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Abstract

Pamnite=-CaZrB[ALO L hexavonal Po,. ¢
e IALOW"
ALGOH )0,
independent reflections.,

Fhe octahedral framework is linked 1o 1BO;

rigid and den
Jeremejev B

and a karge pipe at 00 2 s clogged with compressed [CaO, ]
2398, Zr-O - 201200 B=O = 1,380,

distanvesare Ca=0 -
:'-Nf Al3H-0O L9t4A,
The octahedral framework in painite,

SNTIN2) ¢
octahedral framework, tapologicaily ideatical to those found in
and fivoborite.

E

resistant Lo atiack

SATMAL 2

2—possesses

B MeFOHLOL. R - 0.071 for 1618
trigonal prisms at 44z
Avcerage interatomic
A0 = 1918,

triznglesand [Zr0, ]
octithedra.
Al -0 = 1913,

avids and bases, suggests a

highly refractory phase and the pm\: ity of other equally resistant compounds, hy pothetical

examples being NaNb™ B{ALOW and U

from obstructions.,

Introduction

Painite is o curious mineral species. finst reported
by Claringbull. Hey and Payne (1957) from the ruby
mines of Mogok. Burma. It was found as « carnet-red
.7 gram single hC\;wm.Al crystal of hun ness N, They
proposed o formuia Ca,SiB. \},,() ¢ shight imbal-
ance in charge due cither to non-inte caral oxyeen or
total cations,

We continue to express interest in dense oxide
structures. especially those of the :alumin‘um In addi-
tion, a structural relationship was sugg u] in the
cryvstal cell data lor eremejevite, Al ( hJ(BO,)..
Our findings reveal an clegant structure for painite.
the aluminate framework of which is related (o jere-
mejevite and to the octahedral framework of flucho-
rite. Meo(F.OH)(BO,). Finallv, we denonstrate that
the correct formula for painite is CaZrBIALO L.

Experimental

A thin sawn plate of the type erystal (B, 1954,
192) from near Ohngaing village. Mogok, upper

Burma. was kindly provided I \I' Peter Embirey of

the British. Museum of Natural History, The chip
selected for structure znml_\sss was o flat fragment,
measuring 0.31 2 0,227 0,10 mm along a, a’ and ¢,
respectivelv, Calibrated precession photographs es-
tablished the cell data in Table 1.

"B

8N

VRO o the Tatter, the pipe would be free

Three-dimensional single-cryvstal X- -ray ditfraction
intensities about the a,-rotation axis were collected
on - a PAILRED semi-automated diffractometer with
graphite monochromatized MoK, (A = 0 70926A)
radiation. With 24,,.« 09.3°, data were gathered
through the &= 0- to 1i-levels. Other salient details:
sean speed T9min ' aperture 2.0°, 20 second back-
ground measurements, half-scan range of 2.0° widen-
mg to 257 at higher levels. Reflection pairs of the
tpe Lkl and 1(hkl) were collected.

cmtoapproximating the shape of the chip by N,lu.t-
ing seven fucets. we emploved the Gaussian in-
tegration method. desceribed by Burnham (1966).
Fhis correction was small since maximum difference
- transmission factors was about 3%, Additional
corrections were made for Lorents and polarization
elicets. Weights applied o the processed reflections
mcluded an uncertainty for the p-angle maximum
mis-setting of 0,19, li'lting crror of 0.03°, average
cr\\wl size error of 0,008 mm. and - the uumtm"

tatisties, Two sets of Fo were available: those which
were based on an average of Fhkl) and Fihkl) (con-
trosvmmetric case) and. separate F(h&l) and Fhki)
(noncentrosymmetric case).

