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Auszug 

D i11 K l'istallsLrukt ut-en vo n 2-.WJ ,.Phongil. 11r1d 2.Jft ·Muskowit w-.u·dcn h is 'l.U 

H - - 0.04.i fUr l'h<.·ngi t und R ""':: 0,035 m.r MuakO\Vi t verfl:!iucrr.. Beide M inc{"alO 

hahen di~ Hou mgrnp po 0 2/c. Die GiU~·~rknnstuntf;.>n von Phengit s~nd; a = 5,211 2 

-c: n,ooo~ A. l• = 9,0383 -= o,0004 A, , = 19,9473 + o,ooo6 A , p = !lfi,7RU 

::: O,Oll5 ', die fur MuAkowit.: a. = fi, 19llti + 0,0002 A, b ~ 9,0080 ± 0,0003 A, 
e = 20,{1470 =': 0,0006 • .\, {I= 95,757 l: 0,002 '·. J oro 2M,.Muskowit sind d in 

Kal-ion-Snuenrt-off-Abstamlc in rle n T d .rnndr.rn T t und '1~2 einnndcr gleich, 

Tt~O -= T -.2 -0 :..; l ,U43 A. a hw d in (S i,A1)-Lngc:n nicht gt•or·dnct, . Die T> ifTer'(:tlz 

ckr ent:;pr(lCht~nden Al.J~Lfi.llde irn 2Jf 1-Phengit, T 1 . () =-- 1:6~2 1UlCi 'f:a-0 

:--= 1,6:t1, weist n.uf (')ille mfi.fligf' Ordnm1g hin. D as A11iC>nrngeriist ist im 2..:.111-

Mus kowil otwa. doppf:lt so stark gostOr t ''itt im ZJf1-Pht-ngiL. 

Abstnct 

Thf;t crystal Htnrctures of ~ ;'l[ l pht>ngi to nnd 2 . .:\-1'1 ruuaco \.-ite bu.vo been 

rcflnod by k~~\.':>l -squuroti method .:! u8ing single-crys(.al d iffru.ctom C"LcT da.ts. F inal 

tli~t"epnncy ft:.~.et.o rs -~~tere unwoigh ted n = 0.045 for 2 lll1 phen~:;ih:' nnd 0.035 

tOr 2.il:l, lrl!lSCOvite. noth,;~pe~i rnonB have t.hr: sp ft(',C group C2/(', llnd tht.• follm\"~"ing 

coli d iln t"nttion!:'i at· room tomperut•t ro: 

2 !If, phen~;i 1o 2 .i\1.1 tm.ISCO\~ite 

a 5.~ 112 ± o.ooo~ A :U9()(j ± 0.()002 A 
b 9.0383 +. 0.0004 9.oo:;o 1.. o.ooo:; 
e 1!1.9473 ± 0.0006 20.04.70 1: O.OOOti 

{I 95.769 ± 0.005" tJ:). 71j7 = 0.002°. 

In 2 }d 1 rnuscov·it~ t ctrnhedra,l ca l ion-o~"ygtm d i ~t.n.nc.es '£1-·0= Tt - 0 =-- l.643A 

show that there is no o•'d~ring of (S;, AI) ovet· t ho t<>trahedral A;lM. In the 
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st ruct ure of 2 ..:\f 1 phengit~~. howe ver, ';ho corresponc.l ing vnlt10-R, T 1- 0 = 1.622 

l!lld T,-0 -~ 1.633 A, indicate " very Hlighl. m-dering. 'l'be frnmowork of a nions 

is distorted t wic;() M 1nuch iu 21J..!liDUst~f)ViLo t ha n in 2 J11 phengito. 

Introduction 

'l'he muscovito-celadonitc series of diot:t.ahedral pot&ssit: micas ca,n 

be r epre.sented by the following general formulae u.s suggested by 

Fosr11:n ( 1 !156) : 

KR3< 1{.3+(Si3Al )0 10(0 H )2 - KRHH3< (Si4)010(0H)2 , 

where AJ3+, -p,,:t+ form the major t rivalent cations (Jt3 ~) and 1\IgH , 

Fe•+ the principa l divalent cation~ (R.2+ ). 

P.hcngite is a dioo:tahedral mica intermediate in the series musco­

vite-1tofgAI celadonite with t he formal composition K(Mg0.~Iu) 

(Siu Alo.>) Ow(OH)2. Unlike the mu.scovite end membor, diocta-hedral 

micas in othc1· composit-ions dispht,Y in nat-ure a.nd in la borator y 

synthesis a. wider variety of stacking sequences, specifically 1M , 3T, 

2M1 ( l:b :rx &!CI:i and L E VI.KS0:-1', 1!155; CROWLEY and g oy, 1!164 ; WISE 

and F.uGSTER, .!1)64). It seems promising, t herefore, to study t ht' 

structural differonces in this mica group in order to determine tho 

effect of compositional ch,Ulges in tho formation of differen t staoking 

sequences. Sirnilu.r comp>u·ison betwcon diocta hcdral and triocta.hcdml 

mica.s is oomplicated hecause of octah edr a.! vaeancies. Furthermore, 

the rclu.tionship between compositional nmge of dioct.ahodral micas 

and tmvironmento~J.l fa.ct-ors of p1·essurc and temperature have been 

well establis hed thro ugh tho stmlies of various investigators such a .. ~ 

Yon~<:K and E c H S'I'KR (Hiiili), ERN S'I' {1!!63), CROWT."EY and Hov (1!164), 

W!Sll and B n JS'rER (1964), and VELU~<: (19(i,'i) . 

