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TABLE 1. 

Observed (hOl) r e f l e x i o n s from Tremolite and DiQPBide. 

(hOl) I n t . i n Tremolite I n t . i n Diopside 

200 W.-BJ. w. 
400 V.-W. 3,0 
600 s. 31,0 
800 s. 21,0 
002 v . - s . 60,0 
004 s. 34,0 
202 s. 19,1 
402 v . - s . 28,6 
602 s. 26,0 
802 W.-M. • 5,7 
S02 s. 31,0 
302 s. 35,5 
602 w. W. 
204 w. w. 
404 s. 21,9 
604 s. 14,7 
S04 w. 2,1 
304 s. 22,3 

A l l (hOl) 101 M. 
22,3 

A l l (hOl) 
301 w. "both odd 
501 w. 
701 w. 
101 M. 
S04 W. 
Boi W. 
701 W. 
ID03 W. 
303 W. 
503 w. 
703 w. 
i03 w. 
303 w. 
503 w. 

From Warren 1929. 
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8SîB3 %:;S8Z s s s a s sisssitt a t z c ; asESZ S3«;;s S S K ; : ? ss£8a s 
d o « ' o « ' 0 « « « ' o ' . « « ' » ^ « i . r . ' » . ' « « « ^ t . ' f . ^ * . ' r .V r.'*.:».'i..'r.' r-'r^r-'r^'rC r . 'r . ' f . '««'r: r^'r-'t..* n r . ' « 
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TABLE 3 
ANALYSES OP SOME ANTHOPHYLLITE ASBESTOS FROM G.P.MERRILL (1895) 

5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 

SiOg 54.56 54.79 55.92 56.21 56.52 56.72 57.00 57.31 57.73 59.00 

TiOg - - - -

AlgOg 1.47 - 3.69 2,78 3.57 1.54 - 1.57 .72 .91 

PegOg - 13.65 - - - - 10.32 -

PeO 12.39 - 11.00 8.58 10.08 10.76 - 7.06 8.61 6.09 

M n O - - - - - _ 

MgO 25.28 28.52 26.32 28.95 27.13 27.46 29.98 30.24 28.77 29.90 

CaO 1.86 - .60 .82 .10 - .08 .45 

NagO - - - - - - - - .57 .68 

KgO 
P 

.14 .43 

H2O 

+H2O 2.95 2.55 2.40 2.23 2.96 2.88 2.29 2.73 2.52 2.35 

Total 98.51 99.51 99.94 99.57 100.26 99.49 99.59 98.91 99.14 99.81 

Loc a l i t y Analyst 

53. Carbon Comity, Wyoming. G.P.Merrill. 
54. Pranklin Coimty, N. Carolina. 
55. Tallapoosa County (?) Alabama. 
56. Lenoir, Caldwell Comity, N, Carolina. 
57. Ralami Comity, Georgia. 

58. Alljerton, Maryland. 
59. Warre nton, Warrenton Comity, N.Carolina. -

60. San Diego, California. 
61. Nacoochee, Georgia. ErL. Paclcard. 

62. Mitchell Comity, N. Carolina. 



Graph to show the R e l a t i o n s h i p "between 
SiOg and AlgOg i n A n t h o p h y l l i t e s , 

Graph to show the R e l a t i o n s h i p hetween 
AlgOg and TiOg i n A n t h o p h y l l i t e s . 
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TABLE 4. 

SPECTROCSAPHIC ANALYSIS OP TEN ANTHOPHYLLITES AND ONE CUMMINGTONITE 

After John C. naVbltt, Weight per cent. (Dashes = t 0.001^) 

ANTHO- . 
PHYLLITE 

1 : 

Ag 

.004 
Ba Co 

.003 
Cr Cu 

.004 

L i 

.03 

Mo Ni 

.002 
Pb Sn Sr V 

.001 
Zr 

8 .002 - .007 .03 .005 . 03 .01 - - .04 .001 
9 .002 - .006 .02 . 005 . 03 .008 - - .03 . 002 
10 .003 - . 004 .01 . 006 .04 .01 - - .01 .003 
14 .002 - .005 .003 .005 .03 .004 - - .03 .001 
17; 

i 
.003 - . 008 . 002 .02 .04 .006 - - .05 .001 

29i 
1 

. 002 - . 007 .2 .008 .005 .1 - . 002 .01 .002 
30 . 002 .006 .006 . 03 .003 . 02 .06 - - .001 . 002 

53 .002 - .007 . 006 .03 .001 .07 - - - .003 

59 .008 - .008 .008 .02 . 002 .06 - - .008 - .001 

CU] 
TO] 

ilMING-
^ITE - -

Cc. 352 A. .003 .003 .005 .01 . 002 .001 .01 .001 .002 .001 .002 .005 



RAGE 13. 

TABLE 5 

OPTICAL PROPERTIES OP SOME ANTHOPHYLLITES. 

Prom Tahle 2 
Sign and 2V 

(-) large 
+) 85° 

8.9.. nX nY nZ nZ-nX 

3. 37 2. 1. 674 1. 697 .023 
3. 259 3. 1. 651 1. 672 .021 
3.178 4. 1. 642 1. 655 1. 661 .019 
3.24 6. 1. 652 1. 656 1. 666 .014 
3.16 7. 1. 643 1. 653 1. 659 .016 

10. 1. 642 1. 648 1. 658 .016 
12. - - -

3. 23 13. - 1. 662 1. 676 -
15. 1. 644 1. 660 .016 
16. — 1. 653 1. 667 -

3. 22 20. 1. 656 1. 667 1. 672 .015 
21. - - -
22. 1. 6454 1. 649 1. 6605 .015 

24. 1.629 1. 652 .021 
25. 1. 626 1. 638 1. 651 ,025 
26. 1. 6329 1. 6384 1. 6517 .0188 

33. 1. 605 1. 625 ,020 
34. 1. 608 •.' 1. 631 .023 
35. 1. 6195 1. 6301 1. 6404 .0209 

38. 1. 605 1. 626 
39. 1. 60 1. 623 -
40. 1.64 - • -
41. 1. 598 - 1. 623 .025 
43. - 1. 62 -
44. — - 1.634 -
45. 1. 610 1. 627 1. 630 .020 

78° 
700-80° 
70°-80° 
(-) 570 

59-3^ 

.+) 87° 

.+) 66°02' 

(-) 88°46' 

(-) 670 

(-) 69^ 

Remarks 

Indices + 0,003 
Positive elongation 
Positive elongation 

2V+; red v i o l e t 

Birefringence measuret 

Red v i o l e t 
2V measured with 
optic angle 
apparatus 

As corrected hy 
Bowen; 2V measured 
with optic angle 
apparatus 

nX i s nX'; P-C=0. 014 
nX i s nX'; P-C=0.014 
nZ minus nY=0,0065 

2V measured on the 
Fedorov stage 

Pieochroism and orientation 

3, greenish yellow 
5, pale yellow 
6. yellow 

13. pale ciove hrown 
15, c o l o r l e s s 
16, colorless 
20. pale yellow to 

colorless 
25. c o l o r l e s s 

greenish yellow 
"brownish yellow 
"brownish 
clove "brown 
colo r l e s s 
c o l o r l e s s 
same to pale 
brownish 

colorless 

grayish green 
dove gray 
smoke gray 
dark brown 
colorless 
colorless 
l i l a c 

gray brown 

m a l l of these Z=c, Y="b, the optic plane i s p a r a l l e l to (OlO), and 
ah sorption i s X=Y Z. 
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TABLE 6a 

PHYSICAL PROPERTIES OP SEVEN MONTANA ANTHOPHYLLITES 

(RABBITT 1948) 

i 1 8 9 
^ 1 

Z Y X Z Y X Z Y X 
P=4861. 3A0 P 1. 6910 1. 6839 1. 6751 1. 6821 1. 6768 1. 6710 1. 6850 1. 6792 1. 6728 

. D=5892. 9A0 D 1. 6781 1.6670 1. 6506 1. 6718 1.6630 1. 6553 1. 6695 1, 6603 1. 6520 

0=6562. 8A0 C 1. 6726 1. 6600 1. 6477 1. 6673 1.6570 1. 6485 1. 6630 1. 6520 1. 6431 

Dispersion P-C .0184 . 0239 .0274 .0148 .0198 .0225 . 0220 .0272 .0297 

P .0159 .0111 . 0122 

Birefringence D .0215 .0165 .0175 

1 C .0249 .0188 .1099 

Optic j P (-)86Z (-)880 (-)840 
1 

Sign f D (+)870 (+)860 (+)870 

and ; 

27 
I 
I 
I 

i 
PiLeochroism 

C (+)900 

X Pale tan 

Y 

Z Tan 

(085° 

Pale tan 
» 

Tan 

(+)840 

Pale tan 
» 

Smoke grey 



PAGE 15. 

TABLE 6b 
PHYSICAL PROPERTIES OP SEVEN MONTANA ANTHOPHYLLITES 

(RABBITT 1948) 

P=4861. 3A° 

D=5892. 9A0 

0=6562. 8A0 

Dispersion 

Birefringence 

Ojitic 
Sign 

I * 

ar.d 

2\ 

Pleochroism 

P 
D 
C 
P-C 
P 
D 
C 
P 
D 

C 

X 
Y 
Z 

Z 
1.6725 
1. 6619 
1. 6574 
.0151 
.0094 
.0143 
.0164 
(-)88° 
(+)87° 

(+)860 

Pale tan 

Tan 

Y 
1. 6681 
1. 6545 
1. 6488 
.0207 

H 
X Z Y X 

1. 6631 1. 6777 1. 6736 1. 6680 

1. 6476 1. 6671 1. 6595 1. 6540 

1. 6410 1. 6630 1. 6540 1. 6480 

. 0221 . 0147 .0196 .0200 

. 0097 

. 0131 

.0150 

(-)840 

(+)8lO 

(+)780 

Pale tan 
It 

Tan 



TABLE 6c 
PHYSICAL PROPERTIES OP SEVEN MONTANA ANTHOPHYLLITES 

(RABBITT 1948) 

PAGE 16 

P=4861. 3A0 

D::5892. 9A0 

C::6562. 8A0 

Dispersion 

Birefringence 

Optic 
I 

Sign 
and 

I 

27 

Pi.eochroism 

P 
D 
C 
PSC 
P 
D 
C 
P 
D 

C 
X 
Y 
Z 

29 
Z 

1. 6451 
1. 6354 
1. 6315 
. 0136 
.0146 
.0174 
.0188 
+80° 
( )880 

(-)84° 
Colourless 

Y 
1. 6365 
1. 6370 

1. 6230 

.0135 

X 
1. 6305 

1. 6180 

1. 6127 

.0178 

30 
Z 

1. 6505 
1. 6410 
1.6372 
.0133 
.0165 
.0248 
.0280 
(-)850 

+ 880 

(+)790 

Colourless 

Colourless 

Y 
1. 6430 
1. 6280 

1. 6205 

.0725 

X 
1. 6340 

1. 6162 

1. 6092 

,0248 

Colourless 
Pleochroism i n 1, 8, 14 and 17 i s weak, 9 i t i s moderate 
A"bRorT)tion X = Y<Z Orientation a l l v a r i e t i e s Z = c Y = h 
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TABLE 7. 

PAse 18. 

Aluminiiim - aluminian 
Antimony - antimonian 
Argon - argonian 
Arsenic - arsenoan, arsenian 
Barium - iDarian 
Beryllium - "beryllian 
Bismuth - "bisraathian 
Boron - t o r i a n 
Bromine - laromian 
Cadmium - cadmian 
Galciuiii - calcian 
CarlDon - car"bonian 
Cerium - cerian 
Cesium - sesian 
Chlorine - chlorian 
Hydrogen - hydrogenian 
Indium - indian 
Iodine - iodian 
Iri d i u m - i r i d i a n 
I r o n - ferroan, f e r r i a n 
Krypton - kryptonian 
Lanthanum - lanthanian 
Lead - plumhian 
Lithium - l i t h i a n 
Lutecium - lutecian 
Magnesium - magnesian 
Manganese - raanganoan, 

manganian 
Mercury - mercuroan, mercurian 
Molybdenum - molyhdenian 
Neodymium - neodymian 
Neon - neonian 
Nickel - nickelian 
Nitrogen - nitrogenian 
Osmium - osmian 
Oxygen - oxygenian 
Palladium - palladian 
Phosphorus - phosphorian 
Platinum - p l a t i n i a n 
Potassium - potassian 
Praseodymium - praseodymian 
Radium - radian 
Radon - radonian 

Chromium - chromian 
Cobalt - cobaltian 
Columbium - Columbian 
Copper - cuproan, cuprian 
Dysprosium - dysprosian 
Erbium - erbian 
Europium - europian 
Fluorine - f l u o r i a n 
Gadolinium - gadolinian 
Gallium - g a l l i a n 
Germanium - germanian 
Gold - aurian 
Hafnium - hafnian 
Helium - helian 
Holmium - ho^mian 
Rhediura - rhenian 
Rhodium - rhodian 
Rubidium - rubidian 
Ruthenium - ruthenian 
Samarium - samarian 
Scandium - scandian 
Selenium - selenian 
Silicon - s i l i c i a n 
Silver - argentian 
Sodium - sodian 
Stronti\im - strontian 
Sulfur - sulfurian 
Tantalijm - tantalian 
Tellurium - t e l l u r i a n 
Terbium - terbian 
Thallium - t h a l l i a n 
Thorium - thorian 
Thulium - thulian 
Tin - stannian 
Titanium - t i t a n i a n 
Tungsten - tungstenian 
Uranium - uranoan, uranian 
Vanadium - vanadian 
Xenon - xenonian 
Ytterbium - ytterbian 
Yttrium - y t t r i a n 
Zinc - Zincian 
Zirconium - zirconian 



Fig. 10 
Plot of Edenites from the L i t e r a t u r e 

on the Hallimond Diagram (Francis 1958), 
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TABLE 8 

WRITER'S LIST OF TREMOLITE SERIES FROM THE LITERATURE. 

No. A B C D 1 F G 

Si02 5^ 96 54. 73 54. 80 51. 86 52. 78 54. 78 54. 33 

AlgOg 3* 79 1.46 2. 58 3. 81 5. 77 3. 67 2. 68 

FesOs 1.15 - 2. 50 2.19 2.45 0,15 1. 09 

FeO 3. 48 9.60 4. 75 5. 97 6. 61 7. 38 11. 68 

MnO 0. 20 0.16 t r 0.04 0.17 0.18 0. 00 

MgO 25. 01 17.94 20. 30 19.40 17.43 19. 10 15. 31 

CaO 9. 53 12. 76 12. 08 10. 73 11. 90 12.65 12. 46 

NagO 0. 54 1.44 0. 82 2.16 0. 68 n i l 0. 54 

KgO 0.13 t r 0. 24 0.28 0. 07 n i l 0.12 

HgO-̂  1. 07 2. 27 1. 60 0. 98 2.10 2. 39 2. 04 

HgO- - - 0.11 - 0,09 0. 20 

F - - 0.77 0. 46 0. 01 - -

CI .- - - 0.02 -
Total - - 100. 65 99. 58 100. 58 100. 91 100. 74 

0 f o r F+Cl - . 32 - .01 -
TiOg 0,12 0.10 1. 92 0. 43 0. 22 0. 29 

Total 99. 81 100, 33 99. 58 100, 51 100. 91 100. 74 



PA6E SI 

TABLE 8 

WRITER'S LIST OF TREMOLITE SERIES FROM THE LITERATURE. 
(cont. ) 

No. H I J K L M 0 
SiOg 54. 73 54. 33 56.15 51. 85 56. 60 56. 04 56.10 
AlgOg 1.46 2. 68 1. 24 4. 36 1. 41 1. 23 1. 30 

^^2^3 - 1. 09 0. 78 2. 58 1.04 1. 40 0.48 
FeO 9. 60 11. 68 5. 50 5. 46 4. 28 4.10 1. 01 
MnO 0.16 0.00 0. 48 0. 35 0. 20 0.18 0.14 
MgO' 17.94 15. 31 21.19 19. 48 22. 26 22. 20 24. 94 
CaO 12. 76 12. 46 12. 08 10. 60 12. 50 11. 56 13. 06 
NagO 1.44 0. 54 0.19 2.15 0. 58 0.79 0.84 
KgO t r 0.12 0. 28 0. 35 0. 27 0.48 0. 90 
HgO^ 2. 27 2. 04 1. 81 1.21 0. 82 0. 67 n. d. 
HgO- - • - 0.13 - -
F - 0.04 0. 46 - 0.16 0. 83 
CI - - - - -
Total . 100. 57 100. 74 99. 84 100. 24 100. 00 99. 97 100. 35 
0 f o r F+Cl . 22 - 0. 08 0, 42 
TiOg 0. 21 0. 29 - 1. 26 0. 07 0.15 0.10 

Total 100. 57 100. 74 99. 84 100, 02 100. 00 99. 89 99. 93 



PASS 22. 

TABLE 8 

WRITER'S LIST OF TREMOLITE SERIES FROM THE LITERATURE. 
(cont. ) 

No. P 9L R S T U 
SiOg 57. 30 56. 00 54. 84 57. 69 58. 38 57. 45 

AI2O3 1.42 2. 01 3. 02 1, 80 0.44 1. 30 
FegOg 0. 96 1. 34 2. 22 0. 00 0, 37 0.18 

FeO 0. 28 4. 27 11. 22 0. 55 - 0. 22 

ItiO 0. 05 0.15 0. 30 t r 1. 54 0, 07 

MgO 25. 20 22.12 15. 28 24.12 25. 01 24. 85 

CaO 12. 84 11.84 11. 52 13.19 10, 95 12. 89 

NagO 0.18 1.44 0. 32 0.48 0,76 0. 67 

KgO 0. 66 0. 36 0.19 0. 22 0. 07 0. 54 

HgO+ 0. 68 0. 63 1. 02 1.56 2.17 1.16 

HgO- - - - 0.10 0. 09 

F 0. 28 - - 0. 37 0. 27 0, 77 

CI - - - - - -
Total 100. 56 100.16 99. 93 100, 22 100. 01 100.19 

0 f o r 
F+Cl 0.14 - - 0.15 0.11 0. 32 

TiOg 0.09 t r t r 0.14 0. 05 -
Total 100. 42 100.16 99. 93 100. 07 99. 90 99. 87 
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TABLE 8 

WRITER'S LIST OF TREMOLITE SERIES FROM THE LITERATURE. 
(cont. ) 

A. Ac t i n o l i t e . Pirani. (Min, Ab 
B. Ac t i n o l i t e . T i l l e y . (1938). 
c. A c t i n o l i t e . Ford. (1914). 
D. Ac t i n o l i t e . Merwin & Washington, 
E. Ac t i n o l i t e . Mathias. (1952). 
F. A c t i n o l i t e . T i l l e y . (1938), 
G. A c t i n o l i t e . T i l l e y . (1938). 
H. A c t i n o l i t e . T i l l e y . (1938), 
I . A c t i n o l i t e . T i l l e y . (1938), 
J. A c t i n o l i t e . Ford. (1914), 
K. A c t i n o l i t e . Ford. (1914), 
L. Tremolite. Parsons. (1930). 
M. Tremolite. Parsons. (1930). 
0. Tremolite. Parsons, (1930), 

P. Tremolite. Parsons. (1930), 

Q. Tremolite. Parsons. (1930). 

R. Tremolite. Parsons, (1930). 
s. Tremolite. Ford, (1914). 
T. Tremolite. Bygden, (1933), 
u. Tremolite. Ford. (1914), 

(1923), 
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TABLE 8 

TREMOLITE SERIES ANALYSES RECALCULATED ON THE BASIS 24 (O.OH.F). 

