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Abstract

Silica dynamics in a pampean lake, Lake Chascomus (Chaco-Pampa plain, Argentina) is described. Pampean lakes are
shallow alkaline ecosystems, with circulation pattern corresponding to polymictic lakes, due to the nearly continuous vertical
mixing that promotes a high concentration of suspended particulate matter and low transparency. A silica budget was calculated
in Lake Chascomus in 1999—-2000 using a one-box model that constitutes the first one for a shallow pampean lake. In general
terms, the dissolved silica in Lake Chascomus contributed by streams and groundwater, the latter responsible for 70% of the
incoming dissolved silica, was able to support the diatom production development. However, in the algal bloom period (spring
and summer), the winter input contributed by the streams and groundwater was insufficient, and therefore, an extra source of
dissolved silica was necessary. Dissolution of silicate mineral phases, or silica desorption from metallic oxides might provide
the dissolved silica needed for the seasonal increase in diatom abundance.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction cm? s™!'; Hurd, 1983; Dixit and Van Cappellen,

2002).

Silicon is a major component of the earth’s crust
(Jackson, 1964). The crystalline silica minerals, the
most common being feldspars and quartz, are in
general very stable. Weathering of Si from these
minerals takes place mainly over multi millennial to
million year time scales (k=6 x 10~ "* mol cm? s~ ;
Lerman, 1988). On the other hand, biogenic produced
silica (amorphous opal), mainly found in the shells of
several different aquatic organisms, is soluble at time-
scales ranging from days to years (k=2 % 10~ ? mol
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In the pH and temperature range (0—30 °C, pH 6—
9; Golterman, 1975) and at the concentrations nor-
mally found in natural water ecosystems, all dissolved
Si occurs as silicic acid. In spite of the fact that quartz
is a major constituent in rocks, quartz does not control
the silica concentration in solution because of its slow
dissolution kinetics.

It is a well-known fact that the seasonal cycle of
dissolved silica in lakes is intimately bound to the
biological activity (Gibson et al., 2000; Kristiansen et
al., 2001). Diatoms often constitute the most impor-
tant members in the phytoplanktonic community and
in many lakes they are the permanent predominant
group (Hutchinson, 1975). In most lakes located in
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temperate climates, the dissolved silica concentration
in freshwater varies markedly as a consequence of its
seasonally use by planktonic and benthonic diatoms.
On the other hand, in the deep lakes, a vertical
distribution of dissolved silica is observed, consistent
with the surficial use of it by diatoms and enrichment
in the deep areas caused by diatom dissolution (Wet-
zel, 1983; Rickert et al., 2002).

In some freshwaters, the importance of in-and
outflow of Si in dissolved or easily regenerable
biogenic form (Conley, 1997) may be of greater
importance, but in general, the Si cycle is dominated
by biological uptake and regeneration within the lake
(Willén, 1991). All these factors are, of course,
dependent on the physical and chemical, as well as,
on the food web characteristics of the water ecosys-
tem in question. Diatoms are more likely to dominate
under conditions of low temperature, low light, high
turbulence and high nutrient concentrations (Rey-
nolds, 1984; Sommer et al., 1986; Willén, 1991).
Aggregation and sedimentation of the diatom cells
in the final phase of the bloom are also common,
since diatom aggregates achieve higher settling ve-
locities than single cells. Although some of the
biogenic Si is regenerated very rapidly in the epilim-
nion (Sommer, 1984), most of the labile Si in the
ecosystem is frequently transported from the epilim-
nion to the hypolimnion and the sediment surface in a
mass event (Tallberg, 2000). Since the regeneration of
dissolved Si primary occurs in the hypolimnion
during the period of summer stratification, the supply
of dissolved Si to the photic layer can be limited,
which may drastically influence the composition of
the phytoplankton assemblage and especially the
summer diatom species succession (Sommer et al.,
1986; Van Donk and Kilham, 1990; Egge and
Asknes, 1992).

