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INTRODUCTION

Microprobe analyses of hornblendes from 5 calc-alkalic intrusive complexes 
were obtained at the U.S.G.S. facility in Reston, Virginia, in conjunction 
with mapping and petrologic studies on granitoids. These analyses, together 
with calcic amphibole analyses drawn from the literature, were used in assessing 
the compositional variations in calcic igneous amphiboles from well-studied 
natural occurrences and from controlled experiments on natural rock compositions 
as a function of pressure (Hammarstrom and Zen, 1983). This report contains 
the data base for that study including previously unreported microprobe 
results, a tabulation of analyses from the literature, and listings of BASIC 
computer programs written for a Tektronix 4052 with 64K RAM for calculation 
of mineral formulae from chemical data entered in terms of oxide weight 
percents, with cation site partitioning and data tabulation.

DESCRIPTION OF THE DATA SET

The data set consists of 8 tables of amphibole analyses. The first three 
rows of each column contain coded information about the analysis. A unique 
number for each analysis in the data set appears at the bottom of each column. 
Each table is preceded by a key which relates analysis numbers and sample 
codes to actual sample numbers assigned by the collector and to rock types. 
A brief description of the intrusive complex and pertinent references are 
cited in each key. Weight percents for 13 oxides and elements are listed 
with sums, correction for the oxygen-equivalent of other anions, a theoretical 
estimation of permissable water content as a check on the sum, and cations 
calculated on the anhydrous basis of 23 oxygens per formula unit. Cations 
are partitioned into tetrahedral (T), octahedral M1-M3 and M4, sites and 
A-site based on an idealized scheme assuming no vacancies in the M sites. 
Details of calculations are given below. Cations are summed; the final 
entry in each column is the ratio Fe/Fe+Mg. Since the microprobe can not 
distinguish between ferrous and ferric iron, total iron is treated as FeO.

Tables 1-5 contain microprobe data acquired by the author. A separate 
table is given for hornblende analyses from each of the plutonic complexes - 
the Mount Princeton Complex in the Sawatch Range of Colorado (Table 1), the 
Pioneer Batholith of southwestern Montana (Table 2), various plutons in the 
vicinity of Ketchikan, southeastern Alaska (Table 3), the pluton at Round 
Valley near Riggins, Idaho (Table 4), and the Ecstall Pluton, British Columbia 
(Table 5). The key to each table lists the sample codes along with the actual 
rock sample number assigned by the collector, rock type, a brief description 
of the complex and pertinent references. In addition to the analysis number 
and sample code, the column headers for tables 1-5 include information on the 
grain number within a given sample and in some cases a descriptor for the 
point at which the analysis was taken within the grain ("c" for core; "r" for 
rim). Due to the heterogeneity of the hornblendes in these rocks (exhibited 
optically by zoning or color patchiness), individual analyses or averages of 
2-3 points taken in close proximity to each other (on the order of 15 microns 
apart) are presented rather than averages for whole grains or samples. In 
several instances, traverses were made across grains at regular step intervals 
or grains were mapped out in detail giving rise to a large number of analyses 
(10 or more) for a single grain.



Table 6 contains published amphibole analyses from other plutonic 
complexes, including data from the SW Japan Batholith, the Sierra Nevada 
Batholith, the Teutonia Batholith, the Finnmarka Complex and intrusives of 
the Pliny Range, New Hampshire. References are cited in the key to Table 6, 
along with rock type descriptions. Due to the variety of calculation schemes 
and rounding errors, analyses taken from the literature were recalculated 
for direct comparison with data in Tables 1-5. All of the analyses in table 
6 are microprobe data and most analyses represent averages for a single 
sample or for a number of samples from a given rock type.

Table 7 lists analyses of calcic amphiboles from rocks thought to have 
formed at pressures of 5 kbar or higher. Analyses from lower crustal 
xenoliths, eclogites and granulites are included. Analyses are grouped by 
occurrence.

Analyses of calcic amphiboles reported from experiments on natural rock 
compositions at a variety of pressure, temperature and oxygen fugacity 
conditions are presented in Table 8. Analyses are coded by experimentalist, 
and column headers give conditions under which a given amphibole equilibrated.

The data set includes only those analyses deemed to represent calcic 
amphiboles of probable igneous compositions by the following criteria:

Si (cations per 23 oxygens) < 7.50

> 1.34 

< 0.67

(after Leake, 1971, 1978) 

ANALYTICAL TECHNIQUE FOR DATA IN TABLES 1-5

Tables 1-5 contain previously unreported hornblende analyses obtained on 
three ARL (Applied Research Laboratories) electron microprobes over a period 
of about 5 years. Most of the data in Tables 1 & 2 were collected on an 
automated 3-channel wavelength dispersive ARL-EMX microprobe with energy 
dispersive capability whereas most of the data in Tables 3-5 was acquired on 
an automated 9-channel wavelength dispersive ARL-SEMQ (Scanning Electron 
Microprobe Quantometer) microprobe with 6 fixed spectrometers and 3 scanners. 
About 1/3 of the analyses in Tables 1 and 2 were made using a combined 3-channel 
wavelength dispersive and energy dispersive system (Wiggins and Huebner, 
1981). A 9-channel ARL-SEMQ microprobe at Virginia Polytechnic Institute 
and State University Geology Department was used to obtain about 1/3 of the 
analyses in Table 2. All analyses were made at an operating voltage of 15 
kilovolts with a beam current of 0.10 microamp; spot size was on the order 
of 5-10 microns. Count times varied from 10 to 20 seconds or more for each 
element. Natural and synthetic mineral standards were used for all analyses 
and backgrounds were measured by peak offset or by counting on well-characterized 
materials with mean atomic number similar to hornblende, but devoid of the 
element of interest. Chemically analysed amphiboles and micas were run as 
working standards during each session to check accuracy, and replicate analyses 
on standards throughout a session provide an estimate of analytical precision



- generally ± 2% of the amount present for major elements, ± IQ% of the 
amount present for minor elements. In all cases, data were reduced on-line 
with Bence-Albee correction procedures (Bence and Albee, 1968; McGee, 1983) 
incorporating alpha factors reported by Albee and Ray (1970).

Identical operating conditions and working standards on all three micro- 
probe systems, and data collection by a single operator help minimize analytical 
errors.

METHOD OF CALCULATION 

DATA ENTRY

Oxide weight percents from microprobe output or from other tabulated 
chemical analyses are entered as Tektronix data files using an interactive 
program called DATAIN. This program prompts the user for the number of 
analyses to be entered, 3 lines of alphanumeric identifiers (SAMPLE, GRAIN, 
POINT), which may be left blank, and 17 oxide/element weight percents. The 
number of oxides/elements and order of entry are compatible with the usual 
order of elements in analytical reports on rocks and minerals, so this program 
may be used to generate files for a wide variety of rock and mineral 
compositions. The user has the option of proofreading and modifying data 
before the file is stored on tape.

A second option is provided to convert a complete chemical analysis to 
its "microprobe equivalent" by converting Fe203 to FeO and eliminating H20. 
The resulting file can be input to the formula-calculating procedure for 
comparison with formulae calculated for microprobe analyses, e.g., to see the 
effect of Fe +3 on the calculated formula, or compare analytical 
with theoretical calculated

MINERAL FORMULA CALCULATION, SITE PARTITIONING, DATA TABULATION

Data files created with DATAIN are read by an interactive program called 
HBCAT, which prompts the user for an input data tape file number, a title, 
the formula basis for the cation calculation (23 oxygens for anhydrous basis, 
24 oxygens for analyses with H20), the fraction of total iron to be treated 
as ferric iron (which may be ignored if Fe203 is included in the input file 
or if total iron as ferrous iron is desired), and the number of analyses to 
be printed on a single page.

The program sums oxides and calculates ions on the basis of 23 or 24 
oxygens following the scheme described by Deer, Howie and Zussman (1967, 
Appendix a, p. 515). Corrections for excess oxygen are made when other anions 
are present (F, Cl ) and an estimate of maximum H20 content is made by assuming 
a fully occupied (2 anions) OH site in the amphibole structure, so that 2.00 - 
F - Cl = OH. Weight per cent H20 is calculated from OH and printed as a 
check on the oxide sum. This method does not provide an accurate measure of 
the actual H20 content of the mineral, but only provides a check on the 
analysis sum; errors from other sources such as analytical errors, missing 
elements, or inaccurate ferric/ferrous iron partitioning will usually be 
less than ± 2%, giving this "H20-corrected sum" a value between 98 and 102.



Ions are partitioned into sites in the amphibole structure on the basis 
of the following scheme, which assumes no vacancies in the M sites (after 
Goff and Czamanske, 1972).

Cations are assigned to sites in the order listed until the site is 
filled.

site full site occupancy 

tetrahedral (T) 8.00

Si
A1 1V = 8 - Si

M1-M3 5.00 

Aivi = Al - Al iv

Fe +3 
Mg

Mn 

M4 2.00

Ca
Mg
Fe+2 (excess after M1-M3 filled to 5.00)
Mn
Na

A 0-1.00

K 
Na

Cations and anions are summed and the ratio Fe/Fe + Mg is calculated.

At this point the program asks if the user wants the data table printed 
to a tape file in a format compatable with the program MICRO-GRASP (Bowen, 
1982; Bowen and Botbal , 1975). MICRO-GRASP is a powerful program for 
manipulation of large files of data. Files created by HBCAT can be readily 
catenated, edited or attached to data definitions for use with MICRO-GRASP 
to obtain statistics, x-y and ternary plots, lists of selected items, etc.

The program then asks the user if a printout of the data table is desired 
and if so, what device is to be used (tape, or printer). Printing the table 
to tape allows the user to edit the file before final tables are printed. 
These tables were edited to eliminate extra lines for elements for which no 
data was collected (e.g., Fe203» P20s, S, etc.).

The title is printed on each page, followed by the 3 alphanumeric column 
headers, the oxide weight per cents, sums, site-partitioned cation table,



anions, and Fe/Fe + Mg ratio. The user chooses the number of analyses to 
appear per page so that the table format may be used on both narrow and wide 
printers.

Memory requirements for HBCAT limit the number of analyses to < 30 per 
run. However, large data bases for input with MICRO-GRASP (up to 99 analyses) 
can be created by using the editor to catenate files created by the HBCAT 
program. Program listings and data definition for use with MICRO-GRASP are 
given in Appendices A-C.

Other programs of interest in amphibole calculations such as those 
described by Papike and others (1974) and Goff and Czamanske (1972) are useful 
and provide alternate calculation schemes, ferric iron estimates and built-in 
data evaluation but either fail to include all elements of interest or fail 
to provide a table format. Recent developments in on-line microprobe data 
storage at the U.S.G.S., Reston (McGee, 1983) allow direct data tabulations 
from microprobe output stored on disk using a DEC system (Huebner, 1983; 
Flohr, 1983); these programs produce tables similar to HBCAT output but are 
not compatible with MICRO-GRASP.

DATA EVALUATION 

The following criteria are used to evaluate each analysis:

oxide sum + estimated H20 = 98 - 102
T-site sum = 8.00 ± 0.02
M1-M3 site sum = 5.00 ± 0.02
M4 site sum = 2.00 ± 0.02
A-site sum < 1.02 (in part, after Papike and others, 1974)

This does not insure reliability of reported analyses but tends to 
eliminate those that are truly inaccurate.

All the data in Tables 1 to 5 meet these requirements. Data from the 
literature (Tables 6-8) were eliminated only if 2 or more tests were failed, 
on the assumption that the author deemed the analysis worthy of publication.



KEY TO TABLE 1

ANALYSIS # SAMPLE SAMPLE # ROCK DESCRIPTION
CODE

1-4 C01 7179 Mount Princeton quartz monzonite
5-15 C02 7570
16 C03 7574
17-21 C04 7706
22-56 COS 7707
57-61 C06 7812
62-63 C07 8000
64-69 COS 8006
70-71 C09 8044
72-73 C010 8050
74-76 C011 8057
77-81 C012 7814
82-87 C013 7999
88-90 C014 7219 Mount Aetna quartz monzonite porphyry
91-93 C015 7220
94-98 C016 7435
99-101 C017 7456
102 C018 8023 Mount Pomeroy quartz monzonite
103-111 C019 82013
112 C020 7975
113-115 C021 7671 Sewanee Peak Volcanics (quartz latite

	porphyry)
116-118 C022 7723
119-121 C023 7833
122-125 C024 7878

The Mount Princeton complex is a Tertiary composite plutonic volcanic complex in 
the Sawatch Range of central Colorado.
Samples were collected by Priestley Toulmin III in conjunction with detailed mapping 
and petrologic studies (Toulmin, 1976; Toulmin, in preparation) of the intrusive- 
volcanic complex and reference sample numbers refer to his collection. The area 
was mapped by Crawford (1913) and by Dings and Robinson (1957) and descriptions of 
the various rock units can be found in those publications.
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Table 1, Hornblendes iroii the lit. Princeton Cofiiplex, Colorado,
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T
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Na
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ft
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Table 1. Hornblendes fro«i the Ht, Princeton Complex, Colorad

C015 CG16

S102
A12Q3
FeD
HgD
CaO
Na20
K20
TiG2
MnQ
BaO
iii
F
SUBSUH

C1=Q
F=0

SUH

H20calc
SUN

Si
Aliv

T
Alvi
Fi+2
H§
T;

Nn
H1-H3

HR
Fs+2
Hg
Ca
Na

H4
Na
K
Ca

A
CATSUH
r

01
OHcalc
ANSUH

Fe/Fe+Hq

1

48.33
7.41

15.25
12.99
11.68

1.63
§.88
1,12
0.54

n
n

8.64
100.06

0.83
8.27

99.79

1.76
181,55

6,99
1.01
3.88
8.26
1.88
2.82
8.12
8.8S
5.88
8.87
8.36
8.08
1. 82
8.85
2.29
8.41
8,15
8, 88
8,56

15.56
2.29
8.00
1.71
2.88

8.48

89

43,48
9.16

16.18
12.82
11.45

1.72
8.31
1.18
0.64

n
n

8.71
97.19

8.80
6.38

96.89

1.63
98,52

6.61
1.39
8,80
8,25
1.98
2.73
8,13
3.88
5.00
8.88
0.16
8,88
1.75
8.88
i.i Oil

2.51
8.16
0.11

8.78
15.78
8.34
e.08
1.66
2.88

8.43

98

45.42
8.87

14,46
12 = 81
12.84

1.41
0. 75
3,98
8.63

PI
e.86
8.72

97.35

8,81
8.38

97,83

1.64
93,67

6J3
1.17
8.20
8,26
1.76
2 = 87
8.11
8.08
5.08
2. 88
2. 85
8.88
1.87
0.80
2.28
8.41
8.14
8.87
n iT
£1 * Uu1

15,63
0.34
8.82
1.64
2.38

8.39

91

45.24
8,65

14.63
12.15
11.82
1.53
0.86
g,99
8,62

n
0,15
8,78

97.47

8.83
8,33

C7 1 1
.' ! , i i

1.58
98.69

6.81
1.19
8.80
8.34
1.82
2,72
2.11
8.88
5.88
8.08
3.82
8.88
1.92
3.88
2.88
S.45
8.17
to fli
U. lli

8.62
15.62
8.37
8. '24
1.59
2.08

e.48

92

r
43.91
9.47

i. j . i -.<
11.75
11.73
1.76
2.93
1,18
3.52

R

8.87
8,74

97.28

8.82
3.31

96,87

1.61
98,48

6.65
1,35
6.80
8.34
1.87
2,65
0.13
8=80
5.80
8,87
8.05
8.88
1.89
8.88
o raa
i.. tPti

