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Theoretical elucidation of generation of a soliton
on the interface of two-layer fluid system with
equal depth with slightly different densities*

Masahide TOMINAGA**

Abstract: Analytical treatment is conducted to seek the soliton solution along an interface
of two fluid system with equal depth and slightly different densities in the sea. There results
a solitary wave of very small amplitude and with very long horizontal scale. If the density
difference is somewhat large, the amplitude increases. In any case, the upper limit of ampli-
tude exists. The case when the depth of upper layer is slightly larger than that of lower

layer is also considered.

1. Introduction

Interfacial solitary wave which gives rise
to on an interface of two-layer fluid system of
equal depth of which densities are p+4dp in
the lower and p in the upper layer has not been
solved theoretically yet (ROBERTS, 1975). Vari-
ous experiments conducted by MIYATA (personal
contact) pertaining to this phenomenon revealed
generation of soliton when the upper layer is
thicker than the lower, and revealed no con-
spicuous soliton when the thickness of both
layer is equal.

MivATA (1985) also studied the interfacial
soliton theoretically by solving the nonlinear
differential equation numerically, using the el-
liptic integral and obtained elevated soliton of
large amplitude when the upper layer is deeper
than lower layer and the density difference is
small. The author tried here to seek the exact
solutions of interfacial soliton in the case of equal
depth, using the mathematical method applied
by MIYATA by means of improved and com-
pletely analytical procedure.

In section 2, the fundamental dynamical equa-
tion is derived by considering horizontal con-
stancy of a flow force in moving fluid using the
complex potential method (LamB, 1932). The
resulting non-dimensional equation is the so-called
nonlinear ordinary differential equation of poly-
nomial class which is analytically integrable in
special case (INCE, 1956).

* Received January 31, 1989
** Nishimotomachi 2-11-44,
185 Japan

Kokubunji, Tokyo,

In section 3, the solution of the above equation
is expressed in terms of integral of irrational
function when depth ratio of two layers r is
equal to 1, and 6=4dp/p is arbitrary. In this case,
elevation of the interface is assumed to be smaller
than 1. We introduce the square of internal
Froude number Fi?=c?/gho, where h is the depth
of each layer, ¢ acceleration of gravity and o=
do/p. F;? is a function of wave height A, hence
if F;? increases with A (0<A<1), steady soliton
solution exists, but if it decreases with increasing
A, physically such a soliton is unrealistic. We
can prove mathematically that there exists always
narrow domain of Fy?2 or A with dF?/dA>0.
In other words, this means that there is a limit of
amplitude of a soliton for prescribed value of o.
Soliton profile is slightly elevated and very long
horizontally.

When A is small, neglecting the fourth power
of A and so on, the solution is given by elliptic
functions. Numerical example is given for o=
0.02, being relevant value for research of two
layers system in the sea.
amplitude tends to increase.

If the ratio of depth of the upper layer to the
lower layer is slightly larger than 1, an elevated
soliton with small amplitude also exists.

For larger o, the

As an
example, we give this ratio to be 1/ Vi—o
which simplifies the fundamental equation and
the solution can be easily expressed by elemen-
tary integral.

2. Construction of the fundamental equations
So far, we consider the two layers system
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Fig. 1. Cartesian coordinate system, z-axis taking
along the interface and y-axis taking vertically
upwards from the origin which locates on the
interface.

with densities 01 and ps (01> 02) and the constant
depth of A; and Ae (he/hi=7) for lower and upper
layer, respectively (Fig. 1).
fluid extends horizontally to infinity, and the
upper and bottom boundaries are bounded by rigid
plane surface. Cartesian coordinates are taken,
zx-axis being horizontal and y-axis vertical and the
origin locating on the interface.

Now let introduce total flow force S to which
the vertical surface with unit width in the fluid
is subject,

S=S” (1 + 0u?)dy
—h1

We assume the

h
4 S “(pot o)y, 2.1

where 7 is the elevation of the interface, px
(n=1,2) densities of fluid, p, and u, are dyna-
mical pressure and horizontal fluid velocity due
to solitary wave motion, respectively. The
Bernoulli’s equations are

Prt 00gy+ I (w4 vd) =Ko, (n=1,2), (2.2)

2
where wv.’s are vertical velocity and K,'s are
constant. Upon substituting p» of (2.2) into (2.1),
we obtain

S=Ki(p+h1)—Ka(n—hs)

o
___52 (2 —hi?)— p;g (h?—7?)
o1 (7 , .
-+ ’2*—5 A (ul — V1 )dy
—it1
o2 ("2
+ B 8 (w2 —vP)dy , 2.3)
7

which is also given by MIYATA (1985). Since
the flow force S is conserved horizontally then,
the fundamental conception to-derive the equation
of motion is S=Sw, where S is the flow force
at x=Foo.

Assuming a stationary inviscid fluid motion,
we introduce the complex velocity potential
In=0¢n+iYr,(n=1,2) and complex coordinate
z=x+1y, hence we obtain

axn
dz

=up—1ivn, (m=1,2). (2.4)

Near the bottom we expand u.(z,y) in Taylor
series of y—h; and h:—y for n=1 and n=2,
respectively, and using

(49272 din
un(x 2/) ;i: =Re dz s

we obtain (LAMB, 1932)

wi(z,y)=uslz, —hi)

d?
—ZL(ZHIM)‘“’ sui(z, —hy)
l
4 (y+h> d U u(z, —h)+...,
_ L (2.9)
us(az, y) = us(2, hs) |
Z?
_2%012—@)2—;*5 us(x, hs)
d4
Dt CY PR

Since we consider a solitary wave motion «
priori, vertical motion is very small compared
the fourth order terms in the
above equations can be neglected. Now we
can express ui(x, —hy) and wus(x, he) in terms of
horizontal flow rates

(y+h1)? a2

= ! dy= !
@ j—-mui v S_hl 2! dax?

h
+o( L ) Jm(x, —ho)dy

with horizontal,

1—

L being the characteristic horizontal length,
integrating this with respect to ¥ we obtain

h)? d?
Q1:<n+hl>[1— (’7; 1) S ]

+u1(x, —}L1) 5 (26)

and similarly,
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ho— a2
Qz—S [1 ( 22'2/ s +.. ,]ug(x,h2>d?/

(ha—7)2 &2
= ()| 1- dx2+..1u2<x,hg>.
2.7)

Solving #; and us from (2.6) and (2.7) and con-
sidering @; and @ are conserved horizontally,
we obtain

ui(zx, —hi)
—[1+ (7]+h1)2 @z ] th
+hy
N hﬁ?? [H§< dﬁ)
—(hi+7 ]
sz, ha) = [1+ (dx>2 =
~(ha— )dxzj
. Qs dn\?
SCEY) <—
v (hzc—g—gv)i’ (ﬂy ;

At infinity x=Z4oco, we assume wi=us=c,
p1=p2=0, vi=v:=0 and »=0, then we have

Ki=psghs+ 1‘;2_162’
0
1<2:[02th‘1'-‘23 c?,

Qn=chu, (n=1,2). 2.9

Substituting K; into (2.2) for n=1, we have
020h2+ %CQ:[J1+PQU+%(H1Q+W12)

which reduces to pi1=psghs—p1gy for x— too.
Hence, the flow force Siw is given by

0
Slm:j h(?1+PICZ>dy:p1€2]11
il
1 2
+Pzgh1hz+3plgh1 5
and similarly Y (2.10)
Ry R
Seo= [ lpwtmeay=| louct+ ph
0

— 21 dy = pahac?+ ! “’h :

Upon substituting (2.8) into (2.3) and using
S=80=_S100+S200, we obtain the dynamical
equation in non-dimensional form as

N+ (=0 T M(1~Bc>(%§)2

=0—-D0-CC, (2.11)
where x=hm&, {=h and
N=4F*(1—r2+oar?), N
 1—724or?
T r(l4r—or)’
D=r—1+0dF;2, (2.12)

n 2
M= —%—r(l +r—or), 5

C=r—F&1+r—a),

MiIvATA (1985) also obtained the equation like
(2.11), however the term d%(/dE&% is in defect.
This term is not small compared to (d{/d£)? and
so cannot be ignored.

3. Integration of fundamental equation (2.11)
To solve (2.11),
method, that is to say the so-called variation of
integral constant. First we integrate the homo-
geneous equation of (2.11), namely the equation
without the righthand side. The integral con-
stant K including in this solution is then con-
sidered to be the function of {, that is to say

we use the conventional

dK
- (1+C)(7” s)d—c

= =D -CL) exp[%f{i)], 3.1

where we get the following

1
Ao =log S,
and so
M, TA4+Dn % A+«
exp[ﬁf(g)]—\: (r_C)az] T =)

Integrating (3.1), we obtain
(L+Om = DP—CL?
(r—=0 (1+0(-0)

where K({) must be positive (see below).
The solution to the above-mentioned homo-

Q= S a, (32
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geneous equation is easily obtained as follows,

(ZE) K<C>6XP[——AJ§f<c>], 3.3)

where

( 1-B . d+0m
ﬂo“g (000 =le g

Finally, inserting (3.2) into (3.3) and taking
square root, we have

=+ S s

(A +8xdl
r—0)e2n/ J(€)

where

(1+m1

J(‘:):S GTW(G—D@—C?)&ZC. (3.5)

Powers @, and ap included in f({) are

_1+B d ane 1—»B
a= - and az= e
respectively, then we obtain
= czlﬂ/[ . l
TN T 120110
paeM (-0 1 (3.6)
TN T 1202 ar) |
=r(l—0)a;.

In general a; and «; are not integer, hence the
integrands of (3.4) and (3.5) are irrational and we
cannot integrate rigorously by elementary func-
tions.

‘When =1, the formulae (2.12) reduce to

N=4oFs, M="""pg, )

|
___0'__ —1_(9_ 9 ) (37)
B=5"—, C=1-@-a)Fy, ‘
D=0F3, )

and ay1=1/12¢, a;=(1—0)/126. Now let consider
the evaluation of (3.5). Assuming (<1, ex-
panding the integrand of (3.5) in power series
of £ we get

C(C+DL=E)(1+8:L
+ 8oL+ Bl +) 3.8

where
. 2—0
PL= 126 °
8, — 44—40-%-27702
' 2880?
By (2—0)(4—40+11170%) (3.9)

1036803

Replacing the integrand of (3.5) by (3.8) and
integrating term by term, we obtain

JEO=0(),
Y(C) _(d0+d1é+d2§2+dsca+“'>a} (3.10)
where
C
dO:_S“:dm—doze H d01~%
2—
dop=—7", (3.11)
8:C+D 9_
di= Bi’“li”"—‘dn_dlzl’z 5 din= ‘il = 48;’
1 4—40—110?
dup="{Q=0)p—0}=——p—, (3.12)
ds= M{.)l__D_:_l_:dﬂ_anig; )
|
|
1 4—40—110? i
doi=g B D="qge |
1 ) (3.13)
dzz—-{ﬂz@ a)—pio}
_ (2—0)(4—40+2030%) N
14400% )
dBZ%(ﬁ3C+t82D—.81):dalﬂdstiQ: 1
1
d31:’6_(183_‘81>
_ _ 2
_ (@2—o)4 40 +-253a2) ’ C (3.14)
6220803 )

dm:%{@—wﬁrﬁw}

=[(2—0)2(4—40+11170%) — 3602
X (4— 40 +2776%)]+622080°

According to (3.4), since N is positive J(&)
must be also positive so as € to be real, for this
do must be negative or C<0, that is to say it is
necessary that Fy2>1/(2—0a). This fact implies
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that an elevated soliton (1> A>0) exists physi-
cally. Moreover, we must cheque whether
F2=c¢%/gho increases with A or not, in other
words, it is necessary dF;/dA>0 in order to real
soliton exist, because the higher is the soliton,
the larger the phase velocity ¢ must be.

At the top of profile {(£) of a soliton, the
tangent must be horizontal or d{/dé=0. To
satisfy this condition it is clear d&/d{=oo for
{=A or JIA)=A¢(A)=0 or ¢(A)=0. We can
solve F;? from this equation as a function of A4,
and obtain the dispersion relation as

_ dot+dit A+ do A+ dg A3 -+
doz+die A+ das A2+ d3s AB -+

F (3.15)

Differentiating F:% with respect to A, we have

. dF
flffé_df =dydoe—die2doy .

In order to make dF;?/dA positive we must have

diidoe—diade1 >0. (3.16)

Making use of (3.11) and (3.12), lefthand side of
the above expression becomes

— )2 A —1202
2—0a) 4—40—12¢ =i>0’

14de 1440 12

hence, (3.16) is always satisfied. This fact pro-
vides the existence of a real soliton in the neigh-
borhood of A=0. F;? has a maximum value for
A=An and for A larger than A, no soliton
exists physically. ROBERTS (1975) has described
in her book that no theory has been discovered
pertaining to the present problem. However,
we believe that the present discussion resolves
the pending problem.

4. Integration of (3.4) when ¢=0.02

0=0.02 is relevant value for dynamical problem
in the sea. Now the dispersion relation (3.15)
is illustrated in Fig. 2. For A>0.02, the curve
is invalid, since F? decreases with increasing A,
hence solitons occur in the very narrow interval
of F;?, that is to say 0.50505<F;2<0.505096.
Since A is very small J({) of (3.10) is approxi-
mately written by

JO)=C0Q)=L3(|do| ~dil — dol2—dal®). (4.1)

2

Fi

0.50510

1 | L { 1 |
0.5050 007 002 503"

Fig. 2. Dispersion curve when r=1, ¢=0.02.
The maximum value of A is about 0.02, and
of F;%is 0.505096, the part of thickline of the
curve being available.

Computing for F;2=0.50508 the numerical values
of dn’s by (3.11)~(3.14) and solving ¢({)=0,
we obtain ;=0.00901, £;=0.03162 and (3= —
0.05196, among those roots, the amplitude of
soliton corresponds to ;.

Now we expand the following factor in the
integrand (3.4) as

1+Q)e
(—j—s) 1:1+71C+T2C2+7”3C3+O(c4>> <42)
(1=8)e
where
_2-¢ _ 4—4o—110? \
T s 0 PT T 288802 L
4.3)
_ (2—0)(4—40—2530%)
7= 103680° ' /

Thus from (3.4) we obtain

E=A/20F?
X I_i+rido+ralitrsle+--+), (4.4)

where

I S s
I"”SA Vo) Lo o=@ (45

The integral variable is now transformed to w by

v lddl
c T dw+di/3’ 4.6
hence we obtain
o 16ldof
BO=00= 1y a5
X 4(w—er)(w—ex)(w—es), 4.7

where

er=|dol/4C,—dy/12, r=1,2,3,
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then, numerical value of e,’s are ¢;=3.4065 x 10~4, (u, a)= "7 snacna dna sn’udu
e2=—4.625x10* and e;= —2.9429 x 10~*. “a 1—° sn%a snu
By differentiating {*a/¢({) with respect to { ®  sin (nra/K) sin (nxu/K)

and integrating, we obtain the following recur- ==

n=1 nsinh @z K’/ K)
rence formula for I,

zu & sin (nra/K)

- _sntmmarR) g
Er/o@)= 2”“ |do| Lo~ (n+ 1)diTn s R E b (K K)
913 (WHITTAKER and WATSON, 1927; ABRAMO-
_ent dolnio— 2n+4)dslnvs.  (4.8) WITZ and STEGUN 1965), where « is determined
by
Putting n=—1 we obtain o 12es+4dy
- sn a———%—~k2(1261+d1) . (4.15)
d d. £
2dsI;= [ZOII-l_ 72114 qu)c( )- (4.9) a is real and positive, since
l—sn?ae 12(k2e; —es) —k'2d,;
Upon substituting (4.9) into (4.4), it follows T k2(12ei+d)
roldo| and we can show the numerator is positive,
§<u)=i¢2aﬁ*;é[<1+ Z d° )1_,+r110 thus sn?e<1; actually, a=1.7845 for ¢=0.02.
s K, K’, and E are complete elliptic integrals of
—}-(r _ rads )I the first (K and K’) and second (E) kind. Then
U ad, T 2d3 E(u) is represented by
y { (ido{—dlcEdZChdac_a)}“?} @.10) £ . e sin 2
=gt g L omrr ~ 19
sinh

We introduce the second transformation
Making use of (4.6) and (4.11), the elevation of

w=e,+ (el—creli);nzu (mod. k) (4.11) the interface { is given by
. 3|do|cn?u
Lw)= . 417
modulus of snu being defined by 12(e1—e2) +(12e2 -+ dr)en’u
(4.10) and (4.17) give profile of elevated soliton
- ﬂ’ k=1—je (4.12) €(&) in terms of parameter #, which is illustrated
€1 e in Fig. 3 for ¢=0.02 and F;2=0.50508. For

u=0, £0)=0 and £(0)=3|ds|/(12e:+di)= A, and
for u=K, &(K)=oc0 and {(K)=0. By computing
the coefficients of three formulae of (4.13), we
L= —u/"ei—es, can see I1 I s, since |dy] (say |do]=1.95%x10"3

After some analytic manipulations we can reduce
the following:

for ¢=0.02 and F;2=0.50508) is generally very
I_lz—ﬂi_df:u small, and the last term of (4.10) is also small
Sldolv/er—es compared with terms Iy and I_i, hence taking
. 4+/e1—e;3 { snu dnu £ the negative sign of (4.10), &(u) is expressed by
|do| cnw (u)}’ ) (4.13) approximate formula as follows:
L= Sl §ws—~2FFHi+nl),  (418)
ei—e; (12¢1+dy) . )
d or numerical form as
na
x {”“‘F snaona I, a>}- ) £(u) =62.30u+734.55
snu dnu
where II (u,a) is defined by X{ enu _E(u>}’ (4.19)
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1 | 1 |
OO 100 200

! | 1 | 1
300 400 £

Fig. 3. Right half of the soliton profile when ¢=0.02 and F;*=0.50508.

