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A reinvestigation of the structure of staurolite has been made taking account of new chemical 
analyses leading to the chemical formula HFe2A19Si4024 or 4 A12SiO5.A1OOH.2 F e e  proposed 
by H6rner; the staurolite cell contains two of these molecules, whereas the old formula was 
2 A12SiOs.Fe(OH) 2, with four molecules in the trait cell. The two surplus A1 a+ ions can be located 
reasonably and the Fe2+-O -e distance has been also improved. The agreement between measured 
and estimated intensities and measured and calculated F-values is satisfactory. The true space 
group is C2/m. 

The structure of staurolite was determined long ago 
by one of us (N£ray-Szabd, 1929), but  since then some 
doubts have  arisen about  the chemical formula which 
had been idealized as 

2 ALSiO 5. Fe (OH)2 = H2FeA14Si~OI~. 

Analyt ical  evidence available in 1929 was not  enough 
to inval idate  this formula,  unt i l  Skerl, Bannis ter  & 
Groves (1934) showed tha t  the cell of lusakite, a cobalt- 
bearing staurolite, contains 18 a lumin ium ions. A 
similar  result  was obtained by Juur inen  (1956) for 
common rock-forming staurolite crystals. Meanwhile 
Hurst ,  Don_nay & Donnay  (1956) made a thorough 
s tudy  of the  morphology, twinning and the optical 
properties of staurolite. They conclude tha t  ' the 
evidence provided by  X-ray  diffraction is completely 
in favour of orthorhombic symmet ry ' .  Optical mea- 
surements,  however, showed tha t  the real symmet ry  is 
monoclinic. These authors also took precession X- ray  
photographs by  the method of de Jong-Bouman (1938) 
with a camera of the Buerger type  (1939) and found 
some very  weak reflexions indicat ing tha t  the space 
group Ccmm adopted by  N£ray-Szab6 is only a 
pseudo-space-group and the real one is a sub-group 
of it, C2/m. Juu r inen  choose C2221 which is in con- 
t radict ion to the monoclinic symmetry .  

The structure type of staurolite S04 is based on 
Ccmm which was also found by  Cardoso (1928). No 
twofold positions exist in this space group and there- 
fore the few chemical analyses were rounded off to 
the first formula given above a procedure which also 

takes account of the close relat ionship of s taurol i te  
with kyani te  A12SiOs, which exhibi ts  f requent ly  a 
parallel  growth with staurolite. 

In  view of the contradictions of the papers men- 
t ioned we re-examined the structure of staurolite.  
A series of oscillation photographs has been taken from 
a small  staurolite crystal but  we failed to f ind any  
reflexions on them to which indices prohibi t ing Ccmm 
could unambigous ly  be assigned. We are much  in- 
debted to :Dr V. J.  Hurs t  by  whose courtesy we ob- 
ta ined a precession X-ray  photograph of a minu te  
staurolite crystal,  showing (0kl) reflexions only. No 
ambigu i ty  can arise in the indexing of this d iagram 
and in fact some very  faint  refiexions forbidden in 
Ccmm, e.g. (001), (021), (041) etc. occur on it. On our 
own oscillation photographs,  t aken  with Me K ra- 
diation, a few faint  reflexions coinciding with the  
fl-spots of other reflexions appeared and have there- 
fore been regarded as doubtful.  Our own unambi-  
guously indexed reflexi0ns and the spots appearing on 
the photograph obtained from Dr Hurs t  indicate tha t  
the real space group is a sub-group of Ccmm but  not  
C2221 in which (001) could not occur. Nei ther  Hurst ,  
Donnay  & Donnay  (1956) nor the present authors  
were able to f ind a piezoelectric effect; therefore the 
symmet ry  centre required by C2/m is probable and so 
this must  be adopted as the true space group. 

