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INTRODUCTION

The Pioneer batholith is a Late Cretaceous to Paleocene
composite batholith located in the Pioneer Mountains, Beaverhead
County, southwestern Montana. Zen (1988), Snee (1978, 1982), and
Pearson and Zen (1985) mapped and described the batholith. The
Pioneer batholith has been the subject of a number of detailed
age, geochemical, isotopic, and mineral resource investigations
(Zen and others, 1980, 1975; Snee and Sutter, 1979; Marvin and
others, 1983; Pearson and Berger, 1980; Arth and others, 1986;
Berger and others, 1981, 1979). Hammarstrom (1979, 1982) summa-
rized the mineral chemistry of some of the major plutons of the
eastern part of the batholith. This report tabulates the data-
base of microprobe analyses used in that study, along with data
collected since that report was published. The entire data set
consists of over 1500 analyses and constitutes the database for a
study of the mineral chemistry of the Pioneer batholith.

Snee (1982) defined a framework of groups of mappable subdi-
visions of plutons within the Pioneer batholith based on litholo-
gy, mineral evolution and major element rock chemistry. Data in
this report are organized in terms of that framework, which
encompasses most, but not all the units of the batholith. Nota-
ble exceptions are two groups of rocks whose affinities with
other rocks of the batholith have not been established: (1)
ultramafic rocks that occur as large inclusions in Pre-Main Group
plutons, and (2) the Cretaceous Stine Creek pluton.

DESCRIPTION OF DATA TABLES

Sample numbers, grouped by pluton, are given in table 1
along with sample location information. Group names are from
Snee (1982); group numbers are arbitrarily assigned for use as
plotting symbol codes within the dataset. Lower group numbers
(1-3) generally correspond to more mafic plutons, and higher
group numbers (4-9) represent more silicic plutons. Group 10 is
a "catchall"” for plutons interpreted as satellites of the Boulder
batholith. Data tables include oxide data in weight percent,
cations computed on the basis of a fixed number of oxygen atoms
per formula unit, computed parameters to evaluate stoichiometry
for some minerals, useful cation rations, and mole fractions of
relevant end-member components.

Analyses are numbered sequentially within tables, and a key
to analysis numbers is given at at the end of each table. These
keys identify the pluton, sample number, grain and point analy-
sed, and give descriptive information on the location of the
point within the grain, such as-.core or rim, and on the textural
relations of the point analysed relative to other minerals. The
code used for this descriptive information is as follows:

Mineral abbreviations Textural abbreviations
PG plagioclase r rim
KF potassium feldspar r/X rim at mineral X
BT biotite ir inner rim



MU muscovite ¢ core

HB hornblende oc outer core
PX pyroxene m midway into grain
OP opaque mineral [X] enclosed within mineral X
MYR myrmekite s mineral separate
TI sphene
CH chlorite
Q quartz

SU sulfide mineral

Analyses that represent averages of "n" closely spaced
points are indicated by (n) in the sample key.

Tables were generated in MINFILE, a co%puter program by
Afifi and Essene (1988), and modified using word processing
software. Details of analysis of particular mineral groups
are discussed below.

ANALYTICAL PROCEDURES

Major element compositions of minerals were determined by
electron microprobe analysis using automated ARL instrumentation
at the U.S. Geological Survey in Reston, VA and at Virginia
Polytechnic Institute and State University in Blacksburg, VA.
All data were acquired by the author using pdlished, carbon-
coated, thin sections of rock samples. A fey analyses represent
grain mounts of mineral separates. The micrgprobes were operated
at a voltage of 15 kilovolts with a beam current of 0.05 or 0.10
microamps; data were reduced by automated correction programs
(McGee, 1983, 1985) that incorporate the method of Bence and
Albee (1968) and alpha factors from Albee and Ray (1970).
Twenty second or longer count times were used for each element;
backgrounds were measured either by peak offset or by interpola-
tion (Bocker and Hehenkemp, 1980). Standard|deviations for
replicate analyses on homogeneous mineral standards indicate that
the values reported are reliable to + 2 percent of the amount
present for the major elements (>10 weight pércent) in a mineral
and to + 10 percent of the amount present for minor elements (<10
weight percent). Detection limits for most elements for the
operating conditions used in this study are o¢n the order of 100
to 600 parts per million. Both natural and synthetic minerals
served as primary standards. Standards used|include the follow-
ing materials referenced by Huebner and Woodtuff (1985): Lake
County- labradorite, Benson orthoclase, Tibuion albite, anortho-
clase, barium glass, Hemet sphene, Lemhi biotite, Broken Hill
rhodonite, Adirondack diopside, strontianite, Ilmen ilmenite,
Kakanui pyrope, synthetic fluorphlogopite and fluor-richterite,
Tiebaghi chromite, Drake and Weil's (1972) rare-earth element
glasses, Durango apatite, and synthetic F- and Cl-apatites.
Kakanui hornblende was used extensively as a| working standard for
silicates.



Table 1.--Sample numbers and locations for plutonic rocks of the Pioneer batholith

[For explanation of groups, geologic maps, and descriptions of plutons, see Snee

(1978, 1982) and Zen (1988).

and seconds (s). Group numbers are used in sample keys at end of mineral tables]

Latitude and longitude given in degrees (d), minutes (m),

Group Pluton Sample No Quadrangle Longitude Latitude
(No.) (d m s) (d m s)
EARLY
(1) Hornblende gabbro 707-78-1 Polaris 113 05 12 45 19 00
of Garrett Hill
Quartz diorite roof 708-80-7 Shaw Mtn. 113 12 32 45 39 39
pendants in tonalite 817-80-2 do. 113 14 38 45 40 52
of Pattengail Creek
PRE-MAIN
(2) Quartz diorite of 727-78-4 Pine Hill 113 17 29 45 49 19
Chalk Bluff 727-78-5 do. 113 16 18 45 49 14
Diorite of Cherry Lake 812-76-6 Vipond Park 112 54 52 45 34 37
Tonalite of Foolhen 730-80-3 Proposal Rock 113 16 47 45 43 02
Mountain Calvert 3 Foolhen Mtn. 113 9 10 45 50 57
Keokirk Quartz Diorite 313-1 Vipond Park 112 56 52 45 35 58
BH9800 do. 112 56 54 45 35 19
XS do. 112 56 55 45 35 29
Trapper Tonalite 107-1 Vipond Park 112 53 33 45 34 28
547-1 do. 112 53 55 45 35 43
0130 do. 112 53 6 45 35 10
0131 do. 112 53 45 35 7
?
(3) Ultramafic rocks 110-1 Vipond Park 112 54 46 45 34 40
of Granite Lake 110-2 do. 112 54 46 45 34 40
784-1 do. 112 54 40 45 34 36
785-1 do. 112 54 49 45 34 39
785-4 do. 112 54 46 45 34 35
785-5 do. 112 54 46 45 34 35
?
(4) Stine Creek Pluton 1044-1 Stine Mtn. 113 1 30 45 42 49
- 1162-1 do. 113 1 28 45 42 S8
MAIN
(5) Uphill Creek 121-1-78 Vipond Park 112 57 27 45 31 10
Granodiorite 342-1 do. 112 58 25 45 30 40
697-1 do. 112 52 10 45 32 47
704-1 do. 112 58 15 45 32 37
708-1 do. 112 53 20 45 30 54




Table 1.--Continued

Group Pluton Sample No. Quadrangle Longitude Latitude
(d m s) (d m s)

MAIN
(¢&))] Uphill Creek 881-1-78 Vipond Park 112 56 8 45 31 41
Granodiorite 1272-1 | do. 112 58 40 45 32 36
1345-1 Maurice Mtn. 113 2 26 45 31 44
FG Torrey Mtn. 112 498 21 45 23 58
Ive Vipond Park 112 50 38 45 31 21
WC do. 112 56 54 4531 5
LATE~A 7
(6) Grayling Lake 746-1 Vipond Park 112 58 3 45 33 36
Granite 1119-1 do. 112 57 20 45 34 50
1228-1 do. 112 58 34 45 33 4
1293-1 do. 112 55 41 45 34 42
8-15-82-1 do. 112 56 4 45 35 1
8-15-82-2 | do. 112 56 0 45 34 39
8-15+82-3 ! do. 112 56 26 45 34 34
8-15-82-4 do. 112 57 1 45 34 48
8-15-82-5 ’ do. 112 57 1 45 34 53
8-15-82-6 do. 112 57 1 45 34 59
8-15-82-7 do. 112 56 58 45 35 11
8-15-82-8 do. 112 56 56 45 35 12
MT83-1 do. 112 57 1 4535 &4
MT83-2 do. 112 56 59 45 35 7
MT83-3 do. 112 56 58 45 34 31
MT83-4 do. 112 56 56 45 34 37
BHS do. 112 56 56 45 35 13
Porphyritic border BH9850 ’ Vipond Park 112 56 54 45 35 18
phase of Grayling
Lake Granite !
Browne’s Lake pluton 744-2-78 Vipond Park 112 50 8 45 31 33
Granite of Mono Park 1298-2 | Maurice Mtn. 113 5 24 45 31 29
Mono Ck do. do. do.
Shoestring Creek 719-79-4 3 Polaris 113 11 48 45 29 6
pluton
LATE-B
7 David Creek pluton 1357-1 Maurice Mtn. 113 1 56 45 31 30
1413-1 ‘ . do. 113 1 44 45 32 4
Torrey Mountain BC Torrey Mtn. 112 51 14 45 25 3
intrusion
Doolittle Creek 807-80-2 ' Proposal Rock 113 19 46 45 42 41
pluton



Table 1.--Continued

Group Pluton Sample No. Quadrangle Longitude Latitude
(d m s) (d m s)
FELSIC
(8) Clifford Creek Granite 500-1 Vipond Park 112 58 47 45 38 54
500-2-78 do. 112 58 47 45 38 54
BLMS800 do. 112 58 32 45 38 189
Porphyritic phase of 32-1 Vipond Park 112 58 50 45 38 39
Clifford Creek Granite
(8) Bob’s Lake 516-1 Vipond Park 112 59 58 45 38 50
Leucogranite
Silicic dikes 588-3 Vipond Park 112 51 7 45 32 53
741-1 do. 112 50 10 45 31 44
71-H-102 do. 112 50 9 45 31 46
Aplite dikes 315-1 Vipond Park 112 56 10 45 35 35
BOULDER BATHOLITH SATELLITES
(10)
Lime Kiln Gulch 984-1 Vipond Park 112 52 28 45 44 40
tonalite 984-2 do. 112 52 31 45 44 41
Gabbro & hornblendite 813-78-3 Dewey 112 48 22 45 45 40
of Big Hole Gorge 827-78-16 do. 112 52 12 45 46 41
Dodgson Creek DCQMZ Wise River 112 58 26 45 51 34

quartz monzonite




MINERAL CHEMISTRY

Feldspar

Feldspar data are presented in two tabl
feldspar analyses and table 3 lists 368 plagl
measured as Fe0Q, was converted to Fe,0, foll
and Brown (1988) for terrestrial feldspars i
information on the oxidation state of iron.
acquired with a focussed microprobe beam of
diameter.
expanded, beam to excite a larger volume to ﬂ
exsolution lamellae in perthites. Expanded
analysis decription by (ex X), where X is th
micrometers.

In many cases, a number of points were
determine zoning patterns. A distinctive fe
some plutons of the Pioneer batholith is the
that outlines an oval core within the grain.
describe points within such grains is 1) "corx
core of the crystal, 2) "outer core", for the
determined zone of alteration, 3) "inner ri
zone of alteration, and 4) "rim", for the o

Two types of criteria were used to eva
feldspar tables: analysis totals and stoichi
las. Oxide weight percent totals that fell
percent were deleted from the database. Mos
more, but a few potassium feldspar analyses
to 98 percent are included in table 3 in ord
points in traverses across individual crystal
(Zen, 1981) provide a check on stoichiometry

a

ed on the basis of 8 oxygens, as follows: z =
other catiomns (Ca,Na,K,Ba,Sr,Fe,Mg,Mn,Ti) = 1
each x cation multiplied by its charge) = 0.0

m",

J

es: table 2 lists 248 alkali
oclase analyses. Total iron,

ing the recommendation of Smith
the absence of independent

11 plagioclase analyses were
proximatey 2 to 5 micrometers in

Many alkali feldspar analyses were acquired with a defocussed, or

ntegrate the composition of
eam analyses are indicated in the
diameter of the expanded beam in

analysed across a single grain to

ture of plagioclase crystals in

presence of a zone of alteration
The nomenclature adopted to

e", for the center of the oval

area just inside the optically
for the area exterior of the

termost rim of the crystal.

uate data for inclusion in the

metry of computed feldspar formu-

utside of the range 97 to 102
analyses sum to 98 percent or

hat have totals in the range 97

r to maintain continuity of

s. The parameters x,y, and z

of the feldspar formula calculat-
Si + Al = 4.00 +0.02, x = sum of

.00 +0.04, and y = Al - (sum of

0 + 0.07.



Table 2.--Alkali feldspar analyses
[Total iron as Fe
-, not determine%

Analysis

3102
Fe203
MgO
Ca0
Nazo
K20
BaO
T102
MnO
Sr0
Total

05; cations computed on the basis of 8 oxygens;

oo o’

.00
.00
.01

.05
.94
.01

o o

o o

.60

.00
.00
.00

.09
.89

.00
.99

.00
.99
.01

.09
.91

100.

O [oNe] O Ww

S O &

26

.00
.02
.00

.08
.87

.00
.97

.01
.96
.05

.09
.91

100.

O W

o o

[oNe]

.00
.01
.00

.09
.87

.00
.97

.01
.96
.05

.09
.91

W

loNeoNe]

O O &

[N« Ne)

.96

.00
.01
.00

.09
.87
.00

.00
.97

.01
.96
.05

.09
.91
.00

w

o=

[eNeNe]

[eNeoNe)

.00
.01
.00

.08
.87
.00

.00
.97

.01
.95
.05

.09
.91
.00

O W

[eNoNe]

[oNeNe]

.00
.01
.00

.09
.87
.00

.00
.97

.01
.96
.05

.09
.91
.00

o &

[oNeNe]

.94
.07
.01

.07
.92
.00

.00

.02

.01

.00
.05

.07
.92
.00

Table 2-1

9 10
64.91 62.34
17.92 18.82
0.33 0.04
- 0.06
0.89 0.94
14.54 14.19
0.46 1.70
0.01 -
99.06 98.09
3.02 2.96
0.98 1.05
0.01 0.00
- 0.00
0.08 0.09
0.86 0.86
0.01 0.03
0.00 -
4.96  4.99
4.00 4.01
0.96 0.98
-1E-02 0.03
- 0.00
0.08 0.09
0.91 0.88
0.01 0.03



Table 2.--Alkali feldspar analyses

Analysis 11
$i0y 64.83 63
A1203 18.19 18
F9203 0.03
MgO -
Ca0 -
Na20 0.97 0
K20 15.36 15
BaO 0.13 1
TiOz -
MnO -
Sro -
Total 99.51 100
Si 3.00 2
Al 0.99 1
Fe3™ 0.00 0
Mg -
Ca -
Na 0.09 0
K 0.91 0
Ba 0.00 0
Ti -
Mn -
Sr -
Total 5.00 5
zZ 4.00 4
X 1.00 0
y -1E-02 0
An : -
Ab 0.09 0
Or 0.91 0
Cn 0.00 0

.96
.04
.00

.05
.92
.03

.00

.00
.99
.02

.05
.92
.03

99.

O =N

[eNeNeNo)

o o &

(e N eNeiNo]

.99
.01
.00

.00
.10
.88
.00

.99

.00
.99
.02

.00
.10
.89
.00

4.00
0.99
-1E-03

0.00
0.08
0.92
0.00

98.

Lol N

[eNeNeNo]

[oNeNoNe

.98
.03

.00
.17
.80
.01

.99

.01
.98
.04

.00
.17
.82
.01

98.

oW

o o &

[oNeNeNo]

[eNeoNoNe]

98.

Lol -

[eNeNeNe]

[eNeoNoNe

.97
.05

.00
.16
.80
.01

.98

.02
.97
.06

.00
.16
.82
.01

101.

.99

1.02

[eNeNeNe)

.00
.19
.76
.01

.97

.01
.96
.05

.00
.19
.79

Table 2-2
19 20
65.70 65.02
18.36 18.58
0.21 -
0.53 0.03
1.22 1.33
13.68 13.72
1.56 0.01
101.26 98.69
3.00 3.01
0.99 1.01
0.01 -
0.03 0.00
0.11 0.12
0.80 0.81
0.03 0.00
4.95 4.95
3.99 4.02
0.97 0.93
-5E-02 0.08
0.03 0.00
0.11 0.13
0.83 0.87
0.03 0.00

[eNeNeNe]

.01



Table 2.--Alkali feldspar analyses

Analysis

Si02
A1203
F9203
Mgo
Cal
Na20
KZO
Ba0l
TiOz
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

o O &

[eNeNe

o O O

.01
.98
.02

.00
.15
.85

w

[eNoN oo

o O &

[eNeNeNe]

.01
.01

.00
.15
.79
.00

.96

.02
.94
.07

.00
.15
.84
.00

.02

0.99

O OO O

o O &

[eNeNe o

.00
.19
.75
.00

.95

.01
.93
.06

.00
.20
.80
.00

N

[oNeNeoNe]

o O &

[eNeNeNe)

.99
.03

.01
.17
.79
.00

.98

.01
.97
.05

.01
.17
.82
.00

98.

- w

e Ne N o)

o o &

[eNeNeNo]

.00
.01

.00
.14
.83
.00

.98

.01
.97
.03

.00
.14
.85
.00

98.

= W

[eNeoNeNe]

.00
.01

.00
.14
.83
.00

.98

.01
.97

0.03

[eNeNoN ol

.00
.14
.85
.00

27
69.20 66
19.12 18
0.08 0.
8§.71 1.
3.96 13.
0.37 0.
101.44 101.
3.02 3
0.98 1
0.00 O
0.74 0
0.22 0
0.01 O
4.97 4.
4.00 4
0.97 0
0.01 O
0.00 O
0.76 O
0.23 0
0.01 O

.00
.00

.01
.14
.80
.01

97

.00
.96
.02

.01
.15
.83
.01

101.

W

leNeoNeNo)

o o &

[eNeNoNo)

Table 2-3
29 30
.21 65.87
.69 18.30
.15 0.1s
.62 2.29
.88 12.99
.60 0.77
15 100.38
.00 3.01
.00 0.99
.01 0.01
.14 0.20
.80 0.76
.01 0.01
.97  4.98
.00 4.00
.96 0.98
.02 -2E-02
.01 0.01
.15 0.21
.83 0.77
.01  0.01



Table 2.--Alkali feldspar analyses

Analysis

5102
A1203
F6203
MgO
Ca0
Nazo
K20
BaO
T102
MnO
Sx0
Total

Si
Al
Fed3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

............................................................

99.

O =N

OO OO Oo

O = &~

oo o0 d

.96
.05
.00

.00
.29
.71
.00
.00

.01

.01
.00
.04

.00
.29
.71
.00

99.

QO N

o &

.96
.05
.00

.08
.92
.00

.02

.01
.01
.03

.08
.92
.00

O N

[eNeNoNeoNoNe]

[eNeNeNe]

91
.09
.00

.00
.13
.85
.03
.00
.00

.02

.01
.02
.03

.00
.13
.84
.03

o S OO0 O KN

o O &

OO OO

.96
.05
.00

.01
.25
.66
.03

.00
.97

.01
.95
.06

.01
.26
.70
.03

O N

[oNeNeNe

~ o

OO OO

.95
.07
.00

.00
.18
.76
.02

.00
.98

.02
.97
.07

.00
.19
.78
.02

10

£~ O

o o &

O N

OO OO

[eNeNeoNe]

.02
.97
.06

~ O [eNeNe No] O-HN

o O &

OO OO0

.95
.07
.00

.00
.21
.71
.04

.00
.98

.01
.97
.05

.00
.22
.73
.04

[eNeoNoNe] OHN

o

.95
.06
.00

.00
.21
71
.03

.00

4.97

o O &

OO OO

.02
.96
.06

.01
.22
.74
.03

Table 2-4
39 40
63.77 63.08
18.83 19.13
0.10 0.08
0.06 0.11
2.23 2.34
12.13 11.79
1.42 1.79
0.04 0.05
98.58 98.37
2.97 2.96
1.04 1.06
0.00 0.00
0.00 0.01
0.20 0.21
0.72 0.70
0.03 0.03
0.00 0.00
4.97 4.97
4.01 4.01
0.96 0.96
0.04 0.05
0.00 0.01
0.21 0.22
0.76 0.74
0.03 0.03



Table 2.--Alkali feldspar analyses

Table 2-5
Analysis 41 42 43 44 45 46 47 48 49 50
§i0, 63.41 63.59 63.92 63.43 64.20 63.71 63.99 64.20 63.99 63.34
Al,04 19.01 19.22 19.13 19.20 18.67 18.44 18.57 18.76 18.70 18.69
Fe,04 0.07 0.13 0.12 0.09 0.07 0.03 0.09 0.04 0.07 0.08
MgO - - - - - - - - - -
Ca0 0.04 0.08 0.07 0.08 0.05 0.03 0.02 0.05 0.06 0.07
Na,0 1.88 2.32 2.31 2.26 1.21 1.15 1.27 1.47 1.90 1.56
K50 12.73 11.92 12.10 12.10 14.71 14.75 14.68 14.30 13.78 13.91
Ba0 1.33 1.57 1.39 1.54 0.25 0.34 0.28 0.20 0.33 0.85
T102 - - - - - - - - - -
MnO . - - - - - - - - -
Sr0 0.05 0.04 0.04 0.04 0.02 0.03 0.02 0.01 0.03 0.05

Total 98.52 98.87 99.08 98.74 99.18 98.48 98.92 99.03 98.86 98.55

si 2.97 2.96 2.97 2.96 2.98 2.98 2.98 2.98 2.98 2.97
Al 1.05 1.05 1.05 1.06 1.02 1.02 1.02 1.03 1.03 1.03
Fed't 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - - - - - - - - -
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.17 0.21 0.21 0.20 0.11 0.10 0.11 0.13 0.17 0.14
K 0.76 0.71 0.72 0.72 0.87 0.88 0.87 0.85 0.82 0.83
Ba 0.02 0.03 0.03 0.03 0.00 0.0l 0.0l 0.00 0.01 0.02
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total  4.97 4.97 4.97 4.97 5.00 5.00 5.00 4.99 5.00 5.00
z 4.0l 4.01 4.01 4.01 4.00 4.00 4.00 4.01 4.00 4.00
x 0.96 0.96 0.96 0.96 0.99 1.00 1.00 0.99 1.00 1.00
y 0.05 0.06 0.05 0.06 0.02 0.0l 0.0l 0.03 0.01 0.01
An ~0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ab 0.18 0.22 0.22 0.21 0.11 0.11 0.12 0.13 0.17 0.14
or 0.79 0.75 0.75 0.75 0.88 0.89 0.88 0.86 0.82 0.84
Cn 0.03 0.03 0.03 0.03 0.00 0.0l 0.0l 0.00 0.01 0.02
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Table 2.--Alkali feldspar analyses

Table 2-6
Analysis 51 52 53 54 55 56 57 58 59 60
8102 64.04 63.60 63.85 63.86 63.87 64.10 64.71 65.05 65.58 65.48
A1203 18.70 18.70 18.64 18.76 18.66 19.07 18.71 18.90 18.94 18.86
Fe203 0.12 0.09 0.07 0.06 0.07 0.06 0.01 0.02 - 0.06
Mgd i i i X i S i i i
Ca0 0.04 0.09 0.02 0.03 0.04 0.0 0.03 - 0.01 -
Na20 1.28 1.01 0.79 0.63 1.23 0.4 0.41 1.06 1.19 1.17
K20 14.64 14.89 15.22 15.39 14.63 15.9 15.93 15.06 14.96 14.95
BaO 0.34 0.49 0.40 0.35 0.38 0.8 0.80 0.77 0.65 0.65
T102 - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 0.03 0.03 - 0.02 0.03 0.0ﬁ 0.02 0.01 0.04 0.04

Total 99.19 98.90 98.99 99.10 98.91 100.43 100.62 100.87 101.37 101.21

I
Si 2.98 2.97 2.98 2.98 2.98 2.97 2.99 2.98 2.99 2.99
Al 1.02 1.03 1.03 1.03 1.03 1.0@ 1.02 1.02 1.02 1.01
Fe3*t 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 - 0.00
Mg - - - - - - - - - -
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 -
Na 0.12 0.09 0.07 0.06 0.11 0.04 0.04 0.09 0.11 0.10
K 0.87 0.89 0.91 0.92 0.87 0.9 0.94 0.88 0.87 0.87
Ba 0.01 0.0l 0.0l 0.01 0.0l 0.0l ©0.01 0.0 0.01 0.01
Ti - - - - - -| - - - -
Mn - - - - - - - - - -
Sr 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 5.00 5.00 4.99 4.99 5.00 s.op 4.99  4.99  4.99 4.99
|
z 4.00 4.00 4.01 4.01 4.00 4.0 4.00 4.00 4.00 4.00
X 1.00 1.00 0.99 0.98 0.99 1.00 0.99 0.99 0.99 0.99
y 0.01 0.01 0.02 0.04 0.02 o.oF 0.01 0.02 0.02 0.01
An ~0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 -
Ab 0.12 0.09 0.07 0.06 0.11 0.0 0.04 0.10 0.11 0.11
or 0.88 0.89 0.92 0.93 0.88 0.95 0.95 0.89 0.88 0.88
Cn 0.01 0.01 0.01 0.01 0.01 0.01 ©0.01 0.01 0.01 0.01
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Table 2.--Alkali feldspar analyses

Analysis

SiOz
A1203
Fe 203
MgO
Ca0
Na20
K20
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3*
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

Table 2-7

s o o CoOo - W

o O &

B> NeNoNe.

.00
.00
.00

.00
.09
.88
.01

.00
.98

.00
.98
.00

.00
.09
.90
.01

(=] (e N e N

o~ &

(e NN o]

.91

.98
.02
.00

.06
.93
.01

.00
.00

.00
.00
.01

.06
.93
.01

O PN

[N el o]

o OO

.63

.99
.01
.00

.07
.91
.01

.00
.99

.00
.99
.01

.07
.92
.01

100.

SN

o & w o

QO OO

[N ool o]

.00
.00
.01

.00
.05
.95
.00

O =N

(=N e e]

.99
.01
.00

.07
.91
.00

.00
.99

.00
.99
.01

.07
.92
.00
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100.

o o

(e N el o]

SN

02 65
.78 19
.03

- 0
80 1.
49 14
.57 0.
02 0
71 100
99 2
02 1
00 0
- 0
.07 O
.91 0
.01 0
00 O
99 4
.00 4
.99 0
.01 0
- 0
.07 0
.92 0
.01 O

.98
.04
.00

.00
.12
.82
.01

.00
.98

.02
.96
.06

.00
.13
.86
.01

[N eNeNo] PN

(=]

.97
.05
.00

.00
.13
.81
.02

.00

4.98

oo &

[N NNl

.01
.97
.05

.00
.14
.84
.02

~ o [ NeNolNe] (o3 S

oo &

[eNeNeNel

.96
.05
.00

.00
.12
.82
.02

.00
.98

.01
.97
.05

.00
.12
.85
.02

100.

~ O [ NeNolNe] o

o O &

[N NN

.97
.04
.00

.00
.13
.81
.02

.00
.98

.01
.96
.06

.00
.13
.85
.02



Table 2.--Alkali feldspar analyses

Analysis

Si02
A1203
Fe203
MgO
Cal
K20
BaO
TlOZ
MnO
SrO
Total

Si
Al
Fe3t
Mg
Ca
Na
K

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

~ O

OO OO

o N

OO OO

.02
.97
.06

.00
.19
.78
.02

&~ O

o o &~

[eN el e N

O N

[oNeNoNe

.01
.96
.06

.00
.12
.86
.02

&~ O

o o &

OO QOO

O N

[=NeNelel

.02
.95
.06

.00
.10
.88
.02

[N eNe]

.02

.00
.02
.00

.08
.87
.00

.00
.97

.01
.96
.05

.09
.91
.00

100.

o O & &~ O

[eNeNo N

O N

[eNeNeNo)

.01
.96
.05

.00
.15
.84
.00

14

99.

oW

[eNeNoNe]

[cNeNeNo]

.95

.00

.88
.00

~ O

o o &

SO OO

[ 2 ol (V]

[eNeNe N

.01
.96
.06

.00
.13
.86
.01

&~ O

o O &~

OO OO

O Ww

OO OO

.07
.77
.26

.02
.97
.01
.00

&~ O

oo &

OO OO

o N

[eNeNeoNeo]

Table 2-8
79 80
23 65.74
96 19.12
.06 0.08
.01 0.26
84 2.75
.16 12.04
47 0 0.10
04 0.01
77 100.10
99 2.99
.02 1.02
.00 0.00
00 0.01
.07 0.24
89 0.70
.01 0.00
00 0.00
.98  4.97
.01 4.01
.97 0.96
.04 0.05
.00 0.01
.08 0.25
.91  0.73
.01 0.00



Table 2.--Alkali feldspar analyses

Analysis

8102
A1203
F6203
MgO
Ca0
Na20
KZO
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

»

An
Ab
Or
Cn

O N

o o & ~ O [N NNl

T O 00O

.99
.02
.00

.00
.10
.87
.00

.00
.98

.01
.97
.04

.00
.10
.89
.00

o [eNeoNeNo] o =N

oo &

(eNeNeNe)

.99
.03
.00

.00
.12
.84
.00

.00
.98

.01
.97
.05

.00
.13
.87
.00

oOHN

~ O

oo &

[ NeNeNe]

[N NN

18 65.
97 18
11

.05 0
20 1
.75 14
.25

.01

52 100
.98 2
02 1
.00 O
00 O
11 O
86 O
00 ©
00 O
.99 4
.01 4
.98 0
.03 0
.00 0
11 o
.88 0
.00 O

.99
.02
.00

.00
.11
.84
.01

.00
.98

.01
.97
.03

.00
.12
.87
.01

o O+ ~ O [eNeoNeNo] o PN

[eNeNeNel

.98
.03
.00

.00
11
.85
.01

.00
.99

.01
.98
.03

.00
.11
.88
.01
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[eNeoNeNe] o N

o

.99
.02
.00

.00
.11
.84
.01

.00

4.97

[ Nel ool

.01
.97
.04

.00
.11
.87
.01

2.99

O =

[eNeoNeNe]

o

.02
.00

.00
11
.85
.01

.00

4.98

[eNeNeNe]

.01
.97
.03

.00
.11
.88
.01

100.

o O & ~ O [oNeNeNo] o N

[Nl eNel

.98
.03
.00

.00
.11
.84
.01

.00
.98

.01
.97
.03

.00
.11
.87
.01

Table 2-9
89
65.08 65
19.05 18
0.09
0.01 0
1.31
14.33 14.
0.64
0.01
100.52 100
2.98 2
1.03 1
0.00 O
0.00 0
0.12 0
0.84 0
0.01 0
0.00 0
4,98 4
4,01 4
0.97 0
0.04 O
0.00 0
0.12 0
0.87 0
0.01 O

.99
.02
.00

.00
.12
.83
.01

.00
.98

.01
.97
.04

.00
.13
.86
.01



Table 2.--Alkali feldspar analyses

Table 2-10
Analysis 91 92 93 94 95 96 97 98 99 100
8102 64.76 63.34 64.59 65.31 64.30 64.48 63.77 63.26 57.87 64.50
A1203 18.64 18.75 18.70 17.74 18.26 17.58 18.16 17.95 25.22 18.43
Fe,04 - - - 0.29 0.12 - - 0.02 0.13 0.15
Mg0 - - - 0.07 0.27 0.23 0.01 0.16 0.11 0.01
Ca0 0.03 0.03 - 0.42 0.43 0.3 0.41 0.43 6.16 0.05
Na20 1.38 1.30 1.31 1.06 1.09 1.2 1.33 0.51 7.79 0.50
K,0 14.19 14.21 14.15 14.43 15.01 14.40 13.96 14.85 0.16 15.36
BaO 0.77 0.06 0.43 0.27 0.28 0 43 1.11 1.20 0.07 0.64
Ti02 - - - - - - - - - -
MnO - - - - - - - - - -
SrO - - - - - -

Total 99.77 97.69 99.18 99.59 99.76 98.68 98.75 98.38 97.51 99.64

Si 2.99 2.98 2.99 3.02 2.98 3.0 2.99 2.99 2.65 2.99
Al 1.01 1.04 1.02 0.97 1.00 0.9 1.00 1.00 1.36 1.01
Fe3* - . - 0.01 0.00 - | - 0.00 0.00 0.01
Mg - - - 0.00 0.02 0.02 0.00 0.01 0.01 0.00
Ca 0.00 0.00 - 0.02 0.02 0.02 0.02 0.02 0.30 0.00
Na 0.12 0.12 0.12 0.09 0.10 0.11 ©0.12 0.05 0.69 0.04
K 0.8 0.85 0.8 0.85 0.89 0.8 0.83 0.8 0.01 0.91
Ba 0.01 0.00 0.01 0.00 0.01 0.01 ©0.02 0.02 0.00 0.01
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - - - -
Total 4.98 4.99 4.97 4.97 5.01 4.9 4.99 4.98 5.02 4.98
z 4.01 4.02 4.01 3.98 3.98 3.98 3.99 3.99 4.01 4.00
X 0.98 0.97 0.96 0.99 1.03 1.01 1.00 1.00 1.02 0.97
y 0.02 0.06 0.05 -7E-02 -9E-02 -8E-02 -4E-02 -5E-02 0.02 0.01
An '0.00 0.00 - 0.02 0.02 0.02 0.02 0.02 0.30 0.00
Ab 0.13 0.12 0.12 0.10 0.10 0.11 0.12 0.05 0.69 0.05
or 0.8 0.88 0.87 0.88 0.88 0.8 0.8 0.91 0.01 0.9
Cn 0.01 0.00 0.01 0.01 0.01L 0.01 0.02 0.02 0.00 0.01
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Table 2.--Alkali feldspar analyses

Analysis 101

SiOz
A1203
F6203
MgO
Ca0
Na20
K20
BaO
TiOz
MnO
Sr0
Total

Si
Al
Fe3*
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

98.

OCOO0OOOOHN

5

o+ &

"oocoo

.72
.29
.00
.00
.24
.78
.01
.00

.03

.00
.03
.01

.23
.76
.01
.00

98.

OO KN

[oNeNe

[eNeoNe]

.92
.08
.00
.00

.03
.97
.02

.04

.01
.03
.03

.03
.95
.02

98.

QOO QOQOOHN

o+ &

QO OO

.96
.05
.00
.00
.00
.09
.90
.01

.01

.01
.00
.03

.00
.09
.90
.01

98.

OCOOOOOoOHHN

o &

loNoNeNe)

.94
.06
.00
.00
.00
.06
.97
.01

.04

.00
.04
.00

.00
.05
.94
.01

99.

O OPHMN

[oNe

o~ &

[oNeNe

.95
.05
.00
.00

.09
.92
.01

.03

.00
.02
.02

.09
.90
.01
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98.

OCOOOCOOKHMN

OO OO

.95
.05
.00
.00
.00
.09
.90
.02

.02

.00
.02
.01

.00
.09
.89
.01

99.

O O

O OO

o

.95
.06
.00
.00

.05
.95
.02

.02

.00
.02
.02

.05
.94
.02

97.

OO OO OCOHMN

o

e NeNeNeo)

.93
.07
.01
.00
.00
.10
.90
.02

.03

.00
.03
.01

.00
.10
.88
.02

Table 2-11
109 110
61.92 61.92
19.39 18.96

0.07 0.10
0.02 0.04
0.04 0.05
1.25 0.68
14.62 15.68
1.80 0.63
99,11 98.06
2.92 2.94
1.08 1.06
0.00 0.00
0.00 0.00
0.00 0.00
0.11 0.06
0.88 0.95
0.03 0.01
5.03 5.03
4.00 4.00
1.03 1.03
0.00 0.00
0.00 0.00
0.11 0.06
0.85 0.93
0.03 0.01



Table 2.--Alkali feldspar analyses
Table 2-12

Analysis 111 112 113 114 115 116 117 118 119 120

c e eeee eeeee" ceememeE ceEme.eeeme e Ee@em SEEEET eeEEEmEe m.ewEw® --w-ww =eweaa--

$i0, 62.34 62.58 62.18 62.90 62.76 62.86 63.24 61.56 62.72 61.86
Al,04 18.56 18.94 18.89 18.98 19.18 19.16 19.05 18.77 19.08 19.12
Fe,03 0.1 0.13 0.09 0.11 0.1 0.11 0.11 0.12 0.21 0.04
Mg0 0.14 0.02 0.03 0.04 0.03 0.04 0.03 0.02 0.02 0.02
Ca0 - - - 0.02 0.01 0.04 0.04 0.04 0.06 0.02
Na,0 1.05 1.06 0.83 1.64 1.10 1.9 1.47 1.55 0.80 0.84
K,0 15.21 15.09 15.46 14.54 15.14 13.66 14.71 14.56 15.23 15.40
Ba0 0.56 0.39 0.43 0.46 0.50 0.56 0.49 0.64 0.64 0.55
Ti0, - - - - - -| - - - -

MnO - - - - - - - - - -

Sro - - - - - - -

Total 97.97 98.21 97.91 98.69 98.86 98.42 99.14 97.26 98.74 97.85

Si 2,96 2.95 2.95 2.95 2.9 2.9 2.95 2.94 2.95 2.94
Al 1.06 1.05 1.06 1.05 1.06 1.0 1.05 1.06 1.06 1.07
Fe3t 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.01 0.00
Mg 0.01 0,00 0.00 0.00 0.00 o0.0 0.00 0.00 0.00 0.00
Ca - - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.10 0©0.10 0.08 0.15 0.10 0.18 0.13 0.14 0.07 o0.08
K 0.92 0.91 0.9 0.87 0.91 0.82 0.88 0.89 0.91 0.93
Ba 0.0 0.01 0.0 0.01 0.01 o0.00 0,01 0.01 0.01 ©0.01
Ti - - - - - - - - - -

Mn - - - - - - - - - -
2

Total 5.03 5.02 5.03 5.03 5.03 5. 5.03 5.05 5.01 5.03

z 3.99 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.01
x 1.04 1.02 1.02 1.04 1.02 1.02 1.03 1.05 1.01 1.02
y -3E-02 0.02 0.0l -6E-03 0.02 0.02 0.00 -2E-02 0.02 0.03
|
!
An .- - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ab 0.09 0.10 0.07 0.1 0.10 0.18 0.13 0.14 0.07 0.08
or 0.90 0.90 0.92 0.85 0.89 0.81 0.8 0.85 0.91 0.91
cn 0.01 0.01 0.01 0.0l 0.0L 0.01 0.01 0.01 0.01 0.01
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Table 2.--Alkali feldspar analyses
Table 2-13

Analysis 121 122 123 124 125 126 127 128 129 130

5i0, 62.49 62.83 62.26 62.69 61.45 63.49 63.33 64.20 63.71 63.99
Al,04 19.07 19.08 19.02 19.07 19.27 19.40 19.09 18.67 18.44 18.57

Fey04 0.09 0.1r» o0.09 0.10 0.07 0.16 0.44 0.06 0.03 0.08
MgO 0.03 - 0.04 - 0.02 0.04 0.04 - - -
Ca0 0.01 0.04 - 0.0 0.02 0.03 0.03 0.05 0.03 0.02
Na,0 0.50 1.36 1.25 0.51 1.95 1.13 0.70 1.21 1.15 1.27
K50 15.76 14.75 14.93 15.80 14.08 14.95 15.48 14.71 14.75 14.68
BaO 0.76 0.77 0.54 0.76 0.68 0.82 0.51 0.25 0.34 0.28
TiO, - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 - - - - - - 0.02 0.03 0.02

Total 98.71 98.94 98.13 98.94 97.54 100.02 99.62 99.17 98.48 98.91

Si 2.95 2.95 2.94 2.95 2.92 2.94 2.95 2.98 2.98 2.98
Al 1.06 1.05 1,06 1.06 1.08 1.06 1.05 1.02 1.02 1.02
Fe3* 0.00 0.00 0.00 0.00 0.00 O0.01 0.02 0.00 0.00 0.00
Mg 0.00 - 0.00 - 0.00 0.00 0.00 - - -
Ca 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.05 0.12 o0.11 0.05 0.18 0.10 0.06 0.11 0.10 0.11
K 0.95 0.88 0.90 0.95 0.85 0.88 0.92 0.87 0.88 0.87
Ba 0.0 0.01 o0.01 0.01 0.01 o0.01 0.01 0.00 o0.01 0.01
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - 0.00 0.00 0.00
Total 5.02 5.03 5.03 5.02 5.05 5.02 5.01 5.00 5.00 5.00
z 4,01 4,00 4,00 4.01 4.00 4.00 4.00 4.00 4,00 4.00
X 1.01 1.03 1.03 1.01 1.05 1.01 1.01 0.99 1.00 1.00
y 0.02 0.00 0.01 0.02 0.01 0.02 -9E-03 0.02 0.01 0.01
An 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ab 0.05 0.12 o0.11 0.05 0.17 0.10 0.06 0.11 0.11 0.12
Or 0.94 0.8 0.8 0.94 0.82 0.88 0.93 0.88 0.89 0.88
Cn 0.0 o0.01 0.01 0.00 0.01 o0.01 0.01 0.00 0.01 0.01
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Table 2.--Alkali feldspar analyses

Analysis

Si02
A1203
Fe-203
MgO
Ca0l
Na20
K20
BaO
TiOz
MnO
SrO
Total

Si
Al
Fe3t
Mg
Ca
Na

K

Ba
Ti
Mn
Sr
Total

«

An
Ab
Or
Cn

131

O HN

[N eNoNe]

&~ O

[e N o3

B eNoNeoNol

.98
.03
.00

.00
.13
.85
.00

.00
.99

.01
.99
.03

.00
.13
.86
.00

o & wm O [eNeoNoNe o =N

[eNeoNoNe]

.98
.03
.00

.00
.17
.82
.01

.00
.00

.00
.00
.01

.00
.17
.82
.01

O =N

[eNoNe N

.97
.03
.00

.00
.14
.83
.02

0.00

or &

[eNeoNeNe)

.00

.00
.00
.01

.00
.14
.84
.02

oH-HN

[eNeNeoNol

.98
.02
.00

.00
.12
.87
.01

0.00

o+ &

[=NeoNoNe]

.00

.00
.00
.01

.00
.12
.88
.01

OoOH-HN

[eNeNeoNo]

.97
.03
.00

.00
.09
.89
.01

0.00

P

.00

.00
.00

0.01

oo NeNe)

.00
.09
.89
.01

20

98.

O HN

[eNeNeoNo]

o o &

[eNeNoNol

.98
.03
.00

.00/
.07
.91
.01

.99

.01
.99
.02/

.00
.07
.92
.01

[eNeNoNe O =N

o

.98
.03
.00

.00
.06
.92
.01

.00

4.99

0.
0.
0.
0.

.01
.98
.04

00
06
93
01

O HN

[eNeoNoNe

(=R

[oNeNeNe)

.98
.03
.00

.00
.11
.87
.01

.00
.00

.00
.99
.02

.00
.11
.88
.01

[eNeNeoNe]

oSO &

[eNeoNoNe

Table 2-14
39 140
14 63.88
62 18.68
.03  0.02
26 0.73
60 14.15
62 0.77
27 98.23
.04 2,99
.97 1.03
.00 0.00
.11 0.07
.81 0.85
.01 0.01
.94  4.95
.00 4.02
.94  0.93
.02  0.09
.00 0.00
.12 0.07
.86 0.91
.01 0.02



Table 2.--Alkali feldspar analyses
Table 2-15

Analysis 141 142 143 144 145 146 147 148 149 150

510, 62.97 63.23 63.54 63.27 63.26 63.04 62.65 63.82 63.76 62.35
Al,0,  19.29 18.93 18.80 18.78 18.49 18.82 18.92 18.27 18.34 18.80
Fe,03 0.10 0.10 0.11 0.08 0.06 0.09 0.10 0.06 0.09 0.09
Mg0 0.05 - - - - - - - - -

Ca0 0.06 0.06 0.04 0.01 0.01 0.04 0.03 - 0.0l 0.02
Na,0 1.10 1.06 1.04 0.91 0.90 1.01 1.03 0.59 0.67 1.0l
K,0 15.98 14.27 14.48 14.53 14.92 14.37 14.37 15.51 15.36 14.00
Ba0 - 1.36 1.33 1.41 0.80 1.49 1.45 0.28 0.20 2.37
Ti0, 0.09 - - - - - - - - -

Mno 0.02 - - . - - - - - -

510 0.07 0.13 0.13 0.02 0.14 0.10 - 0.01 0.07

Total 99.66 99.08 99.47 99.12 98.46 99.00 98.65 98.53 98.44 98.71

si 2.93 2.96 2.97 2.97 2.98 2.96 2.95 2.99 2.99 2.95
Al 1.06 1.04 1.03 1.04 1.03 1.04 1.05 1.01 1.01 1.05
Fest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 - - - - - - - - -
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00
Na 0.10 0.10 0.09 0.08 0.08 0.09 0.09 0.05 0.06 0.09
K 0.95 0.85 0.8 0.87 0.90 0.8 0.86 0.93 0.92 0.85
Ba - 0.02 0.02 0.03 0.01 0.03 0.03 0.0l 0.00 0.04
Ti 0.00 - . - - - - - - -
Mn 0.00 - - - - - - - - -
Sr - 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00
Total  5.06 4.99 4.99 4.99 5.00 4.99 5.00 4.99 4.99 4.99
z 3.99 4.01 4.00 4.00 4.00 4.00 4.0l 4.00 4.00 4.00
x 1.06 0.98 0.99 0.98 1.00 0.99 0.99 0.99 0.99 0.99
y -3E-02  0.03 0.01 0.02 0.0l 0.0l 0.02 0.0l 0.02 0.01
An 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00
Ab 0.09 0.10 0.10 0.08 0.08 0.09 0.10 0.05 0.06 0.09
or 0.90 0.87 0.88 0.89 0.90 0.88 0.88 0.94 0.93 0.86
Cn - 0.03 0.02 0.03 0.0l 0.03 0.03 0.0l 0.00 0.04
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Table 2.--Alkali feldspar analyses

Analysis

Si02
A1203
F3203
MgO
Ca0l
Na20
K20
BaO
T102
MnO
SrO0
Total

Si
Al
Fe
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

151

=N

.95
.05

0.00

[eNeNe N

o o o

[oNeoNoNe

.00
.09
.84
.04

.00
.99

.00
.99
.00

.00
.09
.86
.05

[*NeNeoNel O =N

o

[eNeNo Nl

.96
.04
.00

.00
.09
.84
.04

.00
.99

.00
.98
.00

.00
.10
.86
.04

o o o [N eNeNel o N

[eNeNoNe]

.97
.03
.00

.00
.10
.85
.03

.00
.99

.00
.99
.01

.00
.10
.86
.03

QN

OO OO

o

[eNeNeoNel

.95
.06
.00

.00
.09
.85
.04

.00
.99

.01
.98
.03

.00
.10
.86
.04
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[N e

o o & O (el eNeNe) o N

[oNeNoNe]

.97
.04
.00

.00
.09
.87
.03

.00
.99

.00
.99
.01

.00
.09
.88
.03

(@] [*NeNeNe] O - N

oo &

SO OO0

.95
.06
.00

.00
.07
.87
.03

.00
.99

.01
.99
.03

.00
.07
.89
.03

o o & o

[N eNe o]

O N

[eNeNeoNe]

Table 2-16
59 160
18 63.62
.25 19.70
.13 0.11
.03 0.01
78 0.81
67 15.66
77 0.13
.09 -
90 100.04
.95 2.94
.06 1.07
00 0.00
00 0.00
.07 0.07
87 0.92
.03 0.00
00 -
.99 5.02
.01 4,02
.98 1.00
.03 0.06
.00 0.00
.07 0.07
.89 0.92
.03 0.00



Table 2.--Alkali feldspar analyses
Table 2-17

Analysis 161 162 163 164 165 166 167 168 169 170

$i0, 63.49 63.69 65.09 62.74 63.72 63.80 63.37 62.73 63.48 63.90
Al,0;  19.73 19.57 18.06 18.88 19.37 19.57 19.65 19.39 19.36 19.08
Fe,03 0.26 0.04 - - 0.11 0.11 0.04 0.08 0.02 0.09
Mg0 - - - - - - - - - -

Ca0 0.04 - 0.05 0.01 0.03 0.04 0.01 0.02 0.03 0.04
Na,0 0.87 0.70 1.38 0.8 1.92 1.93 1.59 1.60 1.76 1.81
K,0 15.66 15.85 13.72 15.13 12.87 12.88 13.04 12.95 12.96 12.98
Ba0 0.20 0.13 1.55 0.5 1.39 1.81 2.35 2.57 1.81 1.44
Tio, - - - - - - - - - -

MnO - - - . - - . - - .

Sro : - - 0.05 0.01 0.02 0.06 0.07 0.04

Total 100.25 99.98 99.85 98.16 99.46 100.15 100.07 99.40 99.49 99.38

Si 2.93 2.95 3.01 2.96 2.96 2.95 2.94 2.94 2.95 2.97
Al 1.07 1.07 0.99 1.05 1.06 1.07 1.08 1.07 1.06 1.04
Fe3™* 0.01 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - - - - - - - - -
Ca 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.08 0.06 0.12 0.08 0.17 0.17 0.14 0.15 0.16 0.16
K 0.92 0.94 0.81 0.91 0.76 0.76 0.77 0.77 0.77 0.77
Ba 0.00 0.00 0.03 0.01 0.03 0.03 0.06 0.05 0.03 0.03
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - 0.00 0.00 0.00 0.00 0.00 0.00
Total  5.02 5.02 4.96 5.01 4.98 4.98 4.98 4.98 4.98 4.98
z 4.01 4.01 4.00 4.01 4.01 4.01 4.02 4.01 4.01 4.01
x 1.02 1.00 0.96 1.00 0.97 0.97 0.96 0.97 0.96 0.96
y 0.04 0.06 -1E-02 0.04 0.06 0.05 0.07 0.04 0.06 0.04
An *0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ab 0.08 0.06 0.13 0.08 0.18 0.18 0.15 0.15 0.16 0.17
Or 0.92 0.93 0.8 0.91 0.79 0.79 0.81 0.80 0.8 0.80
Cn 0.00 0.00 0.03 0.01 0.03 0.03 0.04 0.05 0.03 0.03
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Table 2.--Alkali feldspar analyses
Table 2-18

Analysis 171 172 173 174 175 176 177 178 179 180

............................................................

510, 63.37 63.63 62.88 63.35 63.42 65.94 66.15 65.46 66.31 65.99
Al,05  19.52 19.50 19.48 19.44 19.43 19.49 19.57 19.44 19.45 19.40
Fe,03 0.17 0.09 0.11 0.09 0.09 0.06 - 0.02 - 0.02
Mg0 - - - - - - - - - -
Ca0 0.06 0.04 0.06 0.06 0.04 0.5L 0.08 0.05 0.18 0.02
Na,0 2.26 2.77 2.22 2,31 2.02 3.00 2.5 1.92 2.57 1.45
K,0 12.21 11.44 12.17 12.04 12.55 11.64 12.95 13.81 12.64 14.51
Ba0 1.94 1.95 2,06 1.9 1.92 0.13 0.19 0.20 0.18 0.12
Ti0, - - - - - - - . - -
MnO - - - - . - - - - -
Sr0 - 0.06 0.06 0.05 0.06 0.04 - 0.02 - -

Total 99.53 99.48 99.04 99.28 99.51 100.82 101.48 100.92 101.33 101.51

Si 2.94 2,95 2.94 2.95 2.95 2.97 2.98 2.97 2.98 2.98
Al 1.07 1.06 1.07 1.07 1.06 1.06 1.04 1.04 1.03 1.03
Fe3t 0.0l 0.00 0.00 0.00 0.00 0.00 - 0.00 - 0.00
Mg - - - - - - - - - -
Ca 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01L 0.00
Na 0.20 0.25 0.20 0.21 0.18 0.26 0.22 0.17 0.22 0.13
K 0.72 0.68 0.73 0.7l 0.74 0.67 0.74 0.80 0.73 0.8
Ba 0.04 0.04 0.04 0.04 0.03 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - 0.00 0.00 0.00 0.00 0.0 - 0.00 - -
Total  4.98 4.98 4.99 4.98 4.98 4.97 4.99 4.99 4.98 4.98
z 4.0l 4.0l 4.0l 4.01 4.0l 4.0l 4.01 4.01 4.01 4.02
x 0.97 0.97 0.97 0.97 0.97 0.96 0.97 0.98 0.96 0.97
y 0.05 0.05 0.05 0.05 0.05 0.04 0.06 0.06 0.06 0.06
An .0.00 0.00 0.00 0.00 0.00 o.oL 0.00 0.00 0.01 0.00
Ab 0.21 0.26 0.21 0.22 0.19 0.27 0.23 0.17 0.23 0.13
or 0.75 0.70 0.75 0.74 0.77 0.70 0.76 0.82 0.75 0.87
Cn 0.064 0.04 0.04 0.04 0.04 0.00 0.00 0.00 0.00 0.00
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Table 2.--Alkali feldspar analyses
Table 2-19

Analysis 181 182 183 184 185 186 187 188 189 190

510, 65.93 66.12 65.86 65.96 66.26 65.88 65.76 65.57 65.47 66.72
Al,0,  19.40 21.14 19.32 19.44 19.51 19.25 19.36 19.36 19.26 18.76
Fe,0; 0.07 0.03 - 0.02 0.02 0.03 - 0.02 - -
Mg0 - - - . - . - - - -
Cca0 0.20 1.60 0.04 0.11 0.14 0.05 0.07 0.04 0.02 0.09
Na,0 2.53 6.69 1.76 3.21 3.15 2.11 2.68 2.00 1.79 2.26
K,0 12.85 5.80 14.09 11.97 11.84 13.42 12.74 13.65 14.10 12.81
Bao 0.19 0.10 0.13 0.17 0.26 0.27 0.25 0.24 0.20 0.05
Tio, - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 0.06 0.01 0.03 0.03 0.02 0.03 - 0.04 0.02 0.02

Total 101.23 101.49 101.23 100.91 101.20 101.04 100.86 100.92 100.86 100.71

Si 2.98 2.91 2.98 2.98 2.98 2.98 2.98 2.98 2.98 3.01
Al 1.03 1.10 1.03 1.03 1.03 1.03 1.03 1.04 1.03 1.00
Fe3t 0.00 0.00 - 0.00 0.00 0.00 - 0.00 - -
Mg - - - - - - - - - -
Ca 0.01 0.08 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Na 0.22 0.57 0.15 0.28 0.27 0.19 0.24 0.18 0.16 0.20
K 0.74 0.33 0.8l 0.69 0.68 0.78 0.74 0.79 0.82 0.74
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00
Total 4.99  4.99 4.99 4.99 4.98 4.98 4.99 4.99 4.99 4.95
z 4.01 4.01 4.01 4.01 4.01 4.01 4.00 4.01 4.01 4.01
x 0.98 0.98 0.97 0.98 0.97 0.97 0.98 0.97 0.98 0.9
y 0.03 0.04 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.05
An 0.01 0.08 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Ab 0.23 0.59 0.16 0.29 0.28 0.19 0.24 0.18 0.16 0.21
or 0.76 0.33 0.8 0.70 0.70 0.80 0.75 0.81 0.83 0.78
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2.--Alkali feldspar analyses
Table 2-20

Analysis 191 192 193 194 195 196 197 198 199 200

Total 101.17 101.07 100.20 101.87 101.71 99.49 99.25 99.37 99.01 99:02

810, 68.37 66.11 68.29 67.67 65.83 64.71 64.70 65.40 64.53 64.48
Al,04 18.10 19.27 20.57 21.87 19.29 19.35 19.17 20.11 19.23 19.21
Fe,04 . 0.01 0.01 0.03 0.04 0.06 - 0.08 0.06 0.04
MgO - - - - - - - - s -

Ca0 0.14 0.12 0.56 1.73 0.02 0.14 0.01L 0.88 0.04 0.06
Na,0 2.13  2.34  9.61 10.45 1.50 1.73 1.53 4.83 1.68 1.57
K,0 12.28 13.02 1.10 0.10 14.69 12.83 13.46 7.87 13.17 13.30
BaO 0.12 0.18 0.03 - 0.32 0.56 0.35 0.20 0.28 0.32
Ti0, - - - - - - - - - -

MnO - - - - - - - - - -

Sr0 0.03 0.02 0.03 0.02 0.02 o.oé 0.03 - 0.02 0.04

si 3.06 2.99 2.98 2.91 2.98 2.98 2.98 2.95 2.98 2.98
Al 0.95 1.03 1.06 1.11 1.03 1.03 1.06 1.07 1.05 1.05
Fe3t - 0.00 0.00 0.00 0.00 0.0 - 0.00 0.00 0.00
Mg - - - - - - - - - -
Ca 0.01 0.01 0.03 0.08 0.00 0.01 0.00 0.04 0.00 0.00
Na 0.18 0.20 0.81 0.87 0.13 0.16 0.14 0.42 0.15 0.14
K 0.70 0.75 0.06 0.01 0.85 0.7 0.79 0.45 0.78 0.78
Ba 0.00 0.00 0.00 - 0.01 0.01 0.01 0.00 0.01 0.0l
Ti - . : - . - - - . -
Mn - - - . - - - - - -
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00
Total  4.91 4.98 4.93 4.97 5.00 4.96 4.96 4.95 4.96 4.96
z 4.01 4.01 4.03 4.02 4.01 4.02 4.02 4.02 4.02 4.02
X 0.90 0.97 0.90 0.96 0.99 0.93 0.9 0.93 0.9 0.9
y 0.05 0.05 0.13 0.07 0.03 0.09 0.10 0.09 0.10 0.10
An 0.01 0.01 0.03 0.08 0.00 o.ol 0.00 0.05 0.00 0.00
Ab 0.21 0.21 0.90 0.91 0.13 0.17 0.15 0.46 0.16 0.15
or 0.78 0.78 0.07 0.01 0.8 0.81 0.85 0.49 0.83 0.84
Cn 0.00 0.00 0.00 - 0.01 0.0l 0.01 0.00 0.01 0.01
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Table 2.--Alkali feldspar analyses
Table 2-21

Analysis 201 202 203 204 205 206 207 208 209 210

510, 64.44 64.78 64.40 64.30 64.66 64.38 64.78 64.78 64.49 64.77
Al,0;  19.27 19.27 19.29 19.19 19.66 19.35 19.11 19.25 19.18 19.20
Fe,03 0.06 0.01 0.03 0.03 - 0.06 0.06 0.03 0.06 0.03
Mg0 - - - - - - - - - -

Ca0 0.05 0.06 0.03 ©0.02 0.3 0.06 0.07 0.17 0.07 0.04
Na,0 1.70  1.75 1.37 1.37 3.01 1.48 1.78 1.90 1.33 1.30
K,0 13.17 13.26 13.80 13.76 11.21 13.66 13.04 12.83 13.87 13.86
BaO 0.28 0.25 0.23 0.18 ©0.17 ©0.35 0.18 0.18 0.09 0.08
Ti0, - - - - - - - - - -

MnO - . - - - - - . - .

