production, but much more careful
investigation must be carried out be-
fore the mechanism of their action
is fully understood.

PHiLip A. CORFMAN
National Institute of Child Health and
Human Development,
Bethesda, Maryland

SHELDON SEGAL

Population Council, New York

Thermoluminescence of
Geological Materials

Investigations of the thermolumines-
cence of geological materials have been
carried on by geologists and others for
several decades. Detailed studies of the
phenomenon were only begun about
20 years ago by Farrington Daniels
and his associates at the University
of Wisconsin. Since that time, several
widely separated groups of investigators
have continued research on the sub-
ject. In order to allow North Ameri-
can, European, and Asian researchers
to meet and exchange information on
current developments in the field, the
Ist International Symposium on Ap-
plications of Thermoluminescence to
Geological Problems, was held in Spo-
leto, Italy, 5-6 September 1966. Par-
ticipants included geologists, archeolo-
gists, physicists, chemists, and astron-
omers from Austria, Belgium, Canada,
Denmark, England, France, Germany,
Greece, India, Italy, Japan, Malaysia,
Mexico, Switzerland, Thailand, the
United States, and Venezuela. Sixty-five
papers were presented covering all as-
pects of thermoluminescence investiga-
tions as well as such related phenom-
ena as electron spin resonance and exo-
electron emission. '

Farrington Daniels opened the tech-
nical program with a review of the pio-
neering work of such investigators as
Lind, Wick, Urbach, Randall, and Wil-
kins, and the studies carried out at the
University of Wisconsin between 1946
and 1959, .

Thermoluminescence radiation do-
simetry is a recently developed medical
technique by which the thermolumines-
cent response of irradiated crystalline
materials, such as LiF, can be utilized
as a means of measuring the amount
of radiation received by the crystals.
The application of the principles of
thermoluminescence radiation dosimetry
to determine the radiation conditions
of a sedimentary environment, the
measurement of very low radioactivity
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of geological and archeological sam-
ples, geothermometry, paleoclimates,
and sedimentary transport was the sub-
ject of several papers.

One of the earliest applications of
thermoluminescence to geological prob-
lems has been the attempt to deter-
mine the age of carbonate rocks by
using either radiation damage or do-
simetry methods. This subject received
considerable attention, both from the
theoretical and applied points of view.
Attempts to apply similar techniques
to the dating of ancient pottery, meteor-
ites, recent lava flows, and orogenic
events were described.

In addition to radioactivity, several
factors may influence the thermolumi-
nescent response of geological ma-
terials; such factors include: pressure,
mineralogy, trace element content, tem-
perature of formation, polymorphic
phase transitions, and adsorbed gases.
These were considered, both from the
point of view of “spurious” thermo-
luminescence, which may cause prob-
lems in investigations of age determina-
tion, and as direct applications in
investigations of rock mechanics and
the search for mineral deposits.

With the objectives of maintaining
the exchange of information between
laboratories and promoting further re-
search in thermoluminescence of geo-
logical materials, several committees
were appointed: International Symposi-
um on Thermoluminescence of Geolog-
ical Material (1969), E. Tongiorgi (Lab-
oratorio di Geologia Nucleare, Pisa, It-
aly) and D. J. McDougall (Loyola Col-
lege, Montreal, Canada); Committee on
Thermoluminescence Standards, D. R.
Lewis (Shell Development Co., Hous-
ton, Texas) and J. Kaufhold (Universi-
tit zii Koln, Koln, Germany); Bibliog-
raphy, Norbert Grogler (Universitit
Bern, Bern, Switzerland); Liaison be-
tween Laboratories, Edward Zeller
(University of Kansas, Lawrence).

Laboratories or individuals who
would like to be kept advised of the
work of these committees should con-
tact E. Tongiorgi or D. J. McDougall.
Support for the meeting was provided
by NATO; the U.S. Air Force; the
National Research Council of Canada;
the United States National Science
Foundation; Loyola College, Montreal,
Canada; and the Laboratorio di Geolo-
gia Nucleare, University of Pisa, Italy.
Proceedings of the meeting will be pub-
lished by Academic Press, London,
probably in mid-1967.

Davip J. McDoUGALL
Loyola College, Montreal, Canada

Stereology

“Universities have departments of
various disciplines. But nature knows
of no departments. It is one indivisible
whole.” This statement made by Buck-
minster Fuller in the opening session of
the Second International Congress for
Stereology (8-13 April 1967, Chicago,
Illinois) characterizes the spirit and
work of the Congress.

Scientists from various disciplines
and countries discussed problems which
they all have in common. Problems of
structure common to astronomy, cer-
amics, geology, metallurgy, anatomy,
botany, cytology embryology, neurol-
ogy, pathology and zoology were at-
tacked with the methods of conven-
tional geometry, integral geometry, and
topology. Aspects of instrumentation
formed an integral part of the program.

