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TABLE 1. Experimental Arrhenius parameters for Ar, H, and Sr di! usion in minerals
Mineral Abbr. ZT Orientation T (°C) P (MPa) E (kJ/mol) lnD0 (cm2/s) Reference
Ar di! usion        
Beryl Brl 58.28 powder 850–950  215 ± 42 –3.22 Vironovskiy (1966)*
Beryl Brl 58.28 powder 950–1050  305 6.68 Vironovskiy (1966)*
Biotite Bt 50.15 powder 600–750 100, 1400 “wet” 197 ± 9 –2.56 Harrison et al. (1985)
Biotite Bt 50.15 powder 550–700 100 “wet” 211.3 ± 5.0 –0.91 Grove and Harrison (1996)
Biotite Bt 50.15  370 ≤200  lnD = –39.78 Villa and Puxeddu (1994)
Glauconite Gln 54.65 powder 300–600  117 –18.42 Evernden et al. (1960)
Hornblende Hbl 50.54 powder 750–900 100 “wet” 268.2 ± 7.1 –3.73 Harrison (1981)
Lepidolite Lpd 48.38 powder 508–602  184 –3.00 Reynolds (1957)
Low sanidine Sa 55.61 sphere 550–720 0.1–0.2 198.2 ± 10.5 –3.29 Wartho et al. (1999)
Microcline Mc 55.46  150–400  100 –17.32 Evernden et al. (1960)
Muscovite Mus 51.50    180 –7.85 Robbins (1972);
Hames and Bowring (1994)
Orthoclase Or 53.91 powder 500–800 200 180.3 ± 4.6 –4.27 Foland (1974)
Perthite Prt 59.63 powder 391–602  39 –23.72 Reynolds (1957)
Phlogopite Phl 49.70 powder 600–900 100, 200 “wet” 242 ± 11 –0.29 Giletti (1974)
Phlogopite Phl 49.70 powder 900–1080 1500 “wet” 332 7.69 Giletti and Tullis (1977)
Pyroxene Px 46.43 powder 650–900  307 8.04 Amikhan!  et al. (1959)*
Sanidine Sa 55.61 powder 390–890  103.3 –13.13 Evernden et al. (1960)
Sanidine Sa 55.61 powder 500–800  217.4 –0.76 Baadsgaard et al. (1961)
Quartz Qz 61.62 //c, ⊥c 500–1200 1–185 51.1 ± 6.2 –32.43 Watson and Cherniak (2003)
H di! usion        
Hydroxyl-bearing minerals     
Actinolite Act 54.08 ⊥c 400–700 100 98.75 –11.97 Graham (1981)
Actinolite Act 54.08 ⊥c 400–700 100 118 –8.27 Suzuoki and Epstein (1976)
Actinolite Act 54.08 //c 400–700 100 102.5 –17.55 Suzuoki and Epstein (1976)
Alunite Ant  sphere/cyl 100–300 0.1–100 26.4 ± 7.1 –30.62 Sto! regen et al. (1994)
Analcime Ac 63.75 sphere 65–105 <0.1 60.1 –6.78 Dyer and Molyneux (1968)
Analcime Ac 63.75 sphere 66–105 <0.1 54.2 –8.72 Dyer and Molyneux (1968)
Biotite Bt 50.15 //c 450–800 100 116.3 –14.89 Suzuoki and Epstein (1976)
Biotite Bt 50.15 ⊥c 450–800 100 122.6 –7.18 Suzuoki and Epstein (1976)
Chlorite Chl 56.51 ⊥c 500–700 200, 500 171.7 –2.79 Graham et al. (1987)
Chlotite Chl 56.51 //c 500–700 200, 500 166.9 –7.64 Graham et al. (1987)
