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Abstract

Wodginite occurs in one of the intermediate albite-rich units of the Peerless pegmatite, near
Keystone, Pennington County, South Dakota. It is associated with cassiterite containing
exsolved tantalite and tapiolite, and with microlite. The chemical composition of wodginite
varies from (Mnr.nrFeo.uo)(Sn3.ruTa6.55Fef.!.Tio.ou) (Tau.g6Nb1.1a)O.r to Mn3.ee(Sn3.31
Tao.orFef.loTio.or) (Tar.rrNbo.rr)O.2. With decreasing total iron, the color of wodginite
changes from black to pale cinnamon brown. The markedly monoclinic unit cell dimensions
(q 9.533-9.552, b ll.47l-11.476, c 5.116-5.123A, p g}.8-.gl.2", v 559.4-561.5A3) suggest a
well-ordered structure. Wodginite and associated microlite seem to be the final precipitates in
a sequence ferrocolumbite+ manganocolumbite+ manganotantalite- wodginite+
microlite. Fractionation progresses in this sequence from 0.07 to >0.93 in Tal[a + Nb) and
from 0.39 to >0.99 in Mn/(Mn * Fe).

Introduction

To date, wodginite has been reported from at least 30
worldwide localities, but until recently this mineral has not
been recorded in the United States. The first U.S. oc-
curren@s were discovered in the Black Hills of South
Dakota in 1979, as described in the present paper, and in
the Herbb no. 2 pegmatite, Virginia in 1981 (Wise and
eernf, 1984).

The parent pegmatite

The Peerless pegmatite near Keystone, Pennington
County, South Dakota is one of the more fractionated and
internally complex pegmatites of the northern margin of
the pegmatite field of the southern Black Hills. According
to Sheridan et al. (1957), the pegmatite has an anticlinal
shape, with a subhorizontal NW-trending crest flanked by
SW- and NE-dipping limbs. The outcrop is about
185 x 110 m in size. Three major keels and several minor
rolls complicate the apparently fracture-controlled under-
side of the pegmatite, whereas the crest is relatively simple,
consisting essentially of two subparallel bulges. Internally,
the pegmatite consists of 7 zones, 2 replacement units and 2
types of fracture-filling units. A detailed description of the
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morphology and internal structure is provided by Sheridan
et al. (1957).

The Peerless pegmatite was a major source of feldspars,
scrap mica, beryl and amblygonite-montebrasite during the
first half of the 20th century. Punch and sheet mica,
columbite-tantalite and cassiterite were minor byproducts.

Petrologically, the Peerless represents a rare example of
a phosphorus-rich lithium pegmatite which contains all Li
bound in primary phosphates (particularly as huge quan-
tities of amblygonite-montebrasite) to the virtual exclusion
of anhydrous Li-aluminosilicates (cf. Burt and Londonn
1982 for the phase relationships).

A number of different minerals has been reported from
this pegmatite: plagioclase, qvafiz, muscovite varieties,
microcline-perthite and microcline are the most abundant
rock-forming minerals; beryl, tourmaline, triphylite,
amblygonite-montebrasite, apatite, columbite-tantalite and
cassiterite are subordinate to a@essory phases; minor to
rare mineral species include garnet, biotite, zircon, spodu-
mene, uraninite, chrysoberyl, tantalian rutile, opal, pyrolu-
site, goethite, triploidite(?), carbonate-apatite, vivianite', fer-
risicklerite, heterosite, libethenite, pseudomalachite, goya-
zite, autunite, torbernite, siderite, malachite, azurite, loell-

t044



ABnni ET AL.: woDcINITE FR,M sourH DAKyTA 1(M5

ingit(?), pyrite, marcasite, stannite and kesterite. During
the present study, wodginite, microlite and tapiolite have
been added to this list.

The Peerless pegmatite is a Na, p, F-enriched rare-
element pegmatite, with Li, Be and subordinate Nb, Ta, Sn
mineralization, and modest enrichment in Rb and Cs. The
K/Rb and K/Cs ratios rcach 25.5 and 74O respectively in
the K-feldspars of intermediate zones, 18 and 420 in mus-
covite of intermediate zones, and 13.2 and 3E5 in late,
slightly Li-enriched muscovite of the central parts of the
pegmatite (0.35 wt.% LirO). Beryl also shows increased
contents of LirO (< 1.10 wt.o/o) and CsrO (< 1.05 wt.%).

