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Abstract

Thorough understanding of the shock metamorphic signatures of zircon could be the basis for the use of this
mineral as a powerful tool for the study of old, deeply eroded, and metamorphically overprinted impact structures
and formations. This study of the cathodoluminescence (CL) and Raman spectroscopic signatures of experimentally
(20^60 GPa) shock-metamorphosed zircon single crystals contributes to the understanding of high-pressure
microdeformation in zircon. For all samples, an inverse relationship between the brightness of the backscattered
electron (BSE) signal and the corresponding cathodoluminescence intensity was observed. The unshocked sample
shows crosscutting, irregular fractures. The 20 GPa sample displays some kind of mosaic texture of CL brighter and
darker domains, but does not exhibit any shock metamorphic features in BSE or CL images. The 40 GPa sample
shows a high density of lamellar features, which might be explained by the phase transformation between zircon- and
scheelite-structure phases of zircon and resulting differences in the energy levels of the activator elements. The CL
spectra of unshocked and shocked (20, 40, and 60 GPa) zircon samples are dominated by narrow emission lines and
broad bands in the region of visible light and in the near-UV range. The emission lines result from rare earth element
activators and the broad bands might be associated with lattice defects. Raman spectra revealed that the unshocked
and 20 GPa samples represent zircon-structure material, whereas the 40 GPa sample yielded additional peaks with
relatively high peak intensities, which are indicative of the presence of the scheelite-type high-pressure phase. The 60
GPa sample has a Raman signature that is similar to that of an amorphous phase, in contrast to the observations of
an earlier TEM study that the crystalline scheelite-structure phase is stable at this shock pressure. The 60 GPa Raman
signature cannot be explained at this stage. The results show a clear dependence of the CL and Raman properties of
zircon on shock pressure, which confirm the possible usage of these methods as shock indicators. 8 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Cathodoluminescence (CL) is an optical phe-
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nomenon that is based on the generation of visi-
ble radiation through sample excitation by high-
energetic electrons (in general, energy of incident
beam: 5^25 kV; depth of penetration of a sam-
ple: 1^3 Wm) [1,2]. Wavelengths of the CL emis-
sions range from the ultraviolet (UV) to the infra-
red and result from a variety of defects (e.g.,
various structural imperfections, such as poor or-
dering, radiation damage) and impurities, such as
local presence of rare earth elements (REE ions)
in the crystal structure of a mineral [2,3]. Accord-
ing to Boggs et al. [4], the combination of scan-
ning electron microscopy and cathodolumines-
cence analysis (SEM^CL) may provide better
spatial resolution and microcompositional infor-
mation than standard optical methods.
Zircon is a refractory and weathering-resistant

mineral that has been proven useful as an indica-
tor of shock metamorphism in the study of im-
pact structures and formations that are old,
deeply eroded, and metamorphically overprinted.
Thus, it has advantages compared to quartz or
other shock-metamorphosed minerals that have
been previously used as impact indicators, but
are far less refractory than zircon. On the negative
side though, zircon is much less abundant in crus-
tal rocks than other minerals, such as quartz and
feldspars, which somewhat diminishes its useful-
ness as a shock indicator mineral.
Shock-induced microdeformation in zircon has

been described in samples from a variety of im-
pact environments, including material from con-
¢rmed impact structures [5^7], from the Creta-
ceous^Tertiary boundary, and from the Upper
Eocene impact ejecta layer [6,8,9], as well as in
experimentally shock-deformed single-crystal zir-
con [10,11]. Two di¡erent types of shock defor-
mation have been observed: (i) planar micro-
deformations, and (ii) granular (also called
polycrystalline, microcrystalline, strawberry) tex-
ture. Some e¡ort, especially by transmission elec-
tron microscopy (TEM), has been made to deter-
mine whether the planar microdeformations

discernible at the optical scale in shock-metamor-
phosed zircon represent bona ¢de planar defor-
mation features (PDFs), well-known from many
other shock-metamorphosed rock-forming miner-
als [12^14], or whether they represent planar frac-
tures or some other type of microdeformation
[15]. To date, this problem has not been solved.
Leroux et al. [11] established that, on a nano-
meter-scale, amorphous phases in the form of pla-
nar lamellae were formed in experimentally
shocked zircon (e.g., in the 40 GPa sample). How-
ever, these authors did not con¢rm that these
microlamellae, resembling PDFs, indeed corre-
sponded to the optically resolved, several Wm
wide, planar/subplanar microdeformations. Ler-
oux et al. [11] also observed numerous planar
fractures and dislocation deformation bands. It
is possible that these features could correspond
to the optically resolved planar microdeforma-
tions.
A granular shock texture in zircon was ¢rst

