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ABSTRACT

Interstitial water studies of samples from Leg 59 show small concentration variations from sea water in Sites 447 and
451 but very large concentration changes in Site 450. A general analysis of calcium concentration gradients in this
region is presented, which emphasizes the anomaly presented by the interstitial water chemistry of Sites 53 and 450 in
the Parece Vela Basin. An analysis of concentration changes in Ca, Mg, Sr, Li, Mn, and Si indicates that reaction zones
associated with high concentrations of dissolved silica can account for these observations.

INTRODUCTION

During Leg 59, interstitial water samples were col-
lected at Sites 447 through 451 (Fig. 1). Shipboard
analyses of pH, alkalinity, and calcium and magnesium
indicated slight concentration-depth variations in Sites
447 and 451 and large concentration changes in Site 450.
We decided to make more detailed analyses of samples
from these three sites, as they could be expected to show

Figure 1. Area map of Leg 59. (Site numbers are associated with
observations on calcium gradients: No = no gradient; Ca-min =
calcium minimum associated with rapidly deposited sediments;
other gradients with + sign indicate average calcium gradients in
mM/100 m, increasing in concentration with depth.)

concentrations different from those in sea water for
other dissolved constituents.

Analyses were carried out using the procedures
described by Gieskes (1974) and Gieskes and Lawrence
(1976). Lithium was analyzed using a modification of
the procedure described by Presley (1971). Sulfate
analyses were carried out using a polarographic tech-
nique (Barnes et al., 1979; Luther and Meyerson, 1975).
The data, including shipboard data, are presented in
Table 1.

DISCUSSION
In Figure 1, data on concentration-depth gradients

of dissolved calcium are summarized for the entire
region, 0° to 40°N, 120° to 150°E. Minima in dissolved
calcium are often observed in rapidly deposited sedi-
ments (>4 cm/1000 yrs), both of biogenic and of ter-
rigenous nature. Concentration increases in dissolved
calcium are more often associated with slowly deposited
sediments; these increases are ascribed to alteration of
volcanic material in the sediments (Gieskes and Law-
rence, in preparation) and/or in the underlying base-
ment (McDuff, 1978; in preparation). McDuff (1978)
noted a gradual appearance of observable concentration
gradients with increasing basement age, with sites less
than 20 m.y. old showing relatively few gradients. This
observation has been interpreted as indicating that there
was increased communication between the ocean and
the underlying basalts through the sediment column, the
concentration gradients often being the result of trans-
port processes only (McDuff and Gieskes, 1976; Mc-
Duff, 1978). On the other hand, sites with noticeable
contributions of volcanic material often do show ap-
preciable concentration gradients even in relatively
young sites.

Basement in the Parece Vela Basin is generally
younger than 25 m.y. whereas basement in the West
Philippine Basin is considerably older. Thus it is not
surprising to note a general absence of concentration
gradients in the Parece Vela Basin and fairly large con-
centration gradients in most of the West Philippine
Basin. The problem, however, is that although at many
sites in the region of the Parece Vela Basin (e.g., Sites
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Table 1. Interstitial water composition, Leg 59.

Hole
(intervals in cm)

Hole 447A
4-3, 140-150
6-5, 140-150

Hole 448
1-2, 113-128
6-3, 140-150
11-4, 140-150
16-5, 140-150
21-3, 135-150
26-2, 141-150

Hole 448A
6-1, 140-150

Hole 449
2-2, 140-150
5-1, 140-150
8-4, 140-150
11-4, 140-150

Hole 450
1-4, 144-150
5-2, 144-150
12-2, 140-150
16-3, 140-150
20-1, 140-150
24-3, 140-150
28-3, 140-150
32-3, 140-150
32-5, 140-150

Hole 451
2-4, 140-150
5-3, 140-150
14-1, 140-150
34-1, 140-150

Sub-bottom
Depth

(m)

32.5
54.5

2.8
47.5
96.5

145.5
190
236

253.5

3
30
63
91.5

6
39

105.5
145
180
221
260
306
308

11.0
38.0

120.5
310.5

p H a

7.53
7.75

7.61
7.62
7.62
7.63
7.62
8.50

7.56

7.42
7.79
7.58
7.64

7.42
7.60
7.79
7.73
7.79
8.28
8.30
8.51
—

7.52
7.63
7.98
—

Alka

(meq/1)

2.66
2.45

2.62
2.72
2.89
2.87
2.67
2.65

2.67

2.60
2.93
2.70
2.67

2.44
2.66
1.59
1.19
1.01
0.59
0.46
0.55
—

2.96
3.52
2.15
—

Cla

(lO~3)

19.7
19.4

19.3
19.3
19.4
19.7
20.4
19.2

19.1

19.0
19.2
19.6
19.8

19.2
19.4
19.7
19.4
19.3
19.5
19.1
19.4
—

19.5
19.6
19.7
20.1

(lO~3)