(cont. ) 

A B C D E 

Si 7. 21 7. 73 7. 65 7. 79 7. 39 7. 59 
Al(4) 0. 6 0.24 0. 35 0. 21 0. 609 0.409 

Al(«) . - - 0.07 0. 58 0. 348 0.189 
Fe" 0.112 - 0. 26 0. 22 0. 252 0.046 

Fe" 0,35 1.14 0.55 0. 65 0. 774 0. 855 

Mn 0,22 0. 02 t r - 0.017 0. 021 
Mg 4. 97 3. 78 . 4.22 3. 80 3. 66 3. 94 
Ca 1. 36 1. 93 1. 81 1.5 1.78 1.878 
Na 0.14 0.39 0. 22 0. 54 0.185 -

K 0.26 t r 0,04 0. 04 0. 017 -

OH 1.3 2.14 1.49 .84 1. 948 2. 21 

P - - 0. 34 0.18 0. 008 -
T i 0. 26 - 0. 01 0.19 0,04 0.024 

CI - - - - .02 -

Al 0.6 . 0.24 0.42 0. 58 0. 957 0. 598 

(Fe)+Al 1.59 1. 40 1.24 1. 67 2. 01 1. 55 

Ca+Na+K+Mg 6. 73 6.10 6. 29 5. 88 5. 54 5, 82 

Na+K 0.40 0. 39 0. 26 . 0.58 0. 20 0. 00 

Pe"+Fe"' 
+MnO+Ti 0, 97 1.16 0. 82 1. 09 1. 05 . 95 
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TABLE 8 

TREMOLITE SERIES ANALYSES RECALCULATED ON THE BASIS 24 (0,0H.F). 
(cont. ) 

G H I J K L 
Si 7.43 7. 73 7. 74 7. 83 7. 38 7. 95 
A l ( ^ ) 0.257 0. 244 0. 26 0.17 0.62 0.05 
A l ( ^ ) 0.193 - 0.19 0. 04 0.11 0.18 
Fe" 0.116 - 0.12 0. 02 0. 22 0.11 
Fe" 1. 393 1.135 1. 39 0.61 0. 65 0. 50 
Mn - 0. 019 - 0.03 0.04 0.02 
Mg 3. 25 3. 78 3. 25 4.49 4.13 4. 66 
Ca 1.901 1. 932 1. 90 1. 85 1. 62 1. 88 
Na 0.145 0. 394 0.15 0.13 0. 59 0.16 
K 0.022 - 0. 02 0. 03 0. 06 0.05 

OH 1. 94 3.14 1. 94 1. 82 1.15 .77 
- - - 0. 05 0. 21 -

Ti 0. 032 0.022 0. 03 n i l 0.14 0. 01 
CI - - - - - -
Al 0. 450 0. 244 0.45 0, 21 0. 73 0. 23 
(Fe)+Al 1.99 1. 42 1. 80 .87 1. 84 0. 89 

Ca+Na+K+Mg 5. 30 6.10 5. 32 6. 50 6, 40 6. 75 
Na+K 0.17 0.39 0.17 0.16 0.65 0. 21 

Fe"+Fe'" 
+MnO+Ti 1. 54 1.18 1. 54 0. 66 1.11 0. 64 
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TABLE 8 

TREMOLITE SERIES ANALYSES RECALCULATED ON THE BASIS 24 (O.OH.F). 
(cont, ) 

1 0 P R S 
Si 7. 92 7. 91 7. 91 7, 90 7. 92 7. 88 
Al ( ^ ) 0. 08 0.09 0.09 0.16 0. 08 Q).12 
Al(S) 0.13 0.13 0. 14 0. 23 0. 43 0.17 
Fe" 0.15 0.05 0.10 0. 14 0.24 -
Pe" 0.48 0.12 0. 03 0. 50 1. 35 0. 06 
Mn 0. 02 0. 02 0,01 0. 02 0. 04 t r 
Mg 4. 67 5. 24 5,18 4.65 3. 29 4.90 
Ca 1. 90 1. 97 1. 90 1.79 1.78 1. 93 
Na 0. 22 0. 23 0. 21 0.39 0.09 0.13 
K 0.09 0. 16 0, 12 0. 06 0.04 0.04 
OH . 63 n. d. 0. 63 0. 59 0. 98 0.42 
F 0. 07 0. 87 0,12 - - 0.16 
Ti 0. 02 0. 01 0. 01 - t r 0.02 
CI - - - - - -
Al 0. 21 0. 22 0,23 0, 33 0. 51 0.29 
(Fe)+Al 0. 88 0. 42 . 38 , 99 2.14 .37 
Ca+Na+K+Mg 6. 88 7.60 7.41 6. 89 5. 26 7. 00 
Na+K 0. 31 0. 39 0, 33 0.45 0. 51 0. 70 
Fe"+Fe'" 
+MnO+Ti 0. 67 0. 20 0,15 0. 66 1. 63 0. 08 
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TABLE 8 

TREMOLITE SERIES ANALYSES RECALCULATED ON THE BASIS 24 (O.OH.F). 
(cont. ) 

1 U 
Si 7. 97 7, 87 E154. 70 
Al ( ^ ) 0.07 0.13 
A l ( ^ ) - 0. 08 
Fe" 0.03 0. 02 
Fe" - 0. 02 
Mn 0.18 0. 02 
Mg 5. 08 5.10 E58, 04 
Ca 1.59 1.90 

Na 0.19 . 0.17 

K 0.02 0. 08 

OH 1. 97 1.09 
F 0.11 0. 37 
Ti 0. 01 -
CI - -
Al 0.07 0. 21 
(Fe)+Al . 29 0. 27 E23. 99 

Ca+Na+K+Mg 7.05 7. 25 E128. 01 
Na+K 0. 38 0. 25 E7. 35 
Fe"+Fe"' 
+MnO+Ti 0. 22 0. 06 E16. 38 

E1197, 5562 

E378. 8748 

2 
E36. 32 

19 
2 

E829. 3599 
2 
E 3.519 

E 18.0272 



TABLE 8 

PHYSICAL PROPERTIES OF TREMOLITE SERIES. 

PASE 2S 

No, B E 

Ng 

Nm 

1. 634 

1. 628 

1. 641 

1. 630 

1. 641 

1. 6304 

1. 660 

1. 650 

1. 638 

1. 642 

Np 

2V 

S,G 

1.619 

19 

79^ 

3.190 

1. 617 

18 

1. 616 

I4O47O 

calc. 105°6' 2Vm 81°30 
Np incorrect calc, 83°16 

3. 090 3. 029 

1. 636 

150-22° 

75^ 

3. 079 

1. 627 

17° 

83° 

3.105 

SinZAC 3256 

Sin2V 9833 

3090 

9999 

2551 

9890 

3090 

9659 

2924 

9925 

Y-x .015 .024 ,025 .024 .026 
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No. 

Ng 

Nm 

Np 

2V 

S. G 

TABLE 8 

PHYSICAL PROPERTIES OF TREMOLITE SERIES. 
(cont. ) 

^ G H I 

1. 638 

1. 623 

1. 618 

17 

84 28 

3. 060 

SinZ,,,c 2924 

Sin2V 9953 

Y-x .020 

1.650 

1. 641 

1. 627 

20 

77 26 

3.110 

2420 

9761 

.023 

1. 641 

1. 630 

1. 617 

18° 

85-12 

3. 090 

3090 

9965 

.024 

1. 650 

1. 641 

1. 627 

20 

77 26 

3.110 

3420 

9760 

.023 

J 

1. 641 

1. 6330 

1. 617 

14° 57° 

81°38' 

3. 047 

2585 

9895 

.024 



TABLE 8 

PHYSICAL PROPERTIES OF TREMOLITE SERIES. 
(cont, ) 

PASS 3 0 

No, K M 

Ng 1. 655 1. 634 1. 639 1. 636 1. 636 

Nm 1. 6442 1. 626 1. 626 1. 622 1. 623 

Np 1. 628 1. 616 1. 611 1. 609 1. 609 

Z.c 130 351 18 17^ 17°-18° 16 

2V 76° 58' 

S. G 3.137 

83° 34' 

3.044 

85° 54' Calc. 92°6' 
Np incorrect 

3. 051 3, 024 

87-54 

2. 998 

SinZ^c 2348 3090 2924 3007 2756 

Sin2V 9743 9937 9974 9999 9993 

Y-x .027 .018 .028 .027 .027 
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TABLE 8 

PHYSICAL PROPERTIES OF TREMOLITE SERIES. 
(cont. ) 

No. a R S 

Ng 1. 636 1.653 1.635 

Nm 1.626 1.642 1.6192 

Np 1. 613 1,628 1. 602 

Z,c 16° 15° 16° 38' 

2V 82° 6' 83°-16' 86°-29' 

S.G 3.042 3.131 2.980 

SinZ^c 2756 2588 2863 

Sin2V 9905 9931 9981 

Y-x .023 .025 .033 
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TABLE 8 

PHYSICAL PROPERTIES OF TREMOLITE SERIES. 
(cont. ) 

No. T U 
2 

Ng 1.629 1.625 E32. 827 E 53. 8822 

Nm - 1.6132 
2 

Np 1. 604 1. 599 E32. 340 E 52. 295588 

Z,c 15° 20° 1' 

2V 79° 20' 83° 23' 
2 

S. G 2.980 2.997 E61.294 E 187.908036 
2 

SinZx 2588 3423 E5.8693 E 1.74081301 
2 

Sin2V 9827 9934 E19,7864 E 19.57690252 
Y-x . 025 .026 



TABLE 8a 

WRITER'S LIST OP COMMON HORNBLEKDES FROM THE LITERATURE. 

No. 1 2 3 4 5 6 7 

SiOg 39.78 41. 25 41.15 37. 40 34.185 38.44 38. 74 

AlgOg 11. 39 10.46 16.14 12. 34 11. 527 11.03 11. 42 

PegOg 5. 93 3. 85 2. 38 4.16 12. 621 5. 80 4. 34 

PeO 14. 21 16. 28 12. 38 25. 84 21. 979 24. 67 23. 28 

MaO 0. 68 0. 76 0.09 1. 24 0. 629 0.48 0.44 

MgO 9. 62 8. 02 11. 45 2. 20 1. 353 1. 97 3. 25 

CaO 9. 68 10. 26 11.15 9. 72 9. 867 9. 56 10.16 

NagO 1. 57 1. 58 1. 68 1. 80 3. 290 1. 81 1. 98 

KgO 1. 60 1. 46 1. 93 1.36 2. 286 1. 72 1. 97 

HgO^ 2. 59 1.69 1. 36 - 0. 348 1.09 0. 83 

HgO- 0. 25 0. 10 0.05 0. 60 - 0.19 1.09 

P 1.29 1.17 0.8 - - .96 -
Ti02 1.47 2. 90 0. 50 3. 20 - 2. 37 2. 83 

01 0. 58 0. 60 - - - . 60 0. 77 

To t a l 100.64 100. 32 101. 06 99. 86 98.084 100. 69 101. 05 

0 f o r 
P+Cl 0. 67 0. 62 0. 34 - - 0. 54 0. 57 

T o t a l 99. 97 99. 70 100. 72 100.15 100. 48 
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TABLE 8a 

WRITER'S LIST OF COMMON HORNBLEHDES FROM THE LITERATURE. 
(cont, ) 

No. 8 9 10 11 12 13 l i 
SiOg 38. 24 41. 67 36. 66 43. 30 52.19 42. 32 48. 38 

AlgOg 10.17 11. 52 14. 81 10. 69 6. 24 15. 62 10. 83 

5. 00 4. 71 8.10 3. 94 0.64 4. 22 0. 76 

FeO 26. 64 14. 91 21. 67 7. 00 4. 61 6. 78 1. 56 

MnO 0. 28 0.13 0.61 0. 35 0.19 0.15 0.04 

MgO 1. 07 9.46 2. 20 16. 02 20. 00 13. 68 20.78 

CaO 10. 64 11.04 9. 38 9. 73 13.15 11. 78 12.24 

Na^O 1. 50 1. 54 2. 87 4. 58 0.45 2.41 2. 69 

1. 57 2.13 2. 61 0. 66 0. 24 0. 34 1. 38 

1. 88 1. 01 0. 33 1, 80 0,44 2,13 0. 91 

HgO- - 0. 03 - - - - -
F 1.06 1,40 - - - 0. 02 1. 82 

Ti02 2. 00' 1.72 1.04 1. 55 0.48 0,27 0. 05 

01 0. 51 - • - - - - -

T o t a l 100. 07 101. 28 100. 28 99. 62 99. 84 99. 90 101.44 

0 f o r 
F+Cl 0. 59 - - - - 0. 76 

T o t a l 100. 69 _ _ — 100. 68 
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TABLE 8a 

WRITER'S LIST OP COMMON HORNBLENDES FROM THE LITERATURE. 
(cont. ) 

No. 15 11 18 19 20 .21 22 

Si02 42.05 48 .10 43. 90 44. 96 43. 33 41. 90 44. 56 53. 56 

AI2O3 12. 60 11. 05 12. 52 14. 90 15. 28 14. 90 9.57 6. 45 

^^2^3 1. 60 0. 67 0.38 1. 51 1.11 1. 90 0.54 0.49 

PeO 11. 51 1. 65 5. 95 4. 05 8.89 3. 50 7. 99 4. 53 

MnO - - - 0. 09 0.13 0. 06 0. 22 0.19 

MgO 13. 48 20. 60 18. 91 16. 05 13 .77 18. 54 22. 37 19 .49 

CaO 11. 85 12. 50 12.69 11. 92 12.15 13 .11 7.94 13. 49 

NagO 1. 97 2. 54 1. 34 1. 51 2. 41 2. 33 0. 27 0. 46 

^2° 1. 90 1.24 1.30 0. 12 0.87 1.46 0. 07 0. 24 

HgO-̂  0 .41 0. 71 0. 51 2. 26 0. 85 0. 35 5. 51 0.45 

HgO- 0. 07 0.11 0.10 - - - - -

F 1. 82 1. 90 2. 29 0. 02 0. 73 3. 06 0. 00 -

TiOg 0. 91 0.10 .009 0.23 1. 23 0. 46 0. 56 0.49 

CI - - - 0.05 0. 06 - - -

T o t a l 100.17 101.17 100. 59 99. 72 100. 81 100. 30 100.14 100. 00 

0 f o r 
P+Cl 0.17 . 80 - Chromium 0.32 

1. 92 
• - -

T o t a l 99.41 100. 37 99. 63 100. 45 - — 
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TABLE 8a 

WRITER'S LIST OF COMMON HORNBLENDES FROM THE LITERATURE. 
(cont. ) 

No. 23 24 25 26 2Z 28 

SiOg 51.88 44,15 42.11 47.14 43. 01 45. 50 

AlgOg 7. 36 10.59 10.05 9.44 12. 01 9.66 

FegOg 2.13 5.02 2. 82 3. 66 3. 35 6. 06 

FeO 5. 68 8.89 15.14 8.38 9. 07 6, 90 

MnO 0. 25 {D.17 0. 24 0.11 0.19 0.18 

MgO 16. 36 12. 30 11. 48 14.44 14. 00 14. 61 

CaO 13.70 11. 80 11.34 10. 53 11.79 11. 24 

Na^O 0.44 1. 26 1. 01 1. 15 1. 08 1. 20 

KgO 0. 60 1. 10 1. 43 1. 30 1, 01 0. 92 

HgO^ 0. 96 0. 95 2. 02 2. 00 1.40 1. 73 

HgO- - 0.11 0.06 0. 53 0. 06 0.19 

P - 0,84 - - 0. 84 trace 

TiOg. 

CI 

0.41 
co2 
0.10 

3. 73 2. 76 1.74 2. 87 1.73 

T o t a l 99. 87 100, 91 100, 46 100, 42 100. 68 99. 92 

0 f o r 
P+Cl 0, 36 - - 0. 36 -
T o t a l 100. 55 - - 100. 32 -



PASE 37 

TABLE 8a 

]?miTER'S LIST OF COMMON HORNBLENDES FROM THE LITERATURE. 
(cont. ) 

No. 29 30 31 32 33 34 

SiOg 48.32 48, 96 48. 92 44. 23 48.71 45. 09 

AlgOg 6. 43 7. 85 5. 88 14. 62 9.48 10.43 

FegOg 5.45 3, 62 6. 50 5.11 2. 33 3. 90 

PeO 7. 90 8. 25 7. 79 8,94 9.12 10.14 

MnO 0,13 0.12 0.17 0, 21 0.23 0.24 

MgO 14,82 15. 69 14. 32 10.78 14. 43 12. 52 

CaO 11, 99 11. 90 11, 37 10. 81 11. 93 12. 29 

NagO 0. 99 1.04 1, 20 1. 51 1.16 1. 60 

KgO 0, 67 0, 53 0, 71 0. 61 0.16 0,78 

HgO^ 1. 61 0,63 1, 37 1,42 1. 83 1. 76 

HgO- 0.06 0, 08 0.18 0.08 -
F trace 1,41 0. 27 0. 22 0.23 0. 28 

TiOg 1,43 1. 07 1.21 1. 81 0. 32 0.84 

CI '. - - - - - -

T o t a l 99, 80 101.15 99. 89 100. 35 99. 92 99, 87 

0 f o r 
F+Cl 0.61 0.11 0.09 0. 10 0. 12 

Tot a l 100. 54 99. 78 100. 26 99. 82 99. 75 



FAQS. 38. 

