A'M = <5(2 - }D g American Mineralogist, Volume 67, pages 1012-1020, 1982

Hyalotekite, a complex lead borosilicate: its crystal
structure and the lone-pair effect of Pb(II)
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Abstract

Hyalotekite, ca. PbyBa;Cas[Ba(Si; 12Be12)SigOx]F, Z = 2. a = 11.319(2), b = 10.955(2),
c= 10.317(3)12\. a = 90.43(2)°, B = 90.02(2)°, vy = 90.16(2)°, space group I1 from Léngban,
Sweden was determined by Patterson and Fourier techniques, and refined to R = 0.060 for
3713 indeépendent reflections. The calculated density of 3.829 g cm~* based on the detailed
chemical analysis by Lindstrém, is in good agreement with the observed specific gravity of
3.82.

Twenty-six independent atoms occur in the asymmetric unit. Two scts: Pb(1), Ba(l); and
Pb(2). Ba(2) are associated spatially in pairs. Pb2* and Ba?" are separated by ca. 0.5A, a
possible segregation from the parent 12/m structure due to the 6s° lone-pair effect on Pb?*.

= - The structure has three principal linked components: 2[Si4Oy,] four-membered rings,
9[B(Sis;Bey2)042] four-membered rings and [Ca,PbsO6F] clusters. The tetrahedra link to
form an incomplete framework of composition 3| T¢O14] (4T¢ = BeB4Sijo in the unit cell)

which remotely resembles that of the feldspars.

Mean polyhedral distances are IPb(1)-0 = 2.804, */Ba(1)-0 = 2.929, "/Pb(2)-0 =
2.804. ©1Ba(2)-0 = 2.937, ¥ICa-0 = 2.437, ISi(1) (= SizuBeya)-0 = 1.597, 1¥ISi(2)-0 =
611, 41Si(3)1-0 1.613. ¥ISi(4)-0 = 1.610, 1Si(5)-0 = 1.6!5 and */B-O = 1.496A. The F~
anion at the origin bonds to four (Pb,Ba)** and two Ca’™. '

The hyalotekite structure has a remote structural kinship with that of gillespite,

BaFeSi4O|0.

Introduction
Tvalotekite is a rare mineral species, first named
by Nordenskiold (1877). It was subsequently stud-
ied in more chemical detail by Lindstrom (1887),
but since then neither structure type, space group
nor cell parameters have been reported. Nordens-
kisld named it from the Greek hyalos and tektos

owing to its property of forming a clear, colorless

glass upon heating.

We expressed a special interest in hyalotekite for
several reasons. First, the relatively large blocky
" masses from the only reportad locality, Langban-

~shyttan, Sweden, much resemble feldspars. Sec-
ond, an analysis which expressed the presence of
major Pb?*. Ba?*, Ca?*, K'*, Be’*, B*", Si**, 0~

0003-004X/82/0910-1012$02.00

and F~ suggested an unusual crystal-chemical
problem. The senior author was attracted to the
species because of its relatively high content of
Pb2*, and the lone-pair effect expected for this
cation m. an oxide environment. In addition, its
curious property of easily melting to a glass attract-
ed our attention.

The refined crystal structure demonstrated that
no simple end-member formula could be written for
the compound and what we suggest for such a
formula is a mere approximation. Furthermore,
Lindstrom’s analysis is demonstrated to be a rather
good chemical description of the species, and it
appcars that all subsequent chemical approxima-
tions in the literature were erroneous in some ways.
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HYALOTEKITE SHEET NO. 2 - 1

L Fo Fe HOOK L FO FC H KL FO FC H KL FO FC
-5 35.7  26.1% i -6 5 i50.8 142.4 1t -2 1 101.2 B85.% 1 2 -7 91.8 90.8
-3 86.6 71.9 1 -6 7 64.0 58.1 1 -2 3 113.1 104.7 1 2 -5 29.6 231
-1 30.3 35.4 t -6 9 116.0 108.2 1 -2 5 33.2 2314 1 2 -3 113.1 100.6

1 112.2 102.5 1 -6 11 72.9 66.3 1 -2 7 91.9 88.5 1 2 -1 99.9. 82.2
3 83.7 7.0 1 -6 13 91.6 86.1 1 -2 9 11.s 4.4 1 2 1 102.4 89.2
S  9G.1  87.1 1 -5 -12 85.0 81.8 1 -2 11 61.8 61.1 1 2 3 210.0 202.4
7 23.0 30.8 t -5 -10 58.9 51.9 1 -2 13 21.9  14.3 1 2 5 64.9 584
9 40.3 21.9 i1 -5 -8 127.5 128.2 1 -1 -14 256 24.8 1 2 7 248.1 245.4
t1  37.2 . 36.1 1 -5 -6 144.5 145.2 1 -1 -12  12.8 14.4 © 2 9 27.4 13.9

-1C- 33.8 48.2 1 -5 -4 146.8 148.0 1 -1 -10 12.4 3.4 1 2 11 139.0 138.2
-8 28.3 18.8 1 -5 -2 146.3 143.8 1 -1 -8 28.4 24.7 1 2 13  38.5 39.9
-6  41.3 46.6 1 -5 0 201.8 198.1 1 -1t -6 20.5 20.1 1 3 -14 352 4c.4
-4 20.0 26.4 1 -5 2  64.5 64.7 1 -1 -4 108.2 115.% 1 3 -12 70.2 72.8
-2 96.1 93.6 1 -5 4 104.5 105.0 1 -1 -2 148.5 166.3 1 '3 -10 81.0 79.3