0,52
2.18
8.82
2.71

15.71
8.35
8, -02
1.63
2.8g

0.42

93

47.77
6.77

14.67
14.19
12.34

1.58
8.62
8,83
8.63

n
0.05
8.61

180. S6

8.01
8.26

99.79

1.76
181.55

6.96
1.04
8.80
8.12
1.70
3.88
0.89
0.00
5.08
8,88
0.88
0,08
1.B4
8.88
2.0S
8.45
0.12
8.89
8,65

15.65
B.28
0.81
1.71
2.88

3,37

94

45.56
8,87
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Table 1. Hornblendes frora the Ht, Prince-ton Couples, Colorado,

SAHPLE 
BRAIN

Si 02
A12Q3
FsO
HgQ
CaQ
Na20
K20
TiQ2
JfoQ
BaQ
Cl
F
SUBSUH

Cl=0
F=0

SUM

H20cak
SUH

Si
Aliv

T
Alvi
Fe-*2
Hg
Ti
Hn

H1-H3
Hn
Fe*2
Hg
Ca
Na

H4
Na
K
Ca

A
CATSUH
F
Cl
CHcalc
ANSUH

Fi/Fe+Mg

I

C019 
4

47,25
6, 77

14.92
13.80
12.50
8.86
8.86
2.21
0.43
0.88
0.15
0,53

97.47

8.03
8.22

97.21

1,72
98.92

7,27
0.93
8.18
3,26
1.82
2.90
8,82
8, 00
5.00
8.85
0.05
8.00
1,98
2,08
2.08
0.25
B.16
8.11
a so
C« Ui

15,52
0.25
0.34
1.71
2,28

3.39

111

C028

c
51.78
3.60

12.46
16.17
\1 TO ii,  -"-'

S Ci 
, Ji

0.27
8.22
0.46
0.08
3.06
0.48

98,44

8,01
8.28

00 T? 70. i-i

1.83
100.86

7,49
8.51
8,02
0.10
1,48
3.48
3,32
0.80

5.82
8.06
8,11
0.82
1,83
8. 82
2,00
8.14
3.05
0.89
8.28

15.28
0,22
2.81
1.76
2,00

0.32

1 17

pmi
Lui. J

1

46=75
6.98

13,94
12,96
11,86

1.76
i.71
8.89
2.49

n
n

8.79
97,05

0.20
S,33

96.72

1,62
98.34

7.81
8.99
8.08
8.23
1.75
2. 98
8.1B
8.02
5.80
0,84
8.80
0.8S
1.91
8.25
2.80
0,46
0,14
8.B0
0,63

15.60
0.37
3.80
1.63
2. 08

8.38

113

47.88
7.87

13.79
i i . i i.

12.04
i c Q\j

S.65
8.94
8.77

n
r.

8.87
97.78

8,38
0.37

97,41

1,68
99.81

7,02
8. ?fi

8.00

0.26
1.72
2.83
8.11
0.89
5,80
8.01
0.30
8.82
1.92
8.27
2.BB
8,46
8.12
g.28
0.59

15.59
8.41
n rag

\ =:o
i , uF i

2.88

0.38

114

  )

47.18
u, 7SJ

13.78
13.11
12.84

1.88
0.78
1.84

e i.1 
1 Ui

n
n

8.72
97,97

8.28
8.30

97,67

1.68
99.34

7.01
8,99
8.S0
8.21
1.71
2.98
3,12
2.26
5.88
8.82
3.88
8.88
1.92
8.86
2. 03
8,48
0.13
8.88
0,61

15.61
0.34
0.88
i . UU

2.88

3.37

115

uUii.

Ti. i'4

10 93

14.52
18.95
11.83

1.99
1.13
 ~l CT 
i. U/

0.52
0.00

n
8.44

97.12

8.08
0.19

96,93

1,77
98.71

6.4e
1.68
8.08
8,35
1.84
2.47
2.29
8,85
5.88
8.82
0.80
0.88
1.92
0.07
2.80
8.52
0,22
8.88
3,74

)=: 74i u , .- -r

8.21
8.38
1.79
2.BB

8.43

116

46.89
8.28

13.94
12.64
11.74

1.59
0.84
1.31
0.72
0.BB

fi
B.45

97,52

8.88
2,19

97.33

1.88
99.13

6.87
1,13
8.00
0=31
1.74
2.81
0.15
8.81
5. 13
2.89
0.88
8. 80
1,87
2.04
2.80
0,42
0.16
8.30
0.58

15.58
0.21
8.00
1.79
2.08

8.38

117

0

47.37
7.32

13.49
12,73
11.95
1.53
3,74
1.26
3.42
8.88

n
8.78

97,51

8.88
8.29

97.22

1.69
93.98

7,83
0.97
8.30
0.31
1,67
2,82
0,14
8.85
5.9S
0.08
8.88
§ 913 , (IV

1.90
0.12
2.03
0,34
8,14
0.08
0.48

15.48
0,33
B. Be
1,67
2,02

8.37

118

C023
1

45,91
7.42

14.94
12.41
11.82

1.45
0,86
1.29
2.62

n
R

8.54
97,26

g.80
0.23

97,23

1.74
98.77

6,98
LIB
8.20
8.22
1.86
2.78
8.15
8.88
5,20
8.88
0,02
@,32
1,90
8.80
2.88
2.42
2,16
0.80
8.59

15.59
0.26
0.00
1.74
2.80

0.40

119

44,26
18.04
16.14
1 1 05
i i . UU

11.57
1 . UvJ

1.82
1.59
0.53

n
n

8.28
98,75

8.88
0.08

98,67

1.92
108.59

u. Ju

1.42
8.38
0.33
1.B7
2,62
8.18
8.88
5.80
2.37
8.14
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1,79
8.82
2,M
8.45
0.19
8.85
8.69
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ANALYSIS #

126-134 
135-144 
145-155 
156-165 
166-177 
178-186 
187-195 
196-208 
209-213 
214-221 
222-247 
248-260 
261-265 
266-267 
270-276 
277-283 
284-286 
287-293 
294-300

KEY TO TABLE 2

SAMPLE SAMPLE # 
CODE

MT1 BH9800
MT2 BH9850
MT3 M107-1
MT4 M547-1
MT5 M313-1
MT6 M984-1
MT7 Mono Creek
MT8 Far!in Gulch
MT9 M342-1
MT10 M121-1-78
MT11 M1345-1
MT12 Ivanhoe Pit
MT13 M881-1-78
MT14 M1272-2
MT15 M704-1
MT16 M697-1
MT17 M1228-1
MT18 M1119-1
MT19 M1293-1

ROCK DESCRIPTION

contaminated quartz diorite 
granodiorite
Trapper tonalite 

it
Keokirk quartz diorite
Lime Kiln Gulch tonalite
granodiorite
Uphill Creek Granodiorite

Grayling Lake Granite

The Pioneer Batholith is a Late Cretaceous complex in the Pioneer Mountains of SW 
Montana. Samples were collected by E-an Zen in conjunction with mapping and 
petrologic studies and reference sample numbers refer to his collection. 
General geology of the batholith and descriptions of individual rock units are 
given in Zen (1984), Zen and others (1980, 1975), Snee (1982, 1978). Hammarstrom 
(1982) described the mineralogy and summarized hornblende data included here.
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Table 2, Hornblendes frois the Pioneer Batholith, Hontana,

SAHPLE 
BRAIN

S102
Al 203
FeO
HqO
CaO
Na20
K2Q
Ti02
HnO
8a.Q
CM 
Li

p

CljOCIIM
\J\lU-J\i\\

r-i -n
wi  Li

F=Q

BOH

H2Dcak
SUM

Si
ftliv

T

Alvi
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Mg
Ti
Nn

H1-M3
Hn
Fe+2

Hg
Ca
Ha

H4
Ha
V

Ca
A

CATSUH
F
Cl
QHcalc
ANSIIM

Fe/Fe+Hg

1

MTT
n 1 i

 j

44,98
8.44

17.53
11.33
11.88
1.21
0.88
1.44
8.53

r,

8.84
0.12

98,38

8. 81
8.85

9B.32

1.93
188.25

6,74
1,26
8.80
0.23
2.88
n CTT 
i, Ji

0.16
8,88
5,80
8,87
0.12
IM
1.81
0.88
2.82
8,35
8,17
8.89
8.61

IS ii
I Ut Ui

8,86
0.81
1.93
2.80

8,46

137

4

44.91
8.92

17.98
11.81
12.25
1,86
1.22
1.27
8.67

n
n
i-.

99.89

8.88
8.08

99.89

2.81
181.18

6.69
1.31
8.88
8.26
2,15
2.45
8.14
8.82
5.88
8.88
8.89
8.B8
1 07
i 1 U<J

0.88
2.80
8.31
8.19
8.13
8.63

15.63
8.80
0.88
2. 88
2.83

8.43

13B

d c- T5
HU. AC.

0 cc.
U> U--I

10 ap
1U> UU

11.29
12.14
1.22
1.15
1,37
8.66

n
n
n

99,68

0.80
8.08

99,68

2.82
181.70

6,71
1,29
8,88
8.28
2.15
2,53
8,15
8.38
5.88
8.08
8.09
0.82
1.82
8.88
2,08
2.35
8,22
8.11
0,68

15,68
8,88
8,08
2,00
2.88

8.47
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12,34
8. 87
8.69
8,94
8.69

n
n

0.16
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98.95

1.96
182,91

6.89
1.11
8.88
8.34
1.98
2.58
8.13
3.88
5.88
8.89
8.86
0.08
1,85
3.88
2, m
8,25
8,13
3.18
0.47

15.47
8.87
8.08
1.93
2.88

8.44

149

r

44.49
B.36

17.73
11.21
12.48
1.88
8.93
1.2S
8,54

n
8,03
8.27

93.24

8.81
8,11

98.12

1.85
99.97

6.71
1.29
8.88
8.28
2.15
2.52
0.14
8. as
5,88
8.87
8,89
0.80
1.84
8.88
2.88
3 7^ 

. -Ji.

8,18
8,16
8,66

15.66
0.13
S.81
1,86
2.88

S.47
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j

46,45
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i i oa
1 Lf . U /

1 1 Ii
i. i i LU
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8.82
1 70
i 1 u* /
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n
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B| f»i
tr« Hi
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1.96
181.21

6.85
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S SI 
, Ui
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8.82
8.08
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8.38
2.03
2.54
8.13
0.02
5.88
8,87
8.18
8.88
1.83
8.08
"J 00*j..£li

a 7ns
U, sJU

8,15
8.88
S.53

15.53
e,ge
2.83
1,97
2.88

8.46

143

44,55
8.38

17.77
11.42
11.84
1.16
8.99
1.4B
8.81

n
n
n

98,48

8.88
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98.40

2,88
133.48

6.69
1.31
8.88
8.17
2,18
2.56
8.17
8.88
5.38
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1.77
8.88
2.88
8.34
8.19
8.14
8.66

15.66
8.08
8.88
2.88
2.88

8.47

144

MT7n i -j 
1

r
46 = 24
8.34

14.55
13.38
11,58
1.17
8.81
1,66
0.46
8.21
8.18

n
93,42

8,82
8.88

98.43

2.81
188.41

6,81
1.19
3.88
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1.64
2.92
0.18
8,33
5,88
8.86
8.15
8.22
1.88
8.83
2,88
3.33
8.15
0.83
8.52

15.52
8.08
8.02
1.98
2. 18

0,38

145

c
42,47
! 1 oj"?
i i , L, /

16.41
18,68
11,64
i tO 
i , 'ji.

1.12
2,53
8.46
0.22
8.13

r.
1 1

98,35

3.83
8,83

98.32

1.96
188.28

6.38
1.62
8.88
8.34
1.99
0 7Q
i. -J7

8,29
0.88
5.08
 3.86
8.07
8.81
1.87
3.88
2.08
S.47
8.21
8.83
8,69

15.69
8.88
a i»7Vt il-j

1.97
2.88

8.46
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c
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8.77
1.66
8,49
3.22
0,18

n
98.02

0.82
3.00

98. m

1.99
99.99

6.88
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, Ji.
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Table 2, Hornblendes Iroffi the Pioneer Bathoiith, Kontana.

SAMPLE 
GRAIN

S1Q2
AI 203
FeO

HqO
CaQ
Na20
K20
Ti02
HnO
EaO
Cl
F
BUBSOH

r-i -n
Ui ~U

F=0

SUH

H2acak
SUH

Si
Aliv

T
Aid
Fe+2

sq
Ti
Hn

H1-H3
Hn
Fe*2

Hq

Ca
Ns

H4
Na
K
Cs

A
CATBUH
c

Cl
OHcak
AHSUfl

Fe/Fe+Ng

i

HT3
2

47.64
6.9B

15.41
12.82
11.68
3.95
8.79
1.33
0.42

n
8,84

n
97.18

8.81
0,88

97.17

2.81
99.18

7,89
8.91
8.38
CS   
SG.-J1

1.88
2.66
8.15
8,08
5.88
8,85
8.84
3,88
1,85
8.06
2,88
3.22
8,15
8.88
8.37

15.37
3.88
3.81
1.99
2.88

8.42

148

3
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< Cf
i . jl

8 --in 
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R
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n
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8.87
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1,89
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6.83
1 t 7 i . i '
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8.1?
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8,15
8.38
1.82
8.38
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n 70
LI. wi
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8.81
0.53

< C CT 
I J . J-j
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3.89
1.91
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4
f
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16.78
18.66
<n nc
ii.t i---l
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8.54
3, -Ji.

fl 7,0
If . -JU

i\

n
n

96,77

8.98
8.88

96.77

1.99
98.76

6.92
1.88
8,88
8.52
2,85
2.39
8.84
8, 88
5.88
8.85
8.86
8.88
1.89
8,83
2,88
S.22
3.18
8.88
8.48

15.48
8.38
8.88
2.88
2.30

8.47

158

r
45.76
9.49

14.26
12.53
11,73
1.14
8.80
1.89
8,58

n
n
n

98.18

3.83
0.88

93.18

2.84
180.14

6,73
1.27
8.88
S.38
1 Lf
1 . <J 1

2.75
3,21
0.88
5.88
8.86
3.89
8.88
1.85
0.38
2.88
[5 70 U. --'i.

8,15
8.88
8.47

15.47
8J3
8.88
2.88
2.88

8,39

151

c
44,83
10,22
12.81
13.89
11.54

i 77 t , -J-J

8.67
2.56
3,37

n
n
n

97.42

2.88
8.80

97.42

2.04
99.46

6.63
1,43
8.88
8.38
1.47
2,87
8.28
8.88
5,88
8.85
8.11
8.80
1.82
8.82
2,88
8.36
8.13
8.83
8.48

15,48
3.88
8.88
2.88
o a/a
i.. 11 U

8,35

i^."? i-^i.

5

47.34
7.41

1 $ 07
Lit t   J

13.38
12.82
8.88
8,61
1,41
8.65

n
n
n

93.27

8.30
8,88

98.27

2,84
188.31

6.94
1.86
8.88
a 07 c. i.j

1.71
2.91
8.16
8.88
5.80
8.88
8.12
s. m
1.88
8.88
2.80
CS Tfit L-J

8,11
8.89
8.43

15.43
2.ZS
8.88
2.88
0 M 
X.i till

8.39

153

6

49.44
6.91

14,34
13.82
12.64
8.59
3.34
0.34
8.39

R

n
n

98,47

8,82
0.82

98.47

2.87
128,54

7.17
8.83
8.88
8 7C 

  OJ

1.62
2.99
8.34
8.88
5.38
8.35
8.87
3.38
1,88
8. 38
2,88
8.17
3J6
8.89
3 70 

. -JL.

