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Examination of Inorganic Suspended Matter in Sea Water
by means of X-ray Diffraction’

Noburu TAKEMATSU**, Noboru OKAMI** and Tadayoshi SASAKI***

Abstract: A mineralogical examination of suspended matter in sea water was carried out by
means of X-ray diffraction. Samples are surface sea waters off the Fuji and the Kuji rivers
and surface and deep sea waters off the coastof Japan, fifteen samples in all. Kaolinite and
illite were dominant in suspended matter in sea water off the coast of Japan and chlorite and
montmorillonite were detected in suspended matter from coastal waters. Talc, kaolinite and

quartz were common in the Kuroshio Current.

1. Introduction

Studies on suspended matter in sea water are
important in connection with the distribution of
minor elements in sea water, their precipitation
mechanisms, optical properties of sea water and
so forth. ATKINS et al. (1954) observed under
microscope suspended matter from English Can-
nel and found clay, quartz, cordierite, kaolinite,
sponge spicules, mica (sericite), feldspar (ortho-
clase) and tourmaline.

GUNNERSON and EMERY (1962) found feld-
spar, quartz, biotite and small amounts of horn-
blende, muscovite and opaque minerals in sea
water from the San Pedro Basin, California.
Recently, by means of X-ray diffraction, ISHII
and ISHIKAWA (1964) detected feldspar, quartz,
calcite, clayey chlorite and kaolinite in suspended
matter in sea water off the east coast of Japan
and in the East China Sea.

The authors carried oat a mineralogical ex-
mination of suspended matter in sea water by
means of X-ray diffraction.

Samples are surface sea waters off the Fuji
and the Kuji rivers and surface and deep sea
waters off the coast of Japan.

2. Methods

120~60017 of sea water were filtered through
142 mm diameter HA-Millipore filter. The re-
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Physical and Chemical Research

sidue on the filter was washed several times with
distilled water to remove dissolved sea salts and
gathered into a beaker containing ca. 100 ml
distilled water with a nylon teeth brush. The
suspension was filtered again through 25 mm
diameter HA-Millipore filter. The residue on
the filter was applied to a sample plate for
X-ray diffraction and dried in the air. To dis-
tinguish among clay minerals following treat-
ments were carried out.
Glycerol treatment: Sample is kneaded into
paste with glycerol and applied to a sample
plate.
By this treatment, a reflection ca. 15 A of
montmorillonite shifts to ca. 18A.
Hydrochloric acid treatment: A test tube
containing sample and 6N hydrochloric acid
is placed in boiling water for an hour. Then
the sample is filtered, washed with distilled
water and applied to a sample plate.
By this treatment, chlorite is decomposed but
kaolinite is not and we can distinguish between
chlorite and kaolinite.

3. Results and discussion
1. Off the Fuji river

The location of sampling stations is shown in
Fig. 1. For reference, the suspended matter in
the Fuji river water was also examined. The
results of X-ray diffraction of samples from Stns.
A, B and C (the Fuji river water) were shown
in Figs. 2, 3 and 4 respectively.

1) Suspended matter in sea water collected

at Stn. A

1)
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Fig. The location of sampling stations off
the Fuji river.
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Fig. 2. X-ray diffraction patterns of suspended
matter in sea water from Stn. A.
(a) untreated (b) after treatment with glyce-
rol (c) after treatment with hydrochloric acid

The X-ray diffraction pattern of suspended
matter treated with hydrochloric acid (Fig. 2,
¢) shows that quartz (4.27 A, 3.35 A, 1.82 A),
feldspars (4.04-3.68 A, 3.21 A) and illite and/
or micas (10.05 A, 5.01 A, 4.51 A) are present.
Reflections of 9.40 A and 3.12 A are assigned
to talc. In the X-ray ‘diffraction pattern of
untreated suspended matter (Fig. 2, a), dif-
fraction peaks of 14.3 A, 10.05 A, 7.14 A,
5.01 A, 4.75 A and 3.55 A show the presence
of clay minerals. As a reflection of 14.3 A
does not shift after glycerol treatment (Fig.

2)

2, b), chlorite is present but montmorillonite
is absent. A reflection of 7.14 A after the
treatment of hydrochloric acid shows the pre-
sence of kaolinite. From the above results,
quartz, feldspars, talc, illite and/or micas,
chlorite and kaolinite were identified in surface
sea water from Stn. A.
2) Suspended matter in sea water collected
at Stn. B

From the X-ray diffraction pattern after
treatment with hydrochloric acid (Fig. 3, ¢),
the presence of quartz (4.27 A, 3.36 A, 1.82 4),
feldspars (6.42 A, 4.06-3.68 A, 3.21 A), and
illite and/or micas (10.05 A, 5.01 A, 4.51 A)
is confirmed. Reflections of 15.5 A, 10.05 A,
714 A, 501 A, 475A and 3.55A in the
untreated diffraction pattern (Fig. 3, a) show
the presence of clay minerals. A diffraction
peak that shifts to 18.4 A after glycerol treat-
ment (Fig. 3, b) is assigned to montmoril-
lonite. A reflection of 14.5 A after glycerol
treatment shows the presence of chlorite. As
a reflection of 7.14 A vanishes after hydro-
chloric acid treatment, kaolinite is absent in
the sample. From the above results, quartz,
feldspars, illite and/or micas, montmorillonite
and chlorite were found in suspended matter
in sea water from Stn. B.
3) Suspended matter in the Fuji river water
collected at Stn. C

The minerals identified were the same as

1554

18.4A <
10054
714k

14.5A

o

%G

! ,
10° 20 30
Cu-Ka 26

Fig. 3. X-ray diffraction patterns of suspended
matter in sea water from Stn. B.
(a) untreated (b) after treatment with glycerol
(c) after treatment with hydrochloric acid
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Fig. 4. X-ray diffraction patterns of suspended
matter in the Fuji river water from Stn. C.
(a) untreated (b) after treatment with glycerol
(¢) after treatment with hydrochloric acid
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those in sea water from Stn. B. (Fig. 4)
2. Off the Kuji river

The location of sampling stations is shown in
Fig. 5. For reference, the suspension portion
of sediment from Stn. B was also analyzed. The
results of X-ray diffraction are shown in Fig. 6.
In Fig. 6 (b), the X-ray diffraction of suspended
matter from Stn. B shows a high base line on
account of organic suspended matter but the
X-ray diffraction patterns of samples from Stns.
A, B and the suspension sediment are similar
to each other.
is largely influenced by the Kuji river. For

Therefore, the area investigated
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Fig. 6. X-ray diffraction patterns of suspended
matter In sea waters and suspension. sediment.
(1) Stn. A (2) Stn. B (8) suspension sediment
of Stn. B

T —ee- 7204

Fig. 7. X-ray diffraction patterns of suspended
matter from Stn. A.
(a) untreated (b) after treatment with glycerol
(c) after treatment with hydrochloric acid

example, the X-ray diffraction patterns from
Stn. A after various treatments are shown in
Fig. 7.