0O 27.8 . 25.9 1 -5 6 193.6 188.1 1 -1 0 153.6 164.0 1.3 - 893.7 92.6
2 72.3  73.2 1t -5 8 77.0 73.5 t -1 2 198.0 210.9 " 3. -6 177.2 178.6
4 47 .2 45 . 4 1 -5 10 73.7 68.2 1 -1 4 28.5 14.6 1 3 -4 71.8 62 6
6 68.1 62.4 1 -5 12 .23.9 6.8 t -1 6 153.5 154.5 1 3 -2 283.7 282.5
8 61.7 651 1 -4 -13  21.8 17.3 1 -1 8 78.0 80.8 1 3 0 64.9 55.2
10 85.1 85.6 1 -4 -11  35.6 36.6 1 -1 10 102.3 100 4 1 3 2 256.8 252.2

-11 84.8 83.4 1 -4 -9  11.7 3.6 1 -1 12  79.2 80.9 1 3 4 24.3  16.1
-9 55.2 s59.8 i -4 -7 79.3 75.5 ' -1 14 67.6 67.. 1 3 6 130.2 127.9
-7 103.5 104.2 t -4 -5 10.0 5.2 © 0 -13  75.2 - 74.7 1 3 8 85.6 87.3
-5 88.3 93.0 1 -4 -3 101.0 96.1 1. 2 -11 557 55.¢ 1 3 10 59.1  80.0
-3 95.7  95.9 1 -4 -1  19.5 22.3 1t ¢ -9 83.4 81.5 1.3 12 51.1 s52.7
-1 106.6 97.7 1 -4 1 64.6 65.7 1 0 -7 187.0 186.5 1 3 14 13.9 10.4

1 103.4  103.0 1 -4 3 552 56.2 1 O -5 192.6 195.9 1 4 -13 26.3 17.8
I 124.9 120.8 1 -4 5  10.0 9.1 t 0 -3 153.5 162.4 1 4 -11 93.6 '92.7
5. 71.4  73.9 1 -4 7 121.0 126.1% 1t 0 -1 142.5 149.4 1 4 -9 40.6  42.6
7 107.8 101.9 1 -4 9 31.3 43.8 1 0 1 137.9 150.0 14 -7 122.1 124.7
9 125 11.6 1 -4 11 93.2 95, 1 1t 0 3 150.3 161.5 1 a4 -5 9.5 9.2
11 95.6 891 t -4 13  13.3 - 20.2 1t O 5 189.9 194.5 1 4 -3 51.6 531

-12  55.9 55.3 1 -3 -14  14.3 111 1 0 7 181.9 183.6 1 4 -1 62.9 61.5

-0 18.7 9.3 1 -3 -12 49.9  52.0 1 0 9 81,2 79.2 ; SR L 19.0  17.1
-8 17 .1 14 .9 i -3 -10 53.7 61.4 1 O 11 58 .4 52 .1 1 4 3 100.8 97.3
-6 40.4  37.7 1 -3 -8 86.2 87.4 1 0 13 78.1 72.14 1 4 5 10.9 6.8
-4 11.0 1.0 1 -3 -6 123.0 128.1 1 1 -14 69.4 66.2 1 4 7. 78.1 74.4
-2 60.8 58.8 1" -3 -“4-"27.6 15.9 1 1 -12 81.3 78.9 1 4 9 13.5 2.7

O  48.1 514 t -3 -2 259.0 252.3 1 1 -10 101.3 101.9 1 4 11  41.1 35.9
2 204 6.3 1 -3 0 67.2 52.1 1. 1. -8 78.9 B80.6 1 4 13 24.5 181
4 93.5 102.3 t -3 2 291.3 283.5 1 ! -6 153.9 157.8 1 5 -12 19.5 8.2
6 61.8 52.7 1.-3""-4" '67.4 60.9 1 -4  26.5 . 13.8 1 5 -10 73.3 71.3
8 58.3  53.5 t -3.° 6 179.4: 179.5 11 -2 192.7 212.6 1 5 -8 82.1 73.8
10 12.7  15.7 i -3 8 92.4 90.5 11 0 150.0 166.7 1 5 -6 -190.0 185.1
12 30.9.  28.5 ' -3 10" 76.9° 78.8 1:.-4...2.7145,8 1675 1 5 -4 104.0 100.2

=13 51.2 49.5 t -3 12  66.9 67.9 1 1 4 107.2 116.9 t 5 -2 62.3 62.0

-1 12.9  23.8 1 -3 14 40.6 43.5 1 1 6 -~ 19.6 19.2 1. 5 O 202.3 195.3
-9 30.8 33.2 1 -2 -13. 459  41.3 1t 1 ¢ 24.5 252 1 5 2 148.7 143.5
-7 45.3  40.1 1 -2 -11 140.7 139.0 1 110, 11.4 3.0 1 5 4 150.0 143.8
-5 63.8 3.6 i -2 -9 20.9 2.6 11 12 18.3 15.9 1 5 6 147.7 143.0
-3 154.5 151.0 t -2 -7 245.9 246.8 1 1 14 39.5 24.6 1 5 8 132.1 125.7
-1 97.6 100.5 1 -2 -5 66.7 53.9 1 2 -13 18.4 13.9 1 5 10 60.6 52.4

