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Abstract—The structure of two granite types (plagiogranite and alaskite) before and after shock wave action
has been studied by infrared, Raman, and photoluminescence spectroscopy methods. It has been found that
the shock wave caused transformation of quartz and feldspar crystals composing these granites into diaplectic
glasses.
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1. INTRODUCTION
Recently, much progress has been made in the field

of solid deformation kinetics under shock wave action
[1–3]. The construction of the theoretical model of
fracture under shock wave loading was initiated [4].
The first experimental data on the dielectric fracture
mechanism were obtained [5–7] due to the develop-
ment of a setup recording luminescence dynamics
with nanosecond resolution. It was found that beams
of positively charged ions and electrons are emitted
from dielectrics under shock wave action. Simultane-
ously, dielectrics decay into fragments from several
micrometers to several millimeters in size.

In [8], the surface of a quartz single crystal frag-
ment after shock wave action was studied by IR reflec-
tance spectroscopy. It was found that a layer of dia-
plectic glass, i.e., quartz with extremely strongly dis-
torted lattice, was formed on its surface.

The present work continues the cycle of these
investigations. The structure of granite fragments and
powders formed after shock wave action is studied.

2. RESEARCH OBJECT AND METHOD
Samples represented parallelepipeds sawed out of

two granite types, i.e., plagiogranite and alaskite, by a
diamond saw. They contained quartz crystals (30–
40 vol %) and two feldspar types, i.e., plagioclase and
sandine. The sample size was 10 × 10 × 20 mm. At the
sample center, a hole ~1 mm in diameter was drilled,
into which copper electrodes spaced by ~4 mm were
placed. The setup block diagram is described in [6].
Discharge between electrodes produced plasma [9]
consisting of Cu microparticles and atoms. It initiated
a shock wave in the quartz sample, which propagated

with a velocity of ~6 km/s [6]. Under shock wave
action, a plasma jet consisting of positively charged
silicon, oxygen ions, and electrons emitted from the
sample in ~1 μs. The mechanism of its formation is
described in [8]. Simultaneously, the sample decayed
into fragments from several micrometers to several
millimeters in size.

The structures of granite samples before explosion
and their fragments after explosion were studied by
infrared (IR), Raman and photoluminescence (PL)
spectroscopy methods.

IR reflectance spectra were recorded using an IR-
21 Prestige Fourier-spectrometer with an SRM-
8000A attachment. The angle of beam incidence on
the sample was 10°.

Raman spectra were recorded using a Ramalog-5
spectrometer. The spectra were excited by an Ar2+

16508 (Spectra Physics) argon laser (514.5 nm line).
The laser beam, focused into a spot ∼30 μm in diame-
ter, was directed on the surface of the sample placed
on a subject stage. The backscattered light beam was
directed to a monochromator entrance slit using a
mirror and a focusing optical system. To more accu-
rately determine the frequencies and shifts of band
maxima, the spectra were recorded simultaneously
with laser lines whose positions were used as reference
points.

PL spectra were recorded at an angle of 10° to the
beam of an LGI-21 pulsed laser (3.68 eV line). The size
of the area under study on the sample surface, con-
trolled by the focused laser beam size, was 2 mm. The
spectra were recorded using an AvaSpec-ULSi2048L-
USB2 OEM fiber-optic spectrometer. The measured
band intensity was normalized to the intensity of the
laser beam reflected from the surface.
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3. MEASUREMENT RESULTS
AND DISCUSSION

3.1. Infrared Spectroscopy Data

Figure 1 shows the portions of IR reflectance spec-
tra of the surface of initial granite samples and frag-
ments with linear sizes of ~3 × 4 mm before and after
shock wave action.

We recall that the oscillation amplitude of the elec-
tric vector of IR radiation is damped exponentially
from the sample surface to the depth. The depth h at
which it decreases by a factor of e ≈ 2.7 (e is the base of
the natural logarithm) and the radiation intensity
decreases by a factor of e2 ≈ 8 corresponds to the effec-
tive surface layer thickness information on which is

carried by the reflectance spectrum. This thickness is
calculated by the formula [10]

 (1)

where k is the absorbance and ν is the radiation fre-
quency. Calculations showed that the effective thick-
ness of the surface layer was ~0.1–0.2 μm.

The spectra contain two maxima attributed to
stretching vibrations of quartz and feldspar (pla-
gioclase and sandine) lattices [11–14]. We can see that
the intensity of maxima after shock wave action
decreases by a factor of ~1.5–2. Simultaneously, the
characteristic minimum in the region of 1150 cm–1

disappears. This means that the quartz and feldspar

≈ πν1/4 ,h k

Fig. 1. IR reflectance spectra of (1) two granites before explosion and (2) their fragments after explosion: (a) plagiogranite and
(b) alaskite.
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Fig. 2. PL spectra of (1) granite samples and (2) powders formed of them after shock wave action: (a) plagiogranite and (b)
alaskite.
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lattice is transformed to diaplectic glass, i.e., a material
with a strongly distorted crystal structure [15–20].

3.2. PL Spectroscopy Data

Figure 2 shows the PL spectra of initial samples
and powders with grain sizes of several dozen microm-
eters. Before shock wave action, the spectra of both
granites contained two bands: 2.44 and 2.84 eV. The
first and second bands are attributed to electronic
transitions in Mn2+ ions and in Al–O––Al centers
[21]. Under shock wave action, the intensity of the
band at 2.84 eV decreases, i.e., the Al–O––Al ion con-
centration decreases. The intensity of the second max-
imum remains almost unchanged, but its energy
decreases by ~0.3 eV, and the width increases. Accord-
ing to [22, 23], these changes are caused by fracture of

quartz and feldspar lattices and the formation of dia-
plectic glasses in their place.

3.3. Raman Spectroscopy Data

Figures 3 and 4 show the Raman spectra of samples
before shock wave action and powders with grain sizes
of several dozen micrometers, formed after shock wave
action.

As noted above, the laser beam diameter is ~30 μm,
and linear sizes of the quartz and feldspar crystals in
the first and second samples are 2–5 mm and 5–
8 mm, respectively [24]. This made it possible to mea-
sure quartz and feldspar spectra separately. These
spectra are shown in Figs. 3 and 4 (curves 1).

The powder produced after shock wave action was
sorted by color into three fractions. The first fraction,

Fig. 3. Raman spectra of (1) quartz in (a) alaskite and (b) plagiogranite and (2) its powder formed under shock wave action. Aster-
isks indicate laser emission lines.
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Fig. 4. Raman spectra of sandine in alaskite (a, curve 1), plagioclase in plagiogranite (b, curve 1) and (2) powders of these feld-
spars, formed after shock wave action. Asterisks indicate laser emission lines.
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i.e., the “white” one, represented quartz grains, the
second “red” fraction represented sandine grains, and
the third dark gray fraction represented plagioclase
grains. The spectra of powders are shown in Figs. 3
and 4 (curves 2). We can see that the narrow bands
attributed to vibrations of lattices of these minerals dis-
appear in the spectra of all samples exposed to shock
waves; in their place, broad maxima corresponding to
variations of diaplectic glasses appear [25, 26].

Thus, all three spectroscopy methods showed that
the crystal structure of quartz and feldspar incorpo-
rated in granite is transformed to diaplectic glasses.

4. CONCLUSIONS
Under shock wave action, the quartz and feldspar

lattice is destructed and diaplectic glass is formed in its
stead.
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