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AIlsrRAcr

Single crystals and granular greenish-black masses, emerald green in transmitted light,
of hiihnerkobelite have been found in moderate abundance at the Palermo No 1 Pegma-
tite, North Groton, New Hampshire, associated with numerous other phosphates.

Palermo hi ihnerkobel i te is  b iar ia l  ( f  ) ,  . :  1727 + .005 and 7:1.738+.003, markedly
pleochroic rvith X tan and Z blue-green. The crystals are monoclinic 2fm, short prismatic
along f0101 or [001], give morphological a:b:c:0 872:l:0 527. The structure cell gives
a : b : c : 0.868 : 1 : 0 5 15, o : 10 89, b : 12 54, r : 6.46 A an d p : 97" 33, .

This is the first reported occurrence of single crystals of hiihnerkobelite and the lirst
known occurrence of that mineral in the eastern United States.

OccunnBNcn AND PARAGENESTs

A recent excavation at the north-west corner of the Palermo No. 1
Pegmatite, North Groton, New Hampshire, exposed, near its l ip, a
large pod rich in rare secondary phosphates. The pod is embedded within
Iarge masses oI quartz with minor mica and perthite and is in the core of
the pegmatite. No traces of the parent material could be found, but on the
basis of observations on other exposed pods in the pegmatite, showing a
range of alterations-from neariy unoxidized triphylite to porous ferric
and manganic oxide residues-the parent material is assumed to be
triphylite.

Buik composition of the pod under study supports this further, assum-
ing Fe, Mn ions to be relatively immobile components. The greatest bulk
of material is siderite, ludlamite, and vivianite. Analyses of the FeO
content bv KzCrzOz redox titration of Palermo No. 1 Quarry triphylite,
and siderite, ludlamite, and vivianite collected from the pod give FeO by
weight: 30.070 (triphylite), 37.87a (siderite), 47.27a (ludlamite), and
38.17a (vivianite). This suggests a Fe:Mn ratio in Palermo No. 1
triphylite of nearly 2:! and is reflected in the compositions of the
hydrothermally reworked derivatives of that mineral-all having Fe
predominating over Mn in the formulae.

The hiihnerkobelite-(Na,Ca,Fe2+,Fe3+,Mtrz+) (POa)1-occurs along
one side of the pod as single and grouped lustrous greenish-black short
prismatic crystals up to 3 mm across and as granular cleavable masses
up to four inches across, associated with yellowish bottle green cleavage
masses and single tabular crystals of ferroan dickinsonite. Both minerals

I This is only an approximate formula. Dr. D. J. Fisher informs me that in a forthcom-
ing paper, a more exact formula will be presented for hdhnerkobelites.
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are embedded in Iarge siderite, ludlamite and vivianite masses. Examina-

tion of crushed hand-piched single cr1'stals and cleavage fragrnents of

hiihnerkobelite bi 'powder and optical methods shows the mineral to be

partially replaced by ludlamite with minor siderite; this was not evident

in examination of the ferroan dickinsonite material.

The following paragenetic outl ine is based on visual observations on

over 100 specin'rens collected from the pod and is divided into three

categories, from oldest to voungest:

L hiihnerkobelite, ferroan dickinsonite, scorzalite, quartz, siderite, p1'rite, sphalerite

II. siderite, ludlamite, vivianite, quartz

III {erroan fairfieldite, metastrengite, laueite, 1;seudolaueite, childrenite eosphorite,

frondelite-rockbridgeite, hydroxl'l-apatite, strunzite, mitridatite, xanthorenite,

diadochite

Monpuorocv

Computations were based on measurements of 44 faces of 8 forms:

c 1 0 0 1 | , b 1 0 1 0 1 ,  a l 1 0 0 l ,  k l 1 3 0 l ,  j l 3 1 0 l .  w l 2 1 1 l ,  x l 3 2 1 l .  f l 1 3 2 l ; a n d

a :  b  :  c  :  0 .87  2 :  |  : 0 .527 ,  p  :  97 "28 '  .
Four lustrous greenish-black crystals from 0.5 to 1 rnm in greatest

dimension were separated from the matrix. The crystals are short pris-

matic, either elongated along [010] or [001] with well developed prisnr

faces and wt12ll | , and poor t[132\ predominating. A c-face appeared on

only one crystai and was poorly developed. The form, fIn2l' gave poor

reflections, and is typically ruled and pitted. Only two reflections were

obtained from that form in all the crystals examined, the others being

too badly damaged to measure. This appears to be due to later attack bv

hydrothermal solutions. One crystal observed was hollowed out b1' later

solutions, leaving a shell composed of lustrous faces, the interior en-

crusted with strunzite,f {I32\ being completelv eaten awa.v.

The angle table for Palermo No. t hiihnerkobelite is presented in

Table 1. Figure l shows two typical developments of Palermo No. 1

hiihnerkobelite.

Srnucrunp Cnrl Dere

The structure cell was made to conform with the morphological cell.

