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ABSTRACT

Interstitial water analyses of samples collected at Sites 544-547 of DSDP Leg 79 are presented. In Site 547 chloride
concentrations increase to almost 80% of the halite saturation values. Gypsum occurrences in the sediments immedi-
ately overlying the halite deposit can be explained in terms of migration of Ca?* and SO}~ from the underlying evaporites.
At shallower depths sulfate concentrations decrease rapidly as a result of sulfate reduction processes. The same process-
es lead to the removal of calcium in the form of calcium carbonate. At Site 547, the chloride concentration depth profile
suggests a maximum of dissolved chloride which may be the result of advective flow from nearby (~6 km) evaporite

salt diapirs.
INTRODUCTION

Leg 79 of the Deep Sea Drilling Project visited the re-
gion of the Mazagan Plateau (Fig. 1) in April-May,
1981. Four sites were drilled and, in all, interstitial water
samples were obtained from considerable depths in the
sediment column. Drilling reached continental base-
ment at Site 544 and a salt diapir at Site 546; Site 547
deeply penetrated Jurassic sediments. Site 545 was lo-
cated just down slope of the Mazagan Escarpment. The
sites drilled during Leg 79 are part of an extensive drill-
ing program off North Africa, previously studied dur-
ing DSDP Legs 14, 41, and 50.

In this report we present briefly both the interstitial
water analyses carried out on board ship as well as in
our laboratory. Site 546 is of special interest because it
did reach halite/anhydrite-gypsum/sylvite salts at the
base of the drill hole.

METHODS

Shipboard data include pH, alkalinity, calcium, magnesium, chlo-
ride, and salinity. To these we have added silica, ammonia, sulfate,
strontium, potassium, and lithium. The methods used have been de-
scribed by Gieskes (1974), Gieskes and Lawrence (1976) and Gieskes
and Johnson (1981). The results are presented in Table 1. Additional
shipboard data are given in Table 2.

DISCUSSION

Site 544 (Fig. 2)

Site 544 was drilled on a sialic basement high. The
sediments of the upper 100 m have accumulated at rates
between 8-15 m/m.y. A large hiatus separates the Mio-
cene and Jurassic sediments at 103.8 m sub-bottom (see
site chapter, this volume).

As a result of the relatively slow accumulation rate in
the upper 100 m, only minor depletions in dissolved sul-
fate are observed accompanied by small increases in dis-
solved ammonia. Changes in dissolved calcium and mag-
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nesium are relatively small. A slight maximum in dis-
solved strontium is probably related to carbonate recrys-
tallization processes occurring in the Miocene carbonate
oozes (Baker et al., 1982).

In general, the interstitial water data from Site 544
indicate that diagenetic reactions occurring in the sedi-
ments leave only a minor imprint on the interstitial water
composition.

Site 545 (Fig. 3)

The upper 100 m of Site 545 consist of rapidly accu-
mulated Pleistocene foraminiferal-nannofossil oozes be-
low which sediments occur that are characterized by much
slower accumulation rates. A large hiatus occurs at 252 m
(early Miocene/Cenomanian).

As a result of the recent rapid accumulation of Pleisto-
cene sediments, a minimum in dissolved sulfate occurs
together with maxima in dissolved ammonia and alka-
linity. In addition, a slight minimum in dissolved calci-
um occurs at ~ 50 m as a result of calcium carbonate pre-
cipitation. Such observations are typical for sediment
columns characterized by rapid sedimentation in recent
times (Gieskes, 1975; 1981).

Increases with depth in dissolved calcium and de-
creases in magnesium level off between 200-250 m depth
implying reactions involving these constituents in the
upper sediment section. Dissolved strontium shows a well-
defined maximum at ~250 m, i.e., at the base of the
Miocene siliceous chalk section. This again can be un-
derstood in terms of carbonate recrystallization reac-
tions. The magnesium and calcium profiles, however, are
not necessarily related to carbonate diagenesis (Baker et
al., 1982; Elderfield et al., 1982).

Changes in dissolved silica are related to the relative
contributions of siliceous materials in the sediments; typ-
ically, Unit II contains relatively more opaline silica.

Site 546 (Fig. 4)

This site is of particular interest because it was drilled
into a salt deposit consisting mainly of halite, with minor
contributions of anhydrite and sylvite. Shipboard data
indicated a steep increase in dissolved chloride values to
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Figure 1. Map of work area, Leg 79.

as high as 135 g/dm? (~3.9 molar). McDuff et al. (1978)
showed that in sites affected by evaporitic chloride de-
posits at depth, dissolved chloride gradients are conserva-
tive in nature. The slight curvature in the dissolved chlo-
ride profile is probably the result of the relatively rapid
rate of accumulation (~22 m/m.y.) of the sediments of
Unit I (McDuff, 1978). The conservative nature of the
dissolved chloride gradient allows an examination of the
remaining anion and cation gradients in the interstitial
waters.

