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INTRODUCTION

The concentration of silica in ses water and the control

S

of this concentration are subjec
of the controversy nas arisen Iin the attempt to explain

razson why the river's. concentration of dlssolved silica
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about 13 ppm {parts per milliow) and that cf the ocean is

substantially lessy, 1.e..1-5 ppm. RNumerous workers have:

to~explain thie difference by & silica pudget of the ocean

A controveray mechaniasm
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moval of the dissclve d silica from the ocean waters which

sives the lower eoncentratlions relative to the river we
This guestion is extremely imvportant because: the removal

mechanisn is considered to control the silica concentirat

e,

ion

8 m Yy e ey “ iy - s Ty o P . %Gy
in the ocezn. On the one side Harris (1986), Calvert (1968)

)

and Gregor (1568) feel the silica 1

o0

o

of marine oreanlsm Trustules composed of sililca.
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Burton {1668), Garrels and Macienzile (1966) disagre

r T e P A we e _ L I P . 1. o2 ~ g P
end telleve the Tcllowing “reverse weathering" mechanism

- PR A ~ 2 Ea X - £ oo Loy of
amerpnous-Ai-~gilica 4 5i0,, 4 cations === C(Caitlor

explalng the dissolved sillca econcentration in the ccean
Previous work has ussd the following informatlion to

soive the problem of the control of the silica concentrea

2 bion
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removed by the deposition
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the supnoged equilibrium solubllity of the silica es,
2) the Tinal concentration of dissclved silica released,
3) the input rate of dissolved silics of the rivers, and
4) 2epositicnal rate of thz dilatom frustules. In this
study the rates of hydrolysls of several sillca sources
have been determine d. Silicates wnich dissolve most rap-
idly should suppress the djssolution rate of other silicates
and thereby centrol free silicate concentration,

The final okserved concentrations in this study

provide a check on the "equilibrium" silicate concentration
of other wcerisrs



METHODS AND MATERIALS

The avnparatus used consisted of two polyethlene vessels
(1.75% liter capacity) lmmersed 1z large water bath which
maintained the vessel contents at 20 4+ 0.5 C, The reactlion
soiution was st irred with a teflon nagnetlic bar driven by =
magnetic stirrer located bhelcew the bath.. The reactlion
vessels contained a small valve through which saumples of the
solution were reunoved,

Three clay minerals were used in ihis study - mont-
morillenlits #25, illite #3%6, and keolinite #7. These clays
were American Peiroleum Institute Clay Mineral Standards
Project No. 49, distributed by Ward's Natural Science Estab-

Jishment, inc. The clays were crushed using an agate mortar

and pestle and then passed through & 54/4 sieve.. This part
lcle size wss vrepregentative of the slze of suspended and

devosited clay and siit in the ocean envirormment, l.e. vart-

5

teles O4p sre classified clay or ellt,

To insure that the water used in this study would bhe
eggentislly sillica free, 1l.e. .3 ppm Si0 , water was col-~
lected dlrectly Ifrom a tin~lined water still. This water was
usged in the reaciion scluticns, in solutlions for the analysia

of dissolved sillca, and in washing and rinsing equipment.

.

To mininize contamination cof the reactlion sclution by sililca

Trom sources olher than the clay minerals, 2l1l eguipment in



contact with the solution was elther teflon or polyethylene.

to Lyman and Flem~-
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Synthetlic sea water wes orepared accordin
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ing

grade chemicals,

The experimental procedure was as folliows for each clay
mineral: 7.5 s of 64/¢ clay mineral was added to 1.5 liters

. gt o . ™, - Ay P & " y 3 I/
¢ sea water, The reaction vessel was submerged

inte the water bath and stlrring besgun. At selected time

intervals, an aliquot of 12,5 ml was removed from the sclutior

and Filtzred using a Nalgene 0, ?/u plain membrane filter unit
to remcve suspended clay mineral, The filtrate was then
snalyzed Tor dissclved sllice by forming ithe reduced silico-
molybate complex and measuring its concentration photo-
mewrlically on the Reckman DU as deasceribhed in Stricklend snd
ng (1928}, Two runs were made on each clay Jiné:ﬁla

The YMiogenic silica was cobtained from live cul

~
L

"‘.‘x

L
lon tricomutun, a diaton found In coastal
waters, Five twenty-liter cultures were gravity-Til

