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INTRODUCTION

The Danish Deep Sea Expedition round the World in
1950-1952 worked in the deepest part of the Philip-
pine Trench from July 12th to August 15th, 1951, in~
terrupted only by four very short visits ashore. Al-
though the principal object of the expedition was to
investigate animal life on the bottom of the sea and
in the deepest strata of water, it was necessary be-
fore each haul or sampling of the bottom to make a
thorough examination of the topography of the sea-
bed, not least because the actual bottom of a trench
may be quite narrow and the jagged sides are abso-
lutely destructive to the fishing gear. It was there-
fore necessary to crisscross the area to be examined,
often for many hours, before the biological and
hydrographical investigations could start, and in
this manner an exceedingly great quantity of obser-
vations was collected, distributed over several hun-
dred echo sections in all directions.

The manuscript was translated from the Danish
by Mr P. Prom.

ECHO SOUNDINGS

The Echo Sounder

The echo sounder especially constructed for the
“GALATHEA” was delivered by Kelvin-Hughes Ltd,
of London, (MS-21, Type J & K with scale up to
9,000 m uncorrected). As the absorption of the
sound waves in water increases with increasing os-
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cillation, the frequency of 15 kc or upwards as used
in most other ships would be inappropriate at these
great depths, although high frequencies do give the
best possibilities for a determination of the direc-
tions of the sound waves. The “GALATHEA”s echo
sounder was therefore designed for 10 ke, which
combines good penetration through the water with
an adequate determination of the direction of the
beam.

The transmitter was of extra large type consisting
of a 13,35 cm core of nickel rings in front of an air-
filled reflector in a 58,40 cm tank (Fig. 1). It was
located one-third of the length of the ship from the
stem, about 2 m below the surface (draught of the
ship 3 m), and the iron plating of the bottom was
at this place replaced by a 6 mm thick, unpainted
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Fig. 1. Transmitter of echo sounder.
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Fig. 2.
Recorder of echo sounder.

plate of stainless steel. The sound waves from the
- core of the transmitter are focused by the reflector
into a beam which through the stainless steelplate
passes vertically down into the water. Sounds of
two different volumes may be transmitted, the minor
volume combined with a short impulse, the major
one with a long impulse. It appeared, however, that
the minor volume was sufficient at all times and even
to be preferred.

The receiver is exactly similar to the transmitter
and located in the other side of the ship’s bottom.

The echo received, and thus the depth, was re-
corded on the bridge by means of the apparatus
shown in Fig. 2. As a rule the echo sounder was
adjusted to transmit sound impulses 5 times a mi-
nute, and the recording arm would then rotate at a
constant speed of 5 times a minute. By this adjust-
ment the depth will be recorded on the paper sliding
slowly past the scale by one mark every 12 seconds,
which at a cruising speed of 8 knots corresponds to
one recorded sounding for each 50 m. On passages
between working areas a speed of 8 knots was
frequently maintained, but during sounding opera-
tions the speed of the ship was generally lower, often
only 3-4 knots.

When work was done in shallow water or it was
desired to make a detailed examination of the bot-
tom, the sounder was adjusted to 50 impulses per
minute, but at that rate the scale, of course, ranges
over only one-tenth of the usual depth interval.

At the ‘normal’ rate of transmission = 5 times a
minute, the width of the paper corresponds to a
depth of 1,500 m, but the transmission of sound
may be moved ahead outside the paper, so that
zero on the scale at the lefthand edge of the paper
will correspond to the reception of echoes from
depths of 1,000, 2,000, 3,000 m etc. up to 9,000 m,
in which last case the adjustment will be equal
to the first zero adjustment. When soundings are
taken at adjustments 0-1,500 m and 9,000-10,500
m, the hand will at the instant of transmission

make a small mark abreast of zero on the scale,
but at high-power transmission the arm may, due
to overshoot in the apparatus draw a short line
extending to a depth of up to 200 m, and the re-
cording of echoes from depths of 0-200 m and
9,000-9,200 m (uncorrected) may thus be more or
less concealed by the next transmission mark. In
case of the interval between 9,000 and 9,200 m this
difficulty may, however, be overcome, if for every
second transmission the adjustment is set in such a
manner that the transmission mark will fall outside
the paper and thereby be prevented from spoiling
the reception of the echo of the preceding transmis-
sion. At depths of 0-200 m this difficulty may be
obviated by the use of 50 transmissions per minute.

