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Detailed Site Description 
	
 Kakkeklubben Sø is the northernmost lake on the planet, situated 5 km south of 
Kaffeklubben Ø, the northernmost landmass (Fig. DR1). The lake occupies low-relief 
terrain comprising glaciofluvial gravels overlain by postglacial marine sediments (Larsen 
et al., 2010). Regional bedrock comprises frost-shattered schists, draped with thin tills 
that incorporate Proterozoic gneisses, granites, and metasediments. The lake basin 
originated as a kettle depression associated with stagnant glacier ice, and lies at an 
elevation (45 m asl) close to the local limit of postglacial marine incursion. However, 
basal minerogenic and organic sediments contain no marine macro- or microfossils, and 
thus there is no direct evidence that the lake was ever a marine embayment. Instead, it is 
envisioned that relict glacial ice persisted in the depression that now contains the lake 
until the mid-Holocene. This interpretation is supported by the presence of collapse 
features in the glaciofluvial complex immediately south of the lake, which is also 
attributed to persistent relict glacial ice under perennially cold temperatures (Larsen et al., 
2010). 
 
 Additional site information includes limnological characteristics and water 
chemistry (Table DR1). The lake is small (0.48 km2) but relatively deep (>14 m), and 
characterized by dilute, circumneutral to slightly alkaline, waters. During summer, which  
represent conditions at the annual peak of lake production, lake-water chemistry has a 
high N/P molar ratio (82) indicative of pronounced P limitation (Bergström et al., 2005). 
At this time, the lake also becomes depleted in available silica.  
 
Coring And Chronology of Sediments from Kaffeklubben Sø 
	
 Multiple gravity cores were obtained from near the deepest point (~14 m) of 
Kaffeklubben Sø using a modified Kajak-Brinkhurst system (Glew et al., 2001). The 
uppermost sediments (20 cm) were extruded at continuous 0.125 to 0.25 cm intervals in 
the field, whereas the more consolidated basal core increments were extruded at 1.0 cm 
increments in the Copenhagen laboratory upon return.		
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	 Geochronology of the uppermost 5 cm of sediment is based on excess 

(unsupported) 210Pb activities derived from -spectroscopic determinations of 209Po, 
assumed to be in secular equilibrium with 210Pb. The entire unsupported 210Pb inventory 
is contained within the uppermost 6.0 cm of sediment, yielding an excess 210Pb inventory 
characterized by declining activities in the uppermost 1.0 cm that indicate acceleration of 
sedimentation rates in the last decade of deposition (Fig. DR2). The uneven distribution 
of dates resulted from an incremental sampling scheme, where a coarse resolution initial 
sample set was augmented with additional samples where needed. The only data that are 
not shown in Fig. DR2 are the three lower samples (6, 8, and 10 cm) that constrain the 
supported (in situ) 210Pb inventory owed to U-bearing phases in the sediment. The mean 
value of supported 210Pb activity is 0.048 ±0.012 Bq g-1. These 210Pb activities were 
translated to sediment age using the constant rate of supply (CRS) model (Appleby, 
2001). 
 
 A detailed series of accelerator mass spectrometry (AMS) 14C dates were obtained 
from lower sediments. We targeted four intervals for which bryophyte macrofossils, 
spheroidal Nostoc cyanobacterial colonies (Fig. DR1e), and humic acids (Abbott and 
Stafford, 1996) could be dated from the same stratigraphic levels. Mosses are dominantly 
represented by the family Amblystegiaceae, including Calliergon giganteum, 
Drepanocladus latinervis, Sarmentypnum sarmentosum and S. tundrae. Additional taxa 
are also present, such as Philonotis sp. (Bartramaceae) and Pohlia wahlenbergii 
(Mniaceae). This represents a relatively diverse wetland moss flora for the latitude of the 
site, and likely includes forms that lived either at the edge of the lake or the immediate 
surrounding area. Arctic bryophytes have been shown to equilibrate sensitively to 
atmospheric 14CO2, and are thus considered a reliable dating target (Wolfe et al., 2004). 
Accordingly, for each of the four depths where sufficient moss macrofossils were 
recovered for dating, they consistently produce the youngest dates compared to 
cyanobacterial and humic acid fractions measured from the same depths. 
 

