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Abstract We have measured B/Ca in four core-top planktonic foraminiferal species (Globigerinoides ruber
(white), Globigerinoides sacculifer (without final sac-like chamber), Neogloboquadrina dutertrei, and Pullenia-
tina obliquiloculata) from three depth transects (the Caribbean Sea, the southwestern Indian Ocean, and the
Ontong Java Plateau) to evaluate the effect of dissolution on planktonic foraminiferal B/Ca. At each transect,
G. ruber (w) and G. sacculifer (w/o sac) show decreasing B/Ca with increasing water depth. This decrease in
B/Ca is accompanied with decreases in shell weights, Mg/Ca, and bottom water calcite saturation state. This
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indicates a postdepositional dissolution effect on B/Ca in these two species. The strong correlation observed
between changes in B/Ca and bottom water calcite saturation state offers an approach to correcting for the
dissolution bias. By contrast, B/Ca in N. dutertrei and P. obliquiloculata remains unchanged along depth
transects, although shell weights and Mg/Ca display significant declines. Overall, our core-top results sug-
gest species-specific dissolution effects on B/Ca in different planktonic foraminiferal species.
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It is well documented that trace element to calcium ratios of foraminiferal shells can be altered by partial
dissolution on seafloor [Russell et al., 1994; Brown and Elderfield, 1996; Dekens et al., 2002; Regenberg et al.,
2006]. Therefore, dissolution can alter the geochemical signature of foraminiferal calcite and possibly bias
paleoceanographic reconstructions. Several studies have revealed significant dissolution effects on plank-
tonic foraminiferal B/Ca, a recently developed proxy for surface seawater carbonate chemistry [Yu et al,
2007a; Allen et al., 2011, 2012]. B/Ca in both extant and extinct planktonic foraminiferal species is reported
to be affected by postdepositional processes on seafloor [Wara et al., 2003; Seki et al., 2010; Coadic et al.,
2013; Edgar et al., 2015]. Other existing data, although limited, appear to suggest little influence of dissolu-
tion on B/Ca in some planktonic species. For example, a few core-top data from the North Atlantic show
that B/Ca in Globorotalia inflata is resistant to dissolution [Yu et al., 2007a].

For reliable reconstructions, it is necessary to evaluate the influence of postmortem dissolution on B/Ca in
different species. At present, available data are insufficient to fully explore the dissolution effect on B/Ca in
different planktonic foraminiferal species. To fill in this gap, we measure B/Ca in four planktonic foraminif-
eral species commonly used in paleoceanographic reconstructions from core-top samples along three
depth transects from the three major ocean basins. The aim of this study is to test whether there are
species-specific dissolution effects on B/Ca in different planktonic foraminiferal species.

2. Materials and Methods

2.1. Samples

In this study, we present B/Ca in four planktonic species: Globigerinoides sacculifer (w/o sac), Globigerinoides
ruber (white), Neogloboquadrina dutertrei, and Pulleniatina obliquiloculata. Mg/Ca and shell weights for the
samples used in this study were previously published [Johnstone et al., 2010, 2011]. These species are cho-
sen based on their living habitats, symbiont conditions, shell wall structure, and resistance to dissolution. G.
sacculifer (w/o sac) and G. ruber (w) are spinose species that inhabit in the surface mixed layer, harboring
dinoflagellates as symbiont [Hemleben et al., 1989], and their shells are susceptible to dissolution according
to the planktonic foraminifer solubility ranking of Berger [1970], which is based on observations from disso-
lution field experiments and species assemblage shifts in sediment under variable saturation conditions.
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Figure 1. Hydrology of the core-tops used in this study. (a) Location of the core-tops (red squares) and nearby GLODAP stations (green diamonds) selected for A[CO3~] profiles; (b-d)
A[CO%’] of core-tops plotted with A[CO%’] depth profile of a nearby GLODAP station for three depth transects.

N. dutertrei and P. obliquiloculata are nonspinose species living in the thermocline, harboring chrysophyco-
phytes as symbiont, and their shells are more resistant to dissolution compared to those of G. ruber and G.
sacculifer [Berger, 1970; Gastrich, 1987; Hemleben et al., 1989].