Maximum height is 0.00901.

for F1?=0.50508. &(u) is very large compared
with (), hence the soliton profile is very flat,
so it may not be easy to make field observation
or realize a tank experiment. In the case of
larger o, the maximum amplitude increases, for
example when 6=1/3 Ay is about 0.1 for F;?
=0.601.

5. The case of r=1/41—0¢

Inserting r=1/4/1—0 into (2.12), the funda-
mental equation (2.11) reduces to

MAdIN_ pes e 5
. (75) —C-DI—C), C<0, (5.1)
or
M (¢ 1718
= - — e ————————
==y | e g ©9
where
.2 _
M:%(«/lfﬁ-l—o),
_ 1 1 , L (5.3)
_ 1
D_Mli 1+0F;

L+ VIC[=~C—DT+IC[
X<1°gC—vW—vc2—Dc+ C

o AT ICI
e 3TVl o4
where

A*—DA+|C|=0. (5.5)

From (5.4), when {=0, £=o and when {=A,

£=0, then a soliton exists for certain interval of
F;?. Using expressions C and D given by (5.3),
(5.5) becomes

A2—<ﬁ—l+0Fi2>A
ol N, 1
+<1“"T¢11'a) SRV vt

or solving I';* we obtain the dispersion relation as

oo 14+ 1—VI-0)A—1-0A®
1+(1—0)2—0o/1—6A

(5.6)

2

C is negative, so we have F:2>1/{1+(1—0)%2}

=0.50757(c=0.02). In order to seek maximum
value of dF*/dA=0 for A, that is to say, such
A is a root of

1= 1l-A1=0)A2—2/1—0(2—0—/I—a)A
+@2—0)1-+1—a)=0 (5.7)

Now assuming ¢=0.02 one root of (5.7) is
An=0.01015, and from (5.6) max F;2=0.50763.
As the result elevated soliton with amplitudes
less than 0.01015 occur for F,;® lying between
the narrow interval 0.50757<F;2<0.50763.

6. Conclusion

(1) An elevated soliton solution exists on the
interface of two layers of equal thickness. When
the density difference ratio c=4p/p is 0.02, the
height of soliton is less than 0.02 of the depth
of single layer, and F;?, the square of internal
Froud number for which the soliton exists, lies
in very narrow interval 0.50505<F;2<0.50510,
F:2=0.5 being the value of infinitesimal inter-
facial waves generating on the same interface.

(2) If the depth of upper layer is 1/5/1—¢
times deeper than the lower layer, the exact
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solution can be obtained by simple elementary
analysis. In this case the elevated maximum
height is 0.01015, less than the case of exactly
equal depth, however F;? is somewhat larger.
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Marigrams in tide-wells*

Shigehisa NAKAMURA**

Abstract: Marigrams of tides, storm surges and tsunamis, recorded in tide-well, are introduced
first to take a glance at them for learning the variations of sea level and its vertical speed. A
dynamical model of tide-well is considered for finding whether the sea level near coast can be
observed well even in a tide-well. A remark is made for the sea level’s vertical speed which must
be affected by structure of the tide-well and by frequency characteristics of the sea level varia-

tions just outside the tide-well.
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Effect of food amount on growth of tench larvae, Tinca tinca*

Recep BIRCAN™*, Kiyoshi SAKAT*** and Fumio TAKASHIMA**

Abstract: Tench larvae in four stages were recognized to survive all in higher rates (95-100%)
in laboratory after four weeks of rearing when they were fed on appropriate amounts of live
Artemia nauplii. The more the food was supplied, the better the growth of larvae was within
respective five levels of food supply. The most profitable increment of body weight was
obtained with a series of minimum food supply: 1mg/ind./day in the first week from the
4th day after hatching, 2 mg/ind./day in the 2nd week from the 12th day, 3mg/ind./day in
the 3rd week from the 19th day and 4 mg/ind./day in the 4th week from the 25th day.

1. Introduction

Tench, Tinca tinca, is native in FEuropean
freshwaters, and has been introduced outside its
original habitat widely to such areas as Israel,
Tunisia, India, Indonesia and Japan, as well as
Australia (BARDACH et al., 1972). This cyprinid
species is known to grow relatively slow as
compared with the carp, Cyprinus carpio, a
well-known species for aquaculture. However,
because of its potentiality of resistance to disease
and stress (HEUT, 1957; VON LUKOWICZ et al.,
1986), tench seems to be very useful for the
same purpose, and effective technologies are
eagerly expected in seed production for the fish.

One of the urgent problems for intensive seed
production of this species in larval stages may
be in relation to the feeding. Although the
larval rearing of the fish is known as effective
by feeding on living organisms (VON LUKOWICZ
et al., 1986), represented by Artemia nauplii
(BRYANT and MATTY, 1980), no attempt seems
to have been precisely made to quantify the
optimum feeding. The present study aims, there-
fore, to determine the optimum quantity of
Artemia nauplii as food for larvae of the fish.

2. Materials and Methods
The larvae were obtained for the present study

* Received August 4, 1988
** Laboratory of Fish Culture, Tokyo University of
Fisheries, Konan-4, Minato-ku, Tokyo, 108 Japan
Present address: College of Fisheries, Ondokuz-
mayis University, Sinop, Turkey
**#* Laboratory of Fish Culture, Tokyo University of
Fisheries, Konan-4, Minato-ku, Tokyo, 108 Japan

by induced ovulation of a brood stock kept in
the Laboratory of Fish Culture, Tokyo University
of Fisheries. Mature parents were bred under
a natural photo-regime in an indoor tank fur-
nished with small amount of running water, the
temperature of which was adjusted to around
20°C. They were fed on an artificial food or
pellets prepared specifically for carp.

Concerning the treatment for the parents,
females of about 800g were administrated with
10 mg/kg of acetone-dried pituitary gland of the
silver carp once by an injection into the abdominal
cavity through the base of pelvic fin on 4 Sep-
tember 1986. Males of about 500 g were ad-
ministrated with 5 mg/kg of the same pituitary
gland in the same way as above-mentioned.
Immediately after the treatment, both sexes were
put together in a pond of 1.5 tons of water.
About 14.5 hours after the injection, eggs were
artificially ejected by hand-massages and insemi-
nated with milt by the dry method.

Larvae hatched out during a period of 7-9
September 1986. Water temperature for incu-
bation of larvae was 22.0+0.2°C. They began
to take food on the 4th day after hatching. All
of them were kept in a vessel of 30/ before
appliance to the experiments. In the vessel,
they were fed on excess amount of Artemia
nauplii, or in a sufficient condition of food supply,
always but during the first week of feeding, in
order to get a same-sized stock for experiments.

The feeding experiments were carried out in
four stages of growth of the fish. The first
stage was designated as a week beginning at 4
days after hatching. The others were of the
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following 2nd, 3rd and 4th week. Experiments
in each stage were planned as follows.

In each experiment, a lot of 20 larvae each
were distributed in beakers of 2/ with aeration
in accord with 5 feeding levels as mentioned
below. Every morning, before the first feeding,
sediments in beakers were siphoned out. At the
same time, dead fish, if present, were eliminated
from there and counted. Water was replaced
by half every time, and maintained always at
17.6-24.2°C (22.0+1.6°C on average).

Initial stock for the first stage was of 4-day
old larvae, in which the yolk sac was almost
absorbed. Succeeding stages began in beakers
furnished with new stock of equal size. At the
end of every stage, larvae were picked up and

samples were measured in weight and total length
as soon as possible.

As for the food supply to the stock, Artemia
nauplii were derived from eggs incubated in a
glass beaker containing 2/ of seawater. They
were gathered with plankton net, and supplied
twice a day at 9:30 and 15:30 throughout ex-
periments at five levels of feeding A1-A5 (Table
1), which were designated independently by stage
of growth.

No symptom of any diseases was recognized
throughout the experiments.

3. Results and Discussion
Data provided by the present experiments are
summarized in Table 1, where is applied DUN-

preserved in 1095 formalin solution. These CAN’s (1958) new multiple-range test for the
Table 1. Growth of tench larvae fed on Artemia nauplii at 5 food levels
(A1-A5) in laboratory.
Food Mean final Mean final Specific Food Survival
levels body length body weight growth rate conversion rate
(mg/ind./day) (mm) (mg) (%/day) ratio (%)
Ist stage (Initial body length 5.17 mm>
(after 1 week) \Initial body weight 0.52 mg
Al 0.1 6.41+0. 36* 1.17+0.24 5.03 1.08 100
A2 0.5 7.29+0. 37 1.930.43 8.13 2.48 100
A3 1.0 8. 110, 85ab%* 3.06x1.172 10.99 2.76 100
A4 1.5 7.87£0.79% 3.06x1. 054 10.99 4.13 100
A5 2.0 8.43+0.68° 3.84+1.060 12. 40 4.21 100
2nd stage <1nitial body length 6.89 mm)
(after 2 weeks) \Initial body weight 1.69 mg
Al 0.5 7.94+0.41 2.99£0.59 3.54 2.67 100
A2 1.0 8.38+0.67 3.90+1.18 5.18 3.16 100
A3 2.0 9.66=£0.61e 6.7541. 56 8.59 2.76 100
A4 3.0 9.81+£0. 68« 7.26+1. 6390 9.04 3.76 160
A5 4.0 10.03+0. 62¢ 7.67+1.67° 9.38 4.68 160
3rd stage (Initial body length 9.62 mm"
(after 3 weeks) \Initial body weight 6.75 mg)
Al 1.0 10.65+0.95 8.19£2.69 1.19 4.86 100
A2 2.0 11.48=%1.15 11.61%4.28 3.36 2.88 100
A3 3.0 12.16+0.77¢ 14.51%3.77¢ 4.74 2.74 95
A4 4.0 12.27+0. 85% 15. 6544. 092? 5.21 3.156 100
A5 5.0 12.69+1.27¢ 18. 43+6. 44° 6.23 3.00 100
4th stage Gn%t@al body length 12.98 mm)
(after 4 weeks) \Initial body weight 20.08 mg
Al 2.0 14.03+1.09¢ 24.72+7.11@ 1.29 3.02 100
A2 3.0 14. 694 1. 14ab¢ 29.83+8. 16a0¢ 2.45 2.15 100
A3 4.0 14.58+1. 412b¢ 29.90+£9. 46a0¢ 2.47 2.85 100
A4 5.0 15.09+1. 73¢¢ 34, 6712, 44%¢ 3.38 2. 40 100
A5 6.0 15.38+1.33¢ 36.12+11. 25¢ 3.64 2.62 100
* Mean=+S.D.

** Means with the same superscript are not significantly different (p>0.05).
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significance of results on growth, as well as in
Fig. 1. As for the other values treated with
here, they were calculated after the following
equations (BROWN, 1957; CHIBA, 1961):

lOge wWT— IOge We

T x 100

Specific growth rate=

Food conversion ratio

wet weight of a given food

wet weight gained by larvae

__F
(WT'+Wz/2

wT 1
G h ={— —
rowth rate ( Wi l><T—t>’

where WT is final body weight; Wz, initial
body weight; 7T —¢, period of feeding in days;
F, total weight of given food.

Feeding rate= , and

Growth

The increment of total bady length in groups
A3, A4 and A5 was much larger than that in
groups Al and A2 after 1 week. After 2 as
well as 3 weeks, there were significant differences
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in total length between groups Al and A2 and
groups A3, A4 and AS5.

A similar tendency of differences among the
groups was obtained in bedy weight. Namely,
the body weight in groups Al and A2 was less
than that in groups A3, A4 and A5. At the
end of the 2nd and 3rd week, the body weight
of groups Al and A2 was apparently less than
that of groups A3, A4 and A5. After the 4th
week, there was a significant difference in body
weight between groups A4 and Ab and groups
Al, A2 and A3.

Specific growth rate

The specific growth rates of tench larvae were
higher in the early time and decreased as they
grew. Similar reduction of the specific growth
rate with growth was also observed in carp
larvae (BRYANT and MATTY, 1980). At the end
of the 1st and 2nd week, the specific growth rates
of groups A3, A4 and A5 were larger than those
of groups Al and AZ.

Food conversion ratio
The food conversion ratio ranged from 1.08 to

2nd stage (after 2 weeks)

o
©

o
>

y= 0.007+0.847x
r=0.915

GROWTH RATE
(o]
&

[=]

0 02 04 08 038
FEEDING RATE

uth stage (after 4 weeks)

0.1
8 y:-0.013+0.822x

0.1

0.05

GROWTH RATE

0 T r T T J
0 0.05 0.1 0.15 0.2 0.25

FEEDING RATE

Fig. 1. Relationships between the feeding rate and the growth rate in
4 stages of tench larvae fed on Artemia nauplii.



18 La mer 27, 1989

4.86. The relationship between food levels and
food conversion ratios was not so clear.

Relationships between the feeding rate and the
growth rate are shown in Fig. 1. A positive
relationship was recognized in every stage.
Survival

Survival rates of the larvae used in the ex-
periments were high and almost 100 9.

From the results of this experiment it is con-
cluded that tench larvae fed with Ariemia
showed high survival rate under laboratory con-
ditions. It was much higher than the survival
rate of larvae fed with artificial food for carp
larvae (18 9, unpublished data).

The total body length, body weight and specific
growth rate in groups A3, A4 and A5 were
higher than those in groups Al and A2. These
results indicate that the amount of Artemia
nauplii for tench larvae should be maintained at
least at the level of group A3, ie. 1,2,3 and
4 mg/ind./day in the Ist, 2nd, 3rd and 4th week,
respectively.
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Relationship between turbidity of water and visual acuity of fish

(3) Fish reaction to small bait target in turbid water*

Yoshihiko NAKAMURA** and Kanau MATSUIKE**

Abstract: Influence of water turbidity on fish visual acuity was experimentally investigated with

Japanese parrotfish Oplegnathus fasciatus.

examined with different target sizes at different beam attenuation coefficients.
the fish in clear water was estimated to be 0.09. It decreased exponentially with increasing beam

It was confirmed that the present results were consistent with those of

attenuation coefficient.
previous papers.
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vy M ICKT B USRI B EAC B (R T 5 O TIECE
BEiHRETH D,

O T 5 IGEE LTk O’'BRIEN et al. (19
76), CONFER et al. (1978) ® X' VINYARD and
O’BRIEXN (1976) BT X » THEEhTV%, O’BRIEN
et al. (1976) 1% bluegill Lepomis macrochirus DFEEL
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FE LT 5, CONFER et al. (1978) %
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lake trout
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The reactive distance of the fish to small target was

Visual acuity of

$t3 5 RISHEMEA AT 5 2 EE RO LT b, ¥
72, VINYARD and O’BRIEN (1976) 1% bluegill % H]
WO REZE TS, L Liahib, Ko
BISEN & LCo@ h L BDTEORRY ERAVICRR 21
LT | i A A

K DE Y & BOFE I T 5% 1 #t (MATSUIKE et
al., 1981) TIxERD L LT 21 Cyprinus carpio % )i
W, TEE KT BT A IR SRR FE TR,
Wz, SEEIEREL (LU, 486 nm) 2AHE LIc G fy
BOBINE DB Z T BN, ORI
DWTHRE LB A kot B2 (hA - Ak, 19
85) TULNEFx =5 o b OREHIEEDFHEE LD
L, REMEEESE LS ETmIV NS x =7y
bR E G E DR DEERHIE B avE AT,

AP CITERA L LCH R T 5MlELDL v &
A Oplegnathus fasciatus B\, /PN &2 =475 b
() T2 HISERY 2 -7y POKEEIBIVNL
WA A T L THEL, HBRAET kD, &b
W, 1, 2MOEMEETIRC L DELRTHERY,
A%m%%&ﬁ%fwkuﬁ mmﬁ%ém%ﬁaﬁ&‘
BEE L7,
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Fig. 1. Diagram illustrating the expermental tank
used in the present study.
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Fig. 2. Relationship between suspended particles
(mg/?) and the turbidity (beam attenuation coef-
ficient; wavelength of gravity center, 486 nm).
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Fig. 3. Particle size distribution in turbid seawater
prepared with sea bottom mud.
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FHEB RO L B SO T S vy b =
C(r) i, ®DX 57 DUNTLEY (1962) D
K TRD I,

C(x) =C(0)exp(—ar) (2)

T, rXROBESLEE TOHEEE (m), a TRKE
WERH (m™), CO) okl s=v 3 A
Thsd, 75k, CO) ZHEOMHERLNWEL, Wk
FAHERONHESL 0.02 (TYLER, 1968) & LT HE I
L7z, Tablel %, HEElm iTRTAHDOT SV b=
YEIALRC() & (2) KEACTHEAELLLDTH
o DT AV Y b AN, R R
Th, O 2V IFFTAPALV, Y4 —A F0.051THN
TIEBPITKRE, (E-T, HIhoERTEIL D
D LW LT,

Ehrgci, SHILEROERR TR LceRK14~20
cm DA v XA Oplegnathus fasciatus 25 B%, g <
LB K 1~ 3 BRIAE Led & v,

VIFEZADL

Table 1. Apparent contrast of bait at a distance of
1m for different turbidities.

