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Abstract. Aventurine glass, known for its glittering optical effect due to embedded microscopic
metallic or oxide crystals, was developed in Murano, Venice, at the end of the 16" or early 17™
century. The historical recipes reveal the complex requirements, including copper reduction,
heat treatments and controlled atmospheres, necessary to produce its unique sparkle. Later
innovations introduced variants based on chromium and iron, each with distinct crystallization
mechanisms and applications. The present study synthesizes the history, production tech-
niques and crystallization processes of aventurine glass, focusing on its relations with nuclea-
tion and controlled growth of crystals to obtain desirable optical properties. In addition, com-
parisons are made with natural aventurine quartzite, where the aventurescence results from
mineral inclusions. By exploring both artificial and natural aventurines, this article highlights
the links between material composition, manufacturing techniques and aesthetic outcomes.
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1. Introduction

Aventurine glass and glazes represent a remarkable blend of art and chemistry and are char-
acterized by a distinctive sparkling effect, also named aventurescence or chatoyancy in min-
eralogy [1],[2]. This unique glass is a Venetian invention that emerged from the glassmaking
tradition of Murano island, where master craftsmen have perfected their art for centuries
[3],[4],[5]. The scintillation phenomenon arises from the interaction of light with microscopic
metallic or oxide crystals embedded within the glass matrix or glaze. The effect is most striking
when light directly hits the surface (Figure 1), causing the crystals to sparkle and creating a
dynamic glitter that changes with the angle of the incident light [6].

Aventurine glass is made by melting a silicate-based composition containing metal oxides
(like copper, chromium or iron), followed by slow cooling under carefully controlled conditions
to induce the crystallization of lamellar microcrystals within the glass matrix. When metallic
microcrystals are desired, the redox conditions must be precisely managed, either by using a
reducing atmosphere in the furnace and/or by incorporating reducing agents into the batch
composition.

Early aventurine glasses contain metallic copper in the form of thin, plate-like crystals or
spangles. Today, macroscopic crystals can also be formed using copper, iron, chromium, each
with unique characteristics. Depending on the chemistry and firing conditions, the metallic el-
ements crystallize either as pure metals (e.g., metallic copper, Cu®) or oxides (e.g., Fe2Os,
Cr203)
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The golden, scintillating effect, known as the aventurine effect, is the result of controlled
crystallization during the cooling phase. This effect occurs when light interacts with laminar
crystals, which possess a high refractive index, dispersed within a transparent glass matrix.
These crystals appear as isolated, shiny, plate-like scales that reflect light distinctly from the
surrounding glass medium.

The quality of the aventurine effect depends on several factors: size, shape, quantity, and
distribution of crystals [7]. For optimal decorative properties, crystalline formations should
cover 6 to 15% of the glaze surface [8]. Insufficient crystal formation fails to produce the desired
effect, while excessive growth leads to overcrowding, diminishing the sparkle [9]. The lamellar
shape of these crystals occurs under specific conditions, such as low viscosity in the crystalli-
zation field and significant oversaturation of metal oxides during cooling [8].

lcm

Figure 1. Example of copper, copper-cobalt and chromium aventurine glasses (from left to right).

Achieving the aventurine effect requires precise control of composition, firing conditions,
and metal oxide concentrations. If the metal oxide content is too low, the crystals dissolve in
the glass, preventing the sparkling effect. Conversely, excessive oxide content can result in
large surface crystals, resulting in an undesired metallic appearance. Fine-tuning the metal
oxide content is essential to balance these outcomes and achieve the desired aesthetic prop-
erties [101,[11],[12].

The production process involves two key steps: first, the metallic oxide must dissolve in
the glass during firing. Then, controlled crystallization must occur during cooling to produce
the desired laminar crystals. Recent advances in understanding these mechanisms have im-
proved process control, but obtaining reproducible results still demands considerable exper-
tise.

Historically, the complexity of the process limited aventurine effects to artistic products,
where long firing cycles could be accommodated. Aventurine glass was often worked more
like a precious stone, being cut rather than blown, which earned it names such as pasta ven-
turina. However, modern developments have enabled the integration of aventurine effects into
industrial ceramic production, using shorter firing schedules that are compatible with large-
scale manufacturing. This progress marks a significant evolution, extending the applications
of aventurine materials beyond traditional artistic fields.

Aventurine glass was not created in imitation of any existing gemstone but an entirely
novel material [13]. In this review, we describe the origin of this material, the different variants
developed over the centuries and the importance of the crystallization process to achieve the
expected optical effect. Nowadays, some natural stones are also called aventurine. As with
the glass, natural aventurine includes mineral inclusions giving it a more or less pronounced
flicker effect. Although the process is similar, we will show in this paper that the nature of
crystals is different between synthetic and natural aventurines.
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2. The discovery and early history

Aventurine glass is historically known by various names: pasta stellaria (meaning “starry
paste”), due to the sparkling effect caused by the inclusions of metallic copper crystals, and
venturina, derived from the Italian a ventura (meaning “by chance”), which reflects its haphaz-
ard origin and the challenges of its production, which was a kind of adventure [3],[4],[14],[15].

The exact date of the invention of aventurine remains debated, but documentary evidence
helps to establish a chronology. Aventurine is not mentioned in Antonio Neri's treatise L'Arte
Vetraria, published in 1612 [16], suggesting that its production was not widely known at the
time. However, a letter from Philipp Hainhofer to Duke Augustus of Brunswick-Lineburg in
1614 contains the first documented reference, describing “a sort of stones with golden stars
inside” sold by Luca Trono, a former goldsmith who likely worked in Venice and is considered
the first known seller of aventurine glass [13],[17]. This indicates that aventurine glass was
already known and traded across Europe in the early 17" century. We should also mention a
goblet from the second half of the 16™ century, decorated with ribs and striations in various
colors, including aventurine [14]. Although this object suggests that the origin of aventurine
dates back to before 1600, the precise dating of this goblet has been called into question [13].

It is therefore reasonable to assume that aventurine was developed in ltaly, likely in
Murano, Venice, during the late 16" century or very early 17" century. The term pasta ven-
turina first appears in a 1626 inventory of the Venetian shop of the jeweler Rimondo Rimondi,
listing items such as earrings and buttons made from this material [13],[15]. In 1634, the Ger-
man term Goldstein (also known as Goldfluss in Germany), from which the English term Gold-
stone is derived, appears in an inventory describing “two goldstone necklaces made by Luca
Trono” [13].

