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ABSTRACT: In cold shallow seas undersaturated with CaC03, carbonates disintegrate and dissolve away within a short period of time.
Understanding the mixing of water masses from oceanographic and isotope point of view is important because these water masses provide
nutrients and maintain CaC03 in cold shallow seawater.

Temperature and salinity variations in surface seawater off the coast of eastern Tasmania are cansed by influxes of different
waters. \¥.iter from Coral Sea water provided by the East Australian Current prevails in the summer. whereas Subantarctic water dominates
during the winter. Throughout the year the Tasman Sea water is mixed with low salinity and low temperature deep Antarctic Intermediate
water. The Antarctic Intermediate water and Subantarctic water contain an admixture of about 4% glacialmelt water. resulting in SI8()
values that range from .Q.8 to -1.70/00 SMOW. The Sl3C values are -<>%0 in Antarctic Intermediate water and they are -1%0 in Subantarctic
water.

The Tasmanian carbonates consist mainly of reworked calcitic fauna, such as bryozoans, foraminifera, echinoderms and red algae
with variable intragranular CaC03 cements. The &1110 and &13C isotope fields of eastern Tasmanian bulk carbonates. bryozoans. benthic
foraminifera and brachiopods overlap and all grade into the field typical of deep-sea carbonates. The trend lines of seafloor.diagenesis and
upwelling water pass through fields of temperate skeletons and bulk carbonates because they are in equilibrium with mixed seawarers
having SI8() values of -1 to 00/00 and &13C values of 0 to 10/00. They are forming at a slowerrate than tropical water carbonates. Temperate

carbonates form in zones of mixing of nutrient rich cold waters saturated with Caco3 and warmer shelf waters.

INTRODUCTION

Modern temperate carbonates arewidespread on
manymid- tohigh-latitudeshelves (Lees 1975; Nelson 1988).
including thosearoundsouthern Australia (James etal. 1992.
1994). In Tasmanian waters. temperate shelfcarbonates pre
dominateoverterrigenous clastics (Fig. 1;Davies andMarshall
1973; Rao 1981a). Accepting the concept ofuniformitarian
ism, widespread temperate carbonates should be present in
the rock record, but onlya few havebeen documented (eg.;
Nelson 1978; Brookfield 1988; Draper 1988; Rao 1988a;
James and Bone1989, 1992). This anomaly results from a
lackof dataon modern temperate carbonates and from inad
equate temperaturedataforancient carbonates. Available data
on original carbonate mineralogy andelemental and 0 andC
isotopic composition ofancientcarbonates indicate thepossi
bility of occurrence of extensive non-tropical carbonates in
therockrecord(Raoand Jayawardane 1994; Raoand Adabi
1994).

Earlier workers (ConollyandVon derBerch 1967;
Wass et al., 1970) postulated that upwelling of nutrient-rich
coldAntarctic waters over the shelf-slope breakprovided fa
vorable conditions thatallowed temperatecarbonates toform.
Oxygen and carbon isotope (Rao and Green 1983; Rao and
Nelson 1992; Raoand Adabi 1992) studies support theroleof
mixingofwater masses in theformation oftemperate carbon
ates. In coldseasundersaturated withCaco3' carbonates dis
integrate and dissolve away within a short period of time
(Alexandersson 1978). Understanding the mixingof water
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masses from oceanographic and isotope pointof viewis im
portantsincethese watermasses provide nutrients and main
tain saturation of CaC03 in seawater (Rao 1993b). Ancient
nontropical carbonates should havebeenformed in thezones
of mixing, where cold nutrient rich waters saturated with
Caco3 encounter wanner shelf waters (Rao 1981b). The
present study assesses temperature and salinity data around
eastern Tasmania, as related to localwatermasses, freshwa
ter input, variations in Sl80and SI3C in seawater, skeletal
components and to thebulkcarbonate.