Epidote Ep 45.73 ⊥c 200–350 200–400 128 0.21 Graham (1981)
Epidote Ep 45.73 powder 450–650 200, 400 57.7 –12.62 Graham (1981)
Epidote Ep 45.73 //c 200–350 200–400 128.5 2.23 Graham (1981)
Epidote Ep 45.73 //c 450–650 400 52.3 –11.54 Graham (1981)
Epidote Ep 45.73 //b 200–600 200 81.38 –20.28 De et al. (2000)
Hornblende Hbl 50.54 //c 350–550 100 79.5 –15.66 Graham et al. (1984)
Hornblende Hbl 50.54 ⊥c 350–550 100 84.1 –17.55 Graham et al. (1984)
Ilvaite Ilv  ⊥c 350–650 9–20 118.5 –7.76 Qian and Guo (1993)
Ilvaite Ilv  //c 350–650 9–20 115.5 –6.94 Qian and Guo (1993)
Kaolinite Kln 58.71 ⊥c 100, 200 100 60.9 –18.09 O’Neil and Kharaka (1976)
Kaolinite Kln 58.71 //c 100, 200 100 74.8 –17.66 O’Neil and Kharaka (1976)
Kaolinite Kln 58.71 //c 200–352 0.032–0.126 83.7 –18.56 Liu and Epstein (1984)
Kaolinite Kln 58.71 ⊥c 200–352 0.032–0.126 72.4 –16.72 Liu and Epstein (1984)
Kaolinite Kln 58.71 ⊥c 150–275 0.03–0.08 80 –11.55 Vennemann et al. (1996)
Manganite Mn 48.58    37 –21.30 Hariya and Tsutsumi (1981)
Montmor Mnt 71.28 //c 100, 200 100 49.8 –21.17 O’Neil and Kharaka (1976)
Montmor Mnt 71.28 ⊥c 100, 200 100 52.7 –16.93 O’Neil and Kharaka (1976)
Muscovite Ms 51.50 //c 450–750 200, 400 119.7 –16.12 Graham (1981)
Muscovite Ms 51.50 ⊥c 450–750 200, 400 121.3 –9.16 Graham (1981)
K-Natrolite K-Ntr 64.49 sphere 25–65 0.1 25.4 –13.47 Dyer and Faghihian (1998a)
Phlogopite Phl 49.70 //c 575–650 100 128.6 –14.06 Suzuoki and Epstein (1976)
Phlogopite Phl 49.70 ⊥c 575–650 100 155.2 –3.80 Suzuoki and Epstein (1976)
Serpentine Srp 57.13 //prism 100–300 200 48.8 –13.59 Sakai and Tsutsumi (1978)
Serpentine Srp 57.13 ⊥prism 100–300 200 47.2 –16.39 Sakai and Tsutsumi (1978)
Na-Stilbite Na-Stb 70.27 sphere 25–65 0.1 19 –15.63 Dyer and Faghihian (1998b)
Ca-Stilbite Ca-Stb 70.27 sphere 25–65 0.1 11.8 –17.74 Dyer and Faghihian (1998b)
Tourmaline Tur 48.40 ⊥c 450–800 15–25 127.9 –13.72 Guo and Qian (1997)
Tourmaline Tur 48.40 //c 450–800 15–25 122.9 –12.98 Guo and Qian (1997)
Tremolite Tr 52.46 //c 350–800 200–400 72.4 –15.55 Graham et al. (1984)
Tremolite Tr 52.46 //c 650–850 200–400 71.1 –18.54 Graham et al. (1984)
Zoisite Zo 45.84 //c 350–650 200–400 100 –8.73 Graham (1981)
Zoisite Zo 45.84 powder 350–650 200, 400 102.5 –10.02 Graham (1981)
Zoisite Zo 45.84 ⊥c 200–650 200–400 52.3 –10.34 Graham et al. (1980)
Zoisite Zo 45.84 //c 200–650 200–400 52.3 –8.66 Graham et al. (1980)
* Data cited from Freer (1981). 