The production of aventurine was notoriously challenging and unpredictable. The first
known recipe for “pasta stellaria overo venturina” was recorded by Giovanni Darduin [15], who
began to transcribe his father’s recipes Nicolo (d. 1599) in 1644 [14]. As Darduin noted, the
composition was “unpredictable and deceptive”, sometimes resulting in excellent outcomes
and other times failing completely. This inherent uncertainty contributed to its high price.

Figure 2. Blown chalcedony cup with aventurine inclusions — Museum of Murano (Venice, Italy).

The history of aventurine glass is closely tied to the Miotti family [17],[18], which became
its primary producer in Murano. The connection began when Daniele Miotti married Anzola
Rigo, daughter of Giovanni Darduin, in 1638. After the deaths of Darduin (1654) and his im-
mediate heirs (1655), the precious recipe book likely passed to Daniele Miotti, who copied it
with his son Vincenzo in 1669. The Miotti family carefully guarded and passed on the secrets
of aventurine production for several generations until the beginning of the 19" century. The
last Miotti glassmaker, Stefano, successfully applied in 1793 for the privilege of continuing the
"fabrica de Smalti, Venturina e Mosaici" using his inherited recipes [17]. His furnace operated
from 1797 to 1805.
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The production of aventurine appears to have declined or ceased in the early 19" century,
possibly due to its high cost and production difficulties [4],[17]. However, a significant revival
occurred around 1825 thanks to Pietro Bigaglia, who presented aventurine glass at the 1826
industrial exhibition in Milan [4],[17].

Aventurine glass was created by melting ordinary glass cullets, to which copper, tin, lead,
and iron were added. The process required precise control of conditions and extremely slow
cooling in a reducing atmosphere to allow the formation of metallic copper crystals. According
to early recipes preserved in the Darduin manuscript, the process involved several steps [14]:
melting 100 pounds of opaque red cullet for about 18 hours; adding one pound of lead and tin
calx, one and a half pounds of red copper, and eight ounces of iron oxide; after eight hours,
adding two pounds of "calcined steel"; allowing the mixture to cool very slowly in a reducing
atmosphere.

Aventurine glass is particularly challenging to work with in blown glass applications for
which shaping occurs in an oxidizing atmosphere. Prolonged annealing under these conditions
can cause the copper crystals to dissolve, causing the glass to lose its characteristic sparkle
[14]. Despite these difficulties, it has been used in various decorative applications, including
jewelry, buttons, and inlay work (Figure 2). The glass was particularly popular in the 17" and
18" centuries, when it was used in screziato (speckled) decoration on /attimo (opaque, white
glass), with aventurine spots.

Figure 3. Copper aventurine glass showing the surface of the melt bath that exhibit a green color-
ation in contrast to the interior showing the sparkling effect (probably from Choisy-le-Roi glass manu-
facture. Courtesy of Allain Guillot).

The second half of the 19" century witnessed important technical innovations. The high
cost of aventurine glass and its unique physical characteristics have inspired numerous scien-
tists to master its fabrication and discover the science behind its optical effect. Among them
were Friedrich Wohler (1800-1882) in Germany [19], followed by Edmond Frémy (1814-1894)
and Louis Clémandot (1815-?) in France [20],[21], who likely began their research at the Clichy
glass factory. Their efforts met with limited success due to difficulties in controlling crystal size
and distribution [4]. Paul-Gabriel Hautefeuille (1836-1902) successfully replicated aventurine
by adding iron or fine brass turnings into molten glass [22]. Around the same time, in 1865,
Théophile-Jules Pelouze (1807-1867) developed a method using sand, carbonates, and po-
tassium dichromate to produce green chromium aventurine in fairly large quantities [23]. An-
other significant innovation came from Vincenzo Moretti, considered "the foremost technician
in Murano", who in 1885 created a new type of aventurine glass [15]. While the traditional
aventurine has a cinnamon-colored base that appeared green on the surface (Figure 3),
Moretti developed a dark blue variety with stars that appeared gold (Figure 1, middle), silver,
or light blue depending on the light. This was achieved by adding cobalt to the mixture, and
subsequently a black aventurine was created by increasing the iron and manganese content.
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3. Different types of synthetic aventurine

3.1 Cinnamon (copper) aventurine

Copper aventurine glass, historically the first aventurine glass ever produced, has remained
relatively understudied due to its complex production [3],[4],[9],[24],[25]. The scintillation effect
arises from microscopic metallic Cu (Cu®) crystals dispersed giving a yellow-cinnamon-colored
glass (Figure 4). Copper reduction is achieved using a reduced furnace atmosphere or reduc-
ing agents, mainly iron or tin, acting following the reactions:

Cu?* + 2Fe? —» Cu° + 2Fe™ (1)
Cu?* + Sn?" - Cu° + Sn** (2)

The manufacturing process is notably complex and was often unpredictable, with recipes
being closely guarded secrets in Murano. Numerous historical recipes from the 17" to the 19™
centuries have been reviewed in recent literature and will not be given here [3],[4]. The pro-
duction begins with a base glass, typically recycled cullet, combined with approximately 4-6
wt% Cu20 as the main ingredient [3],[4],[25]. Additional components include lead oxide to fa-
cilitate the copper dissolution, iron or tin oxides that are used as reducing agents [3]. The
process takes about a week and includes several stages: initial melting, precise addition of
colorants and reducing agents to the molten glass, added gradually in multiple steps, and a
crucial cooling period.

Vase aventurine L
Museum of Murano,
Venice

Figure 4. Optical microscopy images showing copper (left) and copper-cobalt (right) aventurine glass
with respective applications.

The first step is to obtain a red color when the glass is taken from the glass melt [3],[4],[22].
This certainly indicates the formation of nanosized Cu° crystals. The reduction is facilitated by
reducing agents or reduced furnace atmosphere [26],[27],[28]. After reaching the desired cop-
per reduction state, indicated by the red color, the heating is stopped and the glass melt is
cooled down over several days under reducing conditions, obtained by limiting air intake or
through the combustion of organic substances. This step is critical as it will allow the Cu® crys-
tals to grow into microcrystals, almost visible to the naked eye, producing the characteristic
glittering effect. Excessive crystal growth, however, impairs the desired optical properties. His-
torically, this stage was difficult to control due to the lack of temperature monitoring instru-
ments. No significant differences in compositions are revealed by chemical analysis between
aventurine and copper-red glasses [3],[4]; it appears that the main factor that distinguishes
aventurine from standard copper-red glasses is thus the size of the Cu° crystals and therefore
the heat treatment during cooling is the key factor to obtain aventurine.
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During melting, the glass develops a layered structure [24], as seen in Figure 3. The ex-
treme surface appears black due to the presence of CuO crystals, followed by a green layer
containing dissolved Cu?* ions [3],[4],[9]. The central layer, which produces the finest aventu-
rine effect, contains the highest concentration of dissolved iron [24].

