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The crystal structure of meyerhofferite,
CaB,0,(OH), - H,0*
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Auszug

Meyerhofferit, CaB;0;(0H), - H,O ist triklin, in der Raumgruppe PI mit
a=6,63,b— 8,35, c = 6,46 A (simtlich 4- 0,015 A), o = 90°46’, § = 101°59’,
y = 86°55" (samtlich + 5’), Z = 2; Dichte: berechnet 2,125, gemessen 2,120.
Die mit Hilfe der statistischen Methode von HavrrmaNund KARLE aus 4193 Inter-
ferenzen berechneten Strukturfaktorvorzeichen lieBen die Aufstellung einer
Struktur zu, deren Parameter anschlieBend durch mehrfache Elektronendichte-
Projektionen und mittels der Methode der kleinsten Quadrate verfeinert wurden.
Fiir die endgiiltige Struktur ist der restliche Diskrepanzfaktor 0,14 aus 2678 In-
terferenzen mit |Fy,| > 0.

Meyerhofferit enthilt Polyionen [B,0,(0H);] aus zwei B—O-Tetraedern und
einem B—O-Dreieck, die durch gemeinsame Sauerstoffionen ringférmig ver-
bunden sind. Die Polyion-Inseln sind miteinander durch Ca—O-Bindungen zu
Zickzackstreifen parallel [001] verkniipft. Diese Streifen wechseln mit Wasser-
molekiilen ab, mit denen sie lber ein Netzwerk von Wasserstoffbindungen
zusammenhéngen. Die Struktur ist im Einklang mit der beobachteten Spaltbar-
keit.

Abstraet

Meyerhofferite, CaB,0,(0H); - H,0, is triclinic PI, ¢ = 6.63, b = 8.35,
¢c=6.46A (all & 0.015 4), « = 90°46’, § = 101°59’, y = 86°55’ (all + 05"),
Z = 2, density (g. cm™3): calc. 2.125, obs. 2.120. Signs for the observed reflec-
tions, calculated by the statistical method of HauvrprmMaN and KARLE, using
4193 three-dimensional data, permitted the establishment of a trial structure
which was refined by successive electron-density projections and least-squares
analysis. For the final structure, the residual factor is 0.14 for 2678 terms with
[Fa| > 0. Meyerhofferite contains the polyion [B;0,(0OH);]-2 consisting of two
boron-oxygen tetrahedra and a boron-oxygen triangle linked at corners to form

* Studies of borate minerals (IX), Publication authorized by the Director,
U.8. Geological Survey.
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a ring. The insular polyions are linked together by calcium-oxygen bonds to
" form zigzag strings along [001]; the strings and the water molecule are in turn
linked by a network of hydrogen bonds. The structure is in good accord with the
observed cleavage.

Introduction

In the series 2CaO - 3B,0; - zH,0, meyerhofferite has z = T7;
other known members of the series are colemanite, with z = 5; a
synthetic compound, with z = 9; and inyoite, with x = 13. As part
of a systematic investigation of the crystal structures of borate
minerals, the crystal structure of each of the members of this series has
been determined. Colemanite was deseribed by Currist, CLARK, and
Evans (1958), a preliminary note has appeared on meyerhofferite
(Car1st and CLAREK, 1956), the synthetic compound was described by
Crark and CHRrIST (1959), and inyoite was reported by CLARK (1959).
The present paper presents the detailed results of the structure
investigation of meyerhofferite; the phase determination which led
to the solution of the crystal structure is described in detail in an
accompanying paper (CLARK and CHRIST, 1960).

Experimental work
Crystal description, space group, and unit-cell dimensions

The crystals of meyerhofferite used in this study are synthetic and
were grown by W.T. ScHALLER, U.S. Geological Survey, on ulexite
fragments placed in water and held at 70—80°C for approximately six
months (CHR1sT, 1953). X-ray powder data and a description of the
morphology, together with the cell constants originally obtained by
SwriTzER (PALACHE, 1938) are given by CHRIST (1953). Subsequently,
X-ray precession patterns were taken with Zr-filtered Mo radiation on a
quartz-calibrated precession camera. Film measurements were cor-
rected for both horizontal and vertical film shrinkage to obtain the
crystallographic data given in CHRiST and CLARK (1956). These data
are repeated here in Table 1, together with the reciprocal cell elements,
the projection elements, and the direct and reciprocal Cartesian
matrices.

