
from at least four locations and astromet- 
ric plates were obtained on the same 
night (6). Three groups reported an oc- 
cultation [Calgary, Alberta, 6 seconds; 
Boulder, 38.3 seconds; and the High Al- 
titude Observatory (HAO), uncertain, 
but consistent with Boulder], while a 
fourth group in Denver observed the ap- 
pulse but recorded no occultation. The 
Boulder and HAO events correspond to 
occultation by an 800-km object, while 
the diameter of Pallas is accurately 
known to be no more than 560 km (7). 
The negative result at Denver was ob- 
tained at a distance of 47 km perpen- 
dicular to the Boulder path and is not 
reconcilable with either the Boulder or 
the HAO observation. The Calgary 
event is certainly not an observation of 
an occultation by the Boulder object, 
since the two stations are separated by 
1400 km. The Boulder recording sug- 
gests a secondary component for the 
star, providing a possible explanation for 
the lengthy occultation. However, this 
interpretation actually increases the dif- 
ficulties in reconciling the various obser- 
vations, since the Boulder event sug- 
gests a brightness ratio of 2 to 1, while 
the Calgary observation requires a ratio 
of more than 5 to 1. An additional sug- 
gestion that the Boulder and HAO obser- 
vations were spurious comes from the 
astrometric reduction of photographs 
taken from Las Cruces, New Mexico, 
which indicates that the main occultation 
event passed well to the north of the 
U.S.-Canadian border (8) (and presum- 
ably north of Calgary). The most satis- 
factory resolution of these contradictory 
results is the conclusion that the Boulder 
and HAO observations are not occulta- 
tion events and that Calgary may have 
observed a short occultation. The obser- 
vations are definitely not explained more 
satisfactorily by pbstulating a secondary 
body. 

The case for minor planet multiplicity 
is being argued on the basis of the 532 
Herculina event discussed above, a light- 
curve behavior for several minor planets 
which is reminiscent of that of binary 
stars (9), and a number of single, uncon- 
firmed reports of secondary occulta- 
tions. So far, a majority of the uncon- 
firmed observations appear to be 
spurious, and it is certainly premature to 
state that minor planet satellites are 
"both numerous and commonplace" (1). 

It is not our contention that minor 
planet satellites do not exist but rather 
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multiplicity can be discussed. Because of 
the experimental problems associated 
with occultation observations, we urge 
the use of redundant photoelectric obser- 
vations of the type reported here (10). It 
is perhaps from lightcurves or direct 
imaging that the most reliable data will 
be obtained. 

HAROLD J. REITSEMA 

Lunar and Planetary Laboratory, 
University of Arizona, Tucson 85721 

References and Notes 

1. R. P. Binzel and T. C. Van Flandern, Science 
203, 903 (1979). 

2. E. Bowell et al., Bull. Am. Astron. Soc. 10, 594 
(1978). 

3. The 21-inch telescope was operated by W. B. 
Hubbard and W. Wisniewski, and portable 14- 
inch and 8-inch Celestrons were operated by H. 
J. Reitsema, D. M. Hunten, F. Vilas, and C. 
Stoll. These portable telescopes were located on 
the roof of a building at Pima Community 
College; the cooperation of the college person- 
nel, especially B. Barber, was essential to the 
successful observations at that site. 

4. The time delay between corresponding observa- 
tions at the two locations is less than 0.1 second, 
eliminating orbital motion as an explanation. 

5. D. W. Dunham, Occultation Newsl. 2, 16 (1979). 
6. The observations involved may be summarized 

as follows. The Boulder data were obtained by 
C. F. Lillie and E. Chipman [IAU Circ. 2488 
(1973)] with a portable 25-cm telescope having 

multiplicity can be discussed. Because of 
the experimental problems associated 
with occultation observations, we urge 
the use of redundant photoelectric obser- 
vations of the type reported here (10). It 
is perhaps from lightcurves or direct 
imaging that the most reliable data will 
be obtained. 

HAROLD J. REITSEMA 

Lunar and Planetary Laboratory, 
University of Arizona, Tucson 85721 

References and Notes 

1. R. P. Binzel and T. C. Van Flandern, Science 
203, 903 (1979). 

2. E. Bowell et al., Bull. Am. Astron. Soc. 10, 594 
(1978). 

3. The 21-inch telescope was operated by W. B. 
Hubbard and W. Wisniewski, and portable 14- 
inch and 8-inch Celestrons were operated by H. 
J. Reitsema, D. M. Hunten, F. Vilas, and C. 
Stoll. These portable telescopes were located on 
the roof of a building at Pima Community 
College; the cooperation of the college person- 
nel, especially B. Barber, was essential to the 
successful observations at that site. 