Na Versus CI: Sodium concentrations were calculated
by charge balance considerations. The data are plotted
versus chloride concentrations in Figure 5. Linearity im-
plies conservative behavior of dissolved sodium. In ad-
dition the data imply that mixing occurs between seawa-
ter and an almost pure sodium chloride brine. Increases
in dissolved potassium are very small indicating a negli-
gible influence of sylvite dissolution. The data in Figure
4 extrapolate to a chloride concentration at the sediment-
salt contact of about 150 g/dm?3, equivalent to a solu-
tion of ~4.2 M NaCl.

Ca Versus CI: The plot of calcium versus chloride
concentrations (Fig. 6) clearly indicates a nonlinear pro-
file, whereas the calcium versus sulfate plot is linear. These
correlations imply that calcium and sulfate at the base
of the hole originate from gypsum (or anhydrite) disso-
lution, but both calcium and sulfate are removed in equiv-
alent proportions from the interstitial waters in the sedi-
ment column above the salt deposit. We suggest that
this removal of both sulfate and calcium can be under-
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stood in terms of sulfate reduction processes and con-
comitant carbonate precipitation.

Mg Versus CI: The plot of magnesium versus chloride
(Fig. 6) is linear, implying a sink for magnesium in the
sediments just above the salt deposits or in the salt de-
posit itself.

The observation that chloride concentrations estimated
from extrapolation of the chloride concentration depth
profile are about 150 g/dm?, whereas saturation concen-
trations would be ~ 190 g/dm3 or 5.37 M is of some in-
terest. The extrapolated chloride concentrations are about
78% of the saturation values. Perhaps a much steeper
gradient in chloride occurs, partly as a result of gypsum
cementation of pore spaces, at the interface between the
salt deposits and the overlying sediments.

The gypsum problem is of interest in these sediments.
Gypsum solubility data in sodium chloride brines (Mar-
shall and Slusher, 1966; Harvie and Weare, 1980) are pre-
sented in Figure 7. Data have been converted to the mo-
larity scale using the density data of Danielson et al.
(1980) for sodium chloride-seawater mixtures. Note that
in an NaCl-saturated brine (~ 5.37 M) gypsum solubili-
ty is less than in a brine of 4.2 M. In the sediments just
above the salt deposit, using extrapolated concentra-
tions of [Cat*] = 40 mM and [SO4~] = 60 mM, an
ion product of [Ca*t*] [SO4=] = 0.0024 mol?/dmS is
obtained. Using the data of Marshall and Slusher (1966),
given in Figure 7, one obtains a saturation solubility
product of 0.0023 mol2/dmS for a 4.2 M NaCl solution,
that is, in very good agreement with the estimated in situ



Table 1. Interstitial water data, Leg 79.

