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INTRODUCTION

The Philippine Trench is a furrow in the sea floor —
approximately 1500 km long - off the Southern
Philippines and Halmahera I. The Trench is con-
sidered an active depression of the Earth’s crust,
which according to MOROVA (1964) may be regarded
as a modern geosyncline. The Philippines are main-
ly built up of igneous rocks and derived sediments.
Recent volcanism and active fault zones are, more-
over, important geological features.

The topography of the Philippine Trench is
thoroughly described in KurLERICH (1959) and, be-
sides in the papers quoted herein, also in IRVING
(1951), Fisuer & Hess (1963) and Morova (1964).
Sections_of the southern part of the Trench are

dealt with by Koczy (1956) and KrAUse (1965).

NEes (1943, p. 189 and 196) has carefully de-
scribed size distribution, lime content, and sand
mineralogy of samples from the Trench area col-
lected by the Dutch Snellius Expedition (stations
260-272). Her studies show that the samples from
the Trench proper are uniform, terrigenous muds.
The sand grains are mainly derived from slightly
metamorphosed, calc-alkalic, basic and ultrabasic
rocks. The eastern part of Mindanao is suggested
as the area of origin.

FREDRIKSSON (1959) investigated a 4 m core from
the southern part of the Trench (approx. 5°N). The
upper 3 m of the core is a homogenous, blue, clayey

silt, poor in lime. The lowermost 1 m consists of
layers of sand, mostly composed of grains of fresh,
basaltic andesite mixed with calcareous tests of
shallow-water origin. These sediments are probably
deposited by turbidity currents. Other features of
the sediments of the core have been described by
various authors. A general description was given by
OLAUSSON (1960); the clay mineralogy was treated
by Favesee (1959), the Foraminifera by RAYMENT
(1959), and the calcareous Algae by HORN AF
RaNTzZIEN (1959).

In 1951, the Danish “Galathea Deep Sea Expedi-
tion 1950-52 under the leadership of A. BRUUN,
collected a series of bottom samples from the
Philippine Trench and its landward slope off North-
ern Mindanao. The sampling locations are indicated
on fig. 1; the stations are indicated by G and the
station numbers as recorded by Bruun (1959). The
samples were preliminarily described by BrRuUUN
(1951, 1956, 1959), BRUUN & KirericH (1955), and
KieericH (1955, 1956, 1957). ZoBerL & MORITA
(1959) investigated the bacterial flora of the sedi-
ments.

The purpose of the present examination is to de-
scribe the sedimentary lithology and elucidate the
processes of sedimentation in the Philippine Trench
on the basis of the given material of samples. Lastly,
it is intended to investigate whether the sediments
have characteristics specific for hadal depths (e.i.
deeper than 6000 m).



Fig. 1. The central part of

the Philippine Trench with

location of the samples.
Depth contours in meters.
Base map from KiuLEricH
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METHODS
Sampling:

Core samples were collected with a 1.7 m gravity
corer with a PVA liner as described in KULLENBERG
(1955, p. 89). According to experiments on gravity
coring carried out by EmERY & DieTz (1941), the
core yield in soft sediments is about 60 9 for short
cores (1.5 m) and approximately the same per-
centage for every section of core length. While
drying, the length of the core shrinks about 20 9.

The chlorinity of the washing water was afterwards
determined by titration. The original water content
and the porosity of the sediments were then com-
puted on the assumption that the chlorinity of the
pore water was 19.2 %,, like the bottom water of
the Trench, and that the average density of minerals
was 2.67. Repeated determinations of the water con-
tent agree within £ 3 9. The samples were dis-
aggregated in a Wiegner shaker for 18 hours using
0.002 M pyrophosphate as dispersing agent. With

It is, therefore, necessary to approximately double
the depth of a feature, measured on the dry core, in
order to obtain the true depth at the bottom. This
approach has also been followed in the present
investigation.

Grab samples were taken with a 0.2 m? Petersen
grab, and trawl samples by trawls provided with a
plastic bucket at the end and dredges along the sides
(BRUUN 1959). The dredges were able to dig some
tens of cm down into the bottom.

