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GAMOMALITE, MARGAROSANITE AND MOLYBDOPHYLLITE FROM LANGBAN,
SOUTH-CEMTHAL SWEDEM. AND SYNTHETIC EQUIVALENTS.

Georgros Charalampides and Bengt Lindgwvrsd

Abstract

Faragenetic, compositional and crystal struckural data for
ganomalite, margarosanite and molvbdephyliibte from the Langban
deposit are presented. It is shown that the Mn contenkt af both
natural and synthebtic ganomalite phases may deviabte from the
ideal formula PhgCasMn(SizOy) 3(5i0y) 3, the maximum incorporation of
Mn being dependent upon temperature of formation. Varving Mn
content has alsoc hesn recorded 1n margarosani be, Pb{Ca,Mn) 551304
a vug ar Fissure mineral often associated with celsian. The hex-
agonal unibt-ecell of molybdophyllite has been determined at
a, =9.32 A and ¢,#27.39 A. The true mineral compesibtion is eti1ll
unknown but & tentative 1deal formula is given as
PhgMdqSigOyy (OH) 54 » (Z=2». In relation to this formula all
analyvzed molvbdophyllites show & lowering of the lead content of
at least 10% which is assumed to be due to loss of loosely bound
interlaver lead. A new mineral, macroscopically very similar to
molvbdophyllite but with a2 FPb:Mg:5i rabtio of 3:2:2,. has also
been identified. Its hexagonal unit-cell paramebters are a, =89.34
A and c,=36.79 A and the layer thickness is increased from 13.7
A to 18.4 A as compared to molvbdophyllate,
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Intraeduct ton

Lead 1% one aof the characteristic slements creating the unigue
mineral variety at the Langban deposit, near Filipstad., south-
central Sweden. Among lead compounds there is especially a sulte
of silicates which are very uncommon in the rest &f the world or

only known From the LAngban locality.

The following lead silicates have so far been recorded at
Langban or satellite deposits: kentrolite and barysilite in com-
bination with manganese,., melanotekite and jagoibte 1n combination
with iren, molyvbdophyllite in combination with magnesium, ard
the calcium-lead silicates margarcosanite, ganomalite, nasonite,
roeblingite, hyalotekite (B-begaring} and joesmithite (with addi-
tional Mg and Bel.

In this study ganomalite, margargosanite and molvbdeophyllite
have been subject to cleser investigation with respect Lo chemi-
cal variation and paragen=tical relations of the minerals. It
has been attempbted Lo get more information about btheir stability

contitions by means of synthesis experiments.

Ganomal i Le
Fecent compositronal and crystal structural dala

Ganomalite i1z an apatite-related, hexagonal sorosilicalte, con-
taining both 1soclated and double silica tetrahedra. Ibs crystal
stracture was shown by Engel (18972 to be s hybrid bebtween chlo-
rine-vacant nasonite.pPbgCa, (Siz07),C1; , and an apatite structural
element. The size of the hexagonal unit-cell was given as
Ae=8. 8% A. Ce=10.1% K. The chemical Fformula was proposed
to be Pb fa 81 ,0,{7=3) with no hydroxide ions present in contra=

diction wilth earlier assumptions.

This structural concept was essentially confirmed by Dunn et
al. (18851 who suggested that the space group of the lattice
tunitcell parameters: a =%.082 A, o =10.13 A} 1= i analogy

with the isostructural low=tempsrature lead germanalte,
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Pbs (Gep07) (Gely) . They also claimed Lhat manganese 1s an essential
component of ganomalite. constantly replacing Ca on one of Bix
possible saites. Thus., they arrived at a composition of
PhgCacMnSiagfyy (Z=1) which 18 now the officially approved ganoma-
fite formixla.

'5‘..'"'” thagtls sxperimesnts.

The results of hyvdrothermal synthesis experiments, carried oub
at various btemperatures with starting oxide mixtures correspon-
ding to ganomalite compositions of wvarious Ca:Mn ratios, are

given in Teb. 1 and compiled as a phase diagram in Fig. 1.

