
24. INTERSTITIAL WATER STUDIES, LEG 921

J. M. Gieskes, Scripps Institution of Oceanography,
and

J. Boulègue, Laboratoire de Géochimie et Métallogenie, Université de Paris2

ABSTRACT

Interstitial water studies along a DSDP drill hole transect along ~ 19°S toward the East Pacific Rise during DSDP
Leg 92 have revealed only very small changes in major ionic constituents, with small increases in Ca2+ and slight de-
creases in Mg2+. Evidence from dissolved-nitrate profiles suggests that slight production occurs in the upper sediments,
but little or no consumption of nitrate occurs at depth. An analysis of the distribution of Ca2+ and Mg2+ suggests that
slow upward advection of water through the sediment column may occur (0.075 ± 0.05 cm/yr.).

INTRODUCTION

During Leg 92 a transect of sites was drilled along
latitude ~ 19°S toward the crest of the East Pacific Rise
(Fig. 1). A principal aim of this DSDP leg was to deter-
mine the importance of hydrothermal circulation at or
near mid-ocean ridges, among which the advective move-
ment of waters through the sediment column could be
important as a result of the circulation of seawater
through the upper layers of basaltic basement. Such cir-
culation has often been invoked to explain anomalous
heat flow patterns in the sediments, some of which have
been observed at considerable distances from oceanic
ridges (Anderson and Hobart, 1976; Anderson et al.,
1977, 1979). McDuff (1978, 1981) observed that concen-
tration gradients in major ionic constituents of intersti-
tial waters are often absent in relatively young and/or
thin sediment columns. He suggested that the absence
of gradients might result from advective processes oc-
curring in these sediments.

In order to investigate the possibility of the advective
motion of interstitial water, a detailed investigation of
the chemical composition of the interstitial water at the
sites drilled for the Leg 92 transect was undertaken. Most
of the data and methods are reported in the respective
site chapters (this volume). In this report we wish to sum-
marize our findings.

DATA QUALITY
Systematic errors may result from inaccuracies in the

analytical methodologies and errors in the handling of
the sediments during core retrieval and interstitial water
extraction. Handling errors are usually small as a result
of good core recovery with the hydraulic piston corer.
These errors, especially for the principal constituents un-
der consideration in this report, are relatively small, and
we estimate them to be ± 2% for Ca2+, ± 2% for Mg2+,
and ±6°7o for K+.

1 Leinen, M., Rea, D. K., et al., Init. Repts. DSDP, 92: Washington (U.S. Govt. Print-
ing Office).

2 Addresses: (Gieskes) Scripps Institution of Oceanography, La Jolla, CA 92093; (Bou-
lègue) Université de Paris 6, Laboratoire de Géochimie et Métallogenie, 75230 Paris, France.

In addition to errors due to these factors, other errors
do occur in the data, especially because most interstitial
water samples are not obtained in situ. Most extractions
were carried out as soon as possible after core retrieval,
at temperatures of 23° ± 2°C. For the constituents for
which temperature-of-squeezing artifacts are mainly de-
termined by ion exchange processes (Sayles et al., 1973;
Gieskes, 1973), such as Mg2+ and K+, this extraction
temperature will lead to systematically low Mg2+ and
high K+ values.

For the species involved in carbonate equilibriums,
however, the case is not as simple. For instance, our da-
ta clearly suggest that not only does a negative shift in
Ca2+ occur as a result of ion exchange reactions, but al-
so that a partially compensating shift occurs as a result
of the enhanced temperatures at which samples are re-
trieved in the laboratory. The reasons for the latter are
not clear, especially because calcium carbonate solubili-
ty increases with decreasing temperature and increasing
pressure. The previous experience of one of us (Gieskes)
has also indicated that samples obtained on board ship
at simulated in situ temperatures (by centrifugation ex-
traction) had much lower Ca2+ concentrations than true
in situ samples. Often errors appear to cancel, and im-
mediate extraction at temperatures of about 20°C leads to
reasonable agreement with in situ results.

For dissolved-silica values, the differences between the
results obtained during shipboard extractions at room
temperature and those carried out in situ are often quite
large (Gieskes, 1973, 1974; Sayles and Manheim, 1975).
Dissolved-silica concentrations are also strongly depen-
dent on local lithologies. For these reasons our data,
with the exception of the in situ data, are of limited use
for the present investigation.

RESULTS

Major Ion Constituents
Below we summarize the principal results, especially

for Ca2+, Mg2+, and K+, for each site (Fig. 2). More
detail is provided in each site chapter (this volume).

