I have presented evidence for the pres-
ence in the Cretaceous-Tertiary bound-
ary clay of debris from a major meteorite
impact on the earth 65 million years ago.
If the observed 7 to 8 percent meteoritic
debris was uniformly distributed globally
within the 2 cm of boundary clay, I infer
that the meteorite that struck the earth
was 11 km in diameter and weighed 2500
billion tons (I6). Perhaps this meteorite
impact was largely responsible for the
catastrophe at the end of the Cretaceous
Period. If the eruption of the Tamboro
volcano in the Dutch East Indies (In-
donesia) caused the year 1816 to be
“without a summer’’ in the New En-
gland states and caused famine and epi-
demic in Bengal (I7), it is conceivable
that a combination of primary and sec-
ondary effects stemming from the impact
of a giant meteorite could have had dev-
astating effects on life on this planet.
Further studies on the worldwide distri-
bution of meteoritic debris in the bound-
ary layers of different geological periods
should help us better understand the role
played by the impact of celestial bodies
on the evolution of life on the earth (/8).

R. GANAPATHY
Research Laboratory,
J. T. Baker Chemical Company,
Phillipsburg, New Jersey 08865
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Sulfur Dioxide Emissions from La Soufriere Volcano,

St. Vincent, West Indies

Abstract. During the steady-state period of activity of La Soufriere Volcano in
1979, the mass emissions of sulfur dioxide into the troposphere amounted to a mean
value of 339 + 126 metric tons per day. This value is similar to the sulfur dioxide
emissions of other Central American volcanoes but less than those measured at
Mount Etna, an exceptionally strong volcanic source of sulfur dioxide.

The eruption of La Soufriere Volcano
on the island of St. Vincent during April
and May 1979 consisted of at least seven
major events, which provided spectacu-
lar injections of volcanic material into
the stratosphere (/). The heights for
some of these injected clouds of ash
were in excess of 18 km (2). The erup-
tions provided another opportunity to as-
sess the importance of volcanic activity
in the Western Hemisphere with respect
to the loading of tropospheric SO,.

During the latter stages of the erup-
tion, a team from the Canadian Atmo-
spheric Environment Service was sent to
St. Vincent, and profiling of the SO,
emissions was carried out over the first
week in May 1979. The profiling was ac-
complished by means of boat transects
of the volcanic plume (pathlength about
9 km) between Chateaubelair Island and
Devolet Point off the west coast of St.
Vincent (Fig. 1). A Barringer correlation
spectrometer (COSPEC) was used in a
vertically pointing mode to measure the
total overhead burden of SO, along the
transect. Since the COSPEC is an in-
tegrating remote sensor, it measures not
the concentration of SO, per se but
rather the burden, or the product of the
concentration and the pathlength (in
parts per million-meters), of all over-
head SO,. In other words, the COSPEC

would measure the same signal if the to-
tal concentration of SO, were com-
pressed into a 1-m layer and its concen-
tration were measured in parts per mil-
lion (volume to volume). Use of the
COSPEC for estimating volcanic emis-
sions of SO, is becoming standard 3-5),
and this technique provides reliable vol-
canic SO, mass fluxes with a minimum of
risk to the researcher.

The results of transects of the plume
on 4 May 1979 are shown in Fig. 2. The
COSPEC signal (calibrated from internal
SO, cells) is plotted on the vertical axis,
and the horizontal axis shows the cross-
wind distance from the Eulerian average
center of gravity of the plume. The pro-
files in Fig. 2 are displayed in the ortho-
gonal plane to the plume axis. The Eu-
lerian average is a ground-referenced en-
semble average of the measurements
taken during a day. During this study,
the ash loading in the steady-state plume
from La Soufriere was not of a level to
significantly deplete the incoming solar
radiation (as indicated by the instrumen-
tal automatic gain control). On the basis
of past experience with industrial
plumes, we estimate that the SO, burden
from this plume was well within the lin-
ear region of COSPEC response. Table 1
gives the plume dispersion results in
terms of plume bearing and spread at the
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Table 1. Results of the COSPEC measure-
ments; EA, Eulerian average.

Bearing Sigma Area
Time from true Y* (10°
north (m) ppm-m?)