The results show that ganomalite 1s apparently a stable struc-—
ture even in HMn—-free environment and that the ability of gano-
malite to incorporate manganese ions into the structure is tem-
perature-dependent. The formation of ordered ganomalites with &
Ca:Mn ratic of Bl (Dumn et al., 1985} should Lhus reguire &
minimum Lemperatuare of approximately 4%07C, At sbill nhigher
temperatures the Mn-content of ganomalite may grow up to a Mo
{Ca+Mn) ratioc of 0.22 (850=C). AL temperatures below 450 “o
there 15 a steady decrease of the maximum Mo-content. This dec-
rease seems not to be due toe kKinetical effects but i1s rather an
eggquilibrium trend as Iindicated by reversed syntheses {(run nr.
B4177). The unit-cells of the synthetic phases as determined by
X=ray powder diffraction analvsis are listed in Table 2. The
shrinkage of the ganomalite unit-cell as a function of i1ncrea-
ging Mn-combtent is illustrated in Fig. 2, showing a rapid dec-
reaze of the a-axis whereas the c-axis (parallel to the length

axig of tetrahedral sitlica doublets) is maintained constant.

Im Fig. 2 tvpical morpheologies of ganomalite crystals, synthe~
siged atbt different temperatures, are shown. AL intermediate tem-
peratures (around 400*C) a tabular habit is easily recogni-
rad. AL higher temperatures (GEIA0=C ) this trend is lost and
the ganomalite becomes more equant or short prismatic. While
Swedish ganomalites are generally irregular in shape, tabular
habkit being only occcasionally observed, Dunn (18978 has descri-
bed ganomalite Ffrom Franklin, HNew Jersey, forming distincbtly

tabular erystals but with still more simplified morphology than
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Fig. 3. SEM images of synthetic crystals of ganomalite formed at
two different temperatures, -':I[fIUGC (A) and s30°C (B} » showing
typical morphologies {(see text) . Length of bar 10 um.
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the present synthetic phase;

Paragenetlcal and chemical data Ffor ganomalite From the Liang-

ban dristrick

Fanomallte samples.

A31018, Jakobhsberg: Pearly, colourless grains of ganomalite in
a calecite-phlogopite rock, carrying hausmannite and Zn-rich
jacobsite. The calcite is very poor in manganese and 1& non-
fluorescent, whereas the phlogopite is poor in  both manganese
and barium. The sample is rich in disseminated native copper,
often mobilized into grain boundaries and along cleavage surfa-—
ces of other minerals. Disseminated grains of macedonite, svabi-

te and occasionally crednerite are also lound.

g1l4888 and 331087, Jankobsberg: Bokth samples contain colour=
less, greasy Lo pearly ganomalite in a rock matrix of mica, cal-
cite and jacobsite. In gld4888 the jacobsite is carrying nearly 2
woight=-% of TiOz which is unusually high for spinels from
the Langban district. In both cases the phlogopite mica 1is
enriched in barium and nanganese. In zample 331087, which also
contains macedonite, the Mn toniec content of the cctahedral mica
layer may rise to 30%. The rocks which are traversed by small
fissures of native lead and subordinate copper also contalin

minor barite and svabite.

514906, Laénghan: Abundant ganomalite forming anhedral, Lrans-—
lueent grains with pearly lustre in a rock composed of calcite,
mangancan phlogopite and Jjacobsite. Manganoan diopside and
Mg—-rich tephroite are present as small inclusions in gancomalite.

Mative lead occurs as narrow fissure f1llings.

14883, LAangban: Subhedral erystals of ganomalite with wvery
pale brownish colour and greasy lustre in close association with

tephroite (Te70Fo30) and Mn-rich phlogopite.

38857, Langban: Greasy, Eranslucent, colourless ganomalite
graine are impregnating a caleite-rich groundmass with subhed-

ral, Mg-enriched jacobsite, containing up to .25 mole-% of the
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magrnesioferrite component. mangancan phlogopite, wvellow andra-
dite, manganoan diopside, tephroite (Te70Fo3d0) and wminor amounts
of bindheimite and barysilite. Hative lead is found as fissure

fillings and as inclusions in ganomalite.

PE0393, Langban: Greasy, translucent, colourless Lo very pale
brownish ecrvetals of ganomalite, occasionally wikth tabular
habit, are embedded in a matrix of calcite and Mg-rich Jjacob-
site. Closely associated with ganomalite occurs tephroite (Te?&-
Fo2d4)., Small amounts of barvtocalcite are found enclosed by cal-

cite, Fissures of native lead are traversing the rock.

14808, Langban: Colourless ganomalite in & medium-grained,
heterogenous skarn rock consisting of calcite, jacobsite and
manganoan phlogopite partly accompanied by pyroxene, partly by
Mg=rich tephroite (Te7lFo29). Small amounts of barytocalcite and

bindheimite are also presant.