The content of the uni t  cell which has been idealized 
in the original work to HsF%AlleSisO4s, should be 
H2FeaAllsSisO4s according to analyses of H6rner  
(1915) and Skerl, Bannis ter  & Groves (1934) and 
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HsFeaAllsSisO4s according to Juur inen ,  bu t  the la t ter  
formula  contradicts the principle of electrostatic 
neutra l i ty .  The chemical analyses of the afore-men- 
t ioned authors establish the presence of 18 A13+ ions 
in the cell, i.e. 2 more than  adopted by  :N£ray-Szab6; 
at  the same t ime only 2 H + ions can be present. 
Considering the good agreement  of the calculated F 
values and those measured or es t imated according to 
the original s tructure determinat ion,  the real s tructure 
cannot  be very  different  from the type  SOs. More- 
over, the universal ly  adopted structure of kyani te  mus t  
be a par t  of the stauroli te s t ructure;  therefore only 
the a r rangement  of the parallel  layers (010), with the 
newly  de termined composition Al~FesOsH2 or 
2 A1OOH.4 FeO should be changed and the kyan i te  
par t  4 Al~Si05 remains  unchanged.  

The volume per oxygen ion in stauroli te is 15.15 A 8, 
very  near  to the  value 13-02 /~3 calculated for closest 
packing with an  oxygen radius r = 1.32 ~ . - - O n e  can 
denote an orthogonal cell in the closest-packed cubic 
lat t ice of oxygen ions which is very  near ly  equal to 
the  stauroli te uni t  cell. Taking r '  = 1.388 A a (cal- 
culated from the volume per O 2- ion 15-15 A 3) then  
the calculated edges are a '  = 4r ' .  V2, b = 12r', c = 4r ' ;  
this cell contains 48 O ~- ions, 

Edge calc. A meas. A 

a 7.85 7-82 
b 16.66 16.52 
c 5.55 5.63 
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This means  of course tha t  the a r rangement  of 0 2- 
ions is somewhat  extended by the cations. 

The plane (130) of the staurolite latt ice is a closest- 
packed plane of oxygen ions. Perpendicular  to this 
plane the iden t i ty  period is six t imes the distance of 
the closest-packed 0 2- planes. This indicates tha t  two 
kinds of cation dis t r ibut ion parallel  to (130) i.e. 
and /3, are following a l te rnate ly  (Figs. 1 and 2). 

Since the cations are not equal ly  dis t r ibuted between 
a and fl in  a proport ion 1:1 (although this would be 
possible from a chemical point  of view), we m a y  sup- 
pose tha t  the divalent  and te t rava len t  cations lie in 
one (a) layer  and the monovalent  ones in the other 
(fl) layer, whereas the t r iva lent  cations are so distrib- 
uted tha t  an equal number  of cations is to be found in 
(~) and (fl). Therefore 4 Fee++8 SIS++2 Al~+ (16 ca- 
tions with 52 valencies) should lie in (~) and  14 A1 a+ 
+ 2  H+ (16 cations with 44 valencies) in (fl). This is 
in fact the cation dis t r ibut ion of the type  SO s plus 
2 A] a+ ions minus  2 H+ ions. 

Wi th  the restrict ion of the given ~ and fl cationic 

AI AI Fe 0 
(octahedral) (ter.rahedral) 

Fig. 1. A layer of the staurolite structure parallel to (130). 

0 @ o • 

AI AI 0 H 

/=0.~o~ ~ = o  ~--~ 
Fig. 2. Another layer of the staurolite structure parallel to 

(130)--to be placed above and beneath the layer shown in 
Fig. 1. 
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Tab le  1. Atomic coordinates 

Group of atoms Position (0, 0, 0; ½, ½, 0)+ x y z 

4 Fo (i) (x, 0, z) 0"389 0 0.250 
8 Si (j) (x, y, z) 0"125 0.167 0.270 
4 All (g) (0, y, 0) 0 0.322 0 
4 All, (h) (0, y, ½) 0 0-322 0.500 
8 Al~ (j) (x, y, z) 0.250 0.408 0.250 
2 Alvrr (a) (0, 0, 0) 0 0 0 
4 OI (i) (x, 0, z) 0-222 0 0.980 
4 OI' (i) (x, 0, z) 0.222 0 0.520 
8 OH (j) (x, y, z) 0.237 0.158 0.020 
8 Oii' (j) (x, y, z) 0.763 0.158 0.520 
8 0i i i  (j) (x, y, z) 0 0.094 0.270 
80Iv  (j) (x, y, z) 0 0.250 0-230 
8 0 v  (j) (x, y, z) 0 0"394 0.230 
2 ~ (c) (o, o, ½) o o 0.500 