During the crvstal structure an; VSIS It was necess
sary to-challenge the chemical composition of painite
proposed by Claringbull et a/ (1937 and we sub-

An ah\orplmn
correction was applied to the ervstal using = 22.8
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2 L : X . . . 2 .
H K L F2 FC ALPH H K L F0 FC ALPH H K L FN FC ALPH
1 i ; : €
b 3 4 3 15.3 15.2 G 3 4 -3 - 5.5 €.9 27 .0 4 5 2 22,5 23.2  =2.5
9 4B 11.0 a7 -2.9 3 4 =9 23.3 23.6 -0.7 4 5] 2605 . 26.T 179.6 e
2 G JA o4 T.9  169.1 3 4 =19 14.5 l6.3 142 4 5 0 28.4 29.9 180.5 . . @
9 AR 22.4 22.8 180.7 3 4 =11 3.7 3.5 299.8 4 5 -1 26.5 26.8 4.6
9 4 -1 €0 6.2 19.0 2 4 =12 7.2 6.5 156.8 4 5 =2  23.5 23,2 6.6 :
e 9 . -2 1l1.3 S.ou 10.5 2 4 =11 11.3 10.9 2.8 4 5. -3 le4 - 3.7 - 198.1 @
9 4 =3 15.9 19.1 181.3 2 4 ~10 12.3 1448 16.8 4 5 -4 2.9 2.3 114.9
9 4 -4 3.0 2.5 33.3 2 4 =94 32.5 3343 0 130.5 4 5. -5 32.2 31.7 -1.2
1 3 Y-t 3.2 2.0 107.5 2 4 -t 8.9  B.4 147.4 4 5 -6 4.8 4044 " 4,2 =
] 4 =5 21.8 206 1815 2 4 =7 14.2 14.8 - 6.6 4 5 =7 12.7 12.3  184.9
3 4 - G 12,3 179.2 2 4 -o 23.3 1.8 8.0 4 5 -8 4.0 2.9 139.8
% 3 4o-3 12.0 11.5 2.0 2 4 =5 15.1 16,6  18l.2 . 4 5 -9 4.9 4,7 22.2 Y
3 hoo=2 34,1 0.7 V.8 2 4 =4 1.5 1.6 75.0 4 5 =10 12.7 13,7 1i.n
3 40 -1 28,8 27T.7 182.6 2 4 =3 5649 59,3 2.6 3 5 -11 20 .4 19.0 0,0 : .
N 3 4 17.7 1€.0 2.6 2 4 =2 34.6 37.5 1.6 3 5 -10 8.3 19.5 10.8 . !
5 4 1 29.0  27.7 Q.4 2 4 -1 16.6° 19.2 185.4 3 5 -9 10.5 9.8 185.5
4 4 2 32.8 30,8 2.3 2 4 ) 11.9 1l.1 179.4 3 s -8 11.8 10,3 170.3 .
5 4 3 15,0 11.5 185.5 ? 4 1 16.8 19,1  =0.6 3.5 -7 17.8 18.3 3.4 SR
3 A 9.7 17.2 182.5 2 4 2 3446 37.5 1.6 3 5 -6 6.3 6.3 148.9
3 5 21.8 276 2.4 2 4 3 55.9 59,3 18l.% 3 5 -5 28.5 294 - 179.7
3 4 6 1.4 t.l 247,01 2 4 4 2.1 1e9 =171.2 3 5 =4 Lle4 © 11.8 166.2 B
7 w3 16.? 1t-1 “he 4 2 4 5 15.4 16417 4.1 3.5 =3 13.7 13.1 3.7
7 b7 10,6 Q.4 =12,1 2 4 23.0  31.9 =5.0 3 5 =2 38.7 29,2 5.2
7 4G 27.8 2009 18244 2 4 7 L4l 14.7 173.5 3 5 =1 . 2844 Q9.8 1834 . B
7 400K 5.6 2 .87.5 2 4 8 9.2 Be3 215.1 B 0 33.4 36,2 0.1
, 7 A laa 7 lagl 12.0 2 4 G 32.4 33.3 2.7 3 5 1 ?8.1 29.7 0.1
D 7 4 3 31,5 3.2 0.9 2 4 19 12.7 14.7 =11.0 3 5 2 38.6 39.2 -2.3