observed by Bohor et al. [6] in zircon from the
Cretaceous^Tertiary distal impact ejecta layer.
Since then, it has been observed in zircon from
a number of impact structures ([7,16], and refer-
ences therein), in zircon from a Late Eocene mi-
crokrystite layer, and in tektites [9,17]. Complete
breakdown of zircon to baddeleyite, presumably
as a result of high-temperature dissociation, has
been identi¢ed in Libyan Desert Glass and cor-
roborated the impact origin of these enigmatic
glasses [18].
Leroux et al. [11] found in their TEM investi-

gations of experimentally shocked zircon that the
phase transformation from the zircon structure to
a scheelite (CaWO4)-type phase that had been
previously observed in shock-metamorphosed zir-
con by Kusaba et al. [19] was complete at 60 GPa
shock pressure. Additionally, Leroux et al. [11]
observed 10^20 nm wide PDFs in the 60 GPa
sample.
No systematic study of CL properties of pro-

gressively shocked zircon crystals has been per-

C

Fig. 1. Optical microscopic (as in the case of images of this type in subsequent ¢gures, taken in plane polarized light) (A) (width
of image: 1.1 mm), secondary electron (SE) (B), BSE (C), and CL (D) images of the unshocked zircon sample. The unshocked
sample shows individual fractures with widths typically ranging from 5 to 25 Wm. For SE, BSE, and CL imaging, the area
marked in A was scanned.
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formed to date. Here, we present the results of CL
and backscattered electron (BSE) imaging, as well
as of Raman spectroscopy performed on the ex-
perimentally shocked (shock pressures from 20 to
60 GPa) zircon specimens of [11]. The purpose of
these measurements is to investigate the capability
of the SEM^CL technique to document shock mi-
crodeformation e¡ects and to determine whether
CL and Raman characteristics of zircon could be
indicative of particular shock pressure stages.

2. Experimental procedure

Two natural zircon crystals of about 1 cm
length and 0.5 and 0.7 cm width from Australia
(sample A) and from Sri Lanka (sample B), re-
spectively, were experimentally shock-deformed,
as described by Leroux et al. [11]. These authors
investigated the shocked sample from Australia
by TEM for the di¡erent types of induced shock
deformation. The two large crystals had been cut
into plates of about 1 mm thickness, perpendicu-
lar to their crystallographic c-axes. Shock recov-

ery experiments were performed on such plates,
which had been embedded in potassium iodide,
using the shock reverberation technique at the
Ernst-Mach-Institute, Germany (e.g., [10,13]).
Carbon-coated, polished thin sections had then
been produced from all samples. For the present
study, polished thin sections, produced from the
experimentally shocked plates of both zircon crys-
tals, were utilized. All samples were examined
with an Oxford mono-CL system attached to a
JEOL JSM 6400 SEM. However, only the speci-
mens from sample A were selected for further CL
and Raman spectroscopic investigations because
the sections were of better quality than those
from sample B. Operating conditions for all
SEM^CL investigations were 15 kV accelerating
voltage and 1.2 nA beam current. CL spectra
were recorded in the wavelength range of 200^
800 nm with 1 nm wavelength steps. The grating
of the monochromator was 1200 lines/mm. CL
and BSE images were taken on Polaroid 4U5 in-
stant ¢lm (ISO 800/30). Raman spectra were ob-
tained with a Renishaw RM1000 confocal micro-
Raman spectrometer with a 20 mW, 488 nm Ar

Fig. 2. Optical microscopic (A), SE (B), BSE (C), and CL (D) images of the 20 GPa zircon sample. The 20 GPa sample exhibits
a high density of irregular fractures and a mosaic texture, which is also shown in a more magni¢ed BSE image (E). D clearly
shows the presence of the areas that have higher CL intensity (areas II as discussed in the text). The scale of (A) is the same as
in (B).
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ion laser excitation system and a thermo-electri-
cally cooled CCD detector. Spectra were obtained
in the range 100^1200 cm31 with total exposure
times of approximately 4 min. About 200U200 Wm
areas were selected for CL and BSE imaging.
Raman spectra were taken from 3U3U3 Wm3

sample volumes and CL spectra were obtained
from approximately 35U35 Wm areas. In general,
10 CL spectra and three Raman spectra were ac-
quired per specimen.