1 May 1979
1030 282.9 2507 1.37
1112 271.7 2431 1.37
1353 271.1 1971 1.23
1427 266.4 2180 1.80
EA 273.6 2336 1.51

3 May 1979
1105 273.2 936 0.54
1130 295.2 1712 1.43
1314 290.3 718 2.14
1453 288.5 775 2.12
1533 288.4 981 2.46
EA 290.1 851 1.64

4 May 1979
1037 279.9 772 1.36
1212 299.6 1044 2.74
1230 285.0 1318 3.16
1356 285.6 830 2.09
EA 289.3 1081 2.30

*Plume width.

downwind distance of approximately 4.5
km from the center of original crater
lake. The column designated ‘‘Area’ in
Tables 1 and 2 is the integrated concen-
tration-pathlength product under the
curves shown in Fig. 2.

To obtain a mass flux of SO, it is nec-
essary to multiply the area in Table 1 by
the mean wind speed advecting the
plume and to convert from parts per mil-
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lion to mass units. Wind speeds were ob-
tained from the meteorological office at
the Arnos Vale Airport in St. Vincent,
from the Barbados radiosonde station,
and from visual observation of the time-
of-flight motion of clouds passing the
volcanic peak. These estimates of mean
wind through the volcanic plume were
combined to yield the values shown in
Table 2. The estimated errors included
with these values reflect the disparity in
plume speed estimates obtained from the
above sources and do not represent the
error in the wind in a true root-mean-
square (r.m.s) sense. Past experience
with industrial sources has shown that
the predominant error in calculating
mass flux emissions with the COSPEC is
due to uncertainties in the mean wind
speed through the plume (6). Since the
r.m.s. mean error of the average mass
fluxes in Table 2 in general is larger than
that due to the experimental uncer-
tainties, we believe that the uncertainty
in the total mass flux value of 339 metric
tons per day is due to the variability of
the source itself rather than to the mea-
surement technique.

The mean value obtained in this study
is comparable to the figure of 100 to 400
metric tons per day obtained by Stoiber
and Jepsen (¢) for Central American vol-
canoes. It is, however, smaller by a fac-
tor of 10 than the results obtained at peri-
ods of eruptive activity at Mount Etna
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Fig. 1 (left). Map of St. Vincent, showing the
COSPEC transect path. Fig. 2 (above).
Data from four COSPEC SO, transects of the
La Soufriere Volcano plume and the Eulerian
composite (bottom curve). The crosswind dis-
tance is relative to the plume center of gravity
(Table 1).

Table 2. Mass fluxes of SO,. The associated
uncertainties in the mass fluxes are due to the
variance in the wind plus an estimated 10 per-
cent variance in the calculated COSPEC area.
The error shown for each average mass flux is
the standard deviation of the mean; Av., aver-
age; M., mean.

Area Mean I\gs)s(s
Time aos wind + (metric
ppm- error ton/
m?2) (m/sec) day)
1 May 1979
1030 1.37 8.2 + 3.0 278 + 105
1112 1.37 8.2+ 3.0 278 = 105
1353 1.23 9.0 = 1.3 274 + 48
1427 1.80 9.0 + 1.3 400 = 70
Av. 308 + 62
3 May 1979
1105 0.54 7.2 2.0 96 = 28
1130 1.43 7.2 +2.0 254 = 75
1314 2.14 8.7 = 1.0 460 = 70
1453 2.12 8.7+ 1.0 456 = 69
1533 2.46 8.7+ 1.0 529 = 81
Av. 359 = 179
4 May 1979
1037 1.36 6.1 = 1.0 205 = 39
1212 2.74 6.1 + 1.0 413 = 79
1230 3.16 6.1 = 1.0 476 = 91
1356 2.09 5.7+ 1.0 294 + 59
Av. 347 = 121
M. 339 + 126

(), which appears to be the leading pro-
ducer of tropospheric volcanic SO, mon-
itored to date. The impact of SO, bud-
gets in the analysis of problems of long-
range transport of sulfur compounds is
sometimes clouded by uncertainties
about the importance of volcanic input.
The results reported here should empha-
size the care that is needed in extrapolat-
ing results obtained from a single volca-
no, such as Mount Etna, to worldwide
volcanic SO, budgets.
R. M. HoFrr

A. J. GALLANT
Atmospheric Dispersion Division,
Air Quality and Inter-Environmental
Research Branch, Atmospheric
Environment Service, Downsview,
Ontario, Canada M3H 5T4
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