Foraminiferal shells analyzed in this study are from 28 core-top samples obtained from three depth transects
in the Caribbean Sea, the southwestern Indian Ocean, and the Ontong Java Plateau (Figure 1). All core-tops
are verified to be Holocene in age, and the age difference within the Caribbean Sea and the southwestern
Indian Ocean transect sites is smaller than 3 kyr [Regenberg et al., 2006; Wilson et al., 2012] (see supporting
information Table S1 for details). Due to the constrained geographic coverage of core-top samples, we assume
minimal environmental variability in surface conditions during calcification and therefore trace element com-
positions (B/Ca and Mg/Ca) of shells between sites along each transect. Nevertheless, it should be noted that
compared to the Caribbean Sea and the Ontong Java Plateau transects, samples from the southwestern
Indian Ocean cover a wider geographic region, which could cause some variations in the “initial” B/Ca in fora-
miniferal shells. Excluding data from the Indian Ocean depth transect would not affect our conclusions.

2.2. B/Ca Measurements

For each trace element to calcium ratio analysis, approximately 30 tests were picked from a narrow size frac-
tion of 300-355 um to minimize size potential size-related effects on B/Ca and Mg/Ca [Elderfield et al., 2002;
Ni et al., 2007]. Foraminiferal shells were cleaned following the “Mg-cleaning” procedure which includes
clay/silicate removal, oxidative cleaning, and weak acid leaching steps [Barker et al., 2003]. B/Ca was meas-
ured on an ICP-MS following procedure by Yu et al. [2005] and Yu et al. [2007b]. Based on replicate analyses
of a consistency standard, the precision of B/Ca is 3% at 95% confidence interval (151.4 = 4.2 pmol/mol,
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Figure 2. Planktonic B/Ca in four species against water depth from three depth transects: (a) G. ruber (w), (b) G. sacculifer (w/o sac), (c) N.
dutertrei, and (d) P. obliquiloculata. Error bar in Figure 2a represents *2¢ range of the consistent standard.

2 s.d.). Mn/Ca, Fe/Ca, and Al/Ca were also measured to monitor possible contamination from Mn or Fe oxy-
hydroxide-coatings and the effectiveness of clay removal. We found no correlation between B/Ca and these
element/Ca ratios, suggesting minimal influences from contaminating phases.

2.3. Hydrological Data Calculations

Bottom water calcite saturation states, A[CO%7], defined as A[CO2™]=[CO% Ty situ — [CO2 Jsaturatear Were
estimated using data from the Global Ocean Data Analysis Project (GLODAP) database [Key et al., 2004].
Anthropogenic CO, was removed to derive preindustrial dissolved inorganic carbon (DIC) [Sabine et al.,
2004]. Bottom water A[CO%’] were calculated using CO2sys.xls [Pelletier et al., 2005], following the method
and constants used previously [Yu and Elderfield, 2007]. Our calculation reveals a large range in bottom
water A[CO%’] from —23 to 54 umol/kg at the three depth transects, making these core-top samples ideal
to investigate dissolution effects on B/Ca.

3. Results

In the Caribbean Sea, B/Ca in G. ruber (w) remains roughly stable at 135 =4 umol/mol above 3.8 km (1
standard deviation, the same below), and is lowered by ~23 pmol/mol (~17%) from 3.8 to 5.0 km (Figure 2
and Table 1). For the southwestern Indian and the Ontong Java Plateau transects, B/Ca in G. ruber (w)
appears to show a continuous decline throughout the entire depth ranges. B/Ca in G. ruber (w) decreases
by ~20% from 1.6 to 3.0 km depth at the Ontong Java Plateau, and by ~30% from 2.3 to 4.1 km depth in
the southwestern Indian Ocean. Large scatter in B/Ca is seen between 2 and 3 km water depth at the
Indian Ocean transect, perhaps reflecting less homogeneous surface conditions associated with these
core-tops.

