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Evidences of an Intense Upwelling at the Equator”

Koji HIDAKA**

Résumé:
dinairement intense a ’équateur.

L’auteur présente trois évidences théoriques qui suggérent une remontée extraor-
P
Sa vitesse est de 1'ordre de 0,1 cm/sec ou plus a I’équateur alors

qu’elle a été évaluée de l'ordre de 0,00lcm/sec ou encore moins au voisinage immédiat de

Péquateur.

1. Introduction

The motion of sea water always shows some
dynamical singularities at the equator, probably
because the Coriolis parameter vanishes there.
The exact agreement in the location of the
equatorial undercurrent with the equator itself
is of course one of the most striking dynamical
features peculiar to the equator.

In the present paper, the author would like
to suggest, from several theoretical evidences,
that an intense upwelling might exist at the
equator as another of the salient features
peculiar to the equator.

The magnitude of the vertical flows has so
far been estimated at 10 3cm/sec or one meter
per day, or less. However, if we derive the
velocity of equatorial upwelling from the hydro-
dynamical equations which were used since V.
Walfrid EKMAN, propounding his theory of
ocean currents some 60 years ago (EKMAN,
1905), disregarding the thermodynamic effect,
field accelerations and lateral mixing, we get
an extraordinarily intense equatorial upwelling
which we could have never expected.

2. Under the assumptions above, we start with
the hydrodynamical equations:
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In these expressions, we take the x-, y- and z-
axes positive eastwards, northwards and down-
wards respectively; # and v are the components
of the current velocity parallel to these axes
respectively, p the kinematic coefficient of verti-
cal eddy viscosity taken to be constant, p the
pressure, p the density of sea water, both func-
tions of x and ¥ and 2, @ the angular velocity
of the earth, while ¢ is the geographic latitude.

In addition to (1), we have the surface
boundary conditions:

@

where 7, and 7, are the components of wind

stress, being functions of x and y. Finally, we
have the bottom conditions:
z=h: u=v=0 (3)

where 2=/ represents either the depth to the
bottom, reference layer supposed
coinciding with an isobaric surface on which
the velocity or the vertical shear of velocity
vanishes.

Two equations in (1) lead to

or some
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and taking into account that _é;—f — , where
R is the average radius of the earth, we have
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Putting ¢=0 in (4) and (5), taking the real
parts only, we have at the equator
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respectively. Integrating (6) subject to the

conditions (2) and (3), we have
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symmetric kernel of the type:
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we have, on substitution from (2), two follow-
ing boundary conditions:
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Integrating (10) subject to the conditions (11)
and (12), we have
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Neglecting space variation of density com-
pared with those of velocity components we
have from the equation of continuity:

ou  0v

= 15
0x + dy (15)
where w is the vertical velocity component taken
positive downward. Substituting (15) in (13),

we have
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Integrating this equation (16) subject to
conditions
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w=0 for z=0 and z=h

and again disregarding the space variation in

0, we have
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where the O-suffixes represent surface values.
These expressions, of course, mean that only
their divergence and x-derivative decrease down-

(19)
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The expression (17) gives the vertical velocity
component at and only at the equator, taken
positive downwards. The two first terms on
the right-hand side represent the contributions
from the stress of wind sweeping the sea sur-
face, while the two last terms give the vertical
motion correlated with the density distribution.

The above is the result obtained by the
author in 1960 (HIDAKA, 1960). However, no
further discussion was made of this expression
(17) except that it indicates that the convergence
of wind stresses and easterly winds (r,<0) are
correlated to the upwelling (w<0), while an
isolated density maximum or density trough

5 >O> and westward increase in

d
density (~fa§'<0> both contribute to increase the
upwelling.

3. Estimation of upwelling velocity

Now, let us try to estimate the magnitudes
of each term on the right-hand side of the
expression (17) to check the magnitude of the
equatorial upwelling derived from (4).

In order to simplify the problem, let us
assume

ward and not the density itself.

Under the assumptions (19) which look con-
sistent as first approximations, we have
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Substituting (20) and (21) into (17), we have
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The functions M( %), N(%) and P <27>

can be roughly replaced by the expressions:
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respectively. They all vanish at z=0 and z=
h, while their maximum values are about 10,
2.5 and 0.375 respectively, being located at mid-

%:0.4 and 05.

The first term of the right-hand side is ex-
clusively connected with the wind stress distribu-
tion, showing that the divergence of wind stress
vector results in the equatorial divergence. The
second term gives the joint effect of wind and
density distribution, suggesting the easterly

=2

depths between -

0
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isolated minimum of surface density, both con-
tribute to the generation of the equatorial
upwelling, Finally, the third term on the right-
hand side of (22) indicates that the westward
increase of surface density is correlated with
the equatorial upwelling.

. - 92
winds and positive value of *ag—-!— or an

4, Evidence for an intense upwelling
In evaluating the terms
dive 2
)z

T
0%p
ox?

3u

_{Zw,oz'x _g<

312R

and

oo
2wogl -
= ‘g< 0% /o Eﬁ
3uzR 7!
we may assume, as in most cases,
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whereas we have
R=0.64x10°cm and g=10%cm/sec?.

There is an ambiguity as to what layer we
shall choose for the reference surface. Usually,
oceanographers use 1000db-, 1500db-, or 2000
db- surface for this layer. However, the layer
of no motion is located at between 300 and
400 meters, and sometimes at 200 meters or
even shallower depths (KNAUSS, 1960, pp. 271~

274). For h=300m, we shall have from (22)
— —l50—1%320 cm/sec. (24)

This expression for the upwelling does not
give values for —w less than 10-2cm/sec unless
we take p>10*e.g.s. This result is in contradic-
tion to the result of WYRTKI and BENNETT (1963)
that ¢ is of the order of magnitude p=3c.gs.
It may be possible for # to take larger values
at depths other than the core of the equatorial
undercurrent. However, we shall not be able
to expect that ¢ becomes as large as 10*c.g.s.
in these layers.

This result suggests that we can expect that
the equations of hydrodynamics correctly used
in dynamical oceanography up to the present
give a very intense vertical velocity at the
equator. If we take p=100c.g.s., we shall
have —w=0.67 cm/sec which is a much larger
value of upwelling velocity than we have hither-
to expected.

5. Estimation of equatorial upwelling, tak-
ing the inertia terms into consideration
It is often suggested that the water motion

at the equator is correctly treated only when

we take the effect of non-linear terms arising
from the field accelerations into consideration
because the non-linear inertia terms play an
important role since the Coriolis forces vanish
at the equator. Some simple consideration on
this problem will be suggested below.

If we consider a dynamical section across
the equator, we shall have, in place of the first

equation in (1),

%u ou ou .
Pom Y 3 —w +2w sin v
13p_
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where we neglect as small, because the

east-west variation of # is much smaller than
its meridional variation.

There is a sufficient observational evidence
that the zonal component of velocity in the
equatorial undercurrent distributed sym-
metrically about the equator, so that we can
assume

is

ou
*aj)‘-O for p=y=0; 27
then the equation (26) is reduced to
0%y ou oD
Mo Vo a0 B
‘ 19, 9D -
where we replaced " % by o’ D being the

geopotential distance
reference surface.

