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Table S 1: Decimal coordinates and references of sites included in Figure 2. 1 

Site Latitude Longitude References* 

Ice cores       

NEEM 77.49 -51.20 NEEM community members (2013) 

NorthGRIP 75.10 -42.32 NorthGRIP project members (2004) 

TALDICE -72.82 159.60 Masson-Delmotte et al., (2011); Buiron et al., (2011) 

EDML -75.00 0.00 Stenni et al., (2010); Masson-Delmotte et al., (2011) 

EDC -75.10 123.35 Jouzel et al., (2007) 

Mt Moulton -74.04 -134.70 Dunbar et al., (2008) 

Dome F -77.32 39.70 Kawamura et al., (2007) 

Vostok -78.47 106.87 Petit et al., (1999) 

Corals    

Bahamas 24.05 -74.05 Thompson et al., (2011) 

Sal Island 16.70 -22.90 Zazo et al., (2010) 

Speleothems    

Entrische Kirche Cave 47.22 16.08 Meyer et al., (2008) 

La Chaise Cave 46.67 0.50 Couchoud et al., (2009) 

Maxange Cave 44.83 0.91 D. Genty & K. Wainer, unpublished 

NALPS 47.40 9.70 Boch et al., (2011) 

Tana che Urla Cave 44.02 10.35 Regattieri et al., (2014) 

Corchia Cave 43.98 10.22 Drysdale et al., (2005; 2007; 2009) 

Cobre Cave 42.98 -4.37 Osete et al., (2012); Rossi et al (2014) 

Soreq Cave 31.75 35.03 Bar-Matthews et al., (2003) 

Sanbao Cave 31.60 110.44 Wang et al., (2008); Cheng et al., (2009) 

Daeya Cave 37.17 128.05 Jo et al., (2011) 

Dongge Cave 26.27 108.25 Kelly et al., (2006); Yuan et al., (2004) 
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Remouchamps Cave 50.48 5.71 Juvigné and Gewelt (1988) 

Bohon Cave 50.35 5.46 Gewelt and Juvigné (1986) 

Santana Cave -24.85 -49.20 Cruz et al., (2006a; 2006b) 

Marine sediment cores    

ODP 980 55.80 -14.11 Oppo et al., (2006) 

MD95-2042  37.84 -10.70 Shackleton et al., (2000; 2002; 2003) 

ODP 1063 34.15 -58.03 Channel et al., (2012) 

MD02-2488 -46.49 88.02 Govin et al., (2012) 

Pollen sequence    

Ioannina 39.67 20.88 Tzedakis et al., (2003) 

Lake sediment cores    

Lac du Bouchet 44.90 3.79 Thouveny et al., (1990) 

Lago Grande di Monticchio 40.95 15.58 Brauer et al., (2007) 

* The list of references associated to each site is not exhaustive and refer to the articles cited in the manuscript. 2 
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Table S 2: Decay constants of U-series isotopes used in radiometric age determinations with their uncertainties. These uncertainties correspond for LIG marine 4 

corals to potential age differences of up to about ± 0.8 or ± 1.3 ka (within a 95 % confidence interval) for the U-series time scale vs. absolute time, depending 5 

on the statistical approach used to assess them. 6 

Isotope Decay constant (y-1) Reference 
238U 1.55125 E-10±1.66462E-13 Jaffey et al., (1971) 
234U 2.82629 E-6±5.63555E-9 Cheng et al., (2000) 

230Th 9.15771E-6±2.77833E-8 Cheng et al., (2000) 
235U 9.8485E-10±1.34151E-12 Jaffey et al., (1971) 

231Pa 2.11583E-5±1.41141E-7 Robert et al., (1969) 
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Table S 3: Orbital ice and gas age markers used to constrain the AICC2012 chronology over the time interval 140-100 ka (Bazin et al., 2013; Veres et al., 2013). 11 

 Ice core Depth (m) Age (ka)  (ka) Markers References 

Ice age markers Vostok 
Vostok 
Vostok 
EDC 
EDC 

1675 
1853.7 
2012.6 
1377.7 
1790.3 

121.8 
132.3 
143.9 
101 
143 

4 
4 
4 
4 

6.5 

O2/N2 

O2/N2 

O2/N2 

Air content 
Air content 

Suwa & Bender (2008) 
Suwa & Bender (2008) 
Suwa & Bender (2008) 
Raynaud et al., (2007) 
Raynaud et al., (2007) 

Gas age markers Vostok 
Vostok 
Vostok 
Vostok 

1602.4 
1764.6 
1941.6 
2057.4 

110.6 
121.9 
133.5 
145.4 

6 
6 
6 
6 

18Oatm 

18Oatm 

18Oatm 

18Oatm 

Suwa & Bender (2008) 
Suwa & Bender (2008) 
Suwa & Bender (2008) 
Suwa & Bender (2008) 
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Table S 4: Ice and gas stratigraphic links, and associated 1 uncertainties, used to constrain the AICC2012 chronology over the time interval 140-100 ka (Bazin 14 

et al., 2013; Veres et al., 2013). 15 

GAS STRATIGRAPHIC LINKS 

EDML-EDC 
EDML 

depth (m) 

EDML 
resulting 
age (ka) 

EDC 
depth (m) 