Faragenesis

Paragenetically, Magnusson (18930) assigned the formation of
ganomalite, ocecurring as skarn silicate in hausmannite-impreg-
nated dolomite, to the later stage of the B-pericd of his para-
genetical scheme, which would involve a certain lowering of the
temperature as compared to earlier formed lead silicates of
kentrolite/melanotekite Lype commonly accompanied by braunite.
The mode of occurrence of ganomalite in the present rock samples
makes it difficult to delineate the pertinent mineral pAragene—
gis. Generally, calcite, phlogopite (usually Mmn-rich) and jacob-
gite constitute the minerals most intimately associated ta gano-
malite. Thers are. however, some differences between the ganoms-
lite assemblages from LAngban and Jakobsberg. A close paragens-
tical relationship between ganomalite and tephreoite (Mg-rich? is
exclusively characteristic for Liangban samples. The jacobrsite
composition also varies, being Mg-enriched at LAngban and In= or
Ti-enriched at Jacobsberg. Ti enrichment iz also evidenced by
lecally abundant macedonite inclusions in the Jakobsberg samp-

les .
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Among obther minerals repeatedly presant 1n the samples but not
necessarilvy related to the ganomalite farmabtion are noticed sva-
bite and bharite at Jakobsberg and baryitocalcibte and bindheimite
at Langbarn. Conspicucusly fregquent 1= the occurrence of thin
fissures af native metals, predominantly lead at Lingban and
copper at Jakobsberg. In some cases native lead is also directly
associated to ganomalite. This twvpe of narrow flissures may pos=-

sibly have formed much esarlier than usually assumed.

Chemistry

Obwviously, there is some disagreement beitween Lhe general fea=
ture of the synthetic ganomalite system as outlimed in Fig. 1
and the definition of ganomalite as a strictly ordered phase
with a fixed Ca:Mn ratioc af 5:1 ms proposed by Dunn =t al.
{1985, The possibility that Ca-Mn ordering is not fully attai-
ned in the laboratory experiments, which would reguire 5T E
modifFication of the given phase diagram, does nob change Lthe
facts Lhat Mn=free ganomalite 1s really a4 stable phase and that
M can enter Lhe structure beyvond the value of the given ocrdered
compogition. The results of electron microprobe analysis af the
present ganomalites, given in Table 3, show that the majority
have a composition close to the accepted omne, bubk there are Lwo
exceptions with dewviating Ca:Mn ratios in agreement with those
found for the synthetic phases. For one LAngban sample (7603832
the HMn:{Mn+Ca} ratio 1s raised to 0.21 instead of the ordered
value 0.17, which possibly could be the result of a highar tLem=
perature of formation. For one Jakobsbherg sample (831018) the
same ratieo 18 lowered Lo 0.08. The assemblage of Lthis ganomalile
contalins both hausmannite and Jjacobsite, but 15 gquite vnigque in
some respects. The jacobsite composition is thus characterized
by an unusually high zinc content whereas accompanying phlogopi-
te and calcite are both extremely depleted in manganese. The
formation of this particular ganomalite is most likely due to

lack of evailable Mn rather than a lowering of the Lemperature.
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Table 3. Microprobe analyses of natural geanomalites from Langban

Sample

Si2
AL2O3
Cal
Mnilh
Mgl
Fhi
Bal
1

Total

5i
Al
Ca
HMn
Mo
FPh
Ea
i |

M/ i{HMn+Cal

in whik.

B31018

18.38
n.d.
10.65
1.19
n.d.
68.148
ry .
n.d.

S5, 40

Fecalculation

a.94

5.55
0.50

=

8.08

=

a.08

145906

ia.15
n.d.
a.85
1.86
n.d,.
68.37
-y R =
n.d.

100.33

2.14

5.07
0.75

8,91

.13

n.d.: not determined.

384957

19.08
n.d.
9.75
1.88

6% .00
r.d.
n.d.

B8, 66

based

gl4B888

18.54
a.o7
82.78
2.17F
0.085

69. 20
n.oon
0.0%

a9, a7

331067 gld308 1468863

18,36
0.08
8.76
£.18
0.0

58 .80
o.=9
0.0v

88 .55

18,90 18.83
n.d. n.d.,
a9.52 9.E8
2. 20 2.32
n.d. n.d.

68 .27 6G6.38
n.d. n.d
n.d, .o,

98.8%9 100.18

on 323 oxXyvgen abtoms

8., 97
0. 0%
LT
.89
- 0%
O3
00
0B

o o9 oo

=

o

8,894
., 0%
5.08
0. o0
D, 02
a.02
.00
0. 06

b.15

8.11

.92
0.80

==

8.9v

=

L1

1&

TEO3ID3

18.21
n.d.
9 .60
4.09
n.d.

