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Limoni te  is goethite .* By W. T. HOLSER, Department of Geology, Cornell University, Ithaca, N. Y., U.S.A.  

(Received 13 February 1953) 

Wi th  reference to the  note  by Dasgupta  & Maitra (1952) 
the e lementary  textbooks  of Hurlbut ,  Miers, or Rogers & 
Kerr  cannot  be taken  as au thor i ty  tha t  the structure of 
"limonite' is amorphous.  I t  is to be regret ted tha t  this 
name  continues to be perpe tua ted  as anyth ing  other  than  
' . . .  a field or generic t e rm to refer to natural  hydrous  
iron oxides whose real ident i ty  is unknown '  (Palache, 
Berman  & Frondel,  1944, p. 685). Since the  earliest days 
of X-ray  diffraction (Posnjak & Merwin, 1922, p. 1971) 
it has been known tha t  most  mineral  specimens labeled 

* Editorial note.--Similar views on the same paper were 
expressed previous to this note in letters received by the 
Editor from Prof. Duncan McConnell (Columbus, Ohio, U.S.A., 
15 December 1952) and Prof. A. Pabst (Berkeley, Cal., U.S.A., 
20 December 1952); these letters contain further references 
(e.g. B6hme, 1928) in support of the view that limonite is 
identical with goethite. 

' l imonite '  are goethite,  HFeO2(aFe20a.H20),  some are 
lepidocrocite, HFeO~(yF%0a.H20) ,  and  a few are hema-  
tite, Fe203. Most are only very finely crystalline and hence 
t end  to retain considerable adsorbed water ;  some are so 
finely divided tha t  X-ray  pat terns  are diffuse. A brief 
survey of the  A.S.T.M. X-ray diffraction cards indicates 
tha t  the strong lines of the  subject  mater ial  are wi thin  
the  variations previously reported for goethi te  (e.g. card 
1-0406). 
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T h e  l o w - t e m p e r a t u r e  c r y s t a l  s t r u c t u r e  o f  m a l ~ n e t i t e . *  By H. P. ROOKSBY and B. T. M. WILL~S, 
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(Received 21 February 1953) 

In  a recent  communicat ion Abrahams & Calhoun (1953) 
have presented new evidence concerning the low-tempera- 
ture structtLre of magnet i te ,  FeaO 4. They conclude tha t  
the  structure cell deforms on cooling below 115 ° K. to 
give an or thorhombic ar rangement  ra ther  than  the rhom- 
bohedral  a r rangement  previously proposed by Tombs & 
Rooksby (1951). 

Since Tombs & Rooksby 's  paper  was wri t ten  we have 
obtained addit ional  results tha t  support  a rhombohedra l  
deformation.  I t  is the  purpose of this note  to record 
these results, and  to indicate the  difficulties of reconciling 
t h e m  with  an or thorhombic low-temperature  structure for 
magnet i te .  

If Abrahams & Calhoun's evidence for an or thorhombie  
change is carefully studied, it is found to rely principally 
on the  detect ion of a spli t t ing of the cubic 800 line into 
two components  at  l iquid-nitrogen temperature .  This 
line should remain unspli t  for a rhombohedra l  transition. 
Because the  800 doublet  separation, measured by 
Abrahams & Calhoun with a Norelco spectrometer,  was 
so small, viz. 4 rain. of arc (Fe Ka reflection), and the  
general fit of all our earlier da ta  with the rhombohedra l  
in terpre ta t ion so close, we under took  further  studies by 
photographic  methods.  Powder  photographs were taken  
at  liquid-air (95 ° K.) and l iquid-nitrogen (80 ° K.) tem- 
peratures using Co K and Cr K radiations. In  this way 
we examined  the spli t t ing of a wide range of reflexion's, 

* Communication No. 543 from the Staff of the Research 
Laboratories of The General Electric Company Limited,  
Wembley, England. 

including 440, 444 and 840, in addi t ion to the 533, 731 
and 800 lines s tudied by Abrahams & Calhoun. 

Through the courtesy of Dr Abrahams we were able 
to examine a specimen of his magnet i te  powder. Results 
were in every respect similar to results obtained with our 
own preparations,  so tha t  possible ambiguit ies arising 
from use of materials  of different origins are eliminated.  

Planar  spacing values for components  of split reflexions 
gave in every instance the separations predicted by a 
rhombohedra l  s tructure cell wi th  dimensions 

aR = 5.940 A, a ---- 59 ° 47.5' at  80 ° K. 

Making the assumption tha t  the atomic co-ordinates 
correspond wi th  those in the  cubic arrangement ,  the 
calculated and  observed relative intensities of resolved 
components  agree bet ter  with the  rhombohedral  than  
wi th  the or thorhombic interpretat ion.  The evidence on 
lines 440, 533, 444, 800 and 840 is summarized in Table 1. 

I t  may  be no ted  tha t  we have not  been able to detect  
any spli t t ing of 800 photographically,  though noticeable 
broadening might  have been expected with a separation 
of the magni tude  indicated by Abrahams & Calhoun. 
At tent ion,  however,  may  be drawn part icularly to the  
manner  of spli t t ing of 440. The spli t t ing is disclosed 
clearly in either liquid-air or l iquid-nitrogen tempera ture  
photographs taken  wi th  Cr radiation. Two equally strong 
components,  with a separation of approximately  13 rain., 
occur for the a doublet  wave-length,  and  a corresponding 
split t ing is seen with the fl reflexion, in which any 
intensi ty  ambigui ty  due to overlaps is natural ly  absent.  


