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Table captions 
 
Table 1.  Characteristics of the three felsic volcanic units analyzed in this study. 
 
Table 2: Representative major and trace element contents of FM, RT and BT pyroxenes 
and glasses. BT pyroxene major element and trace element values are from different 
grains. 
 
Table 3:  Ionic radii for major and trace element cations in eight- and six-fold 
coordination, from Shannon (1976). 
 
Table 4:  Values for lattice strain model parameters used to generate model curves in 
Figure 7. 
 
Table 5: Pyroxene-glass partition coefficients; maximum, minimum, average, and model 
curve values. 
 
Table 6: Electronic polarizability, α, of Y, HREE, and HFSE cations, from Shannon and 
Fischer (2006).  ∆ =  [α (light ion) – α (heavy ion)]/α (light ion) 
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Table 1 Fasnia Member (FM)1 Otowi Member of the 
Bandelier Tuff (BT)2 

Rattlesnake Tuff 
(RT)3 

Volcano or 
province 

Las Cañadas, Tenerife, 
Canary Islands, Spain 

Valles caldera, New 
Mexico, USA 

High Lava Plains, 
eastern Oregon, USA 

Age, Ma 0.309 1.61 7.05 
Magma 
volume, km3 13 ~120* 280 

Magma 
composition 

Minimum-melt 
phonolite 

Minimum-melt high-
silica rhyolite 

Rhyolite, 75 – 77 
wt.% SiO2 

Phenocryst 
assemblage 

Sodic sanidine + 
haüyne + 

clinopyroxene + biotite 
+ titanite + magnetite 

Sodic sanidine + quartz 
+ clinopyroxene + 

magnetite + fayalite     

Alkali feldspar + 
quartz + 

clinopyroxene ± 
fayalite   

Melt silica 
saturation ne = 27% Q = 33% Q = 30 - 35% 

Melt 
(Na+K)/Al 0.99 ± 0.02 1.02 ± 0.03 1.00 – 1.03 

Melt 
NBO/T** 0.26 0.25 0.24 – 0.25 

Magma T, °C 825 700 800 
Pressure, kbar 1 1.5 1 
fO2 NNO QMF ~QMF 
Pyroxene 
composition Na-salite Ferrohedenbergite Ferroaugite - 

ferrohedenbergite 
Pyroxene Mg# 48 – 58 14.2 – 16.2 9.6 – 31.7 
References: 1Edgar et al. (2007); 2Warshaw & Smith (1988), Spell et al. (1996); 3Streck 
& Grunder (1997).  
*The BT pyroxenes and glasses in this study are taken from the first 120 km3 of 
homogeneous magma ejected during the Otowi Member eruption.  The total volume for 
the unit is ~450 km3. 
**NBO/T = (2O + 4T)/T, where O = total oxygen atoms and T = (Si + Al + Fe3+ + Ti) on 
a molar basis, and assuming 3% dissociated H2O, corresponding to total magmatic water 
contents of 5% in each case (Sowerby & Keppler, 1999). 
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Table 2 
FM phon. 
glass 

FM 
Na-salite 

FM 
Na-salite 

RT rhyo. 
glass 

RT 
ferroaug/hed 

RT 
ferroaug/hed 

BT rhyo. 
glass 

 BT 
ferrohed/aug 

BT 
ferrohed/aug 

Oxide  03TF16  99TF6gmB_PX2B   0154px1  RT173C  RT173B_1b   RT173C_4a  0086A  13/2_a   13/3_c  