Paragenetic relationships of wodginite
Wodginite was found in the cleavelandite fringe of an

albitic unit exposed in the northeastern, partly overhanging
wall of the main pegmatite quarry, very close to the E-8,
section line ofSheridan et al. (l957,plate 4). The cleavelan-
dite fringe which contains intergrown muscovite is located
along the contact of the albitic unit with an underllng
mass of qvaftz. Section E-E' in Sheridan et al. (1957, plate
6) indicates that the present exposure corresponds to a
segment of quartz zone 6b overlain by the 3rd intermediate
cleavelandite + quartz zone 5, as designated by these au-
thors.

Because of the relative abundance of columbite-tantalite
and cassiterite in the wodginite-bearing albitic unit, repre-
sentative specimens of these minerals were collected over
the accessible width of this unit, and examined in order to
establish the general paragenetic and geochemical environ-
ment in which the wodginite occurs. The different mineral
associations are listed in Table 1, letter-coded in the se-
quence of their occurrence from inside the albitic unit
toward the massive quartz zone.

Experimental methods
All chemical analyses were done with an MAC 5 electron mi-

croprobe operating in both wavelength-dispersive (WD) and
energy-dispersive (ED) modes. Standards used were cassiterite
(SnLc), chromite (FeKa), sphene (TiKc), manganotantalite
(MnKc, TaLa, Md), BarNaNbrO* and CaNbrO" (NbLa). Con-
ditions of analysis were: accelerating potentials of 20, 15 kV,
sample currents of 40 nA (WD) and 5 nA (ED) measured on brass
(WD) and ZnS (ED), count times of l0 s (WD) and 200 live
seconds (ED). Wavelengthdispersive spectral data were reduced
with the program EMnlDR vrr (Rucklidge Gasparrini, 1969).
Energy-dispersive spectra were collected with a xsvEx Model 7000
ED spectrometer and were reduced with rEvE ( software utilizing
the program MAcrc v (Colby, 1980). Peak overlap problems en-
countered during analysis of ED spectra were resolved by strip-
ping techniques involving library spectra.

Most unit cell dimensions were calculated from X-ray powder
diffraction data obtained with Philips X-ray diffractometers using
Ni-filtered or graphite-monochromated CuKa radiation (,l' :
1.541SA) and scanning spoeds of U4 to U2" 2llmin. A minimum
of 10 and a maximum of 33 reflections measured between 10. and
7O" 20 were used in least-squares refinement of the data. Annealed
CaF, (a : 5.46204) was used as an internal calibration standard.
Wodginite sample D(w) (Table l) was the only exception to this

Table 1. The examined associations of Nb, Ta, Sn-bearing min-
erals from the Peerless Pegnratite

Assoc ia t ion  A:  p la ty  co lumbi te  ( l -6  mm th ick ,  3 -80  cm
a m $ T  s t u d d e d  w i t h  z i r c o n ,  i n  c l e a v e l a n d i t e :
s a m p l e s  A 1 ( c t )  t o  4 5 ( c t ) .

A s s o c i a t i o n  B :  t h i c k  t a b u l a r  c o l u m b i t e  -  t a n t a l i t e  ( 5  t o-------60-Iffi-in 
maxi mum di mens i on ) i n coarse-orai ned a I bi te

and c leave land i te ,  w i th  subord ina te  nu icov i te ;
s a m p l e s  B l ( c t )  t o  8 4 ( c t ) .

