














Table 1. Previously determined age dates for the Indian Heaven volcanic field.

Original Map  Latitude N. Longitude W. 1/4 1/4 Material percent  “ar M/gn Per Cent %0/Ar

No. Sample No. Unit Symol* o, ', " o, ', " Twn Rng Section Dated K0 x 10 £12 Total Ar Age (k.y.) Lab Ref

01 128 Basaltic andesite of Qujc 4556 46 1215317 5N 7E F, &, 28 Whole rock 0.609 3.421 5.9 1,400 +/- 60 3 a
Juice Creek

02 017 Andesite of Black Qvbc 4553 37 121 50 02 5N 8E NE, &, 30 whole rock 0.761 3.562 33 3300+/-250 3 a
Creek

® 16 Basalt of Tillicum Qvtc 460837 12146 21 8N 8E NE, NW, 35 Whole rock 0.284 0.19 17.25 470 +/- 40 4 a
Creek

o 14 Basalt of Sawtooth Qust %0608 121 47 50 7N BE €, E, 09 Whole rock 1.219 1.448 12.9 850 +/- 50 3 a
Mountain )

® 0 Basalt of Trout vt 46 0527 121 41 48 7N SE NE, NE, 20 Whole rock 0.031 0.438 . 10,43 980 +/- 120 4 a
Lake Creek

[¢3) 28a Basalt west of Skull Qusk 46 04 05 1213859 7 9€g E, N, 25 Whole rock 0.65 0.87 0 e 930 +/- 820 2 a
Creek

o 28 Basalt west of Skull  Qusk 46 04 05 121 38 59 7N - 9E SE, N, 25 whole rock 0.638 1.23 52.2 1,30+/-20 4 a
Creek

8 12 Basalt of Thamas Lake Quth 46 0507 121 54 % 7N 7€ ¥, &, 15 Whole rock 0.27 52.4 2.7 3,700 +/-500 1 a




Table 1 {cont.) Previously detenmined age dates for the Indian Heaven volcanic field.

Original Map  Latitude N. Longitude W, 14 1/4  Material  Percent  ar Wgn  Per Cent ¥/ar

No. Sample No. Unit Symbol* o, ', " o, ', " Twnt Rng Section Dated K50 x 10 €12 Total Ar Age (k.y.} lab Ref

® - Basaltic andesite of Qwe 450540 121 43 30 78 SE M, NW, 18 Wnhole rock 0.823 1.429 6.7 1,210+/-5 2 b
Meadow Creek

10 - Basalt of Little Mg % 0 55 12142 35 5N B8E NE, SE, 30 Whole rock 0.738 0.02987 0.02 28 +/- 40 3 b
Goose Creek

11 - B?salt)of Lone Butte Qvib 46 B 08 121 50 34 TN TE W, NW, 32 Whole rock 252 +/- 17 6 ¢
dike

12 - Basalt of Lone Butte Qvlb 46 03 08 121 50 41 7N TE S, NW, 31 Whole rock g1 +/- 10 6 ¢
(pillow)

13 - Basalt of Burnt Peak Qvbp 4603 25 121 54 9 TN T7E €, €, 26 whole rock . 160 +/- 38 6 ¢

14 - Basalt of Goose Lake GQvgl 4557 00 121 45 55 IN TE NW, &, 32 whole rock  0.537 54.80 1.1 795 +/- 28 3 b

15 - Basalt of Big LavaBed Qb1 455606 12141 00 5N 9E N, E,8 N (Twigs) 81+4-.11 5 a

16 - Basalt of Big Lava Bed Qvbl 455442 1214155 SN 9E N, NE, 20 MC (Twigs) 82+4-.10 5 a

17 - Basalt of Lake Qvic 455800 121 44 45 6N 8E ™, N, 21 14¢ (Twigs) 29 +/- .1 5 b
Comcomly )

18 - Basalt of Lake Qvic 455800 1214445 6N 8E S, NE, 21 14C {Branch) 034/-10 5 b
Comcamly

Laboratories References

H. W. Fairhall, University of Washington, 1981 a. Hamond and Korosec, 1983
. S. H. Evans, University of Utsh Research Institute, 1981-1982 b, Paul Hammond, personal comunication, 1983
. E. H. McKee, U. S. Geological Survey, Menlo Park, CA 1982 c. Paul Hamond, personal comunication, 1983

R. A. Duncan, Oregon State University, 1982
Meyer Rubin, U.S. Geological Survey, Reston, VA, 1981
R. A. Duncan, Oregon State University, 1988

Py

_O\mawm:—-

* Map symbols are fram the Hood River and Mount Adams 1:100,000 scale geologic maps {Korosec, 1987a, 1987h)



