










Plagioclase 
Garrison 
basalts

Analysis point;
GSF-15
pheno
center

GSF-15
pheno
center

GSF-15 
pheno 
center #2

GSF-15 
pheno 
160u from 
center

GSF-15 
pheno 
360u from 
center

GSF-15 
pheno 
150u from 
end

GSF-15 
pheno 
15u from 
end

GSF-15 
2 pheno 
center

GSF-15 
2 pheno 
center

GSF-15 
3 pheno 
center

GSF-15 
3 pheno 
rim

GSF-15 
3 pheno 
rim

GSF-15 
4 pheno 
center

Na20 4.07 4.19 3.94 3.79 4.11 3.90 3.79 3.95 3.91 3.98 3.57 3.87 3.93
AI2O3 28.39 29.29 29.52 30.03 29.13 30.24 30.50 30.25 29.24 29.13 29.57 29.33 29.31
S i02 52.24 52.98 52.30 51.94 53.26 51.99 51.71 49.30 51.12 51.65 51.07 51.67 52.51
FeO 0.82 0.80 0.80 0.80 0.82 0.78 0.91 0.70 0.82 0.84 0.97 0.79 0.83
CaO 12.21 11.82 12.13 12.80 11.86 12.61 12.74 11.71 12.68 12.45 12.82 12.70 12.24
K20 0.69 0.72 0.67 0.60 0.72 0.57 0.56 0.61 0.53 0.68 0.45 0.54 0.67
BaO 0.12 0.08 0.06 0.05 0.07 0.10 0.05 0.09 1 0.06 0.08 0.02 0.06 0.08
MgO
Ti02
MnO

CO

0
CM

O

Oxide Totals 98.53 99.91 99.42 100.01 100.00 100.19 100.26 96.61 98.36 98.83 98.50 98.96 99.57
Formula Atoms
Na 0.000 0.370 0.349 0.336 0.362 0.344 0.334 0.361 0.352 0.357 0.320 0.346 0.348
Al 0.000 1.572 1.593 1.614 1.561 1.622 1.636 1.683 1.600 1.586 1.614 1.593 1.580
Si 0.000 2.413 2.395 2.369 2.423 2.366 2.353 2.327 2.373 2.386 2.365 2.382 2.402
Fe 0.000 0.030 0.031 0.030 0.031 0.030 0.035 0.027 0.032 0.033 0.038 0.030 0.032
Ca 0.000 0.577 0.595 0.626 0.578 0.615 0.621 0.592 0.630 0.616 0.636 0.627 0.600
K 0.000 0.042 0.039 0.035 0.042 0.033 0.032 0.036 0.031 0.040 0.027 0.032 0.039
Ba 0.000 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.000 0.001 0.002
Mg
Ti
Mn
Cr
Formula Totals G.60O 13.007 13.003 13.010 T3.333 13.012 13.012 13.03d 13.010 13.010 13.001 13.011 T3"75G2
An 58.4 60.5 62.8 58.9 62.0 62.9 59.8 62.2 60.8 64.7 62.4 60.8
Al 37.4 35.5 33.7 36.9 34.7 33.8 36.5 34.7 35.2 32.6 34.4 35.3
Or 4.2 4.0 3.5 4.2 3.3 3.3 3.7 3.1 4.0 2.7 3.2 3.9
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Analysis point:
GSF-15 
4 pheno 
edge

GSF-39 
1 pheno 
center

GSF-39 
1 pheno 
edge

GSF-39 
2 pheno

GSF-39 
3 pheno

GSF-39 
6 pheno 
center

GSF-39 
2 pheno 
center

GSF-7 
1 pheno 
center

GSF-7 1
pheno
edge

GSF-7
2
gndms

GSF-7
3
gndms

H12R-13 
1 pheno 
center

H12N-52 
1 small 
pheno

H12N-52 
1 small 
pheno

Na20 3.68 4.02 4.11 3.77 4.75 3.75 4.43 3.39 2.22 4.44 3.17 4.42 11.79 11.04
AI2O3 29.16 29.48 29.07 29.91 28.18 29.55 29.24 30.99 32.72 28.23 30.60 28.74 20.47 21.00
S i02 51.02 51.71 51.11 51.63 53.45 50.91 53.51 50.38 47.34 52.67 49.40 52.55 67.37 68.15
FeO 0.84 0.72 0.82 0.71 1.25 0.65 0.62 0.72 0.70 0.70 0.77 0.69 0.06 0.02
CaO 12.62 12.50 12.12 12.67 10.13 12.55 11.69 13.76 16.02 11.65 14.11 11.65 0.19 0.18
K20 0.55 0.58 0.57 0.70 0.86 0.53 0.73 0.40 0.25 0.65 0.42 0.71 0.10 0.04
BaO 0.01 0.05 0.06 0.05 0.01 0.02 0.01 0.00 0.05 0.00 0.00
MgO 0.12 0.61 0.11
Ti02 0.03 0.03 0.04
MnO 0.06 0.02 0.00
Cr20 3 0.01 0.01 0.00
Oxide Totals 97.92 99.08 97.87 99.63 99.30 98.10 100.28 99.67 99.29 98.38 98.46 98.80 100.03 100.44
Formula Atoms
Na 0.332 0.359 0.371 0.335 0.421 0.337 0.389 0.301 0.200 0.398 0.286 0.394 1.001 0.929
Al 1.601 1.599 1.597 1.614 1.520 1.617 1.562 1.675 1.787 1.538 1.678 1.560 1.056 1.074
Si 2.377 2.380 2.382 2.364 2.447 2.364 2.425 2.310 2.194 2.435 2.298 2.420 2.950 2.957
Fe 0.033 0.028 0.032 0.027 0.048 0.025 0.023 0.028 0.027 0.027 0.030 0.026 0.002 0.001
Ca 0.630 0.616 0.605 0.622 0.497 0.625 0.568 0.676 0.795 0.577 0.703 0.575 0.009 0.009
K 0.033 0.034 0.034 0.041 0.050 0.032 0.042 0.024 0.015 0.039 0.025 0.042 0.005 0.002
Ba 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Mg 0.008 0.041 0.008
Ti 0.001 0.001 0.002
Mn 0.002 0.001 0.000
Cr 0.000 0.000 0.000
Formula to tals 13.006 13.617 13.022 13.016 13.627 13.616 13.616 13.614 13.020 ~T5.'5U' 13.016 13.018 13.625 12.971
An 63.3 61.1 59.9 62.3 51.3 62.9 56.8 67.6 78.7 56.9 69.4 56.9 0.9 0.9
Al 33.4 35.5 36.7 33.6 43.5 34.0 39.0 30.1 19.8 39.3 28.2 39.0 98.6 98.9
Or 3.3 3.4 3.4 4.1 5.2 3.2 4.2 2.3 1.5 3.8 2.4 4.1 0.5 0.2
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Analysis point:
H12N-52 
1 small 
pheno

H12N-52 2 
small
pheno near 
edge

H12N-52 1 
small
pheno near 
edge

H12N-52 
3 pheno

H12N-52 
1 small 
pheno

H12N-52 
5 small 
pheno

H12N-52 
5 small 
pheno

H12N-55 
1 pheno

H12N-55 
1 pheno 
edge

H12N-55 
2 pheno

H12N-55 
3 pheno

H12N-55 
4 pheno 
center

Na20 11.77 12.14 11.92 11.37 11.48 11.21 11.19 3.86 3.51 3.95 4.07 3.91
Al20 3 20.46 20.59 20.01 22.87 19.96 20.91 20.54 30.40 31.32 30.41 29.91 30.72
Si02 66.09 67.43 65.63 64.52 66.68 65.81 67.02 51.14 49.92 51.11 51.18 51.75
FeO 0.06 0.11 0.14 0.15 0.14 0.11 0.14 0.72 0.81 0.84 0.78 0.69
CaO 0.13 0.07 0.11 0.38 0.36 0.14 0.19 11.61 12.70 11.58 11.41 11.25
K20 0.06 0.06 0.05 1.25 0.21 0.50 0.09 0.57 0.45 0.61 0.65 0.55
BaO 0.01 0.00 0.00 0.02 0.00 0.00 0.01 0.04 0.01 0.05 0.03 0.00
MgO
Ti02
MnO
Cr20 3
Oxide Totals 98.58 100.40 97.87 100.56 98.89 98.69 99.18 98.35 98.73 98.53 98.01 98.87
Formula Atoms
Na 1.014 1.028 1.036 0.970 0.986 0.966 0.956 0.345 0.315 0.353 0.366 0.348
Al 1.072 1.059 1.057 1.186 1.043 1.095 1.066 1.655 1.705 1.654 1.635 1.659
Si 2.937 2.944 2.942 2.839 2.956 2.924 2.953 2.362 2.306 2.359 2.374 2.371
Fe 0.002 0.004 0.005 0.006 0.005 0.004 0.005 0.028 0.031 0.032 0.030 0.026
Ca 0.006 0.003 0.005 0.018 0.017 0.007 0.009 0.574 0.629 0.573 0.567 0.553
K 0.003 0.004 0.003 0.070 0.012 0.029 0.005 0.034 0.026 0.036 0.038 0.032
Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000
Mg
Ti
Mn
Cr
formula to tals 13.035 13.642 13.049 13.089 13.621 13.025 12.995 13.060 13.012 13.008 13.011 12.989
An 0.6 0.3 0.5 1.7 1.7 0.7 0.9 60.3 64.8 59.6 58.4 59.3
Al 99.1 99.3 99.2 91.7 97.1 96.5 98.5 36.2 32.5 36.7 37.7 37.3
Or 0.3 0.3 0.3 6.6 1.2 2.9 0.5 3.5 2.7 3.7 3.9 3.4