ln tht) following, the crystal-struct-u re analysis of 21Jf 1 phengite 

will he present.e<l for the first time and u.s a comp arison the refinement 

of t he crystal. st-ruct-ure of 2.M, musoovit.e from 11 Georgia, pogrn at.ite 

is also ca.rried out under the same t>ondit.ions. At this timn the only 

modern crystallographic refinemont of 2N1 muscovite was done by 

l:IUR;-IJIAM and Jt ADOSLOVICH (1964 ); howe\'er , t he composition of 

tlmt mica was not. a. typic~tl K muscovite but a. 1'\a-1·ich muscovite . 

Their study showed certain $ignificant errors in tht: previous refinement 

of the 2Mt mnRcovit~ structure by R ADosJ.OVHJH (1960). 'l'o avoid 

any doubts t!Oncerning the 2.:111 muscovite structure, a sa mple " ith 

a typica-l muscovite composition from a Georgia pegmatite has beon 

refined using counter da.ta and the results are presented together with 

those of 2Mt phengite. 
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Description of specimens 

The samples of 2Jfl. phengite and 2..:'1f1 musenvit(' ha\·e bt:en 
previously described by ERNs·r ( 1!16:~ ). The phengite is from a low­
grade glaucophun;, -1- at:tinolit~ + <:hlorite + aragonite -!- quartz 
sehist, Tiburon Peninsula, Californin. with the chemieal formula (on 
the husiJ< of 22 negative charges): 

(K.s?N~>. o17 Bn.otCa.O'Z)(Sia.39AI .• ,)(AIL..,.Ti.m~'eS- .o.,l?E>"-.IliMg.50)010.0il 

(OH )o.92 · 

The nws<Jovitc which is from a pegnmtit<l in Georgia, U.S. National 
:Museum K o. lOa I 00, has the composition: 

[K.s6N' a.1o( l:f3" O).nt] (Si:..o.AI.os) (Alt.oo1'i.lll ~'e3' .n2Fe2+_06Mg.06) 0 10 

( OI-fJ.99F.01). 

ER~ST (191l3) •tlso reported t.he following optica.! propel'ties: 

"' if :' i v. 
Phcnliitt• 1.56:1 1.60<.1 1.601 33 " 
~1Ui5COVit~ 1.:;au 1..59i l.(HJ() 27 !) 

Th(.'Ot'etical densities artt 2.SfiH g/cma for 2M1 phengit<l and 2.sas 

gfcm3 fvr 2 M1 muscovite; Z = 4 for bot.h micas. 

Space group and unit cell 

The x-my d iffraction symbol for phengite and muscovite doter­
mined from procession phot.ogra.phs is 2fmG-jc wit-h possible space 
groups Oc and (' 2fc. 

Precise unit-cell <lirru:usions were dei~rmined Ly lca~:~t-squa.res 

r efinement (Bl:K~HAM, HJ62) of the data. obtain ed with a. precision 
back-reflection \\'('isscnhcrg <:n.ruera. using ()uK ... radiation (CuK<Xt 
= 1.ii40i\1, CnK<X2 ·~ 1.5443a A) wit,h Iii a nd 94 independent. observa­
tions in tho back-r eflection region for plwngite and Georgia. rnusr:ovitc, 
respectively . Tho \mit-cell parameters are given in Table 1. 

fJ 
VohuuP. 

.~.2112 1. n.ooo:l J 
U.O:J83 ~ 0 .0004 

IY.9473 = O.OOO!l 
n,;_ 769 = o.oo,; • 

lt:J4.77 ,;,- O.IOA' 

5.191lG _j_ 0 .0<)()2 A 
o.oo~o +. u.ooo:J 

20.0470 :0:: O.OOOG 
9iD57 •· 0.002 " 

