LSFM (1.4) 03/03/98 09:16:46 Elapsed time = 0.1 min

PHLOG21 ........ Demonstration Copy - Not for Resale ........ &Ls$€” q.
The space group is number 12 -- C12/ml Qbﬁyial%é
Refinement cycle no. 1. 754 observations. 54 variables. | ‘ é%
Esd of an observation of unit weight = 3.546

Unweighted R factor = 0.097 Weighted R factor = 0.102

a 3Fo3 = 1.78685E+04

a 33F03%-3Fc33 = 1.73304E+03

& W*DELy = 8.80403E+03
a W*Foy = 8.38793E+05
Scale factor: New 0ld Shift Error SHFT/ERR
1.85632 1.85628 0.00004 0.00389 0.01
Atom no. 1 MG1 (electron count = 12.0)
Parameter New 0ld Shift Error SHFT/ERR
Mult. 0.25000
X 0.00000
v 0.00000
Z 0.50000
5 B(iso) 0.57322 0.57396 -0.00074 0.05977 -0.01
Total shift = 0.0000
Atom no. 2 MG2 (electron count = 12.0)
Parameter New 0old Shift Error SHFT/ERR
Mult. 0.50000
X 0.00000
7y 0.33176 0.33176 0.00000 (0.0000 ) 0.00034 (0.0031 ) .00
Z 0.50000 :

9 U(1,1) 0.00079 0.00079 -0.00001 0.00096 =-0.01
10 U(2,2) 0.00299 0.00299 0.00000 0.00117 .00
11 U(3,3) 0.01529 0.01531 -0.00003 0.00119 -0.02

U(1,2) 0.00000
13 U(1,3) 0.00073 0.00075 -0.00002 0.00091 -0.02

U(2,3) 0.00000
Total shift = 0.0000

Atom no. 3 K (electron count = 17.6)

Parameter New 0ld Shift Error SHFT/ERR
Mult. 0.25000
X 0.00000

v 0.50000



Z 0.00000
18 U(1,1) 0.03192
19 U(2,2) 0.03334
20 U(3,3) 0.03746
U(1,2) 0.00000
22 U(1,3) 0.00570
U(2,3) 0.00000
Total shift = 0.
Atom no. 4 ST
Parameter New
Mult. 1.00000
24 X 0.07597
25 vy 0.16678
26 z 0.22811
27 U(1,1) 0.00428
28 U(2,2) 0.0051s8
29 U(3,3) 0.01548
30 U(1,2) -0.00013
31 U(1,3) 0.00201
32 U(2,3) 0.00003
Total shift = 0.
Atom no. 5 o1
Parameter New
Mult. 0.50000
33 X 0.00005
v 0.00000
35 z 0.17133
36 U(1,1) 0.01719
37 W©{2,2) 0.01622
38 U(3,3) 0.01998
U(1,2) 0.00000
40 U(1,3) 0.00224
Uu(2,3) 0.00000
Total shift = O
Atom no. 6 02
Parameter New
Mult. 1.00000
42 X 0.33641
43 vy 0.22147
44 z 0.17170
45 U(1,1) 0.01151
46 U(2,2) 0.01815
47 U(3 3) 0.02509
48 U(1,2) -0.00620
49 U(l 3) 0.00578
50 U(2,3) -0.00420
Total shift = O.
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Parameter

: Mult.
51 x
52 vy
53 Z
54 U(1,1)
55 U(2,2)
56 WU(3,3)
57 U(1,2)
58 U(1,3)
59 U(2,3)

Total shi

Atom no. 8

Parameter
Mult.
60 x
Y
62 Z
63 U(1,1)
64 U(2,2)
68 U(3,3)
U(1,2)
67 U(1,3)
Uu(2,3)

Largest parameter shift/error
Average parameter shift/error

Total shi

(electron count

New 0ld
1.00000

0.13172 0.13172
0.16763 0.16763
0.39253  0.39252
0.00859  0.00859
0.00656 0.00656
0.01811 0.01815
0.00030 -0.00030
0.00072 0.00074
0.00031  0.00031
£t = 0.0001

F

New 0old
0.50000

0.13069 0.13068
0.50000

0.39836  0.39835
0.01695 0.01696
0.01802 0.01802
0.03110 0.03115
0.00000

0.00190 0.00193
0.00000

ft = 0.0000

Shif

0.00001
0.00000
0.00000
0.00000
0.00001
0.00005
0.00000
.00002
0.00000

Shif
0.00000
0.00000
.00001
0.00000
.00005

.00003

0.03
0.01

t
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t
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Error
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o O O O
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The calculations have converged with a shift/error less than 0.100
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-4.434 -4.434
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-15.958 -15.958
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-10.995 -10.995
-4.280 -4.280
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-3 96.
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1 36.
2 27
4 10
- 15.
5 88
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-5 13
-4 47.
3 50.
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5 10
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3 26.
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=1 31.
0 16.
0 3
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=2 22
0 9
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1
1 60
-6 6
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.639
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.279
073
783
557
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.691
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092
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.732
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.20584
.20600
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.23932
.24090
.24636
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.25041
.25084
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.25539
.26175
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.28383
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38.

