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NONCE NT RIC LAYER SILICATES: AN OPTICAL SECOND 
HARMONIC GENERATION, CHEMICAL, AND X-RAY STUDY 
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Abstract-Twenty-nine chlorites, seventeen lithium-free micas, and twenty-two lithium-bearing micas 
from diverse localities have been studied by X-ray diffraction, microprobe, and optical second harmonic 
generation (SHG) techniques to determine which are noncentric and the cause ofacentricity. Manandonite 
(B-rich chlorite) and cookeite, both crystallizing in the fa form, are acentric. Sudoite-llb gave a ques
tionable SHG signal, possibly indicating acentricity. All other chlorites gave null signals. Bityite, a Li,Be 
mica similar to margarite, was determined from the positive SHG response to be acentric. It crystallizes 
in the 2M, form and, by analogy to margarite, is ordered tetrahedrally in subgroup symmetry, Ce. 
Masutomilite-IM and "cryophyllite"-IM (a zinnwaldite high in Al and Si, but low in Fe) are acentric 
and most probably crystallize in space group C2, thus allowing a noncentric octahedral ordering pattern. 
Lepidolites showed a diversity in SHG response with only a few being acentric; a lepidolite-1M from 
Mesagrande, California, a lepidolite-3T from Windhuk, South West Africa, and a lepidolite-2M2 from 
Nagatare, Japan, gave positive SHG responses. The Japanese material is complexly intergrown and 
twinned, and intergrain reflection or refraction may have produced spurious signals. 

Most lithium-free micas showed diversity in SHG response and, although most were non-emitters, 
dintonite from Amity, New York, showed a positive response, but this sample is twinned and shows 
stacking disorder. A "manganophyllite"-IM (manganoan phlogopite) from Langban, Sweden, showed a 
very weak positive response; however, the presence of Mn alone is not suffcient to produce octahedral 
cation ordering in noncentric subgroup symmetry. Two manganoan phlogopites from Japan were refined 
in subgroup symmetry, and the higher order and ideal symmetry of C2!m was confirmed. 

Key Words-Acentricity, Chlorite, Electron microprobe, Lithium, Mica, Second harmonic generation, 
X-ray diffraction. 

INTRODUCTION 

Clay mineral structures may be acentric for several 
reasons. Serpentine minerals lack a center of symmetry 
because of the very nature of their silicate layers, which 
consist of one octahedral sheet and one tetrahedral 
sheet with apical oxygens of a single polarity. Other 
clay minerals, because of differences in the stacking of 
successive silicate layers, may be acentric in overall 
structure even when individual layers are centric. In 
structures containing more than one cation species oc
cupying sites with similar coordination, an acentric 
structure may develop when the cations order or order 
partially. Several such examples have been confirmed 
by X-ray diffraction analysis (Guggenheim and Bailey, 
1977, 1978; Guggenheim, 1981) and by infrared tech
niques (Farmer and Velde, 1973). Bailey (1975) con
sidered different patterns of atomic ordering, several 
of which may produce an acentric structure. Because 
of the large number of variables involved, character
ization of the cause or causes of the noncentric nature 
of the structure is difficult. In fact, it is often very 
difficult by X-ray diffraction methods to establish if 
the structure is acentric or not, particularly if the cat
ions are centrosymmetrically arranged and the anions 
are not. 
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Franken et at. (1961) found that acentric materials 
emit light at twice the frequency of impinging laser 
light. Such an effect, known as second harmonic gen
eration (SHG), is produced from the electric field of 
the laser pulse interacting with the outer electrons of 
highly polarizable atoms such as oxygen or hydrogen. 
In contrast to the Giebe and Scheibe (1925) piezoelec
tric test or techniques that involve crystal morphology, 
etch figures, or pyroelectricity to determine acentricity, 
SHG appears to be reliable, rapid, and sensitive (Kurtz 
and Dougherty, 1979). 

Preliminary studies to test the reliability of SHG 
have only recently been made. Kurtz and Perry (1968) 
found that the second harmonic signal may be reduced 
by a decrease in the amount of sample or sample layer 
thickness, and by absorption effects of the sample. In 
addition, the intensity may decrease also with decreas
ing particle size (Kurtz and Perry, 1968; Newnham et 
at., 1977) and with twinning (Newnham et at., 1977). 
The signal may either decrease or increase due to pre
ferred orientation (Kurtz and Perry, 1968) and, in sev
eral instances, spurious signals (Kurtz and Perry, 1968) 
can be produced by effects other than the optical har
monics of the sample under study. These effects include 
damage by grinding, intergrain reflection or refraction, 
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and the presence of noncentric contaminants. Care in 
sample preparation reduces some causes of spurious 
signals. Moreover, the other effects producing these 
signals may be recognized by large bandwidth differ
ences between the second harmonic and a spurious 
signal, as well as by the signal wave shape or duration. 

A limited number oflayer silicates have been studied 
by SHG to determine noncentric structures. Bish et at. 
(1979) and Horsey (1981) showed that all studied sam
ples ofzinnwaldite-IM, margarite-2Mt , and ephesite-
2Mt generated signals and that muscovite-2Mt, phlog
opite-1M, clintonite-IM, and biotite-1M did not. In 
addition, Horsey found that a montmorillonite, a pen
ninite, a vermiculite, and two tales did not produce 
signals. Guggenheim (unpublished data) found also that 
six vermiculites and two interstratified (I o-A and 14-
A phases) samples did not produce signals. Of four 
lepidolites studied by Horsey, a lepidolite-1M from 
Tanakamiyama, Japan, produced a signal and was later 
shown by Guggenheim (1981) to have a noncentric 
octahedral ordering pattern. Guggenheim (1981) con
cluded that not all lepidolite-1M micas are similarly 
ordered; thus it seems reasonable to assume that other 
layer silicate species may show variations as well. The 
present paper reports SHG, chemical, and X-ray dif
fraction data on a large number oflayer silicates in an 
attempt to identify acentric materials. 

EXPERIMENTAL 

A SHG instrument similar to that described by Bish 
et at. (1979) was used, except that higher bandwidth 
electronics and a cooled photomultiplier tube housing 
were added for noise reduction. To avoid a system that 
was too sensitive and which would detect higher order 
effects not related to acentricity (quadrupole interac
tions, etc.), the system was calibrated with standard
ized powdered quartz and BaTi03 ceramic samples 
(Dougherty and Kurtz, 1976). 

Cleavage flakes were optically examined under po
larized light at 125X to eliminate possible spurious 
signals due to foreign material. All flakes containing 
inclusions and other impurities were rejected. Most 
samples were examined in single crystal form either as 
large flakes or groups of flakes with the laser pulses 
directed perpendicular to the (00 I) plane to minimize 
the effects of grinding, reflection, and refraction. Be
cause of this sample orientation, the test being only 
sensitive to asymmetries perpendicular to the laser 
beam, and the lack of a defined zero level in SHG 
analysis, the test cannot be used to prove a centric 
structure. 

The integrated intensity of the second harmonic sig
nal, the number of signal spikes, and the correlation 
to the fundamental were used to determine acentricity. 
Emphasis was placed on the latter two because most 
signals were weak. At least six laser firings (each firing 
containing 20 to 200 lasing pulses) were made for each 

sample. The results fall into three categories: null or 
no signal for all firings, a positive signal for all firings, 
and a questionable signal. A questionable signal rep
resents inconsistent results (a sequence of null and pos
itive firings with one or two signal spikes oflow inten
sity). To minimize the possibility oflaser damage, the 
test was started at a minimum power level and the 
average intensity was increased at successive firings. 
This procedure allowed a judgment of the degree of 
laser-damage-induced SHG signal. If when returning 
to low power the signal was significantly increased, it 
was assumed that damage had occurred. It is difficult 
to assign a value to the minimum signal, but the level 
is probably two to three orders of magnitude below 
that given by powdered quartz. 