15.32
8.88
8.88
2.88
2.88

8.36

154

44.58
9.45

18,57
9.54

11,34
0.90
8.81
8.24
8.65

n
8.19

n
96.77

8.84
8,88

96.73

1.91
98.64

6.81
1.19
8.88
8.51
2.29
2.17
8.83
8.33
5.88
8.88
8.88
8.33
1,84
0,88
2.80
0.27
8,16
8.18
8,53

',*. 57 i Ji J-j

3.83
8.35
1.95
2.80

8.52

155

HT4
1
L,

46.14
8.39

16.34
12,79
18.98
1.29
0.83
1.76
8.39
8,21
8.89
3.84

99,17

8.32
3.B2

99.13

2. 88
131.13

6.79
1.21
8.88
8.24
1.76
2.83
8.19
8.38
5.88
8.85
8.25
8.83
1.78
8.88
2.88
8.37
0.16
8.82
3.54

15.54
8.82
8.82
1.96
2. 08

8,42

156

I-

45.55
8,46

17.89
11.86
10.72
1,45
g,87
1.62
B.64
8.10
0.15
9.26

90.77

0.93
B.ll

DO i77u. >-> -<

1.85
133.47

£.,80
1,28
8.88
8.29
2.86
2.46
8.18
3.38
5.88
3.08
0.17
8.18
1.72
3.33
2.80
8.39
8.17
8.38
0,56

15.56
8.12
8.84
1.84
2.88

e.43

157

2
c

43.32
B.79

17.90
18.15
12.28
1.71
3.98
1.38
8.42

n
n
n

96.93

8.88
3, 88

96.93

1.96
98.39

6.64
1.36
8.88
8.22
2.29
2.32
3.16
8.81
5.88
S.85
8.80
8.88
1.95
0.38
2.80
3.51
8,19
8.36
8.76

15.76
8.88
8. 83
2.88
2.88

8.58

158

22



TablE 2. Hornblendes fro$ the Pioneer Batholith, Hcntana,

SAMPLE 
6RAIN

Si 02
A1203
FeO
HgD
CaO
Na20
K20
1102
HnQ
BaD
pi

F
SUBSIJH

Cl=0
F=0

SUH

H2Ccak
SUH

Si
Aliv

T

Alvi
Fe+2

Hg
Ti
Hn

H1-H3
Mn
Fs+2
Kg
Ca
Ha

«4
Na
K
Ca

A
CATSb'H
F
Cl
QHcalc
ANSUh

Fe/Fe*Hg

1

HT4
2
r

44,38
9.82

17.32
10.82
11,96
1.18
8.79
1.28
8.35

n
n
n

96, 2i

8.88
8.88

96.22

1,96
98.16

6,76
1.24
8.82
8,39
2.19
2.28
8,15
8.88
5.88
8,85
8.82
8.88
1.93
8.38
2.28
3,35
8.15
8.82
8.53

15,53
8.88
8.28
2.88
2,88

0,49

159

7
0

44.21
9.83

17.25
18.86
12.25
1.33
0.92
1 TTB
i > jfi

8 A?It I W i.

n
n
n

96.97

B.SB
1.88

96.97

1.97
98.94

6.72
1.28
8,88
8,34
2.19
2.28
8.15
8.24
5,88
8.84
8.88
8.88
1.96
8,80
2.88
8.39
2.18
8.04
8.61

15.61
B.0a
8.88
2.88
2.88

1,49

168

46.17
7.87

14,22
12.83
11.99
1.81
8.76
1.87
3,08

n
n
n

97.52

8.28
P 38 u. iiv

97,52

2,82
99.54

6.84
1.16
8.82
2.22
1.74
2.83
8.21
8.88
5,88
8.88
8.32
8. S8
1,92
8.87
2.88
8-45
8,14
8,88
8 CO 

. J7

15.59
0.80

0.88
2.88
2.88

8.38

161

45.46
8,27

15,71
11.63
11.89
2.14
8,88
1.96
8,36

n
n
n

98,38

8.98
8,28

98,38

2.82
188.32

6.76
1.24
8.88
8 1* . ill
1 DC 
i . / - 

T' cp
ji. wu

0.22
8.34
5,83
9.01
8.28
8.38
1.89
8.18
2,88
8.52
0,17
8.88
2.69

15.69
8.88
8,88
2.28
2,88

8.43

162

4

i

44.23
8.77

17.68
18.47
12.13
1.64
1.88
1.48
8.61

n
n
n

97,93

2.88
8.89

97.93

1.98
99.91

6.68
1.32
8.80
3,25
2.23
2.36
8.16
9. 38
5.88
8.88
8.88
8. 88
1,92
8.88
2.02
2,48
8.19
8.84
0.71

15.71
8.88
0,88
2.82
2.es

2.49

163

44.24
0 7T
U, -Ji

14.42
12.41
11.67
1.99
8.88
2.87
8,29

n
n
n

96.89

8.88
8.88

96.89

1,98
98.87

6.78
1.38
8,28
8.18
1.78
2.88
8.24
8.88
5.88
8,81
8,24
8.28
1.89
8,85
2,80
8.53
8.17
8.BS
8.70

15,78
0,88
0,88
2.88
2.88

8.39

164

5
c

45.72
8.28

15.56
13.18
18.83

f 01i , i i
0=89
1.78
8,45
8,21
0.13
8.88

98.16

0.83
8.88

98,13

1.99
188.12

6.78
( T>
1 , C.C.

8.28
8.23
1.68
2.98
8.28
8,88
5.88
8.86
8.25
8.88
1.69
8.88
2.88
8.35
8.17
8.83
8,54

15.54
8.82
2. 03
1,97
2.88

8.48

165

MTC;
il i vf

1

5

44.36
18.38
15.43
11.53
11.44
1.28
0.86
1.92
2.48

n
n
n

97.44

8.88
8.88

97.44

2.21
99.45

6.62
1.38
8.88
8.43
1,88
2.56
8.22
8.88
5.88
8,85
8.13
8.82
1,82
8,88
o rap*.» Vii

8.35
8.16
8,81
8,52

15.52
8.88
8.38
2.88
2. 83

2.43

166

n 
L.

C

44.78
8.92

15.37
12,22
11,53
1,34
8.73
1.86
8.55

n
n
n

97.38

g,88
O0

97.30

2,80
99.38

6. 73
1.30
8.00
0.27
1.88
2,72
B Titit i.i

8.08
5. 88
8.87
8.13
0.38
1.88
8,89
2.88
8.39
0.14
8.84
8.57

15.57
0.88
8.08
2.88
2.28

8.41

167

3
r

46.29
9.38

13,34
13.89
11.48
1.32
8,43
1.21
0 77 

. \il

n
0,13
3.16

96,49

8.02
0.87

96.48

', Q n, 
i t 1 i.

98.32

6.87
1.13
8.28
8.45
1.52
2.92
8.14
8.88
5.88
8.85
8.18
8.80
1.83
0.83
2.28
8.35
2. 88
8,88
8,43

15.43
9.28
8.23
1.98
2.88

0.36

168

4
r

46.16
8,55

14,83
13,29
12.02

f <0
i , i'J

8.56
1.13
8.24

n
8,08
8.88

98,84

0,82
8.88

98.02

2.81
180.83

6,81
1.19
8.88
8.38
1,66
2.92
8.13
8.88
5.88
8.83
8.17
8.88
1.88
8,88
2,82
8.34
8.11
8.18
0.54

15.54
8.88
0.82
1,98
2.88

8.39

169
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Table 2. Hornblende-5 froi the Pioneer Batholith, hcntana.

SAHPLE 
GRAIN

S132
A1203
FeO
HqO
CaQ
Na20
K2Q
Ti02
HnQ
BaD
CI
c

SUBS'JH

n = n

F=0

SUH

H20calc
SUH

Si
Aliv

I
Alvi
Fs+2

Hg
Ti
Hn

H1-N3
Hn
Fe+2
Hg
Ca
Ns

H4
Na
K
r-.L-a

A
CATSiJH
F
Cl
OHcak
ftNSUH

Fe/Fe+Hg

i

HT5
5

42,60
11.91
15,67
11.57
11.61
1.8B
0.66
2.23
8.36

n
8.88
0,85

98.51

0.00
3.82

98.49

2.88
100,49

6.32
1.6B
8.00
8.41
1.7B
2.56
8.25
8.0e
5.82
0.25
8.17
B.BB
1.79
8.80
2.S2
3.52
8,12
8. 86
2.78

15.70
2.02
B.BB
1.98
2.BB

0.43

17B

6

44.49
18.18
13.68
13.S8
11.64
1.53
0.69
2, 02
re t~! 
B , t /

n
8.87
3. 39

97.68

8. 82
B.B4

97.63

1,97
99.59

6.59
1.41
8.051
8.35
1.56
2.87
0,22
3,00
5.88
0.86
8.12
8,03
1.82
8.88
2,20
8.44
§,13
0.03
8,60

15.62
B.B4
3.02
1,94
2.88

0.3?

171

43,16
18,86
< 7 TC 
j.j, j.J

12,28
11.44
2.14
8,59
2.11
0 m 
.i./

n
2.00
8.36

96,56

B.BB
8,15

96.41

1.83
98.23

6,48
1.52
8. 00
3.41
1.61
2J5
8.24
8.80
5,80
8,83
8.07
8.88
1,84
8.35
2.88
8,57
8.11
3,80
 0,68

15.68
8,17
8.8B
1.83
2. 88

2,38

172

7

44.96
10,28
13.66
13.83
* < 0 ?
i i , B-.J

1.63
g C"; 

, Ji.

2.59
S.29

n
n
n

97.99

8.88
3.00

97.99

2.84
100.03

6,59
1.41
8,88
0.37
1.49
2.S5
0.29
3,88
5. 03
S.B4
2. IS
B.3i
1.73
8.05
2.0S
0.41
0.10
8.00
0,51

15.51
0.00
0.63
2.80
2.B0

0.37

173

47.25
7=59

14,71
12.97
f 1 cc

8.99
3.82
1,39
8 *)«?
V* i.^1

n
n

n
97.52

2.30
0,00

97.52

2.03
DO zz 
/ 7 » Jvl

6 °9

1.82
3,88
0.32
1.69
2.86
0.15
g,03
5,80
8.03
8.13
3.08
1.83
8.31
2.80
0.27
0,15
8.BB
P 6.1li» Hi

15.42
0.08
8. 80
2,3@
o aa
i, HI.1

0,39

174

8

45.19
10.61
14.51
11.96
11.16
1.33
0.73
2.48
8.36

n
n
n

98.33

0.00
0.88

98.33

2,04
100.37

6.63
1.37
8.80
8.46
1.65
2.61
0.27
3.82
5.08
8.04
0,13
8.88
1.75
2,07
2,80
0.38
8.14
8.00
B.44

15.44
0.00

2.88
2. 08
2.88

2 f < ,ti

175

42,88
15,14
14.42
10.16
11.83

1.11
8.94
1.79
8.38

i!

R

n
97.93

8.88
8,08

97.93

2,84
99.97

6.31
1.69
S.20
8.93
1.64
2.23
3.28
0J8
5.00
0.34
8.13
8.88
1.74
8,89
2.88
i.22
0.18
0,08
8,48

15.48
8.88
3.08
2. 88
2.BB

8.44

176

9

43,15
11.35
12,33
13.54
11,39
2.16
0.70
7 -ret
0.  -'£)

8.19
n
n
n

97,92

8.00
0.80

97.92

2.84
99,96

6.34
1.66
8.30
0.38
1.37
2.96
8.36
8.02
5, 0S
0.82
8,11
0.32
1,79
0.88
2,00
0.54
8,13
0.00

0.67
15.67
B.B8
O®
2.88
2.88

8.33

177

I1T6 
1
c

42,53
10.64
14,32
11.97
11.86
2.14
8.96
3.67
0.45

n
n
n-

97.74

0.88
8J8

97.74

2,31
99.75

6.35
1.65
8,08
8.22
1.71
2.66
8.41
8.30
5.08
8.86
8.88
0.88
1.77
0,13
2.80
0 cn 

  Ui.

0,18
B.BB
8.71

15.71
O8
8.80
T 00
(.! UU

2,03

8,48

178

r
44,01
10,18
15,89
it 35i i I -JiJ

18.52
1.98
0.96
2.92
2,47

n
r,
n

98,26

0.82
8,80

98.26

2.22
108.28

6.54
1.46
8,88
8.32
1.84
2.51
8.32
0.08
5,00
0.86
0.13
8.00
1.67
0,13
2.28
0.44
0.18
0.88
3,62

15.62
%,m
0.88
2.00
2.80

0.44

179

il

c
41.33
18,73
15.43
11,66
18.84
2.25
8.95
T 17
 j. iO

a r 1   oi

R

n
Ti

96,50

B.BB
3.80

96.58

1.97
98,47

6.29
1.71
8.BB
3.21
1.78
2.64
3.37
B.BB
5,28
B.B4
0.18
8.80
1.77
0.81
2.82
8.59
0,18
B.BB
8.78

15.78
B.BB
B.BB
2.BB
2.08

3.43

132
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2, Hornblendes fros the Pioneer Batholith, Montana.

SAMPLE HT18 HT11 
GRAIN 1 23 1

S102
A1203
FsO
HgC
CaO
Na2G
1(20
TiD2
HnO
BaQ
Cl
r

CMDCMM C-udSUil

C1=D
F=Q
SUM

H20calc
BUM

Si
Aliv

T

Alvi
Fe*2
Kg
Ti
Mil

M1-H3
Mn
Fe*2
Kg
Ca
Na

H4
Na
K
Ca

ft
CATSOH
F
Cl
QHcalc
ANBUK

43,66
18.23
16.88
11.81
12,38
1.51
1.18
1.34
8.83
n
n

8.25
98,39

8.00
0.11

98.28

1,88
189.17

6.55
1,45
8.88
8.35
2, 81
2.46
8,15
8.83
5,88
8,88
8.28
8.88
1.92
8,88
2.88
8.44
8.23
8.87
8,73
15.73
8,12
8.80
1.88
2,88

48,15
L 70u, '-'LI

14.18
14-. 56
12.37
1.04
8,56
8.67
8 = 69
n
n

8,38
98.82

8.88
8,13

98.69

1.91
188,68

7.84
8.96
8.88
8.14
1,61
3.17
3,87
0,38
5,88
8,39
8.11
%M
1,88
0.8i
2.88
8.29
2,18
8.14
8.54
15.54
8,14
8.08
1.86
2,S§

46.88
7.89
14,29
12,82
12,69
1.12
e.75
8.77
* <in 
i.Oi

n
n

3.23
97,58

8.88
8. IB

97,48

1.98
99.33

6,86
1,14
8.80
8.25
1,78
k.85
8,89
8, S3
5,88
8.18
8.88
8,88
1.98
3.38
2.83
8.32
8.14
8,13
g,59
15.59
3,11
S.00
1.89
0 an*
i. US.'