44

67.
18.

42
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32
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87.
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112
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53

24
69
74
103
113
24
18

397
549
.363
.461
864
268
.782
.354
.200
173
.740
690
.264
017
196
.364
.517
.645
.725
«903
.090
.053
.316
.629
.612
.834
.241
. 952
.305
.275
.849
959
.734
563
.132
.568
.438
.680
.388
.557
+ 309
.249
.120
.001
.871
. 753
.384
.880
.008
.462
.596
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19

46
33
32
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24
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123
126
55

22
65
65
96
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27.

17

.763
.168
.965
.083
.128
.604
.107
.354
.587
.409
.766
.964
.949
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.775
.114
.970
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.790
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.682
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.147
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1.547
1.581
52 385
2.251
53.529
16.399
1.023
11.602
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10.896
28.465
19.847
31.500
5.656
0.420
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32.894
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62332
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.112
.607
.490
.323
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- No. h k 1 Fo Fc siné/1 Fo-Fc w(Fo-Fc)
716 2 6 11 22.469 26.444 0.69057 -3.976 -3.976
717 5 7 5 7.945 8.913 0.69085 -0.968 -0.968
718 2 4 12 2.458 2.418 0.69090 0.039 0.039
719 4 6 -11 6.646 4.919 0.69112 1.727 1.727
720 3 9 7 33.154 36.005 0.69123 -2 ..851 =2 851
721 6 0 6 58.438 50.912 0.69138 7.526 7.526
722 3 31 =5 6.794 6.484 0.69132 0.310 0.310
723 3 11 3 10.303 11.698 0.69165 -1.395 =1.:895
724 1 9 -10 6.117 4.836 0.69161 1.280 1.280
T25 5 3 8 5.620 4.812 0.69225 0.808 0.808
726 7 3 -5 5.476 4.201 0.69234 1.275 1.275
727 2 12 2 5.513 6.520 0:.69297 -1.007 -1.007
728 5 9 1 5.031 5.858 0.69294 -0.827 -0.827
729 0 0 14 4.483 6356 0.69364 -1.873 -1.873
730 0 0 14 4.548 6.356 0.69364 -1.808 -1.808
731 5 5 7 14.071 15,278 0.69395 -1 .207 -1.207
732 2 2 -14 10.556 8.607 0.69521 1.949 1.949
733 7 1 2 8.650 7.051 0.69655 1.599 1.599
734 4 10 3 10.414 11.182 0.69659 -0.768 -0.768
735 5 1 -12 8.632 5.923 0.69737 2.709 2.709
736 0 8 11 20.717 16.785 0.69774 3:932 3.932
737 6 4 -9 6.646 5.871 0.69781 0.775 0.775
738 2 8 -11 10.226 11.608 0.69792 ~-1.382 -1.382
739 4 2 -13 7.518 5.567 0.69808 1.951 1.951
740 6 6 -7 16.206 16.697 0.69826 -0.492 -0.492
741 6 2 -10 l1.671 2.742 0.69861 -1.072 -1.072
742 1 7 -12 6.974 5.234 0.69866 1.740 1.740
743 6 4 5 20.104 21.281 0.69894 -1.177 -1.,177
744 6 6 3 16.354 18.359 0.69907 =2.005 -2.005
745 5 9 -5 10.265 11.289 0.69958 -1.024 -1.024
746 2 12 -4 8:576 11.141 0.69985 =2 .565 =2.565
747 6 2 6 7110 7.553 0.69991 -0.443 -0.443
748 7 3 1 12.642 11.918 0.69997 0.724 0.724
749 7 1 =7 7.480 11.164 0.70096 -3.684 -3.684
750 4 10 -6 3.676 5.901 0.70137 -2.226 -2.226
751 0 2 14 2.906 3.617 0.70214 -0.712 =0:712
752 1 3 -14 4.349 2.984 0.70272 1.364 1.364
753 2 0 13 3.894 2.150 0.70326 1.743 1.743
754 7 3 -6 16.224 16,391 0.70339 -0.167 -0.167

LSFM (1.4) 03/03/98 09:16:47 Elapsed time = 0.0 min

PHLOG21 ........ Demonstration Copy - Not for Resale ........

The space group is number 12 -- Cil2/m1

After refinement cycle no. 1. 754 observations. 68 variables.

