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ABSTRACT

Detailed geochiemical worlk was undertaken on pore water
and sediment samples from a drill hole (0.S.D.P. Hole 262) sited
on the axis of the Yimor 'Irough. _The sediments comprise
calcareous ooze with yariabie quantities-Of Clay.miﬁerals. High
Vmégﬁesian calcite is absent, though'aragonite'is présent throughout
the ééquence. Dolomife rhombs are commoh, particularly in the lower
half of <the hole, where they are bélieved to have formed diagenetically
by the a@tion of saline pore fluids on the calcareous éoze. Pactors
influencing the chemistry of the pore waters include:
1. ‘The increasing carvonate content of the sediments with increasing |
depth;"this has a relatively mihor effect on the chemiétiy of the
pore water.
2. The presence of large amourts of plant material in the sediments
and tihe associatéd vacterial fermentation and sulfate-reduction.
his produces a solution rich in HCO , (and ‘an abnormally high
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allinlinity) and a depletion of SO, . There is also a decrease in
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. ++ ; \ " .
tnre Ca concentration but the reasons for this are less apparent.

B .The influx of'highly saline waters in the lower half of the

hole. These are believed to emanate from evaporite deposits.



IHTRODUCTION

- - Continuous coring of pelégic calcareous sediments at
D.8.0.P. site 262 in tue Timor Prough (Fig. T),at a water depth
of 2315m provided abundant core méterial for geochenical worl:,
including onooard extractfon.bf iﬁtersfitial'water. A b-cn length -

_of material was taken from each core,. giving a vertical sampling

'intérval of'approximately 10m, cqmpared-to the normal sampling

interval of apbrozimately 50 m. As-comparétively large amounts
of sediment and watér wefe available it was alsd poSsibletto
undertake a wide rangé of analyées on fhe 45 samples obtéinéd.

~ The drill_holé intercepted a tofal.df'44é m Sf grey 
calcareous'sediménts, " The sequehbé wés composed of 414‘m.of
Quaternaxy an& upper-Plipcene plapktonic 6ozerqverlying‘13 m of
upper.Piiécene shallo#-marihe fofaﬁiniferal‘dolomitié ﬁud ahd
15 w of upper Plibcené'very shallow marine dolomitic shell |
calcarenite. Thus the seQuence beéomes progreséively of'shalldwer
origin with increasing depth down the hole. ItAis also evicent
that for fhe rast 4-5 million years a comparatively raﬁid rate of
deep~sea sedimentation (about 1 cm per 100 years) has prevailed in

the Timor Trough.
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After on-board extraction using a modified hydraulic
vress, vhe interztitial water wasg stored in sealed plastic tu beg
of about 10-20 al voluie. = gsmall gusntity of vater was used for

on-board analrsiz, including the determination of pH by the 'flow-
through'! and 'punch-in' metiods, allzalinity by potentiometric
titration, and selinity by the refractive index method using a
Goldberg optical refractometer. 411 the on~board analyses and

the methods used are standard for each leg of the Deep Sea Drilling
Froject.

The squeézed sediments were heat-sealed in plagtic bags, and,
vefore analysis, were dried and ground to approximately 100 mesil.
Chemicalhanalysesron the water and sediment were subsequéntly under;
talken at the ustralian liineral Development Laboratories, Adelaide;
nineralogical analyses were carried out at the Bureau of iiineral
Resources, C"nberra.

Cughore water analyses

Innecdiately unon opering the vials the samples were acidified
with a known volume of 10 percﬁnt Iydrochloric acid. Analises were
then undertaken as follows:

Ca, Mg, Sr, and Ba were determined by atomic absorption
gpectrometry using a nitrous oxide flane, a-dilution ranging fron
10-fold to 5C=-fold, ond, vhere appropriate, an acid solutioil of
(C1 to suppress ionization. e, ln, and Zn were determined directhy
by air-acetylene flaie atomic absorption spectrometry using x20 and
x30 scale expangions, and reading on a chart recorder; background
corrections were made using a Lydrosen lamp. Cu was determined by
air-zcetvylene flame atomic abgorition spectrometry afier extraction,
velng “eLHyJ icobut;-l ketone az the golvent and ammonium pyrrolidire
tuiocarbanate as the chélating agzent (Jt Jokn, 1970). 1’205 was

Ceteriiined colorimetrically after neutralizing with MalH sol:tion.



Abgorbance was read at 880 nm in 2-om cells againgt

gtandards prepared in a similar matrix of NaC1. This method is
fully described by Murphy & Riley (1962). Chloride was determined
by titration against silver sulfate using an electrometric end-point.
sulfate could not be determined by the classical precipitation
method because of the small amount of material avallable and it was
dbtained.by determin}hg the amount of Ba (by atomic absorption
spectrometry) precipitated from solution as BaSO,.
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Onshore sediment analyses

liineralogical analyses were undertaken on a conventional
Phillips X—ray diffractién'unit at standard settings. Preferred
orientation effects were minimized by the use of a spinner. Calcired
fluorite was used as an internal standard. Peak areas were determined
uging an electrically trigrered planimeter. Peak positions were elso
measured and the Goldsmith & Graf (1958) relation uged for the
determination of carbonate mineralogy.' - |