Compositional data were obtained from a three
spectrometer MAC-5 automated electron microprobe 
using the data-reduction procedure of Bence and Albee 
(1968) and incorporating the alpha factors of Albee 
and Ray (1970). Analyses of Ni and Zn were obtained 
using a modified ZAF procedure based on the "Magic" 
program of J. W. Colby of Bell Telephone Laboratories, 
Allentown, Pennsylvania. Analyses of F, Na, Mg, and 
Al were made with a RAP crystal and flow proportional 
counter spectrometer, Si, K, Ca, Ti, Rb, and Cs with 
a PET crystal, and Cr, Mn, Fe, Ni, Zn, and Ba with a 
LiF crystal. The LiF crystal was used with sealed pro
portional counter spectrometers. Each analysis repre
sents an average of at least three individual analyses 
and, generally, many more. The electron beam was 
broadened and the sample current kept as low as pos
sible to minimize sample damage. Standards used were: 
hornblende, Kakanui, New Zealand (Smithsonian 
sample #NMNH-143965), for Si, AI, Fe, Mg, Ca, Na, 
Ti; benitoite, San Benito County, California (NMNH-
86539), for Ba; microcline, locality unknown (NMNH-
143966), for K; albite, Amelia County, Virginia, for 
Na; lepidolite, Radkovice, Czechoslovakia, for F, Rb, 
Cs; hypersthene, Johnstown, Colorado, meteorite 
(NMNH- 7 46) for Cr; fayalite, Rockport, Maine 
(NMNH-85276), for Mn; and zinc and nickel metal. 

All samples were examined by Debye-Scherrer or 
Gandolfi X-ray powder methods and, for those sam
ples giving positive SHG signals, by the single crystal 
Buerger precession X-ray method. Specimens for pow
der analysis were prepared by abrading a cleavage plate 
with an iron file to prevent structural damage by grind
ing that might reduce the X-ray intensities of reflec
tions. For samples producing null or questionable SHG 
signals, polytype information given in the tables most 
likely represents the dominant stacking sequence in the 
specimen inasmuch as only a small sample portion was 
examined. The single crystal analyses of all other sam
ples allowed an assessment of relative crystallinity and 
stacking regularity, in addition to a confirmation of 
polytype as determined from the powder films. Because 
the 1M and 3T polytypes are indistinguishable from 
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powder patterns, the single crystal analysis proved use
ful to differentiate the two. Samples showing noncen
tric contaminating phases in the X-ray analysis were 
removed from further consideration. 

Because bityite (Li,Be-rich mica) and manandonite 
(B-rich chlorite) have not been extensively studied, the 
type specimens (bityite: Harvard #87680; manandon
ite: NMNH #140978) were also analyzed by ion mi
croprobe by Ian M. Steele of the University of Chicago 
following the procedures outlined in Steele et al. (1981). 
Because a lithium layer-silicate standard was unavail
able, the analysis was determined by reference to count
rate ratios of each unknown to a spodumene assumed 
to be stoichiometric. Boron and beryllium analyses 
were determined using published data (Meyer, 1978; 
Gittens et aI., 1972) for relative secondary ion yields 
of each element relative to aluminum. Count rates for 
B, Be, and Al were measured and approximate BI Al 
and BelAI ratios derived and combined with the elec
tron microprobe data to produce ratios for bityite (Si: 
Al:Li:B:Be:Ca = 5.18:7.41:1.70:0.61:3.41:2.37) and for 
manandonite (5.28:8.87:3.19:2.22:0.02:0.01). These ratios 
yield structural formulae of Cao.9Lio.65AI2.,(Al07 
Be '3Si I. 970 IO( 0 Hh and Li ,.55AI4.0(B ,08Si 2.5 7Alo.35)0 IO 
(OH)g, respectively. Error estimates are believed to be 
better than a factor of two (Steele et al., 1981). Data 
on composition, poly types and SHG are given in Table 
1 for the micas, Table 2 for the lithium-rich micas, 
and Table 3 for the chlorites. Because lithium cannot 
be analyzed by electron microprobe, all of those sam
ples given in Table 2 may not have appreciable amounts 
oflithium, particularly those of the 2M, polytype which 
may be closer to lithian muscovite in structure (Lev
inson, 1953). 

DISCUSSION 

Micas 

Lithium,beryllium micas from four localities were 
examined (Table 2, samples 1-4). Compositional data 
for the type locality sample of bityite, as determined 
by ion and electron microprobes, confirm previous wet 
chemical and spectroscopic analyses for bityite as de
scribed by Fleischer (1950). A small, highly twinned 
(see Strunz, 1956) sample from Mt. Bity gave a positive 
SHG signal, as did untwinned samples from the Mops 
and No Beer Pegmatites, which contained less lithium 
and beryllium. The sample from the Namaherere Mine 
gave a questionable signal, but this sample is inter
mixed with substantial amounts of muscovite which 
would attenuate the signal. Consequently, it is likely 
that each of these samples is acentric. 

The Li,Be micas form a compositional series from 
the trioctahedral end member of bityite to the dioc
tahedral end member, margarite, with vacancy and 
aluminum replacement for lithium and beryllium, re
spectively. Margarite-2M, has been shown by Guggen-

heim and Bailey (1977) to have a nearly ordered silicon 
and aluminum tetrahedral pattern that violates the 
center of symmetry of the ideal space group C21 c. The 
Li,Be micas, also crystallizing as 2M" may form a 
similar pattern with the ordering of AI, Be, and Si 
tetrahedra. Farmer and Velde (1973) suggested such a 
pattern from infrared spectra, and Lin and Guggen
heim (1983) confirmed this pattern by a single crystal 
X-ray refinement of the Mops sample. 

The other lithium-rich micas gave a wide range of 
results. The Mn analogue ofzinnwaldite, masotumilite 
(sample 21, Table 2), produced a relatively strong SHG 
response. Although the ideal space group is C21 m for 
the 1M polytype ofzinnwaldite, Guggenheim and Bai
ley (1978) showed that aluminum prefers an octahedral 
site that is related by a pseudomirror plane to a larger, 
lithium- and iron-rich octahedral site. Masotumilite, 
by analogy, probably has similar octahedral ordering 
and therefore also maintains a reduced symmetry to 
space group C2. 

A variety ofzinnwaldite (sample 15, Table 2), known 
as "cryophyllite" in the older literature (Foster, 1960), 
is high in aluminum and silicon, and contains less iron. 
Although this specimen gave a relatively strong posi
tive SHG signal, the iron-rich biotite (sample 17, Table 
1) from the same locality did not. However, the latter 
sample is very dark and may be opaque to the laser 
pulse. 

The lepidolite-1M (sample 13, Table 2) from Mesa
grande, California, has regular stacking and produced 
a second harmonic signal equal approximately in re
sponse to that of zinnwaldite. The chemical analysis 
implies few possible cation-ordering effects, except Al 
for Si tetrahedrally, or Li (and vacancy) for aluminum 
octahedrally. By analogy with the recent refinement of 
lepidolite-l M (Guggenheim, 1981) from Tanakamiya
rna, Japan, in which Al is related by a pseudomirror 
plane to a larger octahedral site, this mica may have a 
similar (and acentric) octahedral ordering pattern. 

The lepidolite-2M2 (sample 18, Table 2) from Na
gatare, Japan, is the only sample of that polytype that 
produced a positive SHG signal. Optical microscope 
and X-ray diffraction precession examinations indicate 
complex twinning and intergrowths making further 
single crystal X-ray study difficult. The partial chemical 
analysis presented in Table 2 is comparable to that of 
the Mesagrande lepidolite, and similar arguments can 
be made that octahedral cation ordering may be re
sponsible for noncentrosymmetry in this structure. 
Twinning, therefore, may be related to the unique or
dering scheme. However, it is unclear whether twin
ning (causing reflection andlor refraction at twin 
boundaries) may produce the positive SHG response; 
these conclusions are therefore, tentative. 

The positive (although very weak) SHG response 
from the manganoan phlogopite ("manganophyllite") 
from Langban, Sweden (sample 11, Table 1) and a 

https://doi.org/10.1346/CCMN.1983.0310402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1983.0310402


T
ab

le
 I

. 
S

ec
on

d 
h

ar
m

o
n

ic
 g

en
er

at
io

n 
d

at
a,

 X
-r

ay
 e

le
ct

ro
n 

m
ic

ro
pr

ob
e 

(p
ar

ti
al

 a
na

ly
se

s)
 d

at
a,

 a
n

d
 s

tr
uc

tu
ra

l 
fo

rm
ul

ae
 o

f 
m

ic
as

. 
tv

 
V

>
 

~
 

4 
6

' 
9 

to
 

II
 

12
 

13
 

14
 

15
 

16
 

17
 

IM
+

 
IM

d
+

 
P

ol
yt

yp
e 

2M
! 

2M
! 

