ith ba view to understand the nature of large scale
: lation of water in the oceans, we have measured
oncentrations of cosmogenic Si* in the Pacific
ian Ocean waters. Our method of obtaining
ormation is based on the fact that certain
fe-forms secrete opal from dissolved silicon
ir skeletons. The results of radiochemical
s of deep sea opaline materials and their
itions to certain items of nuclear physics/
mical interest are discussed.

on-32 is produced in the atmosphere in spal-
f argon nuclei by primary and secondary
ray particles (LAL ef al., 1960; LAL & PETERS,
The half-life of Si®%, unfortunately, has not
cen determined with any precision: however,

Where between 300-600 yrs. (GEITHOFF, ' 1962;
HonDA & LAL, 1964; JaNTSCH, 1967). The half-life
ofSi*2 for which 500 yrs. has been considered to be
00d working value (KHARKAR ef al. 1966b) is
for studying diffusion/advection rates in the
since radiocarbon studies indicate mean
turnover times of the order of 700-1500 yrs.
principal oceans. The only other radioactive
or which one can study the natural distribu-
both the tracer and its stable isotope is C'.
ely, the half-life of C* is, therefore, fairly
(5730 yrs.) which implicates a high precision
-Measurement in occans in order to obtain
mgful answers to the problem of oceanic cir-
On. Besides C* and Si*t the only other natu-

Ceurring radioisotope, Ra?%, has a fairly

:‘lath“e‘a Report II
“sResults of Danish Deep-Sea

edition 1950-52

can be said with some certainty that it lies some- *
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"DEEP SEA SILICEOUS SPONGES

By D.LAL, V.N.NIJAMPURKAR and B.L.K.SOMAYAJULU

Tata Institute of Fundamental Research Homi Bhabha Road, Colaba, Bombay-5 India

INTRODUCTION

suitable half-life (1600 yrs.); however, it has no
stable isotope to allow a normalisation of biophy-
sical fluxes within the oceans.

The application of Si** to oceanic circulation is,
however, confronted with one difficulty - its small
cosmogenic production rate which necessitates ana-
lyses of fairly large volumes of water, of the order
of 10-100 metric tons. The first detection of Si®
(LAL et al., 1960) made use of the fact that Hyalo-
spongiae (Hexactinellidae), the opal-rich marine
sponges, formed a natural agency for the enrichment
of dissolved marine silica. This fact was later utilised
to study the global specific activity of Si** in con-
tinental off-shore surface waters of several oceans
and seas (KHARKAR ef al., 1966a). In order to ob-
tain an insight into the rates of mixing of deep wa-
ter with surface waters, it becomes necessary to study
specific activity of Si*®in deep waters between 1000-
5000 meters where a considerable variation would
be expected because of short half-life of Si**. The
study of deep waters, basing on the sponge method,
however, becomes problematic because of rarity of
such samples. The present experiments rest on the
fact that several precious samples of siliceous
sponges trawled from the deep depths of Pacific
and Indian oceans during the Galathea Expedition
were made available to us by the courtesy of Dr.
TorseN WoLFF. For this reason, the authors con-
sider it appropriate and a privilege to report the
results of Si** study of deep sea sponges in this
journal.
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1. Description of samples studied

A total of 14 Hyalospongiae and two Demospong-
iae specimens from depths exceeding 500 meters
were analysed in the present work. Out of these, 12
specimens were collected by the Galathea. In Table
1, we have listed relevant data on these samples
along with the information on their classification
and regions of occurrence (for completeness & brief
description is given in each case of the appearance

Téble 1. Relevant data on

EXPERIMENTAL

“Galathea Expedition deep-sea siliceous sponges” analysed

of the sponges). The relévant daty of the
3 sponge samples are summarised jp:
these cases the information on specics Ig

It may be of some interest to note her.
Galathea Expedition counted 3| species
spongiae, out of which 14 WEre new (L
In the present work, 4 of these new
represented by samples TF 67, 70, 76 ang
new cpecies of Demospongia
TF 66 (see Table 1).

