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Assrnecr
Crednerite from the Mendip Hills, Somerset, is monoclinic, with unit cell dimensions
a 5.58,b 2.872, c 5.87s A, B 104.0', and space group C2f m, C2 or Cm. The composition of
CuMn:Or, from the chemical analysis by Mountain, gives an irrational unit cell content
for the measured density of 5.03 gm./cc. Above 1100' C. in air copper manganese oxide
mixtures form crednerite together with copper hausmannite or cuprite, depending on the
overall composition. The synthetic crednerite is of composition CuzMnzOr, comparabie to
crednerite from Friedrichroda.

Crednerite was first found as foliated crystals at Friedrichroda,
Thuringia, from where it was described by Credner (1847). A perfect
basal cleavage with two less perfect cleavagesoblique to it indicated a
possible monoclinic symmetry, and Rammelsberg (1849) deduced the
chemicalformula of 3CuO.2MnzOrfrom analysesand gave to this mineral the name crednerite. Meanwhile Hausmann (1847) had briefly described it in Vol. 2 of his "Handbuch der Mineralogie" (p. 1582) under
the name mangankupferoxyd.
No other occurrence of crednerite was described until 1923, when
Spencerand Mountain (1923) identified it as plates up to 10X10X1
mm. from a locality at the Higher Pitts Farm, Priddy, Mendip Hills,
Somerset. The broad surface of the plates showed three sets of striae
and overlapping portions at angles of 56" to 63o, suggesting twinning.
Cleavageat the edgeswas parallel to the striae and inclined at 76" to the
cleavage parallel to the plates, again suggesting a possible monoclinic
symmetry with the pseudohexagonalappearancearising from twinning.
The chemical analysis by Mountain was in very closeagreementwith the
formula CuMnzO+.
DBscnrpuolt
For the present investigation some plates of crednerite from the
Mendip Hills were made available by the courtesy of the British Museum
(Natural History) (BM 1923, 729). These correspondin physical properties, including form and cleavage,with the description of Spencer and
Mountain. Two specimensfrom Friedrichroda labelled crednerite were
examined but each was discovered to be incorrectly identified. The crystallographic study was therefore confined to the material from the
Mendip Hills.
This crednerite consists of bright gray plates with a metallic lustre
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which are striated on the broad surfacesin three directions. The angles
between the striae in the plane of the plates were measured under a
microscope as either about 55o or 69o. Cleaving along the perfect cleavage parallel to the plates produces flat highly reflecting surfaces which
are unstriated. The plates are quite brittle, readily breaking parallel to
the striations to produce very thin blade-shaped cleavage fragments.
A spectrographic analysis was made of an 0.2 mg. portion of the material. The powdered sample, mixed with 2 mg. of high purity carbon,
was volatilized in the anode of a carbon arc on a Hilger Medium Quartz
spectrograph. The spectrogram showed Cu and Mn as the two major
elements, confi.rming the mineral as crednerite.
Under an ore-microscopethe cleavageplanes of crednerite are creamwhite in color, with a reflectivity between 30/6 and 40/p, estimated by
visual comparison with minerals of known reflectivity. The prominent
(001) cleavageis distinctly anlsotropic in polarized light, and sometimes
shows a mosaic intergrowth of two or three twin components each with a
sharp but different extinction position. A slight tarnish was obtained with
2070 IJCI, while 30/6 HN Or, 2070 KCI{, 2O7oF eCh, and saturated KO H
and HgClz had no efiect after 1 minute. These properties observed in
reflected light correspond to those given by Orcel and Pavlovitch (1932)
for crednerite from Friedrichroda, except that the Iatter shows a nonpersistent tarnish with 20/6 FeCls.
Cnvsrarr.oGRAPrrY
Sharp, clear rotation, and zero and first layer Weissenberg photographs were obtained with Cu radiation from a cleavage fragment of
approximately square cross-section,for rotation about what was found
to be the monoclinic D axis. Another set of single crystal photographs
taken of a blade-shaped cleavage fragment show a pronounced diminution of the diffraction intensities in portions of the films. This is attributed to varying absorption of the *-ray beam within the fragment due
to its much elongated cross-section,in the manner described by Wells

