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Assrnacr

Zincian rockbridgeite, (Fe", Mn")(Fe"'4-y, Zn")(POr)s(OH)s-"'yHrO, is found in
fibrous crusts as an alteration product of triphylite in pegmatite at Maxedo, Portugal. It is
ortlrorhombic with cleavages (100) perfect, and (010) fair. The space group is B22Q (Dzb);

ao:13.97,60:16.88, and cs:5.19 A. The color is black. The streak and powder are dark
green. H:4 to 4|; G:3.51. Indices of refraction and pleochroism: a:1.82 (X:greenish

blue), B:1.33 (Y:greenish to yellow brown), z:1.88 (Z:deep blue); biaxial positive;
2V moderate with strong dispersion. Analysis: Na2O 0.13, KzO tr., LirO 0.01, CaO none,

FeO 10.86, MnO 2.11, ZnO 5.20, FezOs 41.19, MnzOr none, PzO6 33.73, HzO 6.75; insol.
0.30, total 100.2870.

INrnooucuoN

The mineral here described as zincian rockbridgeite was first en-
countered during the course of a study of dufrenite-like minerals by one
of the authors and a summary notice of the mineral has already been
published (Frondel, 1949). Zincian rockbridgeite has been found as a
hydrothermal alteration product of triphylite in the pegmatite at Vianua
do Castelo, Maxedo, Portugal. The material from Maxedo is associated
with reddingite, which forms crystalline masses deposited upon crusts
of zincian rockbridgeite, together with quartz and small amounts of
granular sphalerite. Similar material from Hagendorf, Bavaria, is
associated with phosphoferrite (the iron analogue of reddingite), eospho-
rite, vivianite, and wolfeite (the iron analogue of triploidite). Members
of the frondelite-rockbridgeite series can be differentiated from zincian
rockbridgeite on the basis of the intensities of the strongest lines in the
powder photograph.

Pnvsrcar AND OprrcAL PRopERTTEt 
*

Zincian rockbridgeite occurs as crusts and small botryoidal masses
with a radial fibrous or thin-bladed structure. The surface of the masses
is drusy and composed of subparallel aggregates of minute crystals
with rounded and exfoliated terminations. No measurable crvstals were
found. The color is black, and the streak or fine powder is dark green.
The mineral is opaque in large pieces, but crushed grains transmit

* Published by permission of the Director, U. S. Geological Survey.

t Contribution from the Department of Mineralogy and Petrography, Harvard Uni-
versity, No. 320.
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light feebly and have a deep greenish-blue color. The luster of cleavage
surfaces is vitreous and brilliant; the luster of the drusy, free surfaces
is dull to satiny. The mineral appears to be fresh and unaltered and in

this respect differs from dufrenite and members of the frondelite-rock-
bridgeite series, as ordinarily found. Hardness 4 to 4|. Specific gravity

3J1. There are two cleavage directions parallel to the direction of the

fibers; (100) is perfect and (010) fair.
Optically, zincian rockbridgeite is biaxial, positive, with strong dis-

Teelo 1. Cnulrrcel AN.tr,vsrs aNr Rlrros ol ZrllcrnN Rocrsnmenrra

lnon Mnxnoo, Ponrucar-

Oxygen Metal
Atoms per cellAnalysis Ratios Equivalent Equivalent

PzOa 33.73
FeO 10.86
M n O  2 . I l
CaO none
LrzO 0.01
KrO trace
NarO 0.13
ZnO 5 .20
Fe:Os 41.19
HrO 6 .75
Insol. 0.30

Total 100.28
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Lindberg, analyst.
Molecular weight by n-ray:259.7.2 (G:3.51).