3. Results

3.1. BSE and CL images

3.1.1. Unshocked sample
The specimen of unshocked zircon is cut by

open, irregularly shaped, fractures (Fig. 1A,B).
Individual fractures have widths typically ranging
from 5 to 25 Wm. These fractures are easily visible

in the BSE image (Fig. 1C). In addition, we ob-
served that the unshocked grain displays a well-
developed growth zonation parallel to the crystal
edges. The widths of individual growth zones vary
from 150 to 270 Wm. The zones represent varia-
tions in BSE intensities. In some areas, the zircon
contains patchy areas (Fig. 1C,D) exhibiting a
distinct inverse relation between BSE and CL
brightness.

3.1.2. 20 GPa sample
Compared to the undeformed sample, the frac-

ture density of the 20 GPa specimen is signi¢-
cantly higher (Fig. 2A^C). Leroux et al. [11]
reported the presence of ubiquitous microdefor-
mation in these 20 GPa samples, including perva-
sive microcleavage parallel to {010} planes and
dislocation patterns as distinguished by TEM. In
the CL and BSE images of the present study (Fig.
2C,D), no planar microdeformations ^ of any
type ^ are discerned. Many fractures are non-pla-

Fig. 3. Optical microscopic (A), SE (B), BSE (C), and CL (D) images of the 40 GPa sample. Some areas have distinctly higher
CL intensities, as shown by the bright areas in CL images (D). A CL image (E) taken at high magni¢cation exhibits a high den-
sity of well-developed (dark) lamellae, which are characteristic of this shock level. The scale of (A) is the same as (B).
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nar, but several distinct, apparently crystallo-
graphically controlled systems of semi-planar,
cleavage-like fractures are visible, for example,
in Fig. 2C (BSE). These fractures show a wide
range of lengths and typical widths of 3^5 Wm
(Fig. 2E).
The CL image (Fig. 2D) of the 20 GPa sample

shows irregularly distributed bright areas (about
10 Wm across). The appearance of this uneven
distribution of bright and dark areas resembles
an optical shock-metamorphic e¡ect known as
‘shock mosaicism’ [12,13].

3.1.3. 40 GPa sample
According to Leroux et al. [11], the 40 GPa

sample consists of zircon that has been partially
converted into the scheelite-type structure. PDFs
of a glassy nature were observed by these authors
in TEM images at the nm-scale in relics of zircon-
structure material. One to several Wm-wide micro-
bands of the scheelite-structure phase could be
found crosscutting material with zircon structure

parallel to the {100} planes of zircon. According
to [11], this displacive phase transformation
showed the following relationships: {100}z//
{112}s and [001]z//[110]s.
Our BSE and CL images show that the 40 GPa

sample is transected by a network of irregular
fractures (Fig. 3A^C) that, locally, involve narrow
zones of brecciation (Fig. 3E). This sample dis-
plays a high density of well-developed lamellae
that are arranged in sets of narrowly spaced fea-
tures, which are best visible in the CL images
(Fig. 3E). These features (dark in the CL image)
show a narrow range of widths (1^2 Wm) and
spacings (bright in the CL image) of 1^2 Wm
(Fig. 3E). In certain CL images (Fig. 3D,E), up
to three sets of di¡erent orientations can be dis-
cerned. In contrast to the 20 GPa samples there is
no mosaicism visible in the 40 GPa samples.

3.1.4. 60 GPa sample
The fracture densities observed in samples rep-

resenting the lower shock stages are appreciably

Fig. 4. Optical microscopic (A), SE (B), BSE (C), and CL (D) images of the 60 GPa sample. Relatively widely spaced (10^20
Wm), grain-pervasive fractures are characteristic of this sample. The CL intensity is also rather low in the magni¢ed CL image
(E). The scale of (A) is the same as (B).
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higher than detected in the 60 GPa specimen (Fig.
4A,B). The irregular and crosscutting fractures in
this sample have widths typically between 5 and
50 Wm and are best visible in the BSE image (Fig.
4C). Leroux et al. [11] observed that the scheelite-
structure phase is characterized by a high density
of twins, as well as nm-scale PDFs oriented along
{110} planes. Here, two types of microdeforma-
tions are observed. (1) In CL images, grain-perva-
sive, relatively widely spaced (10^20 Wm), clearly
subparallel, dark features are visible (Fig. 4E). (2)
These features are set into a network of 6 3 Wm
wide features, which are shorter than the widely
spaced ones, are also planar, often form crosscut-
ting sets between pairs of the larger features (Fig.
4E), and are not visible in BSE images (Fig. 4C).
Some of the 60 GPa sample grains exhibit very
low CL intensities compared to the samples
shocked at lower pressures (Fig. 4D).