1 143.0 142.0 1 -2 -3 214.1 204.4 1.2 =11 62.5 - 61.7 15 12  82.8 80.8
3 60.7  s54.7 1 -2. -1 106.3 92.5. 1 2°-9 1.4 3.8 1 6:-13 a7.3  86.8
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HYALOTEKITE SHEET NO. 61t~ 1

L FO FC H K L FO FC H K L FO FC H K L FO
11 95 .9 94.6 3 8 -9 150.6 147.0 3 13 6 55 .4 58.0 4 -9 -3 30.0 32.
-3 154.8 153.1 3 8 -7 162.3 160.9 3 14 -5 103.9 100.8 4 -9 -1 130.6 130.
-7 1281 126.3 3 8 -5 149.2 148.3 3 14 -3 74 .6 73.0" 4 -9 1 155.7 157,
-5 fit.1 1134 3 8 -3 300.9 304.8 3 14 -1 79.1 83.5 4 -9 3 59.5 61.
-3 141.9 14514 3 8 -1 152.8 152.4 3 14 1 85.6 86.0 4 -9 5 84 .7 83.
-1 82 .4 87 .1 -3 8 1 315.5 317.3 3 14 3 65.3 65. 1 4 -9 7 36.4 38.
1 42.2 47 1 3 8 3 106.1 109.6 3 14 5 89.6 91.6 4 -9 9 67.5 68.
3 35 .4 32.6 3 8 5 254.9° 256.3 3 15 -2 14.0 1.1 4 -9 94 39.5 44 .
5 26.6 22 .1 3 8 7 83.1 82.7 4 -14 -4 46.9 42 1 4 -8 -10 26.7 18.
7 10.8 10.3 3 8 9  205.4 206.5 4 -14 -2 41.3 47 .0. 4 -8 -8 87.5 85.
9 11.6 11.9 3 8 11 83.4 81.0 4 -14 0 94.5 87.4 4 -8 -6 61.9 54 .
11 70.0 70.3 3 9 -10 95.2 93.2 4 -14 2 47.7 42.9 4 -8 -4 143.1 {42
13 29 .4 27.3 3 9 -8 133.0 131.9 4 -14 4 55.2 49 .2 4 -8 -2 64.7 58.
-12 74.3 71.9 3 9 -6 104.6 105.6 4 -13 -5 29.2 27 .6 4 -8 0 40.3 37.
-10 . 106.2 109.5 3 9 -4 154.5 1561 4 -13 -3 25.7 21.7 4 -8 2 52.2 40.
-8 128.9 133.6 3 9 -2 62.9 63.6 4 -13 -1 13.6 4.3 4 -8 4 34.3 25.
-6 148.9 150.0 3 9 O 103.9 105.5 4 -13 1 13.2 4.0 4 -8 6 60.0 52.
-4 228.6 234.9 3 9 2 42.5 40.2 4 -13 3 44 .0 40.5 4 -8 8 26.2 12.
-2 235.8 243.7 3 9 4 116.1 113.9 4 -13 5 3.8 31.3 4 -8 10 52 .1 42.
O 248.3 249.1 3 9 6 30.2 24.9 4 -13 7 38.7 43.5 4 -7 =11 13.5 5
2 298.2 303.0 3 9 8 66.3 67.6 4 -12 -8 i4.0 7.1 4 -7 -9 12.6 5
4 197.1 201.6 3 9 10 40.2 37.7 4 -12 -6 89.4 95.6 4. -7 -7 22.3 16.
6 298.1 300.2 3 10 -7 12.7 15.4 4 -12 -4 14.2 27.8 4 -7 -5 79.3 82.
8 151.8 155.0 3 10 -5 31.5 25.7 4 -12 =2 87.9 89.2 4 -7 -3 42 .2 41.
10 207.2 211.9 3 10 -3 32.3 34.8 4 -12 0 44 .0 44 .8 4 -7 -1 107.6 {05,
12 441.3 111.3 3 10 -1 29.4 18.2 4 -12 2 76.9 79 .4 4 -7 1 17.3 3