The recording of the hand on the paper is caused
by an electric current which at the moment of re-
ception will pass from the hand through the paper,
which is constantly kept moist, to the base on which
it rests, and as the paper is impregnated with so-
dium iodide a dot of free iodine will be deposited at
each impulse. On a scale fastened to the apparatus
the uncorrected depth may be read direct and noted
at suitable intervals on the paper by means of an
electric pencil. Supplementary readings during the
subsequent compilation of the data may be made
by means of a loose scale shortened in length
corresponding to the normal contraction of the
paper after drying. As, however, paper of different
brands cannot be expected to contract equally, and
as furthermore the amount of contraction will vary
with the rate of drying, the original readings must
always be regarded as the correct ones and subse-
quent readings be corrected accordingly. On board
the “GALATHEA” the paper contracted somewhat
more than had been calculated when the ‘dry” scale
was manufactured; so all subsequent readings have
been corrected accordingly.

The principle of having the electric current release
a dot of iodine possesses the great advantage that
the rotating indicator arm will not have to make
any movement to and from the paper at the mo-
ment of recording. The iodine deposited will, how-
ever, gradually evaporate so that the marks become
weaker. If the paper is kept tightly rolled up on a
central rod and stored in tight cases, the marks may,
however, be kept fresh for several years. To be on
the safe side, we did, however, immediately at the
first cursory preparation of the observation data
draw up all curves with a fine pencil line and at the
same time photographed all important parts of the
curves.
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Accuracy of the Soundings

The “GALATHEA”’s echo sounder functioned to our
full satisfaction. It was frequently inspected by the
ship’s Chief Electrical Artificer and its rate of rota-
tion was checked several times a day and adjusted
as required. The apparatus was so designed that the
rate of revolution might be so accurately adjusted as
to give an error of maximum 0,2 7, and as the error
in readings did not exceed 10 m, the total error of
the uncorrected soundings might even at the great-
est depth be kept at less than - 30 m. To this must
be added possible errors in the correction for devia-
tions in the velocity of the sound due to changes in
temperature, salinity and pressure at great depths.
The apparatus was tuned to a speed of sound
through the water of 1,500 m/sec. (820 fms./sec.),
and the calculation of the correction mentioned was
made according to D. J. Matthew’s tables, 2nd ed.,
1939, but for the purpose of control we ourselves
tried to calculate the correction on the basis of our
own hydrographic observations in the Philippine
Trench and found our calculations to be in close
conformity with the values given in the tables. As
in this area temperature and salinity vary but little
with the seasons, the error in the correction can
only be a small one, so the total error in the deepest
soundings in the areas worked will be less than
+ 45 m, and outside the working areas, when the
rate of rotation was controlled less frequently, at
most + 75 m. :

By way of comparison it may be stated that
Maurer (1937) estimates the inaccuracy in the
soundings taken by the “EMDEN" in the Philippine
Trench in 1927 at 4 140 m, whereas van Huystee
(1944) gives 4- 100 m as the probable inaccuracy of
the “SNELLIUS™ soundings in 1930, while according
to Hess and Buell (1950) the inaccuracy of the
“CAPE JOHNSON”’s observations in 1945 is 4 91 m.
The three research vessels here mentioned used low
frequency tones and the echo was picked up by ear-
phone and not as in the “GALATHEA” automatically
recorded. When in October, 1951, the “CHALLEN-
GER” measured the great depths in the Marianas
Deep — 10,863 m — an echo sounder of the same
type as that of the “GALATHEA” was used, but ne-
vertheless as far as the greatest depths were con-
cerned an earphone was used, and by reckoning on
a listening-in error of up to 37 m (Carruthers and
Lawford, 1952), the total inaccuracy was fixed at
4 110 m (Wist, 1952).