Table 2. New K-Ar age dates Indian Heaven Volcanic Field from the University of Arizona

Sample Map % g 40np/ Age
No. Number Unit Name Symbol* Latitude Longitude Twn Rng 1/4 1/4 Sec. K0 40pp Total Ar  (Thousand Years)
1 MK87-9-70  Andesite of Forlorn Lake Qufl 45 56 55 121 45 32 5N BE NE SE 2 .798 173 3.5 125 + 14
2 MK88-8-8 Basalt of Thomas Lake Qvth 46 05 02 121 5451 7N 7E SW SW 14 .104 039 2.0 217 + 122
3 MK88-8-9 Basalt of Burnt Peak Qvbp 46 03 25 1215409 N T7E SE SE 26 .198  .106 4.0 309 + 75
4 MK88-8-10  Basalt of Trout Lake Creek Quvtl 46 05 06 121 60 36 7N 9E NW N 29 .241  .206 5.2 492 + 84
5 MK88-9-75 Bgs:ltic andesite of Lone Qvib 46 03 08 1215041 7N 7E SE NW 31 L9717 .529 3.0 314 + 54
utte
6 MK88-8-14  Basalt of T{llicum Creek Qvtc 46 08 13 121 46 48 8N 8 NW NM 35 .086 .2@9 1.5 1,670 + 230
7 MK88-8-11  Andesite of Meadow Creek Qume 46 05 39 121 4333 7N 9 SE NW 18 .800  .288 12.5 277 + 20
8 MK88-8-18  Andesite of Black Creek Qvbe 45 53 36 121 50 38 5N BE NE SE 30 .750 .264 10.0 203 + 36
9 MK88-8-20 Andesite of Juice Creek Qvie 46 56 23 121 54 13 5N 7E NW NW 11 1.142  .578 13.8 292 + 33
10 MKB8-8-24  Basalt of Sawtooth Qvst 46 05 59 121 47 45 7N BE NW NW 15 1,089 .744 21.7 394 + 39
Mountain
*Map symbols are from the Hood River and Mount Adams 1:100,000 Geologic Maps (Korosec 1987a, 1987b)

Dated Material = Groundmass Plagioclase



Table 3. Major elements geochemical data for Quaternary volcanic rocks of the Mount Adams and