Various techniqueé.were usged for the chenmical analyses.
P205 was deternined spectrophotometrically using the molybderum blue
method, 002 wvas deternined gravimetrically. All other elementes were
deterwined by atomic abgorption spectroscop& on total solutions of
the samples using mixed acids and P,

In order to clecl: the minerclogical sipgrificzunce of geocheliical

recults a number of samples were impregnated and thin sections cut.,
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The resﬁlts of ?ore water.and sédeent analysis of +the 45
sexples from throughout D.S.D.F. Hole 262 are given in Table 1.
Teptes of preéisién ﬁere undertaken on both pore water and sediment
saqpies whgrémspfficient_md%grigl.wés avaiigbie.»»ln general, standards
of réproducibiiity:fér.ﬁdrg-watéf_ahéiyses ;ere.acééptéﬁle,V;nclﬁdiﬁg
those for lig (+ 2.475_),'ca (+ 2.2), X (_f 1.7%), St (4 2.6%), Li (+ 3.55),
Cl (+ 0.5/%), and SOZ; (+ 1.0%). Less satisfactory levels of precision
vere obtaihed fdr’ons'(it34;Oﬁ), Pe <i 2%.,2%), Hn (i 192j%), and Zn
(+ 26.75). ’ |

| Precision levels were generally good for the sediﬁehtvanélyses,

including those for Ca (+ 0.64), Mg (+ _1.9%), sr (+ 1.3%_), Ii ( O;é),_
Te (+ 1.5%), €O, (+ 1.7%), Cu (+ 2.8%), Mn (+ 1.9%), and P2-°5 (+.3.8%).
Acceptable levels were Sbtained for K (+ 7.0%), Ba (+ 8.7%), 2n (+ 6.6),
and Cr (i 8.,8%). Poor levels of precision were obtained foi Pb (+ 307%),
Co (+ 11.9%), and Ni' (+ 25.9%). |

The degree of accuracy ié more difficult to establish, and is
rather less important to a relative study of this type than the
precision. Comparison of the Timor Sea surface water analyses with
those of standard.séjﬁ??f@: suggests that a reasonable level of
acburacy was obtéined.

‘Mean 66mp§§it£$hs.f0r the upper and lowex:hélves of Hole
262 are given'in _-'Taﬁléé 2 and 3. In-addition, the vertical variation
in rajor and tiéce eleﬁént composifioné of the pore waté} and the

sedimentQare~shownripﬁFigu:és,2~and 3



DISCUSSION
ol VATERS

Hean pore water compositions for Hole 262 are given in
Table 2, llany of the values do not appear to differ significantly
from values obtained from Leg 8 (Fresley & Kaplan, 1971; lanheim &
Sayles, 1971). However, there are some notable differences including
salinity, alkalinity, chlorinity, Ba, and Fe which are considerably

greater, and 50,, Ca, and Mn which are significantly less in Fole 262

4’
than in Pacific sediments obtained on Leg 8. It seems probable that
the pore waters in Hole 262 show marked enrichment in total dissolved

salts, P20 y K, Ba, Fe, In, Zn, and HCO% (as indicated by the

5

alkalinity value) and significant depletion in 30

4

and Ca when
. compared with Timor Sea surface water.

igually marked differences between the elemental composition
of pore waters in the upper part of the lole and those in the lower
part are also apparent from Table 2, It is clear from Iigure 2 that

‘these vertical changes are in general gradational, and that many of
them are inter-related, with for instance Sr varying sympathetically
with Ca. Some of these inter-relations will be discussed in some
.detail.

Using a computer program vritten by liayo (B.m.ﬁ., Pers. COmi. ),
=Y plots, the equation of the regression line, and correlation
coefficients were obtained for all inter-element associatious. VThese
inter-relations are summarized in the form of a correlation matrix
(Table 4), and it is clear from this that there are a number of
associationz. AU the 995 confidence level the following conponents
show a positive corrvelation with depth: Balinity, ¢, 30,, Cv, Ca, o,
and id;  a neguiive correlation is sl.own by alkalinity, PZOS’ Mg, and ',
Fot surprigingly, ost elements show a pogitive correlation with salinity,

(3R] .

3y Ey and Do oare notable Tor Uhodr negstive correlation.



Many comporents show sirong positive corvelations with alkalinity,

including PQOS, He, and K, bt €1, 08, P, &6d i wll ghew & gligs
s “

-

negative corceiatiorn, »H is notavle Tor its paucity of significaunt

“correlations; only iin and ¥ show a correlation with pH at the S

confidence level, Some of the morc important coiponents will now

be considered in some detail,
Anions €17, SO™~, HCO,” (2lkelinity) and PO, (2,0,)
¥ _ 4 —4 o=

B

These four anions make up “he dominani anionic componenis in

~ocean vaters and pore waters of essentially oceunic origin. Iowever,

ir pore waters from D.S.D.F. jlole 262, the relative proportions as
well as thé avsolute anounts deviate markedly from tiose in sea water
“and nost other pore waters in deep ocean sediments.