1

Spread of the Sound Beam

In most freighters and passengerships equipped
with echo sounders for navigational purposes fre-
quencies of 15-40 kc are used, and as it is practical
to have the sounder register not only the vertical
depths directly below the ship but also irregularities
at some distance, it is so constructed that the apex
of the conical beam transmitted has an angle of
spread of up to 20° with the perpendicular. In sur-
vey work the beam should, however, be as narrow
as possible, and the “GALATHEA”s sounder was
therefore designed to give a spread of only 8° with
the perpendicular, or rather in such a way that the
energy emitted which is greatest along the axis of
the cone already at an angular distance of 8° from
the axis decreases to such extent (up to 50 %) that
echoes from more remote positions will not be re-
gistered.

In the course of our work, we learned, however,
that so long as the ship was in relatively shallow
waters the echo was returned from the entire base

Fig. 3. Diameter of echo field at different depths.

57




on the bottom of this cone, so that at depths of,
say, 2,000 m higher parts of the bottom out to
about 600 m from the position of the ship were re-
corded. At greater depths, however, the part of the
cone giving an echo was diminished until at a depth
of 8,500 the apex angle was only 2 X 4.5° and at
10,000 m depth only 2 x 3.5° which corresponds to
radii of the echo base of 750 m and 600 m, respect-
ively. (Fig. 3). This is in close correspondence with
the theoretical exposition by Hodgson and Fridriks-
son (1955) according to which the field that may be
examined with an echo sounder is pear-shaped rather
than conical.

The maximum spread can, however, be observed
only under ideal reception conditions and when the
echoing surfaces are of suitable size. Very frequent-
Iy the echo will be received only with considerably
less spread, mostly because the seabed is not suffi-
ciently regular or because the horizontal surfaces
are too small in extent.

A beam sea or swell may cause the ship to heel
so much that a beam transmitted will strike the bot-
tom at some distance from the side and at such an
angle that the echo will not return to the receiver,
or alternatively, a beam transmitted vertically
towards the bottom may be thrown back just when
the ship is heeling so much that the receiver will be
unable to catch it. These problems were very much
to the fore in the “DisSCOVERY” in 1950 (Herdman,
1955), but we were only little troubled with these
difficulties as the sea was calm during the greater
part of our stay in the Philippine Trench and the
“GALATHEA” was very stable in a seaway.

If the aim is to plot with the greatest possible
exactitude the course of the depth curves parti-
cularly in the Philippine Trench where the deepest
channel at places is exceedingly narrow, a spread of
somewhat less than 600 m would be desirable. The
spread is, however, not so great as to necessitate a
calculation of the correction of the depths due to
the greater distance from the circumference of the
echo field. The difference between the vertical line
to the centre of the field and the oblique line to the
circumference will at depths of 10,000 m amount to
only 0,2 %, or considerably less than the inaccuracy
in measuring technique.

Echoes from Slopes

During the work of the expedition, in connection
with hydrography as well as with sampling of the
bottom or trawling, it happened quite frequently

Fig. 4. Recording of echoes from two levels.

that at the beginning of the work we obtained a
pure echo from the flat bottom of the deep channel
at a depth of about 10,000 m, while during the next
few hours another echo very gradually emerged
from a level situated 100 or 150 m above the
bottom without indication from intermediate depths
(Fig. 4). This was due to the fact that during the
work the ship was by the cutrent carried in over the
western side of the trench, where the bottom rises
stepwise and very frequently has so steep slopes
that they cannot return an echo to the ship, while
at the same time two levels may come within the
echo field (Fig. 5). If, on the other hand, the bot-
tom rises without terraces but with a steep slope
extending over so long a distance that the next
horizontal level will not come within the echo field
(Fig. 6) until the preceding level has disappeared,
the registration of that level will gradually vanish,
the marks spreading slightly beforehand. As this
was often a characteristic of the eastern side of the
trench, while the stepwise rise was more character-

ety

Fig. 5. Echo field distributed on two levels.
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Fig. 6. The echo vanishes between the two horizontal levels.

istic of the western side, the spread of the sound
beam was often an aid to us in keeping the ship in
place over the middle of the trench during the 10-15
hours a series of operations might last.