Since z is chosen positive downwards, we
have for the upwelling velocity —uw, .

over a sufficiently deep

—p 0% oD
02> ox .
—W=—"""" % T (29)
0z

John A. KNAUSs (KNAUSS, 1960) made quite
intensive surveys of Cromwell Current or the
equatorial undercurrent of the Pacific. He
derived a composite vertical profile of east-west
velocity component for 140°W from data
available prior to 1960. From this profile, the
author read off approximate values of # at

different depths and numerically computed the

. ou 0u
derivatives o and e

putation is compiled in Table 1.

The result of com-

ox
proximate determination of its averages was
made from the geopotential distances of these
surfaces reckoned from a sufficiently deep
reference level. From all the data in the Pacific
area bounded by the parallels 15°N and S
placed at the author’s disposal by the National
Oceanographic Data Center in Washington,
D.C., the average of the east-west surface slope

As to the slope of isobaric surface , ap-

(5)

5
ou  o*u oD
Table 1. Values of , o2 am and
u du o%u oD
z (m) cm/sec. oz 02? ox
107%/sec.| 107%/cm sec. | 1078 c.g.s.
0 —30 — — —3284
50 90 +178 —248 —2498
100 148 + 12 —416 —1439
150 102 —104 — 48 — 649
200 | 44 — 74 --168 — 217
250 | 28 | — 2 + 28 + 2
300 19 — 22 — 24 + 75
350 6 — 26 0 (+ 86)
400 -7 — — + 98

was computed for each isobaric surface with
reference layer chosen at 2000db level, and
entered in the same table. These quantitites
were computed from the rules:

Ou| _ u(2+50)—u(2—50)

0z I, 100x10? ’
*az—%’ _ u(z+50)+u(z—50)—2u(z)
02° . (50 10%)
0D _ D(100°W)—D(130°E)
ox — 130x(1-112x107)

where z, 2+50 and 2—50 mean the levels at z
meters, 50 meters below and above z meter
level respectively.

ou
0z
vanishes at a depth a little greater than 100m.
In this case, the upwelling velocity will be
indefinitely large there unless the numerator
vanishes simultaneously in the equation (29).
This leads to an equation

From the above table, it is seen that

o2u 0D

PaE T ox O

(30)

By interpolation we know 2=105

At

linear

ou .
—— vanishes.

meters will be the level where 7

. Fu . oD
this level, we have 0 = —378x107® and o
=—-135x1078. Inserting these in the equation

(30), we have
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Table 2. Velocity of upwelling for p=3.6c.g.s. Table 3. Vertical velocity —w computed
for greater values of p.
z(m) —w cm/s Remarks
— —w (cm/sec)
0 0 no vertical motion z(m) — _

50 —9.02X107 sinking =10 ‘ p=100
100 +4.92x107* upwelling o - T
150 +4.62x107 upwelling 50 —0.01x10- +1.25%10-2
200 | +1L.1 X107 upwelling 100 (22.7x107%) (+33.5 x1072)
250 4.1 x107 upwelling 150 +0.16X1072 ~0.4 %102
300 7.3 X107 upwelling 200 +2.56x 10" +2.3 x1072
350 | 3.32x10* upwelling 250 11.11X10°8 111 x10-2
400 — — 300 | —1.43x10-3 ~1.1 x10-2

350 | —0.33x10°3 ~0.033x 10~

—378 n+1354=0
or
#=3.6c.g.s.

This is in close agreement with Wyrtki’s value,
#=3c.g.s., which was determined in a different
way. Using this value for p, we shall have
Table 2. From this result, we know that up-
welling is seen in most layers except in the thin
uppermost layer where we have sinking. The
magnitude of the upwelling is of the order 1073
cm/sec and seems to have a reasonable values.

6. Upwelling for larger values of p

The above result was obtained assuming
that the coefficient of vertical eddy viscosity
p=3.6c.g.s. However, this value was obtained
only for the core of the Cromwell Current at
which the eastward flow attains at its maximum
speed.

Since, however, the coefficient of eddy vis-
cosity is subject to a wide variation in its value,
it will be possible to assume bigger values for
. Moreover, ¢ may have bigger values at
depths other than the core layers at which
WYRTKI could determine the value.

In addition to this, there are several evidences
indicating strong vertical mixing at the equator.
Among them are the distribution of tempera-
tures, salinity, phosphate and oxygen in several
meridional sections across the equator, as shown
by KNAUSS in his wonderful description of the
Cromwell Current (KNAUSS, 1960, pp. 278).

If we increase the value of g to ©=10 and
100 c.g.s., the equation (26) will give the follow-
ing result.

(6)

There will be a question as to the values at
100m layer, since the denominator is very small
at this layer. Even if we disregard them, we
still see rather large values of —w. For ex-
ample, we see the vertical velocity of an order
of magnitude of 107?cm/sec at 200~250m for
¢=100c.g.s.

These results also suggest an intense vertical
motion at the equator, although we have to
avoid assuming such a large velocity in the
uppermost surface layer because they would
destroy the heat balance of the equatorial cur-
rent system, as pointed out by WYRTKI in case
of the Costa Rica Dome (WYRTKI, 1964).

There is a contradiction between this evidence
and the preceding one. In the present example,
the vertical velocity increases as g increases,
while the former shows decrease in upwelling
velocity with increasing p in the linear theory.
However, it will be hard to explain this dis-
crepancy by means of existing knowledge.
This problem will be left for future study and
let us now check the influence of lateral eddy
viscosity in the following example.

7. Consideration of lateral mixing into
account

In a paper by the present author (HIDAKA,
1961) he discussed the equatorial upwelling and
sinking, taking into account the effect of lateral
mixing in addition to the vertical. The analysis:
leads to a complicated solution which could
nevertheless be evaluated. He derived the vertical
velocity of 0.28cm/fsec at a depth of about
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200m exactly below the equator, taking p=
10%c.g.s. and 10% c.g.s. for the horizontal eddy
viscosity. In addition to this, he also evaluated
a very intense upwelling (0.4cm/sec) and sink-
ing (0.5cm/sec) a little to the northern and
southern sides of the equator. The vertical
motion rapidly decreased as we go away from
the equator to an order of magnitude of 1073
cm/sec or smaller.

The author had thought that this might be
due to some incorrect treatments of dynamical
equations or some wrong computations. He
has not yet been able to have a reasonable
interpretation of this result, unless he anticipates
an intense vertical motion at the equator.

8. Conclusion

The above three discussions all indicate
something like evidence that the equatorial up-
welling is much stronger than that occurring
in other latitudes. These results are derived
mainly from the hydrodynamical equations
hitherto used by a number of dynamical ocea-
nographers since V.W. EKMAN first propounded
his theory of ocean currents in 1905. So the
intense upwelling cannot be denied as unrea-
sonable, although this is only a conclusion
derived from indirect computations.

9. Summary

Three theoretical evidences were given from
which an intense vertical motion can be expect-
ed at the equator. Sometimes the velocity of
upwelling and sinking can amount to an order
of magnitude of 0.1cm/sec, whereas the usual
vertical velocity near the equator is considered
to be less than 0.001 cm/sec, though no direct
measurement has ever been made.

Of course, these results should be confirmed
by observations before we can insist that the
intense equatorial upwelling is an established
fact.