A major limitation of aventurine glass is its incompatibility to be worked directly in the hot
state, as reheating and exposure to an oxidizing atmosphere can dissolve the carefully formed
CuO crystals. Traditionally, objects were produced by breaking the cooled crucible and pro-
cessing the glass blocks by cutting or grinding [3]. Hot use was latter obtained by Pietro Big-
aglia (1786-1876) in Murano, who developed a technique to protect aventurine with a crystal
glass coating, allowing for hot working and the production of blown objects and drawn rods
[3],[4]. Later developments included a blue version using cobalt as a coloring agent in the late
19" century (Figure 4, right), and black-based versions using manganese combined with iron
oxide [4],[15].

The successful production of copper aventurine demands precise control over multiple
parameters, including copper redox balance, reducing agent concentrations, furnace atmos-
phere and temperature profile during cooling. These technical complexities explain why aven-
turine glass production remained as much a matter of chance as of skill, making it one of the
most challenging and closely guarded secrets in glassmaking history.

3.2 Chromium aventurine

Chromium aventurine (Figure 5), first developed by Theophile-Jules Pelouze [23], is a distinc-
tive aventurine glass characterized by green sparkling Cr.O3 crystals precipitated within a sili-
cate glass. The green color is due to the presence of eskolaite (Cr.Os) crystals, as well as Cr3*
ions dissolved in the glass that also contribute to the color, as seen in Figure 5 [29]. Unlike
copper aventurine, which requires slow cooling, chromium aventurine is formed by oversatu-
ration while the glass is still molten, provided that the chromium concentration exceeds a criti-
cal threshold [4],[30]. The aventurine effect originates from hexagonal lamellar CroOs micro-
crystals, ranging from 4 to 300 um in size, with up to 45 crystals per mm3 [12],[31]. These
crystals are sometimes misidentified as fuchsite, likely due to a confusion with natural aventu-
rine quartz (see section 4), which contains inclusions of the chromium mica mineral fuchsite
(K(ALCr)2(AlSizO10)(OH)2) [32].

Apple, decorative
accessory
Fostoria Glass Co.

et el

Figure 5. Optical microscopy images of a chromium green aventurine with an object from the Fostoria
Glass Co. (USA) dating from 1956-57 [33].
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Optimal compositions include 1.96-3.81 wt% Cr203 in a soda-lime silicate glass. Higher
concentrations lead to opacity, crystallization issues, and surface defects. Adding blast-furnace
slag to the composition improves the solubility of Cr.Os, allowing for less alkaline formulations
[34]. High-temperature melting under oxidizing conditions is essential to improve the chromium
solubility and ensure proper crystal development [12],[31],[34]. The glass can be taken directly
from the melt and hot-worked in oxidizing environment like conventional glass, making its pro-
duction and processing easier than copper aventurine. However, its shimmering effect is less
pronounced. Despite its simpler manufacturing process and reduced dependence on heat
treatment, maintaining a balanced composition is essential to avoid defects such as bubble
formation [30]. While the production of chromium aventurine is relatively straightforward, the
mechanisms underlying microcrystal precipitation remain incompletely understood.

3.3 Iron aventurine

Iron aventurine is the most extensively studied type of aventurine, largely due to its relatively
ease of formation and striking visual properties, particularly in glaze applications
[71,[8],[91,[101,[11],[35],[36],[37],[38],[39],[401,[41]. Due to their high crystallization potential, it
is more efficient to achieve aventurine effects in glaze coatings using glass-iron oxide mixtures
rather than iron-bearing glasses [8]. The characteristic reddish-brown coloration comes from
iron dissolved in the glass, while the sparkling reflections arise from crystallized hematite (a-
Fe-O3), sometimes accompanied by fayalite (Fe>SiO4). These hematite crystals typically ex-
hibit rhombohedral symmetry and have size of 10 to 120 ym [8],[37]. The mechanism of for-
mation consists in dissolving iron oxide in the glass melt, and then crystallizing hematite during
cooling as the glass melt becomes oversaturated with Fe** ions [8],[11],[39].

Optimal compositions generally contain 10-30 wt% Fe>Os. Lower concentrations may re-
sult in incomplete crystallization or alternative phases like franklinite (ZnFe204) [42], while
higher concentrations promote the development of large, well-defined hematite crystals [7]. To
facilitate the growth of laminar crystals, the crystallization process requires achieving low vis-
cosity at the temperature range of crystallization, which is usually obtained by means of lead
or boric frits while maintaining low alumina content [7],[9]. Controlled cooling, usually in the
950-990°C temperature range for 7 to 24 hours under oxidizing conditions, is necessary for
proper crystallization [8],[11]. The decorative effect can be enhanced using nucleation agents
such as LiF and CaF, [37], while excessive alkaline components (> 12.5 wt% Na»O) [8],[38] or
iron oxide (> 38 wt% Fe203) can diminish or eliminate the desired scintillation effect.

3.4 Crystallization mechanisms

The aventurine effect in glass relies on the development of coarse laminar crystals that are
larger than, typically, 40 um and with a low crystal number density to create intense light re-
flections [9]. Additionally, crystallization must primarily occur within the glass, with minimal sur-
face crystal formation to preserve the clarity of the material. The crystallization process takes
place in two stages: nucleation followed by crystal growth. The final morphology of the crystals
is strongly influenced by the degree of undercooling (AT, which is the difference between the
temperature of the liquidus and that of the supercooled liquid) and the cooling rate. The influ-
ence of these parameters is observed in various materials like rocks, glasses, and slags, fol-
lowing an established pattern [43],[44],[45],[46],[47],[48]: at low undercooling (AT < 20°C) and
slow cooling rates, crystals develop polyhedral or euhedral shapes; moderate undercooling
(AT = 20-60°C) and fast cooling rates lead to skeletal or hopper crystal morphologies; at higher
undercooling (AT > 100 °C) and cooling rate, crystals develop dendritic shapes.