2
M

! 
2M

! 
2M

! 
lM

d 
1

M
 

lM
d 

IM
d 

1M
 

1
M

 
2M

! 
2

M
! 

1
M

 
lM

d 
1

M
 

1M
 

S
H

G
 R

es
ul

t!
 

0 
? 

0 
0 

? 
0 

0 
? 

+
 

? 
+

 
0 

0 
0 

0 
0 

0 
S

iO
z 

46
.8

3 
54

.7
4 

45
.8

6 
46

.8
3 

45
.5

7 
31

.6
2 

17
.5

6 
18

.0
2 

19
.0

7 
42

.3
3 

41
.1

6 
39

.1
1 

37
.5

9 
43

.2
0 

36
.0

9 
40

.3
3 

38
.1

9 
A

l z
0

3 
28

.7
2 

20
.7

6 
33

.1
4 

32
.9

2 
35

.7
6 

12
.1

9 
39

.0
9 

37
.5

6 
40

.0
9 

8.
70

 
14

.2
6 

19
.3

5 
15

.3
0 

12
.0

9 
14

.5
3 

11
.3

7 
12

.6
3 

F
eO

z 
2.

81
 

0.
70

 
3.

06
 

1.
21

 
0.

54
 

5.
60

 
3.

39
 

3.
88

 
2.

83
 

3.
54

 
2.

58
 

11
.3

1 
7.

61
 

0
.0

8 
22

.1
1 

18
.8

5 
36

.5
3 

M
gO

 
1.

95
 

6.
30

 
0.

77
 

1.
34

 
0.

74
 

1.
43

 
20

.0
0 

19
.6

2 
20

.3
3 

22
.4

6 
25

.2
3 

14
.0

4 
21

.2
4 

25
.6

1 
11

.3
6 

15
.4

7 
0.

06
 

M
n

O
 

0.
68

 
0

.9
2 

0.
50

 
0.

04
 

14
.9

6 
0.

06
 

0.
04

 
7.

57
 

1.
18

 
0.

18
 

0.
09

 
0.

48
 

0.
41

 
0.

60
 

T
iO

, 
0

.9
8 

0
.3

5 
1.

00
 

1.
26

 
0.

26
 

0.
33

 
0.

37
 

0.
06

 
3.

83
 

1.
50

 
2.

20
 

1.
46

 
C

r Z
0

3 
0.

49
 

0.
65

 
0.

06
 

0
.1

4 
0.

07
 

0.
13

 
Z

n
O

 
21

.5
4 

0
. 0

8 
N

iO
 

0
.1

1 
K

zO
 

11
.1

5 
11

.8
6 

11
.8

9 
10

.2
2 

9.
11

 
8.

15
 

0.
01

 
0.

02
 

10
.1

2 
11

.0
5 

9.
61

 
9.

94
 

10
.2

3 
9.

53
 

8.
96

 
8

. 7
1 

C
aO

 
0.

02
 

14
.4

1 
14

.0
4 

14
.0

5 
0.

04
 

0
. 0

4 
0.

03
 

0
.0

6 
Cl

 
N

az
O

 
0.

30
 

1.
11

 
0

.7
7 

0.
38

 
0

.8
8 

0.
12

 
c:: ~
 

B
aO

 
0.

36
 

2.
80

 
0.

72
 

0.
54

 
0.

64
 

0.
30

 
'" 

F 
2.

48
 

1.
37

 
2.

38
 

0.
38

 
::

) 
~
 '" 

T
ot

al
 

93
.1

1 
95

.5
9 

94
.2

1 
94

.6
7 

97
.6

0 
97

.3
1 

94
.5

1 
93

.1
3 

96
.7

4 
94

.7
6 

96
.8

9 
93

.9
7 

97
.3

8 
93

.6
9 

96
.9

7 
10

0.
45

 
98

.5
6 

§.
 

O
=

F 
1.

04
 

0.
58

 
1.

00
 

0.
16

 
[/

J
 

n 
T

ot
al

 
92

.6
5 

96
.3

9 
99

.4
5 

98
.4

0 
~
 

Eo
 

F
or

m
ul

ae
 b

as
ed

 o
n 

22
 p

os
it

iv
e 

ch
ar

ge
s 

N
 

!'
 

Si
 

3.
24

 
3.

65
 

3.
11

 
3.

14
 

3.
01

 
2.

80
 

1.
27

 
1.

25
 

1.
33

 
3.

12
 

2.
89

 
2.

88
 

2.
69

 
3.

12
 

2.
80

 
2.

97
 

3.
05

 
:I:

 
A

I(
IV

) 
0.

76
 

0.
35

 
0

.8
9 

0.
86

 
0

.9
9 

1.
20

 
2.

73
 

2.
75

 
2.

67
 

0
.7

6
' 

1.
11

 
1.

12
 

1.
29

4 
0

.8
8 

1.
20

 
0.

99
 

0
.9

5 
Il>

 3.
 

A
I(

V
J)

 
1.

59
 

1.
28

 
1.

76
 

1.
74

 
1.

79
 

0
.0

6 
0.

60
 

0
.3

2 
1.

64
 

0.
07

 
0.

56
 

0
.1

5 
0

.1
2 

0.
24

 
Y

' 
Fe

Z' 
0

.1
6 

0
.0

4 
0

.1
7 

0
.0

7 
0

.0
3 

0.
41

 
0.

20
 

0
.2

3 
0.

17
 

0.
22

 
0

.1
5 

0.
70

 
0.

46
 

1.
43

 
1.

16
 

2.
44

 
Il>

 
:l

 
M

g 
0.

20
 

0.
63

 
0.

08
 

0.
13

 
0.

07
 

0
. 1

9 
2.

15
 

2.
03

 
2.

12
 

2.
46

 
2.

63
 

1.
54

 
2.

27
 

2.
75

 
1.

31
 

1.
70

 
0.

01
 

Q
. 

M
n

 
0.

04
 

0.
05

 
0

.0
3 

0.
91

 
0.

47
 

0.
07

 
0.

01
 

0
.0

1 
0.

03
 

0.
03

 
0

.0
4 

C
 

T
i 

0.
05

 
0

.0
2 

0.
05

 
0.

06
 

0.
02

 
0.

02
 

0.
02

 
0.

21
 

0
.0

9 
0.

12
 

0.
09

 
::

) 

C
r 

0.
03

 
0.

03
 

Z
n 

1.
41

 
K

 
0.

98
 

1.
0 

I 
1.

03
 

0.
87

 
0.

77
 

0.
92

 
0.

95
 

0.
99

 
0.

90
 

0.
91

 
0.

94
 

0.
94

 
0.

84
 

0.
89

 
C

a 
1.

11
 

1.
04

 
1.

05
 

0.
00

 
N

a 
0.

04
 

0.
14

 
0.

13
 

0.
05

 
0.

12
 

0.
02

 
B

a 
0.

01
 

0.
07

 
0.

03
 

0.
01

 
0.

02
 

0.
01

 
~
o
c
t
 

2.
04

 
2.

02
 

2.
04

 
2.

02
 

1.
98

 
3.

00
 

2.
95

 
2.

58
 

2.
95

 
2.

94
 

2.
81

 
2.

90
 

2.
98

 
3.

01
 

2.
82

 
Q

 '" 
! 

F
o

r 
se

co
nd

 h
ar

m
on

ic
 g

en
er

at
io

n 
(S

H
G

) 
si

gn
al

: 
0 

=
 n

ul
l 

o
r 

no
 s

ig
na

l,
 +

 =
 p

os
it

iv
e 

si
gn

al
, 

? 
=

 in
co

ns
is

te
nt

 r
es

ul
ts

 (
se

e 
te

xt
).

 
~
 '" 

z 
A

ll 
d

at
a 

as
su

m
ed

 F
eO

. 
::s 

3 
In

ho
m

og
en

eo
us

 i
n 

ch
em

is
tr

y.
 

"'- Q
 

4 
T

et
ra

he
dr

al
 d

ef
ic

ie
nc

y 
pr

ob
ab

ly
 m

ad
e 

u
p

 b
y 

F
e
".

