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The division between Appendix A and Appen-
dix B is somewhat arbitrary but conforms to
current usage. The majority of structure refine-
ments in Appendix A are based on 2-D data,
and those based on 3-D data have been super-
ceded by more recent and more precise refine-
ments. Thus the data listed in Appendix A are
limited to "primary data", consisting of chem-
ical compositions, cell contents, atomic positions
and site occupancies. For Appendices B, C and
D, complete data are listed; all "derivative
data", interatomic distances and angles, were
recalculated during this study. Where the calcu-
lated value(s) differed from those published
by the original author(s) by more than two
standard deviations, the discrepancy was iden-
tified (misprint in atomic position, bond length
or bond angle), and the corrected value was
used. The site-population Appendices (A3, 83,
C3, D3, E3, F3, G2) also contain an outline
of the method(s) used to derive the site popula-
tions, additional references to the source of the
material and chemical data. and an assessment
of the results; of course the latter cannot help
but be somewhat subjective, good intentions to
the contrary. For oxide sums, * indicates that
additional oxides are present.
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Where relevant, the method of cell-content
calculation from the results of the chemical
analysis is indicated by a number as follows:

| 24 (O, OH, F)
2 23 oxygen atoms
3. l3 cations
4 16 cations
5 Cell contents assumecl
6 Not given
7 Normalized on cell volnme and densitv
8 8(Si + Ar)
9  8 S i

l0 Other (see Appendix 83)

In the numbering system used, [ ] and ( )
respectively designate orthorhombic and mono-
clinic amphiboles for which crystal-structure
data are available; { ) denotes an amphibole
characterized by Miissbauer spectroscopy; < >
denotes an amphibole examined by infrared
absorption spectroscopy (but not Miissbauer
spectroscopy); - denotes an amphibole exam-
ined by vibrational spectroscopy (exclusive of
the hydroxyl stretching region); = denotes an
amphibole for which magnetic susceptibility
data are available.
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APPENDIGES

Early structural data

Modern data for monoclinic structures (C2/ nt)

Modern data for orthorhombic structures (Pnma)

Modern varieties (PZr/m, Pnmn, P2/a)

Preliminary data

Miissbauer spectral studies of amphiboles

Infrared spectral studies of amphiboles

Magnetic susceptibility of amphiboles
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AppnNnx A. EARLY STRUcTURAL DATA

(1) Tremolite Warren (1929)
121 Anthophyllite Wanen & Modell (1930b)
(3) Magnesio-riebeckite Whittaker (1949)
t4l Anthophyllite lto & Morimoto (1950)
(5) Magnesio-hornblende Zussman (1955)
(6) Pargasitic hornblende Heritsch et al. (1957)
(7) Edenitic hornblende Heritsch et al. ('|.957)
(8) Tremolite Zussman (1959)
(9) Cummingtonite Ghose & Hellner (1959)

(10) Tschermakitic hornblende Heritsch & Kahler (1960)
(ll) Alumino-pargasitic hornblende Heritsch & Kahler (1960)
(12) Potassian titanian magnesio-hastingsite Heritsch & Riechert (1960)
(13) Potassian titanian magnesio-hastingsite Heritsch et al. (1960)
(14) Potassian arfvedsonite Kawahara (1963)
(15) Na'H,CosSieO,r(OH), Prewitt (1963), Gibbs & Prewitt (1968)
(16) NarHrMgsSi,O,,F, Prewitt (1963), Gibbs & Prewitt (1968)
(17) Riebeckite Colville & Gibbs (1964)
(18) Anthophyllite Lindeman (1964)
(19) Pargasitic hornblende Trojer & Walitzi (1965)
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Cation site-populations assigned from peak
heights on Fourier syntheses, together with the
cell contents from the chemical data. The
possibility of some Fe at M(4) was not ruled
out. Only hko data were collected; z co-ordi-
nates were determined as for magnesio-riebeckite
(3). Original structure in 12/ m. The original
chemical composition is from Hutton (1940);
redetermination of the water by Zussman (1955)
gave 3.05 wt. Vo. The structural formula was
calculated from the density and cell volume
(Hey 1939), giving Xt."rY".r&".ooOrr.o(OH, F)r.r,
Ho.sr, indicating excess hydrogen in the struc-
ture. The results of a new analysis were given
by Hutton (1956).

Pargasitic hornblende( 6)

T(l) - T(2) 0.80Si + 0.20A1
M(l) = M(2) - M(3) 0.66Mg * 0.l2Fe'z+

1- 0.03Fe"* + 0.l5Al + 0.04Ti
M(4)  0.88Ca *  0. l2Na
A 0.63Na + O.22K
o(3)  0.88 0H + 0.12 0, -

Disordered site-populations were assumed for
tetrahedral and octahedral sites. Only i/<0 data
were collected; z co-ordinates were determined
as for magnesio-riebeckite(3). Chemical data
were reported by Koritnig (1940).

Edenitic hornblende(7 )

T(l) - T(2) 0.82Si + 0.18,{1
M(l) - M(2) - M(3) 0.52Mg10.24Fe2*

* 0.02Fe3+ + 0.18A1 + 0.04Ti
M(4) 0.80Ca * 0.20Na
A 0.67Na + 0.03K
o(3) 0.94 0H + 0.06 0'-

Disordered site-populations were assumed for
tetrahedral and octahedral sites. Only &&0 data
were collected; e co-ordinates were determined
as for magnesio-riebeckite(3). Chemical data
were reported by Paulitsch (1948).

Tremolite(8)

M(l) - M(2) = M(3) Mg
M(4) Ca

Cation site-populations assumed from anal-
ysis. Only hko data were collected, ,r and y
values were determined by least-squares refine-
ment: z values were not determined or estimated.

Cummingtonite(9)

M(l) - M(2): M(3) 0.6Fe,+ f 0.4Mg
M(4) 1.0Fe'?*

Tremolite(I\

T(l) - T(2) Si
M(1) - M(2) - M(3) Me
M(4) Ca
o(3) oH \

.Cation site-populations assigned by analogy
with diopside (Warren & Bragg 1928). OCI
assigned as hydroxyl from the second rule of
Fauling (1929). No chemical data given. Ori-
ginal structure in 12/ m orientation.

A nthophyllitel2l

TIA = TIB *  T2A= T2B Si
M l = M 2 = M 3 = M 4 M g
o(3) oH

.Cation site-populations assigned by analogy
with enstatite (Warren & Modell l93oa). O3A
and O3B assigned as hydroxyl from second
rnle of Pauling (1929).

M a gne sio -rieb eckite( 3 )

M(l) - M(3) 0.72Mg * 0.28Fe
M(2) 0.33Mg + 0.o2Al * 0.65Fe
M(4) 0.69Na + 0.O65K * 0.085Ca * 0.t25Mg

Cation site-populations assigned from peak
heights on Fourier syntheses, together with the
cell contents from the chemical analvsis. From
the short <M(2rc> and charge considerations,
trivalent cations were considered to be strongly
ordered at the M(2) site. Because of the fibrous
nature of magnesio-riebeckite, only hk| data
could be collected; z parameters were derived
by assuming that the cation polyhedra would
be as regular as the r and y parameters allowed.
Original structure in 12/ m,

Mdssbauer spectra of this amphibole are
given in Bancroft & Burns (1969) and Ernst &
Wai (197O); details are given in Appendix F,
#{21}. The X-ray photoelectron spectrum is
given by Adams et al. (1972), details given
earlier in text.

Anthophyllitef4l

No chemical data given, Mg6ieOrr(OID,
assumed. Site populations were presumably
assigned after Warren & Modell (l930b).

M agn e si o- hor n ble nde ( 5 )

M(l) * M(2) - M(3) 0.7zMg * 0.28Fe
M(4) 0.8 lCa *  0. lOMg
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Cation site-populations derived by manual
adjustment of scattering factors until individual
isotropic temperature-factors approximately
equal [1.65, 2.23, 1.22 and 1.80 A', respec-
tively, for the M(1), M(2), M(3) and M(4) sitesl.
Details of the paragenesis are given by Mueller
(1960,  1961).

Tschermakitic hornblende( I 0)

T(1) - T(2) o.8lsi + 0.l9Al
M(1) - M(2) : M(3) 0.6lMg * 0.l1Fe2+

a O.08Fe3+ + O.19Al + 0.OlTi
M(4) O.72Ca + 0.28Na
A 0.33Na + 0.O8K
o(3) 1.0 0H

Disordered cation site-populations were as-
sumed at tetrahedral and octahedral sites. Only
hkl data were collected; e co-ordinates deter-
mined as for magnesio-riebeckite(3),

A lu mino- par gasitic hornble n de ( I I )

T(l) - T(2) 0.79Si + o.2lAl
M(l) - M(2) - M(3) 0.a7Mg * 0.l8Fe'?r

+ 0.1oFe3* + 0.23A1 + o.o2Ti
M(4) O.72Ca * 0.28Na
A 0.46Na + 0.17K
o(3) 0.89 OH + 0.l l o'-

Disordered cation site-populations were a$-
sumed at tetrahedral and octahedral sites. Only
hkj data collected; e co-ordinates determined
as for magnesio-riebeckite(3).

Potassian titanian magnesio-hastingsite( I 2 )

T(l) - T(2) 0.73Si + 0.2741
M(l) - M(2) : M(3) 0.6lMg * O.22Fet+

+ 0.0641 + 0.l0Ti
M(4) 1.0Ca
A 0.54Na + 0.32K
o(3) 0.45 OH + 0.55 Os-

Disordered cation site-populations were as-
sumed at te'trahedral and octahedral sites. Only
hko data were sollected: z so-ordinates were
determined as for magnesio.riebeckite(3). Re-
sults of two chemical analyses are given; the
structural formula is derived from the more
recent data.

Potassian titanian magnesio-hastingsite( I 3 )

T(l) - T(2) o.73si + 0.2741
M(l) - M(2) - M(3) 0.58Mg * 0.13Fe'n

* 0.nFe'* + 0.08A1 + 0.t0Ti
M(4) 0.9lCa 1 0.09Na
A 0.46Na + 0.35K
o(3) 0.79 OH + 0.21 O3-

MINERALOGIST

Disordered cation site-populations were as-
sumed at tetrahedral and octahedral sites. Only
hlca data were collected; z co-ordlnates were
determined as for magnesio-riebeckite(3). Re-
sults of chemical analyses are given; the struc-
tural formula is derived from the more recent
data.

Pot assian arlv e d son it e( I 4 )

M(l) : M(2) : M(3) (Mg, Fe, Mn, Ti)
M(4) (Ca, Na, K)

Site populations not derived. Apparent c-g'lide
extinctions in this amphibole ascribed to the
Templeton effect (Templeton 1956). Only (ft&0)
data collected, z co-ordinates not derived. The
structural formula is given only in very general
terms, as (Ca, Na, K)r.ea(Si, Al)eFet*r.ru(Fe, Mn,
Mg, Ti)s.r(OH)r.,"Orr. For the exact structural
formula calculated from the chemical data
given, see Appendix Al. Chemical analysis
include.s O.16 wt. Vo P'Ol

N arH zC o rS iaO rr(O H )r( I 5 )

M(l) l.0Co 0.54'
M(2) l.0Co 0.5
M(3) l.OCo 0.5
M(4) (Na, Co) 1.3

Site populations determined by "population
density" refinement (Gibbs & Prewitt 1968); the
actual composition apparently departs some-
what from the ideal (Prewitt 1963). No co-
ordinates given.

N a.Jt zM g,SiaOzzFr( I 6)

Site populations and
Na shows preferential
(Prewitt 1963).

Riebeckite(17)

M( l )  l .0Fe""
M(2) l.OFe'*

co-ordinates not given;
ordering in M(4) site

M(3) 0.25A1 * 0.50Fe2+ + 0.25Li
M(4) l.ONa

Cation site-populations quoted by Onuki &
Ernst (1969). Positional co-ordinates not given.

Anthophyllitell Sl

Abstract only, no information given apart
from cell dimensions, physical properties and
cell contents.
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A 0.36Na + 0.15K
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Pargasitic hornblende(I 9)

T(l) - T(2) 0.8lsi + 0.l9Al
M(1) 0.63Mg * 0.07Fe2+ a 0.03Fe3+

+ 0.03Ti + o.24Al
M(2) 0.5lMg * 0.2OFes* * 0.09Fes+

+ 0.03Ti + 0.17,{1
M(3) 0.38M8 * 0.32Fe2+ * 0.16Fer+

+ o.03Ti + 0.llAl
M(4) 0.75Ca * 0.25Na

O(3) - Ott
Disordered cation site-populations assumed

at tetrahedral sites. Octahedral site-populations
derived from Fourier maps (presumably in
terms of Mg = Mg * Al and Fe - Fe"+ * Fea*
+ Ti). Only hko data were collected; e co-
ordinates were derived as for edenitic horn-
blende(7). The chemical data were reported
by Machatschki & Walitzi (1963).
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AprsNorx B. MonsnN Dere ron

(21) Cummingtonite

(22) Grunerite
(24) Potassi'an titanian magnesio-hastingsite

(26) Glaucophane
(28) Tirodite
(29) Potassium-magnesio-katophorite
(30) Tremolite
(34) Fluor-richterite
(35) Fluor-richterite
(36) Fluor-tremolite
(37) Manganoan ferro-actinolite
(38) Potassian pargasite
(39) Potassian titanian pargasite
(40) Potassian oxy-kaersutite

(41) Tirodite
(42) Magnesio-hornblende
(43) Tremolite
(44) Hastingsite
(45) Magnesio-hornblende
(46) Magnesio-hornblende
(48) Tschermakite
(49) Ferro-tschermakitic hornblende
(50) Tschermakitic hornblende
(51) Potassian ferri-taramite
(52) Potassian ferri-tschermakitic hornblende
(53) Tremolite
(54) Ferro-tschermakite
(55) Potassian oxy-kaersntite
(56) Tremolite
(57) Zincian tirodite

(58) Subsilicic titanian magnesian hastingsite
(59) Potassian ferri-taramite
(60) Potassian tschermakite
(61) Pargasite
(62) Sodian fluor-clinoholmquistite
(63) Pargasitic hornblende
(64) Arfvedsonite
(65) Potassium-arfvedsonite
(66) Potassium-arfvedsonite
(67) Potassium-arfvedsonite
(68) Fluor-riebeckite
(69) Ferro-glaucophane
(70) Pargasitic hornblende
(71) Pargasite
Q2) Magnesio-hastingsite
(73) Ferroan pargasitic hornblende
(74) Potassian titanian magnesiodastingsite
(75)

MoNocr-rNrc Stnuctunrs (C2/ m)

Ghose (1961), Fischer (1966'), Mirchell et al.
( re7 1)

Finger (1967, 1969il; Finger & Taltai (1967)
Papike & Clark (1967), Papike et al. (1969)
Robinson (1971), Robinson et al. (1973)
Papike & Clark (1968)
Papike et al. (1969)
Papike et al. (1969), Cameron (1970)
Papike et al. (1969)
Cameron (1970), Cameron & Gibbs (1971)
Cameron (1970), Cameron & Gibbs (1971)
Cameron (1970), Cameron & Gibbs (1973)
Mitchell (1970), Mitchell et al. (1970a,b, l97l)
Robinson et al. (1970, 1973), Robinson (1971)
Robinson (1971), Robinson et aI. (1973)
Kitamura & Tokonami (1971), Kitamvra et al,

(t973, 1975)
Sueno et al. (1.972a)
Litvin et al. (1971a), Litvin (1973)
Litvin et aL (1972a), Litvin (1973)
Litvin et al. (1972a), Litvin (1973)
Litvin er al. (197',1b, 1972b), Litvin (1973)
Litvin et al. (1972b), Litvin (1973)
Litvin (1973)
Litvin et al. (1973b)
Litvin er al. (1973b)
Litvin er al. (1973c)
Kawahara et al. (L972)
Sueno et al. (1972b, 1973)
Hawthorne (1973), Hawthorne & Grundy (1973a)
Hawthorne (1973), Hawthorne & Grundy (1973b)
Hawthorne (1973), Hawthorne & Grundy (1976)
Hawthorne (1973), Hawthorne & Grundy (1973c,

t977b',t
Hawthorne (1973), Hawthorne & Grundy (1977a)
Hawthorne (1973), Hawthorne & Grundy (1978)
Litvin et al. (1974a)
Litvin et al. (1974b)
Litvin et al. (1975a)
Litvin er al. (1975b)
Litvin et al. (1976)
Litvin er al. (1976)
Litvin er al. (1976)
Hawthorne (1976)
Hawthorne (1978b)
Hawthorne (1979)
Bocchio et al. (1978)
Bocchio et al. (1978)
Bocchio et al. (1978)
Hawthorne et al. (198O)
Walitzi & Walter (1981)
Ungaretti et al. (1978, 1981), Ungaretti (1980)
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APPENDIX 81. CEEMICAI. COMPOSITIONS AND IJNIT-CEI.L DATA

0 r F

st0,
11oi
A1r0a
reio!
Fe0
M:r0
Mgo
Ca0
Na20
Kzo
nZ0
I

sl
AL
Ycu
IJ

A1
Tl"*

I.i;- re
!{n
Mo

\ u i

(21)

5 4 .  0
0 .  0 1
0 . 4 0

20.o
L . 3 5

L 8 . 5
,:,

2 . 2

98.66

(22)

49.0L
0 .05
0 .00

44.99
o . 3 7
3 . L 7
0.  3L
0 .04
0 .00
1 .59
2  .00

r.01-.21
0 .  84

L00.37

8 . 0 0

---q:-oo.

6 .L4
0 .05
o._r,

(24)

40.42
4 .43

13.  90
4 .84
6 .8s
0. l_0

L2.95
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3 .  04
2 .05
0 .  9 6
0 .  15

99.97
0 .  05

--29"-9!
s . 9 7
2 .03

--qr99.

0 .39
0 . 4 9
o .54
0 . 8 4
0 .0L
2 . 8 5

___5._L2-

0 . 1 2
1 . 6 3
o . 2 5

__2.09.
0 . 6 2
0 .  3 9

-1,.!!

4

9. 870 (r-)
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5.307 (2)

10s .20  (2 )
9L2 .7  (3 )

(26)

5 8 . 0 4
o . 6 6

1 0 . 3 1
2 . 8 9
6 . L 2
0 . 0 7

11.  7L
L . 3 7
6 . 9 7
0 . o 2
r - .98
0 . 0 2

100 l  17
0 .  0 1

r.bo. r.6

7 . 9 2
0 . 0 8

___q_.00

r - .58
0 . 0 6
0 . 3 0
0 . 7 0
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2 . 3 8

-l:Q3

0 . 0 3
o . 2 0
L . 7 7

--2:-qq

0 . 0 7

(28)

5s.27
0 .00
0 .  34

4 . s 2
L6 .62
19.  18
L .L9
o ,26
0 .00
2. ! t6
0 .80

t  00.  73
0 .34

1o9.r3g

7 . 9 5
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---9r-00.

ols+
2 .02
4 , L L
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0 . 0 3
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I
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0 . 5 6

o , 2 2
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99.  95*
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9 9 . 8 sTotal 98.66
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7 .44  7 .95
o .29  0 .05
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Basis
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si0,
l r v ?
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Fe203
Fe0
Mn0
Mgo
Ca0
Na20
K2o
E2o
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(34)

s r  8 .00
A1
2,"' -J.-m

(3s)

a

7  . 9 7

( :01
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2 .00:

(37)

5 0 .  6
0 . 1
2 . 4

22,4
2 . 7
8 . 3

L0 .  8
0 . 5
0 .14

n  1 0-rs.4s
0 .  0 8

9 8 . 3 7

5 1 .  0
0 . 0 4
2 . O
2 . 8

L 9 .  9
2 . 4
8 . 6

L0.7
0 . 3 5
0. l-6
L . 7 L
0 .  L 4

L00.08
0 . 0 6

199,-AZ

7 . 7 2
0 . 2 8

::q.d
0 . 0 8
0 . 0 0
0 . 3 L
2 . s 3
0.  3L
L . 9 4
5 . L 7

0. r_7
L . 7 4
0 . 0 9
2 .  0 0

(38)

-

-

:

6 . L 4
1 .  8 6
8 . 0 0

0 .  5 4
0 . 0 9

(3e)

:

.

:

5 .  8 4
2 . L 6
8 .  0 0

0 .  3 4
o . 4 4

7  . 6 6
0.  34--8-6'

aL

Ir:*r e ^ .
_ z t
. te
Mn

) -  
u "

Zud-s

p u<al
2-

5 .  0 0
5 . 0 0

1 . 0 0
1 .  0 0-l.oo'

1-.00

7  . 9 7

:

r - .68

3 . 4 5
) . I J-

0.  13
0 .  9 0
L . 0 2

--Z-'92

L . 0 0

L . 0 0

6

9 .846 (2 )
18 .019 (3 )

5 . 2 7 4 ( 3 )
104.2s  (1 )
906 .8  (6 )

0 . 1 0
0 . 0 1

2 . 8 4

0 .  3 5
1 R 6

--=--;-7
) . r o:

0 . 0 1
0 . 0 3--o:oA

7

1  . 0 8

0. 0r-
3 . 2 6
4 . 9 8

t . g g

2 . 0 0

0 . 6 3
0 .  3 0
0 .  9 3

7

L . 2 8

0 .  0 1
2 . 9 3
5 . 0 0

rlea
0. l-6
2 . O O

0  . 3 9
0 . 4 0--om

7

e .  e 1 0  ( 1 )  e . 9 1 0 8  ( 7 )
18  .  022 (1 )  18 .  0487 (9 )

s . 3 1 2  ( 1 )  5 . 3 1 s 8 ( 9 )
1os .78(1)  105.4L8(6)
9L2.9(L)  916.7(1)

0 . 1 6
L . 7 6
0 .  0 8
2 . O O

Na
K ^x^

0.01-
0  . 0 3- o:ba1 . 0 0

9.824.(3)
17 .  e68 (3 )

s . 2 6 3 ( L )
L04.22 g)
900.6  (4 )

e .787  (3 )
r-8. 004 (2)
s .263 (2 )

L04.44(2)
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3

9. 830 (2)
l_8. 084 (3)

5 .281 (3 )
104 . 70 (2)
907.e(6)

rloe
o.32

-_2._qq.

0 . 2 0
0 . 2 8
0.48

3

100.32 100.17*

100.32  100.L7: :
6 . 7 9
L . 2 L-Tn6'

rlss
0 . 4 1
2 . 0 0

0 . 2 7
0 . 1 0
o . 3 7

0 .69
o .25
0 .94

Basis 1

9.  807 (3)
18.0r.7 (6)
s.3o7 (2)

r.os .43 (2)
)  903 .e (7 )

2 3

9.  se5 (1 )  9 .780 (5 )
L8 .o77 (2 )  17 .e08(4)
5 . 3 0 7 ( 1 )  s . 2 e 3 ( 2 )

LO2.6r (2 )  r04 .93(7)
8 9 8 . 4 ( 2 )  8 9 s . 8 ( 8 )

Na
K ^x^

;iil
e. e45 (6)

L8.239(2)
5.  340 (3)

r.04.95 (2)
e3s (1)
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Na2O
K2o
u2o
F

SiO2
TlO2
A1203
Fe203
FeO
lho
Irg0
Ca0

0=F

Total

st
AJ.
t i u

A1
T1
Fes
Fe2*
!h
t'Ic
L01:

Eoi-s
Ca
Na
rn(4)

(45)

45.33
0 . 9 6
7 . s 7
3 .95

L6.22
0 .49
9 . L 7

11.99
0 . 9 3
0 .92
2 .04

0. L6
0.  LL
0 . 4 5
2 . 0 4
0 . 0 6
2:,18

_l.gq

1 . 9 3
0 . 0 7
2 .O0

0 . 0 7
0 .09

--q:&

3

(48)

42 .62
0 .45

L7 .73
L .00

L2 .96
0 .04
9 .  90

11.84
0 . 5 4
0 .40
2 .4s

9%93

(4e)

44 .08
0 . 6 7

L3 .99
L .40

L6.20
0 . t 8
8 .44

r .0.88
L .35
o .15
2 . 7 0

100.04

0 . 9 L
0 . 0 7
0 . 1 6
L . 9 9
o . 0 2
l_. 85

-L'-oo

L . 7 L
o . 2 9
2 . 0 0

(50)

43 .33
0 . 7 8

r.5. 98
r.. 84

L3 .15
0 .17
9 . 5 4

10.  95
L .2L
0 .28
2 . 7 0

99.99-10Q.41

Ido=;?[

6 . 8 2
1 . 1 8
8.  00

(46)

44.5L 45.45
L . 7 9  1 . 4 5
8 . 7 0  7 . 8 5
3 . 4 6  3 . 2 2

r.6 .  09 L6. 80
0 . 2 9  0 . 2 8

L0 . 45 l-0. 09
r .0 .36  lL .00
L . 4 7  1 . 1 - 0
0 . 3 9  0 . 6 5
2 . L O  L . 9 6

gi5-t * io6'.:s-38*

(sr) $2)

37.55 43.43
0 .89  L .44
9 . 9 0  

' 1 0 . 7 5

l -L.89 9.43
2L .4q  4 .39
L .25  0 .L4
r . .31 13.82
7 .28  10 .60
4 .05  L .72
2 . L L  1 . 3 8
L .84  2 .07

tr.a2 eerT

6 . 5 9  6 . 8 0
1 .41  L .20
8 .00  8 .00

0 .10  0 .L8
0 .  L8  0 .16
0 . 3 9  0 . 3 6
L .99  2 .02
0 .04  0 .04
2 . 2 9  2 . 2 4
4 . 9 9  5 . 0 0

99.84

L . 6 2
0 . 3 8
2 . O O

0 .  0 L
0 . 0 7
0 . 0 8

3

r-00.38

L . 7 6
0 . 2 4
2 .  00

22122
6 .  3 0
1 . 7 0
8  . 0 0

22-'32
6 . L 4
1 . 8 6
8 .  0 0

22.u
6 . 3 6
L . 6 4
8 . 0 0

0 .05
0 .L2
0 .  L7

3

ttlt5 l3o:d[

6 . L 4  6 . 4 8
1 . 8 6  L . 5 2
8 . 0 0  8 . 0 0

l-. l-5
0 .05
0 . t 1
1 .56
0 .01
2 .L3
5 .  01

0 .0L
1 .83
0 .15

--tr99.

0 .07-T;07

0 .04  0 .22
0.  r - t  0 .16
r .4s  L .04
2 . 9 2  0 . 5 4
0 .L8  0 .02
0 .30  3 .02

-i-'-qq -5.-q9.

L . 2 7  L . 6 6
0 . 7 3  0 . 3 4

_-?=-q9. _49.
0. 55 0. r-5
o .45  0 .26

--f-'.-Aq --q.-41

0 . 0 3
0 .  0 9
0 .  L 2

5

9.7 62(6)  9.792(-)
L7.994(r2)  18.050(-)
5.325(6)  5.322(-)

r -Os.10(8)  104.8 ( - )
9o2 .2 (s )  909 .2 ( - )

1" .04
0 .  09
0 .  20
r . .59
0 .02
2 .06

_5.0q.

r . 7 6
o .24
2 . 0 0

Na
K
1A

Basls

"tt)b (A)
c (A)

fli],

0 .04
0 .04

_  0 .0&

3

9.842(4)
18. Lr-4 (s)
s .318  (3 )

104 .93  (8 )
9r.s. 9 ( 6)

e .7s3  ( - )  9 .960 (8 )  9 .89
u .989 ( - )  r - 8 .177 (8 )  18 .03
s .321  ( - )  5 .3s2 (2 )  5 .31

l -04.8(- )  105.07 (5)  105.2 (1)
902.s ( - )  935 (L)  913.7
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(s7)
53.  60

0. 5l_
0 . 3 5
3 . 5 0

L 2 . 9 0
1 6 . 9 0

r .  o o
0 .  7 5
0 . 1 7
2 . 5 3

99.82t

-92r-82-

7 . 8 7
0.  09
7 . 9 4

:

s i0?
110i
a1zo:
Fe203
Fe0
lfn0
Mgo
Ca0
Na20
K2o
E2o
F

Total

(53a) (s3b)

58.  90
0 . 0 2
0 . 5 6

o . 2 2
o , 4 2

24.74
13.00
0 . 4 0
0 .1"0
1. l-9
0 .  3 0

99.95
0 . 1 3

99.  85

7 . 9 5
0 . 0 5

--i".q9.

0.04

0 . 0 2
0 . 0 5
4 . 9 7
5 .  0 8

0.  08
1 . 8 6
0 . 0 4
2 . 0 0

(54)

40.r2
0 . 8 7

L8.67
2 . 6 4

L6.75
o , 2 7
5 . 4 8

11.65
0.  80
0.  75
L . 6 2
0 . 0 7

99.69
0 . 0 3

-22r-66

6 . 0 0
2 . 0 0
8 . 0 0

1 . 3 0
0. l_0
0 . 3 0
t  1 n

0.  02
L . 2 2

--:.:04.

0 . 0 4
1 . 8 6
0.  L0

(ss)
3 9 . 9 0
4 . 6 5

L4.3s
9 .  6 0
0 . 0 4
0 . 0 8

L4.52
t 2 . L 4
L . 9 0
2 , 3 L
0 .  5 0
o . L 2

100. LI
0 . 0 5

!q4!.

5  . 8 7 8
2.L22

__q.009.

0 . 3 7 0
0.515
1.  064

0 . 0 0 9
3.  188

--l-.!49.

0 . 1 4 6
1.  9L6

_-2,-9o

0 . 5 4 3
0 . 4 3 4

__o.2JZ
l.

9.892 ( r - )
18. 064 (2)
5.3r-16 (7)

]-os . 388 (s)
9r-5 . 1(4)

(56)

56 .57
0 . 0 L
L . 4 L
0 . 0 1
0 . 0 8
0 . 0 3

24,41-
L 2 , 2 5

L . 4 4
0 . 6 8
1-.46
t , 5 2

99.87
o , 6 4

-22-'E
7  . 7 6 7

0 . 0 0 1
0 . 0 0 1
0 . 0 0 9
0.  003
4 . 9 9 5
5.  009

(s8)
3 3 . 5 0
3 . 2 6

t7 .89
6 . 6 5

L6.49
o . 2 6
5 . 0 0

10.30
3 . L 4
1 . 4 8
L . 4 L
o . 2 5

99.63
0.  L0

9 9 . 5 3

(5e)

3 9 . 0 5
L . 5 6
9 . 9 8

l -0 .98
1"8. 36
1 . 3 8
3 . 7 6
6 . 9 4
4 . 5 6
1 . 8 8
1 . 8 1

100.  26

L00.26

6.l_78
L.822
8 . 0 0 0

s l
Al-
Y i u
A

AL
Tlq*
E zt+
T E

Mn
Mg

Nut

Ed-s
Ca

\9"t+l
2^

0 . 0 7
o . 4 2
1 . 6 0
3 . 7 0

O.7-5Zn

0 . 2 6
0 . 2 L
6 . 9 7

0 . 0 3 9
0.186
1 . 3 0 7
2.429
0.1"85
0.  886
5.O32

Na
K ^x-
Basis

" 
(8)

b (t)

? iii,

--2-:-A!.

0 . 1 3
0 . 1 4

---9.-4

2

e .860 (1 )  e .8e8 (2 )  9 .8L79 (7 )
18.r .18(3)  r .8 .190(3)  18.r .06(2)
s.285(1)  s .296(1)  5.33r .4(s)

r.04.57(r.) r.04.46(r.) r.os.00(1)
9L3.8(2)  923.4(2)  915.4(3)

U .  U O

0 . 0 2
0 . 0 8

2

1.  802
0.  198

:-tlo-o-d

0 . 1 8 4
0 . 1 1 9

--q-.3E

9.863 (1 )
r.8. 048 (2)
5. 285 (r.)

104. 79 (1)
goe.6(2)

0 . 8 3
0.  30
L.  L3

o.607
0.  381
0.  988

o.  oz--T.02

l_

9 .  606 (
r .8 .126 (
5 . 3 1 7  (

r.02. 63 (
903.4(.L

r.)
1-)
1)
1-)
)

1 1

e.86se(4)  e.e21c])
18.01-39(8) L8.]-34(2)
s .3s45 (2 )  s .3s2 (1 )

l-os. 08(1) r.04 . 84 (r.)
e1-8.3s (e)  93o.e (2)

5 . 2 7
2 . 7 3
8 . 0 0

0 . 5 8
0 .  3 9
o . 7 9
2 . L 7
0 . 0 4
1  1 7

B

0.L4  0 .032
t . 7 4  L . r 7 6
0 . L 2  0 . 7 9 2
2 . 0 0  2 . 0 0 0
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0 = T
TotaL

(60)

4L.36
1 . 9 5

L2.49
4 . 2 5

L2.36
0. l-r.

LL .45
L0.85

L . 5 8
1 . 5 0
1 . 8 7

99.87

t , 7 L
o .29

__?_.09.

0 .19
0 . 2 8

@_
J

9. 838 (5)
r .8.063(4)
5.313 (s)

r.04.8 (1)
912.3 (9)

(66)

53 .00
0 , 9 7
o . 2 7

L9.7L
4.24
4 . 2 7
2 . L 3
0 . 5 2

10.97
2 . 8 4
0.58
L.39

100.89
0 . 5 8

r.00.31

AL

11:+
! z+
f e

l{tr
MS

t11L

L 1ri -s

Ca
*? ttol

(61)

39.49
2 . O 2

L5 .56
3 . 0 7
8.04
2 . L 2

L5.56
L2..O4
2 . 6 8
0 . 3 2
r . .66

100. L6
-tc.Jf" 

i.or-fi

(63)

e.853(3)  9.774JL)
18.016 (r.2) L8.O3t(7)
5.2eL(4)  s .333(4)

r"os. 2 (1) r.03. 7 (1)
907(1) e13(r.)

0 . L 6
0 . 0 8
2 . 0 2
2 , 6 5
0 . 0 9

___-:-
5 . 0 0

olza
t . 7 2
2 . O 0

8.00
------

8 .00

0 .0 t
0.11
2 . 4 0
0 . 5 3
0 . 5 5
0 . 4 8
4 . L 2

olo,
2 . 7 9
2.88

0 . 4 1
0 . 5 4
0 . 9 5

9

9.935(5)  9 .788(4)
18.102(2) 17.863(11)
5 .339(3)  s .285(4)

103r9(2)  103.80(5)
931(r.) 897(1)

Na
K .

x ^

Basla

" 
(l)

b (E)
. (A)
B ( ' )
v (f3)

o .76
0 .06

---a.:-94
4

0.14
0 , 7 7
0 . 9 1

3

9.869(3)  e,334(7)
18.040(r.4) 17.5e6(10)
5.307(3)  5.267(3)

r .05.17(3)  102.3(r . )
912.0(4)  846.0(s)

(65)

46.45
o . 6 4
3.44

16. 70
L9.59
0 . 6 3

1 . 6 3
5 . 9 4
3 . 7 4
0.  95
L . 2 4

100.9s
o . 5 2

io-o-E

7 . 5 L
o . 4 9
8.00

(64)

47.86
0 . 6 4
r..  69

L 7 . 9 5
19.91
0 . 7 1
0 . 1 3
L , 6 4
6 . 2 5
0.6r.
L . 6 7
L . 1 6

LOO.22
o . 4 9

:2-'E
7 . 6 8
o . 3 2
8.00

olot
2 . L 7
2 . 6 8
0.10
0 . 0 3
5 . 0 6

0 . 0 6
0 . 2 8
1 .  6 6

__2_.00.

0 . 2 8
0 . 1 7

___a.4r
8

6 . 4 2
1 . 5 8
8 . 0 0

0 . 5 7
0 . 0 L
0.05
0 . 2 7
0.01
4 . 0 6
5 . 0 0

tlt,
0 .  L 8
2 . O O

0 . 4 6
0 . 0 5
0.51.

(62)

57.68

t  3 . 5 2
o . 4 4
5 . 8 7
0 . 4 5
9 . 3 7
3 . 0 0
L . 7 4
0 . 2 8
L . 6 7
L . 7 0

101.07
0 .  7 1

199.!39.

8 . 0 0

8 . 0 0

2 . 2 L
L1-0.08

0.05
0 . 6 8
0 . 0 5
r . .93

--:'-q9.

0 . 2 1
tl-1J9.
--2.'.qq

0 . 4 5
0 . 0 4

---qr:g

5 . 7 8
2 . 2 2
8 . 0 0

0 . 4 6
0 . 2 2
0 . 3 3
0 . 9 8
0 . 0 L
3 . 3 0

_!39.
0 . 3 0
L.88

---.--_
2 . 1 8

6. L0
1. .90
8 . 0 0

o . 2 7
0 . 2 2
o:47
L . 5 2
0 . 0 L
2 , 5 L
5 . 0 0

sio,
rToi

*;3;
Fe0
Mn0
ugo
Ca0
Na20
K^0
nio

sl
A L .

2L7)
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48.78
0 . 5 8
1 . 6 1
t . ) 5

26.47
0.89
0.49
0.  95
6 . 6 6
3.  95

49.20
0.  96
t , 7 0
7.  50

2 6 . 6 4
0.  98
0 . 4 0
0.  90
7 . 2 2
3.  39
L . 6 4

100.53

(68)

) U  . 4 J

0 . 1  4
r " .96

L7.52
L7.90
1 . 4 0
0.  05
0 . 0 8
6 .80
1.48
0 .  8 7
2 . 5 8

m1.i7
1 . 0 9

lob:66'

7 . 7 4 8
0.252

---q:-qqq

0.103
0.016
2.O25
2.299
0.1-82
0.011

@

0.  0 r3
I.987--Z.ooo

u . u 5 t
0.290
0.327

(6e)
54.63
0  . 06

L I . U Z

2 . 7 6
L6.O2
0 .08
4 .7s
0  . 98
6 . 2 5
0  . 01

0 . 1 3
0  . 15
1  a ,

2 . 0 0

0.  03

(71)(70)(6I) (72) (73) (7 4)

43.89 40,26
o . 7 9  3 . 1 6

L4.42 11.99
2 . 4 8  7 . 7 8

L2,64 5.52
o . 2 9  0 . 1 2

L2.37  13 .98
9.J-4 12.01
2 . 1 0  2 . 5 4
o . L 2  1 . 8 7
-  1 . 6 3

100 .86

97 .gg  100 .86

6.253
L.747
8. 000

0,522

slO2
T1O2
A1203
Fe2O3
FeO
ItnO
l'1gO
Ca0
Na2O
K2o
E2o
3

AL
Ti
3e3*
Fe24
!(o
Us
f ; , r i

97.99
o :  F
Total

s1

E L 1 )

E un-s

Na

X r'{(4)

BasLe

"(R)b(x)
.(8)
B (:)
V(XJ)

7  .830
0.170
8 .000

0.143
0.  093
0.905
3.550
o.L27
0 .107

@_

0 .159
1. 841

_2=_qqq
0 . 3 L 0
0. 748

-l-.-45!.
1

r.0.007 (2)
t8.o77 (2)
s .332 (1 )

104.101 (7)
93s .48  (3 )

6.5L7
1.483
8.000

0 .  655

0. 288
0 .800

0.070
1 . 7  6 2
0. 168
2.000

0.  658
0. 041
o:615

6.294
L.705
8. 000

0 .  431

0.429
0 .814

0.088
L.872
0.040
2-:-499.

0 .828
0.058
b:s-8-6

10

0.060
1.  873
0.067
2. 000

5 . 3 7 2
!.628
-qr-a9q

0.840
0.086
o.27L
1.535
0.036
2 . 6 7 6
tr-4!!

o . 4 4 4
7.422
0. L34
-?-.-9qq
o.457
o.o22
@

10

s .  9 4
2 . 0 6
8 .00

0 .  478
0 .687

3 .373
5 .060

5  . 5 L t

) . U / U

1.  90
0.  10
2.00

0 . 6 3
0 . 3 5
0 . 9 8

3

o.7L4
0.  099
0.813

10

Na
K
xA

0 . o 2
0 . 3 5
0 . 8 6
0.  68
0.  02
3 . 0 7
!9q

e.8s1(1)  e.848(r- )  e '832(3)  ? '9991?)
r i .gs i i r i  L t .gt t  iz i  rs '037(s)  18 '012(4)
s.293(1)  s .299(1)  s .302(1)  s .324(2)

Los.07o(7) 105.057(3) 10s.01(2) LOs.26(2)
sos.44 905.76 908.2 914.1-(4)

97.56

9:I .56

7  . 9 4
0 . 0 6
8 .  O0

1-.83
0 . 0 1
0 .  31
L , 9 4
0 .01
l - . 03
5  . 13

L 2 1 0

9.811" (3)  9 .s87(4)  9 .818(1)
18.013(s) 17.832(7) 17 .972(2)
s .326(2)  s .315(2)  s .300(1)

103.68(1)  103.47  (3 )  104.886(3)
9L4.5 883.64 903.79
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APPENDIX 82. ATOMIC POSITIONS

0 (1)

o (2 )

0 (3)

o (4)

0 (s)

0 (6)

0 (7)

r  (1)

r(2)

u(1)

M(2)

!{ (3)

M(4)

A(:-)

A(-)

0.LLL7 (2)
0.  0860 (1)
0. 2r.71" (3)

0.1r .8s (2)
0. r.7r.2 (1)
o.7240(4)

0. r.096 (2)
0

0.7L52(4)

0.3654(2)
0. 2480 (r-)
0.  7933 (3)

0.  346s (2)
0.  1343 (1)
0.  0ee2 (3)

o .3436 (2)
0.1185 (r.)
0 . s884 (3)

0. 33 70 (2)
0

o .292 r (5 )

0 .2804 (r.)
0. 0840 (l-)
o.2964(L)

0 .2887 (r")
0.1711 (r-)
0.8042 ( r " )

0
0. 0878 (r.)

L l 2

0
0 .1766  (1 )

0

0
0
0

0
o.2776(J)

U2

x

v
2

x
v
z

x

v
z

x

v
z

x

v
z

x
v
z

x

v
z

x

v
z

x
v
2

x
v
z

x

v
z

x

v
z

x

v
z

x

I
z

x
v
z

0. r.r.35 (4) 0. 1120 (5)
o.o874(2)  0.0882(2)
0.2087(9)  0.2044(9 ' )

o .L232 (4 )  0 .12s3 (4 )
o .L72L (2 )  0 .1 -73s (2 )
0 .7193 (9 )  O .7L42 (8 )

0.1134(7)  0. tL47 (7)
0 0

0. 7067(l-3) 0. 7035 (13)

0 .379S(5 )  0 .3839 (5 )
0.2460(2)  0.24L6(2)
0.77L6(9)  0. .768e (8)

0.35r .4 (4)  0.3483 (5)
0 .1310 (2 )  0 .L275 (2 )
0.0659 (9)  0.0s19 (8)

0.3488(s)  O.3478(4)
0. r.r.85 (2) 0 . LL82 (2)
0 .5s97 (9 )  0 .5s30 (8 )
0 .34L7 (7 )  0 .3376 (6 )

0 0
0 .2719 (13 )  0 .2700 (13 )
o.2874(2)  o.2867 (2)
o .0842 (L )  0 .0836 (L )
0 .2746 (3 )  0 .2707  (3 )

o.2977(2)  0.2993(2)
0.1688 (1)  0.1"667 (1)
0.7817 (3)  o.7780(4)

0 0
0.0872(r- )  0.08781(8)

L l2 1 T '

0 0
0 . r . 773 (1 )  0 .17936 (9 )

0 0

0 0
0 0
0 0

0 0
0.2597(L)  0.2s741(B)

L/2 L/2

(21) (22) (24)

0.1064 (4)
0.0885 (2)
o.2L68(7)

0. 1r.83 (4)
0 .L729 (2 )
0.  7308 (7)

0. r.070 (6)
0

0. 7r.32 (11)

o.3664 (4)
0 .2so2 (2 )
0.  7896 (8)

0. 34e4 (4)
0.1391 (2)
0.1090 (8)

0.3446(4)
0.1r .79 (2)
0.  6054 (8)

0.  3389 (6)
0

0.  2863 (12)

0. 28r-2 (L)
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Cummingtonite(21)

M(l) 0.84Mg f O.l6Fe'*(0.67M9 + 0.33Fd*)
M(2) 0.95Mg * 0,05Fe'z*(0.85Mg 1 0.l5Fes+)
M(3) 0.84Mg * 0.16Fe'+(0.67Mg * 0.33Fe'")
M(4) 0.13Mg * 0.87Fe"*(0.25Mg + 0.75Fe"*)
o(3) 1.0(oH)

Values in parentheses were given by Ghose
(1961), and were derived by manually adjusting
the site populations until the individual isotropic
temp€rature-factors were approxima-tely equal
11.00(5), 0.95(6), 0.99(6), 0.84(5) A', respec-
tivelyl. The first values given were derived by
least-squares refinement of the site populations
(Fischer 1966), with the isotropic temperature-
factors refining to O,23, O.27, O.22 and 0.88 A',
respectively.

Mtissbauer examination of this amphibole
(Hafner & Ghose 1971) indicates an Fe8+u<arl
Fe!*rt,,e,ar ratio of O,73/0.20; the above refine-
ments give 0.75/0.26 (Ghose 196l) and 0.87/
0.12 (Fischer 1966). These three studies give
the following values for total Fez+ in the crystal:

Ghose (1961) 2.79Fe2' p.f.u.
Fischer (1966) 2.32Fe2+ p.f.u.
Hafner & Ghose (1971) 2.46Fe'* p.f.u.

The chemical analysis shows 0.35 Ca p.f.u.
that has been attributed to admixed actinolite.
Assuming a Ca content of 0.1 atoms p.f.u. and
normalizing to seven cations gives an M-site
bulk composition of (Mgn.reFe'*r.rrMno.trCao,to).
None of the values given above for total Fe'"
agree with this site content. Using the F€* v<o/
Fe'**r.,r,ar value of Hafner & Ghose (1971)
together with Fez +.<r r / F e' * t<r, / F e"+ ursr pfopof -
tions of Fischer (1966) and the total siie-contents
indicated above gives the following site-
populations:

M(l) 0.29Fe'* + 0.7lMg
M(2) 0.09Fes" f 0.91Mg
M(3) 0.29Fe'" f 0.71Mg

M(4) 0.76Fe"* + 0.09Mn * O.05Ca * 0.10Mg
Mn was assumed to be ordered in the M(4)

site as has been shown by combined Miissbauer
and infrared absorption studies (Bancroft e/ a/.
1967a) and combined Miissbauer and cryslal-
structure-refinement studies (flawthorne &
Grundy 1977b). O(3) was assumed to be
completely occupied by OH. The mean observed
octahedral bond-lengths are in good agreement
with those calculated from the curyes of
Hawthorne (1978a) using the site-populations
given above [<M(l)-O> obs. 2.094, calc.2.O931.
<M(2rc> obs. 2.O83, caIc.2.088; <M(3FO>
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obs. 2.090, calc. 2.085 A1. Cett dimensions are
from Viswanathan & Ghose (1965).

Grunerite(22)

M(l) 0.848(8)Fe a 0.l52Me 0.sl(3) ,43
M(2) 0.773(7\Fe * o.227Ms 0.51(4)
M(3) 0.888(12)Fe * 0.l l2Mg 0.56(5)
M(4) 0.985(8)Fe * 0.0l5Mg a.92(4)
o(3) 0.70(oH) + o.26F

A Miissbauer study (Hafner & Ghose 1971)
of this amphibole gave statistically equal site-
populations for M(4) and the weighted average
of the M(l), M(2) and M(3) sites; this study also
indicated -0.06 Fe'* p.f.u., but there is no
information as to where this occurs. The small
amount of Ca indicated by trtre chemical analysis
(Klein 1964, sample no. 1) presumably occurs
in the M(4) site; thus, M(4) could be com-
pletely occupied by Fe"* and Ca with even less
Mg than indicated above. Chemical analysis
total includes 0.1 wt. Vo PzOr.

Pot assian t i tanian magn esio-hastin esite( 24)
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T(l) 0.58Si + o.42{r
T(2) 0.92Si + o.08Al
M(l) 0.65Mg * 0.35Fe
M(2) 0.24Ti+0.20A1

+0.45Mg+0.1 lFe
M(3) 0.65Mg*O.35Fe
M(4) 0.82Ca*0. l  lNar

0.06Fe*0.0lMn
A 0.63Na*0.30K

Cation site-populations from Robinson er a/.
(1973), all other data from Robinson (1971); no
standard deviations given for site populations.
The site populations of Si and Mg were refined
over the T and M(1,2,3) sites, respectively,
with octahedral Al and Ti assigned to the M(2)
site and bulk-ohemical constraints operative.
The isotropic temperature-factors at the M(1),
M(2) and M(3) sites differ significantly, and
suggest that there is too much scattering power
at the M(1) site. Both the analyses by Mason
(1968) and White et al. (1972) 5[6q7 -1.0
wt, Vo HzOi as F = 0.15 wt. Vo, t}l,ts suggests
that the O(3) position is occupied by 0.47
OH + 0.04 F + O.49 Os-. Robinson et al.
(1973) suggest€d that the Fe at the M(2) site
is in the trivalent state, on the basis of the short
<M(2rc> value. This leaves O.32Fe'* p.f.u.
to be distributed over the M(l) and M(3) sites.

Using the equations of Hawthorne (1978a)

o.4e(2) A'
0.46Q)
o.e 1(3)

0.s6(3)
0.48(3)

0.87(2)
3.34(13)
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and assuming that the Fe at the M(1) and M(3)
sites is in the divalent state, the following mean
octahedral bondJengths are obtained:
<M(l)-O> obs. 2.O77, catc. 2.102 A
<M(2)-O> obs. 2.047, calc. 2.M1. A
<M(3)-O> ob$. 2.079, calc. 2.O% A

The agreement is not good, particularly for
the M(1) sile. The occupancy of the O(3) posi-
tion indicated by the analysis (Mason 1968)
sugge$ts that this amphibole is partially oxidized,
a fact t'hat is not surprising in view of its
paragenesis. Kitamura et al, (1975) showed that
Ti is strongly ordered in the M(l) site in
potassian oxy-kaersutite(40). The oxidized na-
ture of potassian titanian magnesio-hastingsite
(24), the high Ti contenr and shorr <M(l)-O>
sugge$t a similar ordering in this amphibole.
From the observed bond-lengths, mean cation-
radii at the three M sites may be calculated from
the equations of Hawthorne 11978a); the
following values were obtained for M(l), M(2)
and M(3): A.715, 0.670 and 0.725 A, respec-
tively. Using these values together with the total
site-scattering powers indicated by the site
populations of Robinson et al. (1973), cation
site-populations may be obtained. Assuming
M(1) is occupied by Mg, Tia" and Fes', and
M(3) is occupied by Mg, Fes* and Fes*, site
populations may be calculated that result
in mean cation-radii of 0.?15 and 0.725 A.
respectively. The M(2) site-populations are
obtained by difference, assuming that Mn and
O.l2Fe2' occupy the M(4) site; the resulting mean
cation-radius for the M(2) site is 0.665 A, in
good agreement with the ideal value of 0.670 A.
The calculated site-populations are:
M(l) 0.65Mg*0.1STia'*0.20Fe'*
MQ) 0.45Mg*0.20A1*0;09Ti3* +

0.21Fe3* +0.05Fe2*
M(3) 0.65Mgf0.l2Fe3'+0.23Fe2'
These values are, of course, highly speculative,
but the overall pattern is in agreement with
current knowledge of oxy-amphiboles. One
supporting factor is that the total num'ber of
higher-valence-state cations (Fe'* and Tir*)
co-ordinated to O(3) is approximately equal to
the 02- site-populations at the O(3) site:
(Iia+1Fee*) at M(1) and M(3) = 0.42 atoms
p.f.u.; O'9- site-occupancy of O(3) - 0.49 atoms
p.f.u.

Glaucophane(26)

M( l )  0.84(2)Me*0.16Fe2+ 0.38(5)A'
M(2) 0.91(2)Al+0.09Fe3+ 0.26(4)
M(3) 0.71(2)Mg*0.29Fe2' O.24Q)
M(4) 0.98(4)Na*0.02Ca 0.80(7)

Cation site-populations from Papike & Clark
(1968), derived by unconstrained refinement of
site occupancies; Fe was assumed to be in the
trivalent state at the M(2) site on the basis
of the short <M(2)-O) and by analogy with
crocidolite (Whittaker 1949). The total M-site
contents obtained by unconstrained refinement
differ significantly from those indicated by the
chemical analysis:
refinement:

(Nat.ruCao.or)(Mgr.*nAL.uFe2* o.orFes +o.re)

analysis:
(Na1.eaCao.ro) (Mgr.reAlt.seFe"n o.zo

Fe"+ o.goTio.ooMno.o.)

No supporting evidence was given for the valid-
ity of the refined composition. Finger (1969a)
and Burnham et al. (1971) have shown that un-
constrained site-population refinernent can lead
to significant differences between refined and
analyzed cell-contents; this may be the case for
glaucophane. However, there is some evidence
to support the results of the refinement. Com-
parison of <M(2rc> in glaucophane and
ferroglaucophane (Hawthorne 1979) together
with the M(2) site-populations indicates that
the mean constituent-cation radius in glauco-
phane is essentially correct. Bancroft & Burns
(1969) obtained site populations for this
glaucophane by Miissbauer spectroscopy; their
results for the M(l) and M(3) sites are statis-
tically identical to those indicated by the X-ray
site-populations. This additional evidence sup-
ports the site populations assigned for glauco-
phane. The chemical analysis includes 0.01 Cl.

Tirodite(28)

M( l )  0 .208(9)(Fe*Mn)*0.792Mg =
0.79Me*0.03Fe*0.18Mn 0.45 A'

M(2) 0.158(8) (Fe+Mn)*0.842Mg =
O.84Mgf 0.12Fe*0.MMn 0.39

M(3)  0.125(14)  (Fe*Mn)*0.875Mg =
0.88Mg*0.07Fe*0.05Mn 0.27

M(4) 0.88 (Fe*Mn)*0.03Mga0.09Ca =
0.78Mnf 0.O9Fe*0.03Ms o.8 l
*O.09Ca*0.0lNa

o(3) 0.92(OH)+0.08F

Cation site-populations were refined in terms
of the scattering species (Fe*Mn) and Mg, with
bulk-chemical constraints operative; the spread
in the equivalent isotropic temperature-factors
at the M(l), M(2) and M(3) site suggests that
the scattering power at the M(3) site is less than
it should be. Cation site-occupancies were
assigned by comparison of the <M-O> with
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0.33 A',
0.31
0.33
o,57
o.46

similar distances in ordered end-member pyrox-
enes and amphiboles containing these cations.
Using these site occupancies together with the
curves of Hawthorne (1978a) gives the follow-
ing <M-O) distances:

<M(lFO> obs. 2.O96, calc. 2.096 A
<M(2)-O> obs. 2.088, calc. 2.093 A
<M(3)-O> obs. 2.080, calc. 2.077 A
This supports the assigned site-populations,
although it should be noted that the following
site-populations
M(l) 0.792Mg*0.025Fe2+*0.183Mn
M(2) 0.842Mg*O.l58Fe'n
M(3) 0.875Me*0.125Mn
prwide an even better agreement. The O(3)
site-population was taken from the analysis by
Klein (1964) and normalized to a total of 1.0.
The analysis total includes 0.O9 P:Or.

P o tas sium- m a g n e s io- k at o p ho r i te ( 2 9 )

following values for <M(z)-O> are obtained:
<M(2)-O> obs. 2.095, salc. 2.089 A.
This suggests that no trivalent cations occur in
the M(2) site of potassium-magnesio-katophorite
(2e).

The chemical analysis (Prider 1939) indicates
an O(3) site-occupancy O(3)=O.22(OH)+O.29F
+0.42 O'- [<r) = 1.338 A]; UrO- was not
determined in the analysis. If this site popula-
tion is correct, it indicates that this amphibole
is considerably oxidized, suggesting that higfoer
valence cations may occupy the M(1) and M(3)
sites. The analysis total includes 0.15 SrO.

Tremolite(30)

M(l) Me
M(2) Mg (0.98Mg+0.02A1)
M(3) Mg
M(4) 0.95Ca*0.05Na
o(3) 0.94(OH)+O.06F

T(1) 0.06(4)Al+0.96Si
TQ) 0.0lAl+0.99si
M(l) 0.elMg*0.05(2)Ti

*0.04(Fe*Mn)
M(2) 0.89Mgf0. l l (Fe*Mn)
M(3) 0.94Mg+0.MTi
M(4) 0.5OCaf 0.5oNa
A(m) O.5K

Cation site-populations from Cameron (1970);
the relative ordering of Ti and (Fe+Mn) was
derived by the partitioned matrix method (see
previous section on site occupancies from X-ray
data) and is unlikely to be statistically signif-
icant. The cell contents indicate that all Fe3-
and 0.07 Ti must be assigned to the T sites
to fill them up; whether this is the case or a
result of error in the analysis is difficult to
assess, as the presenoe of cations other than
Si" Al and Be in the T sites has not been incon-
trovertibly proven in the amphiboles. 4T(2)-O)
is quite large 1.646 A. However, the isotropic
temperature-factor at this site (see above) does
not suggest any substitution of transition metals
at this site. The large <T(2)-O> value is com-
patible with complete Si occupancy when the
bond-length distortion A is considered, as
potassian magnesio-katophorite(29) agrees with
the general trend (A vs. <T-O)) of Figure 37
for non-t"Al C2/ m amphiboles. Comparison of
<M(2)-O> for this amphibole (2.A92 A) and
fluor-richterite(34) (2.085 A) supports the pre-
mise that the mean radius of the constituent
M(2) cation in this amphibole is larger than
O.72O A, the value for Mg. Mn is negligible,
and assuming M(2) - 0.89Mg + 0.llFe'z+, the

Site populations assigned; equality of octa-
hedral-site isotropic temperature-factors is in
agreement with this. The cell content from the
chemical analysis (Ross et al. 1969) indicates
a small amount of octahedral Al that may be
assigned to the M(2) site on the basis of the
observed site-preference of octahedral Al in
other C2/ m amphiboles and on mean bond-
length considerations. The analysis total includes
0.10 CO, (Ross er a/. 1968b).