Assoc ia t ion  C:  coarse-gra ined anhedra l  cass i te r i te  (5  to-T20-ml  
w i th  exso lved co lumbi te - tan ta l i te  and taDio-

I i t e ,  i n  c l e a v e l a n d i t e  +  m u s c o v i t e  a d j a c e n t  t o
mass ive  quar tz ;  samples

C l  ( c )  w i t h  e x s o l v e d  C l  ( c t )
C 2 ( c )  w i t h  e x s o l v e d  C 2 ( c t )
C 3 ( c )  w i t h  e x s o l v e d  C 3 ( t )
C 4 ( c )  w i t h  e x s o l v e d  C 4 ( t )

Assoc ia t ion  D:  wodg in i te  (d ivergent  co lumnar  aggregate
5 0  m m  l o n g )  w i t h  i n c l u s i o n s  a n d / o r  e x s o l u t i o n s  o f
c a s s i t e r i t e ,  m i c r o l i t e  a n d  t a p i o l i t e ,  i n  c l e a v e -' land i te  

+  muscov i te  ad jacent  to  mass ive  quar tz ;
samD I es

D l ( w )  b l a c k - b r o w n  w i t h  o v e r g r o w t h  o f  D l ( t ) ,
a n d  D ] ( c )  w i t h  e x s o l v e d  D ] ( c t )

D2(w)  b rown
D3(w)  pa le  b rown w ' i th  D3(c)  and D3(m)

A ,  B ,  C ,  D  -  m i n e r a l  a s s o c i a t i o n s ;  l ,  2 ,  3 , . . ,  -  s a m D l e s
w i t h i n  e a c h  m i n e r a l  a s s o c i a t i o n ;  c t  -  c o l u m b i t e - t a n t a l i t e .
c . -  c a s s i t e r i t e ,  w  -  w o d g i n i t e ,  t  -  t a p i o l i t e ,  m  -  m i c r o -
n f,e.

procedure; because of the lack of material, it was X-rayed in a
Gandolfi camera and the film data were corrected for shrinkage.
In all cases, the program cenrr (Appleman and Evans, 1973) was
used for unit cell refinement.

In the heating experiments, separate fragments 0.5 to 2 mm in
size were extracted from the samples and were heated in air at
1000'C for 16 hours. Heating relatively coarse-grained material
minimizes oxidation of Fe2* to such a degree that unit cell dimen-
sions of columbites-tantalites heated in air and in controlled at-
mosphere (CO1CO2 : 2.51D are statistically identical (unpubl.
data of eernf and Turnock).

Mineralogy

Wodginite

The divergent cluster of subhedral and somewhat skele-
tal wodginite crystals is black at the point of spreading,
grading into medium-brown and turning pale cinnamon-
brown at the diverging crystal terminations. The black
point of the cluster contains cassiterite grains with micro-
scopic tantalite inclusions, and microgranular tapiolite
along contacts of cassiterite with wodginite. Intermediate
parts of the wodginite cluster are not associated with other
phases; however, the diverging wodginite terminations con-
tain exsolved cassiterite, and euhedral crystals of pale gray
microlite along wodginite contacts with albite.

In general, the wodginite composition is close to the
ideal formula MnSnTarOr, particularly in the diverging
pale-brown terminations (association D, Table 1, Fig. 1).
Analyses Dlw and D3w are among the most Sn-rich com-
positions found in wodginites (unpubl. data of T.S.E. and
r.e.;. ln the (Nb, Ta)or.r-{Fe, Mn)G{Sn, Ti)o, diagram,
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wodginite compositions plot very close to the ideal substi-
tution trend (Fe, Mn)2+ + 2,(Nb, Ta)5*+3(Sn, Ti)a* (Fig.
2), which joins ideal columbite-tantalite with the (Sn' Ti)
corner. However, this plot is somewhat unrealistic for
wodginite because wodginite includes minor Fe3* with
Fe2 *.

Site assignments were made according to the present

understanding of the crystal chemistry of wodginite (Fer-
guson et al. 1976; Ercit, Grnf and Hawthorne, in prep.)

ind its recently expanded compositional variability (eernf
and Ercit, 1985). Mn2+ was assigned to the A-site, all Nb
and Ta : (8-Nb) were assigned to the B-site and Ti, Sn
and excess Ta from the B-site calculations were assigned to
the C-site. Fe2+ :Fe3* was calculated from the total iron of
analysis by assuming all iron in the A-site to be ferrous and
all iron in the C-site to be ferric, in analogy to the results of
wet chemical analyses of other samples (von Knorring et al.
1969) and on site charge and size considerations (Ferguson

et al. 1976\. In such calculations it is important to consider
the distribution of cation site vacancies (Graham and
Thornber, 1974). Yacancres are incorporated as part of an
attempt to achieve charge balance, necessitated by excess
positive charge introduced by Sna+ - Tas+ substitution at
the C-site. As such, vacancies should be preferentially, al-
though not necessarily exclusively, incorporated into the
adjacent A-site, to satiate local bond valence requirements
(Ercit, eern! and Hawthorne, in prep.)' In calculations
where the A-site could not accommodate all vacancies, the