by XRF, Washington State University. All analyses normalized to 100 wt. %,

Hood River 1:100,000 quadrangle,

A1l analyses

Sample Unit Subsection Section Twp Rge S$i02  A1203 Ma0  Ca0 Mg Na20 P205
MK8887 BASALT OF BURNT PEAK SW/4 su/4 14 76 49,08 17.56 1,27 0,17 10.33 8.19 0.38 3,02 0,17
MK8888 BASALT OF THOMAS LAKE SW/4 SW/4 14 07¢  49.11 17.59 1.24 0.17 10.38 8,19 0.27 3,05 0.13
MK8889 BASALT OF BURNT PEAK SE/4 SE/4 26 07¢ 49,58 18,01 1.13 0.17 10,04 7.63 0.28 3,02 0.13
MK88810 BASALT OF TROUT LAKE CREEK NW/4 NW/4 29 09 49,52 18.19 1.13 0.16 10.44 7.46 0,34 3.14 0.14
MK88811 ANDESITE OF MEADOW CREEK SE/4 NW/4 18 09 52,28 17,60 1.46 0.14 8,20 7,12 0.87 3.8 0.31
MK88813 BASALT OF TILLICUM CREEK NU/4 NW/4 35 0BE 47,93 17,50 1.33 0.17 10.59 9.17 0.27 2.83 0.15
MK88814 BASALT OF TILLICUM CREEK NW/4 nu/4 35 08E 47.76 17.49 1.45 0.18 10.69 8.68 0.22 2.91 0.17
MK88815 BASALT OF TWIN BUTTE (WEST) SH/4 Su/4 2 08t 50,14 17.29 1.35 0.17 9.88 7.36 0.82 3.15 0,22
MK88816 ANDESITE OF BLACK CREEK SW/4 NE/4 5 08E 54.45 17.24 1.12 0.12 7.86 6.67 1.27 3.85 0,34
MK88818 ANDESITE OF BLACK CREEK NE/4 SE/4 30 08E 56,37 17,96 1.07 0.11 6.93 5,34 0,90 4.27 0.27
MK88820 ANDESITE OF JUICE CREEK HW/4 Nu/4 11 07¢  54.31 16,94 1.07 0.12 8.05 7,11 1,24 3.72 0.29
14K88822 ANDESITE OF JUICE CREEK NW/4 SE/4 12 07¢  55.87 17,22 L,11 0,11 7.36 6,20 1.38 4.00 0,31
MK88823 BASALT OF MOSQUITO CREEK NW/4 NuW/A 36 08F  48.17 16.55 1.88 0.17 9.53 9.64 0.77 2,77 0.35
MK88824 BASALT OF SAWTOOTH MOUNTAIN NW/& NW/4 15 05 50,86 16,57 1.26 0.15 8,89 7,91 1,12 3.31 0.28
MKB8826 BASALT OF RED LAKE NE/4 NE/4 22 08E 50.76 16.18 1.39 0.14 9,19 7.97 1.54 3.47 0.42
MK8891 BASALT OF INDIAN HEAVEN SW/4 SW/a 1 07¢ 50.61 17,72 1,22 0,16 10,06 7.06 0.51 3.15 0,19
MK8893 BASALT OF SHEEP LAKES NE/4 SE/4 8 08 52.32 17,21 1.52 0.14 8,06 6,51 0.96 3.88 0.39
MK8894 BASALT OF ICE CAVES SW/4 NE/4 35 09  49.86 17.22 1,31 0.17 9.93 7.19 0.27 3.09 0.16
MK8895 BASASLT OF LITTLE GOOSE CREEK NE/4 NE/4 32 09 50.18 16.47 1.79 0.15 8.93 8,20 1,10 3.62 0,37
MK870968 BASALT OF THE WART NE/4 NW/4 20 086 54,02 18.03 1.21 6.12 7.70 6,65 0.74 3,70 0.28
MK870969 BASALT SOUTH OF THE WART SW/4 NE/4 20 08F 52.52 17.41 1,50 0,14 7.95 6.65 0.91 3,56 0,37
MK870970 ANDESITE OF FORLORN LAKE NE/4 SE/4 2 08 58.64 18.09 0.93 0.10 6.63 3,92 0.91 4.20 0.27
MK870971 BASALT OF LAKE COMCOMLY SW/4 NE/4 36 08E 50.50 .17,45 1.26 0,17 9.89 7.15 0,59 3.,32-0.,21
MK870972 BASALT OF DRY CREEK SW/4 NE/4 6 09 51,67 17,25 1.12 0.15 9,08 7.97 0.43 3.15 0.14
MK870973 BASALT OF ICE CAVES NE/A Nu/4 0 098 49,69 15,77 1,54 0.19 9.88 7.01 0,37 3.29 0.18
MK870974 BASALT OF INDIAN VIEWPOINT SE/4 NW/4 36 08E 53,14 15,10 1,11 0.12 8.36 7.98 1,75 3.79 0.44
MK870975 BASALT OF LONE BUTTE SE/4 HW/4 31 07€ 52.45 16.95 1.39 0.14 8.49 7,61 1,10 3.483 0,32
MK870976 BASALT OF BURNT PEAK NW/4 SE/4 31 7.5€ 49,26 18,30 1.05 0,16 10.38 7.68 0.22 3,03 0.10




Yable 4. Trace elements data for Quaternary volcanic rocks in the Mount Adams and Hood River 1:100,000 quadrangle,
A1l analyses by XRF, Washington State University. Trace elements in parts per million,

