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TWO FIBROUS IRON SULFIDES AND VALLERIITE FROM
CYPRUS WITH NtrW DATA ON VALLtrRIITE1

D. C. Hennrs AND D, J. VaucHaN,2 Miner'al Sciences Diuision, Minns
Branch, Ottaw,a, RlA 0G1

Assrnacr

Two fibrous iron sulfide minerals, with optical and physical properties similar
to valleriite, are described from an ultrabasic complex located near Pefkos,
Cyprus. The two minerals, designated in this paper as Type I and Type II, occur
as fine-grained aggregates and/or veinlets of fibrous crystals surrounding troilite.

Electron microprobe analyses of the Type I phase suggest a formula 2FeS'0'&4
(CaCO"'H,O). The mineral readily effervesces in dilute hydrochloric acid re-
leasing an odour of HnS. Infrared and DTA studies show the presense of bonded
H,O. The powder pattern, indexed on a hexagonal cell, gave dimensions a = 3.&3,
c - 33.12 A.

Electron microprobe analyses of the Type II phase suggest a formula
2FeS'1.58(Mgo.*Feo.n (OI[)r). The mineral does not effervesce in hydrochloric
acid. The powder pattern resembles but is distinct from that of valleriite and of
the Type I phase and can be indexed on a hexagonal cell with a - 3.74, c - 32.63
A. The mineral has also been identified in a specimen of troilite from the "del
Nort6 Co." locality in California. This phase appears to be similar to the "fibrous
iron sulfide," previously described from the Muskox Intrusion, N.W.T. and from
the Lizard ultramafics in Cornwall, England.

Where sufficient material was available, infrared and M6ssbauer spectra of
the two phases have been examined and compared to those of normal valleriite
from Sweden. As they are clearly members of a group of minerals which includes
valleriite, the problem of their nomenclature and classification is also discussed.

INrnonucnoN

A preliminary mineralogical study of samples from the ultrabasic
complex of Pefkos, in the southern parb of the island of Cyprus, was
undertaken by Prof. A. P. Millman of University College, Cardiff.
Bulk chemical analysis showed the presence of major iron and sulfur
and minor calcite, copper, nickel, arsenic, cobalt, and insoluble frac-
tion. A study of polished sections of this material showed rhajor
"pyrrhotite" with exsolrred pentlandite, veined by a later complex
mineral resembling valleriite. Microchemical tests confirmed the pres-
ence of iron and sulfur in this phase but not copper. Gersdorffite and
calcite also occurred in the veins.

'Sulphide Research Contribul,ion No. 45.
2Present address: Department of Earbh and Planetaryr Sciences (tl-819),

Massachusetts Institute of Technology, Cambridge, Mass. 02139, U.S.A.
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Recently, a sample of this material obtained from Prof. Millman
was examined in detail with the object of undertaking a study of the
crystal chemistry of valleriite by Miissbauer spectroscopj. Electron
microprobe analysis of the valleriite-type material revealed the pres-
ence of only minor amounts of true valleriite but appreciable quantities
of two other fibrous iron sulfide phases. These phases have been char-
acterised in terms of their compositions, structures and physical and
optical properties. Where sufficient material was available, infrared and
Mtjssbauer spectra of these phases have been examined and compared
to those of normal valleriite from Sweden.

The object of these studies has been not only to characterise the
two fibrous iron sulfides but also to explain their relationship to each
other and to valleriite.

Tup Pnnrcos Dnposrr

This ultrabasic complex, a property of the Hellenic Mining Com-
pany, is located near Pefkos in the southern part of the island of
Cyprus, norih of the port city of Limassol. An excellent account of
the geology and mineralogy of this deposit and of other similar ones
in the area has been given by Antun, El Goresy, and Ramdohr (1966).

From observations made on the specimen available for this study,
it appears that the fibrous iron sulfide minerals formed during ser-
pentinization of the ultrabasic rock from alteration of existing primary
sulfides, in particular troilite. Antun et al. desuibe the major sulfide
phase as pyrrhotite whereas troilite is clearly the major phase in the
sample studied here. The troilite may be restricted in its occurrence
in the deposit and may account for the unusual assemblage.