INTERSTITIAL WATER STUDIES, LEG 79

Sample Sub-bottom Alk S Ca Mg Cl Sr Li K S04 NHy Si
(interval in cm) depth (m) pH (meq/dm?) (g/kg~ 1) (mM) (mM) (gfdm3) @M) (M)  (mM) (mM) (M) (M)
Hole 544
1-1, 144-150 2 7.29 2.87 35.7 10.7 51.3 20.06 80.4 436 124 29.2 20 208
Hole 544A
2-4, 144-150 13 7.24 291 36.0 10.9 51.0 20.13  111.3 47.0 13.7 281 53 192
4-1, 144-150 27 7.22 2.54 35.8 11.9 48.7 20.03 1354 485 13.0 265 64 145
8-2, 144-150 67 7.31 2.20 35.9 13.4 458 20.13 1597 52.0 10.8 28.0 64 162
20-1, 144-150 158 7.34 2.54 36.0 143 48.7 20.31 86.3 469 13.7 28.1 61 327
Hole 545
2-4, 144-150 14 7.24 5.96 353 8.0 517 19.75 76.5 52.1 11.8 249 302 237
8-3, 144-150 70 7.21 8.05 35.1 6.3 497 19.83 1428 749 123 166 325 326
12-4, 144-150 109 7.25 4.70 34.2 9.9 451 19.75 2329 869 11.2 17.6 708 191
19-3, 144-150 174 7.42 2.41 35.1 12.8 42.2 19.62 369.6 107.5 11.6 558 167
23-3, 144-150 212 7.15 2.97 35.1 15.1 40.6 19.86 4027 106.5 11.3 194 474 614
27-3, 144-150 250 7.16 3.58 35.1 17.5 38.7 19.86 436.2 126.4 103 420 703
31-1, 144-150 285 7.78 4.98 33.0 184 415 18.75 4424 129.9 7.3 205 227 274
34-1, 144-150 314 1.39 3.66 34.1 18.2 417 19.20 4369 130.1 7.9 324 202
38-1, 140-150 353 7.24 3.74 34.9 19.0 39.7 19.75 449.5 1319 102 244 300 2717
42-5, 140-150 396 7.20 3.13 35.8 189  40.1 19.86 409.5 133.7 114 316 650
46-3, 140-150 431 35.2 19.2 40.4 19.86 360.0 117.2 9.8 243 207 725
Hole 546
2-1, 144-150 4 1.22 4,12 39.7 10.3 52.1 22.87 100.2 546 121 27.01 316 204
6-3, 144-150 45 7.19 3.71 71.5 146 476 44,00 2053 80.6 11.6 2892 584 IS8
8-4, 144-150 65 7.03 3.13 92.4 152  46.6 57.6 272.1 9.5 124 3209 609 142
10-4, 144-150 84 7.15 2.33 111.9 17.4 43.4 72.3 275.6 101.8 13.2 615 138
12-4, 140-150 103 7.11 1.74 138.6 21.1 38.7 90.9 286.2 1029 13.1 37.96 637 120
14-3, 140-150 121 6.91 1.61 162.0 24.8 34.5 109.3 267.4 111.3  11.6 330 99
17-3, 120-130 149 6.79 1.22 198.0 339 27.6 137.2 1454 1058 16.0 323 87
18-1, 30-40 155 6.97 0.58 193.6 39.3 25.9 130.1 1147 952 152 59.00 313 47
Hole 547A
1-2, 144-150 54 7.41 7.10 35.2 5.4 50.3 20.10 141.5 65.3 10.3 16.48 1018 244
5-4, 144-150 114 7.23 4.99 35.2 9.9 459 20.24 2586  B5.3 89 2041 805 197
9-3, 144-150 151 7.29 3.76 35.2 148  42.8 20,46  343.1 1019 8.9 708 428
14-2, 140-150 197 7.20 2.81 35.5 17.9  40.6 20,66 407.8 113.2 8.7 626 621
20-5, 140-150 258 7.05 2.70 35.2 20.6 403 20.21 4629 121.7 6.4 21.84 533 587
25-3, 140-150 302 7.20 247 36.3 21.1 40.2 21.09 510.8 1318 7.3 538 677
30-3, 140-150 350 7.13 2.29 36.8 4.4 36.8 21.93  608.7 166.3 7.0 1575 952 534
35-1, 140-150 395 36.3 25.3 35.5 2193 6528 52 745
40-1, 110-120 433 7.46 1.49 35.8 26.6 35.9 20.88  713.8 1753 38 1768 711 137
45-2, 140-150 482 7.35 1.44 36.6 28.8 339 21.90 7923 218.0 3.2 724 112
50-2, 140-150 529 7.65 1.19 37.4 31.1 329 22.14 887.3 258.0 34 1475 935 71

ion product. Above sub-bottom depths of 150 m, the in-
terstitial waters become rapidly undersaturated with re-
spect to gypsum.

The appearance of gypsum in the sediments above the
salt diaper must be understood in terms of migration of
calcium and sulfate out of the salt deposit. Although
the concentration product of calcium and sulfate in the
basal sediments exceeds the saturation concentration prod-
uct in the pure halite brine, the thermodynamic activity
product will be closely equal. This explains the apparent
contradiction of a flux of calcium and sulfate ions off
the salt deposit against an inferred concentration gradi-
ent. Diffusion is driven by chemical potential differ-
ences, caused by the rapid drop in the chloride concen-
tration across the salt-sediment interface.

Site 547 (Fig. 8)

Again, in this site, the upper 100 m are characterized
by rapidly deposited Pleistocene carbonate oozes. As in
Site 545, a minimum in dissolved sulfate with concomi-
tant maxima in ammonia and alkalinity are observed.

Calcium and magnesium again show gradual changes
with depth, with calcium showing a minimum at ~ 50 m.
Dissolved strontium appears to have its principal source
well below 500 m, as does dissolved lithium.

