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SILICA IN STREAMS AND GROUND WATER

STANLEY N. DAVIS
Department of Geology, Stanford University, Stanford, California

ABSTRACT. A survey of published chemical analyses shows that the silica content of
natural water is less variable than any of the other major dissolved constituents. The
median value of silica for ground water is 17 ppm and for stream water, about 14 ppm.
Concentrations of less than 3 ppm are found only in lake and ocean water or water derived
recently from rain or snow.

The most important factor controlling silica in ground water is the rock type in con-
tact with the water. Salinity, pH, and relative percentage of various ions do not normally
have a measurable influence on natural silica concentrations. Biological activity removes
silica from some streams, particularly those passing through lakes.

The total quantity of silica exported in solution by streams is related directly to the
amount of runoff. Rates of silica removal vary from less than 0.01 mg/cm?/yr in deserts
to more than 2.0 mg/cm?®/yr in humid mountainous regions. Vegetation and surface tem-
perature show no discernible effects either on rates of removal or on absolute silica con-
centrations. Consequently, the common notion that moist tropical climates produce a more
rapid removal of silica than do moist temperate and moist subarctic climates needs further
scrutiny.

INTRODUCTION

The silica content of natural water is of particular interest in geology in-
asmuch as it is related to such diverse problems as the origin of laterites, the
diagenesis of sandstone, and the formation of chert. Recent geochemical work
(Krauskopf, 1956; Lier, 1959; Morey, Fournier, and Rowe, 1962; Lewin,
1961; Pickering, 1962; and Siever, 1962) has outlined many of the physical
and chemical factors that control the content of silica in water at low tempera-
tures and pressures. Relations between field and laboratory data, however, are
not well enough established to clarify many details connected with the hydro-
geologic distribution of silica. For example, laboratory work suggests that
temperature might be of prime importance in controlling silica concentrations
in most natural water. Analyses of normal surface and ground water, never-
theless, do not appear to support this idea.

The purpose of this paper is to compare information from published
analyses of natural water with the known laboratory behavior of silica. Al-
though most analyses are of water from the United States, a wide variety of
natural environments are represented, so a number of general conclusions are
made. More data, nevertheless, are needed for certain regions, especially those

having humid tropical and dry arctic climates.

METHOD OF STUDY

Surveys of published water analyses commonly encounter at least five
major difficulties. First, the total number of analyses is very large, probably
numbering in the hundreds of thousands. Second, the accuracy of the work
varies greatly according to the year and the laboratory in which the work was
done. Third, the results are commonly contained in obscure publications.
Fourth, important information concerning the geologic or hydrologic origin of
the water is typically lacking. Fifth, the geographic distribution of samples is
uneven. Some areas of several thousand square miles do not have a single
water analysis whereas other areas may have more than one analysis per
square mile.
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To overcome some of these difficulties the following procedure was used.
Publications containing large amounts of data from wide geographic regions
were used when possible. Where a choice was possible, analyses in recent pub-
lications of the United States Geological Survey were chosen. If these were not
available, analyses published by state agencies were used. Except for a few
waters treated only with chlorine, analyses of water that had been treated
chemically prior to sampling were not used. Where total numbers were too
great, a sample of from 100 to 500 analyses was taken. An attempt was made
to select samples that would be representative of a certain area or region. The
following simple system was used where possible: If one analysis was to be
chosen from a page or a list, the first in the page or list was taken. If two were
to be chosen, the first and last were taken. If three were needed, the first, mid-
dle, and last were taken; and so forth. Inasmuch as data were listed alphabeti-
cally by towns and counties, no geographic bias is introduced by this system.
It was modified, however, for some stream data which were arranged in
chronological order. Commonly, a sample from a certain river station is taken
on the same day other rivers in the region are sampled. Analyses made periodi-
cally were selected according to randomly chosen dates.

