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Appendix A. Supplementary methods
Atmospheric deposition fluxes matrix factorization
Positive Matrix Factorization (PMF 5.0, U.S. EPA) was used to identify and quantify potential sources contributing to the measured variables (Paatero and Tapper 1994). The analysis followed the good practices recommended in the European Guide on Air Pollution Source Apportionment with Receptor Models (Belis et al. 2019). The dataset consisted of 28 samples and 35 variables. Given the limited dataset size, this work is intended as an exploratory evaluation of potential sources rather than a statistically robust source apportionment analysis. Among the selected variables, K, Li, Cu, Se, Cd and Sn were treated as weak species. Several model runs were performed testing different numbers of factors (from 4 to 9) in order to evaluate model stability and interpretability. The optimal solution was obtained with eight factors, based on the examination of Q values (Qtrue and Qexpected), residual distributions, and the physical interpretability of factor profiles. Model diagnostics, including scaled residuals and bootstrap uncertainty analysis, confirmed the robustness of the eight-factor solution.
Uncertainties were estimated following the approach proposed by Amato et al. (2009), combining analytical uncertainties with a percentage of the measured concentrations to account for instrumental and methodological variability. In addition, an extra 5% uncertainty was added to all variables to better reflect potential measurement and sampling biases. These uncertainty estimates were used to weight the data matrix, and variables with low signal-to-noise ratios were down-weighted accordingly. Bootstrap and displacement tests further confirmed the robustness and stability of the eight-factor solution.

Appendix B. Supplementary tables
Table S1. Inter-elemental Pearson correlations (Hg, Pb, Al, Zn, TIC, and TOC) for the periods pre-1950 (lower matrix) and post-1950 (upper matrix)
	
	Hg
	Pb
	Al
	Zn
	TOC
	TIC

	Hg
	1
	
	
	
	
	

	Pb
	-0,387*
	1
	
	
	
	

	Al
	-0,594***
	0,260
	1
	
	
	

	Zn
	-0,108
	0,160
	0,271
	1
	
	

	TOC
	0,250
	-0,217
	-0,549***
	0,094
	1
	

	TIC
	0,365*
	-0,343*
	-0,854***
	-0,412**
	0,287
	1

	Hg
	1
	
	
	
	
	

	Pb
	0,719***
	1
	
	
	
	

	Al
	-0,621***
	-0,357*
	1
	
	
	

	Zn
	0,625***
	0,696***
	-0,074
	1
	
	

	TOC
	0,858***
	0,662***
	-0,835***
	0,491***
	1
	

	TIC
	-0,073
	-0,353*
	-0,488***
	-0,560***
	0,012
	1


*** Correlation is significant at P < 0.001 level (two-tailed).
**   Correlation is significant at P < 0.01 level (two-tailed).
*    Correlation is significant at P < 0.05 level (two-tailed).


[image: ]Appendix C. Supplementary figures
[image: ]Fig. S1.  Sedimentological correlation of cores LEG23-1A and 1A-1M (Morellón et al. 2011). TOC profiles represented as percentage (concentration) are included as means of correlation between the cores. The 137Cs profiles of both cores (shaded areas) have been cross-referenced to validate the correlation

Fig. S2. Age-depth model for the last ~330 years of Lake Estanya. The age-depth model was generated by linear interpolation between tie-points correlated with the previously dated 1A-1M core (Morellón et al. 2011), using the R package 'clam' (Blaauw 2010) integrating 137Cs measurements in LEG23-1A sediment core
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