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Abstract. Biogenic silica concentration (BSi) in sediment cores from the Great Lakes is
evaluated as an estimate of siliceous microfossil abundance. A significant linear relationship
was found between measured BSi and diatom valve abundance for sediment cores from the
Bay of Quinte, Lake Ontario, Lake Erie, Lake Michigan and Lake Superior and between
measured BSi and diatom biovolume for Lake Erie, Lake Michigan, and Lake Superior but
not for Lake Ontario. Diatom silica predicted from diatom species abundance and an
estimated silica content per cell in the Lake Erie cores accounted for 117% and 103% of
measured BSi, respectively. By contrast, predicted diatom silica could only account for 28%
of measured BSi in the Lake Michigan core and only 25% in the Lake Superior core. A few
large diatoms with a large silica content per cell comprised a major portion of predicted
diatom silica in all cores. The discrepancy between chemically measured BSi and the silica
predicted from diatoms in the Lake Michigan and Lake Superior cores was partially due to
the inability of the regression model, used to estimate diatom silica coritent, to account for
different degrees of silicification in the diatom asemblages from the more dissolved silica rich
Lake Michigan and Lake Superior.

Introduction

The stratigraphy of biological and chemical components in sediments
provides a wealth of information which allows reconstruction of the history
of lakes and oceans. Biogenic silica (BSi), an amorphous form of silicon
biogenically precipitated by a variety of siliceous organisms (diatoms, silico-
flagellates, radiolarians, and sponges), is a component of sediments com-
monly determined in paleolimnological and paleoceanographic studies. The
ease of determining BSi in comparison to the laborious task of enumerating
siliceous microfossils has led to its use as an indicator of siliceous microfossil
abundance in sediments.
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Variations in BSi concentration in marine sediments are generally used to
infer productivity of overlying waters (Lisitsyn 1971). In paleolimnological
studies, however, using BSi stratigraphies in reconstructing historical lake
productivities have met with limited success (Digerfeldt 1972; Engstrom &
Wright 1984; Newberry & Schelske 1986). Relating sedimentary BSi to
paleoproductivity requires that:

— BSi preserved in sediments is representative of overlying water produc-
tivity.

— There have been no changes in BSi preservation over the time interval of
interest.

— Depletion of dissolved silica in the water has not reduced BSi inputs to
sediments (Schelske et al. 1983) while non-siliceous forms of algae
experience increased levels of production (Schelske & Stoermer 1971).

— Mass sedimentation rates can be measured so that BSi fluxes to the
sediment can be determined.

Although BSi concentrations in sediments generally reflect siliceous
microfossil abundance (Renberg 1976; Schelske et al. 1983; Newberry &
Schelske 1986), concerns have been raised whether chemical or physical
techniques used to measure BSi are in fact determining microfossil silica or
other forms of amorphous silica (Robbins et al. 1975). The use of BSi as an
indicator of paleoproductivity, therefore, has been limited because of these
uncertainties.

Numerous limnological studies have shown that diatoms modify dis-
solved silica concentrations in natural waters through the uptake of dis-
solved silica and incorporation into their frustule as BSi (Lund 1950; Kilham
1971; Schelske & Stoermer 1971). Furthermore, calculation of the amount
of dissolved silica removed from the water column has been estimated from
the amount of dissolved silica utilized by individual diatom species (Gibson
et al. 1971; Cheng & Tyler 1973; Bailey-Watts 1976; Gibson 1981; Sommer
& Stabel 1983). By contrast, sediment studies have not been successful in
accounting for measured BSi from that calculated from microfossil abun-
dance (Robbins et al. 1975; Boucher 1984; Leinen 1985).

The purpose of the present study is to determine how well chemical
measurements of BSi concentration reflect siliceous microfossil abundance
in five cores from the Great Lakes. Regression models were used to deter-
mine the relationship between BSi and diatom abundance. BSi was predicted
by summing the estimated silica content of species in the diatom assemblage
present in cores and was then compared with measured BSi in cores. Factors
that contribute to variation in the relationship between measured BSi in
cores and diatom abundance are discussed.
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Methods

Microfossil counts

Microfossil assemblages in sediment cores from the Bay of Quinte (Stoermer
et al. 1985a), Lake Ontario (Stoermer et al. 1985b), Lake Erie (Stoermer et
al. 1987), Lake Superior (Stoermer et al. 1985c) and Lake Michigan (E.F.
Stoermer & J.A. Wolin unpubl. data) were enumerated in the laboratory of
Dr. E.F. Stoermer (Great Lakes Research Division, University of Michigan,
Ann Arbor, Michigan, USA).

