Site 229 was in the southernmost ex-
tension of the Red Sea rift system. The
Late Quaternary section contained car-
bonate ooze with volcanic glass frag-
ments and occasional ringing-hard
welded tuff beds. The site was aban-
doned at 212 m after we had encoun-
tered increasingly gassy cores.

Only one core was recovered from
site 230, owing to the inability of the
Glomar Challenger to maintain position
in adverse weather conditions at this
record shallow depth (850 m). How-
ever, a 50 percent increase in the inter-
stitial salinity at this very shallow depth
allows us to conclude that the acoustic
reflector here was the top of the Late
Miocene evaporites as in previous sites.
Previous DSDP drillings (/7) showed
that interstitial salinity gradients of the
type observed here are accurate predic-
tors of halite and other evaporites at
depth beneath sediments.
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Radiation Dosimetry by a New Solid-State Effect

Abstract. Ionizing radiation can induce strong electrical polarization phenomena
in dielectic solids. These radiation-induced thermally activated depolarization
(RITAD) effects are quite different from radioelectret effects. For nominally pure
calcium fluoride samples, the RITAD signals show a signal-to-noise power advan-
tage of 40 decibels over that of thermoluminescence signals measured under the
same experimental conditions. Ease of measurement, very high radiation sensi-
tivity, and simple sample fabrication requirements give the RITAD phenomena a
great potential for use as a new solid-state dosimetry technique.

It has been reported (I) that a stable
electrical polarization is induced when
high-purity LiF is exposed to ionizing
radiation in the presence of an ex-
ternally applied electric field. We now
report a much stronger effect observed
in a variety of dielectrics; in the ab-
sence of any external field during either
radiation exposure or readout, small
doses of ionizing radiation produce a
very intense polarization phenomenon.
This effect occurs along the sample’s
internal local fields, which were earlier
produced by a high-temperature bias-
polarization procedure, which we shall
describe later. The effect is easily mea-
sured by shorting the sample’s sensing
electrodes through a picoammeter,
heating the sample through a charac-
teristic temperature to produce ther-
mally activated depolarization, and re-
cording the depolarization current thus
generated. The physical origins of the
phenomena reported here are clearly
different from those responsible for
various radioelectret effects (2—4) such

as occur in thermal electret-forming
materials, for example, in Teflon or
carnauba wax. We have been unable
to detect any thermal electret-like ac-
tivity in our unirradiated samples in
the temperature ranges characterizing
the activated depolarization subse-
quently induced by irradiation. Conse-
quently, we call the effects we report
here by the general description
“radiation-induced thermally activated
depolarization” (RITAD). External
RITAD phenomena are generated in an
externally applied electric field and
differ from the more sensitive local
RITAD phenomena generated in the
sample’s local fields.

Local RITAD shows very high radi-
ation sensitivities. For example, al-
though CaF, is used (5) as one of the
most sensitive thermoluminescence (TL)
dosimetry phosphors, we have observed
RITAD signals in CaF, showing, to
our astonishment, at least a 40-db ad-
vantage in the signal-to-noise power
ratio over that of the TL signals mea-
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Fig. 1. Thermally activated depolarization
curves for the local RITAD effect in CaFy;
LNT, liquid nitrogen temperature. (A)
The sample is subjected to a bias-poling
procedure but not irradiated. (B) The
sample is bias-poled and exposed to 40
roentgens of 35-kev effective x-rays.

sured under the same experimental
conditions. We have seen some degree
of RITAD activity in many host ma-
terials, for example, the alkaline-earth
fluorides, human bone, natural apatite
containing halogens, alumina ceramics,
and alkali halides. Details of this find-
ing will be presented elsewhere (6),
and in this report we outline only the
basic results on the first material stud-
ied, CaF,.