Fluor-richterite(34)

o54Q) N
o.s4(2)

0.77(3)
0.60(3)
o.6e(5)
0.8o(3)
l.s8(6)

M(l)  Me
MQ) Mg
M(3) Mg
M(4) 0.5Ca*0.5Na
A(l) 0.25Na
o(3) 1.00F

0.s0(1 ,4,
0.50(7)
o.24(8)
0.61(4)
3.o(4)
o.4e(l r)

The stoichiometry of this synthetic amphibole
(Cameron 197O) forces this assignment, assuming
that all Ca occurs at the M(4) site. The isotropic
temperature-factor at the M(3) site is less than
that at the M(l) and M(2) sites, but the
difference is only -2q, and hence not signif-
icant.

Fluor-richterite(35)

M(l) 0.80(2)Me*0.2oFe oJ7G\ AL
M(2) 0.48(2)Mg*0.52Fe 0.76(5)
M(3) 0.85Me*0.15Fe 0.79(8)
M(4) 0.5lNaf O.45Ca*0.04Fe 0.93(6)
A(l) 0.25Na 23Q)
o(3) l.ooF 0.74(12)

Cation site-populations (Cameron l97A)



380

derived by constrained site-occupancy refine-
ment. The octahedral-site isotropic temperature-
factors are statistically equal, supporting these
results. The cell contents calculated from the
chemical composition indicates a slight defi-
ciency from the ideal Ca content and a slight
excess of octahedral cations; excess Fe was
thus assigned to the M(4) site. Charge-balance
considerations (Cameron 1970) indicate that
little if any of the Fe is in the trivalent state.

One rather prrz.ding factor is seen when the
<M(3)-O> and coqrstituent M(3) cation radii
for the two fluor-richterites(34) and (35) are
compared:
fluor-richterite(34):

<M(3)-O> =2.057, ru<gr = 0120 A
fluor-richterite(35):

<M(3)-O> =2,O5l, rurar = 0.729 A.
The reason for the smaller (M(3)-O) asso-

ciated with the larger constituent-cation radius
is unclear.

Fluor-trernolite(36)

M(l) Me 0.40(4) A'
M(2) Mg o.5l(4)
M(3) Mg 0.37(5)
M(4) Ca 0.73Q)
o(3) F 0.60(6)

Cation site-populations for this synthetic
amphibole were assumed; the octahedral-site
isotropic temlrcrature-factors are statistically
equal and support this assignment.

M a n ganoan f e rro-actino lite ( 37 )

T(l) 0.92Si+0.08A1 0.56(3) A!
T(2) r.00si 0.s8(3)
M(l) 0.39Mgf 0.6lFe'z* 0.59(3)
M(2) 0.34Mg*0.46Fes++0.16Fe3+

+O.MAI 0.55(3)
M(3) 0.42MglO.58Fez" 0.68(3)
M(4) 0.88Ca*O.08Mnt0.04Na 0.97(3)
o(3) 0.03F+0.e7(oH)

Cation site-populations (Mitchell et al. l97l)
were derived by constrained site-occup:ancy
refinement; no standard deviations were given.
Tetrahedral Al occupancy of T(l) supported by
oomparison of <T-O) distances with those in
tremolite(30). Octahedral-site temperature-fac-
tors are statistically equal and suppo.rt the
assigned populations. The "C-type" cation sum
is 5.16 atoms p.f.u.; 0.16 Mn was assigned to
the M(4) site.

Fe site-occupancies have also been obtained
for this actinolite by Miissbauer methods (Burns
& Greaves l97l):
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M(3)
M(4)
A(m)
o(3)

M(1) 0.765Fe'* f (Fe'*)o.00)
M(2) 0.20Fe'1+f (Fe3+ <0.16)
M(3) 0.58Fe2*+(Feu*>0.00)

The agreement between the X-ray and
Miissbauer results is poor. The problems asso-
ciated with deriving Fe site-populations by
Mdssbauer spectrossopy have been examined
earlier, and for these reasons the X-ray results
are considered more reliable.

Potassian pargasite(38)

T(r) 0.62Si+0.38Ar o.4ez) Af
T(2) 0.9lsi+0.oeAl 0.48(2)
M(1) 0.77Mgf 0.23Fe O.4o(2)
M(2) 0.48Mg*0.20Fe*0.2741

+0.o5Ti o.37Q)
0.76Mg+0.24Fe O.29Q)
1.0€a 0.68(2)
0.315Na*0.15K 3.45(11)
0.42F+(0.58-x)Or- *x(OH) 0.91(5)

Cation site-populations (Robinson et al. 1973)
were derived by constrained site-occupancy
refinemenu no standard deviations were given.
There is a slight difference in the isotropic
temperature-factors at the M(l) and M(3) sites,
but this is of marginal (3o) significance. Robin-
son et al. (1973) assumed that most of the Fe
at the M(2) site is trivalent, with Fe at M(l)
and M(3) divalent. This is a potassian pargasite,
assuming Fe'*
l0 l l ,  Leake 1968).

Potassian titanian pargasite(39)

0.55(3) A'
0.5s(3)
1.1q4)

*0.l7Fe o.62Q)
M(3) 0.68Mg+0.32Fe a.69(4)
M(4) 0.92Ca*0.08Na 0.71(3)
A 0.39Na*0.40K

Cation site-populations from Robinson el al.
(1973); no standard deviations given for site
populations. The site populations of Si and Mg
were refined over the T and M(1, 2,3) sites,
respectively, with octahedral Al and Ti assigned
to the M(2) site and bulk-chemical constraints
operative. The isotropic temperature-factors at
the M(l), M(2) and M(3) sites differ significant-
ly, and suggest that there is too much scattering
power at the M(l) site. The O(3) occupancy is
not given. However, this "titanian pargasite"
is from Boulder Dam, Arizona and was originally
called kaersutite. A kaenutite from Boulder

T(r) 0.54Si+0.46A'1
T(2) 0.92Si+0.08A'1
M(l) 0.68Mg*0.32Fe
M(2) o.44Me+.o.22Ti+0.1741
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0.89 A'
1.00
o.96

1.36

Dam, Arizona (Leake 1968, #512) has a similar
chemical composition and a site occupancy
o(3) -- 0.11(oH)+0.19F+0.70 0s-.

Although the mean bondJengths suggest trhat
this O(3) occupancy is not directly applicable
to the titanian pargasite, it does suggest that the
O(3) pmition is deficient in (OH) and partly
occupied by O'-. This suggests that the amphi-
bole is at least partially oxidized; unfortunately
the Fes+/Fe'* ratio is not knolrn, and so
confirmatory evidence for this is lacking How-
ever, oxidation can be accompanied by Ti
disordering; this questions the assumption that
Ti is ordered in the M(2) site. Robinson et al,
(1973) propos€d that the Fe in the M(2) site is
predominantly Fee*; the aM(2)-O) distance is
compatible with this assumption.

Po t assium oxy - kae rsuti te(40 )

Tirodite(41)

M(l) Mg
M(2) Mg
M(3) Mg
M(4) 0.49Mn*0.l9Ca*0.0lFe

*0.28Mg*0.O3Na

T(l) 0.55Si+0.4sAl
T(2) 0.89Si+0.11A1
M(1) 0.40MG+0.33Fe*0.27Ti
M(2) 0.75MG+0.23Fe*0.02Ti
M(3) 0.50MG+0.46Fe*0.04Ti
M(4) 0.l2MC*0.86Ca
A 0.73Na*0.25K
o(3) 0.25(OH)+0.75 o2-
where

X-ray-diffraction data collected at 27O"C,
well above the P2r/ m -> C2/ m transition at
100'C. Material identical with (27), site
populations were assigned by analogy with the
room-temperature structure and confirmed by
site-occupancy refinement. The similarity of the
octahedral-cation temperature-factors supports
the assigned occupancies.

M a gne sio-horn b lende (4 2 )

T(1) 0.68Si+O.32Al
T(2) 1.00Si
M( l )  0 .29Fe'*+0.7 lMg
M(2) 0.33Alfo.67Mg
M(3) l.0oMg
M(4) 0.8OCa*0.20Na
A 0.27Na*0.lOK
o(3) 1.O0(OH)

0.4e(q A,
0.31(6)
0.3s(7)
o.22(8)
0.38(e)
0.60(7)
3.6(4)
l .  l  (3)

0.33(8) A'
4.22(8)
0.61(l  l )
0.59(11)
0.38(14)
0.40(8)

-
o.33(23)

MG - 0.83Mg*0. l7Al
MC = 0.20Fe3* *0. 12Fe2+ +0.l3Ti

*O.46Mgaa.6941

Tetrahedral site-populations were derived
from considerations of mean bond-lengths; the
agreement with the curves of Hawthorne &
Grundy (1977a) is not good.
Alrcl assigned 0.45, forecast 0.45
Alrt:, assigned O.11, forecast O.0l
noAl-r,r analysis 2.25. foresast 1.82 atoms p.f.u.

The reasons for this are not clear. Site
occupancies of octahedral sites were deter-
mined from Fourier maps, and thus no standard
deviations are available. Site occupancies from
the X-ray study (Kitamura & Tokonami lgll)
were determined in terms of the joint scattering
species MG (Mg*Al) and Fe (Fer++Fes++Ti).
The authon discussed the distribution of these
joint species, but the discussion has no meaning
as the ordering patterns of the different chemical
species within a given scattering species are
not necessarily correlated. A subsequent 2-D
neutron structure-refinement (Kitamura et aI.
1975) showed Ti to be strongly ordered in the
M(1) site. However, the relative ordering of
Mg-Al and Feg*-Fe3+ is not known.

Tetrahedral site-occupancies assigned on the
basis of mean bond-lengths. The R index is not
sensitive to the site occupancies (Litvin er a/.
l97lb) in this crystal, and the refinement was
completed with the cation species statistically
distributed over the octahedral sites. Octahedral
site-occupancies assigned on the basis of ob-
served mean bond-lengths. The unit formula
was supposedly calculated on the basis of 13
cations but the sum of the tetrahedral- and
octahedral-type cations equals 12.96, and the
formula agrees with that calculated on the basis
of 24(O, OH).

These results show poor agreement with the
curyes of Hawthorne & Grundy (1977a) and
Hawthorne (1978a). The total observed tuAl is
1.27 atoms p.f.u.; the value forecast from the
grand mean tetrahedral bondJength is 0.60
atoms p.f.u. Similarly, the agreement for the
octahedral sites is not sood.

Tremolite(43)

T(l) 0.95Si+0.osAl
T(2) r.00si
M(t)  0.89Mg*0.09Fe,++0.02Fe3+
M(2) 0.89Mg+0.09Fe2+ 10.02Fe3+
M(3) 0.89Mg*0.09Fe2+ +0.02Fe3+
M(4) 0.79Ca*0.03Mn*0.18Fe,+
A 0.15Na*0.02K

0.30(5) A,
0.27(s)
0.66(8)
0.s2(8)
0.38(r0)
0.33(50)
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Tetrahedral site-occupancies assigned on the
basis of mean bond-lengths. Octahedral site-
populations statistically distributed during struc-
ture refinement (Litvin 1973). The values are
in good agrcement with the curves of Hawthorne
( l  978a):

<M(l)-O> obs. 2.089 A, calc. 2.081 A
<M(2)-O> obs. 2.086 A, calc. 2.088 A
<M(3)-O> obs. 2.O76 A, calc. 2.073 A

Even better agreement can be obtain€d by
assigning all Fes+ to M(2). Chemical analysis
includes 0.14 PzOs.

Hastingsite(44)

T( l )  0 .5 ls i+0.r  lT i+0.38At 0.82 A'
T(2) r.oosi 0.71
M(1) 1.OOFe2* O.92
M(2) 0.59Fe'2++0.l7Mg*0.18Fe"*

+0.06A1 o.79
M(3) 0.59Fe'1*+0.17Mgf0.18Fe3+

M(4) 0.85Ca*0.l5Na
A 0.2lNa*0.3OK

+0.06A1 o.74
o.74

Tetrahedral site-po,pulations assigned on tlte
basis of mean bondlengths; there is no direct
evidence for tetrahedral occupancy of Ti. There
is no information on the cation distribution
assumed during refinement.

Site occupancies of octahedral cations derived
from mean bond-lengths, by assuming ideal
mean bondJengths for complete occupancy by
a single cation and then proportionally assign-
ing the cations. Agreement with the curves of
Hawthorne (1978a) is as follows, assuming
complete occupancy of O(3) by hydroxyl:

<M(l)-O> obs. 2.145 A, calc. 2.133 A
<M(2)-O> obs. 2.O77 A, calc. 2.W2 A
<M(3)-O> obs. 2.080 A, calc. 2.A79 A
Chemical analyses include 0.33 and 0.45 wL %
SOr, and 0.11 and O.52 wt. Vo PzOs respectively.
Kukovskii & Litvin (1970) give the infrared
spectrum of this amphibole, S9 in dppendix G'

M a gne sio-hornb lend e( 4 5 )

T(r) 0.7osi+o.30Al 0.65(3) A',
T(2) r.msi 0.70(3)
M(l) 0.4lMg*O.46Fe2+ +0.08Fe3+

+0.05A1 0.72(3)
M(2) 0.51 Mg*0.35Fe2+ +0.07Fe'"

+0.07A1 0.71(8)
M(3) 0.38Mgf0.48Fes+ *0.09Fe3+

+0.0541
M(4) 0.95Ca*0.05Na

0.51(4)
0.90(3)

MINERALOGIST

A 0.08Na*0.10K
o(3) l.oo(oH)

4.0(8)
0.76(12)

Tetrahedral site-occupancies assigned on the
basis of mean bond-lengths. Site populations of
Mg* (Mg*"Al) and pg'r' (pe!+*Fe3++Mn+Ti)
{erived by manual adjustment during refinernent
y'rocedure; chemical species within these two

lroupsl were assumed to be disordered over
all thrbe sites. Using the site populations given
above together with the curves of Hawthorne
( I 978a):

<M(l)-O> obs. 2.102 A, catc. 2.088 A
<M(2FO> obs. 2.058 A. calc. 2.086 A
<M(3)-O> obs. 2.095 A, calc. 2.081 A

Much better agreement is obtained if the
same Mg'!/Fet populations are retained but the
trivalent cations are assumed to be ordered in
the M(2) site.

M(l) 0.4lMg+0.59Fe'* calc. 2.l l} A
M(2) 0.5lMg+0.20Fe3++0.05Ti

+0.l0Al+0.14Fe'* calc. 2.0$ A
M(3) 0.38Mg*0.62Fe'9* calc. 2.103 A
Chemical analyses include - and OJ8 wt. Vo
SOr and 0. 14 and 0.1I wt. Va PrO", respectively.

M a gn e s io-hornb I en d e( 4 6 )

T(r ) 0.68si+o.32Al 0.34(8) A',
T(2) l.00si 0.33(8)
M(l) 0.51Ms*0.49Fe'* 0.69(9)
M(2) 0.43Mg*0.42Fe'2*+0.15A1 0.66(9)
M(3) 0.35Mg*0.27Fe'z*+0.38Fe"t 0.43(8)
M(4) 0.85Ca*0.l5Na 0.37(?)
A 0.03Na*0.10K
o(3) 1.00(oH) 0.70(27)

Site populations assigned as for (44). Agree-
ment with the curves of Hawthorne (1978a)
is not good:

<M(l)-O> obs. 2.119 A, calc. 2.104 A
<M(2)-O> obs. 2.027 A, calc. 2.082 A
<M(3FO> obs. 2.O71 A, calc. 2.059 A

In particular, the agteement for the M(2) site
is very poor; the curves indicate a mean con-
stituent-cation radius of -O.64 as compared
with the value of 0.717 calculated from the
site-population given. The cell contents would
not appear to allow the constituent M(2) cation
radius to be that small no matter what the
cation distribution, and the duplicate chemical
analyses support the Fe"*/Fe'+ used; thus the
source of this discrepancy is not clear. The
chemical analyses indicate 0.12 and O.30 wt.Vo
SOs and 0.ll and 0.23 wt. Vo PzOs, respectively.
This amphibole has been examined by Mtissbauer
and P.M.R. spectroscopy (Kalinichenko et al.



THE CRYSTAL CHEMISTRY OF THE AMPHIBOLES 383

1977), and a comparison of the site-occupancy
results is given below:

PMR Mdssbauer X-rav
M(l) 0.59Fe 0.53Fe,+ 0.49Fep*
M(2) 0.38Fe 0.34Fe'z+ 0.42Fe2+
M(3) 0.61Fe 0.51Fe'n 0.30Fe2+ -t-0.35Fe3+

The infrared vibrational spectrum is given by
Kukovskii & Litvin (1970), ff8 in Appendix G.

could be a misprint, Agreement with the curves
of Hawthorne (1978a) is as follows:

<M(Irc> obs. 2.122, calc. Z.tL6 A
<M(z)-O> obs. 1.988, calc. 2.009 A
<M(3)-O> obs. 2.1O3, calc. 2.rc2 A
Agreement is good for the M(1) and M(3) sites,
the disparity between the M(2) values is difficult
to evaluate because of similar disparities in
other structures.

T schermakitic hornblende(S?)
Tschennakite(48)

T(l) 0.54Si+0.4541+0.0lTi
TQ) l.00si
M(l) 0.48Mgf 0.52Fe'"
M(2) 0.35Mg+0.05Fes+*0.6O4l
M(3) 0.48Mgf 0.52Fe!+
M(4) O.92Ca*0.08Na
A 0.o7K

Site populations as for (44). The isotropic
temperature-factors at the three octahedral sites
are very disparate, and suggest too much
scattering power at M(2) and insufficient scat-
tering power at M(3). However, this appears
inconsistent with the fact that the Fe content of
M(2) is very low; it is difficult to see how the
scattering power at the M(2) site could be
significantly reduced without resorting to vapan-
cies, a possibility that is very unlikely on crys-
tallochemical grounds. The agreement with the
curves of Hawthorne (1978a) is as follows:

T(1)
T(2)
M(l) 0.4Mgf O.5Fe'9+
M(2) 0.3Mg+0.lFe3*+0.6A1
M(3) 0.6Mgf 0.4Fe'+
M(4) 0.88Ca*0. l2Na
A 0.04Na*0.05K

T(l) 0.43A1+0.03Ti+0.54Si^t(2) r.00si
M(1) 0.85Fe'++O.09Mn*0.O6Mg
M(2) 0.l8Fe'z+*0.69Fe'+

+0.09Mg*0.04,{1

M(4) 0.64Ca+0.36Na
A 0.55Na*0.45K
o(3) 0.92(OH)+0.08(O'-)

Site populations assigned as for (44). The
isotropic temperature-factors do not support this
distribution, but any redistribution of cations
would probably not lead to equal isotropic
temperature-factors at the octahedral sites.
Agreement with the curves of Hawthorne
(1978a) is as follows:
<M(IFO> obs.  2.114,  ca lc .  z . l l t  A
<M(2)-O> obs. 1.958. calc. 1.995 A
<M(3)-O> obs. 2.O93, calc. 2.091 A
As with (49), the agreement for the M(1) and
M(3) sites is extremely slose, with a large dis-
parity between the M(2)-site values.

Pot ass ian le rri- t aramite (5 I )

0.79(9) A'
0.84(e)
0.53(e)

0.52(8)
M(3) 0.85Fe'"+0.07Fe3++0.08A1 1 O5(13)

0.87 ff
o.77
o.98
t.4l
o.26
o.96

o.94 A2
o.30
o.29
1.60
0.99
o:u

<M(lp>
<M(2FO>
<M(3FO>

Ferro-tschermakitic hornblende(49)

T(l) 0.38A1+0.62Si
T(2) l.00si
M(1) 0.3Mgf0.7Fe'*
M(2) 0.4Mg*0.lFe3+10.5A1
M(3) 0.4Mg*0.6Fe
M(4) 0.86Ca*.l4Na
A 0.02Na*0.O5K

obs. 2.116, calc, 2J06 A
obs. 2.013, calc. 1,997 A
obs. 2.116, calc. 2.097 A

o.30 A,
0 .13
o.52
t.26
o.L7
0.06

1.16(13)
3.7e(48)
1.98(51)

Site populations assigned as for (44). If the Site pop.ulations assigned from refinement
site populations quoted above were used in the together with a consideration of mean bond-
last stages of reiinement, the disparity in the lengths and a cosmetically appealing Mdssbauer
octahedral cation temperature-factors does not s.peclrlT. The isotropic temperature-factor for
support this distribution. However, the large the M(3) cation(s) is a trifle large for comfofi.
isotiopic temperature-factor for the fvft-Zl lg^::T"lt with- the curves of Hawthorne
catio;(s) ruggest a smaller scattering power (1978a) is as follows:
at this site, and it is difficult to see how this <M(1)-O> obs. 2.14, calc. 2.86 A
could occur. The very small isotropic tempera- <M(2)-O> obs. 2.O6, c,alc. LM8 A
ture-factor for the M(3) cation(s) suggestp a (M(3)-O> obs. 2.1O, calc. 2,W9 A
larger scattering power at this site. The ver/ I As can be seen, the agreement is close. Kukovskii
small temperature-factor of the M(4) cation(s) & Litvin (1970) gavl rhe infrared vibrational
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spectrum for this amphibole, ff10 in Appen-
dix G.

Potassian feni-tschermakitic hornblende(S2 )

No precise cation site-occupancies were given
by Kawahara et al, (1972); "T(1) contains more
Al than T(2)" but <T-O> is not consistent
with t'Al from the cell contents. The rnean
atomic numbers of the cations at the M sites

19.8; Fe was considered to be ordered at the
M(l) and M(3) sites, with Mg ordered at M(2).

Tremolite(53)

A' 1.38(4) A'
1.38(4)
1.34(s)
2.27(4)
1.79(8)

Amphibole identical with (29), site populations
assigned by analogy and confirmed by equality
of isotropic temperatures at the octahedrally
co-ordinated sites. Structure refinements done
at 40O and 700oC.

F erro - tsche rmakit e( 5 4 )

T(r) 0.45A1+o.55Si 0.5e(2) A'
TQ) o.05Al+o.e5si 0.s9(2)
M(l) 0.61O(5)Fe'**0.39OMg O.6s(2)
M(2) 0.l5Fe3++0.05Ti+0.65A1

0.050(5)Fe'+ *0.100Mg 0.55(2)
M(3) O.780(7)Fe'2* +0.220 Mg 0.60(2)
M(4) 0.93Ca*0.05Na*0.0lMn

M(1) Me 1.02(3)
M(2) Mg 0.95(3)
M(3) Mg o.e7(4)
M(4) Ca 1.53(2)
o(3) l.o(oH) 1.26(6)
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0.8s(2)

0.99(s)

M(2) 0.056(9)Fe3+*0.502Mg
+o.l85Al+0.2s7Ti 0.63(4)

M(3) 0.235(14)Fe3* *0.765Mg 0.64(6)
M(4) 0.958Ca*0.009Mn

+0.01o(15)Fe3++o.o25Mg 0.84(3)
A 0.543Na*0.434K
o(3)  0.25(OH)+0.03F+0.72O'z-  O.94Q)

Tetrahedral site-populations derived by con-
strained least-squares refinement of occupancies;
the standard deviation is unreasonably low and
probably results from site refinement with
temperature factors held constant. Octahedral
site-populations were derived as follows: it was
assumed that this amphibole crystallized as a
normal hydroxy-amphibole and oxidized upon
eruption; thus prior to oxidation, octahedral
trivalent cations would be confined to the M(2)
site, with Fe'* and Mg occurring at M(l) and
M(3). Furthermore, it was assumed that oxida-
tion occurred sufficiently rapidly to prevent a
reordering of the octahedral cations. Thus the
present arrangement of cations would reflect
the preoxidation distribution with the exception
that Fe2* was oxidized to Fe'* during the
dehydroxylation. Thus Ti was assigned to the
M(2) site and Fe"* was refined over the
octahedral sites with bulk-chemical constraints
operative. The statistical equality of the equi-
valent isotropic temperature-factors of the ca-
tions at the M(l), M(2) and M(3) sites indicates
that the scattering power at each site is correct.
In a previous refinement of a kaersutitic amphi-
bole. Kitamura & Tokonami (1971) assumed
that cation disordering would occur upon oxida-
tion, and suggested preferential ordering of Ti
in the M(1) and M(3) sites. X rays cannot
distinguish between these two possibilities, but
a neutron structure-refinement (Kitamura et al.
1975) showed that the latter is correct. Thus
the site-populations given above are not correct.
An attempt was made to derive better site-
populations (this study), but the agreement
between the observed and calculated mean
bondJengths is not good.

Tremolite(56)

T(r) 0.94(4)Si+0.06A1 0.43(1) 0.32Q) A',
T(2) l.OOSi+0.OoAl 0.42(1) 0.37(3)
M(l) t.00Me o.s4(2) 0.37(3)
M(2) 1.00Mg 0.51(2) 0'39(3)
M(3) l.00Mg 0.s3(2) 0.3s(4)
M(4) 0.9l0Ca*0.0lFe'*

f 0.089Na 0.72(2) 0.72Q)
A  0 . l 85Na*0 .119K
o(3) 0.665(OH)+0.32eF

Tetrahedral site-occupancies assigned by
method 2 of Papike et al. (1969). Trivalent
cations assigned to M(2) site on the basis of
mean bond-lengths, Mg-Fe'* site-populations
derived by constrained least-squares refinement.
Comparison of the observed (M(l)-O) and
<M(3)-O> with the values forecast from the
equations of Hawthorne (1978a):

<M(l)-O> obs. 2.123 A, calc. 2.112 A
<M(3)-O> obs. 2.82 A, calc. 2.112 A
suggest that there may be an elTor in the
chemical analysis, although the structure looks
satisfactory in all other respects.

P otass ian ocy - kae rsutite ( 5 5 )

*0.10(6)Me
A 0.23Na*0.14K
o(3) t.0(oH)

T(l) 0.47(4)Al+O.s3Si
T(2) 0.06A1+0.94Si
M(1) 0.343(9)Feu*fo.657Mg

o.47Q) ]f
0.48(2)
0.66(4) +0.006c1 0.76(3) 0.62(3)



f  0 .101 (91 )Mn
M(4) 0.71OMn*0.045Fe2+

+0.140Ca*0.105Na
o(3) r.00(oH)

Tetrahedral site-populations were derived by
constrained site-occupancy refinement using
neutron data. Octahedral site-populations as-
signed, equality of octahedral cation isotropic
temperature-factors for both X-ray (larger
values) and neutron (smaller values above) is in
agreement with this assignment. The hydrogen
position derived from the neutron crystal-struc-
ture refinement is: 0.2088(6) 0 O.7628(14),
giving an O(3FH distance of 0.960(6) A.

Zincian tirodite(S7)

T(l) 0.978Si+0.022A1 0.58(l) A.
T(2) 0.99Si*0.01Fe3+ 0.60(l)
M(l ) 0.2s2(42)Zn+0.7o8(80)Mg

+0.o3e(65)Mn 0.7o(2)
M(2) 0. l65Fer+ +0.020Fe3n

+0.o34(53)Zn*0.78 I (53)Mg o.72(3)
M(3) o. t7 7 (83)Zn*0.722(98)Mg
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0.73(4)

0.ez(r)
0.72(s)
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Fe'r-Mg 1Fe*=Fez* +Fe"* +Mn) distributions
determined by constrained least-squares refine-
ment; the equality of the equivalent isotropic
temperature-factors supports this distribution.
There are several peculiar aspects to the site
chemistry of this amphibole, and because of
this, no attempt was made to determine the
relative ordering of Fe'* and Fet* over the
octahedral sites. The refined tetrahedral site-
poplrlations are compatible with the mean bond-
length arguments of Hawthorne & Grundy
(1977a), and the grand mean tetrahedral bond-
length is compatible with the unusual tetrahedral
site-chemistry. The total Fe'* p.f.u. (0.79) is
greater than the refined Fe* (M2) site-popula-
tion. indicating that some Fet* must occur at
the M(l) or M(3) sites (or both). Supposing
that all the Fe at the M(l) and M(3) sites was
Fe'*, the curves of Hawthorne (1978a) predict
the following values:

<M(l ) -O> obs.  2.116 A,  ca lc .  2.116 A
<M(3)-O> obs.  2.131 A.  ca lc .  2.114 A
These results suggest that any Fe8+ at the M(l)
and M(3) sites in this amphibole should be
concentrated in the M(l) site. This conclusion is
in agreement with results from other structures;
however, the agreement between the observed
and calculated <M-O> distances is not good
for the M(1) and M(3) octahedra. There is also
a significant difference between the observed
and calculated < M(2)-O> distance [obs.
1.980(2), calc.(Tis+) 2.023, calc.(Ti4+) 2.013 Al;
this experimental result was confirmed by a
second complete crystal-structure refinement on
a different crystal from the same separate.

Potassitt rr f e rrttaranit e( 5 9 )

T(r )  0.57Si+0.43A1 0.56(1)  A"
T(2) 0.98Si+0.02A1 0.53(1)
M(l) 0.730(5)Fe':*fO.Z7OMg 0.84(2)
M(2)  0.131(5)Fer*+0.654Fe3*+

0. 102Mg*0.093Ti+0.02041 o.66(2)
M(3)  0.706(8)Fe'*10.153Mn2*

*0 . l 4 lMg
M(4) 0.589Caf 0.395Na

*0.016Mn
A 0.607Na*0.381K
o(3) 0.96(OH)+0.04(F,O'-)

o.74(2)

0.8e(2)

o.94(s')
Tetrahedral site-popr.rlations were assigned

rusing the curves of Hawthorne & Grundy
(1977a). The site populations of Fe!, (Fe'*+
Fet*+Mn+Ti) were determined by constrained
least-squares refinement. There is some differ-
ence in the equivalent isotropic temperature-
factors at the M(1,2,3) sites; this suggests
slightly too much scattering power at M(1) and

Unconstrained site-population refinement in-
dicated no Mg at M(4). Fe,* was divided
hetween M(4) and M(I, 2,3) by Mijssbauer
spectroscopy; thus M(4) site-occupancy was
known. The Mdssbauer spectra also suggest the
presence of "Fe3*, which was assigned to T(2)
on the basis of bonding arguments and by
analogy with ferridiopside (Hafner & Hucken-
holz 197 1). On the basis of mean bondJengths,
Fe2* was assigned to M(2), and the distribution
of Zn, Mg and Mn was refined over the octa-
hedral M(1, 2, 3) sites with bulk-chemical con-
straints operative. The equality of octahedral-
cation equivalent isotropic temperature-factors
supports these site populations. Note the very
large standard deviations associated with the
full-matrix refinement of three scattering species
over the octahedral sites. The chemical analvsis
includes 6.95% ZnO.

Subsilicic titanian magnesian hastingsite(S8)

T(1)
r(2)
M( l )
M(2)

M(3)
M(4)

A
o(3)

Ti

0.51(1 l )Si+0.4941
0.81Si+0.19.4,1
0.691(8)Fe* *0.309Mg
0.301(8)Fe'" * O.2l4Mg
+0.195Ti+0.290A1
0.839(12)Fe* f  0.  I  6l  Mg
0.87OCa*0.060Na
*0.070(15)Fe"
0.70Na*0.30K
t.0(oH)

and Al assigned to M(2)

0.46(4) A'
o.43(4)
0.66(3)

o.62(3)
0.64(3)

0.8 r (2)

0.9r(6)
site. Al-Si and
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slightly too little scattering power at M(2). On
the basis of mean bond-lengths, all trivalent
cations were assigned to M(2), and Mnun was
tentatively assigned to M(3). Consideration of
results from a series of amphibole structures
led to the proposal that K occupies the A(m)
site, and Na occupies the A(2) site. The optical
absorption spectra of this amphibole are given
by Faye & Nickel (1970).

Potassian tschermakite(60)

T(l) 0.64Si+O.36Al 0.91 A'
T(2) 0.89Si+0.11A1 0.91
M(l) 0.36Fe'*+0.64Mg 1.26
M(2) 0.l8Fe',++0.41Mgf0.l6Fes+

+o.14Al+O. l lT i  l . r2
M(3) 0.45Fe'9++O.l5Fe3**0.40A1 0.90
M(4) 0.85Ca*0.15N4 1.09
A 0.l9Na*0.28K 2.55

Site populations were assigned on the basis
of mean bondJengths and equality of isotropic
temperature-factors. The agreement with the
curves of Hawthorne & Grundy 0977a) and
Hawthorne (1978a) is as follows:
'oAl obs.

<M(l)-O> obs.
<M(2)-O> obs.
<M(3)-O> obs.

1.90. calc. 1.62 atoms
p.f.u'

2.O93. calc. 2.092 A
2.O12, calc. 2.060 A
2.091, calc. 2.019 A

The agreement is reasonable for the M(1)
site only; the assignment of considerable amounts
of Al to the M(3) site is not in accord with
the observed bondJengths. Assigning all [6]-
co-ordinate trivalent cations to the M(2) site, the
deviant values are much improved: (M(2)-O)
obs. 2.012, calc. 2.047 A; <M(3)-O) obs.
2.091. calc. 2.102 A.

Pargasite(61 )

T(l) o.60si+0.4oAl -0.08(7) A'
T(2) 0.84si+0.l6Al o.t2F)
M(l) 0.30Fe'+*0.70Mg 0.47(10)
M(2) 0.07Fe',* *O.08Fe3+ +0.1 lTi

follows:

"Al obs. 2.22, calc. 1.79 atoms
P.r.u.

<M(l)-O> obs. 2.112, calc. 2.094 A
<M(2)-O> obs. 2.037, c:alc. 2.046 A
<M(3)-O> obs. 2.081, calc. 2.0'70 A

There is some discrepancy, particularly with
regard to the tetrahedral AI.

S ocl itt m- | lu o r-c lin o hol m q uis it e(6 2 )

T(l) = T(2)Si
M(l) 0.25Fe"*f 0.75Mg
M(2) l.00Al
M(3) 0.30Fe'* +0.20,{1

*0.5OMg 3.25
M(4) 0.90li+0.l0ca 14.75
A 0.45Na*0.04K*0.05Ca 0.65

Site populations were assigned on the basis
of mean bond-lengths and equality of isotropic
temperature-factors at similar sites. The isotropic
temperature-factors listed above do not appear
satisfactory, but the authors comment on the
extremely poor quality of the crystals. The
chemical composition is taken from Ginsburg
(1965) and includes 3.37 wt. Vo LitO and 1'98
wt. 7o COz. The latter value, together with the
high CaO value (3.00 wt. 7o), suggests that there
was some admixture of calcite in the material
analyzed. Note that the cell dimensions and
space group given in the latter reference are
incorrect.

Pargasitic hornblende(63 )

1.07 A'
l.o7

Tetrahedral site-occupancies derived from
mean bondlengths; agreement with the curve of
Hawthorne & Grundy (1977a) is as follows:
''Al obs. 1.58, calc. 1.27 atoms p.f.u. During
the refinement, octahedral site-populations were
assumed to be disordered. From an examination
of the mean bondJengths, small C-type cations
were considered to be ordered at M(2); how-
ever, the authors suggested that some AI may
occur at M(1) or M(3) (or both). The chemical
data are taken from Udovkina (1971).

Arlvedsonite(64)

T(r) 0.92si+0.o8Al 0.55 A',
T(2) r.00si o.33
M(l) l.00Fe2* O.07
M(2) l.OOFe3* 0.07
M(3)  0.67Fd*+0. l7Fe'"+0.03Mg

+0.05Li+0.08Ti o.77

t.75, t.71 A2
1.92
1.92

T(l) 0.75Si+0.2sAl
T(2) o.85Si+o. l5Al

*0.23A1*0.51Mg
M(3) 0.24Fe2++0.18Fe"

*0.58Mg
M(4) 0.85Ca*0.l5Mg
A 0.76Na*0.06K*0.l8Ca

-o.22(to)

0.45(11)
0.3e(7)
5 .8 (1 .1 )

Site occupancies were assigned on the basis
of mean bondJengths and similarity of isotropic
temp€rature-factors; however, the observed
isotropic temperature-faqtors do not aPpear to
bear out the latter contention. Agreement with
mean bond-length - ionic radius curves is as
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P o t assi u m- arlv ed so ni te ( 66 )

T(l) - T(2) Si
M( l )  0 .75Fe'*+0.25Mn
M(2) l.00Fes'
M(3) l.0ONa
M(4) l.O0Na
A l.0O(Na*K)

387

0.41,  0.46,  A2
o . t7
o.09
7.57
t:,

This is a very peculiar amphibole, and the
assigned name does not really reflect the un-
usual chemical composition. The isotropic
temperature-factors suggest that Na is ordered
at the M(3) site, as indicated by the authors.
Fourier sections through the M(3) site show
very anisotropic density elongate along Z.
R indices for non-split- and split-site models
are 16.9Vo and 15.5Vo, respectively, with corre-
sponding isotropic temperature-factors of 7.57 A"
and 4,12 A'. However, the authors, con-fidence
in the split-atom model is low because of the
high R-index, and only the single-site refinement
results are given. The authors suggest that the
mean bond-lengths are not compatible with the
cell contents calculated from the results of a
chemical analysis, and suggest the site occu-
pancies given above on the basis of mean bond-
lengths.

The < M(3)-O> value of 2.05 A observed here
cannot be compatible with complete occupancy
of Na, which would involve a mean bond-length
of -2.4 A. In fact the mean bond-lengths at
the M(l), M(2) and M(3) sites are not compa-
tible with significant occupancy of these sites
by Na. Additional confirmatory chemical data
for this amphibole are required.

Pot ass inr u-arf v e d soni te ( 67 )

T(1) 0.96Si+0.04A1
T(2) r.00si
M(l)  l .O0Fe2*
M(2) 0.460Fe3' *0.420Fe,"

+0.073A1+0.o47Ti
M(3) 0.760Fe"'+o.l30Mn

*0 . l lOMg
M(4) 0.92lNa*0.079Ca
A 0.293Na*0.707K
o(3) 0.88(OH)+0.05F+0.07(o,-)

0.46Q) A'
o.48Q)
o.66(2)

0.60(2)

0.65(3)
t.?rt,
0.74(7)

Tetrahedral site-occupancies assigned. Oc-
tahedral site-populations in terms' of Fe*
(Fe2*+Fee"fMn) were determined bv con_

strained least-squares refinement. Slight negative
occupancies of Mg occurred at the M(l) and
M(2) sites; however, these were found to be
within one standard deviation (0.006) of zero
and hence not significant. Thus the Mg occu-
pancies of M(l) and M(2) were set equal to zero

M(4) 0.7lNa*0.l4Ca*0.05Mn
+O.lol.i 4.05

A 0.53Na*0.17K

The authors commented that the high
standard deviations make assignment of cation
site-populations on the basis of mean bond-
lengths rather difficult. The site occupancies
above were derived from both X-rav and
Mdssbauer data; a comparison of X-ray and
Miissbauer results is given below:
M(l) X-ray: Fe2+ 0.92, Miissbauer: Fe2* 2.00
M(3) X-ray: Fe"+ O,97, Miissbauer: Fe2* O.67
Fe3* analysis: Fe"* 2.M, Miissbauer: Fes* Z.l7

The authors noted also that the mean bond-
lengths are not in slose agleement with those
expected for these occupancies; similar resuhs
are.-obtained using the mean bondlength - ionic
radius curves of Hawthorne (l97ga). Note that
the isotropic t€mperature-factors at the M0.
2,3) sites are not satisfactory. However, any
rearrangement of the C-type cations does not
lead to any improvement in the situation.

Pot as s i um-arfv e d sonit e( 6 5 )

T(1) 0.88Si+0.l2Al
T(2) r.00si
M(l)  0.93Fe'"*0.07Fe3'
M(2)  o.34Fe, '+0.54Fe,

+0.o8Al+0.04Ti
M(3) 0.88Fer++0.12Fe3*
M(4) 0.86Na*0.l4Ca
A 0.77K.*0.14Na

0.35 A'
o.24
o.ol

0.36
2.93
1.54

As with arfvedsonite(63), high standard de-
viations make assignment of Jation site_occu_
pancies on the basis of mean bond-lengths
rather difficult. Miissbauer studies showed ihat
Fee* occurred in the M(l), M(2) and M(3)
sites and that the Fe8+/Fes* ratio obtained from
the chemical analysis was incorrect. The Fei*
content by Mdssbauer spectroscopy (chemical
analysis) is 1.35 (2.02) atoms p.f.u. bomparison
of $9 X-ray and Mdssbauer Jite-occupancies is
as follows:
M(l) X-ray: Fe2* 0.93, Mdssbauer: Fer+ 0.97
M(2) X-ray: Fe2+ 0.34, Miissbauer: Fez* O.l9
M(3) X-ray: Fe2+ 0.8.8, Miissbauer: Fer+ l.O0

.The mean bond-lengths show good agreement
wlth calculated values according to the method
of Litvin (1973) and reasonable agreement with
the curves of Hawthorne (l97ga).-The isotropic
temperature-factors at the M(1), M(2) and Mi3)
sites are in poor agreement; however. this
cannot be improved by any redistribution of the
C-type cations over these three sites.
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for the final cycle of refinement. The equality
of the equivalent isotropic temperature-factors
supports this distribution. On the basis of the
observed mean bond-lengtlrs and the curves of
Hawthorne (1978a), all octahedral trivalent
cations were assigned to M(2), and Mn*2 was
tentatively assigned to M(3).

Hawthorne & Grundy (1978) proposed a slight-
ly different composition for this arfvedsonite,
using the microprobe value for NalO instead
of the average value (Hawthorne 1976) because
of the possibility of contamination of the separate
by aenigmatite. This gives a unit formula
(Ko.oen Nao.lo0) (Nat.art Cao.trs) (Cao.oar Mgo.toe Mno.rze

Fgz*s.soz Fe3*o.soa Tio.ors Alo.rro) (Alo.t* Sir.rur) O*
(OH)r.rsn Fo.ror O-o.rgs with refined A(m) and A(2)

occupancies of 0,62 and O.O5 Na, respectively.
The other results are not materially affected.

Fluor-riebeckite(68)

Fes (Fe'*+Fe'**Mn) and Mg, withAl assigned
to M(2) and Na*Ca assigned to M(4); the Mg
occupancy of M(2) became negative with the Fe
content of the M(2) site exactly equal to the
Fe3* content of the unit formula. Ths refine-
ment was completed with M(2) occupied by
Fe* and Al only, the final results indicating a
small amount of .A.l resident at M(l) or M(3)
(or both). On the basis of mean bond-lengths,
the M(2) site appears completely occupied by
trivalent cations; by the same criterion, any
'tAl not occurring at M(2) will be strongly
ordered at M(l), although the author suggests
that this result is rather tentative. In fact, using
the equations of Table 27, it seems unlikely that
any Al occurs at the M(l) or M(3) sites. Thus
the cell contents of this amphibole may be
slightly in error.

Pargasitic hornblende(7 0)

T(r) 0.6rsi+0.39A'1
T(2) l.00si
M( l )  0 . l 7Fe ' * *0 .83Mg
M(2) 0. l5Fe3*+0.53Mgf0.32A1
M(3) O.2LFe"', +0.O5Fe3* *0.73Mg
M(4) 0.9lCa*0.06Na+0.03Fes*
A 0.56Na*0.10K

The chemical analysis of this amphibole was
derived from the site occupancies calculated
according to the method of Ungaretti et al.
(1981) that is outl ined on page 263. It can
be argued that the small amount of Fe8* at
M(3) is due to a postcrystallization post-cation-
equilibration process (see text on Fee* distribu-
tions). Atomic co-ordinates and bond lengths
are from Ungaretti (pers. comm.).

Pargasite(7 I )

T( I ) 0.54Si+0.4641
T(2) l.0osi
M( l )  0 . l 9Fe ' "+0 .8 lMg
M(2) 0.1I Fe3* +0.25A1+0.58Mgf 0.06Ti"*
M(3)  0.16Fe" +0. l2Fes '+0.72Mg
M(4) 0.95Ca+0.03Na*0.02Fe'?*
A 0.74Na*0.07K

The chemical analysis of this amphibole was
derived from the site occupancies calculated
according to the method of Ungaretti et al.
(1981) outl ined on page 263. It can be argued
that the small amount of Fet* at M(3) is due
to a post-cation-equilibration process (see section
on Fe" distribution).

M a g n e s io- hast in gsit e(7 2 )

T(l) 0.56Si+0.44.41

T(l) 0.9ssi+0.0sAl
T(2) o.99Si+O.OlAl
M(l) 0.066Fe'*+0.934Fe'*
M(2) 0.O57Al+0.943Fe"'
M(3) 0.336Li+0.182Mn

*0.482Fe'z*
M(4) 0.0O7Ca*0.993Na
A 0.037Na+0.290K
o(3) 0.892(OH)+1.253F

Tetrahedral site-occupancies assigned on the
basis of bulk chemistry and the curves of Haw-
thorne & Grundy (1977a). Octahedral site-
populations in terms of Li and Fe* (Fes++Fe3'
*Mn) were determined by constrained least-
squares refinement. The Li occupancy of M(l)
was found to be equal to zero within one
standard deviation (0.004) and thus was set to
zero. Remaining occupancies (Fe'*-Fe3*-Mn)
were assigned according to mean bond-length
criteria and are thus tentative. Chemical analysis
includes 0.54 wt. Vo LirO. and the formula unit
includes 0.334 Li. which is included in the
Xu'value.

F e rr o- glauc o p hane ( 69 )

0.sl(2) A,
0.5o(2)
o.63(2)
o.42(1)

0.70(4)
r.32(4)

0.e6(6)

0.45(l) A,
0.45(1)

0.6q2)
0.58(3)
0.6l (3)

r.27(s)
in terms o'f

T(1) 0.99Si+0.0lAl
T(2\ l.00si
M(l) 0.585(6)Fe'?**0.348Mg

+0.067.41
M(2) 0.156(6)Fe'n+0.844A1
M(3) 0.795(9)Fer**O.205Mg
M(4) 0.860Na*O.075Ca

*0.065Mg

The occupancies of the M sites



T(2) r.00si
M(l) 0.17Fe'++O.79Mgf0.@Fe,+
M(2) 0. l6Fe'3++0.18A1f 0.66Mg
M(3) 0.08.F'++0.21Fe3+f0.71 Mg
M(4) O.92Ca*O.MNa*0.04Fe,+
A 0.82Na*0.05K

The chemical analysis of this amphibole was
derived from the sile occupancies calculated
according to the method of Ungaretti et a/.
(1981) that is outlined on page 263. lt can be
argued that the Fe3+ at M(1) and M(3) is the
result of post-cation-equili.bration oxidation (see
section on Fe8+ distribution).

F erroan pargasitic hornblende(7 3 )

T(1) 0.60Si+0.40A1
T(2) 0.98Si+0.02.41
M(l) 0.32Fe'+f 0.68Mg
M(2) 0.07Fe'* +0.14Fe3+0.04Ti

*0.42.dI*O.33Mg
M(3) 0.45Fe'+a 0.55Mg
M(4) 0.7lCa*0.O7Na*0.l7Fez+

*0.05Mg
A 0.46Na+0.02K
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solution giving a ratio of O.l5 and best overall
agreement with the data and a variety of crystal-
chemical criteria.

Potassian titanian magnesio-hastingsite(74)

THE CRYSTAL CHEMISTRY OF THE AMPHIBOLES

T(l) 0.60si+0.40Ar
T(2) o.89si+o.l1Al
M(l) 0.29OFes"+0.71OMg
M(2) 0.O59Fe'*+0.572Mg

+a.264Fe3+ +0.105Ti
M(3) 0.059Fe'z**0.572Mg

*0.264Fe"* a0.lo5Ti
M(4) 0.950Ca*0.05ONa
A(2) 0.170Naf 0.075K
A(m) 0.145Na*0.100K

0.44 A'
o.M
o.97

0.99

0.93
0.82
1.89
1.84

0.53(2) A'
o.s4(2)
0.67(4)

o.s4(4)
0.56(s)

1.1 5(3)

Tetrahedral site-occupancies assigned on'the <y{l)-O> obs. 2.O71, calc 2.108 A
basis of bulk chemistry and thJ curves of 1lfq|{> ots. 1.p!'!, calc 2.060
Hawthorne & Grundy (iglla). Octahedral site- <M(3)-O> obs. 2.O73, calc 2.058
populations were determined by constrained The isotropic temperature-factors suggest that
least-squares refinement in terms of Mg and the relative scattering-powers at the M(t,2, l)
Fe* (Fe'*1Fe'**Mn) with Al and Ti assigned sites are correct; thJ bondlength comparisons
to M(2). The ratio Fe3+,/(Fe'+aFes*) was not suggest more trivalent and quadrivalenications
known from chemical analysis; the refinement at M(l) and M(2), which would suggest that the
was done for a series of cell contents with amphibole has undergone partial oxidation and
different Fe3*/(Fe2*+Fe8+) ratios, the final dehydroxvlation.

Site occupancies are from Walitzi (pem.
comm.). Tetrahedral site-occupancies assigned
on the basis of bulk chemistry and the curves
of Hawthorne & Grundy 11977a), There is some
discrepancy between the sum of the site occu-
pancies and the cell content from the chemical
analysis. The agreement with the bond-length -
ionic radius curves of Table 27 is as follows.
assuming O(3) - (OH):
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APPENDIX 84. CATION-ANION AND CATION-CATION DISTANCES (8)

(21) (22) (24)

1.61e(7)  L .637(4)  r - .666(4)  1 .618(6)  1 .610(3)  L ,602(4)  L .602(2)
L .6L4(7)  L .627(5)  L .679(4)  l - .616(7)  L .622(4)  1 .633(5)  L .632(2)
L .628(7)  1 .630(4)  l - .665(5)  L .62L(6)  L .633(3)  r .620(5)  L .629(2)
1 .6r .3 (7)  1 .6L3(2)  1 .658(2)  1 .611(3)  1 .616(2)  L .63r (2 )  Lg19(1)
r;ae- W- @- -L:q1g- L.62o- L:622- L=620-

(2e)(28)(26)

r(l-)-0 (t-)
r (r.) -o (5)
r (r.)-0 (6)
r (L)-o (7)
(r(r.)-o>
r (2)-0 (2)
r (2)-0 (4)
r (2)-0 (5)
r  (2)-0 (6)
(r(z)-o)

u(L)-0(1)  x2
M(L)-0(2)  x2
M(1)-0(3)  x2
(u(rl-o>

M(2) -0(1)  x2
M(2) -0(2)  x2
M(2) -0(4)  x2
<M(2)-0>

M(3)-0(r.) x4
M(3)-0(3)  x2
<M(3)-0>

M(4)-0(2)  x2
M(4)-0(4)  x2
u(4)-0(5)  x2
M(4)-0(6)  x2

<M(4)-0> [s]
4.{(4)-o) C6J

A-0(5) x4
A-0(6) x4
A-0(7) x2
A-0(7) x2
<t-o> (til
<A-o> 0.oJ
M(1)-M(r.)
M(r.)-M(2)
M(1)-l 'r(3)
u(L)-M(4)
u(2)-M(3)
M(2)-M(4)

r (1)- r  (2)  I
r ( 1 ) - r (2 ) '
r (L) -r (1)

L .62s (7 )
1 .609  (7 )
L.639 (7)
r . .643 (7)
L.629

r. .633 (4)
L.604(4)
L. 6t-r (5)
1" .638 (5)
L .622

L.646(4)
r . .607 (4)
r .645 (4)
r . .659 (4)
L .639

2 .064 (7 )  2 .082 (s )  2 .047  (4 )
2.L28(7)  2,L6O(4)  2.L42(4)
2.O9L(7)  2,L22(4)  2.o4L(4)
2 .094  _  2 "L2L  2 .077  .

2.L34(7)  2 .L6L(5)
2 .083(7)  2 .L28(4)
2 .O33(7)  2 .075(4)
2.083._ Lr2L._

2.099(7)  2. r . r .8(5)
2.073(7)  2.103(6)
9.0$_ 2_rLL3__

2.L64(7)  2.  r .35 (s)
2 .023 (7 )  1 .988 (4 )
3 . r . 43 (7 )  3 .2e8 (5 )
2 .69L (7 )  2 .7s7  ( s )
2 . 5 0 5  2 . 5 4 5  2 . 4 9 2
2.293 2 .293 2 .43s

t-. 6r.8 (6) r.. 6r-8 (3)
r . .594(3)  r . .5e4(3)
L,637 0)  1.634(3)
L.654(7)  r . .655 (4)
L'S2S- !r62t-

2 .07L (3 )
2 .L24 (3 )
2 .Oez (3 )
2.096

2.148 (3)
2.092(3)
2.024 (3)
2 .088

L.622(4)  1 .616(2)
1 . 5 8 3 ( 4 )  1 . 5 8 6 ( 2 )
1 .676(5)  L .653(2)
1 .704(s )  L .672(2)
L .646 L .632: :

2.064(2)
2.O78(2)
2.  083 (2)
2,9L1__

2,L33(2)
2.083 (2)
2.0L4(2)
2.077

2t078(6) '

2.082(6)
2. t_oo (5)
2,O87

2 . 0 3 8  ( 6 )
1. 943 (6)
1 . 8 4 9  ( 6 )

Lr2aJ--

2. r-03 (5)
2.o77 (5)
2.92!-

2.8L4(6)
3 . 2 1 6  ( 5 )
2. 519 (r.o)
3 .  666 (8 )
3 .  041
2.215__
3 .22L (4 )
3.0e1 (2)
3.  09e (2)
3 .307  (6 )
3.  206 (3)
3. r.s3 (3)

3. r.r.0 (3)
3.  003 (3)
3.  090 (3)

2.066(4)
2.  0s1 (4)
2 .O73(4 )
2:992-
2.183 (4)
2.0e5(4)
r . .  e98(4)
2.092

2 .o92 (4 )
2 .o7o (4 )
L.  980 (4)
2:947--

2.06;,4 (4)
2.  068 (5)
2.w2_
2 .3e4 (4 )
2.328(5)
2.665(4)
2.582(s)

2.824(4)
3 .278(5)
2 .295(8)
3 .845 (9 )
3 . 0 5 7
2.2o0--

3. r.63 (3)
3. r.r.8 (4)
3. oer. (4)
3. r.29 (3)
3.2r .6 (3)
3.047 (4)

3. 083 (4)
3.054 (4)
3.oss (3)

2. 801-
3 .  333
2 . 3 2 7
3 . 8 8 7
3 . 0 8 0
2:2w-
3 .230
3. r.56
3.L20
3. Ll_9
3.299
3.  03L

3 .091
3 .066
3 .075

3. o4e (s)
3 .086 (4 )
2 .459  (8 )
3 .7L4 (7 )
3 .074
2 .946

3.l-03 (3)
3 . L 2 9 ( 2 )
3 .074 (1 )
3 . 4 6 8  ( 3 )
3 . 2 L 0 ( 2 )
3.2LL(2)

3 . l e e  ( 2 )
3 .068 (2 )
3.092(2)

2.828 (3)
3.303 (3)
2.34o(6)
3 .79L (6 )
3 .066
2.220_

3.  ls l  (3)
3.1r.8 (2)
3.  08e (2)
3.191 (2)
3 .207  (2 )
3.080 (2)

3.  094 (3)
3 .060  (2 )
3.046(2)

2.945(7)
3. r.s2 (8)
2.60s(L2)
3.60s (13)
3.067
2 .960

3.1-e6(4)  3.L6e(2)
3 .109 (2 )  3 .086 (2 )
3.088(1)  3.077( l - )
3.4L4(3)  3.423(2)
3.234(2)  3.187(2)
3.r.85 (2) 3.204 (r.)

