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Contents of this file

This supporting information document contains Sections S1, six figures (S1 to S6) and two tables (Tab. S1—

S2) referred to in this document and the main text.
Section S1. Age Model Construction

We used the depth modeling routine Undatable (Lougheed & Obrochta, 2019) to create age-depth models
for the Site U1302/3 stratigraphy spanning MIS 13—11 (520-340 ka) and MIS 6-1 (the past ~187 kyr) to
reconstruct the history of LIS break-up during three deglaciations: Termination (T) 5, T2, and T1.
Undatable was used for this purpose because it allowed us to create age models for these time intervals
that factor in both the age and depth uncertainties of the chronological markers used to generate them
(Tabs. S1-S2 & SI Files ‘Undatable_inputl.csv” and “Undatable_input2.csv”). The output of the
modelling routine (Figs. S1-S2 & SI Files ‘Undatable outputl.txt” and “Undatable output2.txt™)
generates conservative age-depth uncertainties for every age constraint inputted using bootstrapping and an
estimate of sediment accumulation rate uncertainty (Lougheed & Obrochta, 2019), which we then used to

compare our datasets to changes in orbital insolation.

The existing Site U1302/3 age model (Channell et al., 2012) was based on tandem fitting of its planktic
8'%0 and relative paleointensity (RPI) stratigraphies to reference curves: the LR04 benthic §'°0 stack
(Lisiecki & Raymo, 2005) and PISO-1500 RPI stack (Channell et al., 2009). The PISO-1500 RPI stack (1-
kyr resolution) has since been superseded by the HINAPIS-1500 (0.5-kyr resolution), which was
constructed by stacking North Atlantic RPI stratigraphies of the past ~1500 kyr (from Ocean Drilling
Program Sites 983, 984, and IODP sites U1306 and U1304) on an LR04-based age model (Xuan et al.,
2016). In this study, we update the MIS 13—11 age model (~508-341 ka) for the corresponding part of the
Site U1302/3 stratigraphy by tuning its RPI record (Channell et al., 2012) to the HINAPIS-1500 stack
using 14 tie points (Fig. S4). We also updated the Site U1302/3 age model for MIS 6-1 (spanning the past
~187 kyr) by aligning its plankic 5'®0 stratigraphy to: (1) the Greenland NorthGRIP (NGRIP) ice core air
temperature proxy record (Fig. S3a—b; Dansgaard et al., 1982) on the Greenland ice core chronology
(GICCO05; Rasmussen et al., 2014) calendar age-scale (i.e., calendar ka before 1950 (b1950; hereinafter ka)
= AD 2000 (b2k) minus 50 yr), or (2) the Iberian Margin Core MD95-2042 benthic §'®0 stratigraphy on
its Lisiecki & Stern (2016) age model (Fig. S3e—f). Given the relatively large age uncertainties associated
with these older target curves (£ ~1-2-kyr at 1), we did not convert MD95-2042 ages to calendar ages.
We also established 11 ties for this time interval between the Site U1302/3 RPI stratigraphy and the



HINAPIS stack (Fig. S3c—d). The age model for HINAPIS-1500 stack was derived from benthic §'%0-
based ties to the LR04 stack. We use an age uncertainty of £2.2 ka (1o), which is derived from summing
errors in quadrature (the square-root of the linear sum of squares) of the published LR04 age uncertainty
(£2 ka at 1o; Lisiecki & Raymo, 2005) and a conservative estimate of the likely depth uncertainty involved
in tying the HINAPIS-1500 stack to the LR04 (which we take to be 50% of LR04 age-model uncertainty).

It is argued, based on radiocarbon-based age models for T1, that the use of a single global alignment target
like the LR04 stack neglects regional differences in the timing of benthic §'30 change during terminations
(e.g., Skinner & Shackleton, 2005; Stern et al., 2014; Lisiecki & Stern, 2016), but also that the ages
assigned to the LR04 for the past ~1.5 Myr may be ~1-2-kyr younger than they should be (Lisiecki &
Stern, 2016). We have not used the LR04 to constrain the deglacial portions of our Site U1302/3 records
for T2 and T1. While, the age model of the target curve (HINAPIS-1500) we have used to assign ages to
MIS 12-11 records is underpinned by LR04 ages, based on T1, at least, no discernable differences are
likely to exist in the timing of changes in benthic §'30 data during terminations in North Atlantic records
when compared on their LR04 and independent radiocarbon-based stratigraphies (Lisiecki & Stern, 2016).
Even if the ages we have assigned to our MIS 12/11 are ~1-2 kyr too young this would not change the