 
~
 

C
om

m
en

ts
. 

lo
ca

lit
y 

an
d 

do
no

r 
in

fo
rm

at
io

n 
by

 c
ol

um
n 

~ 
(I

) 
"a

lu
rg

it
e,

" 
U

lt
ev

is
, 

L
ap

pl
an

d
, 

S
w

ed
en

: 
S

W
B

; 
(2

) 
"a

lu
rg

it
e,

" 
St

. 
M

ar
ce

l,
 I

ta
ly

: 
A

M
N

H
; 

(3
) 

"a
lu

rg
it

e"
, 

M
in

as
 G

er
ai

s,
 B

ra
zi

l:
 S

W
B

; 
(4

) 
"f

uc
hs

it
e,

" 
T

am
at

iv
e,

 M
ad

ag
as

ca
r:

 
::s 

S
W

B
; (

5)
 "

fu
ch

si
te

,"
 n

ea
r 

L
ey

do
do

rp
, T

ra
ns

va
al

, 
S

ou
th

 A
fr

ic
a;

 (
6)

 h
en

dr
ic

ks
it

e,
 F

ra
nk

li
n,

 N
ew

 J
er

se
y;

 (
7)

 c
1i

nt
on

it
e,

 L
ag

o 
de

ll
a 

V
ac

ca
, 

A
da

m
el

lo
 M

ou
nt

ai
ns

, 
It

al
y;

 (
8)

 c
Ji

nt
on

it
e,

 
~ c;;

-

https://doi.org/10.1346/CCMN.1983.0310402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1983.0310402


T
ab

le
 I

. 
C

o
n

ti
n

u
ed

. 

C
re

st
m

o
re

, 
C

al
if

o
rn

ia
; 

(9
) 

tw
in

n
ed

, 
m

ay
 b

e 
3

T
, 

cl
in

to
n

it
e,

 A
m

it
y

, 
O

ra
n

g
e 

C
o

u
n

ty
, 

N
ew

 Y
o

rk
: 

S
W

B
; 

(1
0

) 
"m

an
g

an
o

p
h

y
lJ

it
e,

" 
P

aj
sb

er
g

, 
S

w
ed

en
: 

A
N

M
H

-1
3

4
5

6
; 

(I
I)

 "
m

a
n


g

an
o

p
h

y
lJ

it
e,

" 
L

an
g

b
an

, S
w

ed
en

: 
A

M
N

H
-2

6
7

S
2

; (
1

2
) 

sa
m

p
le

 s
iz

e 
m

ar
g

in
al

, 
lo

ca
li

ty
 u

n
k

n
o

w
n

: 
S

W
B

; (
1

3
) 

L
o

o
lm

u
rw

ak
 C

ra
te

r,
 T

an
za

n
ia

; (
1

4
) 

"e
as

to
n

it
e,

" 
E

as
to

n
, 

P
en

n
sy

lv
an

ia
: 

N
M

N
H

-C
3

7
6

0
; 

(1
5

) 
sa

m
p

le
 v

er
y

 d
ar

k
, 

P
h

il
ad

el
p

h
ia

, 
P

en
n

sy
lv

an
ia

: 
G

C
-4

6
2

.B
7

; 
(1

6
) 

sa
m

p
le

 v
er

y
 d

ar
k

, 
S

il
v

er
 C

ra
te

r 
M

in
e,

 B
an

cr
o

ft
, 

O
n

ta
ri

o
: 

S
W

B
; 

(1
7

) 
sa

m
p

le
 v

er
y

 d
ar

k
, 

C
ap

e 
A

n
n

, M
as

sa
ch

u
se

tt
s:

 F
M

-1
4

4
6

2
. D

o
n

o
r 

ab
b

re
v

ia
ti

o
n

s:
 S

W
B

 =
 

S
. W

. 
B

ai
le

y
 C

o
lJ

ec
ti

o
n

; A
M

N
H

 =
 A

m
er

ic
an

 M
u

se
u

m
 o

f N
at

u
ra

l 
H

is
to

ry
, N

ew
 Y

o
rk

; N
M

N
H

 =
 

S
m

it
h

so
n

ia
n

 
In

st
it

u
te

, 
W

as
h

in
g

to
n

; 
G

C
 =

 G
e
n

th
 C

o
ll

ec
ti

o
n

, 
P

en
n

sy
lv

an
ia

 S
ta

te
 U

n
iv

er
si

ty
; 

F
M

 =
 F

ie
ld

 M
u

se
u

m
 o

f 
C

h
ic

ag
o

, 
Il

li
n

o
is

. 

T
ab

le
 2

. 
S

ec
o

n
d

 h
ar

m
o

n
ic

 g
en

er
at

io
n

 d
a
ta

, 
X

-r
ay

 d
at

a
, 

an
d

 p
ar

ti
al

 c
h

em
ic

al
 a

n
al

y
se

s 
o

f 
li

th
iu

m
 m

ic
as

. 

I'
 

2
' 

3'
 

4
' 

LO
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
' 

22
 

IM
+

 
P

ol
yt

yp
e 

2
M

, 
2

M
, 

2M
, 

2
M

, 
1

M
 

3
T

 
2

M
, 

2
M

, 
2

M
, 

2M
, 

2M
, 

1
M

 
1

M
 

2
M

, 
1

M
 

2
M

, 
2

M
, 

2
M

, 
1

M
 

2M
, 

1
M

 
2M

, 
S

H
G

 s
ig

na
l' 

+
 

+
 

+
 

0 
+

 
0 

0 
0 

0 
0 

+
 

0 
+

 
0 

+
 

0 
0 

+
 

+
 

S
iO

, 
33

.1
 

32
 

31
.2

6 
53

.5
0 

50
.4

4 
46

.5
1 

51
.2

7 
51

.6
5 

45
.2

1 
43

.7
8 

51
.3

3 
52

.7
1 

47
.4

9 
52

.3
5 

49
.7

4 
52

. 1
0 

51
.4

1 
51

.0
9 

49
.9

3 
48

.6
4 

47
.1

3 
A

I,
O

, 
37

.0
 

42
 

44
.3

7 
21

.0
4 

20
.6

5 
31

.0
2 

21
.7

7 
28

.6
7

' 
35

.5
3 

35
.8

9 
23

.2
8 

23
.8

2 
28

.7
4 

16
.5

8 
22

.9
7 

26
.8

7
' 

26
.6

8 
22

.7
5 

28
.9

1 
21

.8
7 

33
.5

3 
F

eO
' 

0.
09

 
2.

50
 

2.
60

 
0.

45
 

0.
01

 
1.

10
 

0.
73

 
0.

02
 

0.
05

 
8.

51
 

0.
06

 
0.

09
 

0.
08

 
0.

62
 

1.
31

 
2.

44
 

M
gO

 
0.

1 
0.

20
 

0.
03

 
0.

02
 

0.
23

 
0.

08
 

0.
03

 
0.

00
5 

M
nO

 
0.

50
 

2.
38

 
0.

65
 

0.
54

 
0.

55
 

0.
02

 
0.

15
 

0.
57

 
0.

44
 

0.
31

 
1.

02
 

0.
50

 
0.

34
 

0.
43

 
1.

51
 

7.
39

 
0.

06
 

C
s,

O
 

0.
97

 
2.

63
 

2.
12

 
1.

87
 

0.
83

 
K

,O
 

0.
03

 
0.

5 
0.

00
8 

10
.7

0 
11

.3
9 

10
.8

1 
10

.4
9 

11
.1

2 
10

.6
6 

10
.8

2 
11

.2
0 

11
.3

7 
11

.5
0 

10
.1

9 
9.

16
 

11
.2

8 
11

.2
1 

10
.5

5 
11

.3
1 

9.
96

 
8.

93
 

N
a,

O
 

0.
1 

0.
8 

0
. 1

9 
0

.0
5 

0
.1

7 
0

.3
0 

0.
31

 
0.

12
 

0
.1

1 
0.

12
 

0.
54

 
0.

32
 

0.
20

 
0.

41
 

R
b,

O
 

0.
97

 
0.

75
 

1.
04

 
0.

92
 

0.
81

 
0

.0
5 

0.
88

 
0.

59
 

0.
76

 
0

.6
9 

3.
49

 
1.

38
 

0
.6

8 
1.

33
 

0.
42

 
1.

74
 

C
aO

 
14

.5
 

14
 

13
.6

4 
F 

7.
22

 
5.

43
 

6.
11

 
6.

76
 

4.
81

 
5.

95
 

6.
23

 
5.

95
 

6.
75

 
6.

70
 

7.
43

 
4.

88
 

6.
43

 
4.

54
 

5.
77

 
4.

