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Naica’s “cueva de los cristales”: Synchrotron radiation
characterization of the wall-crystal interface
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Naica’s “Cueva de los Cristales” was discovered in 2000, and it has been considered particularly interesting for its beauty and the challenge:
it poses to crystallography. This article focuses on the study of the wall-selenite interface by various techniques, particularly X-ray diffraction
(XRD), scanning electron microscopy (SEM), with emphasis on micro-X-ray fluorescen¥RIf) and micro-X-ray absorption near edge
structure [t--XANES). The main phases calcite, quartz, goethite and montmorillonite were identified by XRD, as well as the association of
crystalline and amorphous minor and trace phases of Zn, Mn, Cu, As and Pb. The latter were identifl}éBFnmaps and:-XANES

spectra. The results for the morphology and the chemical description of the crystal-wall interface may contribute to propose a nucleation and
growth mechanism for Naica megacrystals.
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1. Introduction ceiling or floor to wall. The main chamber has a temperature
of ~50°C and relative humidity near to 100 The view of a

The Naica mine is located in a semi-desert region in thesection of the Cueva de los Cristales is shown in Fig. 1.

south-central part of the state of Chihuahua (Mexico). The  This study presents the mineralogy of the rock-crystal in-

“Cueva de los Cristales” (Cave of the Crystals) was discovterface obtained by powder X-ray diffraction (XRD), micro-

ered by miners in 2000. Its galleries have been celebrateg-ray fluorescence -XRF) and micro-X-ray absorption

worldwide due to the purity and the 10 - 11 meter dimensionsear edge fine structurg{XANES).

of the gypsum megacrystals they house [1-6]. Its crystals are

a system of large structures, type “rosette”, called “blocky”,

and shaped like beams, which cross the cave from wall toZ. Materials and methods

2.1. Samples description

All the study samples were sections of a single blocky gyp-
sum crystal torn from the Cueva de los Cristales wall, spe-
cially donated by Industrias Reles for the present study
(Fig. 2). The image of the crystal surface shown in Fig. 2
includes a brownish layer of variable thickness, which corre-
sponds to the wall on which the blocky crystal was attached.
The mentioned layer of the blocky crystal thus represents the
wall-crystal interface, the object of this study.

From this unique gypsum crystal specimen, it was pos-
sible to prepare four different types of samples (Fig. 2): 1)
“LMS” - wall rock limestone; 2) “A” - a wall-crystal inter-
FIGURE 1. Naica’'s “Cueva de los Cristales”, showing several face layer on gypsum single crystal, related to the nucle-
beam-like crystals with diameters 6f5 — 1 m and some blocky ~ ation process; 3) “B” - a section of the wall-crystal interface
type crystals. All crystals grow from the wall. on the bulk crystal, related to the growth process; 4) “C” - red
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work, we present the morphology and describe the results of
chemical composition and mineral phases obtained by opti-
cal microscopy, and of applying XRD, SEM-ED&;XRF
andpu-XANES methods.

3. Results and discussions

Sample A, taking advantage of LCM-DIM, provided a three-
dimensional view of the wall-crystal interface (Fig. 3). In this
method, the light goes through the transparent gypsum and
emits a shadow when light intercepts an opaque object. It
was observed that individual particles form microscopic ag-
gregates. Also, they present irregular shape, being separated
by empty spaces and defining a layer of 30 tq80thick on

the wall-crystal interface. The arrangement of these particles

follows the cleavage planes.

FIGURE 2. Top: Wall-crystal interface of the blocky crystal, show-
ing the limestone section (LMS), the samples A and B, and the
brownish overlay attached to the crystal base (C). The brownish
surface constitutes the wall-crystal interface. At the upper right
the cleavage planes (0,1,0) of the sample are appreciated. Bot-
tom: Left: samples A and B, stacked after their extraction from
the blocky crystal. Right: representative images of the A and B
samples, showing crystal faces and dimensions.

mineral coating extracted from the crystal surface. A total of
11 samples were analyzed. The LMS sample was sectione (s
for petrographic observation, and the remaining volume was il
finely ground to obtain several representative aliquots for [
chemical and phase analyses. Two sections of sample A an(
three sections of sample B were obtained along the cleavagg
plane (0,1,0).