The dissolution of diatom frustules is a very
complicated process, that is dependent on pH, tem-
perature, total dissolved solids of the environment, the
species of diatom involved and the bacterial activity at
the frustules surface (Bidle and Azam, 1999). In
shallow freshwater lakes, the permanent burial of
diatoms is usually not important (Sommer, 1988),
and most Si contained in the settling diatom cells is
released at the sediment surface on a time-scale of
days to months (Hurd, 1983; Conley, 1997; Rippey,
1983). Since the Si concentrations in sediment inter-

stitial waters are several times higher than those in the
water column (Hallmark et al., 1982), diffusion of
silicate from the sediments surface to the hypolimnion
is also an important pathway. While some properties
of the sediment (e.g. pH) directly influence the dis-
solution of silica (Hallmark et al., 1982; Tan, 1994),
the Fe and Al oxides and hydroxides content indirect-
ly increase Si dynamics and these minerals have the
ability to re-adsorb the released silicate (Edwards and
Liss, 1973; Hallmark et al., 1982; Aston, 1983; Gelen
et al., 2002). Such sorption and desorption mecha-
nisms constitute a buffering mechanism.

Several authors have calculated dissolved silica
mass budgets in lakes (Dickson, 1975; Parker et al.,
1977; Nriagu, 1978; Johnson and Eisenreich, 1979;
D’Elia, 1983; Schelske, 1985; Schelske et al., 1986a,b;
Hecky et al., 1986; Conley et al., 1988; Bailey-Watts et
al., 1989; Cornwell and Banahan, 1992; Conley et al.,
1993; Michard et al., 1994; Stoermer et al., 1996;
Callender and Granina, 1997; Hofmann et al., 2002).
Most of these studies have focussed in the Laurentian
Great Lakes or other Northen Hemisphere lakes,
usually large and deep. Dissolved silica mass budgets
in lakes located in the Southen Hemisphere are not
common.

In this work, the silica budget of a shallow pam-
pean lake (Lake Chascomus, Chaco-Pampa plain,
Argentina) is estimated. This is the first study on
silica dynamics in this environment. The Chaco-Pam-
pa plain is one of the most extended plain regions of
the world where a multiannual succession of humid
and dry climates, as well as its geomorphology, result
in the development of wetland systems and very
shallow lakes (Iriondo, 1999). Previous work has
showed that groundwater is an important water source
in pampean lakes (Miretzky et al., 2000, 2001a).
Dissolution of amorphous silica whose sources are
volcanic glass shards and biogenic silica derived from
plant or animal remains also present in the Pampean
loess most likely controls the high dissolved silica
concentrations in groundwater (mean value 63 ppm)
(Miretzky et al., 1998, 2001b).

2. Study area description

Chascomus shallow lake is part of the ““Sistema de
las Encadenadas de Chascomus’ (35°30’ S to
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35°34’ S and 58°17" W to 58°44’ W) in the Salado
River drainage basin, Chaco-Pampa plain, Argentina
(Fig. 1). Lake Chascomus (mean depth 1.5 m, surface
area 30.1 kmz, volume 47 km3; Dangavs, 1976), is a
shallow alkaline system with high concentrations of
suspended particulate matter and low transparency
(average Secchi disk readings 0.19 m; Romero and
Conzonno, 1997). The principal tributaries are Vitel
and Valdéz streams, while San Felipe, Tamborini and
Monte Brown streams are minor ones. Girado stream
is the only outflow stream (Fig. 1).

The regional geological characters are those of low
topographic slope great plain areas (Auge and Her-
nandez, 1983): surface geologic monotony; little tec-
tonic deformation; predominance of fine sediments
and continuity and areal extension of the geological
units, where Cretaceous, Tertiary (Lower and Upper),
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Plio-Pleistocene and Pleistocene (Middle and Upper)
sediments are superimposed over the Precambrian
crystalline basement. The principal characteristics of
the regional stratigraphic sequence (Salado River
sedimentary basin) are shown in Table 1 (Zambrano,
1974). The Pampean sediments or Pampean loess
(Middle and Upper Pleistocene) are of special impor-
tance in the chemical composition of the groundwater
and have been previously described (Miretzky et al.,
2001b).

