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NOTE

PROLONGED TRIBOLUMINESCENCE IN CLAYS AND OTHER MINERALS

Key Words—Bentonite, Freezing, Grinding, Kaolinite, Triboluminescence.

During a study of luminescence in clay minerals and of its
possible role in the early stages of prebiotic evolution (Coyne
et al., 1981), it was found that not only does the fracturing or
grinding of certain clays bring about a burst of light during the
time the mechanical stress is applied, but after the stress is
removed a surprisingly high photon flux continues, although
at a diminishing rate, for several days. The first burst of light
can be observed by the unaided eye in a dark room; the latter
process can be easily detected by a photomultiplier tube.

Light emission caused by the application of mechanical
stress to crystals is known as triboluminescence and has been
the subject of several studies (see Alzetta et al., 1970; Hardy
et al., 1977). Although more than 350 substances are known
to be triboluminescent, only a few of them have been studied
spectroscopically, and the mechanism by which tribolumi-
nescence is excited is not completely understood (Hardy et
al., 1977). Luminescence as a function of time was reviewed
by Leverenz (1968), and the decay characteristics of tribolu-
minescence in arsenic crystals were studied by Stranski et al.
(1955). As far as is known, however, no detailed studies of
long-term photon emission in rock minerals have been carried
out in which the photon emissions were excited by mechanical
stress without subsequent heating.

EXPERIMENTAL

Samples of clays and other minerals were either ground with
a mortar and pestle or fractured with a hammer and placed in
pyrex vials. The emitted photons were counted using a Pack-
ard Tri-Carb Liquid Scintillation Spectrometer, Model 3320.
Samples of (1) well-crystallized kaolinite, KGa-1, from Wash-
ington County, Georgia, and (2) poorly crystallized kaolinite,
KGa-2, from Warren County, Georgia, were obtained in the
form of powders from The Clay Minerals Society’s Source
Clay Repository. The powders had no detectable photon
emission. Samples of Mesa Alta, New Mexico, kaolinite
(Ward’s Natural Science Establishment, Rochester, New
York), and Umiat, Alaska, bentonite (Anderson and Reyn-
olds, 1966) were prepared by forming cube-like chunks of
known surface areas. Ground samples of chalk calcite, South
England (Ward’s Natural Science Establishment, Rochester,
New York), sodium chloride, AR (Baker Analyzed Reagents),
and quartz were filled up to half the volume of the Tricarb
vials.

RESULTS

Figure 1 shows the decay curves of two triboluminescent-
excited kaolinites. Grinding of the well-crystallized kaolinite
(KGa-1) resulted in a higher photon-emission rate than that of
the poorly crystallized kaolinite (KGa-2). The count rate of the
latter did not appreciably increase with further grinding. The
decay characteristics of the emitted light (Figure 1) continued
for at least three days, and were very similar to those described
by Stranski et al. (1955) for arsenic crystals. A rough estimate
of the triboluminescence at the very first moments can be
made by extrapolating the curves in Figure 1 back to time zero.
It is estimated that the count rate of the well-crystallized ka-
olinite immediately after the grinding was of the order of sev-
eral million counts per minute.
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The decay curves of freshly filed, cube-like chunks of Mesa
Alta kaolinite and Umiat bentonite are shown in Figure 2. The
activity of kaolinite, which greatly exceeded that of bentonite,
exhibited a similar decay characteristic in that the decay was
very fast during the first few minutes followed by a slower rate;
the slower rate gave a straight line on a log-log scale (Figure
2).

Considering the counting efficiency in the present work, it
is estimated that the total amount of light emitted from a-unit
surface area of the Mesa Alta kaolinite, i.e., the light that was
detected and counted by the scintillation spectrometer, was
of the order of several tens of billions of photons per square
centimeter of surface area. Obviously, part of the emitted light
came from the surface, but the remainder originated at deeper
layers in the solid phase. The total photon output of a unit mass
of clay could not be estimated.

