estimated by using the theory developed
by Chylek and Coakley (/3). The value
of the imaginary index of refraction for
the aerosol material was estimated to be
0.000 < n; < 0.010 by comparing mono-
chromatic measurements of the zenith
sky radiance with radiance values calcu-
" lated tor several values of assumed n;.
The value n; = 0.002 employed in the
heating and cooling calculations indicate
that the aerosols cause a slight heating
(averaged over the year) of the earth-at-
mosphere system in the polar regions of
about 0.06°C (assuming radiative equilib-
rium #nd neglecting climatic feedback
mechanisms) and a cooling in the low lati-
tude zones of about 0.2°C. These figures
are for the background aerosols, far from
significant surface sources. If the tropo-
spheric aerosols over the continents, and
especially the aerosols over the deserts,
were included, the low-latitude cooling
would probably increase. Indeed, esti-
mates of desert surface albedos and
desert aerosol loads, based on turbidity
measurements made in northern Kenya,
suggest that additional cooling is likely to

result from the continental aerosol
sources.
These numerical calculations are

somewhat tentative since they are based
on a rough determination of the imagi-
nary component of the index of refrac-
tion n;. Additional information is needed
on n;. In the meantime, calculations for
various possible values of n; indicate that
the major conclusions reached here al-
ways hold (heating at the poles, cooling
near the equator), although the numeri-
cal values could change upward or down-
ward within a factor of 2 or so, depend-
ing on the actual value of n;.

The increased cooling caused by the
presence of the aerosol column over the
equatorial regions and the slight aerosol-
induced polar heating decrease the heat
contrast between pole and equator, and
this will act to slightly alter the atmo-
spheric circulation (compared to an aero-
sol-free atmosphere) and may lead to a
net cooling in the polar regions due to de-
creased advective heat transport, espe-
cially during the polar night. Ultimately,
to derive the actual climatic impact of
the aerosols, one must incorporate the
aerosol parameters into a climate model
that takes account of the various climatic
feedback mechanisms and infrared heat-
ing terms. Until this is done, it can be
stated roughly that the aerosols act to
slightly heat the polar regions and cool
the equatorial regions.

GLENN E. SHAW
Geophysical Institute,
University of Alaska,
Fairbanks 99701

1336

References and Notes

1. Report of the Study of Man’s Impact on Cli-
mate, Inadvertent Climate Modification (MIT
gress, Cambridge, Mass., 1971), sections 8.2 to

7.

2. L. Thompson, W. L. Hamilton, C. Bull, Ant-
arct. J. U.S. 8 (No. 6), 340 (1973). Although the
evidence of correlations between dusty periods
and cool temperatures suggests volcanic dust
effects, there are other possible explanations;
for instance, changes in the circulation patterns
accompanying cool periods could have led to
increased windblown dust near the Antarctic
coastline. Thus, the evidence relating global
cooling to dusty periods in the paleoclimatic
records suggests, but does not prove, that vol-
canic dust veils cause climatic change.

3. D. Diermendjian, Volcanic Dust Effects—A Crit-
ical Survey (Report R-886-ARPA, Rand Corp.,
Santa Monica, Calif., 1971).

4. G. E. Shaw, J. A. Reagan, B. M. Herman, J.
Appl. Meteorol. 12,374 (1973).

5. J. F.Noxon, Science 189, 547 (1975).

6. D. Deirmendjian, Electromagnetic Scattering
on Spherical Polydispersions (American Else-
vier, New York, 1969).

7. M. A. Box and S. Lo, preprint (School of
Physics, University of Melbourne, 1975).

8. P. B. Russell, W. Viezee, R. D. Hake, Ir., Lidar
Measurements of the Stratospheric Aerosol
(Project 4019 report, Stanford Research Insti-
tute, Stanford, Calif., 1975).

9. A. W.Hogan, J. Appl. Meteorol. 14, 550 (1975).

10. D. J. Hofmann, J. M. Rosen, G. L. Olson,
Antarct. J. U.S. 10 (No. 4), 189 (1975).

11. R. D. Cadle and G. W. Grams, Rev. Geophys.
Space Phys. 13, 475 (1975).

12. N. A. Fuchs, The Mechanics of Aerosols (Per-
gamon, Oxford, 1964), pp. 288-352.

13. P. Chylek and J. A. Coakley, Ir., in Climate of
the Arctic, G. Weller and S. Bowling, Eds.
(Geophysical Institute, University of Alaska,
Fairbanks, 1973), pp. 159-16S.

14. Supported by NSF grant OPP73-05829-A02 and
State of Alaska funds.

5 January 1976; revised 6 April 1976

Metamict Mineral Alteration: An Implication for

Radioactive Waste Disposal

Abstract. Pervasive alteration is a common feature of metamict minerals. Pre-
vious studies of metamict niobium-tantalum-titanium oxides and electron micro-
probe analyses of altered areas in metamict yttrialite document the leaching of urani-
um, thorium, and rare earth elements. These data suggest that glasses may not pro-
vide a stable medium for radioactive waste disposal.

