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Supplementary Information   

Evaluating glycerol dialkyl glycerol tetraether (GDGT)-based reconstructions from varved 

lake sediments during the Holocene. 

Abrook et al.  

S1. Additional LC-MS Analysis 

The polar fraction was analysed by high-performance liquid chromatography (HPLC) mass 

spectrometry (MS) using an Agilent 1260 HPLC coupled to an Agilent 6130 single quadrupole 

MSD following the method. Normal phase separation was achieved using two HPLC columns 

(BEH HILIC columns, 2.1 x 150 mm, 1.7 µm) using n-hexane (solvent A) and n-

hexane:isopropanol (IPA) 9:1 (v/v) (solvent B). Separation was achieved using 18% solvent B 

for 25 min, increasing to 35% over 25 mins, then 100% solvent B over 30 mins, for one minute 

before returning to 18% solvent B over 19 mins to equilibrate the column prior to the next 

injection at a flow rate of 2.0 μl min-1. 

Detection was achieved using positive ion APCI of the eluent. Conditions for the MS were set 

as:  nebulizer pressure 60 psi, vaporizer temperature 400 °C, drying gas (N2) flow 6 L/min and 

temperature 200°C, capillary voltage −3 kV, corona 5 μA (∼3.2 kV) and a dwell time of 234 ms 

per ion (Hopmans et al., 2016).  

GDGTs were detected using SIM and by mass scanning from m/z 950−1450 on the Agilent 

HPLC – MS (Hopmans et al., 2016). Relative GDGTs abundance was quantified by integration 

of the peak areas using Agilent ChemLabs software and via comparison to both internal 

marine and peat standards.  

S2. Additional reconstructions 

Full reconstructions of LST and brGDGT temperatures are given in S1 and S2. Where 

appropriate the uncertainty is provided. This is a calibration uncertainty of the Raberg et al. 

(2021) equation and a 95% uncertainty with the Bayesian approach of Martinez-sosa et al. 

(2021). Additionally, correlations are shown in S3 to S8 where statistically significant 

correlations exist between GDGT metrics and temperature or other lake process parameters. 

We also include here an f[CREN’] reconstruction, S9, from Nautajärvi and Meerfelder Maar.  

For comparative purposes, we provide additional site information to aid in our interpretations 

from Diss Mere, Meerfelder Maar and Nautajärvi, S10, S11 and S12.  

 

 

 

 

 

 

 

 

 



 

Figure S1. TEX86 reconstructed Lake Surface Temperature (LST) reconstructions from the 

three sites in this study a) Diss Mere, b) Meerfelder Maar, c) Nautajärvi.  

 



 

Figure S2. Mean Temperature of Months Above Freezing (MAF) reconstructions from each 

of the lake sites in this study: a) Diss Mere, b) Meerfelder Maar, and c) Nautajärvi. The two 

different reconstructions are black, Bayesian-based MAF reconstructions (Martinez-Sosa et 

al., 2021); and green, multivariate methylation set MAF reconstructions (Raberg et al., 

2021). The dark grey error bars are txhe calibration uncertainty associated with Raberg et al. 

(2021). The light grey error bars represent the 95% confidence interval associated Martinez-

Sosa et al. (2021).      

 



 

Figure S3. Pearson’s correlation coefficients between identified GDGT compounds and μ-XRF 

data from Diss Mere. Shown are significant correlations only.  

 

 

 

 

 

 

 

 

 

 



Figure S4. Pearson’s correlation coefficients between the main GDGT metrics and μ-XRF 

data from Diss Mere. Shown are significant correlations only.  

 

 

 

 

 

 

 

 

 

 

 



 

Figure S5. Pearson’s correlation coefficients between identified GDGT compounds and μ-

XRF data from Meerfelder Maar. Shown are significant correlations only. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S6. Pearson’s correlation coefficients between the main GDGT metrics and μ-XRF data 

from Meerfelder Maar. Shown are significant correlations only.  

 

 

 

 

 

 

 

 

 

 

 



 

Figure S7. Pearson’s correlation coefficients between identified GDGT compounds and μ-

XRF data from Nautajärvi. Shown are significant correlations only. 

 



 

Figure S8. Pearson’s correlation coefficients between the main GDGT metrics and μ-XRF data 

from Nautajärvi. Shown are significant correlations only.  

 

  

 

 

 

 

 

 



 

Figure S9. f[CREN’] reconstructions from a) Nautajärvi and b) Meerfelder Maar. Higher values 

indicate greater stratification.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S10. Additional site data from Diss Mere. Shown are GDGT reconstructions from the 

main body of the manuscript (black, Martinez-Sosa et al., (2021); green, Raberg et al. (2021), 

chironomid inferred July temperatures (Abrook et al., 2025); and the In(Ca/Ti) ratio 

representing variability in summer precipitated calcite and detrital inwash (Boyall et al., 2024).  

 

 

 

 

Figure S11. Additional site data from Meerfelder Maar. Shown are a) GDGT reconstructions 

from the main body of the manuscript (black, Martinez-Sosa et al., (2021); green, Raberg et 

al. (2021); and b) pollen inferred July Temperatures (Litt et al., 2009).  

 

 

 

 



Figure S12. Additional site data from Nautajärvi. Shown are a) GDGT reconstructions from the 

main body of the manuscript (black, Martinez-Sosa et al., (2021); green, Raberg et al. (2021); 

b) chironomid inferred July temperatures (Abrook et al., 2025); c) a pollen-based growing 

degree day (GDD >5 °C) reconstruction (Ojala et al., 2008); and d) a pollen-based 

reconstruction of July temperatures using a six method ensemble from Lake Kuutsjärvi, 

Finland (Salonen et al., 2024).   
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