Sro 0.02 0.03 0.03 0.02 0.01 0.04 0.03 0.03 0.04 0.01

Total 98.99 99.41 99.18 98.87 99.06 99.36 99.03 99.17 99.11 99.29

Si 2.98 2.98 2.97 2.98 2.96 2.97 2.99 2.98 2.98 2.98
Al 1.05 1.06 1.05 1.05 1.06 1.05 1.04 1.04 1.046 1.04
Fe3t 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00
Mg - - - - - - - - - -

Ca 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.00
Na 0.15 0.16 0.12 0.12 0.27 0.13 0.16 0.17 0.12 0.12
K 0.78 0.78 0.81 0.81 0.66 0.80 0.77 0.75 0.82 0.81
Ba 0.01 0.00 0.00 0.00 ©0.00 0.01 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -

Mn - - - - - . . - - -

Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total  4.96 4.97 4.97 4.97 4.97 4.97 4.96 4.96 4.97 4.96

z 4.02 4.02 4.02 4.02 4.02 4,02 4.02 4.02 4.02 4.03
X 0.94 0.94 0.94 0.94 0.94 0.95 0.93 0.94 0.94 0.94
y 0.10 0.09 0.10 0.10 0.10 0.09 0.09 0.09 0.09 0.10
An 0.00 0.00 ©0.00 0.00 0.02 0.00 0.00 ©0.01 0.00 0.00
Ab 0.16 0.17 0.13 0.13 0.28 0.14 0.17 0.18 0.13 0.12
Oor 0.83 0.83 0.8 0.8 0.70 0.85 0.82 0.81 0.87 0.87
Cn 0.01 0.00 ©0.00 0.00 0.00 0.01 0.00 ©0.00 0.00 0.00
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Table 2.--Alkali feldspar analyses
Table 2-22

Analysis 211 212 213 214 215 216 217 218 219 220

$10, 64.64 65.17 64.57 64.58 62.66 62.40 62.58 61.83 62.37 62.33
Al,0,  19.32 18.01 19.32 18.78 18.97 18.74 18.91 18.93 19.04 18.95
Fe,03 0.03 - - 0.06 0.09 0.14 0.07 0.09 0.13 0.06
Mg0 - - 0.31 0.05 - - - - - -
Cca0 0.13 0.01 0.41 0.08 0.1060 0.07 0.06 0.08 0.07 0.01
Na,0 1.90 1.07 1.21 2.38 1.62 1.71 1.61 1.75 2.19 1.12
K,0 12.87 14.35 13.85 12.65 13.73 13.43 13.56 13.22 12.67 14.07
Ba0 0.25 0.264 0.35 2.0l 1.61 1.81 1.64 2.00 1.85 2.06
00 30 - S
n - - - . - - i - - - -
S0 0.03 - - - 0.10 0.13) 0.10 0.11 0.13 0.08

Total 99.17 98.85 100.02 100.64 98.88 98.43| 98.53 98.01 98.45 98.68

Si 2.98 3.02 2.96 2.97 2.95 2.95 2.95 2.94 2.94 2.95
Al 1.05 0.98 1.04 1.02 1.05 1.064 1.05 1.06 1.06 1.06
Fe3™ 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - 0.02 0.00 - - - - - -
Ca 0.0l 0.00 0.02 0.00 0.0l 0.00 0.00 0.00 0.00 0.00
Na 0.17 0.10 0.11 0.21 0.15 0.16/ 0.15 0.16 0.20 0.10
K 0.76 0.85 0.81 0.74 0.82 0.8l 0.82 0.8 0.76 0.85
Ba 0.00 0.00 0.0l 0.04 0.03 0.03 0.03 0.04 0.03 0.04
Ti - - - 0.00 - - - - - -
Mn - - - 0.00 - - - - - -
St 0.00 - - - 0.00 0.00 0.00 0.00 0.00 0.00
Total  4.96 4.96 4.97 4.99 5.01 5.0l 5.00 5.01 5.0l 5.00
|
z 4.02 4.0l 4.01 3.99 4.00 4.00 4.00 4.00 4.00 4.00
x 0.94 0.95 0.97 1.00 1.01 1.01 1.00 1.01 1.01 0.99
y 0.10 0.03 0.03 -4E-02 -4E-03 -2E-02 0.0l -8E-04 -6E-04 0.02
An 0.01 0.00 0.02 0.00 0.0l 0.00 0.00 0.00 0.00 0.00
b 0.18 0.10 0.11 0.21 0.15 0.1 0.15 0.16 0.20 0.10
or 0.81 0.89 0.8 0.75 0.82 0.8L 0.82 0.80 0.76 0.86
cn 0.00 0.00 0.01 0.04 0.03 0.03 0.03 0.04 0.03 0.04
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Table 2.--Alkali feldspar analyses
Table 2-23

Analysis 221 222 223 224 225 226 227 228 229 230

$i0, 62.02 61.88 61.44 61.89 61.65 62.23 62.48 62.12 62.17 64.28
Al,0,  19.04 18.88 18.90 18.80 19.24 19.08 19.09 18.98 18.94 18.34
Fe,03 0.07 0.08 0.08 0.12 0.09 0.12 0.05 0.08 0.09 0.05
Mg0 - - - - - - - - - 0.04
Ca0 0.08 0.09 0.07 0.06 0.07 0.06 0.11 0.04 0.07 0.07
Na,0 1.83 1.95 1.49 1.57 2.17 1.66 2.40 2.39 1.80 1.23
K,0 13.08 12.95 13.56 13.50 12.68 13.54 12.52 12.64 13.25 14.88
Bao 2.19 2.03 2.16 2.03 1.81 1.61 1.64 1.45 1.83 1.07
Tio, - - - - - - - - - -

MnO - - - - - - - - - 0.02
Sro 0.10 0.11 0.09 0.11 0.11 0.10 0.08 0.11 0.11 -

Total 98.41 97.97 97.79 98.08 97.82 98.38 98.37 97.81 98.26 99.98

si 2.94 2.94 2.94 2.94 2.93 2.94 2.94 2.94 2.94 2.98
Al 1.06 1.06 1.06 1.05 1.08 1.06 1.06 1.06 1.06 1.00
Fed™t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - - - - - - - - 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.0l 0.00 0.00 0.00
Na 0.17 0.18 0.14 0.14 0.20 0.15 0.22 0.22 0.17 0.11
K 0.79 0.79 0.83 0.82 0.77 0.82 0.75 0.76 0.80 0.88
Ba 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02
Ti - - - - - - - - - -
Mn - - - - - - - - - 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
Total  5.01 5.01 01 5.0l 5.02 5.0l 5.01 5.02 5.0l 5.01
z 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 3.99
x 1.00 1.01 1.00 1.0l 1.0 1.01 1.01 1.02 1.01 1.02
y 0.00 -7E-03 -2E-03 -1E-02 0.02 0.0 0.01 0.00 0.00 -5E-02
An 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Ab 0.17 0.18 0.14 0.14 0.20 0.15 0.22 0.22 0.16 0.11
or 0.79 0.78 0.82 0.82 0.76 0.82 0.75 0.75 0.80 0.87
Cn 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02
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Table 2.--Alkali feldspar analyses
Table 2-24

Analysis 231 232 233 234 235 236 237 238 239 240

------------------------------------------------------------

$10, 64.33 64.23 61.62 61.86 61.77 61.86 61.88 61.61 61.15 61.17
A1,05 18.43 18.25 19.20 19.20 19.17 19.11 18.91 19.31 18.99 18.95
Fe,03 0.07 0.03 0.13 0.05 0.08 0.11 0.07 0.11 0.09 0.11
Mg0 0.03 0.05 - - - - - - - -
Ca0 0.07 0.08 0.05 0.10 0.09 0.0 0.05 0.12 0.07 0.05
Na,0 1.40 1.06 1.91 2.70 2.81 2.1 1.83 3.08 2.18 1.45
K,0 14.48 15.27 12.97 11.94 11.75 12.68 12.97 11.28 12.57 13.64
Bao 1.3 0.80 2.09 1.79 1.80 1.95 2.22 1.89 2.15 1.80
Ti0, - - - - - - - - - -
MnoO 0.02 0.02 - - - - - - - -
Sr0 - - 0.14 0.17 0.12 o.1ﬁ 0.11 0.11 0.15 0.11
Total 100.17 99.79 98.11L 97.81 97.59 98.09 98.04 97.51 97.35 97.28
Si 2.98 2.99 2.93 2.93 2.93 2.9 2.94 2.92 2.93 2.93
Al 1.01 1.00 1.07 1.07 1.07 1.0E 1.06 1.08 1.07 1.07
Fe3t 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00
Mg 0.00 0.00 - - - - - - - -
Ca 0.00 0.00 0.00 0.01L 0.00 0.00 0.00 0.01L 0.00 0.00
Na 0.13 0.10 0.18 0.25 0.26 0.20 0.17 0.28 0.20 0.13
K 0.86 0.91 0.79 0.72 0.7Y 0.77 0.79 0.68 0.77 0.83
Ba 0.02 0.01 0.04 0.03 0.03 0.064 0.04 0.06 0.04 0.03
Ti - - - - - - - - - -
Mn 0.00 0.00 - - - - - - - -
Sr - - 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00
Total 5.00 5.01 5.01 5.02 5.02 s.oﬁ 5.01 5.02 5.02 5.02
z 3.99 3,99 4.00 4.00 4.00 4.0 4.00 4.00 4.00 4.00
X 1.02 1.03 1.01 1.01 1.01 1.0 1.00 1.01 1.02 1.01
y -4E-02 -5E-02 0.01 0.01 0.01 0.00 0.00 0.01 -4E-03 0.01
An 0.00 0.00 0.00 0.01 0.00 o.op 0.00 0.01 0.00 0.00
Ab 0.12 0.09 0.18 0.25 0.26 0.20 0.17 0.28 0.20 0.13
Or 0.85 0.89 0.78 0.72 0.71 0.77 0.79 0.68 0.76 0.83
Cn 0.02 0.01 0.04 0.03 0.03 o.d4 0.04 0.03 0.04 0.03
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Table 2.--Alkali feldspar analyses
Table 2-25

Analysis 241 242 243 244 245 246 247 248

$10, 61.17 62.67 61.22 61.48 61.42 62.27 62.88 61.73
Al,0,  18.99 19.73 19.09 18.78 18.92 19.08 20.01 19.16
Fe03 0.06 0.14 0.09 0.07 0.06 0.05 0.08 0.08
Mg0 - - 0.0l - - - - -

a0 0.03 0.28 0.21 0.04 0.05 0.13 0.40 0.11
Na,0 1.47 6.48 3.68 1.54 1.8 3.50 7.89 2.98
K,0 13.66 6.85 10.21 13.37 12.98 10.94 4.59 11.50
BaO 1.91 1.68 2.36 1.87 1.97 1.71 1.81 1.93
TiOZ - - - - - - - -

MnO - - - - - - - -

Sr0 0.10 0.12 0.10 0.14 0.14 0.10 0.12 0.13

Total 97.39 97.95 96.97 97.29 97.38 97.78 97.78 97.62

si 2.93 2.91 2.92 2.94 2.94 2.94 2.91 2.93
Al 1.07 1.08 1.07 1.06 1.07 1.06 1.09 1.07
Fe3* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - 0.00 - - - - -
Ca 0.00 0.0l 0.01 0.00 0.00 0.01L 0.02 0.0l
Na 0.14 0.58 0.34¢ 0.14 0.17 0.32 0.71 0.27
K 0.8 0.41 0.62 0.82 0.79 0.66 0.27 0.70
Ba 0.04 0.03 0.04 0.04 0.04 0.03 0.03 0.04
Ti - - - - - - - -
Mn - - - - - - - -
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total  5.02 5.04 5.02 5.0l 5.01 5.02 5.03 5.02
z 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
X 1.01 1.04 1.02 1.00 1.01 1.02 1.04 1.02
y 0.01 -2E-02 -1E-02 0.01 0.0l -5E-03 -8E-03 0.00
An 0.00 0.0l 0.0l 0.00 0.00 0.0l 0.02 0.01
Ab 0.14 0.56 0.33 0.14 0.17 0.31 0.69 0.27
or 0.83 0.39 0.61 0.82 0.79 0.65 0.26 0.69
Cn 0.04 0.03 0.04 0.04 0.04 0.03 0.03 0.04
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Table 2.--Alkali feldspar analyses

Analysis no.

oo wn P wN -

SRR PP RPRRPRPLPPRPFLVWLLWLWWWWWWWRNRNONNNONDNONNNNNNNDERERRE e
NPT WNFHOWONOOTUMPWNHFHFOWONOWUMPWNEFEFOWOVONGOWULESEWNEHO

Group

oo oo oONONONONOVToON NN OOV UL UL UL LUV UULEREEREPREDPNODNNODNONNNNDNNDN

SAMPLE KEY

Sample no.

Calvert3
547-1-78
547-1-78
547-1-78
547-1-78
547-1-78
547-1-78
0131
0131
1162-1
1162-1
1162-1
1162-1
1162-1
121-1-78
121-1-78
121-1-78
121-1-78
697-1

FG

FG

FG

FG

FG

FG

FG

WC

WC

WC

WC

WC

WC

wC
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
719-79-4
MT83-4
MT83-4
MT83-4
MT83-4

32

Description

KF1l
KFl-1 c
KF1-2
KF1+3
KFl-4
KF1+5
KF11(5)
KF1l

(ex 80)
(ex 80)
(ex 80)
(ex 80)
(ex 80)
(ex 80)

KF2‘[BT1]

KF1l (2)
KF2-1 r
KF2-2 ¢
KF2-r3 m
KF2-4 m
KF1|
KF2-1
KF2-2
KF3 r
KFlﬁZ c
KF A2-1
KF A2-3
KF A2-4
KF A2-7
KF A2-8
KF A2-9
KF A2-9
KF1-1 ¢
KF1-2 c
KF1-2 ¢
KF1l-3 ¢
KF2-1 ¢

KF2-2 r/PG

KF | r/HBl

KFl1-1 (ex 80)
KF1-2 (ex 80)
KF1-3 (ex 80)
KFl-4 (ex 80)
KF1-5 (ex 80)
KFl-6 (ex 80)
KF1-7 (ex 80)
KF1-8 . (ex 80)
KF1-9 (ex 80)
KF1-10 (ex 80)

KF1l (10)
KFl-1
KF1-2
KF1-3
KFl-4

(ex 80)
(ex 30)
(ex 30)
(ex 30)
(ex 30)



Table 2.--Alkali feldspar analyses

SAMPLE KEY

Analysis no. Group Sample no. Description
49 6 MT83-4 KF1-5 (ex 30)
50 6 MT83-4 KF1-6 (ex 30)
51 6 MT83-4 KF1-7 (ex 30)
52 6 MT83-4 KF1-8 (ex 30)
53 6 MT83-4 KF1-9 (ex 30)
54 6 MT83-4 KF1-10 (ex 30)
55 6 MT83-4 KF1 (10) (ex 30)
56 6 BHS KF1l-1 r/PG (ex 30)
57 6 BHS KF1-2 (ex 30)
58 6 BHS KF1-3 (ex 30)
59 6 BHS KFl-4 (ex 30)
60 6 BHS KF1-5 (ex 30)
61 6 BHS KFl-6 (ex 30)
62 6 BHS KF1-7 (ex 30)
63 6 BHS KF1-8 (ex 30)
64 6 BHS KF1-9 (ex 30)
65 6 BHS KF1-10 (ex 30)
66 6 BHS KF1 (10) (ex 30)
67 6 BHS KF1-11 (ex 80)
68 6 BHS KF1-12 (ex 80)
69 6 BHS KF1-13 (ex 80)
70 6 BHS KF1-14 (ex 80)
71 6 BHS KF1-15 (ex 80)
72 6 BHS KF1l-16 (ex 80)
73 6 BHS KF1-17 (ex 80)
74 6 BHS KF1-18 (ex 80)
75 6 BHS KF1-19 (ex 80)
76 6 BHS KF1-20 (ex 80)
77 6 BHS KF1 (10) (ex 80)
78 6 BHS KF3-1 exsolved
79 6 BHS KF3-2 host
80 6 BHS KF3-1 (ex 80)
81 6 BHS KF3-2 (ex 80)
82 6 BHS KF3-3 (ex 80)
a3 6 BHS KF3-4 (ex 80)
84 6 BHS KF3-5 (ex 80)
85 6 BHS KF3-6 (ex 80)
86 6 BHS KF3-7 (ex 80)
87 6 BHS KF3-8 (ex 80)
88 6 BHS KF3-9 (ex 80)
89 6 BHS KF3-10 (ex 80)
90 6 BHS - KF3 (10) (ex 80)
91 6 BHS KF1-3
92 6 BHS KF1-5
93 6 BHS KF1-4
94 6 1293-1 KF1-1 r (2)
95 6 1293-1 KF1-3 r (ex 20)
96 6 1293-1 KFl-4 m
97 6 1293-1 KF1-5 ¢
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Table 2.--Alkali feldspar analyses

Analysis no.

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

Group

A B I N o) B e ) NN e) e\ W) B e ) B e) Wl e) I e ) Wil o) Mo ) Wi e ) Yo ) Wie) Wi @) Yo ) e ) W@ ) W@ ) e M@ AN @) W@ ) @ e A e Y AN« A 3K =)W« ) Mo )W« ) Wi ) W« AW o) Mo ) Wie ) Wi o )W o AW @) Wi o) Wi¥ @ ) Wi o ) Wi @ )

SAMPLE KEY

Sample no.

1293-1
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
BH9850 .
BH9850
BH9850
1357-1
1357-1
1357-1
1357-1
1357-1

34

Description

KF1-7 c
KF1-1
KF1-2
KF1-
KF1-
KF1-
KF1-
KF1-7
KF1-8
KF1-9
KF1-10
KF1-11
KF1-13
KF1-14

KF1-15
KFl-E6
KF1-17
KF1-18
KF1-19
KF1-20
KF1-21
KF1-22
KF1-23
KF1-24

KF1-25
KF1-26
KF1-27

KF1-28
KF1-30

KF1-32 r

KF1-1
KF1-2
KF1-
KF1-
KF1-
KF1-6
KF1-7
KF1-8
KF1-9
KF1-10
KF1 (10
KF1
KF2
KF3
KF1-1
KF1-2
KF1-3
7%

)

(ex 30)
(ex 30)
(ex 30)
(ex 30)
(ex 30)



Table 2.--Alkali feldspar analyses

SAMPLE KEY

Analysis no. Group Sample no. Description
147 7 1357-1 KF1-6 (ex 30)
148 7 1357-1 KF1-7 (ex 30)
149 7 1357-1 KF1-8 (ex 30)
150 7 1357-1 KF1-9 (ex 30)
151 7 1357-1 KF1-10 (ex 30)
152 7 1357-1 KF1-11 (ex 30)
153 7 1357-1 KF1-12 (ex 30)
154 7 1357-1 KF1-13 (ex 30)
155 7 1357-1 KFl-14 (ex 30)
156 7 1357-1 KF1-15 (ex 30)
157 7 1357-1 KF1 (15) (ex 30)
158 7 1357-1 KF1-16 r/myr
159 7 1357-1 KF1l r/myr
160 7 1413-1 KFl-1 c
161 7 1413-1 KF1-2
162 7 1413-1 KF1-3 r/PG
163 7 BC KF Bl
164 7 BC KF GG r/BT
165 7 807-80-2 KF1-1 (ex 80)
166 7 807-80-2 KF1-2 (ex 80)
167 7 807-80-2 KF1-3 (ex 80)
168 7 807-80-2 KFl1-4 (ex 80)
169 7 807-80-2 KF1-5 (ex 80)
170 7 807-80-2 KF1-6 (ex 80)
171 7 807-80-2 KF1-7 (ex 80)
172 7 807-80-2 KF1-8 (ex 80)
173 7 807-80-2 KF1-9 (ex 80)
174 7 807-80-2 KF1-10 (ex 80)
175 7 807-80-2 KF1 (10) (ex 80)
176 8 500-1 KF1-1 (ex 80)
177 8 500-1 KF1-2 (ex 80)
178 8 500-1 KFl-3 (ex 80)
179 8 500-1 KF1-4 (ex 80)
180 8 500-1 KF1-5 (ex 80)
181 8 500-1 KF1-6 (ex 80)
182 8 500-1 KF1-7 (ex 80)
183 8 500-1 KF1-8 (ex 80)
184 8 500-1 KF1-9 (ex 80)
185 8 500-1 KF1-10 (ex 80)
186 8 500-1 KF1-11 (ex 80)
187 8 500-1 KF1-12. (ex 80)
188 8 500-1 ° KF1-13 (ex 80)
189 8 500-1 KF1-14 (ex 80)
190 8 500-1 KF1-15 (ex 80)
191 8 500-1 KF1-16 (ex 80)
192 8 500-1 KF1 (15) (ex 80)
193 8 500-1 KF2-1 @twin
194 8 500-1 KF2-2
195 8 500-1 KF2-3
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Table 2.--Alkali feldspar analyses

Analysis no.

196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228 .
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

Group

WO WO WO W W WOWWOW\WOWWWOWWWOWWWWWWOWWOWWWOWWOWOWWOWOWWWWWOo 000 0000 00 00 00 00 o 0 00 00 o o

SAMPLE KEY

Sample no.

500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-2-78
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
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Description

KF2-4 (ex
KF2-5 (ex
KF2-6 (ex
KF2-7 (ex

KF2- (ex
KF2- (ex
0

KF2-
KS2-11
KF2-12
KF2-13
KF2-14
KF2-15
KF2-116
KF2-17
KF2-18
KF2 (15)
KF Al r
KF1
KF1 (3)
KF1-2
KF1-3
KFl-4
KF1-5
KF1-6
KF1-7
KF1-8
KF1-9
KF1-10
KF1-11
KF1-12
KF1-13
KF1-14
KF1-15
KF1 ((15)
KF2 |
KF2 .
KF2
KF2-1
KF2-2
KF2-3
KF2-4
KF2-5
KF2-6
KF2-7
KF2-8
KF2-9
KF2410
KF2-11
KF2-12

(ex
(ex
(ex
(ex
(ex
(ex
(ex
(ex
(ex
(ex

120)
120)
120)
120)
120)
120)

120)
120)
120)
120)
120)
120)
120)
120)
120)
120)



Table 2.--Alkali feldspar analyses

SAMPLE KEY
Analysis no. Grou Sample no. Description
245 9 516-1 KF2-13
246 9 516-1 KF2-14
247 9 516-1 KF2-15
248 9 516-1 KF2 (15)
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Table 3.--Plagioclase analyses

[Total iron as Fe,03; cations calculated on the basis of 8 oxygens;

-; not determined]

Analysis

SiOz
A1203
F6203
MgO
Ca0l
NaZO
KZO
BaOl
T102
MnO
SrO
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

............................................................

O =N

[eNeNeoNoNe

oOr &

[eNeNeNo)

.54
47
.01

.40
.57
.01
.00
.00

.01

.01
.00
.05

.41
.58
.01
.00

(o3 i wn leNeoNoNoNoNel o =N

[eNeNeoNe

.71
.29
.01

.26
.74
.01
.00
.00
.00

.01

.00
.01
.01

.26
.74
.01
.00

99.

O N

(o N el o]

.66
.34
.01

.31
.66
.01

.00

.00

.01
.99
.03

.32
.67
.01

99.

N

.53
.48

0.01

oo & o [oNeNeNo

OO OO0

o
.52
.02
.00

.00

.99

.01
.98
.04

.45
.54
.02
.00

oo &

[eNeNel

.02
.97
.07

.22
.77
.01

38

99.

O N

.72 55.45
84 28.69
26, 0.22
s4  9.71
21 5.73
.09 0.17
- 0.03
.02 -

0L -

69 100.00
351 2.49
.65 1.52
.01 0.01
61 0.47
.37 0.50
.01 0.0l
- 0.00
0 -

0 -

- .

00 5.00
01 4.01
00 0.98
02 0.05

|

6% 0.48
.38 0.51
.01 0.01
- 0.00

Table 3-1

8 10
55.84 59.00 52.34
27.02 25.59 30.87
0.26 0.33 0.24
- 0.15 0.08
9.18 8.32 13.00
6.02 6.93 4,17
0.15 0.15 0.09
0.02 0.17 0.03

0.02 0.04 -

0.03 0.02 -
98.54 100.70 100.82
2.54 2.63 2.36
1.45 1.34 1l.64
0.01 0.01 0.01
- 0.01 0.01
0.45 0.40 0.63
0.53 0.60 0.36
0.01 0.01 0.01
0.00 0.00 0.00

0.00 0.00 -

0.00 0.00 -
5.00 5.00 5.00
4.00 3.97 3.99
1.00 1.03 1.01
-2E-02 -1E-01 -2E-02
0.45 0.39 0.63
0.54 0.59 0.37
0.01 0.01 0.01
0.00 0.00 0.00



Table 3.--Plagioclase analyses

Analysis

Si02
A1203
F3203
MgO
Ca0
Na20
K20
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3*
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

]

«

An
Ab
Or
Cn

99.

SYSES

[eNeNe]

SO OCOmrN

.02
.00
.07

.70
.29
.00

99.

o+ &

[eNeNe]

OO OO OHN

.01
.01
.04

.63
.37
.00

100.

C OO O OO N

QO &

[eNeoNeNe)

.68
.34
.00
.00
.31
.65
.01
.00

.98

.01
.97
.06

.32
.67
.01
.00

2.60
1.39
0.00
0.00
0.41
0.56
0.01

4.99

3.99
0.99
-2E-02

98.

o - &

O OO OOHN

.00
.02
.01

.64
.36
.00

39

16
52.49 58
29.71 26
0.28
0.22
11.75
4.73
0.12
0.10
99.40 100
2.39
1.60
0.01
0.01
0.57
0.42
0.01
0.00
5.02 4.
3.99 4
1.03 0
-4E-02 0
0.57 O
0.42 O
0.01 0
0.00

COOCOOHN

.01
.99
.03

.37
.62
.01

3.98
1.04
-6E-02

0.79
0.21
0.00

Table 3-2
19 20
48.56 60.35
33.06 25.98
0.19 0.24
0.03 -
15.38 6.94
2.85 7.38
0.05 0.19
0.03 -
100.15 101.08
2.22 2.66
1.78 1.35
0.01 0.01
0.00 -
0.75 0.33
0.25 0.63
0.00 0.01
0.00 -
5.02 4.98
4.00 4.01
1.02 0.98
-6E-03 0.03
0.75 0.34
0.25 0.65
0.00 0.01
0.00 -



Table 3.--Plagioclase analyses

Analysis

Si02
A1203
F3203
Mg0
Ca0
Na20
K,0
Ba0O
T102
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

»

<«

An
Ab
Or
Cn

98.

QO OOOOHMN

.53
.48
.00
.00
.43
.59
.01
.00

.03

.00
.03

0.02

[eNeNeNe

.42
.58
.01
.00

O
(o]

OCOO0OOO0COHN

O+ &~

[eNeNeNe

.27
74
.01
.02
.63
.35
.01
.00

.03

.01
.02
.05

.64
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-9E-03

0.66
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Table 3-3
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61.74 51.34
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0.15 0.01
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0.31 0.66
0.69 0.36
0.02 0.01
0.00 0.00
5.01 5.02
3.99 3.99
1.02 1.04
-4E-02 -5E-02
0.31 0.64
0.68 0.35
0.02 0.01
0.00 0.00



Table 3.--Plagioclase analyses

Analysis

SiOz
A1203
F8203
MgO
Ca0
Na20
K20
BaO
TiOz
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Table 3-4
39 40
53.45 54.37
28.72 27.98
0.70 0.6l
11.45 10.55
4.37 4.83
0.21 0.29
98.90 98.63
2.44 2.48
1.55 1.51
0.02 0.01
0.56 0.52
0.39 0.43
0.01 0.02
4.97 4.97
3.99  3.99
0.98 0.98
-5E-02 -3E-02
0.58 0.54
0.40 0.45
0.01 0.02



Table 3.--Plagioclase analyses

Table 3-5
Analysis 41 42 43 44 45 46 47 48 49 50
510, 49.02 49.01 57.59 57.65 56.89 59.52 58.33 57.87 62.73 58.92
A1203 33.18 32.48 26.87 27.02 27.28 25.66 26.38 26.19 23.17 26.17
Fey04 0.41 0.40 0.09 0.07 0.08 0.06 0.10 0.04 0.06 0.04
MgO - - - 0.02 0.03 - - 0.01 - -
Ca0 16.91 16.13 8.52 8.80 9.01 7.15 7.59 7.78 4,23 7.53
Na,0 2.00 1.90 6.60 6.39 6.27 7.39 6.99 7.28 9.00 7.02
K,0 - - 0.11 0.07 0.07 0.06 0.10 0.04 0.19 0.05
BaO - 0.17 0.06 0.07 0.08 0.05 0.06 0.08 0.02 0.02
TiOz - - - - - - - - - -
MnO 0.11 - - - - - - - - -
Sr0 - - - - - - - -

Total 101.63 100.09 99.84 100.09 99.71 99.8? 99.55 99.29 99.40 99.75

si 2.21 2.24 2.58 2.58 2.56 2.65| 2.62 2.61 2.79 2.63
Al 1.76 1.75 1.42 1.42 1.45 1.35/ 1.39 1.39 1.21 1.38
Fe3t 0.01 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - - 0.00 0.00 - - 0.00 - -
Ca 0.82 0.79 0.41 0.42 0.43 0.34 0.36 0.38 0.20 0.36
Na 0.17 0.17 0.57 0.55 0.55 0.64 0.61 0.64 0.78 0.61
K - - 0.0 0.00 0.00 0.00, 0.01 0.00 0.01 0.00
Ba - 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn 0.00 - - - - - - - - -
Sr - - - - - - - - - -
Total  4.99 4.96 5.00 4.99 4.99 4.99 4.99 5.02 5.00 4.98
z 3.98 3.99 4.00 4.00 4.00 4.00/ 4.01 4.00 4.00 4.01
X 1.01 0.97 0.99 0.98 0.99 0.99/ 0.98 1.02 0.99 0.97
v 1E-01 -5E-02 0.01 0.01L 0.01 0.02| 0.04 -7E-03 0.02 0.04
An 0.82 0.82 0.41 0.43 0.44 0.35 0.37 0.37 0.20 0.37
Ab 0.18 0.18 0.58 0.56 0.55 0.65 0.62 0.63 0.78 0.63
Or - - 0.01 0.00 0.00 0.000 0.0l 0.00 0.0l 0.00
Cn - 0.00 0.00 0.00 0.00 0.00, 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses

Table 3-6
Analysis 51 52 53 54 55 56 57 58 59 60
Si02 59.08 59.88 58.19 56.48 54.84 55.45 56.79 58.52 59.67 58.81
A1203 26.01 26.01 26.82 28.37 27.70 27.45 27.64 27.05 26.43 26.42
Fe203 0.09 0.11 0.14 0.29 0.26 0.18 0.28 - - -
MgO - - - - - - - - - -
Ca0l 7.40 7.67 8.58 9.36 8.84 8.22 8.45 8.01 6.96 8.00
Na20 7.03 7.02 6.66 6.33 6.54 6.50 6.47 6.78 7.16 6.89
K20 0.21 0.23 0.16 0.19 0.13 0.15 0.25 0.22 0.17 0.23
BaO 0.04 0.04 0.06 0.13 0.02 0.11 0.06 - - 0.09
Ti02 - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 - - - - - - - -

Total 99.86 100.96 100.61 101.15 98.33 98.06 99.94 100.58 100.39 100.44

Si 2.64 2.65 2.59 2.51 2.51 2.5 2.55 2.60 2.64 2.62
Al 1.37 1.35 1.41 1.49 1.49 1.48 1.46 1.42 1.38 1.39
Fe3™ 0.00 0.00 0.00 0.01 0.01 0.01 0.01 - - -
Mg - - - - . - . - - -
Ca 0.35 0.36 0.41 0.45 0.43 0.40 0.41 0.38 0.33 0.38
Na 0.61 0.60 0.57 0.55 0.58 0.58 0.56 0.58 0.62 0.59
K 0.01 0.01 0.01 0.01 0.01 0.0l 0.01 0.0l 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . - 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - . . - - - - - . .
Total  4.99 4,98 5.00 5.02 5.03 5.0l 5.00 4.99 4.98 4.99
z 4,01 4.00 4.00 4.00 4.00 4.02 4.01 4.01 4.02 4.00
x 0.98 0.98 1.00 1.02 1.03 1.00 0.99 0.98 0.96 0.99
y 0.03 0.00 -1E-02 0.00 0.01 0.07 0.046 0.06 0.09 0.0l
An 0.36 0.37 0.41 0.44 0.42 0.41 0.41 0.39 0.35 0.39
Ab 0.62 0.61 0.58 0.54 0.57 0.58 0.57 0.60 0.64 0.60
or 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . - 0.00
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Table 3.--Plagioclase analyses

Table 3-7
Analysis 61 62 63 64 65 66 67 68 69 70
$10, 56.64 58.83 58.11 58.61 59.38 58.03 57.78 57.71 58.27 59.70
Aly0;  27.44 27.21 27.23 27.15 27.13 27.64 27.97 27.43 27.41 27.04
Fe,0 - - - - - - - - - -

203

Mg0 - - - - - - - - - -
Ca0 8.48 8.65 8.54 8.55 8.25 8.71 8.88 8.84 8.68 7.94
Na,0 6.52 6.61 6.56 6.57 6.91 6.62 6.32 6.43 6.50 7.07
K,0 0.17 0.11 0.17 0.20 0.18 0.18 0.16 0.13 0.15 0.17
BaO - 0.03 0.05 0.13 0.07 0.06 - 0.02 o0.01 -
Ti0, - - - - - - - - - -
MnO - - - - - - - - - -
Sro - - - - - - - -

Total 99.25 101.44 100.66 101.21 101.92 101.24 101.11 100.56 101.02 101.92

si 2.56 2.59 2.58 2.59 2.60 2.57 2.56 2.57 2.58 2.6l
Al 1.46 1.41 1.43 1.41 1.40 1.44 1.46 1.44 1.43  1.40
Fe3*t - . . . . . . . . .
Mg - - - - - - - - - -
Ca 0.41 0.41 0.41 0.41 0.39 0.41 0.42 0.42 0.41 0.37
Na 0.57 0.56 0.57 0.56 0.59 0.57 0.5 0.55 0.56 0.60
K 0.01 0.0 0.0l 0.01 0.0l 0.0l 0.0l 0.0l 0.01 0.0l
Ba - 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 -
Ti - - - - - - - - - -
Mn - - - - - - . . - .

Sr - - - - - -
Total  5.00 4.99 4.99 4.99 4.99 s.oj 4.99  4.99  4.99  4.99

z 4.01 4.01 4.01 4.01 4.01 4.0 4.02 4.01 4.01 4.01
X 0.99 0.98 0.98 0.98 0.99 0.9 0.97 0.98 0.98 0.98
y 0.06 0.02 0.04 0.03 0.03 0.0 0.07 0.03 0.04 0.04
|
An 0.41 0.42 0.41 0.41 0.39 0.42 0.43 0.43 0.42 0.38
Ab 0.58 0.58 0.58 0.57 0.60 0.57 0.56 0.56 0.57 0.61
or 0.01 0.01 0.01 0.0L 0.01L 0.0 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 -

Cn -
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Table 3.--Plagioclase analyses

Analysis

8102
Fe203
MgO
Cal
NaZO
K20
BaO
TiO2
MnO
SrO
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
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99.

V)

o o &

o OO

[ BN

.02
.97
.07

.38
.60
.01

98.

[

SO OO

S o

[eNeN ol

O ONN

.63
.38

.34
.63
.02
.00

.00

.01
.99
.05

.35
.64
.02
.00

5.00

3.99
1.01
-4E-02
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3.99
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0.01
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0.56
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5.00

3.99
1.00
-2E-02
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4.00
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4.00
1.02
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Table 3-8
79 80
.18 57.16
24 26.72
77 8.57
66 6.75
16 0.28
.05 -
06 99.48
.58 2.58
.42 1.42
42 0.41
.57 0.59
.01 0.02
.00 -
.00 5.02
.00 4.00
.00 1.02
.01 -1E-02
.42 0.41
.57 0.58
.01 0.02
.00 -



Table 3.--Plagioclase analyses

Table 3-9
Analysis 81 82 83 84 85 86 87 88 89 90
Si02 55.61 57.23 60.96 59.75 56.56 58.10 58.70 55.78 58.02 57.82
Al,04 27.26 27.38 23.99 25.72 26.92 25.25 26.94 27.09 25.98 25.92
Fe,0 - - - - - - - - - -

2¥3

Mg0 - - - - - - - - - -
Cao 9.41 8.87 5.23 6.70 9.06 7.10 7.88 9.41 7.86 7.68
Na,0 6.46 6.41 8.72 7.48 6.36 7.40, 6.83 6.20 6.71 6.97
K,0 0.13 0.29 0.21 0.20 0.24 0.23 0.11 0.20 0.29 0.32
BaO 0.04 0.09 0.03 0.01 - - 0.04 0.05 0.05 -
T102 - - - - - - - - - -
MnO - - - - - - - - - -
SrO - - - - -

Total 98.91 100.27 99.14 99.86 99.14 98.08'100.50 98.73 98.91 98.71

Si 2.53 2.56 2.73 2.66 2.56 2.64/ 2.61 2.54 2.62 2.62
Al 1.46 1.44 1.27 1.35 1.44 1.35] 1.41 1.45 1.38 1.38
Fe3™t - - - - - ol - - - -
Mg - - - - - - - - - -
Ca 0.46 0.43 0.25 0.32 0.44 0.35 0.37 0.46 0.38 0.37
Na 0.57 0.56 0.76 0.65 0.56 0.65 0.59 0.55 0.59 0.61
K 0.01 0.02 0.01 0.01 0.01 0.01 o0.01 0.01 0.02 0.02
Ba 0.00 0.00 0.00 0.00 - -, 0.00 0.00 0.00 -
Ti - - - - - - - - - -
Mn - - - - - - - - - -
St - - - - - - -

Total 5.03 5.00 5.02 4.99 5.01 5.0 4.99 5,01 4.99 5.01

z 3.99 4.00 4.00 4.01 4.00 4.00 4.02 3.99 4.00 4.00
X 1.04 1.00 1.02 0.98 1.01 1.01 0.97 1.02 0.99 1.00
y -3E-02 0.02 -6E-03 0.05 -1E-02 4E-03 0.06 -3E-02 0.02 0.01
An ~0.44  0.43 0.25 0.33 0.43 0.34 0.39 0.45 0.39 0.37
Ab 0.55 0.56 0.74 0.66 0.55 0.64 0.61 0.54 0.60 0.61
Or 0.01 0.02 0.01 0.0p 0.0p 0.0 0.01 0.01 0.02 0.02
Cn 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 -
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Table 3.--Plagioclase analyses

Table 3-10
Analysis 91 92 93 94 95 96 97 98 99 100
§10, 57.89 58.69 56.34 56.59 61.39 55.67 57.94 58.27 59.56 60.82
A1203 25.58 26.72 26.86 27.41 24.02 27.85 26.49 25.34 24.20 24.37
Fe203 - 0.29 - - - - - - = -
Mg - - - - - - - - - -
Ca0 7.51 7.80 8.69 9.63 5.50 9.65 8.28 7.58 6.95 6.92
Na,0 6.96 7.37 6.07 5.88 8.47 5.84 6.64 7.02 7.19 7.32
K50 0.29 0.31 0.25 0.22 0.21 0.23 0.19 0.30 0.32 0.26
BaO 0.09 - 0.04 - 0.06 - - 0.14 - 0.07
'r102 - - - - - - - - - -
MnO - 0.06 - - - - - - - -
Sr0 - - - - - - - - - -

Total 98.32 101.24 98.25 99.73 99.65 99.24 99.54 98.65 98.22 99.76

Si 2.63 2.60 2.57 2.55 2.74 2.52 2.60 2.64 2.70 2.71
Al 1.37 1.39 1.446 1.45 1.26 1.49 1.40 1.35 1.29 1.28
Fe3™t - 0.01 - - - - - - - -
Mg - - - - - = - - - -
Ca 0.37 0.37 0.42 0.46 0.26 0.47 0.40 0.37 0.34 0.33
Na 0.61 0.63 0.54 0.51 0.73 0.51 0.58 0.62 0.63 0.63
K 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01
Ba 0.00 - 0.00 - 0.00 = - 0.00 - 0.00
Ti - - - - - - - - . -
Mn - 0.00 - - - - - - - -
Sr - - . - - - - - - -

Total 5.00 5.02 4.99 4.99 5.01 5.00 4.99 5.00 4.98 4.97

z 4.00 3.99 4,01 4.00 4.00 4.01 4.00 3.99 3.99 3.99
4 1.00 1.03 0.98 0.99 1.0 0.99 0.99 1.00 0.99 0.98
y 0.01 0.00 0.04 0.00 0.00 0.02 0.02 0.00 0.00 o0.00
An 0.37 0.36 0.43 0.47 0.26 0.47 0.40 0.37 0.34 0.34
Ab 0.1 0.62 0.55 0.52 0.73 0.52 0.59 0.61 0.64 0.65
Or 0.02 0.02 o0.01 0.06p 0.01 0.00 0.01 0.02 0.02 0.02
Cn 0.00 - 0.00 - 0.00 - - 0.00 - 0.00
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Table 3.--Plagioclase analyses
Table 3-11

Analysis 101 102 103 104 105 106 107 108 109 110

510, 61.50 56.09 61.31 61.17 57.55 58.65 61.87 61.87 59.34 57.23
Al,0,  23.57 27.05 23.25 24.84 27.19 25.08 25.30 25.30 25.13 27.60
Fey05 - - - - - - 0.18 0.18 0.19 0.26
Mgh - - - - - - 0.05 0.05 - -

Ca0 4.97 8.72 5.11 6.45 8.97 7.48. 6.52 6.52 6.22 8.01
Na,0 8.41 6.11 8.25 7.52 6.21 6.89, 7.81 7.81 8.02 6.92
K,0 0.33 0.21 0.25 0.14 0.23 0.27 0.21 0.21 0.20 0.18
BaO 0.19 0.21 - 0.02 0.02 - 0.02 0.02 - 0.03
Ti0, - - - - - - - - - 0.03
MnO - - - - - - - - - -

Sro - - - - - - -

- - -
Total 98.97 98.39 98.17 100.14 100.17 98.37}101.96 101.96 99.10 100.26

Si 2.76 2.56 2.77 2.71 2.57 2.66] 2.70 2.70 2.67 2.56
Al 1.25 1.45 1.24 1.30 1.43 1.34 1.30 1.30 1.33 1.45
Fe3t - ) ) - ) - 0.0l 0.01 0.0l 0.0l
Mg - - - - - - 0.00 0.00 - -
Ca 0.26 0.43 0.25 0.31 0.43 0.36 0.30 0.30 0.30 0.38
Na 0.73 0.54 0.72 0.65 0.5 0.61 0.66 0.66 0.70 0.60
K 0.02 0.01 0.01 0.00 0.01 0.02 0.01 0.0l 0.0l 0.0L
Ba 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00
Ti - - - - - - - - - 0.00
Mn - - - - - - - - - -
St - - - - - - - - - -
Total  4.99 4.99 4.98 4.97 4.99 4.98 4.98 4.98 5.02 5.02
z 4.00 4.0l 4.00 4.01 4.01 4.00 4.00 4.00 4.00 4.01
X 0.99 0.98 0.98 0.96 0.98 0.98 0.99 0.99 1.02 1.00
y 0.01 0.06 0.0l 0.03 0.02 B8E-03/ -6E-03 -6E-03 0.00 0.05
An 0.24 0.43 0.25 0.32 0.44 0.37 0.31 0.31 0.30 0.39
Ab 0.74 0.55 0.73 0.67 0.55 0.62 0.68 0.68 0.69 0.60
or 0.02 0.01 0.01 0.0l 0.0l 0.02 0.01 0.01 0.0l 0.01
Cn 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00
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Table 3.--Plagioclase analyses
Table 3-12

Analysis 111 112 113 114 115 116 117 118 119 120

S0, 56.60 56.99 56.99 57.65 57.65 59.74 59.74 63.13 59.51 58.24
Al,0,  27.45 27.21 27.21 26.20 26.20 25.52 25.52 23.05 24.40 24.93
Fe,0, 0.3 0.15 0.15 0.21 0.21 0.11 0.11 0.20 0.22 0.26
Mgh - - - - - - - - 0.0l -
Ca0 9.73 9.81 9.81 9.21 9.21 7.23 7.23 6.06 6.04 7.93
Na,0 5.93 5.87 5.87 6.30 6.30 7.27 7.27 7.53 8.05 7.22
K,0 0.32 0.22 0.22 0.21 0.21 0.15 0.15 0.29 - 0.23
Bao 0.05 - - 0.02 0.02 - - - - 0.10
Ti0, - - - - - - - 0.22 - -
MnO - - - - - - - 0.06 - -
Sr0 - - - - - - - - - -

Total 100.42 100.25 100.25 99.80 99.80 100.02 100.02 100.54 98.23 98.91

Si 2.54 2.55 2.55 2.59 2.59 2.66 2.66 2.78 2.69 2.64
al 1.45 1.44 1.44 1.39 1.39 1.3¢ 1.3 1.20 1.30 1.33
Fe3*t 0.0l 0.01 0.01 0.0l 0.0l 0.00 0.00 0.0l 0.0l 0.0l
Mg - - - - - - - - 0.00 -
Ca 0.47 0.47 0.47 0.44 0.44 0.35 0.35 0.29 0.29 0.39
Na 0.52 0.51 0.51 0.55 0.55 0.63 0.63 0.64 0.7L 0.63
K 0.02 0.01 0.01 0.01 0.01 0.0l 0.0l 0.02 - 0.0l
Ba 0.00 - - 0.00 0.00 - - - - 0.00
Ti - - - - - - - o0.01 - -
Mn - - - - - - - 0.00 - -
Sr - - - - - - - - - -
Total  5.00 4.99 4.99 4.99 4.99 4.99 4.99 4.94 5.00 5.01
z 3.99 3.99 3.99 3.98 3.98 4.00 4.00 3.98 4.00 3.97
x 1.0l 1.00 1.00 1.01 1.01 0.99 0.99 0.96 1.01 1.04
y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
An 0.47 0.47 0.47 0.44 0.44 0.35 0.35 0.30 0.29 0.37
ab 0.51 0.51 0.51 0.55 0.55 0.64 0.64 0.68 0.71 0.61
or 0.02 0.01 0.0l 0.01 0.0l 0.0l 0.0l 0.02 - 0.0l
Cn 0.00 - - 0.00 0.00 - - - - 0.00
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Table 3.--Plagioclase analyses

Table 3-13
Analysis 121 122 123 124 125 126 127 128 129 130
SiOz 59.23 62.03 55.07 61.71 59.14 58.85 59.15 60.02 58.75 60.70
A1203 26.81 22,71 27.21 23.57 24.65 25.62 26.16 26.18 26.70 25.68
Fey04 0.11 0.02 0.09 - 0.46 0.20 0.26 0.29 0.26 0.17
MgO - - - - - 0.08 0.09 0.10 0.10 0.06
Ca0 8.10 5.62 10.25 5.84 6.14 7.25 7.67 7.43 8.22 6.68
Na,0 7.32 8.56 5.71 8.44 8.68 7.%7 7.24 7.10 6.96 7.67
K20 0.19 0.25 0.21 0.23 0.27 0.24 0.20 0.23 0.16 0.19
BaO 0.02 - 0.03 - - 0.13 0.10 0.04 0.10 0.06
TiO2 - - - - - % - - - -
MnO - - - - - - - - -
SrO - - - - - 1 - - - -
Total 99.78 99.19 98.57 99.79 99.34 99.74 100.87 101.39 101.25 101.21
|
Si 2.66 2.78 2.52 2.75 2.66 2.64 2.62 2.64 2.60 2.67
Al 1.31 1.20 1.47 1.24 1.31 1.35 1.37 1.36 1.39 1.33
Fe3t 0.00 0.00 0.00 - 0.02 0.01 0.01 0.01 0.01 0.01
Mg - - - - - 0.01 0.01 0.01 0.01 0.00
Ca 0.39 0.27 0.50 0.28 0.30 0.35 0.36 0.35 0.39 0.31
Na 0.64 0.74 0.51 0.73 0.76 0.64 0.62 0.61 0.60 0.65
K 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
Ba 0.00 - 0.00 - - 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - + - - - -
Sr - - - - - + - - - -
Total 5.01 5.00 5.01 5.00 5.06 5.01 5.01 4,98 5.00 4.99
z 3.97 3.97 3.98 3.98 3.97 3.99 3.99 4,00 3.99 4.00
b4 1.04 1.03 1.02 1.02 1.09 1.02 1.01 0.99 1.01 0.99
y -1E-01 -1E-01 -7E-02 -6E-02 -1E-O1 3E+02 -4E-02 -5E-03 -4E-02 0.01
An 0.38 0.26 0.49 0.27 0.28 0.35 0.36 0.36 0.39 0.32
Ab -~ 0.61 0.72 0.50 0.71 0.71 0.64 0.62 0.62 0.60 0.67
Or 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cn 0.00 - 0.00 - - 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses

Analysis

SiOz
A1203
F3203
MgO
Ca0
Na20
K20
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na

K

Ba
Ti
Mn
Sr
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____________________________________________________________
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101.10
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1.37
0.01
0.01
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0.62
0.01
0.00

5.00

3.99
1.01
-2E-02

0.36
0.62
0.01
0.00
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0.30
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0.01
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.01
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.35
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Table 3-14
139 140
61.07 60.71
23.92 23.98
0.12 0.18
0.05 0.06
5.03 5.29
8.66 8.68
0.16 0.19
0.08 0.05
99.09 99.14
2.74 2.72
1.26 1.27
0.00 0.0
0.00 0.00
0.24 0.25
0.75 0.75
0.01 0.01
0.00 0.00
5.01 5.02
4.00 3.99
1.01 1.03
-3E-03 -3E-02
0.24 0.25
0.75 0.74
0.01 0.01
0.00 0.00



Table 3.--Plagioclase analyses

Analysis

Si02
F6203
MgO
Cal
Nazo
K20
BaO
T102
MnO
SrO
Total

Si
Al
Fe3¥
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

»

An
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Cn

------------------------------------------------------------

2.
1.
0.
0.
0.
0.
0.
0.
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66
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29
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00
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29
69
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2.69
1.30
0.01
0.01
0.29
0.71
0.01
0.00

5.02

3.99
1.03
-4E-02

0.29
0.70
0.01
0.00

2.66
1.33
0.01
0.00
0.32
0.68
0.02
0.00

5.02

3.99
1.02
~-3E-02

0.32
0.67
0.02
0.00

2.67
1.32
0.01
0.01
0.32
0.68
0.02
0.00

5.02

3.99
1.04
-6E-02

0.31
0.67
0.02
0.00
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1.30
0.01
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0.30
0.68
0.02
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5.01

3.99
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-4E-02

0.30
0.68
0.02
0.00

Table 3-15
149 150
59.17 60.13
24.71 24.70
0.18 0.24
0.09 0.04
6.26 6.26
7.92 8.05
0.35 0.30
0.05 0.09
98.73 99.81
2.67 2.69
1.32 1.30
0.01 0.01
0.01 0.00
0.30 0.30
0.69 0.70
0.02 0.02
0.00 0.00
5.02 5.02
3.99  3.99
1.03 1.03
-4E-02 -5E-02
0.30 0.30
0.68 0.69
0.02 0.02
0.00 0.00



Table 3.--Plagioclase analyses

Table 3-16
Analysis 151 152 153 154 155 156 157 158 159 160
§i0, 59.71 59.83 60.04 60.45 60.23 60.71 61.26 61.00 60.20 61.06
A1203 24 .45 24.48 24,10 24.66 24.77 24,22 23.79 23.56 23.65 24.02
Fe,04 0.22 0.19 0.23 0.19 0.18 0.32 0.19 0.14 0.19 0.21
MgO 0.04 0.06 0.07 0.07 0.08 0.08 0.07 0.05 0.08 0.08
Ca0 5.92 6.05 5.54 6.18 5.90 5.69 5.14 5.03 5.05 5.40
Na,0 8.11 8.09 8.34 7.94 8.28 8.29 8.45 8.72 8.47 8.43
K50 0.37 0.36 0.42 0.32 0.38 0.41 0.41 0.35 0.50 0.40
Bao 0.13 0.07 0.09 0.09 0.05 0.09 0.11 0.08 0.18 0.09
Ti0, - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 - - - - - - - - - -
Total 98.95 99.13 98.83 99.90 99.87 99.81 99.42 98.93 98.32 99.69
Si 2.69 2.69 2.71 2.70 2.69 2.71 2.74 2.74 2.73 2.73
Al 1.30 1.30 1.28 1.30 1.30 1.27 1.25 1.25 1.26 1.26
Fe3* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Mg 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01
Ca 0.29 0.29 0.27 0.30 0.28 0.27 0.25 0.24 0.25 0.26
Na 0.71 0.71 0.73 0.69 0.72 0.72 0.73 0.76 0.74 0.73
K 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - - - -
Total 5.02 5.02 5.02 5.01 5.03 5.02 5.01 5.02 5.02 5.01
z 3.99 3.99 3.99 3.99 3.99 3.99 3.99 3.99 3.99 3.99
X 1.03 1.03 1.04 1.01 1.03 1.03 1.02 1.03 1.03 1.02
y -4E-02 -4E-02 -4E-02 -3E-02 -3E-02 6E-02 -3E-02 -4E-02 -4E-02 -4E-02
An . 0.28 0.29 0.26 0.29 0.28 0.27 0.25 0.24 0.24 0.26
Ab 0.70 0.69 0.71 0.69 0.70 0.71 0.73 0.74 0.73 0.72
Or 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses

Analysis

3102
F8203
MgO
Ca0
Na20
KZO
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

»
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0.25
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1.27
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5.02

4.00
1.02
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0.73
0.01
0.00

Table 3-17
169 170
59.79 60.16
25.04 24.58
0.04 0.12
0.05 0.07
6.34 6.28
7.98 8.08
0.08 0.24
0.08 0.14
99.40 99.67
2.68 2.69
1.32  1.30
0.00 0.00
0.00 0.00
0.30 0.30
0.69 0.70
0.00 0.01
0.00 0.00
5.01 5.02
4,00 3.99
1.01 1.03
0.00 -5E-02
0.30 0.30
0.69 0.69
0.00 0.01
0.00 0.00



Table 3.--Plagioclase analyses

Analysis

5102
A1203
F6203
MgO
Ca0
Na20
K20
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3*
Mg
Ca
Na

K
Ba
Ti
Mn
Sr
Total

<
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1.02
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0.30
0.68
0.02
0.00
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1.02
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0.30
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0.02
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2.66
1.33
0.01
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3.99  3.99
1.02 1.02
2E-02 -4E-02
0.35 0.35
0.64 0.63
0.01 0.02
0.00 0.00
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Table 3.--Plagioclase analyses

Analysis

Si02
A1203
F3203
MgO
Ca0
Na20
K20
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na
K
Ba
Ti
Mn
Sr
Total

An
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~
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2.60
1.40
0.01
0.00
0.38
0.63
0.01
0.00
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0.40
0.59
0.01
0.00

2.48
1.52
0.01
0.01
0.47
0.53
0.02
0.00

5.03

4.00
1.04
-1E-02

0.46
0.52
0.01
0.00

Table 3-19
189 190
56.20 56.34
27.55 27.66
0.25 0.22
0.09 0.10
8.58 8.27
6.46 6.57
0.33 0.27
0.10 0.06
99.56 99.49
2.54 2.54
1.47 1.47
0.01 0.01
0.01 0.01
0.41 0.40
0.57 0.57
0.02 0.02
0.00 0.00
5.02 5.02
4.00 4.01
1.02 1.00
0.01 0.04
0.41 0.40
0.56 0.58
0.02 0.02
0.00 0.00



Table 3.--Plagioclase analyses
Table 3-20

Analysis 191 192 193 194 195 196 197 198 199 200

510, 55.73 56.22 57.30 59.88 64.73 63.70 64.43 62.10 62.26 61.82
Al,04 28.80 27.57 27.31 26.14 23.35 23.91 23.55 22.09 24.94 25.22
Fe,03 0.21 0.14 0.10 0.10 0.06 0.13 0.15 0.14 0.14 0.21
Mgh 0.11 0.09 0.08 0.05 0.03 0.04 0.05 - 0.04 0.06
Ca0 9.52 8.82 8.75 6.75 3.49 4.24 4.08 4.46 5.50 5.96
Na,0 5.97 6.55 6.53 7.82 9.57 9.11 9.19 7.95 8.63 8.16
K,0 0.22 0.09 0.11 0.05 0.24 0.30 0.37 0.31 0.33 0.26
Ba0 0.08 0.10 0.09 0.11 0.06 0.10 0.06 0.07 0.09 0.10
Ti0, - - - - - - - - - .