The region has a wet climate and a mean temper-
ature between 13 and 16 °C. Mean annual precipita-
tion (1961-1990) was between 850 and 950 mm.
Although precipitation is high in the summer, the
precipitation—evaporation balance is usually negative
in this season. The region is characterized by very
gentle slopes (0.3 m km™'; Sala, 1975).
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Fig. 1. (a) South America, Argentina, Buenos Aires Province; (b) Salado River drainage basin; (c) Sistema de las

Chascomus”’; (d) Lake Chascomus tributaries and emisary.
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Table 1

Salado River sedimentary basin: stratigraphical sequence

Thickness (m) Formation Age Lithology

0-10 Post-Pampeano Holocene silty clays

10-120 Pampeano Pleistocene brown and dark reddish clayey and sandy silts,
rich in calcium carbonate in the shape
of concretions and layered beds (loess sediments)
of volcanic origin

30-80 Arenas Puelches Plio-Pleistocene dark yellowish to whitish, medium to fine grained
friable quartzose sands

100-900 Parana Upper Miocene marine sediments characterized by greenish clays
in the upper 50 m and by dark greyish
and whistish clayey sandstones in the middle
and lower parts

90-400 Olivos Lower Miocene dark reddish continental claystones and sandstones
with abundant gypsum

<1000 Las Chilcas Lower Terciary greyish and greenish silts

<3000 Rio Salado and Cretacic sands with subordinated clays and silts

General Belgrano
Basament Paleozoic quartzites

Pampean lakes are shallow alkaline ecosystems,
with a circulation pattern corresponding to polymictic
lakes. Nearly continuous vertical mixing occurs that
promotes a high concentration of suspended particulate
matter and low transparency. The water column is
almost always thermally homogeneous, saturated with
dissolved oxygen and with a high content of dissolved
organic matter, mainly humic substances (Conzonno
and Fernandez Cirelli, 1987, 1988). The benthos has
aquatic macrophytes at different development stages.
They show a typical profile of “pfanne” or “wanne”
(similar to a washbowl) with a shoreline development
of less than 4, indicating simple geometrical slope, and
amaximum depth of 4 m. The shoreline development is
the relation between the coastal length and circumfer-
ence related to the lake area. If the lake is circular, the
shoreline development is 1.

Upper sediments are sandy silt, silt and clayey silt,
with a calcium carbonate content between 1% and 20%
and organic matter lower than 15%. The nutrient and
organic matter concentrations, phytoplankton biomass,
presence of aquatic macrophytes, the frequency and
intensity of algae blooms and the observed fish com-
munity all point to the fact that the lake is eutrophic
(Ringuelet, 1962; Quirds and Drago, 1999).

Because of their depth, the biogeochemical dynam-
ics of pampean shallow lakes are intricately tied to
climate conditions, and the annual precipitation and
evaporation volumes are of the same order of magni-

tude as the lake volume. During flood periods, precip-
itation reaching the land surface is stored in depres-
sions forming shallow lakes and marshes. The water
exceeding the storage capacity of the depressions
moves very slowly on the surface as sheet flow.
Infiltration is very high due to regional lack of slope
and soil characteristics, and the water table is near the
land surface at most places. As a consequence, ground-
water and surficial water are strongly interrelated.

3. Material and methods

Lake Chascomus water column samples and surfi-
cial sediments (upper 5 cm) were collected monthly
from April 1999 to June 2000 at three sampling
stations located along a transect along the lake’s
longer axis. Also, the water column height was
monthly measured. The stations were documented
by satellite (GPS Garmon). Monthly water samples
(15) of Vitel, Valdez and Girado tributaries were
collected and stream surficial rate and section area
were measured in order to calculate the discharge, as
no data were available in the literature.

The water samples were filtered using 0.45 pm
acetate cellulose membrane (Micro Separations, MSI),
and were stored in polyethylene bottles. Silica was
determined spectrophotometrically at 815 nm (1 cm
path length Jasco 7850 spectrophotometer) after re-
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duction of silicomolybdate in acidic solution to “het-
eropoly blue” by ascorbic acid (APHA, 1993). Bio-
genic silica in water column was determined after
alkaline digestion at controlled temperature (Paasche,
1973; Conley, 1998) by the same method. Determi-
nations were performed in duplicate with a relative
error of <1.0% for all analyses.

Total diatom abundance and percentage composi-
tion of Chascomus and tributaries water and sediment
samples were determined (relative error 5—8%). The
diatomological techniques have been previously de-
scribed (Miretzky et al., 2002). Diatom silica content
of sediment was calculated by measurement of the
biovolume after Conley et al. (1989).