Oscil lation photographs were taken from cleavage fragments, with good

[001] cleavage used as a guide in orientation, and a b-axis precession

photograph established B.
Discussion of structure cell orientations of alluaudite-type minerals

was given by Fisher (1955). The orientation chosen here is convenient in

relating to morphological data and conforms with the less obiique

I2r/a cell of Fisher.
AIl hiihnerkobelite cr1'stals from the Palermo No. 1 Quarry are more

or less replaced by ludlamite. The powder data in Table 3 were obtained
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x

f

001
010
100
130
3 1 0
2r1
321,
732

90 00
0 0 0

90 00
20 5r
73  58
69 00
6 1  5 7

- 1 1  0 0

dca lc l

90 00
0 0 0

90 00
2 1  1 r
73 59
68 50
61 54

- I 2  1 2

7 2 8
90 00
90 00
90 00
90 00
5 5  3 1
65 51
39 01

Pcalcr

7 3 3
90 q0

90 00
90 00
90 00
54 56
65 25
3 8  1 7

7 t  3 0

0 0 0
0 0 0
0 0 0

3 6  2 r
26  56

(99 3s)

p : B

90 00
0 0 0

90 00
20 5 l
73  58
72 49
64 36
(s I s6)

90 00
82 32
8 7  2 1
82 49
48 36
59 19

(41 11)

7L 30
90 00

69 09
16 02
39 41
3 6  2 l

(97 32)

TaBr,e 1. HunNnnroenr,rrE, PALERMo MrNn. ANcr,n'l'nnr-r

I Based on structure cell
( ) Based on structrire cell.
a : b : c : . 8 7 2 : l : . 5 2 7  A : 9 7 " 2 8 '  p o : q o : r o : . 6 0 5 : . 5 2 3 : 1
r z : p : : q r : 1 . 9 1 2 : 1 . 1 5 7 : l  p : 8 2 o 3 2 '  p o '  . 6 1 0 ,  q 0 ,  . 5 2 7 , x 0 '  1 3 1

Fro. 1. Two crystals of hiihrerkobelite showing the forms c{001}, b{010}, a[1001.
k{130}, j{310}, w[211], x{321}, and f{T32}. Palermo Mine. A, plan; B, cl inographic
projection.
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Ttntx,2. HiinNpnroenr,rrr, Par,nnuo MrNr. SrnucruRE CELL DATA

a 10.89+ 08
b 12  54+ .04
c  6  46+ .05
p 97" 33',
s.g. 121/o
o : b : r : . 8 6 8 : 1 :  5 1 5

from a ground crystal with apparently l i tt le, if any, ludlamite present
and the calculated spacings obtained frorn the structure cell data of
Table 2.

Fe r roan  d i ck inson i t e  g i ves  o :  16 .64+ .08 ,6 :9 .98+ .04 ,  c :21 .5+ .1  A ,
0:106"20' , C2fc space group, derived from morphology and precession
photographs.

CouposrrroN AND Oprrcs

The relative proportions of FeO, Fe2O3, and MnO content are essential
in determining the proper member of the hiihnerkobelite (Fe2+ domi-

I'aur,n 3. HtinNrnroerr,rrr, Palrnlro MtNn. Pownrn Dern
114 6 mm camera diameter, NaF internal std. Visual I/I

I/Io d"'r" hkt

A

7
5
2
3
< 1

3
5
2
2

10
2
2
.)

1
I
4

4
3
2

8 .  1 8
6 2 4
5 4 1
3 .465
3 . 1 9 6
3 085
3 .035
2.938
2 876
2 841
2 760
2 703
2.659
2.60r
2 . 5 3 1
2 . 4 8 1
2 360
2 . 1 9 2
2 . 1 3 5
2 102
2 .055
1 . 9 7 8
1 . 9 4 5

8 . 1 8
D  Z l

5 4 0
3 . 4 6
3 2 0
3 .09
3 . 0 4
2 . 9 4
2 . 8 9
2 8 4
z  t o

2 7r
2 6 5
2 . 5 7
2 . 5 3
2 5 0

1 1 0
020
200
3 1 0
o02
112
231
321
112
231
1 n 1

240
222

132
312
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nant) varuiite (Mn'+ dominant)-alluaudite (Fe3+ dominant) series. A
dozen crystals were crushed and examined microscopicaliy for impuri-
t ies-particularly ludlamite and siderite. Only four crystals appeared
sufficientlv pure for a meaningful analysis. Total iron and total manga-
nese were determined by electron microprobe analysis, a pre-analyzed
triphylite-l ithiophil ite being used as a standard. Ferrous iron was deter-
mined on the rernainder of the crushed crystals, employing KrCrzOz
redox titration. Ferric iron was determined by difference. The results, in
we igh t  pe r  cen t ,  a re  FeO:  19 .2+  .2 ;Fe2Or :  11 .4+ .5 i  MnO:8 .0+ .4 .

The hiihnerkobelite grains examined optically nearly always lie on
their [0011 cleavage planes and possess near-maximum birefringence.
Determinat ions g ive a:1.727 * .005 and t :1.738+.003;  b iax ia l  posi -
tive;marked pleochroism with X tan and Z blue-green. The combination
of the chemical analyses and the optical properties verify the Palermo
No. 1 material as the hiihnerkobelite side of the series. It is interesting to
note that the material is similar, in composition and optics, to the mate-
rial fronr Norrti, Srveden (Berggren, in Palache et al.,1960).

Funrnnn Rpuanrs

Hiihnerkobelite and the other members of the series, varulite, alluarr-
dite, and manganalluaudite appear to be of fairly common occurrence in
phosphate-bearing pegmatites with Fe-phases predominating. Though
the characteristics of these minerals have been elucidated only recently,
they have been reported from no less than 10 occurrences, at least 4 in
the United States.

Apparentlv, the hiihnerkobelite clan can be either of primary or
secondary origin, analogous to the closely related members of the
dickinsonite series.
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