To produce aventurine glass, it is essential to minimize the formation of dendritic crystals,
as these degrade the desired optical properties. Instead, the crystallization process must be
optimized to promote the growth of large, flake-like crystals. For copper-based aventurine,
historical texts emphasize the importance to achieve the reddish color during the melting stage
[3],[41,[22], indicating that initial Cu® crystals must formed in the liquid state, resulting from the
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reduction of copper. The further growth of these crystals must be carefully controlled to avoid
dendritic morphologies.

A similar mechanism applies to chromium- and iron-based aventurines. Iron or chromium
oxide crystals can form in the liquid state or during cooling, driven by the oversaturation of
these elements. Their growth must also be regulated to favor crystal growth while avoiding
dendritic morphologies or the formation of new nucleation sites. This requires relatively low
degrees of undercooling and extended cooling times (slow cooling rates) to allow crystals to
reach micrometric sizes. The prolonged cooling process, which is recommended in historical
recipes, aligns with these requirements. This raises the question of whether significant under-
cooling is necessary. If avoided, the cooling phase can be considerably shortened, enabling
faster synthesis while still achieving the desired crystal properties. The replication of glazes
containing hematite confirms that hexagonal micrometric hematite crystals can form at tem-
peratures between 925-1020 °C [49]. To refine these processes, a deeper understanding of
the relationship between crystal morphologies and degrees of undercooling is necessary. Ex-
periments conducted under varying undercooling conditions will provide valuable insights on
how to optimize the balance between cooling rates, crystal growth, and the aesthetic qualities
of aventurine glass.

4. Natural aventurine

4.1 Different varieties of natural aventurine

Uniquely, the natural mineral was named after this artificial glass rather than the reverse. The
term aventurine to designate specific stones emerged only in the late 18" or early 19" century,
following the advent of systematic mineral classification [50]. Aventurine is a gemstone variety
of quartz or quartzite, celebrated for its translucency and the unique sparkling effect known as
aventurescence [1,2]. Similarly to aventurine glass, this optical phenomenon occurs when light
reflects off minute, plate-like mineral inclusions within the quartz matrix [1],[41]. These inclu-
sions not only produce the glittering effect but also determine the color of the stone, which can
range from green to orange, brown, yellow, blue, or gray. Among the various species, green
aventurine is the most common and prized variety (Figure 6), distinguished by its silvery green
or blue sheen caused by fuchsite, a chromium-rich variety of muscovite mica [32],[51]. Other
colors emerge from different inclusions (Figure 6): hematite, Fe;Os, or goethite, FeO(OH), for
orange and red-brown tones [32],[52], dumortierite, Al;BO3(SiO4)3(O,0H)s, or lazulite,
(Mg,Fe)Alx(POs4)2(OH).,  for  pink-blue  shades  [53],[54],[55], mica (lepidolite,
K(Li,Al3(Si,Al)4010(F,OH)2, muscovite, KAly(AISizO10)(F,OH).) or covellite (CuS) for pink red or
purple shades [2],[32],[56],[57] and muscovite or ilmenite, FeTiOs, for gray or silvery hues [58].
When fuchsite is excessively abundant, the stone can become opaque, leading to confusion
with malachite or jade.

lem 1cm

Figure 6. Examples of natural aventurine (quartzite with mineral inclusions). From left to right: raw
green aventurine from Brazil (GAB), polished green aventurine from India (GAl), polished red aventu-
rine form South Africa (RAS), polished blue aventurine from Brazil (BAB).

Aventurine quartzite is typically forms in metamorphic environments, where mineral inclu-
sions are trapped during the growth of quartz crystals [58],[59]. These geological processes
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produce the distinctive structure and inclusions responsible for the aventurescence of stone.
The most notable sources of aventurine are in India, particularly around Mysore and Chennai,
which supply much of the world’s green aventurine, often mistakenly referred to as "Indian
Jade". Brazil is another major producer, with additional deposits found in Chile, Spain, Russia,
Oregon (USA).

The aventurescent effect is not exclusive to quartz; it also appears in feldspar minerals,
notably found in some lava flows in Oregon (USA) and Afar region (Ethiopia), and known as
"sunstone", where inclusions of metallic copper or hematite create a similar glittering quality
[1],[60],[61],[62],[63],[64]. The higher transparency and color range of feldspar, ranging from
pale yellow to orange and red, differentiate it from aventurine quartz. Other stones of meta-
morphic origins such as cordierite can also exhibit aventurescence, with blue cordierite con-
taining hematite or biotite, known from locations in India and Tanzania [65],[66],[67].

The exact mechanisms governing the formation of natural aventurine under specific tem-
perature-pressure-time conditions remain poorly understood [1]. In quartzite-hosted inclusions,
three formation mechanisms have been proposed each corresponding to a different inclusion
size [59]. Nanoscale inclusions, typically rutile TiO,, are believed to form through exsolution
during cooling of the parent melt. Submicron inclusions, such as mica or ilmenite, are thought
to form syngenetically, crystallizing simultaneously with the host quartz, often exhibiting ori-
ented intergrowths with the quartz lattice. In contrast, micron-sized and larger inclusions likely
result from entrapment of pre-existing minerals during quartz growth.

Sunstone, by comparison, is more directly linked to crystallization processes associated
with aventurine glass. In this magmatic context, copper is initially dissolved in the silicate melt.
The presence of volatiles (H20, F, Cl) enhances the mobility of Cu by forming stable complexes
thereby facilitating its transport [68]. Upon cooling and crystallization of feldspar, copper be-
comes insoluble in the host structure and exsolves as metallic Cu®. This reduction is likely
favored by low oxygen fugacity conditions typical of magmatic environments [64]. Furthermore,
the formation of copper platelets with a preferred orientation may result from epitaxial relation-
ships between the exsolved copper and the feldspar crystal lattice [61].

The combination of beauty and versatility in coloring makes aventurine highly sought after
for decorative applications. Its shimmering properties and its relative hardness distinguish it
from similar-looking stones, such as malachite or jade. Most aventurines are carved into beads
and figurines due to their abundance, while higher-quality specimens are crafted into cabo-
chons or faceted gemstones for jewelry. The intensity of the aventurescence varies with the
size, density, and orientation of the inclusions, making each piece unique.