:d and washed off the i

e, o m b e R e, g g .
e ocgarnisngs were scrape

e

4.

with 5 small amount of zcetone. The excess waler and ace-
tone weare vacuum Tiltered from the organisme whilch were
than gteored in a freezer for ten days. To remove all

21 from the fruvatules, the distoms were

QYL jo materis

treated twlce withh 100% ailtric acid, {first for three hours,

- o 2 oy 2 .1 . ¥ wr < N
then Tilitered, and seccondly for elghteen hours, then fil-

tered, The silica was washed with water and acetone, then



. e O - P
dried 1n a 1207°C. oven. 0,332 gzram of blogenlc silica was
obtained. This silica was not crushed or passed through

a* sieve because whole frustules predominate in the marine

Thie silica was evenly divided =zo that two dissoiution

[rs

3

t

runs ccould be made, The =

hd

Lerln
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1 procedure wag the
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ith the ex-
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game asg degerived above for the clay mineral
ceptlon that only one liter of synthetic sea water was
used,

The dissoluition reactlions were stopped when an appar-

ent asteady ztate concentration had been reached.
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rom 111ite, 4,46 ppm from montmerillonite, and 88.7 ppm
froem blogenisc silica (Tables 1-4), Values for the clays
are comparable to those of UGarrels and MacKenzie (1965)
for kaolinite and 1il1lite, hut these authors found %two to
lica concentrationg for montmorillonlte

than were cresrved in thils work. The biogenic silica

2 of Kamatoni (1971).

5

To determine the rate of dissclution of a silica
source into ses water, a rate law Tollowing thls general
formuia iz used: (Helmeson, 1971)

dm = kt" (1)

where % iz the rate constaznt, dm 1s the rate of change of
a4
L

the acetivity of the agueous specles, 510, {(the dissolved

Lty i
& -
sillica}, 4 i1s time, and w l¢ the exponent which depende

cr the resctlon. BSince the concentrations of H,5104 in

this study are =0 low, +the molarity is used instead of

To Iind the rate constant for esch sllica source, a



computer program (Table 5) is used to calculate k from
the integrated form of equation (1),

Integrated forms:

m, - m, = k (.bgw—s _ %'1w+1)
“ w1

% o= (mp-- mq) (wt1) /(" = £, (2)

83
e

In the oprogram, a value k ls calculated for each w

value from +2.0 to 2.0 by intervals of 0.25, l.e, W =
2.0, +1.75; +1.50, (oo =175, =2.0. The Delc and Delt
caloulated are elther from consecutive values of m and t

or oiteat by 2, i,e. Mg=y, Wy=No, depending on the num-

ber of sampiss taken., For montmorillionite and bicgenic

gilica lcas sanples were taken so consecutive values of
w and L are used Iin the calct tions of k.

&

By Inspection, several w+l values Tor each silica

source are chosen which yield fairly conatant k values

and a s?mulg linear regression is run on the computer for
lues., The best w+! value 1is

tnat wihleh has the highest correlation ccefficient obtalned

from the linezr regression {Ta

hle 6). After obtaining the

w+l value, ths rate constant Tor esach eilica source 1g
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computed Trom the aslope of the linear regression eguatlon

(Tavle G},

C.253 therefora, the rste law which 1s applicable 1s
dm = kXt7+" 2, The best w+1 value for bilogenic silica is
-0.25 and its rate law iz dm = kt~1+25,  In Figures i-4

at
the linezr regression eouation and experimental points
ars plotted for each silica source.
A3 & test of the scecuracy of this approeoach in choos-~
ing the best w+i value, the kinetic data of the hydrolysis
of feldespar (Table 7)) of ¥Wollast (1967) is also used 1in
toth vrograms. Woellast proposes that the initlal dis-
sojution steo is diffusion-controlled, i.e. v = uO.é.
I7 the first six sets of data are used in both programns,
the best w value 1s found to be -0.5. If all of Wollast's
dats is used 1In the analysls, the best w value is -0.75

(that found for the clay minerals in this study) (Table 8).



DISCIUBE 10N

In this analysls of the data, a strictly kinetic and

6]

somewhat empirical approach has been taken. Previous work

in thils field has been mainly concernced with the final
& s

5]

r1iica and with

T

eguilibrivm® concentrsticn of dissolved
studlies of the control of the siliica concentration in the
ocearn using this eguilibrium coucentration and other geo-

1 oy S b gy
chonmiecal congiderations.