7 a2 1A I.i 115.9 2 4. 11 11.0 10.9  183.4 3 5 3 13.3 13.1 182.0
7 4 1 .z GeH  169.5 2 4 12 8.8 6.3 205.5% 3 5 4 11,9 11.6 194.3 « )
Ty D 1.9 49.3 1.3 1 - 4 12 3.7 3.5 . =53.7 3 5 5 28.6 29.4 3.8 v o 3
7 4 -1 8.9 5.5 11.38 1 4 11 1.5 643 197.8 3 5 5 5.7 5.4 198.2 i
1 4o=2 3.3 1.9 254.8 1 4 10 12.1 Llol 208.7 3 5 .7 1748 18.3 181.5 - , ;
& 7 4 0-3 3.5 31.2 180.6 D 4 G 51.4 5204 181.2 -3 5 8 11.9 10,1 191.6 ' 8
T4 -4 15.3 13,9 -3.1 1 4 3 3242 35.7 -2.2 3 5 9. 1044 9.8 1.2
7 4 -3 2.7 5.3 =5.9 1 4 I y.8 9.3  -l13.0 3 5 10 18.5 19.5  =6.7
© T 4 - 21,9  27.9 1719.2 1 4 6 26.4 3004 ~6.3 3.5 11 20.9 19.0  184.5 5
7 4 -7 10.7 Go4 193,38 1 4 5 6.3 642 5.0 2 5.11 . . 1.5 2.9 25.6
R 7 b -8 58 15,2 13.7 1 4 4 43.4 4748 AR 2 5 .10 20.3 18,3 195.7 Z
O 2 4 -5 . 43.9 4444 L. 1 4 3 95.7  190.4 0.5 2 5 9 17.6 17.3 T.0 o
5 4 -8 10,1 Y9 15.06 1 4 2 14.8 168  139.0 2 5. . 8 37.7 39,37 -3.0
e 5 4 -7 [ €5 190.3 1 4 1 2.3 1.9 137.6 2 5 7 21.9  21.5 171.5 e . e
& 6 4. -6 3318 33,7 Sal’ 1 4 -0 7.8 . 941l 172.4 2 5 6 19.1 " 2ls6 . -9.1 i ) ; el
R 4 =5 314 969 3645 1 4 -1 2.8 2.0 4501 2 5 5 5.6 5.2  -1.8 ’ '
- A 13.6 12.3 LI 1 4 =2 15.0 1647 1745 2 s 4 51.7 54.1 1.1 . : i
© &0 4 =3 T30 69.S 181.4 1 4 =3 10).5 100.4 180.2 2 5 3 .28.7 30.5 182.3 : £ -
5 4 =2 6.3 5.0 1l.5 1 4 -4 43.8 4l T . 4.0 255500 28.7 31.3 181.0 g : .
e 6 4 =l 3.9 . 3.7 1648 14 -5 6.6 6.2 175.3 2 5 1+ 18.8 2061 -6.5 . : R -
] 6 4 9 20,5 23.1 180.6 - 1 4 -6 2643 .30.1 547 ¢ PRI SR | B N T e - IR : < .
6 4 1 4.0 3.5 184.5 1. 4 =7 9.6 9.3 194.5" 2005 =1 LB, 2041571870
: e 42 5.8 5.0 5.5 1 4 =8.7 3203 35,56, 6.5 2 59 -2 28.9 31.4 180.8 R - : &
ﬁk -6 4. .3 72.3 0 69.9 1.1 1 4. -9 52.0 52447 0.1 2 By 2847 30.6. . =0.6 - - - : e e
. 6 [ 13.2 0 12.5° -3.8 1 4 =10 - 11.5 11:0 156.4 2 5 -4 52.6 $4.0 1.9 S Pl s Sleatary .
oF o 4575 1.4 1.0 218.8 1 4 =11 7.0 643 -9,7 2 5 =5 5.0 5.2 182.2 ST @
W G.o0% 6 133,80 33.8 -1.9 L g.-12 2.8 4e7 6841 2 .5 -6 18.8 - 21,3 - 8.0 » : e
6 4 i 6L 6 L6 8 5 4 29.9  17.5  -2.4 2t ST 21.7 2145 59,2
T 10.0 10.1 . -15,3 §..°57.7.3 2l.1 20,0 180.7 2 5 —-8 - 37.8 39020 6, T ¢
& 4y 47.9° 44,4  1Bl.6 8:°8 2 3.5 9.7 192.4 2 5=, 1T.4 1742 176.2
5 4 1D 25.4 264.9 -5.4 a S 50 .7 5 7.3