(I e 3 7 ) .
From the rotation photograph a lattice period of 2.872*0.005 A was
calculated for the axis of rotation. Both zero and fi.rst layer Weissenberg
photographs show a plane point group symmetry of Cz, for which the
axis of rotation is either the [010] direction in a crystal of monoclinic
symmetry, or the [10T0] direction in a crystal of rhombohedral diffraction symmetry 3 m. The latter requires a rectangular cell in the zeto
and first layer, and in fact a small rectangular cell can be chosen on the
reciprocal Iattice sections plotted from the Weissenberg photographs.
One period in this rectangular reciprocal plane lattice should then cor-
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respond to the spacing of the (1010) planes in the hexagonal lattice, perpendicular to the axis of rotation. The reciprocal lattice spacing of these
planes was determined from the rotation photograph as 0.62 on a scale
of t,/d,; the rectangular reciprocal lattice was however of dimensions
0.27X0.07, so the rhombohedral possibility was discarded.
The smallest monoclinic cell with least obliquity was chosen, and its
dimensions determined as
o : 5 . 5 8 + 0 . 0A1
6:2.87?+0.005
A
c : 5 . 9 7 5 + 0 . 0A1
* 0.1"
0: 104.0"
The only systematic extinction conditions for this cell are in hkl
difiractions,presentonly when hlkis even. The cell is thus C centered,
and the possible spacegroups are C2f m, C2 or Cm.

Frc. 1. X-ray powder patterns of 1: crednerite, Mendip, Hills
2: artificial CuzMnzOs.

The *-ray powder pattern, Table 1, was indexed for this cell, and the
agreement between observed and calculated spacings confirms both the
diffraction lines of this pattern and the cell dimensions calculated from
the single crystal photographs.
The lattice of crednerite also contains a monoclinic cell which has
F:93", and is thus geometricallypseudo-orthorhombic. This cell is of
d i m e n s i o n sa ' : 7 . 0 5 s 4 , , b ' : 2 . 8 7 , A . , c ' : 9 . 0 3 A , p ' : 9 3 . 0 " , a n d i s t w i c e
the volume of the smaller C-centered cell. The orientation of the pseudoorthorhombic cell is obtained from that of the unit cell selected by the
transformation l0l / Ofi / IOl.
Cr,Bavacn
Twelve cleavage fragments were measured on a two-circle optical
goniometer. In general the cleavagefacesgave reflections of poor quality.
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1 Plus four weaklines 4.88-+, 3.02-1, 2.48-1, 2.03-+ from copperhausmannite.
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The measurements reveal three prominent cleavage planes oblique to
the cleavage in the plane of the plates. Two pairs of additional, poorer
cleavageplanes are also present in some fragments.
The angular positions of the cleavageplanes are in accordancewith the
monoclinic symmetry of the single crystal x-ray photographs, but also
show some pseudo-orthorhombic characteristics. From an instrumental
correlation between the two-circle optical goniometer measurementsand
the diffractions recorded on the zero layer Weissenbergphotograph, two
of the prominent cleavageswere identified as (001) parallel to the plane
of the plates, and (100) oblique to this plane. By comparison with the
crystallographic angles calculated from the unit cell dimensions, the
Tlsrn 2. Cr.roxnurn: Mrlsonro ano Cer,cur-arroCtravlcr ANcr-ns*
Measured
Cleavage

100:perfect
T11: good
111:poor
212: very poor

88'40',-90"
76"01't
(74'30',-78"10',)
gg'30'-91"40'
0"00'
32'-38"
l2l"-t40"
36"42'
31"-38"
32'-37+"
45+"-47+"

No.
of
faces
t2
12
c
i

Calculated

76000'

90000'

0"00'

90'00'

l2go54'
36'50',
36050'

32033',
39"14'
49"t9'