Sample Unit N Cr  Sc Vv Ba Rb Sr 1Ir Y Nb Ga Cu In
MKB887 BASALT OF BURNT PEAK 98 232 33 192 82 6 299 93 23 7.9 16 59 79
MK8888 BASALT OF THOMAS LAKE 107 230 35 190 59 3 309 92 22 6.4 20 68 74
MKB889 BASALT OF BURNT PEAK 99 199 31 161 52 4 253 87 22 1.9 19 73 72
MK88810 BASALT OF TROUT LAKE CREEK 56 160 33 174 62 4 323 89 21 6.9 18 39 66
MK88811 ANDESITE OF MEADOW CREEK 123 198 24 147 164 10 544 150 20 17.9 18 72 15
MKB8813 BASALT OF TILLICUM CREEK 143 303 36 205 23 5 285 98 23 9.5 14 62 72
MK88814 BASALT OF TILLICUM CREEK 130 274 36 207 63 4 281 107 27 8.5 18 714 713
MK88815 BASALT OF TWIN BUTTE (WEST) 81 212 31 202 208 11 504 138 24 9.3 18 61 84
MKB8816 ANDESITE OF BLACK CREEK 160 214 20 148 371 14 964 171 17 8.5 19 69 90
MK88818 ANDESITE OF BLACK CREEK 101 154 18 140 238 12 654 145 17 11.4 20 50 82
MK88820 ANDESITE OF JUICE CREEK 145 237 25 171 423 19 775 162 20 10.0 20 66 87
MK88822 ANDESITE OF JUICE CREEX 146 164 17 134 399 20 861 164 16 14.6 19 62 78
MK88823 BASALT OF MOSQUITO CREEK 148 363 31 200 257 10 594 160 23 25.0 19 66 83
MK88824 BASALT OF SAWTOOTH MOUNTAIN 135 227 27 168 331 16 702 151 19 9.2 19 34 9l
MK88826 BASALT OF RED LAKE 158 235 27 165 501 16 1017 188 21 14,8 19 38 87
MK8891 BASALT OF INDIAN HEAVEN 60 158 32 180 117 10 318 115 23 9.4 15 49 79
MK8893 BASALT OF SHEEP LAKES 88 164 21 160 265 16 558 166 21 23.4 22 51 88
MK8894 BASALT OF ICE CAVES 70 196 35 184 71 5 267 93 22 7.3 18 73 88
MK8895 BASASLT OF LITTLE GOOSE CREEK 148 285 30 176 246 17 602 166 21 28.3 17 37 82
MK870968 BASALT OF THE WART 137 203 20 133 267 10 673 149 18 12.9 18 28 77
MKB70969 BASALYT SOUTH OF THE WART 97 167 23 159 25% 13 547 162 21 22.9 19 60 83
MK870970 ANDESITE OF FORLORN LAKE 58 74 18 106 285 11 634 153 15 11.5 21 56 718
MK870971 BASALT OF LAKE COMCOMLY 67 162 35 190 149 11 364 122 25 10.7 15 64 82
MKB70972 BASALT OF DRY CREEK 101 247 32 179 93 8 325 101 21 5.9 16 51 74
MK870973 BASALT OF ICE CAVES 59 204 33 220 52 6 259 106 25 8.3 19 81 92
MK870974 BASALT OF INDIAN VIEWPOINT 155 302 26 174 515 25 994 196 18 8,9 20 56 79
MK870975 BASALT OF LONE BUTTE 141 253 26 165 221 16 544 149 18 19,1 17 64 78
MK870976 BASALT OF BURNT PEAK 102 170 36 166 19 4 244 83 21 5.6 5 77 70




Figure 1.
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The southwest corner of the Mount Adams 1:100,000 Geologic
Map (Korosec, 1987a), showing the northern part of the
Indian Heaven volcanic field.
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, SCALE
Figure 2. The northwest corner of the Hood River 1:100,000 Geologic 0o 1 2 3 4 5 6 7  Bkilometers
Map (Korosec, 1987b), showing the southern part of the 0 1 2 3 4 miles
Indian Heaven volcanic field, 0 5000 10,000 15.000 feet
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Figure 4. Volume and production rates of Quaternary volcanic rocks along the Cascade volcanic arc
southern Washington. Only rocks less than 1 m.y. old are included., Temperature gradient
(x) and heat flow (o) values along the arc are also plotted, along with average temperature
gradient and heat flow trend lines,
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 Table2
UNNORMALIZED MAJOR AND MINOR OXIDE DATA