Analysis point:
H12N-55 
4 pheno 
edge

H12N-55 
5 pheno

H12N-55 
7 pheno

H12N-55 
7 pheno 
edge

H12N-54 
1 pheno

H12N-54 
2 gndms

H12N-54 
1 pheno

H12N-54 
1 pheno 
edge

H12N-54 
2 pheno

H12N-54 
5 pheno

H12N-54 
5 pheno 
edge

GSF-36 
circle 1, 
pheno

GSF-36 
circle 1, 
pheno

Na20 4.32 4.10 4.18 3.56 3.18 4.35 3.87 2.64 3.88 3.48 4.25 3.68 3.45
AI2O3 29.90 29.63 29.48 30.93 32.31 29.48 31.55 32.56 30.54 30.81 30.46 30.59 30.88
S i02 51.51 51.07 51.67 49.67 47.93 53.28 51.90 47.33 51.50 52.05 51.94 50.51 50.23
FeO 0.77 0.79 0.76 0.81 0.74 0.81 0.75 0.79 0.77 0.67 0.80 0.65 0.74
CaO 10.76 11.25 10.73 12.40 13.39 10.39 11.58 14.09 11.31 12.15 11.27 12.89 13.13
K20 0.55 0.59 0.64 0.45 0.33 0.78 0.47 0.33 0.54 0.55 0.61 0.43 0.41
BaO 0.02 0.00 0.11 0.06 0.00 0.11 0.06 0.03 0.00 0.01 0.04 0.03 0.01
MgO
Ti02
MnO
Cr20 3
Oxide Totals 97.82 97.42 97.56 97.87 97.88 99.20 100.18 97.76 98.52 99.72 99.38 98.78 98.84
Formula Atoms
Na 0.388 0.370 0.377 0.322 0.288 0.385 0.340 0.240 0.346 0.307 0.377 0.330 0.309
Al 1.633 1.628 1.615 1.698 1.779 1.586 1.684 1.798 1.656 1.652 1.641 1.664 1.680
Si 2.388 2.381 2.402 2.314 2.239 2.432 2.350 2.217 2.370 2.368 2.374 2.331 2.318
Fe 0.030 0.031 0.029 0.031 0.029 0.031 0.028 0.031 0.030 0.026 0.031 0.025 0.028
Ca 0.534 0.562 0.534 0.619 0.670 0.508 0.562 0.707 0.557 0.592 0.552 0.637 0.649
K 0.032 0.035 0.038 0.026 0.020 0.045 0.027 0.020 0.031 0.032 0.036 0.026 0.024
Ba 0.000 0.000 0.002 0.001 0.000 0.002 0.001 0.000 0.000 0.000 0.001 0.000 0.000
Mg
Ti
Mn
Cr
Formula Totals 15.066 T3.507 15.666 13.011 13.635 13.996 12.961 13.013 12.661 12.976 13.011 13.014 13.666
An 56.0 58.1 56.3 64.0 68.5 54.2 60.5 73.2 59.6 63.6 57.2 64.2 66.1
Al 40.6 38.3 39.7 33.3 29.4 41.0 36.6 24.8 37.0 33.0 39.1 33.2 31.4
Or 3.4 3.6 4.0 2.7 2.0 4.8 2.9 2.0 3.4 3.4 3.7 2.6 2.5

149



Analysis point:
GSF-36 
circle 1, 
1st pt

GSF-36 
circle 2, 
150
microns

GSF-36 
circle 3, 
150
microns

GSF-36 
circle 4, 
60
microns

GSF-36 
circle 4, 
400
microns

GSF-36 
circle 5, 
700
microns

GSF-36 
circle 6, 
40 mics

Na20 3.24 3.75 3.65 5.23 3.09 3.61 4.88
AI2O3 30.91 30.86 30.24 28.37 32.13 31.46 28.74
S i02 50.41 50.44 50.83 54.75 49.68 49.79 53.91
FeO 0.81 0.69 0.68 0.88 0.68 0.74 0.81
CaO 13.56 12.96 12.26 9.86 13.29 12.59 10.66
K20 0.38 0.46 0.54 0.51 0.34 0.33 0.47
BaO 0.00 0.02 0.00 0.06 0.03 0.00 0.00
MgO
Ti02
MnO
Cr20 3
Oxide Totals 99.50 99.19 98.20 99.65 99.24 98.52 99.48
Formula Atoms
Na 0.287 0.335 0.328 0.460 0.275 0.324 0.431
Al 1.669 1.674 1.651 1.516 1.739 1.714 1.542
Si 2.310 2.321 2.354 2.484 2.281 2.302 2.454
Fe 0.028 0.027 0.026 0.033 0.026 0.029 0.031
Ca 0.666 0.639 0.609 0.479 0.654 0.624 0.520
K 0.022 0.027 0.032 0.029 0.020 0.020 0.027
Ba 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Mg
Ti
Mn
Cr
Formula Totals 13.665 13.023 13.060 13.663 "“T 2.667 13.612 13.664
An 68.3 63.8 62.9 49.5 68.9 64.5 53.2
Al 29.5 33.5 33.8 47.5 29.0 33.5 44.1
Or 2.3 2.7 3.3 3.0 2.1 2.0 2.8

Elkhorn basalt

HDNF-65 
1 pheno

HDNF-65 
1 pheno

HDNF-65 
2 pheno

HDNF-65 
3 pheno

HDNF-65 
3 pheno 
edge

HDNF-65 
4 pheno

4.27 4.28 2.26 3.16 3.08 5.66
30.23 30.40 33.06 32.14 32.33 28.54
51.72 51.71 46.26 49.45 49.20 54.69

0.48 0.50 0.67 0.58 0.62 0.46
10.99 11.46 14.75 13.22 13.29 8.94
0.35 0.35 0.15 0.22 0.25 0.62
0.06 0.02 0.07 0.03 0.01 0.08

98.10 98.72 97.23 98.80 98.78 98.99

0.382 0.381 0.207 0.282 0.275 0.499
1.644 1.645 1.838 1.746 1.757 1.531
2.385 2.374 2.181 2.279 2.269 2.490
0.019 0.019 0.026 0.022 0.024 0.017
0.543 0.564 0.745 0.653 0.657 0.436
0.020 0.020 0.009 0.013 0.015 0.036
0.001 0.000 0.001 0.001 0.000 0.001

13.994 13.004 13.666 13.696 12.997 -13.613
57.5 58.4 77.5 68.8 69.4 44.9
40.4 39.5 21.5 29.8 29.1 51.4

2.2 2.1 1.0 1.4 1.6 3.7
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Analysis point:
HDNF-65 
4 pheno 
edge

HDNF-65 
5 pheno

HDNF-65 
6 pheno

HDNF-65 
6 pheno 
edge

HDNF-65 
7 pheno

HDNF-65 
8 pheno

HDNF-65 
9 plag 
pheno

HDNF-65 
9 pheno 
edge

HDNF-65 
10 small 
pheno

HDNF-65 
11 pheno

HDNF-65 
12 pheno

HDNF-65 
13 pheno

Na20 4.15 2.59 3.00 4.65 2.40 3.37 1.85 6.23 6.05 2.88 3.09 3.22
AI2O3 31.23 34.12 33.45 30.83 34.53 32.50 35.20 27.81 27.93 33.23 32.91 32.66
S i02 51.09 48.17 49.30 53.02 48.39 50.23 46.26 55.70 56.22 48.64 49.67 49.61
FeO 0.45 0.53 0.59 0.44 0.50 0.57 0.43 0.37 0.44 0.53 0.48 0.50
CaO 11.74 14.06 13.39 . 10.81 14.65 12.94 15.96 8.13 8.33 14.02 13.28 13.16
K20 0.33 0.15 0.18 0.39 0.15 0.22 0.11 0.80 0.76 0.21 0.20 0.20
BaO 0.06 0.06 0.03 0.09 0.00 0.01 0.00 0.09 0.07 0.03 0.02 0.00
MgO
Ti02
MnO
Cr20 3
Oxide Totals 99.06 99.69 99.94 100.23 100.62 99.85 99.80 99.13 99.80 99.55 99.65 99.47
Formula Atoms
Na 0.369 0.230 0.265 0.407 0.211 0.298 0.165 0.548 0.528 0.257 0.274 0.285
Al 1.686 1.841 1.796 1.640 1.846 1.744 1.907 1.489 1.484 1.796 1.770 1.761
Si 2.341 2.205 2.246 2.392 2.195 2.287 2.126 2.529 2.534 2.231 2.267 2.269
Fe 0.017 0.020 0.023 0.017 0.019 0.022 0.016 0.014 0.017 0.020 0.018 0.019
Ca 0.576 0.689 0.653 0.523 0.712 0.631 0.786 0.395 0.402 0.689 0.649 0.645
K 0.019 0.009 0.011 0.022 0.009 0.013 0.006 0.047 0.044 0.012 0.012 0.012
Ba 0.001 0.001 0.001 0.002 0.000 0.000 0.000 0.002 0.001 0.001 0.000 0.000
Mg
Ti
Mn
Cr
Formula Totals 13.016 12.994 12.394 13.632 12.392 f2'.'336' 13.006 13.024 13.610 13.005 12.661 12.998
An 59.7 74.3 70.3 54.9 76.4 67.0 82.1 39.9 41.3 71.9 69.4 68.5
Al 38.2 24.7 28.5 42.8 22.6 31.6 17.2 55.4 54.2 26.8 29.3 30.3
Or 2.0 1.0 1.1 2.3 1.0 1.3 0.7 4.7 4.5 1.3 1.3 1.3
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Garrison 
intermediate
H12R-1M 
1 pheno 
center