TABLE 8a 

WRITER'S LIST OP COMMON HORNBLENDES FROM THE LITERATURE. 
(cont. ) 

No. 35 36 37 38 39 40 
SiOg 45. 28 44. 94 42. 90 42. 65 44. 73 41. 72 

AI2O3 11. 00 11. 24 11. 92 15. 89 11.54 15. 80 

^^203 4.42 2. 87 5. 04 5. 33 2. 87 3. 36 
FeO 10.50 12. 61 12. 58 14. 65 11. 07 6. 03 
MaO 0. 28 0. 22 0. 30 0.43 0. 40 0.12 

MgO 12, 02 11. 98 10. 30 6. 64 11. 89 14.14 
CaO 12. 48 11. 61 11.49 10.13 11. 83 12. 92 
NagO 1. 59 1.86 2. 40 2. 08 1.45 1.42 
KgO 0.97 0.47 1.19 0. 28 0. 60 2. 60 
HgO* 1.02 1. 26 1. 32 1. 64 1. 79 0. 85 
HgO- - - - - - 0.04 
P 0. 31 0. 24 0. 20 0. 27 0.16 0.16 
TiOg 1. 01 1.79 1.44 0. 65 1.32 0. 81 

CI - - - - . - -

T o t a l 100. 68 101. 09 101. 08 100. 68 99. 65 • -

0 f o r 
P+Cl 0, 11 0.10 0.08 0.11 0. 07 — 

T o t a l 100. 57 100. 99 101.00 100. 57 99. 58 100. 33 



TABLE 8a 

PASS. 33 

WRITER'S LIST OF COMMON HORNBLENDES FROM THE LITERATURE. 
(cont. ) 

REFERENCE. 

1. Pemaghastingsite. Buddington & Leonard. (1953), 

2. Femaghastingsite. Buddington & Leonard. (1953), 

3. Pargasite. Howie, R. A, (1955). 

4. Fe r r o h a s t i n g s i t e . B i l l i n g s . (1928). 

5. Fe r r o h a s t i n g s i t e . B i l l i n g s . (1928^. 
6. Fe r r o h a s t i n g s i t e . B i l l i n g s . (1928), 

7. Per r o h a s t i n g s i t e . Buddington & Leonard, (1953), 

8. Per r o h a s t i n g s i t e . Sahama, (1947). 

9. Hornl)lende. Howie. (1955). 

10. H a s t i n g s i t e . Walker. (1924). 

11. Magnesio-hastingsite. B i l l i n g s . (1928). 

12. Called Edenite. Mikkola & Sahama. (1936), 

13. Edenite. SulDramanian. (1956), 

14. Pargasite, Laitag:ari. (1918-23), 

15. Pargasite. L a i t a k a r i . (1918-23), 

16. Pargasite. L a i t a k a r i , (1918-23), 

1'7. Pargasite. L a i t a k a r i , (1918-23), 

18. Pargasite. Subramanian. (1956), 

19. Pargasite. Rosenzweig & Watson, (1954). 

20. Pargasite. Parsons. (1930). 

21. HomlDlende. Kennedy & Dixon. (1936), 

22, Hornblende. Mikkola & Saharaa, (1936), 



TABLE 8a 

WRITER'S LIST OP COMMON HORNBLENDES FROM THE LITERATURE. 

(cont. ) 

REFERENCE. 

23. HornlDlende. Jones. (1930), 

24. HornlDlende. Deer, (1938), 

25. HornlDlende. Deer. (1938). 

26. Hornblende. Deer. (1938). 

27. HornlDlende. . Deer. (1938). 

28. Hornblende. Deer. (1938). 

29. Hornblende. Deer. (1938), 

30. Hornblende. Deer. (1938), 

31. Hornblende. Deer. (1938). 

32. Hornblende. Deer. (1938). 

33. Hornblende, Rosenzweig & Watson. (1954). 

34. Hornblende. Rosenzweig & Watson. (1954). 

35. Hornblende. Rosenzweig & Watson, (1954), 

36. Hornblende. Rosenzweig & Watson. (1954). 

37. Hornblende. Rosenzweig & Watson. (1954). 

38. Tschermakite, Rosenzweig (4 Watson, (1954), 

39. Hornblende, Rosenzweig & Watson. (1954). 

40. Hornblende. Halliraond. (1947). 



TABLE 8a 

PAG£ 41 

COMMON HORNBLENDE ANALYSES RECALCULATED ON THE BASIS 24 (0,0H.F). 

No. 1 2_ 3 4 5 6 7 8 

Si 5. 98 6. 30 6, 039 6.10 5.75 6. 20 6.18 6,16 

A l ( 4 ) 2. 02 1. 70 1. 961 1. 47 2. 25 1. 80 1. 82 1.84 

A l ( ^ ) 0. 01 0. 17 0. 821 0. 90 0, 04 0. 29 0.33 0. 09 

Fe"' 0. 67 0.44 0. 264 0. 51 1. 60 0. 070 0. 52 0.60 

Fe" 1. 77 2. 07 1. 515 3. 53 3.09 3. 31 3.12 3. 60 

Mn 0. 09 0. 09 0. O i l 0.17 0.09 0. 07 0. 06 0. 04 

Mg 2.17 1. 84 2. 519 0. 53 0, 34 0.47 0. 78 0. 26 

Ca 1. 56 1. 68 1. 752 1. 70 1.78 1. 65 1.74 1. 84 

Na 0.46 0.48 0. 475 0. 57 1. 07 0.56 0. 61 0.47 

K 0. 31 0.28 0.352 0.28 0.49 0. 35 0.40 0. 32 

OH 2. 60 1.72 1. 340 .0. 65 0. 39 1.17 0. 88 2.04 

F 0. 61 0. 56 0. 370 0. 00 - 0. 48 0.48 0. 54 

T i 0.17 0. 33 0.053 0.39 - 0. 29 0. 34 0. 30 

CI 0.16 0.15 - - 0.15 0. 21 0,14 

A l 2. 03 1. 87 2. 78 2. 37 2. 29 2. 09 2.15 1, 93 

Fe"+Mn 
+Fe"'+Ti 2. 70 2. 93 1.84 4. 60 4. 78 4. 37 4. 04 4, 38 

(Pe)+Al 4. 73 4. 80 4. 62 6. 97 7, 07 6. 46 6.19 6, 31 

Ca+K+Na+Mg 4. 5 4. 28 5.10 3. 08 3, 68 3. 03 3. 53 2. 89 

Na+K 0. 77 0.76 0. 83 0. 85 1. 56 0. 91 1. 01 0. 79 



TABLE 8a 

COmON HORNBLENDE ANALYSES RECALCULATED ON THE BASIS 24 (0,OH.F). 
(cont. ) 

PAse 42 

No, 9 IQ 11 12 13 l i 15 11 
Si 6, 229 5, 97 6.44 7.151 6, 33 6. 33 6, 46 6. 76 

A l ( ^ ) 1. 771 2. 03 1. 56 • 1. 00 1.67 1. 58 1. 54 1. 24 

A l ( ^ ) 0. 257 0,81 0. 30 0. 11 0. 99 - 0. 56 0. 58 

Pe'" 0. 520 0. 99 0.42 0.07 0, 452 0.06 0.09 0. 07 

Pe" 1. 857 2. 95 0. 87 0. 56 0, 818 0.17 1. 48 0.18 

Mn 0. 016 0. 08 0. 04 0. 02 0. 017 - - -
Mg 2.120 0. 53 3. 56 4. 29 2. 95 4.11 3.05 4. 35 

Ca 1. 766 1. 64 1, 54 2. 03 1. 83 1. 70 1. 85 1. 88 

Na 0,448 0. 91 1, 24 0.13 0. 678 0, 68 0. 60 0. 69 

K 0, 394 0. 54 0,14 0, 04 0.052 0. 24 0, 40 0. 24 

OH 1. 004 0. 36 1. 60 0. 42 2. 053 0, 82 0. 40 0. 67 

P 0. 665 • - - - 0. 008 0. 38 0,44 0.84 

T i 0.188 0.14 0,17 0.05 0. 035 - - 0. 001 

CI - - - - 0. 008 - - -
A l 2. 03 2. 84 2. 28 1.06 2. 66 1. 58 2.10 1. 82 

Fe"+Mn 
+Pe"'+Ti 2. 58 4,16 1, 50 0. 70 1. 32 0. 23 1. 57 0. 26 

(Pe)+Al 4. 61 7. 00 3,78 1. 76 3. 98 1. 81 3. 67 2. 08 

Ca+K+Na+I\Jg 4. 73 3. 62 6,48 6.49 5. 51 6. 73 5. 90 7.16 

Na+K 0,84 1. 45 1,38 0.17 0. 73 0. 92 1. 00 0. 93 



TABLE 8a 

COMMON HORNBLENDE ANALYSES RECALCULATED ON THE BASIS 24 (O.OH.F). 
(cont, ) 

PAse 43 

No. 17 18 19 20 21 22 23 24 

Si 6. 35 6. 38 6. 32 6.04 6.25 7. 58 7. 42 6.451 
A l ( 4 ) 1. 65 1. 62 1. 68 1. 96 1. 59 0. 48 0. 58 1. 509 

A l ( ^ ) 0.49 0. 87 . 0. 95 . 0. 58 - 0. 60 0. 68 0. 320 

Fe'" 0.04 0.16 0.12 0. 21 0. 05 0. 07 0. 23 0. 555 

Fe" 0. 72 0. 48 1.09 0.42 0. 93 0. 54 0. 68 1, 091 

m - 0. 01 0. 02 0. 01 0.03 0.02 0, 03 1, 021 

Mg 4.10 3. 39 3. 00 3. 99 4, 68 4.11 3, 49 2. 694 

Ca 1. 97 1. 80 1. 90 2. 03 1. 20 2. 04 2.10 1. 858 

Na 0. 38 0.41 0. 68 0.65 0.06 0.13 0.12 0. 359 

K 0. 24 0. 02 0.16 0. 27 0. 02 0. 04 0.11 0, 207 

OH 0. 50 2.15 0. 83 0.16 3. 98 0. 42 0. 92 0. 930 

P 1. 04 0.01 •0.33 1. 40 - - -. 0. 406 

T i 0. 08 0. 03 0.13 0. 50 0. 06 0. 05 0. 04 0.411 

CI - 0, 02 0. 02 - ,. - - - -

A l 2.14 2. 49 2. 63 2. 54 1. 64 1, 02 1. 26 1. 83 

Fe"+Mn 
+Pe"'+Ti. 0. 84 0. 70 1. 36 0. 69 1.07 0.68 0. 98 2. 08 

(Pe)+Al 2. 98 3.19 3. 99 3. 23 2. 71 1. 70 2. 24 3. 91 

Ca+K+Na+Mg 6. 69 5. 62 5. 74 6. 94 5. 96 6. 49 5. 82 5.12 

Na+K 0. 62 0. 43 0. 84 0. 92 0. 08 0,17 0. 23 0. 57 



TABLE 8a 

COMMON HORNBLEITDE ANALYSES RECALCULATED ON THE BASIS. 24 (O.OH.F). 
(cont. ) 
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No. 25 26 27 28 29 30 31 32 
Si 
A l ^ ^ ) 

6. 314 6. 813 6. 288 6. 630 7. 044 7. 068 7.155 6, 436 Si 
A l ^ ^ ) 1.680 1,187 1. 712 1. 370 0. 956 0. 932 0. 845 1, 564 
AlC6) • 0. 090 0.410 0. 350 0. 280 0.145 0. 400 0.165 0. 934 
Pe'" 0. 319 0. 397 0. 368 0. 663 0. 597 0. 394 0. 715 0.559 
Pe" 1. 896 1. 013 1.109 0. 840 0. 964 0. 995 0. 952 1. 087 
Mn 0. 031 0. 013 0. 023 0. 022 0, 016 0. 015 0. 021 0. 026 
Mg 2. 565 3,109 3. 049 3.171 3, 218 3, 373 3,120 2. 337 
Ca 1. 822 1. 629 1. 845 1. 754 1. 871 1. 840 1, 780 1. 685 

Na 0. 294 0. 321 0. 306 0. 338 0. 280 0. 291 0. 339 0. 424 
K 0. 274 0, 240 0.188 0.172 0.124 0. 097 0.132 0.114 
m 2.018 1. 927 1. 364 1.681 1. 565 0, 607 1. 335 1. 377 
F - 0. 386 - - 0. 642 0.123 0.105 
T i 0. 311 0.188 0. 314 0.189 0.156 0.117 0.135 0.198 
Gl - - - - • 

A l 1. 78 1. 60 2. 06 1. 65 1.10 1. 33 1. 01 2, 50 
Fe"+Mn 
+Pe"'+Ti 2. 56 1. 61 1, 72 1. 71 1. 73 1. 52 1. 81 1. 87 
(Fe)+Al 4. 34 3. 21 4. 78 3. 36 2. 83 2. 85 2, 92 4, 37 
Ca+K+Na+Mg 4. 95 5. 28 5.40 5, 43 5.45 5, 60 5, 37 4. 50 
Na+K 0. 56 0. 56 0. 50 0. 51 0.40 0. 39 0.47 Oi 53 
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TABLE 8a 

COMMON HORNBLENDE ANALYSES RECALCULATED ON THE BASIS 24 (O.OH.F). 

(cont, ) 

No, 33 34 35 37 38 

Si 6. 99 6. 65 6. 67 6.62 6, 38 6. 34 

A l ( ^ ) 1.01 1. 35 1. 33 1. 38 1. 62 1. 66 

A l ( 6 ) 0.59 0. 46 0. 58 0. 57 0. 47 1.13 

Fe'" 0.25 0.43 0.49 0. 32 0. 56 0. 60 

Pe" 1. 09 1. 25 1. 29 1. 55 1. 56 1. 82 

Mn 0. 03 0. 03 0.04 0. 03 0.04 0.05 

I g 3. 09 2. 74 2. 62 2. 63 2. 28 1. 46 

Ca 1. 84 1. 94 1. 97 1. 83 1. 83 1. 62 

Na 0. 32 0. 46 0.46 0.53 0. 69 0. 60 

K 0. 03 0.15 ID. 18 0. 09 0. 22 0. 05 

OR 1. 76 1. 73 1. 01 1.24 1. 30 1. 63 

P 0.10 0,13 0.14 0.12 0.10 0.13 

T i 0,03 0.09 0.11 0.19 0.16 0. 07 

CI 
A l 1. 70 1, 81 1.91 1. 95 2. 09 2.79 

Pe"*Ma 
+Pe"'+Ti 1.40 1. 80 1. 93 2. 09 2. 32 2. 54 

(Fe)+Al 3.10 3. 61 3. 84 4,04 4, 41 5. 33 

Ca+K+Na+Mg 5, 28 5. 29 5. 23 5, 08 5, 02 4.73 

Na+K 0. 35 0. 61 0. 64 0, 62 0. 91 0. 65 
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TABLE 8a . 

COMMON HORNBLENDE ANALYSES RECALCULATED ON THE BASIS 24 .CO,OH.F). 
(cont. ) 

No. 39 40 

Si 6. 59 6.14 E259, 34 

A l ^ ^ ) 1.41 1. 86 
A l ( 6 ) 0. 60 0, 89 

Pe"* 0. 32 0. 37 

Pe" 1. 36 0.74 

Mn 0.05 0. 01 

Mg • 2. 61 3.10 E107. 80 

Ca 1.87 2.04 

Na 0,42 0. 40 

K 0.12 0.49 

OH 1.76 0. 83 

F 0. 07 0.19 

T i 0.15 0.09 

CI 
A l 2, 01 2, 75 E79. 47 

Pe"+Mn 
+Pe"'+Ti 1. 88 1. 21 E80. 06 

(Pe)+Al 3, 89 3. 96 E160. 63 

Ca+K+Na+Mg 5.02 6.03 E208. 85 

Na+K 0.54 0. 89 E27. 89 

E 1687. 9682 

E343, 9966 

E167, 8553 

E216. 5470 
E725. 0985 
2 

E1134. 4105 
2 

E 23.049 



PASE 47 

TABLE 8a 

PHYSICAL PROPERTIES OF COMMON HORNBLENDES. 

No. Ng Nm Np Ẑ c 2V S.i SinZ_^c Sin2V Ng-Np 

1. 1. 693 1. 689 1. 666 41°i50 51°il° 3, 211 .35837 .77715 .027 

2. 1. 696 1, 692 1.680 15°i5° 5814° 3. 258 .25882 .84805 .016 

3,' 1. 680 1. 671 1. 663 20 82 3, 20 . 34202 ,98481 .017 

4, 1. 722 1.719 1. 698 20 47 3. 375 .34202 .73135 .024 

5, 1. 732 1.731 1. 705 13 25 3. 433 .22495 .42262 .027 

6, 1. 724 1.717 1. 694 12-13 52±2 3. 445 .21644 , 78801 .030 

7, 1. 716 1.712 1.692 9 i i 3 52^3 . 3. 432 .16505 .78801 .024 

8, 1. 730 - 1. 702 12. 0 3. 447 .20791 .0000 .028 

9. 1. 685 1. 680 1. 665 20 68 3. 260 .34202 . 86603 .020 

10. 1. 711. 1. 711 1. 697 17 0 3, 426 . 29237 . 0000 .014 

11. 1. 670 1. 663 1. 653 40 64 3.160 .64279 . 89879 ,017 

. 12. 1. 642 1.634 . 1. 625 12 86° 3. 054 .20791 , 99820 .017 

13. 1. 669 1.6611 1. 651 16-1 83±20 3.167 .27564 , 99357 .018 

14. 1. 635 1.6205 1. 616 26° 58°51' 3, 095 .45321 , 85582 .019 

15. 1. 659 1, 6456 1. 640 25°-30' 65°09' 3,189 .43051 .90740 .019 

16. 1. 635 1. 6180 1. 613 26° 60°29' 3. 069 .43837 .87021 , 022 

17. 1. 651 1. 6380 1. 633 26°15' 63 3.186 .44229 . 89114 . 018 

18. 1. 656 1.6473 1. 640 190±1° 85^-2 3.117 .32557 . 99692 ,016 

19. 1. 664 1. 651 1. 441 22 98 3.175 .37461 . 99027 .023 

20. 1.441 1. 632 1.122 18-19 88 3.163 .31730 , 99940 .019 

21. 1. 637 - 1. 615 17 77 2. 950 .29237 .97437 .022 

22, 1. 642 1. 634 1. 625 12 86°-6' 3.05 .20791 . 99820 ,017 



TABLE 8a 

PHYSICAL PROPERTIES OF COMMON HORNBLENDES. 

