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The release of silica, iron and aluminium held in the labile fraction of the St. Lawrence Lowlands post-glacial marine
transgressive clays was studied in the laboratory by keeping samples of these clays in suspension for 1,000 hours in
distilled water and in salt water of various salinities. The results show that Si0 2 , Al and Fe are released preferentially
in zero salinity waters. For Si0 2 , the amounts released from subaerially exposed and submerged samples and from
estuarine suspended particulate matter (SPM) are respectively at least 24%, 15%, and 20% of the total silica determined in these sediments. For Al and Fe, these amounts are much less. For all three elements, there is a sharp
decrease in amounts released with increasing salinity. However, the Si0 2 released from the SPM above a salinity of
7%c are higher than for the sediments and remain constant, presumably because of the dissolution of diatom remains
found to be present in the material. The release of Si0 2 from the labile (amorphous) fraction, suggests that this process
could provide a minor contribution (perhaps 2.6%) to the dissolved silica load of the St. Lawrence River. The Fe and
Al appear to be released as colloids of hydrated oxides inherited from the original environment of deposition of the
sediments.
ADDITIONAL INDEX WORDS:

St. Lawrence River, labile fraction, St. Lawrence Lowlands.

INTRODUCTION
The inorganic component of the seston in the St. Lawrence
River and Estuary is largely inherited from the post-glacial
marine deposits of the St. Lawrence Lowlands. These deposits were formed during the Goldthwait and Champlain Sea
(13,000 to 9,000 YBP) transgressive events in the St. Lawrence valley. In these post-glacial deposits, the presence of
disseminated, poorly crystalline to amorphous oxide minerals, commonly referred to in the geotechnical literature as
"amorphous matter" has been demonstrated by several researchers (McKYES et al., 1974; BENTLEY and SMALLEY,
1978; YONG et aZ., 1979; LOCAT et al., 1984; RAMESH, 1991;
RAMESH and D'ANGLEJAN, 1995). This so-called amorphous
phase appears to consist mainly of a mixture of silica, and of
hydroxides of Al and Fe (QUIGLEY, 1980; RAMESH, 1991). It
is postulated that such amorphous phase is produced by intergranular abrasion of rock fragments during glacier ice
transpot. This processes gives rise to a powdery product referred to as "rock flour".
Some of the questions that the present research is designed
to answer are: (i) could the main labile elements (Si, Al and
Fe) in the amorphous fraction of the St. Lawrence finegrained post-glacial sediments be released on exposure to riv95184 Received 27 December 1995; accepted in revision 12 July 1996.

er and estuarine waters? If so, how much?; (ii) could the release of these elements during transportation by river or estuarine waters or by ground water provide a significant contribution to the dissolved load of the St. Lawrence?
Previous experiments on the release of major elements
from rock-forming silicate mineral suspensions in distilled
water were reported by KELLER et al., (1963). Similar experiments by MACKENZIE et al., (1967) and SIEVER and WOODFORD, (1973) have shown that the release of silica from clay
mineral suspensions in sea water takes place in solutions low
in dissolved silica, whereas adsorption of silica onto the solid
phase occurs at high silica concentrations.
The experiments reported in this paper were carried out to
determine the reactivity of the amorphous fraction of sediments in fresh water and in sea water of different salinities.
Sediment samples collected from subaerially exposed deposits of the Champlain Sea and from Goldthwait Sea deposits
submerged under the St. Lawrence Estuary, and samples of
estuarine suspended particulate matter (SPM), were used.

MATERIALS AND METHODS
The sediment samples were taken from the Sparrowhawk
Point section of the subaerially exposed Champlain Sea deposits in western Quebec (A, Figure 1), and from a gravity
core from the Upper St. Lawrence Estuary (B, Figure 1). The
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F igu re 1. Ma ximu m dia chron ic exte nt of t he Ch a m plai n Sea a nd western ar m of th e Gold thw ai t Se a down stream from Queb ec (modified fro m P AR E N T
a nd O CC III E TTI , 1988 ). Rel at ive ele vation s in met ers a bove pr esen t sea level ar e ind icated by bold n um ber s. A, B, a nd C indicates se dime nt sa mple
loca tion used for t he lab orato ry experiments.