H12R-1M 
1 pheno 
edge

H12R-1M 
2 pheno

H12R-1M 
2 pheno 
100u from 
edge

H12R-1M 
3 pheno 
center

H12R-1M 
3 pheno 
30u from 
edge

H12R-1M 
4 pheno 
center

I90R-69 
1 pheno 
center

I90R-69 1 
pheno 
75u from 
edge

I90R-69 
2 pheno 
center

I90R-69 2 
pheno 
30u from 
edge

3.16 4.82 3.63 4.65 4.24 8.57 4.53 5.45 5.34 4.49 4.90
31.87 29.29 29.99 29.34 29.66 23.53 29.14 27.37 27.68 29.82 29.08
49.73 52.19 50.36 52.35 51.73 61.67 52.78 54.39 54.00 52.16 53.53

0.48 0.55 0.62 0.52 0.55 0.23 0.53 0.56 0.56 0.54 0.57
14.28 11.66 13.24 11.94 12.49 4.66 11.88 9.70 10.51 12.08 11.20
0.38 0.22 0.32 0.37 0.37 0.79 0.64 0.85 0.59 0.57 0.45
0.00 0.06 0.00 0.05 0.00 0.00 0.05 0.11 0.11 0.08 0.02

99.95 98.82 98.15 99.21 99.07 99.45 99.56 98.43 98.79 99.76 99.81

0.281 0.430 0.327 0.413 0.378 0.743 0.401 0.486 0.476 0.397 0.432
1.719 1.587 1.642 1.585 1.606 1.240 1.569 1.484 1.498 1.605 1.558
2.276 2.400 2.340 2.399 2.377 2.757 2.412 2.502 2.479 2.382 2.433
0.018 0.021 0.024 0.020 0.021 0.009 0.020 0.021 0.022 0.020 0.022
0.700 0.574 0.659 0.586 0.615 0.223 0.582 0.478 0.517 0.591 0.546
0.022 0.013 0.019 0.021 0.022 0.045 0.037 0.050 0.034 0.033 0.026
0.000 0.001 0.000 0.001 0.000 0.000 0.001 0.002 0.002 0.001 0.000

15.016 13.026 13.011 16.025 13.020 13.017 15.666 15.654 13.027 15.051 15.6T7
69.8 56.5 65.6 57.4 60.6 22.1 57.0 47.1 50.3 57.9 54.4
28.0 42.2 32.5 40.5 37.2 73.5 39.3 48.0 46.3 38.9 43.0

2.2 1.3 1.9 2.1 2.2 4.4 3.7 4.9 3.3 3.2 2.6

Analysis point:
HDNF-65 
13 pheno 
edge

Na20 3.18
AI2O3 33.10
S i02 49.70
FeO 0.54
CaO 13.23
K20 0.25
BaO 0.00
MgO
Ti02
MnO
Cr20 3
Oxide Totals 100.00
Formula Atoms
Na 0.280
Al 1.775
Si 2.262
Fe 0.021
Ca 0.645
K 0.015
Ba 0.000
Mg
Ti
Mn
Cr
Formula Totals 15.658
An 68.6
Al 29.8
Or 1.6
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Garrison syenite

H12R-10 
1 gndms

H12R-10 
1 small 
pheno

H12R-10 
2 pheno

11.48 12.01 12.22
20.23 19.88 20.12
67.16 67.97 68.42

1.23 0.00 0.03
0.66 0.13 0.03
0.13 0.17 0.06
0.19 0.01 0.01
0.16
0.03
0.01

101.28 100.20 100.92

0.970 1.018 1.028
1.039 1.024 1.029
2.926 2.972 2.969
0.045 0.000 0.001
0.031 0.006 0.002
0.007 0.010 0.004
0.013 0.000 0.000

13.656 13.052
3.1 0.6 0.1

96.2 98.5 99.5
0.7 0.9 0.3

Analysis point:
I90R-69 
3 pheno 
center

I90R-69 
3 pheno 
edge

I90R-69 1 
gndms

H12R-8 
1 pheno 
center

H12R-8 
1 pheno 
edge

H12R-8 
2 pheno 
center

H12R-8 
3 pheno 
center

H12R-8 
4 pheno 
center

H12R-8 
4 pheno 
edge

Na20 4.70 7.71 4.02 4.22 5.85 7.20 4.33 5.06 6.25
AI2O3 28.96 24.03 19.24 29.87 27.76 25.88 29.13 28.48 26.77
S i02 53.59 60.85 65.03 52.05 55.55 58.36 52.12 53.74 56.25
FeO 0.60 0.27 0.46 0.55 0.49 0.28 0.36 0.40 0.38
CaO 11.24 5.47 0.55 12.45 9.80 7.42 11.99 11.12 9.17
K20 0.64 1.03 10.47 0.37 0.34 0.54 0.38 0.45 0.51
BaO 0.03 0.00 0.00 0.01 0.02 0.01 0.09 0.00
MgO 0.01
Ti02 0.12
MnO 0.00
Cr20 3 0.00
Oxide Totals 99.78 99.36 99.90 99.53 99.83 99.70 98.37 99.36 99.34
Formula Atoms
Na 0.414 0.670 0.355 0.374 0.513 0.628 0.387 0.448 0.549
Al 1.552 1.270 1.032 1.609 1.479 1.371 1.584 1.531 1.431
Si 2.437 2.729 2.959 2.379 2.511 2.623 2.405 2.452 2.552
Fe 0.023 0.010 0.018 0.021 0.018 0.011 0.014 0.015 0.015
Ca 0.548 0.263 0.027 C.610 0.475 0.357 0.593 0.544 0.446
K 0.037 0.059 0.607 0.021 0.020 0.031 0.023 0.026 0.029
Ba 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000
Mg 0.000
Ti 0.004
Mn 0.000
Cr 0.000
formula Totals 13.6l2 13.001 13.002 13.014 13.016 13.021 13.66* 13.616 13.022
An 54.8 26.5 2.7 60.7 47.1 35.2 59.1 53.4 43.5
Al 41.5 67.5 35.9 37.2 50.9 61.8 38.6 44.0 53.6
Or 3.7 5.9 61.4 2.1 2.0 3.0 2.2 2.6 2.9
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Orthopyroxene

Garrison 
diorites

Analysis point:
H12R-8
3

H12R-8
4

H12R-8
5

H12R-8
7

Na20 0.03 0.05 0.02 0.04
MgO 21.62 22.74 22.03 22.24
AI2O3 0.57 0.60 0.66 0.85
S i02 52.57 52.95 52.77 52.40
FeO 22.73 21.07 22.13 21.29
CaO 1.55 1.59 1.58 1.77
Ti02 0.29 0.32 0.33 0.40
K20 0.02 0.05 0.05 0.06
MnO 0.59 0.61 0.65 0.65
Cr20 3 0.03 0.01 0.01 0.00
Totals 99.99 100.00 100.22 99.71

Formula Atoms
Na 0.002 0.004 0.001 0.003
Mg 1.208 1.261 1.225 1.240
Al 0.025 0.026 0.029 0.038
Si 1.971 1.970 1.969 1.960
Fe 0.713 0.656 0.690 0.666
Ca 0.062 0.064 0.063 0.071
Ti 0.008 0.009 0.009 0.011
K 0.001 0.002 0.002 0.003
Mn 0.019 0.019 0.020 0.021
Cr 0.001 0.000 0.000 0.000
Formula Totals 10.009 10.011 10.010 10.013

Amphibole

Garrison

Analysis point:
H12R-10 
1 pheno

H12R-10 
1 pheno

Na20 1.91 1.93
MgO 11.84 11.89
AI203 5.37 5.59
Si02 45.88 46.18
FeO 18.04 18.05
CaO 10.98 10.76
Ti02 1.34 1.29
K20 0.96 0.80
MnO 0.62 0.58
Cr203 0.00 0.01
Totals 96.94 97.09

Formula Atoms based on 23 oxygens
Na 0.565 0.569
Mg 2.692 2.691
Al 0.966 1.001
Si 7.000 7.014
Fe 2.302 2.293
Ca 1.795 1.751
Ti 0.154 0.148
K 0.186 0.154
Mn 0.080 0.075
Cr 0.000 0.001
Formula Totals 38.739 38.699
Mg# 47.569 47.653

Elkhorn
basalt

HDNF-65 
1 pheno

Z07
14.71 
10.14 
44.10
10.72 
10.81
3.06 
1.01 

0.185 
0.006 

96.807

0.590
3.233
1.761
6.502
1.322
1.707
0.340
0.189
0.023
0.001

38.668
65.491
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Biotite

Garrison 
basalt

Analysis point:
H12N-55
1

H12N-54 
2 *

H12H-54 
2 *

Na20 0.09 0.05 0.05
MgO 18.61 19.23 19.51
AI203 14.12 12.62 11.08
Si02 33.63 32.20 30.26
FeO 20.50 22.11 23.09
CaO 0.54 0.22 0.08
Ti02 1.59 0.02 0.05
K20 2.58 0.04 0.04
MnO 0.07 0.13 0.08
Cr203 0.00 0.02 0.00
Totals 91.72 86.65 84.24

Formula Atoms based on 22 oxygens
Na 0.026 0.015 0.016
Mg 4.302 4.694 4.968
Al 2.580 2.436 : 2.232
Si 5.216 5.272 5.168
Fe 2.658 3.028 3.298
Ca 0.090 0.038 0.014
Ti 0.185 0.003 0.006
K 0.511 0.009 0.009
Mn 0.009 0.018 0.012
Cr 0.000 0.003 0.000
Formula Totals 37.578 37.517 37.723

Garrison
diorite

H12R-1M
1

H12R-1M
2

H12R-8
1

I90R-69
1

I90R-69
2

0.37 0.25 0.44 0.62 0.58
12.80 11.85 12.15 13.96 14.22
12.37 11.83 12.67 12.02 12.28
37.06 35.43 36.67 37.26 38.02
17.86 19.60 17.73 16.09 15.50
0.03 0.03 0.01 0.04 0.01
6.01 4.89 7.31 5.68 5.90
9.24 9.21 9.23 9.30 9.30
0.06 0.13 0.07 0.08 0.17
0.00 0.04 0.02 0.01 0.02

