CHARACTERIZATION OF
THE FLUORESCENT HYALITE
OF SAN LUIS POTOSÍ, MEXICO
Flavio Butini, Giovanni Luca Cattaneo, Nicola Precisvalle, Armida Sodo and Federico Zorzi*

The aim of this work is the characterization of a new variety of Mexican Hyalite Opal with green fluorescence under natural
light discovered in the federal State of San Luis Potosí. In fact, in the first half of 2019 another deposit of this material was found
about 250 km SE away from the deposit of the State of Zacatecas, whose discovery dates back to 2013. One of the authors
contributed to this finding (the first one was a superficial outcrop: see Figure 1), together with three other researchers from West
North Central Mexico, after three years of targeted research.

Classification of Hyalite

In the last magma cooling stage, the hydrothermal phase1, the aqueous
solutions deriving from the condensation of the gaseous bubbles contained
in it, generate the formation of the siliceous gel that will occupy the small
cavities (a sort of vesicles) that were previously occupied by the volcanic
gas contained in the magma.
It is from this siliceous gel that the amorphous, semi-amorphous or
microcrystalline Opal (SiO2 • nH2O) is formed; it is no coincidence that
its water content fluctuates between 3% and 10% of its total weight.
The most common variety is "Opal-CT" made up of tiny microcrystalline
spheres (150 - 350 nm) packed with Cristobalite (C) and Tridymite
(T) both polymorphic (different crystalline phases albeit with identical
chemical composition) SiO2.
The so-called "play of colors" (to be defined more correctly as iridescence)
is generated by the diffraction and interference of light.
These spheres are packed in a grid with a reticular structure and
overlapping layers. The uniformity of this structure (associated with at
least a minimum difference in the diameter of the individual spheres),
generates the iridescence: by oscillating and rotating the Opal, the light
hits the spheres from different angles and a change of colors is perceived.
Another variety is Opal-A (A: amorphous) characterized by the absence of
crystalline structures, but with two possible arrangements of the hydrated
Silica molecules. The Opal-AG (G: gel) is composed of regularly ordered
hydrated Silica spheres and has a colloidal appearance, while the Opal-AN

Fig. 1

Outcrop in situ of fluorescent Hyalite from San
Luis Potosí. Unearthing Hyalite in San Luis Potosí
with no alteration coating due to exogenous (or
even vegetational) agents is not common.
(Photo: G.L. Cattaneo)
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Hydrothermal phase: it begins below the critical temperature (374°C) and ends with the deposition of dissolved Salts.
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Fig. 2

Faceted fluorescent Hyalite from San Luis Potosí (ct. 7.03 - 15 x 14 x 7.5 mm) under white light, on the left, and long wave ultraviolet light (365 nm), on
the right. (Property and photos: G.L. Cattaneo)

(N: network) is made up of hydrated Silica molecules that
form a continuous network.
The Opal-AN has a typical glassy appearance and is also
known with the term "Hyalite" (Flörke et al., 1991).The term
Hyalite comes from the ancient Greek ὕαλος (hyalos)
which means "perfectly colorless and transparent".
But compared to the more widespread Hyalite, the
uncommon characteristic of this Mexican variety (as
indeed for the variety of Zacatecas), is to possess an
intense fluorescence to ultraviolet rays [both long wave
(UVA) and short wave (UVC)] (see Figure 2), observable
in some samples even with natural light.
According to a work by Fritsch et al., 2015, the cause
of the marked fluorescence of the Opal-AN (Hyalite) of
Zacatecas would be the presence of the Uranyl cation
(UO2)2+ in traces.
Fig. 3

Physiographic framework. From Tristán-González et al., 2009, part.
modified. SLP: San Luis Potosí. ZAC: Zacatecas. AGS: Aguascalientes.
CdM: Mexico City.

Geographical framework

We are in the physiographic Unite of Mesa Central,
a plateau around 2000 mt. high asl (above sea level),
between the Western Sierra Madre, the Eastern Sierra
Madre and the Trans-Mexican Volcanic Belt (Figure 3).
More precisely, in the heart of the southern part of the
Western Sierra Madre Volcanic Province, State of San Luis
Potosí (Figure 4), a large, altogether arid flatland expanse
with thorny bushes, nopal cactus (prickly pear opuntia)
and other xerophilous plants (Figure 5).