sus pended particul ate matter (SPM) sa mple (C, Figure 1)
wa s collected in th e ea rly mixing zone (sa linity less than 1%0)
of t he Upper St. Lawrence Estuary by pumping and continuous flow centrifugation, kept frozen , th en freeze-dried in th e
lab oratory. Th ese sa mples were sele cted in ord er to represent
three distinct typ es of sediments in th e St. Lawren ce Lowlands. Several sa mples ha ve been collecte d from ea ch sa mplin g site a nd a na lyzed for the major and trace eleme nts ,
minera logy, texture, a mor phous conten t etc. (RAMESH 1991;
RAMESH and D'ANGLE.JAN, 1995 ) a nd a representative sa mple from ea ch sa mple site has been selected for the pr esent
st udy. Th e hyp oth esis is that sedi me nts of types A a nd B
represent th e pr oxim ate source of th e typ e C, th e SPM . Du e
to logistic constraints (cru ise time/winter) sus pended and
core sedi ment sa mples hav e been collected only during summer and seasona l variations are not considered.
In th e la bora tory, t he three sa mples (A, B and C) were
sieved using a 230 mesh (0.063 mm ) stain less steel sieve to
remo ve t he coa rs e fraction. Separate 1 g a liquot s of t he oven-

dri ed (35 °C) sediment sa mples (A, B a nd C) wer e t reate d by
th e Dithionite-Citrate-Bicarbonate (DCB ) pr ocedure of MEHRA and J ACKSON (1960) a nd by the Alkali-Tir on dissolution
procedure of BIERMANS a nd BAERT (1977 ) in order to ext ract
a mor phous Si0 2 , Al a nd Fe. Th e ext raction pro cedures have
been describ ed in detail by RAM ESH (1991 ).
Synt hetic sea water was pr epared in th e laboratory by dissolving 25 g of analytical reagent quality Na CI and 8 g of Mg
SO.. 7H 20 in one litre of disti lled water. Thi s is equiva lent to
sea water with a salinity of 28%" (STRICKLAN D and PARSONS,
1968 ). Varying amounts of synt hetic sea water were a dded to
fixed a mounts of deionized doub le distilled water to obtain
four solutions of sa lini ties betw een 7%0 a nd 28%0. Aliquots of
untreated sa mples A, B and C, each weighing 1 g (dryweight), were plac ed in different polythen e bottl es conta ining
50 mL of sy nthe tic sea water of va rious sa linities , viz. 28%0,
21%0,14%0,7%0. In additi on, 1 g of both th e treated (by DCB
and Alkali -Tiron) a nd untreated aliquots of A, B and C wer e
sus pended in 50 mL of deionized double distilled water (zero
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Ta ble 1. S ilica, alumi nu m a nd iron concentration (mg Ig) in the total sedim ents « 62 u rn) and in the labile fraction extracted by De B and Alka li -Tiron
procedures.
Exposed Deposits
Element