-~

i
ct

Tven though it 1s generally thought that the silica

concentration in the deep ocean 1ls at a steady state

ratheyr than In ecuiliorium, in studies of this nature,

the pwi;ﬁﬂano of thermodynamic egquilibrium havs been

kinetlc work using feldspar, Helgeson {1971} proposed a

mechanism oy whish (1) the rate liaiting steov in the hy-

Trom the reactanit mineral (feldspar) through a surface
layer of rezctiocn products {H-feldspar, glbbsite, kaolin-
ite) oubt irtc the bulk scluticn and (2) precipltation of
reschion products by an equiliibrium process., Also O'Con-

R m e e Y r A . N - PN - " ")
nor and Greenbers {1975) 4n their kinetic work on the

sclution ¢f guartz zssumed (1) that equilibrium was reached
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between the s0lild gilica and silicilce acid: 3102 = 2“?0
HuS810, nnd {2) that the silicic acid deposited by con-

densztion reacts bvack on to the surface of the sillica.

data was made after assuming some mechanism by whlch the

s8ilica source dissolved and precipitat aiter eguilibrium
was reached. Assumption of the mechanism for the simple

vut the mechanlisem proposged Tor the Ieldspar asystem was
I P 5

In the case of hydrolysis of c¢lay minerals, e.g. illite,

mechanism is implied by writing this eguation,

- + »

0,251z 4 2..3@.,1*3 + 3.5H,510,

[ 4
) . ’:hé”#) : R “ LA
Keg = [ &7 [ug®

Tnis eguvation indicates that 11llite 1g precipiiated once

egqulilitrium 1s reachsd, an unlikely event bpecause ths con-

‘.J-

Zitions under which 12lite is orlginally formed are vastly
different from those in thias simplifiled ocean environment.
Therelore application of equilibrium princiosles to the

4 in this study is invalild. It is more likely

thet a steady state 18 reached in which (1) 11lite hydro-

e

dons, {2) as the ste ady state

)

ey v e g G NS D B P : o )
lyvses o silicie acid and o

ie reachad, the reaction product preclopltates as amorphous
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gillica contalning various cationg -~ the content of which
1s quite varlable depending only on its own immediate lon

ime of precipitation-, and {(3) this
by &© 3

[o]
it
= A
fde
e
O
i3
(=
o
fo)
[
o
iy
cJ.
ot
&
)
o
(_+

vrecivitate may redissolve contributing to the dissclved
silica concentration or w2y be metastable and alter itsedfl
to come cther lowver, free energy state,

In this kinetie itreatment of the data, the mechanism
by which the slilica sources disscive and reprecipitate
need not e stated explicitly; however, the k and w values
obtained Tor each source can be Interpreted meaningfully.
It will be dnitially assumed that the rate determining
gsten of the hydrolysis of clay minerals 1s diffusion con-
trolied. The amount of egilliciec aclid brought into soluticn

during tne time interval dt is glven by

dm = Deh(M - m) (&)

Pl s ey o By
Wrissie o 1

effective directlonal peorosity, # is concentra--

&3

@]

lay mineral,

oJ

tion of 311icic aeld on the surface of the
m is copecentration of silicle acid in solution, A is the
ig the diffusion ceoefficlent
of allicic acid, and W is the masse of watezr in the svstem.
This treatment is essentlially that of Helgeson {1971), but
1 is represauﬁéﬁ here simnly as thé distance hetwesn the

surface layer of the clay tce the tulk solution. Integra-

(5)



1
where k AL” the rate of the

W

To determine

am

4

dt

, equation (5) 1s differentiated

Since the exponent of t is .
rather than -0,30 {(as ascribed to a =
trolled reaction), the rate of dissolution is
not completely d4iffusion controlled. £Since the
tion of siliclic acid seems to level off at some
it iz reascnable to assume the silicliec acid is
moved from sclution by some mechanism. Whether
pitaite is amorshous silica or amorphous silica
gpecific or varying ratlics of catlons, whether
nitate is forming on the original clay amineral
whetner the precipltate is pnlaying s major role
taining ihe Tinal concentration of siiicic acld
ticn by redissclving are questionsz which cannct

Sven though there are these uncertainties

proba

LIBRARY
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reactlcen,

~0.75% for the clay minerals

olely diffusion con-

bly

concentra-

final value,
being re-

the preci-
contalining
the preci-
cr not, and
in mzin-

in solu-

angweread.

