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Text S1 - Identification of the red layer 

Sediment color has aided in the study of the chemical composition and provenance of deep-sea 

sediments (Barranco et al., 1989; Balsam, 1991; Bond et al., 1992; Adkins et al., 1997; Boyle, 

2000; Giosan et al., 2001, 2002a, 2002b; Keigwin, 2001; Balsam et al., 2007; Leng et al., 2018). 

The lighting condition and the camera used may bias the core photos, so visually identifying the 

red layer is inevitably subjective. We therefore use a*, a measure of the green to red color 

spectrum, to aid the identification (Blum, 1997). Additionally, during core photo examinations, 

we found red-colored sediments to be rare and easily distinguished from the background 

sediments. Even rarer are red sediment layers with a sharp basal contact with underlying 

sediments, which implies rapid deposition. Identification of any potential red layer in the study 

interval is aided by the fact that interglacial sediments are typically lighter in color, reflecting the 

higher CaCO3 content and making the red sediments further stand out.  

Text S2 – Chronology of EW37JPC 
Core EW37JPC was subsampled at 2 cm intervals over the interval 777-1330 cm. The samples 

were freeze-dried, weighed, placed in deionized water, and spun for an hour. The wet samples 

were washed through 63 μm sieves, and the coarse fraction retained in the sieves was dried, 

weighed, and transferred to glass vials. The coarse fraction was dry sieved at >150 μm, from 

which the Cibicidoides wuellerstorfi tests were picked. The δ18O measurements on Cibicidoides 

wuellerstorfi tests were conducted with a Thermo Delta V Plus gas-source isotope-ratio mass 

spectrometer equipped with a Kiel IV individual acid-bath sample preparation device at the 

Lamont-Doherty Earth Observatory of Columbia University stable isotope laboratory. The long-

term standard deviation of measurements made on standard carbonate NBS19 was 0.06 ‰. One 
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to three separate stable isotope analyses were at each depth except when the abundance of 

Cibicidoides wuellerstorfi was low. When duplicates were available, the average was presented 

for each sample. 

 

The chronostratigraphy of EW37JPC was established by aligning our benthic δ18O record to the 

Prob-stack using the open-source HMM-Stack software (https://github.com/seonminahn/HMM-

Stack) (Ahn et al., 2017). The Prob-stack compiles 123 additional published benthic records to 

those included in the LR04 stack (Lisiecki and Raymo, 2005). It uses a profile hidden Markov 

Model (HMM) to build a probabilistic stack with age uncertainty estimates. Compared to the 

conventional graphical correlation method (Paillard et al., 1996), this probabilistic approach 

allows for a better assessment of the uncertainty of our age model (Fig. S1). 

 
Text S3 - NAMOC tracing 

We considered the potential role of the regional bathymetrical setting in propagating the red 

layer. A prominent geological feature in the northwest Atlantic is the Northwest Atlantic Mid-

Ocean Channel (NAMOC). First discovered in the 1950s (Ewing et al., 1953), the NAMOC has 

been studied in much detail (Chough and Hesse, 1976; Hesse and Rakofsky, 1992; Hesse et al., 

1997; Klaucke et al., 1998; Skene et al., 2002). A recent mapping campaign promises to map 

even more morphologic details of the NAMOC with modern technologies (Krastel and Mosher, 

2022). However, as far as we know, only one digitalized version of the geological feature is 

publicly available. It is a version that ignores the feature’s southern half (GEBCO Sub-

Committee on Undersea Feature Names, 2015). We digitalized the feature using a combination 

of the GEBCO bathymetry dataset (GEBCO Bathymetric Compilation Group, 2019) and the 

published maps depicting the feature (Ewing et al., 1953; Chough and Hesse, 1976; Stoner et al., 

1996; Klaucke et al., 1998; Rashid et al., 2003b, 2003a). However, the bathymetry dataset’s 

resolution did not allow us to trace the complex tributaries of the NAMOC. An Esri™ shapefile 

is made available for download. 