Chlorinity and salinity graduall;- increaée down the hole
attaining é niax imum of 33,195 C1, equivalent to a selinity inérease
pf_about 5O%Iabove normal sea water. In previous D.S.D;Tf arilliing,
salinities of this oraer have been encountered only in areas underlain
Ly evdporites,_such as the Red Jea (Leg 24). It therefore seels
reasonable to postulate that tie high Timor Trough salinities »ogsitly
regult from tae influx of brines, enanating frou evaporite deposits
which may underiie the Timor Trough. There is no direct evidence
of such evaporites although the shallow-water aspects of sediments
at tie bottom oif the hole suggests that dePOSité are cetainly possible.

The sulfate content of the pore waters also increases down the
hole and there is a 99% probability that SOZ- correlates positively
with C1, which is the norzal relatiqnship. Despite thé high salinities,

the SOZ’_gontént of the waters is, however, abnormally low (Table 2)

4

compared with sea water and most other pore waters, implying that SO
is being extracted from the system., This will occur readily at high
saliniﬁies (greater than about 39°/0o total dissolved salts) when

gypswr will precipitate out.

++

equation 1. Ca’' + 50, = Ca 80

= 4



The positive correlation between Ca and S0, at a greater than 99%

4

confidence level supports the validity of tiis reaction. However,
the situation is.rather more complex as SBZ is apparently being
withdravm from the system in the ‘upper half of the hole- at salinities
which would normally.be 1nsuff1c1ent to look for an alternative
mechanism, Sulfate-reducing nacteria nay be.nresent‘;n fhe sediments
produéing fcnctidns'such asiel

equation 2. 504“ + 20 B 42 co,

equation. 3. 304" + CH4;3. HS™ + HCO + K0

Both éqnations only approxiinate the natu:al reactions because of the
highly complex nature of the organic matefial,(see Bérner, 1971, pp.
114;137), but gfe_uséfui as simplistic models of fhe true systems.
The:abdndance of.pyrife in the sedinents, tne nigh alka;inity values,
and tne lérge'qugntities of‘CO2 and Cn4 enéounteréd during drilling
all lend support to the importance or'equations'2 and 3.

Alternative equations for the decormposition of carbohydrates
and protein in the anaerobic calcareous sedimenté in the presence of
sulfate~reducing baé?gfia are given by Berner (1966).
éguatiéﬁ 4. 2CH,0 +'zso4ff + c:am:o3 & Ca  +1IS + 3Hc05- |
equation 5. 4CH,NEL,COOH + 4H,0 + 350, + ca™T R 3m” + 91—1005 $ 4NH4+

In the lower half of the hole, below a depth of about 280m,

++

salinities may bééome"sufficiently-high for the réaction represented
by equation 1 to become of minor importance. Above this depth,

sulfaté—reductign is probably the ddminant-mechanism.for:the'extraction

_of sulfate.:

It is evident from equations 2 - 5 that in a closéd system an
1ncrease in the act1v1ty of sulfatp—redac1ng bacteria will lead to a
decreaﬂe 1n the amount of SO T and a consequent 1ncréase in the amount
of HCO in soluulol This shoula result in a negaulve cor*el tion

between- sullate and alkallnlty and this is 1ndeed the case at the 98

percent confidence level (Table 4).



Alkalinity reeults primai}ly'from the generation of CO2 which-
then ;0es into solution. ALt the’pH IOVGEE encountered in Ilole 262,
bicarbonate is the dominant ion (ﬁarrells'& Christ, 1965; Krauskopf,
1967) and the reaction may be.represented by~

equation 6. IO + CO, & ¥ & HCOB-

Maximum alkalinity of 93 meq/l occurs at a depth of 50 m below the
"sedlment-water 1nterfece. This is considerably in excess of any -
-'alkallnlty prev1ously recorded from the Deep Sea Drllllng Progect.

* hlgh rate ‘of Sadi nehialan (about 1 cm per 100 years) in the

Timor Trough is probably 1nstrumenta1 in ensurlng that abundant

-organie;ﬁéterial is hhried before any exteneiVevoxidation takes

place. ““Alkalinity mayfreaéonably'be_taken as an indicator of

biological activity in general and sulfate-reduction_in particular

r(Presley.&“Kaplan, 1968; Berner, Scott,_&>ThomlinsOn,-1970). ‘ihe

':ahﬁndance of organic material and pyrite'snggests'that conditions

are strongly enaerobic within the sediment;?'Coneequentiy'oxygenation
of organic carbon is unllkely to be an rmportant mechanism. Berner_
(1971) points out that mlcroblologlcal fermentatlon reactlons can
produce CO in an anaerobic env1ronment, us:.nb the oxygen present in
the organic matter.' A 51mpl1£;ed version of the reactlon 1nvolv1ng
carbohydrate.is:— o : l |

egnation'z. 06 H12 06 ;2 5¢62 + 3CH#

It is impossible to evaluete'the relative importance_of the

‘biologically induced processes of fermentation and sulféte'reduCtion

in the'determination of alkelinity; However, if.elkalihity is an

indicator of blologlcal act1v1ty 1t 1s puzzllng that tne maximum
value occurs at a depth of 50 m-and not Just below the sedlment-water,
1nterfaoe._ The probable explanatlon for'thls is that ‘the peak at

50 m is 1ndlcat1ve of an ancient peak in blologlcal act1v1ty rather

”'than a.modern.; Thls would requlre that we are deallng here with

a closed system. Alternatively biological activity might conceivably

_extend much farther below the sedlment-water intexface than is generally .

ﬁacknowledged.