Ga.87
n.d.
n.d.

a9 . a7

a.a85

S.00
1.2%8

9.03
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Canclusiongs

As a result of the above studies of svnthebic and naturel
ganomalite 1t may be concluded that the compositional variations
of the mineral can be described by the general formula

Fhe(Ca MnlasiMn CaliSi207bax(S51 04 m,

It is also suggested that ganomalite in the Langban district
is typically formed within a btemperaliure interval of 450 to
BE00=C, in agreement with esarlier opinions {(Magnusson, 1830}
that the formation occurred after the first strong peak meta-

morphism.
Hargarosanite
Cryvstal stricture

The details of the crystal structure of margarosanite,
"FhiasSiz0q, were clarified by Freed & Peacar (1969). They arrived
at A Gtriclinic uwunit-cell with aFB.77 A, bf9.58 KA, ce=6.T2 A,
®=110.4", B=103.4", ¥ =83.02", space group P;.Z=2.

The sitlica tetrahedra are bonded togebher in groups of thrae=
membered rings, forming separate planes between which edge-sha-
red chains of irregular Ca(l)-octahedra are located, laterally
coupled Lo each other by regular Ca{2)l-octahedra. The F-coordi-
nated Pbh=polyhedra cross the plane of silica tetrahedra and
complete a three-dimensional network by combining Cadil=chains

from alternating planes.

The crystallographie direction of the Cafll-chaims 18 (101}
which is also the c-axis of the derived pseudo-cells of or-
thorhombic and monoclinic symmetry. In margarosanite crystals

this direction is easily recognised as the axis of elongation.
Synthesis

Under hydrothermal conditionms ke {1868) succeeded in proda=
cing artificial margarosanite at a temperature of 3I00=C and

a pressure of 2 kKbars. The crystals had an acicular appearance,
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reminding of Lhe habit of natural margarosanite from FrankKlin,
Mew Jersev. WSA.

In the present experiments, carried out at 1 KkKbar. Ha-lfree
margarasanite was hydrothermally synthesized from egquivalent
oxide mixtures at temperatures ranging from 350°C to 600°C, hig-

her temperatures not being tried.

AL 350=C the vield was far from complebe. At still lower
temperatures there was no Lrace of margarosanite and instead

various unidentified phases were formed.

Syvnthesses performed at 550*C with wvarying run times s how
that margaresanite is not the first crystallization product.
Instead, ganomalite is First formed, not being transformed into

margarcosanite vntil after some hours of durabtion.

When introducing manganese in the system, the yield of marga-
rosanite was conspicuously reduced. To a great extent lead was
instead consumed in the formation of barysilite, Phign(Si;07) 3 -
The presence of barysilite and various other phases rendered it
diffieult to identify and chemically analyse Lthe margarosanite

phase .

Yet, approximate results of electron microprobe analysis of
separate margarosanite grains seem to indicate that the incar-
poration of Mn inte the structure is favoured with increasing

temperature .

AL 4D00°C the maximum substitution of Mn For Ca is around
10%, being nearly doubled at &007C,

All margarosanite crystals, obtained in the present experi-
mente ware developed as slender laths,., independent of tempe-
rature of formation.

Margarcsanite speciments

All the samples come from the Lingban mine; when known, the

name of the stope is also gQiven.
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336347 : Radialing laths af colourless margarosanite, together
with Mn-free calcite and celsian, form distinct thin fissures in
a MNine-arained braunite~bearing. m:caceocus skarn rock. In short=
wave uliraviclei laight Lhe margarcosanite F(luoresces im red,
changing to bBluish-white al altered surfaces .

i0Aa10: Thin Iaver of amall and colourlsss margarcotanils nBeed-
les associated wilh prehnite and barite in a distinct fissure
environment of a micaceous augite skarn rock. This margarosanite

thows strongly bluish-white [lurescence (W) changing Lo purp—
lish red.

730148 (Upper Bolivia stope): Clusters of slender laths of
colourless, non-fluocrescent margarosanite, closely associated
with Mn-Tree calcite, barite {with a Sr:{Sr+Ca) ratio af 0.123,
hedyphane and prehnite. are found as Missure fillings in mica-
baaring braunite are.

30648: A calcite-mangancan phlogopite rock 4is tLraversed by
distinct Fissures of large margarosanitie lalths, sccompanied by
Mr-frea calcite, barite (Sr:{SEr+Cal= 0.0A), svabile as well as
ganomalite. The co-existence of margarosaniie and ganomalite has
never been reported sarlier. The margarosanite f[luoresces (5W)
with a very pale red colour.