45,36
8,64
15.52
12,15
12,12
1.38
1.86
g.97
8.78
n
n

8.31
98,21

8.88
8,13

98.88

1,86
99.94

6.77
1.23
8,88
8.29
1.98
2,78
8.11
S.88
5,88
0.18
8.84
0,08
1,86
8.88
2.88
3,38
8.28
3,87
8.65
15,65
8.15
g.08
1,85
2.88

44,47
9.11
15,26
11,94
1 0 77

1.38
8,91
1.27
8,72
n
n

8,28
97.67

8,88
8.12

97.55

1,87
99,42

6.67
1.33
8.88
8.29
1,98
2.67
8,14
8.88
5.8S
8.89
8,81
S.88
1,89
8.88
2.88
8.48
8,17
8.89
8,66
15.66
8.13
8.80
1,87
2.88

44,42
9.39
16,13
11,94
12.48
1.35
1.88
1.22
2,78
n
n

8,38
98,93

8.88
8.13

98.38

1.87
122.67

6.61
1.39
8.88
3,26
1,95
i. > U J

8,14
8.08
5,88
0.13
8,86
8,88
1.84
8.28
2,88
8.39
8,19
R 17
U. i v>

8,71
15.71
3,14
8.8S
1.86
2,38

44,36
9.7g
16.47
11.78
12.37
1,43
1.12
1.33
8,88
n
n

8.38
99,58

8.08
8.13

99.45

1.88
181.33

6.58
1.42
8,88
8.27
1.99
2,59
8,15
8,88
5.88
8.13
8.35
8.88
1,85
e.BB
2.88
8.41
8.21
8.11
8,74
15.74
8,14
8,80
1,86
2.88

43.79
8.75
15.61
11,54
12.28
1.24
1.19
3.91
8.87
n
n

8,22
96,32

8.88
8.89

96,23

1,86
98,88

6,69
1.31
3.88
0.27
1.99
2.63
8.18
g.83
5,88
8.11
8.88
8.88
1,89
8,88
2.88
8,37
8.23
8.11
8.71
15,71
8.11
8.88
1.89
2.88

47,35
6.57
15.28
13.98
11.35
8.91
8.52
8.66
8.88
8.87
8.81
S.87
98.87

8.80
8,83

98.24

1.99
138,83

7,83
1.88
8.88
8.15
1.78
3.88
8,87
8.88
5. 88
8.18
8.19
8.83
1.71
3, S3
2.88
8.26
3,18
8.17
8.53

1=; ="7 
i J , -J \f

8,83
8.88
1.96
2,88

45,89
7.63
15.73
13,13
11.47
1,85
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8.82
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1,96
98,69
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0 OS
£.t J U
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11.68
1.89
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8.16
B.SS
1.73
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2,88
8.32
8.13
3.15
8,68
15.63
8.87
8.82
1,92
2.88

Fe/Fe+Hg 8.45 8.35 8.38 8,42 8.42 8,43 8.44 8,43 8,38 8.42 8,39 

I 214 215 215 217 218 219 220 221 222 223 224
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Table 2, Hornblendes fros the Pioneer Batholith, Montana,

SAHPLE 
GRAIN

Si 02
A12Q3
FsO
HgO
CaO
Na2Q
K20
T1G2
HnO
BaO
CI
c

SUBSUH

Ci=C

F=0
SUH

H2Dcak
SOK

Si
Aliv

T
Al vi
Fe+2
Kg
Ti
Hn

H1-H3
Hn
Fe+2
Ho
Ca
Na

H4
Na
K
ua

A
PATCHM 
L,h i 3ul!

L

n
ui

OHcak
ANBUfi

Fe/Fe+Hq

1

MTi « 
!  : i 4 I

7

r
45.76
7,94

16.29
12,68
11.99

1.09
8,69
8. 97
2,79
0.0B
8,88
0.13

98.41

8.02
8.85

98.34

1,93
182,27

6.81
1.19
8. 80
8.21
1,89
2.80
8.11
3.88
5.08
8.18
8,14
8.88
1.76
3,88
2.80
3,31
8,13
 3,15
2.60

15,68
0.06
0.02
1,92
2,88

8.42

247

HT12

47.56
7.21

13,78
13.39
11.88
8.97
0.61
1.87
8.75

n
n
n

97.39

8.88
8.08

97.39

2. S3
99,42

7,81
8.99
8.B8
8,26
1,67
2,94
8.12
8,88
5. 08
0,89
8.82
8,83
1.8B
3,81
2.80
0.27
3,11
8. 30
8,39

15.39
3.88
8.88
2.08
2.28

8.37

248

1

47.12
7,62

13.48
t T cn
i-j* JO

1 ""; <=: li. i j

1.32
0.50
8.93
8,74

n

8,13
8.24

97,79

8, 83
0.10

07 Li 
f / , UU

1.88
?9.54

6,95
1,85
8,88
8,28
1.63
2,99
a <ra
VtiU

8.88
5.28
3,89
0.83
O®
l.BB
8.38
2.28
8,38
8.89
8.85
8.52

15.52
8.11
8,33
1.B6
2,88

8,36

249

i

47,42
7 ?3

14. B8
13,44
11,98
1,29
8.68
8,92
3.72

n
8.09
8,15

98.88

2.82
8.86

98.80

1.95
108.75

6.96
1.84
o ftn
U. VtJ

8.22
1.74
2.94
8.12
os
5 flf3 

i tiv

8,09
8,28
g ftt\ 

t SiV

1 Bt
1 > U-J

8.38
2.08
8.37
2.11
8.85
0.53

15.53
8,@7
8,82
1,91
2,88

8.38

258

Tf

47.94
6.69

14,63
17 7Q
i  -  t J U

11.77
3,75
8,55
8,94
8,72

n
8.38
8.32

97.69

8.82
8,13

97.56

l.BB
99,43

7,39
3.91
8.80
8.25
1.70
2.95
3.18
8.28
5.83
8.89
3.11
8.88
1,83
8,32
2.03
8,21
0.18
8.87
8.39

15.39
ft ', c.
II. iu

3,88
1,85
2.80

2,38

251

4
r

45. 7S
7,43

14.88
12.42
12,89
1.18
2.52
j. . L-J

3.98
R

0.39
8,25

96,77

0.82
3.11

96.64

1.B5
98,49

6,93
1.18
B.S0
3.22
1.86
2.79
3.14
8,38
5.32
2.11
3.32
8,08
1.87
8.33
2.88
2.34
8.12!
8. 38
3.53

j e. ^7

3.12
8.82
1.36
2,80

0.43

252

c
46,61
8.85

15.22
12.63
11.93

1.09
8.45
1.14
0,89

n
8.03
8.32

98,14

8.31
3.13

98.81

1.88
99.88

6.98
1.10
8,83
8.38
1.79
2,79
8,13
8,88
5,38
0,11
3.37
2.38
1.32
8.88
2.83
8.31
8.3B
3. SB
0.47

15.47
8.14
3,81
1,85
2.80

3,43

253

c
u!

46,66
8.83

14.34
13.16
f? 0=.
ii. , i.U

1.23
0.45
1,16
0.78

n
8.11

n
98.17

8.82
e.33

98.15

2.31
188.15

6,87
1.13
3.88
1,27
1.71
2.89
8.13
8,33
5,32
0.18
B.B5
3.23
1 . U J

8,08
2.38
8,35
8.0B
8.88
8.52

i c in
i v! . U i.

8.83
0.03
1,97
2,20

8.38

254

48,73
7.32

14,33
13,46
12,23

1.16
8.53
1.09
8,75

n
8.11
3.40

99.79

3.02
3,17

99.60

1.86
181.45

7.05
3.95
S, ,00
8.29
1.69
2,90
3.12
3.88
= as
w. CJCi

8.89
0.81
8.30
1,98
8.28
2,83
0,32
3.18
3.33
2,42

15.42
8.18
8.83
1.79
2.38

3.37

255

46.91
8.13

15.87
12,91
12,33
1.25
8.68
1.22
3.73

0

0.89
8.27

99.56

u, 2ii
!S i !
U. i i

99.43

1.98
181.33

6.86
1,14
B.38
8.26
1,79
2.31
a  ! 7
u > i  -'
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j, S3
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3,85
8.88
1,86
3.23
2,08
8,35
8.13
3,37
3.55

15.55
8.12
8.02
1,85
2,88

0.48

iui'J

6
i.

49,12
6.28

13.91
13.24
12,13
8,91
0.55
8.83
8,91

n
n

8.33
98,19

3J0
8.14

DO ate
/u. fiu

< DD 
i , u /

99.94

7,28
8.88
3.88
3,28
1 7^

2.89
8.89
0 S7 

, li--

5.88
8.08
8.30
8.08
< D1 
i . / i

0.81
2.83
8,25
3.18
oe
3.35

15,35
8.15
9,38
1.B5
2,88
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Table 2. Hornblendes fros the Pioneer Batholith, Montana,

SAMPLE 
GRAIN
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FeO
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r^n
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HnO
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ri -nui -u
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Ca
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r
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Li
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ANSUM

Fe/Fe+«g

I

HI 16
£

C
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13.73
14.19
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2.68
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97,66
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97.64

2J1
99.65

i 07
U, 11
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0.12
0,88
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8. 00
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15,49
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KEY TO TABLE 3

ANALYSIS # SAMPLE SAMPLE # ROCK DESCRIPTION
CODE

301-335 AK1 AK-1 Moth Bay granodiorite pluton
Ketchikan quad

336-346 AK2 EZ82-10-7 

347-369 AK3 EZ82-10-8

370 AK4 AK-30 Bushy Point granodiorite pluton
(garnet-bearing)

371-381 AK5 EZ82-7-5
collected at AK-30 locality

382-383 AK6 AK-31 granite at Behm Canal 

384-385 AK7 AK-32

386-389 AK8 EZ82-5-5 garnet-plagioclase-hornblende
tonalite

These rocks are from primary, magmatic epidote-bearing plutons which crop out near 
Moth Bay, east of Ketchikan, Alaska. The area was mapped by Berg and others (1978), 
Several samples were supplied by Joe Arth (AK-1, AK-30, AK-31, AK-32); others were 
collected by E-an Zen. Aspects of the mineralogy of these rocks are described in 
Zen and Hammarstrom (in press); the Bushy Point pluton is described in Zen and 
Hammarstrom (1983).
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Table 3, Hornblendes froii SE Alaskan plutons,

SAMPLE
BRAIN

Si 02
A1203
FeO
HgB
CaO
Na20
K20
Ti02
HnO
D,fj 
Bdu

Cl
F
SUBSUH

Cl=0
F=0

SOH

H20calc
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T
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Ca
Na

.14
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K
Ca
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n
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Ui

DHcak
ANSUS

Fe/Fe+Hg

i
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r
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12.67
18.96
8.6B

11.18
1.8?
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e.67
8,88
8.13
8.16

97.14

2J3
8.07

97.84

1.83
98,88

6.28
1 77

8.88
0.58
 7 77 i.i --'iL

2.88
e.ii
8.88
5. 83
8.09
8.13
2Jg
1,78
0.38
2.88
0.56
8.26
3,85
2. SB

15,88
8.88
0.03
1.89
2.80

8.55

TJIC 
J^J

4

42.61
11.37
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i < Di.

1.27
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§,73
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3.07

98.49

1.87
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l L°i *a i

B.se
S.63
2.49
1.81
8,1§
8.83
5.88
0.28
8.12
0,02
1.79
8.00
2.88
0.57
0,32
OS
8.89

15.89
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7 c:')
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Table 3. Hornblendes fro® SE Alaskan platens,

SAMPLE 
BRAIN

Si02
A 1203
FeO
HqO
CaG
Na20
K2Q
Ti02
HnO
BaO
Cl
F
SUBSUH

Cl=0
F=0
OHM
J'Jii

mn.- a ! .-
i,im_di'.

CIIMwUil

Si
Ally

I
Alvi
Fe*2
Kg
Ti
«n

H1-K3
Hn
Fs+2
Hg
r-,
w-3
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KEY TO TABLE 4

ANALYSIS # SAMPLE SAMPLE # ROCK DESCRIPTION
CODE

390-395 ID1 7-30-5 tonal He

396-401 ID2 Riggins trondhjemite #3

402-405 ID3 Riggins trondhjemite #1

Samples were collected by E-an Zen at roadcuts along U.S. Rt. 95 in the Indian 
Mountain quadrangle, west-central Idaho, near Round Valley in an area mapped as 
trondhjemite by Hamilton (1969). These are epidote-bearing tonalite intrusives 
described in Zen and Hammarstrom (1984). Trondhjemites near Riggins are described 
in Barker and others (1979) and Hamilton (1963).
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KEY TO TABLE 5

ANALYSIS # SAMPLE SAMPLE # ROCK DESCRIPTION
CODE

406-426 BC1 JS-E2 granodiorite

The Ecstall pluton is a Late Cretaceous epidote-bearing intrusive near Prince 
Rupert, British Columbia (Hutchison, 1982; Woodsworth and others, 1983). 
Jinny Sisson of Princeton University provided us with JS-E2, a sample of Ecstall 
granodiorite. Estimate of emplacement pressure for these rocks is given by 
Crawford and Hoi lister (1982).
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Table 5. Hornblendes Iroii the Ecstall Pluton, British Columbia.

SAMPLE
GRAIN

Si 02
A1203
FeQ
HgO
CaQ
Na20
[   on 
p-.iu
TiQ2
HnO
BaO
Cl
p
SUBSUH

C1=Q
F=0

SUH

H20cak
SUH

Si
Aliv

T

filvi
Fe+2

Hg
Ti
Hn

Mi_MT
111 ilw1

Hn
Fe+2

Hg
Ca
Na

H4
Na
K
Ca

A
CATSUH
F
ri
Ul

DHcalc
ANSUM

Fa/Fe+Hg

1

nr-4 
Dbl

T

41.86
12.27
18.56
9,52

11.24
1.88
1.73
8.98
0,56
8.39
8,21
8,86

98.96

8,35
0,83

98,89

1.9S
138.79

6.33
1,67
8.88
0 ST 

. U<L

2.22
2,15
0.11
8.88
5.88
3,37
8.12
8.88
1.B1
8,88
2.88
8.55
§ 77 

. Jw

8.82
8.98

15,93
8.83
8.85
1,92
2.88

L52

417

41,31
12,69
18.62
9.57

11,87
1.90
1.68
3,89
8.56
0.06
8.24
3.11

98.78

8,05
8.85

98.68

1.B6
183.46

i 07 
u« i;

1.73
8.03
8.54
? <Q

n 1 T 
Z.I/

0.10

i.38
5.88
0.27
3.17
0.82
< 7=:
i . / ij

8,88
2.83
8.56
8,33
8,35
8.93

15.93
3.85
3.86
1.89
2.88

8.52

418

41.24
12,76
18.31
9,68

11.15
i PO

1.76
1.01
3.52
8.33
3.22
3.83

98.48

8.85
0.01

98.42

1.90
183.32

6.26
1,74
8.88
8.54
2.17
2,17
8.12
e.88
5.38
3.87
8.16
8.38
1.78
g.08
2,28
0,55
3.34
3,84
3.93

15,93
0.01
8,86
1.93
2, 83

0,52

419

Hi r! i
"t i I ii.