EDC resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 

2190.0 
2209.5 
2223.9 
2230.4 
2230.5 
2233.8 
2236.5 
2259.9 
2262.7 
2300.0 
2309.9 
2342.4 
2366.9 
2368.3 
2369.3 
2380.9 
2382.3 

101.0 
103.1 
105.2 
106.2 
106.3 
106.8 
107.3 
110.9 
111.2 
116.6 
118.0 
123.3 
128.4 
128.6 
128.7 
131.2 
131.4 

1427.3 
1445.2 
1463.0 
1472.8 
1473.2 
1476.8 
1485.0 
1509.8 
1512.5 
1567.5 
1584.0 
1650.2 
1705.5 
1718.8 
1721.5 
1746.3 
1757.3 

101.3 
103.2 
105.2 
106.1 
106.1 
106.3 
107.3 
110.5 
110.9 
116.7 
118.2 
123.5 
127.7 
128.5 
128.7 
130.4 
131.4 

0.8 
1 
3 
1 

0.8 
1.2 
0.8 
3 

0.8 
0.8 
3 
3 
3 

0.8 
1.2 
2 

0.8 

CH4 
CH4 

18Oatm 
CH4 
CH4 
CH4 
CH4 
CH4 
CH4 
CH4 

18Oatm 

18Oatm 

18Oatm 
CH4 
CH4 

18Oatm 
CH4 

Schilt et al., (2010) 
Bazin et al., (2013) 
Bazin et al., (2013) 
Bazin et al., (2013) 
Schilt et al., (2010) 
Bazin et al., (2013) 
Schilt et al., (2010) 
Bazin et al., (2013) 
Schilt et al., (2010) 
Schilt et al., (2010) 
Bazin et al., (2013) 
Bazin et al., (2013) 
Bazin et al., (2013) 
Schilt et al., (2010) 
Bazin et al., (2013) 
Bazin et al., (2013) 
Schilt et al., (2010) 

EDC- Vostok 
EDC 

depth (m) 

EDC 
resulting 
age (ka) 

Vostok 
depth (m) 

Vostok resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 

1423.0 
1462.4 
1463.0 
1472.7 
1476.8 
1477.8 
1509.8 
1541.5 
1584.0 
1589.6 
1650.2 

101.0 
105.2 
105.2 
106.1 
106.3 
106.5 
110.5 
114.2 
118.2 
118.7 
123.5 

1464.1 
1522.9 
1529.3 
1537.0 
1542.1 
1536.1 
1592.0 
1626.2 
1685.0 
1760.9 
1784.3 

100.9 
105.2 
105.3 
106.0 
106.4 
106.0 
110.7 
114.3 
118.2 
122.6 
123.9 

1.3 
1.5 
1.0 
1.0 
1.0 
1.5 
1.2 
1.2 
1.2 
3.0 
1.0 

CH4 

CH4 

18Oatm 
CH4 

CH4 

CH4 

18Oatm 
CH4 

18Oatm 
CH4 

18Oatm 

Loulergue (2007) 
Loulergue (2007) 

Bazin et al., (2013) 
Bazin et al., (2013) 
Bazin et al., (2013) 
Loulergue (2007) 

Bazin et al., (2013) 
Loulergue (2007) 

Bazin et al., (2013) 
Loulergue (2007) 

Bazin et al., (2013) 
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1694.3 
1705.5 
1718.3 
1721.5 
1726.3 

126.9 
127.7 
128.5 
128.7 
129.0 

1842.4 
1863.0 
1868.4 
1881.1 
1887.3 

127.1 
128.0 
128.3 
129.2 
129.3 

1.6 
1.5 
1.2 
1.0 
1.6 

CH4 

18Oatm 
CH4 

CH4 

CH4 

Loulergue (2007) 
Bazin et al., (2013) 
Loulergue (2007) 

Bazin et al., (2013) 
Loulergue (2007) 

NGRIP-EDML 
NGRIP 

depth (m) 

NGRIP 
resulting 
age (ka) 

EDML 
depth (m) 

EDML resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 

2897.4 
2903.4 
2911.7 
2932.6 
2945.2 
2948.5 
2958.5 

101.9 
102.5 
103.3 
105.0 
106.0 
106.4 
107.8 

2198.0 
2204.5 
2209.9 
2224.9 
2230.4 
2233.8 
2239.0 

101.9 
102.5 
103.2 
105.5 
106.2 
106.8 
107.7 

0.7 
0.7 
0.7 
1.0 
0.7 
0.7 
0.7 

CH4 

CH4 

CH4 

18Oatm 
CH4 

CH4 

CH4 

Capron et al., (2010) 
Capron et al., (2010) 
Capron et al., (2010) 
Capron et al., (2010) 
Capron et al., (2010) 
Capron et al., (2010) 
Capron et al., (2010) 

NGRIP-Vostok 
NGRIP 

depth (m) 

NGRIP 
resulting 
age (ka) 

Vostok 
depth (m) 

Vostok resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 

2897.4 
2944.7 
2946.4 
3038.0 
3049.8 

101.9 
105.9 
106.2 
116.1 
117.2 

1480.8 
1534.8 
1538.0 
1643.2 
1678.4 

101.7 
105.9 
106.1 
115.6 
117.9 

1.2 
1 
1 

1.2 
1.2 

18Oatm 
CH4 

18Oatm 

18Oatm 

18Oatm 

Landais et al., (2006) 
Landais et al., (2006) 
Landais et al., (2006) 
Landais et al., (2006) 
Landais et al., (2006) 