Quantitative estimates of siliceous microfossil abundance were made
using a modification of the settling chamber technique originally developed
by Battarbee (1973), (see Stoermer et al. 1985a for details). All fragments
were identified to the lowest taxonomic category possible and the fragments
were reconstituted into whole valves by summing the fractional categories.
The reconstitution of fragments into whole vaives allows for the assumption
that the contribution of unmeasured diatom fragments to BSi will be negli-
gible.

Biogenic silica

Different techniques have been used to determine the concentration of
biogenic silica (BSi) or opal in sediments (see DeMaster 1981; Leinen 1985).
The method used in this study was the wet chemical dissolution technique
utilizing a weak Na,CO, base to dissolve BSi in a sediment matrix (Hurd
1972; Eggimann et al. 1980; DeMaster 1981). It is based on the fact that the
poorly crystalline silica of microfossils dissolves readily in a weak base such
that BSi is essentially dissolved in 2h and that the more ordered mineral
phases dissolve at a much slower and constant rate. By measuring over time
the increase in dissolved silica concentrations from sediments during the
digestion and then extrapolating back to time zero, i.e. the intercept, the
silica extracted can be corrected for the dissolution of mineral silica (DeMas-
ter 1981).

Freeze-dried sediment was digested in 1% Na,CO, for 4h at 85°C.
Sub-samples were removed at 2, 3, and 4h and analyzed for dissolved silica
on a Technicon AutoAnalyzer I1. BSi concentrations were determined from
a least squares regresion of the amount of dissolved silica extracted from the
sediment vs time. The error associated with the measurement of BSi was
generally + 10%.

BSi concentrations in sediments from the Bay of Quinte (Schelske et al.
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1985), Lake Ontario (Schelske et al. 1983), Lake Erie (Schelske et al. 1986),
Lake Superior (Stoermer et al. 1985c), and Lake Michigan (Schelske et al.
1986) were published previously.

BSi concentrations also were determined on freeze-dried sediment that
had been digested in 10% HCI for 1 h at 90°C and subjected to additions
of 30% H,0, until vigorous bubbling had ceased. After digestion the
sediment was filtered onto 0.45 um Nuclepore polycarbonate filters, washed
several times to remove all traces of acid and digested for BSi.

Silica content of diatoms

Thessilica content of diatoms reported in the literature varies greatly because
of the variety of techniques used to determine silica cell content, differences
in the degree of silicification of populations from other localities, and
differences in the size of species between localities. Diatom silica content can
be estimated from the size of a cell because the amount of silica incorporated
into a diatom should be proportional to its size. Biovolume estimates have
been used to provide first-order estimates such as carbon (Strathmann 1967)
or, in this case, silica (Conley et al., submitted). Least square regression

Log [Si Content pg Si02]

Log [Biovolume um°]

Fig. 1. Biovolume vs silica content of diatoms. Redrawn from Conley et al. (submitted).
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analysis was used to predict the approximate silica content of a diatom
species from its biovolume (Fig. 1) by the following equation (Conley et al.,
submitted):

log,,[silica content] = (1.03 + 0.06) log,,[biovolume] — (0.67 + 0.19)
(n = 62,2 = 0.83, p < 0.0001). )

If biovolume of a species is known or can be determined, one can estimate
its silica content.

Data on biovolume of Great Lakes diatom species were available from
earlier studies (T.B. Ladewski & E.F. Stoermer, Great Lakes Research
Division, University of Michigan, Ann Arbor, Michigan, USA, unpubl.
data). When a biovolume was not available, it was determined by measuring
valve dimensions from select intervals in cores and using the best geometric
approximation to calculate biovolume.

Prediction of BSi

BSi was predicted (pBSi) from diatom abundance by summing the amount
of silica estimated in the diatom assemblage in a core. BSi in a sediment
interval was calculated by multiplying valve concentration of species i, V,,
divided by two valves per cell, times the estimated silica content of a diatom
per cell determined from its biovolume of species i, Si;. The quantity of silica
from species in that interval were then summed to obtain, pBSi, i.¢.

pBSi = Y Z!Si @)

pBSi was not calculated for the Bay of Quinte because species composition
was considerably different from that in the other cores studied.

