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An occurrence of  E-FeOOH in a black shale 

FERRUGINOUS sediments are now known to 
contain a variety of iron oxides and hydrated iron 
oxides in addition to such well-known forms as 
hematite and goethite. Minerals such as maghemite 
(7-Fe203) and lepidocrocite (v-FeOOH) may be 
identified by ore microscopy (Craig and Vaughan, 
1981) but phases such as ferrihydrite 5Fe203.  
9 H 2 0  and feroxyhyte (disordered 6-FeOOH) re- 
quire more elaborate procedures, especially elec- 
tron microscopy and select area electron diffraction 
(Chukhrov and Gorshkov,  1981). In addition to 
these naturally occurring minerals there exists a 
variety of synthetic phases, including f l -FeOOH 
(akagan6ite), green rust (xFe(OH)2.yFeOC1.  
zH20),  hydrohemafite F e 2 0 3 . x H 2 0  , and e- 
F e O O H ,  all recently discussed by Murray (1979), 
the occurrence of which in the natural environment 
is practically unknown. The present note describes 
an occurrence of one of these, e -FeOOH,  in a 
Proterozoic carbonaceous black shale. 

e -FeOOH was first reported by Bendeliani et al. 
(1972) as a new polymorph of F e O O H ,  synthesized 
at 90 kbar and 400 ~ This phase was found to be 
isostructural with manganite, and to have a mono-  
clinic space group P21/c, with a = 8.721, b = 5.164, 
and c = 5.680A, fl = 90 ~ Its X-ray diffraction 
spacings and relative intensities distinguish it from 
the other common and rare iron oxides (Murray, 
1979). 

The phase was identified on the basis of this 
X-ray pattern in a specimen of N W  Western 
Australia (Pilbara area) ferruginous black shale, the 
Mt McRae shale of the Brockman Iron Formation,  
Hamersley Group  (Trendall and Blockley, 1970). 
Trendall (1983) notes the existence of two varieties 
of this shale: a very fine-grained, soft, poorly 
laminated shale containing pyrite and free carbon 
and a greenish, finely laminated shale containing 
chert and volcanic ash. The specimen described 
here comes from the first category. 

Using back-scattered electron (BSE) techniques 
on polished sections of shale (Krinsley et al., 1983) it 
was possible to detect quartz, illite and an iron 
oxide phase as the chief components of the shale. 
Chemical analysis indicated the presence of free 
carbon as welt as carbonate. The latter was identi- 
fied by X-ray diffraction as siderite. Under  these 
circumstances the 'd '  spacings of the iron oxide, 
estimated on the basis of the SEM analysis to 
occupy at least 40 ~ by volume of the shale, were 
examined. 

TABLE I. X-ray diffraction data on synthetic 
e-FeOOH and M t  McRae shale iron oxide 

e-FeOOH Iron oxide 

d(A) I d(A) I 

3.335 100 3.34~" w 
2.56 50 2.56~ w 
2.488 80 2.49 s 
2.22 50 2.22 m 
2.162 30 n.d. - -  
1.750 70 1.76:~ w 
1.689 80 1.69 m 
1.655 50 1.65 w 
1.541 30 1.54 w 
1.50 30 n.r. - -  
1.447 50 n.r. 
1.369" 50 n.r. - -  

* numerous other weaker lines; t also a quartz line; 
also an illite line; w relative insensities of the iron oxide 

could not be determined; s -  strong; m = moderate; 
w = weak; n.d. = not detected; n.r. = not recorded. 

X-ray diffraction data  on e -FeOOH (from Ben- 
deliani et al., 1972) and data on the shale mineral 
are given in Table I. It will be seen that the shale 
diffraction pattern contains lines which are essen- 
tially those of e -FeOOH,  and lines where the d 
spacings of quartz, illite, and the iron oxide overlap, 
making identification more difficult. Moreover,  
these lines do not fit any other of the thirteen iron 
oxides listed by Murray (1979). Thus there is a 
definite possibility that e -FeOOH may occur in the 
natural environment. 

