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Abstract
Demantoid garnets are among the most valuable gemstones in the world and their prices vary depending on the location they 
are found. Thus, a reference set of stones with known origins was assembled and their chemical composition analyzed with 
laser ablation—inductively coupled plasma mass spectrometry. It was shown that the three major sources, Russia, Namibia, 
and Madagascar, could be distinguished by using a plot of the manganese/titanium ratio versus the sum of chromium and 
vanadium in combination with the aluminum content. Even within Russia it was possible to separate some deposits using 
elemental composition despite some stones having color zones and therefore a varying concentration of some elements.
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Introduction

This paper is dedicated to Prof. Heinz Falk on the occa-
sion of his 80th birthday. He has not only been one of the 
most influential teachers I had, but we also share a common 
hobby: minerals. So, what could be more suitable than a 
paper on the combination of chemistry and minerals?

Garnets are a super group of minerals with the common 
formula M(II)3M(III)2[SiO4]3, where M(II) are bivalent met-
als and M(III) are trivalent metals. They are further divided 
into ugrandites and pyralspites. Ugrandites have calcium in 
the M(II) position and either chromium (uwarowite), alu-
minum (grossular), or iron (andradite) in the M(III) position 
and pyralyspites all have aluminum in their M(III) position 
and magnesium (pyrope), iron (almandine), or manganese 

(spessartine) in the M(II) position. Additionally, garnets can 
form all kinds of solid mixtures and thus are often hard to 
classify [1]. Even more complex is the nomenclature of the 
gem trade. Here, often color or provenance is used to create 
names as they might sound more valuable to a customer, 
e.g., tsavorite for green grossular found in Eastern Africa or 
Malaya—meaning off color—garnets.

In this paper we will focus on the species andradite, 
which when of green color is called demantoid (Fig. 1). The 
name is derived from diamond and means diamond-like, 
which is due to the fact that demantoids, when properly cut, 
have an equal sparkle and play of color as diamonds. This is 
due to the rather high refractive index of 1.88 and the very 
high dispersion of 0.057, which is even higher than that of 
diamond (0.044). Therefore, and because demantoids are 
much rarer than diamonds, they are highly priced [2].

Another factor that influences the price of gemstones 
is their provenance. While two gems might look similar 
in terms of color, cut, and clarity, their price can differ by 
several hundred percent if one can be assigned to a specific 
mine or at least a country, the best examples being sapphires 
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from Kashmir or rubies from Mogok, Myanmar. For deman-
toids, it is Russian origin that increases the value. Tradition-
ally, these provenances are assigned by gemmologists based 
on inclusions and experience and thus are often called expert 
opinions—which means that two experts might assign two 
different origins for one gemstone.

Demantoids were originally found in the middle of the 
nineteenth century in the Ural Mountains of Russia [3, 4]: 
more exactly, in alluvial deposits in the River Bobrovka 
near the village Elizavetinskoye, close to Niznij Tagil, 
about 100 km north of Ekaterinburg. Later on other deposits 
were found in the Ural, roughly 90 km south of Ekaterin-
burg, which are Poldnevskoye (Poldnevaya), Karkodin, and 
Ufaley. The Poldnevskoye deposit is also located on River 
Bobrovka, but not the same as the one where the original 
finds were made, which makes correct assignment of the 
localities sometimes impossible.

In the 1990s a new deposit was found in Namibia in the 
Erongo Mountains close to Tubussis [5–7]. Unlike the Rus-
sian stones, they are formed in skarns with no to very little 
chromium content. The cause of the green color is assumed 
to be an iron-based chromophore. In its heydays the Green 
Dragon mine produced five to ten thousand carats per year, 
with mostly stones between 2 and 3 mm, although very 
seldom cut stones of over 5 ct were produced. In 2008/09, 
another deposit was discovered in the mangrove swamps 
of Antetezambato in Northern Madagascar providing excel-
lent crystals which resemble the Namibian material in their 
appearance [8]. Besides those major deposits, many other 
places have yielded demantoids such as Iran, Pakistan, Italy, 
or Canada, but mostly not in qualities or quantities to be of 
commercial importance. A current (February 2019) market 
analysis at the world’s largest gem shows in Tucson, USA, 
has shown that about 60–70% of all demantoids for sale are 
from Russia and around 25–30% from Namibia. Madagascan 
gems are very rare as there seems to be no production at the 

moment and only one set of demantoids from Iran was for 
sale, as well as two stones from Canada.

In this paper, we will show that by using trace element 
analysis it is possible to differentiate between the most 
important countries of origin and even further in some cases 
between individual deposits.

