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ABSTRACT 

Major-element compositions (Cl", SO2.", Ca2+, Mg2 + , Li + , K + , N a + , Sr2 +) of interstitial waters obtained from 
sediment cores along the ODP Leg 110 transect across the Northern Barbados accretionary prism have shown that a 
complex set of geochemical processes are of importance in this area. In the volcanic ash-rich Pleistocene-Pliocene sedi
ments, alteration reactions involving volcanic ash lead to depletions of Mg2+ and K + . This process is confirmed by the 
much lower than contemporaneous seawater values of the 87Sr/86Sr ratios of dissolved strontium. In the deeper sedi
ments recovered below the zone of decollement (Sites 671 and 672) large increases in Ca2 + and gradual decreases in 
Mg2 + , N a + , and 6180 (H20) indicate a potential contribution to the interstitial water chemistry by exchange with un
derlying basement rocks. This process has been hard to confirm because the drill holes were terminated well short of 
reaching basement. However, the concentration gradient pattern is consistent with observations in a large number of 
DSDP drill holes. Finally, but most importantly, low Cl" concentrations in the decollement zone and underlying sand 
layers, as well as in fault zones at Sites 673 and 674, indicate dilution of interstitial waters. The potential origins of the 
low Cl" concentrations are discussed, though we are not able to distinguish any mechanism in particular. Our evidence 
supports the concept of water migration along the decollement and through the underlying sandstones as well as along 
recent fault zones in the accretionary complex. Interstitial water concentration depth profiles are affected by faulting, 
thrusting, and overturn processes in the accretionary prism. These processes have caused a diminished diffusive ex
change with the overlying ocean, thus explaining increased depletions in Mg2+ and SO2" in sites farther onto the accre
tionary prism. 

INTRODUCTION 

Subduction zones are among the most dynamic tectonic en
vironments on earth. In these zones water-rich sediments evolve 
into highly deformed rocks of negligible porosity by the time of 
their exposure at the surface (Bray and Karig, 1985). This poros
ity reduction requires large-scale fluid expulsion, which must 
occur sometime during underthrusting and deformation. Leg 
78A of the Deep Sea Drilling Project (Biju-Duval, Moore et al., 
1984) and Leg 110 of the Ocean Drilling Project (Moore, Mas
cle, Taylor, et al., 1987) were specifically designed to investigate 
the structural, hydrologic, and diagenetic processes at shallow 
levels in accretionary complexes. The focus of this paper is on 
the geochemistry of the interstitial fluids. 

The northern Barbados Ridge complex (Fig. 1) became the 
focus of subduction zone drilling because the sedimentary cover 
of the incoming oceanic crust is less than 800 m thick and, con
sequently, the decollement zone and related thrust faults occur 
at relatively shallow depths below the seafloor. Biostratigraphic 
observations during Deep Sea Drilling Project (DSDP) Leg 78A 
(Biju-Duval, Moore, et al., 1984) documented thrust faulting in 
the accretionary wedge. In addition there were indications of 
high fluid pressures in the decollement zone, but this major 
fault zone was not penetrated. The decollement zone consists of 
siliceous clays and muds, which are characterized by higher po-
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rosities than those of the surrounding sediments. The physical 
properties of such sediments cause this zone to serve as an excel
lent shear zone, below which relatively undeformed sediments 
are subducted below strongly deformed accreting sediments 
(Moore, Mascle, et al., 1987). Penetration of the decollement 
zone was achieved during ODP Leg 110 at Site 671. Extensive 
shipboard analyses included studies of heat flow, physical prop
erties, structural geology, and biostratigraphy, as well as of the 
chemistry of interstitial waters, gases, and organic carbon. 

During Leg 110 a total of six drill sites were occupied (Fig. 
1). Prior to this drilling leg interstitial waters were obtained 
from three sites drilled during Leg 78A of the Deep Sea Drilling 
Project (Gieskes et al., 1984). In this report we discuss the ship
board data on the inorganic major element composition of dis
solved salts in the interstitial waters as well as data obtained in 
two of our home laboratories (J.M.G. and H. E.). Stable iso
tope geochemical data on the interstitial waters are presented 
elsewhere in this volume by P. Vrolijk and co-workers. 

METHODS A N D RESULTS 
The interstitial water program carried out during Leg 110 is 

principally based on analyses of samples obtained by routine 
squeezing techniques (Manheim and Sayles, 1974) using stain
less steel squeezers, operated at pressures of about 2000-3000 
psi (140-210 kg • cm"2). In addition a few samples were ob
tained by means of an in-situ sampler (Barnes, 1988; Barnes et 
al., 1979), but generally our attempts at consistent in-situ sam
pling were thwarted by the nature of the sediments. 

Shipboard analyses for pH, alkalinity, S, Cl", Ca2 + , Mg2 + , 
SO2", H4Si04, and NH^ were carried out by means of methods 
described by Gieskes and Peretsman (1986). For C l - both an in
dicator method and an electrometric method (G. Blanc) were 
used, leading to identical results. The analyses for Li+ and Sr2+ 

were made by means of flame atomic absorption spectrometry. 
K+ was analyzed by emission spectroscopy 87Sr/86Sr ratios (H. 
Elderfield) were obtained from mass spectrometry. Br~ analyses 
were carried out by a colorimetric technique described by Pre
sley (1971). All concentrations are expressed in molar concentra-
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Figure 1. Map of study areas of DSDP Leg 78A and ODP Leg 110. Bathymetry in meters. 

tions on a volumetric basis (mM = millimol • dm - 3 ; /*M = mi-
cromol • dm - 3 ) . 

Accuracies of the analytical data generally are better than 
2%, but artifacts of squeezing may cause systematic offsets in 
the data (usually less than 5%). However, concentration-depth 
trends are not significantly affected (Gieskes, 1974; Manheim 
and Sayles, 1974). Large changes in chloride concentrations 
were observed, which led us to investigate the validity of our 
methodologies, especially because of the important implica
tions of decreases in chloride observed in this study. 

Validity of Chloride Concentrations 
To ascertain that observed variations in chloride concentra

tions were not an artefact of the pore-water extraction proce
dures, we directed our attention to possible pressure effects dur
ing the hydraulic squeezing process. 

Manheim (1974) has reviewed the various methods of pore-
water extraction with special emphasis on methods using hy
draulic squeezers. He cites evidence collected by himself 
(Manheim, 1966) and by Shiskina (1966) that no membrane fil
tration process or removal of adsorbed waters on clays occurs at 
pressures of 580-12000 psi (39-820 kg • cm - 2 ) ; i.e., over a pres
sure range much larger than that used in this study (2000-3000 
psi). Sayles (1970), however, suggested from his experiments on 
a NaCl (29 g • kg -^-saturated clay (low carbonate) that small 
effects could occur at pressures in excess of 2400 psi, but only if 
very small quantities (< 1 cm3) of water were recovered. 

Notwithstanding our conviction that our observations on de
creased chloride concentrations are not the result of a sampling 
artifact, we carried out a series of experiments in which intersti
tial waters were expressed from the sediments at different pres

sures and in a sequential fashion (often in 3- to 4-cm3 aliquots). 
Sediment samples at Site 674 were chosen for this purpose. The 
results are given in Table 1 and in Figure 2. Many of the results 
did show that usually the first water obtained had higher sulfate 
contents, particularly in brecciated samples that may have been 
exposed to surface seawater that is used as drilling fluid. As ob
served in split cores, often only small pieces of undisturbed na
tive sediment occur in a matrix of disturbed material. Thus, 
even though attempts were made to squeeze the best samples, 
some contamination is unavoidable. A study of the SO2." con
centration-depth profile, however, suggests that these contami
nation problems are relatively minor except for samples from 
about 125 mbsf, 190 mbsf, and 305 mbsf. At about 395 mbsf we 
squeezed some mud peelings knowing that they should be con
taminated with seawater. This shows quite clearly in anomalous 
data in SO 2 - , C l - , and Mg2 + , but less in Ca2 + . A precise dilu
tion effect, however, cannot be expected because of potential 
ion exchange effects introduced by the drilling fluid seawater of 
different C l - (and Na+) content. Often lower C l - concentra
tions appear to accompany the lower SO 2 - concentrations, but 
we prefer to interpret this in terms of a more pristine sample, 
rather than in terms of a dilution effect caused by membrane fil
tration. In any case, C l - differences are usually well within 2°7o, 
which is relatively small compared to the overall observed changes 
in Cl" with depth (about 30%). Effects on Ca2+ and Mg2+ be
low the sediment water interface indicate again that the C l - de
crease at about 20 mbsf cannot be the result of seawater con
tamination. Indeed, as will be discussed later for Site 674, the 
C l - minimum coincides with a temperature anomaly, which 
suggests advective fluid flow in these sediment layers (Fisher 
and Hounslow, this volume). We conclude that the observed 
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Table 1. Consecutive squeeze results, Hole 674A. 

Core, section 
interval, cm 

1-3, 145-150 
2-6, 145-150 
3-5, 145-150 
4-3, 145-150 
5-4, 145-150 
7-2, 145-150 
9-6, 140-150 

12-3, 140-150 

15-2, 140-150 

18-5, 140-150 

21-3, 140-150 

24-5, 140-150 

27-5, 140-150 

30-3, 140-150 

33-5, 140-150 

36-5, 140-150 

39-5, 140-150 

42-3, 140-150 

45-4, 140-150 

48-3, 140-150 

Pressure 
(PSI x I02) 

20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20(1) 
20(2) 
30(1) 

30(3) 
20(1)A 
20(1)B 
30(2)A 
30(2)B 
30(3)A 
20(1)A 
20(1)B 
30(2)A 
30(2)B 
30(3)A 
30(3)B 
30(4)A 
30(4)B 
20(1) 
30(2) 
30(3) 
20(1)A 
20(1 )B 
30(2)A 
30(2)B 
30(3)A 
30(3)B 
20(1)A 
20(1)B 
30(2)A 
30(2)B 
30(3)A 
20(1) 1 ml 
30(2) 4 ml 
20(1) 
30(2) 
20(1) 2 ml 
30(2) 5 ml 
20(1) 
30(2) 
30(3) 
20(1)A 
20(1)B 
30(2)A 
30(2)B 
30(3)A 
30(3)B 
30(4)B 
peelings 
20(1) 
30(2) 
20(1) 
30(2) 
20(1) 
30(2) 

Depth 
(mbsf) 