are j-e{) r

Location, water depth

Classification Description of sponges Remarks and collecting date Distribution
Euplectella Tubular, 40-70 mm in —_ East of Cebu, —
timorensis diameter. Sieve-like ap- Philippines
ljima pearance. Supported by (10°27'N, 124°18’E)

a very regular lattice- 810 m

work of spikes. Surface
full of orifices of 1 to
1.5 mm diameter

Mixture of two species

(1) Pheronema
pilosum
Lévi

(2) Pararete
Sfarreopsis
(Carter)

Oonema
bianchoratum
(Wilson)

Cyliconema
polycaulum
(Lendenfeld)

A greyish green spon-
ge, 23 mm long, cylin-
drical, with a heavy
convex base of 20 mm
diameter and a large
central opening cove-
red by many irregular
spicules all over.

Very spiky

Found in many frag-
ments. A tubular
sponge, with the inner
surface very smooth
Numerous specimens,
but many in fragments
The smallest one was
thick, yellowish and
ovoid, measuring
13/6/3 mm. The elong-
ated and ovoid ones
measured 40/12/15mm.
Better developed and
still fixed by the ped-
uncle were 50/5/23mm

Globular or ovoid.
Most samples are 30
mm long and 25 mm
in diameter. The ope-
ning is elliptic, 5-7mm
long, without periphe-

Resembles Pheronema
carpenteri of the Atlan-
tic Ocean

(A new species)

The re-opening of
small tails and the
small dimensions of
the thorns are pecu-
liarities of the genus
Crliconema
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25 July 1951

Strait of Malacca
(6°38'N, 96°00’E)

Strait
of Malacca

1140 m
9 May 1951

East of Cebu

Philippines
(10°27°N, 124°18’E) )

and

810 m Indonesia
25 July 1951

Off Costa Rica East
(9°23’N, 89°32'W) Pacific

3570 m
6 May 1952

Mindanao Sea, East Puciﬁq

Philippines and

(8748'N, 124°09°E) Philippines
1500 m

16 Aug. 1951



. - Location, water depth Nt iyt
cscription of sponges Remarks trard stribu - code no.
Descriptior pong ¢ and collecting date Distribution Our code ne

ral cushions. Peduncle
is of divergent spike
bundles.

Most specimens had
their skin cover

destroyed

Found in many frag- The spike structure is Gulf of Panama East T.F. 75
ments, carried-bya 3 typical of this species.” * (5°49'N, 78°52'W)-  and .
thick peduncle; greyish  Prionema crassum is a 3270-3670 m Central

or brown. A typical closely resembling 13 May, 1952 Pacific

sponge measured species

90/60 mm at top and

was 50 mm high

Soft, weak spaonge (A new species) North of West T. F. 67
with a velvety surface, Madagascar Indian

ovoid, yellowish rosy (5°25’S, 47°09°E) Ocean

colour, measures 35 4820 m

mm high, 12 mm wide, 10 Mar. 1951

narrowing at both

extremeties like a

conch-shell

Irregular shape, form The skeleton is made Off Natal West T.F. 77
is conical and flat with  of heterogeneous ele- (25°36’S, 35°21'E) Indian

two peduncles of 200 ments. Its thick pin- 730 m Ocean

mm length. Thickness nules are of Coryno- 21 Feb. 1951

510 mm. One intact nema characteristic

specimen measured (A new species)

60/40/20 mm

Cylindrical, measuring ~ Beautiful specimen Kermadec Trench Kermadec T.F. 70
generally 90/15/20-25 with spicules very (36°38'S, 178°21'E) Trench

mm. The upper region  similar to Oonema 2470 m

is cap-shaped, and bianchoratum. 25 Feb. 1952

the axis is clongated Obtained in many

into a short, cylindrical  varieties

bag of 10 mm length (A new species)

and 5 mm diameter.

One sample with an’

unusually long

(600 mm) peduncle

Beautiful sponges, — Tasman Sea Tasman Sea T.F.72
obtained in various (45°47 to 43°58’S, and and
sizes. The smallest one 164°39’ to 165°24’E)  East Pacific T.F. 73

is clean grey and thick
and measures only

10 mm high and 2-10
mm in diameter, Ped-
uncle is very rigid.