9U.614- = 0.075 A' 
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Intensity measurement and stm~tur(~ refinement 
h1t<:nsities were measured hy counter methods using a. Super-P ace 

automat.ed singlc-erystal diffractometer at the Geophysical Labora ­
tory, Carnegie Instit-ution of Washingt<.~n, Washington, ]). C. Nickel­
filtcrcol CuK·x radiation was used and the difuactcd x-ray energy was 
collect~cl by a scintillation counter with a Th-uut iv11ted 1\al crystal. 
The pulse-height analyzer cirouitry was set to accept !)OOj 0 of t he 
incoming radiation. The intensity oollection and su b>«:quent data 
pro<X'.ssing have been de•cribed by B t: ~NK.-!..l! ( 19(ifia) . A single crystal 
of 2111, phengite wit-h dimensions 0.40 Y. 0.2!i y 0.01 m m :.tnd a single 
crysta l of 2 M 1 muscovit~ with d imensions 0.50 X 0.25 X 0.007 mm 
were used for intensity col leotion. Intonsity <lat:.t wert- eonve1·ted to 
observed structure fact ore hy >tpply ing the standard Lorentz and 

pohu·izu.tion correction , nnd a precise 11bsorption cornwtion (Bt:R~R.ur , 

1966b). If the computed value of integn1totl inten~ity a.re less t han 20', 

where 0' represent« the estimated st1mdard dtw iation compukd from 
counting statistieH (Cll'l'LI~ and AnRAUAMS , 1963), the intensity is 
a.ssumcd h1 he below the minimum observable va.lue. l<'or 21~!1 phengite 
there were 740 reflections with integrated intensities above 2 0' from 
t)l(! 1010 possible rdle"tions. Only iiii7 of t hese retlections were 
independent. .For "l1l>h muscovite thcrt' were 567 independent reflec­
tions with int<:grat<.'rl intensities above 2a from the 7:{fi vossihle reflec­

tions. 
l•'nll-mutrix three-din1eusional least-sqtHU"" refinements were 

carried out for botlt micas with t he vb~c,·ved reflections using an 
lBM 70fl4 program writ-ten by PR!lWTTT ( l!l62). All at.oms wero con­
sidered to be fully ioni-Led and the scattering curv~..s fvr t hem were 
obtained by t-he t~chniques <leHCl'ihed b ,v P .RF.WTTT and B UR:NJIAM 

(1961i). 
Two models in space groups C2ic and Gc hnve hocn der ived from 

the atQmie coordinates and isot.ropic tempent.tme f actors of the 2.3/1 

Na.-rich muscovite (BUR~HAM and R~DOSLOV1Cli , l 91i4) fm the 
lcast-Hquares refinement. In t he space group 0 2/c with 10 atoms in 
the asymmekic unit, varying only ~c:a1c factor and at omic coordinates, 
the discrepaney indices for observed r eileotions conv(lrged after t.hrce 
cycles to an R value rL'IfJi'o[ - IFcii/L' [Fo [) of 0.051 for phengite, 
and 0.044 for Georgia muscovite. The next thrc(: cycles of lea.st squares 
were carried out varying isotropic teruperatum factors in addition to 
the scale factor and atomic parametol'S and Ltsing the site-oceupancy 
rn\lltiplier obta.ined from the chemir;a.l formula. Discrepancy indices 
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·ra.ble 2·. A.tomio coorditlate.& and isotropic tf:mlJ6t"r1ture ,la.cturs i tt 2 )\{, phe:ttf!ite 

(Standnrd dcvii1·t·iom; tlrC g:iv<.•u in paren t heJoR'Ii) 

Atom 

K 
A I 
o. 
o. 
0.1:{ 
l't 
T, 
o, 
o. 
o. 

Equipoint 

4• 
K/ 
~.I 
8/ 
Sf 
Sf 

8/ 
8/ 
8/ 
8/ 

X 

0.0 
0.2467(3) 
0.11568(6} 
0.3933(6) 
0.9:)31 (7) 
0.91\32(3) 
0.4525(3) 
0.4426(5) 
0.7372(7) 
0.232li(7) 

y 

0.0964(:3) 
0.0825(3) 
0.4396(7) 
0.2496(9) 
0.0656(1!) 
0.4297(4} 
0.2581(3) 
0.0931(8) 
O.:J257(5} 
0.3574(6) 

l / 4 
0.0001(1) 
O.Or.44(2) 
0.0537(2} 
0.0526(2} 
0.1355(1} 
0. 13:)4(1) 
0. 1678(1 } 
0.1601 (2} 
O.lr.ll2(2) 

B 

1.76(3) • .\• 
0 .74(3) 
1.03(11) 
l.ll7(S) 

1.21(8) 
0.60(3) 
0.60(3) 
1.30(1)) 
1.41 (0.10) 
1.23(9) 

Table :t Atomic C()Otd·inali'.R a.ud ·i8ol.ropic te:·mperat1tre iacto?',fl in 2~\:11 multc.o·~.tite 

(Sttulthlnl d.t.wiat.ion.~ are given in p~1.rnntlH"W~) 

At>UIT.l X :'1 

A tom I 
K 
A I 
o. 
o. 
OH 
T, 
T, 

o. I o. 
o, 

4 • 
H/ .,, 
~I 
8/ 
R/ 
of 
8/ 
8f 
8! 

