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Characteristics of the water-masses of the Philippine, Kermadec

and Tonga Trenches

By Anton Fr. Bruun and A. Kiilerich

The Galathea Expedition 1950-52, Copenhagen

The chief purpose of the Galathea Expedition 1 950-52, The Danish Deep Sea Expedi-

tion around the World, was to study the organisms in the deepest parts of the oceans.

A considerable number of hydrographic observations, however, were made to learn

about the environmental conditions. At least one full series from the surface to the

bottom was made in each of the regions where biological work was concentrated.

The hydrographic instruments were standard types. During the expedition a total

number of 16 reversing thermometers were lost, six of them being simply crushed by

pressure at the greater depths in the Philippine Trench.

The greatest care was taken in making observations. Even when only one ther-

mometer was available for each water-bottle, most doubtful temperature readings

were repeated. We are therefore fairly confident that our observations, including

those presented here, are as exact as any made by specially equipped hydrographic

expeditions.

Many technical difficulties resulted from the extreme depth of the PhiHppine

Trench. The effect of high pressure has been mentioned. It was furthermore very

difficult to keep the ship exactly above the bottom of the narrow trench, often less

than one kilometre wide. We are extremely indebted to Captain S. Greve, R.D.N.

and his officers, for their untiring efforts in fulfilling our requirements. Because of

these difficulties we had to repeat the deepest series in the Philippine Trench no less

than 10 times, but the efforts were rewarded by 17 observations from depths exceeding

6000 m. The skill and patience of our two assistant hydrographers, Mr. Ingolf

Crossland and Mr. Ulrik Klaning, is also gratefully acknowledged.

All the observations of the Galathea Expedition are to be pubhshed in the scientific

report of the expedition, but we think it of interest to pubhsh our observations from

the Philippine and the Tonga-Kermadec Trenches at once. The first section of the

lists of observations (Table I) gives the values observed while the second section

(Table II) contains average figures and graphically interpolated figures derived from

the total number of reliable observations.

THE PHILIPPINE TRENCH

The temperature from the observations of the Snellius Expedition (van Riel,

Hamaker and van Eyck, 1950) and the Swedish Deep-Sea Expedition (Bruneau,

Jerlov and Koczy, 1953) in the deep water of the trench, are plotted in Fig. 1. The
agreement between these and those of the Galathea is obvious. The characteristics

of the deep water of the trench appears to be very uniform. A minimum of 1-59° C
occurs between 3500 and 4000 m. Below this, the temperature increase is very close
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to that to be expected from adiabatic heating alone. The salinity and amount ol oxy-

gen on the other hand are nearly constant for this same interval (Tables I and II).

Thus, it appears that any renewal of the deep water masses of the trench must be

derived from that of the West Pacific Basin at the sill depth of the trench (i.e. 3-5-4
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km) (Fig. 4). This agrees well with the general concept that the Pacific Deep Water

is derived from the region south of AustraUa with roots in the Indian Ocean, and

furthermore that there is a slow movement from south to north in the West Pacific.

The velocity of this current is probably so slow that a renewal of the bottom

water in the PhiUppine Trench would require very many years. We know Httle about

the abundance of the organisms in the trenches (Bruun 1951, 1953 a, b; ZoBell,

1952; Zenkevitch, Birschtein and Beuaev, 1954; Zenkevitch, 1955); but in

any case they require a certain amount of oxygen. The content of oxygen is relatively

high. Therefore, as an additional possibility, acting in the renewal of the trench

Fig. 2. Four sections of the Philippine Trench. Base Une of all sections at 10000 m; distance between
any two sections is a little more than 100 km (From Kiilerich, 1953).

water, turbidity currents are suggested. The deepest part of the trench (ca. 10000 m)
is nowhere more than 90 km distant from the narrow coastal shelf of the Phihppines

(Fig. 2). Here turbidity currents can easily get started; typhoons will disturb the

bottom of the shelf and add to the velocity of the strong tidal currents in the narrow

straits of the islands. Eruptions of submarine volcanoes or the frequent earthquakes,

which have their epicentres on the western slope (Repetti, 1931 ; 199) should also be

considered as the cause of bottom sediment shdes. The many stones with rounded

edges found by Galathea must have been carried down in some such way. (Fig, 3);

this is also in agreement with Shepard (1951).



F,, 3. scenes and .rave, brou.h, up b, a sIed.e..a.yVo„y,;c .o,,o,., o,' ,„. P.« ,.c.„

0190 m (From Bruun, 1953 B).





Charac,eris.,cs of ,he wa.er-masses or ,hc PK,„ppi„... K.nnadcc and U,„^ , ,.,.„„ 4,,

thermal convection.
'settlement ol the particles, must give rise to

THE TONGA-KERMADEC TRENCHES
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Fig. 4. T-S diagram of the water masses of the Philippine and Kerniadcc Trenches. I xccpt foi

the uppermost and lowermost observations the figures along the cur\es denote hundreds of m

position, which is much closer to the sources of the bottom water of the Pacitic

This is shown by the minimum temperature, 1-07^ C, at about 5000 m (see Figs. 1

and 4). Here also the increase in temperature towards the bottom closely rollings

what would be expected from adiabatic heating.

Galathea Station nr. 686 was taken in the Tonga Trench. 8 degrees of latitude north

of the full series of observations of St. 677 in the Kermadcc Trench. Lack oi time

prevented us from making more than three observations, but they arc sullicicnt

to prove that the deep water is essentially the same. This corroborates \sell the results

from the echo-soundings, that the connection between these trenches is below the
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ievel of the surrounding basin. Lengthwise of the connection we found no depth

shallower than 6000 m. Therefore it might even be reasonable to speak of one trench

only, the Tonga-Kermadec Trench. The potential temperatures calculated are as

constant as could be expected from the quality of thermometers, just as in the Philip-

pine Trench. We want, however, to draw attention to the slight increase close to

the bottom. It is only 0-04° C, but it has been recorded on four occasions with two

different thermometers. This is the opposite of what was found by the SneUius

Expedition (van Riel, et al, 1950, 29-30); it will be most important to have this

disagreement further studied. As it is, it does not justify further comment.

Table I

Values of temperature, salinity, density and oxygen at various depths as actually

observed by the Galathea

St. 412. Philippine Trench. iri3'N. 126° 21' E. 12-13/7 1951
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St. 431. Philippine Trench. 10^ 21' N. 126- 38' r. 4 5/« I4M
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St. 686. Tonga Trench. 20° 53' S. 173° 51' W. 11/3 1952



Characteristics of the water-masses of the Phihppmc. kcrmadcc and I onga Trenches 42^

St. 677. Kermadec Trench. Interpolation referred to standard
depths. 28°38'S. 175" 53' W. 4 5/.3 1952