The concentration depth profile of dissolved chloride
is intriguing (Fig. 9). The existence of a chloride increase
with depth is beyond doubt. The data in the lower part
of the hole, however, suggest that there may be a maxi-
mum in chloride between 800-900 m sub-bottom depth.
If this observation is correct, then, the profile implies
advection or diffusion of chloride through the sediments
in a manner similar to that described by Gieskes et al.
(1980) for Sites 415 and 416, located to the west of the
region of diapiric structures (Fig. 1). Site 547 is located
at about 6 km from the zone of diapiric structures,
therefore the lateral transport of chloride is likely to be
advective.

ACKNOWLEDGMENTS

We gratefully acknowledge the efforts of Mr. Dennis Graham of
DSDP who carried out the careful shipboard measurements. Dr. Rus-

827



J. M. GIESKES, K. JOHNSTON, M. BOEHM

sell McDuff reviewed the manuscript. This work was supported by
NSF Grant OCE80-23966 to JMG.

Table 2. Shipboard data on interstitial waters, Leg 79. REFERENCES
Baker, P. A., Gieskes, J. M., and Elderfield, H. 1982. Diagenesis of
Sample Sub-bottom S Ca Mg Cl carbonates in deep-sea sediments-evidence from Sr/Ca ratios and
(interval in cm)  depth (m)  (g/kg) (mM) (mM) (g/dm’) interstitial dissolved Sr2+ data. J. Sed. Petrol., 52:71-82.
Danielsson, L.-G., Dyrssen, D., and Graneli, A., 1980. Chemical inves-
Hole 544A tigations of Atlantis II and Discovery brines in the Red Sea. Geo-
chim. Cosmochim. Acta, 44:2051-2066.
Sl o e Bt = a4 Elderfield, H., Gieskes, J. M., Baker, P. A., Oldfield, R. K., Hawkes-
191, 45-46 150 361 ’ ' ) worth, C. J., and Miller, R., 1982. ¥Sr/*Sr and '#0/'%0 ratios,
21-1, 147-150 167 164 145 500  20.48 interstitial water chemistry and diagenesis in deep-sea carbonate
sediments of the Ontong Java Plateau. Geochim. Cosmochim. Ac-
Hole 545 ta, 46:2259-2268.
Gieskes, J. M., 1974. Interstitial water studies, Leg 25. In Simpson, E.
W3, 10-10. 3 I S. W., Schlich, R., et al., Init. Repts. DSDP, 25: Washington (U.S.
Hole 546 Govt. Printing Office), 361-394.
, 1975. Chemistry of interstitial waters of marine sediments.
4-3, 92-96 25 51.5 Ann. Rev. Earth Planet. Sci., 3:433-453.
6-6, 140-150 49 78.4 ___, 1981. Deep sea drilling interstitial water studies: implications
5 C(‘? Sk :g ;g; 139 493 517 for chemical alteration of the oceanic crust, Layers I and I
E:CC 68.5 9.?:9 Warme, J. E., Douglas, R. G., and Winterer, E. L. (Eds.), The
9,CC 78 105.0 Deep Sea Drilling Project: A Decade of Progress. Soc. Econ. Pa-
10,CC 87.5 110.6 leontol. Mineral. Spec. Publ., 32:149-167.
11,cC 97.0 126 Gieskes, J. M., Graham, D., and Ellis, R., 1980. Interstitial-water
12,cC 106.5 139.7 studies, Deep Sea Drilling Project Sites 415 and 416. In Lancelot
13,cC 116.0 151.3 Y., Winterer, E. L., et al., Init. Repts. DSDP, 50: Washington (U.S.
{;gg g;; ig;; Govt. Printing Office), 691-693.
16.CC 144.5 1772 Gieskes, J. M., and Johnson, I., 1981. Interstitial water studies, Deep
17.¢C 154.0 174.9 Sea Drilling Project Leg 59. In Kroenke, L., Scott, R., et al., Init.
IS:CC 163.5 216.7 Repts. DSDP, 59: Washington (U.S. Govt. Printing Office), 627-
630.
Hole 547A Gieskes, J. M., and Lawrence, J. R., 1976. Interstitial water studies,
Leg 35. In Hollister, C. D. Craddock, C. et al., Init. Repts. DSDP,
s & . 2L B =28 35 Washington (U.S. Govt. Printing Office), 407-423.
66-2. 140-150 681 408 : ’ ' Harvie, C. D., and Weare, J. H., 1980. The prediction of mineral solu-
70-2, 136-150 719 41.2 372 293 24.23 bilities in natural waters: the Na-K-Mg-Ca-CI-S0,4-H,0 system from
zero to high concentrations. Geochim. Cosmochim. Acta, 44:981-997.
Hole 547B McDuff, R. E., 1978. Conservative behavior of calcium and magne-
sium in interstitial waters of marine sediments: identification and in-
ij :K:gg ;3? :?; i;g g?g g':‘:; terpreu:ggn. [Ph.D. dissert.] University of California at San Die-
g0, p. .
;;f,cm_m 3;;’ ﬁj?, et W A8 McDuff, R. E., Gieskes, J. M., and Lawrence, J. R. 1978. Interstitial
26-3, 135-150 946 4.3 585 296 23.56 water studies, Leg 42A. In Hsii, K. J., Montadert, L. et al., Init.
27-1, 140-150 952 45.1 Repts. DSDP, 42, Pt. 1: Washington (U.S. Govt. Printing Office),
28-3, 140-150 964 46.8 25.39 561-568.
30-3,0-10 980 44.7 519 328 2346 Marshall, W. L., and Slusher, R., 1966. Thermodynamics of calcium sul-
a T fate dihydrate in aqueous sodium chloride solutions, 0-100°. J. Phys.
Data suspect because of seawater contamination. Chem., 70:4015-4027.

