
Table S1:  Mass fraction and density of each size class used in model simulations, before aggregating fine 1 
ash.  Mass fractions and phi sizes for Mount St. Helens were taken from supplement 2008jb005756-2 
txts03.txt in Durant et al. [2009] for samples integrated out to 671 km distance.  Densities were 3 
estimated based on component analysis of Carey and Sigurdsson [1982], assuming a density of 2900 4 
kg/m3 for lithics, 490 kg/m3 for pumice at φ<=1 [Klug and Cashman, 1994], and 2300 kg/m3 for glass 5 
fragments at φ>=4.5.   TGSDs for Spurr, Ruapehu, and Redoubt were obtained respectively from Durant 6 
and Rose [2009], Bonadonna and Houghton [2005], and Mastin et al. [2013].  For Ruapehu, we give both 7 
the TGSD derived using Technique C of Bonadonna and Houghton [2005], used throughout this paper, 8 
and that using Technique B, whose result is illustrated in Supplementary Figure 173. Clast densities were 9 
not always given by these sources.  For Spurr clasts we assume ρ=1700 kg m-3 at φ<=-2 [Gardner et al., 10 
1998], ρ=2500 kg m-3 at φ>=7, and a linear variation with φ in between.  For Ruapehu we assume ρ=1100 11 
kg m-3 at φ<=-1 [Gardner et al., 1998], ρ=2650 kg m-3 at φ>=6, and a linear variation in between 12 
[Bonadonna and Phillips, 2003; Bonadonna et al., 2005].  For Redoubt we use the same values as in 13 
Mastin et al. [2013].  Sources give the TGSD for Spurr, Ruapehu and Redoubt only in 1-phi intervals.  For 14 
modeling, for particles coarser than 5φ, we interpolate to half-phi intervals to avoid deposit artifacts.  15 
Phi values in bold are not included in aggregation. 16 

  Mount St. Helens Spurr Ruapehu Redoubt 

      C B    

φ mm mm ρ, kg/m3 mm ρ, kg/m3 mm mm ρ, kg/m3 mm ρ, kg/m3 
≤-4.0 16.0000  490 0.024 1700 0.0647 0.0384 1100 0.0059 800 
-3. 5 11.3137 0.0007 490 0.0185 1700 0.0404 0.0194 1100 0.0087 800 
-3.0 8.0000 0.0019 490 0.013 1700 0.0495 0.0227 1100 0.0134 800 
-2.5 5.6569 0.0021 490 0.0115 1700 0.0620 0.0262 1100 0.0143 800 
-2.0 4.0000 0.0047 665 0.0100 1700 0.0744 0.0297 1100 0.0153 800 
-1. 5 2.8284 0.0058 1292 0.0125 1744 0.0705 0.0291 1100 0.0140 800 
-1.0 2.0000 0.0056 2003 0.015 1789 0.0666 0.0285 1100 0.0128 800 
-0. 5 1.4142 0.0084 2350 0.021 1833 0.0717 0.0353 1211 0.0334 800 
0.0 1.0000 0.0141 2005 0.027 1878 0.0767 0.0420 1321 0.0541 800 
0.5 1.4142 0.0214 2248 0.0195 1922 0.0754 0.0567 1432 0.0620 900 
1.0 0.5000 0.0459 2624 0.012 1967 0.0740 0.0714 1543 0.0698 1000 
1. 5 0.3536 0.0723 2644 0.011 2011 0.0650 0.0798 1654 0.0629 1050 
2.0 0.2500 0.0532 2639 0.010 2056 0.0560 0.0881 1764 0.0560 1083 
2.5 0.1768 0.0292 2706 0.044 2100 0.0439 0.0864 1875 0.0687 1400 
3.0 0.1250 0.0330 2691 0.079 2144 0.0318 0.0847 1986 0.0813 1790 
3.5 0.0884 0.0460 2730 0.118 2189 0.0235 0.0750 2096 0.0791 2200 
4.0 0.0625 0.0602 2698 0.118 2233 0.0152 0.0652 2207 0.0577 2250 
4.5 0.0442 0.0700 2640 0.095 2278 0.0119 0.0457 2317 0.0624 2275 
5.0 0.0313 0.0799 2581 0.112 2322 0.0086 0.0262 2429 0.0672 2300 
5.5 0.0221 0.0829 2570        
6.0 0.0156 0.0790 2670 0.101 2411 0.0074 0.0206 2650 0.0767 2500 
6.5 0.0110 0.07174 2670        
7.0 0.0078 0.0575 2670 0.066 2500 0.0045 0.0115 2650 0.0401 2500 
7.5 0.0055 0.0429 2670        
8.0 0.0039 0.0327 2670 0.038 2500 0.0029 0.0081 2650 0.0193 2500 
8.5 0.0028 0.0261 2670        
9.0 0.0020 0.0207 2670 0.024 2500 0.0018 0.0054 2650 0.0115 2500 
9.5 0.0014 0.0138 2670        