MnO - - . - . . . . - -

Sr0 - - - - . - . - -

Total 100.64 99.58 100.27 100.90 101.53 101.53 101.88 97.12 101.93 101.79

Si 2.49 2.54 2.56 2.65 2.81 2.78 2.80 2.82 2,72 2.70
Al 1.52 1.47 1.44 1.36 1.20 1.23 1.20 1.18 1.28 1.30
Fe3* 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Mg 0.01 0.0L 0.01 0.00 0.00 0.00 0.00 - 0.00 0.00
Ca 0.46 0.43 0.42 0.32 0.16 0.20 0.19 0.22 0.26 0.28
Na 0.52 0.57 0.57 0.67 0.81 0.77 0.77 0.70 0.73 0.69
K 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.02 0.02 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - - - -
Total 5.01 5.02 5.00 5.01 5.00 5.00 4.99 4.94 5.01 5.00
z 4.01 4.00 4.00 4.01 4.01 4.01 4.00 4.00 4.00 4.00
X 1.00 1.02 1.00 1.00 0.99 0.99 0.99 0.9 1.01 1.00
y 0.04 0.01 0.00 0.03 0.04 0.02 0.01 0.01 -2E-03 0.00
An 0.46 0.42 0.42 0.32 0.17 0.20 0.19 0.23 0.26 0.28
Ab 0.52 0.57 0.57 0.67 0.82 0.78 0.79 0.75 0.72 0.70
Or 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.02 0.02 0.01
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-21

Analysis 201 202 203 204 205 206 207 208 209 210

510, 61.21 61.59 61.66 61.21 62.54 61.62 61.97 58.28 58.05 57.95
Al,04 25.43 25.25 25.47 25.20 24.64 24.12 25.14 25.92 26.16 27.20

Fe,0; 0.20 0.17 0.18 0.17 0.19 0.22 0.15 0.24 0.21 0.15
Mg0 0.04 0.10 0.03 0.08 0.07 0.06 0.05 0.15 0.24 0.06
Ca0 5.77 5.73 5.83 5.78 5.51 4.79. 5.69 7.15 7.68 7.82
Na,0 8.22 8.16 8.11 810 8.62 8.8 8.15 7.10 6.53 7.09
K,0 0.33 0.3 0.31 0.32 0.35 0.43 0.29 0.28 0.26 0.19
BaO 0.07 0.08 0.06 0.10 0.07 0.11' 0.09 0.11 0.09 0.1l
Tio, - - - . - - - - - -
MnO - - - - - . - - . -
Sro - - - - - - . - -

Total 101.27 101.42 101.65 100.96 101.99 100.17 101.53 99.23 99.22 100.57

Si 2.69 2.70 2.70 2.70 2.73 2.74 2.71 2.62 2.61 2.58
Al 1.32 1.30 1.31 1.31 1.27 1.26/ 1.30 1.38 1.39 1.43
Fed™ 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01L 0.01
Mg 0.00 0.01 0.00 0.01 0.00 0.000 0.00 0.01 0.02 0.00
Ca 0.27 0.27 0.27 0.27 0.26 0.23 0.27 0.3 0.37 0.37
Na 0.70 0.69 0.69 0.69 0.73 0.76; 0.69 0.62 0.57 0.6l
K 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - - - .
Total 5.01 5.00 5.00 5.00 5.01 5.02 4.99 5.00 4.98 5.01
z 4.01 4.01 4.01 4.01 3.99 4.00 4.01 4.00 4.00 4.01
X 1.00 1.00 0.99 1.00 1.02 1.02 0.98 1.00 0.98 1.01
y 0.03 0.02 0.04 0.02 -3E-02 1E-02 0.03 0.00 0.01 0.03
An 0.27 0.27 0.28 0.28 0.26 0.22 0.27 0.35 0.39 0.37
Ab 0.7 0.71 0.70 0.70 0.72 0.75 0.71 0.63 0.60 0.6l
or 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-22

Analysis 211 212 213 214 215 216 217 218 219 220

5i0, 58.18 57.28 59.63 59.80 59.37 60.91 60.54 60.68 59.21 60.74
Al,04 27.86 27.86 26.60 26.37 25.91 25.22 25.27 25.46 25.96 25.92
Fe,04 0.18 0.21 0.14 0.19 0.18 0.17 0.12 0.17 0.12 0.16
MgO 0.06 0.08 0.07 0.07 0.07 .05 0.06 0.09 0.07 0.04
Ca0 8.54 8.83 7.39 7.11 6.73 5.75 5.87 6.20 6.65 6.68
Na,0 6.68 6.59 7.42 7.54 7.81 8.32 8.19 8.06 7.84 7.81
K,0 0.22 0.17 0.20 0.21 0.22 0.27 0.27 0.20 0.20 0.16
BaO 0.14 0.07 0.0 0.08 0.15 0.09 0.05 0.09 0.09 0.10
Tio0, - - - - - - - - - -

MnO - - - - - - - - - -

Sr0 - - - - - - - - -

Total 101.86 101.09 101.55 101.37 100.44 100.78 100.37 100.95 100.14 101.61

Si 2.56 2.54 2.62 2.63 2.64 2.69 2.68 2.68 2.64 2.66
Al 1.45 1.46 1.38 1.37 1.36 1.31 1.32 1.32 1.36 1.34
Fe3* 60.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 ©0.01
Mg 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00
Ca 0.40 0.42 0.35 0.34 0.32 0.27 0.28 0.29 0.32 0.31
Na 0.57 0.57 0.63 0.64 0.67 0.71 0.70 0.69 0.68 0.66
K 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 o0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - - - -

Total 5.00 5.01 5.01 5.01 5.02 5.01 5.01 5.01 5.02 5.00

z 4.01 4.00 4.00 4.00 4.00 4.00 4.01 4.00 4.00 4.00
X 1.00 1.01 1.00 1.00 1.02 1.01 1.01 1.01 1.02 1.00
y 0.03 0.01 0.01 0.01 -2E-03 0.01 0.02 0.01 0.02 0.01
An 0.41 0.42 0.35 0.34 0.32 0.27 0.28 0.29 0.32 0.32
Ab 0.58 0.57 0.64 0.65 0.67 0.71 0.70 0.69 0.67 0.67
Or 0.01 0.01 0.01 0.0L 0.01 0.02 0.02 0.01 0.01 o0.01
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-23

Analysis 221 222 223 224 225 226 227 228 229 230

............................................................

Si0, 57.79 60.81 57.23 59.32 60.97 59.33 61.78 62.57 60.56 61.28
Al,04 27.02 25.36 28.27 26.43 24.99 26.18 24.62 24.33 24.88 25.19

Fe,03 0.13 0.18 0.11 0.12 0.07 0.10 0.05 0.17 0.07 0.10
MgO 0.10 0.05 0.11 0.06 0.10 0.09 0.04 0.08 0.07 0.03
Ca0 7.80 6.20 9.40 7.09 5.89 7.16, 5.14 5.11 5.81 6.31
Na,0 7.09 8.02 6.26 7.87 8.14 7.600 8.76 8.71 8.23 8.13
K,0 0.16 0.20 0.13 0.14 0.13 0.13 0.08 0.18 0.11 0.17
BaO 0.06 0.09 0.06 0.01 0.07 0.06 0.02 0.06 0.06 0.08
Ti0, - - - - - - - - - -
MnO - - - - - - - - - -
Sro - - - - - - - -

Total 100.15 100.91 101.57 101.04 100.36 100.65 100.49 101.21 99.79 101.29

\
\
Si 2.58 2.68 2.53 2.62 2.70 2.63} 2.73 2.74  2.70 2.69
Al 1.42 1.32 1.47 1.38 1.30 1.37 1.28 1.26 1.31 1.30
Fe3t 0.00 0.01L 0.00 0.00 0.00 0.00} 0.00 0.01 0.00 0.00
Mg 0.01 0.00 0.01 0.00 0.01L 0.0L 0.00 0.01 0.00 0.00
Ca 0.37 0.29 0.45 0.34 0.28 0.34/ 0.246 0.24 0.28 0.30
Na 0.61 0.69 0.54 0.67 0.70 0.65 0.75 0.74 0.71 0.69
K 0.01 o0.01 o0.01 0.01 0.0L 0.0L 0.00 0.01 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - - - - - -
Total 5.02 5.00 5.00 5.03 5.00 5.0 5.01 5.00 5.01 5.00
z 4.01 4.00 4.00 4.00 4.00 4.00 4.01 4.00 4.00 4.00
X 1.01 1.00 1.00 1.03 1.00 1.0, 1.00 1.00 1.00 1.01
y 0.02 0.01 0.01 0.00 0.02 0.00 0.03 -3E-03 0.02 -8E-03
An 0.37 0.30 0.45 0.33 0.28 0.34 0.24 0.24 0.28 0.30
Ab 0.62 0.69 0.54 0.66 0.71 0.65 0.75 0.75 0.71L 0.69
Oor .0.01 0.01 0.01 0.01L 0.01 0.0 0.00 0.01 0.01 0.01
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-24

Analysis 231 232 233 234 235 236 237 238 239 240

510, 62.57 61.28 62.36 58.48 61.26 60.85 60.30 62.08 54.93 55.75
Al,504 23.67 23.68 24.00 26.66 24.41 23.78 24.10 23,70 28.48 28.17
Fe,04 0.15 0.08 0.05 0.07 0.10 0.11 0.07 0.10 0.13 0.07
MgO 0.07 0.02 0.06 0.09 0.05 .10 0.07 0.02 0.11 0.08
Ca0 4.48 4.60 4.68 7.86 5.09 4.44 5.08 4.27 10.26 10.15
Na,0 9.15 9.06 9.01 7.42 8.71 8.73 8.51 9.08 5.75 5.87
K50 0.22 0.20 0.16 0.07 0.12 0.16 0.18 0.23 0.06 0.13
BaO 0.05 0.05 0.07 0.05 0.10 0.08 0.06 0.06 0.03 0.05
Ti0, - - - - - - - - - -
MnO - - - - - - - - - -
Sro - - - - -

Total 100.35 98.97 100.39 100.70 99.84 98.25 98.37 99.54 99.75 100.27

Si 2.76 2.75 2.75 2.60 2.72 2.74 2.72 2.76 2.48 2.50
Al 1.23 1.25 1.25 1.40 1.28 1.26 1.28 1.24 1.52 1.49
Fed* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.01
Ca 0.21 0.22 0.22 0.37 0.24 0.21 0.25 0.20 0.50 0.49
Na 0.78 0.79 0.77 0.64 0.75 0.76 0.74 0.78 0.50 0.51
K 0.00 0.01 0.0 0.00 0.01 0.01 0.01 0.01 0.00 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -

Mn - - - - - - - - - -

Sr - - - - - - - -

Total 5.00 5.02 5.01 5.02 5.01 5.00 5.00 5.01 5.01 5.01

z 4.00 4.00 4.00 4.00 4.00 4.01 4.00 4.01 4.00 3.99
X 1.02 1.03 1,01 1.03 1.01 1.00 1.01 1.01 1.02 1.02
y 1E-02 -2E-03 0.01 -2E-02 0.02 0.03 0.02 0.02 -1E-02 -2E-02
An *0.21 0.22 0.22 0.37 0.24 0.22 0.25 0.20 0.49 0.48
Ab 0.78 0.77 0.77 0.63 0.75 0.77 0.74 0.78 0.50 0.51
Or 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00 o0.01

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cn 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-25

Analysis 241 242 243 244 245 246 247 248 249 250

............................................................

$10, 55.90 57.18 60.84 60.71 63.32 59.64 58.64 57.05 59.98 58.58
Al,04 27.87 27.00 23.66 25.00 22.89 24.84 25.73 25.70 24.07 25.80
Fey04 0.21 0.24 - - - - - - - -
MgO 0.11 0.09 - - - - - - - -
Ca0 9.54 8.50 6.24 6.77 5.54 6.2 7.66 8.34 6.32 8.05
Na,0 6.23 6.76 8.18 7.98 8.30 8.0 7.30 7.02 8.22 7.07
K20 0.16 0.18 0.27 0.28 0.25 0.3 0.34 0.27 0.26 0.27
BaO 0.09 0.08 0.17 0.11 0.07 0.0ﬁ 0.25 0.07 0.10 0.02
Tioz - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 -

Total 100.11 100.03 99.36 100.85 100.37 99.13 99.92 98.45 98.95 99.79

si 2.51 2.57 2.73 2.69 2.79 2.68 2.63 2.60 2.70 2.63
Al 1.48 1.43 1.25 1.30 1.19 1.32 1.36 1.38 1.28 1.36
Fes* 0.01 0.01 - - - - -
Mg 0.01 0.01 - - - - - - - -
Ca 0.46 0.41 0.30 0.32 0.26 0.30 0.37 0.41 0.31 0.39
Na 0.54 0.59 0.71 0.68 0.71 0.71 0.63 0.62 0.72 0.6l
K 0.0l 0.01 0.02 0.02 0.0l 0.02 0.02 0.02 0.01 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
St - - - - - - - - - -
Total  5.02 5.02 5.0 5.0l 4.97 5.02 5.02 5.03 502 5.01
z 3.99 3.99 3.98 3.99 3.98 4.00 3.99 3.98 3.98 3.99
X 1.03 1.02 1.03 1.02 0.99 1.02 1.03 1.04 1.04 1.02
y 3E-02 -3E-02 -8E-02 -4E-02 -6E-02 7E-0B -4E-02 -7E-02 -7E-02 -4E-02
An 0.45 0.41 0.29 0.31 0.27 0.29 0.36 0.39 0.29 0.38
Ab “0.54 0.58 0.69 0.67 0.72 0.69 0.62 0.59 0.69 0.60
or 0.0l 0.01 0.02 0.02 0.0l 0.02 0.02 0.02 0.0l 0.02
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-26

Analysis 251 252 253 254 255 256 257 258 259 260

510, 60.74 61.95 56.17 57.55 69.71 67.45 65.55 59.29 63.28 62.66
Al,0,  24.13 24.68 27.81 27.40 20.21 21.59 23.12 27.00 24.57 24.60
Fe,03 - - - - 0.03 0.06 0.06 0.07 0.0l 0.12
Mg0 - - - - - - - 0.04 - -
Ca0 6.30 5.48 9.39 8.45 0.10 1.61 3.40 8.14 5.25 5.25
Na,0 8.47 8.46 6.24 6.76 10.48 10.13 8.78 6.81 8.23 8.76
K,0 0.23 0.22 0.16 0.17 0.15 0.20 0.12 0.14 0.07 0.23
Bao - - - 0.02 0.01 - - 0.04 0.02 0.01
TiO, - - - - - - - - - -
MnO - - - - - - - - - -
Sro - - - - - 0.03 0.04 0.07 0.01 0.03
Total  99.87 100.79 99.77 100.35 100.69 101.07 101.05 101.60 101.44 101.66
Si 2.71 2.73 2.53 2.57 3.01 2.92 2.85 2.61 2.76 2.74
Al 1.27 1.28 1.48 1.44 1.03 1.10 1.18 1.40 1.26 1.27
Fe3t - - - - 0.00 0.00 0.00 0.00 0.00 0.00
Mg - - - - - - - 0.00 - -
Ca 0.30 0.26 0.45 0.40 0.00 0.07 0.16 0.38 0.25 0.25
Na 0.73 0.72 0.54 0.58 0.88 0.85 0.74 0.58 0.70 0.74
K 0.01 0.0l 0.01 0.0l 0.01 0.01 0.01 0.01 0.00 0.01
Ba - - - 0.00 0.00 - - 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - - 0.00 0.00 0.00 0.00 0.00
Total  5.03 5.00 5.01 5.01 4.92 4.96 4.93 4.99 4.96 5.01
z 3.98 4.01 4.00 4.01 4.03 4.02 4.03 4.01 4.02 4.00
X 1.05 0.99 1.01 1.00 0.89 0.94 0.91 0.98 0.94 1.00
y -8E-02 0.03 0.02 0.04 0.13 0.08 0.12 0.03 0.07 0.01
An 0.29 0.26 0.45 0.40 0.01 0.08 0.17 0.39 0.26 0.25
Ab 0.70 0.73 0.54 0.59 0.99 0.91 0.82 0.60 0.74 0.74
or 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
0.00 0.00 - - 0.00 0.00 0.00

Cn - - -

63



Table 3.--Plagioclase analyses
Table 3-27

Analysis 261 262 263 264 265 266 267 268 269 270

5109 62.53 67.19 62.57 63.73 57.60 59.34 56.21 57.39 64.00 56.73
Al504 24.64 21.88 24.49 23.93 27.79 26.27 28.47 27.86 23.85 28.13

Fe,03 0.07 0.02 0.08 0.06 0.17 0.18 0.10 0.09 0.02 0.11
Mg0 - - 0.0l - - . . - . -
Ca0 5.33  2.11  5.29 4.22 9.36 7.54 10.12 9.18 4.30 9.60
Na,0 8.78 10.45 8.57 9.36 6.21 7.21 5.89 6.39 8.58 6.13
K,0 0.22 0.13 0.19 0.20 0.14 0.1 0.12 0.10 0.09 0.15
Bao 0.05 - o0.01 - 0.05 0.09 0.05 0.05 - 0.01
Ti0, - - - - - - - - - -
MnO - - - - - - - - - -
Sr0 0.04 0.05 0.03 - 0.14 0.12 0.17 0.13 0.09 0.09

Total 101.66 101.83 101.24 101.50 101.46 100.91}101.13 101.19 100.93 100.95

Si 2.73  2.90 2.74 2.78 2.55 2.63 2.50 2.55 2.79 2.53
Al 1.27 1.11 1.26 1.23 1.45 1.37, 1.49 1.46 1.23 1.48
Fe3* 0.00 0.00 0.00 0.00 0.0L 0.0l 0.00 0.00 0.00 0.00
Mg - - 0.00 - - - - - - -
Ca 0.25 0.10 0.25 0.20 0.44 0.36 0.48 0.44 0.20 0.46
Na 0.74 0.87 0.73 0.79 0.53 0.62 0.51 0.55 0.73 0.53
K 0.01 0.01 0.01 0.0l 0.01 0.0l 0.01 0.01 0.01 0.01
Ba 0.00 - 0.00 - 0.00 0.000 0.00 0.00 - 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00
Total  5.01 4.99 5.00 5.01 4.99 5.00 5.01 5.00 4.96 5.00
z 4.00 4.01 4.00 4.01 4.00 4.000 4.00 4.00 4.02 4.00
X 1.01 0.98 0.99 1.00 0.99 1.00 1.01 1.00 0.94 1.00
y 0.00 0.03 0.02 0.03 -SE-03 0.00 -7E-03 0.01 0.09 0.01
An 0.25 0.10 0.25 0.20 0.45 0.36 0.48 0.44 0.22 0.46
Ab 0.74 0.89 0.74 0.79 0.54 0.63 0.51 0.55 0.78 0.53
or 0.01 0.01 ©0.01 ©0.01 0.01 0.0 0.0l 0.01 0.01 0.01
Cn 0.00 - 0.00 - 0.00 0.00 0.00 0.00 - 0.00
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Table 3.--Plagioclase analyses
Table 3-28

Analysis 271 272 273 274 275 276 277 278 279 280

Si0,  56.40 57.40 55.20 63.57 58.88 58.89 58.47 58.70 47.92 56.61
Al,05  28.54 27.17 29.14 23.46 26.12 25.68 25.34 26.25 34.22 27.65
Feo03  0.12 0.16 0.11 0.10 0.30 0.18 0.22 0.06 0.09 0.09
Mgb - - - - - 0.01 - 0.06 0.12 0.07
Ca0 9.92 8.82 11.01 4.17 8.50 7.85 7.92 7.33 15.89 9.0l
Na,0 5.93  6.58 5.31 8.60 6.42 7.02 6.64 6.61 2.19 5.70
Ky0 0.14 0.16 0.12 0.19 0.06 0.33 0.25 - 0.05 0.16
Ba0 0.0l 0.03 - o.01 - - - 0.03 - -

TiO, - - - - - - - 0.05 0.02 0.02
MnO - - - - - - - 0.03 0.04 0.03
Sr0 0.14 0.13 0.13 0.02 - - - - - -

Total 101.20 100.45 101.02 100.12 100.28 99.96 98.84 99.12 100.54 99.34

Si 2.51 2.56 2.47 2.80 2.62 2.63 2.64 2.63 2.18 2.55
Al 1.50 1.43 1.53 1.22 1.37 1.35 1.35 1.39 1.83 1.47
Fe3* 0.00 0.01 0.00 0.00 0.01 0.01 0.0L 0.00 0.00 0.00
Mg - - - - - 0.00 - 0.00 0.01 0.00
Ca 0.47 0.42 0.53 0.20 0.41 0.38 0.38 0.35 0.77 0.43
Na 0.51 0.57 0.46 0.73 0.55 0.61 0.58 0.57 0.19 0.50
K 0.01 0.01 0.01 0.0L 0.00 0.02 o0.01 - 0.00 0.01
Ba 0.00 0.00 0.00 - - - 0.00 - -
Ti - - - - - - - 0.00 0.00 0.00
Mn - - - - - - - 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 - - - - - -
Total 5.00 5.01 5.00 4.96 4.97 5.00 4.98 4.96 5.00 4.97
z 4,00 4.00 4.00 4.02 3.99 3.99 3.99 4.02 4.01 4.02
X 1.00 1.01 1.00 0.95 0.97 1.01 0.99 0.94 0.98 0.95
y 0.01 -2E-02 -4E-03 0.07 3E-02 -5E-02 -4E-02 0.08 0.06 0.07
An 0.48 0.42 0.53 0.21 0.42 0.37 0.39 0.38 0.80 0.46
Ab 0.52 0.57 0.46 0.78 0.58 0.61 0.59 0.62 0.20 0.53
Or 0.01 0.01 0.01 0.01 0.00 0.02 0.01 - 0.00 0.01
Cn 0.00 0.00 - 0.00 - - - 0.00 - -

65



Table 3.--Plagioclase analyses
Table 3-29

Analysis 281 282 283 284 285 286 287 288 289 290

------------------------------------------------------------

Si0, 56.52 55.41 54.94 58.96 54.35 54.36 61.52 59.37 60.13 56.56
Aly04 27.87 27.85 27.80 25.07 28.51 28.68 23.57 25.32 24.74 27.66

Fe,03 0.10 ©0.17 0.10 ©0.21 0.31 0.30 0.11 0.18 0.27 0.21
Mgl 0.06 0.07 0.08 - - - - - - -
Ca0 9.04 8.98 9.50 6.78 10.83 10.55 4.49 6.93 6.29 9.20
Na,0 5.95 6.08 5.78 7.56 5.35 5.41, 9.00 7.68 8.00 6.16
K,0 0.16 0.15 - 0.19 0.15 0.13 0.14 0.16 0.23 0.13
BaO 0.01 ©0.02 0.03 0.03 - 0.05 - 0.05 0.04 0.04
TiO, 0.01 0.04 0.01 - - - - - - -
MnO 0.02 0.03 0.05 - - - - - - -
Sro - - - 0.16 0.23 0.20 0.13 0.19 0.20 0.19

Total 99.74 98.80 98.29 98.96 99.73 99.68 98.96 99.88 99.90 100.15

si 2.54 2.52 2.51 2.66 2.46 2.46 2.76 2.66 2.69 2.54
Al 1.48 1.49 1.50 1.33 1.52 1.53 1.24 1.34 1.30 1.46
Fe3™t 0.00 0.01 0.00 0.01 0.01 0.0, 0.00 0.01 0.0l 0.01
Mg 0.00 0.00 0.01 - - - - - - -
Ca 0.44 0.44 0.47 0.33 0.53 0'5§ 0.22 0.33 0.30 0.44
Na 0.52 0.54 0.51 0.66 0.47 0.48 0.78 0.67 0.69 0.54
K 0.01 0.01 - 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ba 0.00 0.00 0.00 0.00 - 0.00 - 0.00 0.00 0.00
Ti 0.00 0.00 0.00 - - - - - - -
M 0.00 0.00 0.00 - - - - - - -
Sr . - - 0.00 0.0l 0.0L 0.00 0.00 0.01 00
Total  4.99 5.00 5.00 5.01 5.01 5.01 5.01 5.0l 5.0l 5.00
|
z 4.00 4.01 4.01 3.99 3.99 4.00 4.00 3.99 3.99 4.00
X 0.97 0.99 0.99 1.01 1.02 1.01 1.0l 1.02 1.02 1.00
y 0.06 0.04 0.03 -3E-02 -5E-02 -2E-02 0.0l 3E-02 -4E-02 0.00
|
An 0.45 0.45 0.48 0.33 0.52 0.51 0.21 0.33 0.30 0.45
Ab 0.54 0.55 0.52 0.66 0.47 0.48 0.78 0.66 0.69 0.54
or 0.01 0.01 - 0.01 0.01 0.01 0.00 0.01 0.01 0.01
Cn 0.00 0.00 0.00 0.00 - o.o? - 0.00 0.00 0.00
|
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Table 3.--Plagioclase analyses
Table 3-30

Analysis 291 292 293 294 295 296 297 298 299 300

Si0,  61.68 60.02 61.93 62.39 59.75 59.68 62.54 62.15 58.98 60.92
Al,0,  24.12 25.74 24.10 23.70 25.66 25.71 23.92 23.81 26.23 24.9
Fep0, 0.14 0.10 0.14 0.07 0.20 0.23 0.12 0.11 0.49 0.12
Mg0 - - - - - - - - - -

ca0 5.14 6.72 5.15 4.60 6.96 6.87 4.82 4.99 7.46 5.28
Na,0 8.71 7.69 8.70 9.05 7.71 7.66 8.95 8.91 7.00 8.26
K50 0.18 0.13 0.20 0.17 0.1 0.19 0.17 0.16 0.21 0.21
Ba0 0.04 0.08 - 0.05 0.06 0.01 0.06 0.03 0.02 0.0l
Ti0, - - - - - - - - - 0.02
MnO - - - - - - - - - -

S0 0.10 0.24 0.11 0.11 0.20 0.14 0.07 0.09 0.18 -

Total 100.11 100.72 100.33 100.14 100.68 100.49 100.65 100.25 100.57 99.76

Si 2.74  2.66 2.74 2.76 2.65 2.65 2.76 2.75 2.62 2.71
Al 1.26 1.3 1.26 1.24 1.34 1.35 1.24 1.24 1.37 1.31
Fe3t 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.02 0.00
Mg - - - - - - - - - -

Ca 0.24 0.32 0.24 0.22 0.33 0.33 0.23 0.24 0.36 0.25
Na 0.75 0.66 0.75 0.78 0.66 0.66 0.76 0.76 0.60 0.71
K 0.01 0.0l 0.01 ©0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ba 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - . - 0.00
Mn - - - - - - - - - -

Sr 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 -

Total 5.01 5.00 5.01 5.01 501 5.01 5.01 5.01 4.99 5.00

z 4.00 4.00 4.00 4.00 3.99 4.00 4.00 3.99 4.00 4.02
X 1.0 1.00 1.01 1.0 1.02 1.01 1.01 1.02 0.99 0.98
y -7E-03 0.01 9E-03 -6E-04 -2E-02 -9E-03 5SE-03 -2E-02 -1E-02 0.06
An '0.24 0.32 0.24 0.22 0.33 0.33 0.23 0.23 0.37 0.26
Ab 0.75 0.67 0.75 0.77 0.66 0.66 0.76 0.76 0.62 0.73
Or 0.0r o0.01 0.01 0.01L 0.0L 0.01 0.01 0.01L 0.01 0.01

0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cn 0.00
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Table 3.--Plagioclase analyses
Table 3-31

Analysis 301 302 303 304 305 306 307 308 309 310

510, 58.57 56.71 56.71 61.94 64.54 58.70 58.63 61.99 60.23 59.62
Al,03  24.75 26.25 26.34 25.01 22.93 25.38 25.61 23.66 25.29 25.19
Fe,0 - - - - - - - - - -
293
Mg0 - - - . - - - - - -
Ca0 7.63 9.21 8.55 6.63 4.25 6.79 9.34 6.14 6.98 6.59
Na,0 7.02 6.10 6.22 7.8 9.00 7.99 6.07 8.11 7.27 7.30
K,0 0.27 0.17 0.25 0.11 0.25 0.14 0.15 0.18 0.23 0.25
Ba0 0.38 0.13 0.14 0.064 0.10 0.18 0.02 0.07 0.11 0.10
TiO, - - - - - - - - . -
MnO - - - - - - - - - -
Sr0 - . . - -

Total 98.62 98.57 98.21 101.57 101.07 99.18 99.82 100.15 100.11 99.05

Si 2.66 2.58 2.59 2.71 2.82 2.65 2.63 2.75 2.68 2.68
Al 1.32  1.41 1.42 1.29 1.18 1.35 1.35 1.24 1.33 1.33
Fe3* - - - - - - - - - -
Mg - - - - - - - - - -
Ca 0.37 0.45 0.42 0.31 0.20 0.33 0.45 0.29 0.33 0.32
Na 0.62 0.5 0.55 0.66 0.76 0.70 0.53 0.70 0.63 0.64
K 0.02 0.0l 0.0l 0.0l 0.01 0.01 0.01 0.01 0.01 0.0l
Ba 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - . -
Mn - - - - - - - - - -
Sr - - - - - - - - - -
Total 5.00 4.99 4.99 4.98 4.98 5.03 4.96 4.99 4.98 4.98
z 3.98 3.99 4.00 4.00 4.00 3.99 3.98 3.99 4.00 4.01
X 1.01 1.00 0.98 0.98 0.98 1.04 0.98 1.00 0.97 0.97
y -7E-02 -4E-02 0.01 SE-03 0.00 -2E-02 -8E-02 -6E-02 0.02 0.05
An 0.37 0.45 0.42 0.32 0.20 0.32 0.46 0.29 0.34 0.33
Ab '0.61 0.54 0.56 0.68 0.78 0.6/ 0.54 0.70 0.64 0.66
or 0.02 0.01 0.0l 0.01 0.01 0.0l 0.01 0.01 0.01 0.01
Cn 0.0l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses

Analysis

Si02
F3203
MgO
Ca0
NaZO
KZO
BaO
T102
MnO
Sr0
Total

Si
Al
Fe3t
Mg
Ca
Na

Ba
Ti
Mn
Sr
Total

An
Ab
Or
Cn

311

99.

.00
.97
.01

.43
.55
.02

99.

[eNeNeNo]

o o &

[eNeNoNe]

OO o

.58
.43

.41
.55
.01
.00

.99

.01
.97
.05

42
.57
.01
.00

3.99
0.99
-3E-02

314 315
59.85 63.47
24.02 24.34

7.25 4,67

7.29 8.78

0.21 0.04
98.62 101.30

2.70 2.77

1.28 1.25

0.35 0.22

0.64 0.74

0.01 0.00

4.98 4.98

3.98 4.02

1.00 0.96
7E-02 0.07

0.35 0.23

0.64 0.77

0.01 0.00
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99.

N

[eNeNe N

[eNel o]

(@ @RV, JEve]

.53
.48

.45
.51
.01
.00

.99

.01
.97
.06

.46
.53
.01
.00

99.

N

oo &

o OO

.01
.99
.04

.43
.56
.01

100.

=N

[eNelNeNe)

oo &

OO OO

OO N>

.69
.31

.30
.66
.02
.00

.99

.01
.98
.03

.31
.67
.02
.00

Table 3-32
319 320
59.13 59.14
26.59 25.31

7.32 6.77

7.21 7.69

0.16 0.05

0.09 0.07

100.50 99.03

2.62 2.66

1.39 1.34

0.35 0.33

0.62 0.67

0.01 0.00

0.00 0.00

4.99 5.00

4.02 4.00

0.98 1.00

0.06 0.01

0.36 0.33

0.63 0.67

0.01 0.00

0.00 0.00



Table 3.--Plagioclase analyses

Table 3-33

Analysis 321 322 323 324 325 326 327 328 329 330

$i0, 58.84 57.73 57.73 61.55 68.67 64.80 61.40 61.85 66.15 61.57
Al,0,  26.29 27.10 27.10 25.37 19.97 22.05 24.37 23.80 20.65 23.93
Fe,03 - - . - 0.09 0.02. 0.23 0.13 0.03 0.08
MgO - - - . . - - . . -
Ca0 7.78 8.51 8.51 6.50 2.41 2.8l 5.39 4.69 l.44 4.77
Na,0 6.90 6.77 6.77 7.92 9.15 9.83 8.25 8.52 10.60 8.68
K,0 0.32 0.16 0.16 0.16 0.09 0.11] 0.20 0.29 0.08 0.15
Ba0 0.05 - - 0.01 0.06 0.06 0.03 0.10 0.11 0.05
Ti0, - . . - - - - . . -
I
MnO . : - . . - . . - -
Sr0 - - - - 0.03 0.04 0.06 0.04 - 0.03

Total 100.18 100.27 100.27 101.51 100.47 99.72] 99.93 99.42 99.06 99.26

Si 2.62 2.58 2.58 2.70 2.98 2.86 2.73 2.76 2.93 2.75
Al 1.38 1.43 1.43 1.31 1.02 1.15 1.28 1.25 1.08 1.26
Fe3t - - - - 0.00 0.00 0.01 0.00 0.00 0.00
Mg - - - - - - - - - -
Ca 0.37 0.41 0.41 0.30 0.11 0.13 0.26 0.22 0.07 0.23
Na 0.60 0.59 0.59 0.67 0.77 0.8 0.71 0.74 0.91 0.75
K 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.02 0.00 0.01
Ba 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - - - - -
Mn - - - - - - - - - -
Sr - - - - 0.00 0.00] 0.00 0.00 - 0.00
Total 4.99 5.01 5.01 4.99 4.89 4.99 4.99 4.99 4.99 5.00
z 4,01 4.00 4.00 4.00 4.00 4.01 4.00 4.01 4.00 4.01
x 0.99 1.00 1.00 0.99 0.89 0.98 0.99 0.98 0.99 0.99
y 0.02 0.02 0.02 0.02 0.01 0.03 0.01 0.03 0.02 0.03
. |
An 0.38 0.41 0.41 0.31 0.13 0.14 0.26 0.23 0.07 0.23
Ab 0.60 0.58 0.58 0.68 0.87 0.8 0.73 0.75 0.92 0.76
or 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01
Cn 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3.--Plagioclase analyses
Table 3-34

Analysis 331 332 333 334 335 336 337 338 339 340

510, 63.25 66.26 63.66 64.65 68.76 64.61 64.07 64.71 64.50 61.88
Al,0,  22.95 22.38 24.02 23.70 20.87 23.72 23.64 24.11 24.20 23.71
Fe,03 0.08 0.02 0.02 0.0l 0.06 0.02 0.02 0.08 0.02 0.23
Mg0 . - - - - . = - - -

ca0 3.81 2.50 4.55 4.06 0.83 4.09 4.36 4.45 4,51 4.21
Na,0 9.28 10.23 9.14 9.44 11.12 9.44 9.18 8.39 8.33 9.26
K,0 0.13 0.14 0.20 0.15 0.22 0.18 0.21 0.18 0.09 0.24
BaO 0.05 0.01 - - 0.10 - - 0.01 - 0.06
Ti0, - - - - . - . - - -

MnO - - - - - - - - - -

Sro 0.04 0.01 0.02 0.06 0.05 0.04 0.03 0.04 0.02 0.15

Total 99.59 101.55 101.61 102.05 102.01 102.10 101.51 101.97 101.67 99.74

si 2.81 2.87 2.77 2.80 2.95 2.80 2.79 2.80 2.79 2.76
Al 1.20 1.14 1.23 1.21 1.06 1.21 1.21 1.23 1.23 1.24
Fe3™t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Mg - - - - - - - - - .
Ca 0.18 0.12 0.21 0.19 0.04 0.19 0.20 0.21 0.21 0.20
Na 0.80 0.8 0.77 0.79 0.93 0.79 0.78 0.70 0.70 0.80
K 0.01 0.01 0.01 0.01 0.01 0.0L 0.01 0.01 0.00 0.01
Ba 0.00 0.00 - - 0.00 - - 0.00 - 0.00
Ti - - - - - - - - . .
Mn - - - - - - - - - -
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total  5.00 4.99 5.00 5.00 4.99 500 5.00 4.95 4.94 5.03
z 4.01 4.01 4.01 4.01 4.01 4.01 4.00 4.02 4.03 4.00
X 0.99 0.98 1.00 0.99 0.98 0.99 0.99 0.92 0.91 1.03
y 0.02 0.04 0.02 0.03 0.03 0.02 0.02 0.09 0.11 -3E-03
An 0.18 0.12 0.21 0.19 0.04 0.19 0.21 0.22 0.23 0.20
Ab 0.81 0.87 0.78 0.80 0.95 0.80 0.78 0.76 0.77 0.79
or 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cn 0.00 0.00 - - 0.00 - - 0.00 - 0.00
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Table 3.--Plagioclase analyses
Table 3-35

Analysis 341 342 343 344 345 346 347 348 349 350

510, 61.35 62.05 60.81 61.95 61.96 61.79 61.23 61.62 61.78 61.36
Al,0;  23.61 23.52 23.58 23.25 23.14 23.29 23.82 23.52 23.28 23.35
Fe,0; 0.12 0.09 0.11 0.16 0.16 0.14 0.17 0.10 0.18 0.19
MgO - - - - - - - - - -

Ca0 4.30 4.28 4.38 4.04 3.96 4.09 4.62 4.14 4.02 4.21
Na,0 9.16 9.32 8.89 9.33 9.33 9.21 8.93 9.28 9.33 9.37
K,0 0.31 0.20 0.18 0.20 0.19 0.25 0.36 0.20 0.23 0.22
Bao 0.03 - - 0.10 0.10 0.05 0.04 0.02 0.03 0.05
Ti0, - - - - - - | - - - -

MnO - - - - - - - - - -

Sro 0.21 0.09 0.17 0.21 0.21 0.15 0.26 0.14 0.16 0.15

Total 99.09 99.55 98.12 99.24 99.05 98.971 99.43 99.02 99.01 98.90

Si 2.75 2.76 2.75 2.77 2.78 2.77 2.74 2.76 2.77 2.76
Al 1.25 1.23 1.26 1.23 1.22 1.23 1.26 1.24 1.23 1.24
Fed3t 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01
Mg - - - - - - . - - -
Ca 0.21 0.20 0.21 0.19 0.19 0.20 0.22 0.20 0.19 0.20
Na 0.80 0.80 0.78 0.81 0.81 0.80 0.77 0.81 0.81 0.82
K 0.02 0.0l 0.0l 0.01 0.01 0.01 0.02 0.0l 0.01 0.01
Ba 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti - - - - - - . - - -
Mn - - - - - - - - - -
Sr 0.0l 0.00 0.00 0.01 0.01 0.00 0.01 .00 0.00 0.00
Total 5.03 5.03 5.02 5.02 5.02 5.02 5.03 5.03 5.03 5.04
z 4,00 4.00 4.01 4.00 4.00 4.000 4.00 4.00 4.00 3.99
X 1.03 1.03 1.01 1.03 1.02 1.02 1.03 1.02 1.03 1.04
y 4E-03 4E-03 0.02 -1E-02 -1E-02 -9E-O4 1E-02 0.0l -8E-03 -3E-02
An 0.20 0.20 0.21 0.19 0.19 0.19 0.22 0.20 0.19 0.20
Ab 0.78 0.79 0.78 0.80 0.80 0.79 0.76 0.79 0.80 0.79
or 0.02 0.01 0.01 ©0.01 0.01 0.0 0.02 0.0l 0.01 0.01
cn 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00

72



Table 3.--Plagioclase analyses
Table 3-36

Analysis 351 352 353 354 355 356 357 358 359 360

510, 64.44 61.95 61.88 61.96 61.35 61.79 61.23 61.62 62.05 60.81
A1203 23.58 23.25 23.71 23.14 23.61 23.29 23.82 23.52 23.52 23.58
Fe,03 0.08 0.14 0.21 0.14 0.11 0.13 0.15 0.09 0.08 0.10
Mgb 0.06 - - - - - - - - -
Ca0 4,66 4,04 4,21 3.96 4.30 4.09 4.62 4.14 4,28 4,38
Na,0 8.66 9.33 9.26 9.33 9.16 9.21 8.93 9.28 9.32  8.89
K20 0.25 0.20 0.24 0.19 0.31 0.25 0.36 0.20 0.20 0.18
Ba0 0.13 0.10 0.06 0.10 0.03 0.05 0.04 0.02 - -
T102 0.02 - - - - - - - - -
MnO 0.03 - - - - - - - - -
Sr0 - 0.21 0.15 0.21 0.21 0.15 0.26 0.14 0.09 0.17

Total 101.91 99.22 99.72 99.03 99.08 98.96 99.41 99.01 99.54 98.11

Si 2.80 2.77 2.76 2.78 2.75 2.77 2.74 2.76 2.76 2.75
Al 1.21  1.23 1.24 1.22 1.25 1.23 1.26 1.24 1.23 1.26
Fe3*t 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Mg 0.00 - - - - - - - - -
Ca 0.22 0.19 0.20 0.19 0.21 0.20 0.22 0.20 0.20 0.21
Na 0.73 0.81 0.80 0.81 0.80 0.80 0.77 0.81 0.81 0.78
K 0.0l 0.0l 0.01 0.0l 0.02 0.01 0.02 0.0l 0.0l 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - -
Ti 0.00 . - - . - - . . .
Mn 0.00 - - - - - - - - -
Sr - 0.01 0.00 0.01 0.01 0.00 0.0l 0.00 0.00 0.00
Total  4.97 5.02 5.03 5.02 5.03 5.02 5.03 5.02 5.01 5.0l
z 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.01
X 0.97 1.03 1.03 1.02 1.03 1.02 1.03 1.02 1.03 1.01
y 0.01 1E-02 -1E-03 -8E-03 -3E-03 0.00 1E-02 0.01 -3E-03 0.02
An 0.23 0.19 0.20 0.19 0.20 0.19 0.22 0.20 0.20 0.21
Ab 0.76 0.80 0.79 0.80 0.78 0.79 0.76 0.79 0.79 0.78
or 0.0l 0.01 0.0l 0.01 0.02 0.0l 0.02 0.01 0.01 0.01
Cn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - -
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Table 3.--Plagioclase analyses

Analysis 361 362 363 364 365 366

------------------------------------------------

Si0, 61.78 61.36 64.85 52.00 57.73 57.83
Al,04 23.28 23.35 22.83 30.14 25.73 25.88
Fe,04 0.16 0.17 0.02 - - -
MgO - - 0.09 - - -
Ca0 4.02 4.21 4,27 12.42 8.07 7.86
Nay0 9.33 9.37 8.47 3.98 6.21 6.42
K0 0.23 0.22 0.23 0.17 0.28 0.17
Ba0 0.03 0.05 0.13 - 0.05 -
TiO, - - 0.03 - - -
MnO - - 0.04 - - -
Sr0 0.16 0.15 - - - -

Total 98.99 98.88 100.96 98.71 98.07 98.16

Si 2.77 2.76 2.83 2.38 2.63 2.6
Al 1.23  1.24 1.17 1.63 1.38 1.3
Fe3*t 0.01 0.01 0.00 - - 0.0
Mg - - 0.01 - - -
Ca 0.19 0.20 0.20 0.61 0.39 0.38
Na 0.81 0.82 0.72 0.35 0.55 0.57
K 0.01 0.01 0.01 0.01 0.02 0.01
Ba 0.00 0.00 0.00 - 0.00 -
Ti - - 0.00 - - .
Mn - - 0.00 - - -
Sr 0.00 0.00 - - - -
Total 5.02 5.04 4.9 4.98 4.97 4.97
z 4.00 3.99 4.01 4.01 4.01 4.01
X 1.03 1.04 0.94 0.97 0.96 0.96
v 6E-03 2E-02 0.02 0.04 0.03 0.05
An 0.19 0.20 0.21 0.63 0.41 0.40
Ab 0.80 0.79 0.77 0.36 0.57 0.59
Or 0.01 0.01 0.0l 0.01 0.02 0.01
Cn 0.00 0.00 0.00 - 0.00 -
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Table 3. Plagioclase analyses

SAMPLE KEY
Analysis no. Grou Sample no. Description
1 2 0130 PGl-2 oc
2 2 0130 PG1-3 r/HB
3 2 0131 PG1l-1 r/Q
4 2 0131 PG1-2 ¢
5 2 0131 PG2-1 r/Q
6 2 0131 PG2-2 ir
7 2 0131 PG2-3 oc
8 2 0131 PG2-4 ¢
9 2 547-1 PG [BT2]
10 2 313-1 PG Al ¢
11 2 313-1 PG Al m
12 2 313-1 PG Al m
13 2 313-1 PG Al
14 2 313-1 PG Al r
15 2 313-1 PG A2 ¢
16 2 313-1 PG A2 r
17 2 313-1 PG A2 ¢
18 2 313-1 Pg Bl ¢
19 2 313-1 PG Bl ¢
20 2 313-1 PG Bl ¢
21 2 313-1 PG Bl r
22 2 313-1 PG B2
23 2 313-1 PG BBr/BT
24 2 313-1 PG BBr/BT
25 2 313-1 PG BB{BT]
26 2 313-1 PG BB[BT]
27 2 313-1 PG BB[BT]
28 2 313-1 PG BB[BT]
29 2 313-1 PG BB[BT]
30 2 313-1 PG Clc
31 2 313-1 PG Cl ¢
32 2 313-1 PG C1 r
33 2 313-1 PG C1l r
34 2 313-1 PG Cl r
35 2 547-1-78 PG1l-1 (2)r/KFl
36 2 547-1-78 PG2-1 c
37 2 547-1-78 PG2-2 oc
38 3 784-1 PGl (3)
39 3 784-1 PG2-2 r (3)
40 3 784-1 PG4 (3)
41 3 785-1 PG2
42 3 785-1 -PG3 (3)
43 4 - 1162-1 PGl-2mc (2)
44 4 1162-1 PGl-30c (2)
45 4 1162-1 PG1l-1 ¢ (3)
46 4 1162-1 PGl-4or (3)
47 4 1162-1 PGl-5¢c (2)
48 4 1162-1 PG2-1 ¢
49 4 1162-1 PG2-2¢c (2)
50 4 1162-1 PG3-2ac (3)
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Table 3. Plagioclase analyses

Analysis no.

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89-
90
91
92
93
94
95
96
97
98
99
100

SAMPLE KEY

Gr

LmuUuuouuuuuuuuuuuuuuuuuuuuuuuuuuuuuuumuouuuouuuuoouuouuuu oSS I

(=

Sample no.

1162-1
1162-1
1162-1
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
121-1-78
704-1
704-1
704-1

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

FG

IVP

IVP

VP
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Description
PG4-1
PG4-2
PG4-3

PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG

- PG

PG
PG
PG
PG
PG
PG
PG

Alc
Alc
Al r

A2c

Clc [KF]
Clc [KF]
Cl r/KF
Cl r/KF
D2 [KF]
D3c

D4-1

D4 -2

D4-3
D4-4
D4-5

D4-6
D&4-7

Elc

E1 r/0OP
El r
Elir
Eloc

Alc

Al r

Al r/BT
Al-2
Al-5
Al-6
A2-5
A2-6

A3 r/KF
A3-2

Bl r [BT]
B1-10
B1-2
B1-3

B1l-5

Bl-6

Bl [BT]
BB ¢

BB oc

BB
K1l
K1l
Bl
Bl
Bl

HOOHROR



Table 3.

Analysis

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

]
2]
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Plagioclase analyses

SAMPLE KEY

Sample no.

VP

Ivp

Ivp

Ivp

Ivp

IVP

weC

WwC

WwC

WC

WwC

WC

WwC

wC

WwC

WwC

WwC

1119-1
1293-1
1293-1
1293-1
1293-1
1293-1
1293-1
744-2
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-5
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7
8-15-82-7

77

Description

PG Bl r

PG Cl ¢

PG Cl r

PG Cl r

PG D1 ¢

PG D1-1

PGl-1 r

PGl-1 r

PG1l-1 r/KF2-2
PGl-2 ¢

PGl-2 ¢

PGl-3 m

PGl-3 m

PGl-4 ¢

PGl-4 r
PG1-5r/KF myr
PGl-5r/KF myr
PG 2-1

PG

PGl [KF]
PG3-1 r/Q
PG3-2 ¢

PG2-5 ir

PG2-6 r

PG D1[BT]
PG1l-1 c
PGl-2 c
PG1-3 c
PGl-4 oc
PG1l-5 ir
PGl-6 r
PG2-1 c
PG2-2

PG2-3

PG2-4

PG2-5

PG2-6 r/HB
PG3 (2)

PG2 (trav.) 1
PG2 2
PG2 3
PG2 4
PG2 5
PG2 6
PG2 7
PG2 8
PG2 9
PG2 10
PG2 11
PG2 12



13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
47
49
50

Table 3. Plagioclase analyses
SAMPLE KEY

Analysis no. Grou Sample no. Description
151 6 8-15-82-7 PG2
152 6 8-15-82-7 PG2
153 6 8-15-82-7 PG2
154 6 8-15-82-7 PG2
155 6 8-15-82-7. PG2
156 6 8-15-82-7| PG2
157 6 8-15-82-7 PG2
158 6 8-15-82-7 PG2
159 6 8-15-82-7 PG2
160 6 8-15-82-7 PG2
161 6 8-15-82-7: PG2
162 6 8-15-82-7! PG2
163 6 8-15-82-7| PG2
164 6 8-15-82-7 PG2
165 6 8-15-82-7. PG2
166 6 8-15-82-7 PG2
167 6 8-15-82-7 PG2
168 6 8-15-82-7 PG2
169 6 8-15-82-7 PG2
170 6 8-15-82-7 PG2
171 6 8-15-82-7, PG2
172 6 8-15-82-7 PG2
173 6 8-15-82-7 PG2
174 6 8-15-82-7, PG2
175 6 8-15-82-7 PG2
176 6 8-15-82-7 PG2
177 6 8-15-82-7 PG2
178 6 8-15-82-7 PG2
179 6 8-15-82-7 PG2
180 6 8-15-82-7 PG2
181 6 8-15-82-7' PG2
182 6 8-15-82-7 PG2
183 6 8-15-82-7 PG2
184 6 8-15-82-7 PG2
185 6 8-15-82-7 PG2
186 6 8-15-82-7 PG2
187 6 8-15-82-7 PG2-1
188 6 8-15-82-7 PG2-2
189 6 8-15-82-7 PG2-3
190 6 8-15-82-7 PG2-4
191 6 8-15-82-7 PG2-5
192 6 8-15-82-8 PG1-1 c
193 6 8-15-82-8 PGl-2 c
194 6 8-15-82- PG1-3 m
195 6 8-15-82- PG2
196 6 8-15-82- PG2
197 6 8-15-82- PG2
198 6 8-15-82- PG2
199 6 8-15-82- PG2
200 6 8-15-82- PG2

78



Table 3. Plagioclase analyses

SAMPLE KEY
Analysis no. Group Sample no. Description
201 6 8-15-82-8 PG2
202 6 8-15-82-8 PG2
203 6 8-15-82-8 PG2
204 6 8-15-82-8 PG2
205 6 8-15-82-8 PG2
206 6 8-15-82-8 PG2
207 6 8-15-82-8 PG2
208 6 8-15-82-8 PG2
209 6 8-15-82-8 PG2
210 6 8-15-82-8 PG2
211 6 8-15-82-8 PG2
212 6 8-15-82-8 PG2
213 6 8-15-82-8 PG2
214 6 8-15-82-8 PG2
215 6 8-15-82-8 PG2
216 6 8-15-82-8 PG2
217 6 8-15-82-8 PG2
218 6 8-15-82-8 PG2
219 6 8-15-82-8 PG2
220 6 8-15-82-8 PG2
221 6 8-15-82-8 PG2
222 6 8-15-82-8 PG2
223 6 8-15-82-8 PG2
224 6 8-15-82-8 PG2
225 6 8-15-82-8 PG2
226 6 8-15-82-8 PG2
227 6 8-15-82-8 PG2
228 6 8-15-82-8 PG2
229 6 8-15-82-8 PG2
230 6 8-15-82-8 PG2
231 6 8-15-82-8 PG2
232 6 8-15-82-8 PG2
233 6 8-15-82-8 PG2
234 6 8-15-82-8 PG2
235 6 8-15-82-8 PG2
236 6 8-15-82-8 PG2
237 6 8-15-82-8 PG2
238 6 8-15-82-8 PG3-1 c
239 6 8-15-82-8 PG3-2 c
240 6 8-15-82-8 PG3-3 c
241 6 8-15-82-8 PG3-4 (2)oc
242 6 8-15-82-8 - PG3-5 c
243 6. BH9850 PG B2r
244 6 BH9850 PG Al r (2)
245 6 BH9850 PG Al r/KF
246 6 BH9850 PG
247 6 BH9850 PG Al ¢
248 6 BH9850 PG B2 ¢
249 6 BH9850 PG Bl r
250 6 BH9850 PG
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Table 3. Plagioclase analyses

Analysis no.

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
29¢
297
298
299
300

SAMPLE KEY
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Sample no.

BHI9850
BHS
BHS
BHS
BHS
BHS
BHS
BHS
BHS
BHS
BHS
BHS
BHS
BHS
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MT83-4
MC

MC

MC
MT83-1
MT83-1
MT83-1
MT83-1
MT83-1
MT83-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1357-1
1413-1
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Description

PG B2 r

PGl-1 r

PGl-2

PG1-3

PGl-1 red [KF1]
PGl-2

PG1-3 c
PG2-1 c
PG2-2 c
PG3-1 r/KF3
PG3-2 r/KF3
PG4-1 r/KF3 albite
PG4-2 r/KF3
PG4-3 c
PG1-1 c
PG1-2 c
PG1-3 oc
PGl-4 ir
PGl-5 r/PG
PG2-1 a ¢
PG2-1 b ¢
PG2-1 ¢ ¢
PG2-3 ir
PG2-4 r/Q
PG C1/HB

PG E1-1

PG E1-2

PGl-1 (2)c
PG1-2 oc
PG1-3 oc
PGl-4 oc
PG1-5 band
PG1-6 ir
PG1l-1 c
PG1-2 oc
PG1-3 ir
PGl-4 r/PG
PG2-1 c
PG2-2 m
PG2-3 m
PG2-4 r/Q
PG3-1 c [KF]
PG3-2 r/KF
PG4-1 r/KF
PG4-2 m
PG4-3 c
MYR2

PG5-1 r/MYR
PG5-2 /0P

PGl-1 r/KF1-3



Table 3. Plagioclase analyses

Analysis no.

