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Arsrnecr
Eighteen descriptions of pumpellyites and julgoldite

allow a review of the crystal chemistry of these min-
erals. This review is the basis of a new nomenclature
of this mineral group: it is proposed to use only the
two existing names, pumpellyite and julgoldite, with
the addition of suffixes to properly specify the &em-
ical composition- A complete mrrelation analysis be-
tween chemical composition and lattice constants was
not performed because the present data are considered
insufficient; total iron is correlative with cell volumg
but does not have a definite structural meaning.

IHrrnopucuon

The pumpellyite mineral series was the object
of a thorough study by Coombs (1953) ; since
then, additional pumpellyites have been described
so that it is now possible to review the crystal
chemistry of these minerals, and to propose a
more detailed nomenclature that has been ap-
proved by the Commission on New Minerals
and Mineral Names, I.M.A.

One of uE{ (E.P.) is responsible for data col-
lecting, screening and handling. The samples
considered here are listed in Table l. Analyses
with the microprobe were not considered because
they lad< the ferrous iron determinations which
are essential for classification purposes.

Cnysrer. CHrursrnr

The crystal structure of pumpellyite was de-
termined by Gottardi (1965) and refined by
Galli & Alberti (1969). As Allmann & Donnay
(1971) and Baur (1971) both exclude the pre-
sence of water molecules in pumpellyite, the
c}.emical formula of this mineral can be written
W*{.4YBZ12Oao-"(OH), wbqe W : Ca,KNa ;
X:Mn,Fe",Al  ;  Y:Fe" ' "Al ,T i ;  and Z:Si .
Small quantities of Mn and Fe/ can be shifted
to the l7-position, and the Z-position may be
filled with Al, if necessary.

The !T/-site displays seveniold coordination,
the Z-site tetrahedral coordination ; both X- and
Y-sites show octahedral coordination, the Y-octa-
hedra being a little smaller (average Y-O dis-
tance: 1.924) than the X-octahedra (1.99A).
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Crystal-chemical laws suggest that tlre Y-sites
are filled with the smallest ion of the group
(Al). If the number of Al-atoms per unit cell is
insufficient to fill the Y-sltes, the second smallest
ion (Fe'/') has to be put therein; because of its
high charse, Ti in minor quantities is also asso-
ciated with the Y-positions. Galli & Alberti
(1969), refining their Al-ridr pumpellyitg found
all iron in the X-site. Hence we propose the
following rules to calculate the chemical formula
of a mineral with the pumpellyite structure:

1. The unit cell content should be calculated
on the basis of 56 oxygens.

2. Si-cations should be grouped togetJrer.
3. Seven-coordinated cations (CaKNa) should

be grouped together.
4. Octahedral cations (Mn, Fe'/,Mg, Fe"', Al)

should be grouped togetJrer; if their sum is

TABLE 1. SOURCES OF DATA

SampIe
nmDer Local lty Reference

I Knockormal farm, Lendalt00l, Eloxam (lvb6l
s. Ayrshlre, Scotland

2 Toba, Sinsen-nura, Central Sekl (1958)
JaDan

3 wat iba ,  H lgas i t i t ibu-mra ,  sek l  (1958) : .chem.  ana l .
Central , lapan Surdam (1969): cell dlm.

4 SJbukara, central Japan sekl (1961): chem. anal.
Sek l  e t  aZ.  (1960) :  pow-

5 Kanasakl, Kanto Mt., , lapan

6 Kami iko tan ,  Ml tu is l  D is t r . ,
Hokkaido, Japan

7 North Caucasus, USSR

8 Nor l l ' sk ,  uSsR

9 Mrovdag, Lesser Caucasus,
ussR

l0 Langban, Sweden

ll Calumet, Michigan, USA

12 Mi l l  Creek ,  Ca l l f . ,  USA

13 Skaggs, California, USA

14 Asahine, Tukikawa-mura,
Saltarn Pref., , lapan

15 Hicks Ranch, Calif., USA
'16  

T lso ,  Bo lzano,  I ta ly
'17 

Bulla, Bolzano, Italy

l8 Kotu-Blzan area, East.
s ikoku, ,Japan

der data

sek i  (1961)

Sek l  (1961)

Lupanova & Kudrfdvtsev
( re63)
Zolotukhln et aX. ('19651
Abdullaev & Azadallev
(1e68)

