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Abstract

Fifty specimens of the hydrcus silicates norbergite, chondrodite, phlogopite, tremolite, ede-
nite, and pargasite from 34 localities in the Franklin Marble of Orange County, New York,
were analyzed quantitatively, and their F/(F + CI + OH) ratios (X;) determined. The avar-
age F/(F + Cl + OH) ratio (X;) determined for each species follows the scquence: X Trem
< X, Phlog < X;: Amph < X Chond < X;: Norb where X, Araph is the average X for am-
phibole species other than tremolite. The fluorine contents of the hydrous silicate minerals
formed within the Franklin Marble are high by comparison with analyses of the same species
from other localities. The Franklin Marble is a high-temperature (836 + 40°C), high-pressure
(4-7 kbar) metacart.onate. We suggest that the high fluorine content of the tremolite samples
has increased the upper thermal stability limit for this species, thus preserving the assemblage
tremolite + quartz + calcite under granulite facies conditions. There is an inversc relation-
ship between the F/(F + Cl + OH) ratio and titanium content for chondrodite. This relation-
ship has been noted by earlier investigators for other members of the humite group. The in-

verse relationship is not evident for Ti values below 0.02 atoms per formula unit.

Introduction

The Franklin Marble is a late Precambrian (Gren-
villian age) metacarbonate which crops out in a nar-
row belt in Sussex County, New Jersey and Orange
County, New York, as part of the Hudson High-
lands. Hague er al. (1956) and Offield (1967) have
mapped portions o the Highlands and determined
the conditions of metamorphism to be upper am-
phibolite to granulite facies. However, a number of
hydrous silicate species, including tremolite and
other amphiboles, norbergite, and chondrodite, occur
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widely in the marble. The occurrence of tremolite in
particular is not compatible with the postulated
metamorphic conditions.

Earlier work on the humites of the Franklin
Marble by Jones et al. (1969) suggests that the hy-
drous silicates are rich in fluorine. We undertook to
determine the amount and distribution of fluorine in
the hydrous silicates of the Franklin Marble in Or-
ange County, New York, and to study the relation-
ship of fluorine content to the stability of hydrous
silicates under conditions of high-grade metamorph-
ism. We conclude that high fluorine contents stabi-
lize the hydrous silicates under these conditions and
are responsible for their persistence in this granulite
facics metacar! onate.
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Analytical Results

Humites

The humite specimens were all analyzed by electron micro-
probe which yielded weight oxide percents for the _ations (Si,
Al, Ti, Mg, Fe, Mn) and for F and Cl.

Calculation of the chemical formula from the mineral analy-

sis was done according to Deer, Howie and Zussman (1966), and
based on six oxygen equivalents for the norbergite and ten oxygen
equivalents for chondrodite. The atomic proportion of OH was
determined by the formula (Joues, Ribbe and Givbs, 1969):

OH = (2/(2n + 1) Mfi - 2Ti - F
where n = 1 for norbergite, n = 2 for chondrodite, and Mﬁi repre-
sents the sum of the atomic proportions of Fe, Mn, Mg, and Ti.
From this atomic proportion of OH thebweight of H20+ was calcu-

lated.

The oxide percent total in some cases is somewhat lower than

one would expect for a complete analysis and is perhaps due to
the presence of small amounts of Na or K which were not analyzed

for in this study. (See Tables la and 1b for humite analyses.)



Table la.

Index of Specimens for Humite Analyses.

Analysis ‘ Sample #*

1 | H-15

2 H-56

3 H-64

4 H-55A

5 H-132

S H-15A

7 H-200-44
8 : H~157

9 H-20
10 H-94
11 H~143
12 H-90

*Indicates mineral locality (See Figure 1)

Mineral Spccies

Norbergite
Norbergite
Norbergite
Norbergite
Chondrodite
Chondrodite
Chondrodite
Chondrodite
Chondrodite
Chondrodite
Chondrodite

Chondrodite
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Table 1b.