TALDICE-EDC 
TALDICE 
depth (m) 

TALDICE 
resulting 
age (ka) 

EDC 
depth (m) 

EDC resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 

1367.1 
1368.4 
1374.75 

1380 
1385 
1394 
1410 

101.4 
102.0 
106.1 
110.6 
114.8 
120.4 
128.4 

1427.3 
1432.8 
1471.3 
1515.4 
1544.8 
1622.0 
1717.3 

101.3 
101.8 
106.0 
111.2 
114.5 
121.2 
128.4 

0.8 
0.8 
0.8 
1 

1.5 
2 
1 

CH4 

CH4 

CH4 

CH4 

CH4 

CH4 

CH4 

Schüpbach et al., (2011) 
Schüpbach et al., (2011) 
Schüpbach et al., (2011) 

Buiron et al., (2011) 
Buiron et al., (2011) 
Buiron et al., (2011) 
Buiron et al., (2011) 

TALDICE-
EDML 

TALDICE 
depth (m) 

TALDICE 
resulting 
age (ka) 

EDML 
depth (m) 

EDML resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 
1367.1 
1368.4 

101.4 
102.0 

2196 
2199.32 

101.6 
102.0 

0.5 
0.5 

CH4 

CH4 

Schüpbach et al., (2011) 
Schüpbach et al., (2011) 
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1374.75 106.1 2228.99 106.0 0.5 CH4 Schüpbach et al., (2011) 

TALDICE-
Vostok 

TALDICE 
depth (m) 

TALDICE 
resulting 
age (ka) 

Vostok 
depth (m) 

Vostok resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 
Gas parameter References 

 
1374.0 
1390.4 
1406.3 

105.5 
118.3 
127.0 

1535.0 
1672.2 
1853.2 

105.9 
117.5 
127.6 

1.5 
2.0 
2.0 

18Oatm 

18Oatm 

18Oatm 

Bazin et al., (2013) 
Bazin et al., (2013) 
Bazin et al., (2013) 

ICE STRATIGRAPHIC LINKS 

EDML-EDC 
EDML 

depth (m) 

EDML 
resulting 
age (ka) 

EDC 
depth (m) 

EDC resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 

Synchronisation 
parameter 

References 

 

2211.32 
 

2213.01 
 

2215.23 
 

2273.06 
 

2294.09 
 

104.5 
 

104.7 
 

104.9 
 

114.0 
 

116.7 
 

1426.86 
 

1429.11 
 

1432.47 
 

1510.78 
 

1538.61 
 

104.4 
 

104.6 
 

104.9 
 

113.9 
 

116.6 
 

0.1 
 

0.02 
 

0.1 
 

0.02 
 

0.1 
 

volcanic 
 

volcanic 
 

volcanic 
 

volcanic 
 

volcanic 
 

Ruth et al., (2007) 
Severi et al., (2007) 
Ruth et al., (2007) 

Severi et al., (2007) 
Ruth et al., (2007) 

Severi et al., (2007) 
Ruth et al., (2007) 

Severi et al., (2007) 
Ruth et al., (2007) 

Severi et al., (2007) 

EDC-Vostok 
EDC 

depth (m) 

EDC 
resulting 
age (ka) 

Vostok 
depth (m) 

Vostok resulting 
AICC2012 age 

(ka) 

Age 
uncertainty 

(ka) 

Synchronisation 
parameter 

References 

 

1429.1 
1439.9 
1443.4 
1447.7 
1448.4 
1451.0 
1452.4 
1454.7 
1456.0 
1456.6 
1470.5 
1481.0 
1482.8 
1489.2 

104.6 
105.6 
105.9 
106.3 
106.4 
106.7 
106.8 
107.1 
107.2 
107.3 
109.0 
110.2 
110.5 
111.3 

1465.0 
1478.5 
1483.1 
1488.8 
1489.7 
1493.3 
1495.2 
1498.5 
1500.3 
1501.3 
1521.8 
1537.4 
1540.2 
1550.4 

104.5 
105.6 
105.9 
106.3 
106.4 
106.7 
106.8 
107.1 
107.2 
107.3 
109.0 
110.2 
110.5 
111.3 

0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.2 
0.2 
0.2 

volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 

Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
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1494.9 
1502.6 
1506.3 
1510.1 
1511.5 
1538.6 
1541.1 
1554.6 
1563.0 
1572.7 
1580.3 
1580.8 
1581.1 
1587.2 
1598.9 
1604.1 
1607.2 
1610.1 
1631.2 
1676.0 
1678.9 
1684.0 
1690.9 
1696.7 
1704.3 
1708.9 
1711.1 
1716.9 
1726.9 
1731.8 
1734.7 
1745.9 
1748.1 
1767.4 
1769.0 
1771.5 
1772.9 
1781.6 
1782.9 

112.0 
113.0 
113.4 
113.8 
114.0 
116.6 
116.8 
117.9 
118.6 
119.4 
120.0 
120.1 
120.1 
120.6 
121.5 
121.9 
122.1 
122.4 
123.9 
127.4 
127.6 
127.9 
128.4 
128.7 
129.3 
129.6 
129.7 
130.1 
130.9 
131.3 
131.6 
132.8 
133.0 
135.5 
135.8 
136.2 
136.4 
138.0 
138.3 