Adding water to either the kaolinite or bentonite prepara-
tions increased somewhat the count rate of emitted light. No
effort was made to quantify this effect. When freshly filed
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Figure 1. Luminescence rate as a function of time elapsed

from the end of grinding: well-crystallized kaolin KGa-1 and
poorly crystallized kaolin KGa-2.
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Figure 3. Luminescence rate as a function of time elapsed

Figure 2. Luminescence rate as a function of time elapsed
from the end of filing of kaolinite No. 9, Mesa Alta, New Mex-
ico, and bentonite, Umiat, Alaska.

chunks of Mesa Alta kaolinite were dipped into a solution of
the amino acid tryptophan and carefully drained, the count
rate increased above that of the same kaolinite chunk wetted
with water. Though the increased count rate induced by tryp-
tophan was significant, it could not be quanitatively measured
by the present method. A quantitative measurement of the
effect of tryptophan on the count rate of kaolinite in a lumi-
nescence process is in progress.

Tryptophan, a fluorescent molecule, has excitation and flu-
orescence maxima at 287 um and 348 pm, respectively (Un-
derfriend, 1962). One possible interpretation of the tryptophan
effect is that part of the triboluminescent light was in the UV
or near UV range and was not counted by the photomuitiplier
both because of the high light absorbance and scattering of the
kaolinite (Lindberg and Smith, 1974) and because of the light
absorbance in this range of the spectrum by the Pyrex vials.
However, the fluorescent amino acid was excited by these
photons and consequently emitted photons at a higher wave-
length. Because light transmittance of both clay and glass
greatly increased with increasing wavelengthin the UV ornear
UV range, the tryptophan molecules, according to this inter-
pretation, served as probes for photons produced in the pro-
longed triboluminescence process, which otherwise would not
have been counted. Triboluminescence in the UV and near
UV range has been shown earlier (Stranski, 1955). Another
possible interpretation for the tryptophan effect is nonradia-
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from end of grinding of quartz, sodium chloride, and chalk
calcite.

tive energy transfer between excited sites in the ground clay
and the tryptophan molecules (see Fendler and Fendler, 1975).

Because mechanical stress in the form of grinding was so
effective in exciting triboluminescence in kaolinite and mont-
morillonite, freezing should have produced similar effects un-
der conditions that brought about breaking and distortion of
the crystal structures. To investigate this effect, pastes of ka-
olinite and montmorillonite were smeared on the inner walls
of vials, frozen in either liquid nitrogen (fast freezing) or in a
~10°C salt-ice mixture (relatively slow freezing), thawed, and
the emitted photons counted. Freezing by either method ex-
cited montmorillonite to produce luminescence and produced
a decay curve similar to the one shown in Figure 2. This freez-
ing-induced triboluminescence was repeated simply by further
freezing and thawing the bentonite paste. A quantitative com-
parison between the two processes has not been attempted.
In contrast, freezing excited no measurable triboluminescence
in kaolinite. Obviously, more work is needed to understand
the difference between the two clays in their response to freez-
ing. Presumably, the different responses are related to both
particle size and interparticle distanices and forces, as well as
to surface-water interaction.

Prolonged triboluminescence has been examined in many
other solids, including several kaolinites and montmorillon-
ites, quartz, ‘‘pure’” sand, calcite, marble, illite, nontronite,
talc, pyrophyllite, ilmenite, vermiculite, apatite, asbestos
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(Jade mine), sodium chloride, and sugar. Several examples are
shown in Figure 3. All of these materials showed prolonged
triboluminescence, but the apparent intensities of the effect
differed considerably. For example, nontronite exhibited very
weak activity; quartz, ‘‘pure’’ sand, talc, and pyrophillite
showed a considerable effect; and montmorillonite samples
exhibited a rather low level of prolonged triboluminescence.
Vermiculite gave no apparent triboluminescence, presumably
because the method of grinding was not effective in breaking
its sheets.

The intensity and decay rate of prolonged tribolumines-
cence depend on both the properties of the material under
study and on the method of sample preparation and measure-
ment. To compare different materials and to elucidate the roles
of chemical composition, crystallographic properties, envi-
ronmental conditions, and method of sample preparation, the
method of excitation must be standardized as well as the mea-
surement procedure. Obviously the grinding applied in the
present study cannot be easily standardized. On the other
hand, development of a standardized polishing technique is
easier and would permit measurements of triboluminescence
excitation under comparable conditions (see also Lewis,
1968).