Intensity measurements

For the intensity measurements multiple-film Weissenberg patterns
were prepared using chiefly Zr-filtered Mo radiation; some small-angle
reflections were obtained with Ni-filtered Cu radiation. For the Mo



Crystal structure of meyerhofferite, CaB,0,(OH), - H,0 323

Table 1. Crystallographic data for meyerhofferite

Triclinie, space group P1 — C}, Z = 2 [CaB;0,(0H); - H,0]

Direct-cell elements :

a = 6.63, A a= 90°46

b = 8.35, B = 101°59

¢ = 6.46, y = 86°55
(all + 0.015 A) (all 4 05)

abic = 0.794:1:0.774
(Ayokg = 0.7107 A3 Aguke = 1.5418 A4)

Volume = 349.5 A3 Density (g.cm~3), calc. 2.125, obs.
[ScEHALLER (19186) for the mineral]

2.120
Reciprocal-cell elements:
a* = 0.1544 A1 a* = 89°52’
b* = 0.1199 p* = 78°02’
c* = 0.1582 y* = 92°59’

PoiQoiTe = 0.976:0.758: 1

Projection elements:

@ — 0.2124 p, = 0.9977
y, = 0.0024 ¢, = 0.7748
v = 92°59’

Cartesian matrices*:

v, = 0.0521, v, = 0.9985,
| 6.485 0.435 0 |

Direct matrix : 1 0 8.340 0 (in &)
H —1.377  —0.112 6.462
| 0.1542 0 0.0329

Reciprocal matrix: \ — 0.0080 0.1199 0.0004 (in A-1)
| 0 0 0.1548

* Values calculated from direct- and reciprocal-cell elements using equations
given by Evans (1948).

patterns three films interleaved with 0.0005 in. Ni foil were used for
each exposure. Patterns about [001] were taken for each level up to
kk9, and the 0kl, A0l and k1l levels were also recorded. Exposure
times were approximately 70 hours at 50 kV and 20 ma for each level,
and, as necessary, short exposures of the order of 2—4 hours were also

21*
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made in order to bring the stronger reflections into the range of
measurement. Intensities were estimated visually by comparison with
a standard spot strip of intensities, prepared from the same meyer-
hofferite crystal used for the other patterns. Controlled exposures on
the standard strip were made so that the intensity of the nth spot is
given by I, = I,(2)"%, where I, corresponds to a barely perceptible
blackening of the film. In the reciprocal sphere of radius s = (sin 8)/1
= 0.9 A-1 there are 4342 independent reflections; 2678 of these had
observable intensities, 1515 had intensities below the threshold of
observation and were assigned the value zero, and 149 reflections, all
with ¢ > 0.8 A1, were not recorded and were omitted from the
compilation of data.

The equi-inclination Weissenberg instrument used for this study
covered a 200° traverse at one setting, so that two settings were
required for each upper level in order to record the entire 360 ° range.
Weissenberg-instrument geometry for upper-level films is such that
distortion occurs in the recording of reflections, some being contracted
and some, extended. Systematic differences in intensity readings are
therefore inevitable. In order to eliminate the systematic errors,
comparison was made of different readings for the same reflection
which had registered on a given level with each type of distortion.
The comparison was carried out for as many reflections as possible on
each level, and an average linear scale factor relating readings for
contracted and extended reflections was found. This scale factor was
then multiplied into readings for the extended reflections in order to
place all readings on approximately the same scale.

The estimated intensities were corrected for Lorentz and po-
larization factors to obtain the F%,’s. For this correction the 1/Lp
factor was calculated for each reciprocal lattice point, as a function of
its cylindrical coordinates, by punched-card methods. Small and
nearly equant crystals, about 0.2 mm on edge. were used to mini-
mize absorption effects, but no absorption corrections were made.
The FZ%,’s from various films were all put on the same relative scale
by the use of appropriate film factors. Through the use of the triple-
film technique, together with short and long exposures, a range
of intensities from 1 to 8000 and of Fj, from 1 to about 800 was
obtained*.