Similar trends are observed in G. sacculifer (w/o) from these three depth transects. At the Caribbean Sea
depth transect, G. sacculifer (w/o sac) shows stable B/Ca of 94 = 6 umol/mol above 3.8 km and a ~15 pmol/
mol (~16%) decline below this depth. B/Ca in G. sacculifer (w/o sac) decreases by ~26% from 1.6 to 3.7 km
at the Ontong Java Plateau, and by ~24% from 2.3 to 4.1 km in the southwestern Indian Ocean.

In contrast, N. dutertrei and P. obliquiloculata show no decreasing trend in B/Ca with water depth at the two
depth transects in the Indian and Pacific Oceans. Instead, B/Ca in these two species exhibit stable values. At
the Ontong Java Plateau, B/Ca is 68 = 3 pmol/mol and 65 = 2 umol/mol in N. dutertrei and P. obliquiloculata,

DAIET AL.

PLANKTONIC B/Ca DISSOLUTION EFFECTS 1341



@AG U Geochemistry, Geophysics, Geosystems 10.1002/2015GC006199

respectively. In the southwestern
Indian Ocean, B/Ca is 65 *+ 4 pmol/mol
and 67 =5 pmol/mol in N. dutertrei
and P. obliquiloculata, respectively.

Table 1. B/Ca in Four Species From Three Depth Transects

Planktonic Foraminiferal B/Ca pmol/mol

G. sacculifer
Core G. ruber (w) (w/o sac) N. dutertrei P. obliquiloculata

Ontong Java Plateau

1BC3 15 75 72 & 4, Discussion

1.5BC33 112 70 66 63

ZBCB1C3 106 64 66 62 4.1. Species-Specific Dissolution
2.5BC37 102 63 64 .

e o3 o P Effeft on Plan!(tonlc B/Ca

3BC24 106 61 67 66 Previous studies have shown that
4BC51 56 69 66 post-depositional dissolution in corro-
ASlECs 2 67 sive bottom waters can significantl
5BC54 68 64 " 9 y
5.5BC58 71 lower shell weights and Mg/Ca of the
6BC66 69 species used in this study [Broecker

Southwestern Indian Ocean

and Clark, 2001a; de Villiers, 2005;

WIND 208 138 91 70 71

WIND 118 111 98 67 Regenberg et al., 2006; Johnstone et al.,
WIND 108 122 93 67 2010, 2011]. Therefore, we employ
WIND 33B 111 74 58 66 . .

WIND 58 08 a7 67 6 shell weights and Mg/Ca as indicators
WIND 258 99 83 62 64 of dissolution in this study. B/Ca in G.
WIND 238 69 65 sacculifer (w/o sac) and G. ruber (w)
WIND 13B 97 79 68 74 .

WIND 288 56 60 strongly correlates with Mg/Ca and
WIND 6B 66 shell weight at the Ontong Java Pla-
‘é‘"’\fl?b‘ms 58 teau (see Figure 3 and Table 2,
ariobean sea . .

P . - r* =094 with shell weight, r*=0.60
M35014-1 133 96 with Mg/Ca for G. sacculifer (w/o sac);
M- 12 L r* =0.84 with shell weight, r*=0.62
M35010-2 139 104 )

M35004-1 132 89 with Mg/Ca for G. ruber (w)). In the
M35026-2 132 87 southwestern Indian Ocean, B/Ca in
M35024-6 112 79

these two species sometimes show
relatively poor correlations with Mg/
Ca and shell weight, possibly due to large variations in their initial values. Despite the scatter, the overall
decreasing trend of B/Ca with decreasing shell weight and Mg/Ca is similar to that seen at Ontong Java Pla-
teau. Because the decreases in shell weight and Mg/Ca are thought to be resulted from dissolution on sea-
floor, we suggest that the decrease in B/Ca with increasing water depth observed in G. sacculifer (w/o sac)
and G. ruber (w) is a response to the same process. This is consistent with the previous observation on G.
sacculifer [Seki et al., 2010; Coadic et al., 2013].