d i s t r i bu t ion  we can p lace  t he  two surplus  A13+ ions 
in  0, 0, 0 or ½, 0, 0; bo th  are unoccup ied  cent res  of 
o x y g e n  oc tahedra .  Ca lcu la t ion  shows t h a t  t he  in ten-  
si t ies are be t t e r  sa t isf ied w i th  the  f i rs t  posi t ion.  
Several  o ther  ca t ion  d i s t r ibu t ions  have  been ca lcu la ted  
w i t h  Fe  2+ ions in  oc tahedra l  coordina t ion ,  b u t  all of 
t h e m  were d i scarded  because of t he  d iscrepancies  
be tween  m e a s u r e d  a n d  ca lcu la ted  in tens i t ies .  The  
y -coord ina te  of an  8-fold group of 0 -9 ions a n d  a t  the ,  
same t ime  t h e  y -coord ina te  of e igh t  A1 ions in  t he  
or iginal  t y p e  has  been  s o m e w h a t  modif ied  for produc-  
ing a more  r easonab le  F e - O  d i s tance  t h a n  in  the  
or ig ina l  t ype .  W i t h  Yov = 0.394 a n d  yx~ = 0.322 we 
get  F e - O  = 1.95 A as aga ins t  1.78 A in  the  or iginal  
t ype ,  a n d  A1-O = 1.85 _h as aga ins t  1.89 A, which  is 
st i l l  acceptable .  A s imi lar  smal l  modi f i ca t ion  of t he  
coordina tes  of the  si l icon ions  and  of 4 oxygen  ions 
also i m p r o v e d  t h e  ag reemen t  be tween  m e a s u r e d  a n d  
ca lcu la ted  F values.  The  new coord ina tes  of a toms  are 

Tab le  2. Measured F values (Ndray-Szab6, 1929) and 
calculated .F values (this work) of staurolite reflexions 

(Rh  K s )  
2'-values smaller than about 20 could not be measured 

hkl ~Pmeas. Fcalc. hkl Fmeas. -~calc. 

020 28 +43 001 0* + 18 
040 68 --58 002 146 --131 
060 154 + 187 003 0 + 4  
080 76 +70 004 355 +378 
0,10,0 74 + 92 005 0 + 15 
0,12,0 305 +314 006 54 --67 
0,14,0 71 --47 007 0 +9  
0,16,0 28 --6 008 117 +156 
0,18,0 90 +111 000 0 +12 
0,20,0 31 +74 0,0,10 48 --30 
0,22,0 39 +68 0,0,11 0 --5 
0,24,0 105 +94 0,0,12 49 +71 

200 small +39 110 31 --36 
400 217 +222 220 79 --74 
600 small + 4  330 154 + 182 
800 186 + 256 440 89 -- 105 
10,0,0 25 +61 550 22 +26 
12,0,0 small + 56 660 25 -- 28 
14,0,0 0 + 10 

* Estimated intensity on Hurst 's X-ray photograph: very 
weak. 

g iven  in  Tab le  1. The  a g r e e m e n t  be tween  ca lcu la ted  
a n d  m e a s u r e d  in tens i t i es  is b e t t e r  t h a n  in  t h e  or ig inal  
work  (see Tables  2 a n d  3). The  two H + ions of t h e  cell 
h a v e  been p laced  in  the  centers  of oxygen  o c t a h e d r a  
(Fig. 2) m u c h  in the  same w a y  as t h e y  are  loca ted  in  
diaspore.  The  e lec t ros ta t ic  v a l e n c y  pr inc ip le  of P a u l i n g  
is sat isf ied for  eve ry  ion in  the  cell. The  new ar range-  
m e n t  is shown  in  Fig.  3. 

o p,;o---b o p,,,,o 

o o o 

~Q 
O Fe ~ O atz~0and ~0"5 

O AI O O atz~0"25and'~0.75 

• s~ 
Fig. 3. Two cells of staurolite, parallel to (001). The kyanite 

cell inside of the staurolite structure is shown by dotted 
lines. 