SAMPLE 7/ SI02 7 AL203 % FE (TOTAL) 7 TI0Z 7 MNO # MGO 7% CAO  Z NAZO Z K20 % P205 Z H20 % CO2 UNNORMALIZED
NUMBER TOTAL
1 58.80 16.30 6.60 1.34 0.11 3.20 6.00 4,00 1.85 0,30 1.51 . 100,010
2 60.80 17.20 5.20 1.20 0.08 1.80 5.10 4.60 2.70 0.34 0.66 . 99.680
3 60.80 16.80 5.20 1.16 0.08 1.80 5.00 4.44 2.60 0.35 1.07 . $9.300
% 49.20 16.70 10.00 1.48 0.18 7.60 9.90 3.12 0.40 0.15 0.91 . 99.640
5 53.50 16.80 8,60 1.24 0.15 6.15 8.85  3.40 0.80 0.11 0.18 . 99,189
6 50.60 16.80 9.00 1.52 0.17 7.00 9.90 3.16 0.80 6.23 0.78 . 99.960
7 48.90 17.00 9.80 1.30 0.18 8.10 9.85 2.96 0.30 0.11 0.66 . 99.160
8 47.05 16.78 10.01 1.23 0.17 8.79 11.02 2.91 0.33 0.10 0.08 . 98.470
9 50.60 17.30 9.00 1.22 0.17 6.95 9.65 3.20 0.55 0.16 0.89 . 99.6990
10 48.00 17.40 9.80 1.26 0.18 7.95 9.90 3.12 0.25 0.12 0.36 0.180 98.520
11 50.40 17.00 9.80 1.14 0.17 7.75 9.60 3.00 0.50 0.13 0.18 . 99.670
12 50.40 16.70 9.60 1.50 0.18 7.10 9.60 3.28 0.50 0.17 .73 ©0.030 99.790
13 52.60 16.30 7.60 1.40 0.14 7.40 8.30 3.52 1.10 0.32 1.32 . 100,000
14 52.00 15.70 8.40 1.32 0.14 7.35 8.45 3.52 1.40 0.38 0.99 . 99.650
15 51.60 16.55 8.80 1.23 0.16 7.50 9.00 3.16 0.90 0.27 0.19 . 99.360
16 46.50 16.32 11.48 1.67 0.20 8.79 11.03 3.00 0.24 0.10 1.03 . 100.360
17 57.40 17.00 6.20 1,03 0.11 5.30 6.50 3.84 1.00 0.20 1.06 . 99.620
18 50.40 17.20 9.80 1.11 0.18 7.70 9.35 3.04 0.50 0.14 0.84% . 100.260
19 50.20 16.70 9.40 1.20 0.17 7.85 9.20 3.20 0.55 0.17 1.16 . 99.800
20 51.60 17.40 8.80 1.20 0.17 6.65 9.55 3.12 0.65 0.18 0.60 . 99.920
21 52.90 16.80 8.20 1.43 0.14 ~ 6.40 7.65 3.72 0.95 0.34 0.82 . 99,350
22 56.70 l6.72 6.65 0.98 0.11 5.24 6.98 4.13 1.16 0.36 0.71 . 99.740
23 54.90 16.30 6.60 1.12 0.12 6.35 7.40 3.84 1.25 0.33 0.65 . 98.860
24 57.60 17.30 6.60 1.18 0.12 4%.70 6.00 3.80 1.00 ¢.28 1.64 . 100.220
25 51.80 16.40 7.60 1.60 0.14 7.70 8.10 3.68 1.05 0.39 0.65 . 99.1190
26 51.35 15.30 8.00 1.61 0.15 9.00 9.15 3.28 1.30 0.40 0.78 0.050 100.370
27 54.65 15.75 6.65 1.27 0.10 6.03 7.97 3.76 2.07 0.48 0.25 0.050. 99.030
28 50.80 16.70 9.00 1.33 0.16 7.45 8.90 3.04 0.70 0.21 1.37 0.080 99.740
29 52.80 16.20 9.20 1.64 0.16 5.80 7.95 3.40 1.10 0.29 0.45 . 98.990
30 50.40 17.60 9.00 1.16 0.17 7.50 9.60 3.08 0.40 0.27 0.85 . 100.030
31 56.20 17.00 6.80 1.23 0.13 6.05 8.00 3.92 1.10 . 1.05 . 99.480
32 51.40 16.70 9.40 1.70 0.17 6.05 8.75 3.52 0.90 0.28 0.62 0.080 99.570
33 56.60 17.30 6.60 1.50 0.11 4.00 6.80 3.88 1.45 0.35 1.26 . 99.850
34 55.00 16.90 7.40 1.34 0.13 4.55 7.80 3.80 1.10 0.22 1.26 . 99.500
35 54,30 16.40 7.60 1.38 0.14 6.05 7.40 3.80 1.35 0.27 0.95 0.030 99.670
36 52.50 16.55 8.00 1.44 0.15 5.90 8.45 3.48 0.80 0.29 1.29 . 98.850
37 53.20 16.20 6.60 1.20 0.12 6,75 7.80 4.00 1.35 0.44 1.19 0.080 98.930
38 55.90 16.90 5.80 1.14 0.10 3.70 7.60 4.40 1.70 0.55 1.51 . 99.700
39 56.10 16.40 6.20 1.14 0.11 7.40 7.25  4.00 1.45 0.34 0.89 . 99.280
40 51.80 16.00 7.80 1.74 0.13 6.75 8.25 4.00 1.40 0.35 0.91 . 99.130
41 50.70 . 16.90 9.40 1.20 0.16 7.85 8.85 3.16 0.45 0.14 1.14 . 99.950
42 506.10 17.30 9.40 1.36 0.17 7.85 8.85 3.16 0.50 0.18 0.77 . ' 99.640
43 49.20 17.30 9.80 1.38 0.17 8.35 9.45  3.16 0.50 0.16 0.89 . 100.360
44 76.80 14.20 0.60 0.10 . . 0.65 3.60 4.10 0.02 0.98 0.030 99.080
45 49.80 16.90 9.60 1.27 0.17 8.00 9.60 3.12 0.55 0.19 0.11 . 99.310
46 52.00 15.80 8.20 1.48 0.13 7.05 8.05 3.68 1.35 0.37 0.98 0.030 $9.120
47 48.40 17.40 10.80 1.14 0.18 8.00 9.70 3.08 0.25 0.10 0.84 0.030 99.920
48 49.10 17.30 9.60 1.42 0.17 7.70 9.70 3.08 0.50 0.16 0.31 . 99.040
49 49.40 17.10 10.20 1.40 0.18 7.05 10.05 3.08 0.55 0.21 0.70 0.030 99.950
50 49.60 17.80 10.00 1.42 0.17 7.05 9.50 3.24 0.70 0.24 0.60 0.050 100.370
51 50.88 16.19 .72 1.39 0.15 7.14 9.87 3.67 0.61 0.23 0.17 . 100.020
52 56.40 17.85 7.11 1.12 0.12 3.74 6.95 4.31 1.36 0.25 0.72 0.075 100.005
53 51.06 17.16 9.75 1.65 0.15 5.41 8.82 3.71 1.06 0.28 0.76 0.075 99.885