SEDIMENTOLOGY

Tasmanian shelfcarbonates, whichoccurat depth
of 30 to200 m,arecomposed mainly ofbryozoans, foramin
ifera, molluscs, echinoderms and calcareous red algae (Rao
and Jayawardane, 1993). Bryozoa, foraminifera and echino
dennsrangefrom 60 to 96% and thustheyare thedominant
faunal elements. Gastropods andbivalves (molluscs) arenext
inabundance (0to92%). Brachiopods are<1%ineachsample.
Skeletalgrainsrangefrom fresh toetched, boredandencrusted
by epibiota. Skeletons contain up to 90% intragranular ce
ments (Rao 1981a, 1990a, 1993a). Bulk sediments contain
mainly high-Mg and low-Mg calcite withminoramounts of
aragonite (Rao andAdabi 1992). Geochemical trendsinvolv
ingCa,Mg,Sr,Na,Mn,andFeandtheirrelationtoSI80 and
SI3C are indicative of marinediagenesis in coldwaters (Rao
1986, 1990a, 1991; Rao and Adabi 1992) and do not show
meteoric diagenetic trends.
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Figure 1. Location of samples on eastern Tasmanian shelf
seaooter. Numbers refer to samples studied. Note coastal
sediments are terrigenous clastics (T. Clastics) and these grade
into carbonate sediments with increasing water depth (>30
m).

MEmODS OF STUDY

Samples (Fig. 1) were collected in 1973 on a 10
nautical milegrid (Davies andMarshall1973). Dried, salt
free bulk sediment samples were crushed and reacted with
100% anhydrous ~P04 at 2S"C. The evolved CO2 gas was
analyzed ona Micromass602D at theUniversity ofTasmania
for BlBO andBl3C. Theprecision of data is ±O.1%0 foc both0
andC. Table llists bulk sediment isotopedata. Temperature
and salinity measurements andsatellite images are madeby
CSTIRO, N.Wrine Scwnces,Hdrnut

ISOTOPIC VARIATIONS IN TASMANIAN
SHELF CARBONATES

TheBlsO andBl3C isotope fields of eastern Tas
manian bulk: sediments (thisstudy), bryozoans (Rao 1993a),
benthic foraminifera and brachlcpcds overlap the fields of
temperate brachiopods fu:m North·Atlantic and South Pa
cific shallow seas(Fig. 2). Alltheseisotopefields gradeinto
the field typical of deep-sea carbonates (Fig.2). Isotope fields
for temperate water carbonates differ from those typical of
tropicalskeletons andbulk carbonates in havinghigher alBo
values and a widerrangeofaue values. Temperate carbon
ate isotopes donot fall on tropical aragonite-ealcite mixture
line(Fig.2; Ran1993a. b). Theyaretherefore not inequilib
rium with atmospheric CO2, The temperate carbonates are
now forming in water depths from 30 to 200 m and their
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Figure 2. Variations of BIBD and auc
isotopes ofbulk sediments. Note bulk
sediment isotopefieldoverlapseastern
Tasmanian isotope fields ofbryozoans
(Rao 1993a), bemhicforaminifera and
brachiopods as well as brachiopods
from othertemperate regions. Note also
thatall these isotope fields grade into
thedeep-sea carbonate isotopefield of
Milliman (1974). Equilibrium linewith
atmospheric COz for aragonite and
calcite mixture (Rao andGreen 1983)
is separased from the temperate iso
topefieldsbecause temperate skeletons
andbulkcarbonates are notinequilib
rium with atmospheric CO2 , The la
bels tropical surface water (Rao and
Green 1983), Subantarctic surface wa
ter, surface Tasman Sea, Seawaler Tas
maniaandupwelling water are CaCOJ

in equilibrium withsuchwaters.
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Table1. 0 and C isotopes in (POB) ofbulk sediments, easternTasmania.