17078E. 1B0O015, &70015: Bundles of colourless laths of marga-
roganite, up to 20 mm in length, occor in & Fissure- and wvog-
like patiern in a strongly heterogenecus rock matrix. The marga-
rosAanile 1is accompanied by Mn-free= calcite, barite ([(Sr:-{Sr+Cal=
0.08%, apophyllite, celcian and brownish red asgirine-augite.
The aihort-wave fluorescence colour s heavy red wilh a porplish

Ltint in all samples.

0165 (Australian stope)l: Fissure margarosanite accompanied by
Mn-=free calcite, barite (Bri{Sr+Cal)=0.07} and prehnite. Minor
amounts of reddish brown pyroxene, celsian and melanolekite also
mecur closse Lo mAargarosanile. The colourless margarasanite luo-
resces reddish vialet in short-wave ultraviolsk light.
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FL209: In a micaceous andradite skarn rock, white margarosani-
te is found partly as mm-thick planar fissures, partly as cCoa=—
ting PO arregularly curved rock surfaces. Prehnite and minor
apophvllite are associated with the margarosanite which shows
purplish rad fluocrescence (SW) colour, locally changing Lo

bluish white as a result of secondary alteration.

Paragenetical relations

The present and earlier descripticons (Flink 181¥a and 1217b,
Amineff 1818a, Flink 1923) of Lingban margarosanite assemblages
show that they contain Lypilecal wvug and Fissure minerals, such as
apophyllite, nasonite, Lrigonite, prehnite and native lead, thus

suggeskbing a low Lo moderate temperature of formation.

It may also be noted that potassium—free celsian, oot esarlier
reported as accompanying mRArgarosanite, is present in nearlwy
half aof the samples here. Contrary to polassiuvum-rich wvariebies,
pure calsian 1= generally oceurring as a fizssure mineral of adua-
larian affinity, again indicating a moderate temperature of

formation.

Magnusszon (1930} considered margarosanite to be formed during

period C of his paragenetical scheme.

Chemistry

The results of chemical analyses by electron microprobe measu—
rements (WDS and/or EDS) are given in Table 4. The only major
compositional wvariation iz recorded for the amount of manganese

substitution, the Mn:(Mn+Ca} ratioc varying from 0.02 to O.11.

The reason far this wvariation is difficult to evaluate. It
could be witnessing of temperature variations or simply reflec-
ting the availability of manganese at time of formation. Most
aften the immediate environment of the margarosanite crystals

seams bLo be depleted in Mo,

For comparison, recently published analvses of margarosanites

frem Franklin (Dunm, 1%85) may be cited. They show A Mn: (Mn+Cal
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Table 4. Chemical composition in wit®% of natural margarosanites
from Lingban.

Sample 336347 30810 730146 1800156 gl70766 30165 306468 S7087F 31209

2ilz 24.16 34,31 A%.563 4.16 33.48F 34.24 34.52 32.89 33.0%
Al 203 = [ [ 1 n.d. n.d. n.d. .05 ©0.05 n.d. m.d.
Cal 20 .48 20848 21.3% 18.81 19.322 t9.41 21.068 18.340 1&a.19
M 0.47 0.52 og.7a 1.67F 1.6&7 1.87 2.70 278 2.75
Mo m.d. nmed: [y TP s O ri.d. m.d. D.07 0:.05 w.d. m.d.
PhQ 45 .19 42 .81 42.36 d4.08 45.11 41 .88 41 34 44.89 45 .06
Bal r.d. .9, n.d. [ SO = O m.d. 0. G0 0,24 n.d. n.d.
(ol | n.d. n.d. .. n.d. ri.d. o.a0 0.00 mn.d. n.ds
Tatal 100.28 98 .52 100.03 g8 . 73 100.07 ©7 .60 92.98 898._93 99_07

Formula proportions based on B oxygen atoms

5i 2.89 3,00 g.02 3.03 2. 89 2.01 2.8k .8 2,87
Al = = = = - b.o1 o0.01 = -
Ca 1.82 1.85 1.34 1.78 1.8Aa2 1.-82 1.83 1.76 1.75
Mra 0.04 0.04 0. 06 0.11 .13 .18 DO.20 ©O.21 0.21
Mg =1 = a3 =) - D.o1 o©0.01 - -
Pl .06 1.01 o.ar 1.06 I QF o.9% 0.95 1.08 1,08
Ba = = - - - o.00 0.01 i 5
cl o b = = - o.og oO.00 =t o

Mo/ {Mn+Ca) 0,02 0O.02 D.oz2 0.04 a.07 0.08 0.09 0.11 D.11

n.d.: not determined.
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ratis never exceeding 0.02 and some content of zinc which is not

to be found in the Langban material.