4.5 
15.5 
23.5 
30 
40.5 
57 
82 

105 

132 

165 

190 

220 

250 

275 

308 

336 

365 

391 

421 

448 

Ca 
(mM) 

11.5 
15.8 
21.2 
25.2 
29.8 
33.3 
37.6 

37.7 

37.5 
38.9 

38.6 

38.8 
39.7 

40.6 

40.9 
40.9 
40.8 
40.6 

46.2 

44.4 
45.6 
44.4 
44.4 
45.0 
44.6 
44.6 
44.1 
43.2 
42.7 

39.9 
38.8 
41.2 
40.2 
38.7 
35.7 
38.2 
36.7 
35.9 
39.8 
40.0 
38.9 
39.0 
38.1 
38.5 
37.8 
38.6 
36.7 
34.4 
33.4 
32.0 
27.2 
25.6 

Mg 
(mM) 

50.1 
46.4 
40.8 
38.4 
27.5 
22.3 
19.2 

19.6 

20.0 
13.2 

13.9 

14.3 
14.2 

13.3 

11.6 
12.2 
11.5 
12.9 

4.9 

6.3 
7.5 
5.5 
6.1 
4.7 
5.1 
6.7 
5.6 
4.9 
5.0 

10.8 
9.5 

12.9 
11.7 
12.8 
11.6 
8.6 
8.8 
8.8 
9.7 
9.9 
9.4 
9.7 
9.8 
9.0 
9.9 

20.0 
10.1 
9.6 

10.3 
10.3 
10.7 
10.7 

so4 
(mM) 

24.3 
24.0 
20.0 
18.0 
15.5 
13.0 
11.2 
10.8 
11.1 

7.4 

7.8 

7.2 

6.0 
8.1 
5.1 
6.0 
4.1 
5.0 
4.0 
4.2 
2.8 
2.8 

1.8 
1.6 
0.9 
4.6 
3.8 
2.3 
2.1 
1.7 
1.8 
1.0 
1.0 
0 
0.8 
0 
0 

11.9 
1.3 
0.8 
1.2 
0.6 
2.7 
1.2 

Cl 
(mM) 

546 
543 
537 
518 
569 
565 
571 
560 
559 
558 
553 
561 
560 
558 
558 
559 
542 
545 
544 
540 
548 
543 
546 
542 
535 
530 
532 
549 
528 
549 
529 
547 
527 
512 
516 
503 
501 
500 
489 
481 
507 
508 
479 
455 
477 
469 
465 
510 
505 
504 
500 
495 
490 
489 
518 
474 
455 
465 
459 
412 
394 

changes in Cl" are real and, therefore, they need to be explained 
in terms of physical processes occurring in the accretionary 
prism. 

Analytical Results 
The results of the analytical program for the determination 

of major dissolved constituents of the interstitial waters ob
tained during ODP Leg 110 are presented in Table 2. 

Because only relatively few samples were studied for the con
tent of bromide, the results are reported separately as the Br~/ 
C l - ratio in Table 3. Similarly data on the 87Sr/86Sr were deter

mined on a few selected samples and these data are presented in 
Table 4. 

LITHOLOGIES 
The lithologies of the Leg 110 drill sites, together with those 

of DSDP Sites 541 and 542, are presented in Figure 3. The litho
logic columns of Figure 3 follow the drill sites from the seaward 
side of the accretionary prism onto the prism (Fig. 1). 

Several features are of importance in the following discus
sions: 

1. The decollement zone was penetrated at Site 671, and was 
reached at Sites 541, 675, and 676. At Site 672 a zone of proto-
decollement was penetrated between 180-210 mbsf. 

2. Carbonate sediments predominate in the Pleistocene-Pli
ocene sections, as well as in the deeper Oligocene-Eocene sec
tions of Sites 671 and 672. 

3. The occurrences of volcanic ash are especially noticeable 
in the Pleistocene-Pliocene sections (Mascle, Moore, et al., 
1988), as is seen in Figure 4 for Sites 671, 672, and 674. 

4. In all sites arcward of the deformation front, increased 
folding, faulting, and overthrusting characterizes the sediment 
columns. As a result rapid thickening of the sediment column 
occurs. 

PREVIOUS STUDIES—LEG 78A 
Studies of the interstitial water composition of the three drill 

sites of DSDP Leg 78A (Gieskes et al., 1984) have revealed that 
alteration of volcanic material, dispersed in the sediments, plays 
an important role in causing increases in dissolved calcium and 
decreases in dissolved magnesium and potassium. 

Site 543 was drilled north of the Leg 110 transect (Fig. 1) and 
reached Layer 2 basement at a relatively shallow depth of about 
410 mbsf. The upper 200 m of the sediment column are charac
terized by the presence of ash beds and carbonates are restricted 
to the upper 75 m of sediments of Pleistocene-Pliocene age. Av
erage sedimentation rates in the upper 200 m of the sediment 
column are about 20 m/m.y. Interstitial water concentration-
depth profiles for Ca2 + , Mg2+ , Sr2+, 87Sr/86Sr of dissolved 
Sr2+, and <5180 (H20) are presented in Figure 5. The concentra
tion-depth profile of Mg2+ indicates a minimum at about 150 
mbsf and the rapid decrease in the upper 100 mbsf is accompa
nied by a rapid increase in Ca2 + . Associated with this is a sharp 
decrease in 87Sr/86Sr, sharply below contemporaneous seawater 
values (DePaolo and Ingram, 1985; Hess et al., 1986; Palmer 
and Elderfield, 1985). Previous studies of interstitial water com
positional change in sediments characterized by important con
tributions of volcanic material to the sediments have shown that 
the above observations can best be understood in terms of in-
situ alteration reactions involving uptake of magnesium and 
l sO, release of calcium, and exchange of less radiogenic 87Sr/ 
86Sr with the dissolved strontium in the interstitial waters (Gies
kes and Lawrence, 1981; Gieskes et al., 1986, 1987). At depths 
below 300 mbsf the gradients in Ca2+ and 5180 (H20) and to a 
lesser extent the gradient in Mg2+ indicate that exchange with 
underlying basement rocks occurs (McDuff, 1981; Lawrence 
and Gieskes, 1981). 

Sites 541 and 542 both failed to penetrate through the de
collement, although both holes terminated in the close vicinity 
of this detachment surface. Drilling at Site 541 ended in the up
per part of the decollement zone, and at Site 542 it ended in the 
frontal thrust that splays off the decollement at that location. 
Interstitial waters again indicate rapid increases in calcium and 
decreases in magnesium, especially in the upper sections, which 
are rich in volcanic ash (Figs. 6 and 7). Appreciable amounts of 
carbonates characterize the Quaternary and Pliocene sediments 
and, as a result of dissolution and/or recrystallization, substan-
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Figure 2. Results of sequential sampling for interstitial waters at Site 674. Dots: Ini
tial squeeze at about 2000 psi. Crosses: Subsequent aliquots obtained at about 2000 
and 3000 psi. 

tial increases in dissolved strontium occur. Notwithstanding 
this, sharp decreases in the 87Sr/86Sr ratio of dissolved stron
tium occur, again suggesting the importance of alteration of 
volcanic matter in these sediments. Changes in dissolved cal
cium, magnesium, and 5180 in the upper sediment column are 
larger at Sites 541 and 542 when compared with Site 543, 
mainly as a result of faster Quaternary sedimentation rates and 
an associated decrease in diffusive exchange with the overlying 
ocean. 

LEG 110 SITES 
In the following a brief description is presented of the inter

stitial water data obtained in the various drill sites occupied dur
ing ODP Leg 110. Of these, Sites 672, 671, and 674 are of spe
cial importance and therefore these sites are presented first, fol
lowed by Sites 673, 675, and 676, respectively. 

Site 672 
Site 672 was intended as the reference hole of the Leg 110 

transect and for this purpose was located 6 km east of the toe of 
the accretionary prism. The lithologies and ages of the sedi
ments are presented in Figure 3. Of importance are the radiolar-
ian-rich sediments at the depth range of 180-210 mbsf. The li
thology and age of this horizon is identical to the stratigraphic 
horizon along which the decollement develops at Site 671 (cf., 
Fig. 3). Structural features such as mud-filled veins and low-
and high-angle shear zones with cm-scale displacements suggest 
the development of incipient deformation at this level. Further
more, physical property measurements record high porosities 
here. These data suggest that the deformation is propagating 
along this horizon in front of the deformation front and that it 
marks the location of the "future decollement" (Moore, Mas
cle, et al., 1987). The oldest sediments drilled at this site are 
early Eocene in age and thus the site was terminated well above 
basement with an estimated age of about 140 Ma. 

The concentrations of dissolved chloride (Fig. 8) show clear 
decreases with depth, minima centering at about 200 mbsf (zone 

of "future decollement") and in the sandstone layers at about 
370 mbsf. Elsewhere (Blanc et al., 1988) we have reported 
slightly elevated methane concentrations at 200 mbsf and in the 
sandstones. These observations were interpreted in terms of ad-
vective flow of low chloride, methane-bearing solutions from 
deeper in the accretionary complex. A problem arose with a few 
selected samples, which showed chloride concentrations well 
above those of bottom water. These samples also showed ele
vated ammonia concentrations and precipitation of iron oxides 
upon storage. We are not willing to discard these data a priori, 
but we do not understand the reasons for the high C l - values. 
Are they the result of squeezing artifacts or the result of in-situ 
membrane filtration processes? Data for Ca2+ , Mg2+ , and SO2.-

do not appear to be affected and follow normal trends. 
An alkalinity (HC03~) profile was obtained to a depth of 300 

mbsf. Just below the interface at about 20 mbsf a small maxi
mum occurs, followed by a well-established minimum of about 
1.1 mM at about 120 mbsf. Lack of samples below 300 mbsf 
prevented a precise characterization of alkalinity changes at 
greater depths. The dissolved sulfate profile indicates a contin
ued depletion in sulfate with depth to about 400 mbsf, thus indi
cating that the major source for the alkalinity increases is the 
production of HC03~ during the sulfate reduction process. The 
concentration depth profile of dissolved ammonium shows that 
the largest increases in N H / occur in the upper 60 m, probably 
as a result of organic matter alteration associated with bacterial 
sulfate reduction processes. 