TABLE 1. —Continued
Mineral Abbr. ZT Orientation T (°C) P (MPa) E (kJ/mol) lnD0 (cm2/s) Reference
Nominally anhydrous minerals     
Adularia Al 53.91 plate 500–900 0.1 172 ± 15 1.82 Kronenberg et al. (1996)
Corundum Crn 37.64 //c 1000–1100  437.2 23.06 Ramirez et al. (1997)
Diopside Di 46.43 //(001), (100), (010) 700–1000 0.1 136 ± 27 –5.39 Ingrin et al. (1995)
Diopside Di 46.43 //(100) 700–850 0.1 181 ± 38 4.37 Woods et al. (2000)
Diopside Di 46.43 //(001) 700–850 0.1 153 ± 32 1.38 Woods et al. (2000)
Diopside Di 46.43 //(001) and (100) 600–900 0.1 149 ± 16 1.38 Hercule and Ingrin (1999)
Diopside Di 46.43 //(010) 600–900 0.1 143 ± 33 –2.30 Hercule and Ingrin (1999)
Enstatite En 49.78 //(100) and (010) 700, 900 0.1 295 ± 55 9.52 Stalder and Skogby (2003)
Forsterite Fo 48.14 //[001] 900–1100 200, 1500 “wet” 210 ± 33 1.61 Demouchy and Mackwell (2003)
Forsterite Fo 48.14 //[010] 1000–1100 200, 1500 “wet” 205 ± 31 –0.23 Demouchy and Mackwell (2003)
Forsterite Fo 48.14 //[100] 1000–1100 200, 1500 “wet” 225 ± 40 0.46 Demouchy and Mackwell (2003)
Olivine Ol 49.60 //a 800–1000 300 “wet” 130 ± 30 –0.51 Mackwell and Kohlstedt (1990)
Orthopyroxene Opx 51.00 //(001), (100), (010) 700, 1000 0.1 213 ± 47 5.19 Stalder and Skogby (2003)
Pyrope Prp 39.87  700–950 0.1 254 ± 12 9.78 Wang et al. (1996)
Pyrope Prp 39.87  700–950 0.1 241 ± 32 9.52 Wang et al. (1996)
Pyrope Prp 39.87 single crystal 700–950 2700 140±38 –6.45 Blanchard and Ingrin (2004a)
Pyrope Prp 39.87 single crystal 800–1050 pO2 = 0.21 atm 277±22 8.06 Blanchard and Ingrin (2004b)
Pyrope Prp 39.87 single crystal 800–1050 pO2 = 10−16 atm 329±21 11.28 Blanchard and Ingrin (2004b)
β-Quartz β-Qz 61.62 //c 700–900 890–1550 200 ± 20 7.24 Kronenberg et al. (1986)
α-Quartz α-Qz 59.89 //c 400–620 2.5 79.5 –9.90 Kats et al. (1962)
β-Quartz β-Qz 61.62 //c 700–900 2.5 175.7 1.61 Kats et al. (1962)
β-Quartz β-Qz 61.62 //c 720–850 0.06 93.7 –15.09 Sha! er et al. (1974)
β-Quartz β-Qz 61.62 //c 721–850 0.06 100 –14.26 Sha! er et al. (1974)
β-Quartz β-Qz 61.62 //c 722–850 0.06 104.2 –13.91 Sha! er et al. (1974)
β-Quartz β-Qz 61.62 //c 723–850 0.06 108.4 –13.98 Sha! er et al. (1974)
Rutile Rt 45.66 //c 614–721 0.1 121 ± 6 –1.27 Johnson et al. (1975)
Rutile Rt 45.66 ⊥c 350–700 0.1 56 ± 2 –6.40 Johnson et al. (1975)
Sr di! usion        
Akermanite Ak 50.67 //c 1100–1300 0.1 380 5.19 Morioka and Nagasawa (1991)
Albite Ab 59.63 ⊥(001) 675–1025 0.1 224 ± 11 –10.45 Cherniak (1996)
Albite Ab 59.63 ⊥(001) 675–1025 0.1 326 ± 35 –1.32 Cherniak (1996)
Albite Ab 59.63 //c 640–800 100 “wet” 247 ± 25 –3.68 Giletti (1991)
Albite Ab 59.63 //c 550–1080 0.1 277 ± 26 –0.21 Giletti and Casserly (1994)
Almandine Alm 43.15 Isotropic 800–1000 100 205 ± 17 –18.42 Coughlan (1990)
Andesine Ad 59.65 ⊥(001) 725–1075 0.1 265 ± 8 –6.33 Cherniak and Watson (1994)