(7))
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Conditions hydrologiques dans des régions au sud de
I’Australie et de la Nouvelle-Zélande et des
régions environnant la mer de Ross

Makoto IsuiNo et Keiji Nasu

Résumé : Basé sur les données des observations hydrologiques faites du mois de Décembre 1964
au mois de Février 1965 dans le cadre de la troisiéme expédition a4 I'océan Antarctique du College
des Péches de Tokyo, ce rapport décrit les conditions hydrologiques dans des régions s’étendant
de I’ Australie et de la Nouvelle-Zélande a la mer de Ross.

1° Les observations continues de la salinité et de la température en surface mettent en relief la
variation dans le sens méridien des eaux superficielles aussi bien que la convergence antarctique
(Fig. 2, a, b), ce qui est d’ailleurs confirmé par les distributions verticales de la salinité, de la
température et de l'oxygéne.

2° La distribution du silicate réfléchit bien celle de la température ou de la salinité (Fig. 23).
Son isoplethe de 5 g A/l peut se servir de l'indice importante de la convergence antarctique.

3° La transparencie est médiocre dans plusieurs régions, notamment alentour des Iles Balleny,
ce qui confirme ’abondance de l'oxygeéne dissous et le développement intense des planktons (Fig.
3.

4° La coupe horizontale de la sdlinité et de la température a 10, 50, 100, 200 et 500 m de profon-
deur (Figs.4a 13) permet de préciser le mouvement de la masse d’eaux particulier a 'océan An-
tarctique.

On en voit aussi que la particularité géométrique de la mer de Ross (concavité vers le Pole sud)

joue un role considérable dans la distribution de la salinité ou de la température.

ro

o]

Trois coupes verticales dans le sens méridien montrent avec évidence la structure hydrologique,

I’extension, la remontée et la descente de masses d’eaux particulieres a ces régions (Figs. 14 2 22).
6° On va déterminer le flux des eaux traversant chacune des trois coupes ci-dessus:
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DBHIBPIIRCHD Lice ZOHET, “h bl
BB b B R BT, 196445 ~19654E D
% 196545 117 SH
** WrKE KRS Tokyo University of Fisheries
**% GEAHF2EAT  The Whales Research Institute

FEEREFOARGR (IFHEL40° X H PEEL50°
WA CORBEEAIED Dl ow TEddl Lz
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B O I EREE e O 7= %, Discovery F3
T, IGYFAFELWDETE, T ShizE DR
RS, FEHC, RKRiChic-Tihdh
TW52, ARFEEERL, 4% T ohiER o
WD I BN Bl 5T b EWV 2 b, BBl
O ERE 0ROV, BRI ERN
BEAERNEWS Z LD, BOFEHELL ST
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BODNTNBEZATH D, &lTv2, Fm
IO RS, B AV E T 0 ER Y LB
TELEOERNL, BHCHELN TS LT
oo bhbhOBLERD, ZOk 57 D
TeDIC LD EHEI LD TH D,

2. REOHWE

Fig. 1%, BEM S IOBBLR LI2L DTH
Ho BiCHbid X Hic, WEMHMOFE (Mel-
bourne~Wellington) % X "% (Wellington
~Sydney) T, #BEENSIL66METHD, Zh
HOFBAKITIE, 1~2E0BTHASNZT S
N,

SEN 150"

Fig. 1. Oceanographic stations and the oceanogra-
phic sections discussed in this paper.
® mark shows the serial oceanographic sur-
vey and O mark BT station.
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e X b EE SR, Polark o & b HiFRE
INLDTH D,

E5%, Auto-Lab #: (Australia) #lo
s A= Z2=pAvbi, 1/1,0008 (%) * CliE
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it (Antarctic Region) &%, FBtER
#3 (Antarctic Convergence) J 0 PO KIK%
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FR A & AT R #R (Subtropical Con-
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%t BB A A ZE K (Antarctic Winter
Water), %O TR o\ rERER R
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(Antarctic Intermediate Water) (%, 1Ef3
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FPOREEN D, BEROER AL sTb D, &
X OB HBER OFACE R OB EME Y, Th
FRERINCHEL LI DTH DS, BElEDmD
fe b DERFC ST 2 MOBRCER T L, 2
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GOEAL] EFEZTE LD zis, nk, WX
ELTHORNL, EREEIETAY—BIE5
W, A E OFRFITEDL IR TN D Z EITE
BIhicb,

Fig. 2-a » kX%, 19644511 7 30 A 1200
(Melbourne) ~12 A 10 0 2000 (EgfmyE) D
», Fig. 2—a TRk, 196442121 15H 1400~
(FammE)~12J126 0 2000 (Wellington) ® 3 D,
Fig. 2-b »_ LM, 1965451 4 3 0 1100 (Wel-
lington) ~1 H14A0700 (FgHize) o3, o, Fig.
2-b O T, 196542 A 1 B 1100 (FE#EEE)
~2H 8H 2100 (Sydney) ®b DD, FhZh

— Gy ERTEDTH D, ThHDEMAD

15C 35:0%0

10°C 345%.

57 34.0%0

0 335%
Temp. S

| | ! i
18 0 6 12 @8 0 5 2 % 0 R 8 . ¢ 2 &
2/DEC.1964 3/DEC. 4/DEC. 5/DEC. 5/DEC. 7/BEC.

15 350%0 S 8 S

Temn
10°C 345%

Fig. 2-a. Time variations of surface temperature and surface salinity observed by Umitaka Maru dur-
ing the period from 2, December, 1964 to 10,December,1964 (the upper), and during the period
from 19, December, 1964 to 26, December, 1964 (the lower).

”
15°C 35.00%0

e
| i
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5C 3400%, - S —
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Temp. S § 12 8 0 &5 iz z 80 5 2 g 0 v 51 ”':B
473AN. 1965 5/JAl AN 7004 ot i R
15 35.00%e - L ] 3 -
e »
10°C 34.50% Nt . . _ _
" N NAL

5% 34.00%0 e e
\
A\
o ‘) =
07 3350% E— —— —
& i ! i ! ' : : i ! | | i i |
e R T T T R R 5 12 6 s o2 8 0 1B 12 8 1B 12
8/FEB. 1865 T/ELER. 5/FEB. 4/FEB. 3/FEB. 2/FEB.

Fig. 2-b. Time variations of surface temperature and surface salinity observed by Umitaka Maru
during the period from 4, January, 1965 to 11, January, 1965 (the upper), and during the
period from 2, February, 1965 to 8, February, 1965 (the lower).
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%/mile &7ch,
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il & L7c180°BAPE D KR Tik, YRR s
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S d
150”

Fig. 3. Distribution of transparency in the Southern
Ocean.
Classification of transparency is inserted in
the figure.
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A 52 T b,
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C) REMICROID KPES D © & 5 8 1%,
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WCHIZIA L 7o Tl By
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i, 135°E~150°E Digik <, K5 5o
2 AIREE B o
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HEREE, FEH D DRI TR B L,

10kt L t | ! i

Fig. 4. Distribution of temperature (°C) at the
surface of 10 m depth.
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3 w 3030 3420 DR
L e S ¥ -
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3390 & = 3 -1
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70k L L .
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Fig. 5. Distribution of salinity (%) at the surface
of 10 m depth.
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B |

Fig. 6. Distribution of temperature (°C) at the
surface of 50 m depth.

Gl ]
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igs’ 1507

Fig. 8. Distribution of temprature (°C) at the
surface of 100 m depth.