3 .0E3(2 )  3 .086 (2 )
3.065(2)  3.osr . (2)
3.063 (2)  3.030(2)

2.089(3)  2.069(4)  2,070(2)
2 .063 (s )  2 .o24 (6 )  2 .os l (3 )
2.080 2.Os4 2.066

2.4LL(6') 2.204(3) 2,43L(4) 2.397 (2)
2.337(6)  2.109(4)  2.4L4(5)  2.32L(2)
2.7e8(6)  3.101(3)  2.822(4)  2.767 (2)
2,446(6)  2.592(4)  2.604(4)  2,5se(2)
2.498 2.502 2.568 2.506
2'3e3- z:nz- 2:!32-- 2:4Le-

2.e70(2)
3 .Ls6 (2 )
2.486(3)
3 .672 (3 )
3 .068
2 .948

l through 
0(6): 2rhrough 

0(5).
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r(r.)-0 (L)
r (1)-0 (5)
r (1) -0 (6)
r(r.)-0 (7)
<r(1).-0>
r(2)-o(2)
r (2)-0 (4)
r (2)-0 (5)
r(2)-0 (6)
(rcz>-o>
M(1)-0 (1)
M(r.)-0(2)
u(1)-0(3)
<M(1)-0>

M(2)-0(L)
M(2)-0 (2)
M(2)-0(4)
(u(2)-o>

M(3) -0  (L )
M(3) -0  (3 )
{M(s)-o>

(34)
r.. s82 (6)
L.625(6)
L . 6 4 L ( 7 )
r . .636 (3 )
L .62L

(:s;
r.. se4 (6)
L.636(7)
L .624(7)
r..63r. (4)
L.62L

(36)

1.61-4 (3)
r. .628 (3)
r. .  630 (4)
L .606(2)
L_9n_

r . .623(3)
1 .587  (3 )
1.648 (4)
1 .6se  (3 )
L.629

(37) (38) (3e)
r.. 670 (4)
r.. 6e8 (4)
L.682(4)
L .663(2)
L . 6 7 8

(40)

L .677  (e )
r . .683 (e)
1.684 (e)
r_.  6se (6)
L . 6 7 6

L. 6r.8 (4)
L.643(4)
L.632(4)
1" .62L(2)
L .628

2.388 (3 )
2.3OL(4)
2.823(5)
2 .56L(4)
2 .  5L8
2.4L7

1.  663 (3 )
1 .  6e3 (3 )
1 .682 (3 )
L .663(2)
L . 6 7 5

x2
x2
x2

x2
x2
xz

x4
x2

M(4) -0(2)  x2
M(4) -0(4)  x2
M(4) -0(s )  x2
M(4) -0(6)  x2

(Mcal-o> [e](lrcal-o; 161

L.625(6)  7 .626(7)
1 . s 7 8 ( 5 )  L . 5 7 2 ( 7 )
1 . 6 5 8 ( 7 )  1 . 6 6 0 ( 8 )
r . .  681(6)  L .674(7)
L , 6 3 6  L . 6 3 3

2.  060 (6 )
2 .  031 (6 )
2 .069 (5 )
2 .053

2 . 0 7 t ( 5 )
2 .o28(6)
2 . 0 5 7

2.078(7)
2  ,036 (7 )
2 . 0 7 7  ( 6 )
2 . 0 6 4

2.  051 (3)
2.054(4)
2.o57 (3)
2.954_

2 . 0 5 s ( 4 )  2 . 0 0 5 ( e )
2 . L 3 6 ( 4 )  2 . 1 8 8 ( 8 )
2 .052(4)  1 .950(8)
2 . 0 8 L  2 . 0 4 8

2 .068  (6 )  2 .05s  (3 )
2.01"7 (8)  2,oLL(4)
2 .051  2 .040

A-0(s)
A-0(6)
A-0 (7)
A-0 (7)
<A-0>
(A-0>

M(1)-M(r.)
M(r.)-M(2)
M(r.)-M(3)
M(L)-M(4)
M(2)-M(3)
M(2)-M(4)

r(r.)-r(2)
r(1)-r (2)
r(1)-r(1)

2.4O5(6)
2 .336(6)
2 .846(6)
2 .582(5)
2 . 5 4 2
2.!!J__
2.866(5)
3.114 (6)
2 .4L3 (e )
3.684 (L0)
3 .0L0
ZJ-?5---

3.  218 (8)
3.  077 (3)
3.  084 (2)
3.  34s (5)
3.2O4 (4)
3.161-(3)

3. 088 (4)
3 .031 (4 )
3.029 (s)

2.3e7 (7)
2.  338 (6)
2 .8s1  (7 )
2 . s77  (6 )
2 .54L
2.437

2,886 (6)
3  . 153  (7 )
2.432(L0)
3. 6e0 (Lt )
3 .033
2 .902

3.227 (8)
3 .097  (3 )
3.oer. (2)
3.33e (s)
3 .238  (3 )
3. r-45 (3)

3 ,o7 6 (4)
3.046 (4)
3.  034 (3)

2.4oo(4)
2 . 3 0 8 ( 3 )
2 . 7  s 6  ( 3 )
2 .5 r4  (3 )
2 . 4 5 9
2.!9t__

2 . 9 7 L
3 . L 7 2
2 . 4 4 7
3 . 6 6 2
3 . 0 6 6
2 . 9 4 7

3.187 (4 )
3 .067 (2 )
3 .  076 (1 )
3 .  3e5 (3 )
3. r.68 (2)
3 . 2 O 0 ( 2 )

3 . 0 8 8  ( 2 )
3 .045 (2 )
3 .002 (2 )

2 . 9 7 7
3. r.95
2.51,6
3 .701-
3 . 0 9 4
2 . 9 7 2

2 .4L4 (2 )
2.  3s8 (3)
2 .62s  (2 )
2.563 (2)
2.490
2:412-

3.060 (4)
3.080 (4)
2.486 (8)
3 .6e3  (7 )
3 . O 7  6
2.2l-

3.240
3.082
3. l-L1
3 .430
3 .183
3 .247

3. L16 (1" )
3 .  068 (L)
3.089 (1)

2.4L0 (4 )
2 .348 (4 )
2 .635 (4 )
2 . s 8 2 ( 4 )
2 . 4 9 4
2.-!A_

3.070 (8 )
3 . 0 6 5  ( 8 )
2.582 (L4)
3,1)2_gD-
3 . 0 9 5
2 . 9 7  0

2 , 4 2 O ( 8 )
2 . 3r.3 (10)
2 .  68e (8 )
2 . 5 2 9  ( 9 )
2 .488
2--4n-

3 .037  (8 )
3. r-08 (7)
2.409 (L5)
3.724(LL)
3. 071-
2 .940

x4
x4
x2
x2

"r21
iroj

3.23o (2)
3. r.16 (r.)
3. r.os (l-)
3.424(2)
3.  2s0 (1)
3. 200 (L)

3 . r.03 (2)
3.069(2)
3,O57 (2)

3 .133
3.1r .8
3 .085
3 .478
3.L96
3 .237

3. r.09 (2)
3.070(2)
3.094(2)

2 .87  5  ( s )
3.183 (3)
3. 0r.8 (2)
3.  s70 (5)
3.196 (4)
3. 2r.3 (3)

3 .09e  (6 )
3.  06r-  (6)
3.080 (5)

1.5r .4(3)  1.631(2)  1.640(4)  1.661-(9)
r . . s87 (4 )  L .608 (2 )  1 .608 (4 )  1 .618 (9 )
r - .651-(4)  r .642(3)  1.643(s)  1.618(9)
L .67e (4 )  L ,662 (3 )  L .66e (4 )  1 .636 (9 )
1:!31- !-!&- L:S4o- L!33-

2.0e0(4)  2.056(3)
2.r -15(3)  2. r1L(2)
2.LL4(4)  2.097 (2)
2 .L06  2 .088: -

?.L86\6)  2 .2L2(6)  2 .L46(4)  2 .151(3)  2 .06s(3)  2 .oss(4)  2 .131 (s )
?.gse(6) 2,082(7) 2.077 (3) 2,]-L4(4) 2.o74(3) 2.082(4) 2.o45as)
?.911(6) ?.09q(7) z.g_2_4(4) 2.022(4) 1.e66(3) L.s76aq L.s77 a8)2.085 2.L01- 2.o8'  ' :016- 2.056-- t .o?E- 2.051-

2 . 1 0 0 ( 3 )  2 . 0 7 6 ( 3 )  2 , o 7 9 ( 4 )  2 . 0 8 9 ( 7 )
2 . 0 9 3 ( 5 )  2 . 0 8 0 ( 3 )  2 . o 9 3 ( 6 )  2 . 0 0 1 ( 1 5 )
2 .098 2 ,077 2 .084 2 .060
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r (l_)-0 (l_)
r(1)-o (s)
r(L)-0 (6)
r(1) -0 (7)
(r trl-o)
r(2)-o (2)
r (2)-o (4)
r (2) -0 (5)
r (2)-0 (6)
(r(2)-o)

r,1(l-)-0(r-) x2
M(1)-0(2) x2
M(L) -0(3)  x2
<M(r.)-0)
M(2)-0(L)  x2
M(2)-0(2)  x2
!t(2)-0(4) x2
<M(2)-o>
l , I (3)-0 (1) x4
M(3) -0(3)  x2
<M(3)-0>

M(4)-o (2)
M(4)-o (4)
M(4)-o (5)
M(4)  -0 (6)
<M(4)-o> rsl
(utal-O [o]

A-0(5) x4
A-0(6) x4
A-0(7)  x2
A-0(7) x2
(a-o) (tzJ
(A-0) [4

M(r.)-l{(r_)
M(L)-u(2)
M(1) -M(3)
M(L)-M(4)
M(2)-M(3)
M(2) -M(4)

r(r.)-r(2)
r(1)-r(2)
r(1)-r(r.)

2 .084 (4 )  2 .062
2 . O 7 2 ( 6 )  2 . 0 7 6
2 .080  2 .067

(4s;

t-. 640
1 .  658
L .663
L .632
1 .  651

L . 6 3 3
L .592
1.  655
L .649
L"532_

2 .O75
2 . L L 1
2.  113
2 .LOz

2.L02
2 .086
1 . 9 8 7
2.  058

2 .O99
2 .086
2 .095

2 .4L3  2 .42L
2 .349  2 .365
2 .722  2 .689
2 .575  2 .542
2 .5L5  2 .504
2 .446  2 .443

(46) (48)

1 . 6 4 9  L . 6 7 0
t - .683 1 .693
L . 6 6 9  1 . 6 8 6
L . 6 2 6  1 - . 6 3 5
L . 6 5 7  L . 6 7 2- :

1 . 6 3 6  L . 6 2 9
L . 5 9 9  L . 6 2 6
1 . 6 4 0  L . 6 2 7
1- .653 L .628
L 6 n  L . 6 2 8-

2,L07 2.060
2 ,L69  2 .L76
2 .080  2 .LL2
2.L19 2.1L6

2 .046  1 .990
2,059 l - .991
L .976  L .9L2
2 .027  L .964- -

2.089 2.L32
2.03s 2.Lo7
2.on T:fr-: :

(41)

1.6r_3 (4)
L. 6t_3 (5)
L .627  ( s )
L.6L7 Q\
L:6u--

L .62s (4 )
r-. 588 (s)
r.. 646 (s)
1 .658  ( s )
LEZL_

2.063(4)
2 .LL2 (s )
2.087 (4)
2-.c!"Z-
2. 141 (s)
2.082(4)
2. 03r. (s)
2.93!__

(42)

L.  630
L .669
L .646
L.622 ,
!rS!!-

L.  608
1 .606
L.64L
L .657
L.628

2 .085
2.L25
2.081_
2.097

2 .044
2.05L
L .944
2.  013

(43)

L .  5 8 6
L . 6 4 8
1 . 6 3 4
r..613
L-94_

1.614
r . 5 7 7
r .644
r_.654
@.
2 .079
2.L06
2 .  083
L932_
2.L34
2.O90
2 .  033
2.086

2 .O78
2 .07L
2 . 0 7 6

2 .396
2.330
2 . 7 7 5
2 .567
2.5L7
2.43L

2 . 9 7  6
3.L47
2.505
3.691,
3 .074
2 .950

(44)

L.687
L . 6 9 4
l_.658
1 .630
L . 6 6 7

L .  609
1 .586
L .64L
L .664
L .625

2 .LL2
2.L69
2.L54
2.L45

2.09L
2. t38
2 .002
2.911-

2 .064
2 .LLz
ZT8=o

2.439
2 .396
2 . 7 3 7
2.55L
2.530
2 . 4 6 2

3.  037
3.L67
2 .552
3 .704
3. 1Ll-
2'222-
3 .284
3.L20
3 .133
3.  480
3.259
3 .256

3 .LL7
3.  104
3 .  068

2.2]-5(4)
2.  109 (s)
3.  090 (s)
2.584 (s)
2.  500
2.303

2.828
3 . 3 0 1
2 .350
3 . 7 7 5
t:o6i-
T:'E--

3. r.47 (6)
3.  109 (2)
3.  085 (L)
3.202(4)
3.  1e5 (3)
3.  089 (2)

3.  087 (2)
3.  065 (2)
3 .0s0  (3 )

2.4L2
2.357
2 . 6 7 7
2.533
2 .495
2 .434

t  o o t

3 .114
2 .483
3 . 7 2 7
3.  070
2.939

3 . r-55
3 .089
3 .081
3 .424
3.  171
3 .218

3 .091
3.052
3.062

2.4L9
2.329
2.6LL
2 .522
2 .470
2 .423

3. 013
3 . 1 3 6
2 .547
3 , 6 7 9
3 .085
2 .969

3.  025
3 .153
2.53L
3.  703
3 . 0 9 8m
3. L37
3.L26
3.  087
3 . 4  9 8
3.21'2
3.24L

3 .L24
3.  066
3 .072

3 .045
3. r-38
2 .542
3 .733
3.107
2.982

3.  L68
3.  091
3 .079
3 ,443
3 .  L91
3 .2L6

3 .  083
3 .061
3 .038

3 .2L6
3.  110
3 . 1 0 8
3 .453
3 .226
3.23L

3 .1  04
3 .079
3 .078

3.  238
3 .094
3 .116
3 .427
3.  L96
3 .242

3.  131
3 .046
3 . 1  1 6
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r (1) -0 (1)
r (1)-0 (5)
r  (1)-0 (6)
r (1)-0 (7)
(rcrl-o)

r (2) -0 (2)
r(2)-0 (4)
r (2) -0 (5)
r(2)-0 (6)
(t(z)-o>

M(1) -0(1)  x2
M(1) -0(2)  x2
M(1) -0(3)  x2
(M(1)-0>

M(2)-0(1) x2
M(2) -0(2)  x2
M(2) -0(4)  x2
<M(2)-0>

M(3)-0(1) x4
M(3) -0(3)  x2
(r{(3)-o>

M(4) -0(2)  x2
t '1(4)-0 (4) x2
M(4) -0(5)  x2
M(4) -0(6)  k2
{M(4)-0> [Si
<M(4)-0> [6J

A-0(5) x4
a-0r5) z4
A-0(7) x2
A-0(7) x2
<A-D t12l
<A-D tlol
M(1)-t!(1)
M(r.)-l{(2)
M(r.)-M(3)
M(1)-M(4)
M(2)-lt(3)
Dr(2)-M(4)

r(1)-l (2)
r (1)- r (2)
r (L)- r (L)

1 . 6 8 9  L . 6 4 7  1 . 6 3
L . 6 5 7  L . 6 6 s  1 . 7 3
1 " . 6 8 6  L . 6 7 2  L . 7 1
L . 6 4 4  L . 6 5 7  t . 6 7
L . 6 6 9  1 . 6 6 0  1 _ . 6 8

1.639 l - .658 L .64
L . 6 L l "  L . s 8 0  1 . s 9
L . 6 3 4  L . 6 5 9  L . 6 4
L . 6 3 2  1 . 6 5 0  1 . 6 0
L.629 L .637 L .62:  - :
2 . 0 8 8  2 . 0 7 4  2 " L 3
2 . L 6 0  2 . r , 1 2  2 . L 7
2 . 1 1 8  2 . 0 9 5  2 . L 3
2 . L 2 2  2 . 7 7 4  2 , t 4

(49) (50) (s1) (s2) (53a) (53b)

L .604(2)  1 .605(3)
1 .630(2)  L .626(3)
1 .628(3)  L .628(3)

(s4) (ss)
1.668(4)  L .684(4)
L .692(4)  l - .689(4)
L .679(4)  1 .682(s )

1 .616(1)  L ,620(2)  L .6s6(2)  t .665(2)
!:6n__ L_qn__ !.SL!_ 1.68A._

r" .615(2)  1.612(3)  L.640(4)  L.644(4)
1.  s86(2)  r . .587(3)  L.620(4)  1.515(4)
r . .6s3(3)  r - .6s8(3)  r - .636(4)  1.6sr . (s)
L .676 (2 )  1 .67e (3 )  L .6s6 (4 )  1 .663 (4 )
l_.633 L.634 1.638 L.643

2.068(2)  2.o7L(3)  2.067 (s)  2,o37 (5)
2.089(2)  2.100(3)  2.L7o(5)  2.L73(5)
2.o94(2)  2.LLo(4)  2, r3L(4)  1.988(5)
2:99!.- 2.92!- 2:L23.- 2:9SS-

2.L4s(2)  2.161(3)  2.0L4(4)  2.106(s)
2.0e4(2)  2.10s(3)  2.029(s)  2.08s(5)
2.024(2)  2,033(4)  1.928(s)  1.981(s)
?:_q88_ ?.199__ 1€e0_ 2_295J-

2.082(2)  2.0e3(3)  2.L4L(4)  2.070(4)
2.06s(3)  2.06L(4)  2.LLs(6)  2.060(6)
2:9lS- 2=992- 2-.L32- 2:991--
2.406(2)
2 .328(2)
2 .8L4(2)
2 .538(2 \
2 .52L
,TTE-

2.42L(3)  2.4L0<4) 2.424(5)
2 .33 r " (3 )  2 .330 (5 )  2 .3s1 (s )
2.841 (4\  2.636(6)  2.642(6)
2.s44(3)  2.5L9(4)  2.s6O(4)
2 . s34  2 .474  2 .494

2 . 4 8
2 . 4 L
2 . 6 9
2 . 5 9

. 2 . 5 4
z:46

1 . 6 9
7 . 6 9
L . 6  I

L . 6 7
1 .  6 8

L . 6 7
i .  os
1 .  6 5
L . 6 9
1 . 6 7

2 . 0 5
z . L 6
2 . 0 5
t n o

3. r"3
J .  I J

3 . 0 6

2 . 1 1 0  2 . O 9 3  2 . L 2
2 . 0 8 9  2 . 0 9 4  2 . 0 7
2 . L 0 3  2 . 0 9 3  2 . I O

2.398 2 .4 t9
2 .364 2 .387
2 . 6 7 9  2 . 6 3 7
2 . 5 4 8  2 . 5 5 0
2 . 4 6 5  2 . 4 9 8
2 . 4 3 7  2 . 4 5 2: : 2 . 4 4 5TnSr- ,.Ao T:TEI
3 . 0 2 8
3- L41
2.528
3.693
3 . 0 9 3
2 . 9 7 3

3 . 0 1 7  3 . 0 L
3 . 113 3. 1l-
2 . 4 9 7  2 . 5 2
3 . 7 3 ?  3 . 7 7
3.082 3 .0 .9
2.en z:B: :

2 .957  (2 )
3 .190  (2 )
2 . s r6 (3 )
3.  673 (3)
3 .08L
2 .962  _

3 .178  (3 )
3.  oee (1)
3.084 (r.)
3.44o(2)
3.208 (r.)
3.2r-0 (r-)

3.093
3 .0s9
3.  039

2.956(3)
3 .21  s (4 )
2.530(4)
3.  680 (s)
3 .091
Ln_4_

3.L96 (4)
3. 11r- (2)
3.093 ( r - )
3.45s (3)
3 .23o (2 )
3.21s (r.)

3.100
3 .063
3.O47

3.056(4)  3.068(4)
3 -Lse (3 )  3 .o79 (3 )
2.5r"8(4)  2.4s6(4)
3-  73s(4)  3.70O(4)
3. 1r-4 3. 075
2.990 2.950

3 .232  3 .252
3.  r_03 3.089
3. LL3 3. 1-18
3 .439  3 .4L4
3.2L4 3. t96
3 .236  3 .237

3.L32 3.114
3 .051  3 .056
3.1L7 3.rL7

3 . 2 6
3 . L 4
a  1 r

3 . 5 0
3 . 2 8
J . Z O

3 .  1 0
3. r-0
3.1r-

2.e50 (4)
3. r.63 (1)
3.038 (1)
3.  s63 (3)
3 .Le2 (2 )
3.234(L)

3.106 (2)
3.o77 (2)
3.09L 13)

1 . 9 9 3  L . 9 9 9  2 . 0 8  2 . I 3
2 . 0 4 6  L . 9 6 7  2 . 0 9  2 . O s
1 . 9 2 4  1 . 9 0 9  2 . O L  2 . 0 L
i:3s-d L es8 2.06 T.od

2 . 0 7
L . 9 6

2 . 4 2
2 . 2 8

. a . o t

2 . s 9
t  t , o.....'::-
2 . 4 3

3 . 0 7
J . U I
z . 5 t

3 . 7 6
3.p7
D  O X

I

2 . 9 7
3 .  L 6
3 .  0 5
3 . 5 3
3 . 1 9
3 . 2 2

3.266(2)
3. r.06 (1)
3 .L26 (L )
3.448(2)
3.226(2)
3.247 (L)

3. r.4o (2)
3.  060 (2)
3 .130 (3)
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r (L ) -0  (1 )
r (1 ) -o  (5 )
r (1)-o (6)
r(r .)-o (7)
(r(1)-0)

r (2 ) -0  (2 )
r (2 ) -o  (4 )
r (2) -0 (s)
r (2 ) -0  (6 )
(r (2)-0>

M(r_)-0(r.)
M(r.)-0 (2)
M(1)-0 (3)
(M(1)-0)

M(2)-o (r_)
M(2) -o  (2 )
M(2)-o (4)
(M(2)-0>

M(3)-0 (1)
M(3)-0 (3)
(M(3)-o>

M(4)-0 (2)
M(4)-o (4)
M(4)-0 (5)
M(4)-0 (6)
<M(4)-0>
(M(4)-0>

L . 6 6 2  1 . 6 4 8
L . 6 6 7  L . 6 9 7
L .673  L .654
L .629  L .642
1 ,658  1 .660

L . 6 2 3  1 . 6 5 0
L .629  1 .613
L .654  L .637
l - . 660  L .674
T.642 T:644:

2 ,058  2 .L02
2 . 1 3 0  2 . 1 2 7
2.092- 2.L03
2.093 2.LLL= -

2 .058  2 .0s6
2 .055  2 .079
L . 9 2 2  L . 9 7 5
T:ffi T.$7

2 . t l z  2 .081
2 .059  2 .081
f f i f  2 .081

2 .445  2 .386
2 .378  2 .340
2 .696  2 .640
2 .502 .  2 .602
2 ,505  2 ,492
T:En T443-

3 .0 t -5  3 .063
3 . r "36  3 .082
2 ,532  2 .428
3 .684  3 .816
3 . 0 8 6  3 . 0 8 9
L%7 T .%4

3 .L97  3 .200
3. l -06 3.O94
3 . 1 0 0  3 . 0 9 9
3 .468  3 .437
3 .208  3 .191
3 . 2 4 2  3 . 2 3 2

3 .L10  3 .114
3 .084  3 .067
3 ,074  3 .056

x2
x2
x2

x2
x2
x2

x4
x2

x2
x2
x2
x2

(81
Ld

(56a)

r.. 6r.r. (2)
1 .637  (2 )
L .63e  (2 )
1-.629 (L)
L,529-

r.. 6r.3 (2)
1. s8e (2)
1.662(2)
L .675 (2 )
!.635.__

2 .06L (2 )
2.071(2)
2.082(2)

ryt_
2,L43(2)
2 . 0 9 t ( 2 )
2 .018  (2 )
z._oaL_

2.07t(2)
2 .047  (2 )
2.063_

2.4Ls(2)
2.336(2)
2 . 7 6 6 ( 2 )
2 .  s48  (1 )
2.5L6
2.!33--

2 .973 (2 )
3.1.48 (2)
2 .480  (3 )
3.  680 (4)
3 ,067
2 .944

3.  184 (2)
3.088 ( r . )
3.085 ( r . )
3,425 (L)
3.19r. (r.)
3 ,2L2( r )

3 .091( r . )
3. 06r. (r.)
3 .038 (1 )

(56b)

1,.607 (2)
1 .637  (2 )
L.637 (2)
t .628(2)
lrSU-

L .617  (2 )
r . .586 (2)
r.. 6s8 (2)
r.. 681 (2)
1:gl:-

2 .063  (1 )
2 .O72  (2 )
2.087 (2)
L9t_4__

2 ,L46 (2 )
2.087 (7)
2.0L8(2)
Z:9Pl--

2.  070 (1)
2 .054 (2 )
2_.0s5_
2 . 4 L 3 ( 2 )
2.337 (2)
2 .770 (2 )
2.552(2)
2 .  518
2.!34

2 . e 6 8 ( L )
3. l_46 (L)
2 .488 (2 )
3 . 6 7 6 ( 3 )
3 .  065
2.e43_

3.  186 (4)
3 .090  (2 )
3 .086  (1 )
8 . 4 2 2 ( 3 )
3.  r -9s (2)
3,209 (2)

3 .  o9s  (3 )
3.  0s7 (3)
3.  04L (3)

(57 )
r " .618 (3)
L . 6 2 6 ( 3 )
1.632(\ )
L . 6 2 4 ( 2 )
!.s25_

L.623(3)
1.  600 (3)
1 .637  (3 )
1 . 6 s 8 ( 3 )
1,_919__
2 .06e  (4 )
2.L29 (4)
2 . 0 9 6 ( 4 )
2:!2L-

2. tss(4)
2.092(4)
2,026(4)
2.O9]__

2.092(3)
2 .069  (5 )
z.oa!__

2.L95(4)
2.0e9(4)
3.  109 (5)
2 .  630  (3 )
2 .  508
2.308__

2.83s(4)
3.289 (4)
2.327 (5)
3 .800 (5 )
? .062
2315

3 .1s8  (2 )
3 . r22 (L )
3.092 ( r . )
3.  t_79 (1)
3.216 ( r . )
3 .073  (1 )

3 .094  (1 )
3 .063  (1 )
3 .  05s  (2 )

(sB)

r_. 67s (3)
r. .  688 (3)
L.692(4)
t .669 (2 )
!_081-

r.. 660 (3)
1. 630 (3)
1. 661 (4)
r_. 668 (3)
!-q.:r_
2 .065 (4 )
2 . t 6 3 ( 4 )
2.L20(3)
2:L16-

2.023 (4)
2. or_o (4)
L .9O7  (4 )
t_9!9_
2.L3s(2)
2 . L 2 2 ( 5 )
2:J3L-

2.425(4)
2 ,34s  (4 )
2.602(6)
2. ssr. (3)
2:_48L_
2.!!9-.

3 .055  (4 )
3.  101 (4)
2 -  s04 (5)
3 , 7 7  5  ( 6 )
3 . 0 9 9
2.263--

3 .270 (2 )
3. Ll_4 (1)
3.  1 37 (1)
3 .444  (1 )
3 .225 ( t )
3.  2s6 (1)

3.  143 (1)
3 .066  (1 )
3,L32(2)

(se )
L .666 (2 )
L .  683  (2 )
r . .  680 (2)
l_. 664 (1)
Lr67-3--

r_.  630 (2)
L.604(2)
L . 6 4 6 ( 2 )
1.  6s8 (2)
!_q35__

2 ,072 (2 )
2.L53(2)
2.LL3(2)
2_rL13-

2.096(2)
2 .080  (2 )
r .962(2)
2-.9!S--
2.L3O(2)
2.LL7 (3)
2-'49-
2.437 (2)
2.368(2)
2 .729  (3 )
2 . s52 (3 )
2 . 5 2 2  -
Z.!tL--

3.  008 (2)
3.r52(2)
2,520(4)
3  . 7  3e  (4 )
3.097
2,%9_

3.244(2)
3 .139  (1 )
3.  L29 (1)
3 .461  (L )
3.263(L)
3 .237  (L )

3. 123 (r.)
3 .079  (1 )
3.1 '27 (2)

(oo ) (or 1

A-0(5) x4
A-0(6)  x4
A-0(7) x2
A-0(7)  x2
(A-o> [r4
<A-o) t1E
M(r.)-M(1)
M(r.)-M(2)
M(L)-M(3)
M(1)-M(4)
M(2)-M(3)
M(2)-M(4)

r(r.)-r(2)
r(1)-r (2)
r(1)-r(r.)
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r(r_)-0 (r.)
r(L)-0 (5)
r(1)-0 (6)
r (1 ) -0  (7 )
(r( t  )-0>

r (2) -0 (2)
r (2 ) -0  (4 )
r(2)-0(5)
r (2 ) -0  (6 )
<r(2)-0>

M(L) -0( l_ )
M(1) -0  (2 )
M(r.)-0 (3)
<M(l_)-0>

M(2)-0 (1)
M(2)-0 (2)
M(2)-0 (4)
(lt(z)-o>

M(3)-0 (1)
M(3)  -0 (3)
<M(3)-0>

M(4)-o (2)
M(4)  -0 (4)
M(4)-0(s)
M(4)-0 (6)

o4(4)-0>r8l
<${(4)-q f6l

A-0 (s)
A-0 (6)
A-0 (7)
A-0 (7)
G-D [r{
A-o> ftq
M(1)-M(l_)
M(1) -M(2)
M(r.)-M(3)
M(r.)-M(4)
M(2)-M(3)
M(2) -M(4)

r(r.)-r(2)
r(r)-r(2)
r(r.)-r(L)

1 . 6 0  L . 6 5 2
L . 6 9  L . 6 4 9
1 .5s  L .6s4
1 .61  l _ .635
1 .6 r_  t . 648

L . 7 2  ! . 6 4 3
1 . 6 0  L . 5 9 2
1 .58  r . 657
L .64  L .682
L , 6 4  L . 6 4 4

2 .L4  2 .049
2 .O5  2 .089
2 .07  2 .082
2 . 0 9  2 . 0 7 3

1 .95  2 .096
L .99  2 .098
1 .85  2 .007
l - . 93  2 .067

2 . O 7  2 . 0 7 8
L . 9 7  2 . 0 9 2
2 . 0 4  2 . 0 8 3

2 , 4 9  2 . 3 7 7
2 .25  2 .306
2 .80  2 .650
2 . I3  2 .61L
z:i, T:66
2 .29  2 .43L

2 . 6 6  3 . 0 6 6
3 . 3 2  3 . 0 6 3
2 . 3 2  2 . 4 4 6
3 . 8 0  3 . 7 4 2
3 . 0 L  3 . 0 7 4
2 .86  2 .940

3 .1s  3 .L74
3 .06  3 .088
3 . 0 7  3 . 0 8 6
3 .55  3 .425
3 . 1 3  3 . 1 7 8
3 .30  3 .220

3 .05  3 ,LL2
3 .02  3 .057
3 .09  3 .0s0

1 . 6 1
L . 6 6
1 . 6 3
L . 6 4
L . 6 4

r_ . se8 (4)
t .634(4)
L .632 (4 )

r . .  63 1. 6r_s (4)
L .62  r . . s8s  (4 )
L . 6 4  L . 6 6 7  ( 4 )
r. .63 r . .680 (4)
!=-q LS37-

2 . 2 7  2 . 1 1 0 ( 3 )
2.1,4 2.rOO(4)
2 .08  2 .136(3)
Lls_ 2:LL5_

2 . 0 6  2 . 1 6 L ( 4 )
2 .OO 2 .084(4)
r . .93  1 .953 (4 )
?:-qg 2:919-
1.98 2.  r_38 (4)
2 .L7  2 . r . 03 (s )
2.91- 2:AS-

2 .54  2 .4Le (4 )
2 . ss  2 .374 (4 )
2 .79  2 .937  (4 )
2 .44  2 .614 (4 )
2 .58  2 .586
2 .5 t  2 .469

x2
x2
x2

x2
x2
x2

(62) (63) (64) (6s)

L . 6 7  1 . 5 8
1 . 6 5  L . 6 9
L . 6 7  1 . 6 1
1  .  59  1 , . 62
Lqr !g1
1 . 6 5  L . 6 3
L . 6 2  1 . 5 9
L .62  l - . 61
1 . 6 r -  1 . 6 9
r_. 63 r-. 63

2 . L 5  2 . 2 3
2 . 0 6  2 . 0 6
2 . 2 3  2 . L 2
2 . L 5  2 . L 4

2 .06  2 .1 ,L
2 . 0 9  2 . L \
1 . 8 8  L . 9 4
2:01 2-'92

2 . 0 3  2 . L 3
2 . I O  2 . 0 9
2 . O 5  2 . t 2

2 . 5 7  2 . 4 8
2 . 5 8  2 . 4 7
2 . 8 5  2 . 9 0
2 . 4 5  2 . 5 7
2 . 6 L  2 . 6 L
2 . 5 3  2 . 5 L

(66)  (67) (68)

L .  623  (3 )
L . 6 2 7  ( 3 )
r_.630 (3)
L.628(2)
!.521--
7 .627  (3 )
r_.  s98 (3)
1.652(3)
1 .6s6  (3 )
!_q!3__

2 .106 (3)
2 . r-06 (3)
2 " r_30 (3)
2:11l-

2 .12 t (3 )
2 .O34  (3 )
L . e 2 6 ( 3 )
2:9U-
2 .72L (3 )
2.0e8(4)
2-:111--
2.432(4)
2 .357  (3 )
2 . e o 6 ( 3 )
2.s04(4)
2 .550
z:hr

(6e)

1 . 6 2 s ( 3 )
1 .615 (3 )
L.623(3)
1.6L7 (L)
L.520__

r. .  63r (3)
r .  .  s96 (3)
1.651_ (3)
1 .  6ss  (3 )
l:-q!!-

2 . 0 e 3 ( 2 )
2.L01(2)
2 .L24(2)
2-'LoS--

2 . 030 (3)
r. .  e50 (2)
r_ .8s0 (3)
!:212--

2.L38(2)
2 .090 (4 )
2 .L22_

2 .403 (3 )
2.332(3)
2.828(3)
2 .4s7  (3 )
2 . 5 0 5
2.321__
2.  809 (3)
3.244(3)
2 . s4e  (4 )
3 .690  (4 )
3 .058
2:23t-

3 .272 (2 )
3.i.04 (r_)
3 . r.2r" (1)
3.307 (2)
3 .240  (L )
3 . l s7  (1 )

3 . r.r.7 (1)
3 .012  (1 )
3.1L4 (2)

x4
x2

x2
x2
x2
x2

x4
x4
x2
x2

2 . 8 9  2 . 8 9  2 . 8 3
3 . 2 3  3 , 2 3  3 . 2 0
2 . 6 0  2 . 5 9  2 . 5 3
3 . 7 4  3 , 7 s  3 . 6 7
3 . L 0  3 . 1 0  3 . 0 4
2 . 9 7  2 . 9 7  2 . 9 2

3 . 3 1  3 . 3 3  3 . 0 7
3 . L 4  3 . L 4  3 . L 4
3 . 1 4  3 . 1 5  3 . 0 6
3 . 4 9  3 , 4 L  3 . 5 8
3 . 3 1  3 . 3 3  3 . 2 2
3 .24  3 . r_9  3 .25

3 . 1 0  3 . 1 1  3 . 0 6
3 . 0 8  3 . 0 6  3 . 0 3
3 . 0 4  3 . 0 9  3 . 0 9

2 .75s  (3 )
3.2]-2(3)
2.629(2)
3 .720  (2 )
3 .047
?:2L3--

3.328(2)
3. r.46 (r.)
3.143 (r_)
3 .360  (3 )
3 .334  (1 )
3. ] -s7 (2)

3 .098  (2 )
3.059(2)
3. r.r"6 (2)

2.832(3)
3 .2s2 (3 )
2 .  s50 (3)
3.  700 (4)
3 . 0 7 0
2.2t!_

3 .267  (2 )
3 .136 ( r . )
3 .L24 (L )
3 .377  (3 )
3 .2e0  (1 )
3 .L7 t (2 )

3. r.00 (2)
3 .041 (2)
3 .  093  (2 )
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r (1)-0(r_)
r (L ) -o (5)
r (1 ) -0 (6)
r (r_) -0 (7)
<T(1)  -0>

r (2 ) -0 (2 )
r (2 ) -o (4 )
r  (2)  -0  (s)
r  (2 ) -0  (6 )
<T (2)  -0>

M(r-)-0(10
M(r.)-o(2)
M(r-)-o(3)
<M(1)-0>

M ( 2 ) - 0 ( 1 )
M(2)  -0 (2)
M(2) -0(4)
<M(2)-0>

M ( 3 ) - 0 ( 1 )
M(3) -0(3)
<M(3) -0>

M(4)  -0 (2)
M(4) -0(4)
l f (4) -0 (s)
M ( 4 ) - o ( 6 )
<M(4)-0>
<M(4) -0>

A-o(5)
A-0(6)
A-0(7)
A-0(7)
<A-0>
<A-0>

M(1)-M(r-)
M(r-)-M(2)
M(r.)-!1(3)
M(r.)-M(4)
M(2)*u(3)
u(2)-M(4)

r (1)-r(2)
r(1)-r(2)
r(1)-r(1)

(70)

1 . 6 s 0 ( 1 )
1 . 6 7 1 ( 1 )
1  .668 (1 )
1 . 6 5 3  ( 1 )

1 .631 (1 )
1 . 6 0 4  ( 1 )
1.64s (r . )
1 .6s6  (1 )
L-,-921-

2 .0s3  (1 )
2 . 1 1 6  ( 1 )
2 . 0 e 4 ( L )
3-.!!!.-

2 .06s  (1 )
2 .048 (1 )
1. ese (r.)
2.921-

2  .0e3  (1 )
2.073(2)
z.0q!___

2 .3e6 (1 )
2 .304 (1)
2 .6s8  (1 )
2 .57e (1 )
2 .484
@

3 .  030 (1 )
3 . 0 8 7  ( 1 )
2 .438(L)
3 . 7 4 9
3  . 0 7 0
z:ttn-

(71)

l - .657 (1 )
1. 67e (r . )
L . 6 7 7  ( L )
1." 659 (l_)
!..9.q9-

1.630(r . )
1 .602  (1 )
r_.64s (1)
1.6se(1-)
1-.-331--

2.050(r . )
2 . l l e (1 )
2.o94(L)
2._qqg._

2 .068 (1)
2 . o5s (1)
1 .967  (1 )
?-=qlg-

2 .084 ( t  )
2 . O 7 2 ( 2 )
?:-qqq-

2.399(L)
2 .313 (r .)
2 . 6 4 L ( L )
2 .s88( r - )
2 . 4 8 5w
3 .045 (1 )
3 . 0 6 8 ( 1 )
2 .432(2)
3 . 7 4 8
3  . 0 6 8w
3.2L6
3 . 0 8 5
3 . 0 9 9
3 .41_t-
3 . 1 8 8
3 . 2 2 L

3 . r-08
3 . 0 5 6
3 . 0 8 0

(72)

l_.  654 (1)
r_.67s (1)
L .67  6 (L )
1.663 ( r - )
!:Sg-

L , 6 2 6 ( L )
1 . 5 9 7  ( 1 )
1 . 6 4 6  ( 1 )
1. 66r.  (1)

!-.9!Z-

2 .0s1 (1 )
2.LL4(L)
2 .093 (1 )
2-999-

2 .086 (r-)
2  "064 (L )
r..  e80(r_)
2.9j]-

2 .O7s (1 )
2.065(2)
2:912--

2.39s(L)
2 .300 (1 )
2 .6s1 (1)
2 .6os (1)
2 .488w
3 .044 (r_)
3 . os5 (r.)
2 .404(2)
3 .76L
3 .061w
3 . 2 L 2
3 .084
3  . 0 9 6
3 .403
3. l -90
3 . z L L

3 . 1 0 3
3 .056
3  . 0 7 3

( 7 3 )

L .664(4)
L . 6 7 7  ( 4 )
L . 6 7  5 ( 4 )
L .664(3)
l.g-9--

L.632(4)
r_ .605 (4 )
L .644(4)
1  .  660 (4 )

_l.6lr_

2.0s4(4)
2 .L32 (4 )
2 .0e6 (4 )
2-'9gq--

2 .06s (4 )
2.0s7 (4)
1 .  e73  (4 )
2.o32_

2 .088 (4 )
2 . 0 7 7  ( 6 )

249t_

2 .388 (4 )
2 .290(4)
2 .646(4)
2 . s 9 2 ( 4 )
2 . 4 7 9
Z:42--3-

( 7  4 )

L . 6 7 6 ( 6 )
1 . 6 8 8 ( 7 )
L . 6 e L ( 7 )
L . 6 s 6 ( 4 )
!.673__

L.644(s)
r . .6os (6)
L .6s4(6)
L.663(7)
!-912-

2 . O 3 2 ( 6 )
2 .L37 (6 )
2 .044(6)
2:9lJ-

2 .08s (  7)
2.O7L(6)
r - .  e8s (6)
2t9ttl-

2 .O76 (s )
2 .068 (  9)
2:912--

2 . 4 L 2 ( 5 )
2 .334(6)
2 , 6 2 4 ( 5 )
2 . s 8 0 ( 6 )
2 . 4 8 7w
3 . 0 8 1 ( 8 )
3 .064(7)
2 . 4 6 7  ( 8 )
3 .746(8)
3 . 0 8 4w
3.1r -3 (8)
3 . L 2 4 ( 4 )
3  .084 (3 )
3 .473(6)
3.r-er.(6)
3.235(4)

3.r.r.4(4)
3.072(4)
3  .084 (4 )

x2
x2
x2

x2
x2
x2

x4
x2

x2
x2
x2
x2

[8 ]
t6 l

x4
x4
x2
x2

[12 ]
[10]

3 . 0 s 8 ( 3 )
3 . 0 8 1 ( 4 )
2 . 4 1 1 ( 3 )
3 . 7 s 8  ( 3 )
3  .075w
3.2L7 (s )
3 .0e1(r . )
3.10r(r . )
3 . 4 1 1 ( 3 )
3  . 1 e 8  ( 2 )
3 .2L7 (L )

3.LL4(2)
3 . 0 5 5  ( 2 )
3  .088 (3 )

3.2L8
3 . 0 8 6
3 . 1 0 0
3 .400
3 . t-91
3.2L4

3 .107
3.052
3 . 0 8 3
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A(n)-o(5) x2
A(n)-o(s) x2
A(n)-0(6) x2
A(n)-o(6) x2
A(n)-0(7)
A(n)-0(7)
A(n)-0(7)
l(n)-0(7)__

(A_0> ̂ rr
iA-oi vrrr

A(2) -0(5)  x2
A(2) -0 (s )  x2
A(2) -0 (6)  x2
A(2) -0 (6)  x2
A(2) -0 (7)  x2
A(2) -0 (7)  x2

{e-o) xrr
<A-0> x

(24) (2e) (3s) (3e) (401 (s1) (s4) (ss)

3.022(11)  2.911(5)  3,O32 3.034 3.030( l -2)  2.s8 3.042(4)  3.026(6)
3 .121 (LL i  2 . ss6 (s i  3 . r24  3 .131  3 .095 (11 )  3 .06  3 .114 (4 )  3 .210 (7 )
2.829(g)  2.s4O(6)  2.847 2.87o 2,836(L2)  2.93 2.90s(s)  2.705(8)
3.364(10)  3.3s1(8)  3.332 3.272 3.40s( l -4)  3.30 3.433(6)  3.507(LL)
2.464(Lg)  2.s98(8)  2.49o 2.486 2.369(22)  2.s3 2.s04(7)  2.s15(11)
2.s10(18)  2.64s(g)  2.527 2.494 2.5LL(24)  2.54 2,584(7)  2.s27(LL)
3.s76(L4)  3.356(9)  3.387 3.47L 3.367(16)  3.ss 3.391(8)  3.204(L2)
4.ossaLo 3.s83(13)  4.004 3.e72 4.155(15)  4.02 1.991(10)  9.Lo=4(L2)
55e0- 5.w6-- 5.!9q 3:086 3.0% 3.10 3.12e 3.104
W- z:66-d-@. @ Z;s5b _ @_ z,pw- z:99!-

2.73e(27)  2.945(LL)
3.388(30)  3.Ls2(L2)
2.90L(22) 2.978(LL)
3.44L(27)  3.185(12)
2.s48(9)  2.460(7)
3 .7s6 (e )  3 .703 (e )
3,L29 3.077
3 .003  2 .952: :

A(n)-0 (s)
A(n)-0(5)
A(n) -0 (6)
A(m)-0 (6)
A(u) -0 (7)
A(n)-o (7)
A(n) -0 (7)
A(n) -0 (7)

14-9y xII ,

in-o) Yril

A(2)-0(5)
A(2)-0 (5)
A(2)-0 (6)
A(2)  -o (6)
A(2)-o (7)
A(2)  -0 (7) .  _

<A-0) +l'
(A-0> ^

(56a) (56b)

2.94(L)  2.95(2)
3.r .0(r . )  3 . r -1(2)
2 .78 ( r )  2 .7  3 (3 )
3 .56 (L )  3 .62 (3 )
2 .4e (2 )  2 .4e (4 )
2.58(2)  2.63(4)
3 . r . 9 (2 )  3 .11 (4 )
4 . r . 0 (2 )  4 .11 (4 )
3 .09  3 .10
LB4 

-  
T:B4-

(s8)

3  . 057  (9 )
3 .146 (l-L)
2.737 (L9)
3. sr-o (r.4)
2 .50r. (ls)
2.620(\7)
3.273(L9)
4.285 (19)
3.L32
2 .875

(61) G2)

3 .059  2 .599
3 .L18  2 .778
2 .833  3 .036
3 .354  3 .625
2.299 2.35s
2.603 2.359
3 .445  3 .438
4 .185  4 .168
3 .105  3 .033
2 .865  2 .692

(65 ) (67)

2 .849  2 .846 (s )
2.980 2.923(s)
2 .9L9  3 .037 (s )
3 .586  3 .397  ( s )
2 . 5 7 2  2 . 6 L 6 ( 8 )
2 .685  2 .666 (8 )
3 .325  3 .4eL (7 )
4 . r . 75  3 .9s0 (8 )
3 .L19  3 .O94*?

x2
x2
x2
x2

(se)
2 , 9 7  4 ( 5 )
3. r_4s (5)
2 . 7 7  3 ( 6 )
3 .580 (7 )
2 .5s4 (8)
2 .609 (8)
3 .231  (9 )
4 .26L (9 )
3 .133
2 . 8 6 8

x2
x2
x2
x2
x2
x2

2 .83 (3 )  2 .82 (s )  2 .834 (8 )  2 .84s (q )
3.12 (3)  3.12 (5)  3.285 (8)  3.  l -77 (8)
3 .03 (2 )  3 .O2(4 )  2 .92L (8 )  3 .017 (7 )
3 .27  (2 )  3 .27  (5 )  3 .2es (8 )  3 .294 (7 )
2.486(4)  2.49s(6)  2.sLg(6)  2.528(4)
3 .684 (3 )  3 .68 r . (4 )  3 .785 (8 )  3 .744 (4 )
3 .070  3 .068  3 ,107  3 .101
2-.2 - 2-}1!- 2.21L- L2l2--
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A(n)-0 (s)
A(n)-0 (5)
A(u)-0(6)
A(m)-0 (6)
A(n)-0 (7)
A(n)-0(7)
A(n)-0(7)
A(m)-0 (7)__

li_!l fiir
A(2 ) -0  (5 )
a(2)-o(s)
A(2) -0 (6)
A(2) -o  (6 )
A(2) -0  (7 )
A(2)-o (7)._

<A-0> +"
<A-0> ̂

( 68)

2.788(7)
2 . e 6 4 ( 7 )
2.894(7)
3 .646 (e )
2.s56(L2)
2.645(LL)
3.22s(LL)
4 .183 (12 )
3  . 099
2.8L2_

(70 )

3 .058  (1 )
3 .073  (1 )
2.7 69(L)
3 .439
2.360(2)
2 .597  (2 )
3.296(2)
4 . 2 6 6
3 .L00

2 .668 (L )
3.4L4
2 .7ee (L>
3 .4L2
2 . 4 7 e ( 2 )
3 . 7 7 6
3 . 0 %
2.e54

(71 )

3 . 0s5 (r.)
3.r.r-3(r.)
2 . 7 3 L ( L )
3 .44L
2.392(2)
2 . s65 (2 )
3 . 2 8 1 ( 2 )
4.289
3. l_00

(721

3 .047  (1 )
3 . r-2r_ (1)
2 .7L3 (L )
3 .43s
2 .378 (2 )
2.528(2)
3 . 2 e 3 ( 2 )
4 . 3 0 8
3.0-95
T:Bt|--

(73)

3 . 0 s  ( 2 )
3.L5(2)
2 . 7 2 ( 3 )
3  .48  (4 )
2 .40(4)
2 .53(4)
3 . 2 7  ( 5 )
4 . 2 s ( s )
3.1_0
ztTS--

2.7Ls(L6)
3 .  421 (18)
2.806(r_3)
3.388 (r .s)
2 .448(7)
3 .783 (8 )
3 .094w.

(7  4 )

3 . 0 6  ( 3 )
3 . 2 1 ( 3 )
2 . 6 e ( 3 )
3 . 4 9 ( 3 )
2.sr . (5)
2 .56 (5 )
3 .24 (s )
4 .27  (4 )

. 3 . 0 9

w
2 . e 2 ( 2 )
3  .25  (3 )
2 .93(2)
3 .20(2)
2 .48 (r .)
3 .75  ( r . )
3 . 0 9
Z.%

x2
x2
x2
x2

x2
x2
x2
x2
x2
x 2 :

2 .845  2 .854

2 . 63r_ (1)
3 . 4 8 8
2 .738 (L )
3 . 4 4 5
2 .487  (2 )
3 . 7 8 4
3 . 0 9 6w_

2 .64O(L )
3 . 4 7 6
2 .734 (L )
3 .422
2 .457  (2 )
3 . 7 9 5
3l'87w_
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APPEMIX 85. ANION-AN]ON DISTANCES (8)

(21) (22) (24) (26) (28) (2e) (30)

0(1) -0 (5)  2 ,654(6)  2 .656(6)  2 .764(6)  2 .648(8)  2 .66o(s )  2 . .705(5)  2 .681- (3)
0 ( 1 ) - 0 ( 6 )  2 . 6 s 6 ( 6 )  2 . 6 6 9 ( 6 )  2 . 7 4 7 ( 5 )  2 . 6 5 s ( 7 )  2 . 6 6 1 ( 4 )  2 . 6 8 7 ( 6 )  2 . 6 6 6 ( 3 )
0 ( 1 ) - 0 ( 7 )  2 . 6 5 2 ( 7 )  2 . 6 6 4 ( 6 )  2 . 7 4 2 ( 7 )  2 . 6 3 8 ( S )  2 . 6 s 2 ( 5 )  2 . 6 s 7  ( s )  2 . 6 4 s ( 2 )
0(5) -p (6)  2 .638(8)  2 .682(6)  2 ,682(7)  2 .646(s )  2 .62s(s )  2 .634(6)  2 .602(3)
0(s ) -0 (7)  2 .626(5)  2 .629(5)  2 .690(5)  2 .627 (7 )  2 ,628(4)  2 .604(s )  2 .638(2)
0(6) -0 (7) .  2 .630(6)  2 .638(6)  2 .7L8(6)  2 .6L7 (8 )  2 .642(5)  2 ,s94(6)  2 .639(2)
< 0 - o >  r ( 1 )  2 , 6 4 3  2 . 6 5 6  2 . 7 2 6  2 . 6 3 9  2 . 6 4 5  2 . 6 4 7  2 . 6 4 6

0(2)-0(4) -rrr- -,^" -rrr- m *rr"" m G
0(2) -0 (5)  2 .642(6)  2 .633(6)  2 .687 (s )  2 .63s(8)  2 .638(4)  2 .6s2(6)  2 .670(3)
0(2) -0 (6)  2 .653(7)  2 .657 (6 )  2 .6d3(6)  2 .636(s )  2 .664(s )  2 .6s4(5)  2 .66s<3)
0(4) -0 (5)  2 .6s4(6)  2 .64e(6)  2 .562(6)  2 .640(8)  2 .6s2(5)  2 .682(6)  2 .645(2)
0 ( 4 ) - 0 ( 6 )  2 . s 6 2 ( 6 )  2 . s 3 6 ( 6 )  2 . 5 7 6 ( 6 )  2 . 5 8 S ( 8 )  2 . 5 4 2 ( s )  2 . s s o ( 6 )  2 . 5 6 0 ( 2 )
0(s ) -0 (6)  2 .693(6)  2 .668(6)  2 .682(7)  2 ,666(8)  2 .6ss(s )  2 .673(7)  2 .702(3)(0-01 1121 ww@dww.@.
o t r ) - o t z j l  x 2  2 . 8 1 8 ( 7 )  2 . s 6 s  2 . 7 6 4 ( 4 )  2 . 6 3 s  2 , 8 3 6  2 . 8 1 - t - ( 5 )  2 . a L s ( 2 )
0(1- ; ) -0 (2r )  x2  3 .101(8)  s .L2L 3 .100(6)  3 .186 3 .1"01  3 .061(6)  3 .070(3)
0 ( 1 , ; ) - 0 ( 3 : )  x 2  2 . 7 e o ( 7 )  2 . 8 3 L  2 . 7 4 s ( s )  2 . 8 0 4  2 . 7 8 3  2 . 7 L 9 ( 5 )  2 . 7 6 s ( 3 )
0 ( 1 * ) - 0 ( 3 - )  x 2  3 . 0 8 4 ( 7 )  3 . 1 1 s  3 , o 7 9 ( 7 )  3 . 1 3 3  3 . 0 8 5  3 . 0 6 3 ( 7 )  3 . 0 5 6 ( 3 )
0 ( 2 ) - 0 ( 2 )  2 . 9 3 8 ( 8 )  2 . e 5 2  2 . e 0 8 ( 8 )  3 . 0 2 6  2 . 9 L 9  2 . 8 8 5 ( e )  2 . 8 6 7 ( 3 )
0 ( 2 ) - 0 ( 3 )  x 2  3 . 1 2 3 ( 8 )  3 . 1 e 3  3 . L 2 4 ( 4 )  3 . 0 4 7  3 . L t - 8  3 . 0 5 9 ( 3 )  3 . 0 9 0 ( 2 )
0(3) -0  (3 )  2 .737 (L3)  2 .7sL  2 .660( t - l - )  2 .695 2 .753 2 ,642(LL)  2 .704(3)
<o-o>M(r . )  W-@ WM @ E_r : rb8-
0 ( 1 ) - 0 ( 1 ) , {  2 . 7 s 2 ( e )  2 . 7 2 s  2 . 6 7 8 ( 8 )  2 , 6 2 L  2 , 7 6 s  2 . 7 5 3 ( 8 )  2 . 7 4 L ( 3 )
0(1 , : ) -0 (2 : )  x2  2 .819(7)  2 .865 2 ,764(4)  2 .63s  2 .836 2 .81- l - (5 )  2 .a !s (z )
0 ( 1 - ) - 0 ( 2 - )  x 2  3 . 0 3 7 ( 8 )  3 . 0 7 6  3 . 0 2 5 ( 6 )  2 . 8 0 5  3 . 0 s 7  3 . 0 3 2 ( 6 )  3 . 0 3 7 ( 3 )
0( l - / , -0 (4) r  x2  3 .024(7)  3 .L34 2 .928(5)  2 .249 3 .009 3 .016(s )  3 .006(2)
0(2 ; ) -0 (4 : )  x2  2 .8 r4Q)  2 .8s2  2 .935(5)  2 ,8 : -5  2 .863 3 .076(5)  z .gezp)
0(2 ' ) -0 (4" )  x2  3 .090(7)  3 .188 2 .869(6)  2 ,6s3  3 .040 2 .869(7)  2 .904(3)
9 !  l .  o ( + l  2 . e 6 4 ( L 2 )  2 , e 6 0  2 . e 7 s ( 8 )  2 . 8 s 2  2 . e e l  3 . 0 2 4 ( e )  2 , e 7 0 ( 3 )
(0 -0)  M(2)  2 .940 2 .993 2 .89L 2 .740 2 .948 2 .949 2 .922

r r  z l

0( r - , ; ) -0 (1 : )  x2  2 ,75L(9)  2 .725 2 .678(8)  2 .62L 2 .76e 2 .7sa(B)  2 .74L(3)
0(1 ; ) -0 (1 ; )  x2  3 .171(9)  3 .245 3 .1es(7)  3 ,289 3 .130 3 .085(6)  3 .L04(2)
0 ( 1 , ; ) - 0 ( 3 : )  x 4  2 . 7 8 9 ( L 4 )  2 . 8 3 1  2 , 7 4 s ( 5 )  2 , 8 0 4  2 . 7 s 3  2 , 7 L 9 ( s )  2 . 7 6 s ( 3 )
q(1_ . ) -0 ( l : )  x4  3 .102(15)  3 .132 3 .115 3 .100 3 .083 3 .063(7)  3 .064_(3)
<0-0) M(3) 2_2!L__ 2.983 2.932 2,9s3 2,93e 2.90L 2.892

0(2) , -0 (2) ,1  2 .938 2 .9s2  2 .908(s )  3 ,026 2 .gLg 2 .885(9)  2 .867(3)
0(2 , ; ) -0 (4 : )  x2  2 .814 2 .852 2 .935(5)  2 .8Ls  2 .a63 3 .076(5)  2 .ss2(3)
0(2- ) -0 (4 , ; )  x2  2 .e96 3 .001 3 .1-31(6)  3 .258 3 .02o 3 .2L2(7)  3 .133(3)
0 ( 2 - ) - 0 ( 5 : )  x 2  3 . 7 4 1 "  3 . 8 5 9  3 . 4 s a f 5 )  ? - 5 q o  ' t - 7 1 8  a ^ 7 t 6 ( c \  1 , 6 r Aoczl)-ois j)  x2 3.74r
0(4 , ; ) -0 (s : )  z2  3 .273
0(4 . : ) -0 (6 ; )  x2  2 .s62
0(4 ; ) -0 (s ; )  z2  3 .273
0(4- ) -0 (6 ; )  x2  2 .s62
0(5* ) -0 (6* )  x2  3 .L25
0(4

3 . 8 5 9  3 . 4 9 4 ( 5 )  3 . 5 9 0  3 . 7 3 8  3 . 7 2 6 ( 5 )  3 . 6 2 6
3 .297  3 .37s (s )  3 .351  3 .350  3 .567 (s )  3 .424

0(4-) -0(6; )  x2 2.s62 2.s37 2.569(6)  z .sa7 2.542 2.s9o(6)  2,560(2)
0(s; ) -0(6: )  x2 3.L2s 3.225 3.027(s)  3.ote 3.133 3.L62(s)  3.08s
0(5-) -0(5-)  x2 2.638 2.682 2.682(7)  2.646 2.629 2,634(6)  2.602
o (6)-o (6) 3 .074  3 .078  3 .530 (8 )  3 .3s0  3 .094  3 . s78 (8 )  3 .426 (3 )
<o-o> M(4) 3.019 3.059 3.053 3,057 3.035 3.1-50 3.070:
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0 (1)-0(5)
o (1)-o(6)
o (r.)-0 (7)
o (5)-o (6)
0 (s) -o (7)
o (6)-o (7)
<o-D r(r.)

