Appendix I. Whole rock chemical analyses for major and trace elements (WD-XRF)

Area
Italy
Thomas Range

Long Valley Caldera

Units
Lipari
Topaz Mts.
Topaz Mts.
Glass Creek
Obsidian Dome
Deer Mt.
Punch Bowl

Sample #
98502
98701
98702
98711
98712
98713
98717

Rock Type
rhyolite
rhyolite
rhyolite
rhyolite
obsidian
rhyolite
rhyolite

Location
Log.


113o04'41"
113o04'40"
119o01'13"
119o01'11"
119o00'43"
118o58'21"


Lat.


39o41'14"
39o41'17"
37o04'50"
37o45'01"
37o41'49"
37o39'27"

SiO2

73.95
(0.26)
73.94
(0.27)
72.66
(0.26)
70.27
(0.25)
73.40
(0.26)
71.22
(0.26)
76.65
(0.28)

TiO2

0.04
(<.01)
0.08
(<.01)
0.05
(<.01)
0.31
(0.01)
0.10
(<.01)
0.27
(0.01)
0.01
(<.01)

Al2O3

13.99
(0.16)
14.41
(0.17)
14.13
(0.17)
14.58
(0.17)
14.40
(0.17)
14.45
(0.17)
13.49
(0.16)

FeO

1.39
(0.02)
0.35
(<.01)
0.26
(<.01)
1.60
(0.02)
1.26
(0.02)
1.52
(0.02)
0.66
(0.01)

MnO

0.04
(<.01)
0.06
(<.01)
0.06
(<.01)
0.05
(<.01)
0.05
(<.01)
0.05
(<.01)
0.04
(<.01)

MgO

0.11
(<.01)
0.03
(<.01)
0.04
(<.01)
0.80
(0.03)
0.00
(0.00)
0.62
(0.02)
0.00
(0.00)

CaO

0.74
(0.01)
0.61
(0.01)
1.15
(0.02)
1.66
(0.03)
0.62
(0.01)
1.44
(0.03)
0.45
(0.01)

Na2O

3.85
(0.07)
4.07
(0.08)
4.37
(0.08)
4.19
(0.08)
4.51
(0.09)
4.22
(0.08)
4.12
(0.08)

K2O

5.17
(0.26)
5.00
(0.25)
4.84
(0.24)
4.16
(0.21)
4.86
(0.24)
4.21
(0.21)
4.40
(0.22)

P2O5

0.01
(<.01)
0.03
(<.01)
0.04
(<.01)
0.13
(0.01)
0.05
(0.01)
0.12
(0.01)
0.04
(<.01)

Total

99.29
(0.80)
98.58
(0.79)
97.60
(0.79)
97.75
(0.82)
99.25
(0.80)
98.12
(0.81)
99.86
(0.76)

Al2O3/(CaO+Na2O+K2O)
1.05

1.09

0.97

1.01

1.04

1.02

1.09


(Na2O+K2O)/Al2O3
0.85

0.84

0.88

0.78

0.88

0.80

0.86


Trace elements

Rb

288
(17)
376
(22)
403
(23)
110
(6)
164
(9)
119
(7)
186
(11)

Sr

11
(<1)
25
(1)
21
(1)
319
(13)
44
(2)
248
(10)
8
(<1)

Ba

5
(<1)
41
(1)
33
(1)
918
(31)
353
(12)
830
(28)
21
(1)

Y

43
(2)
47
(2)
47
(2)
16
(1)
28
(1)
17
(1)
33
(2)

Zr

142
(6)
113
(5)
96
(4)
179
(8)
229
(10)
165
(7)
103
(4)

Nb

48
(4)
90
(7)
93
(7)
12
(1)
32
(2)
16
(1)
40
(3)

Th

44
(2)
63
(3)
57
(2)
13
(1)
23
(1)
12
(<1)
19
(1)

La



59

46

29

83

30

22


Ce



107

86

51

150

52

49


Nd



38

33

13

50

15

26


Temperature (oC)
712(1)
(34)
774(1)
(23)
749(1)
(12)
716(1)
(16)
728(1)
(34)
711(1)
(33)
686(1)
(15)

Note: Numbers in parentheses represent standard errors, see text for discussion.

(1) Two feldspars temperature from this study, calculation using Elkins and Grove (1990).  (2) Two oxides temperature of South Sister rhyolite. Price, J. D. (1993).