Precipitation and air temperature data during the
sample period (April 1999—June 2000) were obtained
from the Instituto Tecnoldgico de Chascomus
(INTECH). Air temperature statistical data (1941—
1990) were obtained from the Servicio Meteorologico
Nacional. Evaporation values were calculated with the
BALUBA 1.0 program (1991).

The errors in the time determination used in the
calculation of the surface rate were 0.5%, the error in
the width bridge measure 0,3% and the error in the
determination of the river section was 3%, therefore,

E——m Precipitation [ Evaporation

—a— Prec.-Evap. balance

the total error in the discharge measure was smaller
than 5%.

4. Results and discussion

Lake Chascomus hydrologic level and precipita-
tion—evaporation balance during the sampling period
(May 1999 to April 2000) is shown in Fig. 2. Lake
mean annual volume was 48.2 h m® (47 h m?;
Dangavs et al., 1996). The annual precipitation—
evaporation balance was positive (7.04 h m®) although
was negative from October 1999 to March 2000.

Vitel and Girado stream discharge were measured
monthly. Groundwater discharge was calculated by
means of a one-box model that takes into account
the monthly silica mass balance. In this model, it is
proposed that Chascomus water column and a thin
layer of 0.3 c¢cm upper lacustrine sediment (average
lake sedimentation rate 3.3 cm year '; Dangavs et
al., 1996) constitute a compartment or one box (Fig.
3). This compartment behaves as an ideally stirred
continuous tank with convection being the principal
mass transport process. Due to the shallow depth of
the lake and the wind mixing process, Lake Chasco-
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Fig. 2. Lake Chascomus hydric level and precipitation—evaporation balance during 1999—2000.
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Fig. 3. One-box model diagram.

mus is a chemically homogeneous system where,
consequently, diffusion process can be neglected.

The monthly silica mass balance in the one box
model is

Mf = M + MVa + MVi + Mgwater - MGi (1>

where Mg total silica mass in the month under con-
sideration; M;: total silica mass in the previous month;
My, My;i and M gy total silica mass input of the
tributaries (Valdéz and Vitel streams) and groundwa-
ter; and Mg;: total silica mass of the outflow stream
(Girado stream).

Also, total silica mass in the one-box in the actual
month will be
My = (Mss + Mgs)

water column, f

+ (MSS + MBS)sediment layer, f (2)

M; = (Mss + Mgs)

water column, i
+ (MSS + MBS)sediment layer, i (3)

where Mgg is the mass of dissolved silica and Mpg is
the biogenic silica mass; f: actual month; i: previous
month.

Stream volume input was calculated by the
monthly measured discharge rate. Runoff and Valdez
stream and other minor tributaries (Tamborini,
Mount Brown, San Felipe) volume inputs (Vy,) were
calculated as follows (error smaller than 5%).

Vwater column,f = Vwater column, i + VVa + VVi + Vgroundw
- VGi + Vpp - VEV (4)

where, V’=volume; pp = precipitation, Ev=evapora-
tion; and the other subscripts as before.

Combining the previous equations (Egs. (1)—(4))
results in

Vgroundw = [Mf - M - MVi + MGi
+ CVa(Vwater column,i — Vwater column, f

+ VVi - VGi + Vpp - VEV)]/(Cgroundw - CVa)

where C=total silica concentration.

This equation enables us to calculate the monthly
volume input of groundwater in Lake Chascomus by
determining the total silica mass in the box, ground-
water and tributaries, tributaries discharge and the
precipitation and evaporation volume. All these data
have been previously measured or calculated.

It should be mentioned that the floodgates that
communicate Chascomus and Vitel Lakes (located in
the stream Vitel) and Chascomus and Adela (located
in the Girado stream) (Fig. 1) were closed during the
months December 1999 and January, February and
March 2000 in order to prevent the water level from
lowering too much in the dry seasons (to allow fishing
craft to use the lake). During the summer, when the
floodgates are closed, the Valdéz stream and the minor
streams are practically dry, and the runoff is minimal.
At this time, Lake Chascomus behaves as a closed
system, with groundwater the only possible input.

The average monthly volume inputs of the tributar-
ies and groundwater is shown in Fig. 4. The contribu-
tion of the streams was larger in autumn and winter
1999, in coincidence with the highest precipitation.
Groundwater input is displaced some months in regard
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Fig. 4. Lake Chascomis monthly inputs and outflow average volume (h m?).

to surficial water, being important only in the spring
(August—November) 1999. During the year of the
study, the total volume input by the stream Vitel was
96.7 h m>, that of the Valdéz and minor streams 17.4
h m?®, groundwater 29.6 h m® and the outflow by
Girado stream was 145.0 h m®. Underground input
was ca. 26% of surface water input or ca. 20% of total
input approximately. The average residence time of the
lake water was ca. 4 months.