Anorthite An 59.68 ⊥(010) 725–1075 0.1 330 ± 23 –3.26 Cherniak and Watson (1992)
Anorthite An 59.68 //c 900–1300 0.1 267 ± 58 –9.77 Giletti and Casserly (1994)
Anorthoclase Ano 58.49 ⊥(001) 725–1075 0.1 374 ±19 5.42 Cherniak and Watson (1992)
Anorthoclase Ano 58.49 ⊥(010) 725–1075 0.1 373 ± 20 3.81 Cherniak and Watson (1992)
Calcite Cal 62.80 //(1014) 440–800 0.1 132 ± 6 –19.99 Cherniak (1997)
Diopside Di 46.43 //c 1200–1300 0.1 406 ± 71 3.99 Sneeringer et al. (1984)
Diopside Di 46.43 //c 1200–1300 0.1 456 ± 75 3.20 Sneeringer et al. (1984)
Diopside Di 46.43 //a 1150–1250 0.1 452 ± 42 1.86 Sneeringer et al. (1984)
Diopside Di 46.43 //b 1150–1250 0.1 565 ± 38 11.70 Sneeringer et al. (1984)
Diopside Di 46.43 //c 1100–1250 0.1 510 ± 29 7.09 Sneeringer et al. (1984)
Diopside Di 46.43 //c 1100–1250 0.1 544 ± 25 10.34 Sneeringer et al. (1984)
Diopside Di 46.43 //a 1100–1250 2000 259 ± 50 –10.98 Sneeringer et al. (1984)
Diopside Di 46.43 //b 1100–1250 2000 381 ± 84 –0.65 Sneeringer et al. (1984)
Diopside Di 46.43 //c 1100–1250 2000 607 ± 33 15.98 Sneeringer et al. (1984)
Diopside Di 46.43 //c 1150–1250 1400 728 ± 134 25.51 Sneeringer et al. (1984)
Fluorapatite Fap 45.06 ⊥c 700–1050 0.1 272 ± 9 –5.91 Cherniak and Ryerson (1993)
Fluorapatite Fap 45.06 ⊥c, //c 1050–1250 0.1 418 6.02 Watson et al. (1985)
Fluorapatite Fap 45.06 //c 650–1000 100 “wet” 104 –24.64 Farver and Giletti (1989)
Fluorapatite Fap 45.06 //c 1100–1200 100 “wet” 502 11.51 Farver and Giletti (1989)
Fluorite Fl 46.44 ⊥(111) 700–1050 0.1 450±6 12.34 Cherniak et al. (2001)
Hornblende Hbl 50.54 //c 700–960 200 “wet” 260 ± 12 –7.62 Brabander and Giletti (1995)
Labradorite Lb 59.66 ⊥(001) 725–1075 0.1 268 ± 8 –6.98 Cherniak and Watson (1994)
Labradorite Lb 59.66 //c 800–1300 0.1 295 ± 31 –4.51 Giletti and Casserly (1994)
Microcline Mc 55.46 //(010) 800–870 0.1 162 –7.60 Misra and Venkatasubramanian
        (1977)
Muscovite Mus 51.50    105 –20.72 Chen et al. (1996)
Oligoclase Olg 59.64 ⊥(001) 725–1075 0.1 273 ± 13 –4.77 Cherniak and Watson (1994)
Oligoclase Olg 59.64 //c 750–1100 0.1 261 ± 46 –4.91 Giletti and Casserly (1994)
Orthoclase Or 53.91 //c 625–900 100 “wet” 167 ± 17 –16.12 Giletti (1991)
Orthoclase Or 53.91 ⊥(001) 725–1075 0.1 284 ± 7 –5.12 Cherniak and Watson (1992)
Orthoclase Or 53.91 //(001) 800–870 0.1 172 –7.42 Misra and Venkatasubramania
        (1977)
Phlogopite (F-) F-Phl 50.34 //c 550–1200 0.1 135.9 ± 3.1 –22.03 Hammouda and Cherniak (2000)
Sanidine Sa 55.61 //(001) 725–1075 0.1 450 ± 13 11.34 Cherniak (1996)
Titanite Ttn 48.11 //c 700–900 100 234 –12.48 Morishita et al. (1990)
Titanite Ttn 48.11 //(100) 925–1175 0.1 415 ± 27 0.99 Cherniak (1995b)
Tremolite Tr 52.46 //c 800 200 “wet” / lnD = –38.19 Brabander and Giletti (1995)
* Data cited from Freer (1981). 