0.1 1.0 2.0 3.0 4.0 5.0

10.9 4.5 1.6 0.6 0.2 0.1

Turbidity (m™*)

Apparent contrast

Table 2. Percent of the fish that took bait of differ-
ent sizes at different turbidities.

Bait size (mm)

Turbidity (m™) 2 3 6 8
0.2 40 80 93 100
1.0 40 73 100 86
2.0 30 83 97 100
3.0 63 93 100 100
4.0 25 85 95 100
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720

BT X - CRIGD8L (CONFER et al., 1978)
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TARGET SIZE, 2mm
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Fig. 4. Distribution of the reaction distance to bait
2mm in diameter at different turbidities.
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Comportement des glucides et acides aminés particulaires
dans l’estuaire de la Riviére Tama*

Masahiro OCHIAI**, Masanobu OGINO**, Kahoru SAKAI**
et Tsuyoshi ORAZAWA**

Abstract: The surface waters were taken in the estuary of Tama River, and particulate
matter was analyzed for carbohydrates, amino acids, chlorophyll pigments, etc. Particulate
carbohydrates (PCHO) and particulate amino acids (PAA) were divided into two fractions:
one supplied from the upper part of this river and the other produced in situ by using arabinose
and chlorophyll pigments as an index of terrestrial and in situ origin, respectively. PCHO
and PAA supplied from the upper part of this river (PCHO-AL and PAA-AL) showed
different behavior from each other in estuarine water and PAA-AL was more sensitive than

PCHO-AL to seawater.
flocculation in the estuarine water.

1. Introduction

Il v a diverses espéces de composés organiques
dans ’eau de riviere et le matériel particulaire
transporté du cours supérieur de la riviére, se
dépose surtout dans un estuaire ou dans une
zone ol ’eau douce se mélange avec 'eau de
mer. Il y a des études sur le comportement du
matériel particulaire, comme minéraux argileux
dans un estuaire (NICHOLS and BIGGS, 1985;
LEE, 1985), mais peu d’études en concernant le
comportement de composés chimiques particulai-
res, comme les glucides et acides aminés. Glu-
cides et acides aminés sont des composants im-
portants parmi les matiéres organiques particu-
laires et pour expliquer le destin de la matiére
organique particulaire (POM), c’est important
d’élucider le comportement de ces composés
chimiques dans la zone ol ’eau de mer fait une
intrusion.

La Riviere Tama est une riviére typique
urbaine et est largement peuplée dans son bassin.
L’eau de riviere continent de forte teneur de
nutriments a cause des eau ménagére et résidu-
aire de la station d’épuration des eaux usées et
puis, eutrophisation se developpe bien. La pro-

A

ductivité primaire est importante a cause de la

*  Manuscrit recu le 17 Octobre 1988

**  Departement de Chimie, Faculté des Sciences,
Université Metropolitaine de Tokyo, Fukasawa
2-1-1, Setagaya-ku, Tokyo, 158 Japon

It was suggested that particulate matter might show differential

quantité de nutriments dans une zone ou l’eau
douce de riviere s’écoule lentement (OGURA
et al., 1976; OcCHIAI et OKAZAWA, 1986). Par
cette situation, la matiére organique produite
in situ est transportée par le cours supérieur de
la riviére, vers une zone A haute salinité dans
I’estuaire. De ce fait, des teneurs de glucides
et d’acides aminés n’ont pas toujours diminué
par rapport a l’augmentation de salinité. Les
composés ne sont pas seulement transportés par
le cours supérieur mais aussi sont produits par
les algues in situ. Par conséquent, il est néces-
saire de classer ces composés organiques de
sources différentes: la premiére partie transportée
par le cours supérieur de la riviére et la deuxiéme
partie produite in situ.

La répartition du carbone organique dissous
(DOC) et 'augmentation de salinité dans I’Elbe,
la Weser et ’Ems ont décrit une courbe et ont
été un indicateur de comportement consérvateur
(MICHAELIS et al., 1986), Tandis que celle du
carbone organique particulaire (POC) a montré
une large dispersion en concentration. Cela
explique la possibilité de processus compliquée
de biogéochimie se produisant au point de ren-
contre de l'eau de riviere et de l’eau de mer.
Il y a quelques travaux dans lesquels on estime
le rapport de la matiére organique terrestre et
marine dans POC en se servant de l’isotope
stable de carbone (**C) (TAN et STRAIN, 1979;
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OGURA et al., 1986; FONTUGNE et JOUAN-
NEAU, 1987), il est difficille de distinguer ’origine
de POC par rapport deux composés chimiques.

Dans cette étude, on a prélevé des échantillons
d’eau au cours inférieur de la Riviére Tama et
I'on a dosé les glucides particulaires (PCHO),
les acides aminés particulaires (PAA), les pig-
ments chlorophylliens, etc. Nous avons essayé
d’estimer une quantité de PCHO et PAA les-
quels sont transportés par le cours supérieur et
sont produits iz situ en se servant de 1’arabinose
et des pigments chlorophylliens comme indices
de source. On a discuté le devenir de PCHO
et PAA transportés par le cours supérieur dans
I’estuaire de la Riviére Tama.

2. Matérie! et méthodes

On a prélevé 1'échantillon d’eau superficielle
dans le cours inférieur de la Riviére Tama a six
stations: de TA-02 a TA-08, au 10 décembre
1986 (Fig. 1). ’échantillon d’eau est filtré sur
des filtres en fibres de verre (Whatman GF/F
glass fiber filter) traités dans un four a 450°C
pendant 2 heures. Les filtres pour analyser le
carbone et |’azote organique particulaire, des
glucides et des acides aminés particulaires et des
pigments chlorophylliens sont conservés au con-
gélateur (—20°C) jusqu’a l'analyse. L’eau pour
mesurer le carbone organique dissous et 1’azote

e

JAPON

Fig. 1. Localisation des prélévements effectués
& D’estuaire de la Riviére Tama.

minéraux a été conservée aussi au congélateur
(—20°C) jusqu’a l’analyse.

Analyses chimiques

Les glucides particulaire (PCHQO): La matiere
particulaire sur filtre est soumise & des hydrolyses
avec ’acide chlorhydrique IN a 100°C pendant
7 heures et ’hydrolysat est acetylé avec I’anhyd-
ride acétique. Les oses acétylés ont été dosés
par la chromatographie en phase gazeuse (Shima-
dzu Gas-chromatograph GC-6A) (OCHIAIL 1980).
Huit sucres neutres (rhamnose, fucose, ribose,
arabinose, xylose, mannose, galactose et glucose)
La répartition des oses est
indicative d’algues fraiches ou de matériel par-
ticulaire agé, l’algue fraiche contient une grande
quantité de glucose et la composition relative des

ont été mesurés.

sucres neutres est presque identique pour le
matériel particulaire 4gé (BURNISON, 1978;
OCHIAI et HAaNYA, 1980).

Les acides aminés particulaires (PAA): La
matiére particulaire sur filtre en fibres de verre
est soumise a des hydrolyses avec l’acide chlor-
hydrique 6N a 100°C pendant 20 heures et un
aliquote de I’hydrolysat a été séché, en éliminant
I’acide chlorhydrique sous pression réduite avec
de la soude caustique et a été injecté a 'HPLC
(Hitachi 655 High-Performance Liquid Chromato-
graph) apres dérivation par 1’ortho-phtaladehyde.
On a dosé treize acides aminés (LINDROTH et
MOPPER, 1979).

Pigments chlorophylliens: 1La matiére particu-
laire a été extraite avec du méthanol a —20°C
pendant 12 heurzs dans un LID-X séparateur
de solide-liquide. Par HPLC les pigments chloro-
phylliens ont été analysés.

Carbone et azote organiques particulaires (POC
et PON): Apres séchage du filtre en fibres de
verre (Whatman GF/F), il a été dosé POC et
PON par P'analyseur CHN (Yanagimoto CHN
Corder Modele MT-3).

Carbone organique dissous (DOC): On a
dosé la teneur de DOC selon la méthode de
MENZEL et VACCARO (1964).

Chlorosité: La chlorosité a été mesurée avec
I’électrode sélective d’ion {Horiba Ionmeter
N-8F).

3. Résultats
Les teneurs de DOC n’ont pas variées parmi
TA-08 et TA-03 et ont une moyenne de 4.88
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Tableau 1. Teneurs en carbone organique particulaire (POC), azote organique particulaire (PON), carbone
organique dissous (DOC), pigments chlorophylliens (CHL), chlorosité (Cl7), ammonium (NH,), nitrate
(NOs) et nitrite (NOs) dans l’eau de ’estuaire de la Riviére Tama.

TA-08 TA-06 TA-05 TA-04 TA-03 TA-02
POC mgC /! 2.01 1.51 1. 46 1.27 1.02 0.35
PON mgN /™! 0.3 0.24 0.24 0.19 0.18 0.06
C/N ratio 7.2 7.2 7.2 7.8 6.4 7.3
SS mg/ 5.4 5.6 5.2 4.6 11.1 9.6
CHL pg ™t 3.26 8.19 5.58 3.54 1.86 3.25
DOC mgC [ 6.31 5.55 5.32 5.43 4.31 2.36
NO;-N mg [} 1.53 1.48 1.54 1.55 0.96 0.26
NO:-N mg /™’ 0.23 0. 20 0.23 0.19 0.15 0.09
NH;-N mg /™! 4.32 3.87 3.51 3.30 3.70 0.98
Cl- mg /™! 57 310 350 814 6,599 11, 594

Tableau 2. Teneur en glucides particulaires dans l’eau de l’estuaire de la Riviere Tama.
TA-C8 TA-06 TA-05 TA-04 TA-03 TA-02
pg ™

RHAMNOSE 54.0 29.2 39.2 43.3 21.6 5.9
FUCOSE 30.5 17.1 29.8 29.6 13.5 4.4
RIBOSE 16.1 11.6 11.4 12.0 15.1 3.6
ARABINOSE 8.5 7.9 7.0 6.9 5.5 1.8
XYLOSE 11.4 11.8 12.0 15.8 9.4 3.7
MANNOSE 35.3 35.4 35.9 36.3 23.5 8.9
GALACTOSE 49.9 52.3 53.9 52.1 33.4 13.0
GLUCOSE 181.8 196.8 208.2 182.9 87.2 127.3
TOTAL 387.5 362.1 397.3 379.0 209.1 168.6
PCHO-C pgC ™ 158.3 146.6 161.6 154. 4 85.0 67.8
PCHO-C/POC % 7.9 9.7 11.1 12.1 8.3 19.1

mg C+/~! (Tableau 1). Les teneurs de DOC ont
brusquement décru & TA-02, ’eau de la Baie de
Tokyo aurait dilué celle de la riviére. ILa chloro-
sité a été faible entre TA-08 et TA-05 ou 'eau
de mer n’est pas en contact. Aprés TA-4, I’eau
de mer s’est graduellement mélangée avec celle
de la riviére et la chlorosité a monté en fleche
de TA-03 & TA-02. Les matériaux dissous
comme DOC, Cl7, NO;3;-N, NO;-N et NH:-N
ont rapidement décru de TA-03 a TA-02. Cela
implique que l'eau de riviére a été prédominante
a TA-03 et la caractéristique de ’eau de mer
a été remarquable a TA-02. Les teneurs de
POC et PON ont été moyennes dans toutes
les stations. Les rapports de carbone et d’azote
particulaire varient de 6.4 a 7.3 et ces chiffres
ont été comparable a ceux de phytoplancton dans
la riviere. Les teneurs de pigments chlorophyl-
liens varient de 1.86 a 8.19 p#g+I"!. Les teneurs
de glucides particulaires vont de 168.6 a 397.3
pgel~! la plus forte teneur a été trouvée a TA-

05 (Tableau 2). La fraction des glucides particu-
laires se répartit en deux groupes & partir de la
composition relative des oses. Un groupe se
compose de quatre stations: TA-08, TA-06,
TA-05 et TA-04. On a trouvé des concent-
rations pour chaque ose presque identiques sauf
pour le glucose dans les stations. L’autre groupe
se compose d’une station: TA-02. La réparti-
tion relative des oses a été caractérisée par le
fort pourcentage de glucose (Fig. 2). Les teneurs
d’acides aminés particulaires ont varié de 2.15 a
11.08 ¢ mol</~* (Tableau 3). La plus forte teneur
de PAA est trouvée a TA-08.

Dans cette étude, nous avons essayé de diviser
PAA et PCHO en deux parties: la premiere
partie est une fraction transportée par le cours
supérieur de la riviére et la seconde partie est
celle produite in sitw, en prenant les suivantes.

Les assomptions pour PCHO

1) L’arabinose est uniquement contenu dans
PCHO provenant du cours supérieur de la riviere.
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Fig. 2. Pourcentage relative de sucres neutres
dans I’eau de 1’estuaire de la Riviere Tama
(TA-02 et TA-08). R, Rhamnose; F, Fucose;
Rb, Ribose; A, Arabinose; X, Xylose; M,
Mannose; Ga, Galactose; G, Glucose.

2) La fraction de PCHO provenant du cours
supérieur de la riviére a été déja dégradée et la
fraction a montré la méme répartition relative
de sucres neutres dans toutes les stations. C’est-
a-dire, la somme de la fraction de PCHO pro-
venante du cours supérieur de la riviére a été
calculée en multipliant le facteur Y qui est une
quantité de PCHO par 1 pg d’arabinose et est
estimé par les équations simultanées mention-
nées ci-dessous.

Nous avons sussi supposé les suivants pour
PAA, n’étant pas eu contradiction avec les
résultats de la distribution de PCHO.

Les assomptions pour PAA

1) La fraction de PAA provenante du cours
supérieur de la riviere a toujours montrée une
plus grande quantité que celle rencontrée dans
le cours inférieur.

2) Au sujet de la fraction de PAA et PCHO
produite in situ, le rapport de PAA/PCHO pour
un poids unitaire de pigments chlorophylliens est
stable dans toutes les stations.

Nous avons résolu des équations simultanées
de PCHO et de pigments et I’on estime la somme
de la fraction de PCHO provenante du cours
supérieur de la riviére et celle de produits in situ,
sur des hypothéses mentionnées ci-dessus.