4. The time delay between corresponding observa- 
tions at the two locations is less than 0.1 second, 
eliminating orbital motion as an explanation. 

5. D. W. Dunham, Occultation Newsl. 2, 16 (1979). 
6. The observations involved may be summarized 

as follows. The Boulder data were obtained by 
C. F. Lillie and E. Chipman [IAU Circ. 2488 
(1973)] with a portable 25-cm telescope having 

an approximately 80-arc second diaphragm (C. F 
Lillie, personal communication); they reported a 
38.3-second event which had an abrupt begin- 
ning and end and showed a discrete change in 
brightness midway through. The HAO observa- 
tion was obtained by G. Emerson [IAU Circ. 
2506 (1973)] through microphotometry of a pho- 
tograph made with a 15-cm fl4 lens and in- 
dicated a beginning time consistent with the 
Boulder observation and an approximately com- 
parable duration. The Calgary event [T. A. 
Clark, E. F. Milone, D. J. I. Fry, IA U Circ. 2506 
(1973); T. A. Clark and E. F. Milone, J. R. As- 
tron. Soc. Can. 67, 198 (1973)] was observed 
with a 40-cm telescope as a 6-second discrete 
feature (of 85 percent of the expected drop) su- 
perimposed on a modulation produced by tele- 
scope tracking error whose amplitude was great- 
er than the expected occultation depth. K. A. 
Janes and H. J. Reitsema [IAU Circ. 2094 
(1973)] observed from Denver with a 51-cm re- 
fractor and recorded no event. It is our opinion 
that the low-noise data of the Denver event have 
highest weight and may not be ignored in a res- 
olution of the observations of this event. Photo- 
graphic plates of the appulse were obtained at 
New Mexico State University, Las Cruces, by 
C. Knuckles with thef/40 61-cm telescope. 

7. L. H. Wasserman et al., Astron. J. 84, 259 
(1979). 

8. B. A. Smith, personal communication. 
9. E. F. Tedesco, Science 203, 905 (1979). 

10. Similar caution is urged by D. Dunham [Occul- 
tation Newsl. 2, 14 (1979); Sky Telesc. 57, 272 
(1979)]. 

11. The Lunar and Planetary Laboratory of the Uni- 
versity of Arizona continues to develop its aster- 
oid occultation program with the support of 
NASA. We will be pleased to coordinate future 
observations with other investigators. 

23 March 1979; revised 21 May 1979 

an approximately 80-arc second diaphragm (C. F 
Lillie, personal communication); they reported a 
38.3-second event which had an abrupt begin- 
ning and end and showed a discrete change in 
brightness midway through. The HAO observa- 
tion was obtained by G. Emerson [IAU Circ. 
2506 (1973)] through microphotometry of a pho- 
tograph made with a 15-cm fl4 lens and in- 
dicated a beginning time consistent with the 
Boulder observation and an approximately com- 
parable duration. The Calgary event [T. A. 
Clark, E. F. Milone, D. J. I. Fry, IA U Circ. 2506 
(1973); T. A. Clark and E. F. Milone, J. R. As- 
tron. Soc. Can. 67, 198 (1973)] was observed 
with a 40-cm telescope as a 6-second discrete 
feature (of 85 percent of the expected drop) su- 
perimposed on a modulation produced by tele- 
scope tracking error whose amplitude was great- 
er than the expected occultation depth. K. A. 
Janes and H. J. Reitsema [IAU Circ. 2094 
(1973)] observed from Denver with a 51-cm re- 
fractor and recorded no event. It is our opinion 
that the low-noise data of the Denver event have 
highest weight and may not be ignored in a res- 
olution of the observations of this event. Photo- 
graphic plates of the appulse were obtained at 
New Mexico State University, Las Cruces, by 
C. Knuckles with thef/40 61-cm telescope. 

7. L. H. Wasserman et al., Astron. J. 84, 259 
(1979). 

8. B. A. Smith, personal communication. 
9. E. F. Tedesco, Science 203, 905 (1979). 

10. Similar caution is urged by D. Dunham [Occul- 
tation Newsl. 2, 14 (1979); Sky Telesc. 57, 272 
(1979)]. 

11. The Lunar and Planetary Laboratory of the Uni- 
versity of Arizona continues to develop its aster- 
oid occultation program with the support of 
NASA. We will be pleased to coordinate future 
observations with other investigators. 