-13 136.3 135.7 3 10 1 59.5 57.9 4 -42 4 46.2 54.3 4 -7 3 42 .2 36.
-11. 116.8 119.4 3 10 3 59.6 58.6 4 -12 6 54.3 49.5 45 -7 5 1.7 7
-8 169.2 172.0 3 10 5 53.4 53.4 4 -12 8 46.4 49.7 4. -7 7 39.5 41.
-7 159.1 164.5 3 10 7 68.4 68.9 4 -11 -9 38.4 33.0 4 -7 9 12.5 8
-5 204.9 206.5 3 10 9 18.6 22.8 4 -11 -7 86.0 85.5 a4 -7 14 50.0 48.
-3 187.8 193.3 3 11 -8 113.8 110.5 4 -11 -5 39.9 26.4 4 -6 -12 37.8 44 .
-1 235.3 240.0 3 11 -6. 114.1 '116.3 4 -11 -3 104.1 102.9 4 -6 -10 86.7 92
1 173.5 177.4 3 11 -4 140.4 142 .4 4 -11 -4 54 .1 49.8 4 -6 -8 44 .2 53.
3 171.8 174.7 3 11 -2 150.0 153.6 4 -11 1 58.3 56. 1 4 -6 -6 115.2 {117.
5 48.7 41.2 3 11 O 140.0 140.6 4 -11 3 34.8 30.1 4 -6 -4 64.9 61.
7 188.3 194.4 3 11 2 141.9 146.3 4 -11 5 44 .7 41.9 4 -6 -2 138.8 141%.
9 32.6 16.2 3 11 4 84.3 86.9 4 -14 7 70:8 67.8 4 -6 0 105 16.
11 39.6 90. 1 3 11 6 143.8 149.6 4 -11 9 30.5 28 .0 4 -6 2 155.4 157,
13 18.0 9.5 3 11 8 99.9 100.2 4 -10 -10 13.8 9.3 4 -8 4 19.7 20.
-2 64.5 63.3 3 12 -7 63.9  63.3 4 -10 -8 37.2 39.3 4 -6 6 151.1 155
-10 42 .3 51.8 3 12 -5 83.7 89.5 4 -10 -6 12.6 7.5 4 -6 8 26.9 20.
-8 27.3 24 .3 3 .12 -3 26.3 11.3 4 -10 -4 20.2 15.7 4 -6 10 96.8 97.
-6 122.4 126.2 312 - 79.2 83.8 4 -10 -2 24 .1 7.3 4 -6 12 15.9 18.
-4 61.4 56.4 3 12 1 12.4 7.4 4 -10 0 48.8 45.0 4 -5 -13 14 .4 21
-2 42.7 45 .6 3 12 3 49.7 57.0 4 -10 2 47 .8 48 .1 4 -5 -11  79.8 77.
o 94.6 96.7 . 3 12 5 52.3 48 .1 4 -10 4 55.6 50.7 4 -5 -g 12.3 18.
2 24.5 22 .4 3 12 7 69. 1 70.8 4 -10 6 27.0 33.2 4 -5 -7 84.0 87.
4 146.9 145.5 3 13 -¢ 19.7 6.1 4 -10 8 61.4 59.7 4- -5 -5 30.2 23.
6 13.6 15.3 3 13 -4 47 .2 46 .4 4 -10 10 13.9 10.4° 4 -5 -3 164.7 160.
8 63.2 63.3 313 -2 63.2 61.9 4 -9 -11 21.4 16.7 4 -5 -9 55.4 59.
10 81.2 80.5 3 13 0 51.9 50.2 4 <9 -9 116.9 117.8 4 -5 1 101.2 94 .
12 38.8 34.9 3 13 2 46,7 46 .0 4 -9 -7 38.6 35.7 4 -5 3 73.1 67.
-1 96.9 92.8 3 13 4 33.6 33.7 4 -9 -5 92.2 95. 1 4 -5 5 21.2 3
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HYALOTEKITE SHEET NO. 10 - 1

