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SUMMARY. Heyite (see preceding paper) is so strikingly similar to brackebuschite that a close com- 
parison of the two species seemed advisable. Topotype brackebuschite (B.M. 55819) was used for 
this purpose. 

Brackebuschite is a vanadate of lead, manganese, and iron, heyite a vanadate of lead and iron. 
Both species are monoclinic with diffraction symmetry P2, or P21/m. The X-ray cells are remarkably 
close: a = 8"8io, 8"9IO; b = 6q55, 6"oi7; c = 7.65i , 7'734; fl = I I I  ~ 3o', I I t~  53' (brackebuschite 
first). As might be expected, powder patterns are strikingly close as well. 

Other than the similarities noted above, the minerals differ so fundamentally that they cannot be 
the same--they are valid and distinct species. Optic orientations show c~: [ooi] 2o ~ (in acute fl) for 
brackebuschite, 36 ~ (in obtuse/3) for heyite. Indices are (brackebuschite first): ct 2'28, 2q85;/3 2"38, 
2"219; )' 2"49, 2"266 for the sodium D line. 

Chemical differences are irreconcilable and reaffirm brackebuschite as Pb~(Mn,Fe,Zn)(VO4)2.H~O 
while heyite is PbsFe~(VO4)~O4. 

T HE str iking similarit ies of  the qual i ta t ive chemistry and X- ray  da ta  o f  brackebuschi te  
and  heyite require  some comment  i f  heyite is to be accepted as a new species wi thout  
reservat ion.  Brackebuschi te  has had  a long bu t  t ranqui l  h is tory  since first descr ibed 
f rom Cordoba ,  Argen t ina  (Rammelsberg ,  I880). This remains  the only undispu ted  
local i ty  for  brackebuschi te ,  and la ter  workers  have never shown evidence o f  confus ion 
regarding  the ident i ty  of  the mineral .  Publ ished da ta  for  brackebuschi te  show good  
agreement  and  the minera l  is well character ized.  

F o r  a comple te  compar i son  of  heyite  and  brackebuschi te  it  was necessary to deter-  
mine some constants  for  brackebuschi te  tha t  had  no t  previously been repor ted.  W e  
also pe r fo rmed  new chemical  analyses.  Al l  new in format ion  was ob ta ined  f rom one 
specimen in the British Museum (Na tu ra l  History) ,  B.M. 55819. This is a type local i ty  
specimen purchased  by the M u s e u m  in I884, f rom Mr.  Hoseus,  and  it appears  to  be 
o f  super ior  qual i ty  to mater ia l  used by previous workers.  In  this specimen bracke-  
buschite  occurs as wel l - terminated crystals f rom o'4 to r- 5 m m  in length in cavities 
with cerussite, descloizite, and vanadini te .  The gangue is a sheared granit ic  rock  rich 
in muscovi te  and  showing replacement  by  pr ismat ic  quar tz  where it is most  severely 
brecciated.  

Morphology. Two terminated  crystals were selected for  measurement .  The crystals  
were o f  s imilar  habi t  showing e longat ion  on [oIo] and marked  flat tening on  {IOO}. 
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Deep striae on {IOO} are parallel to [OLO]. Both crystals showed a {IOO}, c ( o o I ) ,  

m { I I O ) ,  1 {~01}, k {~0I}. Forms found on only one crystal are d (IOi}, {i0I}, {~22}, 
{02I}, and {~25} (?). A typical crystal is shown in fig. I. Crystals were carefully 
examined for twinning but no twins were found; heyite commonly shows twinning 
on {II0}. No doubly terminated crystals could be found but crystals appear to be 
attached to matrix by either + b  or --b in roughly equal abundance. 

X-ray data. Powder patterns of heyite and brackebuschite are similar. Visual 
inspection however shows progressive deterioration of line matches and intensities 
toward larger 20 values. Indexed patterns of the two species are compared in table I. 