" '9L-1
"::'--2

z
+
F

Fe Nb2O6

o

Fig. l. Compositions of the examined minerals in the
columbite-tantalite (-tapiolite) quddrilateral. Dots---rolumbite-
tantalite; horizontal diamonds-wodginite; upright diamonds-
tapiolite; triangles----cassiterite. Dashed lines connect coexisting
minerals; thin lines encircle individual mineral associations
characterized in Table 1; the arrow shows the general frac-
tionation trend as described in the text.

e,Mn)(Nb,Ta) rOa

( F e , M n ) O

( F e , M n ) O

( sn ,T i ) o2  10  20

Fig. 2. Composirions of the examined minerals in the (Sn, Ti)Or-{Nb, Ta)Or.r{Fe, Mn)O Fiangle. Symbols as in Fig 1. Dashed

lines mark the R2 * 1 2ft5 +*3Ra + substitution trend in columbite+ype phases.

1 0

(Nb ,Ta )O2 .5

(Nb ,  Ta )  O  2 .5
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remaining vacancies were assumed to be located at the
C-site. Following the above procedure, the formulae of the
analyzed wodginites can be written

D(w) (Mn3.l5Fe3:oXSnr.ruTio ouFe!.!.Tao rr[Ta" r6Nbr.14)O32
D{w)c (Mnl.!.[Snr."rFel] oTar.o/Tar..oNbo.ro)O.,

D2(w)m (Mnl.!"[Snr.rrFel.]rTao.ru)(Ta7.2?Nbo 73)O32
D3(w) (Mnl j,r[Snr.rrTio.orFef.]oTao.n.[Tar.r rNbo.rr)O'

Changes in chromophore concentrations throughout the
color gradation described above are relatively small, in-

tM1

volving a decrease in total Fe with decreasing intensity of
color. Variations in Ti appeat to be erratic, possibly influ-
enced by the relatively large analytical error at the low
concentration levels encountered. The Tal(Ta * Nb) ratio
seems to be rather stable, and the Sn/(Ta + Nb) ratio
changes erratically (although it may be significant that it
increases in the crystal terminations coexisting with dis-
crete cassiterite grains or containing possibly exsolved cas-
siterite).

Unit cell dimensions of all color varieties show the f
angle deviating appreciably from 90" (Table 3), and they
change only slightly after heating at 1(n0'C/16 hrs. in air.

Table 2. Electron microprobe analyses of the Nb, Ta, Sn-bearing minerals from the Peerless Pegnatite

Sampl  e
numbe r Ta ̂0.

z a
l l a^0 .

a a
T i 0 2 Sn0, Fer0, Mn0teu T o t a l

A l  ( c t )
A2 (  ct )
A3 (c t )
A4 (c t )
A5  (  c t )
B i ( c t )
8 2 ( c t )
B 3 ( c t )
84 (  c t )
c l  ( c t )
c2 ( c t )
D l  ( c t )

c l ( c )
c 2 ( c )
c 3 ( c )
c a ( c )
D l  ( c )
D 3 ( c )

c 3 ( t )
c 4 ( t )
D ]  ( t )

D l  (w )
D2(w) core
D2 (w)  ma rg in
D3 (w)

9 . 7
9 . 5

3 ? . 1
l l . 1
2 1 . 0
4 9  . 6
60 .  4
6 1 . 8
6 2 . 0
s 9 . 4
5 7  . ?
7 2 . 0