Analyses of Humites

#i #2 #3 fth #5 {6

SiO2 29.17 29.21 28.25 28.92  33.63 33.74
A1203 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
T102 0.47 0.23 0.11 0.28 0.3¢ 0.30
MgO0 58.02 58.51 58.61 57.93 51.09 53.44
Fe0 0.57 0.21 0.41 0.40 5.19 - 3.67
MnO 0.05 0.06 C.03 0.02 6.17 0.17
H,0" 2,72 271 2.81 2,74 1.64 1.77
F 12.47 12,55 12.48 12.33 6.59 6.57
ClL <0.01 <0.13 <0.01 <0.01 <0.01 0.01
Total 103.47 103.61 102.70 102.62  98.67 99.06
E+C1=0 5.25 5.31 5.25 _ 5.19 2.77 _2.77
Corr%gggg 98.22 98.29 97.44 97.43  95.90 96.29
Ions per formula unit based on 6(0, OH, F) for analyses

1-4, and 10(0, OH, F) for analyses 5,6

Si 1.00 | 1.00 0.98 1.01 2.05 2.02
Al _— - _— - _— ——
Ti 0.01 e .01 0.01 0.02 0.01
Mg 2,97 2.99 3.02 3.02 4,63 4.78
Fe 0.02 0.21 0.01 0.01 0.26 0.15
Mn - —— - - 0.01 0.01
01 0.62 0.62 0.65 0.64 0.67 0.71
F 1.35 1.36 1.36. 1.37 1.27 1.25

Ci e 0.01 - - - -

.68 .68 .68 .63 .65 .64




A1203

Ti0
Mg(
FeO

MnO

F
H20

F

Cl
Total

F+C1=0

Correctef
Tota

OH
¥

Cl

#7 #8 #o #10 #11 #12
33.39 34.17 33.82 33.23  33.87 33.34
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05

1.08 0.15 1.1¢6 0.73 0.44 0.27
51.61 55.61 54.92 53.55 56.20 57.19

4.78 1.84 1.97 3.78 1.75 0.91

0.15 C.05 0.06 0.21 0.10 0.05

1.88 2.19 2.00 1.86 1.89 2.06
5.86 6.00 5.89 6.32 6.63 6.43
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01
98.75 100.01 99.84 99.68 100.88 100-.25

2,47 2.53 2.48 _2.66 2.79 2.71
96.28 97.48 97.36 97.02  98.09 87.54

Ions per formuls unit based on 10(0, OH, F)

2.02 2.01 2.00 1.99 1.99 1.95
0.05 0.01 0.05 .03 0.02 0.01

4.66 4.88 4.84 4,78 4.91 5.01
0.24 0.09 0.10 0.19 0.09 0.04
0.01 - - 0.01 - -
0.76 0.85 0.79 0.74 0.74 0.81

1.12 1.1z 1.10 1.20 1.23 1.19

oS .56 .58 .62 .62 .60

Ratio F

F+C1+0H




Amphivoles

The complete analyses of the amphibole specimens were
obtained in three ways. Seven were analyzed by electrnon micro-
probe (denoted by * uvnder Analytical Methods in Table 2a) which
vielded weight oxide percents for the cations (Si, Al, Ti, Fe,

Mg, Mn, Ca, Na, K) and for the anions F and Cl. Four were analy-
zad by electron microprobe to obtain weigb: oxide percents for

the cations named above, while the F content was determined by

wet chemical analysis (these specimens are denoted by ** under
Analytical Method). The weight oxide percents of the cations for
the remaining five specimens were determined by energy dispersive
X~-ray asnalysis (EDAX) with the F content being determined by wet
chemical analysis (these specimens are denoted by + under Analyti-
cal Method). The number of OH ions per molecule was calculated

on the assumption that the anion total (F + Cl + OH) in each mole-
cule equalled 2.00. ND in the individual analyses inaicatet that

the oxide percent for that element was not determined.




Analysis

‘10
11

12

14
15

16

Index of Specimens for Amphibole Analyses

Sample #+
A-77
A-32
A-149
A-159
A-116
A-136
A-60
A-84
A-15
A-29
A-28
A-11
A-121
A-26
A-38

A-89

Table 2a.

Mineral Species
Tremolite
Tremulite
Tremolite
Tremolite

Tremolitic Hornmblende
Tremolitic Hornblende
Edenite
Edenite
Edenite
Edenite
Pargasitic Hornblende
Pargasitic Hornblende
Pargasite
Pargasite
Pargasite

Pargasite

TIndicates minei~l locality (See Figure 1)

Analytical

Method

*

*%k
*%

%

x¥




c

Ratio

*

S10

AL,04

TiO2
FeO
Mg0

Cal

NaZO

KZO
+
H20

F
Cl
Total

F+C1=0

orrected
Total

-7

Tabl

e 2b.