AX+BY=C

AX+BY=C,

A;: Pigments chlorophylliens 8 TA-08 (ug+I~1)

Bi: Arabinose a TA-08( pg-l7Y)

Ci: PCHO a TA-08 (ug-l™%)

As: Pigments chlorophylliens de TA-06 a

TA-02 (pg-lY)

Bs: Arabinose de TA-06 a TA-02 (pg-l1)

Cs: PCHO de TA-06 a TA-02 (ug+l7Y)

X: PCHO par 1pg de pigments chlorophyl-

liens (pg)

Y: PCHO par 1 pg de arabinose (¢g)

On a résolu des équations simultanées et obtenu
X=43.2 pg pour TA-08 et TA-06 et X=26.7,
38.3, 7.6 et 32.6 pg pour TA-05, TA-04, TA-03
et TA-02, respectivement. On a aussi Y=45.5
et 32.3ug pour TA-06 et TA-05, respective-
ment. Les différentes valeurs parmi les stations,
suggérent que les hypothéses mentionnées n’ont
pas été correctes ou il a existé des situations de
TA-06 et TA-03 différentes par rapport aux
autres. En supposant que les hypothéses soient
correctes dans les grandes lignes, on a modifié
les chiffres de ces stations en concordance avec
les chiffres des stations devant et derriere. On
a employé le chiffre & TA-05 pour [’arabinose.
On a calculé PCHO produit iz situ a la station
TA-03 en se servant de le moyenne de PCHO
pour un poids unitaire de pigments chlorophyl-
liens calculé des teneurs de PCHO a TA-04 et
TA-02, et le chiffre pour ’arabinose a été calculé.
L’arabinose est en quantité excessive dans POM
a TA-03. POM a TA-03 est différente des autres
points, par exemple un petit rapport de C/N, une
faible teneur de pigments chlorophylliens et un
petit pourcentage relatif de glucose parmi des sucres
neutres. Ces résultats indiquent que 1’échantillon
4 TA-03 a pu étre contaminé par un composé
contenant de ’arabinose. Deux composants de
PCHO calculés sur la base de ces résultats figu-
rent dans le Tableau 4.
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Tableau 3. Teneur en acides aminés particulaires dans ’eau de ’estuaire de la Riviére Tama.
TA-08 TA-06 TA-05 TA-04 TA-03 TA-02
£mol I™!
GLY 1.31 1.07 0.79 0.82 0.77 0.28
ALA 1.49 1.16 0.95 0.83 0.75 0.26
VAL 0.79 0. 60 0.49 0.44 0.42 0.14
LEU 1.05 0.79 0.63 0. 36 0.53 0.19
ILE 0.59 0.45 0.37 0.35 0.35 0.12
SER 0.60 0.48 0.41 0.37 0.34 0.12
THR 0.81 0.65 0.53 0. 48 0. 44 0.16
ASP 1.15 1.06 0.87 0.79 0.73 0.25
GLU 1.16 1.01 0.88 0.77 0.77 0.30
ARG 0.75 0.60 0.51 0.44 0.38 0.15
LYS 0.73 0.59 0.30 0.35 0.38 0.12
PHE 0.46 0.35 0.27 0.22 0.20 0.03
HIS 0.19 0.13 0.11 0.08 0.08 0.03
TOTAL 11.08 8.94 7.11 6.30 6.14 2.15
PAA pg ™t 1,364 1,103 878 772 756 263
PAA pgCI™t 606 486 385 334 331 113
PAA pgN [ 202 162 128 114 110 39
PAA-C/POC% 30.1 32.2 26.3 26.3 32.5 31.9
PAA-N/PON% 66.5 66.7 54.0 60.0 59.4 68.6
éﬂ 05 E,, 1.4
0.47 12
1.0
g 0.3 < 08
2 2
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Fig. 3. Teneurs en glucides particulaires: PCHO~ Fig. 4. Teneurs en acides aminés particulaires:

T, PCHO-AL et PCHO-CA dans l'eau de
I’estuarie de la Riviere Tama. PCHO-T (PCHO
total), —A—; PCHO-AL (PCHO provenant
du cours supérieur de la riviére),
PCHO-CA (PCHO produit in situ),
Abscisse:
(TA-02).

—O—;

distance de la bouche de la riviére

PAA produit in situ par pg de pigments a été
estimé par p#g de pigments a été estimé par
Pordinateur personnel NEC PC-9801 VM2 avec
les conditions préalables pour PAA. Des résultats
du calcul ont été montrés au Tableau 4. Des
Figures 3 et 4 montrent des variations de PCHO
produit iz situ (PCHO-CA), PCHO provenant
du cours supérieur de la riviere (PCHO-AL) et

PAA-T, PAA-AL et PAA-CA dans 'eau de
D’estuaire de la Riviéere Tama. PAA-T (PAA
total), —A—; PAA-L (PAA provenant du
cours supérieur de la rivieére), —O—; PAA-CA
(PAA produit in-situ), —[]—. Abscisse: dis-
tance de la bouche de la riviére (TA-02).

PCHO total (PCHO-T) et PAA produit in situ
(PAA-CA), PAA provenant du cours supérieur
de la riviéere (PAA-AL) et PAA total (PAA-T)
estimés par des résultats du Tableau 4 a chaque
station.

PCHO: PCHO-AL diminue peu & peu de
TA-08 & TA-06 et décroit brusquement entre
TA-03 et TA-02. PCHO-CA augmente rapide-
ment entre TA-06 et TA-05 et apres TA-05 il
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Tableau 4. Glucides particulaires par pigments chlorophylliens et arabinose (X, Y) et acides aminés
particulaires par pigments chlorophylliens (PAA/CHL) calculés par pigments chlorophylliens et

arabinose particulaire.

TA-08 TA-06 TA-05 TA-04 TA-03 TA-02
X(PCHO/CHL) 26.9 (10.1) 26.9 38.3 35.5 32.6
Y(PCHO/ARAB) 35.2 _ _— - — _—
PAA/CHL 49.1 50.2 50.1 75.0 70.0 64.3
’ phytoplanctons dans le lac n’ont presque pas
100 \ d’arabinose. COWIE et HEDGES (1984) ont
w 80 i montré que des angiospermes, une des matiéres
25 0 allochtones des glucides du milieu cotier ont eu
EE beaucoup d’arabinose. D’autre part, peu d’arabi-
§ 40 nose a été contenu dans la matiére cellulaire des
E 20 diatomées dans la mer (HECKY et al., 1973).
§ . OCHIAL et al. (1988) qui ont analys¢é PCHO
16 12 3 . 5 dans 'eau superficielle dans la Baie de Tokyo,

Km
Fig. 5. Concentrations relatives de glucides par-
ticulaires et d’acides aminés provenants du cours
supérieur de la riviére, dans 1’eau de ’estuaire
de la Riviére Tama. Glucides paticulaires
(PCHO-AL), —[-——; Acides aminés particu-
laires (PAA-AL), —O—. Abscisse: distance
de la bouche de la riviere (TA-02).

montre une petite variation ver la bouche de la
riviere. Des variations de PCHO-CA ont été
comparables & celles de PCHO-T.

PAA: Les variations de PAA-AL ont été
différentes de celles de PCHO-AL et PAA-AL
diminuent par degrés vers la bouche de la riviére.
PAA-CA montre une petite variation de TA-08
a TA-06 et augmente un peu entre TA-05 et
TA-03.

La somme de PCHO-AL a TA-02 est de 21 9%
par rapport & TA-08 et la quantité de PAA-AL
a TA-02, 49 de celle a TA-08. C’est-a-dire
que PCHO-AL et PAA-AL provenants du cours
supérieur de la riviere se sont déposes de 79 et
96 % respectivement jusqu’a TA-02.

4, Discussion

On s’est servi de plusieurs assomptions pour
estimer PCHO-AL, PCHO-CA, PAA-AL et
PAA-CA dans cette étude.

Assomption 1 pour PCHO: UZAKI et ISHI-
WATARI (1986) qui ont mesuré des oses dans les
échantillons de carotte de sédiment du lac, ont

montré ’arabinose servant d’indice de la matiére

organique  allochtone. Ils' ont suggéré que des

juste en dehors de la bouche de la Riviére Tama,
ont montré le pourcentage relatif d’arabinose
parmi des sucres neutres n’excédant pas 0.4 2.
De ces données, on s’est servi de ['arabinose
comme un index de PCHO provenant du cours
supérieur de la riviére.

Assomption 2 pour PCHO: PCHO donne
par des algues et des glucides dissous nouvelle-
ment produits ont été vivement dégradés et sont
passés des glucides a la composition presque
stable de sucres neutres (OCHIAI et al., 1986).
MATSUEDA et OGURA (1981) qui ont effectué
une expérience de décomposition pour PCHO
échantillons de la Riviere Minami-Asakawa,
tributaire de la Riviére Tama, ont montré la
composition relative de sucres neutres presque
identique. ITABASAKI (non publié) n’a observé
aucune modification de la composition relative
des sucres neutres des glucides dans un sédi-
ment du lac pendant une expérience de dé-
gradation de longue durée plus de 30 jours.
Il suggére que des glucides dans un milieu
naturel ont une tendance & devenir la compo-
sition relative stable des sucres neutres pour la
durée de dégradation. Quoique la derniére compo-
sition relative des sucres neutres dépende d’un
sucre différent des glucides, la derniére compo-
sition relative des sucres neutres est estimée
presque identique a la méme composition rela-
tive dans toutes les stations en cas de temps’
et milieu donnés. En supposant que PCHO
provenant du cours supérieur de la riviére aie
une méme composition relative des sucres neutres’
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Tableau 5. Teneurs en glucides et protéines par
chlorophylle @ ou pigments chlorophylliens
dans algues ou matiére organique particul-
aire. a: Teneurs en glucides et protéines
dans algues par chlorophylle-z. b: Teneurs
en glucides et protéines dans algues par
pigments chlorophylliens. c¢: Teneurs en
glucides et acides aminés particulaires par
chlorophylle-a.

Glucides Proteines
—_ 8.3—46.3 a IWAMURA et al.
(1967)
4.4—11.6 11.4—34 b RILEY (1971)
3 —21 23 —75 a HELLEBUST et
LEWIN (1977)
_— 14.2—328 a MAEDA et OGATA
(1977)
42.5 41.2 ¢ HINO et TADA
(1985)
3.0—8.3 28.5—80.0 a OCHIAI et al. (1987)
7.9—61.3 14.7—115.4 b OCHIAI et al. (1988)

91—315 59—192 a Pick (1987)
10.0—38.3 50.1—75.0 b Cette étude

et que ’arabinose soit un indice pour les glucides,
PCHO provenant du cours supérieur de la riviere
peut étre calculé en multipliant le facteur par la
somme d’arabinose. La somme des glucides
provenants du cours supérieur de la riviére lequel
a permis d’étre calculé selon D'assomption 1, a
été surestimé dans le cas ol les algues dans la
Riviére Tama contiendraient de ’arabinose dans
leur matiére cellulaire.

Assomption 3 pour PAA: Le rapport de
PAA/PCHO pour un poids unitaire de pigments
chlorophylliens (UWCP) est supposé étre stable
et la somme de PAA pour UWCP a été calculée
par la somme de PCHO. La somme de PCHO
et de PAA pour UWCP est 10.0-38.3 et 50.1-
75.0, respectivement. l.a somme des glucides et
des protéines des ’algue pour la chlorophylle a
ou les pigments a bien varié comme dans le
Tableau 5. La somme de PCHO et PAA pour
UWCP diminue suivant ’étendue des études
préalables et PCHO-CA et PAA-CA calculés
seront corrects dans cette étude. Les teneurs
de PAA-AL ont chute rapidement a TA-04
pour laquelle I’intrusion a été importante et celles
a TA-02 ont été seulement 4.29% de celle a
TA-08. PCHO-AL montre le comportement
différent de PAA-AL dans l'estuaire. Le com-
portement de PAA-AL a été plus sensible que

celui de PCHO-AL pour la variation de chloro-
sitt. HUNTER et Liss (1982) ont montré que
la matiére suspendue dans !’eau d’estuaire a un
haut degré d’uniformité de la surface concernant
les qualités électriques et les facteurs chimiques
et physiques controlants 1’état de la surface
électrique. Ils ont cru que les conditions élect-
riques de la matiére suspendue ont résulté de la
formation de couvert de surface doué d’ubiquité
sur les particules suspendues par les oxydes de
métaux et la matiére organique ou tous les deux.
Il n’a pas été observé que la floculation différ-
entielle de matiére particulaire s’est produite dans
Mais dans cette étude, nous
avons trouvé que POM produirait la floculation
différentielle et la sédimentation différentielle pour
PAA-AL et PCHO-AL dans 'eau d’estuaire de
la Riviéere Tama.
iée aux protéines et aux glucides n’était pas la
méme dans chaque cas.

I’eau d’estuaire.

La matiére particulaire assoc-

De ces résultats, nous pouvons suggérer deux
suppositions suivantes pour comprendre la com-
portement de PAA et PCHO dans 'estuaire.

1) PCHO-AL est associé & de petites par-
ticules et a montré un comportement semblable
au rapport de dilution de chlorosité. PAA-AL
est associé a de grandes particules et a rapide-
ment décru jusqu’a la bouche de la riviére.

2) 1l est trés connu que les protéines s’agglo-
meérent dans les solutions & forte teneur de sel
a cause de salting-effect.
PAA-AL reégle le comportement de particules
associées & PAA-AL par ses caractéres élect-
riques.

Nous ne pouvons pas isoler PAA-AL, PAA-
CA, PCHO-AL et PCHO-CA les uns des autres
et expliquer clairement le comportement de PAA
et PCHO dans ’estuaire.
de considérer la nature électrique des protéines
et la dimension des particules associées aux pro-
téines et glucides.
la source de matiére organique en employant en
méme temps d’autres méthodes par exemple
I’isotope stable de carbone, les composés de lig-
nine de plantes supérieurs (HEDGES et PARKER,
1976).

Il est considéré que

Il est aussi important

Il est nécessaire d’examiner
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Résumé: On a prélevé 1’eau superficielle dans D’estuaire de la Riviere Tama et analysé la
matiére particulaire pour les glucides, acides aminés, pigments chlorophylliens, etc. On a
divisé les glucides et acides aminés particulaires (PCHO et PAA) et deux fractions: une frac-
tion provenante du cours supérieur de la riviére et une autre fraction produite in situ, en se
servant d’arabinose et pigments chlorophylliens comme indices de l'origine terrestre et celle
produite in situ. PCHO et PAA provenants du cours supérieur de l’estuaire (PCHO-AL et
PAA-AL) ont montré le comportement différent 'un 1’autre dans ’eau estuarine et PAA-AL
a été plus sensible que PCHO-AL a ’eau de mer. Il a été sugéré que la matiére particulaire

S

a pu créer la floculation différentielle dans l’estuaire & cause de son caractére électrique.
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Intermittent outflow of high-turbidity bottom water
from Tokyo Bay in summer*

Tetsuo YANAGI**, Hiroyuki TAMARU**, Takashi ISHIMARU*** and
Toshiro SAINO***

Abstract: An intermittent outflow event of high-turbidity bottom water from Tokyo Bay was

observed in summer 1987. As the Kuroshio front approaches to the coast, the intermediate
water in Tokyo Bay with the same density of Kuroshio water increases its thickness and the

high-turbidity surface and bottom waters in Tokyo Bay are pushed out offshore into the surface
and intermediate layers of shelf water, respectively. Such events are thought to happen

frequently in summer.

1. Introduction

The intermittent outflow of high-turbidity
bottom water from Tokyo Bay in summer has
been spoken by local fishermen and some ocean
However, the detailed observation
on such outflow of high-turbidity bottom water
from Tokyo Bay has not been carried out be-
cause such a phenomenon is highly intermittent.

We were fortunately able to observe such
intermittent outflow of high-turbidity bottom
water from Tokyo Bay in the cruise of KT-87-9
by R/V Tansei-Maru, Ocean Research Institute,
University of Tokyo. We will show the result
of our observation and discuss on the mechanism
and the significance of such intermittent outflow
of high-turbidity bottom water from Tokyo Bay
in this paper.

researchers.

2. Observation

The field observation was carried out in Tokyo
Bay (Fig. 1) by R/V Tansei-Maru from 2 July
to 7 July 1987.
surface (6 m below the sea surface) water temper-
ature and salinity were continuously measured
with use of thermistor and salinometer along the
track of R/V Tansei-Maru. The vertical pro-

The horizontal variations in
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files of water temperature, salinity, dissolved
oxygen and beam-transmittancy were observed
as quickly as possible with use of the OCTOPUS
system (ISHIMARU et al., 1984). The OCTOPUS
observations were carried out three times at the
mouth of Tokyo Bay, from Stn. 8 to Stn. 15
on 3 July, from Stn. 17 to Stn. 29 on 4 July
and from Stn. 30 to Stn. 39 on 7 July. The
OCTOPUS observation was also carried out in
Tokyo Bay from Stn. G-3 to Stn. G-28 on 6
July.

3. Results

Figure 2 shows the vertical distributions of
water temperature, salinity, density, beam-trans-
mittancy and dissolved oxygen from the head of
Tokyo Bay to the Kuroshio water. The density
stratification is well developed in Tokyo Bay and
the main pycnocline exists at about 10 m below
the sea surface. The water in Tokyo Bay is
vertically divided into three layers, that is, the
surface water with high water temperature
(>21°C), low salinity (<32), low density in
sigma ¢t (<22), low transmittancy (<10 95), and
high dissolved oxygen (>80%) which exists be-
tween Om and 10m below the sea surface, the
intermediate water with moderate water temper-
ature (19-20°C), moderate salinity (33-34), mode-
rate density (23-24), moderate transmittancy
(20-409%;) and moderate dissolved oxygen (50-
809;) which exists between 10m and 30m be-
low the sea surface, and the bottom water with
low water temperature (<19°C), high salinity
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Fig. 1. Observation stations by R/V Tansei-Maru in Tokyo Bay. Broken
line shows the depth contour and numbers show the depth in meter.
Numbers in the circle show the observation stations of sea level. ©
Tokyo, @ Kawasaki, @ Yamanouchi and @ Mera.

(>34), high density (>24), low transmittancy
(<20%) and low dissolved oxygen (<509%) which
exists between 30m and 50m below the sea
surface.

On the other hand, the Kuroshio water which
exists in the surface layer around Stn. 39 is
characterized by the highest water temperature
(>23°C), high salinity (>>34), moderate density
(23-24), high transmittancy (>70%) and high
dissolved oxygen (>90%).

