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AsstrAacT

Eighteen descriptions of pumpellyites and julgoldite
allow a review of the crystal chemistry of these min-
erals. This review is the bas’s 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 chem-
ical composition. A complete correlation analysis be-
tween chemical composition and lattice constants was
not performed because the present data are considered
insufficient ; total iron is correlative with cell volume,
but does not have a definite structural meaning.

InTRODUCTION

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, LM.A.

One of ugr (E.P.) is responsible for data col-
lecting, screening and handling. The samples
considered here are listed in Table 1, Analyses
with the microprobe were not considered because
they lack the ferrous iron determinations which
are essential for classification purposes.

CrysTAL CHEMISTRY

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
chemical formula of this mineral can be written
WsX4YsZ12056—n (OH)n where W = Ca,K,Na;
X = Mn,Fe”,Al; Y = Fe/”AL,Ti; and Z = Si.
Small quantities of Mn and Fe” can be shifted
to the W-position, and the Z-position may be
filled with Al, if necessary.

The W-site displays sevenfold 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).

Crystal-chemical laws suggest that the 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-sites, the second smallest
ion (Fe”’) has to be put therein ; because of its
high charge, Ti in minor quantities is also asso-
ciated with the Y-positions. Galli & Alberti
(1969), refining their Al-rich pumpellyite, 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 together.

3. Seven-coordinated cations (Ca,K,Na) should
be grouped together.

4, Octahedral cations (Mn, Fe”,Mg, Fe”’, Al)
should be grouped together; if their sum is

TABLE 1. SOURCES OF DATA

Sample
number Locality

1 Knockormal Farm, Lendalfoot,
S. Ayrshire, Scotland

Reference
Bloxam (1958)

2 Toba, Sinsen-mura, Central Seki (1958)
Japan :
3 Watiba, Higasititibu-mura, Seki {1958): chem. anal.
Central Japan Surdam (1969): cell dim.
4 Sibukawa, Central Japan Seki (1961): chem. anal.
Seki et al.{1960): pow-
der data
5 Kanasaki, Kanto Mt., dapan seki (1961)
6  Kamufkotan, Mituist Distr.,  Seki (1961)
Hokkaido, Japan
7 North Caucasus, USSR Lupanova & Kudryavtsev
(1963)
8 Noril’'sk, USSR Zolotukhin et al. (1965)
g Mrovdag, Lesser Caucasus, Abdullaev & Azadaliev
USSR (1968)
10 Langban, Sweden Allmann & Donnay (1973)
n Calumet, Michigan, USA Palache & Vassar (1925):
chem. anal.; Coombs
(1953): powder data
12 Mi1l Creek, Calif., USA Irving et aZ. (1932)
13 Skaggs, California, USA Irving et al. (1932)
14 Asahine, Tukikawa-mura, Tsuboi {1936)
Saitama Pref., Japan
15 Hicks Ranch, Calif., USA Galli (1972a)
16 Tiso, Bolzano, Italy Gal1i (1972b)
17 Bulla, Bolzano, Italy Passaglia (1972)
18 Kotu-Bizan area, East. Iwasaki (1963)

Sikoku, Japan
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TABLE 2. ATOMIC COEFFICIENTS IN THE CHEMICAL FORMULAE