! | : ] T
AUSTRALIA i

TN

20° 1357 1207 1§37 180°

Fig. 9. Distribution of salinity (%) at the surface
of 100 m depth.

Fig. 7. Distribution of salinity (%) at the surface
of 50 m depth.
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il LCwC, FEEERA Z O T LT
HHLWI EHRE LT 5,

8) HBOWEH AR E T 522 L2 » T,

Fig. 10. Distribution of temperature (°C) at the
surface of 200 m depth.
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Fig. 11. Distribution of salinity (%) at the surface
of 200 m depth.

Fig. 12. Distribution of temperature (°C) at the
surface of 500 m depth.

el AUSTRALIA ,

ANTARCTICA

12 135° 150 85° 80 g 16

Fig. 13. Distribution of salinity (%) at the surface
of 500 m depth.
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a) 18wt (Figs.14, 15, 16)
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Fig. 14. Vertical distribution of temperature (°C)
along the Section I. The locality of section
is shown in Fig. 1.
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Fig. 15. Vertical distribution of salinity (%.) along
the Section I.
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Fig. 16. Vertical distribution of dissolved oxygen
(mi/l) along the Section I
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Fig. 17. Vretical distribution of temperature (°C)

along the Section II. The locality of section
is shown in Fig. 1.
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Fig, 18. Vertical distribution of salinity (%) along
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Fig. 19. Vertical distribution of dissolved oxygen
(ml/?) along the Section II.
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Local Magnetic Anomaly in the Southern Sea between
140°E and 160° W*

Yoshibumi TOMODA** and Keijiro OZAWA®**x

Résumé: Nous avons mesuré le champ magnétique par un magnétometre a protons & Iocéan
Antarctique entre 150°E et 160°W et & des régions adjacentes. L’anomalie locale du champ s’est
manifestée la plus saillante, de Pordre de 800~12007, dans une région centrale de la chaine de
Pocéan Indien Sud-Est ou de la chaine du Pacifique Sud-Est. Il y a eu une anomalie locale dans
un bassin au sud de ces chaines qui a disparu au talus continental Antarctique. Nous avons
réussi 4 mettre en évidence le linéament de 'anomalie locale 4 ces chaines et aux chalnes de
Macquarie et de Scott qui sont perpendiculaires a celles-la: le linéament est parallele 4 la chaine

A qui appartient anomalie intéressée.

Le linéament aun plateau continental Antarctique a montré

que le champ a l'ouest de 145°E a subit une influence de la chaine de Vocéan Indien Sud-Est
et que celui a 'est de 145°E a subit une influence de la chaine de Macquarie.

1. Introduction

In the 3rd Southern Sea expedition of the
“Unmitaka-maru”, total intensity of the Earth’s
magnetic field was measured along the whole
sailing track of the ship by the use of the
proton magnet meter. What is described here
is local geomagnetic anomaly in the Southern
Sea between 140°E and 160°W and adjacent
area closely correlated with it.

2. Local geomagnetic anomaly in the South
East Indian Ridge and the Pacific Ant-
arctic Ridge

The Antarctic continent is separated from the
other continent such as Australia by the South
East Indian or the Pacific Antarctic Ridge.
These ridges are parts of mid oceanic ridge
linked to the Mid Indian Ridge or the Mid
Atlantic Ridge.

According to our results of observation of
total magnetic force, the crest province of the
Pacific Antarctic Ridge or the South East
Indian Ridge coinsides with the zone where
large local magnetic anomaly is observed. The
width of these ridges is 600~800 miles and the
width is roughly the same with the width of

* Received May 19, 1965
** Ocean Research Institute, Tokyo University
#% Tokyo University of Fisheries
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the magnetically anomalous zone.

The ship traversed these ridges four times;
1) from off Tasmania down south to 65°S, 2)
from 65°S to Wellington in New Zealand across
the intersection position of the South East
Indian Ridge and the Macquarie Ridge which
are perpendicular to each other, 3) from Wel-
lington S-W to 70°S across the South East
Pacific Ridges and 4) from 65°S to the South
Island of New Zealand which is almost the same
route with the 2).

Along these routes across the Mid Oceanic
Ridge, magnetic and the bottom topography
profile are shown in Figs. 1~3. For simplicities
sake, each datum is projected to a Meridian
line. Local magnetic anomaly in the crest pro-
vince of these ridges is 800y~1,2007, which is
not so large as was observed at the Mid At-
lantic Ridge. 1) From the record of the echo
sounder it was impossible to indentify rift val-
ley in the crest province, chiefly due to low
power and poor resolving power of the instru-
ment. But from the results of observation of
local magnetic anomaly in the section (1) (Fig.
1), there are two distinctive peaks, each about
50 miles apart, which may be considered to
correspond to the crests of both sides of the
Rift Valley. This feature is not so clear in
the section (2).

From these figures, it is a fact that the local
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anomaly is maximum at crest; province of the
Ridge, and it can be considered as a geophysi-
cal fact if it is considered that the anomaly is
caused by the origin at the same depth. But
when the anomaly originates from the surface
of the bottom, we must take into account that
water depth at the crest province is shallower
by 1,000~3,000m than at the adjacent basin.
In the later case, according to the potential
theory, we must consider the effect of attenua-
tion depending on the wave length of the
anomaly. Wave length of local anomaly in the
crest province is 20~30 miles, and it must be
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Magnetic profile from New Zealand to 70°S.
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reduced by the facter exp—(2=h/2) [1: 20~30
miles, %: 3,000 meters], in comparison of the
anomaly there with that of the flank province
or with that of the adjacent basin. The at-
tenuation factor becomes about 1/1.7~1/2.0 and
we can not accept that crest province is mag-
netically anomalous as compared with the other
region. These features will be investigated
quantitatively by the use of the special spectrum
in the future.

There are small scale rides perpendicular to
the Mid Oceanic Ridge in this region. These
are Macquarie, Balleny, or Scott Ridges. The
ship cruised on these ridges and on a part of
the Mid Oceanic Ridge to make contoured map
of total magnetic force. From these results
lineations of local anomaly and its relation to
the bottom topography became clear.

3. Lineations of the magnetic anomaly

The lineations of the local magnetic anomaly
is remarkable feature of the pattern of local
magnetic anomaly on the bottom of the sea.
The pattern is a single, homogeneous, north-
south-lineated pattern in the Pacific coast of the
United States. 2) The lineations are parallel to
the Kurile-Kamchatka island arc in the Okhotsk
Sea, 3) it is northeast-southwest trend in the
east part of the Japan trench and the adjacent
basin 4) and north to south trend at Izu Shoto
and the north part of the Philippine Basin. In
the later case the lineations are not so clear
as that of the east coast of the United States.
In the present expedition magnetic contoured
map was made 1) at the intersection zone of
the South East Indian Ridge and the Macquarie
Ridge, 2) south of the Scott Island in the Scott
Ridge, 3) around the Sturge Island in the Bal-
leny Ridge. From the results of these surveys,
lineations are east-west trend at the South
East Indian Ridge (Fig. 4.), north-south trend
at the Scott (Fig. 5.) or the Balleny Ridge
(Fig. 6.). Though detailed survey was not car-
ried out, the trend is about north south in the
Macquarie Ridge (Fig. 7.). From these results
it is found that the trend of the lineations of
the local magnetic anomaly is parallel to the
trend of bottom topography of the ridges. In
the case of the Scott and the Balleny Ridge