\).0 

0.24\Jtl(:l) 
0.9fi UI(7) 
0.3850(5) 
0.9564(7) 
O.Oil41l(2} 
0.4510(3} 
0.4174(6) 
1).7:3 13(7) 
0 .2522(7) 

0.0118:)(:l) 
0.0834(2) 
0.4435(5) 
0.2519(:3) 
O.Oil30(ii) 
1!.42\J5(2) 
0.25!14 (2) 
1Ul930(6) 

0.3110(5) 
0.370.'>(5) 

1 l /4 
1- 0.000W) 

1 o.0540(2) 

I o.or.:J7(2) 
. (1.0505(2) 

1 o.135:>(1) 
. 0. 13;,:,(1) 

0.1 685(2) 
0. 1575(2) 
O. l fiM\)(2) 

Tnbll· -"u. A nib'<Jtro-pic thermal para·mP.let~., in 2:l/1 mltscovite. 
(Stund o.rd orrors arn g iven in par1:.•nth~) 

ilu {:1"" llu 

1.60(4) A• 
0.47(2) 
O.H4(7) 
0.7·7(6) 
1).75(7 ) 
0.~4(3) 

O.:i4(2) 

I.IJ7(6) 
1.34(8) 
1.1 7(7) 

0.0161(7) (J.fiO:iO(:l) I' (l,liOOU (1 ),. 0.0 0.0004 (1)
1 

0.0 
0.0044(4) O.OOOU(2) 0.00037 (3) 0.0000314). u.0002(J }; 0.001!14 (9) 
0.006 (1) 0.0027(7) O.OO(Jf; (I) 0.0\)()4 (7) I 0.0001(3)1 0.0003 (1) 
0 .007 (1) (UlMO(U} , 0.0006 (1} 0 .0002 (S) 0.0001(3), 0.1)(1).1)002) 

fJ.008 (2) • o.ooz (1) , o.()(l04 (JJ. n.tHl02 (7) - o.()(I02(3JI- o.ooo3 (2) 
(1.1)047(5) o.oo1.i(2 ) •

1 

0.00037(3).

1 

0.0002 (3) 

1

. 0.000 1(1) o .oro.oo01) 
0 .11049(1)) 0.0015(2) (1.00041 (3) -·0.0001 (4) 0 .0002(1) 0.0(0.000 1) 

0.01 2 ( 1) I' 0.0031(5)' 0.0007 (1 ) O.!K106 (8) (1 .0005(3). 0.0(0.0002) 

0.01 3 (2) 0.0049(7) I O.UOOi (1}1 0.0010 (8) 0.0008(3)1' 0.0003 (2) 
0.013 (2) 0.00:~(7) U.0006 (1) 0.0004 (7} 1- 0.0002(3) - 0 .0005 (2) 

.• ,. 
,tl 
;, 

': 
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Table 4 b. Root.-rnea.n-8qu.are component of thtrm.al d isplacement a-long pri-ncipal 
axes oj thermal eilip.wid .. ·~ and the orientation oj prirwipal axe,.~; in 2 .. M1 mtuwovite 

A torn 

AI 

o. 

o. 

OH 

o. 

o. 