92
 

6.
35

 
T

ot
al

 
99

.9
5 

97
.8

5 
10

0.
94

 
94

.0
2 

93
.7

4 
98

.7
4 

92
.2

5 
98

.7
6 

98
.8

3 
97

.8
0 

93
.1

6 
98

.5
5 

95
.6

8 
96

.2
6 

91
.8

9 
10

0.
77

 
97

.0
5 

92
.0

0 
97

.6
2 

98
.6

0 
92

.5
1 

O
=

F
 

3.
04

 
2.

28
 

2.
57

 
2.

84
 

2.
03

 
2.

50
 

2.
62

 
2.

50
 

2.
84

 
2.

82
 

3.
13

 
2.

05
 

2.
70

 
1.

91
 

2.
43

 
2.

07
 

2.
67

 
T

ot
al

 
99

.9
5 

97
.8

5 
10

0.
94

 
90

.9
8 

91
.4

6 
96

.1
7 

89
.4

1 
96

.7
3 

96
.3

3 
95

. 1
8 

90
.6

6 
95

.7
1 

92
.8

6 
93

.1
3 

89
.8

4 
98

.0
7 

95
.1

4 
89

.5
7 

95
. 5

5 
95

.9
3 

92
.5

1 

, 
F

or
 S

H
G

 s
ig

na
l: 

0 
=

 n
ul

l 
o

r 
no

 s
ig

na
l,

 +
 =

 p
os

it
iv

e 
si

gn
al

, 
? 

=
 

in
co

ns
is

te
nt

 r
es

ul
ts

 (
se

e 
te

xt
). 

, 
A

ll 
da

ta
 a

ss
um

ed
 F

eO
. 

, 
In

cl
ud

es
 B

eO
: 

7.
2;

 L
i,

O
: 

1.
8

; 
F

e,
O

,:
 0

.0
2;

 H
,O

: 
6

.1
; d

at
a 

fr
om

 G
al

la
gh

er
 a

nd
 H

aw
ke

s,
 1

96
6 

(w
et

 c
he

m
ic

al
 d

at
a)

. 
4 

In
cl

ud
es

 B
eO

: 
2.

5;
 L

i,O
: 

0.
05

; 
H

,o
: 

6;
 d

at
a 

fr
om

 G
al

la
gh

er
 a

nd
 H

aw
ke

s,
 1

96
6 

(w
et

 c
he

m
ic

al
 d

at
a)

. 
, 

In
cl

ud
es

 B
eO

: 4
.1

; 
L

i,O
: 

2.
1;

 F
e,

O
,:

 0
.1

7;
 H

,O
: 

5.
1

; 
se

e 
L

in
 a

nd
 G

ug
ge

nh
ei

m
, 

19
83

 (
pr

ob
e 

an
d 

w
et

 c
he

m
ic

al
 d

at
a)

. 
6 

Se
e 

te
xt

 f
or

 c
he

m
is

tr
y.

 
1 

In
ho

m
og

en
eo

us
 w

it
h 

re
sp

ec
t 

to
 A

I. 
• 

In
cl

ud
es

 Z
nO

: 0
.3

1.
 

C
o

m
m

en
ts

, 
lo

ca
li

ty
 a

n
d

 d
on

or
 i

nf
or

m
at

io
n 

b
y 

co
lu

m
n 

(I
) 

"b
er

yl
li

um
 m

ar
ga

ri
te

,"
 N

o
 B

ee
r 

P
eg

m
at

it
e,

 B
ik

it
a 

di
st

ri
ct

, 
Z

im
ba

bw
e:

 G
#1

84
8;

 (
2)

 "
be

ry
ll

iu
m

 m
ar

ga
ri

te
,"

 N
am

he
re

re
 M

in
e,

 A
nk

ol
e,

 U
ga

nd
a:

 G
#1

82
5

; (
3)

 "
be

ry
ll

iu
m

 m
ar

ga
ri

te
,"

 M
op

s 
P

eg
m

at
it

e,
 

S
al

is
bu

ry
 D

is
tr

ic
t, 

Z
im

ba
bw

e:
 G

#
 1

84
7;

 (
4)

 s
pe

ci
m

en
 f

ro
m

 A
. 

L
ac

ro
ix

, 
bi

ty
it

e,
 M

t. 
B

it
y 

M
ad

ag
as

ca
r,

 H
ar

va
rd

 #
87

68
0;

 (
5)

 1
M

 tw
in

ne
d 

po
ly

sy
nt

he
ti

ca
ll

y 
to

 s
im

ul
at

e 
3

T
 p

re
ce

ss
io

n 
ph

ot
os

, 
se

e 
S

ad
an

ag
a 

an
d 

T
ak

eu
ch

i 
(1

96
1)

, 
C

oc
an

ar
up

, 
W

es
te

rn
 A

us
tr

al
ia

: 
B

M
19

19
, 

52
; 

(6
) 

W
in

dh
uk

, 
S

ou
th

w
es

t 
A

fr
ic

a:
 U

W
A

4
; 

(7
) 

L
ed

oc
 M

in
e,

 W
ak

ef
ie

ld
 T

ow
ns

hi
p,

 Q
ue

be
c:

 U
W

39
0;

 (
8)

 U
sa

ko
s,

 S
ou

th
w

es
t 

A
fr

ic
a;

 
B

M
I9

27
.9

12
; 

(9
) 

sa
m

pl
e 

si
ze

 m
ar

gi
na

l,
 S

pe
nc

er
 #

11
 

C
la

im
, 

F
ar

m
 D

aa
w

ib
 E

as
t: 

#6
, 

K
ar

ib
ab

 D
is

tr
ic

t,
 S

ou
th

 A
fr

ic
a:

 U
W

E
G

51
-3

02
; 

(1
0)

 E
tt

a 
M

in
e,

 K
ey

st
on

e,
 S

ou
th

 D
ak

ot
a:

 U
W

E
G

5-
10

-3
; 

(I
I)

 
A

la
ba

sc
ha

, 
U

ra
ls

: S
W

B
; (

12
) 

P
al

a,
 C

al
if

or
ni

a:
 H

ar
va

rd
 #

89
73

3;
 (

13
) 

M
es

ag
ra

nd
e,

 S
an

 D
ie

go
 C

ou
nt

y,
 C

al
if

or
ni

a;
 F

M
#M

80
3b

; (
14

) 
H

eb
ro

n
, M

ai
ne

: 
E

. 
L

yon
s 

(c
ol

le
ct

or
),

 S
W

B
; (

15
) 

"c
ry

op
hy

ll
it

e,
" 

Ca
pe

 
A

nn
, 

M
as

sa
ch

us
et

ts
: 

F
M

#1
44

53
; 

(1
6)

 S
aj

an
y

, S
ib

er
ia

, 
U

.S.
S

.R
.;

 (
17

) 
di

ff
er

en
t 

cl
ea

va
ge

s 
pr

od
uc

ed
 d

if
fe

ri
ng

 S
H

G
 r

es
ul

ts
 f

ro
m

 a
 c

on
si

st
en

tl
y 

nu
ll

 s
ig

na
l 

to
 a

 v
er

y 
w

ea
k 

po
si

ti
ve

 o
ne

, 
so

m
e 

1M
 p

os
si

bl
y 

pr
es

en
t,

 A
ub

ur
n,

 M
ai

ne
, S

W
B

. A
no

th
er

 A
ub

ur
n 

sp
ec

im
en

, 
w

it
h 

si
gn

if
ic

an
t s

ta
ck

in
g 

di
so

rd
er

, 
pr

od
uc

es
 a

 p
os

it
iv

e 
re

sp
on

se
; 

(1
8)

 N
ag

at
ar

e,
 F

uk
uo

ka
, J

ap
an

: 
K

yu
sh

u 
U

ni
ve

rs
it

y 
#2

07
-1

; (
19

) 
sa

m
pl

e 
si

ze
 

m
ar

gi
na

l,
 S

te
w

ar
t 

M
in

e,
 P

al
a,

 C
al

if
or

ni
a:

 S
W

B
; 

(2
0)

 s
am

pl
e 

si
ze

 m
ar

gi
na

l, 
A

nd
er

so
n 

#1
 

M
in

e,
 E

as
t 

H
am

pt
on

, 
C

on
ne

ct
ic

ut
: 

U
W

E
G

49
-1

1-
6;

 (
21

) 
m

as
ut

om
il

it
e,

 M
ur

zi
nk

a,
 U

ra
ls

: 
B

M
38

45
6;

 (
22

) 
"i

rv
in

gi
te

,"
 S

te
tt

in
, 

W
is

co
ns

in
. 