The relation between aikalinity-and pid is of some interest,

fer Gardner (1973) has postulated a theoretical pli-alkalinity

relation in celcafeous‘eediments which involves en asymtotic aesociation;
with the correlation curve lying parallei to the alkalinity axis at a

pH of about 6,6 (Fig. 4). In the'Timor Trough eyetem, the asymptote

-in fact lies at a pH of 7.4 and 7.8 (Fig: 4). I"lls is_'similar' to
'the_Floride Bay resnlie F BernerV(19§6).who~plaeeegfhe'limit ef T3

to FuTn It is probable that the a.‘eveldpmeﬁt. of NH+'énd ethei' ions
which are ‘not generally con31dered in tneoretlcal systems are
respouolble for .mucir of the dev1atlon noted between tne theoretlca1

and tHe natural system.

Although P,0 (prlmarlly in the form of TO4 ) mages a
contribuiion to alkallnlty, Gieskes & Rogers-(1973).nave.shown that
~ this contribution is'negiigible in most natural'systems; Despite
'-this; there is a strong pOﬂltlve correlatlon between alk allnlty and
P205 (Table 4). PZOS also shows a s1gn1flcant'pos1t1ve correlation
with iHg and K. This is perhapg a secondary correlation owing to the
Iz and K content being dependant on elkalinity rather than from any
tendency for these compohents to be PO4:'5 dependant, though why
Mg and K should be alkalinity-dependant is not clear. A possible
explanation for the P2d§fa1kélinity correlatidn-is that the nutrient
role of the phosphete radiCal is of soﬁe imporfehce, so that abundant
nut“le 1te produce an iﬁcrease in biologicel_ectivitf winich in turn
seeulis in a high alkalinity value. Altcraatiyely, alkalinity may

itself have a direct influence on phosphate solubility.
- , L L J



Ca, Mg, K, Sv, Ba, Li

Thegse alkaline earth metals arc commonly associated in
aqueous gystems, but in the Hole 252 pore waters inter-relations
appear to ve fairly complex. 411 these captions will sliow a
straight~line correlation with salinity if rrecipitation of
coirponents doesg not take nlace., Trus, Ca, Sr, and Li all show a
strongly positive correlatio: with salinity'(see figures 54 and
58). lg, {, and Ba, on the otier hand, all show a negative
correlation with salinity (I'ig. 5C). The complex nature of %he
celations is dewonstrated by the Hg-malinity plot (Tig. 5D).

The rcgressibn line indicates a negative correlation, bulb this
overciuplifies the true plcture as there are two distinet trends.
2t low salinities, kg varies from 800 to 1600 ppm vithout any
sympathetic chenge in salinity. Uhis near-horizontal frend is
coafined to {the upper half of Mole 262, The second trend is &
strongly positive correiation between galinit; and lig coantent.
Saaples lying on thig positive correlation line are all located
~in the lower half of the hole. the iﬁplication of these two
Civergeant trends is that there are two sources of pore vater,

the firgt being oceanic water which has been incorporated and
v.subsequently modified in gitu in the interstices of the calcareous
ooze in the upwer half of the hole, and the second, found in the
“lower half of the hole, being derived fiom, §r at least modified
by, the influx of saline brines possibly emanating from inferved

underlying evaporite deposits.



This two-fold source of interstitial fluids is also
reflected in the Mg-Ca plot (Fig. 6), with totally different
regression llnesdin the upper and lewer halves of tne drill hole.

- The regression line in the lover half of the hole confoims to the

nore normal kg-Ca positive correlation, whereas the negative trend:

~in the upper half of ‘the hole sugges sts either that Ca is being

removed or lig is belng added %o the system. Tigure TA shows that
there_;s no marked cnange 1 sallnlty in the upper half of ilole 262

‘aSSOoiated with the change-in the 1ig/Ca ratio. ‘Table 1 confirus that

' tne hlgh Mg/Ca values res ult primarily from low Ca oonoontrations.

1”he correlatlon matrlx (Table 4) 1nulcateo tnat the abundance of Ig

‘1n solution may ve controlled ‘in part by the alkallnlty of the nolutlon.

' Plgure 6A shows the good p031t1ve correlatlon (confidence 1evel

greater than 99ﬂ) that ex1sts between alkallnlty and Mg. The Ca-
alkallnlty plots (Elg. 6B) shows a very dlfferent form,'w1th the
correlafion line epprOXimatingvan'asymtotic.curve;

The deficiency of Ca in the interstitial waters of the Timor
Trough calcareoue sediments is perhaps someWhat surprising. However,
Berner (1966) found a sinilar feature in calcareous Florida sediments.
He concluded that excess dlssolved HCO3 was the prlme cause of the
deflclency, but sugg ESued that Ca may also be extracted by the
precipitation of calc;nm phosphate. The‘alternative explanation does
not appear tO.bé tenable”for_the Timor Trough sediments as there is.
no sympathetic depletion of phosphate in solution. Gardner (1973)
offers the further elternative that in the‘presence of FeZOE’ sulfate
reduction causes- the precipitation of Ca.CO3 and a consequent loss of
ca*™ from solution. Although the FezO3 content of the Hole 262 sediments
vas not deternined, comparison of the total Fe content (Table 1) with
the pyrife content as determined by X-ray diffraction (H.Z. Cook, this

volume) suggests that F8203 is probably abundant.