Results and discussion

To be able to differentiate Russian stones from others, it is 
necessary to analyze and understand their chemistry first. 
We were able to obtain samples from all mentioned Russian 
localities, from Ufaley and Karkodin heated and unheated 
samples were available (heating of stones from these two 
localities is often necessary to remove the yellow tint and 
improve the green color) (Fig. 2) [9]. A special case com-
prises the demantoids from Ufaley which are found as brown 
to red (heating to green) or bicolor brown-green crystals. 
One of these color zoned samples has been sliced and its 
chemical composition was measured from the brown core 
via the intense green middle part to the yellowish-green 
rim to reveal the different concentrations of minor elements 
within a single crystal. XPS analysis confirmed the crystal 
to be almost pure andradite with no significant variations 
of the Ca, Fe, Si, and O concentrations. Figure 3 shows 
that the concentration of titanium is highest in the brown 
core and gradually fades toward the outer part of the crys-
tal. The intense green medium section, which is of highest 
commercial value, is dominated by chromium. Vanadium, 
which is very often also a reason of green color in minerals 
and sometimes even of more influence than chromium [10], 
does not seem to play an important role in the coloration of 
these garnets.

In a first attempt to assign correct origins, all Russian 
and Namibian stones were analyzed and trends within the 

Fig. 1  Demantoid gemstones 
from Namibia (front row) and 
Russia (back row, from left to 
right: Bashenovskoe, Bobrovka/
Tagil, Ufaley)
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chemical composition traced. It could soon be seen that most 
of the Russian stones have concentrations of Cr and V (green 
chromophores) in the range of 100–10000 ppm, whereas 
Namibian stones rarely have those elements at all. On the 
other hand, Mn could be found in Namibian stones in the 
range of 1–2%, whereas in the Russian stones it was only 
present below 500 ppm. After some optimization, it was 
found that using the sum of V and Cr as well as the Mn/Ti 
ratio as criteria, a very good separation of the 42 Russian 
and 23 Namibian stones is possible (Fig. 4a). Both values 
are plotted on logarithmic scales separating the localities 
well with only a narrow zone of uncertainty. Also, the results 
obtained from the multicolored Ufaley sample are displayed 
using this plot and, although they spread along the Mn/Ti 
axis (Fig. 4b), a clear separation from the Namibian material 
is possible. The only Russian stones that cannot be sepa-
rated are those from Bashenovskoe, but those are first of all 
rarities and not used commercially and can be distinguished 
from other demantoids as they typically have some percent-
age of grossular [personal communication Ildar Latypov].

Having a closer look at the Russian localities, it could be 
found that using the Al/Mg ratio in combination with the 
Mn/Ti ratio even an identification of some individual mines 
is possible (Fig. 5). The Ufaley material has the highest Al/
Mg ratios and the Bashenovskoe material the highest Mn/

Ti ratios, similar to the Namibian material. The deposits 
of Karkodin and Poldnevskoye are separated only by a few 
kilometers and therefore do not separate well in this diagram 
but form a group together. This group is only disturbed by a 
few spots assigned to the locality Bobrovka, which as stated 
in the introduction is either a river close to Elizavetinskoye 
where the original find was made or a river close to the Pol-
dnevskoye deposit—so it is assumed that those samples are 
from the latter location. All other samples labeled Bobrovka 
or Russia are rather widespread in this plot, but show tenta-
tively a lower Al/Mg ratio. One of the reasons for this can 
be that at the River Bobrovka alluvial deposits have been 
mined, which means that the stones were not found in the 
spot where they originally formed, but were washed out by 
the river and transported along with gravel. It is possible 
that they originate from more than one primary deposit, thus 
explaining the rather broad chemical distribution.

The third commercially important location at the moment 
is Madagascar. The andradites from Antetezambato are 
formed in a geologically rather similar surrounding as in 
Namibia (skarn deposits) and also optically are more like 
their Namibian than their Russian counterparts. When using 
the Mn/Ti versus sum of Cr and V approach, the stones 
from Madagascar are easily separated from the ones from 
Namibia by their very low Mn/Ti ratio, but due to the fact 

Fig. 2  Rough demantoid 
samples from Russian localities. 
Left to right: Ufaley 1 (heated), 
Ufaley 1 (unheated), Ufaley 2 
(unheated), Ufaley 2 (heated), 
Karkodin (unheated), Karko-
din (heated), Poldnevaya 
(unheated), Bobrovka/Tagil 
(unheated)

Fig. 3  Distribution of trace 
elements along a crystal section 
(from center to rim) showing 
high titanium concentrations in 
the center and highest chro-
mium concentrations in the 
green sections
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that some amount of Cr and/or V can be found they show up 
in the proximity of some Russian material (Fig. 6).