Sample Bulksediment Sample Bulksediment
No. O'3C%o 8'80"00 No. O'3C%o 8'80%0

1902 1.6 1.0 2026 1.7 1.6

1903 1.7 1.0 2027 1.7 1.0

1904 1.9 1.0 2028 2.1 1.4

1905 2.0 1.4 2030 1.7 1.2

1906 1.7 1.0 2031 1.7 1.3

1907 2.0 1.4 2032 1.0 1.3

1908 2.1 1.1 2033 1.1 0.5

1909 1.9 1.2 2034 1.4 0.8

1990 1.9 1.1 2035 1.6 1.3

1991 1.3 0.5 2037 1.4 1.1

1992 1.3 1.3 2038 1.4 1.4

1993 1.2 1.2 2039 1.8 1.2

1994 1.9 1.5 2040 1.7 1.3

1995 1.4 1.4 2041 1.7 1.5

1996 1.5 1.2 2042 1.3 1.3

1998 1.3 1.3 2043 2.4 1.2

1999 1.4 1.0 2044 1.8 0.8

2000 1.6 1.2 2045 1.6 1.4

2001 2.2 1.4 2046 1.8 1.4

2002 1.9 1.5 2047 1.4 1.2

2003 1.0 1.1 2048 1.5 1.0

2004 1.5 1.4 2049 2.1 1.2

2005 0.4 0.5 2050 1.8 1.3

2006 1.8 1.4 2051 1.7 1.8

2007 1.5 1.1 2052 2.0 1.2

2011 1.3 0.7 2054 1.9 2.1

2012 1.6 1.8 2055 1.5 1.6

2013 1.4 0.9 2056 1.9 1.5

2014 1.4 1.1 2057 1.5 1.9
2015 1.3 1.1 2058 1.8 1.3
2016 1.3 0.9 2059 1.8 1.3
2017 1.7 1.0 2063 1.9 1.2

2018 1.9 1.3 2064 1.4 1.2

2020 1.8 1.3 2065 1.8 0.9
2021 2.1 1.3 2067 2.3 1.6

2024 1.3 1.5 2068 1.4 1.1

2025 1.0 0.7 2069 1.9 1.0
2076 2.5 1.2

summer (Fig. 4) and winter (Fig. 5) differ markedlydue to
mixingof water masses. In summer,seawatertemperatures
are warmerthan winteronesdue to influxofeasternAustra
lian current In winter, seawater temperatures decrease by
the introduction of Subantarctic cold water.

The salinity andtemperature of seawateroffeast
em Tasmania (Fig.6) are influenced by water massesof four
different origins (Newell 196;Harris et al. 1987): (1) Coral
Seawater introduced by the East Australiancurrent (CSW),
(2) upwelling AntarcticIntermediate water (AIW), (3) Sub
antarctic water (SAW), and (4) Tasman Sea water (fSW).
The salinity and 0180 ofseawater offeasternTasmania(ETS)

Satellitefalsecolor imagesaroundTasmaniain is governed by the following mixingequation:
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FLUID MIXING AND VARIATIONS IN SEAWATER
TEMPERATUREt SALINITY,&80 AND OUC

isotopic composition falls on trend lines of seafloor diagen
esis and upwelling water pass through temperate skeletons
and wholecarbonates (Fig.2). Theyare therefore in equilib
rium with waters having 0180 values of -1 to 0%0 (SMOW)
and SI3C values of0 to 1%0 (Rao 1993b). Theobserved varia
tion of S180 in Tasmanianshallow marine brachiopods and
bulk carbonates (Fig. 3) results from strong seasonal effect
caused by mixing with Subantarctic water masses in winter
(Rao and Adabi 1992: Rao 1993b).
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Figure 4. Saiellite false colorimage in summer. Colors refer
tosummer surface seawater temperatures as indicated by the
color bar. at top of thefigure. Note introduction ofeastern
Australian current along eastern Tasmania.

Figure 5. Satellite false colorimagein winter. Colors refer
to winter surface seawater temperatures as indicated by the
color bar. at the topof thefigure. Coldwatertemperatures
prevail in winter due to introduction of Subantarctic water
around Tasmania.