We  would l ike to  t h a n k  D r  V. J .  H u r s t  for send ing  
us a precession X - r a y  pho tog raph  of s taurol i te .  
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T a b l e  3. Estimated intensities and calculated F values of staurolite reflexions 

Int.est. 
(Hurs t ' s  

hkl film) -/Pcalc. 

021 ½ + 1 5  
041 ½ + 2 9  
061 .{ + 5 
081 ½ + 2 8  

0,10,1 ½ + 1 6  

022 4 -- 67 
042 1-2 + 22 
062 15 + 201 
082 3 -- 85 

0,10,2 4 - -94  
0,12,2 3 - -81 
0,14,2 1 + 2 5  
0,16,2 2 + 4 5  
0,18,2 1 --  6 
0,20,2 3 - -65  
0,22,2 1 - -21 

023 ½ + 17 
043 ½ + 6 

024 ½ + 2 3  
044 2 -- 34 
064 6 + 132 
084 0 + 32 

0,10,4 3 + 8 9  
0,12,4 15 + 2 3 5  
0,14,4 1 - -32  
0,16,4 ½ - -  2 
0,18,4 4 + 9 3  
0,20,4 2-3  + 68 

026 1 - -29  
046 ½ + 10 
066 3 + 65 
086 2 - -  54 

0,10,6 2 - -56  
0,12,6 3 - -54  
0,14,6 0 --  7 
0,16,6 2 + 2 0  

Int.est. 
(this 

hkl work)  Fcale. 

201 2-3 + 29 
202 8 -- 72 
203 2 + 10 
204 2 -- 15 

401 2 + 3 9  
402 9 + 1 2 6  
403 ½ - -  37 
404 7 + 94 

601 1 + 2 5  
602 3 + 23 
603 ½ + 1 
604 3 + 30 

130 ½ - -13  
150 3 -- 60 
170 2 - -22  
190 ½ - -41  

1,11,0 2 - -46  
1,13,0 2 + 4 1  

240 3 + 2 7  
260 5 --  64 
280 ½ + 3 

2,10,0 1 + 2 9  

310 2-3 - -  34 
350 3-4  --  49 
370 1-2 - -20  
390 10 + 118 

420 1-2 -- 39 
460 6 -- 100 
48O 1 --  6 

4,10,0 3-4  + 70 

510 2 + 5 5  
530 10 + 1 7 1  
590 10 + 136 

620 4 --  73 

111 1 - -50  
131 2 + 3 8  
151 9 - -115  
171 7 - -96  
191 3 + 6 3  

1,11,1 ½ + 1 7  

]n t .~ t .  
(this 

hkl (work 2'talc. 

132 12 + 184 
152 0 + 1 6  
172 3 + 6 8  
192 8 + 1 4 8  

1,11,2 1 - -28  

133 2 + 2 9  
153 10 + 126 
173 6 + 1 0 1  

221 10 + 1 4 5  
241 7 + 1 3 4  
261 0 + 1 3  
281 5 + 115 

242 2 - -30  
262 0 + 1 3  
282 7 - -124  

243 6 - -72  
244 3 + 5 6  

311 9 -- 134 
331 1 - -  1 
35I 1 + 6 
371 1 -- 11 
391 4 - -33  

3,11,1 6 - -111 

313 8 + 1 3 9  
332 ½ - -19  
333 2 + 3 2  
334 10 + 147 
352 3-4  - -50  

422 1 -- 15 
442 3-4  + 6 3  
462 15 + 3 5 6  

441 1 + 3 1  
443 ½ --  6 

511 8 + 108 
513 5 - -64  
531 1-2 - -28  
551 ½ + 11 

5,11,1 7 + 9 4  
533 5 + 6 8  
553 ½ + 4 
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