Analyses of Amphiboles

#1 #2 #3 #4 #5 #6
56.00  56.23  55.72  56.47  53.90 53.90
1.18 1.51 1.47 2.26  3.43 4.20
0.06  <0.05  <0.05 0.06  0.10 0.17
1.00 0.45 1.34 0.43  0.30 0.81
23.38  23.72  23.48  23.89 23.72 23.23
0.05 ND ND 0.03 ND 0.06
13.60  13.20  13.02  13.75 13.64 13.90
1.21 1.62 1.73 0.97  1.57 1.22
0.16 0.05 0.05 0.41  0.15 0.38
1.28 1.43 1.84 1.47  0.93 1.45
1.80 1.55 0.69 1.52 2.6l 1.54
0.09 ND ND 0.03 ND 0.02
99.81  99.76  99.34 101.29 100.35  100.88
0.78 0.65 0.29 0.65  1.10 0.85
99.03  99.11  99.05 100.64 99.25  100.23

Ions per formula unit based on 23 oxygen equivalents

Si
Al4
Al6
Ti
Fe
Mg
Mn
Ca
Na
K
()24
F
Cl

F+C1+OH

Aaranvmamm E toeen T
=L —hsi_ tx A e ¥ - -

¥

7.77
0.19
0.01
0.12
4,84
0.01
2.02
0.16
0.01
1.19
0.79
0.02

¥ .40

=

7.76
0.24
0.01
0.05
4.88
1.94
0.43
0.01
1.32
0.68

.34

wops A

7.73
0.24

7.69
0.31
0.05
0.01
0.05
£.85
2.01
0.26
0.07
1.34
0.65
0.01

.33

7.48
0.52
0.04
0.01
0.03
4,90
2.03
0.42
0.03
0.86
1.14

.
wn
~1

~rhomt ol nrocadunre,

7.42
0.58
0.10
0.02
0.09
4.76
0.01
2.05
0.33
0.07
.33
0.67

.34




Si0

AL, 04

Ti0
FeO
Mg0
MnO
Ca0
N320
K,0
2 4

HZO

F
Ccl
Total

F+C1+0

Corrected
Total

#7 #8 f#a #10 #11 12
53.70 ->0.86 51.55 50.55 44.78 42.75
4.02 6.75 6.66 €.90 13.44 13.66
0.20 <0.05 0.32 0.51 0.52 0.51
0.37 5.41 0.41 1.30 3.54 6.87
23.70 18.72 22.74 22.06 18.35 15.54
0.02 ND 0.02 0.07 0.06 0.14
13.68 12.56 13.79 13.20 13.14 12.77
1.71 1.38 1.87 2.35 2.76 2.06
0.43 1.09 0.58 0.54 0.91 2.22
1.18 0.87 1.20 1.27 0.92 1.43
2.09  2.60°  2.02 1.8  2.38°  1.31
0.02 ND 0.04 ND ND ND
101.12 100.24 101.20 100.71 100.80 99.26
0.88 1.09 0.86 0.78 1.00 0.55
100.24 99.15 100.34 99.93 99.80 98.71
Ions per formula unit based on 23 oxygen equivalents

7.39 7.24 7.12 7.05 6.37 6.28
0.61 0.76 0.88 0.95 1.63 1.72
0.04 0.37 0.20 0.18 0.62 0.65
0.02 - 0.03 0.05 0.06 0.06
0.04 0.64 0.05 0.15 0.42 0.384
4.86 3.97 4,68 4,58 3.89 3.40
—= . - - 0.01 0.01 0.02
2.02 1.92 2.04 1.99 2.00 2.01
0.46 0.38 0.50 0.63 0.76 0.59
0.08 0.20 0.10 0.10 0.17 0.42
1.09 0.83 1.11 1.18 0.87 1.40
0.91 1.17 0.88 0.82 1.13 0.60
— - 0.01 S —— s
<45 g 41 .57 .33

Ratio ¥

F+C1+0H

*

.59

Average of two F analyses by wet chemical procedure.




S1i0
A1203
T10
Fe0
Mg0
MnO
Cal

Na20

K20
+

H20

F

Cl

Total

F+C1=0

Corrected
Total

Si
Al4
Al6
Ti
Fe
Mg
Mn
Ca
Na
K
OH
F

Cl

Ratio F

FCI1+0H

#13

42

-~ O N

(=)

.58
14,
.45
.05
18.
.05
13.
.78
.63
"2
.12
.14

33

65

10

99.

40
50

0.

98.

6.
1.
0.
0.
0.
3.
G.
2.
0.
0.
1.