Because diatoms were the major component of siliceous microfossils in
cores, data from chrysophycean cysts and sponge spicules were not included
in the calculation of pBSi. In addition, because of the large number of
species found in cores, not all species were used in the analysis. Only species
which comprised at least 5% of total abundance or appeared in at least 25%
of the intervals in a core were used in the calculation of pBSi. Therefore,
only 67% of the assemblage counted was used in the calculating pBSi in the
Lake Ontario core, 94% in the Lake Erie core, 74% in the Lake Michigan
core, and 71% in the Lake Superior core.
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Fig. 2. Valve concentration vs BSi concentration in cores. The stars in the Lake Erie core
denote intervals in which large numbers of the diatom Stephanodiscus parvus are present.
Results

Comparison of BSi to diatom abundance and biovolume

A significant linear relationship between valve concentration and measured
BSi was found for cores in each lake (Fig. 2, Table 1). A significant linear



Table 1. Results of least squares regression analysis.
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Lake (n) Regression coefficients r
Intercept Slope
Valve abundance vs measured Bsi
Bay of Quinte 36 7.84 0.365 0.91**
Lake Ontario 30 2.37 0.259 0.40%*
Lake Erie 43 30.90 0.152 0.33**
Lake Michigan 36 13.10 0.656 0.86**
Lake Superior 30 24.10 0.460 0.67**
Combined data 175 11.60 0.435 0.56**
Biovolume vs measured Bsi
Lake Ontario 30 19.8 0.96 x 10°* 0.07N8
Lake Erie 43 19.6 0.15 x 1073 0.62**
Lake Michigan 36 16.6 0.86 x 107} 0.76%*
Lake Superior 30 26.9 0.85 x 107} 0.68**

** Significant at p < 0.01; M Not significant.

relationship between valve concentration and measured BSi was also
attained when the data from all cores were combined (Table 1), although the
scatter was large (Fig. 3). The regression between total assemblage bio-
volume and measured BSi was significant for cores from Lake Erie, Lake
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Fig. 3. Valve concentration vs BSi concentration for combined data from the cores studied.
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Table 2. Calculated mean silica content of diatoms, mean biovolume per cell, and ratio of
calculated mean silica content to mean biovolume (SiO,:BV).

Lake Mean silica content Mean biovolume Si0,:BV
(pg Si0,-cell"") (um?-cell™!) (pg Si0, - um~3)
Bay of Quinte 4670 + 4110
Presettlement 8410 + 2880
Postsettlement 1330 + 662
Lake Ontario 576 + 209 1940 + 446 0.300
Lake Erie 1640 + 1200 4850 + 1450 0.338
0-8 cm 1060 1+ 360 3950 + 1230 0.267
8-20 cm 1200 + 230 4710 + 1150 0.255
20-38 cm 2410 + 618 6190 + 1200 0.390
Lake Michigan 1870 + 456 1450 + 262 1.29
Lake Superior 1490 + 474 1010 + 220 1.48

Michigan and Lake Superior, but not for Lake Ontario (Table 1). Using
diatom biovolume instead of valve abundance improved the relationship
only in the Lake Erie core.

If all measured BSi in cores can be attributed to diatoms than a mean
silica content of a diatom assemblage can be calculated by dividing
measured BSi by diatom abundance. Differences in calculated mean silica
content were found both downcore (Figs. 4-8) and between lakes (Table 2).
Calculated mean diatom silica content in Bay of Quinte sediments (Fig. 4)
abruptly decreased by a factor of six after 1850 following settlement of the

1c8 Valves.g™! P9 SiC‘Z-ceh—1 Biogenic Silica [mg‘gqj

100 200 5000 15000 25 75 125
‘ a . . R n - : n . )