A plane seabed need only slope very little in or-
der to throw the echo so much to the side that it
cannot be caught by the ship. In the course of our
work we learned that as soon as the gradient ex-
ceeded 1:5 or 1:6 (about 10°) the echoes could
not be recorded as one continuous curve — and as a
rule not at all — even if all other conditions were
ideal. In the U.S. Navy vessel “CAPE JOHNSON”,
which during World War II was stationed in these
waters, they frequently experienced this missing
echo, just as we did. When, however, it is stated on
the part of that ship that in such cases they had to
make up to 10 sound transmissions before receiving
an echo from certain areas of great depth, and they
conclude from this fact that the seabed of the trench
in such places must consist of too soft a material to
reflect the sound, we must say, that according to
our experiences the explanation must rather be that
the ship for a time must have been over too steep a
gradient of the bottom, and only received another
echo when she again encountered a more horizontal
bottom (Hess and Buell, 1950).

Air Bubbles in the Water

That air bubbles in the water in boisterous weather
or if the ship is moving at high speed in a seaway
will spoil the echo is a fact known in all ships, air

being a substance which is particularly effective in
reflecting sound. In this respect the “GALATHEA”
may have been especially troubled due to her shal-
low draught, more particularly when both oil and
freshwater tanks were almost empty after long
stays at sea, and the ship was extra high in the wa-
ter. Lacunae will therefore be found in our echo-
grams from periods of bad weather and particularly
in connection with the passage of two typhoons
which even for a time compelled us to leave our
working area.

ANALYSIS OF THE ECHOGRAMS
FROM THE PHILIPPINE TRENCH

Echoes from two Levels

In the analysis of the echograms with a view to the
preparation of a bathymetric chart of the Philippine
Trench no difficulties are encountered so long as the
sea bottom is horizontal and uniform so that only
one echo curve will be drawn. When, however, the
abovementioned declivities and slopes intervene, re-
gard will have to be paid to the spread of the sound
beam, as will appear from the following examples
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Fig. 7-A. Echogram showing a sharp transition
from Level I to Level II of the seabed.
Fig. 7-B. Analysis of the echogram in Fig. 7-A.

159




in which the ship crossed the deep channel at right
angles and constant speed.

The echogram in Fig. 7-A, which is to be read
from left to right, shows that the echo from Level 1
begins to weaken from time a, while at the same po-
sition the higher level II manifests itself very slight-
ly. At b the two curves are of equal power, corre-
sponding to the fact that equal parts of the two
levels are now within the area covered by the beam.
Thereupon Level I disappears entirely at ¢, whereas
Level II is registered at full force. The time marks
on the paper and the speed of the ship show that
the distance travelled between the positions a and
¢ is 1,200 m over a depth of about 10,000 m, and the
echogram must therefore be read in accordance
with Fig. 7-B, in which, however, the angle of spread
is highly exaggerated.

While the ship is in position a an echo of full
power will be received from Level I, but Level I1 is
just beginning to appear although it is still 600 m
ahead. Having travelled 600 m (b) the ship must be
right above the vertical slope and receives echoes of
equal power from I and II, and only when she is
600 m in over the new level (c) the first level will
disappear entirely from the recording.

sl
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Fig. 8-A. Echogram showing transition from
a horizontal level to a gently sloping level.
Fig. 8-B. Analysis of the echogram in Fig. 8-A.

Echo from a gradually sloping Seabed

In the example shown in Fig. 7 the declivity between
the two levels is vertical, but in most cases the bot-
tom will slope to some extent, and if the gradient
does not exceed 1 : 5 we will have the situation
shown in Fig. 8-A-B.

Just when the ship is 600 m from the place where
the horizontal bottom (I) adjoins the sloping ground
(II), the latter begins to show in the echogram (a)
and, similarly Level I will only disappear entirely
when the ship has got 600 m in over the sloping
bottom. The strongest echo from Level II may not,
however, be received from the place right below the
ship but from a place a little farther ahead, but as
already mentioned this is of very little importance
in the measuring of the depths.

Examples of Echograms from the Philippine Trench

Even if these schematic echograms in actual fact
will frequently be more or less distorted by irregu-
larities in the sides of the trench, clear and unambi-
guous echograms have, however, in many cases
been obtained during the many crossings of the
deepest channel. An example, Section I1I in Plate I,
is given in detail in Fig. 9-A-B.