PAS£ 46 

No. Ng Nm Np Z c 2V S, G SinZ c Sin2V Ng-Np 

23, 1. 642 1, 631 1. 618 16 90 3.147 ,27564 .99990 ,024 

24, 1, 673 1. 665 1. 654 17 71 3.176 .29237 .94552 .019 

25. 1. 680 1. 673 1. 662 15 66 3. 205 ,25882 . 91355 .018 

26. 1. 669 1. 661 1. 651 18 74 3.162 .30902 .96126 .018 

27, 1. 672 1. 664 1.650 15 70 3.170 . 25882 .93969 .022 

28. 1. 669 1. 660 1. 651 18 77 3.164 . 30902 .97457 .018 

29. 1, 671 1. 663 1. 653 20 76 3.159 .34202 ,97030 , 018 

30, 1, 670 1. 662 1. 651 19 75 3.160 . 32557 . 96593 ,019 

31. 1. 664 1. 655 1. 643 19 78 3.159 . 32557 .97815 ,02 1 

32. 1. 677 1. 670 1.659 18 70 3,174 . 30902 .93969 .018 

33. 1. 661 1. 652 1. 638 18 78 3,115 . 30902 .97815 .023 

34, 1.669 1. 662 1.650 17 72 3.153 .29237 .96126 .019 

35. 1. 673 1. 664 1. 650 17 75 3.181 .29237 .97437 .023 

36, 1. 677 1, 668 1. 653 16 72 3. 204 .27564 .96126 .024 

37, 1. 683 1. 677 1. 644 15 65 3. 203 . 25882 .92718 .037 

38, 1. 684 1. 678 1. 665 19 67 3. 234 .32557 .92718 .019 

39. 1.674 1. 666 1. 654 19 78 3.192 . 32557 .97815 ,020 

40. 1. 677 1. 668 1.659 22 86 3.175 . 37461 . 99756 ,0.18 

E66. 975 
2 

E 112.167109 
E66.141 
2 

E 109, 388993 

E127, 995 E12. 61829 
2 

E 410, 056677 

E34, 87373 
E32, 440604229 

E4, 2589972295 



C l a s s i f i c a t i o n o f t h e P a r g a s i t e S e r i e s . 



P A S & 4 9 

U 

z 

< 
I 

UJ z o < 
1 

i n 

X 
U J o z 

O 

1^ 

o " 

o 
O 
CD 

" o " 

O 

IX) 

ro 

O 

t n 

ro 
O 
eg 

t) 
u. 

o 
'rvi + 

O 
t> 

11. 

0 

0 

i n 

O 



PAGE 50 

0 , O ' 

Oil, 

2 6 ^ e L I M t S T O N C 
• O S C H I S T A M P H ' T E 

© O l O R I T E 
BASALT 

OS ^ 

G ® B 5 .-^ i S . o i T ^ 135 136®/ 

108. lll^yHilJ 

e 
144:0147 

l i 6 \ 

5 0 C a 2 M g j A l 4 * S - o 6 ° 2 2 ^ 0 H ) 2 

0 1 8 0 

Disfribulion of amphibole analyses in respect to (1;) Si atoms and {!>) atoms in the 
vacant space. 'I'lie signs re|iresent an appro.\iniat.c classification of the parent-rocks. 

PIG. 12. 
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\ 
Composition of calciferous h o n i b l c i K k - s . 

Fia. 13. 
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R e l a t i o n s h i p "between the Amounts of S i and Al 

i n the Formula Unit of Hornhlende. 
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Fig. 19 
R e l a t i o n s h i p iDetween B i r e f r i n g e n c e Ng-Np 

and the Ng Index i n Hornhlendes. 
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Fig. 25 
P l o t showing the R e l a t i o n s h i p "between Ng and Nm 

i n the Pyroxene Series. 
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TABLE 11a 

TABLE OP SELECTED ANALYSES OF THE CU?MPTGTOITITE SERIES. 

1 2 3 ± §. §. 1 8 
SiOg 43.9 46.42 49.11 48.53 47.17 50.10 50.32 54.28 

AlgOg 1,9 0.25 1.81 1.02 1.00 1.72 0.86 1.26 

TiOg - 0.15 0.12 - - 0.31 - 0.02 

FegOg - 0.09 2.03 1.14 1.12 3.11 1.75 0.80 

FeO 52.2 42.60 38.98 39. 20 43.40 26. 63 35. 36 21.79 

MnO -. 2.23 0.79 0.66 0.08 .19 .02 0.26 

MgO 1.1 3.12 2.97 4.06 2.61 14.36 8.61 18.64 

CaO - 1.51 0.75 1.31 1.90 .87 .88 0.15 

NagO - 0.70 0.94 1.06 0.47 .60 .13 0.14 

KgO - 0.43 0.64 0.19 0.07 .15 - t r 
+ - + - + + 

HgO 0. 5 1. 78 0.4 1. 39 0.10 1.71 2. 22 1.46 1.82 2.16 

Cl - 0.65 0. 31 - - - -

F - - - - 0.07 - - 0.57 

TOTAL 99. 6 100.07 99. 94 99. 88 100.11 100.10 99. 93 100. 07 
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TABLE l l h 

TABLE OF SELECTED ANALYSES OF THE GUMMINGTONITE SERIES. 

9 10 11 12 13 14 15 
SiOg 50. 99 53.12 51. 53 49.60 50.78 52.9 54.97 

AlgOg 3.78 2.78 5.02 8.65 1.77 2.37 2.38 

TiOg 0.02 0.21 0. 31 0.26 0.40 0.06 0.14 

FegOg 0.85 0.25 0.82 0.48 1.88 n i l 0.06 

FeO 21.70 22.46 16.91 18.54 29.64 28.00 17.25 

InO 0.18 0.27 0.22 1.08 0.14 0.97 0.02 

MgO 18.61 15.46 20.84 16.78 11.83 13.71 22.11 

CaO - 2.26 1.34 0.97 1.33 0.55 1.84 

NagO 0.24 - 0.65 0.79 . n i l 0.1 0.30 

KgO 0,31 - n i l n i l n i l - 0.10 
+ - + - + + + 

HgO 2,77 3. 33 2.15 .64 2. 52 .29 2.01 1.04 0.80 

Ct - - - - -

TOTAL 99,45 100,14 100.43 100.30 99.78 99.60 100.00 
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TABLE 11c 

TABLE OF SELECTED ANALYSES OF THE CUMMINGTONITE SERIES. 

16 17 18 19 20 21 22 
SiOg 56.74 50.37 50.74 53.26 53.26 52.29 53.25 

AlgOg 0.91 0.54 0. 88 2.26 1,25 0,59 2. 31 

TiOg - - 0,06 0,78 - - 0,97 

FogOg 3.41 0.56 1.80 0,60 2.63 0,29 1.81 

FeO 24.41 40.08 24,03 1.12 1.06 . 0.06 1.62 

MnO 1. 58 1.07 7.39 6.24 8.25 2.77 4. 66 

MgO 9.72 4.47 10.57 29.16 31.26 30.98 28.42 

CaO 0.42 0.83 2.00 1.10 1.11 1.26 3.42 

NagO - - 0.22 1.39 1.56 0.37 1.25 

KgO - - 0.08 0.09 0.07 0.19 0.06 

+ - + + 
HgO 3.81 2.24 6.20 1.94 1.87 0.05 0.80 5«,0i<. 

+ 

a - - -

F - - 0.07 - - 0.20 

TOTAL 100.73 100.38 99.87 99,87 100.50 ^̂ ''̂ ^ 99.63 
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TABLE l i d 

TABLE OF SELECTED ANALYSES OF THE CUMMINGTONITE SERIES. 

L o c a l i t y and Reference. 

1. C o l l C b r i e r e s , O r i g i n a l Grunerite, Gruner (1848). 

2. P i e r r e f i t t e , Warren ( l 9 3 l ) . 

3. P i e r r e f i t t e , Warren (1927). 

4. Mt. Humbolt, Michigan, U.S.A., S. Richarz (1927). 

5. La M a l l i e r e near C o l l o h r i e r e s , Kreutz 1908. 

6. Kalvola, Finland, Eskola (1936). (see Rahhitt 1948 (No. 2 ) ) . 

7. Cherry Creek, Montana, Rabbitt (1948). 

8. Trondheim, Norway, Sundius (1933). 
9. Odal f a l t e t , Persherg, Sweden, Johannson (1914). 

10. Keniddack, Cornwall, T i l l e y and F l e t t (1930). 
11. S t r a t h y , Sutherland, C o l l i n s (1942). 
12. T o l l Egain, Strathy, C o l l i n s (1942). 
13. Lake P a a r l a h t i , Teisko, Finland, S e i t s a a r i (1952). 
14. Mikonni River, New Zealand, Mason (1953). 
15. Muuruvesi, Finland, Eskola (1950). 
16. Warr eda, S.W. Div.. Simpson (E. S. ) (1928). 
17. I t . Palmer, W. A u s t r a l i a , Miles (1943). 
18. Soderraanland, Johannson (1930). 
19. C h i k l a , I n d i a , Bilgrarai (1955). 
20. T i r o d i , I n d i a , B i l g r a m i (1955). 
21. Edwards, N.Y. A l l e n and Clement (1908). 
22. T i r o d i , I n d i a , Bilgrarai (1955). 
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D l A S g A M SHCWIMS T H E Dev /eU3PMgNrr OF T H S CUMMINSTOMITES j T K Q T V P e S 

C y A M T H O P H V L U T E S FROM T H £ KaauBUglUOe 5 g e i E g . 

C O M M O M htoe»jeL£»joe gegiss. 
FeM^ FOC (MaCa) 

Wa Al FOB (si F« M9) 

A L U M I K J O U S A M T H O P H V U L I T S 

(Mg Fe Fe,„Al)7 (AISi)a Ogg(OH)g 

wow A U U M I W O U S A W T H O P H V W L I T E . 

M9 Fe RJB (Ca Mn) 

Cag (Mg Fe)^ a-gOgg (bH)g 
(Ms Fe Mn) POe C a 

Ox Mn^ (Fe Mg Mn)_̂ SieOee (OH)g 

wUMMwsTowiTE s e e i e s . 

FIS. 21 
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TABLE 12 

PHYSICAL PROPERTIES OF THE CUMMINGTONITE SERIES. 

Density Np 2V Z A C Sign 

1 3. 713 - . 1, 73 - 50° 11°-15° 0. 056 -ve 

2^ 1.676 1. 693 1. 707 8 4 0-15' 13°-22' 0. 031 -ve 

3} 
4 

c 
3.44 1, 666 1. 684 1. 700 85° 14°-15° 0.034 -ve 

O 

6 3. 307 1. 661 - 1.681 - - 0. 020 -
7 

8 3, 241 1. 639 1. 647 1,664 68° 20° 0. 025 +ve 

9 - 1.640 1. 647 1. 665 65° 20 0. 025 +ve 

10 - 1. 643 - 1. 670 - 19 0. 027 -
11 3.10 1. 643 1. 650 1. 663 75° 20 0. 020 +ve 

12 3.18 1. 645 1. 652 1.664 75° 19 0. 019 +ve 

13 3. 359 1.658 - 1.687 68-66 16-21 .029 +ve 

14 3. 27 1.651 1. 664 1. 678 86° 16° +ve 

15 3.175 - 90* 20°-22° 
1. 626 1. 635 1. 65 78° 18 Winchell f i g s 

16 3.04 1. 630 1. 660 — 17° - -+vegiven atove 
17 - 1. 673 1. 694 1. 711 85° 13^-14 - -ve 

18 3. 337 1.655 1. 674 1.685 85° 15' 15° -ve 

19 3. 312 1. 629 1. 639 1.650 88 21 .021 Straw yellow 
colour. 

20 3. 248 1. 629 — 1.650 41 18 , .021 



TABLE 15 
Miyashiro (1957) L i s t of A l k a l i AraphilDoles. 
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TABLE 14 
Optical Data for TABLE 13. 
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N a a y y-a 2V over X Disp. Optic Orient. ^ 

2 1.680 1.683 1.685 0.005 50° b=Z, cAY=5° i 
3 1.692 cAX=4° . j 
4 1.698 1.699 1.706 0.008 b=Z, cAX=0° ' 

6 1.693 1 

7 1.701 1.711 i 
8 1.695 b=Z, cAX=4-5° 

9 1.688 1.691 0.003 112° p<o b=Z, c A Y = l ° ' 

10 1.686 
11 1.6934 b=Z, cAX=2° 1 

13 1.655 1.664 1.668 0.013 42° b=Y, cAZ=27-35° 

16 1.668 1.680 0. 012 50° b=Z, c A X = l 4 ° 

19 1.645 0.011 12-65° b=Z. cAY=8° • 1 
20 1.640 1.652 0.012 b=Y, cAZ=3° 

21 1.659 1.663 1.666 0.007 50° p>u b=Z. cAY=2° ! 

23 1.649 i:-656. 1.657 0.008 17° b=Y, c A Z = l l ° 

24 1.622 1.640 0.018 b=Y, cAZ=5-«° 

26 1.660 , 10-15° p>u b=Y, cAZ=8- l4° 

28 1.615 1.634 0.019 41° b=Y, cAZ=6-8° 

29 1.618 1.637 0.019 b=Y, cAZ=4° 

31 1.606 1.627 0.021 b=Y, cAZ=8° 

34 1.619 1.640 0.021 cAZ=6° 

35 1.690 1.695 b=Z, cAX=27° 

36 1.680 1.687 1.691 0. Oil b=Z 

37 1.696 1.700 1.705 0.009 b=Z, cAX=0° . 

38 1.695 1.698 laige b=Z, cAX=8° 

39 1.695 1.700 0.005 b=Z, cAX=7° 

40 1.688 1.693 b=Z, cAX=30° 

41 1.687 1.693 b=Z, . cAX=28° 

42 1.670 1.680 1.682 0. 012 small b=Z, cAX=20-25° 

43 1.683 1.687 b=Z, cAX=15° 

44 1.665 b=Z, cAY=ca. 40° 

46 1.655 1.664 0.009 41° p>v b=Z, cAX=18-30' 

47 1.651 1.661 1.670 0.019 (72°) (p>") cAZ=57°. j 

50 1.681 1.688 b=Z, cAX=36° 

51 ca. 25° . Il>l> b=Z, cAX=63-70'' 

52 1.655 1.662 0.007 (small) b=Y, cAX=56° 

53 1.639 1.658 1.660 0.021 38° p<v b=Y, cAX=52° 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

621 
633 
650 

.623 

.628 

.612 

.606 

.622 

.605 

1.639 
1.657 
1.633 
1.638 

1.623 
1.616 
1.635 

1.640 0.019 
1.642 0.009 
1.659 0.009 
1.641 0.018 
1.644 0.016 

1.627 
1.623 
1.641 
1.627 

Oiiaii 2V over X 

cAZ=13 
cAZ=44 
cAZ=35 
cAZ=40 
cAZ=24 
cAZ=45 
cAZ=20 
cAZ=24 

b=Y, cAZ=19 
b=Y, cAZ=n 

76-80 

0. 015 
0. 017 

0.022 

TABue 14 



Fig. 28 
The Ca and R"' Relationship i n A l k a l i Amphiholes 

(Miyashiro 1957) 

TABLE 15 
Crystallographic Data for Amphiholes 

(Sundius 1946) 
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Aiithophyllite 

Cuinmingtonite . . . . 
Griinerite 
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Fig. 29 

Diagrams I l l u s t r a t i n g Solid Solution i n the Anthophyllite and 
Curamingtonite Series, A = Anthophyllite F i e l d , B = Cuinraingtonite 
F i e l d (Sundius 1933), C = Extension of B to include C o l l i n s (1942) 
Data. Paired Minerals are connected hy Lines. (Rahhitt 1948) 
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MgO'CoOt O 
No,0-K,0 

•A A A A 
30 . 4 0 

•7^—7^—7^—7r~A 7̂  7̂  7 ^ — 7 ^ — 7 ^ 
50 60 70 80 90 F e O ' F e , 0 , ' 

MnO- TiC^' 

Composition of 46 anthoph\ llitcs whose comiwsitions arc- shown in table 2. 

The numbers of the Montana varieties are underlined. The plot is based on the chemical 

weights |)er cent of the oxides shown, the sum of these oxides being 100%. 
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MgO.CoO- KD 20 30 40 
Nap • K,0 
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FIS. 2 S 



Fig. 30 
Triangular Diagram to show Solid Solution 

Relations in the Hornhlende Series. 
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TABLE 16 

Analyses of Amphiholes from the Literature 
covering the Iramiscihility gap of Fig. 12 



TABLE 16, 

No. 1. Hornhlende. Mg r i c h Edenite, Glen Urquhart. G. H.Pranic (1958) 

No. 2. Actinolite. Prieska D i s t r i c t Cape Prov. 
S. Africa. Mathias (1952) 

No. 3. Hornhlende. Outer Granite. Ben Nevis. Nockolds & 
Mitchell. 
Abh. Akad. d. Wiss. 

No. 4. Hornhlende. Tonalite, Komander Ss. Malkovski Krakau 
53. (A) 1913 p l l 7 . 

No. 5 Hornblende Plagioclase, Skaru. 

No. 6. Hornblende. U r a l i t i z e d Gabbro, 
Aberdeenshire. 

Francis (1958) 

N.P.M. Henry. 
Mem. du Com, Geol. 

No. 7 Hornblende, Hornblende Diorite, A l t a i . K. Tisnofeur, 
N. S.Uvr. 157 1923. 

I V No. 1. F a l l s within S\indius c l a s s but has Al . 757 
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TABLE 16a 

No. 1 2 3 4 5 .6 7 

Si02 52,4 51.88 50.42 49.36 52.87 50.75 47.87 

AlgOg 7.1 8.08 4.75 6.96 6.40 5.12 3.95 

TiOg 0,2 0,18 1.11 0.82 0.28 0.65 2.02 

PegOg - 1.84 3.05 5.26 1.12 1.31 5.01 

PeO 3,4 5.89 8.49 7.25 2.37 13.06 19.48 

MgO 19.7 18.48 16.17 15.46 20.52 14.12 7.78 

CaO 13.4 11.04 12.38 12.07 13.50 11.33 10.35 

NagO 0.9 0.78 - 0.36 0.56 1.10 1.87 

KgO 0.4 0.08 - 0.11 0.12 0.83 

MQO 0.1 0.13 0.39 0.60 0.06 0.29 

PgOg n. d. 0.03 -

HgO 2.2 1.94 - 1.16 1.60 1.94 1.29 

P 0. 58 0.01 - 0.30 -

TOTAL "lOO. 3 100. 36 99.35 99.79 100. 56 99. 62 
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TABLE 16b 

ATOMIC PROPORTIONS 

1 2 3 4 5 6 7 
SiOg 7.245 7.240 7.23 7.178 7.367 7.36 7.35 

AlgOg ,757/. 40 .760/545 . 77/. 02 .822/381 .633/. 418 . 64/. 23 . 648/. 052 

TiOg .021 .033 .12 .087 .029 .07 ,23 

FegOg - .184 .33 .575 .117 .14 .57 

PeO .393 . 686 1.01 .881 .276 1.58 2.397 

MgO 4.055 3.867 3.48 3.358 4.929 3.07 1.787 

CaO 1.983 1.649 1,90 1,875 2,018 1.77 1,704 

NagO .241 .217 .'041 ,105 0.076 0.31 .553 

KgO .070 0.017 (0.03) ,017 ,010 0.16 

MQO .012 .008 .05 .070 .001 .035 

PgOg 2.027 - 1.486 

HgO .253 1,825 1.19 1.116 .132 1.88 1.326 

F . 005 



Pig. 51 
Diagram to show suggested Compositional Limits of the 

Hornblende Series with respect to Si and Na+K. 
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0. O ' te^ Q UIMISTONt 
•0 SCHIST AMPHTE 
© OIOBITC 
9 BASALT 

N f P M - S r E N I T E 

k̂ Nî MgiAijiSre'. 