4.2 Nature of the inclusions in green, red and blue aventurines

We have examined four natural aventurine samples presented in Figure 6: two green aventu-
rines, one from Brazil (GAB) and the other one from India (GAl), a red aventurine from South
Africa (RAS) and a blue aventurine from Brazil (BAB) (exact mining locations are unknown).
The samples were analyzed using a combination of optical microscopy, X-ray diffraction (XRD)
and Raman and diffuse reflectance spectroscopy to determine their crystalline structure and
identify the inclusions responsible for their distinctive color. Diffuse reflectance spectra were
recorded using a PerkinElmer Lambda 1050 spectrometer equipped with an integrating sphere
covering the ultraviolet (UV) to the near-infrared (NIR) regions. Raman spectra were acquired
using a Horiba Jobin Yvon HR460 spectrometer (focal length: 460 mm, Longjumeau, France)
coupled with a water-cooled CCD detector (Andor Technology Ltd., Belfast, U.K.) and excited
by the 514.5 nm line of an argon laser. The laser beam was focused onto the sample with a
20x Mitutoyo objective producing a spot size of approximately 2 um. A 1200 lines/mm grating
was used to disperse the scattered signal. XRD was performed using a PANalytical X’Pert
PRO diffractometer (Malvern PANalytical, Almelo, The Netherlands) equipped with a Co Ka
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radiation source (A = 1.789 A) operated at 45 kV and 40 mA. Diffraction patterns were collected
over a 20 range of 10° to 90° with a step size of 0.0167° and a counting time of 3 s per step.

Figure 7. Optical microscopy images: GAB, green aventurine from Brazil in transmitted light (a) and
reflected light (b); GAI, green aventurine from India in transmitted light (c) and reflected light (d); RAS,
red aventurine in transmitted light (e) and reflected light (f); BAB, blue aventurine in transmitted light
(9) and reflected light (h).
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Figure 8. Analysis of the for natural aventurine samples by (a) X-ray powder diffraction, (b) Raman
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spectroscopy. In the XRD patterns, the crystalline phases are distinguished by various symbols: * =
quartz; x = muscovite; ® = dumortierite. The Raman spectra for muscovite {(R04124) and dumortierite
{R050628) are obfained from the RRUFF dafa base. The reference spectrum of alurgite is obfained
from the Mineral Specfroscopy Server of Calfech.

175



Cormier | Glass Europe 3 (2025)

Optical microscopy reveals an uncolored polycrystalline quartz matrix (appearing white in
the images in Figure 7) in all samples. This quartzite microstructure is confirmed by Raman
spectroscopy measurements in these regions (not shown). XRD analysis further corroborates
this finding, with the main Bragg diffraction peaks in all samples corresponding to quartz (Fig-
ure 8a).

In both green aventurines (GAB and GAI), XRD and Raman spectroscopy indicate the
presence of muscovite (Figures 8a and b). Contrary to glasses, only the crystals appear green
due to the presence of a chromiume-rich variety of muscovite known as fuchsite, which is iden-
tified as responsible for the greenish color. These fuchsite crystals measure less than 200 uym
and show different distribution patterns: abundant in the GAIl sample (Figure 7c and d) and
more dispersed in the GAB specimen (Figure 7a and b). The presence of chromium is clearly
identified in reflectance spectra (Figure 8c) with the characteristic bands due to Cr3* at about
16,000 and 23,500 cm™" [69].

In the red aventurine (RAS), large elongated crystals (~200-800 um) are observed (Figure
7e and f). Raman spectroscopy confirms that these crystals have a muscovite-type structure.
However, the RAS sample shows an intense band at 194 cm™ with a shoulder at 215 cm™™,
which differs from the green aventurines that exhibit a doublet at 199 and 218 cm-. This spec-
tral region relates to internal vibrations of the MOs octahedron [70], and can be influence by
minor elements contributing to the mineral’s color. The pink-red color has been attributed either
to a Fe?*-Ti*" intervalence charge transfer (IVCT) or to the presence of manganese [71],[72].
The diffuse reflectance spectrum of the stone closely matches that of a Mn-rich variety of mus-
covite, alurgite (Figure 8c), a mineral previously reported to impart striking violet to reddish-
purple colors [56].

The blue aventurine (BAB) contains dumortierite crystals, (Al,Fe);BSizO1s, as identified by
XRD and Raman spectroscopy. These crystals exhibit needle-like shapes (~200-800 ym) and
appear either dispersed throughout the sample or interlocked along visible bands (Figure 6).
Muscovite, a major mineral commonly associate with dumortierite [73], is clearly visible in the
XRD pattern (Figure 8a). The blue coloration is attributed to traces of iron and titanium, with a
Fe:Ti ratio exceeding 1:4 [72]. These impurities give a significant contribution from Fe?*-Fe3*
IVCT near 16,400 cm™ and a smaller contribution from Fe?*-Ti** IVCT near 20,000 cm™ in the
diffuse reflectance spectrum in Figure 8c [72],[74].

5. Conclusion

The development of aventurine glass represents a remarkable achievement in glassmaking
history, combining artistic creativity and technical innovation. Since its fortuitous discovery in
Venice, aventurine glass has evolved through its various modern forms: copper-based (the
original form), chromium-based, and iron-based. While the artificial aventurine glass preceded
the discovery and naming of natural aventurine minerals, both materials achieve their charac-
teristic glitter through lamellar crystals. The aventurine effect results in the controlled growth
of specific crystals within the glass, requiring precise management of the degree of undercool-
ing, the cooling rate, and the composition to achieve the optimal crystal size and morphology.
The production process, which is particularly complex for copper aventurine, requires careful
control of several parameters including temperature profiles, redox conditions, and cooling
rates. These parameters guide crystal morphology toward plate-like shapes that maximize light
reflection. Research at different degrees of undercooling is necessary to reveal the relation-
ships between kinetic and thermodynamic factors in the crystallization of aventurine glass. In
natural aventurine, XRD patterns consistently show the presence of muscovite in all samples,
with notably higher concentrations in the red and blue aventurines. Dumortierite was clearly
identified in the blue aventurine through XRD analysis. Raman spectra confirmed that the red
and green inclusions are muscovite-type minerals, alurgite and fuchsite respectively, while the
blue inclusions are dumortierite. These findings provide a comprehensive understanding of the
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mineralogical composition and coloration mechanisms in natural aventurines. This knowledge
could guide the development of new aventurine glasses incorporating different crystalline
phases to achieve a broader range of optical effects and colors.

Data availability statement

Data of presented results can be provided upon request.

Author contributions

Laurent Cormier: Conceptualization, Formal Analysis, Investigation, Methodology, Writing —
Original Draft.