0 , 

K 

Axis 

,., 
T2 ,, 

. ' · _H.._,ot- rnf'An-squo.•'O ~ 

disp)U(,'C-Illont 

0.058 -= 0.008 A I 
0.077 ::-: (l.OOot 
fi.OH9 j_ 0.004 

0.08~ ± 0.011 
0.098 + 0.0 II 
0.120 J: 0.010 

0.091 "" 0.013 
0.0~(; = 0.010 
0.109 _., fi.009 

0.076 ± O.IJ 14 
0.091\ J: 0.011 
0. 114 -f: (Ul09 

0.07G l: 0.006 
0.081 ±: 0.005 
0.086 :'-: 0.(104 

(1.078 ± 0.006 
0.(182 :l 0.005 
0.09! + 0.004 

0.11 -::0.0 10 
0.11:1 c!: 0.009 
fJ.l:ll 0.01)8 

0. 110 :..:: 0.010 

0.128 :l ll.OOH 
0.1 :;1 + t),IJI'>9 

0.092 ± 1).01 1 
0 .1 2,; _L O.OOtl 
0.143 ± 0.008 

0.135 :'-: 0.004 
0.144 ±: 0.005 
0.148 :::.: 0.003 

Angh; wit,h N'., pect to 

- a 

72 +. u• 
96 :!: 17 

1111 _L 10 

111 _L 29 
58 + 32 

140 l: 22 

8~ = 38 
79 .:::. ~7 

168 +. 32 

134 ± 23 
liO J: 30 

121 ± 17 

87 = 21 
7(i ::': 41 

166 :1- 39 

83 ± 2 1 
9C. 1.: 26 

170 ± 24 

103 == Jr. 
25 :- i 'l 

111 :...: Hl 

1.~4 ± 12 
11~) l: 23 

113 + 10 

142 t 12 
60 ± 18 

··~ == 11 

175 = 12 
90 
g,; ± 12 

+ b 

Ill + 12 • 
so ± 17 
74 .l 10 

11 6 ± 36 
50 ± 30 
50 + 22 

23 -:: I 
ll!l ± I 

90 J: 37 

4[1 ± 26 

54 + 2tl 
113 ± 22 

36 = 42 
125 = 42 

911 ..1: 33 

:l:l 1.: 67 

121 + r,il 
so :+: t;l 

27 = 4ti 
70 . 19 

; ;1 = n 

J(J4 ± 17 
125 ± I K 
39 ± 18 

.~2 ± 13 
5 1 ± 16 

119 .,.. 17 

90 
0 

90 

97"" 19 ° 
11 ± 13 
99 ± 15 

147 ± 48 
124 + 4fl 
90 ± 16 

67 = 911 
26 = 91 
7H j_ 32 

!li l: 20 
50 + 26 
40 ±: 2!> 

55:::: 42 

39 = 42 
i7 :J2 

122 l: 60 
149 -f: GO 

88 ± 20 

H7 ::::: 92 
104 . 36 

153 = 21 

•m -•·20 
143 + 19 

119 ± 17 

\Ill .ill 
4U ± 20 
42 ± 20 

85 = 12 
90 

175 = 12 
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Tn.blc o"ia. Interatomic distances in 2.ltl.1 phengite u.nd -in- 2 ,l/1 mu ... ·rot•il~ 

T1 t-et-rahedron: 
T 1 Oa (apical) 
T1-0r: 
T,-o. 
T1-0e 

Mean 1',--0 

Oa-Oc 
o •. ()" 
Oa-0~ 

o,-o, 
o, 0 , 
o,,-o, 

.\k,UJ 0-0 

T :3 t(~t rn.hcdron: 
T,-0, (apicHl) 
T,-0, 
T, -0" 
T2-0~ 

Mean T2-0 

o.-o. 
o.-o. 
Ob-Oe 
o,-o, 
0,-0, 
o.-o, 

1\'lelin 0-0 

AI or:l-,lhcdron: 

"1\Icn.n 

Unshnred; 

j\fenn 

Al-Oa 
Al-Oa 
Al-0• 
Al-Oo 
Al-OH 
Al-Oli 

Al-0 

Oa-Ot> 
o.-oii 
0;;- 0H 

0-0 

1.618 _l O.tl04A 
1.1120 _l 0.007 
1.1i2! + 0.000 
1.629 t 0.004 

1.022 1-: O.tlO:~ 

2.662 +. 0.006 
2.702 1_0.000 
2.1171 :!: O.lHI!i 
2.1i42 + 0.008 
2.615 ± 0.008 
2.:>92 "= (1.1)06 

2.647 - o.oo:J 

"1.63() - (1.004 
1.629 :::: 0.007 
l.liH :.c: 0.004 

1,1i39 + 0.005 

1.63:J ± o.oo:l 

2.671 ± 0.007 
2.7 2:) ± (l.lf06 
2.692 = 0.006 
2.617 0.008 
2.1i2fi :':: 0.00~ 
2.661 ::;:: 0.006 

2.665 :r o.oo:l 

1.98.> ± O.tl04 
1.950 _l O.(H),; 

1.~56 ± 0.007 
1.961 -:: 0.007 
1. 938 .1_ O.OOG 
1.0411 - 0.004 

1.956 -:: 0.002 

2.918 :::: 0.008 
2.81i:J ± 0.004 
2.87-i ± (1.008 

2.885 ± 0.004 

1.6:17 := 11.()04 j\ 
1.644 -'-11,0()4 

1.6:!2 :': 0.004 
!.Gill _ 0.004 

l.(l4:l ~- 0.002 

2.091 c.:: 0.005 
2. 711i _l 0.00:> 

2.707 + 0.006 
2.685 ± 0.007 
~.lifi:l _l 0.1lOG 

2.642 + 0.1Hl6 

2.682 +. 0.1Hl2 

1.642 _l 0.00~ 

1.H47 :L: o.noa 
1.647 + 0.004 
l.C.:la :: o.oo4 

Ui4:J 0.002 

~-702 :: 0.001) 
2.738 :: 0.005 
2.69H 1_ o.oo,; 
2.64:l + 0.006 
2.6~2 ± 0.007 
2.1\78 _l 0.00{) 

2.(\~2 + 0.002 

l.lt31 -;,; 0.004 
1.951 :- 0.004 

1.950 = 0.005 
1.~23 :::_ o.oor. 
l.U1lt + 0.004 
U20:::: 0.004 

1.93~ ± 1).0(12 

2.956 -i: 0.005 
2.8f>O J: 0.004 
2.850 ± O.llOD 

2.891 ± 0.005 

~·-

; · 
-~--

"t-

l';i' ,, 
.j 

-~~! 
•·.? 