23 March 1979; revised 21 May 1979 

Stable Isotopes in a Mollusk Shell: Detection of Upwelling Events 

Abstract. The California mussel Mytilus californianus records with high fidelity 
annual temperature variations of nearshore waters in the oxygen isotope composi- 
tion of its shell. The onset and termination of upwelling events (and metabolic activi- 
ty) are recorded in the associated carbon isotope signal, and the magnitude and 
timing of upwelling can be estimated. The method has implications for studying the 
history of upwelling and the life history of living and fossil mollusks and for analyzing 
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shell midden deposits. 

Coastal upwelling is of fundamental 
importance in the study of the physics, 
chemistry, and fertility of the ocean. Its 
intensity changes seasonally but there 
are also long-term changes on scales 
from decades to millennia as well as 
through geologic time (1). Mollusk shells 
are useful indicators of their environ- 
ment of growth, through both morpholo- 
gy and chemical composition (2, 3). In 
particular, they record the range and 
successions of seasonal temperatures (4) 
and therefore provide time markers for 
the study of both physical and biological 
processes. 

We show here how the 13C/12C ratio in 
mollusk shells can be used to detect the 
onset and course of seasonal upwelling 
during the time of shell growth. The im- 
plication is that dated shells can provide 
a glimpse of seasonal variations in up- 
welling over a number of years, within a 
given period in the past. 

The signals recorded in epifaunal mol- 
lusk shells exposed to the open ocean are 

shell midden deposits. 
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temperature (as oxygen isotope varia- 
tion) and upwelling (as carbon isotope 
variation). Our sample is a modern shell 
of the California mussel Mytilus califor- 
nianus from the shores of La Jolla, Cali- 
fornia. The seasonal variations of the 
temperature of growth of the mussel are 
known (Fig. 1A). Temperatures corre- 
sponding to the oxygen isotopic varia- 
tions can be calculated from a paleotem- 
perature equation (5) for comparison 
with the actual temperature measure- 
ments (Fig. lB). 

The seasonal course of upwelling in 
the region is reflected in the Bakun up- 
welling indices (6) (Fig. 1C). These in- 
dices are based on the sea-surface stress 
fields estimated from atmospheric pres- 
sure fields. Wind stress transports sur- 
face water offshore and causes this water 
to be replaced by the upwelling of deeper 
water. The stress field determines an Ek- 
man transport field, the offshore-directed 
component of which is considered an in- 
dication of the amount of upwelling re- 
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quired to replace water carried off- 
shore in the wind-transported surface 
layer. We chose upwelling indices that 
have been computed for 33?N, 119?W as 
the closest to the area of study. 

Comparison of the temperature curve 
and the upwelling curve (Fig. 1, A and C) 
shows that upwelling sets in with the on- 
set of warming in March and peaks May 
to June, roughly coincident with the 
maximum rate of change of temperature. 
It subsides in July and August, when sea- 
surface temperatures reach their maxi- 
mum. 

No measurements are available for the 
seasonal fluctuations of 811C of the coast- 
al waters. However, the effect can be es- 
timated from other observations. 

Measurements of the 81:C (7) in the 
dissolved inorganic carbon (mostly bi- 
carbonate ion) in the Pacific show a gra- 
dation from about 2 per mil with respect 
to Pee Dee belemnite (PDB) at the sur- 
face to a minimum value of about 0 per 
mil at a depth of a few hundred meters 
(8). The depletion of ''C in surface wa- 
ters is due to its preferential removal by 
planktonic algae during photosynthesis. 
Conversely, the combustion of organic 
material, which causes the oxygen deple- 
tion in subsurface waters, increases '2C 
relative to 1':C. The amount of com- 
bustion which has taken place can be es- 
timated from the apparent oxygen utili- 
zation (AOU) (9, 10)-that is, the dif- 
ference between saturation oxygen 
values and the actual oxygen content. 
The necessary data on temperature, sa- 
linity, and oxygen content are available 
(11). We took the monthly averages over 
the period 1950 to 1965 for California Co- 
operative Oceanic Fisheries Investiga- 
tions (CalCOFI) station 90028, which is 
approximately 60 km north, along the 
coast, from our area. 

The amplitude of the change in 811C is 
best estimated for a depth below wave- 
action effects; we show estimates for 
depths of 20 and 30 m (Fig. ID), since the 
near-surface mixing processes introduce 
new oxygen. We emphasize that our in- 
tention is to show the expected seasonal 
range of ':'C values as a function of up- 
welling rather than the absolute 81'C 
composition. 