Site 597—Data for Mg2+ and K+ show both system-
atic offsets and trends with increasing depth. Perhaps a
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Figure 1. Track of Leg 92. Inverted triangle denotes re-entry site.
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slightly enhanced content of clay and RSO (red brown
to yellow brown semiopaque oxides) at the top and bot-
tom of the hole leads to enhanced temperature artifacts.
Thus, little or no downhole trend in Mg2+ and K+ oc-
curs, an observation also supported by the in situ data.
The near-bottom gradient in Mg2+ is probably maximal
and thus indicates a possible 5-6% depletion in Mg2+ at
about 50 m.

The change in Ca2+ is quite systematic and implies a
change of almost 1 mM at depth or a 10% increase in
concentration. An equivalent decrease in Mg2+ would
amount to a change of about 2% in Mg2+ concentra-
tion.

Site 598—Again a systematic (~5%) increase in Ca2+

is observed, with an associated possible decrease of mag-
nesium of ~ 1 mM (or 2%).

Site 599—Concentration-depth profiles for Site 599
are very similar to those for Site 598; that is, small in-
creases in Ca2+ appear to be associated with small de-
creases in Mg2 + .

Site 600—The profiles for Site 600 appear rather un-
defined but may indicate small downhole increases in
Ca2+ and decreases in Mg2+.

Site 601—Increases in Ca2+ are again accompanied
by decreases in Mg2+. The suggested profiles show some
curvature, although this is minimal, not unlike the pro-
files for the upper 20 m of Sites 598 and 599.

Dissolved Nitrate and Ammonia

Figure 3 presents composite profiles of dissolved ni-
trate, ammonia, and silica for Sites 597 to 601. Each
hole has quite different dissolved-nitrate profiles; the dis-
tribution of nitrate is probably a strong function of in
situ metabolic activity. As expected, this metabolic ac-
tivity is highest in the upper sediment layers, and gener-
ally slight maxima are observed in the upper 10 m. The
ammonia profiles, though showing variability, again in-
dicate higher values in the near-surface sediments. In

our opinion, the various sites visited along the transect,
even those in close proximity (such as Sites 600 and 601),
have metabolic processes that do not occur at the same
rate or to the same extent. These processes are probably
related to small relative differences in the burial of reac-
tive organic carbon.

At all sites the nitrate concentrations remain higher
than the bottom-water concentrations, with the possible
exception of Site 601, where the deepest values equal
those of bottom waters.

Dissolved Silica
Dissolved-silica measurements obtained in this study

were generally obtained at temperatures different from
in situ temperatures (about 23°C vs. 2 to 6°C). Thus,
with the exception of the silica concentrations obtained
with the in situ probe, offsets from the real in situ con-
centration will occur (Gieskes, 1973; Sayles et al., 1973).
Generally these differences tend to be constant, and in
the present study they amount to about 90 ± 10 µM.
The variation is easily seen in the composite of the silica
data presented in Figure 3. Below we summarize the in
situ data:

Site

597
598
599
599
601

Depth
(m)

14.5
34.5
15.0
34.3
17.0

H 4SiO 4

(µm)

208
210
376
451
207

The in situ values at Sites 597, 598, and 601 are very
close, but at Site 599 much higher concentrations are
reached. Dissolved-silica concentrations usually are a
strong function of local lithology, so that large concen-
tration differences can occur over short intervals. This is
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well demonstrated by the silica profile for Site 599, which
shows a well developed maximum. Most of the silica pro-
files in Figure 3 yield concentrations of about 250 µM at
a depth of 1.5 m, which would mean an in situ concen-
tration of about 160 µM, or about 35 µM above bottom-
water values. Below this depth, however, concentrations
rise in a variable manner, mainly as a result of local
changes in sediment lithology. These changes are proba-
bly not easily detected, although at Site 599 the changes
are substantial.

DISCUSSION
The studies of interstitial water composition along a

transect toward the East Pacific Rise at about 19°S (Sites
597 through 602) have revealed only very minor changes
in the composition of major constituents. Although the
in situ data are quite different from data obtained through
shipboard extraction techniques, increases in Ca2+ of up
to 10%, small decreases in Mg2+ (2 to 6%), and no sig-
nificant changes in K+ have been observed. In all cases
sediment accumulation rates have been low ( « 1 0 m/
m.y.), so that diffusive communication with the over-
lying seawater has never been hampered. The question
therefore arises as to whether the observed small changes
in Ca2+ and Mg2+ are due to reactions in the sediments
or changes in basement fluids.

Small changes in carbonate chemistry in the lower parts
of Hole 600C (Kastner et al., this volume) have been ex-
plained in terms of carbonate diagenesis induced by ad-
vective flow of basement waters at low temperature and
seawater-like composition. These changes appear to have
taken place during the first few million years of the ex-
istence of the site. Little change in carbonate chemistry
has been observed in the upper part of Hole 600C. Al-
though we suggested in the site chapters that carbonate
dissolution and/or recrystallization might explain the in-
creases in Ca2+ as well as the curvature of the Ca2+ pro-
files, this idea remains speculation without more de-
tailed chemical data on carbonates.

