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Abstrsct

Bredicite, (Ca. B iCaya Mg SO0 72

uroup PR, possesies d crystal structur

The smace group geneaiogy for bredigite s

idenlized arrangement is based.on Pmch.a’ =

“hor Mn®c leads to Prmnwvitha' = a. Tilting of the tetrahedt!
It is proposed that bredigite is an ardered Ca:Mg compo®ad with a prebable composition

range between Cuyy Mo 810, and BaCuays

vz AL A {TO L where v and Y are large polyhedra, Mois the octahedron and T the

[

ceais that proper definiaons of phases in i

_ Introduction
Bredigite—an important phase in the crystal chem-
istry of cements, clinkers, slags, and fertilizers—has
fostered contention among silicate scientists since its
original recognition as d discrete species. In the sys-

tem CaO-MgO-Si0,. Nature has heen particularly

perverse in Her choice of what shall be deemed
otable. These compeunds share all the problems en-

countered in. substructure-superstructure relations, -
twinning, exsoluion, order-disorder. and grotesque
stoichiometry. We hope that some questions may be

answered in this study but we fear that just as many
answers in the carlier studies must be questioned: In
particular, detailed single crystal studies are re-

quirsd—-—imd.urgemly needed—to properly establish
‘the relationships between composition and stability -
among the phases. ‘ : o

Experimental
The Lype specimen of Middlesbrough spiegeleisen
slag described by Tilley and  Vincent
(University of Cambridge specimen number 47706)
was kindly placed at our disposal by Professor 5. 0.

Agrell. The bredigite occurs as long prismatic crystals

with hexagonal cross-section up 10 2 mm in length

parallel to the caxis, which project into the cavities of
~the melilite groundmass. Twinning on (110) oceurs.

for most of the crystals but is surficially coneealed

2 16909ALh =

- D08 (RBAD = 0.0391 {or 1977 independent reilections.

(1948) -

19.3DA. ¢ = 6.739MA

¢ hased on a new kind of pinw heel arrangement.

- Pmich - Cmcm -+ Pogimme. s
. ¢ but ordering of Ba® and mi-
Swers the syrametry to P2nn,

Plun

alb =bg

- Foina

Mg [SiO]. The ideal polyvhedral tormula i

Aron. Evidence, based on combinatorial analysis and caleulated powder patterns, P

he system BaO-Ca0-MgO-5i0, reqaire carcful

‘owing to the pseudohexagonal subcell. Several cryss

tals were extracted from the cavities; the sixth crysta
examined by X-ray single crvstal photography wad
free from twinning but showed the persistent extrd
diffuse reflections which Douglas (1932} attributed o
the presence of the trigonal phase. This phase, also an
alkaline earth orthosilicate, possessesa = SA6A. (b
ay 3= 9467 ). ¢ = 6.76A and is oriented with its a¥

]

and b* reciprocal lattice vectors paraliel to those o

b

“phase severely overlap those kil reflections of bredir
4. The crystal

1

gite for which (h, k= 2n). o ko=
selected for complete structure a nalvsis was - symj
metrical prism 0.12 X 0.12 % 0.20 mmin dimension:
The cell datas obtained from calibrated precessior
" photographs.are a = 10.909(9 AL b= 18.34(1)

Gy L

with the spuce groups Pmnn or Plnn, conty

observations of Douglas (1952): -

The crystal was. mounted parailel to its ¢ axis oni
- Y R 1

ParLrED automated diffractometer ulilizing graphit
maorachromatized MoKa, (A= 0.70926A) radiauon:
24 - 60°. and the data were gathered from the [

IAK

~speed 1°min’! background counting times- 20 seey

Foe

scan ranges from 3.6° 16 5.22 (the latter at highet

levels). Reflections in the blind region of

ratus were photog aphically estimated but not ing
\’.(

'(:,,__'