Fig. 4

Geographical location of the State of San Luis Potosí in Mexico.
(Photo: TUBS/Wikimedia Commons)

Geological framework and tectonic structure

The deposit is found in the southern part of the Western
66
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Sierra Madre in one of the largest siliceous volcanic areas
on Earth, the Western Sierra Madre Volcanic Province.
Specifically, the volcanic rocks of the south-eastern part of
Mesa Central that make up the San Luis Potosí Volcanic
Field derive from a discontinuous temporal sequence of
lava flows (typical in effusive eruptions: the surface reaching
magma, descends along the flanks of the volcano) and
pyroclastic ignimbrites (typical of explosive eruptions) of
a Geological Age between the Middle Eocene (~45 Ma)
and the Middle Pleistocene (~0.6 Ma).

Fig. 5

Xerophilous plants along the path to the deposit.
(Photo: G.L. Cattaneo)

The collision between the plate boundary of the North
American continental plate and the plate boundary of the
Farallón oceanic plate (Figure 6a) is the main cause of the
geology, volcanism and seismotectonics of the area under
examination (Aguillón-Robles et al., 2014 and Ferrari et
al., 2014).
Hyalite is found, in botryoidal form2 (Figure 7), generally
on ignimbritic rhyolite (ignimbrite is constituted by the
aggregation of thin fragments of volcanic ash and pumice).

Fig. 6a

Subduction of the Farallón oceanic plate (slab) below the North
American continental plate. (Graphic elaboration: F. Cisana)

Here, massive explosive pyroclastic eruptions ("ignimbrite
flare-up") occurred during the Lower Oligocene (~32-28
Ma) and later during the Lower Miocene (~23-20 Ma).
These eruptions took place around the circumference of
the magma chamber generating, due to its subsequent
collapse caused by its partial emptying, what some authors
define: the "graben3 caldera" of the volcanic province of
the Western Sierra Madre (Tristán-González et al., 2009
and Aguirre Díaz et al., 2008).
The geodynamic context seems to have been the following:
slowdown and subsequent increase in the inclination angle
(Figure 6b) of the oceanic plate subduction (consisting
mostly of basalts, therefore denser than the continental
plate) of Farallón (slab) under the North American

Fig. 6b

Increase in the inclination angle of the subduction slab.
(Graphic elaboration: F. Cisana)

Fig. 6c

Definitive slab break-off.		
(Graphic elaboration: F. Cisana)

2
3

		

Fig. 7

Sample of fluorescent Hyalite in botryoidal form from San Luis Potosí
on ignimbritic rhyolite matrix (50 g; 7 x 4 x 2 cm). The picture was
took in the daylight. (Property and photo: G.L. Cattaneo)

Botryoidal: from the ancient Greek βότρυς (bòtrys), bunch of grapes.
Graben: a rift valley, that is a portion of the earth's crust sunk due to a system of direct faults in a tectonic regime.
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plate, and the subsequent definitive rupture (Figure 6c)
of Farallón plate (slab break-off) resulting in the formation
of an asthenospheric window (slab window) during the
Lower Miocene.
This could be the answer to the enigma of the massive
ignimbrite flare-up of siliceous magmas: partial melting of
the crust by assimilation-fractional crystallization of femic
magma (consisting of ferromagnesian minerals) coming
from the upper mantle starting from the initial phase of
the Farallón rupture.

Geology of the area under examination

Fig. 8

Volcanic dome near the deposit.
(Photo: G.L. Cattaneo)

		

The area under examination (Figure 8 and Figure 9)
consists of a series of volcanic domes4 aligned mainly
along a system of direct faults with a main orientation
NW-SE (Rodriguez-Ríos, 2013). Here, during the lower
Oligocene (~31-28 Ma) a significant extensional tectonic
phase is triggered, one of the causes contributing to the
formation of the widespread "carpet" of volcanic domes
present in the San Luis Potosí Volcanic Field.
The concomitance of the alignment of the domes with
the fault system would lead to suppose that the lava
and the pyroclastic material forming these dome-shaped
structures, would have escaped not only from the conduit
of a pre-existing volcano, but also from some of these
direct faults.
It is the area with the greatest crustal thinning where
this system of aligned faults is triggered which, in turn,
generates the hydrothermal phase (Nieto-Samiego et al.,
2005).

