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Fig. 1 Radiocarbon content of the 
Atlantic Ocean, integrated over the 
water column. The dashed lines 
define the equatorial and temperate 
zones in the study of Broecker, Peng 
and Stuiver (op. cit.) from wh1ch the 

figure is taken. 

from data on the wind stress distribu
tion over the ocean and some effort 
has been devoted to a more detaiJed 
knowledge of this important parameter 
(Leetma & Bunker 1. mar. Res. 36, 
311; 1978). Application of these con
siderations to the equator.ial zone leads 
to upwelling rates of 15-20 x 10' m 3 s-1 

for the Atlantic Ocean which means 
that the upward flux of water into the 
surface layer, distributed over the entire 
Equatorial Atlantic Ocean, amounts to 
about one quarter of the transport of 
the Gulf Stream along the American 
coast. In a recent paper by Broecker, 
Peng and Stuiver (1. geophys. Res. 83, 
6179; 1978) the same order of magni
tude is derived from the distribution 
of radiocarbon which entered the ocean 
after the bomb tests between 1955 and 

Broecker, Peng and Stuiver start 
from the fact that the radiocarbon con
tent of the Equatorial Atlantic Ocean 
is low by a factor of about 4-5 com
pared with the temperate zones and 
proceed to consider a number of models 
on the assumption that the water of 
the surface layer in the equatorial zone 
is removed sideways into the temperate 
zones and replaced by upwelling. In the 
simplest of their models the equatorial 
zone is treated as a well-mixed homo
geneous layer of 150m depth between 
15°N and 15°S. The choice of the 
lateral boundaries seems natural from 
the observed bomb radiocarbon distri
bution (see FJg. 1). In the vertical, 
other models use a succession of layers 
with a 100m top layer and three 50 m 
layers below. The resulting upwelling 
rates vary between 15.6 X 10' and 20.2 
X 10' m 3 s- 1

• 

Encouraging as these results might 
seem, the problem with them is that 
the models could well be called an 
oversimplification of the actual situa
tion. It is known and has been reported 
in Nature by Diiing et a!. (257, 280; 
1975) in a review of the GATE Equa-
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Fig. 2 A cross-section of the equatorial current system, showing the zonal com
ponent of velocity for the central Pacific Ocean. Westward flow is shaded, letters 
refer to individual components of the current system: A= North Equatorial 
Current, B =North Equatorial Countercurrent, C =South Equatorial Current, 
D =Equatorial Undercurrent, E =Intermediate Equatorial Current, F = South Equa
torial Countercurrent. From Philander (Rev. Geophys. Space Phys. 11, 513; 1973). 

A hundred years ago 
Tides in the Bay of Fundy 

HAVING resided for some years in the 
neighbourhood of this bay, I am able to 
give a little information respecting its 
tides. The bay splits into two at its inner 
end. One of these branches leads through 
a narrow channel into the broad basin 

of Minas. The other, called Chegnecto 
Bay, is not interrupted by any such con
traction, and is therefore more favour
able for the formation of very high tides. 
This bay itself divides at its upper end 
into two, and one of these, called 
Chepody Bay, contracts very gradually 
for some thirty miles inland, forming the 
estuary of the Petitcodiac River. This is 
the place where the highest tides occur, 
and as far as I have been able to learn, 
their maximum height is 70 feet. A 
powerful "bore" is formed by the in
coming waters. The captain of the 
steamer Emperor, which plied between 
St. John, N.B., and Windsor, N.S., in
formed me that the highest tide in any 
part of Minas Basin was about 55 feet. 
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torial Oceanographic Experiment that 
the equatorial current system between 
15°N and 15oS does not display a 
simple homogeneous structure (Fig. 2). 
Broecker, Peng and Stuiver acknow
ledge the fact and state that their 
results should be taken as avel'ages 
over the entire area. It might well be 
questioned whether an average over 
two westerly currents and three 
easterly ones has any significance. 
More important is the neglect of all 
zonail !Jransport in the model. The 
'authors calculate, on the basis of their 
upwelling rate, a vertical velocity of 
about 30m yr- 1 and a residence time 
of 4. 7 yr for the water in the surface 
layer. Now, even a modest flow of 25 
em S-

1 crosses the Equatorial Atlantic 
from east to west (or, in the Under
cuiTent and in the Countercurrents, 
from west to east) within less than 
300 d. This shows that there is an ap
preciable inflow of water into the area 
by advection and that most of the 
water which enters the surface layer 
from below at a rate of 30m yr- 1 

leaves the area at the eastern or west
em ends rather than through the 
poleward boundaries. The effect can of 
course be accounted for by assuming 
a higher upwelling rate. But this would 
almost certainly result in a discrepancy 
between the results of the two inde
pendent methods. 

It seems, then, that we are still some 
way from reliable estimates of upwell
ing rates. The pro.posal of Broecker, 
Peng and Stuiver to use radiocarbon 
observations for an independent calcu
lation is a very valuable one. Bomb 
radiocarbon concentrations will remain 
above natural background levels for 
anothe'r decade at least. It is certainly 
worth collecting more radiocarbon in
formation to provide a good data base 
for an improved model of equatorial 
upwelling rates. D 
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A PETROLEUM spring, one boring of 
which has yielded 2,000 kilos in twenty
four hours, has been discovered at 
Pohar, in Austrian Poland. 

AccoRDING to the report of H.M.'s 
Consul for Hiogo and Osaka, the Japan
ese claim that petroleum has been known 
in Japan for over 1,200 years, and it 
would certainly be curious if the numer
ous springs which exist in certain locali
ties should have escaped notice in their 
immediate neighbourhood. It is doubt
ful, however, whether it was ever utilised, 
and certainly no attempt was made to 
refine it before the arrival of foreigners. 
From Nature 19, 20 March, 458, 473; 
1879. 
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