In contrast, B/Ca in N. dutertrei and P. obliquiloculata remains invariant, while shell weights and Mg/Ca
exhibit significant changes. In the southwestern Indian Ocean and the Ontong Java Plateau, shell weights
of N. dutertrei and P. obliquiloculata decline 38-50% and 31-40% from the lowest to deepest sites, respec-
tively; Mg/Ca in dutertrei and P. obliquiloculata declines 41-61% and 53-57%, respectively. Minimal change
in B/Ca associated with substantial declines in shell weights and Mg/Ca suggests that B/Ca in these two spe-
cies is not sensitive to dissolution. Similarly, dissolution appears to impose little influence on B/Ca in G.
inflata [Yu et al., 2007al.

Our results suggest that dissolution effects on planktonic foraminiferal B/Ca are species specific. B/Ca in spi-
nose mixed layer dwellers, G. ruber (w) and G. sacculifer (w/o sac), is sensitive to dissolution. On the contrary,
B/Ca in nonspinose thermocline dwellers, G. inflata, N. dutertrei, and P. obliquiloculata, is not sensitive to
dissolution.

4.2, Reasons for Different Dissolution Responses

Dissolution of foraminiferal shell is a selective process, in which more soluble parts of the shell are preferen-
tially removed. As high-Mg phase is known to be more soluble than low-Mg phase in foraminiferal calcite
[Brown and Elderfield, 1996; Bassinot et al., 2004; Nouet and Bassinot, 2007; Johnstone et al., 2011] and Mg is
heterogeneously distributed within shells of planktonic species [Eggins et al., 2003; Sadekov et al., 2005;
Branson et al., 2013], dissolution on the seafloor can lower Mg/Ca in various planktonic species [Regenberg
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Figure 3. Planktonic B/Ca versus (a—d) shell weight and (e-h) Mg/Ca. In the Caribbean Sea, only data with A[CO%’] lower than critical A[CO%’] for dissolution are shown (see section 4.3).
Solid lines show the best linear fit of data. Error bar in Figure 4a represents *2¢ range of the consistent standard. B/Ca in G. ruber (w) and G. sacculifer (w/o sac) are significantly
correlated with shell weight and Mg/Ca, suggesting strong dissolution effects on B/Ca in these two species. By contrast, no significant correlation is observed for B/Ca in N. dutertrei or

P. obliquiloculata, implying negligible dissolution influence on B/Ca in these species. Shell weight data are from Johnstone et al. [2010]; Mg/Ca data are from Johnstone et al. [2011].

et al., 2014]. A similar dissolution effect on B/Ca in G. ruber (w) and G. sacculifer (w/o sac) to that observed
for Mg/Ca would suggest that B is not homogeneously distributed within shells of these species and that
high-B phases are preferentially removed by dissolution. The distribution of B within the foraminiferal shell
has been investigated in two species: symbiont-bearing planktonic species Orbulina universa and symbiont-
bearing benthic species Amphistegina lessonii [Allen et al., 2011; Branson et al, 2015]. B banding was
observed in both species. It is reasonable to speculate that B banding is also present within shell of G. ruber
(w) and G. sacculifer (w/o sac). Existing studies do not allow faithful speculation of the B distribution within
shells of nonspinose species examined in this study. Nevertheless, if B is preferentially removed by dissolu-
tion, the minimal dissolution effect on B/Ca in nonspinose species would suggest that B is relatively homo-
geneously distributed within shells of these species.

The reasons for different distribution patterns of boron within foraminiferal shells might be related to symbiont
activities. According to studies on 8''B, pH of the microenvironment surrounding the foraminifera shell can be
elevated by symbiont activities [Honisch et al., 2003; Zeebe et al., 2003; Rollion-Bard and Erez, 2010]. When pH
within the calcifying fluid is raised by the high rate of photosynthesis activity, more B would be incorporated
into the foraminiferal shell, because the concentration of B(OH), , the presumed boron species that is incorpo-
rated in the foraminiferal shell, is raised [Hemming and Hanson, 1992]. G. ruber and G. sacculifer have strong
symbiont activities, so that diurnal changing symbiont activities could generate heterogeneity of B within
shells. Although N. dutertrei and P. obliquiloculata also harbor algal [Gastrich, 1987], the associated symbiont
activity is weaker because they calcify at deeper depths where light intensity is much reduced. Therefore, it is
reasonable that B is more homogeneously distributed within shell of these two deeper dwelling species.