 SiO2  58.58  49.21   48.72  75.47  48.06   47.76  77.17  48.66   48.74  

 TiO2  0.43  0.87   0.69  0.16  0.21   0.30  0.04  0.07   0.12  

 Al2O3  21.58  2.49   2.11  12.26  0.41   0.54  12.09  0.38   0.30  

 FeO  2.31  15.27   13.43  1.96  25.33   28.85  1.29  26.14   26.11  

 MnO  0.19  1.35   1.23  0.10  2.76   2.39  0.10  2.77   2.89  

 MgO  0.24  7.98   8.54  0.01  3.71   1.73  0.02  2.72   2.44  

 CaO  0.82  20.24   20.46  0.50  17.99   17.61  0.25  17.99   18.14  

 Na2O  8.80  2.30   2.23  4.61  0.54   0.45  4.69  0.74   0.68  

K2O 5.84   4.69   4.35   

  Totals  98.79  99.76   97.42  99.4  99.08   99.67    99.47   99.42  

Cations          

Si   1.88   1.89    1.96  1.97   1.98 2.00 

Al   0.11   0.10    0.02   0.03   0.02 0.01 

Na   0.17   0.17    0.04   0.04   0.06 0.05 

Ca   0.83   0.85    0.79   0.78   0.79 0.79 

Mn       0.04   0.04    0.10   0.08   0.09 0.10 

Fe2+   0.24   0.19    0.77   0.93   0.84 0.87 

Fe3+  0.25 0.24  0.10 0.06  0.05 0.02 

Mg   0.45   0.49    0.23   0.11   0.17 0.15 

Ti   0.02   0.02    0.01   0.01   0.00 0.00 

Cation total   4.00   4.00    4.00   4.00   4.00  4.00  

Trace elements         

 ppm Sc  b.d.l.  27   30  3.3  412   357  b.d.l.  155   60  

 Sr  33  3.8   3.7  18  3.9   11  0.1  0.08   0.05  

 Y  21  26   31  76  270   185  78  286   548  

 Zr  1393  1,363   2,062  350  64   77  204  35   86  

 Nb  239  2.8   3.0  25  0.09   0.09  185  0.31   0.90  

 Ba  88  0.43   0.36  1685  0.84   0.68  0.17  0.33   0.86  

 La  101  57   61  50  50   41  33  33   67  

 Ce  136  118   133  114  203   169  84  132   257  

 Pr  10  10.9   12.5  15  40   31  9.0  26   49  

 Nd  26  34   40  61  222   169  34  161   309  

 Sm  3.6  5.0   5.8  14  71   51  10  66   121  

 Eu  0.64  0.91   1.00  2.3  7.5   7.3  b.d.l.  0.16   0.21  

 Gd  n.d.  3.9   5.3  n.d.  67   46  n.d.  72   134  

 Tb  0.40  0.67   0.82  2.2  11   7.5  1.9  12   22  

 Dy  2.8  4.1   5.3  14  62   42  13  78   144  

 Ho  0.68  0.91   1.20  2.9  12   8.2  2.7  14   26  

 Er  2.3  3.0   4.2  8.1  31   22  8.0  36   67  

 Tm  0.38  0.66   0.95  1.2  4.7   3.4  1.2  5.3   10  

 Yb  3.3  8.0   11.0  8.0  35   26  8.5  41   81  

 Lu  0.53  1.9   2.8  1.3  7.9   6.1  1.2  7.9   16  

 Hf  23  34   47  9.4  2.4   2.9  10  2.7   10  

 Ta  7.0  0.19   0.34  1.5  b.d.l.  b.d.l. 11 b.d.l. b.d.l. 

 Pb  22  0.54   0.41  13  0.72   0.59  35  1.3   2.2  

 Th  42  0.09   0.12  5.6  0.02   0.02  34  0.03   0.13  

 U  12  0.01   0.01  2.9  0.00   0.01  18  0.01   0.02  
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Table 3   
Cation VIII-fold 

ionic radius 
(Å) 

VI-fold 
ionic radius 
(Å) 

Na 1+ 1.18  
Ca 2+ 1.12  
Mn 2+  0.83 
Fe 2+  0.78 
Mg 2+  0.72 
Ti 4+  0.605 
La 3+ 1.16  1.032  
Ce 3+ 1.143  1.010  
Pr 3+ 1.126  0.990  
Nd 3+ 1.109  0.983  
Pm 3+ 1.093  0.970  
Sm 3+ 1.079  0.958  
Eu 3+ 1.066  0.947  
Gd 3+ 1.053  0.938  
Tb 3+ 1.04  0.923  
Dy 3+ 1.027  0.912  
Y 3+ 1.019  0.900  
Ho 3+ 1.015  0.901  
Er 3+ 1.004  0.890  
Tm 3+ 0.994  0.880  
Yb 3+ 0.985  0.868  
Lu 3+ 0.977  0.861  
Sc 3+   0.745  
Zr 4+  0.72 
Hf 4+  0.71 
Nb 5+  0.64 
Ta 5+  0.64 
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Table 4    
Model Values FM Na-salites RT ferroaugites BT ferrohedenbergites 
T oC 825 800 700 
VIIIE3+

