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Deep water property variations below about 4000 m
in the Shikoku Basin*

Hideo SuDO**

Abstract: Time series of spatial distributions of potential temperature and dissolved oxygen
concentration below 3800m in the Shikoku Basin during 1975-1983 are described. It seems
likely that there is a steady or unsteady northward flow below about 4000 m along the western
boundary of the basin; possibly it circulates clockwise off the continental slope slowly moving
upward and renewing the deep basin water. In 1976-1977 an anomalously cold deep or bottom
water with corresponding high oxygen values intruded into the basin. However, a remarkable
increase in dissolved oxygen that occurred up to 3000m or less in 1980-1982 was accompanied
only by a subtle decrease in potential temperature. The direct source of such an anomalously
cold or oxygen-rich deep water can be traced at least 15°N; at 4000m level it may travel
from 15°N to 30°N in about one year. The transient sharp decrease in dissolved oxygen that
took place at least below 2000m in the eastern area north of 20°N during the period of the
second half of 1981 to early 1982 must be connected with the occurrence of the southward
shift of the Kuroshio path in November 1981.

1. Introduction

The Shikoku Basin is a small basin with depths
of 4000 to 5000 m located in the northeastern
corner of the Philippine Sea. It shapes like a
triangle. It is bounded on the north by the
continental slope running from west-southwest
to east-northeast. The eastern boundary is the
Izu-Ogasawara Ridge of less than 3000m in
depth. On the southwest, though the bottom
topography is much complicated, the Kyushu-
Palau Ridge extends southward separating the
Philippine Basin from the Shikoku Basin. To
the south it connects with the West Mariana
Basin at 25° to 26°N (Fig. 1).

It is considered that the deep water below
about 4000 m in the Shikoku Basin has entered
the West Mariana Basin through a rift (about
11°N, 141°E) southwest of the Mariana Ridge
and has spread northward. The sill depth is
estimated to be about 4500 m. The uniformity
in deep water properties below a depth of 4500
to 5000 m in the Shikoku Basin has implied that
the water renewal is less significant within a
few hundred to a thousand meters of the bottom.
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Fig. 1. Bottom topography south of Japan and
the division of the Shikoku Basin used in Figs.
2 and 3. Area symbols and boundaries are as
follows:

132°40’E [AJ 134°20’E [B] 136°00’E [C]
137°40’E [DJ] Izu-Ogasawara Ridge,
24°20’N [7] 25°40’N [6] 27°00'N [5] 28°20'N
[4] 29°40’N [3] 31°00’N [2] 32°20’N [1]
continental slope.
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A few direct current measurements and CTD
observations suggest that there is a cyclonic
gyre below about 3000m in the northern part
of the Shikoku Basin (FUKASAWA et al., 1985).

In 1976, to cope with the southward detour
of the Kuroshio path, the Hydrographic Depart-
ment, Maritime Safety Agency, started regular
hydrographic casts down to about 3000 m or
more in the area south of Shikoku and Kii
Peninsula. Though the vertical sampling at
every 500 m was not adequate to the analysis,
it was shown that below about 4000 m the water
was apparently cooler for a time in 1976-1977
(SUDO, 1982). Unfortunately, salinities obtained
from some cruises might include excessive
systematic errors for the deep water. Therefore,
in the present analysis, an attempt is made to
examine mainly temperature and dissolved oxygen
variations below about 4000 m in the Shikoku
Basin.

2. Distribution of potential temperature and
dissolved oxygen collected below 3800 m
The quarterly hydrographic survey on R.V.

Takuyo or Shoyo of the Hydrographic Depart-

ment has been carried out in the area north of

28°N between 132°E and 139°E since 1976.

Neither fixed sections nor fixed stations have

not been set. For every cruise hydrographic

casts were made usually on about 30 stations,
among which less than 20 had casts extending
to depths greater than 3000 m and about ten or
less to 4000 m or more. A section along 137°E
has been occupied by R.V. Ryofu Maru of the

Japan Meteorological Agency in winter since

1967 and repeated in early summer since 1973.