The concentration changes in dissolved calcium and magne
sium are affected by several processes, which include the altera
tion of volcanic ash (as was also observed in the Leg 78A sites) 
in the upper 125 m. In addition, deep-seated reactions cause in
creases in Ca2+ and decreases in Mg2 + , perhaps as a result of al
teration reactions involving underlying basement rocks (Gies
kes, 1983; McDuff and Gieskes, 1976; McDuff, 1981). Unfortu
nately, basement was not reached at this site. Increases in Ca2+ 

far exceed the decreases in Mg2+ and typically a sharp decrease 
in Na+ /Cl~ is observed. Na+ concentrations were obtained 
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Table 2. Interstitial water data: Major constituents, Sites 671-676. 

Hole 671B 
Core-Soc 

1-3 
2-5 
3-4 
4-5 
6-4 
8-4 
10-3 

1 3 - 3 
1 4 - 6 
1 5 - 1 
1 7 - 4 
1 9 - 1 
2 2 - 5 
2 5 - 4 
2 8 - 5 
31 -1 
3 3 - 2 
3 4 - 3 
3 7 - 2 
4 0 - 3 
4 1 - 4 
4 3 - 3 
4 6 - 3 
4 9 - 3 
5 2 - 2 
5 5 - 5 
5 6 - 2 
5 8 - 6 
61 -5 
6 3 - 5 
6 5 - 5 
6 7 - 5 
7 0 - 5 
7 3 - 5 
7 4 - 1 

Interval 
cm 

1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 

8 4 - 8 9 
5 9 - 6 5 

1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 

1 6 - 2 2 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
9 3 - 1 0 1 

1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 3 9 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 

1 6 - 2 2 

Depth 
m 

4 .5 
16.0 
22 .0 
3 3 . 0 
50 .5 
68 .5 
86 .0 
113.0 
125.0 
127.0 
153.0 
171 .0 
200 .0 
230 .0 
2 6 0 . 0 
2 9 0 . 0 
3 1 0 . 0 
3 2 0 . 0 
3 4 8 . 0 
3 6 8 . 0 
3 8 0 . 0 
3 9 7 . 0 
4 2 0 . 0 
4 5 0 . 0 
4 7 7 . 0 
508 .0 
516 .0 
535 .0 
566 .0 
580 .0 
600 .0 
6 2 0 . 0 
6 5 0 . 0 
6 7 5 . 0 
6 8 5 . 0 

PH 

7.89 
7.69 
7.68 
7 .70 
7.74 
7.76 
7.89 

7.62 
7.69 
7.74 
7.72 
7.38 

7.54 
7.43 
7.65 

8.11 

7.86 
7.63 

7.73 
7.52 

7.23 

Alkal in i ty 
mM 

3.09 
4 .10 
2.67 
2 .13 
1.56 
1.41 
0.85 

1.05 
0.92 
1.02 
0.71 
0.64 

0 .70 
1.85 
1.05 

1.02 

1.70 
2.24 

2.78 
2.47 

2.80 

Salinity 

35 .0 
35 .0 
35 .5 

34 .7 
34 .4 
34 .2 

34 .0 

34 .2 

32.3 
33 .0 

32 .7 
32 .4 

32 .5 

37 .2 

34 .3 

Cl 
mM 
559 
5 6 4 
5 7 0 
5 7 4 
570 
568 
571 
559 
570 
572 
573 
569 
5 7 0 
5 7 0 
5 6 4 
5 6 0 
5 5 4 
533 
539 
539 

536 
526 
523 
5 2 0 
505 
508 
552 
556 
5 6 0 
547 
5 6 4 
563 
508 
542 

SO* 
mM 

27.6 
27.8 
25.0 
22 .8 
20.8 
18.0 
16.6 
14.8 
13.0 
13.6 
13.2 
12.8 
13.2 
14.6 
15.0 
16.2 
16 .2 
15.6 
18.0 
16.6 
16.6 
19.1 
15.0 
19.0 
17.0 
13.9 
14.0 
13.0 
11.2 
9.5 
8.6 
7.8 
6.6 
6.0 
8.7 

NH4 
M.M 
3 5 
5 5 
1 1 5 
1 6 0 
1 8 0 
2 1 0 
2 2 0 
2 4 0 
2 7 0 
5 4 0 
5 2 0 
3 9 0 
3 2 5 
2 6 0 
2 4 0 
2 3 0 
3 2 0 
2 1 5 
1 9 5 
1 8 5 
2 6 5 
2 1 0 
2 1 5 
1 9 5 
2 3 5 
2 2 5 
2 6 0 
2 4 0 
3 1 5 
3 2 0 
3 3 0 
3 5 5 
3 5 5 
3 4 0 

Ca 
mM 
11 .9 
12 .8 
16.0 
18 .0 
20 .7 
23 .5 
25 .2 
28 .0 
30 .2 
28.1 
27 .3 
26 .2 
27 .6 
2 8 . 6 
3 0 . 7 
3 0 . 8 
3 3 . 0 
36 .0 
36 .1 
39 .1 
39 .5 
37 .1 
4 0 . 2 
4 0 . 7 
40 .3 
3 7 . 2 
36 .3 
39 .9 
4 3 . 6 
4 6 . 0 
4 9 . 6 
55 .7 
6 4 . 9 
66 .1 
72 .4 

Mq 
mM 

50.6 
49 .9 
45 .1 
42 .3 
39.6 
34 .6 
32 .9 
30.8 
27.0 
24.4 
27.1 
26.9 
26.1 
26 .5 
24 .8 
25 .0 
22 .9 
22.9 
24.3 
22.6 
20.4 
25.4 
22 .7 
25 .5 
27.0 
28.1 
30 .9 
37 .1 
38 .8 
38 .0 
39.3 
37 .6 
36 .6 
33 .6 
34 .0 

Sr 
uM 
1 0 2 

1 6 9 

213 

2 3 3 

2 8 0 
3 0 1 
3 2 0 

5 1 8 

4 8 3 

2 3 2 

L i 
uM 
28 

30 .5 

22.5 

27.8 
28.3 

23.2 

28 .9 

38 .9 

1 9 0 72 .5 
1 9 2 69 .5 

1 8 2 146.6 

2 7 1 2 1 4 

3 5 2 

2 4 0 

316 .2 

4 5 

K 
mM 
1 2 

1 2 

9 

6 

9 
7 
6 

5 

4 

4 

3 
3 

4 

4 

3 

4 

Na 
mM 
4 9 2 
4 9 8 
5 0 0 
5 0 1 
4 9 2 
4 8 9 
4 8 8 
4 7 1 
4 8 1 
4 9 5 
4 9 0 
4 8 8 
4 8 9 
4 8 9 
4 8 2 
4 8 0 
4 7 4 
4 4 6 
4 5 5 
4 4 9 
4 5 1 
4 5 0 
4 3 1 
4 3 0 
4 2 1 
4 0 4 
4 0 3 
4 2 6 
4 1 5 
4 1 3 
3 8 8 
3 9 4 
3 7 5 
3 2 2 
3 4 8 

Na/Cl 

0 .88 
0 .88 
0 .68 
0 .87 
0 .86 
0 .86 
0 .85 
0 .84 
0 .85 
0 .87 
0 .86 
0.86 
0.86 
0.86 
0 .86 
0.86 
0 .86 
0 .84 
0 .84 
0 .83 
0 .84 
0 .84 
0 .82 
0.82 
0.81 
0 .8 

0 .79 
0 .77 
0 .75 
0 .74 
0 .71 
0 .7 

0 .67 
0 .63 
0 .64 

Si 
uM 
5 3 0 
4 6 0 
2 1 2 
2 2 8 
2 2 0 
1 8 4 
2 4 0 
2 4 0 
5 1 0 
5 2 0 
6 4 0 
2 5 0 
2 5 0 
2 2 8 
2 7 5 
2 3 0 
2 0 0 
2 3 0 
2 4 0 
2 5 2 
1 8 0 
1 7 0 
1 7 5 
3 0 0 
2 6 0 
8 1 5 
6 5 0 
2 5 0 
2 2 0 
2 8 0 
2 4 0 
2 3 0 
2 7 5 
4 4 0 
3 7 5 

Hole 672A 
Core-Sec. 

1 H-4 
2 H - 6 
3 H - 4 
4 H - 5 
5 H - 5 
7 H - 5 
9 H - 5 

1 2 H - 5 
1 5 x - 3 
18X-3 
2 1 X - 2 
2 4 X - 5 
2 7 X - 5 
3 0 X - 5 
3 2 X - 4 
3 4 X - 4 
3 6 X - 4 
3 8 X - 5 
3 9 x - 2 
4 0 X - 5 
4 1 X - 1 
4 2 X - 2 
4 3 X - 4 
4 6 X - 1 
4 8 X - 3 
5 1 X - 2 
5 3 X - 4 

Interval 
cm 

1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 5 - 1 5 0 

Depth 
m 

6.0 
12.0 
18.0 
29 .0 
38 .5 
57 .5 
76 .0 
105.0 
130.0 
158.0 
185.0 
216 .0 
245 .0 
274 .0 
290.0 
3 0 9 . 0 
327 .0 
346 .0 
352 .0 
367 .0 
376 .0 
3 8 2 . 0 
395 .0 
4 2 5 . 0 
4 4 7 . 0 
4 7 0 . 0 
4 8 9 . 0 

pH 

7.43 
7.65 
7.68 
7.70 
7.81 
7.70 
7.79 
7.96 
7.90 
7 .60 
7 .70 
7 .69 
7.80 
7.70 
7 .40 

7 .69 

6 .52 

Alkal in i ty 
mM 

2.99 
3 .19 
3 .20 
2 .05 
1.74 
1.26 
1.17 
1.13 
1.85 
1.32 
2 .06 
3 .33 
3 .46 
4 .47 
5 .49 
5.17 

7.64 

Salinity 

35.5 
36 .0 
35.3 
35.3 
35.0 

34.5 
34.3 
35.0 
35 .0 
34 .2 
34.0 
35 .0 
35 .0 
34 .2 
33.8 
36 .2 
32 .2 

33 .0 

34.3 
34 .0 

33.8 

Cl 
mM 
5 6 0 
563 
563 
5 6 2 
563 
563 
5 6 2 
5 6 2 
559 
5 5 2 
565 
5 4 0 
5 5 4 
549 
549 
573 
5 3 2 
518 
576 
505 

5 2 2 
529 
535 
5 2 7 
545 
5 7 2 

SO* 
mM 

26.3 
27.1 
25 .4 
26.6 
25 .2 
24 .2 
23.3 
22.5 
21 .5 
21.1 
20.4 
17.9 
16.8 
15.3 
14.1 
12.8 
13.9 
12.1 
13.0 
11.8 
10.8 
10.3 
12.4 
12.0 
15.8 
13.9 
11.8 

