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Introduction

Figure Sa demonstrates the effectivity of sonication for the purification of diatom samples for
isotope analyses, since sonication helps separating diatoms from other biogenic silicates
(radiolarians, sponge spicules).

Figure S2 describes in detail the error estimation of the local surface seawater oxygen isotope
composition.

Figure S3 shows the diatom isotopic data on different time scales to test the robustness of the main
scientific findings.

Figure S4 shows the residual contamination of the purified SO202-27-6 diatom samples with non-
biogenic silicates (determined by Energy Dispersive X-ray spectrometry (EDS) and Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-OES); details are given in the main text,
section 3.2). Mass-balance corrections of the diatom oxygen and silicon isotope records show that
even assuming extreme theoretical oxygen and silicon isotope values for the contamination the
general features of the diatom isotope records are not level out (details on mass-balance corrections
are given in the main text, section 3.2).

Figure S5 presents the relative diatom abundances in the pre-sonicated diatom samples and the Si
utilization calculated from the SO202-27-6 8*°Sigist Values using three different fractionation factors
for C. marginatus and C. oculus-iridis.

Table Sz presents all main information regarding the age models of cores MDo1-2416 and MDo2-
2489, for which partly new age control points were determined (for details see main text, section 4).

Table S2 shows the percentages of SiO, and Al,O; within the purified diatom samples from cores
S0202-27-6 and MDo1-2416, determined/estimated by EDS/ICP-OES, as well as inferred
percentages of contamination with non-biogenic silicates (e.g. rock fragments, clay minerals)
(details are given in the main text, section 3.2)

Table S3 presents the compositions of the pre-sonicated diatom samples, determined by light
microscopy, and of the final purified diatom samples, determined by Scanning Electron Microscopy
(details on the counting procedures are found in the main text, section 3.2).

Table S4 shows the diatom oxygen and silicon isotope values of cores SO202-27-6 and MDo1-2416,
as well as standard deviations and number of isotopic measurements. Isotope analyses were carried
out according to the procedures described by Maier et al. [2013] and Chapligin et al. [2010].

Table S5 presents the results of oxygen and carbon isotope analyses on planktic foraminifer N.
pachydermasin, as well as the biogenic opal content, opal mass accumulation rates and X-ray
fluorescence intensities from Core SO202-27-6 (details on procedures are given in the main text,
section 3)
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Figure S1. SO202-27-6 diatom sample from core depth 77-79 cm in two steps of purification process
(pictures were taken using a ProgRes C1o plus digitale camera coupled to a Zeiss Axioplan Il light

microscope. (A) Diatom sample after heavy liquid separation and prior to sonication. (B) Final
purified diatom sample.
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Figure S2. (a) Global mean seawater 50 (6*®0..) and errors [from Waelbroeck et al., 2002]; (b)
alkenone-based SST record including error bars (=1.55°C) from Core SO202-27-6. (c) Local surface
8804w record calculated according to the following equation based on Juillet-Leclerc and Labeyrie
[1987]:

local surface 830, = 8'804;,; — 34 — V122 — 5SST — mean 820,

where 8®Qgist is the measured diatom 50, SST is the temperature calculated from the alkenone-
based SST record from the same core and mean 50, is the mean seawater 5*30 [from Waelbroeck
et al., 2002]. To get SST and mean §*®0s, for the time points of the §®Ogit measurements, we did a
linear interpolation of both data sets. The errors in local surface §*Os. were estimated by
propagating the error introduced by the §*®QOg.x measurement and the alkenone measurement
(0.4°C), the alkenone:temperature calibration (1.5°C) and the removal of global ice volume [from
Waelbroeck et al., 2002]. We used the following equation to propagate the error, assuming no
covariance among the errors [Bevington and Robinson, 2003: p. 41]:
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and aﬁlaod_ . and afnean 5189 are the errors of the §"*Ogiar measurements and of the mean §**Osy,
lai sw
respectively.