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TABLE 2. Experimental Arrhenius parameters for Pb di! usion in minerals
Mineral Abbr. ZA Orientation T (°C) P (MPa) E (kJ/mol) lnD0 (cm2/s) Reference
Andesine Ad 64.45 ⊥(001) 700–1050 0.1 266 ± 12 –6.28 Cherniak (1995a)
Anorthite An 64.48 ⊥(010) 700–1050 0.1 327 ± 11 –3.29 Cherniak (1995a)
Apatite Ap 60.99 //c 600–900 0.1 228 ± 7 –8.97 Cherniak et al. (1991)
Augite Aug 57.59 ⊥c 850–1050 0.1 372 ± 15 –0.97 Cherniak (2001)
Calcite Cal 62.80 //[1014] 440–650 0.1 117 ± 9 –23.57 Cherniak (1997)
Diopside Di 57.01 ⊥(110) 800–1100 0.1 544 ± 40 15.21 Cherniak (1998)
Diopside Di 57.01 ⊥(001) 800–1100 0.1 512 ± 23 12.30 Cherniak (1998)
Diopside Di 57.01 ⊥(110) 800–1100 0.1 609 ± 67 20.10 Cherniak (1998)
Cr diopside Cr-Di 57.01 ⊥c 850–1050 0.1 351 ± 36 –4.74 Cherniak (2001)
Enstatite En 55.44 ⊥c 850–1050 0.1 366 ± 29 –5.02 Cherniak (2001)
Fluorapatite Fap 60.88 ⊥c 900–1250 0.1 293 –3.35 Watson et al. (1985)
Hedenbergite Hd 58.17 ⊥(110) 800–1100 0.1 387 ± 31 0.79 Cherniak (1998)
Hedenbergite Hd 58.17 ⊥(110) 800–1100 0.1 410 ± 36 2.94 Cherniak (1998)
Labradorite Lb 64.46 ⊥(001) 700–1050 0.1 267 ± 13 –7.29 Cherniak (1995a)
Microcline Mc 67.04    89 –12.90 Scott and St-Onge (1995); 
        Rosenqvist (1949)
Monazite Mnz 55.14 ⊥c 1000–1250 0.1 180±48 –23.44 Smith and Giletti (1997)
Monazite Mnz 55.14 ⊥(110) 1100–1350 0.1 592±39 9.15 Cherniak et al. (2004)
Orthoclase Or 67.01 ⊥(001) 700–1050 0.1 309 ± 16 –1.71 Cherniak (1995a)
Orthoclase Or 67.01 ⊥(010) 700–1050 0.1 302 ± 11 –4.58 Cherniak (1995a)
Oligoclase Olg 64.43 ⊥(010) 700–1050 0.1 355 ± 11 1.38 Cherniak (1995a)
Oligoclase Olg 64.43 ⊥(001) 700–1050 0.1 261 ± 13 –6.54 Cherniak (1995a)
Rutile Rt 51.01 ⊥c 700–1100 0.1 250±12 –12.45 Cherniak (2000)
Titanite Ttn 58.11 //(100) 650–1027 0.1 328 ± 11 0.10 Cherniak (1993)
Zircon Zrn 53.36  600–1000 0.1 916 ± 88 41.90 Bogolomov (1991)
Zircon Zrn 53.36  600–1000 0.1 753 ± 75 34.24 Bogolomov (1991)
Zircon Zrn 53.36  550–800 0.1 142 ± 8 –17.73 Cherniak et al. (1991)
Zircon Zrn 53.36  900–1100 0.1 674 ± 33 22.09 Lee et al. (1997)
Zircon Zrn 53.36 //c, ⊥c 1000–1500 0.1, 1000 550 ± 30 7.00 Cherniak and Watson (2001)
Xenotime Xnt 53.07 ⊥(101) 1200–1400 0.1 382 ± 64 –10.43 Cherniak (2006)
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TABLE 3. Empirical di! usivities of Ar, H, Pb, and Sr in minerals as predicted from calculated ionic porosities and published unit-cell data
Mineral VA (Å3) VT (Å3) VC (Å3) ZA ZT Ar H Pb Sr
 E lnD0 E lnD0 E lnD0 E lnD0

Anhydrous silicate            
Coesite 237.34 241.76 548.76 56.74 55.94 107 –14.28 85 –11.88 355 –4.39 227 –8.27
Cristobalite 59.34 60.44 172.17 65.54 64.90   49 –15.74 171 –9.45 151 –11.16
β-Quartz 44.50 45.33 118.12 62.30 61.62   62 –14.33 239 –7.59 179 –10.10