e e B e i

)
bredigite. Atlow angles, the reflections of the trigmm%

CA.739(9A and the extinction criteria are compatible s

( through the I = 9 levels. Other salient details: scat .
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H K L FS FC  ALPH H K L 0 FC ALPH H K L £0 FC . ALPH
) : €
i 13 3 9.% 3.3 153.3 7 23 2941 26.0 5.6 1 10 4 14.6 1«8 170.4
1213 3 9.5 10.6 =-13.9 3 2 .3 L% 235 44,7 2 10 4 69.2 61l =8.0
O 12 3%, 6202 37.7 0.2. - .9 2 3 . 47.0 4l.4 206.7 3 10 4 18.6 18.2 159.8 ©
1 12 3. 23.7  22.5 26.9 10 2 3 529 46.9 190.2 4 10 4 15.9 10.1 =16.5
2 ie 3 245 18.9 2.1 11 2 3 ..39.2 414 3.6 S 10 4 22.9 27.0  181.3
312 s 50.7 51.2 7.7 i2 2 3 1642 17.4 52.9 6 10 4  50.2 5445 15.2 @
4 17 0 3% - 51.5 6.2 14122 13 2 3 31.2 30.9 209.0 7T 10 4 17.5 10.9  18.4
> 2 -3 31.9  39.9 1844 14 2 3 32.5 24.2 210.3 8 10 4 19.5 20.1 =39.8
o 12 3 20.8 19.8 1.0 2 1 3 211 2b.4 201.7 9 10 4 9.4 13.1 183,8 &
712 s 21.1 19.5 =7.9 31 3 53.9 52.4 184.6 10 10 4 43.3 35.4 -3.8
312 3% 43,2 20.1 11.2 4 1 3. 105.9 103.8 14.5 It 10 4 9.4 Lle4  151.4
o2 3 19l2 12.9  50.4 5 I 3 65.9  64sl 184.4 12 10 4 9.5 12.3 265.0 &
o 12 3 9.4 5.9 ~le7 6 1 3 10.0 9.6 21.5 0 9 4 122.1 123.0 180.8
R S - 9.6 23.1 -18.0 7 1 3 9.9 8,6 206.3 1 9 4 24.7 26.0 . 29.9
12 12 3 17.9 504 0 95.9 8 1 3 9243 91.3 10.7 2 9 4 90.2 92.6 8.8 @
gl 3 45.6  42.9 2.7 [ i 3. . 9.8 17,0 203.1 3 9 9.7 8.4 -79.0
1 1r 3 20.1 23.6 ~15.8 10 1 3 9.6 5.6 91.2 4 9 4 67.8 65,1 193.1 , :
211 3 62.5  60.7 4. oIl 13 9.5 15.1 2uU9.3 5 S 4 62.3 63.7  19.6 @
311 3. 15.9 9.8 -1.8 12 1 3 i7T.4 19.6 49,1 6 9 4
41t 3 44.3 45,3 10.4 13 1 3 28.2  26.3 189.8 7 9 4
> 11 3 G4 14.1 -0 14 L 3 9.7 13.1 41l 8 9 4
511 3 37.7 0 37.6 ~1l.1 3 0 3 6.6 27.0  175.7 9 9 4
7ol 3 18.0 6.2 7.4 5 0 3 45.5 45.9 Y4 10 9 4
3 1L > 227 28.1 29.9 7 0 3 23.6 23,6 24b4.4 11 9 4
P 30 28.9  27.5 7.1 9 0 3 100.2 95.9 21.3 12 9 4
iu Ll 3 2845 2444  2B.7 1i 0 3 49.9  48.4  195.9 0 8 ax
il 3 9.5 4.8 22.0 13 Q 3 4002 41.8 23. 1 4 4
e 11 3 22.2  27.6 29.1 0 23 4 9.7 17.6 2.2 2 8 4
i3 11 3 17.8 5.6 =Y.l 123 4 ibe4 5.8 194.6 3 8 4
S 1o 3 d9.5  29.1  18l.& 2 23 4 8.1 25.6 4.7 4 ) 4%
1 10 3 34.9 34,0 19.3 0 22 4 297 33.7 3.7 5 8 4
J10 0 3 91.5 87.2 3.9 1 22 4 9.5 Lo 15.7 o 8 4
319 - 3 10.0 6e9 33.0 2 22 4 20.9  1ll.5 122.2 7 8 4
1o 3 28.0 27.8 196.9 322 4 16.7 6.7 50.0 8 8 4%
51U 3 25.7 31.3 -8.% 4 22 4 AT.i 39.6 ~-1.9 9 8 4
510 s 3.9  TT.6 1l.1 0 21 4 33.5 42.0 18l.1 10 8 4
7o1o 3 9.7 G 207 .06 1 21 4 20.9 23.3 24.7 11 8 4
3 10 3 1.2 19,02 212417 221 4 45.8 40.6 6.4 12 8 4
o1y 3 28.1 290 24.9 321 4 9.5 9.0 ~65,1 0 7 4
g to 3 3646 38.9 25.9 4 21 4 4045 41.2 187.7 1 7 4
o100 s 16.8 9.6  27.6 s 21 4 17 <4 20.7 40.3 2 7 4
2 1o 3 947 11.5 24l.7 6 21 4 39.6 31.3 0.5 3 7 4
1310 3 9.4 Bsb4  -64.3 0 20 4 43,6 35.5 179.6 4 7 4
) o3 ole 7 60.2 2.4 1 20 4 9.5 12.1 -40.2 o5 7 4
i ;3 18.9 17.7 163.7 2 20 4 39.3 88.2 4.2 6 7 4
2 3 3 97.9 10l.4 169.2 3 20 “ EIA 7.0 45.2 7 7 4
3 S 3 33.2 34.3 1.3 420 4 17.4. . 9.7 230.6 ‘8 7 4
+ y 3 83.3 82.5 2.7 5 20 4 21.8. 15.3 4.1 9 7 4
5 9% 3. 19.7  21.5. =3.0 6 20 4 bb6.5 T 67.5 16.0 “10 7T 4
o G 3 Bl2e&  82.6 . 19T7.3 T 20 4 9.4 T.6 87.9 11 7 &