Taking interpolation of SST and mean §**0s, data into account, the variances of local surface §**Osw
were estimated as follows:
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where

0.2
local surface 8180,

the time of the §**Q4ist measurement,

(to) is the variance of local surface §*®0, at the time ty, which corresponds to

aémod, t(tO) is the variance of the 5*®Qgi;t measurement at the time ¢,

tyand t, are the time points of the mean §®0s. data closest to g, where t; < ty < t,

2
amean 880,

t,, respectively,

(t1) and afnean 6180sw(t2) are the variances of the mean §*®0s,, data at the time t; and

o3¢y = 2.41,

t3 and t4 are the time points of the SST data closest to ty, where t3 < ty < t,
and

SST(t3) and SST(t4) are the SST values at the time t3 and t4, respectively.

The resulting error for local surface 80y is 0.44 + 0.02%o.
g 44
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Figure S3. 50202-27-6 8% Sigiar and 8*®0giat records plotted on different time scales to test the
robustness of our main findings. The SO202-27-6 age models were constructed based on planktic
*#C ages, using different planktic reservoir ages and different age model construction techniques
previously applied on deglacial sequences of subarctic Pacific sediment cores: Three age models
were constructed solely by calibrating the six raw planktic **C ages of SO202-27-6 using the Calib 7.1
software and the Marineog calibration dataset [Stuiver and Reimer, 1993; Reimer et al., 2013],
however applying different reservoir ages: (1) 700 years over the whole core section (blue line, white
circles). A constant reservoir age of about 700 has previously been applied on sediment cores from
the NW [Keigwin, 1987; Keigwin et al., 1992; Sabin and Pisias, 1996] and NE Pacific [Lopes and Mix,
2009; Lund et al., 2011]; (2) 950+250 years over the whole core section, as used by Galbraith et al.
[2007] for core ODP 887 located close to Core SO202-27-6 (purple line, white diamonds); (3) 700+50
years for *C ages <11 ka and 1100+200 years for **C ages >11ka, based on Kienast and McKay [2001]
and Kovanen and Easterbrook [2002] for the NE Pacific (green line, black circles). The fourth age
model of S0202-27-6, which we apply in this study, was constructed using a combination of
calibrated **C ages and correlation to the well-dated Core MDo02-2489, located close to Core SO202-
27-6 (red line, black squares) (Figure 2; section 4).

It is important to note that the main changes of the isotopic signals discussed in the main text,
particularly the low 8*°Sigist at the start of the deglaciation, the high 83°Sigiat/low 8**Qgiat during mid-
HS1 and the intermediate 83°Sigist/high 8*®Ogit during the B/A, occur within the same time intervals
independent from the choice of the age model, highlighting the robustness of our findings.
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Figure S4. (a) Contamination of purified SO202-27-6 diatom samples with non-biogenic silicates
estimated by inductively coupled plasma optical emission spectrometry (ICP-OES) and energy
dispersive X-ray spectrometry (EDS). (b) and (c) Measured S0202-27-6 &*Qui (b; blue curve) and
&*Sigiat (¢; red curve) records including isotopic curves mass-balance corrected for contamination
with non-biogenic silicates estimated by EDS and using two different theoretical §**Ocont (+2%0 and
+30%0) and 3*°Sicont (-2.5%0 and +1.8%o) values (black curves). Error bars indicate errors (10) of
replicate analyses.
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Figure Ss. (a) Relative diatom abundances in the pre-sonicated SO202-27-6 diatom samples. Only
one sample contains diatoms other than from the genus Coscinodiscus. (b) Measured SO202-27-6
&*°Sigiat record. (c) Si utilization calculated from the SO202-27-6 *Sigiat values, assuming a closed
system with a Rayleigh —type fractionation according to the following equation:

1-f
f

5305idiat = 6305ii5w = (

)en(l - f)

where 3*°Siisw is the §3°Si value of the silicic acid of the initial source seawater, f is the degree of Si
utilization and € is the fractionation factor. Since there is yet no information on silicic acid 83°Si from
the open ocean NE Pacific water column, we used a 8*Siisw value of +2.04%o for our calculations,
which corresponds to the highest 3°Sigit measured in Core SO202-27-6. We applied 3 different
fractionation factors (g€) for C. marginatus and C. oculus-iridis to test the influence of potentially
different € on the Si utilization pattern and on absolute values of Si utilization. An € of -1.1%o
corresponds to the average € determined by De la Rocha et al. [1997] and Milligan et al. [2004] for
diatom species from the genus Thalassiosira, which belong to the same diatom suborder as the
genus Coscinodiscus . We furthermore calculated Si utilization using a € of -0.92%o for C. marginatus
and an € of -1.50%o for C. oculus-iridis, and vice versa; These are the endmember £ determined in
culture studies of Thalassiosira species [Sutton et al., 2013; Sun et al., 2014]. While the application of
different € does not change the relative pattern of Si utilization, absolute changes and values of Si
utilization strongly depend on the applied €.