In general, its deep hydrographic casts down to

4000 m or more were made at every five degrees

of latitude and occasionally at every cone degree

north of 28°N for summer cruises. For both
routine observations, vertical spacing was usually

500 m for depths greater than 2000 m. In addi-

tion, there are some availabie hydrographic data:

Hakuho Maru Cruise KH-75-5 in September-

October 1975 (OCEAN RESEARCH INSTITUTE,

1978), INDOPAC Expedition Leg II in May

1976 (SCRIPPS INSTITUTION OF OCEANOG-

RAPHY, 1978) and Kaiyo Maru cruises in May

1978 and May 1979 (Supo, 1979). These

samples were closely spaced in vertical, at every

200 to 300 m or less.

It is advisable to interpolate observed values
neither vertically nor horizontally for the present
analysis because of sparse samples and of uni-
formity of properties of the Pacific Deep and
Bottom Water (the Common Water). For the
examination of the horizontal distribution of
water proparties, the basin area with bottom
depths greater than 3800m for the north of
24°20’N is divided into 20 parts by every 1°20’
of latitude and every 1°40’ of longitude centered
at 31°N, 136°E (Fig. 1). For each of them
potential temperatures and dissolved oxygen
values sampled at depths of 3300 m to the bottom
are shown symbolically according to ranges of
observed values (Figs. 2-3).

The reversing thermometer yields the in situ
temperature to an accuracy of about +0.02K in
routine use. The conversion of in situ tempera-
tures to potential temperatures was made through
the table showing adiabatic cooling values against
depth ranges (SUDO, 1985, Table 6); it adds
the round off error of +0.005K to the measure-
ment error. Therefore, the class interval of
0.02K used in Fig. 2 may be too small for
areas or cruises of sparse samples.

An anomalously low potential temperature
(£1.18°C) was detected at 3922m, 29°04'N,
137°00’E in May 1977 (1.18°C, C4 in Fig. 2)
for the first time in the north of 27°N except
for 1.18°C at 4083 m, 32°55/N, 137°36’E in May
1976 (C1). The former had a high oxygen value
of 3.60mll-! (C4 in Fig. 3). In 1976 deep
hydrographic observations for the north of 27°N
were made only once (along 135°40’E, B areas,
in November) or twice (along 137°30’E, C areas,
in May and November). In May 1976 the
potential temperature was 1.21°C or more below
3800 m along 137°30’E except for the above-men-
tioned Cl sample. Half a year later all of the
samples collected below 3800 m along the same
longitude showed a significant drop of 0.02-0.03K
(1.19-1.20°C); along 135°40’E it was 1.19-1.21°C
excepting only one sample north of 32°N (B2).

In May 1977 all of the samples taken below
4200 m indicated 1.20°C or less and three of
four stations had anomalously low temperatures
and high oxygen values: 1.16°C, 3.64mll™! at
4393 m, 30°41’N, 133°59’E (A3), 1.17°C, 3.82
mll™' at 4373m, 28°00'N, 137°15’E (C5) and



Deep water property variations in the Shikoku Basin 25

1.18°C (no oxygen value) at 4284 m, 28°40’N,
137°28'E (C4). Because of lack of observations
in B areas it is uncertain whether they formed
a single cold water mass. In September all of
the samples taken below 4000m along 135°E
between 28°N and 32°N had low temperatures
of 1.16-1.18°C (B2-B4), while along 136°30'E
the temperature below 4000m was 1.24°C at
29°00’N (C4) and 1.19°C at 29°23'N (C3). The
lowest potential temperature observed in the
Shikoku Basin during 1975-1983 was 1.16°C
that appeared at least twice in 1977. They are
the above-mentioned A3 sample in May and at
4123 m, 31°56’N, 135°05’E (B2) in September.
In November 1977 samples below 3800 m were
taken only at three stations along 136°40’E north
of 30°20'N (C2-C3). It is to be noted that
none of the stations located north of 29°40’N,
east of 136°E (C1-C3) throughout 1977 yielded
an anomalously
(£1.18°C).