Fefined unit-cell parameters for some natural Mn-bearing mar-
garosanites as well as for a Mn-free phase are given in Table B

{Guinier-Hagg photographs, CuKgy; internal standard=S1x.
Holybdophyllite
Svnihesi s

Several attempts were made to produce molybdophyllite by hyd-
rothermal synthesis. A wide range of temperatures iEﬂD*EﬂﬂﬂE}
was tried as well as wvarying chemical environment {(®.49. presences
af carbonate ioms), but in no case formatiom of molybdophyllite

could be proved.

Electron microscopy studies of reaction products Fformed at
temperatures in the rangs of 300-500=C pgecasionally revealed
the presence of thin flakes with a composition close Lo molyb-
dophyllite but the yvield was too low to allow final identifica-
tion. The main part of the reaction products consist of wvarious
hitherto unknown phases,

Molybdophyliite samples

All the samples under investigation are from Langban, Lthe only
locality at which the mineral with certainty has been found so

far.

o2154, 070315, 12413: Coarse, colourless flakes of molybdop-
hyllite in calcite-braunite rocks with subordinate dolomite and
gserpentine. In sample 02154 the molybdephyllite Flakes are loca-
ted in calcife wvigs which aAlse contain mninor norsethitbte, The
molybdophyllite of sample 12413 contains small inclusions of
nearly Mn=free phlogopites.

191581, 10168, 12426, 31238, J9A0568, 30825: Large, colourless
flakes of molybdophyllite in calecite<hausmannite rocks of

varying grain size and generally containing subordinate dolomite
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Table 5. Refined unit-cell dimensions for natural Mn-bearing
margarosanites Ffrom Lanaban, and one Mn-free synthetic
variety. The estimated error is generally below O0.5%.

Sanple Mo/ {(Mn+Cal g B g 5 & & ¥ Volume
CAD LA CAY (a) {0) (o) LR 2
ane1o 0,02 8. F2F 9.53%1 €.718-110.35 102.82 83._.268 39340
30185 .08 6.748 68.508 6,885 110.14 102.82 A3.14 3I892.16
1209 o.11 6£.730 9.8522 & . 868 110.18 102.99 B83.04 3I890_37

Synthetic sample (run ng B5155F.

.00 &.683 9.486 6.645% 109.52 1D2.458 83.91 390.94

Table 6. Microprobe analyses {(wk%) of common meolyhdophyllite
{sample 1915813, Pbhb-depleted molvbdophvllite {(sample 1D168)
and "18 A-molvbdophyllite” (sample 7F408945) from Langharn.

Sample 121581 10168 FA0D45
std dev std dewv shd dew

510 18.286 .16 24 .31 0.13 12.42 0.2%
Al-0O 4 0.3z Q.02 O.84 0.02 0.35 o.02
MgO 11. 584 0.11 15.58 0.30 7.88 o.12
Mo o.18 0.04 0.53 0.04 0.03 L |
Cal D.01 0.01 o.no 0.01 Q.02
Fhid EO .47 .52 50 .94 0.45 TO.82 o.o3
Bal 0.25 o.11 0.41 0.15 .13 0.05
el | o.0o 0.18 0D.13 G.aF o.nz2
F n.d. n.d. 0., 0% 0.2
Total a0 . 42 a2.5%9 91 .96

n.d.: not debtermined.
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and serpentine. Among other minerals occasionally Found closely
associated with molvbdophyllite may be mentioned morelandite ain
sample 191581, brucite in sample 10168 and barytocalcite and
barite in sample 31238. There iz no obvious btendency for molyvh-
doephyllite bto form distinet fissures with exception for =sample
20825

FParagenetical relations

With regerd Lo mode of oceurrence of Lhe investigated molyh-
dophyllites, it i1s a general feature that their immediate envi-
ronment is depleted in manganese in spite of the fact that they
are all hosted in rocks rich in manganese oxides. Besides cal-
cite the minerals most closely associated Lo molyvhdophywllite are
principally barium- and/or magnesium compounds. Some of these

may indicate lower to moderate temperatures of formation.

In his paragensetical scheme, Magnusson (1930} assigned molyb-
dophyllite Lo peried C, corresponding to post-peak metamorphic
conditions characterized by wvug fillings.

Chemical and structural data.

The handbook formula of molvbdophyllite is wusually given as
PhaMg 5105 (CH) 5 .. The mineral was first described by Flink
(18013 who found that the Pb:Mg:5i ratio was elose to 1:1:1. He

also stated the hexagonal character of Lhe mineral.