Cumulative frequency curves were constructed to facilitate visual compari-
son of data and to allow a direct reading of 5, 25, 50, 75, and 95 percent
values (fig. 1). For areas represented by fewer than 25 analyses, only the
median values have been tabulated, and for those represented by 25 to 91
analyses, only the 25, 50, and 75 percent values were tabulated (tables 1, 2,
and 3).
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Fig. 1. Cumulative frequency curve of 545 analyses of silica from California streams
Data are from California Dept. Water Resources, Bulletin 65.
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Water analyses generally give silica in parts per million as SiO., a con-
vention followed in this report. Modern chemical work, however, indicates that
most silica exists in natural water as an unionized silicic acid, H,SiO,, rather
than a colloid or a silicate ion (Krauskopf, 1956).

NATURAL RANGE OF SILICA CONCENTRATION

Silica commonly accounts for 5 to 10 percent of the total dissolved solids
in potable water (fig. 2) and less than 1 percent of the total dissolved solids
in saline water and brine. Extreme ranges of silica in natural water are from
a minimum of less than 0.1 parts per million by weight (ppm) in snow to
almost 4000 ppm in a California mineral spring (Feth. Rogers, and Roberson,
1961). Although silica is one of the more common dissolved constituents of
water, it is rarely the most abundant constituent. The highest concentration of
silica relative to total dissolved solids has been reported from Reykjavik. Ice-
land. Here, a sample from a well fed by thermal water had a silica content of
172 ppm with a total dissolved solids content of only 333 ppm (White and
Sigvaldason, 1963).

Despite the rather wide range found in nature, silica concentrations are
notable by their lack of variation in comparison with other major constituents.
For example, 90 percent of the public ground-water supplies in the United
States have silica concentrations ranging from 7 to 43 ppm (table 1 and fig.
2) while 90 percent have sulfate concentrations ranging from 1 to 300 ppm
(fig. 2), or a variation of almost 8 times that of silica The steepness of the
cumulative frequency curve of silica in figure 2 compared with the other curves
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Fig. 2. Cumulative frequency curve of 99 analyses of various dissolved constituents
in potable ground water from the United States. Data are from U. S. Geological Survey
Water Supply Papers, 1299 and 1300.
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indicates that silica is the least variable of the major constituents in ground
water. This is also probably true of river and lake waters although the matter
was not studied in detail.

Median values of silica in potable ground water from different areas and
regions vary from 9 to 85 ppm (table 1). Medians for saline water and brines
vary from 9 to 26 ppm (table 2). The median for all ground water in the
United States is close to 17 ppm and for all streams is about 14 ppm (table 3).
If the median value for streams were based on total water discharged by the
stream and not on aerial distribution of sampling, it would be roughly 10 ppm.
Livingstone (1963) has estimated the weighted mean concentration of silica
in all rivers of the world to be 13.1 ppm which is close to the values calculated
for the United States.

GEOCHEMICAL CONTROLS

Relative ITon Concentrations.—The relative concentration of various ions
has been thought to influence the amount of silica in natural waters (Hem.
1959; Lovering, 1962). As a rough test of this hypothesis, 121 analyses of
water having 40 ppm or more of silica and 128 analyses having 15 ppm or less
of silica were plotted on trilinear diagrams of the type described by Piper
(1944) (figs. 3 and 4). Although waters {from certain geographical areas have
similar proportions of dissolved constituents. no clear cut distinction is ap-
parent between waters high in silica and those low in silica. There is a sugges-
tion in the diagrams, however, that water low in silica tends to contain a
greater proportion of calcium than does water high in silica. Also, water high
in silica is most commonly high in relative percentage of bicarbonate.

Fig. 3. Trilinear diagram used to represent relative percentage of milligram equiva-
lents of major ionic constituents in water. Each analysis is represented by one point on
each field, or three points in the entire diagram.
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A’A

E. F. G. H

Fig. 4. Relative percentage of ions in water from various localities. A through D
are analyses of water with 40 ppm or more SiOs, and E through H are analyses of water
having 15 ppm or less SiO:.. Regions represented are: A. United States; B. Owyhee
County, Idaho; C. Western Kansas; D. Sacramento Valley, California; E. United States;
F. Maryland; G. Eastern Kansas; H. Matanuska Valley, Alaska.