* The ranges of 1 to 10,000 and 1 to 3,000 referred to as ranges of F2,, in
previous publications by the authors on colemanite, inyoite and CaB;0;(OH);
+ 2H,0 are actually ranges of intensities.
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Other considerations

In preparation for application of the Hauptman-Karle phase-
determination procedures to the meyerhofferite data, a K(s) curve
(Karte and Havuprmaw, 1953) was prepared for meyerhofferite
(CLarRk and CHRrIsT, 1960). Initially the factor [K(0)]”* was used to
place the data on an approximate absolute scale. At all later stages of
the study, observed and calculated structure factors were related by
use of the scaling constant k, where kZ|F,| = X|F |.

Refinement of the projection data was carried out with an average
isotropic temperature factor, determined by the method of WiLsox
(1942). Maxima on the electron-density projections were located by the
method of Boorm (1948). Refinement of the three-dimensional data
was carried out using one-fifth of the 2678 data that have |F,| > 0,
selected by arranging the terms in order of increasing s and taking
every fifth one. This portion of the data was given eleven cycles of
least-squares refinement on a Burroughs 205 digital computer with a
program developed by D. E. AppLEMAN and E. Mowastrrskr, U.S.
Geological Survey. Non-diagonal terms were neglected in the solution
of the normal equations, except for those terms involving both the
temperature and scale factors. Atomic scattering curves were used as
follows: for boron, the B? curve of IBERs (1957), for all oxygen atoms,
the O° curve of BERGHUIS et al. (1955), and for calcium, a curve con-
structed by plotting the BERGHUIS et al. values for Ca’ for (sin 6)/1
> 0.3 A-! and smoothing in to f = 18 at (sin 6)/4 = 0.

Determination and refinement of the structure

The struetural problem consists in determining the coordinates for
one calcium, three boron, and nine oxygen atoms (including OH-
and H,0) in the positions 2(¢) of space group P1 (Internat. Tables,
1952). Direct determination of the signs of 2303 of the 2678 terms with
\F,l >0 was made with Hauptman-Karle statistical procedures
(CLark and CerIST, 1960). The projection data with known signs
Frros Frorr Fom) were then used to calculate the three electron-
density projections, each taken on a plane normal to a principal crys-
tallographic axis. One of these, o,(x, z), was shown in the preliminary
note (Fig.1, CHRIST and CLARK, 1956). The three maps considered
together with a ball model were readily interpreted, and from positions
of peak maxima, atomic coordinates were assigned to all thirteen atoms
in the asymmetric unit (Table 2, column 1). From structure factors
based on these coordinates signs were obtained for over 90°/, of the
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Table 2. Atomic positional parameters and temperature coefficients for meyerhofferite

At P . Stage of refinement?!

om arameter (1) ‘ (2) { 3) 4)
Ca x 0.014 0.010 0.010 0.010
Yy 0.377 0.377 0.377 0.377
z 0.243 0.243 0.244 0.244

B 0.75
(03 x 0.410 0.407 0.406 0.406
Y 0.732 0.734 0.733 0.732
z 0.313 0.327 0.331 0.331

B 0.99
0,(0H) x 0.419 0.422 0.423 0.423
Yy 0.890 0.889 0.887 0.888
2 0.660 0.651 0.643 0.643

B 1.36
Oy x 0.118 0.115 0.116 0.116
y 0.782 0.776 0.776 0.776
z 0.500 0.502 0.495 0.493

B 1.09
O,(OH) x 0.340 0.339 0.336 0.335
Y 0.461 0.461 0.461 0.461
z 0.206 0.211 0.203 0.201

B 1.15
O, x 0.058 0.058 0.062 0.063
y 0.644 0.642 0.650 0.652
z 0.148 0.145 0.150 0.151

B 0.70
O4(OH) x 0.173 0.165 0.167 0.167
y 0.370 0.374 0.378 0.378
z 0.615 0.615 0.617 0.617

B 1.02
0,(H,0) x 0.157 0.132 0.148 0.151
Y 0.108 0.104 0.109 0.109
z 0.202 0.211 0.216 0.217

B 1.55
O4(OH) x 0.146 0.145 0.151 0.151
.y 0.117 0.126 0.123 0.123
z 0.792 0.797 0.800 0.800

B 1.19
04,(0OH) x 0.329 0.334 0.330 0.330
Y 0.672 0.673 0.668 0.668
2 0.955 0.955 0.956 0.957