Ideal cell contents of zincian rockbridgeite
(Fe", Mn")a(F e"' rc .Zn*) (P Or)u(OH):o-,, oHzO

Ce1l contents from analysis
(Fe", Mn")a sr(Fe"", uZnr.os)(POr)rz z6(OH)16 *1.58H2O

Formula
(Fe", Mn") (Fe "' t-u, Zn") (PO) a (OH)s-"' yHzO

persion, and 2V medium. The Z vibration direction is perpendicular
to the best cleavage. Lath-like cleavage flakes show parallel extinction.
The indices of refraction and the absorption colors of the Maxedo ma-

ter ia l  are:  a:1.82 (X:greenish b lue) ,  B:1.83 (Y:greenish to yel low

brown),  ?:1.88 (Z:deep b lue) .  The absorpt ion formula is  Z)X)Y.

Cnrilrrcar- C olrpostrrox

An analysis of zincian rockbridgeite from Maxedo, Portugal, is given

in Table 1. The mineral is of unusual interest because of the large content
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oI ZimO, 5.2070. The atoms per cell were found by multiptying by the
following factors: (1) by 0.01 to convert from a percentage to a fraction
scale;-and (2) by 2587.2, the molecular weight determined from the
r-ray cell contents and specific gravity. Because simple ratios were first
obtained by grouping zinc with other divalent ions, Fe"Fe"'a(POa)a
(OH)n'HzO was at first thought to be the formula of the mineral. The
formula, however, did not satisfy the space-group requirement of a
minimum of four equivalent positions per unit cell, there being 6.5 atoms
of divalent metals and 13.3 atoms of trivalent metals. Further, r-ray
study by both single-crystal and powder methods indicates that the
mineral is isostructural and equidimensional with frondelite-rockbridge-
ite and hence should conform to the formula of that series (Fe",
Mn")Fe"'a(PO4)r(OH)5. H. Neumann (1949) in his discussion of the
mineralogy and geochemistry of zinc points out that zinc minerals and
ferrous iron-magnesium minerals with a corresponding formula usually
have a different crystal structure and that there is a tehdency for zinc
to show selective replacement for atoms with tetrahedral coordination.
ff zinc substitutes for ferric iron rather than for ferrous iron, a formula
similar to that of rockbridgeite is obtained. The substitution of divalent
zinc for trivalent iron apparently is compensated electrostatically by a
concomitant conversion of hydroxyl to water. The cell contents for
this substitution are shown in Table 1. The formula (Fe,,, Mn,,) (Fe",ur,
Zn")(Poa)3(oH)-".yHro, can be derived from the cell contehts by
dividing by four, the number. of equivalent positions in the unit cell.
In this division, x/.4 was set equal to y in the formula in order not to
have a fraction appear as a variable.

Zincran rockbridgeite was formed by the hydrothermal alteration of
triphylite containing admixed sphalerite, from which the zinc was de-
rived. The mineral recalls the occurrence at Hagendorf of phosphophyl-
l i te,Zn2(Fe", Mn)(POa)2.4H2O, which similarly is a secondary mineral
found associated with rockbridgeite, phosphosiderite, strengite, fair-
fieldite, and vivianite, and was derived by the alteration of triphylite
admixed with sphalerite. Phosphophyllite was not observed on the
present specimens.

Zincian rockbridgeite is easily fusible to a magnetic globule. It is
soluble in dilute and concentrated HCl, but insoluble in dilute and con-
centrated HNOa and HzSOa. It yields HzO in a closed tube. A spectro-
graphic analysis by H. R. Harrison, Department of Mineralogy, Harvard
University, showed the following elements in amounts less than 0.\X/s:
Ca, Al, Si, Mg, Be, V, B.

The *-ray powder diffraction data suggested that rockbridgeite from
Chanteloube, France (U.S.N.M., R5197), may have an intermediate
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position in the rockbridgeite-zincian rockbridgeite series, and a partial

analysis of the material was made (see Lindberg, 1949, p.543, for optical

constants):

insoluble 1.98, P:Oa 32.80, FerOB 53.03, MnsOa none, FeO 0.13, MnO 3.53, ZnO 0'13, H2O
7 .94 (lrIzOy CaO, MgO, KzO, NazO not determined) , total99.54/6.