Water content and size distribution:
In order to prevent flocculation of the clays, it
was necessary to wash the salts out of the pores.

this method aggregates bigger than ca. 1.5 u were
effectively disaggregated, and delicate tests of
microorganisms were not destroyed. The suspension
was subsequently poured through a 60 w sieve. The
sand was dried, weighed and when possible sieved
into grades. The size distribution of the silt and
clay was measured by standard pipette analysis.
Double determinations agree within £ 1.5 9. Fi-
nally, the size fractions were often isolated by re-
peated decantation for mineralogical examination.

Organic carbon:
Organic carbon (excluding carbonates) was de-
termined by igniting the sample and weighing the



generated CO, in accordance with the method used
by SerLrtHOLST (1933). Microbiological consump-
tion of some organic matter must have occurred
after the sampling, and some volatile organic matter
was probably lost during the drying of the core.

Carbonate:

The total amount of carbonate was determined
by boiling the sample in 0.5 n HCl and absorption
of the generated CO, in NaOH -+ BaCl, in an
apparatus described by JACKSON (1964, p. 212). For
small contents of carbonate (<2 %) and 5 gr samples
the precision was 4= 0.5 9. Lime is given as weight
% CaCO; of dry sample.

The calcite/aragonite ratio was determined by
X-ray diffractometry as described by CHAVE (1954).
Interference with the quartz 101 reflection caused
some uncertainty in the delimitation of the aragonite
reflections. Double determinations agreed within
+ 5%.

The Mg substitution in calcite was determined by
an accurate measurement of d;,,. The Mg sub-
stitution was then read from the curves given by
CHAVE (1952) and GorpsmitH & GRraF (1958). The
104 reflection was in most cases divided into two
peaks. The ratio between the heights of the peaks
was used as a rough estimate of the ratio between
the two types of calcite.

Classification of the sediments:

The classification of MURRAY & RENARD (1891)
with amendments by OrAussoN (1960) has been
applied to the description of the pelagic and terri-
genous sediments where organic components domi-
nate.

For sediments in which tests of lime or silica
constitute more than 30 9/, the following rules have
been applied: If a type of organism constitutes less

by colour, and used instead a mineralogic, genetic
subdivision of terrigenous muds. This is an accept-
able classification, but it is very difficult to use in
practice, especially in dealing with very fine-grained
material. As shown by Baas BeECKING (1956), the
blue colour that characterizes “blue mud” is an
indication of reducing conditions. 1 prefer, there-
fore, to maintain the term “blue mud”.

The classifications mentioned all contain vague
indications of texture. In order to provide a basis
for comparison, particularly with fossil sediments,
a more precise textural nomenclature would be
desirable.

In the following the size of the grains is described
as follows: Stones > 20 mm > gravel > 2 mm
> sand > 0.06 mm > silt > 0.002 mm > clay.

Size distributions are described by means of
SHEPARD’s triangular diagram, cfr. PETTUORN (1957,
p- 24B). NB: clay is here defined as d <C 2 p instead
of d < 4 u. Mud is used as a short, informal term
for coherent, soft, fine-grained sediments.

DESCRIPTION OF SAMPLES

Samples from the Trench:

G 412:  11°13N, 126°2U'E. 8990 m.
Grab sample. Mud with many mud pellets and a
little sand. It contains some Globigerina and arena-
ceous Foraminifera. The sample is too small to
allow a detailed analysis.

G 413:  10°20'N, 126°36'E. 10060 m.

G 440: 10°25'N, 126°40'E. 10020 m.
Core samples. Clayey silt with negligible amounts of
sand grains, cf. figs. 2 and 3. The fresh samples are

than 10 9} of the sediment, it will have no effect on
the nomenclature. If it constitutes between 10 and
30 9, the sediment is called “rich” in the organism
concerned. If the organism constitutes more than
30 9 of the sediment, the latter will be named after
the organism. The last two examples can be com-
bined. If a sediment contains lime in undeterminated
or unspecified form, a general description such as
“calcareous” for 10-30 %, “marl” for 30-60 % and
“lime” for more than 60 % CaCOQO; has been used.

