damage was even visible to the naked eye. All were
found either on the pavilion or at the girdle

(Fig. 10 a-c) in next page.

The laser damage encountered in clients’ stones
is often close to the girdle, in positions where
there might previously have been a prong setting .
When doing repair work on these prongs, the laser
probably hit the stone causing the damage, either
on the side of the repair area, opposite the repair
area, or in more than one random spot. So, despite
claims that laser repair does not cause damage

to gemstones, the jeweller must make sure not to
hit the stone accidentally. In addition, the power of
the laser beam also has a great influence on the
damage caused.

Although, to date, we have only noticed such laser
damage on corundum sent in by clients, these
experiments have shown that all sorts of gems

are subject to this sort of damage. Surprisingly,
gems with fewer inclusions are affected more

than included gems, indicating that the localised
heat produced by the laser is possibly better
conducted along fissures and inclusions. Based on
our experiments, the extent of the laser damage

is also at least partially dependent on the type of
gemstone (mineral species) as a result of their
different thermal conductivity. Due to the deep
cone-shaped areas of damage created by the laser,
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Fig. 10 Three stones of high commercial value showing
laser damage very similar to those obtained on our samples
using a jewellery repair laser. (10a: sapphire from Kashmir,
10b: ruby from Madagascar, 10c: ruby from Mozambique).
Photos: M.S. Krzemnicki, SSEF and K.Schollenbruch, GGL
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re-cutting of such a damaged gemstone may result
in a substantial loss of weight. This is especially
worrisome in the case of a high-value gemstone,
such as the 5 ct Kashmir sapphire presented in
Fig. 1.

To summarise, damage caused by a jewellery repair
laser can be a real problem for the jeweller. It is,
though, a dilemma which could be easily avoided
either by not using such laser equipment for
jewellery repair, or by having laser repairs carried
out only by highly experienced staff.
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