α-Quartz 44.50 45.33 113.01 60.62 59.89 22 –23.52 69 –13.58 274 –6.62 194 –9.55
Stishovite 30.41 31.74 46.54 34.66 31.80 624 42.21 182 –1.50 815 8.33 430 –0.49
Tridymite 712.03 725.28 2110.2 66.26 65.63   46 –16.05 156 –9.87 145 –11.40
Albite 237.34 269.32 667.12 64.42 59.63 28 –22.91 70 –13.47 194 –8.81 196 –9.46
Anorthite 474.68 538.82 1336.4 64.48 59.68 27 –23.03 70 –13.49 193 –8.84 195 –9.48
Celsian 474.68 602.27 1466.9 67.64 58.94 42 –21.30 73 –13.17 127 –10.66 202 –9.24
Rb-feldspar 237.34 341.70 736.01 67.75 53.57 158 –8.73 95 –10.87 125 –10.73 247 –7.51
Orthoclase 237.34 331.45 719.13 67.01 53.91 150 –9.53 93 –11.01 140 –10.30 244 –7.62
Sanidine 237.34 320.73 717.15 66.91 55.61 114 –13.51 86 –11.74 142 –10.24 230 –8.17
Kalsilite 59.34 100.16 200.40 70.39 50.02 234 –0.43 109 –9.34 70 –12.25 277 –6.36
Leucite 712.03 966.28 2356.0 69.78 58.99 41 –21.42 73 –13.20 83 –11.89 201 –9.25
Nepheline 237.34 338.82 724.19 67.23 53.21 165 –7.89 96 –10.71 136 –10.43 250 –7.39
Andalusite 152.05 162.22 342.44 55.60 52.63 178 –6.53 98 –10.46 378 –3.73 255 –7.20
Kyanite 153.57 164.79 293.72 47.72 43.90 365 13.89 133 –6.71 543 0.81 328 –4.39
Sillimanite 151.30 159.98 332.29 54.47 51.86 194 –4.73 101 –10.13 402 –3.08 261 –6.96
Akermanite 111.75 151.72 307.55 63.66 50.67 220 –1.95 106 –9.62 210 –8.37 271 –6.57
Beryl 271.46 281.58 674.89 59.78 58.28 57 –19.76 76 –12.89 291 –6.14 207 –9.03
Cordierite 542.92 579.83 1554.77 65.08 62.71   58 –14.80 181 –9.19 170 –10.45
Melilite 111.75 149.29 294.41 62.04 49.29 249 1.28 112 –9.02 244 –7.44 283 –6.13
Acmite 188.54 235.69 429.06 56.06 45.07 340 11.16 129 –7.21 369 –4.00 318 –4.77
Diopside 188.54 234.94 438.58 57.01 46.43 311 7.97 123 –7.79 349 –4.54 307 –5.21
Enstatite 370.99 418.09 832.49 55.44 49.78 239 0.13 110 –9.24 382 –3.64 279 –6.29
Ferrosilite 370.99 418.59 875.85 57.64 52.21 187 –5.55 100 –10.28 336 –4.91 258 –7.07
Hedenbergite 188.54 231.36 450.72 58.17 48.67 263 2.73 114 –8.76 325 –5.21 288 –5.93
Jadeite 188.54 232.62 401.85 53.08 42.11 403 18.08 140 –5.94 431 –2.28 343 –3.81
Omphacite 188.54 233.78 415.10 54.58 43.68 370 14.41 134 –6.61 400 –3.14 330 –4.32
Spodumene 188.49 204.19 389.15 51.56 47.53 287 5.40 119 –8.27 463 –1.40 298 –5.56
Ca-Tschermaks 185.49 219.01 421.35 55.98 48.02 277 4.25 117 –8.48 371 –3.95 294 –5.72
Bustamite 278.24 349.00 764.30 63.60 54.34 141 –10.54 92 –11.20 211 –8.34 240 –7.76
Rhodonite 228.07 327.47 579.84 60.67 43.52 373 14.78 135 –6.54 273 –6.65 331 –4.27
Wollastonite 278.24 356.06 788.04 64.69 54.82 131 –11.66 90 –11.40 189 –8.96 236 –7.91
Almandine 766.31 871.55 1533.2 50.02 43.15 381 15.65 136 –6.38 495 –0.52 335 –4.15
Andradite 766.31 1006.62 1753.2 56.29 42.58 393 16.98 139 –6.14 364 –4.13 339 –3.96
Grossular 766.31 994.36 1661.9 53.89 40.17 445 22.62 148 –5.10 414 –2.75 360 –3.19
