Extent of amino acid racemization (D/L) in all subsamples

3 % H202 soak = 2 hours, leach = no, bleach = no, grind = no, sonicate = yes, save sample = no, hydrolysis time = 6

hours

Rejection criteria:
Red = L-Ser/L-Asp > 0.8
Green = non-covarying DL Asp and DL Glu

Blue = DL Asp or Glu not within + 20 of the mean
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17322E PS92/54-1 1.47 C. neoteretis 7 0.185 0.080 0.167 0.4
17323A PS92/54-1 1.79 C. neoteretis 7 0.157  0.056 0.158 0.5
17323B PS92/54-1 1.79 C. neoteretis 7 0.161 0.058 0.171 0.5
17323C PS92/54-1 1.79 C. neoteretis 7 0.150  0.053 0.151 0.5
17323D PS92/54-1 1.79 C. neoteretis 7 0.150 0.051 0.161 0.5
17323E PS92/54-1 1.79 C. neoteretis 7 0.155  0.057 0.146 0.6
17323F PS92/54-1 1.79 C. neoteretis 7 0.153 0.055 0.160 0.5
17324A PS92/54-1 4.66 C. neoteretis 7 0.325  0.165 0.306 0.4
17324B PS92/54-1 4.66 C. neoteretis 7 0.200 0.073 0.075 1.0
17324C PS92/54-1 4.66 C. neoteretis 7 0.332  0.185 0.299 0.4
17324D PS92/54-1 4.66 C. neoteretis 7 0.324 0.183 0.290 0.5
17324F PS92/54-1 4.66 C. neoteretis 7 0.303 0.163 0.277 0.4
17324G PS92/54-1 4.66 C. neoteretis 6 0.312  0.129 0.175 0.8
17325A PS92/54-1 4.94 C. neoteretis 7 0.331 0.168 0.245 0.5
17325C PS92/54-1 4.94 C. neoteretis 7 0.345  0.188 0.336 0.4
17325D PS92/54-1 4.94 C. neoteretis 7 0.265 0.117 0.132 0.7
17325E PS92/54-1 4.94 C. neoteretis 7 0.303  0.145 0.196 0.5
17325F PS92/54-1 4.94 C. neoteretis 8 0.324 0171 0.281 0.4
17326A PS92/54-1 5.1 C. neoteretis 7 0.303 0.144 0.191 0.5
17326B PS92/54-1 5.1 C. neoteretis 7 0.286  0.139 0.163 0.5
17326C PS92/54-1 5.1 C. neoteretis 7 0.304  0.153 0.218 0.5
17326D PS92/54-1 5.1 C. neoteretis 7 0.313 0.164 0.244 0.4
17326E PS92/54-1 51 C. neoteretis 7 0.316 0.177 0.253 0.8

Table S1. Extent of amino acid racemization (D/L) of all subsamples in this study

Subsample size test

D/L values of Asp and Glu in N. pachyderma subsamples with different number of tests (10 or
20) from the same depths are statistically indistinguishable (Supplementary Table 1). This
implies that small subsamples are not significantly influenced by background contamination or

other possible sample-size-dependent effects.

Core and D/L Asp mean D/L Asp o significance D/L Glu mean | D/L Glu o significance
number at 0.01 at 0.01
of tests

PS92/45-2 | 0.283 0.075 0.136 0.046

10 tests t=0.65 t=0.42
PS92/45-2 | 0.267 0.074 p=.52 0.130 0.046 p=.68
20 tests

PS92/54-1 | 0.284 0.103 0.144 0.068

10 tests t=-0.01 t=-0.07
PS92/54-1 | 0.285 0.099 p=.99 0.145 0.066 p=.94
20 tests

Table S2. Mean D/L Asp and Glu values in subsamples of N. pachyderma with 10 and 20 tests
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Supplementary Figure S1. Least square regressions (power curves) for mean D/L Asp and Glu values over time for the three cores.



Paleotemperature calculations

Table S3. summarises elements of the paleotemperature calculations, which followed the steps
below:

1. D/L Asp values of N. pachyderma were predicted by power-fit functions for each core
at 150 ka.

2. The predicted D/L Asp values of N. pachyderma samples were converted to equivalent
values in P. obliquiloculata (increase by 16 %) to account for the difference in the
racemization rates of Asp in the two species.

3. Effective diagenetic temperatures (Teff) integrated over the past 150 ka were derived
from equation (6) of Kaufman (2006) using the associated parameters (Table 3
Kaufman, 2006).