TABLE I. Powder patterns of heyite and brackebuschite, Cr-Ka radiation. 
Intensities estimated 

B r a c k e b u s c h i t e  H e y i t e  

I dmeas dealt  hkl I dmeas dcalc hkl 

4 8" I99  8 ' 1 9 7  lOO 2�89 8.281 8"270 IOO 
8 4"918 4"922 I i O  5 4"873 4 ' 8 6 8  I iO 
3 4 ' 6 o 8  4"6o4 i o i  2 4"628 4 ' 6 3 5  l o i  
I 4"3o2 4"298 2 o i  �89 4"35o 4"351 2 o i  
I 4"o9o 4"o99 200  2 4 ' 1 3 4  4 ' 1 3 5  2oo  

�89 3"821 3"815 IO~ 2 3-861 3 '859  IO~ 
3 3"687 3"687 I l l  4 3"674 3"673 i i i  
I B  3 ' 5 4 4  3 ' 5 5 9  oo2  I 3"592 3 ' 5 9 o  oo2 

- -  - -  3"524 2 1 i  - -  - -  3 ' 5 2 6  2IT 
2 3"413 3"4 I I  210  3 3"412 3"4O9 210 

- -  - -  3 ' 3 6 7  20~ - -  - -  3"41I 20~ 
I0  3"244 3"243 I I ~  I0  3"248 3"249 l i e  
- -  - -  3"O95 201 I 3 ' I I 6  3 ' 1 1 7  20I  

5 3"O79 3"O78 020  3 3"010 3"011 020 
- -  - -  3 ' o 8 I  o12  - -  - -  3"082 o i 2  

5B 2 ' 9 4 2  2 ' 9 3 6  3oT 7 2 ' 9 7 o  2 ' 9 7 o  3 o i  
- -  - -  2"954 212 - -  - -  2"968 2I~  
- -  - -  2"900 lO2 I 2"916 2"92o lO2 

2 2"880 2"88I I 2 0  2 2 ' 8 2 5  2 ' 8 2 9  120 
I 2"822 2"825 021 - -  - -  2"774 021 
6 2"765 2"765 2 I I  6 2"767 2 ' 7 6 8  211 
1 2 ' 6 2 6  2 '623  I I 2  3 2 .625  2 ' 6 2 8  I I 2  

X-ray cells of the two minerals are strikingly similar. Both minerals are monoclinic 
with parameters: 

Brackebuschite a 8'8Io• b 6q55• c 7-65I• /3 i l i  ~ 30'• 
Heyite 8"9Io• 6'oi7• 7'734~o'oo4 III~ 53'• 

Barnes and Qurashi (I952) and Berry and Graham (I948) have given very similar data 
for brackebuschite. Heyite occurs in doubly terminated crystals and shows no evidence 
that it is not of class 2/m symmetry; its diffraction symmetry permits space groups 
P21 or P21/m, and Pz~/m was chosen as more likely. Brackebuschite crystals have not 



H E Y I T E  A N D  B R A C K E B U S C H I T E  7t 

been found doubly terminated; morphological evidence given by crystals terminated 
on = b  and b suggests 2/m symmetry, and since diffraction symmetry permits space 
groups P21 or P21/m, P2a/m may be preferred as more likely. However, Fanfani and 
Zanazzi (I967) have suggested P2L for brackebuschite as more likely on structural 
grounds. 
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F10s. I and 2: FIo. t (left). A typical brackebuschite crystal. FIG. 2 tright). Optic orientations of 
brackebuschite (left) and heyite (right). 

Optics. Although refractive indices for brackebuschite have been reported previously 
(Larsen and Berman, I934), redetermination by the identical methods used for heyite 
seemed desirable. Indices for both minerals were determined in S-Se melts for the 
sodium D line: 

Brackebuschite c~ 2 . z8+o .o i5 ,  fl 2'384-0"02, y 2'49.-ko'oz 
Heyite 2"I85--o'o1 2"2t9:!:o-oi 2 .266~o.ot  

Brackebuschite shows strong absorption in the melts for fl and ~,; heyite does not. 
Both minerals have a large 2V; heyite is (+ )  82 ~ to 89 ~ and brackebuschite is sensibly 
9 ~176 . The optic orientations of both minerals are presented in fig. 2, and one can see 
the striking difference. For crystals lying on (IOO) brackebuschite gives an off-centred 
optic axis figure and is length-slow with high birefringence. Heyite gives a well-centred 
optic axis figure and is length slow but with very low birefringence in the same 
orientation. 