As heads enlarge in
diameter, heights
decrease, and the
heads get flat. Some
look like mushrooms,
some are with lots of
orifices like a sieve and
some are like corals
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Mixture of two species

(1) Chondrocladia
multichela
Lévi

Peduncle 100 mm long
and 5 mm in diameter,
formed by longitudinal
spicules. It ends with

This species is similar
to C.gigantea Hansen
and C. yatsui Topsent
and is distinguished by

Off Kenya
(3°23’S, 44°04’E)
3960 m

13 Mar. 1951

Ooff Kenyé

a globular head, 25mm
in diameter and carry-
ing tentacle-like expan-
sions, 30-50 mm in
length. The whole
sponge, especially the
head and lateral ex-
pansions, surrounded
by a detachable enve-
lope

Tiny sponge, 12 mm

the spicule size.
(A new species)

(2) Cladorhiza (A new species)

nematophora  in diameter. Head yel-
Lévi lowish orange, carried

by a tiny peduncle of
1.5 mm diameter.
Head with several
extensions (length
12 mm, diameter
0.5 mm) on sides.

I. These samples were very kindly made available to us by Dr.

2. Chemical procedures for milking and counting
of P32 activities from Si3? in sponges

In view of the wide geochemical applications of
Si°* in glaciology (DANSGAARD et al., 1966; CLAU-
SEN et al., 1967),in hydrology (NIJAMPURKAR e al.,
1966; LAL et al., 1970), in meteorology and in
oceanography (KHARKAR et al., 1963; KHARKAR ef
al., 1966a and b; LAL, 1969; SOMAYAJULU 1969a),
the chemical and counting procedures for the mea-
surement of Si** activity by milking its 14.3 days

TorBEN WOLFF of the Zoological Museum, Cope;

daughter activity, P%, arc fairly standardiz
therefore will not discuss these at any len
only indicate the magnitude of P activitie
in the present work in order to give some
the reliability of the present results.

The P?* activities milked from the siliceous
samples, were counted on low-level counte;
& ScHINK, 1960) over periods of the order
half-lives of P?2. As an illustration, the gross cou
ing rates (including the counter back-ground
shown in Fig. 1 for four of the samples.

Table 2. Relevant data on three deep-sea siliceous sponges analysed for Silicon-32.

Code No. Location Date Appearance Source of sample
LCII-25  Off S. California 29 May 1960 Pin-cushion SAMm HinTON,
(32°40°N, 117°20'W) Scripps Institution of
1080 m Oceanography, La Jolla,
California
C N. E. of Guadalupe 1. 13 Feb. 1960 Needle like  E.D. GOLDBERG,
BITITN, [17°36°'W) Scripps Institution of
2110 m Oceanography, La Jolla,
California
B N.E. of Guadalupe I. 13 Feb. 1960 Needle like  E.D. GOLDBERG,

(29°31'N, H7°1T°W)
540-820 m

Scripps Institution of
Oceanography, La Jolla,
California

2
N
<




T.F.66

B

BACKGROUND

T.F.74

BACKGROUND l

m our experience, we have learnt that P
ing rates exceeding 0.5 counts/hr. (called cph
ferth) can be detected and for signals exceed-
oh, the'measurement can be carried out with
uracy of better than 15 per cent. In the pre-
ase the level of activities are in the range of
h in half the cases while for the others they
all, being 0.5-1.0 cph. In the latter cases, the
atistical errors assigned are of the order of 30-50
cent (see Table 3).
order to ascertain the validity and reproduci-
"of our measurements, two of the samples
§milked and in the case of four of the samples
Were combined in pairs and re-milked: the
ol for the composite samples (TF 66, TF 67)
ind (TF 72, TF 73) are also given in Table 3. The
’POS:itc sample, TF 66, 67 was re-milked (see
ble 3). 1 4l these cases, except f{or the composite
le TF 72, 73 where the counting errors re-
¢d large and no specific conclusion could be
» & good agreement is seen in other cases in-
g the validity of the various results presented
dble 3,