&'0 AND sue VALUES OF THE WATERMASSES

Table2 summarizes the temperature. salinity,S180

and 813C of each water mass present off eastern Tasmania.
Although the temperature and salinityof each mass arewell
established,S180 and l)13C values of severalwatermasses are
poorly known and have to be estimated. Temperatures and
salinities are high in the Coral Sea water because of wann
atmospheric temperatures and high evaporation in low lati
tudes. Conversely, in the Tasman Seaand Subantarctic water
salinities arelower becauseofcooler climateand lowerevapo
ration (Rochford 1977; Edwards 1979). As fewmajor rivers
contribute freshwater runoff to Tasman Sea, the salinityde-
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Figure 3. Variation Of0180 values ofbulksediments andbra
chiopods from eastern Tasmania with»ater depth S180 val
uesbecome heavierwithwaterdepth dueto decreasing »ater
temperatures. Note that theS180 values in shallow waters
(-30 m)varyconsiderably due to seasonal variations in sur
face »ater temperatures.

Ci.EIS=XCSW C~CSW+XAIW C~AlW+~W Cj,~w+ Xxsw C~TIlW (1)

whereCj j =valueofparameter i (eg.salinityor8180) in water
massj, and JS= massfraction ofwatermassj. Alongwith the
effects of seasonal warming and cooling, equation (1) gov
erns the temperature of seawater off the eastern Tasmanian
coast. As surface Tasman Seawater masses are mixturesof
Coral Seaand Subantarctic water (Fig.7; Newell 1961; Har
ris et al, 1987), equation (1) reduces to :

Temperature and salinitychanges of eastern Tas
manian surface seawater (Fig. 7) are caused by changes in
influx of different water masses with the changing seasons.
The increases in temperatureand salinityin summer(Fig.7B
and 7D) relate to the influxof CoralSeawaterfrom the East
Australian Current,whereas thedecreases in temperature and
salinityduring winter result from a greaterinfluxof Subant
arctic or Antarctic Intermediate water (Fig. 7A and 7C).
Throughout the year, the Tasman Sea water is mixed with
lowsalinityand temperature deepAntarctic Intermediate water
(Fig. 6). In swnmer, the subtropical convergence moves just
south of Tasmania with the influx of Coral Sea water. In
winter, the subtropical convergence movesnorthwards with
thewindsystem, bringingcold, low-salinity Subantarctic water

from theCircumpolar WestWmdDrift aroundTasmania. The
decrease in both salinityand temperature is also due to con
vective overturn and mixing with deeper cooler and lower
salinitywaters(Rochford 1977).
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Table 2. Water masses and their temperatures and salinities (after Newell. 1961 and Harriset al.• 1987),513C (after
Kroopnick et al., 1977)and estimated5180 values, easternTasmania, Australia.

Temperature °C Salinity %0 o'8()%oSMOW 0113C%oPDB

<13 to HOC <35.0 to 35.6 0 2.5
oto <12°C 34.1 to <35.0 -6 to -1.7 1.3
>21°C 35.7 to 35.8 >0 to 0.5 2
3-5°C 34.4 to 34.6 -0.8 to -1.7 0

whereSj=salinity of watermass i. Usingthe Antarctic Inter
mediate water salinity of 34.4%0 • the salinityof Coral Sea
water of35.7%0, and thesalinityofglacialmeltwater ofO.O%e.
themassfraction of glacialmeltwater in the Antarctic Inter
mediate water is 4%. This mass fraction. togetherwith the
5180 values for average oceanic water (Oo/po SMOW; Craig
and Gocdon 1965) and Antarctic Glacial meltwater (-30%0
SMOW; Roo and Green 1982), gives51SO valueof Antarctic
Intermediate water:

This estimate is -1.2%0. As melt watersfrom different parts
of Antarctica vary from -20 to -43%0 SMOW(Hendyet al.
1979; Matsubaya et al, 1979). the5180 values of Antarctic
Intermediate water can range from -0.8 to -1.7%0 SMOW,
respectively.