(3) Temperature of most recent products of the Mount Mazama system. Nelson, et al. (1994).  (4) Two feldspars and two oxides temperature of ECS. Ren (1997).

Appendix I. Whole rock chemical analyses for major and trace elements (WD-XRF) (continued)

Area
California
Brothers fault zone
South Sisters
Crater Lake

Units
Clear

Lake
Frederic

Butte
Elk

Butte
Rock

Mesa
Devils

Hill
PHO

LR
PHO CW

Sample #
98721
98801
98802
98807
98808
98811
98812

Rock Type
obsidian
rhyodacite
rhyolite
obsidian
obsidian
rhyodacite
rhyodacite

Location
Log.
122o43'32"
120o27'37"
120o09'40"
121o47'43"
121o44'16"
122o08'59"
122o04'39"


Lat.
38o55'37"
43o37'24"
43o15'36"
44o03'21"
44o02'02"
42o58'06"
42o58'54"

SiO2

74.64
(0.27)
68.09
(0.25)
74.58
(0.27)
73.99
(0.27)
73.24
(0.26)
70.09
(0.25)
68.51
(0.25)

TiO2

0.25
(0.01)
0.57
(0.01)
0.10
(<.01)
0.22
(<.01)
0.29
(0.01)
0.46
(0.01)
0.53
(0.01)

Al2O3

13.85
(0.16)
14.37
(0.17)
14.04
(0.16)
14.59
(0.17)
14.59
(0.17)
15.44
(0.18)
16.39
(0.19)

FeO

1.25
(0.02)
3.80
(0.05)
0.87
(0.01)
1.61
(0.02)
1.97
(0.03)
2.78
(0.04)
2.93
(0.04)

MnO

0.20
(0.01)
0.11
(<.01)
0.50
(0.02)
0.03
(<.01)
0.05
(<.01)
0.07
(<.01)
0.09
(<.01)

MgO

0.02
(<.01)
1.04
(0.04)
0.04
(<.01)
0.43
(0.02)
0.52
(0.02)
0.88
(0.03)
1.02
(0.04)

CaO

1.07
(0.02)
3.23
(0.06)
1.54
(0.03)
1.81
(0.03)
1.94
(0.04)
2.25
(0.04)
2.41
(0.05)

Na2O

3.62
(0.07)
4.43
(0.08)
3.34
(0.06)
4.48
(0.09)
4.55
(0.09)
5.41
(0.10)
5.51
(0.11)

K2O

4.48
(0.22)
2.76
(0.14)
3.99
(0.20)
3.36
(0.17)
3.28
(0.16)
3.00
(0.15)
3.14
(0.16)

P2O5

0.06
(0.01)
0.25
(0.03)
0.12
(0.01)
0.09
(0.01)
0.09
(0.01)
0.09
(0.01)
0.07
(0.01)

Total

99.44
(0.78)
98.65
(0.83)
99.12
(0.77)
100.61
(0.78)
100.52
(0.79)
100.47
(0.82)
100.60
(0.85)

Al2O3/(CaO+Na2O+K2O)
1.09

0.89

1.11

1.02

1.00

0.95

0.97


(Na2O+K2O)/Al2O3
0.78

0.72

0.70

0.75

0.76

0.79

0.76


Trace elements

Rb

207
(12)
67
(4)
108
(6)
87
(5)
78
(5)
58
(3)
57 
(3)

Sr

81
(3)
213
(9)
219
(9)
202
(8)
238
(10)
331
(14)
408 
(17)

Ba

613
(21)
900
(31)
1258
(43)
804
(27)
786
(27)
760
(26)
760 
(26)

Y

40
(2)
48
(2)
11
(1)
19
(1)
18
(1)
25
(1)
26 
(1)

Zr

193
(8)
235
(10)
107
(4)
180
(8)
193
(8)
246
(10)
251 
(11)

Nb

28
(2)
21
(2)
4
(<1)
9
(1)
7
(1)
3
(<1)
0 
(<1)

Th

26
(1)
8
(<1)
8
(<1)
9
(<1)
10
(<1)
7
(<1)
6 
(<1)

La

29

26

23

20

21

21

23


Ce

66

47

32

34

36

41

44


Nd

24

21

2

12

12

18

17


Temperature (oC)






850(2)

