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Table DR1. Measurements of total 210Pb activity, associated CRS dates, and CRS 
sedimentation rates for the Llamacocha core. 
 

Depth 
(cm) 

210Pb 
(Bq/g) 

1 σ 
error 

CRS 
date 

1 σ 
error 

CRS Sed. Rate 
(g/m2/yr) 

1 σ 
error 

0-1 1.15 0.06 2007 0 85 8 
2-3 1.20 0.04 2006 0 78 6 
4-5 1.19 0.04 2003 0 73 5 
6-7 1.04 0.03 2000 0 75 5 
8-9 1.01 0.03 1995 1 67 5 

10-11 0.93 0.03 1990 1 61 6 
12-13 0.68 0.03 1981 2 66 6 
14-15 0.48 0.02 1974 2 78 7 
16-17 0.35 0.02 1967 5 91 12 
18-19 0.38 0.02 1961 5 68 10 
20-21 0.29 0.02 1950 7 66 12 
24-25 0.16 0.01 1929 11 75 14 
28-29 0.12 0.01 1914 20 75 21 
32-33 0.11 0.01 1894 30 56 26 
41-42 0.06 0.01     
51-52 0.05 0.00         

 
 
 
Table DR2. Table of radiocarbon dates used in the core chronology.  Note that BC dates 
are denoted as negative. 
 

UCI Depth Size ± fraction ± 14C age ± 1 σ Calibrated 
 (cm) (mg carbon)   Modern   (BP)   AD/BC 

56389 33-36 0.029 1.5 0.946 0.004 445 40 1445-1610 

51340 42-45 0.029 0.8 0.916 0.004 705 40 1290-1385 

49761 56-59 0.065 4.0 0.865 0.003 1160 30 900-985 

56386 61-64 0.033 1.2 0.829 0.004 1510 40 580-645 

56387 85-86 0.033 1.4 0.768 0.005 2120 60 -170-5 

 



Table DR3. Table of stable Pb isotopic values for Llamacocha sediment samples.   
 
 

Depth 
Calibrate 

year 206Pb/204Pb 1σ 207Pb/204Pb 1σ 208Pb/204Pb 1σ 208Pb/206Pb 1σ 207Pb/206Pb 1σ 
(cm) (AD/BC)                     

3 2004 18.774 9.01E-04 15.647 1.07E-03 38.795 3.47E-03 2.066 9.11E-05 0.833 1.92E-05 
19 1955 18.781 8.21E-04 15.648 9.64E-04 38.819 3.06E-03 2.067 8.00E-05 0.833 1.56E-05 
38 1582 18.814 1.20E-03 15.651 1.23E-03 38.825 3.60E-03 2.064 7.91E-05 0.832 1.88E-05 
45 1322 18.816 1.72E-03 15.640 1.73E-03 38.788 5.04E-03 2.061 9.39E-05 0.831 2.16E-05 
51 1091 18.852 1.80E-03 15.649 1.72E-03 38.818 4.49E-03 2.059 8.04E-05 0.830 2.41E-05 
58 823 18.936 1.98E-03 15.652 2.06E-03 38.818 5.24E-03 2.050 6.88E-05 0.827 2.73E-05 
63 643 19.227 9.74E-04 15.668 1.09E-03 38.877 3.27E-03 2.022 9.57E-05 0.815 2.27E-05 
69 453 19.457 1.52E-03 15.691 1.25E-03 38.943 3.66E-03 2.002 7.02E-05 0.806 1.65E-05 
76 256 19.441 1.78E-03 15.688 1.68E-03 38.932 4.75E-03 2.003 8.82E-05 0.807 1.97E-05 
81 125 19.454 1.39E-03 15.663 1.45E-03 38.863 4.26E-03 1.998 9.30E-05 0.805 2.13E-05 
96 -255 19.589 9.70E-04 15.698 1.16E-03 38.975 3.57E-03 1.990 8.13E-05 0.801 1.76E-05 
101 -350 19.606 2.01E-03 15.689 1.77E-03 38.937 4.85E-03 1.986 7.25E-05 0.800 1.79E-05 

            
NBS 981+ Tl 16.930 1.05E-03 15.485 1.15E-03 36.683 3.36E-03 2.167 8.17E-05 0.915 2.04E-05 
NBS 981+ Tl 16.931 1.11E-03 15.484 1.26E-03 36.675 3.09E-03 2.166 6.33E-05 0.914 1.96E-05 
NBS 981+ Tl 16.935 9.72E-04 15.488 1.08E-03 36.687 2.86E-03 2.166 6.34E-05 0.915 1.82E-05 

Certified value 16.941   15.496   36.722   2.168   0.915   



 
Table DR4. Table of stable Pb isotopic values for regional ores; source references are as 
indicated. 
 
