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Abstract Many studies in continental areas have
successfully used the oxygen isotope composition of
fossil ostracod valves to reconstruct past hydrological
conditions associated with large changes in climate.
Yet, ostracods are known to crystallise their valves out
of isotopic equilibrium for oxygen and they generally
have higher '®0 contents compared to inorganic
calcite grown at equilibrium under the same condi-
tions. A review of vital offsets determined for
continental ostracods indicates that vital offsets might
change from site to site, questioning a potential
influence of environmental conditions on oxygen
isotope fractionation in ostracods. Results from the
literature suggest that pH has no influence on ostracod
vital offset. A re-evaluation of results from Li and Liu
(J Paleolimnol 43:111-120, 2010) suggests that salin-
ity may influence oxygen isotope fractionation in
ostracods, with lower vital offsets for higher salinities.
Such a relationship was also observed for the vital
offsets determined by Chivas et al. (The ostracoda—
applications in quaternary research. American Geo-
physical Union, Washington, DC, 2002). Yet, when
results of all studies are compiled, the correlation
between vital offsets and salinity is low while the
correlation between vital offsets and host water Mg/Ca
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is higher, suggesting that ionic composition of water
and/or relative abundance of major ions may also
control oxygen isotope fractionation in ostracods.
Lack of data on host water ionic composition for the
different studies precludes more detailed examination
at this stage. Further studies such as natural or
laboratory cultures done under strictly controlled
conditions are needed to better understand the
potential influence of varying environmental condi-
tions on oxygen isotope compositions of ostracod
valves.

Keywords Ostracods - Oxygen isotope composition -
Vital effect - Host water - Ionic composition

Introduction

In 1975, Fritz et al. measured for the first time the
oxygen isotope composition of ostracod valves to infer
late quaternary climatic trends. At this time, it was
considered that ostracod calcite was near isotopic
equilibrium with the oxygen isotope composition of
host water (Dettman et al. 1995; Heaton et al. 1995).
However, experimental cultures as well as analyses
from natural environments revealed that the oxygen
isotope composition of freshwater ostracod valves has
a positive offset compared to the theoretical compo-
sition of an inorganic calcite grown under the same
conditions (Xia et al. 1997; von Grafenstein et al.
1999). This vital offset is species-specific, not a

@ Springer


https://core.ac.uk/display/159151272?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

J Paleolimnol (2013) 50:577-582

578

80+ - 0201 €0 9%°0 €9 81  S86L JLurdour 21213001y
%8 T+ #SEE0'T ST+ €0 82°0-0C°0 0S-0t §'9-6'¢ 6-S'L GeruLRyAdoUwIY
oy€ T+ 046820 6T~ §ES~ 9~
9Tt JITE0T ST~ €I~ SI~
ST LETE0'T T~ 90~ IS0~ 00559 0081-0C 9669 P50.401 S12PLIALD)
I+ - 0T €0~ 9%°0 €9 8T  S86L SMISNOD] DSSUIYIL)
«CTt «0P€0°T €1+ €0 82°0-0C°0 0S—0t §9-¢¢ 6-S'L QSHISIOD] DSSLYIL)
BOpIOIOYIAD
60— 88201 61
L0~ 6620°T SI
7o+ TTE0'T o1 91-8 0L~ 90~ €€~ 6~ pponoau sidongy
Lo+ 9620°T ST
90+ 90£0°T 0T
60+ 0T€0°T S1
€0+ TTE0'1 ! §S9ST 06-0¢ - - §L$9 LDISNQOL SLUdLO0 DSy
(L0 1+) - SI~ 4€0~ Y0~ 4€9~ W8I~ S86L Jonpia sisdoprid{)
#ST+ #07€0°T ST+ €0 82°0-0C°0 0S-0t §'9-¢'¢ 6-S'L Q2epIpudA)
ST+ 0¥E0'T I S0 €00 0€T Tt 69 Suvidaa sidsooradiogy
aeprpud£)
Gr1+) LO0TE0'T 46T
(S 1+) LCPEO'T 406 10200 W1-$0) 1 (LD 11 €1-1D9 SLL \pivpad puopupISILIOfargD,|
(0,9'1TH) LCTE0T 1
T+ S0E0'T T g~ £€97¢ SET-S01 S1T-502 98 FMUOSMDI DUOPUDISIULIOfDGD,]
Tt - 0T+ 4€0~ OP 0~ 4€9~ S~ $86L Ldeuruopue)
6Tt PPE0°T 11
6Tt SHEO'T 701 S0 €00 0€1 Tt 69 SIPIpUDI DUOPUD)
e+ SPEO'T I S0 €00 0€1 Tt 69 SDIDAISOL DUOPUDIOPNIS
#€' €+ #0S€0°T St €0 82°0-0C°0 0S—0v §9-¢¢ 6-S'L JoruTIOpUED)
euruopue)
(%) 13p BTN (IR0 (D) oL (_18) Aues (owyjow) BB (_15w) BD  (_[3w) S Hd uoxe],