90

11
89
54
16
37
99
01
01
77
12
46

0.51
0.03

.26

#14

43,11
15.05
1.24
1.13
20.03

12.79
3.28
0.19
1.34
1.63

99.79
0.69
99.10

6.10
1.90
0.61
0.13
0.13
4.22

1.94
0.90
0.03
1.27
0.73

.39

#15

41.24
15.02
1.96
6.97
14.61
0.20
12.46
2.56
1.81
1.00
2.19
ND

100.02

_0.92

99.10

6.05
1.95
0.65
0.22
0.86
3.19
0.02
1.96
0.73
0.34
0.98
1.02

.51

#16

41.80
17.13
0.66
2.20
18.51
0.04
13.40
3.05
0.45
0.94
2.45
0.04
100.67
_1.32
99.35

5.94
2.06
0.81
0.07
0.26
3.92
0.01
2.04
0.84
0.08
0.89
1.10
0.01

055
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~ Phlogopite

i

The phlogopite specimens were all analyzed by electron micro-
.~j probe which yielded weight percent oxides for the cations (Si, Al,
Lk Ti Fe, Mg, Mn Ca “Na, K) and for F and Cl. The number of OH

inrions per molecule was calculated on the assumption that the anion

gy .;:v;}total <F+c1+on) equalled 4.00..
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Table 3a.

Index of Specimens for Phlogopite Analyses

Analysis
1

2

10
11
12
13
14
15
16
17
18
19
20
21

22

*Indicates mineral locality (See Figure 1).

Sample #*

P-7

P-157
P-18A
P-200-44
P-15
P-77
P-27

P-153

P-84

P-18

. P-28
P-11.

P-462-44

P-121
P-97

P-94

P-1

P-55A
P-74
P-29
P-128

P-26

**Average of two analyses.

Mineral Species

Phlogopite
Phlogopite
Pﬁlogopite
Phlogopite
Phlogopite

Phlogopite

‘Phlogopite

Phlogopite

Phlogopite

Ph}ogopité
:’ Ph1ngbite
. Phlogopite
f Pﬁlogobite
: fhibgopite

"?hiogopite

:Phlogdplte

Phlogopite

 Phlogopite

Phlogopite

Phlogopite

Phlogopite

~ Phlogopite
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Table 3b.
Analyses of Phlogopite |
i 2 i3 it #5 {6 é

510 43.18  43.09  42.78  42.25 42.53 42.39 |
A1,0, 12.24 12,75  12.60  11.56 12.93 13.25
T10 0.13  0.04 0.06  0.21  0.04 0.18
Fe0 = 1.17 0.75  1.19 0.79  2.55 0.74
" MgO 26.35  27.84  27.42  27.96  26.51 27.23
MnO 0.02 0.01 0.0l  0.02  0.03 0.01
Ca0 0.0l  0.01  0.06 0.04  0.01 <0.01
Na,0  0.02 . 0.77  0.25  0.50  0.44 0.67
KO 10.23.  9.26  10.00  8.90  9.89  9.20

H20+' 2.41 2.77  2.21 2.48  1.95 2.23

F 3.79  3.21  4.31  3.60  4.82 4.23
CL "y 003 00020 70.03 0 1 0.07 . 10,11 0.06
Total  99.58  100.52 100.92  99.38 101.81  100.19
CF4C1=0  _1.60 _1.36 _ 1.82 _1.53 _ 2.05 1.79

oy Corrgeted © 97.98  99.16 99.10  97.85 99.76  98.40

‘W'“Idﬁsiper»fdfmuia”unit-béséd on 22’oxygen equivalents

51 614 6.02 6.0l 6.0l 5.98 5.97
A 1.86  1.98  1.99  1.94  2.02 2.03
ALY 00199 0012 00100 - s ¢ 0,12 017
T4 Toglen s otol T elo2 F =, - 0,02
R 0014001040910 100145 5 0721, 5 0530 0.09
i g 5098 Es T sgs” hise 5.72
G e | ¥

Ca

Na

K

e D olon Y 0,00 . oo -

- 0.21  0.07 0.14 0.12 0.18

K0 1.85 1.e5ee 179 10620 0 177 1.65
oM R, 272970 20580 2,07 7 2,36 1.83. . 2.11
E e e T a2 1092 EY 1ide i 20 1.88
el NN gvel -~ 0.0l  0.02 0.03 0.01