L t
2 . 9
2 . 5
4 . 2

1 l . 7
0 . 6

7 5 . 5
7 1  . 7
8 0 . 9

6 2 . 9
69.2
6 9 . 0
64 .9

70 .  0
7 0 . 2
49 .  8
6 9  . 8
5 6 .  5

2 3 . 5

2 l  . 0
t t .  I

| . 3

0 . 7
0 . 5
0 . 7
0 . 3
0 . 7

8 . 7
| . 5

5 . 8
3 . 5

0 . 2
0 . I
0 . 4
0 . 4
0 . 6
0 . 3

0 . ' ]
0 . 2
0 . 6
0 . 4
0 . 6

0 . l
0 .  06
0 . 1

0 . 1

0 . 8
0 . 3
0 . 2

0 . ?
0 . 0
0 . 0
0 . 2

0 .  0 l
0 .  0 5

0 . 3
0 . 2
0 . 4
0 . 9' I  

. 5
0 . 5

9 7 . 7
94 .7
96 .7
94 .  9
8 5 .  0
9 9 .  I

2 . 7
1 . 2
2 . 1

1 8 .  3
1 5 . 2
1 5 . 7
1 9  . 2

0 . 7
0 . 3
0 . 5
0 . 3

8 . 2
8 . 0 2
8 . 6
8 . 0

1 2 . 3
6 . 0

2 . 8
? . 0
6 . 4

1 0 .  8
3 . 2

0 . 3
0 . 4
0 . 2
0 . 8

12 .8
1 3 . 8
1 3 .  3

l . l
0 . 0
0 . 0
0 . 0

l l . 8
l l . 9
9 . 9

12 .7
8 . 0

1 1  . 2
12 .7
1 3 . 0
1 3 . 9
9 . 2
+ , o' I  
t . 9

0 .  03

0 . 3

0 . 3
0 . 9
0 . 6

9 . 4
1 0 . 5
1 0 . 4' t 0 . 9

99 .  9 t
99 .77

1 0 0 . 8
1 0 2 . 0
t 0 l  . 4
I  00 .4' l00.  

0' l 00 .2

9 9 . 5
99 .?
9 8 . 9
9 9 . 5
99 .  93
98 .  56

1 0 0 . 2
1 0 0 . 2
99 .2
9 9  . 7

1 0 0 . 8
99 .4

l 0 t . 3

98 .  5
9 8 . 6
99.2
9 9 . 5

5amp1 e
numDe r

C + 6+
N b -

- . 4 +
l l

^ 4 +) n F e " '
2 +

l.ln - Tota I

A l  (  c t )
A2 (  ct )
43 (  c t )
A4 (c t )
A5 (  c t )
B l  ( c t )
8 2 ( c t )
8 3 ( c t )
8 4 ( c t )
C1  (  c t )
cz ( c t )
Dl  (  c t )

c l ( c )
c 2 ( c )
c 3 ( c )
c a ( c )
D l ( c )
D3 (  c )

c 3 ( t )
c4 ( t )
0 r ( t )

Dl  (w)
D2(w) core
D2(w) marg' in
D3 (w)

0 . 6 1  5
0 .  602
2 . 2 2 2
0 . 6 9 3
1 . 5 9 6
3 . 7 5 0
4 .854
4.987
5 .  061
4 . 7 9 8
4 .  598
6 .20 ' ]

