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• We need to understand 
climate variability along 
ice sheet margins

Briner et al. 2020

Shepherd et al. 2020



• Greenland paleoclimate 
proxies show spatial and 
temporal heterogeneity 
in sub-millennial scale 
Holocene climate

Axford et al. 2020

Introduction



Start

Axford et al. 2020

Summer insolation forces millennial scale summer temperature in Greenland 

Kaplan and Wolfe 2006



Axford et al. 2020 Kaplan and Wolfe 2006

Ice sheet thaw also impacted climate along the western margin of Greenland



Axford et al. 2020

δDleaf wax

δ18Ochitin

• Isotope records from beyond 
the ice sheet 

• Indication of changes in 
meteoric water

Temperature

δ18Owater

δ18Ochitin

Temp effects 
during growth 

δ18Oprecipitation 

Temperature
Seasonality 
Air mass source

P/E variation

Isotope based records from Greenland



Axford et al. 2020

δDleaf wax

δ18Ochitin

• New δ18O record from lake 
sediment core in SW 
Greenland 

Study site: Arrowhead Lake
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• Magnetic susceptibility and X-Ray Fluorescence for elemental 
composition 
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Arrowhead Lake sedimentology and geochemistry 
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Unit 1:
Coarse-grained terrigenous sediments

Arrowhead Lake sedimentology and 
geochemistry 

MS (ln)MS (ln)   Zr/Rb       Si/Al        Cu/Al 
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Zr/Rb

Unit 1:
Coarse grained terrigenous sediments

Arrowhead Lake sedimentology and 
geochemistry 

Unit 2: 
Decrease in grain size, increase in 
organic content

MS (ln)MS (ln)   Zr/Rb       Si/Al        Cu/Al 
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Zr/Rb

Unit 1:
Coarse grained terrigenous sediments

Arrowhead Lake sedimentology and 
geochemistry 

Unit 2: 
Decreased in grain size, increase in 
organic content

Unit 3:
Increasing grain size, decreasing organics

MS (ln)MS (ln)   Zr/Rb       Si/Al        Cu/Al 
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Zr/Rb

Unit 1:
Coarse grained terrigenous sediments

Arrowhead Lake sedimentology and 
geochemistry 

Unit 2: 
Decreased in grain size, increase in 
organic content

Unit 3:
Increasing grain size, decreasing organics

MS (ln)

8.9 kcal BP

5.5 kcal BP

MS (ln)   Zr/Rb       Si/Al        Cu/Al 
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18ARWU1 
Age Model 

Age Model 
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Local deglaciation ~9 kcal 
BP (Lecavalier et al. 2014)

MS (ln)   Zr/Rb       Si/Al        Cu/Al 



RMWL
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RMWL
y = 7.64x + 1.10

R² = 0.98

REL
y = 5.68x - 42.20

R² = 0.88
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Surface lake water samples 
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Modern water data from Cluett and 
Thomas 2020 and Axford Lab 
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Arrowhead Lake not 
evaporatively enriched

at present 

Modern water data from Cluett and 
Thomas, 2020 and Axford lab 



RMWL
y = 7.64x + 1.10

R² = 0.98

REL
y = 5.68x - 42.20
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0.5 cm 

δ18O conversion to lake water
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Lake water δ18O derived from insect remains
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Modern lake water δ18O correlates with adjusted δ18O 
from top chironomid sample



420

430

440

450

460

470

480

Ju
ly

In
so

la
ti

o
n

 
(6

5
⁰N

 W
/m

^
2

)

-19

-17

-15

-13

-11

-9

A
rr

o
w

h
ea

d
La

ke
 

(T
H

IS
 S

TU
D

Y;
 2

) 
δ

1
8
O

 (
‰

 V
SM

O
W

)

-19

-17

-15

-13

-11

-9

0 2 4 6 8 10 12

P
in

cu
sh

io
n

 Lake 
(5

) δ
1

8O
 (‰

 V
SM

O
W

)

Age (kcal BP)

-12

-10

-8

-6

-4

-2

Q
ip

is
ar

q
o

La
ke

 (4
) 

δ
1

8
O

 (
‰

 V
SM

O
W

)

-16

-14

-12

-10

-8

-6 T2
 Lake (3

)
δ

1
8O

 (‰
 V

SM
O

W

-26

-24

-22

-20

-18

-16 Secret Lake (1
)

δ
1

8O
 (‰

 V
SM

O
W

)

• Millennial scale climate 
partially driven by 
summer insolation

Regional comparison 

• Our record supports N-S 
gradient in magnitude 
change

Kaufman et al. 2004
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• Millennial scale climate 
partially driven by 
summer insolation

Regional comparison 

• Our record supports N-S 
gradient in magnitude 
change

• Records capture sub-
millennial scale variability 
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Records capture sub-millennial scale variability  
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Discussion • High summer insolation
→ LIS collapse
→Modified ocean 
circulation
→ sea-ice variability 

Briner et al. 2016
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• Millennial scale climate 
partially driven by 
summer insolation

Discussion 

• Our record supports N-S 
gradient in magnitude 
change

• Records capture sub-
millennial scale variability 

• High summer insolation
→ LIS collapse
→Modified ocean 
circulation
→ sea-ice variability 
→ Late Holocene = insolation

• System state change 
effect on GRIS today

Shepherd et al. 2020
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Conclusions

• These chitin-based 
reconstructions are interpreted to 
reflect past meteoric water

• Regional records show N-S 
gradient in magnitude of δ18O 
change 

• High resolution δ18O  records 
show variability in the climate 
system likely related to sea-ice 
and ocean circulation 


