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Interstitial Silica and pH in Marine Sediments: 

Some Effects of Sampling Procedures 

Abstract. The temperature at which the interstitial water was squeezed from a 
marine sediment had a profound effect on the measured interstitial silica concen- 
trations which showed an average increase of 51 percent after the sediment 
was exposed to a temperature 20?C higher than the in situ temperature. Similar 
effects were not found for interstitial phosphate or alkalinity, but the pH was 
slightly higher in the water squeezed at the higher temperature. These tempera- 
ture-induced changes were completed in a few hours. The use of filter paper can 
significantly lower the pH of expressed pore waters. Until some important ques- 
tions about temperature effects are answered, all future data on the pH and silica 
concentration of pore waters of marine sediments should be obtained from samples 
extracted at in situ temperatures. 

The interstitial water in marine sedi- 
ments is reported to have a silica con- 
centration which is 100 to 800 /iM 
higher than that in the overlying bottom 
water (1-3). These concentration dif- 
ferences imply a flux of silica out of the 
sediments, and a simple calculation 
shows the potential importance of this 
flux. Of over 150 cores taken for pore- 
water analyses in the Atlantic and Pa- 
cific oceans, about 80 were sampled for 
silica at a depth of 50 cm, and the aver- 
age silica concentration at this depth 
was 400 /uM. If the overlying water 
has an average concentration of 100 
,uM, then the linear gradient is 6 IM/ 
cm. An estimate of the diffusion con- 
stant at 2?C (4) allows one to calculate 
an average flux from the sediments of 
16.5 tg cm-2 year-l. Thus for the 
world oceans (3.6 X 1018 cm2) the 
total flux is 0.6 X 1014 g of SiO2 per 
year, or about 14 percent of the river 
input of 4.24 X 1014 g of SiO2 per year 

(5). Instead of linear gradients, many 
of the data seem to show curved grad- 
ients (6) which would make the esti- 
mated flux even higher. 

To the best of our knowledge, the 
published data on silica concentrations 
in interstitial water have been taken 
from samples of sediment processed at 
room temperature. Mangelsdorf et al. 
(7) predicted that the temperature at 
which a sediment was squeezed would 
affect the "apparent" interstitial con- 
centrations of exchangeable cations. 
Both Bischoff et al. (8) and Presley 
(9) found such effects for K+, Mg2+, 
and Ca2+, but Bischoff and Ku (2) 
speculated that silica concentrations 
might not be affected by temper- 
ature. 

In this report we present data from 
experiments designed to measure ways 
in which sampling procedures can alter 
the composition of interstitial water. 
We have studied these effects on silica 

and phosphate concentrations and on 
pH and alkalinity. 

On 12 December 1970, a gravity 
core, core TR-091-3, was taken from 
a depth of 5092 m on the Bermuda 
Rise at 30051'N, 67033'W. It was 5.7 
cm in diameter and consisted of 130 
cm of brown foraminiferal lutite which 
appeared to be homogeneous. Sediments 
in this region are typically 30 to 40 
percent calcium carbonate (10). The 
core was capped and immediately stored 
upright in a walk-in refrigerator at 0? 
to 3?C (11). The temperature near 
the sea floor in that area is 2.2?C. 
After 12 hours of storage, the core 
liner was slit while the core was still 
in the refrigerator, and, during the next 
28 hours, one quarter of the core was 
cut into segments which were squeezed 
at 0? to 3?C to obtain the pore waters. 
The rest of the core was stored under 
Saran Wrap in the refrigerator for an 
additional 14 hours, and then half of 
the core was removed to the warm ship- 
board laboratory (21? to 23?C). The 
remaining quarter was left in the refrig- 
erator wrapped in Saran Wrap and 
aluminum foil. After 21/2 hours of 
warming, the temperature of the sedi- 
ment in the half core had reached 
20?C, and it was divided into quarter 
core segments and squeezed. Segments 
in the same position along the warm 
half core were squeezed at different 
times to provide a measure of the time 
course of any temperature effect. 