In 1978 only two deep stations were occupied
along 137°E (C4 in February) before May. In
May-July every deep water sample taken below
3800 m north of 27°N was warm (1.21-1.25°C)
except one near the bottom in the southeastern
part (1.20°C at 4186 m, 28°01’N, 138°01'E, D5).
In September 1978 a low temperature of 1.19-
1.20°C was observed at five of ten stations. In
November an anomalously low potential temper-
ature (1.17°C) was obtained at about 4000 m
along 137°E north of 30°N (C1-C3). It should
be kept in mind that all of the deep waters
sampled below 4200 m were considerably warmer
(1.22-1.27°C) than those at a depth of about
4000 m or less. It is probable that a single cold
water mass a few hundred meters thick, centered
at about 4000 m depth, was embedded in the
deep water north of 30°N. This was the first
appearance of the anomalously cold water to the
north of 29°40’N, east of 136°E except for that
in Cl area in May 1976.

For the area north of 27°N the occurrence of
the anomalously cold water with a potential
temperature of 1.18°C or less was limited in the
period 1976-1978. As for the cold water sampled
in May 1976, it is impossible to give any inter-
pretation because of a small number of obser-
vations throughout 1975 to 1976.

It seems unlikely that the anomalously cold

low potential temperature

water entered the northeastern part of the basin
(C1-C3) directly from the south. A possible
explanation is that the area north of 29°N with
bottom depths exceeding 4500 m, the northern
part of which is called the Nankai Trough, is
mostly limited to the area near the western
periphery of the basin (Fig. 1). TIts northeastern
end reaches about 32°40’N, 136°40’E (C1). This
suggests that the deepest basin water circulates
clockwise and the old near-bottom waters found
in November 1978 must have invaded from the
north.

North of 27°N the cold water with a potential
temperature of 1.21°C or less was not found in
1979 with the exception of two stations (1.20°C
at 3817m and 1.21°C at 4312m, 28°0l'N,
138°10'N, August, D5; 1.21°C at 4282m,
29°51’N, 133°50’E, November, A3).

Few deep stations were taken in 1980. In
July~-September the potential temperature observ-
ed below 3800 m north of 27°N was ail 1.19-
1.22°C. Four of eight stations showed a low
value of 1.19-1.20°C (three at 28-30°N along
137°E, C3-C5; one in the western part, 31°19’N,
133°41’E, A2). Though it is uncertain whether
they formed a single cold water mass, this seems
to indicate the second intrusion of the cold
water mass into the basin. This is not so
intense as the previous one in 1976-1977. In
November the potential temperature below 3800 m
was 1.22°C or more except for one sample
(1.19°C at 4443 m, 30°00’N, 137°31'E, C3).

In 1981-1982 seven samples for the area north
of 27°N had a low potential temperature of
1.19-1.20°C; three were at 30-31°N along
133°40'E (A3, at 3950 m, May 1981, at 4370 m,
September 1981 and at 4126 m, August 1982);
the other four were discretely distributed south
of 30°N (at 3962m, 30°00'N, 137°21I'E, May
1981, C3, at 4276 m, 28°59'N, 135°37'E, Sep-
tember 1981, B4, at 3875 m, 28°20’N, 138°00’E,
May 1982, D5 and at 4262 m, 29°02'N, 136°58’E,
July 1982, C4). The two which occurred in
May 1981 may be the remnants of the cold
water inflow in 1980.

The deep hydrographic casts carried out in
the Shikoku Basin by the Hydrographic Depart-
ment ended with the cruise in February-March
1983. For the period after that only the Ryofu
Maru data along 137°E were available. From
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these fewer observations, a cold water with a
potential temperature of 1.20°C or less was not
detected after November 1982.

The accuracy of dissolved oxygen values is
estimated tc be about +0.05ml1~!. High oxygen
concentrations (=3.70ml1™!) were observed in
the deep water of the Shikoku Basin at least
twice for the period 1975-1983 (Fig. 3). In 1977
those high values were obtained separately
along 137°E: 3.75mll-! at 3949 m, 31°12'N,
March (C2), 3.82mll~! at 4373 m, 28°00’N,
May (C5) and 3.72mll™! at 4593 m, 25°00’N,
July (C7). The second one of the above,
which had an extremely high value, was taken
at 177m of the bottom, accompanied by an
anomalously low potential temperature (1.17°C).
Nine of ten samples of high values (=3.60mll™)
had low potential temperatures (£1.20°C).
This suggests that the above oxygen-rich waters
were the fresher, cold bottom waters invaded
from the south.