NH4 
M.M 
0 

2 7 
6 0 
3 0 
125 
206 
225 
2 3 2 
2 1 5 
2 3 0 
4 0 0 
223 
2 1 0 
2 4 5 
2 5 5 
3 4 5 
2 3 5 
2 6 5 
5 6 0 
3 0 5 
2 8 0 
3 3 5 
3 2 0 
3 0 0 
3 1 5 
3 2 5 
4 0 5 

Ca 
mM 
11.6 
12.7 
14.1 
13.7 
16.6 
19.3 
21.8 
26 .2 
29 .0 
32 .2 
32 .8 
34 .7 
37 .4 
40 .4 
42 .2 
44 .5 
50.2 
51.1 
53.2 
52.6 
52.7 
51.3 
56.5 
62 .7 
61 .6 
71 .9 
79 .2 

Mq 
mM 

51 .5 
4 9 . 9 
4 8 . 0 
4 8 . 2 
4 4 . 7 
4 1 . 9 
39.1 
36 .7 
35 .9 
38 .4 
35 .0 
41 .6 
42 .2 
4 2 . 8 
4 1 . 8 
3 8 . 9 
42 .1 
40 .9 
38 .2 
39 .0 
35 .9 
37 .5 
37 .5 
37 .7 
38 .8 
36 .4 
35 .4 

Sr 
U.M 
8 8 

108 

1 2 7 
1 5 0 

1 8 7 
199 
2 1 2 
2 1 7 

2 9 1 

3 1 0 
2 5 8 

3 2 9 

3 2 0 

3 2 5 

3 4 0 

Li 
U.M 
25 

2 2 

17 
21 

21 
28 
55 
127 
169 
2 3 1 

3 3 0 
3 7 2 
3 7 7 
3 8 6 

3 3 9 

3 9 1 

K 
mM 
1 2 

1 1 

8 
9 

6 
6 
5 
7 

5 

4 
4 

6 

4 

3 

4 

Na 
mM 
4 7 7 

4 8 2 

4 8 5 
4 8 2 

4 7 7 
4 6 7 
4 4 9 
4 6 4 

4 2 7 

4 1 1 
4 3 3 

4 1 9 

3 6 7 

3 6 1 

3 7 0 

Na/Cl 

0 .852 

0 .856 

0 .861 
0 .856 

0 .849 
0 .835 
0 .813 
0 .821 

0 .771 

0 .749 
0 .756 

0 .727 

0 .703 

0 .685 

0 .647 

Si 
uM 
3 6 9 
4 2 0 
2 1 8 
3 3 7 
195 
169 
137 
168 
151 
150 

1 0 3 0 
4 2 8 
2 5 5 
253 
323 
5 7 2 
4 6 3 
6 1 2 
7 4 0 
6 0 6 
509 
7 7 7 
6 8 2 
6 2 2 
4 7 2 
773 
6 7 6 

Hole 673A 

Core-Sec 

1-4 
2-5 
3-6 
4-2 

Interval 
cm 

145-150 
145-150 
145 -150 
145 -150 

Depth 
m 
6 
1 6 
28 
35 

PH 

7.24 
8.18 
8.25 
8.33 

Alkalinity 
mM 

2.79 
2.76 
2.41 
2.93 

Salinity 

34.5 
33.5 
33.8 
33.8 

Cl 
mM 
552 
535 
547 
556 

S04 
mM 

25.1 
22.1 
18.3 
16.8 

NH4 
uM 
95 

135 
165 
200 

Ca 
mM 
12.6 
16.3 
21.3 
22.3 

M q 

mM 
50.6 
45.2 
34.4 
33.6 

Si 
uM 
405 
222 
606 
655 

159 
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Core-Sec. 

1-4 
2-5 
3-5 
4-5 
5-4 
7-1 
9-3 
12-2 

1 5 - 5 
1 8 - 2 
2 2 - 2 
2 5 - 4 
2 8 - 5 
31 - 6 
3 4 - 5 

Interval 
cm 

1 4 5 - 1 50 
1 4 5 - 1 50 
1 4 5 - 1 50 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 50 

Depth 
m 
6 

1 5 
24 
3 4 
4 2 
5 7 
7 9 
105 
136 
164 
2 0 0 
2 3 0 
2 6 0 
2 9 0 
318 

PH 

7.79 
8.08 

7.79 
8.20 

7.96 
8.10 
7.96 

7.73 

7.66 

Alkal in i ty 
mM 
2.88 
2.65 
2.46 
1.37 
2 .18 
1.49 
1.74 
3.01 
3.62 

2 .97 

3.17 

Salinity 

3 4 . 7 0 
3 4 . 5 0 

3 4 . 0 0 
3 3 . 5 0 
33 .00 
3 2 . 2 0 
3 2 . 0 0 
3 0 . 0 0 
29 .50 
28 .20 
3 1 . 0 0 
3 2 . 2 0 
28 .20 
32 .50 

Cl 
mM 
5 4 9 
559 
5 6 9 
56 3 
5 5 9 
555 
5 5 1 
5 4 9 
5 1 2 
513 
5 0 5 
541 
543 
4 9 1 
5 4 8 

SCH 
mM 
25.3 
23.1 
19.6 
17.0 
14.8 
11.2 
5.1 
5.2 
4 .2 
1.5 
.0 

3.6 
.0 
.0 
.5 

NH4 
M.M 
6 0 
130 
205 
2 3 5 
2 5 0 
3 6 0 
4 7 0 
5 3 0 
5 1 0 
525 
5 2 5 
6 0 0 
5 1 5 
5 6 0 

Ca 
mM 
13.0 
16.5 
20.4 
23 .2 
26.7 
30 .0 
34 .0 
32 .0 
30.1 
29.0 
29 .2 
31.1 
31.3 
27.1 
31.4 

Mg 
mM 
50.1 
43 .1 
36 .9 
31 .7 
28.6 
21.6 
14.5 
15.9 
14.6 
14.3 
13.5 
15.8 
14.8 
13.8 
15.7 

Sr 
dM 
56 

107 

1 5 2 

1 6 4 

161 

174 
153 

Li 
nM 
5 2 

3 2 

3 0 

119 

3 7 9 

3 1 6 

3 6 8 

K 
mM 
10 
9 
8 
8 
6 
5 
5 
5 
4 
4 
4 
4 
4 
3 
3 

Na 
mM 
4 6 6 
4 8 1 
4 8 8 
4 8 0 
4 7 4 
4 7 0 
4 6 0 
4 6 1 
4 3 0 
4 2 8 
4 1 8 
4 5 3 
4 4 9 
4 0 9 
4 5 4 

Na/Cl 

0.85 
0.86 
0.86 
0.85 
0 .85 
0 .85 
0.83 
0 .84 
0 .84 
0.83 
0 .83 
0.84 
0.83 
0.83 
0.83 

Si 
nM 
5 2 9 
3 4 5 
4 5 8 
3 1 7 
1 4 8 
1 2 0 
7 3 0 

6 5 0 
6 7 0 
1 8 5 
1 7 7 

1103 
6 7 2 

Hole 674A . 
Core-Sec. 

1-3 
2-6 
3-5 
4-3 
5-4 
7-2 
9-6 

12-3 
1 5 - 2 
1 8 - 2 
21 -3 
2 4 - 5 
2 7 - 5 
3 0 - 3 
3 3 - 5 
3 6 - 5 
3 9 - 5 
4 2 - 3 
4 5 - 4 
4 8 - 3 

Interval 
cm 

1 4 5 - 1 50 
1 4 5 - 1 50 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 0 - 1 50 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 5 0 
1 4 0 - 1 50 
1 4 0 - 1 50 
1 4 0 - 1 5 0 
1 4 0 - 1 50 
1 4 0 - 1 50 
1 4 0 - 1 50 
1 4 0 - 1 50 
1 4 0 - 1 5 0 

Depth 
m 

4 .5 
15.5 
23.5 
30 .0 
40 .5 
57.0 
82 .0 
105.0 
132.0 
165.0 
190.0 
220 .0 
250 .0 
275 .0 
308 .0 
336 .0 
365 .0 
391 .0 
421 .0 
4 4 8 . 0 

PH 

7.86 
8 .15 

7.73 
6.87 

7.77 
8.11 
8.07 

7.85 

Alkal in i ty 
mM 

3.51 
3.34 

1.32 
.67 

1.18 
.93 

1.20 

2 .88 

Salinity 

34 .2 
34 .0 
33 .5 
32 .0 
34 .3 
3 3 . 7 

33 .0 
3 3 . 0 
31 .8 
32 .2 
29 .0 
26 .5 
29 .5 
26 .2 

25 .5 

23 .5 

Cl 
mM 
5 4 6 
543 
5 3 7 
5 1 8 
569 
565 
553 
5 5 8 
5 4 3 
5 3 0 
5 2 7 
501 
4 8 1 
508 
4 5 5 
4 6 5 
4 8 9 
4 5 5 
4 5 9 
3 9 4 

S04 
mM 

24.3 
24 .0 
20 .0 
18.0 
15.5 
13.0 
11.1 
7.3 
8.5 
4 .0 
4 .8 
2.4 
1.6 
.8 

3.6 
1.8 
.0 
.8 
.4 

1.0 

NH4 
uM 
8 

8 2 
145 
155 
2 3 5 
2 9 5 
303 
3 0 6 
2 4 3 
2 8 7 
4 3 3 
313 
3 1 7 
4 9 3 
333 
4 2 1 
3 8 0 
4 1 4 
3 9 8 
3 2 2 

Ca 
mM 
11.5 
15.8 
21.2 
25 .2 
29.8 
33.3 
37 .5 
38 .6 
4 0 . 6 
46 .2 
44 .5 
42 .7 
38 .8 
40 .2 
35 .7 
35 .9 
37 .8 
34 .4 
32 .0 
25 .6 

Mq 
mM 

50.1 
46 .4 
40 .8 
38 .4 
27 .5 
22.3 
20 .0 
13.9 
12 .5 
4 .9 
5.1 
5.0 
9.5 

11.7 
11.6 
8.8 
9.9 
9.6 

10.3 
10.7 

Sr Li 
l iM j iM 
8 4 9 7 
1 0 4 4 0 
1 2 7 1 0 4 
143 5 7 

169 7 2 
1 6 8 
173 
1 7 0 
1 8 7 
1 7 7 

1 6 4 

1 6 0 
149 

131 
118 
3 1 
3 7 

2 0 5 
1 5 4 
2 1 4 
2 6 9 

K 
mM 
10 
9 
6 
6 
5 
5 
5 
3 
2 
1 
2 
2 
2 
2 
2 
1 
1 
2 
1 
1 

Na 
mM 
4 6 5 
4 6 1 
4 5 0 
4 2 3 
4 8 1 
4 7 5 
4 5 6 
4 6 5 
4 5 3 
4 3 6 
4 3 7 
4 1 0 
3 8 8 
4 0 6 
3 6 8 
3 8 0 
3 9 5 
3 6 9 
3 7 7 
3 2 4 