0 . 0 1  5
0 .  040
0 .034
0 . 0 5 7
0 . r 6 3
0.  008

3 .  ?64
3 .  t 0 t
3 .  599

7 .408
8 . 3 2 3
8 . 2 2 7
7  . 6 ? 7

7 .383
7  . 401
5 .  7 3 1
7 .248

4 . 1 8 6
3 . 1  4 0
2 .992
2 . 8 5 0
3 .  048
3 .261
I . 6 1 8

0 . 0 1  6
0 . 0 t  2
0 . 0 1  6
0 .  007
0 . 0 1 6

0 . 6 2 5
0 .827
0 . 3 l  l

l . ' t 3 6
0 .  700
0 . 7 3 3
0 . 8 2 1

0 .  035
0 . 0 3 5
0 .  088
0 .  069
0 .  I 1 0
0 . 0 6 3

0 . 0 2 2
0 .  045
0 . 1 3 4
0 .  089
0 . 1 4 3

0 .  004
0 .002
0 .004

0 .  004

0 . 0 9 6
0 .  036
0 . 0 2 5

0 .  065
0 .000
0 .  000
0 . 0 6 5

0 . 0 0 1
0 .  005

0 . 0 3 5
0 . 0 2 4
0 .048
0 . 1 0 7
0 . 1 7 7
0 . 0 6 3

I  . 9 5 1
I  .925' I  
.930

I  . 903
1 . 7 3 6
I  . 990

0 .  I  7 ]
0 .076
0 . 1 3 7

3 .  1 6 0
2.680
2 . 7  4 5
3.  308

2 . 3 3 2
2 . 3 5 1
2  . 134
2 . 4 7 1
I  . 6 5 7
2 .638
3 . 1 7 9
3 . 2 6 7
3 . 5 3 4
2 . 3 1 4
1 . 1 5 2
3 . 1  9 2

0 . 0 0 1

0 . 0 1  3

0 .040
0 . ' ] 2 ]
0 . 0 8 3

3. 448
3 .  933
3.862
3. 990

'1 
1 .966

l l  . 9 5 4
1  1  . 994
1 2 . 0 1 8
12.126
12.032
1 1 . 9 7 6
i r . 9 8 6
1? .C40
I  I  . 9 9 1
1 1 . 9 4 6
r  2  . 065

1 . 9 9 9
I  . 996' t .992

2 . 0 0 1
1 . 9 9 2
I  . 998

5 .899
5 .  996
5 . 9 7 4

I  5 .844
I  5 .  736
15 .732
1  5 .  907

-  I  . 600
-  I  . 560
-  1  . 8 3 1
-  I  . 5 3 7
-  2 . 5 1 5
-  1 . 3 9 5
-  0 . 7 6 6
-  0 .695
-  0 . 5 0 2
-  1 . 5 9 0
-  2 . 6 7 0
-  0 .848
-  0 . 0 1  3
-  0 . 0 1 7
-  0 .008
-  0 .034
-  0 . 0 6 0

-  1 . 7 0 2
-  1 . 8 3 5
-  1 . 8 2 0

0 . 2 2 8  0 . 3 9 8
0 . 1 0 0  0 . 0 0 0
0 .  r  65  0 .000
0 .098  0 .000

Atomic contents are based on 24,  4,  12 and 32 oxygens for  columbite- tantal i te (ct ) ,
cass ' i t e r i t e  ( c ) ,  t ap i o l i t e  ( t )  and  wodg in i t e  (w ) ,  r espec t i ve l y .



This behavior suggests that the natural material is well
ordered, with cation distributions close to the fully ordered
formulae presented above.

Columbite-tantalite

Columbite-tantalite crystals appear in two main forms:
thin but sizeable plates within the albitic unit, and thick
tabular to stumpy crystals closer to the outer margin of
this unit (associations A and B, Table 1). In both types of
crystals, the mineral appears homogeneous, having no sig-
nificant chemical zoning, nor containing any inclusions or
exsolution lamellae of other oxide minerals. Samples A
have the composition of ferrocolumbite to manganocolum-
bite, samples B straddle the manganocolumbite-
manganotantalite boundary (Figs. t and2, Table 2).

The unit cell dimensions of both A and B typcs indicate
considerable degrees of (Fe, Mn){Nb, Ta) disorder. Heat-
ing at 1fi)0'C in air for 16 hrs. leads to near complete
ordering of the structure, in accord with the almost ideal
stoichiometry and low content of quadrivalent cations (Fig.
3, Table 3).

The only other types of columbite-tantalite found in the
course of the present study are associated with cassiterite.

Cassiterite

Cassiterite is the main oxide mineral in the cleavelandite
+ muscovite fringe of the albitic unit (association C, Table
1). Its composition is highly variable, containing a total of
l.7l to L4.17 wt.% of Nb, Ta, Fe and Mn oxides (Table 2).
Within the limits of experimental error, all compositions
appear to fall on the (Fe, Mn)2+ + 2{Nb, Ta)5++3(Sn'
Ti)a* trend (Fig. 2).