Further work is needed to test the hypothesis adequately. Specifically, a
larger sample of analyses is needed so adequate statistical tools can be used. The
absolute concentration of ions along with their relative proportions should also
be considered. A study of field data alone. nevertheless. may not be sufficient.
because, as Hem (1959) has pointed out, a deficiency of silica associated with
large amounts of calcium may be due to the very small amounts of soluble
silica in many calcium-rich sedimentary rocks rather than a reduction in silica
solubility by the calcium ion in the water.

Aluminum is the only dissolved constituent in water that is known to re-
duce significantly the amount of silica that can be held in solution (Okamoto.
Okura, and Goto. 1957). Many older water analyses report 1 to 2 ppm alumi-
num. Recent spectrographic analyses of samples from California. on the other
hand, suggest that almost all natural water has less than 0.1 ppm aluminum
(W. D. Silvey. personal communication, 1962). These concentrations of
aluminum are much lower than those used by Okamoto. Okura, and Goto
(1957) in their laboratory studies of silica in sea water. It is doubtful if the
low concentrations of aluminum found in most river and ground water will
have any measurable effect on natural silica concentrations. Acid water, such
as might be found near oxidizing sulfide deposits or accumulations of decaying
organic material, could contain several ppm of dissolved aluminum (Hem,
1959) which would have a marked effect on silica solubility.

Total Dissolved Solids.—Laboratory experiments have shown that the rate
of dissolution, but not the final equilibrium solubility, is increased by an in-
crease in total dissolved solids (Krauskopf, 1959; Siever, 1962). No indication
of short-term rates of dissolution in saline water are given by the data studied.
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The data do indicate that total dissolved solids do not affect silica concentra-
tions of water which has been in the subsurface for as long as several years.
The concentrations in saline water are almost identical with the concentrations
in fresh water, provided the rocks in contact with the water are of the same
general type (tables 1 and 2). Fresh ground water in Texas has a median of
17 ppm Si0,. Saline water from essentially the same formations but at a
greater depth has a median of 16 ppm SiO,. Brine from Pennsylvania has a
median of 9 ppm. Fresh ground water from similar rocks in eastern Kansas
also has a median of 9 ppm. Brackish water and fresh water in North Dakota,
although not from identical formations, have nearly the same silica content.

Temperature—An increase in water temperature will increase both the
rate of dissolution and the equilibrium solubility of silica (Kennedy. 1950;
Morey, Fournier, and Rowe. 1962; Siever, 1962; White, Brannock, and
Murata, 1956) . If temperature were the only control of silica solubility, an in-
crease of roughly 50 percent in silica content would be expected between
arctic water with temperatures of from 0° to 5°C and tropical water with tem-
peratures of from 25° to 30°C. An even greater difference should be expected
between shallow ground water and water from deep oil wells because of the
increase in temperature with depth. These large differences simply do not exist.
Oil-field waters (table 2) have about the same silica concentrations as shallow
ground water (table 1). Furthermore. ground water from subarctic, temperate,
and tropical regions shows no difference that could be ascribed to variations of
water temperature (table 1). Hot springs contain the only phreatic water that
has an anomalously high silica content attributable solely to elevated tempera-
tures (White, Brannock, and Murata, 1956).

Rivers in tropical and temperate regions may have significantly higher
silica concentrations than arctic rivers (table 3 and Davis, 1961). Differences,
however, are probably not entirely related to water temperature. Removal of
silica by diatoms and sponges in abundant arctic lakes within the stream
systems as well as contribution of water directly from melting snow with
limited opportunity for silica dissolution may account for lower silica in many
arctic streams. The fact that some tropical waters are also low in silica (table
4) suggests that silica concentrations in streams are not primarily controlled
by temperature. Some of the unusually high values reported for Africa (table
3), moreover, may be due to the dissolution of silica from glass sample con-
tainers (Livingstone, 1963).