0(2)-0 (4)
0 (2)-0 (5)
o  (2 ) -o  (6 )
0 (4)-o (s)
o (4)-o (6)
o (5)-o (6)
<0-o> r(2)

o (1:) -o (2:)
o (1.;)-o (2;)

3 11;l-i [3;]
o(2)-o(2)
0 (2)-o(3)
0(3)-o (3)
<0-D u(1)

o (1),-0 (1),,
0 (1.:)-o (2-)
0 (r--)-0 (2')
o (1).-) (4) r
o (2:) -o (4:)
o (2')-o (4')
o (4) -o (4)
<0-0> M(2)

o (r"l-o trll
o (1,;) -o (1;)

3 11;l:B [3;]
<0-0> u(3)

(34)

2 .695 (8 )
2.661(9)
2  .663 (8 )
2. 654 (r.o)
2 .570(6)
2.622(8)
2 .644

2 . 7 3 s ( 8 )
2 .684 (9 )
2 .673(8)
2 .674(7)
2 . s 9 4 ( 7 )
2 .633 (11)

2:SSS--
2.803 (6 )
3.0s9 (r.0)
2 . 7 2 O ( 6 )
3.020 (10)
2.896(L2)
3 .038 (s )
2.602(L3)
2 . 8 9 8

(35)

2.7oz(e)
2.662(9)
2.65s(9)
2.633 (r.r.)
2.592(7)
2.627 (8)
2.645

2.725(8)
2. 687 (r.o)
2 .67  6 (9 )
2.647 (e)
2.57e (e)
2.664(t2)
Z:SSL-'
2.83r " (7 )
3 .069 (12)
2 , 7 2 L ( 8 )
3. 048 (11)
2 .898(14)
3 .048 (6 )
2 . 615 (15)
2 .9L2

2,796(L3)
3.049 (12)
2 . 7 2 0 ( 8 )
3.048 (r.1)
L.AJ-
2.898 (14)
3 .043(9)
3. 167 (r.0)
3 .725(8)
3 .467 (e )
2 .5e7 (e )
3 .074 (8 )
2 . 633 (r"1)
3.394(L2)
3 .107

(36)

2.680 (4)
2.664(s)
2.6s1(s)
2.57e(5)
2.64L(4)
2.647 (4)
2.644

2.732(4)
2t666(s)
2.6s2(4)
2.642(4)
2.543(4)
2.715 (5)
L-958__

2. 8r.8 (4)
3.064 (s)
2 .6e4 (4 )
3.040(s)
2.867 (6)
3.069 (3)
2.600(7)
2.903

2.7s7 (6 )
3 .049 (6 )
2 .694(4)
3 .054(5)
2.88!-

2.867 (6)
2.e84(5)
3. 1le (5)
3 .619 (5 )
3 .414 (5 )
2.543(4)
3.072(3)
2 .s78(5)
3 .  386 (6 )
3 .057

(37)

2. 685 (s)
2 .673(5)
2 .667 (5 )
2 . 6 2 L ( 6 )
2 .658 (4)
2 .650 (s )
2_,66L _

(38)

2 .789 (4 )
2 .7  47  (4 )
2.7so(4)
2 .6e4(4)
2 .697 (3 )
2 .729(4)
2 . 7 3 4

2.654(s)
2.782(4)
3.020 (3)
2 .  908 (3 )
2,932(3)'
2.826(4)
z .  gga(s )
2.87J__:_

(3e)
2.789(5)
2.768(6)
2 .746(s )
2.7o3(6)
2 .706(4)
2 .724(6)
2 . 7 3 8

(40)

2.78s(L2)
2.722(LO)
2. 7s0 (13)
2.697 (L3)
2 .6e7 (e )
z:l!l.(Lzl
Z:J-E-,

x2
x2
t2
\2

x2

2.723(5)  2 ,762(3)  2 .768(5)  2 .790( \2 )
2 .666(s )  2 .665(3)  2 .688(s )  2 .6 /2 |Jo)
2 .681(5)  2 .583(3)  2 .692(5)  2 .679(L2)
2 .650(s )  2 .657(4)  2 .646(6)  2 .656(L2)
2 .551(s )  2 .s67(4)  2 .579(s )  2 .54e(LL)
2 .7LL(6)  2 ,675(4)  2 .680(6)  2 .658(13)
2:663_ Z-66e__ 2-.67.9__ 2.562-

2 .865(s )  2 .782(4)  2 .779(s )  2 .72L
3.102(s)  3 .12s(3)  3 .111(6)  3 .059
2.826(6)  2 .753(4)  2 .759(6)  2 .660
3.088(6(  3 .085(4)  3 .071(7)  3 .ose
2.eLs(7)  2 .e40(s )  2 .920(7> 2 .88e
3.149(3)  3 .138(2)  3 .129(3)  3 .077
2.728(Lo) 2.664(6) 2.649QL) 2.6L8
2.973 2.948 2.939 2._qgg_

2. 80r. (r.2)
2.803 (6)
3. 007 (r.0)
2,99s(7)
3.016 (8)
2.892(9)

2.74L(7)
2 .86s  (s )
3 .05r .  (5 )
3 .034(5)
3 .003 (5 )
2 .943(5)
2 . 9 7 7  ( 8 )
Z:2lf-

2.667(8)  2 .739
2.779(5)  2 .72L
3.030(6)  3 .043
2.926(5)  2 ,922
2.945(5)  2 .918
2.859(6)  2 .881
2.959(7)  2 .99L
2.892 2 .892

2.801( r .2 )
3 .051 (9 )
2 .720(6)
3.:068 (10)
3€gL_

2.895(r2)
3.0r.6 (8)
3 . L57 (9)
3.728(7)
3.488 (7)
2.s94(7)
3.066 (6)
2. 6s4 (1r.)
3.4r.8 (1r.)
3.107

x2
x2
x2
x2
x2

z2
x2
x4
x4

3[35:6?]:, x2
0 (2:) -0 (4.:) x2
o(2:)-o(s;) x2
0 (4;)-0 (5:) x.2

3[i:]-3[3:] *
0(s-)-0(6-) z2
0 (6)-0 (6)
<o-D M(4)

2.74L(7)  2 .6s4(5)  2 .667(8)  2 .73e
3.183(7)  3 .1e3(5)  3 .1e0(7)  3 .L42
2.825(6)  2 .7s3(4)  2 .759(6)  2 ,660
3.098(6)  3 . l -L4(4)  3 .L29Q)  3 .110
2.962_ 2:%9_ 2.l42_ 2.90!-

2 .eL5(7)  2 ,e40(5)  2 .e20(5)  2 .889
3.003(5)  2 .932(3)  2 .e45(5)  2 .eLB
3. r .28(6)  3 .145(4)  3 .139(6)  3 .135
3.646 3 .451(3)  3 .463(5)  3 .53s
3.428 3 .364(3)  3 .359(s )  3 .370
2.551(s)  2 .567 (4 )  2 .579(5)  2 .s48
3.L31 3 .014(3)  3 .0L3(5)  2 .989
2.62L 2 .694(4)  2 .703(6)  2 .698
3.437(8)  3 .s86(5)  3 .561(8)  3 .468
3,!90- !-'-AI4-- 3.'.915-- !'040.

2.796(13)
2 .83r. (7)
3. 017 (r.2)
3. 02e (8)
3 .043 (e )
2 .914 (10)
3.0s2 (13)
2 .960

2 . 7 s 7  ( 6 )
2 .818 (4 )
3 .  036 (5 )
3 .01s  (4 )
2.984(5)
2.9L4(5)
2 .997 (7 )
2 .94L
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0 (1) -0 (5)
0 (1)-0 (6)
0 (1)-0 (7)
0 (5)-0 (6)
0 (s)-0 (7)
0 (6 ) -0 (7 )
<0-0> r(L)

0 (2) -0 (4)
0 (2)-0 (5)
0 (2) -0 (6)
0 (4)-0 (5)
o(4)-0 (6)
0 (5)-0 (6)
<0-0> r(2)

o(1)-o(2: )

3 [i:]:3 [3:]
0 (1-)  -0(3*)
o (2) -o (2)
0 (2) -0 (3)
0 (3) -0 (3)
<0-D M(r.)

3 [1];:ii]:,
0 (1-) -o (2 ' )
0 (1).-0 (4) 

"o (2,")-o (4:)
0 (2 ' ) -0 (4-)
0 (4)-0 (4)
<0-0> M(2)

o lrll-o crjl
0(1.:)-0(u)
0 (r..:)-o (3*)
0 (1* ) -0  (3* )
<0-0> M(3)

2 .657  (6 )  2 .7LL  2 .674  2 .7so  2 .72s  2 .72L
2 .663 (6 )  2 .722  2 .6s0  2 .780  2 .7L0  2 .738
2 .654 (6 )  2 .672  2 .622  2 .738  2 .695  2 .7O2
2 .618 (6 )  2 ,652  2 .636  2 .676  2 .678  2 .66s
2.620(5)  2.6s9 2.649 2.7LL 2.694 2.7LL
2.638(6)  2.680 2.647 2.677 2.667 2485
2 .64L  2 .683  2 .646  2Jn  2 .695  zJoE: : :

(41) (42) (43) (44) (4s) (46) (50) (5r.)

2 .729  2 .75L
2 .756  2 .78L
2 .733  2 .734
2.668 2.783
2.684 2.688
2 .699  2 .752
2.7L2 2.748

2 . 9 6 7  3 . 0 5 9  3 . 0 5 3
2 . 8 7 6  2 . 8 5 0  3 . 0 3 6
3.156 3 .290 3 .L71
3.445 3 .407 3 .523
3.38L 3 .3r .7  3 .464
2.602 2 .6L4 2 .583
3. 06s 3. 0r.4 3. 081
2.697 2 .668 2 .783

3.544 3.682
3.0s8 -3.L26

(48) (4e)

2 . 7 5 L  2 . 7 L 5
2 . 7 3 2  2 . 7 6 3
2.7LL 2 .76L
2.698 2 .697
2 , 7 3 5  2 . 7 L 3
2 . 7 4 4  2 . 7 0 L
2:722 2.72s

2 . 7 4 L ( 6 )  2 . 7 5 2  2 . 7 0 5  2 . 6 6 5  2 . 7 4 L  2 . 7 3 O  2 . 7 6 L  2 . 7 3 7  2 . 7 3 8  2 . 6 7 2
2 . 6 4 5 ( 6 )  2 . 6 4 L  2 , 6 5 6  2 . 6 4 7  2 . 6 8 t  2 . 6 6 6  2 . 6 4 3  2 . 6 6 L  2 . 6 6 0  2 . 6 6 4
2 . 6 7 2 ( 6 )  2 . 6 5 0  2 . 6 5 1  2 . 6 6 4  2 . 6 6 0  2 . 6 7 0  2 , 6 5 7  2 . 6 4 3  2 . 6 9 7  2 . 6 3 4
2.656(8)  2 .638 2 .629 2 .640 2 .647 2 .634 2 .643 2 .66L 2 .609 2 .676
2 . 5 3 8 ( 7 )  2 . s 9 7  2 . 5 6 4  2 . s 9 8  2 . s 7 4  2 . 5 8 6  2 . 5 5 3  2 . 6 0 2  2 . 6 L 4  2 . s 8 3
2.699(6)  2 .688 2 .680 2 .703 2 .680 2 .699 2 :592 2 ,673 2 ,709 2 .620
2.6ss  2 ,66L 2 .64s  2 .6n  2 .664 T :m 2 .6s7  2s63 2 .6n  2 .642-  : : : :

xz
x2
x2
xz

x2

x2
xz
x2
x2
Y2

x2
x2
x4
x4

2,82L
3 .087
2 . 7 7 9
3.067
2.906
3.108
2 .752

2 . 7 6 9  2 . 8 4 7  2 . 8 8 4  2 , 8 0 4  2 . 7 8 8  2 . 6 9 7  2 . 7 3 4  2 . 7 0 L  2 . 8 3 8
3 . L 5 3  3 . 0 9 1  3 . L 9 3  3 . L L 6  3 . L 7 9  3 . 2 0 0  3 . L 8 3  3 . 2 4 8  3 . 2 0 0
2 . 7 8 2  2 , 7 9 0  2 . 8 2 7  2 . 8 0 5  2 . 7 8 2  2 . 8 2 L  2 . 8 L 6  2 . 7 8 L  2 . 8 2 7
3.L2L 3 .062 3-165 3 ;LL0 3 .L96 3 .L43 3 .L89 3 .L40 3 .2L2
2 , 9 6 5  2 . 8 8 8  3 . 0 0 8  2 . 9 2 0  2 . 9 6 3  3 . 0 5 3  2 . 9 7 6  3 . 0 5 9  3 . 0 5 3
3 . 1 0 2  3 . 1 1 8  3 . 2 0 6  3 . 1 4 s  3 . L s 4  3 . L 7 5  3 . 1 8 r -  3 . L 7 6  3 . 1 8 2
? . 7 1 3  2 . 7 0 6  2 . 7 8 9  2 . 7 3 5  2 . 7 3 8  2 . 7 0 L  2 . 7 3 6  2 . 6 4 9  2 . 7 3 2
2:26L 2.2sL 2_.ug- 2:259. L22 2.2p5- 2:222 2.23! !.92r
2 . 6 0 5  2 . 7 4 9  2 . 5 7 8  2 . 6 9 L  2 . 6 0 5  2 . 6 0 L  2 . 5 4 5  2 . 5 5 4  2 . 6 2 5
2 . 7 6 9  2 . 8 4 7  2 . 8 8 4  2 . 8 0 4  2 . 7 8 8  2 . 6 9 7  2 . 7 3 4  2 . 7 0 7  2 . 8 3 8
2.94L 3 .04r_  3 .03s  3 .024 2 .950 2 .901 2 .933 2 .883 2 .960
2.86s  3 .02 t  2 .989 2 .957 2 .907 2 .786 2 .803 2 .845 2 .899
2 . 9 2 5  2 . 9 9 9  3 , 0 4 6  2 . 9 6 8  2 . 9 4 5  2 . 8 L 9  2 . 8 7 6  2 . 8 5 0  3 . 0 3 6
2 . 7 9 0  2 . 9 0 1 -  2 . 8 5 8  2 . 8 6 9  2 . 8 L 6  2 . 7 2 8  2 . 7 6 8  2 . 6 6 1 ,  2 . 8 4 9

2 .949

2 . 7  6 4
2.82r
3 .058
3 .010
2.862
3.034
2 .978
?:212-
2 .764
3.L20
2 , 7 7 9
3 .090
2.937

2.906
2.862
3.024
3 ,743
3 .353
2 .543
3. L34
2.6L7
3 .096
-1-:935.

?_.e?p ?.eql ?.eeg 2.es4 2.e46 2.864 z.ero 2.811 3.1_04
2.843 2.946 2.933 2.907 2.864 2.777 Z:8U 2.770 Z:t08: :
2 . 6 0 5  2 . 7 4 9  2 . 5 7 8  2 , 6 9 L  2 . 6 0 s  2 . 6 0 L  2 . 5 4 5  2 . 5 5 4  2 . 6 2 5
3.19s  3 .L17 3 .225 3 ,276 3 .268 3 .379 3 .365 3 .3L4 3 .326
2.782 2 .790 2 .827 2 .805 2 ,782 2 .82L 2 ,8L6 2 .78 ] -  2 .827
3.063 3 .07r .  3 .073 3 .105 3 .046 3 .165 3 .11_0 3 .L29 3 .090
2.9Ls 2.93L 2.934 2.9ss 2.922 2.992 2.960 z-%B Z:164

0 (2).-o (2) r
0(2.:)-0(4:) z2

3[;:]-S[1:] :i
o (4,:)-o (5:) x2
o (4,:)-o (6;) x2
0(5,:)-0(6;) x2
0(s-) -0(6*)  x2
0 (6)-0 (6)
<0-0> M(4)

2 . 9 6 s  2 . 8 8 9  3 . 0 0 9
2 . 9 2 5  3 . 0 0 0  3 . 0 4 5
3 . 1 6 L  3 . L 3 6  3 . L 5 8
3.487 3 .6L5 3 .540
3 . 3 7 7  3 . 4 3 L  3 . 4 5 7
2 . 5 9 7  2 . 5 6 3  2 . 5 9 6
3.035 3 .LL2 3 .L2L
2 . 6 5 2  2 . 6 3 6  2 . 6 7 6

2.923 2,964 3.053
2.968 2.946 2.8L9
3.L59 3.181 3.20L
3 .555  3 .503  3 .372
3.405 3.383 3.284
2 .575  2 .586  2 . ss3
3 .088  3 .058  3 .003
2 .678 .  2 .665  2 .698

3 .492  3 .481  3 .53L  3 .5s8  3 .519  3 .579  3 .574
3 .0s8  3 .08s  3 .108  3 .084  3 .071  3 .031  3 .062: - - : : : :
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0 (r_)-0 (s)
0 (r.) -0 (6)
0 (1)  -0 (7)
0  (5 ) -0  (6 )
o (s) -o (7)
0 (6 ) -0  (7 )
<o-o) r(1)

o (2)-o (4)
o (2) -0 (5)
0 (2) -0 (6)
o (4)-o (5)
0 (4) -0 (6)
0  (5 ) -0  (6 )
<0-0> r(2)

o (r")-o (zd)

S11:l:S[3:]
o (1*)-o (3*)
0  (2 ) -0  (2 )
o (2)-o (3)
o (3)-o (3)
<0-o> u(r.)

3[i5:it]:,
0 (1*)-0 (2-)
o (1),-o (4).r

3 1;;l-3 [i;]
0 (4) -0 (4)
<0-0> M(2)

o <rfl-o <rjl
o (1;)-o (1;)

3 11;l:B [3;]
<0-D M(3)

0 ( 2 ) - 0 ( 2 )  "o (zu)-o (ao)
o (2u)-o (4u)
o (2u)-o (sY)
o (+u) -o (sd )
o (4u)-o (6Y)
o (5u)-o (6o)
o (su)-o (6u)
0 (6) -o (6)
<0-0> M(4)

(52)

2 .  800
2 . 7  4 8
2 . 7 8 0
2 .680
2 . 6 9 0
2.-72L
2 . 7 3 7

2 . 8 3 0
2 . 6 7 8
2 . 7 4 0
2 . 7 0 3
2 .6L0
2 . 7 0 6
2 . l L L

2 . 7  4 7
3 . 1 0 0
2 , 6 8 3
3 . L 5 7
2 .9L2
3 . 0 6 9
2.8r2
2.235_

2 . 7 L 7
2 , 7 4 7
3 .011_
2 ,925
2 .9L0
2 .928
3 . 0 7 6
@-
2 . 7 L 7
3 . 1 1 6
2 .683
3 . 0 0 L
2 .867

2 .9L2
2.9L0
3 .  090
3 . 5 0 8
3 . 3 7 3
2 .6L0
3 .  005
2 .680
3 . 4 6 2
3 .045

2 . 6 7 6 ( 3 )
2 .664 (3 )

. 2 . 6 4 9 ( 3 )
2 .603  (3 )
2 .635  (3 )
2 . 6 3 8  ( 3 )
2 . 6 4 4

(53a) (53b) (54) (55)

2 . 6 7 4 ( 4 )  2 . 7 4 8 ( 5 )  2 . 8 0 3 ( s )
2 . 6 6 L ( 4 )  2 . 7 4 L ( 9 )  2 . 7 7 0 ( e )
2 .657  (5 )  2 .750 (6 )  2 .75s (6 )
2 . 6 0 L ( 4 )  2 . 6 7 7 ( 5 )  2 . 6 8 8 ( 6 )
2 .633 (4 )  2 .730 (4 )  2 .707  (4 )
2 .640 (4 )  2 .74s (s )  2 .73L (5 )
2rS!!- 2-'l-?2-- 2.1!2--

x2
x2
x2
x2

x2

x2
x2
x2
x2
x2

2,736(3)  2 .735(4)  2 ,763(5)  2 .782(s )
2 .667 (3 )  2 .668(4)  2 .673(8)  2 .688(e)
2 . 6 6 8 ( 3 )  2 . 6 6 6 ( 4 )  2 . 6 7 e ( 5 )  2 . 6 8 3 ( s )
2 .648(3)  2 ,655(s )  2 .655(s )  2 .667(5)
2 . 5 5 4 ( 3 )  2 . 5 5 3 ( s )  2 . s 6 3 ( s )  2 . 5 7 9 ( 5 )
2 .704(3)  2 .7L3(4)  2 .704(s )  2 .684(6)
2-.393- !SSg-- 2:672- 2:680-

2 .829 (3 )  2 .846 (4 )  2 .733 (5 )  2 .764 (5 )
3 .073  (3 )  3 .077  (4 )  3 .178  ( s )  3 .079  (6 )
2 .785 (3 )  2 .794 (s )  2 .844 (5 )  2 .718  (5 )
3 .066 (4 )  3 .083 (5 )  3 . r_s3 (6 )  3 .064 (6 )
2 .88 r . (4 )  2 .903 (6 )  3 .007 ( l - L )  2 .896 ( l - 0 )
3 .103 (2 )  3 . r . r . 7 (3 )  3 .20 r_ (3 )  3 .097 (4 )
2 .727  (6 )  2 .7s6 (LO)  2 .738 (11 )  2 .666 (L3 )
2j23- 2'e4o-- 2:223- L24-

2 .752 (4 )  2 .767  (6 )  2 .617 (L0 )  2 .689 (10 )
2 .829 (3 )  2 .846 (4 )  2 .733 (5 )  2 .764 (s )
3 . 0 4 s ( 3 )  3 . 0 5 7 ( 4 )  2 . e 4 e ( 5 )  3 . 0 4 e ( 6 )
3 .032  (3 )  3 .0s7  (4 )  2 ,822 (5 )  2 .935  (5 )
3 . 0 0 8 ( 3 )  3 . 0 3 1 ( 4 )  2 . 8 4 7 ( 5 )  2 . 9 5 8 ( 5 )
2 . 9 1 s ( 3 )  2 . 9 3 0 ( 4 )  2 , 7 7 6 ( 5 )  2 . 8 8 1 ( s )
2.968(4)  2.972(7)  2.822( tL)  2.994(LL)
2:232- 2:e5L-- 2-,-91:-- 2:29t--

x2
x2
x4
x4

x2
x2
x2
x2
x2
x2
x2

2 .7s2 (4 )
3.Lzs (4)
2 ,785 (3 )
3 . 0 7 3  ( 4 )

2:295-
2.88L(4)  2.e03(6)
3.oo8c3)  3.031(4)
3. r.s 3 (3) 3 .L67 (4)
3 . 6 7 7 3 . 7 0 7
3 , 4 5 3  3 . 4 7 3
? .s54 (3 )  2 . ss3 (s )
3 .L26  3 .160
2 .603  2 .60L
3 .433 (4 )  3 .44e (6 )
3 . 0 9 0  3 . L 0 9

2 .767 (6 )  2 .6L7OA)  2 .689 (10 )
3 . 1 4 1 ( 6 )  3 . 3 9 0  ( 7 )  3 . L 4 2 ( 7 )
2 .794 (s )  2 .844 (5 )  2 ,7 ]8 (5 )
3 .075  (5 )  3 .L67  (6 )  3 . r . 07  (6 )
2 .9L6  3 .004  2 .9L4

3 .007  (11 )  2 .896 (10 )
2.847(s)  2 .es8(s)
3 .170 (s) 3. r.28 (s)
3 .407 (s )  3 . s04 (s )
3.3r .4  (s)  3 .3S3 (6)
2 .563 (s )  2 . s79 (s )
3 .026 (8 )  2 .ee4 (8 )
2,677 (s )  2 .688(6)
3 .s47 (8 )  3 .  s19  (8 )
3 .035 3 .05s
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0 (1) -0 (s)
0 (1)-0 (6)
0 (1)-0 (7)
0 (5)-0 (6)
0 (s)-0 (7)
0  (6 ) -0  (7 )
<0-0> r(L)

0 (2)  -0 (4)
0 (2)-0 (s)
0 (2)-0 (6)
0 (4)-o (5)
0 (4)-0 (6)
0 (s)-0 (6)
<0-0> r(2)

S [1:]:S [;;]
o (1;)-o (3.:)
0 (1") -0 (3*)
0 (2)-0 (2)
0 (2) -0 (3)
0 (3)-0 (3)
<0-0> M(1)

iiililiiirr
0 (r").-0 (4) r
o (2,:)-o (4:)
0 (2-)-o (4-)
0 (4)-0 (4)
<0-0> u(2)

o 1r)-o <rjl

iiiii-liiii
(0-0> u(3)

3[3];:i?]:,
3 [;:]-3 [1:]
0 (4.-)-0 (5*)
o (4.:)-o (6;)

31;;l:B[;]
0 (6)-o (6)
(0-0> M(4)

(56a)

2 .697  (2 )
2.682(2)
2 .67 t (3 )
2 .518  (3 )
2.632(3)
2 .6s2 (2 )
2 .659

2 .742 (2 )
2 .67s  (2 )
2.663(2)
2.656(3)
2 . s62 (2 )
2.698(3)
2 . 6 6 6
-
2.8L7 (2)
3.067 (2)
2 .747  (3 )
3 .057  (3 )
2.  884 (3)
3.08r . (2)
2 . 6 8 s ( s )
2.925--

2 . 7 s 2 ( 3 )
2.8L7 (2)
3. 043 (2)
3 .007 (2 )
3. 00s (2)
2.eoe (2)
2.992(4)
2_.e42_

2.752(3)
3 .0e7 (3 )
2 ,747 (3 )
3 .069 (3 )
2:2]!-
2.  884 (3)
3.  00s (2)
3 . t 44 (2 )
3.  638 (3)
3.444(3)
2,562(2)
3.082 (3)
2.  618 (3)
3 .4s7 (3)
3 .084

(s6b)

2.696(2)
2.680(2)
2 .664  (2 )
2.620(2)
2.632(L)
2.644(2)
2:6sS-

2 .740 (2 )
2 .67s (2 )
2 .670 (2 )
2 .6s6 (2 )
2 . s66  (2 )
2.697 (2)
2.691__

2.8L7 (2)
3.072(2)
2 .7s6 (2 )
3 .0s6  (2 )
2.  884 (3)
3.082 ( r - )
2 .6e7  (4 )
2:2n--
2 .7s3 (2 )
2.8r7 (2)
3.  040 (2)
3.0r"0 (2)
3.  00s (2)
2 , 9 0 6 ( 2 )
2 .99e (3 )
2Q!2_

2.753(2)
3 .0e3  (2 )
2 .756 (2 )
3.  068 (2)
2.9t6-

2 .884 (3)
3.005 (2)
3.L47 (2)
3.640(2)
3.448(2)
2.566(2)
3 .090  (3 )
2.620(3)
3.  4ss (3)
3 .086

(s7 )
2 .673 (4 )
2 .667  (8 )
2.668(4)
2.637 (4)
2 .62e  (3 )
2.645(4)
z:llL -
2 .737  (4 )
2 .646 (7 )
2 . 6 7 2 ( 5 )
2 .65s  (4 )
2,s5L(4)
2 . 6 e 3 ( 4 )
2.5!2_

2.840(4)
3. r.04 (4)
2.788(4)
3 .081  (4 )
2.e30(9)
3. r-25 (3)
2 .7  56  (e )
2:29!--
2 .774  (e )
2.840 (4)
3 .060  (4 )
3 .022 (4 )
2.862(4)
3 .046 (4 )
2.984(9)
2:252--

2 . 7 7  4  ( 9 )
3.133 (s)
2.788(4)
3 .090  (4 )
2.%!_

z.e3o(e)
2.862(4)
3.  023 (4)
3 .737  (4 )
3.  337 (s)
2.551,(4)
3 . r . 28 (9 )
2.637 (4)
3 .107  (5 )
-i.:-q37--

(s8)

2 .7  66  (4 )
2 .77  2  (8 )
2 .767  (4 )
2.7L0(4)
2 .6e8 (3 )
2 .752 (4 )
LJtt__
2 .798  (4 )
2.707 (8)
2 .7oe  (4 )
2.685(4)
2.5e0(4)
2 .707  (4 )
2:322-
2 .709  (4 )
3 .200  (4 )
2.823(4)
3 .L43 (4 )
3.  024 (10)
3.  r .88 (3)
2.699(LL)
2:252-
2 , 6 2 2 ( 9 )
2 .7oe  (4 )
2 .e42 (4 )
2 .7e7  (4 )
2.822(4)
2 .7  s7  (4 )
2 .  8e0 (e)
2:l2l-
2 .622  (e )
3 .370  ( s )
2.823(4)
3.  r .85 (4)
3.002_

3.024 (10)
2.822(4)
3 .ler. (4)
3.  380 (4)
3.3L7 (4)
2.sgo(4)
3 . oL7 (7)
2.7L0(4)
3.61"s (7)
_1.04!._

1so)
2.7s8(3)
2.750(3)
2 .75s (4 )
2 .7L9 (3 )
2 .688 (3 )
2 .720 (3 )
2:132---
2.  738 (3)
2 .676 (3 )
2 .677  (3 )
2.663(3)
2 .57  s (3 )
2 .672 (3 ) .
2,Sg__
2 .786  (3 )
3.r47 (3)
2.824(3)
3 .L20 (4 )
3 .005  (4 )
3. r.68 (2)
2 .707  (6 )
2:23!--
2.685(4)
2.786(3)
3.007 (3)
2.897 (3)
2.963(3)
2.842(3)
2 .e86 (s )
3:ggg--

2.68s(4)
3.  306 (4)
2.824(3)
3 .L72 (4 )
2_A2t_
3.00s (4)
2.963(3)
3 .180 (3)
3. s33 (3)
3.420(3)
2 .s75(3)
3.08r. (3)
2 .7Le (3 )
3. s63 (5)
3._q24__

(6d (6L)

2 .716  2 .736
2 . 7 5 3  2 . 7 2 7
2 .722  2 .698
2 .664  2 .678
2 .689  2 .682
2 .695  2 .737
2:191_ 2.7L0

2 . 7 7 6  2 . 7 4 7
2.654 2.690
2 .676  2 .683
2 .67L  2 .647
2 .604  2 .623
2 .685  2 .706
2'g 2:s91
2 .748  2 .809
3. ] -20 3.L48
2 .775  2 .8LL
3.L29 3.141
2 .970  2 .9L5
3.128 3.L49
2 .70L  2 .730
2.2s6-. 2.280

2.663 2.63L
2 ,748  2 .809
2 . 9 7 2  2 . 9 8 8
2 .848  2 .892
2.978 2.926
2 .78L  2 .849
2 .89L  2 .969
2_,8]-9- a.8s3.

x2
x2
x2
x2

x2

x2
x2
x2
x2
x2

x2
x2
x4
x4

x2
x2
x2
x2
x2
x2
xz

2 .663
2.280
2 . 7 7 5
3. r-15
2:25.4.

2 .63L
3 . 2 2 6
2.87L
3 .070
2.937

2 .970  2 .9L5
2.9L8 2.926
3 . 185 3. 1r.0
3.s30 3.440
3 .415  3 .359
2 .604  2 .623
3 .037  3 .051
2 .664  2 .678
3 .475  3 .559 -
3.072 3.053
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0 (1) -0 (s)
0 (1) -0 (6)
0 (1) -0 (7)
0 ( 5 ) - o ( 6 )
0 (s) -0 (7)
0  (6 ) -0  (7 )
<0-0> r(1)

0 (2) -o (4)
0 (2) -0 (5)
0 (2)-0 (6)
o(4) -o  (5 )
0 (4)-o (6)
0(s)-0 (6)
<0-0> r(2)

o1r)-orzl l
o (1,;) -o (2;)

3 11;l:B [3;i
0 (2)-0 (2)
0 (2) -o (3)
o (3)-o (3)
<0-0> M(r.)

0 (1)-o (r_) r

3 11;l -3 [i;i
385:iil:,
0 (2 *) -o (4I
o (4) -o (4)
(o-o> M(2)

o < ril -o <rfl
3 [1:]:3 [i:]
0 (1 ' )  -0 (3-)
<0-0> M(3)

(021 (63)

2 . 6 5 4  2 . 7 2 4
2 . 6 4 7  2 . 7 0 8
2 .628  2 .699
2 . 6 5 7  2 . 6 4 4
2 .587  2 .665
2 .625  2 .698
z_.S - 2._Ao

2 . 7 8 3  2 . 7 5 3
2 .707  2 .702
2 . 6 5 3  2 . 6 6 7
2 .6sL  2 .667
2 .603  2 .579

1oa) (65)

2 .654  2 .6L6
2 . 7 9 0  2 . 6 7 4
2 .680  2 .657
2 .7L4 ' '  2 .7L3
2 .648  2 .656
2 .630  2 .588
2.19L 2r_6sL

2 . 6 7 6  2 . 7 0 6
2 . 5 7 8  2 . 6 5 L
2 . 5 7 4  2 . 6 4 8
2 .65L  2 .589
2 .734  2 .687

(66)  67 )

2 . 6 3 0  2 . 6 7 2 ( 5 )
2 . 7 8 3  2 . 6 7 7  ( 5 )
2 .653  2 .675 (5 )
2 .7O3  2 .700 (s )
2 .627  2 .600 (4 )
2 . s 7 3  2 . s 9 6 ( 5 )
2.552 2:913--
2.68s  2 .734(s )
2 .648 2 .673(s )
2 . 6 s L . 2 . 6 7 8 ( 5 )
2 .620 2 .68r . (s )
2 .1LL 2 .598(5)

loa)
2 . 6 6 7  ( 4 )
2.684(4)
2.686(5)
2 .670 (4 )
2 .610  (4 )
2 .6L9 (4 )
2.515-

2 .734 (4 )
2.665(4)
2 .672 (4 )
2 . 6 6 6  ( 4 )
2.588(4)

(6e)

2 .646 (3 )
2 . 6 6 s ( 3 )
2.657 (4)
2.65L(4)
2.  63r .  (3)
2 . 6 2 2 ( 3 )
2:S!S--

2.7 48(3)
2 .664 (3 )
2.652(3)
2 .  6s3  (3 )
2,s9L(4)

x2
x2
x2
x2

x2

x2
x2
x2
x2
x2

x2
x2
x4
x4

2 .62L  2 .7L7  2 .633  2 .65L  2 .606  2 .647  (5 )  2 ,666 (4 )  2 .680 (4 )

+ 2-.539- 2-.94L 2:9!2 2'62! 2'392- 2:SS2- 2'5Sl-

2 ,668  2 .794  2 .739  2 .855  2 .8L2  2 .813 (5 )  2 .759 (4 )  2 .649 (3 )
3 .L6L  3 .062  3 .2L7  3 . r . 96  3 .349  3 .114 (s )  3 .L73 (5 )  3 .204 (3 )
2 .7s0  2 .775  2 .872  2 .908  2 .954  2 .852 (5 )  2 .849 (4 )  2 .844 (4 )
3 .2s0  3 .048  3 ' . 298  3 .2s0  3 .226  3 .134 (6 )  3 .148 (5 )  3 . r . 69 (4 )
2 .806  2 .85s  3 .0L2  2 .983  2 .989  3 .009 (7 )  3 .0L8 (6 )  3 .04s (s )
3 .066  3 .LL2  3 .066  3 .10L  3 .060  3 .L34 (4 )  3 .107 (3 )  3 .09L (2 )
2 .688  2 .693  2 .997  2 .6L8  2 .803  2 .678 (9 )  2 .73s (8 )  2 .709 (7 )
21240- 21223- 3=99L 2.288- !.,.9I0 2re82-- 2-=23t- 2r2!?--

2 .s23  2 .707  2 .424  2 .64L  2 .423  2 .7L4 (7 )  2 .678 (6 )  2 .62L (s )
2 .668  2 .794  2 .739  2 .85s  2 .8L2  2 .813 (s )  2 .759 (4 )  2 .649 (3 )
2 .829  3 .058  2 .847  2 .848  2 .724  2 .9s6 (s )  2 .904 (4 )  2 .80s (3 )
2 .665  2 .957  2 .8L2  2 .872  2 .845  2 .929 (5 )  2 .884 (4 )  2 .742 (4 )
2 .635  2 .948  3 .092  3 .097  3 .030  3 .030 (s )  2 .953 (4 )  2 .81 -1 (3 )
2 .848  2 .9A9  2 ,703  2 .8L4  2 .667  2 .854 (5 )  2 .807  (4 )  2 .699 (3 )
2 .87L  2 .98L  3 .033  3 .009  3 .069  3 .025 (7 )  2 .96s (6 )  2 .846 (5 )
2 .724  2 .920  2 .820  2 .88s  2 .804  2 .909  2 .855  2 .740

0 (2),-0 (2) r
o(2;)-o(4:)  x2
0 (2-) -0 (4.*) x2
0 (2.")-o (s;) x2
0 (4,:) -0 (s-*) x2

3[1;]:3[:1] :tr
0(s " ) -0 (6 " )  x2
0 (6 ) -0  (6 )
(0-o> M(4)

2 .s23  2 .707  2 .424
3 .283  3 .L53  3 .282
2 . 7 5 0  2 . 7 7 5  2 . 8 7 2
2 .960  3 .L12  2 .982
z.UL 2:23e_ 2_,292
2 .806  2 .855  3 .0L2
2 .635  2 .948  3 .092
2 . 9 7 3  3 . 0 8 5  3 . 3 0 0
3 .645  3 .488  3 .740
3 . 2 8 5  3 . 3 6 8  3 . 6 5 8
2 .603  2 .579  2 .734
3 . 0 5 8  3 . 0 6 0  3 . 2 2 7
2 .657  2 .644  2 .7L4
3 .058  3 .548  3 .499
2 .974  3 .045  3 . . 2L5

2 .64L  2 .423
3 .367  3 .L44
2 .908  2 .9s4
3 . 0 6 6  2 . 9 3 0
2 .993  2 .889

2 .983  2 .989
3 . 0 9 7  3 . 0 3 0
3 . 2 7 7 ' 3 . 2 9 3
3 . 7 4 5  3 . 6 7 6
3. .556 3.582
2 .687  2 .7LL
3 .260  3 .158
2 . 7 L 3  2 . 7 0 3
3 .542  3 .500
3 , 2 2 3  3 . 1 8 7

2 . 7 L 4 ( 7 )
3 . 3 0 s  ( 7 )
2.852(2)
3.  t_39 (6)

3..00q_

3 .009  (7 )
3 .030  (5 ) .
3.2L7 (5)
3 . 7 3 3  ( 5 )
3 .567  ( s )
2.  s98 (s)
3.264(s)
2.700(5)
3.602(7)
3 .L77

2 .678 (6 )
3 .290 (6 )
2 .84e  (4 )
3 .112  ( s )
2.2!l.-

3 .018  (6 )
2 .e53 (4 )
3 .23s  (4 )
3 .7L4  (4 )
3 .484  (4 )
2 .588  (4 )
3.  163 (4)
2.670(4)
3 .433  (6 )
3.L29

2 .62L (5 )
3 .378  (5 )
2 .844  (4 )
3.L2e (4>
2 .99L

3 .045
2.8Lr .
3 . 2 6 3
3 .602
3 .359
2 .59L
3 . 0 4 9
2 . 6 5 L

5 )
3)
3 )
4 )
4 )
4 )
3)
4 )

3.  369 (s )
3 .067
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0(L)-0(s)
0(1)-o (6)
0 (L)  -0(7)
0 (s ) -0 (6 )
0 (s ) -0 (7 )
0 (6 ) -0 (7 )
<0-0> T(L)

o(2)  -o(4)
0 (2 ) -0 (s )
0(2)  -0(6)
0(4) -0 (s)
0 (4)  -0  (6)
0 (s ) -0 (6 )
<0-0> T(2)

0(ru; ls12d;
0(Lu)-0(2u)
o1ru1-oq3d;
0(lu)-0(3u)
0(2) -0 (2)
0(2)-0 (3)
0(3)  -0  (3)
<0-0> M(L)

0(r_) -o(1)
0 (lu) -0(2d)
o(Lu)-o(2u)
o  (1 )  -0 (4)
0(2u)-04d)
0(2u)-0(4u)
0 (4) -0 (4)
<0-0> M(2)

o( l-u)-0(Ld)
0(1u)-0(1u)
o( ru ; -013d;
0 (l-u) -0(3u)
<0-o> M(3)

0(2) -o (2)
o(2u)-o(4d)
0(2u)-0(4u)
o(2u) -o(s:)
o(4u)-o(so)
0 (4*) -0 (6Y)
0(su) -0(64)
0(5u) -0(6u)
0(6)  -o(6)
<0-0> M(4)

(701 (71)

2 . 7 4 2  2 . 7 5 8
2 . 7 2 4  2 . 7 4 L
2 . 7 2 6  2  . 7  4 0
2 . 6 8 2  2 . 6 9 4
2 . 6 7 4  2 . 6 7 7
2 . 7 L 6  2 . 7 2 7
2 . 7 L L  2 . 7 2 3: :

2 . 7 5 8  2 . 7 5 5
2 . 6 7 L  2 . 6 7 3
2 . 6 6 3  2 . 6 6 8
2 . 6 4 8  2 . 6 4 9
2 . 5 7 6  2 . 5 7 6
2 . 6 8 0  2 . 6 7 3
Z:6d6 Z:G6: :

2 . 7 5 7  2 . 7 6 6
3.L23 3 .L24
2 . 7 6 9  2 . 7 6 0
3 . O 9 2  3 . 0 8 8
2 . 9 5 6  2 . 9 5 3
3 .L26 3 .130
2 . 6 8 0  2 . 6 8 2
Z:t48 T:fia

2 . 6 6 6  2 . 6 6 0
2 . 7 5 7  2 . 7 6 6
2 . 9 8 2  2 . 9 9 4
2 . 8 8 5  2 . 8 9 6
2 . 8 9 3  2 . 9 0 4
2 . 8 3 7  2 . 8 3 8
2 . 9 3 5  2 . 9 4 9
,:st, T:{67: :

2 . 9 5 6  2 . 9 5 3
2 . 8 9 3  2 . 9 0 4
3 . 1 3 1  3 . L 2 5
3 . 4 5 4  3 . 4 4 0
3 . 3 2 9  3 . 3 3 6
2 . 5 7 6  2 . 5 7 6
3 . 0 3 1  3 . 0 2 8
2 . 6 8 7  2 . 6 9 4
3 . 5 4 3  3 . 5 6 9
3 . 0 4 4  3 . 0 4 6:

2 .7  46  2 .7s4 (s )
2 .669  2 .67L (s )
2 .667  2 .672 (s )
2 .649  2 .6sL (s )
2 . s76  2 . s73 (s )
2 .67O 2 .689 (6 )
2 .663  2 .668

(73)

2.7  s6 (s )
2.742(s)
2  .7  s4(6)
2.682(6)
2.688(4)
2 . 7 3 7  ( s )
2 .727.

2 .772 (s )
3. r.33 (6)
2 .769 (s )
3 .096 (6 )
2 .es9 (7)
3 . r.47 (3)
2.687 (Lr)
2 .957

(7  4 )

2 . 7 9 L ( 8 )
2 . 7 7 3 ( 7 )
2 . 7 4 L ( 8 )
2 . 6 e 3 ( 9 )
2 . 7 O 2 ( 6 )
2 .734(8)
ZJ39-

2.763(7)
2 .688(7)
2 .68s(9)
2 . 6 6 2 ( 8 )
2 . s 7 o ( 7 )
2 . 7 O L ( e )
Z-SLp_
2 . 7 4 e ( 8 )
3  .104 (8 )
2.7L8(e)
3 . O 7 2 ( e )
2 .93O(7)
3 .1r.6 (5)
2.6sL(e>
2.e22-

2 . 6 7 L ( 7 )
2 .7  49(8>
3 .037 (8 )
2 . 9 2 o ( 7 )
2 .  e3s  (8 )
2 .874(8)
2 . e 9 5 ( 8 )
2.891-

2 . 6 7 L ( 7 )
3 . 1 8 0 ( 7 )
2.7L8(9)
3 . L 2 9 ( e )
2_4t_
2 .93o (7 )
2 .93s (8)
3. r .33(e)
3.447 (7>
3 .358  (7 )
2 ,57O(7 )
3.0r_3 (7)
2 .6e3 (e )
3 .ss4 (e )
3:912_

(721

2 . 7 5 6
2 . 7 3 8
2 . 7 3 9
2 . 6 9 4
2 . 6 6 6
2 . 7 3 0
t:Tn

2 . 7 8 3
3 .l_17
2 . 7 5 2
3 . 0 7 9
2 . 9 4 8
3.L24
2 . 6 8 4
2 . 9 4 5

xZ
x2
x2
x2

x2

x2
x2
x2
x2
x2

x2
x2
x4
x4

x2
x2
x2
x2
x2
x2
x2

2 . 6 7 L  2 . 6 s L ( 7 )
2 . 7 8 3  2 . 7 7 2 ( s )
3 .006 2 .996(6)
2 .924 2 .909(s )
2 .92L 2 .895(5)
2 . 8 6 2  2 . 8 5 s ( 5 )
2 . 9 6 9  2 . e 4 L ( 8 )
2 . 8 8 6  2 . 8 7 L

2 . 6 6 6  2 . 6 6 0  2 . 6 7 L
3 . 2 2 7  ,  3 . 2 0 9  3 . L 7 6
2 . 7 6 9  2 . 7 6 0  2 . 7 5 2
3 . 1 1 4  3 . 1 0 7  3 . 0 9 3
2 . 9 4 3  2 . 9 3 4  2 . 9 2 3: : :

2 . 9 4 8
2.92L
3.LLz
3 .453
3  . 3 3 9
2 . 5 7 6
3 .030
2 . 6 9 4
3 .561_
5:dn

2 .6sL (7 )
3 .227  (8 )
2 .7  6e  ( s )
3.LL2(6)
2-240-

3.L47 (3 )
2 .895(s )
3 . r.r-7 (s)
3 .436 (s)
3 .3r.s (s)
2 .s73(s )
3.022(s)
2.682(6)
3.s42(6',)
3 .048
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APPENDIX 86. INTtsRATOMIC ANGLES (O)

(2L) (22) (24) (26) (28) (2e) (30)

110.4(2)  r .08.9(2)  LrL.4(2)  110.0(3)  110.8(2)  113.5(2)  1-11.e(L)
109.7(3)  r .09.6(2)  LLO.7(2)  110.4(3)  1L0.3(2)  l -13.0(2)  L1L.L(1)
r .10.3(3)  1r"0.1(3)  110.9(3)  109.6(4)  110.6(2)  110.3(2)  110.7(L)
108.9(3)  11O.9(2)  LO6.4(2)  109.7(3)  107.8(2)  108.1(2)  10s.8(L)
r .08.9(3)  r .o8.  s  (3)  107.4(3)  10e.0 (4)  108.5 (2)  105.6(3)  108.  s  (L)
l -08.7 (3)  Los.e (3)  10e.3(3)  108.2 (4)  108.9 (2)  105.7 (3)  108.7 (1)
m9.s Ibe:- &9_,4_ 41:l__ 199.€- f99l- 10e.-{-

116.3(2)  LLs.2(2)  r . r .6 .3(2)  117.5(3)  116.0(2)  LLe.4(2)  117.3(L)
r .08.r . (2)  los.s(2)  10e.3(2)  108.1(3)  108.4(2)  L09.4(2)  109.4( l - )
108.s(2)  r .08.7(2)  108.6(2)  107.4(3)  l -oe.0(2)  t07.6(2)  108.2(L)
LOs.6(2)  r . r .0 .e(2)  L09.6(2)  10e.6(3)  110.4(2)  110.8(2)  109.4(L)
103.9(3)  r .o3.o(2)  104.0(3)  105.6(3)  L02.e(2)  103.e(2)  103.s( t )
1r .0.3(2)  LLo.4(2)  Lo8.e(2)  108.2(3)  110.0(2)  104. ! (2)  199.qtr t
ro-sJ 10t .5 109.4 L09.4 109.4 109.3 109.4

0 (1)-r (1)-0 (5)
0 (r.)-r(r.)-0 (6)
0 (r.)-r(r.)-o (7)
o (5)-r(1)-o (6)
0(s)-r(r .)-0 (7)
o (6)-r (r.)-o (7)

<0-r(1)-0>

0 (2)-r(2)-0 (4)
0 (2)-r(2)-0 (s)
0 (2)-r(2)-0 (6)
0 (4)-r(2)-0 (5)
0 (4)-r(2)-0 (6)
0 (5)-r(2)-0 (6)

<0-r(2)-o)

r(1)-0 (5)-r (2)
r(r.)-0 (6)-r(2)
r(1)-0 (7)-r  (1)

o (5)-o (6)-o (s)

o (rl)-u(r)-o (zd)
o (r.:)-M(1)-o (2;)
o (1,:)-M(1)-o (3:)
o (1-)-M(1)-o (3-)
0 (2)-M(1)-0 (2)
0 (2)-M(r.)-0 (3)
0 (3)-!{(1)-0 (3)

<0-u(L)-0>

0 (1) , -M(2)-0 (1) .4
o (1,:)-M(2)-o (2:)
o (r_*)-M(2)-o (2-)
0 (1),-M(2)-0 (4).,
o (2.:)-M(2)-o (4:)
o (2*) -M(2)-o (4-)
0 (4)-!{(2)-0 (4)

<0-M(2)-0>
r A

o (1;)-M(3)-o (1;)
o (1;)-M(3)-o (1;)
0 (1:)-M(3)-0 (3-)
o (1')-M(3)-o (3*)

<0-M(3)-0>

0 (2),-M(4)-0 (2).{
0 (2")-M(4)-0 (4-)
o (2:)-M(4)-o (4.:)
o (2.:)-M(4)-o (s;)
o (4:)-M(4)-o (s.:)
o (4.:)-M(4)-o (6;)
o (s:)-M(4)-o (6:)
0 (s*)-M(4)-0 (6-)
0 (6)-M(4)-0 (6)

<0-M(4)-o>

0 (7)-0 (7)-o (7)
^A'

1 3 e . 7 ( 3 )  L 4 2 . 4 ( 3 )
L4r . .  o (3)  L42.L(3)
L42.4(5)  144.8(4)

r7o .2(2)  L72.7  (3 )

8 4 . 5  8 5 . 0
95.4  94 ,8
8 4 . 3  8 4 . 7
9 5 . 8  9 5 . 6
8 7 . 3  8 6 . 3
9 5 .  5  9 6 . 7
8 1 . 7  8 0 . 9

__90._4. __20..9.

8 0 . 3  7 8 . 2
8 3 . 9  8 3 . 8
92.2 9L.7
9 3 . 0  9 5 . 4
8 6 . 3  8 5 . 4
97.3  98 .7
9 3 . 6  9 1 . 0

--q9-'-9. --9q:4.
8 1 . 9  8 0 . 0
98.  r -  100.0
8 3 . 9  8 4 . 2
96.L  95 .8
9 0 . 0  9 0 . 0

134.4(3)  L34.7 (4)
137.6(3)  L43.s(4)
L37.3(4)  L47.2(6)

L63,s(2)  17o.8(3)

82.8(2 ' )  78.7 (2)
95.s(2)  r .00.0(2)
84 .5 (2 )  84 .3 (3 )
97.8Q) 97 .2(3)
8s .4 (2 )  e3 .2 (2 )
e6 .6 (2 )  e3 .6 (2 )
8L,2(2)  79.8(2)
9 0 . 0  9 0 . 0

7 4 . 9  7 7 . 7
7 6 . 9  7 2 . 7
8 3 . 1  8 6 . 6
8 7 . L  8 6 . 8
8 4 . 6  8 0 . 9
62.9  65 .5
70.4  69 .9
6t.2 60.2
86.4  86 .5
7 5 . 9  7 5 , 6

6 4 , s ( 2 )  6 6 . 8 ( 2 )
0 . 2 8 3  0 . 2 5 8

140 .0 (2 )  r . 3s .7 (2 )  136 .s (L )
L40.4(2)  136.1(2)  138.4(1)
r .4r . .0(3)  r .3e.0(3)  13e.3(2)

L72 .e (2 )  169 .8 (2 )  167 .6 (L )

8s.1(r . )  86.1 (2)  85.6 (L)
e5 .3  (1 )  e6 .L (2 )  95 .7  (1 )
83.e(2)  82.L(2)  83.7(1")
es .7  (2 )  e5 .5 (2 )  95 .0 (L )
86 .8 ( r . )  8e ,4 (2 )  e7 .2 (L )
es .4  (1 )  e5 .8  (2 )  e5 .9  (L )
82 .3 ( r . )  79 .2 (2 )  81 .0 (1 )

--9!:-A- --99:-a- --9q-.-q.-

x2
x2
x2
x2

x2

x2
x2
x2
x2
x2

7e .4 (2 )  80 .0 (2 )  80 .3 ( l - )  78 .3 (2 )  80 .0 (1 )
83 .0 (2 )  83 .0 (2 )  84 .0 (L )  82 .1 ( l - )  83 .7 (L )
e3.2(2)  8e.6(2)  e2.3(L)  eO,2(2)  92.1-( l - )
e1 .8 (2 )  89 .e (2 )  e2 ,2 (L )  e2 .2 (2 )  92 .8 (L )
92 .e (2 )  ' e5 .8 (3 )  88 .1 ( l - )  e7 .4 (2 )  93 .4 (1 )
eo .3 (2 )  90 .4 (3 )  es .2 (L )  8e .0 (2 )  e0 .3 (L )
97 .5 (2 )  r . 00 .e (3 )  e5 .3 (1 )  98 ,4 (4 )  e5 .0 (1 )

-lLg- --q2,-2- --q9..j-- --99=-9.-- --99:-A--

80 .2 (2 )  77 .L (2 )  83 .0 (L )  83 .6 (2 )  82 .e (L )
ee .8 (2 )  t 02 .e (2 )  e7 .0 (1 )  96 .4 (2 )  e7 .L (L )
82,6(2)  84.2(2)  84.2(L)  83.3(1)  84.1(L)
e7 .4 (2 )  e5 .8 (2 )  es .8 (L )  e6 .7 (1 )  95 .e (1 )
9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0: :

x2
x2
x2
x4

x2
x2
i2
x2
x2
x2
x2

8 5 . s
84.4
9 1 . 3
8 7 . 6
7 5 . 2
6 4 . 0
64.2
5 3  . 1

8 7  . 5
8 7 . 4
9 3 .  3
8 7 . 8
7 2 . 4
62.2
63.6
5 1 . 6
6 7 . 9
7  4 . 5

82.9
8 3 .  I
8 8 .  1
8 7 . 9
7 7  . 4
64.5
66.L
54.L
7 3 . 3
7 4 . 9

72 .8  (2 )
78 .8  (1 )
83.2
90 .o (1 )
8s. s (1)
62.0 ( r_)
7 \ . 2 (L )
s7 .9  (1 )

_86 .8 (2)
J5r9-

7 3 . s
78.4
83.2
8 8 . 9
84.  1
63.4
7 0 . 9
5 8 .  6
84,9
7 5 . 8

58.7
0 .348

59.2
0 . 3 4 2

60 .3 ( r - )  6e .9 (1 )  65 .9 (L )
0 .330  0 .223  0 .268
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0 (1)-r(r.)-0 (5)
0 (r.)-r(1)-0 (6)
0 (1)-r (L)-0 (7)
0 (s)-r(r.)-0 (6)
0 (s)-r (1)-0 (7)
0 (6)-r(L)-0 (7)

<0-r(1)-0>

0 (2)-r(2)-0 (4)
0 (2)-r(2)-0 (5)
0 (2)-r(2)-0 (6)
0 (4)-r(2)-0 (s)
0 (4)-r(2)-0 (6)
0 (5)-r(2)-o (6)

40-r(2)-0>

r(r.)-0 (5)-r (2)
r(1)-0 (6)-r(2)
r(1)-0 (7)-r(L)

0 (5)-0 (6)-0 (5)

o 1r|;-u1r;-o lzjl
o (r.,:)-M(1)-o (2;)
o (1.:)-M(1)-o (3:)
0 (1") -M(1)-o (3 ' )
0 (2)-!1(L)-0 (2)
0 (2)-M(L)-0 (3)
0 (3)-u(1)-0 (3)