The absence of 14C targets in the middle of the core is consistent with the 
inference of protracted ice cover during the least well-dated intervals. We have dated as 
much of the core by 14C as possible after scrutinizing the core extensively for even 
minute organic fragments. The single cyanobacterial sample at 23 cm is a mat obtained 

by sieving freeze-dried material. The sample was too small to generate a 13C value, and 
so a value of -25‰ was assumed by convention.  

 
Only one of the moss dates is stratigraphically reversed and deemed anomalous, 

that from 66-67 cm (CU 9809; 2380 Cal yrs BP, Table DR2). Given an average 
macrofossil-humic acid age offset of 200 Cal yrs from the three remaining paired dates, 
the predicted age for the 66-67 cm moss is 2730 Cal yr BP. Similarly, the lowermost 
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humic acid date from 81-82 cm (CU 9812; 3480 Cal yrs BP) is considered a maximum 
age for incipient organic sedimentation at the site, in the absence of moss macrofossils 
from the basal organic unit. We note that, with the exception of the anomalous 
macrofossil result from 66-67 cm (Table DR2), the offsets between macrofossil and 
humic acid dates (100-380 years) are considerably smaller than those observed in Arctic 
lakes from lower latitudes, where the humic acid fraction is typically in the range of 600 
years older than adjacent plant fossils (Wolfe et al., 2004). We interpret the smaller 
offsets observed in Kaffeklubben Sø sediments to reflect the absence of significant pools 
of aged terrestrial dissolved organic carbon in catchment soils, consistent with the lake’s 
setting in an unproductive polar desert catchment. This view is further supported by the 
observation that, throughout the Kaffeklubben Sø sequence, dates from fossil 
cyanobacterial colonies are directly comparable to those obtained from humic acid 
extracts (Table S2). The nostocalean cyanobateria have thus incorporated a broad range 
of dissolved carbon species of terrestrial and aquatic origin that, as with the humic acid 
extracts, are slightly older than the dominantly atmospheric 14C signature captured by the 
bryophytes. 

 
 The age model uses a monotone spline for the 210Pb-dated segment, joined by 
linear interpolation between radiocarbon dates, using the CLAM (Classical non-Bayesian 
age modeling) function in R (Blaauw, 2010). Collectively, the 210Pb and 14C 
geochronology from Kaffeklubben Sø sediments suggests that sediment accumulation 
rates are higher during intervals for which diatom abundances suggest seasonally open-
water, that is, both after ~1960 AD (Fig. DR2) and before ~2400 Cal BP (Fig. DR3). 
However, sediment accumulation appears to have continued uninterrupted during the 
intervening interval of greatly reduced production and inferred cold conditions, although 
only one 14C date could be obtained from this interval (23-24 cm; UCI 80817; 1290 Cal 
yrs BP).  
 
Diatom Flora 
	
 The diatom assemblage from Kaffeklubben Sø is not significantly different from 
that reported from shallow ponds in Peary Land immediately to the south (Foged, 1955), 
or a lake in Inglefield Land to the west (Blake et al., 1992), which constitute the only 
prior reports of freshwater diatoms from north Greenland. Only two centric diatoms were 
encountered (Aulacoseira distans and Cyclotella antiqua). Diatom communities are 
overwhelmingly dominated by small colonial forms of the family Fragilariaceae, 
including the genera Pseudostaurosira, Staurosira and Staurosirella (Table DR3). In a 
general sense, the modern diatom assemblage is taxonomically poor even for the High 
Arctic, consistent with the lake’s harsh climatic and limnological regimes. Small and 
generally alkaliphilous colonial fragilarioid diatoms are able to exploit these conditions 
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successfully, and are thus widespread in these environments (Paull et al., 2008), as they 
were during the early postglacial at lower latitudes (Whitehead et al., 1989). 
 
