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High temperature crysta} chemistry of K and Na fluor-richterites
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Abstract

Crystal structure parameters have been determined for synthetic potassium richterite E
K(NaCa)Mg;Si,0,,F, at 24°, 400°, 600°, and 800°C, and synthetic sodium richterite Na(NaCa) H
MgsSiz0,0F, at 24°, 400°, 600°, 800°, and 900°C. Anisotropic refinements in space group i
12/m using 11501200 reflections resulted in R factors ranging from 0.034 to 0.063. The K 1
atom in the A site of potassium richterite was refined at all temperatures using a half atom
model with K randomly occupying two special positions (47) within the (010) mirror plane.
The Na atom in the A site of sodium richterite was refined using a quarter atom model in
which Na randomly occupies four general positions (8)) off both the (0310) mirror plane and
the twofold axis parallel to b.

As observed in other high-temperature studies of silicate minerals, the polyhedra in these
structures expand differentially. Over the temperature intervals studied, the tetrahedral
distances remain tatistically identical, but all other mean polyhedral distances increase
significantly. Mean thermal expansion coefficients {MTEC) for mean bond lengths increase :
as follows: T1 = T2 << M3 < M1 < M2 < VM4 < XA (K richterite) and T1 = T2 < M1 < !
M2 < M3 < Y'M4 < XA (Na richterite). This differential polyhedral expansion is ;
accompanied by straightening of the tetrahedral chains and by increased displacement of
the double chains relative to each other. Expansion of three of the four M polyhedra in K
richterite is slightly greater than for Na richterite, and the MTEC of its unit cell volume is
larger (3.39 vs. 3.10°C x 1079).

The behavior of the richterite structures at elevated temperatures is generally similar to
that of tremolite. The MTEC's for structural and thermal parameters are often identical
within three standard deviations. The largest difference among the three structures
involves the coordination polyhedron about the A site, where the rate of expansion of the
mean 10-coordinated A-O distance is significantly greater in the richterites than in

tremolite.

Introduction

Phenomena such as exsolution, solid solution, and
inter- and intracrystalline equilibria are of interest to
geologists because they provide information on the crys-
tallization and cooling histories of rocks. These phenome-
na typically occur at elevated temperatures and/or pres-
sures in geologic environments, and until recently they
were necessarily described on an atomic level in terms of
room-temperature crystal structures. Within the last ten
years, however, the structures of various rock-forming
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silicate minerals have been examined at temperatures up
to 1050°C. Scores of refinements, on a limited number of
crystals, have been published for olivines (e.g., Brown
and Prewitt, 1973; Hazen, 1976; Smyth and Hazen 1973;
Lager and Meagher, 1978), feldspars (e.g., Prewitt et al.,
1976; Winter et al., 1979), pyroxenes (e.g., Cameron et
al., 1973a; Sueno et al., 1976), and amphiboles (e.g.,
Sueno et al., 1973). The crystals used in many of these
high temperature studies have approximately end-mem-
ber compositions, and thus the effects of increasing
temperature on individual cations could be evaluated.