3.2. CL spectrometry

Figure 5 shows a comparison of typical CL
spectra for specimens representing the various
shock stages. The unshocked sample exhibits
four sharp emission lines at 314, 485 (triplet),
581, and 631 nm, and a broad band centered at
405 nm (Table 1; Fig. 5). Such intense peaks at
about 485 and 580 nm have previously been de-
scribed from zircon from Norwegian gneiss [1]
and from synthetically doped (with REE activa-
tors: e.g., Tb3þ, Dy3þ, Tm3þ, etc.) zircon [3]. Po-
sition and shape of the broad band observed in
the CL spectra of all of our samples are quite
di¡erent from what has been described in pre-
vious CL studies of unshocked zircon. CL spectra
of the embedding material (epoxy resin) and of
the glass slide used for mounting the zircon grains
show that these materials do not contribute to the
broad bands observed in the zircon spectra of this
study. The relative peak intensities show system-
atic changes between areas of bright and low lu-
minescence in the CL images (Fig. 1D). The trip-
let emission line at 485 nm represents the
strongest peak in all spectra obtained from the
unshocked sample (Fig. 5 and Table 1).
In the 20 GPa sample, two types of CL spectra,

corresponding to the two areas of di¡erent lumi-

nescence levels in CL images (Fig. 2D), can be
distinguished. The darker areas (which dominate),
are marked as type I in Figs. 5 and 6, and the rare
brighter areas are marked as type II. The charac-
teristics of these areas are as follows. (I) A broad
band is centered at 405 nm, and narrow emission
lines are at 314, 485 (triplet peak), 581, and
630 nm. (II) Four minor peaks at 315, 385, 406,
and 419 nm are superimposed on a broad band
centered at 334 nm. The narrow emission lines at
483 (triplet) and 580 nm exhibit relatively high
intensities, whereas the peak at 630 nm is com-
paratively weak (20 GPa [II] in Fig. 5). An addi-
tional weak band appears at 548 nm (Fig. 5 and
Table 1). In the bright luminescent regions of this

Fig. 5. CL spectra of unshocked and shocked (20, 40, and
60 GPa) zircon samples, showing sharp emission lines and
broad bands in the near-UV and visible light range. Two
types of CL spectra for the CL dark and bright areas in the
20 GPa sample (I and II, respectively) can be distinguished.
Numbers denote peak positions in nm.
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sample, the peak intensities of the narrow emis-
sion lines are signi¢cantly higher than in the dark
areas (Fig. 2D and Table 1).
The CL spectra of the 40 GPa sample contain a

broad band centered around 369 nm in the near-
UV region. The spectra are, furthermore, charac-
terized by two very strong emission lines at 483
(triplet) and 578 nm (Fig. 5). In addition, ¢ve
weak emission centers at 314, 353, 387, 406, and
419 nm are superimposed on the broad band in
the near-UV range. An additional weak band ap-
pears at 548 nm, which is also seen in the bright
20 GPa areas (II). In the bright luminescent re-

gions (right side of Fig. 3E), the peak intensities
of the sharp emission lines are higher than in the
darker regions (left side of Fig. 3E).
The CL spectra of the 60 GPa sample show

three sharp emission lines at 313, 483 (triplet),
and 578 nm (Table 1). A broad band is centered
at 407 nm. The peaks show lower peak intensities
compared to the lower pressure samples (20 and
40 GPa; Fig. 5).

3.3. Raman spectroscopy

Raman spectra were obtained from all four

Table 1
Emission bands in CL spectra (obtained under identical measurement conditions) of unshocked and shocked (20, 40, and 60 GPa)
zircon samples, including peak positions and relative peak intensities (minimum and maximum) of broad bands and sharp emis-
sion lines in the near-UV and visible light range

Shock pressure Broad band Sharp emission lines Minimum peak intensity Maximum peak intensity
(GPa) [number of spectra] (nm) (nm)a (arbitrary units) (arbitrary units)

0 405 5 120 9 395
[6] 314 4 590 7 717

485 6 380 13 247
581 4 530 9 448
631 2 790 6 290

20 (I) 405 4 200 8 730
[4] 314 4 450 8 580

485 5 300 11 400
581 3 946 8 090
630 3 090 5 550

20 (II) 334 4 910 329 000
[2] 315 5 920 376 000

385 4 970 299 000
406 4 001 200 070
419 3 520 195 000
483 17 900 597 000
548 3 890 242 000
580 1 250 548 000
630 5 920 376 000