From the above results, the presence of quartz,
feldspars, illite and/or micas, montmorillonite,
chlorite and kaolinite was- ascertained.

3.. Off the coast of Japan

Fig. 8 shows sampling stations off the coast
of Japan.
composed of each 150/ sea water from the depths
of 100m and 500m and sample No. 6 is a

Sample No. 5 is a composite sample

C3)
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composite sample composed of each 1507 sea
water from the depths of 1,000 m and 1,500 m.

Others are surface sea waters. The results are
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Fig. 8. The location of sampling stations off

the coast of Japan.

shown in Fig. 9 and Table 1.

Kaolinite was found in all the samples, illite
‘a 7 samples and chlorite in 2 samples of 11
samples in all. Generally speaking, in suspended
matter in sea water off the coast of Japan,
Except for
coastal sea waters off the Fuji and the Kuji
rivers, montmorillonite is not found in suspended
matter in sea water. The authors do not know

kaolinite and illite were dominant.

Fig. 9.

X-ray diffraction patterns of suspended
matter in sea waters of sample Nos. 4, 5 and 6.

Table 1. Minerals identified in suspended matter in sea waters off the coast of Japan.

b, Location Date RCS G A it

1 {lgg:gfilg 29/ 7/1967 surface 400 T.K,Q

2 {lgé‘;g 6/ 4/1967 surface 120 1.K,Q

3 {&“fél; 23/ 7/1667 surface 600 T,K,Q

4 {lggggg 19/ 5/1967 surface 600 T,K,Q,F

5 {13‘7‘:22:%1 26/ 5/1967 100 }gg} LT,K,Q

6 {lg‘;ggi‘ 26/ 5/1967 1000 }gg} L T,K,Q

7 gﬁsljgaatii‘fhég‘;‘ 13/10/1967 surface 600 I, T,K,Q,G, Cal.

8 aﬁsﬁlga;fﬁfhé‘;‘; 28/ 6/1968 surface 200 C.I,T,K,Q,F

9 {lggi’gg 20/ 4/1969 surface 200 CITK,Q,F

10 {lggggg 11/ 3/1968 surface 200 ILT,K,Q

11 {lggig’g 16/ 8/1968 surface 200 K,Q

C: chlorite, T illite, T: tale, K: kaolinite,

Q: quartz, F: feldspar, G: gypsum, Cal: calcite.

C4)
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whether the reasons why montmorillonite is not
detected are due to masking by large amounts
of organic substance, low degree of crystallinity
or its smaller quantities in comparison with other
clay minerals. As far as minerals other than
clay minerals are concerned, quartz was found
in all the samples and feldspars in 3 samples.
The presence of talc was confirmed in 9 samples.

As large quantities of talc are used for the
filler of agricultural medicines and others, this
is one of artificial contaminations (Prof. Y.
MIYAKE, private communication). Calcite and
gypsum were detected in sample No. 7. There
is some possibility of their air borne dust origin
but it is more feasible that they were derived
from dissolved sea salts during the preparation
The results of the samples Nos.
5 and 6 show that there is little variation in
the mineral composition vertically. From the
distribution of minerals identified (Fig. 8), it
seems that talc, kaolinite and quartz are common
in the Kuroshio Current and illite and chlorite
are added to sea waters receiving the influence
of coastal waters.

of the sample.
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Mesure d’ultra-microséismes au fond océanique

Hideki SHIMAMURA, Toshi ASADA et Kenzo TAKANO

Résumé :

Un des moyens les plus importants pour vérifier ’hypothése de I’expansion du fond
océanique et la tectonique globale est la mesure séismique au fond océanique.

Nous avons

donc construit un séismographe, utilisable jusqu’a 8.000 m de profondeur, de faibles dimensions,
4 60 kg de poids et & 20/ de volume, qui permet d’enregistrer, d’une maniére analogique, sur

le ruban magnétique, les séismes de 5 sec a 100 Hz pendant 7 jours et demi

de 20 sec a4 25 Hz pendant un mois.

. ou les sdismes

Une mesure faite & la Mer du Japon en été de 1969 a donné des indications intéressantes,
dont une est Penregistrement de secousses considérées comme ultra-microséismes tout prés de

leurs sources séismiques.

Le dépouillement suggére que le & stress drop ) des sdismes au fond

océanique est beaucoup plus faible que celui des séismes au continent.
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Fig. 1. Tapetransport, sensor and crystal clock
of the ocean bottom seismograph. Amplifiers
and other electronics are also shown in this
figure. The frequency band of this seismo-

graph is from 0.2 to 100 Hz.

port runs for seven and a half days.

The tapetrans-

Capstan and head of the tapetransport.

Fig. 2.

Tape speed is 1 mm/sec. The capstan is driven

by a servocontrolled micromotor.
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Fig. 4.

and the epicenters of the large earthquakes
during 1850 and 1970.

Site of the ocean bottom seismograph
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Fig. 5.
occurred off East-south Kyushu. (30°32'N,
132°35'E, H=80 km, 1970 July 28, 22103™
15%.9)

Seismogram of the earthquake

B 9

FHDPHAR LIS L RRBL TV 3, i, 10Hz

ML@:H‘ﬁM@/ 4 X3, BELOBHNTY 5 &

B TEEEA b T KSR T MR RHT

5 (IFTAAED o4 Z2Pifits 2 30T
b b,

BHEISNICHED 5 b, BEOHEE

Dz Fig. 5

&

Seismograms of the microearthquakes.

Fig. 6.
The gain of the amplifier is shown in the figure.
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Fh#l- o i S hi,
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ETEL DT, Z0#H% Fig. 7, Fig. 8 127k 7,
I OBROREIY, TS NIEHO &2 HEH

ICIREN T B,

m% s

Record of the noise generated in the

Fig. 7.
buoy rope system.

Record of the noise generated

Fig. 8.
in the buoy rope system.

Signal is
also recorded on the channel for time

mark:

(1970); BILHEPEFAEE
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3%, MU AHRTH L, S Hl2Zz D
o 2H %, Fig. 9, Fig. 10 1287, V9N 3,
MOZo>D 7N —~TOBR LI, 50 LXH
THIENTE S,

COHOEHR R, bhbhIEEE, B km BN
DITFREEChd » PRI NIEE TH 2, LEA T
b, 12120, bhvb i P EE S ® o -oMds,
IR LGS, T ORYEOIEIE & Wk L sz
b OMUNBEES T F eI S el L < 6
&, SR B SRIKEIC D 2 Th B,

e —

Nearby microearthquake with S-P 1.8 sec.