Stereology in the strict sense is defined
as three-dimensional interpretation of
flat images. These images may be sec-
tions or projections. The internal struc-
ture of complex solids can be studied,
without disturbing the dimensions and
mutual relationship of parts, by sec-
tioning. The flat images with which
metallurgists are confronted are planes
of polish. These are true mathematical
planes without any thickness. In the
life and earth sciences, we deal with
translucent slices of finite thickness. In
astronomy and cosmology we are con-
fronted with images which in essence
are projections of objects on a sphere
circumscribed around the observer.

In all these cases, direct access to
the objects to be studied is impossible,
be they metallic or mineral particles,
components of living tissues or galaxies.
Their visible images do not give direct
information on many aspects of their
three-dimensional structure, orientation,
or mutual relation. We are dealing in
these cases with uniaxial viewing.

In order to obtain the desired infor-
mation we must extrapolate from two-
to three- dimensional space. The pro-
cedures involve measurements of lines
as well as counts of points or profiles
in grids superimposed on the plane of
observation. In most cases the algebraic
formulas, often found independently
with much labor by several investiga-
tors who did not know of each other’s
work, are astonishingly simple.

For example, the total length of a
system of lines per unit volume is
represented by L, = 2P,, where P, is
the average number of intersections of
those lines with the test area A in the
sections. The equation for the total
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area of interphase between two sub-
stances mixed in a specimen is Sy =
2P,, where P, is the average number
of intersections with a test line of
length L. The volume fraction of a
component is given by Vy = Pp. This
simple formula means that the percent-
age of space occupied by a specific
component of a specimen equals the
number of points out of 100 points
which “hit” the profiles of the com-
ponent.

More difficult is the determination of
size. Various algebraic and analytic
procedures have been developed by
which a particle size distribution curve
can be derived from a frequency dis-
tribution curve of dimensions of profiles
or intercepts of these particles on sec-
tion. But all these methods for deter-
mination of size yield only approxima-
tions. Nevertheless, these approxima-
tions are good enough for practical
purposes because the primary measure-
ments of the profiles on section cannot
be accurate themselves due to irregular-
ities of the structures.

Measurements of axial ratios (quo-
tients of length over width) of profiles
and their classification yield informa-
tion on the three-dimensional shape of
the objects, cut or seen on photographic
plates of celestial objects.

The foregoing relations are valid un-
der the assumption of random arrange-
ment of objects in space. In cases of
preferred orientation of parts in a sam-
ple, randomness can be produced by
repeated random sectioning or by other
methods of sampling.

The program included a few papers
on stereoscopy and photogrammetry.
This approach to the study of three-
dimensional structure is based on bi-
axial viewing (parallax) and therefore
is not really connected with stereology.
Nevertheless the participants in the
Congress, being concerned with every
possible approach to the investigation
of three-dimensional structure were
equally interested in the papers on
photogrammetry and stereoscopy.

Many representatives of the inorganic
sciences became acquainted for the first
time with various techniques of recon-
struction from serial sections, so fre-
quently used in the life sciences. They
recognized that this method might be of
advantage for the study of their own
objects. Mathematical stereology as de-
scribed previously is applicable only
where many components of similar
geometrical properties and of relatively
simple shape are examined. But when
a single object of complicated structure
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is studied, geometricostatistical stere-
ology is of no avail; serial sectioning
is, at this time, the best known method
of attack.

Another, extremely interesting ap-
proach to the study of three-dimension-
al structure of opaque objects is serial
section cinematography. This process
involves staining or etching the surface
of the remaining block of a specimen,
while the slices are discarded. The
stained, exposed block surfaces are re-
corded on successive frames of a mo-
tion picture film. When projected, the
film reveals the topological qualities
of a specimen such as continuity, con-
tiguity, connectivity, isolation, as well
as the genus of a component of a speci-
men. Primarily, however, such films
give very specific information on the ar-
rangement of parts. Whenever a com-
ponent has a shape other than that of
a cylinder or pyramid oriented per-
pendicularly to the cutting plane, the
film, when projected, gives the visual
impression of change of shape or
movement.

This chain of thought leads to
“hyperstereology,” the extrapolation
from three- to four-dimensional space
which might at a later time help in the
clarification of certain cosmological
phenomena.

The Congress was supported by a
grant from the National Science Foun-
dation. The complete program of the
Congress with abstracts of all papers
constitutes volume 6, No. 1, of Stereo-
logia, the bulletin of the International
Society for Stereology. The proceed-
ings of the Congress, now in press, will
be published by Springer-Verlag, New
York and Heidelberg.

Hans ELias
Chicago Medical School,
710 South Wolcott Avenue,
Chicago, Illinois 60612

Calendar of Events

National Meetings

June

8-9. Photographic Systems for Engi-
neers, seminar, Newton, Mass. (Soc. of
Photographic Scientists and Engineers,
1330 Massachusetts Ave., NW, Washing-
ton, D.C. 20005)

8-9. Post Irradiation Recovery Kinetics,
symp., Bethesda, Md. (M. F. Canning,
Information Div., Technical Information
and Services Dept., Armed Forces Radio-
biology Research Inst., Defense Atomic
Support Agency, Bethesda 20014)

8-10. Fourth Pacific Northwest Plastics
Workshop, Spokane, Wash. (R. Raff, Re-
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