In this paper we describe the structural changes that
occur in two synthetic fluor-richterites (KNaCaMgjs
Sig0,-F, and NaNaCaMg;Sig0,.F,) at a series of tem-
peratures between 24° and 900°C. Our primary intention
is to compare the behavior of an amphibole with a filled A
site (richterite) to one with a vacant A site (tremolite;
Sueno et al., 1973). Richterites were selected for study
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TR T ¢ 21.76 Z4.t04 24,804 C.C -3.000 -1.323 T T T T T e
C 11.3855 10.83¢ -1C.3482 C ok €.973 0.2175
c 21,781 LZ.2T7 =22.277 __C.0 -G.456 —o.l s o+
R - 1.357 1.387 G.C 11.134 3.651 = T R s
C 28.245 28.5C8 —-28.588 G.0 —C.663 —0.358 =
2 4,366 7e3210 0 - -7.3210 gL -£.935 =0.549 x
IV A ) 7.241 -7.371 G.0 Usd b 2.126 T Tt )
C 25.168 Z28.508 —-28.9C8 0.0 C.260 0.1¢6
6] 205.953 210.570  Z1C.S$70 ___G.0 —=5.012 -l.c0l =+
I T 1.357 S 1.367 U.C 7.160 1.967 I
C 21.880 22.2717 -22.277 0.0 —-5.397 -0.163
c 5.820 7.567 -7.567" C.C -1.747 ao.Nm;‘;w,:;,1,s>;‘,4;:15,;:rllfzfx‘:
5 BN S 4.¢25 4.625 C.C 8.8406 2.5 % T
C 29.993 3C.514 -30.514 G0 -C.521 -0.263 %
0 30.4¢7 ;:.,,thmM~=:@;;.mm;muwz|r|,z;Uhm, 0.930 oummo\vWJ;:a;:st,;.,:e;s‘sze;:iszzzilsx. ;
C0 0 TBIVIAY TTBULES -50.8C3 . .0 C.328 . 0.250 I
. C 28.476 29.557 25.557 0.0 -1.082 -0.589
0 N«.wa 30.514  -30.514 - SRy -1.362 -0.0656 L S T s A R TR
R N WY S 7.567 -1.567 0.0 3.018 CebES T
¢ .¢co 4.073 -4.C78 C.C 2.402 0.352 =
c 37.650 . 35.&%5 35.8S5 _.C.C_ 1.154 C.534 % N S R S A
i 0 - 5.559 6.202 6.202 ; €0 2,757 C.5e1 =
| C 27,557 234560 23.560 .0 - 4.037 2.441 %
m & 23.550 1 23.560 TeLE 0657 8.367 O e S A5 L R T L
- N C 25,865 554865 0.0 Z.605 l.0€9
] C 21C.570 210.$70 C.0 -3.940 -1.253 =
-4 2 T 42.718 - 42.713 _G.¢ 1.652 .66 *» e
e C 16,849 16.349 C.0 3.514 1.545 x
Z C 58.756 58.756 ¢.0 C.421 0.285
16.849 16.849 C.C =C.080 -0.026 R - e e R
4z .713 42.718 C.0 -5.458 -0.258
14.774 7.394 7.354% 3.0 7.380 2.613
L A2.569 43.781  -43.7¢7 _C.C -0.818 =0.483 * L L
25.547 20.358 30.35 C.C -0.811 -0.358 *
11l.344 8.577 8.577 3.0 2.767. C.617
25.755 304358 30.35 C.0 —C.564 -G0.268 B = e SR Tt
46,102 3.787 -43.7€7 0.C 2.315 1.267
38.C&38 .562 -40.562 G.C -2.504 -1.211 =
. 78.040 80117 _8L.117 0.0 -2.077 —-1.167 o o . - e
40.545 40.552 -4G.5%2 .0 ~C.047 -0.027
16.851 Hq 182 -17.182 C.0 -0.331 -0.103
1.557 8. qu -8.792 0.0 -C.795 —0.241 4 -
21G.S170 C.0 -
S

~-9.589 .G 811 1.826
—24.248 .0 715 0a7¢4 .
4.255 0. 2912 Z.149
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-4.170 .0 +250 2.859 ¢ e
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CF(CALC)

A{CALC)