We have attempted to model the other extreme (that
is, that all changes in Ca2+ and Mg2+ are due to the ad-
vection of basement waters from below). For these pur-
poses we have considered a simple advection-diffusive
equation (at steady state) assuming constant diffusion
coefficients (D 2 × 10~6 cmVs; McDuff, 1981), con-
stant upward advective flow velocity (w), and constant
porosity:

with both the depth coordinate and the upward fluid ve-
locity positive upward. This equation has the simple so-
lution (Craig, 1969):

(C - Co) = (Cm - C<Mz)

where/(z) = (ez/z* - l)/(eZm/z* - l)andz* = D/w. Co
and Cm are boundary concentrations at the sediment/
water interface and at the bottom of the sediment col-
umn, respectively. The parameter z* can be evaluated

for fixed D (= 2 × 10~6 cmVs) and variable w (10~10 -
10 ~8 cm/s).

Calculated profiles for Ca2+ are presented in Figure 4
with boundary conditions Co = 11 mM and Cm = 10.25
mM. From this figure it can readily be seen that at up-
ward velocities of 10~9 cm/s (-30 cm/1000 yr.) and
higher, curvature becomes increasingly important (see al-
so Crow and McDuff, 1981). For comparison we present
actual Ca2+ profiles for Sites 598 and 599. These pro-
files indicate potential advective velocities of 10~9-4 ×
10~9 cm/s, or 30 cm/1000 yr. - 120 cm/1000 yr. These
advective velocities are generally much lower than those
often invoked by heat flow measurements (Crow and
McDuff, 1981). Indeed, with the diffusivity of heat be-
ing about 100 times that of salt, almost linear tempera-
ture profiles would be expected, even at fluid velocities
of 10~8 cm/s. That is, z* is 200 cm for Ca2+ diffusion,
as opposed to 20.00 cm for heat diffusion.

The calculations above are intended as order-of-mag-
nitude calculations, and changes in porosity with depth
might sightly affect the results. Yet, if advection is of
importance in these sediments, the advective flow is prob-
ably about 75 ± 50 cm/1000 yr. or 0.075 ± 0.05 cm/yr.

At these relatively slow advective velocities, maxima
in NO3~ and H4SiO4 can occur in the sediment column,
so that the advection of water through the sediments it-
self is not precluded by the occurrence of these maxima.
Especially for dissolved silica, with its rather high pro-
duction term (see, for example, Lerman, 1977), maxima
can be pronounced. At this stage, however, the profiles
do not allow the detailed modeling of potential reaction
rates.

It is of some interest to establish whether an advec-
tive flux of 0.075 cm/yr. has important geochemical im-
plications in this area. Let us assume that basement wa-
ters are depleted by ~ 3 mM in Mg2+ and that advection
occurs over a distance of 2000 km from the ridge axis
and along 10,000 km of the East Pacific Rise. An advec-
tive flow of 0.075 cm/yr. then implies a flux of Mg into
basement of 9 × 1010 moles/yr., which at a river flux of
5 × 1012 moles/yr. is about 2% of the river flux. This
flux, therefore, is not significant when compared to the
river flux or the flux into high-temperature alteration
products in ridgecrest hydrothermal systems (Edmond
et al., 1979). For Ca2+, the implied fluxes are also less
than 1% of the overall flux of Ca2+ into the ocean.

Kastner et al. (this volume) argued that carbonate dia-
genesis in the bottom of Hole 600C occurred under con-
ditions of advective water flow. Other sites in the Leg
92 transect also show carbonate recrystallization in the
deeper parts of the holes. We postulate that such reac-
tions must have occurred under conditions of much more
rigorous flow than was calculated in the above section.

CONCLUSIONS

Data on major ion constituents of interstitial waters
of sediments recovered during Leg 92 show only minor
increases in dissolved Ca2+ (< l mM), small decreases
in Mg2+ (<4 mM), and no significant changes in K+.
Although reactions involving carbonates may cause the
changes in Ca2+ and Mg2+, an equally or more plausi-
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Figure 2. Ca2 + , M g 2 + , and K + concentrations. Data in circles are in situ values.

ble explanation may be found in terms of the upward
advection of fluid from underlying basement rocks at
velocities of 0.075 ±0.05 cm/yr. The geochemical flux-
es implied by such advective processes imply only a few
percent of the river fluxes of Ca2 + and Mg2+ and thus
are not significant.
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