The second increase in deep water oxygen
concentration occurred corresponding to the
intrusion of the cold deep or bottom water in
the second half of 1980 to the first half of 1981.
Its beginning was presented by the Ryofu Maru
station at 25°N, 137°0l’E in July 1980: 1.20°C,
3.62mll"! at 3927 m, 1.18°C, 3.65 ml 1! at 4422
m and 1.17°C, 3.72mll™* at 4918 m (at 192m
of the bottom). Though deep stations occupied
in January-May 1981 were limited to two areas
north of 30°N, along 133°40’E (A2-A3) and
along 137°00’E or 137°20/E (C1-C3), only one
of 17 samples for the north of 29°N was a little
poor in oxygen concentration (3.54mll™!) and
three showed high values (3.71-3.76 ml1~!); all
of the values below 4000 m were 3.64mll™* or
more. This oxygen increase on a large scale
did not continue until summer. Only one of 13
stations taken north of 28°20’N in July-September
1981 yielded a high oxygen concentration (=3.60
mll™) and four out of 16 did in November-
December.

In March 1982 ten stations were made along
133°50’E (A2-A3), along 135°50’E (B1-B4) and
along 137°50’E (D1-D4); high oxygen values
(3.63-3.80ml1-!) were obtained except for the
southernmost one (29°12'N, 137°48’E, D4). For
the major part of the northern area (e.g., A2,
B3, and D2) high values of 3.60-3.71mll™!

were continuously or intermittently observed
until November 1982 or March 1983. In par-
ticular, in the northwesternmost area (A2) all
of the measurements below 4000 m in 1981-1982
were more than 3.60mll-!. On the contrary,
none of three hydrographic casts carried out at
25°N, 137°E during July 1981-July 1982 showed
such a high oxygen concentration. Therefore,
it seems unlikely that the oxygen increase in
March 1982 was due to the deep water invasion
directly from the south. Possibly the oxygen-
rich bottom water having entered the basin in
the spring of 1981 ascended by several hundred
meters and appeared in the northeastern area
of the basin at some time of the autumn of 1981
to the spring of 1982. However, available hydro-
graphic data fail to give definite and reliable
information on the cause of this oxygen increase.

In 1983 the deep water below 3800 m at 25°N,
137°E (C7) indicated a significant increase in
dissolved oxygen, but its effect on the Shikoku
Basin water is unknown.

It is shown from a comparison between Fig.
2 and Fig. 3 that higher oxygen values are not
always accompanied with lower potential temper-
atures for the deep basin waters. Each of divided
areas given in Fig. 1 mostly has only one to
three samples for the same cruise. Therefore,
if for each of divided areas the potential temper-
ature-dissolved oxygen relation is plotted by the
present data from various cruises, it must be
widely dispersed because of systematic errors,
even if they are small. Nevertheless, in the
southernmost part of the 137°E section (C7)
both properties have some inverse correlation.

Though stations are limited to the northern
area of the basin, the data taken from R.V.
Thomas Washington in June-July 1971 (SCRIPPS
INSTITUTION OF OCEANOGRAPHY, 1977) are
very useful to examine the relation for the deep
water of the Shikoku Basin because of a large
number of samples. There is a distinct relation
between both properties for the area of 31°00'-
32°20/N and 134°20/-136°00’E (B2); north of it
(B1) the correlation is discernible as well (Fig.
4). For other three areas (A2, Cl and C2) the
relation hardly exists. Besides, about half of
the B2 samples had low potential temperatures
of less than 1.20°C and all of them showed high
oxygen values of more than 3.60mll™'. The
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distribution is most scattered in A2 area and
most concentrated in Cl1 area. These imply
that the deep or bottom water mass which has
entered the Shikoku Basin from the south will
reach the northwestern part of the basin at an
early stage. After that it slowly spreads clock-
wise in the northern area at least north of 31°N
splitting into cold or oxygen-rich water patches
(Bl, A2 and C2) and mixing mainly with the
overlying basin water (C2 and C1).

3. Deep water property variations along 137°E

To trace the origin of the anomalously low
temperature and the high oxygen concentration
in the deep water of the Shikoku Basin, both
property values interpolated for the 4000 m depth
at 30°, 25°, 20° and 15°N along 137°E are
plotted as a time series during 1976-1983 (Figs.
5-6). At 25°N interpolated values for 4500 m
are also plotted because the bottom depth is
several hundred meters geater than that at 30°N
or 20°N. In addition, vertical distributions of
properties below 2400 m at four stations along
137°E are depicted (Figs. 7-9).