STRUCTURE FACTCRS

E(CALC) " DELTA F  CELTA/SIGNMA

o I L E5.327 66 .86 —CcELTED .0 —1.459 -1.358 J———
1 I 3 13.031 13.061 3.0 o291 0.211
1 1 13.740 —13.740 _GC.0 -C. 7506 =6.3315 R
N 5.520 15,920 G.C —-2.614 —-1.222 FE e —
1 1 11.311 11.550 -11.550 G.0 -0.239 -0.083
i 1 14,757 9,871 9.871 0.0 4880 .
< 1 25.020 20.336 -20.5886 C.0 4.143 1.946 R ’
2 i 16.820 23.011 23.011 C.0 -4.182 -1.560
< L é2.35% 26.105 —26.1C5 ___G.C -3.747 Teeles e
e ¢ 206.4¢9 216.67¢ 210.570 0.0 —4.501 —1.434 = T
2 1 50.290 £1.866 51.666 0.0 S =1.577 -1.3¢€5
2 1 44,057 45.124 —45.124 C.C. —-1:067 —d.138 - S
r 1 133,771 137.511 137.511 “C.C -3.740 -1.836 T
2 1 112.550 113.074 112,074 G.C -C0.524% -C.330C
‘W,“.:rr;:;zmmumcwlazeflwwuruw;‘{ieum»hwmmz4|;|remrb; 1.7406 H.upwit:xi;i,,:elefzaie:‘;Jaz;:x‘4ki;i;es:s;:za;
z 1 41.947 43,471 43.471 0.G ~-'.525 -1.202
2 1 20.165 20.854 -20.85 C.0 -G.688 -0.366
2 1 33.566 .~ 37.878 32.€18 0.0 1.C89 0.745 i o Sl et
Z 1 35.3¢8 371 .640 -37.846 3.0 -Z.473 -1.306
3 1 2,240 7.622 7.022 G.C 6.218 Z2.658
3L 23,054 23.238 T23.238 *TeQ 0.4506 0.3C3 S S T
51 27.157 25.730 -25.730 0.0 1.426 1.729
3 1 1484347 154 .021 -154.021 <0 -5.674 —-2.53
3 1 133.6C6 137,040 =137.04C 0.0 —3.433 -1.683 B L el R R EA
3 1 22.474 24 .E85 —24.385 Y —Z.412 -1.510
o 3 1 3€.616 39.678 -39.678 0.0 -1.062 ~0.946
8 31 1¢.6€5 14,259 -14.259 C.C -3.575 -1.295 o
I 10 3 1 44732 8.654 8.554 0.0 —4.122 —C.8217
| 12 3 1 27.5€5 27.292 L =27.392 C.C S 0.193 0.054
b 70 Q- 012 -0 0 T205.414 210.579 210.S70 0.0 =5.555 -1.7715 = AR e :
-13 4 1 23.3¢4 224831 22.531" G.0 .833 C.294
~-11 4 1 17.2¢%6 164243 -16.243 C.0 1.054 0.456
T2 A L 04654 < C.0 4,397 1.227 N R
i -7 4 1 17.1¢5 0.0 {.927 0.614%
| -5 4 1 27.G51 C.C 1.889 1.976
[ ES A L ] 6T RGN T 59 17.959 €. 0 -1.190 —1.143 L O R
-1 4 L 24.1C6 26.258 26.258 .C -2.152 —2.685
1 4 1 17.329 17.029 17.029 .C €.300 0.2717
- S S | _5.73%8 _11.20s6 ll.2c6 .0 —5.408 -2.0179 e
i 5 4 4.501 5.173 5.173 ) —C.671 -0.161
| 7 4 274519 C Z25.439 25.439 2.580 1.548
| =9 4 G 55 & 1.560 ~  20.357 20.35 —z.797 —-1.282 , .