16,7 =R.4 =10 - 20,7 18.4 167




o

EOIRS AN N SV NG BV IR C ARG NG IV SRS, B G K IR RS TR 1}

o

u.,s\-u—w'w_wu'uww\xwuuuwwub;-&*;\a“-?“\b;‘i\-r-.".“.’\i\

(SR

S NS

&
,
4

£

>

)

& o—- )
DWW~ 0w

12.2

15.2
3at

14.8

16.5

11.2°

40,8
17.5
262
17.6
4048

10,0

17.9
14.5
2.7
15,1
12.1

24406
1.5
LS.

31.

~ G

230
" 5.8
11.2
43.9
52.38
23.2
22.5
15.2
2217
23,1
52.5
4340
10,9
8.5

N
oD W
s o s e

~Nww

new N

o

. . . . * . LR . .
—LrRe NN Do g s

(RS
v N
e
&~

.'~»’\-b.&\i\4\4‘4\\nuw\nmmwmmwmm\n\rmw

m\.-\ucooocbc-\o:\cr(.\oocoo~c<~:w4wq\:-4\'«:-ﬂmrxmmmr

\nwmmmu‘-\x\nwmwm\;.m‘.nmmm\nmmmmmmwu:mwmwm\.nmmmm;ﬂmu:mm‘

LT MUV W AaUE O awy U oW,

LW~ O LD wh o

s
~ w0 o

RS2

i

c~o~'.7~C“C*-Jﬂﬂ~'~Isl~:~l~:~»<»—->-r~.-v—-.~r—-y—o,—-»‘>—-—.—p--»—-'-y—-»-dy-r-or-‘y.-m

VUU oW uouam ! oo o ;oo

6
g
6
6
[}
[}
O
6
6
6
6
6
6
6
6
6
6 .
6
6
6
6
=6
6
)
6
6
6
6
6
6
6
6
-6

LI I R RO R : ]
MPWN= O N0 oUW R =S

D)

NN N
NCUuoOwo
e o

.