Table Si. Age control points of cores (A) MDoi-2416 and (B) MDo2-2489. Planktic (N.
pachydermasi,) radiocarbon ages of (A) Core MDo1-2416 [Sarnthein et al., 2004; 2007], and (B) Core
MDo2-2489 [Gebhardt et al., 2008], including newly calibrated ages. Reservoir ages and *C-plateau
boundaries were taken from Sarnthein et al. [2015]. (A) The depth of the *C-plateau lla base/llb top
within Core MDo1-2416, not provided by Sarnthein et al. [2015], was determined assuming a
constant sedimentation rate over *C-plateau Il (depth marked by an *). (B) Since the *C record of
Core MDo02-2489 does no reach as far back as to allow for the determination of the base of *C-
plateau Va [see Sarnthein et al., 2015], the age model prior to 19.130 ka BP (top of *C-plateau Va)
was constructed based on calibration of the *C value at 520 cm depth, using Calib 7.1, the Marine13
data set and a reservoir age of 1560+310 a (determined for **C-plateau Va by Sarnthein et al. [2015]),
and linear interpolation in between
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Table S2. Contamination of purified diatom samples with non-biogenic silicates estimated from
SiO, and Al, O, percentages determined (A) by ICP-OES for Core SO202-27-6 and (B, C) by EDS for
cores (B) SO202-27-6 and (C) MDo1-2416.

(A)
ICP-OES
non-biogenic
$0202-27-6 Age SiO; Al;O; silicate
Depth (cm) (ka BP) assumed (%) (%) contamination (%)
9-1 9.888 99.51 0.15 0.81
21-23 13.134 99.09 0.14 1.22
(B)
EDS
non-biogenic
S0202-27-6 Age SiO; Al,O, silicate
Depth (cm) (ka BP) (%) (%) contamination (%)
1-3 7.029 98.1 1.0 42
5-6 8.458 98.9 0.5 21
9-11 9.888 99.3 0.2 1.1
13-15 11.144 98.9 0.4 21
17-19 12.113 99.1 0.2 1.3
21-23 13.081 98.8 0.3 1.9
25-27 14.050 98.2 04 27
29-31 14.353 98.8 0.2 1.5
33-35 14.655 98.7 0.2 1.8
37-39 15.003 98.8 0.3 1.7
41-43 15.485 98.9 0.3 1.7
45-47 15.862 97.9 0.6 3.3
53-55 17.087 97.7 0.8 4.0
57-59 18.002 98.0 0.7 34
61-63 18.918 98.6 0.3 1.9
77-79 22.391 96.9 1.4 6.0
Avg 98.5 0.5 26
SD (10) 0.6 0.3 1.3
(©)
EDS
non-biogenic
MD01-2416 Age SiO, AlO; silicate
Depth (cm) (ka BP) (%) (%) contamination (%)
4-8* 6.292 99.17 0.10 1.1
12-16* 6.920 99.18 0.12 1.1
22-26* 7.454 99.07 0.18 1.3
32-36* 7.925 99.14 0.07 1.0
38-40 8.161 98.82 0.24 1.7
42-46 9.241 99.13 0.12 1.1
48-50 10.322 99.05 0.12 1.2
52-56* 10.995 99.08 0.11 1.2
62-66 11.796 99.07 0.12 1.2
68-70 12.197 99.05 0.11 1.2
72-76* 12.638 99.13 0.10 1.1
78-80 12.999 98.86 0.14 1.4
82-86* 13.400 98.94 0.12 1.3
92-96* 13.849 99.03 0.11 1.2
102-106 14.125 98.98 0.09 1.2
Avg 99.0 0.1 1.2
SD (10) 0.1 0.0 0.2