95.80 93.24 96.30 95.07 95.99

0.109 0.076 0.130 0.183 0.168
2.888 2.786 2.728 3.151 3.163
2.206 2.199 2.248 2.146 2.160
5.608 5.589 5.523 5.644 5.673
2.260 2.585 2.234 2.038 1.934
0.004 0.005 0.002 0.007 0.002
0.684 0.580 0.828 0.648 0.662
1.785 1.853 1.772 1.797 1.769
0.008 0.017 0.008 0.011 0.021
0.000 0.004 0.002 0.001 0.002

37.552 37.694 37.475 37.625 37.553

Garrison
syenite

H12R-10
3

0.38
12.60
12.47
37.07
18.19
0.00
5.85
9.32
0.24
0.00

96.13

0.111
2.841
2.223
5.605
2.300
0.000
0.665
1.797
0.031
0.000

37.573

Dunkleberg 
Ridge dike

DBR-1
1

DBR-1
2

0.04 0.00
14.19 12.27
13.20 14.39
37.11 31.47
24.01 26.51

0.08 0.05
0.61 1.00
2.15 3.71
0.20 0.19
0.01 0.02

91.59 89.61

0.012 0.000
3.293 3.026
2.420 2.807
5.775 5.208
3.125 3.669
0.014 0.008
0.071 0.124
0.427 0.784
0.026 0.027
0.001 0.002

37.163 37.656
may not be biotite
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O paque M inerals 

Garrison
basalt_____________   Garrison diorite

Analysis point:
H12R-13
1

H12N-54
1

Na20 0.07 0.08
MgO 0.02 0.01
AI203 3.59 0.06
Si02 0.56 0.19
FeO 71.66 67.64
CaO 0.49 0.00
Ti02 15.95 0.00
K20 0.02 0.02
MnO 1.24 0.010
Cr203 0.76 0.014
Totals 94.37 68.011

Formula Atoms
Na 0.006 0.011
Mg 0.001 0.001
Al 0.180 0.005
Si 0.024 0.013
Fe 2.551 3.958
Ca 0.022 0.000
Ti 0.511 0.000
K 0.001 0.002
Mn 0.045 0.001
Cr 0.026 0.001
Formula Totals 3.366 3.990

H12R-8
1

H12R-8
2

0.06 0.02
0.07 0.03
1.19 1.87
0.29 0.08

78.62 83.20
0.14 0.04
8.56 9.05
0.08 0.10
0.68 0.73
1J89 0.16

91.56 95.28

0.005 0.002
0.005 0.002
0.066 0.100
0.014 0.004
3.113 3.176
0.007 0.002
0.305 0.311

' 0.005 0.006
0.027 0.028
0.071 0.006
3.618 3.636

Garrison
syenite

H12R-10 2

0.02
0.03
0.03
0.03

47.54
0.03

53.05
0.06
2.70
0.02

103.50

0.001
0.001
0.001
0.001
1.302
0.001
1.307
0.003
0.075
0.000
2.693

G arnet

Elkhorn Dunkleberg Garrison
basalt Ridge dike basalt

Analysis point:
H12R-13
1

H12R-13
2

Na20 0.03 0.03
MgO 0.30 1.11
AI203 10.57 12.02
Si02 33.60 35.22
FeO 13.63 13.99
CaO 35.01 32.49
Ti02 0.63 0.45
K20 0.03 0.03
MnO 0.20 0.19
Cr203 0.09 0.03
Totals 94.10 95.57

Formula Atoms based on 12 oxygens
Na 0.005 0.005
Mg 0.040 0.141
Al 1.095 1.208
Si 2.953 3.002
Fe 1.002 0.997
Ca 3.297 2.967
Ti 0.042 0.029
K 0.003 0.003
Mn 0.015 0.014
Cr 0.006 0.002
Formula Totals 20.459 20.368

HDNF-65
1

DBR-1
1

0.03 0.04
2.03 6.21
2.62 10.90
0.78 0.08

79.30 54.31
2.17 0.01
9.59 3.68
0.01 0.01

0.050 0.23
0.112 16.17

96.692 91.65

0.003 0.374
0.131 0.519
0.133 0.003
0.034 1.834
2.868 0.001
0.101 0.112
0.312 0.000
0.000 0.008
0.002 0.516
0.004 3.366
3.587 2.426

Note: Shaded cells have Fe calculated
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GSF-36 
circle 1 
2nd pt

GSF-36 
circle 1

GSF-36 
circle 1, 
repeat of 
previous

GSF-36 
circle 1

GSF-36 
circle 2

GSF-36 
circle 3

GSF-36 
circle 4

GSF-36 
circle 4 
#2

0.02 0.02 0.00 0.03 0.03 0.00 0.38 0.02
0.08 0.15 0.10 0.19 0.16 0.22 14.38 0.19
6.72 6.32 7.86 9.73 8.31 9.81 4.22 8.17

34.47 34.45 35.37 36.46 36.11 36.45 45.35 35.72
19.09 20.35 .......17.52 -,16.04 17.47 17.01 ,,.10 .14 17.82
34.35 34.48 35.32 35.66 35.00 34.75 16.64 34.06

2.52 2.36 2.57 1.03 2.38 0.69 1.23 2.60
0.03 0.03 0.04 0.10 0.11 0.05 0.15 0.01

0.244 0.251 0.312 0.368 0.309 0.378 0.239 0.284
0.064 0.000 0.019 0.027 0.000 1 0.004 0.266 0.030

97.589 98.410 99.120 99.627 99.876 99.362 93.000 98.907

0.003 0.003 0.000 0.004 0.004 0.001 0.059 0.003
0.010 0.019 0.013 0.023 0.020 0.026 1.695 0.023
0.663 0.621 0.759 0.926 0.792 0.935 0.393 0.786
2.885 2.871 2.896 2.942 2.921 2.948 3.587 2.916
1.202 1.276 1.079 0.974 1.064 1.035 0.604 1.095
3.080 3.078 3.097 3.083 3.035 3.011 1.411 2.979
0.158 0.148 0.158 0.063 0.145 0.042 0.073 0.159
0.003 0.003 0.004 0.010 0.011 0.005 0.015 0.001
0.017 0.018 0.022 0.025 0.021 0.026 0.016 0.020
0.004 0.000 0.001 0.002 0.000 0.000 0.017 0.002

20.025 20.037 20.029 20.052 20.013 20.028 19.870 19.985
as Fe203
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Appendix B: Recalculation Tables for Microprobe 
Data

Oxide percentages were recalculated from Fe^Oj to FeO where necessary. Amphibole was 
calculated using the formula OH percent to produce results more in line with those from the microprobe 
data, which does not measure OH.

158



Augite
Johannesmeyer (1999) 
Ringing Rocks _____

Analysis point
RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR3
granite
core

RR81
trans
rock

RR81
trans
rock

RR81
trans
rock

RR81
trans
rock

Original totals
Na20 0.34 0.58 0.47 0.31 0.54 0.35 0.65 0.41 0.35 0.34 0.00 0.27 0.25 0.33
MgO 15.51 14.94 15.57 15.89 15.32 17.03 15.22 15.79 15.26 15.27 17.08 16.63 17.03 15.26
AI2O3 1.51 2.98 2.50 1.92 2.04 2.06 2.37 2.96 2.17 1.36 1.67 1.26 2.20 1.36
S i02 51.77 50.97 51.47 51.58 51.75 51.51 52.01 50.86 50.64 51.98 52.53 52.94 52.24 52.41
FeO 10.22 7.32 7.96 9.91 7.05 8.34 7.20 7.45 10.24 8.95 0.05 6.11 5.02 9.36
CaO 20.60 21.10 20.60 19.60 20.99 19.03 21.04 20.78 19.99 21.39 22.47 22.13 21.88 21.17
Ti02 0.49 0.56 0.65 0.61 0.32 0.35 0.32 0.57 0.65 0.40 0.15 0.15 0.23 0.36
K20 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00
MnO 0.27 0.29 0.26 0.28 0.27 0.24 0.29 0.27 0.30 0.28 0.15 0.13 0.10 0.29
Cr20 3 0.02 0.30 0.20 0.05 0.13 0.19 0.18 0.12 0.01 0.01 0.01 0.31 0.24 0.03
Oxide Totals 100.74 99.03 99.68 100.14 98.45 99.11 99.28 99.22 99.61 100.18 94.12 99.93 99.19 . 100.57

Recalculated totals
Na20 0.34 0.59 0.48 0.31 0.55 0.36 0.66 0.42 0.35 0.34 0.00 0.27 0.25 0.33
MgO 15.56 15.20 15.75 16.03 15.68 17.33 15.44 16.03 15.48 15.41 18.15 16.74 17.26 15.32
ai2o 3 1.51 3.03 2.53 1.94 2.09 2.10 2.40 3.01 2.20 1.37 1.77 1.27 2.23 1.37
S i02 51.92 51.85 52.05 52.02 52.95 52.42 52.77 51.65 51.36 52.46 55.82 53.30 52.94 52.60
FeO 9.22 6.70 7.24 8.99 6.49 7.64 6.57 6.81 9.35 8.13 0.05 5.54 4.58 8.45
CaO 20.66 21.46 20.83 19.77 21.48 19.37 21.35 21.10 20.28 21.59 23.88 22.28 22.17 21.25
Ti02 0.49 0.57 0.66 0.62 0.33 0.36 0.32 0.58 0.66 0.40 0.16 0.15 0.23 0.36
K20 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00
MnO 0.27 0.29 0.26 0.28 0.28 0.24 0.29 0.27 0.30 0.28 0.16 0.13 0.10 0.29
Cr20 3 0.02 0.31 0.20 0.05 0.13 0.19 0.18 0.12 0.01 0.01 0.01 0.31 0.24 0.03
Oxide Totals 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Total Fe as FeO 9.196 6.587 7.163 8.917 6.344 7.504 6.479 6.704 9.214 8.053 0.045 5.498 4.517 8.422