All samples of sediment were 
squeezed with a hydraulically driven 
stainless steel squeezer similar to that 
of Manheim (12). The squeezer was de- 
signed to minimize the internal air 
space to which the expressed water was 
exposed. Each sample of pore water 
passed through two pieces of 9-cm filter 
paper (Whatman No. 42) which were 
placed over the filter plate in the bottom 
of the squeezer. 

Table 1. Effect of warming time on the apparent interstitial concentrations of dissolved silica for core TR-091-3 from the Bermuda Rise 
(30'51'N, 67o33'W). 

Interstitial Half core squeezed at 21? to 23?C 
Depth silica con- -Quarter 

interval centration of QuarerQuarter 
of segment quarter core Interstitial Percent Warming Interstitial Percent in core squeezed at Warming Percent Warming Percent 

(cm) 0? to 3?C time increase time increasecacon- 
(/LM) (hours) centratiin silica (hours) centration insilica ((M M) (AM) 

0-10 81 3.8 127 57 26.3 135 67 
10-25 99 8.6 152 54 23.7 155 57 
25-40 111 10.7 166 50 13.6 173 56 
40-55 125 12.7 179 43 11.6 184 47 
55-70 130 22.4 182 40 9.5 187 44 
70-90 128 25.2 188 47 7.2 189 48 
90-100 120 27.4 190 58 2.5 173 44 
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Table 2. Effect of warming time on the apparent interstitial salinity, inorganic phosphate concentration, and pH for core TR-091-3 from 
the Bermuda Rise (30?51'N, 67033'W). 

Quarter core squeezed at 0? to 3?C Half core squeezed at 210 to 23?C 
Depth 

interval Quarter A Quarter B 
of segment Inorganic Salinit 

in core phosphate pH InorgaSalinicty 
(cm) (AM) phosphate pH %) phosphate pH 

(AM) (aM) 

0-10 0.30 35.0 2.12 7.23 35.0 1.76 7.22 35.9 
10-25 1.92 35.2 1.56 7.39 35.2 1.91 7.46 35.7 
25-40 1.92 7.31 35.0 1.83 7.43 35.0 1.90 7.46 35.2 
40-55 1.81 7.14 35.0 1.76 7.38 35.2 1.70 7.38 35.0 
55-70 1.71 7.15 35.0 1.80 7.42 35.4 1.83 7.34 35.0 
70-90 1.81 7.27 35.0 3.42 7.45 35.5 2.78 7.37 35.0 
90-100 1.81 35.0 2.12 7.26 35.2 2.01 7.19 35.0 

The water was collected in plastic 
syringes which were capped and stored 
at 2?C until the pH was measured with 
a water-jacketed capillary electrode sys- 
tem (Radiometer models G297 and 
K497). The cap was taken off the end 
of the syringe, and the inlet: capillary 
tube of the electrode chamber was in- 
serted into the tip of the syringe. Sam- 
ples of pore water (50 pil each) were 
sucked into the electrode chamber until 
a reproducible potential between glass 
and reference electrodes was obtained. 
The pH values reported below for 
cold- and warm-squeezed pore waters 
were obtained at a measurement tem- 
perature of 25?C and were reproducible 
to within ? 0.02 pH unit. This ap- 
proach has the advantage that the pH 
is measured without the need to expose 
the pore water to the open air and to 
risk the loss of CO2 and also without 
the necessity of inserting electrodes into 
the mud (13). After the pH measure- 
ments were made, the pore water sam- 

ples were filtered through 0.45-[m 
Millipore membrane filters and stored 
in polyethylene bottles at 0? to 3?C 
until they were analyzed for silica, 
phosphate, alkalinity, and salinity. 