0 Ci2MgjAl4^SL6022(0H)2 
0180 

Distribution of amphibole analyses in respect to (o) Si atoms and (t) atoms in the 
vacant space. The signs represent an approximate classification pf the iiarent-rocks. 

FIG. 31. 



Pig. 52 
Diagram to show Imraiscibility with respect to 
the Iron Component i n the Hornblende Series. 
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/ 

Composition of calcifcrous hoiublciulf: 

fie. 32. 



Fig. 55 
The Relationship hetween Si and R"' i n 

Alk a l i Amphiholes (Miyashiro 1957) 
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include metamorphosed ironstone and limestone and hydrothermal products. 

FIS. 33. 
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riebeckite-glaucopj'mne group. (A) compositions, (B) nomenclature, (C) 
refractive indices, (D ) optic orientation. 

FIG. 34, 
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Fig. 56 
Sundius (1946^ Triangular Diagram for Solid 
Solution Relations betY/een the Hornblende 

Series and the A l k a l i Amphiboles. 
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Fig. 58 

Relation hetween Na+K and Ca i n 
Hornblendes and Al k a l i AmphilDoles. 
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Pig. 39 
The Relationships between Ng and Nm 

Refractive Indices i n the Monoclinic Airaphiboles. 
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Fig. 40 
The Relation Isetween Ng Index and the Birefringence 

Ng-Np f o r Tremolites and A l k a l i Araphiholes. 
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Fig. 41 
Plot of Various Chemical Parameters i n Weight per cent 

Against Mean Refractive Index (Ford 1914;. 
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Fig. 45 
The Effects of Increasing Content of Fe202 and TiOg 

on the Ng Refractive Index i n Hornblendes. 
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Fig. 47 
The Relationship "between Si02 and the Ng 

Refractive Index i n Hornhlendes. 
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Fig. 51 
Relationship between Mg+Al and Various Physical Properties 

i n the Hornhlende Series (Rosenzweig & Watson 1954) 
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Fig. 57 
Variation i n Composition and Properties i n the 
Tremolite-Actinolite Series (Winchell 1931). 

Fig. 58 
Variation i n Composition and Properties i n the Tremolite-Pargasite 

Series. Note Formula i s Edenite not Pargasite (Winchell 1934). 
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Fig. 59 
The Properties of the Tremolite-Ferrotremolite Series. 

(Winehell 1951). 
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Fig. 60 
The Physical Properties of the Calciferous Amphiholes 

(Winchell 1945) The P a r t i a l Prism. 
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Fig. 62 
The Relationship "between the Ng Refractive Index and Al(4). 
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Fig. 64 
Two Axial Diagrams f o r Study of Sesqui-oxides 

i n the Hornhlende Series (Siindius 1946) 
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Fig. 65 
Refractive Index Values at Various Sesgui-oxide 

Levels. (Sundius 1946) 
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Fig. 66 
Showing the Relationship of Ti+Fe"' to Various 

Contents of A l ( i i ) and Fe" (Sundius 1946) 
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Fig. 68 
The Relationship "between Axial Angle, A l ( i i ) 

and Hegvy Ion Content (Sundius 1946) 
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Fig. 69 
I l l u s t r a t i n g the "break i n Optical Properties between the 

Tremolite Series and the Common Hornhlendes (Sundius 1946) 
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Fig. 72 
Writer's Suggested Method f o r I d e n t i f i c a t i o n 

of A l k a l i Amphiholes. 
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Fig. 7 5 

Graph showing the Relationship "between d-space and % AlgOg 
Content i n the Hornblende Series. 
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Fig. 74 
Graphs showing the Relationship between d-space 

and % Si02 and llgo Content. 
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Fig. 7 5 

Graphs showing the Relationship between d-space 
and % FeO and % (NagO+KgO) Content. 
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Fig. 76 
Graph showing the R e l a t i o n s h i p hetv/een d-space 

and Si T i n atomic p r o p o r t i o n s ) 
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APPENDIX 1 

ADDITIONAL STATISTICAL DATA. 



ADDITIONAL DATA FOR ICLTIPLE REGRESSION EQUATIONS. 

Common Horriblende. Tremolite Series. 

E(Ng X S.G) 214.404446 100. 610853 
E(Ng X (Fe)) 135. 21891 26. 95112 
E(Ng X Np) 110, 768936 53. 082842 

E(Kg X (2V)) 58. 24105383 32.47543720 

E(Ng X (Z.c)) 21.09740079 9. 63298600 

E(Ng X S i ) 434. 00380 253. 90211 

E(Ng X ((Pe) A l ) ) 270. 30724 39. 46639 

E(Ng X Mg) 179. 36136 141.12768 

E(Np X S. G) 211,74056 99.120428 

E(Np X (Fe)) 133. 46348 204.19532 

E(Ng X Np) - -
E(Np X (2V)) 57. 52138501 31. 9934597 

E(Np X (Z.,c)) 20.83871185 9. 4908147 

E(Np X Si) 428. 60906 205.12907 

E(Np X {(Fe) A l ) ) 266. 87239 38. 89814 

E(Np X Mg) 177.19263 139. 2578 

E(S.G X (Fe)) 
E(S. G X (Fe) A l ) 
E(S.G X (2V)) 
E(S.G X iZ.yc)) 

E(S.G X Mg) 

E(S.G X (Mg)) 
E(S. G x S i ) 

261.01316 
519. 67214 
110. 87424942 
40. 26153122 
340.13228 

828. 87811 

50. 63583 
74.1081 
60. 6350273 
17. 9937191 

263. 24982 

473. 93413 



ADDITIONAL DATA FOR MULTIPLE REGRESSION EQUATIONS. 

E((Fe) X (Fe) + A l ) 
E((Fe) X Mg) 
E((Fe) X (Mg)) 
E((Fe) X Si) 
E((Fe) X (Z,c)) 
E((Fe) X (27)) 
E((Pe) X (Na+K)) 

Common Hornhlende. 
384. 0436 
162. 9743 

509.15650 

23. 6331772 

62. 3824063 

Treraolite Series. 
25. 2538 
64. 5958 
98. 5944 

125. 67990 
4. 853548 
16.164033 

5. 5582 

B((2V) X Z c) 
E( 2 V x Si) 
E2V X (Fe) + A l 
E(2V X Mg) 
E(2V X (Na+K)) 
E(2V X (Mg)) 

11.1473384906 
222. 8507074 
131. 6454101 
101.0244209 

5. 80609515 
153.064162 
23. 678456 
85.169084 
7. 263718 

126. 699157 

E ( Z ^ c X S i ) 
E ( Z A C X Mg) 

E ( Z / C X (Na+K)) 
E ( Z A C X (Mg)) 

E ( Z A C X (Fe) + A l ) 

81.7233097 

35. 5483011 

48. 2882334 

45. 37892 

25.185643 
2.106163 

37. 499198 
7. 072733 



APPENDIX 2. 

EXAMPLE OF METHODS OF CALCULATION OF REGRESSION EQUATIONS 

AND 

OTHER STATISTICAL DATA 



K E Y . 

X i = Ng 

• Xg = Np 

X3 = D 

X4 = Sin Z a C 

X5 = Sin 2V 

Y = (Pe" + Fe'" + Mn + T i ) 

1. EX]_^ = Sum of squares of Ng values. (Table 8 and Appendix 1) 

S i m i l a r l y f o r EXg^ EXg^ etc. 
2. C o r r e c t i o n term i n t h i s case i s the square of the sum of 

the Ng values. ( S i m i l a r l y f o r Xg Xg e t c . ) di v i d e d hy the 
number of Ng values. 

3. The products e.g. EX-̂  Xg are s i m i l a r l y derived and the 
c o r r e c t i o n terms are products of sums di v i d e d by number of 
values. 

4. Exx Xg etc. are d i f f e r e n c e s and represent sums of squares 
and products of d e v i a t i o n s from the means. 

5. (Exx)^(Ey)^ etc. are the denominators of the c o r r e l a t i o n 
c o e f f i c i e n t s *r' the numerators being the values from Step 4 . 

6. The simultaneous equations are then b u i l t w i t h the ' r ' 
values i n the manner i n d i c a t e d by t he example. 



HORNBLENDE SERIES. REDUCTION OF DATA FOR SIMULTANEOUS EQUATIONS. 

Xn 

EX^S 

1 1 2 . 1 6 7 1 0 9 

C o r r e c t i o n 

1 1 2 . 1 4 1 2 6 0 

Exi'^ 
. 0 2 5 8 4 9 

Ex-, 
. 1 6 0 8 

EXĝ ^ 
1 0 9 . 3 8 8 9 9 3 

Xc 

Correction 
1 0 9 . 3 6 5 7 9 

EX2^ 
. 0 2 3 2 0 3 

Exc 
. 1 5 2 3 2 

X r 

EXr 

4 1 0 . 0 5 6 6 7 7 

Correction 
4 0 9 . 5 6 8 0 0 0 

EX3^ 
. 4 8 8 6 7 7 

•Exc 
. 6 9 9 0 7 

EX^S 

4 . 2 5 8 9 9 7 

X, 

Correction 

3 . 9 8 0 5 3 1 

Ex/ 
. 2 7 8 4 6 6 

EX4^ 
. 5 2 7 7 4 

X 5 

EX, 

3 2 . 4 4 0 6 0 

Correction 

3 0 . 4 0 4 3 7 

EX52 

2 . 0 3 5 2 3 1 . 4 2 6 6 

E Y 2 

2 1 6 . 5 4 7 0 

C o r r e c t i o n 

1 0 6 . 2 4 0 1 

Ey^ 

5 6 . 3 0 6 9 

Ey^ 
7 . 5 0 4 0 



HORNBLENDE SERIES. REDUCTION OF DATA FOR SIMULTANEOUS EQUATIONS. 

EX]_X2 

110. 768936 

Correction 

110. 744830 

X r 

EXiXg (Exp(Ex^) ^1 

.024106 .02449 . 9843 

EX3_X3 

214.404446 

Correction 

214.311620 

EX1X3 

.092826 

(EX3_)^EX3)2 1*2 

. 1124 . 8259 

EX1X4 

21.097400 

Correction 

21.127749 

^4 
EX1X4 

-. 030348 

(Exi ? ( E x 4 ) 2 r s 

. 08486 3576 

EX1X5 

58. 24105 

Correction 

58. 39098 
^ V 5 

-. 14993 

(EXi ? ( E x 5 ) ^ ""4 

.2294 -.6536 

EX]_Y 

135. 21891 

Correction 

134. 05046 

Ex-̂ y 
1.16845 

( E X 3 L ) W ) ^ ^5 

1. 2066 . 9683 



HORÎ TBLENDE SERIES, REDUCTION OF DATA FOR SIMCJLTANEOUS EQUATIONS. 

EXgXg Corr e c t i o n ExgXg (Exg)^Ex5)' 

Xg 211.74056 211.64293 .097637 .1065 

r 6 

. 9168 

EXgX^ Corre c t i o n Exgx^ 

20. 838711 20. 864657 025945 

CExg)^Ex4)' 
.08039 

r 7 

-. 3227 

X. 
E-V5 

57, 52138 

Co r r e c t i o n 

57. 66458 

X5 

ExgX5 

-. 14319 

(Exgf(Ex5)' 
. 2173 

1*8 

6590 

X2 

ExgY 
133. 46348 

Cor r e c t i o n 

132. 38121 

Y 

ExgY 
1. 08227 

(ExgfcEy)^ 
1.1430 

r 9 

9469 



HORNBLENDE SERIES. REDUCTION OF DATA FOR SIMULTANEOUS EQUATIONS. 

EXgX^ 

40. 261530 

Correction 

40. 37695 

EX3X4 

~. 11542 

(EXg)^(Ex4)^ 

. 3689 

r i O 

3129 

X3 

EX3X5 

110. 87424 

Correction 

111. 59157 

X5 

EX3X5 

-. 71732 

(EX3)^(EX5)^ 

. 9973 7193 

EX3Y 

261. 0131 

Corr e c t i o n 

256.1819 

EX3Y 

4.8312 

( E x . ) ^ E Y)2 ^3' 
5. 2458 

r l 2 

. 9210 

5 
EX4X5 Correction EX4X5 

11.147338 11.1001170 .0472214 

2 2 (EX4)(EX5) 

.7529 

r l 3 

. 6272 

X. 
EX4Y 

23. 6331 

Correction 

25.2555 

Y 

Ex4y 

-1. 6223 

(Ex4)^(Ey)^ 

3. 9602 

r l 4 

-. 4097 

X5 

EXgY Correction Ex^y 

62. 38240 69.79971 -7.4173 

( E x J ( E y ) ' 

10. 7052 

r l 5 

6929 



COMMON HORNBLENDES; Simultaneous and Regression Equations f o r (Fe) 
i n Atomic Proportions on Physical Properties. 

Simultaneous Equations (derived from Reduction of Data) 

Ng Np D Z^c 2V Fe 

Ng +.1 +.09843 +.08259 -.03576 -.06536 = +.09683 
L 

Np +.09843 +.1 +.09168 -.03227 -.06590 = +.09469 
L 

D +. 08259 +.09168 +.1 -.03129 -.07193 = +.09210 
L 

Z.C-.-3576 -.03227 -.03129 +.1 +.06272 = -.04970 
L 

2V -. 06536 -. 06590 -. 07193 +. 06272 +.1 = -. 06929 

(Reduced hy a f a c t o r of 10 f o r computer.) 

S o l u t i o n s given hy computer. 
-4.4703808336 = a p a r t i a l regression c o e f f i c i e n t s . 
6. 9495669087 = b 

-2.1274607100 = c 
-0. 2705730651 = d 
-0.3955553821 = e 

Regression Equations: 

(Fe"+Fe'"+Mn+Ti) = (Fe) = 411.21 - 208.75Ng + 340.55Np 

"22. 79D - 3. 83Sin Z,c - 2.05 Sin 2V 

C o r r e l a t i o n C o e f f i c i e n t ; 

\ e = 0. 915 

Standard Error of the Estimate; 

S E 
* (Fe) = . 515 atoms. 



f i t ) I I C o r r e l a t i o n C o e f f i c i e n t : "R 

i R i s c a l c u l a t e d 
E = ryx a + ryg b > r y g c + ry4 d + r y s e f i r s t l y to enable 

consideration t o 
by s u b s t i t u t i o n R =/. 838 = . 915 (Maximum c o r r e l a - be given t o the 

~ t i o n i s 1.0) usefulness of the 
regression equation. 

Regression Equation: 
_ /By2 _ /Ey2 _ /Ey2 jEy^ /Ey2 

by s u b s t i t u t i o n from simultaneous equation and reduction 

of data. . 

Fe = 411.21 - 208. 75Ng + 340. 55Np - 22.790 - 3.83 Sin Z^c - 2.05 Sin2V 

Standard Error of Estimate: 

/ ( I - R2) EyS 
V n - m by s u b s t i t u t i o n = , 515 

n = number of sample 
m = number of parameters 



COMMON HORNBLENDES. Siraaltaneous and Regression Equations f o r 
(Fe)+Al, % and Si i n Atomic Proportions on 
Physical Properties. 

Simultaneous Equations. 
Ng Np D Z^c 2V Fe (Fe)+Al Mg Si 

Ng +.1 +.09843 +.08259 -.03576 -.06536 +. 09683 = +. 09400 09663 -. 05559 

Np L +.09843 +.1 +.09168 -.03227 -.06590 +. 09469 = +. 09295 09492 -. 05546 

D L 
+.08259 +.09168 +.1 -.03129 -.07193 +. 09210 = +. 09076 09417 -. 05466 

Z^c-. 03576 -.03227 -.03129 +.1 +.06272 -. 04970 = -. 05048 +. 03996 -.106366 
2V i i 

-.06536 -.06590 -.07193 +.06272 +. 1 -. 06929 = -. 0658 +. 06767 -. 08918 
Pe jj 

+.09683 +.09469 +.09210 -.04970 -.06929 +. 1 +. 09315 09597 -. 05166 

Reduced hy a f a c t o r of 10 f o r computer. 

Solut i o n s : 
Mg (Pe)+Al 

-0.8482347716 
1.3386004537 

-0.2707048741 
-0.1453277567 
0.0483780172 

Si 

0. 4602100234 
-0.5589338585 
0.1821008245 

-0.1455006438 
0.1116705605 

4. 4842276253 
-5. 0688003215 
0.6462166752 
0. 8041386006 

-2. 9182168545 

-2. 2765717169 0. 6959373818 -0. 0387190430 

Regression Equations: 
(Fe)+Al = -45.43Ng + 78. 74Np - 3. 61D - 2. 54(SinZ^c) + . 30Sin2V 
+ .83(Pe) - 39.74 

Mg = 21. 85Ng - 27. 38Np + 1. 89D - 2. 07SinZiC - . 56Sin2V - 1. OOPe 
+ 9. 63 

Si = 57. 20Ng - 86Np + 2. 3D + 3. SSinZ^c - 5.19Sin2V - . 76Fe 
+ 21.61 

C o r r e l a t i o n C o e f f i c i e n t s : 

R(Fe)+Al = .939 

= . 99 

Standard Error of the Estimate 
^^(Fe)+Al = . 538 atoms. 

^Mg 

RSi 

R 

= .92 R 
•Mg = . 18 atoms. 
SiO = .172 atoms. 



TREMOLITE SERIES: Simultaneous and Regression Equations f o r (Fe) 
i n Atomic Proportions on Physical Properties. 