10.0 0.0010 0.0094 2670 0.003 2500 0.0011 0.0037 2650 0.0223 2500 
10.5 0.0007 0.0063 2670        
≥11.0 0.0005 0.0029 2670 0.001 2500 0.0005 0.0000 2650   
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Table S2:  Grain-size distributions used to simulate the deposits in Figures 10-13.  Numbers in italics in 20 
the last five rows are aggregates. 21 

  Mount St. Helens Crater Peak Ruapehu Redoubt 

φ mm mm ρ, kg/m3 mm ρ, kg/m3 mm ρ, kg/m3 mm ρ, kg/m3 
≤-4.0 16.0000 0.0000 490 0.024 1700 0.0647 1100 0.0059 800 
-3. 5 11.3137 0.0007 490 0.0185 1700 0.0404 1100 0.0087 800 
-3.0 8.0000 0.0019 490 0.013 1700 0.0495 1100 0.0134 800 
-2.5 5.6569 0.0021 490 0.0115 1700 0.0620 1100 0.0143 800 
-2.0 4.0000 0.0047 665 0.0100 1700 0.0744 1100 0.0153 800 
-1. 5 2.8284 0.0058 1292 0.0125 1744 0.0705 1100 0.0140 800 
-1.0 2.0000 0.0056 2003 0.0150 1789 0.0666 1100 0.0128 800 
-0. 5 1.4142 0.0084 2350 0.0210 1833 0.0717 1211 0.0334 800 
0.0 1.0000 0.0141 2005 0.0270 1878 0.0767 1321 0.0541 800 
0.5 1.4142 0.0214 2248 0.0195 1922 0.0754 1432 0.0620 900 
1.0 0.5000 0.0459 2624 0.0120 1967 0.0740 1543 0.0698 1000 
1. 5 0.3536 0.0723 2644 0.0110 2011 0.0650 1654 0.0629 1050 
2.0 0.2500 0.0532 2639 0.0100 2056 0.0560 1764 0.0560 1083 
2.5 0.1768 0.0219 2706 0.0334 2100 0.0439 1875 0.0515 1400 
3.0 0.1250 0.0165 2691 0.0395 2144 0.0239 1986 0.0407 1790 
3.5 0.0884 0.0115 2730 0.0295 2189 0.0130 2096 0.0198 2200 
1.6 0.3299 0.0714 600 0.0693 600 0.0072 600 0.0465 600 
1.7 0.3078 0.1428 600 0.1386 600 0.0145 600 0.0931 600 
1.8 0.2872 0.2856 600 0.2772 600 0.0289 600 0.1862 600 
1.9 0.2679 0.1428 600 0.1386 600 0.0145 600 0.0931 600 
2.0 0.2500 0.0714 600 0.0693 600 0.0072 600 0.0465 600 
 22 
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Table S3:  Values of ∆2, 2
downwind∆ , and 2

area∆ for the Mount St. Helens simulations.  Minimum values are 24 

indicated in bold.  The last row gives values of these parameters for the simulation that used the raw 25 
particle-size distribution (Table S1) with no aggregation. 26 