Fig. 5 shows the monthly concentration values of
dissolved silica (SS) and biogenic silica (BS) in Chas-

—&—dissolved silica concentr.

comus shallow lake during the sampling period. Dis-
solved silica values remain relatively constant (average
concentration value 2.27 ppm) until September
(spring) and they gradually diminish to a value of 0.1
ppm (lower limit of dissolved silica requirement by
diatoms) during the summer. In April 2000 the silica
value increased to 1.61 ppm. The biogenic silica
concentration increased from October 1999 to March
2000: average concentration value 12.7 ppm, (the
December value is anomalous and was not considered
in the mean value) and concentration values diminished

= 4 = biogenic silica concentr.

20.00
[
__15.00 et
£ ro
s [ ] ’ v
n F 7 N\ 7 1
@ 10.00 - N . ‘m v
ko) Y4
% z AN I 1
(7] 7 Nos u
? 500 a-n |
v’
J |
| b g /
|
0.00 ; ; ; ; : =0 o> ;
(2] (@] ()] (e} (] (2] (e ()] o o o o
N X X < N N X X < < < <
> s z = X X x z - = = z
> = S X <

Fig. 5. Lake Chascomuis monthly dissolved and biogenica silica concentration in water column (ppm).
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again in April 2000 to a value of 6.82 ppm. Conse-
quently we can affirm that the decrease of dissolved
silica in Lake Chascomus in spring and summer coin-
cides with the diatom growth (increase of biogenic
silica). It is probable that in December 1999 when
diatom abundance was low, but chlorophyll a concen-
tration was high (0.142 ppm), cyanobacteria dominated
the phytoplankton. This is favoured by the high temper-
atures that promote loss of dissolved inorganic carbon,
in particular carbon dioxide, and increases in pH
(Izaguirre and Vinocur, 1994; Miretzky et al., 2002).
The monthly contributions and the outflow of
dissolved and biogenic silica mass (#) were calculated
for the tributaries and outflow stream. Fig. 6a,b shows
the dissolved and biogenic silica concentration of the
tributaries. It should be noted that groundwater only
contributes with dissolved silica. The concentration
value of Vitel dissolved silica remained relatively

a
O Vitel stream

-
»

M Valdez stream
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constant during the entire year with a mean value of
9.09 ppm. On the other hand, Valdez values were
larger in winter than in spring (mean concentration
value 13.7 and 8.27 ppm, respectively). The dissolved
silica concentration of the groundwater was assumed
constant during the entire year and its average value
was of 63.5 ppm (Miretzky et al., 2001b). The bio-
genic silica concentration was lower in Vitel and
Valdez streams than the dissolved silica concentration.
This is the opposite for Girado stream (outflow stream)
due to the fact that the it has similar silica concen-
trations to Lake Chascomus.

Fig. 7 shows the dissolved silica concentration
values in pore water and the biogenic silica concen-
tration in the upper 0.3 cm of lacustrine sediments.
The latter increased notably in the spring 1999 and
then diminished in summer 2000. The same tendency,
although less marked, is observed in pore water

OGirado stream
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N
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Fig. 6. Lake Chascomus tributaries (a) monthly dissolved silica concentration (ppm); (b) monthly biogenic silica concentration (ppm).
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Fig. 7. Lake Chascomus monthly biogenic silica in sediments and pore dissolved silica concentration (ppm).

dissolved silica. Amorphous silica is more soluble
than crystalline silica (K,s=10"* for quartz at 25 °C
and K,,=10"*"*-10" > at 25 °C for amorphous
silica; Alexander et al., 1954; Greenberg and Price,
1954; Siever, 1962). Thus, the maximum concentra-
tion of dissolved silica in natural waters in contact
with the solid phase is fixed at 109.2—122.5 ppm at
25 °C. Therefore, the pore water is undersaturated
with respect to amorphous silica, and it is probable
that diatoms continue dissolving until pore water
silica concentration reaches the equilibrium value.
The monthly diatom net mass produced, or the
mass of new mineral phases containing newly formed
Si, or the mass of adsorbed Si in mineral oxides
(Rippey, 1980) can be calculated using reaction ki-
netics theory. The dissolved silica net mass entering
the system in a one-month period is the difference
between the inputs (Valdez, Vitel streams and ground-
water) and the outflow (Girado stream). The net
dissolved silica mass can follow at least two different
pathways described by the following reactions

k ap
BS < SS < P

kq kap
where BS: biogenic silica, SS: dissolved silica, P:
mineral product, k¢ formation constant; ky: dissolution
constant.