Table 2 {(contd.)

UNNORMALIZED MAJOR AND MINOR OXIDE DATA

SAMPLE 7 SI02 % AL203 X FE (TOTAL) Z TI0O2 Z MNO 2 MGO % CAD Z NA20 Z K20 % P205 7 H20 7 CO2  UNNORMALIZED

ve

NUMBER . TOTAL
54 62.89 19.82 4.48 0.56 0.07 0.57 3.84 3.92 0,60 0.14 3.04 0,025 99.955
55 57.40 17.52 6.76 1.06 0.11 3.62 7.17  4.4% 1.24 0.25 0.41 . 99.980
56 50.57 17.13 10.19 1.22 0.15 6.98 10.60 3.11 0.42 0.19 . . 100.560
57 51.51 16.83 9.11 l.22 0.15 7.05 9.64 3.20 0.44% 0.20 0.35 0.100 99.800
58 48.80 15.80 10.85 1.39 0.13 7.58 10.03 2.88 0.51 0,18 0.57 0,025 28.745
59 48.92 16.90 9.97 1.06 0.14 7.87 10.34 3.26 0.65 0.20 0.17 0.050 99.530
60 52.46 17.08 8.98 1.25 0.12 5.45 9.52 3.35 0.71 0.20 0.55 0.025 99.695
61 51.54 16.45 9.16 1.16 0.13 6.29 10.05 3.07 0.57 0.19 0.85 0.100 99.560
62 53.82 17.00 7.36 1.06 0.11 5.75 8.78 3.63 0.86 0.19 . 0.075 98.635
63 54.52 17.43 7.38 1.16 0.09 4.74 8.50 4.19 0.88 0.25 0.68 0.050 99.870
64 51.70 17.00 8.04 1.22 0.12 6.79 9.55 3.63 0.89 0.25 0.31 0.025 99.525
65 52.63 17.33 7.62 1.12 0.11 6.79 7.264 3.60 0.90 0.25 1.95 . 99.540
66 51.00 17.21 8.65 1.55 0.13 6.72 8.78 3.94 1.04 0.29 1.04 0.025 100,375
67 53.80 17.70 7.77 1.19 0.11 5.43 8.25 3.99 1.08 0.31 0.43 . 100.060
68 53.20 16.56 8.02 1.22 0.11 6.28 7.9 6.56 1.02 0.28 0.21 . 99.400
69 52.55 17.04 8.20 1.49 0.13 5.96 8.22 4.01 1.01 0.30 0.78 0.025 99.715
70 53.65 16.53 7.88 1.25 0.11 6.66 8.78 3.44 0.70 0.23 0.92 . 100.150
71 55.11 17.33 6.82 1.06 0.10 5.70 7.39  4.22 1.02 0.24 0.78 . 99.770
72 58.41 17.07 6.29 1.02 0.08 3.86 6.65 4,23 1.52 0.27 0.39 . 99.790
73 55.60 18.64 6.60 0.99 0.10 3.52 7.06 %.90 0.83 0.27 0.39 . 98.900
74 52.15 15.51 9.07 1.35 0.13  7.57 8.39 3.55 1.15 0.33 0.55 N 99.750
75 50.00 18.01 9.46 1.29 0.16 7.28 9.29 3.11 0.60 0.23 0.63 . 100.060
76 48.71 16.97 10.24 1.06 0.15 8.05 10.11 3.39 0.50 0.18 0.43 . 99.790
77 50.02 16.80 9.03 1.12 0.15 8.31 9.56 3.08 0.65 0.19 0.57 . 99.480
78 50.26 16.62 9.77 1.39 0.15 7.38 9.80 3.13 0.80 0.23 0.51 . 100,040
79 49.00 15.95 9.96 1.49 0.15 7.81 10.52 3.01 1.40 0.35 0.41 . 100.050
80 49.07 16.26 9.63 1.62 0.14 7.24 10.37 3.36 1.05 0.33 0.80 . N 99.870
61 50.00 16.01 9.08 1.72 0.13 8.21 9.42 3.76 1.15 0.31 0.23 0.050 100.070
82 52.40 16.16 6.88 1.02 0.10 7.45 8.35 3.91 1.85 0.35 0.26 0.025 98.755
83 48.34 17.75 10.06 1.09 0.15 7.67 10.16 3.36 0.25 0.17 0.40 . 99.400
&4 47.65 16.35 10.27 1.39 0.16 7.86 10.43 3.20 0.30 0.18 0.49 . 98.280
85 53.75 15.95 8.19 1.32 0.13 6.19 7.98 3.88 1.40 0.24 0.29 0.025 99.345
86 47.55% 17.66 10.03 1.16 0.16 8.22 10.36 2.66 0.25 0.16 1.46 . 99.660
87 5l.46 16.29 8.87 1.35 0.13 6.77 .05 3.85 0.70 0.23 l.22 . 99.920
88 48.69 16.77 10.76 1.55 0.17 6.83 10.48 3.26 0.65 0.25 0.59 . 100.000
89 49.34 16.84 9.19 1.19 0.16 8.24 9.89 3.42 0.45 0.20 0.15 . 99.070
90 65.24 15.59 4.37 0.66 0.07 1.88 4.01 %.28 2.80 0.15 0.81 . 99.860
91 50.00 15.56 9.40 1.95 0.15 8.29 8.59 3.46 1.20 0.34 1.19 . 100.130
92 48.95 17.02 8.34% 1.25 0.14 8.15 9.68 3.45 1.30 0.34 0.44 . 99.060
93 47.83 16.41 11.08 1.65 0.18 7.22 10.35 3.51 0.30 0.19 0.33 . 99.050
%% 69.45 15.76 8.26 1.35 0.13 8.56 9.40 3.76 1.40 0.35 0.42 0.050 98.890
95 53.61 17.20 7.64% 1.35 0.13 6.18 7.53 64.14 1.20 0.29 0.83 . 100.100
96 52.64 17.72 7.93 1.16 0.13 5.59 8.87 3.91 0.80 0.19 1.07 . 100.010
97 57.06 18.34 7.10 1.19 0.11 5.14 7.09 . 1.00 0.25 1.29 . 98.570
98 56.00 16.41 9.05 1.42 0.13 8.15 8.59 3.42 1.70 0.33 1.30 0.025 106.525
9 51.51 18.57 8.47 1.32 0.13 6.75 7.57 3.71 0.35 0.28 1.59 ' . 100.250
100 51.10 16.69 8.31 1.39 0.13 7.78 8.73 3.58 1.05 0.26 0.75 . 99.770
101 53.80 16.90 7.33 1.12 0.11 6.86 7.56 4,22 1.50 0.28 0.73 0.025 100.435
102 48.89 16.41 8.17 1.42 0.12 9.56 10.58 3.45 0,25 0.27 0.54 0.050 99.710