7 G030 19.0 . 14.Y 206.2 0 19 4 96,4 . 90.3 18l.7 12 ' 4
g 93 31.6 31.9 12.3 1 19 & 9.5 4.7 150.7 13 7 %
9 4.3 9.5 4.0 1l4.1 219 4 16,2 9.0 248.0 520 6 4
10 9 3 52.1 50.5 212.0 3 19 4 16.5 15.0 22.0 6 4
It 9 3 9.5 10.2 -12.1 4 19 4 70.1 64.4  191.2 2 6 4%
ie 9 3 19.9 16.8  —-4.5 5019 4 9.5 6.7 =~T74.5 7 3 6 4
13 9 3 203 8.5 -0.8 "6 19 4 19.2 8.1 129.8 4 6 4
i} 33 35.9 .'34.7 180.8 T 19 & 9.4 10.5 4.3 5 6 4
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BREDIGITE - : SHEET
H K. L FC H K L ALPH H K L FC ALPH
SR 7 9.4 4.3 232.3 0 7 7 337 32.6 1.9 - 10 47 9.4 8.3 ~1.8
o 12 .1 212 22.8 214.2 1 7 7 5.9  24.3 218.9 0o 3 7 13,2 18.3 1e9 ,
r T 2 I 9.3 4.8 26842 2 7 7 (5.7 15.6 168.8 1 3 l§ 13.1 9.6 156.4 S @
0 Ll 7 8le% ~82.1 181.7 3 7 7 23.1 25.0 160.7 2 3.7 48.1 49.3 7.7
17 2442 21e3 =04 4 7 7 15 .4 5.2 12 .4 3 3 7 9.0 13.0 =-26.4 ‘
o 2 i 7 90.4 92.2 4.5 5 7 7 (7.2 19.3 228.2 4 3 7 15.8 9.2 139.8 : o
30 1L 7 15.1 8.5 13.4 6 7 7 (25 20.8 205.7 5 3 7 23.1 22.2 28.8
G4 1 7 80.2 8l.0 190.9 7 7 7 2le3 22.9 112.5 6 3 7 33.9 3604  =2.8
e 511 7 9.3 7.6 loS.7 8 7 7 52, 32.1 15.7 7 3 7 8.9 14.3 189.9
: 6 11 7 To.8 762 15.9 9 7 7 159 L4e2 25140 8 3 I 20.8 1646 25.7
A IS ¢ 28.4  25.7 1l.1 0 o 7 1547 16.8 182.0 9 3707 9.4 7-2  97.06
¢ 8 11 T 05.1 60.7 204.1 1 6 7 ek 24.1 197.9 10 3 7 17.0 13.9  23.1
0. 10 7 3.9 9.9 1.2 2 6 7 194 14.8 624 P 2 7 82.7 T7.3° 182.2
1 10 7 2243 19.0 13.5 3 6 I 129 13.8 23.3 3 2 7 43.3 43,0 10.3
{ 21 7 8.0  66.8 l1.5 4. 6 7 3.9 2.2 243.4 4 2 7 16.8 1543 210.2 i
3 1u I 19.1 13.5 -24.6 5 6 7 et 37.5 199.0 5 2 7 8.8 10.6 —61.2
+ 1o 7 8.9 13.8 7.1 6 6 7 15.5 7.9 =37.9 6 2 7 80.5 Tle8 198.2
g 510 7 19.7  22.8  29.3 1 6 7 et 2040 21e5 - 7 2 7 2942 31.3 16.2
6 tv 7 6243 59.7 3.7 & 6 7 .8 13.7 181.3 8 2. 57 lo.8 1445, 218.3
I I 21.3 9.6 1ao1 9 6 7 “heY 45.6 19947 9 2 a7 9.4 1048 194.3
1 8 10 7 9% @ 64 5547 g5 7 5 ek 824 2.8 10 2 7 6204 5448 .199.4
) G 7 730 17.2 1.9 1 5 7 1242 9.0 36.7 2 1 7 0.1 60T 5.5
! B 7 1541 13.0 228.2 2 5 7 g8 .2 91e9  190.8 3 1 T 29.8 29.1° 209.0
1 2 9 / 9.0 5.1 <¢43.6 3 5 7 R 2404 =21.3 4 L7 35,0 3602 19944
' 3 9 7 13.9 9.7 G1.2 4 5 7 33,5 8l.1 11.0 5 1 7 17.5 2le3  145.8
+ 9 I 03.3 62,4 8.0 5 5 7 3.9 LL.5 69.0 o 1 7 61.0 59.9 18.7
P 5 v 7 laa4 Yab =272 6 5 7 2942 70-7 189.9 7 1 7 P43 l4.5 239.4
o 4 ! Sed 1.9 70.5 7 5 7 5.3 14+9 -3.4 3 1 T 40.2 40.8 211.8
7 ) i A 9.5 133.5 3 5 7 5540 54,3 2l.6 9 7 17.0 9.5 R84
{ 3 = / 40.9 42,0 9.9 9 5 7 EIRA 3.1 73.2 10 1 7 w243 41.6 27.7
) b I 19. 4 72.2 1017 0 4 7 5.4 3241 1.7 3 0 7 15,2 1643 184.8
i 5 4 3.0 20.1 33.5 1 4 7 S8 2541 20.1 5 0 7 20.2 32,8 -2.6
1 2 o I3 .Y 4.9 =27.5 2 4 7 2.4 1.7 233.1 7 o 1 66.0 ©5.6 198.1
3 o7 15.5 64 270.0 2 4 . LleU 2240 9.5 9 0 7 34,3 30.7 23.8
+ f 7 82.0 TL.8 189.7 4 4 7 sT.2 80. 0 9.0 0 14 3 6lal 60.8 2.9
1 5 i 7 9.0 13.3  43.3 5 o 7 w25 4202 4.6 1 14 8 18.8 21.3 23.1
o 3 7 9.0 Gl 226406 6 4 7 8.5 9.9 87.1 013 8 313 2741 0 182.1
FAE T ¢ 9.3 S.6 T -56.8 7 4 14 3.9 8.2 1906.3 113 ) 18.7 2409 20.5
1 3 3 7 48,7 44.3 194.06 8 4 7 tle2 53.3 - 20.8 2- 13 8 17.3 15.3 4747
9 8 7 8.5  23.3 33.0 9 4 7 23.9  40.0 18.7 3 13 8 9.2 5.7 —67.6
1 ]