Subantarctic watercan also beregardedas the re
sult of mixing of small quantities of high latitudeprecipita
tion and glacial melt water into surface sea water. As the
minimum salinities ofSubantarctic waterof 34.'& are simi
lar to thoseof Antarctic Intermediate water, its alBo values
will also range from -0.8 to -1.7%0 SMOW. On the other
hand, theSubantarctic waterthat mixeswith theTasman Sea
surface waterhasan average salinity of-34.9%0 (Fig.6). The
5180 values of such Subantarctic waterwill betherefore con
strained to - 0.5 to - 0.7%0. Noteworthy is also thehigh nutri
ent contentof theselowsalinitywaters (Harris et al, 1987).

Thedistribution of 513C inwcddoceans(Kroopnick
1985) is controlled by equilibration with atmospheric CO2,

replenishment in bottom water, and addition of CO2 from or
ganicmatterdecomposition andCaco3 dissolution. The 513C

values in surface seawater are latitudedependent (Kroopnick
et al. 1977) and varyfrom tropical (-2%0), throughmid lati
tudes (-2.5%0) to high latitudes (-1.3%0) due to addition of
513C depleted wateralong the equatorand at high latitudes.
513C values decrease from 2.5 to 1.3%0 in surface seawater
between about40"and 6O"S, as watertemperature decreases
from 12" toO"C. Bottom water513C values decrease due to the
addition of UC (a13C <. 20%0) from oxidizingorganicmatter
(Kroopnick 1985). In most deep seawaters513C is ~-ex
cept for the oldest deepwater, such as in the North Pacific
where it is -0.5%0. Wheredeepseawater risesand mixeswith(3)
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creasefrom35.7to 34.2%0 is due to mixingwith lowsalinity
Subantarctic Sea water and upwelling deep water, comple
mentedperhapssomewhat by localprecipitation.

Antarctic Intermediate water can be regarded as
the result of the mixing of small quantities of glacial melt
water (GMW) into an average oceanic water(AOW). The
portionof meltwatercan beestimated bysolving the follow
ing forXQMW:

O'----'----...J...----'---'---'----'----'-----'---'
34.4 34.6 34.8 35.0 35.2 35.4 35.6 34.8

Salinity x 103

Figure 6. Variation ofseawater temperatures andsalinity at
two stationsfrom northeastern Tasmania (Flinders Island) and
southeastern Tasmania (Soela seamount). Note the occur
renee offour water masses, namely, Coral Seawater (CSW),
Tasman Seaooter(FSW), Subantarctic water (SAW) andAnt
arctic Intermediate water (AIW). Seawater ineastern Tasma
niais a mixture ofall thesefour types. Seethetextforfurther
explanations.
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Figure 7. Salinity andtemperature
variations insurface seawaiersfrom
eastern Tasmania (after Newell
1961). Temperatures andsalinityoff
the coast of eastern Tasmania are
caused I7y changes in thefluxes of
Coral Seawaterfrom the EastAus
tralian Current insummer andfrom
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water). Usingseawater B180 values of -1 to 0%0, thetempera
tures of seawater in equilibrium with Tasmanian bulk car
bonates ranges from _2° to -15° C (Fig. 2), similar to the
range obtained from B180 values of Tasmanian brachiopods
aswellas to measured temperatures of -2 to 17°C offthe east
coastof Tasmania (Fig. 7). Thus, the variations in B180 val
uesin Tasmanian carbonates are due to temperature changes
associated with the mixingof watermasses.

OXYGEN ANDCARBON VARIATIONS IN CARBON·
ATES: RELATION TO MIXING OF WATERMASSES

The cause of B13C variations in marine carbonate
includes: (1) equilibrium with atmospheric CO2 (Rmlanek
et al. 1992), (2) kinetic fractionation during CO:/. hydration
and hydroxylation, (3) variations in B13C of seawater with

(Be beingthe B180 of calciteandBw beingB180 of formation depth, (4) equilibrium withbicarbonate in seawater (Rubinson
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shallow waters, theB13C in shallow waters decreases tovalues
of 0.5%0 or less.