The classification of mineral terrigenous sedi-
ments by MURRAY and RENARD is partly based on
colour (e.g. blue mud) and partly on depth of
deposition. NEEB (1943) criticized this classification

variegated bluish grey to dark grey, the dry samples
are yellowish grey. Sand grains are partly dispersed
in the mud, partly accumulated in a few very thin
laminae and partly in 1-4 mm wide and 1-2 mm
high eiliptic pockets without mud matrix. No
significant variation in the maximum grain size.
The topmost 2-4 cm are rich in Diatoms and some
bedding planes are covered with Diatoms and minor
amounts of mineral grains, sponge spicules, frag-
ments of wood, and amber. The grains from the
Diatom layers are dynamically equivalent to coarse
silt.

Remarks: The lime content is 0-0.3 9; regarding
other chemical data see figs. 2 and 3, and table 3.
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G 418: 10°13’N, 126°43'E. 10190-10150 m. On a stone from G 418 three sea anemones
2
G 419: 10°19'N, 126°39’E.. 10150-10210 m. are fastened in such a way that about half of the

Trawl samples. Blue clayey silt with gravel and
stones. The clayey silt contains very few sand
grains. It is thixotropic. The fresh samples are
bluish grey. The diameters of gravel and stones are
between 2 and 160 mm. The stones and gravel are

stone must have protruded over the surrounding -
mud.

G424:  10°28'N, 126°39E. 10120 m.
Grab sample. 6-8 cm clayey silt covering sand. Size

subangular to subrounded. About 809 is mostly
fine-grained, often altered basic volcanic rocks,
159 grey lumps of semi-consolidated clay, cf. p.
13, and 5 % sedimentary rocks, mostly calcarenites,
calcareous sandstones and fragments of reef lime-
stones, including two fragments of hermatype
Corals.

Remarks: Chemical data table 2. In bottles of
mud with the original humidity preserved the water
content is 62-64 9, corresponding to a porosity of
82 % from top to bottom. This indicates that the
very porous internal structure is able to support it-
self to a depth of at least 15 cm, even if frequently
shaken.

distribution fig. 4. The clayey silt contains 9 %
sand grains, mostly mineral grains and diatoms
and smaller amounts of mud pellets, calcareous and
arenaceous Foraminifera, chitin fragments and chips
of disintegrated wood. The fresh mud is brownish
to bluish grey, the sand is olive green.

Remarks: Chemical data table 2. The curious
size distribution of the sand has presumably come
about by the mixing of approx. 3 well sorted fine
sand with £ normal clayey silt.

G 435: 10°20'N, 126°41'E.  9820-10000 m.
Trawl sample. Clayey silt with very little sand
mixed with gravel and a few stones. The dry, clayey
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Fig. 3.

silt is yellowish grey. About 50 9} of the gravel is
pumice in varying states of argillization, about 25%,

Samples from
Trench:

the landward slope of the

fine-grained, often altered, basic volcanic rocks.
159, is composed of brown or grey semi-consoli-
dated clay, sometimes partly covered with a man-
ganese crust, cf. p. 13. Loose flakes of 2 mm thick
manganese crust were found. The remaining 10 %
is made up of other sedimentary rocks, mainly
coquina and reef limestones.

Remarks: Chemical data table 2. Fragments of
shallow-water (<100 m) organisms have been
found, i.e. the gastropods Cerithopsis sp. and some
Vermetid, corals of Porites sp., some Acroporides
and other corals of hermatype aspect, and the
calcareous algae Halimedea sp.

1

G 421: 10°26'N, 126°05'E. 1000 m.
Grab sample. Silty coral sand rich in Foraminifera.
The dry sample is yellowish grey. Size distribution
figs. S and 7. The sand grains are angular to sub-
rounded. For composition of lime grains see table
1 and fig. 5. Planktonic and benthonic Foraminifera
are of almost equal frequency. The majority of the
carbonate grains in the silt and clay grade are
irregular fragments. Spicules of calcareous Spongia
and Holothuria occur in minor amounts. Lime con-
tent 66 %, water content 40 %,.

1



Table 1. Composition of lime in sand fraction.