Rate of Dissolution.—The rates of dissolution of all forms of silica are
relatively slow provided the water has a temperature of less than 30°C and pH
is in the range of 6 to 9. With silica gel, at least 10 days are needed for water
at 25°C to reach 50 percent of saturation (Krauskopf, 1956). Kaolinite may
take several years to reach equilibrium with respect to dissolved silica (W. L.
Polzer, 1962, personal communication). Quartz will certainly take several
years, if not centuries. to approach equilibrium at room temperatures (Morey,
Fournier, and Rowe, 1962; Siever, 1962). Leaching artificially crushed latite
and andesite produced water with 8 to 24 ppm SiO, at 0°C and 32 to 80 ppm
Si0; at 35°C after only 3 weeks (Pickering, 1962). The rate of silica leaching
from these rocks was found by Pickering to be accelerated by decreasing the
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Tanie 4
Silica in water from Gabon (Africa)

(Unpublished analyses by C, F. Park, Jr., 1958)

Location Source of Water pH Silica, ppm

Bengoue Artificial pool 4.8 0
” Ground water in mine 5.1 1
” ” 5.1 0
” ” 4.4 3
” ” 4.5 4
” 7 5.1 0
” ” 6.1 2
” ” 5.2 3

Belinga Surface stream 5.6 5
” ” 6.4 14
” Ivindo River 54 9
” Ground water in mine 5.2 0
” Tap water 7.7 10
” Small jungle stream 6.8 8
” ” 6.6 8
” ” 6.8 6.5
” ” 6.4 3
” ” 6.7 5
” ’ 7.0 4
” " 6'5 3
» ” 6.8 3.5
k2l ” 6‘8 9
” " 6.7 8
9 " 6'2 5
” ” 6.5 7
” " 6.5 4
” " 6.9 6

pH. In contrast to this relatively rapid solution of silica from artificially
crushed rock, Keller and Reesman (1963) found that glacial meltwater having
a fine suspension of flour of various rock types did not have more than 17 ppm
Si0, with a median of only 1.5 ppm in a total of 17 samples. even though the
samples were in their containers prior to analysis for roughly 3 months and
were probably at room temperature for a considerable part of this time. Vari-
ous rocks artificially ground to a fine powder and mixed with distilled water
contained a maximum of 21 ppm SiO, after an unspecified length of time
(Keller and Reesman, 1963).

If one considers only the equilibrium between quartz and water, silica
concentrations in natural water would be expected to increase very slowly over
many decades or centuries. Experimental work with amorphous silica and with
crushed rock. on the other hand, suggests that some natural water could ac-
quire most of its dissolved silica within a few months or years. Field evidence
favors a rapid acquisition of silica. As shown in the previous section, deeply
buried, relatively static saline water contains about the same amount of silica
as fresh water that is actively circulating in shallow aquifers. In addition, one
of the regions with the most silica in ground water is the heavily irrigated
eastern side of the Central Valley (Sacramento-San Joaquin) of California
(table 1; Davis and Hall, 1959). The imported water used for irrigation has
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from 8 to 15 ppm Si0O,. This is increased to between 30 and 70 ppm Si0, after
only a short distance of subsurface travel which probably takes less than 20
years. An area of high silica water in Hawaii has also been explained by as-
suming a rapid leaching by irrigation water (Mink, 1962).

The most spectacular evidence for a rapid natural dissolution of silica
comes from analyses of stream water. At low discharge, most perennial streams
are sustained by ground-water flow. but during periods of high discharge the
stream is fed almost entirely by storm runoff. Owing to the dilution of the
small amount of ground water by rainwater or snowmelt, the total dissolved
solids at periods of high discharge arc much less than at low discharge (figs.
5. 6. and 7). Chloride and most other dissolved constituents show a relation to
discharge similar to that of total dissolved solids. Silica. on the other hand.
maintains about the same concentration despite variations of discharge. This
indicates that storm runofl acquires its silica in a few days or less. Several hy-
potheses for this apparent rapid dissolution of silica are given helow.

(1) Suspended silt and clay-size particles present in storm runoff will ex-
pose a much larger surface area to solution than is normally present during
periods of lower discharge. This should favor a rapid dissolution of silica.

(2) Turbulent streams with a coarse bed load will fracture minerals.
particularly quartz, which could produce strained surfaces subject to rates of
dissolution much greater than on the unstrained surfaces. This effect in quartz
has been measured in the laboratory by Lier (1959) and Morey, Fournier, and
Rowe (1962).