Figure 3 shows the day-to-day variations in

vertical distributions of transmittancy around the
mouth of Tokyo Bay. There is no high-tur-
bidity (low transmittancy) water (hereafter it is
referred to as H.T.W.) along the shelf slope at
Stns. 2,3 and 4 on 3 July but H.T.W. whose
transmittancy is smaller than 409 exists between
40m and 50m depth around Stns. 21 and 22 on
4 July. H.T.W. exists between 40m and 90 m
depth along the shelf slope on 7 July. Figure 4
shows the day-tc-day variation in vertical profile
of transmittancy at the shoulder of the shelf
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Fig. 2. Vertical distributions of water temperature, salinity,
density, beam-transmittancy and dissolved oxygen along
the center line of Tokyo Bay on 6-7 July 1987.
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Day-to-day variations in vertical distributions of beam-transmittancy

at the mouth of Tokyo Bay from 3 te 7 July 1987.

slope, that is, at the mouth of Tokyo Bay. The
water of low transmittancy exists in the surface
layer and that of high transmittancy
10m depth on 3 July, but the vertical profile of
transmittancy drastically changes next day. The
water of low transmittancy exists between 40 m
and 50m depth on 4 July and there is no change
in vertical profile of transmittancy above 25m
depth and below 70m depth. The subsurface
H.T.W. exists between 40m and 90m depth on
7 July.

Figure 5 shows the day-to-day variation in
density distribution along the same vertical sec-
tion of Fig. 3. The Kuroshio water whose
transmittancy is larger than 709 and whose
density is between 23.5 and 24.0 (shown by
dotted area in Fig. 5) exists at the intermediate
layer of Stn. 4 around the mouth of Tokyo Bay,
and the bottom water of Tokyo Bay whose
transmittancy is smaller than 40 9%, and whose
density is between 24.5 and 25.0 (shown by
inclined full line area in Fig. 5) at the bottom
layer of Stn. 6 on 3 July. The thickness of
Kuroshio water in the intermediate layer of
Tokyo Bay increases around Stn. 26 on 4 July
from Figs. 3 and 5. At the same time, the
bottom water of Tokyo Bay appears on the
shoulder of the shelf slope around Stn. 21 on 4
July. The density distribution on 7 July is
rather different from those on 3 and 4 July, and
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of beam-transmittancy at the shoulder of Tokyo
Bay from 3 to 7 July 1987.

Day-to-day variations in vertical profile

the bottom water of Tokyo Bay whose density
is between 24.5 and 25.0 and whose transmit-
tancy is smaller than 509 exists along the shelf
slope.

4. Discussion
The temporal variations in density and trans-
mittancy distributions from 3 to 4 July, which
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Fig. 5. Day-to-day variations in vertical distribution of density at the mouth
of Tokyo Bay from 3 to 7 July 1987. Dotted area shows the Kuroshio
water and shadow area the bottom water of Tokyo Bay.

are shown in Figs. 3, 4 and 5, suggests that
the Kuroshio water intrudes into the intermediate
layer of Tokyo Bay and the bottom water of
Tokyo Bay extrudes into the intermediate layer
of the open ocean in turn. The mechanism of
outflow of H.T.W. in the bottom layer of Tokyo
Bay is considered in this section. Figure 6 shows
the day-to-day variation in horizontal distribution
of surface salinity along the observation lines
which are shown in Fig. 1. The value of
salinity 34 which is shown by the arrow in Fig.
6 denotes the Kuroshio front. The Kuroshio
front exists at the northern position on 2 and 5
July and this means the Kuroshio water ap-
proaches to the coast. The Kuroshio front shifts
southward on 3, 4 and 7 July. The response of
the water in Tokyo Bay to such approaching
of the Kuroshio front may be schematically
represented in Fig. 7. Before approaching of
the Kuroshio front to the coast, the water in
Tokyo Bay is stratified in three layers, that is,
surface, intermediate and bottom waters (Fig. 7a).
When the Kuroshio front approaches near the
coast, the Kuroshio water intrudes into the
intermediate layer of Tokyo Bay because the
Kuroshio water has the same density as that of
the intermediate water in Tokyo Bay. Then
the surface and bottom waters in Tokyo Bay
are pushed off out of the bay (Fig. 7b). The

intruding Kuroshio water is advected eastward
(lows into the panel in Fig. 7b) and the surface
and bottom waters pushed out of the bay are
advected westward (flow from the panel in Fig.
7b) due to the Coriolis effect, and the intermediate
water becomes thin and the surface and the
bottom waters become thick along the observation
section which is located in the western part of
Tokyo Bay (Fig. 7c).

The situation on 3 July may correspond to
Fig. 7a and that on 4 July to Fig. 7b. That
on 7 July is considered to correspond to Fig. 7¢c
of another event from Fig. 6 and Fig. 7 which
will be shown in the followings.

We will examine the relation of such inter-
mittent outflow of bottom water from Tokyo
Bay to temporal variation of the mean sea level
in Tokyo Bay. Figure 8 shows temporal vari-
ations of the mean sea level at 4 stations around
Tokyo Bay. They were obtained by low-pass
filtering of the sea level data every hour, which
were observed by Japan Meteorology Agency
with use of the tide-killer filter (HANAWA and
MITUDERA, 1985) and adjusted by air pressure
variation at Tokyo. There is a distinct positive
anomaly peak of the mean sea level during this
observation period from 2 July to 7 July, and
the day of this anomaly peak (5 July) well coin-
cides with the day of the approaching of the
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Fig. 6. Day-to-day variations in surface (—5m)
salinity distribution along the north-to-south
observation line at the mouth of Tokyo Bay
from 2 to 7 July 1987. Arrow shows the posi-
tion of the Kuroshio front.

Kuroshio front to the coast (5 July) shown in
Fig. 6. Such result suggests that the approaching
of the Kuroshio front to the coast may be moni-
tored by the temporal variation of the mean sea
level in Tokyo Bay. Such positive anomaly
peaks of the mean sea level can be frequently
seen with the period of about a week in Fig. 8.
Positive anomaly peak of the mean sea level may
be generated by the strong wind blowing in the
coastal sea, but there was no strong wind blowing
in this period. Therefore, positive anomaly peaks
of the mean sea level in Fig. 8 are mainly
related to the approaching of the Kuroshio front
to the coast and the outflow of bottom water
from Tokyo Bay is considered to happen fre-
quently in summer.

A

7

Fig. 7. Schematic representation of intermittent
outflow of surface and bottom waters of Tokyo
Bay related to the inflow of Kuroshio water.
S, surface water of Tokyo Bay; I, intermediate
water of Tokyo Bay; B, bottom water of Tokyo
Bay; and K, Kuroshio water.

Our field data on the intermittent outflow of
H.T.W. from Tokyo Bay are rather limited, but
we believe that this report will be useful for
planning the observation at the mouth of Tokyo
Bay in the future. Moreover, the result of this
paper will give a new idea on the water exchange
through the mouth of Tokyo Bay in summer.
We ourselves will clarify quantitatively the
mechanism of intrusion of the Kuroshio water
into the intermediate layer of Tokyo Bay and
the role of such intermittent outflow of surface
and bottom waters from Tokyo Bay to the
water exchange between Tokyo Bay and the
open ocean.
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Mechanisms of incorporation of rare earth elements
into ferromanganese concretions*

Noburu TAKEMATSU**, Yoshio SATO*** and Shiro OKABE***

Abstract: The equilibrium between ferromanganese concretions and sea water is assumed to
explain the composition of rare earth elements (REE) in ferromanganese concretions. The
enrichment of REE in the four end-members of ferromanganese concretions is in the order:
hydrogenous > oxic-diagenetic > suboxic-diagenetic > hydrothermal. The lower enrichment
of REE in oxic-diagenetic nodules than in hydrogenous crusts, in contrast to transition metals,
is ascribed to the lower concentration of REE in interstitial water than in sea water or to
greater retention of REE than of transition metals in sedimentary phases during diagenesis.
The correlation between REE and Fe in concretions is attributed to their similar supply
mechanisms to concretions and not to the incorporation of REE into the iron-oxide phase of
concretions. REE are incorporated not only into the iron-oxide phase but also into the manganese
oxide phase. Distribution coefficients of REE between ferromanganese concretions and sea
water have a maximum at Sm and decrease monotonically from Sm to La and from Sm to
Lu. This phenomenon is explained by the combination of two factors. The adsorption of free
ions of REE on oxides increases from La to Lu, depending on their hydrolysis constants. On the
other hand, the proportion of free ions of REE to the total decreases from La to Lu, depending
inversely on their stability constants with carbonate or some organic ligands. The incorpora-
tion of Ce into ferromanganese concretions is controlled by the redox potential of the envi-
ronments.

1. Introduction
Since the first excellent work by GOLDBERG
et al. (1963), much data have been accumulated

(BONATTI et al., 1972; DYMOND et al., 1984).
Typical ferromanganese concretions of hydro-
genous origin occur as crusts on seamounts,

on rare earth elements (REE) in marine ferro-
manganese concretions (GLASBY, 1972/73; PIPER,
1974; CORLISS et al., 1978; ADDY, 1979; ELDER-
FIELD and GREAVES, 1981; ELDERFIELD et al.,
1981a, b; APLIN, 1984; MURPHY and DYMOND,
1984; CALVERT et al., 1987; GLASBY et al.,
1987; INGRI and PONTER, 1987).
mechanisms of incorporation of REE into ferro-
manganese concretions have not been well
documented.

However,

Ferromanganese concretions are classified into
hydrogenous, oxic-diagenetic, suboxic-diagenetic
and hydrothermal varieties, on the basis of the
composition of transition metals and mineralogy

*  Received May 20, 1989

**  The Institute of Physical and Chemical Research,
Wako-shi, Saitama, 351-01 Japan
Faculty of Marine Science and Technology,
Tokai University, Shimizu-shi, Shizucka, 424
Japan

which are enriched in Fe and Co, and depleted
in Cu. Their mineral form is vernadite (0-MnQs).
Nodules of oxic-diagenetic origin are buried in
siliceous ooze or clay and have the highest
contents of transition metals. Their mineral
form is todorokite. Nodules of suboxic-diagenetic
origin occur in hemipelagic environments or
The nodules
are characterized by low contents of transition
metals and their mineral form is todorokite.
Hydrothermal ferromanganese oxide deposits
occur usually as crusts in hydrothermal regions
and have low contents of transition metals.
Their mineral form is todorokite or birnessite.
Ferromanganese concretions on seamounts
have the highest contents of REE and are
extremely enriched in Ce (APLIN, 1984). In
nodules of oxic-diagenetic origin, the contents
of REE and the enrichment of Ce are inter-
mediate between hydrogenous and

shallow-water continental margins.

suboxic-
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diagenetic nodules (Wahine survey area, ELDER-
FIELD et al., 198la; DOMES Site A, thin
sediment valley nodules, CALVERT et al., 1987).
Ferromanganese concretions of suboxic-diagenetic
origin have low contents of REE and low enrich-
ment of Ce (Loch Fyne, GLASBY, 1972/73;
MANOP Site H, MURPHY and DYMOND, 1984).
Hydrothermal manganese and iron oxide deposits
are characterized by extremely low contents of
REE and extremely low enrichment of Ce (the
Galapagos Rift, CORLISS ez al., 1978).

GOLDBERG et al. (1963) attributed the enrich-
ment of Ce (relative to La) to the oxidation of
Ce?*t to Ce**. They found that the enrichment
of REE in ferromanganese concretions relative
to sea water has its maximum at Sm, and decreases
monotonically from Sm to Lu and from Sm to
La (except Ce). The decrease from Sm to Lu was
ascribed to the increasing stability of heavy REE
(HREE) complexes with ligands in sea water but
the decrease from Sm to La was not clearly
explained. ELDERFIELD et al. (1981a) attributed
the correlation between REE and P to the in-
corporation of REE into a phosphatic phase in
nodules. However, this is not the case, because
there is no correlation between REE and P in
crusts on seamounts (APLIN, 1984). The cor-
relation between REE and Fe has been attributed
to the incorporation of REE into the iron oxy-
hydroxide phase in ferromanganese concretions
(ELDERFIELD et al., 1981a, b; CALVERT et al.,
1987; GLASBY et al., 1987). However, the
manganese oxide phase must play an important
role in the incorporation of REE, because REE
contents in almost pure iron oxide deposits are
only two times higher than those in almost pure
manganese oxide deposits at the Galapagos Rift
(CORLISS et al., 1978).

TAKEMATSU et al. (1989) explained the wide
compositional variety of transition metals in
marine ferromanganese concretions by assuming
that the oxide phases are in equilibrium with
sea water or interstitial water with respect to
transition metals and by considering the chemical
form of transition metals in sea water and the
sorptive properties of the oxides. The same
concepts are applied to REE in marine ferro-
manganese concretions in this paper. Usually,
chondrite- or shale-normalized REE patterns are
used in discussions of the distribution of REE in

marine environments. However, this method
does not clarify the mechanisms of incorporation
of REE into ferromanganese concretions. Instead,
distribution coefficients of REE between ferro-
manganese concretions and sea water are used,

as developed by GOLDBERG et al. (1963).

2. Sources of REE in ferromanganese con-
cretions

There are three sources of REE in ferro-
manganese concretions: 1) directly from sea
water (hydrogenous), 2) from interstitial water
as the result of diagenetic decomposition of
settling particles (diagenetic), and 3) from hydro-
thermal fluids (hydrothermal).

Several papers were published on the concen-
trations of REE in sea water (H@GDAHL et al.,
1968; ELDERFIELD and GREAVES, 1982; PIE-
PGRAS and WASSERBURG, 1982; DE BAAR et al.,
1983, 1985; KLINKHAMMER et al., 1983). Ver-
tical distribution of REE in the Pacific and
Atlantic Oceans mimics that of nutrients. How-
ever, the concentrations of REE except Ce in
deep-sea water of the Pacific Ocean are about
two times higher than those of the Atlantic
Ocean and that of Ce in the former is four
times lower than that in the latter (Table 1).
The relative concentration of each REE in deep-
sea water is different in the Pacific and Atlantic
Oceans. The difference of REE in origin in
the Pacific and Atlantic Oceans is evident from
the isotopic composition of Nd in sea water.
The exa(0) values of sea water in the Pacific and
Atlantic Oceans are ca. —3 and ca. —12,
respectively. These differences are reflected in
ferromanganese concretions (PIEPGRAS et al.,
1979; PIEPGRAS and WASSERBURG, 1980;
GOLDSTEIN and O’NIONS, 1981; PIEPGRAS and
WASSERBURG, 1982). Despite large variations
of REE in sea water, the average concentra-
tions of REE in deep-sea water (1,000-3,250 m)
of the Pacific Ocean (DE BAAR et al., 1985)
are used as representative of sea water in this
study, because most of ferromanganese concre-
tions dealt with in this study are from the
Pacific Ocean.

REE are removed from sea water and trans-
ported to the sea floor by settling particles which
are the raw materials of diagenetic ferromanga-

nese concretions. Unfortunately, data on REE
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Table 1. Concentrations of rare earth elements in sea water of the Pacific and Atlantic Oceans
(p mol per kg sea water). ’

La Ce Pr Nd Sm Eu Gd Tb Ho Tm Yb Lu

Pacific, VERTEX II Site (18 °N, 108 °W): DE BAAR et al. (1985)
15—750 m (9) 26 14 3.3 16 2.8 0.79 4.3 0.62 1.1 0.59 3.7 0.63
+10 =5 =£0.7 £ 3 =*£0.5 #£0.17 0.8 =£0.12 =£0.3 £0.16 =£1.3 =+0.24
1,000—3,250m (8) 51 4.2 7.3 34 6.8 1.8 9.9 1. 3.6 2.0 13 2.4
+13 *1.5 #1.6 += 9 =+£1.6 x£0.5 =£2.5 +0.4 +£0.8 *=0.4 =2 +0.4
Atlantic (28°01’N, 25°59’W): ELDERFIELD and GREAVES (1982)

[}

0—900 m (6) 23 26 — 21 4.3 0.75 4.9 — — — 3.9 —
+= 8 =£20 += 7 £1.1 £0.10 =%£0.9 +0.5
1,000—3,000m (4) 28 19 — 23 4.4 0.96 6.1 — — — 5.0 —
=5 =7 + 3 =£0.5 £0.06 =1.0 +0.2
4,500 m (1) 54 55 — 46 8.3 1.2 8.3 — — — 5.2 —
Atlantic (33°58’N, 58°05’W): DE BAAR et al. (1983)
10—981 m (8) 16 39 3.7 — 3.4 0.70 — 0.72 1.7 0.80 4.4 0.70
+ 4 £29 %0.6 +0.2 =+0.06 +0.04 =£0.2 =+£0.14 =£0.5 -£0.08
1,179—3,264m (6) 32 18 4.6 — 3.5 0.76 — 0.78 1.7 0.84 4.8 1.0
+=10 = 4 =+0.7 +0.6 =£0.15 +0.12 +£0.3 =#£0.14 =*=0.9 =£=0.2
4,328—4,427m (3) 82 48 11 — 7.8 1.7 - 1.5 2.6 1.2 7.2 1.6
=2 =6 0.2 +0.2 =£0.01 +0.1 =£0.1 =£0.1 +0.2 =0.03

Table 2. Distribution coefficients of REE between settling particles and deep-sea water and Sm-normalized
distribution coefficients, together with those of sediments, ferromanganese nodules and crusts (from
MURPHY and DYMOND, 1984).