*data from Maier et al. [2013]



Table S3. Composition of (A) pre-sonicated and (B) final purified SO202-27-6 diatom samples. (A)
Relative abundances of diatoms, radiolarians and sponge spicules are related to the total counts and
relative abundances of Coscinodiscus marginatus and Coscinodiscus oculus-iridis are related to the
diatom species assemblage, determined by light microscopy. Note that the sample 29-31 cm is the
only sample were non-Coscinodiscus diatoms contribute to the diatom species assemblage (5.3%).
(B) All relative abundances, determined under the Scanning Electron Microcope (SEM), are related
to the total counts.

(A)
light microscopy (pre-sonication)
sponge C. marginatus (% C. oculus-iridis
$0202-27-6 Age total diatoms radiolarians spicules of diatom (% of diatom
Depth (cm) (ka BP) counts (%) (%) (%) abundance) abundance)
1-3 7.029 201 96.5 3.5 0.0 97.4 26
5-6 8.458 216 84.3 15.3 0.5 94.5 5.5
9-11 9.888 159 88.1 10.7 1.3 97.1 29
13-15 11.144 221 62.4 34.4 3.2 94.9 5.1
17-19 12.113 158 88.6 1.4 0.0 95.0 5.0
21-23 13.081 215 88.8 9.8 14 93.7 6.3
25-27 14.050 123 91.1 8.9 0.0 92.9 7.1
29-31 14.353 169 88.8 1.2 0.0 83.3 11.3
33-35 14.655 213 92.5 7.0 0.5 96.4 36
37-39 15.003 154 92.2 7.1 0.6 97.9 2.1
41-43 15.485 139 84.2 13.7 2.2 98.3 1.7
45-47 15.862 189 76.2 233 0.5 97.2 28
53-55 17.087 217 53.5 46.5 0.0 92.2 7.8
57-59 18.002 354 36.4 62.1 1.4 94.6 54
61-63 18.918 233 70.0 29.2 0.9 90.2 9.8
77-79 22.391 224 84.8 14.3 0.9 94.7 5.3
Avg 199 79.9 19.3 0.8 94.4 5.3
SD (10) 54 16.5 16.2 0.9 37 2.7
(B)
SEM (purified)
sponge non-biogenic
$0202-27-6 Age total diatoms radiolarians spicules silicate not identified
Depth (cm) (ka BP) counts (%) (%) (%) contamination (%) (%)
1-3 7.029 423 96.5 3.3 0 0.2 0
5-6 8.458 391 96.4 3.1 0 0.3 0.3
9-11 9.888 496 97.8 1.6 0.2 0.4 0
13-15 11.144 394 97.5 0.5 1.0 1.0 0
17-19 12.113 509 97.2 26 0 0.2 0
21-23 13.081 337 91.4 8.0 0 0.6 0
25-27 14.050 249 96.4 3.2 0 04 0
29-31 14.353 289 88.2 10.0 0.7 0.3 0.7
33-35 14.655 242 95.9 33 0 0.8 0
37-39 15.003 344 90.7 6.1 0 32 0
41-43 15.485 322 99.1 0.6 0 0.3 0
45-47 15.862 326 92.0 6.7 0.6 0.6 0
53-55 17.087 269 91.8 5.2 0 26 0.4
57-59 18.002 281 91.8 6.8 0 1.4 0
61-63 18.918 349 90.0 9.2 0 0.6 0.3
77-79 22.391 233 95.7 3.9 0 0.4 0
Avg 341 94.3 46 0.2 0.8 0.1
SD (10) 84 3.3 29 0.3 0.9 0.2




Table S4. Measured 604t and 83°Sigiat values of Cores (A) SO0202-27-6 and (B) MDo1-2416
including standard deviations (SD, 10) and number of isotopic measurements (n).