Depth [em]
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Fig. 4. Valve concentration, calculated diatom silica per cell and BSi concentration from the
Bay of Quinte core. Dates taken from Schelske et al. (1985).
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basin. However, this change is probably the result of the presence of sponge
spicules, which can contain an order of magnitude more silica than diatoms
(Boucher 1984). Sponge spicules comprised on the average 25% of the
presettlement siliceous microfossils in the Bay of Quinte (Stoermer et al.
1985a). By contrast, following settlement of the Bay of Quinte basin sponge
spicules comprised on the average only 0.7% of the presettlement siliceous
microfossils. In Lake Erie, calculated mean diatom silica content also
decreased upcore (Fig. 6). Cores from Lake Michigan (Fig. 7) and Lake
Superior (Fig. 8) had no consistent trend in calculated mean diatom silica
content with depth.
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Fig. 5. Valve concentration, calculated diatom silica per celi, BSi concentration and calculated
pBSi from the Lake Ontario core. Dates taken from Schelske et al. (1983).
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Fig. 6. Valve concentration, calculated diatom silica per cell, BSi concentration and calculated
pBSi from the Lake Erie core. Dates taken from Stoermer et al. (1987).
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Predicted silica content of diatoms

The silica content of diatoms predicted from biovolume provides a good
first-order estimate of the amount of silica in a diatom. However, the model
(Eq. 1) has a 95% confidence interval of 56-180% of the calculated silica
content of a diatom for a given biovolume. The estimation of silica content
from the least squares regression analysis was insensitive to silicification of
different species. For example, Sicko-Goad et al. (1984) determined that the
biovolume of Melosira granulata was 5127 ym* and had a silica content of
581 pg SiO,-cell~'. By contrast, Melosira islandica has a biovolume one
third that of M. granulata, but is almost twice as heavily silicified containing
1059 pg SiO, - cell~'. Because silica content was predicted from biovolume,
the regression analysis predicted a greater silica content in M. granulata than
in M. islandica. Another example of the inability of the regression model to
differentiate silicification may be found in the Stephanodiscus niagarae
complex. Stephanodiscus superiorensis, a diatom found only in Lake
Superior (Theriot & Stoermer 1984), overlaps the size range and biovolume
of S. niagarae. However, it is approximately twice as heavily silicified as S.
niagarae (Theriot & Stoermer 1984), which could not be accounted for by
the regression model used in this study. Frustule thickness, which would
allow for a different amount of silicification, would clearly be a better
predictor of silica content. However, frustule thickness measurements are
not only lacking for most species, but also are difficult measurements to
make on diatoms.
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Fig. 7. Valve concentration, calculated diatom silica per cell, BSi concentration and calculated
pBSi from the Lake Michigan core. Dates from T.L. Newberry & C.L. Schelske (Great Lakes
Research Division, University of Michigan, Ann Arbor, Michigan, USA, unpub. data).
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Fig. 8. Valve concentration, calculated diatom silica per cell, BSi concentration and calculated
pBSi from the Lake Superior core. Settlement hotizon from Stoermer et al. (1985c).

Predicted BSi in cores

Predicted BSi (pBSi) from cores generally understimated measured BSi
(Figs. 5-8). pBSi calculated from species abundance and their respective
silica content could account, on average, for 97% of BSi measured from the
Lake Erie core, 91% in the Lake Ontario core, 23% in the Lake Michigan
core, and 22% in the Lake Superior core (Table 3). Because not all species
enumerated in cores were used to calculate pBSi, pBSi was adjusted to
include the percentage of diatom assemblage not used in calculating pBSi.
The adjusted percentage of pBSi was 117% of measured BSi from the Lake
Ontario core, 103% in the Lake Erie core, and 28% in the Lake Michigan
core and 25% in the Lake Superior core (Table 3).

The largest diatoms with a high silica content per cell comprised the major
portion of pBSi in all cores (Table 3). For example, in the Lake Erie core,
S. niagarae averaged 18% of the diatom assemblage and comprised 82% of
pBSi. By contrast, Stephanodiscus parvus was found in the Lake Erie core in
almost equal abundance (15% of the assemblage) but comprised only 0.2%
of pBSi. Another example of a small population having a large influence on
pBSi was found in the Lake Superior core where S. superiorensis was only
1% of the population yet comprised 18% of pBSi. The presence of a few
diatoms with a large silica content that accounted for the majority of pBSi
was consistent throughout the cores examined (Table 3).