D
on

or
 a

bb
re

vi
at

io
ns

: 
G

 
=

 M
. 

J.
 G

al
la

gh
er

; 
B

M
 =

 B
ri

ti
sh

 M
us

eu
m

; 
U

W
E

G
 =

 U
ni

ve
rs

it
y 

o
f 

W
is

co
ns

in
 E

co
no

m
ic

 G
eo

lo
gy

 C
ol

le
ct

io
n;

 U
W

 =
 U

ni
ve

rs
it

y 
o

f 
W

is
co

ns
in

 
M

us
eu

m
 C

ol
le

ct
io

n;
 S

W
B

 =
 S

. 
W

. 
B

ai
le

y 
C

ol
le

ct
io

n
; 

F
M

 =
 F

ie
ld

 M
us

eu
m

 o
f C

hi
ca

go
, 

Il
li

no
is

. 

<:
 ?- ..., :-
' z p .
~
 

\0
 

0
0

 ..., » n ro
 ::>
 S.
 

n ... '<
 S·
 

3 h
' 

I»
 

V
> I»
 

::>
 

0
-

n ::r
 

0"
 

:J
. f> fA
 

N
 

v
. 

v
. 

https://doi.org/10.1346/CCMN.1983.0310402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1983.0310402


T
ab

le
 3

. 
S

ec
on

d 
ha

rm
on

ic
 g

en
er

at
io

n 
da

ta
, 

X
-r

ay
, 

el
ec

tr
on

 m
ic

ro
pr

ob
e 

(p
ar

ti
al

 a
na

ly
se

s)
 d

at
a,

 a
nd

 s
tr

uc
tu

ra
l 

fo
rm

ul
ae

 o
f t

he
 c

hl
or

it
es

. 
IV

 
v
. 

00
-

4 
6 

9 
10

 
11

 
12

 
13

 
14

 
15

 

P
ol

yt
yp

e 
Il

b 
Il

b 
Il

b 
fb

(9
00

) 
Il

b 
Il

b 
Il

b 
Il

b 
Il

b 
Il

b 
Il

b 
Il

b 
lI

b 
lI

b 
lI

b 
S

H
G

 S
ig

na
l' 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
S

i0
2 

31
.3

8 
28

.8
1 

30
.8

7 
25

.1
6 

27
.3

2 
42

.8
2 

25
.2

4 
29

.8
6 

25
.8

3 
24

.6
8 

32
.2

8 
33

.2
3 

31
.0

9 
3

1
.l

3
 

30
.7

6 
A

I 2
0

3 
14

.6
9 

24
.0

7 
23

.3
0 

18
.8

1 
20

.9
2 

13
.8

9 
21

.4
3 

20
.8

6 
26

.1
9 

23
.0

6 
15

.3
2 

13
.0

7 
16

.4
1 

17
.0

6 
18

.5
1 

F
e0

2 
4.

61
 

7.
09

 
0.

02
 

34
.5

4 
12

.6
6 

7.
43

 
29

.3
0 

12
.0

2 
9.

78
 

20
.7

3 
3.

71
 

8.
97

 
4.

62
 

4.
82

 
3.

64
 

M
gO

 
29

.5
4 

25
.9

5 
28

.4
0 

9.
38

 
23

.0
8 

23
.1

4 
12

.6
0 

24
. 3

8 
26

.1
6 

17
.6

1 
32

.7
8 

30
.2

6 
28

.1
4 

28
.1

5 
28

.4
3 

M
nO

 
0.

02
 

0
.0

6 
0

.7
6 

0.
14

 
0.

07
 

0.
48

 
0

.3
6 

0
.2

3 
0

.1
0 

0
.0

7 
0

.0
1 

0.
02

 
0

.0
1 

T
ot

al
 

80
.2

4 
85

.9
8 

82
.6

0 
88

.6
5 

84
.1

3 
87

.8
4 

89
.0

5 
87

.4
7 

88
.1

9 
86

.1
9 

84
.0

9 
85

.5
9 

80
.2

8 
81

.6
0 

81
.3

6 

F
or

m
ul

ae
 b

as
ed

 o
n 

28
 p

os
it

iv
e 

ch
ar

ge
s 

Si
 

3.
22

 
2.

78
 

2.
97

 
2.

77
 

2.
80

 
3.

97
 

2.
68

 
2.

92
 

2.
49

 
2.

58
 

3.
15

 
3.

27
 

3.
18

 
3.

15
 

3.
08

 
A

I(
IV

) 
.7

8 
1.

22
 

1.
03

 
1.

23
 

1.
20

 
0.

03
 

1.
32

 
1.

08
 

1.
51

 
1.

42
 

0.
85

 
0.

73
 

0.
82

 
0.

85
 

.9
2 

A
I(

V
I)

 
.9

9 
1.

52
 

1.
62

 
1.

21
 

1.
33

 
1.

49
 

1.
36

 
1.

32
 

1.
46

 
1.

42
 

0.
91

 
0

.7
9 

1.
16

 
1.

18
 

1.
27

 
Fe

2+
 

.4
0 

.5
7 

3.
18

 
1.

08
 

0.
58

 
2.

60
 

0
.9

8 
0.

78
 

1.
81

 
0.

30
 

0
.7

4 
0

.3
9 

0.
41

 
0

.3
1 

a 
M

g 
4.

51
 

3.
74

 
4

.0
8 

1.
53

 
3.

52
 

3.
20

 
1.

99
 

3.
55

 
3.

76
 

2.
75

 
4.

76
 

4.
44

 
4

.2
9 

4.
24

 
4

. 2
5 

~
 

~
 

M
n 

0.
D

7 
0

.0
1 

0
.0

1 
0.

04
 

0
.0

3 
0.

02
 

0.
01

 
0.

01
 

" ::s 
~
o
c
t
.
 

5.
90

 
5.

83
 

5.
70

 
5.

99
 

5.
94

 
5.

28
 

5.
99

 
5.

88
 

6.
02

 
5.

99
 

5.
97

 
5.

98
 

5.
84

 
5.

83
 

5.
83

 
::r

 
~.
 

? 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

' 
24

 
25

 
26

 
27

 
2

8
' 

2
9

' 
r/

1 
0 

P
ol

yt
yp

e 
Il

b 
lI

b 
lI

b 
lI

b 
l/

b
 

lI
b 

lI
b 

fa
 

l/
b

 
fa

 
lI

b 
fa

 
fa

 
fa

 
::r

 
~
 N
 

S
H

G
 S

ig
na

l' 
0 

0 
0 

0 
0 

0 
0 

0 
? 

0 
0 

+
 

+
 

+
 

." 
S

i0
2 

27
.2

6 
29

.1
5 

34
.0

9 
35

.7
7 

33
.8

9 
34

.6
6 

31
.3

7 
28

.2
 

32
.8

5 
35

.4
5 

27
.2

7 
37

.2
8 

34
.7

 
::r: P

l 
A

I 2
0

3 
23

.0
7 

25
.0

3 
14

.3
8 

12
.4

2 
15

.3
0 

14
.8

6 
14

.6
0 

11
.2

 
35

.4
2 

48
.1

2 
22

.6
1 

43
.9

0 
48

.4
 

3.
 

F
e
0

2 
15

.5
7 

0.
46

 
4.

72
 

4.
24

 
4

.8
2 

0.
49

 
5.

56
 

20
.2

 
3.

44
 

0.
12

 
8.

08
 

0.
29

 
0.

1 
.'" 

M
gO

 
23

.3
6 

31
.6

6 
30

.3
2 

35
.4

4 
33

.0
4 

35
.4

4 
31

.0
2 

12
.8

 
13

.0
2 

0.
22

 
28

.0
4 

0.
01

 
'" ::s 

M
n

O
 

0.
32

 
0.

Q
4 

0
.0

3 
0.

08
 

0.
09

 
0

.8
8 

0.
06

 
0

.2
6 

0.
09

 
Po

 

T
i0

2 
1.

0 
C

 
::s 

N
i 

14
.6

 
T

ot
al

 
89

.5
6 

86
.3

3 
83

.5
3 

87
.9

3 
87

. 1
4 

86
.3

2 
82

.6
1 

88
.0

 
84

.9
9 

83
.9

1 
86

.0
9 

F
or

m
ul

ae
 b

as
ed

 o
n 

28
 p

os
it

iv
e 

ch
ar

ge
s 

Si
 

2.
66

 
2.