=
g
S el . |
E T.F.90
o S5 + -]
(_2 }
ol \\§\+ B
5 -
S -

3f — ]
1]
2 { [~
2k BACKGROUND * | 4*1

T.F.70

[

BACKGROUND

GROSS COUNTING RATE {cph)
5

bserved decay of P3? activities, milked from deep siliceous sponges T. F. 66, T. F. 74, T. F. 90 and T. F. 70 (see
_and 3 for other details). The observed gross counting rates (in unit of counts per hour) are plotted. The mean
background rate is shown by the solid line.

3. Discussion of results

The experimental results on the specific activities
of Si*? in 14 deep sea hyalosponges, summarised in
Table 3, are presented in Fig. 2 on a Goode’s Ho-
molosine equal-area projection map. The numbers
in bold letters indicate the mean values for the spe-
cific activity of Si%. An analysis of these results
reveal the following features:

(i) The specific activities in the Pacific Ocean
samples show a general decrease with increasing
depth, ranging between 25 and 5 dpm/kg SiO, for
depths 700-4500 m, respectively.

(if) The specific activities are independent of the
type of siliceous sponge, for example, TF 90, 76
and 74 which are all different species and represent
samples from 700-1500 m depths, have specific ac-
tivities of 23.6, 20, and 25.5 respectively. This wouid
be expected also since the opal in the skeletal ma-
terial of the siliceous sponges are known to be
ingested from the dissolved silicon present in sea
water.

(iii) The results for the deep Indian Ocean samp-



Table 3. Specilic activ

|

ity of' Si** in marine siliccous sponges (water depth > 500 m).

i -
| Wi ol 8i0, | Net P aclivity

. Depth of
Tg:olt};:}n.nK I Ocean. location sample taken for observed tlpm Si"
’ [ . f (metres)y milking (gms) (c.p.h) per kg Sio,
LC 11-25 Pacilic, ofl' S. Calilornia 1080 43.0 29 6.54-2.0
C P;lciﬁc,N.E,ol'Glmdallupcl. 2110 12.0 2.5 12.8 £ 2.0
B Pacific, N. E.of G uadalupel.  540-820 7.3 0.7 7.2420 k
T. F. 74 Pacific, Philippines 810 7.2 3.2 23.6-12.3
T. F. 76 Pacific, Strait of Malacca 810-1140 6.1 1.9 20.0 +2.0
1. F. 71 Pacific, offt Costa Rica 3570 a) 6.35! 0.93 9.243.0
b) 6.20! 0.7 10.0+3.0
Mean: 9.6 2.1
T. F. 90 Pacific, Mindanao Sea 1500 a) 7.4 2.3 27.6 4+ 3.0
b) 4.4 1.9 234446
Mean: 25,5 +3.0
T. F. 75 Pacific, Gulf of Panama 3270-3670 9.0 0.8 7.54+40
T. F. 70 Pacific, Kermadec Trench 2470 6.0 1.1 11,1450 :
T.F. 72 Pacific, Tasman Sea 4510 9.2 0.52 4.254+2.5
T. F. 73 Pacific, Tasman Sea 4390 2.1 0.1 2.14-6.0
Composite  Pacific, Tasman Sea 4390-4510 7.5 0.75 6.8 420
Sample
T. F. 72
(6.5 g) and
T.F. 73
(1.0 g
T. F. 66 Indian Ocean, off Kenya 3960 10.0 3.0 13.241.8
T. F. 67 Indian Ocean, N. of 4820 18.0 5.7 20.4 2.8
Madagascar :
Composite Indian Ocean, N. of a) 27.4 4.2 10.5+ 1.0
Sample Madagascar 3960-4820 b) 25.0 4.1 9.741.6
T. F. 67 Mean: 10.1 +1.0. ¢
(10.0 g)and
T. F. 66
(17.4 g)
T.F. 77 Indian Ocean, off Natal 730 33.0 2.7 4.85-+1.0

1. Entries marked a) and b) refer to Ist and 2nd milkings respectively.

les seem to be systematically higher than for the
Pacific samples (see Fig. 3). This is quite in line
with expectations, since Si** specific activities in the
Atlantic Ocean would be high because of low sili-
con stable concentrations of the Atlantic waters
and since the Indian Ocean waters which contain
admixture of the Atlantic and the Pacific, lie in
between.