L ro FC H KL FO FC H KL FO FC H K L FO FC
10 55.2  63.9 & O 12 1296 1{27.9 6 ‘4 12 58.6 55.3 5 9 1 852 584
12 53.7 56.6 6 1 -13 145.6 1391 6 5 -11 27.4 16.0 6 9 3 151.5 154.7

59.4  65.7 6 1 -11  62.8 54.2 6 S -9 52.7 s52.5 6 9 5 '54.1 545
133.4  138.2 6 1 -9 140.3 138.5 6 5 -7 53.0 54.0 6 9 7 119.1 1254

-9 103.9 110.4 6 1 -7 .78.0 77.7 € 5 -5 110.8 110.8 6 9 9 29.2 22.9
-7 147.5 1s54.6 6 1 -5 1342 1{32.5 s 5 -3 133.9 132.5 6 10 -8 20.2 21.3
-5 157.3 160.8 6 1 -3 78.5 74.8 5 5 -1 90.9 90.9 6 10 -6 12.7 13.6
-3 207.6 213.3 6 1 -1 148.9 147.7 € 5 1 200.3 200.9 6 10 -4 53.7 49.9
-1 214 3 220.4 6 1 1 136.5 138.7 > 5 '3 26.9 21.6 6 10 -2 12.3  17.8
1 216.3 219.7 6 1 3 257 23.2 6 5 5 234.2 237.2 6 10 0O 69.4 67.5
3 225.1 229.7 6 1 5 45.0 d44.2 6 5 7 92.3 90.7 6 10 2 18.5 12.4
5 216.0 225.7 6 {+ 7 -19.3  21.5 6 5 9 162.0 158.0 6 1C 4 45.1 39.4
7 172.3 178.9 6 1 9 35.1 30.8 6 5 11 44.2 37.7 6 10 6 59.5 s8.38
9 154.2  156.1 6 1 11 4.2 11.7 6 6 -12° 127.5 125.4 6 10 8 35.2 40.0
13 137.1 137.4 6 1 13 13.7 7.1 6 6 -10 99.7 94.9 6 11 -7 70.0 64.2