 ∆2 2
downwind∆  2

area∆  

 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 

aggµ =1.7 1.078 1.055 1.026 1.406 1.383 1.356 0.728 0.722 0.713 
1.8 1.312 1.214 1.124 1.356 1.331 1.296 0.712 0.705 0.696 
1.9 1.289 1.203 1.105 1.297 1.263 1.219 0.696 0.687 0.677 
2.0 1.068 1.000 0.937 1.216 1.170 1.104 0.675 0.665 0.649 
2.1 0.715 0.700 0.683 1.098 1.025 0.909 0.646 0.628 0.610 
2.2 0.448 0.443 0.452 0.904 0.795 0.669 0.609 0.589 0.560 
2.3 0.376 0.365 0.376 0.666 0.562 0.469 0.560 0.537 0.509 
2.4 0.521 0.503 0.491 0.484 0.421 0.341 0.504 0.486 0.469 
2.5 0.700 0.678 0.655 0.457 0.407 0.380 0.468 0.456 0.442 
2.6 0.817 0.801 0.781 0.527 0.509 0.494 0.453 0.448 0.436 
2.7 0.890 0.879 0.864 0.631 0.617 0.601 0.454 0.439 0.434 
2.8 0.928 0.923 0.914 0.712 0.701 0.689 0.451 0.449 0.446 
2.9 0.948 0.946 0.941 0.789 0.784 0.774 0.475 0.469 0.463 
3.0 0.959 0.958 0.955 0.885 0.876 0.866 0.527 0.520 0.513 
3.1 1.078 1.055 1.026 1.406 1.383 1.356 0.728 0.722 0.713 
no aggregation 0.954   1.262   0.660   
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Table S4: values of ∆2, 2
downwind∆ , and 2

area∆ for the Crater Peak (Mount Spurr) simulations.  Minimum 29 

values are indicated in bold.  The last row gives values of these parameters for the simulation that used 30 
the raw particle-size distribution (Table S1) with no aggregation. 31 

 ∆2 2
downwind∆  2

area∆  

 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 

aggµ =1.7 0.964 0.966 0.968 0.993 0.976 0.950 0.167 0.156 0.141 
1.8 0.873 0.871 0.867 0.927 0.899 0.860 0.127 0.115 0.105 
1.9 0.816 0.803 0.789 0.823 0.783 0.731 0.085 0.075 0.077 
2.0 0.741 0.728 0.716 0.677 0.627 0.582 0.088 0.102 0.126 
2.1 0.656 0.653 0.650 0.520 0.498 0.483 0.159 0.200 0.246 
2.2 0.605 0.606 0.612 0.439 0.441 0.446 0.280 0.324 0.388 
2.3 0.596 0.604 0.615 0.466 0.470 0.475 0.437 0.502 0.578 
2.4 0.650 0.654 0.660 0.547 0.547 0.549 0.664 0.738 0.842 
2.5 0.738 0.734 0.731 0.656 0.653 0.648 0.972 1.072 1.153 
2.6 0.826 0.817 0.807 0.776 0.770 0.763 1.301 1.351 1.389 
2.7 0.892 0.883 0.871 0.909 0.900 0.888 1.522 1.544 1.560 
2.8 0.928 0.921 0.913 1.036 1.026 1.014 1.643 1.656 1.666 
2.9 0.940 0.937 0.933 1.125 1.120 1.111 1.684 1.693 1.710 
3.0 0.942 0.942 0.940 1.185 1.183 1.181 1.592 1.630 1.660 
3.1 0.964 0.966 0.968 0.993 0.976 0.950 0.167 0.156 0.141 
no aggregation 0.934   1.182   0.641   
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Table S5: values of ∆2, 2
downwind∆ , and 2

area∆ for the Ruapehu simulations.  Minimum values are indicated 34 

in bold.  The last row gives values of these parameters for the simulation that used the raw particle-size 35 
distribution (Table S1) with no aggregation. 36 