sample Position w Position x
number K Na Ca Mn  Fe" total Mn  Fe" Mg Fe™ Al
1 0.13 7.87 8.00 0.04 0.8 1.29 0.48
2 0.04 0.30 7.88 8.22 0.13 0.58 1.71 0.53
3 0.08 0.42 7.4 7.94 0.12 0.62 0.74 0.90
4 0.01 0.1 7.70 7.8 0.06 0.36 0.99 0.15
5 0.02 0.04 8.61 8,67 0.09 1.63 0.19
6 0.06 7.58 0.02 0.34 8.00 0.45 1.35 0.85
7 0.01 0.78 6.15 0.06 0.44 7.44 0.83 1.29 0.65
8 0.13 7.78 0.01 0.08 8.00 2.60 0.49 1.01
9 0.01 0.25 7.75 8.01 0.02 0.97 1.10 0.69
10% 8.00 8.00 1.92 2.08
1 0.12 7.94 8.06 0.03 0.56 1.52 1,24
12 0.28 7.76 8.04 0.05 0.77 0.8 0.28
13 0.03 0.28 7.27 7.58 0.28 0.86 0.69
14 0.36 7.75 8.11 0.03 0.79 1.27 0.42
15 0.20 7.59 0.21 8.00 0.55 1.41 0.18
16 0.03 0.15 7.56 7.74 0.04 0.77 1.28 1.13
17 0.02 0.28 7.34 0.01 0.23 7.88 0.54 1.53 1,93
18 6.10 0.11 7.73 7.94 0.02 0,52 1.02 0.87
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Position y Position 2
total Fe Al Ti total Al St total 0 OH
39 4.03 7.96 0.04 8.00 0.05 11.95 12.00 41.87 14,13
88 3.83 8,00 8.00 12.20 12.20  41.98 14.02
40 3.78 8.00 8.00 12,17 12,17 41.78 14,22
02 3.58 8.00 8,00 12,25 12.25  41.97 14.03
00 3.91 7.91 0.09 8.00 12.32 12.32  44.38 11.62
38 4.03 7.95 0.06 8.01 12,10 1210 42.57 13.43
23 4.00 7.81 0.19 8.00 12,57 12.57  43.39 12.61
4,10  3.81 4.22 0.02 8.05 12,34 12.34 42,70 13.30
4.18 8.13 0.02 8.15 12.02 12,02 42,30 13,70
4.00 7.52 0.48 8,00 12.00 12.00 42.08 13.92
4.1 8.08 8,08  0.06 11.94 12.00 42.54 13.46
3.72 7.95 0,05 8.00 12.13 12,13 41.87 14.13
3.91 7.90 0.10 8.00 0.12 11.88 12.00 40.69 15.31
4.07 8.04 0.03 8.07 12.03 12.03  42.38 13.62
4,09 8.00 8,00 0.8 11.16 12.00  41.31 14.69
3.69 7.97 0.03 8.00 11.90 11.90  39.89 16.11
4.00 0.84 7.14 0.02 8.00 0.16 171.84 12.00 41.35 14.65
3.92 7.94 0.06 8.00 12.00 12.00 42,09 13.91

¥ Tor sample 10, atomic coefficients calculated b{ AlTmann & Donnay (1973) from structure refinament and two microprobe analyses; ratio

Fe":Fe''' deduced from the value of Moore (1971

higher 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,K,Na) is less than 8, Mn” and, if
necessary, part of Fe”, can be added to reach
a total of 8 seven-coordinated cations.

5. The 12 (or less) octahedral cations are then
divided into the X-position of equipoint 4 and
the Y-position of equipoint 8, as follows: (a)
Al and Ti are inserted in the Y-position ; if this
insertion is insufficient to reach a total of eight
cations, Fe’”” is added until the site is full ; (b)
Mn,Fe”Mg are set in the X-position, together
with Fe’” and Al, if some remains free after
their assignment to the Y-position.

After this distribution some imbalance may
still remain : for example, Si may exceed 12 or
(Ca,K,Na) may exceed 8 ; this imbalance is left
as such because it is considered to be due to
analytical errors. The same holds if (Mn,Fe”,
Mg, Fe’",Al) exceeds 12 after shifting part to the
Z-position and W-position. If the octahedral
cations are less than 12, the proposed calculation
accumulates the whole deficit in the X-position.

Following these rules, the chemical formula
of the minerals listed in Table 1 have been
calculated and listed in Table 2. Table 3 shows
the percentage of cations in X and Y in the
same minerals. From inspection of Table 3, it
may be stated :

In position ¥, Al is always the predominant
cation, except in mineral no. 10 (julgoldite),
where Fe” is predominant.