72
 

3.
34

 
3.

34
 

3.
20

 
3.

24
 

3.
15

 
2.

93
 

3.
05

 
3.

17
 

2.
67

 
A

I(
IV

) 
1.

34
 

1.
28

 
0

.6
6 

0.
66

 
0

.8
0 

0.
76

 
0.

85
 

1.
07

 
0.

95
 

0
.8

3 
1.

33
 

A
l(

V
I)

 
1.

31
 

1.
47

 
1.

00
 

0.
71

 
0

.9
0 

0.
88

 
0

.8
8 

0
.3

0 
2.

93
 

4
.2

5 
1.

28
 

F
e2

+
 

1.
27

 
0.

04
 

0.
39

 
0

.3
3 

0
.3

8 
0.

04
 

0.
47

 
1.

75
3 

0.
27

 
0

.0
1 

0.
66

 
Q

 
M

g 
3.

40
 

4.
40

 
4.

43
 

4
.9

3 
4

.6
5 

4.
94

 
4.

64
 

1.
98

 
1.

80
 

0
.0

3 
4.

09
 

~
 

M
n 

0.
03

 
0.

01
 

0
.0

1 
0.

07
 

0.
01

 
0.

02
 

0.
01

 
'" 

T
i 

0.
08

 
I:l

 
~
 

N
i 

1.
22

 
I:l.

. Q
 

~
c
t
.
 

6
.0

1 
5.

91
 

5.
82

 
5.

98
 

5.
94

 
5.

93
 

6
.0

0 
5.

33
 

5.
02

 
4

.2
9 

6.
04

 
~
 

, F
o

r 
S

H
G

 s
ig

na
l: 

0 
=

 n
ul

l 
o

r 
no

 s
ig

na
l,

 +
 =

 p
os

it
iv

e 
si

gn
al

, ?
 =

 i
nc

on
si

st
en

t 
re

su
lt

s 
(s

ee
 t

ex
t)

. 
~ ~ 

2 
A

ll 
da

ta
 a

ss
um

ed
 F

eO
. 

"" ~ ;;;
-

https://doi.org/10.1346/CCMN.1983.0310402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1983.0310402


Vol. 31, No.4, 1983 

.,j 
Q) 
;::l 

.5 
i5 
o 
u 

o 
o 
II 
o 
i 
N 
o 
II 
o 
til 

U 

Acentricity in micas and chlorites 257 

questionable signal from a similar mica from Pajsberg, 
Sweden (sample 10, Table 1) suggest that manganoan 
phlogopites of 1M polytype have a tendency for cation 
ordering in noncentric subgroups of C21m. (X-ray dif
fraction precession photographs indicate regular stack
ing.) To test this hypothesis, single crystal X-ray data 
for samples 1 and 5 (both manganobarium phlogopites) 
from Kato et al. (1979) were re-examined. The refine
ment follows the procedure summarized by Guggen
heim (1981) and involves all possible cation-ordering 
schemes in C2 symmetry. (Space group symmetry Cm 
was not checked, because tetrahedral cation ordering 
is less likely.) For both crystals, the ideal space group, 
C21m, accounted for the data better than the noncen
tric space group, in accord with Kato et al. (1979). 
These results indicate that manganese in the mica 
structure does not, by itself, promote octahedral cation 
ordering and that different manganoan micas may have 
different ordering patterns. A similar situation exists 
for lepidolite (see Guggenheim, 1981) in which com
position alone does not promote cation ordering (or
dering has been attributed to parameters of crystalli
zation other than compositional effects). However, for 
manganoan phlogopite, compositional effects still 
should be considered as a possible variable . 

The yellow mica from Stettin, Wisconsin (sample 
22, Table 2), appears slightly weathered. Although this 
sample produced a (very weak) positive SHG response, 
it seems unlikely from the microprobe data that the 
crystalline material has the capacity for significant oc
tahedral cation ordering. Precession photos indicate 
regular stacking; however, unlike any ofthe other stud
ied micas that gave a signal, precession photographs 
also indicated significant mosaic spread. Mosaic spread 
is an indication of crystalline discontinuity and is anal
ogous to the effect ofline broadening observed in X-ray 
powder diffraction films when damage to the sample 
is induced by grinding. The positive SHG signal in this 
case is probably due to sample damage caused by the 
weathering. On the other hand, there is no positive 
evidence for this interpretation, and Al and Si ordering 
in the tetrahedral sites is possible in either Cc sym
metry or in domains that would space average to 
C21 c symmetry when studied by diffraction methods. 
Furthermore, mosaic spread is apparently common in 
the chlorites, but few chlorites show a positive SHG 
response. 

Chlorites 

The ion microprobe data for manandonite, although 
not of high precision, confirm the chemistry indicated 
by Frank-Kamenetskii (1960) as a dioctahedral (with 
trioctahedral interlayer) Li,Al chlorite with substantial 
tetrahedral boron. Of the twenty-nine chlorite speci
mens examined, only the lithium-rich varieties appear 
to have acentric structures. These lithium-rich chlo
rites, cookeite and manandonite, are distinguished by 
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forming di,trioctahedral structures and crystallizing in 
the relatively rare fa polytype. Single crystal precession 
photos ofmanandonite show extensive streaking (with 
some maxima) of the k 'i= 3n type reflection for Okl 
nets, and although it may be argued that an approach 
to semirandom stacking could produce an overall 
structure that is noncentric, many of the chlorites in 
Table 3 also show such streaking, but do not give pos
itive SHG results (in accord with expected insensitivity 
to asymmetries parallel to the laser beam direction as 
discussed above). 

Lister (1966) showed that cookeite usually adopts 
one of two layer stacking sequences based on the fa 
polytype. One of these two forms can be well crystal
lized and has been reported by Bailey (1975) to occur 
in the ideal space group of Cc with possible octahedral 
and tetrahedral ordering. The second form is the more 
common type and is poorly crystalline; its space group 
has not been determined. Although additional work is 
required to determine if manandonite falls into the 
former or latter variety, the refinement of the manan
donite structure to determine tetrahedral ordering of 
B, AI, and Si is not possible. Unfortunately, reflections 
of the type k 'i= 3n are required in single crystal X-ray 
analysis to characterize tetrahedral site occupancies for 
the chlorites. 

We note also that two chlorites examined here, which 
do not show a positive SHG response, have been re
fined successfully in noncentric space groups. These 
are donbassite (sample 25, Table 3), Novaya Zemlya, 
U.S.S.R. (Aleksandrova et al., 1972), and "corundo
phyllite" (sample 22, Table 3), Mochako District, Ken
ya (Stein fink, 1958). The present results do not nec
essarily indicate that these refinements are in error, as 
a lack of signal is not definitive for centro symmetry. 
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Pe3IOHe--AB3,I\QaTb ,ueB~Tb 06pa3QoB XJlOPHTOB, ceMHa,uQaTb 06pa3QoB o6e3J1HTHeBoli CJlIO,ubl H ,uBa,uQaTb 
,uBa 06pa3Qa CJlIOAhl, COl\ep)l(all\eii JlHTHli, H3 pa3J1H'IHhIX paliOHOB HCCJleAOBMHCb npH nOMOll\H 
peHTreHOBCKoli nopOll\KOBOli I\Hq,paKQHH, peHTreHOBCKoro MHKpOaHMH3aTOpa H OnTH'IeCKOli reHepaQHH 
BTOpoli rapMOHHKH (rBO, I\JI~ onpeAeJleHH~, KaKHe 06pa3Ubl He JlMelOT ueHTpOB 06paTHoro pa BeHCTBa 
II npH'lHHbl 3TOro OTCYTCTBJl~. MaHaHI\OHHT (B-060rall\eHHblli XJlOPIIT) Jl KYKeHT, 06a KPRCTMJlH3Rpy
IOIUllec~ B BRJle la, He HMelOT UeHTPOB HHBepcHH. CYI\OHT-Ilb AaeT COMHHTeJlbHblli CHrHM rBr, 
B03MO)l(HO B pe3YJlbTaTe OTCYTCTBH~ ueHTpa HHsepcHH. Bce APyrHe XJI0PHTbl AaBMH HYJleBble 
CHfHMbl. OHTHHT, Li,Be-cnlOl\a n01\06Ha~ MaprapHTY, 6blna onpe,ueneHa KaK He HMelO~~ ueHTpa 
HHBepCHH no nOJlO)l(RTenbHoM cHrHaJJe rBr. 3TOT MHHepaJJ KPHCTaJJJlH3JlPyeTc~ B BHAe 2M, H, no 
aHaJJorRH C MaprapHToM, ynop~,uOqeH TeTpa3APH'IeCKO B no,urpynne CHMMeTPHH Cc. Ma3YToMHJlHT-IM 
H "KPHoq,HJlJlHT"-IM (UHHBMhI\HT o60rall\eHHblli Al II Si , HO y60rHH B Fe) He HMelOT ueHTpoB 
HHBepCHIl H 60Aee Bepo~THo KPIlCTaJJJlH3HpyIOTC~ B npoCTpaHcTBeHHoli rnynne C2 , TaKHM 06pa30M 
l\eJla~ B03MO)l(HhiM OKTa31\pII'leCKOe ynop~o'leHHe. JIenHI\OJlIIThl nOKa3aJJIoI pa3J1I1'1Hhle CHrHaJJbl rBr II 
TOJlbKO HeKoTopble He IIMeJlII ueHTpoB IIHBepcHH; JlenHl\oJlIIT-IM 113 Me3arpaHI\e B KaJJllq,OPHIIII, 
JlenIlAOJlIolT-3T H3 JIIIHl\rYK B K»)I(Ho-3anaI\HOli Aq,pIIKe II JlenJlI\OJlHT-2M2 R3 HaraTape B }JnOHIlIl 
I\MII nOJlO)l(HTeJlbHble CllrHMbl rBr. }JnOHcKHli MaTepHaJJ ~BJI~eC~ CJlO)l(HO npopaCTaHHblM II cnapeH
HbIM; Me)l(3epHHCToe OTp3)l(eHIoIe IIJlII peq,paKUH~ MOrJlII 6blTb npII'lHHOli nO~BJleHH~ JlO)l(HblX CloIrHMOB. 