Microscopic grains of ferrotantalite and manganotanta-
lite are observed dispersed along fractures in cassiterite or
within the cassiterite crystals, texturally resembling exsolu-
tion bodies (Table 2, Fig. 1). Tapiolite is also found as an

14.10 14.20 14.30 . 14.40
a , A

Fig. 3. Unit cell dimensions of columbite-tantalite in the a - c
plot modified from eernf and Turnock (1971). All data based on
the ordered supercell. Unit cell dimensions of the structural end
members after eernf and Ercit (1985). Data for natural samples
(with sample numbers) linked with values after heating at
1000"C/16 hrs. in air (unmarked).

Table 3. Unit cell dimensions of columbite-tantalites and wodgin-
ites from the Pecrless Pegmatite

samp le  a .R  u ,R  c ,R  B
numDer

v,fl3
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Natura l

A3 (c t )  14 .295 (2 )  5 .7?9 (1  )
A 4 ( c t )  1 4 . 3 1 1  ( 2 )  5 . 7 4 2 ( l  )
A5 (c t )  14 .258 (2 )  5 .731  ( l  )
8 2 ( c t )  1 4 . 3 0 0 ( 3 )  5 . 7 4 1 ( l )
83 (c t  )  l 4 . 323 (4 )  5 .745 (2  )
84 (c t )  14 .322 (3 )  5 .743 (2 )

D l  (w ) '  9 . s52 ( r2 )  i l . 475 (6 )
D 2 ( w )  9 . 5 3 3 ( l )  1 1 . 4 7 1 ( l )
D 3 ( w )  9 . 5 3 3 ( 2 )  1 1 . 4 7 1  ( 2 )

A 3 ( c t )  1 4 . 3 2 0 ( 4 )  5 . 7 4 1 ( 2 1
A 4 ( c t )  1 4 . 3 5 2 ( 2 )  5 . 7 4 5 ( l  )
A 5 ( c t )  l 4 . 3 l l ( 3 )  5 . 7 3 8 ( l )
8 2 ( c t )  1 4 . 3 9 5 ( 4 )  5 . 7 5 4 ( l  )
8 3 ( c t )  1 4 . 3 8 1  ( 4 )  5 . 7 s 0 ( 2 )
8 4 ( c t )  1 4 . 3 9 6 ( 4 )  5 . 7 5 7 ( l  )

D l  ( w )
D2(w)  9 .526(?1 11 .47412)
D 3 ( w )  9 . 5 3 1 ( 3 )  1 1 . 4 6 s ( 2 )

s . l l 3 ( 2 )
5 . r 0 1  0 )
5.086( I  )
5 .  r 2 4 (  I  )
s . 090 (3 )
5 . r 2 5 0 )

5. r23(3)  gOlso  (s )  s61 .5(7)
5 . i l 7 ( r )  9 r : 1 0 ' ( 0 . 6 )  5 5 9 . 5 ( l )
5 . 1 1 5 ( l )  9 l ' ] 2 ' ( 0 . 9 )  5 5 9 . 4 ( l )

- 418.72(121
-  4 r 9 . 1 6 ( 8 )
-  415 .59 (1  r  )
-  420 .61  02 )
-  4 r8 .83 (2 r  )
-  4?0 .39n2 )

5 .065 (  I  )
5.068( r  )
s.06s (  1 )
5 .08 r  ( 2 )
5 .076 (  I  )
5 . 085  (2  )

5 . i l 6 0 )  9 1 : r 2 : i l . 2 )  5 5 9 . 1 0 )
5 . I 1 8 0 )  9 1 ' 1 3  0 . 2 1  5 5 9 . 2 ( 2 )

4 1 6 . 3 7 ( 1 4 )
4 r7 .89 (7 )
4 1 5 . 9 5 0  1  )
420.84( r  6 )
4 1 9 . 7 r  ( r 5 )
4 2 1 . 4 8 ( 1 5 )

Gando l f i  camera

apparent exsolution product, but only in cassiterite which
does not carry any columbite-tantalite phase.

Tapiolite

Microscopic crystals of tapiolite occur along the
cassiterite-wodginite contacts and on the surfaces of
wodginite crystals in association D, and as rounded blebs
in cassiterite C. Tapiolite C is probably formed by exsolu-
tion and recrystallization, whereas primary crystallization
following the precipitation of wodginite is evidently the
origin of association D. Tapiolite was recognized by its
optical properties and faint diffraction lines in some cas-
siterite X-ray patterns, and confirmed by electron micro-
probe analysis (Table 2). All three analyzed grains contain
little Mn and are relatively enriched in Nb (Fig. 1).