 

Mine 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb 208Pb/206Pb 207Pb/206Pb Reference 
              

Cerro de 
Pasco 18.778 15.637 38.811 2.067 0.833 Mukasa et al., 1990 

 18.778 15.661 38.888 2.071 0.834  
  18.821 15.96 38.954 2.070 0.848  
    18.789 15.658 38.870 2.069 0.833   

Cerro de 
Pasco 18.776 15.666 38.902 2.072 0.834 Sangster et al., 2000 

Atacocha 18.822 15.681 38.968 2.070 0.833 
Gunnesch and Baumann, 
1984 

  18.839 15.693 39.009 2.071 0.833  
  18.793 15.659 38.866 2.068 0.833  
  18.810 15.673 38.937 2.070 0.833  
    18.860 15.727 39.073 2.072 0.834   

Atacocha 18.823 15.682 38.969 2.070 0.833 Gunnesch et al., 1990 
  18.839 15.693 39.009 2.071 0.833  
  18.793 15.653 38.863 2.068 0.833  
  18.810 15.673 38.937 2.070 0.833  
  18.860 15.727 39.073 2.072 0.834  
    18.789 15.651 38.866 2.069 0.833   

Milpo 18.801 15.643 38.866 2.067 0.832 
Gunnesch and Baumann, 
1984 

  18.829 15.673 38.938 2.068 0.832  
  18.851 15.701 39.047 2.071 0.833  
  18.848 15.685 38.987 2.068 0.832  
  18.819 15.664 38.91 2.068 0.832  
  18.771 15.667 38.925 2.074 0.835  
  18.835 15.683 38.967 2.069 0.833  
  18.849 15.697 39.04 2.071 0.833  
  18.832 15.678 38.958 2.069 0.833  
  18.842 15.673 38.956 2.068 0.832  
  18.826 15.676 38.959 2.069 0.833  
  18.801 15.649 38.876 2.068 0.832  
  18.819 15.674 38.932 2.069 0.833  
    18.817 15.665 38.926 2.069 0.832   



 
 

Figure DR1. Down-core profile of A: total 210Pb activity, B: associated CRS dates, and 
C: Sedimentation rate for the Llamacocha core. 
 

 



Figure DR2. Elemental fluxes for each of the metals measured. Na, Mg, Al, Ca, Ti, Mn, Fe, Zn, As, Cu, Sr, and Pb are in the units mg 
m-2 yr-1; Hg, Sb, Cr, and Sc are in the units μg m-2 yr-1. Note Mn, Zn, Hg, As, Pb, and Sb are plotted on a log scale. 
 



Figure DR3. Plot of 206Pb/204Pb vs. A: 207Pb/204Pb and B: 208Pb/204Pb.  Stable Pb isotopic 
ratios for Llamacocha sediment are plotted alongside stable Pb isotopic ratios from 
galena (PbS) from local mines (Pb data for Llamacocha sediment are provided in Table 
DR3 and Pb data for ores in Table DR4). The largest and historically the most 
economically important of these mines is Cerro de Pasco. Milpo, Atacocha, and the St 
Vicenete mine are all located 10-20 km north of Cerro de Pasco. The cluster of four 
background samples is those intervals which pre-date ~600 AD, and thus pre-date Pb 
enrichment associated with the rise of regional metallurgy. Llamacocha sediment Pb 
ratios roughly plot along a straight line between background and 20th century intervals. 
The 20th century samples plot directly on top of the low-end of Cerro de Pasco ores 
(especially 208Pb/204Pb), indicating Cerro de Pasco is the major source of anthropogenic 
Pb in Llamacocha sediment, though limited influence by other regional ores cannot be 
ruled out.  
 

 



Figure DR4. The down-core flux ratio profile for both Pb and Hg. Flux ratios (sample to 
average background fluxes) provide a unitless measure of relative increases in metal 
accumulation rates, and facilitate comparisons between lake records. The average 
background Pb flux is 0.07 (±0.01) mg m-2 yr-1 (n=35; pre-600 AD) and the average rate 
of background Hg flux is 1.5 (±0.2) μg m-2 yr-1 (n=49; pre-1600 AD). 
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