2.2. Characterization methods of the wall-crystal inter-
face

The nature of the mineral aggregates found in the wall-crystal
interface samples was characterized by the following tech-
niques. Shapes and dimensions were obtained by confoca
differential interference contrast microscopy (LCM-DIM),
performed with a LSM 700 (Zeiss, Jena) system. Petro-
graphic and mineragraphic observations complemented thd
mentioned analysis. Chemical composition was studied in
an ICP-OES Thermo Jarrell Ash, IRIS AP/Duo, and by sec-
ondary and backscattering electron images, using a scannin
electron microscope Hitachi SU3500 (SEM-EDS). Mineral
phases and formation environment were obtained as a resu
of applying powder XRD patterns, performed in a PANa-
lytical X'Pert Pro diffractometer in Bragg-Brentano geom-
etry, with a PIXcel3D detector using CucKradiation, by

SEM-EDS, -XRF and 4-XANES methods. The last two

methods, for most samples, were performed at Stanford Syrgyre 3. LCM-DIM 3D image views of the A-l sample interface.

chrotron Radiation Lightsource (SSR!_), beamline 2-3. Othefrhe greyish sandy material corresponds to the mineral aggregates
#-XRF maps angi-XANES were acquired at the XRF beam- of the interface. The black areas correspond to the transparent gyp-

line 10.1, at Elettra - Sincrotrone Trieste (ELETTRA). In this sum crystal, which is not visible because it transmits light.
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FIGURE 4. Observed and calculated XRD patterns for sample C-
I1l. Representative diffraction peaks from identified phases are in-

dexed.

3.1. Mineral phases
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Sample C-lll permitted correlating these phases with both
chemical and optical results obtained in C-I and C-Il sam-
ples. Some of the minerals were previously identified by
Gazquezet al,, [7] in the phreatic zones of the walls of the
Naica caves. The phases of the aggregates already identified
by XRD were confirmed and complemented by SEM-EDS,
1-XRF and u-XANES analysis, unraveling minor or trace
elements and phases composition. A standard two-step pro-
cedure was followed for synchrotron radiation experiments:
u-XRF mapping (Fig. 5) allocated regions of interest (ROI)
where elements As and Pb spatially overlap. Then, they were
chosen for the speciation of a few elements witXK ANES.

Some representatiye XRF maps with their correspond-
ing u-XANES spectra, acquired at the Mn, Zn and Fe edges
on sample A-ll, are presented in Fig. 6.

In the u-XRF maps, there was a positive correlation
among Zn, Fe, and As signal intensities. Also, in thERF
maps of the four samples, Pb and Mn signals showed spatial
correlations. By the analysis g XANES Fe K-edge spec-
tra, the presence of goethita-F€*+O(OH)) in all samples
can be established [8]. Copper was detected only in sample

The phase composition of the mineral aggregates was detes, allowing the identification ofi-XANES spectra of cuprite
mined by powder XRD. For sample C-Ill (brownish coat- (Cu,O) and chalcocite (G18) [9,10]. A Mn,O3 content
ing, Fig. 4), in addition to the intense reflections of gypsum[11,12] was observed on sample A, while on sample B, the
(CasQ -2H,0, Gy, resulting from the scraping of the wall- coronadite Pb(Mhi*, Mnt2)30;¢ was identified [13]. Some

crystal interface) and calcite (CaGQCa), weak signals from
quartz (SiQ, Qu), goethite [FeO(OH) Go] and montmoril-
lonite [(Na,Ca) 3(Al,MQ)2Si;O10(OH), - nH,O, Mo] were

detected.

samples presented a low content of lead, which was proba-
bly amorphous. Agi-XRF maps also showed that Pb and
Zn spatially coincide, somg-XANES Pb L;-edge spectra
identification of larsenite was suggested in areas studied on

FIGURE 5. ;-XRF maps of an area of sample B-l, excited by & 3 um? beam of 13200 eV. The total scanned area was 4.7xn3
mm, with a step size of 1@m in both scan directions, and 250 ms dwell time. The areas of highest intensities were chosen for acquiring

u-XANES spectra. Top-left: Tricolor map: The intensity of the colors red, green and blue correspond to the intensity of the signals of the

fluorescent emissions Fe k6405 eV, Cu K, 8048 eV, and overlapping AsK10 543 eV and Pb L. 10 551 eV. Top-right: Rainbow intensity
of Cu signal. Bottom-left: Rainbow intensity of Pb-As signals. Bottom-right: Rainbow intensity of Fe signal. BL2-3 (SSRL).
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FIGURE 6. u-XRF maps of Fe, Zn and Mn intensities of an area of sample A-ll, excited byx&3:m? beam of 13200 eVu-XANES
spectra were acquired in the ROIs taken on the zone of high intensities, at the Fe (left), Zn (center) and Mn (right) K-edges. BL2-3 (SSRL).
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