1559.2 
1571.2 
1576.7 
1582.1 
1584.0 
1618.2 
1621.2 
1637.7 
1648.6 
1662.1 
1673.0 
1673.7 
1674.2 
1682.9 
1699.7 
1707.3 
1711.5 
1715.6 
1743.6 
1801.7 
1805.4 
1812.0 
1820.8 
1828.3 
1838.3 
1844.6 
1847.7 
1855.5 
1869.7 
1876.6 
1880.8 
1896.9 
1899.9 
1926.7 
1929.0 
1932.8 
1934.9 
1948.7 
1951.0 

112.0 
112.9 
113.4 
113.8 
114.0 
116.6 
116.8 
117.9 
118.6 
119.4 
120.0 
120.1 
120.1 
120.6 
121.5 
121.9 
122.1 
122.3 
123.9 
127.4 
127.6 
127.9 
128.4 
128.7 
129.2 
129.6 
129.7 
130.2 
130.9 
131.3 
131.6 
132.8 
133.0 
135.5 
135.7 
136.2 
136.4 
138.0 
138.3 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.2 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.4 
0.4 
0.4 
0.3 

volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 
volcanic 

Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
Parrenin et al., (2012) 
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1789.2 
1791.3 

139.6 
140.1 

1962.7 
1966.4 

139.6 
140.0 

0.4 
0.4 

volcanic 
volcanic 

Parrenin et al., (2012) 
Parrenin et al., (2012) 

DEPTH CONSTRAINTS 

NGRIP 
NGRIP 

depth (m) 
AICC2012 
age (ka) 

     

 

2890.2 
 

2895.8 
 

2936.5 
 

101.7 
 

102.2 
 

105.7 
 

    

Landais et al., (2006) 
Capron et al., (2010) 
Landais et al., (2006) 
Capron et al., (2010) 
Landais et al., (2006) 
Capron et al., (2010) 

  16 
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Table S 5: Summary of tephra layers identified in the North Atlantic and Nordic Seas during the period 140-100 ka (also see Davies et al., 2014). 17 

Tephra horizons Age estimate 
Volcanic 
System 

Geographic occurrence References Comment 

“5e-base” 
(basaltic) 

129.5 ka2 
(SPECMAP) 

 
Greenland Sea 

HM71-19, HM79-31 
Fronval et al., (1998) 

Geochemically different 
from the “5e-Low/BAS-IV” 

tephra 
(Wastegård and Rasmussen, 

2001) 

5e-Low/BAS-IV 
(basaltic) 

127 ka2 
(SPECMAP) 

Iceland 

NE Atlantic 
ENAM 33 

 
Norwegian Sea 

MD95-2009 

Wastegård & Rasmussen  
(2001) 

 
Wastegård & Rasmussen  

(2001) 

Geochemically different 
from the “5e-base” tephra 

(Wastegård and Rasmussen, 
2001) 

5e-Eem/TAB-I 
(basaltic) 

124.4 ka3 

(ss09sea) 
Iceland (Katla) 

Norwegian Sea 
MD99-2289 

 
Brendryen et al., (2010) 

 

5e-Midt/RHY 
or 5e-Eem/Rhy-I 

(rhyolithic) 

125-124 ka2 
(SPECMAP) 

 
121.8 ka3 

(ss09sea) 

Iceland 
(Grímsvötn) 

Norwegian Sea 
MD95-2009 

ODP 644, HM71-25 
MD99-2289 

 
Greenland Sea 

HM57-7, 
HM71-19, HM79-31 

1243-1, 1244-2, 1245-1 
1246-4, 907A, P57-7 

 
North Atlantic 
MD99-2253 

Wastegård & Rasmussen  
(2001) 

Fronval et al., (1998) 
Brendryen et al., (2010) 

 
 

Sjøholm et al., (1991) 
Fronval et al., (1998) 

Wallrabe-Adams & Lackschewitz 
(2003) 

 
 

Davies et al., (2014) 

 

“1798-1799 cm” 
(basaltic) 

122 ka4 
(GICC05-
modelext) 

? 
North Atlantic 
MD99-2253 

 
Davies et al., (2014) 

 

5e-Top/BAS 
(basaltic) 

- Iceland 
NE Atlantic 
ENAM 33 

Wastegård & Rasmussen  
(2001) 

 

5e-Top/RHY 
(rhyolitic) 

- Iceland 
NE Atlantic 
ENAM 33 

Wastegård & Rasmussen  
(2001) 

 

5d-DO26s/TRACHY-I 
(basaltic) 

116.7 ka3 

(ss09sea) 
Jan Mayen 

Norwegian Sea 
MD99-2289 

 
Brendryen et al., (2010) 
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“2490-2491 cm” 
(rhyolitic) 

116.4 ka5 
(ss09sea, 

LR04) 

Iceland 
(Öræfajökull) 

NE Atlantic 
MD04-2822 

 
Abbott et al., (2013) 

Geochemically different from 
the 5e-Top/RHY and 5d-

Low/RHY-I tephra (Abbott et al., 
2013) 

5d-Low/RHY-I/II/III 
(rhyolitic) 

- Iceland 
NE Atlantic 
ENAM 33 

Wastegård & Rasmussen  
(2001) 

 

5d-DO25i/RHY-I 
(rhyolithic) 

112.5 ka3 
(ss09sea) 