 

Text S4 – Red layer alignment in cores 
In IODP U1302 and U1305, the red layer can be dated to about 126 ka (Nicholl et al., 2012). 

Although this age is based on planktic δ18O, which can be influenced by the surface water 

density, this age is supported by paleointensity measurements at U1302 (Channell et al., 2012). 



A recent study dated the red layer in U1302 and U1305 based on the alignments of % 

Neogloboquadrina pachyderma, Modern Analog Technique (MAT) sea surface temperatures, 

ice-rafted debris (percentage and concentration), and planktic δ18O, and arrived at an age of 

126.5 ka for the red layer (Hume, 2018). 

 

In ODP 646, where the age model is also based on planktic δ18O, the red layer’s age is given as 

about 130.5 ka (Aksu and Hillaire-Marcel, 1989; Hillaire-Marcel et al., 1990). 

 

In ODP 1063, the age model is based on the alignment of Ti/Ca to a Greenland ice core record 

(Böhm et al., 2015), which puts the red layer at 120.5 ka. The ODP 1063 age model was 

hampered by fewer variations of Ti/Ca around the red layer, which may add uncertainty to the 

alignment points. 

 

We do not include MD03-2664 (57°26.34’N, 48°36.35’W; 3440 m water depth) in our 

discussion because it is not a drill core, and its core images are not publicly available. 

Additionally, MD03-2664 is only a short distance away from U1305 (both are located on the 

Eirik Drift). Nevertheless, for the sake of completeness, we briefly review the red sediment layer 

that has been discovered in this core. The red layer was found in the core and dated to be 124.2-

124.7 kyrs old based on benthic δ18O (Galaasen et al., 2014). The red layer in the core was found 

to be deposited during a surface cooling event during 124-126 ka identified earlier (Irvalı et al., 

2012). In MD03-2664, the red layer was also correlated with Cooling Event 27 (C27) and was 

dated to be 125.7-126.2 kyrs old based on its alignment to ODP984, whose age model was 

created by alignment to MD01-2444. The age model of MD01-2444 was in turn based on 

alignment with a Corchia Cave speleothem δ18O record (Tzedakis et al., 2018). 

 
Text S5 – LILO event duration estimate 

The duration of time represented by the deposition of the red layer in EW37JPC can be estimated 

by 230Thxs profiling, a technique previously employed to estimate the durations of Heinrich 

events (Francois and Bacon, 1994; McManus et al., 1998).The assumption of 230Thxs profiling is 

that the accumulated inventory of 230Thxs is proportional to the time passed between sediment 

horizons. This is because 230Thxs is inversely related to mass flux and mass flux is inversely 



related to the time pass between sediment horizons. The major source of uncertainty is how we 

define the red layer (Fig. S2). First, we can define the red layer by the midpoints between the 

high Fe flux data point and the surrounding low mass flux data points (1217.5 – 1222.5 cm). The 

estimated duration of the deposition of the red layer based on 230Thxs profiling is 126 years. The 

estimate based on the benthic δ18O age model is 400 years. Second, we can define the red layer 

by the peak of the Ca/Sr data (1196 – 1233 cm). By this definition, the duration of the red layer 

is 4043 years based on 230Thxs profiling and 3800 years based on the age model. We consider 

both methods of estimation to be the upper limits of the duration of the respective definition of 

the red layer. For 230Thxs profiling, potential sediment mixing by bioturbation means the true 
230Thxs of the red layer is likely even lower than we measured. For the duration estimate based on 

the age model, the relatively invariant benthic δ18O during MIS 5e means that the age model may 

not fully capture rapid deposition events. Because our duration estimates are upper limits, they 

are in line with the 8.2-ka event duration estimate of 160.5 years based on ice core data (Thomas 

et al., 2007). 