Bulk
Sediment

DCB

Si0 2
AI
Fe

512.50
96.70
67.80

3.40
0.79
6.50

Submerged Deposits
T iro n

Bulk
Sediment

DCB

4.90
1.69
11.02

506.30
89 .60
54.60

6.10
2.65
8.32

salinity). Samples of synt he tic sea water of various salinities
without added sediment samples were also monitored as controls.
The St. Lawrence River water s are always slightly basic
(pH range between 7 and 8) abov e t he limi t of sa lt water
pen etration (CHAN, 1980 ). Henc e, in th e pr esent study, th e
pH of all th e water samples were initially adjusted to pH 8
with either NaHC0 3 or HCI. No a ttempt was mad e to monitor
th e Eh. The containers wer e agita ted on a Burrel wrist-action
shaker for ab out 1,000 hours (42 day s ) to obtain fairly consta nt dissolution (MACKENZIE et al ., 1967 ). Mild agitation of
sa mples helps to simulate th e natural conditions. Earlier exper iments by MACKENZIE et al., (1967 ), KELLERet al ., (1963 ),
SIEVER and WOODFORD (1973), KODAMA and J AAKKIMAINEN
(1981) on th e rele ase of maj or elements from silicate min erals
adopted such mild agitation pr ocedures. HURD (1977) st udied
the silica release a nd removal rates for various rock sa mples
which wer e in conta ct with five different seawater solutions
a nd observed t ha t the concentrations of dissolved silica
reached constant values of 80 :!:: 1 jJ- molJl after 44 days. Th e
sedime nt su spen sions wer e first centrifuged a t 3000 RPM
with an IE7 Centra-7® centrifuge for 15 minutes to remove
th e bulk of t he sus pended solids, and th en filt er ed through a
0.45 jJ- Milliporew HA filter .
Silica was det ermined colorimet rically using th e method
des crib ed by STRICKLAND a nd PARSONS (1968). Th e extinc-
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Figu re 2. Release of silica fro m un tr eat ed sediment sa mples A, Band C
at various sa linities . (A) Exposed Deposits ; (B) S ubmerged Deposit s; (C)
Sus pended Pa rti cul at e Matter .

Est uarine Suspended Sediments
Tiro n

Bulk
Sedimen t

DCB

Tiro n

6.91
3.33
15.39

55 1.86
76.70
53.4 0

4.00
1.64
9.10

4.6
1.96
16.16

tion of the silicomolybda te compl ex was measured in 10 mm
cells at 650 nm using a Bau sch and Lomb Sp ectronic 21. Th e
preci sion ba sed on two independent a nalyses of each sa mple
is :!::3% (95% confidence level).
Concentrations of Iron a nd aluminium wer e determined by
direct injection of samples a nd aqueous standa rds (pre pa re d
from 1,000 mg/L stock sta nda rds , Fi sh er Scientific compan y)
on a flam e Perkin Elm er Atomic Absorption Spectrophotomete r (AAS ) 5100. Th e oxidant versus fuel ratio was adjusted
such th at th e inter fere nce du e to salinity was min imal. Th e
method of sta nda rd addit ion was used for a few sa m ples for
various sa linities and the differ en ces in concentrations between methods were min im al. All th e sa mples wer e run a t
lea st twic e a nd showed good reproducibility between duplicates. Th e overall precision of the analyses was better th an
:!:: 5% a t th e 95% confiden ce level. Th e origi na l sa mples (A, B
and C) wer e al so an alyz ed by X-ray fluorescen ce and by AAS
for the major and trace cle ment compositions.

RESULTS AND DISCUSSION
Tabl e 1 reports th e lab ile and total Si, Al a nd Fe conce ntrations extracte d by th e DCB and Alkal i-Tiron procedures.
Th e Alkali-Tiron method extrac te d 0.3 to 7 mg/g more than
th e DCB method, consistent with previous st udies . (RAMESH,
199 1). Amor phous Fe is 0.8 to 5.2 mg/g, high er in the est uarine SPM tha n th e sa mples of th e exposed a nd submerged
deposi t s. This supports th e well-establ ish ed observation th a t
est ua rine mixing in the St. Lawren ce results in th e flocculation a nd sedimentation of Fe ri ch colloids (BEWERS a nd
YEATS, 1979; LUCOTTE a nd D'ANGLEJAN, 1988).
Th e concent ra tions of dissolved silica , and of iron a nd al uminium in wa ter s of va riou s sal inities at th e end of th e experiments are shown on Figures 2, 3 a nd 4. For both the
exposed a nd the submer ged sediments (Figu res 2A a nd 2B),
th e dissolu tion of silica pr odu ces in excess of 20 mg/L in zero
salinity water . These concent ra tions decrease with increasing
sa linity to less th an 3 mglL for a sa linity of 28%0. In contrast ,
th e release of silica from th e SPM (Figures 2C) s howed lit tl e
change with salinities above 7%0, rem ain ing between 11 to 12
mglL , in sa linities ran gin g from 7 to 28%0.
For th e three types of sediments, th e mobility of iron (Figures 3A, B and C) and aluminium in waters of increasin g
sa lin it ies (Figu res 4A, B a nd C) is simila r, levelling off at
sa linities above 7%0. In th e pre sent st udy, Millipore filt er s of
0.45 urn pore size wer e used to se parate the dissolved constit ue nts. The relatively hi gh concentration of iron (2 to 3.8
ppm ) a nd of alumi niu m (0.68 to 1.26 ppm ) in th e zero-sa linity
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Release of ir on from untrea te d sed iment sa mples A, B and C at various sa lin ities.
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Rel ease of alu minium fro m un tr eated sedi me nt sa mples A, B an d C a t va rious salin it ies .
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Figure 5. Ran ge of dissolved silica conce ntratio ns in fresh wat er (FW, S
= 0%0) a nd sea wat er (SW, S = 28%0) observed in post-glacial sedime nts
based on thi s study (A, B, a nd C), compared t o th e solu bility (at 25 °C)
of common silica-bea ri ng min eral s found in th ese post -glacial sediments.
Sour ce of dat a: (1) MOREY et al. (1962); (2) KELLER et al. (1963); (3)
KRAUSKOPF (1956); (4) MACKENZIE et al. (1967 ).