*
dz and p2 are given for the second setting of Palache, Berman, and Frondel (1944,
p. 18) in the monoclinic system, in which the monoclinic D axis is vertical, with pz the angle
from 010 and 62 measured positive clockwise from 100 in the direction of 001.
(001)
t Measurement from two cleavage fragments with sharp reflections from both
and (100).

other two prominent cleavage planes were identified as (111); and in
addition (111) as a poor cleavage, and (212) a doubtful cleavageobserved
as two reflections of very poor quality from only one fragment. The range
of angles obtained from the better reflections, together with the angles
calculated from the cell dimensions. are listed in Table 2.
TwrNNrNc
The intergrowth seenin reflected polarized light is undoubtedly due to
twinning. On one fragment, each of the three components A, B, C, cot'
responds to one of the three directions of striae present on the 001
crystal face. On any one part of this surface striae are present in one
direction only, and the border marking change of direction of the striae
correspondsexactly with the boundaries of the intergrowth observed in
reflected polarized light.
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The nature of the twinning was determined by measuring the cleavage
of this fragment with a two-circle goniometer, distinguishing the cleavage
planes on each of the three components. On a stereographic projection,
Fig. 2, it is seen that the adjacent components A and B are in a definite
crystallographic relationship; for within the accuracy of the measurements the 411 planes of each component are parallel , and on rotation of
-4 an angle of 180oaround the normal to its 411 plane the exact orientation of the component B is obtained. The adjacent componentsB and
C of the fragment are in similar twin relationship, the 411 planes of each

Fro. 2. Stereographic projection of twinned crystal of crednerite. (001) is common to
the three components, distinguished by the solid and coarse and fine dashed lines. The
indices of faces which are parallel in the two components are given on the appropriate side
for each component.

being parallel, and the orientation of one related to that of the other by
a 180orotation around the normal to this plane. The components C and
,4 of the twin, although actually related in orientation through the component B, form a pseudotwin, in which the orientation of one may be
derived from that of the other by a 180orotation about a line inclined
at 2lo to the normal to the 72,4, 3 plane.
The twinning conforms to the normal type of rotation twin in which
the twin axis is normal to a possible face of the crystal. In some of the
crednerite plates 001 appears to be a composition plane, and in one fragment the (100) cleavageis stepped parallel to the 001 plane, supporting
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this observation. Nevertheless,in reflected light the twinned components
are seen to be complexly intergrown on some (001) surfaces.
The prominent 001 face, parallel to the broad surface of the crednerite plates, is almost parallel in both components of a crystal twinned
on this (411) Iaw. However the intersectionof (100) with (001), which is
the direction [010] of the striae on the broad faces of the plates, is rotated an angle of 56" in one twin component relative to the other. In a
crystal twinned twice on this law, the three directions of striae on the
parallel (001) faces are at angles of 56", 56o and 68o, producing the
pseudohexagonalappearancewhich was noted by Spencerand Mountain.
TwrwNrwc rnou X-n.q,v Srncr,B Cnvsrar Pnorocn.lpns
An intergrowth with the relative orientation of the pseudotwin was
also Iound on one set of the single crystal r-ray photographs. One
rotation photograph about the 6 axis of a blade-shapedcleavagefragment
has ten closely spaced layer lines, of which the zero and sixth are far
stronger than the others, and coincide with the zero and first layers
normally obtained on rotation about this axis of period 2.87 L. In addition, the central part of some of the layer lines have no diffraction spots,
and this gap varies systematically from a maximum for the third and
eighth layers to nil for the zero, fifth and sixth layers. The gap in the
third layer line extends for trvo-thirds the width of the rotation photograph, which records the complete cone of diffractions of each layer except for a small gap of I/I5 of the circumference of each cone at intersection with the fiIm. The spacing of the layers corresponds to a real
lattice period ol 17.3 A along the axis of rotation.
A Weissenberg resolution of the zero layer gave the normal hol
reciprocal plane lattice of crednerite. IIowever, the weak first layer gave
diffractions on a Weissenbergphotograph corresponding to only a single
line in the reciprocal lattice, with a repetition unit equal to c*. This line
parallel to c*, which constitutes the first layer line, is a distance determined as 0.60 from the central 000 point of the reciprocal lattice at a
scale of h/d,, and at a height 0.089 above the zero level. A cross-section
of the reciprocal lattice of crednerite perpendicular to the c* axis, Fig. 3,
shows that the four lines 1 and 5 are the only reciprocal lattice lines
parallel to c* which are a distance 0.60 from the origin and contain points
corresponding to possible hhl, difrractions. A small portion of the crednerite cleavagefragment used for this set of single crystal photographs
was therefore in an orientation such that one of these four lines, which
are crystallographically equivalent, was parallel to the plane of the zeroIevel difiractions and a distance 0.089 from this plane. The zero-level
must therefore be one of the planes perpendicular to the cross-section,
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Fig.3, and intersectingit along AA', BB', or the equivalent directions
A 1 A 1 ' ,B 1 B 1 ' .
Consider the rotation photograph of crednerite oriented with the axis
of rotation perpendicular to AA'c*. Reciprocal lattice points lie along
. , p a r a l l e l t o t h e z e r o l a y e ra n d a t e q u a l i n l i n e s0 , I , 2 , 3 , & . 3 ' , 4 , .
crements of 0.089 from it. The corresponding difiractions fall along layer
lines spacedaccordingto a real lattice period of t7.3 A; and each layer
(except one) arisesfrom one reciprocal lattice line. The reciprocal lattice