findings we present here.
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Figure S1. Age-depth plot for Site U1302/3 produced by Undatable for 0-187 ka. Generated with
bootstrapping set to 30% and sedimentation rate uncertainty set to 0.1 (see Lougheed and Obrochta (2019)
for details). Yellow probability density functions indicate the radiocarbon and alignment tie points, and
tephra age-depth constraints, respectively. The grey cloud indicates the probability density cloud of the
age-depth model, whereby darker colours indicate higher age-depth probability. The blue and black broken
lines represent 68.27% and 95.45% confidence intervals, respectively. The red line indicates the age-depth
model median.
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Figure S2. Age-depth plot for Site U1302/3 produced by Undatable for ~340-508 ka. Generated with
bootstrapping set to 30% and sedimentation rate uncertainty set to 0.1 (see Lougheed and Obrochta (2019)
for details). Yellow probability density functions indicate the radiocarbon and alignment tie points, and
tephra age-depth constraints, respectively. The grey cloud indicates the probability density cloud of the
age-depth model, whereby darker colours indicate higher age-depth probability. The blue and black broken
lines represent 68.27% and 95.45% confidence intervals, respectively. The red line indicates the age-depth
model median.



Age (ka) Age (ka)
0 10 20 30 0 80 100 120 140 160
-325{A * ' *
‘ 3.0 1
-35.0 ity o
o ‘ 2 35
o 375 ’ o
1 <
[ | | | A Q 40
@ -40.0 | Iy S
2 “| ’ / & 451
-42.5 1 151 ’ J ! p .(., |l Q4
[ ‘i'
2E "l 50
Depth (cm) Depth (cm)
0 200 400 600 800 1000 1200 0 1500 2000 2500 3000
B F
24 24, N
2 o Iy | m AT
o [ I o[\ i M
2 31 \ | I I » 31 ‘H' 1/ W
z | N oy a dE YW
Q N | W\ 4 5 ",1‘\‘ L
S 4 VoL V Q 44 |
8 WA e 2
=) VY =] )
54 5
2075 5
T 154 F\/ 31 g ﬁ? (o8
(o] w0
3 " E e Tl By
% 1.0 o4 i z
) S 4 | = ©
S 4 | ?5'{ ?‘gﬁl R
P4 A L ‘(«_)
Z 05+ )’( b =
5.

0.0 N
o 25 50 75 100 125 150 0 75 100 125 150 175 200
Age (ka) Age (ka)

08 23

D i M H ,
’ IIt | ' Il ‘ g
_ 06, (1 - Il” | H 31 | 28
z M \k” N \ L 1 | 5
4 il t [ ‘ U‘ L | ‘IJ| ‘ | I o ‘\J 8 g
: : % ‘ ]
(é 041 |'|‘ lM " ‘L‘ ‘ I"‘r ‘\\I' 'v‘l V"L \”‘, | ‘1 |\M “Y\ 24 I | ‘E“\“‘ ‘ﬂ ‘ 21§
® w '\ (Wi lv. ”\ﬁ\ "I 1 \ 1 ‘* ) | 4 : ' k:. l'.‘ hr “‘J‘ h..‘g' | o
B ‘ "‘ W' y ' “{ . I e (' 2o§
021 | % DA L 2
! s ,IV LN A =
| ‘ \ -
0.0 —b : : . : . — : — ; 19
0 500 1000 1500 2000 2500 3000 0 25 50 75 100 125 150 175 200
Depth (cm) Age (ka)

