Giant Radioactive Halos: Indicators of Unknown Radioactivity?

Abstract. 4 new group of giant radioactive halos has been found with radii
in excess of anything previously discovered. Since alternate explanations for
these giant halos are inconclusive at present, the possibility i considered that
they originate with unknown alpha radicactivity, either from isomers of known

elements or from superheavy elements.

A radioactive halo is generally de-
fined as any type of discolored, radia-
tion-damaged region within a mineral
and uswually results from either alpha or,
more rarely, beta emission from a
nearby radioactive inclusion contain-
ing either uranium or thorium. When
the inclusions are very small (=~ 1 pm),
the wranivm and thorium daughter
alpha emitters produce a series of dis-
colored concentric spheres surround-
ing the inclusion, which in thin section
appear microscopically as concentric
rings whose radii corrcspond to the
ranges of the respective alpha emitters
(I). Although the radii of normal
uranium and thorium halos vary from
12 to 42 pm in mica, possible evidence

of unknown radioactivity exists in the
scatiered reports of unusual halos with

anomalous ring radii (2, 3) varving
from 5 to 10 pum in the dwarf halos
to about 70 um in the giant halos.

The very few previously reported
occurrences of giant halos seem to
have been largely ignored, perhaps be-
cause ecither definite information on
the presence and size of the halo in-
clusion was absent (3) or because
subsequent confirmation of the report
was lacking. Hoppe (4), for example,
was unable to confirm the existence of
giant halos found by Wiman in cer-
tain Swedish granites, but this is not
surprising in view of the large variabil-
ity in the occurrence of particular halo
types and the relatively small number
of thin sections that Hoppe examined.
Indeed, after a more extensive search
in which I examined about 1000 thin

Fig 1. The halo on the right is a combination uranium and thorium halo, with the jnner
ring radius of 34 um from the uranium daughter emitter Po™ (E = 7.68 Mev} and the
outer ring radius of 40 um from the thorium daughter emitter Po®* (E — 8.78 Mev).
The halo on the left with a relatively small inclusion is a giant halo with about a 50-um
radius, One scale division = 10 am.

sections from these granites, I find that
giant halos in the 55-pm range do
exist in the biotite along with ordinary
uranium and thorium halos. These giant
rings invariably occur only around
very densely colored thorium halos, a
resuft which implies a correlation of
this ring with a high thorium content of
the inclusion. Examination of the tho-
rium decay scheme shows that the
daughter alpha emitter, Po?12, emits a
low-abundance (1 : 5500) alpha par-
ticle of slightly higher energy (10.55
Mev, compared to a normal 8.78 Mev),
whose range may be correlated with
the observed giant ring. Although there
is some question whether the fre-
quency of the low-abundance alpha
particles in this energy range can pro-
duce a halo ring, I presently infer
this association to be correct. The
density of giant halos in these gran-
ites is quite low, however, and after
a further search I have found z mica
sample from Madagascar with uranium
and thorium halos, in addition to an
exceptionally fine cotlection of giant
halos including all the sizes reported
by Wiman as well as several much
larger varieties of halos heretofore un-
reported.

The close proximity of occurrence
of different halo types in the Madagas-
car mica provides an excellent range-
energy relation which checks with
coloration band widths produced ex-
perimentally in Van de Graalf helium
ion irradiation of the mica matrix (5).
Whereas the induced coloration bands
are darker than the mica, the halos
show reversal (bleaching) effects and
are generally lighter than the surround-
ing matrix, except adjacent to the in-
clusion. Electron microprobe analyses
indicate that the inclusions are mona-
zites (6), and, since they are somewhat
large (> 10 pm in diameter), they
do not show ring structure as well as
halos with point-like inclusions do.
Also, the high radioactive content of
some of the inclusions leads to an
overexposed condition which tends to
further oblitcrate inner ring structure.

The visual appearance of the giant
halos (Figs. 1-3) is similar to that of
the combination uranium-thorium halos,
and the question arises whether long-
range alpha particles have produced
the giant halos, The affimative
answer to this question cannot be ac-
cepted without a critical examination
of other modes of origin, since the



magnitude of the giant halo radii in-
volved implies the previous existence
of naturally occurring alpha emitters
with energies higher than any current-
iy known.

Hence it is considered that the giant
halos may have originated from:

1) Variations in alpha particle range
due to structural changes in mica, Ob-
servations show that certain halo in-
clusions exhibit shapes or structural
symmetry not exactly identical to the
present outline of the inclusion in the
mica matrix, and such deformations of
the inclusion from radiation-damage
effects might very well alter the struc-
ture of the matrix in the vicinity of
the inclusion. However, there are nu-
merous sites where uranium and tho-
rium halos of normal size exist adjacent
to and, in some cases, actually overlap
giant halos (the inclusions of which
show no evidence of any expansion nr
contraction). At least in these cases it
would appear that the giant halos do
not arise from normal-range alpha par-
ticles, which passed through a region
of lower micu “density.”