(21)
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Fig. 4. Magnetic map of east part of the South
East Indian Ridge.
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Fig. 5. Magnetic map of the Scott Ridge south of
the Scott Is.
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Fig. 6. Magnetic map around the Sturge island
in the Balleny Ridge.
(contour interval is 1007)
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Fig. 5%. Index map to Fig. 5.
The dotted areas are locally positive.
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Fig. 7. Magnetic map along the Macquarie Ridge.

water depth is shallow and the contoured map
is too complicated to certify the lineations.
Therefore, the map showing locally positive or
negative zone was made to see the lineations
more easy. (Figs. 5%, 5% Figs. 6%, 6%*)

4. Local anomaly near the Antarctic

Continent

As seen in the profile (1) local anomaly
becomes very small at the seaward margin of
the continental slope of the Antarctic Continent.
This feature of the local magnetic anomaly
seems to be general, as observed at the margin
of the continental shelf of the East China Sea,
West Australia, Borneo Island and the east
coast of the Japan island arc. 5)

This seems to be considered as the result
that the origin of the magnetic anomaly becomes
deeper at these regions by the crustal mass
above it, and that the anomaly of wave length
of 5~20 miles is attenuated.

This will be quantitatively investigated using
the data of the gravity measurement at the sea
which was carried ‘out simultaneously at this
region.

(23)
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Fig. 8. Magnetic map on the continental slope of
the Southern Sea between 130°E and

150° E.
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Fig. 9. Magnetic map on the continental slope

of the Southern Sea between 150° E
and 152° E.

Though the amplitude of the local magnetic
anomaly is very small in the continental slope,
the lineations of the local anomaly can be seen
in this region. These features are shown in
Figs. 8 and 9. As seen from the figures, at
the west region, the trend is east-west and is
north-south at the east part. From this fact it
seems that the west part and the east part are
respectively influenced by South East Indian
Ridge and Macquarie Ridge.
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Bathymetric Configuration off the Antarctica, 130° E—150° E*

Keijiro OZAWA**

Résumé: Le vaisseau-école Umitaka Maru a fait une série de sondages acoustiques continus au
large de la Terre de Wilkes, de la Terre Adélie et de la Terre du R. George V en Décembre
1964 et de la fin de Janvier au début de Février 1965. On n’a trouvé aucune singularité topo-

graphique entre 130°E et 152°E.

Throughout the third cruise of “Umitaka
Maru” in the Antarctic, southern ocean of
Australia and New Zealand, continuous echo-
sounding was carried out by means of the deep-
sea type echo-sounding machine.

Corrections of draft and sound velocity in
sea water were applied to the obtained depth.

In the present paper, the author deals with
chiefly the bathymetric configuration in the
waters extending seaward as far as to the 60th
paralled from the outer edge of pack-ice off
Wilkes, Adelie and George V coasts.

Terre Adélie lies between the meridians of
136°E and 142°E. There is the French
Antarctic base “Dumont d’Urville” on the coast.

The author touches upon erroneous record
around Virik bank on chart in the latter
paragraph.

1. Bathymetric configuration off Antarctica
between 130° E and 150° E

The ship cruised in the waters concerned in
the period between December 8 and 18, 1964
on the way to the south from Melbourne and
on its returning to Wellington. Fig. 1 shows
the bathymetric map in the region, based on
the sounding data obtained along the ship’s
track.

In topographic respect of this area, the Indian-
Antarctic Ridge extends in the direction of
N.W.-S.E. in the north-eastern portion showing
in Fig. 1. There is the Indian-Antarctic Basin
with the maximum depth of 4,575 meters be-
tween the ridge and the continental slope. A

* Received May 11, 1965
#* Tokyo University of Fisheries

Scunding in meler
Depth contour : 200 meters

| i

Fig. 1. Bathymetric chart off Wilkes, Adelie
and George V Coasts.

sea-mount, showing the least depth of 3,557
meters over it, lies in approximately 62° 50’ S,
138° 30’ E. Generally, towards the continental
slope the sea floor rises gradually, showing
smooth or not rugged bottom according to the
echo-sounding record.

2. Sounding around Virik bank on chart

According to published charts and sailing
directions, Virik bank and another shoal are
mentioned in such a way that, (Fig. 2), Virik
bank, with a least known depth of 52 fathoms
(95m) over it, lies about 600 miles northward
of Cape Freshfield, George V coast and another
shoal, the existence and position of which are
doubtful, is charted about 33 miles south-
westward of Virik bank.

Fig. 3 shows a sounding chart off George V
coast; depth contours indicate in 100 meter
intervals.

On January 30, 1965, the ship came south-
ward to ascertain the existence of Virik bank
and the shoal lying about 50 miles northwest
of the bank. The sounding was continuously

(25)
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Fig. 2. Bathymetric chart around Virik
Bank. Quoted from Carte Générale
Bathymétrique des océans, B'III, Monaco,
1954.

carried out in this vicinity. However, no indica-
tion was given as shown in Fig. 3. Moreover,
on February, 2, 1965, the ship reached the
southernmost position, 65°55’S, 150° 09’ E, after
a series of struggles of movements among pack-
ice and a large number of icebergs. The
minimum depth of 727 meters was recorded
at the above position.

Accordingly, in respect to the contours gener-
ally parallel to the Antarctic coast-line, no
indications presenting the existence of the bank
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Fig. 3. Sounding chart off George V coast.

and shoal that have been charted or reported as
the Virik bank and the shoal around it, were
found.
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Eye Observations off the Antarctica Coast, between
130° E and 150° E, December 1964—February 1965*

Keijiro OZAWA**

Résumé: Au cours de la navigation du Vaisseau-école Umitaka Maru du Collége des Péches
de Tokyo au large de la Terre de Wilkes, de la Terre Adélie et de la Terre du R. George V
en Décembre 1964 et depuis la fin de Janvier jusqu'au début de Février, on a fait des observa-
tions & Toeil sur les icebergs, leurs vitesses de déplacement, la distribution des taches de
VEuphausia superba et la relation entre celle-ci et les oiseaux. La limite nord des icebergs s’est
trouvée au voisinage de 63°S a 130°E a mi-décembre, et celle des packs s’est trouvée de 64°S,
145°E a 65°S, 150°E. Les taches dues a lapparition en masse de V'Euphausia superba ont été
nombreuses au voisinage de la limite nord des packs. Les oiseaux se groupant sur les taches

ont été 1,7 fois plus nombreux que ceus ne se groupant pas sur les taches.

The training and research ship “Umitaka
Maru” of the Tokyo University of Fisheries
cruised in the Antarctic, southern ocean of
Australia and New Zealand, from December 1964
to February 1965; the sailing table is shown
below.

Melbourne

64° S, 131° E

Left on November 30, 1964
Reached the outer edge of
pack-ice, and moved east-
ward.
Started northward.
Arrived on December 27
and left on January 3, 1965
January 12, 1965
70°S, 159° W January 14, 1965
Scott Island January 19, 20, 1965
Balleney Islands January 23~25, 1965
65°S, 1561° E January 31~February 2,
1965
February 8, 9, 1965
Sydney February 25, 1965
Throughout the cruise in the Antarctic, eye
observations on birds, icebergs, pack-ice, mass
grouped Euphausia sp. and also whales were
carried out.