OH-OH 
o.-o. 
o,-o;, 

J.leun 0-0 

lnt-cdn.ycr cation: 
K- 0, 
K-0,, 
K-0, 

K.-0, 
K-Oa 
K -0, 

.Jleun K-Oout(lr 

K-OH 
K-K 

Tnhlc o) a , (Conlinued) 

Phengit-c 

2.499 -,.- O.OOH A 
2.509 ::: 0. 008 
2.484 : 0. 006 

2.4~7 ± O.()Ofi 

2.9H1 -'. 0.003 
2.982 + 0.005 
2.966 ± 0.00.5 

2.970 _l 0.003 

:l.18U ± O.OO:J 
3.~44 ± 0.006 
H79 ± 0.006 

:l.237 :~ 0.003 

:!.931 - 11.004 
10.12,, J: 0.002 

.MuH.covi tc: 

2.402 -" o. oo; A 
2.4fil ± 0. 007 
2.44 7 = 0. 0117 

2.434 ± 0. 004 

~.842 :i:: 0.003 
2.879 ± 0.005 
2. 845 i_: 0. 01).;) 

2. 8():i 1.: 0. 002 

:;.2tlO c:: o.oo:l 
3.511 -:-- 0.005 
3. 284 ± 0. 005 

3. 3fi2 ± 0. 003 

:l.997 + O.OV3 
10.17~ :l: 0.001 

Table t~lJ. Te.t-1'ahe.drat interat(1·mic angle:~ in 2 .. !111 phengit£, anrl ~:n .. 2..:111 musco-vite 
{ccntrnl atom is vertex) 

Phcngite Muscovite 

T1 t et ralwdton; 
Oc-'.l\-Oa 109.24 + 0.2:l ' 110.12 ± 0.21" 
0,- -'l\-0, 107.20 ::t: 0.25 106.81 :1 0.21 

01'!'-'rr~Ort 11,1().77 .1_ 0.32 100.74 ± 0.24 

Oa-Tl-0~ 110.66 -I: 0.2~ 110.~4 ± 0.21 

Oa-1'1-0c 110.64 ± 0.31 j 10.21 ± 0.22 

o.-T,.-o. 113.07 . 0.26 112.41 ± 0.22 

:\·[co.n O-T1 -0 l0ll .4:l ± 0.11 109.44 + O.H\l 

T2 tetrahedron: 
o,-T,--o. <06.63 "'0.24 106.71 ± 1!.21 

Oe-Tz-Oc 106.93 c:':: 0.25 107.25 ± 0.21 

o.-T,--o, 1 os.79 ± o.:ll 109.37 ± 0.25 

o.-T,-0, 110 . .1 2 =': ().33 110.45 + 0. 23 

o,-T,-0, 113.21 = 0.24 112.07 ± 0.20 

o.-T,.-o, 110.8H ::. 0.26 t 10.79 ± 0.22 
- ··---

MoanO-T,~O 109.4:J :':: o. (1 109.44 + 0.09 
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converged to the following va lues f<H· the observed reflections: 
R = 0.045 for 2 A/1 phengite, and R = 0.036 for 2 M.t muscovitn. 
Atomic p•~rameters after these t.hree cycles are given in Table 2 for 
phongite. The isotropic tc_mporat.urc factors for muscovite (Ta.blo :i ) 
were next converted to anisotropic t hermal para meters by three 
more cycleR of refinement result ing in R = 0.035. Atomic parameters 
a fter t ho total of nine refinement cycles for musco,,ito a.rc li"tml in 
Ta ble 3 while the ani~otropic thcrrnalpara.mctcrs arc given in Table 4 a. 
Anisotropic r efinement of phengite wag n ot possible owing to nega.tive 
{he's for some at oms. In both structures it was also not possible to 
var y the occupancy multiplier for cations during any stage of refine ­
mont, for it resul ted in negati ve occuva.ncy multipliers . 

An attempt was mu.de to nJinc the ""oond model with space 
group ()r, having lll atoms in the asym metric unit. I n this case some 
atoms gave negu.tive isotropic tempemture factors and the least-squa res 
corr·dation matrix showed very high correlation coefficients between 
tho u.t.oms which ar e centrosymmetrically related to each other in the 
space group O'l. fc. On this evidence the sp,wo group 02/c is proposed 
for bot h mie>L stnwtur<•~. 

The n1sult$ of the least ·sq uures refinement together with t he 
va.ria nce-r:ovo,r iance matrix were used as input data for the crysta.llo· 
graphic function and error program (ORFEE) (Busnm d at., HIH4) 
to compute intera.tomic dist-ances and angles of .PhengitoO a nd Georgia 
muscovite. T he bond length~ and t et ra-hedral intcra.t<lmi" anj!:les are 
listed in ' I'>Lblcs 5u. and fib ; t he root-rnean-squa.re components of 
thermfll displum Hicnt along prin cipal axes ar" given in Tuble 4b for 
2 Jf1 musco('ite. 