Ioyem 1soy Jo s1ojouwrered [EJUSWUOIIAUS PUB POJBLNSO I9JeMUSAI) J0J s1030e) uoneuonoely adojost uagAxo jo uonenrdwo) | J[qe],

pringer

As



J Paleolimnol (2013) 50:577-582

579

Table 1 continued

Vital effect (%o)

u(calcile—water)

T2 (°0)

Ca”" (mg1™')  Mg/Ca (mol/mol)  Salinity (g 17")

Mg*" (mg 17

pH

Taxon

Darwinulae

+0.8

NaN

0.46 0.3 4-20

63

18

7.9-8.5

Darwinula stevensoni®

Data from: (a) Chivas et al. 2002; (b) Decrouy et al. 2011; (c) Keatings et al. 2002; (d) Li & Liu 2010; (e) von Grafenstein et al. 1999; (g) Wetterich et al. 2008; (h) Decrouy non

publish data; (i) Xu et al. 2010; (j) Marco-Barba et al. 2012, values for first occurrence of adult of the summer generations in P5, P7 and Ul

* Recalculated for T° = 10 °C

+

Results possibly biased due to low valve calcification and/or laboratory stress condition

# Large uncertainties in O-isotope composition of water as well as its temperature at the time of valve calcification

° Poorly calcified valves

§ Chloride-Sulphate dominated waters

function of temperature, and has a range from a few
tenths to several per mil. As vital offsets must be
known to determine the oxygen isotope composi-
tion of water from that of the ostracod valves, much
effort has been invested in assessing the vital offset
of target species used for palaeoclimatologic
reconstructions. Yet, when results from the litera-
ture are compiled, differences arise among vital
offsets determined for a given species or a given
taxonomic group, suggesting that vital offsets may
vary from one location to the other and that
environmental conditions may influence oxygen
isotope fractionation during ostracod valve calcifi-
cation. Data available from the literature are re-
evaluated to assess whether environmental condi-
tions may affect oxygen isotope composition of
ostracods or not.

Re-evaluation of published data

Table 1 presents the results of published studies on
oxygen isotope fractionation in continental ostrac-
ods as well as the available information on host
water. These results indicate that within a given
family or subfamily, vital offsets vary from site to
site, questioning whether environmental conditions
influence the ostracod vital offset.

Keatings et al. (2002) suggested that vital offsets
are not affected by pH of the host water. This is
confirmed by a lack of correlation between vital
offsets and pH in Table 2. Yet, variations of the
isotopic composition of Cyprididae, Candoninae, and
to a lesser degree Cytherideidae, are higher than
analytical uncertainties and may be linked to real
variations of environmental conditions rather than
discrepancies due to analytical errors, differences due
to the use of different fractionation factors (Friedman
and O’Neil 1977; Kim and O’Neil 1997), or lack of
knowledge of exact temperature or isotopic compo-
sition of water at the time of valve calcification.