waters could reflect th e rel ease from th e sediments of hydroxides and hydrous oxides, which wer e transported and deposited contemporaneously as colloidal floes of sizes below
0.45 urn in the brackish environment of th e post-gl acial sediments (BOYLE et al., 1977; STUMM and MORGAN, 1981; SALOMONS and FORSTNER, 1984). In waters of salinit ies above
approximately 7%0, the amounts of Al and Fe released remain
virtually constant (Figu res 3 and 4).
The relationships between silica (linear), iron and aluminium (non-linear ) and the sa linity (Figu re s 2, 3 and 4) are
analogous to tho se pr eviously found in field and laboratory
st udies by several researchers work ing in differ ent estuaries
(SUBRAMANIAN and D'ANGLEJAN, 1976; LISS, 1976; BOYLE et
al., 1977; SHOLKOVITZ, 1978; HYDES and LISS, 1979; BEWERS
and YEATS, 1979; YEATS, 1988 ).
(1) Possible Source and Controls of the Concentration
of Dissolved Silica

Figure 5 shows the equilibrium concentrations of dis solved
silica at 25 °C obtained in the exp eriments for sa mples A, B
and C, in both fresh wat er (FW) and sea water (SW). The
solubilities of various silicates and amorphous silica and
quartz reported in th e lit erature. Solubilities for amorphous
silica and quartz are th e two extremes in the ran ge of values
obta ined for natural min erals. Th e solubility of quartz at
room temper ature is no higher th an 8 mg/L, while th at of
amorphous silica, is over 100 mg/L (Figu re 5). KELLER et al .,
(1963) report th at K-feldsp ar releases mor e soluble silica
than plagiocl as e in distilled water . lllite and chlorite rel ease
between 7 and 18 mg/L and betw een 4 and 16 mg/L SiO z in
sea water resp ectivel y (MACKENZIE et al ., 196 7 ).
The amounts of silica removable from post-glacial sedi-
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ments in fresh water is higher th an the kn own equilibri um
values for detrital silica tes , but lower th an th e value for
amorphous silica (Figure 5). A lik ely source for th e silica , explaining th e high values found, is th e occurrence in th e glacially rework ed sediments of an unstable, "amorphous"
phase. In th e laboratory , the grinding of some rock-form ing
silicate minerals, i.e. feldspars, amphiboles, pyr oxen es etc.,
ha s been found to produce an a morphous silica- rich ph ase
(KODAMA and JAAKKIMAI NEN, 1981). The study conducte d by
KELLER et al., (1963) on dis solved products of arti ficially pulverized silicate min eral s reached th e same conclusion.
Th e release of silica from th e exposed sediments (A) as a
function of sa linity, follows th e sa me trend as that from th e
submerged sediments (Figu re 2A and B). The plot for th e
SPM (Figure 2C) show s that there is initially a lower am ount
of dis solution than for th e exposed and submerged sediments ,
but that for salinity above 7%0 th e values are higher th an for
the sediments and remain constant. Thi s may be du e to a
higher proportion of biogenous silica in th e SPM . Fragm en ts
of diatoms were obser ved in the SPM under Sca nning Electron Microscopy (RA.;\1ESH, 1991 ). Dissolution of biogeni c silica is quite rapid relative to th at of othe r forms of amorphous
silica (HURD, 1972). THERRIAULT et al ., (1990 ) ind icate tha t
phytoplankton cells of freshwater origin occur in someti mes
high number s in th e Upper St. Lawrence Estu ary at sa linity
< 1%0, with very low concentrations in th e tur bidity maximum zone (salinity below 10%0). Sma ll cell number s of br ackish spe cies are reported furth er downstream . Assuming that
all silica released by th e SPM at a salin ity of 28%0 (SiOz =
12 mg/L; Figure 2C) is du e to dissolution of biogenous silica ,
it s weight concentrati on in th e SPM needs to be 0.06%. Us ing
the an alytical procedure of HURD (1972), D'ANGLEJAN (1990 )
determined the biogenous silica in th e SPM of the Upper St.
Lawrence Estuary is less than 1%.
Th e factors that keep th e conce ntra tion of silica below th e
equilibrium solubility value for amorphous silica and even for
quartz in brackish and saline water s (Figur e 5) are not complet ely underst ood. Reaction kin eti cs, in organi c adsorpti on by
detrital particles, change in ionic stre ngt h, all play a part.
BIEN et al. (1958) and LISS and SPENCER (1970) show ed th at
the pr esence of electrolytes results in maximum up tak e of
dissolved silica by sediments. Anoth er adsorption process has
been reported by HARDER (1965) and by HARDER and FLEHMIG (1970), who found in laboratory st udies th at consi de rable
quantities of dissolved silica could be adsorbed on X-ray
amorphous hydroxides of iron, alumini um and magn esium
from solutions conta ining as little as 0.5 mg/L silica. Moreover , th e "amorphous" ph ase st udied, believed to be produced
by disordering of th e cryst al st ructures of detri t al silica tes
subject to high pressure gr inding, could be che mically quite
different from opaline am orphous silica (SiOz:nH zO). Finall y,
th e release of silica from th e min er al mixture in the se diments, which cont ain a vari ety of detrita l silicates is not likely to be the sa me as that of th e pure am orphous ph as e.
(2) Potential Silica Contribution to the St. Lawren ce
Dissolved Load