La Ce Nd Sm Eu Tb Yb Lu
Settling particles
DC(x10% 0.41£0.20 6.2£3.0 €.99+0.42 0.
DCnSm 0.63+0.03 10 +0.6 1.8 0.8 1
Sediments
DC(x10%) 4.8 0.4 61 +3 6.3 £2.
DCnSm 0.68+£0.06 8.7%£0.5 0.90=£0.
Nodule tops
DC(x10% 5.1 =1.7 73 =+31 6.5 1.8 6.9 =2.1 6.5 =1.9 4.6 =1.3 2.6 =0.6 2.0 £0.5
DCnSm  0.74+0.24 11 +4  0.95%0.27 1.0 0.95+£0.27 0.66£0.19 0.38%+0.09 0.29+0.07
Nodule bottoms
DC(x10% 1.7 0.3 19 £=3 2.0 £0.2 2.2 £0.4 1.9 £0.04 1.5 0.4 0.91%0.18 0.76=%0.17

3£0.33 0.68+0.38 0.460.21 0.25%0.13 0.21+0.11
1.0 =0 0.76=0.13 0.41%=0.07 0.330.04

=)
-
=
H+
=4
™o

. 6.3 =0.4 4.8 £0.4 3.0 0.1 2.6 =0.0
5 1.0 0.90%0.05 0.69=0.06 0.42%£0.02 0.37%0.0

F oo
W

DCnSm 0.77=%0.13 8.5+1.5 0.93+0.09 1.0 0.86+0.02 0.67+0.18 0.41=£0.08 0.35%+0.08
Crusts

DC(x 10919 +£0.6 3406 =17 23 +(6.8 24 +=1 23 +0.4 14 +0.4 8.4 0.3 6.6 =0.4
DCnSm  0.79%+0.02 14 =£0.7 0.95%+0.03 1.0 0.96%+0.02 0.60%+0.02 0.35+0.01 0.28=0.02

DC and DCnSm denote the distribution coefficient and Sm-normalized distribution coefficient, respectively.

in settling particles are scarce and available contents of REE in settling particles increase
only from MANOP Site H (MURPHY and with the depth of traps and only DCnSm are
DYMOND, 1984). In Table 2, distribution coeffi- meaningful. Anomalous contents of Nd in
cients (DC) of REE between settling particles settling particles are due to greater analytical

and deep-sea water in the Pacific Ocean, and errors for Nd (MURPHY and DYMOND, 1984).
DC of REE normalized to that of Sm (DC of DC of REE are different among settling particles,
REE divided by that of Sm: DCnSm) are given, sediments, ferromanganese nodules and crusts,
together with those of sediments, ferromanganese but DCnSm are almost the same except for Ce.
nodules and crusts from MANOP Site H. The This indicates insignificant fractionation of indivi-
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dual REE from one another during diagenesis.
DCnSm of Ce is in the order: crusts > nodule
tops > settling particles > sediments > nodule
bottoms. This is probably the order of redox
potential in the environments.

Unfortunately, the concentrations . of REE in
interstitial water of deep-sea sediments have not
been published, only those in a reducing sediment
core of Buzzards Bay (ELDERFIELD and SHOL-
KoviTz, 1987).
REE in interstitial water can be supposed from
the difference in the contents of REE between
nodule tops and bottoms.
tion metals, ferromanganese nodules of oxic-
diagenetic origin from MANOP Site S (DYMOND
et al., 1984) have higher contents of transition
metals on the bottoms than on the tops, where
the concentrations of transition metals in inter-

However, the concentrations of

In the case of transi-

stitial water are higher than those in overlying
bottom water {KLINKHAMMER et al., 1982). On
the other hand, in the suboxic-diagenetic environ-
ments such as MANOP site H, nodule tops
have higher contents of transition metals than
nodule bottoms (DYMOND et al., 1984), where
the concentrations of transition metals in inter-
stitial water are indistinguishable from those in
overlying bottom water or lower (KLINKHAMMER,
1980).

Pacific between the

In nodules from the northern equatorial
Clarion and Clipperton
Fracture Zones and the southern equatoria]
Pacific, the contents of REE are higher in the
top sub-samples than in the bottom sub-samples,
while the contents of Ni and Cu are lower in
the former than in the latter (ELDERFIELD ez al.,
1981b). From the contents of Niand Cu, these
nodules are of oxic-diagenetic origin. At MANOP
Site H, the contents of REE and transition
metals in nodule tops are higher than in nodule
bottoms (DYMOND et al., 1984; MURPHY and
DYMOND, 1984). This means that in contrast
to transition metals, the concentrations of REE
in interstitial water are lower than these in
overlying bottom water both in oxic-diagenetic
and suboxic-diagenetic environments.

In the reducing nearshore sediment core of
Buzzards Bay, the concentrations of REE in
interstitial water are much higher than those in
overlying sea water and increase with depth,
resembling the concentrations of the nutrients

(ELDERFIELD and SHOLKOVITZ, 1987). From

the composition of REE in interstitial water,
properties of carrier phases of REE in the water
column can be deduced, because settling particles
are formed in sea water, transported to the sea
floor and decomposed in the sediment. These
processes are the same in nearshore and deep-
sea environments. Accordingly, the concentra-
tions of REE in interstitial water are divided by
those in overlying sea water, and the calculated
concentration ratios of REE are further divided
by that of Sm (Fig. 1). The main carrier phase
has the uptake maximum at Sm, as the settling
particles at MANOP Site H (Table 2). The
carrier phase is probably biogenic amorphous
silica, because the concentration of silicate in
interstitial water is an order of magnitude higher
than that of phosphate at any depth in the
sediment (ELDERFIELD and SHOLKOVITZ, 1987)
and because the distribution of REE in the deep-
sea water colum mimics that of silicate (DE BAAR
et al., 1983; KLINKHAMMER et al., 1983). The
content of Sm in SiO; is calculated to be about
lppm from their concentrations in interstitial
water, while that in diatom is 1.6 ppm (ELDER-
FIELD and GREAVES, 1983). Another carrier
phase is probably organic matter. In the deep
sea, such an organic phase is regenerated in the
water column. According to ELDERFIELD and
SHOLKOVITZ (1987), the sediment of Buzzards
Bay is anoxic and black, with a thin (I mm)
brown oxic layer. The sediment particles are
REE released
rom settling particles may not be adsorbed on
such reducing sediment particles and remain in
interstitial water, because REE contents in hydro-
thermal sulfide are extremely low (ELDERFIELD
and GREAVES, 1983). The composition of REE
in reducing interstitial water, as observed at
depth in the Buzzards Bay sediment, will be the
juvenile type composition of REE in oxic- and
Actually, REE
released into interstitial water from settling

probably coated with iron sulfide.

suboxic-diagenetic sediments.

particles will be readily adsorbed on manganese
and iron oxides in oxic environments.
Hydrothermal solutions are strongly enriched
in light REE (LREE) relative to sea water and
display a pronounced positive Eu anomaly (MI-
CHARD et al., 1983). Such anomaly is evident
in hydrothermal iron oxide crusts but not clear
in hydrothermal manganese oxide crusts (CORLISS
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Sm-normalized concentration ratios of REE in interstitial water relative to overlying sea water

)
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Fig. 1.

Sm Eu

Sm-normalized concentration ratios of REE in inter-

1
Dy Er Yb Lu

stitial water relative to overlying sea water (from ELDER-
FIELD and SHOLKOVITZ, 1987). Numbers in the figure denote
depth ranges in a Buzzards Bay sediment core (cm).

et al., 1978). The difference is probably attri-
buted to the fact that iron oxides are precipitated
earlier than manganese oxides from oxygenated
hydrothermal solutions (EDMOND ez al., 1979).

3. REE composition of ferromanganese con-

cretions of four different origins

Selected ferromanganese concretions of hydro-
genous, oxic-diagenetic, suboxic-diagenetic and
hydrothermal origins are crusts on seamounts
from the Line Islands Archipelago (APLIN,
1984), nodules from DOMES Site A (CAL-
VERT et al., 1987), nodules from MANOP
Site H (MURPHY and DYMOND, 1984) and

hydrothermal crusts from the Galapagos Rift
(CORLISS et al., 1978), respectively (Table 3).
Valley nodules in siliceous, thin Quarternary
sediments and highlands nodules from DOMES
Site A (CALVERT and PIPER, 1984) are of oxic-
diagenetic and hydrogenous-oxic diagenetic ori-
gins, respectively, because the composition of
transition metals and mineralogy in the former
is almost the same as that from MANOP Site
S (DYMOND et al., 1984) and that in the latter
is almost the same as that from MANOP Site
R (DYMOND et al, 1984). DC of REE of the
four end-members are shown in Fig. 2. The
enrichment of REE is in the order: hydrogenous
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Table 3. Contents of REE in the four end-members of ferromanganese concretions, distribution coefhi
cients of REE between concretions and deep-sea water and Sm-normalized distribution coefficients of

REE.

Mn Fe La Ce Nd Sm Eu Tb Yh Lu
(%) (%)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Hydrogenous: Crusts on seamounts, Line Islands (APLIN, 1984)
21.3 17.4 307 1,100 261 54 14 — 28 4.2
+4.9 +3.8 +=77 +=575 +73 +=17 + 4 + 4 +0.6
DC (x109) 43 1,900 53 54 52 13 10
DCnSm 0.80 34 0.99 1.0 0.96 0.24 0.19
Hydrogenous-oxic diagenetic: Nodules on highlands, DOMES Site A (CALVERT et al., 1987)
19.2 10.9 176 575 181 43.3 10.0 7.27 19.2 2.65
+3.3 +1.2 +30 +152 24 +5.7 +1.5 =£=1.19 +2.4 +0.35
DC (x10°) 25 980 37 43 37 29 8.7 6.3
DCnSm 0.57 23 0.85 1.0 0.8 0.67 0.20 0.15
Oxic diagenetic: Nodules in valley, thin Quaternary sediments, DOMES Site A (CARVERT et al., 1987)
24.0 5.86 87 197 103 23.4 5.66 4.32 11.3 1.58
+1.6 +0.43 *£13 +53 *£15 +3.3 =£0.73 £0.67 =1.9 +0.25
DC (x10°) 12 330 21 23 21 17 5.1 3.8
DCnSm 0.53 14 0.90 1.0 0.90 0.74 0.22 0.16
Suboxic diagenetic: Nodules in hemipelagic sediments, MANOP Site H (MURPHY and DYMOND, 1984)
Nodule tops 35.0 4.07 36 43 32 6.9 1.76 1.14 5.7 0.85
+3.4 +1.58 +12 =18 +9 +2.1 +0.50 =0.33 1.4 +0.20
DC (x10°) 5.1 73 6.5 6.9 6.5 4.6 2.6 2.0
DCnSm 0.74 11 0.95 1.0 0.86 0.67 0.41 0.35
Nodule 44.6 0.84 12 11 10 2.2 0.51 0.37 2.0 0.32
bottoms +1.6 +0.14 +2 +2 +1 +0.4 =0.01 =£=0.10 ==0.4 +0.07
DC (x10%) 1.7 19 2.0 2.2 1.9 1.5 0.91 0.76
DCnSm 0.77 0.93 1.0 0.86 0.67 0.41 0.35
Hydrothermal: Crusts on hydrothermal mounds, the Galapagos Rift (CORLISS et al., 1978)
Manganese 49.9 0.30 3.0 2.5 — 0.47 0.13 0.08 0.57 0.13
oxides +1.6 +0.15 +0.8 +1.2 +0.17 =£0.03 =£0.01 =0.10 =*0.03
DC (x10°%) 0.43 4.2 0.47 0.48 0.30 0.26 0.31
DCnSm 0.96 9.9 1.0 1.1 0.70 0.59 0.71
Iron oxides 7.85 27.5 6.7 4.2 — 0.79 0.27 0.15 0.99 0.12
+0.79 +0.2 +=0.1 +0.25 =0.08 =0.02 +0.04
DC (x16°) 0.94 0.79 0.98 0.58 0.45 0.29
DCnSm 1.3 7. 1.0 1.3 0.76 0.47 0.36

DC and DCnSm denote the distribution coefficient and Sm-normalized distribution coefficient, respectively.

> oxic-diagenetic > suboxic-diagenetic > hydro-
thermal, while that of transition metals is in
the order: oxic-diagenetic > hydrogenous >
suboxic-diagenetic > hydrothermal (DYMOND et
al., 1984; TAKEMATSU et al., 1989). As found
by GOLDBERG et al. (1963), DC of REE have
their maximum at Sm, except for hydrogenous
ferromanganese crusts. The enrichment of La
and Eu in hydrothermal iron oxide deposits is
due to the fact that hydrothermal solutions are
strongly enriched in LREE relative to sea water
and have a pronounced positive Eu anomaly

(MICHARD et al., 1983). The smaller anomaly
in hydrothermal manganese oxides is caused by
the fact that manganese oxides are precipitated
later than iron oxides from oxygenated hydro-
thermal solutions (EDMOND et al., 1979). The
order of Ce enrichment (hydrogenous > oxic-
diagenetic > suboxic-diagenetic > hydrothermal)
is due to the redox potential of depositional
environments. In this respect, Ce is similar to
Co (PIPER, 1988).

Any model for the mechanism of incorporation
of REE into ferromanganese concretions must
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explain the two aspects: 1) the lower enrichment
of REE in oxic-diagenetic concretions than in

hydrogenous concretions, in contrast to the
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Fig. 2. Distribution coefficients of REE between
ferromanganese concretions of different origins
and Pacific deep-sea water (see Table 3).

greater enrichment of transition metals in the
former than in the latter, and 2) the maximum

at Sm in DC of REE.

4. Mechanisms of incorporation of REE into

ferromanganese concretions

The lower enrichment of REE in oxic-diage-
netic concretions than in hydrogenous concretions
is probably attributed to great retention of REE
in sedimentary components, which are released
from settling particles. This is consistent with
the assumption that concentrations of REE in
interstitial water are lower than those in deep-
sea water, as described bofore. The evidence is
found in REE contents of the deep-sea sediments.
The contents of REE in nodules and associated
sediments from Wahine survey area (ELDERFIELD
et al., 1981a), Area C between the Clarion and
Clipperton Fracture Zones (GLASBY et al., 1987)
and DOMES Site A (CALVERT et al., 1987;
PIPER et al., 1987) are given in Table 4. From
the composition of transition metals and mine-
ralogy in nodules (CALVERT et al., 1978; ELDER-
FIELD et al., 1981b; CALVERT and PIPER,
1984), nodules in these areas are of oxic-diagene-
tic origin. The contents of REE in the bulk
sediments are almost the same as those in the
nodules, except for Ce. However, REE contents
in the non-lithogenous (authigenic) fraction of
the sediments are more than two times higher

Table 4. Contents of REE in oxic-diagenetic nodules, associated siliceous sediments and the lithogenous

fraction of the sediment.

Mn Fe La Ce Nd Sm Eu Gd Thb Yb Lu
%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Wahine survey area (siliceous ooze): ELDERFIELD et al. (1981a)
Nodules 25.9 6. 65 87.5 293 125 29.8 7.19 28.5 — 13.0 =
+1.1 =+1.62 =+17.3 =+£103 +26 +7.4 +£1.60 5.4 +2.7
Sediments 0.55 4.10 71.3 93.0 101 25.6 6.36 26.5 — 13.8 —
+0.30 +£0.60 =£11.0 +56 +12 +£3.7 =£1.16 +3.9 +2.0
Area C (siliceous ooze): GLASBY et al. (1987)
Nodules — 4.74 93 344 134 33.3 7.8 — 4.0 12.9 1.8
+0.39 =*10 +76 +33 +6.2 =£1.4 +0.9 +2.1 +0.4
Sediments 3. 86 69 75 69 17.6 4.5 — 2.8 9.0 1.5
+0.34 +44 +15 +47 +9.3 +£2.6 +1.9 +£5.2 =+0.8
DOMES Site A (siliceous thin Quaternary sediment): CALVERT ef al. (1987), PIPER et al. (1987) and PIPER
(1988)
A nodule 25.1 5.31 88 188 104 20.2 571 — 4.32 11.6 1.63
A sediment 1.21  4.90 79 80 91 23 5.7 — 4.0 12.4 1.9
Lithogenous — — 24 48 — 4.2 — — — 2.2 —

fraction
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than those in the nodules, because the lithogenous
fraction in deep-sea sediments constitutes more
than 809 of the bulk sediments in weight
(TAKEMATSU, 1978) and the contents of REE
in the lithogenous fraction of deep-sea sediments
are low and comparable to those in continental
shales (PIPER, 1988). On the other hand, the
contents of transition metals in ferromanganese
nodules are more than an order of magnitude
higher than those in the associated bulk sediments.
This indicates that in contrast to transition
metals most of REE released from settling parti-
cles during diagenesis are readily taken up by
sedimentary phases before reaching ferroman-
ganese concretions.