be

in the exact

interpretation of the rate constant, k, and ths w value,
one can comvare the rate constants of the different clay
minerals since thelr w values are egqual. Agsuming a 4if-

fuslon controlled hydrolysis, k is proportional

i
to eAD®,

In the experimental procedure, the number and surface
arezs of the 2lay particles should be approximately the
sane for esach of the clay minerals., The gramas of clay in
each run wers the same and the grinding and sieving should
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ot

o~

O

have resulted in similar surface arsas. Therefore,
calculated k& values reuresent the relative rates at
which the clay minerals hydrolyze, i.e. the hlgher the k
value, the fagter the rate of dissolution. Therefcre,
montmorillilonite dissolves more than twice ag fast as 1liilte,
ard 1liite dissoclves slightly faster than kaolinlte {Table
6).

Therefore in a system, e.g, at the ocean flcer, in
which these three clay mluersals were deposited, montmoril-
jonite would control the dissolved gilliica concentration,
Montmorilleonite would release silica into the sea water
and thla concentration of dissolved sllice would suprpress
the hydrolysls of 11lite and kaolinite. -

A1,83,05(0H), + 6HY == 2a1%7 4 H,0 + 2H,5104

(OH), + 44HT + 16H,0 === 22K,510; + X +
? 144143
+ 8H + 2H50 === ‘,~n4bi0, +

.z.} .A.

0.68" + 0.25Mz%¢ + 2.3a417°

Xo= 2Na. .28, - ,CMO 167uﬁ3 16 ( or some equivalent combi-

The bilogenig silica w value ig ~1.25 as compared to
~C.75 Tor the clay minerals, Different w values represent
Aifferent mechanisme of dlssoliution. A lower w value impliles

a move rapld dissoiutilon rate as indleated by the much
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higher k values -~ 100 tilmes greater than tnat of montmo-~
rillenite. It is not strictly valid to compare directly
the rate constant of the blogenic silica to these of the
clay minerals zince the rate controlling step may be 4if-
ferent and comparison of ths surface area and particle
nuakter of the twe systems would be difficulit. Even with
these thecreticali regervations, 1t seems Justlifiadble to

tes of the clay minerals and blogenic silica

o

compare tne &
diessolution since in this experiment (1) the surface area
ol ©toth iz as nearly representative of what is found in
the ocecan environment as possible and (2) the particle
number ie¢ probably higher 1n the clay mineral experiment

Y

(7.5 grams ve, 0.17 gram of biogenlc silica), tending to

c*

snifi the comrarable rate ant of blogenic sillca

even higher, especlally 1T both dissoclutlons are somewhat

diffusion contreclled.
The comparison of dissclution rates is pertinent to
what controls the dissolved sillcae con-

centration in the ocean, i,e. whether it is controlled by

'y

tlogenic silieca or clay minerals. Harriss (1968), Gregor

(19€8), Burton (19868), and Calvert (1963) nave used simil-

¥

lar zrplanatione to resclve these guestions.
Eaeh hes czleulated a lica bwudget for the ocean in
which 1s estlimnted the supply and removal of oceanic sillca

from various scurces, On this basis, each decides whether
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the ocean is in a steady state (Gregor, 1968; Barton,
L, 1988) or not (Harrise, 1966) and whether
the silica concentraticn is controlled by biologlcal
activity {(Harriss, 1966; Gregor, 1968; Burton, 1068) or
by incrganic rezactions invelving sillicate minerals (Cai-
verh, 1968i. PFor example, 1in Calvert's sillica budget
(Terle 2}, the rivers supply most of the silica to the
ocean and bioclogical actlivity, in the form of primary
production {formation of diatoms) and deposition of bio-
genic glliica, remove the silica from the ocean. He con-

cludes that, since the amcunt of silica deposited as

1o T o A e e ] - 4 3 A I $
skeletcns and tests i1s close to that supplled by rivers,

activity controls the concentration of

gilica in the sea, (2) the ocean is in an approximately
steady ebtatls with respect to sllica, and (3) the amount
of gillca removed by Inorganic reacticons 1s small,

The inorganic reactions mentloned above have bheen

pronosed by Garrels and MacKensie (1965) and MacKenzle
Id - o e N
{19656,1457) 1o he the main control of ithe silica concen-

tration in the ccean. They propose a "reverse weathering'

solved sillica with degraded alumino-sili-

g
(D
2'
ok
;...
C
J
)
~2
':z
0"

cate mineralis.
amorpnous~Ai-silicate + HGO3 + Sioz + catlong ——> 602 +

2

cation-Al-sillicate + HQG
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(’}

In their experiments silicate minerals release silica to
1lica~deficient sea water and abstract silica from silica-
enriched sqa‘water, Therefore, they conclude that silicate
minerals exert a majJor control on the concentration of
Aissolived eillca in the oceans.