The 4000 m potential temperature at 30°N,
137°E, which was usually 1.22-1.23°C, dropped
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Fig. 6. As in Fig. 5 except for dissolved oxygen.

to 1.18-1.19°C in September 1977-May 1978
and in May 1981, while it rose to 1.25°C in
January 1982 (Fig. 5). Though the rise seems
to have occurred concurrently at stations of 30°
to 20°N, temperature falls were not always clear
at 25°N and south. The 4500 m temperature
at 25°N was usually 1.19°C, occasionally rising
to more than 1.20°C, but it was not below
1.18°C. The 4000 m temperature fluctuated
with a range of about 0.05K at 25°N and south.

It is a surprise to find that there appears to
be a definite inverse correlation between the
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4000 m potential temperature at 20°N and that
at 15°N. The sea bottom at 15°N, 137°E and
vicinities, where a depression is formed, is several
hundred meters greater than that at 20°N and
vicinities. Figure 7 shows that a cold bottom
water mass with a potential temperature of
1.15°C or less always lay to a thickness of more
than several hundred meters at 15°N, 137°E,
though observations were scarce below 4000 m.
Its thickness varied greatly. Therefore, the
upper portion of the water mass accumulated on
the depression may be forced periodically or
sporadically to move and be replaced by a warmer
water mass. This is a plausible explanation of
the correlation of 4000 m potential
temperatures between at 20°N and 15°N shown
in Fig. 5, but it cannot be verified owing to the
insufficiency of observations. A noticeable undu-
lation of isotherms is illustrated below 4000 m
at 25°N, 137°E; however, its potential temper-
ature rarely dropped to less than 1.18°C. Itis
probable that the cold bottom water flows north-
ward on the western flank of the basin, west of
137°E, at 25°N.

The time series of dissolved oxygen concen-
tration for 4000 m at 30°N, 137°E resembles
that at 20°N rather than that at 25°N (Fig. 6).

inverse
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As mentioned above, the northward flow of the
deep water must have avoided the station at
25°N, 137°E where the bottom depth is greater
than that at both sides (20°N and 30°N) along
the longitude. The inverse correlation of 4000 m
oxygen values between at 20°N and at 15°N is
not so conspicuous as that for potential tempera-
tures. The peak presented at 15°N in July 1980
seems to have propagated northward and to
have reached 30°N in May 1981, being away
from 137°E at 25°N. If the case occurred, it
travelled from 15°N to 30°N at a rate of about
0.06 m s7*. For the potential temperature both
of maximums shown in January 1979 and in
January 1981 at 15°N seem to have reached
30°N a year later (Fig. 5); the average travelling
speed was about 0.05ms~!, if the movement
existed. A layer of more than several hundred
meters of the bottom at 15°N, 137°E was occu-
pied by an oxygen-rich bottom water with a value
of 3.70 ml 17! or more as well as the cold bottom
water (Fig. 9).

The salinity variation seems to be much compli-
cated (Fig. 8).

to systematic measurement errors, because iso-

It may be to a certain extent due

halines undulate greatly in the upper waters as
well. A noteworthy feature in Fig. 8 is the
salinity decrease that occurred concurrently at
15°N and north in January 1981.

4. Salinity and dissolved oxygen variations
on the isothermal surface

Since the oxygen variation did not always
correlate with the temperature variation in the
deep or bottom water of the Shikoku Basin,
the temperature-oxygen relation must have varied
appreciably in the basin. But this is difficult to
examine because water property ranges are small
and measurement errors are relatively large at
greater depths. To find variations in property
relation, isothermal surfaces for potential temper-
atures of 1.3°C and 2.0°C were selected (Figs.
10 and 11).