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

SAMPLE KEY
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807-80-2
807-80-2
807-80-2
807-80-2
807-80-2
807-80-2
807-80-2
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
516-1
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Description

PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG

Al ¢

Al ir
Al mc
Al oc
Al r

Bl-1

Bl1-2

B1-3

Clr

Clr

Cl-1

Cl-2

Cl-3

Cl-4

Gl ¢

Gl ir
Gl ir
Gl oc
Gl oc
Gl or
G2 ¢

G2-2

G2-2

GG2

PGl-1 r/KF
PGl-2 ir
PGl1l-3 oc
PGl-4 c
PG2-1 r/KF
PG2-2 ir
PG2-3 c
PGl-1 r/KF1l
PG1l-2

PG1-3 c
PG2-1 r/KF2
PG2-2 m
PG2-3 c
PG3-1 r/KF2
PG3-2 c
PGlL-1 (3)r/KFl
PG1-2 c

- PG3-1  r/PG

PG3-2 c
PG2-1 (2)oval ¢
PG1l-2 (2)oval c

PG1l-3 (2)oc
PGl-4 ir
PGl-5 or

PG4-1 ¢ [KF2]
PG4-2  r/KF2



Table 3. Plagioclase analyses

SAMPLE KEY

Analysis no. Group Sample no. Description
351 9 516-1 PGl-1lc
352 9 516-1 PG1l-1 (2)c
353 9 516-1 PGl-1 (3)r/KFl
354 9 516-1 PGl-2 (2)c
355 9 516-1 , PGl-2 c
356 9 516-1 3 PG1-3 (2)oc
357 9 516-1 ! PGl-4 ir
358 9 516-1 : PG1-5 or
359 9 516-1 PG3-1 r/PG
360 9 516-1 PG3-2 c
361 9 516-1 PG4-1 c [KF]
362 9 516-1 ‘ PG4-2 r/KF2
363 9 71-H-1 PG
364 10 984-1 PG Alc
365 10 984-1 ! PG Alm
366 10 984-1 J PG Al-5
367 10 984-1 PG C1-2
368 10 984-1 PG Fl x
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Mica

Microprobe data for micas are given in tables 4 and 5. Table 4
lists 237 biotite analyses and table 5 lists 79 muscovite analyses. Mica
formulas are computed assuming a 12 (O + OH + F + Cl) formula basis.
Hammarstrom (1982) determined ferric/ferrous ratios for biotite separates
frgm 7 s plei representing 5 plutons in the batholith and showed that
Fe +/(Fe *iFett) ranged from 0.13 to 0.23. For samples which do not have
an independent ferric iron determination, an appropriate value was esti-
mated based on comparison with other samples within the pluton, or within
the group. A constant ratio was applied to each sample; the ratio used is
expressed as a percentage in the key to table 4 in a column labelled "Fe"
which contains entries of "D" for samples having ferric/ferrous determina-
tions, or "E" for estimated ratios. This method does not account for
possible ferric/ferrous iron differences within individual grains or
samples, but is considered more realistic than ignoring the role of ferric
iron completely. The relatively small range in determined ratios and lack
of systematic ratio variation as a function of differentiation index or
sample location within the batholith suggest that this is a reasonable
approach. For muscovites, the ferric iron content was arbitrarily set at
75% of the total iron, a value that Miller and others (1981l) considered to
be a reasonable estimate for muscovite in plutonic rocks based on Méssbau-
er studies. A theoretical Hy0 content is computed on the assumption of
full OH site occupancy; this is included as a check on the analysis and
should be viewed as a maximum theoretical limit for the analysis. A
number of analyses do not include F or Cl, so the computed water content
is probably unrealistically high. A number of parameters that are useful
in characterizing micas are_included in the tables. These include the
mg#, defined as Mg/(Mg + Fe *) and mole fractions of end member biotite
components annite (Xann)' siderophyllite (xsid)’ and phlogopite (Xphlog)’
which are defined according to Gunow and others (1980) as follows:

Xphlog = Mg/Sum of octahedral cations
Xgiq = ((3-Si/Al)/1.75)(l-Xphlog)

Xgmn = 1 - (Xphlog + Xann) -

The end member mica formulations of Gunow and others (1980) are used in
order to compute the fluorine intercept value, IV(F), defined by Munoz
(1984) to describe relative halogen enrichment in micas. For muscovite-
phengite solid soultions, the appropriate emd members are defined as:

~

XAl = Al(total) - (4-Si)/Sum of octahedral cations
XMg = Mg/Sum of octahedral cations
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The halogen intercept values that appear in the tables are computed from

Munoz'’s definitions as:

IV(F)pg = 1.52Ky, + 0.42Kp, -0.11Xy; - log(Xp/Xgy),

where bio and ms represent the relevent equatiomns for biotite and musco-

vite solid solutions, respectively.

The anal

chlorine intercept value for biotites is not
chlorine concentrations are at or below detec

84

ogous expression for the
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Table 4.--Biotite analyses

Analysis

S%Oz
Tio
Al1203
Cr203
Fe 203
FeO
MnO
MgO
BaO
Ca0
5

2.¢c
HZO
F

Cl

O=F
0=Cl

Total

Si,
Al iv
T site

Ti
Cr

Fe3+
Fe2+

Mn
Mg
0 site
Ba
Ca
Na
A site
OH
Ccl
mg#
Xphlog

Xsid
Xann

IV(F)
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[N e)

102.

ol S

CO0O0O0O0 NMNHOKFO OO0
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.62

37

.76
.24
.00

.17
.16

.17
.12
.03
.18
.82

.01
.01
.01
.92
.94

.88
.12

0.01

.51
.42
.34
.24

.01

OO OO N = OO o o

[ o

.11

.74
.26
.00

.11
.17

.16
.08
.02
.31
.85

.01
.01
.91
.93

.95
.02

0.03

.55
46
.31
.23

.81

....................................
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.60
.70
.30
.00

.11

0.15

NH OO

[eNeNeNo

[

.17
14
.02
.29
.89

.01
.01
.91
.94

.95
.05
.53
.45

.35
.21

99.

N

(]

61

.75
.25
.00

.10

0.21

NHOMHO

[eNeNeoNel

]

.16
.06
.02
.26
.81

.00
.01
.94
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.00

.54
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.30
.25
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35
.76
.24
.00

.07

0.22

N OO

[eNeoNeoNel

.16
.06
.02
.30
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.00
.01
.92
.94

.00

.55
.46

.27
.26
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98.

N
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99

.78
.22
.00

.09

0.18

NHOMHO

[eNeoNeo]

.16
.05
.02
.31
.82

.02
.95
.97
.98
.02
.55
.47

.27
.27

[eN o]

NHOHO

[eNeNel

.91

.81
.19
.00

.05
.21

.16
.08
.01
.26
.79

.02
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.97
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.01
.54
.45

.23
.31

P

OO WWOWOOOoOOOoOoN

el
Yol [eNe

B~

[eNeNeoNeNe) NHOMFO [eNe]

[« 3 o]

.53
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.18
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.17

.16
.06
.03
.19
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.00
.01
.95
.98

.93
.06

0.01

.53
.43
.29
.28

.32

Table 4-1
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.43
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Table 4.--Biotite analyses

Analysis

Si02
T102
Al1203
Cr203
Fe 203
FeO
MnO
MgO
Ba0
Ca0

2
H,0C
F

Cl

O=F
0=Cl

Total

Si.
T site

Alvi
Ti
Cr

Fe
Fe2+

Mn
Mg
0 site
Ba

Ca
Na

A site
OH
Cl
mg#
Xphlog
Xsid

Xann

IV(F)
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.78
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.16
.10
.03
A1
.73

.03
.00
.01
.95
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.93
.06
.01
.50
.41
.30
.29

.31
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.01
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.42
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Table 4-2
19 20
38.28 37.64
3.79 2.23
15.22 15.09
2.82 2.86
16.98 17.26
0.40 0.37
10.15 10.75
0.08 0.80
0.06 0.01
0.10 0.12
10.08 9.72
3.84 3.78
0.21 0.31
0.11 0.06
0.09 0.13
0.02 0.01
102.23 101.14
2.83 2.84
1.17 1.16
4.00 4.00
0.16 0.18
0.21 0.13
0.16 0.16
1.05 1.09
0.03 0.02
1.12 1.21
2.72 2.79
0.00 0.02
0.00 0.00
0.01 0.02
0.95 0.93
0.97 0.98
1.94 1.92
0.05 0.07
0.01 0.01
0.52 0.53
0.41 0.43
0.29 0.29
0.30 0.28
2.40 2.25



Table 4.--Biotite analyses Table 4-3

Analysis 21 22 23 24 25 26 27 28 29 30
510, 36.59 37.11 37.78 34.69 34.50 34.49 35.24 35.58 33.82 34.28
TiO, 1.46 1.84 5.77 3.77  4.47 3.84 3.76 3.64 3.78 4.76
Al1203 16.01 15.55 14.71 15.77 15.46 15.07 15.38 14.99 14.91 15.11
Cr203 - - 0.59 - - - - - - -
Fe,04 2.81 2.84 - 3.9 4.25 4.35 4.28 4.09 4.25 4.24
FeO 16.94 17.10 12.25 17.18 18.68 19.11 18.82 17.98 18.70 18.64
MnO 0.42 0.40 0.28 0.33 0.64 0.43 0.49 0.38 0.49 0.46
MgO 11.27 11.01 16.71 8.31 8.49 8.41 8.83 9.53 8.85 8.37
BaO 0.19 0.49 - - - - - - - -
Ca0 0.10 0.05 - 0.34 0.28 0.03 0.17 - 0.27 0.15
Na,0 0.12 0.12 0.38 0.10 - - - - - -
K20C 9.62 9.67 10.00 9.83 9.87 10.22 9.84 10.32 9.69 9.90
Hy0 3.81  3.79 4.07 3.64 3.68 3.65 3.66 3.62 3.62 3.59
F 0.26 0.29 - 0.56 0.42 0.45 0.47 0.59 0.52 0.60
Cl 0.08 0.07 - - - - - - - -
O=F 0.11 0.12 - 0.24 0.18 0.19 0.20 0.25 0.22 0.25
0=Cl1 0.02 0.02 - - - - - - - -

Total 99.79 100.47 102.54 98.67 100.91 100.24 101.14 100.96 99.12 100.35

Si. 2.78 2.81 2.72 2.70 2.65 2.68 2.69 2.72 2.65 2.65
a1ty 1.22 1.19 1.25 1.30 1.35 1.32 1.31 1.28 1.35 1.35
T site 4.00 4.00 3.97 4.00 &4.00 4.00 4.00 4.00 4.00 4.00
a1vi 0.22 0.20 - 0.15 0.05 0.06 0.08 0.07 0.03 0.03
Ti 0.08 0.10 0.27 0.22 0.26 0.22 0.22 0.21 0.22 0.28
Cr - - 0.03 - - - - - - -
Fe3t 0.16 0.16 - 0.23 0.25 0.25 0.25 0.24 0.25 0.25
Fe2t 1.08 1.08 0.74 1.12 1.20 1.24 1.20 1.15 1.23 1.21
Mn 0.03 0.03 0.02 0.02 0.04 0.03 0.03 0.02 0.03 0.03
Mg 1.28 1.24 1.79 0.97 0.97 0.97 1.01 1.09 1.04 0.97
0 site 2.85 2.82 2.85 2.71 2.76 2.77 2.78 2.77 2.80 2.76
Ba 0.01 0.01 - - - - - - - -
Ca 0.01 0.00 - 0.03 0.02 0.00 0.01 - 0.02 0.01
Na 0.02 0.02 0.05 0.02 - - - - - -
K 0.93 0.93 0.92 0.98 0.97 1.01 0.96 1.01 0.97 0.98
A site 0.97 0.97 0.97 1.02 0.99 1.01 0.97 1.01 0.99 0.99
OH 1.93 1.92 2.00 1.86 1.90 1.89 1.89 1.8 1.87 1.85
F 0.06 0.07 - 0.14 0.10 0.11 0.11 0.14 0.13 0.15
cl 0.01 0.01 - - - - oo- - - -
mg# 0.5 0.53 0.71 0.46 0.45 0.446 0.46 0.49 0.46 0.44
Xphlog 0.45 0.44 0.63 0.36 0.35 0.35 0.36 0.39 0.37 0.35
Xsid 0.33 0.31 0.17 0.42 0.41 0.39 0.39 0.34 0.39 0.40
Xann 0.22 0.25 0.20 0.23 0.24 0.26 0.25 0.27 0.24 0.25
IV(F) 2.33  2.28 - 1.85 1.99 1.95 1.95 1.89 1.90 1.82
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Table 4.--Biotite analyses

Analysis 31 32 33 34 35 36
5109 36.93 37.01 37.73 35.73 36.72 37.37
Ti0, 3.49 3.16 3.36 3.26 3.07 2.78

A1203  14.21 14.56 15.06 14.70 15.38 15.11
Cr203 - - - - - -

Fe 04 3.71  3.63 3.71 3.74 3.71 3.65
FeO 14.25 13.95 14.26 14.37 14.23 14.03
MnO 0.69 0.74 0.68 0.71 0.60 0.53
MgO 12.57 12.76 12.96 12.33 12.70 12.2

Ba0 - - - - - -

Ca0 0.03 0.01 0.04 - 0.17 0.0

Na,0 0.10 0.10 0.13 0.13 0.23 0.09
K20C 9.82 10.07 10.04 9.68 10.02 9.41
H,0 3.99 3.99 4.00 3.98 3.79 3.83
F - - - - 0.40 0.38
cl - - - - - -
O=F - - - - 0.17 0.14
0=Cl - - - - - -

Total 99.79 99.98 101.97 98.63 101.19 99.59

Si. 2.78 2.78 2.77 2.73 2.74 2.81
NI 1.22  1.22 1.23 1.27 1.26 1.19
Fe3+ _ _ _ ) i -
T site  4.00 4.00 4.00 4.00 4.00 4.00
|
Alvi 0.06 0.07 0.08 0.06 0.09 0.1
Ti 0.20 0.18 0.19 0.19 0.17 0.1
Fe3* 0.21 0.21 0.21 0.22 0.21 0.2
Felt 0.90 0.88 0.88 0.92 0.89 0.8
Mn 0.06 0.05 0.06 0.05 0.06 0.0
Mg 1.41 1.43 1.42 1.41 1.41 1.3
0 site 2.80 2.80 2.80 2.83 2.80 2.80
Ba - - . - - - |
Ca 0.00 0.00 0.00 - 0.01 0.0
Na 0.01 0.01 0.02 0.02 0.03 0.0
K 0.94 0.96 0.94 0.94 0.95 0.9
A site 0.96 0.98 0.96 0.96 1.00 0.92
ol 2.00 2.00 .2.00 2.00 1.91 1.91
F - - - - 0.09 0.09
c1 - . - - - -
mg# 0.61 0.62 0.62 .0.60 0.61 0.61
Xphlog 0.50 0.51 0.51 0.50 0.50 0.49
Xsid 0.23 0.24 0.25 0.27 0.28 0.26
Xann 0.27 0.25 0.25 0.23 0.22 0.25
IV(F) - - - - 2.22  2.22
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Table 4-4
39 40
36.39 34.35
3.37 4.37
15.37 13.32
3.89 4.11
14.95 15.80
0.40 0.79
12.34 11.65
0.40 -
0.09 -
0.23 -
9.06 9.99
3.83 3.74
0.27 0.34
0.07 -
0.11 0.14
0.02 -
100.79 98.61
2.72 2.68
1.28 1.22

- 0.10
4.00 4.00
0.08 -
0.19 0.26
0.22 0.14
0.94 1.03
0.03 0.05
1.38 1.35
2.83 2.84
0.01 -
0.01 -
0.03 -
0.87 0.99
0.92 0.99
1.93 1.92
0.06 0.08
0.01 -
0.60 0.57
0.49 0.48
0.29 0.24
0.22 0.28
2.37 2.25



Table 4.--Biotite analyses Table 4-5

Analysis 41 42 43 44 45 46 47 48 49 50
810, 33.20 36.31 35.53 35.80 36.08 33.64 35.95 35.67 35.73 36.22
Tio, 4.42 3.65 3.56 3.05 3.26 3.87 3.27 3.34 2.75 3.36

A1203  13.22 15.12 15.06 15.20 15.18 14.65 14.89 14.98 15.09 15.02
Cr203 - - . - - - - - - -

Fe,04 4,03 3.8 3.91 3.87 3.87 3.96 4,07 3.97 3.90 3.97
FeO 15.50 14.78 15.01 14.87 14.87 15.21 15.62 15.24 14.97 15.24
MnO 0.57 0.48 0.49 0.49 0.51 0.44 0.56 0.47 0.48 0.52
MgO 11.53 12.06 12.12 12.47 12.49 11.56 11.93 11.96 12.55 12.03
BaO - 0.25 0.61 0.43 0.52 - 0.64 0.70 0.24 0.61
Ca0 0.02 0.15 0.06 0.07 0.07 0.04 0.04 0.06 0.08 0.05
Na,0 - 0.21 0.11 0.13 0.14 - 0.15 0.22 0.15 0.22
K20C 10.23 9.41 9.42 9.50 9.18 10.30 9.27 9.28 8.96 9.37
H,0 3.79 3.88 3.78 3.76 3.88 3.77 3.8 3.77 3.92 3.86
F 0.22 0.14 0.34 0.36 0.14 0.30 0.15 0.33 0.10 o0.18
Ccl - 0.10 0.02 0.11 0.08 - 0.06 0.08 0.04 0.05
O=F 0.09 0.06 0.14 0.15 0.06 0.13 0.06 0.14 0.04 0.08
0=Cl - 0.02 0.00 0.02 0.02 - 0.01 0.02 0.01 0.01

Total 96 .82 100.47 100.17 100.28 100.35 97.87 100.54 100.22 99.01 100.78

Si. 2.64 2.73 2.70 2.71 2.72 2.64 2.72 2.71 2.72 2.73
a1lv 1.264 1.27 1.30 1.29 1.28 1.35 1.28 1.29 1.28 1.27
Fe3t 0.12 - - - - o0.01 - - - -
T site  4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
alvi - 0.07 0.06 0.07 0.07 - 0.05 0.05 0.08 0.06
Ti 0.26 0.21 0.20 0.17 0.18 0.23 0.19 0.19 0.16 0.19
Feot 0.13 0.22 0.22 0.22 0.22 0.22 0.23 0.23 0.22 0.22
Fel* 1.03 0.93 0.95 0.94 0.94 1.00 0.99 0.97 0.95 0.96
Mn 0.06 0.03 0.03 0.03 0.03 0.03 0.06 0.03 0.03 0.03
Mg 1.37 1.35 1.37 1.41 1.40 1.35 1.35 1.35 1.43 1.35
0 site 2.83 2.80 2.83 2.84 2.8 2.83 2.83 2.82 2.87 2.82
Ba - 0.01 0.02 0.0l 0.02 - 0.02 0.02 0.01 0.02
Ca 0.00 0.0l 0.00 0.0l 0.0l 0.00 0.00 0.00 0.0l 0.00
Na - 0.03 0.02 0.02 0.02 - 0.02 0.03 0.02 0.03
K 1.06 0.90 0.91 0.92 0.8 1.03 0.89 0.90 0.87 0.90
A site  1.06 0.95 0.95 0.96 0.92 1.03 0.94 0.96 0.91 0.95
OH 1.94 1.95 1.92 1.90 1.96 1.93 1.96 1.91 1.97 1.95
F 0.06 0.03 0.08 0.09 0.03 0.07 0.06 0.08 0.02 0.04
c1 - 0.01 0.00 0.01 0.01 - -0.01 0.01 0.01 0.01
mg# 0.57 0.59 0.59 0.60 0.60 0.58 0.58 0.58 0.60 0.58
Xphlog  0.48 0.48 0.49 0.50 0.49 0.48 0.47 0.48 0.50 0.48
Xsid 0.26 0.28 0.29 0.29 0.28 0.31 0.29 0.29 0.28 0.28
Xann 0.26 0.23 0.22 0.22 0.22 0.21 0.24 0.23 0.22 0.24
IV (F) 2.46  2.66 2.26 2.24 2.67 2.29 2.62 2.27 2.82 2.54

89



Table 4.--Biotite analyses Table 4-6

Analysis 51 52 53 54 55 56 57 58 59 60
510y 35.31 36.76 35.28 36.86 37.12 37.44 37.83 35.10 35.81 36.56
TiO, 3.63 2.72 3.02 3.01 3.21 3.08 3.35 2.93 4.12 3.96

A1203  14.70 14.76 14.61 15.01 15.09 15.60 15.18 15.48 14.12 14.05
cr203 - . - - . . . : - -

Fey04 3.89 3.87 3.79 3.87 3.91 3.93 3.93 3.73 3.67 3.74
Fe0 14.94 14.85 14.55 14.87 15.03 15.10 15.11 14.34 14.09 14.38
MnO 0.47 0.72 0.74 0.74 0.72 0.8 0.8 0.75 0.70 0.59
Mg0 12.07 12.57 12.55 12.66 12.77 12.78 12.55 12.66 12.76 12.56
Ba0 0.49 - - - - - - - - -
Ca0 0.03 0.10 0.06 0.07 0.06 0.0 0.06 0.06 - -
Nay0 0.14 0.10 0.13 0.10 0.12 0.1 0.10 0.12 - -
K0 9.50 10.04 10.08 9.52 9.56 9.39 9.72 9.30 9.70 9.54
H2OC 3.77 3.97 3.96 3.99 3.99 3.99 3,99 3.98 3.98 3.99
F 0.34 - - - - - - - - -
cl 0.04 - - - - - - - - -
0=F 0.14 - - - - - - - - -
0=C1 0.01 - - - - - - - - -
Total 99.48 100.46 98.77 100.70 101.58 1oz.3$ 102.66 98.45 98.95 99.37
Si_ 2.70 2.76 2,71 2.75 2.75 2.74 2.77 2.69 2.73 2.76
AlYY 1.30 1.24 1.29 1.25 1.25 1.26 1.23 1.31 1.27 1.24
Fe3+ ] ] ] ] - ] - i 0.01 )
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vi 0.03 0.07 0.03 0.07 0.06 0.09 0.08 0.08 - 0.02
Ti 0.21 0.15 0.17 0.17 0.18 0.1 0.18 0.17 0.24 0.23
Fe3t 0.22 0.22 0.22 0.22 0.22 0.2 0.22 0.21 0.20 0.21
Felt 0.96 0.93 0.93 0.93 0.93 0.9 0.92 0.92 0.90 0.91
Mn 0.03 0.05 0.05 0.05 0.05 0.0 0.05 0.05 0.05 0.04
Mg 1.38  1.41 1.44 1.41 1.41 1.4 1.37 1.44 1.45 1.42
0 site 2.82 2.83 2.84 2.8 2.8 2.85 2.82 2.87 2.83 2.82
Ba 0.01 - - - - iy - - - -
Ca '0.00 0.01 0.00 0.0l 0.00 0.00 0.00 0.00 - -
Na 0.02 0.01 0.02 0.01 0.02 0.0 0.01 0.02 - -
K 0.93 0.96 0.99 0.91 0.90 0.8 0.91 0.91 0.9 0.92
A site 0.97 0.98 1.01 0.93 0.92 0.9 0.93 0.93 0.94 0.92
OH 1.91 2.00 2.00 2.00 2.00 2.00 2.00 2.00 °2.00 2.00
F 0.08 - - - - -1 - - - -
cl 0.01 - - - - - - - - -
mg# 0.5 0.60 0.61 0.60 0.60 0.60 0.60 0.61 0.62 0.61
Xphlog 0.49 0.50 0.51 0.50 0.50 0.49 0.49 0.50 0.51 0.50
Xsid 0.28 0.25 0.27 0.26 0.26 0.28 0.26 0.31 0.24 0.23
Xann 0.23 0.25 0.23 0.24 0.24 0.283 0.25 0.19 0.25 0.27
IV(F) 2.26 - - - - - - - - -
90




Table 4.--Biotite analyses Table 4-7

Analysis 61 62 63 64 65 66 67 68 69 70
Si0, 36.18 36.39 36.05 36.97 36.20 36.98 36.70 36.66 36.57 36.87
Tio, 4.32 4.18 4.39 3.24 3.21 2.50 2.78 2.88 2.7v 2.77

A1203  14.54 13.91 14.12 14.80 14.75 15.47 14.97 14.80 14.92 15.19
Cr203 - . - - - - . . - -

Fe,04 3.78 3.79 3.76 4.55 4.57 3.67 3.86 3.83 3.91 3.85
FeO 14.52 14.55 14.45 13.72 13.78 14.09 14.83 14.72 15.00 14.78
MnO 0.76 0.68 0.81 0.68 0.72 0.52 0.54 0.50 0.55 0.57
Mg0 12.72 12.35 12.37 12.58 12.38 13.03 12.92 12.90 13.04 12.83
BaO - - - - - 0.12 0.22 0.23 0.29 0.14
Ca0 - - - 0.01 0.04 0.08 0.07 0.09 0.06 0.06
Na,0 - - - 0.10 0.09 0.14 0.18 0.16 0.18 0.19
K20C 9.67 9.96 9.56 9.91 9.40 9.04 9.12 8.90 9.31 9.15
H,0 3.98 3.97 3.98 3.99 3.99 3.81 3.76 3.76 3.75 3.76
F - - - - - 0.37 0.44 0.43 0.43 0.47
Cl - - - - - 0.08 0.05 0.07 0.06 0.02
O=F - - - - - 0.16 0.19 0.18 0.18 0.20
0=C1 - - - - - 0.02 0.01 0.02 0.01 0.00

Total 100.47 99.78 99.49 100.55 99.13 100.08 100.64 100.13 1.00.98 100.85

Si. 2.71 2.75 2.73 2.76 2.74 2.77 2.75 2.76 2.74 2.75
a1iv 1.28 1.24 1.26 1.24 1.26 1.23 1.25 1.24 1.26 1.25
Fe3*t 0.00 0.01 0.01 - - - - - - R
T site  4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vi - ; - 0.06 0.06 0.13 0.08 0.07 0.06 0.09
Ti 0.24 0.24 0.25 0.18 0.18 0.14 0.16 0.16 0.15 0.16
Fed* 0.21 0.21 0.21 0.26 0.26 0.21 0.22 0.22 0.22 0.22
Fel* 0.91 0.92 0.92 0.8 0.87 0.88 0.93 0.93 0.94 0.92
Mn 0.05 0.064 0.05 0.06 0.05 0.03 0.03 0.03 0.03 0.04
Mg 1.42 1.39 1.40 1.40 1.40 1.45 1.44 1.45 1.46 1.43
0 site 2.83 2.80 2.82 2.80 2.82 2.85 2.86 2.86 2.87 2.85
Ba ; ; - ; - 0.00 0.01 0.01 0.0l 0.00
Ca - - - 0.00 0.00 0.01 0.0l 0.0l 0.00 0.00
Na ; ; - 0.0l 0.0l 0.02 0.03 0.02 0.03 0.03
K 0.92 0.96 0.92 0.94 0.91 0.8 0.87 0.85 0.89 0.87
A site  0.92 0.96 0.92 0.96 0.93 0.89 0.91 0.89 0.93 0.91
OH 2.00 2.00 2.00 2.00 2.00 1.90 1.89 1.89 1.89 1.89
F ) ) - - - 0.09 0.10 0.10 0.10 0.11
c1 ; ; ; ; - 0.01 -0.01 0.0l 0.0l 0.00
mg# 0.61 0.60 0.60 0.62 0.62 0.62 0.6l 0.6l 0.61 0.61
Xphlog  0.50 0.50 0.50 0.50 0.50 0.51 0.51 0.51 0.51 0.50
Xsid 0.25 0.22 0.24 0.25 0.26 0.27 0.26 0.25 0.26 0.27
Xann 0.25 0.28 0.26 0.25 0.24 0.22 0.23 0.24 0.23 0.23
IV (F) ; ; ; - - 2.26 2.18 2.19 2.19 2.14
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Table 4.--Biotite analyses | Table 4-8

Analysis 71 72 73 74 75 76 77 78 79 80
$i0, 35.57 36.66 36.58 36.22 36.11 36.41 36.36 36.75 36.14 36.14
Ti0, 3.23 2,95 2.8 3,53 2,65 3.05 3.35 3.38 2.68 2.77

A1203  14.90 15.21 15.53 15.48 15.56 15.11 15.18 15.20 15.57 15.58
cr203 - - - - - - - - - -

Fe,04 3.87 3.82 3.8 3,99 3.92 3.97 3.91 3.88 3.91 3.92
Fel 14.85 14.67 14.76 15.34 15.05 15.26 15.00 14.89 15.01 15.07
MnO 0.53 0.55 0.62 0.57 0.68 0.64 0.67 0.60 0.62 0.66
MgO 12.48 12.60 12.67 12.38 12.40 12.49 12.35 12.57 12.71 12.61
BaO 0.65 0.56 0.24 0.32 0.38 0.32 0.62 0.51 0.5 0.45
Ca0 0.05 0.04 0.06 0.04 0.05 0.04 0.05 0.04 0.04 0.03
Na,0 0.17 0.16 0.19 0.13 0.17 0.12 0.14 0.16 0.15 0.13
K50 9.19 8.95 9.38 8.92 9.04 9.23 8.89 8.91 8.77 9.04
HZOC 3.1 3.82 3.80 3.90 3.85 3.80 3.79 3.85 3.82 3.80
F 0.29 0.29 0.37 0.13 0.22 0.30 0.3% 0.26 0.31 0.31
cl 0.04 0.10 0.03 0.04 0.08 0.08 0.06 0.05 0.04 0.09
0=F 0.12 0.12 0.16 0.05 0.09 0.13 0.14 0.11 0.13 0.13
0=C1 0.0l 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01L 0.02
Total 99.76 100.52 101.05 101.06 100.27 100.97 100.87 101.17 100.47 100.75
Si, 2.71  2.75 2.73 2.70 2.72 2.73 2.73 2.74 2.72 2.71
A1tY 1.29 1.25 1.27 1.30 1.28 1.27 1.27 1.26 1.28 1.29
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vVi 0.064 0.10 0.10 0.07 0.10 0.07 0.07 0.07 0.10 0.09
Ti 0.18 0.17 0.16 0.20 0.15 7 0.19 0.19 0.15 0.16
Cr - - - - - - - - -
Feot 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22
Felt 0.95 0.92 0.92 0.96 0.95 0.96 0.94 0.93 0.94 0.95
Mn 0.03 0.03 0.04 0.046 0.064 0.046 0.04 0.04 0.04 0.04
Mg 1.42 1.41 1.41 1.38 1.39 1.40 1.38 1.40 1.42 1.41
0 site 2.85 2.8 2.85 2.8 2.8 2.86 2.8 2.8 2.88 2.87
Ba 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.02 o0.01
Ca 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00
Na 0.03 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.89 0.8 0.89 0.85 0.87 0.88 0.85 0.85 0.8 0.87
A site 0.94 0.90 0.93 0.88 0.91 0.91 0.89 0.89 0.88 0.90
OH 1.93 1.92 1.91 1.96 1.94 1.92- 1.91 1.93 1.92 1.91
F 0.07 0.07 0.09 0.03 0.05 0.07 0.08 0.06 0.07 0.07
cl 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
mg# 0.60 0.60 0.60 . 0.59 0.59 0.59 0.59 0.60 0.60 0.60
Xphlog 0.50 0.50 0.50 0.48 0.49 0.49 0.49 0.49 0.49 0.49
Xsid 0.28 0.28 0.29 0.30 0.30 0.28 0.28 0.28 0.30 0.30
Xann 0.22 0.23 0.22 0.22 0.21 0.23 0.23 0.23 0.21 0.21
IV(F) 2.35 2.35 2.24 2.69 2.46 2.33 2.27 2.40 2.31 2.31
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Table 4.--Biotite analyses Table 4-9

Analysis 81 82 83 84 85 86 87 88 89 90
$i0, 36.15 36.30 36.32 37.40 36.86 38.02 35.68 35.92 36.92 36.50
T109 2.85 2.44 4,56 3.97 4.29 4.82 3.53 3.87 3.45 3.44

A1203  15.51 16.00 14.76 15.01 14.71 14.85 14.93 14.84 14.78 14.46
€r203 - - - - - - - - - -

Feq04 3.90 3.71T 3.26 3.19 3.22 3.30 3.64 3.65 4.02 3.76
FeO 14.96 14.25 14.34 14.04 14.18 14,51 14.00 14.03 15.43 14.43
MnO 0.61 0.62 0.58 0.56 0.58 0.61 0.46 0.73 0.58 0.57
MgO 12.56 12.40 13.73 14.60 13.78 13.52 12.02 11.48 11.82 12.84
BaO 0.45 0.48 - - - - - - - -

Ca0 0.03 0.05 0.06 0.05 0.05 0.06 0.02 0.09 0.16 0.07
Na,0 0.15 0.19 0.7 0.14 0.14 0.10 0.03 0.11 0.13 0.10
KZOC 8.87 9.01 9.83 10.08 9.78 10.09 9.28 8.89 8.90 9.30
Hy0 3.83 3.89 3.99 4.00 4.00 4.00 3.8 3.78 3.8 3.92
F 0.25 0.21 - - - - 0.24 0.44 0.29 0.16
cl 0.09 0.02 - - - - - 0.02 0.02 -

O=F 0.11 0.09 - - - - 0.10 0.19 0.12 0.07
0=Cl 0.02 0.00 - - - - - 0.00 0.00 -

Total 100.34 99.66 101.60 103.04 101.59 103.88 97.81 98.04 100.47 99.61

Si. 2.72  2.74 2.69 2.72 2.72 2.74 2.7 2.76 2.77 2.75
Algv 1.28 1.26 1.29 1.28 1.28 1.26 1.26 1.24 1.23 1.25
Fet - - 0.03 0.00 0.00 - - - - -
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
A1vi 0.10 0.16 - - - 0.00 0.09 0.10 0.07 0.04
Ti 0.16 0.14 0.25 0.22 0.24 0.26 0.20 0.22 0.19 0.20
Fe3t 0.22 0.21 0.15 ©0.17 0.18 0.18 0.21 0.21 0.23 0.21
Felt 0.94 0.90 0.89 0.85 0.87 0.87 0.90 0.90 0.97 0.91
Mn 0.04 0.04 0.064 0.03 0.046 0.04 0.03 0.05 0.04 0.04
Mg 1.41 1.39 1.51 1.58 1.52 1.45 1.38 1.31 1.32 1.44
0 site 2.87 2.8 2.85 2.86 2.8 2.80 2.81 2.79 2.82 2.84
Ba 0.01 0.01 - - - - - - - -
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01L 0.01
Na 0.02 0.03 0.02 0.02 0.02 0.01 0.00 0.02 0.02 0.01
K 0.85 0.87 0.93 0.93 0.92 0.93 0.91 0.87 0.85 0.90
A site 0.89 0.91 0.96 0.96 0.94 0.95 0.92 0.89 0.88 0.92
OH 1.93 1.95 2.00 2.00 2.00 2.00 1.94 1.89 1.93 1.96
F 0.06 0.05 - - - - 0.06 0.11 0.07 0.04
cl 0.01 0.00 - - - - - 0.00 0.00 -
mg# 0.60 0.61 0.63 0.65 0.63 0.62 0.60 0.59 0.58 0.6l
Xphlog 0.49 0.49 0.53 0.55 0.53 0.52 0.49 0.47 0.47 0.51
Xsid 0.30 0.31 0.24 0.23 0.23 0.23 0.28 0.29 0.27 0.24
Xann 0.21 0.20 0.22 0.22 0.23 0.25 0.23 0.24 0.26 0.25
IV(F) 2.41 2.48 - - - - 2.42  2.12 2.32 2.64
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Table 4.--Biotite analyses

Analysis 91 92 93 94 95 96
510, 37.52 36.64 35.87 37.46 36.98 36.51
Tio, 3.20 3.47 3.04 3.60 3.87 4.08

A1203 14.27 14.93 14.43 15.05 13.98 13.94
Cr203 - - - - -

Fe,0, 3.74 3.73 3.68 3.71 3.83 3.88
FeO 14.35 14.33 14.14 14.26 14.71 14.90
MnO 0.55 0.66 0.54 0.63 0.42 0.95
Mg0 12.83 12.44 13.18 13.02 12.14 12.38
BaO . . - - . -
Ca0 0.10 0.06 0.14 0.07 0.01 -
Na,0 0.22 0.13 0.22 0.10 0.21 -
K20c 9.29 8.96 9.12 9.08 9.38 9.99
Hy0 3.88 3.85 3.82 3.93 3.82 3.96
F 0.21 0.30 0.33 0.16 0.32 -
cl 0.07 0.02 0.03 0.02 0.04 -
{
O=F 0.09 0.13 0.14 0.07 0.13 -
0=C1 0.02 0.00 0.01 0.00 0.01 -
Total 100.34 99.65 98.69 101.17 99.86 100.59
Si. 2.80 2.76 2.74 2.77 2.79 2.75
NS 1.20 1.24 1.26 1.23 1.21 1.24
Felt - - - . - 0.02
T site 4.00 4.00 4.00 4.00 4.00 4.00
A1Vt 0.06 0.08 0.04 0.08 0.03 -
Ti 0.18 0.20 0.17 0.20 0.22 0.2
Fes* 0.21 0.21 0.21 0.21 0.22 0.2
Felt 0.90 0.90 0.90 0.88 0.93 0.9
Mn 0.03 0.04 0.03 0.04 0.03 0.0
Mg 1.43 1.40 1.50 1.43 1.37 1.33
0 site 2.81 2.83 2.86 2.8 2.79 2.82
|
Ba - - - - - -
Ca 0.01 0.00 0.01 0.01 0.00 -
Na 0.03 0.02 0.03 0.01 0.03 - |
K 0.89 0.86 0.89 0.8 0.90 0.96
A site 0.93 0.8 0.93 0.88 0.93 0.96
OH 1.94 1.93 1.92 1.96 1.92 2.00
F 0.05 0.07 0.08 0.04 0.08 -
cl 0.01 0.00 0.00 0.00 0.01 - |
mg# 0.61 0.61 0.62 .0.62 0.60 0.60
Xphlog 0.51 0.49 0.52 0.51 0.49 0.49
Xsid 0.22 0.27 0.24 0.25 0.22 0.23
Xann 0.28 0.24 0.23 0.24 0.29 0.28
IV(F) 2.52  2.33  2.32 2.64 2.31 -
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100.

SO N

NP OOOO

43

71
.23
.06
.00

.26
.17
.99
.06
.34
.82

.00

.97
.97

.00

.58

.48
.24
.28

100.

PO N

N OOOOo

w o o

92

.71
24
.05
.00

.27
.17
.95
.06
.36
.81

.00
.96
.96

.00

.59

.48
.24
.27

99.

PO PN

NHOOOO

[ NeNeNe)

N

[eNeNe)

Table 4-10
99 100
14 36.10
23 4.74
95 14.39
.73 3.81
33 14.63
04 1.11
10 11.70
.13 -
04 0.11
99 9.94
97 3.96
65 100.49
74 2.72
.25 1.28
.01 0.01
.00 4.00
.24 0.27
.20 0.21
.91 0.92
.07 0.07
.37 1.31
.79 2.78
.01 ~
.01 0.02
.97 0.95
.98 0.97
.00 2.00
.60 0.59
.49 0.47
.23 0.26
.28 0.27



Table 4.--Biotite analyses Table 4-11

Analysis 101 102 103 104 105 106 107 108 109 110
$i0, 35.90 35.76 36.42 36.26 36.58 36.14 37.01 37.35 37.45 37.24
Ti0, 4.31 4.36 4.35 3,06 2.51 2.98 3.52 3.064 3.95 3.78
A1203  14.03 14.18 14.24 14.89 15.04 15.21 14.57 14.49 14.14 13.88
Cr203 - - - - - - - - - -

Fey04 4.07 3.85 3.82 2.73 2.65 2.66 2.72 2.63 2.37 2.63
Fe0 15.65 14.79 14.68 16.44 15.96 16.06 16.37 15.88 14.26 15.85
MnO 1.25 0.94 1.02 0.43 0.48 0.45 0.57 0.78 0.60 0.54
MgO 11.14 12.26 12.08 11.26 11.65 11.12 11.18 11.61 13.03 11.45
BaO - - - - - - - - - -

Ca0 0.06 - - - 0.10 - 0.05 - 0.06 0.05
Na,0 0.03 - 0.14 - 0.32 0.15 0.07 0.16 0.21 0.03
K20C 9.96 10.01 9.75 9.23 8.92 8.94 9.75 10.02 9.45 9.78
H,0 3.94 3.96 3.97 3.98 3.99 3.99 3.87 3.85 3.87 3.81
F - - - - - - 0.20 0.24 0.29 0.34
cl - - - - - - - - - -

O=F - - - - - - 0.08 0.10 0.12 0.14
0=Cl - - - - - - - - - -

Total 100.34 100.11 100.47 98.28 98.20 97.70 99.97 100.16 99.81 99.52

Si. 2.73 2.71 2.74 2.78 2.80 2.78 2.80 2.82 2.81 2.83
AlYY 1.26 1.27 1.26 1.22 1.20 1.22 1.20 1.18 1.19 1.17
Fe3*t 0.02 0.03 0.00 - - - - - ] N
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vi - - - 0.13 0.16 0.16 0.10 0.11 0.06 0.07
Ti 0.25 0.25 0.25 0.18 0.14 0.17 0.20 0.17 0.22 0.22
Fest 0.21 0.19 0.21 0.16 0.15 0.15 0.15 0.15 0.13 0.15
FeZt 0.99 0.94 0.92 1.06 1.02 1.03 1.04 1.00 0.89 1.01
Mn 0.08 0.06 0.06 0.03 0.03 0.03 0.04 0.05 0.04 0.03
Mg 1.26 1.38 1.35 1.29 1.33 1.28 1.26 1.31 1.46 1.30
0 site 2.79 2.82 2.80 2.8 2.83 2.83 2.79 2.79 2.80 2.78
Ba - - - - - - - - - -
Ca 0.00 - - - 0.01 - 0.00 - 0.00 0.00
Na 0.00 - 0.02 - 0.05 0.02 0.01 0.02 0.03 0.00
K 0.96 0.97 0.93 0.90 0.87 0.88 0.94 0.97 0.90 0.95
A site 0.97 0.97 0.96 0.90 0.93 0.90 0.96 0.99 0.94 0.96
OH 2.00 2.00 2.00 2.00 2.00 2.00 1.95 1.94 1.93 1.92
F - - - - - - 0.05 0.06 0.07 0.08
cl - - - - - - - - - -
mg# 0.56 0.60 0.59 0.55 0.57 0.55 0.55 0.57 0.62 0.56
Xphlog 0.45 0.49 0.48 0.45 0.47 0.45 0.45 0.47 0.52 0.47
Xsid 0.26 0.25 0.25 0.29 0.28 0.31 0.26 0.25 0.21 0.22
Xann 0.29 0.26 0.27 0.25 0.25 0.24 0.28 0.28 0.27 0.31
IV(F) - - - - - - 2.47 2.41 2.39 2.26
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Table 4.--Biotite analyses

Analysis

Si02
TiO
Al1203
Cr203
F9203
FeO
MnO
MgO
BaO
Ca0
llga%o

2°¢c
HZO
F

Cc1

O=F
0=Cl

Total

Si,
allv
T site

Alvi
Ti
Cr
Fe
Fe
Mn
Mg
0 site

3+
2+

Ba
Ca
Na
K
A site

OH

Cl
mg#
Xphlog
Xsid

Xann

IV(F)

............................................................

100.

=N

[oNe]

N OO

35

.82
.18
.00

.11
.16

.15
.00
.04
.36
.81
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.10
.58
.48
.24
.27
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68

.78
.22
.00

.16
.14

.15
.03
.04
.31
.84

.00
.00
.02
.91
.94

.89
.11

0.00

.56
.46
.30
.24

11

[u—

OCOWWWOOOHOON

O
N OO o o SN O [ Ne]

OO OO0

O O

.38

.79
.21
.00

.12
.21

.15
.01
.02
.29
.81

.00
.01
.02
.85
.89

.93
.06
.01
.56
.46
.28
.26

.36

[

OCOoOwWwoooMMOWUN

O
O [eNe]

SN

[ NN ] [eNeoNeoNoNe M OOO o o

[=NeNe]

.96

.79
.21
.00

.10
.19

.15
.97
.03
.37
.80

.01
.00
.01
.95
.97

.90
.10
.00
.58
.49
.25
.26

.20

o o

N O MO

.93

.79
.21
.00

.08
.19

.15
.03
.03
.30
.79

.02
.02
.95
.98
.92
.08
.00
.56
.47
.25
.28

.25
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80

.75
.25
.00

.09
.19

.15
.04
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.00
.00
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.97
.98
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.10
.55
.46
.30
.24

.15

[

OO WWOOoOOoOHrHOWLN

[eNe)

100.

[=NeNeNeNel N OOO [N e] N

o+

76

.79
.21
.00

.15
.17

.14
.97
.03
.33
.80

.00
.00
.01
.94
.96

.90
.10

0.00

.58
.47
.28
.24

.15

Table 4-12
119 120
37.00 36.69
2.89 2.22
14.85 17.10
2.68 2.39
16.14 14.42
0.65 0.79
11.75 12.20
0.36 0.33
0.01 0.05
0.09 0.42
9.86 9.62
3.64 3.67
0.65 0.67
0.01 0.02
0.27 0.28
0.00 0.00
100.86 100.88
2.79 2.74
1.21 1.26
4.00 4.00
0.11 0.25
0.16 0.12
0.15 0.13
1.02 0.90
0.04 0.05
1.32 1.36
2.81 2.81
0.01 0.01
0.00 0.00
0.01 0.06-
0.95 0.92
0.97 0.99
1.84 1.84
0.16 0.16
0.00 0.00
0.56 0.60
0.47 0.48
0.27 0.35
0.26 0.17
1.95 1.94



Table 4.--Biotite analyses Table 4-13

Analysis 121 122 123 124 125 126 127 128 129 130
510, 36.51 36.78 36.50 35.78 35.88 36.67 36.50 36.64 36.47 36.20
Tio0, 2.37 3.06 2.97 2.94 3.04 2.61 3.21 3.29 3.22  3.33
Al1203 17.02 15.84 16.17 15.71 16.07 15.90 15.35 15.56 15.50 15.07
Cr203 - - - - - - - - - -

Fe,0s 2.44 2,56 2.56 2.60 2.51 2.66 2.60 2.62 2.62 2.60
FeO 14.70 15.44 15.33 15.67 15.14 16.04 15.66 15.78 15.79 15.68
MnO 0.80 0.77 ©0.75 0.77 ©0.75 0.78 0.74 0.73 0.76 0.77
Mgo 12.04 11.69 11.60 11.65 11.62 11.70 11.55 11.51 11.59 11.27
Ba0 0.79 ©0.14 0.5 0.27 0.27 0.28 0.47 0.66 0.48 0.68
Ca0 0.03 0.03 0.04 0.05 0.04 0.02 0.05 0.03 0.05 0.03
Na,0 0.16 ©0.21 0.19 0.17 0.15 0.12 0.11 0.11 0.10 0.12
Ky0, 9.60 9.86 9.71 10.17 10.02 9.90 9.62 9.67 9.58 9.67
Hy0 3.69 3.55 3.78 3.64 3.63 3.67 3.73 3.75 3.74 3.73
F 0.60 0.85 0.38 0.61 0.68 0.59 0.45 0.41 0.42 0.42
c1 0.02 0.05 0.03 0.05 0.02 0.04 0.04 0.03 0.06 0.04
O=F 0.25 0.36 0.16 0.26 0.29 0.25 0.19 0.17 0.18 0.18
0=C1 0.00 0.01 0.0l 0.01 0©0.00 0.0l 0.01 0.0l 0.0l 0.01

Total 101.02 101.20 100.70 100.35 100.11 101.23 100.28 100.97 100.57 99.80

Si. 2.73 2.76 2.74 2.72 2.72 2.75 2.76 2.76 2.75 2.76
Aty 1.27 1.24 1.26 1.28 1.28 1.25 1.24 1.24 1.25 1.24
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vi 0.23 0.16 0.18 0.13 0.16 0.16 0.13 0.14 0.13 0.12
Ti 0.13 0.17 0.17 0.17 0.17 0.15 0.18 0.19 0.18 0.19
Cr - - - - - - - - ~ -
Feot 0.14 0.14 0.14 0.15 0.14 0.15 0.15 0.15 0.15 0.15
Felt 0.92 0.97 0.96 1.00 0.96 1.01 0.99 0.99 1.00 1.00
Mn 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Mg 1.3 1.31 1.30 1.32 1.32 1.31 1.30 1.29 1.30 1.28
0 site 2.82 2.80 2.80 2.81 2.80 2.83 2.81 2.80 2.81 2.79
Ba 0.02 0.00 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.02
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0©0.00 0.00 0.00 0.00
Na 0.02 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.01 0.02
K 0.92 0.94 0.93 0.99 0.97 0.95 0.93 0.93 0.92 0.94
A site 0.97 0.98 0.98 1.02 1.00 0.98 0.96 0.97 0.96 0.98
OH 1.6 1.79 1.91 1.85 1.83 1.85 1.89 1.90 1.89 1.89
F 0.14 0.20 0.09 0.15 0.16 0.14 0.11 0.10 0.10 0.10
cl 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.0l
mg# 0.59 0.57 0.57 0.57 0.58 0.57 0.57 0.57 0.57 0.56
Xphlog 0.48 0.47 0.46 0.47 0.47 0.46 0.46 0.46 0.46 0.46
Xsid 0.35 0.31 0.33 0.32 0.34 0.32 0.30 0.31 0.31 0.30
Xann 0.17 0.22 0.20 0.21 0.20 0.22 0.23 0.23 0.23 0.24
IV(F) 1.98 1.81 2.18 1.97 1.91 1.98 2.11 2.15 2.1 2.13
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Table 4.--Biotite analyses Table 4-14

Analysis 131 132 133 134 135 136 137 138 139 140
Si0y 36.70 37.13 37.00 36.73 35.69 36.43 35.72 36.51 37.21 35.51
Ti0, 3.01 1.88 2.44 2,44 2.57 2.52 3.2 2.41 2.68 3.17
A1203 15.29 15.62 15.76 15.79 16.12 16.17 16.04 16.05 15.71 16.48
Cr203 - - - - - - - - - -

Fey04 2.55 2.59 2.59 2.74 2.69 2.73 2.54 2.53 2.55 2.51
FeO 15.39 15.63 15.63 16.52 16.22 16.47 15.30 15.26 15.36 15.10
MnO 0.68 0.76 0.80 0.74 0.68 0.78 0.95 0.87 0.80 0.83
MgO 11.83 12.31 11.76 11.18 11.07 11.13 10.79 11.03 11.12 10.52
BaO 0.06 0.01 0.01 0.06 0.19 0.07 - - - -
Ca0 0.08 0.08 0.09 0.046 0.02 O 03 0.01 0.02 - -
Na,0 0.09 0.15 0.24 0.13 0.18 O 15 0.11 0.13 0.08 0.15
Ko0 9.57 9.90 9.58 9.99 9.87 9.92 10.19 9.51 9.57 9.14
HZOC 3.71  3.61 3.41 3.62 3.71 3.6 3.97 3.91 3.62 3.81
F 0.55 0.74 1.16 0.67 0.48 0.5 - 0.17 0.76 0.38
Ccl 0.01 0.03 0.03 0.05 0.04 0.0 - - 0.02 -
O=F 0.23 0.31 0.49 0.28 0.20 0.2 - 0.07 0.32 0.16
0=Cl 0.00 0.01 0.01 0.0r 0.01 o0.01 - - 0.00 -
Total 99.76 100.76 100.99 100.99 99.74 100.94 98.83 98.47 99.80 97.76
Si, 2.78 2.79 2.78 2.77 2.73 2.75 2.73 2.79 2.82 2.74
a1tV 1.22 1.21 1.22 1.23 1.27 1.2 1.27 1.21 1.18 1.26
T site 4,00 4.00 4.00 4.00 4.00 4.0 4.00 4.00 4.00 4.00
avi 0.14 0.18 0.18 0.17 0.18 0.1 0.18 0.23 0.22 0.23
Ti 0.17 0.11 0.14 0.14 0.15 0.1 0.18 0.14 0.15 0.18
Cr - - - - - - - - - -
Felt 0.15 0.15 0.15 0.1 0.15 0.1 0.15 0.15 0.15 0.15
Felt 0.97 0.98 0.98 1.04 1.04 1.0 0.98 0.97 0.97 0.97
Mn 0.04 0.05 0.05 0.05 0.04 0.05 0.06 0.06 0.05 0.05
Mg 1.34 1.38 1.32 1.26 1.26 1.25 1.23 1.26 1.25 1.21
0 site 2.82 2.84 2.82 2.82 2.82 2.82 2.78 2.80 2.79 2.80
Ba 0.00 0.00 0.00 0.00 0.01 0.00 - - - -
Ca 0.0 0.01 0.01 0.00 0.00 0.00 0.00 0.00 - -
Na 0.01 0.02 0.04 0.02 0.03 0.02 0.02 0.02 0.01 0.02
K 0.92 0.95 0.92 0.96 0.96 0.95 0.99 0.93 0.92 0.90
A site 0.95 0.98 0.96 0.99 1.00 0.98 1.01 0.95 0.94 0.92
OH 1.87 1.82 1.72 1.83 1.88 1.8 2.00 1.96 1.82 1.91
F 0.13 0.18 0.28 0.16 0.12 O0.14 - 0.04 0.18 0.09
Cl 0.00 0.00 0.00 0.01 0.01 o0.01 - - 0.00 -
mg# 0.58 0.58 0.57 . 0.55 0.55 0.55 0.56 0.56 0.56 0.55
Xphlog 0.47 0.49 0.47 0.45 0.45 0.44 0.44 0.45 0.45 0.43
Xsid 0.29 0.29 0.31 0.32 0.35 0.35 0.35 0.34 0.31 0.38
Xann 0.24 0.23 0.23 0.23 0.20 0.21 0.20 0.21 0.24 0.19
IV(F) 2.03 1.91 1.66 1.90 2.04 1.97 - 2.52 1.84 2.13
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Table 4.--Biotite analyses Table 4-15

Analysis 141 142 143 l44 145 146 147 148 149 150

510, 36.65 35.70 36.51 37.29 36.93 37.35 37.14 37.81 36.15 35.46
Ti0, 2.45 3.52 2.16 2.71 2.88 2.12 1.8 2.30 2.92 3.22
A1203  16.34 15.65 15.91 15.01 14.35 15.88 16.55 14.75 16.05 14.76
cr203 - - - - . . . - . -

Fe,04 2.49 2.55 2.43 3.77 3.65 3.78 3.46 3.64 3.82 3.74
Fel 15.02 15.36 14.64 16.57 16.04 16.62 15.21 16.01 16.81 16.45
MnO 0.53 0.90 0.75 0.51 0.42 0.50 0.47 0.44 0.38 0.53
MgO 10.46 10.80 11.64 11.14 10.52 10.85 11.34 11.30 10.52 11.30
Ba0 - - - - - - - - - -
Ca0 0.03 0.04 0.16 0.08 0.08 0.10 0.03 0.07 0.04 0.03
Na,0 0.13 0.11 0.10 0.12 0.07 0.10 0.09 0.04 0.10 0.11
Ry0, 9.24 10.51 9.05 10.27 9.38 9.51 9.46 9.66 9.28 10.23
H,0 3.73 3.96 3.78 3.95 3.95 3.8 3.80 3.72 3.80 3.93
F 0.57 - 0.47 - 0.05 0.22 0.41 0.53 0.32 -
cl - - - - - 0.02 - 0.01 0.03 -
0=F 0.24 - 0.20 - 0.02 0.09 0.17 0.22 0.13 -
0=C1 - - - - - 0.00 - 0.00 0.01 -

Total 97.88 99.10 97.80 101.42 98.34 101.01 99.98 100.50 100.36 99.76

Si. 2.81 2.73 2.80 2.79 2.8 2.79 2.79 2.85 2.73 2.71
NG 1.19 1.27 1.20 1.21 1.1 1.21 1.21 1.15 1.27 1.29
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
NALS 0.29 0.14 0.24 0.11 0.13 0.20 0.26 0.15 0.16 0.04
Ti 0.14 0.20 0.12 0.15 0.17 0.12 0.10 0.13 0.17 0.19
Cr - - - - - - - - - -
Fe3t 0.14 0.15 0.14 0.21 0.21 0.21 0.20 0.21 0.22 0.22
Fe2t 0.96 0.98 0.94 1.04 1.03 1.04 0.96 1.01 1.06 1.05
Mn 0.03 0.06 0.05 0.03 0.03 0.03 0.03 0.03 0.02 0.03
Mg 1.20 1.23 1.33 1.24 1.20 1.21 1.27 1.27 1.19 1.29
0 site 2.77 2.76 2.82 2.79 2.77 2.81 2.81 2.79 2.82 2.82
Ba - - - - - - - - - -
Ca 0.00 0.00 0.01 0.01 0.01L 0.01 0.00 0.01L 0.00 0.00
Na 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.0L 0.01L 0.02
K 0.90 1.03 0.89 0.98 0.92 0.91 0.91 0.93 0.90 1.00
A site 0.93 1.05 0.91 1.00 0.94 0.93 0.92 0.94 0.91 1.02
OH 1.86 2.00 1.89 2.00 1.99 1.95 1.90 1.87 1.92 2.00
F 0.14 - 0.11 - 0.01 0.05 0.10 0.13 0.08 -
cl - - - - - 0.00 - 0.00 0.00 -
mg# 0.55 0.56 0.59 0.55 0.54 0.54 0.57 0.56 0.53 0.55
Xphlog 0.43 0.45 0.47 0.45 0.43 0.43 0.45 0.45 0.42 0.46
Xsid 0.36 0.34 0.32 0.28 0.26 0.33 0.34& 0.26 0.36 0.30
Xann 0.21 0.22 0.21 0.27 0.30 0.24 0.20 0.29 0.22 0.24
IV(F) 1.95 - 2.09 - 3.05 2.39 2.13 2.03 2.20 -
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r
Table 4.--Biotite analyses |