While these budgets may accurately describe the siilca
input and output of the ocean, they do not answer the ques-
tion of what controls the dissclved silica con;entrﬂtion

in the ccean., It is not the guantity of so0lld material
which 1g added or removed (as indicated by the g1lica

%dduwtﬂ) that is important in deternining what controlis

T

-t

at which the 0lid disscives. for example, in the deep
oeean Tloor where both clay minsral and blogenlc silica
deposlits are found, the comparison of the dissoluticn rate
cof the silica scurces is the wost sallient concern as to
the conitrol of dissolved silica. HBince the blogenlc sllica
disscives about 100 times faster than the clay minerals,
the coaecentration cof gilica released from the blogenic
silica would suppress further dissolution of ithe clay min-
erals 1in & gteady state system.

~c ~ s ~, ’ - _.-a-u.l‘. - Y *

AL,B1,0<(CH), + 6HY T= 2A1%7 4+ H,0 + 2H,8510,
o [ i v ‘//_4
blegenic gilica + H,0 &= H1+Si04
[

Garrels and MacXenzle (106%) assert that clay minerals

are & major controller of silica in the ocsans since the
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average concentraticn of silica in the ocean is approxi-
mately 2-5 ppm or BO—SO/umoles H45104 per liter, the

concentration released by the clay alnerals

Rather than an average concentration, one shculd
conslder the variatlion of the silica concentration in the
ocean halow the pholtic zone. {In the phoitic zone.the
gilicate isg controlled by 1living organisms,e.g. dlatoms,
and is not pertinent to this discussion,) In areas of

known dlatomaceous and biogenic sillica deposits, the con=-

O

entration of dlissolved gilica iz significantly above
th of the average, Sppm. Considering the data collected

from varlious parts of the ccean, it is evident that hilgh
concentrations are found at great depths near Antartica

e TN (T e (i b I
(Tsble 10) (Discovery Reports, 1947}, (Table 13) (Capurro,

1961} and near the equator in the Pacific where radio-

T
11) (Bruresu,et al., 1948). Even at intermediate depths
near Antarctlca, the concentration is gquite high (hilgher
than most parts of the world). These concentrations can

be expescted 1L oue considers the circulatlion and mixing

of the Clrcumpciar (urrent and the Antarctic Botiom

Water (443} which flows over the blogenic silica deposits

Theugh coricentrations as high as obtained in this

experliment have only been found during the OB and Discov-
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ery II crulses (Tables 10 and 13), the lower values
could be due to the swiit Antarctic bottom currents
which are evidenced by the numerous manganese ncdule
Tormations and ripplse mgrks found in this region. by the
Eltaenin crulses (Goodell, 1371), i.e. it is impossible
to reach the high concentraticons because the water i1g not
Iin contact with the deposits long enough.

The only reglion which 1is consgsistently low in sillca
concentration is the Nerth Atlantic Ocean. Here the North
Atlantic Deep and Bottom Water (NAD&B) originates around

Greenland and Norway where there is & lack of abundant

¢ Therefore one would expect low slliica

‘.«4

siiicecus deposits
congentrations (Table 12) (Bruneau, 1948). In the south
Atlantic Ocean where there is mixing between the NAD&B
and the AAB, higher concentrations sre found. One can
aimest delinsate the northern-most boundary of the AAB
{Tahle 10} however, such identification of water masses:.
is ternuous since there is continual mixing of the AAB up-
wards, d4lluting its silica concentration.

Water in the Pacific and Indian Ocesans results from
mizing of the Clircumpolar Gurraﬁt, AAB, and NAD&R, Con-
centrations hilgher than those of the Atlantic Ocean are
fourid {(Taple 11). This could be due to enrichment either

from the AAR and (ircumpolar Gurrent or from areas of

s

liceous, blogenic depcalts known to exist in equatorial

o
[N
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Pacific and Indlzn Oceans.

