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Supplementary Information
Methods
Trace element analysis

Individual foraminifer specimens were picked from disaggregated sediments from 250-
355 um size fraction to obtain ~200-400 pg CaCO3; material. Foraminifer tests were gently
crushed between two glass plates in order to open the chambers and facilitate the chemical
cleaning procedure. Visible siliciclastic grains were removed when possible. Crushed
foraminifera samples were transferred into acid-leached 0.5 mL centrifuge vials and rinsed with
Milli-Q water (x3) and separated into trace element (100-400 pg) and stable isotope (50-100pg)

aliquots.

Crushed foraminifera samples were chemically cleaned following the Cd-cleaning
protocol (Boyle and Keigwin, 1985/1986) later modified by Rosenthal et al. (1997). All reagents
and acids are prepared using Milli-Q water passed through a boron Q-gard purification filter to
obtain low boron water. Samples were rinsed with Milli-Q water and glass distilled methanol to
remove adhered surficial clays on the tests. Reductive and oxidative cleaning steps were

conducted to remove potential contaminate metal oxides and organics from foraminiferal tests. A
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final dilute acid (0.001N HNO3) leach was done before completely dissolving samples using 100
uL 0.065N HNOs. Samples were diluted with ~100-200 pL (depending on the sample size) with
0.5N HNO:s to a final volume of ~300-400 uL for a target calcium concentration of 4 mmol/L.
Samples were monitored for potential contamination from clay and metal oxides by measuring
Mn/Ca, Al/Ca and Fe/Ca to monitor for diagenetic coatings. Typical Mn/Ca values ~200-800
pumol/mol and Al/Ca values of ~200-600 umol/mol. No significant correlation between B/Ca and
Mn/Ca, Al/Ca or Fe/Ca was observed. Mg/Ca samples with high Fe/Ca and Mn/Ca were not

included in the reconstructions.

Trace element analyses (B/Ca, Mg/Ca, Mn/Ca, Al/Ca and Fe/Ca) were measured at the
Institute of Marine and Coastal Sciences at Rutgers University on a Thermo Finnigan Element
XR Sector Field Inductively Coupled Plasma Mass Spectrometer (SF-ICP-MS) operated in low
resolution (M/Am =300) and medium resolution (M/Am =4300) settings outline in the protocol of
Rosenthal et al. (1999). Elemental B analysis requires several modifications to the Rosenthal et
al. (1999) method to address potentially high [B] blanks and instrumental memory effect
(outlined in Babila et al., 2014). Typical B blank levels are ~0.15 ppb (<3 % of [B] of

foraminifera samples) and remain stable (=1 %) throughout an analytical run.

Elemental ratios were monitored and corrected for matrix effects for each analytical run
by analyzing a suite of standards using an internal spiked gravimetric standard (SGS) with the
same elemental ratios but varying [Ca] (1.5 mmol/L to 8 mmol/L) (Rosenthal et al., 1999). [Ca]
concentrations in sample solutions were typically maintained in the range of 1.5 to 4mmol/L to
minimize matrix effects on Mg/Ca and B/Ca. Analytical reproducibility for B/Ca 115.43
pmol/mol + 0.74 % (RSD) and for Mg/Ca 3.32 mmol/mol + 0.33 % (RSD) based on repeated

analysis of laboratory consistency standards throughout the length of the study.
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Stable isotopes analysis

Stable carbon and oxygen isotopes were measured at the Department of Earth and
Planetary Sciences using an Optima mass spectrometer. Measurements are reported in PDB with
precision values of + 0.05 %o 8"°C and = 0.08 %o 'O for NBS 19 standard throughout the

analysis of this study.
Assessing preservation

To evaluate the preservation of foraminifer specimens a high-resolution scanning electron
microscope (SEM) was used to image Subbotina spp. and compared from below the CIE, within
the CIE, and in the recovery intervals (Fig. DR2). Foraminifers from the Vincetown Formation
(below the CIE) are not as well preserved as those from the overlying Marlboro Formation (CIE
interval) (Fig. DR1). B/Ca records from Bass River (Fig. DR1) documented relatively constant
values throughout the CIE despite the observation that variable degrees of test preservation were

present throughout the section.
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Figure DR1. SEM images of planktonic foraminifer S. triangularis/roesnaesensis at the
following core depths a-c: 1176.3 ft, d-f: 1171.1 ft and g-i: 1169.4 ft shell texture (b, e, h) and

cross section of shell walls (c, f, 1).