Competing interests

The author declares that he has no known competing financial interests or personal relation-
ships that could have appeared to influence the work reported in this paper.

Acknowledgement

The author expresses gratitude to Alexandre Haudebourg for providing several optical images
featured in this article, Keevin Beneut for his assistance with the Raman acquisition and Emma
Cassou for the diffuse reflectance measurements.

References

[11 S.Jin, Z. Sun, A.C. Palke, "lIron oxide inclusions and exsolution textures of rainbow lat-
tice sunstone", Eur. J. Mineral., Vol. 34, pp. 183-200, 2022. https://doi.org/10.5194/ejm-
34-183-2022.

[2] A.Weidlich, A. Wilkie, "Modeling aventurescent gems with procedural textures", in:
Proceedings of the 24th Spring Conference on Computer Graphics, ACM, Budmerice
Slovakia, 2008: pp. 51-58. https://doi.org/10.1145/1921264.1921278.

[3] C. Moretti, B. Gratuze, S. Hreglich, "Le verre aventurine: son histoire, les recettes, les
analyses sa fabrication", in: Annales Du 19e Congrés de I’Association Internationale
Pour I'Histoire Du Verre, AIHV, Piran, Slovenia, 2015: pp. 471-478.

[4] C. Moretti, B. Gratuze, S. Hreglich, "Le verre aventurine (« avventurina ») : son histoire,
les recettes, les analyses, sa fabrication", ArcheoSciences, vol. 37, pp. 135-154, 2013.
https://doi.org/10.4000/archeosciences.4033.

[5] J. Wheeler, "The Bortolussi manuscript: A newly discovered late sixteenth-century rec-
ipe book in Florence", J. Glass Studies, vol. 64, pp. 105-128, 2022.

[6] E. Casan, E. Lleo, F. Palomares, V. Rodriguez, V. Marti, J. Seores, M.J. Cabrera,
"Estudio del goniocromatismo o efecto metalizado de vidriados de aventurina", Boletin
de La Sociedad Espanola de Ceramica y Vidrio, vol. 49, pp. 142-146, 2010.

[71 R. Casasola, J.M. Rincén, M. Romero, "Glass—ceramic glazes for ceramic tiles: a re-
view", J. Mater. Sci., vol. 47, pp. 553-582, 2012. https://doi.org/10.1007/s10853-011-
5981-y.

[8] I.A. Levitskii, "Mechanism of phase formation in aventurine glaze", Glass and Ceram-
ics, vol. 58, pp. 223-226, 2001. https://doi.org/10.1023/A:1012351301045.

[91 A. Gozalbo, M.J. Orts, S. Mestre, P. Gémez, P. Agut, F. Lucas, A. Belda, C. Blanco,
"Ceramic glazes with aventurine effect", in: QUALICER 2006: IX World Congress on
Ceramic Tile Quality, Camara Oficial de Comercio, Industria y Navegacion, Castellon,
Spain, 2006: pp. 189-202.

177



Cormier | Glass Europe 3 (2025)

[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

S. Dakhai, L.A. Orlova, N.Yu. Mikhailenko, "Types and compositions of crystalline
glazes: A review", Glass Ceram., vol. 56, pp. 177-180, 1999.
https://doi.org/10.1007/BF02681330.

I.N. Dvornichenko, S.V. Matsenko, "Production of iron-containing crystalline glazes",
Glass Ceram., vol. 57, 67-68, 2000. https://doi.org/10.1007/BF02681489.

S.Yu. Eliseev, S.P. Rodtsevich, E.V. Dostanko, "Enamel with the aventurine effect",
Glass Ceram., vol. 57, pp. 140-142, 2000. https://doi.org/10.1007/BF02681531.

I. Krueger, "Colored lead glass and aventurine glass in letters of Philipp Hainhofer", J.
Glass Studies, vol. 52, pp. 35-49, 2010.

M. Verita, S. Zecchin, "Scientific investigation of a Venetian polychrome goblet of the
16" century", J. Glass Studies, vol. 50, pp. 105-115, 2008.

P. Zecchin, "La pasta venturina, vetro speciale muranese", J. Glass Studies, vol. 47,
pp. 93-106, 2015.

P. Zecchin, "Il vetro rubino all’'oro veneziano", J. Glass Studies, vol. 52, pp. 25-33,
2010.

C. Tonini, "Stefano Miotti and the use of aventurine from the late 1700s to the early
1800s", J. Glass Studies, vol. 50, pp. 321-324 2008.

L. Zecchin, "I muranesi Miotti, vetrai all'insegna del Gesu", J. Glass Studies, vol. 13,
pp. 77-83, 1971.

F. Wéhler, "Ueber die zusammensetzung des aventuringlases”, Annalen Der Physik,
vol. 134, pp. 286-289, 1843. https://doi.org/10.1002/andp.18431340216.

E. Frémy, F. Clémandot, "Sur la production de I'aventurine artificielle”, Comptes Ren-
dus Hebdomadaires Des Séances de I'Académie Des Sciences, vol. 22, pp. 339-342,
1846.

J. Wiskiak, "Edmund Frémy", Revista CENIC Ciencias Quimicas, vol. 44, pp. 153-163
2013.

E. Hautefeuille, "Note sur I'aventurine artificielle”, Bulletin de La Société d’Encourage-
ment Pour I'Industrie Nationale, vol. 8, pp. 609-617, 1861.

M.J. Pelouze, "Sur 'aventurine a base de chrome", Bulletin de La Société d’Encour-
agement Pour I'Industrie Nationale, vol. 22, pp. 743-745, 1865.

E. Greiner-Wronowa, J. Suwalski, ""Fe Mdssbauer effect of aventurine copper glass",
Journal of Alloys and Compounds, vol. 264, pp. 115-118, 1998.
https://doi.org/10.1016/S0925-8388(97)00242-9.

M.D. Shcheglova, T.V. Babenko, S.G. Polozhai, V.M. Svistun, "Mechanism of aventu-
rine formation in copper-containing alkali-lead silicate glass", Glass Ceram., vol. 53, pp.
14-17, 1996. https://doi.org/10.1007/BF01171391.

M. Bandiera, M. Verita, S. Zecchin, M. Vilarigues, "Some secrets of Renaissance Ve-
netian opaque red glass revealed by analyses and glassmaking treatises", Glass Tech-
nol.: Eur. J. Glass Sci. Technol. A, vol. 62, pp. 24-33, 2021.
https://doi.org/10.13036/17533546.62.1.001.