B 1.08
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Table 2 (continued)
Stage of refinement?!
Atom Parameter? (1) . (2) l (3) ‘ (4)
B, xz 0.312 0.318 0.322 0.321
Yy 0.798 0.792 0.798 0.798
z 0.489 0.497 0.487 0.485
B 0.86
B, x 0.308 0.308 0.290 0.285
Yy 0.642 0.642 0.634 0.634
z 0.183 0.183 0.173 0.167
B 0.74
\
B, | z 0.050 0.030 0.034 0.037
\ Y 0.233 0.278 0.269 0.267
z 0.710 0.683 0.695 0.698
B 0.78
Residual, B
J kO 0.19 0.18 — —
‘ ROl 0.19 0.16 — —
0kl 0.21 0.16 — —
hkl — — 0.1473 0.145%
Scale factor, &
hkO 2.5 2.5 — —
hOl 2.4 2.4 — —
0kl 2.6 2.7 — —
Rkl — — 2.93 2.7,
Average isotx:opic B
hEO 0.66 0.66 —
hOL 1.00 1.00 —
0kl 0.94 0.94 —
hkl — — 0.873

1 Stages of refinement: (1) from peak positions on electron-density projec-
tions calculated with signs determined by Hauptman-Karle procedures;
(2) from peak positions of second set of electron-density projections; (3) at end
of 5 cycles of least-squares refinement for one-fifth of three-dimensional data,
average isotropic B; (4) final parameters at end of 11 cycles of least-squares
refinement for one-fifth of three-dimensional data, individual isotropic B’s.

2%, 9,2 in cycles; B in A?; standard errors in B: &g, = 0.03, g9 = 0.17

eg = 0.17 A2,

3 For 535 terms with [Fj;| > 0.
4 For 2678 terms with |Fy,| > 0.
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Fyz are based on the atomic parameters of Table 2, column 4
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Table 3. Comparison of observed and calculated structure factors for hkl data of meyerhofferite. Calculated
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Table 8 (continued)

nemzan ges varme Benn Qe nee oo 0o

T csomn o
k] a2 nDum B3R ASSRUs~eIgRe © 9 wgasgagnrannen Q as
b B S NS B I o A I Y o e 5 G101 1 S S Pt © S £ 1D S S I o SR G Y Gl B 6 9 1 B o B 8 KNS 61 B I e £ 6 B Y 3 I I8 P B © 0 0 £ o 61 O e
K H ] gomnInANRYRRLETRNIEae Ny ANTERERNRYCNITSRS EERE] BEASEEEIS Bt bA LR 4 gmgemmnonoge H
T R TeS PR A B S A R L I T A AL L A e TR
-~ - - . -

o AT A S D O R I D 1 £ P NG B S € PV D I A 4 €1 U P2 N D 1 7 1) o1 VD oD T N 4 G A A0 1o 0 18 8 1 2 Y © OV e I e 8 D G
PR IR et DO b E R R
gos v wewn n ~ encoRngoosocwien 6o merenDo MOSEN BRARO BN AGAST Re N~ e welw wn w9 & man wow B~

EEEE gerngeesggey g w2 g neneg [
O O O O T A ) 8 O E 05 D O BB AR I e o[ P\ e # D D D 01 BB ) (e NG 1 B0 059 Pt 2 8D AR 3 i IO 6 7100 61 D 5 S0 S E1 N0 £ 2D 1

S e e T s S

H
-
- - - ~ B - s
A G G = 1 e 1 B D I A © 11 0 e NG ) D 1 [ VT 1A 4D O D B8 IR < © 58 Pk Uh 1 4 © PR 1D o D BN BuD P I IR 4 ot £ #0 UD e0 GA P 19 A B e 6 PA 1 I (e (8
P AR IR A e e AP
- - N

rEe B anNERSARMeRLE®  @BAren meegBEBNLg RSN @R cranon sgonmagy geeangAR © Gmone memomen Sesom e o moe opew

ne2 g Rapaavenneeny o SEROANENCUT 2 =) T ogZgzronsy gueaes gne megeg 2 nozf a 2% 5]
o O I g B 8 B D B T O B O M I B e T M @ I B S 5 D o S N G B0 Y2 © M S T @ e T e

S e e I T A A i A e N A I ARy
- o - -
M P
= L T A I O R B B R} L T S O I I B I A IS R T} T TTTTI T
- - -

ermngmnanngeess e bnmos srs mmo ae Cemnnnts  gee  ~a oo ow G mmemoce om  m ama amane ve com sne  toa ®