Accord ing to LIVINGSTONE (1963 ), th e St. Lawrence River
water contains 180 mg/L dissolved solids on aver age, wh ich
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Table 2. Amount of silica released by th e labi le fra ction from the sus·
pended particu lat e matter (S PM) to th e S t. Lawrence di ssolved load .

t hat, du e to frequ en t fracturing, th e nea r-surface zone (1 to
2 m th ick ) of th e Cha mplai n Sea deposits is moder ately per meabl e (LAFLEUR a nd GIROUX, 1983). Hen ce, th e transport
of dissolved silica by ground wa te r flow cannot be rul ed out,
alt hough no evide nce for it has as yet been reported.
MEYBECK (1980 ) obse rve d that dissolved silica in rivers
fro m cooler clima tic regio ns is typicall y less than in river s
from warmer regions. He suggeste d th at this is at least partl y
cause d by a decrease in t he inte ns ity of che mical weathering
in cooler a reas. Compa rison of th e dissolved silica concent rations in a number of major world river s (Ta ble 3) is cons iste nt
wit h t his interpret ation, ind icating that th e lower silica concentration in t he St. Lawren ce River is a reflect ion of climatic
facto rs.
Differen ces in rock types in river basins det ermine differences in t he concent ratio ns of dissolved silica bet ween rive rs
of t he sa me climatic zone. In t he Amazon basin , STALLARD
(1980 ) found greater silica concentratio ns in river s flowing
over igneous a nd met am or ph ic terrains t ha n in t hose cut ti ng
through sedime nta ry rocks . His expla na tio n is tha t sedimentary silicates release less silica because t hey cons ist largely
of det r ital miner al s that are bas ically resistant to wea thering. At odds wit h t his conclusio n, LIVI NGSTONE'S (1963 )a na lyses for the St. Lawrence wa ter s indicate a systematic increase in silica concentration as t he river moves eas twa rd,
from regions und erl ain by th e crystalline basement of th e Canad ian Shiel d to the Lowla nds, und erl a in by t he Cham plai n
Sea sedime nts. Th e average concentra tions of dissolved silica
reported for La ke Erie an d Lak e Ontario which extend over
Precambrian igneous and met am orphi c basement are between 2. 1 to 3.7 mg/L Si0 2 as opposed to concentra tions of
3.9 to 9.9 mg/L for the St. Law re nce River between Kings ton
an d Sore l where it flows over exposed Cham plai n Sea deposits. Base d on th e experimental evidence re porte d her e, it
would see m that th e increasing dissolved silica load of th e St.
La wren ce River as it flows downstream could well be accounte d for, a t least pa rtl y, by t he release of a morp hous silica
from t he fine-grained post-glacia l deposits. M ~: Y B E C K (1980 )
suggest th at the presen ce of diatoms in t he Great La kes may
lower th e sil ica concentration th er e.