19,479
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@ H K L F(OBS) F(CALC) A{CALC) E(CALT) DELTA F CELTA/SIGNA
o o 5 L 150.22T TTTTIEE oA 155.240 e
& 5 5 1 ) 3 2,520 22.920
) 1o 5 1 52 . G.552 e
S T B TRETY 49.307 T
@ 15 o L 51.0¢5 i3.529 53,529
_ -11 o 1 10.475 5.555 -5.5%5 e
TGS N P YA 102,171 103,171 T T .
® ~7 & 1 $2.204 €3.191 -93.161
=5 O L 26 . 290.928 c.c . =6.825 Tee315
e A 1C4e463 .0 3,159 1.241 T T T T e
@ -1 o 1 140.228 - c.0 -4.907 -2.375
| 1 o 1 20 o T4l.B4B o0 C.C 12.020 d2.32 o+ o
e S 72.022 c.0 20,50 ~9.505 T T T
S 5 G 1 235.139 235,139 £.0 -3.739 ~1.068
I 6 1 o !mm».wmw;l,J!H.wM&.m.@f;]ff@..bi!In i1.233 .92 s e
S S N £ 83.752 ¢.0 ZG.881 —C.567 G -
@ 1 6 1 30.002 -30.002 c.0 ~0.042 -0.023
! -12 7 1 ot 816622 e bl 4 NI 62 SR g 0 . -0.319 —C.168 S S
TGS [ 210.570 210.570 .0 -4.484% —1.425 % S
) 7 1 -13.251 c.0 3.402 1.447
/ L 730.410  ©  G.0 . —1.011 “Cel4r e
A 33.325 0.0 —2.442 -1.890
® 7 1 11.311 5.853 " -5.853 C.C S 5.458 3.431
7 }‘vmi..f.,,,:...m_‘n‘u,.m.m.sl;,:fmmx.,m,w,,w!i.f..i,..,mm..qm.wl .0 . 0.819 C.760 e
Ty 1 133.3%% 1257501 —135.5¢C1 0.3 —1.647 ~C.8C2
] 2 7 1 13.1C8 12.451 12.451 0.0 C.657 0.451
s L 65.509 €5.221 ~ -65.32 C.0 __G.188 gel5v . S
g 7 1 65.525 66366 06.366 d.0 -{.341 —-C.659
@ ( 7 1 21.C89 204426 =20.426 0.0 Ce663 0.293
e 1 :2.N;.,mmro?1.-Q,fa»ww.nm;m‘m.,:.f;..-;fmhhﬂ!,, 0.¢ . 2.059 Ce323 . T T
3 1 16.458 16.5¢4 S16.5¢64% 0.0 “0.476 —0.1¢1
@ 3 i 13.83 11.189 -11.189 0.0 2645 1.0%
8 1 o L3.207 16571 - 1e.571 0.0 - —2.364% —1.359 O
3 1 14.8C7 17.053 =17.053 C.0 TZ.2406 —1.15
@ 3 1 16.225 11.660 11.060 ¢.0 4.565 4,261
SR S 1.832 o d.2i9 1,219 i C.C . 6.613 3.721 _ S T S S LR
12 i 267.3710 Z1C.<7¢ Zic.s70 0.0 Z3.660 “1.i62 =
@ B 1 0.942 Z.E54 2.854 8.0 4.C87 1.5%4
5 .;.Lr:::1‘,mw‘.imw.wsilzI:m(.m.;.,.mmw!z.,l,rwrmim.omm C.0 —C.250 —-G.179 e
8 1 23.018 24.557 24.557 c.c -1.539 ~C.533
@ 8 1 11.587 1l2.236  =12.236 0.0 ~G.248 - -0.067
: — e 9 L 24,2220 U 2407 13~ -24.713 .0 =491 —0.156 LR S SN AP OO R
® g fi 12.2¢t 14,463 14.463 .0 . .
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K—is ICRTEKITE 6CCC 1/24/73 _ SIRUCTURE FACTORS pAGE 8 e
L FLOBS) ALCALC) ELCALC) DELTA F  LCELTA/SIGPMA
R T T -20.78% 0.y -1.035 -0.525 e —
1 19.011 15.723 g. -C.712 -0.40C5