Discussion

The results presented here demonstrate that the silica content of the largest
diatoms was the major factor affecting the amount of BSi chemically
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measured in cores. Because mean silica content of an assemblage will vary
with species composition, changes in diatom community composition,
therefore, will affect the correlation between diatom abundance and BSi. It
is possible to adjust for changes in silica content by expressing the assem-
blage in terms of biovolume, which roughly takes into account differences
in size structure of the assemblage. Of the cores analyzed (Table 1), however,
only in the Lake Erie core, was an improvement noted in the correlation
between biovolume and measured BSi. Improvement of the correlation with
BSi in the Lake Erie core occurred because biovolume corrected for the high
abundance of the small diatom S. parvus present in the core (identified with
stars in Fig. 2). Initial comparison suggests that improvement of the corre-
lation with BSi using biovolume instead of valve concentration occurs only
when there is a large range in diatom sizes and other studies support this
hypothesis (Flower 1980; Newberry & Schelske 1986).

Downcore changes found in calculated mean diatom silica content (Figs.
4-8) may be partially due to a change in size structure of the diatom
asemblage and the accompanying change in silica content with cell size. The
ratio of calculated mean diatom silica content to mean diatom biovolume
(Table 2) normalizes for both abundance and biovolume changes downcore
and also provides an estimate of silicification of the population. The cal-
culated silica per unit biovolume of the diatom assemblage ranged from
0.300 pg SiO,- um~* in the Lake Ontario core to 1.48 pg SiO, - um~* in the
Lake Superior core (Table 2). By comparison, freshwater diatoms from the
literature survey in Fig. 1 contain on average 0.33 pg SiO, - um~3 (Conley et
al., submitted) and values as high as 2.36 pg SiO, - um 3 have been reported
for diatoms in other freshwaters (Einsele & Grim 1938).

Silica per unit biovolume for diatom assemblages in cores appears to
reflect disolved silica supplies in the water column. Lake Superior, being the
most oligotrophic and dissolved silica rich of the Great Lakes (Schelske &
Roth 1973), had the most heavily silicified population, followed by Lake
Michigan at 1.29 pg SiO, - um~*, which undergoes dissolved silica limitation
during the stratified period (Schelske & Stoermer 1971). Diatom assemblage
silicification in the Lake Ontario core was a factor of five lower than in the
core from Lake Superior. Lake Ontario has undergone severe nutrient
enrichment with European settlement of the basin and probably has been
dissolved silica limited for an exended period (Stoermer et al. 1985b). The
SiO,:Biovolume ratio of the diatom asemblage in the Lake Erie core
declined stepwise as productivity increased (Stoermer et al. 1987). A decline
in Si10,:Biovolume ratio can occur by two mechanisms:

— A decline in silicification of species present as dissolved silica limitation
becomes more intense with increased eutrophication.
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— A change in species composition with dissolved silica limitation, which
selects for new species that have lower silica requirements.

In Lake Michigan and Lake Superior, adjusted pBSi was within a factor
of four in predicting measured BSi, and adjusted pBSi in Lake Ontario and
Lake Erie overestimated measured BSi by 17% and 3%, respectively. By com-
parison, in studies on marine sediments, Leinen (1985) could predict only
0.5-5% of total opal in a core calculated from radiolarian microfossil data,
whereas Boucher (1984) was on the average within a factor of four in
accounting for BSi from siliceous microfossil abundance. Robbins et al.
(1975) could account for less than 10% of measured BSi in a core from Lake
Michigan calculated from diatom abundance and an estimate of mean
diatom silica content determined from a plankton tow. Use of plankton
tows to obtain a mean diatom silica content can lead to an underestimation
of the amount of BSi in sediments because not all species in tows are found
in sediments (Haworth 1980), primarily due to loss of lightly silicified species
from the sediment record (Glover 1982). Despite these limitations, the mean
silica content determined by Parker & Edgington (1976) from plankton tows
in Lake Michigan, used in the Robbins et al. (1975) analysis, was 1140 pg
SiO, - cell™'; only 39% lower than the estimated mean diatom silica content
calculated in the Lake Michigan core (1870 pgSiO,-cell™!) in this study
(Table 2). If Robbins et al. had counted fragments smaller than one-half a
valve, which can comprise a significant portion of the species composition
in cores (Glover 1982), their estimate of pBSi probably would be greatly
improved.