Fig. 9.
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Fig. 10. Seismograms of microearthquakes whose
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PAFES h, MDD TE HOon A 2 L 5127 5 12e
Zhid, 5B» 5 100Hz o % 7 F180881 3
ZEWTE, FrPMEIZE 5 T202 & 25 Hz
ITOHEP 30 HRRM4 2 2 L 4 WEETH 2,
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YRR ENIZZ L TH Y, IH—2ld, ToRAM
KO ZED 5 TL 2 KOHEER & 2 bh 24
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DTHAI,

CTRICE Y, ThOD/NSRBEER L L,
HErE—TICL B4 REXBILIZ Y, R
UTe b4 21291203, iBIEMEE o BRI,

Fig. 12. Example of filtered seismogram.
The fourth trace shows that the band
width up to 10Hz is quite inadequate
for recording microearthquakes.
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BEB=A (1967): WEMEF. #HEB 20 @), 104-

107.

NAGUMO, S., H. KOBAYASHI and S. KORESAWA (1968):
Improvements of Ocean-Bottom Seismograph—
Construction of a Long-Life Magnetic Tape
Recorder. Bull. Earthq. Res. Inst., 46, 861-875.
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A Simple Tensiometer

Yoko KuBoucHl, Hideki SHIMAMURA and Kenzo TAKANO
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5 A B8E WIE (1970); HiLEEYAE

HE A ADHEENREE SN T ANBA, CE4AR
DFEF BB SN T A1 B, D OB 2 53flA
T B, ’f‘J;lmiITWXBLCBBU SNIPUDDNAE, 1
FRAMCIEH T S22k, £ 2B YiRD
T B, HaRISIGETHAMEZ3 v Th b,

RIGGFOBHERERRFERTHTIER O 7 4 27—
BRI E DI, BEAMA 254, BHFD
SHTEMA 2 1R L, £ 0542 1 mm/40kg

TH b,

3. BHEOFEF

RACERIC Ue 2S5 TR N2 0B BT, oh
D ORI WK OB, FEEERONEDT D
BEIEOR AN TN S D BB 5, £, 9%
DEEEDAAEZEZ DL, x B "FOMU. B A 2O
SERDTEE FANT RAEBE migEhzo
ATROES TN, (T T 2HER) HERITR
DX A,
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0.51 200
| -100
-
OO (mm) 01— 0

N T N TN S O\‘ 0.5{cm)

Fig. 1. Sketch of the tensiometer.

(cm)

0.5+

PlLLA ]
N\ _ '/'

7 0

' ! —P (kg)

) ‘\\ IHETEE N BRR AR 2 O O

G —" loo4 [ ﬂ
T

0 065 0.1 (sec)

P| B Fig. 3. An example of the computed response
. . of the spring to external forces which are
variable with time but constant in an interval

much shorter than the proper pcrlod of the
spring (0.02 sec).

S' / N Upper:' Tension' recorded’ on eylinder ,

Middle: Variation of thc strctch of the spung
with time,
Fig. 2. Transmission and recording cylinder. Lower: Variation, of external forces with time.
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N, 139°37'E, 820m, 10 H 8:50~10:20, 3m), iH
FEIRNTRNRYG, 19694 11 H6 U5 10 Ho 5 BT
bt

oA D 55, T3 (Fig. 5 (b) ) OitskldE]
ISR L 7ol o s 57z, T 25 T6 Ot
13, T3 2B TIHIZ Fig. 6 @ (D 5 (V) ITRT,
HERDIE LVEBRIRAS TREBVD, BEEEORRE D
WIS E BB Ui Rh o s (2l A,
B, DRt o TN IR~ B

Fig. 6 (D A: BEEESIE TS, B: ©CH0HI
EL (PR BEEDEROTIE 100kg), C: <58
HET S, D: PCOMHET 2, E: 9O BHRE
Bl 6 s,

i 15

Fig. 6 (AD A: X7 4 24K ks 55, B R 74
%4, Co EBli 742 T8 o — 7O

ENHD,

{cm) E (kg)

0.5 Tzoo
] \\\ oo
] \
0 0
0.5\ 1.0 (cm)
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0.59 {
i I ‘/\/\
= \ /
J / v \
_/\_// \\/ N //\\/\
0+ e A o
S
\/
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200 ) B
1001 R N S
0- — e SV S :ﬁﬁ
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Fig. 4. An example of the computed response of

the spring to external forces which are variable

with time but constant in an interval much

longer than the proper period of the spring

(0.02 sec).

Upper: Tension recorded on cylinder,

Middle: Variation of the stretch of the spring
with time,

Lower: Variation of external forces with time.

oA
LSNP |

(a) Stn.l
~i%

(b) Stn.2

SB SB I

R ﬂ c ’i

(d) Stn.4

(c) Stn.3

Fig. 5. Mooring system.
T1~T6: Tensiometer, C: Current meter, S:
Seismometer, T: Tripod, W: Water bottle,
L: Light, R: Radio buoy, SB: Surface buoy,
UB: Underwater buoy.
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Records at Stns. 1 to 4.

Fig. 6. V represent T1, T2, '1“4(,’ T6 and T5, respectively
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Distribution du phosphore dans les eaux profondes du Pacifique

—en relation avec la circulation profonde—

Hirozo YOSHIMURA

Résumé: L’auteur fait une révue de la recherche que 'on a portée ces derniéres années sur
la distribution du phosphore dans les eaux profondes du Pacifique. Voici yuelques remarques:
1° Le phosphate préformé dans les eaux profondes du Pacifique est distribué uniformément
selon le coefficient 4P/40 (Y. SUGIURA et H. YOSHIMURA, 1964).

2° La distribution des phosphores organiques dans les eaux profondes du Pacifique montre
Pexistence de deux maximums, 1’'un dans la région subantarctique et l'autre dans la région
équatoriale du Nord. 3° Le résultat de la compagne du Hakuho-maru KH 68 4 suggére que
les eaux profondes subantarctiques se plongent vers le Nord.
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Table 1. Ratios of the elements present in plankton and those involved in the oxidation
of organic matter in sea water.
by atom
Authors C N P O B )
FLEMING (1940) 103 16.5 1 z
108 15.5 1 P
106 16 1 276
HARRIS and RILEY (1956) 16 1 P
24 1 Z
OMORI (1969) 4-10 1 - z
SUGIURA and YOSHIMURA (1964, 1967) 100 1 272 North Pacific
MIYAKE and SUGIURA (1966) 1 272 Indian Ocean
RICHARDS (1958) (103) 16 1 270 West Atlantic
STEFANSSON (1968) (110> 14.3 1 276 North Atlantic
P: phyto-plankton, Z: zoo-plankton, (): calc’d
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W) VvoF—2%R5ERIRD IS5 EMET 2,000m DL
FEOERBTHZDEVWERY) Y2350, 208t Er
WAAIWHERPRORERENRD D L3bh- TE
TWad, KL, HEMBARBIEL OIS EEWS
BHOLVHEETLAS TWEWD T, FhnET FTk
TOVWELIERICONL BN, Lrd, TOHEE) VO&
L UT 2,000 m A7 T 1 pg-at/l H 5 0WIEFNAEHICH
2BHEVWS XD ET, BB EZETHER S TEL
WL TR, £33 W0WHEREYHITHI DN ER
> Tnb,