103 51.00 17.1X 9.47 1.68 0.14 5.42 8.81 3.79 0.90 0.26 1.05 . 99.630
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%Anal?sés

SUMMARY OF

EeQ

Symbol 8102 AL203.
bbl 4 49,34  17.55
bbp 1 49,71 17.96
blb 2 52.46 16.69
bwsb 2 49,32 16.21
bst '
bih 2 50,20 17.90
bnst { $53.23 15,60
ble 7 50,28 17.23
bspl 2 51.69 17.29
bic 2 48.85 17.75
bnbm 1 51.44 16.50
bivp b 53,21 16.41
bgh

afu i 58.63 17.93
btw 1 53.81 17.84
bpb

bsbm 1 52,30 15.92
bsrm

bdh 1 5%.58 16,44
anrm 1 58.43 17.67
bhl 2 52.957 17.71
benl 1 51.31  16.48
berm: q 50.37 17.95
big 2 51.96 16.89
btb 1 50,50 16.70
bte 1 46.81 16,43
afl 2 §7.92 17.92
bgl 1 50,33 16,07
bsl <] 51,37 16,354
btlce 2 49.%9 (7.87
bpl 1 49,10  15.864
amc 2 54.15 17.56
brec i 850,82 17,02
bde i S0.89 16,93
ael 1 56,29 18.13
bgp .
bby 2 50.96 15,57
ajc 2 54,697 17.29
bwse 2 S51.61 16,18
bab