From Laue photographs, Aminoflf {1918b} drew the conclusion
that Lthe mineral was rhombohedral, belonging to the ditrigonal-
discalenohedral crystal class. WNo successful crystal structure
determination has so far been accomplished due Lo difficulties
in gbtaining single crystals of proper quality. The structural
pattern of molybdophvllite is thus still unknown except for the
fact that it should be based upon a laver lattice in wview of
the high elastic Flexibility characterizing the mineral flakes,

which are not much more brittle than mica.

The chemical composition as determined by electron microprobe
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analysis (WDE andfor EDS!) is more eor less Lhe same for all the
molybdophyllites investigated here (see above). except for samp-
le 10168 which is extremely depleted in lead. The results of the
chemical analysis of samp le 191581 , representative for mos b

molvbdophyllites, and sample 10168 are given in Table 6.

In order ko check the content of wolatile components the beha-
viour of molybdophyllite during heating was also studied, hand-
picked crystals {20 mg}) being equilibrated in air at successi-
valy higher temperatures at atmospheric pressure. Up Lo a L
perature aof 4I0= the weighth lossg was limited bubt increased
then rapidly, especially in the range 450-550-C, with dest-
ruction of the molybdophyllite lattice and formation of other
phases of unknown composition. The weight loss of approximately
8%, recorded during this break-down process. delimits the maxi-

mium hydroxyl wabter content of the mineral .

To ocbtain more structural data a small erystal flake of the
sample S80568 was analysed in an X-ray single-crystal diffrac=-
tometer (Philips PW 1100). An approximate hexagonal wunit-cell
could be outlined, which was further refined from Guinier-Hagg
photographs 4:nlt:r_:|l:.;,,Ilr internal standard = S5i) of powdered material,
giving Lthe cell parameters a;E.BEfEI A and ﬁ;E?-EQI?J A. Bligh-
tly higher values, 9.47 and 27.92 A respectively, are reported by
F.B. Moore {University of Chicago, personal communicabion, 1987}
who alse claims that the space group i& Elﬁazzﬁlﬂﬂ,

An indexed X-ray powder diffraction pattern of the mineral 15
shown in Table 7.

From the structural characteristics and the results of chemi-
cal analyses and weight loss measurements it may be proposed
that the ideal molybdophyllite formula is PboMiq8lgOoy (OH) 5y (2=2),

assuming that there are no other anions present (@.g. carbonate
groups’.
In relation bto the proposed ideal compositian, however, all

the investigated molybdeophyllites are more or less deficient in
lead. A representative formula of most samples {(as taken from

the analysis of sample 1915812 could thus be given as
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Table 7. X-ray powder diffraction pattern for molybdophylliLe
from Lhngban (sample S80568) .
Intensilties oblained visually.

I F I' d-f.-.'l d.l-.-:l.-.'l- I'I h- I
BO 14.23%0 13.720 oo
45 a.1s&0 B8.114 100
40 4.8889 4 .685 1 10

5 A4.410 4.433 i1 2
10 4.039 4 .057 2 0 0
5 4.000 4.013 2 0 1
5 3.429 3.430 o008
10 3.284 3.273 118

&0 .07 3.087 2 1 0

20 2.040 3.035 2 0 8
i.048 2 1 1

40 £ .980 Z.983 4 1 2
20 Z.842 2 . 855 109
70 2,701 2.705 I
TS 2.584 Z.692 3 D2

2.677 21 5
5 2.8289 2.820 2 08

70 Z2.411 2.418 2 1 7
10 2.341 2.342 2 2 0
10 Z.284 2. 287 o0 12

5 2.2581 d.250 210
10 2.320 2.221 2 1 2
40 4.022 2.018 218

2.023 4 0 1
10 1.880 1.880 4 0 3

5 1.926 1.9286 30 1o
20 1.6683 1.862 3 2 0

& 1.834 1.834 3 0 11

1.833 2 1 13
100 1.772 1.771 4 1 0
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Poy_o(Mga, gMng, 1AYg 2)81g, o0pu (OH) 21 5 -

This composition reguires a water content of 6.8 wt-% as com-
pared to the observed weight-loss maximum value of 6% and the
approximate value 9.1% indicated by the chemical analysis. The
calculated density is 4.80 as compared to the measured value
4.717 (Flink, 1901) and the wvalue 4.98 calculated for the ideal
formula. The chemical composition of sample 10168, still giving
a typical molybdophwvllite X-ray pattern, seems to be the result
of an extreme leaching of lead. The corresponding formula could
be Phs, pBag,1(Mgg sMng, pAlp, 3)Sis 0026 (CH)16,3Ck0,1 with a required
wabter content of 6.5 wti-% as compared to the analyiical “"dif-

ference by weight” value of 7.4%.