The middle of the trench was in this case crossed
from NE to SW at a speed of 73 knots. The eastern
side shows a regular gradient of 1:7,5 and could thus
easily be recorded, while the western side over a
horizontal distance of about 240 m rises steeply to a
height of 260 m from the bottom, that is at a gra-
dient of somewhat more than 1 :1, and returns no
echo. In these and other similar analyses of echo-
grams at great depths (6,000-10,000 m) in the Phi-
lippine Trench, a maximum spread from the per-
pendicular of 600 m has been calculated with, a
spread of common occurrence in this area, but in
many cases considerably less in other seas. For the
plotting of the edge C in Fig. 9-B the weak echo
first heard was used, corrected by -25 m for the
oblique course of the sound.

The seabed is more irregular at the place where
Section IT crosses the trench (Fig. 10-A-B). The
western side subsides here at an average gradient of
1 : 4.5, but the decline is irregular with several slop-
ing surfaces or clefts towards the bottom of the
trench, which incidentally here has a deeper chan-
nel along its middle. The eastern side, on the other
hand, rises steeply to a small, isolated plateau or
N-S ridge more than 1,000 m above the bottom.
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Fig. 9-A. Photographic reproduction of echo-
gram from passage across the deepest part of
the trench, Section III, Plate I.

Fig. 9-B. Cross-section of the trench prepared
on the basis of the echogram in Fig. 9-A.
Exaggeration of vertical scale 2.5.
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The width of this plateau cannot be determined
with exactitude, but it is so narrow that the echo
from it was only recorded at most 300-400 m from
its edge.

The slopes of the bottom towards A aré not too
steep to give good echoes, but due to the spread of
the beam the curves of the echogram intersect one
another until 600 m from the middle of the trench.
The lower ends of the intersecting curves were used
as a basis for the calculation of the depth at A, and
in this case regard was paid to the oblique course
of the sound waves and a correction of -25 m was
applied. The eastern slope B-A continues to the
west of A as a narrow tongue or valley about 600 m
into the western side and down to a depth of 86 m
below A.

When the gradients of the sides are not too steep
for the reception of an echo and the spread of the
sound beam is of known and limited size, the pro-
file of the bottom of the cleft may be reconstructed
in the manner here used, but if the sides are steeper

so that no echo is received, or if a directional sound
wave is not used, but for instance sounding by de-
tonation, the bottom of the channel cannot be re-
constructed at all, or without any amount of ac-
curacy. Thus, an expedition from Scripp’s Institute
in 1952-1953 took soundings in the Tonga Trench
by detonation and measured a depth of 10,633 m.
Fisher is, however, of opinion that the depth may
be not less than 10,800 m and that the configuration
of the sides may be different from that calculated
(Fisher, 1954).

An echo section along the sides of the Philippine
Trench may over short distances in many cases show
a regular, continuous slope. The most common fea-
ture seems, however, to be that the slopes down to-
wards the trench are irregular and heavily incised,
as will be seen from Fig. 11 which shows part of the
echogram recorded during the southward voyage
along the western slope of the trench some distance
to the south of the San Bernadino Strait. An exact
analysis of the many curves would not be feasible,
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Fig. 10-A. Photographic reproduction of echogram from passage of the deepest part of the trench, Section II, Plate I
Fig. 10-B. Cross-section of the trench prepared on the basis of the echogram in Fig. 10-A. Exaggeration of vertical scale 2.5.

nor would it serve any practical purpose. The echo-
gram does, however, give some notion of the average
depth and in particular a good picture of the jagged
character of the slope.

ACCURACY OF POSITIONS
OF OBSERVATIONS

The greatest difficulty in connection with an exact
survey and plotting will no doubt always be en-
countered in the determination of the position of
the ship and thus also of the sections. The distance
from the middle of the trench to the shore averages
about 40 nautical miles (75 km), so that in clear
weather the highest points of the archipelago may
be seen although they cannot be used for the pur-
pose of fixing the position. There was no Decca

chain in the Philippines and the LORAN stations
were so remote that they could not be used for a
determination of the position with sufficient accu-
racy. Astronomical fixes must therefore be used as
a basis for all positions, and as a consequence ob-
servations were taken on board the “GALATHEA” as
frequently as possible and with the maximum care.
While in most cases we may reckon that the in-
accuracy in the determination of positions does not
exceed 3-1 nautical mile, certain optical irregula-
rities at times caused, particularly the determination
of longitude to be difficult, so that subsequently the
longitudes of the sections had to be corrected by
other means. Despite the good weather we generally
had the sky was often overcast so that whole days
might pass without possibilities of obtaining a fix,
and when later on we succeeded in getting an ob-
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Fig. 11. Photographic reproduction of echogram from jagged slope aleng the western side of the trench.

servation it frequently appeared that the current
had set the ship in a way different from that calcu-
lated, so that the intermediate dead-reckoning posi-
tions had to be corrected.