Figure S3. Plots that illustrate age-depth tie picks (green, red and blue triangles) used to construct an age
model for IODP Site U1302/3 spanning 0—187 ka: (A); Greenland NorthGRIP (NGRIP) ice core air
temperature proxy record (Fig. Xa—b; Dansgaard et al., 1982) on the Greenland ice core chronology
(GICCO05; Rasmussen et al., 2014); (B) Site U1302/3 Neogloboquadrina pachyderma (1) (Npl) 5'30 (Hillaire-
Marcel et al., 2011); (C) HINAPIS-1500 RPI stack (Xuan et al., 2016); (D) Site U1302/3 RPI (Channell et al.,
2012); (E) Iberian Margin Core MD95-2042 (Shackleton et al., 1995) on Lisiecki and Stern (2016) age model;
(F) Site U1302/3 Npl 3'%0; (G) Site U1302/3 Neogloboquadrina pachyderma (1) (Npl) 830 (green line.
Hillaire-Marcel et al., 2011) on the MIS 6-1 age model presented in this study vs. LR04 benthic §'%0 stack
(thick grey line; Lisiecki and Raymo, 2005); (H) Site U1302/3 authigenic 2°Pb/2%Pb (this study) on the MIS 6—
1 age model presented in this study vs. LR04 benthic 5'30 stack (thick grey line).
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Figure S4. Plots that illustrate age-depth tie picks (red triangles) used to construct an age model for IODP Site
U1302/3 spanning 341-508 ka: (A) Site U1302/3 Relative Paleointensity (RPI) record (Channell et al., 2012); (B)
HINAPIS-1500 RPI stack (Xuan et al., 2016); (C) Site U1302/3 Neogloboquadrina pachyderma (1) (Npl) 8'%0
(green line; Hillaire-Marcel et al., 2011) on the MIS 13-11 age model presented in this study vs. LR04 benthic
880 stack (thick grey line; Lisiecki and Raymo, 2005); (D) Site U1302/3 authigenic 2°°Pb/2%Pb (this study) on
the MIS 13-11 age model presented in this study vs. LR04 benthic 5'30 stack (thick grey line).
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Figure S5. Cross plots of paired authigenic and detrital Fe-Mn oxyhydroxide-derived Pb isotope data from
IODP Site U1302/3 with regression analysis.
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Figure S6. Post-Archean Australian Shale (PAAS) normalised rare earth element (REE) multi-element
plots for paired authigenic Fe-Mn oxyhydroxide (solid lines) and detrital (dotted lines).



Table S1. IODP Site U1302/3 age model: 0—187 ka

Reference chronology (tuning target) IODP Site U1302/3
Ref Feature Placement | Age and age Ice core Mid depth/tie Sediment (half) depth and Data used in Notes
chronostratigrap (mid-pt model max. count @ (m) range over which transition | tuning
hy vs.min/ma | uncertainty error (ka; used for tie occurs (in m)
X) (xlo) +lo)
n/a Core top n/a 0.0+£0.2ka 0.00 n/a n/a Arbitrary chqwe of age but has fairly
large uncertainty.
11.653
NGRIP §"*0 Start of . . L als Planktic §'30 from Hillaire-Marcel et
_ + _
(GICCoS) oo, | Mid-point (1%%1) + 0.050 2.07+0.10 0.20 (0.10) 1.96-2.16 Planktie %0 | 00K
NGRIP 50 14.642 Planktic 5'%0 from Hillaire-Marcel et
a1CCos Start of Gl-le | Mid-point |  (14.692) 0.093 2704025 0.50 (0.25) 2.58-3.08 Planktic 30 | al. (2011)
( ) +0.004
R I8 Mmire
MD95-2042 MIS 2 Trough 18.94 0.45% 2.93£0.15 0.30 (0.15) 2.78-3.08 Planktic 50 | Pranktic 570 from Hillaire-Marcel et
5'"%0 maxima al. (2011)
HINAP S 1300 - Trough | 41.8+22% 6.38+0.09 0.18 (0.09) 6.29-6.47 RPI HINAPIS RPI from Xuan et al. (2016)
HINAP S 1300 - Peak 50.5+2.2% 7.99 £ 0.07 0.14 (0.07) 7.92-8.06 RPI HINAPIS RPI from Xuan et al. (2016)
HINARS-1300 - Peak 59.0+ 2.2% 9.42+0.06 0.12 (0.06) 9.36-9.48 RPI HINAPIS RPI from Xuan et al. (2016)
HINAP S 1300 - Peak 68.5£2.2% 11124004 | 0.08(0.04) 11.08-11.16 RPI HINAPIS RPI from Xuan et al. (2016)
HINAP S 1300 - Peak 76.8+2.2% 1233£0.16 | 0.32(0.16) 12.17-12.49 RPI HINAPIS RPI from Xuan et al. (2016)
HINAP S 1300 - Peak 85.04 2.2% 1405£0.11 | 0.22(0.11) 13.94-14.16 RPI HINAPIS RPI from Xuan et al. (2016)
HINARS-1300 - Trough | 92.8+22% 16.00£0.05 | 0.10(0.05) 15.95-16.05 RPI HINAPIS RPI from Xuan et al. (2016)
HINAP S 1300 - Peak 106.3+2.2% 18.06+0.03 | 0.06(0.03) 18.03-18.09 RPI HINAPIS RPI from Xuan et al. (2016)
HINAP S 1300 - Trough | 120.0+2.2% 2047+0.07 | 0.14(0.07) 20.40-20.54 RPI HINAPIS RPI from Xuan et al. (2016)
R Sl Tlmire
MD;,':; 5042 Maxima | 1292+ 1.2%* 23.05+0.10 0.20 (0.01) 22.95-23.15 Planktic 5'50 aPlla?zk(;lfl? O from Hillaire-Marcel et
N Sl Tlmiren
MD;,':; 5042 MIS 6.0 Trough | 135.6+ 1.2%* 23.50+0.10 0.20 (0.10) 23.4-23.6 Planktic 5'50 aPlla?zk(;llclf O from Hillaire-Marcel ot
N - SI8 Tlmiren
MD;,':; 5042 MIS 6.2 Trough | 1383+ 1.3%* 24.40 +0.30 0.60 (0.30) 24.15-24.75 Planktic 5'50 aPlla?zk(;llclf O from Hillaire-Marcel ot
HINAIE;SI'MOO ; Trough | 150.0 +2.2%* 25.57 + 0.05 0.10 (0.05) 25.52-25.62 RPI HINAPIS RPI from Xuan et al. (2016)
HINAIE;SI'”OO ; Trough | 187.5+2.2%* 29.88 +0.07 0.14 (0.07) 29.82-29.96 RPI HINAPIS RPI from Xuan et al. (2016)