Av erage S P M con ce ntration in the St. La w- 20 rng/L (n 'ANGLEJAN,
renee River (U ps t re a m of Qu eb ec C it y )
199 0 )
Si lic a co nce nt r a t ion in SPM
552 m g/g (Ta ble 1)
Si lica conce nt r a t ion in a morphous fr ac t io n
4 mg /g (Ta ble 1)
of SPM (by DCB ex traction)
4/5 5 2 X 100 = 0 .72 %
Amount of a morphous Si0 2 re lea sed in
fre shwater experime n t per gram of SPM
Amount of a mo rphous Si0 2 re lea sed by 20
0.72 X 20/100 = 0 .144
mgSPM
Av e rage S i02 conc e ntra t ion in t he St. La w- 5 .5 mglL (L IVINGSTONE,
1963; YEATS, 198 8 )
re nce Rive r
Perce nt age of a morp hous S i0 2 in tota l d is0 .144/5.5 X 10 0 = 2.6 2%
so lve d s ilica

correspond to an a nnua l supply of 80.46 X 106 tons . Th e dissolved silica concentration is 5.5 mg/L, equi valent to a yea rly
out put of 2.5 X 10" tons . Based on (i) th e average silica concentration in t he waters of th e lower St. La wren ce River , (ii)
on a n SPM average conce ntra tio n of 20 mg/L (D'ANGLEJAN,
1990), a nd (iii ) on the concentrations of total a nd a mor phous
silica det ermined by us in t he SPM, a first order esti mate is
th a t up to 2.62f'k, of the total dissolved silica in the lower St .
La wrence River wa te r could be accounte d for by th e release
of amorphous silica from th eir sus pende d load (Ta ble 2). In
t he present lab ora tory experiments, t he weig ht-volu me ratios
(1 g/50 m l. ) a re cons iderably a bove t he na t ural conce ntration s of th e SPM (20 mg/L ). Hen ce, th is calculation as sumes
that a ll th e amo rphous silica in th e SPM is re leased. Therefore, t he a mou nts of a morp hou s silica reported in Ta ble 2
represen t maximum values . Beca use of t he long re sidence
ti me, several months, a nd h igh concent rations (up to 400
mg/LJ of t he SPM in t he low brackish environ me nt of the
turbidity maximum zone (D'ANGLEJ AN, 1990), the potential
contribution of t he SPM amorp hous ma tter to the total input
of disso lved Si0 2 into the estuary may well exceed consi dera bly t he value ca lcula te d above. YEATS (1988) observed th at
duri ng t he sp ri ng fres he t, a ti me of pea k del ivery ofSPM, t he
S i0 2 concentrations (6.5 mg/L ) are mu ch high er in the lower
St. Lawrence River than in t he estuary, a fact which he found
puzzling. Th e above calculations also neglect a ny contribut ion of amo r phous silica from res us pended botto m sedi ments
in t he river a nd t he estuary.
At first sight , the compact an d massive post-g lac ial clays
wou ld appear to be too impervious to gro un d water solut ions
to make a significa nt contribution to th e dissolved chemical
load of t he drainage waters. However , it has been reporte d