12,54
18.45
9.51

11.18
1.86
1.66
8,83
8>55
2.8?
0.18
3.85

00 SO 
;u» li ;

8.04
8.22

98.23

1.98
99,92

£.29
1.71
8,88
8.54
2.28
2.16
0.10
O0
5. B8
0.37
8.15
0.13
1.78
0.88
2,88
8.55
3.32
0.85
3.92

15.92
g.82
0.05
1.93
2.00

8.52

428

42.05
12.45
18.49
9.71

11.25
1.85
1,66
8. 88
0,59
g.88
0.20
g.12

99.25

0.05

3.05
99.15

1.S8
181.84

6.33
1,67
8,38
0,54
2.18
 T 1 D 
i, , id

ra fa t . if

8.80
5.08
3.38
3.15
8.88
1.78
8,88
2.00
8,54
8.32
3.84
8.89

15.89
8.86
8.85
1.89
2.28

8.52

421

42,51
12.31
18.32
9.92

11.12
1.89
1.62
8.92
8.57
0.89
8.16
8.11

99,54

8.84
8.85

99.46

1,91
181.37

6.37
1.63
8,38
8.54
2.14
T Ti
i.. i i

8.18
8.88
5.88
0.07
8.15
8.38
1.78
3.88
2.88
8 = 55
8.31
8.81
3.87

15.87
8.85
8.84
1.91
2.88

8.51

422

41.34
12.65
IB. 18
9,54

11.88
1.90
1.71
8.89
8.54
8,38
3.24
3.88

98= 87

8.85
8.89

98.82

1.91
99,92

6.29
1,71
0.03
8.56
2.17
1 i i 
i.. 1C

0.10

0.00
5.38
3,87
0.15
3.83
1.78
8.30
i aos
i.. UCI

8.56
8.33
8.82
8.92

15.92
8.0i
8.36
1.94
2.00

8.52

423

41.72
12.61
18.44

Q ^P

11.41
1.79
1,64
8,84
0.56
8.12
8.22
8.86

98,99

!f. as
Cf . V-J

8.B3
98.92

1.98
138.82

6.33
1.78
8.88
2.55  
2.20
2.16
9.18
0.00
5.88
2.07
8.13
3.33
1.88
3.88
1 M s-i fit!

8.52
0.32
3.85
8. 89

15.89
9.83
8.36
1.91
2.38

6,52

424

41.24
12.69
IB 25
9.76

11,36
1.82
1.62
8.89
0.58
3.83
0.1B
8.13

98.52

3.84
8.85

98.42

L87
138.29

6,26
1.74
8.00
8.53
2.16
2.21
0.10
8, 88
5.38
8.87
8,16
3.38
< 77 
i . ; ;

3.8g
2.38
0.54
8.31
8.88
g DT . .' - 

15.93
8.86
8,85
1.89
2.80

3,51

425

41.93
<0 e?
4, i. « -J-J

18.19
9.56

11.15
1.86
1.58
8.88
g.55
0.09
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9B.62

0.36
8.82

98.54

1,89
183.44

6.34
1.66
B,g0
3.58
2.17
2.16
0.10
8.38
5.00
3,87
8,13
3.33
1.88
g,38
2,83
8.55
0.33
a ai
W. ti 1

8.86
15.86
8.82
3.36
1.91
2.88

3.52

426

51



ANALYSIS # 

427-446

SAMPLE 
CODE

KEY TO TABLE 6 

LOCATION ROCK TYPES

447-452

443-469

470-477 

478-483

SW Japan Batholith 
Chubu - Central 
Chugoku transects

Teutonia Batholith 
Mojave Desert, CA

Pliny Range, New 
New Hampshire

Finnmarka Complex, 
Norway

Dinkey Creek 
Intrusive Series 
Sierra Nevada 
Batholith, CA

gabbro, quartz
monzonite,
quartz monzodiorite,
granodiorite,
monzogranite

hornblende gabbro, 
adamellite, 
monzodiorite, 
quartz-monzodiorite

syenite, diorite, 
quartz monzonite, 
granite

monzonite, 
granodiorite

quartz diorite, 
tonalite, 
granodiorite

REFERENCE

Czamanske 
and others, 
1981

Beckerman 
and others, 
1982

Czamanske 
and others, 
1977

Czamanske & Wones, 
1973

Guy, 1980
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Table 6. Hornblendes -frois other Plutonic complexes,

SANPLE

S102
A12G3
FeO
HgO
CaO
Na20
K20
T; no
I i Ui.

KnQ
BaO
Cl
F
SUBSUH

Cl=0
F=Q
SUM

Hi-uCSl C

SUH

Si
Aliv

T
Aid
Fg+2
Hg
Ti
fin

H1-H3
Mn
Fs+2
tig
Ca
Na

R4
Na
K
Ca

A
CATSOH
F
Cl
QHcak
ANSUH

Fe/Fe+Hg

1

41.78
11.40
16.54
10.20
18.92
2.58
8.65
2.76
8,67

n
8,83
3.53

97.96

8.31
8.22

97.73

1.72
99.46

6.31
1.69
3. 88
3.35
2.24
2.38
8.31
8.88
5.88
0,09
8.86
0.13
1,77
8,89
2,83
8.67
8.13
8,88
8.BS

1 C O"iJ.Dif

8,25
8.81
1.74
2JS

8.48

43S

47.28
6.32

22.20
B.15
9.96
1.09
8.57
8.62
8,65

n
B.1B
8.41

97.25

0,82
B.17

97.05

1.73
98.79

7.25
8.75
S.@@
8.39
2. 68
1,86
8.87
8.88
5.S8
8.88
0.17
B.BB
1.64
0.12
2.BB
8.22
8.11
0.80
g.33

15.33
8.28
8, 83
1.77
2.88

8. 68

439

45.30
7.74

21.36
7.S6

10.78
1.42
1.88
1.29
1.B8

n
8.19
8.45

98.27

8,84
0.19

9B.i4

t 73t . i b

99.74

6,94
1,36
8.88
2.34
2.72
1.79
8.15
B.BB
5.88
8.14
3,82
8.88
1.76
8.88
2.B8
0.34
8,17
B.BB
B.51

t. P Si 
i Jt Ji

2.22
8. 85
1.73
2.88

8,68

440

45,58
7.91

21,26
7.92

12.78
1,31
8.88
1,59
8.74

n
B.88
8.28

98.19

3,82
8.12

97.96

1.81
99.77

6.94
1.86
8. m
2.36
2,66
1.88
8,18
8.38
5,00
S <Q
Utiii

8,05
0.08
1.75
8.18
2,88
8,28
0.16
0.83
8,44

15.44
8.14
8. 82
1.84
2.38

8.68

441

42.40
9.86

24=13
5.38

18.78
1.B5
1.14
< TI 
i.-J/

1.58
n

8.13
S=B8

98,16

8.83
8.34

97. SS

1,49
99.29

6.68
1.32
3.80
8.37
3,18
1.19
8.16
8. 89
5.83
3.11
8.80
8.88
1.81
8.89
2.22
8.48
3.23
8.08
8.71

1C 71
1 Ul I l' i

8.48
8.B3
1.57
2.88

8.73

442

44,98
9.61

21,98
7,22

18.7-3
1,24
8.61
i ^i i , i. j
!» tr.i
Si, <J 1

n
1,84
0.14

98.21

8.81
8.86

98.14

1,98
108.84

6.82
1.18
8.B8
8.55
2.67
1.64
8.14
8.80
5.88
2.87
8.12
8,82
1.74
0,87
2,38
8,29
B.12
8,88
8.41

15.41
8.87
8.01
1,92
2.88

8.63

443

46,78
7.56

18.35
9.34

11.28
1.18
8.76
» C1
i . u!l

8.51
n

B.06
8,19

97.78

B( «31 
Uttli

0.88
97.69

1.89
99.57

7.83
1,97
8.88
8.38
2.36
2.18
8.17
8.88
5. 88
0.07
8.82
8. 88
1.81
2.11
2.88

0 r>\ > f.i
8.15
8.88
8.36

15.36
8,89
8.82
1.89
2.80

8.53

444

43,48
9.94

23.33
5. 85

11.18
1.38
1.27
1.48
3,68

n
8.10
8.38

98.37

8.82
8.16

98.19

1.74
99.93

6.78
1.38
8.88
8.51
2.97
1 t*-
i . -<u

8.16
8,08
5.88
8.87
8.88
8,88
1,84
8.89
2.88
8.38
8,25
3.88
8,55

< c cc
i J, wJ

8.19
8.83
1.79
2.82

0.69

445

44.88
9.41

21,48
7.11

11.28
1,89
1.11
1.10
8.65

n
8.86
8.23

98,16

8. 81
8.18

98.85

1.34
99. B9

6.34
1.16
8.88
i.53
2.73
1.62
8.13
8.88
5,83
8.88
8.S8
8.88
1.83
B.BB
2.18
0.24
2.22
S.82
8.46

15,46
0.11
8.82
1.87
2.88

8.63

446

45.44
9.18

14,92
12.99
1 * 7?i i . i-j

\ 10
i . iu

2.75
1,73
B.31

n
8.89
R 07
V % Lf-J

9S.27

8.82
8.81

98.24

1.99
188.23

6,71
1.29
8.88
8.29
1,66
2.86
8.19
8.88
5,88
8.04
8.13
8.88
1.78
8.88
2.80
8.34
8.14
8.87
8.55

15.55
0.01

8.82
1.96
2.88

0.39

447

47.41
5.57

14.53
13.84
11.39
1.55
0.63
8.95
1.71

n
8.84
8.63

97.45

a.ii
g.27

97,18

1.69
98.86

7.12
8.88
8.88
8.18
1.82
2.92
8.11
8.85
5.88
8.17
8.88
8.88
1.83
8.83
2.88
8.45
8.12
8.88
8.57

15,57
8.38
8.81
1.69
2.88

8.38

448

54



Table 6, Hornblendes froi ether plutanic cosplesss,

SAMPLE

Bi02
A 1203
FeO
KgO
CaO
Na20
K2Q
Ti02
HnO
BaO
ri i_-i

p

BUBSUM

C1=G
F=0

SUR

H2Qcalc
SON

a
LJJL

Aliv
T

Alvi
Fe+2
Hg
Ti
Hn

H1-M3
Hn
Fe+2
Hg
Ca
Na

H4
Na
K
Ca

A
fATCIIM urt i uun

C

Li

OHcalc
ANSUH

Fe/Fe+Hg

1

47,97
6,87

15.85
13,11
11.26

1.13
S.83
8.8!
S.63
8.88
8.84
8,82

97,69

8.81
8.81

97.67

2.81
99,68

7,S9
8.91
8.88
8.29
1.74
2,89
8.89
8,88
5.88
8.88
8.12
8.88
1,78
8.81
2,28
8.31
8,15
S.88
8,46

15,46
8.01
3.81
1.98
2. 38

8,39

449

44.71
7.92

16.36
11.65
11,96
1.26
1.89
1.57
8,54
8.88
8.16
8,82

97.24

8.84
8.81

97,28

1.93
99.13

6,76
1,24
8.88
S.18
2,82
2.63
8.18
8.88
5.88
8.87
e.85
8,88
1.88
8.83
2.8S
8,37
8.21
8.86
8.64

15.64
8,81
8.84
1.95
2.38

8.44

458

45,75
8,25

16.92
11,56
11.64

1,85
1.84
1,28
8.66
8.88
8.15
8,13

98,35

8.83
e,§5

98.26

1.91
108,17

6.83
1.17
G.82
8,29
2.81
2.57
8.13
8.88
5.88
8.88
0.11
8,e8
1.81
a. 88
2.88
8.38
i.28
i.85
8,56

15.56
8,86
8.84
1,98
2,88

3,45

451

fiB OT 1 / , u-j

4.85
14.47
14.32
11,73
1,13
a si e. uH
6* ^3
Vt ut

8,83
8.88
8,81
8.51

98,76

8.98
8.21

98,54

1.88
188.35

7.29
8.71
8.88
2. 13
1.69
3.12
3.06
8.88
5.83
8.18
8.88
8,88
1,82
8.88
2,88
8.32
8.18
3,82
8,44

15.44
8.24
8.88
1,76
2.88

3.36

452

41.93
10,68
28,82
9,81

11,58
1.69
1.31
8.42
8. 61
8.88
8.87
1,88

98,13

8,82
8.42

97,69

1.45
99.13

6.48
1,52
B>88
8.42
2,46
2,88
3. as
8.88
5.88
8,88
a 17
I/. i-.:

8,88
1.79
8.8i
2.28
8.51
8.26
8.12
e.sB

15,88
8.49
8,82
1.49
2,88

8,55

453

42.18
18.18
19.88
9.63

11,48
1.93
1,34
8,35
8.97
8. S3
8.07
S.98

98.67

8,82
0.38

98.27

1.58
99.77

6.48
1.52
o an
U. OE1

D> 7T£, -ji.

2,43
2,21
8.84
8.88
5.88
gs 5 7
ti . i '-'

8,13
8.08
1,74
8.88
2.88
8.58
3.26
8.14
8.98

15.98
8.44
8.82
1.54
2.88

0.54

454

49,28
5.22

12.79
14,88
11,58
1,86
8.66
8,97
8.90
8,88
8.13
1.28

99.20

8. 82
8.51

98=67

1.45
188.13

7.28
8.88
B.80
8,18
1.56
7 07
w , i.  -'

a.ii
3.88
5.88
8,11
8,80
8,08
1.88
8.88
2.83
8.44
8,12
8.88
8.57

f c n 
ivi. Ji

8.56
8,82
1.42
2.88

a ~7
U«  _' -'

d^  tijw

46,50
6.57

17,51
12.88
18.78
1.66
8.62
1.83
0.41
8.88
8.13
8,38

98.28

8. 82
0,13

98,85

1.B4
99.89

6,96
1.84
8.88
8,12
2.88
2.68
8.21
OS
5.88
8,85
3,19
8.83
1.72
8,84
2.80
8.44
0,12
3.2E
8.56

i£ Si
i J, UU

8,14
8.83
1.83
2,88

8,45

456

41.88
18.78
15,82
18,80
11,20
2,37
1.8B
3.89
3=31
8,88
8.88
8,88

97.97

8.88
8.88

97,97

1.99
99,96

6.29
1.71
8. 00
8,18
1.96
2.42
8,44
8,88
5.08
g,84
8,33
8.88
1.80
8.12
2.88
8,57
8.21
8.88
8,77

15.77
8.88
8.88
2.88
2.80

3.45

457

41.0S
8.94

25.19
5.39

18,68
2.18
1.38
2.68
0.83
-2,22
0.24
0.58

98.77

3,85
0.21

98,53

1,68
188,11

6.46
1.54
8.80
0,13
3.29
1,27
3.32
8,88
5.03
0.11
0.03
%,m
1.79
8.87
2.08
0.58
8.26
8.88
8,84

15,84
8.25
8.86
1.69
2.82

0,72

458

39.68
8.91

28.49
3,96

11.08
1,66
2.03
3,59
8,72
8,88
2.44
S.38

99.78

Q 55
tl> UU

8.13
99.83

1.37
188,18

6.47
1.53
8,80
8,18
3.78
8,96
8.87
8, §8
5.38
2,18
8.11
8.88
1,79
8,88
2.88
8.53
8,42
8,13
US

16.88
8,15
8,68
1.17
2,88

8. SB

459

55



6. Hornblendes front other plutonic complexes.

SAHPLE

Si 02
A! 203
FeG
HgD
CaO
Na20
K20
1102
HnO
BaO
Cl
F
SUBSUH

C1=Q
F=0

SOH

H20calc
SL'H

Si
Aliv

T
Alvi
Fe+2

Kg
Ti
Hn

H1-H3
Hn
Fe+2
Hg
Ca
Na

H4
Na
K
P-.
US

A

CftTSUH
F
C!
OHcak
ANSUH

Fe/Fe+Mg

i

7Q OS 
 JT >QV

T OS 
/ p Du

32.18
8.S7

10.20
2,25
1.27
1,71
1.11

n
8.47
8.78

98,28

8.11
8,29

97,88

1.36
99,24

6.59
1.41
8.88
8.11
4.44
B.21
8.21
8.82
5J8
8.14
8.88

8.88
1.81
0.06
2.88
8.67
8.27
8.88
8.93

15.93
0.37
8.13
1.50
2.88

8,95

460

48,63
6.77

32. 2@
1.86
9,71
2.36
1.22
i 77 
i > \Ji

0.95
n

8.39
1.88

98.43

8.89
8,42

97.92

1,24
99. 16

6.71
1.29
B.ee
8.83
4,35
8.46
3,17
8.0S
5.38
8.13
0.18
8.88
1.72
8.84
2, m
0.71
8.26
8=83
8.97