Minor amounts of valleriite are present and the amount seems to
be controlled by the presence of primary copper-bearing sulfides in
the rock. The primary sulfides and arsenides are troilite, chalcopyrite,
mauchelite, cobaltite, and pentlandite. Secondary minerals which ap-
pear to have formed from the chalcopyrite are valleriite, mackinawite,
chalcocite, covellite, and euhedral magnetite. The troilite has altered
to euhedral magnetite and to two fi.brous iron sulfides, designated in
this paper as Type I and Type II phases. Also present are "chrome-
spinel", magnetite, calcite, serpentine-like minerals, and probably talc.

Er,pcrnon Mrcnopnosn ANer,ysns

The mineral compositions were obtained with a Materials Analysis
Company electron microprobe. In most cases, one or several of syn-
thetic FeS, FeS2, FeAs2, MgO; pure metallic Cu, Co, or Ni were used
as standards. The final compositions were derived by processing the
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X-ray intensities with Rucklidge's (1967) computer program for re-
duction of electron microprobe data.

Type I

This phase is the most abundant of the two fibrous iron sulfide
minerals and,when identification is based on optical properties alone,
it can easily be mistaken for valleriite. ILs colour varies from a dull
greyish buff.to a bronze, whereas valleriite is buff with a tinge of grey.
Anisotropism is exbreme and varies from white to a bright reddish
yellow. Valleriite by comparison is gold.en yellow. The mineral com-
monly occurs as a fine-grained aggregate surrounding troilite (Fig-
ure la and b) but also occuls as clusters and veinlets of fibrous crystals
up to 250 microns in size (Figure 1c). The hardness of the mineral
could not be measured by indentation due to its fibrous nature. How-
ever, the nature of the polished surface suggests that the hardness is
elose to valleriite. The reflectivity could not be measured.

Electron microprobe analysis in four separate sections yielded the
results shown in Table 1. No other elements down to atomic number
11(Na) could be detected; in particular, copper, aluminum, and mag-
nesium were sought, but not found. The mineral does not effervesce
in acetic acid but readily effervesces in dilute hydrochloric acid (1:3
solution) releasing an odor of HzS. Infrared and differential thermal
analysis studies, discussed later, show the presence of bonded OH
or H2O. The formula of the mineral is proposed as (2FeS).0.8a
(CaCOa'HzO). The calculated values of COs and H2O are also given
in Tdble L and combined with the microprobe analyses these give a
total of 100.84 percent.

Material suitable for single crystal studies was not available but
the powder pattern which resembles valleriite, although distinct, is
given in Table 2. This has been indexed on a hexagonal cell with
dimensions o : 3.83 :t 0.02. c :33.12 i 0.02 A.

Tgpe II

The optical properties of this phase are also very similar to val-
leriite and its identification could be confirmed only by microprobe
analysis. The colour is less intense than valleriite and is greyish tinted
buff. Extreme anisotropism is exhibited with colors of white-greyish-
orange-yellow. The reflectivity was measured at four standard wave-
lengths and the values compared to those of valleriite are given in
Table 3. The mineral occurs as clusters of fibrous to lath-+haped
crystals and as veinlets interstitial to the troilite grains sometimes
rimmed by the Type I phase. The clusters range up to 150 microns in
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size. The mineral is commonly associated with valleriite both as sepa-
rate clusters and as interlocking laths.

Microprobe analysis in three separate sections yielded the results
in Table 4. Again, no other elements down to atomic number fl(Na)
could be detected. The balance of the analyses is ascribed to (OH)
yielding the average formula 2FeS. 1.58(Mgo.rgFeo.rz(OH)z) ; combin-
ing the calculated (OH) concentration with the microprobe analyses
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gives a total of 101.2 percent. The mineral does not effervesee in
either acetic or hydrochloric acid.