ELDERFIELD et al. (1981a) concluded from the
correlation between REE and both of P and Fe
in nodules from Wahine survey area that REE
are incorporated into both of a phosphatic phase
and an®iron phase in nodules. However, this is
not the case. The correlation is attributed to
the supplies of REE, Fe and P to nodules in
proportional rates from interstitial water. Phos-
phate is preferentially adsorbed on ferric oxides
(CROSBY et al., 1984) and no correlation is
found between REE and P in crusts from the
Line Islands Archipelago (APLIN, 1984). REE
contents in modern biogenic phosphates are very
low (Nd < 150 ppb), and high REE contents in
sedimentary phosphates are ascribed to the pres-
ence of the Fe-oxide phase (SHAW and WASSER-
BURG, 1985).

Manganese oxides as well as iron oxides must
be the important phase to control REE contents.
The evidence is found in hydrothermal regions
where both of Mn-oxides and Fe-oxides are
precipitated separately. Hydrothermal iron oxides
are more influenced by hydrothermal solutions
than hydrothermal manganese oxides, at the
Galapagos Rift, as is evident from their REE
distribution patterns (Fig. 2.). The concentra-
tion of Sm in hydrothermal solutions is about 102
times higher than that in deep-sea water (MI-
CHARD et al., 1983).
must be precipitated from sea water with a higher
concentration of Sm than manganese oxides.
Nevertheless, at the Galapagos Rift, hydro-
thermal iron oxides have only about two times
higher content of Sm than hydrothermal man-
ganese oxides, although the purity of the former

Therefore, iron oxides

is lower than that of the latter (CORLISS ef al.,
1978). DE BAAR et al. (1985) suggested from
the correlation between REE and Mn near the
oxygen minimum layer in the water column
that Mn-oxide serves as a REE carrier. There-
fore, manganese oxides play an important role
in controlling REE contents. The relationship
between REE and Fe (ELDERFIELD et al., 1981a;
GLASBY et al., 1987) is fundamentally attributed
to their similar supply mechanisms to nodules.
REE and Fe are trapped in sedimentary phases
during diagenesis, as discussed later.

The amounts of elements adsorbed on oxides
depend on the products of their surface complex
formation constants and concentrations of their
free ions. The surface complex formation con-
stants of cationic elements on oxides (MnQOs,
FesOs, SiOs and probably clay minerals) depend
on their first hydrolysis constants (SCHINDLER
et al., 1976; L1, 1981; SCHINDLER, 1981). The
concentrations of cationic free ions are inversely
related to their stability constants of inorganic
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Fig. 3. a) Hydrolysis constants of REE (SMITH
and MARTELL, 1976; TURNER et al., 1981).
b) Stability constants of REE with carbonic
acid (TURNER et al., 1981) and lactic acid
(SILLEN and MARTELL, 1971).
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and organic ligands. In Fig. 3, the first hydro-
lysis constants of REE (SMITH and MARTELL,
1976; TURNER et al., 1981) are plotted in the
order of atomic number, together with their
stability constants with carbonic acid (TURNER
et al., 1981) and lactic acid (SILLEN and MAR-
TELL, 1971). According to BRULAND (1983),
the main species of REE in oxygenated sea
water are carbonate complexes. Lactic acid is
used for the separation of REE from one another
(GOLDBERG et al., 1963; SCHMITT et al., 1963),
and has some analogy to humic acid, because
humic acid has carboxyls, phenolic and alcoholic
hydroxyls as functional groups (SCHNIZER and
Kiian, 1972).

Hydrolysis constants of REE increase almost
monotonically from La to Lu. This means that
the adsorption ability of the free ions of REE
on oxides increases from La to Lu. On the
other hand, the proportion of the free ions of
REE to the total decreases from La to Lu,
because their stability constants of carbonate and
lactate complexes increase from La to Lu. The
combination of these two effects must cause the
Sm maximum in DC of REE.

The first hydrolysis constants (log *K;) of Mn,
Co, Ni, Cu and Zn are -10.6, -9.65, -9. 86,
-8.00 and -8.96, respectively, while that of La
is -8.50, which is the lowest among REE (TUR-
NER et al., 1981). This indicates that REE are
more readily adsorbed on oxides than transition
metals except Cu. This is the reason why the
REE contents of the non-lithogenous fraction in
oxic-diagenetic sediments are higher than those
in the associated ferromanganese nodules, in
contrast to transition metals, as described before.
Cu is mostly present in organic form in deep-
sea water (BUCKLEY and VAN DEN BERG,
1986) and interstitial water (HEGGIE ez al., 1986),
and organically-bound metals are inhibited from
being incorporated into oxides (PRICE, 1967;
VAN DEN BERG, 1982; CALVERT et al., 1987).

The DC of La and Lu normalized to that of
Sm (DCnSm) varies largely from area to area
(Table 3). There are many factors influencing
DCnSm: 1) relative concentrations of REE in
sea water in contact with ferromanganese con-
cretions, 2) ligands in sea water which form
complexes with REE, and 3) carriers of REE in

the water column. Interstitial water is probably

depleted in LREE and HREE relative to sea
water, if the carrier of REE is oxides such as
biogenic SiO;, Mn- and Fe-oxides, as is observed
in the Buzzards Bay sediment core (ELDERFIELD
and SHOLKOVITZ, 1987). However, DCnSm in
nodules buried in the sediment will be almost
the same as that in the carrier phase, because
almost all of REE released from the carrier
phase will be readily taken up by nodules and
sediment particles coated with manganese and
iron oxides (a closed system). Peculiar Ca-P-
rich iron-oxide concretions were found in Barents
Sea, which have extremely low DCnSm of LREE
(including Ce) and HREE, extremely high con-
tents of REE and low contents of transition
metals (INGRI, 1985; INGRI and PONTER, 1987).
The genesis is not clear but a possible mecha=
nism is as follows. Settling particles rich in
diatoms are tansported to the sea floor (< 200 m),
which are depleted in LREE and HREE relative
to sea water. Settling particles are regenerated
in less oxidizing bottom environment where iron
oxides are stable and manganese oxides are
unstable. Iron oxides scavenge REE and P
from bottom water of which REE composition
is similar to that of settling particles (an open
system). In this way, the iron-oxide concretions
are probably subject to the two-step depletion of
LREE and HREE.

The first hydrolysis constant of Ce** is about
eight orders of magnitude larger than that of
Ce3* (SMITH and MARTELL, 1976; TURNER
et al., 1981). The large DCnSm of Ce in ferrc-
manganese concretions is, therefore, attributed to
the higher adsorption ability of Ce** than Ce®*
on oxides. The content of Ce in nodules from
abyssal hills in the Atlantic Ocean (ADDY,
1979) is about four times higher than that from
highlands at DOMES Site A (CALVERT et al.,
1987) in spite of the fact that the contents of
the other REE are almost the same. This differ-
ence is ascribable to the fact that the concentra-
tion of Ce in the Atlantic deep-sea water is
about four times higher than that in the Pacific
deep-sea water. DCnSm of Ce in the Atlantic
nodules (ca. 9), calculated by using the concentra-
tions of REE in the Atlantic deep-sea water, is
rather low relative to that in the corresponding
Pacific nodules (ca. 23). The higher concentra-
tion of Ce in the Atlantic deep-sea water is



50 La mer 27, 1989

probably attributed to the lower abundance of
ferromanganese concretions in the Atlantic Ocean
compared to the Pacific Ocean.
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Geology of the rift system in the Neorth Fiji Basin: Results of
Japan-France Cooperative Research on board KAIYO 88*

Eiichi HoNzA, Jean-Marie AUZENDE and KAIYO 88 Shiphoard Party**

Abstract: A geological and biological cruise was conducted in the North Fiji Basin on board
the R.V. KAIYO during 13 November to 19 December 1988 based on the Japan-France
cooperative survey designated “STARMER PROJECT”. This project is provided by Science
and Technology Agency of Japan and IFREMER of France, and cooperated with CCOP/SOPAC.
This is an initial report based on the geological observations.

The spreading pattern of the central N-S rift system in the North Fiji Basin is identified
for past 3 million years from the magnetic anomalies. The northern margin of the N-S rift is
bounded by the triple junction of R-R-R. The northeast-eastern rift is shorter and converted
to the transform fault which is traced throughout the northern Fiji with E-W trend. The
N-S fracture zone in the western Fiji Islands turns southwestward in the southern part and
is in a 100 km wide zone with ridges and troughs throughout the zone. This might be once a
rift or a chain of pull-apart basins developed along the whole of the fracture zone, despite
such a feature is only reported in the northern part. Another possibility is that the ridge is
a remnant of an arc, since weak magnetic anomaly is measured in the northwestern part of
the ridge, suggesting remmant of continent. The southern margin of the central N-S rift is
bounded by a NE-SW fracture. A shorter N-S rift develops southward on the 80 km off to
the east of the northern rift. This rift consists of the northern and southern part overlapping
at the central portion. The rift axis has some stages within its development suggested in the
detailed surveyed northern, central and southern areas of the central N-S rift. The central
rift is in an initial stage and the northern rift is in the later stage than the central rift.
Hydrothermal activity is not associated with the rift in an initial stage, but is also associated
with the later stage of rifting as is seen in the northern rift. A white smoker was observed in
the northern rift where the hydrothermal vents develop along a step which is bound by fault

scarps.
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area in the N-S rift.

Fig. 6. Organisms in the hot vent of the northern detailed surveyed

Fig. 7. Lava flow of the lava lake

area in the N-S rift.
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Table. 1. Results of the heat flow measurements.

Station Latitude Longitude Water D. Them. C. Ther. G. H.F.
(Core No.) (S) (E) (°C/m) (W/m°C) (mW /m)
St. 25 (PC1) 18°51. 32/ 174°20. 27’ 3039 0.211 0.884 187
St. 26 (PC2) 18°44. 68’ 174°47. 63/ 3098 0.261 0. 870 227
St. 27 (PC3) 17°54. 14’ 175°31. 12/ 2496 0.172 0. 878 151

BEALIT R 174°08. 57 12 i » THafk 21°10 2 £ T
L DT IR 174°08 ($1 % COZRINTH D 7
BIFIFRO Y 7 » RO—FETH B (Fig. 4C). 5N
RO R DML & 7 B, i fRE
Eiln s T\ 5,

KIBOYE KT 3133 =M A DK E CTD JET
FBGIEENCRE 5 BEITIZ LA BRI S Tu oy,
BMTVIZCIBEZETY, BEOBEHI KL, KL
R OHRRWIE > T\ 5,

4. E—brT70—¢EZ

REHEOAHIK 7 4+ o~ LY 7 L R DH
TZHEOEA v aT Y v le— b7 e —HITEE
L7z,

b — b7 e —HIERRIL 227,187, 151mW/m TH 9,
V7 R BEEN D LKL Te A D R b hvic (Table
s

AN v a TIAKESRE LA E LTKUKER E
ORI E N LTS DTH - 7= (Fig. 8),

5 &t i®

L EDIK K DR b BOKIGE & - Foih e dh ok
B, BUKIHEIN RS THREY CBHLIICNER IR
KEIDA R Ohic, TOENZFDY 7 +REH O
IBREELB D, Tl BHEWKIHE 1LRORS D
A= —=F, TIKE, PERRS EE > olEOH
BEOEVCIHLDEE X bbb (MACDONALD et
al., 1988), HEKEED EIZ X B[R LH D0, B
WIKKEETL 79 v 7 A =0 —Z0BEEIN A S
nHEZALBHS (RONA et al., 1986),

PRI DI RENIIEE T L b 0 TH b EE X
bihd, WEBCHERY, HrrFEELLCZEhLE
HET S 2, —J7deSiB A O IEKEC 3 R b
Bbh, #03 £ RELTVLEH, JEFTERLEK
FBEARONRD, MHEDEILY 7 + 2T 5 R
EoEWE LTEMRIN D, ERABUKIEENLY 7 b

DRI SN D LIZiR 52 &8 F LT »
%o

b7 4 O —lROTHIIL, BAED & ALt
EIh o, SRIOFE THRIZOfFEIED v 7 ¢
RTIBIEW ST Tn > 7y, A R HA CH O
IR 3 b 5> T B,

RO ZH A HAVRCRD B ) 7+ RITERE1S &
REI7T3° T CBIFCE A2, 2oL AW TH 3
(MALAHOFF et al., in press), =05 BILE Ik
G5 Y 7 b RiTH 10km < SWWCTHEFBEKRO N5 v 27 4
—AWIEANEBIT LTS, 20V 7 FREKD iR
MK P v A7 3 —aWBTH B L35 ERL 5 3
(AUZENDE et al., 1988),

T4 ORI 5 v R T ¢ — AEES D
Kan LT, 74 v—f@EACEcdessr .7
oS = N RAR R FE o TR IR R TR < RSO Y AN
ELTWD, ZOHET 4 O —FBEH O L HF g
HECBBRE T« 73— PRBH DL 7 F RAE
ELRHEELR LTS, £, AMBOIIERc B
b D HRESRI R DN B RS REERR 2 5 78 - T
LEETE, MRS KEMS O TREM: L e, B
BERBRABGDH Y, BT LTI lgEr: & &
TETE e\,

6. F&H
KAIYO 88ffiif DR B & LT O A3 B asic /e
-7,

1. dbv g v—HaFREO ) 7 R0MEE 300 HE
ChIeBPER A Z — VDR E S S e s
el fco

2. BV 7 F ROMEMEOEESHs LY, —
AP E AL HDHD, WAEBLIIXL, Eilic
Jefllo ¥ 7 + R 80km B I H - M iE Kl A R A2
Ihiz,

3. FAdLtED Y 7 r RO, hoiuig, EwIROE
E0D, IKKREOREZERMEOMENTIEBTE, #uk



PC 1 ‘etitwe: 1g°s1.3258

Longitude: 174°20.27°€

Depth: 2039 m
(Sta.25)  Totalcore: 560 m

La mer 27, 1989

PC 2 |‘Letituge: 18°4468'

Longitude: 174°47.63't

Depth @ 3098m
(Sta.26)  1oigicore: 6.75m

PC 3 etituge: 17°54.143

Longftude: 175°31.12°€
Depth  : 2496 m

(Sta.27) Totelcore: 620m

10YR2/3

Brownlsh black very fine send leysr,

rich {nreddish aggregate.

7.5YR4/3

Brownish very fine celcareous ooze.

10YR4/2

Greyish yellow brown fine sand
Teyer rich in foreminifera.

10YR4/4
Brownish homegeneous calcareous
0oze.

7.5YR4/3
Strongly bioturbed brownish siit
Teyer.

7.5YR3/1

Brownish black fine send layer of 3

cm thickness.

10YR4/4
Brownish celcareous ooze,

Strongly bloturted dark brown very
fine sand layer rich in volcenic ash,

White pod.

10YR4/4
Hemogeneous brownish calcareous
00ze. slightly bioturbed.

10YR2/2
Brownish'black fine sand layers.
rich in volcanic ash.

10YR4/4

Brownlsh homogeneous celcareous
002e.

7.5YR3/3
Dark brown very fine send.
rich in volcenic ash.

i0YRS/4

Oull yellowish brown homogeneous
calcareous ooze.

Columnar sections of the piston

10YRS/4

Dull yellowish brown fine
calcareous ooze. Very soft,
homogeneous, end no sedimentary
structurs.

10YR4/3

Dull yellowish brown calcarsous
ooze,

285Y3/3

Dark olive brown very fine sand.
rich in voicanic ash.

Dark olive brown very fine sand
layer with pumice fragment
(dla.=7mm),

10YR4/4
Brownish calcareous soze rich in
planktonic foreminiferas,

Strongly bioturbed dark olive brown
siit tayer.

White pod.

10YR4/4
Brownish calcareous coze,

Strongly bioturbed derk brownish
calcarsous 0028,

SYR2/1

Brownish black very fine-send or
It which consists of valcanic
glass fragments and oxide patches.

7.5YR3/3

Dark brownish very fine sand leyer
with a thickness of {1 cm richin

— volcanic ash, Lower boundary {s

very sharp. Normatly graded but nc
lamina structure.

(This 1ayer may be correlated to
725¢m (relative length) of PC-1),

o — 25Y6/4

Oull yellowish calcareous layer,

- slightly firmed, Shell fregments(?)
and dark colored porous {ragments
ere contefned In this layer.

Strongly bioturbed dark olive brown
calcareous ooze.

\0YRS/4

Dull yellow(sh brown fine
calcarequs coze.

10YR4/3

Dull yellowish brown calcareous
ooze rich in foraminifers.
7.5YRS/3

Dull brownlsh calcareous ooze.
Strongly bloturbed.