DISHCHARGE
CFs
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I
o 1
1,000 LA
o
q
a Dﬂ a
0
——

PPM C1 & 8i10, 100 150
PPM TOTAL DIS. SOLIDS

Fig. 5. Variation of chloride, silica, and total dissolved solids with discharge in the
Matanuska River, Alaska.



882 Stanley N. Davis

DISCHARGE
CFS

20,000

10,000 X ]

5,000
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Fig. 6. Variation of chloride, silica, and total dissolved solids with discharge in the
Snake River, Idaho.

(3) Much runoff during and shortly after storms will actually travel
through the upper part of the soil profile; this is the “interflow” of hydrologists
(Linsley, Kohler, and Paulhus, 1958, p. 150). Thus, storm water arriving at a
stream may contain considerable silica leached from the soil. Jones and
Hendreck (1963) report 6 to 67 ppm SiO. in normal soil water. Some of this
could be displaced by infiltrating rain water.

(4) During low discharge the travel time of the water in the stream chan-
nel will be much longer than during high discharge. Biological activity, par-
ticularly that of diatoms, will, therefore, be more efficient at low discharge in
the removal of silica which is introduced into the stream by ground water.

Objections can be found for each of the hypotheses. The low silica con-
centrations found in glacial milk by Keller and Reesman (1963) suggest that
the increased surface area of abundant suspended rock and mineral fragments
during a storm runoff may not cause a rapid dissolution of silica. Fracturing
minerals plus minor abrasion, nevertheless, may be important. Water in con-
tact with quartz in a rapidly rotating polyethylene bottle required 15 days or
more to reach a concentration of 10 ppm (Morey, Fournier, and Rowe 1962).
Keller, Balgard, and Reesman (1963) achieved a much faster release of silica
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Fig. 7. Variation of chloride, silica, and total dissolved solids with discharge in the
Connecticut River, Connecticut.

by fine-grinding of various minerals in distilled water. A difficulty with postu-
lating a silica source from most rockforming minerals is that other material in
addition to silica should also go into solution which is contrary to the observed
decrease in total dissolved solids in storm runoff. This argument could also be
applied to the theory of obtaining silica from the soil horizon. If weathering
processes in the soil prepare material for leaching by interflow, other dissolved
constituents should also be removed. The biological activity theory is also weak.
Streams that head in mountains and receive little inflow in lower reaches gen-
erally fail to show a progressive decrease in silica which would be expected if
diatoms were important in removing silica from stream water.

Amount of Water Available—The amount of silica removed in solution
from various drainage basins in the United States has been computed using
weighted mean values of dissolved silica of the United States Geological Survey
(table 5). A plot of the silica removed in relation to total annual runoff in the
basins indicates that rates of removal are directly related to runoff (fig. 8).
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Fig. 8. Relation of runoff to removal of silica from various drainage basins in the
United States. Data are also given in table 5.

This is consistent with Loughnan’s (1962) conclusion that rates of silica re-
moval were closely related to the leaching potential. Durum, Heidel. and Tison
(1961) present a diagram similar to figure 8 which shows that the amount of
total dissolved solids removed from basins is also directly related to the runoff
from the basin.

Activity of Organisms.~—The efficiency of microorganisms to remove silica
from lake and ocean water is well documented (Hutchinson. 1957, p. 791-800).
Lovering (1959) has also shown that trees, particularly those of the tropics.
will concentrate silica in leaves and wood and has suggested that a tropical
rainforest might be an environment of maximum rates of silica removal due to
mobilization of the silica by plants. Lovering’s hypothesis is difficult to test with
the data reviewed for the present paper. Rates of silica removal given in table
5 do not show any increase related to semi-tropical vegetation. Some of the
highest values are from Alaska, and some of the lowest are from Florida.
Modern information on rivers draining tropical rainforests is particularly diffi-
cult to locate in the published literature. Incomplete information for the Congo
and Mekong rivers (Durum, Heidel, and Tison, 1960 and 1961) suggest rates
of silica removal similar to those of the San Joaquin River. California:
Columbia River, Washington; and Matanuska River, Alaska. Leneuf and
Aubert (1961) have estimated rates of silica removal of from 0.7 to 2.5 mg/
cm?/yr in the Ivory Coast where the rainfall varies from 1800 to 2500 mm/yr.
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Runoff is probably between 800 and 1500 mm/yr. A watershed on Oahu
[sland, Hawaii, has been reported a rate of silica removal of 3.6 mg/cm*/yr
with a rainfall of 1400 mm/yr (Moberly, 1963). These runoff and silica re-
moval rates are within the probable range of values for streams of temperate
and subarctic regions (table 5, fig. 8). Rates calculated for Uganda (Trendall,
1962) are roughly 0.63 mg/cm?/yr, the exact amount depending on certain
assumptions as to rates of surface erosion.