INE (BB KR) S OFTICEES 55, BBY YoFEO
REABIEATI ET 2 OoNTEDEENRKE LD
EWNWH T EHRATAFTRR LA, BIC0BMNITY%
POEEREREL LS TWD, ZOHEMENS DI |
HEOMBEEZ TWBDN,

EHR MECEREZES L b0t iz E 2 Tn
Do =N ITENKEDT T VI b Tlon &3
L DRIEBEFTELEWTEAI NS T Ry —
ARV ITENWS LSRN S TIERSD
NTETWS, BT v/ bvenisars s b
VIRERHWERCOBRINTLES, /- T, EBrE
THEIRBOENEORENVAKTEL NS & T
BB, EC LU THRLIADEIC LD - 72k 5 ICFEHRO
JHAONCTFEDMNIATH 7 7 v AQBHAIME Xk -
T2—nI VTS WRILLZAENRTH D, Fhit
FIARW—HETE ) RV T WA ) VA 4

VENKBHEDOEALIC Thb0bE LIk 5T
PRI AR ERICE A R KO FREHEO 7
MEDWMNICTE S TWBDT, $TIRAXAETI VI b

YT BAKEL T, FRHB—RDKDREE L3RI
TEELTERTNDENS 55 CEZ D,

i EAEIADEBICEEZ L TEILLESR,
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Iy VIR 01N OHERTHMHIET BT ongn
DI T, BRLZOFEFHIE > TETDI VD TR NA
LEZ D, REEDEHREIELOZ LA VP IEDNWT
RERIEEA LD TORNDTIEFICHIE S &I
BHLEIHR, BEESWE HORERICHTEE
TR I/BHEEIE- TWd, EKRFLCONTZ, Fh
BERELSEB->TWRWEWSI LAk bbb, ES
X HDEBYONRCERD DI LIZLAE 2 bhb
2%, B —DRMEIACHEL TN D &7,
BB T L1 DL CRAERYE T DRTE D@
ERARDLENWI LS5 L E2EZ2 bR L, Tk
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JVDTRZVWNEEIELBRILOADFHNT N, &
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RO ERH B EE - T 5B,

(26)



DA v VN 27

2. BRUEOEYHEN X T HED ORE
S X E

Role du micro-organismes dans la chaine alimentaire de la mer profonde

Humitake SEKI

Résumé: ILe micro-organisme est uniformément distribué dans les eaux profondes. Sa densité
est de 0,05 & 10 #gC/l. La comparaison de celle-ci avec la densité de la matiére organique en
suspension (10~50 #gC/L) et la densité de la matiére organique dissoute (200~800 pgC/l) dans
les eaux profondes indique que le micro-organisme y joue un rdle quantitativement plus
important dans la chaine alimentaire que dans les eaux de surface. Nous parlons de divers
éléments qui affectent la chaine alimentaire dans les eaux profondes.

LTWb, 37bbh, BRIk 3 ayfic /o 3#
1. FBIHSTIHERLHBERLOBRK H M(D& i, MECHITMEENARETHLEEZD
1962 4, VINOGRADOV WREGEMWIT 7 v 7 b v O f 3
HICBE T BN BB ARR Ui, ThICKUE, i
BEOHYHITIC N A #H Y (carnivorous animals; 2. FEMEVMOER
Coelenterata, Decapoda, Amphipoda, Chaetognatha, LBOEA, WEH/EY (marine microorganisms)
Mysidacea, Copepoda, Euphausia etc.) {2k » T LBIL#EDF /77 7 b ¥ (nanoplankton) DT ET
BATNGY, BRBREEDHZTELERKboE %0 DUSSART (1965) ORI &L, 1RO T/ 7
BT kv ARRT ST 4 h—T 4 — & — (filter sy vz e2p Pl FOO vy 53+ /7500 by
feeders; Pteropoda, Copepoda, Mysidacea etc.) & (ultrananoplankton) & 2~20 1 OKEDF /7727
BESEEDTO B, 2 LT, EERCREOF Y 2 PV EEATENL,
28l (detritus eaters; Ostracoda etc.) 13 i ZOoBELL (1964), Kriss (1963), Woon (1967) “ic
Blre CORER, EHOEEAY (benthos) iz 4 ANSNTOBIML, REOI V7S /T 727 by
EFV) A RB Y THIOLMRHTH S, 55 PRSAZRBHIATS 2 Lk —)

I, FEOEENAYRLGRIOWRYE TRk TFEEoT 20100 ORGEESD o flagellates 75
W, BYOTEREREBHICH D AREMSRI 2y OTETIORETEAICR ) ShTH) (BerNARD,
HEHTIHPBHEOAYESEAHA L L 5 &9 5 K 1963; FOURNIER, 1966; POMEROY and JOHANNES,
“ladder of migrations” (Fig. 1) AZRE U/, COW 1968), 4 HEM GRCHRD PHOBEHYEE S
WA, WIS RO g CRIBEERICEY 2T ORBIEA R S WA s
THOWAE (prey) & LTOMEN, Hnakny P8

FAET LR,

#ﬁIMMMLQ%ImM%Q]@mMWNQ%@

HoPigic L, B EAEOTERYE T Y 2 2%
HMELTED, I’iﬁi’l%& BEZONTHLLOEH AR

EoRMEEDOENICE 5T, 71 ) 2 2ELBITER

3. FBEBOHMENME

VINOGRADOV (1962) 43I J 2/ o &# s LT
DR OBIUL, NGO RERER 7 1 v s —7 4
—F— DX ET HICRBEVICETE L &I

) KL Td,
* /ﬁd\j( (ﬁ(T E Ju@r (,)cean Research Institute, Iﬂﬁ’ (Ilﬁ{\f@?ﬂ’)’( ,Vk l[’ﬂ m 2 Qﬁu rﬂ T, ]‘E }% *ﬁ @E DL‘
University of Tokyo (Kriss, 1963), L2y J7 ik (HoLM-ITANSEN and
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Fig. 1. Scheme of vertical migrations of the
deep-sea plankton.