SYR2/1

Brownish black very fine send or
st which consists of glass -
fregments and oxIde patches,

10YR4/3

Dull yelowish brown celcarsous
ooze with thin blackish layer. .
"Strongly bioturbed.

10YR4/2
Grayish yellow brown cslcareous
o0o0ze. Manganese-coated pumice
fragment (die.=13 mm).

10YRS/4
Dull yellowish brown calcareous
00ze.

Bioturbed mottles,

10YRS/4
Dull yellowish brown calcareous
o0ze.

5YR4/1,

Brownish grey very fine sand or
$iit, strongly bioturbed.

10YRS/3

Dull yetlowish brown calcereous
voze with scattered brownish grey
mottles,

SYR4/3

Dull reddish brewn fine end firmed
volcanic glass layer.

10YR5/4

Oull yellowish brawn homogeneous
calcareous ooze.

10YRS/3

Dull yellowish brown calcereous
ooze, scetlered with derk brownish
mottle.

25Y 6/3
Bull yellowish nanno ooze.

10YRS/4

Cull yellowish brown homegeneous
calcarecus 00ze.

cores in the northeastern part of the surveyed area.



167 4 O~ BEDY 7 + RO 61

FEHOMELHET 2R B bR,

4. JEOBEERTHYA b« FA=—FERIH,
TR KR Bh AR OB BRI - TR T Bk
THARLRII,

5. b7 4 v—WRLEORETLHL LTOED
BENB LR, Breddgomitity 7 FREERS
DFFVART p— AEEOWBICEET 5B RN AHE

g -7,

E

A BRI EE R OBIeRE [FAFFC
BIFBEET V- NS (V7 R OMBCET S
Bige) S x, BRI LTEBS i, B
KT B ERE 3 2, Executive Committee, Scientific
Committee D4FEH, CCOP/SOPAC HiffiER, B
SEREEOTE R W IEWT W, Ry, W
Bl v 2 —0REBE, X5 ) FBHED K
DFEE T,

EiREE, FHE )T < HItLe L ET B,

X

AUZENDE, J.-M., Y. LAFOY and B. MARSSET (1988):
Recent geodynamic evolution of the north Fiji
basin (southwest Pacific). Geology, 16: 925-929.

AUZENDE, J.-M., J.P. EISSEN, Y. LAFOY, P. GENTE
and J.L. CHARLOU (1988): Sea floor spreading
in the North Fiji Basin (SW Pacific). Tectono-
physics, 146; 317-352.

KATYO 875 —mE (1988): Jb7 4 V—B&EOD
)7 b % BALLFERE KAIYO 87 &R, 54
26, 35-46.

KROENKE, L.W., C. JOURANNIC and P. WOODWARD
(1983): Bathymetry of the southwest Pacific, chart
1 of the geophysical atlas of the Southwest Pacific,
CCOP/SOPAC.

MacponNaLp, K.C., P.J. Fox, L.J. PERRAM, M.F.
EISEN, R. HaAvyMON, S.P. MILLER, S.M. CAR-
BOTTE, M.H. CORMIER and A.N. SHOR (1988):
A new view of the mid-ocean ridge from the
behaviour of ridge-axis discontinuities. Nature,
335: 217-225.

MALAHOFF, A., R.H. FEDEN and H.S. FLEMING
(1982): Magnetic anomalies and tectonic fabric of
marginal basins north of New Zealand. J. Geo-
phys. Res., 87: 4109-4125.

MALAHOFF, A., et al. (in press): Magnetic and
tectonic fabrics over the North Fiji and Lau
Basins. Amer. Ass. Petrol. Tech.

RoNaA, P.A., G. KLINKHAMMER, T.A. NELSEN. J.
H. TREFRY and H. ELDERFTELD (1986): Black
smokers, massive sulphides and vent biota at the
Mid-Atlantic Ridge. Nature, 321: 33-37.

32 1. KAIYO 88 Finhi#H 4%
APEF—, GSJ Jean-Marie AUZENDE, IFREMER  Etienne RUELLAN, CNRS
Sanil DUTT, MRD WA, JAMSTEC AW ¥, HDJ

Philip Jarvis, HIG
&R, NIES
Yves Laroy, BU

Ni&#=E, KU

Didier JOLLIVET, IFREMER

WA B, JAMSTEC

_RIgIE A, GSJ
FEAETT, GSI
WIREE, JAMSTEC

ER %, TU fp ZEB, JAMSTEC Ki#F &, JAMSTEC

K#R  5&, NIES
AR Y, JAMSTEC

Tivita VEIVAU, MRD BAEMEM, GSJ

Bhaskar RAO, MRD
Jules S. TEMAKON, DGMR

g =, GSJ
TS, GSJ

FRIBBSEE: BU, Bretagne University, France; CNRS, Centre National de la Recherche Scientifique/INSU-
ENS, France; DGMR: Department of Geology, Mines and Rural Water Supply, Vanuatu; GSJ, HE A
Ft, HDJ, ¥B FEZ2K B HIG, Hawaii Institute of Geophysics, University of Hawaii, USA; IFREMER,
Institut Frangais de Recherche pour I’Exploitation de la Mer, France; JAMSTEC, WEN T v 2 —;
KU; 2#Kk%; MRD, Mineral Resources Department, Fiji; NIES, Bz AER%EA; TU, SERY



La mer 27: 62-71, 1989
Société franco-japonaise d’océanographie, Tokyo

b7 4 ¥ — W4T 30T 2 Bok I HFLAE D
H At g KAIYO 88 o g 5

AN = « Didier JoLLIVET » KAIYO 88FEfAfifFgeE**

The hydrothermal vent communities in the North Fiji Basin: Results of
Japan-France Cooperative Research on board KAIYO 88*

Jun HASHIMOTO, Didier JOLLIVET KAIYO 88 Shipboard Party**

Abstract: A series of deep tow surveys in the North Fiji Basin conducted in the Japan-France
cooperative research (STARMER Project) revealed a hydrothermal vent communities composed
of deep-sea mussels (Bathymodiolus-type), hairly gastropods (Alviniconcha-type), galatheid
crabs (Munidopsis-type), brachyuran crabs (Bythograea-type), barnacles and zoarcid fishes close
to a triple junction area (16°59.43’S, 173°54.91'E, depth 1, 995m).
scattered over 300m by 2,000 m area in the deepest broken lava lake of central graben where

The communities were

an active white smoker and abundant shimmering of water were observed. Each size of the
animal community was over 3m in diameter. Furthermore, the communities dominated by
supposedly Calyptogena-type giant bivalves were discovered at the middle part of the North
Fiji Basin rift system (18°49.61’S, 173° 29.95'E, depth 2,744m). Preliminary analysis of the
species composition of the communities suggested the link of the components of the East Pacific

Rise regions and of the Mariana back-arc regions.
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Fig. 2. Sea beam map of Stn.4 with deep tow tracks. The thick
solid lines and chain lines show towed TV and towed sonar survey

tracks, respectively.
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Fig. 3. Side scan sonar image of Stn.4 with distribution of hydrothermal
vent communities. The communities were observed at the foot and middle

part of the steep escarpment as indicated by arrowheads.

R, BUKISENCIE 5 R AR S < BE I,
ARAEREIR L PRI O AR B 7 b, KL 900
~2,200m &, DY 7 FRTERGE NS £ D
R L TE D, ZOHRIRIINISE J71A 0O Frl 4 4 il
L UTERMNTE Lol THEST S htv b, il
BOWEE 2km, HEXRHN 100m THBH, S0,
KAIYO 87 THOKMHEREY & BUKTRENC Y 5 &5
HEFER I Z DPICIR - TEERM T Y £
L7z, Fig. 2 1@ Stn. 4 O v —E— A L 5 EEMEK
YAV AR VY —F—BIORMAEE Y 7TV
VAT LD, Fig. 3IeH A FAF » VY —F — 5
LSRR L BUKE S B X O HER BRI R
BT E R,

A FAF 2 vV —F—RBEFIT LB L, FEEE T
E2om U EomdbEROTENE L E LN EL L O
B2 DH 0, T2 lcEEma H10MmERE DENTRE
L, BHEPERIhTw5, 2LT, BRNREGY 7 —
TVYAT A L5 E, BIRVROE T HIEMSCEHET S
IOBERWEIERD D HENESE Tk Y, £
124 DD I NI,

Stn. 4 DILENCEET B/ X e OFANT B o A
B TEPAEETEINTE D, FOmEL B
WCELhICHIBETEIRL TV, TALEDCERR
T OhER TIRER 3 ~ 5 mBEE OB EEARL L2 5 7
%8 B (Alviniconcha %1 7, Fig. 4 : OKUTANI
and OHTA, 1988) REMEMGEL EMLDRDB Y v H A4 ks



66 La mer 27, 1989

Fig. 4. Dense bed of hairy gastropods (Alviniconcha-type) and deep-sea
mussels (Bathymodiolus-type) at the middle part of the steep escarp-
ment of Stn. 4. A zoarcid fish (Diplacanthopoma-type) can be seen
at the upper left of this photograph. (16°59.82’S, 173°54.90’E,

1,996 m)

Fig. 5. Deep-sea mussels (Bathymodiolus-type) and galatheid crabs
(Munidopsis-type) distributed on the eastern scarp covered with

broken sheeted lava where shimmering water was partially found.

(16°59.82’S, 173°54.91’E, 1,996 m)
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7) o ZBUKEESLAMEEINERE SR, TOFL
TXE RS (Bythograea %A 7)), ¥ virE&EHE (Di-
placanthopoma 24 7), v T Hh A BHin L OERD
MRS NI Z LT, MBS 3 0% 0 R0 kAR

Wb ic B4 O KR (Bathymodiolus
x4 F) OFBAKILLTED, £77F = (Syna-
phobranchidae) ® » » » ¥ A% (Aldrovandia %1
7)) nmEORELIBE N, ¥k, BAEBORTEH
TEHBERRBK T BRACEE T 5 &2 7 1 P AE—H—
PHER S h, FOEMcrBHEoBE RS (Alvinicon-



b7 4 v aEBUKEH LY RE 67

Fig. 6. An active white smoker discovered at the foot of northern

scarp. Many hairy gastropods (Alviniconcha-type) can be seen at
the foot of the chimney. (16°59.43’S, 173°54. 88’E, 1,995 m)
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Fig. 7. Sea beam map of Stn. 14 with deep tow tracks. The thick
solid lines and chain line show towed TV and towed sonar survey
tracks, respectively.

Fig. 8. The hydrothermal vent community dominated by giant bivalves
(supposedly Calyptogena-type) was discovered in the collapse pit of
Stn. 14. (18°46.61°S, 173°29.95’E, 2,744 m)
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Fig. 9. Sea beam map of Stn. 22 with deep tow tracks. The thick

solid line shows towed TV
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The 1707 Hoei tsunami washed out Yamauchi Village*

Shigehisa INAKAMURA**

Abstract: A survey has been undertaken in order to realize what is written in the hsitorical des-

criptions concerning the 1707 Hoei tsunami which washed out completely a village.

The Village

““Yamauchi’’ has a coast facing the northwestern Pacific so that the tsunamis in 1854 and 1946
hit there as in 1707, though protection works have been ready to expected hazards by tsunamis
and storm surges. Notes are for Hanida and Higashi-Iwashiro areas in relation to the tsunamis,
just neighbouring Yamauchi in Minabe of Wakayama.
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Fig. 1. A cited land map around Yamauchi in Minabe of Wakayama where all of everything was

1707 D ILAH BT D H R K:

washed out by 1707 Hoei tsunami. Elevation of the ground level referred to D.L.+0.0m of
Minabe. The reference of the ground level T.P. +0.0m is D.L.+1.5m. Estimated area where
the 1707 tsunami washed out is shown by hatching.

B, river mouth of the Minabe River; C, shoreline just neighbouring the Minabe Twon office;
K, Minamido area; P, Terayama where the Shimpukuji Temple had been located by ca. 1600;
T, the Shimpukuji Temple rebuilt by 1756 and enlarged in 1977; F-F-F, Furukawa before amend-
ment; F-E-E-E-F, Furukawa after amendment; G-G-G, an ancient trace of the Minabe River flow;
N-N-N-N, Kisei Rail Line of the JR Nishi-Nippon; R-R-R, Kisei Rail Line of the JR Nishi-Nippon.
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Fig. 2. Topographic profile around Yamauchi along the Kisei Rail Line. Elevation is

referred to D.L.+0.0m (T.P.+1.5 m). Possible highest inundation of the 1707 tsunami
around Furukawa (E) must be estimated as D.L.+5.5m). Possible maximum of the
1707 tsunami inundation must be D.L.+5.8 m (T.P.+4.3 m) in the area east of the
Minabe River (from P to G). No effect was found on the highland (for R-P and C-R).

Notations are same as in Fig. 1.
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Fig. 3. A vertical cross section of Higashi-Iwashiro area.

P, shoreline facing the Pacific; G, breakwaters completed in 1962 after the 2nd
Muroto typhoon in 1961; N, Kisei Rail Line of the JR Nishi-Nippon; G-N, protec-
tion works by planting bamboos and pine trees along the shoreline (the pine trees are
30 years old in 1988); N-E, soil mound for local land use; T, Higashi-Iwashiro

Jinja (a shrine) build by 1400 at latest.
D.L.+4m (T.P.+2.5m).
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BOOK REVIEW

Carol M. LALLI and Ronald W. GILMER. 1989.
Pelagic Snails: The Bioloy of Holoplanktonic
Gastropod Mollusks.

Stanford University Press, Stanford, California, 94305-
2235 U.S.A. 259 pp. 76 figs., 16 color plates. ISBN
0-8047-1490-8. U.S. $49.50

All too often, marine zooplankton is thought to be
composed primarily of species of crustacea. This
book considers another, very abundant, type of
zooplankton, namely gastropods that have become
specialized for a holoplanktonic existence in the seas.
There are approximately 140 species, including the
janthinid snails that are supported from the sea surface
by a raft of air bubbles, the heteropods that swim by
means of a single fin, the two types of pteropods
(shelled and unshelled) that swim with paired wings,
and a few species of nudibranchs. Until recently,
little has been known about the biology and ecology
of these mollusks, despite the fact that some of these
species can be so abundant in the oceans as to form
a principal food of baleen whales and fish on many
occasions. This book presents a synthesis of new
information and reviews of earlier work, much of
which has only been available in scattered scientific
journals and expedition reports or in specialized
monographs.

Lalli and Gilmer’s book emphasizes external ana-
tomy, swimming and buoyancy mechanisms, feeding
mechanisms, reproduction and development, beha-
vioral patterns, life histories, and evolutionary trends.
It also reviews the role of these mollusks in food
chains, describing their predators as well as their
food. Descriptions of parasites and symbionts are
given for each group. Geologists will find useful
discussions of heteropod and pteropod shells in
sediments, and of their significance in the global

carbonate cycle. Much of the behavioral information

is new, arising from in situ observations made by
scuba divers or from laboratory observations of living
animals. The authors have compared their own
behavioral observations with those from earlier work,
which were often based upon preserved, and con-
sequently deformed, specimens.

The book is illustrated by 76 figures and 16 color
plates, including photographs of many animals that
have never before been photographed alive in their
natural environments. The color photographs are
particularly useful, but it is unfortunate that there
are so few. Reproduction of the 100 black-and-white
photographs is somewhat uneven; the small size and
dull finish make it difficult to see details on some
figures. Nevertheless, the numerous figures provide
a good pictorial introduction for anyone who is mnot
familiar with these pelagic snails.

Although this is not a taxonomic work, a list of
recognized species is appended to each chapter as
well as references to published identification keys.
Each chapter contains an extensive list of references,
encompassing works from 1675 through 1986. A
Glossary of specialized terminology is located at the
end of the book.

While this work will be of particular interest to
those working in the fields of marine planktology
and invertebrate zoology, it should also fascinate
those who wish to know more about an unusual group
of animals that have evolved unique and unusual life
styles and amazing evolutionary adaptations to life
in the sea. This book is a unique text such as has
not been seen for over a century. It is likely to
become a classic reference work on the subject, and
it is a must for all scientists in marine biology and
fisheries as well as for marine libraries.

(Humitake SEKI, Institute of Biological Sciences,

University of Tsukuba, Tsukuba, Ibaraki, 305 Japan)
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Underwater Slldmg Vehlcle System (USV)
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Towing Speed :0~8knots

Operation Dapth:Max.400m Holizontal Distance (m)
e 100 200 308 400 500 630 00 809 00 1000
Tow Cable :8mm hydrodynamically fared stainless steel : . Temmm—
wire rope with polyurethane coating

Sensor Range Accuracy 50

Conductivity 20~70ms =+0.05ms T

Temperatune —2~35C =+0.05C E w

Depth 0~400dbar 0.5%FS &
Data Transport :Inductive Coupling Data Communication System 150

Sempling Rate  :5times per second
Sensor Battery :50hours
Life Trajectory of the USV
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