The dissolved silica reaction rate in accordance

with the previous reactions and considering that
biogenic silica dissolution follows first-order kinetics

(Hurd and Birdwhistell, 1983; Wollast, 1974; Rim-
stidt and Barnes, 1980) results

(ACSS/At) = —kaSS + kd - kpr55C;C$

+ kap + (ACSS/At)emers

one box

(5)

where x,y: represent mineral phases that may reac-
tion with silica to form product P; a, b: stoichiom-
etry coefficients.

The biogenic silica reaction rate results

(ACgs/At) = kyCss — kg + (ACgs/At)

one box enters

(6)

Combining Egs. (5) and (6), the mineral product
reaction rate results

kﬂ)CSSC;ZC}b, —kap = —(ACss/At) e box
— (ACBS /A1) gne pox
+ (ACBS /At) ey
+ (ACss /A gyiers ™)

The one-box model utilized in the above calcula-
tions makes the following assumptions:

(a) All physical and chemical parameters determi-
nations (e.g. flow rates, concentrations) were car-
ried out once a month and it was considered that
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the values obtained remained constant along that
month.

(b) The dissolution kinetics of aluminosilicates in
seston or in lacustrine silts is very slow (Wollast,
1967; Paces, 1983; May et al., 1986; Velbel, 1985;
Chow and Wollast, 1985; Sverdrup, 1990; White
and Peterson, 1990; Brantley, 1992,) and was not
taken in consideration in the month balances.

(c) The lacustrine sediment porosity determined was
0.70 and was considered constant along the year
of study.

(d) The groundwater dissolved silica concentration
was 63.5 ppm and was considered constant
during the entire year. This concentration was
the mean value of previous samplings in the area
(Miretzky et al., 1998; 2001a,b). The lake
section was considered constant and rectangular
instead of pfanne form (30 km?; Dangavs et al.,
1996) to calculate the monthly lake and sedi-
ment volume.

(e) The atmospheric silica concentration was ignored.

(f) Diffusion fluxes inside sediment pore water were
not taken into account.

Fig. 8 shows the net seasonal biogenic silica mass
(Eq. (6)) or new mineral phases (Eq. (7)) formed
during the study period. In the autumn 1999, the
dissolved silica input was enough for the diatom
production and there were no new mineral phases

Olnputs SS mass

Emineral products mass formed

formed or dissolved, and neither net silica adsorption
or desorption reactions on iron oxides surfaces were
quantitatively important.

In the winter, the net dissolved silica input was
large enough for diatom production and a small
quantity of a new silica mineral phase was formed
or silica adsorption took place. During the spring, the
dissolution of mineral phases or Si desorption was
necessary to sustain the diatom production. In the
summer 2000 dissolution and/or desorption were also
necessary, although in a lower measure. Finally, in
autumn 2000 the net dissolved silica was again
enough for diatom production, and for other mineral
formation or other processes.

The annual balance resulted as follows: the net
available dissolved silica was of 2679 t (1880 and 805
t for the groundwater and net river input, respective-
ly), the diatom production was 2631 t and only 63 t
(2.3%) were distributed between the formation of a
mineral phase and the adsorption of Si on metallic
oxides surfaces. The dissolved silica concentration in
the water column was maximum in winter, due to the
streams and groundwater inputs. However, the sea-
sonality of the largest input does not coincide with the
time of high diatom demand. The dissolution of
mineral phases, or amorphous silica desorption pro-
cesses on metallic oxides surfaces in spring and
summer, were necessary to have dissolved silica for
the seasonal algal bloom.