*age uncertainty is propagation of LR04 1o age error (2 ka) and our conservative estimate of depth uncertainty of placing HINAPIS RPI stack on LR04 ages (taken to be 50% of LR04 age error)
**age uncertainty for MD95-2042 from Lisiecki & Stern (2016).




Table S2. IODP Site U1302/3 age model: MIS 13-11

Reference chronology (tuning target) IODP Site U1302/3
Ref chronostratigraphy Placement Age and age model | Mid depth/tie @ Sediment (half) Dataused | Notes
(mid-pt uncertainty (+1c) (m) depth and range in tuning
vs.min/max) over which
transition used for
tie occurs (in m)
0.12 (0.06) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- +
HINAPIS-1500 RPI Peak 341.3+2.2 51.44 +0.06 5138-51.50 RPI Xuan et al. (2016).
0.08 (0.04) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- 0+ 2. 99 £0.
HINAPIS-1500 RPI Trough 354.0+£2.2 53.99 +0.04 53.95-54.03 RPI Xuan et al, (2016).
0.10 (0.05) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- 0+ 2. 5 £0.
HINAPIS-1500 RPI Peak 374.0+£2.2 56.75 +0.05 56.70-56.80 RPI Xuan et al, (2016).
0.08 (0.04) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- +
HINAPIS-1500 RPI Peak 379.0+£2.2 57.68 +0.04 57.64-57.72 RPI Xuan et al. (2016).
0.10 (0.05) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- +
HINAPIS-1500 RPI Peak 389.0+2.2 58.45+0.05 58 40-58.50 RPI Xuan et al. (2016).
0.11 (0.055) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- 8+ 2. . +0.
HINAPIS-1500 RPI Peak 399.8+2.2 59.605 + 0.055 50.55-59 66 RPI Xuan et al, (2016).
0.08 (0.04) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- 0+ 2. S5 £0.
HINAPIS-1500 RPI Peak 411.0+2.2 60.55+0.04 60.51-60.59 RPI Xuan et al, (2016).
0.06 (0.03) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- +
HINAPIS-1500 RPI Peak 415.8£2.2 61.10£0.03 61.07-61.13 RPI Xuan et al. (2016).
0.08 (0.04) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- +
HINAPIS-1500 RPI Peak 427.3+2.2 61.95+0.04 61.91-61.99 RPI Xuan et al. (2016).
0.06 (0.03) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- S+ 2. A5 £0.
HINAPIS-1500 RPI Trough 443.5+2.2 64.15+0.03 64.12-6418 RPI Xuan et al, (2016).
0.06 (0.03) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- S+ 2. 79 £0.
HINAPIS-1500 RPI Peak 469.5+2.2 67.79 £ 0.03 67.76-67 82 RPI Xuan et al, (2016).
0.06 (0.03) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- +
HINAPIS-1500 RPI Peak 498.0+2.2 70.90 + 0.03 70.87-70.93 RPI Xuan et al. (2016).
0.07 (0.035) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- + =+
HINAPIS-1500 RPI Peak 500.5+2.2 71.355+0.035 71.32-71.39 RPI Xuan et al. (2016).
0.06 (0.03) U1302/3 RPI from Channell et al. (2012). HINAPIS RPI from
- S+ 2. 67 £0.
HINAPIS-1500 RPI Peak 508.5+2.2 72.67 +0.03 72 64-72.70 RPI Xuan et al, (2016).

*age uncertainty is propagation of LR04 1o age error (2 ka) and our conservative estimate of depth uncertainty of placing HINAPIS RPI stack on LR04 ages (taken to be 50% of LR04 age error)
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