Sr and Ca are closely associated and show a strong positive

correlation (Fi*. 6D). lowever, there are evi&entl; other factors
con urolllng Sr solubility in add;tlon to Ca, For the Ga/Sr ratio
in norx Lal sea water is app;ox1m l 56, whereas in Hole 262 Ca/3r

33

ranges from 5 to 20, This ind 1cates that despite the marked
absolufe decrease in the amocunt of Sr in these pore waters coﬁpared
with ﬁhe’abundaQCe of Sr in ﬁormal:ocegnic ﬁatéfs, thefe_is an
énriéhmént'when com“d;ed ﬁith Ca abundance. Fiéﬁre 13 suggzests
%héi the Ca/3r réﬁio sLay ve p@rtly controlled 5y gy as ,"e.
concéntration of Iig increase so the relative abundénce cf B
fec*euses compared to Ca. The reason for thia apparent aszoclaticn
is uot known.

2

All the transition grbdp elenments tend to behave in a siailar
lqulOu, in that t“oJ siiow a marked increase in concentratioa in
the pore waters campared to the concentrations en001ntere& in
surface sea vater (Table 2). However, there are faw clear
correlations betveen these transition elements or with most of
the other pore-~water componeﬁts; This is evident from the low
correlation coefficients in Table 4.

Fe and Zn vary sympathetically but show no other significcnt
correlations. Copper on the other hand doeo show G1{,’nvflcant
sositive correlations with depth, oalinity and, chlorinity and

negative correlations with alkalinity, PﬁOB, and ¥g. Mn corrslates
‘ o

neTative1“ with pil. Overall however, Cu, TFe, ln, and Zn show feu

definite patterns in these pore waters and no definite conclusioiis

can be reac“eﬁ Tef ardlng the rechanism controlllng their conceantration.




'deflclent form, ranging from Ca

- SEDIIENTS

lMinerzlogy

X-ray diffraction ana1J51s by the writer and by H L. Cook

(thls volume) 1ndlcate that the sediments of Hole 262 are composed

: predomlnantly of calclte and clay mlnerals, with varlous amounts of

aragonlte, dolomlte, quartz, and feldspar, and traces of pyrlte and

zeolltes. There 1s*armarked lncrease 1n the proportion of calcareous
components wlth depth. There are also marked mineraloglcal changec

in the calcareous fractlon, with the proportlon of dolomite 1ncreas1ng .
with depth. The proportlon of aragonlte ln the carbonate fractlonr
remains falrly constant throughout. . : _ _

Usmg the method of Goldsmith & Graf (1958), it 13 poss:Lble S5
determine the amount of Mg substitutlng Ca 1n the calcite latulce.
There 1s a sllght lnorease in the amount of substltution of Hg in

'the 1att1ce w1th 1ncreas1ng depth but throughout the calclte is .of
the 1ow-magnesian variety ranging from Ca.1 00 Mgo 00 CO to Ca

2 0,97 .
Mgb 03 003. The dolomlte—type remalns falrly constant and is an Mg -

0.60 Mgo 40 CO3 to Cao 54 Mgb 46 CO3
There does not appear to be any regular varlatlon in the dolomite
comp051t10n. The complete lack of any hlgh—Mg calclte, even in the'
upper part of the hole where thcre is nebllglble dolomlte, is somewhat -
surprlslng in view of" the fact that the calclte is of blogenlc orlgin.
It is poss1b1e that the metastable hlgh—magne31an calclte has reverted
to low-magne ian calcite and dolomlte. If th1s has in fact taken place,
then the lack of a signdﬁicant decrease in the abundance of metastaole

aragonite is rather puzzling.:



Chemistry

The major and trace element composition of the 262 calcareous

. oozes is summarized in Table 1. It is apparent from‘this that there

are some marked differences in the -elemental composrtlon of sediments
in the upper half of the hole and those in the lower half for

example the Ca comp031tion of the total sedlment in the upper half

of ‘the hole averagee,12;6»percent compared with 2).0 percent in-the
lower half. On the other hand, the Mg content of the total sedlment
only shows a small variation (1. 23 to 1 54 Percent) despite arn
1ncrease 1n the dolomite component of the calcareous fraction from
2.0 to 14 5 percent. The vertlcal variatlons in both elemental and-
mlneralogical compositions are summarized in Plgure B

' Despite these vertical changes, the average inorganlc '

'compos1tion of the 262 oozes is very srmllar to the average compoeitlon

of Leg 27 Cenozoic calcareous oozes (Table 3), and there is in turn
nothing-to indicate,that-these,dlffer from_normal oceanic calcareous
oozes. Coneequently;?none of thezunusual-features of the pore-water'
composition can be explalned on the baszs of 1norganlc sediment

composrtion. The’ fundamental abnormal-feature ig belleved to be the

.abundance of organic plant materlal which has been 1nc0rporated in

the eedlment as a result of the cloee proxlmity of the Timor Trough
to 1and, and the extremely rapld rate of sedlmentatlon. The organic -
carbon is- avallable ae a blolo sical nutrient. This ultimatelv

esults ln_lne hlgh alkalinlties encountered in the sediments and is
also respon51ble for the abundant pyrlte, 1t may also plaJ a role