A very effective way to differentiate stones from Mada-
gascar is by looking at their Al content. Namibian stones 
typically have way below 1000 ppm and Russian stones, 
although having a higher content of mostly up to 2000 ppm, 
with Ufaley stones being an exception with 1500–6500 ppm, 
are clearly lower in Al than the Madagascar samples. The Al 
concentration in stones from Madagascar has always been 
found to be higher than 11000 ppm with maximum values 
being around 10% (it has to be noted that such concentra-
tions are too high to be measured with LA–icp MS and tend 

to have huge errors!). Table 1 shows a summary of ranges 
found for each element in each deposit.

Conclusion

Using LA–icp MS it is possible to determine the concen-
tration of several elements that can be used for the deter-
mination of the origin of demantoid garnets. From the few 
locations where this green variety of andradite can be found, 

Fig. 4  a Separation of Russian and Namibian demantoids using trace 
a plot of manganese/titanium ratio vs. the sum of chromium and 
vanadium. Blue lines indicate the area of uncertainty; specimens from 
Bashenovskoe cannot be separated from Namibian gems using this 

approach alone; b analysis of the bicolor crystal section from Ufa-
ley (Fig.  3, 59 points), showing the possible variation of the values 
within one crystal

Fig. 5  Separation of Ural demantoids using trace element ratios of 
manganese/titanium and aluminum/magnesium Fig. 6  Inclusion of Madagascar samples into the plot using manga-

nese/titanium ratio vs. the sum of chromium and vanadium shows a 
good separation from the optically and geologically similar Namibian 
gems
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only three are of commercial interest for the production of 
gemstones at the moment, which are Russia, Namibia, and 
Madagascar. The famous bright green Russian stones owe 
their color to a high concentration of Cr and/or V—which 
is a good indicator—but not all Russian stones have sig-
nificantly higher values then other stones. But in combina-
tion with low Mn and high Ti concentrations, they can be 
separated from their Namibian counterparts. Material from 
Madagascar typically has an even lower Mn/Ti ratio, but 
might have some Cr and especially V; however, due to their 
extremely high Al content, they can also be easily separated 
from all other sources.

What is absolutely necessary for such a model to work is 
that a significant number of reference samples with proven 
origin must be available and that the database is always kept 
up to date as new deposits are still being found. Some rari-
ties might not be assigned correctly by the approach pre-
sented here, as not all locations have been included yet into 
the study but the focus at this time has been the identification 
of those gems that are currently dominating on the market.

Materials and methods

Rough demantoid samples were collected from Tubussis 
(Namibia), Ufaley (Russia), Karkodin (Russia), Poldnevs-
koye (Russia), Bobrovka (Russia), Bashenovskoe (Russia), 
and Antetezambato (Madagascar). Cut stones were either 
cut by the author or taken from the collection of the Aus-
trian Gemmological Society or the collection of Gerhard 
Brandstetter. Many of the cut stones were only labeled “Rus-
sia” with no details of the mine. A total of 42 Russian (126 
points), 23 Namibian (69 points), 2 Madagascar (14 points), 
and 1 multicolored sample from Ufaley Russia (59 points) 
were analyzed.

All samples were tested with Raman and FTIR spectros-
copy to ensure that they were all andradites [11]. Chemical 
analysis was done by laser ablation–icp MS. Concentrations 
of Mg, Al, Ti, V, Cr, and Mn were measured by laser abla-
tion–inductively coupled plasma mass spectrometry (LA–icp 

MS) using a Cetac LSX-213 G2 + laser ablation system 
coupled to a Thermo Fisher Scientific X-Series II icp MS 
system. Ca, Si, and Fe were also monitored to ensure the 
smoothness of the laser ablation process. Tuning and calibra-
tion were carried out using NIST 610, 612, and 614 glass 
standards; reference values were taken from Jochum et al. 
[12]. The laser ablation was operated with a 100 µm spot 
size, a laser energy of 10% and a repetition rate of 10 Hz. 
130 shots were made on each spot and the ablated products 
transferred to the icp MS with a flow rate of 500 cm3  min−1 
He gas. Each sample was measured at three different spots.

Infrared spectra were collected with a Thermo Scientific 
iN10MX FTIR microscope in reflection mode using a liquid 
nitrogen cooled MCT detector. Spectra were collected from 
680 to 4000 cm−1 with a resolution of 8 cm−1 and 16 scans 
were averaged for one spectrum. Raman spectra were col-
lected with a Thermo Scientific DXR Raman microscope 
using a 780 nm laser. Spectra were recorded from 55 to 
3400 cm−1 and automatically summarized until a signal to 
noise level of 500 was achieved.

XPS measurements were performed using a Thermo 
Scientific Thetaprobe device, which was equipped with a 
monochromatic Al Kα X-ray source (hη = 1486.6 eV) and 
dual flood gun for the surface charge neutralization. The 
X-ray spot on the measured sample surface was 400 µm in 
diameter. The survey spectra were recorded using a pass 
energy of 200 eV and an energy step width of 1 eV.
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