-12 59.2  64.9 6 2 -12 13.3 2.4 & 6 -8 203.6 198.2 6 11 -5 70.8  66.5

-10 125.3 128.3 6 2 -10 49.1 55.2 6 6 -6 105.3 103.3 6 11 -3 97.1 94.2
-8 80.3 81.0 6 2 -8 23.4. 30.2 6 6 -4 233.2 229.1 6 11 -1 74.4 . 70.0
-6 151 .4 153.7 ) 2 -6 45.5 - mA.O [9) [} -2 123.4 122.0 G 11 1 113.9 114 .4
-4 75.4 74.5 6 2 -4  23.4 25.¢ 6 6 0 298.5 300.0 6 11 3 66.6 65.5
-2 187 .6 i83.6 G 2 -2 106 .8 108.7 ) () 2 142 .1 1434 5 11 B 116.6 113.8
0O 161.3 158.3 6 2 0 144.7 14a5.2 6 6 4 182.7 182.0 S 11 7 43.5  38.7

2 121 .14 122.8 1) 2 2 170 .7 178 .0 (S () S} 84.8 82 .4 ) 12 -6 91.9 86.2
4 38.7 35.6 6 2 4 61.0  64.1 6 6 8 143.5 141.1 6 12 -4 93.4 87.2
6 2.8 64.2 € 2 6 137.9 143.s 6 6 10 84.4 79.7 6 12 -2 79.6 80.1
8 4.2 a2.2 6 2 8 74.3 78.86 6 6 12 92.2 89.9 6 12 0 80.8 79.7
10 64.3 64.9 6 2 10 123.4 {22.7 6 7 -11 28.9 24.4 & 12 2  31.8 36.9
12 13.3  11.2 6 2 12  65.1 641 6 7 -3 32.0 25.2 5 12 4 89.0. 89.4

-13  13.8 12.5 6 3 -13 133.4 132.3 € 7 -7 38.3 35.1 6 12 6 30.4 26.3

-1t 27.1  21.0 6 3 -11 97.5 98.4 6 7 -5 53.1 55.5 6 13 -5 14.0 a.7
-9 19.1 21.9 5§ 3 -9 152.2 150.8 6 7 -3 22.5 24.3 & 13 -3 66.2 67.6
-7 44.9  36.4 6 3 -7 168.9 172.0 6 7 -1 30.4 25.6 6 13 -1  27.0 26.2
-5 27 .6 31..1 [S) 3 -5 228.0 227 .2 ) 7 1 65.6 68 .1 S 13 1 21.1 29.1
-3 11.7  11.0 6 3 -3 223.6 2251 6. ¥, 8 489 4.2 6 13 3 41.2 37.8
-1 119.6 123.9 6 3 -1 219.2 9223.0 6 7 5 3.2 37.5 6 13 5 31.5 34.9

1 123.9 133.2 6 3 1 216.7 220.1 6 7 7 36.4 38.8 6 14 -2 68.2 G4.6
3 s56.1 59.3 6 3 3 212.5 219.0 6 7 3 41.0 42.0 6 14 0 51.1 51.7
5 115.1 119.4 6 2 5 166.1 166.7 6 7 11 60.8 581 6 14 2 63.2 62.5
7 61.2  64.0 6 3 7 160.2 166.6 6 8 -10 29.1 18 .1 7 -13 -4 24.6 5.2
9 134.2 133.0 6 3 9 115.6 117.8 6 8 -8 84.2 84.6 7 -13 -2 24.7 7.6
11 5a.4  ag.7 6 3 11 142.5 144.8 6 8 -6 92.6 91.7 7 =13 0" 27.6  26.7
13 138.6 138.7 6 3 13  72.2 73.9 6 '8 -4 113.7 114.6 7°-13 2 40.5 31.4

12 122.1 122.9 6 4 -12 . 58.0 59.1 6 8 -2 116.1 116.7 7 -13 4 50.7. 42.8

-10 93.1  g1.2 5 4 -10 C5.8  71.2 6 8 0 97.4 95 4 .7 -12 -5 129.3 133.8
-8 235.6 - 231.4 6 4 -8 338.2 44.0 6 8 2 140.4 138.9 7 -12 -3  50.2 42.9
-6 162.7 165.2 6 4 -6 78.8 77.3 6 8 4 79.4 78.2 7 -12 -1 122.5 {17.5
-4 3371 332.7 6 4 -4 18.0 17.0 6 8 6 128.2  128.2 7 -12 1. 33.1 37.5
-2 132.4 132.0 6 4 -2 1552 1{52.g 6 8 8 61.7 59.9 7 -12 3 136.8 131.7
O 440.8 442.8 6 4 0 106.6 105.7 6 8 10 112.9 112.4 7 -12 5  49.5  49.9
2 124.7 130.7 6 4 2 755 756 6 9 -9 10t.7 101.0 7 -11 -6 41.9  36.7
4 329.0 4335.9 6 4 4 59.8 551 6 9 -7 104.7 1081 7 -11 -4  93.6 94.2
6 166.0 169.8 6 4 6 47.3 49.2 6 9 -5 112.3 1i2.9 7 -1 -2 57.4 527
8 242.7 239.4 6 4 8 350 32.0 6 9 =3 131.1 130.3 .7 -1t 0 59.8 59.6
10 95.5 g5 g 6 4 10 12.6 12.4 6 9 -1 7123.7 124.6 2 25.4