Analysis 151 152 153 154 155 156 |

$10, 37.82 36.31 36.72 34.59 35.16 34.87
Ti0, 2.79 3.13 2.26 3.76 3.54 3.28
A1203  14.00 14.97 15.53 13.42 13.40 14.44
Cr203 - - . - . -

Fe, 04 3.65 3.63 3.67 3.68 3.81 3.81
Fe0 16.07 15.99 16.14 14.14 14.63 1l4.64
MnoO 0.45 0.55 0.59 0.60 0.75 0.74
Mg0 11.03 10.87 11.51 12.92 12.57 12.96
BaO - - - - - -
Ca0 - 0.06 0.24 0.07 0.37 0.22
Na,0 0.12 0.10 0.11 - - -

K20C 9.61 10.14 9.69 10.16 9.18 10.05
H,0 3.74  3.95 3,97 3.62 3.68 3.68
F 0.47 - - 0.66 0.56 0.53
cl 0.03 - - - - - |
O=~F 0.20 - . 0.28 0.24 0.23
0=Cl 0.01 - - - - -

Total 99.98 99.70 100.43 97.89 97.89 99.4*

Si. 2.86 2.76 2.76 2.70 2.73 2.6
N 1.14 1.24 1.24 1.24 1.23 1.3
Fe3t . - - 0.06 0.04 0.0
T site  4.00 4.00 4.00 4.00 4.00 4.0
a1vi 0.11 0.11 0.14 - - -
Ti 0.16 0.18 0.13 0.22 0.21 0.1
Feg+ 0.21 0.21 0.21 0.15 0.18 0.2
Fe<t 1.02 1.02 1.02 0.92 0.95 0.9
Mn 0.03 0.04 0.06 0.04 0.05 0.0
Mg 1.25 1.23 1.29 1.50 1.46 1.4
0 site  2.77 2.78 2.82 2.8 2.85 2.8
Ba - - - - - -
Ca - 0.00 0.02 0.01 0.03 0.02
Na 0.02 0.01 0.02 - - -
K 0.93 0.98 0.93 1.01 0.91 0.98
Asite  0.95 1.00 0.97 1.02 0.9 1.00
OH 1.88 2.00 2.00 1.84 1.86 1.87
F 0.11 - - 0.16 0.14 0.13
cl 0.00 - - - - -
mg# 0.55 0.55 0.56 0.62 0.60 0.61
Xphlog  0.45 0.44 0.46 0.53 0.51 0.52
Xsid 0.22 0.30 0.31 0.22 0.22 0.26
Xann 0.33 0.26 0.23 0.25 0.27 0.22
IV(F) 2.09 - - 2,01 2.07 2.08
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Table 4.--Biotite analyses Table 4-17

Analysis 161 162 163 164 165 166 167 168 169 170
510, 36.27 36.68 38.37 37.53 37.81 37.44 37.07 36.27 35.81 36.16
TiO, 4.24  3.37 3.17 3.27 2.55 2.34 2,13 3.34 3.33 4.28
A1203 14.25 14.21 14.25 14.23 14.34 14.49 14.63 13.81 14.27 13.86
Cr203 - - - - - - - - - -

Fey04 4.05 4.07 4.02 4.04 3.92 3.86 3.81 3.95 4.08 3.56
FeO 15.55 15.62 15.43 15.53 15.05 14.84 14.64 15.16 15.67 13.66
MnO 0.68 0.49 0.54 0.51 0.53 0.51 0.49 0.46 0.57 0.83
MgO 11.94 11.51 11.51 11.51 12.43 12.61 12.79 11.80 11.50 12.61
BaO - 0.94 1.00 0.97 0.40 0.32 0.25 1.01 1.06 -
Ca0 - 0.03 0.05 0.04 0.07 0.05 0.03 0.07 0.03 0.05
Na,0 - 0.07 0.07 0.07 0.09 0.09 0.09 0.20 0.07 o0.11
Kzoc 9.57 9.28 9.23 9.25 9.81 9.91 10.02 9.35 9.39 9.43
Hy0 3.96 3.49 3.51 3.50 3.51 3.51 3.51 3.42 3.47 4.00
F - 0.92 0.90 0.91 0.95 0.93 0.92 0.97 0.83 -
Cl - 0.03 0.10 0.06 0.02 0.03 0.05 0.17 0.16 -
O=F - 0.39 0.38 0.38 0.40 0.39 0.39 0.41 0.35 -
0=Cl - 0.01 0.02 0.01 0.00 0.01 0.01 0.04 0.04 -

Total 100.51 101.10 102.55 101.82 101.88 101.33 100.83 100.42 100.63 98.55

Si. 2.73 2.78 2.85 2.81 2.82 2.81 2.80 2.78 2.74 2.75
a1iv 1.26 1.22 1.15 1.19 1.18 1.19 1.20 1.22 1.26 1.24
Fe3t 0.01 - - - - - - - - 0.00
T site  4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
alvi - 0.05 0.10 0.07 0.08 0.09 0.10 0.02 0.03 -
Ti 0.24 0.19 0.18 0.18 0.14 0.13 0.12 0.19 0.19 0.25
Feot 0.22 0.23 0.22 0.23 0.22 0.22 0.22 0.23 0.24 0.20
Felt 0.98 0.99 0.96 0.97 0.9 0.93 0.92 0.97 1.00 0.87
Mn 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.05
Mg 1.3 1.30 1.27 1.29 1.38 1.41 1.44 1.35 1.31 1.43
0 site 2.82 2.79 2.76 2.78 2.80 2.81 2.83 2.79 2.81 2.80
Ba - 0.03 0.03 0.03 0.01 0.0l 0.0l 0.03 0.03 -
Ca - 0.00 0.00 0.00 0.0l 0.00 0.00 0.0l 0.00 0.00
Na - 0.01 0.01 0.0l 0.01 0.01 0.0l 0.03 0.01 0.02
K 0.92 '0.90 0.87 0.89 0.93 0.95 0.96 0.91 Q.92 0.92
A site  0.92 0.94 Q.92 0.93 0.96 0.98 0.99 0.98 0.96 0.9
OH 2.00 1.78 1.78 1.78 1.77 1.78 1.77 1.74 1.78 2.00
F - 0.22 0.21 0.22 0.22 0.22 0.22 0.23 0.20 -
c1 - 0.00 0.01 0.0l 0.00 0.00 0.01 0.02 0.02 -
mg# 0.58 0.57 0.57 0.57 0.60 0.60 0.61 0.58 0.57 0.62
Xphlog  0.47 0.47 0.46 0.46 0.49 0.50 0.51 0.48 0.47 0.51
Xsid 0.25 0.25 0.22 0.23 0.22 0.23 0.24 0.23 Q.27 0.22
Xann 0.27 0.29 0.32 0.30 0.29 0.27 0.25 0.29 Q.27 0.27
IV(F) - 1.78 1.80 1.79 1.81 1.83 1.83 1.77 1.82 -
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Table 4.--Biotite analyses Table 4-18

Analysis 171 172 173 174 175 176 177 178 179 180

------------------------------------------------------------

510, 35.80 35.91 36.46 35.96 37.80 36.36 35.18 34.99 35.54 35.44
Ti0, 4.43 3.89 3.62 3.46 3.12 4.10 2.65 2.76 2.61 2.73
A1203  14.44 14.66 14.51 13.84 14.44 14.33 17.34 16.51 17.76 17.48
Cr203 - - - - - - - - - -

Fe,05 3.68 3.69 3.70 3.67 3.64 3.70 4.43 4.53 4.6l 4.57
Fel 14.12 14.19 14.20 14.10 13.98 14.22 17.00 17.38 17.71 17.54
MnO 0.88 0.87 1.00 1.07 1.06 0.9 0.96 0.94 0.92 1.10
MgO 11.80 12.19 12.26 12.62 13.06 12.52 8.70 8.84 9.14 9.23
BaO - - - - - - - - - -
Ca0 0.12 0.17 0.05 0.14 0.10 0.06 0.03 0.06 0.05 0.04
Na,0 0.12 0.13 0.13 0.12 0.12 0.12 0.11 0.11 0.13 0.09
K,0 9.49 9.12 9.57 9.58 9.85 9.83 10.07 10.13 10.31 10.32
H,0° 3.98 3.99 3.99 3.98 4.00 3.98 3.92 3.91 3.91 3.91
F - - - - - - - - - -
cl - - - - - - - - - -
0=F - - - - - - - - - -
0=C1 - - - - - - - - - -

Total 98.86 98.81 99.49 98.54 101.17 100.16 100.39 100.16 102.69 102.45

Si. 2.73 2.73 2.76 2.75 2.80 2.74 2.68 2.68 2.65 2.65
ALY 1.27 1.27 1.24 1.25 1.20 1.26 1.32 1.32 1.35 1.35
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vi 0.02 0.04 0.05 0.00 0.06 0.01 0.23 0.17 0.21 0.19
Ti 0.25 0.22 0.21 0.20 0.17 0.23 0.15 0.16 0.15 0.15
Cr - - - - - - - - - -
Fe3t 0.21 0.21 0.21 0.21 0.20 0.21 0.25 0.26 0.26 0.26
Fe2+t 0.90 0.90 0.90 0.90 0.87 0.89 1.08 1.11 1.10 1.10
Mn 0.06 0.06 0.06 0.07 0.07 0.06 0.06 0.06 0.06 0.07
Mg 1.3¢  1.38 1.38 1.44 1.44 1.4D 0.99 1.01 1.02 1.03
0 site 2.79 2.82 2.81 2.83 2.81 2.81 2.77 2.78 2.79 2.80
Ba - - - - - - - - - -
Ca 0.01 0.01 0.00 0.0l 0.0l 0.00 0.00 0.00 0.00 0.00
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01
K 0.92 0.88 0.92 0.94 0.93 0.9 0.98 0.99 0.98 0.98
A site 0.95 0.92 0.95 0.97 0.96 0.97 1.00 1.01 1.00 1.00
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
F - - - - - - - - - -
cl - - - - - - - - - -
mg# 0.60 0.60 0.61 0.61 0.62 0.61 0.48 0.48 0.48 0.48
Xphlog 0.48 0.49 0.49 0.51 0.51 0.50 0.36 0.36 0.36 0.37
Xsid 0.27 0.27 0.25 0.22 0.22 0.24 0.47 0.44 0.47 0.46
Xann 0.25 0.24 0.26 0.27 0.27 0.26 0.17 0.20 0.16 0.17
IV(F) - - - - - - - - - -
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Table 4.--Biotite analyses Table 4-19

Analysis 181 182 183 184 185 186 187 188 189 190
8102 36.22 34.77 35.66 34.95 34.22 33.96 33.89 34.57 35.00 34.75
TiO2 2.85 2.93 2.37 2.32 2.66 2.65 2.47 2.25 2.31 3.25
Al203 17.00 16.79 17.45 17.47 16.90 16.92 16.92 17.11 17.61 17.30
Cr203 -

Fe,04 4.53 4.68 4.38 4.43 4.49 4.37 4.30 4.18 4.03 5.13
FeO 17.42 17.96 16.83 17.03 17.24 16.78 16.51 16.05 15.46 19.71
MnO 0.95 0.79 0.88 0.88 0.92 0.8 0.80 1.05 0.99 1.14
MgO 9.09 9.56 8.29 8.19 8.28 8.11 8.73 9.04 9.65 6.74
BaO - - - - - 0.12 - - - -
Ca0 0.06 0.05 - 0.01 0.20 0.33 0.22 0.21 0.40 -
Na,0 0.12 0.13 - - 0.14 0.14 0.19 0.06 0.16 0.10
K20C 10.37 10.28 9.39 9.31 9.79 9.60 9.70 9.88 9.75 9.62
H,0 3.92 3.89 3.52 3.44 3.40 3.27 3.21 3.24 3.37 3.87
F - - 0.85 0.99 1.02 1.29 1.42 1.39 1.18 -
Ccl - - 0.03 0.02 - - - - - -
O=F - - 0.36 0.42 0.43 0.54 0.60 0.59 0.50 -
0=Cl - - 0.01 0.00 - - - - - -

Total 102.53 101.83 100.02 99.46 99.69 98.94 98.96 99.62 100.41 101.61

Si. 2.70 2.63 2.73 2.70 2.66 2.66 2.66 2.68 2.67 2.65
AltY 1.30  1.37 1.27 1.30 1.3 1.34 1.34 1.32 1.33 1.35
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a1vi 0.19 0.12 0.30 0.29 0.21 0.23 0.22 0.24 0.26 0.20
Ti 0.16 0.17 0.14 0.13 0.16 0.16 0.15 ©0.13 0.13 0.19
Cr - - - - - - - - - -
Fe3t 0.25 0.27 0.25 0.26 0.26 0.26 0.25 0.24 0.23 0.29
Fe2 1.09 1.13 1.08 1.10 1.12 1.10 1.08 1.04 0.99 1.25
Mn 0.06 0.05 0.06 0.06 0.06 0.06 0.05 0.07 0.06 0.07
Mg 1.01 1.08 0.95 0.94 0.96 0.95 1.02 1.06 1.10 0.76
0 site 2.76 2.82 2.77 2.78 2.77 2.75 2.77 2.77 2.77 2.77
Ba - - - - - 0.00 - - - -
Ca 0.00 0.00 - 0.00 0.02 0.03 0.02 0.02 0.03 -
Na 0.02 0.02 - - 0.02 0.02 0.03 0.01 0.02 0.01
K 0.99 0.99 0.92 0.92 0.97 0.96 0.97 0.98 0.95 0.93
A site 1.01 1.01 0.92 0.92 1.01 1.01 1.02 1.00 1.01 0.95
OH 2.00 2.00 1.79 1.76 1.75 1.68 1.65 1.66 1.72 2.00
F - - 0.21 0.24 0.25 0.32 0.35 0.34 0.28 -
cl - - 0.00 0.00 - - - - - -
mg# 0.48 0.49 0.47 0.46 0.46 0.46 0.49 0.50 0.53 0.38
Xphlog 0.37 0.38 0.34 0.3% 0.35 0.35 0.37 0.38 0.40 0.28
Xsid 0.43 0.44 0.48 0.49 0.48 0.49 0.47 0.46 0.45 0.54
Xann 0.20 0.18 0.18 0.17 ©0.17 0.17 0.16 0.17 0.15 0.19
IV(F) - - 1.63 1.55 1.54 1.41 1.39 1.42 1.54 -
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Table 4.--Biotite analyses Table 4-20

Analysis 191 192 193 194 195 196 197 198 199 200
Si0, 33.75 34.26 34.30 33.83 33.51 34.16 34.13 34.75 34.90 35.43
Ti0, 3.00 2.81 2.48 3.03 3.07 2.76 3.02 3.28 2,91 3.21
A1203 16.18 16.48 17.73 16.44 16.23 16.89 16.34 16.54 16.91 16.55
Cr203 - - - - - - - - - -

Fe,04 4.99 5.18 5.07 5.02 5.07 5.10 5.07 4.95 4.34 4.01
FeO 19.16 19.88 19.49 19.26 19.48 19.58 19.48 19.00 16.69 15.39
MnO 0.93 1.25 1.31 1.25 1.16 0.94 1.23 1.15 0.55 0.69
MgO 6.82 6.81 6.69 6.76 6.58 7.27 7.11 7.24 10.45 9.40
BaO - - - - - - - - - -
Ca0 0.02 0.15 - 0.18 0.21 0.0 0.07 - 0.13 0.08
Na,0 - 0.31 0.34 - - 0.0 - - 0.10 0.10
K20C 10.23 10.28 9.08 10.13 10.08 9.83 10.03 10.00 8.54 9.83
H,0 3.85 3.35 3.88 3.41 3.44 3.5$ 3.37  3.87 3.96 3.96
F - 1.01 - 0.89 0.80 0.7 0.98 - - -
Cl - - - - - - - - - -
O=F - 0.43 - 0.37 0.34 0.29 0.41 - - -
0=Cl - - - - - - - - - -

Total 98.93 102.19 100.37 100.57 99.97 101.1% 101.24 100.78 99.48 98.65

Si. 2.66 2.64 2.64 2.64 2.64 2.64 2.65 2.67 2.65 2.72
Aty 1.34 1.36 1.36 1.36 1.36 1.36 1.35 1.33 1.35 1.28
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
arvi 0.16 0.14 0.25 0.16 0.14 ©0.17 0.14 0.16 0.17 0.21
Ti 0.18 0.16 0.14 0.18 0.18 0.1 0.18 0.19 0.17 0.19
Cr - - - - - -l - - - -
Fedt 0.30 0.30 0.29 0.30 0.30 0.3 0.30 0.29 0.25 0.23
Felt 1.26 1.28 1.25 1.26 1.28 1.2 1.26 1.22 1.06 0.99
Mn 0.06 0.08 0.09 0.08 0.08 0.0 0.08 0.07 0.04 0.04
Mg 0.80 0.78 0.77 0.79 0.77 0.8 0.82 0.83 1.18 1.07
0 site 2.75 2.75 2.79 2.76 2.76 2.7 2.78 2.76 2.87 2.74
Ba - - - - - - - - - -
Ca "0.00 0.01 - 0.02 0.02 0.00 0.01 - 0.01 0.01
Na - 0.05 0.05 - - 0.01 - - 0.01 0.01
K 1.03 1.01 0.89 1.01 1.01 0.97 0.99 0.98 0.83 0.96
A site 1.03 1.07 0.94 1.02 1.03 0.98 1.00 0.98 0.85 0.98
OH 2.00 1.75 2.00 1.78 1.80 1.83 1.76 2.00 2.00 2.00
F - 0.25 - 0.22 0.20 0.17 0.24 - - -
Cl - - - - - - - - - -
mg# 0.39 0.38 0.38 _0.38 0.38 0.40 0.39 0.40 0.53 0.52
Xphlog 0.29 0.28 0.27 0.29 0.28 0.30 0.30 ©0.30 0.41 0.39
Xsid 0.50 0.51 0.56 0.51 0.51 0.51 0.49 0.49 0.42 0.41
Xann 0.21 0.21 0.16 0.20 0.21 0.19 0.21 0.21 0.17 0.2
IV(F) - 1.47 - 1.53 1.57 1.67 1.50 - - -
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Table 4.--Biotite analyses Table 4-21

Analysis 201 202 203 204 205 206 207 208 209 210

5§10, 35.83 37.11 37.45 36.20 36.71 35.59 38.49 37.48 36.69 38.16
Ti0, 3.56 4.02 3.81 3.37 3.67 4.22 3.05 2.85 2.91 2.28
A1203 16.35 16.80 16.50 16.63 16.48 16.17 14.31 14.14 14.42 14.90
Cr203 - - - - - - 0.08 - - -

Fey04 3.77 3.91 3.72 3.85 3.60 3.76 3.84 3.78 3.73  3.47
FeO 14.49 15.03 14.27 14.78 13.84 1l4.44 14.77 14.50 14.31 13.34
MnO 0.85 0.91 0.85 0.83 0.88 0.92 0.58 0.44 0.46 0.45
MgO 9.95 10.95 10.99 9.76 10.77 10.28 12.81 12.70 13.08 12.72
BaO - - - - - - - 0.90 0.85 0.09
Ca0 0.06 0.04 0.04 0.05 0.38 0.04 - 0.03 0.04 0.03
Na,0 0.22 0.25 0.17 0.18 0.26 0.24 - 0.12 0.12 0.08
K20C 9.42 9.85 10.10 9.51 9.87 10.06 8.89 9.73 9.77 10.08
H,0 3.99 3.99 4.00 3.99 3.19 3.97 3.01 2.95 2.83 2.75
F - - - - 1.66 - 2.09 2.07 2.29 2.55
Ccl - - - - - - - 0.06 0.08 0.07
O=F - - - - 0.70 - 0.88 0.87 0.96 1.07
0=Cl - - - - - - - 0.01 0.02 0.02

Total 98.49 102.86 101.90 99.15 102.01 99.69 102.80 102.63 102.56 102.06

Si, 2.73 2.7v 2.75 2.74 2.74 2.70 2.8 2.81 2.76 2.85
Aty 1.27 1.29 1.25 1.26 1.26 1.30 1l.16 1.19 1.24 1.15
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
avi 0.21 0.16 0.18 0.23 0.19 0.14 0.09 0.06 0.04 0.17
Ti 0.20 0.22 0.21 0.19 0.21 0.24 0.17 0.16 0.6 0.13
Cr - - - - - - 0.00 - - -
Fest 0.22 0.21 0.21 0.22 0.20 0.21 0.21 0.21 0.21 0.20
Fe2* 0.92 0.92 0.8 0.94 0.8 0.91 0.91 0.91 0.90 0.83
Mn 0.05 0.06 0.05 0.05 0.06 0.06 0.04 0.03 0.03 0.03
Mg 1.13 1.19 1.20 1.10 1.20 1.16 1.41 1.42 1.47 1.42
0 site 2.74 2.76 2,73 2.73 2.7Y 2.73 2.84 2.79 2.82 2.77
Ba - - - - - - - 0.03 0.03 0.00
Ca 0.00 0.00 0.00 0.00 0.03 0.00 - 0.00 0.00 0.00
Na 0.03 0.04 0.02 0.03 0.04 0.04 - 0.02 0.02 o0.01
K 0.92 0.92 0.95 0.92 0.94 0.97 0.8 0.93 0.94 0.9
A site 0.95 0.96 0.97 0.95 1.01 1.01 0.8 0.98 0.98 0.98
OH 2.00 2.00 2.00 2.00 1.61 2.00 1.51 1.50 1.44 1.39
F - - - - 0.39 - 0.49 0.49 0.55 0.60
Cl - - - - - - - 0.01 0.01 0.01
mg# 0.55 0.56 0.58 0.54 0.58 0.56 0.61 0.61 0.62 0.63
Xphlog 0.41 0.43 0.44 0.40 0.44 0.43 0.50 0.51 0.52 0.51
Xsid 0.38 0.37 0.3& 0.39 0.35 0.37 0.21 0.212 0.23 0.23
Xann 0.20 0.20 0.22 0.20 0.20 0.20 0.30 0.28 0.25 0.26
IV(F) - - - - 1.44 - 1.41 1.42 1.37 1.29
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Table 4.--Biotite analyses ‘ Table 4-22

Si0, 36.62 38.46 37.92 37.78 37.07 40.15 38.78 36.95 37.51 37.89
Ti0, 2.69 1.87 3.09 2.97 3.11 2.22  2.77 2.75 2.68 3.12
Al1204 14.70 14.63 14.66 14.36 14.12 19.06 14.70 14.10 14.10 13.75
Cr204 - - - - - - 0.12 - - 0.05
Fey04 3.79 3.38 3.88 80 3.82 2.96 3.77  3.76 3.53 3.83
FeO 14.55 12.99 14.92 14.59 14.68 11.36 14.48 14.42 13.55 14.72
MnO 0.45 0.40 0.37 0.44 0.46 0.32 0.57 0.44 0.45 0.59
Mg0 12.93 13.70 12.68 12.98 12.94 9.4i 12.97 12.83 12.84 13.05
Bao 0.82 0.28 - 0.48 0.78  0.54 - 0.50 0.49 -

Ca0 0.03 0.05 - 0.05 0.06 0.0g - 0.03 0.03 -

Na,0 0.12 0.08 0.04 0.12 0.10 0.1 0.03 0.08 0.07 0.03
K,0 9.59 9.97 8.56 10.02 9.69 10.08 9.13 9.55 10.02 8.87
Hy0 2.88 2.82 2.94 2.92 2.94 3.30 3.08 2.91 2.95 2.85
F 2.20 2.46 2.13 2.17 2.07 1.62 1.94 2.14 2.09 2.35
cl 0.06 0.03 0.18 0.07 0.07 0.06 0.03 0.08 0.05 0.04
O=F 0.93 1.046 0.90 0.91 0.87 0.68 0.82 0.90 0.88 0.99
0=Cl 0.01 0.01 0.04 0.02 0.02 oO. 0.0 0.02 0.01 o0.01

Total 102.37 102.16 102.30 103.67 102.80 101.99 103.20 101.45 101.25 102.14

Si. 2.76 2.87 2.82 2.80 2.78 2.9 2.85 2.80 2.8 2.83
a1tV 1.2 1.13 1.18 1.20 1.22 1.03 1.15 1.20 1.16 1.17
T site 4.00 4.00 4.00 4.00 4.00 4.0 4,00 4.00 4.00 4.00
a1vi 0.07 0.15 0.10 0.06 0.03 0.55 0.12 0.06 0.09 0.04
Ti 0.15 0.10 0.17 0.17 0.18 0.12 0.15 0.16 0.15 0.18
Cr - - - - - - 0.01 - - 0.00
Fe3t 0.21 0.19 0.22 0.21 0.22 0.1 0.21 0.21 0.20 0.22
Fe2t 0.92 0.81 0.93 0.90 0.92 0.6 0.89 0.91 0.8 0.92
Mn 0.03 0.03 0.02 0.03 0.03 0.0 0.04 0.03 0.03 0.04
Mg 1.45 1.52 1.41 1.43 1.45 1.0 1.42 1.45 1.45 1.45
0 site 2.83 2.80 2.85 2.80 2.81 2.5 2.83 2.82 2.78 2.85
Ba 0.02 0.01 - 0.01 0.02 0.02 - 0.01 0.01 -
Ca 0.00 0.00 - 0.00 0.00 0.0 - 0.00 0.00 -
Na 0.02 0.01 0.0L 0.02 0.01 0.0 0.00 0.01 0.01 0.00
K 0.92 0.95 0.81L 0.95 0.93 0.9 0.85 0.92 0.97 0.85
A site 0.97 0.97 0.82 0.98 0.97 0.9 0.86 0.95 0.99 0.85
OH 1.47 1.42 1.48 1.48 1.50 1.6 1.55 1.48 1.49 1.44
F 0.52 0.58 ©0.50 0.51 0.49 0.37 0.45 0.51 0.50 0.56
cl 0.01 0.00 ©0.02 0.01 0.01 .0l 0.00 0.01 0.01L 0.01
mg# 0.61 0.65 0.60 0.61 0.61 o.sp 0.61 0.61 0.63 0.61
Xphlog 0.51 0.54 0.49 0.51 0.51 0.40 0.50 0.51 0.52 0.51
Xsid 0.25 0.20 0.23 0.21 0.21 0.42 0.22 0.22 0.20 0.19
Xann 0.24 0.26 0.27 0.27 0.27 0.18 0.28 0.27 0.28 0.30
IV(F) 1.38 1.36 1.38 1.40 1.42 1.41 1.46 1.40 1.42 1.35
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Table 4.--Biotite analyses Table 4-23

Analysis 221 222 223 224 225 226 227 228 229 230

8109 38.68 36.69 36.88 35.82 36.15 35.82 35.25 35.27 36.36 36.86
Tio, 2.60 2.70 3.03 3.16 2.89 2.38 2.88 2.64 5.05 5.06
Al204 14.06 17.82 17.84 16.39 16.15 16.54 16.83 16.63 14.49 14.58
Cr20 - - - - - - - - - -
Fezog 3.58 3.59 3.59 4.75 4.48 4,51 4.80 4.57 4.38 4.44
FeO 13.74 13.81 13.80 18.23 17.20 17.33 18.44 17.54 16.83 17.06
MnO 0.42 0.59 0.62 0.62 0.35 0.43 0.66 0.42 0.50 0.44
MgO 13.24 10.58 10.14 7.98 8.61 8.48 8.14 8.67 10.61 10.92
BaO 0.40 0.19 0.20 - - - - - - -
Ca0 0.04 0.04 0.06 0.01 - 0.16 0.09 - 0.04 0.03
Na,0 0.10 0.13 0.15 - - - - 0.05 0.19 0.16
K20C 9.87 9.97 9.92 10.17 9.81 10.41 9.98 10.21 9.24 9.61
H,0 2.98 3.79 3.80 3.69 3.60 3.72 3.59 3.59 3.95 3.9
F 2.10 0.38 0.36 0.45 0.69 0.41 0.63 0.66 - -
Cl 0.04 0.12 0.12 - - - - - - -
O=F 0.88 0.16 0.15 0.19 0.29 0.17 0.27 0.28 - -
0=Cl 0.01 0.03 0.03 - - - - - - -

Total 102.74 100.59 100.69 101.46 100.22 100.36 101.56 100.53 101.64 103.10

Si. 2.87 2.74 2.75 2.72 2.76 2.74 2.68 2.70 2.72 2.71
a1iv 1.13 1.26 1.25 1.28 1.24 1.26 1.32 1.30 1.28 1.27
Fe3t i - - - . - - - 0.01 0.02
T site  4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
AL 0.10 0.30 0.31 0.19 0.21 0.23 0.19 0.20 ; -
Ti 0.14 0.15 0.17 0.18 0.17 0.14 0.16 0.15 0.28 0.28
Fe3t 0.20 0.20 0.20 0.27 0.26 0.26 0.27 0.26 0.24 0.23
Fe2*t 0.85 0.8 0.86 1.16 1.10 1.11 1.17 1.12 1.05 1.05
Mn 0.03 0.04 0.04 0.064 0.02 0.03 0.04 0.03 0.03 0.03
Mg 1.46 1.18 1.13 0.90 0.98 0.97 0.92 0.99 1.18 1.20
0 site  2.78 2.73 2.71 2.74 2.74 2.73 2.77 2.76 2.78 2.78
Ba . 0.01 0.01 0.01 - - - - - - -
Ca 0.00 0.00 0.00 0.00 - 0.01 0.01 - 0.00 0.00
Na 0.01 0.02 0.02 ) ; - - 0.01 0.03 0.02
K 0.93 0.95 0.94 0.98 0.96 1.02 0.97 1.00 0.88 0.90
A site - 0.96 0.98 0.97 0.99 0.96 1.03 0.98 1.01 0.91 0.93
OH 1.50 1.90 1.90 1.89 1.83 1.90 1.85 1.84 2.00 2.00
F 0.49 0.09 0.08 0.11 0.17 0.10 0.15 0.16 - -
cl 0.01 0.02 0.02 - ] - . ] - ;
mg# 0.63 0.58 0.57 0.44 0.47 0.47 0.44 0.47 0.53 0.53
Xphlog  0.53 0.43 0.42 0.33 0.36 0.35 0.33 0.36 0.42 0.43
Xsid 0.18 0.41 0.42 0.44 0.40 0.43 0.47 0.44 0.29 0.28
Xann 0.29 0.16 0.17 0.23 0.24 0.22 0.20 0.20 0.29 0.29
IV(F) 1.44 2.13 2.14 1.93 1.77 2.00 1.77 1.78 ; -



Table 4.--Biotite analyses j Table 4-24

Analysis 231 232 233 234 235 236 237

810, 35.83 36.41 35.72 36.50 35.61 36.12 36.41
Ti0, 4.82 4.56 4.73 3.91 4.24 4.33  4.80
A120, 14.40 14.40 15.08 14.10 14.07 13.93 14.43
Cr205 - - - - - - -
Fe,03 4.59 4.26 4.53 4.34 3.8 3.91 3.98
Fel 17.63 16.35 17.38 16.69 14.73 15.03 15.28
MnO 0.41 0.43 0.41 0.47 0.31 0.32 0.38
MgO 10.78 11.17 10.64 10.77 12.38 11.@1 11.66
BaO - - - - - -l -
Ca0 0.06 0.08 0.03 0.07 0.07 0.06 0.04
Na,0 0.20 0.09 0.17 0.10 0.11 0.12 o0.11
KZOC 9.32 9.61 9.40 9.58 9.67 9.48 9.68
H0 3.92 3.95 3.93 3.94 3.97 3.98 3.97
F - - - - - - -
cl - - - - - - -
O=F - - - - - . -
0=C1 - - - - - - -

Total 101.96 101.31 102.02 100.47 99.00 99.09 100.74

Si. 2.68 2.73 2.67 2.76 2.72 2.75 2.73
A1iv 1.27 1.27 1.33 1.24 1.27 1.25 1.27
Fe3+ 0.05 0.00 0.00 - 0.02 - ]
T site  4.00 4.00 4.00 4.00 4.00 4.00 4.00
alvi " - - 0.02 - 0.00 0.00
Ti 0.27 0.26 0.27 0.22 0.24 0.25 0.27
Fe3t 0.21 0.24 0.25 0.25 0.20 0.22 0.22
Felt 1.10 1.02 1.09 1.06 0.9 0.96 0.96
Mn 0.03 0.03 0.03 0.03 0.02 0.02 0.02
Mg 1.20 1.25 1.18 1.21 1.41 1.3 1.30
0 site 2.82 2.79 2.81 2.79 2.81 2.79 2.78
Ba - - - . - - -
Ca 0.00 0.01 0.00 0.01 0.01 0.00 0.00
Na 0.03 0.01 0.02 0.01 0.02 0.02 0.02
K 0.89 0.92 0.90 0.92 0.94 0.92 0.93
A site 0.92 0.94 0.92 0.94 0.96 0.94 0.94
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00
F - - - . - ) .
Cl - - - - - - -
mg# 0.52 0.55 0.52 . 0.53 0.60 0.58 0.58
Xphlog  0.43 0.45 0.42 0.44 0.50 0.48 0.47
Xsid 0.29 0.27 0.33 0.26 0.24 0.24 0.26
Xann 0.28 0.28 0.25 0.31 0.26 0.28 0.27
IV(F) ] - - . - ] -
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Table 4.--Big£ite nalyies

[Fe, 100*(Fe~”"/(Fe *4+Fe*t); E, estimated; D, determined]
SAMPLE KEY
Analysis no. Group Sample no. Description Fe
1 2 Calvert3 BT1 [KF] 13% E
2 2 313-1 BT Al 13% D
3 2 313-1 BT D1 13% D
4 2 313-1 BT S1 13% D
5 2 313-1 BT S2 13% D
6 2 107-1 BT1 (3) 13% E
7 2 107-1 BT2 (3) 13% E
8 2 547-1 BT1-1 ¢ 13% E
9 2 547-1 BT1-1 ¢ 13% E
10 2 547-1 BT1-1 ¢ 13% E
11 2 547-1 BT1-3 r/PG 13% E
12 2 547-1 BTL-4 13% E
13 2 547-1 BT1-4 /PG 13% E
14 2 547-1 BT2 13% E
15 2 547-1 BT2 13% E
16 2 547-1 BT2 c 13% E
17 2 547-1 BT2-3 «r 13% E
18 2 547-1 BT2-4 r 13% E
19 2 547-1 BT2-4 r 13% E
20 2 547-1 BT3-1 13% E
21 2 547-1 BT3-2 «r 13% E
22 2 547-1 BT3-2 r 13% E
23 3 M784-1 BT1 (2) 0 (All FeO)
24 4 1162-1 BT1 c 17% E
25 4 1162-1 BT1-1 17% E
26 4 1162-1 BT1-2 17% E
27 4 1162-1 BT2-1 17% E
28 4 1162-1 BT3-1 17% E
29 4 1162-1 BT4-1 17% E
30 4 1162-1 BT5-1 17% E
31 5 121-1-78 BT S1 19% D
32 5 121-1-78 BT S2 19% D
33 5 121-1-78 BT S3 19% D
34 5 121-1-78 BT sS4 19% D
35 5 121-1-78 BT1 (3) 19% D
36 5 342-1 BT 1-2 r 19% E
37 5 342-1 BT1-1 ¢ 19% E
38 5 697-1 BT Bl-1lc (3) 19% E
39 5 697-1 BT Bl-2r 19% E
40 5 697-1 BT1 19% E
41 5 697-1 BT2 19% E
42 5 697-1 BT2-1 r/HB3 19% E
43 5 697-1 - BT2-2 ¢ 19% E
44 5 697-1 BT2-3 m 19% E
45 5 697-1 BT2-4 r 19% E
46 5 697-1 BT3 19% E
47 5 697-1 BT3-1 ¢ 19% E
48 5 697-1 BT3-2 m 19% E
49 5 697-1 BT3-3 r 19% E
50 5 697-1 BT3-4 r 19% E
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Table 4.--Bigtite %naly
[Fe, 100%(Fe>*/(Fe *+Fe

Analysis no.

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85 )
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Group
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; E, estimated; D, determined]

SAMPLE KEY
Sample no. Description
697-1 BT4
704-1 BT Al-1(3)
704-1 BT Al-2
704-1 BT Cl1 (6)
704-1 BT L1 (2)
704-1 BT M1 (5)
704-1 BT N1
704-1 BT O1
708-1 BT1 (2)
708-1 BT2 ()
708-1 BT3
708-1 BT4
708-1 BT5
881-1-78 BT S1
881-1-78 BT S2
1345-1 BT Bl [HB] (3)
1345-1 BT E1 (3)
1345-1 BT El-1 |
1345-1 BT E1-2 |
1345-1 BT E1-3r
1345-1 BT E2-1lc
1345-1 BT E2-2m
1345-1 BT E2-3r
1345-1 BT Fl-1
1345-1 BT F1-2
1345-1 BT Fl-3c
1345-1 BT Fl-4n
1345-1 BT F1-5
1345-1 BT Fl-61
1345-1 BT F1-7
1345-1 BT F1-8
1345-1 BT F1-9
FG BT Al-1c (2)
FG BT Al-3rx
FG BT Bl-1lg
FG BT Bl-2r
IVP BT Al
IVP BT Bl
IVP BT Cl
1VP BT Cl-1c¢
1vP BT Cl-2r
IVP BT Dl-1lc (3)
1ve BT D1-2r -
IVP - BT D1-3¢
IVP BT E1
WC BT AL r (3)
WC BT Al ¢ (3)
We BT A2 ¢ (2)
WG BT B4 [KF]
We BT B5 (2) [KF]
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Fe

19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
23%
23%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
17%
17%
17%
17%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
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Table 4.--Bi
[Fe, 100*(Fe

Analysis no.
101

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

3%

ite %nalyi

/(Fe *4Fe

Group
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es
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+); E, estimated; D, determined]
SAMPLE KEY
Sample no. Description

WwC BT B6 (2) [KF]
wC BT B7
WC BT C3 ¢ (2)
1119-1 BT2-1 ¢ (2)
1119-1 BT2-2 r/PG
1119-1 BT3-2 /PG (2)
1293-1 BT1-1
1293-1 BT1-2
1293-1 BT2-1
1293-1 BT3
1293-1 BT4
8-15-82-1 BT1 (3)
8-15-82-1 BT2 [HB1]
8-15-82-6 BT1 (3)
8-15-82-6 BT2 (2)
8-15-82-7 BT1 (5)
8-15-82-7 BT2 c (3)
8§-15-82-7 BT3 (3)
8-15-82-7 BT4 (6)
8-15-82-8 BT A1l c¢ (3)
8-15-82-8 BT A2 (3)
8-15-82-8 BT3 /MU, CH
8-15-82-8 BT4-1 ¢ (2)
8-15-82-8 BT4-2 m
8-15-82-8 BT4-3 r
MT83-3 BT2 (2)
MT83-3 BT3 (4)
MT83-3 BT3-1 ¢
MT83-3 BT3-2 m
MT83-3 BT3-3 m
MT83-3 BT3-4 ¢
MT83-3 BT4 (2)
MT83-3 BTS (2)
MT83-4 BT1 (3)
MT83-4 BT2
MT83-4 BT3 (2)
BHS BT A
BHS BT AL c (2)
BHS BT A2 ¢ (2)
BHS BT B2
BHS BT C1
BHS BT D1
BHS - BT Kl-1r
BH9850 BT B
BH9850 BT Bl (2)
BH9850 BT B2 (2)
BH9850 BT B3
BH9850 BT B4
BH9850 BT C1
BH9850 BT C2

Fe
19%

19%
19%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
133
133
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
17%
17%
17%
17%
17%
17%
17%

=1
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|
Table 4.--Bigtite %nalyges |
[Fe, 100%(Fe t/(Fe’t+Fe*t); E, estimated; D, determined]

SAMPLE KEY
Analysis no. Group Sample no. Description

151 6 BH9850 BT C2 17%
152 6 BH9850 BT G 17%
153 6 BH9850 BT H1 (2) 17%
154 6 744-2 BT Bl (2) 19%
155 6 744-2 BT B2-1 19%
156 6 744-2 BT D1-1 19%
157 6 744-2 BT D1-2 | 19%
158 6 MC BT Al-lc'(2) 19%
159 6 MC BT Al-3r 19%
160 6 MC BT A3-lc! 19%
- 161 6 MC BT Bl-1lc 19%
162 7 1357-1 BT Al-lc/HB 19%
163 7 1357-1 BT Al-1 19%
164 7 1357-1 BT Al-1 19%
165 7 1357-1 BT A2-lc 19%
166 7 1357-1 BT A2-2 . 19%
167 7 1357-1 BT A2-2r 19%
168 7 1357-1 BT3-1 c. 19%
169 7 1357-1 BT4 ¢l (2) 19%
170 7 BC BT Bl (2) 19%
171 7 BC BT E1-1(2) 19%
172 7 BC BT E1-2(2) 19%
173 7 BC BT E2-1(2) 19%
174 7 BC BT F1 19%
175 7 BC BT F2 | 19%
176 7 BC BT F3 (g) 19%
177 8 500-1 BT C1 (3) 19%
178 8 500-1 BT C2 (2) 19%
179 8 500-1 BT C3 (3) 19%
180 8 500-1 BT C& 19%
181 8 500-1 BT ¢5 ! 19%
182 8 500-1 BT E1 / 19%
183 8 500-1 BT S1 (3) 19%
184 8 500-1 BT S2 (3) 19%
185 8 500-2-78 BT1 (3) 19%
186 8 500-2-78 BT2 19%
187 8 500-2-78 BT3 19%
188 8 500-2-78 BT4 1 19%
189 8 500-2-78 BTS 1 19%
190 8 BLM9800 BT : 19%
191 8 BLM9800 BTl 1-1 19%
192 8 BLM9800 BT2 2-1 19%
193 8 BLM9800 BT2 2-1 19%
194 8 BLM9800 BT3 1-1 19%
195 8 BLM9800 BT3 1-2 19%
196 8 BLM9800 BT5 1-1 19%
197 8 BLM9800 BT5 2-lc 19%
198 8 BLM9800 BT5 2-2r 19%
199 8 32-1 BT 1-1 /Mu,Ch 19%
200 8 32-1 BT 1-2 /Mu,Ch 19%
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Table 4.--Bi§tite nalyaes

[Fe, 100*(Fe +/(Fe *4Fe +); E, estimated; D, determined]
SAMPLE KEY
Analysis no. Grou Sample no. Description
201 8 32-1 BT E1 19%
202 8 32-1 BT E2 (3) 19%
203 8 32-1 BT F 19%
204 8 32-1 Bt X /Muy,Ch 19%
205 8 32-1 BT1 19%
206 8 32-1 BT2 (3) 19%
207 9 516-1 BT1 (3) 19%
208 9 516-1 BT1-1 ¢ 19%
209 9 516-1 BT1-2 ¢ 19%
210 9 516-1 BT1-3 r 19%
211 9 516-1 BT1-4 r 19%
212 9 516-1 BT1-5 r 19%
213 9 516-1 BT2 (2) 19%
214 9 516-1 BT2-1 r 19%
215 9 516-1 BT2-2 c¢ 19%
216 9 516-1 BT2-2 ¢ 19%
217 9 516-1 BT3 (2) 19%
218 9 516-1 BT3-1 ¢ 19%
219 9 516-1 BT3-2 r 19%
220 9 516-1 BT4 (2) 19%
221 9 516-1 BT4-1 c 19%
222 9 71-H-102 BT1 (3) 19%
223 9 71-H-102 BT2 19%
224 9 315-1-79 BT B5-1 19%
225 9 315-1-79 BT A3-2 19%
226 9 315-1-79 BT A3-1 19%
227 9 315-1-79 BT B5-2 19%
228 9 315-1-79 BT B3-1 19%
229 10 984-1 BT Al 19%
230 10 984-1 BT A2 19%
231 10 984-1 BT Cl-1lc 19%
232 10 984-1 BT Cl1-2r/PG 19%
233 10 984-1 BT C5 19%
234 10 984-1 BT El 19%
235 10 DCQMZ BT1 19%
236 10 DCQMZ BT2 19%
237 10 DCQMZ BT3 19%
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Table 5.--Muscovite analyses

Analysis 1 2 3
510, 45.36 46.34 44.99
Ti0, 0.69 0.48 0.70
A1204 30.22 29.48 29.75
Cr203 - - -
FeO 1.44 1.33 1.38
MnO 0.18 0.20 0.08
MgO 2.73  1.91 1.89
BaO - - -
Ca0 0.31 0.17 0.16
NaZO 0.26 - -
K50, 9.57 9.90 10.24
H,0 4.35  4.42 427
F 0.17 0.06 0.32
cl - - -
O=F 0.07 0.03 0.13
0=C1 - - -
Total 100.17 98.77 98.51
Si. 3.07 3.16 3.10
A1ty 0.93 0.8 0.90
T site 4.00 4.00 4.00
INALS 1.47 1.53 1.52
Ti 0.04 0.02 0.04
Cr - - -
Feot 0.25 0.23 0.24
Fel*t 0.08 0.08 0.08
Mn 0.01 0.01 0.00
Mg 0.28 0.19 0.19
0 site 2.12  2.07 2.07
Ba - - -
Ca 0.02 0.01 0.01
Na 0.03 - -
K 0.83 0.86 0.90
A site 0.88 0.87 0.91
OH 1.96 1.99 1.93
F 0.04 0.01 0.07
c1l - - -
Mg 0.13 0.09 0.09
XAl 0.69 0.74 0.73
XFe 0.18 0.16 0.17
IV(F) 1.93 2.32 1.58
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N

62 46
55 0
86 30
82 3.
15 1.
16 O
55 1.
10

45 0
52 10
46 4
24 100.
.19 3.
.81 0.
.00 4.
.58 1
.03 0
.19 0
.06 O
.01 0
15 0
.02 2
.01

.06 0
.88 0
.95 0
.00 2.
.08 0
.78 0
.14 0

Table 5- 1
9 10
97 46.01
.84 0.49
.46 31.84
94 4.10
18 1.23
.08 0.05
71 1.56
- 0.25
.26 0.46
.63 10.58
.45 3.97
- 0.94
- 0.40
52 101.88
15 3.08
85 0.92
00 4.00
.55 1.59
.04 0.02
.20 0.21
.07 0.07
.00 0.00
.17 0.16
.04 2.05
- 0.01
.03 0.06
.91 0.90
.94  0.97
00 1.80
- 0.20
.08 0.08
.76 0.78
.15 0.15
- 1.05



Table 5.--Muscovite analyses

Analysis

8102
T102
A1203
Cr203
F9203
FeO
MnO
MgO
BaO
Cca0
B

2°¢c
H20
F

Cl

O=F
0=C1

Total

Si,
T site

Alvi
Ti

Cr

Fe3+
Fe
Mn
Mg
0O site

Ba
Ca
Na
A site
OH

Cl
XAl
XFe

IV(F)

11

99

[>NeNeNeNe) N O OO O [ o w

O =

HWWOVWOOoOONO MW

.17

.18
.82
.00

.59
.02

.18
.06
.00
.21
.05

.00
.03
.05
.80
.89

.78
.22

.10
.77
.13

.03

100.

o o W

NO O OO

[eNeNe)

98

.25
.75
.00

.40
.04

.23
.08
.00
.30
.04

.07
91
.98

.00

.15
.69
.17

102.

(V] ~~ 0O O N O

[eN>Ne)

42

.16
.84
.00

.41
.04

.23
.07

.30
.04

.01
.02
.00
.03

.00

.14
.69
.16

o e eoNeNeNe N O

o OO

.82

.10
.90
.00

.60
.03

.18
.06

.19
.06

.00
.02
.06
.86
.94

.80
.20

.09
.78
.13

.06

101.

o+ MO W

NOOOO

[eNeNeNao]

O

03

.17
.83
.00

.31
.02

.19
.06
.01
.27
.07

.03
.02
.88
.93

.85
.15

.13
.73
.14

.28

115

O e eNeNeNel [\ ) (=N e}

[N e o]

17
97 46.
23 0
12 28
A7 4
34 1.
- 0.
28 3.
22
32 0
15 0.
83 10.
03 3.
81 1.
3 0
.11 101.
.21 3.
.79 0.
.00 4.
42001
.01 O
.22 0
.07 0
- 0
33 0
.06 2
.01
.02 O
.02 0
.92 0
97 0
.83 1
17 0
.16 O
.69 0.
.15 0.
.26 1.

73

15
85
00

.38
.03

.23
.08
.01
.38
11

.03
.02
.88
.94

.78
.22

.18

66
16

18

H
OCFLFOCOOOMNOHHW

99

PO W

OO OO O MO O OO o =

o

.48

.20
.80
.00

.54
.00

.18
.06
.01
.26
.06

.00
.02
.03
.87
.93

.84
.16

.13
.75
.12

.23

Table 5-2
19 20
46.85 49.42
0.03 0.03
36.41 32.53
0.98 2.53
0.29 0.76
- 0.24
0.49 1.61
0.02 0.39
0.20 0.28
0.34 0.23
9.66 9.85
4.47  4.39
0.17 0.23
0.07 0.10
99.98 102.59
3.09 3.21
0.91 0.79
4,00 4.00
1.92 1.70
0.00 0.00
0.05 0.12
0.02 0.04
- 0.01
0.05 0.16
2.03 2.03
0.00 0.01
0.01 0.02
0.04 0.03
0.81 0.82
0.87 0.87
1.96 1.95
0.04 0.05
0.02 0.08
0.94 0.84
0.03 0.09
1.69 1.68



Table 5.--Muscovite analyses

Analysis

S%Oz
T102
A1203
Cr203
F6203
FeO
MnO
MgO
BaO
Ca0

2
H,0°
F

Ccl

0=F
0=C1

Total

Si,
AllV
T site

AlVi
Ti
Cr
Fe3+
+
Mn
Mg
0 site
Ba
Ca
Na
A site
OH

Cl

XAl
XFe

IV(F)

[
OPOOCOONMOH M

QOO O0OO N O O OO o

o =

.45

.02
.98
.00

.56
.00

.21
.07
.01
.26
.12

.01
.03
.02
.86
.92

.87
.13

.12
74
.14

.33

[
OPFPOOCOCONMNOHFHWL

[eNeNeNeNe NOOOO o -

o -

.93

.11
.89
.00

.45
.02

.26
.09
.00
.27
.09

.01
.00
.03
.90
.94

.90
.10

.13
.69
.18

46

98

PO W

.18

.13
.87
.00

1.58

= OO HOOOO o

N

.04

.18
.06
.01
.09
.96

.00
.07
.01
.08

.00

04
.80
.15

98.

] O OO = O O0OO0OO0 O

[ NelNe)]

34

.11
.89
.00

.63
.04

.17
.06
.00
.07
.98

.00
.09
.96
.05

.00

.04
.82
.14

[eNe)

98

o = PO W

NOOOO

.80

.09
.91
.00

.73
.04

.13
.04
.00
.06
.01

.05
.90
.95

.98
.02
.00
.03
.86
11

.06

116

o O

98.

PO W
Q

[ ot

[eNeNe]

NOOOO

.20
.38
.17

.07
.01
23
.02

.98
.00

N W

QO QOO 1+ O
W B~W

101.

o+ S~ O W

loNeNe) NOOOO

(=]

[oNe)

19

.05
.95
.00

.72
.04

.15
.05
.00
.08
.03

.05
.88
.93

.00

.04
.85
.12

100.

o PO W

NOOOO

53

.07
.93
.00

.72
.03

.16
.05
.00
.07
.03

.04
.89
.93

.00

.03
.85
.12

100.

o O W

(e N e

N O

Table 5-3
29 30
.05 46.20
85 0.72
28 31.70
.18 3.55
.95 1.06
- 0.15
81 1.06
- 0.01
34 0.51
36 10.45
.19 4.46
.59 -
.25 -
85 99.87
14 3.11
.86 0.89
.00 4.00
.67 1.63
.04 0.04
.16 0.18
.05 0.06
- 0.01
.08 0.11
.01 2.02
- 0.00
.04 0.07
.88 0.90
.93 0.97
.88 2.00
.12 -
.04 0.05
.83 0.81
.13 0.14
.20 -



Table 5.--Muscovite analyses

T site

Alvi
Ti
Cr

Fe2+
Mn

Mg
0 site
Ba
Ca
Na
A site
OH
Ccl
XAl
XFe

IV(F)

............................................................

o+

NOOOO

S OO

[y o

.05

.04
.96
.00

.65
.04

.18
.06
.00
.09
.03

.05
.94
.99

.93
.07

.05
.81
.14

.49

98.

o =

NOOOO

(=]

75

.09
.91
.00

.62
.06

.17
.06
.00
.09
.01

.04
.94
.98

.00

.04
.81
.15

100.

[eNeNeNeo] NO OOO o o w

N

o o

49

.05
.95
.00

.69
.04

.16
.05
.00
.07
.02

.00
.07
.88
.95

.00

.03
.84
.13

[eNeNoNe) N O

[

.09

.09
.91
.00

.69
.03

.17
.06

.07
.02

.00
.06
.89
.95

.80
.20

.03
.84
.13

.98

101.

o MO W

NMNOOOO

O O O

28

.09
.91
.00

.70
.04

.16
.05
.00
.07
.02

.06
.88
.94

.92
.08

.03
.84
.13

.39

117

[

NO OOO

[eNeNe)

o

.18

.13
.87
.00

.69
.01

.17
.05
.00
.11
.02

.04
.91
.95

.94
.06

.05
.83
11

.55

[& N

100.

O~

NOOOO

o O

O O O

P O WwoOo

62

.15
.85
.00

.69
.01

.14
.05
.01
.12
.02

.05
.91
.95

.76
.10
.14

.06
.84
.10

.29

99.

o

N O

61

.04
.96
.00

.72
.04

.16
.05

.06
.02

.05
.90
.96

.00

.03
.85
.12

101.

NMNOOOOOOoOKr O w

o SO OO

o O© O

Table 5-4
39 40
77 48.11
81 0.22
32 33.41
06 0.08
.15 2.87
94 0.86
04 0.06
.27 0.25
01 0.02
31 0.30
90 8.43
39 4.45
.23 0.21
- 0.01
.10 0.09
- 0.00
30 99.37
14 3.19
.86 0.81
.00 4.00
.73 1.80
.04 0.01
.00 0.00
.16 0.14
.05 0.05
.00 0.00
.03 0.02
.01 2.04
.00 0.00
.04 0.04
.83 0.71
.87 0.75
.95 1.95
.05 0.04
- 0.00
.01 0.01
.86 0.89
.13 0.10
.59 1l.61



Table 5.--Muscovite analyses

Analysis

3102
T102
A1203
Cr203
F6203
FeO
MnO
MgO
BaO
Cal
Na20
K,0
Hgoc
F

Cl

O=F
0=Cl

Total

Si,

a1iv
T site

Alvi
Ti
Cr
Fe
Fe
Mn
Mg
0 site

2+

Ba

Ca
Na
A site
OH

Ccl
XAl
XFe

IV(F)

-5

101.

NOOOOOOH ;O w

(o NeNe)

(el - Ne]

11

.15
.85
.00

.79
.01
.00
.15
.05
.00
.02
.02

.02
.82
.84

.93
.07

.01
.88
.11

.37

100.

O w

NOOOOOOH

o FHWOWO

57

.12
.88
.00

.77
.04
.00
.15
.05
.00
.02
.03

.03
.79
.83

.97
.03

.01
.87
.12

.80

100.