2) Diffusion of a pigmenting agent
from the inclusion into the matrix, Al-
though it is possible that some pig-
menting substance may have been pres-
ent, electron micraprobe traverses
across the region of the halo revealed
no variations in elemental abundances
of the matrix. Furthermore, in anneal-
ing expcriments that were carricd out
at 450°C for 24 hours the yellowish
tint of thc halos either remained the
samec o in some cases became opaquc;
that is, therc was no fading or other-
wise any differcnce between the reac-
tion of the uranium and thorium halos
and that of the giant halos. In essence,
if a purely chemical diffusion mecha-
nism is operable, it is producing a type
of coloration that is thus far indis-
tinguishable from that initiated by radia-
tion-damage effects. [Small crystalline
structures (Liesegang patterns) often
occur in mica, but these are casily dis-
tinguished from radioactive halos.]

3) Diffusion of radioactivity from
the inclusion to the matrix. Electron
microprobe analyses showed that ura-
nium and thorium were confined to the
inclusion; techniques by which fission
tracks were induced indicated only a
background uranium concentration sur-
rounding the inclusion, and autoradioc-
graphic experiments with Kodak NTA
emulsion showed alpha radioactivity
restricted to the site of the inclusion.
If diffusion of radicactivity has oc-
curred, it is below the detection limit
of these three methods.

Table t. Frequency of halo sizes of radii 32
to 110 zm.

Maximum
lol}[e}::la; ENEIgy Total
Group : of alpha No. of
radius p
(um) particles halos
u {Mev)
1 32-35 7.68 22
11 37-41 8.78 214
111 4548 =95 28
v 50-58 =10.6 130
A4 6067 =117 69
Vi 70-75 =12.3 58
VIt 80-85 = 13.2 30
VILI 9095 == 14,1 10
X 100110 == 15,1 5

4) Channeling. Even though dif-
ferent optical propertics in the region
parallel to the cleavape plane make it
difficult to observe a transverse halo
section in any mica, the giant halos do
exhibit a three-dimensional structure
typical of radioactive halos when suc-
cessive mica layers are cleaved. The
idea that channeling of normal-range
alpha particles parallel to the cleavage
plane would be instrumental in the for-
mation of giant halo rings is certainly
correct in principle. Whether the rela-
tively small number of alpha particles
emitted along any given cleavage plane
is sufficient to produce coloration is not
clear. Furthermore, if channeling were
the explapation, a series of successive
outer bands corresponding to a given
multiple of the ranges of the uranium
or thorium daughter alpha emitters, or
both, might be expected in a given giant
halo. This situation is not observed.

5) Beta radiation instead of alpha
emission, Laemmlein (7} found beta
halos of rather diffuse boundaries with
radit up to several thousand microme-
ters surrounding thorium-containing
monazite inclusions in quartz, The fact
that many of the perimeters of these
giant halos m this mica are well-defined
does not favor the association of these
halos (Figs. 1-3) with the beta halos;
neither do the radii correspond. In addi-
tion, Laemmlein noted a correlation be-
tween the radius of the beta halo and the
volume of the halo inclusion (that is,
the thorium content), This is under-
standable, since energetic beta rays pro-
ducing coloration at maximum range
would emanate throughout the volume
of the inclusion. In contrast, no such
effect is observed in this mica. Giant
halos and uranium and thorium halos
occur around relatively small inclusions
as wel! as around larger ones.

6} Long-range alpha particles from
spontaneous fission. Long-range alpha
patticles with a broad energy spectrum
accompany normal spontaneous fission
events from U2 in an abundance of
about 1:400. Neither of these factors
is favorable for the production of rela-
tively sharp boundaries such as aie
seen in certain giant halos. Upon etch-
ing sevcral giant halos with hydrofiuoric
acid to reveal fission tracks, I have
found that fission tracks emanate from
the inclusions of some, but not all, giant
halos. The tracks emanating from some
of the inclusions may be attributed to

Fig. 2 (left). A giant halo approximately 57 um in radius, presumably due to the long-
range alpha particles from Po™ (E = 10.55 Mev). One scale division = 10 um.
Fig. 3 (right). A giant halo approximately 84 um in radius, whose origin is unknown.
If the halo is due to long-range alpha particles, the ensrgy would be about 13.1 Mev.
One scale division = 10 gm,



thc uranium content of the halo inclu-
sions, The lack of fission tracks in other
inclusions implies that at least in these
cases long-range alpha particles from
spontaneous fission are not instrumental
in producing the giant halos.

7) Alpha particles or protons from
(n,ax) or (a,p) reactions, Mica sand-
wiches containing halo inclusions were
irradiated with a total flux of 5 X
1018 neutron/cm?. No induced colora-
tion was noted in the mica section ad-
jacent to the inclusion after irradiation.
Since this integrated flux is several
orders of magnitude higher than would
be expected in naturally occurring in-
clusions, it appears that {n,a) reactions
have not produced the giant halos. Cal-
culations show that (e,p) reactions are
also insufficient to produce coloration
(see &8).