Mineral and Rock Types—Laboratory studies of silica solubility suggest
that the most important control of silica in ground water should be the min-
eralogy of material in contact with the water. Water in equilibrium with quartz
at room temperature will have from 6 to 12 ppm SiO, in solution (Morey,
Fournier, and Rowe, 1962; Lier, 1959). Water in equilibrium with silica gel
and other forms of amorphous silica will have from 100 to 140 ppm SiO.
(Krauskopf, 1956) ; the presence of oxides of iron and aluminum, however.
will materially reduce the silica in solution (Jones and Handreck, 1963).
Equilibrium concentrations for clay minerals, feldspars, micas, and other
siliceous rock-forming minerals are probably intermediate between the ex-
tremes for quartz and amorphous silica (Siever, 1962; Keller, Balgord, and
Reesman, 1963). From the experimental data. one would expect the most
silica in water from partly weathered to unweathered volcanic rocks and the
least from limestone or dolomite. Field data support these conclusions.
Patterson and Roberson (1961) found only 5 ppm SiO, in water {rom weath-
cred basalt which contained abundant clay minerals and other products of
weathering, whereas 50 ppm Si0, was in water from unweathered basalt in the
same area. Water from volcanic rocks in Pagan [sland, Marianas, has about
seven times the amount of silica that is found in water from limestone aquifers
in Saipan Island. Marianas (table 1).

Records of the lowest silica concentrations are from analyses of water
from limestone aquifers in eastern Kansas, Saipan, and Maryland (table 1).
Next are those from sandstones (Dakota Sandstone and Fort Union Formation,
table 2). Waters of considerably higher silica concentrations are from sands
containing feldspar with some interstratified volcanic detritus (Sacramento
Valley. California. and Western Kansas, table 1) and from basaltic and ande-
sitic rocks (Pagan. Marianas. and Oahu. Hawaii. table 1). The greatest amount
of dissolved silica is found in sediments rich in pyroclastics (Owyhee County,
Idaho. table 1).

The uniformity of silica concentrations in water from aquifers of the
same composition is further indication that mineralogy is one of the most im-
portant factors controlling silica in ground water. If water temperatures were
important, wells of vastly different depths such as are found in the Central
Valley. California. should show a much greater difference in silica due to a
rapid increase in water temperature with depth (Davis and Hall. 1959). If
rates of dissolution were critical, wells located at increasing distances {rom
recharge areas should also show systematic increases in silica. Such trends are
not apparent. A highly uniform silica concentration in an alluvial aquifer of
uniform composition is shown in the data from Salinas Valley. California

(table 1).



cro 000°0%L°¢ €l (Smgsyorp 1® 9S1RYdSIP)
8'8 9¢ 1ddrssisstpy o|[iastoueLy 1ddyssisstjy
Se0 000401 €9 GG 9¢ Ayonjuay weq Ayonjuay 99ssoUUd
$€°0 00671 01 g€ 9¢ oyepy 9sloH eug
SZ20 00€°81L '8 0¢ ce « plojueig JsuuBMng
2800 08z'e e €€ 8¢ « £0207) suyof 1§
90 09 14t €€ LE « ounsndny 19 SLnoy
(4] 9Le 8'G 47 9¢ « BlInBWI M 99JBUBIA 9[NI']
S€°0 0LS €8 47 S¢ epLofq s[ryadydaz y3nooqsyry
150 g1 S8 19 1€ « Anuaao) g onuBWII A
S8'0 G8¢ €I 99 0¢ « proySul[ie\ oerdruumy)
380 G891 g's 65 nonouu0] ageIIA S[IBd OIuojesSNoY
m er't 0982 S€l 28 81 « 9[[iasrWg BqnX
W €9°C 06S°T gl 013 91 « A1) 1u92s31) g