4.3. Correlation With Bottom Water A[CO2™]

Under-saturated conditions with respect to carbonate ion can result in the dissolution of planktonic forami-
niferal shells on seafloor [Berger, 1970; Brown and Elderfield, 1996]. Decreases in shell weight and Mg/Ca are
initiated above the calcite saturation horizon at a threshold A[CO3 "] value [Lohmann, 1995; Broecker et al.,
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1999; Johnstone et al.,, 2011; Regenberg et al.,

Table 2. Summary of Regression Analyses . .
Y g Y 2014]. According to our observations, we

2

Location Slope r n t (o = 0.05) P

adopt 213 £ 6.6 umol/kg as the threshold
[RECashelllWelght A[CO327] for the dissolution effect on Mg/Ca
G. sacculifer (w/o sac)
SW Indian 19+03 0.86 8 6.07 <0.001 [Regenberg et al, 2014], and assume that B/
oJp 22%03 094 7 885 <0.001 Ca in G. ruber (w) and G. sacculifer (w/o sac)
G. ruber (w) . . . .
S o LR 036 2 .93 A begins to b(;lnﬂuer]ced by dissolution at the
oJp 28+07 0.84 6 458 <0.001 same A[CO3;7]. It is notable that threshold
N. dutertrei AICO3] for dissolution effect on B/Ca can-
SW Indian -02+03 004 10 0.58 0.564 not be derived from our data set. However
o 08+04 039 10 226 0,024 v u - FIOWever,
P. obliquiloculata as B/Ca values below the chosen threshold
SW Indian 0704 033 7 1.57 0.117 value are evidently lowered by dissolution,
oP ~03=0d 047 8 231 0021 we can investigate the sensitivity of B/Ca
2. B/Ca-Mg/Ca 9 é’f
G. sacculifer (w/o sac) change to bottom water A[CO3™] using
SW Indian 12.7 £ 8.8 0.26 8 145 0.093 available data.
oJp 17565 0.60 7 2,69 0.016
SLR® 15823 091 7 6.94 <0.001 The sensitivity of B/Ca to A[CO2] varies
& ety ) between species in the different depth
SW Indian 143 %50 0.62 7 2.84 0.012
oJP 240+97 0.62 6 246 0.024 transects, from 0.69 to 0.90 umol/mol per
N. dutertrei pmol/kg A[COZ™] change for G. sacculifer
SW Indian 3.0+39 007 10 076 0.233 (W/o sac) and 0.64 to 1.01 umol/mol per
oJp —23+27 009 10 0.88 0.200 >
P. obliquiloculata pumol/kg A[CO3™] change for G. ruber (w)
SW Indian 52+58 0.14 7 0.91 0.198 for depth transects from this study (Figure
SJ: o —SEie W g 2l G032 4). By comparison, B/Ca in G. sacculifer from
G iy (\3N/0 sac) Sierra Leone Rise is significantly less sensi-
SW Indian 0.68 +£0.17 0.74 8 4.09 0.002 tive to bottom water A[Cogf] change (0.32
oJp 090+009 095 7 9.72 <0.001 2-

mol/mol per umol/kg A han

SLR® 032+006 090 5 5.20 0.002 K O/. ol per pmol/kg : [CO37) change)
& il () [Coadic et al, 2013], which suggests that
SW Indian 064+028 057 6 232 0.030 dissolution effect on B/Ca might vary at dif-
oJp 1.01£035 068 6 2.90 0.014

ferent locations.