X-R.qv Dara

Single-crystal rotation and Weissenberg photographs were taken using

iron radiation and a manganese filter and rotating about the b and c

Prete 1. Powder photographs of zincian rockbridgeite (top) and frondelite (bottom).

axes of fibers of zincian rockbridgeite. Czr symmetry for the 0- and n-

level Weissenberg pictures was clearly observed, and the orthorhombic
character of the mineral hence confirmed. The lengths of the unit cell
edges are ao:13.97,60:16.88,  and c6:5.19 A; the ax ia l  rat io  is  as;bs;cs
:0.8276 1:0.3075. The volume of the unit cell is 1223.9 A3. The same
space group extinctions noted for frondelite (Lihdberg, 1949, p. 546)
were observed for zincian rockbridgeite; the space group is Bzzrz(Dz').

In Table 2 are given the intensity and d values for corresponding lines
of frondelite and zincian rockbridgeite, and the powder photographs are
shown in Plate 1. Because of the large number of solutions possible for
varying hktf.or lines of high sin 0, lines with d, spacings less than 1.5 A
were not solved. The intensity of certain lines, particularly those of low
20 are quite different and a casual comparison suggests that the minerals
are not related. The cell edges and space group, however, are the same
as for frondelite, and the substitution of zinc ior ferric iron doubtless
accounts for different intensities. It is well known that two isomorphous
crystals in which atoms of difierent diffracting powers occupy correspond-
ing sites give difiraction patterns in which corresponding reflections have
difierent intensities.

fn the powder photograph of zincian rockbridgeite, (020) and (210)

are much weaker than in frondelite. The greatest difierences in intensi-



MARIE L. LINDBERG AND C. FRONDEL

Ter:-n 2. Coupenrsow or, X-Rav DmlnecrtoN Dnra ron FnoNnnlrrn
eNo ZrxctaN Rocxsntoclrrtr

(Iron radiation, manganese filter)
(x:1.9373)

Frondelite

From rotation and Weissenberg
photographs

Zincian rockbridgeite
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Taslr 2. ContinueiJ
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Frondelite Zincian rockbridgeite

From rotation and Weissenberg

photographs:

13.89
t7 .0r
5 . 2 r

Calculated
d

13.97
16 .88
5 . 1 9

Observed
d

Observed
d

Calculated
d

t7r
080
052
L1)

252

181
062
70r
262
480
800
57r
272
820
0 . 1 0 . 0
123
830
490
840
J Z J

642
t43
333
153

2 . 1 7 5
2.121
2.064
2 .030
1 . 9 7 9
1 . 9 s 7

1 . 9 1 3
1.849

1 . 8 0 8
mrssmg

r .723
1 . 6 9 4

2 . t 7 5
2 . 1 2 6
2.068
2.024
1 .983
1 .956
t .949
1 . 9 1 8
L.852
| .8+9
1  .813

t . 7 2 2
1 .700

1 .689

1.667

r .597

r .597
I . J O J

r .537

2. t60
2. l l9
2  .059
2.032
1 . 9 7 2

missing
r . 9 3 7
1.980
1.869
1.845
1 .808
r . 7 4 6
1 . 7 2 6
t . 7 1 4

1 .687

1 .665
1 .651
I . O I J

1.602

1 . 5 6 1
1 . 5 4 3

2.160
2.110
2.057
2.022
1 . 9 7 4

t .936
1.907
1 .863
1.840
1.806
r .746
t . 7 2 2
r .713
1 . 7 1 0
1.688

r.667
1 .652
1.614
1 .593
I .603

1 .558
1 .530

1

1
2

1
a

L

3
2

t
1

z

1
z

1
t
1
d

1
T
1
2
I

I
I
I

!

z

1

2
2

I
I

z

1 .598

r .562
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ties occur at values of d between 3.7 and 3.2.For frondelite there are two
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isomorphous substitution of zinc. The weissenberg pictures of both
frondelite and zincian rockbridgeite show strong reflections for (311)
and (410). There is a greater difierence between observed and calculated
values for the (311) reflection than was noted for other reflections; the
reason for this difference is not readily apparent. rt may be noted that
the d-spacing for this line of intensity 10 is 3.33, not 3.40 as reported by
Frondel (1949, p. 538 "Maxedo unknown,,).
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