Diatom Preservation 
 
 The interval where diatoms are rare or absent requires a careful consideration of 
the possibility of diatom valve dissolution. We used field-emission scanning electron 
microscopy (SEM) of slurries prepared in the same manner as those counted, in order to 
identify telltale indicators of dissolution such as sub-micron pitting and thinning of 
valves, or loss of fine structures such as spines and alveolae. We are keenly aware of how 
dissolution presents itself in SEM (Hobbs et al., 2010). Despite occurring at trace 
abundances in sediments dating between ~2400 Cal yrs BP and the mid-20th century, the 
diatoms present in these intervals are as well preserved as those in younger and older 
diatom-rich sediments (Fig. DR4). For example, minute fragilarioids from 9 cm in the 
gravity core, well below the demise of richer assemblages that characterize recent 
decades, have preserved linking spines and vestiges of velar occlusions in areolae (Fig. 
DR4, F-H). The occasional valves are principally fragilarioid taxa, but occasionally 
cymbelloids or eunotioids, with no relationship to their degree of silicification. Because 
there is no evidence that dissolution is responsible for the marked changes in diatom 
abundance in the Kaffeklubben Sø sequence, we are unable to falsify the contention that 
they represent a primary signature of past algal populations, noting that similar 
interpretations have been made from other polar lakes where diatoms largely disappear 
from the record (Antoniades et al., 2007). In these cases, perennial ice cover and 
attendant light limitation become the leading interpretation for the near-complete absence 
of diatom in sediments collected from the profundal zone of polar lakes. We appreciate 
that diatoms do occur in perennially-frozen lakes in Antarctica (Spaulding et al., 1996), 
but these floras involve endemic taxa that may have evolved adaptations to low-light 
conditions that are not expressed in the north polar lake assemblages. 
 
Geochemical Record 
 
 The complete stratigraphy of measured geochemical variables supports the 
inference of a fundamentally different limnological regime during the interval where 
diatoms are rare or absent (Fig. DR5). Although C and N contents are relatively stable, 
several high C/N excursions are registered in these sediments, suggesting inputs from 
terrestrial sources. We infer that terrestrial contributions were derived primarily from 
localized gelifluction of the catchment and possibly aeolian inputs with subsequent 
melting through the permanent ice pan, similar to the current delivery of sediments to 

permanently frozen Antarctic lakes (Squyres et al., 1991). Sediment 13C values also rise 
markedly over this interval (by 4-8‰) and are significantly correlated with sediment C/N 
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(Fig. DR5 inset). The magnitude and direction of 13C variability is consistent with 
episodic influxes of isotopically-enriched carbonates derived from the catchment, which 
accompanied terrestrially-sourced organic matter during the interval of inferred low 

aquatic production. Finally, we note that sediment15N values (measured in parallel with 

13C) are uncorrelated with either %N, C/N, or 13C. 
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Supplemental Figures 
 
 

 

Figure DR1. Photographs of Kaffeklubben Sø and its lake sediments. A, View looking 
north towards the Arctic Ocean with Kaffeklubben Ø in the background. B, View to the 
west of the ice-pan and moat (July, 2006), with mountains of Johannes V. Jensen Land 
visible to the left. C, View across lake ice to the southeast. D, Moating of the ice pan on 
the western shore of Kaffeklubben Sø, with geese. E, Spheroidal colonies of Nostoc 
cyanobacteria revealed during extrusion of the intact gravity core. Average colony 
diameter is 0.5 cm. 
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Figure DR2. Excess 210Pb inventory and the CRS chronology of the upper 6 cm of 
Kaffeklubben Sø sediments. 
 
 

 
Figure DR3. Accelerator mass spectrometry 14C dates from various organic fractions of 
Kaffeklubben Sø sediments, with probability distributions of the calibration solutions. 
Bold numbers are average sediment accumulation rates for the linear segments in the age 
model. 
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Figure DR4. Evaluation of diatom preservation in Kaffeklubben Sø sediments based on 
comparative SEM images of various fragilarioid taxa from three depths in the core. (A) 
Staurosirella pinnata; (B-D, L) Staurosira spp.; (E, O) Pseudostaursira 
pseudoconstruens; (F-K) diminutive Staurosirella spp.; (M-N) Pseudostaurosira 
microstriata. 
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Figure DR5. Stratigraphy of geochemical parameters measured on Kaffeklubben Sø 
sediments. 
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Supplementary Tables 
 
Table DR1. Summary location information and limnological properties of Kaffeklubben 
Sø, Johannes V. Jensen Land, northernmost Greenland. 
 

 
 
Table DR2. Radiocarbon dates from various fractions of Kaffeklubben Sø sediments 
determined by AMS. Calibration of 14C results was performed using OxCal 4.0 
implemented with the IntCal 4.0 database.  
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Table DR3. Diatom taxa encountered in Kaffeklubben Sø sediments, with authorities, 
number of samples in which each was represented (of the 45 diatom-rich samples), and 
maximum percent representative to the summed valves counted. 
 

 
 