159



Analysis point
RR81
trans
rock

RR81
trans
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

Original totals
Na20 0.47 0.53 0.36 0.43 0.47 0.57 0.49 0.59 0.41 0.43 0.48
MgO 15.59 14.62 16.99 17.00 16.44 14.86 15.78 15.45 15.98 15.96 15.80
AI2O3 1.93 0.97 2.31 2.21 1.99 2.12 2.19 3.06 2.73 2.75 2.77
S i02 52.29 53.32 51.89 52.21 51.95 51.87 52.37 50.79 51.86 51.30 51.53
FeO 7.95 8.57 7.51 5.94 6.77 7.93 7.01 6.97 7.39 7.41 7.54
CaO 21.14 21.89 20.27 20.15 20.87 21.33 21.35 20.92 20.89 21.01 20.41
Ti02 0.50 0.18 0.32 0.24 0.27 0.46 0.50 0.59 0.50 0.44 0.48
K20 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.03 0.00 0.00 0.02
MnO 0.22 0.41 0.21 0.20 0.25 0.37 0.29 0.28 0.22 0.19 0.19
Cr20 3 0.06 0.01 6.13 0.25 0.30 0.15 0.08 0.17 0.15 0.16 0.15
Oxide Totals 100.14 100.51 99.98 98.64 99.30 99.68 100.07 99.03 100.13 99.65 99.36

Recalculated totals
Na20 0.47 0.53 0.36 0.44 0.48 0.58 0.49 0.60 0.41 0.43 0.49
MgO 15.69 14.67 17.12 17.34 16.67 15.03 15.88 15.74 16.08 16.14 16.02
ai2o 3 1.94 0.97 2.33 2.25 2.02 2.14 2.20 3.12 2.75 2.78 2.81
S i02 52.63 53.51 52.29 53.25 52.67 52.46 52.70 51.75 52.18 51.87 52.25
FeO 7.20 7.74 6.81 5.45 6.18 7.22 6.35 6.39 6.69 6.74 6.88
CaO 21.28 21.97 20.43 20.55 21.16 21.57 21.49 21.31 21.02 21.24 20.70
Ti02 0.50 0.18 0.32 0.24 0.27 0.47 0.50 0.60 0.50 0.44 0.49
K20 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.03 0.00 0.00 0.02
MnO 0.22 0.41 0.21 0.20 0.25 0.37 0.29 0.29 0.22 0.19 0.19
Cr20 3 0.06 0.01 0.13 0.25 0.30 0.15 0.08 0.17 0.15 0.16 0.15
Oxide Totals 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Total Fe as FeO 7.154 7.711 6.758 5.345 6.092 7.136 6.306 6.272 6.650 6.668 6.785
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Analysis point
RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR45 most 
mafic trans 
rock

RR43 plag 
shonkinite

RR43 plag 
shonkinite

RR43 plag 
shonkinite

RR43 plag 
shonkinite

Original totals
Na20 0.33 0.37 0.32 0.27 0.71 0.63 0.36 0.37 0.31 0.35
MgO 17.23 17.93 15.82 15.92 14.74 14.69 17.82 17.76 16.54 16.35
AI2O3 1.96 1.86 3.23 2.82 2.94 3.24 1.83 2.08 2.50 3.01
S i02 52.94 53.17 51.04 51.50 51.31 50.98 53.05 53.10 51.08 50.82
FeO 6.90 6.22 7.68 7.59 8.49 8.99 5.58 5.29 8.20 7.04
CaO 20.28 20.18 21.23 20.91 20.59 20.58 20,80 20.80 20.47 20.86
Ti02 0.28 0.23 0.66 0.51 0.63 0.63 0.15 0.18 0.57 0.48
K20 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.01
MnO 0.18 0.19 0.22 0.22 0.37 0.33 0.18 0.18 0.23 0.19
Cr20 3 0.33 0.34 0.09 0.17 0.15 0.18 0.34 0.41 0.11 0.21
Oxide Totals 100.43 100.48 100.30 99.91 99.94 100.24 100.10 100.17 100.01 99.32

Recalculated totals
Na20 0.33 0.37 0.32 0.27 0.72 0.63 0.36 0.37 0.31 0.35
MgO 17.28 17.95 15.90 16.05 14.88 14.78 17.90 17.82 16.68 16.58
Al20 3 1.97 1.86 3.25 2.84 2.97 3.26 1.84 2.09 2.52 3.05
S i02 53.08 53.24 51.29 51.94 51.78 51.31 53.29 53.29 51.50 51.53
FeO 6.22 5.60 6.94 6.89 7.71 8.14 5.04 4.78 7.44 6.42
CaO 20.33 20.21 21.33 21.09 20.78 20.71 20.89 20.87 20.64 21.15
Ti02 0.28 0.23 0.66 0.51 0.64 0.63 0.15 0.18 0.57 0.49
K20 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.01
MnO 0.18 0.19 0.22 0.22 0.37 0.33 0.18 0.18 0.23 0.19
Cr20 3 0.33 0.34 0.09 0.17 0.15 0.18 0.34 0.41 0.11 0.21
Oxide Totals 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Total Fe as FeO 6.209 5.597 6.911 6.830 7.639 8.089 5.021 4.760 7.378 6.335
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Analysis point RR43 plag 
shonkinite

RR43 plag 
shonkinite

RR43 plag 
shonkinite

RR43 plag 
shonkinite

RR43 plag 
shonkinite

RR43 plag 
shonkinite

Original totals
Na20 0.29 0.33 0.36 0.37 0.42 0.44
MgO 16.49 16.88 16.71 15.41 15.34 15.95
AI2O3 2.06 2.54 2.37 2.48 1.15 1.81
S i02 51.69 51.59 51.52 50.15 52.18 51.46
FeO 7.99 8.57 8.48 10.01 9.06 8.52
CaO 20.57 19.43 19.45 19.67 20.91 20.83
Ti02 0.63 0.47 0.55 0.74 0.34 0.65
K20 0.00 0.00 0.01 0.01 0.00 0.01
MnO 0.25 0.19 0.26 0.27 0.26 0.18
Cr20 3 0.03 0.19 1 0.12 0.01 0.01 0.05
Oxide Totals 100.00 100.19 99.82 99.12 99.66 99.90

Recalculated totals
Na20 0.29 0.33 0.36 0.38 0.43 0.44
MgO 16.62 - 16.99 16.88 15.71 15.53 16.10
ai2o 3 2.08 2.56 2.39 2.53 1.16 1.83
S i02 52.11 51.94 52.05 51.11 52.83 51.96
FeO 7.25 7.76 7.71 9.18 8.25 7.74
CaO 20.74 19.56 19.65 20.05 21.17 21.03
Ti02 0.64 .0.47 0.56 0.75 0.34 0.66
K20 0.00 0.00 0.01 0.01 0.00 0.01
MnO 0.25 0.19 0.26 0.28 0.26 0.18
Cr20 3 0.03 0.19 0.12 0.01 0.01 0.05
Oxide Totals 100.00 100.00 100.00 100.00 100.00 100.00
Total Fe as FeO 7.189 7.711 7.630 9.007 8.152 7.666

Breuninger (1995)
Kokoruda Ranc 1 complex

KR15
granite

KR15
granite

KR15
granite

KR15
granite

KR15
granite

KR15
granite

0.29 0.39 0.34 0.34 0.36 0.33
14.46 14.50 14.81 14.37 14.25 14.35
2.41 2.39 1.39 1.46 1.74 1.35

51.53 51.60 52.05 51.93 51.24 52.41
10.57 10.16 11.30 10.65 11.05 9.67
20.32 20.76 20.07 21.09 20.56 21.92

0.69 0.70 0.31 0.35 0.40 0.19
0.01 0.00 0.00 0.00 0.01 0.00
0.31 0.31 0.37 0.36 0.33 0.37
0.02 0.01 0.00 0.00 0.00 0.00

100.60 100.83 100.64 100.56 99.95 100.61

0.29 0.39 0.34 0.34 0.36 0.33
14.53 14.53 14.88 14.44 14.42 14.40
2.42 2.39 1.40 1.47 1.76 1.36

51.76 51.70 52.31 52.20 51.85 52.61
9.55 9.16 10.22 9.63 10.06 8.73

20.41 20.80 20.17 21.20 20.80 22.00
0.69 0.70 0.31 0.35 0.40 0.19
0.01 0.00 0.00 0.00 0.01 0.00
0.31 0.31 0.37 0.36 0.33 0.37
0.02 0.01 0.00 0.00 0.00 0.00

100.00 100.00 100.00 100.00 100.00 100.00
9.511 9.142 10.168 9.583 9.943 8.701
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Cunningham (1999) 
Adel Mountains

6-26-05
augite

6-26-05
core

6-26-05
rim

6-26-05
middle

6-26-05
core

0.51 0.42 0.57 0.41 0.49
13.97 13.53 13.12 13.88 13.29
3.56 3.95 4.24 3.15 3.71

50.50 50.37 49.75 50.85 50.68
9.12 9.26 9.71 9.21 9.44

22.45 22.63 22.01 22.39 22.10
0.54 0.54 0.63 0.44 0.48
0.01 0.01 0.00 0.00 0.00
0.38 0.33 0.37 0.31 0.29
0.00 0.00 0.02 0.02 0.00