Allmann & oonnay (1973)

Palache & Vassar (1925):
chem, anal.i Coombs
(1953): powder data

Irvlng ef, a7.. (1932)

Irvlng et aL. (1932J

Tsubo l  (1936)

Gal l l  (1972a)

ca l l l  (1972b)

Passag'l la (1972)

Iuasaki ( '1963)

2tg
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l l
t 2

l 4
t c
l 6
1 7
l 8

bigh* than 12" part can be shifted, without
lowering this sum under 12, as follows: (a) if
the sum of Si is less than 12, part of the Al can
be added to Si to reach a total of 12 tetrahedral
cations; (b) if the sum of seven-coordinated
cations (Ca,KJtta) is less than 8, lVIn,, and, if
necessa4/, part of Ferr, can be added to reach
a total of 8 seven-coordinated cations.

5. The 12 (or less) octahedral cations are then
{ivi{gd into tlle X-position of equipoint 4 and
the Y-position of equipoint 8, ai follows: (a)
AI and Ti are inserted in the Y-position ; if tiris
insention is insufficient to reach a total of eight
gationg Fet, is added until the site is full ; (b)
Mr1Fe",Mg are set in the X-posifion, togltt eu
widl Fe"' and Al, if some remains hee" after
their assignment to the Y-position.

After this distribution some imbalance mav
still remain: for examplg Si may exceed 12 or
(Ca,KNa) may exced-8 j *rir i*fd"ttce is lefr
as zuch because it is considered to be due to
analytical errors. The same holds if (Mn,Fe/,
MSFe''"Al) exceeds 12 aFtar shifting part to the
Zpsition and l,7-position. If the octahedral
cations are less rhan 12, the proposed calculation
accumulates the whole-deficii in the X-p"riiio".

Following these rules, the chemical 
-formula

of the minerals listed in Table I have besr
calculated and listed in Table 2. Table 3 shovrs
the percemtage of cations in X and y in the
same minerals. From inspection of Table 3, it
may be stated:

hr position Y, Al is always tlle predominant
cltion, except in mineral no. l0 (julgoldite),
where Fe", is predominant.

- In ,position X, the predominant cation may
be: Al in no. 1,3,4,5,6;g,tal3,l4,l5,lg ; Fer/ in
no. 17,10; Mg in no. 2,7,11,16; Fe,, in no. 8.

Notvrmrcr.eruns

The following nomenclature is proposed: min-
erals with the pumJ'ellyite structure are named

TABLE 3. OCCUPANCIES (U ) IN POSITIONS X AND Y *

San- Posit ion x P o s i t i o n . Y

fiol Mn rez+ t'{g ru3* At r"3+ Rt ti
I  1 .0  20 .6  32 .0  11  .9
2  3 . 4  t 5 . 1  4 4 . 7  1 3 . 8
3  3 . 1  1 6 . 4  I 9 . 5  2 3 . 8
4  1 . 6  1 0 . 0  2 7 . 6  5 4 . 1
5  2 . 3  4 1  . 6  4 . 8
6  1 1 . 1  3 3 . 4  2 1 . 0
7 20.7 32.3 16.2
8 63.4 12.0 24.6
9 0.5 23.2 26.3 16.5

10 48.0 52.0
'11  0  .7  |  3 .6  37  .0  30 .  2

t2  1 .3  20 .7  23 .1  7  .0
1 3  7  . 2  2 2 . 0  1 7 . 6
1 4  0 . 7  1 9 . 4  3 1 . 2  1 0 . 3
15 

' t3 .4  
34 .5  4 .4

t6 l .1 20.8 34.7 30.6

34.5  99 .5  0 .5
23.0  100.0

37.0  100.0
56.4  100.0
5 l . l  9 8 . 9  1 . 1
34.2  99 .3  0 .7
30.8  97 .6  2 .4

47.3 52.5 0.2
J J .  '

1 8 . 5
47.8
a J .  z

38.3
48.7
12.7

9 9 . 8  0 . 2
94 .0  6 .0

I 0 0 . 0
9 9 . 4  0 . 6
9 8 . 7  1 . 3
9 9 .  6  0 . 4

1 0 0 . 0
9 9 . 6  0 . 4

I 0 . 5  8 9 . 3  0 . 2
99.2  0 ,8

't7 13.5 38.2 4t!.3
18 0 .5  13 .3  26 .0  22 .2  8 .0

* The hlghest percentage tn each position is under-
1 lned.
For Fe9+ i1 semple 4 read,4,7.