. S0 0L9% 6V (IuBIL] 1B 981BYDSIp)
= It 8¢ « e[org umbeof ueg
M, €10 S0S 44 8'S 01 BIUIOIED [puue) [puLIE)
5 11’0 000915 09 81 44 « weduey uoynx
7N 91’0 000763 SL 1c Se « a[3ey uoynx
$€0 060°1 4 9L 8¢ « BUISOJ, BUISOJ,
L90 S0S 8% 8¢l Lg « Smeq [teLL,
5€°0 d S9 vs W « oBeI0yoUy drys
970 09€°s L9 89 LL « laued eysuueie|y
921 G8¢ 149 574 Sy BySelY uloq Iogouy loyouy

14/;w0 /3w WY B wdd 3ay 1K /wd sasAjeu £10 159189

ﬁoﬂwmﬂmm mosvmﬂﬁw\w vommmwom\xw mom:_m jo .BMME% N oIES U_EM.Q m::n:wwm T2ATY

886

swrearls %Q paaowol .mOZm

G FI8V],



887

Silica in Streams und Ground Water

‘ISPT ‘OSHT :Inyesn 1sow dlom Fuimo[[o] ayi AdaIng

"0P9T PUE ‘0LST “9gST ‘02ST ‘00ST “98FT ‘99%1 “€ShI “GSPI

[e0180[009) °G °[] 9yt Jo s1adeq A[ddng 191\ SNOLIBA WOIJ USNE} 91B O[(B] SIYl 10§ BIE(]

820 00S'% 61 St |47 « 1ofewoy Aup,
9¢'0 00593 11 ¢S 8¢ « iy dulqeg
€¢o 00502 el X4 Lg « a[BpRAY SAYIN
SL0°0 000V1T €1 8'S 1¢ SBX9], puowyry sozelgq
¢vo 000719 ¢l 123 uo3a1Q S9[[ed 9YL erqunion
f44\] SeY 9 ¢ 8¢ « uojualg, jualf,
9%'0 001°2 s€ (or0qre], 1B 981RYISIp)

m.ﬁ .\lm. “ *u:mﬂwwﬁﬂmpo um.ﬁ
5§50 0S0°€ 1€ (uoike[) 3w 9BieYOSIpP)

ST il BUI[OIR) YIION LI ETY 9snaN
9¢°0 0PE‘T S9 sS 1€ « a[epyo0oy B[[IpeU[)
SPo 06¥%°¢ 79 1L L2 « S[I®d | AMBYON
€0 0SST 8'S ec 1€ YI0X MAN ELEEATSY ofueuay)

10070 009°6€ 0¢ €L°0 9 OOIXO] MON] BISoly S099q
12’0 LLT c'6 €3G LT « uorjounf uo.ry OM], 19/
120 0P 26 6G JA « rIOINY agpinie
920 e or 9z q1 TIOSQUUIA sseaaequing sseLIRqU[

.&\«Eo\mE _Wy a1 wdd m>< 1K /urd sashjeu £310 189189
vwwmm_mm v.‘o:wm_thM? ﬁuhuw.wom\ww to_\_:ﬁ Jo Homw::%z o1EIg ﬁ:o.a w::m:ﬂwm 1Ay

va_‘_:::ouv G T14V],



888 Stanley N. Davis

Comparisons similar to those made with silica in ground water are difh-
cult to make for surface water because most of the watersheds for which data
are given in tables 3, 4, and 5 are of composite lithology. There is a suggestion,
however, that silica in California streams which drain mostly igneous and
metamorphic rocks is somewhat higher than silica in Florida streams which
drain marine sedimentary rocks (table 5).