Paleodepth estimates based on benthic foraminifera assemblages suggest that at Bass
River lies well above the paleo-CCD. Observations from recent core top material demonstrate
that B/Ca may be influenced by dissolution (Coadic et al., 2013). Down-core records of B/Ca
with size normalized shell weight are used as an indication of dissolution (Wara et al., 2003).
Foraminiferal shell weight exhibit no significant relationship with B/Ca at Bass River suggesting
a negligible dissolution. Kozdon et al. (2013) demonstrated that Sr/Ca ratios in planktonic

foraminifera can be used to assess preservation state during the PETM. Sr/Ca values at Bass
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River are generally higher than the value (1.0 mmol/mol) typical of diagenetic calcite, indicating
that diagenesis did not compromise the geochemical records, with the exception of two sample

depths not included in the reconstructions.
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FigureDR. Comparison of Mg/Ca and B/Ca data for S.patagonica/S.triangularis (1171.5-1171.6

ft) (circle) and M.acuta/M.velascoensis (1167-1167.1 ft) (triangle) species.

Sea surface temperature

The use of Mg/Ca thermometry in deep-time paleoceanographic studies is complicated
by the secular variation in the Mg/Ca composition of seawater (Mg/Casy) over the Cenozoic (65
million years). Proxy based reconstructions for Mg/Cas, are limited during the Paleogene and
only model based reconstructions span the PETM. Model based Mg/Cas,, reconstructions during
the PETM yield values ranging from 1.5-2.0 mmol/mol (see Evans and Miiller, 2012 for recent
compilation) with the exception of the Wilkinson and Algeo (1989) record. Proxy data for the
late Cenozoic agree with the model estimates of a lower Mg/Cas,, during the PETM. Evans and
Miiller (2012) suggest that a nonlinear correction is necessary to account for the change in the

distribution coefficient (Dyi) with Mg/Cas,,. We consider a range of values for the Mg/Cay, (1.5-
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2.5 mmol/mol) and a linear versus nonlinear correction to the Subbotina spp. Mg/Ca record at
Bass River (Fig. DR3). The Mg/Ca temperature calibration used is the planktonic foraminifera
multi-species equation from Anand et al. (2003). Currently, the only study that examined the
relationship between Dy, and Mg/Cas, in planktonic foraminifera is based on the symbiont
bearing Globigerinoides sacculifer species (Delaney et al., 1985) which we consider most
comparable to Subbotina spp. based on paleoecology. Comparing the different Mg/Ca
temperature reconstructions with TEXgs based SST lead to the following conclusions that are
pertinent to this study: 1) applying a nonlinear rather than a linear correction minimizes the error
in temperature estimates due to the uncertainty in the Mg/Cas,, and 2) the magnitude of ocean
temperature warming across the P/E boundary does not depend on the choice of Mg/Casy, or the
type of correction applied to the foraminiferal data and is consistent with the magnitude
suggested by TEXge records (Fig. DR3). We note that the reconstructions based on a nonlinear

correction yield temperatures consistent with the TEX, calibration (Kim et al., 2010) and

substantially colder than temperature reconstructions derived from the TEX?6 calibration (Kim et
al., 2010), which is currently recommended for shallow Paleogene sections (Taylor et al., 2013).
A further discussion on the comparison among the different temperature proxies and implication

to climate are presented elsewhere (Makarova, 2014).
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99  Figure DR3 Ocean temperature reconstructions across the P/E boundary based on the Mg/Ca of
100  Subbotina spp. with a nonlinear (solid symbols) and linear (open symbols) correction applied at
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Figure DR4 Estimate of the magnitude of ocean carbonate chemistry change [B(OH4)/HCO;]

and pH for A.soldadoensis and Subbotina spp. computed from a range of modern sensitivities for

symbiont bearing surface dwellers (Allen et al., 2012) and thermocline dwellers (Babila, 2014).
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Figure DR6. Trends in 8"°C versus foraminifer mean test size.
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