It should be noted that the effects of chemical composition
and crystallographic properties on prolonged tribolumines-
cence are not easily separated. For example, the two kaolin-
ites shown in Figure 1 differ considerably not only in their de-
gree of crystallinity, but also in their chemical composition,
cation-exchange capacity, surface area, and thermal analysis
(Van Olphen and Fripiat, 1979), and, presumably, in impuri-
ties content. Thus, because of light absorbance (Diehl et al.,
1968), the higher iron content of the KGa-2 kaolinite may be
at least partially responsible for its lower triboluminescence
activity,

The possible significance of the prolonged tribolumines-
cence should be investigated in connection with processes in
which it is either naturally formed or artifically induced. An
example of a natural process is rock fracturing, whether by
expansion-contraction, the impact of meteorites, or during
tectonic movement (see Wakita er al., 1980). Artificially in-
duced prolonged triboluminescence is probably very common
in mines and quarries.

It should be noted that prolonged triboluminescence and the
surface phenomena related to it immediately suggest a possi-
ble connection between human exposure to freshly powdered
materials such as those produced in mines (e.g., asbestos and
silica) and certain respiratory diseases (e.g., asbestosis and
silicosis). Preliminary studies on this possibility are in pro-
gress in the Department of Radiobiology, Stanford Medical
School.

ACKNOWLEDGMENTS

We thank David White, University of Santa Clara, Santa
Clara, California, and Sherwood Chang and Neal Blair, Ames
Research Center, for stimulating discussions related to the

https://doi.org/10.1346/CCMN.1982.0300110 Published online by Cambridge University Press

Prolonged triboluminescence in clay minerals

75

work reported here, and I. Barshed, University of California,
for samples of clays. .

N. LanAaV?
L. M. CoyNE
J. G. LAWLESS

Ames Research Center
NASA, Moffett Field
California 94035

REFERENCES

Alzetta, G., Chadacek, I., and Scarmozzino, R. (1970) Ex-
citation of triboluminescence by deformation of single crys-
tals: Phys. Status Solidi 1, 755-785.

Anderson, D. M. and Reynolds, R. C. (1966) Umiat benton-
ite: an unusual montmorillonite from Umiat, Alaska: Amer.
Mineral. 51, 1443-1455.

Coyne, L. M., Lawless, J. G., Lahav, N., Sutton, S., and
Sweeney, M. (1981) Clays as prebiotic photocatalysts: 6th
Int. Meeting Int. Soc. Study Origin of Life, Jerusalem,
June 1980 (in press).

Diehl, H., Grasser, R., and Scharmann, A. (1968) Discussion
of a simplified model for the triboluminescence of inorganic
photoconducting phosphorus: in Thermoluminescence of
Geological Materials, D. J. McDougall, ed., Academic
Press, London and New York, 678 pp.

Fendler, J. H. and Fendler, E. J. (1975) Catalysis in Micellar
and Macromolecular Systems: Academic Press, New York,
290 pp.

Hardy, G. E., Baldwin, J. C., Zink, J. I., Kaska, W. C., Liu,
Po-Hsin, and Dubois, L. (1977) Triboluminescence spec-
troscopy of aromatic compounds: J. Amer. Chem. Soc. 99,
3552-3558.

Leverenz, H. W. (1968) An Introduction to Luminescence of
Solids: Dover Publications, New York, 509 pp.

Lewis, D. R. (1968) Effect of grinding on thermolumines-
cence of dolomite, calcite and halite: in Thermolumines-
cence of Geological Materials, D. J. McDougal, ed., Aca-
demic Press, London and New York, 678 pp.

Lindberg, J. D. and Smith, M. S. (1974) Visible and near in-
frared absorption coefficients of kaolinite and related clays:
Amer. Mineral. 59, 274-279.

Stranski, I. N., Strauss, E., and Wolff, G. (1955) Zur tribo-
lumineszenz beim arsenic II, Miterlung: Z. Electrochem.
59, 341-346.

Underfriend, S. (1962) Fluorescence Assay in Biology and
Medicine: Academic Press, New York, 505 pp.

Van Olphen, H. and Fripiat, J. J. (1979) Data Handbook for
Clay Materials and Other Non-Metallic Minerals: Perga-
mon Press, New York, 346 pp.

Wakita, H., Nakamura, Y., Kita, 1., Fujii, N., and Kenji, N.
(1980) Hydrogen release New mdlcator of fault activity:
Science 210, 188-190.

(Received 19 January 1981; accepted 7 April 1981)

! On leave from The Hebrew University of Jerusalem, Is-
rael.


https://doi.org/10.1346/CCMN.1982.0300110