Host water salinity versus oxygen isotopes vital
offsets

On the basis of experimental cultures of Eucypris
mareotica, Li and Liu (2010) suggested that a
higher salinity of water might lower the magnitude
of O-isotope fractionation between carbonate and
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Table 2 Pearson correlation coefficients for vital offsets and
pH, salinity, and Mg/Ca of host water calculated for linear
regressions and logarithmic regressions

pH-vital Salinity—vital ~ Mg/Ca—vital

offset offset linear/ offset linear/

linear/log;y  logio logo
Candoninae®  0.29/0.29 0.49/0.49 0.57/0.53
Cyprididae 0.36/0.34 0.05/0.30 0.64/0.50
Cytherideidae  0.00/0.00 0.38/0.06 0.43/0.22
All* 0.17/0.20 0.41/0.53 0.70/0.67

Values in bold indicate highest Pearson correlation coefficients

* Values for F. rawsoni cultured at 15 °C and for F. pedata
were discarded from the calculation of 12> values (low
calcification values and too large uncertainties on the
determination of vital offset, respectively)

water during valve calcification. While salinity has not
been measured during their experiments, the authors
state: “The water used in the cultures was a mixture of
lake water and deionized water to create different 5'%0
values. The salinity of water collected from Qinghai
was about 16 g 17!, and the maximum proportion of

A . salinity 8 - 8.4 g/l
1.033 - . o salinity 8.9-9.8 g/l
’ ° o salinity 11.5-13.2 g/l
1032 4 @ O salinity 15.1-16.0 g/l
- 4 mean
5 o o
%’ 1.031 A :
] 0
é 1.030 ) . .
3 4
1029 @ R2=0.98 -8
1.028 - 8
Eucypris mareotica
1027 yp T T T T T
9 11 13 15 17 19
Temperature (°C)
C
- salinity 15 g/l
& H o salinity 35 g/l
¢ T~ o o salinity 45 g/l
1.032 A ) 0 O salinity 65 g/l
Sl © mean
g N,
2 1.031 A e
o) N3
2 ™. R*=097
S O
S 1030 ° .
®
Australocypris robusta ©
1.029 T T T T T
10 13 16 19 22 25

Temperature (°C)

Fig. 1 Oxygen isotope fractionation factors (0caicite-water) fOr E.
mareotica relative to water temperature (a), oxygen isotope vital
offsets (8"0ypa- 8 *Ocarcite) for E. mareotica relative to
estimated water salinity (b), oxygen isotope fractionation

@ Springer

deionized water to lake water was less than 50 %”.
Hence, knowing the 8'®0 of each culture batch
(Table 1 in Li and Liu 2010) and assuming that
maximal and minimal 8'®0 values correspond to a
salinity of water of 16 and 8 g 17!, respectively, a
simple mass balance calculation allows the salinity to
be evaluated for each experimental batch. Figure la
illustrates that the oxygen isotope fractionation factor
(dcalcite-water) tends to decrease with increasing salin-
ity. When vital offsets (8'%0ugra — 8'®Ocarcites Where
the value for calcite is calculated to be in equilibrium
with that of water) are plotted against water salinity, a
negative linear relationship is obtained (Fig. 1b),
suggesting that salinity influences the oxygen isotope
composition of ostracods.

Although less pronounced, a similar relationship is
observed in Fig. 1 ¢, d for Australocypris robusta
cultured by Chivas et al. (2002). Concentration of
calcium and water salinity of the solution from which
carbonate is precipitated is also known to affect the
oxygen isotope fractionation of inorganic calcite (Kim
and O’Neil 1997; Li et al. 1997).