The current forms part of the trade drift and
therefore mainly comes from the east, but off the
Philippine Islands it curves and continues in a south-
erly direction, but both set and speed vary consider-
ably, and a current of 1-2 knots is a very common
phenomenon. Under such circumstances it is dif-
ficult to maintain the ship’s position during work
and also to keep a proper dead reckoning during
passages.

Not only in the work on board but also in the
preparation of the data collected the greatest pos-
sible care and criticism were therefore exercised,
and we venture the opinion that although the posi-
tions of the sections and charts prepared in this
treatise may be subject to correction, such correct-
ions can be made only when new technical aids be-
come available.

When on board the U.S. “CAPE JOHNSON” they
measured the maximum depth of the trench
(10,497 m), they counted on an inaccuracy in posi-
tion of 3.5 miles (6.5 km), although the ship had
proceeded to the position direct from shore and had
radar communication with land until 4 hours before
the soundings were taken and again 6 hours later
fixed their position both by LORAN and an observa-
tion of the sun (Hess and Buell, 1950). Of necessity
we must in the “GALATHEA” count on a similar or
perhaps even greater inaccuracy on days with poor
observation facilities, but now when all the echo sec-
tions have been worked out and compared with
accurate fixes, we may take it that in general the
inaccuracy of the data compiled will not exceed
1% or 2 miles.

CROSS-SECTIONS OF THE TRENCH
Plates I-11

As the echo sounder was kept going throughout
our stay over the Philippine Trench an exceedingly
great number of echograms is available, and of
these 26 of the best cross-sections are reproduced
in Plates I and II. They have all been drawn with a
vertical exaggeration of 3.7 (500 m vertically = 1
nautical mile horizontally). The parts of the sec-
tions drawn in full line correspond to the distances
over which echoes could be received, whereas the
stretches from which no echo could be heard are
drawn in broken, straight lines.

As a consequence of the abovementioned dif-
ficulties in fixing positions, some of the sections
were in the work done locally plotted in the charts
in a wrong longitude. As, however, it must be
presupposed that the deepest channel forms an en-
tity and follows a reasonably regular course, the
sections have been displaced in direction east-west,
so that the deepest parts of all the sections will be
found in a vertical line down across the plates.

Four of the most perfect sections (I, 11, XI-XII
and XXVI) have further in Fig. 12 been represented
as blocks presumed to be resting on a plane surface
at a depth of 10,000 m and spaced 70-95 nautical
miles (130-175 km) apart.

Most of the cross-sections show the abovemen-
tioned configuration, namely, that the western slope
passes down towards the bottom by many, small
steps, whereas the eastern side has few but tall steps.
Most of the sections between II and XIlikewise show
subsidence areas in the seabed to the east of the
main trench, either branches of the main trench or
isolated depressions, or a more or less continuous
parallel trench.
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Fig. 12. 4 Sections of the bottom of
the Philippine Trench.

BATHYMETRIC CHART OF THE
PHILIPPINE TRENCH
Plates III-V]

Already when in 1907 the German survey vessel
“PLANET” for the first time ascertained the great
depth in the Philippine Trench, so many soundings
were taken as to make it possible to draw a depth
chart which roughly gave a good idea of the location
of the trench (Groll, 1912), and in many places depth
curves from this first chart may still be used. To be
true, by these first soundings no depths of more
than 8,500-8,553 m were found, while already at an
earlier time depths of 9,427 m and 9,636 m had
been measured in the Kermadec Deep and the
Marianas Deep, respectively. In 1912, the “PLANET”,
however, in several places got soundings of more
than 9,000 m, and thereby ascertained a better
continuity along the trench. With its 9,788 m the
Philippine Trench now assumed the position of the
deepest place in the oceans.