Material suitable for single crystal studies was not available, but
the powder pattern is given in Table 5. The pattern resembles, but is
distinct from, valleriite and the Type I phase and it can be indexed
on a hexagonal cell with o = 3.74 -r 0.02, c = 32.63 + 0.02 A. The
unindexed extra reflection may be due to impurities.

Subsequent to this study, another occurrence of this mineral was
noted in a specimen of troilite from the "del Nort6 Co." locality in
California. The specimen, labelled as troilite, was obtained from the
Royal Ontario Museum Collection M12906.

The phase has formed from alteration of troilite as shown in Figure ld.
The analysis is given in Table 4. The remainder of the analysis is
ascribed to (OH) yielding the formula 2FeS.1.64(Fe."Mg.r'(OH)r).
An X-ray powder pattern of this mineral is identical to that from the
Cyprus deposit. The main differences in the mineral from the two

Fre. 1.-(a) Photomicrograph of troilite (white) partially replaced peripherally by
the Type I phase. The Type I phase in close proxirnity to the troilite
has a radial texture. The black rounded areas are holes, some contain-
ing euhedral magnetite.

(b) Photomicrograph of fractured troilite (white) partially replaced by
the Type I phase. The small grey euhedral crystals are magnetite.
The small white inclusion in the centre of the troilite grain is
pentlandite.

(c) Photomicrograph of troilite remnants (white) partially replaced by
the Type I phase, The grain size of this mineral increases from a
dense, fine-grained mass near the troilite to bundles of fibrous crystals
further out. The euhedral white crystal are rnagnetite while irregular
grains of pentlandite occur mainly in the fibrous section of the mineral.
The black areas are holes.

. (d) Photomicrograph of the Type II mineral (light grey) forming along
fractures in deformed troilite (white). The darker grey material with
the Type II phase is gangue (del Nort6 Co., California).

(e) Photomicrograph (crossed nicols) of mackinawite inclusions (white) in
pentlandite (light grey). The surrounding material is troilite. The
greyish black inclusions are valleriites and the black areas are holes.

(f) Photomicrograph of a troilite remnant (white) with one half of the
fragment altered to euhedral magnetite and what appears to be bornite.
Although not readily visible, chalcopyrite occurs rimming the troilite
where the grain is replaced.
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TABLE 1

Microprobe Analvses of the Twe I Miueral

(  1 ) (2) (3) (4) Average

C a

F e

s

C a l c .

Gor

G alc.
Hzo

1 2 . 4 4  1 2 . 1 0  L z . r 4  1 2 . 5 7  1 2 . 4 6 +  O . 4

4 0 . 5 5  4 0 . 3 0  4 1 . r r  3 9 , 1 3  4 0 . 4 2 +  0 . 6

24-OZ 23-89 22 .6 t  24 .30  23 .71  t  0 .6

7 7 . 0 t  7 6 . 8 9  7 s . 8 6  7 6 . 6 0  1 6 . 5 i

1 8 . 6 2  L g . o z  1 8 . 1 8  1 8 . 8 4  1 8 . 6 6

5 . 5 a  5 . 1 0  5 . 4 5  5 . 6 5  5 . 5 9

r o 1 . z 1  1 0 1 . 6 1  9 9 . 4 9  1 0 1 . 0 9  1 0 0 . 8 4

CO. (calculated) = Amount of CO" lequired to combine with analysed
- 

quant i t ies of Ca to give CaCOr.

HrO (calculated) = Amount of HrO required to give one molecule with
- 

the CaCO, f iact ion.

a(a".9r t r .  OO) 
'  0.  83(CaCO3. Hzo)

t( .u.9r t r .  oO) '  0.  85(CaCOr.H.O)

2(F. t .  
O+St.  OO)'  

0.  86(CaCOr.  HrO)

z(F".  
9ast ,  oo) '  o.  83(cacor.Hro)

occurrences is the higher iron content of the hydroxide layer in the
"del Nort6" sample. Other mineraJs identified in the polished section
are sphalerite, pentlandite, chromite, and minor amounts of valleriite.
The valleriite occurs either as distinct veinlets or as interlocking laths
with the Type II phase. Microprobe analysis of the valleriite gave a
formula of (Cu. uuFer.ruSr. oo) . 1.49(Mgo.oeFeo. rrAlo. 'u(OH)t.