The research samples we used were
optical quality high-purity CaF, crystals
(Harshaw, batch 1970) cleaved to a
cross section of 1 by 0.5 cm with a
thickness of 0.15 cm. Thin sensing
electrodes are attached to the cross-
section faces; neither the type of con-
tact, nor the type of electrode material,
nor the specific electrode geometry
affects the observed RITAD behavior.
To produce the local RITAD effect, one
first activates a bias-polarization; for
CaF,, the crystal temperature is raised
above 230°C and one applies an elec-
trode bias-poling voltage. The best sensi-
tivity for bias-poling voltages occurs
above about 1000 volts. Next the
cooling system of the sample chamber
is activated to lower the temperature
rapidly. Below about 100°C, the poling
voltage can be removed and the elec-
trodes shorted out. As a result of this
treatment the sample retains a very
strong electret polarization; this is
probably related to states which Bucci
and his collaborators (7, 8), working
with other impurity-doped materials,
have called the “dielectric catastrophe”
ionic thermocurrent (ITC) bands. Our
results indicate, however, that our bias-
polarization state is a stable and experi-
mentally reproducible, thermally acti-
vated, volume polarization property of
dielectrics characterized by uniformly
distributed traces of charge-compen-
sated impurities, rather than by the
contact, surface polarization or dis-
location-linked ITC phenomena (8)
observed by others. We believe this
bias-polarization state produces the
local electric field necessary in order
that one observe the local RITAD ef-
fect after subsequent irradiation. If an
unirradiated sample is heated after the
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bias-poling procedure, only the ITC
state depolarization current is observed
at high temperatures, as shown in Fig.
1A.

If the same sample is bias-poled a
second time and, at some later time,
exposed to ionizing radiation, new de-
polarization bands, local RITAD states,
appear. This is indicated in Fig. 1B
for x-ray exposure at 77°K and a
temperature scan of 0.5°K sec—1. The
exposure in Fig. 1B corresponds to
about 40 roentgens of x-rays (85-kv
peak) filtered to give an effective (9)
photon energy of 35 kev at the CaF,
sample; the corresponding dose conver-
sion is about 10 rads per roentgen. We
call the 200° and the 330°K local

RITAD peaks the “dosimetry peaks”
because they grow from zero intensity
with increasing radiation exposure. The
445°K peak is the remnant of the bias-
polarization ITC state induced by the
bias-poling process. It alone exhibits
similarities to reported radioelectret be-
havior; once the sample is bias-poled,
the intensity of this peak decays with
increasing radiation dose, and the peak-
ing temperature at a given scan rate
increases with dose. Figure 2 shows
the local RITAD intensity as a func-
tion of exposure for a bias-poling volt-
age of 1200 volts and an irradiation
rate of 0.75 roentgen sec—1!; other ex-
periments indicate no observable rate
dependence. The time breadth of the
local RITAD peaks is about 70 seconds
at our scan rate.

In the linear growth region, the
radiation response of the local RITAD
dosimetry peaks is about 4 X 10—1°0
coulomb cm—2 roentgen—1!, which can
be compared, for example, to the radio-
electret effect response reported for
Teflon (3) of about 5 X 10—1% coulomb
cm—2 roentgen—!, The local RITAD
signals, in addition, are very noise-
free. Murphy et al. (4) reported for
the total charge release a 40 : 1 signal-
to-noise ratio against background for
the Teflon radioelectret effect at an
exposure of about 107 roentgens,
whereas our experiments on the local
RITAD effect indicate a signal of
similar quality for an exposure of about
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Fig. 2. Depolarization current versus radiation exposure for the dosimetry peaks at
200° and 330°K, and for the bias-polarization ITC peak at 445°K.
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10—3 roentgen. Although not specially
doped for optimum high-temperature
TL efficiency, our CaF, samples show
reasonably intense TL peaks at low
temperatures, At exposures above 100
milliroentgens the measurement pre-
cisions of both the local RITAD cur-
rent and the TL photomultiplier cur-
rent are limited by shot noise (signal
fluctuation due to the discrete nature
of the entities being measured). For
the same samples, the same exposure,
and the same electronic instrumenta-
tion, the signal-to-noise power ratio of
the local RITAD current readout is at
least 40 db greater than that for the
most sensitive TL peak signal. The
200°K local RITAD peak is closely
correlated with a corresponding TL
peak, but the 330°K RITAD dosimetry
peak falls near a minimum within
a group of three incompletely resolved
TL peaks characteristic of these CaF,
samples.