Pyrope 766.31 903.12 1504.7 49.07 39.87 451 23.32 149 –4.97 515 0.03 362 –3.09
Spessartine 766.31 916.42 1565.7 51.06 41.47 417 19.58 143 –5.66 473 –1.12 349 –3.61
Uvarovite 766.31 1003.05 1722.8 55.52 41.78 410 18.85 142 –5.80 380 –3.68 346 –3.71
Fayalite 127.72 154.95 307.42 58.45 49.60 243 0.56 111 –9.16 319 –5.37 280 –6.23
Forsterite 127.72 150.17 289.58 55.90 48.14 274 3.97 116 –8.53 372 –3.90 293 –5.76
Kirschsteinite 127.72 166.72 314.89 59.44 47.05 297 6.52 121 –8.06 298 –5.94 302 –5.41
Liebenbergite 127.72 148.01 282.75 54.83 47.65 284 5.12 118 –8.32 395 –3.29 297 –5.60
Monticellite 127.72 164.33 341.84 62.64 51.93 193 –4.90 101 –10.16 232 –7.78 261 –6.98
Tephroite 127.72 159.43 325.02 60.70 50.95 214 –2.60 105 –9.74 272 –6.67 269 –6.66
Hafnon 121.64 144.14 257.60 52.78 44.04 362 13.57 133 –6.77 437 –2.11 327 –4.43
Phenacite 547.36 562.85 1111.6 50.76 49.37 248 1.09 111 –9.06 479 –0.94 282 –6.15
Thorite 121.64 150.30 321.48 62.16 53.25 164 –7.98 96 –10.73 242 –7.51 249 –7.40
Titanite 155.09 192.11 370.23 58.11 48.11 275 4.04 116 –8.52 326 –5.18 293 –5.75
Willemite 547.36 613.56 1577.8 65.31 61.11   64 –14.11 176 –9.32 183 –9.94
Zircon 121.64 138.54 260.80 53.36 46.88 301 6.92 121 –7.99 425 –2.44 303 –5.35

Hydroxyl-bearing silicate            
Anthophyllite 736.00 831.61 1765.8 58.32 52.90 172 –7.17 97 –10.58 322 –5.30 252 –7.29
Cummingtonite 368.00 415.80 902.14 59.21 53.91 150 –9.53 93 –11.01 303 –5.81 244 –7.62
Gedrite 743.60 858.24 1725.7 56.91 50.27 228 –1.01 108 –9.45 351 –4.49 275 –6.44
Glaucophane 368.00 431.66 870.83 57.74 50.43 225 –1.39 107 –9.51 334 –4.96 273 –6.49
Hornblende 371.80 450.14 910.11 59.15 50.54 223 –1.64 107 –9.56 304 –5.77 272 –6.53
Pargasite 368.00 461.14 912.96 59.69 49.49 245 0.81 111 –9.11 293 –6.09 281 –6.19
Riebeckite 372.56 442.69 900.54 58.62 50.84 216 –2.35 106 –9.69 315 –5.47 270 –6.63
Tremolite 368.00 432.42 909.60 59.54 52.46 181 –6.14 99 –10.39 296 –6.00 256 –7.15
Annite 181.80 248.36 506.82 64.13 51.00 213 –2.72 105 –9.76 200 –8.64 268 –6.68
Biotite 181.80 239.87 481.19 62.22 50.15 231 –0.73 108 –9.39 240 –7.54 276 –6.40
Lepidolite 363.60 485.45 940.38 61.33 48.38 269 3.41 115 –8.63 259 –7.03 291 –5.83
Phlogopite 181.80 244.77 486.60 62.64 49.70 241 0.32 110 –9.20 232 –7.78 279 –6.26
Margarite 354.68 395.29 858.59 58.69 53.96 149 –9.65 93 –11.03 314 –5.51 244 –7.63
Muscovite 354.68 452.78 933.56 62.01 51.50 202 –3.89 103 –9.98 245 –7.42 264 –6.84
Paragonite 354.68 396.62 877.51 59.58 54.80 131 –11.61 90 –11.39 295 –6.02 236 –7.90
Amesite 268.62 298.54 688.61 60.99 56.65 92 –15.94 82 –12.19 266 –6.83 221 –8.50
Chlorite 268.62 300.93 691.92 61.18 56.51 95 –15.61 83 –12.13 262 –6.94 222 –8.46





TABLE 3. —Continued
Mineral VA (Å3) VT (Å3) VC (Å3) ZA ZT Ar H Pb Sr