15.97
3.52
i.H
1.37
2.88

8.91

461

48.4-2
5.92

13.59
13.78
11,78
1.56
2.76
8.97
1.18

n
8.18
8.68

98.48

8,82
8,25

9B. 13

1.72
99,85

7,14
8.86
8.88
8.17
1.68
3.81
B.li
8,84
c- PP j. t/E

Lie
0.08
8.88
1.85
8.85
2.88
0.39
8.14
8.80
8,54

15.54
3,28
8.82
1.73
2.88

8.36

462

48,40
5,87

14.18
13.98
11,9@
1.21
2.76
1.88
8.62

n
8,11
8,48

98.35

 3.02
8.17

98,15

1.82
99.97

7.12
8.B8
o ap u, El'

8.14
1.69
3. 35
8,12
0.00
5.08
8,08
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ANALYSIS # 

484-487

488-492

493-497 

498-518 

519-522 

523-530 

531-547

SAMPLE 
CODE

KEY TO TABLE 7 

OCCURRENCE

garnet-pyroxenite xenoliths 
in Sullivan Buttes Latite, 
Chino Valley, Arizona

lower crustal eclogitic and 
granulitic xenoliths, 
SE Australia

cumulate inclusions 
Grand Canyon, Arizona

upper mantle xenoliths 
from many localities

granulite xenoliths, 
Queensland, Australia

charnockite from S 
Karnataka, India

ultramafic and mafic inclusions 
from Adak Island, Aleutian Arc

REFERENCE

Schulze & Helmstaedt, 
1979

Mass & Hollis, 1983

Best, 1975

Dawson & Smith, 1982

Kay & Kay, 1983

Janardhan and others, 1983 
Raith and others, 1983

Conrad & Kay, 1984
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Table 7, Hornblendes fross xenolilhs, eclogites and 

SA11FLE K I

Si 02
A1203
FeO
HqO
r-.n
LiOU

Na20
I/on
f\iu

1102
NnO
BaO
Cl
F
fvjnT
U1 i-Ut.'

SUBSUH

Cl=0
F=0

SuH

H20calc
SOH

Si
Aiiv

T
Alvi
Fe*2

HQ
Ti
Hn

H1-H3
Hn
Fe+2

Hg
Ca
Na

H4
Na
K
Ca

A
CAT5UH
F
Cl
OHcak
ANSUH

Fe/Fe+Hg

1

41,63
14.78
16.28
18,42
11.88

1,48
2.18
1.78
8.88

R

n
8,28

0

99,90

8.88
3.88

99.82

1.94
101.75

6,13
1.87
8.88
8.69
1.84
2,29
8.19
8.18
5.88
8.88
8.14
0,88
1.86
8.80
2.80
8.48
8.48
8.88
8.88

15.88
8,89
8.88
1.91
2.83

8,46

528

42.58
12.38
16.48
18,78
11,58
8,98
1,68
1.68
8.88

n
n
fi
n

97.58

0.88
8.88

97,58

1,99
99.49

6.39
1.61
8,8i
B.57
1,86
2,48
8,18
8.82
5.88
8,88
8.21
0,88
1,79
8.88
2.88
8.26
8,31
8,86
8.63

15.63
8.88
8.88
2,88
2,88

0.46

529

42.33
14,38
15,68
18.28
12,20
0,90
1.80
1,38
8.88

n
n
n
n

98,68

8.08
oe

98.68

2.82
102,62

6,27
1,73
8. 88
8.77
1.83
0 T=,
i« i.v'

8,14
8.88
5.88
8.38
8,18
8,88
1,98
B.00
2.08
8.26
8.34
i.84
a, 64

15,64
0,88
8.BB
2.88
2,88

8.46

538

42.62
12,21
9.94

15.82
11.45
2,48
8.81
1.81
3.16

n
n
n

8,47
96,97

8J8
8.80

96.97

2.84
99.81

6,23
t -! r!
i , 1 i.

8,88
8.48
1,02
3.47
8.11
B.88
5.88
0,02
8.21
8,88
1.77
8,81
2.88
8,71
8,15
8.84
8.98

15.98
8.88
e,80
2.88
2,88

8.26

531

42.58
12,32
9,94

15.75
11.56
2,32
@ c=: > uu

1.10
8,16

n
8,19

n
8.18

96.95

0.84
8.88

96,91

1,98
98,89

6.28
1.72
3J8
8,42
0.9?
3.46
i.12
8.00
5,88
8.82
8.23
8.88
1.75
8.88
2.88
8.66
8.16
0.8B
8,91

15.91
8,88
8.85
1.95
2,33

8.26

532

43.29
12,36
12.13
16,86
11.46
2.26
8.83
8.91
0,28

n
e,28

n
8,17

97.87

8,85
8.88

97.82

2,88
99,83

6,32
1,68
8.88
a d^U, *r<j

8,96
3,49
8,18
0.B3
5.88
8J2
3.27
3,88
1.78
8. 80
2.88
8,64
8.15
8.89
8.89

15.3?
8.88
8.85
1.95
2.88

8,26

533

42.36
12.82
9J4

15.99
11.43
2=33
8.82
1.88
8.15

n
n
n

1.55
96.57

8.88
8,@3

96,57

2.83
98.60

6,27
1.73
8,88
8.36
8.99
3.53
8.12
8.88
-. an
u. ttu

8.82
8.23
i.88
1.75
8.88
2.00
8.67
8.15
8.36
8.88

15.88
8.38
8J8
2.88
2.88

8,26

534

42.62
12.62
11,78
14.55
18.98
2,44
8.78
2.B2
8,24

n
n
n

0.84
97,91

8,88
8. 88

97,91

2,85
99.96

6,25
1.75
8,88
3,43
1,17
3.18
8.22
8,88
5.88
8.83
8,27
8.88
1.71
8,88
2.88
8.69
8.13
3,82
8.84

15.84
8. 88
0,88
2.88
2,88

8,31

etc J-j-J

39,17
16.17
IS. 93
13.82
12,42
2,45
8.92
1.93
U.B9

n
n
0

0,03
97,93

8.80
8,88

97.93

2,83
99,96

5,78
2,22
8,88
8.59
1.16
3,14
8.21
8.00
5.8B
8.01
8.19
B.B8
1.8B
8.88
2.08
0,78
8.17
8.16
1,34

16.84
8.00
8.80
2.80
o aq i. uv

0.31

536

39, 48
15.78
10,81
13.78
12.43
2.49
8,94
1,91
8. §5

n
8,81

n
8,01

97.61

8. 88
8,88

97.61

2.83
99,63

5,83
9 t 7

8.BB
!> 50
Vt tJU

1,17
3. 34
8,21
OS
5.88
B.B1
8.16
8,88
1,83
0,00
2.88
3,71
a iq
U> iu

8.14
1.83

16.83
8.88
8.88
2, 88
2. Bi

0.31

537

41 .18
15.23
10.48
14,49
12.25
2.49
8.65
2.82
8.07

n
1,02

n
e.Bi

98,86

8.80
8,88

98,86

2,86
108,92

5,97
2.83
8. 08
0,58
1.87
3.13
8.22
8.88
5,88
8.81
8.19
8.88
1,81
8.88
2.88
0.70
9.12
B.18
8,92

15,92
3.33
8,88
2.BB
2.88

8,29

538
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KEY TO TABLE 8

ANALYSIS # SAMPLE STARTING MATERIAL REFERENCE 
CODE

548-558 EX1 Mt. Hood andesite Alien & Boettcher, 1983 
559-563 1921 Kilauea olivine basalt

564-567 EX2 synethic granodiorite Naney, 1983

568-573 EX3 Picture Gorge tholeiite Helz, 1973
574-582 1921 Kilauea olivine basalt
583-588 1801 Hualalai alkali basalt

589-594 EX4 granodiorite Sykes, 1979

595-616 EX5 olivine tholeiite Spear, 1981 
617-619 synthetic amphibolite with

excess Si02 (quartz added)

Table heading reports run temperature (T) in degrees Centigrade, run pressure (P) 
in kilobars, and oxygen fugacity buffer conditions. * denotes approximate buffer 
conditions in experiments where H2 membrane was used.
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Table 8. Hornblendes tros experiments. 

REFERENCE EH

T
P
BUFFER

Si02
A1203
FaO
HgO
CaO
Na20
K2Q
Ti02
U nnnu
8UH

H20cak
SUH

Si
Aliv

T

Alvi
Fe+2
HQ
Ti

fi
H1-H3

Hn
Fs+2
Hq
Ca
Na

H4
Na
K
Ca

A
CATBUH

QHcalc
ANSUH

Fe/Fe+Hg

i

825
<c.

QFH

42.38
11,96
17.62
8.60
11.78
2,45
8.51
2.89
n

97,31

1.98
99.29

6.42
1.58
3.88
0.56
2.23
1,94
8.24
3,88
4,97
8.88
8.88
0,88
1.98
8.18
2,88
8,62
3.18
i.08
8.72
15,68

2.88
2. §8

3,53

578

875
5

SFH

42.42
11,94
16.80
9.68
11.28
2.78
§,48
2.45
n

97.67

1.99
99.66

6.38
1.62
6,88
8,49
2,86
2,17
0,28
8.88
5.88
8.88
8.85
8. 83
1.38
8.15
2.88
8.64
8, §9
8.88
8.73
15.73

2.08
2,83

8,49

571

938
j

QFH

41.97
11.62
14,48
11.54
11.38
2.73
8.48
2.73
8.26

97.3!

2.80
99.31

6.29
1 71

8,88
8,37
1,74
i, UU

8,31
8,88
5,88
3.83
8.87
e.30
1.81
8.88
2.08
8.71
8,89
fi >sna, as
8.88
15,88

2,88
2. 83

8,41

572

1888
tr

nru 
bit" n

48,44
1 < 77 i i , / v

18,41
9,28
11,14
2.72
8.81
3,98
8.16

98,59

1.98
188,57

6.12
1.88
8.82
8.21
2.26
2.03
0.45
8.38
5.88
8.82
8.87
8.88
1.81
3. IS
2,88
8,78
8.16
0,88
8,36

15,86

2,88
2.08

8.53

573

783
u

BFfl

47.61
7,84
14,58
13.23
12.22
1.45
8.47
1.23
n

97,75

2,84
99.79

7.81
0.99
8.88
8.23
1.73
2.98
0,14
8.18
5.88
8.88
8.86
O8
1.93
8.31
2,82
8,42
8.89
B.8S
8,49
15.49

2.88
2,02

8.33

574

725
tr

QFH

46.71
9.42
13.50
12.78
12,33
1.61
e.se
1.43
n

op  ?=;
tQi iJ

2.85
138.38

6.82
1.18
8,88
8.44
1.63
2,78
0.16
2.88
5,03
0.88
8.82
0.88
1.92
8.86
2.88
8.48
8. 09
8.08
8,49
15,49

2,88
2,88

B.37

575

825
5

QFH

44.58
11,19
13.95
12.67
11.61
1.95
8.52
 I 07 i . i  -'

fi

98.73

2,85
108.75

6-. -jl

1.49
8,88
8.44
1.56
2.76
B.24
8,88
5,38
0.08
8,14
8.38
1,82
8.84
2.08
8,51
8,18
8. 83
8.61
15,61

2.88
2,88

OB

576

875
5

8FH

43.36
11.88
11,88
13,45
11,88
2. IS
8.44
i. U-j

fi

97.46

2,84
99.50

6.37
1,63
8.88
8.42
1.35
2.95
8,29
8.38
5.88
0.30
8.12
8.88
1.86
3.83
2.88
8.57
0.88
8.88
8,65
15,65

2.88
2. M

8.33

577

933
5

QFH

42,81
12.34
18.48
14.12
11.51
2.22
8.48
3.12
8.18

97.13

2.84
99.14

6,28
1 7? 
i , / i

s.ee
8.42
1 . i u

3.39
8.34
3,08
5.88
8.32
8,12
8.88
1.81
8.85
2.38
8.59
8,07
8,88
8.66

15,66

2,03
2.38

8.29

578

1888
5

QFH

48,88
13.34
15.68
9.92
11.24
2,30
8.58
4 ""?

8.15
97.48

1.99
99.47

6.83
1.97
8,38
3.48
1,89
2,23
8.48
3.30
5.88
8,82
8.38
0.80
1.81
8. 88
2.80
3.59
8.18
8.88
8.68
15,68

2.88
2.88

0.47

579

725
5
HN

47,43
9.26
11.35
14.33
11,79
1.73
8,46
1.23
n

97.68

2,87
99,67

6-88
1.12
8.80
8.46
1.38
3.18
8,13
8.88
5.88
8.83
3,87
8.88
1,83
8.19
2.88
8.39
8.89
8.88
8.48
15.48

2,08
2. M

0.31

588
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Table 8, Hornblendes froa experiments.