(A)
$0202-27-6
Age 8 Siam SD 8" Si g 8"0 SD 8" Ou

Depth (cm) (ka BP) (%o) (16; %eo) n (%o) (16; %o) n

1-3 7.029 1.52 0.50 3 40.39 0.17 3
57 8.458 2.01 0.06 2 39.97 0.08 2
9-11 9.888 2.02 0.13 3 39.78 0.05 2
13-15 11.144 1.63 0.02 2 41.51 0.03 2
17-19 12.113 1.59 0.01 2 43.22 0.06 2
21-23 13.081 1.40 0.10 2 43.69 0.18 3
25-27 14.050 1.53 0.35 3 43.64 0.04 3
29-31 14.353 1.45 0.08 3 43.81 0.38 3
33-35 14.655 1.42 0.08 2 43.43 0.21 2
37-39 15.003 1.67 0.08 2 43.13 0.06 3
41-43 15.485 1.65 0.12 3 42.84 0.04 2
45-47 15.862 2.04 - 1 41.12 - 1
53-55 17.087 1.16 . 1 42.52 - 1
57-59 18.002 1.23 - 1 4317 - 1
61-63 18.918 1.54 - 1 43.01 - 1
77-79 22.391 1.63 0.13 2 42.91 0.22 2
(B)

MDO01-2416
Age SD 8% Si giat SD 80

Depth (cm) (ka BP) 8°Sigiat (%o) {10; %) n 8"°0 gt (%) (16; %o) n
4-8% 6.292 1.19 0.01 2 42.31 0.29 2
12-16* 6.920 1.37 0.11 4 42.48 0.10 3
22-26* 7.454 1.31 0.06 2 42.57 0.20 2
32-36* 7.925 1.30 0.04 2 42.60 0.09 2
38-40 8.161 1.35 0.15 2 42.76 0.05 2
42-46 9.241 1.38 0.14 3 42.64 0.13 4
48-50 10.322 1.22 - 1 43.21 - 1
52-56* 10.995 1.30 0.04 3 43.10 0.08 2
62-66* 11.796 1.38 0.01 2 43.10 0.04 2
68-70 12.197 1.54 0.52 2 43.88 0.25 2
72-76* 12.638 1.46 0.01 3 4368 0.13 2
78-80 12.999 1.10 - 1 43.99 - 1
82-86* 13.400 1.32 0.02 5 43.70 0.07 3
92-96* 13.849 1.34 0.01 2 43.64 0.05 2
102-106 14.125 1.29 0.02 3 43.84 0.35 3

*isotope data from Maier et al. [2013]



Table Ss. Proxy data of Core SO202-27-6. (A) 8*®Onps and 83Cnps values; (B) biogenic opal content;
(C) opal mass accumulation rates; (D) XRF intensities (Fe, Ca and Si/Ti ratios).

(A) (B) ©)
Depth Age 80 (%) 8"C (%) Size Depth Age Si02 Depth Age  Opal MAR
(cm) (ka BP) Nps Nps fraction (um) (cm) (kaBP) (Gew%) (cm) (ka BP) (g/(cm2*ka))
0-1 6.493 2.385 0.598 125-250 0-1 6.493 12 0-1 6.493 24
4-5 7.922 2.582 0.466 125-250 34 7.386 10 10-11  9.888 17
89 9.352 2.603 0.580 125-250 7-8 8.816 10 20-21 12597 29
12-13 10.781  2.553 0.417 125-250 10-11  9.888 7 30-31 14.353 96
16-17 11.750 2.873 0.407 125-250 11-12  10.245 7 40-41 15.297 55
20-21 12718 3127 0.232 125-250 15-17 11.386 6 50-51 16.283 27
24-25 13.687 3.175 0.235 125-250 19-20 12.355 8 60-61 18.460 16
28-29 14.239 3.22 0.201 125-250 20-21 12.597 10 70-71 20.749 20
32-33 14542  3.378 0.126 125-250 23-24 13.324 9 80-81 22.781 28
36-37 14.844  3.657 0.103 125-250 27-28 14.126 8
40-41 15344 3.748 0.173 >400 30-31 14.353 18
44-45 15721  3.962 0.015 125-250 31-32 14428 11
48-49 16.108 4.015 0.028 125-250 35-36 14.731 6
52-53 16.743  3.928 0.025 125-250 39-40 15.168 6
56-57 17.659 3.910 0.035 125-250 40-41 15.297 7
60-61 18.574  3.796 0.073 125-250 43-44 15.579 4
64-65 19.490  3.901 0.088 125-250 47-48 15.956 4
68-69 20405 3.765 0.072 125-250 50-51 16.283 4
72-73 21321 3.732 0.014 125-250 51-52 16.400 5
76-77 22100 3.751 0.127 125-250 55-56 17.316 7
80-81 22878 3.725 0.162 315-400 59-60 18.231 4
84-85 23657 3.814 -0.052 315-400 60-61 18.460 6
88-89 24435 3.847 0.178 125-250 63-64 19.147 6
67-68 20.062 5
70-71  20.749 7
71-72 20.978 6
75-76 21.808 6
79-80 22.586 6
80-81 22.781 7
83-84 23.365 4
87-88 24.143 4



