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Introduction  

 

Figure S1 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 30Sidiat values using three different fractionation factors 
for C. marginatus and C. oculus-iridis.  

Table S1 presents all main information regarding the age models of cores MD01-2416 and MD02-
2489, for which partly new age control points were determined (for details see main text, section 4). 

Table S2 shows the percentages of SiO2 and Al2O3 within the purified diatom samples from cores 
SO202-27-6 and MD01-2416, 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 MD01-2416, 
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) 

 

 
 
 



 
 
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 C10 plus digitale camera coupled to a Zeiss Axioplan II light 
microscope. (A) Diatom sample after heavy liquid separation and prior to sonication. (B) Final 
purified diatom sample. 



 

Figure S2. (a) Global mean seawater 18O (18Osw) 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 

18Osw record calculated according to the following equation based on Juillet-Leclerc and Labeyrie 
[1987]: 

𝐥𝐨𝐜𝐚𝐥 𝐬𝐮𝐫𝐟𝐚𝐜𝐞 𝛅𝟏𝟖𝐎𝐬𝐰 = 𝛅𝟏𝟖𝐎𝐝𝐢𝐚𝐭 − 𝟑𝟒 −  √𝟏𝟐𝟐 − 𝟓𝐒𝐒𝐓 − 𝐦𝐞𝐚𝐧 𝛅𝟏𝟖𝐎𝐬𝐰 

where 18Odiat is the measured diatom 18O, SST is the temperature calculated from the alkenone-

based SST record from the same core and mean 18Osw is the mean seawater 18O [from Waelbroeck 

et al., 2002]. To get SST and mean 18Osw for the time points of the 18Odiat measurements, we did a 

linear interpolation of both data sets. The errors in local surface 18Osw were estimated by 

propagating the error introduced by the 18Odiat 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]: 

𝝈
𝒍𝒐𝒄𝒂𝒍 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 = 𝝈
𝜹𝟏𝟖𝑶𝒅𝒊𝒂𝒕

𝟐 +  𝝈
𝒎𝒆𝒂𝒏 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 + 𝝈𝑺𝑺𝑻
𝟐 𝒇′(𝑺𝑺𝑻)𝟐  

where 

𝝈𝑺𝑺𝑻
𝟐 = (𝟎. 𝟒)𝟐+(𝟏. 𝟓)𝟐 = 𝟐. 𝟒𝟏(°𝑪)𝟐 

𝒇′(𝑺𝑺𝑻) =  
−𝟓

𝟐√𝟏𝟐𝟐 − 𝟓𝑺𝑺𝑻
 



and 𝝈
𝜹𝟏𝟖𝑶𝒅𝒊𝒂𝒕

𝟐  and 𝝈
𝒎𝒆𝒂𝒏 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 are the errors of the 18Odiat measurements and of the mean 18Osw, 

respectively. 

 

Taking interpolation of SST and mean 18Osw data into account, the variances of local surface 18Osw 
were estimated as follows: 

𝝈
𝒍𝒐𝒄𝒂𝒍 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 (𝒕𝟎) =  𝝈
𝜹𝟏𝟖𝑶𝒅𝒊𝒂𝒕

𝟐 (𝒕𝟎) + (
𝒕𝟎 − 𝒕𝟏

𝒕𝟐 − 𝒕𝟏
)

𝟐

𝝈
𝒎𝒆𝒂𝒏 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 (𝒕𝟐) 

+ (𝟏 −
𝒕𝟎 −  𝒕𝟏

𝒕𝟐 − 𝒕𝟏

)
𝟐

𝝈
𝒎𝒆𝒂𝒏 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 (𝒕𝟏) 

+
𝟐𝟓𝝈𝑺𝑺𝑻

𝟐

𝟒𝟖𝟖 − 𝟐𝟎(
𝒕𝟎 − 𝒕𝟑
𝒕𝟒 − 𝒕𝟑

𝑺𝑺𝑻(𝒕𝟒) + (𝟏 −
𝒕𝟎 − 𝒕𝟑
𝒕𝟒 − 𝒕𝟑

𝑺𝑺𝑻(𝒕𝟑))
 

where 

𝝈
𝒍𝒐𝒄𝒂𝒍 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐  (𝒕𝟎) is the variance of local surface 18Osw at the time 𝒕𝟎, which corresponds to 

the time of the 18Odiat measurement, 

𝝈
𝜹𝟏𝟖𝑶𝒅𝒊𝒂𝒕

𝟐 (𝒕𝟎) is the variance of the 18Odiat measurement at the time 𝒕𝟎,  

𝒕𝟏and 𝒕𝟐  are the time points of the mean 18Osw data closest to 𝒕𝟎, where  𝒕𝟏 ≤ 𝒕𝟎 ≤ 𝒕𝟐, 

𝝈
𝒎𝒆𝒂𝒏 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 (𝒕𝟏) and 𝝈
𝒎𝒆𝒂𝒏 𝜹𝟏𝟖𝑶𝒔𝒘

𝟐 (𝒕𝟐) are the variances of the mean 18Osw data at the time 𝒕𝟏 and 

𝒕𝟐, respectively, 

𝝈𝑺𝑺𝑻
𝟐 = 𝟐. 𝟒𝟏,  

𝒕𝟑 and 𝒕𝟒 are the time points of the SST data closest to 𝒕𝟎, where 𝒕𝟑 ≤ 𝒕𝟎 ≤ 𝒕𝟒 

and 

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

The resulting error for local surface 18Osw is 0.44 ± 0.02‰. 