In position X, the predominant cation may
be: Al in no. 1,34,5,6,9,12,13,14,15,18 ; Fe'” in
no. 17,10; Mg in no. 2,7,11,16 ; Fe” in no. 8.

NOMENCLATURE

The following nomenclature is proposed : min-
erals with the pumpellyite structure are named

corrected for {lvafte impurities.

TABLE 3. OCCUPANCIES (%) IN POSITIONS X AND ¥ *
Sam- Position ¥ Position ¥
ﬁle Mn_ Fe’t Mg Feot A1 FeSt Al T
1 1.0 20.6 32.0 11.9 34.5 99.5 0.5
2 3.4 151 4.7 13.8 23.0 100.0
3 3.1 16.4 19.5 23.8 37.0 100.0
4 1.6 10.0 27.6 54.1 56.4 100.0
5 2.3 41.6 4.8 51.1 98.9 1.1
6 1M1 33.4 21.0 34.2 99.3 0.7
7 20.7 32.3 16.2 30.8 97.6 2.4
8 63.4 12.0 24.6 47.3 52.5 0.2
9 0.5 23.2 26.3 16.5 33.5 99.8 0.2
10 48.0 52,0 94.0 6.0
1M 0.7 13.6 37.0 30.2 18.5 100.0
12 1.3 20.7 23.1 7.0 47.8 99.4 0.6
13 7.2 22.0 17.6 53.2 98.7 1.3
14 0.7 19.4 31.2 10.3 38.3 99.6 0.4
15 13.4 34.5 4.4 48.7 100.0
16 1.1 20.8 34.7 30.6 12.7 99.6 0.4
17 13.5 38.2 48.3 10.5 89.3 0.2
18 0.5 13.3 26.0 22.2 38.0 99.2 0.8

* The highest percentage in each position is under-
Tined.

For Fes3+ in sample 4 read 4.1.

pumpellyite if Al is predominant in the Y-posi-
tion, and julgoldite if Fe/” is predominant in
the Y-position. The minerals may be distinguish-
ed further by means of a suffix that denotes the
cation which predominates in the X-position.
Thus, for samples 1,34,5,6,9,12,13,14,15,18, the
name pumpellyite-(Al) may be applied. Sample
17 is pumpellyite-(Fe’””). Pumpellyite-(Fe”) is
the proper name for sample 8, whereas pumpel-
lyite-(Mg) is the name we propose for samples
2,7,11,16. The new mineral found by Moore
(1971) could be named precisely julgoldite-
(Fe’") (sample 10). New types 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), ie. cation occupancies in X- and
Y-sites (see Table 4). However, Moore’s scheme
requires that a pumpellyite have more than 50%
of an ion in each position to deserve a name.
As in the majority of these minerals there is no
ion with an occupancy factor higher than 50%,
there is no name for them in Moore’s scheme.
In other words, Moore’s proposal simply cannot
be applied. In Moore’s scheme one could not call
an incompletely characterized member of the
group simply “pumpellyite”, because this would
have a well-defined meaning (more than 50%
of Mg in X, more than 50% of Al in V). In
our 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 system of suffixes.

Moore’s names and our 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 drawback of every such scheme
of nomenclature for solid solution series, i.e.
boundaries are defined where no boundaries
exist, ouwr nomenclature has two drawbacks of
its own:

1. A mineral rich in Fe’”” may receive a name
which does not emphasize this aspect of its com-
position because with Fe’” 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 the case
of mineral no. 8 which is a pumpellyite-(Fe”)
although it has, on the whole, Fe”’ >Al and
Fe’’ >Fe”, In Moore’s nomenclature the min-
eral would be called “ferropumpellyite®. This,
in our point of view, is not a real drawback, but
simply a consequence of a choice : emphasizing
the ions which predominate in sets of equipoints
more than the fons which predominate in the