pumFellyite if Al is predominant in the Y-posi-
tion, and julgoldite if Fe/' is predominant in
the Y-position. The minqals may be distinguish-
ed further by means of a suffix that denotes the
cation which predominates in the X-position.
Thus, for samples L,3,4,5,6,9,12,I3,14,15,18, the
name pumpellyite-(Al) may be applied. Sample
17 is pumpellyite-(Fe"'). Pumpellyite-(Fe") is
the proper name for sa:nple 8, whereas pumpel-
lyite-(Mg) is the name we propose for samples
2J,lI,l6. The nerv mineral found by Moore
(1971) could be named precisely julgoldite-
(Fe"') (sample 10). New fires of pumpellyite
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and julgoldite, not yet known, could be easily
inserted in such a scheme of nomenclature.

It is important to notice that this nomenclature
has the same basis as the scheme proposed by
Moore (1971), i.e. cation occupancies in X- and
Y-sites (see Table 4). However, Moords scheme
requires tJrat a pumpellyite have more than 50/s
of an ion in each position to deserve a nAme.
fu in the majority of these minerals there is no
ion vdtlr :m occupancy factor higher tJrran 50Vo,
there is no name for them in Moore's scheme.
In other words, Moore's proposal simply cannot
be applied. In Moords scheme one could not call
an incompletely cfiaracterized member of the
group simply "pumpe1lyite", because this rvould
have a well-defined meaning (more than 50/6
of Mg in X, more than 50% of Al in Y). In
oru proposal, on the contrary, one can always
use the name pumpellyite without a suffix if
the occupancies in X are not known, or if one
does not prefer our qystem of suffixes.

Moore's names and olu names differ in several
aspects, but mainly because he uses prefixes,
whereas we propose suffixes which have well-
known advantages. In particular all these min-
erals remain united in every alphabetical list

Apart from the &awbacl of every such scheme
of nomenclature for solid solution series, i.e.
boundaries are defined where no boundaries
exist oru nomenclature has two drawbacks of
its own:

1. A mineral rich in Fdtt may receive a name
which does not ernphasize this aspect of its cori-
position because with Fez' being distributed both
in X- and Y-sites, it may not be the most abun-
dant cation either in X or in Y. This is t-he case
of mineral no. 8 which is a pumpellyite-(Fe,,)
although it has, on the whole, Fe"' >Al and
Fer" >Fe". In Moore's nomenclature the min-
eral would be called 'oferropumpellyite". This,
in our point of view, is not a real drawback, but
simply a consquence of a choice : emphasizing
the ions whicl predominate in sets of equipoints
more than the ions which predominate in the

TABLE 4. COMPARISON OF PROPOSED NOMENCLATURE IdITH.II{AT 
PROPOSED BY MOORE (1971)*

Nane suggested ln
this paper

Name suggested
by Moore (1971)

crystal as a whole. The mineral could, however,
be termed "ferrian pumpellyite-(Fe,,) ".

2. It is possible to find a pumpellyite-(Mg)
with less Mg in X than a pumpellyite'(Al) ; this
happens in sample no.7 [pumpellyite-'(Mg) with
32/o of Mg in Xl and sample no. 5 [pumpel-
lyite-(Al) witjr, 4l/o of Mg in X, but with 52%
of Al in Xl. This is a real drawba&, but we
still do not feel there is a better altemative. On
the other hand, for minerals whose most abun-
dant cation in X has a very low occup€Lncy per-
centage, the suffix cpuld be omitted; we do not
suggest any minimum value to maintain the
suffix.

Unrrr Crrr. DrvrsNsrows

Unit cell parameters are available for samples
listed in Table 5, which are only part of those
grouped in Table I. Wherever possible, the pa-
rameters have been newly-obtained by least
squares treatment of the published powder data
using tJre indexing of Galli (1972a), who took
into account diffraction intensities as measured
in single crystals. Difrerences between Galli's
(I972a) and Coombs' (1953) indexing are negli-
gible, the exception probably being due to a
printing error : the 2.&.Aline is indexed at (3ll)
by Coombs, and as (311) by Galli (1972a) and
by Seki et al. (196A).