PAINITE 'SHEET NQ.
F0 FC ALPH H FC ALPH

4.1 heD 12647 4 7 27.2 1806.7 2 8

21.0 1909 1844 4 7 2847 0.3 2 8

2243 20.0 173,68 4 7 1.9 =-28.6 2 &

2643 24,3 183.1 2 7 3.3 29.5 1 8

Pe 1.9 63.7 2 7 3.0 219.7 1 8

2l 2105 -3.7 4 7 2443 9.4 1 8

23.9 2440 5.6 3 7 38,1 0.9 o1 8

2241 22.9 186.4 3 7 468 18.8 1 8

504 6.8 16646 3 7 17.2 178.0 1 3

36,0 35.8 1.3 3 7 43,0 3.8 1 8

22.1 21.7 5.4 3 7 5.8 25.2 - 1 8

26,5 27.3 176.4 3 7 4 6ed) 2441 1 8

B3 10.2° 181.4 3 K 3 59.2 182.9 1 8

2603 27,4 7.0 3001 =2 11.8 12.8 1 8

‘ 22,2 21.7 -1.2 3 ro-1 13,7 -5.3 1 8

5 3641 35,8 189.8 3 7 0 36,1 189.4 1 8

& 64l €T 19%.4 3 7 1 13.9 190.7 1 8

5 22,1 22.9 -2.6 3 7 2 11.6 -5 1 8

4 & 24.2 26,0 ~1.1 3.1 3 59,2 1.3 1 8

+ 6 22.1 21.6 1381.¢ 37 4 601 =23.6 1 8

4 & 1.4 2.1 =59.,5 3 7 5 5.5 165.9 1 8

“ o 2644 24.2 0.3 3 1 43,7 -1.3 1 5
E Rt 21.1 17.1 133.7 3 7 17.3 6.3 4 Q 1IN, 3 17646
3 2 3.6 D.8 0 -18.6 3 7 5.7 =18,0 4 9 15.0 181.5
3 S v 23.9 24,2 -2.0 3 7. 38.1 182.1 - 4 9 22.2 3.6
3 ¢ 7 5.0 4.7 =41 2 7 21.6 A 4 9 11.2 10,1
3 S 761 74,3 132.3 2 7 8.1 2033.6 4 $ 2.1 -185.8
3 Lo lod 2.8  180.8 2 1 19.2 176.8 4 9 11.1  117.2
3 6 4 42.9 42,7 4,7 2 7 29.6 -3.1 4 9 22.1 -9.1
& 3 3.7 1.5 175.2 2 7 1l.6 7.3 4 9 15.1 3.6
3 5 2 1.5 lh e 192.3 2 7 4e4 19404 4 .9 10.4 1864.6
3 o 1 5.3 5.0 176.3 2 7 33.7 182.4 3 9 35,0 178.6
3 & N132.% 19.7 0.9 2 7 2844 1.7 3 9 14 223.6
4 5 4.5 5.l 3.1 2 7 19.3 -3.1 3 9 4441 6.2
3 5 16.2° 18.2 171.5 2 1 15.5 180.0 39, 3.0 3.3
3 6 S 3.1 1.5 . 4,7 "2 7 19,4 187.5 3 9 31e4 177.6
3 £ L4209 42,8 3.6 - 2 7 28.3 1.9 3 9 \ 1.3 87.4
3 1.4 2.3 -3.7 2 7 33,7 1.0 3 9 0 64.2 57.3 1.5
5 5 78.9 Té.4 -179.3 2 7 4.5 15673 30901 03,2 1.3 93.3
3 & 5.6 4.7 184.1 2 7 ile5 179.5 3590 02 31.6 31.4 '184.8
3 6 S 23.7 24 .1 1.7 2 7 29.5 6.0 3 9 3 l.4 ° 3,0 175.5
3 % 4.2 Nes 198.4 2T 19.3 7.4 2 9. 4 48.7 PYAS -2.9
3 05 20.6 17.3 180,38 2 7 8.3 158.4 3.9 5 Led 1ok =42.0
2 & 16.4 17.3 15.2 2 7 21.5  180.2 3 9 6 38.2 34.9  18%4.2
2 £ 14.3 14,3 1.6 1 -7 5.9 148.9 2 97 T.6 7.8 0.8
2 2 - 15.3 4.1 161.9 17T 2301 0 -l.l 2 9 6 1.4 2.3 -89.1
- 4 ls.4 19.9 184.0 1 7 L 27.8 Tete 2 9 5 4.9 5.2 197,1
2 s 36,6 36.8 175,2 1 7 16,2 194.8 2 9 4 130 13.1 - 184,3
2 s 16.38 2005 . =0.0 1 13 22.6 5.8 e 9 3 3.1 5.0 - 9.1
2. & 11.8 - 1l1.4 181.0° S| T 14.2  -3.5 2 92 40 .4 3646 243
2 I3 2070 21,4 181.8 <] 7" “39.1 4.1 2 9 1 8.0 8,0 179.1
2 5 41.8 41,2  -0.6 PR ) 42,0 180,1 2 9.0 18.3 18.0 1.2
2 b 2307 24.8 [AA 1 7 12.7 - 179.2 2 9 -1 8.0 8.2 11.3
2 & 19.3 8.2 2.3 1 7 2041 100 s 9. =2 40.2 36.5 . 0.8
2 5 23,9 2448 179.5 " 1 7 8.4 172.5 2.9 =3 5.2 5.0 187.9
2 6 41,7 41,4 3.6 1 7 20.2  170.6 2 9 -4 13,2 13.2 177.6
2.0 20,6 21.4 2.7 1 7 12.7 185.2 W4 9 -5 4,0 4.9 -143
e & 11.9 11.3 18) A 1 7 42 .0 1.2 2. Q. -A 2.R 2-R . Q2_R