'PC =16.9- 4.38 (Be - Bw) + 0.10 (Be -Bw):/. (5)

Temperature dependent fractionation of B180 in
calcite is well established (Friedman and O'Neil 1977), so
calcite formation temperatures can be calculated using the
equation of Shackleton and Kennett(1974):
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and Clayton1969;Emrich et al. 1970),(5) fractionation dur
ing precipitation, and (6) mixing water masses and equilib
rium formationof calcite.

Although at equilibriwn with atmospheric CO2

wouldresult in a positivetrend between ~180 and BI3C in car
bonateminerals (Fig.2; Raeand Green 1983;Rae1993a,b),
the temperate carbonates are not in equilibrium with atmo
sphericCO

2
, This is because: (1) theywere deposited at 30

to 200 m water depth (2) temperaturevariations from 0 to
15"Calone would produce a total~13C range from -3.5 to
5%0, significantly greater than the observed variations, and
(3) the atmospheric ~13C would have to be about -10%0, at
odds with the known valuesof around ·7%0 (Francis 1980).

Kineticfractionation duringCO
2
hydrationandhy

droxylation common to many tropicalbiological carbonates
(McConnaughey 1989)causes simultaneousdepletions ofboth
BlsO and BI3C in such carbonates. Kineticfractionation for
8lS0-bearing molecules is twice that of BI3C-bearing mol
ecules (Grossman 1984), resulting in a slopeof 0.5. As the
slopesof Tasmaniancarbonateisotopefields are roughlyone
(Fig. 2), kinetic effects do not dominate in Tasmanian car
bonates.

813C values in seawater vary from about 2.5%0 at
thesurface to about0%0 in theoxygen minimwnzone(-500m)
and bottom waters are generally between -0.2 to 0.2%0 in a
'typical' mid-latitudePacificOcean (Kroopnick et al. 1977).
This decreasein 813C of aqueousCO2 with increasing water
depth results from variableproductivity and mixing of water
masses,particularlywhereupwelling cold,deeppolar waters
add isotopically light81lC fromoxidation oforganicmatterat
depth. Calcite formed from seawater will have813C values
between -3.3%0 at the surface to -1%0at the oxygen mini
mum and below (using Romanek et al. 1992 fractionation
factors). As bottomwaters tend to becolderthan surfacewa
ters, BI80 of calcitewouldincreasewith decreasing tempera
ture and have a negativecorrelation with &C, as opposedto
the observed positivecorrelation.

Usingexperimental dataoncalcite-bicarbonate and
aragonite-bicarbonate temperature dependence (Emrichetal.
1970;Morseand MacKenzie 1990) and813Cm:m of 0%0, Tas
maniancarbonates formedover therangeof0 to 15"C should
have values of -0.5 to 0.2%0 in calcite and 1.4 to 2.1%0 in
aragonite, As themineralogyofTasmanian carbonate ismainly
calcitewithminoraragonite(Roo andAdabi1992),the range
of ~13C valuesin Tasmanian carbonates should be 0%0 ±D.5
in contrast to the observed(0.4 to 2.9%0).

Experimental study (Turner 1982) indicates that
calcite-bicarbonatefractionatioo increases withdecreasing rate
of precipitation from 0.4 to 2.3%0 ±O.3. At faster precipita
tion rates non- equilibriumconditionsexistdue to strongki
neticfractionation. At slower precipitation rates,on theother
hand, thermodynamic equilibriwn favors precipitation of the

heavier13C-bearing ions(Turner 1982). Slowerprecipitation
fromcolderwaterwouldfacilitate a near equilibriumcalcite
bicarbonate fractionation and higher813C,whereasrapidpre
cipitation from warmer waterswould result in lowercalcite
bicarbonate fractionation and lowercalcite BI3C valuesby up
to 20/00. Application of experimental inverse relationshipof
813C valuesand rate of precipitation in temperateskeletons
and whole carbonate indicates slow rate of formation with
brachiopods formingat theslowest rate, bryozoaat moderate
rate and forams at fastestrate (Rae 1994).