(o-M(r.)-o>

0 (1).-M(2)-0 (1)r
0 (1.:)-M(2)-0 (2-)
0  (1 - ) -M(2) -0  (2* )
0  (1 ) -M(2) -0  (4 )  r
o (2,;)-M(2)-o (4,:)
0  (2 - ) -M(2) -0  (4 ' )
0  (4 ) -M(2) -0  (4 )

<0-M(2)-0>

o (r") -u(:)-o (rd)
o (r")-u(:) -o (rY)
o (r")-n(s)-o ( :")
o (r")-M(:)-o (s")

<0-M(3)-0>

(34) (3s) (36) (37) (re) (3e) (401

114.3(3)  r . r .3 .6(4)  111.6(2)  110.8(2)  Lr2.4(L)  LLL.e(2)  l "L l .e(4)
111.3(3)  r . r . r . .6(4)  110.4(2)  LLo.7(2)  1 l_0.4(L)  Lt -1.3(2)  109.2(s)
r - r . r - .6(3)  r . r .0 .8(4)  r .10.8(2)  L l_o.8(2)  LLl - .5(1)  t10.9(2)  111.1-(s)
108.7(3)  L07.7(4)  Lo4.6(2)  106.3(2)  10s.9(L)  L06.2(2)  106.5(4)
104.0(3)  r .os.0(4)  109.s(2)  10e.0(2)  Lo6.e(2)  l -07.3(2)  l -07.6(6)
1"06.3(4)  107.6(4)  LO9,7(2)  10e.1(2)  109.3(2)  10e.0(3)  t -10.4(6)
109-:4- 109.1-- 109..4- 109,:- f02.3- 192-:4- 192:l-

r_17.3(3)  LL6.9(4)
109.7(3)  L09.7(4)
107. e (3) l_08. 3 (4)
11r . .4(3)  110.0(4)
r .05.s (3)  105.2(3)
104.r . (3)  r .06.1(3)

L16.7 (2) r-16. 5 (2) 1l-7.0 (1)
Loe.2(2)  10e.s(2)  10e.1(1)
107.8(2)  r .09.0(2)  r .oe.1(1)
r .oe.  s  (2)  1oe.8(2)  10e.7 (1)
r .03.1(2)  L02.7 (2)  103.4(1)
r . r .0 .3(2)  10e.0(2)  1"08.r . (1)

LL6.e(2) r.r.6.6(4)
10e.e(2)  r .08.4(5)
108.e(2)  r .08.7(4)
r -09.0(2)  1r .0.3(s)
103.8(2)  103.1(s)
r .08.0(2)  L09.5(4)

x2
x2
xz
x2

x2

x2
x2
x2
x2
x2

x2
x2
x4
x4

!99€_ 109.:4_ 10e.-4._ 109.J_ L02_4_ IggJ._ !99.4__

L34.9(4)  L3s.2(5)  L36.7(2)  L37.4(2)  133.e(2)  133.6(3)  136.0(5)
136.8(4)  L37.6(4)  L39.7(2)  139.1(2)  L37.5(2)  t36.2(2)  138.0(s)
13s .7 (5 )  L37 .0 (6 )  138 .3 (3 )  141 .1 (4 )  136 .5 (2 )  136 .e (3 )  136 .4 (e )

169.r . (3)  L69.2(3)  L67.e(2)  L68.4(2)  163.2(1)  161.8(2)  164.s(4)

86 .5 (2 )  87 .0 (3 )  86 .5 (L )  85 .e (1 )  83 .7 ( l _ )  83 .0 (2 )  80 .7 (3 )
e6 .8 (2 )  e6 .s (3 )  96 .3 (1 )  es .L (L )  e7 .2 ( t )  9s .8 (2 )  93 .6 (3 )
82.4(2)  81.8(3)  81.8(L)  84.s(2)  83.1(1)  e4,4(2)  84.4(s)
e4 .0 (3 )  94 .4 (3 )  95 .2 (L )  e4 .5 (2 )  es .e (L )  e6 .8 (2 )  101 .3 (s )
e0 .e (4 )  e0 .8 (4 )  88 .5 (2 )  87 .L (2 )  88 .3 (L )  86 .2 (2 )  83 .0
95 .6 (2 )  95 .6 (3 )  96 .6 ( r . )  e6 .3 (1 )  e6 .4 ( l - )  96 .7  (2 )  96 .3
77 .9 (3 )  ' 78 .0 (3 )  

78 ,4 (2 )  80 .4 (2 )  78 .e (L )  80 .4 (2 )  84 .6
--2!=-q- --99.:-A-- --9q:9-- -29.'!- --90.0- --29.:.4.-- -10.-q.-

79 .7  (3 )  78 .4 (3 )  80 .0 (2 )  7e .L (2 )  7e .8 ( l - )  7e .5 (2 )  80 .6 (3 )
82 .6 (2 )  82 .4 (2 )  83 .7 (L )  84 .4 (1 )  84 .4 (L )  ' 83 .7 (2 )  81 .2 (3 )
90 .2 (2 )  89 .2 (3 )  9 r_ .e (1 )  e l . 3 ( l - )  93 .6 ( t - )  93 .5 (2 )  93 .5 (3 )
eL .0 (2 )  9 t . 6 (2 )  e2 .6 (L )  93 .2 (1 )  e2 .2 ( t )  e2 .2 (L )  e0 .6 (8 )
e5 .6 (2 )  e6 .1 (3 )  e3 .3 ( r " )  e3 .1 (2 )  e3 .0 ( t - )  e3 .0 (2 )  e2 ,e (4 )
eo .5 (2 )  e0 .9 (2 )  s0 . s (1 )  e0 .7 (2 )  88 .7 (L )  8e ,6 (2 )  e r - . s (4 )
ee .L (3 )  e8 .9 (4 )  e5 .5 (2 )  94 .8 (1 )  e6 .6 (L )  e7 .o (2 )  ee .2 (4 )

--q9-:-9-- --49.8- --99:-q- --99:9-- --99:.9-- --2q:9- --€e.-2--
85 .1 (3 )  8s .0  (4 )  84 ,2 (2 )  8 r . . s  (2 )  79 .  s  (L )  7e .8 (2 )  82 .s  (3 )
94 .e (3 )  95 .0 (4 )  es . I ( 2 )  98 .5 (2 )  100 .s (1 )  Loo .2 (2 )  e7 .5 (3 )
83 .1 (2 )  83 .5 (2 )  83 .0 (1 )  84 .7 (1 )  83 .0 (L )  82 .8 (2 )  81 .0 (3 )
e6 .e (2 )  e6 .s (2 )  e7 .0 ( r . )  e5 .3 (1 )  e7 .0 (1 )  e7 ,2 (2 )  ee .0 (3 )
9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0

0 (2).-M(4)-o (2) r
o (2,:)-M(4)-o (4:) x2
0 (2.*)-M(4)-0 (4.:) x2
0(2* ) -M(4) -0 (s ; )  x2
0 (4.:) -M(4)-0 (s:) x2
0(4" ) -M(4) -0 (6 ; )  x2
0 (s.:)-M(4)-0 (6*) x2
0(s* ) -M(4) -0 (6- )  x2
0  (6 ) -u (4) -o  (6 )

40-1'1(4)-0>

0 (7)-0 (7)-0 (7)
A

74 .0 (3)
79 .0 (2 )
83.  5 (2)
e0. r- (2)
84.0(2)
63.4 (2)
68.6(2)
s8 .3  (2 )
82.e (2)

-lJ.J_

63  .8
0.29L

74 .4 (3 )
80.  0 (2)
84 .0  (2 )
90 .0  (2 )
83.2(2)
63.L(2)
68.8(2)
57  .8 (2 )
82.  4 (3)

-E:J--

64.2
0.287

7 s . 4 ( 2 )
78 .  6  (1 )
83 .0  (1 )
88. e (r.)
84.  3 (1)
63 .  s  (1 )
7L .2 (L )
58. 4 (r")
84.7 ( r . )

-12:2-
64.9

4 , 2 7 9

7 5 . 2 ( 2 )
79  .6  (L )
8 3 . 7  ( 1 )
8 8 . 4
8 3 . 3
63 . o (r.)
7 0 . 9
5 8 . 0
84.3(2)

-15.3-

66.3
0 .263

75.0 ( r . )
7s.  8 (1)
82. s (r-)
86 .3  (1 )
84 . 8 (r-)
62 .7  (L )
71.0 (1)
62.6(L)
88.  8 (1)

_l_9..o_

69.5
0.228

7 4 . 6 ( 2 )
7 6 . 5  ( L )
82. s (r-)
86.  6  (1 )
84 .6  ( r . )
62 .9(L)
7 0 . 5  ( 1 )
6 2 . 4  ( L )
87 .2(L)

_lL2_
67.3

o .252

7 3 , 5
7 6 . L
82.9
8 7  . 4
84.4
63.2
69.9
62.3
86.4

-25:-q-
63 .0 (4)

0 .300
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(41) (42) (43) (44)

L10.8(2)  110.5  111.5  1 .08 .8  110.9
110.5(2)  r .12 .3  1 r .0 .7  112.5  L10.3
L10.4(3)  LLO.2  1r .0 .0  L lL .2  L10.8
LO7.7  (2 )  r .06 .3  106.8  106.0  LO7.2
r.08.5(3) 107.5 lQ!*e 109.3 109.4

(4s) (46) (48)

109.5  L09.7
LLL.2 109.0
l_1L.2 110.2
105.3 r.05. 9
1r .0 .0  110.5

(4e) (50) (51)

108.6  110.8  LL0.L
LOg.7 LL2.3 LLz,5
111.6  LL l .4  L12.0
r.07.8 r.06.2 108. L
110.7  L07.6  L04.8

0 (r.)-r(1)-0 (5)
0 (r.)-r(1):0 (6)
0 (1)-r (r.) -0 (7)
o (5)-r(r.)-0 (6)
0 (5)-r(r.)-0 (7)
0 (6)-r (L)-0 (7)

<0-r(r.)-o>
0 (2)-r (2)-0 (4)
0 (2)-r(2)-0 (5)
0 (2)-r(2)-0 (6)
o (4)-r(2)-o (s)
0 (4)-r(2)-0 (6)
0 (5)-r(2)-0 (6)

<0-r(2)-0>

r(r.)-0 (5)-r(2)
r(r.)-0 (6)-r(2)
r(r.)-0 (7)-r(1)

0 (5)-0 (6)-0 (s)

o <rfl-u<rl-o<zll
o (1:)-M(r.)-o(2;)
o (1,:)-M(1)-o (3;)
0 (1-)-M(r.)-0 (3-)
0 (2) -M(r.)-0 (2)
0 (2)-M(1)-0 (3)
0 (3)-M(r.)-0 (3)

(o-M(1)-0>

0 (r"),-M(2)-0 (1),r
o (r.:) -M(2) -o(2;)
0 (r.*)-M(2)-0(2-)
0 (r.),-M(2)-0 (4),r
o(2;)-M(2)-o (4:)
0 (2-)-M(2) -0 (4-)
o (4)-M(2)-o (4)

io-u(z)-o>

o trll-utrl-o rrjl
o (1.:)-M(3)-0 (r;)
o (r.-)-M(3)-o (3-)
o (1')-M(3)-o (3")

<0-M(3)-0>

o (2).-M(4)-o (2),r
o (2.-)-M(4)-o (4;)
0 (2-:)-M(4)-o (4-)
o (2")-M(4)-o (s;)
o (4') -M(4)-o (s:)
o (4.:) -M (4) -o (6;)
o (s.:)-M(4)-o (6:)
0 (s")-M(4)-0 (6*)
o (6)-u(4)-0 (6)

<o-u(4)-o>

o (7)-o (7)-0 (7)
A

r-08.8(3)  109.9 109.2 1"09.0 108.1 .109.4 111.4 108.4 109. '?  19?.9
109J rOg.S rOSJ r.0S.S 109.5 109.4 109.5 109.: 109.4 10914: _

1L7.0(2) r.r.6.0 t]-s.9 r.r.3.1 LL6.4
r.07.8(2) r.08.8 LO9.2 r.09.1 109.3
108.9(2)  L08.5 L08.4 108.9 108.2
r.r.0.4(2) r.08.7 Log.4 109.8 LO9.2
L02.8(2) r.05.4 r.04.9 106.1 L05.2

L15.1  r .16 .0  LL4.4  115.5  lL l .9
L09.0  L08.5  1"08 .6  L06.6  109.0
r .08 .5  r .09 .3  1"07 .6  L09.4  108.8
L08.8 L08.7 LLo.0 L07.2 111".I
105.3  L03.4  L06.5  108.1  LO7.7

136.8  L37.2  r .3s .8  134.6  133.0
L39.2 L39.5 L39.2 L40.2 141.8
r.40.6 140.3 r.4r..3 L41.8 r44.8

166.8 L65.7 L65.4 L64.9 L63,7

8s .8  84 .6  84 .0  8L .4  79 .L
95.3  96 .5  96 .L  96 .0  98 .1
84.2 82.9 84.L 83.2 85.1
9 4 . 7  9 5 . 8  9 6 . 0  9 9 . 5  9 7 , 9
86.6  87 .8  87 .2  86 .2  89 ,2
9 6 . 2  9 5 . 7  9 6 . 0  9 5 . 8  9 5 . 7

136.1  L33.5  L34.1
141.5  139.6  138.4
r42 .9  140.1  138.2

L64.7  L63.4  L64.2

80.2  79 .0  82 .6
97.L  99 .8  96 .2
8 4 . L  8 3 . 6  8 3 . 3
98.7  97 .7  98 .1
87.2  89 .5  49 .2
96.2  96 .L  95 ,4

x2
x2
xz
12

x2

x2
x2
xZ
x2
z2
x2
x2

x2
x2
x2
x2
x2

x2
x2
x4
x4

7  4 . 2
7 8 . 8
83.2
8 8 . 4
84.  0
62.9
7 1 .  L
5 9  . 0

7 6 . 2  7 4 . 5  7 5 . 5  7 8 . 3
7 8 . 1  7 7 . O  7 6 . 0  7 2 . 8
8 1 . 6  8 3 . 1  8 3 . 3  8 4 . 7
86 .1  87  .4  86 .4  84  .  1
8 4 . 4  8 4 . 0  8 3 . 8  8 3 . 1
6 3 . 3  6 2 . 9  6 3 . 5  6 3 . 4
72.2  7L .2  7L .s  71 .6
60.7 60.7 6L.2 63.4

76.8  78 .5  75 ,8
7 4 . 4  7 2 . 8  7 6 . 8
83.1  86 .4  80 .8
8 5 . 3  8 4 . 6  8 5 . 8
84.0  82 .5  85 .4
6 3 . 9  6 3 . 8  6 2 . L
7 L . 7  7 1 . 1  7 L . 3
6 2 . L  6 L . 9  6 3 . 5

109.5(2)  Log.2 r .08.8 109.8 108.3 1.10.1 1L0. '9  109.7 199.? 192. :
Log:- 109:4 1091 1"09.5 L09.4 109.s L09.5 10915 109.5 -109.5

140. 2 (3)
140.0  (3 )
141. 0 (4)

173.0  (3 )

85. r.
95  .5
84.  L
9 5 .  3
8 6 . 9
95.4
82,4

_10._q.
8 0 . 5
8 3 . 7
92.7
92,5
8 8 . 2
9 5 .  L
94.6
9 0 . 0

82.L
8 2 . 8
88.  7
88.2
7 7  , 7
64.7
66.4
5 4 . 0
7 3 . 6

_15.9

6 0 .  8
o.324

r.34.5
L38.8
140.1

L64.8

82.2
9 7 , O
83 .8
9 7 . 0
8 8 . 5
95. r .

7 5 . 9
7 5 . 7
8 3 . 0
86.4
8 4 . 0
64.0
7 L . 2
6L.  L
8 7  . 1

8 r . . 4  8 1 . 0  8 0 . 7  8 0 . 8  8 2 . L  7 9 . 7  8 0 . 5  7 8 . 3  7 ? . ?
9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 ' !  9 0 . 0

79.2  80 .2  76 .L  79 .5  79 .L  81 .6  79 .5  79 .3  78 .2
8 5 . 1  8 4 . 7  8 5 . 9  8 4 . 0  8 5 . 6  8 5 . 3  8 5 . 3  8 5 . 7  8 5 . 6
91.8  92 .L  91 .8  92 .4  91 .9  93 .5  93 .2  93 .1  90 .2
91.9  g2 .g  93 .8  92 .6  92 .5  91 .1  91 .5  93 .4  90-4
s4.L  93 .4  94 .6  93 .5  93 .7  92 .4  92 .9  94 .6  95 .5
8 8 . s  8 9 . 5  S 7 . 3  8 9 . 6  8 8 . 5  8 8 . 5  8 8 . 4  8 6 . 6  8 8 . 0
e7,7  e4 .6  e7 .o  e6 .1  e6 .4  e6 .e  e8 .3  ?1 .e  191.9
go:q -!d;d -e0- 

__9!_,_4. __90.-4. _99.4. --9!.O --9.9.J --q9.€

7 8 . 4  8 2 . 8  7 7 . 3  7 9 , 9  7 7 . L  7 5 . 2  7 4 . 2  7 5 . 2  7 6 . 6
L01" .6  97 .2  LO2.7  L00.L  Lo2.9  104.8  105.8  104.8  103.4

84.5  84 .s  85 .2  84 .1  84 .8  83 .4  84 .3  83 .3  84 .9
e5.s 95.5 e4.8 es.e es,2 e6.6 95.7 29.7 22.\
9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0

85 .4  87 .6  87 .4  87 .6  e0 .4  8e .1  98 .1  99 .9
t s .g  1s .g  76 ,0  75 ,9  75 .9  7 t  9  8 ,9  75 ,8  76 .L: : : :
65.2  66 .2  67 .O 67.3  66 .6  66 ,6  66 .6  65 .4  6s .4

o .276 0 .264 0 .256 0 .252 0 .260 0 .260 0 .260 0 .273 0 .273

8 3 . 1
96.9
8 4 . 0
9 6 . 0
9 0 .  0
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0 (r.)-r(1)-0(5)
0 (r.)-r (1)-0 (6)
0 (1)-r (1)-0 (7)
0 (5) -r (L) -0 (6 )
0 (s)-r(1) -0 (7)
0 (6)-r(1) -0 (7)

<0-r(1)-0)

0 (2)-r (2) -0 (4)
0 (2)-r(2)-0 (s)
0 (2)-r (2)-0 (6)
0 (4)-r (2) -o (s)
o (4)-r(2)-0 (6)
0 (s) -r (2)-0 (6)

<0-r(2)-0>

i - r -7 .s  117.5(1)
r -08 .1  109.4(1)
109.2  108.3(1)
110.7  109.7( j . )
r -02 .8  103.0(1)
1 0 8 . 2  1 0 8 . 6 ( 1 )
1 0 9 . 4  1 0 9 . 4 -

134.0  137.3(1)
r - 3 s . 9  u 8 . 8 ( 1 )
L33.L L4O.2(2)

1 6 0 . 7  1 6 9 . s ( 1 )

8 1 . 7  8 s . 8 ( L )
95 ,2  95 .3(L)
82 .0  84 .0( l - )

r -01 .0  94 .9(1)
85 .2  87 .2(L)
e 4 . o  9 s . 8 ( 1 )
8 6 . 9  8 1 . 3 ( 1 )

--99.:4. -9!,-a-
79.6  79 .8(1" )
82 .3  83 .7(1)
92 .4  91 .8(1)
9 0 . 3  9 3 . 3 ( 1 )
9 1 . 8  9 3 . 8 ( 1 )
92 .6  90 .1(L)

100.4  94 .3(1)
__qe._2- *_29.,q._

82,2 82,7(L)
9 7 . 8  e 7 . 3 ( 1 )
8 3 . 6  8 4 . 4 ( 1 )
96 .4  9s .6(1)

__20._q _90.!_

73.8  73 .6( r . )
7 6 . 4  7 8 . e ( L )
82 .O 83.s (1)
87 .L  89 ,2
8 5 , 7  8 3 . 8
64.5  63 .1(1)
6 0  0  7 1  ?

67.4  s7 .9
84.0  8s .1( l )
7 5 . 7  7 5 . 9

5 9 . 3  6 6 . 7
9 .341 0 .259

\17 .5(2)
1o9.4(2)
ro8.2(2)
109.8  (2 )
LOz,8(2)
108. 8 (2)
1994__

L37 .6(2)
139.1  (2 )
L4O.2(2)

L70,4(2)

86 .0  (1 )
9s .1  (1 )
83 .  e  (2 )
95 .O(2)
87 .4 (2)
9 s . s ( 1 )
81 .  6  (2 )

--9.q.:9-

79.7  (2 )
83. 7 (r.)
91 .5  (1 )
93. 6 (1)
e4 .2  ( r )
90. 1 (1)
93 ,9  Q)

-29-:-9--

82.8(2)
97 .2(2)
8 4 . s ( 1 )
95 .5 (1)

--2!:-a-
73.7 (2)
7e.3 (1t
83. 6 (r.)
89.2
83  . 8
63 .0 (1)
7 I . 6
57 ,5
8s.4 (2)

_15.2_

66;9
0 . 2 5 7

117 .8 (1)
109 .5 (1)
108.2 (r-)
r.09. 6 (1)
103. 4 (1)
107. e (r.)
109 .4

r"36.  2 (1)
137 .8  ( 1 )
137 .8 (2)

L67 .6(1)

8s. e (1)
95 .8  ( 1 )
83. r- (r-)
9s .1 (1)
88 .  2  (1 )
95 .8  (1 )
80 .3  (L )

--99:-a-
79 .9  (1 )
83 .4 (r-)
91 .9  ( r - )
92 .s (L)
e4. o (1)
e0 .1  (1 )
es. s (2)

__90.!_

83.2(2)
96 .8(2)
83. 8 (r.)
96 .2(L)

--99=q-

7 3 , 3 ( 2 )
78 .  6  (1 )
82. 9 (r-)
8 9 . 0  ( 2 )
84 .5  (1 )
63 .0  (1 )
71 .0 (r.)
s8 .8 ( i-)
8s .  s  (1 )
7 5 . 9

(s2) 
(s3a) (s3b) (54) (55) (stu) (56b) (57)

u-2 .3  r r1 .7 (1)  11r .2 (2)  109.8(2)  L1 ,2 ,4 (2)  112.3(1)  tL2 .4( r )  111.0(2)
110.0  111.0(1)  1 ] -o .s (2)  l_09 .9(3)  l -10 .8(3)  111.2(1)  111.4(2)  l " i -o .3 (2)
111.9  u0 .7( t )  r .11 .0(2)  r - r .1 .2 (3)  LLo.7(2)  111.1(1)  110.e( l - )  110.8(2)
L06.3  106.1(1)  106.1(2)  ] 'os .2 (2)  tos .8 (2)  106.1(1)  106.3(1)  108.1(2)
106.7  108.5(2)  108.4(z )  109.6(3)  107.6(3)  107.4(1)  107.s (1" )  108.0(z )
+9?.1  108.8(2)  ] .o8 .7(2)  111.0(3)  r .Oe.4(3)  r .08 .6(1)  108.2(2)  108.7(2)
!e!:-1 199:l- -199.1-- 199:l- -1!-9:l-- !9e.1-- 19-94- 19.9=l-

115.9(2)  L r7 .2 (2)
LOg.6(2)  r -09 .3(3)
1 0 8 . 6 ( 2 )  1 0 8 . s ( 2 )
109. r . (2 )  r .09 .5  (2 )
r .03 .0(2)  r_03.8(2)
l-10.s(2) L08.2(2)
l-09.5 LOg.4

117.6(1)  116.3(2)
109.s (1)  108.5(2)
r .08 .1(1)  109.0(2)
109.9(2)  l lo .2 (2)
r"03. s (1) r-03 .0 (2)
107.7  (1 )  709.6(2)
L09.4 L09,4

L39.7 (2)
L4o.2(2)
r_40 .3 (3)

L7  2 ;O(2)

85 .2 (1)
es .4 (1)
84.0 (r-)
e5 .4  (1 )
8 7 . 0  ( 2 )
es .4(2)
82 .2(2)
90 .  0

r(r.)-0(5)-r(2)
r(r-)-0(6)-r(2)
r(r")-0 (7)-r(1)

o (s)-0 (6)-o(5)

o(1:) -M(1)-o(21)  x2
0(1')-M(1)-0(2;) x2
o(1.;)-M(1)-o(3:) x2
0(1- ) -M(1) -0 (3* )  x2
0 (2)-u(1)-0 (2)
0(2)-u(1)-0(3) x2
0 (3)-M(1)-0(3)

<0-M(1)-0>

0 (r.),-M(2)-0 (1) j
o (1;)-M(2)-o (2:)
0 (r.-)-M (2)-0 (2-)
0 (1),-M(2) -0 (4),
o (2;)-M(2) -o (4:)
o (2-)-M(2) -o (4*)
0 (4)-t{(2)-0 (4)

<0-M(2)-0>

o (1:)-M (3) -o (1:)
o (1,:)-M(3)-o (1;)
o (1,;)-M(3)-o (3:)
0 (1-) -M(3)-o (3")

<0-M(3)-0>

0(2) -M(4) -0 (2)  "
o (2u)-u(4)-o (4d)
o (2u)-M(4)-O (4u)
o (2u)-M(4)-o (s:)
o (4u)-M(4)-o (so)
o (4u)-u(4)-o (6Y)
0 (su)-11(4) -o (6o)
o (su)-M(4) -o (6u)
0 (6)-M(4)-0 (6)

<0-u(4)-0>

0 (7 )  -0  (7 ) -0  (7 )
A'

133.7 (2)
L4o.7 (2)
LAL.9(2)

L64.4(2)

80 .  3  (1 )
97 .2(L)
8 5 . 3 ( 2 )
e 7 . 4 ( 2 )
8 7  . 7  ( 2 )
96 .2(2)
79 .9  (3 )

-!9-:-a--
81.0  (3 )
85 .1 (r-)
93 .  7  (1 )
91.4 (2)
92 .  0  (1 )
8 9 . 1  ( 1 )
e6 .8  (3 )

--99:9-

7 5 . 3 ( 2 )
ro4 .7  (2 )
83 .  9  (L )
96 .2( r )

--9.9.:9-*
7 7  , 2 ( 2 )
73. 8 (r.)
8 3 . 9  ( 1 )
8 4 . 8  ( 2 )
83 .  s  (1 )
63 .7  ( r - )
7 r . 8 ( 2 )
62 .5(L)
8 9 . s ( 2 )
7 (  O

r34. 3 (3)
1"36.4(2)
136 .4  (3 )

L62.9  (2 )

82. 0 (r-)
e4 .0  (1 )
84,9 (2)
99 .L(2)
83 ,6(2)
96.1"(2)
84 .2(3)

_-99.:9__

7 9 , 4 ( 3 )
82 .  s  (1 )
e 3 . 4 ( 7 )
eL.7 (2)
93 ,3(2)
90 .2  ( r " )
e8 .2  (3 )

--99:-q--

81 . r- (3)
9 8 . 9  ( 3 )
82 .3 (r)
97  ,7  (L )

--99:A-

73.4(2)
7  6 . 6  ( 1 )
81 .9  (1 )
87 ,4(2)
85.1 (r-)
63.2 (r)
7o .3(2)
62 .2(L)
8 6 . 8  ( 2 )
7 5 . 9

136 . r. (1)
L37 .7 (L)
L38.2(2)

L 6 7 . 6 ( L )

8s .9  (1 )
96  .0  (1 )
83  .2  (1 )
e4 .8 (r.)
88  .2  (1 )
9s. 7 ( i .)
80 .  s  (1 )

--99=-4.-

7e.8  (1 )
83  .4  (1 )
91 .  8  (1 )
92 .5( r )
e4 .  1  (1 )
e0 .1 (1)
es .9  (2 )

--99r!-

83  .3  (2 )
96 .7  (2 )
83. e (1)
96 .1  (1 )

--9!,-a--
73.3(2)
7 8 . s ( 1 )
83 .0  (1 )
89  .0  (2 )
84 .s (1)
63 . r- (1)
70. e (1)
58 .8  (1 )
8s .2  (1 )
7 q  o:

80.  r  (2 )
83 .  e  (1 )
e 2 . 2 ( 1 )
92.5 (2)
88. o (1)
e5 .4 (r.)
94  .9  (2 )

--49.:2-

83 .0  (2 )
97 ,O(2)
84.  1  (1 )
95. 9 (1)

--90,-a-

83  .8  (2 )
83 .6  ( r - )
89  .5  (1 )
87 .8  (2 )
77  .o (1)
64.1 (r-)
6s .4 (1)
53 .9  (1 )
72 .4( r )
7 4 . 9

x2
x2
x2
x2
x2

x2
x2
x4
x4

x2
x2
y2
x2
x2
x2
x2

6 s . 8 ( r - )  6 4 . s ( 1 )  6 5 . 8 ( 1 )  6 s . e ( 1 )  s 9 . e ( 1 )
0 .269 0 .283 0 .269 0 ;268 0 .334
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o (1)-r(r.)-0 (5)
0 (r.) -r (1) -0 (6)
o(r.)-r(r.)-o (7)
0 (s)-r (1)-0 (6)
0 (s)-r(r . )-0(7)
0 (6) -r (1) -0 (7)

(o-r(r)-o)

0 (2)- r  (2)-0 (4)
0 (2)- r (2)  -0 (s)
0 (2)  - r (2)-0 (6)
0 (4)- r (2)-0 (s)
0 (4)  - r (2)-0 (6)
0 (5)- r (2)-0 (6)

<0-r(2)-0>

r(r.) -0 (s)-r(2)
r  (1)-0 (6)  - r (2)
r ( r " ) -0(7)- r (1)

0 (5) -0 (6)-0 (5)

o lrly -u 1ry -o lzjl
o (1;) -M(r-)-o (2;)
0 (1.-)-M(1)-0 (3*)
0 (1")-M(1) -0 (3')
0 (2)-M(L)-0 (2)
0 (2)-M(1)-0 (3)
0 (3)-1,{(r.)-0 (3)

<0-M(r.)-0>

o (1),-M(2) -o (1) r
0 (r.")-M(2)-0 (2:)
0 (1-)-M(2) -0 (2-)
0 (1).-M(2)-0 (4) r
o (2,:)-M(2)-o (4:)
o (2-)  -M(2)-o (4")
0 (4)-M(2)-0 (4)

<0-M(2)-0>

o (r")-u(:)-o (rl)
o (1;)-M(3)-o (1;)
0 (1 ' ) -M(3)-0 (3: )
o (1-) -M(3)-o (3-)

(o-M(3)-0>

0 (2).-M(4) -o (2) r
o (2-) -M(4)-o (4:)
o (2:)-M(4) -o (4.;)
o (2:) -M(4)-o (s;)
o (4,:)-M(4) -o (s:)
0 (4.:) -M (4 ) -0 (6;)
o (s,-) -M(4)-o (6:)
0 (s -) -M(4)-0 (6-)
0 (6)-M(4)-0 (6)

( o-M(4)-o>

o (7)  -o (7 ) -o (7)
A

G o )  ( 6 t )

109.4  L09.7
l L L . 3  L L l . 4
r .L l .6  110.3
105.7  L06.  L
1 " 0 9 . 3  1 0 6 . 9
LOg.4 L1"2.3
:9+r !99_,_5.

(62) (63)

L07.7  l_11.3
LL4. l -  110.0
1 0 9 . 3  1 L 0 . 3
Lr -0 .  3  106.5
L03.L  108.5
L11.6  1L0.2
1913. !qg,-l

8 1 .  3
98.7
8 3 . 5

_zgn_
_-90._4.

(64)  (6s)  (66)

L06.0  L06.5  L07.4
LL3.8  r -13 .9  119.1
L10.6  LL?.L  109.9
L 0 9 . 6  1 L 0 . 9  1 L 0 . 5
L 0 9 . L  l _ 0 6 . 9  t 0 5 . 3
Lo7.7  L06.4  103.9
1 0 9 . 5  1 0 9 . 5  I 0 9 . 4

1sa)
LLo.7 (2)
110 . 8 (3)
LLL.7 (2)
a06.6(2)
r.07 .0 (2)
L09.9 (2)
1o9.gl-

r.16 . s (r.)
L09.2 (2)
109 .0  (2 )
r .09.3 (2)
r.03. s (2)
L08.9 (r.)
1E:4-
L 3 2 . 6 ( 2 )
L38.7 (2)
r.39 . s (3)

L 6 2 . 6 ( 2 )

7 e . 6  ( 1 )
98  .4  (1 )
84  .8  (1 )
e7.3 (r .)
8 8 . 7  ( 2 )
9 6 . 2 ( 2 )

- 79. r. (3)
--29-'-A-:

80.  8 (2)
84.4 (1)
e3 .7  (1 )
e0.7 (2)
e2 . r. (r.)
8e .5 (r-)
9 8 . 5  ( 2 )
9 0  . 0

7 5 . 8 ( 2 )
Lo4.2(2)

83 .1  (1 )
e6. e (1")

--99-,-A-

7 7  . L ( 2 )
7 2 . s  ( L )
84 . o (r.)
84 .4(2)
84. r. (r-)
63. 7 (r.)
7 L . 7  ( L )
63. 4 (r")
90. 2 (r-)

J5:2-

64.e (L)
o . 2 7 9

(s e)
1r-0. 9 (1)
r .10.6 (1)
r.r.r.. 6 (1)
107.  9 (1)
r_06. I (r.)
L08 :9  (2 )
109 .5

x2
x2
x2
x2

x2

x2
x2
x4
x4

x2
xz
x2
x2
x2

i l .s.7 (1) r.!.4.3
r"09.  s  (1)  108.2
109.0(1)  L09.2
110 .0 (1 )  108 .9
104.2(1)  L04.7
108.0 (1)  l -08.  3
ro9-4 to9.4

r-35 . 3 (r-) L36 .4
138 .7 (2 )  L37 ,8
L39.9(2)  141.3

L66.2(r )  L66.7

82 .  s  (L )  82 .0
96 .3 (1 " )  96 .3
84 .e ( r - )  83 .9
96 .4 ( r )  97 .9
88 .s (1 )  88 .4
95 .9  (1 )  9s .6
79.7 (L)  80.4
9 0 . 0  9 0 . 0

7 0  7  / 1 \

8 3 . 7  ( 1 )
92 .  1  (1 )
e1 .0 (r .)
9 4 . 2 ( L )
8 9 .  3  ( 1 )
99. r- (1)

--29.'-9--

8 0 . 7
a 1  0

92.6
9 L . 4
94.4
8 8 , 7
27:9
9 0 . 0

7 8 . 2 ( L )  7 8 . r
101.8  (1 )  l -01 .9

83.4(1)  83 .4
96.6 (L) e6-.9

_99.q_ __20.9
7 6 . 1 ( r . )  7 4 . 8
7 6 . 1 ( r - )  7 4 . 5
82.9  ( r - )  82 .7
86. r . (1 )  86 .6
8 4 . 0 ( 1 )  8 4 . 4
6 3 . 0 ( 1 )  6 4 . s
7 1 . 3 ( 1 )  7 L . 4
6 1 . 9  ( 1 )  6 1 . s
8 8 . 6  ( 1 )  8 8 . 0
7 5  . 9  7 5 . 9

6 9 . 0 ( 1 )  6 6 . 9
0 . 2 3 3  0 . 2 5 7

LL4.7
1 0 9 . 8
L07 .7
l_09.0
1 0 5 . 9
l_09 .6
199.5.

L13.  6
1 1 0 . 3
LO4.2
LLz,7
1"06.6
L 0 9 . 0
Io-57

1 3 3 . 7  1 3 5 . 3
l-38.6 745.4
L37.2  L45,4

L 6 0 . 6  L 7 2 . 4

8 3 . 3  7 9 . 2
9 6 . 2  9 8 . 1
8 3 . 9  8 1 . 6
9 6 . 7  1 0 L . 2
8 6 . 6  8 6 . s
9 6 . 3  9 6 . 3
8 0 . 9  8 1 . 0

-9.'-q. -90'g

7 9 . 6  8 0 . 7
8 s . 6  8 5 . 4
92.6  9L ,9
9 L . 7  8 8 . 9
9 2 , 3  8 6 . 6
89.2  95 .7
9 7 . 5  r . 0 1 . 5

--2q:9. --q9-:-9.

78.4  75 .1"
Lor " .6  Lo4.9

8 5 . 0  8 5 . 8
9 5 . O  9 4 . 2

--2q.9. --20'g

7 5 . 3  6 8 . 6
7 6 . 5  6 7 . 3
82.3  77 .5
86.2  86 .9
84.6  80 .4
6 3 . 9  7 2 . 8
7 L . 2  7 5 . 4
6 L . 4  6 3 . 6
86.3  9L .7

_1t.2 J_54
62.8 60.2
0 . 3 0 2  0 . 3 3 1

LL6.6  110.2
l_10.0 L04.4
L06.7  104.8
l -10 .3  LLo.3
L03.9  LL6,4
1 0 9 . 0  1 0 9 . 9
1!9=t 19e't
L35.2 L41.r-
L37.7  L43,6
1 3 7 . 8  1 4 5 . 8

L6L.4 L7L.9

8 5 . 0  8 1 . 0
9 5 . 5  9 9 . 5
84.4 8l-.  9
9 5 . 1  9 7 , 6
8 6 . 3  9 3 , 7
9 6 . 6  9 1 . 0
8 0 . 6  8 4 . 4-30;d -ed.o

8 0 . 4  7 2 . L
8 3 . 6  8 2 . 6
93.6  86 .7
9 2 . 2  9 1 . 0
91.8  L02.2
9 0 . 6  8 5 . 7
9 5 . 9  L 0 7 . 6

_-90.9 __89,2

r.L5 .1 LlL. 5
r -09 .6  108.4
L06.1  LOg.2
L08.2  L07.4
1L0.8  L13.7
106.8  L06.4
1 0 9 . 4  1 0 9 . 4: -

136.1  L33.2
t4L,2 L39.9
L44.3 L40.7

1 6 9 . 0  1 6 9 . 1

83.2  79 .5
9 6 . 1  9 9 . 2
8 4 . 0  8 5 . 6
9 6 . 8  9 s . 8
9 2 . 3  8 9 . 0
9 5 . 7  9 3 . 0
76.4  84 .8
9 0 . 0  9 0 . 0- :

7 7 . 6  7 2 . 6
8 5  . 2  8 7  . 8
85.0  84 .4
9 0 . 4  9 1 . 3
9 9 , 9  1 0 0 . 6
8 8 . r -  8 5 . 3

1 0 2 . 0  1 0 s . 3

_89J -39J

7 2 . 9  7 6 . 2  7 5 . 3
1 0 7 . 1  1 0 3 . 8  L O 4 . 7

8 7 . 9  8 7 . 0  9 0 . 5
9 2 . 1  9 3 . 0  8 9 . 5
9 0 . 0  9 0 . 0  9 0 . 0

x2
x2

z2
x2
x2
xz
x2

7 3 . 8  7 2 . O  7 4 . L  
'  

7 L . 9
7 8 . 0  7 3 . 9  7 7 , 5  7 3 . 0
82.4  79 .9  82 .9  80 .5
8 7 . 7  8 7 . 2  8 7 . 8  8 7 . 1
85.3  84 .5  82 .3  84 .2
6 2 . 9  6 5 . 8  6 4 , 4  6 5 . 7
7 0 . 9  7 4 . 5  7 2 . 8  7 4 . 0
6 0 . 3  6 L . 0  5 9 . 0  6 1 . 8
85.6 9L.2 87.2 9L.4

-l:.1 :SO -15'2 J-9'9-

6 4 . 0  6 8 . 1 -  6 7  . 6  6 7 . 4

0 . 2 8 9  0 . 2 4 3  o . 2 4 9  0 . 2 5 1
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(67) (68) (6e)

109.5 (1)
1r.0.3 (1)
110.0 (2)
r.09 .8 (1)
109 . o (2)
r .08.1(2)
109 .5

78. 6 (r.)
7 2 , 8 ( t )
8 7 . 1  ( 1 )
86 .  6  (1 )
80. 6 (r.)
6s.5 (r .)
7 0 . 0  ( 1 )
se. 7 (r.)
86.5  (1 )

-l-5.5-

67.2(2)
0 . 2 s 3

(70) (71)

1"L1.3  L11.6
r.r.0.4 1L0.6
LlL.3 1r.L.5
1 0 6 . 9  L 0 6 . 8
107.L  L06.6
1 0 9 . 8  1 0 9 . 6
Idt:3 1o-t.5

(72) (73)

LLl .8 LLL.2(2)
r.r.0.7 110.4(2)
r.1r..4 r.11.7 (2)
r.07 . r. r.06 .3 (2)
L06.1 LO7.L(2)
r .09.7 110.1(2)
19.e't 199-{-

(7  4 )

112.1(3)
r.r.o.9 (3)
r"r.o.6 (3)
r.o5 .7 (3)
r.07.8(4)
r.09. s (4)
!9L-t-

r.r.6 .5 (3)
10e.2 (3)
r.o8 .6 (3)
r.09 . s (3)
r.03 .7 (3)
109.1(2)
Lo2_4_

r33.6(3)
136.4 (4)
r.37.r.(6)

r.6r..5 (3)

7  4  . 8 ( 2 )
7 6 . 4 ( 2 )
82 .6(2)
8 6  . 3  ( 2 )
8 5 . 0 ( 2 )
62 .8(2)
70 ,7  (2 )
62 .3(2)
87  .L (2)
7 5 . 9

82.8  83 . r .  83 .8  82 .9(2)  82 .4(2)
97 .o  97 .O 96,9  97 .O(2)  96 .2(2)
83 .8  83 .5  83 ,2  83 .7(2)  83 .6(3)
96 .4  e6 .3  e6 .0  96 .s (2)  97 .8(3)
8 8 . 6  8 8 . 3  8 8 . 4  8 7 . 9 ( 2 )  8 6 . 5 ( 3 )
9s .9  96 .0  9s .9  96 .2(2)  96 .3(2)
7 9 , 6  7 9 . 7  , 7 9 . 8  7 9 . 7 ( 2 )  8 0 . 8 ( 3 )
-99-.q -90'g -99-'q -29,-9- -29:9-

80.4  80 . r .  79 .6  79 .8(2)  79 .7(3)
84 .2  84 .3  84 .2  84 .s (2)  82 .8(2)
92 .9  93 .2  92 .8  93 .2(2)  93 .9(3)
9L.6 9L.7 9r".9 92.2(2) 9L.7
92.4 92.s 92.4 9L.8(2) 92.6(3)
90 .1  89 .8  90 . r .  90 .2(2)  90 .2(3)
97 .O 97.L  97 .L  96 .4(2)  97 .s (2)
9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0

8 0 . 1  7 8 . 8 ( 2 )  8 0 . 1 ( 2 )
99 .9  r "01 .2(2)  ee .e(2)
8 3 . 3  8 3 . 3 ( 2 )  8 1 . 9 ( 2 )
9 6 . 7  9 6 . 7 ( 2 )  9 8 . 1 ( 2 )
90.0 90.0 9ir9_

76.e  (2 )
78 .4  (1 )
84 .3( r - )
8 7 . 8  ( 1 )
83. 6 (r-)
62 .6(1)
71 .8 ( l-)
5 7 . 8 ( r . )
87  .1  (2 )

-l!.9-

65.7 ( r - )
o ,270

7 6 . 2  7 6 . O
7 5 . 9  7 6 . t
83 .5 83 .1"
8 6 . 1  8 5 . 9
84.0  84 .4
63.4  63 .L
7 0 . 7  7 0 . 8
6L.6  62 .0
8 6 . 8  8 7 . 2
-Zlg 12:9-
63.7  63 .5
o .292 0 .294

76.o  76 .6(2)
7 6 . 9  7 6 . 4 ( 2 )
8 3 . 0  8 3 . s ( 2 )
86 .2  8s .9(2)
8 4 . s  8 4 . 0 ( 2 )
63 .0  63 .2(2)
70 .4  70 .s (2)
6 L . 7  6 L . 6 ( 2 )
86 .3  86 .2(2)
1tr2 ZL.9-
62.6  62 .8(3)  64 .3(4)
0 .304 0 .302 0 .285

x2
x2
xt
xz

x2

x2
x2
x2
x2
x2

x2
x2
x2
x4

xz
x2
x2
x2
x2
x2
xz

0 (1.)-r(1)-0 (5)
0 (1)-r(1)-0 (6)
0 (1)-r(r.)-0 (7)
0 (5)-r(r.)-0 (6)
0 (5)-r(r.)-0 (7)
0 (6)-r(r.)-0 (7)

<0-r(r.)-0>

0 (2)- r (2)-0(4)
0 (2)-r(2)-0 (s)
0 (2)- r (2)-0(6)
0 (4)-r(2)-0 (5)
0 (4)-r(2)-0 (6)
0 (5)-r(2)-0 (6)

<0-r(2)-0>

r(r.)-0 (5)-r(2)
r(r.)-0 (6)-r(2)
r(r.) -0 (7)-r(r.)

0 (5)-0(6)-0(5)

o 1r)-n1ry -o 1zj1
0(1.*)-M(1)-0 (2;)
o(1.:)-M(1)-o (3:)
0 (1-)-M(1)-0 (3')
0 (2)-M(1)-0 (2)
0 (2) -M(L) -0 (3)
0 (3)-r{(r.)-0 (3)

(o-M(1)-o>

0 (1),-M(2)-0(1),1
o (1,;)-M(2)-o(2;)
0  (1* ) -M(2) -0  (2 - )
0 (1)-M(2)-0 (4).{
o (2;)-M(2)-o (4:)
0  (2 - ) -M(2) -0  (4 - )
0 (4) -u(2) -0 (4)

<0-M(2)-0>

o (ru;-u13; -61t1,
o (1.:)-M(3)-o (1j ' )
o (1,:) -M(3)-o (3;)
0 (r_-)-M(3)-0(3-)

<0-u(3)-o>

0 (2),-M(4)-0 (2),1
0  (2 - ) -M(4) -0 (4- )
o (2. ')-M(4) -0 (4.:)
o (2.:)-M(4)-o (s;)
o (4.;)-M(4)-o (s:)
o (4,;) -M (4)-o (6;)
o (s,:)-M(4)-o (6:)
0  (5 - ) -M(4) -0  (6 - )
0 (6)-M(4)-0 (6)

<0-M(4)-0>

0 (7 )  -0  (7 ) -0  (7 )

A

r,l.r-. s (2)
Ltz.O(2)
i l .1-.3(2)
r.11. s (2)
r-05 .1(2)
r_os .0 (2)
109.  4

t t7 .4(2)
r-09 . 0 (2)
108.  7 (2)
1 1 1  n r . t ' \

105 .4  (2 )
Lo4.s(2)
1 n o  ?
:
135 .8 (2)
r .38.6 (2)
r-43.4 (3)

r7t.5 (2)

83. 8 (l-)
e6. 6 (r.)
84.4(2)
9s .1 (2)
91,.5 (2)
es .4 (1)
77  .7  (2 )

--29-.-A--

7 7 . 8 ( 2 )
83 .0  (1 )
88 .  3  (1 )
9 0 . 7  ( 2 )
9 7 . 2 ( 2 )
8e .9  (2 )

r.01 . s (2)
c o q

r.r.0. 3 (2)
lLL.2(2)
LLL.4(2)
1r.0.1(2)
r.06. 6 (2)
r -07.0 (2)
L09.4

t- t  5 .9 (2)
108. 7 (2)
1.08. 9 (2)
LLo.2(2)
r_os .4 (2)
\o7.4(2)
192:4-

136.1 (2)
L4L.4(2)
r.43. 6 (3)

r.73. 0 (2)

81.8 (r.)
97 .7 (L)
84.  s  (1)
e6 .0 (1)
er.. s (2)
e4. 3 (r-)
79 .9 (2)

-!.Q-:-q-

78.3(2)
83.  2 (1)
88.7 (r.)
e0.8 (r.)
96.4(L)
eo.  3 (1)

100. 7 (r.)
89 .8

76.7  (2 )
76 .1  ( r . )
85 .0 (1)
87 .7  ( r . )
82 .2(L)
64 .3  (1 )
71 . r. (r.)
s8. 6 (r.)
8 6 . 6 ( 2 )

-L5-.-q-

67.1 ( r_)
o.254

LL6.6(2)
Log.2(2)
r .08 .5  (2 )
r.oe.3 (2)
r.04.0(2)

1r.6.8(1) 1r.7.0 r.r.7.0
108.5(1)  LOg.2  109.4
r.07.6(r.) 108.2 r.08.4
109.6(1)  L09.2  109.3
L05.7(1)  LO4.4  r .04 .3
1 0 8 . 3 ( 1 )  1 0 8 . 6  1 0 8 . 0
l-09.4 109.4 l_09.4

r.34.5 (2) l-34.0 133 .7
143.9(2)  138.3  L37.4
1 4 8 . 7 ( 3 )  L 3 7 . 7  i - 3 6 . 3

L7L.2(L)  L62.5  161.8

78. 4 (r-)
99. 6 ( l-)
84 .8  (1 )
e 7 . 4 ( L )
e 2 . e  ( L )
94 . r. (1)
79 .2(L)

--99=-A--

80  .4  (1 )
83 .4  (L )
89. 6 (L)
8 9 . 8 ( 1 )
e s . 4  ( 1 )
90 .5  (1 )

100. 6 (1)
8 9 .  9

7 9 . L
l-00. 9

8 3  . 3

7 9 . 3
L00.7

83.2
9 6 . 8
9 0 . 0

LL6.9
1 .09 .3
108.4
109 .6
104 .5
L07 .7
mt7
r .33 .9  133.8(2)
r .35 .9  138.0(2)
13s.1 L36.L(2)

L6L.3 L6L.6(2)

7 8 . 8 ( 2 )
101,2  (2 )
84 t5  (1 )
o <  <  l 1 \
a J  2 J  \ ! t

99::0

78.3(2)  75.6(r . )
10r..7(2) r"04.4(r.)
84 .e ( r . )  84 .5 (1 )
95.r - (1)  95.5(1)
90 .0  90 .0
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APPENDIX 87. REFINEMENT DETAILS FOR C2ln AITPEIBOLES

4 &'' 4 E abe- g'e.-t&_ -fts>-q
(21) 1161 1087
(22) 150s L2t6
(24) - LL22
(26) 1389 963
(28) - 1611
(29) 1511/98s
(30)
(34) - 1200
(35) 'L2OO
(36) aL200
(37) 7L9
(38) > 885

-  10 .2
3 . 4  s . 8  4 . O
3 . 2

3 . 6
6 . 4

4 . 4

:

:

3 . 5
4 . 8
4 , 9
4 . 7
3 . 5  4 . 4
2 . 7  2 , 3
4 . 5  4 . 4
4 . 4
4 . 7

-  L 2 . O

-  18 .0

: :

4 . 8  7 . O
3 . 7  s . 6
3 . 4  4 . 5
-  3 . 8
-  3 . 8

t . A

5 . 1

1701
9s9
97t
865
633
825

&be.

3 . 9
4 . 7
q . 0
4 . 8
6 . 9
3 . 5
8 . 5
9 . 2
4 , 2

4 . 0
3 . 0
6 . 2

5 . 6
12.L
L l .L
L 2 . 8
10.0
11.8
1 1 . 5
1 0 . 4

9 , 7
9 . 3

1 4 . 8
3 . L
4 . 4
4 . 5
4 . 0
3 . 2
2 . L
3 . 7
4 . L
3 . 6

LV. Z

10.2
1 4 . 0
1 2 . 0
L4.9
1 1 . 9
L6.9
4 . 7
3 . 6
3 . 2
2 . 4
2 . 4
2 . 5
4 . 8

N o 1
A Y e s L
A Y e s e
I Y e e L
A Y e e l
I Y e s l
A Y e e I
I N o I '
I N o t Z
A N o i r
I N o W
A Yee It
I Y e B W
A N o ! t
I N o r t
I N o
I N o
I N o
I N o
I N o
I N o
I N o
I N o
I N o
A Yes
A N o l
A N o l
A Y e s t
A Y e e L
A Y e e l
A N o l
A Y e e l
A Y e s l
A Y e s l
I N o
I N o
I N o
I N o
I N o L
I N o l
I N o l
A Y e s L
A Y e e L
A Y e e l
A Y e s L
A Y e e l
A Y e s l
A Yes l"
A Yes

4 , 6
u:,

:

:

6 . 9
5 . 4
o:o

(39) > 736 736
(40) Lo72 971
(41) 828 7s3
(42) 860
(43) 838
(44) e2o
(4s) e27
(46) 840
(48) 1021
(49) 480
(s0) sLo
(51) 4so
(s2)
(53a) 869 818
(53b) 79s 732
(54) L767 L2L7
(55) 1681 1041
(56a) 1640 \376
(s6b) 73t 7O9
(57) L76L 1383
(s8) L826 7263
(59) L626 142L
(60) 8s4 818
(61) 734
(62) 427
(63) 6so
(64)
(65)
(66)
(67) 1555
(68) 1628
(69) L257
(70) 1373
(71) L373
(72) 1369
(73) 15s7
(74) L7t4

369

554
924
701

1193
1158
101s
1068
1068
1035
1098
1191

7 0

Bs teqerature-facto! type, I! isotroplc, A: anlsotropic, 1: rmlt welgbta,
ros statLstLcal weighta.
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APPENDIX C1. GIM{ICAL COMPOSITIONS AND. IJNIT-CELL DATA

s10,
rl.oi
A1^0^
reiol
FeO -

Ifn0
Mgo
Ca0
Na20
Kro
H:O
nz
I

0 - F
, Total

sl
Al- .
z,"u
A1

Its*
r €t-.r-
-b'e

Itn
Mg
Ca
Na
L1
Yui
L:

[z:]
57 .L4

L .94

LL.Lz :
0 .11-

26 .82
0 .64
o .27
0 .06
2 .06

terl
59.06
0 .20

L2 ,38
2 .36

10 .84
0 .25
8 .  82
o .2L
0 .  LL
0 ,05
2 .L6
0 ,  L8
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L .22
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-LqO10.