Silica and phosphorus concentrations 
were measured according to the meth- 
ods of Strickland and Parsons (14), 
and salinity was measured to within 
0.5 part per thousand by a tempera- 
ture-compensated hand-held refractom- 
eter. Total alkalinities were measured 
on 4-ml samples. Standardized acid (1 
ml) was added, and the mixture was 
stirred and allowed to stand for 20 to 
30 minutes with occasional swirling to 
allow CO2 to escape. The pH was 
measured as before, and the total alka- 
linity calculated (15). 

After 3 months of storage under 
Saran Wrap and aluminum foil 
in a refrigerator (0? to 1?C), the last 
quarter was cut into segments and 
squeezed at 0? to 3?C. The samples 
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of pore water obtained were analyzed 
for salinity, silica, pH, and alkalinity 
for comparison with the earlier data for 

cold-squeezed water. 
After the analyses on shipboard 

were completed, several control experi- 
ments were performed to examine the 

possibility of contamination from the 
materials used in extraction. The filter 

paper used in the squeezer seemed to 
show the greatest effects. Seawater with 
a known pH and known concentrations 
of silica and phosphorus was passed 
through fresh Whatman No. 42 filter 

paper inside the squeezer. The ratio of 
the volume of seawater passed to the 

pad area simulated that during sedi- 
ment squeezing (20 to 50 ml of pore 
water to two 9-cm pads). The pH de- 
creased 0.2 pH unit. The decrease is 

significant and may help to explain, 
for example, why Presley reported that 

20 

c: - 

0 
(/) 

._ 
C 
4-, 
C. 

a 

40 

60 

80 

100 

Silica (iM) 
80 120 160 

0 
, 

^ 
-_ 

x 

x 

x 

- -. xi 

200 0 
-. r 

-^ 

-O.- 

\ 
\ 

\ 

\ 

\ 

,1 

I 
r 
I 

^-" 

the pH values of squeezed pore waters 
were lower than those measured by 
the insertion of electrodes into the 
mud (9). This release of hydrogen 
ions by the filter paper could reduce 
total alkalinities by about 0.1 meq/ 
liter. The use of filter paper also in- 
creased the phosphorus concentration 

slightly (5 to 10 percent) but had no 
effect on the silica concentration. Cold 

storage of seawater in plastic syringes 
followed by filtration through 0.45-,um 
Millipore pads and then by further 
cold storage in polyethylene bottles did 
not alter the concentrations of silica 
and phosphate in the seawater. The 
cold storage of seawater in the core 
liner did not alter the concentrations 
of silica and phosphate or the pH 
during a period of at least 3 days. Ex- 

posure to Saran Wrap did not alter 
the pH of seawater. 
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Fig. 1. Effects of temperature and storage on the concentrations of interstitial silica 
and phosphate, and on the pH in core TR-091-3. Arrows denote boundaries between 
segments, and each point is plotted in the center of the segment. Temperatures of 
squeezing were as follows: cold (solid lines), 0? to 3?C and warm (broken lines), 21? 
to 23?C. The lengths of the horizontal bars on the curves for sediment squeezed warm 
represent ranges of values for corresponding segments squeezed after different warming 
times. The points marked with an "X" are values for the refrigerated quarter squeezed 
after 3 months of storage. 
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Table 3. Effect of temperature on the rate of silica release from surface sediment taken 
near core TR-091-3 (ratio of solid to liquid = 3.5 g of sediment in 500 ml of seawater). 

Supernatant silica Cumulative total dissolved 
Time concentration (AtM) silica released (Ag) 

(hours) 
2? to 4?C 25?C 2? to 4?C 25?C 

0.00 1.0 1.00 0 
0.50 2.3 3.6 39 78 
1.00 2.3 4.8 39 110 
1.50 3.0 5.8 56 134 
2.25 3.4 7.2 64 239 
3.00 3.9 8.8 73 268 

Tables 1 and 2 show the results of 
most of the analyses made on inter- 
stitial water squeezed from the core 
on shipboard, and some of the data 
are plotted in Fig. 1. Figure 1 also 
includes the silica and pH data obtained 
on water squeezed from the last quarter 
of core TR-091-3 after 3 months of 
storage. 