Simaltaneous Equations: 

Ng Np D Z^c 2V Fe 

Ng +.1 +.09141 +.05984 -.09073 -.05549 = +.07578 
L 

Np +.09141 +.1 +.07701 +.02300 -.06195 = +.08651 
L 

D +.05985 +.07701 +.1 +.01543 +.04063 = +.08271 
L 

Z^c-. 09073 +.023 +.01543 +.1 -.007349 = +.01354 
L 

2V -. 05549 -. 06195 +. 04063 -. 007349 +. 1 = +. 04383 

Reduced by a f a c t o r of 10 f o r computer. 

Solutions -0.1168195896 
-0. 4505201085 

1.4731118539 
-0.1320347089 
-0. 5138489746 

Regression Equation: 

(Fe"+Fe'"+Mn+Ti) = (Fe) = 33. 860 - 6. 202Ng - S2. 746Np 

+ 12. 876D - 1. 767(SinZ^c) - 25. 301 (Sin2V). 

C o r r e l a t i o n C o e f f i c i e n t = .97334 (l.00 = absolute 
c o r r e l a t i o n ) . 



TREMOLITE SERIES; Simultaneous and Regression Equations for Mg, 
Si and (Pe)+Al i n Atomic Proportions on 
Physical Properties. 

Ng 

Simultaneous Equations. 

Np D Ẑ c 2V Pe MgO Si (Pe)+Al 

Ng +. 1 +.09141 +.05985 -.09073 -.05549 +.07578 = 07860 -. 03728 +. 08122 
Np L 

+. 09141 +.1 +.07701 +.0230 -.06195 +.0865 -.08033 -. 05022 +. 09102 

D L 
+. 05985 +.07701 +.1 +.01543 +.04063 +.08271 = -. 06022 -. 07302 +. 08684 

Ẑ c L 09073 +. 02300 +. 01543 +. 1 -. 007349 +. 01353= -. 01353 -. 01286 +. 007383 

2V L 05549 -.06195 +.04063 -Q07349 +.1 -.04383 = +. 04255 +. 03847 04619 

Pe L 
+. 07578 +.08651 +.0827 +.01353 -.04383 +.1 = -. 09255 -.04867 +. 09505 

Reduced "by a factor of 10 for computer. 

Solutions. 
Mg 

0.11926625895 
0.12744572033 
-0.19301711123 
0.11015178921 
0.28097609595 

-0. 85825982695 

Si 
-0.13642164730 
-0. 80460230625 
0. 55268364124 
-0.14412427155 
-0. 59328453038 
-0. 38486418755 

(Pe)+Al 
0.10615192772 
0.33127991369 
•0. 02647826180 
0. 01733329007 
0.09725838073 
0. 64558084246 

Regression Equations: 

Mg = 8. 70Ng + 8. 86Np - 2. 32D + 2. 03(SinZ^c) + 19.05(Sin8V) -1.18(Pe)-35.12 
Si = 48.93 - 3. 36Ng - 18. 32Np + 2.18D - 0. 8SinZ*c - 13. 51Sin2V - . 17Pe 

(Pe)+Al = 7.19Ng + 21.40Np -. 29D + .3l(SinZ*c) + 61.11 (Sin2V) + .83(Pe) 

Correlation Coefficients. 
M̂g = . 905 
•^Si = not significant 
^(Pe)+Al = . 967 

Standard Error of the Estimate. 
S. E. Mg = . 339 atoms. 
S. E. (pe)+Al = .187 atoms. 



TREMOLITE SERIES: Simultaneous and Regression Equations for (Mg) 
and Na+K i n Atomic Proportions on Physical 
Properties. 

Sinniltaneous Equations. 

SinSV SinZ^c Pe (Mg) Na+K 
Sin 2V +.1 -.007349 +.01358 = -.01323 -.03504 

L 
SinZ^c -.007349 +.1 -.04383 = +.04074 -.01974 

L 
Pe +.01353 -.04383 +.1 = -.09176 -.02376 

Reduced by a factor of 10 for computer. 

Solutions given "by computer. 
(Mg) Wa+K 

-0.00782231126 -0. 32948234355 
0. 00664434058 -0. 37902882815 

-0. 91302942682 -0.35914937426 

Regression Equations: 

(Mg+Ca+Na+K) = (Mg) = .48(Sin2V) - .15(SinZ^c) - 1.34Pe * 7. 54 
(Na+K) = not significant 

Correlation Coefficients:-

•̂ (Mg) = .91619 (correlation i s almost wholly with (Pe) 
see ahove equation) 

^(Na+K) = not significant 

Standard Error of the Estimate. 

S. E, jjg = ̂  atoms 



HORNBLENDE SERIES: Simultaneous and Regression Equations for (Pe) 
in Atomic Proportions on Physical Properties. 

Simultaneous Equations: 

Ng Np D Ẑ c 2V (Pe) 
Ng +.1 +.09844 +.08674 -.01893 -.06652 = +.09598 

L 
Np +. 09844 +. 1 +. 09310 -. 01330 -. 06534 = +. 96554 

L 
D +.08674 +.09310 +.1 -.01429 -.07031 = +.09316 

L 
Ẑ c-. 01893 -.01330 - .01429 +.1 +.03808 = -.02515 

L 
2V -. 06652 -. 06534 -. 07031 +. 03808 +.1 = -. 06777 

Reduced "by a factor of 10 for computer. 

Solutions: 

9.132493992 
11.675324974 
4.413976915 
0. 247174916 
0. 844567427 

Regression Equation: 

(Pe"'+Pe"+Mn+Ti) = (Pe) = 397.25Ng - 498.90Np + 44.19D 
+ 4.07 (Sin Z*c) + 5.03 (Sin 2V) + 14.48. 

Correlation Coefficient: 
R (Pe) = .894 

Standard Error of the Estimate 
S. E. Pe = .538 atoms. 



HORNBLEKDE SERIES: Simultaneous and Regression Equations for (Pe)+Al 
~" ~~~ in Atomic Proportions on Physical Properties. 

Simultaneous Equations. 

Ng Np D Sin Ẑ c 2V Pe (Pe)+Al 
Ng +. 1 +. 09844 +. 08674 -. 01893 -. 06625 +. 09598 = +. 09430 

L 
Np +.09844 +.1 +.09310 -.01330 -.06534 +.09414 = +.09542 

L D +.08674 +.09310 +.1 -.01429 -.07031 +.09316 = +.09160 
Z C-. 01893 -. 01330 -. 01429 +. 1 +. 03808 -. 02515 = -. 02002 

L 
2V -.06652 -.06534 -.07031 +.03808 +.1 -.06777 = r. 06208 

L 
Pe +.09598 +.09414 +.09316 -.02515 -.06777 +.1 = +.09157 

LL 

Reduced by a factor of 10 for computer. 

Solutions: 
-0. 6491581247 
1.4280526135 
-0.1650874380 
-0. 0810818564 
0. 0322167856 

0. 3496299236 

Regression Equations: 

(Pe)+Al = - 44. 08Ng + 96. lONp - 25. 79D - 2.06 (Sin Z^c) 
+ . 30 (Sin 2V) + . 55Pe - . 50 

Correlation Coefficient: 

^(Pe)+Al = .96 
Standard Error of the Estimate. 

S. E. _ ̂  538 atoms. 



APPENDIX 3 

X-RAY POWDER DATA. 

1. The three strongest lines of each pattern are indicated "by 
the superscripts 1, 2, 3 against the abbreviations for intensity. 

o 
2. 'd' spacings i n Angstrom units were obtained using the tables 

of Parrish and Irwin (1953) i n which the Bragg values for the 
wavelengths are used. 

3. A l l the patterns were obtained with Pe f i l t e r e d Co. radiation 
by the method of Straumanis i n an 11.4 cm. diameter camera. 
The exception i s the Dilma p i t chrome tremolite (Dunham and 
others 1958) which was obtained with Ni f i l t e r e d Cu radiation 
in a 9cm. camera by the Van Arkel method. 

NOTE, 'd' spacing at 3.12^ approximately i s very similar in intensity 
o 

to Line at 2. 54A. By visual methods i t is often d i f f i c u l t 
to estimate whish is the stronger. 



B.L,1396 B. L. 931 B. L. 733 
d. I d. I d. I 
9. 08 M 9. 05 W 9. 06 W 
8.48 S 1 8. 45 3 ^ 8.47 s 

5.11 w 4. 93 W 5.12 WW 
5.10 . M 5. 05 MW 
4. 53 M 4. 53 w 4. 53 MW 
4. 23 W 4. 25 WW 4.22 WW 
3. 98 VW 4. 06 WW 4. 03 WW 
3. 88 M-W 3. 90 w 3. 90 w 

3. 39 MS 3. 40 MS 3. 40 M 
3.28 M 3. 29 M 3. 28 M 

3.12 M-S 3.13 S 3.12 s 

2.95 M 2. 95 M 2. 95 s 

2. 80 W 2. 82 W 2, 81 w 

2. 71 S 2 2. 71 S 2 2. 73 s 

2. 59 M 2. 60 MS 2. 60 MS 

2. 543 S 3 2. 560 S 3 2. 556 s 

2. 382 WW 2. 392 VW 
2. 340 M 2.347 M 2. 344 M 
2. 280 W 2. 300 MW 2. 295 M-W 
2. 214 WW 2. 231 VW 2. 225 WW 
2.161 M 2.170 M 2.164 M 

2. 045 MW 2. 055 W 2, 052 W 



2. 017 MW 2. 030 MW 2. 026 M 
1. 968 WW 
1.936 WW 
1. 888 WW 1. 888 WW 
1.867 MW 1. 875 VW 1. 873 W 
1.846 WW 1. 858 WW 1. 852 WW 
1. 811 WW 1. 816 vw 1. 814 w 

1. 748 WW 1. 764 vw 1. 748 VW 
1. 718 WW 1. 702 vw 

1. 689 m 1. 688 vw 1. 692 MW 
1. 651 M 1. 656 M 1. 654 M 
1.635 vw 1. 640 VW 
1. 621 w 1. 623 w 1. 620 W 
1. 582 M 1. 585 M 1. 590 SM 
1. 559 VW 1. 564 VW 1. 560 VW 

1. 535 vw 1. 546 w 1. 542 VW 
1. 519 M 1. 529 m 1. 525 M 
1. 506 W 1. 510 w 1. 507 W 
1. 474 WW 1. 479 vw 1.476 W 
1.448 WW 1.462 vw 1. 460 W 
1.439 M 1. 445 s 1.441 S 
1. 366 m 1. 373 M • 1. 370 M 

1. 342 w 1. 344 M 1. 352 M 

1.197 w 1. 204 W 1. 200 W 

1.164 WW 1.168 W 1.163 VW 

1.148 WW 1.154 VW 1.151 VW 

1.123 WW 1.140 w 1.121 WW 



1.113 WW 1.118 Ŵ V 1.099 WW 

1. 078 W 1.083 w 1. 080 W 

1. 051 w 1. 054 w 1. 052 w 

1. 046 w 1. 049 W 1. 047 w 

1. 029 . w • 1. 031 w 1. 029 w 

1. 024 w 1. 016 WW 1. 020 WW 

.984 vw 1. 004 WW 1. 004 WW 

. 977. vw . 99 w . 99 w 

.976 vw . 983 w . 981 w 

. 969 WW . 953 WW . 973 WW 

. 950 vw .937 WW . 951 vw 

. 922 vw . 919 vw . 934 WW 

. 921 vw . 913 w . 924 WW 

. 911 w . 911 WW . 915 w 

. 909 vw . 913 VW 

.901 . WW . 911 WW 

. 909 WW 

. 904 WW 

. 902 WW 



B.L. 1798 B. L. 1951 B. L. 830 
d. I d. I . d. I . 
9.06 M 9.05 M 9. 01 W 
8.42 s 1 8. 42 S 1 8.43 S 

5.10 VW 5. 07 VW 4. 91 VW 

4.91 • MW 4. 90 MW 4.14 VW 

4. 51 MW 4. 52 MW 4.52 MW 

4. 21 VW 4. 20 VW 4. 22 WW 

3. 98 WW 
3. 88 MW 3. 90 V 3. 90 VW 

3. 33 MS 3. 37 MS 3. 38 MS 

3. 27 M 3. 27 M 3. 27 M 

3.10 MS 3.12 S 3.13 S 

2. 94 M 2. 95 M 2. 95 M 

2. 80 W 2. 80 VW 2. 82 W 

2. 71 S 2 2. 70 s 3 2. 68 s 

2. 60 M 2.60 M 2. 60 M. S 

2. 546 MS • ^ 2. 553 M.S 2. 555 S 

2. 384 WW 2. 378 WW 
2. 341 M 2. 342 M 2. 342 M 

2.290 W 2. 291 W 2, 295 M.W 

2. 217 WW 2. 232 VW 2. 223 VW 

2.162 M 2.166 M 2.166 M 

2.045 W 2. 050 W 2.053 W 

1.199 VW 1.198 VW 1.199 W 

1.161 WW 1.163 VW 1.166 VW 



1.148 
1.124 
1.107 
1. 079 

1.048 
1. 030 
1. 026 
1.006 
. 986 
. 980 
. 979 
. 973 
.951 
. 933 
. 921 
. 913 
. 911 
. 909 

WW 
WW 
WW 
w 

W 
vw 

vw 

WW 
w 

vw 

vw 

vw 

WW 
WW 
WW 
WW 
MW 
WW 

1.149 VW 

1. 065 
1. 051 
1.046 
1.027 

. 987 

. 980 

. 950 

. 933 

. 921 

. 914 

. 912 

.910 

VW 
w 

WW 
w 

w 

vw 

WW 

WW 
WW 
WW 
WW 
WliV 

1.148 

1. I l l 
1. 080 
1.050 
1.046 
1. 028 
1. 019 
1. 001 
. 990 
. 986 
. 981 
. 978 
. 951 
. 922 
.921 
.914 
. 913 
.910 

VW 

WW 
VW 
WW 
WW 
w 

WW 
WW 

vw 

vw 

vw 

vw 

vw 

vw 

WW 
WW 
vw 

vw 

. 902 WW 



LY 313 LY 109 LY 486 

d. I d. I d. I 
9. 00 MW 9.16 M 8. 95 MW 
8. 45 s 1 8. 45 S 1 8. 40 S 
5. 70 vw 5.12 W 5.09 w 

4. 91 w 4. 84 MW 4. 87 MW 

4.53 MW 4. 63 MW 4. 51 MW 
4. 27 WW 4. 37 W 4.21 W 

4.03 vw 4. 06 MW 4. 01 VW 

3. 90 w 3. 53 VW 3. 88 MW 

3. 39 MS 3.40 MS 3. 38 MS 

3. 28 M 3. 28 M 3. 28 MW 

3.11 MS 3.12 MS 3.12 S 

2. 95 MW 2. 95 M 2. 94 MW 

2. 80 VW 2. 81 VW 2. 80 VW 

2. 71 MS ^ 2. 71 S 2 2. 71 s 

2. 60 MS 2. 60 M 2. 60 M 

2, 550 S 3 2. 540 S 3 2. 538 S 

2..383 WW 2. 382 WW - -
2. 333 . M 2. 340 MW 2. 364 M 

2. 288 MW 2.281 W 2. 278 W 
2. 213 VW .2. 212 VW 

2.164 , M 2.162 M 2.162 MW 

2.049 MW 2.045 MW 2.043 W 

2. 019 M 2. 016 MW 2. 015 MW 

1. 971 VOT 1.952 WW 1. 967 WW 

1. 938 WW 1. 933 WW 1. 936 WW 



1. 890 WW 1. 889 WW 1. 894 WW 
1.869 VW 1. 865 w 1. 868 VW 
1. 847 WW 1. 845 VW 1. 845 VW 
1, 811 w 1. 810 WW 1. 815 VW 
1. 750 w 1. 749 WW 1.751 VW 
1.695 w 1. 685 W 1. 689 w 

1.680 w 1. 677 WW 
1. 652 MW 1. 650 MW 1. 652 MW 

1. 621 W 1. 617 W 1. 621 W 
1. 587 MW 1. 581 M 1. 584 MW 
1. 560 VW 1. 562 WW 1. 500 WW 
1. 538 VW 1. 538 VW 1. 538 WW 
1. 523 MW 1. 516 • w 1. 518 MW 
1. 508 VW 1. 504 w 1. 507 W 
1. 477 VW 1. 472 WW 1. 472 VW 
1. 459 VW. 1. 454 WW 1. 456 VW 
1.441 M 1. 438 M 1. 443 M 
1. 369 MW 1. 363 MW 1. 368 MW 
1. 342 W 1. 345 W 
1.199 W 1.195 MW 1.199 MW 
1.163 VW 1.159 VW 1.161 VW 
1.149 WW 1.133 WW 1.147 WW 

1.124 WW 

1.115 WW 1.110 VW 1.110 WW 

1. 079 w 1. 074 VW 



1.050 
1.046 
1.030 
1. 014 
1. 009 
. 986 
. 980 
. 977 
.969 
. 951 
. 933 
. 930 
. 912 

VW 
VW 
vw 

w 

WW 
• M 
W 
VW 
WW 
vw 

WW 
WW 
WW 

1. 049 
1. 045 
1.030 
1. 022 
1. 005 
.983 
. 980 
. 974 

. 904 

.901 
WW 
WW 

. 936 

. 931 

. 919 

. 909 

. 907 

. 901 

VW 
VW 
WW 
VW 
WW 
VW 
VW 
VW 

WW 
WW 
WW 
M 
VW 

vw 

979 
. 975 

950 
934 
932 
930 
910 

900 

WW 
WW 

WW 
WW 
WW 
WW 
M 

VW 



LY 484 LY 485 LY 20 
d. I . d. I . d. I . 
9.10 MW 9. 07 M 9. 03 M 
8. 34 S 1 8. 40 S 1 8.44 S 
5.08 VW 5. 08 w 5. 08 VW 
4. 88 W 4. 89 MW 4. 89 vw 

4. 50 w 4.44 MW 4. 53 MW 

4. 22 WW 4. 22 W 4. 23 WW 
4. 00 WW 4.01 WW 

3. 87 w 3. 87 m 3. 89 m 
3. 38 M 3. 38 MS 3. 39 M 
3.27 M 3. 28 M 3. 28 MW 
3.12 MS 3.12 s 2 3.13 MS 
2. 94 M 2. 94 MS 2. 94 MW 

2. 80 VW 2. 81 vw 2. 88 WW 
2. 71 . S 2 2. 70 s 3 2. 71 s 

2. 59 M 2. 62 M 2. 60 M 

2. 535 S 3 2. 540 . MS 2. 541 s 

2. 377 WW 2. 374 WW 2. 383 WW 

2, 333 MW 2. 367 M 2. 343 MW 

2. 276 VW 2. 282 W 2. 285 VW 

2. 210 • vw 2. 213 WW 2. 261 WW 

2.161 M 2.162 M 2.163 MW 

2. 042' WM 2. 041 MW 2. 098 W 

2. 014 MW 2. 015 MW 2. 016 W 

1. 970 WW 1. 969 WW 1. 955 WW 

1. 932 WW 1. 927 WW 1. 916 WW 



1. 865 
1. 841 
1. 813 
1. 748 
1. 688 

W 
VW/ 
WW 
WW 
W 

1. 890 
1. 865 
1. 840 
1.811 
1. 748 
1. 687 

WW 
VW 
WW 
WW 
WW 
w 

1. 890 
1. 867 
1. 843 
1. 815 
1. 779 
1. 690 

WW 
W 
WW 
WW 
WW 
w 

1.648 
1. 636 
1. 617 
1.580 
1.558 
1. 534 
1. 514 
1. 504 
1. 469 
1.455 
1. 438 
1. 364 

1.195 
1.159 
1.146 
1.124 
1.110 
1. 088 

WW 
w 

MW 
VW 
VW 
MW 
MW 
WW 
WW 
M 

m 
w 

WW 
WW 
WW 
WW 

1. 650 
1. 633 
1. 618 
1. 581 
1. 559 
1. 534 
1. 518 
1. 505 
1.472 
1. 455 
1. 441 
1. 365 
1. 343 
1.197 
1.159 
1.149 
1.123 
1. I l l 
1. 078 

MW 
WW 
w 

MW 
VW/ 
VW 
W 
w 

WW 
WW 
MS 
M 
W 
MW 
VW 
WW 
VW 
WW 
VW 

1.654 

1. 621 
1. 584 
1, 562 
1. 540 
1. 521 
1. 508 
1.481 
1. 464 
1. 441 
1. 367 
1. 343 
1. 200 
1.161 

MW 

W 
M 
WW 
VW 
MW 
WW 
WW 
WW 
M 
MW 
W 
MW 
MV/ 

1. 079 VW 



1.05 WW . 1. 050 W 1. 051 VW 
1.046 WM 1.047 WM 1. 047 VW 
1. 031 WW 1.031 VW 1. 031 VW 
1. 021 WW 1. 028 WW 1. 028 VW 

. 986 VW . 985 WW 
. 983 w . 980 WW . 981 WW 
. 98 w . 978 WW .979 WW 
. 974 WW . 976 WW .976 WW 
. 968 WW . 954 WW . 950 WW 
. 950 WW . 952 WW 
. 934 W . 934 WW .933 WW 
. 929 WW . 930 WW 
. 920 WW . 920 WW . 920 WW 
. 910 M . 910 WW . 911 M 

. 909 WW . 909 WW 

. 902 WW 
. 90 WW . 90 WW 



LY 550 LY 534 Dilma P i t B 

d. I . d. I. d. I. 