P




30.1 N.8
14.2 133.9
22.9 =649
16.2 ~1..8
27.8 -2+5
23.2 183.1
6.2 219.7
10.7 L182.7
15.9 3.5
9.6 =J0.0
2.7 188.4
17.8 137.2
19,5 2.8
17.9 -6e2
2.7 190.2
9.6 1831
160 3.0
13.0 Q.2
27.3 183.6
c2ed 1900
1d.9 189.2
12.8 D2
27.% 182.9
2.9 186.5
2795 2
12.8
105
2.6
27.3
13.06
2e 6
20.0
18. 6
219
4ol
la, 1
169
5%
5.3
254
16,8
L4e 2
te b
21.8
i8.6°
20,90
27
21e8
1.9
8.2
4.2
15.7
19.06
49
D B
28.1
Bel
4.8
18:6
157
4.2

g

X D NN W T

i
I

|
Al

oo
[ T
O N N

o
P

WA = O W DU NDC L~ O ~Ne
S o

[alFe NN e AN NS

180.6
-).5
b0l
180.2
178.1
5.2
1.7
25.0
183 .4
3.6
-1.8
55.1
183.4
17.0
2.8
183.2
1.5
-1.0
186, 6
131.8
4l
5.5
181.1
172.4
16.3
165.2
4.5

NN

0 D00 DD DG 00D DO OO0 O
O N~ EOWN®E DU~ DO NN DWW ~T0 U~ N O e 0 D N O 0
N
[e<]
* o

2 o s o

—-
BN NSV RN

-

o e e
DN P PAN NP NNV NPT UMD P NN LR OTNDT S DT

w

o« s

(2200 IS AEK o' NN 2 NNV e 0NN ¢ N s Nl o8}
'
-
e 8 o -6
W
5 s s o

e
.

Now
s e
_——
-

NN N~ N O O O

fed
.

N
s e

W o

OOV DO NONNUVTNNDNN~NONNN WS~ LO~NC O~ TSWO0PH— o
.

[SrRe e}
e o o
> & s s @

NL N UD -

s o 8

N

e o o o &

T DR TR ETODTDODL O WO MO N NN NN NS
— e N

s s e s
——- N

s 4 a2 e

POV OV A NPDPUWUNOHNNPOPDENNDODRNIONVDOHLDOTOINGOIOWSrDwOO~ND O~

tos1

1.4

=24

@

——
—o 0o NN @
-
o S
)
.
.
. e

N
e. 85 e 8 o o

N
o o o o s o

~N
—

Pt
¢ o & o o
o8 8

o e

I e R S R R e e S N G S I N N N P N U N R VO IO VI U IU I U IR JUR PR O RN O SRy SR S S D R
el e

IWNNONNNONNNNNNMNNN WL EWWEE LW WOl WWw SN DD LR DD VMUV U NC e = et b f

NN N N NN N N N N W o~ W N N N N ) N W~~~
i y
N S N PO C D e

@O ®® e CmE®oEEew D E

2
2
2
2
2
2
1
1
lv
1
1
1
1
L
L
1
L
1
14
1
1
1
1
1
L
L
1
1
1
O
5
&
o)
[¢)
5
4
£ -
R 4
D
S
e
5
5
5
5
5
o
5
‘)4
5
4
4
4
4
4
4
‘-’.
4
%
4
R