1. Migrations of the surface species.

2. Migrations extending over the surface and transi-
tion zone.

3. Migrations extending over the surface, transition
and upper layers’ deep-sea zones.

4. Migrations extending over transition and part of
the deep-sea zone.

5. Migrations within the whole deep-sea zone.

6. Irregular migrations of some species extending
through the whole water column.

7. Range of distribution of ultraabyssal animals.

To the left: variations of the plankton abundance

with increasing depth (frequency of points in each

layer is proportional to the biomass of the plankton).

(VINOGRADOV, 1962)

Table 1. Microbial

BOOTH, 1966) , AR AL (SEKI, 1969) MEKIC
Hobn T, CNHOFHETHES B EBOM/E
Y%, Table 1 DE O TH 5, #EAKPD DNA NS
OHEBPIAD T — 213, DI - UAEBREARL
Tl b BIKEEDBHZEACDPBAEYOEEZET S E 5
(SEKI and ROBINSON, 1969) C tA&FBREITNIL, A
SHIFES X G ATP TR, B X 0 ECEYREAH
ELTWBECEEZZ LN, 7. BHEhOZ oHAs
s KBUEEY, (aggregate) NMIKERT B EAER
(JONES and JANNASCH, 1959) §#U2, EHEBREET
A ORESAETH 200, COHETHRES
NIEYESBOFHEIN TN EENS %5, —JF, DNA
ETWE SN BAEYERZ. FERCEE S BEEY
BB I DPCPDBOEREEEL T AT ERHD
T, WAEBBRBIFHISNTHWE30EEL SNTH
%o

Tk, A RPMEFRTEA DO, HIPS B
Tk g (Dr. K. GUNDERSEN, personal communi-
cation) DX HEEEEMOTEYEOAEHEBES L
A ESNRETH L7, Table 1 OFERL OHELE T
W, BHOMI R MR TRAE—THD 10-
0.05 pg C/l DHPERICED DL SO EHEIEN 5,

—77, BRI & A S BRI AE U TAEREL
T b, BB Tk, PARsONs (1963),
PER (1966) OEMZEHRHRD 5, kUL, BiE
ORBEABYOIER, 50pgC/lRTTH b, Fi,
MENZEL and GOERING (1966) D#Eal5r7sHioEic &
U, WEEOFEE L ERTE, TR, BiniieEg
HEDONT, BB RYIEE LS L C1520 pgC/L %
TS (Fig. 20 T RBOREM DHERT L, Wik
B OREREEH RYEER 10-50 pg C/1 »EER
BEEEZ LN, THLE, FEOCERESL BHO
0.1~100 % DM TH %,

biomass in deep sea.

Microbial biomass

. Depth
15C/D Location (m)

Method References

0.05-0.2 Northwestern Pacific Ocean 500-9,000

0.01-0.2  Central Pacific Ocean 500-2,000
0.1 -2 California Coast 500-1,000
8 25 California Coast 500-3,000

0.05-1 North Atlantic & Southeast 200-800
Pacific Oceans
0.04-4 North Pacific Ocean 500-3,000

Direct microscopy  KRiss (1963)

Direct microscopy  SOROKIN (1963)

ATP measurement HOIM-HANSEN and BooTH (1966)
DNA measurement HOLM-HANSEN et al. (1968)

Respiration POMEROY and JOHANNES (1968) &
SEKT (1969)
Glucose uptake SEKI (1967 unpublished) & SEKI

and KENNEDY (1969)
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Table 2.

D27 RN

Dissolved organic matter in deep

29

sea.

Dissolved organic

carbon (pgC/D)

Location

Depth (m) References

200-600 North Atlantic Ocean 200-4,000 Duursma (1961)
400-600 California Coast 200-1,300 HOLM-HANSEN et al. (1966)
400-800 Tropical Atlantic & Pacific Oceans 200-4,000 MENZEL (1966)
' . ' i i Table 3. Organic matter® in oceans.
200 A . B8 J Fraction Euphotic  Aphotic
zone zone
a00}- - — -
\ : Soluble organic matter®* 100 50
eoop ! 7 Particulate detritus 10 2
800 |- / . Phytoplankton 2 -
1000k x Zooplankton 0.2 0
2podh | ) Fish 0.002 ?
. J Bacteria and allied microorganisms 0. 2 0
3000+
— apool- * Relative scale based on 100 for the amount of
§ soluble organic matter in the euphotic zone.
2 apoor ) 1 ** Average value of about 1,000 mgC/m?®.
E FEEALD, FERhOBRBEERYONS % 5D b,
Q 200} C yev-4 D — ) S &)
g ol e PIEOERZS LICLT, BEITET 2 ARG OFE
600]- T ] S AR LT, ERBABIC ST 5 MK (PARSONS,
ook . 1963; [, 1969) & HER L it %, Table 810139 &
1000k I . | BRUEBOES LOBEE, MK OLH ﬁ&%;@«m
2000} P S | Uiff# (predator) BT 2 AR LRI
3000} Ao s 4 nEN, 0.2 £1TH%, LrL, l&zﬁj%ﬁ&%qi i
4000 o 26 36 o 20 30 IHEHEEL. BEETEOTNIC2% RETH 5 DIC
PARTICULATE CARBON (pg/diter) xﬁ LT BETRS5% 205D Tnb, 74hbb, Wi
Fig. 2. The vertical distribution of particulate B A OgEF L LTOREE, BNICEEME
organic carbon in the central North Atlantic BRI TN G 2 &IOS MIZ T,
Ocean. Numbers at each depth indicate the
number of samples the range (x) and meailf (,.) L EEMEMORESEHE
are based upon. A. Caribbean Sea. 13°35'N o kS B AL L | T £ 7 7
lat, 67°04'W long. Atlantis II, Cruise 14, WA B OB & L TR 605 ©
November 1964. B. Tropical Atlantic Ocean. L, B ORI I O ERENATE ER OV
5-20°N lat, 50-60°W long. Atlantis II, Cruise BEINDIRINE CAEN o7 (ZOBELL, 1946; Kus-
14, October-November 1_964' ¢ ?ubtmpmal NEZOW, 1959; RODINA, 1963; SEKI. 1964; NEWELL,
Atlantic Ocean. 22-36°N lat, 65°W long. RV e ) ) s 1968:
Chain, Cruise 24, April 1962. D. Tropical 1965; [, 1966; SEKI, SKELDING and PARSONS, 1968;
Atlantic Ocean. 5-20°N lat, 50-60°W long. HAMILTON and PRESLAN, 1969 a and b).
RV Chain, Cruise 48, May-June 1965. BAIER (1935) 13, HIEHGSIYMA =20 b e 51T
ITEN7E O 3. 196
(MENZEL and GOERING, 1966) SELTOS, TEbb,
B OBERTRY & LT 200~800 pg C/1 A8 mERl 1. BYOHENIRIVETEIED
EIND (Table 2. BFT2RIBERBYOIZEALER EEAEOME/HETY
ﬁifﬁﬁ@)h BETHEINIS DL OREEZEL 2. AW EPOCHi S U TR 255 DB A& 1A
THEBICHEINI S DITENIT 0, T5HD

