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URANIUM EXPLORATION started in
earnest after the second world war when
every man and his dog was selling up
and heading for the bush with geiger
counter in hand. At that time, the major
deposits were discovered purely by sur-
face indications of radioactivity.
However, that era is virtually at an end,
and future finds are more likely to be
below the surface or in inaccessible
areas. The Roxby Downs deposits in
South Australia for example are over
300 metres below the surface.

It has been necessary therefore to
refine existing prospecting techniques,
develop new ones, and improve the sen-
sitivity and discrimination of all
instruments in radiometric measure-
ment techniques in common use, and to
give some insight into the various meth-
ods of radiometric surveying. As
mentioned before, Geiger counters were
the major instrument in use in early ura-
nium exploration and while other

detectors are now available, the Geiger
counter still has a place in preliminary
exploration and radiation monitoring. A
Geiger tube consists of a hollow metal-
lic cylinder with a centrally- located
wire inside. The whole system is either
sealed in a glass cylinder or the outer
metal tube is used as the sealed cham-
ber with appropriate end insulation. The
cylinder is evacuated and filled with a
gas such as helium, argon or neon, plus
a small percentage of an organic or
halogen gas as a quenching agent.

A high voltage is applied between the
central wire and the outer tube, so that
when a gamma ray enters it, the gas fill-
ing ionises and causes a discharge. The
discharge is quickly quenched or extin-
guished by the quenching agent,
resulting in a relatively large current
pulse through the tube that can be eas-
ily measured. The gamma rays must be
stopped completely for a discharge to
occur, which results in a very low con-

version efficiency for Geiger tubes of
only 1%, as only one in each hundred
rays is completely stopped. This insen-
sitivity can be useful however, as the
Geiger counter can be used in areas of
very high radioactivity without the
count rate becoming excessive.

The Geiger counter circuitry shown m
the accompanying block diagram is
quite simple using a monostable to give
a constant width to the pulses, which
are averaged over several seconds so
that the count rate is proportional to the
average dc level. The range switch can
change the monostable width, or the
meter resistor, or both, to get the cor-
rect division ratios. To maintain
accuracy with this system, it is impor-
tant to keep a constant pulse height and
stable pulse width. Although the high
voltage supply can be very low pow-
ered, it is important to keep the output
voltage stabilised and within the admis-
sible operating voltage range (known as
the counting.plateau).

Scintillation counters
Scintillation detectors are the basis

for almost all modern radiometric
exploration instruments. As with the
Geiger tube, the principal of operation
is quite simple. However, the method
by which the electrical pulses are pro-
duced is completely different. The
detector assembly consists of a scintilla-
tion crystal which is optically coupled
to a photomultiplier tube. The crystal is
usually made of thallium-activated
sodium iodide which has the property of
emitting a small flash of light (scintilla-
tion), when a gamma ray is stopped in
it. The photomultiplier tube is a light

Tools and techniques 
in radiometric exploration
All areas of geophysical exploration are becoming
increasingly dependent on electronic instruments in the
search for minerals and energy sources. Radioactive
minerals in particular are in great demand. Here’s a
run-down on the instruments used and how they are
employed.

Malcolm J. Plunkett
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amplifier which gives out an accurate,
amplified reproduction of the light flash
in the crystal, in the form of a short
electrical pulse (approx. 2 us).

The great advantage of this rather
indirect method of detection is in its
efficiency, which approaches one hun-
dred percent. Special protection is
needed for scintillation crystals and
photomultiplier tubes, which results in
an instrument which is less rugged,
more expensive, but far more sensitive
than a Geiger counter. The circuitry of a
simple scintillation counter is very simi-
lar to a Geiger counter, but usually with
extra ranges for the higher count rates.

Radiometric ground surveying
In the search for unknown uranium

deposits the ground is traversed on a
regular grid, noting the readings at set
intervals. The chance of finding an out-
crop on the surface is very low, so it is
important to note any change in the nor-
mal background radiation level, as even
a metre or so of soil may have a consid-
erable masking effect. If an area of high
radioactivity is located, it would be very
premature to stake a claim at this stage.
Firstly, the material may be thorium,
potassium, or uranium or a combina-
tion of them. These can be distinguished
from each other because the radiation
they produce has characteristic energy
levels, resulting in different height
pulses from the photo- multiplier tube.
By counting only three narrow ranges
of pulse heights, the ratio of the three
radioactive elements can be determined.

This is known as pulse height spec-
trometry and is beyond the capabilities
of a simple scintillation counter and
impossible with a Geiger counter. The
scintillation crystal used in spectrome-
ters must be large to obtain good
results, and the circuitry must be highly
stable and temperature compensated. A
fourth channel is sometimes used to
monitor the pulses from a small quan-
tity of radioactive material which is
doped into the crystal, to allow auto-
matic temperature compensation.

A problem encountered with all radia-
tion measuring instruments is that the
emissions are random, requiring the cir-
cuitry to be ready to accept pulses
separated by only a few microseconds
when the average time between pulses
may be 100 milliseconds. It is clear then
that a simple monostable system would
not be suitable, and pulse height spec-
trometers must employ sophisticated
pulse shaping and counting circuits to

decay and form new elements
known as daughter products. As
it decays, it may emit several
types of radiation, however the
one of interest to us is gamma
radiation. Gamma rays have no
mass, no charge, and can be
regarded as highly penetrating
electromagnetic radiation. The
measuring device must there-
fore have a detector for
converting these gamma rays
into electrical pulses which can
be counted for a fixed time
period, or averaged as in a car
tachometer.

THE BASICS

Uranium exploration is based
on the measurement of natu-
rally occurring radioactive
elements. All igneous and sedi-
mentary rocks contain variable
amounts of the three main natu-
rally occurring radioactive
elements, uranium, thorium,
and potassium. The average
concentration of these ele-
ments is only 0.1 - 10 parts per
million, while uranium ore may
have a concentration of several
percent.

An element is considered to
be radioactive when the atoms
of which it is made disintegrate
spontaneously, causing it to
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minimise these problems.
Even spectrometers cannot always

determine the usefulness of a deposit, as
leaching and weathering can remove the
original uranium, leaving only the
radioactive daughter products behind.

In conclusion, it can be seen that find-
ing naturally occurring radioactive
material is relatively simple, but find-
ing out exactly what you have found is
considerably more difficult!

Airborne radiometric surveying
Airborne radiometric surveys have

been carried out for many years but
even using the latest airborne spectrom-
eters, the results can only be used as a
guide. The plane must fly on reylar grid
lines recording the quantities of ura-
nium, potassium and thorium, as well as
the total radiation, on strip chart record-
ers or magnetic tape. The readings are
used to produce radiometric contour
maps on which the peaks indicate areas
of high radioactivity, known as anoma-
lies. However the size and intensity of
the anomaly cannot directly determine
the actual extent of the deposit, due
mainly to the masking effect of any

overlying material. Problems also arise
with pockets of airborne natural radon
gas, uneven terrain, cosmic radiation
and temperature changes.

The results then, are mainly used to
eliminate areas which have very few
anomalies, and to give a starting point
for follow up ground surveys, or bore-
hole drilling.

Radiometric borehole logging
When boreholes are drilled to locate

any type of deposit, it is a very costly
procedure to recover core samples for