Frc. 3. Section through the centre of the reciprocal lattice of crednerite perpendicular
to c*. Dots mark the position of lines parallel to c* in the reciprocal lattice which contain
the points, with hIk:2n,
for which diffractions may occur.

lines corresponding to the third and ninth layers are distant from the
axis of rotation, and, with all points having high values of {1, diffractions
appear only at each extremity of the layer line. The other lines are at
smaller distances from the axis of rotation, and have smaller central
gaps in the corresponding layer line on the rotation photograph. These
gaps exactly correspond to, and account for, those observed in the rotation photograph and described above.
The measurementson the rotation and Weissenbergphotographs also
allow the plane BB'c* as zero-layer at a distance 0.089 from line 1 in the
1 t,: The distance, in the reciprocal lattice, from
the axis of rotation.
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reciprocal lattice. However, the distancesfrom this plane to the reciprocal
lattice lines parallel to cx do not correspond to the layer-line spacings,
so this orientation is rejected.
The interpretation of these single crystal photographs determines the
relative orientation of the two components giving the strong and weak
layers respectively. The intergrowth is such that the 001 planes of each
component are parallel, and the directions [010] of the major component,
and [320] of the minor component,normal to AA'c*,are parallel to the
axis of rotation. The orientation of one component is obtained from that
of the other by rotation of 180o about a line inclined from the normal
to the 12,4, 3 piane, towards b at 2lo; the relationshipfound by optical
goniometer measurements between two components each actually
twinned with a third component by 180o rotation about the normal to
4tI.
The interpretation of the rotation photograph also provides examples
of a layer-line composed of difiractions corresponding to only a single
line in the reciprocal lattice. These difiractions form prominent layerlines when the axis of rotation is slightly inclined to a direction of small
repetition distance in the crystal lattice, and is also perpendicular to a
line of small repetition distance in the reciprocal lattice-thus being
parallel to a crystallographic plane with low hkl,indices. In the example
described the axis of rotation, OR in Fig. 3, lies in the 001 plane and is
inclined at 8" to [110]. Rotation about an axis in 001 at any lower inclination to [110] would likewise give layer lines, corresponding to the
reciprocal lattice lines parallel to [001], although there is no lattice row
in the crystal along the axis of rotation. Such rotation photographs
would show, relative to that for 8o inclination, a splitting of the third
layer line into two layer lines, and have layer lines in two groups, three
more closely spacedon each side of the zero layer, and three more closely
spacedon each side of the former sixth layer. The layer lines within these
two groups become progressively closer with decreasinginclination, and
coincide to form the zero and first layers respectively for rotation about
[110],at zero inclination.
The occurrenceof such layer Lines,without a zone axis and lattice row
of the crystal parallel to the axis of rotation would generally be revealed
by a non-regularity in spacing of the outer layer lines relative to the
inner, or by the absenceof spots in the front diffraction portion of some
layer lines. The spacing of such layer lines is not a measure of a lattice
period along the axis of rotation. In addition, the normal explanation of
layer lines as diffractions restricted to conesaround the axis of rotation,
the angle of the cones determined by the lattice period along this axis
and the r-ray wavelength, does not apply.
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UNrr CBrr Cowrewrs
crednerite from the Nrendip Hills has been analyzed by Mountain
(Spencer and Mountain, 1923). Although the analysis, as corrected
for
1.0570cerussiteand 6.10/6 malachite, gives a cu: Mn: o ratio croseto
1:2:4, the calculated cell contents, Table 3, are quite irrational. The
Tesln

