some of the photographs given as evi-
dence for the existence of lake monsters.

In summary, many of the conditions
under which lake monsters have been
sighted are ideal for the existence of
strong atmospheric refraction. A critical
analysis of sighting reports and photo-
graphs could likely explain many of them
as distorted images of familiar objects.

It is to be hoped that all future reports
of monster sightings will include suf-
ficient meteorological data, such as gen-
eral weather conditions, air temperature,
temperature gradient if possible, and wa-
ter temperature. Then a reasonable as-
sessment can be made of whether the ob-
servation can, wholly or in part, be
attributed to anomalous atmospheric
refraction.

It is not the aim of this report to dis-
credit the existence of yet unidentified
animals or species, for there is impres-
sive evidence to the contrary from sonar
data and underwater photography. Rath-
er, the objective is to sharpen optical ob-
servation techniques and to provide one
more stage of evaluation before accept-
ing such observations as unequivocal
evidence.

W. H. LEHN
Department of Electrical Engineering,
University of Manitoba,
Winnipeg, Canada R3T 2N2
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Reliability of Minor Planet Satellite Observations

Abstract. In an examination of the reliability of occultation observations of minor
planet companions, redundant photoelectric observations have been made of pos-
sible occultation events. These observations indicate that spurious events may be
easily misidentified as true occultations, and that caution must be exercised in inter-
preting such occurrences. Further analysis of observations of the 1973 Pallas occul-
tation suggests that earlier results may be unreliable.

Although there are now several re-
ports of minor planet occultation obser-
vations that support arguments for minor
planet multiplicity (/), the evidence is as
yet not conclusive. Only a single second-
ary body has been reported by more than
one observer, the 532 Herculina event of
7 June 1978. Even that pair of observa-
tions is not ideal, since the visual observ-
er recorded five unconfirmed and appar-
ently spurious events and the photoelec-
tric record of the remaining event was
obtained when the asteroid was a mere 2°
above the horizon (2).

There are, in fact, a number of circum-
stances which can produce spurious oc-
cultation observations. Drifting clouds,
airplanes, and atmospheric turbulence
may cause a sudden drop in brightness,
while instrumental effects may also pro-
duce apparent events. Visual observa-
tions are necessarily subjective, produc-
ing no documentation which may be
carefully examined and considered. Re-
ports based on photoelectric observa-
tions are inherently more reliable since a
quantitative record is obtained of the
brightness of the star and minor planet.
The reliability of a single observation is
increased when the duration of the oc-
cultation event is significantly longer
than the instrumental time constant and
when the minor planet brightness is such
that the signal during occultation is sig-
nificantly different from either sky or as-
teroid-plus-star levels.

In an effort to study these spurious
events, we designed a program for obser-
vation of the 28 February 1979 occulta-
tion of 13 Egeria in a manner which
would provide redundant photoelectric
data. The predicted occultation path
passed near the U.S.-Canadian border,
but observations made from nearly 1500
km away in Tucson, Arizona, still
probed well within the gravitational
sphere of influence of the asteroid. Three

separate telescopes were utilized, each
with its photoelectric photometer. The
telescopes were all located along the
same ground track of the occultation;
one telescope (the Steward Observatory
21-inch reflector) was located on the
University of Arizona campus, and two
portable telescopes were located approx-
imately 6 km west along the same occul-
tation chord (3). Data were recorded for
10 minutes on either side of the predicted
time of occultation. While the portable
telescopes recorded several ‘‘occulta-
tions” each, most such events were
noted as times when the star had wan-
dered out of the measuring diaphragm
and none were coincident. The data rec-
ord from the fixed telescope showed two
events which were not identified as guid-
ing corrections but which were recorded
as periods of constant brightness in the
data from the remote locations. Thus,
even these events are definitely of local
origin ¢).

The conclusion which we draw from
this experiment is that singly observed
occultation events are not uncommonly
caused by instrumental or atmospheric
effects. Only multiple photoelectric ob-
servations of events should be consid-
ered as firm evidence for minor planet
satellites.

An example in which redundancy
eliminated an otherwise plausible occul-
tation event occurred during 11 De-
cember 1978 occultation by 18 Mel-
pomene. Visual observations by P.
McBride at Green Forest, Arkansas,
suggested several brief ‘‘blinks,”” while
B. Zellner, observing the event from
within a few kilometers of the same oc-
cultation path, photoelectrically record-
ed no change in brightness (5).

We would like to discuss one reported
occultation event in some detail. This
event, the 6 February 1973 occultation of
SAO 120836 by 2 Pallas, was observed
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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 postulating 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’” (/).

It is not our contention that minor
planet satellites do not exist but rather
that the problem needs to be dealt with
carefully and objectively. Certainly,
many more reliable observations are
needed before the frequency of such

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 (/0). It
is perhaps from lightcurves or direct
imaging that the most reliable data will
be obtained.

HARrRoOLD J. REITSEMA
Lunar and Planetary Laboratory,
University of Arizona, Tucson 85721
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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

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 (/). 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 )
and therefore provide time markers for
the study of both physical and biological
processes.

We show here how the **C/'*C 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
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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. 1B).

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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