8 .00

8.00

t ,q t

5 .  53

7  . 87  7 .89  7  . 9 r
0 .13  0 .11  0 .09
8 .00  8 .00  8 .00
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L00.  38*
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2 .35L  1 .00
0 .  031 -  0 .02
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0 .01 -8  L .75
o ,goox  7  JL

0 ,544
0 .007
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2 .047-  
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L7 .67
5 .  30
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5 .24e (5 )  5 .284 (2 )

L725 .8 (L4)  L7s3.2(6)
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APPEMIX C2. ATOMIC POSITIONS

[zs] Fd lrJ
A-chaln B-chaLn A-chaLn B-chaln A-chain B-chain

x  0 . 7 8 2 s ( 2 )  0 . 0 6 8 s ( 2 )  0 . 1 - 8 0 3 ( s )  0 . 0 6 9 8 ( s )  o . L 7 e 6 ( 4 )  0 . 0 6 9 s ( s )
y  0 .1635 (2 )  0 .1635 (2 )  0 .  Ls62 (s )  0 .LsG3(s)  0 .1603 (4 )  o .  Ls84 (s )
)  o .os tz (6)  -0 .2746(6)  o .o r rgz( to )  -o .zeu( rs )  d .o t rz (Ls)  -0 .  2860(L7)
x  0 . 1 8 5 5 ( 2 )  0 . 0 6 3 0 ( 2 )  0 . 1 8 4 8 ( s )  0 . 0 6 s 3 ( s )  0 . 1 s 4 0 ( s )  o . 0 6 2 2 ( 4 )
y  0 , 0 7 7 7 ( 2 )  0 . o 7 7 3 ( 2 )  0 . o 7 4 7 ( s )  o . 0 7 4 4 ( s )  0 . 0 7 3 7 ( s )  o . 0 7 4 2 ( 4 )
z  -4 .4377 (6 )  O.2L87 (6 )  -0 .4087 (L7)  0 .1971( l -S)  -0 .4436(18)  0 .187s(14)
x  0 . 1 8 2 2 ( 3 )  0 . 0 6 9 4 ( 3 )  0 . 1 8 2 2 ( B )  0 . 0 6 8 3 ( 7 )  o . L 7 e 7  ( 7 )  0 . 0 7 0 0 ( 6 )
y L/4 L/4 L/4 L/4 Ll4 L/4
z -0.4437 (8) 0.2267 (e) -0.4468(24) 0.2322(24) -o.4s7L(27) o.2os7 (23)

x  0 . 1 8 6 9 ( 2 )  0 . 0 6 6 8 ( 2 )  0 . 1 8 7 3 ( 5 )  0 . 0 6 s 3 ( s )  0 . 1 8 6 8 ( 4 )  o , 0 6 7 e ( 4 )
y  -0 .00LL(2)  -0 .oo6s(2)  0 .0042(4)  0 .0013(s)  o .ooz2(4)  -0 .0046(4)
z  o .o72L(6)  -0 .2e2o(6)  0 .o6L2(Ls)  -0 .2692(L6)  o .0425(16)  -0 .298s(16)

x  0 . 1 9 7 8 ( 2 )  0 . 0 s 0 8 ( 2 )  0 . 1 e 4 3 ( 4 )  0 . 0 s 4 8 ( 4 )  0 . 1 e 6 8 ( 5 )  0 . 0 s 4 9 ( 4 )
y  -0 .1168(2)  -0 .LLL2(2)  -0 .1146(s)  -0 .1134(s)  -0 .10e0(s)  -0 .1026(4)
z  0 ,3293(6)  0 .0570(6)  0 .3373(14)  0 .0s0s(Ls)  o .3206(L7)  0 .0943(1s)
x  o .2009(2)  o .0484(2)  o .zo34(4)  0 .0462(4)  0 .2022(4)  o ,a472(s)
y  -0 .J .303(2)  -0 .L4o2(2)  -o .L2e7 (s )  -0 .133s(s )  -0 .1313(4)  -0 .14s0(s )
z -0.L739 (6) -0.44e3(6) -0.1686 (L6) -o.4494(1s) -ct .  L75z(Ls) -0.4097(18)

x  0 .2427 G)  0 .04s0(3)  o .2os4(7)  o .0424(7)  0 .2030(6)  o .o4s4(7)'y -L/4 -L/4 -Ll4 -Ll4 -L/4 -Ll4
z  0 .s397(8)  0 .222L(9)  0 .54s1(21)  o .2424(23)  o .s t38(21)  o .2L53(26)
x  0 .23039( i )  o .0 l -363(8)  0 .230s(2)  0 .0190(2)  0 .23L5(2)  o .a2o2(2)
y -0.J-6540(7)-0.L6626(7) -o.L62L(2) -0.L622(2) -0.1631(2) -o.L64s(2)
z  -0 .4344(2)  o .2760(2)  -0 .4327(6)  o .z77o(2)  -0 .4487(6)  o .z97L(6)
x  o .2273L(8)  o .02469(8)  0 .2262(2)  o .o244(z)  0 .2278(2)  0 .0266(2)
y  -0 .07956(7) -0 .08177(7)  -0 .076L(2)  -o .076e(z)  -o .o760(2)  -0 .0802(2)
z  0 .0622(2)  -o .2227, (2 )  0 .073s(6)  -o .zL46(6)  0 .0s02(6)  -0 .1e8s(6)

0 . L 2 4 8 ( 2 )
0. lse0 (1)
o .3944 (6)

o.Lzss (2)
0.0687 (2)

-0.104s (7)
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-
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0 7
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x
v
z
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Ll4
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o .3877 (2 )
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-0 .  L28L (7 )

0.L249 (3)
l llt

-0. r.248 (r.0)
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x
v
z

x
v
2

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

0 1

02

03

0 4

05

06

07

x
v
z

x
v

x
v
z

? 1

L33l
A-chaln B-chatn

0.1-790 (4 )  o .  o7oL (4 )
o . l s8r - (4 )  0 . l s68(4)
0 . 0 3 1 5 ( 1 s )  - 0 . 2 9 0 0 ( 1 s )

0 . l_8s0 (4 )  0 .063s  (4 )
0 . 0 7 3 1 ( 4 )  0 . 0 7 3 9 ( 4 )

-0 .4409 (1s)  0 .1808 (1s)

o. l_sl l  (6) 0.  o70l-  (6)
L /4  L /4

-o.4662 (22) a.2LLL(22)

0 . 1 8 6 3 ( 4 )  0 . 0 6 8 s ( 4 )
0 . 0 0 2 8 ( 4 )  - o . o o 4 e ( 4 )
0 .044s  ( r_6)  -0 .2986 (1s)

0. r-973 (4) o. os4s (4)
-0.1r-00 (4) -0. l -ol-4 (4)
o. 32r-s (14) o. 0989 (14)

0 .2030(4)  0 .0473 (4 )
-0. 1320 (4) -0.  l -461(4)
-0. r-763 (r-6) -0.4036 (Ls)

0 . 2 0 s 0 ( 6 )  0 . 0 4 s 3 ( 6 )
-Ll4 -Ll4

o.sL4L(22) o.2Ls4(21)

o .2323 (L) 0.0r.99 (1)
-0 .L626(2)  -O.L64L(2)
-0 .4s0s  (6 )  o .3oL8(s)

o.2282(L) 0.0268(l-)
-0 .07s9 (2 )  -0 .0799(2)

0 .0s09(6)  -o .L947 (6 )

0 . L 2 4 2 ( L )
0. r .603 (L)
0 .  370s  (5 )

o.L247 (L)
o , o 7 2 4 ( 2 )

-0 .1290 (6 )

0 . L 2 4 3 ( 2 )
L l 4

-o .L294(7)

0 .1184 (1 )
_0 .01s3 (1 )

0 . 3 6 3 s  ( 4 )

r ' 1
L47J

A-chaln B-chaln

0 .179 (1 )  0 .06e ( l - )
0 .1s7  (1 )  0 .  r -s3  (1 )
0 .030 (6 )  -0 .  278 (5 )

o. r-8s (1) o. 064 ( l -)
0 . 0 7 s  ( 1 )  0 . 0 7 5  ( 1 )

- 0 . 4 2 0 ( s )  0 . 1 8 9 ( s )

0 .184 (2 )  0 .  072 ( l - )
L l4  L l4

- o . 4 s s ( 8 )  O . 2 2 4 ( 7 )

0 . 1 8 8 3 ( s )  0 . 0 6 4 9 ( s )
0 .0r -06  (4 )  0 .0018 (4 )
0 .069(2)  -O.263(2)

0 .190 ( l - )  o .  os4  (1 )
-0.115 (r-)  -0.11-7 (1)

0 . 3 4 s ( 6 )  0 . 0 s 1 ( s )

0 .20r . (1 )  0 .04e (1 )
-0. L3o (r .)  -0.  L2s (1)
-0 . l -7s  (5 )  -0 .43e (s )

o. 208 (2) o. 042 ( l -)
-L/4 -L/4

0 . s 4 4 ( 8 )  0 . 2 2 e ( 7 )

0 . 2 3 0 s  ( 4 )  0 . 0 1 9 0 ( 5 )
-o . l -630(4)  -0 .L622(4)
-0 .436(2)  0 .277 (2 )

0 .2265(5)  0 .0230(4)
_0 .o7s7 (4 )  -0 .0767 (4 )

0 .074(2)  -A .206(2)

0 . 1 2 s  ( 1 )
0 .1s9  (1 )
0 .401_ (4 )

0 . l -2s5  (s )
0 . 0 5 7 1  ( 3 )

-0. l -10 (2)

0 . l_2s  (3 )
L l4

_0. l_os  (8 )

x
v
z

x
v
2

x
v
z

9

M 1

vt2

M 3

0. r.r.71(8)
_L/ 4

0,8480 (27)

o. r.2o (r_)
o .0oQ3 (e )
0 .38s  (7 )

M4



Anthophyllitel23l

Ml 0.960(3)Ms+0.04oFe
M2 0.973(3)Mgf0.027Fe
M3 0.966(4)Mgi0.034Fe
M4 0.3a9(alMg*0.651Fe

0.54(3) A'
0.5s(3)
0.4e(4)
o.78(2\

Cation site-populations determined by con-
strained least-squares refinement; the equality
of the M(1, 2, 3) site-equivalent isotropic
temperature-factors supports the site occupancies
obtained for these sites. No details of the
chemical analysis are given by Finger (1967,
1970b); presumably it is taken from Rabbitt
(1948) (sample #30). This anthophyllite has
been re-analyzed by Seifert & Virgo (1974, 1975),
giving a formula unit of Nao.orCao.osMgs.zsFe2+r.rr
(Sir.erAlo.ta)Orr(OH)r as compared with the
formula Mgo.rsFer.arSiaOzr(OH), used in the
structure refinement. Seifert & Virgo (1974)
listed p values [p = X""n,ra (l-Xt"Mt / X'".o
(l-Xr"ur:s)l of 0.0186 from the site occupancies
given above and 0.O2Ol from their Miissbauer
results (Appendix F, #{761. If allowance is
made in the X-ray results for the small amount
of Ca that must occur at l[44, a p value of
0.0209 resultsn in exact agreement with the
Mdssbauer results. It would thus appear that
the X-ray site-populations of Finger (l97Ob)
may be adjusted to give the correct unit-formula
and the following site-populations:
M I 0.967Mgf 0.033Fe'+
M2 0.978Mg*0.O22Fe2+
M3 0.972Mg*0.028Fe'?+
M4 0.045Ca*0.444Mg10.51 lFe'*

In addition, the formula is in reasonable
agreement with the relationship between alkali
occupancy of the A site and tetrahedral Al
demonstrated by Robinson et al. (1971). Mao &
Seifert (1974) gave polarized optical-absorption
spectra for this anthophyllite (details in text).

Holmquistitel3l)

The authors give.seven sets of site occupan-
cies, all of which are reproduced here. For
most sets, the only differences are between M4
occupancies:

l -3
l -3
l -3
I
2

Ml 0.59Me*0.41Fe
M2 0.92A1*0.08Fe
M3 0.44Mg*0.56Fe
M4 0.97Li*0.O3Fe
M4 0 .91 lL i *0 .039Mg

0.63 A"
0.61
0.69
1.50

*0.01 5Na*0.01 5Caf  0.02!
3 M4 0.909Li*0.046Mg

*0.004Fe-F0.01 I Na*0.03n

4t7

A

A

4
4

5
5
5
5

M I 0.605Mg*0.390Fe
MZ 0.920AI+0.080Fe"*
M3 0.44Mg*0.56Fe
M4 0.895Li+0.055Ms

*0.01 5Na*0.0 I 5Ca*0.02n
M 1 0.609Mg*0.390Fe
M2 0.935A1+0.065Fe3+
M3 0.44Mg-F0.56Fe
M4 0.9 lOLi*0.049Mg

*0 .01 lNa*0 .03 !
Ml  0.60Mg*0.40Fe
M2 0.93A1*0.07Fe"*
M3 0.44Me*0.56Fe
M4 0 .9 lL i *0 .05Mg

*0 .01Na*0 .03n
Ml 0.52Mgf0.08A1

0.37Fe't -f.0.03Fe3+
M2 0.8 lAl+0.07Fe"*  1-0. l2Mg
M3 0.36Mg*0.08A1

*0.04Fe'J' *0.52Fe2*
M4  0 .91L i *0 .05Mg

+0.0lNa- l -0.03n

occupancies from refinement (uncon-
strained).
as l, except Na, Ca, Li and n assigned
(to M4) from original formula, such that
scattering power at M4 is the same.
as 2. except corrected formula used.
assigned from original formula, assunring
all Na, Ca, Li and n are at M4, all Al and
sttfficient Fe"* are at M2, M3 is as refine-
ment indicates and M l contains remaining
cations.
as 4, except corrected formula used.
occupancies adjusted to correspond closely
with hoth the chemical composition and the

7
7

diffraction results.
7: adjustment of 6 to take account of M-O

d istances.

The chemical composition, which includes
3.33 wt. %o LirO, was taken from von Knorring
& Hornung (1961), who also give the composi-
tion of a coexisting hornblende. Irusteta &
Whittaker (1975) suggested that some of the
Na and Ca indicated by the holmquistite analysis
might well be due to slight contamination by
the coexisting hornblende, and corrected the
composition of the holmquistite by assuming a
2Vo contamination; this they cited as a probable
upper limit of contamination; they interpreted
the diffraction results in terms of both analyses.
Site occupancies were derived (set l) by uncon-
strained refinement of binary site-populations;
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6
6
6
6

2;

3 :
A .

5 :
6 :
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there was some deviation from the site chemistry
indicated by the chemical analysis but this was,
for the most part, accounted for by the presence
of small amounts of other cations present. The
equivalent isotropic temperature-factors at the
Ml, M2 and M3 sites are similar, supporting
the refined occupancies. The adjustment of the
site occupancies by comparison of mean bond-
lengths and ionic radii (possibility 7) is probably
of little significance as the mean bond-lengths
in the amphiboles do not correspond very closely
with the sum of the relevant ionic radii (e.9.,
(Mg-"'Frn'Oo> : 2,073 A,<trrt(:)-O>, in
fluor-tremolite = 2,.04O A, in protoamphibole
- 2.048 A). Examination of mean bondlengths
indicate that those from set number 6 are to be
preferred, with the bulk of the excess 0.lOFe3*
atoms p.f.u. assigned to the M(l) site. This is
also supported by the Mijssbauer study of Law
(1973\; see Appendix F, #{65}. The small
amount of tetrahedral Al (0.09 atoms p.f.u.) is
probably ordered in the TIA site (see section
on tetrahedral Al and mean bond-lengths for
orthorhombic amphiboles" this study).

G edritel3 2)

cell must be adjusted to maintain electro-
neutrality. At first sight, the possibility of
making an adequate adjustment might seem
remote. However, the work of Robinson et a/.
(197 l) provides a significant indication of the
type of adjustment to be made. These authors
suggested that the anthophyllite-gedrite series
of amphiboles is a solid solution between two
end-member compositions n R'+:R'+sSisOzr(Oll)z
and Na..rR'+2R2+r..R3*r.sSioAlzOnr(OH)r. This
being the case, an A-site occupancy of 0.34 Na
corresponds to a total cell-content Nao.rn
R2 *rR2*r.s&R3 *,.orSiu.u.Al,.ruOug(OH)2. The, grand
<T-O> distance is compatible with the contents
of the tetrahedral sites derived here and not
compatible with that indicated by the chemical
analysis. However, a content of octahedral
trivalent cations of 1.02 atoms p.f.u. is not
compatible with the observed mean bond-lengths
at the octahedral sites. Possibly a hydroxyl
deficiency is accompanied by an increase in
content of trivalent cations; without any evidence,
further speculation is of questionable value. A
new chemical analysis of this amphibole is
desirable. Using the curves developed earlier
in this study, the following tetrahedral site-
populations are derived:
TrA 0.74Si+0.26A1
T2A l.00si
T lB 0.7 lSi+0.29A1
T2B 0.87Si+0. l3Al
Polarized optical-absorption spectra of this
gedrite are given by Mao & Seifert (1974)
(details in text).

C eclritel33l

TIA 0.73Si+O.27AI
TfB 0.56Si+0.44A1
T2A 0.98Si+0.0241
T2B 0.71Si+O.29Al
M I  0.33( l )Fe ' "  *0.67Mg
M2 0.09( l )Fe ' ! *0.23Mgf0.68A1
M3 0.39(2)Fe**0.6 lMg
M4 0.65Fe{,+0.32Mg

f 0.02Ca*0.0 lNa
A 0.52(3)Naf 0.48!

0.56(4) A'
0.50(4)
o.44(4)
0.se(4)
0.71(s)
0.30(6)
0.s7(7)

0.62(3)
1.53 (30)

Tetrahedral site-populations assigned by
"method 2" of Papike et al. (1969), octahedral
site-populations assigned by constrained least-
squares refinement and A-site occupancy as-
signed by unconstrained site-population refine-
ment. The grand <M-O) deviates significantly
from the trend of the remaining three Pntna
amphiboles in Figure 49, suggesting that the
crystal used for the structure refinement differs
somewhat from the nominal composition. The

TlA 0.66Si+0.34A1
TIB 0.62Si+0.38A1
T2A r.00si+0.00A1
T2B 0.84Si+0.16A1
Ml  0 .12 ( l )Fe* *0 .88Mg
M2 0.04(1)Fet *0.36Mgf 0.6041
M3 0.10(2)Fe'!*0.90Mg
M4 0.42Fe**0.55Mg+

0.02Ca-F.0.0lNa
A 0.34(3)Na*0.66n

Tetrahedral site-populations assigned by
"method 2" of Papike et al. (1969} octahedral
site-populations assigned by constrained least-
squares refinement during structure refinement
and A-site occupancy assigned by unconstrained
site-population refinement. The cell contents
derived from the chemical analysis (Papike &
Ross 1970) indicate an A-site occupancy of
0.45 Na. Ifowever, using this value during the
refinement gave an A-site isotropic temperature-
factor of 2.5 An. a value the authors felt to be
anomalously high. Refinement of the A-site
occupancy converged to a value of 0.34(3) Na
and an isotropic temperature-factor of 1.47 A'i
this result is supported by the fact that the
A-site isotropic temperature-factor is identical
to the value found for gedrite[33] (Papike &
Ross 1970).

If the refined A-site occupancy is taken as
being correct, the remaining contents of the

0.43@) A"
0.42(4)
0.46(4)
0.58(4)
o.75(7)
o.34(7)
0.47(r 0)

0.63(4)
r.47(49)



THE CRYSTAL CHEMISTRY OF THE AMP.HIBOLES 419

chemical analysis (Robinson & Jaffe 1969,
sample no. I34I) includes 0.011 CraOg, 0.001
NiO, 0.001 SrO, 0.001 BaO, 0.@ pzOr and
0.01 Cl; cell contents include 0.005 p. The un-
resolved Miissbauer spestrum is presented by
Seifert (1977).

Holmquistitel4Tl

Ml 0.48Fe*0.52Mg
M2 0.92A1f0.08Mg

M3 0.54Fe*0.46Mg
M4 0.90Li*0.05 Mg
A 0.30Na*0.04(Ca, K)

Site populations were assigned on the basis
of mean bond-lengths and by comparison with
results of previous structure-refinements. The
authors proposed that Li is positionally dis-
ordered off the 2-fold axis at the M4 site; this
was not observed in the refinement of holm-
quistite[3ll by Irusteta & Whittaker (1975).
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A?PENDIX C4. CATION-ANIoN AI.ID CATION-CATION DISTANCES (8)

Czil [s{ rArJ
A-chain B-chaLn A-chaln B-chaln A-chaln B-chaLn

T1-01_
T1-05
T1-06
T1-07
<r1-0>
T2-02
T2-04
T2-05
T2-06
<r2-o>
Ml-01-
Itl-02
l,l1-03
<M1-0)

M2-01
vi2-02
M2-O4
<M2-0>

M3-01- x2
It)-03
<M3-0>
vr4-02
vt4-o4
M4-05
Mtt- l l r i

;;,.*;\VIII\ ra+-u- - -

(u4-o> "'

A-06
A-07
<A-0>
M]_-Ml_
Ml-M2
M.l-}[l
Ml-M4
M2-M3
M2-M4

TI-T2
TL-T2
T1-T1

1. 6r_8 (3) r..  618 (3) r..  638 (10)
r..  640 (3) 1. 636 (3) r_. 6r_8 (9)
1 .611 (3 )  L .622 (3 )  l _ .587 (9 )
1.  61s (2)  L .6L7 (2)  L .623(s)
L:5 _ L._923__ L_.6L9_

1 .61e  (3 )  1 .  630  (3 )  1 .630  (e )
1.  601(3)  1.608 (3)  l - .  s89 (8)
1 .6ss  (3 )  1 .643  (3 )  1 .  6s7  (8 )
1 .621 (3 )  r . 6s3 (3 )  L .644 (e )
!rs24__ !_.634_ !.630_

1. 630 (10) 1. 651 (8) r-. 66s (9)
1 .613 (e )  L .673 (9>  1 .658 (8 )
1.6r_0(9)  r - .63s(9)  1.6s4(r .0)
1 .620 (10 )  1 .640 (s )  r . . 643 (6 )
!'-919- !,-059.- 1'6ss--

L . 6 4 5 ( e )  1 . 6 3 5 ( e )  1 . 6 4 8 ( 8 )
r . .  s e 7  ( 1 0 )  1 . 5 7 e  ( 8 )  1 . 6 3 0  ( 8 )
r - . 6 3 8 ( 9 )  1 . 6 3 8 ( 9 )  1 . 6 7 0 ( 8 )
1 .  643 (9 )  1 .  607 (e )  1 .  641 (1 -o)
l - . 6 3 L  1 . 6 1 5  L . 6 4 7

2 .062 (3 )  2 .0s3  (4 )
2 .LL2 (3 )  2 . r_33 (3 )
2.082(3)  2.063(3)

2.-Wl

2 . 1 3 8  ( 3 )  2 . L 2 L ( 3 )
2 .067 (3 )  2 .082(3)
2 .0r .0  (3 )  2 .037 (3 )

2 . 0 7 6

2,_w_9_

2.Ls6(3)  2 .L28(3)
2 .O44(3)  r . .  9e6 (3 )
2 .387 (3 )  2 .867 (3 )
3 . 4 8 r _ ( 3 )  2 . 8 6 s  ( 3 )

2 . 4 9 L
2 . 2 6 3

3 .L24 (2 )
3 .096  3 .  r05
3 .068 (3 )  3 .068 (3 )

3.  118 (1)
3. r_85 (1)

3 .024  3 .046

3 .o76 (2 )  3 .o44 (2 )
3 .04s (2 )  3 .Oss (2 )
3 .04e (2 )  3 .0L7  (2 )

?:199-
2 . 0 1 3 ( e )  2 . 0 2 9 ( 9 )
r-. e4r- (r.0) r. e3B (10)
r_ .828 (9 )  1 .  841(10)

!-a32-

2 . r_03 (e )  2 .10e (9 )
2.077 (L4) 2.070(L3)

2 .095

2.L25(Le)  2 .090( re)
2.L57 (2L) 2.04s(2L)
2 .3L4(L9)  2 .886(19)
3.465(L9) 2.728(L8)

2 . 4 7 6
2:2!3-

3,.2L6
3 . 0 8 0
3 . 0 9 3

2 . 9 6 2
3 . 2 0 4

2 . 9 5 8

3 . 0 L 9
3 . O 7  6
3. l -06

2 .067  (e )  2 .0s4 (10 )
2. r.30 (9) 2. r-s8 (8)
2.  078 (9)  2 .06r-  (8)

2.0eL

2 .028 (8 )  2 .00s (e )
1.98s (10)  2.021-(8)
1.  924 (e)  1 .9s1-  (8)

1. e89.

2 .oss  (8 )  2 .0e7  (9 )
2.OL7 (Ls) 2,023(L3)

2.9!l_

2 .2L7  (e )  2 .103 (8 )
2 .L23 (e )  2 .01s  (e )
2 .222 (9 )  2 .4L6 (8 )
3 . 8 6 4 2 . 9 2 3

2 .485
2.L83

2 .6s (2>  2 .64 (2 )
2 .4L (3 )  2 .30  (3 )

2:E
3 .Ls4 (4 )

3 .043 (6 )  3 .05e (6 )
3 .066  (6 )  3 .0s3  (6 )

3.114 (4)
3. r_35 (3)

3.  or_3 (s)  3 .087 (s)

3 .040 (5 )  3 .001 (5 )
3 .050 (5 )  3 .041 (s )
3 .080  (4 )  3 .032 (4 )

2,086(5)
2 .L23 (e )
2.095(9)

2 . 0 7 9  ( 9 )
2 . L 2 3 ( 9 )
2 .  09s  (8 )

3 .  0 9 0
3 . 0 8 9

2 . 9 8 9

3 . 0 0 3
3 . 0 8 0
3 . 1 0 3

2 .o7s (3 )  2 .o7e (3 )
2.oss (s)  2 .ose(s)
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T1-01
T1-05
T1-06
,TI-07
(rr-o)

T2-02
r2-04
T2-05
T2-06
qrz-o)

M1-0L
Ml-02
Ml-03
4ur-o)

M2-01
ttI2-02
Nrz-04
<M2-D

M3-01
lL)-03
<M3-0>

vr4-02
vr4-04
M4-05
Mtr-OA
,;, 

-;. 
VIII

1r'r+-Lv \JT
<M4-0>'-

A-06
A-07

Ml-I1L
l{1-u2
MI-IL)
Ml-M4
M2-M}
ytz-yl|

TL-T2
T1.T2
T1-T1

t3{
A-chain B-chaln

n : 1
L',+ U

A-chaln B-chain

L . 6 7  L . 6 2
L . 6 2  1 . s 8
1 . 5 9  L . 7 3
1 . 5 9  1 . 6 3
L . 6 2  L . 6 4

1 .6s3  (8 )
1.  660 (8)
1.  641 (e)
1 .  64e  ( s )
1.  651

1 . 6 7 9  ( 8 )
L . 6 7 7  ( 8 )
1 .  668 (8 )
r_. 666 (s)
L . 6 7 2

1 . 6 1 3 ( 7 )  1 . 6 8 3 ( 8 )  L . 6 2  1 . s 9
1 . 6 0 s ( 8 )  1 . 6 4 0 ( 8 )  L . 6 7  1 . 6 1
1 . 6 s 6  ( 8 )  1 . 6 7 9  ( 8 )  L . 7 2  L . 6 4
1 . 6 3 1 ( 8 )  L . 6 6 0 ( 8 )  L . 6 9  l - .  s 8
!=625- L-955- !'-q!. !-61

2.ose (8 )  2 .0s7  (8 )
2 .16s  (8 )  2 .1s6  (8 )
2.  101 (8 )  2 .  068 (S)

2=.L9!

2 . 2 0  1 . 9 8
2 . 0 7  2 . L 6
2 . 0 8  2 . 0 9

2-'A-
2 . 0 1 7 ( 8 )  2 . 0 0 4 ( 8 )  2 . O O  2 . 0 4
1 . 9 9 3 ( 8 )  l - . 9 9 3 ( 8 )  L . 9 7  1 . 9 5
1 . e 2 0 ( 8 )  L . 9 4 7  ( 8 )  L . 7 e  r . 7 s

LAl2 !_.e2_
2 . 1 0 7 ( 8 )  2 . L L 9 ( 8 )  2 . 0 4  2 . L 8
2.068(L2)  2 .06L(L2)  2 .L6  L .99

2.9e7 ?.19.

2 .2s4 (8 )  2 .L2L (8 )  2 .Os  L .97
2 .L29 (8 )  2 .019 (8 )  2 .LO  2 .L2
2 .246 (7 )  2 .391 (8 )  2 .4L  2 .97
3 .9LL  2 .951  3 ,59  2 .73

2 .503  2 .49
2.re2 , . r3

2 . 6 4 ( L )  2 . 6 4 ( L )
2 . 4 O ( 2 \  2 . 3 s  ( 2 )

2:2t,

3 .  1e7 (3)
3 .073 (4 )  3 .068 (4 )
3 .087 (4 )  3 .0s6 (4 )

3 .132  (3 )
3.16s (3)

3 .036 (4 )  3 .104 (4 )

3 .067  (4 )  3 .0s6 (4 )
3 .oss (4 )  3 ,024 (4 )
3 .116 (4 )  3 .063 (4 )

3 . 2 2
3 . 1 5  3 . 0 5
' 3 . L 2  3 . 0 6

2 . 8 L
3 . 2 3

2 . 8 7  2 . 9 2

3 . 0 1  2 . 9 7
3 . 1 0  3 . L 2
3 . 0 7  3 . 1 0
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APPENDIX C5. ANION - ANION DISTANCES (E)

01-05
0L-06
01-07
05-06
05-07
06-07
(0-0> fl.

02-o4
02-05
02-06
04-05
04-06
05-06
<0-0> 12

018-02B
0l_A-02A
0LB-024
0LA-o28
0LB-038
oLA-034
01B-034
0LA-038
02A-028
03A-038
028-038
02A-034
<0-0> l'r1

0LA-018
018-028
0LA-02A
0LB-02A
0LA-028
0LB-048
0l-A-04A
028-048
024-044
028-04A
02A-04B
044-048
<0-0) u2

018-018
0LA-01"A
0LB-0LA x2
0LB-038 x2
014-03A x2
018-03A. x2
014-038 x2
<0-0) M3

[z{'A-chaLn B-chaln

2 .664 (4 )  2 .667  (4 )
2.657 (4)  2.648(s)
2 .643 (5 )  2 .635 (s )
2 .636 (s )  2 .65e (s )
2 .646 (3 )  2 .649 (3 )
2.635(4)  2.632(4)
2 .647  2 .648

2.742(4)  2.753(4)
2 "67e (4 )  2 .638 (4 )
2 .627  (4 )  2 .654 (4 )
2.496(4)  2.655(4)
2 .677  (4 )  2 .570 (4 )
2 .66e (5 )  2 .72s (s )
LS!9__ LS'S__

3 .096
3 .0B3
2 .80L
2.  838
3 . 0 6 0
3.062
2 , 7 7 L
2 . 7  6 3
2 .909
2 .723
3. LL3
3.  L04
2.28

2 .748
3 . 0 3 5
3 .038
2.  801
2.  838
3.064
2 .967
3,O92
3 .044
2.807
2 .783
2 .946
2:930_

3. t-I6
3.  LL6
2 . 7 4 8
3 .072
3 .071
2 . 7 7 L
2 .763
2:24

B-chaln

2.704(L2)
2.699 (L3)
2.7O3(L4)
2.713(L3)
2 .6e6 (8 )
2.709 (L4)
2.1_9!__

2.769(r0)
2.673(LL)
2.654(L2)
2.706(LL)
2.s86(L2)
2.753(L3)
2 .690

F3l
A-chaLn

2.696(L0)
2.724(LL)
2.7]-'2(L2)
2. 683 (1r.)
2 .  700 (8)
2.666(LL)
2.-691_

2.750 ( r .0 )
2.673(LO)
2.644(LL)
2.495(Lr)
2 .690(LL)
2 .66L(LL)
2:Sl2---

B-chain

2. 7r.s (r.0)
2.725(Lt)
2.743(LL)
2 .7 49 (LL)
2 .725(8)
2.736(LL)
2-J2--
2.816 (r-0)
2.691"(LO)
2. 700 (r_1)
2.J27 (Lr)
2. 608 (r"0)
2.775(LL)
2 .720

t3!
A-chaLn B-chain A-chaln

2.6s6 2. 647 2. 70r- (r.r.)
2,639 2 .646 2 .728(LL)
2 .668 2 .639 2 .697(L2)
2 . 6 2 8  2 . 6 6 9  2 . 6 7 7 ( L 2 )
2 , 6 4 0  2 . 6 2 8  2 . 7 o O ( 9 )
2 .609 2 .62s  2 .664(LO)
2.3!9- 2.t!2 2:524

2 . 7 2 8  2 . 7 6 4  2 . 7 4 7  ( 7 7 )
2 .660 2 .647 2 .683(L2)
2 . 6 4 7  2 . 6 s o  2 . 6 4 L ( r 2 )
2 .5s9  2 .64s  2 .460( r2)
2 .67s  2 .s89 2 .643(LL)
2 .690 2 .668 2 .633(L2)
2 . 6 6 0  2 . 6 6 L  2 . 6 3 4

t3?l

3.207
3.205
'  A A 1

2 . 6 6 9
3 . L 4 6
3 . 1 3 5
2.8L6
2.807
3.018
2 . 6 8 6
3 . 1 0 9
3.  104
L2S!

2.602
2.820
2.8L5
2 . 6 6 7
2.669
2 .740
2.690
2 .780
2 . 7 7 7
2 .657
2 .646
2 .833
2.-116

3 .311
3 .3L5
2.602
3 .086
3 .099
2.8L6
2.807
2 ,954

3.L44
3.L57
2 .728
2 .782
3.111
3.L22
2 ,760
2 .743
2 . 9 7  4
2 ,685
3.L24
3 .130
2 .955

2 .634
2.903
2,929
2 .728
2 .782
2.893
2.809
2 , g L L
2.  850
2 . 7  4 6
2 . 6 7 2
2.84L
t60F

3.250
3 .183
2 .634
3 .  063
3 .017
2 .760
2 . 7  4 3
2.906

3 .166
3. t-75
2 . 7 2 6
2 .738
3 .LL7
3.L20
2.810
2 . 7 7 3
3 .017
2 .678
3 .148
3 .159
2:26s.
2 . 6 4 4
2.897
2.923
2 . 7 2 6
2 . 7 3 8
2 . 8 8 5
2 . 7 7 5
2.899
2.  855
2.740
2.683
2.847
2:Jee-

3.325
3 . 2 7 9
2 .644
3.r27
3 .  099
2.810
2 . 7 7 3
2460-
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028-02A
028-04A
028-048
028-058
02A-048
02A-04A
02A-05A
04A-05A
04A-058
04B-05A
048-058
058-05A
<0-0> M4

074-063 x2
074-064 x2
078-068 x2
078-064 x2
068-064 x2
068-068
06A-064
<0-0> A

[zi
2.909
2.807
2 , 9 9 4
3.5r.0
2 .783
2 .953
3 .720
2 . 4 9 6
3.2L3
3 . 7 2 2
3 . 9 3 3
3 .086
3 .L77

3.48r"
2.634
4 , O 6 L
4 .L7L
3. r.87
3 .956
4.3L2
3.61r .

t3t
3.0r.8
2"652
3.  L00
3 .413
2 . 6 4 6
3.064
3 . 6 L 0
2 .559
3. r.93
3 . 7 5 L
4.L29
L26l_
3 .L75

3 . 5 6 6
2.609
4 . t93
4.23L
3 .236
4 .LL7
4 .25L
3 .670

b4
2 . 9 7 4
2 . 7 4 6
3.04r.
3 .L77
2 . 6 7 2
2.98L
3 . 4 7 8
2 .46L
3 .083
3 . 6 2 4
3 . 6 3 8
2 .888
3:964-

3 .459
2 . 6 6 5
3 . 7 7 3
4.L32
3.L34
3 . 7 2 4
4 .2LL
3.:22

F'
3 .017
2 .7L0
3 .091
3.t 6r_
2 .683
2 . 9 9 5
3 .506
2 .497
3 .090
3 .645
3 .629
2.?oe
3r_078

3 , 4 9 7
2 . 6 6 6
3 . 7 7 8
4.L62
3. r.45
3 .707
4 .2LO
3 .534
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3.  L4
3 , 2 6
2 . 6 4
2 . 6 9
3 .  15
3 , L 7
2 . 8 7
2 . 7 5
3 . 0 3
2 . 6 5
3 .  L0
3 . 1 0
2:26

01-05
01-06
0L-07
05-06
05-07
06-07
(0-o> fl.

02-04
02-05
02-06
04-0s
04-06
05-06
(o-o) rz

0LB-028
01A-024
018-02A
0LA-028
0l_B-038
01A-034
0l-B-03A
0LA-038
02A-028
034-038
028-038
024-03A
<0-0> Ml-

0LA-018
018-02B
01A-02A
018-02A
0LA-028
0l_B-048
01A-044
028-048
02A-04A
028-04A
024-048
04A-04B
<0-0> M2

oLB-018
01A-01A
0LB-01-A
018-038
0LA-034
0L8-034
0l_A-038
<0-0> IL!

0,21

A-chaLn B-chain

2 . 6 9  2 . 6 3
2 . 7 3  2 . 6 7
2 . 6 4  2 . 6 7
2 . 5 7  2 . 7 1
2 . 6 3  2 . 5 4
2 . 5 9  2 . 8 3-2.9. -/-.-66

2 . 7 6  2 . 7 6
2 . 7 5  2 . 6 L
2 . 6 6  2 . 6 L
2 . 6 5  2 . 6 9
2 . 8 L  2 , 4 4
2 . 7 8  2 " 6 0
2 . 7 3  2 . 6 2

2 . 5 9
2 . 8 3
2 . 7 9
2 . 6 4
2 ; 6 9
2 . 6 7
2 . 6 0
2 . 7 2
2 . 8 3
2 . 6 2
2 . 6 8
2 . 8 6
2.1].
3 . 4 3
3 . 2 9
2 . 5 9
3 , L 7
3 . 0 7
2 . 8 7
2 . 7 5
2 . 9 7

028-02A
028-04A
028-048
028-058
024-048
024-04A
024-05A
04A-054
04A-058
048-05A
048-058
058-05A
<0-0> M4

074-06B
07A-064
078-068
078-06A
06B-06A
068-068
06A-06A
(o-o; n

x2
x2
x2
x2
x2

x2
x2
x2
x2

V?)
3 . 0 3
2 . 6 2
3 . t 8
3 . 4 8
2 . 6 8
2 . 9 4
3 .  58
2 . 6 6
3 . 3 3
3 . 7 L
4 . 2 0
2 . 9 3
!:-f9-

3 .  65
2 . 5 9
4 . L 7
4 , L 9
3 . 1 1
4 . 4 2
4 . 2 4
3 . 6 7



r-08. 6 (4)
LLz.2(4)
r-r.0.0 (5)
108.0 (4)
r.09.2 (5)
108.8 (5)
109 .5

r -17 .3(s )  1"15 .2(4)
Lr-0. o(s) L07.2(4)
r -09 .0(4)  L07.s (s )

99 .6(4)  110.1(4)
Lr2 .o(4)  104.4(5)
r -08 .4(4)  112.5(5)
t09 .4  109.5

734.2(6)  r28 .7(s )
r .3e .3(s )  1 -34 .8(6)
1 3 e . 8 ( 8 )  L 3 4 . 6 ( e )

L 6 2 : 4 ( 4 )  L 4 7 . 5 ( 4 )

e 5 . 5  ( 3 )
e 7 . 5 ( 4 )
81-. 3 (4)
82 .  3  (3 )
e8 .1  (4 )
e 7 . 6 ( 4 )
8 3 . 7  ( s )
83 .2(4)
87 .7  (3 )
80 .8  (4 )
9 s . 4 ( 4 )
e 6 . 0 ( 4 )
9 0 .  0

r-08.8 (4)
108. 7 (5)
10e.  s  (6)
r-r.0. 0 (4)
109.4 (s)
r.10.5 (6)
I9:=l--

0L-fl.-05
01-TL-06
0L-fl.-07
05-Tl--06
05-TL-07
06-TL-07
<0-11-o>
o2-T2-O4
o2-r2-05
o2-T2-O6
04-T2-05
o4-r.2-06
0s-T2-06
<0-r2-0>

TL-05-T2
TL-o6-12
TI-47-T2

05-06-05

0LB-M1-028
0l-.a-Ml-02A
0l-B-r4t--02A
oLA-Ml--028
0l-B-M1-038
0LA-l{1-03A
0LB-M1-03A
0lA-M]--038
02A-lt1-02B
03A-M1-038
028-M1-038
02A-M1-034
<o-Mr.-0>

0LA-M2-oLB
0LB-M2-028
0LA-M2-02A
0LB-M2-024
0LA-M2-028
018-M2-048
0LA-M2-044
ozB-W-O4B
024-n2-04A
o2B-yr2-04a
02A-M2-O4B
04A-lr2-04B
<0-M2-0>

lzil
A-chain B-cha{r'

Los.7 (2) 110.L(2)
1r-0.8(2) LO9.6(2)
L09.7(2) LO9.4(2)
L08.4(2)  Lo9,4(2)
r -08 .8(2)  Log.4(2)

+3*+Q) +#*a)
LL6.7 (2) Ll-6.s(2)
109.8(2)  Lo7.4(2)
108.3(2)  LO7.9(2)
L00.1- (2 )  109.5(2)
r12.4(2) Lo4.0(2)

#"r#4 #*+(n
r -38 .0(2)  136.3(2)
140.8(2)  l -37 .8(2)
r-4r-.  4 (3) 138. 9

L69.2(2)  1 ,57 .s (2)

F1l
A-chaln B-chaln

r -0e .3(4)  l -0e .4(s )
10e.8  (4 )  1"0e .6  (s )
J.09. 8 (5) 108. 6 (s)
r-r-0.1-(s) 1l-1.8(5)
r .09 .0(s )  r .08 .7(5)
r-08.7 (s) 108. 7 (5)
r .09 .5  109.5

1r-5.8 (5) l- l -7.0 (s)
1 0 8 . L ( 5 )  1 0 7 . 5 ( 5 )
r .07 .9(5)  107.5(5)
r -04 .1- (5 )  109.7  (5 )
r-1r..  6 (5) l-06. L (5)
1 0 9 . 1  ( 5 )  1 0 8 . 8 ( s )
LO9.4 LO9.4

134.4(s )  l -3s .0 (5)
144.3(5)  l -42 .s ls )
146.1(e)  746.6(9)

L66 .4 1-63. 3

e e . 5  ( 4 )
ee .2(3)
78. 8 (4)
78 ,7  (3 )
e 7 . 8 ( 4 )
e 7 . 2 ( 4 )
84 .8(4)
84 ,3(4)
e0 .  6  (3 )
7e .  8  (3 )
e5. 0 (4)
94 .8(4)
_20._q_

80. r.
90.  6
e0.  8 (4)
84.3 (4)
84.9(4)
e0.  1 (4)
88.  8 (4)
e4.7 (4)
e4 .8 (4 )
8e.5 (4)
88.8 (4)

101. L (3)
8 9 . 9

bz)
A-chaln B-chalo

8r..4 (4
92.2(4
e3.6(4
86,2(4
86,7  (3
93.9 (4
eo.4(4
94.1(4
e3.5(4
88. l -  (4
8 5 . 4  ( 4 )
e4 .2 (4 )
90 .0

425

t3t
A-chaln B-chaln

108.8(4)  LO7.9(4)
11r . .s (4 )  108.9(4)
r .10 .3(5)  110.1(s )
r .08 .7(4)  1L0.5(4)
r -09 .3(5)  109.2  (s )
108.2(s )  L l_o .2(5)
199,1_ lgg,r_
1r -7 .3 (4)  115.8(4)
1 0 e . 6 ( 4 )  1 0 6 . 3 ( 4 )
l -09 .0(4)  Lo7.6(4)
ee .8(4)  l - l -0 .s (4)

7r2.4(4) L04.4(4)
r "08 .0(4)  LLz .4(4)
r -09 .  4  109.5

L34.2(5) r.28.6 (5)
r -39 .2(5)  133.3(s )
141.7(8)  l -33 .6(7)

t 6 2 . s ( 4 )  1 4 6 . 0 ( 4 )

97 ,3(3)
e 7 . 4 ( 3 )
80 .4  (3 )
8 0 . 9  ( 3 )
e8 .  L  (4 )
e 7 . o ( 4 )
84.e (4)
84 .  3  (4 )
88 .5  (3 )
7e .  8  (3 )
96 .2  (3 )
95 .4  (3 )
9 0 . 0

95.4
9 5 , 2
84,5
85.2
96.L
95.  3
84.2
84. l -
8 6 .  5
82.2
9 s . 8
9 5 .  5
,o .o

8 0 . 4
92,4
92.5
8 4 . 0
8 4 . 5
94.9
9 L . 3
9 7  . 3
96.6
8 6 .  6
8 5 . 4
93,4
8 9 .  9

82. l"  (3
92.8(3
93.  s  (3
8 6 . 0  ( 3
86.  0  (3
93.7  (3
89.  s  (3
94.6(3
93.  6  (3
87.6(3
85.8  (3 )
94 .7  (3 )
9 0 .  0
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0l-B-M3-018
01A-M3-01-A
0LB-lE-01A
018-!(}-038
0LA-14:l-03A
018-1,13-03A
0LA-M3-038
<0-M3-0>

028-114-02A
028-M4-04A
028-M4-048
028-M4-058
02A-u4-048
02A-M4-044
02A-M4-05A
04A-M4-054
04A-M4-058
048-M4-054
048-M4-058
05B-M4-05A
<0-u4-0>

07A-A-068
07A-A-06A
07B-A-068
078-A-06A
068-A-064
068-4-068
06A-A-06A
<0-A-0>

9 7 . L
9 7 . 3
8 2 .  8
9 5 . 9
96.L
84.2
8 3 . 9
9 0 . 0

8 5 . 5
84.6
9 3 . 1
8 8 .  0
84. r.
8 9 . 3

r_09.8
6 8 .  t
7 9 . 8

1 1 6 . 0
106.  6

7L.3_
-89-tl-

.

103.5 (5)
r"04. 0 (4)
7  6 , 2 ( 3 )
9s .2 (3 )
e5.7 (4)
84.6 (3)
84 .5  (3 )
9 0 . 0

r .01.4 (4)
r.01.4 (4)
78.  6 (3)
95,9 (4)
95 .5  (4 )
84. r_ (4)
84.  s  (3)
9 0 . 0

103.2 (3)
102.  0 (3)
7 7 . 4 ( 3 )
e6.  7 (3)
e5.  8 (3)
84.2(3)
83.  3 (3)

--99.:9--
87. r- (3)
79 .2 (3 )
e6 .  s  (3 )
88.  6 (3)
77  .5 (3 )
86 .0  (3 )

Laz.2(3)
6e .4 (3 )
85.  9 (3)

1r.7. r- (3)
r.10. 3 (3)
77  .5 (3 )

--q9-'.9-

88. o (s)
63 .  s  (4 )
97 ,9(s )

r"r-2. s (4)
73 .3  (3 )
8e. I  (s)

105.4 (s)
8 8 . 8

x2
x2
xz
x2
xz

x2
x2
x2
x2
x2

9 1 . 5
7 7 . 3
9 7 . L
8 5  . 0
7 8 . 8
9L.4

L08.  7
69.7
7 7  . L

1 L 8 . 6
L L 2 . 6

68,6
89.7

86.  e (3)
8r- .0 (3)
e5 .0  (3 )
88.  e (3)
78 .0  (3 )
86 .  7  (3 )

r_03. 0 (3)
68 .9  (3 )
8s .  2  (3 )

1r_7. 3 (3)
109.  9 (3)
76 .  8  (3 )

__ae._q_
8 6 . 3 ( 7 )
63 .2(5)
ee.4  (8 )

r,r .2.8 (7)
7 2 . 6 ( 4 )
89 .  8  (8 )

r.o4. e (8)
8 8 . 6
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01-rl--05
0l--TL-06
01-T1-07
05-T1-06
05-TL-07
06-TL-o7
<0-fl_-0>

02-T2-O4
o2-T2-05
o2-T2-06
04-T.2-05
o4-T2-06
05-T2-06
<0-r2-0>
T1-05-T2
T1-06-T2
T1-07-T1

05-06-0s

01B-Mt-028
0LA-Ml-02A
018-M1-02A
01A-M1-02B
018-Mt"-038
0LA-[11-034
018-M1-034'
014-M1-038
02A-M1-028
03A-lf1-038
028-M1-03B
02A-ML-03A
(o-Mr.-0>

01A-M2-01_B
018-U2-028
0LA-M2-02A
0LB-M2-02A
0l"A-M2-028
018-M2-048
01A-M2-044
028-M2-048
o2A-Nr2-04A
028-M2-04A
02A-M2-04B
04A-M2-048
<0-M2-0>

01B-IL]-01_B
01A-M3-0LA
0LB-M:t-oLA
01B-M3-03B
01A-M3-03A
018-M3-03A
0l_A-lB-038
<0-M3-0>

V?l
A-chaLn B-chaln

1 0 9 . 8  1 L 1 . 3
113.9  L06.2
t-08. 6 LL0 .7
L06.2 LO9.7
1 1 0 . 0  1 0 4 . 9
L08.6  l -14 .1
.1q9=! _Lge._:.

114.3  LL7.9
1 1 1 . 6  L 0 7 . 8
L06.7  L t  0 .8
1 0 2 . 5  1 1 1 . 4
112.8  100.1-
108.8  l_08.0
L09.4 LO9,4

1,29  ,L  L35.  3
L 4 L . 9  L 4 2 . 3
L 4 9 . L  1 4 4 . 9

L65.6  L72.7

9 8 . 0
9 9 .  0
8l_. l_
7 6 . L

100.  6
9 5 . 7
90.2
7 9 . 8
9 L .  0
7 8 . 8
9 3 . 3
9 6 . 7

--9q:9.

7 9  . 5
90.4
8 8 .  9
82.3
8 5 .  8
8 8 . 3
86.2
93. l -
9 7 . L
8 9 .  0
90.7

L06.  0-Tt;d

LO2.6
106.  9

7 5 . L
9 7 . 8
93.4
82,7
8 6 . 0

: ro.o

028-M4-02A
02B-M4-04A
028-M4-048
028-M4-05B
02A-M4-04B
02A-M4-04A
02A-M4-054
04A-M4-05A
04A-M4-058
04B-l'14-054
048-M4-058
05B-M4-05A
<0-M4-0>

07A-A-068
07A-A-064
078-A-068
07B-A-064'
068-A-064
068-A-068
064-A-064

<0-A-0>

x2
x2
x2
x2
x2

9 7  . 7
8 0 .  4

101.  9
8 6 .  8
8 0 .  I
8 9 . 9

LO6.2
7 1 .  8
8 0 .  2

109.  9
l-09. 6

64.9
9 0 . 0

xz
x2
x2
x2
x2
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APPENDIX C7. REFINEMENT DETAILS FOR PTvna T*PHTBOLES

t2{

F:l

bzJ'
[s3J

bi)

2656

2969

2L24

Ll-60

L4L7

1503

580

4 . 4

5 . 6

7 . 6

7 . 2

9 . 4

6 . 3 4 .0

Ab".

Yes

Yes

Yes

Yes

wlE

w

I

L

lE - -&'o
w

Raff RaffgRo

2 . 7

g

A

lt

I

I

I

B :
w:

teoperature-factor type, r: isotropic, A: anisotroplc, 1: rmlt welghts,
statistlcal- welghts.
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APPENDIX Dl. CHNfiCAt COMPOSITIONS A}ID I'NIT-CELI DATA

(25)

40.29

0 . 7 7
13 .04

2 . 7 0
2 . 8 9

L2.40
L2 .40

6 . 7 L
t_0,

6 .  s0
_-__-:_

98.76
_-__:_
J8.J-L

st0?
rr0t
szog
Fe203
Fe0
Mo0
Mgo
Ca0
Pb0
Ba0
Na20
Kzo
tl20
It20
F

0 = F
Total

si
ALx
"(8) 

e.330(5)
b(8) 17.s7e(s)
c(8)  5.288(3)
B() eo
v(83)  882.1,

6 . 0
2.08e

---9.r9--

9.  885 (1s)
17 .875 (18)

5 "227  (5 )
105.67 (17)
889 .3

P2la

1,1)

96.59

8 . 0 2

8 . 0 2

e .5s0  (1 )
L8.007 (3)

s .  298 (L)
LOZ.65(2)
888 .9  (2 )

pz.lm
I

-  0 . 4
0 . 6--0:67 - --T.6-

Ca
Na
Lix
Na
K
L1

Basis

l 20 l

60 .6

0 . 3

:

33.4

:

0 . 1

z.s
0 . 2
5 . 2

102 .1
2 . 2

99.9

7 . 8 4
0 .04
7 . 8 8

(27)

58.3r .

0 . 0 6

0 .  L3
8 . 2 4

27 .L7
2 . 4 6

0 .22

:

___-:-
96 .59

t20 l

:

6 .44

M(4) -+#

0 . 0 3

o .64

(25)

0 . 1 5

2 . 4

2 .45
5 .00

,:o

_-_-_:_
2 . 0

:

(27)

0 . 0 L

0 .01
0 .  9 6
5 . 5 7

0 . 3 6
0 . 0 6

---.-_
6 . 9 7

aL

il;r
![rr

\ . t

Pb
C a ^x^

Group Pnr[Ir

' i
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A"PENDIX D2. ATOMIC POSITIONS

0 (1)

0  (2 )

0 (3)

0  (4 )

0 (s)

0 (6 )

0  (7 )

r (1)

r(2)

M(1)

M(2)

M(3)

M(4)

A

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

bq

0. l_r_ss (4)
o .  o8s1 (2 )
0 . l_6s9 (7 )

o ,L2L6 (4 )
o .L726 (2 )
0 .6702(7)

0. r_032 (s)
0

0 .6640 (e )

o . t 2 2 8 ( 4 )
o .2sLL(2) .
0. 1844 (7)

0.34-75 (5)
o . L 2 L 2 ( 3 )
0 . 4 2 e 2 ( e )

o:3s06 (s)
o.1308 (3 )
o.e324(e)
0.3494 (6 )

0
0. r_s92 (r_r.)
o.2868(2)
0 .0847 (L )
0. r_720 (3)

0 .294L(2)
0. r.7r.1 (r.)
0 . 6 6 e 4 ( 3 )

0
0 .0883 (L )

L l2

0
0.1786 (1 )

0

0
0
0

0
o.2s79 (L )

Ll2

-

(2s)
A-set B-set

o.637s(L2)  o .6434(14)
0. r-63s (9) 0. 3430 (10)

-o.2236(23) -O.223L(26)

0. 6318 (r_r_) 0. 63r_s (12)
0 .07es  (e )  o .4253(e)
o.272s(22) O.2643(2s)

o.6423(L3)
0.2s1_7 (10)
o.2872(24)

o. 3839 ( l_4) o. 3810 (13)
0.0037(r.0) 0.4e77 (L0)
o,2093(27) O.zLOs(2s)

0 .40s4 ( r .3 )  0 .4030 (13)
0. r . r .s8 (10) 0. 38s8 (10)

-o .L1"s6 (24) -0 . r.r.e I (2s )
0 .4084( ls )  0 .41r .5 (14)
0 .1363(10)  0 .3630(10)
0 .3es4(28)  o .377e(27)

0 .41s1 ( l s )
0.2sr.3 (10)
o .7L2L(28)

o .47L4(5)  0 .4731(18)
0 . r .5e1(4)  o .33Ls(13)
0 .69s1( r -0 )  0 .68e4(3s)

o . 4 6 2 0 ( 5 )  0 . 4 s 9 4 ( s )
0 .0807(4)  0 .4228(4)
o . t 8 e 6 ( 9 )  0 . L 7 9 9 ( 9 )

3 /  4  3 1 4
0.1624 (s) o.  341_6 (4)

L /2  L /2

314 3/4
0 . 0 7 s 1 ( s )  o . 4 2 7 s ( 3 )

0 0

3/4
0.2s59 (4)

0

L/4 L/4
0 .0300(4)  0 .4s8e(4)

L /2  L lz

L l4
0 .2836 (1 )

0

(27)

A-set B-set

0 . 8 6 6 1 ( 7 )  0 . 3 6 2 3 ( 6 )
0 . 3 3 6 7 ( 3 )  0 . 8 3 s s ( 4 )
0. 2os6 (r .0) 0.2196 (r .0)

0 .869s(7)  0 .3734(7)
o .4232(3)  0 .e206(3)
0 .71s4(10)  O.7223(L0)

0 .8s95( r_0)  0 .36s0(11)
L /4  3 /4

o. 7083 (r .s) o.  7106 (Ls)

0 .121613;  o .62731s7
o.4e82(4)  0 .ee72131
0. 7866 (r .r . )  0.  7706 (1r.)

0 . r - 0 0 1 ( 7 )  o . s e e 7 1 7 1
o . 3 7 6 2 ( 4 )  0 . 8 8 s 9 ( 4 )
0 .053/ r (11)  0 .0834(10)

0 . 1 0 r _ 2 ( 7 )  0 . 5 9 8 L ( 7 )
o .3743(4)  0 .8682(4)
0 .s480(Lr_)  0 .s747 (LL)

0. 0977 (r .o) 0.  s907 (1r.)
u4 3/4

0.2908( l_7)  0 .2742(L7)

0 .  0367 (3 )  0 .  s363 (3 )
0 .3348( r_)  0 .8340(1)
0 . 2 7 3 L ( 4 )  o . 2 8 s 4 ( 4 )

0 . 0 4 3 8 ( 3 )  0 . s 4 6 2 ( 3 )
0 .4208 (1 )  0 .  e le7  (1 )
0 .780s  (4 )  0 .791s , (4 )

0. 7503 (4)
o. 336e (1)
0 .4e3r .  (6 )

0 . 7 5 O 2 ( 4 )
0 .4266 (L )
0 .  ee43 (6 )

0. 7488 (7)
L l4

0.ee76(e )
0 . 7 4 8 0 ( 3 )
0. s139 ( l_)
o . 4 9 L 6 ( 4 )

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z

x
v
z



AppnNorx D3. Snr

Protoamphibolel20l

M=M2=M3 Mg 0.53(5), 0.58(5), 0.55(5) A'
M4 0.25Li*0.75 Me 0.55(6)
A 0.64Li*O.03Na
03 r.0F o.7o(7)

Cation site-occupancies for the M sites
established by successive difference-syntheses
and supported by equality of isotropic tempera-
ture-factors. The A-site cations could not be
Iocated and were assumed to be randomly
distributed around the periphery of the A-site
cavity.

THE CRYSTAL CHEMISTRY OF THE AMPHIBOLES 43r

PoPULATIoNS AND ANNorATroNs

at this site is too small. In addition" Moore
(1969) indicated that these are only very
approximate values because of the large standard
deviations of the M-O bond length-s. The
variation in mean bond-length (r.rormalized to
an anion co-ordination of 60"-) with mean
radius of the constituent cation shows consider-
able scatter from a linear model and also agrees
poorly with Figure 44. These discrepancies are
somewhat alleviated by assigning the Al and
Fe8* to the M(2)A site and some Fe'* to the
M(l)B site; however, a detailed assignment is
not warranted at the present time as the
chemical analysis (Moore 1968a, 1969) is of
poor quality.