VINOGRADOV (1962) OEHENIC XL, 200~6,000 m
DOYEE 1 EH A M0 148g DB T 5 7 b v EDS
HHET b, $bb, @REBEZEHLT1.0pgC/LO

Rotifera, ciliates, flagellates, Nematodes, Tubifi-
cidae, Chironomidae

3 BERICHELTOSMEAMAET 550
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ostracodes, copepods, amoebae, snails
T OHLD, BIRAEEDO BRI S 55
FEEDCOOTH BRSNS,

F—D#iBw KA LMEAOBELSHLHE L
LIGHTHART (1969) DEKHIHIICHS 5, JLRFE
DEBMS 1,520m OFEBET, WEH QB4 BY
(flagellates, ciliate, sarcodinoids) R CEHL T
%, HAMILTON and PRESLAN (1969 a and b) {3,
WEERRASYAZ v 7 rv=7TH? 385m O #h
POSEEL, HMEALWHELOMRZYEREH LS
ZRHCTHRE LTS, RIEKED S8 LB % H
WIS b REEONTTE (SEKI, 1966) & & F 8T
LR, OB w I ICA DB 3 A,
BB ORI U2 EBRTRITHEbA TN S
SDEEZL LN D, TR, KEOES, BEEOKAY
M—2OEEG I A UT, RIS O/ RERA R
LTt 5 (RODINA, 1963; POMEROY and JOHANNES,
1968; [}, 1969),

Z i, BIERADE KERBYOBERE LT, BE
PIOIEEYESSOF 7 ) A &I 8 T Zo#ibe 9
KAZECHAEENS, COEA, BAEYIZEBRRXE
BELUTEHHCANON IR PD TR, KEBREYO
JERIC I - Tl % (SHELDON, EVELYN and PAR-
SONS, 1967; PARSONS and SEKI, 1969), —J), £3(
DIFFEIC & - T, RARDEEEA Y O L D
YR ROETEB Y ORBEY: FEETH L2 L0
T&N7 (MULLIN, 1963; PARSONS, LEBRASSEUR

>

and FULTON, 1967; PANFENHOFER and STRICKLAND,
1969), % ik, HIBKPERICII AL BB ETB
YRBETH - T dREEEYDILKIEHIZHETY DR
R E FREEICENTELEMMTEDL, COE
R, BB 72O N 5 T 32 v ¥ —80 fhsEih
SHRBECEDTELZT A NVF—BIDSIELICLUTAE
WEW D EERIHEROFFE (CONOVER, 1968) Z#f < #
ERABPB LN, £DO—Fl& LT, [E/LE (assimi-
lation efficiency) % 80 % & L7c0 Calanus & ERIE
B L ofRERT (Fig. 3),
HEEARYOREETH LT b Y 2 23, AL
et b OnE { (MENZEL and GOERING, 1966), &
BHREICHR SN 5 & BMAEGE SO AP ECHLE
N3&5 BAIER 3 (1935) 03db %, T DL, #Ek
DOBREFEPEMO ERMNE LI K 2W5CHER (BAIER,
1935; ZOBELL and FELTHAM, 1938; WooD, 1965)
A<, (LB HIEIC & 2PELEE (NEWELL, 1965,

S OCEANIC EUPHOTIC "AVERAGE"

Fig. 3. Approximate standing stock of particulate
carbon required by different sized zooplankton
at 5 and 10°C and at growth rates of 0.7 and
7 % per day. (PARSONS and SEKI, 1969)

SEKT, 1969 7 6  RBEE LRAECAHE SN T 5,

fiEDOHEM (Oncorhynchus keta) T Z b, IBARKRE

o oA LT fiERh DBEY B L 2284, EO

WML A 80 % VI ESTHLT 2 & 0 ) flniElse s 1

Tuv5 (SEKI, 1969),

5. f& W
BRI B B E OB CF — 2 2T, —
SEYEEAER U Chl, BBERRIIBNT, &H

B C L 3MBEE S HEEL ORI ET 1y M5,
RIEKIICHANTRPRZEEUIETHSH D, TOWHE
WL, HRELLTOEY T 57 b vOEFERS 5
BEF SN IER B0, 72 &2, Calanus plum-
chrus % Calanus cristatus )5 copepodite V THEfilA
W, FERS 1,000~2,000m DT THINL
BT BEMEAD T A —HHAOBIE S, WLk h
SDYHISREEREITINNGER O EBICR S T AL ¥
— DB (BRODSKY, 1938; BEKLEMISHEV, 1954;
OMORI and TANAKA, 1967) & D /55 v 2123 AHF
FR L, AHROBEERIREL S5, COERTOREY
FLBER, 7707 P UvRREG SEBNERE T
LB I REHYOMAIEMN & & b, 1RGP EE~
MESNLIREIGBETH 5,

7, BMT 5 v o r vk BilEKTAOBERB DY
W (JOHANNES and WEBB, 1965) &, #9757 + v
Ik AIBFREARY OB ENSEINOEE (STEPHENS,
1968) &1, BYREEHART 4 L TEERLSTAER
LIWIETS 5,

BRI, WEOMEYDITIL S RBREEEIC X 21K
Yk pe (SEKI and ZOBELL, 1967) &, &¥Ei4tHd
% Fip DFERTAICIHAERE L CRE S NET LR S
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Nouvel essai de la mesure du courant marin

Seiichi WATANABE, Tadayoshi SASAKI et Moriyoshi OKAZAKI

Résumé: Nous avons construit un courantométre pour étudier le courant tout prés du fond.
Le principe est d’obtenir la vitesse du courant a partir de la déviation de la position d’une
balle poussée par le courant et prise en photo, comme nous en avons parlé a des colloques
précédents. Des améliorations sont portées pour enregistrer les fluctuations de la vitesse &
courtes périodes, allonger la période de mesure, faciliter le dépouillement des photos et installer
Pappareil de photo vertical sur le fond en pente. La précision de mesure est discutée.
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1 1 l 1 1 34030-

139° 140°
Fig. 1. Location of 25 hours observation, 35°05'N,
139°22'E, depth of 1,340 m.