35.9
35.8

35.5
35.8
36.0
35.8
36.9
35.5

36.0

35.2
35.5
35.7
35.6

35.1
35.8
36.0
35.8
35.6
36.2
35.4
35.6
—

36.2
36.4
36.4
36.7

Caa

(mM)

11.7
15.2

10.5
11.2
10.6
10.6
10.6
9.9

11.0

10.4
11.2
11.6
11.1

10.7
12.0
26.6
36.3
47.6
55.9
60.0
63.5
—

11.7
12.3
11.1
17.2

Mga

(mM)

51.9
49.1

53.0
53.0
53.2
52.7
52.0
46.2

51.1

53.0
52.0
52.0
52.1

51.9
51.3
30.9
19.8
6.22
0.15
0.00
0.00
—

52.9
51.7
51.9
48.5

Sr
(mM)

0.084
0.090

0.084
0.090
0.125
0.150
0.165
0.185
0.159
0.149

—

0.094
0.095
0.094

—

Mn
(µM)

0
0

0.005
0.002
0.061
0.090
0.098
0.079
0.032
0.021
0.025

0.004
0.004
0.003

—

Li
(µM)

26.0
24.0

21.0
20.0
26.0
31.9
43.0
56.8
44.4
45.1
—

24.8
24.9
25.1
—

K
(mM)

9.9
9.0

9.4
10.3
8.2
7.6
6.8
6.6
4.1
3.6
—

9.8
11.8
11.3
—

Si
(µM)

240
600

282
380
489
572
666
735
650
818
730

485
631
460
—

SO4

(mM)

26.0
30.0

27.8
24.9
28.6
29.9
31.0
—
—
—
—

30.8
30.2
—
—

NH b

(mM)

0.05
0.05

0.06
0.06
0.05
0.05
0.06
0.06
0.06
0.07
0.05

0.04
(0.2)
0.05
—

a Shipboard data.
b Values of <0.05 mMare not considered significant.

53, 54, 448, 450, and 451) there have been major con-
tributions of volcanic materials (tuffs, ashes) to the
overall sediment composition, only Sites 53 and 450
show appreciable concentration gradients. In this
chapter we shall explore on a preliminary basis the
reasons this may be so.

Interstitial data for Sites 53 and 450 are presented for
comparison in Figure 2. Concentration-depth profiles
of dissolved calcium and magnesium at Site 450 suggest
that, in addition to a possible input from the underlying
basalts, reactions below a depth of 200 meters are to a
large extent responsible for the input of calcium and the
removal of magnesium. Below 200 meters, dissolved sil-
ica values of > 700 µM are obtained, and strontium,
manganese, and lithium all show distinct maxima near
200 meters depth. We postulate that in this depth
horizon, alteration reactions that presumably involve
volcanic matter are taking place, leading to these con-
centration changes. Dissolved potassium concentrations
do not appear to be affected by this type of reaction,
and no extremum is observed at 200 meters. The under-
lying basalts probably constitute the main sink for dis-
solved potassium.

In comparison, the Site 53 sediments show complex
concentration-depth profiles for dissolved calcium and

magnesium, with concentration extrema at about a
depth of 25 meters. The zone of these extrema coincides
with a maximum in dissolved silica, which reflects the
presence of radiolarian oozes in these sediments. Ex-
trema in dissolved strontium, lithium, and manganese
also occur in this zone. Again we postulate that a zone
of reaction is associated with these high silica activities
and that reactions in this zone have only recently gained
importance, thus leading to maxima and minima in the
concentration-depth profiles. Reactions in the underly-
ing basalts are clearly responsible for further decreases
in magnesium and potassium and for the release of
lithium and calcium. Dissolved potassium concentra-
tions appears unaffected by the reaction zone at around
25 meters depth.

In general, we are impressed by the similarity of the
profiles at Sites 53 and 450. A common denominator is
the concentration of dissolved silica higher than 700
µM. Whereas Site 450 sediments are reported to be
almost barren of radiolarian silica debris, dissolved
silica values are high, probably because of the relatively
high concentrations of dissolved silica associated with
the abundant volcanic glass and tuffs at this site. We
postulate that reactions only become feasible when dis-
solved silica values in excess of 700 µM are reached. This
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Figure 2. Interstitial water data, Sites 53 and 450 (+ = 450; = 53-1; A = 53-2; Θ = 53-0 [Site 53, Manheim and Sayles, 1970]).

would explain the complete absence of concentration
gradients at Site 54 (Manheim and Sayles, 1970) and the
small gradients at Site 451 (Table 1), where dissolved
silica values remain generally well below 600 µM. Fur-
ther studies on the sediments and interstitial waters
(oxygen and strontium isotopes) of these sites are clearly
warranted in order to unravel the processes involved.
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