TABLE 4. COMPARISON OF PROPOSED NOMENCLATURE WITH

THAT PROPOSED BY MOORE (1971)%

Name suggested in Name suggested
this paper b4 Y by Moore (1971)

Pumpe11yite-(Mg) Mg Al Pumpellyite
Pumpellyite-(Fe") Fe" Al Ferropumpellyite
Pumpellyite-(Fe''') Fe''' Al Oxyferropumpellyite
Julgoldite~(Mg) Mg Fe''' Ferripumpellyite
Julgoldite-(Fe"} Fe" Fe''' Julgoldite
Julgoldite~(Fe''') Fe''' Fe''' Oxyjulgoldite

* For the nomencTature proposed in this paper, the 1is-
ted cations must be the most abundant; for Moore's
(1971) names the occupancy must be greater than 50%.
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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% of Mg in X] and sample no. 5 [pumpel-
lyite-(Al) with 41% of Mg in X, but with 529,
of Al in X]. This is a real drawback, but we
still do not feel there is a better alternative, On
the other hand, for minerals whose most abun-
dant cation in X has a very low occupancy per-
centage, the suffix could be omitted ; we do not
suggest any minimum value to maintain the
suffix.

Unrr Cerr DIMENSIONS

Unit cell parameters are available for samples
listed in Table 5, which are only part of those
grouped in Table 1. Wherever possible, the pa-
rameters have been newly-obtained by least
squares treatment of the published powder data
using the indexing of Galli (1972a), who took
into account diffraction intensities as measured
in single crystals. Differences between Galli’s
(1972a) and Coombs’ (1953) indexing are negli-
gible, the exception probably being due to a
printing error : the 2.64A line is indexed at (311)
by Coombs, and as (311) by Galli (1972a) and
by Seki et al. (1960).

A few detailed comments on the values in
Table 5 are warranted. For sample 2, Seki (1958)
obtained o = 8.83, b =591, ¢ = 19.144, B =
97°36’ 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 from those re-
ported by Zolotukhin et al. (1966), who obtained
a=2849, b=>599, c= 19404, B = 1004°.
However Zolotukhin et al. (1966) incorrectly in-
dexed the (311) line, failed to index the 2114

line as (404), used the weak (300) line, and
indexed as (204) a line at 3.34A that is probably
due to quartz. For sample 10, the parameters of

TABLE 5. LATTICE CONSTANTS OF THE PUMPELLYITES
(error in brackets)

S]am-

ple

no.  a(A) B(A) o) 8 v (A%
3 8.81 5.89 19.12 979°24! 983.89
2 8.831(4) 5.894(5) 19.10(1) 97°32'(3') 985.57
15 8.8204(3) 5.9038(3) 19.118(1)} 97°24'42"(13") 987.22
18 8.814(7 5,920(6 19.09(2) 97°33' (6" 987.56
16 8.816(1 5.918(1 19.118(2) 97°25' (1" 989,10
11 8.826(3 5.919(4 19.142(9) 97°27‘§2‘ 991.56
4 8.851(8 5.911(8 19.13(2) 97°17'(5' 992.98
17  8.825{(2) 5.945(3) 19.131(9) 97°27'(2') 995,23
8 8.8%(2) 6.03(3) 19.19(4) 97°49°(12%) 1020.51
10 8.922(4)  6.081(3) 19.432{9) .97°36'(4") 1045.02
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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 from powder data): a =881, b=
594, ¢ = 19.144, B = 97.6°.

Inspection of the data in Table 4 shows that
8 of the 10 samples have similar parameters, and
2 have 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 apparent, however that the variation of a is
smaller than the variations of b and c ; all these
lengths are positively correlated. The variation
of B is small. There is positive correlation of
total iron with cell volume (see Fig. 1), as al-
ready stated by Surdam (1969). As the structural
meaning 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 extract from
Table 4 the 7 samples with no Fe”” in Y, and
plot the quantity 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 clarify the
problem.
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