W

in the modiflcatlon 01 carbona+e mineralogy.



on-calcareous comporncnts

Blezents thought to fall into thgs category include Al, Fe,

Co, Ni, Cr, ¥b, Cu, I, Zn, Liy and Ba. A£ll appear to be inter-

‘related and commonly shovw positive correlations with each other

(and negative correlations with the calcareous components -~ see
Table 5). 3Some elenents (such. as Al and Fe) are essential lattice ;
conponent‘ of the clay minerals, whereas others such as Cu and Zn
may be adsorbed on the clay partlcle surface. Some.elements such

as Min may be present as flnely divided metalllc oxides or complex' :

‘oxides or hydroxides. There 1s a marked difference in the Co, Ni,

IIm, and Cr content of the calcareous oozes of Hole 262 and those of
the other Leg 27 holee. Mn averages 544 ppm, whereas the other

Cenozoic oozes of Leg 27 average 2600 ppm. The low values in 262

nay be a reflectlon of the comparatlvely shallow water depth i.e.

abyssal zone vaters may be richer in Mn. Alternatively it may be a
product of the hlgh rate of sedimentation in the Tlmor Troubh which
results in the dllutlon ‘of any chemical sedlments. ' |
Revelle (1944) first suggested that Ba is associated with
carbonate in deep—sea sediments. Goldberg & Arrhenlus (1958)

subsequently suggested that the Ba: content of deep—sea sedlments

ie"a functlon of the organlc productlon of the euphotic zone, vhich

ie in turn partly dependant onila Brongersma - Sanders (1967)

showed that Ba becomes concentr ed to a conslderable degree in some

dlatom skeletons. In the’TimorJTrougn sedlments of Hole 262 Ba
correlates positively (at the 92% oonfldence level) w1th A1205, Fe,
and all the other: non-calcareous components (see Table 5) and shows
a negative correlatlon w1th the calcareous components. There is
therefore no ev1dence from these analyses that Ba content is related:

to Ca CO ”It could’concelvably be_related to the abundance of |

30

silicéous organisms but its strongestassociations appear to be with =

terrigenous components?such,asfclay minerals (as indicated by the



)"

Ba—AlQO aSSOClabion) or w1th (9) 1norganically precipitated
oxides ‘such. as 1m0 (as indicated by ths BapMn association)

Calcareous components

Elements tnought to fall into this category inolude Ca, Mg,
g, (expressed as 002), Sr, and P (as P205) All show good positive b

-correlationﬂ w1th each-other and negative correlations w1th the

'non-calcareous group of elements (Al 05, etc.'- see Table 5)

Calcareous components show a marked increase in abundance with

1ncreas1ng depth. The pos1t1ve correlation between P205 and Ca

_suggests that much of the PZOS may be’ of. biogenic origin and is

: 1ncorporated in the skeletons of . microf0331ls.

Sr values in general are fairly normal, except analySis 2.

.(Table 1) which appears to be anomalously high. A strongly

p031tive correlation is eVident between Sr and Ca, but there is

a weakly‘negative-trendhbetween Sr.and“Mg.- This may be a reflection

| oftthe'loss of’Sr-asfa”result Of the‘dolomitization oficalcite

1.e. replacement of Ca by Mg There are marked variations in the
Ca/Mg ratio which might reasonably be expected to correlatc with .
the abundance- of dolomite if the. dolomite has in fact formed oy
the dolomitization of calcite, but such a trend is not clearly

defined (Fig 8).. This may be in part due to the fact that a

°ignifioant amount offthe Mg present ‘in. the sediments is assOCiated'
not with dolomite (or magnes1an calcite) but with the clay minerals,

Additional. possible*meohanisms include direct precipitation of

dolomite from solution rather than forming by the diagenetic
dolomitization of c3101te. Alternatively ‘some of the dolomite

may be allochthonous, derived from an older formation which is
presently being eroded but the Mg=ad ic1ent nature of the doloaite

suggests that the dolomite is comparativelv young



If the trends of calcareous componehts in‘the sediments are’
compared Qitk the trends of these samgjeiements in'the pore waters; 1
correlatlonszus in general eltner completely lacklng or - at best poorly
def;ned. Thls is probaoly the result of most of the cations and

~anions in solutlon belng derived from the orlginal sea vater rather R
than from the: adJacent sedlments. L " s B " ;ﬂ};'

However, there is a well deflned posltlve correlstlon—between
the concentratlon of Mg in the. pore water and - the abundcnce of
dolomlte in the sedlments. ‘The Mg/Ca ratio dOes not appearito have:
any great 1mportcnce to the dolomltlzation process 1n ‘this partlcular
_envlronment. This is unllke the supratidal env1ronment where the .
Mg/Ca ratio is of ‘some lmportanoe:(Muller et-al., 1972, Cook; 197});]¥"

~ Ca concentratlon in the lnterstitlal waters shows a poorIJ F s
deflned‘posltlve trend with- Ca concentratlon in the sedlments, but
na;kallnlty.appears to have a much greater 1nfluence. Sr and P O5
'sointion Bhow:no dbvious correlatioh gdth the Sr and 'Péo5 content of
- the sediments. The transition metalsfin'pore'waters and sediment

also: fall to show any sympathetlc trends.'