O ORI ® R O (A CL NG 05 N I 1 S AR IND 1 )T D P AU 0 G S D 6O S A B £ 1 G I I T e N 4R o 1S © 10 5 S 3 P A 01 I AT I I8 G S @40 TN A oy D B e &
T GRS i - R sRagnes o et

T __ [ T g g [N oo ' i o i [ v ' [N [

- " ] e © o e
E T NN MG M NS S MR O H O O TD B NI NN O T (V0 D PSR D B B A N O N F NG [0 DO O D (e I # 1ROt S ot SN VD - D V@ =D IR T IR S e @ o 4 18 1 70 M 1018 I F NG = G e 11 P IV 2 1R 200 i © D
a = I A R [ A [N RN Pty e T

Mo ereng 2 omn G RN ORI O INCEeEsNONANO AN IPARRE Bane B N o Gos GREeEo e g s e o we  we  ne egzenn o comnea
H %2 ZR famInoatosd EELEETS onf = Eoargeastantg EER az o

B I e T S B g © B S R S N D I e S P S 2 O D I TS 1 O @D B i d & 1 A G B =61 B I < O B VO G 1% N I G\ T D B B 6110 B3 8 P ey e
B Sorgmegennpnosgonsy grarggaenTonDey ) zze EA o 2 ggee2 Ienn
e Bt el i A T T T el

- o - «

O I Y O B O G B G 1N 0 D o O T I S 1 © O TG 8 T P e © 1 IR D T D D €T D1 - G D (D 1 I EE o D e €1 I [ N

= e Vi TR i 1T LT

T oot ozes we an oo cHEaanmsen swaw - cear ® o+ o s oS now sancomn an ~ osae me  on . o e o

LG E R TS NG T 1010 0 N 3 R I SN G I T 8 S D S 5B IS NS e 13 6 G e Ve e G111 G 1 1 B 017D D I I G 8 99 1 1S 6 o e IR a1 T 5 @ 1 G P I S EE O £ @ D e or S 1 S 13 S
P e A T A T [ e e R e R R

- - - - - -

G G B NS 1 9D ] 6 5 O e K ) e 17 0 T N 1 9 10 2 PN €1 ¥R D 4 O G N T R S e © £ 7 I [ B O 1B 8 N D e €1 P,

i - OVTTRNATRRERE o= COOTTINITRE TR




3

AR

©

AR

TV P

B @ et B U O

'
PRV e ey

11

' teoa '
GO G B 19\ B O 1 WA DA D B B N B DA e g e

-16
12

e

LTy

12

Camur

alivsrSo

BN

YN

B U O N N - Lo F VIS SV

EEEE

5

Lt vy
O U T N N T e L L LR VRN

wmorlommmeu

C. L. Crrist and Joax R.

7
5
5
5

c@amal

INERERRR]
Bd AU AR © N B

'
-

-10

[ e ey

Table 8 (continued)
F b k1
B

-2 137
11 8 -4
~5 ) -5
2 -6
-5 5 -7
-12 10 -8
-1 -9
-10 8 ~10
18 10 -11
32 32 1108
3 4 9
7 5 8

-11 14 7

=41 38 6
30 21 5

-28 18 4

-8 7 3
20 16 2
% 1
12 9 o
3 -1

-13 11 -2
6 6 -3

-4 4 -4

-1 -5
4 -6

-7 -7

-1 -8
6 6 -9

-12 9 ~10
8 7 189
2 5 7

-7 7 6
13 10 5

~10 9 4
7 5 3
3 & 2

-18 16 1

oy o

-5 & -1

-8 5 -2
37 38 -3

~11 12 -k
3 3 -5
11 11 -6

=13 14 -7
7 8 -8

-17 th 1610

-10 9 5
13 9 &
4 3
2 2
4 1

-6 0
5 -1
LY -2
o -3

-11 7 -4
4 5 -5

10 a -6
9 8 1211
11 9 1

-6 7 o
11 9 -1

-4 4 -2

-12 11 ¢150

not cale. 5 14
29 23 13
5 5 12
21 15 11

-11 10 10
34 26 9

-15 12 8

~13 12 7
16 12 6

-1 10 5

-3 5 4
6 6 3

-8 5 2
ELY 1
1 0151

-8 14
8 6 13

-6 5 12

-1 11
11 9 10

-13 10 9

-0 8
B 7 7

-7 3 6
4 5 5
o &

-6 6 3
17 14 2

-7 8 1

-1 3 4

o s -1

-4 5 -2
7 10 -3

-2 - &
4 -5
1 -6

-4 -7
10 -8

-4 -9

-11 -10
7 11
4 4 -12

- 8 8 -3
13 10 ~14

-7 6 -13

-1 014 2
8 9 13

~20 17 12
4 4 11
18 16 10

-14 12 9
12 10 8

-3 3 7

-~ 6 8 6
i34 12 5
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Crystal structure of meyerhofferite, CaB,0,(OH); - H,O