The extreme laver lattice character of molybdophyllite could
explain easy removal of loosely bound interlayer lead ionse. The
mingral is wvery sensitive to treatment of even diluted hydroch-
larie acid (0.1 MY, which is transforming the transparent flakes
into chalk white opague by precipitation of lead chloride but
without completely destroving the molybdophyllite structure. At
such a treatment marginal zones are observed to maintain their
transparency,. which may depend on an original edge-wise removal

of lead i1ons from bhe crysials.

When comparing the present data with the wet-chemical analysis
given in the original molybdephyllite description (Flink, 130112
it may be noted that similar lowering of the Fb:351 ratio is

recorded and that the water content was stated as 6.32 wi-%.
Awaiting further studies, 1t may be emphasized, that Lhe ideal
formula given above, from which the natural molybdophwllibe I ar-
mulas have been derived, 1s highly speculatiwve.
Molypbdophyiiite=-11ke minerals
According to P. B, Mopre (University of Chicageo, personal com-
munication, 1987} Lhere exists a monoclinie polvmorph of molyh=

dephvllite which was not to be found among the present samples.

In one sample (740945 ), haowever, crystals of the same general
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Table 8. X-ray powder diffraction pattern fer “18 A-

molybdophyllite™ from Lingban (sample T40945%).
Intensities oblained visually.

1#/]la o o [ h kX 1
100 i8.627 18.39% ao 3
45 a8.239 9.197 o0 4
10 E.604 &6.753 i0 3
40 B.158 6.131 DD B8
45 4. 878 d4.671 11 0
45 4.830 4.634 111
50 4 .544 4 .527F 1 1 2
&0 A _324 4 .385% 11 3
&0 4.17T d.185 1 1 4
L] 4.047 d. 045 2 0 0
10 a.arr 3.842 2 0 23
-] 3.685 3.679 oo 10
an 1.z87 3.2897 i1 @4
70 i.06848 a.066 oo 12
45 3.039 3.037 2 0 a
a5 i.aan7? 3.0186 21 2
20 Z2.8488 Z2.890 1 1 10
an 2.8890 2.687 ao0oan
20 2.68%53 £.643 = 17
20 2.827 2.628 g 0 14
15 2.428 2.420 11 13
B0 2.33A 2.3236 2 2 0
15 2.32% 2.319 2 0 13
10 2.194 2_294 z2 23
5 Z2.2866 2.264 2 2 4
45 2.243 Z2.244 310
&0 2.228 2.227 321 2
45 2.147 2.183 24 2 8
20 2.14% 2.148 21 5
20 1.A71 1.872 1 1 18
20 1.859 1.858 2 2 12
is 1.820 1.81%9 a2z &
&0 i.787 i.766 & 1 1v
20 1.756 1.757 d 1 2
20 1._74é i.748 2 2 14
15 1.578 1.578 2 1 20
&0 1.554 1.5586 331
45 1.510 1.511 31 18



Ay L

appearance as molybdophvllite were shown to be devialing in both
chemietry and structure. The laver thickness of Lthis nev mineral
has increased by one-third from nearly 14 A to 18 A. Refinement
af ita hexagonal unit-celil parameters has given the walues
BesP J402) A and c-=38.7000) A. Reflections of the X-ray
povder pattern obtmained from Guinier-Haog photographs iCukK
internal standard = Ei1) are shown and indewed in Table 8.

AL the samé Lime, as shown by Lthe chemical analysis 1n Table
&, ths lead contenl has iAcreased by ané hall in comparizon to
ideal molybdophyllite, Lhe cation ratio Ph-Mg:8i being changed
Lt 3:2:2.

Most probably this “I8 A-molvbdophyllite® i1s derived from
ordinary molvbdophyllite by addition of an extira lead hydroxaide!
{carbonate? laver. The 18 Ak X-ray reflection is persistent wupon
heating wup to 4009C, excluding the possibility that we are
deanling with lattice expanded by hydration like smectite.

Except for “14 A-molvbdophyllite™, samp | & FaOwas { ma st M
dimension = 3 om) consjidals primarily of havsmanniltle and bhary-
tocalcite. Minor amounts of calcite. asgirine-rich pyroxene,
apatite and macedonitie have also been i1dentiflied.
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