Electron probe microanalyses, fully Z A F  cor- 
rected and non-normalized, on the e -FeOOH 
indicated 88.7-90.2 wt. ~ F%O3, with 11.3 9.8 
wt. ~o H 2 0  by difference. This is close to the 
theoretical composit ion F e O '  OH. Traces of TiO2, 
perhaps indicating inclusions of ilmenite or rutile 
occurred in some grains. 

The shale samples examined often showed an 
alteration zone of light-brown colourat ion in con- 
tact with the black shale. An X-ray analysis showed 
that the pale-coloured shale contained the same 
illite and quartz as the black shale, but no siderite 
and the iron oxide was hematite. The bleaching in 
colour thus appears to be a result of oxidation, 
making siderite unstable (Garrels and Christ, 1965), 
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oxidising free carbon and apparently converting 
~-FeOOH to hematite. 
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Powder X-ray diffraction data of rossite 

I N a review of the literature for the Mineral Powder  
Diffraction File by Bayliss et al. (1980), powder 
X-ray diffraction data  could not  be found of the 
mineral rossite, CaV20  6 .4H20 .  With the crystal 
structure parameters of rossite determined by 

Ahmed and Barnes (t963), a powder X-ray diffrac- 
tion pattern was calculated with the programme of 
Langhof, Physikalische Chemie Institute, Darm- 
stadt. Since the powder data of synthetic CaV206 - 
4 H 2 0  prepared by Kovgan and Nakhodnova  

TABLE I .  Powder X-ray diffraction data of rossite 

hkZ dcalc dob s I I I  1 Ieale hkZ dcalc dob s I / I  1 Icalc 

i00 7 . 2 4 9  7.260 90 87 ~03 2 . 2 9 0  2.287 5 5 
[ i 0  6 . 6 3 0  6.636 95 i00 130 2 . 2 2 3  2.224 3 i 
001 5.999 6.017 50 53 330 2.210 2,209 i0 3 
110 4.578 4.599 i0 13 031 2.149 2.148 15 9 
020 3.927 3.934 25 26 223 2.134 2.132 5 3 
210 3.853 3.860 i00 86 213 2.109 2.111 5 3 
[02 3.430} {12 [ 4 0  2.092 (14 
[[2 3 . 4 2 8  3.432 60 2.092 25 42 5[3 2.090 7 
220 3.315 3.320 25 17 ~32 2.077 2.077 10 9 
0[2 3.182 3.186 3 6 222 2.062 2.061 5 5 
221 3,128 3.127 6 7 313 2.042 2.038 3 4 
120 3.031 ~ f 37 040 1964 1.965 3 5 
212 3.022 ~ 3.033 55 22 420 1.9266 1.9266 i0 8 
0 0 2 2 . 9 9 9 3 . 0 0 0 5 0  33 ~i2 1.9158 1.9155 5 9 
2102.920} {6 241 1.9056 1.9046 15 7 
[12 2.919 2.921 40 ii 340 1.8873 1.8871 25 7 
[22 2.916 18 123 1.8540 1.8581 2 3 
211 2.817 2.818 15 12 411 1,8451 1.8447 2 5 
i30 2.801 2.804 15 12 230 1.8353 1.8332 3 4 
131 2.723 2,725 6 5 320 1.7932 1.7941 5 5 
302 2.609 2.613 15 12 ~32 1.7767 1.7755 8 6 
310 2.582 2.586 20 14 ~[4 1.7568 1.7564 25 14 
312 2.546 2.550 I0 5 311 1.7283 1.7275 I0 5 
122 2.516 2.520 6 4 032 1.7079 1,7089 12 6 
~22 2.432 2.431 15 15 124 1.6935 1.6926 i0 9 
3[i 2.421] f 9 250 1.6749 1.6749 10 7 
032 2.417 ~ 2.420 25 i i0 251 1.6715 1.6706 10 4 
300 2.416 8 3~2 1.6483 1.6472 5 7 
231 2.376 2.375 5 5 214 1.6044 1.6039 12 ~ 4 
[~2 2.341 2.342 I0 4 350 1.6030 ~ 3 
[[3 2.3t2~ f 8 z[4 1.5878 1.5868 ~0 1 
121 2.307 ~ 2.309 15 ~ 9 [~2 1.5625 1.5618 I0 5 