G 2010406 1{.5970 _£.0C —3.924 —1l.247 % e
L 25.528 -31.177 6.0 -1.350 -1.2G1 [
1 56,359 56.591 G.0 C.368 0.328
1 34.857 —34.121 _C.U C.730 O.723 e
1 5,474 -1.029 0.0 4.446 1.5¢5 ST
1 47,701 45.674 C.0 -1.573 -1.843
1 34,923 ] —34.5606 _C.¢ 0.357 0.2¢60 e
1 24.9¢4 23.052 £3.052 G.0 . 1.911 1.338 . - LT
1 144230 15,535 -15.535 C.0 —1.306 -0.4175
L 18.731 1T .66%T 17.6¢4 .0~ 1.067 0.436 RO B S R
. 11.427 3,733 3.733 C.0 7.693 1.8C4 ’
1 11.515 14 .439 -14.439 C.0 —2.864 -0.744
1 16.027 12.218 12.218 .0 3.809 1,966 o e
1 19.935 18.7C —13.7C7 c.C : 1.227 0.826
1 13.6¢€5 13.710 —13.716 C.C ©.=C.030 -G.016
1- 20.€36 254357 -29.3517 0.0 1.239 1.133 A R S
1 2.450 5.810 -5.810 C.0 -3.320 -C.616
1 54.473 544701 —54.7C1 C.C -GC.223 -38.2¢C0
I 16.423 16.528 -16.923 C.0 -C.505 -0.2¢€2 A
C 2C7.271 210.S70 . Z10.S70 0.0 -3.693 -1.173 =
1 16.043 14 0344 —14.344 C.C 1.659 0.715
1 - S.745 12.6G0 12.600 0.3 —2.856 =G.5%y . - R
1 16.8¢8 15.713 15.713 C.0 1.155 0.571
1 18.7¢4 19.t61 19.€€1 C.C -1.097 -G0.613
1 15,176 18.941 13.541 0.C 0.235 0.158 - : R
1 26,618 29.374 29.3174 C.0 —2.696 -2.160
L 32.5322 34 .843 34.843 c.0 .—=2.312 -1.920
1 '19.5C0 15,884 - 15.5¢4 0.0 - o 3.621 2.550 R P S
1 16.583 19.824 15.824 VN -Z2.841 -1.363
1 13.451 14.555% 14.555 G.0 - 32.8%6 2.441
1 13.059 . 9.445 S.445 G.C 3.614 1.357 e
1 13.G4e 2.523 2.523 c.0- 16.520 3.322 =
1 §.228 24077 -2.0677 0.0 64150 1.840
1 . 7.321 8.252 1=8.252 C.0 -0.931 -0.253 S A T
1 33.950 32.812 32.817 Ced 1.138 1.035
1 42.920 44,443 —44.,443 0.0 -1.524 -1.333
o 13 1 35.450 25.435 35.435 G.0 0.015 0.013 ) I
2 13 1 35.434% 364117 —-36.117 C.0 ~0.683 - -0.611
0 1z .0 207.359 21848706 210.570° 0.0 T =2.610° —l.146 =
R IR SNLTI Y R | 19.061 17.292 17.292 S .0 1.769 1.115 3 R
6 13 1 14,477 13.170 -13.170 C.0 1.307 0.557
3 13 1 15,224 13.576 13.576 C.0 -0.353 -0.120
15 13 1 15.265 10.547 -10.547 0.0 4.322 1.811 - S S
=9 14 1 28.C€3 30.997 - -30.5%7 0.3 ~2.534 -1.386
-7 la 1 21.328 30.886  '3C.3¢€6 G0 Get42 0.323
-5 14 1 14,297 17.662 T =77.662 0.0 1 =3.365 ~2.31 KN,
=3 14 1 3¢.4138 S 354189 38.7¢€9 C.0 -0.371 -0.318
-1 14 1 31l.542 33.526 -33.526 C.0 -1.984 -1.496
e i 14 1 45,660 41,220 -471.220 C.0 -1.531 —-1.274 e
3 14 1T 2C.573 234104 ~.23.7C4 G.0 -27130 -1.633
5 14 1 42.0¢S5 : 0.0 0.158