. Ratiol CFAL63 V36 48 Al usg 47
. PKIHH




§10
A1203
Ti0
FeO
Mg0
MnO
Ca0

Na20

0
K0
K20
F
Cl

Total

F+C1=0

Corrected
Total

- 13 -

100.08

# 18 " to 1" #12
42.62  42.10  42.07  41.31 41.58 40.97
13.33  13.40  13.38  13.11 13.62 14.13

0.19 0.36 0.44  0.47 0.3l 0.70

1.26  0.80 3.94 6.02 ' 3,61 5.81
27.28  26.99  25.23 23,58 25,27 23.02

0.0 0.0l  0.03  0.05 0.04 0.07

0.01 0.02  <0.01  <0.01 0.0l 0.01

0.65 0.20  0.41  0.19  0.69 0.46

9.51  10.11 9.93  10.03  9.48 9.49

2.34 2.26  2.39 2,46 2T497TT 2,74

4.09  4.16  3.58  3.48  3.60  2.99

0.04 0.09 0.05 0.27  0.11 0.12

101.33 100.50 101.60 100.97 100.81  100.51
1,73 1.77 1.52 1.53  1.54 1.29
99.60  98.73 99.44  99.27 99.22

Ions per formula unit based on 22foxygen equivalents

Si
Al
Al6
1
. Fe
Mg
Mn
Ca

Na
K
OH
F
Cl

Ratio. F

F+CI+0H
Average of two analyses.

5.95
2.05

0014
10.02

0.15
. 5.68

5.94
2.06
'0.16
10.04
0.09

5.67

5.93.

2.07
; 0.15

0,05

. 0.46
. 5.30

5.93
12,07
100155
0.05

0.72

© 0.01

0.05
1.84
236
1.58
0.06

.40

75.90..
- 2.10
0.18
0.03
0.43
5.34
0.0l

0.20
LL71

12,36
1.61

0.03

040

5.86
2.14

10,24
0.07

0.70
4,91
.01
0.13
1.73
2.62
1.35
0.03

.34




S10,
A1203
T10

Fe0
MgO
MnO
Ca0

NaZO
K. 0

2 4

HZO

F

Cl

Total
" F+C1=0

Corrected
Total

- 14 -

#13 #14 #15 #16 #17 #18
41.14 41.65  39.78  41.46  41.20 41.12
14.19  14.25 13.92  14.44  15.16 15.32
0.52 0.61 0.88 0.92  0.14 0.17
4 .06 2.30 8.03 1.85  1.00 0.60
24.48  26.15  21.26  26.30 26.97 27.44
0.06  <0.01 0.12 0.02 0.0l <0.01
0.02  <0.01 0.01  <0.01  0.01 0.02
0.40 1.04 0.28 1.04  1.19 1.72
9.83 9.00 9.63 8.97  8.98 7.71
2.49 3.13 2.22 3.35  2.80 2.62
3.56 2.37 3.88 1.94  2.82 3.51
0.12 0.09 0.18 0.05  0.06 0.06
100.87 100.59 100.19  100.34 100.33  100.29
1.53 1.02 1.67 0.83  1.20 1.49
99.34  99.57  98.52  99.51  99.13 98.80

Ions per formula unit based on 22 oxygen equivalents

Si
Al4
Al6
Ti
Fe
Mg
Mn
Ca
Na
K
OH
F

ClL

Ratio F

F+C1+0H

5.85
2.15
0.23
0.05
0.48
5.19
0.01
0.11
1.78
. 2.37
1.60
0.03

<40

5.83
2:17
0.18
0.06
- 0.27
5.46

5.82
2.18
0.22
0.10
0.98
4.63
0.01
0.08
1.80
2.17
1.79
0.04

.45

5.80
2.20
0.18
0.10
0.22
5.48

5.76
2.24
0.2t
0.01
0.12
5.62

C.32
1.60
2.
1
0

61

.25

14

.32

5.74
2.26
0.26
0.02
0.07
5.71




510

AlZO3

TiO0
FeG
MgO
MnO
Ca0

Na20

K20
+

H20

F

Cl
Total

F+C1=0

Corrected
Total

Ions per formula unit based on 22 oxygen equivalents

Si
Al4
Al

Ti
Fe
Mg
Mn
Ca .
Na
K
OH
F
Cl

Ratio F

F+C1+0H

#19
41.15
15.19

0.03

0.23
28.33

0.01

.08

1.92

7.07

2.67

3.43

0.05
100.16

1.45

98.71

5.73
2.27
0.22
0.03
5.88
0.01
0.52
1.26
2.48
1.51
0.01

.38

16.10
'1.00
1.15
26.17
0.0~
0.02
1.09
8.93
2.92
2.81

0.13
100.63
_1.21
99.42

5.63
2.37
0.28
0.10
0.13
5.46

#21
39.96

16.33

1.21.

2.87

25.09

0.03

0.01

1.66

7.80

3.20

2.21

0.12
100.49

0096

99.53

5.60
2.40
0.30
0.13
0.34
5.24

#22
38.96

17.46

0.93

25.49

8.53

0.13
99.70
0.78
98.92
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