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The gradients of dissolved calcium and magncs ium . as weil as thosc of 6" 0 of the interSlitiaJ 
waters in lItep sea sediments imply (lu xes of maleTinl from layer 2 (oceanic basalts) into laye r 
1 (sediments) and l'kt l'trsa. Espcdally the flux of H1" O iolO layer 2 is s ignifiean! and allows 
a n estimale of the degree of alteration of layer 2 of the oceanic crust. 

Oeta/roi. A C/{j. 1981 . Prol;eedÎngs 26,h Intcrnat ioTml GeologicaJ Congrcss, GeoJogy of oceans 
symposium . l'tl ris. July 7-17. 19KO. 11 1-113. 

Significa tion géoc himiq ue des réac tions diagénétiques da ns les sédiments 
océaniques à partir des données sur les caux inters tit ie ll es. 

L'étude des grad ients de dissolution du m~lgnésÎum e t du calcium •• ,ins i que celle des 
anomalies en oxygè ne 18 . dan ... les eaux inters titielle !> des sédiments océaniques profonds. 
impliquent un échange de matière entre la coul; he 2 (basaltes océanique!» et la couche' 
(sédimenb). Un ~Ispec t particulier du phénomène est le flu x de H:"O dnns la couche 2. qui 
indique et permet une estimation oJu degré d 'al téra tion de la croûte océanique. 

Octa/wl. Acfll . 1981. Actes 26' Congrè!> Interna tio nal de Géologie. colloque Géologic oJe ~ 

océans. PHris, 7-17 juil . 19KO. 111-113. 

ln this p.1per wc bridly summarîzc sorne of the major 
resulls that ha ve bec n obt .. ined from întcrstitial water 
studies during the last 12 years of the Dcep Se .. Dritting 
l'rojee! (DSDP). We focus o n the concentmtions of dissol­
ved çalciu m. magncsium . potassium (ail major seawater 
components), as weIl as the \"0 /'·0 ratio of the oxygcn in 
the interstitiat waters. 

Many drill s ites - .tlmos t 400 - ha ve been Sludied for their 
inte rstiti .. 1 waler chemiSlry and , notwithstanding Ihc fac t 
that drîlling has been slightl y biased towards s ites of 
particular geophysical rclcvance, a reasona bly gcneral pic­
turc has emcrgcd . 
One can subdivide Ihe drill sites into IWO major catcgories; 
1) " Coastat ocean " oJ rill holes : these "re charactcrized by 
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high sediment accumulat ion rates liS a result of high inputs 
of biogenic and wellthered de trital material s. T hese sites 
generally show complex eoncentriltion-depth gradient!> ;I!> ~ 
result of !>ulfate reduction proces~es. leading to large 
dissolved sulfate depletion!> and minim;1 in dissoJved cal­
cium a~ li re~ult of carbonate precipitation rellctions (see 
a lso Gieskes, 1981) ; 
2) .. Open ocean" drill holes ; these arc loeated away from 
the coast in more" pelagic" setlings. charac terized by 
mudcrate 10 s low sediment accumulation rates 
(0;; 50 mll()'> ye,m.). Here we are concerned mainly with the 
Janer catcgory. In the" open ocean" sites we dis tinguish: 

A) sites without concentration gradient s. i.e .• ÎnterstÎlial 
water compositions do nOI differ signiricantly from those of 
seawater. These si tes usually occur: a) nc;; r ocean ridges 
and b) where scdimcnlalion raies are eXlremely s low: 

B) s ites wi th weil established concentril tion çhllnges. in 
which. in general: calcium concentrations increase; 
magnesium concentrati,.ms decrease : potassium concentra­
tions decrease ; 8'·0 of the interstitial waters decreases. 

A typical e xarnple is given in Figure 1 . which represenls 
interstÎlÎ<!1 waler data obtained in si te 239 (Mascarene 
Basin). McDuff and Gicskcs (1976) demonstra ted the 
conservative nature in this site o f the calcium and magne­
sium gradients and inferred .hal reilc tions occurring in the 
basement a re the soun;e of calcium and the sink for 
magne~ium (see also McDuff. in press). McDuH and 
Gieskes (1976). McDuff (in pres'l). and Gieskes and 
Lawrence (in press) demonstratcd that for many .. open 
ocean" sites a ltera tion reac tions involving basalLS of 
layer 2 and to a leliser eXlent ;;I tera tion reactions involving 
vok,mic matter dispersed in the sediments of layer 1 o f the 
oeeanic cru SI were responsible for much of the obse rveJ 
increase'l in dissolved calcium, and decreases in magnesium 
and 8'·0. 

