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Strong climate signals revealed by high-resolution analysis of varves from South Sawtooth Lake
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                                                            1. Scope
South Sawtooth Lake, Ellesmere Island. 280 m asl

2. Study Site

15 cm

95 thin sections to cover the laminated 
section (first 4,40 meters).

200 µm

611AD

558AD

3.1 Environmental proxy

8280 backscattered
 images acquired 
at the SEM

3.2 Dating
Radio-elements (  Cs and   Pb) showing good agreement
with varve counting. 

Tephrochronology : tracking the 1362 AD Öraefajökull 
islandic eruption

4.1 Possible solar influence on varve properties?  
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8 varves were eroded by a large turbidite in 1990 which 
is consistent with Francus et al. (2002).  
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More rainfall events
and/or permafrost
disturbances 572AD

1550AD

200 µm

Higher snow accumulation
More snowmelt events 

Correlation between
p99 and ∆  C
R=-0.35 
n=480;2400 years
p<0.0001
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4.2 Spectral analysis  
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5. Hypothesis 

Precipitation anomalies for solar minimum–maximum winters 
(December–February) as seen in twentieth-century reanalysis 
(1948–2010) from Adolphi et al. (2014). The processes are still
not fully understood, but there could be a top-down (stratosphere-
troposphere) influence during low solar activity leading to more 
snow accumulation over Greenland and Ellesmere Island. 

Varve count

Coarser

Finer

thick
varves

- Wavelets of p99 and ∆  C :  : ~200 year oscillation during similar time 
intervals.
- 200 year cycle: one of the most prominent solar oscillation (DeVries 
solar cycle; Steinhilber et al. 2012).   
- Mostly in anti-phase (white arrows pointing left) suggesting coarser 
grain-size deposition during high solar activity.

~200 year~200 year

~40-80 year

Hard to delinate
without SEM 
images and 
impossible to 
acquire annual
particle size data
using classical
methods

A

B

A: potential
cryptotephra.
B: same as A, 
but under 
cross-polarized
light allowing 
to distinguish 
the isotropic 
nature of tephra
shards from 
quartz and other
minerals. 
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6. Conclusion 
- We advocate the need to obtain high-resolution 
images at the SEM. 

 - A ~200 year cycle found within the sediment prop-
erties of a High-Arctic lake : first time. 

- Wavelets of VT= AMO influence? : decadal correla-
tion  between AMO index (Gray et al. 2004) and VT 
is strong (R=-0.64).

- AMO governed by external forcings (solar & volca-
nism)? Recent studies suggest so, since at least 1775 
AD: Ottera et al. (2010); Knudsen et al. (2014).

- North-Atlantic = sensitive region 

7. References
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The Arctic has been undergoing unprecedented climate warming in the last  
decade. It is becoming imperative to better understand the natural varia-
tions of climate in order to better forecast its future. Varved sediments from 
the Arctic are excellent sentinels of past environmental change in this wide 
sensitive region. However, varve thicknesses have been mainly used to re-
construct past temperature (Overpeck, 1997; Kaufman et al, 2009), but this 
proxy has limitations (Francus et al, 2002; Lapointe et al, 2012). Here, we 
show the benefits of using images acquired at the scanning electron micro-
scope (SEM) to decipher strong climate signals.

A: Varve thickness variations since the last 2.8ka. B: same as A, but with the 99th percentile (coarse 
grain-size). Note the amplitude of variations throughout the record, but especially during the last mil-
lennium for p99. C: ∆  C variations for the last 2.8ka, note that the scale is reversed: + (red) and - (blue) 
mean high and low solar activity. O, W, S, M, D and G are namely the Oort, Wolfe, Spörer, Maunder, 
Dalton and Gleissberg solar minimum as documented in the literature and historical archives.

- Wavelets of VT : several power bands around 50-90 year. Atlantic 
Multidecadal Oscillation : 50-90 year variability.    
- Often in phase with ∆  C, suggesting thicker varves during low solar 
activity.
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