 
Norwegian Sea 

MD99-2289 
 

Brendryen et al., (2010) 
Same tephra as 5d-Low/RHY-

II? (Brendryen et al., 2010) 

5d-BAS-I/II/III 1 
(basaltic) 

111.5 ka2 
(SPECMAP) 

 

Norwegian Sea 
HM71-25 

 
Greenland Sea 

HM57-7, HM71-19 
HM79-31 

 
Fronval et al., (1998) 

 
 

Fronval et al., (1998) 
Fronval et al., (1998) 

 

5c-Midt/BAS-I 
or 5c-DO24s/BAS-I 

(basaltic) 

104 ka6 
106.5 ka3 

(ss09sea) 

Iceland 
(Grímsvötn) 

Norwegian Sea 
MD95-2009 
MD99-2289 

Wastegård & Rasmussen  
(2001) 

Brendryen et al., (2010) 
 

5c-DO23i/BAS-I 
(basaltic) 

103.2 ka3 

(ss09sea) 
Iceland 

(Grímsvötn) 
Norwegian Sea 

MD99-2289 
 

Brendryen et al., (2010) 
 

1 Name of tephra layer after Haflidason et al., (2000). 18 
2 Age estimated from 18O alignment (Fronval et al., 1998) to the SPECMAP reference record (Martinson et al., 1987). 19 
3 Age estimated from the alignment of MD99-2289 Ca and Ti/K, to NGRIP ice 18O and magnetic susceptibility, respectively, using the Greenland ss09sea time 20 
scale (Brendryen et al., 2010). 21 
4 Age estimated from the alignment of core MD99-2253 (Davies et al., 2014) to NGRIP ice18O on the GICC05modelext time scale (Wolff et al., 2010). 22 
5 Age estimated from the (1) alignment of N. pachyderma sinistral percentages from core MD04-2822 to NGRIP ice 18O on the Greenland ss09sea time scale 23 
and (2) benthic 18O alignment to the LR04 reference record (Abbott et al., 2013). 24 
6 Age estimated by Wastegård and Rasmussen (2001) (method not specified). 25 
  26 



 12 

Table S 6: List of tie-points and associated age uncertainties (1) defined for five different alignment methods applied to the North Atlantic core MD95-2042 27 

(Shackleton et al., 2002; 2003). The combined age uncertainty (last column of the table) is derived from the quadratic sum of individual uncertainties. Difficult to 28 

estimate, the age uncertainty related to the hypothesis underlying the alignment method is not included here (e.g. see footnote a). 29 

Depth 
(cm) 

Age 
(ka) 

Alignment strategy 
Matching 
error (ka) 

Resolution of 
aligned 

record (ka) 

Resolution of 
reference 

record (ka) 

Relative 
alignment 

uncertainty (ka) 

Dating error of 
reference 

chronology (ka) 

Combined age 
uncertainty 

(ka) 

A. Benthic foraminiferal 18O alignment to LR04 
2252.7 
2404.2 
2480.2 
2580.9 
2671.2 
2773.1 

94.2 
108.0 
115.9 
127.4 
134.3 
140.7 

 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

0.3 
0.4 
0.4 
0.3 
0.2 
0.5 

1 
1 
1 
1 
1 
1 

1.3 a 
1.3 a 
1.3 a 
1.3 a 
1.3 a 
1.4 a 

4 b 
4 b 
4 b 
4 b 
4 b 
4 b 

4.2 a 
4.2 a 
4.2 a 
4.2 a 
4.2 a 
4.2 a 

B. Planktonic foraminiferal 18O alignment to ice core temperature records on AICC2012 

2338.5 
2362.7 
2394.9 
2408.8 
2439.1 
2570.4 
2650.9 
2730.1 

101.8 
103.2 
105.8 
107.9 
112.6 
128.7 
133.9 
140.4 

alignment to NGRIP ice 18O 

alignment to NGRIP ice 18O 

alignment to NGRIP ice 18O 

alignment to NGRIP ice 18O 

alignment to NGRIP ice 18O 

alignment to EDC CH4 

alignment to EDC CH4 

alignment to EDC CH4 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.5 
1.5 

0.2 
0.2 
0.3 
0.5 
0.4 
0.3 
0.2 
0.8 

neglected 

0.6 
0.5 
0.6 
0.7 
0.7 
0.6 
1.5 
1.7 

1.5 c 
1.5 c 
1.5 c 
1.6 c 
1.7 c 
1.7 c 
2.2 c 
2.8 c 

1.6 
1.6 
1.6 
1.7 
1.8 
1.8 
2.7 
3.3 

C. Planktonic foraminiferal 18O alignment to Corchia speleothem 18O record 
2338.4 
2365.0 
2395.9 
2407.2 
2439.2 
2569.9 
2610.1 
2650.3 
2729.9 

102.6 
105.1 
109.0 
111.8 
114.9 
128.8 
131.5 
135.8 
139.2 

alignment to Corchia CC28 
alignment to Corchia CC28 
alignment to Corchia CC28 
alignment to Corchia CC28 
alignment to Corchia CC28 
alignment to Corchia CC5 
alignment to Corchia CC5 
alignment to Corchia CC5 
alignment to Corchia CC5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1 
1 