40 369 3 320 12 300
[6] 314 3 370 12 900

353 3 430 12 800
387 3 550 13 100
406 3 310 11 500
419 3 120 9 600
483 7 750 48 600
548 2 700 5 950
578 6 170 33 000

60 407 3 075 8 690
[5] 313 1 038 7 560

483 1 545 10 565
578 1 285 5 380

a Positions of emission lines vary slightly ( T 2 nm) between individual spectra.
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specimens. We acquired three Raman spectra per
sample. However, only one spectrum is shown in
Fig. 6 for each sample, as the other spectra are
identical. Intensity variations due to polarization
e¡ects were not observed, as all samples were ex-
cited at approximately 45‡ to the laser beam.
The Raman spectra of the unshocked, 20, 40,

and 60 GPa zircon specimens are distinctly di¡er-
ent. The unshocked sample exhibits one major
peak at 999 cm31. In the 20 GPa sample, the
two areas that had been distinguished by their

di¡erent CL intensities (I and II) were also both
analyzed by Raman spectroscopy. In both cases,
the peak at about 1000 cm31 is dominant. How-
ever, in contrast to the unshocked sample, the
intensity of this peak is considerably lower in
spectra from both areas. In addition, two peaks
appear at 356 and 444 cm31. In general, spectra
from both areas did not exhibit any signi¢cant
di¡erences. Only the background intensity (caused
by luminescence) is higher in the spots that have
higher CL intensity (II).
The spectrum of the 40 GPa sample is domi-

nated by a number of peaks at 298, 324, 353, 404,
435, 462, 562, 848, 890, and 1005 cm31. In con-
trast, the Raman spectra of the 60 GPa sample
are characterized by the total absence of any
peaks. Only a sloping background line is revealed,
similar to that of the other samples (Fig. 6).
An additional Raman spectrum (available upon

request from the corresponding author) was ob-
tained from the 40 GPa sample with a total ex-
posure time of approximately twelve hours. It
yielded exclusively a scheelite-structure phase
spectrum [23], but with improved signal-to-noise
ratio.

4. Discussion

4.1. The nature of SEM^CL properties of phase
transformation from zircon structure to the
scheelite-type phase

The inverse relationship between BSE and CL
brightness is readily explained. The BSE contrast
in the zircon samples is sensitive to changes of
average atomic number, i.e., higher Z, causing a
higher BSE yield. In the case of natural zircon,
higher concentrations of Hf, Y, Yb, U, and Th
correspond to higher BSE intensities. In contrast,
in the CL images, these elements cause low inten-
sities as they cause quenching of the CL signal
[2,20,21].
The CL spectra of the 20 GPa sample exhibit

two di¡erent spectral types corresponding to the
two areas of di¡erent luminescence brightness.
This sample exhibits predominantly zircon-struc-
ture CL spectral properties. However, spectra ob-

Fig. 6. Raman spectra of unshocked and shocked (20, 40,
and 60 GPa) zircon samples, showing signi¢cant changes in
the appearance of the spectra with di¡erent shock pressures.
Whereas peaks of the unshocked and 20 GPa samples indi-
cate zircon structure, the bands of the 40 GPa sample are
characteristic of the high-pressure scheelite-type phase. The
total absence of peaks in the spectrum of the 60 GPa sample
indicates amorphization of this sample. Numbers denote
peak positions in cm31.
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tained on the CL bright type II areas resemble the
CL spectral properties of the 40 GPa sample,
which is interpreted to represent zircon relics
in the scheelite-structure phase. This observation
might indicate that the phase transformation
from the zircon- to the scheelite-type structure
begins in relatively small areas with enhanced
CL brightness in the 20 GPa sample. It is impor-
tant to note, however, that our Raman spectra of
the 20 GPa sample did not indicate the presence of
any areas composed of scheelite-structure phase.
The high density of narrowly spaced lamellae

that are visible in the 40 GPa sample (especially
in the CL images) might result from the zircon
being converted to the scheelite-type structure
phase [11]. The zircon- to scheelite-structure phase
transition involves a signi¢cant volume decrease
and changes in the c/a ratio, which is accompa-
nied not by a change in primary coordination
number of Si and Zr cations but only by rotation
of the SiO4 tetrahedra [20].
The Raman spectrum of the 60 GPa sample

indicates that this sample is amorphous. The
£at, broad bands and weak emission lines of the
CL spectra are in good agreement with this ob-
servation. The weak, sharp CL emission lines at
around 313, 483, and 578 nm are at positions
equivalent to peaks observed for all other sam-
ples. As a consequence, the local environment of
the luminescence centers, i.e., ¢eld strength, site
symmetry, and coordination number, is similar
in all cases. This indicates that these centers
have not been redistributed even at the highest
shock pressure of 60 GPa.