C. Noirot, L. Cormier, D.R. Neuville, N. Schibille, "Cuprite crystallization in glasses: Re-
dox changes and the impact of copper and lead in reducing atmospheres", J. Eur. Ce-
ram. Soc., vol. 45, pp. 117195, 2025. https://doi.org/10.1016/j.jeurceram-
s0c.2025.117195.

M. Vilarigues, A. Ruivo, T. Hagendijk, M. Bandiera, M. Coutinho, L.C. Alves, S. Dupré,
"Red glass in Kunckel’s Ars Vitraria Experimentalis : The importance of temperature",
Int. J. Appl. Glass Sci., vol. 14, pp. 201-215, 2023. https://doi.org/10.1111/ijag.16605.
G. Calas, L. Galoisy, L. Cormier, "The color of glass", in: Encyclopedia of Glass Sci-
ence, Technology, History, and Culture, 1st ed., Wiley, 2021: pp. 677—691.
https://doi.org/10.1002/9781118801017.ch6.2.

S. Takahashi, Y. Nishimura, H. Tabata, T. Shimizu, "Morphology and visible ray reflec-
tion of aventurine glass including Cr.O3 microcrystals", Jpn. J. Appl. Phys., vol. 40,
L961, 2001. https://doi.org/10.1143/JJAP.40.L961.

V.I. Polyushkin, "Synthesis of fluorine-free chrome aventurine glasses", Glass Ceram.,
vol. 40, pp. 382-383, 1983. https://doi.org/10.1007/BF00701932.

178



Cormier | Glass Europe 3 (2025)

[32]

[33]
[34]
[35]
[36]

[37]
[38]
[39]
[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

E. Fritsch, G.R. Rossman, "An update on color in gems. Part 3: Colors caused by band
gaps and physical phenomena", Gems & Gemology, vol. 24, pp. 81-102, 1988.
https://doi.org/10.5741/GEMS.24.2.81.

M. Long, E. Seate, "Fostoria: useful and ornamental: the crystal for America: identifica-
tion & value guide", Collector Books, Paducah, Ky, 2000.

V.1. Polyushkin, "Synthesis of low-alkali aventurine glasses using Cr.O3", Glass Ce-
ram., vol. 40, pp. 56-56, 1983. https://doi.org/10.1007/BF00698827.

S. Ahmad, M.R. Ariff, "Development of aventurine glazes", Pakistan Journal of Scien-
tific and Industrial Research, vol. 11, 465-468, 1968.

R.A. Eppler, D.R. Eppler, "Glazes and glass coatings", American ceramic society,
Westerville, 2000.

I. Lazau, S. Borcanescu, C. Pacurariu, C. Vancea, "Kinetic study of the non-isothermal
crystallization process of hematite in ceramic glazes obtained from CRT wastes", J.
Therm. Anal. Calorim., vol. 112, pp. 345-351, 2013. https://doi.org/10.1007/s1097 3-
012-2736-1.

E.F. Medvedev, "Use of metallurgical slag for aventurine glass synthesis", Glass Ce-
ram. Vol. 55, pp. 28-30, 1998. https://doi.org/10.1007/BF03180141.

C. Pacurariu, R.l. Lazau, |. Lazau, D. Tita, A. Dumitrel, "Non-isothermal crystallization
kinetics of some aventurine decorative glaze", J. Therm. Anal. Calorim., vol. 105, pp.
435-441, 2011. https://doi.org/10.1007/s10973-010-1130-0.

C.W. Parmelee, C.G. Harman, "Ceramic glazes", Cahners Books, Boston, 1973.

H.G. Schurecht, "Experiments in aventurine glazes", J. Amer. Ceram. Soc., vol. 3, pp.
971-977, 1920. https://doi.org/10.1111/j.1151-2916.1920.tb 17261 .x.

M. Romero, J.M. Rincén, A. Acosta, "Effect of iron oxide content on the crystallisation
of a diopside glass-ceramic glaze", J. Eur. Ceram. Soc., vol. 22, pp. 883-890, 2002.
https://doi.org/10.1016/S0955-2219(01)00395-8.

N. Aysal, Y. Kurt, H. Oztiirk, G.O. lldiz, M. Yesiltas, D. Lagin, S. Ongen, T. Nikitin, R.
Fausto, "Crystallization kinetics: relationship between crystal morphology and the cool-
ing rate - Applications for different geological materials", Crystals, vol. 13, pp. 1130,
2023. https://doi.org/10.3390/cryst13071130.

F. Faure, G. Trolliard, C. Nicollet, J.-M. Montel, "A developmental model of olivine mor-
phology as a function of the cooling rate and the degree of undercooling", Contrib. Min-
eral. Petrol., vol. 145, pp. 251-263, 2003. https://doi.org/10.1007/s00410-003-0449-y.
A.A. Francis, R.D. Rawlings, A.R. Boccaccini, "Glass-ceramics from mixtures of coal
ash and soda-lime glass by the petrurgic method", J. Mater. Sci. Lett., vol. 21, pp. 975-
980, 2002. https://doi.org/10.1023/A:1016094211224.

H. Hashimoto, D. Kawabe, A. Terasawa, H. Inada, T. Takaishi, T. Okura, "Hematite
crystal growth in high-temperature lead-free multicomponent alkali borosilicate glass frit
for red overglaze enamels", J. Eur. Ceram. Soc., vol. 41, pp. 7886-7892, 2021.
https://doi.org/10.1016/j.jeurceramsoc.2021.08.005.

D. Herlach, "Dendrite growth kinetics in undercooled melts of intermetallic compounds”,
Crystals, vol. 5, pp. 355-375, 2015. https://doi.org/10.3390/cryst5030355.

R. Trivedi, V. Laorchan, "Crystallization from an amorphous matrix-l. Morphological
studies", Acta Metallurgica, vol. 36, pp. 1941-1950, 1988. https://doi.org/10.1016/0001-
6160(88)90296-9.

R. Di Febo, J. Molera, T. Pradell, O. Vallcorba, C. Capelli, "Technological implications
of neo-formed hematite crystals in ceramic lead glazes", STAR: Science & Technology
of Archaeological Research, vol. 3, pp. 366-375, 2017.
https://doi.org/10.1080/20548923.2017.1419675.

W. Bingley, "Useful Knowledge: Volume 1. Minerals Or, a familiar account of the vari-
ous productions of nature", Fourth edition, Baldwin Cradock Joy Harvey Darton, Lon-
don, 1825.