860(2)

830(3)




Appendix I. Whole rock chemical analyses for major and trace elements (WD-XRF) (continued)

Area
Crater Lake
Taylor Creek
Valles Caldera
Valles Caldera

Units
PPO

RD
PPO

GH
Tt11/SMC
SMR
SMR
SMR
El 

Cajete

Sample #
98813
98814
98911
93908B
95811B
98901
93907

Rock Type
obsidian
obsidian
rhyolite
rhyolite
rhyolite
rhyolite
pumice

Location
Log.
122o02'39"
122o07'58"
107o54'12"
106o32'46"
106o36'53"
106o35'27"
106o32'27"


Lat.
42o56'11"
42o5'47"
33o26'25"
35o48'48"
35o49'07"
35o49'43"
35o48'47"

SiO2

68.79
(0.25)
70.21
(0.25)
76.59
(0.28)
76.29
(0.27)
75.93
(0.27)
77.20
(0.28)
72.72
(0.26)

TiO2

0.46
(0.01)
0.39
(0.01)
0.08
(<.01)
0.09
(<.01)
0.08
(<.01)
0.08
(<.01)
0.33
(0.01)

Al2O3

16.45
(0.19)
15.74
(0.18)
13.17
(0.15)
14.02
(0.16)
14.08
(0.16)
13.51
(0.16)
13.58
(0.16)

FeO

2.82
(0.04)
2.49
(0.04)
0.57
(0.01)
0.49
(0.01)
0.60
(0.01)
0.48
(0.01)
2.07
(0.03)

MnO

0.06
(<.01)
0.05
(<.01)
0.05
(<.01)
0.05
(<.01)
0.07
(<.01)
0.05
(<.01)
0.83
(0.03)

MgO

0.98
(0.04)
0.83
(0.03)
0.00
(0.00)
0.01
(<.01)
0.06
(<.01)
0.01
(<.01)
0.05
(<.01)

CaO

2.92
(0.05)
2.47
(0.05)
0.07
(<.01)
0.41
(0.01)
0.45
(0.01)
0.45
(0.01)
1.71
(0.03)

Na2O

5.18
(0.10)
5.12
(0.10)
4.12
(0.08)
4.01
(0.08)
4.10
(0.08)
3.69
(0.07)
3.13
(0.06)

K2O

2.98
(0.15)
3.07
(0.15)
4.65
(0.23)
4.45
(0.22)
4.46
(0.22)
4.37
(0.22)
4.16
(0.21)

P2O5

0.10
(0.01)
0.10
(0.01)
0.03
(<.01)
0.04
(<.01)
0.03
(<.01)
0.05
(0.01)
0.09
(0.01)

Total

100.74
(0.84)
100.47
(0.82)
99.33
(0.76)
99.86
(0.76)
99.86
(0.77)
99.89
(0.75)
98.67
(0.80)

Al2O3/(CaO+Na2O+K2O)
0.96

0.97

1.10

1.15

1.14

1.16

1.06


(Na2O+K2O)/Al2O3
0.71

0.75

0.90

0.81

0.82

0.80

0.71


Trace elements

Rb

61
(4)
67
(4)
352
(20)
201
(12)
211
(12)
198
(11)
149
(9)

Sr

371
(15)
308
(13)
6
(<1)
28
(1)
27
(1)
28
(1)
222
(9)

Ba

746
(26)
751
(26)
23
(1)
120
(4)
107
(4)
126
(4)
668
(23)

Y

28
(1)
27
(1)
104
(5)
59
(3)
63
(3)
56
(3)
26
(1)

Zr

242
(10)
231
(10)
143
(6)
105
(4)
103
(4)
100
(4)
141
(6)

Nb

4
(<1)
5
(<1)
103
(8)
98
(7)
101
(7)
90
(7)
40
(3)

Th

6
(<1)
7
(<1)
34
(1)
28
(1)
31
(1)
28
(1)
21
(1)

La

20

22

42

33

33

33

43


Ce

38

42

106

70

76

68

77


Nd

17

18

46

31

35

31

22


Temperature (oC)


830(3)

762(1)
(10)
709(4)
(15)
718(4)
(18)
729(4)
(14)



Appendix I. Whole rock chemical analyses for major and trace elements (WD-XRF) (continued)