(iv) The present results based on siliceous sponges
can be compared with the recent direct determina-
tions (SOMAYAJULU, 1969b; SOMAYAJULU ef al.,
1970) of Si** specific activily in Pacific waters at
latitude 31°41’'S and longitude 177°16.2'W: the

8]
3]

mean profile curve based on these results i
in Fig. 3. The direct measurements for the
waters became possible due to developmen
in-situ silicon extraction technique (LAL
and a butterfly sampler to flush water thro
ferric-hydroxide grains suspended on mar
gin fibres. Till the development of this metho
analysis on deep waters, though attemp
bringing on board large amounts of sea wat
great depths and processing them (SCHINK,
was not practical on a routine basis. It shoul
ever, be noted that the results for the deg]
came available first by the analyses of the G



et a0
91 T b7

T{1407Q). .

ition few years before the in-situ extraction
technique was applied. It is therefore very gratif: ying
that the very useful information on Si** con-
trations in deep waters, which can now be cross-
ked with the direct results obtained, was based
1¢ Galathea sponges.

¢ overall agreement between deep sea sponge
Is and direct measurements in South Pacific
s (at one station) is fairly good considering
ict that the sponges are from various locations
he Pacific. A direct comparison can be made in
ase only; between the sponge value of 11.1 +

Nféasured Si* specific activities (dpm/kg SiO,) in deep ocean waters (depths > 500 m) based on analyses of siliceous
The two numbers given alongside each silicon-32 specific activity value refer to our sample code number (Tables 1
and 2) and depth in metres, respectively.

5.0 dpm/kg SiO, for TF 70, which derives from the
Kermadec Trench (37°S, 178°E), depth 2470 m,
and the direct value of 17 + 3 dpm/kg SiO, for
waters at 2200-2300 m depth from 31°S, 177°W.

(v) The integrated Si* activity in one sq. cm
water column (dpm/cm?) based on the present re-
sults is found to be 3x 102

In this computation we have considered the
average depth distribution of stable silicon in the
Pacific, since the sponge samples are fairly well
distributed (see Fig. 2). It should also be noted that
the calculation of the integrated activity is not sen-

¢ Ocean walers (SOMAYAJULU ¢t al., 1970).
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sttve o lack of l\nm\‘lcdgc Ol Specific activities o
S dpmike SiOL) in the surface w
fain so litde stahle silicon.

alers which con-
The value or 3
dpm  Sis/ems compares wello within errors, with
the value of 1.7 - 10 ¢ obiained by Sosavavre
(1969 b). Additionally, it is

with s

also i good agreement
estimated global fallout rate of 3 . 10 ¢
dpm/em® based on measurements of its concentra-
tons in wet precipitations (K 1HARKAR ctal., 1966 h).

ICshould be pointed out here that since most of
the Si** inventory is in the deep sea and since all
the samples reported herein were collected prior to
1952 (see Table 1), except for three samples in
Table 2 which were collected in 1960, the results
are free of any possiblc activity globally dispersed
by nuclear weapons. This point is discussed, since
DANSGAARD & CLAUSEN (1966) have evidenced the
production of some Si** in 1962 nuclear tests. Be-
cause of the close agreement between results based
on Si* concentrations in wet preci
inventory in oceans we therefore conclude that no
appreciable Si%* was present in the atmosphere
when its fallout was measured (1961-1964).

pitations and its

4. General remarks on the implications
of the present results

With respect to the nature of large scale circul
tion of water,

a-
we would like to bring out one point
here and that concerns the average rate of overturn
of the ocean as deduced from studies of C™ and
Ra**: the implications of the depth variation of Sjs
specific activities to vertical diffusion/advection rates
will be discussed elsewhere (SOMAYAJULU el al.,
1970). Basing on simple box-model type calcula-
tions, it can be shown that the ratio, R, of the
mean Si** specific activities (dpm/kg SiO,) in the
mixed layer (taken to be 0-100 m usually) and the
deep-sea is given by LAL (1969):

R =1 + (1,/%).