O BS mass formed
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Fig. 8. Lake Chascomus seasonally dissolved silica inputs and biogenic silica production (z).
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5. Lake Chascomis dynamics

There have been no other annual silica balances
carried out in lakes in Argentina or in South America,
therefore we must compare our results in Lake Chas-
comus with those from other regions such as the Great
Lakes of the Northern Hemisphere, Loch-Leven
(Scotland) and marine environment (Table 2). It is
not surprising that in the Great Lakes, which have
enormous surfaces and much greater depths than our
system, the annual silica mass balances are very
different. In the Lake Superior (Johnson and Eisen-
reich, 1979; Schelske, 1985) and in Lake Michigan
(Conway et al., 1977; Schelske et al., 1984; Schelske,
1985) the external dissolved silica inputs to the system
are smaller than the annual diatom requirement, and
the internal recycling is the primary process during the
entire year. In these lakes, only 5% of the biogenic
silica produced is deposited in the sediments and most
of the diatoms are dissolved in the water column. On
the other hand, the Great Lakes resemble the oceans in
the fact that the mass of dissolved silica in the water
column is little affected by the annual dissolved silica
input by rivers and streams, although a portion of it is
used in the annual diatom cycle.

The studies carried out on silica balances in the
Great Lakes use concepts of steady state, because the
lake water mass is much bigger than the river and
stream inputs (residence time 6.2—69 years). On the
other hand, Lake Chascomus presents completely dif-
ferent dynamics, observed in the analysed period, when
the contributions of the streams were 143 h m® and the
volume average of the lagoon was 48 h m® (hydric
residence time, 4 months).

Our results from Lake Chascomus are similar to
those from a shallow lake of Scotland, Loch-Leven

Table 2

(Bailey-Watts et al., 1989), where the dissolved silica
inputs by streams are similar to the annual diatom
production, but nevertheless internal recycling is nec-
essary to support the seasonal increase in the diatom
abundance. In this lake, there is no contribution of
dissolved silica by groundwater. In the larger, but
shallow lakes of central Canada, internal silica recy-
cling and the diffusion of silica from the sediment pore
waters, support the algal bloom (Hecky et al., 1986).

6. Conclusions

A silica budget was established in Chascomus
shallow lake in 1999-2000 using a one-box model
and first order kinetics for silica dissolution. The high
silica concentration in shallow groundwater is respon-
sible for 70% of the incoming dissolved silica in the
shallow lake. Although groundwater contribution has
been usually not considered in most of the silica mass
balance calculations in other systems, in our case it
cannot be neglected, being the principal source.

In general terms, the dissolved silica in Lake
Chascomus contributed by streams and groundwater
was able to support the diatom production through the
year. However, in the algal bloom period, during
spring and summer, the winter stock contributed by
the streams and groundwater was insufficient, and
therefore, an extra source of dissolved silica was
necessary. The seasonality of the greatest dissolved
silica contributions to the system did not coincide with
the time of more diatom demand. This extra dissolved
silica may be contributed by the dissolution of mineral
silica phases, the silica desorption from metallic
oxides surfaces, or perhaps, diffusion of Si from the
sediment pore water.

Comparative data of the silica dynamics in the Great Lakes, the oceans, Loch-Leven and Lake Chascomus after Johnson and Eisenreich (1979),
Schelske (1985), Conway et al. (1977), Schelske et al. (1984), Bailey-Watts et al. (1989) and Conley (1997)

SS water Inputs, Residence time, Diatom

column, t t year ' year production, t year™ '
Michigan Lake 7.2 % 10" 2x 10" 36 52-6.4x10"7
Ontario Lake 0.75 x 10" 1.2x10" 6.2 5.9 % 10"
Superior Lake 29 x 10" 42x 10" 69 24-6.8x10"7
Oceans 55%10'® 6x 10" 13000 1.0-3.2x 10"
Loch Leven 333 953 985
Chascomus Lake 86 2951 0.3 2631
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Although in the period sampled a silica mass
balance was performed, the lake dynamics, are very
susceptible to the climatic factors and our calculated
mass balance only predicts the seasonality of the
processes. The application of the one-box model
allows qualitative understanding of lake behaviour,
bearing in mind that the results obtained are only
quantitatively valid for the studied period.

The dissolved silica budget established in this
study constitutes the first one in a shallow pampean
lake and contributes to the knowledge of these very
abundant waterbodies in the extended Chaco-Pampa
plain in Argentina.
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