4
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In their work (Alva Valdivia et al., 2012), the authors
estimate the placement temperature of San Luis Potosí
ignimbrite between 280°C and 360°C and identify a
hydrothermal phase between 100°C and 250°C.

Fig. 9

One of the authors (G.L. Cattaneo) during the field campaign.
(Photo: A. Pérez)

Fig. 10

Sample of fluorescent Hyalite in botryoidal form from San Luis Potosí on a matrix of ignimbritic rhyolite under white light, on the left, and long wave
ultraviolet light (365 nm), on the right. Weight 64 g; dimensions 8 x 4 x 2 cm. (Property and photos: G.L. Cattaneo)

Volcanic dome: a dome-shaped building generated by a slow effusion of extremely viscous and acidic magma (rich in Silica).
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Table 1
Sample

Weight (ct)

Cut

Density

Index of Refraction

ZAC1

1.45

Composite triangular

2.16

1.460

ZAC2

2.31

Composite oval

2.16

1.460

ZAC3

1.08

Step cut square

2.16

1.460

ZAC4

1.06

Composite triangular

2.15

1.460

ZAC5

0.53

Step cut Octagon

2.15

1.460

ZAC6

0.29

Step cut Trapezoidal

2.15

1.460

ZAC7

0.28

Step cut Triangular

2.16

1.460

ZAC8

0.22

Step cut Octagon

2.16

1.460

ZAC9

0.15

Step cut Triangular

2.16

1.460

ZAC10

1.14

Composite cushion

2.14

1.460

ZAC11

0.98

Composite oval

2.18

1.460

Tab. 1

List of samples from Zacatecas. Samples ZAC1 to ZAC9 are owned by G.L. Cattaneo. Samples ZAC10 and ZAC11 are owned by F. Butini.

Hydrothermalism, thanks to the circulation of hot fluids
already present inside the fractures as well as the action
of rainwater, alters the volcanic glass of ignimbrite
(devitrification), releasing SiO2 and producing clay
minerals (Dobson et al., 2008). It is believed that Opals
derive precisely from the alteration of siliceous rocks
(such as ignimbrite) followed by Opal precipitation from
fluids enriched in SiO2 in their cavities and cracks; during
this precipitation some impurities and trace elements
can enter the Opal structure, determining its color and
possible luminescence (Gaillou et al. 2008). The green
luminescence of many Opals from various locations
has long been known and is generally attributed to the
presence of the Uranile group (Othmane et al., 2016).
According to Massey et al., 2014, Uranium binds as Uranyl
cation (UO2)2+ to the SiO2 reticular structure of the Hyalite
generating the marked fluorescence (Figure 10). According

Fig. 11

to a study by Banning et al., 2012, Uranium, present in
the area as a trace element in deep groundwater, was
released as a consequence of the hydrothermal alteration
of the ignimbritic rhyolite during the devitrification phase
and argillification.

Description of the San Luis Potosí Volcanic Field deposit

It is a deposit consisting of rhyolithic ignimbritic breccias
with dimensions ranging from 20-50 mm of angular and
sub-rounded minute pyroclastic fragments cemented by a
volcanic ash matrix, at 4-5 m of rhyolithic megablocks. In
a stratigraphic sequence, the rhyolithic ignimbritic series
in megablocks, blocks and cemented clasts alternate with
subtle levels of ash and pyroclastic pumice.

Faceted samples of Zacatecas fluorescent Hyalite: white light (left) and UVA light (right).						
(Photos: F. Butini)
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Table 2
Sample

Weight (ct)

Cut

Density

Index of Refraction

SLP1

1.35

Composite octagonal

2.17

1.460

SLP2

1.99

Composite octagonal

2.17

1.460

SLP3

1.02

Composite triangular

2.17

1.460

SLP4

1.02

Step cut Trapezoidal

2.16

1.460

SLP5

0.97

Step cut Octagon

2.15

1.460

SLP6

1.07

Step cut Trapezoidal

2.17

1.460

SLP7

1.86

Composite drop

2.16

1.460

SLP8

1.46

Composite navette

2.16

1.460

SLP9

7.00

Composite octagonal

2.17

1.460

SLP10

4.21

Composite trapezoidal

2.17

1.458

SLP11

3.53

Composite oval

2.17

1.460

Tab. 2

List of samples from San Luis Potosí. The samples are property of G.L. Cattaneo.