101.04 101.04 100.42 100.65 100.50

0.51 0.42 0.57 0.41 0.49
13.95 13.51 13.19 13.92 13.35
3.56 3.95 4.26 3.16 3.73

50.44 50.31 50.03 50.98 50.92
8.20 8.32 8.79 8.31 8.53

22.42 22.60 22.13 22.45 22.20
0.54 0.54 0.63 0.44 0.48
0.01 0.01 0.00 0.00 0.00
0.38 0.33 0.37 0.31 0.29
0.00 0.00 0.02 0.02 0.00

100.00 100.00 100.00 100.00 100.00
8.206 8.332 8.737 8.287 8.494

Analysis point KR28 plag 
shonkinite

KR28 plag 
shonkinite

KR28 plag 
shonkinite

KR39 ol 
plag
shonkinite

KR39 ol 
plag
shonkinite

KR39 ol 
plag
shonkinite

Original totals
Na20 0.27 0.33 0.29 0.35 0.39 0.37
MgO 15.20 14.32 14.21 15.90 15.10 15.00
AI2O3 0.99 1.06 1.86 2.14 2.52 2.75
S i02 52.18 52.03 50.93 52.29 51.72 50.95
FeO 10.50 10.62 10.70 8.21 7.66 8.10
CaO 20.74 21.51 21.33 20.78 21.90 21.45
Ti02 0.22 0.29 0.48 0.43 0.52 0.64
K20 0.00 0.00 0.00 0.00 0.01 0.01
MnO 0.37 0.41 0.34 0.19 0.23 0.23
Cr20 3 0.00 0.01 ' 0.00 0.08 0.08 0.12
Oxide Totals 100.46 100.58 100.14 100.36 100.13 99.62

Recalculated totals
Na20 0.27 0.33 0.29 0.35 0.39 0.37
MgO 15.29 14.39 14.34 15.97 15.20 15.18
ai2o 3 1.00 1.07 1.88 2.15 2.54 2.78
S i02 52.49 52.28 51.41 52.53 52.05 51.56
FeO 9.50 9.60 9.72 7.42 6.94 7.38
CaO 20.86 21.61 21.53 20.87 22.04 21.71
Ti02 0.22 .0.29 0.48 0.43 0.52 0.65
K20 0.00 0.00 0.00 0.00 0.01 0.01
MnO 0.37 0.41 0.34 0.19 0.23 0.23
Cr20 3 0.00 0.01 0.00 0.08 0.08 0.12
Oxide Totals 100.00 100.00 100.00 100.00 100.00 100.00
Total Fe as FeO 9.448 9.556 9.628 7.387 6.893 7.288



Analysis point 6-26-05
rim

6-26-9
augite
core

6-26-9
outward

6-26-9
outward

6-26-9
rim

6-26-9
core

6-26-9
rim

6-26-9
core

6-26-9
outward

6-26-9
rim

Original totals
Na20 0.51 0.35 0.35 0.21 0.45 0.27 0.49 0.25 0.44 0.40
MgO 13.37 13.50 13.52 15.73 13.44 16.51 12.68 16.20 12.67 12.53
AI2O3 4.11 4.99 4.44 2.47 3.87 2.53 5.10 2.85 5.45 5.60
S i02 49.63 48.98 49.36 52.33 49.76 52.20 48.15 51.33 47.80 46.94
FeO 9.60 8.64 9.37 5.93 9.76 4.57 9.94 5.13 10.00 9.56
CaO 21.81 22.72 22.50 23.33 22.13 23.42 22.29 23.25 22.^1 22.74
Ti02 0.60 0.69 0.70 0.26 0.72 0.26 0.98 0.30 1.02 1.08
K20 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.04
MnO 0.34 0.17 0.18 0.15 0.19 0.05 0.18 0.04 0.22 0.21
Cr20 3 0.02 0.01 0.01 0.03 0.00 0.27 0.00 0.12 0.03 0.03
Oxide Totals 99.98 100.06 100.45 100.45 100.34 100.08 99.82 99.47 100.15 99.12

Recalculated totals
Na20 0.52 0.35 0.35 0.21 0.45 0.27 0.50 0.25 0.44 0.41
MgO 13.50 13.61 13.59 15.75 13.53 16.57 12.83 16.37 12.78 12.76
ai2o 3 4.15 5.03 4.46 2.47 3.90 2.54 5.16 2.88 5.50 5.70
S i02 50.12 49.38 49.61 52.41 50.08 52.40 48.72 51.87 48.21 47.81
FeO 8.72 7.84 8.47 5.34 8.84 4.13 9.05 4.66 9.08 8.76
CaO 22.02 22.91 22.61 23.37 22.27 23.51 22.56 23.49 22.70 23.16
Ti02 0.61 0.70 0.70 0.26 0.72 0.26 0.99 0.30 1.03 1.10
K20 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.04
MnO 0.34 0.17 0.18 0.15 0.19 0.05 0.18 0.04 0.22 0.21
Cr20 3 0.02 0.01 0.01 0.03 0.00 0.27 0.00 0.12 0.03 0.03
Oxide Totals 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Total Fe as FeO 8.638 7.774 8.431 5.336 8.782 4.112 8.944 4.616 8.998 8.602
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Appendix C: XRF Results

Rocks were analyzed at Washington State University. Error for major elements is about .05 wt% 
or less. Error for trace elements is as follows: Cr, Sc, Rb, Sr, Zr, Y, Nb, Ga, Cu, Zn, Pb and Th is 5 ppm or 
less; V, Ce and La is 10 ppm; Ba is 15 ppm.

Reference:
Johnson, D. M., Hooper, P. R., and Conrey, R. M., 1999, XRF analysis o f rock and minerals for 

major and trace elements on a single low dilution Li-tetraborate fused bead: Advances in X-ray Analysis, v. 
41,'p. 843-867.
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Garrison
diorite

Sample H12R-1W H12R-8 I90R-69
Unnormalized Major Elements (Weight %):
S i0 2 50.88 51.78 53.99
AI2 O3 13.38 15.10 14.92
T i0 2 0.799 0.858 0.977
FeO 9.74 8.32 7.68
MnO 0.192 0.179 0.150
CaO 9.87 9.57 8.05
MgO 8.60 7.08 5.69
K20 1.77 1.97 2.66
Na20 1.84 2.30 2.53
p2 o 5 0.285 0.275 0.402
Total 97.35 97.43 97.05
LOI (%) 2.54 1.41 2.10
Unnormalized Trace Elements ( jpm):
Ni 50 44 45
Cr 283 237 208
Sc 27 30 22
V 209 214 201
Ba 604 623 829
Rb 38 42 60
Sr 550 596 565
Zr 100 113 164
Y 21 20 25
Nb 5.7 7.1 8.8
Ga 16 17 17-
Cu 37 41 50
Zn 96 90 91
Pb 8 8 11
La 18 20 35
Ce 44 54 54
Th 2 5 6

Garrison
syenite
H12R-10

70.56 
14.45 
0.266 

~  1.66 
0.028 
0.61 
0.40 
6.67 
3.80 

0.042 
98.49 

0.80

0
3

__5_
390

72
166
643

26
13.6
16
3

20
21
31
82

Garrison
diorite
H12R-1W H12R-8 I90R-69

Garrison
syenite

H12R-10
Normalized Major Elements (Weight %):

52 .26 53.15 55 .63
13.74 15.50 15.37
0.821 0.881 1.007

10.00 8.54 7.91
0 .197 0.184 0.155

10.14 9 .82 8.29
8.83 7.27 5 .86
1.82 2.02 2 .74
1.89 2 .36 2.61

0.293 0.282 0.414
100.00 100.00 100.00

71 .64
14.67
0 .270
1.69

0.028
0.62
0.41

t6 .7 7
3 .86

0.0431
100.00

Major elements are normalized on a volatile-free basis, with total 
Fe expressed as FeO.
111 " denotes values > 1 2 0 % of our highest standard.
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Appendix D I Recalculation Tables for Whole-
Rock Data
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Chemical data on the Boulder batholith intrusions
From S m ed es  (19661________________________    _______