The t hermal ellipsoids, 1-epresenting 7iJO/o probability distribut ion, 
of the a toms in 2 N 1 mns<:ovitc b-truct.ure ar e plot.tcd in Fig. 1 using 
the OH ·n~P c:ornput<:r program (.Jon~so~. 1H6ii). This plot shows 
that, tlw t hermal vibra tions of the atoms in !Llf1 muscO\'ite structnrc 
aro almost isotropic except for basal oxygen atoms. The largest t hermal 
vibrations of t hese basal oxygen at oms are in t.be (001 ) plane and they 
seem somewhat orilmkd pandlcl to the [J 10] diroetion. Tl"' reader 
may uso Fig. 1 to follnw inkratomic rlist.anee8 1md a.ngk" listed in 
Table fla and fib . 

Subsequent three -dimensional differencc-Fow·ier synthesis (using 
an IB:\I 70!)0 program written by SLY et al., 1962) of both mic~1.s 

showed tha.t no appreciable dilferences exist between calculated and 
observed electron densit ies except in the vacant octahedra l ~i tf>,s 
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}'ig .l. Therrnol.elllpsoirl repre~nt-tJ.t.ion of 2 lf1 muffo1nov it.f'l projected on (00 1 ), 
cllip~oids encloiie UJU/u prohnhil ity d iBtl'ibution (.J OU:tJSON, HH'I!i). Thick Molid 
and dashed line:;;: upper tetn\hedral shnct,-::;. Thin solid lint~ij; oct.o,hnrl t·nl poly-

1 hcxlra. Let.turs wi l.h a bar, e. g ., 0 ;. ind ic.n.t.4) thn.t thie~ u.toln i~ relat.ed by tho 
. i nvcrs ion nenter. z. t o tlu; t\f.uo• 0 41 

,. 

.Fig. 2. Three4dinH.lrJ~i on n.l (.Fe - Po) IIU:l.·P t\1:· z :-: 0, ~howing e lectron dl~nsities in 
vn.ean t; octahedral siteH of 2]1-fl lnusco,ritot'l um.l 2 i\f , phnngit.e. (Cotmtour8 

plotted nt. in iAJrvnls of 0 .1 e/A•) 

(.l!'ig. 2) which, in phengite , amount<> to an electron density of 0.25 ojAa, 

pos.~ibly due to the excess of oc:t.a hedral .Mgh. In the cliffcrent!e ekc­
tron-dcnsity map of Georgia muscovite there is 0.4 c;Aa left in this 
site iwlica.t.ing that most likely the excess of oetahcclral iron occupies 
this o;ite. 
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The observed and ca.l<:ul>Lte<l structure fa.<Jtors for 2 ,l11 Ilhengite 
and 2M1 muscovite a,rc listed in Tables 6 and 7, respectively. 

Characteristic features of 2 Ilf1 J•hcngite and 2 M t must~uvite structures 

'fe t rahedra l s hee t s 

ln t he structure of phengite the t.wo average tetrahedral metal­
oxygen distances with T1 - 0 = Ui2 2 ± 0.00:~ and T2 - ~ 0 - 1.633 
± 0.003 A indicate a slight p~trtial ordering of {Si,Al) a lthm1gh 
isotropic temperature faetors for both tetrahedral sites show no 
difference. As seen on Table 5a, the indlviduol T - 0 distances 
displ!;y no signifi<,ant differences from the mean value for each te tra­
hedr-on, indicating th at t.he tetra hedra. a.re quito r egular. I n t he 
structure of Georgia muscovite the two ~~,verage ~l't - 0 and T2 - 0 

• dist.ances are equal showing the abscnee vf ordering of (Si, Al) over 
tetra-hedral sites. This is in contra.~t to t he results of R ADOSJ.OVI CH 

(1960} but in agreement. wit.h those of Bt:R!iH.U l and R.-.nosLOvlCK 

(J 9fl4} for Na.-rieh muscovite. 

Octa he dra l s l1eets 

" The average octahedral mct.LI ~oxygon 1listan ce for phcugite 
(1.956 A) is greater than tha.t for Georgia muscovite ( Ul:~2 A), as 
would be expectc•l with t he increased amount of large eations in the 
oct>thedral sites of the former. The shared octahcdr1tl edges listed 1n 

r Table 5a show that the OH- OH edge is Bhortor t han the other two 
shared edges in 2 .tf 1 muscovik but not in 211ft phengite. 

Interl ayer r egi on 

The intm·layer cation is in ~ ix~(,OOrdinution with the basal oxygen 
atoms from the upper an d lower tct ra,hcclral layers, with an a.verage 
distance of 2.970 A for phcngite and 2.~55 A for Georgia muscovite. 
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Another ~ot of six outer oxygen atoms sur rounds the inter layer cation 
'; with an average distance of 3.237 and :~.362 A for phengit.e and mus­

covite, respectively. 

Di~tortions 

Atomic planes in mica-s a re distorted in the following ways: 

(a) by rot-&tions in the plane, 

(b) by til t ing in elevations . 