Fluorescent Hyalite is generally found at a depth between
50 cm and 1 m, inside the blocks and megablocks of
compact ignimbritic rhyolite and is more frequent in
small pockets and cavities, rather than in extensive and
deep fractures occurring in the rock itself. It should be
emphasized that "green Hyalite" (ie extremely fluorescent
in daylight) represents no more than 3% of all the
fluorescent Hyalite collected so far in the San Luis Potosí
Volcanic Field.

the area of Zacatecas, Mexico (Table 1, Figure 11) and
11 Hyalite samples from the area of San Luis Potosí,
Mexico (Table 2, Figure 12), at the Laboratory of Istituto
Gemmologico Nazionale in Roma.

Standard gemological tests

When exposed to ultraviolet light, all samples showed
strong green fluorescence.

In the first phase of work, standard gemological tests
have been carried out, including the measurement of
the Density (between 2.14 and 2.18) and the detection
of the Refractive Index (1.460). Results proved to be
corresponding with those of Opal and are described in
Tables 1 and 2 (Anderson, 1971).

The tests were conducted on 11 Hyalite samples from

Fig. 12
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Faceted samples of fluorescent Hyalite from San Luis Potosí: white light (left) and UVA light (right).					
(Photos: F. Butini)
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UV-Visible Spectrophotometry

All the samples analyzed with this technique show a wide
transmission throughout the visible portion (between
400 and 700 nm) and wide absorption bands ranging
from violet to ultraviolet with peaks at 432 (shoulder),
420, 410, 370 and 360 nm (Figure 14). This trend clearly
reveals that there is no visible contribution to the
green color. The intense fluorescence is therefore the
only cause of the color of these gems, so reactive that
it is easily stimulated in some samples even in sunlight
(photochromic behavior).

Fig. 13

PL spectrum of a faceted sample of fluorescent Hyalite from San
Luis Potosí.The peaks at 503, 524, 546 and 572 of the Uranyl cation
(UO2)2+ are indicated.

The tests were carried out at the Laboratory of Istituto
Gemmologico Nazionale in Roma, using a UV-Vis Jasco
V-630 spectrophotometer, in absorbance with a scanning
speed of 200 nm/min, with a data interval of 0.5 nm and
a 1.5 nm bandwidth.

PL spectroscopy
X-Ray Diffractometry (XRD)
When submitted to the fluorescence test, all twenty-two
samples described above showed the typical emission
of the Uranyl cation (UO2)2+ responsible for the green
color of the gems (Figure 13), characterized by peaks at
503, 524, 546 and 572 nm (the peak at 366 nm is due to
the pump).
The tests were carried out at the Laboratory of Istituto
Gemmologico Nazionale in Roma, using a SPM-002
Photon Control fiber spectrometer with a spectral
resolution of 1 nm, Thorlabs D1B led source at 365 nm.

Fig. 14

Since the different species of Opals differ from each other
in terms of crystallinity, an X-ray Diffractometric Analysis
(XRD) was carried out. The tests were conducted at
the University of Ferrara with a Bruker D8 Advance
diffractometer (equipped with an X-ray tube with copper
anode and Si(Li) "Sol-X" solid state detector) and at
the University of Padova with a Panalytical X'Pert Pro
diffractometer (equipped with an X-ray tube with cobalt
anode and X'Celerator solid state detector).

Comparison between the UV-Vis spectrum of a fluorescent Hyalite faceted sample from Zacatecas (blue) and a faceted sample from San Luis Potosí
(green).
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Fig. 15a Diffractogram of the Zacatecas Opal. Analysis performed with
X-radiation of cobalt.

Fig. 15b Diffractogram of the San Luis Potosí Opal. Analysis performed with
X-radiation of copper.