Area
Valles Caldera
Valles Caldera
Valles Caldera

Units
El Cajete

Battleship Rock 

Tuff

Banco Bonito

Sample #
95821
95824
95825
95525
95801
95802
93904B
95524

Rock Type
pumice
pumice
pumice
pumice
pumice
pumice
obsidian
obsidian

Location
Log.
106o35'02"
106o32'42"
106o32'42"
106o37'55"
106o38'17"
106o38'35"
106o36'14"
106o36'37"


Lat.
35o45'51"
35o49'05"
35o49'05"
35o52'11"
35o49'33"
35o49'43"
35o49'47"
35o49'59"

SiO2

72.76
(0.26)
72.55
(0.26)
73.54
(0.26)
73.80
(0.27)
74.08
(0.27)
74.11
(0.27)
71.92
(0.26)
74.72
(0.27)

TiO2

0.35
(0.01)
0.36
(0.01)
0.34
(0.01)
0.33
(0.01)
0.34
(0.01)
0.31
(0.01)
0.29
(0.01)
0.31
(0.01)

Al2O3

14.77
(0.17)
14.95
(0.17)
13.94
(0.16)
13.65
(0.16)
13.38
(0.16)
13.69
(0.16)
14.00
(0.16)
13.67
(0.16)

FeO

2.17
(0.03)
2.18
(0.03)
2.10
(0.03)
1.91
(0.03)
1.83
(0.03)
1.83
(0.03)
1.58
(0.02)
1.66
(0.02)

MnO

0.62
(0.02)
0.63
(0.02)
0.60
(0.02)
0.63
(0.02)
0.58
(0.02)
0.05
(<.01)
0.06
(<.01)
0.64
(0.02)

MgO

0.06
(<.01)
0.06
(<.01)
0.05
(<.01)
0.06
(<.01)
0.05
(<.01)
0.59
(0.02)
0.73
(0.03)
0.05
(<.01)

CaO

1.64
(0.03)
1.54
(0.03)
1.66
(0.03)
1.46
(0.03)
1.46
(0.03)
1.44
(0.03)
1.55
(0.03)
1.55
(0.03)

Na2O

3.38
(0.06)
3.46
(0.07)
3.49
(0.07)
3.75
(0.07)
4.41
(0.08)
3.56
(0.07)
4.06
(0.08)
3.95
(0.08)

K2O

3.97
(0.20)
3.98
(0.20)
4.05
(0.20)
4.17
(0.21)
4.12
(0.21)
4.26
(0.21)
4.03
(0.20)
3.93
(0.20)

P2O5

0.12
(0.01)
0.11
(0.01)
0.10
(0.01)
0.09
(0.01)
0.10
(0.01)
0.04
(<.01)
0.08
(0.01)
0.10
(0.01)

Total

99.84
(0.80)
99.82
(0.80)
99.87
(0.80)
99.85
(0.80)
100.35
(0.81)
99.88
(0.79)
98.30
(0.80)
100.58
(0.79)

Al2O3/(CaO+Na2O+K2O)
1.15

1.17

1.06

1.02

0.93

1.05

1.01

1.01


(Na2O+K2O)/Al2O3
0.67

0.67

0.73

0.78

0.88

0.76

0.79

0.79


Trace elements

Rb

137
(8)
140
(8)
139
(8)
143
(8)
140
(8)
147
(8)
145
(8)
151
(9)

Sr

212
(9)
234
(10)
230
(9)
187
(8)
191
(8)
187
(8)
194
(8)
188
(8)

Ba

633
(22)
649
(22)
620
(21)
617
(21)
622
(21)
608
(21)
737
(25)
532
(18)

Y

30
(1)
30
(1)
28
(1)
29
(1)
27
(1)
28
(1)
30
(1)
28
(1)

Zr

154
(6)
161
(7)
146
(6)
145
(6)
142
(6)
140
(6)
135
(6)
135
(6)

Nb

41
(3)
41
(3)
35
(3)
33
(2)
33
(2)
38
(3)
48
(4)
35
(3)

Th

21
(1)
21
(1)
19
(1)
21
(1)
21
(1)
22
(1)
20
(1)
22
(1)

La

42

46

40

42

41

37

40

46


Ce

84

77

69

70

69

69

72

77


Nd

28

26

24

24

23

29

22

26


Temperature (oC)






828(4)
(22)
878(4)
(28)




835(4)
(25)