Date of Initial Receipt: October 6, 1982
Date of Acceptance: July 15, 1983

828



INTERSTITIAL WATER STUDIES, LEG 79

Lith:_alow pH Alh“ni‘; Sulfate/ Ammonia Calcium/Magnesium
unit {meg/dm~) (mM)
0 20 40 60 NH4(uM)
7 8 9 1 2 3 0 10 20 30S04(mM) 20 a0 60
1] E I I T XT T L o —&—wl I LI I Z T
bl e + ! ’l
40 - + -+
8 ] ‘
F °® ] e + ° +
80 | 4 1
n \
: = ° +
120 m o+ -
$0,| |NH Ca Mg
= ‘ ° +
— 160 v 4@ 4 L ] ® + ° +
‘E r L 1 L L 1 1 1 = 1 1 1 'l'- I
| - 1 1 L
2
]
5 Silica Strontium Lithium Potassium
s (uM) (M) (uM) (mM)
2 0 200 400 100 200 0 20 40 60 0 10 20
a 9 — T T T St W —T— T
| ) .
o ]
40 \ r
s ° ° 1
80 Bl
120 -
160 L @ ® (] =
i 1 1 1 1 1 1 1 1 1 1 1 | 1 1 | |

Figure 2. Interstitial water chemistry, Site 544. Lithology: 1. Clayey foraminiferal nannofossil oozes and chalks; II.

Glauconitic nannofossil chalk and nanno-bearing claystone; III. Limestone; IV. Sandy mudstone and muddy sand-
stone.
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Figure 3. Interstitial water chemistry, Site 545. Lithology: IA. Clayey foraminiferal nannofossil ooze; IB. Clayey
nannofossil ooze with breccia layers (carbonate platform rocks, Jurassic); II. Radiolarian-nannofossil chalk;
IITIA. Nannofossil-bearing clay/claystone; I1IB. Nannofossil claystone and chalks; ITIC. Nannofossil claystone
and chalks; clayey nannofossil chalk.
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Figure 4. Interstitial water chemistry, Site 546. Lithology: 1. Clayey foraminiferal nannofossil ooze; II. Clayey nannofossil ooze and red clay; gyp-
sum-rich layers from 147-149 m; gypsiferous clay from 149-156.5 m; II1. Halite with rare anhydrite and sylvite. (Note: in situ data in circles).
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Figure 5. Plot of chloride versus sodium of Site 546 interstitial waters. Figure 6. Correlation plots Ca versus Cl, Mg versus Cl, and Ca versus

SO, for Site 546.
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Figure 7. Gypsum solubility in sodium chloride, concentrations in mo-
larities (data from Marshall and Slusher, 1966; Harvie and Weare,
1980). Note range of NaCl concentrations at bottom of hole
(~4.2 M) to saturated NaCl (~5.37 M).
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Figure 8. Interstitial water chemistry, Site 547. Lithology: I. Clayey foraminiferal nannofossil ooze; IIA. Nannofossil
ooze; IIB. Clayey nannofossil ooze and chalk; III. Conglomerate beds in nannofossil chalk, IVA. Nannofossil
chalk, radiolarians, and porcellanites; IVB. Debris flows in nannofossil chalk; V. Nannofossil-bearing claystone
and mudstone.
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Figure 9. Ca, Mg, and Cl in Site 547, note possible maximum in dis-
solved chloride.