. Fraction Eraction of Lime‘ in Corals! l Foraminifera® Ostracods® Various?
Station whole sample fraction and molluscs*
mm N o % % o %
% % %%
G421 ..., .. >0,125 24 93 82 8 3 7
G421 ... ...... —0,06 23 91 83 12 0 5
G422.......... >0,125 23 86 85 8 3 4
G422.......... —0,06 10 76 85 12 0 3
1. Aragonite. 2. Calcite.
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Fig. 4. Size distribution of G 424: 1) mud layer, 2) sand layer,
3) sand layer, if 25 % of clayey silt is removed from distribu-
tion 2.

G 422:  10°47'N, 126°02E. 2040 m.
Grab sample. Coral sand-silt-clay. The dry sample
is dusky yellow. For size distribution see figs. 5 and
7. The sand grains are angular to subrounded. For
composition of lime grains see table 1 and fig. 5.
Lime content 44 %, water content 50 %.

G 428: 9°36'N, 125°46'E (Candos Bay,

Mindanao). 30 m.
Grab sample. Clayey silt-marl. When fresh, greenish
grey. It consists mainly of mud pellets. Size distribu-
tion fig. 7. The sand fraction is completely organo-
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Fig. 6. Outline of size distributions of samples from Sta-
tions G 413, G 418, G 419, G 424 (mud layer), G 435 and
G 440.

About 30 % of the carbonate is aragonite, about
259, calcite with 12-20 mol §, Mg, and the rest
Mg-poor calcite.

AN OUTLINE OF THE SEDIMENTS

Lithology:

In fig. 6 a representative selection of grain distri-
butions from sediments in the Central Philippine
Trench is shown. In fig. 7 size distributions from
stations Sn 251 and Sn 262 of the “Snellius” Expedi-

gene. Apart from the pellets, Foraminifera (mostly
Globigerina) and calcareous shells are important.
Remarks: Lime content 36 %, water content 67 %.
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Fig. 5. Size distribution and mineralogical composition.
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tion, G 428, the distribution of non-carbonate com-
ponents in G 421, G 422, and some samples from
the “Albatross” Expedition station 160 (FREDRIKS-
SON 1959) are given. NEEB (1943) employs a method
of dispersion which does not disperse “clay casts”,
i.e. it overrates the sand grade as compared with
the method used here.

In view of the fact that the stations here examined
are scattered over a 30 km long area that may be
extended to approximately 50 km if the Snellius
samples are included, the texture of the sediments is
amazingly uniform. We may, therefore, speak of
the “typical size distribution™ of the sediments of
the Central Philippine Trench. This is characterized



Table 2. Summary of the sediment samples from the Central Philippine Trench.

Sample Water content | Organic carbon CaCoy Md Clay Sand
% % % 13 % %

G413 ... of. fig. 2 0.47-0.32 0.07-0.30 3-3.5 ca. 40 >1.1
G412 . 65 - 0.13 2.7 41 1.3
G418, ... 62 0.47 0.13 4-8 30-40 4.0
G419 ... 55 0.41 0.16 4-10 27-30 5.4-1.4
G424 . 59 0.48 0.12 7.0 32 9.0
G435 .. 45 0.17 0.11 3.8 42 0.2
G440, ... cf. fig. 3 0.48 0-0.2 ca. 3 36-45 2.0-0.3
Claylumps ... 41-39 1.15-1.49 0.1-0.2 1.6-2 50-58 0.2

1. The upper mud layer.

by 30-40 9; clay, about 607, silt and, generally, less
than 5 % sand. The size distribution curve does not
have any marked maximum. The trawl samples
show, however, that accumulations of stones and
pebbles occur, and sample G 424 proves that sands
are present locally.

The water content of the samples varies generally
around 60 %,. Consequently, the internal structure
of the sediment is relatively stable with a porosity
of about 80 %, This hypothesis is strongly sup-
ported by the fact that the water content of sam-
ples stored in salt water is 62 ;. Water contents
which deviate essentially from 60 9, must be due
to special causes.

A particular question is, how the small pockets of
loosely packed sand are formed.