1.5 

0.3 
0.3 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.5 

neglected 

0.6 
0.6 
0.7 
0.7 
0.6 
0.6 
1.0 
1.0 
1.6 

0.4 d 
0.4 d 
0.6 d 
0.6 d 
0.9 d 
0.7 d 
1.2 d 
0.8 d 
0.8 d 

0.7 
0.7 
0.9 
0.9 
1.1 
0.9 
1.6 
1.3 
1.8 

D. Planktonic foraminiferal 18O alignment to GLT_syn on ice core EDC3 time scale 
2338.1 
2363.1 
2394.8 

101.4 
103.5 
106.5 

 
0.5 
0.5 
0.5 

0.1 
0.2 
0.3 

neglected 
0.5 
0.6 
0.6 

1.5 e 
1.5 e 
1.5 e 

1.6 
1.6 
1.6 
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2408.7 
2443.5 
2570.2 
2650.2 
2729.2 

108.5 
111.5 
128.4 
134.4 
138.1 

0.5 
0.5 
0.5 
1.5 
1.5 

0.4 
0.4 
0.3 
0.2 
0.6 

0.6 
0.6 
0.6 
1.5 
1.6 

1.5 e 
1.5 e 
1.5 e 
3 e 
3 e 

1.6 
1.6 
1.6 
3.4 
3.4 

E. Planktonic foraminiferal 18O alignment to GLT_syn on Chinese speleothem time scale 
2338.0 
2363.1 
2393.1 
2408.7 
2443.1 
2570.2 
2650.5 
2730.4 

103.2 
106.3 
109.8 
111.3 
114.1 
129.1 
135.2 
138.3 

 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.5 
1.5 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.5 

neglected 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.5 
1.6 

1.2 f 
1.6 f 
1.6 f 
1.6 f 
1.6 f 
1.4 f 
1.3 f 
1.5 f 

1.4 
1.7 
1.7 
1.7 
1.7 
1.5 
2.0 
2.2 

a Caution: this age uncertainty does not include the age error related to the possibility of diachronous benthic 18O changes across water-masses, which may 30 
reach up to 4 ka during deglacations (e.g. Skinner and Shackleton, 2005; Waelbroeck et al., 2011). Including this additional error can lead to very large combined 31 
age uncertainties up to 6 ka during the penultimate deglaciation and the LIG. 32 
b from Lisiecki & Raymo (2005). 33 
c from Bazin et al., (2013); Veres et al., (2013). 34 
d from Drysdale et al., (2007; 2009). 35 
e from Parrenin et al., (2007). 36 
f from Barker et al., (2011). 37 

38 
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Table S 7: List of tie-points and associated age uncertainties (1) defined for two alignment methods in the Southern Ocean core MD02-2488 (Govin et al., 39 

2009; 2012). The combined age uncertainty (last column of the table) is derived from the quadratic sum of individual uncertainties. Difficult to estimate, the age 40 

uncertainty related to the hypothesis underlying the alignment method is not included here (see footnote a). 41 

Depth 
(cm) 

Age 
(ka) 

Alignment strategy 
Matching 
error (ka) 

Resolution of 
aligned 

record (ka) 

Resolution of 
reference 

record (ka) 

Relative 
alignment 

uncertainty (ka) 

Dating error of 
reference 

chronology (ka) 

Combined age 
uncertainty 

(ka) 

A. Benthic foraminiferal 18O alignment to LR04 
2000.9 
2324.0 
2474.9 
2539.6 
2548.0 
2595.6 

85.4 
106.2 
115.9 
126.6 
131.6 
134.5 

 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

0.5 
0.5 
0.2 
0.2 
0.2 
0.3 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.4 a 
1.4 a 
1.3 a 
1.3 a 
1.3 a 
1.4 a 

4 b 
4 b 
4 b 
4 b 
4 b 
4 b 

4.3 a 
4.3 a 
4.3 a 
4.3 a 
4.3 a 
4.3 a 

B. Sea Surface Temperature alignment to ice core temperature records on AICC2012 

2250.9 
2279.4 
2330.2 
2424.5 
2503.0 
2552.6 
2658.5 

102.6 
103.8 
106.7 
110.3 
117.4 
131.0 
135.9 

alignment to EDC D 

alignment to EDC D 

alignment to EDC D 

alignment to EDC D 

alignment to EDC D 

alignment to EDC D 

alignment to EDC D 

0.5 
0.5 
0.5 
0.8 
1 
1 

0.8 

0.5 
0.4 
0.2 
0.2 
0.2 
0.4 
0.4 

neglected 

0.7 
0.7 
0.6 
0.9 
1.1 
1.1 
0.9 

1.7 c 
1.7 c 
1.8 c 
1.7 c 
1.7 c 
1.8 c 
2.5 c 

1.9 
1.9 
1.9 
2.0 
2.0 
2.2 
2.7 

a Caution: this age uncertainty does not include the age error related to the possibility of diachronous benthic 18O changes across water-masses, which may 42 
reach up to 4 ka during deglacations (e.g. Skinner and Shackleton, 2005; Waelbroeck et al., 2011). Including this additional error can lead to very large combined 43 
age uncertainties up to 6 ka during the penultimate deglaciation and the LIG. 44 
b from Lisiecki & Raymo (2005). 45 
c from Bazin et al., (2013); Veres et al., (2013). 46 