Esd of an observation of unit weight = 3.582

Flag



»kUnweighted R factor = 0.097 Weighted R factor = 0.102
a 3*Fo? = 1.78689E+04
a 33Fo3-3FC33“= 1.73276E+03
a W*DELy = 8.80433E+03
4 W*Foy = 8.38828E+05

0.03
0.01

Largest parameter shift/error
Average parameter shift/error

The calculations have converged with a shift/error less than 0.100

Cycle Error R1 R2 Max.shift Av.shift
1 3.582 0.097 0.102 0.03 0.01
2 0.000 0.000 ©0.000 0.00 0.00

3 0.000 0.000 0.000 0.00 0.00
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CRYSTAL STRUCTURES OF NEAR-END-MEMBER PHLOGOPITE AT
HIGH TEMPERATURES AND HEAT-TREATED Fe-RICH PHLOGOPITE:
THE INFLUENCE OF THE O,OH,F SITE

RONALD L. RUSSELL anp STEPHEN GUGGENHEIM®

Department of Earth and Environmental Sciences, University of lllinois at Chicago,
845 W. Taylor Street, Chicago, Illinois 60607, U.S.A.

ABSTRACT

The crystal structure of end-member phlogopite-1M from White Well, Australia, was determined by refinement using single-
crystal X-ray data to 600°C (R = 0.069, wR = 0.096 at 600°C). Cell parameters were refined at 20, 150, and thereafter at 50°C
intervals to 600°C. The rate of expansion of the metric unit-cell dimensions is linear. The expansivity of the ¢ dimension is 1.81
X 1075 °C~!, and 1.40 and 1.34 X 1075 °C~! for the @ and b dimensions, respectively (compared to fluorophlogopite in a previous
study: 24° to 600°C, a, = 0.86, at, = 0.75, and ot = 1.81 X 1077 °C™"). The OH-rich octahedra (M1, M2) expand without changing
shape significantly at elevated temperatures, in contrast to F-rich octahedra in fluorophlogopite, which become elongate approxi-
mately along the ¢ axis. The interlayer site becomes elongate in phlogopite with increasing temperature relative to
fluorophlogopite, although the site shows general flattening with increasing temperature. We also refined the room-temperature
structure of a sample of Fe-rich phlogopite-1M sample from Silver Crater, near Bancroft, Ontario, and the same phlogopite after
heat treatment at 904°C for 24 hours (untreated: R = 0.039, wR = 0.043; heat-treated: R =0.039, wR = 0.047). In contrast to earlier
studies, there was no change in Fe site occupancy from the octahedra to the tetrahedra. The octahedra (M1, M?2) and the interlayer
site are flattened in both the heated and unheated samples, but the heated sample shows significant flattening in all these sites over
the unheated sample.

Keywords: phlogopite, heat-treated phlogopite, crystal structure.
SOMMAIRE

Nous avons déterminé la structure cristalline d’un échantillon de phlogopite-1M de White Well, Australie, dont la composi-
tion est proche du pdle, par affinement de données prélevées sur cristal unique jusqu’a 600°C (R = 0.069, wR = 0.096 a 600°C).
Les paramétres réticulaires ont été affinés a 20, 150, et ensuite a chaque tranche de 50°C jusqu’a 600°C. Le taux d’expansion des
paramgtres réticulaires est linéaire. L’expansivité de la dimension ¢ est 1.81 X 105 °C!, et celle des dimensions a et b, 1.40 and
1.34 X 1075 °C~!, respectivement (on peut comparer ces données a celles de la fluorophlogopite, déterminées antérieurement:
entre 24° et 600°C, o, = 0.86, cp = 0.75, et . = 1.81 X 107 °C"). Les octaédres riches en OH (M1, M2) augmentent en volume
sans changer de forme aux températures élevées, contrairement aux octaddres riches en F dans la fluorophlogopite, qui deviennent
allongés le long de I’axe c. Le site inter-feuillet devient allongé dans la phlogopite a mesure qu’augmente la température,
relativement a la fluorophlogopite, quoique le site montre un applatissement général avec une augmentation en température. Nous
avons aussi affiné la structure A température ambiante d’un échantillon de phlogopite-1M riche en Fe provenant de Silver Crater,
prés de Bancroft, en Ontario, et du méme mica aprés chauffage & 904°C pour 24 heures (sans chauffage: R = 0.039, wR = 0.043;
aprés chauffage: R = 0.039, wR = 0.047). Contrairement aux résultats antérieurs, il n’y a pas eu de changement dans I’occupation
des sites par le Fe, par exemple un transfert de site octaédrique a site tétraédrique. Les octagdres (M1, M2) et le site inter-feuillet
sont applatis dans les échantillons de ce mica, chauffé ou non, mais I’échantillon chauffé montre un applatissement nettement
accru a tous ces sites par rapport & 1’échantillon non chauffé.

(Traduit par la Rédaction)

Mots-clés: phlogopite, phlogopite chauffé, structure cristalline.
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