E.A. Monroe, "Green aventurine quartz: mineralogical characterization", . Gemmol.,
vol. 20, pp. 83-86, 1986.

U. Henn, R. Schultz-Glittler, "Review of some current coloured quartz varieties", J.
Gemmol., vol. 33, pp. 29-43, 2012. https://doi.org/10.15506/J0G.2012.33.1.29.

179



Cormier | Glass Europe 3 (2025)

[53]

[54]

[55]
[56]
[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

K.R. Applin, B.D. Hicks, "Fibers of dumortierite in quartz", Amer. Miner., vol. 72, pp.
170-172, 1987.

J.S. Goreva, C. Ma, G.R. Rossman, "Fibrous nanoinclusions in massive rose quartz:
The origin of rose coloration", Amer. Miner., vol. 86, pp. 466-472, 2001.
https://doi.org/10.2138/am-2001-0410.

M. Macri, M. Serracino, M. Albano, "Blue quartz colored by trolleite and lazulite inclu-
sions", Gems & Gemology, vol. 47, pp. 57-58, 2011.

S.-H. Lin, Y.-H. Li, H.-F. Chen, "Pink aventurine quartz with alurgite inclusions", Gems
& Gemology, vol. 57, pp. 282-283, 2021.

E.P. Quinn, S.F. McClure, "Covellite in quartz", Gems & Gemology, vol. 41, pp. 47-48,
2005.

M.E. Zolensky, P.J. Sylvester, J.B. Paces, "Origin and significance of blue coloration in
quartz from Llano rhyolite (llanite), north-central Llano County, Texas", Amer. Miner.,
vol. 73, pp. 313-323, 1988.

W. Seifert, D. Rhede, R. Thomas, H.-J. Forster, F. Lucassen, P. Dulski, R. Wirth, "Dis-
tinctive properties of rock-forming blue quartz: inferences from a multi-analytical study
of submicron mineral inclusions", Mineral. Mag., vol. 75, pp. 2519-2534, 2011.
https://doi.org/10.1180/minmag.2011.075.4.2519.

O. Andersen, "Aventurine labradorite from California", Amer. Miner., vol. 2, pp. 91,
1917.

C.L. Johnston, M.E. Gunter, C.R. Knowles, "Sunstone labradorite from the Ponderosa
mine, Oregon", Gems & Gemology, vol. 27, pp. 220-233, 1991.

L. Kiefert, C. Wang, T. Sintayehu, K. Link, "Sunstone labradorite-bytownite from Ethio-
pia", J. Gemmol., vol. 36, pp. 694-696, 2019.

Z. Sun, N.D. Renfro, A.C. Palke, H. Breitzmann, J. Muyal, D. Hand, M. Hain, S.F.
McClure, Y. Katsurada, M. Miura, G.R. Rossman, "Sunstone plagioclase feldspar from
Ethiopia", Gems & Gemology, vol. 56, pp. 184-188, 2020.

A.M. Hofmeister, G.R. Rossman, "Exsolution of metallic copper from Lake County lab-
radorite", Geology, vol. 13, pp. 644-647, 1985. https://doi.org/10.1130/0091-
7613(1985)13<644:EOMCFL>2.0.CO;2.

P.M. Belley, "lolite from the Thor-Odin Dome, British Columbia, Canada: Geology,
chemical composition, inclusions, and cause of chatoyancy", Gems & Gemology, vol.
59, pp. 340-355, 2023. https://doi.org/10.5741/GEMS.59.3.340.

S.K. Das, J.K. Mohanty, "Characteristics of cordierite (lolite) of Bandarguha-Orabahala
Area, Kalahandi district, Odisha, India", J. Geol. Geophys. Vol. 6, 1000294, 2017.
https://doi.org/10.4172/2381-8719.1000294.

J. Muyal, P. Mattlin, "lolite-sunstone intergrowth and inclusions", Gems & Gemology,
vol. 55, pp. 427-428, 2019.

V.J. Virtanen, J.S. Heinonen, F. Molnar, M.\W. Schmidt, F. Marxer, P. Skytta, N. Kueter,
K. Moslova, "Fluids as primary carriers of sulphur and copper in magmatic assimila-
tion", Nat. Commun., vol. 12, pp. 6609, 2021. https://doi.org/10.1038/s41467-021-
26969-3.

G. Calas, O. Majérus, L. Galoisy, L. Cormier, "Crystal field spectroscopy of Cr®* in
glasses: Compositional dependence and thermal site expansion”, Chem. Geol., vol.
229, pp. 218-226, 2006. https://doi.org/10.1016/j.chemgeo.2006.01.021.

A. Tlili, D.C. Smith, J.-M. Beny, H. Boyer, "A Raman microprobe study of natural mi-
cas", Mineral. Mag., vol. 53, pp. 165-179, 1989.
https://doi.org/10.1180/minmag.1989.053.370.04.

C. Bhattacharyya, A. Chakraborty, K. Nandi, "Rose colouration of muscovite in rose
mica schists from Manbazar—Gopalnagar, Puruliya", Current Science, vol. 59, pp. 995-
997, 1990.

V.D. Alexander, D.T. Griffen, T.J. Martin, "Crystal chemistry of some Fe- and Ti-poor
dumortierites", Amer. Miner., vol. 71, pp. 786-794, 1986.

R.R. Meshram, K.B. Ingle, "Mineralogy and origin of dumortierite from Girola area,
Bhandara district, Eastern Maharashtra", J. Geol. Soc. India, vol. 79, pp. 181-188,
2012. https://doi.org/10.1007/s12594-012-0020-4.

180



Cormier | Glass Europe 3 (2025)

[74] F. Farges, L. Galoisy, E. Balan, Y. Fuchs, J. Linarés, "Structure and color of the Jack
Creek dumortierite (Montana, USA) using spectroscopic approaches", Mitteilungen Der
Osterreichischen Mineralogischen Gesellschaft, vol. 149, pp. 29, 2004.

181



	1. Introduction
	2. The discovery and early history
	3. Different types of synthetic aventurine
	3.1 Cinnamon (copper) aventurine
	3.2 Chromium aventurine
	3.3 Iron aventurine
	3.4 Crystallization mechanisms

	4. Natural aventurine
	4.1 Different varieties of natural aventurine
	4.2 Nature of the inclusions in green, red and blue aventurines

	5. Conclusion
	Data availability statement
	Author contributions
	Competing interests
	Acknowledgement
	References