During the “EMDENs survey of the Philippine
Trench in 1927 the work was concentrated on a
rectangle between 9°38" N, and 9°57' N, in which
332 echo soundings were taken, 46 of which showed
depths of more than 10,000 m. Thereby one of the
deepest areas of the trench was localized, even if
the deepest soundings (10,790 m and 10,830 m)
which soon were recorded in literature were sub-

sequently declared to be erroneous, inasmuch as
they must be due to echoes from the sides of the
trench (Maurer, 1937, Hess and Buell, 1950, Wiist,
1950-1951). Maurer and Wiist consider 10,400 m a
more probable depth.

The soundings taken by the “SNELLIUS™ in 1930
(van Huystee, 1944) supplied a number of good
soundings within the “EMDEN"s area and to the
south thereof, but no new record depth was found.

In 1944-1945 the “Carr JounsoN™ laid 4 sections
across the trench, partly in the vicinity of the
“PLANET” and “EMDEN” deeps and partly somewhat
more to the north, and in the northernmost of these
sections the greatest depth so far known within this
trench was found, — 10,497 &+ 90 m, in 10°26.5' N,
126°39" E — by means of an echo sounder of a
frequency of 18 kc and soundings taken every se-
cond mile registered by earphone.

The soundings taken by these expeditions have
formed the most important basis of the charts as
well as of the Monaco chart and the bathymetric
charts published by the U.S. Hydrographic Office
in 1946 (No. 5485) and the Japanese Hydrographic
Office in 1953 (No. 6901) (Dietz, 1954). Roughly,
they show the same picture of the Philippine Trench
and none of them attempts to give details thereof.

The bathymetric chart given here (Plates III and
IV-VI) has mainly been prepared on the basis of
the configurations shown by the 26 cross-sections in

166




Plates I-11, and the corrected positions of these sec-
tions are plotted in the chart. In the drawing of the
depth curves these sections have been supplemented
by a very great number of other sections which are
less perfect and the positions of which have in many
cases been adjusted to conform to the 26 basic sec-
tions. The depth curves for 7,000 m and downwards
are based almost solely on the observation data of
the “GALATHEA”’, whereas the curves for 2,000, 4,000
and 6,000 m are based also on the existing charts.

From the chart as well as from the sections it ap-
pears that the trench roughly extends as a conti-
nuous subsidence through the entire area examined,
i. e. across 4° of latitude, and that in almost the en-
tire southern half of the area depths of about 10,000
m are to be found.

According to our observations, and thus shown
in the chart, the northern end of the trench is about
15 nautical miles closer to land than shown in the
American chart No. 5485. The position should be
rather accurate inasmuch as the “GALATHEA” pro-
ceeded there direct from the San Bernadino Strait at
a constant speed of 11 knots and obtained good
fixes in the evening 53 hours before the deepest
channel was passed and also next morning 3% hours
after the passage. The speed of the current outside
the strait may, however, have been wrongly estim-
ated either by us or by the previous expeditions, so
it must be left to some future expedition to try to
solve this question.

From this northernmost section to section II in
11°35’ N we have only one long section in direc-
tion N-S intersecting the trench at a very acute
angle, so the curves here have been roughly drawn
on the basis of estimates, and no doubt present a
more regular picture of the course of the trench than
is actually the case. In Fig. 11, which originates from
this very section, it was, however, mentioned that
the sides in this place are of a very jagged nature.

South of 11°35" N the trench becomes wider and
deeper and seems to take a uniform course to about
10°45” N. Over this distance the bottom is at a
depth exceeding 9,000 m, and the sides show the
characteristic features with terraces on the western
slope and a secondary valley or depressions along
the eastern side separated from the main trench by
ridges of up to 500 m.

At 10°50" N the bottom deepens to somewhat
more than 9,700 m, but immediately to the south
thereof the trench is wholly or partly interrupted
by a crossing ridge projecting from the east and
having a depth of less than 7,000 m. In this latitude
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Plate III

several earthquakes have been registered inshore,
so the possibility remains that this interruption
of the trench is connected with a line of fracture in
the crust extending out here from the shore (Re-
petti, 1931).