B . o all data
= 1.0 4 o < mean
O\c - o
~ 0.5 -1 T
2 SN N ° 5
':_;‘z 0.0 1 o °© BN
@) o Tl O y=-0.34x +3.61
z 05 y=-030x+3.07 %o R=1
° 10 R?=0.68 ° T °
RER e
£ 204 ° °
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-2.5 T T T T 1
7 9 11 13 15 17
Salinity (g/1)
D
2.0 + o all data
"8\ ° ° © mean
e\_,m 154 g-ny:-04013x+l.640
5 O TF==
s )
9 1.0 4
2S) 8 °
I 054 y=-0.013x + 1.611
2_ R?=0.81
O 0.0 A
o .
Australocypris robusta
_0.5 T T T T T 1
10 20 30 40 50 60 70

Salinity (g/1)

factors for A. robusta relative to water temperature (c), oxygen
isotope vital offsets for A. robusta relative to water salinity (d),
data for E. mareotica from Li and Liu (2010), data for A. robusta
from Chivas et al. (2002)
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Fig. 2 Oxygen isotope vital offsets (8"005ra — 08"®0cucite) for Candoninae, Cyprididae, and Cytherideidae against water salinity

(a and b), vital offsets against Mg/Ca molar ratio of water (¢ and d)

A recent study on the euryhaline water species
Cyprideis torosa provides further support for an
influence of the salinity of water on the oxygen
isotope composition of ostracod valves (Marco-Barba
et al. 2012). These authors noted that this species has
different disequilibrium effects when calcifying in a
stressful hydrochemical habitat and suggested that the
higher incorporation of '°0 in the shell relative to
stressed conditions at high TDS (>20 g 17') is due to
lower valve calcification.

Ionic composition of host water versus oxygen
isotope vital offsets

When all vital offsets for Cyprididae, Candoninae, and
Cytherideidae are plotted against water salinity, the
correlation is low (Fig. 2a, b; Table 2). In particular, the
values for E. mareotica fall below the observed overall
logarithmic decrease. Thus, other parameters may also
affect ostracod vital offsets. Unfortunately, except molar
ratios for magnesium-calcium (Mg/Ca), chemical

composition of water is not available for the complete
range of species studied. When vital offsets are plotted
against water Mg/Ca, a better correlation is obtained
(Fig. 2c, d; Table 2), suggesting that the ionic compo-
sition of water may be the key factor. In fact, only mean
values are available for each study. The correlation
might, therefore, be higher if Mg/Ca had been measured
during each single experiment. The magnesium concen-
tration of the solution precipitating the carbonate is
known to affect calcite growth (Davis et al. 2000) as well
as the oxygen isotope composition of carbonates (Kim
et al. 2007; Mavromatis et al. 2012). In addition, due to
dissolved cation—anion pair formation, the free ion
concentration can deviate substantially from the total ion
concentration, especially at high solute concentration.
This also depends on the dominant anion present in
water, e.g. carbonate-dominant water versus chloride/
sulphate-dominant waters. Ito and Forester (2009)
suggested that these complications might explain unex-
pected values for Mg/Ca, Sr/Ca, or other metal ratios for
ostracod valves, i.e. values different than those predicted
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on the basis of distribution coefficients determined
empirically. While the majority of the studies on
ostracod oxygen isotope fractionation were carried out
on bicarbonate-dominant water, host waters for A.
robusta (Chivas et al. 2002) and for C. torosa (Marco-
Barba et al. 2012) have a chemical composition similar
to the conservative elemental ratios of seawater, chloride
and sulphate being the dominant anions. It is interesting
to note that the decrease in the difference between
3180 4ra and 880 41cire With increasing salinity of water
is less pronounced than for the species having calcified in
bicarbonate-dominant waters. This suggests that the type
of water might also be an important parameter influenc-
ing the oxygen isotope composition of ostracod valves.

Other factors, such as alkalinity of water or calcite
saturation state, may also influence oxygen isotope
fractionation. However, lack of data on host water
ionic composition for the different studies precludes
further detailed examination. In addition, salinity,
alkalinity, Mg/Ca, and calcite saturation state are often
correlated because these parameters increase in par-
allel for a natural change imposed on the chemical
composition of the water (continental alteration,
mineral dissolution, evaporation, etc.), making it
difficult to assess which one of these parameters is
actually responsible for the observed change in
oxygen isotope fractionation. Further studies such as
natural or laboratory cultures done under strictly
controlled conditions are needed to better understand
the potential influence of varying environmental
conditions on ostracod valves and their oxygen isotope
compositions.
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