SO W

NMNOOOOOoOOoOH

[y

[eNeoNe]

o WO

07

.18
.82
.00

.76
.03
.00
.15
.05
.00
.01
.01

.02
.80
.82

.93
.07

.01
.87
.12

42

(o]

O FHOVOO

.97

.04
.96
.00

.72
.03

.15
.05

0.10
2.05

O OOOo

o =

.01
.07
.84
.92

.95
.05

.05
.84
.11

.63

O = O OO O0OO0O N O

[eNeNe)

.79

.07
.93
.00

.65
.06

.16
.05

.12
.04

.00
.02
.06
.81
.89

.93
.07

.06
.81
.13

.50

118

o N

99.

o w

N O

P

OCHFH VWO OO

S OO OO

(e Ne e

.36
.07

[eNelNeNe] NO O OO [ ol

o+

.55

.05
.95
.00

.65
.07

.15
.05
.00
.14
.06

.01
.06
.79
.87

.93
.07

.07
.80
.14

.49

[N eNeNe) N

o =

O HWOWOO

.47

.06
.94
.00

.74
.03

.14
.05

.11
.06

.02
.07
.79
.87

.93
.07

.05
.84
.10

.47

[ [eNeoNeoNeNe N O

[eNeNe)

Table 5
49
06 46
37 0
61 32
.49 2
75 0
- 0
51 1.
04
29 0.
.37 0.
26 10.
32 4.
38 0.
16 0
.61 101.
.12 3.
.88 0.
.00 4,
.72 1
.02 0
.13 0
.04 0
- 0
.15 0
.06 2
.00
.02 0
.05 0
.80 0
.87 0
.92 1
.08 0.
.07 0
.83 0
.09 0
.43 1.

10

11
89
00

.67
.02

.14
.05
.00
.16
.03

.03
.04
.88
.95

.93
07

.08
.82
.10

54



Table 5.--Muscovite analyses

O=F
0=Cl

Total

Si,
T site

Alvi
Ti

Cr
Fe3+

Fez+
Mn

Mg
0 site
Ba
Ca
Na
A site
CH
Ccl
XAl
XFe

IV(F)

------------------------------------------------------------

101.

O = [eNeoNoNoNe] NO O OO o = S~ O w

[oNeNe]

OFWVLWOOOHOON

31

.10
.90
.00

.70
.00

.14
.05
.01
.16
.06

.01
.02
.06
.81
.91

91
.09

.08
.83
.09

.37

(o o

NO O OO

O = O O OO

[oNeoNe]

.35

.09
.91
.00

.66
.04

.18
.06
.00
.08
.02

.00
.07
.87
.94

.97
.03

.04
.82
.14

.91

98.

w

O =

NOOOO

[oNeoNe)

50

.08
.92
.00

.63
.05

.19
.06
.01
.08
.02

.07
.90
.97

.00

.04
.81
.15

;0 0

98.

o - w

NO O OO

[oNeNe]

59

.10
.90
.00

.65
.04

.19
.06
.01
.08
.04

.05
.85
.90

.00

.04
.81
.15

100.

NO O OO o - w

OO OO0

o =

74

.05
.95
.00

.69
.05

.16
.05
.01
.09
.05

.01
.06
.83
.90

.92
.08

.04
.82
.13

.41

119

[oNe)

.54

11
.89
.00

.60
.04

.21
.07

11
.02

.06
.90
.96

.00

.05
.79
.16

O = OO OO NOOOO o PO W

[oNeNe]

.48

.11
.89
.00

.58
.03

.22
.07
.00
.13
.04

.01
.03
.90
.94

.98
.02

.06
.78
.16

.14

100.

[oNeNe]

40

.10
.90
.00

.65
.02

.20
.07

.10
.03

.04
.90
.94

.93
.07

.05
.81
.14

.49

100.

o - ~PO W

NOOOO

o - OO OO

[oNeNe]

Table 5-6
59 60
22 44.91
.73 0.62
32 33.01
.27  3.06
.98 0.92
14 -
63 0.69
15 0.01
.56 0.53
.82 9.97
.38 4.29
21 0.37
.09 0.16
50 98.54
.08 3.06
.92 0.9%4
.00 4.00
.70 1.72
.04 0.03
.16 0.16
.05 0.05
.01 -
.06 0.07
.03 2.03
.01 0.00
.07 0.07
.84 0.87
.92  0.94
.96 1.92
.04 0.08
.03 0.03
.84 0.85
.13 0.12
.65 1.39



Table 5.--Muscovite analyses

Analysis

8%02
T102
A1203
Cr203
F6203
FeO
MnO
Mgo
BaO
Ca0l
R,

2
H,0°
F

cl

O=F
0=Cl

Total

Si,
a1iv
T site

Ti

C
et
Fe2+
Mn
Mg

0 site

Ba

Ca
Na

K
A site

OH
cl
Mg
XAl
XFe

IV(F)

[eNeNeNe] N O [oNe]

o

.49

.10
.90
.00

.75
.02

.14
.05

.06
.02

.01
.03
.89
.93

.91
.09

.03
.87
.10

.34

o

[=NeNeNe N O o o

[

[« V- Ne Ne]

.89

.11
.89
.00

.69
.07

.16
.05

.06
.03

.00
.02
.83
.85

.97
.03

.03
.84
.14

.77

100.

o w

44

.10
.90
.00

.67
.05

.14
.05

.09
.00

.11
.88
.99

.95
.05

.04
.83
.12

.61

100.

o o o SO w

N O

OO OO

o

85

.10
.90
.00

.69
.05

.17
.06

.06
.02

.01
.02
.85
.89

.95
.05

.03
.83
.14

.60

o

o OO OO (S e

[eNeNe]

[« NeNeo]

.58

.08
.92
.00

.68
.05

.16
.05

.10
.04

.00
.07
.81
.89

.96
.04

.05
.82
.13

.70

120

99.

o

[oNeNe]

£~ O Ww

NOOOO
OO O O

NI OG>

.05
.87

= OOOoO OO OOo o =

o

.24

.19
.81
.00

.57
.05

.19
.06
.01
.11
.98

.00
.03
.97
.00

.92
.08

.05
.79
.15

.45

.70

.13
.87
.00

.63
.06

.16
.05

0.10

o [eNeNoNe

o

.01

.01
.05
.88
.93

.94
.06

.05
.81
.14

.57

99

PO W

Table 5-7
69 70
31 47.85
97 1.05
54 31.47
.49 3.24
.05 0.97
- 0.02
.75 0.70
- 0.05
.32 0.25
.28 10.30
.27 4.36
.41 0.25
.17 0.11
.56 100.62
.13 3.18
.87 0.82
.00 4.00
.65 1.65
.05 0.05
.18 0.16
.06 0.05
- 0.00
.08 0.07
.01 1.99
- 0.00
.04 0.03
.89 0.87
.93  0.91
.91 1.95
.09 0.05
.04 0.03
.82 0.83
.14 0.14
.37 1.59



Table 5.--Muscovite analyses

T site
a1vi
Ti
Cr
Fe2+
Mn
Mg

0 site
Ba
Ca
Na

A site
OH

Cl

XAl
XFe

IV(F)

99.

o

NOOOO

[N e N o]

65

.12
.88
.00

.67
.05

.17
.06
.01
.05
.00

.03
.92
.95

.00

.03
.83
.14

[oNeNeNo] N O

o

.62

.10
.90
.00

.72
.01

.16
.05

.06
.01

.00
.03
.94
.97

.95
.05

.03
.86
11

.62

99.

~ow

52

.15
.85
.00

71
.03

.16
.05

.06
.01

.03
.88
.91

.99
.01

.03
.85
.12

.37

o =

NOOOO

[eNeoNal

.48

.16
.84
.00

.61
.06

.18
.06
.01
.09
.01

.02
.89
.92

.95
.05

.04
.80
.15

.61

o+

NO OOO

47

.19
.81
.00

.54
.03

.21
.07
.00
.16
.02

.02
.93
.94

.93
.07

.08
.76
.16

.51

121

(o3

NO OOO

.83

.14
.86
.00

.78
.00

.13
.04
.00
.04
.00

.02
.92
.94

.96
.04

.02
.89
.09

.68

[N =)

99.

[~NeNeoNoNel NOOOO Q=

o O

CoOoOPFPOOCOCOrrOOW

91

.13
.87
.00

.65
.02

.15
.05
.00
.13
.01

.01
.01
.07
.90
.98

.93
.07
.00

.07
.82
11

.48

Table 5-8
78 79
45.66 43.69
0.07 0.08
31.74 31.82
3.05 3.84
0.91 1.15
0.07 0.13
1.13  1.87
0.24 0.20
0.02 0.03
0.41 0.43
10.37 10.70
4.38 4.34
0.15 0.13
0.02 0.05
0.06 0.05
0.00 0.01
98.29 98.52
3.13  3.02
0.87 0.98
4.00 4.00
1.69 1.61
0.00 0.00
0.16 0.20
0.05 0.07
0.00 0.01
0.12 0.19
2.02 2.08
0.01 0.01
0.00 0.00
0.05 0.06
0.91 0.94
0.97 1.01
1.97 1.97
0.03 0.03
0.00 0.01
0.06 0.09
0.8 0.77
0.11 0.13
1.82 1.95



Table 5.--Muscovite analyses

Analysis no.

Group

00 00 00 OO 0 0O 0O 00 OO OO OO 0 00 OO O 0O 00 OO 0O 0O OO 0O 0 OO O Co OO0 00 0 00 ©0 CO 0O 0O 00 C0 OO 00 00 0 00 00 00 O\ O\ O Oy £ £ B

SAMPLE KEY

Sample no.

1162-1
1162-1
1162-1
8-15-82-8
8-15-82-8
8-15-82-8
MT83-3
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
32-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-1
500-2-78
500-2-78
500-2-78
500-2-78
500-2-78
500-2-78
500-2-78

122

|
l
'
|

Description

MUl
MU1-1
MU6-1
MUl
MU2

MU3

MU Bl
MU D1-1
MU D1-2
MU1-1
MU1-1
MU1-1

Cl-2
C3

S1

S2

S3-1
§3-2
§3-3
S4-1
S4-2
S4-3
S$5-1
§5-2
§5-3
S6-1
S6-2
S7

EEEEEEEAEEEEEEEE

IMU1
MU2
IMU3
‘MU4-1
| MU4 -2
IMU1-1
‘MU1-2
IMU2
MU3
MU4
MUS
MU6

(2)

(2)

/BT3
[PG] (3)
[PG] (2)
C

c

c (2)
/BT,CH c
(2)

(3)

(2)

(2)

c (3)
(4)



Table 5.--Muscovite analyses

SAMPLE KEY

Analysis no. Grou Sample no. Description
51 8 500-2-78 MU7 (2)
52 8 BIM9800 MU Bl-1
53 8 BIM9800 MU Bl-1
54 8 BIM9800 MU B1l-2
55 8 BLM9800 MU Bl-2
56 8 BIM9800 MU B4-1
57 8 BIM9800 MU B4-2
58 8 BIM9800 MU D1 [PG]
59 8 BILM9800 MU E1-1
60 8 BLM9800 MU E1-2
61 8 BIM9800 MU X1 [PG[KF]]
62 9 315-1-79 MU Al-1 ¢
63 9 315-1-79 MU Al-1
64 9 315-1-79 MU Al-2 ¢
65 9 315-1-79 MU B2-1 ¢
66 9 315-1-79 MU B2-1 ¢
67 9 315-1-79 MU B2-2 /BT
68 9 315-1-79 MU B2-3 m
69 9 315-1-79 MU B2-4 r
70 9 315-1-79 MU B2-5 /BT
71 9 315-1-79 MU D1 [PG]
72 9 315-1-79 MU D2 [PG]
73 9 315-1-79 MU D3 [BPG]
74 9 315-1-79 MU E1-1 /0P
75 9 315-1-79 MU E1-2 /0P
76 9 315-1-79 MU E2-1
77 9 516-1 MU1 [PG] (3)
78 9 71-H-102 MU1
79 9 71-H-102 MU1 /MT
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Amphibole

Calcic amphibole (hornblende) is present in plutons of the Pioneer
batholith that range from gabbro to granite in composition. Table 6 lists
335 amphibole analyses. Ferric iron content is estimated by normalizing
the sum of tetrahedral and octahedral (M1,M2, and M3 site) cations to 13.
This normalization scheme yields estimates of ferric iron content that are
in good agreement with ferric/ferrous iron values determined for three
hornblende separates (Hammarstrom, 1982). A theoretical water content,

H OC, is computed on the basis of full OH-site occupancy (OH+F+Cl1l=2;
0=22). In a few cases, available aluminum is insufficient to fill the
tetrahedral site, and a small amount of tetrahedral ferric iron is comput-
ed. In no case was it necessary to put titanium into tetrahedral sites,
nor were magnesium or ferrous iron needed to filill the M4 site, so these
lines were deleted from the tables to improve legibility.

The definitions of the last two row ent‘ies in the amphibole table

are as follows: |
mg# = Mg/(Mg + Fe’™)

fe#t = Fedt/(Fe3t+ Felt),

b
|
)

I
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Table 6.--Amphibole analyses
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Cr203
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MnO
MgO
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Na20

O=F
0=Cl

Total
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Table 6.

3?02
T102
Cr203
F6203
FeO
MnO
MgO
Cal
ia%O
H%OC
F
Cl

O=F
0=C1

Total

Si,
AllV
Fe3+

T site

Alv:
Fe3+
Ti

Cr

Mg
Fez+
Mn

Ca
M1,2,3

Mn
Ca
Na
M4 site

Ca
Na
K
A site
OH
Cl

mg#
fe#

--Amphibole analyses
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Table 6-2
19 20
26 44.35
.12 1.38
68 9.22
.68 7.17
92 11.51
59 0.59
99 10.95
52 11.50
20 1.33
90 1.00
.98 1.91
.09 0.19
.09 0.13
04 0.08
.02 0.03
08 101.34
.78 6.54
.22 1.46
.00 8.00
11 0.15
.74 0.80
.12 0.15
.62 2.41
.34 1.42
.07 0.07
.00 -
.00 5.00
- 0.00
.81 1.82
.19 0.18
.00 2.00
.15 0.20
.17 0.19
.32 0.39
.94 1.88
.04 0.09
.02 0.03
.66 0.63
.35 0.36



Table 6.--Amphibole analyses Table 6-3

21 22 23 24 25 26 27 28 29 30
510, 44.99 43.53 43.56 44.13 42.49 42.88 44.49 46.29 47.25 43.15
Ti0, 1.21 1.03 1.33 1.32 1.40 1.79 2.00 1.21 1.39 3.30
Al,04 9.40 10.05 9.69 9.37 10.30 15.14 10.10 9.00 7.59 11.35
Cr203 - - - = - = = = = -
Fey04 7.82 7.93 7.46 7.36 7.67 5.90 5.74 4.68 5.05 4.55
FeO 11.05 11.92 12.90 12.75 12.75 9.10 8.44 8.83 10.16 7.93
MnO 0.62 0.56 0.56 0.57 0.56 0.30 0.47 0.37 0.25 0.19
MgO 11.01 10.31 10.13 10.19 9.76 10.16 13.00 13.10 12.97 13.54
Ca0 11.35 11.57 11.70 11.55 11.55 11.03 11.64 11.48 11.55 11.39
Na,0 1.32 1.29 1.30 1.25 1.37 1.11 1.53 1.32 0.99 2.16
Kzoc 1.05 1.22 1.23 1.13 1.30 0.94 0.69 0.43 0.82 0.70
H,0 1.95 1.88 1.93 1.87 1.93 2.06 1.99 1.94 2.05 2.06
F 0.14 0.25 0.12 0.27 0.09 - 0.09 0.16 - -
cl 0.13 0.10 0.15 0.12 0.14 - 0.07 0.10 - -
O=F 0.06 0.11 0.05 0.11 0.04 - 0.04 0.07 - -
0=Cl 0.03 0.02 0.03 0.03 0.03 - 0.02 0.02 - -

Total 102.13 101.77 102.15 102.02 101.38 100.42 100.30 99.00 100.07 100.32

Si. 6.57 6.44 6.44 6.52 6.34 6.23 6.49 6.80 6.90 6.27
AI;Z 1.43 1.56 1.56 1.48 1.66 1.77 1.51 1.20 1.10 1.73
Fe - - - - - - - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
A1vVi 0.19 0.19 0.13 0.15 0.15 0.82 0.23 0.35 0.20 0.22
Feot 0.8 0.88 0.83 0.82 0.8 0.65 0.63 0.52 0.55 0.50
Ti 0.13 0.11 0.15 0.15 ©0.16 0.20 0.22 0.13 0.15 0.36
Cr - - - - - - - - - -

Mg 2.40 2.27 2.23 2.24 2.17 2.20 2.83 2.87 2.82 2.93
Felt 1.35 1.47 1.59 1.57 1.59 1.10 1.03 1.08 1.26 0.96
Mn 0.08 0.07 0.07 0.07 0.07 0.04 0.06 0.05 0.03 0.02
Ca - - - 0.00 0.00 - - - - 0.00
M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn 0.00 0.00 0.00 - - 0.00 0.00 0.00 0.00 -

Ca 1.78 1.83 1.85 1.83 1.85 1.72 1.82 1.81 1.81 1.77
Na 0.22 0.17 0.15 0.17 0.15 0.28 0.18 0.19 0.19 0.23
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - - - - - - - - - -

Na 0.15 0.20 0.23 0.19 0.24 0.03 0.25 0.18 0.09 0.38
K 0.20 0.23 0.23 0.21 0.25 0.17 0.13 0.08 0.15 0.13
A site 0.34 0.43 0.46 0.40 0.49 0.20 0.38 0.26 0.24 0.51
OH 1.90 1.8 1.91 1.8 1.92 2.00 1.94 1.90 2.00 2.00
F 0.06 0.12 0.06 0.13 0.04 - 0.04 0.07 - -

cl 0.03 0.03 0.04 0.03 0.04 - 0.02 0.02 - -

mg# 0.64 0.61 0.58 0.59 0.58 0.67 0.73 0.73 0.69 0.75
fe# 0.39 0.37 0.34 0.3 0.35 0.37 0.38 0.32 0.31 0.3
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Table 6.--Amphibole analyses y Table 6-4
\
f

31 32 33 34 35 36 37 38 39 40
510, 45.19 46.16 42.60 44.96 44.78 43.16 52.60 52.34 52.46 42.68
Ti0, 2.48 1.13 2.28 2.59 1.86 2.11 0.22 0.29 0.26 2.45
1,0, 10.61 8.55 11.91 10.28 8.92 10.86 2.28 2.62 2.45 11.32
Cr203 - = - - - - - - - -
Fe,03 5.53 6.44 6.73 6.98 6.13 3.36 8.43 8.34 8.37 6.15
FeO 9.54 9.04 9.62 7.38 9.84 10.32 3.24 3.66 3.46 9.31
MnO 0.36 0.24 0.36 0.29 0.55 Q.27 0.41 0.43 0.42 0.30
MgO 11.96 13.29 11.57 13.03 12.22 12.29 17.81 17.46 17.63 11.83
Ca0 11.16 12.02 11.61 11.03 11.53 13.44 11.81 11.70 11.76 11.66
Na,0 1.33 1.18 1.80 1.63 1.34 .14 0.32  0.41 0.36 1.22
K0, 0.73 0.56 0.66 0.52 0.73 0.59 0.10 0.18 0.14 1.00
H,0 2.07 2.04 2.03 2.08 2.03 1.8 2.11 2.04 2.08 2.02
F - - 0.05 - - 0.36 - 0.13 0.06 -
cl - 0.08 - - - - - 0.02 0.01 0.06
O=F - - 0.02 - - 0.15 - 0.05 0.03 -
0=Cl - 0.02 - - - - - 0.00 0.00 0.01
Total 100.96 100.75 101.23 100.77 99.94 98.89 99.32 99.68 99.48 100.01
Si. 6.54 6.70 6.22 6.49 6.60 6.43 7.48 7.45 7.46 6.29
N 1.46 1.30 1.78 1.51 1.40 1.57 0.38 0.44 0.41 1.71
Fed*t - . - - ) - 0.4 0.11 0.13 -
T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
INAG 0.35 0.17 0.27 0.23 0.15 Q.34 - - - 0.26
Fet 0.60 0.70 0.74 0.76 0.68 0.38 0.77 0.78 0.77 0.68
Ti 0.27 0.12 0.25 0.28 0.21 0.24 0.02 0.03 0.03 0.27
Cr - - - - - A - - - -
Mg 2.58 2.88 2.52 2.80 2.68 .73 3.78 3.70 3.74 2.60
Felt 1.15 1.10 1.17 0.89 1.21 1.29 0.39 0.44 0.41 1.15
Mn 0.04 0.03 0.06 0.04 0.07 .03 0.05 0.05 0.05 0.04
Ca . - - 0.00 - - - - - 0.00
M1,2,3 5.00 5.00 5.00 5.00 5.00 1.00 5.00 5.00 5.00 5.00
Mn 0.00 0.00 0.00 - 0.00 .00 0.00 0.00 0.00 -
Ca 1.73 1.87 1.82 1.70 1.82 3.83 1.80 1.78 1.79 1.84
Na 0.27 0.13 0.18 0.30 0.18 .17 0.09 0.11 0.10 0.16
M4 site 2.00 2.00 2.00 2.00 2.00 ?.oo 1.89 1.90 1.89 2.00
Ca i i i i i (L i i : i i
Na 0.10 0.20 0.33 0.16 0.20 A - - - 0.19
K 0.13 0.10 0.12 0.10 0.14 ©0.11 0.02 0.03 0.03 0.19
A site 0.24 0.31 0.45 0.26 0.34 0.56 0.02 0.03 0.03 0.38

. |

OH 2.00 1.98 1.98 2.00 2.00 1.83 2.00 1.94 1.97 1.99
F - - 0.02 - - 0.17 - 0.06 0.03 -
cl - 0.02 - - - - - 0.00 0.00 0.01
mg# 0.69 0.72 0.68 0.76 0.69 0.68 0.91 0.89 0.90 0.69
fe# 0.3 0.39 0.39 0.46 0.36 0.23 0.70 0.67 0.69 0.37
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Table 6.--Amphibole analyses
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Table 6-5
49
52.11 51.
0.37 0
4.39 3.
2.19 5.
11.00 7.
0.39 0
14.59 15.
12.21 11,
0.52 0.
0.35 0.
2.06 2
0.10 0
0.02
100.30 99
7.49 7
0.51 0
8.00 8
0.23 0
0.24 0
0.04 0
3.12 3
1.32 0
0.05 0
- 0
5.00 5
0.00
1.88 1
0.12 0
2.00 1
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0.09 0
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0.70 0
0.15 0

.63
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.00

.09
.63
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.00
.00

.80
.14
.94

.07
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.00

.00
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Table 6.--Amphibole analyses
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.00

.00
.77
.23
.00

.08
.19
.27

.89
.06
.04

.68
.37

=
COrOKHPMONL

[eNe]

99

L O OO Ww [ NeNel (o))

N O

[oNe)

.45

.61
.39

.00

.09
.63
.22

.09
.94
.04
.00
.00

.85
.15
.00

.24
.15
.39

.91
.07
.02

.77
.40

e
COHOHKHNO®GMOWON

O
(o] [e N e]

= O

(o]

LMOOHNODOOO

o o+ o N O

[oNe]

.04

.30
.70

.00

.04
.76
.28
.01
.81
.04
.05
.00
.00

.83
.17
.00

.34
.16
.50

.90
.08
.02

.73
.42

Table 6-6
59
49.35 43
0.78
5.97 8
4.12 1
11.81 16
0.60 O
12.70 10.
11.81 12
0.78
0.54 0
1.96
0.20
0.03
0.08
0.01
100.73 99.
7.18 6
0.82 1
8.00 8
0.20 0O
0.45 0
0.09 O
2.75 2
l.46 2
0.07 O
- 0
5.00 5
0.00
1.84 2
0.16
2.00 2
- 0
0.06 O
0.10 O
0.16 O
1.90 2
0.09
0.01
0.66 0
0.24 0

04

.61
.39

.00

.19
.17
.16

.31
.12
.05
.00
.00

.00
.00
.01
.51
.19
.70

.00

.52
.07



Table 6.--Amphibole analyses

0=Cl

M4 site

Ca
Na

A site
OH
Cl

mg#
fe#

98

N O LnoorHmN [ NeNe]

o

.40

.73
.27

.00

.34
.24
.15

.26
.96
.05
.00
.00

.95
.05
.00

.29
.15
.45

.00

.54
.11

99

Lo o [eNeNe) o

N O

.07

.70
.30

.00

.31
.14
.15

.27
.04
.08
.00
.00

.99
.01
.00

.38
.18
.56

.00

.53
.07

99

N O

.81
.76

.62

.83
.17

.00
.20
.09
.21
.83
.67
.00

.90
.10
.00

.42
.14
.56

.00

.63
.05

100.

noOorHN [eNeoNe]

N O =

[oNe]

33

.76
.24

.00

.21
.03
.22

.58
.93
.05
.00
.00

.89
.11
.00

.51
.17
.68

.00

.57
.01

100.

o))

NO O

[eNeNe

16

.65
.35

.00

.20
.27
.16

.34
.96
.08

.00
.00
.95

.05
.00

.43
.19
.62

.00

.55
.12

131

98

MO O O =N O O O )}

[eNeNeo

.25

.67
.33

.00

.15
.19
.23

.79
.62
.01

.00

.00
.88
.12
.00

.47
.17
.64

.00

.63
.11

o
CONOMHONONW

[eN«]

102.

[e))

o~ O

oN

01

.63
.37

.00
.06
.06
.19

.74
.91

0.05

[N«

.00

.00
.68
.32
.00

.04
.15
.19

.96
.02
.02

.75
.54

= s
COMHOMHONON®O ®H WU

[eNe]

100.

[+)}

68

.60

1.40

O OO N O+~ O W QO NOOOO [e]

O O+

.00

.07
.95
.20
.00
.73
.97
.07

.00

.00
.72
.28
.00

.10
.16
.26

.90
.06
.04

.74
.49

Table 6-7
69 70
45.55 43.41
l.62 1.19
8.46 9.08
- 0.04
8.12 7.28
10.59 11.75
0.64 0.69
11.06 10.44
10.72 11.60
1.45 1.10
0.87 0.98
1.89 1.9
0.26 0.04
0.15 0.16
0.11 0.02
0.03 0.04
101.51 99.75
6.67 6.52
1.33 1.48
8.00 8.00
0.13 0.13
0.89 0.82
0.18 0.13
- 0.00
2.42 2.34
1.30 1.48
0.08 0.09
- 0.00
5.00 5.00
0.00 -
1.68 1.87
0.32 0.13
2.00 2.00
0.09 0.19
0.16 0.19
0.26 0.38
1.84 1.94
0.12 0.02
0.04 0.04
0.65 0.61
0.41 0.36



Table 6.--Amphibole analyses

3102
TiO2
A1203
Cr203
F6203
FeO
MnO
MgO
Ca0
Na20

O=F
0=Cl

M4 site

Ca
Na

A site
OH
Cl

ng#
fe#

o

0.

100.

NO - O O ON o = O o

o OO

=
MO HOWO W

99

.62
.38

.00

.04
.08
.19

.83
.80
.06

.00
.00
.68

.32
.00

.02
.16
.19
.97
.03

.78
.57

[N e}

97.

[¢)

w O ON oo

N O = O

o O

OO M- O

91

.39
.61

.00

.13
.21
.20

.73
.68
.06

.00

.00
.68
.32
.00

.03
.16

0.19

o O+

[oN o]

.93
.05
.02

.80
.64

o o

101.

(=)

(%] O NOOOO oo

NO - O

OO O

60

.60
.40

.00

.25
.88
.03
.00
.25
.51
.08

.00

.00
.89
.11
.00

.18
.14
.32

.96
.01
.03

.60
.37

[N e}

101.

NOOHN O OO o

N OB

55

.53
47

.00

.17
.75
.15

.31
.53
.08
.00
.00

.85
.15
.00

.19
.20
.39

.92
.05
.03

.60
.33

o o

99.

<))

[oNeNo]

p—

OO MO

47

.66
.34

.00
.19
.85
.12

.46
.30

0.08

.00

.00
.75
.25
.00

_ B = R
COMHHOHOWOOO ™

.38

.62

1.38

[

O OO

oo o

o~

.00

11
.95
.17

.92
.82
.03

.00

.00
.70
.30
.00

.14
.13
.27

.90
.08
0.02

.78
.54

-

OO HHOFONO-NN®

[oNe]

100.

NOHO OQON [oNeNe

[eNeNe]

16

.62
.38

.00

.13
.92
.18

.77
.96
.05

.00

.00
.69
.31
.00

.14
.14
.29

.91
.06
.02

74
.49

o O

99

[eNeNo] [))

NMOoOOoOHN

.88

.79
.21

.00

.14
.85
.08

.56
.28
.08
.00
.00

1.81

N O

.19
.00

.14
.12
.25

.95
.04
.01

.67
.40

Table 6-8
79 80
45.61 44.09
1.57 1.19
8.36 9.22
8.29 6.11
7.62 12.26
0.28 0.53
13.13 10.66
10.92 11.37
1.54 1.46
0.76 1.00
1.93 1.96
0.20 0.04
0.10 0.11
0.08 0.02
0.02 0.02
100.42 100.03
6.66 6.59
1.34 1.41
8.00 8.00
0.10 0.21
0.91 0.69
0.17 0.13
2.86 2.37
0.93 1.53
0.03 0.07
0.00 -
5.00 5.00
- 0.00
1.71  1.82
0.29 0.18
2.00 2.00
0.14 0.24
0.14 0.19
0.29 0.43
1.88 1.95
0.09 0.02
0.02 0.03
0.75 0.6l
0.49 0.31



Table 6.--Amphibole analyses

510,
T102
A1203
Cr203
Fe203
FeO
MnO
MgO
Ca0
ga(%o

2
H,0C
F

Cl

O=F
0=Cl

Total

Si,

M4 site

A site
OH
Cl

mg#
fe#

e

OCOMNMOHHFHNOOWN

[eNe]

100.

[=NeNel

N

17

.92
.08

.00
.07
.87
.12

.78
.08

0.08

.00

.00
.73
.27
.00

0.05

o O+ [eNe]

O O

.11
.16

.97
.01
.02

.72
.45

o O

[N o]

O = O OO NO O wn O N

[N e}

OCOOKFHROFHKHWVWO W

.37

.52
.48

.00

.26
.83
.04

.11
.67
.08

.00

.00
.89
.11
.00

.24
.18
.41

.93
.01
.06

.56
.33

OO+ O+

o O

99

O OO0

L OOHN

.73

.75
.25

.00

.13
.77
.15

.59
.29
.08
.00
.00

.81
.19
.00

.10
.14
.25

.94
.04
.02

.67
.37

e
OOHOFONOW-N

(o N e]

100.

[e))

w o N

NO O

[N ool

41

.59
.41

.00

.12
.85
.19

.67
.12
.05

.00

.00
.72
.28
.00

.17
.17
.34

.85
.12
.03

.70
.43

[e N ]

100.

o N O O OoOH N [eNeNe] = o

(=]

SO

[eNeN ol

85

.28 44,
14 1
50

.46 8
21 10.
54 0
61 11
06 10.
.46

.83

.99

.02

11

0L O
.02 0
24 100
68 6
32 1
.00 8
.16 O
.83 0
.13 0
.55 2
.26 1
.07 0
.00 0
.00 5
75 1
.25 0
.00 2
.17 0
.16 0
.32 0
.96 1
.01 0
.03 0
.67 0
4000
133

[N N NN

.49

.59
.41

.00

.19
.94
.12

44
.24
.06
.00
.00

.73
.27
.00

.14
.16

.30

.89
.08
.03

.66
.43

o
MNOoOOMNMOOULPAOWO W

98

[@ RN

NO O w QOWOOOO (o]

[eNoNel

.38

.13
.87

.00

.13
.49
.04
.01
.58
.72
.04

.00

.00
.92
.08
.00

.18
.06
.24

.00

.83
.40

el
NOONNOULWO FON

99.

O~

(o]

NOOQWOOOO

N O

[=NeNe]

65

.47
.53

.00

.15
.32
.02
.01
.79
.70
.00
.00
.00

.87
.13
.00

.07
.05
.13

.00

.84
.32

o
NOHNOONNOGONN

98.

OCOWOOOo O H O

w

NO O

20

.91
.04
.05
.00

.18
.25
.05
.56
.95
.01

.00

.00
.92
.08
.00

0.31

o

.13
o

.00

.79
.20

e
NOHNGOAOGOANO ®O ®

99.

OO WLWOOOOo [

w

N OO

47

.96
.04

.00

.32
.29
.10
.03
.43
.82
.01

.00

.00
.90
.10
.00

.18
.12
.30

.00

.81
.26



Table 6.--Amphibole analyses Table 6-10
91 92 93 94 95 96 97 98 99 100
510, 47.72 54.28 43.66 48.15 46.00 45.36 44.47 44.42 44,36 43.79
Ti0, 0.88 0.30 1.34 0.67 0.77 0.97 1.27 1.22 1.33 0.91
Al,04 7.82 3.79 10.23 6.38 7.90 8.64 9.11 9.39 9.70 8.75
Cry03 0.46 - - - - - - - - -
Fe,0 6.73 2.04 2.44 6.35 3.07 4.28 3.34 " 4.95 4.76 3.52
FeO 2.99 8.49 13.81 8.38 11.53 11.67 12.25 11.68 12.19 12.45
MnO 0.23 0.22 0.83 0.69 1.02 .78 0.72 0.78 0.80 0.87
Mg0 16.88 17.17 11.01 14.56 12.82 12.15 11.94 11.94 11.70 11.54
Ca0 11.90 12.97 12.38 12.37 12.69 12.12 12.33 12.40 12.37 12.20
Na,0 1.12 0.42 1.51 1.04 1.12 1.30 1.38 1.35 1.43 1.24
KZOC 0.58 0.04 1.18 0.56 0.75 1.06 0.91 1.00 1.12 1.19
H,0 2,10 2.15 1.89 1.94 1.92 1.88 1.88 1.90 1.90 1.87
F - - 0.25 0.30 0.23 0.31 0.28 0.30 0.30 0.22
cl - - - - - - - - - -
O=F - - 0.11 0.13 0.10 0.13 0.12 0.13 0.13 0.09
0=C1 - - - - - - - - - -

|
Total 99.40 101.87 100.63 101.51 99.91 100.65 100.00 101.45 102.09 98.64

Si. 6.83 7.56 6.51 6.94 6.81 6.70 6.62 6.54 6.50 6.64
Algz 1.17 0.446 1.49 1.06 1.19 1.30 1.38 1.46 1.50 1.36
Fe - - - - - - - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Alvi 0.14 0.18 0.30 0.02 0.19 0.20 0.22 0.16 0.18 0.20
Fe3t 0.72 0.21 0.27 0.69 0.34 0.48 0.37 0.55 0.52 0.40
Ti 0.09 0.03 0.15 0.07 ©0.09 0.11 0.14 0.13 0.15 0.10
Cr 0.05 - - - - - - - - -

Mg 3.60 3.56 2.45 3.13 2.83 .67 2.65 2.62 2.56 2.61
Felt 0.36 0.99 1.72 1.01 1.43 b 1,53 1.44  1.49 1.58
Mn 0.03 0.03 0.10 0.08 0.13 .10 0.09 0.10 0.10 0.11
Ca - 0.00 0.00 0.00 - - 0.00 0.00 0.00 0.00
M1,2,3 5.00 5.00 5.00 5.00 5.00 .00 5.00 5.00 5.00 5.00
Mn 0.00 - - - 0.00 .00 - - - -

Ca 1.82 1.93 1.98 1.91 2.00 .92 1.97 1.95 1.94 1.98
Na 0.18 0.07 0.02 0.09 - ¢.os 0.03 0.05 0.06 0.02
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - - - - 0.01 - - - - -

Na 0.13 0.05 0.41 0.20 0.32 0.29 0.36 0.34¢ 0.35 0.35
K 0.11 0.01 0.22 0.10 0.14 ©0.20 0.17 0.19 0.21 0.23
A site 0.24 0.05 0.64 0.30 0.48 0.49 0.5 0.53 0.56 0.58
OH 2.00 2.00 1.88 1.86 1.89 1.86 1.87 1.86 1.8 1.89
F - - 0.12 0.14 0.11 0.14 0.13 0.i4 0.14 0.11
cl - - - - - - - - - -

mg# 0.91 0.78 0.59 0.76 0.66 0.65 0.63 0.65 0.63 0.62
fe# 0.67 0.18 0.14 0.41 0.19 0.25 0.20 0.28 0.26 0.20

134




Table 6.--Amphibole analyses

Si02
TiOz
A1203
Cr203
Fe203
FeO
MnO
MgO
Ca0
Na,0

O=F
0=Cl1

Total

Si.

Al 1v
Fe
T site

Alvi
Fe
Ti
Cr
Mg
Fe
Mn
Ca
M1,2,3

2+

Mn
Ca
Na
M4 site

Ca
Na

A site
OH
Cl

mg#
fe#

Table 6-11

o
OCOHOHMHWO-N ®

[N e]

99.

N O NnoOoOooN O OO

O OO

O O

80

.83
.17

.00

.09
.92
.08

.92
.89
.10
.00
.00

.79
.21
.00

.08
.13
.21

.92
.08
.00

.77
.51

el

NOKEO

O OO

.27

.77
.23

.00

.10
.84
.11

.82
.00
.13

.00

.00
.80
.20
.00

.13
.14
.27

.00

.74
.45

e
OHOON WO W

OO O NO KO

o

.57

.79
.21

.00

.08
.78
.09

.89
.05
.11

.00

.00
.89
.11
.00

.17
.11
.28

.68
.32

.73
.42

100.

[cNoNe) N O NOOKHN el oNe) ~

O

[oNe]

43

.03
.97

.00

.20
.35
.07

.78
.48
.12
.00
.00

.95
.05
.00

.22
.10
.32

.94
.06

.65
.19

N O nooHrHN [eNoNe]

[eNeNoel

[

.66

.81
.19

.00

.03
.53
.12

.83
.38
11
.00
.00

.99
.01
.00

.29
.11
.40

.98
.02

.67
.28

135

100.

N O N OOHN [oNe] 0 O O

O OO

b
NOHNWH®OO

10

.73
.23
.04
.00

.72
.14

.92
.10
.13
.00
.00

.89
.11
.00

.24
.15
.39

.00

.73
.41

e
MO HWO VW

100.

NO NVOOHN [oNeoNe] N

[eNeNe)

16

.94
.06

.00

.18
.58
.10

.83
.20
11
.00
.00

.83
.17
.00

.14
.12
.27

.00

.70
.33

14,

11.

96.

o~

[eNeNeNe)

O -

.—J
OH OKFHN

00

.01
.99

.00
.28
.12
.59
.89
.12
.00
.00
.00
.00
.04
.31
.12
47
.99
.01

.58

]
oONOONMULHOO

= o~ MO OOoWw [oNeNe]

o O

.19

42
.58

.00

.02
.70
.01

41
.73
.13
.00
.00

.86
11
.98

.01
.01

.95
.05

.82
.49

T
NOOHPONN

(=)

99.

2

NO KO

[eNe Nl

60

.99
.01

.00

.04
.85
.05

11
.88
.08

.00
.00
.86

.14
.00

.09
.07
.16
.00
.00

.78
.49



Table 6.--Amphibole analyses

8102
T102
A1203
Cr 20 3
F6203
FeO
MnO
Mg0
Ca0

2
H,0°
F

Ccl

O=F
0=Cl

Total

Siiv
Al
Fe3+

T site

AlVi
Fe3+
Ti

Cr

M
Fo2+
Mn

Ca
M1,2,3

Mn
Ca
Na

M4 site

Ca
Na
K
A site

OH
F
Ccl

mg#
fe#

............................................................

o
QO NOONWOOO

\Xe]
Yol o o

~ O

[ NeoNe] [oo

LUVOOrFW

N O

.28

.87
.13

.00

.07
.73
.09

.01
.03
.07
.00
.00

.91
.09
.00

.14
.10
.24

.99
.01
.00

.75
.42

=
CONOHHWOOMNW

o o

100.

=

oOoON

NO O

90

.61
.39

.00

.05
.03
.14

.89
.82
.08

.00

.00
77
.23
.00

.13
.12
.26

.95
.03
.02

.78
.56

el

QONOHHFHWOOWOO

O
(o] = o O o O

[eNeoNe

N

.56

.73
.27

.00
.08
.76
.12

.87
.09

0.08

NO O

QO O -

o o

.00

.00
.89
.11
.00

.19
.12
.30

.97
.02
01

.72
.4l

=

OCOMNOHFHFEPFOONN

o o

100.

O O O N O NOOoOOoWw O OO [e))

o O+

[eNe

38

.85
.15

.00

.09
.82
.12

.06
.84
.07
.00
.00

.78
.22
.00

.13
.08
.21

.98
.00
.02

.79
.50

o
CORPOHHNON®

100.

N O = O O OMN O OO0 — o

S OO

o O

47

.44
.56

.00

.11
.92
.17

77
.96
.07

.00

.00
.81
.19
.00

.23
.16
.39

.93
.04
.03
.74
.49

136

e

OO0 OOoONOHHNOOWN

100.

o))

[eNeoNe

ury

NO O

o0 OoOM oO0OO-

22

.71
.29

.00

.09
.79
.14

.83
.07
.08

.00

.00
.85
.15
.00

.18
.11
.29

.95
.01
.03

.73
42

100.

o OO rN loNeNe) o))

[oNeNeo]

-
NOHHNOWO

79

.79
.21

.00

.13
.77
.11

.70
.19
.11
.00
.00

.80
.20
.00

.15
.14
.30

.00

.70
.39

101.

O OO

NOoOOHN

[eNe

=
MOHNNOWN

82

.71
.29

.00

.04
.83
.10

.75
.16
.12
.00
.00

.87
.13
.00

.21
.14
.35

.00

.70
.42

100.

LM OoOOoOrHN O OO [))

o -

57

.74
.26

.00

.17
.36
.14

.50
.72
11
.00
.00

.94
.06
.00

.31
.20
.51

.00

.59
.17

101.

O OO

N

32

.63
.37

.00
.04
.80
.14

.63
.30

0.10

N O - O

(e e Ne

.00

.00
.86
.14
.00

.21
.18
.39

.00

.67
.38



Table 6.--Amphibole analyses

5102
T102
Cr203
F3203
FeO
MnO
MgO
Cal
NaZO
K50
HaoC

Ccl

O=F
=C1

Total

Si,

AllV
Fe
T site

Fe3+
Ti

Cr

M
F§2+
Mn

Ca
M1,2,3

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
Cl

mg#
fe#

Table 6-13

98.

(o))

w

NO O

[eNeNe]

83

.66
.34

.00

.08
.71
.15

.60
.33
.12

.00

.00
.85
.15
.00

.22
.16
.39

.00

.66
.35

101.

LW OoOOoOHN [N N o] [l e

N O

o O

32

.79
.21

.00

.15
.70
.12

.59
.31
.12
.00
.00

.82
.18
.00

.15
.14
.30

.00

.66
.35

100.

o O - NWOoOOoOHHN o O 0 O O

e NelNe]

-
N O N 0

46

.57
.41
.03
.00

.86
.15

.74
.11
.14
.00
.00

.86
.14
.00

.26
.16
.41

.00

.71
45

e
NOHFNO WO

101.

o OO

O N

NO KO

32

.77
.23

.00

.16
.69
.14

.72
.19
.09

.00

.00
.80
.20
.00

.15
.13
.29

.00

.70
.37

100.

N O = VOOKrN o OO = o

[eNeNe]

P
NOFRHWO VW

88

.94
.06

.00

.14
.64
.10

.83
.20
.09
.00
.00

.81
.19
.00

.12
.15
.27

.00

.70
.35

137

101.

= O\

[N e N o)

[

31

.86
.14

.00
.17
.56
.15

.72
.31

0.10

N OO

.00

.00
.79
.21
.00

0.16

o O

.16
.32

.00

.67
.30

o
N O N OO

100

oo Ne] o))

NWoorHN

[ =)

.12

.90
.10

.00

.11
.69
.08

.80
.19
.13
.00
.00

.85
.15
.00

.16
.13
.28

.00

.70
.37

100.

w OHNOOOO o]

N OO

OoON OO

48

.91
.09

.00

.19
.61
.07
.04
.67
.35
.08

.00

.00
.87
.13
.00

0.13

o O

.12
.25

.00
.00

.66
.31

-
COHOOMNMNOVOOOO

o o

100.

- o

N O = MVWOOHHNOOOO (o)

o OO

o O

79

.98
.02

.00

.08
.76
.08
.01
.82
.16
.09
.00
.00

.89
11
.00

.03
.09
.12

.80
.19
.01

.71
.40

e
COHOOHMOW®O®MWO

o o

100.

OoOH-HMNMNOOOO o]

wn

NO B+ O

35

.70
.30

.00

.10
.94
.12
.00
.58
.15
.11

.00

.00
.85
.15
.00

0.03

.13
.16

.82
.16
.02

.69
.45



Table 6.--Amphibole analyses

Si02
TiOz
Cr203
F8203
FeO
MnO
Mg0
Ca0
NaZO

C
H,0
Cl

O=F
0=Cl

Total

Si,
Al 1v
Fe *
T site

Alvi
Fe3+
Ti

Cr

Mg

Mn

Ca
M1,2,3
Mn

Ca

Na

M4 site

Ca
Na

A site
OH
Cl

mg#
fe#

............................................................

o O

101.

[«

QOO+ O

79

.86

1.14

o]

LMOOHNOOOO

.00

.14
.52
.12
.02
.67
.4l
11
.00
.00

1.89

[=Nele N O

O O

.11
.00

.22
.09
.31

.89
.08
.03

.65
.27

o o

102.

O NOOOO (=]

w

NO O

QO NO M

37

.79
.21

.00

.13
.65
.12
.01
.70
.29
L11

.00

.00
.84
.16
.00

.23
.11
.34

.98
.01
.01

.68
.33

o o

100.

[eNeNe]

LM OOHN

[N e Ne]

OO

QO +~OOo

48

.63
.37

.00

.17
.71
.13

.45
.4l
.13
.00
.00

.92
.08
.00

.15
.16
.31
.81
.15
.04

.64
.33

(oM e}

99.

N O = LM OOFHN [=NeNe]

‘oo oo

o O

QOO

30

.71
.29

.00

.14
.69
.09

.60
.26
.21
.00
.00

.90
.10
.00

.23
.15
.37

.90
.09
.00

.67
.35

[eNe)

99.

=

[eNeNe] NO O w OHHNOOOO

o O+

QOO

73

.67
.33

.00

.09
.66
.10
.00
.52
.42
.20

.00

.00
.92
.08
.00

.27
.18
.45

.94
.04
.02
.64
.32

138

99.

.46
.54

QOO T NOM OO EN - OO0 oo

L=

07

.00

.10
.96
.13

.49
.22
.10
.00
.00

.82
.18
.00

.21
.19
.40

.99
.00
.01

137 138
46.63 44.37
0.81 1.11
7.05 9.01
8.13 8.03
7.78 9.68
0.77 0.82
13.36 11.80
11.58 11.62
1.01 1.34
0.66 0.94
2.00 1.93
0.09 0.20
0.03 0.05
0.04 0.08
0.01 o0.01
99.94 101.00
6.83 6.54
1.17 1.46
8§.00 8.00
0.05 0.10
0.90 0.89
0.09 0.12
2.92 2.59
0.95 1.19
0.10 0.10
5.00 5.00
0.00 0.00
1.82 1.83
0.18 0.17
2.00 2.00
0.10 0.22
0.12 0.18
0.23 0.39
1.95 1.89
0.04 0.09
0.01 0.01
0.75 0.68
0.48 0.43

Table 6-14
139 140
44.02 46.51
1.14 0.88
9.11 7.09
6.85 7.15
10.20 8.69
0.79 0.79
11.53 13.33
11.48 11.89
1.36 1.14
0.94 0.56
1.90 1.99
0.19 0.11
0.06 0.03
0.08 0.05
0.01 0.01
99.66 100.21
6.57 6.82
1.43 1.18
8§.00 8.00
0.17 0.04
0.77 0.79
0.13 0.10
2.56 2.91
1.27 1.06
0.10 0.10
5.00 5.00
0.00 0.00
1.83 1.87
0.17 0.13
2.00 2.00
0.23 0.19
0.18 0.10
0.41 0.30
1.90 1.94
0.09 0.05
0.02 0.01
0.67 0.73
0.38 0.43



Table 6.--Amphibole analyses

3102
Ti02
Cr203
Fe 203
FeO
MnO
MgO
Cal
N320

O=F
0=Cl

Total
Si,

AllV

T site

A site
OH
Cl

mg#
fe#

o

100.

OO

o O

o
vMNOOHPON®

09

.96
.98
.06
.00

.83
11

.06
.90
.10

.00
.00
.82

.18
.00

.09
.09
.18
.00
.00

.77
.50

-
CONOHHWO NN

o O

100.

oM« N

VO OoOCON

27

.89
.11

.00

.02
.88
.08

.93
.97
.11
.00
.00

1.82

o

[ e

o o

.18
.00

.13
.10
.23

.98
.01
.01

.75
.47

- =
COoOrHOoOHHPFOOW

o O

100.

o NO - O o w [N o o O o

o O

o O

.87
.09
.04
.00

.01
.08

.05
.76
.10

.00

.00
.77
.23
.00

.09
.10
.19

.93
.06
.01

.80
.58

o

99.

=N

68

.36
.64

.00
.09
.90
.14

.45
.32

0.10

O OO NO - O w

S O

.00

.00
.87
.13
.00

.30
.20
.50

.96
.02
.02

.65
.40

el e
NOHHWON®

o

S oON [N e e

w

N OO

[eNeNe

.32

.87
.13

.00
.03
91
.09
.94
.93
.10
.00
.00
.80

.20
.00

.10
.12
.22
.99
.01
.76
.49

139

o
OCOoOrHOFHKFHOWN

o o

99

VOO KN S OO

N O

.85

.54
.46

.00

.13
.84
.12

.58
.23
.10
.00
.00

.87
.13
.00

.23
.17
.40

.90
.08
.03

.68
.40

o
COHOKHHEHNOWOO

o o

100.

N O - LMoo HN S OO [+

O O

o o

93

.74
.26

.00

.12
.71
.12

.74
.21
.09
.00
.00

.86
.14
.00

.21
.12
.34

.93
.05
.01

.69
.37

e
OCOFHOKHIMIMFOWOL®

o

100.

o o N O - VOO HN o O O

o o

o o

N
5

35

.47
.53

.00

.09
.93
.11

.60
.17
.10
.00
.00

.87
.13
.00

.23
.17
.41

.91
.07
.02

.69
.44

Table 6-15
149 150
45.27 46.78
1.06 0.72
8.44 7.07
7.75 9.29
9.12 7.20
0.82 0.83
12.16 13.66
11.43 12.08
1.38 0.84
0.59 0.45
2.03 2.06

- 0.01
0.03 0.03
- 0.00
0.01 0.01
100.08 101.03
6.67 6.78
1.33 1.21
- 0.02
8.00 8.00
0.13 -
0.86 1.00
0.12 0.08
2.67 2.95
1.12 0.87
0.10 0.10
0.00 0.00
5.00 5.00
1.80 1.88
0.20 0.12
2.00 2.00
0.20 0.11
0.11 0.08
0.31 0.19
1.99 1.99
- 0.00
0.01 0.01
0.70 0.77
0.43 0.54



Table 6.--Amphibole analyses

S%Oz
T102
A1203
Cr203
Fe203
FeO
MnO
MgO
Ca0l
NaZO

O=F
0=Cl

Total
Si,

Al 1iv

T site

Alvi
Fe3+
Ti
Cr

Fe2+
Mn

Ca
M1,2,3

Mn
Ca
Na
M4 site

Ca
Na

A site
OH
Ccl

mg#
fe#

-
COHORKHNOWO-N

[eNe]

101.

[eNeNe — o

Ll V]

15

.69
.31

.00
.06
.84
11

.75
.15

0.10

.00

.00
.88
.12
.00

.19
.13
.32

.92
.06
.02

.71
.42

-
CONORHFHWON®

[eN e

100.

MO OOoWw [eNele] e,

N O+

16

.9
.06

.00

.02
.88
.06

.03
.90
.10
.00
.00

.82
.18
.00

.11
.10
.21

.95
.05
.00

.77
.49

o
QONOOH WO W

[« N e}

100

0O O

[=]

.99

.85
.12
.03
.00

.98

0.07

NMOCOCOoOWw

N O

.01
.83
.10
.00
.00

.84
.16
.00

.09
.10
.19
.97
.03
.00

.78
.55

99.

w QQON (e ] 0 O =

NO KO

QS OCQ

oN O+

67

.64
.33
.03
.00

.09
.10

.88
.81
.10

.00

.00
.81
.19
.00

.11
.13
.24

.98
.02

.78
.58

.
COHOHKMHWON ®

O
VOO O QQ

[eNe]

N O+

VOO ON

.62

.76
.21
.03
.00

140

.04

.77
.20
.03
.00

.98
.11

.91
.90
.10

.00
.00
.80

.20
.00

.10
.13
.23
.99
.01

.76
.53

=
QOO F WY

O
0 O - O O < Q

S O N

NO QO

[eNeNe]

.48

.71
.26
.03
.00

.98
.11

.90
.92
.10

.00

.00
.83
.17
.00

.15
.11
.26

.95
.03
.02

.76
.52

[=]

100.

NMOoOormN e NeNe] [e)}

N O

e
NOHKMNOO®®

55

.50
.50

.00

.03
.99
.13

.64
.10
.10
.00
.00

.85
.15
.00

.20
.17
.37
.98
.02

.71
.47

Table 6-16
159 160
46 .46 47.96
0.82 0.77
6.20 5.66
8.11 7.28
7.48 7.52
0.91 0.76
13.75 14.51
11.77 12.00
1.06 0.92
0.44 0.46
2.01 2.02
0.03 0.08
0.03 0.02
0.01 0.03
0.01 0.00
99.09 099.99
6.86 6.99
1.08 0.97
0.06 0.04
8.00 8.00
0.84 0.75
0.09 0.08
3.03 3.15
0.92 0.92
0.11 0.09
0.00 0.00
5.00 5.00
1.86 1.87
0.14 0.13
2.00 2.00
0.17 0.13
0.08 0.09
0.25 0.22
1.98 1.96
0.01 0.04
0.01 0.00
0.77 0.77
0.49 0.47



Table 6.--Amphibole analyses

S10,
Ti0,
A1203
Cr203
F3203
FeO
MnO
MgO
Ca0
Na20

0=C1

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
cl

mg#
fe#

o

99.

[l O+ O

O oW

NO = O

P
NOHFHMHPOOGOBDWY

72

.89
.04
.07
.00

.01
.06

.08
.74
.10

.00

.00
.80
.20
.00

0.09

[eNe]

.09
.17

.00

.00

.81
.59

16.
11.

101.

0 OO

[oNeNe]

[

el N eNe

08

.24
.73
.03
.00

.64
.08

.48
.80

.00
.00

.83
.17
.00

.07
.07
.14

.62
.38

.81
.45

11.

NO P

(e =]

O+ OO

.90

.17
.83

.00

.05
.65
.10

31
.89

.00

.79
.21
.00

.05
.08
.14

.62
.38

.79
42

et
NORHFPONN

100.

U OOOoOwWw [eNeNe)

N O

93

.83
.17

.00

.01
.78
.14

.07
.88
L1l
.00
.00

.81
.19
.00

.17
.12
.29

.00

.78
47

15.

v o

N O -

[N o NeNe]

.48

.16
.84

.00

.02
.72
.09

.31
.87

.00
.00

.79
.21
.00

.05
.09
.14

.58
.42

.79
.45

141

14.
11.

101.