Increased temperature caused a pro- 
found effect on the concentration of 
silica in the interstitial water: a 40 to 
67 percent increase (average, 51 per- 
cent) was associated with a warming 
of approximately 20?C. This effect is 
much greater than any reported by 
Bischoff et al. (8); the maximum 
change they reported was for potassium 
which showed an average increase of 
0.8 percent per degree Celsius. The 
average increase in interstitial silica for 
core TR-091-3 was 2.6 percent per 
degree Celsius. Neither the absolute in- 
crease nor the percentage increase varied 
with warming time. Therefore, the 
temperature effect on the concentration 
of interstitial silica was completed in 
2?2 hours or less. 

The temperature-related increase in 
the interstitial silica concentration must 
have been due to the release of silica 
from sediment particles. The follow- 
ing experiment was performed to con- 
firm the effect of temperature on the 
release of silica from sediments. Core. 
TR-091-4 was taken at 30?54'N, 
67?31'W, adjacent to core TR-091-3. 
Sediment from the top 7 cm of core 
TR-091-4 was exposed to 500 ml of 
low-silica seawater at 2? to 4?C and at 
25?C, and changes in the supernatant 
silica concentrations were monitored 
during the first 3 hours of exposure. 
The bottles were shaken 25 to 30 
minutes before each sampling, and 
data on the release of silica are given 
in Table 3. After 3 hours, the warmed 
sediment had released 76 rtg of SiO2 
per gram of total sediment whereas 
the cold sediment had released only 21 
Jtg of SiO2 per gram. Thus the rate of 
release of silica was increased nearly 
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fourfold by an increase in temperature 
of 20?C. 

It is not known what reaction may 
be responsible for the temperature ef- 
fect observed for silica. The tempera- 
ture increase may cause a quick ad- 
justment of solubility equilibria for the 
mineral phases present or perhaps the 
desorption of some adsorbed silica. 
Published data on the interactions of 
dissolved silica with clays or marine 
sediments (3, 16, 17) may be inter- 
preted in terms of solubility equilibrium 
(17), as may the temperature-induced 
release of silica in the sediment of 
core TR-091-3. However, if that sedi- 
ment is 50 percent water, then a release 
of only 3 ttg of SiO2 per gram of sedi- 
ment would account for the increased 
concentration of silica. Such a small 
amount of silica could easily be ad- 
sorbed on the surfaces of clay or fer- 
romanganese particles in the sediment 
and be released on warming. The re- 
lease upon warming of about the same 
amount of silica from each segment 
of the core is in accord with the ap- 
parently homogeneous nature of the 
sediment. 

The estimate of the diffusive flux 
presented above is therefore too large 
by some amount. If all warmed pelagic 
sediments undergo an average increase 
in the interstitial silica concentration of 
51 percent, then the total flux, calcu- 
lated as before, would decrease from 
0.6 X 1014 to 0.33 X 1014 g of SiO2 
per year. 

There was no effect caused by 
warming on the concentration of inter- 
stitial phosphate or on the salinity (Fig. 
1 and Table 2). 

The pH values in Table 2 fall within 
the range of other reported pH values 
for interstitial waters, namely, 7.0 to 
8.6 (9, 18). However, if the effect of 
filter paper on pH is independent of 
the temperature, then warming pro- 
duced an average increase of 0.13 in 
the pH of the interstitial water (Fig. 
1). This change was completed in 7 
hours or less. The probable reason for 

an increase in the pH of the interstitial 
water with temperature is a shift in the 
equilibria between interstitial solutes 
and mineral phases, but it is possible 
that higher temperature causes an out- 
gassing of CO2. 