47 
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Table S 8: List of remarkable events identified in major paleoclimatic records. We focused on (1) the onset of the deglacial period, (2) the onset of the LIG 48 

interval, (3) the demise of the LIG interval and (4) the establishment of glacial conditions (see Figure 1 for definitions of terms). Related (1) age uncertainties 49 

include (1) the “internal” error of the event (given by RAMPFIT), (2) the error related to the transfer of records on a specific time scale (for lake and marine 50 

sediments) and (3) the absolute dating error of the used time scale. The combined age uncertainty is derived from the quadratic sum of individual uncertainties. 51 

Events are defined using the RAMPFIT software (Mudelsee, 2000, code from 2013) or visually when impossible to fit reliable linear ramps through the record 52 

(see Method column). All ice core records are on the AICC2012 time scale (Bazin et al., 2013; Veres et al., 2013). The number in the 1st column refers to Figure 53 

13.  54 

 55 

# 
Event 
age 
(ka) 

Internal 
error of 
event 

(ka, 1) 

Relative 
alignment 
error 

(ka, 1) 

Error of 
reference 
age scale 

(ka, 1) 

Combined 
age error 

(ka, 1) 

Event Method Reference of record 

1 139.7     Minimum in 65°N June 21 insolation  visual Laskar et al., (2004) 
2 130.8     Maximum in obliquity visual Laskar et al., (2004) 
3 127.5     Maximum in 65°N June 21 insolation  visual Laskar et al., (2004) 
4 115.7     Minimum in 65°N June 21 insolation  visual Laskar et al., (2004) 
5 112.1     Minimum in obliquity visual Laskar et al., (2004) 
6 104.8     Maximum in 65°N June 21 insolation  visual Laskar et al., (2004) 

7 137.8 0.5  2.6 2.7 EDC CO2 starts increasing rampfit Schneider et al., (2013) 
8 128.0 0.4  1.7 1.8 EDC CO2 reaches LIG max values rampfit Schneider et al., (2013) 
9 115.5 0.4  1.7 1.8 EDC CO2 starts decreasing rampfit Schneider et al., (2013) 
10 109.1 0.5  1.8 1.9 EDC CO2 reaches glacial values rampfit Schneider et al., (2013) 

11 137.1 0.6  2.6 2.7 EDC CH4 starts increasing rampfit Loulergue et al., (2008) 
12 128.5 0.1  1.8 1.9 EDC CH4 reaches LIG max values rampfit Loulergue et al., (2008) 
13 128.0 0.1  1.7 1.8 EDC CH4 starts decreasing (step 1) rampfit Loulergue et al., (2008) 
14 120.6 0.3  1.7 1.7 EDC CH4 starts decreasing (step 2) rampfit Loulergue et al., (2008) 
15 112.7 0.5  1.7 1.8 EDC CH4 reaches min glacial values rampfit Loulergue et al., (2008) 

16 135.6 0.1  2.5 2.5 EDC D starts increasing rampfit Jouzel et al., (2007)  

17 129.4 0.1  1.8 1.8 EDC D reaches LIG max values rampfit Jouzel et al., (2007) 

18 127.9 0.3  1.7 1.8 EDC D starts decreasing (step 1) rampfit Jouzel et al., (2007) 

19 120.3 0.3  1.7 1.7 EDC D starts decreasing (step 2) rampfit Jouzel et al., (2007) 

20 107.8 0.5  1.9 2.0 EDC D reaches glacial values rampfit Jouzel et al., (2007) 

21 127.3 0.1 1.5 1.8 2.4 NEEM temperature reaches LIG max values rampfit NEEM members (2013) 
22 120.3 0.4 1.5 1.7 2.3 NEEM temperature starts decreasing rampfit NEEM members (2013) 
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23 107.7 0.2  1.6 1.6 
NGRIP ice 18O reaches glacial values 
(= onset of GS-25) 

visual NGRIP members (2004) 

24 133.4 0.1  0.9 0.9 Corchia 18O (CC5) starts decreasing rampfit Drysdale et al., (2009) 

25 128.3 0.1  0.6 0.6 Corchia 18O (CC5) reaches LIG min values rampfit Drysdale et al., (2009) 

26 126.9 0.0  0.5 0.6 Corchia 18O (CC5) starts increasing rampfit Drysdale et al., (2009) 

27 130.3 0.1  0.35 0.4 Sanbao 18O (SB41) starts decreasing rampfit Wang et al., (2008) 

28 130.0 0.1  0.1 0.1 Sanbao 18O (SB25) starts decreasing rampfit Cheng et al., (2009) 

29 128.2 0.0  0.1 0.1 Sanbao 18O (SB25) reaches LIG min values rampfit Cheng et al., (2009) 

30 126.7 0.1  0.8 0.8 Sanbao 18O (SB23) reaches LIG min values rampfit Wang et al., (2008) 

31 125.3 0.1  0.40 0.5 Sanbao 18O (SB41) reaches LIG min values rampfit Wang et al., (2008) 

32 122.0 0.1  0.7 0.8 Sanbao 18O (SB23) starts increasing rampfit Wang et al., (2008) 

33 121.3 0.1  0.4 0.4 Sanbao 18O (SB41) starts increasing rampfit Wang et al., (2008) 

34 117.4 0.2  0.6 0.7 Sanbao 18O (SB23) reaches glacial values rampfit Wang et al., (2008) 

35 116.8 0.3  0.4 0.5 Sanbao 18O (SB41) reaches glacial values rampfit Wang et al., (2008) 

36 129.0 0.2  1.6 1.6 Monticchio temperate tree pollen start increasing rampfit Brauer et al. (2007) 