 



 

Figure S3. SO202-27-6 30Sidiat and 18Odiat 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 
14C 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 14C ages of SO202-27-6 using the Calib 7.1 
software and the Marine09 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 14C ages <11 ka and 1100±200 years for 14C 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 SO202-27-6, which we apply in this study, was constructed using a combination of 
calibrated 14C ages and correlation to the well-dated Core MD02-2489, 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 30Sidiat at the start of the deglaciation, the high 30Sidiat/low 18Odiat during mid-

HS1 and the intermediate 30Sidiat/high 18Odiat during the B/A, occur within the same time intervals 
independent from the choice of the age model, highlighting the robustness of our findings. 

 

 



 

 

 
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 SO202-27-6  18Odiat (b; blue curve) and 

30Sidiat (c; red curve) records including isotopic curves  mass-balance corrected for contamination 

with non-biogenic silicates estimated by EDS and using two different theoretical 18Ocont (+2‰ and 

+30‰) and 30Sicont (-2.5‰ and +1.8‰) values (black curves). Error bars indicate errors (1σ) of 
replicate analyses. 
 

 

 

 

 

 



 
 
Figure S5. (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 

30Sidiat record. (c) Si utilization calculated from the SO202-27-6 30Sidiat values, assuming a closed 
system with a Rayleigh –type fractionation according to the following equation: 
 

𝛿30𝑆𝑖𝑑𝑖𝑎𝑡 =  𝛿30𝑆𝑖𝑖𝑠𝑤 − (
1 − 𝑓

𝑓
)𝜀 ln(1 − 𝑓) 

 

where 30Siisw is the 30Si value of the silicic acid of the initial source seawater, 𝑓 is the degree of Si 

utilization and ε is the fractionation factor. Since there is yet no information on silicic acid 30Si from 

the open ocean NE Pacific water column, we used a 30Siisw value of +2.04‰ for our calculations, 

which corresponds to the highest 30Sidiat measured in Core SO202-27-6. We applied 3 different 
fractionation factors (ε) for C. marginatus and C. oculus-iridis to test the influence of potentially 
different ε on the Si utilization pattern and on absolute values of Si utilization.  An ε of -1.1‰ 
corresponds to the average ε 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 ε of -0.92‰ for C. marginatus 
and an ε of -1.50‰ for C. oculus-iridis, and vice versa; These are the endmember ε determined in 
culture studies of Thalassiosira species [Sutton et al., 2013; Sun et al., 2014]. While the application of 
different ε does not change the relative pattern of Si utilization, absolute changes and values of Si 
utilization strongly depend on the applied ε. 
 

 

 

 

 

 



Table S1. Age control points of cores (A) MD01-2416 and (B) MD02-2489. Planktic (N. 
pachydermasin) radiocarbon ages of (A) Core MD01-2416 [Sarnthein et al., 2004; 2007], and (B) Core 
MD02-2489 [Gebhardt et al., 2008], including newly calibrated ages. Reservoir ages and 14C-plateau 
boundaries were taken from Sarnthein et al. [2015]. (A) The depth of  the 14C-plateau IIa base/IIb top 
within Core MD01-2416, not provided by Sarnthein et al. [2015], was determined assuming a 
constant sedimentation rate over 14C-plateau II (depth marked by an *). (B) Since the 14C record of 
Core MD02-2489 does no reach as far back as to allow for the determination of the base of 14C-
plateau Va [see Sarnthein et al., 2015], the age model prior to 19.130 ka BP (top of 14C-plateau Va) 
was constructed based on calibration of the 14C value at 520 cm depth, using Calib 7.1, the Marine13 
data set and a reservoir age of 1560±310 a (determined for 14C-plateau Va by Sarnthein et al. [2015]), 
and linear interpolation in between. 
 

 

 



Table S1. (continued). 
 

 
 

 

 



Table S2. Contamination of purified diatom samples with non-biogenic silicates estimated from 
SiO2 and Al2O3 percentages determined (A) by ICP-OES for Core SO202-27-6 and (B, C) by EDS for 
cores (B) SO202-27-6 and (C) MD01-2416. 
 

 
 

 

 



 

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.  
 

 
 

 
 
 
 
 
 



Table S4. Measured 18Odiat and 30Sidiat values of Cores (A) SO202-27-6 and (B) MD01-2416 
including standard deviations (SD, 1σ) and number of isotopic measurements (n). 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S5. Proxy data of Core SO202-27-6. (A) 18ONps and 13CNps values; (B) biogenic opal content; 
(C) opal mass accumulation rates; (D) XRF intensities (Fe, Ca and Si/Ti ratios).   
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table S5. (continued). 
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