From the preceding comments it
would appear that, although some of
the above explanations cannot be def-
initely e¢xcluded, neither can any be
presently confirmed as 2 factor respon-
sible for the origin of the giant halos.
Therefore, a few remarks may be made
concerning the distribution of halos in
this mica and the possibility that the
giant halos may have originated with
long-range alpha activity either from
isomers of koown elements or from
superheavy elements.

The radii of several hundred halos
that were measured with a precision of
about = 1.5 gm are given in Table 1.
Greater accuracy was possible but
seemed unnecessary, since for halos with
large inclusions the actual radius of the
halo as measured from the inclusion
edge to the halo perimeter will vary
up to around 5 to 6 pm with the varia-
tion dependent upon the stage of halo
development {%). Other uncertainties
in the radii measurements arise if the
inclusion is inclined with respect to the
cleavage plane. The intervals of halo
radii were thus chosen to be rather
broad; it may well be that certain of
the groups listed are composites of
subgroups of halos with slightly dif-
ferent maximum radii, but further sub-
division did not seem justified at pres-
ent. The maximum energy values of the
alpha particles are recorded for pur-
poses of comparison only and are not
meant to necessarily imply that the
respective halo groups originated with
alpha particles of that energy. Thers
were a few halos which did not fall
into any of the above categories, but
the number of this type was only a
small percentage of the total (2 per-
cent}. Halos in groups I and IEF are
the normal uranium and thorium halos,

whose maximum radii may be identified
with the respective daughter alpha
emitters Po?t (E=7.68 Mevy) and
Po212 (E = 8.78 Mev) of these decay
series. Halos in group IV may be asso-
ciated with the low-abundance, long-
range alpha particles from Po?12 (E
=10.55 Mev) in the Th>»? decay
series.

An attempt to relate other groups of
long-range alpha emitters of polonium
isotopes in the uranium and thorium
decay chain with the giant hale radii is
more difficult, For example, the 9.5-
Mev group of Po*'2, which conceivably
could produce a 48-um halo, occurs in
an abundance of only about 1:30,000;
the 9-Mev group (1:45,000) of Po2
could produce a 45-pm halo; and there
exist still other groups with energies
up to 10.5 Mev, but these occur in an
abundance of only about 1:108 If it
is considered that these alpha particles
were emitted in the same abundance
as is presently observed, only the halos
in group IV may reasonably be attrib-
uted to known low-abundance alpha
particles of higher energy. G. N. Flerov
has suggested that Po2!2m  an isomer
of polonium with a half-life of 47
seconds and an alpha-particle energy of
11.7 Mev, not known to occur natu-
rally, may have been responsible for
the halo group in the 62- to 67-pm
range, since the energy correlates with
the prescribed range (J0). This iden-
tification, if correct, would, first, con-
stitute another example of a rather
peculiar phenomencn, namely, the oc-
currence of halos originating with
polonium isotopes apparently unrelated
to uranium and thorium daughter pro-
ducts (71}, and, second, raise the in-
teresting possibility that the other giant
halo groups may be associated with un-
known isomers emitting high-energy
alpha particles in the 10- to 15-Mev
range. Kohman has suggested that such
alpha emitters, if they exist, may be
shape isomers (12) of known nuclides.

Very recent mass spectrometric stud-
ies in which the Ion Microprobe Mass
Analyzer (IMMA) (Applied Research
Laboratories) was used revealed an
isotope ratio for Pb?7 to Pb20¢ of
about 0.16 for the halo inclusions as
contrasted with a value of about 0.35
for the bulk monazite crystals (13),
which occur adjacent to the mica (both
values were uncorrected for common
Pb). If subsequent work shows that
this difference cannot be attributed to
common Pb, this result might sugpest
that a closer examination be made of
possible high-energy isomers, namely,
an isomer in a chain decaying to Pb.

The possibility that the giant halos
originate with a postulated superheavy
element (I4) in the region from
atomic numbers 110 to 114 seems re-
mote, since these elements (i) would
not be expected to occur in monazites
and (ii) would be expected to exhibit
spontaneous fission activity either di-
rectly or indirectly (that is, to decay
by way of alpha cmission to the known
spontaneous fission region below atomic
number Z =105} (15). As noted
earlier, some giant halo jnclusions do
not exhibit background fission tracks,
However, of special interest in this con-
text are very recent theoretical calcula-
tions by Bassichis and Kerman (I6),
which indicate an island of superheavy
element stability at somewhat higher Z
(around 120). If such an element
exists, it might be expected to occur
in a pegmatitic mica.

ROBERT V., GENTRY
Chemistry Division, Oak
Ridge Nationa! Laborarory,
Qak Ridge, Tennessee 37830
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