Na/Cl 

0 .85 
0 .85 
0 .84 
0 .82 
0.85 
0.84 
0 .82 
0.83 
0 .83 
0 .82 
0.83 
0 .82 
0 .81 
0.8 

0.81 
0.82 
0.81 
0.81 
0.82 
0 .82 

Si 
uM 
4 2 0 
1 8 0 
1 7 5 
4 5 5 
4 0 0 
195 
3 3 5 
3 2 0 
2 1 0 
2 0 0 
2 2 5 
1 3 0 
9 3 0 
5 5 0 
1 3 0 
1 7 0 
9 3 5 
9 3 5 
1 2 0 
2 8 5 

Hole 675A 
Core-Sec 

2-2 
3-2 
4-3 
5-3 
6-5 
8-4 

Interval 
cm 

1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 

Depth 
m 

3 2 5 
3 3 4 
3 4 5 
3 5 5 
3 6 6 
3 8 5 

PH 

7.86 

Alkal in i ty 
mM 

1.02 

Salinity 

30 
32 .3 
3 2 
3 2 

31 .5 
32 .5 

Cl 
mM 
5 0 0 
5 3 7 
5 2 7 
5 3 1 
5 1 2 
5 4 1 

S04 
mM 
1 4 

415 .6 
17.8 
15.6 
15.3 
14.4 

NH4 
UM 
450 
390 
425 
580 
5 2 0 
5 7 5 

Ca 
mM 

42.4 
44.6 
38.5 
41.4 
38.5 
35.8 

Mq 
mM 

27 .7 
29 .2 
32 .7 
32 .8 
34 .1 
39 .4 

Hole 676A 

Core-Sec. 

1-3 
2-5 
3-5 
4-5 
5-5 
7-5 
8-5 
10-5 
12-2 

1 5 - 2 
1 7 - 5 
1 9 - 5 
2 1 - 5 
2 3 - 4 
2 5 - 1 
2 7 - 5 
2 8 - 6 
3 0 - 5 
3 1 - 3 
3 2 - 3 
3 3 - 5 

Interval 
cm 

1 4 5 - 1 5 0 
1 4 5 - 1 50 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 50 
1 4 5 - 1 50 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 5 0 
1 4 5 - 1 50 

Depth 
m 
5 

13 
22 
3 3 
4 2 
6 1 
7 0 
8 9 
105 
133 
155 
170 
1 9 0 
2 1 0 
228 
2 5 0 
2 6 0 
275 
286 
2 9 5 
3 0 5 

PH 

7.88 
7.55 
7.41 
7.43 

7.74 
7.76 
7.75 
7.78 
7.38 
7.67 
7.95 
7.85 

7.71 

Alkal in i ty 
mM 

4.71 
3 .26 
3.55 

3 

1.9 
1.41 
1.47 
2.17 
1.42 
1.34 
3.49 
1.57 

2 .39 

Salinity 

34 .2 
3 4 

34.1 
33 .9 
3 4 

33 .7 
33 .5 
33 .5 
33.8 
33 .8 
33 .8 
33 .5 
3 2 . 2 
33 .5 
33 .5 
3 2 

32 .2 
33 .5 
32 .5 
3 3 

Cl 
mM 
558 
561 
56 3 
5 6 0 
561 
5 5 8 
563 
559 
5 6 0 
5 5 8 
5 5 4 
5 4 9 
5 4 7 
5 4 4 
543 
5 1 9 
5 3 6 
5 4 7 
5 3 7 
5 4 6 
548 

SC4 
mM 
25.5 
2 6 
2 4 

22.3 
21.1 
21.4 
19.8 
20.5 
20.7 
20.3 
18.3 
1 9 
1 8 

18.1 
18.2 
16.4 
16.9 
16.5 
18.3 
1 6 
1 5 

NH4 
UM 
25 
8 9 
1 16 
148 
1 7 8 
1 8 8 
2 0 9 
2 0 7 
2 5 3 
2 6 5 
2 6 3 
2 8 9 
2 9 8 
2 6 9 
3 1 3 
3 1 4 
3 3 0 
3 8 5 
3 4 0 
3 4 6 
3 7 8 

Ca 
mM 
12 

14.7 
16 

17.7 
18.6 
19 .9 
20 .4 
22 .1 
24 .2 
26 .9 
28 .9 
3 0 
3 1 

31 .3 
3 1 

31 .6 
32 .9 
32 .7 
29 .5 
3 2 . 2 
3 0 . 9 

Mq 
mM 

4 9 . 8 
4 6 . 7 
43 .3 
41 .4 
39 .9 
37 .7 
35 .9 
34 .7 
33 .6 
31 .7 
30 .5 
30 .5 
3 0 . 9 
32 .5 
32.3 
32 .6 
32 .6 
33 .1 
36 .4 
33 .5 
3 6 

Sr 
uM 
9 8 
113 
128 
141 
1 5 4 

185 

1 7 4 

1 9 7 

1 9 0 

1 9 0 

2 0 5 

195 

2 2 6 

Li 
txM 
25 
21 
21 
2 0 
2 0 

19 

2 0 

3 2 

3 4 

6 3 

123 

56 

K 
mM 
1 1 
1 1 
1 0 
1 0 
10 
9 
9 
8 
8 
8 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Na 
mM 
4 7 9 
4 8 3 
4 8 6 
4 7 9 
4 7 8 
4 7 9 
4 8 2 
4 8 0 
4 8 0 
4 7 5 
4 6 7 
4 6 1 
4 5 5 
4 4 9 
4 4 9 
4 2 0 
4 3 5 
4 4 6 
4 3 8 
4 4 3 
4 4 0 

Na/Cl 

0 .858 
0 .861 
0 .863 
0 .855 
0 .852 
0 .858 
0 .856 
0 .859 
0 .857 
0.851 
0.843 
0.84 

0 .832 
0 .825 
0 .827 
0 .809 
0 .812 
0 .815 
0 .816 
0.811 
0.803 

Si 
l iM 

5 2 5 
2 8 4 
3 4 5 
5 2 9 
2 7 1 
2 8 4 
2 2 7 
2 0 6 
2 3 9 
2 4 8 
1 8 2 
2 0 3 
2 0 8 
2 0 8 
233 
2 2 4 

1 2 2 5 
1 0 5 0 
1220 
1163 
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Table 3. Br 
samples. 

/Cl" and NH4
+ in selected 

Core-
Hole section 

67 IB 4-5 
22-5 
34-3 
55-5 
56-2 
74-1 

672A 3-4 
18-3 
21-2 
34-4 
38-5 
39-2 
43-4 

674A 5-4 
15-2 
21-3 
24-5 
36-5 
45-4 
42-3 
48-3 

Table 4. 
data, Leg 

Cl-
(mM) 

574 
570 
533 
505 
508 
542 

563 
552 
565 
573 
518 
576 
529 

569 
545 
549 
503 
469 
459 
455 
394 

B r _ / C l " 

0.00153 
0.00159 
0.00158 
0.00157 
0.00154 
0.00152 

0.00154 
0.00158 
0.00159 
0.00152 
0.00155 
0.00158 
0.00158 

0.00158 
0.00165 
0.00159 
0.00171 
0.00175 
0.00171 
0.00171 
0.00173 

NH4
+ 

(mM) 

0.16 
0.33 
0.22 
0.23 
0.26 
— 

0.06 
0.23 
0.40 
0.35 
0.27 
0.56 
0.32 

0.24 
0.24 
0.43 
0.31 
0.42 
0.40 
0.41 
0.32 

Strontium isotope 
110. 

Leg 110 Sample 

671B-19-1 
671B-31 -1 
671B-52-2 
671B-70-4 
672A-15-3 
672A-32-4 
672A-53-4 
674A-18-5 
676A-17-5 

87Sr/86Sr 

0.708267 
0.708490 
0.707245 
0.707504 
0.707708 
0.707755 
0.707380 
0.706599 
0.707735 

± 

24 
32 
26 
30 
30 
24 
36 
34 
28 

from charge balance calculations. The Na+ /Cl~ was used to 
suppress effects of decreasing chloride concentrations. The N a + / 
Cl - profile, however, indicates that diffusive communication 
from greater depths has a strong influence on concentration 
profiles to a depth of about 100 mbsf. In the case of the Ca2+ 

profile, calcium concentration increases resulting from volcanic 
ash alteration reactions in the upper 170 m are superimposed on 
the gradient caused by reactions at greater depths. Because of 
the importance of Mg2+ uptake during volcanic ash alteration 
in the upper 170 m, however, a clear minimum in Mg2+ occurs 
at about 150 mbsf. 

Strontium concentrations increase gradually with depth at 
this site, mainly as a result of carbonate recrystallization reac
tions. 

The potassium concentration-depth profile (Fig. 8) indicates 
that a very rapid downhole decrease occurs in the upper 180 m. 
We interpret these observations in terms of potassium uptake in 
the clay formation process during volcanic ash alteration. 

The lithium profile indicates that a source for this element 
exists in the early Oligocene and late Eocene sediments below 
300 mbsf. Often increases in Li+ have been related to sediments 
rich in opaline silica (Gieskes, 1983), but at Site 672 the zone of 
future decollement at about 200 mbsf does not appear to consti
tute a source of dissolved Li + , notwithstanding elevated bio
genic silica levels. 

Dissolved silica concentrations are low above the zone of 
"future decollement", but within that zone a large increase oc

curs (Fig. 8). Elevated silica concentrations below 300 mbsf are 
due to the presence of radiolarian silica. 

Site 671 
Site 671 is located at a distance of about 4 km arcward from 

the toe of the accretionary prism, slightly to the west of Site 541 
(Fig. 1). The lithological and paleontological data, however, re
veal a complex lithostratigraphy. This is particularly evident 
from repetition of the Pleistocene-late Miocene sediment sec
tion below about 128 mbsf as a result of major thrusting (Fig. 
3). As a consequence of thrusting, the well-defined, relatively 
radiolarian-rich decollement zone, which was located at Site 672 
at about 200 mbsf, now occurs at about 500 mbsf at Site 671, 
thus indicating a considerable tectonic thickening of the sedi
ment column at only a short distance from the toe of the prism. 
The sediments below the decollement zone are tectonically rela
tively undisturbed, but we were not able to penetrate through 
the sand layers at the bottom of the site (Moore, Mascle, et al., 
1987). 