Tiroclite P2,/ m(27)

Joesmithite(25)

M(l)A 0.85Me*0.15A1
M(l)B 0.32Mgf 0.68Fe'g*
M(2)A O.74Mg*O.26Fe2*
M(2)B l.0Fe3*
M(3) 0.55Mg10.45Fe'2+
M(4)A 1.OCa
M(4)B l.0Ca
A(2\ 0.60Ca*0.40Pb

Cation site-occupancies were assigned by
unconstrained refinement of the total scattering-
power at each site and comparison of the mean
observed bond-lengths with ideal mean octa-
hedral bond-lengths for the cation species in-
volved. The relation between the site-nomen-
clature used here and that of Moore (1969)
is shown in Table 71. The extremely small
isotropic temperature-factor at the M(1)A site
suggests that the refined total scattering-power

M(l )  Me
M(2) Mg
M(3) Mg
M(4) 0.49Mn*0. l9Ca*0.0 lFe

f 0.28Mgf O.03Na

No information given on the method of site-
population assignment. The statistical equality
of the isotropic temperature-factors at the M(1),
M(2) and M(3) sites supports the assignment of
Mg to these sites; Papike et al. (1969) also
quoted an unpublished infrared absorption study
that confirms this assignment. The structure
of this sample has also been refined at 27O"C,
above the P2r/ m --> C2/ m transition; details are
given in Appendix B, tirodite(41).

o.r9(9) A'
o.72(6)
0.69(e)
0.53(5)
0.65(7)
l.06(7)
r.ozg)
r .17(3)

0.38 A'
0.37
0.36

0.95
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APPENDIX D4. CATIoN-ANIoN AND cATIoN-cATIoN DIsTANcEs (8)
(2s)

A-set B-set

(27)

r  (1) -0 (1)
r( l-)-0 (s)
r (L) -0 (6)
r (L) -0 (7)
<r(1)-0>
r (2)-o(2)
r(2)-0 (4)
r(2)-0 (s)
r (2 ) -0  (6 )
<r (2) -0>

M(1)-0 (1)
M(1) -0  (2 )
M(r.)-0 (3)
(u(r)-o>

M(2) -0  (1 )
M(2) -0  (2 )
M(2) -0  (4 )
<M(2)-0>

M(3) -0  (1 )
M(3) -0  (3 )
<M(3)-0>

M(4) -0  (2 )
M(4)-0 (4)
M(4) -0  (s )
M(4) -0  (6 )
<M(4)-0>

A-0 (s)
A-0 (6)
A-0 (7)
A-0 (7)
<A-0 >
M(r_)-M(1)
M(L)-M(2)
M(1)-M(3)
M(1)-M(4)
M(2) -M(3)
M(2) -M(4)

r (L)-r(2)
r(r . ) - r (2)
r(1)-r(r.)

POJ

L.592(4)
1 .616 (5 )
1.  623 (s)
L.624(2)
1._614__

1.60s (4)
L , s92 (4 )
r .626  (5 )
r.. 6ss (s)
L._620_

2 . o 7 2 ( 4 )
2 . 0 9 4  ( 4 )
2 . 0 4 3  ( 4 )
, .019-

2,L79 (4 )
2 .084(4)
1 .  989 (4 )
243!_
2.062 (4 )
2.o2L(4)
2 . O 4 8

2.L07 (4 )
2 .02e (4 )
3 . 4 4 2
2.453(s)
Z.L%ar-

3 . 4 4 5
2 . 7 4 6
L.638 x2

T.3nrvT:=

3. r_50 (5)
3 .oee  (3 )
3 .  07e  (3 )
3. 035 (3)
3. r.93
3.  001 (3)

3.07s (3)
3 .0s2  (3 )
3.02e (6)

x2
x2
x2

1 . s 8 0 ( 1 7 )  L . 6 3 2 ( 2 s )  1 . s 9 0 ( 7 )  L . 6 2 L ( 6 )
1 . 6 3 8 ( l - 7 )  L . 6 7 7 ( 2 s )  L . 6 0 7 ( 7 )  L . 6 3 4 ( 7 )
L . 6 3 e ( L 7 )  L . 6 7 4 ( 2 s )  1 . 6 1 6 ( 6 )  1 . 6 3 6 ( 6 )
1 . s 8 2 ( 1 7 )  L . 5 6 0 ( 2 5 )  L . 6 2 8 ( 4 )  1 . 6 0 3 ( 4 )
r:610_ L_036_ ldrg__ L.'x_
1.61s( r_7)  1 .638(17)
r_ .s9s(17)  L .s7s(L7)
L.67L(L7)  L .647 (L7)
L .647 (L7)  L .644(L7)
L .632_ L6%__

2.0s0(L7)  2 .0o9(L7)
2 .052(L7)  2 .080(17)
2 .O70(L7)  2 .O77
2.oll__ 2_.gl-

2.095(L7)  2 .Ozs(L7)
2 .07s(L7)  2 .04o(L7)
2 .034(L7)  r .975 (L7)
2-1968-- 2.-q!-

2 , L s z ( r 7 )  2 . 0 s 5 ( 1 7 )
2.066(L7)
2.021_

2.423(L7)  2 .s32(L7)
2.3L3(r7) 2.340 (L7)
2 .6s3(L7 '  2 .509(L7)
2 .604( r7)  2 ,539
2. Lqg _ , .lrRo _

3.4e3(L7)  2 .560(L7)
3 . 453 (r-7) 2 . se4 (L7)

2.559(L7) x2

2 . 7 3 3 ( 7 )  2 . e L e  ( 7 )
3 .3s7  (7 )  3 .206(6)
2 .339(10)  2 .322(LL)
3 . 7 2 0 ( 8 )  2 . 8 1 3  ( e )

-1.0s2

1.Lze(4)
3.  r .08 (4) 3.097 (4)
3 . 1 0 0 ( 5 )  3 . 0 s 4 ( 5 )

3 . 1 8 3  ( 2 )
3 . 1 8 0  ( 2 )

3 . 0 8 5 ( 3 )  3 . 0 6 e ( 3 )

3 .088 (3 )  3 .075 (3 )
3 . 0 4 6 ( 3 )  3 . 0 5 s ( 3 )
3 . 0 s 1 ( 3 )  3 . 0 2 1 ( 3 )

2 .57Lv  L

3 .203
3 . 0 4 4  3 . 0 3 1
3.102 3 .029
3 . 4 3 9  3 . 5 6 6
3 . 2 3 2  3 . 0 6 7
3.2L9 3 .310

3.058 3 .09s
3 . 0 5 2  3 . 0 7 3

2.903

A-set B-set

L . 6 2 4  ( 7 )  L . 6 o e  ( 7 )
L . 5 7 5 ( 7 )  1 . 6 1 0 ( 7 )
L . 6 3 7  ( 6 )  1 . 6 3 s  ( 6 )
L . 6 7 6 ( 7 )  1 . 6 3 s  ( 7 )
L._628_ L.622___

2 . 0 6 e ( 7 )  2 . 0 4 7  ( 7 )
2 . L 2 3 ( 6 )  2 . 0 9 3 ( 6 )
2 . 0 7 7  ( 6 )  2 . O 7 5 ( 6 ' )

L99L
2 . L 3 4 ( 6 )  2 . L 4 3 ( 6 )
2 .oss(7)  2 .106 (8 )
2.OL4(7) 2.OL3(6)

2.01_9-

2.090(6)  2 ,070(7)
2.043(,LL) 2.076 (LL)

2 .W3-

2.Les (6)  2 .208(6)
2 .139  (8 )  2 .074 (8 )
3 .20e (6 )  2 .932 (6 )

x2
x2
x2

x4
x2

x2
x2
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APPENDIX D5. ANIoN - ANIoN DISTANCES (i)
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0 (1)-0 (s)
o (1) -o (6)
o (1)-o (7)
0 (s) -0 (6)
o (s) -o (7)
0 (6 ) -0 (7 )
<0-0> r(1)

0 (2 ) -0  (4 )
o (2) -o (s)
0 (2 ) -o  (6 )
o (4)-o (s)
o (4)-o (6)
0 (s) -o (6)
<0-0> r(2)

o (1:)-o (2:)
o (1,;)-o (2,r*)

3 11;l:B [3;]
0 (2 ) -0  (2 )
0  (2 ) -o  (3 )
0 (3) -0 (3)
<0-0> M(r-)

0 (1),-o (L),{

3 [1;]:B Ii;i
o (1).-o (4) r

31;;l:Bli*
0 (4)-0 (4)
<0-0> M(2)

S [1:]:: [i]g 1i;l:B [3;i
<0-0> M(3)

:[;\:j?]r
o (2u)-o (4o)
o (zu)-o (su)
o (zu)-o (oY)
o (+u)-o (s1)
0 (4u) -0 (6(t)
o (4u)-o (6Y)
o (su)-o (eq)
o (5u)-o (6u)
o (6)-o (6)
<o-o> M(4)

[zo]

2,6s0(6)
2 .642(6)
2 . 6 s 4 ( 7 )
2 . 6 3 3
2.59s  (8 )
2 . 6 2 8  ( 8 )

2 .7  42(6)
2 .624(6)
2 . 6 s O ( 6 )
2 . 6 6 L ( 6 )
2 .49s  (6 )
2 , 6 6 7
2:01+O_

2.8sr-  (s)
3 .O92
2 . 7 0 4 ( s )
3 .043 (s )
2 .903 ( r . )
3 . 0 e 1  ( 6 )
2 . s97 (L0)
2.922_

2.78e (L )
2 . 8 s 1 _ ( s )
3.0s4 (s)
2 .e74(s )
2 . 7 8 6
3.0s9 (s )
3 . 0 0 9
2.937

x 2  2 . 7 8 9 ( 1 0 )
xZ 3.039 ( l -0)
x4  2 .704(s )
x4  3 .061(5)

2.322--
2 . 8 9 6

x2  2 .786
x 2  2 . 9 2 7
x2
x2  3 .743
x2
x2  3 .876
x2  2 .498
x2
x2

2 , 8 7 8
3rm-

(25)

A-set B-set

2 .647  2 .686
2 . 6 2 6  2 . 6 7 4
2 . 6 4 8  2 . 7 3 5
2 .590  2 .68L
2 . 5 9 5  2 . 5 7 4
2 . 6 2 9  2 , 6 4 7
2_.622 2.556

2 . 7 4 L
2 . 6 6 3
2 . 6 6 2
2 . 6 7 2
2 . 5 4 9
2,688
2 . 6 6 3

2 . 7 4 0
2 .680
2 . 6 4 9
2 .689
2 . 5 5 2
2 .6L2
,354

2 . 7 2 4
3.031-
2 . 7 6 5
3 . 0 3 3
2 . 9 0 5
3.  106
2 , 6 3 L
2.292

2 . 6 8 8
2 . 7 2 4
2 , 9 7 2
2.860
2,9Q4
2.gLL
2.9LL
2.845

2 . 7 9 9
3 . 0 1 9
2 , 7 7 9
3 . 0 1 5
2 . 8 4 9
3 . 0 8 0
2.63L
2r2os-

2 . 7 5 7
2 . 7 9 9
3 . 0 1 0
2.999
2 . e 9 q
2.893
2 . 9 4 4
2:22t

1zt)
A-set B-set

2.634(L0)  2.684(9)
2 . 6 4 7  ( 8 )  2 . 6 6 s ( 8 )
2 .679Q0)  2 .634  (10 )
2 . 6 L 7  ( 9 )  2 . 6 2 s ( 8 )
2 .se8 (8 )  2 .6ss (7 )
2.6Ls(9)  2.648(9)
2.529- 2.-9t2-

2.7L4(L0)  2 .7sz(LO)
2 .6s4(8)  2 .628(8)
2.7o4 (LO) 2.61s ( l -0)
2 .644(LO)  2 .64e(9)
2 .  s s o  ( 1 0 )  2 . s 3 4 ( e )
2 . 6 7 e ( e )  2 . 7 O 9 ( 8 )
2 . 6 5 8  2 , 6 4 8

2 . 8 3 6  2 . 8 0 1
2 . 7 7 L  3 . 0 5 4
2.8L7 2 .7L2
3.100 3 .018

2.899
3 . L 2 0  3 . 0 7 3

2 . 7 2 7
2.9LL-

2 . 7 7 L
2 . 8 3 6  2 . 8 0 1
3 . 0 3 s  3 . 0 7 0
2 . 9 7 5  3 . 0 L 4
2 . 7 9 0  2 . 8 9 7
2 . 9 7 9  3 . 0 6 7

2 . 9 6 5
2 , 9 3 3

2 . 7 7 L
3 .L22  3 .079
2 .8L7  2 .7L2
3 .05L  3 .  LLo

2 . 9 2 7

2 .899
2 . 7 9 0  2 . 8 9 7
3 . 0 3 0  3 . 0 0 0

3 .937  4 .146

4 . L 2 2  4 . 2 2 9
2 .55L  2 .53s

3 . 0 8 2

x2
x2
x2
x2

x2

x2
x2
x2
x2
x2

2 . 7 5 7  2 . 6 8 8
3.209

2 . 7 7 9
3 . 0 9 0

2 . 7 6 5
3 . l - 30

2 . 9 4 9:

2 . 8 4 9
2 . 9 9 6
3.  L30
3 . 5 7 7

3.4L7

, . t a t
3 . 0 7 3
2.590
3 . 5 7 5
3 . 0 6 8

2.905
2 . 9 0 4
3 . 1 0 3
3 . 4 5 7

3 . 3 7 5

, . t t ,
3 . 0 6 4
2.68L
3 . 7  4 7
3 . 0 5 8 3 .268
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APPENDIX D6. IMERAToMIC ANGtEs (o)

0 (r.)-r(L)-0 (5)
0 (r-)-r(1)-0 (6)
0 (L)-r(L)-0 (7)
0 (5)-r(L)-0 (6)
0 (s)-r (1)-0 (7)
0 (6)-r(1)-0 (7)

<0-r(L)-0)

0 (2)- r (2)-0 (4)
0 (2)- r (2)-0 (5)
0(2)- r (2)-0 (6)
0 (4)-r(2)-0 (5)
0 (4)-r(2)-0 (6)
0 (5)-r(2)-0 (6)

<0-r(2)-0>

r(r-)-0 (5)-r(2)
r (1)-0 (6)- r (2)
r (1)-0(7)- r0. )

0 (s)-0 (6)-0 (5)

o 1r)-r'r1ry-o 12.fl
o (r.;)-M(r)-o (2;)
o (r,)-u(r)-o(:.1)
0 ( l_-)-M(1)-0(3')
0 (2)-M(l-)-0 (2)
0 (2)-M(1)-0 (3)
0 (3)-M(r.)-0 (3)

<0-M(1)-0>

0 (1).-M(2)-0 (1),
o (1;)-M(2)-o (2:)
0 (1-)-M(2)-0 (2")
0 (1),-M(2)-0 (4) r
o (2,;)-M(2)-0(4:)
0 (2-)-M(2)-0 (4*)
0 (4)-M(2)-0 (4)

<0-M(2)-0)

o 1r,)-r.r1ry-o1rl1
o (1,;)-M(3)-o (1;)
o (1,;)-M(3)-o (3;)
0 (1-)-M(3)-0 (3*)

<0-u(3)-0>

0 (2).-M(4)-0 (2),
o (2-)-M(4)-0 (4.)
o (zu)-l,r(a)-o (au)
o (2").-r.l(+)-o (su)
o (2")-u(a) -o (eY)
0 (4")-M(4)-0 (s:)
o (a")-u(+)-o (od)
o (a")-r'r(a)-o ioYl
o (s:)-M(4)-o (6:)
0 (s-)-M(4)-o (6')
0 (6)-M(4)-0 (6)

<0-M(4)-0>

t ol 1zs)
A-set B-set

11L.4  L10.8  108. I
1r-0.5 109 .5 107 . 9
LlL.2 113.5 l-L7.8
r .08 .8  105.1  106.5
106. 6 LO7 .7 L05. 6

(zt)
A-set B-set

1 1 0 . 9 ( 3 )  1 L l . 0 ( 3 )
LL7.2(4) roe.7(4)
r - r - r . .7 (4)  109.5(4)
108.6(4)  106.7(3)
r-06 . 8 (4) l-Lo.'2 (4)

r08 .2  109 .8  109 .8  107 .4  (4 )  r09 .7  (4 )
L09.s r-09.4 109.4 Log.4 1"09.5

r .18 .2  7L7.2  116.9  11-6 .0(4)  LL7.4(4)
108.6  L08.5  l -09 .0  108.8  (3 )  108.2  (3 )
108.8  r .09 .0  7o7.6  110.0(3)  7O7.4(3)
r -1 r - .6  110.1  112.8  l -10 .7(3)  1"09 .4(3)
L00.s  103.4  104.8  Lo3.2(4)  Loz .6(4)
r .08 .7  108.3  t -04 .8  107.8(4)  L1 t - .9 (3)
1q9.4  109.4  109.3  7O9.4  109.5

140"6  r .3s .7  135.3  139.8(s )  138.4(4)
L40,9 L37.3 L37.7 L39.4(4) L40.2(4')
J -37 .1  135.0  r37 . .9 (6)  141.0(7)

L72.5  L64.0  161.9  L78.4(4)  ]66 ,2(4)

86 .4  86 .0
96.0  94 .8
82.2  85 .0
9s .4  94 .2
8 7 . 8  8 7 . 7
96.8  96 .6
7 8 . 6  7 9 . 0
9 0 . 0  9 0 . 0

7 9 . 6
8 3 . 9
9L.4
90.9
8 6 . 4
9 7  . 5
9 8 .  5
8 9 . 9

82.2
8 4 . 3
92.4
9 3 .  0
, 5 .  O

8 9 . 4
92.5
9 0 .  0

85.l-
9 5 . 0
82.9
9 7 . 7
9 0 . 0

7 9 . 7  8 L . 6
99.4

82.5  84 .3
94.3  98 .9

9 0 . 0

6L.9  62 .8
7 r . 3  7 4 . 7
58.8  64 .L
86.7 95.1,
7 6 . O  7 6 . 3

8 5 . 9 ( 3 )  8 4 . 4 ( 3 )
e 5 . 8 ( 3 )  9 5 . 1 ( 3 )
8s .7(3)  82 ,2(3)
e6 .8(3)  94 . t (4 )

8 6 . e ( 2 )
e s . 9 ( 2 )  9 s . 0 ( 3 )

82 .L(2)
-99:!.

80.8  (2 )
84 .0(2)  83 .7  (2 )
92 .8(3)  92 .s (3)
9 1 . 6 ( 3 )  e 2 . e ( 3 )
8 6 . 6 ( 3 )  8 e . 3 ( 3 )
94 . r - (3 )  e6 .2(3)

e4 .  8  (3 )
_qe._9.

8 3  . 6
96.7(3)  e6 . t  (3 )
8s . r . (3 )  82 .5(3)
95 .2(3)  97 .2(3)

9 0 . 0

L 2 7 . 8  L 2 3 . 7
66.0  

_  
63 .5

8 3 . 4
v ) . )
85.2
9 5 , 9
8 8 .  3
9 6 . 5
7 8 , 6

--gq:q.

8 3 . 3
84.3
94.7
9r-. 3
92.6
88.  9
94.9
o n n

8 7 . 0  7 2 . 1  7 0 . 1  8 2 . 4
8 4 . 8  7 8 . 4  7 3 . 0  8 1 . 6  8 3 . 6
90.2  82 .7  79 .O 88.7  88 .9
-  8 9 . 5  8 6 . 5

r- i-0.1- 113.4 1-l-6.9
- 86.4 87.9

r-19. 3
66.9

1 1  1

9 1 . 8

: : -

x2
x2
x2
x2

x2

x2
x2
x2
x2
x2

x2
x2
x4
x4

x2
x2
x2
x2
x2
x2
x2
x2
x2

0 ( 7 ) - 0 ( 7 ) - 0 ( 7 )  6 0 . 4 ( 2 )  -  0 .329 
'

a .
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-rur- #Fo>o Br- d Ra1l &r B Abs

Yes

Yes

Yes

Wts

tol
@5)

Q7)

,w640

,3246 1604

- 1860

5 . 3

L 2 . 8

5 . 5

L:. tsotroplc, A: anlsotropic, 1: unlt veights, l l : statLstlcaL welghts.

(Pl) Cummingtonite
(P2) Kozulite
(P3) Potassium-fluor.richterite
(P4) Fluor-richterite
lP5l Holmquistite

APPENDTX E. PRELIMINARY DATA

Sueno e, al. (1972b)
Kitamura & Morimoto (1972)
Cameron et al. (1973a)
Cameron et al, (1973b)
Finger & Ohashi (1974a, b)

Appendix El.

Appendix E2.

Appendix E3.

Chemical compositions and unit-cell data

Positional parameters (for holmquistite only)

Site populations and annotations

PAGE

436

437

438
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APPENDIX E1. CHEMICAL COMPOSITIONS AND IJNIT-CELL DATA

(P2)

s 1 . 3 8

1 . 6 9
2 .85

2 7  . 9 6
2 . 7 L
J" .L2
8 . 4 1
t  . 3 6
2 . 7 6
0 . 0 8

99.75
0.  03

99.72

/ p a \ (P4)

5 9 . 5 8
o . o 2
7 . L 9
9.  35
4 . 8 8
0 . 4 1

LL.66
0.  06
0 . 5 0
o . 2 7
2 . 2 6
o , 2 I

99 ,92
0 .  L 0

99.82

62.8
<0.02
8 . 7 6

lt.2

o . 5 2
L 2 . 7
< o . 0 2

o . 2 3
< 0 .  0 2

(Ps)
s102
T102
A1? 0"
teio!
Fe0
lfn0
Mgo
Ca0
Ne20
K2o
Ezo
-b'

0 - F
Total

si
AL
N,"u

At-
Ti.*

I.i;
I E

lfn

Mo

N' '

d . U U

1 . 0 8

8 . 0 0

96.2

96,2

8 . 0 0  8 . 0 0

8 . 0 0  8 . 0 0

0 . 3 1

7 . 9 s  7 . 9 8
0 .05  0 .02
8 .00  8 .00

L . 2 9

1  . 1 9
o . : :

Zun-s
Ca
L1

H"<al
Za

Na
K .y'
Z)

0 .  7 3
0 . 2 7  r . 0 0

-  o .94
-  0 . 5 4

3 . 6 9 -  0 . 0 5  0 . 0 6
0 . 6 3  5 . 0 0  5 . 0 0  2 . 3 2  2 . 4 0

__!:25- __5,!9. _5_Aq *-!.C2 J!!

0 . L 9  L . 0 0  1 . 0 0  0 . 0 1

rlsr rloo rloo l:?3 oloo
2 . 0 0  2 . 0 0  2 . 0 0  2 . 0 0

1 . 0 0  0 . 0 3
-  0 . 0 5

1 . 0 0  1 . 0 0  1 . 0 0  0 . 0 8

(P2) (P3)

24 24

(P1)

400rature (oc1

(P1)

270

(oc) 600 24

10.0r.3(1) 9.824(2)
18 .107(2)  L7 .9s2(4)
5 .278( r . )  5 .258(1)

104.64(r.) 104.23(1)
e 2 5 . e ( 2 ) .  8 e 9 . 0 ( 3 )

9 .s84(2)  9 .598(1)  9 .615(1)
r .8 .os8(3)  18 .079(2)  18 .L01(2)
5 .303(1)  s .307(1)  5 .311(1)

1O2.64(2) 102.59(1) 102.55(L)
895.5  898.7  902.2

(P3) 114)

(?1)

550

400 600

9.855(2)  9 .883(2)
18 .036(3)  r .8 .087(2)
5 .27o(L)  s .278( r )

104.r.0(r.) 104.08(r.)
908.e*(3) 97s.2(4)

(P3)

400

9.9L4 9 .944( t )  9 .988(1)
18.111 L7.972(3) 18.056(2)
5 .308 5 .260 (r.) 5 .272(L')

r.04.50 r.04.80(r") r.04.70(1)
92L.3  908.9(2)  9L9.7(2)

(?4)

Tcmpo

,Hi
([i1,

(ps)

800 900 24
e.904(r . )  9 .9r .5(r . )  r "8.321(5)

18.131(2)  r .8 . r .49(1)  17.635(5)
s.284(7)  s .286(r . )  5 .272(3)

r.04.03(r.) 104.02(r.) 90
o r l  a f t \  o r a  n / r \  1 7 n " / 1 \

(p4)(P4)

Temperature

"ctl:gl
([i1,
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AI'PENDIX 82. ATOMIC POSITIONS (FOR ITOIJ'IQUISTITE (P5) ONIY)

014'
02L
03A
04A
054'
06A
074
0l-B
028
038
048
058
068
078
TlA
T2A
TlB
T28,
M1
IT2
M3
M4

0.1809 (4)
o.  1839 (4)
o. r.8r-8 (6)
o. r_883 (4)
o.2025(4)
0.]_ess (4)
o.2049 (6)
o. o6e6 (4)
o.  o6s4 (4)
0,0686  (6 )
o,0644 (4)
o.0467 (4)
0.0s32 (4)
o.  o44o (6)
o.2302(2)
0.2266(2)
0.0194 (2)
o.0240(2)
0.L2s3(2)
0.1255  (1 )
o.L2s4(2)
0, l -245 (13)

0.1587  (4 )
o.o762(4)

L l4
0.0046 (4)

-o .120s (4)
-0 .1340 (4)

-Ll4
o.  L58L (4)
0 .0753 (4)

L l4
o. oor-e (4)

-o. l- l -60 (4)
-o  .136e (4)

-L/4
-0.L624(2)
-0 .0768 (2)
-0.  L630 (2)
-0 .0779 (1)

0 .1602 (1)
0.0685 (1)

L l4
-o .0068 (e)

0.0531-  (12)
-0.41_20 ( l-3)
-o.4434(L7)
0.  0647 (13)
0 .3340(12)

-0.L67t(L2)
0.5415 (18)

-0.265L(L2)
o.2007 (L2)
0 .23s0 (18)

-o.2728(L3)
0.0494(L2)

-0.4sL6(L2)
0.2389 (18)

-o.4327 (5)
0 .072s (s )
o  .27 s9 (5)

-0  .2L7 6  (5)
0 .3943 (6)

-0 .1038 (4)
-0 .1049 (8)

0.3963(42)
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AppsNprx E3. Srre

Cummingtonite(PI)

No details of chemistry or site occupancy
given; the difference in cell dimensions ar
27O"C indicates that this cummingtonite is
different from tirodite(41).

Kozulite(P2)

M(l) 0.78Mn'r *O.22Mg,'
M(2) 0.95Mn{'*0.05MgF
M(3) 0.58Mn*f 0.42Mg*
M(4) 0.91Na*0.09Ca
A 0.73Na*0.27K
o(3) oH
where Mn'" - (Mn*Fe) and Mg,! = (Mg+Al).
Site populations were assigned using difference-
Fourier maps. The shemical composition was
reported by Nambu et al. (1969) and includes
ZnO O.O3 wt, Vo; space group is C2/ m.

P otassium-f l uor-richte rit e( P3 )

- In this synthetic amphibole, presumably
M(l) - M(2) - M(3) - Me, M(a)'= o.5 Ca
* 0.5 Na and A - K. The K at the A site is
positionally disordered in the A(n) positions.
Mean bond-lenglhs for each of the M polyhedra
increase linearly with temperature, <M(4)-O>
having the greatest rate of increase. Mean Si-O
bondJengths remain constant over the tempera-
ttfre range 24-6O0"C.

Fluor-richterite(P4)

In this synthetic amphibole, presumably
M(l) = M(2) - M(3) - Mg, M(4) = 0.5 Ca r
0.5 Na, A : Na by analogy with fluor-richterite
(34). Note that different cell-dimensions are
given by Cameron & Gibbs (1971) (see Appen-
dix Bl) and Cameron et al. (1973b) (see
Appendix El); these are two different structural
refinements. The Na at the A site is positionally
disordered in the A(l) positions. Mean bond-
Iengths for each of the four M sites increase

THE CANADIAN MINERALOGIST

PoPULATIoNS AND ANNoTATIONS

linearly with increasing temperature; mean bond-
Iengths for the T(1) and T(2) tetrahedra remain
constant over the temperature range studied
(24-9OO"C). The cell constants given by
Cameron et al. (1973a. b). for potassium-fluor-
richterite(P3) and fluor-richterite(P4) are in the
I2/m orientation; values given in Appendix El
have been transformed to the standard C2/ nt
setting.

HolmquistitelP1l

M l  0 .88( l )Mg*0.12Fe" '
M2 0.72( l )Al+0.28Fex'
M3 0.87( l )Mg*0.13Fe" '
M4 Li

The site occupancies were derived from un-
constrained site-occupancy refinement, presum-
ably assuming that no Mg occurs at M2, and
the M4 site is completely occupied by Li.
During refinement, use of the cell contents
calculated from the original chemical analysis
(Sundius 1946a) led to unsatisfactory tempera-
ture-factors, and examination of the mineral
showed inclusions of magnetite, alkali feldspar
and apatite. A partial microprobe analysis gave
different values but the cell contents derived
from this partial analysis were not satisfactory
either, resulting in high temperature-factors at
Ml" M3 and M4 and a low temperature-
factor at M2. Note that the unconstrained
refinement gives a cell content considerably
different from both chemical analyses (Finger
& Ohashi 1974u b):'this problem might be
alleviated somewhat if the requirement that the
M2 site contain only trivalent cations be
relaxed. Certainly the isotropic temperature-
factors for Ml, M2 and M3 are rather small
in the unconstrained refinement, suggesting
that an increase in total Feo as indicated by
both analyses, is not unreasonable. Note that
the microprobe analysis, when combined with
the values of Sundius (1946a) for LizO, HsO
and F, gives a total of -lo27o. Gravimetric
analysis includes 3.52 wt. % LirO.
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AppnNorx F. M6ssseunn

The following studies are considered here:
Bancroft et al. (1967a)
Bancroft et al. (1966)
Bancroft et al. (1967b)
Hliggstriim et al. (1969)
Bancroft & Burns (1969)
Ernst & Wai (1970)
Burns & Greaves (1971)
Hafner & Ghose (1971)
Buckley & Wilkins (197I)
Babeshkin et al. (1971)
Ghose & Weidner (1972)
Virgo (1972a)
Law (1973)
Kamineni (1973)
Semet (1973)
Litvin et al. (1973c)
Barabanov & Tomilov (1973)
Seifert & Virgo (1974)
Borg er al. (1973)
Hawthorne & Grundy (1975)
Bancroft & Brown (1975)
Batievskii et al. (1975)
Goodman & Wilson (1976)
Litvin et al. (1976)
Goldman & Rossman 11977a)
Hawthorne & Grundy (1977b)
Seifert (1977, 1978)
Tripathi & Lokanathan (1978)
Goldman (1979)
Stroink et al. (198O)
Law & Whittaker (1981)

Sprcrnar, Stuptns oF AMPHIBoLES

{ t i  -  { 7 }
{1 } ,  {6 } ,  {8 } ,  {9 }
{ 8 }  -  { 1 1 }
{r2) - {r4}
{ l s }  -  { 2 1 }
{ rs ) , - {22 ) - {3 r }
{10} ,  {11} ,  {32)  -  {37}
{4} -  {6},  {38} -  i61}
{62}
{63}
{1} ,  {60} ,  {61}
t\64|
[65)
(661
i67),  {68}
t\69|
(70ll - 1771
.(78)
{17 } ,  { 7e } ,  { 80 }
[ 8 1  ]
{34 } ,  { 82 }  -  { 87 }
{88 )  -  { e2 )
[93 ]
i94i, {e5l

"961ieT l
{78} ,  ie8)  -  {103. i
( 1 0 4 )  -  { l 1 4 }
{ i l s )  -  { l t 9 }
t \ 1201  -  I l 22 l
(65  )
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Early Miissbauer work on amphiboles was
qualitative only and concerned with oxidation-
dehydroxylation of fibrous amphiboles; the re-
sults of these studies have been superceded by
more recent precise data, and are not reproduced
here. Data for heated amphiboles, together with
data for some synthetic amphiboles where
conditions of synthesis or annealing (or both)
appear to have affected cation ordering and
oxidation state, are included as a separate section
in each appendix. Each specific amphibole is
identified by a number in curly brackets, the
latter .indicating that this amphibole has been

studied by Mtissbauer spectroscopic methods.
Additional data on the same sample, either
recorded by different authors, recorded at
different temperatures or recorded after heating,
are indicated by lower-case letters following the
sample number. All studies are at room tem-
perature unless otherwise specified. Isomer
shifts are referred to a variety of standards; in
this compilation, all have been normalized to
metallic iron by subtraction of the following
conversion factors (stainless steel: O.l0 mm/s,
sodium nitroprusside: 0.26 mm/s, "tCo in Pd:
-0.185 mm/s).
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APPENDIX I']-. CHEMICAL COMPOSITIONS AND IJNIT-CELL DATA

{e }{ 8 }T  J J{ 4 }{ 2 }{ 1 } { 3 }

5 1 . 9 5
0 . 0 2
0 .  15

33.  70
0 . 9 9

LO.44
0 . 1 0
0 . 0 8
0 .  05
2 . 7 6

41.2
0 . 6 8
3 . 0
l - . 0
v . u z
0 . 0 2

44 .99
o . 3 7
3 .1 ,7
0. 3l-
0 .  04
0 . 0 0
r .  5 9
1 . 0 0

LOO.62
0 . 4 2

rq9.29"

{ 6 }

4 8 . 0

<0 . l -

ou. t
o  . 5 7
0 . 5 2
o-u'

96.14

96.74

s . 0 7

0 . 0 8

0 .  12

6 . 9 2

l t j

55 .  L0
0 . 0 0
0 . 1 0

1 1 . 0 8
T3.L7
17 .  00

L . 2 2
0 . 1 3
o . o 2
2 . 4 8
0 . 2 3

100 .  53
0 . 1 0

199..4t

si02
Tio;
I r o "

[:E";
Mn0
Mgo
CaO
Naro
Kr0
H;0
I

Na
K ^
x a

.ctl
ur{)
c({)

$[i],

54.7 52.9
-  0 . 0 6

0 . 2 8  2 . 3 7
-  0 . 0

20.40 28.0
0 . 5 6  0 . 9 7

20.00 t -3.  7 l_
0 . 8 5  0 . 5 5
0 . 0 4  < 0 . 1 -
0 . 0 1
-  1 . 0 4

49.O 49.0r .
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56 .27  50 .06
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O:F
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95.L2

95 .L2

100. r-r.

100. Ll-
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100.  00

96.84 99.60 LOO.24

96 .84 LOO.24

-  9 . s 4 5 ( 4 )
_  1 8 . 2 s 8 ( 1 4 )
-  s .320 (11 )
_  t  0L .  e6  (9 )
-  eo7 ( r )

czln c2/m

8 . 1 1  8 . 0 0 8 . 0 7  8 . 0 2 7 . 8 6  7 . 2 0
0. r -4  0 .80
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0 . 1 6  0 . 1 3
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o . 2 L
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- J T
!  € r -
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M n  0 . 0 7  O . t 2  0 . 1 3
M g  4 . 3 3  3 . 0 2  2 . 3 8
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C a  0 . 1 3  0 . 0 9  O . O 2
NBr ,_ ,  -  0 .01  O .O2
x ' r \+ ' '  7 .01  6 .% 6 .s5

0 .02  0 .1 -9  a .44
0 . 0 3

-  0 . 0 5  0 . 1 0
1 .35  L .  6 l -  2 .2 I
1 . 6 3  0 . 0 7  0 . 0 7
3 . 6 9  5 . O 2  3 . 9 7

8 .  LL

0 . 1 5

5 . 7 0
0 . 1 0
0 . 7 4

0 . 1 8
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6 . 8 7

8 .  00

0 . 0 6
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7 . 0 2

:

6 . 1 4  6 . 5 1
0 . 0 5  0 . 0 8
o_r ro_ ta

8 . 0 2

0 .  19
0 . 0 3
6 . 9 t

sPace 
c2/ngrouP

-  e . s 6 2 ( 2 )
-  1 "8 .380 (7 )
-  5 . 3 3 8 ( 4 )
-  101 .86 (3 )
-  9 I8 .2 (7 )

C2/m cZlm

9 . s 8 6  9 . s 7 3 ( 3 )
r -8 .448  18 .115 (s )
s .344  5 ,304 (7 )

r_01.95 l_02 .3s (6)
924 .6  898 .5 (8 )

c2/n c2/n

o .2 r

Prrna
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sio,
Tlo;
41r0"
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Mgo
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Naro
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H;o
F-
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t 10] { 1l-}
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L . 4 0  L . 8 3
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4 . 8 0  6 . 4
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2 . 2  1 . 8
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{15 }  {16 }
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2 . O 8  2 . 3 0
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{L2}

4 2 . 7
1 . 1

L0.4

t -5 .9

t t .  o
L L .  9

L . 6
o:,

O=F
Total 96.40 99 .96

8 . 0 0

-22-Jz
7 . 8 4
0 .  1 6
8 . 0 0

d 1/,

0 . 0 1
L . 2 0
2 . 2 9
0 . 0 7
0 .  8 8
5  .19:ffi
0 .  19
L . 6 2
2 . O O

9 6 . 4 0  9 8 . 6 s  9 5 . 9 0

9 8 . 6 5

7 . 8 5  8 . 0 5
0 .  L5
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98 .96  95 .20

9 8 . 9 6 95 .20 L00.  r -4 99 .44

7 . 0 2  7 . 4 7  7 . 9 2  7 . 9 4
0 . 9 2  0 . 4 7  0 . 0 8  0 . 0 6
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L . 4 7

---g:-qq

0 . 4 0
0. l_1

2 . 0 3

2-.59
5 . 1 3==ffi
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2 . 0 8

-  0 . 4 5
0.01  0 . r_6
0 . 0 1  0 . 6 r .

: :

- " :

c2/n cZln

-  L . 5 8  1 . 3 4
0 . 0 5  0 . 0 6  0 . 0 1

-  0 . 3 0  0 . 5 3
o . 7 2  0 , 7 0  L . 1 L
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f f i : f f i f f i
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A 1  0 , 2 3
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l&r  0.01
Me 4.1-8
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EUL-5  0 .07
C a  1 . 6 7
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2 . O 0

Na  0 .04
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"(E)b(A)
c(X)
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sPace 
c2lngroup

0. l_0
0 . 0 1
0 . 2 0
2 . 4 0
0 . 0 4
2 . 4 0
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L . 5 7
0 . 0 7
L . 7 9

olso
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3 . 8 8
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892.5

C2/m C2lm

872 .3  883 .5

c2/n clln c2/n c2/n

9  . s54  9  . 609 (2 )  9  . 647  (L )
L7  .738  17 .813 (4 )  l - 7 .905 (3 )
5 .298  s .3 r_ l_ (2 )  5 .316 ( r - )

LO3 .72  103 .61 (2 )  103 .60 ( r - )
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0 .  0 3
2 . 3 2
5 . 0 0

rlao
0 . 2 0
2.  00

9.867
18.103
5.  320

105. 00
9 l -8 .0

C2ln

{e4}
47.86
0 . 6 4
L . 6 9

t 7 . 9 5
t-9. 9L

0. 7t-
0 . t  3
L . 6 4
6 . 2 5
0 .  6 1
f , . o /

1 . 1 6
LOOJ2

o , 4 9

J2J!

{es}
46.45
o . 6 4
3 . 4 4

L6.70
L 9 . t t

0 . 6 3

1 . 6 3
s . 9 4
3 . 7 4
0 . 9 5
r , 2 4

100. 95
o . 5 2

199=31

0.  16
0 . 0 8
2 , 0 2
2 . 6 5
0 .  0 9

5 . 0 0

olze

2 .  O O

7 . 6 8  7 . 5 L
0 . 3 2  0 . 4 9
8 . 0 0  8 . 0 0

0 . 0 8
2 . t 7
2 . 6 8
0. l-0
0 . 0 3- 5 1 6 6

{92}

4 3 . 0 8
L . 7  4

L0.64
3 . 5 0

L6.L4
0 . 2 9
8 .  9 3

LL.24
1  . 3 3
0 .  8 6
1 . 9 9
0 . 0 3

99.89
0 . 0 1

9-9-'-gg.

6 , 4 7
1 .  5 3

--q'-49.

{e1}
4 . 6  . 4  I

2 . 0 2
9 . 9 6
3 . 9 9

L 6 . 0 4
o . 2 7
8.  70

1 0 . 8 4
L . L 7
L . U  I

2 . r 5
0 . 0 8

99 .84
0 .  0 3

-9:..'.9!

6.  55
r . 4 )

:5':p6'
0. 3r-
0 . 2 3
0 . 4 5
2 . 0 2
0 . 0 4
l - .95

-:.-Aq

{e0l

44 .93
1 . 4 5
9 . 6 6
3 , 3 7

72.95
0.  3L

r -1 .90
L 0 . 9 6

l-.  17
0 . 8 0
2 . O 8
0 . 0 3

99.69
0.01-

-99=-0!.

6 .  5 8
t . 4 2

--qr-qq

A1
T1
Fe
Fe
Mn

LLYL

0 . r4
0 . 2 8
o .42

0 . 2 7
6 t t-o7t

-

:

c2ln

Na
K ^
x '

a (A)
b (4)
c (A)
R  r ' o \

v tr6r

o . 2 4
0.  L7
0 . 3 7
l-.  59
0 . 0 3
2 . 6 0
5 . 0 0

L . 7 2
0 . 2 8

-2r-aq
0 . 0 4
0 .  L 6
0 . 2 0

9 .848
18.058

f , .  J U J

l -05. 05
0 1 1  n

C2lm

L . 7 4
o . 2 6
t n n

0  . 0 7
o . 2 L
0 . 2 8

9  . 8 6 3
18.11r-
5 .320

LO4.77
9r.8.9

c2lm

0 . 3 5
0 .  2 0
0 . 4 0
2 . O 2
0 . 0 4
L . 9 9

i_qq

1 . 8 0
o.20

-2.oo-

0 .  L 9
0.  L7

--q=&-
9 . 8 s 7

18.058
5 .309

LO4.97
9L3.9

c2lm

0.  06
0 . 2 8
L . 6 6
2 . 0 0

o .28  0 .14
0 . r -7  0 .77

___qJr ___q=g
9 .77qD 9 .e35 (s )

18.032(7) L8.L02(2)
s.333(4)  5.33e(3)

r.03. (1) r-03.9 (2)
913(1)  931(1)

c2la c2lnSpace

Group
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A1
Tl"*
rre^.
- z-f.r'e
ltn
Mo

zoL
Ztzi-S
Ca
Nq

iural

o .o2
0 . 0 L

0 . 2 3

4 . 7 7
__5,!3

0 .03
L . 9 5
o . 0 2

__2,OO

{e8}

58.80

0 .01

e].r
0 .15

28.9r
0 .40
0 .03

-teT

96.41

8 . 0 5

__i,!5

olg:
0 .02
s .90

I o o  1

57.28
0 .0L
0 .09

9 .99
o . 2 2

28.07
0 . 3 2
o-o'

95.99

95.99

7 . 9 6
0 . 0 2

__zgq

:

L .16
0 . 0 3
5 .82

0 .05

--f.!6

{r.00}

58 .18

0 . 2 4

tr.lat
0 .19

27 .34
0 . 0 7
o-0.

97 .46

97.46

0 . 0 L

L . 2 9
o.o2
5 .69

0 .01

___1_,92

0 .01

0.01-

18 .541 (7)
L8.O27 (7)
.  5 .274 (3 )

90
L762 .8

Pnma

{lqLi

s8.49

0 . 4 1

, .ag
0 .30

29.44
0 .51
0 .06
o.o2

97.L2

0 .o2

0 . 9 0
0 .03
5 . 9 7

0 . o 7
0 .0L

___2"o0-

0 .0L

__i.!I

18 .544  (8 )
18.011 (7)
5 .281 (5)

90
17 63.8

Pnma

-e-5:75

7 . 8 8
o.r2
8 .00

1B.5  70  (3 )
L8.024(3)
5 .285 ( l - )

90
L7 68 .9

P m a

96.6L

7 .74
0 .26

---9.!q

0 .04
0.01.

___0,!5

18.560(3)
18. 017 (3)
s.287 (2)

90
L767 .9

Pnma

olou
0.0L

_3,92

r -8.544(3)  18.541(4)
r-8 . oL4 (3) l_8.020 (5)
5.286(2)  5.287(2)

90 90
L765 .8  L766 .4

sloo
rroi
x"6,

X:i"
l{n0
ugo

. CaO
Naro
Kr0

$to
o=F
TotaL

K ^
x^

a(t)
b(+)
c(4)

fti\
Space
group

te6]  teTl

57.65 53.60
0 . 0 7
1 .31  0 .51
-  0 .35

2 .06  3 .50
_  L2 ,90

23.62 16.90
L3.42 \ .66
0. 6r- 0. 75
0 .20  0 .L7
-  2 . 5 3

0 . 2 L
99.15 9%82
0- 09.
9- 6 _99.82

7 .8L  7 .87
0 . 1 9  0 . 0 9

__3.0q __J.L4

:
0 . 0 7
o.42
1 .60
3 .70

Zn 0.75

o . 2 6
o .2L

_3.92

{r_02i {103}

55.31 55.23
0 .13  0 .08
l - .89 2.53

L4.08 t2.73
o .32  0 .33

23.20 24.84a
0 .63  0 .61
0 .15  0 .22
0.02 0:04

95.73 96.6I

sl
Al,
L v

97 .L2

7 .95  7 .96
0 .05  0 .04

__8,Oq ___9,!0-

0 .19  0 .L6
-  0.01"

L .68  L .49
0 .03  0 .04
4 .92  5119

0.  r -0 0.09
0 .04  0 .o2

--3'9L ---t!0.
a .L4
0.. 03 0. 02

___8.,12 _!,!2

-  9 .606 (L )
_ 18.126,(L)
_  5 .317 (1 )
_ 102.63( l - )
_ 903.4

C2/m czln
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CelL dlnensiors of heat-treat?d afiDhlboLes

b
c

{L5a} iLsb}

9.5s4(8)  9.s50(8)
L7.738(U) 17.7s8(19)
5.295(7) 5.293(7)

r .03.7(1)  r .03.7(1)
872.3 872.L

a2lm C2lB

{29} {29a}

e . 7 6 0 ( 8 ) ,  9 . 6 1 e ( 8 )
18.070(19) L7.946(L9)
5.33e(7)  5.295(7)

103.7(r . )  L03.2(L)
9L4.'9 889. 8

C2ln C2lm

{15c} {L5d}

e.524(8) 9.827(8)
17.7r .6(r .9)  17.903(19)
5.269(7) 5.294(7)

r.03.6(r.) l-03.8(1)
863.9 904.6

c2le

{29b} {3U

e.63s(8)  9.740(8)
17.953(19)  18.045(19)
5.286(7)  5.336(7)

r .03.3(1)  Lo3.4(L)
889.9 9L2.5

C2ln c2lm

{3La} 167air {67b}

9.618(3)  e.928(2)  e.930(s)
L7.902(L9) 18.015(9) 18.02s(8)
5.286Q) s.232(3)  s .290(4)

103.4(r . )  105.43(4)  105.43(4)
88s.3 910.7(8)  912.0(Lo)

{27a} {27b1

e.683(8)  9.680(8)
L7.9L2(L9) 17.913(19)
5.287(7) s.292(7)

103.6(r )  103.6(1)
89L.2 891.7

C2ln c2lo.

C2ln

{27}

s . i2v (8)
r.7.e581le)
5.306(7)

103.8(L)
900.2

C2lmSpace
group

b

B
v

Space
group

c2/m c2ltu

b
c

v
Space
group

{6tc}

e.e33(2)
18.029(4)
5 .2e3 (1 )

r.05.43 (1)
913.0 (s)

czls

{ 67d}

9.932(2)
18 .015(4)
5 .289 (L)

r.05.43(2)
9 L 2 . 2 ( 3 >

C2lm

{67e}

9 . 9 3 3 ( 1 )
18. 028 (3)
5.297(L)

LOs.44(2)
9r .4 .3 (3)

cz/n

{67 t}

9.926(5)
18 .029 (9 )
5 .297 (4 )

r.05.46 (s)
913.7(8)

C2lm
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P(bars) buffer r(oc) r ine(hrs) P(bars) buffer T(oC) t lne(hrs)

L5a]
L5b ]
15c l
r_5d]
27\
27  a j
27b j
29j
29aj
29bj
3L)
31a]
t  raJ
{lb }
{ l c }
{ ld }
{Le}
60b ]
60c ]
60d]
60e]
61b ]
6Lc ]  ,
67 ali
67bj:
67 cli
67  d \ :
67eti
67 f\-
67 eI
67hj
6711
78j
78a]
78b]
78cj u
78d] -
7 8 e ] ,
78fla

{e8 }
{98a
{98b
Io a^

t98d
{98e
{98f
{9ag
{98h
{981

lg-ti lu{sst
{ssr

unheated
alr 705
alr 705
NNo 513
unheated
aLr 706
alr 704
unheated
alr 706
air 704
unheated
al-r 707
mheated
* 398
* 500
*  600
* 700
lmheated
* 500
tt 602
* 700
unheated
* 600
rQF 850
wM 850
FMQ 850
NNo 850
IIM 850
cr 850
cco 707
cT 850
rQF 850
mheated
QFM 720
QFM 670
QFM 600
QFM 600
QFM 550
QFM 550
unheated

- 800
- 780
- 760
- 750
- 730
- 700
- 690
- 680
-  660

{98 n}
{g8 o}
{gg }
{gg a}
{sg r}
{sg c}
{sg a}
{gg e}
{ss r}
r-00]
IUUA

100b
100c
100d
100e
100f
100g
100h
100i
100J
r-0r_i
10l-aJ
101-b]
101c]
101d]
101,e]
101f]
101g]
102 ]
102a ]
10  2b )
1-0 2 c]
L02d ]

{10 2 e}
{10 2 f}
{10  2e}
{r-o 2h}
{id3 }
{:.0: a}
{ro: r}
{ to :  c}

800 3
760 43
730 20
690 168
650 L2L
600 48L
550 1339

L
L

2000

1
1

1
1

1

2000
2000
2000
2000

2000
2000
2000

1
9 5

Ls667

94
L

ot ,

1

1000
1000

- 600 882
- 600 286

unheated
- 8 0 0 3
- 730 20
- 690 168
- 650 L27
- 600 481
- 550 1339

unheated
780 24
760 43
750 45
730 45
700 74
680 L4Z
660 427
620 882
600 682
550 1339

rmheated

95

672
305
302
L46

305
302
L46

1000
1000
1000
1000
1000
1000

1000
1000
r.000
1000
1000
1000
1000
1 000
1000
1000

1000
1000
1000
1000
t-000
1000
1000

1000
1000
1000
1000
1000
1000
1000
L000

1000
1000
1000
r_000
1000
1000
1000
1000
l-000
1000
1000
1000
1000
1000
1 000

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

2000
2000
2000
2000
2000
2000

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
r-000 - 630 768

1,44
50

46
50
5o
26

150
l0
10

96
2L6
360
168
44s
576

3
24
43
45
4s
9 6

1 6 8
L42
4 2 7

- 6s0 882
- 650 391

unheated

{98nr L000 - 620 882
J

103 d]
103 e)
103 f]
103 c]
103 h]
r.03 1]
l-o3 Jl
r-03 k]
103 1 ] , r
103 n] 

-

ixi:i.

L4
43
45
33
96

168
L42
427
882
882
219
279

1053

unheated

800 3
760 4
73A 45
700 96
680 L42
650 L2L
600 481
550 1339

800
780
760
750
730
700
690
680
660
650
620
600
600
550
550 r053

$sarttng mnterial was disordered by prLor heatlng at 780oc{9Bl ana Oo3) and, 72ooc fr$.
argon pressure medlum.+Fe kept Ln reduced condition by uslng g voL.Z" hydrogen_92 vo1.Z

CondltLons lndlcated are thoee of synthesl-s.
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aPPENpIX F2. MdSSBAIJER IARAMETERS FOR AMPI{IBoLES

(a) Natural anphlbol-es

Lsomer shlfL (mn/sec) Quadrupole spJ-lttlng (m/sec) Ilalf-wtdth (m/sec)

M(t-) M(2) M(3) M(4) Fe3+ M(L) M(2) u(3) M(4) Fe3+ M(1)  M(2)  M(3)  M(4)  Fe3+

2I
5 T

4j
5 ]
6 ]
7 j
s]
e]

{ r } L .  08
1. t_0
1 . 0 6
l_. 04
1 . 0 5
l_.05
L . 0 4
1 .10
1  . 0 8

:

:

L . 6 4
L . 6 2
1 . 5 5
1 .  51
1 . 5 3
t- .50
1 . 6 8
1 . 8 1
1 . 8 0

-

:

<- 1.14 ->
<-  L .L7  - t
<- 1.1_5 +
<- L. l4 ->
+  1  1 1 ,  +

+' 1.15 ->
<- L.13 ->
<' 1.11 ' ,
<- L.L2 -t

T . L 4  L . 1 2  L . L 4
t . L 4  1 . 1 4  L . " L 4
1, .1"2  -  1 .10
1 . L 3  -  L . L z
l _ . l _ 3  -  1 . 1 3
L.  L3  -  1 .  11-
1 .  L3
L.  L5

l_.10
1.  15

L . L 2  -  1 . 0 4
L .L3  1 .02  L . l - 0
L . L 3  -  1 . 1 0
L .L3  -  L .L2
1 . L 3  -  1 . 1 1

+.  2 .76  ->

<-  2 .75  ->
+  2 . 7 2  ' '
< .  2 .78  -+
+  2 . 7 8  - >
+  2 . 7 6  - t
< -  2 .6L  ->
+  2 . 5 8  - >

2 . 8 2  L . 8 9  2 . 8 2
2 . 8 1  1 . 9 8  2 . 8 1
2 . 8 2  -  2 . 3 3
2 . 8 2
2 . 8 2

+ '  0 .38  - *  0 .38
+' o .42 -' 0. 39
+ ' 0 . 3 9  +  0 . 3 7
+  0 . 3 9  +  0 . 3 5
+  0 . 3 9  +  0 . 4 0
+ '  0 .40  +  0 .35
+  0 . 4 0  +  0 . 3 6
+ ' 0 . 3 7  - '  0 . 2 8
+  0 . 3 6  - '  0 . 3 1

o , 2 9  0 . 4 4  0 . 2 9
o . 2 8  0 . 4 6  0 . 2 8
0 . 3 0  -  0 . 3 3  -  0 . 3 3
0 . 3 6  -  0 . 4 0  -  0 . 3 s
0 . 3 1  -  0 . 3 8  -  0 . 3 0
0 .31  -  0 .41 -  -  0 .34
0 . 2 9 - 0 . 2 9 - 0 . 2 9
0 . 3 8  -  0 . 3 1 -  -  0 . 4 4
0 . 3 2 -  0 . 4 2  -  0 . 3 4
0 . 3 1 - 0 . 3 4 0 . 3 4  -  0 . 3 4
0 . 2 5 - 0 . 2 5 - 0 . 2 5

2 . 2 7
2 . 3 2

2 . 8 5  -  2 . 3 6
2 . 8 3  -  2 . 3 2

2 . 3 9
2 .1 "5

2 . 7 9  2 . 0 0  2 . 4 L
2 .81_  -  2 .30

2 . 2 4
2 . 2 2

10i
LL]
l ) ,

16)
17]
t 8 l
19 ]
201
2LaI
zLbj
15a]
22\
NT

{zt+}
{zs}
{zo}
{ z t }
{ztc}
{za}
{2e}
{ so}
{ sr}
{ roa}
{sz}
{ : l }
{ 3 4 }
{ 1l-a}
{ l_r.b}
{ 35}
{ 35a}
{ 36}
{ 37}

t )aJ

{ sb}
{60 }

:
0 . 3 5
0 . 3 7
o . 3 7
0 . 3 8
0 .  37
0 .  36
0 .  39
0 . 3 9
0 . 3 4
0 . 3 8
0 .  36
0 .  3 8
0 . 3 7
0 . 3 7
0 .  39
0 . 4 0
o . 3 7
0 . 4 0
0 . 3 7
0 . 3 7
0 , 2 8
o . 4 4
0 . 4 1
0 .  38

0 . 4 8
0 . 4 0
o . 5 2

2 . 8 2
2 . 7 5

0 . 4 8
0 . 4 2
0 . 4 2
0 . 4 7
0 . 4 3
0.4r .
0 . 4 9
0 . 4 8
0 . 4 8
0 . 4 6
0 . 4 7
o . 4 7
0 . 4 5
0 . 4 7
0 . 4 4
0 . 5 0
o .4s
0 . 4 4
0 . 4 4
0 . 4 2
0 . 5 3
o .4s
0 . 6 3

.0 .  65

o . 6 7
0 . 5 7
t,t '

1 . L 4  -  1 . 1 1
L .L4  -  L .L2
r . .14
L . L 4
1 .  L 4
L . L 4
t_. l_4
L . L 4
L . L 4

1 . 0 7
L .L2
1 .04
L . 0 7
1, .L2
l-. 09
1. l_L

I . L 4  L . L 4  L . L 2
L.13 'e  l - .07 - '  -
L . L 3  1 . 2 0  1 . 1 1
L . l _1  1 .10  1 .07
1 .1 "3  1 .12  1 .14
L . 2 5  L . 2 9  1 . 2 7
r_.r.5 r..l-4 L.r_4
l_ .23 l_. 1"1 1. 20
1 .11  l . L l _  1 .L2

2 . 8 2  -  2 . 2 7
2 . 7 9  -  2 . 4 8 o . 2 9  -  0 . 2 9

: 
o-"

-  0 . 2 6

: :
-  0 . 6 8
-  0 . 4 0
-  0 . 3 5
-  0 . 4 1

-  0 .41 "
-  0 . 4 6

: 
o:ot

o.27
0.  30
o . 2 7

2 . 7 9
2 . 8 2
2 . 8 2
2 . 8 2

2 . 7 5
2 . 8 3
2 . 8 7
2 . 8 6
2 . 8 8

2 . 2 3
2 . 2 5

2 . O L
2 . 3 3
2 . 3 6
2 . 3 8
2 . 3 3

o-.26

+

+.
3

<-

+

+

+

<.
+-

<.