“Data from Coadic et al. [2013]. . L
; 20131 To derive the sensitivity of B/Ca to bottom

water A[CO%7] change on a global scale, we
translate initial B/Ca to AB/Ca, to represent the proportion of B/Ca strictly related to post depositional dissolu-
tion. We first define B/Cajnitial @s B/Ca of the sample at the threshold A[CO%’] , assuming that it is the B/Ca
unaffected by dissolution. Using different threshold A[CO2~] value to calculate AB/Ca at different depth trans-
ects would not affect our conclusion, as shown by sensitivity tests (supporting information Figure S1). B/Caj,;.
4al is calculated by extrapolating the regression line to the threshold A[CO27] at the Ontong Java Plateau and
the southwestern Indian Ocean depth transects, and by averaging B/Ca above the threshold A[CO3™] at the
Caribbean Sea depth transect. Measured B/Ca is then translated to AB/Ca:

AB/Ca=B/Cameasured —B/Cainitial -

Correlation between AB/Ca in both species from all three depth transects and A[CO37] is significant. The
sensitivity of AB/Ca in G. sacculifer (w/o sac) to A[CO27] is 0.59 = 0.13 pumol/mol per umol/kg A[CO37]
change (* =051, n =22, p < 0.001, Figure 4c). AB/Ca from the Sierra Leone Rise (data from Coadic et dl.
[2013]) is systematically higher than AB/Ca from this study, and diverges from the trend defined by data
from this study, possibly reflecting regional dependence of dissolution sensitivity. The sensitivity of AB/Ca
in G. ruber (w) is 0.67 = 0.22 umol/mol per pmol/kg A[CO32™] change (*=0.45,n =15, p = 0.009, Figure 4d).
These results, integrating data from different oceans, provide a first-order estimation of the sensitivity of B/
Ca in G. sacculifer (w/o sac) and G. ruber (w) to dissolution effects.

4.4. Correlation With Coexisting Benthic B/Ca

The correlation of planktonic B/Ca in G. sacculifer (w/o sac) and G. ruber (w) with bottom water A[CO%"] indi-
cates that planktonic B/Ca can be corrected given the knowledge of bottom water A[CO2~]. As suggested
by Coadic et al. [2013], for downcore reconstruction, an independent proxy for A[CO§’] can be employed to
correct for the dissolution effects on planktonic B/Ca. Given that benthic B/Ca is an established quantitative
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Figure 4. B/Ca in G. sacculifer (w/o sac) and G. ruber (w) versus bottom seawater A[CO3™]. Data from Sierra Leone Rise are from Coadic

et al.[2013]. (a and b) Original B/Ca versus A[CO?], questionable data points are framed within boxes. Dashed lines indicate the threshold
AICO2™] value for the onset discernable dissolution effects on Mg/Ca [Regenberg et al,, 2014]. For the Caribbean Sea data, black solid lines
show the average B/Ca above the threshold A[CO?"]. Regression lines of data below threshold A[CO%] are extrapolated to threshold
AICO3 "] to estimate initial B/Ca. (c and d) AB/Ca versus A[CO3~ 1. Regression lines show average B/Ca loss rate with decreasing A[CO3™].
Dashed lines are the 95% confidence intervals. Error bar in Figures 4a and 4c represent +2¢ range of the consistent standard.

proxy for bottom water A[CO27] change and is not affected by dissolution [Yu and Elderfield, 2007], it fol-
lows that A[CO3~] reconstructed from the same sediment samples as planktonic B/Ca could be used to cor-
rect for the dissolution bias on planktonic B/Ca. Accordingly, here we attempt to use benthic B/Ca to
evaluate how planktonic B/Ca records can be altered by bottom water A[CO2™] change in sediment cores.

Sites with planktonic B/Ca evidently affected by dissolution are chosen for the following analysis. We begin by
comparing our core-top planktonic B/Ca in G. sacculifer (w/o sac) and G. ruber (w) to published benthic B/Ca in
Cibicidoides wuellerstorfi (data are from Yu and Elderfield [2007]) from the Ontong Java Plateau, the southwestern
Indian Ocean, and the Caribbean Sea. We then translate planktonic and benthic B/Ca from different depth trans-
ects to relative changes within each depth transect. This makes data from different depth transects comparable:

B/Cadif‘f = B/Cameasured - B/Camean .

It is revealed that all data from these three areas show a positive correlation between planktonic B/Ca and
benthic B/Ca. B/Ca in G. sacculifer (w/o sac) and G. ruber (w) decreases 0.38 == 0.11and 0.60 * 0.07 umol/mol
per umol/mol B/Ca change in C. wuellerstorfi, respectively (Figure 5).