(a) In ideal a tomic configurations, both anion s and eation s form 
hcxotgonal arrays with interatom ic angles of 120 °. J)c,,iations l (2,x) 

from -this value gi ve the distortions in the plan o. T he ' 'alues of 2" 

for both micas are given in Ta.ble 8. The displacements of ba.sal 
oxygen atoms are almost twi<Je as much in Georgia muscovite (u.vcrage 
2 .x -- 22.7 °) as in phengite (average 2,x = 12.1 ").Displacements of 

1 H .. lf of 2"' for the baHal oxygo.n atoms is usually referred to •~ the Ld-ra­

he<trnJ rotation, « . 

Z. :Krl&taiiUijr . Bd. 134., 3/ 4 14 



2!0 

Tnhlc• S. Det,i.'.a-ti.on-~o~ (2.'X) uf in.t<'ratom~:c aH-(Jle.>; from 120 '·' io :!:\{, plu-ng-itt', :?l\11 

ami :1 T -,nu.~covite~ 
(Angle:~:~ a.n.1 rncnf;ured eounterclockwise starting from fil'i;i, i\\'O atom~ vdtOSP. 

c.oordim:~.teH ~I'(' liRt.ed in Te.lJlos 2 a nd :1 for phengite a.ud 2..:'\ft muscovite. 
St-andard errors nr·o gi von itl parenthe~e!:'.) 

2].11 Phnngite 

Angles hot \\·cen 
basa.J oxygen u.torns : 2 :X 

0,-0. -0, 107.1(2) 1~-~ ~ 

o.-o,-o, I :l1.8(l) 11.8 
o,-o,-o. 108.1(2) 1L.9 

0~~-0,:-0r: 132.3(2) J2.:l 

o.-o,-o, 108.1(1) 11.9 
o,--o, .. o. 131.5(2) 11.5 

.1\leaJl 12.1 

0.1 

AJ!gkr-; between 

apieal oxygen nton1s: 

o,-o.-o, 112.7121 7.~ 

o,--o,-o. 13:1.7121 13.7 
o,-o.-o, 113.<1(2) 6.4 

:\1ean 9.2 
+ 0.1 

Angle.'<. bet\veen 
tot-n\h(:drnl ca.t.ions: 

T,.-T,-T, 119.2(1) 
T 1-T,-T1 122.4{1) 
T,-T,-T, 11H.;i{ 1) 

1-fcn.n 

Angles Lct.\"'·ccn 
octahedral cation: 

O.H 
2.4 
1.5 

1.6 
(1.1 

2J:f1 -:\:[uS('Ovite 

2,\ 

go.:J(2) 23.7 ~ 
t42.ii(1) 22.5 
97.2{2) 22.8 

142.3(2) 22.3 
97.3{1) 22.7 

142.2{2) 22.2 

)lean Z2.7 
0.1 

1L 1. 9(2) 8.1 
t:lf;.2(2) 16.2 
111.9(2) 8.1 

Mean 10.8 

± 0.1 

118.1\(1) 1.4 
122.8( I) 2.8 
118.6(1) 1.4 

}lean 1.9 
1.. 0.1 

Al-Al'-Al !20.8(1) 0.8 120.2(1) 0.2 

.3 '1' l\:lu8covit-«.: 
(Gii"v.t;.!'-0 and 

HuR:-..HA 1\.'l, 1g(;7) 

95.0{4) 
14L2(9) 
95.!1(4) 

145.5(ij) 
97.2(4) 

14a.8(6) 

.:Mean 

Oa-01.1-0 ,l 111.J(7) 
o,-o.-o, 111.8(8) 

o.-o, o. 1:l7'.0(S) 

}ie.an 

1.: 

'l\-T2-T1 117.:i(3) 
T2-'l\-T:z 122.7(:)) 
T,-T, T, 119.8(4) 

Mean 

120.0 

2(\ 

2:3.0 '' 

21.2 
25.0 
2;J .. j 
22.8 
23.8 

23.9 
0.~ 

S.7 
8.2 

17.0 

!t.:l 
0.3 

2.5 
2.7 
0.2 

2'.5 
o.:l 

apical oxygen atoms are, however, quite similar in both structures; 
the displacement in one direction is distinctly greater (2" = W.2 , for 
muscovite and 2 :X = 1 a. 7 ° for phengite) than others. 

)r 

The crystal st-ructures of 2..:l-1, phengite anr) ::! ~J1 muscovil.c 211 

The tetrahedral cation~. however, show s rn a.Jlcr displacements from 
their ideal sites; whereas the octa-hedral cations show pract-ically no 
clisplacement from their idea l positions in both mica str uctures. 

(b) Tilting of the tetrahedral sheets gives rise to differences in 
coordinates of the basal oxygen atam R. One o f the basal oxygen atoms, 
o~. is displaced off the phne of 0 , and 0, oxygen atoms by an amount 

• [ Zo, + Zo , l . fJ 22 , 
.:JZ = --r·· - zo. C Slll = 0. ' ± 0.0 1 ·"" 

for Georgia museovite and 0.16 ::1: 0 .01 A for phengite. This corruga· 
tion of the basal-oxygen layers , usually referred to as tetrahedral tilt, 
is eharacteristic of dioctahedral 2Ml mi ea!:'. 
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