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Partially crystalline materials used in gemmology include a wide variety of mineral species with
distinctive compositional and structural properties, which influence their appearance, durability,
and aesthetic value. A notable example is chrysocolla, classified as a hydrated copper silicate
(Cuz+Al(H2S1205)(OH)4'nH20; x<1) [1], and compositionally described as a colloidal system
of hydrated silica and copper oxides. The term chrysocolla has ancient origins (Theophrastus, 315
BC) and derives from the Greek words chrysos (gold) and kolla (glue), referring to the material
historically used for gold soldering [2]. Chrysocolla appears in a range of colours, influenced by
compositional impurities. In its characteristic green-blue hues, it has been valued since antiquity
as a pigment, but more notably as a gem material for amulets, ornaments, and jewellery. Thanks
to its vivid colouring and unique aesthetic qualities, chrysocolla continues to be widely used in
gemmology today.

Chrysocolla was officially recognised as a mineral species by the International Mineralogical
Association (IMA) in 1969 [3]. However, its nature remains debated, as it is still unclear whether
it represents a distinct mineral phase, an aggregate of multiple phases, or a colloidal gel. Research
has often led to conflicting results, due to the inherent complexity of the material and its pseudo-
amorphous character, which make it analytically challenging [4,5] and unstable under certain
analytical conditions [1]. These critical aspects complicate the identification and classification of
chrysocolla in mineralogical and gemmological fields.

The present study aimed to characterise chrysocolla from compositional, mineralogical, and
microstructural perspectives, employing a multi-methodological approach. To this end, an ad hoc
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analytical protocol was developed, designed to highlight the peculiarities of the material without
compromising its stability. Both conventional and high-resolution techniques were employed to
reveal distinctive features of chrysocolla not previously observed. The research involved the
analysis of various samples sourced from two internationally recognised mining localities (Capo
Calamita, Capoliveri (LI), Italy, and Cornwall (Lebanon County), Pennsylvania, USA). Particular
attention was given to determining chemical composition through point and spatial surveys using
electron microprobe analysis with wavelength-dispersive spectroscopy (EMPA-WDS).
Multivariate analysis of the data allowed for identification of correlations between compositional
variations and the specific formation conditions. The Pair Distribution Function (PDF) technique
using synchrotron radiation was employed to investigate atomic organisation at the local scale,
revealing previously unknown features concerning bond distances and structural coherence that
conventional diffraction techniques cannot access. Finally, given the partially crystalline nature of
the material—where distinctive properties are expressed at the level of local domains—the
investigation was extended to the nanometric scale using transmission electron microscopy
(TEM), in order to deepen textural and chemical characterisation.

The results provided new insights into the compositional, microstructural, and textural properties
of chrysocolla, helping to define its specific features. Furthermore, the study introduced new
methodological approaches for the recognition and classification of this material, with significant
implications in both mineralogical and gemmological fields.

Keywords: chrysocolla; partially crystalline materials; nanoscale characterisation; short-range
order; synchrotron radiation.

References: [1] Torpy, A., Fan, R., Wilson, N., MacRae, C., Austin, P. (2021): Microscopy and Microanalysis, 27,
1870-1872; [2] Clark, M. (2021): The Australian Gemmologist, 27, 330-342; [3] Fleischer, M. (1969): American
Mineralogist: Journal of Earth and Planetary Materials, 54, 960-961; [4] Frost, R. L., Xi, Y., Wood, B. J. (2012):
Thermochimica Acta, 545, 157-162; [5] Frost, R. L. & Xi, Y. (2013): Vibrational Spectroscopy, 64, 33-38.