For exposures below 100 milli-
roentgens the measurement precision
of the RITAD current becomes limited
by the instrumental noise of our present
system, which has a noise figure (ratio
of the instrument’s actual output noise
to the theoretical minimum noise arising
from thermally generated fluctuations in
the resistive elements) in excess of 20 db.
In spite of such poor electronic per-
formance, however, and an unneces-
sarily large instrument bandwidth of
about 1 hertz (that is, a rise time of
~ 0.15 second), the local RITAD signal-
to-noise ratio is about 200 : 1 for a 75-
milliroentgen  exposure. Integration
over about 100 seconds to obtain the
total charge release, even without any
improvement in the existing dosimeter
geometry or instrumentation noise
figure, gives a 6000 : 1 signal-to-noise
ratio on the RITAD charge output at
75-milliroentgen exposure.

We do not understand, as yet, the
detailed mechanisms producing the
local RITAD effects, except that they
seem to be generated by the thermally
activated mobility of trapped electrons
or holes, or both. There are two possible
explanations. According to the first ex-
planation, during irradiation the transi-
ent mobility of electrons and holes
allows them to separate in the bias-
polarization field, leading to a frozen-in
transportative polarization (polarization
attributable to charge transport); during
“subsequent thermally induced mobility,
the recombination of electrons and
holes produces the RITAD depolar-
ization signal. According to the sec-
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ond explanation, trapped electrons
and holes are formed with an essen-
tially uniform spatial distribution dur-
ing irradiation; during readout, how-
ever, thermally activated mobility al-
lows the detrapped carriers to drift
without total recombination and to pro-
duce the RITAD signal as they attempt
to depolarize the preexisting bias-
polarization state, Our experiments in-
dicate that both processes may simul-
taneously occur in the observed RITAD
phenomena.

The particular CaF, RITAD states
described here can be utilized for some
special-purpose dosimetry techniques,
for example, fast neutron activation
dosimetry. Unfortunately, they fade
too rapidly to be really practical for
use in routine room-temperature dosim-
etry. The principle, however, is clearly
established. Our preliminary work on
SrF, shows a local RITAD peak oc-
curring at a temperature about 40°K
higher than the CaF, peak 2. We be-
lieve that the local RITAD properties
described above, namely, high radia-
tion response, low intrinsic noise, the
absence of any requirements for good
optical quality crystals, the absence of
any necessity for electrical conductive
integrity of the sample, the flexibility

of dosimeter fabrication, and the sim-
plicity of readout, ensure a very great
potential for local RITAD phenomena
as an important new technique in sensi-
tive radiation dosimetry.
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Blue-Green Algae: Why They Become Dominant

Abstract. The injection of carbon dioxide and the addition of nitrogen and
phosphorus to a lake population dominated by blue-green algae results in a
rapid shift to dominance by green algae. The basis for the change and its

implications are discussed.

Possibly the most perplexing problem
presently facing limnologists concerns
the relative abundances in lakes of var-
ious types of algae. This is particularly
true for certain of the blue-green algae,

“which have earned the sobriquet “nui-

sance algae” because they are extremely
abundant and dominant in situations
where nutrients are plentiful, and
which usually become dominant when
nutrient inputs increase. A variety of
hypotheses have been proposed ranging
from the suggestion that blue-green
algae are symbiotic with bacteria that
abound under such enriched conditions
to the supposition that blue-green algae
require the organic compounds that
enter lakes with high concentrations of
nutrient wastes, such as domestic sew-
age effluents. However, none of these
hypotheses has been given confirmation
and the problem persists. Recently,

King (I) suggested an explanation that
is not only apparently supported by the
facts but that is also experimentally
testable. Using his own data and those
from the literature, King suggested that
blue-green algae are more efficient at
obtaining CO, from low concentrations
than green algae, and that under cir-
cumstances when the pH is high, as in
enriched lakes, blue-green algae should
predominate.

My tests of this hypothesis were di-
rect. I subjected a mixed population of

“algae under conditions as natural as

possible to a variety of treatments in-
cluding high concentrations of nutrients
(nitrogen plus phosphorus), high con-
centrations of CO,, and high or low pH
(5 to 6). The experiments were carried
out in duplicate in a series of 12
polyethylene bags, each 1 m in diameter
and 1.5 m deep, suspended from a raft
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