Warming caused no significant or 
consistent changes in alkalinity. For 
segments between 25 and 90 cm, the 
total alkalinities obtained for two 

cold-squeezed samples were 2.25 and 
2.35 meq/liter, and the range of total 
alkalinities obtained for five warm- 
squeezed samples was 2.26 to 2.43 
meq/liter. There were no trends in 
alkalinity with depth. 

The data on pore waters from the 
quarter core stored for 3 months at 
0? to 3?C were obtained to study the 
effect of the release of hydrostatic 
pressure. The results show that any 
pressure effects on interstitial silica 
and pH are probably completed in 14 
hours or less. Moreover, the technique 
of wrapping the quarter core in Saran 
Wrap and aluminum foil seems to have 
prevented loss of CO2 from the cold 
sediment. The interstitial alkalinities 
from the cold-stored sediment did not 
show a consistent change. Interstitial 
salinities did not change in 3 months 
of cold storage. 

In summary, the temperature of 
squeezing can alter the measured inter- 
stitial silica concentration greatly and 
the measured interstitial pH slightly. 
Also, at least one kind of filter paper 
can alter the pH and alkalinity of pore 
waters. The effect of temperature on 
the interstitial silica concentration and 
pH in other types of marine sediment 
should be investigated, and, in view 
of the initial temperature cycle during 
retrieval (11), the reversibility of the 
temperature effects reported here should 
be examined as well. Until these ques- 
tions are examined, all measurements 
of interstitial silica concentration and 
pH should be made on pore waters 
extracted at in situ temperatures. 

KENT A. FANNING 
MICHAEL E. Q. PILSON 

Graduate School of Oceanography, 
University of Rhode Island, Kingston 
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the radiation from the sun, after having 
traveled through a long atmospheric 
path, must still have an infrared compo- 
nent. Measurements show (1) that, even 
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for long slant paths through the atmo- 
sphere, there is appreciable energy in 
the near-infrared region out to wave- 
lengths of at least 2.5 [/m (2500 nm). 
Another requirement is that raindrops 
must be transparent to the radiation 
forming the bow. For path lengths as 
great as a centimeter, water transmits 
appreciably for wavelengths out to 
about 1.3 ,tm (2). 

The conclusion from these consider- 
ations is that there should indeed exist 
a rainbow of near-infrared radiation. 
To record this bow, I used Eastman 
Kodak infrared film IR 135, in con- 
junction with a Kodak 87C filter. This 
combination of film and filter made it 
possible to isolate a band pass, centered 
at 865 nm, which is separated from the 
visible part of the spectrum. Figure 1 
shows the film sensitivity and filter 
transmittance along with the spectral 
sensitivity of the human eye, which 
serves to define the visible region of 
the spectrum. 

The infrared photograph (Fig. 2) 
shows that the primary infrared rain- 
bow (resulting from one internal re- 
flection in the raindrops) is quite bright. 
Outside this primary arc, the secondary 
rainbow (resulting from the two in- 
ternal reflections) is visible. Just inside 
the primary bow are two supernumerary 
bows which can be explained as an 
interference phenomenon arising from 
rays which emerge from the raindrop 
at the same angle but which have taken 
different paths through the drop [see 
Humphreys (3) for a more complete 
discussion of this effect]. 

These effects are, of course, known 
and understood from their occurrence 
in visible light (and one could predict 
their occurrence in the near-ultraviolet 
spectral region). There is, however, a 
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Fig. 1 (left). Relative spectral sensitivity of the human eye 
(--) [data for foveal cones taken from Wald (4)]. Relative 
spectral sensitivity of Eastman Kodak infrared film IR 135 (---) 
(data from Eastman Kodak Co.). Transmittance of the Eastman Kodak 87C infrared transmitting filter (---) (data from Eastman 
Kodak Co.). Fig. 2 (right). Photograph of the infrared rainbow. 
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