Therefore as evidenced by the general trends dencted
in this data, the probable contrcl of the ocean's silica
concentration is the wmixing and circulatlicn of waters

b 1

lca deposits - the



FUTURE WORK

Additional experimenits which could further the under-

ing of the dissoluition mechanism of clay mineralis and
Lotv] o

zenic sillica are the following: {1) X-ray studiez of

the silica source before, during and zf

to aetermine the extent of structural changes na Fovm of

the devcsiting silica after a steady state has besn reached,

SN M - < s s - . N Y v e
(2; dissolution studies inside 2 seml-permeable membrane

o i I -y 3= o 4= INEs T < j! 3 < z Y

e aftzr the gstesdy state has been reached, and (33
nonitering the change in catlon concentratlion durling the

dlzsolution. Alsc high presgsure digsolution rate studles

would he of interest since the high pressures wnich exlst

orn the ocean fioor could a2lter theze disscolution rates.

N
-



4
i

NDIX

o
M
i

APPT

a3
Q



pI

SEOLVED
VERSUS

TABLE 1

STLICA COWCIENTRATICH

TIME FOR KAQLINITE

Micromoles of H, 810, /liter

Run 3 Run 2

pu
2.0

Average of last six values = 27.9
27.9 micromoles = 1.65 ppm SiO?



TABL

&
N

[ et
) I'L CA 1A
I“T AT

I NCENTHRATION
ME FOR MONTH

AORTLLONITE

o 4
Time {hours)

118.7

72.7
72.7
717
5.9 76.2
5.4 5.2

Average of last four value
5.7 micromoles = 4.46 po

by

o
)

m.



TABLE 3

DISSOLVED SILICA CONCENTRATICN
VERSUS TIHE FOR JTLLITE

Micromoles of H43104/11ter

Run 1 Run 2

[y

N

-
o

(8>
-

LAY

O

(]

Ul

s

o
f
[0

R

11.5 10.5
4.7 14.5
16.4 16.6
23.8 22.5
27 . 1 26.4
30.0 27 5
33.0 23.7
36.9 40,0
35.9 32.0
39.7 357
39.0 36.5
49.9 4.5
55.3 Ly .6
50.2 49.5

Average of last six val
4G .7 xmicromoles = 2,93%



TABLE 4

ISECLVED SILICA CONCENTRATION
VnLﬁUw WTME FOR BIOGENIC SILICA

Timz {hours) Micromoles of Hlsiog/litar
Run 1 Run 2
2.0 115.0 188.8
5.0 308.8 476.3
28 .0 1268.0 1252.0
49.8 1328.0 1402.,0
96.0 1422.0 1378.0
129.,0 1478.0 1328.0
214.,5 1478.0 1528.,0
504, 0 1552.0 1458,0

Average of Jast four values = 1504.0
1504 micromeles = 88.7 ppm Sioo
‘.
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TABLE 6

DATA FROY PROGRAMS

ilcae source w k(1) Correlntion Linear
Coefficient Regressiocn ¥g.(2)
kaciinite =0,75 9 y==9.44 4+ 8.21x

montmori
lonite

P
a
¥4

~

[

4
3
]

e ¥
]
.
e

-

A=

SLODE

9
.98 v=1.49 + 1.33x

~0.75  5.93 1,00 Yy=1.21 + 23.72%
20,50 2.82 0.99 y=23.42 + 5.63x%
~0.75  2.50 0.98 r-1 18 + 10,99x
0,50 0,80 0.96 y=13.58 + 1,80x

~1.25 598.0 ~0.,98 y=2144 .5 ~ 2380.7x
~41.00 615.5(3) 0.94 v=103.8 + 615.5x

of the linear

b - + 1 - - N
¥ in this calculation



TARLE 7

KINETIC DATA OF WOLLAST FOR DISSCLUTICN OF FELD3PAR

Time {(hours) Silica concentration {(mg/1.)