SKEDIGITE . T ' : T SHEET NO.

i
o
=

FO ALPH

-
=
r
m
=
n
o

ALPH

8. =8.5 256.8
13.3
182.8
9.0
927
125.1
1861
25246
3.5
269.2
Hal
“4e3
181.3
1467
1.5
199.0
-18.3
=-13.4
2641
Ta1
94%.6
12.7
—3% .4
180.3
-38.3
185.7
114.7
4742
C=82.3
2l4.1
“111.9
19667
194.3
209.7
1043
180.8
1345
10.5
~T8ab -

24

[l o}

s o 6 o

.
-
-

o

[Soke A eciis O 2
r—“f\)r—-

5
o
173
1l
178.
~%3.
-0
9.2
-10.0
23643
2.1
173.8
(V)
195.7
Te9
174,7
1749
188.1
170.06
170.9
183.1
—i44 .5
207.0
2.7
0.2
4.1
7.2
4.0
28.4
-J1.06
17448
-0.2
194 .2
240
7.0
16860
1914
la .0
179.3

fesl o Aol
o+ N~
6 o o o & o

UUr W g G OO

«wow e
U

e

[x 2l =4
MR
B
o
NNOUN~NOCONT W ECO UV — SN~ ~
° * L]

*~C~C\O'0~O~CCS®®$CDCCCD(I,03®®,.
N o
s

DY

N A &-’N»‘Ov-&‘-u.mwc, PO N
LT ONOTCN PNV FNCOCWLO OO~y

TNV OO0 uN~NDOTOCCCr o e

——
o ON
s o s

EORRVaRRVoRRV V. JEVoIYs RV alNs N JRV R IRV o]

o

—
VUt SN~ L8N~ ~N®0
Yol

s« 2 o

it SN I o W ol Gl

<

. s

T S R R T PO U U e B P

1
pd
3
4
5
o
7
8]
L
2
3
4
5
o
7
0
1
2
3
4
bl
O
7
8
G
1
2
3
&4
bl
O
7
3
2
3
+
g

[FSRR W a8
s s 6

Lo

WAWNPLE NPT WUNR, LU —~C WN-OWNCON~,OCOO S NG~ v Wi

P R e T e A=
S = NN e W w8

N
RN S
&4

ISV SR
&
s
-

.

o