A recurring theme in discussions of ra-
dioactive waste disposal is the possibility
of immobilizing the radioactive wastes in
a silicate or borate glass. The stability of

Table 1. Electron microprobe analyses of
unaltered and altered zones in metamict yt-
trialite from the Rode Ranch pegmatite, Cen-
tral Mineral Region, Texas. The unaltered ma-
terial was analyzed by B. Bruun and B. Jen-
sen, Minerologisk Museum, Oslo (9). Values
for the altered material are averages from 15
analyses by R.C.E. Abbreviation: ND, not
determined.

xj{:jael Unaltered Altered
SiO, 27.35 26.95
Fe,0; 2.64 *
FeO 0.10 3.02
MnO 1.68 1.64
MgO 0.05 0.05
CaO 0.89 1.64
U0, 2.09 1.56
ThO, 11.98 10.67
La,0y 0.30 0.25
CeO, 1.33 1.28
Pr,0, 0.27 0.30
Nd,0, 2.30 2.10
Sm, 0, 1.79 1.61
Gd,0, 3.11 3.05
Tb,04 0.56 0.50
Dy,0; 3.78 3.64
Ho,0, 0.68 0.58
Er,0O, 2.30 2.12
Tm,0, 0.43 0.32
Yb,0, 2.54 2.11
Lu,O4 1.13 1.10
Y.,0, 29.14 28.21
H,O 3.84 ND
Total 100.28 92.70

*Oxidation state not determined by microprobe anal-
ysis, calculated as Fe, 0.

such a glass over long periods of time
(for example, more than 100 years) is an
important consideration, and one that is
difficult to evaluate from laboratory ex-
periments of necessarily more restricted
time periods. One possible method of
evaluating the stability of such glasses is
to examine metamict minerals for altera-
tion effects.

Metamict minerals are naturally occur-
ring materials that were once crystalline
but, because of later effects, are now
amorphous (/). Although the exact mech-
anism for the transition from crystalline
to metamict state is poorly understood,
radiation damage from constituent urani-
um and thorium nuclides must be critical
to the process (2—4). Thus metamict min-
erals provide an ideal model for studying
glasses that have suffered radiation dam-
age over geologic periods of time.

The most detailed studies of alteration
of metamict minerals have been of com-
plex Nb-Ta-Ti oxides (5, 6). The altera-
tion is of two types: (i) primary or hydro-
thermal and (ii) secondary or weath-
ering. Previously reported electron
microprobe analyses of eight AB,O-
type Nb-Ta-Ti oxides [A = rare earth
element (REE), Fe*', Mn, Ca, Th, U, or
Pb; B = Nb, Ta, Ti, or Fe* ] document
the effect of primary and secondary alter-
ation (6). With primary alteration there is
a consistent increase in Ca, generally a
decrease in U and Th, a decrease in the
REE, a slight decrease in B-site cations,
and an increase in structural and
absorbed water. Secondary alteration is
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similar but produces a decrease in Ca, an
increased leaching of A-site cations, and
arelative increase in B-site cations. Both
types of alteration are pervasive and af-
fect physical properties (for example,
lowering the refractive index and specif-
ic gravity). In some cases sperulitic re-
crystallization is initiated (7).

Alteration effects in metamict silicates
are less well documented, but exam-
ination of selected specimens in the col-
lection of the U.S. National Museum of
Natural History (formerly the National
Museum) (yttrialite, USNM 85070 and
USNM 3780; gadolinite, USNM 5102;
and allanite, USNM 96970) suggests that
the effects are equally pervasive. Auto-
radiographs reveal clear evidence of ura-
nium and thorium leaching along the nu-
merous microfractures that are common
in metamict minerals.

Detailed electron microprobe analyses
of an altered zone in yttrialite
[(Y,Th),Si,0;] from the Rode Ranch peg-
matite in Texas are summarized in Table
1. The Rode Ranch pegmatite occurs in
the Valley Springs gneiss of the Pre-
cambrian in the Central Mineral Region
of Texas (8). The yttrialite is completely

metamict and can only be identified by"

x-ray diffraction after recrystallization at
1000°C for 1 hour in air. The wet chem-
ical and x-ray fluorescence analysis by
Bruun and Jensen (9) was completed on
unaltered hand-picked material. The
unaltered areas of the yttrialite in a pol-
ished thin section were used as the elec-
tron microprobe standard for the analy-
sis of altered zones. This allows direct
comparison of the composition of the
two zones. The results are similar to
those noted for complex Nb-Ta-Ti
oxides and indicate primary alteration.
There is an increase in CaO and H,O
with a decrease in SiO,, U,O,, ThO., and
the REE’s.