2
()

b
Iy

. 1

6 0.8
11 1.0
24 Bk
48 5.5
72 £.8
95 6.7

144 7o



TARLE 8

DATA FRCOM PROGRAMS USING WOLLAST'S DATA

Correlatiorx Linear Regregsion
Coefficient Bguation
; 0.28 y o= =5.57 +4,14x

“1,67 +1.00x%

g

o O
® @
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<
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o
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t gix sets of data

i

s oo B 22
1 b TAr

Using =211 the data
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TABLE 10

SILICA CONCENTRATION IN WATERS
FROM TIP OF AFRICA TO ANTARCTICA
Position Denth(meter) Si(mg.atom/me@erj)
330545 2100 c.3
01946, 51 150 0.9
{(south west 200 1.2
tin of Africa) 300 1.8
300 2.9
580 6.8
780 16.4
980 24,9
1470 46,4
1970 4% .5
2270 Lo 4
720 43,0
3180 43,5
3630 50.4
4090 55,1
36201.5'8, 100 1.4
CoTO8 BT 150 1.8
200 1.9
300 2o
xXele] %ol
800 7.5
800 13.4
Q20 25,6
1400 46,7
1680 515
2480 48,6
2980 47,3
2470 57.7
G770 78.6
Lvisde 80.3%



TABLE 10

(continued)

Posltion Depth{meter) 81 g.za,tom/raetem'°3)
45%01 .38, 100 4,3
00933 .75 150 4.5
200 7.5
200 10.7
400 17 .5
600 28 .4
800 39,1
1000 54,7
1490 52.8
2470 67 .2
297 8.2
3460 03%.4
3960 100.8
59023.618, 100 75.8
00709, 3T E 150 100.0
200 108.6
300 111.9
400 111.9
580 111.9
780 111.9
960 191.9
1460 111.9
1970 103,56
2480 102.7
2980 1C8.6
3480 108.6
3980 108.6

4470 105.6



TABLE iC

(continued)

Pozlition Depth(meter) S1(mg.atom/meter?)
€4°%1,91s, 100 86.2
coVog .69 E 150 90.4
200 90,4
300 90 4
390 QOaa‘
580 97.4
780 100,0
980 102.7
1480 105, 6
1960 108 .6
2430 105.6
2990 108.6
3490 108, 6
3330 108.6
65°086.54 S,
Q6 Thn £V 100 7.0
150 86,2
200 97 4
300 97 .4
390 97 .4
550 100.0
TS0 105,6
GO0 108 .6
1480 108.6
1970 108.6
2450 108.6
2950 105.6
3450 105 ,6
3960 108.6

LU4GO 108.6



SILICA CONCENTRATION 1IN WATERS
ACROSSE THE EQUATCRIAL PACIFIC

Position Depth(meter) Si0, (ug-atome/1,)
1A, 110 23,8
100%30 1% 160 25.8
545 36.8
fiy 44,0
651 65,6
905 83.6
1173910,
1LY sy g5 2%.8
143 Bﬁ.“
291 36.8
%90 41,8
584 652 .4
777 81.2
969 102.8
1453 103.6
2421 112.6
3390 144 .6
3874 134.,8
177469, 142 7.6
12605 vy 190 24 .8
287 7.8
379 52.4
hrdh 57.8
48 85.8
970 108 .4
1445 10%2.6
2397 i50.0
3350 165.6
5&)!6 165,(
4398 162.8



TABL

=1

12

SILICA CONCENTRATIOHN
0F THE MIDDLEK AND NORTH-ATLANTIC O

IN

WAT

ey 3
ERS

fakny
N i

N

Position

Depth(meter)

31029¢g~atoms/l.)

o°worn,

e D o
r.:.'5 : :)'o’) W

1348
1827
2785
3240
3261

13426
2741
%551
3670
356901

000 W I

I
A,

NN -
i O I e
O\ =0 B e

'_;:-.
o)}
-

\

1024
2891
3712
3833
3854



TABLE 13

SILICA CONCENTRATION IN THE ANTARCTIC WATERS

'Siog(mgwatom/l.)

65930.2'3, 104 42 .67
20507 A'E 207 51.67
219 51,00

534 60,50

810 56 .30

1176 64,00

2142 66.67

3140 63.83

4132 66.33

6cY01,218, 08 34,17
20°00.0'E 220 48.33
362 53.00

466 67.83

870 75 .00

1226 70.83 .

1548 85.00

2038 85 .00

2970 82.00

3395 89.17

4420 79 .67

5164 75 .00

62248w3’5, 105 31.17
20Y00 .5 197 42,50
400 69.17

854 57 .50

1010 55.67

2577 63.17

3024 64,50

3925 67.83%

4420 66.67
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