N O

O OK

01

.80
.20

.00

.07
.79
.13

.04
.97

.00

.79
.21
.00

.14
.14
.28

.61
.39

.76
.45

N O

S+ OO0

.51

.24
.76

.00

.02
.48
.08

42
.00

.00

.88
.12
.00

.14
.08
.22

.60
.40

.77
.33

102

OO

N O

[eNeNe]

.46

.24
.76
.00
.00

.61
.07

.49
.83

.00

.85
.15
.00

.08
.07
.15

.60
.40

.81
.43

Table 6-17
169 170
45.34  47.82
1.56 1.26
8.81 6.81

- 0.15
5.14 7.60
9.88 6.14
0.74 0.68

12.83 14.53
11.69 10.97
1.70 1.26
0.75 0.87
1.86 1.86
0.30 0.38
0.16 0.15
0.13 0.16
0.04 0.03
100.92 100.66
6.64 6.91
1.36 1.09
8.00 8.00
0.16 0.07
0.57 0.83
0.17 0.14

- 0.02
2.80 3.13
1.21 0.74
0.09 0.08

- 0.00
5.00 5.00
0.00 -
1.83 1.70
0.17 0.30
2.00 2.00
0.32 0.05
0.14 0.16
0.46 0.21
1.82 1.79
0.14 0.17
0.04 0.04
0.70 0.81
0.32 0.53



Table 6.--Amphibole analyses

Table 6-18

171
8102 50.52
Ti0, 0.66
A1203 4.85
Cry04 0.11
F8203 4.20
FeO 8.41
MnO 0.86
MgO 15.41
Ca0 12.24
Na20 0.98
K0 0.34
H,0 1.93
F 0.34
c1 -
O=F 0.14
0=C1l -
Total 101.00
Si. 7.24
a1tv 0.76
Fe3+ .
T site 8.00
alvi 0.06
Fet 0.45
Ti 0.07
Cr 0.01
Mg 3.29
Felt 1.01
Mn 0.10
Ca -
M1,2,3 5.00
Mn 0.00
Ca 1.88
Na 0.12
M4 site 2.00
Ca -
Na 0.15
K 0.06
A site 0.21
OH 1.85
F 0.15
Cc1 -
mg# 0.77
fe# 0.31

CONOHEPONNO NP

o o

(o]

o O N O = O w OCOWOO0OOOo

O O

.67

.83
.17

.00

.03
.79
.15
.02
.03
.92
.08

.00

.00
.81
.19
.00

.14
.09
.23

.95
.01
.04

.77
.46

s
COFHOMFHFRFF,FOON®

= o o o

[eNeNe

o o NO = O O OoOw

o eN o

o

.30

.82
.18

.00

.05
.89
.12

.14
.73
.08

.00

.00
.77
.23
.00

.11
.13
.23
.87
.12
.01

.81
.55

=
COFOHPFEWON

o O

)

NO O

o O

o =

o O

.93

.77
.23

.00

.09
.87
.12

.96
.88
.08

.00

.00
.78
.22
.00

.12
.13
.26

.89
.10
.02

.77
.50

e
QO FHOFHMNWOWW

o o

o OO NO O w O =N o O O

oo

.21

.89
.11

.00

.20
.43
.10

.96
.21
.09

.00

.00
.90
.10
.00

.28
.09
.37

.86
.11
.03
.71
.26

142

=

oo QO OKFFWQOQWwWWL

(=)}

e = =

DO

OO b
—

PN
\ =2

P
A =4

41

.87
1.13

.00

.11
.63
.10

.90
.17
.09
.00
.00

.86
.14
.00

.22
11
33

.91
0.07
).02

.71
.35

OHOOHWOOWOO™

N O - LOOHN o OO (o)}

[eNeoNel

(=

.37

.98
.02

.00

.13
.71
.10

.90
.07
.09
.00
.00

.84
.16
.00

.05
.10
.15

.85
.15

.73
.40

OCOM~=OMH

o o

NO = O O =N o

[eNeNe]

o O+

.07

.79
.21

.00

.17
.49
.13

.78
.33
.09

.00

.00
.91
.09
.00

.26
.13
.38

.85
.12
.02

.68
.27

(=)

NO = O

o O

.70

.80
.20

.00

.17
.52
.13

.86
.22
.10

.00
.00
.91

.09
.00

.26
.08
.34
.97
.03

.70
.30

[N el o) o o O OO

LN OOHN

o

o O

.18

.99
.01

.00

.23
.36
.12

.88
.32
.09
.00
.00

1.88
.12
.00

.20
.10
.30

.79
.18
.03

.69
.21



Table 6.--Amphibole analyses

SiOZ
Ti02
Cr203
Fe 203
FeO
MnO
MgO
Ca0
gago
2

Hy0C

cl

0=F
0=C1

Total

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
Cl

mg#
fe#

............................................................

[oNe)

=N

.87
.15
.10
.43
.94
.17
.03

.07
.01

.51

.04
.96

.00
.20
.32
.11

.83
44

0.11

O O o OO NO RO

[oNe)

.00

.00
.92
.08
.00

.24
.08
.32

91
.08
.01

.66
.18

OO OO

[o N e]

101.

=W

(%]

NO O

O OO

.05
.43
.80
.43
.93
.30
.03

.13
.01

33

.24
.76

.00

.19
.32
.06

.01
.30
.11

.00

.00
.92
.08
.00

.14
.08
.22

.86
.14
.01

.70
.20

183 184
49.10 46.41
0.83 0.90
6.28 7.63
2.69 5.88
11.49  9.71
0.91 0.83
13.24 13.21
12.13 12.29
0.91 1.14
0.55 0.64
1.90 1.36
0.33  1.37
- 0.18
0.14 0.58
- 0.04
100.50 102.16
7.15  6.78
0.85 1.22
8.00 8.00
0.23  0.09
0.29  0.65
0.09 0.10
2.87 2.88
1.40  1.19
0.11  0.10
- 0.00
5.00 5.00

0.00 -
1.89  1.92
0.11 0.08
2.00  2.00
0.15 0.25
0.10 0.12
0.25 0.36
1.85 1.32
0.15 0.63
- 0.04
0.67 0.71
0.17 0.35

[eNe]

99

N O LMWOOHN O OO [

[eNoNe)]

OO

.17

.83
.17

.00

.13
.46
.14

.76
.39
.11
.00
.00

.93
.07
.00

.27
.10
.37

.86
.12
.02
.66
.25
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[eNeNe]

=N

76

.80
.20

.00
.19
.64
.13

.75
.19

0.11

NO = O

.00

.00
.86
.14
.00

0.17

[eN o]

OO

.08
.26

.85
.14
.01

.70
.35

el
COHOHRPOON®

[oNe]

100.

NORO

O OO

40

.85
.15

.00

.05
.97
.09

.05
.74
.10

.00

.00
.74
.26
.00

.08
.12
.20

.91
.09
.00

.81
.57

12.

14.
14.

99.

o

VOO W

OO OO N

N

92

.20
.76

.00

.03

.27
.58
.12
.00
.00

.00
.00
.22
.23
.08
.53

.00

.67

Table 6-19
189 190
46.99 48.45
0.91 0.58
6.98 4.14
8.79 0.72
6.05 12.35
0.91 1.18
14.10 14.76
11.36 13.71
1.14 0.87
0.58 0.45
1.95 2.02
0.23 -
0.02 -
0.10 -
0.00 -
100.11 99.23
6.84 7.19
1.16 0.72

- 0.08
8.00 8.00
0.03 -
0.96 -
0.10 0.06
3.06 3.26
0.74 1.53
0.11 0.15
0.00 -
5.00 5.00

- 0.00
1.77 2.00
0.23 -
2.00 2.00

- 0.18
0.09 0.25
0.11 0.09
0.20 0.51
1.89 2.00
0.11 -
0.00 -
0.81 0.68
0.57 0.05



Table 6.--Amphibole analyses Table 6-20

191 192 193 194 195 196 197 198 199 200
$i0, 50.82 48.31 48.37 49.53 49.82 46.58 46.08 46.29 47.13 45.92
Ti0, 0.23 0.76 0.62 0.63 0.76 1.05 1.14 1.10 0.69 1.08
Al,04 3.31 4.87 4.58 4.17 4.30 6.27 6.28 6.37 5.25 5.82
Cr203"-""'-‘
Fe,03 - 1.33 2.36 1.25 1.68 0.37 1.88 1.12 1.74 1.54
FeO 12.65 12.49 11.30 11.68 11.43 14.25 12.90 12.99 11.58 12.68
MnO 1.07 1.30 1.32 1.26 1.38 1.01 0.8 1.11 1.07 1.01
MgO 15.23 14.30 14.55 14.82 15.14 13.12 13.19 13.48 14.36 13.77
Ca0 14.34 13.55 13.66 13.60 13.80 13.66 13.39 13.73 13.76 13.67
Na,0 0.40 0.99 0.59 0.60 0.67 ©0.89 0.73 0.80 0.57 0.92
K50, 0.20 0.53 0.42 0.33 0.40 0.79 0.74 0.67 0.53 0.69
H,0 2.05 2.06 2.06 2.05 2.08 .02 2,00 2.02 2.01 2.00
F----------
O=F - - - - - - - - - -
0=C1 - - - - - - - - - -

Total 100.30 100.47 99.80 99.91 101.45 100.00 99.19 99.68 98.68 99.09

Si. 7.42 7.10 7.12 7.25 7.19 E.93 6.89 6.89 7.03 6.88
Altv 0.57 0.8 0.80 0.72 0.73 1.07 1.11 1.11 0.92 1.03
Fe3*t - 0.06 0.08 0.03 0.07 - 0.00 - 0.05 0.09
T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
a1V ; . - - - 0.03 - 0.00 ; -

Fe*t - 0.09 0.18 0.11 0.11 ©0.04 0.21 0.13 0.15 0.08
Ti 0.00 ©0.08 0.07 0.07 0.08 0.12 0.13 0.12 0.08 0.12
Cr - - - - - - - - - -

Mg 3.31  3.13 3.19 3.23 3.26 .91 2.94 2.99 3.19 3.08
Felt 1.54 1.53 1.39 1.43 1.38 .77 1.61 1.62 1.44 1.59
Mn 0.13 0.16 0.16 0.16 0.17 .13 0.11 0.14 0.14 0.13
Ca 0.00 - 0.00 0.00 - - - 0.00 0.00 -

M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn - 0.00 - - 0.00 D.00 0.00 - - 0.00
Ca 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Na - - - - - - - - - -

M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca 0.24 0.13 0.16 0.13 0.14 ©0.18 0.15 0.19 0.20 0.20
Na 0.11 0.28 0.17 0.17 0.19 .26 0.21 0.23 0.16 0.27
K 0.06 0.10 0.08 0.06 0.07 .15 0.14 0.13 0.10 0.13
A site 0.39 0.51 0.40 0.37 0.40 0.58 0.50 0.55 0.47 0.59
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
F - - - - - - - - - -

Cl - - - - - - - - - .

mg# 0.68 0.67 0.70 0.69 0.70 0.62 0.65 0.65 0.69 0.66
fe# - 0.09 0.16 0.09 0.12 0.02 0.12 0.07 0.12 0.10
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Table 6.--Amphibole analyses Table 6-21

510, 44.83 43.17 45.10 45.51 43.04 44.67 46.13 44.70 44.60 46.56
Ti0, 1.13 0.53 1.26 1.18 1.29 1.34 1.10 1.13 1.06 0.79
Al,0, 7.67 9.52 8.07 8.10 10.23 8.74 7.07 8.43 9.14 7.91
Cry03 - - - - - - - - 0.07 0.16
Fey03 3.90 3.81 2.39 0.19 1.49 1.78 1.40 2.85 7.48 6.66
Fed 12.35 14.30 14.44 16.09 16.43 14.27 13.90 13.68 10.85 10.82
MnO 0.86 0.83 0.76 0.68 0.66 0.75 0.69 0.87 0.76 0.68
MgO 11.51 9.88 10.96 10.79 9.47 11.18 12.05 11.36 10.62 11.52
Ca0 12.07 12.29 12.13 12.34 12.32 12.26 12.30 12.56 11.89 11.98
Nay0 1.00 1.08 1.35 1.22 1.45 1.48 1.29 1.20 0.41 0.45
K0, 0.76 0.93 0.73 1.04 1.01 0.80 0.74 0.8l 0.74 0.56
Hy0 1.98 1.96 1.99 1.99 1.97 2.00 2.00 2.00 1.85 1.90
F - - - - - - - - 0.28 0.27
c1 - - - - - - - - 0.14 0.05
O=F - - - - - - - - 012 o0.11
0=C1 - - - - - - - - 0.03 0.01

Total 98.06 98.30 99.18 99.13 99.36 99.26 98.67 99.60 100.04 100.44

Si, 6.79 6.60 6.78 6.86 6.54 6.71 6.93 6.70 6.63 6.85
AI;Z 1.21 1.40 1.22 1.14 1.46 1.29 1.07 1.30 1.37 1.15
Fe - - - - - - - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
alvi 0.16 0.31 0.22 0.30 0.37 0.26 0.18 0.19 0.24 0.22
Fe3* 0.44 0.44 0.27 0.02 0.17 0.20 0.16 0.32 0.8 0.74
Ti 0.13 0.06 0.14 0.13 0.15 0.15 0.12 0.13 0.12 0.09
Cr - - - - - - - - 0.01 0.02
Mg 2.60 2.25 2.46 2.43 2,14 2,50 2.70 2.54 2.35 2.52
Felt 1.56 1.83 1.82 2,03 2.09 1.79 1.75 1.71 1.35 1.33
Mn 0.11 o0.11 0.10 0.09 0.08 0.10 0.09 0.11 0.10 0.08
Ca 0.00 0.00 - 0.00 - - - 0.00 0.00 -

M1,2,3 5.00 5.00 5,00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn - - 0.00 - 0.00 0.00 0.00 - - 0.00
Ca 1.96 2.00 1.96 1.99 2.00 1.97 1.98 2.00 1.89 1.89
Na 0.04 - 0.04 0.01 - 0.03 0.02 - 0.11 0.11
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - 0.01 - - 0.00 - - 0.02 - -

Na 0.25 0.32 0.35 0.35 0.43 0.40 0.36 0.35 0.01 0.02
K 0.15 0.18 0.14 0.20 0.20 0.15 0.14 0.15 0.14 0.11
A site 0.40 0.51 0.49 0.55 0.63 0.56 0.50 0.52 0.15 0.12
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.83 1.86
F - - - - - - - - 0.13 0.13
Ccl - - - - - - - - 0.04 0.01
mg# 0.62 0.55 0.58 0.54 0.51 0.58 0.61 0.60 0.64 0.65
fe# 0.22 0.19 0.13 0.01 o0.08 0.10 0.08 0.16 0.38 0.36
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Table 6.--Amphibole analyses Table 6-22

............................................................

$109 45.99 46.34 46.70 47.30 46.60 46.51 47.31 47.25 46.85 46.15
TiOz 0.41 0.91 1.06 1.03 0.93 1.28 1.05 1.08 0.77 0.97
Al,y04 7.37 7.21 7.64 7.66 7.85 7.74  8.16 8.23 8.33 8.40
Cr203 - - - - - - - - - -

Fen04q 6.72 5.79 3.02 2.86 3.08 ‘1.27 1.85 4.80 2.90 5.75
FeO 10.51 10.73 12.64 12.48 12.96 13.95 13.09 11.53 13.79 11.64
MnO 0.84 0.47 0.94 0.54 0.75 10.83 0.87 1.01 0.68 0.88
MgO 11.62 11.97 11.95 12.19 11.95 11.57 12.10 11.96 11.06 11.61
Ca0 11.99 11.99 11.98 11.80 12.02 11.95 12.01 11.60 11.78 11.87
Na,0 0.48 0.30 1.13 1.13 1.23 1.21 1.29 1.28 1.16 1.18
K50 0.53 0.64 0.93 0.84 1.03 10.89 0.95 0.96 0.84 0.82
H,0 1.87 1.82 1.92 1.93 1.91 1.93 2.00 1.98 1.94 1.97
F 0.25 0.37 0.22 0.22 0.25 0.16 0.11 0.19 0.18 0.14
Cl 0.06 0.06 - - - - - - - 0.07
O=F 0.11 0.16 0.09 0.09 0.11 0.07 0.05 0.08 0.08 0.06
0=Cl 0.01 0.01 - - - - - - - 0.02

Total 98.76 98.77 100.23 100.07 100.67 99.37 100.83 101.95 100.36 101.52

Si. 6.88 6.92 6.90 6.96 6.87 6.94 6.92 6.85 6.92 6.75
Al;I 1.12 1.08 1.10 1.04 1.13 1.06 1.08 1.15 1.08 1.25
Fe - - - - - - - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
a1vi 0.18 0.19 0.23 0.29 0.24 :0.30 0.33 0.25 0.37 0.20
Fe3t 0.76 0.65 0.34 0.32 0.34 !0.14 0.20 0.52 0.32 0.63
Ti 0.05 0.10 0.12 0.11 0.10 10.14 0.12 0.12 0.09 0.11
Cr - - - - -] - - - - -

Mg 2.59 2.66 2.63 2.67 2.63 |2.57 2.64 2.58 2.43 2.53
Felt 1.32 1.34 1.56 1.5 1.60 [1.74 1.60 1.40 1.70 1.42
Mn 0.11 0.06 0.12 0.07 0.09 (0.10 0.11 0.12 0.09 0.11
Ca 0.00 . . - 0.00 - 0.00 - - -

M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn - 0.00 0.00 0.00 - 0.00 - 0.00 0.00 0.00
Ca 1.92 1.92 1.90 1.8 1.90 .1.91 1.88 1.80 1.8 1.86
Na 0.08 0.08 0.10 0.14 0.10 0.09 0.12 0.20 0.14 0.14
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - - - - - . - - - -

Na 0.06 0.00 0.22 0.18 0.25 0.26 0.25 0.16 0.20 0.19
K 0.10 0.12 0.18 0.16 0.19 0.17 0.18 0.18 0.16 0.15
A site 0.16 0.13 0.40 0.34 0.44 0.43 0.43 0.34 0.35 0.35
OH 1.87 1.81 1.90 1.90 1.88 /1.92 1.95 1.91 1.92 1.92
F 0.12 0.17 0.10 0.10 0.12 0.08 0.05 0.09 0.08 0.06
cl 0.02 0.02 - - - - . - - 0.02
mg# 0.66 0.67 0.63 0.64 0.62 |0.60 0.62 0.65 0.59 0.64
fe# 0.37 0.33 0.18 0.17 0.18 |0.08 0.11 0.27 0.16 0.31
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Table 6.--Amphibole analyses Table 6-23

510, 45.39 46.13 46.53 45.16 45.75 46.05 44.69 44.77 45.26 44.53
Ti0, 1.15 1.01 1.02 1.05 0.98 1.01 1.03 1.02 1.08 1.10
Aly0, 8.44 8.06 7.46 8.71 8.00 8.21 9.01 9.20 8.84 8.62
Cr,03 - - - - - - - - - -

Fe,0; 6.66 7.48 5.17 6.63 7.49 6.50 6.32 5.89 6.63 5.55
Fed 10.48 10.35 12.86 11.49 10.73 11.25 11.96 12.23 11.03 12.01
MnO 0.86 0.96 0.87 0.92 0.98 0.94 0.9 0.95 0.8 0.88
MgO 11.89 11.83 11.35 11.19 11.67 11.51 10.88 10.71 11.70 11.25
Cca0 11.67 11.58 11.82 11.62 11.66 11.58 11.67 11.60 11.87 11.92
Na,0 1.28 1.24 1.21 1.30 1.25 1.24 1.35 1.32 1.26 1.23
Ky0, 0.86 0.77 0.81 0.97 0.8 0.8 0.97 1.04 1.00 0.99
H,y0 1.94 1.99 1.93 1.95 1.97 1.98 1.95 1.95 2.04 2.00
F 0.18 0.12 0.19 0.14 0.14 0.11 0.13 0.14 - -

c1 0.04 0.04 0.06 0.07 0.06 0.05 0.05 0.04 0.02 0.05
0=F 0.08 0.05 0.08 0.06 0.06 0.05 0.05 0.06 - -

0=C1 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01

Total 100.94 101.62 101.37 101.28 101.61 101.37 101.02 100.93 101.58 100.15

Si, 6.67 6.73 6.84 6.65 6.70 6.75 6.61 6.63 6.62 6.63
Aléz 1.33 1.27 1.16 1.35 1.30 1.25 1.39 1.37 1.38 1.37
Fe - - - - - - - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
INNG 0.13 0.11 0.14 0.16 0.08 0.1 0.18 0.23 0.15 0.15
Fe3* 0.74 0.82 0.57 0.73 0.83 0.72 0.70 0.66 0.73 0.62
Ti 0.13 o0.11 0.11 o0.12 0.11 0.11 0.11 0.11 0.12 0.12
Cr - - - - - - - - - -

Mg 2.61 2.57 2.49 2.46 2.55 2.51 2.40 2.36 2.55 2.50
Felt 1.29 1.26 1.58 1.42 1.31 1.38 1.48 1.51 1.35 1.50
Mn 0.1 0.12 0.11 0.11 0.12 0.12 0.12 0.12 0.10 0.11
Ca - 0.00 0.00 - 0.00 0.00 - - 0.00 -

M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn 0.00 - - 0.00 - - 0.00 0.00 - 0.00
Ca 1.84 1.81 1.86 1.83 1.83 1.82 1.85 1.84 1.86 1.90
Na 0.16 0.19 0.14 0.17 0.17 0.18 0.15 0.16 0.14 0.10
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - - - - - - - - - -

Na 0.20 0.16 0.21 0.20 0.18 0.17 0.24 0.22 0.22 0.26
K 0.16 0.14 0.15 0.18 0.16 0.16 0.18 0.20 0.19 0.19
A site 0.36 0.30 0.36 0.39 0.35 0.33 0.42 0.42 0.40 0.45
OH 1.91 1.93 1.90 1.92 1.92 1.94 1.93 1.92 2.00 1.99
F 0.08 0.06 0.09 0.07 0.06 0.05 0.06 0.07 - -

Cl 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01
mg# 0.67 0.67 0.61 0.63 0.66 0.65 0.62 0.61 0.65 0.63
fe# 0.36 0.39 0.27 0.34 0.39 0.34 0.32 0.30 0.35 0.29
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Table 6.--Amphibole analyses

SiOz
Ti0,
Cr203
F8203
FeO
MnO
MgO
Ca0
Na20

0=Cl

M4 site

A site
OH
cl

mg#
fe#

ook loNeNe]

N O

.23

.78
.22

.00

.13
.67
.09

.70
.30
11
.00
.00

.89
.11
.00

.20
.15
.35
.99
.01

.68
.34

wn O =N O OO

NO O

[eNeNe]

.13

.65
.35

.00

.13
74
.12

.59
.32
11

.00
.00
.86

.14
.00

.21
.17
.38
.00
.00

.66
.36

100.

=~ O\

=N

99

.52
.48

.00
.15
.74
.15

.56
.28

0.11

¥,

NO O

o O

.00

.00
.86
.14
.00

.27
.15
42
.98
.02

.67
.37

10L.

[+))

)

49

.57
.43

.00
.13
.71
.16

.57
.32

0.11

[9))

= O 0OO0O N O O

[oN o)

.00

.00
.85
.15
.00

.27
.15
42
.99
.01

.66
.35

[eNeNe)

LOOoOKrHN

.74

.69
.31

.00

.11
.72
.11

.62
.33
.11
.00
.00

1.87

N o

.13
.00

.23
.17
.39
.99
.01
.66
.35
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OO OO0

)

.12

.89
.11

.00

.15
71
.10

.77
.19
.08
.00
.00

.80
.20
.00

.13
.14
.26

.88
.11
.01

.70
.37

o O

101.

[eNeNe]

— N

O OO

81

.80
.20

.00
.22
.66
.12

.67
.24

0.08

(= Nei loN>Ne NO - O w

[=Ne]

.00

.00
.80
.20
.00

.13
.15
.28

.85
.14
.01

.68
.35

o o

100.

O OO N O nooMHN [eNeNe)

O O

[N

OO

83

.83
.17

.00

.27
.51
11

.59
.43
.08
.00
.00

.85
.15
.00

.18
.14
.32

.87
.12
.01

.64
.26

Table 6-24
239 240
46 .48 44.83
0.95 1.29
8.08 8.95
6.68 6.07
10.20 11.83
0.87 0.73
12.58 11.34
12.00 11.89
1.25 1.23
0.80 1.03
2.07 2.04
0.02 -
0.00 -
101.98 101.23
6.73 6.60
1.27 1.40
8§.00 8.00
0.11 0.15
0.73 0.67
0.10 0.14
2.72 2.49
1.23 1.46
0.11 0.09
5.00 5.00
0.00 0.00
1.86 1.87
0.14 0.13
2.00 2.00
0.21 0.23
0.15 0.19
0.36 0.42
2.00 2.00
0.00 -
0.69 0.63
0.37 0.32



Table 6.--Amphibole analyses

510,
TlOZ
A1203
Cr203
F8203
FeO
MnO
MgO

Nazo

0=Cl

Total

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
Cl

mg#
fe#

N OOoOrN [eNeoNe

NO -

.68

.60
.40

.00

.15
.61
.14

.41
.60
.08
.00
.00

.93
.07
.00

.23
.19
.42

.00

.60
.28

102.

[)]

[eNeoNe] NOH+HO

[« N e]

.29
.14
.22
.15
.05

29

.62
.38

.00

.09
.62
.15

.46
.59
.08

.00

.00
.90
.10
.00

.25
.21
.46

.00

.61
.28

11.

100.

[=)

[oNeNe

[eNeNo] N O O o N

O

80

.59
41

.00

.05
.75
.16

.52
41
.10

.00

.00
.88
.12
.00

.21
.19
.40

.00

.64
.35

244 245
46.70 44.49
0.94 1.20
8.34 8.36
4.67 4.94
12.36 13.28
0.69 0.54
11.73 11.21
12.34 12.40
0.87 1.08
0.69 0.93
1.98 1.88
0.16 0.27
- 0.03
0.07 0.11
- 0.01
101.54 100.72
6.81 6.63
1.19 1.37
§.00 8.00
0.24 0.10
0.51 0.55
0.10 0.13
2.55 2.49
1.51 1.65
0.09 0.07

0.00 0.00
5.00 5.00
1.93 1.98
0.07 0.02
2.00 2.00
0.17 0.29
0.13 0.18
0.30 0.47
1.93 1.87
0.07 0.13
- 0.01
0.63 0.60
0.25 0.25
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NO KO wmr O N loNoNe)

O OO

o o

O O O

67

.80
.20

.00

.25
.35
.15

.46
.71
.07

.00

.00
.88
.12
.00

.26
.15
L4l

.93
.06
.01

.59
.17

o o

99

NO KO »m sy ODN S OO o

o OO

o o

QOO K O

.48

.59
.41

.00

.08
.63
.14

.56
.51
.09

.00

.00
.95
.05
.00

.31
.16
.47

.88
.10
.02

.63
.29

[N e

100.

[eNeoNeo] N O - nookrN [« o o]

o O+

[

QOO

99

.64
.36

.00

.11
.65
.16

.49
.52
.07

.00

.88
.12
.00

.23
.17
.39

.93
.06
.01

.62
.30

o O DN S OO

N OO

.37

.76
.24

.00

.19
.58
.13

.51
.53
.07

.00

.00
.89
.11
.00

0.18

(&N o]

[« N e]

.15
.33

.97

.03

.62
.28

e
NOOMNWO®ON

99.

0O O o

eNe

noorw

N O

32

.98
.97
.05
.00

.68

.09

.05
.08

10

.00

.95
.05
.00

.09
.12
.21

.00

.74
.40



Table 6.--Amphibole analyses

Si02
T10,
A1,0,
Cr203
Fe203
FeO
MnO
MgO
Ca0l
gago
2¢c
HZO

Ccl

O=F
0=Cl

Total

T site

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
Cl

mg#
fe#

100.

(o))

18

.86
.14

.00
.05
.66
.09

.86
.24

0.10

[N e

.00

.00
.95
.05
.00

.17
.13
.30

.0C

.70
.35

101.

(o))

24

.83
.17

.00
.18
.34
.14

.64
.60

0.10

N O O

[ NeNe]

.00

.00
.96
.04
.00

.23
.17
.40

.00

.62
.17

99.

[eNeoNe] o

L OOKrN

N [eNeNeNe

o O

53

.73
.27

.00

.13
.43
.12

.54
.70
.09
.00
.00

.00
.00
.02
.25
.18
.45

.00

.60
.20

100.

N O LO OKN [eNoNe]

"o oo

(e e]

09

.06
.94

.00

.07
W47
.10

.90
.35
.11
.00
.00

.97
.03
.00

.09
.14
.23

.00

.68
.26

100.

[eNeNel [=))

WO OHN

26

.90
.10

.00

.03
.35
.10

.88
.34
.10
.00
.00

.97
.03
.00

.22
.14
.36

.00

.68
.29

150

TTTOOT o

TNOT O T O R

SO OO N

Ko

.69

.95
.05

.00
.30
.09
.12
.72
.66
.09
.00

.00
.00

.00
.02
.20
.16
.38

.00

.62
.05

101.

QKN

NO O

08

.79
.21

.00

.13
.45
.14

.63
.56
.08

.00

.00
.99
.01
.00

.17
.18
.35

.00

.63
.22

99.

[eNeNe) [«)}

LOOKrN

56

.79
.21

.00

.10
.49
.13

.68
.53
.06
.00
.00

1.99

O OO

.01
.00

.19
.18
.37

.00

.64
.24

Table 6-26
259 260
45.71 44.62
1.16 1.09
7.20 8.45
6.71 5.63
10.46 11.75
0.82 0.76
12.17 11.26
11.91 11.93
0.93 1.03
0.71 0.82
1.86 1.86
0.30 0.25
0.09 0.12
0.13 0.11
0.02 0.03
100.18 99.70
6.78 6.68
1.22 1.32
8.00 8.00
0.03 0.17
0.75 0.63
0.13 0.12
2.69 2.51
1.30 1.47
0.10 0.10
0.00 0.00
5.00 5.00
1.89 1.91
0.11 0.09
2.00 2.00
0.16 0.21
0.13 0.16
0.29 0.37
1.84 1.85
0.14 0.12
0.02 0.03
0.67 0.63
0.37 0.30



Table 6.--Amphibole analyses Table 6-27

$i0, 44.05 45.51 44.69 45.66 44.47 43.06 45.56 44.63 47.65 42.93
Ti0y 1.22 0.99 1.00 1.08 1.21 1.04 0.77 0.95 0.37 1.68
Al,04 8.42 7.15 7.31 7.43 8§.06 9.45 8.16 9.03 8.03 10.61
Cr203 = - - - - - - - - -

Fey04 5.24 6.18 7.65 6.67 5.63 7.55 7.13 7.24 4.88 7.65
FeO 12.65 10.78 9.85 10.43 11.97 11.15 10.36 10.46 12.26 10.87
MnO 0.76 0.81 0.74 0.88 0.78 0.95 0.88 0.90 0.88 0.83
MgO 10.73 12.03 12.07 11.91 11.31 10.47 11.45 11.02 11.06 10.37
Ca0 11.86 11.93 11.71 11.61 11.95 11.61 11.34 11.37 11.46 11.31
Na,0 1.04 0.95 1.08 1.07 1.06 1.17 1.10 1.08 0.91 1.35
K,0 0.91 0.63 0.70 0.70 0.90 1.00 0.8 0.93 0.72 1.12
H,0 1.97 1.99 1.97 1.99 1.99 1.98 1.98 1.88 1.92 2.00
F - - - - - - 0.08 0.28 0.21 0.02
Cl 0.07 0.07 0.10 0.09 0.04 0.06 - - 0.09 0.06
O=F - - - - - - 0.03 0.12 0.09 0.01
0=Cl 0.02 0.02 0.02 0.02 0.01 0.01 - - 0.02 0.01

Total 98.94 99.03 98.89 99.54 99.38 99.51 99.68 99.90 100.55 100.82

Si 6.65 6.80 6.70 6.79 6.67 6.48 6.76 6.64 7.00 6.36
AlLY 1.35 1.20 1.29 1.21 1.33 1.52 1.24 1.36 1.00 1.64
Fe3 - - 0.00 - R - - . R X

T site  8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
A1V 0.15 0.06 - 0.09 0.10 0.15 0.19 0.22 0.38 0.22
Fe3t 0.60 0.69 0.8 0.75 0.64 0.86 0.80 0.81 0.54 0.85
Ti 0.14 0.1 0.11 0.12 0.14 0.12 0.09 0.11 0.04 0.19
Cr - R R - ] - i - - -

Mg 2.42 2.68 2.70 2.64 2.53 2.35 2.53 2.44 2.42 2.29
Felt 1.60 1.35 1.23 1.30 1.50 1.40 1.29 1.30 1.51 1.35
Mn 0.10 0.10 0.09 0.11 0.10 0.12 0.11 0.11 0.11 0.10
Ca - - 0.00 - 0.00 0.00 - - - 0.00
M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn 0.00 0.00 - 0.00 - - 0.00 0.00 0.00 -

Ca 1.92 1.91 1.88 1.85 1.92 1.87 1.80 1.81 1.80 1.80
Na 0.08 0.09 0.12 0.15 0.08 0.13 0.20 0.19 0.20 0.20
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - R . ; - - - - R -

Na 0.22 0.19 0.20 0.16 0.23 0.21 0.12 0.12 0.06 0.18
K 0.18 0.12 0.13 0.13 0.17 0.19 0.16 0.18 0.13 0.21
A site  0.40 0.31 0.33 0.29 0.40 0.40 0.28 0.30 0.20 0.40
OH 1.98 1.98 1.97 1.98 1.99 1.98 1.96 1.87 1.8 1.98
F - - - - - - 0.04 0.13 0.10 0.01
c1 0.02 0.02 0.03 0.02 0.0l 0.02 - - 0.02 0.02
ng# 0.60 0.67 0.69 0.67 0.63 0.63 0.66 0.65 0.62 0.63
fe#t 0.27 0.34 0.41 0.37 0.30 0.38 0.38 0.38 0.26 0.39
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Table 6.--Amphibole analyses

510,
TiOz
Al,04
Cr203
F6203
FeO
MnO

Ca0l

O=F
0=Cl

Total

M4 site

Ca
Na

A site
OH
Cl

mg#
fe#

............................................................

O OO NOKHFO O+ DN [e>NeNe]

[N e

.03

.42
.58

.00

.34
.83
.15

.28
.29
.10

.00

.00
.79
.21
.00

.10
.21
.31

.90
.08
.02

.64
.39

o

OQOKHOHKFKFOW-N

[N

100.

LVOOHN [ NeNe]

NOH

[oNe]

65

.65
.35

.00

.16
.82
.14

.57
.22
.11
.00
.00

.80
.20
.00

.14
.17
.31

.87
.12
.01

.68
.40

[oNe

99.

[e))

O OO

N

OQOHrHOH

35

.64
.36

.00
.12
.82
.12

.51
.31

0.11

NOH+HO

[oNeNe

.00

.00
.83
.17
.00

.16
.18
.34
.85
.12
.03

.66
.38

[eNe)

N O+ LVOOHN O OO

[N o Ne]

O O K

.66

.73
.27

.00

.18
.80
.11

.54
.25
.11
.00
.00

.80
.20
.00

.09
.17
.26

.91
.08
.01

.67
.39

-
COHOKHKMMHOWO®

O
O o o

(e} = o

[oNoNe

NOOKHMN

.85

.67
.33

.00

.13
.92
.12

.61
.11
.11
.00
.00

1.77

N O

.23
.00

.10
.17
.27

.91
.07
.01
.70
.45

152

= S

COHOHHEFOWN

A0
O

© o

‘oo o

N o

[oNe

.06

.72
.28

.00

.16
.89
.07

.52
.25
.12
.00
.00

.83
.17
.00

.12
.15
.28

.87
.12
.01

.67
.42

o

QOHOHFNOO®W

[N

101.

NO KO O N [o>NeNe)

O OO

OO+

78

.64
.36

.00

.12
.99
.12

.61
.06
.11

.00

.00
.76
.24
.00

.10
.16
.26

.90
.07
.02

.71
.48

o

QCQOMNOHHNPMF O O

[eNe)

102

[+)}

[oNe N

N

.01

.81
.19

.00
.17
.87
.09

.59
.16

0.12

NOHO

[eNeNe)

(=N ey

.00

.00
.76
.24
.00

.06
.14
.20

.96
.03
.01

.69
.43

Table 6-28
279 280
46.58 45.51
0.71 1.06
8.17 8.s61
8.70 9.10
8.66 8.45
0.92 0.90
12.19 11.89
11.30 11.08
1.08 1.13
0.75 0.91
1.99 1.96
0.13 0.16
0.06 0.04
0.05 0.07
0.01 0.01
101.31 100.88
6.77 6.66
1.23 1.34
8.60 8.00
0.17 0.14
0.95 1.00
0.08 0.12
2.64 2.59
1.05 1.03
0.11 0.11
0.00 -
5.00 5.00

- 0.00
1.76 1.74
0.24 0.26
2.00 2.00
0.06 0.06
0.14 0.17
0.20 6.23
1.93 1.92
0.06 0.07
0.01 0.01
0.72 0.71
0.47 0.49



Table 6.--Amphibole analyses Table 6-29

510, 46.05 44.44 45.01 44.81 44.68 42,82 44.46 43.56 45.27 46.27
Ti0, 0.78 1.21 0.76 1.11 0.89 1.77 1.16 1.77 1.06 1.02
Al,04 8.21 8.85 8.8 8.82 8.53 11.70 9.11 11.02 8.29 8.29
cr203 = - = - - - = - = -

Fey04 8.50 7.62 6.83 7.02 7.21 7.13 7.17 6.42 7.21 6.27
FeO 8.92 10.28 10.88 11.41 10.75 8.61 10.27 8.81 9.45 9.80
MnO 0.89 0.83 0.91 0.91 0.88 0.68 0.77 0.64 0.78 0.79
MgO 12.08 11.41 11.36 11.08 11.25 11.80 11.65 12.19 12.25 12.53
Ca0 11.33 11.50 11.69 11.80 11.61 11.63 11.62 11.68 11.54 11.61
Na,0 1.09 1.217 1.14 1.10 1.08 1.55 1.26 1.59 1.19 1.27
K,0 0.85 0.99 0.95 0.97 0.95 0.81 1.06 0.70 0.90 0.88
H,0 1.98 1.94 1.94 1.94 1.94 1.95 1.94 1.94 1.96 1.92
F 0.13 0.15 0.18 0.16 0.10 0.20 0.14 0.19 0.12 0.28
Cl 0.03 0.07 - 0.05 0.09 - 0.09 0.08 0.07 o0.01
O=F 0.05 0.06 0.08 0.07 0.04 0.08 0.06 0.08 0.05 0.12
0=Cl 0.01 0.02 - 0.01 0.02 - 0.02 0.02 0.02 0.00

Total 100.90 100.58 100.40 101.27 100.03 100.73 100.78 100.69 100.15 101.06

Si, 6.73 6.58 6.67 6.61 6.65 6.28 6.56 6.38 6.68 6.75
Al;: 1.27 1.42 1.33 1.39 1.35 1.72 1.44 1.62 1.32 1.25
Fe - - - - - - - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
NN 0.1 0.12 0.18 0.14 0.15 0.30 0.15 0.28 0.12 0.18
Fe3+ 0.93 0.8 0.76 0.78 0.81 0.79 0.80 0.71 0.80 0.69
Ti 0.09 0.13 0.08 0.12 0.10 0.20 0.13 0.19 0.12 0.11
Cr - - - - - - - - - -

Mg 2.63 2.52 2.51 2.44 2.50 2.58 2.56 2.66 2.70 2.73
FeZ* 1.09 1.27 1.35 1.41 1.34 1.06 1.27 1.08 1.17 1.20
Mn 0.1r 0.0 0.11 0.11 0.11 0.08 0.10 0.08 0.10 0.10
Ca - 0.00 0.00 0.00 - - 0.00 - 0.00 -

M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn 0.00 - - - 0.00 0.00 - 0.00 - 0.00
Ca 1.77 1.82 1.86 1.86 1.85 1.83 1.8 1.83 1.82 1.82
Na 0.23 0.18 0.14 0.14 0.15 0.17 0.16 0.17 0.18 0.18
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - - - - - - - - - -

Na 0.08 0.17 0.18 0.18 0.16 0.27 0.20 0.28 0.17 0.17
K 0.1 0.19 0.18 0.18 0.18 0.15 0.20 0.13 0.17 0.16
A site 0.24 0.36 0.36 0.36 0.34 0.42 0.40 0.41 0.33 0.34
OH 1.93 1.91 1.92 1.91 1.93 1.91 1.91 1.89 1.93 1.87
F 0.06 0.07 0.08 0.07 0.05 0.09 0.07 0.09 0.06 0.13
Cl 0.01 0.02 - 0.01 0.02 - 0.02 0.02 0.02 0.00
mg# 0.71 0.66 0.65 0.63 0.65 0.71 0.67 0.7L 0.70 0.70
fe# 0.46 0.40 0.36 0.36 0.38 0.43 0.39 0.40 0.41 0.37
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Table 6.--Amphibole analyses

8102
TiOz
A1203
Cr203
F6203
FeO
MnO
MgO
Ca0
ga%O

2°¢
H20
F

Cl

O=F
0=Cl

Total

Si,

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
cl

mg#
fe#

e

COMFHOMFKHKFOO®W

[eNe]

100.

LMWOOHDN (ol o] (<)

N O

03

.61
.39

.00

.10
.01
.11

.60
.06
.11
.00
.00

.79
.21
.00

.10
.16
.26

.93
.06
.02

.71
.49

e
COHOHKIFOWO®

o O

100.

oo+ loNeNe] NOHO

[= ]

44

.65
.35

.00

.09
.95
.12

.60
.13
11

.00

.00
.80
.20
.00

.12
.16
.28

.91
.07
.02

.70
.46

o
OCOFHKHHKHRKFHOWO®

[eNe]

99.

Lo oHN [oNeN o] o

N O -

79

.51
.49

.00

.12
.98
.12

.54
.14
.11
.00
.00

.79
.21
.00

.17
.20
.37

.95
.03
.03

.69
.46

o
COHKHKFHPRHOO®W

[eNe]

100.

- o\

o O

OO ' OO0 NO O

o O

13

.54
.46

.00

.12
.08
11

.57
.02
.11

.00

.00
.76
.24
.00

.10
.19
.29

.87
11
.02

.71
.51

o O

100.

()

OO O NOMO w O =N O OO

O O

OO M O M

68

.72
.28

.00

.13
.82
.10

.59
.24
1

.00

.00
.83
.17
.00

.12
.17
.30

.87
A1
.01

.68
.40

oo oo

NO— OO =N

.61

.58
.42

.00

.16
.82
.12

.55
.24
.10
.00
.00

.82
.18
.00

.19
.17
37

91
.08
.01

.67
.40

o
COFHOKFHKRHO®W

o o

100.

LVOOHN o MO (<)

N OB

01

.54
.46

.00

.07
.03
.12

.58
.07
.11
.00
.00

.80
.20
.00

.13
.18
31

91
.07
.02

.71
.49

el
COHOHKHEFOWVW

[eNe]

100.

LWOOoOHN OO [«

N O

26

.57
.43

.00

.08
.01
.10

.57
.13
11
.00
.00

.82
.18
.00

.14
.18
.32

.89
.09
.02

.69
47

Table 6-30
299 300
44.06 45.80
1.05 0.63
9.09 7.45
9.51 9.06
9.16 8.00
0.87 0.91
11.25 12.58
11.26 11.43
1.17 1.01
0.98 0.72
1.97 1.88
0.06 0.29
0.10 0.07
0.03 0.12
0.02 0.02
100.58 99.96
6.52 6.76
1.48 1.24
8§.00 8.00
0.10 0.06
1.06 1.01
0.12 0.07
2.48 2.77
1.13 0.99
0.11 0.11
5.00 5.00
0.00 0.00
1.78 1.81
0.22 0.19
2.00 2.00
0.12 0.10
0.18 0.14
0.30 0.23
1.95 1.85
0.03 0.14
0.03 0.02
0.69 0.74
0.48 0.50



Table 6.--Amphibole analyses

5%02
T102
Cr203
F3203
FeO
MnO
MgO
Ca0
Ilia%O
H%OC
F

cl

O=F
0=Cl

Total

Si.

Mn
Ca
Na
M4 site

Ca
Na
K
A site

OH
F
Cl

mg#
fe#

el

OCOFROFRHFMFOWVWY

o O

100.

O H+H O [+)}

LNMOOHN

60

.68
.32

.00

.12
.00
.05

.60
.13
.11
.00
.00

1.83

N O

o O

[N e}

.17
.00

.14
.13
.28

.80
.19
.01

.70
.47

302 303
44,52 44.16
1.17 1.13
8.95 8.92
7.90 8.66
9.97 9.69
0.95 0.90
11.25 11.14
11.40 11.22
1.12 1.16
0.93 1.02
1.87 1.87
0.28 0.25
0.07 0.11
0.12 0.11
0.02 0.02
100.51 100.37
6.59 6.56
1.41 1l.44
8.00 8.00
0.15 0.12
0.88 0.97
0.13 0.13
2.48 2.47
1.23 1.20
0.12 0.11
5.00 5.00
0.00 0.00
1.81 1.79
0.19 0.21
2.00 2.00
0.13 0.12
0.18 0.19
0.31 0.31
1.85 1.85
0.13 0.12
0.02 0.03
0.67 0.67
0.42 0.45

o o

101.

<))

O N

NN OO

COHMH

00

.63
.37

.00

.18
.84
.12

.51
.24
.10

.00

.00
.78
.22
.00

0.13

‘oo

o o

.19
.32

.83
.14
.03

.67
.40

11.

[N o)

100.

()

[N eNe] NO O (%] OoOHN

O O+

O O M=

94

.62
.38

.00

.19
.86
1

.48
.25
11

.00

.00
.77
.23
.00

.12
.21
.33

.89
.09
.02
.66
41

155

o o

101.

O OO o

LUOOH+HEN

COHFHKHIPMHMKFOWVO®

50

.53
.47

.00

.21
.96
.11

.41
.21
.10
.00
.00

.80
.20
.00

.10
.19
.29

.83
.16
.01

.67
.44

o o

99.

OOHOH

85

.01
.99

.00
.15
.47
.10

.92
.30

0.06

NO PO

o O [eNeoNel

o

.00

.00
.83
.17
.00

.21
.13
.34

.67
.32
.01

.69
.27

[oNe)

100.

o))

[eNeoNe]

=N

[cNeN Nl o

07

.85
.15

.00
.15
.53
.11

.89
.26

0.06

wv

N OO

.00

.00
.89
.11
.00

0.25

O O+

o O

.12
.36

.74
.24
.02

.70
.30

Table 6-31
309 310
46.84 45.66
0.55 0.63
7.67 8.15
9.20 8.77
7.10 8.23
1.15 1.25
13.00 12.21
11.20 11.39
1.23 1.16
0.67 0.78
1.96 1.94
0.22 0.20
0.01 0.02
0.09 0.08
0.00 0.00
100.89 100.48
6.80 6.71
1.20 1.29
8§.00 8.00
0.12 0.12
1.01 0.97
0.06 0.07
2.81 2.67
0.86 1.01
0.14 0.16
5.00 5.00
0.00 0.00
1.74 1.79
0.26 0.21
2.00 2.00
0.09 0.12
0.12 0.15
0.21 0.27
1.90 1.90
0.10 0.09
0.00 0.00
0.77 0.73
0.54 0.49



Table 6.--Amphibole analyses Table 6-32

$i0, 44.82 45.27 48.24 46.50 46.80 45.19 43.90 45.21 45.13 42.53
Ti0, 0.87 0.51 0.94 1.13 1.14 1.02 0.99 0.88 0.98 3.67
1,0, 8.87 8.39 6.33 7.78 7.08 8.17 8.77 8.11 8.52 10.64
Cr0; - - - - - 0.04 - - - -

Fey03 9.53 9.19 7.73 7.29 7.88 6.67 6.62 5.82 6.68 4.30
Fed 7.93  7.42 6.37 7.65 7.76 1%.02 11.91 12.27 11.73 10.45
MnO 1.28 1.27 1.14 1.33 1.31 0.63 0.65 0.63 0.63 0.45
Mgo 11.92 12.23 14.68 13.39 13.05 10.89 11.11 11.45 11.36 11.97
Ca0 11.34 11.32 11.66 11.66 11.26 11.62 11.42 11.60 11.37 11.06
Na,0 1.17 1.06 1.13 1.24 1.20 0.97 1.8 1.58 1.60 2.14
Ky0, 0.90 0.72 0.57 0.73 0.67 0.92 0.98 1.00 1.13 0.96
H,0 1.91 1.90 2.08 2.06 2.05 1.36 1.40 1.45 1.46 2.03
F 0.26 0.26 - - - 1.36 1.26 1.18 1.19 -

c1 0.03  0.02 - - - 0.05 0.03 0.03 0.04 -

0=F 0.11 0.11 - - - .57 0.53 0.50 0.50 -

0=Cl 0.01 0.00 - - . .01 0.01 0.0l 0.01 -

Total 100.95 99.68 100.87 100.76 100.20 101.49 101.41 101.71 102.33 100.20
Si, 6.58 6.69 6.94 6.75 6.84 6.72 6.56 6.70 6.65 6.28
a1zY 1.42 1.31 1.06 1.25 1.16 1.28 1.44 1.30 1.35 1.72
Fe . - - - - - - - - -

T site  8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
a1Vt 0.1 0.15 0.01 0.09 0.06 0.15 0.10 0.12 0.13 0.13
Fe3* 1.05 1.02 0.8 0.80 0.87 0.75 0.74 0.65 0.74 0.48
Ti 0.10 0.06 0.10 0.12 0.13 0.11 0.11 0.10 0.11 0.41
cr . - - - - 0.00 - - - -

Mg 2.61 2.69 3.15 2.90 2.84 2.41 2.47 2.53 2.50 2.64
Fe2t 0.97 0.92 0.77 0.93 0.95 1.49 1.49 1.52 1.45 1.29
Mn 0.16 0.16 0.14 0.16 0.16 0.08 0.08 0.08 0.08 0.06
Ca 0.00 - - 0.00 . - 0.00 - 0.00 -

M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn - 0.00 0.00 - 0.00 0.00 - 0.00 - 0.00
Ca 1.78 1.79 1.80 1.81 1.76 '1.85 1.83 1.84 1.80 1.75
Na 0.22 0.21 0.20 0.19 0.24 ©0.15 0.17 0.16 0.20 0.25
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca - - - . - - - . . .

Na 0.12 0.10 0.1 0.16 0.10 0.13 0.36 0.30 0.25 0.36
K 0.17 0.14 0.10 0.14 0.12 ©0.17 0.19 0.19 0.21 0.18
A site  0.28 0.23 0.22 0.30 0.23 [0.30 0.55 0.49 0.46 0.54
OH 1.87 1.87 2.00 2.00 2.00 1.35 1.40 1.446 1.44 2.00
F 0.12 0.12 - . - 0.66 0.60 0.55 0.55 .

c1 0.01 0.01 - - - 0.01 0.01 0.0l 0.01 -

mg# 0.73 0.75 0.80 0.76 0.75 (0.62 0.62 0.62 0.63 0.67
fe# 0.52 0.53 0.52 0.46 0.48 0.33 0.33 0.30 0.34 0.27

|
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Table 6.--Amphibole analyses Table 6-33

------------------------------------------------------------

510, 44.01 41.33 45.99 42.19 41.94 46.40 44.49 46.34 43.08 47.52
T10, 2.90 3.23 1.29 3.31 3.42 1.30 1.93 1.66 2.17 1.15
Al,0,  10.18 10.70 7.35 10.58 10.98 6.78 8.61 7.74 11.00 7.95
Cry03 - - - - - - - - 0.04 -

Fey03 6.13 6.88 7.17 5.37 7.12 11.61 9.15 8.67 7.13 9.26
FeO 10.37 9.24 11.06 11.29 8.82 6.68 8.75 8.78 9.38 5.61
MnO 0.47 0.31 0.66 0.51 0.43 0.63 0.56 0.54 0.40 0.42
Mg0 11.35 11.66 11.29 11.18 11.82 12.52 12.06 12.28 11.46 14.11
Ca0 10.52 10.84 11.11 11.17 10.88 10.21 10.90 10.65 11.84 11.74
Na,0 1.98 2.05 1.19 2.07 2.0l 1.43 1.72 1.56 0.96 0.52
K0, 0.96 0.95 0.60 0.90 0.87 0.48 0.72 0.61 0.70 0.34
H,0 2.05 2.00 2.02 2.02 2.03 2.05 2.05 2.06 1.97 2.04
F - - - - - - - - 0.0 0.08
cl - - - - - - - - 0.20 0.07
O=F - - - - - - - - 0.02 0.03
0=C1 - - - - - - - - 0.05 0.02

Total 100.91 99.19 99.73 100.59 100.32 100.08 100.93 100.89 100.43 100.87

Si, 6.44 6.18 6.82 6.25 6.18 6.79 6.52 6.74 6.34 6.80
ALY 1.56 1.82 1.18 1.75 1.82 1.17 1.48 1.26 1.66 1.20
Fe3t - - - - - 0.04 - - - -

T site 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
A1Vt 0.20 0.07 0.11 0.10 0.09 - 0.00 0.07 0.25 0.14
Feot 0.7 0.77 0.80 0.60 0.79 1.23 1.01 0.95 0.79 1.00
Ti 0.32 0.36 0.14 0.37 0.38 0.14 0.21 0.18 0.24 0.12
Cr - - - - - - - - 0.00 -

Mg 2.48 2.60 2.50 2.47 2.60 2.73 2.63 2.66 2.51 3.01
Fel* 1.27 1.16 1.37 1.40 1.09 0.82 1.07 1.07 1.15 0.67
Mn 0.06 0.04 0.08 0.06 0.05 0.08 0.07 0.07 0.05 0.05
Ca - - - - - - - - - 0.00
M1,2,3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

Ca 1.5 1.74 1.77 1.77 1.72 1.60 1.71 1.66 1.87 1.80
Na 0.35 0.26 0.23 0.23 0.28 0.40 0.29 0.34 0.13 0.14
M4 site 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.94
Ca - - - - - - - - - -

Na 0.22 0.33 0.11 0.37 0.29 0.01 0.20 0.10 0.14 -

K 0.18 0.18 0.11 0.17 0.16 0.09 0.13 0.11 0.13 0.06
A site 0.39 0.51 0.22 0.54 0.46 0.10 0.33 0.21 0.27 0.06
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.93 1.95
F - - - - - - - - 0.02 0.04
cl - - - - - - - - 0.05 0.02
mg# 0.66 0.69 0.65 0.64 0.70 0.77 0.71 0.71 0.69 0.82
fe# 0.35 0.40 0.37 0.30 0.42 0.61 0.48 0.47 0.41 0.60
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Table 6.--Amphibole analyses

SiOZ
Ti02
Cr203
F3203
FeO
MnO
MgO
Ca0

O=F
0=Cl

M4 site

A site
OH

Cl

mg#
fe#

[« N ]

102,

= oN

O OO NOHO w OCOMNMNOOOO oo

o O+

OCOMNO

13

.42
.58

.00

.28
.74
.24
.00
.73
.99
.03

.00

.00
.78
.22
.00

.19
.12
.31

.94
.04
.02

.73
.43

99.

o))

88

.42

1.58

oo

LVOOPRPRMNOOOO

N O+

[eNoNel

.00

.27
.72
.26
.01
.49
.21
.04
.00
.00

.83
.17
.00

.14
.10
.23
.97
.03

.67
.37

[oNe

98

H
OCONOMHN

.49

.99

2.01

oo

LVOOOWOOOO

NO

.00

.36
47
.34
.01
.01
.79
.02
.00
.00

.98
.02
.00

.38
.12
.50

.97
.02
.01

.79
.37

44 .88 42.11.
0.56 2.93
10.76 13.13
0.17 o0.11
7.40 2.51
4.14 7.20
0.18 0.05
15.09 14.11
11.86 12.22
1.56 1.88
0.56 0.63
2.0 1.99
0.04 0.10
0.05 0.03
0.02 0.04
0.01 0.01
99.31 99.06
6.50 6.16
1.50 1.84
8.00 8.00
0.33 0.42
0.81 0.28
0.06 0.32
0.02 0.01
3.26 3.08
0.50 0.88
0.02 o0.01
- 0.00
5.00 5.00
0.00 -
1.84 1.92
0.16 0.08
2.00 2.00
0.28 0.45
0.10 0.12
0.38 0.57
1.97 1.95
0.02 0.05
0.01 0.01
0.87 0.78
0.62 0.24
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Table 6.--Amphibole analyses

Analysis no.

]

il
NNI\)MNNNNNNMNNNNNNMMNMMNNNNMNNNNNMNNMMMNMMNNNI—‘k—‘b—‘t—‘t—‘t—‘l:
[=

SAMPLE KEY
Sample no.
707-78-1
707-78-1
707-78-1
707-78-1
707-78-1
707-78-1
727-78-4
727-78-4
727-78-4
730-80-3
730-80-3
730-80-3
730-80-3
730-80-3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
Calvert3
313-1
313-1
313-1
313-1
313-1
313-1
313-1
313-1
313-1
313-1
313-1
BH9800
BH9800
BH9800
BH9800
BH9800
BH9800
BH9800
BH9800
BH9800
107-1
107-1
107-1
107-1
107-1

159

Description

HB
HBL-1
HB1-2
HB1L-3
HB2

HB3

HB1

HB2

HB3
HBL-1
HB1-2
HB2-1
HB2-2
HB3
HB1-1
HB1-2
HB2-1
HB2-2
HB2-3
HB2-4
HB2-5
HB3-1
HB3-2
HB3-3
HB3-4
HB1
HB1-1
HB1-2
HB1-2
HB1-2
HB1-3
HB1-3
HB1-3
HB1-5
HB Al-1
HB Al-2
HB D1
HB D2-1
HB D2-2

(3)

gr
(2)

br (2)
gr (2)
(3)

(3)



Table 6.--Amphibole analyses

SAMPLE KE
Analysis no. Group Sample . Description
51 2 107-1 HB D3 (3)
52 2 107-1 HB D& (3)
53 2 107-1 HB1-1 c/PX (2)
54 2 107-1 HB1-1 r (2)
55 2 107-1 HB1-2 c (2)
56 2 107-1 HB1-2 r/PG (2)
57 2 107-1 | HB2-1  c¢/PX
58 2 107-1 | HB2-2
59 2 547-1 | HB [BT2]
60 2 547-1 HB Gl-1 ¢ (2)
61 2 547-1 HB G1-2 r
62 2 547-1 HB G2-1
63 2 547-1 HB G2-2
64 2 547-1 HB G2-3
65 2 547-1 HB X1-1 r
66 2 547-1 HB X1-2
67 2 547-1 HB1-1 c (2)
68 2 547-1 HB1-1 c/PX (2)
69 2 547-1 HB1-2 r (2)
70 2 547-1 HB1-2 r
71 2 547-1 HB2-1 c
72 2 547-1 HB2-1 c
73 2 547-1 i HB2-2 r
74 2 547-1 HB2-3 m
75 2 0130 HB1-1 r/Q
76 2 0130 HB1-2 c
77 2 0130 HB2-1 c
78 2 0130 HB2-2 r/Q
79 2 0131 ! HB1-1 c (2)
80 2 0131 HB1-3 r
81 2 0131 | HB2-1 c
82 2 0131 : HB2-2 r
83 2 0131 HB3-1 c
84 2 0131 HB3-2 r/Q
85 2 0131 HB4-1 c
86 2 0131 HB&4-2 r/KF
87 3 110-2 HB1-2 r
88 3 110-2 HB1-3 r
89 3 110-2 HB2
90 3 110-2 HBS-1
91 3 110-2 HB5-2
92 3 785-5 . HB1 (3)
93 5 121-1-78 HB1-1
94 5 121-1-78 HB1-2
95 5 121-1-78; HB1-3
96 5 121-1-78. HBl-4
97 5 121-1-78 HB2 (3)
98 5 121-1-78 HB3-1 c (3)
99 5 121-1-78 HB3-2 r
100 5 121-1-78 HB3-3 r
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Table 6.--Amphibole analyses

Analysis no.