MnO
CuO

o
rrrol
COz)

Pbo
Total

3. CnBoNamm-ANALysrs

54.40
JO.5/

6.22

aNo UNrr Crr,r, Coxrrr.rrs

58.62
34.68
6.70

Mn
Cu

o

2.29
1.16
4.66

D(meas.)

5.03

1. 8 8
0 .8 8
99.95

100.00

1. Crednerite, Mendip Hills, analysis of Mountain (Spencer and Mountain,
1923).
2. The same, after deducing 1.05/o cerussite,6.10/o malachite, and recaiculation
to

100%.

3. Atomic contents of the unit cell, calculated for density of 5.03.

Sywtnnsrs

minutes to ensure complete mixing. The resulting powders were briquetted into small tablets in a hydraulic press.
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Tablets with Cu: NIn: 112 were heated on platinum foil at temperatures of 1100oto 1300" C. for 1 to 24 hours, and then quenchedin air.
In polished section these tablets are completely crystalline, consisting of
intergrowths of copper hausmannite and crednerite. The hausmannite
phasepredominates, varying in proportion from about 65/6 to ovet 90/s,
and increases with the time and temperature of heating. Occasional
crystals of cuprite occur within the crednerite in the hausmannite-rich
tablets. The hausmannite phase probably approachesCuMnzOain composition, and has an '-ray powder pattern similar to MnMnzOa, difiering
slightly in the spacing of the lines which correspond in position to a
t e t r a g o n a lc e l l o f d i m e n s i o n so : 5 . 7 5 , c : 9 . 3 6 A .
The products of heating for 3 hours at 1135oC. a seriesof tablets with
Tasrr
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r00.0

Density

5 00

I.'J

Analysis by G. C. Carlos.
The same, after deducing 2l'3/6 CuzO and recalculation to loo/6'
Analysis by G. C. Carlos.
The same, after deducting l57o CuMnzOq and recalculation to 100/6'
CuzMnzOs.
Unit cell contents for composition CuzMnzO;.

Cu:Mn atomic ratios greater than 1:2 include two in which crednerite
predominates. One of these consistsin polished section of tabular crystals
of crednerite up to 0.3 mm. across,with interstitial cuprite. Nlicrometric
analysis determined the amount of cuprite as lSTo by volume. The other
contains tabular crystals of crednerite about 0.03 mm. across, together
with 15/6 by volume of the hausmannite phase. The chemical analyses
of portion of these tablets are given in Table 4, (1) and (3), together with
the composition of the crednerite, obtained by deducing 2l.3To by weight
of cuprite, (2), and lSToby weight of CuMnzOr, (4). In each analysisthe
oxygen content is taken as the differenceof CuO*MnO from 100'00'
The analysesshow that the composition of the synthetic crednerite is
close to CuzMnrOs , in contrast to the composition CuMnzO+ given by
the analysis of the Mendip Hills material. The analysesof Friedrichroda
crednerite with the highest copper content are however more comparable
with the synthetic product.
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The r-ray powder pattern of synthetic crednerite is similar to that of
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