Dissolved chloride concentrations (Fig. 9) indicate a mini
mum in the decollement zone, as well as lower values just at the 
interface with the sands at the bottom of the hole. Above the 
decollement, irregularities in the C l - gradient indicate local in
puts of low-Cl~ fluids along fault zones (Blanc et al., 1988). 
Again relatively high methane concentrations (though consider
ably less than 1 mM in concentration) are associated with these 
decreases in dissolved chloride (Blanc et al., 1988). We postulate 
later that these low-Cl~ concentrations and elevated methane 
concentrations are related to advection of waters along the de
collement or through the sandstones from an origin much fur
ther to the west beneath the accretionary complex. 

Similar to observations at Site 672, alkalinities show a shal
low maximum, below which values drop rapidly to < 1 mM, 
with an observed increase below the decollement. The concen
tration-depth profile of dissolved sulfate, however, is distinctly 
different from that of Site 672. A distinct minimum in dissolved 
sulfate occurs at about 150 mbsf, i.e., just below the top of the 
structurally repeated Pleistocene-Pliocene section. As a result 
of this process it appears that relatively more reactive organic 
carbon was buried below the 128 m of overburden, thus enhanc
ing sulfate reduction. This is also demonstrated by a sharp max
imum in ammonium. 

In the upper 128 m, gradual increases in Ca2+ and decreases 
in Mg2+ with increasing depth are observed, but below 128 mbsf 
a reversal in these gradients is evident. The upper 300 m of the 
sediment column is characterized by the presence of volcanic 
ash (Fig. 4), and thus this is the zone where in-situ alteration of 
volcanic material can affect the Ca2+ and Mg2+ profiles (Gies
kes and Lawrence, 1981). The shapes of the Ca2+ and Mg2+ 

profiles are complex, mainly as a result of the recent duplication 
of the upper sediment section by tectonic activity. Below the de
collement a maximum in Mg2+ is observed similar to that found 
at Site 672. Also a very sharp increase in dissolved calcium oc
curs below the decollement, probably as a result of diffusive 
supply of Ca2+ from greater depths. As at Site 672, a large de
crease in Na+ accompanies the increase in Ca2 + . The Na+ /Cl~ 
ratio shows a gradient below about 300 mbsf with a sharp de
crease below the decollement zone (Fig. 9). It is of importance 
to note that while the diffusion of Na+ is recognized above the 
decollement over a distance of about 200 mbsf, the influence of 
the diffusive supply of Ca2+ from the deeper sections is not no
ticed above the decollement. This is probably due both to the 
slower diffusion of Ca2+ as well as to the maintenance of a rela
tively constant Ca2+ concentration by advective flow in the de
collement zone. This problem is discussed in greater detail in a 
later section. 
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Figure 3. Lithologic summary columns of Sites along the Leg 78A and 110 drill-hole transect. 

The sediment section between 400 mbsf and the decollement 
zone is essentially void of carbonate, but the overlying section 
has two maxima (Wang et al., this volume), a result of the re
peated sediment sequence. The data of dissolved Sr2+ reflect 
this situation by a complex distribution of dissolved Sr2+ with 
depth. A pronounced maximum occurs at about 275 mbsf and 
is clearly related to carbonate recrystallization processes (Gies

kes et al., 1986). Increases in Sr2+ below the decollement reflect 
the presence of calcium carbonate in the deeper horizons. 

Depletion of potassium is strong in the upper volcanic ash-
rich sediments and little change is observed below about 400 
mbsf. This depletion is consistent with that observed at Site 672. 

Concentration changes in lithium are very small in the upper 
400 m, below which a gradual increase occurs leading to a maxi-
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Figure 3 (continued). 

mum in Li+ at about 650 mbsf. Again, as at Site 672, the de
collement zone, though somewhat enriched in siliceous mate
rial, does not appear to act as a source for lithium. 

Dissolved silica concentrations are elevated in the Pleistocene 
sections, probably as a result of higher plagioclase and biogenic 
silica contents (Mascle, Moore, et al., 1988). Similar to Site 672 
the decollement shows high dissolved silica concentration, as do 

the lowermost sediments, which are slightly enriched in biogenic 
silica. 

Site 674 
The sediments at this site show a complex deformation pat

tern (Mascle, Moore et al., 1988), much more so than sites 
closer to the deformation front (e.g., Sites 541 and 671). Struc-
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SITE SITE SITE 
674 671 672 
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Figure 4. Distribution of ash layers in sediments from Sites 671, 672, 
and 674. 

turally these sediments include overturned sections, scaly fab
rics, stratal disruption, veining, and cataclastic shear zones, 
much as is observed in subaerially exposed accretionary com
plexes. Porosity studies show that notwithstanding the large 
amount of deformation, only a modest amount of dewatering 
has occurred, with porosities remaining above 50%. Major later 
thrust faults have been observed in these sediments, correlating 
well with landward-dipping seismic reflectors. 

Chloride concentrations show a general decrease with depth 
in these sediments, with periodic minima associated with the 
above-mentioned later thrust faults (Fig 10). This is particularly 
evident at about 20 mbsf just below a Miocene(?) block of sedi

ments. At this depth a sharp chloride minimum is associated 
with a well-defined positive temperature anomaly (Moore, Mas
cle, et al., 1987; Fisher and Hounslow, this volume). The chlo
ride minima at greater depths are also associated with fault 
zones (Moore, Mascle, et al., 1987). 

Few samples have been analyzed for alkalinity, but low con
centrations are pervasive throughout the site, notwithstanding 
the large decrease in dissolved sulfate. Ammonia concentrations 
increase rapidly in the upper 50 m, i.e., in the zone of the high
est decreases in dissolved sulfate. 

Calcium and magnesium concentration depth profiles in the 
upper 30 m show a somewhat different curvature from the pro
files of Sites 671 and 672. In part this may be due to the anoma
lous nature of the pore fluid, as is best exemplified by the chlo
ride profile. Calcium concentrations reach a maximum at about 
200 mbsf. We postulate that at greater depths removal of Ca2+ 

may occur as a result of precipitation of authigenic calcium car
bonate. Magnesium concentrations show a minimum at about 
200 mbsf and reach constant values below the silica-rich clay
stone layers at about 250 mbsf. This claystone layer is reminis
cent of the sediments associated with the decollement at Sites 
671 and 672. 

Dissolved strontium concentrations increase gradually with 
depth to reach maximum values of about 180 M. Toward the 
bottom of the hole, however, decreases are observed. Carbon
ates are relatively unimportant in these sediments, but neverthe
less recrystallization of this material is probably responsible for 
the observed increases. 

Downhole decreases in potassium are very large in the upper 
125 m of the sediment section, to reach the lowest concentra
tions observed during Leg 110. 

Lithium concentrations remain low in the upper 200 m, be
low which distinct increases occur. The scatter in the upper 100 
m is interpreted in terms of analytical problems, rather than as 
real variability. 

Dissolved silica concentrations reflect the presence of bio
genic silica in these sediments with typical maxima at 250 mbsf 
and 380-400 mbsf. 

Site 673 
This site is about 13 km from the deformation front and 

consists of two major lithologic units. Unit 1 from the seafloor 
to about 74 mbsf consists of Pleistocene and Pliocene calcare
ous muds and marls with minor contents of ash, and is inter
preted as a slope deposit. Unit 2 consists of hemipelagic middle 
and lower Miocene claystones and siliceous claystones. Consid
erable faulting and overturned folding mark these sediments. 

Chloride concentrations show complexity throughout the sec
tion drilled (Fig. 11). Hole 673A shows a near surface mini
mum, which appears absent in Hole 673B. At greater depths 
low Cl" occurs mainly at thrust faults. The variability in the 
profile suggests that low-chloride fluids were periodically in
jected into these sediments at recent enough times for diffusive 
smoothing to have been ineffective. 

Alkalinities remain low throughout the sediment column (Ta
ble 2), but sulfate shows a strong decrease with depth to become 
essentially zero below 200 mbsf. Ammonia concentrations show 
a steady increase to about 110 mbsf, and then remain constant 
below this depth. 

Concentration gradients in dissolved calcium and magne
sium occur in the upper 80 m of the sediment column, i.e., 
throughout Unit 1. This implies that below about 80 mbsf no 
significant reactions occur that involve a net transport of Ca2+ 

or Mg2+ to or from the solid phases. 
Dissolved strontium reaches a constant concentration below 

Unit 1, and remains at about 160 fiM. 
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Figure 5. Interstitial water chemistry, DSDP Site 543. The solid line is for 87Sr/86Sr of contemporaneous seawater, and the datum in parentheses is questionable. 

Figure 6. Interstitial water chemistry, DSDP Site 541. Open circles represent in-situ samples. Dashed line is for 87Sr/86Sr of contemporaneous seawater. 



Figure 7. Interstitial water chemistry, DSDP Site 542. Vertical bars represent uncertainties of depth of wash-core samples. Dashed line is for 87Sr/86Sr of contemporaneous seawater. 
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Figure 8. Interstitial water chemistry, Site 672. Data in brackets represent samples high in Cl"; cf. text. 

The Na/Cl ratio remains essentially constant throughout the 
sediment column, indicating no significant removal of Na + , 
which only covaries with the Cl" concentration. 

Dissolved potassium rapidly decreases in the upper 80 m 
(Unit 1), below which almost constant concentrations are reached. 
Lithium concentrations, on the other hand, increase rapidly in 
Unit 2. 

Silica concentrations are highly variable and represent varia
tions in biogenic silica. 

Site 675 
Site 675 was drilled near DSDP Site 542 of Leg 78A. The 

principal purpose of this hole was to carry out a packer experi

ment and to sample the zone of decollement for lithology and 
geochemistry. Unfortunately, as with its predecessor, hole con
ditions forced abandonment of the site. Notwithstanding the 
slight difference in site locations (Fig. 1), we have combined the 
profiles of Sites 542 and 675 to suggest the possible geochemis
try in Hole 675 in the uncored section above 325 mbsf. 