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

[}
H
U'lU\U'IU‘IU'IU‘lU'lU\LﬂU‘IU'IU'IU'IU"LHLHU’\U“LHU‘IU‘\U\U\U1U‘\U1U1U‘\U‘IU1U1U!U1U1U\U1U|U1U1U1U!U1U1U1U!U1U1U!U1U11§

SAMPLE KEY
Sample no.
342-1
342-1
342-1
342-1
342-1
342-1
342-1
342-1
342-1
697-1
697-1
697-1
697-1
697-1
697-1
697-1
704-1
704-1
704-1
704-1
704-1
704-1
704-1
881-1-78
881-1-78
881-1-78
881-1-78
1272-2
1272-2
1272-2
1272-2
1272-2
1272-2
1272-2
1272-2
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1
1345-1

16l

Description

HB 1-2
HB Al
HB Al-1
HB Al-2
HB D1
HB D1-1
HB D1-2
HB D2
HB1-1
HB 2-3
HB1-1
HB1-2
HB1-3
HB2-1
HB2-2
HB3 /BT
HB Bl-1
HB B1-3
HB El1
HB 03
HB 04-1
HB 04-2
HB 04-3
HB2

HB3

HB4

HB S1
HB S1-1
HB S1-2
HB S1-3
HB S2-1
HB S2-2
HB S2-3
HB1-1
HB1-2
HB Al-1
HB Al-1
HB Al-2
HB Al-3
HB Al-4
HB Al-5
HB Al-6
HB Al-7
HB Al-8
HB Al-9
HB Bl-1
HB B1-2
HB B1-3
HB Bl-4
HB B1-5

r/PG
(2)
c

r

H

(2)

gonrB8o0onRO0

~~
-

QR W

¢ [KF]
r/KF
r/KF
r/KF

m [KF]
r/KF

88 08



Table 6.--Amphibole analyses

Analysis no.

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

[P)
I~
(o]
[of

LU uuvLLLLLLLLLLUOULLLLLLUULLLLULLLULLULLLULLUOULVLLLLLLULLLLULLLLULULLUOLLLULLLLULLULTWULT LT UL LY LT D

162

Description

HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB
HB

B1-6
Ccl-1
cl-1
Ccl-2
Ccl-3
Cl-4
Cl-5
Ccl-6
Ccl-7
Cl-8
Ccil-9
AAl-1
AAl-2
Gl-1
Gl-2
Gl-4
G1l-5
Gl-6
S2
S3
sS4
S5

HB1-1
HB1-2

HB
HB
HB

S1
S2
S3

HB1

HB2-1
HB2-2
HB3-1
HB3-2
HB4-1
HB4-2
HB5-1
HB5-2
HB1-1
HB1-1
HB1-2
HB1-2
HB1-3
HBl-4
HB1-5
HB1-6
HB1-7
HB2-1
HB2-2
HB3-1
HB3-2
HB3-3

r

RROOOKRBOOOR

2]

(3)

0O 0 R R



Table 6.--Amphibole analyses

Analysis no.

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

Q
Ia]
[}
(=1

e e A RO AR RO A AN AN ) W =AW= a W= AW )W« )0« AW« AW« N« X+ AN'o AW« AW« AW« AW« )W ) Wi ) e ) W« ) WS \R00 )N W e A Je AN Ao W A e B0 A RS A B A SRS A SRS A

SAMPLE KEY

Sample no.

1119-1
1119-1
1119-1
1119-1
1119-1
1119-1
1119-1
1119-1
1228-1
1228-1
1228-1
1228-1
1293-1
1293-1
1293-1
1293-1
1293-1
1293-1
1293-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-1
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
8-15-82-6
BH9850
BH9850
BH9850
BH9850
BH9850
BH9850
BH9850
BH9850
BHI9850
BH9850
Mono Ck

163

Description
HB1-1 c

HB1-2 r
HB2-1 c [ALL]
HB2-2 r/ALL
HB3-1 c (2)
HB3-2 r
HB3-3
HB4

HB S1-1
HB S1-2
HB S1-3
HB S2-2
HB1-1
HB1-2
HB2-1
HB2-2
HB3 c
HB4-1 c
HB4-2 r
HB1-1 r/Q (3)
HB1-2 c (3)
HB2-1 c
HB2-2 m
HB2-3 r/KF
HB3-1 m [KF]
HB3-2 ¢ [KF)
HB3-3 m [KF]
HB3-4  r/ KF
HB Bl1-1 r/Q

HB B1-1 r/Q

HB Bl-4
HB Bl1-7
HB M1-3
HB Ml-4
HB M1-5
HB T1l-1
HB T1-2
HB1-6
HBl-6
HBL
HB3-1
HB3-2
HB4
HB5-1
HB5-2
HB6

HB7 (2)
HB8

HB9 c
HB A2-1 ¢

(3)

HRE 008K

o000 BOOO
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Table 6.--Amphibole analyses

Analysis no.

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

2]

(]
O\O\O’\O\O\O\O\C\C\C\O\O\O\C\O\C\0‘\0’\0\0\0\O\O\O\O\O\C\C\O\O\O\C\O\O\C\O\O\O\O\O\O\G\O\O\O\O\O\O\O\O\IZ

(=

SAMPLE KH
Sample 1

Mono
Mono
Mono
Mono
Mono
Mono
Mono
Mono

MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-
MT83-

l64

Ck
Ck
Ck
Ck
Ck
Ck

1Y
lo.

Ck

Ck
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Description

HB

HB

HB

HB

HB

HB

HB

HB

HB1
HB1
HB2
HB2
HB2
HB2
HB2
HB3
HB4
HB4
HBS5
HBS5
HBS
HB5
HBS
HB6
HB6
HB6
HB1
HB1
HB1
HB1
HB1
HB1
HB1
HB2
HB2
HB2
HB2
HB2
HB2
HB2
HB3
HB3
HB3
HB3
HB4
HB4
HBS
HB6
HB6
HB6

A2-2
Cl-1
Cl-2
D2-1
D2-2
D2-3
El-1
E1-2
-1
-2
-1
-2
-3
-4
-5
-1
-1
-2
-1
-2
-3
-4
-5
-1
-2
-3

0
1-1
1-2
1-3
1-4
-1
-2
a-1
a-2
-1
-2
-3
-4
-5
-1
-2
-3
-4
-1
-2

-1
-2
-3

r

OoHRHROOR



Table 6.--Amphibole analyses

SAMPLE KEY

Analysis no. Grou Sample no. Description
301 6 MT83-2 HB6-4 r/PG
302 6 MT83-2 HB7-1 r/Q
303 6 MT83-2 HB7-2 c
304 6 MT83-2 HB8-1 c
305 6 MT83-2 HB8-2 r
306 6 MT83-2 HB9 c
307 7 1357-1 HB A2-1
308 7 1357-1 HB A2-2 c
309 7 1413-1 HB1-1 c
310 7 1413-1 HB1-2 r/KF
311 7 1413-1 HB2-1 c
312 7 1413-1 HB2-2 r/PG
313 7 BC HB1-1
314 7 BC HB1-2
315 7 BC HB1-3
316 9 516-1 HB Al [RF] (2)
317 9 516-1 HB1-1 c (3)
318 9 516-1 HB1-2 r (2)
319 9 516-1 HB2-1 c (3)
320 10 984-1 HB1-1 c
321 10 984-1 HB1-2 r
322 10 984-1 HB2-1 c
323 10 984-1 HB2-2 r
324 10 984-1 HB2-3 c
325 10 984-1 HB2-4
326 10 984-1 HB3-1
327 10 984-1 HB3-2
328 10 984-1 HB3-3
329 10 813-78-3 HB1-1 (2)
330 10 813-78-3 HB1-2 (2)
331 10 813-78-3 HB2 (3)
332 10 813-78-3 HB3 (3)
333 10 827-78-16 HB1 (3)
334 10 827-78-16 HB2 (3)
335 10 827-78-16 HB3 (3)
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Sphene

Table 7 lists 43 microprobe analyses for sphene. No data are avail-
able on the oxidation state of iron in the Pioneer sphenes, so total iron
is reported as Fe,04, the most common oxidation state for iron in natural
sphenes (Higgins and Ribbe, 1976). A number of the analyses have low
oxide weight percent totals, but are included in the data set with the
cautionary note that other elements, especially rare earth elements, which
were not sought in these analyses, may be present. Similarly, most natu-
ral sphene contains 0.5 to about 1.2 weight percent water. Deer and
others (1982), citing the crystal chemical study of Higgins and Ribbe
(1976), recommended calculation of numbers of ions for microprobe analyses
of sphene on the basis of normalization to a fixed number of silicon
cations, either 1 Si for the CaTiSiOA(O,OH,F)jformula, or 4 Si for the
unit cell formula. This normalization restricts tetrahedral site occupan-
cy to silicon; aluminum and ferric iron are grouped with titanium in
octahedral coordination.
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Table 7.--Sphene analyses

[Total iron reported as Fe,04; cations normalized to 4 Si]

Analysis

5%02
T102
A1203
Fe203
MnO
MgO
Ca0l
Na20
F

O=F

Total

Si

Ti
Al
Fe

Mn
Mg
Ca
Na

94.33

4.00

3.48
0.13
0.23

3.85

0.01
3.83
0.01

3.85

4.00

3.70
0.23
0.13

4.05

0.01
0.04
4.02
0.01
0.01

4.09

0.08

4.00

3.43
0.23
0.17

3.83

0.01

3.85
0.01

3.87

0.08

4.00

3.46
0.24
0.12

3.83

4.00

0.12

4.00
3.38

0.26
0.18

3.82

0.01

3.84
0.00

3.86

0.10

167

95.35

4.00

3.76
0.16
0.11

4.03

0.01
3.83
0.06
0.03

3.93

96.30

4.00

3.80
0.18
0.19

4.16

0.01
3.89
0.05
0.01

3.96

97.48

4.00

3.66
0.19
0.20

4.06

0.01
3.89
0.01
0.01

3.92

Table 7-1
9 10
29.79 30.18
37.01 36.90
1.28 1.18
1.43 1.72
0.07 0.02
27.71 26.98
0.33 0.19
0.04 0.10
97.66 97.27
4.00 4,00
3.74 3.68
0.20 0.18
0.14 0.17
4.08 4.03
0.01 0.00
3.99 3.83
0.09 0.05
0.01 0.02
4,09 3.90



Table 7.--Sphene analyses

Analysis

SiOz
T102
Fe 203
MnO
MgO
Ca0
Na20
KZO
F

0=F

Total

Si
Ti

Al
Fe

Mn
Mg

Na

96.26

4.00
3.48

0.23
0.11

3.82

0.01

3.85

3.87

0.05

4.00

3.57
0.20
0.13

3.90

4.06

0.26

4.00
3.46

0.22
0.14

3.82

0.02

4.00

4.02

0.18

96.34

4.00

3.49
0.17
0.15

3.81

0.01

3.75
0.01

3.77

0.13

94.04

4.00
3.42

0.26
0.18

3.87

0.01

3.77
0.01

3.79

0.08

168

4.00
3.42

0.21
0.18

3.81

0.01

3.81

3.82

0.11

4.00
3.48

0.17
0.19

3.83

0.01

3.78

3.79

0.03

Table 7-2
19 20
31.05 30.11
35.95 34.09
1.20 1.51
1.90 1.90
0.19 0.08
28.25 26.85
98.54 94.54
4.00 4.00
3.48 3.41
0.18 0.24
0.18 0.19
3.85 3.83
0.02 0.01
3.90 3.82
3.92 3.83



Table 7.--Sphene analyses

Analysis

8%02
TlOZ
A1203
F6203
MnO
MgO
Ca0
Na20
K20
F

O=F

Total

Si

Ti
Al
Fe3+

Mn
Mg
Ca
Na

100.31

4.00

3.06
0.64
0.20

3.90

0.01
0.01
4.24

0.00

4.26

97.19

4.00

3.52
0.21
0.18

3.92

0.00
4.21
0.01

4.23

96.88

4.00

3.46
0.25
0.25

3.95

0.04
0.01
4.08
0.05
0.01

4.19

4.00

3.17
0.41
0.11

3.68

0.03
3.70
0.00
0.02

3.75

0.22

97.77

4.00

3.66
0.25
0.20

4.11

0.00

4.04
0.05
0.00

4.09
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93.53

4.00

3.61
0.25
0.21

4.07

0.02
0.04
3.88
0.00

3.94

94.38

4.00

3.63
0.22
0.15

4.00

0.02
0.02
3.86

0.01

3.91

95.89

4.00

3.61
0.20
0.15

3.95

0.03
0.03
3.95
0.02
0.01

--- -

4.03

Table 7-3
29 30
30.28 30.26
36.99 36.92
1.76 1.56
1.29 1.13
0.23 0.21
31.74 28.07
0.15 0.13
0.09 0.08
102.53 98.36
4,00 4.00
3.67 3.67
0.27 0.24
0.13 0.11
4.08 4,03
0.03 0.02
4.49 3.98
0.04 0.03
0.02 0.01
4.57 4.05



Table 7.--Sphene analyses

Analysis

S%Oz
T102
Fe 203
MnO
Mg0
Ca0
Na20
KZO
F

O=F

Total

Si

Ti
Al
Fe

Mn
Mg
Ca
Na

31

4.00

3.20
0.22
0.10

3.52

0.01

3.59
0.04

3.64

0.21

4.00

3.26
0.23
0.12

3.61

3.62
0.01
0.03

3.66

0.13

97.77

4.00

3.66
0.25
0.20

4.11

0.00

4.04
0.05
0.00

4.09

94.61

4.00

3.61
0.22
0.17

4.00

0.03
0.03
3.90
0.01
0.01

3.96

4.00

3.17
0.41
0.11

3.68

0.03
3.70
0.00
0.02

- -

3.75

0.22
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95.75

4.00

3.58
0.13
0.14

3.85

3.94
0.05
0.02

4.01

94.

3

3.86

OO wWw

Table 7-4

39 40
31.68 32.23
25.95 25.61
10.18 10.66
1.20 1.50
0.03 0.07
0.03 0.06
29.41 29.98

0.05 -
3.91  4.07
1.65 1.71
100.79 102.47
4.00 4.00
2.46 2.39
1.51 1.56
0.11 0.14
4.09 4.09
0.00 0.01
0.01 0.01
3.98 3.99

0.01 -
4.00 4.00
1.56 1.60



Table 7.--Sphene analyses

Table 7-5

Analysis 41 42 43

5i0, 32.86 30.44 30.15
TiO, 25.58 33.79 32.69
Al,04 10.22 1.50 1.31
Fe,y04 1.10 1.83 2.34
MnO 0.02 0.07 0.24
MgO 0.09 - 0.03
Ca0 29.84 28.31 27.76
Na,0 0.02 - -

K50 - 0.02 0.03
F 3.91 0.38 0.63

O=F 1.65 0.16 0.26

Total 101.99 96.18 94.92

si 4.00 4.00 4.00
Ti 2.3 3.34 3.26
Al 1.47 0.23  0.20
Fe3t 0.10 0.18 0.23

3.91 3.75 3.70

Mn 0.00 0.01 0.03
Mg 0.02 - 0.01
Ca 3.89 3.99 3.95
Na 0.00 - -

K - 0.00 0.01

3.91 4.00 3.98

F 1.51 0.16 0.26
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Table 7.--Sphene analyses

Analysis no.

]
]
\O\OWWNONONO\O\O\O\O\O\ONGNO\O\O\O\O\UlU'IU'lU\UIU'IUlUlU'lUlU‘U‘lU\U\U\WU‘IU\NNNNMlg

SAMPLE KEY

Sample no.

107-1
547-1
547-1
547-1
547-1
342-1
342-1
342-1
342-1
342-1
881-1
881-1
881-1
FG

FG

FG

FG

FG

FG

FG

weC

weC

wC
1119-1
1119-1
1119-1
1119-1
1119-1
1119-1
1119-1
1119-1
1293-1
1293-1
1293-1
1293-1
BH9850

Mono Ck
Mono Ck

32-1
32-1
32-1
516-1
516-1
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TI
TI
TI
TI

I

]
N

'
NP W P

NP WNEFENPRPRPRPPOLONPUESEPFWWOWWLONENWARERNOOOVMPEPEWNRHEWNRPPAPLONHPPPWLONDPE -

Description

(HB]
(3)

(2)
(BT]

(3
(3)
(3)
(3)
(3)
r/BT
(3)
[CH]

/BT
[EP]
[BT]

[PG]
(BT]

(BT]
(EP]
(2)

r/0P

(3)

(2)
(3)



Apatite

A small number of apatite analyses (table 8) were obtained for
representative samples of the major groups of plutons from the Pioneer
batholith. Cations are computed on the basis of 12.5 oxygens per anhy-
drous formula unit, ideally Ca5(P04)3(OH,F,Cl). Fluorine appears to be
the dominant anion in these apatites; however, small amounts of structural
water are probably present. In addition, rare earth elements other than

those measured may substitute for calcium.
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Table 8.--Apatite analyses

[Total iron reported as FeO; cations computed on 12.5 O basis]

&~ wn
o o OCOULMOOOOO

o+

Analysis 1 2 3 4 5 6

$i0, 0.14 0.25 0.32 0.26 0.20 0.25
FeO 0.18 1.24 0.61 0.13 0.19 0.20
MnO 0.11 0.12 0.11 0.10 0.05 0.08
MgO 0.29 0.29 0.27 0.26 0.20 0.2
TiO, 0.03 0.07 - - 0.03 o.oE
Ca0 55.94 54.84 55.08 55.14 55.54 53.8

Na,0 0.10 0.07 0.07 0.05 0.08 0.07
Sr0 0.05 0.03 0.08 07 - -

Lay04 - - 0.17 - 0.02 0.05
Ce,04 0.09 0.08 0.31 0.21 0.12 0.16
Y50, - - - - 0.06 -

P,05 41.97 42.17 40.10 41.02 42.26 40.20
F 1.78 1.53 2.22 1.72 2.67 1.65
cl 0.06 0.09 0.15 0.06 0.03 0.05
O=F 0.75 0.64 0.94 0.72 1.12 0.70
0=Cl 0.01 0.02 0.03 0.01 0.01 0.01

Total 99.96 100.12 98.52 98.29 100.32 96.16

Si 0.01 0.02 0.03 0.02 0.02 0.02
Felt 0.0l 0.09 0.04 0.01 0.01 0.01
Mn 0.01 0.01 0.01 0.01 0.00 0.01
Mg 0.04 0.04 0.03 0.03 0.02 0.04
Ti 0.00 0.00 - - 0.00 0.00
Ca 5.00 4.89 5.06 5.02 4.96 5.00
Na 0.02 0.01 0.01 0.01 0.01 0.01
St 0.00 0.00 0.00 0.00 ) -
La - - 0.01 - 0.00 0.00
Ce 0.00 0.00 0.01 0.01 0.00 0.01
Y - - - - 0.00 -
P 2.96 2.97 2.91 2.95 2.98 2.95
F 0.47 0.40 0.60 0.46 0.70 0.45
cl 0.01 0.0L 0.02 0.01 0.00 0.01
SAMPLE KEY

Analysis no. Group Sample no.

1 5 121-1-78

2 5 121-1-78

3 5 121-1-78

4 5 121-1-78

5 5 704-1

6 6 1293-1

7 6 1293-1

8 8 500-1
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0
0.

0.
0.

.28

.01

02

.01

04
00

.06
.01
.00
.00
.93

.53
.00

98.57

.01
.01
.05
.02

[eNeoNoNe]

4.85
.03

o

.00
.00
.02
.00

w o oo

et

.25

Description

AP2

AP3-
AP3-

APS
AP1
APl
AP2
AP1

(2)
1
2

(3)

(BT]
(3)



Pyroxene

Clinopyroxene and minor orthopyroxene (table 9) are present in some of
the mafic rocks (groups 2,3, and 10) associated with the Pioneer batholith,
and one sample of Grayling Lake Granite contains clinopyroxene enclosed in
hornblende. Ferric iron content is estimated by normalization to 4 cations
per 6 oxygen formula unit. End membe§ pyroxenes are expressed as simple
ratios: éwollastonlte) = Ca/(CatFe +Mg), Fs éferr05111te) =
Fe‘t (Ca+Fe +Mg), and En(enstatite) = Mg/(Ca+Fe +Mg)
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Table 9.--Pyroxene analyses

Si02
Ti0,
A1203
Cr203
F6203
FeO
MnO
MgO
Ca0
Na20
K20

Total

Si
Aliv
T site

Alvi
Ti
Cr
Fe3+

Mn
Mg
Ca
Na

M1,M2

Wo
Fs
En

N =
COrRrPPOULMWLWORFrOK

O
NOOOOOOOOO - O O

(o)

47.
.67
43,

.92
.06
.98

.01
.00
.11
.18
.02
.80
.87
.03
.00
.02

.00

08

25

N O

NOOOOOOOoO [oN o]

<)

49.
11.
39.

.99
.01
.00

.01
.00

.02
.21
.02
.77
.95
.02
.00
.00

.00

17
02
81

[eNe]

HOOOFH OO

[e)

.08

.08

.03
.00

.65
.04
.13
.05
.01
.00
.92

.10

.76

35.
61.

54
71

o

HOOOKH OO [eNe]

[

.09

.09

.03
.00
.00

.63
.06
.10
.08
.01
.00
.91

.10

.34

34,
60.

88
59

.09

.09

0.03

HOOOHFH OO

(=)

1.
35.

62

.00

.65
.03
.16
.03
.01
.00
.91

.10

86
17
.97
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[oNe]

OO O +-O ———
o &

(=)

35.
59.

HOOOKF OO

o]

[0 ]

[oNe]

HOOOKFr OO

<)

2
34
63

.08

.08

.03
.00

.63
.05
.16
.04
.01
.00
.92

.10

.03

.56
.41

[oNe]

HOOOFrr OO

[«))

36

.08
.08

.02
.00

.67
.04
.12
.04
.01
.00
.92

.09
.25

.61
61.

14

o o

HFOOOHOO

)

36

.09

.09

.03
.00

.65
.05
.11
.06
.01
.00
.91

.10

.09

.00
60.

92

HOOOKH OO o o

)}

35.
61.

.10

.10

.02
.00

.65
.05
.12
.04
.01
.00
.90

.11

.37

99
64



Table 9.- -Pyroxene analyses

Analysis

8102
T102
Cr203
Fe 203
FeO
MnO
MgO
Ca0
Na20
KZO

Total

Si
Aliv
T site

Alvi
Ti
Cr
Fe3+
Fe2+
Mn
Mg
Ca
Na
K
M1,M2

Wo
Fs
En

.08

.08

0.04

HOOOHOO

o))

.00

.65
.05
.09
.07
.0l
.00
.92

.10

.80

35.
60.

99
20

Table 9-2

102.

OCOHOOOOO = O

N

01

.92
.08
.99

.01
.00
.07
.39
.02
.48
.05
.00

.01

.00

.42

20.
77.

23
35

101.

OO rFROOOOO N O

N

76

.92
.08
.00

.01
.00
.07
.41
.01
.46
.04
.00

.00

.00

.14

21.
.42

44

COMHOOOOOo O

N

2.
16.
80.

.30

.89
.08
.97

.00
.00
.12
.32
.01
.ol
.06
.00

.03

.00

93

79
28

101.

N O

OCOMHHOOOOO

24

.91
.09
.00

.01
.00
.07
.38
.01
.47
.05
.00

2.00

20

77.

.00

.74
.11
15

177

=
CLVLOOANONOH

O
O

eNeoNeNoNeoNeNeNoNe) N O

N

42,
10.

47

.92

91
.09
.00

.02
.01
.00
.06
.19
.01
.89
.79
.02

.00

.00

21

01
.78

N
OrHrULOoOunE ONOH

O
[e]

[oNeoNeNoNoNoNeoNoNe N O

N

45.

46,

.40

.93
.07
.00

.03
.00
.01
.04
.16
.01
.88
.86
.01

.00

.00

30

.51
18

I
OFPUVMO FHFHOOOMN

O
O

[eNeNeoNoNoNoNeNe] = O

3%}

49.

43

.49

.97
.02
.99

.00
.00
.04
.15
.01
.84
.96
.00

.01

.00

31

.57
.13

=
CLOOUWOWOK

100.

[eNelleNoNeoNoNeNolNe N O

N

41.
.15
.48

49

26

.88
.12
.00

.01
.01
.01
.10
.17
.00
.91
.76
.02

.00

.00

37

101.

OCOrHOOO0OOOO N O+

N

23

.92
.08
.00

.02
.01
.00
.05
.41
.01
.45
.05
.00

.00

.00

.86

21.
75.

50
64



Table 9.--Pyroxene analyses

Analysis

S%Oz
T102
Cr203
F6203
FeO
MnO
MgO
Ca0
Na20
K20

Total

Si
Aliv
T site

Alvi
Ti
Cr
Fe
Fe
Mn
Mg
Ca
Na

M1,M2

Wo
Fs
En

102.

OCOHOOOOO N O

N

18

33

.92
.08
.00

.00
.00
.08
.36
.01
.49
.06
.00

.00

.00

.05

.79
78.

16

[
OCOUVOONNHOWOH

O
Vel

[eNeNeoNeoNoNoNeoNeNo] N O

N

44

45

.60

.90
.10
.00

.04
.01
.00
.05
.19
.01
.85
.82
.02

.00

.00

.13

10.
.72

15

N
OO OO PWOWOH

100.

[eNeNeoNoNoNeNeNoNol N O -

N

44

50

.87
.13
.00

.02
.01
.01
.09
.15
.00
.88
.81
.02

.00

.00

.14

.93
47.

93

98.

N O

55

.86
.14
.00

0.17

[eNe)

[eNeNeoNoNe)

31.
.36
.21

13
55

.02
.01

.23
.00
.97
.55
.05

.00

.02

42

[
OQCOUVOAOHOWOM

100.

[eNeoNoNoNoNoNoNolNo) N O -

N

43,
10.
45.

.90
.10
.00

.05
.01
.01
.04
.20
.00
.86
.82
.02

.00

.00

83

45
72

178

101.

N

23

N O

OOHOOOOO

.00
.56

73.

45

101.

OOHOOOOO N O

N

52

.93
.07
.00

.01
.00
.06
.45
.02
.42
.05
.00

.00

.00

.56

23.
74,

33
12

N

101.

[eNeNeoNoNoNoNeNeolNel N O

N

41.
12.
45.

88

.91
.09
.00

.04
.02
.00
.04
.23
.00
.86
.79
.02

.00

.00

81
35
84

Table 9-3
29 30
52.93 51.47
0.46 0.08
3.22 0.86
0.15 -
0.34 3.01
8.67 6.79
0.28 0.95
16.48 12.90
18.65 22.54
0.32 0.43
101.49 99.03
1.92 1.95
0.08 0.04
2.00 1.99
0.06 -
0.01 0.00
0.00 -
0.01 0.09
0.26 0.22
0.01 0.03
0.89 0.73
0.73 0.92
0.02 0.03
2.00 2.01
6.00 6.00
38.58 49.23
13.99 11.57
47.43 39.20



Table 9.--Pyroxene analyses

Table 9-4

Analysis 31 32 33

SiOz 50.25 51.41 51.21
T102 0.16 0.11 0.15
A1,0, 1.16 0.86 2.00
Cr203 - - 040
Fe,03 4.20 3.46 2.08
FeO 5.75 6.07 2.60
MnO 0.87 0.89 0.16
MgO 12.53 13.16 15.00
Ca0l 22.92 22.61 24.26
Na20 0.41 Q.47 Q.17
K20 - - -

Total 98.25 99.04 98.03
Si 1.92 1.95 1.92
Aliv 0.05 0.04 0.08
T site 1.98 1.98 2.00
Alvi - - 0.01
Ti 0.00 0.00 0.00
Cr - - 0.01

3+

Fe 0.12 0.10 0.06
Felt 0.18 0.19 0.08
Mn 0.03 0.03 Q.01
Mg 0.72 0.74 0.8
Ca 0.94 0.92 0.98
Na 0.03 0.03 0.01
K - - -

M1,M2 2.02 2.02 2.00
0 6.00 6.00 6.00
Wo 51.11 49.52 51.44
Fs 10.01 10.37 4.30
En 38.88 40.11 44.26
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Table 9.--Pyroxene analyses

SAMPLE KEY
Analysis no. Group Sample no. Description

1 2 107-1 PX1 (2)

2 2 107-1 PX2 (2)

3 2 547-1 PX1

4 2 547-1 PX1 [HB] (3)
5 2 547-1 PX1-1 ¢

6 2 547-1 PX1-2 r

7 2 547-1 PX1-3 ¢

8 2 547-1 PX1l-4 r

9 2 547-1 PX2

10 2 547-1 PX2-1 ¢

11 2 547-1 PX2-2 r

12 3 M110-1| PX1 (3)
13 3 M110-1' PX2 (3)
14 3 M110-1 PX3 (3)
15 3 M110-1 PX4 (3)
16 3 M110-1| PX5 (3)
17 3 M110-1| PX6-1

18 3 M110-1| PX6-2

19 3 M110-1. PX7 (3)
20 3 M784-1 PX3 (3)
21 3 M784-1: PX4 (3)
22 3 M784-1 PX5 (3)
23 3 M784-1 PX6-1

24 3 M784-1 PX6-2

25 3 M784-1 PX6-3

26 3 M785-1 PX1-1 c¢ (3)
27 3 M785-1" PX1-2 r (2)
28 3 M785-1 PX2-1 ¢ (3)
29 3 M785-1" PX2-2 r (3)
30 6 MT83-1 PX1 [HB1]
31 6 MT83-1 PX2 [HB1]
32 6 MT83-1 PX2 [HB1]
33 10 827-78+16 PX1
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Epidote

Epidote is common as an alteration mineral in the Grayling Lake
Granite and in some samples of other plutons. None of the epidote in the
Pioneer batholith is interpreted as magmatic in origin. Epidote occurs as
saussurite in plagioclase, as an anhedral alteration along biotite cleav-
ages, and as rims on allanite. Both fluorine and chlorine were measured,
but were always present at concentrations at or below detection limits.
Ferric iron is estimated by assuming 8 cations per 12.5_0 formpula basis.
Mole percent gistacite (Ps) is computed as Ps = 100%(Fe +/(Fe * 4 Al),
where Al = ALY + A1Vl
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Table 10.--Epidote analyses

Analysis 1 2 3 4 5 6 7 8
§i0, 37.17 37.37 37.72 38.89 37.26 37.57 37.94 37.60
Ti0, 0.05 0.05 0.35 0.19 0.10 0.12 0.08 0.13

Al,04 22.66 24.06 22.97 28.77 22.24 23.40 22.67 22.24
Fe,04 16.55 15.50 17.00 9.38 17.98 16.32 17.69 17.55

FeO 0.04 0.04 0.064 0.0646 0.03 0.04 0.03 0.04
MnO 0.45 0.72 0.52 0.88 .23 0.41 0.41 0.43
Ca0 22.54 22.04 21.94 21.76 22.05 22.14 22.20 22.02
Na,0 0.02 0.01 - 0.01 .01 0.01 0.02 0.01
H,0 1.89 1.90 1.91 1.96 1.89 1.90 1.92 1.90
TOTAL 101.38 101.70 102.44 101.88 101.79 101.92 102.96 101.91
Si. 2.95 2.94 2.95 2.97 2,94 2.95 2.96 2.96
a1ty 0.05 0.06 0.05 0.03 0.06 0.05 0.04 0.04
Z site 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
AlvVY 2.06 2.16 2.07 2.56 2.02 2.11 2.04 2.03
FeJ+ 0.99 0.92 1.00 0.5 1/07 0.96 1.04 1.04
Ti 0.00 0.00 0.02 0.01 0./01 0.01 0.00 0.01
Fe2*2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.02 0.02 0.02 0.03 0.0l 0.01 0.01 0.01
Y site 3.07 3.11 3.11 3.14 3.10 3.10 3.10 3.10
Mn 0.02 0.02 0.02 0.03 0.01 0.01 0.01 0.01
Felt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 1.91 1.85 1.8 1.78 1.87 1.86 1.86 1.86
Na 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00
X site 1.93 1.88 1.86 1.81 1.88 1.88 1.87 1.88
0 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00
OH 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00
Ps 31.9  29.3 32.1 17.2 34.0 30.8 33.3  33.4
|
|
SAMPLE KEY
Analysis no. Group Sample no. Description
1 2 547-1 EP1 [HB]
2 6 MT83-3 | - EPl-1 /ALL/MT
3 6. - MT83-3 | EP1-2 /ALL
4 6 MT83-3 EP2 [PG]
5 6 MT83-3 EP3-1 [BT]
6 6 MT83-3 EP3-2 [BT]
7 6 MT83-3 EP3-3 [BT]
8 6 MT83-3 EP3-4 [BT]
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Chlorite

Green chlorite is present along biotite cleavages in many samples, and
is intergrown with biotite and muscovite in Tertiary granites. In table 11,
12 chlorite analyses represent 4 groups of plutons. Total iron is reported as
FeO and treated as ferrous iron in the formula calculation. Water content is
esgimated on the basis of an 18 (0+OH+F+Cl) formula basis; mg# = Mg/(Mg +
Fe“ ).
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Table 11.--Chlorite analyses

Analysis 1 2 3
sio, 26.49 26.56 26.34
Ti0, 0.24 0.10 0.09
Al,0,4 20.64 21.00 19.62
Fel 22.19 22.79 23.36
MnO 1.64 0.82 0.78
MgO 17.67 17.11 17.42
Ca0 0.05 0.07 0.08
Na,0 - 0.08 0.13
K,0 0.06 0.15 -
Hy0 11.59 11.60 11.55
F - - -
c1 - - -
O=F - - -
0=C1 - - -
Total 100.57 100.28 99.37
Si. 2.72  2.74 2.75
N 1.28 1.26 1.25
T site 4.00 4.00 4.00
NG 1.22 1.29 1.17
Ti 0.02 0.01 0.01
Felt 1.91 1.96 2.04
Mn 0.14 0.07 0.07
Mg 2.71  2.63 2.72
Ca 0.01 0.01 0.0l
Na - 0.02 0.03
K 0.01 0.02 -
0 site 6.01 6.00 6.04
OH 8.00 8.00 8.00
F - - -
cl s - -
mg# 0.59 0.57 0.57
Analysis no. Group

1 5

2 5

3 5

4 6

5 6

6 6

7 6

8 6

9 7

10 8

[eNe)

100.

NOOONOHHOR £ N

OO

5
36 27.43
.07 0.01
.04 18.96
46 23.28
.06 0.93
.03 16.43
01 0.05
04 -
04 -
52 11.58
36 -
01 -
15 -
00 -
15 98.67
.70 2.88
.30 1.12
.00 4.00
.25 1.23
.01 0.00
.76 2.05
.09 0.08
.9 2.57
.00 0.01
.01 -
.01 -
.03 5.94
.88 8.00
.12 -
.00 -
.62 0.56
Sample no.
wC
697-1
697-1
8-15-82-8
BH9850
BHS
BHS
MT83-3
BC
32-1
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97.

OQONONDO M SN

w

04

.77
.23
.00

.27
.00
.02
.12
.54
.01
.00

.98

99.

O OoOONMONO - Lo el

(o]

0.

26

.84
.16
.00

.17
.01
.03
.13
.62
.01
.00
.02
.99

.00

56

[eNe)

100.

NO OONONO- £ N

O O

0.

36

.72
.28
.00

.27
.01
.03
.10
.58
.00
.00
.02
.01

.99
.01
.01

56

Description

CH1
CH1
CH2
CH1
CH1
CH1
CH1
CH1
CH1
CH1

-1
F S

-2

r/BT

(BT]
/BT4

[BT B2]

/MU

97.

NOOONOKHOH SN

(o]

14

.93
.07
.00

.07
.01
.80
.14
.96
.01
.00
.01
.00

.00

.62

100.

LOOoOONNONOH SN

(o]

05

.87
.13
.00

.19
.01
.35
.07
31
.01
.00
.01
.96

.00

.50



Table 11.--Chlorite analyses

------------

Analysis
SiOz 26.
T102

A1203 19.
FeO 27.
MnO 1.
MgO 14.
Ca0l 0.
Na20 O .
K,0

H,0 11.
F

Cl

O=F

0=C1l

Total 101.
Si. 2
A1tv 1
T site 4,
a1Vt 1
Ti

Fe2+ 2
Mn 0
Mg 2
Ca 0
Na 0
K

0 site 6
OH 8.
F

ClL

mg# 0.

05

.77
.23

00

.20

.36
.10
.30
.03
.05

.04

00

49

Analysis no.

11
12

98.

MO OOMNMNMONOH Lo ol ]

(-]

71

.82
.18
.00

.25
.01
.48
.12
.08
.01
.01
.02
.97

.00

.46

Group

Sample

32-1
500-1

to]

0.
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Opaque oxide minerals

Magnetite is the single opaque oxide mineral observed in the granod-
iorite and granite plutons of groups 4,5, and 6. Both magnetite and a
rhombohedral, Ti- and variably Mn-rich mineral are present in more mafie
(groups 1,2,3) and in more felsic (group 8) plutons. Ferric and ferrous
iron and formulas are computed by normalizing cations to 3 (spinel basis)
or to 2 (rhombohedral basis). Mole fractions for ulvospinel (Xusp) in the
spinel phase and ilmenite (Xilm) in the rhombphedral phase are calculated
according to the method described by Stormer [(1983). A number of analyses
represent grain mounts from mineral separates, rather than in situ thin
section analyses; these are indicated by an "s" in the description column.
Some grains of separates are multiphase, and an exsolved phase is indicat-
ed by "/ex" in the description entry of the sample key.

Table 12.--Opaque oxide mineral analyses

Analysis 1 2 3 4 5 6 7 8 g 10
SiOz 0.16 0.17 0.20 0.16 0.13 0.12 0.18 0.17 0.14 0.14
TiO2 0.07 0.18 0.10 0.32 25.48 ﬁ2.49 0.06 0.05 45.83 0.06
A1203 0.05 0.05 0.06 0.14 0.00 ,0.00 0.03 0.00 0.02 0.12
Crzo3 0.00 0.00 0.00 0.00 0.00 ‘0.00 0.00 0.00 0.03 0.05
Fezo3 67.82 67.18 67.66 67.11 50.86 [17.65 67.89 67.78 12.31 69.54
FeO 30.88 30.63 30.87 30.83 20.22 1.34 30.85 30.77 36.22 31.27
MnO 0.14 0.23 0.21 0.17 2.74 6.69 0.15 0.14 4,54 0.26
Mg0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.13
Ca0 0.03 0.12 0.06 0.12 0.07 : 0.18 0.08 0.06 0.289 0.06
Total 99.16 98.56 99.16 88.84 99,52 98.48 99.26 98.88 99.47 101.63
Cations 3 3 3 3 2 2 3 3 2 3

Si 0.006 0.007 0.008 0.006 0.003 ©0.003 0.007 0.007 0.004 0.005
Ti 0.002 0.006 0.003 0.008 0.499 0.825 0.002 0.002 0.878 0.002
Al 0.002 0.002 0.003 0.006 0.000 (0.000 0.001 0.000 0.000 0.005
Cr 0.000 ©0.000 0.000 0.000 0.000 (0.000 0.000 0.000 0.001 0.002
Fe3+ 1.981 1.873 1.976 1.963 0.996 [0.343 1.881 1.984 0.236 1.979
FeZ+ 1.002 1.000 1.002 1.005 0.440 [0.677 1.000 1.001 0.772 0.988
Mn 0.005 0.008 0.007 0.005 0.060 0.146 0.005 0.005 °'0.088 0©.008
Mg 0.000 0.000 0.000 0.000 0.000 '0.000 0.000 0.000 0.004 0.007
Ca 6.001 0.005 0.002 0.005 0.002 .0.005 0.004 0.003 0.008 0.002
Xusp 0.002 0.006 _0.003 - 0.008 - [ 0.002 0.002 - 0.002
Xilm - - - - 0.485 0.813 - - 0.875 -
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Table 12.--Opaque oxide mineral analyses

Analysis 11 12 13 14 15 16 17 18 19 20
SiO2 0.83 0.00 0.07 0.12 0.00 0.00 0.14 0.17 0.14 0.14
Tloz 0.10 0.00 49.82 0.06 0.27 0.05 0.08 0.15 0.09 0.12
A1203 0.19 0.12 0.02 0.07 0.09 0.11 0.02 0.17 0.00 0.00
Crzo3 0.00 0.09 0.00 0.07 0.06 0.00 0.00 0.00 0.00 0.00
Fezo3 66.08 67.52 7.06 70.15 67.57 68.21 67.26 66.84 67.02 97.58
FeO 31.81 30.24 38.78 31.44 30.60 30.50 30.54 30.41 30.42 0.09
MnO 0.16 0.17 5.18 0.27 0.09 0.07 0.09 0.30 0.15 0.11
Mg0 0.03 0.00 0.39 0.12 0.02 0.00 0.00 0.00 0.00 0.00
Ca0 0.00 0.07 0.12 0.09 0.19 0.22 0.09 0.11 0.05 0.05
Total 99.20 98.22 101.45 102.39 98.89 99.16 98.22 98.15 97.85 98.09
Cations 3 3 2 3 3 3 3 3 3 2

Si 0.032 0.000 0.002 0.005 0.000 0.000 0.005 0.007 0.005 0.004
Ti 0.003 0.000 0.932 0.002 0.008 0.001 0.002 0.004 0.003 0.002
Al 0.009 0.006 0.001 0.003 0.004 O0.005 0.001 0.008 0.000 0.000
Cr 0.000 0.003 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000
Fes+ 1.921 1.992 0.132 1.982 1.978 1,992 1.983 1.970 1.984 1.988
Fez+ 1.028 0.991 0.807 0.987 0.996 0.990 1.001 0.996 1.001 0.002
Mn 0.005 0.0086 0.109 0.008 0.003 0.002 0.003 0.010 0.005 0.003
Mg 0.002 0.000 0.014 0.007 0.001 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.003 0.003 0.004 0.008 0.009 0.004 0.005 0.002 0.001
Xusp 0.003 0.000 - 0.002 0.008 0.001 0.002 0.004 0.003 -

Xilm - - 0.929 - - - - - - 0.002
Analysis 21 22 23 24 25 26 27 28 29 30
SiO2 0.17 0.11 0.15 0.14 0.99 0.00 0.00 0.16 0.00 0.17
TiO2 47.09 45.72 0.07 48,54 50.12 0.00 0.01 0.33 0.00 0.06
Alzo3 0.00 0.01 0.01 0.01 0.21 0.16 0.05 0.19 0.22 0.23
Crzo3 0.00 0.00 0.00 0.00 0.14 0.26 0.00 0.00 0.02 0.00
F9203 8.15 10.62 68.17 5.95 4,67 68.63 66.96 69.51 68.19 68.47
FeO 36.69 34.69 30.91 36.86 40,50 31.04 30.12 31.44 30.48 30.98
MnO 5.1z 5.87 0.16 6.63 4.57 0.05 0.00 0.70 0.18 0.48
MgO 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.03 0.10 0.01
Ca0 0.53 0.47 0.06 0.19 0.07 0.02 0.05 0.14 0.00 0.00
Total 97.75 97 .48 99.54 88.32 101.85 100.16 97.19 102.49 99.19 100.39
Cations 2 2 3 2 2 3 3 3 3 3

Si 0.005 0.003 0.006 0.004 0.024 ©0.000 0.000 0.006 0.000 0.007
Ti 0.916 0.893 0.002 0.939 0.928 0.000 0.000 0.009 0.000 0.002
Al 0.000 0.000 0.000 0.000 0.006 0.007 0.002 0.008 0.010 0.010
Cr 0.000 ©0.000 0.000 0.000 0.003 0.008 0,000 0.000 0.001 0.000
Fes+ 0.159 0.208 1.98 0.115 0.086 1.985 1.997 1.961 1.989 1.973
Fez+ 0.794 0.754 . 1,000 0.793 0.834 0.995 0.998 0.986 0.988 0.992
Mn 0.112 0.129 0.005 0.144 0.095 0.002 0.000 0.022 0.006 0.016
Mg 0.000 0.000 0.000 0.000 0.021 0.000 0.000 0.002 0.006 0.001
Ca 6.015 0.013 0.003 0.005 0.002 0.001 0.002 0.006 0.000 0.000
Xusp - - 0.002 - - 0.000 0.000 0.009 0.000 0.002
Xilm 0.915 0.888 - 0.937 0.953 - - - - -
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Table 12.--Opaque oxide mineral analyses

Analysis

3102

TiOz

Alzo3

CrZO3

Fezo3
Fe0
MnO
MgO
Ca0

Total

Cations
Si
Ti
Al

3+

Cr
Fe
Fe2+
Mn
Mg

Ca

Xusp
Xilm

Analysis

Cr, 0O
Fe O

Ca0
Total

Cations
Si
Ti
Al

3+

Cr
Fe
Fe2+
Mn
Mg

Ca

Xusp
Xilm

31

0.00
0.00
0.19
0.00
68.61
30.60
0.13
0.01
0.20
9g8.73

.891
.887
.004
.001
.008

O 0O O 0O »# O 0O 0O o

0.000

41

0.00
0.04
0.35
0.27
66.46
29.78
0.36
0.01
0.14
97.41

.000
.001
.016

.873
.983
.012

o 0O O O B O O O ©

o ©oO O o

66.
30.

32

.00
.20
.37
.00

24
07

0.10
0.02
0.17

7.

0.0
0.0
0.0
0.0
1.9
0.9
0.0
0.0
0.0

0.0

o O o o

67.
30.

17

00
06
17
00
71
94
03
01
07

06

42

.00
.00
.17
.17
25
27

0.13
0.03
0.00

98.

0.
0.
0.
0.
1.
0.
0.
0.
0.

0.

02

000
000
008
005
987
994
004
002
000

000

o O O o

67.
30.

33

.00
.11
.25
.00
g1
36
.16

0.01
0.30

9.

0.
0.
0.
0.
1.
0.
0.
0.
0.

0.

6
3

10

0
0
0

0.
1.
0.

0

0.

0

10

000
003
011
000
982
985
005
001
012

003

43

0.28
0.20
0.05
0.00
8.27
1.09
0.14
0.13
0.24
0.40

.011
.006
.002
000
965
995
.005
007
.010

.006

34

0.00
0.00
0.38
0.07
66.56
28.78
0.08
0.00
0.30
97.19

0.000
0.000
0.018
0.002
1.980
0.984
0.003
0.000
0.013

0.000

44

0.00
0.00
0.12
0.00
67.74
29.94
0.51
0.00
0.08
98.39

0.000
0.000
0.008
.000
.994
.980

o

o c o o ¥
o
=
~

67.
30.

o O o o

35

.00
.12
48
.00
10
38

0.26
0.00
0.07

98.

6
2

9

41

45

0.00
0.07
0.26
0.17
6.55
9.73
0.52
0.02
0.03
7.34

36

0.00
0.16
0.35
0.00
/67.03
30.28
0.15
0.00
0.20
98.18

0.000
0.005
'0.016
0.000
1.974
0.991
0.005
0.000
0.008

'0.005

46

| 0.22
0.33
0.18
0.00
69.51
31.84
0.45
0.02
0.15

102.69

188

o o o o

68.
30.

9g.

O OO O O » 0o 0o o o

6
3

9

0
0
0
0
1
1
0
0
0

0

37

.00
.00
.47
.11
06
68
.15
.01
.12
60

.880
.005
.001
.005

.000

47

0.18
0.12
0.38
0.12
7.43
1.20
0.06
0.01
0.02
9.53

.007
.003
.017
.004
.g58
.007
.002
.001
.001

.004

o O o o

66.
30.

38

.00
.20
.31
.00

25

0.11
0.06
0.12

97.

0.
0.
0.
0.
1.
0.
0.
0.
0.

0.

6
3

10

0
0
0
0
1
1
0
0
0

0

82

000
006
014
000
974
994
004
004
005

006

48

0.25
0.00
0.44
0.20
9.35
1.98
0.21
0.00
0.00
2.44

.009
.000
.019
.006
.956
.003
.007
.000
.000

.000

39

0.00
0.80
0.33
0.04
65.21
30.30
0.19
0.00
0.42
97.28

0.000
0.024
0.015

1.936
1.000
0.006
0.000
0.018

0.024

49

0.11
0.01
0.08
0.00
69.75
31.43
0.28
0.00
0.00
101.66

0.004
0.000
0.004
0.000
1.988
0.995
0.008
0.000
0.000

0.000

o O o o

67.
30.

97.

0O O O O P O 0O O o

10

0
0
0

o O O O »

40

.00
.07
.05
.09
07
28
.10
.00
.00
66

.000
.002
.002
.003
.991
.99g9
.003
.000
.000

.002

50

0.23
3.24
0.05
0.05
4.50
0.67
1.15

0.12
0.10

.006
.260
.001
.001
.465
.233
.025
.004
.003

.252



Table 12.--Opaque oxide mineral analyses

Analysis

Total

Cations
Si
Ti
Al

Cr
3+

Fe
Fe2+
Mn
Mg
Ca

Xusp
Xilm

Mg0
CaQ
Total

Cations
si
Ti
Al

Cr
3+

Fe
F92+
Mn
Mg
Ca

Xusp
Xilm

51

0.13
46.17
0.01
0.01
11.40
33.53
7.68
0.14
0.09
99.17

0.003
0.887
0.000
0.000
0.218
0.716
0.166
0.005
0.002

0.879

61

0.00
0.35
0.17
0.02
67.88
30.94
0.28
0.00
0.06
99.69

0.000
0.010
0.008
0.001
1.971
0.999
0.009
0.000
0.002

0.010

o o O o

67.
30.

97

0.
0.
0.
0.
1.
0.
0.
0.
0.

0.

0.
0.
0.
0.
67.
30.
0.
0.
0.
98.

3
0.0
0.0
0.0
0.0
1.9
0.9
0.0
0.0
0.0

0.0

52

.00
.09
.00
.00
04
19
.13
.00
.00
.45

000
003
000
000
995
998
004
000
000

003

62

00
20
20
00
12
36
27
00
05
20

00
06
09
00
79
95
09
00
02

06

13.

73.
10.

53

.00
10
.06
.01
68
19

1.50
0.04
0.00

98.

0O O O O+ O O O O

48.

358

63

.00

82

.08

0.00

31.
11.

.40

88

0.00

a97.

2
0.0
0.9
0.0
0.0
0.0

0.6
0.2
0.0
0.0

0.9

.08

02

00
56
02
00
86
91
62
00
03

50

54

0.00
17.21
0.12
0.02
67.80
13.20
2.22
0.00
0.02
100.59

.000
.336
.004
.000
.324
.287
.048

0O O O O B O O O O

64

.00
.14
.35
.25
68.13
30.72
0.21
0.00
0.26
100.06

o O O o

0.000
0.004
0.016
0.008
1.968
0.987
0.007
0.000
0.011

0.004

55

0.00
16.21

70.19
12.74
1.81

100.97

0.000
0.316
0.001
0.000
1.368
0.276
0.040
0.000
0.000

0.301

65

0.82
0.00
0.00
0.07
68.49
32.67
0.13
0.00
0.00
102.18

.031
.000

O O O = P O O O O
©o
w
o

56

0.00
14.60
0.16
0.11
70.18
11.25
1.78
0.00
0.06
98.15

.000
.293
.005
.002
.408
.251
.040
.000
.002

O O O O B O O O o

0.278

66

15.63
0.13
0.29

36.38

45.71
0.20
0.03
0.49

99.66

.030
445
.006
.009
.036
447
.0086
.002
.020

0O 0O O » F O O O O

0.461
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o o O o

67.
29.

98

0.
0.
0.
0.
1.
0.
0.
0.
0.

0.

0.
0.
0.
0.
68.
32.
0.
0.
0.
103.

0.0
0.0
0.0
0.0
1.8
1.0
0.0
0.0
0.0

0.0

57

.00
.07
.40
.03
09
91
.51

.14
.15

000
002
018
001
976
979
017
000
006

002

67

22
76
35
00
79
26
54
00
22
14

o8
21
15
00
26
04
17
00
09

21

o O O o
w
(]

68

0.00
0.20
0.24
0.04
66.43
30.08
0.03
0.00
0.25
97.28

59

.00
.30
.36
.20
100. 44

o o o o

101.56

0.000
0.006
0.011
0.004
1.973
0.003
0.003
0.000
0.000

0.004

o O O o

67.
30.

0O O O O +# O O O O

60

.00
.13
.08
.08
96
51
.29
.00
.08
.13



Table 12.--Opaque oxide mineral analyses

|
\
SAJPLE KEY

Analysis no. Group Sample no. Description

1 1 817-80-2 0X1 (3)

2 1 817-80-2 0X2 (3)

3 1 817-80-2 0X3 (2)

4 1 817-80-2 0X&4 r/SU (5)

5 1 17-80-2 0X5-2

6 1 17-80-2 0X5-3

7 1 17-80-2 0X6 (3)

8 1 17-80-2 0X7 (3)

9 2 107-1 0X1 [PG]
10 2 107-1 0X2 r/TI [BT]
11 2 107-1 0X3 c/TI1
12 2 313-1 0X1 s (3)
13 2 547-1 0X1 [TI] (2)
14 2 47-1 0X2
15 2 47-1 0X3 (3)

16 2 47-1 0X4 (2)

17 2 30-80-3 0X1 (3)

18 2 30-80-3 0X2 (2)

19 2 Calvert3 0X1-1  (3)

20 2 Calvert3 0X1-2 (3)

21 2 Calvert3 0X2-1

22 2 Calvert3 0X2-2

23 2 Calvert3 0X3 (3)

24 2 alvert3 0X4 (3)

25 3 784-1 0X1

26 4 162-1 0X1-1 s

27 4 162-1 0X1-2 /ex s

28 5 104 -1 0X1

29 5 704-1 0X2

30 5 708-1 0Xx1 [BT]

31 5 FG 0X1-1 (2)

32 5 FG 0X1-2

33 5 G 0X2

34 5 G 0X3 (2) [PG]
> 35 5 G 0X4 (3)

36 5 G 0X5-1  r/BT

37 5 G 0X5-2

38 5 G 0X5-3

39 5 G 0X5-4 r/TI

40 6 1119-1 0X1 (2)

41 6 1119-1 0X2 (2)

42 6 1119-1 0X3 /BT (3)

43 6 1293-1 0X1 [HB]

A 6 144-2 0X1 s

45 6 144-2 0X2 (2) s

46 6 BH9850 ox1

47 6 Mono Ck 0X1

48 6 Mono Ck 0X2

49 8 32-1 0X1

50 8 500-1 0X1-1
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Table 12.--Opaque oxide mineral analyse

Analysis no. Grou Sample no. Description
51 8 500-1 0X1-2
52 8 500-1 0X2-1 s (3)
53 8 500-1 0X2-2 /Jex s
54 8 500-1 0X3 s
55 8 500-1 0X4 /ex s
56 8 500-2-78 0X1 /MU,BT (3)
57 8 500-2-78 0X2 (3)
58 8 500-2-78 0X3
59 8 500-2-78 0X4
60 8 BLM9800 0X1 [FS]
61 8 BLM9800 0X2 [FS]
62 8 BIM9800 0X3 [FS]
63 8 BILM9800 0X4 [BT]
64 8 BIM9800 0X5 [KF]
65 9 516-1 0X1
66 9 516-1 0X2 [TI1]
67 10 984-1 0X1 {HB]
68 10 984-1 0X2
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