T ab le

(3) Removal Processes of Iron and Aluminium
Th e a morp hous Fe a nd Al in post-glacial sedime nts a ppear
to be present as hyd rated oxides wh ich take t he form of discrete part icles an d coati ngs (BENTLEY et al., 1980; QUIGLEY,
1980). Th e trends in re mova l of iron a nd alumini um are sim ilar (Figures 2 an d 3), This suggests that t hey respon d to the
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same process. The amounts of iron and aluminum released
at zero salinity (Figures 3 and 4) are significantly higher (Fe,
by 1.99 to 3.81 mg/L and AI, by 0.61 to 1.20 ppm) than those
reported for the St. Lawrence River water (Table 2). This may
reflect in part an abundance of colloidal floes within the samples studied. The "dissolved" fraction was defined here as
that passing a Millipore filter 0.45 urn nominal pore diameter. Abundant Fe and AI-rich colloids smaller than this size
are known to exist in river waters (BOYLE et al., 1977; SHOLKOVITZ, 1978; FIGUERES et al., 1978). Possibly, the Eh, which
was not monitored, may have become low or even negative in
the suspensions at the end of the experiments, creating conditions favourable to the release of some of the Fe colloids.
The Fe in the colloidal aggregates may have been released
by reduction in the suboxic to reducing pore water environment. It has been shown that because of the presence of
enough organic matter disseminated through the sediments,
the alkaline ground waters percolating through the Champlain Sea deposits are reducing. Eh values of -276 to -343
mV have been determined (DONOVAN and LAJOIE, 1979). The
reduced iron may therefore be transported in solution and
reprecipitate around detrital grains in the oxidizing environment of the vadose zone, forming a component of the labile
"amorphous" coating. The present experiments suggest that
some of these Fe and Al hydroxide precipitates, may have
been released presumably as fine colloids, by stirring in zero
salinity water. The possibility of releasing significant
amounts of Fe and Al from surface coatings on residual sands
of glacial origin by stirring in distilled water has been demonstrated by D'ANGLEJAN et al. (1990).
At zero salinity, the Fe/AI ratio in the filtrate obtained at
the end of the experiment was essentially the same for the
three samples (A, 1.75 and 1.79; B, 2.29 and 2.28; C, 2.95 and
2.86) after pretreatment with both DCB and Alkali-Tiron reagents. The interelemental relationship of iron and aluminium with silica released from the post-glacial clays shows positive correlation (r SiO~-Fe = 0.4 7; SiO~-AI = 0.53). Such a
covariance may point to a common origin, in the "amorphous"
material of the post-glacial marine clays.

SUMMARY AND CONCLUSIONS
This study indicates that silica as well as the hydrated oxides of iron and aluminium which are held in the labile fraction of the post-glacial marine deposits of the St. Lawrence
Lowlands may represent a potential source of SiO~, Al and
Fe to the St. Lawrence River waters. Laboratory experiments
show a significant release of silica from the sediments in
fresh water within a six week reaction time. The concentration of silica in fresh water is higher than the solubility of
silica from quartz, plagioclase, K-feldspar, amphibole, illite
and chlorite, which are common in these post-glacial sediments, but lower than for a pure amorphous silica phase.
This observation may help to explain, at least partly, the increase in silica concentration in the St. Lawrence River waters reported by LIVINGSTONE (1963), as they flow over the
Champlain Sea deposits in the St. Lawrence Lowlands. It is
postulated that physical alteration of detrital minerals by
grain-to-grain grinding during glacier ice movement at the

end of glaciation is the main source of the amorphous silica,
and of the iron and aluminium present in the fine post-glacial
marine deposits (KELLER et al., 1963; KODAMA and JAAKKIMAINEN, 1981). The present experiments show that the ionic
concentrations of sea salts have a negative effect on the release of soluble silica, particularly for samples from the exposed and submerged deposits, in agreement with laboratory
observations by SIEVER and WOODFORD (1973). Larger
amounts of dissolved silica released from the SPM in the
brackish environment of the estuary is attributed to the presence of biogenic silica, mainly diatoms frustules which were
observed under SEM. This material dissolves more readily
than the amorphous silica in the sediments. The relatively
high concentrations of iron and of aluminium in the filtrate
following long term stirring in zero salinity water reflect the
release of colloidal and subcolloidal particles of Fe and Al
hydrated oxides which are held as surface coatings and rnatrix precipitates in the marine clays.
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