Table Ss. (continued).

(D)
XRF XRF
Depth Age SilTi Depth Age SifTi
(cm) (kaBP) Fe(cps) Ca(cps) (cpsicps) (cm) (kaBP) Fe(cps) Ca(cps) (cpsicps)
1 6.672 104731 149744 1.98 51 16.400 149985 54060 2.36
7.029 107781 160505 225 52 16.629 155679 50490 2.28
3 7.386 107482 179962 245 53 16.858 171213 68159 2.45
4 7.744 104935 176828 2.3 54 17.087 154331 84726 2.64
5 8.101 106917 179897 243 55 17.316 130295 117858 2.94
6 8.458 105477 175967 2.32 56 17.544 123394 129278 3.06
7 8.816 104681 182799 2.34 57 17.773 124008 135124 3.19
8 9.173 98047 196291 2.18 58 18.002 121637 144686 3.04
9 9.530 97919 210582 218 59 18.231 114262 171946 3.17
10 9.888 100662 217745 212 60 18.460 116713 156529 3.17
11 10.245 103885 246838 2.18 61 18.689 127889 135680 3.06
12 10.602 102377 252492 2.05 62 18.918 127186 150658 3.08
13 10.902 107716 232884 1.90 63 19.147 114478 154913 3.12
14 11.144 82325 343187 273 64 19.375 118410 140561 2.99
15 11.386 97089 320880 2.59 65 19.604 115297 139094 2.88
16 11.629 71635 387743 3.29 66 19.833 124342 123026 2.76
17 11.871 72541 357148 3.09 67 20.062 126747 119028 297
18 12.113 63956 374529 3.23 68 20.291 124397 117498 2.93
19 12.355 68222 356364 3.35 69 20.520 128784 112986 2.82
20 12.597 66090 346450 3.29 70 20.749 127896 100113 2.7
21 12.839 59680 343759 3.62 71 20.978 129637 85915 247
22 13.081 69718 305852 3.01 72 21.207 108213 61259 2.25
23 13.324 62497 315354 3.50 73 21.418 118033 79309 2.67
24 13.566 58495 293276 3.48 74 21613 125646 116630 2.86
25 13.808 56738 231679 3.7 75 21.808 127287 95137 2.60
26 14.050 60406 227146 3.53 76 22.002 122967 104003 2.58
27 14.126 62807 248132 3.78 77 22197 125011 115549 2.70
28 14.201 66717 241181 4.27 78 22.391 117437 118272 2.88
29 14.277 68098 236726 4.40 79 22.586 109135 114328 2.90
30 14.353 66648 225043 4.63
31 14.428 63177 208682 4.32
32 14.504 67946 236835 4.01
33 14.580 69595 233724 418
34 14.655 75936 201380 416

35 14.731 72998 215420 3.65
36 14.807 76566 211101 3.40
37 14.882 103203 165404 3.04
38 15.003 112819 157739 3.02
39 15.168 102409 181839 3.17
40 15.297 103859 180319 3.06
41 15.391 105162 180983 3.12
42 15.485 119696 148001 3.00
43 16.579 119816 93156 273
44 16.674 140755 84299 2.52
45 15.768 133905 92525 265

46 15.862 144245 81589 2.56
47 15.956 154566 69765 243
48 16.050 158619 52041 2.31

49 16.167 152824 48904 2.39
50 16.283 151868 54213 2.50
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