Slower rate of skeletal formation in Tasmanian
temperate carbonates, relative to warm water carbonates, is
indicated by extensiveborings, encrustations on fauna and
cementation (Roo 1981a, 1990; Rao and Adabi 1992; Rao
1994). As both~IBO and813C are positively correlated witha
slope of 1 (Fig.2), temperature controlson calcitedeposition
ratescouldeffect thecalcite-bicarbonate fractionation signifi
cantlyand causethe observed variationin813C and the corre
lation betweenBIBO and Bnc in eastern Tasmanian carbon
ates. The scatterabout the observed correlationtrend, which
is bracketed bythe seafloor diagenesis and upwelling trendof
Rae (1993a), could be caused by small variations (-10/00) in
~lBO and~nC in easternTasmanianwater from the mixing of
watermasses. As both trend linesof seafloordiagenesisand
upwelling water pass throughthe origin at 0%0, the~13C val
ues of Tasman Sea are 0%0 due to strong mixing with up
wellingof deep water.

As BlsO and~13C values are positively correlated
in temperatecarbonates, theBI3C valuesof brachiopods and
even bulk carbonates can be used to determine equilibriwn
temperatures in the empiricalequation:

1"'C =-4.5 (8I3Ccalci~ + 16

In ancientcarbonates, the~13C valuestend to be near marine
values, despite pronounced phreatic meteoric diagenesis
(Lohmann 1988). Therefore, the marine513C valuescan be
used to estimate temperatures in ancient carbonates consid
ered to be coldwaterin origin on geological and geochemical
evidence. Application of this Bl3C approach in paleo-tem
peraturemeasurements furcold-waterPermian(RaoandGreen
1982) and Ordovician (Brookfield 1988) have givenreason
able ambient water temperatures.

CONCLUSIONS

The salinityand temperatureof seawater offeast
ern Tasmaniaare influenced by four differentwater masses,
namely, CoralSeawater, Subantarctic water, Tasman Seawater
and upwelling AntarcticIntermediate water. In swnmer, the
subtropical convergence moves just south of Tasmania with
the introduction of the Coral Seawater fromthe East Austra
lian Current In winter, the subtropical convergence moves
northwards with theintroduction ofcold, low-salinity Suban-
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tareticwater around Tasmania. Throughout the year the 10
eal Tasman Sea water is mixed with low salinity and cold
deep Antarctic intermediatewater.

Subantarctic water and Antarctic Intermediate
water contain 4% of glacial melt water and thus their 0180
values range from -0.8 to -1.7%0 considering -20 to -43%0
SMOWmeltwatersaroundAntarctica. The wellmixedSub
antarcticwaterwithTasmanSea watermayhave0180 values
ofaround- -0.50/00. The013C values are-1%0 in Subantarctic
watersand 00/00 in AntarcticIntermediate waters.

The0180 ando13C isotope fields of easternTasma
nian bulksediments, bryozoans, benthicforaminifera andbra
chiopods overlapother brachiopods fromNorth Atlanticand
SouthPacific shallow seas and deep-seabulkcarbonates. Posi
tive correlation exists between 0180 and ol3C values with a
slopeof 1 in temperatecarbonates because of thermodynamic
equilibrium at slower rates of skeletal growth than tropical
counterparts. The trend line of seafloor diagenesis passes
through temperate skeletons and bulk carbonates and deep
sea bulk carbonates because these carbonates are in equilib
rium withwaterswith both0180 ando13C values of0%0. The
upwelling water trend line also passes through some skel
etonsand bulkcarbonates of Tasmania. This is because Tas
manian carbonates are in equilibrium with mixed seawater
with0180 values of -1 to 00/00 and013C values of 0 to 1%0.

Temperate shelf carbonates form in areas of mix
ing of water masses. Mixing and upwelling of cold waters
provides nutrientsand maintainssaturation ofCac03incold,
undersaturated shallowseas.
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