37 127.2 0.1  1.6 1.6 
Monticchio temperate tree pollen reach LIG max 
values 

visual? b Brauer et al. (2007) 

38 109.5 0.2  1.4 1.4 Monticchio temperate tree pollen start decreasing visual? b Brauer et al. (2007) 
39 107.8 0.2  1.4 1.4 Monticchio temperate tree pollen reach glacial values rampfit Brauer et al. (2007) 

40 132.3 0.4  2.3 2.3 Ioannina temperate tree pollen start increasing rampfit Tzedakis et al., (2003) 
41 
 

127.5 
 

0.3 
 

 
2.3 
 

2.3 
 

Ioannina Mediterranean Sclerophylls pollen reach 
LIG max values 

visual 
 

Tzedakis et al., (2003) 
 

42 114.7 0.5  2.3 2.4 Ioannina temperate tree pollen start decreasing visual Tzedakis et al., (2003) 
43 110.7 0.5  2.3 2.4 Ioannina temperate tree pollen reach glacial values visual Tzedakis et al., (2003) 

44 130.1 0.6 1.1 1.8 2.2 
North Atlantic (MD95-2042) benthic 13C starts 
increasing 

rampfit Shackleton et al., (2002; 2003) 

45 125.9 0.5 0.6 1.8 2.0 
North Atlantic (MD95-2042) benthic 13C reaches LIG 
max values 

rampfit Shackleton et al., (2002; 2003) 

46 121.1 1.6 0.7 1.7 2.5 
North Atlantic (MD95-2042) benthic 13C starts 
decreasing 

rampfit Shackleton et al., (2002; 2003) 

47 106.0 1.5 0.6 1.75 2.5 
North Atlantic (MD95-2042) benthic 13C reaches 
glacial values 

rampfit Shackleton et al., (2002; 2003) 

48 131.9 0.0 1.1 2.0 2.3 
Southern Ocean (MD02-2488) benthic 13C starts 
increasing 

rampfit Govin et al., (2009; 2012) 

49 120.4 0.6 1.1 1.7 2.1 
Southern Ocean (MD02-2488) benthic 13C reaches 
LIG max values 

rampfit Govin et al., (2009; 2012) 
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50 116.2 0.4 1.0 1.7 2.0 
Southern Ocean (MD02-2488) benthic 13C starts 
decreasing 

rampfit Govin et al., (2009; 2012) 

51 114.3 0.4 1.0 1.7 2.0 
Southern Ocean (MD02-2488) benthic 13C reaches 
glacial values 

rampfit Govin et al., (2009; 2012) 

52 129.0   1.0a 1.0a Onset of the global sea level highstand visual Dutton et al., (2012) 
53 116.0   0.8a 0.8a End of the global sea level highstand visual Dutton et al., (2012) 

54 135.3 0.2 2.0 2.4 3.2 
Onset of North Atlantic (ODP 980) deglacial IRD 
peak 

visual Oppo et al., (2006) 

55 128.8 0.2 0.5 1.7 1.9 End of North Atlantic (ODP 980) deglacial IRD peak visual Oppo et al., (2006) 

56 107.3 0.1 1.0 1.6 1.9 
Onset of C24 (GS-25) North Atlantic (ODP 980) IRD 
peak 

visual Oppo et al., (2006) 

a Sea level dating uncertainties are taken from the far-field Western Australian sites and averaged over the periods 128-131 ka and 116-119 ka for the onset 56 
and the end of the LIG highstand, respectively (Dutton and Lambeck, 2012). 57 
b Age given by Brauer et al. (2007). 58 
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Figure S 1: (Upper panel) Simplified drawing of the 235U, 238U and 232Th decay chains. Half-lives of 61 

radioactive isotopes (in gigayears (Ga), kiloyears (ka), and days (d) or hours (h)) are indicated in red 62 

italics. Green shading highlights stable Lead isotopes. U: Uranium; Th: Thorium; Pa: Protactinium; Ra: 63 

Radium; Pb: Lead. (Lower panel) The coupling of two radioactive chronometers (231Pa/235U and 64 

230Th/234U) in a “concordia” diagram as illustrated here (adapted from Hillaire-Marcel 2009) may be used 65 

to evaluate the closure of the radioactive system. In a closed system, the sample will move along the 66 

“concordia curve” (dashed line) through time, whereas samples falling out of the “concordia curve” 67 

indicate the gain or loss of U-series isotopes within the radioactive system. The theoretical mixing line 68 

(in red) illustrates the situation when only two stages of U-uptake occurred (in this example: Stage 1 ~ 69 

LIG; Stage 2 ~ Holocene) (Hillaire-Marcel, 2009). However, uncertainties on 231Pa measurements, on 70 

the initial 234U/238U composition of the coral uranium, and on decay constants, make 231Pa/235U vs. 71 

230Th/234U-238U concordia ages rather imprecise, in particular for the LIG period. Complementary 72 

“pseudo-concordia” approaches may provide additional information on the closure of the radioactive 73 

system (see section 2.2 of the main text for details). 160 ka (i.e. around five times the half-life of 231Pa) 74 

is the time range after which 231Pa/235U activity ratios get close to the secular equilibrium value (with a 75 

relative analytical precision of ± 3 %), i.e. after which such concordia diagrams cannot be used anymore. 76 

  77 
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