Estimated D/L Asp in N. Equivalent D/L Asp

0,
Core pachyderma at 150 ka in P. obliquiloculata Tert (°C)
39-2 0.303 0.361 42+0.8
45-2 0.338 0.402 5.8+0.8
54-1 0.395 0.471 8.2+0.8

Table S3. Data used to calculate effective diagenetic temperatures over the past 150ka

Uncertainties associated with the mean D/L Asp values and sample ages in the current study
are comparable with those of Kaufman (2006), so the uncertainty estimate of + 0.8°C in Test
for Asp of Kaufman (2006) was maintained. However, this is considered as a minimum error
estimate as conversion between species adds another level of uncertainty, which has not been
addressed in the current study.

Alternative paleotemperature calculations

As an alternative approach to approximating paleotemperatures, we relied on the results of
previous laboratory heating experiments on N. pachyderma (Table 2 in Kaufman et al., 2013),
and on D/L Asp values of **C dated samples from the Arctic Ocean (Table 3 in Kaufman et al.
2013 and '*C dated samples in this study) to quantify the temperature sensitivity of the rate of
AAR in this species. We focused on D- and L-Asp because they are the chronographically best
resolved amino acid enantiomers. Using a simple power transformation (e.g. Goodfriend et al.,
1996) (eq. 1), which describes the D/L versus time relationship and the Arrhenius equation (eg.
2), an equation for paleotemperatures can be derived (3):

kt+C=(D/L)" (1)

k = AeCEaRT) (2)

Tett =—Ea/[R In (D/L"-C) / At)] (3)
where, k = forward rate constant for a given temperature (yrt), t = sample age (yr), C = right
hand side of equation (1) at t = 0, n = the exponent that best linearises the relation between D/L
and sample age, A = frequency factor (yr'), Ea = activation energy (kcal mol?), R = gas

constant (0.001987 kcal K* mol?), T = temperature (K). The value of n was approximated
using the procedures of Kaufman (2006), and this yielded n = 3. For the 4C dated samples an



initial D/L Asp value of 0.0522 was used based on the relationship between sample age and
D/L Asp of the **C dated samples (Supplementary Table S4).

Core Depth (m)

HLY0503-18TC
HLY0503-8JPC
LOMROGO07-08PC
HLY0503-18TC
HLYO0503-18TC
HLY0503-18TC
PS92/45-2
PS92/39-2

Site bottom water Age (cal yrs
temperature (°C) BP)
0.9 -0.70 2000
0.5 -0.50 3980
0.25 -0.20 6900
7.7 -0.70 7400
15.7 -0.70 10900
21.7 -0.70 12400
1.59 -0.25 26800
15 -0.76 31538

D/L Asp

0.060
0.080
0.085
0.100
0.111
0.122
0.195
0.234

Table S4. Mean D/L Asp values and sample ages used to estimate mean initial D/L values in N. pachyderma

Solving the Arrhenius equation using data from Kaufman et al. (2013) yielded the parameters
A and Ea (where In(A) = intercept, and Ea = R * the slope of the best fit linear regression line)

(Table S5 and Figure S2).

Temperature (°C) Slope (k)
Laboratory heated samples
(Mendeleev Ridge) 140 2.17E+01
120 8.68E+00
110 4.38E+00
80 1.56E-01
14C dated samples
HLY0503-8JPC —0.50 1.00319E-07
HLY0503-18TC —-0.70 1.32E-07
LOMROGO07-08PC —0.20 6.84E-08

Arrhenius parameters

A =9.65 x 10" yr?

Ea = 31.14 kcal mol?*

Table S5. Rate of racemization (k) derived from data reported by Kaufman et al. (2013) and used to calculate
Arrhenius parameters for Asp racemization in N. pachyderma.

The calculated paleotemperatures, with no formal error analysis, reveal that differences in
effective diagenetic temperatures (integrated over the past 150 ka) between the three core sites
range from 2 to 4.6°C, similar to the results of the previous temperature calculations (Table

S6.).
Core Age (ka) | D/IL Asp (predicted | Calculated Calculated paleotemperature
by regression | paleotemperature (°C) using Pulleniatina(°C)
analysis)
PS92/39-2 | 150 0.303 +22 +4.2
PS92/45-2 | 150 0.338 +3.8 +5.8
PS92/54-1 | 150 0.395 +6.8 +8.2

Table S6. Approximate effective diagenetic temperatures at the three core sites integrated over the past 150 ka.
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Supplementary Figure S2. Arrhenius plot for aspartic acid racemization in laboratory heated and **C dated N.
pachyderma samples. Underlying data from Kaufman et al. (2013)