7 -1 2 24,
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HYALOTEKITE SHEET NO. 11 - 1

L FO FC H K L FO FC H K L FO FC H K L FO
4 20.4 23.6 7 -5 -i2 55. 1 58.7 7 -1 -4 118.5 116.0 7 3 (0} 34.9 3
6 36.6 34.0 7 -5 -10 25.6 12.0 7 -1 -2 i18.6 13.5 7 3 2 182.8 185.
8 14.0 5.7 7 -5 -8 73.2 71.2 7 -1 O 89.6 91.8 7 3 4 42.7 31
=7 30.2 28.3 7 -5 -6 22 .4 16.4 7 -1 2 18.0 18.0 7 3 6 131.3 136.
=5 12.9 10.7 7 -5 -4 54.2 56.8 7 -1 4 33.3 32.0 7 3 8 22.2 26.
-3 49.8 42.8 7 -5 -2 28 .4 27.5 7 -1 6 31.5 29.8 7 3 10 73.4 74 .
=1 58.9 539.5 7 -5 o} 31.2 30.6 7 -1 8 28.9 70.8 7 3 12 44 .8 50.
1 i9.5 11.7 7 -5 2 27.9 22.2 7 -1 .10 12.3 6.9 7 4 -11 27.0 29.
3 761 73.2 7 -5 4 11.0 15.8 7 -1 12 17.7 21.8 7 4 -9 12.4 10.
5 31.5 34.5 7 -5 3] 12.3 12.0 7 O -13 57.0 50.1 7 4 -7 31.6 34.
7 69.8 66.3 7 -5 8 12.0 3.8 7 O -11 47.2 43.3 7 4 -5 29.2 32.
9 33.7 34.3 7 -5 10 13.0 5.9 7 o -9 27.2 30.6 7 4 -3 22.5 24.
-8 65.4 62.5 7 -5 12 13.9 6.7 7 o -7 72.3 71.5 7 4 -1 52.9 53.
-6 114.2 1145.8 7 -4 -11 37.9 39.6 7 O -5 59.4 62.5 7 4 1 30.7 27.
-4 55.8 58 .4 7 -4 -9 35.7 35.9 7 O -3 71.9 75 .1 7 4 3 66.5 65.
-2 132.9 132.1 7 -4 -7 43 .1 48 .7 7 o -1 17.5 19.6 7 4 5 37.5 36.
O 80.5 90.9 7 -4 -5 44 .7 39.1 7 O 1 19.1 20.5 7 4 7 40.8 43
2 109.7. 112.4 7 -4 -3 77.8 75.2 7 0 3 67.1 711 7 4 9 36.7 35
4 56.2 56.0 7 -4 -A 28.7 29.3 7 o] 5 60.7 c0. 1 7 4 1 38.5 37
S 55.6 61.0 7 -4 1 62 .4 58.5 7 O 7 65.7 67.6 7 5 -12 14.0 3
8 39.2 43.7 -7 -4 3 29.8 30.8 7 (@] S 30.6 24 .1 7 5 -10 13. 1 7
-9 19.8 12.2 7 -4 5 34.5 38.1 7 c 1 30.7 37.6 7 5 -8 29.6 8
-7 113.5 112 .1 7 -4 7 38.7 38.7 7 O 13 53.5 48 .1 7 5 -6 11.6 16
-5 12.0 10.0 7 -4 9 14.9 8.5 7 i -12 27.7 23.7 7 5 -4 23.3 22
-3 85.5 87 .4 7 -4 it 35.4 32.9 7 1 -10 12.4 6.5 7 5 -2 25.5 18
-1 40.9 28 .1 7 -3 -12 44 .9 52.6 7 i -8 32.7 30.4 7 5 0 31.8 29
1 43 .0 49 .6 7 -3 -10 75.2 77 .6 7 i -6 38.4 34.6 7 5 2 22.0 23
3 52 .1 42:4 7 -3 -8 27 .1 29.5 7 t -4 26.7 29.6 7 5 4 55.3 54.
5 30.0 30.7 7 -3 -6 135.5 139.9 7 i -2 i6.6 11.5 7 5 6 12.7 14
7 26 .7 4.8 7 ~3 -4 37.7 31.6 7 1 O 93.2 S93. 1 7 5 8 68. 1 67
9 45.0 32.3 7- -3 -2 179.4 187.4 7 1 2 17.9 i8.8 7 5 10 26.2 13
-10 49 .5 42 .2 7 -3 O 43.7 34.4 7 i 4 106.9- 107.4 7 5 12 50.6 55
-8 56 2 47.7 7 -3 2 133.1 135.0 7 1 6 28.8 28.3 7 6 -11 39.8 38
-6 29 .4 18.8 7 -3 4 105.6 939.2 7 1 8 94 .1 S4.2 7 6 -9 41.2 42
-4 127.2 122.7 7 -3 6 147.9  152.3 7 1 10 21.1 22.8 7 [ 40.8 43.
-2 21.8 18.5 7 -3 8 25.8 13.9 7 1 12 33.1 31.0 7 6 -5 45.2 43,
G 108.4 102 .2 7 -3 10 425 46 .4 7 2 -1 42.6 40.6 7 5 -3 71.3 66
2 30.7 31.3 7 -3 12 13.8 10.3 7 2 -8 27.0 22.7 7 6 -1 58.6 57
4 136.7 131.6 T =2, =11 57.5 62 .1 7 2 -7 31.5 32.7 7 [ 1 95.0 94
3 27 .1 26.5 7 -2 -9 76.0 69.8 7 2 -5 13.7 10.5 7 6 3 939.8 97
8 70.6 8.8 TR e 124.0 127 .6 7 2 -3 1014 9.1 7 6 5 121.2 118.
10 25 .4 21.5 7 -2 -5 71.9 68.4 7 2 - =1 37.5 39..7 7 6 7 29.4 29.
-11 439.3 51.4 7 -2 . .-3 13.7 14.8 7 2 1 43 .4 36.3 7 6 8 126.8 124.
-9 127.0 127.2 7 -2 -1 46 .6 42 .1 7 2 3 19.2 12.9 7 6 11 52.0 43,
-7 39.1 34 .4 7 =2 1 34 .4 37.7 7 2 5 71.2 66.9 7 7 -10 26.6 13.
-5 121.8 124.4 7 -2 3 i1.9 12.6 7 .2 7 1261 128.9 - 7 7 -8 60.9 62.
-3  100.9 104.0 7 -2 5 16.8 13.3 7 2 9 74.8 70.7 7 T-..-6 26.5 32.
-1 93.9 93.3 7 .. =2 7 25 .4 27.8 7 2 it 59.9 61.7 7 7 -4 124.7  {22.
1 53.8 58 .4 7 -2 IS] 27.6 27 .7 7 3 -12 13.9 12.6 7 7 =2 21.0 24
3 58.0 69.0 7 -2 11 31.2 34.6 7 3 -10 51.4 49 .4 7 7 0 94.0 92.
-5 48 .7 44.0 7 -1 -12 37:7 33.2 7 3 -8 23.0 10.7 7 7 2 1.2 9.
7 45.0 45.5 7 -1 -10 33.8 25.5 7 .3 -6 151.3 153.5 7 7 4. 114.8 114.
9 38.0 37 .4 7 -1 -8 100.4 98.9 7 3 -4 98.8 895.5 7. 7 6 18.0 14
1 31.5 35.8 7 -1 -6 11.8 22.3 7 3 1 7 7 8 43.4 42.
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HYALOTEKITE SHEET NO. 12 - 1