The chloride concentrations (Fig. 12) show strong variability 
with depth, suggesting the presence of fault zones above the ac
tual decollement, much the same as at Site 671. Hole conditions 
were unfavorable, especially near Cores 110-675A-6X and -7X, 
probably related to zones of potential movement of low-salinity 
waters. The data strongly suggest that coring started in or very 
near a major fault zone. 
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Figure 9. Interstitial water chemistry, Site 671. 

The data on sulfate and ammonia for Hole 542 are not of 
sufficient quality for an adequate comparison. However, dis
solved SO2.- is lower at Site 675 (Table 2) than in the decolle
ment zone of Site 671, and similarly N H / concentrations are 
much higher. This may well be related to the higher rates of sedi
mentation in the upper part of the hole; typically Site 542 has a 
much higher sedimentation rate than Site 671. These differences 
are probably related to structural complications in both holes. 

The concentrations of calcium and magnesium in Hole 675A 
suggest that indeed Hole 542 can, as a first approximation, be 
considered as a precursor of Hole 675A. This is so, notwith

standing the along-structural-strike distance of about 1200 m 
between the sites. The data suggest that in this area a certain lat
eral homogeneity exists in Ca2+ and Mg2+ profiles above the de
collement zone. Perhaps the termination of Hole 542 was caused 
by a cave-in associated with a fault above the decollement simi
lar to the situation here. The Ca2+ and Mg2+ profiles show dis
tinct gradients toward the decollement, with the magnesium gra
dient being quite similar to that observed directly above the de
collement of Site 671. 

Concentrations of dissolved silica are particularly high in 
Cores 110-675A-6X and -8X, i.e., in the zones rich in radiolari-
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Figure 10. Interstitial water chemistry, Site 674. Scatter in Li+ data in upper 100 m is probably due to error. 

ans. Silica in Core 110-675A-8X is typical for the yellowish sedi
ments associated with the decollement of Sites 671 and 672 (fu
ture decollement). Higher values of silica also occur in barren 
Core 110-675A-2X and this may be related to the potential oc
currence of a nearby fault. 

Site 676 
This site is located only 250 m arcward of the deformation 

front and was drilled to investigate the incipient stages of accre
tion. The decollement zone occurs below 270 mbsf at this site, 
typically represented by large enrichments in dissolved silica 
(Fig. 13). 

The profile of dissolved chloride indicates the occurrence of 
a minimum at about 250 mbsf. A steady decrease with depth in 
the C l - concentration to the zone of the C l - minimum suggests 
that the observed minimum is real. Unfortunately, the core just 
above the minimum was recovered empty, so that the curvature 
drawn in Figure 13 is somewhat tentative. 

Alkalinities remain relatively low, notwithstanding the rela
tively large depletions in dissolved sulfate. The dissolved sulfate 
profile suggests a relatively large depletion in the upper 60 m, 
i.e., in the more rapidly accumulated sediment section. Simi
larly, the dissolved ammonia concentrations also increase rap
idly over the same depth interval. 
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Figure 11. Interstitial water chemistry, Site 673. 

Downhole increases in dissolved calcium and decreases in 
dissolved magnesium are largest in the Pleistocene-Pliocene 
volcanic ash-rich sediments. Below 200 mbsf a reversal occurs in 
the Mg2+ profile, similar to that in profiles in Sites 671 and 672 
just above the zone of decollement. 

Increases in dissolved strontium are relatively modest, but 
they do occur in the carbonate-rich sediments of the upper 150 m 
of the sediment column, presumably as a result of calcium car
bonate recrystallization. 

A sharp decrease occurs in dissolved potassium in the upper 
200 m, below which concentrations remain constant. Lithium 
concentrations have a source at about 300 mbsf or below this 
depth. Sodium concentrations largely reflect those of chloride, 

but as expected from a comparison with profiles from Sites 671 
and 672, a progressive decrease can be observed toward the zone 
of decollement. 

CHLORIDE ANOMALIES 
As noted before, all of the drill sites of Leg 110, and to some 

extent also Sites 541 and 542 of Leg 78A (Gieskes et al., 1984), 
show well-defined decreases in chloride associated with the zone 
of decollement, the sandstone layers below the decollement, or 
recent fault zones in the upslope Sites 673 and 674. A general
ized diagram of these decreases for Sites 671, 672, and 674 is 
presented in Figure 14. 

170 



INTERSTITIAL WATER CHEMISTRY 

450 

400 

Cl (mM) 
500 550 600 

Ca (mM) 

20 40 

200 

400 

Mg(mM) 
20 40 

2 0 0 

400 

Figure 12. Interstitial water chemistry, Site 675. Data above 320 mbsf are for Site 542 (cf., Fig. 7). 

Decreased chloride concentrations have been noticed previ
ously at DSDP sites in various settings. Low-chloride concen
trations at Site 241 of DSDP Leg 25 (Gieskes, 1974) and at Site 
438 of DSDP Leg 57 (Moore and Gieskes, 1980) were attributed 
to the influence of meteoric waters flowing through aquifers or 
trapped as a result of subsidence. At these sites there was no evi
dence for the occurrence of gas hydrates, even though organic 
gases were present at Site 438. In other areas, however, espe
cially in drill sites across the Middle American Trench (e.g., 
Harrison et al., 1982; Hesse et al., 1985; Gieskes et al., 1985), 
low chloride concentrations have been explained in terms of di
lution artifacts caused by the decomposition of gas hydrates 
during the pore-water retrieval process. Similar observations 
have been made on the Blake Bahamas Plateau during DSDP 
Leg 76 (Jenden and Gieskes, 1983). Hydrate decomposition 
leads to increases in 5180(H20) as a result of melting. 

Any artifacts caused by hydrates can be ruled out for Leg 
110 sediments because methane gas concentrations, even in the 
decollement zone (Blanc et al., 1988), never exceed millimolar 
concentrations. For these reasons low chlorides cannot be ex
plained in terms of hydrate decomposition in situ. Hydrates are 
commonly observed in the much more rapidly accumulated ac
cretionary sediments to the south of the transect, and we cannot 
rule out that deep decomposition of such hydrates has led to the 
advection of low-chloride fluids toward the decollement zone of 
the Leg 110 transect. Another possibility is that the lower chlo
ride concentrations are caused by dilution effects as a result of 
freshwater production by dewatering of clays. Indeed, there is 
evidence from clay mineralogical studies that burial diagenesis 
of clays already occurs in the sediments below the decollement 
of Site 671 (Jane Schoonmaker Tribble, pers, coram.). Such de
watering may be even more likely under the higher temperature 
and pressure conditions caused by the tectonic thickening of the 
sediment column further up the complex. In addition such de
watering processes may be accompanied by membrane filtration 
processes, which would lead to expulsion of low-chloride fluids 
characterized by low 6180 (H20) values and low Br~/Cl - ratios 
(Coplen and Hanshaw, 1973; Hanshaw and Coplen, 1973; Ma
rine and Fritz, 1981). That freshwater production does occur 
further in the complex appears to be supported by the chloride 
decreases along three types of conduit: (a) faults in the accre
tionary complex; (b) the zone of decollement; and (c) through 
sandstones in the underthrust sequences (Moore, Mascle, Tay
lor, 1987; Beck, et al., 1988). The major question, however, is as 
to the location in the accretionary complex, where the postu
lated dewatering processes occur and whether membrane filtra
tion processes are contributors to the chemistry of the fluids. 

Vrolijk et al. (this volume) discuss the evidence for the various 
dewatering processes in the light of the information on the oxy
gen and hydrogen isotopic compositions of the fluids. These au
thors suggest that membrane filtration processes are relatively 
unimportant at these sites because of increases or decreases in 
5180 and 8D of the pore waters, and that the processes leading 
to low chloride concentrations in the accretionary complex also 
seem to lead to overall increases in 5180 (H20). Despite the lack 
of good correlation between low chloride concentrations and in
creases or decreases in 6180 and 5D, their interpretation of the 
overall trend of increased 5180 would rule out the importance of 
membrane filtration processes, since this latter mechanism would 
tend to reduce 5180 along with Cl". 

In the following we discuss measured Br - /Cl~ ratios as well 
as the occurrence of shallow Cl" anomalies associated with 
heat-flow anomalies at Site 674 with the specific purpose of fur
ther investigating the processes that led to the observed deple
tions in chloride. 

Bromide-Chloride Ratios 
In this study we have carried out a series of analyses of the 

ratio of Br~/Cl~ in samples from Holes 67IB, 672A, and 
674A. The data are presented in Table 3 and Figure 15. 

Whereas in Holes 67IB and 672A there are no significant 
changes from the present-day seawater Br~/Cl~ ratio (0.00155), 
the data for Site 674A indicate a small increase of perhaps as 
much as 10%. This increase may be due to the production of 
bromide during the diagenesis of organic matter. Recent studies 
in our laboratory as well as elsewhere (M. von Breymann and E. 
Suess, pers, comm.) have shown consistent increases in Br~/ 
Cl~ in deep-sea drill core interstitial waters from organic car
bon-rich sediments. Thus, if anything, the decrease in chloride 
concentration is accompanied by a small increase in the Br~/ 
C l - ratio. If membrane filtration is the cause of the decrease in 
chloride, a simultaneous decrease in Br~/Cl~ should occur 
(Kharaka and Berry, 1973). We conclude that the B r ~ / C r ratio 
cannot be used directly as an indicator of membrane filtration. 
At the same time, if hydrate decomposition led to the observed 
chloride decreases, a much larger signal in Br~/Cl" would be 
expected (Wang and Gieskes, 1988). 

Chloride Minima at Sites 673 and 674 
Prominent features of the chloride concentration depth pro

files in Holes 673A and 674A are the clearly established minima 
at very shallow depths (Fig. 16). These minima occur in sedi
ments of anomalous (Miocene?) age, i.e., in sediments that ap
pear to have been emplaced by tectonic activity between sedi-
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Figure 13. Interstitial water chemistry, Site 676. 
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ments of much younger age. Associated with these low-chloride 
concentrations are temperature anomalies of considerable mag
nitude. At Site 676 no chloride anomaly was observed, but here 
also a clear temperature anomaly occurs at shallow depth. It has 
been suggested that the above anomalies can be understood in 
terms of advective flow of warmer waters along fault zones 
(Fisher and Hounslow, this volume). In this section we attempt 
to evaluate this suggestion in terms of the observed concentra
tion-depth profiles of interstitial water constituents. 