REFERENCE EX5

T
D

BUFFER

Si02
A1203
FeG
MgD
CaO
Na20
1(20
TiD2
HnO
SOH

H2Gcak
SUM

Si
Aliv

T

Alvi
Fe+2
Hg
Ti

HR
MI-113

Hn
Fe*2
Hg
Ca
Na

H4
Na
K
Ca

A 
n

CATSUH
OHcalc
ANSUK

Fe/Fe+Hg

1

802
1

QFH

46.68
9,08

13.98
13,80
ifl.48
2.62
8.28
1.88
0,38

98.30

 ? $=: 
Z< v-j

130.05

6.81
1.19
8.88
g.36
1,44
3.00
S.20
0.80

5.88
0.04
0.25
0,08
1.63
0.08
2.00
g.49
0.04
8.08
0,52

i r ci 
i J, Ji

2.00
2.00

8.36

603

852
i

QFH

46.78
9,78

13.70
12.68
10.38
2.28
0.38
2.28
0.28

97.98

2,05
99,95

6.81
1.19
8.80
0.48
1.54
2.74
g.24
8.0g
5.00
0.02
3.14
0.8S
1.61
0.23
2.00
0.39
0.06
3.80
0,45

15.45
2,00
2.00

0.38

604

550
 j

QFH

54,50
5,20
7.90

<0 1I3S 
iu. uif

18.30
i.78
8.18
ft t%
Vs. i-H

0.40
97.90

2.15
130.05

7.60
0.43
8.80
8,45
0.66
3,87
8.02
0.00

5,00
8.85
8.26
0.00
1.54
0.15
2.0S
0.04
8.02
3. M
0.06

15.06
2.00
2,i8

0.19

605

605
0

BFH

54.53
5.68
B.80

18.80
10.10
1.00
0.10

8.40

2.52
98,20

2.15
100.35

7.58
2.42
s.se
ffl <%a
U i Jt-

3.72
3.73
8.04
0.38
5.08
0.06
0.21
0.20
1.51
8,23
2,33
8.04
8.82
2,30
8. 86

15.06
2.83
2.08

0.28

686

647
0

QFH

52.70
6.38
7,98

18.08
10.80

1.10
8.18
0.68
8.48

97,92

2.14
198.84

7.39
3.61
8.08
8.44
g,74
3.76
8.86
8.83
5.08
8.85
8.19
0,00
1.62
8,14
2. 80
0.16
8.02
0.80
8.18

15. IS
2.00
2.00

0.20

627

701
 Jr

QFH

51.10
6,72
7,82

18.73
18.98
1.40
0.28
e.se
8.40

98,00

2,13
188.13

7.28
8.80
8.08
e,32
8.67
3,93
8.08
3.80
5.08
3.05
8.25
8.80
1.65
0,05
2.08
3.33
8.24
8. S0
0,36

15.36
2J0
2.88

0.19

688

752
3
HH

58.92
7.70
8. S3

17.60
11.00
1.60
8.18
0.60
8.48

97,90

2,12
188.82

7.18
0.82
8.88
8.46
8.77
3.7S
8.86
8. 88
5.80
3.85
8.17
8.88
1.66
8.12
2.88
8.32
8.02
0.00
8.34

15.34
2.10
2.0e

8.28

689

**\
Uw i

3
HH

51.28
5.20

18.88
12.98
9.2S
3.78
0.18
0,40
8.4g

98.13

2.05
188.15

7.48
S en
C'. ili.

8,80
3.38
1.77
2. 81
8.84
8.88
5.88
a, 85
8.43
8.80
1.44
8.88
2.80
8.12
8.82
2.20
8.14

15,14
2.88
2.88

8.44

610

618
3
HH

51.00
5.78

17,58
13.10
3.80
1.00
0.18
8.58
8.48

98.18

2.06
100.16

7 fiT
i . *Tvf

3.57
8.00
M!
1,69
o PRivDJ

0,85
8.30
5.80
8.85
8.45
iJ8
1.37
0.13
2.0S
0.15
0.82
8.80
0.17

15.17
2,00
2, 08

8.43

611

655
 j
HH

49.89
7,23

15.10
13,38
9.88
1.68
8.18
0.88
S,38

98.28

2.86
188J6

7.23
S.77
8.88
a ni
Vt-rl
< CT 
i.-J/

2.B8
8,89
S.80
5.80
8.84
8.27
8.88
1.53
0.17
2,88
8.28
g.82
8.08
8.3@

15.38
2.00
2.00

8,39

612

699
V.'

HN

48,88
B.38

14.78
13.78
9,30
1.98
8.10
1.00
8.38

98.10

2.87
123.17

7.88
8.92
8 -.08
S.49
1.44
2.96
8,11
s. m
5,80
2.34
§  757 

,OJ

g fflfl 
. VfW

1.44
8.17
2.08
8.36
8.82
e.0g
3,38

1C 7D
.lij i -JU

2.08
2.88

8.38

613

71



Table 8. Hornblendes trai experiments, 

REFERENCE EK5

T
D

BUFFER

Si02
A1203
FeO
HgO
CaO
Na20
K20
Ti02
HnG
SUH

H20calc
SUM

Si
Ally

T
Alvi
Fe*2

Mg
Ti
Hn

H1-H3
lift

Fe+2

HQ
Ca
Na

H4
Na
i(
Ca

A
CATSUH

OHcak
ANSUH

Fs/FetHg

i

763
7 
 j

BFM

47,83
8.3B

14.68
13.48
18.18
1.98
3,28
1.48
2,38

Qfl f?ffi 7u. &u

2.85
188.05

6. 98
1.82
8. 08
0.48
1.53
2.91
8.15
8.88
5.00
0,04
13.25
OS
1,58
8.13
2,88
0.41
8.84
2,80
13.44

15.44

2.18
2.88

(3.38

614

698
j

KH

49 .28
8,88
9.6B

17.00
18.88
i =:a
i . w£>

0.2S
8.7B
8.48

98. 2S

2.11
183.31

6.99
1.81
8. 88
8.46
g.Bfc
3.68
8.17
8.SS
5.80
B.B5
8.28
S.00

1.64
0.03
2. as
0,39
IS. §4
8.88
8.42

15,42

2.88
2.20

e.24

615

710
 J

OFH

48.83
9.38

13.51
13,98
13.88
1.98
8.18
1.18
8.20

98.80

2.87
188.87

6,95
1.85
C (3J3 
U   Etl

8.53
1,35
3,§g
8.12
§ HS 

, u£i

5.&g
13.82
3 00 i;, i. i

8.88
1.55
8.14
2.S8
2.413
8.132
8. 88
0.41

t c- M 
i Ji Ti

2,80
2.0B

8.35

ul&

72e
3
QFH

jip pa
TU. C'U

9. 33
13. IS
14,23
9.9S
1.58
8.28
9,9§
8.18

97.90

2.83
99.98

7. 13
0.97
8.88
8.61
1.25
3,05
0.18
i.BB
5. m
tit in

0.32
8.23
1.53
0,14
2.88
8.28
2.24
8.08
8.31

15,31

2,88
2.8S
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Appendices

The following pages include examples of input and output for the 
programs "DATAIN" and "HBCAT", program listings and a data definition to 
be catenated to an output file created by "HBCAT" for use as an input file 
for MICRO-GRASP. Entries typed in by the user are flagged with a "-" in 
the examples; all other lines are printed by the computer. The programs 
are called into the computer from tape or disk using the "OLD" command and 
executed by typing "RUN". The programs require data tapes for writing 
output files. Tapes are "marked" into blocks of space to accommodate 
output files during program execution.

Programs were developed on a Tektronix 4052 with 64kRAM equipped with 
a 4052 Ro6 editor ROM pack and data communications interface. Programs can 
be run without an editor or data communications interface; an editor 
facilitates manipulation of large amounts of data.
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Appendix A

Two amphibole analyses (taken from Deer, Howie and Zussman, 1967, p. 
152) are used throughout the examples. The complete analyses (including 
Fe203 and H20) are entered in "DATA IN", proofread, corrected and stored on 
tape as file 18.

Any alphanumeric string (up to 6 characters) or a "return" may be 
given in response to the analysis identifier prompts. These prompts are 
labelled SAMPLE, PHOTO/GRAIN and POINTS for the general case of entering 
microprobe data but can be changed in the editor to suit the user.

Responses to prompts for weight per cent data must be numeric. An 
entry of "0.00" is carried through the programs as such. An entry of "9999" 
will be treated as "0.00" in calculations, but will be flagged as an 
oxide/element which was not analyzed. In the final data table, a "9999" 
entry will appear as an "n" in the oxide weight per cent listing and as a 
blank field in the file formatted for MICRO-GRASP.

In the example, the value for fluorine for the first analysis was 
incorrectly entered as "0". The proofreading routine was used to correct 
this by setting X(l,15) = 9999. The vertical bars in the string arrays are 
separators added by the program to build string arrays and should be counted 
as characters in making corrections -- do not remove them during the 
correction routine.

In the example, a second tape file was created (#19) by opting for the 
modification routine. This creates a file with Fe203 converted to FeO and 
added to the original FeO value. 1^0 and Fe203 are set to 0.00 and all 
other values are identical to the original file. Thus, the original data 
is cast into a "microprobe analysis" form so that estimated water and/or 
ferric iron contents can be compared with analyzed water and/or ferric iron 
contents.
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PRQGRftH LISTINS FOR DATAIH

188 REH 'DATfllN" - a BASIC prograa for the Tektronix 4252 to enter
112 REH cheiiicai data an sinerals or rocks
128 REH The program proipts the user far the nusber of analyses, 3
138 REH lines of alphanuseric identifiers for each analysis (which
140 REH say be left blank by hitting return), and 17 oxides/slsients
158 INIT
168 DIM K*(258)
178 H$= ii !Si02:A12G3!Fe203!FeO!HgO!CaOiNa2G!K2Q!H20!TiQ2!P205!HnGi s
188 L*="BaO:Cl!F!S!Cr2Q3!"
198 K$=M$&L$
288 DIM X{38,m,X*(320),Yt(38fl)«Z*{3BB)
218 U
228 Y*="
238 Z'l
248 PRINT "ENTER NUMBER OF ANALYSES"
258 INPUT Cl
268 PRINT "ENTER 9999 FOR OXIDES/ELEMENTS NOT ANALYSED FOR
261 PRINT
278 FOR J=l TO Cl
288 PRINT "ENTER SAMPLE"
298 INPUT A*

328 PRINT "ENTER PHOTO/GRAIN"
338 INPUT B*
348 Y$=Y$4B$
358 Y^YIi"!"
368 PRINT "ENTER POINTS 8
370 INPUT 0$
388 Z*=Zf&C$
TOR 7t=7*i"|"
v* : L< tf'Tivvt I

m FOR 1=1 TO 17
413 60SUB 698
428 PRINT II
438 INPUT X(J,I)
448 NEXT I
458 NEXT J
468 PRINT "DO YOU i^ANT TO PROOFREAD BEFORE I-JRITINS TO TAPE- Y OR N? fi
478 INPUT R$
488 IF R$="N" THEN 538
498 BQSUB 848
588 PRINT "ENTER TAPE FILE NUMBER"
518 INPUT Fl
528 FIND Fl
538 HARK 1,2888
548 FIND Fl
558 PRINT §33;Cl
568 PRINT §33:):$
578 PRINT 633:Y*
5B8 PRINT §33:Z$
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598 FOR J=l TO Cl
688 FOR 1=1 TO 17
618 PRINT @33:X{J ? !)
620 NEXT I
638 NEXT J
640 PRINT "DO YOU WANT TO HQDIFV FILE FCR FE AND H20?"
658 INPUT V*
660 IF VIOT1 THEN 688
670 GGSliB 1258
680 END
698 REH SUBROUTINE TO CHOOSE OXIDES
788 Bi=B
718 N1=B
728 FOR P=l TO LENtK*)
730 S$=SE6(K*,P,1)
748 IF St<>"!' THEN 828
75S Ni=Ni+l
768 IF N1=I THEN 788
773 IF Ni=I+l THEN 888
788 Bi=P+l
798 80 TO 828
8§8 E1=P-1
818 l$=SEB(K£,Bl»El-Bi*D
828 NEXT P
830 RETURN
640 REH PROOFREADINB SUBROUTINE
850 PRINT "FIRST STRINS IDENTIFIER^,«
868 PRINT "OK? - ENTER Y OR N"
BH INPUT Q$
88g IF Q$='T' THEN 938
890 LET 6*=X$
988 BOSUB 1488
918 LET X$=G$
928 D-ELETE 6^,8$
938 PRINT
940 PRINT "SECOND STRINB IDENTIFIER^,Y$
950 PRINT !i OK? - ENTER Y OR N"
968 INPUT Q$
978 IF Q$="Y" THEN 1B10
988 S$=Y$
990 GOSUB 1488
1888 LET Y*=S*
1818 DELETE Q$,8I
1828 PRINT
1838 PRINT "THIRD STRINS IDENTIFIER =",Z$
1248 PRINT "OK? - ENTER Y OR N"
1858 INPUT 8$
1868 IF g$="Y" THEN 1188
1878 8I=Z$

1898 ZI=SI
1188 DELETE Q*,G$
1118 FOR 1=1 TO Cl
1128 PRINT "ANALYSIS I",I
1138 FOR J=l TO 17
1148 PRINT xa,J)
1158 NEXT J
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1160 NEXT I
1178 PRINT "OK? - ENTER Y OR N"
1188 INPUT 8$
1190 IF Qf= a Y !! THEN 1248
120g PRINT "ENTER CORRECT X AS I {ANALYSIS*,ENTRY)=VALUE"
1210 PRINT "THEN TYPE RUN 1238, AND HIT RETURN"
1228 STOP
1238 REH CONTINUE
1240 RETURN
1250 REH SUBROUTINE TO HDDIFY DATA
1268 FOR 1=1 TO Cl
1270 PRINT "FE203=" t X(I,3)
1288 LET W,4)=Xa,3)*B.899+X(I,4)
1298 LET W,3)=B
1300 LET X(I,9)=B
1310 NEXT I
1320 PRINT "ENTER FILE NUMBER"
1338 INPUT F2
1343 FIND F2
1358 HARK 1,5008
1368 FIND F2
1378 PRINT §33;Cl
1388 PRINT §33:XI
1390 PRINT «33:Y$
14B8 PRINT §33? 1%
1418 FOR 1=1 TO Cl
1420 FOR J=l TO 17
1438 PRINT e33;X(I,J)
1440 NEXT J
1458 NEXT I
1460 GLOBE
1470 RETURN
1488 REH PROOFREADING SUBROUTINE - STRING CORRECTION
1490 PRINT "ENTER STARTINS CHARACTER, ft INCORRECT CHARACTERS"
1508 INPUT A1,A2
1510 LET I$=SE6(6* f Ai,A2)
1520 PRINT "IS THIS THE INCORRECT STRINB?",!*
1538 PRINT "ENTER Y OR N"
1548 INPUT m
1553 IF Qt="N' THEN 1493
1560 PRINT "ENTER CORRECT STRING"
1570 INPUT Cl
15B8 B*=REP(C$,Ai,fl2J
1598 PRINT "CORRECTED STRINi3=",S$
1680 RETURN
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Appendix B

"HBCAT" prompts the user for the input data tape file. The example 
uses file 18 created with "DATAIN". Any alphanumeric string may be entered 
as a title. The formula basis is the number of oxygens per formula unit 
for amphibole; enter 23 for anhydrous analyses, 24 if water is included as 
input. When F6203 is not included as input, a percentage of total ferrous 
iron may be converted to ferric iron if the user has an independent estimate 
of ferric/ferrous ratio. This option may be ignored by entering "0" or 
pressing "return".

The user enters the number of analyses to appear on each page, and the 
tape file number for the MICRO-GRASP version of the output file.

The data table may be printed to tape, or another external device.