The Type II mineral appears to be similar to the "fibrous iron sulfide"
described by Jambor (1969) in the Muskox Intrusion, N.W.T. and
by Clark (1970) from the Lizard ultramafics in Cornwall, England.

Associated, Mi,nerals

Troilite is the major mineral constituent in the sample. The most
characteristic feature of the mineral is its intense fracturing and altera-
tion to the fibrous iron sulfi.de minerals (Figure la, b, c). The mineral
was originally identified by its composition and confirmed by X-ray
powder diffraction using a Guinier camera. Electron microprobe analyses
and etch tests using a solution of HI show that the phase is homogeneous.
Three separate determinations gave Fe 63.94, 63.92, 63.89; S 36.38,
35.42, 36.90; totals 100.32, 99.34, 100.79 wt. percent respectively. The

( 1 )

lzl

(3 )

(4)
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TABLE 2

X-Ray Powder Dif f ract ion Data of . the Twe I  Mineral  f rom Pefkos,
CyPrus; 114. 6-mm-diameter care!a, Fe-f i l tered Co radiat ion
a  =  3 . 8 3  t  O . O Z A  c  =  3 3 . 1 2  t  o . O z C

1M3

h k ,  d ( c a l c .  ) A d ( m e a s .  ) A I(est)

00.  9

1 0 .  1

1 0 . 4

1 0 . 6

0 0 .  t 2

1 0 , 8

1 0 .  9

1 0 ,  1 1  
\

o 0 -  1 5  ,

3 . 6 8 0

3 . 3 0 0

3 . 0 7 9

2 . 8 4 3

2 . 7 6 0

2 . 5 8 9

2 . 2 2 9  r

z . z o 8  t

0 0 . 3

0 0 . 6

I  1 .  040 r 0 . 9 8

3.  g3

3 . 3 0

3 . 0 5

2 . 8 4

t  1 2

2 . 4 6

z .  16

z . o 7

z.  oo

1 . 9 4 2

1 .  879

1 . 8 5 1

1 .  ? 8 s

t . ,749

1 .584

LZ9A

l 0

1 0

L

7

3

3

8

2

4

6

1 / z

3

I

1

o

I

I

1 0 . 1 3

1 0 .  1 4

1 1 . 3

0 0 .  t 8

1 t , 6

|  1 . 7

1 0 . 1 5

o 0 . 2 1

zo.  16

z. ozo
1 . 9 2 6
1 . 8 8 7

1.  840

1 .  8 0 9

1 . 1 7  5

l .  t 5 b

t .  5 7 7

r . 2 9 4

TABLE 3

4?Obm

V alle !iite

Type II
Mineral

mu.

@n.

md.

mn.

1 4 . 8

lz.o

r )  )

t t  )

r 7 .6

t r . 6

14 .  I

l o . 7

t 8 . 8

t r . 7

t a  a

1 0 . 8

zo.6

1 2 . 3

1 8 .  5

1 1 . 0

The ref lectaace measulementa were made on a Leitz MPV lef lectanca

apparatus equipped with ao MPE photometer, aEd wele made against

carbolundB dtandard ao. 2538.25, provi<led by the Commission on Ore

Microecopy and cal ibrated by the N. P. L.  A 60:1 object ive with a numerical

apertule of 0.95 was u6ed.
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TASLE 4

robe Ana se s of the Mlne ral

2 l . 5 2 r  O . 6

r 0 0 .  6 2  1 0 0 , 8 5  1 0 2 . 1 3 t03 .26

OH calculated = Amount of OH required to combine with aoalyzed
quant i t ies of Mg and the Fe in excess of that to give FeS.

OH with Fe, calculated as Fe(OFI)r .