K L FO FC H K L FO FC H K L FO FC H K L FO
7 i0 45.5 40.8 8 -12 2 22.6 i0. 1 8 -6 -2 71.4 77.5 8 -2 10 54.6 47 .
8 -9 36.2 29.0 c =12 4 14.0 13.1 8 -6 0 66.2 71.0 8 -2 12 239.4 28.
8 -7 12.6 7.4 8 -1 -7 23.2 35.7 8 -6 2 59.9 61.8 8 -1 -11 60.5 53.
8 -5 33.3 33.3 8 -11 -5 13.6 16.2 8 -6 4 50.2 51.3 8 -1 -9 53.8 49.
g8 -3 45 .7 37.6 8 -11 -3 19.1 28.8 8 -6 6 79.6 85.¢ 8 -1 -7 19.6 17
8 -1 4.4 49.9 8 -11 -1 76 .0 80.8 8 -6 8 63.8 68.0 8 -1 -5 44 .1 42,
8 i 27.5 21.7 8 -11 1 22.2 6.2 8 -6 10 85.5 85.3 8 -1 =3 29.8 27.
8 3 77.5 84.3 8 -11 3 23.5 26.8 8 -5 -114 47 .8 45.0 8 ~1 -1 24.9 25.
8 5 121 10.5 8 -11 5 i3.6 9.6 8 -5 -9 12.7 2.4 8 -1 1. .23.7 29.
8 7 108.3  109.2 8 -11 7 72.6 68.9 8 -5 -7 101.7 103.5 8 -1 3 42.5 47
8 Q 21.4 12.3 8 -10 -8 74 .6 65.4 8 -5 -5 42,6 44 .8 8 -1 5 53.5 48.
2 -10 45.3 438.6 8 -10 -6 80.5 83.4 8 ., =57 =1 77.0 81.4 8 -1 7 85.6 93.
8 -8 411 41.9 8 -10 -4 45 .1 48.2 8 =5 -4 71.8 77.8 8 -1 9 20.8 9
g -6 62.9 58.0 8 -10 -2 82.7 85.1 8 -5 1 27.7 24 .0 8 -1 11 101.0 108.
Qa -4 56.6 53.2 8 -10 O 27.9 31.4 8 -5 3 116.4 - 119.4 8 O -12 74 .8 74 .
¢ -2 105.5 104.8 8 -10 2 115.2 115.9 8 -5 5 33.4 29.7 8 O -10 24 .8 24.
g 0 82.0 88.5 8 -10 4 13.1 9.1 8 -5 7 114.9 116.9 8 o -8 88.8 92.
S 2 126.4 125.6 8 -10 6 95.9 84.0 8 -5 9 25.4 22.2 3 O -6 129.6 133.
9 4 58.2 53.0 8 -10 8 t4.0 8.7 3 -5 11 77.9 78 .6 8 o -4 99.3 104.
S 6 114.3 111.6 8 -9 -9 15.8 19.6 8 -4 -10 45.0 45.9 8 O -2 172.4 176.
Q 8 58.5 59.1 8 -9 -7 15.8 0.9 8 -4 -8 87.0 86.8 8 O 0 10.0 10
10 -9 20.1 25.4 8 -9 -5 15.0 4.0 8 -4 -6 53.1 53.4 3 0O 2.1471.7  179.
i0o -7 58.5 56. 1 8 -9 -3 12.3 5.5 8 -4 -4 52.1. 55.3 8 0O 4 109.5 1i6.
10 -5 30.4 27.2 8 -9 - 15.5 1.1 8 -4 -2 38.5 40.7 8 0O 6. 135.5 142.
i0 - -3 69. 1 -62.3 8 -9 1 59.7 58.9 8 -4 O 80.5 79.3 8 0} 8 100.0° 10t%.
1 -1 20.4 6.2 8 -9 3 16.4 7.0 8 -4 2 14 .4 8.3 8 O 10 28.3 33.
10 1 48.9 52.4 8 -9 5 70.5 71.2 8 -4 4 20.6 20.3 8 o 12 85.2 84 .
10 3 29.8 35.8 . 8§ -9 . 7 18.3 8.5 8. -4 6 11.6 17.6 8 1 -11 110.5 111
10 5 12.8 8.9 8 -9 9 105.6 105.8 8 -4 8 17.3 7.9 8 1 -9 14.3 3
10 7 22.4 21.98 8 -8 -10 14.2 0.9 8 -4 10 46.6 47.0 8 1. -7 S88.7 102.
11 -8 16.4 9.4 8 -8 -8 34.9 31.7 3. -4 12 22.3 2.2 8 i -5 32.2 31
11 -6 29 1 32.1 8 -8 -6 12.6 17.8 8 =3 -14 27.0 30.0 8 i -3 66.2 65.
11 -4 20.4 23.6 8 -8 -4 79.3 76.7 8 -3 -9 47.6 43:.6 8 i -1 56.8 55.
1 -2 20.2 23.3 8 -8 -2 24 .1 24 .4 8 -3 .wq 75.9 76.5 8 1 1 49.8 48 .
11 O 61. 1 59.5 8 -8 (6] 45.0 44 .7 8 -3 -5 26.3 23.3 8 1 3 10.5 i
11 2 58.0 52.0° 8 -8 2 638.6 65.7 8 -3 -3 188.5 192.8 8 1 5 23.2 20.
i1 4 95.2 89.6 8 -8 4 72.2 65.5 8 -3 -1 55.0 55.9 8 1 7 20. 1 V)
i1 53 40.7 34.5 8 -8 S 639.3 64.0 8 -3 1~ 164.3 167.8 8 1 S 29.2 29.
12 -5 58 .4 44.8 8 -8 8 13.3 8.2 8 " =3 3 113.3 116.4 8 1 i1 34.7 36.
12 -3 132.5 1257 8 -8 10 84.8 73.2 8.: -3 5 148.2 150.7 8 2 -12 39.0 39.
1 -1 34.8 33.6 8 -7 -9 51.9 46.0 8 -3 7 67.0 72.5 8 2. -10 32.9 289.
12 1 112.2° 107.0 8 -7 -7 76.0 77.0 8 -3 9. 138.4 137.5 8 2 -8 i6.2 26.
12 3 39.9 7.0 8 -7 -5 40.1  36.5 8 -3 11 44.4 48.7 8 2 -6 11.2 11
12 5 128.6 126.6 8 -7 -3 157.0 159.4 8 -2 -12 14.6 19.2 8 2 -4 20.3 18.
13 -4 43.5 36.8 8 -7 -1 16.8 5.1 8 -2 -10 85.9 87.9 8 2 -2 100.8 104.
13 =2 30. 1 21.9 8 -7 1 131.6 124.8 8 -2. -8 S0. 1 41.8 8 2 O 35.9 34.
13 O 25.1 22.6 8 -7 3 11.6 4.7 8 -2 -6 117.3 1i15.7 8 2 2 131.4 13¢%.
13 2 15.9 10. 1 8 -7 5 96.9 S2.7 8: -2 -4 52.2 50.9 8 2 4 34.8 31.
i3 4 14.0 5.6 8 -7 7 20.4 32.1 8 -2 -2 145.2 146.8 8 2 6 105.7 104.
-13 - 14 .1 23.7 8 -7 S 87.8 82.2 8 -2 O 15.4 12.4 8 2 8 41.4 31.
-13 1. 103.8 105.6 8 -6 -10 35.6 24.5 8 -2 2 123.5 127.5 8 2 10 - 82.5 83.
-12 -4 86 .2 390.6 8 -6 -8 12.6 10.5 8 -2 4 50.7 43.7 8 2 12 22.1 15.
-2 -2 12.7 17.8 8 -6 -6 14.4 23.0 8 -2 6 15.2 10.9 8 3 -14 41.2 40.
-12 O 44 .2 51.6 8 -6 -4 17.3 13.6 8., -2 8 i4.7 10.2 8 3 -9 132.3 128.
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