Output table examples from the test files are given on the following 
pages. Note that the "microprobe" version of the analyses result in 
different cation values, and overestimates of water content.
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TEST DATA (fro§ Deer, Howie fc Zusstan,i967,p.l52) - 24 0 basis SAHE ANALYSES WITH FE203,H20 SET TO 8 - 23 0 basis

SAMPLE
GRAIN
ANALYSIS

Si 02
A1203
Fe203
FeO
HgO
CaO
Na20
K20
H20
TiG2
P205
MnO
BaO
Cl
F
S
Dr203
SUBSUM
Cl=0
F=0
SUN
H20calc
SU«

Si
Aliv

T
fllvi
Fe+3  
Fe+2
Hq
Ti
Mn
H1-H3

Hn
Fe+2
Ng
Ca
Na

H4
Na
K
Ca

A
CATSUf!
F
Cl
OHcaic
ANSUH
Fe/Fe+Hg

TEST
A
I

44.99
11.21
3.33
13.17
10.41
12.11
0.97
8.76
1.48
1.46
8.17
8.31
n
n
n
n
n

180.37
0.8S
0.00

100.37
0.80

108.37

6.66
1.34
8.88
0.6!
8.37
1.56
2.29
8.16
8.80
5.00
0.04
0.07
0.00
1.89
0.80
2.00
0.26
8.14
8.03
8.45
15.45
0.00
0.08
1.46
1.46
0.47

TEST
B
2

48.10
11.85.
8.67
1.65

28.62
12.58
2.54
1.24
8.71
0.10
n
n
n
n
1.90
n
n

101.36
8.80
0.88

108.26
0.00

180.26

6.76
1.24
8.08
8.59
0.07
0.01
4.32
0.01

0.88
5.88
8.00
3.18
0.00
1.82
0.00
2.00
0.69
0.22
0.07
0.98
15.98
8.84
0.08
8.67
1.51
0.06

SAMPLE
BRAIN
ANALYSIS

Si 02
A! 203
Fe203
FeQ
MqO
CaO
Na20
K2G
H20
Ti02
P205
MnO
BaO
Cl
F
C

Cr203
SUBSUft
Cl=0
F=0
SUH
H20calc
Sun

Si
Aliv

T
Alvi
Fe+3
Fe+2
Hq
Ti
Kn

HI-H3
to
Fe+2
Mg
Ca
Na

H4
Na
K
Ca

A
CATSU«
F
Cl
OHcaic
ANSUH
Fe/Fe+Hg

TEST
A
1

44.99
11.21
0.80
16.16
12.41
12.11
8.97
8.76
0.00
1.46
8.17
0.31
n
n
n
n
n
98.55
8.00
0.00

98.55
2.83

130.59

6.63
1,37
8.88
8.58
0.08
1.97
2.29
0.16
0.80
5.00
0.04
8.82
8.00
1.91
0.03
2.00
6.25
8.14
0.00
0.39
15.39
8.00
8.00
2.00
2.00
0.47

TEST
B
2

48.10
11.05
0.00
2.25

20.60
12.58
2.54
1.24
8.00
0.10
n
n
n
n
1.90
n
n

188.28
8.88
0.80

99.48
1.25

183.73

.6.73
1.38
8.08
8.51
0.88
0.28
4.28
0.01
0.00
5.00
8.00
0.06
0.08
1.87
0.87
2.08
0.62
0.22
0.00
0.84
15.84
0.84
8.08
1.16
2.00
8.B6
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PROGRAH LISTING FOR HBCAT
90 PRINT "HELCOHE TO HBCAT WRITTEN BY JANE HAMARSTRQH 5/84"
182 INIT
118 REH "HBCAT" - a BASIC prograu for the Tektronix 4052 to
120 REH read a file of aiphibole analyses created with "DATA IN*
138 REH This program calculates & formula on the basis of 23 or 24
148 REH oxygens, partititians cations according to the scheis of
153 REil 6off & Czaianske (1972), creates a tape file for use with
162 REH HICRQ-BRASP, and prints a data table to printer or to taps
178 DIH B*(lBB),A$«5B8),Q${30a} l L*{A0l8},D(33,171,F{33 J i7)
IBS DIH A{17),BU7),CU7)
19B DATA B !SAHPLE!6RArN:ANALYSIS!Si02:A1203!Fe203!FeO!RgO!CaO:Na2Q!"
2M DATA H K20!H2D!TiQ2!P2G5!!1n01BaQiCi!F!S!Cr203;syBSUHiCI=Q!F=0;Syi1!"
212 DATA *H20cah!SiJH!Si!Aliv! T!Alvi!Fe+3:Fe+2:«g!Ti!fln! Hl-HSMn!"
222 DATA "Fs+2!Hg!CaiNa! «4!Na!K!Ca! A'.CATSUKIFICllQKcalciAWSUH!"
23S DATA "Fe/Fe+Hg!"
242 READ Af
258 FOR 1=1 TO 4
268 READ B$
278 A$=A*&BI
288 NEXT I
296 DELETE B*
308 DATA 63.89,181.94,159,7,71,85,40.32,56.88,61.982,94.2,18.814
318 DATA 79.9,141.95,78.94,153.36,35.457,19,32.866,152.82'
320 READ A
339 DATA 2,3,3.1,1,1,1,1,1,2,5,1,1,1,1,1,3
343 READ B
7crn ftATA <"'"'( * I < > 0 o S n i * * 1 < >-< 
 ij(2 L'HiH 1 ,i,i, 1 , i , 1 ,i,2,i, I,£, 1 , i , i, 1 , i,i

362 READ C '
370 PRINT !'ENTER INPOT DATA FILE NUHBER"
388 INPUT N5
398 PRINT "ENTER TITLE"
488 INPUT B*
41B PRINT "ENTER FORHOLA BASIS (23 QR 24)"
422 INPUT Al
430 PRINT "ENTER Fe*3/iFe+3+F8*2) AS A DECIHAL"
448 INPUT B7
458 PRINT "ENTER I ANALYSES PER PAGE"
468 INPUT m
478 FIND N5
480 INPUT §33:C2
498 INPUT §33:K*
m INPUT 633:L*
513 INPUT S33:HI
521 FOR 1=1 TO 02
538 FOR J=l TO 17
543 INPUT §33:D(I,J!
558 LET F(I.J)=B(I,J)
56§ IF D(I,J)<>9999 THEN 588
578 LET D(I,J)=8
588 NEXT J
598 NEXT I
688 IF N2<=C2 THEN 628
618 LET H2=C2
iOf* rrsi y/r"' <7t c/r-ii n/roi vfrT-i -fir*-} 171 riri\ utri\ p^ns
Ui.U (i is I I? iUi , i / .' 5 U SU-iJ , Ui ', L-i..' , A I u£/ ; i. li-'i. ^ i / / , ! It'*./ , ![ lUi..' , H \Ui/'

173 riTw M/PO flpi Vfitj rQ-.lV Jiii M iLi -»7 / I l-t7 i \j
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648 REH compute fe2o3 and fee
650 FOR J=l TQ C2
668 IF B7=S THEN 698
678 LET B(J,3)=B{J,4}*B7*L111
680 LET D(J,4)=D{J,4)-D(J,4}*B7
690 REH SUJP oxides and calculate cations
780 LET S(J)=i
718 LET T<J)=B
723 LET Q(J)=0
738 FOR 1=1 TQ 17
748 LET SiJ)=S(3)+DiJ,I}
753 LET «{J,1)=D{J,!)/A(I)*B(I)
768 LET Q(J)=Q{j;+W(J,I)
778 NEXT I
783 IF Al=24 AND D{J,9K>0 THEH 810
798 LET Q(J}=G(J)-K(J,i4>-W{J } 15)
800 80 TQ 828
818 LET B{3)=B(J)-H{J I i4!*0.5-N<J l 15)*0.5
828 LET X(J)=A1/G<J)
B38 REM x=normalls at ion factor
848 FOR 1=1 TQ 17
850 LET Z(J,I)=X(J)*{D(J,n/ft(I))*C(I)
860 LET T(J)=T{JHZ{J,I)
870 NEXT I
888 IF D(J,9)OB THEN 920
890 LET Z(J,9)=2-Z{J,14)-Z(J,15}
988 LET H{J)=Z(J,9)/2/X(JJ*lB.8i6
91S SO TO 930
92@ LET H(J)=B
938 LET T(J}=TiJ)-Z{J,i4)--Z(J,15)-Z(J,9)
940 REH begin site partitioning for hornblende
958 6DSUB 2238
968 REH calculate fe/fe+rg
978 SDSb'8 3848
988 NEXT J
990 REN transfer all data to matrix s
1820 FOR J=l TO C2
1810 FOR K=l TQ 17
1822 LET H(J,K)=F(J,K)
1838 IF B7=S THEN 1S60
1243 LET H(J,3)=D(J,3)
185-8 LET H(J,4?=0(J,4)
1368 NEXT K
1378 LET H{J,I8J=S(J)
1888 LET H{J,19)=B(J,14)*8.226
1098 LET K{J,2B)=0{J,i5)*B.421
1188 LET H(J I 21)=S(J)-H(J,19)-H(J,20)
1118 LET H(J,22)=H(J)
1123 LET H(J,23)=H{J,21)+H(J,22)
1138 LET H{J,24)=S!J S 15
1148 LET H(J,25)=6{J,2)
1158 LET H(J ! 26)=E(J,i)
1162 FOR K=27 TO 32
1178 LET H(J,K)=6{J,K-24)
1188 NEXT i(
1198 LET H(J,33)=E(J,4)
1220 FOR K=34 TO 38
1210 LET HiJ,K)=G(J,K--25)
1228 NEXT K 92



1238 LET H!J,39)=E(J,5)
1248 FOR K=48 TO 42
1258 LET MiJ,fO=SiJ,K-26)
1268 NEXT K
1270 LET H(J,43)=E(J,6)
1288 LET H(J,44}=E{J,7)
1290 FOR K=45 TO 47
1328 LET H{J,K)=B(J,K-28)
1318 NEXT K
1323 LET H{J,48)=E{J,8)
1330 LET H(J,49)=R{J)
1348 NEXT J
1350 REH rssliape matrix s to 51 rows by ci columns shsrs ci=fanalysa5
1368 DIK Y«49,C2)
1370 Y=TRN(M)
1388 REH print data table
1398 PRINT "ENTER TAPE FILE i FOR HICRO-SRASP FILE - HARNINSiPROBRAil"
140S PRINT "MILL MARK TAPE FOR 12888 CHARACTERS"
1418 INPUT 61
1428 FIND 61
1438 HARK 1,18880
1448 FIND SI
1458 FOR 1=1 TO C2
1468 6QSUB 3223
1478 PRINT §33; USINB "63,5"!Z$
1488 SOSUB 3378
1498 PRINT 833: USIN6 "6a,s"!U$
1580 SQSU8 3522
1518 PRINT S33: USING !1 6s,£ iI :Y$
1528 FOR J=l TO 49
1530 IF HU,JK>9999 THEN' 1568
1548 PRINT §33s USIN6 "6A,S !i ; R
1558 SO TO 1578
1568 PRINT 833: USINB M 3d.2d,s"5«{I,J)
1578 NEXT J
1580 PRINT §335
1598 NEXT I
1608 PRINT "PRINT DATA TABLE - Y OR N?"
1618 INPUT m
1620 IF ^="N n THEN 2228
1638 PRINT "ENTER DEVICE 48 OR 71 PRINTER;33 TAPE"
1643 INPUT P9
1653 IF P9O33 THEN 1728
166B PRINT "ENTER TAPE FILE NUMBER- HARN!NS:PRQ6RA!i WILL HARK 19B8B B
1678 PRINT "CHARACTERS ON TAPE"
1688 INPUT T5
1698 FIND T5
1788 HARK 1,19888
1718 FIND T5
1728 IF P9O48 THEN 1748
1738 PRINT  37,26:1
1748 IHABE p/lll,8Ba
1758 IHA8E / ,8A,18T ,5
1768 IHABE 3D.2D.12T ,S
1778 IKABE 8A,12T t s
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178g IHAGE 3d,Bx,S
1798 FOR K=l TO INT(C2/N2)*N2 STEP N2
IBM PRINT SP9: USING 174B:B*
1818 FOR J=i TG 52
1828 IF J=4 THEN 1858
1838 IF J=27 THEN 1858
1348 BO TO 1868
1850 PRINT §P9;
I860 GOSUB 3B70
1878 PRINT IP9: USIN6 1758;!$
1830 IF J>3 THEN1 2B7B
1898 IF JO1 THEN 1958
1988 FOR I=K TO K+N2-1
1918 GOSUB 3220
1920 PRINT 8P9: USINB 1778:Z$
1938 NEXT I
1940 SO TO 2158
1958 IF J02 THEN 282i
1963 FOR I=K TO K+N2-1
1978 GOSUB 3370
1988 PRINT §P9: USING 1773:0$
1998 NEXT I
28B8 IF J=3 THEN 2820
2818 IF J03 THEN 2860
2222 FOR I=K TO K+N2-1
2838 GOSUB 3523
2i4B PRINT §P9; USING 1770:Y$
2058 NEXT I
2868 SO TO 2153
2878 FOR I=K TO K+N2-1
2088 IF Y(J-3,I)=>8 THEN 2180
2898 LET Y(J-3,I)=B
2108 IF Y(J-3,I)<>9999 THEN 2130
2118 PRINT §P9: USING "6ft l i2T f S"! H n '
2120 60 TO 2148
2138 PRINT «P9: USING 176«:YIJ-3,I)
2148 NEXT I
2L58 NEXT J
2168 IF I>C2 THEN 2218
2178 NEKT K
2iBg IF K)C2 THEN 2210
2190 N2=C2-K-fl
220g 60 TO 1808
2218 PRINT §P9; USING "/I":
2220 END
223SS REH begin site partitioning subroutine
2248 LET 6{J,i)=Z{J p lJ
2258 IF Z(J,1)+Z(J,2)>8 THEN 23iB
2268 LET 6{J,U=Z(J,iJ
2278 LET G(J 5 21=Z(J,2)
2288 LET 6{J,3)=B
2298 BO TO 232B
?Taa ! ITT en o^-o-7/T MiUCB Lti a \a 5 iJ-D L \ti , i l

2311 LET B(J,3}=Z(J,2)-S(J,2) 
2328 LET EU,l)=SU,mG{J,2)
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3370 REH SUBROUTINE TO CHOOSE PHOTO,BRAIN
3388 Bi=g
3398 141=8
3488 FOR Ql=! TO LENIL*)
3418 S$=SES{L*,Ql,n
3428 IF S$O"! tt THEN 3588
3438 Ni=Ni+l
3448 IF Ni=I THEN 3460
3458 IF N1=I+1 THEN 3480
3468 Bl=Qi+l
3478 60 TO 3500
3480 E!=Qi-i
3490 U$=SE6(L*,Bi,Ei-Bl+l)
3508 NEXT Q!
3519 RETURN
3520 REH SUBROUTINE TO CHOOSE POINTS
3538 81=8
3548 Ni=B
3558 FOR Ri=! TO LEN(HI)
3568 S$=SE6{M$,Rl,n
3570 IF BIO'!" THEN 3658
3588 N1=N1+1
3598 IF N1=I THEN 3618
3680 IF Ni=ItJ THEN 3630
3618 Bi=Rl+l
3620 SO TO 3658
3638 E1=R1-1
3640 YfsBEGfH^Bi.Ei-Bi+l}
3658 NEXT Rl
3668 RETURN
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APPENDIX C

Data definition for use nith HICRC-6RABP input files created in HBCAT 
Note: Thers is a unique nasie for each data field; entries

in each field correspond to row headers in data tables,

(52 fields, 312 characters per line)rrj 71 ?

SAMPLE
PHOTO
POINTS
Si 02
A12Q3
Fe203
FaO
HgO
r-.n
uau

Na2Q
K20
H2Q
Ti02
P2B5
HnQ
BaO
Cl
F
S
Cr2G3
SUfil
CIO
FO
S0h2
H20c
SUH3
Si
Aliv
T

Aivi
Fe3
Fe2
Hg
Ti
Ho
H1H3
NnH4
Fe2H4
RgR4
CaH4
NaH4
H4
NaA
KA
Caft
A
CATS
FOB
C10H
OH
ANS
FeHg

C 1
C 7
C 13
n 19
n 25
n 31
n 37
n 43
n 49
n 55
n 61
n 67
n 73
n 79
n 85
n 91
n 97
n 183
n 129
n 115
n 121
n 127
n 133
n 139
n 145
n 151
n 157
n 163
n 169
n 175
R 181

n 187
n 193
n 199
n 205
n 211
n 217
n 223
n 229
n 235
n 241
n 247
n 253
n 259
R 265
n 271
n 277
n 2B3
n 289
n 295
n 73 f 
!! -JVl

n 307

6
12
18
24
38
T 1
JO

42
48
54
60
66
/ L

78
84
98
96
102
12B
114
122
126
132
138
144
153
156
162
16B
174
188
186
192
198
234
2ia
216
LLL

22B
234
24B
246
252
258
264
27S
276
282
288
294
388
386
7(1
vii. 98