sill
w/pereitic
margins

sill
w/pereitic
margins

sill
w/pereitic
margins

sill
w/pereitic
margins

early
stage

early
stage

intermediate
stage

intermediate
stage

intermediate
stage

main
stage
BQM

main
stage
BQM

late stage

4 5 6 7 8 9 10 11 12 13 14 15
S i02 49.8 54.8 53.9 54.4 57.9 54.5 55.46 61.6 63.5 64.8 62 76.7
AI2O3 16.1 15.1 14.9 14.5 15.4 12.4 16.93 16.5 15.7 15.7 17.2 12.4
Fe20 3 2.5 2.3 2.2 2.3 2.3 1 2.12 2.5 2.6 1.9 3.1 0.6
FeO 5.6 6 6.1 5.4 4.6 6.8 5.63 3.2 2.8 2.8 2.2 0.77
MgO 4.8 5 5.1 4.4 5.1 11.4 4.01 2.6 2.4 2.2 1.6 0.14
CaO 9.5 8.1 4.5 5.3 6.6 6.8 7.55 5.2 4.6 4.4 4.7 0.81
Na20 2.3 2.1 2 2.1 2.6 2.2 3.01 3.4 3.3 3.1 4.1 2.2
K20 0.48 0.64 0.28 1.9 3.3 3.2 3.18 3 3.2 3.9 3.3 5.8
Ti02 0.96 0.9 0.9 0.86 0.64 0.59 0.81 0.53 0.55 0.6 0.51 0.13
P2O5 0.5 0.46 0.48 0.46 0.4 0.42 0.36 0.22 0.21 0.19 0.4 0.9
MnO 0.18 0.17 0.16 0.16 0.11 0.12 0.16 0.14 0.14 0.08 0.15 0.02
Total 96.72 100.57 96.52 98.78 106.95 108.43 109.22 109.89 111 112.67 113.26 115.47
H20 3.5 2.8 3.2 4.2 0.81 0.68 0.84 0.56 0.42
C 0 2 2.9 1.8 2.5 3.8 0.09 <.05 0.04 0.05 0.05
Recalculated totals
S i02 49.93 54.93 54.02 54.53 58.03 54.55 55.58 61.75 63.67 64.92 62.19 76.75
ai2o 3 16.14 15.13 14.93 14.53 15.44 12.41 16.97 16.54 15.74 15.73 17.25 12.41
FeO 7.87 8.09 8.10 7.49 6.68 7.71 7.55 5.46 5.15 4.52 5.00 1.31
MgO 4.81 5.01 5.11 4.41 5.11 11.41 4.02 2.61 2.41 2.20 1.60 0.14
CaO 9.52 8.12 4.51 5.31 6.62 6.81 7.57 5.21 4.61 4.41 4.71 0.81
Na20 2.31 2.10 2.00 2.10 2.61 2.20 3.02 3.41 3.31 3.11 4.11 2.20
K20 0.48 0.64 0.28 1.90 3.31 3.20 3.19 3.01 3.21 3.91 3.31 5.80
Ti02 0.96 0.90 0.90 0.86 0.64 0.59 0.81 0.53 0.55 0.60 0.51 0.13
P2O5 0.18 0.17 0.16 0.16 0.11 0.12 0.16 0.14 0.14 0.08 0.15 0.02
MnO 0.18 0.17 0.16 0.16 0.11 0.12 0.16 0.14 0.14 0.08 0.15 0.02
Oxide Total 92.38 95.27 90.18 91.46 98.66 99.13 99.02 98.81 98.93 99.56 99.01 99.59
Total Fe as FeO 7.85 8.07 8.08 7.47 6.67 7.70 7.54 5.45 5.14 4.51 4.99 1.31
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SiO;
AUO2^3
FeoO2U 3

FeO
MgO
CaO
N a,0
K?0
TiO;
PpO?
MnO
Total
HpO
CO,
Recalculated total
SiO;
AUO2^3
FeO
MgO
CaO
Na?0
KpO
TiOp
PpO?
MnO
Oxide Total
Total Fe as FeO

From Rutland (1989)

EMV Ki BB main 
series m

BB main 
series gd

BB main
series
bqm

BB main
series
bqm

BB main 
series f

BB main 
series a

BB main 
series inc

BB sodic 
series rc

BB sodic 
series d

BB sodic 
series c

BB sodic 
series c

7 8 9 10 11 12 13 14 15 16 17 18
54.8 54.5 61.14 64.8 64.92 71.5 76.7 58.8 62.3 70.4 65.18 72.5
15.1 12.4 15.28 15.7 15.46 14.2 12.4 15.4 16.8 15.3 15.6 14.8
2.3 1 1.9 1.9 1.81 1.2 0.6 2.5 2.7 1.6 1.77 0.89

6 6.8 4.52 2.8 2.7 1.4 0.77 4.2 2.8 1.1 2.66 0.92
5 11.4 3.41 2.2 2.05 0.93 0.14 3.6 2.3 0.66 2.2 0.51

8.1 6.8 5.51 4.4 4.24 2.9 0.81 5.4 5.3 2.6 4.14 1.8
2.1 2.2 2.78 3.1 3.06 2.9 2.2 2.7 3.4 4 3.09 3.6

0.64 3.2 3.34 3.9 3.94 4.2 5.8 5.6 1 2.6 3.4 3.75 3.7
0.9 0.59 0.82 0.6 0.53 0.26 0.13 0.69 0.51 0.26 0.54 0.29

0.46 0.42 0.26 0.19 0.18 0.16 0.9 0.26 0.23 0.12 0.19 0.09
0.17 0.12 0.12 0.08 0.09 0.08 0.02 0.17 0.14 0.08 0.1 0.06

95.57 99.43 99.08 99.67 98.98 99.73 100.47 99.32 99.08 99.52 99.22 99.16
2.8 0.68 0.65 0.71 0.42 0.42 0.93 0.52 0.7 0.87
1.8 0.05 0.09 0.06 0.06 0.05 0.06 0.02 0.05

54.93 54.55 61.26 64.92 65.04 71.59 76.75 58.95 62.47 70.51 65.30 72.56
15.13 12.41 15.31 15.73 15.49 14.22 12.41 15.44 16.85 15.32 15.63 14.81
8.09 7.71 6.24 4.52 4.34 2.48 1.31 6.47 5.24 2.54 4.26 1.72
5.01 11.41 3.42 2.20 2.05 0.93 0.14 3.61 2.31 0.66 2.20 0.51
8.12 6.81 5.52 4.41 4.25 2.90 0.81 5.41 5.31 2.60 4.15 1.80
2.10 2.20 2.79 3.11 3.07 2.90 2.20 2.71 3.41 4.01 3.10 3.60
0.64 3.20 3.35 3.91 3.95 4.21 5.80 5.61 2.61 3.41 3.76 3.70
0.90 0.59 0.82 0.60 0.53 0.26 0.13 0.69 0.51 0.26 0.54 0.29
0.17 0.12 0.12 0.08 0.09 0.08 0.02 0.17 0.14 0.08 0.10 0.06
0.17 0.12 0.12 0.08 0.09 0.08 0.02 0.17 0.14 0.08 0.10 0.06

95.27 99.13 98.94 99.56 98.89 99.65 99.59 99.23 98.99 99.48 99.13 99.13
8.07 7.70 6.23 4.51 4.33 2.48 1.31 6.45 5.23 2.54 4.25 1.72
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From Watson (1986)

WS-1 WS-3b WS-90 WS-95 WS-134 WS-BM WS-BMB
S i02 55.5 58 59.6 53.8 62.9 48.8 53.5
AI2O3 14.5 17 17.1 20.2 15.2 19.4 16.5
Fe20 3 9.04 6.03 4.78 4.86 5.54 9.97 9.34
FeO
MgO 4.83 2.34 2.14 2.68 2.26 3.8 4
CaO 7.06 4.1 2.97 10.3 4.48 9.6 8.59
Na20 1.7 3.69 4.6 4.08 2.95 3.04 2.85
K20 2 5.33 5.33 1.92 3.81 1.8 2.02
Ti02 0.82 0.99 1 0.49 0.6 1.23 0.97
P20 5 0.36 0.62 0.62 0.33 0.19 0.4 0.32
MnO 0.16 0.1 0.06 0.13 0.09 0.19 0.16
Total 95.97 98.2 98.2 98.79 98.02 98.23 98.25
H20
C 0 2
Recalculated total
S i02 56.01 58.35 .59.89 54.06 63.25 49.29 54.01
Al20 3 14.63 17.10 17.18 20.30 15.28 19.60 16.66
FeO 8.21 5.46 4.32 4.39 5.01 9.06 8.48
MgO 4.87 2.35 2.15 2.69 2.27 3.84 4.04
CaO 7.12 4.12 2.98 10.35 4.51 9.70 8.67
Na20 1.72 3.71 4.62 4.10 2.97 3.07 2.88
K20 2.02 5.36 5.36 1.93 3.83 1.82 2.04
t i o 2 0.83 1.00 1.00 0.49 0.60 1.24 0.98
P20 5 0.16 0.10 0.06 0.13 0.09 0.19 0.16
MnO 0.16 0.10 0.06 0.13 0.09 0.19 0.16
Oxide Total 95.73 97.67 97.63 98.58 97.91 98.00 98.07
Total Fe as FeO 8.13 5.43 4.30 4.37 4.98 8.97 8.40

From But er (1984)

RR core RR core RR core RR trans RR trans

1 2 3 4 5
65.74 64.55 63.69 59.61 59.72
15.04 14.87 14.42 14.67 14.55

1.94 2.07 2.24 2.85 2.84
2.22 2.37 2.57 3.27 3.25

3.7 4.11 4.76 6.32 6.74
3.15 3.49 3.9 5.07 5.25
2.67 2.82 2.68 2.94 2.78
4.78 ' 4.89 4.83 4.16 3.82
0.47 0.5 0.54 0.62 0.6
0.22 0.24 0.29 0.37 0.34
0.07 0.09 0.09 0.11 0.11
100 100 100.01 99.99 100

65.87 64.68 63.83 59.78 59.89
15.07 14.90 14.45 14.71 14.59
3.97 4.24 4.60 5.85 5.82
3.71 4.12 4.77 6.34 6.76
3.16 3.50 3.91 5.08 5.26
2.68 2.83 2.69 2.95 2.79
4.79 4.90 4.84 4.17 3.83
0.47 0.50 0.54 0.62 0.60
0.07 0.09 0.09 0.11 0.11
0.07 0.09 0.09 0.11 0.11

99.85 99.85 99.81 99.73 99.77
3.97 4.23 4.59 5.83 5.81
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RR mafic 
rim

RR mafic 
rim

Priest
Pass
monz

Austin
monz

Austin
monz

Austin alk 
seynite

Austin
mafic
syenite

Austin
granod
iorite

Austin
granod
iorite

6 7 8 9 10 11 12 13 14
S i02 56.42 56.21 64.88 64.8 64.13 61.18 52.71 66.8 66.14
AI2O3 13.7 13.73 17.62 17.53 16.77 17.47 15.97 16.45 15.69
Fe20 3 3.39 3.31 1.54 1.38 1.9 1.17 3.48 1.74 1.93
FeO 3.88 3.79 1.58 1.69 1.69 1.34 4.92 1.99 2.06
MgO 9.33 9.23 1.07 1.25 1.29 1.04 4.53 1.46 1.6
CaO 5.96 6 2.71 2.85 2.72 4.97 7.63 3.63 3.71
Na20 2.76 2.99 3.68 3.2 3.92 2.14 3.55 3.39 3.5
K20 3.48 3.62 5.89 6.59 5.87 9.82 4.41 3.85 3.54