Fig. 2. An example of photographic records
obtained during 25 hours observation.
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Fig. 3. Plot of variations of current velocity
and direction with time elapsed.
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Fig. 4. A hodograph of observed yalues. Steady
current: direction, 231°; velocity, 1.3 cm/sec.
FHAEHTH 2D CBRNVIRTORASCET L &
MT&IH, WA EERIFRANBH Uil TE s

o :

Fig. 3 129 11 12050 1011 123 T, 1 W&
DREMAT B » b LIz bOTh Ho 15KOIZITELEY
DT, WT DI UNREMARERT 5 SN T
ST DT, BICRTHAOR, #ILmR 5 O M98 ik
DOME L SDTH b, L, H DRl ZRMlEEon
FH 26 km- OMARGE DT A R, MaAlEl.6cm/
sec 5 8.1cm/sec FTOEMH 508, MAE(LE
FIRRICHIY I B o s BER A o, Fig. 413
BISH DN 7+ VEIERINA 725 DT, SHEDFIMIZE
WORIAAZ, M EORNKEZR#EER L, € OHI
231°, 1.3cm/sec ThH b, TOMICHENTH WY & DY)
ST RSN, BRI, 5~7, 8
10~11, 16 B THMIRAE LB LTHRELW L -7
%22 BT 3, 2 LT, WIHAS (BT 5 & &
DOFBIT/NE W,

T & OWE A HVE, FEALmpk s ic Bl TR B &
C1HBEY 1/12 HEE THIT L7ckiE% Table 1 &
LU Fig. 5, 6 LR d, 72, HABIUEHFEOREN
EHHEBE LAMED & ¥ 5 7% Fig. 7 KT,
i@b’ﬁ;;‘%HaiEEbiﬁb, RAFEBAOD T, Wy
1,340m DEBEIL BNT I ZBBHEWEEL LT 3,
H % KO 1 BRI S TSR T 75 b
K& IR HRIE A o 72 I OIRB O RN A TELET 205,
Z MBI OB BIC X 2 I CERIER 0 4 v
< VB LB BRBEBA TSSO LIRS NG, G-
T, EBROEM S IELFICH LM 2720,

(42)



Table 1.

Component ! u oo
e ool | Time lag| Mo \Tlme Iag
cSutreridn}‘; ‘ —0.858 ‘ —‘ ‘ —0. 638 B
Diurnal 1.821 " 167 1.725 175
1/2 1.709 117 1.070 50
1/3 0. 857 187 1.535 356
1/4 0. 808 38 1.617 146
1/5 0. 568 146 0. 866 138
1/6 1. 408 140 1.190 159
1/7 0.215 178 1. 476 165
1/8 1. 031 352 0.928 | 175
1/9 1.382 31 1.084 132
1/10 0.715 179 0.888 | 184
1/11 0. 290 23 | 0.228 | 10
/12 | 0.475 — | 0254 | —

u component (Vsin®)
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Fig. 5. East-westward component of current
velocity.
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Fig. 6. North-southward component of current
velocity.
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Fig. 7. Current elipse and composed hodograph.
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improved current meter.

Diagram of general arrangement of
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Fig. 9.

The improved current meter before
it is lowered.
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Fig. 10. An example of photographic records
showing no current. Pendulum coincides with
the Y-shape point and images of the  timer,
compass and concentric circles are not blurred.

Fig. 11.
taken on the sea floor 115 m deep.

An example of photographic records
Pendulum
images are widely distributed owing to turbu-
lent flow. Average current velocity is 10.3- 2.2
/sec, 83°+17°.
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An example of photographic records
in case of the deflection of pendulum is
small 'owing to weak current.

Fig. 12.

The current
velocity is 6.243.5 cm/sec, the deviation
of which exceeds 50 %.
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Fig. 13. Calibration curves showing the deflection
of current velocity and tan @ of deflection angle
ol pendulum.
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Table 2.
Time | Velocity Direction
e | (em/sec) ~ (degree)
99h Om - .. 17.2:0.8 |  150+3
20 m 126414 | 148%2.5
4HOm | 16.3:2.8 ‘ 160 =2
23h Om 13.5-2.4 153+1.5
‘ 20m 9.141.0 165+ 6

Fig: 14. Some examples of photo-
§. graphic records of bottom current
with 20 minutes intervals obtained
at sea floor 900 m deep. The
instrument inclined southward by
4 degrees, velocity and direction of
each record are shown in Table 2.
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Quelques exemples de océanisation
—en relation avec l'origine du bassin de Shikoku et Philippine—

Hitoshi AOKI

Résumé: Le bassin de Shikoku et Philippine a été formé par le processus de 1'océanisation.
Quelques roches de I’¢re tertiaire 4 Darche d’Izu-Bonins-Mariannais sont des produits de ce
processus encore avancé par la refonte, 'accumulation et l’action montante, alors que des

roches de ’age récente & cette arche sont en train de se lever vers le haut sans effet de

I’océanisation de la croite continentale.
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Sédiment & de grandes profondeurs

—sa distribution zonée—

Masao INOUE

Résumé: Une des particularités du sédiment & de grandes profondeurs est sa distribution zonée,
perpendiculaire & la méridienne. Par exemple, la distribution du sédiment silicieux parait
suggérer le mouvement général de Peau et le climat au moment de la sédimentation. Celle de
l'argile originaire de continents réfléchit la distribution zonée sur les continents. Les facteurs
comme composition granulométrique, distance et profondeur du transport, courant marin, vent,
etc. qui perturbent la distribution zonée sont énumérés.

CREKDREFEHOBZE~OMfBICa Yy fo—rah
EADE Do TNWALEBRWERE RO SO KPFEKORERN
WA ORI BT B U O 5575 % B 72 & & ICLD TEERROMBITHET DT B, 2OW 1 RAEHE T

QT &t ZOAAINEIIT R ORI I ST 75 Sk 4 7 %D,%>~0dm%§tﬁ)‘”tﬁ56ﬁmwﬁ
AT ECEThb, Libpd, BIZFREEITEATHILI HETHT ~ﬁ MRS R & U < kS
Mbdvﬂmmf*écbﬁmbbﬂfbao%@fﬁ ”ﬁﬁﬁ WH 5o ZNICK UEHERE CIRRFERIED TS
ENRRED ERB KO REKOF S TRE P EEL “ﬁﬁbw@wo

L. TTCUELDAL L - TRRSNT &I, 2hd HYPTRTH LR DBRBE AN Y T 2 ORE S 57275
SONHLDNABHEL TOMR TS0, 1< VI EVYAREL ST IV I U TH D, HH