 

Text S6 – Implication for the LIS extent during the LIG 

Does the higher-than-today sea level during the LIG allow a substantial LIS presence? 

Unfortunately, this is not a question easily resolvable by looking at global mean sea level 

(GMSL). While GMSL can be used to assess the global ice volume changes (provided that other 

parameters are controlled), it cannot clarify how the ice volume changes were distributed among 

ice sheets. Case in point, GMSL was established to be 2-4.5 m during 125 ka (Kopp et al., 2009; 

Dyer et al., 2021) and -14 m during 8.2 ka (Lambeck et al., 2014). Nominally, up to 18.5 m sea 

level equivalent less ice volume existed during 125 ka compared to 8.2 ka. However, it is unclear 

how the sea level equivalent ice volume was distributed among the various ice sheets at 125 ka. 

 

Ice modeling specific to the Laurentide and constrained by observation, such as Tarasov et al. 

(2012), can elucidate the LIS ice volume changes. However, such an exercise has not been done 

for the LIG, as far as we are aware. This is likely due to a lack of knowledge of the LIS extent 

during MIS 5e, as past interglacial ice extents are generally difficult to reconstruct due to erosion 

by subsequent glacial advances (Dalton et al., 2020). 

 



We note that in Kopp et al. (2009)’s GMSL reconstruction, the event occurred during the upward 

sea level trend toward its peak, and not after that was achieved. This estimated upward GMSL 

trend allows the possibility that the LIS persisted and was in an ongoing melting stage. The 

uncertainty associated with event’s age furthers the potential consistency of that scenario. 

However, as we have discussed, at this point we simply do not know which ice sheet(s) was 

responsible for the GMSL rise at 125 ka. 

 

 
 
 Core Longitude 

(°) 
Latitude 
(°) 

Depth 
(m) 

Age model Core photo link Red layer 

IODP 
U1305 

-48.5203 57.4672 3463 (Nicholl et al., 
2012) 

http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1305C4H.PDF 

C4H2 30 cm 
(22.20 mcd) 

IODP 
U1302 

-45.6463 50.1547 3569 (Channell et al., 
2012) 

http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1302C2H.PDF 
http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1302A2H.PDF 
http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1302B2H.PDF 

C2H6 100 cm 
(22.05 mcd); 
A2H6 5 cm; 
B2H2 142.5 cm  

EW37JPC -46.28 43.68 3981 (Zhou et al., in 
review)  

This study 1220 cm 

ODP 980 -14.7022 55.4848 2172 (Oppo et al., 2006) http://www-
odp.tamu.edu/publicati
ons/162_IR/VOLUME/C
ORES/IMAGES/980A2H.
PDF 

 N/A 

ODP 646 -48.3691 58.2093 3440 (Aksu and Hillaire-
Marcel, 1989; 
Hillaire-Marcel et 
al., 1990) 

http://www-
odp.tamu.edu/publicati
ons/105_IR/VOLUME/C
ORES/IMAGES/646B2H.
PDF 

B2H5 24 cm 

ODP 647 -45.262 53.3313 3869 (Aksu et al., 1989) http://www-
odp.tamu.edu/publicati

 N/A 



ons/105_IR/VOLUME/C
ORES/IMAGES/647B1H.
PDF 

ODP 
1063 

-57.615 33.6867 4584 (Böhm et al., 2015) http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1063D5H.PDF 
http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1063A4H.PDF 
http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1063B4H.PDF 
http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1063C5H.PDF 

D5H2 100 cm 
(35.84 mcd); 
A4H5 65 cm 
(32.71 mcd); 
B4H5 25 cm 
(35.93 mcd) 
C5H1 75 cm 
(35.70 mcd) 

IODP 
U1313 

-32.9532 41.002 3412 (Smith et al., 2013) http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1313A2H.PDF 

N/A 

IODP 
U1314 

-27.8865 56.352 2799 (Alvarez Zarikian et 
al., 2009) 

http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1314A3H.PDF 

N/A 

ODP 
1059 

-75.4188 31.6744 2985 (Oppo et al., 2001) http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1059A5H.PDF 