ORIGIN OF LATERITES

Geologists and geochemists commonly assume that silica is much more
mobile in tropical regions than in temperate or subarctic regions (Dapples,
1959, p. 167; Goldschmidt, 1954, p. 371; Rankama and Sahama. 1950, p.
272). The present study, though somewhat lacking in data from tropical areas.
strongly suggests that air temperature and type of vegetation have little overall
effect on silica mobility in the hydrosphere. If removal of silica were the sole
factor to consider. then one might conclude that, given enough time, laterites
could form in any climate having suflicient precipitation to leach material from
the soil profile. Rates of evapo-transpiration, microbiological activity, chemical
character of forest litter, and other factors related indirectly to climate, how-
ever, could be important in the process of laterization. For example. intense
biological activity in tropical soils may promote silica leaching primarily near
the surface. Water percolating downward from the zone of intense leaching
would be almost saturated with respect to silica. In regions of less intense
biological activity, the dissolution of silica may not be localized near the sur-
face but may also take place within deeply buried aquifers. Tropical and
temperate regions could thus contribute the same amount of silica per unit
area to streams, but the silica would originate in different parts of the drainage
basins. Nevertheless, until better comparative data are available, reasonable
doubts can be raised concerning the traditional assignment of all laterization to
tropical environments. A similar conclusion has been reached by Pickering
(1962) who reviewed chemical and mineralogical data of various soils and
failed to find evidence that would restrict laterization or podzolization to
unique climatic regions.

Products of lateritic weathering will not accumulate if rates of mechanical
erosion exceed rates of chemical weathering. In areas of rapid erosion, the top
of the soil will be removed after the initial silica content has been reduced by
only a few percent through chemical leaching. Figure 9 shows the relation be-
tween rates of chemical leaching of silica, mechanical erosion. and accumula-
tion of silica-free residuum for a rock with an original SiO, content of 50
percent. Present-day mechanical erosion in most large drainage basins prob-
ably averages between 5 and 10 mg/yr/cm?. From a study of small watersheds.
Brune (1948) found that sediment production rates in midwestern United
States varied between about 3 and 400 mg/yr/em®. Highest rates were as-
sociated with cultivated land and were as much as 75 times greater than rates
that probably existed prior to cultivation. Thus. under original conditions,
rates of from 1 to 5 mg/yr/cm® probably prevailed. Inasmuch as most present
rates of silica leaching are less than 1.0 mg/yr/cm?, it is doubtful that a silica-
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Fig. 9. Theoretical relation between the rate of silica removal in solution, rate of
mechanical erosion of silica-[ree residue, and the rate of accumulation of silica-free resi-
due. Parent rock is assumed to he 50 percent SiO: by weight, and the products of weather-
ing are assumed to have a density of 2.0 g/cm®.

free residuum could eventually accumulate in most areas of the United States
even if sufficient time were available and erosion rates were reduced to those
of the virgin land. Soils with a marked reduction of silica have formed in parts
of the United States. Whether or not it would be possible for these soils eventu-
ally to approach the characteristics of laterites most certainly depends on the
relative intensity of leaching as compared with mechanical erosion.

Lovering (1959) has suggested that removal of plant remains by wind,
animals, and running water could account for much of the loss of silica during
laterization. Running water is probably more important than either wind or
animals. Water, however, might erode much of the upper part of the soil pro-
file and greatly reduce the rate of laterite accumulation.
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CONCLUSIONS

1. The silica content is less variable than any of the other major dissolved
constituents of natural water.

2. The amount of silica in ground waler is primarily dependent on the
rock and mineral types in contact with the water. Largest amounts are in
association with volcanic rocks; intermediate amounts in association with
plutonic rocks and sediments containing feldspar and volcanic rock fragments:
small amounts of silica are found in water from marine sandstones; the least
is from water in carbonate rocks.

3. Data studied failed to show any marked influence on silica concentra-

tions of pH, salinity, climatic regions, surface vegetation, or temperature varia-
tions unless above 35°C.

4. Stream water appears to acquire most of its silica within a relatively
short period of time. perhaps less than 3 days.

5. Total silica removed in solution from drainage basins by stream water
is related directly to the total runoff from the basins.

6. Modern published analyses fail to show a greater mobility of silica in
tropical streams and ground water than in waters of other climatic zones, with
the possible exception of the arctic.

7. Although other factors may be more significant, rates of silica removal
from drainage basins suggest that laterization is not confined to tropical
regions.
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