abb

bnsp

abc 5 56.32 17.13
btl 5 49,19 17.22
boe 2 51.%7 17.19
bmm i 50.21 16.70

9. 60
10,95
8,05
9.86

9.80
8. 60
" 9.73
. 9.14
10.53
?.60
6.9

b.62
7.64

7.490

7.34
6.57
H.33
9.77
7,35
8.63
?.82
11.56
6,63
B.64
7.15
F.64
10.36
7.73
?.82
9.33
7.06

9.09
7.41
B. 60

7.00
10.12
?.32
F.62

lad

7.90
7.18
7.68
7.58

7.89
7.75
7.95
6.73
7.92
8.02
7.57

3.76
6.68

8.23

5.87
4,22
6.42
7.90
7.095
7.09
7.414
8.85
4,28
7.28
7.65
7.97
8.47
6.29
8.03
7.96
4.76

8.90
b.76
8.31

5.79
8.11
7.22
.60

CHEMISTRY OF

Ca0

10,34
9.69
8.62

10.52

9.74
B.17
.67
B8.49
10.03
8.69
8.48

6.76
7.79

8.84

8,07
6,85
8.63
8.73
10,13
8.72
9.85
11,10
7.04
9.Z25
.13
10,12
9,08
7.79
B8.82
9.33
6.89

9.34
7.%4
.12

7.19
10.31
g.58
P.54

INDIAN HEAVEN LAVA-FLOW UNITS

Na20

3,20
2.41
3,460
3.21

2.69
3.25
3.14
3.56
3.25
3.15
3.97

4.00
3.63

3.41

3.45
3.93
3.79
3. 39
2.97
I.69
S.14
3.02
3.54

‘3,23

3.14
2.91
3. 00
3.7%9
3.38
3.24
4.35

3.30
3.77
3.20

3.95
J.06
3.0‘?
2.92

K20

.4
U, 38
1.09
1.24

.46
1.62
.52
U.96
0.25
0.82
1.88

1.02

079

2.06

1.12

100

0.895
0.74
0,54
1.03
.80
0.24
0,93
1.23
1,20
.53
1..:8
0,96
0.70
0,56
0.97

1.04
0,72
1.01

1.06
0.32
0.9
V.60

Ii02

1.30
1.30
1.41
1.57

1.22
1.35
1.16
1.59
1.13
1.35
1,04

0.99
1.22

1.20

1.66
0.95
1.33
1.28
1.27
1.58
1.40
1,68
0.98
1.44
1.32
1.14
2.12
1.31
1.31
1.22
1.15

1.34
1.06
1.50

i.14
1.34
1.56
1.41

g

O l7
Q.20
0. 14
V.15

0.18
0.12
0.16
0.15
0.17
0.15
0.10

O.11
0.12

0.12

DARY-]
0.10
0. ‘q
0.16
0.17
0.13
0. 13
Q.20
0.1
O. 14
0.15
0,17
V.16
0.13
0.16
w.l7
0.12

0.14
0.12
0.16

0.12
0.18
0.17
V.16

P203

0. 19
V.21
0. 29
0.34

0,20
0,31
.16
0.40
0.14
0,28
0.36

0.29
0.29

0.52

0,29
0.28
0.25
0.24
0.20
0.30
.23
0.10
0.27
0.38
U, 35
0. 22
v,47
0.31
0.24
0.17
D.z8

0.30
0.13
.34
V.24

(3 XI 84)

FeO+MgO Mg’ K20+Na20 Ti02/P20S
17.50 0.390 3.6l 6. t4
18.13  0.337 2.79 6,19
15,73 4.69 4.86
17.44 0.374 4,45 4,62
17.39  0.375 3.15 6.10
16,35 4.87 4,35
17. 68 3,66 7.25
15.87 4,52 3.98
18.45  0.437 3.50° 8.07
17.62 3.97 4.892
14.56 0.457 5.85 2.8Y
10.38  0.306 5.02 3.41
14,52 4,42 4,21
15.63 5.47 S 2.31
15,23 4.57 5.72
10.79 4,93 3.39
14.75 4,64 5.32
17.67 4.13 5.33
16,40 3.51 6,35
15.72 4,72 5.27
17.2 3.94 6.0
20. 41 3.26 16.89
10.91 4.8/ 3.63
17.92 4,46 3.79
16.80 4,34 3.77
17.61 3,24 5,36
18.83 4.38 4.51
14,02 4,75 4.23
17.85 4.08 5.46
17.49 3.80 7.18
11.82 5.32 4.11
17.99 4,34 4,19
14,17 4,49 4.08
16.91 4.21 4.84
12,79 5.01 3.89
18. 23 3.39 10,31
16.51 4,05 4.5%
18,22 3.52 5.68