For 1.3°C surface (at a depth of about 3000-
3300 m), both salinity and dissolved oxygen
distributions show similar periodical variations
after 1978, being maximum values from late
1979 to early 1980 and in 1982. For 2.0°C
surface (at a depth of about 1700-2000 m), the
salinity variation is similar to that for 1.3°C;

SALINITY

56l - 2 a 4
s N -
. FOR 2.0°C |
34. 54! s - T T

1974 1975 1976 1877 1978 1979 1g80 1981 1982 1983

Fig. 10. Salinity on the isothermal surfaces for
potential temperatures of 2.0°C and 1.3°C in
selected 1°X1° areas shown in the inserted
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Fig. 11. Dissolved oxygen on the isothermal
surfaces for potential temperatures of 2.0°C
and 1.3°C in selected 1°X1° areas shown in
the inserted chart in Fig. 10.

though dissolved oxygen values were dispersed
after 1981, they were generally high in 1982-
1983 except for the southeastern part (29-30°N,
137-138°E).

The dissolved oxygen maximums in 1982 for
1.3°C surface occurred early in 31-32°N, 135-
136°E area (included in B2 area shown in Fig.
1) and late in 32-33°N, 138-139°E area (included
in D1-D2 areas). Therefore, it may be concluded
that they were brought through the oxygen
increase in the lower water, probably the marked
oxygen increase in January-May 1981 (A3 and
C3 in Fig. 3). If it had propagated from the
south, it tock about two years to get to a depth
of 3000m in the northeastern corner of the
Shikoku Basin from a depth of 4000 m at 15°N,
137°E. It seems likely that this oxygen increase
had an effect on the upper water up to 2000 m
or less in the northeastern part of the basin.
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On the contrary, a sudden drop in the second
half of 1981 on both isothermal surfaces took
place down to the bottom north of 20°N at the
same time (Figs. 6 and 9). The decrease was
remarkable east of 137°E. Though Fig. 6 indi-
cates the 4000 m oxygen minimums at 30°N
and 25°N in January 1982, the differences from
the preceding values are small. This transient
sharp decrease in dissolved oxygen for fixed
potential temperature values on an extensive
scale both horizontally and vertically may be
related to the occurrence of the southward detour
of the Kuroshio path in November 1981.

5. Discussion

Normal property values of the deep water of
the Shikoku Basin are not known definitely.
Prior to the deep hydrographic casts made by
the Hydrographic Department starting in 1976,
three special cruises for the survey of the Kuro-
shio were carried out in the northern part of the
basin during 1965-1975. For this reason a
comparison of historical data is made for the
north of 30°N (Table 1).

Within 250 m of the bottom or below 4500 m
the above three surveys indicates low mean

Table 1.

potential temperatures of 1.20-1.21°C with small
dispersion because of single cruises. The mean
for 1977 is slightly lower than the earlier means.
However, for the upper water, the difference
between the mean for the early three surveys
(1965-1975) and that for the late observations
(1979-1982) is only 0.01-0.02K; in 1976-1977
the upper water was remarkably cooler. The
lowest potential temperatures were 1.187°C
(doubtful) or 1.200°C in 1965, 1.17°C in 1971
and 1.20°C in 1975.

In the deep water below 3800 m there was a
considerable year-to-year variation in dissolved
oxygen concentration. Though it is difficult to
determine the normal absolute values, under the
normal condition the value within 250 m of the
bottom or below 4500 m seems to be about 0.04
ml1™! higher than that for the overlying water.
This difference was occasionally reduced with
larger increase in the upper water than in the
lowest water. Therefore, it may be reasonably
concluded that the state was normal in 1965,
1977, 1978 and 1983. The 1971 values were
apparently higher in dissolved oxygen and some-
what lower in potential temperature; possibly a
fresh bottom and deep water had flowed into

Potential temperatures and dissolved oxygen concentrations

below 3800 m north of 30°N in the Shikoku Basin.

Potential temperature

Dissolved oxygen

Within 250 m of

Above 4500 m and

Within 250m of Above 4500 m and

Year the bottom or above 250m of the bottom or above 250 m of
below 4500 m the bottom below 4500 m the bottom

No. Mean Std.dev. No. Mean Std.dev. No. Mean Std.dev. No. Mean Sid.dev.