 ∆2 2
downwind∆  2

area∆  

 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 

aggµ =1.7 0.793 0.790 0.787 0.469 0.447 0.418 0.510 0.505 0.498 
1.8 0.775 0.774 0.773 0.396 0.366 0.333 0.493 0.485 0.477 
1.9 0.759 0.760 0.760 0.279 0.258 0.246 0.469 0.461 0.451 
2.0 0.753 0.753 0.753 0.178 0.179 0.180 0.438 0.428 0.420 
2.1 0.752 0.751 0.751 0.094 0.096 0.102 0.403 0.395 0.388 
2.2 0.751 0.751 0.751 0.087 0.087 0.092 0.375 0.368 0.364 
2.3 0.751 0.751 0.751 0.134 0.134 0.134 0.358 0.354 0.349 
2.4 0.751 0.751 0.751 0.214 0.211 0.205 0.359 0.355 0.355 
2.5 0.753 0.753 0.753 0.301 0.296 0.287 0.377 0.372 0.366 
2.6 0.755 0.755 0.755 0.397 0.388 0.374 0.407 0.404 0.396 
2.7 0.757 0.757 0.757 0.488 0.475 0.457 0.418 0.418 0.416 
2.8 0.760 0.760 0.760 0.503 0.502 0.498 0.410 0.410 0.410 
2.9 0.762 0.762 0.762 0.502 0.502 0.502 0.402 0.403 0.406 
3.0 0.764 0.764 0.763 0.502 0.502 0.502 0.400 0.402 0.404 
3.1 0.793 0.790 0.787 0.469 0.447 0.418 0.510 0.505 0.498 
no aggregation 0.699   0.320   0.439   
 37 

  38 



Table S6: values of ∆2, 2
downwind∆ , and 2

area∆ for the Redoubt simulations.  Minimum values are indicated 39 

in bold.  The last row gives values of these parameters for the simulation that used the raw particle-size 40 
distribution (Table S1) with no aggregation. 41 

 ∆2 2
downwind∆  2

area∆  

 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 aggσ =0.1 0.2 0.3 

aggµ =1.7 0.9954 0.9953 0.9952 0.4338 0.4331 0.4327 0.5777 0.5913 0.6166 
1.8 0.9950 0.9948 0.9947 0.4341 0.4417 0.4382 0.6523 0.6665 0.6817 
1.9 0.9941 0.9940 0.9940 0.4454 0.4398 0.4330 0.7236 0.7394 0.7627 
2.0 0.9930 0.9931 0.9932 0.4487 0.4408 0.4298 0.8178 0.8348 0.8716 
2.1 0.9923 0.9925 0.9927 0.4457 0.4375 0.4270 0.9416 0.9707 1.0062 
2.2 0.9923 0.9924 0.9925 0.4374 0.4307 0.4205 1.1104 1.1535 1.2117 
2.3 0.9929 0.9927 0.9926 0.4256 0.4215 0.4156 1.3236 1.3574 1.3999 
2.4 0.9930 0.9928 0.9926 0.4233 0.4208 0.4182 1.5043 1.5284 1.5666 
2.5 0.9926 0.9926 0.9925 0.4285 0.4268 0.4250 1.6701 1.6876 1.7101 
2.6 0.9925 0.9926 0.9926 0.4385 0.4363 0.4397 1.8005 1.8140 1.8407 
2.7 0.9929 0.9929 0.9928 0.4590 0.4577 0.4560 1.9073 1.9197 1.9372 
2.8 0.9932 0.9931 0.9931 0.4833 0.4818 0.4796 1.9484 1.9680 1.9892 
2.9 0.9937 0.9936 0.9935 0.5093 0.5071 0.5031 1.9105 1.9356 1.9626 
3.0 0.9947 0.9945 0.9943 0.5270 0.5234 0.5182 1.8646 1.8740 1.8881 
3.1 0.9954 0.9953 0.9952 0.4338 0.4331 0.4327 0.5777 0.5913 0.6166 
no aggregation 0.998   0.649   1.091   
 42 
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