Between 10°45’ N and 10°05’ N the central part
of the trench is situated. In this place it is wider
than in the northern part, and it was here the
“CapE JOHNSON™ in July, 1945, obtained a sounding
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Plate IV

of 10,497 m. As the “GALATHEA” just about this
position given by the “CapE JoHNSON" found parti-
cularly good conditions for trawling, we made this
our main working area and crossed it time and
again. During such a crossing on July 23rd, 1951,
in 10°23.8" N, 126°40.5’ E we found the expedition’s
greatest depth, 10,265 m 4+ 45 m, i. e. in a position
3% miles south of that of the “CAPE JOHNSON".
The area containing depths of more than 10,000 m
has here at places a width of 2-3 miles, but in most
places the deepest channel is quite narrow with
widths of less than { nautical mile. The bottom of
the trench is amazingly flat and over long stretches
shows uniform depths of 10,000-10,150 m, but the
soft clay ground is amply strewn with gravel and
stones which must have come from the sides and

possibly have been carried out there by mud slides
released by earthquakes. (Bruun & Kiilerich 1955).

As we crossed this area so many times, we must
assume that we have also crossed the position given
by the “Care JounsoN”. We did not, however, find
the same great depth, but the possibility cannot be
rejected that the 10,497 m sounding has been taken
a short distance from the position given or in a de-
pression of so small an extent that we have not hap-
pened to encounter it during any of our passages.
There is thus no basis for either a confirmation or
a rejection of the sounding taken by the “CAPE
JounsoN”, and the possibility therefore remains
that within or in the immediate vicinity of the area
preferred by us for trawling a very restricted deep
of 10,497 m may exist, and thus still must be re-
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Plate V

cognized as the greatest depth of the Philippine
Trench.

Slightly to the north of 10° N the trench again
narrows and only a very narrow channel of a depth
of about 9,500 m leads — possibly with minor inter-
ruptions — to the next section immediately to the
south of 10° It is here the “PLANET” and the
“EMDEN” deeps are to be found, and here the
“SNeLLius” and the “CAPE JOHNSON™ as also now
the “GALATHEA” have searched for the great depth
found by the “EMDEN" and concordantly found the
greatest depths in this area slightly deeper than
10,100 m. The positions of these expeditions seem to
be accurate and consistent, and consequently these
soundings have been used extensively in the prepar-
ation of this part of the chart.

On the stretch from 9°40" N to 9°12" N we en-
countered so bad weather that the determination of
the ship’s position was very uncertain, and over
long distances no echo could be registered. The lat-
ter feature would seem to indicate that the configu-
ration of the bottom here is highly irregular, but as
at several places echoes of short duration were re-
ceived from depths of up to 10,150 m we may take
it that by and large the trench continues also
through this area and is connected with the deeps
at about 9° N even if the data are insufficient to be
plotted in the chart.

Within the southernmost area of the chart we
found several minor areas with depths of about
10,000 m. Here the trench is of a different character
from that farther to the north, there being no evident
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demarcation to the east. To the south of 9° N the
trench flatiens and in our southernmost section in
8°51" N no depths of more than 8,750 m were
sounded.

EARTHQUAKE CENTRES ALONG
THE PHILIPPINE TRENCH

The many earthquakes which occur in the Philip-
pine Archipelago have in most cases their epicentres
on the slopes leading down to the surrounding
deeps. The epicentres of the 15 earthquakes which in
the decade 1920-1929 occurred on the western slope
of the part of the trench dealt with in this treatise,
have been indicated in the chart by circles (accord-
ing to Repetti, 1931). More than one epicentre in

the same position is indicated by several circles in-
side each other. The possibility exists that there is
a certain relation between the many earthquakes
along southern part of the trench and the irregular
topography of this part.

By this chart we have endeavoured to compile
and publish as much as possible of the great ma-
terial of observations to be found in the many hun-
dred metres of echograms from the Philippine
Trench collected by the “GALATHEA”. Many defi-
ciencies may be found in the chart and, no doubt,
also errors, but we entertain the hope that it may
form the basis for the work of later expeditions
within this area and that some of the experiences
gathered by us and mentioned in this treatise may
benefit others.
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