Comparison of the Bakun upwelling 
indices and the (generalized) :1sC esti- 
mates indicates good agreement in the 
timing. There does appear to be a slight 
phase difference of about 1 month, with 
the AOU-derived signal leading the one 
derived from wind stress. 

Our hypothesis is that mollusk shells 
record the temperature and upwelling 
signals rather faithfully, under favorable 
13 JULY 1979 

Fig. 1. (A) Monthly averages 
of sea-surface temperatures at 
the SIO Pier, 1974 through 
1977 (solid line) and averages 
from 1920 through 1973 
(dashed line). (B) Variations in 
'0 in modern mussel shell cal- 

cite, with the corresponding 
calculated paleotemperature 
scale. The recorded pier tem- 
perature (dashed line) is re- 
plotted against the paleotem- 
perature scale (23). (C) Month- 
ly Bakun upwelling indices. 
Units are cubic meters per 
second per 100-m length of 
coast. (D) AOU-derived "1C 
changes reconstructed from 
CalCOF1 data averages for the 
period 1950 through 1966. 
Curve 1, 30 m; curve 2, 20 m. 
(E) Variations in 13C in the 
modern mussel shell calcite 
(solid line); Bakun upwelling 
index (dotted line); 20-m AOU 
upwelling index (dashed line). 
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circumstances. We selected Mytilus cali- 
fornianus for study because of its abun- 
dance and its exposed-shore habitat. It 
occurs along the western coast of North 
America from Alaska to southern Baja 
California. It is abundant in masses in 
the upper intertidal zone on surf-exposed 
rocks (12). 

The modern specimen was collected 
live in August 1977 from an exposed rock 
(Dyke Rock) in the intertidal zone ap- 
proximately 800 m north of the Scripps 
Institution of Oceanography (SIO) Pier. 

The shell valves were scraped to re- 
move any obvious foreign material and 
then washed with deionized water and 
dried at 80?C. The periostracum of the 
modern shell was peeled off to expose 
the outer prismatic layer, which is com- 
posed of calcite (2). Each valve was 
soaked in 2 percent Clorox solution for 3 
hours to help destroy organic matter and 
then washed in deionized water and 
dried at 80?C. 

The subsamples used for isotopic anal- 
ysis were removed with a dental drill (0.5 
mm in diameter) along the growth direc- 
tion of the prismatic layer. Each sub- 
sample weighed about 0.5 mg. Standard 
analytical procedures were used (13). 
The analytical precision was 0.07 per 
mil. 

The 8`0 results (given as per mil 
PDB) track the temperature fluctuations, 
as expected (Fig. IB). Although the cor- 
respondence is excellent, it is not exact. 
Comparison of the temperature curve in 
Fig. 1A (shown as the dashed line in Fig. 
IB) and the 8180 curve suggests that, as 
it ages, the mussel grows slightly faster 

A , / / 

B 

i / "I 

x . /~I 
\ 

r',~~~~~~~~~~ 

-20 

-18 a 

-14 o. 

-12 -12F 

1974 1975 1976 1977 

9'0 80 70 60 50 40 30 20 
Distance from shell edge (mm) 

10 

during cold and cool periods and adds 
relatively less shell material during sum- 
mer. 

The 8':1C results (also in per mil PDB) 
show fluctuations which tend to parallel 
the Bakun upwelling index and the 
AOU-derived 813C estimate (Fig. 1E). 
Thus, the evidence suggests that the 61:IC 
curve does indeed record effects of up- 
welling. However, the amplitude of vari- 
ation is greater than that expected from 
the AOU index. It appears that the 861C 
values of the mussel shell record meta- 
bolic effects, in addition to purely envi- 
ronmental ones. As with other organisms 
(10, 14), the periods of high metabolic ac- 
tivity are reflected as a decrease in 813C, 
which is superimposed on the effect from 
the changing composition of the water 
(15). 

There are changes in the pattern of up- 
welling from year to year, with the up- 
welling maximum sometimes several 
months offset from the average given by 
the AOU index. Tont has demonstrated 
(16) that there is a good correlation be- 
tween primary production (related to up- 
welling) and negative temperature anom- 
alies in this region. 

From a comparison of the SIO Pier 
temperatures (1974 through 1977) with a 
53-year average (Fig. 1A) it is clear that 
the negative temperature anomaly for 
1975 indicates abnormally early up- 
welling which is reflected in the 81:sC sig- 
nal of the mussel shell. The primary pro- 
duction for 1975 was exceptionally 
strong and increased earlier than normal 
(17). 