OOJlblllRHCTBO 06e3J1HTlleBb1X CJlIOA nOKa3aJJO pa3J1HqHble CllrHaJJbl rBr H, XOT~ 60JlbllllHHCTBO 
~BJlMOCb HeH3J1Y'lalOll\IIMII , KJlIIHTOHHT 113 AMRTbl B HblO HopKe l\aBM nOJlO)l(HTeJlbHblli cHrHaJJ, 
HO 3TOT 06pa3eu 6blJl cnapeHHblli H nOKa3blBM Heynop~I\O'leHHocTb. "MaHraHoq,HJI" -I M (Mn
q,JlOrOuRT) H3 JIaHr6aH B IIIBeUHH l\aBM OQeHb cJla6blli nOJlO)l(HTeJlbHblli CHrHM; oARaKo, UPHCYTcTBHe 
oARoro TOJlbKO Mn HeAOCTaTO'lHO , QT06bl 06pa30BaTb oKTa31\pIIQeCKOe ynop~AOQeHHe KaTHOHOB B 
no,urpynne cHMMeTpHH 6e3 ueHTpa HHBepcHH. ABa Mn-q,JlOronHTbl H3 }JnoHiIH 6blJlH ycoBepllleHcT
BOBaHbl B nOArpynne CHMMeTpHH H JlYQIllHli nop"AoK H Hl\eaJlbHa~ cHMMeTpH" C21 m 6b1J1H 
nOATBep)I(AeHbl. [E.G.) 

Resiimee-29 Chlorite, 17 Li-freie Glimmer, und 22 Li-haitige GIimmervon verschiedenen Fundpunkten 
wurden mittels Rontgendiffraktion, Mikrosonde und Optical Second Harmonic Generation (SHG) unter
sucht, urn festzustellen , welche nichtzentrisch sind, und was die Ursache flir die Azentrizitat ist. Manan
donit (B-reicher Chlorit) und Kookeit, die beide in der la-Form kristallisieren, sind azentrisch. Sudoit
lIb gab ein nicht eindeutiges SHG-Signal, das moglicherweise eine Nichtzentrizitat andeutet. Aile anderen 
Chlorite gaben keine Signale. Bityit, ein Li-Be-Glimmer, ahnlich Margarit, wurde anhand der positiven 
SHG-Signale als azentrisch eingestuft. Er kristallisiert in der 2M,-Form und ist in Analogie zu Margarit 
tetraedrisch in der Untergruppe Cc geordnet. Masutomilit-IM und "Kryophyllit"-IM (ein Zinnwaldit 
mit viel Al und Si aber wenig Fe) sind azentrisch und kristallisieren hochstwahrscheinlich in d er Raum
gruppe C2, wodurch eine nichtzentrische oktaedrische Anordnung moglich ist. Lepidolith zeigt unein
heitliche SHG-Signale, von denen nur einige azentrisch sind; ein Lepidolith-IM von Mesagrande, Ka
lifomien, ein Lepidolith-3Tvon Windhuk, Siidwestafrika, und ein Lepidolith-2M2 von Nagatare, Japan, 
gaben positive SHG-Signale. Das japanische Material ist sehr vielfaItig verwachsen und verzwillingt, und 
Komgrenzen-Reftexion oder -Refraktion konnten die Ursache fUr die schwachen Signale sein. 

Die meisten Li-freien Glimmer zeigen uneinheitliche SHG-Signale und-obwohl die meisten nicht 
emittieren-zeigte Clintonit von Amity, New York, ein positives Signal. Diese Probe war jedoch ver
zwillingt und hatte Stapelungsfehler. Ein Manganophyllit-IM (Mangan-haltiger Phlogopit) von Langban, 
Schweden, zeigte ein sehr schwaches positives Signal. Die Anwesenheit von Mn allein reichtjedoch nicht 
aus, urn eine oktaedrische Kationenanordnung in einer nichtzentrischen Untergruppe zu bewirken. Die 
Strukturen von zwei Mangan-haltigen Phlogopiten aus Japan wurden verfeinert, und die hohere Ordnung 
und die ideale Symmetrie von C21m wurde bestatigt. [U.W.] 
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Resume-On a etudie vignt-neuf chlorites, dix-sept micas sans lithium, et vignt-deux micas contenant 
du lithium provenant de diverses localites par des techniques de diffraction des rayons-X, microprobes, 
et optiques de seconde generation harmonique (SHG) pour determiner lesquelles sont non-centriques, et 
la cause de l'acentricite. La monandonite (chlorite riche en B) et la cookeite, se cristallisant tous deux en 
la forme la, sont acentriques. La sudoite-llb a produit un signal SHG douteux, indiquant possiblement 
de l'acentricite. Toutes les autres chlorites ont produit des signaux nuls. On a determine a partir d'une 
reponse SHG positive que la bityite, un mica Li,Be semblable a la margarite, etait acentrique. Elle se 
cristallise en la forme 2M, et, par analogie avec la margarite, est ordonnee tetraedralement en symmetrie 
de sous-groupe Ce. La masutomilite-IM et la "cryophyllite"-IM (une zinnwaldite riche en Al et Si mais 
pauvre en Fe) sont acentriques et se cristallisent probablement dans Ie groupe d'espace C2, permettant 
ainsi un cliche d'ordonnement octaedral non-centrique. Les lepidolites ont montre une diversite dans les 
reponses SHG avec seulement quelques unes etant acentriques; une lepidolite-1M de Mesagrande, Ca
lifomie, une lepidolite-3T de Windhuk, Afrique du Sud-ouest, et une lepidolite-2M2 de Nagatare, Japon, 
ont produit des reponses SHG positives. Une croissance intersticielle et un jumelage complexes sont 
presents dans Ie materiau japonais et la reflection et la refraction intergrains pourraient avoir produit de 
faux signaux. 

Le plupart des micas sans lithium ont montre une diver site de reponses SHG, et malgre que la plupart 
etaient non-emetteurs, une clintonite d'Amity, New York, a produit une reponse positive, mais cet 
echantillon est jumelle et montre un empillement desordonne. Une "manganophyllite-IM" (phlogopite 
manganoanne) de Langbau, Suede, a produit une reponse positive tres faible; la seule presence de Mn 
n'est cependant pas suffisante pour produire un ordonnement de cations octaedral en symmetrie non
centrique de sous-groupe. Deux phlogopites manganoannes du Japon etaient rafinees en symmetrie de 
sous-groupe, et l'ordre plus eleve et la symmetrie ideale de C21m ont ete confirmes. [DJ.] 
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