RELBEOZHD ATFEKOB & OEBAEL 2 O T ERETLEDEUTHAR, REORELLTRY A
. FBICESOBELE 2 OBBAMFEYNRED L H I BB IUBERAD T L ENBTE b, AR
LEDTOEDAEMB T ETHS D, FOBFAEE - = 7o Uip il RBEran URPERDMH A X (R 2 &0 Z
Vo lc B A BT 2 BBl EA LT < £Do ETAWREEAN Y AOFIHMD L HICHEX
WBEB Bo 4,000~4,500m £ Z 2 5REIETIRAER L THES 50,
REIFAULHERE 2 RS B NS, Bl - i - ORI D SHBYTORM v v 9 LED
KILTE « FHRE - (/LS ST s, 209 BA P RIS LIFE L T B & & 04 filc &
55 L O RAKDMEE BRI K U L2 & HERR IR & R0 L IKBEOEBEAE K E 1T TR A4 IS 12
LTRRICHR S 1 2 OREMEWE TS 5. FEM. LehioT, WGBTS 2 /oI iR
BRI B0 T EERE & D B O 5 45k Behn oo B S SHHEBRIRESE WL 2, —F,
Di2o &Y HBIGERA 2 RS KERICsT Y AOBIRERICREAR TR K00, HER
R IC =D QMR B OB NS e B (L Wiz, HERYh TONmAER S DI HE TS B,
A - BRI, U ciRaEREO — e
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&5 EoOm/LE s DRI & $ o T
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MR B ZIEEVE > ) A * O 171 IR
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LT 201, BBl LT % v ) 523k

* LUK 8 PF B %8 F Ocean Research Institute, HTHY, e U TOLEE KBS N D AEH
University of Tokyo LI2DTH D,
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Fig. 1.
surface layer of bottom sediments (in %
of dried sediment). (LISITSIN, 1966a)

Distribution of amorphous silica in

Fig. 2.
ments of northern part of the Pacific (in %
of dried sediment). (LISITSIN, 1966a)

1:1 to 5; 2:5 to 10; 3:10 to 30; 4:30<
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Distribution of amorphous silica in sedi-
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Fig. 3.

Distribution of amorphous silica in sus-
pension of surface water (0-5m) (in % of
dried matter). (LISITSIN and BOGDANGV, 1968)
1:0.5>; 2:05t01; 3:1 to 5; 4:5 to 10; 5:10
to 30; 6:30<
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Fig. 4. Position of siliceous belt in South ocean

(in Indian ocean) and climatic zonality of sedi-
ments in Quaternary Era. (LISITSIN, 1966b)

1: iceberg sediments; 2: diatomaceous sedi-

ments; 3: foraminifera sediments; AK: an-

tarctic convergence; present position of zone
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Distribution of chlorite in fine pelitic fraction of bottom sediments (in %). (RATEEV etc., 1968)
Figures in circles: sum of solid stock from continents (in million ton);
amount of solid stock supplied by large rivers

arrows: direction and
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Fig. 6. Distribution of illite in fine pelitic fraction of bottom sediments (in %). (RATEEV etc., 1968)
Marks are similar to Fig. 5.
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Fig. 7. Distribution of montmorillonite in fine pelitic fraction of bottom sediments (in %).
(RATEEV etc., 1968) Marks are similar to Fig. 5.
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Fig. 8.

Basic lithologic facies types of pelagic
clay in the Pacific. (SKORNYAKOV and MUR-
DMAA, 1968)

1: pelagic clay unclassified;

2: pelagic clay of

transitional type; 3: eupelagic clay; 4: zeo-

litic clay
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Fig. 9. Distribution of organic carbon (in %).
(BEZRUKGV, 1960)
1:0.5>; 2:0.5 to 0.75;

3:0.75 to 1.0; 4:1.0<
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Fig. 10. Thickness of oxidated layer (in cm).
(BEZRUKOV, 1960)
1:0 to 5; 2:5 to 10; 3:10 to 20; 4:20 to 50;
50 to 100; 6:100<C
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Exploiting the Ocean by. ..

Tl SIKI
OCEANOGRAPHIC
INSTRUMENTS

REPRESENTATIVE GROUPS OF INSTRUMENTS AND SYSTEMS.

This company, manufacturing under the T 8 K label has been developing and
supplying oceanographic and limnological instrumentation since 1928. Recognized as
a world leader in marine instrumentation, TSK strives to always furnish products of
the highest quality and best workmanship.

T.S—OCEANOGRAPHIC WINCHES
. S—CURRENT METERS
.S—WATER BOTTLES
.S—BOTTOM SAMPLERS

. S—BIOLOGICAL APPARATUS
.S—DEPTH METERS AND RECORDERS

. S—TENSION METERS, CABLE-ANGLE-METERS

T

T

T

T

T

T

T. S—SALINOMETERS (El, E2, E3).
T.S—S. T. D. MEASURING SYSTEM
T.S—BATHYTHERMOGRAPHS
T.S—X. B. T.

T. S—SHIP LOGS

T.S—TIDE GAUGES

T

.S—VARIOUS EQUIPMENTS. (Bottom Finding Pinger),

(Submarine illuminance meter)

THE TSURUMI PRECISION INSTRUMENTS CO., LTD.
1506 Tsurumi-cho Tsurumi-ku, Yokohama, Japan
CABLE ADDRESS
TSURUMISEIKI Yokohama

TELEPHONE
Yokohama 521-5252~5
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REVERSING THERMOMETER

Protected

Unprotected

Patented parallax-free back scale, opal glass

back sheath enable precise measurements.
Write for detadils

KYS -YOSh ino Keiki CO. Standard Thermometer

Precise Thermometer
1.14, NISHIGAHARA KITA-KU Mercury Barometer

TOKYO JAPAN Hydrometer

AuTo-LAB INDUCTIVE SALINOMETER

#—-21+359U+ C.S.I.LR.O.» BROWN K¢
HAMON MJU:J ST S NI, A—-271
R LRI IIY ) U HSE Sh i gs )
Tt B

RIEEE - EIEEMIL 27.8~4200 S

(B X b 0~42%0 S [ fE)
B E : 0.0004%.
B : +0.003%S
FREXE : 55cc
p|
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HEBESH ¢+ BRK2BW
F : 30x68x50cm
iE B : 32kg

E
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Direct-Reading Current &
Direction Meter

Nodel Products

. KM-2: Direct Reading Knot-Meter for Trawl-
- ’ Boats to Control Adequate Speed
[1-5 : Electric Meter of Water Temperature

Catalogues are to be sent EtT-5: Electric Conduction and Temperature
immediately upon receipt of Meter for Chlorine
your order products

TOHO DENTAN CO. LTD.

Office: 1-8-9, Miyamae, Suginami-Ku, Tokyo. Tgl. Tokyo(OS)'334—3451~3_

ENSURE

Safety
with

Koden Radio Navigation Instruments

Radio Direction Finder
Loran Receiver

Echo Sounder

Fish Finder

Facsimile Receiver

Morse Teletype Converter
Morse Code Selector

O Koden Eloctionies Co. L1d,

Bearing Indication of Radio Direction Finder

10-45, Kamiosaki 2-chome, Shinagawa-ku, Tokyo, Japan

Tel: Tokyo 441-1131

Cable Address: "KOELEC TOKYO"
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