 E lnD0 E lnD0 E lnD0 E lnD0

Kaolinite 129.94 136.05 329.52 60.57 58.71 47 –20.76 74 –13.08 275 –6.59 203 –9.16
Lizardite 67.16 75.69 178.09 62.29 57.50 73 –17.93 79 –12.56 239 –7.58 214 –8.77
Pyrophyllite 181.80 188.98 425.16 57.24 55.55 115 –13.37 87 –11.72 344 –4.68 230 –8.15
Serpentine 134.31 152.56 355.83 62.26 57.13 81 –17.06 80 –12.40 239 –7.57 217 –8.66
Talc 181.80 199.93 453.77 59.94 55.94 107 –14.28 85 –11.88 288 –6.23 227 –8.27
Axinite 244.16 282.31 566.66 56.91 50.18 230 –0.80 108 –9.41 351 –4.49 275 –6.41
Chloritoid 424.38 472.77 930.08 54.32 49.17 252 1.56 112 –8.97 405 –2.99 284 –6.09
Epidote 202.24 248.93 458.73 55.91 45.73 326 9.61 126 –7.49 372 –3.91 313 –4.98
Humite 438.23 524.41 1014.1 56.79 48.29 271 3.62 116 –8.59 354 –4.42 291 –5.80
Prehnite 181.51 214.56 466.01 61.05 53.96 149 –9.65 93 –11.03 265 –6.87 244 –7.63
Staurolite 368.74 401.21 739.94 50.17 45.78 325 9.49 126 –7.52 492 –0.60 312 –5.00
Topaz 174.29 185.44 346.27 49.67 46.45 310 7.93 123 –7.80 502 –0.32 307 –5.21
Tourmaline 702.77 796.20 1543.1 54.46 48.40 268 3.36 115 –8.64 402 –3.07 290 –5.84
Vesuvianite 1171.0 1557.52 2841.8 58.79 45.19 337 10.88 128 –7.26 312 –5.57 317 –4.81
Zoisite 404.48 489.85 904.47 55.28 45.84 323 9.35 126 –7.54 385 –3.55 312 –5.02

Carbonate          
Ankerite 143.68 172.07 326.63 56.01 47.32 292 5.89 120 –8.18 370 –3.97 299 –5.49
Calcite 136.84 174.65 367.85 62.80 52.52 180 –6.28 99 –10.41 228 –7.88 256 –7.17
Dolomite 143.68 170.28 320.24 55.13 46.83 302 7.04 122 –7.97 388 –3.46 304 –5.33
Magnesite 136.84 152.82 279.05 50.25 45.24 336 10.76 128 –7.28 490 –0.65 317 –4.82
Rhodochrosite 136.84 159.77 307.86 55.55 48.10 275 4.07 117 –8.51 380 –3.70 293 –5.74
Siderite 136.84 156.41 293.17 53.32 46.65 306 7.46 122 –7.89 426 –2.42 305 –5.28
Aragonite 95.79 129.29 226.91 57.79 43.02 384 15.95 137 –6.33 333 –4.99 336 –4.11
Cerussite 95.79 146.85 269.83 64.50 45.58 329 9.96 127 –7.43 193 –8.86 314 –4.93
Strontianite 95.79 140.77 255.13 62.46 44.82 345 11.74 130 –7.10 235 –7.68 321 –4.69
Witherite 95.79 159.37 303.81 68.47 47.54 287 5.38 119 –8.27 110 –11.14 298 –5.56

Phosphate             
Chlorapatite 217.10 299.81 543.01 60.02 44.79 346 11.81 130 –7.09 286 –6.28 321 –4.68
Fluorapatite 204.65 287.36 523.09 60.88 45.06 340 11.18 129 –7.21 268 –6.77 318 –4.76
Hydroxyapatite 206.41 289.12 529.09 60.99 45.36 334 10.48 127 –7.33 266 –6.83 316 –4.86
Monazite
(CePO4) 134.00 169.62 298.70 55.14 43.21 380 15.51 136 –6.41 388 –3.47 334 –4.17
Xenotime (YPO4) 134.00 160.30 285.54 53.07 43.86 366 13.99 133 –6.69 431 –2.27 329 –4.38
Note: Column labels V and Z denote the volume and ionic porosity of unit cell, respectively; subscripts A, C, and T denote the anion, cation, and total ion, respectively. 
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