The degree of crystallinity allows the Opals to be
divided into three “types”: Opal-C, the most ordered,
consisting mostly of α-Cristobalite; Opal-CT, medium
ordered, consisting of α-Cristobalite and α-Tridymite;
Opal-A, completely amorphous (Elzea et al., 1994). The
XRD plots of the Opals of the Zacatecas and San Luis
Potosí area show a single wide peak at 4.08 Å d-spacing,
corresponding to 25.33° of 2θ for the X-radiation of
cobalt (Figure 15a) and 21.75° of 2θ for the X-radiation
of copper (Figure 15b) which allow us to identify it as a
type A Opal (Ghisoli et al., 2010 and Sodo et al., 2016).

by a notch filter before being dispersed by a lattice at
1800 lines/mm and analyzed by a 1024×256 pixel CCD
detector. The nominal spectral resolution is 1 cm-1. For
each sample, three different points were investigated - to
test their homogeneity - and the spectra were acquired
for 3 seconds, 5 accumulations each.

The quartz peak (26.6° of 2θ) also appears in the
diffractogram in Figure 15b as an accessory component.
The diffractograms of the ignimbritic matrix of the
two localities (Figures 16a and 16b) also show a
similar mineralogical composition, mainly characterized
by the presence of quartz, sanidine, plagioclase and
montmorillonite. Montmorillonite clay is an unequivocal
sign of the hydrothermal phenomenon of alteration,
present both in the ignimbrite of Zacatecas and in that of
San Luis Potosí (as shown by the XRD Analysis).

Raman spectroscopy

The Raman measurements on the Zacatecas samples
were carried out at the Raman Spectroscopy Laboratory
of the Roma Tre University Science Department using
a Horiba Jobin-Yvon LabRAM microspectrometer
equipped with an Olympus microscope. Measurements
were made using a 633 nm He-Ne laser source with a
nominal output power of 18 mW.
Neutral filters were not used to lower the power on
the sample as no damage due to laser radiation was
observed. The incident laser radiation was focused using
a 20X long distance microscope objective. The scattered
radiation was collected in backscattering and filtered

72

All the Zacatecas samples showed the same identical
Raman spectrum, characterized by a large and intense
band centered at 430 cm-1 (one is shown as an example
in Figure 17). This is the typical spectrum of Opal-A, the
type corresponding to the most disorderly structure,
mainly amorphous (Sodo et al., 2016).
The Raman measurements on the San Luis Potosí samples
were instead carried out using a Raman GemmoRaman
532 spectrometer. A 532 nm Nd:YAG laser source with
a nominal output power of 150 mW was used for the
measurements. The nominal spectral resolution is 11 cm-1.
Spectra were acquired for 3 seconds, 10 accumulations
each.
All the samples showed the same Raman spectrum,
characterized by a large and intense band centered at
~430 cm-1 (one is shown as an example in Figure 18).
Bands can also be observed at ~790, ~970 and 1075 cm-1.
All these bands correspond to Si–O or Si–OH vibrations
(Rondeau et al., 2004).
The tests were carried out at the Laboratory of Istituto
Gemmologico Nazionale in Roma.

Note

All the samples were examined with an ionization
chamber, with sensitivity of 100 μSv: no radioactive
activity was detected.
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Fig. 16a Diffractogram of Zacatecas ignimbrite.

Fig. 16b Diffractogram of San Luis Potosí ignimbrite.

Conclusions

From the gemological point of view, as regards the
Standard Analysis it is evident that the data (Refractive
Index and Density) are constant, both for the material of
Zacatecas and for that of San Luis Potosí, and allow clearly
to identify all the samples as Opal.
The laboratory tests have highlighted a high degree of
homogeneity between the samples of the two Mexican
regions, in particular it is shown that both owe their green
color to the fluorescence caused by the Uranyl cation
(UO2)2+ and not to absorption rates in the visible range.
Raman spectra and XRD tracings both confirm the same
nature of amorphous Opal (Opal-A). Furthermore, their
characteristic glassy appearance allows us to classify all
the Mexican samples analyzed: Opal, variety Hyalite
(Opal-AN).

“FLUORESCENT HYALITE”

During the hydrothermal phase, San Luis Potosí ignimbrite
released Silica and other elements including Uranium.
Silica, precipitating in the form of Hyalite in cavities and
cracks, has acted as a "sponge" by incorporating the
Uranium, dispersed in the hydrothermal fluid, in the form
of Uranyl cation (UO2)2+; hence, the marked fluorescence.
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Fig. 17

Fig. 18

Raman spectrum of a fluorescent Hyalite sample from
Zacatecas.

Raman spectrum of a fluorescent Hyalite
sample from San Luis Potosí.
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