DAIET AL.

PLANKTONIC B/Ca DISSOLUTION EFFECTS 1345



@AG U Geochemistry, Geophysics, Geosystems

10.1002/2015GC006199

Acknowledgments

We thank Steve Eggins for suggestions
and comments on an earlier draft. We
thank Adina Paytan (the Editor), Eric
Douville, and one anonymous reviewer
for their thoughtful and detailed
comments. The data used are listed in
Table 1 and supporting information.
This work is supported by ARC
Discovery Project (DP140101393) and

Future Fellowship (FT140100993) to J.Y.

15 20 r
{a) G. sacculfor (wio sac) (b} G. ruber (w) A
10 - y=1 0x 1. 0+{0.33:0007 )" Al ¥51.320 S+{0.5T20.071"x P .
= 67 n=13 =0,0007 | 0 AT n=12 p=0, 0001 / :’
-~ & 5 -~
B »",x' o1 - —
A~ T2 o

e H‘—| -

plankionic BACa,. pmalimol
L=}
L

plankion BACa ., pmolimal
L=]
J \i
W

F 7
e e Bls s
=5 ’ ‘ // 4 -
10 T
of 2 ] P o @ on
-10 4 iy = & Carbbesn
A 5Widian
15 - . - T =20 . . T . -
30 20 =10 Q 10 20 30 =30 =20 -0 1] 10 20 30

Benihic B/Ca, smolimal Benthic BICa,, pmalimal

Figure 5. B/Ca in G. sacculifer (w/o sac) and G. ruber (w) versus coexisting B/Ca in C. wuellerstorfi [Yu and Elderfield, 2007]. Horizontal error
bars indicate available standard errors of benthic B/Ca [Yu and Elderfield, 2007]. Questionable data points are framed within boxes and
excluded from regression analysis. Solid lines and dashed lines are regression lines and 95% confidence internals, respectively, for the pre-
dicted planktonic B/Ca decline based on benthic B/Ca.

The comparison made above suggests that planktonic B/Ca change can be 35-55% of benthic B/Ca change.
Glacial-interglacial difference of deep water A[CO3™] can be as large as 50 umol/kg, based on reconstruc-
tions from various proxies [Broecker and Clark, 2001b; Marchitto et al., 2005; Yu et al., 2010; Doss and March-
itto, 2013], which is equivalent to ~57 pumol/mol variation of B/Ca variations in C. wuellerstorfi [Yu and
Elderfield, 2007]. According to the correlations shown in Figure 5, this would alter the planktonic B/Ca by
18-28 umol/mol, if A[CO%’] at a given site is always bathed in bottom water below the threshold A[CO%’]
value in order for planktonic B/Ca to decline. This dissolution effect is substantial compared to glacial-
interglacial change in planktonic B/Ca of 25 pmol/mol [Yu et al., 2007a; Foster, 2008; Palmer et al., 2010; Yu
et al., 2013]. With the sensitivity of planktonic B/Ca change to benthic B/Ca change here and the threshold
A[CO?] value for planktonic B/Ca declineg, it is feasible to correct for dissolution effects on planktonic B/Ca,
if a benthic B/Ca record is available.

5. Conclusion

In this study, we have measured B/Ca in four planktonic foraminiferal species in core-top samples from three
depth transects to investigate the effects of dissolution on planktonic foraminiferal B/Ca. We find that the disso-
lution effects on planktonic foraminiferal B/Ca are species-specific. Among the four species examined, B/Ca in G.
sacculifer (w/o sac) and G. ruber (w) shows a significant decrease with progressive dissolution, while B/Ca in N.
dutertrei and P. obliquiloculata is negligibly influenced by dissolution. The reason for species-specific responses
of B/Ca in different species to dissolution might be related to the microscale distribution of B in foraminiferal
shells. Decline of B/Ca in G. sacculifer (w/o sac) and G. ruber (w) is empirically correlated with bottom water
A[CO2™] and B/Ca of coexisting benthic foraminifera, which can provide an approach to correcting for dissolu-
tion effects on planktonic B/Ca downcore.
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