( l )  Z F e S ' t . 5 4 M e . r O F e . n r ( o H ) r )

lz \  2FeS '1.51(Me. 
unFe. na(oH)r)

(3)  ZFeS .  1.68(Mg. UoFe. 'O(OH),)

DeI Nort6 Go. ZFeS . l. 64(Fe. 
.z:l ' / 'C, n(otl l zl

average of the analyses gives a formula Fe1.e1S1.sq. Ni; Co and Cu were
not detected.

Pentlandite is a minor constituent and occurs as irregular grains,
either within the troilite or in the Type I mineral. The pentlandite
a,ppears very resistant to alteration and the fibrous iron sulfide minerals
have not formed from it. While most of the grains are homogeneous,
others contain small inclusions of mackinawite (Figure 1c). It was first
thought that the mackinawite has formed from the pentlandite, but
closer examination revealed that the host mineral is a pale yellow phase.
Electron microprobe analyses of the pentlandite gave: Co 6.3, Ni 23.6,
Fe 38.0, S 32.4; total 100.3 r't. percent, corresponding to the formula
(Coo.rNir.rFer.n)n.nSr.o. Microprobe analyses of the macldnawite gave
Co 1.8, Ni 2.1, Fe 60.3, S 36.2; total 100.4 wt. percent, corresponding
to the formula (Coo.orNio.orFe6.eu)1.s2S1.66.

Chalcocite, covellite, chalcopyrite, and bornite are present in the ore,
although in very minor amounts. Covellite was found only as a veinlet,
while chalcocite occurc as irreguJar grains usually in the vicinity of
valleriite. Chalcopy'rite is very rare and occurs rimming or a,long cracks
in the troilite remnants which it appears to be replacing. The identifica-
tion of bornite is questionable, and what has been termed bornite
forms the matrix of a cluster of magnetite crystals which have formed
from the alteration of troilite (Figure 1f).

2 l - 6 0 z r - 6 2

7 9 . 1 2  7 9 . 1 7  7 9 . 3 1

z 1 0 1

-  Cvprus .  Del Nort6 Co.

ffi 
^ttt"g" c.tif.

M g

C alc.

toH)

6 . 7 8

< n  o o ) U .  O J

6 . 1 9  6 . 7 a +  O . Z  2 . 8 6

5 r .  o o  s o . 8 ?  +  o .  z  5 6 . 5 3
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Cobaltite and maucherite occur either as separate grains or as com-
posite grains associated with the troilite. Maucherite can be distinguished
from cobaltite by its weak anisotropism and a pinkish cast. The identities
of the two minerals were confirmed by X-ray powder diffraction and
electron microprobe analyses. The analysis of cobaltite gave Fe 3.31,
Ni 8.29, Co 23.75, As 48.47, S 17.02; total 100.83 wt. percent giving a
formula of (Feo.roNio.rrOoo.ur)r.ooAsr.e7Sq.ss. Analysis of maucherite gave
Co 3.06, Fe 1.10, Ni 47.48, As 47.53; total 99.49 wt. percent corre-
sponding to the formula (Fe6. 110o6. 6sNi1o.a6) rr. sAss.6. t'Chrome spinel"
is widespread and occurs as irregular porous grains, usually intergrown
with or rimmed by magnetite. It appears that the idiomorphic spinel
and magnetite are the primary minerals.

INrnenm eNo Mijssseun;R SPECTRA

Infrared spectra were obtained of the Type I mineral and of val-
leriite from Kaveltorp (ROM 17023) using a Beckman IR-12 instru-
ment with,cesium iodide as the mairix material. Spectra were recorded
over the range 200-4,000 cm-' and for both materials features atr 1,620
cm-1 and 3,600 cm-'may be assigned to bonded water or (OH) radi-

TABLE 5

X-Rav Powile!  Dif f ract ion Data of the Twe I I  Minelal  f rom Pefkos'

Cyptus; .  1 I  4.  6-.mm- di  amete! c aEera, F e- f i l terei l  Co radiat ion

a  =  3 - 7 4  t  0 .  0 2 A  c  =  3 2 . 6 3  t  0 .  0 2 A  R 3 m

1045

d(calc.  )A d(meae. )A I(e st)

00 .  3

00.  6

00.  9

1 0 .  t

0 0 . 1 2

70.876

5.438

3.625

3 .224

2.719

1 0 . 8 6

5 .42

3 ;606

3 . 2 2 2

2 .713

2.602

2.535

2 .30L

z . z ! 3

2.  !83

z. t25

1 . 8 7 6

t .  838

l .  804

1 .765

1 . 5 7  !