64° S, 150° E
Wellington

66° S, 149°W

Snares Island

Observers in round watch who were station-
ed on the bridge throughout the daytime,
watched the objects and recorded them on
“Field Log”.

* Received May 11, 1965
*% Tokyo University of Fisheries

The region concerned is an area off Wilkes,
Adelie and George V coasts; enclosed with the
paralle] of 60° S, on the north, the outer edge
of pack-ice on the south and the meridians of
130° E and 150° E on the west and the east.

The objects with which the author deals in
the present report, are iceberg, pack-ice, patch
of Euphausia superba and sea-birds. However,
some informations, that is, drift of icebergs,
movements of the limit of pack-ice in mid-
December and at the beginning of February
and correlation between appearances of patches
and that of birds, are described in the respec-
tive paragraphs.

1. Iceberg

Observations on not only iceberg but also
bergy bit and growler were carried out hourly;
counting the numbers, sketching of particular
iceberg, photographing on radar scope and
measuring the size by means of sextant angle
and radar range were in this category.

The northern limits of icebergs were as fol-
lows:

Date . Position | Temp, Om
i
1900 Dec. 9, ’64 | 62°53'S, 133°15'E 0.3
0000 Dec. 18, *64 | 60°23'S, 145°45'E | 05
1900 Jan. 28, 65 | 60°46'S, 154°16E | 26
2000 Feb. 2,65 L 63°51'S. 150°31E | 17

(27)
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According to “Oceanographic Atlas of the
Polar Seas, part 1. Antarctic.” U.S.H.O. Pub.
705, the extreme limit of iceberg is located along
the 55th parallel in January and a little norther-
ly in December, farther northward, in the region
of 45° in February. In March, the limit re-
treats mostly southward, on 150° E it is about
60° S, extending N.W.-S.E.

As tabulated previously, en route to the south

from Melbourne, the first iceberg was in sight
on December 9, 1964 in the parallel of ap-
proximately 63°S, probably farther southerly
than evern commonly known.

Average numbers of icebergs in sight at a
moment in relating to the surface temperature,
the observation was carried out between De-
cember 9 and 17, 1964, were shown below.

0.7°~03° |

Temp. Om 1.2°~0.8°

0.2°~—02° | —03°~—08 | —08°~—12¢ ~—13°

Average number \ 04 1.6 ‘

15 28 | 21 i 2.2

The regions where comparatively abundant

icebergs were seen, are shown below:

Date Position

1800 Jan. 30, ’65
0000 Feb. 1, 65

Noon ”

Temp. Om, A\ierage numb?rs i
°C ‘ Iceberg Bergy bit
65°33'E, 150°42’E 0.2 27.2 6.2
65°42'S, 150°46'E —-1.1 40.0 10.0
65°47'S, 150°26'E | 0.3 8.0 5.5

Note: Average numbers show the mean number of icebergs counted at 6

observation times.

The waters, as shown in the above table,
where a lot of icebergs occupied, and also
many bergy bits and growlers were sighted.

From the evening of January 30 to February
1, 1965, in 65°45'S, 151° E, the stationary
observations in respect of oceanographic study
were carried out, when the movements of ice-
bergs and a bergy bit were observed.

Fig. 1 shows the movements of three icebergs
and one bergy bit.

Iceberg A was a large tabular berg, iceberg
B was a small berg and C was a remarkably
weathered berg looking like a galleon.

Those movements were obtained from the
relative distances between the objects and the
ship.

Iceberg A seemed to make a stationary move-
ment independent of the wind. While the wind
was changing its direction between 0900 and
1200, both bergs A and B showed slow motion
similar to that of typhoon at the turning point.
The wind having risen, these bergs moved to
the direction on approximately 60°~90° left-

ward from the lee. Namely, between 1200 and
1800, the wind blowed north-westward with a

30 £y’ 507 51° 10 20
S E e A B T —rﬁ
-1 657
L B
—- G iceberg
. - 249 {84128
J*~00 Feb ! 70'.% Oﬂg&lip Ty
D bergy bit .
) At 00 i
Wind scale ‘G/f’w B small galeier -
‘ ‘ / iceberg — 45
0 20 40 ™/sec 2y i
00,
238" -
) —150
January 31
B
Q,\AK’X’ZO %%23 Jaruary 30 -
A large tabular iceberg 47
|
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Fig. 1. Map showing drifting traces of icebergs
and bergy bit.
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otal of approximately 100m iles as shown in the
wind scale in the figure, during the period
berg B moved 2.5 miles to the south-west and
berg A moved 0.8 mile to 240° in the direction.

The berg C, as mentioned previously, took
the form of galleon having large upper const-
ructions and sails above the water line. This
berg showed “S”-shaped movement in slow
turning when the wind became strong.

Bergy bit D, received the least influence of
the wind; it seemed that the movement of it
depended chiefly upon both skin and oceanic
Concerning to the above observation
of the icebergs movements, both oceanic and
tidal currents were left from the consideration.

currents.

2. Pack-ice

As mentioned previously, the ship reached
in 64° 00’ S, 133° E at 1000, December 12, 1964;
the outer edge of pack-ice surrounding the
continent,

At the next morning the edge extended about
10 miles seaward; the surface temperature
showed —1.6°C; newly grown greasy ice ap-
peared.

Locations of pack-edge were recorded as
follows:

Date Position

Ice condition

Dec. 14, 64 closed pack
Dec. 16, '64
Jan. 30, ’65

Feb. 1, ’65

65°00S,
65°02’S,
65°35'S,
65°58'S,

144°20'E
150°00’E
150°00'E

- |

”
open waters at
places

”

In the period between January 30 and
February 1, there was a large amount of ice-
bergs in the vicinity.

In spite of approximately a month and a half
interval from the middle of December to the
beginning of February, the edge of pack-ice
retreated only 50 miles.

3. Patch of Euphausia superba

Patches composed of mass grouping FEu-
phausia sp., mainly E. superba were commonly
sighted in the regions close to pack-ice.

The patches usually turned the water dark
brown and some of them disturbed the smooth

(29)

surface with their ripples. The size of the
patches was approximately 23 meters long and
16 meters wide. According to the observation
in the region bounded by the parallels of 61° S
and 65°S and the meridians of 130°E and 150°E,
in the period between December 10 and 16, no
patches were seen between 0900 and 1500, that
is, three hours before and after the noon. Fig.
2 shows the quantitative distribution of the
patches in the above-mentioned area, the distribu-
tions of iceberg, the edge of pack-ice and iso-
therms have been entered as the base sheet.

It was noticeable that patches ranged as far
north as 120 miles seaward from the edge of
pack-ice.

Comparatively abundant patches appeared
in the water along or close to the edge of
pack-ice and around icebergs in grouping.

=0 (O “Nige -
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Fig. 2. Map showing the distribution of patches
with quantitative patterns (a total of patched?
area/100 m?).

4. Birds

Birds which appeared on the waters concern-
ed to the present study were as follows:

Scientific name Common English name

*Deomedea malanophris
*Phoebetria palapebrata
*Macronectes giganteus
*Daption capensis
*Fulmarus glacialoides
Halobaena caerulea
*Pachyptila sp.