41.889
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© R=nICHTERTTL eClC i/24/02 B . STRUCTURE FACTCRS 5
@ w H K L F(UBs) F(caLc) A(CALC) BLCALC) DELTA F UELTA/SIGNMA
- - B LT . S5.0b4h 6.05% c.C C.593 €270 T T T T
i 3z 3Z.cd4 —532.8E4 3.0 -C.352 -0.167
i 7 14.537 l4.507 0.C —7.005 -i.i27
R Y ) 5.7 -5.7C9 .0 T 1.306 0.370 [ T e
i 19 194445 15.445 0.0 G.159 C.CEL
1 14 17.555 17.555 0.0 —2.848 . —l.249 ,
S ) £2.8383 ¢.C —1.241 -1.031 o T i B T
o 208 210U.570 8.0 -5.094 -1.028 x
1 51 51.606  51.6L6 0.0 0.135 G.113
1 2. T 26.¢eTs 0.0 1,036 -0.733 D R
L 5. 5.543 C.0 C.244% 0.053
1 11 10,845 - 10.815 = 0.0 0.281 ¢.685 -
A ) 11.6597 3.0 C.311 0.0354 e
1 35 35.604 0.C ~(.583 -0.33
1 24 . 2ZLl.820 21.826  G.0 2.517 1.531 S .
1T T 6C.430 €2.155 .0 -2.279 -1.631 T o ) B
1 50.603 51.440 G0 —(.843 -GC.68C
L 66.410 £0.4356 0.0 €.060 6.045 s e PR G L
LT 58 433 £0.256 C.C C.143 C.123
L 45,014 44,375 0.0 ¢.635 0..506
Lo 55«45l  50.337 0.0 -C.8856 —0.643 e S
1 30.5¢6 32.9021 03¢ -1.435 -0.816 .
1 33.830 37.630 .0 1.150 .61
Sl 44,393 46.335 0.0 -1.991 -1.384 SR o
1 15.206 11.¢675 0.C -1.669 -0.5C6
J 206.715 210.570 210.570 C.0 —4.254 -1.355 =
L 112.559 110,506 110.6Ceo _0.C 1.645 C.87S o e
1 55.253 56.699 -56.699 C.0 —1.446 -1.132
1 644454 €6.155 06,755 0.0 —Z.341 -1.630
S 81,437 75.3715  79.375 0.0 2.062 1.502 o o
i 34.576 . 37.1¢4 37.1¢4 C.0 -2.607 -1.325
1 17.655 -17.658 C.0 —2.583 -2.1863
1 15.553 75.55 C.C ~1.157 —0.745 R
3.519 2.519 C.0 5.472. C.9¢€5
9.601 5.6C1 C.0 3,754 i.7z2
22.214 -22.274% 0.0 -1.037 -0.56C R P
12,319 -12.219 C.0 -1.964 -0.582
€3.557 63.657 Ca 1.535 1.054
36.143  -36.148 G 3.17 2.037 N o L S
16.353 —16.353 C. -10.351 -1.9G3 * ’
34,432 34.432 . Cal —(.796" —0.544
34,344 —34.344 g. . 1.007 C.776
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E&.343