Although preliminary, the data suggest
that a glass phase is susceptible to altera-
tion and thus may be an inappropriate
medium for radioactive waste disposal.

RopNEY C. EwING
Department of Geology, University of
New Mexico, Albuquerque 87131
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Tropomyosin Binding to F-Actin Induced by Myosin Heads

Abstract. Tropomyosin is a regulatory protein associated with F-actin in many ac-
tomyosin contractile systems. If in vitro conditions are such that tropomyosin binds
only slightly to F-actin, then the addition of myosin heads can induce stoichiometric
binding between them. This suggests that formation of rigor bonds between actin
and myosin heads may cause some change in the actin, stabilizing the appropriate

binding site for tropomyosin.

Tropomyosin was first isolated from
skeletal muscle in 1948 (/) and shown to
have a regulatory function on the actin-
activated myosin (actomyosin) Mg-de-
pendent adenosine triphosphatase (Mg-
ATPase) (E.C. 3.6.1.3; ATP phospho-
hydrolase) in 1964 (2). Tropomyosin is
also found in vertebrate cardiac and
smooth muscles and in invertebrate
muscles (3). There is evidence () for the
existence of regulatory proteins similar
to muscle tropomyosin in nonmuscle
cells such as human blood platelets, the
myxomycete Physarum polycephalum,
embryonic chick brain cells, growing
neurons, skin fibroblasts, and epithelial
cells.

At the present time two basic types of
models for skeletal muscle regulation are
being seriously considered. I now report
evidence in support of the type of model
in which the regulatory proteins tro-
pomyosin and troponin control the ac-
tomyosin Mg-ATPase activity by chang-
ing either (i) the conformation of the F-
actin monomers (5, 6), (ii) the charge dis-
tribution around them (7), or (iii) their
relationship to each other in the polymer
(). The experiment is based on the ear-
lier finding from this laboratory (8) that
tropomyosin binds very poorly to F-ac-
tin in 30 mM KCl and less than 0.1 mM
free Mg®*. The two types of models
make different predictions about the ef-
fect of myosin rigor bonds on this sys-
tem.

For the type of model already de-
scribed in which tropomyosin can in-
crease the interaction between actin and
myosin at low adenosine triphosphate
(ATP) concentration by inducing a
change in the actin, symmetry arguments
predict that the binding of myosin to ac-
tin would induce the same change. This
in turn would enhance the binding be-
tween tropomyosin and F-actin. This
type of model thus predicts that the pres-
ence of myosin rigor bonds will induce
binding between tropomyosin and F-ac-
tin when it otherwise would not occur.

In contrast to this type of model for
muscle regulation is the steric blocking
model (9) in which actomyosin Mg-
ATPase inhibition during relaxation re-
sults from the position of tropomyosin
rather than from changes in F-actin. In
its inhibitory position tropomyosin simply

covers the myosin-binding sites on the
actin filament, thereby preventing actin
activation of the myosin Mg-ATPase.
This model is based on recent x-ray dif-
fraction studies of contracting skeletal
and smooth muscles (9, 10), but it should
be pointed out that the data from these
studies are actually compatible with either
model type. An indication of a small mass
redistribution led to the proposal that tro-
pomyosin moves from a relaxation posi-
tion to a contraction and rigor position
when relaxed muscle is activated or
allowed to go into rigor. When tropomyo-

_sin is in the contraction and rigor

position, the filament is described as
being turned on—this is biochemically
analogous to an uninhibited actomyosin
Mg-ATPase. From this perspective the
terms relaxation position and inhibitory
position are synonymous, and when tro-
pomyosin occupies this position the fila-
ment is often described as being turned
off. The x-ray diffraction data, however,
provide no information about the mech-
anism by which the filament is turned
off.

The steric blocking model (9) assumes
that when relaxed muscles go into Ca?*-
free rigor, the myosin heads actually
push the tropomyosin molecules from
the relaxation to the contraction and rigor
position. If this is correct, then adding
myosin heads under rigor conditions to
regulated actin filaments would be ex-
pected to reduce the binding of tro-
pomyosin to F-actin by sterically block-
ing its more favorable binding position.
This prediction is the opposite of that
made by the former model type.

25]-Labeled tropomyosin was used to
measure the binding between tropomyo-
sin and ‘F-actin (8). The labeled tro-
pomyosin and F-actin were mixed in cen-
trifuge tubes at 25°C. The differences be-
tween the radioactivity of a sample of
each solution before sedimentation and
the radioactivity of a sample of the corre-
sponding supernatant gave a measure of
the amount of tropomyosin bound to the
F-actin in the pellet. Binding experi-
ments in the presence of rigor bonds
were performed in the same manner, ex-
cept that soluble proteolytic digestion
products of myosin (myosin heads),
which retain both actin binding sites and
Mg-ATPase activity, were added to the
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