9.16 m 9.11 W 

8. 59 s 1 8. 34 . S 1 8.44 S 

5. 04 

4* 87 w 4. 86 w 4. 90 S 

4. 51 w 4.46 w 4. 54 S 

4. 21 w 4. 25 vw 4.16 W 

4,00 w 

3,87 w 3. 89 w 3. 88 s 

3.38 MS 3. 38 M 3. 36 M 

3, 26 M 3.24 w 3. 26 W 

3.12 MS 3.10 M-S 3. 09 M 

2. 93 M 2. 94 M 2. 92 M 

2. 80 WW 2. 78 WW 

2. 70 s 2 2. 70 S 2 2. 70 s 

2. 59 . MS 2. 58 M 2. 60 W 

2.534 s 3 2. 538 S 3 2. 53 s 

2. 383 vw 

2. 333 M 2. 331 M 2. 31 M 

2. 292 MW 2. 283 MW 

2. 254 m 2. 257 WW 

2.187 vw 2.158 M 2.16 W 

2. 071 w 2. 042 MW 

2. 024 MW 2. 012 MW 2. 01 W 

1. 992 WW 1. 966 WW 

1. 951 WW 1. 928 WVlf 



1. 911 WW 1. 883 WW 
1. 862 MW 1. 861 W 1. 86 VW 
1. 844 WW 1. 844 WW 
1. 810 WW 1. 809 MW 1. 805 w 

1. 746 WW 1.741 WW 
1.707 WW 1. 718 WW 

1. 686 w 1.681 w 

1.647 MW 1. 746 MW 1. 642 w 

1.633 vw 

1. 615 MW 1. 612 w 1. 612 w 

1. 580 M 1.585 M 

1. 556 VW 1. 557 WW 

1. 534 VW 1. 535 VW 

1. 518 MW 1. 516 M 

1. 503 VW 1. 500 VW 1. 507 M 

1.470 WW 1. 473 WW 

1.452 WW 1.454 WW 

1. 438 • M 1.436 M 1. 432 W 

1. 364 MW 1. 364 M 1. 360 VW 
1. 345 M 
1.198 M7/ 1.197 VW 

1.155 W 1. 163 WW 

1.141 WW 1.148 WW 

1.119 VW 1.115 WW 

1.108 VW 1.101 WW 

1. 074 w 1. 079 w 



1.059 
1.048 
1. 029 
1. 024 
. 985 
. 978 
. 974 

VW 
MW 
VW 
VW 
, W 
W 
WW 

1. 061 
1.044 
1. 028 
1. 017 
. 988 
. 985 
.977 

WW 

w 

. MW 
WW 

vw 

vw 

WW 

1. 046 
1. 027 

VW 

VW 

. 979 W 

.949 

.920 

.910 

. 909. 

. 904 

WW 

WW 

MS 

WW 

WW 

. 948 

. 928 

.920 

. 913 

. 912 

.910 

. 901 

VW 
WW 
WW 
WW 

M 
WW 
WW 

.908 w 



TABLE 17 

MALYSES OF GEM A AMPHI BOLES 
AND 

ANALYSES OF AMPHIBOLES FROM DR. B. LEAKE. 

No. LY542 LY109 LY484 LY313 LY308 LY20 LY485 LY534 

SiOg 47. 60 51.10 53. 2 47. 50 45. 90 51. 00 52. 20 51. 40 

AlgOg 17. 78 4.7 2. 7 9. 00 13. 39 5. 02 4. 51 4.10 

TiOg . 68 0. 30 0.10 0. 43 0. 82 0. 29 0, 23 3. 21 

Fe20g .87 1.80 0. 86 2. 00 1. 50 2. 66 2. 42 1.18 

FeO 8.65 6. 80 5. 26 10. 50 11. 50 8. 74 6. 80 7.10 

MnO .18 0.11 0.10 0.19 0. 29 0. 20 0.11 0.25 

MgO 7. 70 18. 70 22. 00 14. 00 8. 60 17. 20 17. 50 18. 30 

CaO 12.18 12.49 12. 76 12. 54 14. 59 13. 06 13. 25 12. 70 

NagO 2. 06 1.20 0. 65 1. 36 1. 45 0. 94 0. 91 0. 90 

KgO . 93 0.12- 0. 34 1.07 0. 36 0. 40 0. 37 0.40 

HgO^ .45 2. 03 1.53 0. 91 1. 71 0. 65 1. 28 0. 54 

H2O- .26 - - - -' - -
P2O5 - - - - - - -
Total 99. 34 99. 35 99. 50 99. 50 100.11 100.16 99. 58 100. 08 

Analyst 
W. Lay ton 



TABLE 17 

MALYSES OF GHANA AMPHIBOLES 
AM) 

ANALYSES OF Ai^gHIBOLES FROM DR. B. LEAKE. 
(cont. ) 

No. LY486 LY550 931 1798 1396 1951 830 733 

SIO2 52.10 53. 2 42. 85 48. 80 50. 31 44.05 43. 53 43. 61 

AI2O3 4.35 2.4 12. 59 7. 30 5. 89 10.05 12. 23 12. 03 

TlOg 0. 29 0. 57 1. 57 0. 50 0.43 1.48 1. 27 1. 49 

FegOg 1. 51 1. 29 1.14 3. 39 2. 48 4. 83 4. 56 
as FepOg 15. 

FeO 6.10 6. 70 13. 36 7. 88 9. 25 9.43 10. 28 

MnO 0.13 0.12 0.44 0,23 0. 25 0.23 0. 36 0. 46 

MgO 19. 50 20. 20 10. 42 16. 20 16. 70 13. 75 12. 35 12. 71 

CaO 12. 51 12^ 21 11. 66 11.75 11. 04 11.45 11. 26 10. 91 

NagO 0. 82 0. 90 1. 88 1.14 0. 91 1. 85 1. 21 1. 26 

K2O 0. 61 0. 48 1. 33 0.75 0.23 0. 90 0.75 0. 90 

HgO-̂  1. 24 1. 51 2. 31 2.12 2.16 2. 08 2. 27 2.04 

HgO- - - -
^2^5 0. 03 0. 02 0. 01 0. 22 0.05 0,10 

Total 99. 58 99. 52 100. 08 99. 93 100, 32 100.12 101. 46 

Analyst 
B. Leake. 



TABLE 17 

ANALYSES OF GHANA AMPHIBOLES AM) AMPHIBOLES FROM LEAKE. 

RECALCULATED ON BASIS 24 (O.OH.F). 

No. 542 109 484 313 308 20 485 534 

Si 6.91 7. 30 7. 50 7.10 6. 77 7. 48 7. 50 7. 40 

Al^^) 1. 09 0. 70 .44 0. 90 1.23 0. 52 0. 5 0. 60 

Al(6) 1. 99 0.08 - 0.68 1. 09 0. 33 0. 26 0.13 

Ti 0. 07 0. 06 0.08 0.04 0. 01 0.03 0. 02 0.35 

Fe'" 0.08 0. 20 0. 08 0.17 0.16 0. 29 0. 26 0.12 

Fe" 1. 06 0. 80 0. 65 1. 25 1. 41 0. 77 0. 82 0. 85 

Mn 0. 01 0.02 0. 01 0. 02 0. 03 0. 03 0. 01 0. 02 

Mg 1.69 3. 96 4. 65 3.12 1. 89 3. 80 3. 80 3. 95 

Ca 1. 90 1. 90 1. 90 1. 97 2. 30 2. 07 2. 06 1.94 

Na 0,68 0. 32 0. 23 0. 34 0. 48 0. 26 0. 26 0. 28 

K 0.16 0.08 0.05 0. 02 0. 05 0. 01 0.05 0. 06 

(OH) 0.24 1. 92 1. 52 0.91 1. 60 0. 63 1. 2 0. 52 



TABLE 17 

ANALYSES OF GHANA AMFHIBOLES AND AMPHIBOLES FROM LEAKE. 

RECALCULATED ON BASIS 24 (O.OH.F). 
(cont. ) 

No. 486 550 931 1798 1396 1951 830 

Si 7. 50 7. 55 6. 39 7. 00 7. 22 6. 35 6. 32 

A l ( ^ ) 0. 50 0. 39 1. 61 1. 00 0.78 1. 65 1. 68 

A1^6) 0. 22 0. 58 0. 24 0. 21 0.05 0. 40 

Ti 0.04 0. 06 0.17 0. 05 0.04 0. 02 0.15 

Fe'" 0. 07 0. 07 0. 06 0. 36 0. 26 0. 32 0. 50 

Fe" 0. 73 0. 80 1. 65 0.94 1.12 1.13 1. 24 

Mn 0. 02 0. 02 0. 05 0.03 0. 02 0.05 0. 04 

Mg 4.20 4. 25 2. 33 3.49 3. 61 2. 96 2. 72 

Ca 1. 93 1. 84 1. 86 1. 81 1. 72 1. 78 1. 75 

Na 0. 23 0.12 0. 54 • 0. 33 0. 24 0. 50 0. 32 

K 0. 05 0. 04 0. 26 0.14 0.04 0.15 0.14 

(OH) 1.19 1. 48 2. 32 1.96 2.08 1. 99 2.4 



TABLE 17 

PHYSICAL PROPERTIES OF GHANA AMPHIBOLES. 

No. 542 109 484 313 308 20 

Ng 1, 670 1.633 1. 640 1, 670 1. 665 1. 652 

Nm 1, 660 1. 620 1. 628 1. 661 1.654 1, 642 

Np 1, 656 1. 615 1, 623 1. 656 1. 649 1.6330 

2V me as. 65 86 74 89 66 88 

2V ca l c . 65, 8 84. 8 68 72 68, 8 86 

Ng-Np ,014 . 018 .017 .015 ,016 ,019 

150 12° 15° 15°-17 ° 15° 16° 

S.G. 3.15 2. 90 3. 03 3.15 3.10 3,10 

X yellow colourless colour­
l e s s 

yellowish very 
pale 

yellow 

yellow 

Y green very 
pale 

green 

pale 
yellowish 

green 

green green pea 
green 

Z "blue-
green 

pale 
"bluish 

V, p,hluish 
green 

dark 
"bluish 
green 

"blue-
green 

"brillian 
sea gree: 



TABLE 17 

PHYSICAL PROPERTIES OF GHANA AMPHIBOLES. 
(cont. ) 

No. 485 534 486 550 

Ng 1.634 1. 672 1. 645 1. 645 

Nm 1. 620 1. 662 1. 632 1. 636 

Np 1. 622 1. 6550 1. 622 1. 629 

2V meas. 78 69 79 72. 5 

2V ca l c . 88 73.8 81.5 70.4 

Ng-Np .012 .016 .023 .016 

Z^c 25^-27° 15° 10°-15° 21°-260 

S.G. 3.11 3. 22 3.11 3.11 

X colourless pale 
yellow 

pale 
yellow 

pale 
yellow 

Y V. pale green pale 
green 

pale 
green 

Z pale 
"bluish 

"blue 
green 

pale 
hl u i s h 

"bluish 
green 

green 
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oC»j MgjSieO„(OH), 

+ LIMESTONE 

i 
I 
NEPH 
SYENITE 

H i - C l N i i M g s A l j S l ^ O j a l O H J j 
Ts = C i M g j A U S i i O a ^ l O H l z 

Approximate limits of composiUon of ampliilwles derived from various rocks. 

FiS. 79. 
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TABLE 18a 

ANALYSES OF BIRRIMIAN ROCKS. PARENTS FOR ANALYSED AMPHIBOLES. 
Analyst W, Layton. 

LYR485 LYR313 LYR484 • LYR550 LYR109 LYR308 

SiOs 52, 30 49.01 54.0 50,0 47. 80 48,10 

A1203 5,43 14, 20 6.49 9, 0 7.84 15, 55 

Ti02 .52 , 82 .65 , 80 .54 1, 01 

1. 67 .09 1, 29 2,41 1. 37 , 62 

FeO 5. 04 10. 70 4. 40 5, 70 6,8 11, 65 

MnO ,17 .14 ,13 ,04 . 23 , 55 

MgO 15. 79 6, 45 14. 99 11,50 20, 70 7, 09 

CaO 15. 45 13, 70 13. 99 16. 40 12. 25 11.19 

Na20 1. 38 2, 05 1,65 , 96 .,64 1. 52 

KgO . 602 1. 53 1.09 ,42 .12 .48 

.75 1, 32 ,76 2, 87 ' 2.17 2.18 

HgO- - - - - -
P2O5 - • - • - .15 - -

TOTAL 99.10 100,1 99,44 100. 25 - 100. 46 99. 94 
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TABLE 18h 

ANALYSES ; nT? RTPT?TMTAN ROCKS.PARENTS FOR ANALYSED AiaPHIBOLES. 

Analyst W. Layton. 

LYR534 LYR542 LYR20 LYR486 LYR734 

SiOg 50. 50 49. 50 52. 90 60. 50 59.10 

AI2O3 12.15 16.05 9. 05 11. 57 16. 55 

TiOg . 96 .71 . 72 .06 .11 

^^203 . 95 1. 95 1. 96 . 31 .45 

FeO 10. 25 6. 80 5. 54 3. 84 4.40 

MnO . 23 .09 .1.4 .14 .08 

MgO 5. 06 4. 86 9. 30 7.79 1. 62 

CaO 15.75 13. 99 14. 48 10. 39 10. 05 

Na20 1. 82 2. 54 2.19 1. 93 2.86 

KgO .72 .84 2. 28 3. 25 4.1 

H3O- 2.1 1. 66 1. 28 .51 .94 

H2O- - - . - - — 

1*205 - - — — 

TOTAL 100. 49 98. 99 99. 84 100. 29 100. 26 



TABLE 18c 

PASe 133 

Total 

A B C D 

SiOg 43. 54 71. 05 66.19 56. 89 

A1203 8. 70 16. 51 17,74 9. 61 

CaO 5.12 3. 36 2, 84 4.72 

lAgO 21. 80 0.91 0. 98 2. 92 

MnO 0. 39 0.05 0. 03 11, 05 

BaO 0. 02 0. 05 0.17 0.03 

TiOg 0.44 0. 33 0. 57 0. 50 

HgO 5. 39 0. 42 - 1. 60 

K2O 0.08 1. 20 4. 06 -
Na^O 1. 48 4. 54 4. 42 . 32 

3. 36 0, 96 1.04 5. 43 

FeO 10. 27 1. 58 2. 37 7. 54 

Totals 100. 59 100, 96 100. 41 100.16 

Analyst L. A. Cook, 

A - Actinolite Anrphi"bolite LY 942 

B - Eastern Migmatite gneiss LY 943 

C - Winne"ba Granite LY 941 

D - Gondite LY 936 
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TABLE 19 

Analyses of Basalts for Coimparison with Birrimian Greenstones 

and Actinolite Schists. 