€71.543

P}

ERITe ¢{CC 1724775 Sher 2IRULILRE FACTORS  page 1c o
j H K L FLGBS) F(CALC) A{CALC) B(CALC) DELTA F UELTA/SIGNA
[ Y N N A 1.628 —1.628 G.C $.832 2.6 e
-4 1 1 1.929 B.911 8.911 C.C —-6.982 -G.355
~z 21 1 45.0%6 42.259 _T43.299 .0 1.791 lelog T
S S T T 271.168 27.168 0.0 -C.72) -0.427 R
i ¢ 21 1 33.400 324604 —22.6C4" G0.C Ce802 0.562
m 4 21 1 10.7C1 3.180  3.180 . ¢.0 7.521 2.238 B
e 16,439 12 .347 —-12.341 C. 0 4,092 1.589 . o
-5 2 1 25.1739 23.562 —23.562 C.C 2.177 C.5238
=% ez 1 .22 LWNHMWM!uI&IIi}mhbilil —0.157 =0.879 e )
e U 1 710.S70 C.0 -3.132 -0.962 = a o
i -1 2 i —1.865 0.0 13.126 5.672 %
| 1 2 1 10.272 14.128 -14,128" R T -3.856 -0.9¢5 o sae
TR 3 1 T2¢.30s la 741 l4.741 C.C 0.067 4.112
-4 25 1 5.665 12.7106 12.716 .0 -3.020 -C.641
-2 23 1 4.851 5.014 =5.014 5.0 o Zeell?  -0.019 - —
R R R | 18.43% 17.411 17.411 C.C - 1.023 0.417
| 2 25 1 1.500 §.665 9.665 0.0 —6.164 ~-C.917
M -1 24 1 7.4326 2 .€89 2.689 s 0.0 4.748 ~£.850 Gt R L e
-iz 0 2 8+ 4 46.315 —46.815 G.0 1.611 1.128
- 1u ) 2 17.516 77.910 C.C 2.251 1.517
—4 o2 1€€.529 _166.529  _ g.0 =2.5979 =l.1se R
[ =250 - 2 S7.451 —S7.451 G.C 5.240 3.278
0 0 2 219.C17 ¢ 279.017. 0.0 —2.356 -0.5665
2 o] 2 1239.469 © 139.46% 0.0 _1.689 0 B0 ey L o s R
v 1z 0 z13.570 218.570 0.0 -2.5621 -0.828 x
4 O 2 22z.103 222.103 C.0 -8.534 —2.643
U 2 57.833 -57.833 .0 -1.409 -1.155 o
o7 15.537 75.557 a0 -C.810 = ~G.564
U 2. 70.463 70.483 C.0 C1.077 . 0.715
1 2 21.602 31.902 0 0% 2.642 2.214 B o
L 2 32.282 —-32.2¢€2 C.0 0.283 0.239
i 2 163.929 167.85¢4 167.854 0.0 -3.926 -1.550
L2 29.432  28.054 _ —28.054 0. 1.378 1.349 e o
1 P S.877 3.592 -3.562 0.0, 6.285 4,222
1 2 2C.557 22.394 -22.394 0.0 —1.437 -1.521
sma:[;w‘5‘JMWMPWWWI:;fuMWhmwm:14-Hpm.uum C.C 6.834 3.710 o e
it 2 65.165 €5.148 63.748 0.0 1.447 1.231
5 1 2 34.148 33 ,€C5 -33.8C5 0.0 C.342 0.281
izef;_m(:tmm-‘;.@;;ia,mmmummw;fiazwmmhMmmvtitfmwm.mqo ¢.c —1.566 =0.492 *
{ -6 2 2 28.146 27.328 —27.328 Gl 0.818 0.757
i -4 2 2 11.047 10.€31 —-10.631 . 0.0 “0e416 0.245
1 “2 2 2. . 13.867 11.523 " =11.923 C.C 1.943 1.632 o N
J 2 2 25.013 23.C75 —-23.015 C.0 1.938 2.163
2 2 2 1.222 3.562 -3.6¢2 C.C 3.260 1.438
A 22 18.566 17.820 17.826 ___C.0 C.740 6.504
| -13 2 5.234 13 .605 —-13.6C5 0.0 . —4.372 -0.872
| -11 2 14.048 124125 -12.125 0.C" 1.924 0.742
R Rl B ,|‘>JWIJ|J!mm.Wmm;;;;1!mw.w»mssr:f €3.349 SR —2.242. -1.738 .
3
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