SUNILARY AND CONCLUSIONS

The sed:,mentg o? Yole 262 are similar 1n composztlon to most .
fother deep—sea'calcareous ooZesﬂ iThe onlyvexceptioh to this is
that Mﬁ, Ni, Co, and Cr are'somewhﬁt:ihﬁoverished. This may result'

from the comparatlve shallowness of the 262 oozes or alternatlvely

iSfa consequence of the rapld rate.ofhterrigenous and biogenic
sedlmentatlon whlch dllutes chemlcal sedlmentatlon. The domlnant
trend in the sedlments 15 one of increasing abundance of carbonate
w1th inoreaslng depth. This has a marked effect on the maJor and
trace element geoohemlstry of the sedlments, yet has little 1nf1uence
on the geochemistry of the pore-fluids. By contrast, the organic
matter content ofxthe sedlments 15 belleved to haye a very marked

-

effect ‘on the chem;stry of the pore waters._ The organic matter present



in the sedlments is used by bacterla in sulfate-reductlon and

.fermentatlon reactlons and the nett effect of ‘this 1s to produce
.abnormally hlgh alkallnltles in the pore waters.' A sympatnetlc
__assoclation between alkallnlty and the Mg, K, and P205 content of
{.the pore waters is apparent but the Teason- -for these 1nter— |

relatlons is not understood.‘ Other assoclated effects include

the loss of SO from solution (by sulfate reductlon), and also '

4

‘a decrease 1n catt which may be related to ‘the presence of Fe2 '3 -

in the-sedlments (Gardner, 1973) The bacterlal processes aleo

results 1n the formatlon of pyrlte 1n the sedlments. _
A further geochejical trend of ‘some importance is that of

lncrea51ng sallnity with lncrea51ng depth. This has a marked effect

on both the anionlc and cationic comp051tion of the pore waters.v

It is also believed to have some effect on- the eedlment comp031tlon

and particularly the abundance of dolomdte, as dolomlte also shows

a marked ‘increase 1n abundance with inoreaSLng depth.' There is also

" a poorly defined trend of lncrea31ng substltutlon of Mg in the‘calcite'

1attice with increasing depth but the complete absenoe of high-
magne91an calcite is a puzzllng feature, part1cularly as metastable
aragonite is present throughout the hole.

In conclusron, thereﬁare three basic geochemicalitrends with =
:anreasmD depth in D.5.D.P. Hole 262 These may- be generalized as
(1) decrea51ng alaallnlty, whlch is prlmarlly a reflection of
decrea31ng bacterlal act1v1tw with depth, (2) 1ncreas1ng sallnlty{

and (3)- 1ncrea31ng abundance of; carbonates 1n the sediment.




A summary of the three trends is shown i_h Figure 9.
Elementéiwhich érevdependaﬁt.primaril§ on oﬁe of these factors
such as P,0; and algé;initj (or“bactgrial activity) has a trend
para11e1>to that>fac¥or. An element which is depéﬁdéht'on ﬁore
than one factor, suc@ as Mg, has a conéiderdbiy more compiex
distribution pe;itfefp; L 3ac'terial acti_x.rifty' is thonght_ to ﬁavé a

particular marked.éffect oﬁ the pdre'water domposiﬁion'ih_thé

'uppef half of ‘the hole, whereas the effects of hypersalinity

are dominant in the lower half. Both these features have a
significant;affgctfgnithéf&iagenetic chénges'taking place in the

sediments.
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TABLE 2, AVERAGE CUOLITION OF IUislCTINTAL WATERS AND SEA WATER

DoSeels NCL 262 ‘ -
Jamples 1-2%  Sauples 24-45 liean value Mean value Standard

(upper part (lojer part for DSDFP for “imor sea vater
of hole) of hole) Leg 8 Sea surface
water

pii 7.70 - 7.70 7760 8,23 8
Salinity °/§o »' 36.3 42.8 - 35,2 .  34.6 55;0_
Mielinity (meg/1) 50,3 6.56 575 2.49 2
so;‘°/oo | 0,080 0,021 2.45 S CE 2,70
¢1™%/ 00 B 21,1 26.9 19.6 19.9 1944
P,0 (ppw) “ 12.6 141 8.1 0.26 AT
lig {ppm) 13,00 922 1120 1310 1298
ca  (ppm) 5% 365 610 433 408
K Gm) 559 483 390 391 388
sr  (ppm) 4,2 28,8 25,8 _ TsT 8.1
Ba (ppm) 11.8 12,3 0.09 0419 0.03
Li (ppm) _ | 0.20 0.32 0.19 0.1 C.17
¢u  (ppm) 0.04 0.08 0,02 0,01 0,003
Fe (ppm) : 0.20 0.22 © 0,09 0.08 - 0,01
Mn  (ppm) 0,09 0,07 0,32 0.02 0,002
Zn  (ppm) .37 Py - 0.07 0,01

Footnote: Mean Leg 8 values calculated from Fresley & Kaplan (1971)
- and liazheim & Sayles (1971).




TABLE 3, IAJOR AKD TRACE ELIENT COMPOSITIONS CFF THE CALCAREOUS
- 00ZES Il D.S.D.P, HOLE 262, TLOR TROUGH.