Table 3 (continued)

F Bk Fe hk1 LN bk ¥, Bkl F
- 5 5 T61 ~16 18 205 -0 Tan 4
-6 6 -1t 1 5 2 26 -1 -z 3 2
10 10 13 n i 121 -2 -28 16 2 -6
-3 -1 10 3 -29 30 -3 & 4 1 9 1
-0 -7 6 2 29 32 -4 -6 4 o -8 8
0 JEINT 1 -1 -5 9 8 -1 o
6 -7 8 o -19 20 -6 10 9 -z 4
-0 g2 11 9 -1 26 27 -7 -1 -3 -3
-7 6 - u -2 22 2 -8 5 -4 7
1013 -23 21 -3 45 w9 -9 1 -5 -1
-2 20 21 -4 -2 25 -10 -13 ] L EUEY -6
9 1t -3 -5 - 13 -11 1 13 8 [
-0 -17 15 -6 27 26 -12 1 12 6 A
-3 ] 22 20 -7 -3z -13 0 1 -6 5
31 28 -10 1t -8 3126 13 16 10 5 %
37 38 110 -9 12 10 11 -6 9 -3 8
-13 16 o -10 -2 9 10 2 8 1
T - 13 -11 12 10 9 % 7 -0 10
-17 15 13 9 -12 3 8 -8 7 6 -9 8
23 2 -9 7 -13 -8 10 7 113 5 22 22
3735 -k -1k 10 1 6 -0 i A & 5
2 11 -15 -1 9 5 12 3 -2
15 16 -6 32 0 & 13 12 2 30 27
-4 4 -2 13 -2 3 -~10 9 1 -34 35
-6 8 9 12 8 8 2 2 3 o 27 3
-5 5 -6 7 1t -7 9 1 11 5 -1 -2 32
-6 1k 1 4 10 -1 [ -2 1 -2 -5t 52
5 6 8 -2 9 1 -1 23 22 -3 56 55
1 7 -5 4 8 -18 19 -2 16 13 - -3 12
7 6 6 11 8 7 2 30 -3 [ -5 -1 1
2 5 -5 6 6 4 -k w13 -6 22 21
-0 & 4 3 5 ~-18 2t -5 22 17 -7 -9 8
3 3 1 & 17 20 -6 7 7 -8 3
1213 2 -11 8 3 1 12 -7 3 5 -9 8 7
-6 9 1 5 6 2 -3z 3 -8 -2 11 -10 -17 1k
-1 ° 3 4 1 -6 5 -9 1 a3 -1 7
8 7 -t “14 13 o -19 17 -0 -1 —12 -3
12 - 7 6 -1 18 20 -11 -4 -13 -1
9 -2 5 -3 ] -2 23 25 -12 10 7 ~14 7
8 -1 10 -4 6 6 -3 ~13 17 ~13 -12 Jiuz2 -1
7 -8 [3 -5 4 6 - 18 19 g -1 13 -1 12
6 %0 -6 ERTE 1Y -3 -1 10 -1 11 12 1 11
5 2 -7 & -6 -1 9 11 12 1 ~11 13
i 12 -8 -0 -7 -6 15 8 -2 10
3 2 -9 -3 -8 -1 7 -5 5 9 17 17
2 27 0 -0 -9 10 10 6 15 15 8 113
1 22 3 -10 -6 5 2 7 7 2
° 56 2 —11 o A -4 5 6 w13
-1 25 -8 8 -12 w0 11 3 3 5 -3 3t
-2 44 -3 -13 -8 6 2 -20 16 & -3 4
-3 20 12 12 -1k ¥ 1 3 5 3 ST §Y
-k 16 -11 9 Byl 5 o -1 2 -7 8
-5 28 9 7 13 -6 6 -1 -7 7 1 28 28
-6 35 3 5 12 -2 -2 1B 13 ° -9 11
-7 1 -5 5 11 3 -3 3 3 -1 87 W
-8 P 11 10 -1 10 -4 A 3 -2 10 11
-9 11 -13 12 9 16 15 -3 -4 6 -3 -18 23
-10 9 -5 6 8 - -6 -5 7 -4 -16 16
-1 5 8 8 7 2 -7 0 -5 -18 19