A few detailed comments on the values in
Table 5 are rqarrantd. For sample a Seki (1958)
ob ta ined  a :8 .83 ,  b :5 .91 ,  c :19 .144 ,  0 :
97o36' from his powder data. These values are
slightly different from our calculated results as
given in Table 5. For sample, Surdam's (1969)
original values, as obtained from unpublished
powder data, have been accepted. The parameters
for sample 8 differ substantially foom those re-
ported by Zolotukhin et al. (1966)_, who obtained
a, : 8.49, b : 5.99, c : 19.404, 0 : 100.4o.
However Zolotukhin et aI. (1966) incorrectly in-
de:<ed the (!ll) line, failed to index the 2.llA
line as (404), used the weak- (300) tine, and
indexed as (2M) a line at 3.%A that is probably
due to quarv,. For sample 10 the parnmeters of

TABLE 5. LATTICE CONSTANT5 OF 
'IIIE 

PUMPELLYIIES
(error ln brackets)

8 . 8 1
8.83r  (4

r(A3)
983.89
Y 6 b . 5 /

987.22
987.56
989 .10
991 .56
992.98
995.23

1020.51

Pumpellyite-(Mg) ilS
Punpellyite-(Fe") Feu
Pumpel ly i te-(Fe'")  Fer t  I

,Julgoldite-(Mg) litg
Julgold i te-(Fe")  Fe"
Ju lgo ld i t e - (Fe ' ! ! )  Fe " l

A'l Ptnnpel lyite
Al FerropLqnpel lyite
Al 0xyfenopurnpellyite
Fe' | | Ferripumpe'llyite

Fe'  '  '  Julgold i te

Fe" '  o{YJulgoid i te

Sam-
p l e
no. @  ( A )

2
t 5

t o' I I

+
1 7
I

t 0

8.8204
8.81
8.8 I

* For the nomenclature proposed in this papei, Th-Tls-
ted cations must be the nost abundant; for Moore's
(1971) names the occupancy rnust be greater than 50%.

e q6r

8.
8 .89

b (A)
5 .89

o (A)
. 1 2
. ro(r  )
. l l 8 ( 1 )
.oe(2)
. r 'r8(2)
. r  42(e)
. t  3 (2 )
.1  3 r  (e )
.  r e ( 4 )
.432(9)

5.8e4 (s )
5.9038 (3 )
5 ,
5 . 9 1
5 .91  9  ( 4
5.91 I
5 .94
6 .03  (3  )

97"24'
97032 ', (3, )
97024'42',(13")

1 9
1 9
l 9
l 9
l 9
I9
I 9
l 9
t9
l 9

9 7 0 3 3 '  ( 6 '97033'  (6,  )
97025 ' ( , 1  , )
e7"27'  (2 '  )
97017'  (5 '  )

8.



22. TIiE CANADIAN MINERALOGIST

Allmann & Donnay (1973) are reported. For
sample 11, our parameters deduced from Coombs'
(1953) powder data are very similar to those
obtained by Coombs from single crystal photo-
graphs on the same material (with some refine-
ment of b hom powder data) : a: 8.81, b :
5.94, c : l9.l4A, 0 : 97.6o.

Inspection of the data in Table 4 shows that
8 of the 10 samples have similar parameters, and
2 bave notably larger values. This fact, and the
restricted number of samples for which both
chemical analyses and unit cell data are avail-
able, discourage a thorough correlation analysis.
It is apparenl however that the variation of o is
smaller than the variations of b and c ; all these
lengths are positively correlated. The variation
of $ is small. There is positive correlation of
total iron with cell volume (see Fig. l), as al-
ready stated by Surdam (1969). As the structural
meaaing of total iron is not certain, we have
plotted (Fig. 2) the quantity of trivalent iron
in position Y against the cell volume, obtaining
again a good correlation. If we exFact from
Table 4 the 7 samples with no Fe"' in Y, and
plot the qua.ntlty of Fe" in X against cell volume,
there is not even the slightest indication of a
correlation. We believe that the Fe"' content in
Y is the main factor influencing the cell dimen-
sions. More data are required to claify the
problem.
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