Similar pockets are described from the Chile
Trench by ZEN (1959, core 68-6). Sand pockets are
very common in soft sediments in the Northern
Mexican Gulf. They are formed by the action of
digging animals in originally alternating sand and

100

mud layers (SHEPARD and MOORE 1955). Another
possibility is that the pockets are the remains of
sand tubes made by one or another organism.
Pockets of sand may be observed in deformed clays
with thin sand layers. Sometimes the sand layers
are strongly thickened, forming pockets in the hinge
zone of small folds. This suggests that the sand
pockets may be mini “slump balls” as described by
HADDING (1931).

Lumps of grey or rusty brown, stiff and rather
dense clay have been found on all trawl stations
(G 418, G 419, G 435). Apart from the colour the
Tumps are very much alike. Chemical data are given
in table 2. The weight of the dry lumpsis 1.87 - 0.08
g/cm?, while the normal silty mud only weighs 1.43
-+ 0.07 g/em?® The lumps range in size from 10 to
1 cm. They are often tabular with rounded edges
and consist of homogeneous silty clay with few
grains bigger than 20 p (fig. 8). The brown lumps
are slightly cemented by limonitic matter. One lump
shows closely spaced, parallel, rusty horizons. In a
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few of the lumps one side is partly covered with a
thin crust of manganese oxide. Another lump con-
tains small manganese nodules (1 mm) dispersed in
the clay. The water content is 39-41 9. If we assume
that the original water content was 60 9/ and use the
data on consolidation in HamirTon (1959, fig. 4
and table 1), we can calculate the approximate load
which would reduce the water content to 40 9.
With an effective unit weight (i.e. unit weight =
bouyancy) of 0.33 g/cm?, a 15-20 m thick layer of
sediments might cause the observed consolidation.
It is, therefore, probable that the lumps have been
lying in the mud as pebbles and that they have been
transported as such from elsewhere. The mineral
content does not differ significantly from the mud.
The lumps greatly resemble pelagic red clay. It is,
consequently, probable that they are derived from
the eastern slope of the Trench. Limonitic, con-
solidated clays are exposed on sills between the
Trench and the Sangihe Trough (NEEB 1943). Simi-
lar lumps have also been found in many other
trenches (Bezrukov 1960, BEzrUkOvV & PETELIN

one sample may be fairly representative of the
whole material. A sample from G 413 (11-15 cm)
was chosen and analysed. The result is shown in
table 3.

The analysis is corrected for water and sea salt
for comparison with analyses of consolidated sedi-
ments and crystalline rocks. The correction for sea
salt is based on the assumption that the relation be-
tween the ions dissolved in the pore water is the
same as for sea water. This may, of course, not be
true.

The norm of cation is calculated according to
the rules of the CIPW norm (BArRTH 1962). The
analysis is very close to sample S 154 in the Q, Fl,
Px triangle of FREDRIKSSON (1959, p. 113).

Fredriksson’s two analyses and my analysis of
fine-grained, blue mud, formed by accumulation
of terrigenous material, harmonize well, and some
resemblance exists with an analysis of somewhat
weathered andesite in BLANCK & OLDERSHAUSEN
(1932). The chemical composition of the corrected
analysis differs significantly from all types of erup-

1959). They have often been regarded as evidence
of sliding.

Chemical composition:

Sampling and analysis: X-ray fluorescent
diagrams were taken at different levels of the core
samples-and of average samples from G 418, G 419
and G 424. The relative height of the reflections
from K, Ca, P, Ti, Mn, Cu, Cr and Zn were deter-
mined and compared. Except for manganese, cf. figs.
2 and 3, which will be discussed below, no significant
variations were found in the composition. Conse-
quently, there is reason to believe that the samples
are rather uniform and that a chemical analysis of
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tives mentioned in BARTH (1962, p. 58-59), which also
appears from the norm calculation. We have reason
to believe that the source of the sediment is weather-
ed rocks of basaltic to andesitic composition.

Organic carbon: The amount of organic car-
bon is fairly constant, viz. around 0.45 %, corre-
sponding to about 0.7 %, of organic matter. In the
bottle samples G 418 and G 424 we observe that
this quantity of organic matter is sufficient to
establish reducing conditions in the pore water. As
a consequence it is reasonable to assume that blue
mud is present at stations G 413, G 419 as well as
G 440.

Distribution of manganese: The distribu-



