obs. (°C) (K) obs. (°C) XK) obs. (ml1™Y) obs. (ml1™
1965[11 16 1.210 0.011 13 1.222 0.014 7 3.569 0.032 8 3.526 0.038
1971[2] 34 1.202 0.008 36 1.216 0.010 31  3.624 0.047 34 3.607 0. 052
1975[3] 6 1.207 0.005 8 1.221 0.006 5 3.518 0.058 8 3.488 0.059
1976 8 1.210 0.016 7 1.204 0.016 7 3.583 0.089 7 3.573 0.038
1977 9 1.199 0.021 10 1.203 0.019 8 3.575 0.064 10 3.538 0.084
1978 30 1.217 0.022 24 1.225 0.015 30 3.570 0.041 22 3.538 0.067
1979 5 1.236  0.011 22 1.238 0.013 5 3.532 0.077 23 3.495 0.055
1980 7 1.223 0.019 13 1.235 0.021 7 3.664 0.214 13 3.561 0.047

(6 3.585 0.045)*

1981 18 1.231 0.016 24 1.237 0.015 18 3.546 0.115 24 3.599 0.077
1982 13 1.228 0.011 18 1.237 0.018 13 3.641 0.074 19 3.571 0.096
1983 2 1.220 0.014 7 1.231 0.013 2 3.590 0.028 7 3.544 0.057

* a doubtful value of 4.14mll™? is excluded.

[1] CSK 31K001 (A#lantis II) (JAPAN OCEANOGRAPHIC DATA CENTER, 1966),

[2] ARIES Leg VI (Thomas Washington) (SCRIPPS INSTITUTION OF OCEANOGRAPHY, 1977),

[3] KH-75-5 (Hakuho Maru) (OCEAN RESEARCH INSTITUTE, 1978).
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the Shikoku Basin in the year or shortly before.
Such an oxygen-rich water intrusion occurred
in 1976 and in 1980-1982 as well, but the latter
was complicated owing to a transient decrease
in 1981. The reason why the oxygen value
decreased in 1975 and 1979 cannot be understood.

The direct source of the anomalously cold or
oxygen-rich water occasionally found below about
4000 m in the Shikoku Basin can be traced at
least to 15°N (Figs. 7 and 9). However, the
mechanism of its formation and spreading to the
north is still unknown. Such a shift in the
potential temperature-dissolved oxygen relation
as observed in the Shikoku Basin in 1980-1982
must have originated in the south. The signifi-
cant hydrographic response to modest short-term
climatic forcing has been pointed out for the
northern North Atlantic (e.g., BREWER et al.,
1983; SwIFT, 1984). However, the origin can-
not be found in the North Pacific because neither
the deep water nor the bottom water is not
formed there.

It is uncertain whether there exists a steady
deep circulation in the basin showing a wide
variation in water property or the basin flow is
sporadic and every time it happens the property
distribution is disturbed. Possibly both move-
ments coexist. One of the most probable deep
currents based on direct measurements in the
Shikcku Basin is a westward current above
several hundred meters of the bottom at the
northern edge of the basin along 136°15E
(FURASAWA et al., 1985) or 136°30'E (TAFT,
1978). But TAFT (Table 2 and Fig. 14a) pre-
sented an eastward bottom current of about
0.05m s™ at 32°40’E. The result of the present
analysis indirectly confirms the eastward current
below about 4000 m in the northern part of the
basin.

6. Conclusion

Below about 4000 m in the Shikoku Basin
there seems to be a steady or unsteady north-
ward flow along the western boundary; it circu-
lates clockwise off the continental slope slowly
moving upward and renewing the deep basin
water. In 1976-1977 an anomalously cold deep
or bottom water with a corresponding high dis-
solved oxygen concentration intruded into the
basin. However, a remarkable increase in dis-

solved oxygen that occurred below about 3000 m
in 1980-1982 was accompanied only by a subtle
decrease in potential temperature. The direct
source of such an anomalously cold or oxygen-
rich deep water can be traced at least to 15°N;
at 4000 m level it may travel from 15°N to 30°N
in about one year. The transient sharp decrease
in dissolved oxygen that took place at least
below 2000 m in the eastern area north of 20°N
during the second half of 1981 to early 1982
must be connected with the occurrence of the
southward shift of the Kuroshio path in No-
vember 1981.

References

BREWER, P.G., W.S. BROECKER, W.J. JENKINS,
P.B. RHINES, C.G. RooOTH, J.H. SWIFT, T. TAKA-
HASHI and R.T. WILLIAMS (1983): A climatic
freshening of the deep North Atlantic (north of
50°N) over the past 20 years. Science, 222, 1237~
1239.