*Thalassoica antarctica

Black-browed albatross
Light-mantled albatross
Giant petrel

Cape Pigeon
Silver-grey petrel

Blue petrel

Whale bird or Prion
Antarctic fulmar or
Antarctic petrel
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Procellaria aequinoctialis White-chinned petrel

White-headed petrel
Peale’s petrel or

Mottled petrel
Snow petrel

Pterodroma lessoni
Pterodroma inexpectata
*Pagodroma nivea
*Qceanites oceanicus Wilson’s storm-petrel
Catharacta skua Southern skua
Sterna wvittata Antarctic tern
Sterna paradisea Arctic tern

* Aptenodytes forsteri Emperor penguin

*Pygoscelis adelliae Adelie penguin

Asterisked
patches.

species are those congregated on the

Table 1 shows summarized of the numbers
of birds which were congregated around the
patches of Euphausia superba and that of birds

Table 1.

on no patch water.

La mer, Tome 3, N° 1 (1965)

appeared on no patches water.

According to the table, the birds which ap-
peared around the patches were 31.1 birds in
number on the average, which showed as many
as 1.7 time of birds appeared on no patch
water.

The most abundant species around the patches
was Phoebetria palapeblata, 4.8 birds on the
average and 2.3 times of which on no patch
water, the following was Daption capensis, 55
birds and 1.8 times.
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Summarized record of the number of birds appeared around patch and

Freauen Number of birds around patch/
4 cy Total numbers of birds
Date patch Total
fotal LAl GP CP AP SgP WB SP*
2 2 9 10 4 2 25
/ = iy -~ i L = T
10712 8 2 16 102 33 21 153
11712 4 2 0 1 5% 13 0 11 8L
’ 7 3 3 12 118 W 1T oI 157
1 5 2 2 2 11
2 o i = il = il
12/12 6 16 17 2 35 70
8 103 0 84 8 3 223 493
1312 13 T2 1 8 8 3 595
4 15 0 19 106 13 22 0 175
14/12 50) i3 1 8 174 23 B4 7 380
6 13 30 23 13 79
1512 7 5 2 98 14 89
4 5 111 4 1 40 62
16/12 T T o 7 2 15 58
1 6 6
17/12 T v | 5
Towl | B 143 3 166 28 49 293 3 | 93
‘ 65 218 8 280 509 97 492 47% | 1604
|
Average numbers of | . .
birds sround paich 1 48 01 55 93 16 98 l 31.1
. ] |
Birds around patch | ,5 15 45 14 12 21 17

Birds on no patch

Notes: Abbreviaiions of species are:

L Al (Light-mantled albatross), GP (Giant

petrel), CP (Cape pigeon), AP (Antarctic petrel), SgP (Silver-grey petrel), WB
(Whale birds including Blue bird) and SP (Snow petrel).
* Snow petrel is omitted from counting because of its non-leaving habit from pack-ice.

*% Black-browed albatross is included.
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Eye Observations off the Antarctica Coast, between 130° E and 150° E, December .- 31
1964—Feburuary 1965 ' S
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Distribution de V’Euphausia superba dans

I’océan Antarctique

Yukiyasu Sasaki, Kiyoshi INoUE et Kanau MATSUIKE

Résumé :
Antarctique.

L’abondance de UEuphausic superbc est particulierement remarquable dans l'océan
Etant donné l'intérét spécial porté récemment sur la possibilité de Pexploitation de

cette espéce, nous avons effectué une série d’observations écologiques sur V'Euphausia superba a

Pocéan Antarctique depuis le mois d’octobre jusqu’au mois de mars 1965 en relation avec les
conditions hydrologiques et météorologiques a bord de 'Umitaka Maru du College des Péches de

Tokyo.
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Fig. 1. Vertical diagramatic section showing the
vertical and meridional ranges and move-
ments of the water masses of Subantarctic
and Antarctic Zones of south parts of Aus-
tralia and New Zealand.
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Fig. 2. Relation between local meantime and ap-
pearance of discolored water illumination.
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TEIKOKU SANSO K.K.

(Filiale de L’AIR LIQUIDE, Paris)

Ses 23 Usines, 23 Agences et Bureaux de vente, 22 filiales,
100 distributeurs produisent et distribuent:

Gaz Industriels: Oxygéne, Azote, Acétyléne dissous, Argon,

Néon, Hélium, Xénon, Krypton, Propane, Butane.
Matériels et produits pour la soudure
Installations de séparation et de purification de gaz a basse
température

Son Département Développement représente au Japon les procédés
de nombreuses sociétés, entre autres,

L’AIR LIQUIDE

Société Chimique de 1a GRANDE PAROISSE

Société d’Electro-chimie, d’Electro-métallurgie et des Aciéries
électriques d’UGINE

Compagnie de Filage des Métaux et des Joints Curty (CEFILAC)
Compagnie PECHINEY-SAINT-GOBAIN '
Compagnie SAINT-GOBAIN NUCLEAIRE

Compagnie de Produits Chimiques et Electro-métallurgiques PECHINEY
Sociét¢é KLEBER-COLOMBES

Le Méthane Liquide

Société des Trés Basses Températures

Société PRAT-DANIEL

Institut Frangais du Pétrole

Compagnie Générale de Télégraphie Sans Fil

Compagnie des Compteurs

Société POCLAIN

Société HISPANO-SUIZA

Société NADELLA

Société GURY

Société HYDRO-MECA

Société de Forgeage de Rive de Gier

ete. etc....

22/1 Takomatsu-cho, Hyogo-ku, Kobe, Japan
P.O. BOX No. 522, KOBE PORT JAPAN
(Siége Légal: Nihon Gas Kyokai Bldg. 38, Koiohira-d‘lo‘ Shiba,\)
Minato-ku, Tokyo, Japan
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Unprotected

Patented parallax-free back scale, opal glcss
back sheath enable precise measurements.
Write for details

Standard Thermometer 7

s  Yoshino Keiki Co,.

| Precise Thermometer
1-14, NISHIGAHARA KITA-KU . | Mercury Barometer
TOKYO JAPAN

| Hydrometer
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Hydrographic Survey and Marine Geological Survey

SANYO Hydrographic Survey Co., LTD.
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13,000m , #5231 /5000 LUt j

BEALTwET,

v A%
H—E04kkE 0 —2000m 0 —2200m ZEHEILHH I
HECEH 0 —200m 100m 27 v 77 b

iR +1 /5000

B ¥ % 10K C

v W WHeRERMR S B :t

KIEH S T M2KW

BiE s R ~Fu &4 HE R ‘

EE - i EREXFTEK KN 216mm

’ AT 170mm

G 5 AC100V 60% 15KVA

PRECISION DEPTH RECORDER
*The main recording apparatus with
multiple recording systemis able
to record the depth of 13,000 meters
-Always keep over 1/5000 of preci-
sion because of the crystal controll
ed recording motor driven by fixed
frequency electrical source.