ln Figure 2 we present a map delineating the mean calcium 
gradie nt (mMI100 m) in .. ope n ocean" holes - sites with 
G indieate increasing calci um concentra tions w;th Jepth , 
but with poorly defined gradients. With the knowlt:dge of 
increasing calcium grad ien ts with distance from oceanic 
spreilding r;uge (McDuff. in press). we estimate that about 
50 % o f the ocean floor shows calciu m gradients. which 
average 8 mM /100 m (LlIwn:nce. Gie~kes. in prep .). Thus 
the average calcium gradient Cor the entire ocean floor is 
4 mMnOOm, 

We have studied oxygen isotopie compositions o f the pore 
water on more Ihan 30drill holes (Lawrence, G;eskes. in 
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Inltrsririal ... altr chtmiSlry. sitt ])9 - Ma scartnt Hasin. Li/ho­
logy .- 1 .- sil,y day : li .- nmulQ OQlt nflnllQ day : III .- Krun l/nd gray 
silly duy l/nd nanno O<IU ; IV.- bro"'n silry c:/a)' and c:/uyty sill .­
IV .- /Il/nno day.- VI .- basal,. Thtdt('r((.ut in potassium is III a largt 
exlt nt dllt 10 uplakt in litt $I'dimmlJ ; dissa/I·td Slron/ium is Ihe 
rt"l'I"/ /JI ('(lrboll,,/ e rtays/alliw/lon : dissa/ I'ed silic/I rtl/urs rht 
prt"St:rI(' ( 11/ bi/Jge/lir: siliclI (c.f .. Gifsku. 1981). 

prep.). and generall y a good correl ll tion is Cound hetween 
changes in the cakium conce ntnllion and 8'10, as is 
demonstrated in Figure 3. Though dearly there is sorne 
variability in the correlation slopc:s. we est;mate tha t il slopc: 
of - 0.08 'lWmM Ca ::': 0 .03 i5 il goud llverage. l3ased o n Ihis 
s lope and on the average calc ium gradient one can estimate 
an average 8110 gradient of - 0.32 ~""'100 M for the world 
nceil n. 

Most of Ihe observcd gradienls in çalcium. magnesium. and 
8"0 indicale that diffu5ive transport of mate rial is the only 
important transport processes in open ocea n dr ill si tes. with 
the pos~ible exception of Iho~e ~ites th,ll are near ocean 
ridges (McDuff, in press). In the neighborhood of oceanic 
ridges substan tial adveclivc transport ma y occur in the 
sediment col umn. Thus. the average lj '·O gradient ;llIows an 
estimate o f the flux of "0 into layers 1 and 2. For Ihis 
cakulull .... n "n ".'.:rug<.: diffUSion .... ..,dficl.:nt \Jt II, ' t'ut 
6 x 10 ..... cm l /sec. is used (Lawrence tf al .. 1979). The flux 
of Hl"O ioto layers 1 and 2 i5 then es t;mated tO he 2 x 1 ~ 
moles of "0 per million yeaTS. L;lwrence ;Ind Gieskes (in 
pre p.) cillculale that this flux ;mplics low lempcrature 

• 

Fi»uH'i 2 
A"frogt ca/du", CO/lc('/l lr(l/iOIl ­
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C(lk;um-lP'O cwrf'llll;ulIs from porr "'fllrtS fur somr .trlte/rd DSIJP 
S;/tS (l_""''''u(·e. Girs /œs. ;n /Ir(/I.). 
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al teration of bctween 1().30 % of the firs l kilometer of 
basalts over a pc: r iod o f 60 )( Hf years . 

T he above ca lc ulat ions s ho w Ihat the flu x o f 110 into 
layers 1 and 2 is by no mea ns trivial and impl ics cons idera­
ble al leratio n o f the oceflnic crus!. Calc ulation o f the flux o f 
M I!: and K into the c rust, a nd o f Ca oui of Ihe crus t (Gics kes, 
1981 : McOufr. in press) indicale that fOf Ihese seawHter 
cons titue nls Ihe fluxe s arc o nly o f minor importance compa· 
red with the averat-:e ri ver fluxes (c:I- 1 % : Mg- 2 % : 
K - lO %). Ho wever. if oceanic s tead y s late i5 to bc maîntu i­
ned fo r "O. a s ignificant re lurn flux is necessary, which 
must be Jocaled in occanic spreading cenlers (high tempera · 
ture roc k-water interac tions) a nd/or in oceanic subduction 
zones . Lawrence a nd Gies kes (in prep.) estimate thal if 
hydrothermul act ivit y at ridge cres ts were responsible for 
the return flux of " 0 . up 1040 % of a 6 km thick la yer of 
layer 2 would be required to balance the flux of nlO inlo 
layers 1 and 2 as a resuJt o f low lempcra ture altc ra lion 
reac tions. T his flux should in principJe be determinable 
fro m hydro thermal e ma na tions from ridge creSlS (Edmond 
el al., 1979: Rise Projee l Group , 19110). 
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