Fuxkasawa, M., T. TERAMOTO, K. TAIRA, M.
KAWABE, S. KIiTaAGAwWA, H. IcHikawa, T.
TAKAHASHI, A. MAEDA and M. TAKEMATSU
(1985): Kuroshio in the Shikoku Basin. In:
Ocean characteristics and their change, Report
of the Special Project Research, Ministry of
Education, Science and Culture, pp. 89-120 (in
Japanese).

JAPAN OCEANOGRAPHIC DATA CENTER (1966):
Preliminary Data Report of CSK, No. 20, Hydro-
graphic Department, Maritime Safety Agency,
Tokyo, 68 pp.

OCEAN RESEARCH INSTITUTE, UNIVERSITY OF
TOKYO (1978): Preliminary Report of the Haku-
ho Maru Cruise KH-75-5, September 12-October
27, 1975, Kuroshio and Adjacent Waters. Ocean
Research Institute, University of Tokyo, 56 pp.

SCRIPPS INSTITUTION of OCEANOGRAPHY, UNIVER-
SITY of CALIFORNIA (1977): Data report,
physical and chemical data, ARIES Expedition,
Legs I, 11, VI; ANTIPODE Expedition, Legs
IV, XII, XIII. Univ. of Calif., San Diego, SIO
Ref. 77-23, 99 pp.

SCRIPPS INSTITUTION of OCEANOGRAPHY, UNIVER-
SITY of CALIFORNIA (1978): Data report, physi-
cal, chemical and biological data, INDOPAC
Expedition, Legs I, II, III, VII, VIII, XV, XVI,
23 March 1976-31 July 1977. Univ. of Calif.,
San Diego, SIO Ref. 78-21, 424 pp.

SUDO, H. (1979): Physical data from the hydrographic
surveys on marine organism in relation to deep-
sea disposal of radioactive wastes in the central



32 La mer 44, 1986

western North Pacific aboard R. V. Kaiyo Maru
in 1978 and 1979. Datum Collect. Tokai Reg.
Fish. Res. Lab., 8, 1-48.

SuDpo, H. (1982):
western North Pacific on the deep-sea disposal of
radioactive wastes—Deep water characteristics
and circulation. Reports on oceanography and
fisheries related to deep-sea disposal of radio-
active wastes, Tokai Regional Fiskeries Research
Loboratory, Fisheries Agency, 174 pp., unpublish-
ed (in Japanese).

Hydrographic surveys in the central

Supo, H. (1985): Practical equations for calculation
of potential temperature of sea water. J. Tokyo
Univ. Fish., 72, 65-70.

SWIFT, J.H. (1984): A recent #-S shift in the deep
water of the northern North Atlantic. In: Climatic
processes and climatic sensitivity, Geophys. Mono-
graph 29, Maurice Ewing vol. 5, HANSEN, J.E.
and T. TAKAHASHI, editors, American Geo-
physical Union, Washington, pp. 39-47.

TAFT, B.A. (1978): Structure of Kuroshio south of
Japan. J. Mar. Res., 36, 77-117.

MU 4000 m LIZEDTREIK DR D ZE)

AR

By MEEER 3800m QRO HET v ¥+ VKR LA
EBRFZONAD, 1975 F02 5 1983 £DMIC BT 228
FRENTH, BWHEOTERDK 4000 m IECIRETFH
DVWRIEEFOLERNRD O, WEIE T, KEHE
OBEATEFTEDLIERLAKRL®IPhICERL,
HENOEBKAYEFLTVDE S L, 19764 51977
T TR, FLRR THERZED S WERB AR
HWAEWRITHA L. 1980 £ 5 1982 F 1T 22 F T %,
3000m PR ICE CRAEERBKTCOBREBRIOE LW

E 3

RBEEH BN, EREBCRT 5KEOETIRI S #h
CEEE Sk, TNDOREBBEKZ 15°N UEIE
BEOREND D, 4000 m T 15°N 225 30°N £TH
VETEHET DL HDND, Tois, 1981414 ¥ 0 H19824F
DT T, 20°N PALOHE TR < &% 2000 m
DROERBTHRLD, BEBFEO —FNZEETAADL
Nizps, THIZ19814E11 A @ B A ITO R A L B
HBHLWe