+

_o_ru

o.26 - t
0. 31 -+
0 . 2 8  +
O.32  ' +
0 .28  -+
0 .30  - r
0 . 2 9 ' +
0 .29  - ,
0 .29  ->
0 .34  -+
0 . 2 9  +
0 . 3 4  +
0 .28  _ ,

2 . 8 9  L . 9 L  2 . 5 7
2.89 < '  2 .O4 -> -
2 .88  r . . 80  2 .44
2 , 7 L  L . 7 2  2 . 3 0
2 . 8 6  L . 7 7  2 . L 9
z .$  t . gg  z . ' 6+
2 .89  1 , . 85  2 .32  -
3 . L O  2 . 1 0  2 . 6 5
2 . 8 1  1 _ . 7 3  2 . L 3
2 . 7 2  < -  2 . 1 6  +  L . 3 7

+ -  2 .79  ' >  1 .55
1 . 1 2  + L . L 4  + 1 . 0 8

+.  l_ . l_6  +  L .07
< -  L . 2 8  +  L . l - 8
+  L .L6  +  l - .1 -L

+  3 . 1 0  - >  1 . 5 4
< -  2 . 8 L  +  L . 6 7
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M(1) M(2) M(3) M(4) Fe3+ M(1) M(2) M(3) M(4) Fe3+ M(1) M(2)  M(3)  M(4)  Fe3+

i 6oa1
{ 6l-}
{ ora}
t.62\
{62a}
t 63]
{ ra}
{ 6ob}
i 6l-b)
{64}
{ 6si
{ 66a}
{  66b}
{  68 }
{  6e}
{  78}
{ s2}
t83]
{84 }
{8s}
{86}
t 8 7 ]
{ 34a}
i 88 ]
{8e }
{90 }
{91 }
{e2I
{93a}
{e3b}
{9 lc  }
t93dl
{sge }
i93r  ]
{e4}
{9s }
{e6 }
{97 a l
t97b I
{9sa }
{e8b }
{99a }
teeb ]

{l-00a }
{100b }

t . zz
L .24
L . 2 6

:

0.5r .
o . 4 9

0 .  39
0 . 4 2

0 . 4 9
0 . 4 6
0 . 4 6
0 . 4 6
0 . 4 5
0 , 4 5
0 . 3 7
0 . 4 4
0 . 4 6
0 . 4 4
0 .  5 1
0 . 5 0
0 .  36

L . 7 5
r . .80
L .  85
L . 7 L
1 .  81
1 . 4 8
L . 7 7
L . 7 5
1 .  8 7 :

0 . 5 1
0 .  33

0 .  80
0 .  60

0 . 5 3
0 . 5  7
0 . 5 4
0 . 5 6
0 . 5 7
0 .  5 8
0 .  65
0 . 6 3
0. 6r-
0 . 5 4
0 . 4 9
0 . 5 0
0 . 7 3

+.
<-
+

-  t . Z O  ;
<-  l .2g  ->
<.  1 .26  - t

L . 2 s  ?  L . z s
l _ .  L3  -  L .  L l

L .27  ->  L .23
L. l -5 - |  L .Lz
1 . 2 6  +  L . 2 4  

:

+  3 . 0 8  +
+.  2 .74  -+
+  2 . 9 9  +
+.  2 .77  ->
<- 3. 03 -+
<-  2 .79  ->
<- 3. 0g ->
<- 3. 09 -t
<- 3. 05 ->

3 . 0 9  ?  3 . 0 9
2 . 8 1  -  2 . 0 3

2 , 7 6  2 . 0 2  2 . 3 5
2 . 7 9  2 . O 1  2 . 4 0
2 . 7 6  2 . O L  2 . 3 7
2 . 7 9  2 . 0 1  2 . 3 9
2 . 7 9  2 . 0 4  2 . 4 t
2 . 7 I  L . 7 2  2 . 3 0
2 . 7 9  2 . L 8  2 . 3 9
2 . 7 7  L . 9 9  2 . 3 6
2 . 8 5  2 , 0 6  2 . 4 4
2 . 8 2  t . 9 6  2 . 4 6
2 . 7 9  L . 9 5  2 . 3 9
2 . 8 5  L . 9 2  2 . 5 2

<-  0 .31-  +  0 .31-
+ '  0 . 3 2  +  0 . 2 7
<-  0 .  36  -+  0 .27
<  O . 3 4  - '  0 . 3 3

:  
0 . 4 5  

:  
0 . 4 5  

:

<- l.L7 + l-. Ll-
+ '  L .28 - r  L.23

1 .12  1 .10  1 .12
1 .14  1 .00  1 .1 -2
< -  L .24  +  L .23

1 .1 -4  1 .05  1 .LL
1.1-3 l - .00 1.1_2
r . . r . 2  1 .03  1 .09
1 . 1 3  1 . 0 2  1 . 1 1
1 .13  1 .04  t - . 1 -1
1 . 1 3  1 . 0 2  L . L 0
1 . r . 0  L .09  l _ .06
1 .1_5  1 .01  1 .13
1 .1 "6  1 .03  1 - .1_3
1 .12  1_ .00  1 .09
1 .16  l _ .06  1 .L5
1.  r .s  1.  04 1.  12
1.  13 1.  12 L.  l -1

< -  2 . 8 7  +  L . 6 7
+ .  3 . L 6  +  L . 8 2

2 . 6 4  2 . O L  2 . 6 4
2 . 7 8  2 . 0 6  2 . 4 0
< -  2 . 9 9  +  1 . 8 6

2 . 8 L  L . 9 9  2 . 3 9

< -  0 . 2 7
+.  0 .34
<-  0 .31
? ?

0 .  30
+  0 . 3 9
+.  0.55
+.  O.2L
+  0 . 3 3
+.  0.33
<- 0. 33

0 . 3 2
0 . 3 2
0 . 3 2
0 . 3 2

+  0 . 2 7
+  0 . 3 4
+  0 . 3 0
?  -  0 . 2 8

0 . 3 8  -  0 . 4 0
-' 0. 37
-' 0. 61
+  -  0 . 2 5
+  -  0 " 4 0
+  0 . 2 7
+  -  0 . 3 8
-+  -  0 .38
+  -  0 . 3 7
+  -  0 . 3 7
+  -  0 . 3 8
- r  -  0 .38
+ -  0.41-

+

<-

f

+'
+ .  0 .32
+  0 , 3 2

0 . 3 4  0 . 3 4  0 . 3 4
0 . 3 3  0 . 3 3  0 . 3 3
0 . 3 8  0 . 3 8  0 . 3 8
0 . 3 7  0 . 3 7  0 . 3 7
0 . 3 6  0 . 3 6  0 . 3 6
0 . 2 7  0 . 3 5  0 . 3 s

0 . 4 4
0 .44
0 . 5 2
0 . 4 6
0 . 4 5
0 .48

1 . 1 3  L . 1 3  L . l - 1  L . L ] _  0 . 3 5  2 . 8 4  2 . 0 2  2 . 5 6  L . 7 L  0 . 7 5
L . 1 3  1 . 1 3  L . l - 2  -  0 . 3 6  2 . 8 7  1 . s 4  2 . s 8  _  0 . 7 8
1 .13  t - . 1_4  L .L2  L .L2  0 .34
1. l-3 1. l-4 l-. 09 - 0. 34
1 . 1 3  1 . 1 5  L . L 2  1 . 1 3  0 . 3 2

+
+
+
<-
+.
+
+.
+
<-

I .1 ,4  +
I . 1 3  +
L . 2 3  +
1 . 1 5  +
L . 2 7  +
L. L5 ->
r .27  ->
1. L6 ->
L . 2 8  +

r]z o. +a
1.1_4 0.45
r - . 15  0 .45
1.  r .3
L . 2 6
1 . 1 3
L . 2 6
1. l_3
L . 2 6

2 . 8 8  2 , A 6  2 . 6 0  L . 7 1  0 . 8 0
2 . 8 s  r , 9 2  2 . 4 9  -  0 . 7 9
2 . 8 8  2 . 0 2  2 . 5 8  1 . 7 5  0 . 8 4
2 . 9 5 - 2 , 4 6 - 0 . 5 0

< -  2 . 8 2  +  L . 8 4  0 . 7 4
< -  2 .81  - '  1 .78  0 .51_
< .  3 .08  - r  1 .74  0 .64
+  2 :78  +  L .gz
+  3 . 1 1  +  1 . 8 7
+.  2.80 - '  L .82
< -  3 .13  +  1 .89
+  2 . 7 6  +  1 . 8 1
+.  3. l -0 + 1.87

0 . 2 5  0 . 3 0  0 . 3 2  0 . 2 4  0 . 4 8
0 . 2 7  0 . 4 2  0 . 3 5  -  0 . s 3
0 . 2 7  0 . 3 6  0 . 3 1  0 . 3 0  0 . 5 4
0 . 2 7  0 . 3 5  0 . 3 5  -  0 . 6 1
0 . 2 6  0 . 3 L  0 . 3 0  0 . 2 5  0 . 5 9
0 . 3 5  -  0 . 3 5  -  0 . 3 6

2 . 9 0  L . 8 8  2 . 5 6  -  0 . 5 7  0 . 3 6  0 . 3 6  0 . 3 6  -  O . 4 l -
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M(1) M(2) M(3) M(4) Fe3+ u(L) n(2) M(3) tr(4) re$ u(1) l{(2) u(3) M(4) Fe3+

{l-0La}
tr.01bI
{102a}
{102b}
{L03a}
t103b]
{ 7eg1
t 78h]

.+  1 .1 "5  +  1 .L3
<- L.28 - '  L .26
1-  L.L5 + 1.13
+.  L.27 - r  L.26
+'  1.15 + 1.13
+  L .26  +  L .26
< -  L .16  +  L .13
<'  L.27 - r  L.26

1 .15  1 .15  L .1 "5  -  A .27
r..15 r..16 r..r.6
L .Lz  L .L2  L .Lz
L .L4  L .25  L .25
1 . r . 8  1 .07  L .07  -  0 . s0
1.r .6 r_.16 1.16
L .Ls  L .L l  L .11  -  0 .47
L .L3  L .L2  L .L2  -  0 .27
1 .15  0 .88  0 .88  -  0 .42
L . 2 6  L . 2 6  L . 2 6  L . 2 3  0 . 6 4
1.15 r . .14 r . . r .5  1.10 0.61
+' L.LL -r 1.10
+  1 .14  +  1 .67  0 .37

I .L2  -  1 .13  -  0 .38

<- 2.78 - '  L .83
+. 3.09 -' L.88. -
<-  2.74 - r  L.84
<.  3.O2 + 1.90

+ .  2 ,96  +  L .90
+  2 . 7 4  +  L . 8 4
< -  3 .05  +  1 .89

2 .96  L .95  L .95  -  0 .9 r .
2 . 9 3  L . 8 7  L . 8 7
2 , 7 s  L . 7 9  L . 7 9
2 . 7 3  2 . 0 4  2 . O 4
2 . 6 8  1 . 8 9  1 . 8 9  -  0 . 4 7
2 .58  L .94  L .94
2 . 8 3  2 . 0 0  2 . 0 0  -  0 . 5 0
2 .70  2 .L7  2 .L7  -  r . . 04
2 . 4 8  2 . 2 L  2 . 2 L  -  0 . 6 6
3 .10  2 .50  3 .10  1 .86  0 .41
2 .59  2 .26  2 .59  r . . 88  0 .55
s  2 .64  - '  1 .82

2 . 9 0 -  2 . 4 2 -  0 . 4 2

+.  0.27 - r  0.29
<- 0.29 - r  0.29
+ .  0 .34  +  0 .3L  -
+ '  0 .36  +  0 .32
+'  0.36 + 0.30
.( '  0 .42 + 0.3L 

"  
-

+ .  0 .30  +  0 .32
< -  0 .34  +  0 .30

o .27  0 .41 "  O .4L  -  0 .72
0 . 3 0  0 . 6 0  0 . 6 0
0 .40  0 .40  0 .40
0 .32  0 .64  0 .64
0 .40  0 .45  0 .45  -  0 .41
0 .28  0 .62  0 .62
0 .35  0 .52  0 .52  -  0 .34

{r.04
{r.0s
tr.06
{107
{108
{109
t110
{11L
t112
{118
{119
{r.20
{LzL

0 . 2 9  0 . 6 4  0 . 6 4
0 .52  0 .31  0 .31

0 .52
0 .56

{L22}

0 .36  0 .36  0 .36  0 .36  0 .46
0 .31  0 .31  0 .31  0 . , 31  0 .49
+ 0.48 -> 0.32
<  0 .38  +  0 .52  0 .68

0 . 3 4 -  0 . 3 4 -  0 . 3 1
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(b) Eeat-treated amphlboLes

. M(1) M(2) .M(3) M(4) M(1)+M(3) M(1)+M(2)+M(3)
r . . s .  Q .s .  r . s .  Q .s .  r . s .  -  q . s .  r . s .  Q .s .  r . s .  Q .s .  r . s .  Q .s .

{r.sa} r.?T 1.13 2.aL l. to z.3o
FeJT 0 .34  0 .48

t15u1 re2+ l . t t  2 .82  1 .13  2 .L4Fez? 1 . l I  2 ,82  L .13  2 .L4
F e a  0 . 3 1  0 . 5 9  0 . 4 3  L . 2 2

i15c] Fe3* 0.3i .  o.7L o: i t  i :30
- , L  

_  v . J 7  ! . J V

t15d]  : t ; -  1 .15 2.74r:Jsr 
FeSl' 0.39 O.sA

rr . r r  Fe2* 1. r4 z .7g L. r2 2.4g
Fe3* 0.39 0.44

{27a1 Fe} 0.38 L. t8 0.38 0.57 0.45 0.84 -  . j
{27b}  Fe3* 0.37 L.23 0.35 0.60 0.47 0.87
f  ,o1 Fe2* l_ .  L4 2.97 L.Lz 2.36\ ' r '  

Fe3* :  -  o .4o 0.44
tra. t  Fe2* 0.95 2.og L.1o z. lo

Fefi- v . J w  v . e r  V i J L  U . y O
- t r

r rqh l  reL '  1 .05  2 .L3
Fe3*  o .42  0 .59  o .&L r .o2r .eJT u.4z 0.5E O.4L L.O2

{63a} te2* - L.48 - 2.78
t63b] Fe2* - 1.48 - 2,76
{o:c} Fe2* 2.72
t63d} re!+ - z.7z
{1a}  EeZ* L.22 L.77 L.z6 3.08
tJ.b l  Fe2* L.22 L,76 L.z6 3.07
{Lc}  re2* L.25 1.82 L,zg 3.16

{6oe} Fe2*
{61b} le2*

-  L ,24  L .75  I . 28  3 .09
-  L .26  1 .87  -  L .26  3 .0s

{61c}  Fe2*  :  L .25  L .84  L .28  3 .06
r . -  1  E e 2 *  1 . L 4  2 . L 1  1 . 1 3  2 . 7 3ro ta l  Fe3*  0 .26  o .7g
t - -  -  F e 2 *  1 . 1 5  L . 9 2  1 . 1 0  2 . 7 4

lo /c . t  Fe lF  0 .36  O.g4
{o7r} .  re3+ 0.36 0.73 0.35 r.28

tldl Fe2*
tle) ve21

t60bl Fe2*
{60c} tr'e2*
t60dl Fe2*

r . _  1  
' F e 2 *  

1 . 1 3  1 . 9 7
l o / g j  F e S  0 . 3 9  0 . 7 9
{67b}  Fe3*  0 .37  0 .79

to / r .J  Fe3*  O.37 O.g5
{ 78} pe2*
{ 78a} Fe2*,
t 78b] Fe2*
{ 7Sc} EeZ*

L . 2 5  L . 8 2  L . 2 9  3 . I 7
I . 25  L .82  L .29  3 .L7
L . 2 4  L . 7 5  L . 2 8  3 . 0 9
L . 2 0  1 . 7 3  L . 2 6  3 . 0 4
L .zL  L .74  L .26  3 .05

-  L .Lz  2 .67
-  0 .37  1 .39
-  o . 3 7  L . 2 3
-  L , L z  2 . 7 L

-  L . 2 3  1 . 8 5  r . 2 4  2 . 9 9
-  L .22  1 .84  -  L .24  3 .00
-  L .23  1 .85  L .25  3 .01
-  7 .23  1 .85  L .25  3 .01
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APPENDIX F3. SITE POPUI,ATIONS OF A!{PHIBOLES

M(1) !1(2) M(3)  M(4) M(1.)+U(3) U(1)+M(2)+M(3) Fe3+/re2+

11]
r2j
L3]
L4]
Lsl
16]
L7\
L8)
1"9]
20\
2LaI
21b)
L5a]
22j
23j
241
2sj
26\

{27}

{e }
{ 10}

' r 1

2 I
3]
4 j
5 ]
6 ]
7t
8]

21c]
2ej
29j
30]
3Ll
10a)
32\
33]
34]

:

o.is
0.3r .
0 . 4 8
0 . 6 7
0 . 8 9
0. r_7
0 . 2 8
0 . 2 6
0 . 2 2
0 .  36
0 .40
0 . 4 6
0 .42
0 . 4 4
0 . 2 6
0 . 4 2
0 .  59
0 .84
0 .  75
0 .86
0 .14
0 .19
o . 2 2
0 .  36
0 . 7 4
o . 7 9
o . 7 7
0 .  83
0.  84

:

0  . 06
0 . 3 3
0 .  36
0.  83
0 .8L
0 .  96
0 . 2 9
0.  00'l
o.  oe
o .L2
0 . 0 3

0 . 0 8

-

:

:
0 . 0 7

0 . 0 8
0.  19
0 . 2 3
0 . 1 6
0 .  20
0 .  L7
o ' : '

:

:

:

o. iz
0 .  50
0 .  57
0 . 8 1
0 . 7 5
0 .  0 9
0 . 2 8
0 .  L8
0 . 3 1
0.  39
o . 5 2
0 . 4 6
0 .  3 8
0 . 3 1
o . 2 2
0 . 2 7
0 . 5 6
0.  88
0 . 7 8
0 .89
0 . 0 7

0.1-4
0 . 2 6
0 . 4 6
0 .  50
0 .  5 8
0 . 5 0
, . : ,

:

0 .  83
0 . 7 4
0 . 8 7
0 . 8 4
0 . 9 8
0 .  90
0 .  19
0 . 7 0
o ' : '

:

-

-

0 .96 '
0 . 9 1 .
0 .86
0 : 8 4
0 . 8 3

o . 2 4
0 . 5 0
0 .65
0 .  87
0 .85
0 . 9 8
0.  15
0 .  08,l

-

-

:

.

0 .  50
0 . 7 8
0 .6L
0 . 4 3
0 . 4 8
0 . 6 7
0 . 5 2
0 . 7 0
3 .46
1 . 8 7
r- .87
0 . 3 0
0 . 4 L
0 .  20
0 .  38
0 .  66
0 . 9 6
2 . L 6
r.. L8
1. .04
0.  8L
o . 8 2
0 .80
0 . 3 1
0 . 3 4
0 .  38
0 .  33

0.09
0.  L3
0 . L 4 ,

:

{ Lla}
{1lb}
{ 35}
{35a}
t  36]
{ 37}

{6a}
{ 38}
{  3e}

{5a}
{4a}

n o,r,
n o n

0 .  9 3
n ()6

0 .  8 8
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!1(1) M(2) M(3) t{(4) M(1)+l((3) !{(L)+M(2)+l{(3) s"}l'7p.2+

{40} 
-

t4U
{42r
t43]
{44} :
t45)
{46}
t47\
t48]
t4sY
t50)
t51]
{s2}
{53}
{s4}
{55} i

ts5]
{s7}
t58i
{5e}
{50}
t61)
{62}  O.27

il.e]
{60b}
t6lb)
t64I
t65] 0.38.
{66}
t68l
t69l 0.8s
t78]
{17a}
|7e\
{so}
t82) ,  0.39
{83}  0 .53
t84 ]  0 .38
ts5) 0.51
t86] 0.45
t87)  O.4L
t88)  0 .43
t8e.] o.47
teo] o.42
t91 i  O.57
t92l 0.51
t94l 0.92
t95)  O.97

O ; 7 7
o . 7 5

)  0 . 6 8
0 . 7 2
0.68
0 . 6 7
0.65
0 . 6 1
0.58
o.52
0 . 5 2
0.51
4.44
0 . 4 3
0 . 3 9
0 . 3 9
0.35
0.32
0.32
0 . 3 0
4,20
0.04

0. r.6
o .22
0.03

0.30

:
'-''

:

:

0 .75

0 .07
0 .18

0.14
0 .15
0 .13
0 .16
0 .13
o .L4
0 .10
0.1r .
0 .15
o .20
o.20

n  1 ( )

0 . 2 7

0 .s7

0.85

:

0 .39
0.5r.
4.34
o.54
0.44
a.4L
o.4r
0 .35
0 .39
0 .50
0 .58
n ( ) 7

1.00

0 .89
0 .90
0 .95
0 . 8 6
0 . 8 7
0 .85
0 .86
0 . 8 7
0 .85
0.89
0 .89
0 .87
0 .84
0 . 8 7
0 .35
0,rg
0 . 8 7
0 .84
0 . 8 5
o . 7 9
O ; 7 3
0 . 5 3
0 .65
0 .88
0 .78
o . 5 7

0 .81

:
':"

1.00

0.14

:

:

oloz

o.1.1
0 .10

L . 2 7
0 . 5 0

0 . 6 7
0 . 7 2
0 .59
0 .28
0 .34
0 .33
0 .38
0 .36
0 . 3 9
0 .48
0 .42
n r o
0 , 2 2
0 . 2 2
0 . 7 3
0 .41
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M ( 1 ) M(2) M(3) M(4) u(r.)+M(3) M(1)+U(2)+r'l(3) re3+/re2+

te6 ]
{e7 }
{78a}

0 .  07
0 .  L3

0 .05
0 .048
0 .53
4 .42
0r 54
0 . 6 0
0.4r .
0 . 6 8
0 . 6 1
0 . 0 7
0 . 0 7

0 .L2
0 . 1 1

0 .  07
0.024
o.o22
0.  016
0.015
0.01"9
0.014
0 .  063
0 .056

0 .08

0 .08
0 .34

{98
t99

tL00
{101
{102
{103
{1r.8
i1r.9

(b) Ueat-treated €nphLboLes

M(1) M(2) M(3) M(4) M(r.)+M( 3) M(l-)+M( 2)+ll( 3)

O5a]

ir.5b ]

{15c }

TI5d J

{27 }

{27 a}

{27b}

{zg}

{29a}

{29b}

1 ^ f

lb]

ld]
Le]
60 ]
60a]
60b]
60c]

F.?1
FeJ*

- 2 +
I"r+
-Fe

- 3 +
I-e

^ 2 +
i!*
r.3i
r e

Fe$

* 3 F
_!e

- z+
I'r
.I'e

* 2 +
i!*
- 2 +
I':+
lfe

- 2 +
Ilr*
;;?i
E'a4T

o.?,

o'lu

:

o.:u

0 .  35

0 .48

0 .84

o'!n

:

:

0 .11

0 .  L3

0 .  16

o. eo

0 . 6 7

0 . 4 7

1 . 0 3

o.i,

0 . 8 L

:

:

o . : t

o'1t

:

o . : ,

0 .31

0.  45

o. : t

o . : ,

:

:

0 . 8 8
0 .  87
0 . 7 9
0 . 7 4
0. 7r.
0 . 7 8
o . 7  4
0 . 7 3
0 .  69

0 . 0 9

0 . 2 2

A ? R

0 . 7 2

0. 05
0. 15

:

-

o' l t

0 .  1 6
0. r.6
0. r-9
0 . 2 1
0 . 2 2
0 . 2 2
0 .23
0 . 2 4
o .25
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M(1) M ( 2 ) M(3) yr(4) M(1)+M(3) M(1)+M(2)+M(3)

{61b}
{ 61c}

{ 6 7  a }

1  67c1

{ 6 7 f . }

{ 6 7  e }

{ 67h}

i 67rl

;:;i
- 2 +
. B e ^ .
- J t
-Ee

;:;l
F.$

- 2 +
I"s+
-Ee

F.$
- 2 +
I"*
lre

- 2 +'-tz+
1"2+
ltz+
i!;l
F"i*
Ftr*

fiir
^ z +o-uz+

l:;l
:-2+

i:;l
I ' e^ ,

ilij'!z*

!:;l
\Z;:'-"2+
o-"2+

! z+

tlzt

:

o . 1 2
0 .  0 7

0.  09
0 . 2 3

0 . 2 7

0 .  0 3
0 . 2 7

0. r_7
0.  09
0 . L 7

.

:

:

:

:

:

0 .  s 7
0 . 4 4

-

:

:

0 . 5 3
0 .40
0. 41-
0  . 4 3
0 . 4 3
o . 4 7
0 . 4 5
o . 4 2
0 . 3 1
0 . 3 3
0 . 3 2
0 . 3 3
0 .  33
0 . 3 3
o , 3 4
0 . 3 4
0 .36
0 . 3 5
0 .  35
0 . 3 6
0 .  36
0 . 3 7
0 .  35
0 . 5 4
0.  39
0 . 4 1
o . 4 2
0 .43
o . 4 5
0 .  50
0 .  60
0 . 4 5

o'lt

0.1,

0 . 1 5

0 . 0 6
0 . 0 7

0 . 2 2

o'1u

0 . 0 3
0 .  0 8

:

:

-

0 .  02
0 . 0  7
0 . 0 7
0 . 0 6
0 . 0 6
0 .04
0 .  06
0 .02
0 . 0 6
0 .06
0 .  06
0 .05
0 .  0s
0 .05
0 . 0 5
0 .05
0 .  0 4
0 . 0 4
0 . 0 5
0 .  04
o . 0 4
0 .04
0 . 0 4
0 .0L
0 .  08
0 . 0 7
0 . 0 6
0 . 0 6
0.  05
0 . 0 3
0 .02
0 . 0 8

t  /d_ t

{ 78a}
{ 7Bb}
{ 78c}
{ 78d}
i 78e)
{ 78f}
{e8}
{ 98a
{98b
{98c
{98d
{98e
{e8f
{ s8g
{98h
{981
e8j
98k
981
98n]
98n]
98o]
99j

{ 99a }
{9eb }
{ 99  c }
tee d]
{ 99e }
{9e t }

iroo ]
l too a ]
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!1(1) M(2) M(3) I!(4) !r(r.)+u(3) M(L)+M(2)+M(3)

iroob
hgo c
:100d
.100e
:100 f
.100 g
:100.h
.100 i
.1OO I
: r -01)

- 2 +

izzt
T_ZI:
izz;

#fr
Hii
t"il
Itz+
Itz+o"2+
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AppgNnrx F4. MrscnlLeNnous

Bancrolt et at. (1967a), Bancroft et al. (1968)

Combined Miissbauer - infrared spectroscopic
examination of cummingtonite{l} - {3}, gru-
,nerite{4}- {6} and tirodite{7}; complete iite-
populations derived by application of both
methods (note misprint in tirodite{7} values,
correct values given'in this appendix). Chemical
analyses and cell dimensions are from:. tl)
Ghose & Weidner (1972), who give further
spectroscopic data on this specimen; {2} Mason
(.1953); {3}, {5}, {7}, Klein (1964, t966); {4},
{6} Mueller (1960), Viswanathan & Ghose
0965).

Grunerite{S} is grunerite(22), ttrc structure
of which is reported by Finger (1969a). Burns
(1969, 1970a).gave optioal absorption spectra
for gnrnerite{6}.

Bancrolt et al. (1966)

Combined Miissbauer and infrared spectros-
copic study of anthophyllite{8} and {9}, cum-
mingtonite{1} and grunerite{6}; same data
in Bancroft et al. (1967a, b). Adams et al.
(1972) gave a X-ray photoelectron spectrum for
anthophyllite ( 8 ) .

Bancroft et al, (1967b)

M6ssbauer examination of anthophyllite{8}
and {9} and actinolite{10} and (it i : there
was incomplete resolution for both amphibole
types, with two Fe2+ doublets in anthophyllite
(Ml+M2+M3 and M4) and two Fe"* dbu,blets
in actinolite tM(1)+M(3) and M(2)1. Chemical
analyses are from: {8} Rabbitt (19a8); {9}
Tilley (1957); {10} Burns & Greaves (lg].l),
who gave further spectroscopic data on this
sample; { 1l } Mueller (1960). Burns (1969,
1970a) qave optical aboorption spectra for
actinolite{10} and {l l}.

Hiiggstrdm et al. (1969)

_ Miissbauer spectroscopic study of edenitic
hornblende {12), edenite {13} and edenite
{14}; there was incomplete resolution, with
two doublets due to Fee+ at M(l)fM(3) and
M(2), and one doublet due to FeB+ at M(2).
Chernical analyses are from Annersten (1963).

Bancroft & Burns (1969)

Combined Mdssbauer - infrared spectroscopic
examination of glaucophane{15} and {le},

INFoRMATToN eNp CovrvrnNts

cromite{17} and t18} riebeckite{19} and
magnesio-riebeckite{20} and {21}; fairly com-
plete site-populations were derived. For mag-
nesio-riEbeckite{2l}" the spectrum wat fitted to
three quadrupole doublets (magnesio-riebeckite
(21a)) and four quadrupole doublets (magnesio-
riebeckite{2lb}), respectively. Chemical anal-
yses and cell parameters are from: {15} Ernst
& Wai (1970) who give additional spectros-
copic data on this sample; also note that this
is glaucophane(26), the structure of which was
refined by Papike & Clark (19'68), with detailed
structural data being listed in Appendix B; tl6),
{17} Borg (1967b); {18}, {19} this reference;
(20) Whittaker (1949), who reported the
structure of this amphibole, magnesio-riebeckite
(3) that is listed in Appendix A; {21} Brnst
(1963), Ernst & Wai (1970). For {21}, the large
discrepancy between the chemical analysis and
Miissbauer results for the Fe3+/Fe2+ ratio
prompted a new partial chemical analysis of
this amphibole. The results (FezO, 9.91, FeO
7.O7 wt. Vo) agreed with the Miissbauer results;
additional spectroscopic results are given by
Ernst & Wai (1970), who noted that with the
newly determined FezOr and FeO values, the
oxide sum for t?lrr is unrealisticallv low at
95.98 wt. 7o.

Ernst & IVai (1970)

Combined Miissbauer - infrared spectroscopic
examination of glaucophane{l5a} and {22} -
[24 ], crossite{25 } and {26}, magnesio-riebeckite
[27i  and {21c) ,  r iebecki te{28}  -  {31) ;  fa i r ly
complete site-populations were derived. Cell
dimensions from this study, chemical analyses
from: {l5a}, {22} and {23} this study; {24} and
[25] Banno (1959); 126l Borg (1967b); {27}
Ernst (1960); {21} Whirtaker Q9a\; {28}
Switzer (1951); {29} Peacock (1928); {30} and
{31} Onuki & Ernst (1969). Extensive heating
experiments were performed, and the products
were examined spectroscopically (samples {15b}
-  { l5d} ,  {27a} ,  Q7bl ,  l29a} ,  {29b} ,  {3 la}) .

Greaves et al. (1971)

See following reference.

Burns & Greaves (1971)

Combined Miissbauer - infrared spectroscopic
examination of actinolite{ 1 0a}, { 1 I a}, {33 },
manganoan actinolite{32}, tschermakitic horn-
blende{34}, manganoan ferro-actinolite{35},
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ferro-actinolite{36} and pure ferro-actinolite
{37}; complete site-populations were assigned.
Chemical analyses and cell dimensions are from:
{t0a1, 133; this study; {1la} Mueller (1960);
{32}, {36} Klein (1966); {34} Tilley (19s7);
{35} Mitchell et al. (1971); {37} Ernst (1963).
Manganoan ferro-actinolite {35} is the same sam-
ple as manganoan ferro-actinolite(37), the struc-
ture of which is reported by Mitchell et a/.
(1971). A detailed comparison of results from
Miissbauer and infrared methods is given,
together with the advantage and disadvantages
of both methods for site-population character-
ization.

Halner & Ghose (1971)

Miissbauer spectroscopic examination of
grunerite{4a}, {5a}, {6a}, {38} - {47}, cum-
mingtonite{4S} - {54} and {56} - {60}, man-
ganoan cummingtonite{55ir and magnesio-
cummingtonite{61}; there was incomplete reso-
lution. with two Fe2* doublets tM(l)+M(2)+
M(3) and M(4)l resolved.

Spectra were recorded at room temperature
and liquid-nitrogen temperature; {5a}, {60} and
{61} are at room temperature, {56}, {604}
and {61a} are at low temperature (77 K).
Chemical analyses and cell dimensions are
from: {4a}, {6a,\ {38} - {42}, {44} - {48},
{50} ,  {51} ,  {53} ,  {54} ,  {56} ,  {57} ,  {59} ,  {60}
Mueller (1960), Viswanathan & Ghose (1965);
{5a}, {43}, {49}, {52}, Klein (1964' 1966);
{55}' {58} Butler (1969); i6l) Kisch (1969)'
Grunerite{Sa), is grunerite(22), tb-e structure
of which is reported by Finger (1969a). Cum-
mingtonite{60} is cummingtonite(21), the struc-
ture of which is reported by Ghose (1961)
with additional modifications by Fischer (1966)
and Mitchell et al. (1971), with preferred
parameters being given in Appendix B.

Buckley & Wilkins (1971)

Combined M6ssbauer and infrared spectros-
copic study of cummingtonite{62} at room
temperature and 77 K; cimplete cation site-
populations were assigned from combined re-
sults. Also reported is a magnetic hyperfine
spectrum recorded at 4.2 K.

Babeshkin et al. (1971)

A Miissbauer spectroscopic examination of
a grunerite{63} (called cummingtonite) after
heat treatment at several different tempera-
tures. With increasing temperature, increasing
Fe3* is formed at the M(1,2,3) sites, whereas

the Fe'" content of the M(4) site remains the
same. The ratio of the recoil-free fraction at
the M(1,2,3i and M(4) sites was determined
"semi-empirically" to be 0.9 (cl. Bancroft et al.
1967a). The isomer shifts are not listed in
Appendix F2, as it is not clear to what referent'
they are referred; the relevant values are:
M(4): {63a} 1.09 mm,/s, t63b} 1.14 mm/s,
no other values quoted. M(I)*M(2)*M(3):
{63a} 1.26 mm/s, {63b} 1.28 mm/s, {63c}
1.25 mm/s, {63d} 1.24 mm/s, {63d} 1.26
mm/s. Heat-treatment conditions are: {63a}
600oC, {63b} 700'C, {63c} 800oC, t63d}
9000c.

Ghose & Weidner (1972)

Mdssbauer spectroscopic examination of cum-
mingtonitetla) - {le}, {60a}, {60b} and mag-
nesio-cummingtonite{6la}, {6lb} at low tem-
peratures (77 K); there was incomplete
resolution" with two Fe" doublets tM(1)+M(2)
+M(3) and M(4)l resolved. Chemical analyses
and cell dimensions are from: tla) - {le}
this study; {60a}, {6Ob) Mueller (1960),
Viswanathan & Ghose (1965); {61a}, {61b}
Kisch (1969). This study concentrates primarily
on ordering as a function of equilibration
temperature,

Sinsh & Bonardi (1972)

Miissbauer spectroscopic examination of an
arfvedsonite; the analysis of the spectrum is
incompatible with the amphibole structure,
and the results are not reprodrtced here.

Virgo (1972a)

Miissbauer spectroscopic study of '"pure"

ferro-richterite{64) at low temperature showed
the presence of Fe8* in the structure. However,
there was incomplete resolution, and the data
are incomplete.

Law (1973)

Miissbauer spectroscopic examination of a
holmquistite{65) that is holmquistite[31], the
structure of which is reported by Irusteta &
Whittaker (1975), An excellent discussion of
specrum fitting is also given.

Kamineni (1973)

A Mijssbauer spectral study of grunerite{66}
(called cummingtonite) at both room (298 K)
and low temperature (77 K), Site populations
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were calculated assuming the ratio of the recoil-
free fractions at the M(1, 2,3) and M(4) sites
to be 0.9 (cl. Bancroft et al. 1967a). Note that
the peak widths are extremely large.

Khristolorov et al. (1973)

A Mdssbauer spectroscopic examination of a
variety of apparently uncharacterired calcic
amphiboles. Virtually no numerical data are
given, quadrupole splitting and site populations
are presented graphically. However, the two
spectra reproduced show off-resonan@ counts
of -1.6x 103 and -3.8X 10', respectively,
together with excessive absorption.

Semet (1973)

A combined Mtissbauer and infrared spec-
troscopic. examination of "pure" magnesio-
hastingsite{67} and natural magnesio-hastings-
ite{68}. The "pure' magnesio-hastingsite was
synthesized (and further equilibrated) on a
variety of oxygen buffers; the Mdssbauer studies
showed that Fe occurs as both Fe"* and Fes*,
the oxidation ratio being a function of the
oxygen fugacity of synthesis. The ideal chemical
composition (with Fe,O: expressed as FeO) is
given Appendix F1, together with two micro-
probe analyses of amphiboles synthesized at
850'C and 2 kbar on the cuprite-tenorite and
iron-quartz-fayalite buffers, with Fe,*/(Fes**
Fe") ratios of 1.0 and 0.13, respectively.

Litvin et al- (1973c)

Combined Miissbauer spectroscopic and X-ray
diffraction study of potassian ferri-taramite
{69}, which is the same specimen as potassian
ferri-taramite(51), the structure of which is also
reported in this paper.

Barabanov & Tomilov (1973)

Miissbauer spectroscopic study of antho-
phyllite{7O} - {72}, cummungtonite{73} and
{74}, dannemorite{75} and gruneritetT6jr
and {77}; incomplete resolution obtained, with
two Fe2r doublets due to occupancy of M(l)
+M(2)+M(3) and M(4) sites, respectively. Cell
contents are the only numerical data given; a
discussion of variation in hyperfine parameters
and Fe'* ordering in the Fe-Mg=Mn amphi-
boles is given.

Seifert & Virgo (1974)

Low-temperature (77 K) M6ssbauer spec-

troscopic study of anthophyllite{78} after
heat-treatment at various temperatures; incom-
plete resolution attained, with two Fes+ doublets
due to occupancy of MI+M2+M3 and M4,
respectively. This is anthophyllite[23], the
structure of which is reported by Finger
(1970a, b).

Borg et al, (1973)

Mijssbauer spectroscopic study of crossite
{I7a) manganoan riebeckite{79} and arfved-
sonite{80); chemical analyses and cell dimen-
sions from Borg (1967b). Manganoan riebeckite
{79} includes LirO 0.14, ZnO O.29, CuO 0.13 to
give Li O.09, Zn 0.03, Cu 0.02 p.f.u.; arfvedso-
nite{8O} includes Li,O 0.44, ZnO 0.67, CUO
0.01 to give Li 0.28, Zn 0.08 p.f.u. This study
demonstrates the utility of using magnetic hyper-
fine spectra at very low temperatures (4 - 30 K)
to achieve increased resolution, particularly
with regard to the determination of .accurate
Fe'*/Fe'* ratios; see also Borg & Borg (1980).

Hawthorne & Grundy (1975)

Room- and low-temperature (77 K) Miiss-
bauer spectroscopic study of potassian oxy-
kaersutite{81 }, the structure of which is
reported by Hawthorne & Grundy (1973b).
Only Fe"* is present, and an attempt was made
to resolve Fe"* in all three M(l), M(2)
and M(3) sites using area constraints derived
from the site occupancies from the X-ray study.
HoWever, the X-ray site-occupancies are proba-
bly not correct (see Appendix B). The spectrum
is not adequately represented by a single quadru-
pole-split Fe"* doublet (72-874), and the half-
width (0.68 mm/s) is high. Either the spectrum
is the result of overlap of Fee* in more than
one site (but with occupancies different from
the ones given) or there is broadening due to
next-nearest-neighbor occupancy, or both of
these factors are operative simultaneously.

Bancrolt & Brown (1975)

Miissbauer spectroscopic study of actinoyl-
tic hornblende{82}, magnesio-hornblende{83} -
(87) and tschermakitic hornblende{34a}; com-
plete resolution was obtained (three Fe'*
dor"rblets and one Feu* doublet). Chemical
analyses and cell. dimensions are from Dodge
et al. (196$, with the exception of {34a},
which is from Burns & Greaves (197 l). A fairly
extended discussion and justification of the
spectrum resolution and peak assignment are
given.
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Andersen et al. (1975)

Miissbauer spectroscopic study of a series of
uncharacterized' samples of arfvedsonite at a
series of temperatures between 100 and 550 K,
carried out in order to determine Fes+/Fe"*
ratios and compare them with results of
conventional wet-chemical analysis. These
authors suggest that there h a difference in the
recoil-free fraction of Fe2+ and Fe"* in the
arnphibole structure, it being necessary to
correct for this to obtain accurate Fe2+/Fe"*
ratios by Mijssbauer spectros€opy.

Batievskii et al. (1975)

Miissbauer spectroscopic study of magnesio-
hastingstitic hornblende{88}, potassian magne-
sio-hornblendet89 ), magnesio-hornblendet90),
ferro-hornblende{91} and ferro-tschermakitis
hornblende{92}. Chemical analyses include
PrOs: 0.01, 0.03, 0.02, 0.02, 0.03 wt. loiCrOs:
O.O24, O.M,0.013, 0.04, O.09 wt. 7o; NiO: 0.O2,
0.04, 0.05, 0,02,-, respectively. Complete site-
population assignments are given assuming that
all octahedrally co-ordinated trivalent cations
are confined to the M(2) site.

Goodman & Wilson (1976)

Miissbauer spectroscopic examination of
virtually uncharacterized amphibole designated
"hornblende" {93} that was sampled at various
levels through a soil profile to examine the
effects of weathering [see also Wilson & Farmer
(1970) for a similar infrared spectroscopic
studyl. In the data quoted in Appendix F2,
{93a}, {93c} and {93e} refer to hornblende
from various horizons, whose spectra are fitted
to four quadrupole split doublets, whereas
samples {93b}, {93d} and {93f} refer to the
same samples fitted to five quadrupole split
doublets. Up to six doublets were fitted to the
spectra; however, the six-doublet fits are not
justified (Law 1973). The five-doublet fits were
assigned as Fe'* in M(l), M(2), M(3) and M(4),
with an additional wide doublet for Fe'* in
the M(l), M(2) and M(3) sites.

Litvin et al. (1976)

Combined X-ray structure and Miissbauer
spectroscopic studies of arfvedsonite{94} and
potassium-arfvedsonite{95}; these two amphi-
boles are identical to arfvedsonite(64) and potas-
sium-arfuedsonite(65), details of which are
given in Appendix B. Isomer shifts are not
listed in Appendix F2a because it is not evident

to which referent they are referred; the relevant
values for Fe2+ at M(l), M(2) and M(3) and
Fe"*  are:  1.3 l ,  - ,  1 .32,  0.57 and 1.35,  1.39,
1.37, 0.60 for {94} and {95}, respectively.

Goldman & Rossman (1977a)

A combined Miissbauer and optical-absorp-
tion spectroscopic study of tremolite{96}; in-
complete resolution obtained, with two Fe'*
doublets tM(1)+M(2)+M(3) and M(4)l and one
Fe3* doublet being resolved. Strong evidence
from the optical-absorption spectra of tremolite
{96}, actinolite and a pargasite is provided to
support the Miissbauer assignment of peaks.

Hawthorne & Grundy (1977b)

A combined Mtissbauer spectroscopic and
X-ray difraction study of zincian tirodite(97)
that is identical to zincian tirodite(57); incom-
plete resolution obtained, with two Fe2" doublets
due to Fe'* in M(1)+M(2)+M(3) and M(4),
and two Fe'* doublets due to Fe"* in T(2) and
M(2). Spectra at both room-temperature {97a}
and liquid-nitrogen temperature {97b}. Para-
meters obtained for tetrahedrally co-ordinated
Fe" are: LS. - 0.1l(0.12), Q.S' = 0.49(0.52),
H.W. = 0.33(0.36) mm/s for the room-tempera-
ture (low-temperature) spectrum. Chemical
analysis is from Klein & Ito (1968).

Seifert (1977)

See following paper.

Seifert (1978)

Mtjssbauer spectroscopic study of antho-
phyll ite{78} and {98} - { 103}; incomplete
resolution obtained, with two Fe"* doublets due
to Fe2* in Ml +M2+M3 and M4. Spectra
recorded at room and liquid-nitrogen tempera-
tures (indicated by a and b respectively). Note
that anthophyllite{78} is anthophyllitel23], the
sructure of which was refined by Finger
(1970b). Site occupancies were calculated for
the amphiboles equilibrated at various tempera-
tures up to 800'C and a pressure of I kbar.

Tripathi & Lokanathan (1978)

Miissbauer spectroscopic study of actinolite
{104 )  -  ( 109 } ,  ho rnb lende {110 } -1112 }  and
winchite{l 13} and irl l4}. The amphiboles are
apparently completely uncharacterized. The
winchite spectra are charactprized by two Fe"*
doublets and no Fet* doublets.
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Goldman (1979)

Combined Miissbauer and electfsnic.abso4r-
tisn spectroscopic study of grunerite{ll5},
actinolite{ I 16}, ferrotremolite{ 1 l7}, actlnolite
1116). and pargasite{119}. This paper also
presents a review of some previous M'iissbauer
studies.on cal,cic amphiboles together with a
re'assessment of the peak assignrnents, suggest-
ing that Fe'* prefers to enter the M(4) site prior
to the M(1) and M(3) sites and that a doublet
due to this oc4upancy is an important feature
in the spectra of Fe'+-poor amphiboles. Only
limited Miissbauer data are presented; the
spectrum of {118} was recorded at 77 K, and
the spectrum of {119} was recorded at room
temperature.

Stroink et al, (198A)

Miissbauer spectroscopic examinatiron Of

anthophyllite{120}, gummingtonite{121} and
magnesio-riebeckitell2?). Compositional and
X-ray data are grven by Rendall (1970), a14
Timbrell (1970). There was.incomplete resolu-
tion for the Fe--Mg-Mn amphiboles, with two
doublets, due to Fes* at M(4) and M(1)+M(2)
+M(3), and a smatl Fe'* shoulder detectable.
Magnesio-rietrckiteil22) was resolved into
two Fe2u doublets, M(l) and M(3), a4d an Fe3*
doublet, M(2), and shows minor peaks due to
admixture of magnetite. Note that the Q.S.
value for'Fe3* in cummingonite{l2l} must
be wrong.

Law & Whittaker (1981)

Combined Miissbauer and infrared absorption
spectrossopic study of holmquistite{65}, that is
the same as holmquistitel3l]; see also Law
(1973). A comparison of these results with the
results of X-ray structure-refinement is given.
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AppENprx G. INnnenno Specrnal Sruotns oF AMPHIBoLES

This tdchnique has found considerable applica- both { ) and ( ) samples are given here; for
tion in cation-ordering studies on amphiboles, the ( ) data, site populations are given just
although its use has tailed off in recent years from the infrared method, as the site popula-
as realization of the problems encountered with tions derived by a combination of both methods
this technique has become apparent. Despite are given in Appendix F.
these drawbacks, considerable information con- Many vibrational specgoscopic studies are
cerning cation ordering has been derived, and in the near-infrared region. The following
a brief outline of these results is given here, studies are considered heie:
The majority of amphiboles examined by this
technique Luu" also been studied usin! Kukovskii & Litvin (1970) I - 14

Miissbauer spectroscopy; these amphiboles arE P3tubllg]-."t al' (1974) 15 * 53

identified in this upp"ooi* using the numbers Liese (1975) 54 - 60

(in curly brackets) of Appendix F where the The data are given'in Appendices G4 and G5
cell data are given. Amphiboles examined solely and Figures 97 and 98. Amphiboles 8, 9 and l0
by this method are identified by numbers in are magnesio-hornblende(46), hastingsite(44) and
angular brackets. Cation site-populations for potassian ferri-taramite(51), respectively.
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APPEMIX G2. SI,TE OCC1JPANCIES IN AMPEIBOTES BY INTRARED SPECTROSCOPY

M(l-)+M(3) per site M(2) per s i te
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Burns & Strens (1966)

Examination of actinolite{10}, {11} and
{33}, cummingtonite{l} - {3} and grunerite
{4} and {5}, in which partial site-populations
were derived.

Strens (1966)

Infrared study of several amphibole series
(holmquistite, glaucophane, riebeckite, tremolite,
anthophyllite, cummingtonite - grunerite); no
quantitative results are given. However, it is
noted that Fez+ "definitely" prefers the M(1)
site in glaucophane, with a slight preference in
riebeckite; this is not in accord with the X-ray
results of Papike & Clark (1968) or the
Miissbauer results of Bancroft & Burns (1969)
and Ernst & Wai (1970). In addition, cation
clustering (the occurrence of FeFeFe and
MgMgMg axrangements in adjacent 2M(1)+
M(3) sites, in bmounts greater than that exlrcted
for random mixing) was reported to occur in
all series except the cummingtonite - grunerite
amphiboles.

Bancroft et al. (1966)

Combined Miissbauer and infrared spectros-
copic study of anthophyllite{8} and {9),
cummingtonite{ I } and grunerite{6}.

Bancroft et al. (1967a)

Combined M6ssbauer - infrared spectroscopic
examination of cummingtonite{l) - {3}, gru-
nerite{4} - {6} and tirodite{7}.

Burns & Prentice (1968)

Infrared spectroscopic study of riebeckite
{19}, magnesio-riebeckite{20} and crosidolite
( I ). Site occupancies are derived for the
M(1)*M(3) and M(2) positions; using the
criteria of Strens (1966), it is noted that the
M(1) positions are favored in preference to
M(3) positions in the order Fe$1> Fe'+) Mg,
and that significant clustering of cations occurs.

Bancroft & Burns (1969)

Combined Miissbauer and infrared spectros-
copic study of glaucophane{15} and {16},
crocsite{17} and tl8}, riebeckite{19} and
magnesio-riebeckite{20} and {21}. The spectra
indicate that the majority of the Al3+ and Fe3+
cations occupy the M(2) positions, although
additional inflections in the spectra occur that
could be due to trivalent cations at the M(l) or
M(3) positions (or both).
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Wilkins et al. (1970)

Infrared spectroscopic study of holmquistite
(2) and magnesio-hornblende (3); chemical
analyses include LirO 3.76 and 0.18 wt. Vo for
<2> and <3>, respectively. Holmquistite
shows four bands, the intensities of which
indicate a nearly random distribution of Mg
and Fe'* over the M(1) and M(3) sites; no
minor bands occur, indicating that no univalent
or trivalent cations occur at M(1) and M(3)'
The hornblende shows four main bands, due to
Mg and Fet* configurations, a high-frequency
band at -369O cm-' and at least two broad
bands around 3600 cm-l; the high-frequency
band was assigned to configurations involving a
filled A-site, and the low-frequency bands were
assigned to "various combinations of trivalent
and divalent ions"; no exact site-populations
were assigned. >M(4) for magnesio-hornblende
(3) includes 0.10 Li.

Wilkins (1970)

Infrared specroscopic study of actinolite
<4>-<13>,  {33} ,  114s-418>;  s i te  popula-
tions are given as occupancies of M(l)*M(3) and
M(2), assuming negligible occupancy of M(4).
Chemical analyses are from: <4>-<10>,
Mueller (1960); < l l > and < l2>, Klein (1966);
{33}, see Appendix F. Actinolite <13>-<18>
are only characterized by (Fe'*+Mn'z*)/(Fet'
fMn'z*1Mg) ratios that were derived by anal-
ysis for Fe'* assuming an "ideal actinolite
formula"; these ratioS are not listed in Appendix
Gl, but are retrievable by summing the (Fe2+*
Mn'*) site-populations and dividing by 5.0.
Note that actinolite(5) coexists with cum-
mingtonite{53}.

Burns & Law (1970)

A discussion of the problems associated with
estimating site populations in anthophyllite and
gedrite by the infrared method, with cumming-
tonite{1} and anthophyllite{9} as illustrations.

Ernst & Wai (1970)

Combined Miiss'bauer and infrared spestros-
copic study of glaucophane{15a}, magnesio-
riebeckite{27} and riebeckite{29}, as well as
the heated products {15b}-{15d}, t27b} and
{27c}, and {29b} and {29c}, the heating condi-
tions being given in Appendix Fl.

Burns & Greaves (1971)

Combined Miissbauer ,and infrared spectros-
copic study of actinolite{l0a}, {11} and
{33}, manganoan actinolite {32}, manganoan
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ferro-actinolite{35} and ferro-actinolite{36}; Spectra were fitted using Lorentzian line_shape,
further details are given in Appendix F4. and the site populationi were calculated from

the "normalized intensities of the bands at
Buckky & Wilkins (1971) their peaks"; this presumably refers to peak

heights, as the authors indicate that site popula-
-Combined Miissbauer and infrared spectros- tions assigned on the basis of "integrai inten-

copic study of cummingtonite{62}; complete sities" arJ inconsistent with the chemistry of
site-populations assigned. the samples. The authors offer a rather peculiar

argument to arrive at the conclusion that the
Rowbotham & Farmer (1973) B and C bands are due to the configurations

MgMgFe'* and Fe"*Fes+Mg, respectively, at
Examination of the variation of principal U(tlvt(tlvt3), presumabty riitfr configurations

stretching frequency in synthetic richterite - involving both Mg and Fe,* at M(l)ilI(1) nor
tremolite amphibofes, together with a compa- in evidence. wittr itris assumption, compleie site-
rison with natural amphiboles. The samples of populations were derived. The occurrence of
pure richterite appear to be nonstoichiometric. prominent clustering of cations was also noted.

Semet (1973)

Combined Miissbauer and infrared spectros-
copic study of "pure" magnesio-hastingsite{67},
natural magnesio-hastingsite{68} and pure par-
gasite(l9). Semet 1973 suggested that the
"'broad absorption band in the infrared spectra
of the Fe2+-rich synthetic magnesio-hastingsites
in the OH-stretching region may be attributed
to extra hydroxyl ions". The spectrum of pure
pargasite< t9) is interpreted as indicating
random distribution of Mg and Al over the
M(1). M(2) and M(3) sites.

Nikit ina et al. (1973)

I-nfrared spectroscopic study of sixteen appar-
ently uncharacterized calcic amphiboles <20>-
<35> (the sequence followed is that of
Table 4, this reference); 12O2, <ZZ>,
S_?4> and <27> have also been examined by
Miissbauer spectroscopy (Khristoforov er ai.
1973), and a comparison of results is given here.

Fez" (infrared) p'e2+ M.iissbauer
M(l) M (2) M(3) M(1) M (2) M(3)

<20> 0.r2 0.01 0.38 0.10 0.0 i  0.39
<22> 0.07 0.16 0.38 0.12 0.15 0.30
<24> 0.26 0.11 0.45 0.27 0.08 0.47
<27> O.33 0.16 0.45 0.39 0.12 0.42

Strens (1974)

A review of infrared spectroscopic work on
chain, ribbon and ring silicates, with special
emphasis on the hydroxyl-stretching region in
the spectra of alkali amphiboles.

Law (1976)

A discussion of the peak-intensity criteria
for cation ordering and clustering in amphi-
boles.

Maresch & Langer (1976)

Synthesis and infrared study of three synthetic
amphiboles Lio.zz (Lir.rr Mgo.re) Mg" (Sio.o. Orr.-
OHo.eo) (OH), (36>, NazMguSirO:z(OH)r <37>
and NasMgs(SisOlOH)(OH)z <38>; cell data
for <37> and <38) are from Witte et al.
(1969). The fine structure in the hvdroxvl-
stretching region of <36> could not 6" 

"o*-pletely interpreted; however, a band at 3727
cm-' was assigned to hydroxyl in an Si-OH
configuration.

Law & Whittaker (Ig8t)

Combined M6ssbauer and infrared-absorption
spectroscopic study of holmquistite{65}, which
is equivalent to holmquistite[31].
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APPENDIX G4. CIIB{ICAI ANALYSES AND UMT-CELL DATA FOR AMPHIBOLES EXAMINED BY

VTBRATIONAL SPECTROSCOPY
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APPENDTX C5. r$FRARm ABSORPTTOI{ FREQUENCTES,("r-1) FOR A!{PIITBOLES

t 6I5 27 28
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APPENDIX H. MAGNETIC SUSCEPTIBILITY OF AMPIIIBOLES

CUMNCEI. COMPOSITIONF* OI' A},IPEIBOLES FOR WHICU MAE{ETIC
SUSCEPTIBILI1Y DATA ARE AVAITABLE
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ffol 9^a.nn1." g - j!, ttre Eagnetlc ton contents are gLven as catlon cootents
(x100?)
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AMPHIBOLE NA!4ES tlIgH]^rO 
ABoVE AMPIIIB0LES

BY AUTIIORS

1
2
3
4
5
6

19
20
2L
22
23
24
25
26
27
28

Riebecklte
Itornbl-ende
I{ornbLende
Actinoll.te
ActinoLite
ArfvedsonLte
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Pargasite
Rlchterlte
llornbLende
PargasLte
Ilornblende
Ilornbl-ende
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MagneslorLebeck1.te
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Riebeckl"te
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ArfvedsonlLe
Riebecklte
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Ilasttngslte
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Ilastingsite
HastingsLte
HastLngslte
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30
3l-
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36
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4L
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44
45

MAGIVETrC SUSCEPTTBILTTY (x106 emu/g) OF AMPIITBOLES
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38 38 4L 4L 47 47 53 54 60

39,

62R . T .

R . T .

!- 19- $Yono (Le60),

Lg - 45 Eflmov et aL.

Z 
- 19. Babklne et aL. (1968),

(Le72)




