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at different levels. Another difficulty is that the cross-section of a single
current may show independent variations in density and velocity. It will
evidently be no simple matter to arrive at satisfactory conclusions.

Dr. GROEN, oceanographer of the Koninklijk Nederlands Meteorologisch
Instituut in de Bilt, has undertaken the task of attempting this calculation
as part of the work he is doing on the Snellius results 3). If the available
data prove sufficient, both biology and geology will gain highly significant
foundations for quantitative computations. The total amount of organic
matter sinking from above into the homothermal deep could be estimated
from the rate of sedimentation and the percentage of decomposable matter
in the deposits, when coupled with the amount of O, used in metabolism
and decomposition. Limiting values for the intensity of animal life in the
deeps would also become available. Furthermore the solution of lime and
silica are dependent, amongst others, on the rate of renewal of the bottom
water. The transport of suspended sediment in the deeps could also be
evaluated. Before attempting any of these computations the results of
Dr. GROEN should be awaited.

A final point may be shortly touched upon. The deep water flowing
from the oceans through the successive basins receives heat from four
sources: (1) reaction of oxygen with organic matter, (2) the flow of
internal heat from the earth, (3) turbulent mixing with warmer overlying
water, (4) friction,

The amount of heat generated by the reactions consuming oxygen can
be roughly estimated. The average loss of O, between the inflow from
the oceans and final removal of the water from the homothermal deeps is
of the order of 1 to 2 cm3 per liter. This should generate about 5 to
10 gr. cal. per liter and raise the temperature by 0.005° to 0.01° C.

The flow of internal heat is of the order of 50 gr. cal. per cm?2 per year.
The amount of heat generated by oxygen consumption in the homothermal
deeps of 2000 m is 1000 to 2000 gr. cal. per cm2, or 20 to 40 times as much
as the annual flow of internal heat. Hence, if the renewal of the homo-
thermal deep takes 20 to 40 years, both factors would contribute equal
amounts.

The turbulent mixing and frictional heat are due to swimming animals,
slight turbulence and friction of the flow and tidal currents within the
basins, and strong turbulence and friction in the relatively swift currents
(also in part tidal) in each passage from one basin to the next. The rise in
temperature between the Pacific and the Sawu Basin is about 0.5°—1° C
and is due almost entirely to mixing and friction in the narrow straits. Data
for judging the horizontal variations have not yet been published. But the
contribution from all factors acting on the water in a single basin may be
estimated in first approximation from the rise in temperature between the
bottom and the upper part of the homothermal deep on the tentative

3) The writer wishes to thank Dr. GROEN for helpful criticism of the present paper.
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assumption that the bottom water near the entrance shows the temperature
of the intake and the top of the homothermal deep shows the temperature
attained when the water leaves the basin. The difference is of the order
of 0.10° to 0.15° C in the Celebes Sea.

As the oxygen consumption per basin is less than 1 cc/1 this factor is
probably only of small importance. Whether the flow of heat from the
earth is found to be quantitatively important, will depend on the time
available. If the renewal occupies 200 years it would account for a rise in
temperature of 0.05° C. That would leave 0.1° C of the estimated rise of
0.15°C to be caused by turbulence and friction. This could be brought
about by the addition of 10 % water of 1° C higher temperature. The
author is not able to offer an estimate on the contribution from friction.

Evidently the heat budget of the homothermal deeps is closely related
to the velocity of the bottom flow, and must be reconsidered when the
latter value is better known.
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