Tyve AlgOg MgO SiOg 

Deccan trap "basalt 13. 58 5. 46 50. 61 

Limestone .81 7.90 

Kiniberlite 4.6 28.6 35.4 

Me l i l i t e "basalt 10.2 20.0 30.5 

Hawaiian 17.33 .16 61.69 

Hawaiian Olivine "basalts 13.18 9.72 48.35 
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PASE 136 

T l u ; n e t ( i f t h o n i p i i l j i u ! t h c > ( l 3 < l o t c r m i n ( ! i l b y s i n g l e a n a l y s e s n f \ V 1 a n d C, 1 

T l o , 
.\l,(>i 

M i l l ) 
.Mun 

T.' . lnl 

I-I S 

l l ' l l 

ll-llf. I 
O H I 
( I ' M I 

11-1 

1 n . „ 1 ;'.;•>•;{ 11 
I I II iMir. I I O S 

I-I-7 (»-7 14-11 14 4 1-4 
II 1-^ I a 

s-s II 7 - ( I 7(1 II 
0 1 4 -'2 O-Hl 0 1 4 
t i - r>-i> 

\0S 1-S itr> i»;t •21 
•2-4 u : ; i i i:t 
0-70 7-7 1-4 I ft 7 1 
(1-1.-, 7 1 i t i i ; 
(Ml 0 (>r» 0 ' 

t l ' l 0 l)-7 0 
H H I S 11(1 

K K H ) 1 m i l l 0-4 

0 1 4 
4-s 
3_I 

•ii 
ll-l:t 
(1-50 

(1-3 
0 1 0 

3-3 

( U O 
0 7 0 

]-l-:f 

0-47 
7 0 

1 0 0 0 

(l2-r( 
0-72 

1 3 S 
l a 
5 1 
0 1 2 
4 0 
t i S 
3 1 

0-4 
o n 

100-3 

04-9 
0-53 

1-0 
4 1 
001) 

0-44 
.1(1 

(19-3 

(14-4 

14-3 

r. (I b I 
0-3 (;s-o 03-0 0 71-0 
3-4 0-40 0-40 0-5 0-33 
0-7 1 4 0 14-4 2-3 13-9 

10 o a i 0-93 7-7 0-34 
2-4 2 - I I 2-9 0 1-3 

22 0 0 7 O-OO 14 0-04 
0 2-0 2 0 0 1-1 
1-0 3-3 3-0 5-3 

14 3 0 3-2 13-7 3-2 
ri-7 4-2 4 1 2-4 5-0 

17 O i l 0 1 0 0-1 0-10 
50 0-42 0-5 25 0-39 

1-3 4-2 4-2 0 2-3 
0-3 9 0 0 100-3 0-4 100-0 

71-0 
0-35 

13-3 
0-31 

o-ii ; 

3- 4 
4- 3 I 
0-03 i 

o b 

7:i(l 0-7 
d-j f i 4 0 

13-.-; 14-0 1-4 
0-711 0-7II :i-.s 
1-0 0-04 a-o 
o-i):i o-o-j :i:t 
0-45 0-4H 
1-4 1-:. 7-1 
a-4 
5-4 5-4 0 
0-10 u-tw 
0-37 0-4 0 
1-y 1-8 ;V:i 

100-0 100-1 0-1 

™ I i , J ? 1 nn. l 1 n n i l s l x l l lu l u n s o f W I in 0 1 . Th(- f igures for W l In G l are I h c (^nsensus , 
liil>l(-.-. 19 n 1(1 20, 1. 41 ( K d R l i . l l l i X r t o / . , 1931), m o d l n c d lo Inc lude the r cv l iK id f l B u r a for S I O , nud A l . O , ( F . U R B i l K V 1953) 

C . i i m i H b lire llu^ r c a i i l n (ir«liiiil(i malytn (if W l . ( . i l , a n d I h c m l x l u r f s 1-1). ' ' ' i ! " ! I ' - ^ C B - H K - ^ . ' " • > • > ) 

( ohiiiin!! (• nrc the I M T cci it ( IKfcrcnctn heiiVLH^n co lumns a a n d 6 
l - V ' d t tL-K to ta l K,, cvpn - fcu ' d art F c j O , . 

means given in U.S. (Iml. Siirrrf Hull. 930 

T A B L E 20 

Ojinparison of preci.sion-of rapid methods and coiivoiitioiial inctluHl.s 

Granite Granite Diorite IJiabii.si 
M149-G1 type G l T13 U l 

American Standard Amurit'an Stiuidnnl 
1 analyst 7 analysts 1 analyst 6 analysts 
6 determinations 1 laboratory* 6 determinations 1 laboratory* 

X C . E x \ 0 
i 

X C E X c 

73-4 0-46 0-19 72-64 0-31 0-12 55-9 0-38 016 52-66 0-64 0-26 
T i O j 0-21 6 0 2-5 0-25 11-2 4-2 1-0 7-8 3-2 103 4-15 1-7 
AI2O3 14-2 3-5 1-4 1413 1-22 0-46 18-4 2-5 10 14-87 3-23 1-3 
Fe^Oj 0-55, 6-8 2-8 0-86 19-3 7-3 1-6 6-8 2-8 1-41 33-4 13-6 
FeO 0-94 2-7 11 106 5-72 2-2 4-3 1-5 0-60 8-91 1-82 0-74 
MnO 0-04 11-2 4-6 003 30-5 11-5 008 3-5 1-4 017 15-6 6-4 
MgO 0-80 1-5 0-60 0-44 9-90 3-7 3-4 2-9 12 6-51 600 2-4 
CaO 0-94 0-95 0-39 1-34 6-53 2-5 5-5 0-81 0-33 10-95 0-83 0-34 
NajO 4-1 1-9 0-77 3-43 6-23 2-4 4-6 1-7 0-69 .2-20 5-72 2-3 
JCjO 4-2 2-8 1-2 5-43 3-83 1-4 • 2-7 3-3 1-4 0-68 7 06 2-9 

009 8-6 3-5 010 23-4 8-8 0-39 1-6 0-66 015 18-7 7-6 
H2O+ 10 11-8 4-8 0-31 26-7 101 11 16-3 6-6 0-45 10-5 4-3 
Fe° 1-6 2-8 11 204 9-30 3-5 6-3 1-4 0-58 11-30 3-92 1-6 

* U.S. Geological Survey Laboratory. Figures for £ and C taken from Table 17. p. 38 U.S. Oeol. 
Surv. Bull. 980. 

t Calculated from £ = C / V n on the basis n = 7 (granite) and n = 6 (diabase). 
. £ = arithmetic meaji. 
,G = relative deviation of a single observation. 
E = relative error of the mean. 
Fe° denotes total Fe expressed as Fe,0 , . 

T A B L E 21. 
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ENSTATITE • DIOPSIDE + QUARTZ 

TREMOLITE 

J -

VAPOR PRESSURE OF WATER (bors) 

The univariant equilibrium curve for 
the reaction tremolite ^ 3 enstatite + 2 diop-
side + quartz + vapor. 

Fie. 82 
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The stability field of the magnesian hornblende pargasite 

FiS, 84 
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Fofittnie t Enstol 
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excess water. 
Prdiminary P „ ^ , . - T diagram for the composition NajO-3MgO AIjO,-8SiO. widi 

FIS. 85 
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Tlie relation between tlie compositions and modes of occurrence of 
amphiboles of the riebeckite-arfvedsonite-katopliorite series. Glaucopl'.ane is in­
cluded. Tlie open circles represent amphiboles of volcanic rocks, the points th.f)se 
of Plutonic rocks and pegmatites, the crosses th.ose of aystalline schists, and the 
triangles those of ironstones and others. 

FIS. 86 
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Chemical analyses of hornblendes from the Nakoso and Gosaiayo-Takanuki districts. 

Zone C . Zone B 

SiO, 42.94 45.62 - 42.44 43.20 . 44.36 40.96 44.03 42.152 44.07 44.60 

A1,0, 12.56 8.87 12.50 12.44 11.69 11.70 12.33 • 12.75- 12.37 12.12 

TiO, 1.89 1.13 3.09 1.65 . 1.26 . 0.99 0.46 0.53 1.70 0.87 

Tefii 1.83 2.85 2.07 3.21 1.29 5.32 3.33 6.01 0.18 2.72 

Fed 13.42 16.09 12.38 10.10 16.63 13.30 ,13.27 14:00 10.23 16.21 

MgO 10.-84 10.13 11.43 13.27 9.71 11.06 . 12.17 8.52 14.20 8.89 

'MnO 0J9 0.32 0.30 0.21 0.43 0.69 0.41 0.33 0.18 . 0.37 

CaO • 11.31 11.42 10.90 11.36 11.82 12.72 . 10.82 11.65 • 12.42 10.78 

Na,0 1.99. 1.27 2.21 2.72 0.79 .1.06 1.59 1.28 1.00 0.98 

K,0 0.35 0.33 . 0.14 0.40 0.50 • 1.27' 0.23 0.55 0.30 0.50 

HA+) 2.23 1.92 1.94 . 1.38 1.67 • 1.50 1.32 1.91 2.85 2.03 

. H A - ) 0.22 0.16 0.15 0.07 0.12 .0.06 0.07 ,0.12 0.03 0.11 

F n.d. n.d. n.d. n.d. n:d. 0.13 • n.d. n.d. n.d. n.d. 

PiOj n.d. n.d. 0.23 0.07 0.12 n.d. . 0.07 n.d. n.d. 0.2l' 

Total 99.87 100.11 99.78 100.08. 100.39 100.76 100.10 100.27 99.53 100.39 

" D 1.659 1.662 1.653 1.654 1.650. 1,663 .1.657 1.665 1.656 1.660 

TD 1.688 1.687 1.676 1.680 1.679 1.686 1.675 1.683 1.673 1.682 

2Vx 76'^ - es.s" 84° 83° 79° 44° 74° 65.5° 82° 63° 

cAZ 26° 23° 15° 19° 15° 25° 18° 20° 19° 15° 

X p. brown p. yellow p. yellow V . p. yellow V . p.yellow yellow V . p. yellow p. yellow V . p. yellow colorless 

Y brown greenish 
brown 

sepia-
brown 

green-yellowish 
brown 

yellow-greenish 
brown 

d. yellowish 
green .1. green green p. yellow- • 

•brownish green I . green 

Z brown greenish 
brown 

sepia-
brown greenish brown yellow brownish 

green bluish green 1. bluish 
green 

greenish 
blue • bluish green . i . bluish 

green 

• Note: In No. 2 ^=1.674; In No. 1 Sp. gr.=3.164. p.=pale, v.p.=very j i :=light, d=deep. 

T A B L E 22. 

Zone C Zone B 

1 2 3 4 5 6 7 8 9 i 

Si 6.377 6.800 6.277 6.291 6.573 6.128 6.443 6.361 6.453 

1.623 1.200 1.723 1.709 1.427 1.872 1.557 1.639 1.547 : 

Aiv 0.575 0.358 0.455 0.425 0.615 0.191 0.570 0.604 0.588 
pe-h3 0.205 0.320 0.231 0.352 0.144 0.598 0.367 0.674 0.019 [ 

T i 0.211 0.126 0.344 0.181 0.141 0.111 0.051 0.059 0.187 : 

1.666 2.005 1.531 1.230 2.060 1.663 1.623 1.747 1.252 

Mg 2.398 2.249 2.519 2.878 2.143 2.465 2.653 1.894 3.097 j 

Mn . 0.037 0.040 0.037 0.026 0.054 0.087 0.051 0.042 0.022 1 

Ca 1.799 1.823 1.727 1.772 1.876 2.038 1.695 1.862 1.948 

Na 0.573 0.367 0.634 0.768 0.226 0.307 0.452 0.371 0.283 

K 0.066 0.063 0.027 0.070 0.094 0.243 0.042 0.104 0.056 . 

Note : P-'Oo is neglected from the calculation. 

T A B L E 23. 



F i g . 87 

Suggested (Layton) R e l a t i o n s h i p of Conrposltlon to 
Colour i n the Shido (1958) Amphiholes. 
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T i O , 

HORMLINOC 

ZONE b 

BLUISH CRCEN HORNftUNOE 

P I S . 87 



F i g . 88 

R e l a t i o n s h i p iDetween I r o n Content, R e f r a c t i v e Index 
and Occurrence of the Comrnon Hornhlende 

S e r i e s . 



PAGE-144 



F i g . 89 

R e l a t i o n s h i p "between Amphihole Composition and Occurrence 
i n the Hornhlende S e r i e s . 
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Diagram to show I n c r e a s i n g A l k a l i Content with 
I n c r e a s i n g Metamorphic Grade (Shido 1958)-
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P I S . 9 0 . 
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End members resulting from the various types of substitut;on and corresponding ordinary molecules. 

End members Ordinary molecules 

Denotation 
A W 

Structural positions 
X + Y Z 

Name 
A W 

Structural positions 
X + Y Z 

Tiam Ca, MgiTi, Ms 0„(0H) , Titanoamphibole Ca, MgiTii Als 0„(0H), 

Cum Mg, Mgj Si8 0„(0H) , Cummingtonite Mg, Mgs SU 0„(0H), 

Ce' Cai Ca, Mg» AU •OB(OH), Calcium-edenite Ca Ca, Mgj Al,Si<i On(OH), 

St' Naa Naj Mg» Sia On(OH), Sodatremolite Na NaCa Mgs SU On(OH), 

Ed' Naa Cai Mgs Ala 0 « ( 0 H ) , Edenite Na Ca, Mgs AliSii On(OH), 

Gl Na, MgsAl, Sia 0„ (0H) . Glaucophane • Na, MgjAl , SU 0„(0H) , 

Ts' Ca, AU AltSis 0„ (0H) , Tschermakite Ca, MgjAl , A1,SU On(OH), 

Tr Ca, Mgs SU On(OH), Tremolite Ca, Mgs SU On(OH), 

T A B L E 24. 

Calculation of the hornblende No. 1. 

Atomic ratio Tiam Cum Ce' St' Ed' Gl Ts' 1 Remains 

z Si 
Al 

6.377 
1.623 0.422 

0.368 0.436 
0.421 

:0.468 
' 0.780 

5.104 fO.OOl 

Y 
(Al, Fe+') 
i i 

0.780 
0.211 0.211 

0.780 

X {Fe+=, Mg, Mn) 4.009 0.053 0.230 0.273 0.263 3.190 

w 
(Fe*', Mg, Mn) 
Ca 
Na 

0.092 
1.799 
0.109 

• 

0.106 
0.092 

0.109 
0.105 0.312 1.276 

A (Na, K) 0.530 • 1 0.109 0.421 

Molecular proportions of the analysed hornblende from 
the central Abukuma regional metamorphic rocks. 

Metamorphic grade 

Zone B Zone C 

o.ua 
0.080 
2.045 

0.102 
1.260 
1.499 
0.02C 

0.222 0.282 0.362 0.422 0.2j;2 Tiam a.956 0.660 0.460 0.628 n.368 0.468 0.392 0.368 
1.248 

0.072 0.066 
0.472 
0.239 
5.044 

0.544 
0.494 
4-620 

0.550 0.320 0.272 
5.192 5 484 5.684 

i^iilTriie total of all the molecules in each hornblende is taken to be very close to 8. 

TABLE 25 

TABLE 26. 



A C T W O U T £ - -

148 

ACTiMOLITE 

SLUE a s e s M 
olOPSloe 

AMf:»m60ulTi:' 

AMPHIBOuES 
DARK- seeevj 
suu i sw seeeM / 

/ 
/ 

A C T I W O L I T E 

COA?se ACTikjpuTt 
WITH V1 ICA. / ' 

/ DAe< 5UUE 
/ SGEEM PAtE SeEEhJ 

SeEEMlSt^ 

O C C A S I O K J A L 
BIOTlTE D A M BwuE 

G » £ E S J 
DAe< Bl.U£ 

DARl i 

/ 
( / 

A C T l M O i l t 

S E E I ^ - vBlOTiT 

ACTIW^WITE^^ 

BioTiTE aoTiTEsee&A 

' S E E E N J w'iTH 

SIOTlTE 

O J MAP O F T H E W/iW/sJ£BA O l S T C I C T 

FiG. 91 



P l a t e 1 A. 

Recumbent Folding the the Togo S e r i e s West of Senya Beraku 
near a Wedge of Dahomeyan Gneiss. 

P l a t e 1 B. 

Strong F o l d i n g i n Togo S e r i e s , West of Senya Beraku. 



B 

PLATE 



P l a t e 2 A 

Large Pegmatite Exposure i n the Coarse 
Amphi'bolite Zone near WinnelDa. 

P l a t e 2 B 

Quartz C r y s t a l i n Quartz Reef near Onyadzi, Winneba. 
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PLATE 2 



P l a t e 5 A 

Composite Q u a r t z - A p l i t e Dyke i n the Sandy Cove 
"between Mankwadzi and AlDrekum. 

P l a t e 3 B 

T y p i c a l S h a t t e r i n g i n the A p l i t e s West of Mankwad.zi V i l l a g e . 
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PLAT& 3 



P l a t e 4 A 

C a s s i t e r i t e Bearing Pegmatite i n Hornhlende B i o t i t e S c h i s t s 
West of Mankwadzi V i l l a g e . 

P l a t e 4 B 

T y p i c a l Banding i n the Ilmenite-Monazite Bearing 
Beach Sands West of Mankwadzi V i l l a g e . 
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PLATE 4. 



P l a t e 5 A 

T y p i c a l Exposure of Graphic Pegmatite i n E a s t e r n 
Migmatite Gneiss along the Winneba-Accra Road. 

P l a t e 5 B 

Texture of the Graphic Pegmatites. 
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PLATE 5 



P l a t e 6 A 

T y p i c a l Banding i n the E a s t e r n Migraatites. 

P l a t e 6 B 

T y p i c a l Ptygmatic F o l d i n g i n the E a s t e r n 
Migmatite Gneiss near Mile 9 Accra Road. 
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PLATS 6 



P l a t e 7 A 

P i l l o w S t r u c t u r e on the Beach West of Mankwadzi V i l l a g e . 

P l a t e 7 B 

T y p i c a l Contact between Fe l d s p a r Amphiholites 
and Garnet S c h i s t s Winneba-Saltpond Road. 



B. 

PLATE 7 



Plate 8 A 
Typical WinnelDa Granite Topography. 

Plate 8 B 
PorphyrolDlastic Texture of the Winne'ba Granite. 
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A. 

PLATE 6 



Plate 9 A 
Typical Plow Banding i n the Winne'ba Branite 

Near A t e i t i Village. 

Plate 9 B 
Ghosts i n the Winne'ba Granite near A t e i t i 

"Village, 
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PUATE S. 



Plate 10 A 
Thrust Faulting i n Togo Quartzites. West of Senya Beraku. 

Plate l e B 
Multiple Faulting Resulting i n the Exposure 
of the ProlDahle Base of the Togo Quartzite. 
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PUATE lO 



Plate 11 A 
Typical Porphyritic Metamorphosed Lava. x70 Crossed Nicols. 

Plate 11 B 
Typical A c t i n o l i t e Schist. x70 Crossed Nicols. 



B. 
PLATE II. 



Plate 12 A 
Hornhlendite from zone of Coarse Amphiholites. 
Note Large Hornhlende Plates.z70 Crossed Nicols. 

Plate 18 B 
A c t i n o l i t e Amphiholite. Note Mass of A c t i n o l i t i c Hornhlende. 

x70 Crossed Nicols. 
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Plate 13 A 
Typical Rimmed Amphi'bole i n Zone of Coarse Amphi'bolite. 

Note Granitic Contamination, 
x70 Crossed Nicols, 

Plate 13 B 
Rimmed Amphibole i n the Coarse Araphi'bolite Zone. 

x70 Ordinary Light. 
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PLATE 13. 



STRUCTURAL MAP 
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