Whereas the chloride anomaly in Hole 674A is quite evident 
in the upper 50 m, the concentration-depth profiles of calcium, 
magnesium, and sulfate do not allow one to distinguish anoma

lies. For these reasons we have plotted the concentrations of cal
cium and sulfate as a function of magnesium in Figure 17 for 
the entire data sets of Holes 673B and 674A, and a similar plot 
for the upper part of Hole 674A is given in Figure 18 (including 
chloride concentrations). Though the choice of magnesium as a 
reference is arbitrary, any anomalies in the other constituents 
may show up in these correlation plots. From Figure 18 it is evi
dent that reasonably linear relationships between the constitu
ents characterize the upper part of the sediment column (also 
compare with Figs. 10 and 11). However, the data in the zone of 
minimum chloride in the upper part of Hole 674A show small, 
but distinguishable, differences from this linearity for sulfate 
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and calcium (Fig. 18). The largest anomaly in SO^~ is about 
- 2 m M , and in Ca2+ about + 3 mM, i.e., the anomalies are of 
relatively small magnitude. 

If the chloride minima are an inherited property of the older 
sediment block that has been emplaced at shallow depth in Hole 
674A, then, assuming that concentration-depth profiles at Sites 
673 and 674 are representative for this area, these Miocene(?) 
sediments must have originated from at least 120 mbsf at Site 
673 and from about 200 mbsf at Site 674. This, taking Site 674 
as an example, would imply that the pore fluids are character
ized by very low magnesium and sulfate concentrations, and 
also by calcium anomalies larger than observed in Figure 18. In
deed, much-reduced values of 5180 (H20) values would be ex
pected, whereas the observed values are relatively high. If advec-
tion of low-chloride fluids had occurred along the fault zone as
sociated with the emplaced Miocene(?) block of sediments and 
if no large modification had occurred in the fluid composition, 
then again larger anomalies should have been observed. If, on 

the other hand, advecting fluids along the thrust fault were to 
alter their composition as a result of exchange with the pore flu
ids from the surrounding sediments through diffusive or mixing 
processes, it is difficult to understand why only a clear signal 
would occur in the chloride concentrations, with only small sig
nals in sulfate, magnesium, and calcium. 

An alternative explanation would have to invoke the produc
tion of freshwater in situ or at relatively shallow levels nearby 
(presumably more arcward) as a result of an as yet unidentified 
physicochemical process, e.g., clay mineral dehydration or mem
brane filtration. Perhaps the former process has been enhanced 
as a result of the energy release associated with the processes 
leading to the thrust faulting. This process would lead to a dilu
tion effect, thus explaining the relatively small changes in the 
other major constituents (<10%) and also the slightly en
hanced values of 5180(H20). 

None of the above discussions has offered a satisfactory so
lution as to the processes that lead to the observed large deple-
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tions in chloride concentrations. We postulate that clay mineral 
dehydration is a major contributing factor, but we cannot rule 
out other contributing factors, such as water flow from more 
southerly areas, which may be influenced by hydrate decompo
sition reactions. Also, potential effects of membrane filtration 
cannot be ruled out entirely, leaving an interesting question con
cerning the accumulation of brines farther in the deeper sec
tions of the accretionary prism. 

REACTIONS INVOLVING VOLCANIC ASH 
ALTERATION 

At all sites drilled along the Leg 110 transect it is apparent 
that significant uptake of magnesium and potassium and release 

Figure 18. Correlation between Mg2+ and Ca2+, SO2. , and Cl for 
upper part Hole 674A. 

of calcium occurs in the younger, volcanic ash-enriched sec
tions. Indeed, a common observation is a minimum in Mg2+ 

above the zone of decollement. This phenomenon is well dem
onstrated in Figure 19, which presents a composite of magne
sium profiles of relevant sites drilled along the Leg 78A/110 
transect. Several phenomena are involved in establishing the 
Mg2+ concentration-depth profiles. Whereas the minima ob
served in Sites 672, 676, and 671 (and perhaps 541) profiles are 
related to processes involving the alteration of volcanic ash (as is 
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Figure 19. Composite of Mg2+ concentration-depth profiles of Sites 541, 671, 672, 674, and 
676. 

discussed in the section on 87Sr/86Sr), various other processes 
may also have an influence on the shape of the profiles. Fore
most among these are potential differences in sedimentation 
rates. At higher sedimentation rates the gradients in Mg2+ will 
increase because of a lessening resupply due to diffusion from 
the overlying ocean. Typically, sedimentation rates in the upper 
100 m of Sites 672, 676, 671, and 541 have been 18, 21, 28, and 
50 m per 106 yr. In addition, tectonic thickening of the sedi
ments can also lead to increased depletions of Mg2 + . This can 
be the case for Site 671 where volcanic ash-rich sediments are 
buried to greater depths as a result of underthrusting. At Site 
674 Miocene(?) sediments are intermixed with much younger 
sediments as a result of tectonic activity. This tectonic process 
has moved sediments depleted in Mg2+ up-section, but more 
importantly it interferes with the resupply of Mg2+ from the 
overlying ocean. 

To understand the various profiles of Ca2+ and Mg2+ it is 
worthwhile to consider a correlation diagram between concen
trations of calcium and magnesium (Fig. 20), using data for 
Sites 671, 672, 675 ( + 542), 676, and 541. Several features are 
apparent from this diagram. In the younger, volcanic ash-rich 
sediments, the data follow an almost linear relation, with lower 
Mg2+ and higher Ca2+ concentrations for sites with higher sedi
mentation rates (e.g., Site 541). Toward the decollement zone 
large changes in Mg2+ and distinct minima in Ca2+ occur par
ticularly at Sites 671 and, presumably, 675, possibly associated 
with advecting low Cl" waters along this zone. Below the de
collement the data of Sites 671 and 672 coalesce into one linear 
relationship, with a slope of ACa/AMg = - 5 . Though base
ment was not reached at these sites we suggest that the deeper 
Ca2+ and Mg2+ concentration-depth profiles are the result of 
exchange with underlying basement (McDuff, 1981; Gieskes, 
1983). The increases in Ca2+ are to some extent balanced by de
creases in Mg2 + , but more so by decreases in Na + . If the data 
are extrapolated to zero Mg2+ concentrations, it follows that 
also the Na+ concentrations in underlying basement will be very 
close to zero, the basement formation fluids constituting an al
most pure CaCl2 brine. 

The minima in dissolved Mg2+ are accompanied by decreases 
in alkalinity, a phenomenon observed previously in sediments 
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Figure 20. Correlation between Ca2+ and Mg2+ for Sites 541, 
542 + 675, 671, 672, and 676. 

that are affected by the in-situ alteration of volcanic ash in the 
sediment column (Gieskes et al., 1987). Thus the process of vol
canic ash alteration leads to the uptake of magnesium and po
tassium (see site descriptions), a release of calcium, and a con
sumption of alkalinity (HC03~), perhaps in part as a result of 
calcium carbonate precipitation. Changes in 5180 (H20) of the 
pore fluids (Vrolijk et al., this volume) as a result of ash altera
tion are relatively minor compared to those occurring at greater 
depth. At this stage it is difficult to offer a quantitative assess
ment of the amount of in-situ alteration of volcanic ash. There 
is little doubt, however, that this process has a profound effect 
on the interstitial water chemistry. 
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Strontium Isotope Changes 

Preliminary results of 87Sr/86Sr ratios of dissolved strontium 
are presented in Table 3 and in Figure 21. The latter figure in
cludes information on Sites 541 and 543 of Leg 78A (Gieskes et 
al., 1984). It is clear that in the volcanic ash-rich sediments, 
strongly decreased 87Sr/86Sr ratios occur compared with the 
contemporaneous seawater curve. If increased Sr2+ concentra
tions were due chiefly to release from carbonates, the contribu
tions of ash alteration reactions would be even larger than is ap
parent from the 87Sr/86Sr ratios. Unfortunately, deviations of 
strontium isotope ratios from contemporaneous seawater values 
cannot be used to obtain a quantitative estimate of the impor
tance of volcanic ash alteration. For this purpose oxygen iso
tope mass-balance considerations are still the most appropriate, 
even though such calculations are not straightforward (Law
rence and Gieskes, 1981). 

SUMMARY A N D CONCLUSIONS 
Studies of the major-element chemical composition of inter

stitial waters of sediments recovered in a transect of drill sites 
obtained during DSDP Leg 78A and ODP Leg 110 have re
vealed the importance of several processes in shaping the con
centration-depth profiles of these constituents. Several impor
tant features have been identified: 

1. Low-chloride fluids characterize the interstitial waters from 
the various sites drilled on the Northern Barbados accretionary 
complex (Fig. 22). We have established that low-chloride fluids 
are associated with methane anomalies in the decollement zone 
and in the underlying sandstones (Blanc et al., 1988). In the 
sites farther onto the accretionary complex, low-chloride fluids 
are not associated with methane anomalies. The origin of low-
chloride concentrations can be best explained in terms of clay 
dewatering reactions, although other mechanisms such as gas 
hydrate decomposition reactions farther to the south in the 
complex or membrane filtration processes cannot be ruled out. 
Some of the chloride anomalies may well have been caused lo
cally during the faulting process, although water migration can-
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Figure 21. 87Sr/86Sr of dissolved Sr2+ of Sites 541, 543, 671, 672, 674, 
and 676. Shaded zone represents contemporaneous seawater range. 

not be excluded entirely. Thus the geochemical evidence does 
support the idea of fluid migration along the decollement and 
fault zones during the dewatering of the accretionary complex. 

2. Major cation concentration changes are affected by sev
eral processes in the sediments of the Leg 110 transect: (a) The 
upper Pleistocene-Pliocene sediments show evidence of magne
sium and potassium uptake with some release of calcium as a re
sult of volcanic ash alteration. The latter process has a strong 
influence on the 87Sr/86Sr ratio of dissolved strontium, but 
changes in 5180 are mainly directed by diffusive processes from 
greater depths; (b) Complex tectonic processes, including fold
ing and thrusting, have led to increasing depletions of magne
sium, potassium, and sulfate as a result of decreased replenish
ment of these ions from the overlying ocean. This phenomenon 
is best demonstrated at Site 671, in which non-steady state pro
files of Ca2+ , Mg2 + , and SO2,- characterize the interstitial fluid 
chemistry; (c) Below the decollement zone large increases in cal
cium and decreases in magnesium, sodium, and 5180 (HzO) in
dicate that exchange with deeply buried basement rocks may in
fluence the interstitial water chemistry. Because the sites were 
terminated well short of basement, this argument remains spec
ulative. 
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Figure 22. Suggested path of fluid migration in Northern Barbados accretionary complex. 
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