Some preliminary work on fossil My- 
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tilits californianus shells from the Nestor 
Terrace [a Pleistocene terrace remnant 
about 5 km north of the SIO Pier (18)] 
shows 180 ranges similar to those of 
modern shells, in agreement with the re- 
sults of Valentine and Meade (19), who 
estimated paleotemperatures of Califor- 
nian Pleistocene mollusks. 

Seasonal changes in the h8:`C of the 
fossil mollusks are also closely corre- 
lated with the modern record and suggest 
that upwelling occurred along this coast 
during the 120,000-year interglacial in a 
manner similar to modern upwelling. 
However, the possibility of diagenetic al- 
teration, which could affect the isotopic 
values, has not been ruled out. Clearly, 
an extensive isotopic survey of modern 
and fossil shells is necessary before posi- 
tive statements can be made with regard 
to paleo-upwelling and the direction and 
duration of paleowinds. 

We conclude that a definite record of 
upwelling can be obtained from stable 
isotope measurements on modern mol- 
lusk shells. Moreover, the isotopic 
curves may be used to fix the time of 
death of the animal. Such timing can be 
important in studying shell middens, in 
determining seasonal occupation (20), 
and in deciding whether shell heaps are 
in fact midden deposits, a question that 
arises sometimes in connection with sea- 
level variations. 

J. S. KILLINGLEY, W. H. BERGER 

Scripps Institution of Oceanography, 

Uniiversity of California, San Diego, 
La Jolla 92093 
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teration, which could affect the isotopic 
values, has not been ruled out. Clearly, 
an extensive isotopic survey of modern 
and fossil shells is necessary before posi- 
tive statements can be made with regard 
to paleo-upwelling and the direction and 
duration of paleowinds. 

We conclude that a definite record of 
upwelling can be obtained from stable 
isotope measurements on modern mol- 
lusk shells. Moreover, the isotopic 
curves may be used to fix the time of 
death of the animal. Such timing can be 
important in studying shell middens, in 
determining seasonal occupation (20), 
and in deciding whether shell heaps are 
in fact midden deposits, a question that 
arises sometimes in connection with sea- 
level variations. 
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Protactinium metal was reported to be 
superconducting below 1.4 K by Fowler 
et al. (1) at Los Alamos in 1965. In 1972 
Mortimer (2), at Harwell, reported no su- 
perconductivity in protactinium down to 
approximately 0.9 K. There was one 
more round of publications from the two 
laboratories that still did not settle the 
question of the superconductivity of 
protactinium (3, 4). This continued dis- 
agreement over experimental results was 
clearly due to problems with the crystal 
structure and the sample purity that arise 
when dealing with small amounts of ra- 
dioactive material. 

The theoretical situation was more 
certain. Both Hill (5) and Johansson (6) 
were convinced that protactinium was a 
superconductor. Its position in the early 
actinide elements, where there is a 
smooth variation of electronic proper- 
ties, and specifically its position between 
two superconductors (thorium and urani- 
um), led to confidence that protactinium 
must also be a superconductor. 

It has now become possible to obtain 
very high purity protactinium by a Van 
Arkel procedure. This has been done at 
Karlsruhe (7) and Harwell (8). We report 
here on measurements of the super- 
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conducting properties of the protac- 
tinium metal prepared at Karlsruhe. 
We have measured the superconducting 
transition temperature (T,) and the upper 
critical field (H,2) as a function of tem- 
perature, using a-c susceptibility tech- 
niques. The very high purity samples 
permitted useful HC2 measurements 
down to -1/2 of T., a point where the 
effects from radioactive self-heating ob- 
scure H.2. 

The samples prepared at Karlsruhe 
were available as single crystals (9) or 
polycrystals in the body-centered te- 
tragonal phase that is stable at room tem- 
perature. Chemical analyses were not 
performed on these samples, but typical 
total impurities (including gases) are in 
the range of 50 to 500 parts per million 
(ppm) (7). One sample of each type was 
measured at low temperatures. The 
single crystal we selected resembled a 
pyramid and had a mass of -0.5 mg. The 
particularly small mass was chosen for 
the initial search for the T, to minimize 
the self-heating. We calculate a heating 
rate of 1.7 mW/g from the radioactivity 
of 2:1'Pa, the isotope used. 

The second sample we chose was 
polycrystalline and was cut from one of 
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Superconducting Properties of Protactinium 

Abstract. The superconducting transition temperatture and upper critical magnetic 
field of protactinium were measured by alternating-current susceptibility techniques. 
Since the superconducting behavior of protactinium is affected by its 5f electron 
character, it is clear now that protactinium is a true actinide element. 
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