M2 GPa 177 296 339 
VIIIr0 Å  1.060 1.055 1.055 
VIIID0 1.6 5.2 9.0 
VIE3+

M GPa 775 1000 1100 
VIr0 Å 0.724 0.758 0.772 
VID0 500 150 200 
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Table 5 Pyroxene – Glass Partition Coefficients 

 FM Na-salites  
(n=31) 

RT ferroaug/hed 
 (n=40) 

BT ferrohed/aug 
(n=67) 

 Element  
 

Max  
 

Min   Ave  
 

Model   Max   Min   Ave  
 

Model   Max   Min   Ave  
 

Model  
Sc  n.d. n.d.  n.d.  n.d.  186   93   143   139  n.d.  n.d.  n.d. n.d.  
 Ti   1.9   0.8   1.3   n.d.  2.0   1.2   1.5   n.d.  2.0   1.3   1.6   n.d.  
 Y   1.5   0.9   1.3   1.5   4.8   2.1   3.6   4.5   7.2   3.8   4.8   7.4  

 Zr   1.7   0.7   1.2   n.d.  0.3   0.2   0.2   n.d.   0.4   0.2   0.3   n.d.  
Nb 0.04 0.01 0.02 n.d. 0.005 0.002 0.003 n.d. 0.019 0.001 0.004 n.d. 
 La   0.7   0.4   0.6   0.6   1.2   0.7   1.0   1.1   2.3   0.9   1.2   1.3  
 Ce   1.1   0.5   0.8   0.8   2.0   1.2   1.7   1.8   3.9   1.5   1.9   2.3  
 Pr   1.5   0.7   1.1   1.0   3.3   1.7   2.6   2.6   6.9   2.9   3.6   3.7  
 Nd   2.2   0.9   1.3   1.3   4.9   2.3   3.7   3.5   11   4.4   5.6   5.4  
 Sm   2.4   1.0   1.5   1.5   6.6   2.9   5.0   4.8   16   6.3   8.0   8.2  
 Eu   2.6   1.0   1.4   1.6   7.6   5.6   6.5   5.1   128  n.d.  n.d.   8.8  
 Gd  n.d. n.d.  n.d.   1.6  n.d.  n.d.   n.d.   5.2  n.d. n.d.  n.d.   9.0  
 Tb   2.2   1.2   1.6   1.6   6.6   2.8   5.0   5.1   13   6.6   7.9   8.7  
 Dy   2.1   1.1   1.5   1.5   6.2   2.6   4.6   4.7   12   6.1   7.6   7.9  
 Ho   2.2   1.1   1.5   1.5   5.7   2.4   4.2   4.3   10   5.5   6.6   7.0  
 Er   2.1   1.2   1.6   1.5   5.2   2.3   3.9   4.0   9.2   4.9   6.2   6.4  

 Tm   2.8   1.5   2.1   1.9   5.1   2.3   3.8   4.0   9.2   4.8   6.3   6.2  
 Yb   3.6   2.4   2.9   3.1   5.7   2.8   4.4   4.9   11   5.4   7.4   7.9  
 Lu   5.9   3.5   4.5   4.6   7.9   4.0   6.1   6.1   14   7.2   10   9.8  
 Hf   2.6   1.0   1.8   n.d.   0.4   0.2   0.3  n.d.  1.0   0.3   0.4   n.d.  
Ta 0.16 0.01 0.05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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Table 6    

Cation(coord#) α , Å3 ∆ = [α(light ion) - α(heavy ion)]/α(light ion) 

Y3+(VI) 2.12 ∆ Y-Dy(VI) -0.0896 

Y3+(VIII) 1.844 ∆ Y-Dy(VIII) -0.1236 

Zr4+ 2.023 ∆ Y-Ho(VI) -0.0566 

Nb5+ 3.10 ∆ Y-Ho(VIII) -0.0906 

Dy3+(VI) 2.31 ∆ Y-Er(VI) -0.0283 

Dy3+(VIII) 2.072 ∆ Y-Er(VIII) -0.0553 

Ho3+(VI) 2.24 ∆ Zr-Hf  0.0657 

Ho3+(VIII) 2.011 ∆ Nb-Ta  0.0903 

Er3+(VI) 2.18   

Er3+(VIII) 1.946   

Hf4+ 1.89   

Ta5+ 2.82   
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