4.2. CL and Raman spectral properties of
unshocked and shocked (20^60 GPa) zircon
samples

In general, CL spectra of zircon are character-
ized by REE3þ centers, causing sharp emission
peaks in the visible range [1^3]. In the present
study, CL luminescence centers are dominated
by Dy3þ, indicated by the relatively strong peaks
at 478^487 and 573^586 nm. According to Blanc
et al. [3], the two weak emission lines at 315 and
around 628 nm might be assigned to Gd3þ (Fig. 5;
Table 1). A weak band at 548 nm might be related

to Tb3þ [3]. Broad emission bands are thought to
be generally caused by lattice defects (J. Go«tze,
personal communication, 2002). Therefore, the
broad bands of CL spectra in the near-UV range
are probably related to structural imperfections,
such as shock damage, radiation damage, or
poor ordering [1,21]. Electron defects at O in
Ti^O or Zr^O systems, OH3 defects, and broken
atomic bonds could also be related to broad
bands in the near-UV range [21].
Raman spectra of natural zircon have been de-

scribed by, e.g., Nasdala et al. [22]. Raman spec-
tra of the high-pressure scheelite-type phase (ob-
tained in static high-pressure experiments) have
been reported by Knittle and Williams [23]. Ac-
cording to these authors, the peak at about 1003
cm31 observed in all samples besides the 60 GPa
sample is related to the SiO4 antisymmetric
stretching (v3) vibration. The 20 GPa sample con-
tains two additional, relatively signi¢cant vibra-
tions at about 435 cm31, assigned to the SiO4
bending (v2) mode, and at 356 cm31, thought to
represent a lattice mode. The peaks observed in
the 40 GPa sample are in excellent agreement with
previous studies on the scheelite-type phase [23].
The peaks at about 324 cm31 (lattice mode),
848 cm31 (strain activated mode), 890 cm31

(v3 :SiO4 antisymmetric stretching) [23] appear
only in the 40 GPa sample (Fig. 6). It should be
noted, however, that additional peaks occur at
about 353, 435, and 1005 cm31. The peak posi-
tions of these modes are very similar to those
characteristic of the zircon-structure phase (e.g.,
20 GPa sample). Even if these features were also
observed in the scheelite-type spectra of high-pres-
sure zircon by Knittle and Williams [23], there is a
high probability that minor amounts of relic zir-
con phase material are still present in the 40 GPa
sample. This ¢nding is in good agreement with the
results of the TEM investigations by Leroux et al.
[11], who did not observe single-phase scheelite-
type material in the 40 GPa sample, but an epi-
taxial intergrowth of both phases with domain
sizes below the spatial resolution of the micro-
Raman spectrometer used in the present study.
In the 60 GPa sample, the extreme shock pres-

sure has led to apparent amorphization of the
scheelite-structure phase. None of the Raman
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spectra collected from the 60 GPa specimen show
any peaks. Therefore, it is likely that the high
shock pressure caused complete structural distur-
bance with considerable displacement of atoms.
This observation is contrary to the observations
by Leroux et al. [11], who showed that the schee-
lite-type phase is a stable crystalline phase at 60
GPa. The transformation from zircon- to schee-
lite-type structure is displacive and, thus, rapidly
achieved, and this phase is easily quenchable. The
60 GPa Raman signature would be compatible
with preservation of SiO4 tetrahedral units, but
with a large inter-tetrahedral Si^O^Si angle distri-
bution. However, at this stage, the nature of the
CL signature of the 60 GPa sample cannot be
fully ascertained.
In conclusion, the combination of BSE and CL

imaging and CL and Raman spectroscopy is a
potentially useful tool that can be used to charac-
terize the shock stage of zircons from impactites.
Further research, however, is required before an
attempt can be made to su⁄ciently quantify these
results to convert them into a functioning shock
barometer for zircon. For instance, CL could be
complemented by time-resolved photolumines-
cence investigations, which could help to accu-
rately assign di¡erent luminescence lines to, e.g.,
di¡erent REEs. Our results also give new insight
into the structural changes that occur in zircons
during shock metamorphism, and the pressures
associated with these changes.
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