Microlite

Tiny octahedra of pale-grey microlite are rarely found on
the surface of wodginite D3w. Microlite was identified by
X-ray diffraction but was not found in polished sections,
thus its chemical composition could not be established.
However, it is suggested that the Tal(Ta + Nb) ratio of this
microlite is the same or higher than that of the associated
wodginite, as is commonly found in microlites at other
localities (e.g., Vorma and Siivola, 1967 and Grice et al.
r972).

Paragenetic snd geochemical considerations
As is evident from Table I and Figure 1, a distinct min-

eral succession and geochemical trend can be recognized
from the inner parts of the albitic unit toward its margin
along the massive quartz. A ferrocolumbite+ manganocol-
umbite+ manganotantalite sequence is followed by cas-



siterite and (probably minor) wodginite + microlite. This
mineral succession is marked by an extensive Nb--Ta frac-
tionation covering 85% of the total Tal(Ta + Nb) range,
and a less spectacular but distinct Fe-Mn fractionation in
the Nb, Ta-rich minerals. The extent of Ta-Nb frac-
tionation displayed here in a single unit (of a pegmatite
consisting of 11 units) is rarely documented from complete
border- core+ replacement sequences of other pegl'a-
tites, or from entire pegmatite groups (e.g., eernj' et al.,
1981b; Anderson, 1983; eern! and Ercit, 1985).

With regard to the exsolution phenomena, cassiter-
ite + tapiolite pairs show erratic and generally restricted
partitioning of Fe, Mn, Nb and Ta. [n contrast, columbite
exsolved from cassiterite is considerably enriched in Mn,
and in most cases also in Nb (samples Dl, C2). The Ta-
enrichment shown by tantalite Cl(ct) relative to its cassiter-
ite host is surprising, in view of the general preference of
Nb for the columbite structure (e.g., Weitzel, 1976; eernil
et al., 1981a). From the distribution of compositions in
Figure I it appears that the assemblage D could have ap-
proached equilibrium much closer than any of the mineral
pairs of assemblage C.

Another point of interest is the precipitation of wodgin-
ite in the cassiterite-rich margins of the albitic unit. This is
undoubtedly the consequence of oversaturation of the
parent environment with tin, but the reasons for crys-
tallization of wodginite rather than ixiolite, staringite, tho-
reaulite + manganotantalite or cassiterite + man-
ganotantalite are not known. Detailed analysis of natural
assemblages bearing these species, and extensive experi-
mental studies are required to clarify this question.
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Note added in press

Mr. Richard Schooner of Woodstock, CT found wodgin-
ite in 1981 or 1982 in the Strickland Quarry, Connecticut
pegmatite. He provided us with several crystals, associated
with manganotantalite, that proved to be Ti-enriched in
central parts and Ti-poor in (the margins): MnO 11.0
(10.6), FerO3 0.8(1.0), TiO, 0.9(0.5), SnO, t5.3(16.4),
Nb2O5 4.4(3.8), TarO, 66.1(66.0), total 98.6(98.2)
wt.Yo. Core Mnn.o r(Snr.uoTao..rTio. roFef .l rlr..rn(Tar., n
Nbo.rr)rr.oo Orr, margins Mnr.rr(Snr.ruTao.rrFefl.l,
Tio.ro)"rr, (Tar.r." Nbo.74L8.ooo.r. Unit cell dimensions
(single-crystal diffractometer) are a 9.522(l), b 11.467(2), c
5.115(1)4, P 9t.l.t8(2)". Data on "Monoclinic ixiolite',, re-
cently recognized to be disordered wodginite, from Ala-
bama were presented by Foord et al. (Foord, E.E., Allen,
M.S., and Heyl, A.V.: Internat. Symposium "Mineralogy in
the Earth Sciences and in Industry", Toulouse 1984, Abstr.
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p. 19). The mineral is under further study by T.S.E. and
E.E.F.
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