D.5.D.P.  HOLi 262

Saiiples 1-23 Samples 24-45 Average over Average Cenoioic
(upper part . (lower part entire liole sediment on Leg
‘of hole) of hole) . 262 27 (excluding 262)

Fe 5 340 125 . 2,2 2.32.

A1,0, % 9.9 542 7.6 7.27

co, % 13,8 28.8 21,1 20,8

Ca ib 12,6 25,0 21,0 18,7

Mg 7o 1.23 1454 1.38 1,10

K % 1435 0,77 1,07 _ 1.15

Sr ppm 1105 1572 - 1333 1830

Ba ppm 432 222 329 500

i ppo 53 20 | 30

Cu ppm 5 22 21

Fo ppm ] Te5 9.3 12

Zn  ppm | _ 89 54 _ i 85

Co ppm 9 2 6 18

Ni ppm 39 24 32 75

Mn ppa 860 228 544 2600

Cr ppo 79 54 67 600

P05 ppm | 1227 1578 1403 1600

%6 dolomite 2.0 14,5 8e3 -

ol

% calcite 93,2 941 86,2 o

Ui
°
(9]

% aragonite 448 4e4




Table® . Matrix of correlation coefficients for major cations and anions
. in pore fluids from DSDP Hole 262. Coefficients of + .378 or
more have a 99% confidence level and are considered to be
statistically significant.
Depth Sal Alk pH C1 - SO,’ P205 Cu Fe Mn In Mg, ‘Ca - K Sr Li Ba“

Depth 1.000
Sal .83 1.000
Atk -.902 -.503 1.000
pH 056 034 A0 1.000
[} .929 .960 -.797 -.017 1.000
SO A .386 #9524 =37 AN 470 1.000
9205 -.825 -o331 .950 161 708 -.332 1.000
Cu .488 353 -.481 036 413 086 -.400 1.000
Fe 251 257 =125 -.086 2N 083 -.099 <245 1.000
Mn -.268 -.308 -.025 -.410 -.249 .096 =124 -.261 .000 1.000
In -.006  -.034 003 -,026 -04  -.028 -.05%  -.006 422 228 1.000
Mg -.826 -.489 2937 057 -.678 =19 866 -.565 -.154 069 .083 1.000
Ca .830 .968 =702 -.086 .950 602 -.608 374 | #223 =173 -.042 -.539 1.000
K -.626 -+653 647 o440 -.102 =509 620 -e276 -.164 =149 =055 491 - 174 1.000
Sr 843 964 -.697 048 960 610 ~.598 «383 $237 =240 -.03 955 »965 -. 749 1.000
Li 763 <545 - 73 022 631 238 -.M5 2240 35 -.079 -.012 -.625 SN -.308 AT 1.000
Ba -.083 -.034 -.064 =337 -.4% =132 -.070 045 JA22 120 -.160 =501 402 =519 o2 Th 1.00(

-ohTh




Tadle ©

Matrix of correlation coefficients for major and trace elements
Coefficients of

in calcareous sediments from DSOP Hole 262,
4+ 4378 or more have a 99% confidence level and are considered
to be statistically significant.

Depth AL, (0, Co Ni e Pb PO L Fe fin In Mg " Ca K Sr Li Ba
Depth 1,000
M0y =799 1,000
00, 849 -.985 1,000
Co S06 L0627 1,000
Ni -M2 .87 -.858  .683  1.000
Cr -.638  .750  -.780  .438  .656  1.000
P SN2 M =368 JAT0 L7 A8 1,000
'9205 CUB =5 06 -8B -2 -5 =423 1,000
Cu -873  J956 =964 730 .86 JM2 W335 =737 1,000 |
Fe 7% .97 -.986 .03 862 765 .380 700 L9501 1,000
Mn -.808  L903 =010 755 LI .629 W65 =578 897 .900  1.000
In SJM2 0 J967 -.%2 633 .90 T M3 - 6 (958 .82 1,000
Hg 438 mSE3 52T =330 -uBth <510 <246 AT -5hh =526 -.389 =583 1,000 ,
Ca 86 -0Th L0 T3 =825 -7 =377 686 -951 979 @28 ~.918 A3 1,000
K -0 W9 =90 653 L.BT7 JTah (353 2,706 925 969 852 960 =54 -.946 1,000 |
Sr 660 =06 M =638 =508 =500 <335 A0 =696 =723 ~B16 -620  -.020 797 -.658  1.000
Lt SBA8 W18 -89 JS7Th 856 .04 W3 =697 860 912 813 N7 -.453  -.885 913 -.637 1,000
Ba -.806 .90 -.907 M3 8% 664 304 -25 92 (902 .838 L9  -.562  -.888 B9 -.664 830 1,000
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B. Variation of the Ca/Sr ratio with lMg in D.3.D.F. Hole
262.pore waters.,

Tlot to show lack of any clear correlations between the

Ca/ﬁg ratio and the abundance of dolomite in the sediments.

Summary of the three basic geocliemical trends in D.S.D.F.

Hole 262,
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B. Variation of the Ca/ Sr ratio, with Mg.

To accompany Report 1973/136
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Percentage dolomite in the carbonate fraction.

Figure 8. Plot to show the lack of any clear correlation between the
: Ca/ Mg ratio in sediments and abundance -of dolomite in
sediments.
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geochemical trends at Site 262.
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