In the above relation, «, and T, are the turnover
times of the ocean and the mean life of Si* respec-

14 =

tselvo From direc Mcisurene
(SOMAYAJIULLU, [90Y AIREE specitic
Liver is known 1o he 70 IS (4

contrast o the average value of

Ny

dbo

SIO, as indicated from present g

1§
Fig. 3). Thus, considering v

aues
H000-1500 yrs. for =,, based o Cl
agreement between Cogp
il the mean life of Sie,
of 300-400 yrs.

It should also be pointed ouy hcré
the observed activity of Sja j, wet
(KHARKAR e al., 1966 b), the productip
in the atmosphere (LAl & PrTiRs, |9,
mated to be too small by about j fa
this comparison, the half-life ol Sju
to be 500 yrs. If, therefore, ifs half-ife
yrs., as also indicated by some spallati
ments (JANTSCH, 1967), the discrep
the theoretical estimates by LaL & py
and its fallout in wet precipitations, or i
In oceans based on present work,
reduced.
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ponges collected in the Galathea Expedi-

have prowded the first indications of the spe-
o ctivity of cosmogenic Si** in bathyal and
depths of the Pacific and Indian Oceans.
ailable recent direct measurements for the
’5ﬁth Pacific waters agree well with the values
.d herein, based on analyses of siliceous

s.
present results yield a value for the integrated

t of Si** (dpm values alone are considered

N, H. B., B. BUCHMANN & B. AMBACH, 1967:
ating of an alpine glacier. — Proc. I.U.G.G.
., Snow and Ice Commn, Bern: 135-140.
SGAARD, W. & H. B. CLAUSEN, 1966: Evidence
for bomb produced Si%. — J. Geophys. Res. 71,
2: 5474-5477.

AARD, W., H. B. CLAUSEN & A. AARKROG,

; The Si*% fallout in Scandinavia. — Tellus

FF,‘ D., 1962: The production of Si*?* by
s of a (t, p) process. — Radiochim. Acta 1:

, M. & D. LaL, 1964: Spallation cross-sec-
ns for long lived radionuclides in iron and light
i. ~ Nucl. Phys. 51: 363-368.

SCH, K., 1967: Kernreaktionen mit Tritonen
Si*e. — Kernenergie 10, 3: 89-91.

KAR ‘D.P,D. LaL & B. L. K. SOMAYAJULU,
3 Invcstxgatxons in marine environments using
ioisotopes produced by cosmic rays. — Proc.
p' on ’'Radioactive Dating’, Athens: 175-

KHARKAR D.P., D.LAL, V.N.NUAMPURKAR, M.
IDE»& E. D GOLDBERG, 1966a: Oceanic mix-
processes. — Abstr. 2nd Int. oceanogr. Congr.,
SCow: 192,

KAR, D. P, V. N. NIUAMPURKAR & D. LAL,
6b The global fallout of Si** produced by
mic rays. ~ Geochim. cosmochim. Acta 30:
631,

D., 1969: Characteristics of ldrgjc scale aceanic
ﬂatlon as derived from the distribution of
Oactive elements. — 'Morning Review Lec-

3
oceanogr. Congr., Moscow,

S of 2nd Int.
-UNESCO Publ. 1969: 29-48.
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SUMMARY

because its half-life is not accurately known as yet)
in I em* column which is compared with its fallout
in wet precipitations during 1961-1964 and its theo-
retically estimated global production rate. The im-
plications of the data on Si specific activities in
hyalosponges to oceanic overturn rates are con-
sidered. 1t is shown that a close agreement with C*
data will result only if the half-life of Si** is of the
order of 300 yrs.
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