-12 “17 14 6 w13 -8 s s -6 3
-13 6 - 16 11 5 -2z 21 -9 -1 -7 & 9
-14 - 10 8 4 1 16 -10 B 13 -8 15 15
Ty - -19 16 3 12 1 -11 -5 -9 22 20
13 - 1715 2 46 k2 -12 3 10 -10 7 7
12 - -6 7 1 45 45 Z108 -6 6 -11 -8 8
11 - -5 7 ) 15 17 9 -1 -12 7 8
10 -8 6 8 -1 30 29 8 3 =13 -13 10
9 8 -9 -9 10 -2 43 37 7 -6 1% -1
8 17 -10 5 -3 =20 20 6 10 10 I3 6
6 1 o -k 6 6 5 -1 13 -9 11
21 T99 -5 4 -5 -6 5 4 -1t 10 12 2
5 8 -7 5 -6 ~20 17 3 15 13 11 -3
7 5 -7 15 12 2 -4 & 10 -2 9
12 6 -3 -8 3 1 10 12 9 112
5 3 4 -9 -6 ] ° o1z 8 -4 4
6 i -3 -10 7 A -1 -2 a2 7 8 8
11 3 -5 -11 ° -2 6 5 6 1513
11 2 B 6 -12 1 5 -3 1 5 -17 18
1 1 1 -13 -2 -4 -8 9 L -3 3
11 o -0 =14 -6 -5 9 8 3 5 6
16 -1 3 2134 10 9 -6 1 2 =35 35
10 -2 -8 3 12 -8 9 -7 -7 6 1 19 17
4 -3 3 4 11 2 -8 6 ° -3
s -4 -8 7 10 -1 -9 -1 -1 1315
1% -5 4 9 -8 9 -10 0 -z 9 8
1 -6 s 7 8 w13 =1 -0 -3 -3 10
5 -7 -3 9 7 -8 8 99 -3 - 20 17
2 10 8 6 6 7 8 A -5 -7
B 2 5 5 6 7 1 -6 -2t 17
T710 12 4 TR 6 -8 5 -7 7 7
6 10 3 9 9 5 4 5 -8 2
5 -10 2 5 3 4 -3 A -9 -2
6 4 8 1 -16 15 3 -3 -10 & 6
3 -4 o 18 18 2 10 6 -1 -10 8
14 2 -1 -1 29 28 1 -10 9 -12 1 8
9 1 8 10 -2 18 17 ] noo13 -13 1
5 ° -y -3 1 14 -1 -0 —1h -6
8 -1 g 8 -4 -2 29 -2 ~13 9 3134 5
20 -2 -2 -5 27 24 -3 12 9 12 -6 7
21 -3 -8 -6 o -4 -10 8 11 11 10
21 -4 5 -7 -9 9 -5 - A 3 30 -4 6
20 - -7 -8 9 9 -6 9 9 9 -7 6
16 -6 0 -9 -9 9 -7 -6 7 8 12 11
7 -7 4 -10 3 -8 8 7 7 -5 14
T4 11 6 11 4 5 =9 3 3 6 -8
9 3 -4 -12 -15 17 T710 2 5 18 16
10 2 -7 -13 12 10 6 0 i -13 13
7 1 o5 -1 1 5. -3 3 26 20
5 o -7 3135 5 4 6 2 -1
12 1 -5 12 -2 3 -3 1 -13 14
9 z 9 it -2 2 3 ° 2 21
6 3 -6 10 16 13 1 5 -1 3 3
7 i 8 9 -8 5 o -8 10 -2 -0
5 -7 5 8 -5 6 -t 3 -3 5 7
7 7 7 -5 6 -2 - -k -2 1
2 1 6 -9 9 -3 -2 5 15 17
11 -16 13 5 2 i -k 3 -6 0 8
10 21 18 & 4 & -5 -1 -7 0
g -3 5 3 8 7 -6 3 -8 6 6
8 -8 a H 20 12 -7 3 -9 -2 19
; 7 o 1 -5 3 -8 -6 -10 8 7
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Table 38 (continued)
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