CM

OI- 0.63 0.65 0.55 0.57 0.52 0.59 0.97 0.39 0.43
P2O5 0.34 0.35 0.25 0.21 0.23 0.23 0.55 0.22 0.24
MnO 0.13 0.13 0.05 0.04 0.05 0.06 0.15 0.09 0.1
Total 100.02 100.01 99.82 100.11 99.09 100.01 98.87 100 98.94
H20
c o 2
Recalculated total
S i02 56.61 56.40 64.98 64.89 64.25 61.25 52.89 66.92 66.27
AI2O3 13.75 13.78 17.65 17.55 16.80 17.49 16.03 16.48 15.72
FeO 6.95 6.79 2.97 2.94 3.41 2.40 8.08 3.56 3.80
MgO 9.36 9.26 1.07 1.25 1.29 1.04 4.55 1.46 1.60
CaO 5.98 6.02 2.71 2.85 2.73 4.98 7.66 3.64 3.72
Na20 2.77 3.00 3.69 3.20 3.93 2.14 3.56 3.40 3 .51
K20 3.49 3.63 5.90 6.60 5.88 9.83 4.43 3.86 3.55
Ti02 0.63 0.65 0.55 0.57 0.52 0.59 0.97 .0.39 0.43
p 2o 5 0.13 0.13 0.05 0.04 0.05 0.06 0.15 0.09 0.10
MnO 0.13 0.13 0.05 0.04 0.05 0.06 0.15 0.09 0.10
Oxide Total 99.81 99.79 99.62 99.94 98.91 99.84 98.46 99.88 98.80
Total Fe as FeO 6.93 6.77 2.97 2.93 3.40 2.39 8.05 3.56 3.80

From Lam be (1981)

MAF MT

10682-6 10697-1
55.26 56.58

13.4 16
0.97
6.56 7.59

10.26 4.84
6 8.43

2.61 2.63
3.71 2.87
0.67 0.87
0.37 0.14
0.13 0.16

99.94 100.11

From Johannesn

plag
shonk

plag
shonk

RR7 RR41
56.35 56.72
13.18 13.23

7.07 6.79
8.88 8.95
6.06 6.15
2.75 2.73
3.83 3.81

0.655 0.643
0.405 0.405
0.128 0.128

99.308 99.556

55.31
13.41
7.44

10.27
6.01
2.61
3.71
0.67
0.13
0.13

99.70
7.43
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neyer ('

plag
shonk

999)

plag
shonk

plag
shonk

mafic
trans

mafic
trans

mafic
trans trans trans

RR43 RR79 RR90 RR45 RR95 RR50A RR46 RR80
SiOo 55.6 55.84 55.72 57.77 58.94 58.9 59.49 59.64
AUO2^3 12.87 13.03 13.07 13.52 13.7 13.61 14.17 14.21
Fe?02^3
FeO 7.38 6.92 6.91 6.17 5.96 6.09 5.49 5.65
MgO 9.5 9.47 9.15 7.34 6.93 7.04 6.31 5.93
CaO 6.18 6.3 6.32 5.32 5.13 5.19 5.01 5.23
Na?0 2.64 2.61 2.66 3.05 2.87 2.85 2.91 2.95
KpO 3.61 3.59 3.66 4.04 4.1 4.1 4.12 4.14
TiOp 0.649 0.638 0.661 0.621 0.62 0.633 0.597 0.591
P ,02W 5 0.408 0.397 0.411 0.391 0.394 0.398 0.401 0.38
MnO 0.134 0.134 0.131 0.117 0.112 0.113 0.104 0.104
Total 98.971 98.929 98.693 98.339 98.756 98.92 98.602 98.825
H pO

CO,
Recalculated total
SiO?
AUO2^3
FeO
MgO
CaO
NapO
KpO

TiOp
P pO2W 5

MnO
Oxide Total
Total Fe as FeO

From Breuninger (1995)

mafic plag plag ol plag plag plag
shonk shonk shonk shonk shonk shonk

94-39 94-1 94-24 94-38 94-28 94-34
50.92 52.86 53.31 54.27 56.21 57.07

10.4 15.1 15.44 11.66 15.18 15.27

10.22 8.33 . 8.01 8.2 8.18 7.46
15.87 8.85 8.51 12.58 5.52 6.1
9.57 8.74 8.46 7.2 7.64 7.36
1.45 2.51 2.6 2.22 2.73 2.84
0.72 2.34 2.5 2.87 2.81 2.68

0.415 0.658 0.638 0.589 0.742 0.739
0.237 0.467 0.411 0.25 0.345 0.339
0.199 0.146 0.138 0.148 0.153 0.146

100.001 100.001 100.017 99.987 99.51 100.004
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Chemical data on the Adel Mountains Volcanics
From Cunningham (1999) _____________ ______ ________

basalt basalt latite latite latite latite latite latite shonkinite shonkinite shonkinite

6-26-9 6-27-1 7-6-1 7-6-2 7-6-3 9-12-2 9-12-8 45 6-26-10 7-5-1 6-26-2
51.39 51.86 59.32 60.49 52.12 55.11 53.23 60.9 51.51 53.01 52.44
16.09 16.96 18.97 18.33 18.16 18.85 17.11 18.8 15.69 16.97 18.5

7.78 8.38 5.34 5.06 8.51 5.59 8.52 7.44 8.88 8.95 7.93
6.39 4.69 1.42 1.27 4.46 1.49 3.23 1 6.14 3.79 3.62

11.24 9.6 5.51 5.45 7.51 6.98 6.73 2.1 10.08 7.51 5.36
3.39 6.06 5.46 4.83 4.15 4.07 3.93 7.4 2.66 3.35 4.13
2.52 1.2 2.96 3.52 3.74 2.86 3.19 3 5.38 5.05 5.6

0.641 0.697 0.533 0.542 0.662 0.569 0.642 0.3 0.604 0.726 0.602
0.416 0.429 0.315 0.331 0.508 0.361 0.489 0.391 0.523 0.62
0.139 0.138 0.173 0.177 0.182 0.168 0.21 0.124 0.2 0.179

99.996 100.014 100 100 100 96.05 97.28 100.9 101.459 100.079 98.981

plag
shonk

lamprop
hyre

lamprop
hyre

94-32 94-25 94-22
S i02 57.88 53.53 53.55
AI2O3 14.72 16.89 16.87
Fe20 3
FeO 7.12 9.29 9.31
MgO 6.37 4.78 4.71
CaO 7.2 8.02 8.2
Na20 2.87 3.07 2.98
K20 2.71 2.76 2.72
Ti02 0.687 1.015 1.01
P20 5 0.301 0.484 0.483
MnO 0.148 0.156 0.166
Total 100.006 99.995 99.999
H20
C 02
Recalculated total
S i02
ai2o 3
FeO
MgO
CaO
Na20
K20
Ti02
F 2O5
MnO
Oxide Total
Total Fe as FeO
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shonkinite shonkinite shonkinite shonkinite shonkinite shonkinite shonkinite shonkinite shonkinite shonkinite shonkinite

6-26-3 6-26-4 6-26-5 6-26-6 7-7-2 9-12-3 9-12-7 78 92a 91 019
S i02 52.44 52.42 51.68 56.01 53.22 51.06 51.03 52.5 51.3 51.1 51.2
AI2O3 18.62 17.38 16.4 16.5 18.39 16.19 17.26 17 16 17.3 17.2
Fe20 3
FeO 8.37 9.28 7.25 7.66 8.41 8.26
MgO 3.54 3.3 4.59 3.34 2.98 3.96 2.93 4.3 4.3 4.5 4.6
CaO 7.29 8.8 8.39 6.68 7.3 7.97 8.9 7.4 7.7 7.1 7.7
Na20 3.53 3.13 3.39 3.28 4.3 3.06 2.91 3.2 3.4 3.1 2.8
K20 5.32 5.12 4.79 5.65 4.75 5.18 4.24 4.1 5.6 5.2 4.1
Ti02 0.548 0.685 0.598 0.568 0.663 0.671 0.65 0.7 0.6 0.6 0.7
P20 5 0.61 0.6 0.69 0.558 0.573 0.689 0.502
MnO 0.178 0.17 0.199 0.181 0.168 0.184 0.145
Total 100.446 100.885 97.977 100.427 100.754 97.224 88.567 89.2 88.9 88.9 88.3
H20
C 0 2
Recalculated total
S i02
ai2o 3
FeO
MgO
CaO
Na20
K20
Ti02
P2O5
MnO
Oxide Total
Total Fe as FeO
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shonkinite shonkinite shonkinite shonkinite shonkinite syenite syenite syenite

93 46 49 47 90b 7-7-1 6-27-2 035
S i02 51.6 54.3 56.7 58.1 62.8 53.86 53.6 51.9
AI2O3 16.5 17.8 19.6 10 18.2 17.59 21.8 16.9
Fe20 3
FeO 7.8 4.45
MgO 5.9 2.8 0.9 4.5 0.9 3.37 1.39 3.7
CaO 5.5 6.9 4.8 3.7 4.8 6.92 7.92 6.8
Na20 2.9 3.2 5.8 4.9 4.1 2.96 2.76 3
K20 5.8 5.1 5.7 4.4 4.7 6.08 7.29 6.1
Ti02 0.6 0.5 0.4 0.5 0.2 0.663 0.481 0.6
P20 5 0.583 0.233
MnO 0.174 0.089
Total 88.8 90.6 93.9 86.1 95.7 100 100.013 89
H20
C 02
Recalculated total
S i02
ai2o 3
FeO
MgO
CaO
Na20
K20
Ti02
P20 5
MnO
Oxide Total
Total Fe as FeO
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