Sounding range
First recorder 0 to 2000m, 0 to 2200m

multiple recording system
Second recorder 0 to 200m (100m step shift)
Sounding Precision

Precision of recording pen speed Better than + o0
Frequency 10KC
Recoording system

Spiral electrode wire multiple - recording system
Oscillation output  About 2 KW
Amplifier system  Heterodyne amplification system
First recording channel output
5Wsecond recording channel 10 W
Electrolytic recording paper

paper width 216mm

&

Recording paper

i
A

-

Effective recording width 170mm

Power source AC 100V, 60 %

BRXERBEESERER
I PERR IR A MRS T, kR, WIE. mTn,
y\‘l-\g}’@* E(ﬂl %cbﬁlﬁo

FEekE
WO
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5

0 —10m, 10—20m, -+ 90—100m
0—-100m - ML H BpELE
+0.1%

200K %

HEBIEREN B9 10m M1507h
DC24V : I #7.5A

PRECISION ECHO SUNDER FOR SHALLOW

Ideal for surveying shallow seas, harbors,
lakes, dame, rivers.

Accurate to 0.1%
Portable and easily removed.

el EER R
T8
FBEARAE TR ORI
BIE LT BE

wHEEE  0-120(m)
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BWAL. AR, B
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EORELLTRTwET

BT, F,

0 — 720{m)
100—220(m) 600—1320(m)
200—320(m) 1200—1920(m)
23KC

X EY 10m M 150"
AC 100,110,115, 200,220,230(V) 60 %
DC 100,110,115, 200, 220, 230(V)

ECHO SUNDER FOR NAVIGATION

MARINE GRAPH is most adaptadle to
passenger boats cargo boats oceanic observa-

tion boats, tankers, etc.

Recoding range 0—120(m) 0— 720(m)
100—220(m) 600 —1320(m)
200—320(m) 1200 —1920{m)

Frequency 23K Css

length 10m
width 150 "
AC 100,110, 115,200,220,230(V)
DC 100,110, 115,200, 220,230(V)

Recording paper dry type

Power source

B LEERERXSH

HEHATREBXMESEE 1 o019
T EIK 291/52611— 3, 8181— 3

MARINE INSTRUMENTS CO., LTD.
1~19 KANDA NISHIKI—CHO, CHIYODA—KU, TOKYO
TEL. TOKYO (291) 2611~3, 8181~3
CABLE ADDRESS “MARINEINSTRU” TOKYO



BEERARD S SEM R
CB. % {5 W ) TSI KA RO

x1 kN =4t

e e o o= B T8 E(3) 1051
B et © H R INX TR 1 ~423  Tel. (447)23114%%
Tt L F G BHf 2 ~ 1 Tel.(2) 326113

D}
i
i
.Jll

® OB
Gl
ESET 2 b Ay 7 B &8 R R
Yo & Ot HIEARBEEE TR T A bR

S (R

“ WG HIR LI 3 THI13% 94 &iE (832) 4351~5

%
e
TR R




LHAWEER E RFIDIKMEES /

EDOMMAETRES

EEAEESB

B Igh - fth J5h 32 it e T|A
I FE T
FETER R B E
RefE BENLiEE

B & =&

L.

1 R
*m % 3

Bektix &k ILH7

A t
I E 1D 5
78 Iy T 5%
T B8 i R AT
Bt

1 SR

Besifdbse IWHIRE
R # TAAMX #H EH 207
I KA (293) 3 06 1 — 8
lhstékﬁuﬁﬁﬁ,z,ﬁ‘m&nﬁﬂﬂ 138
5
6

st o4 1 1 1 —

ﬁ IR E R S ESHET 7 2

a5 PHEAUE 1815 - 1816 - 1835 - 816
T B W 4 W #r 3 9 9
w5 TRl (22) 28 20-3704
B - FTE®E T H HFECL
% KL (25) 6347(23)8061 - 8261

—; —

B e



R

B ® F &

bk AT L, RRASMOMBNCL Y, FTETEONELEEINDOH
DEFo ALV > TLHEFEIZATEHOAGTHY FTOT, 4HRFCLBEM
DOEBAC LY, FEHAMRETL BEL LT, Vo ) iRk O Lich & AR
7oL Tk 3, |

“HDRTE, BEWI0HME T 7 v ACKE L LTEY T, 7T v AKKED
Bzt “Cahiers O‘céanographiques” i, “5A7 BEERNMLTED T,
Kk,%ﬁm4¥9x,F%v,7}9ﬁ&£@%%&%m5%ﬁ@5wm§m@‘
EOHRALLRS D T3, TOL LT “5R7 1%, EEchi hBEEREOER D
K&LdEieh i, WRBOEY THY 3,
 PEFELTE, FROMBIRORE (L, KD CHM, AR CE -l
BERTSVETIOMBEC L LES,

meEiiniE > a2 g1
E Ml ¥350
R 4 i K-
5 AT Br B b @& F &
MEEA B L&
RBET O R B 5 2-3
- REEF EH96 703
BRI % oo BO=
R R I

FRAETE K E =y 119




$3% H£1%5

B Rr
= E
FEC Il BTN I EG DEERL v vverveerrrersrerneesrerenin e B & % K
Australia~New Zealand BJiKifKls I O
Ross @ﬁﬁﬂ(ﬁi@@ﬁ ................................................ Eg ;;]'}32 . z/t]% ﬁ gﬁ -
140°E~160° WD B R 1 % ,
MO 0D MBI B o vvveereeeescessen et e KHEIFT - NR K B
rgfE P, 130°E~150°E, #H&D
YRS HETG e AN R OBE kORR
FEfEARE, 130°E~150°E, wkiT 5 i
Eﬁﬁ%g:o\l R R RELITTETRTCPEYPPPYPPPPRRE: N R Bk ﬂ{g
BEET BT 5 Euphausia superba
D RRNE DU T e mermereesmemeisse s akEmE - FL B-BE B
R A H e T ket 1;2*’}{‘/%'/%\7‘1%/%}{
o= = ’
:/"_,r\yy ,f7 yx},_&%ﬁ%ﬂﬁ ...............................................................
3 TSR ST ST USSR
ﬁ g .........................................................................................................

Tome 3 N° 1
SOMMAIRE

Notes originales
Evidences of an Intense Upwelling at the Equator «--«:reeooeeeeereees Koji Hipaka
Conditions hydrologiques dans des régions
au sud de I'Australie et de la Nouvelle-Zélande

Makoto ISHINO et

et des régions environnant la mer de Rosg:worreeremereereees Keiji Nasu

Local Magnetic Anomaly in the Southern

' o LBOOT  wvvvnernernenineinennernesrenens Yoshibumi Tomopa
Sea between 140°E and 160°W and Keijiro Ozawa

Bathymetric Configuration off the Antarctica,

130°E-150CF +++eree- D LT R T PPN PRSPPI PR Keijiro Ozawa

Eye Observations off the Antarctica Coast,
between 130°E and 150°E, December 1964-February 1965------Keijiro Ozawa
Distribution de V'Euphausia superbz Yukiyasu Sasakl,
dans locéan Antarctique ................................................... KlYOShl INOUE et
~ Kanau MaTsulke

* Documentation
: ' acques Picca
Le MESOSCAphe «veosrrrressrermemmmsennsarssnneniises i‘.]racélllllit par 'Ilsgdayoshi SASAKI
Chronigue

Conférences par J._Y. CoUSLEaU rrrrrrrrrrrrrr st B
Informations .................................... B R R R LR R SRR TR E

ProCSs-VEIDaIEE v rcrrrrrrtrsrrr ittt et s e

19

25

32

37

41
51
53

19

25

27
32