N/A 

ODP 
1060 

-74.4665 30.76 3481 (Grützner et al., 
2002) 

http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1060A4H.PDF 

 N/A 

ODP 
1061 

-73.5999 29.975 4047 (Grützner et al., 
2002) 

http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1061D4H.PDF 
http://www-
odp.tamu.edu/publicati
ons/172_IR/CORES/IM
AGES/1061C4H.PDF 

D4H7 45 cm 
(34.22 mcd); 
C4H5 110 cm 
(34.39 mcd) 

ODP 
1062 

-74.407 28.2464 4763 (Bourne et al., 
2012) 

http://www-
odp.tamu.edu/publicati

 N/A 



ons/172_IR/CORES/IM
AGES/1062E3H.PDF 

IODP 
U1304 

-33.5203 53.0505 3069 (Hodell et al., 2009) http://publications.iod
p.org/proceedings/303
_306/EXP_REPT/CORES
/IMAGES/1304A2H.PDF 

 N/A 

ODP 983 -23.6406 60.4033 1983 (Hodell et al., 2009) http://www-
odp.tamu.edu/publicati
ons/162_IR/VOLUME/C
ORES/IMAGES/983A2H.
PDF 

N/A 

ODP 919 -37.4602 62.67 2088 (Flower, 1998) http://www-
odp.tamu.edu/publicati
ons/152_IR/VOLUME/C
ORES/IMAGES/919A3H.
PDF 

N/A 

Table S1. Cores examined for the presence of a red layer during the LIG. 
 
Core  Longitude 

(°) 
Latitude 
(°) 

Reference 

HU90023-085 -76.38 62.62 (Barber et al., 
1999) 

HU90023-101 -74.3 63.05 (Kerwin, 1996; 
Barber et al., 
1999) 

HU90023-099 -74.57 63.07  (Barber et al., 
1999) 

HU85027-068 -74.31 63.08  (Barber et al., 
1999) 

HU93034-004 -66.43 61.22  (Barber et al., 
1999) 

HU90023-045 -66.14 60.95  (Kerwin, 
1996; Barber 
et al., 1999) 

HU90023-064 -70.58 61.13  (Barber et al., 
1999) 

HU85027-057 -66.43 61.07  (Barber et al., 
1999) 

HU93034-004 -66.43 61.22  (Barber et al., 
1999) 

HU90023-045 -66.14 60.95  (Barber et al., 
1999) 

HU92023-157 -66.13 60.95  (Andrews et 



al., 1995) 
HU93034-002 -65.70 60.95  (Jennings et 

al., 1998) 
HU93034-004 -66.43 61.22  (Jennings et 

al., 1998) 
MD99-2236 -56.18 54.62  (Jennings et 

al., 2015) 
AMD0509-28PC -74.30 63.05  (St-Onge and 

Lajeunesse, 
2007) 

AMD0509-27bLEH -86.21 61.05  (St-Onge and 
Lajeunesse, 
2007) 

MSM45-19-2 -61.94 58.76  (Lochte et al., 
2019) 

Table S2. Cores documented with the occurrence of a red layer during the 8.2-ka event.  

 



Figure S1. The chronology of EW37JPC as established by fitting our benthic δ18O record to the Prob-
stack. (a) The benthic δ18O of EW37JPC (blue) and Prob-stack (red). (b) Confidence intervals of the 
chronology. (c) Relative accumulation rates based on the chronology (accumulation rate of 1 means the 
accumulation rate at a certain depth is equal to the average accumulation rate of the whole segment of 
the core). 
 

 

Figure S2. Estimates of the duration of the LILO event. (A) Two methods of duration estimates if the red 
layer is defined by the Ca/Sr peak. (B) Two methods of duration estimates if the red layer is defined by 
the Fe flux peak. 
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