The chemical measurement of BSi in cores could overestimate diatom
derived silica if non-diatom amorphous silica was present and was extracted
during the analysis for BSi. Failure to account for measure sedimentary BSi
from microfossil counts (Robbins et al. 1975) or failure to balance silica
budgets in the Great Lakes (Nriagu 1978; Johnson & Eisenreich 1979) has
led to speculation that the silica stored in Great Lakes sediments should be
comprised largely of authigenic amorphous cryptocrystalline silicates. John-
son & Eisenreich (1979) suggested that this mineral was smectite, although
their attempts to identify smectite by X-ray diffraction were unsuccessful in
lake Superior cores. Digestion of sediments with 0.1 N HCl should extract
any amorphous alumino-silicates present in the sample (J.E. Mackin, Mar-
ine Sciences Research Center, SUNY - Stony Brook, Stony Brook, New
York, USA, pers. comm.). If measured BSi was comprised mostly of authi-
genic amorphous alumino-silicates then BSi concentrations determined fol-
lowing acid digestion should have been significantly less than the BSi
concentration determined on raw sediment samples. However, BSi con-
centrations measured in sediment samples before and after acid/peroxide
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cleaning are comparable (Table 4). It has been shown that although silica
can be consumed in the formation of new clay minerals by “reverse weather-
ing” reactions (MacKenzie & Garrels 1966; Berner 1971; Mackin & Aller
1984a, 1984b), the quantities of an authigenic alumino-silicate mineral
should constitue a very minor fraction of sediments relative to the detrital
component. In addition, because of the uniformity in the composition of
sediments from the Great Lakes (Thomas 1981), there is no a priori reason
to suggest that authigenic aluminosilicates would be more prevalent in the
Lake Michigan and Lake Superior cores than in the Lake Ontario and Lake
Erie cores. Therefore, it is unlikely that exraction of authigenic minerals
during the measurement of BSi can account for this discrepancy between
measured BSi and pBSi.

pBSi could be underestimating measured BSi because not all siliceous
components of the microfossil assemblage were included in calculating pBSi.
These components include chrysophycean cysts and sponge spicules, which
have a large silica content relative to the majority of diatoms (Boucher
1984); and the occasional large, heavily silicified benthic diatom. Cores
enumerated for siliceous microfossil abundance in Lake Superior (Stoermer
et al. 1985c), Lake Michigan (Glover 1982; E.F. Stoermer & J.A. Wolin
unpubl. data), and the presettlement flora of the Bay of Qunite (Stoermer
et al. 1985a) are relatively enriched in benthic diatoms. In most instances,

Table 4. BSi concentration of undigested freeze-dried sediment samples (US) and mean BSi
concentration of peroxide/acid cleaned (AC) sediment samples (n = 2) at various depths in
a core collected from Green Bay, Lake Michigan (C37) in 1985 and the Lake Michigan core
collected in 1985.

Depth us AC
(cm) (mg-g™") (mg-g™")
C37-84 0-2 181 176 + 11
6-8 172 165 + 7
12-14 210 198 + 2
18-20 243 248 + 6
28-30 102 107 + 1
38-40 31 2+ 4
K34-85 0-1 141 140 + 14
2-3 133 145 + 3
4-5 141 146 + 21
8-9 38 56 + 2
12-13 21 35 4+ 2
20-22 34 45 + 1
28-30 25 40 + 5
38-40 19 28+ 8
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these components are numerically low in abundance and unimportant in
terms of the composition of the assemblage, but have the potential of
comprising a significant fraction of BSi because of their large silica content.

The discrepancy between chemically measured BSi and the silica predicted
from diatoms in the Lake Michigan and Lake Superior cores was partially
due to the inability of the regression model (Eq. 1), used to estimate diatom
silica content, to account for different degrees of silicification in the diatom
assemblages from the more dissolved silica rich Lake Michigan and Lake
Superior. If the silica contents of the largest diatoms and, therefore, the most
important species in terms of pBSi are greater than predicted from the
regression model then a better correspondance between measured BSi and
BSi determined from diatom silica would be attained.

The results from this study suggest that the measurement of BSi can be
a good estimate of diatom silica in sediments. In sediments where chry-
sophycean cysts, sponge spicules, or benthic diatoms are present, these
components must be taken into account in determining microfossil silica
because they contain a large silica content relative to the majority of diat-
oms. In addition, a linear relationship between BSi and diatom abundance
should not necesarily be expected because of the size range and thus the
silica content of different diatom species present in a core. Because the
largest species accounted for significant portions of pBSi, further research
on actual silica contents of those species is necessary to refine estimates of
pBSi in cores.
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