Chemistry. Grains were handpicked from a topotype brackebuschite specimen 
(B.M. 55819) and ultrasonically cleaned. During this process visible amounts of earthy 
hematite were removed from innumerable tiny pits in the crystal surfaces. Several of 
these grains were mounted in an epoxy resin and polished. Twelve of these were then 
analysed qualitatively and checked for homogeneity before proceeding to quantitative 
analysis. In all the grains studied lead, zinc, manganese, vanadium, and iron were 
detected, copper and phosphorus (reported by Rammelsberg and Doering) were sought 
but not found (i.e. less than o'o5 %). The analyses for both heyite and brackebuschite 
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were made  using a Cambr idge  Ins t ruments  Geoscan ,  with an accelerat ing voltage of  
20 kV and a current  of  o ' 5 •  Io -7 amps.  Lead was determined using an analysed 
anglesite s tandard  f rom Montepon i ,  Sardinia ;  crocoi te  was used as a secondary 
s tandard .  Pure Mn,  Zn, V, and Fe metal  s tandards  were used for the other  elements 
determined.  The brackebuschi te  grains were analysed in the same run as repeat  
analyses on the heyite grains. Raw da ta  for those elements de termined were corrected 
using the methods  described by Sweatman and Long  0969)  and the Mason,  Fros t ,  
and  Reed (I969) microanalysis  compute r  p rogramme.  At  least ten po in t  counts were 
taken  on each o f  the grains (average largest  d imension 250 microns).  

TABLE I I .  Analyses of brackebuschite and (no. 8) heyite 

] 2 3 4 5 6 7 8 

PbO 6P9 62-1 60" 3 61.o 62.6 61"oo 58'02 76'3 
ZnO 0-52 o'i 3 069 0"66 0"9 1-29 x "23 0.80 
FeO 0-20 0"o4 2"7 6.8 3"o 4"65 4'46 8'2 
MnO 9"5 9"6 6"3 2"5 6-8 4"77 4"56 n.d. 
V20~ 26"5 25"8 25"2 25' 5 27'1 25"32 24'74 I2'7 
P205 n.d. n.d. n.d. n.d. n.d. oq8 o'11 n.d. 
CuO n.d. n.d. n.d. n.d. n.d. 0"42 o'4I n.d. 
HzO . . . . .  2-o3 2"43 - -  

Total 98"62 * 97"67* 95'19' 96"46* Ioo"4" 99"66 Io0"32"~ 98"o0 

* Totals not inclusive of H20 = 2.8 %. n.d. Not detected. 
t Including 3"o7 % insol, and 1.29 % Fe2Oa+Mn30~. 

I, 2. Electron probe analyses; R. F. Symes. (Typical analyses of IO of the 12 grains studied.) 
3, 4. Electron probe analyses. (Analyses of the two grains with lower Mn-Fe ratios.) 
5- Analysis by atomic absorption: C. J. EIliott (B.M.(N.H.)). 
6. Rammelsberg (188o). 
7. Doering (I883). 
8. Averaged probe analyses of heyite grain, run concurrently with brackebuschite. 

Counts  for Pb, Zn, V, and Mn showed very little var ia t ion within each grain whereas 
the counts  for iron were variable in grains having a low Fe content.  

Table  II (cols. t and 2) shows the analyses of  two of  the brackebuschi te  grains, the 
analyses being typical  of  the results obta ined on ten of  the grains selected, and with 
the best surface polish. Only two of  the grains analysed showed any significant varia-  
t ion f rom these analyses;  these analyses are shown in cols. 3 and 4 o f  table II. The  
pr incipal  differences are in the F e O / M n O  ratio.  The repeat  heyite analyses dupl icated 
those a l ready presented in the previous paper .  I t  is thought  that  the figures quoted are 

__ o of  the amoun t  present  for  the major  elements. correct  to -" I , o 
7o9 micrograms  o f  the same cleaned sample were dissolved in HNO3, and Pb, 

Fe, Mn,  Zn,  Cu, and V were then determined by a tomic  absorp t ion  spectroscopy by 
compar i son  with pure  s tandard  solutions. A Perkin Elmer 403 spect rometer  was used 
for the analyses. The analysis is shown in table 1I, col, 5 ; C u  was again below detect ion 
level. 
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x.734 mitligrammes were found to give 2.82 ~ H20 on heating to 550 ~ at lower 
temperatures (I ~o ~ and 44o ~ no water was released. 

Conclusions. Our work on brackebuschite has essentially confirmed older results 
with but one exception: the formula should be rewritten as Pb2(Mn,Fe,Zn)(VO4)~. 
H20. The ratio of  Mn: Fe of I : I found by older analyses is undoubtedly fortuitous 
and probably represents the average ratio to be found in brackebuschite with some 
admixed hematite. Heyite analyses done by the same method give the different and 
distinct formula PbsFe2(VO4)204. The complicated coupled substitutions required to 
relate brackebuschite to heyite while demanding virtually no change in the X-ray cell 
stretch credulity too far. The similarity o f  the X-ray cells is better explained as mere 
coincidence. 
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