1 . 3 5 t

8

1 0

z
t lz
3
'++

r lz
4

3*
2
x

t lz
5

J

t l 2
a

)

1 0 . 8

1 0 .  t 0

2.5t7

2.299

0 0 .  l 5 2 .175

t t . 0

t 1 . 3

0 0 . 1 8

t r . 6

oo.2l

oo.24

1 .870

r . 843

t . 8 1 3

t . 769
I  E ( t

r .  359

*extra reflections that cannot be indexed using the stluctule of Evana anal

Al lmann (1168).  These may repreeent unident i f ieal  impuri t iee.
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cals.'Weak features in the region 1,450 cm-1 may be due to CO3 groups
but are unfortunately inconclusive. The spectra are shown in Figure 2.

The Miissbauer .spectra of the Kaveltorp valleriite and a sample
containing Type I and minor amounts of the Type II minerals from
Cyprus were determined using an Austin Science Associates drive unit
with a Cou' source in Cu and a Northern Scientific multichannel ana-
Iyser. Spectra obtained at 300'K and 77'K were interpreted using a
least squares fit computer programme and the spectrometer was cali-
brated with iron foil. The spectra are shown in Figure 3 and at this
stage only tentative interpretations may be offered for these complex
spectra. The spectrum of normal valleriite at 300'K resembles spectra
obtained for high-spin Fes* exhibiting magnetic relaxation. The spread-
ing out of the spectrum al 77"K is in agreement with this interpreta-
tion. This suggests a formal valence scheme of the type Cu*Fe'.S2
for the sulphide layer.

The complex spectrum derived from the Cyprus sample again sug-
gests magnetic relaxation, substantiated by the spreading of the spec-
trum at 77"K. Lt this temperature it is possible to distinguish the outer
peaks of a hyperfine magnetic subspectrum with an internal fleld at
254 Kgauss. This value and the isomer shift (0.67 mmr/sec) show rea-

00 1.500
wavE l {unBER cu - l

Frc. 2.-Infra-red absorption spectra of valleriite from Kaveltorp, Sweden (lower

curve) and the Type I mineral frorn Cyprus (upper curve).

z
9 r o
o
2
d z o
z

E o' too
F

; 8 o
o
E

H 6 0
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VELOCITY (rm/sec.)

Fro. 3.-Miissbauer spectra of valleriite from Kaveltorp at 300'K (Spectrum
1) and 77'K (Spectrum 2) and of the Type I (with some Type II) mineral at
300'K (Spectrum 3) and 77'K (Spectrum 4).
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sonable agreement with reported values for high-spin Fe2* in sulphides
although further changes may take place at lower temperatures.

DrrrpnoNrrer, Tunnlter, ANer,vsrs

Samples of Kaveltorp valleriite and the Type I (with some Type II)
phase from Cyprus were also examined by difierential thermal analysis.
The analyses were carried out under the same conditions for both
samples, that is on a platinum foil disc in a vertical furnace in an atmo-
sphere of flowing argon. The traces are shown in Figure 4. The first
peak occurs at 114oC for valleriite and 135oC for Type I and Type II
material. These peaks are interpreted as the initial breakdown tem-
peratures of the phases due to the loss of (OH) or HzO from the structure.
Reaction continues over the range 114-158oC for valleriite and 135-
197oC for Types I and II. The other major feature in the valleriite
trace is on endothermic peak at 590oC. Types I and II do not, exhibit
this feature but a sharp endothermic peak at 896oC corresponds to the
decomposition temperature of CaCOs.

An upper stability temperature between 600oC and 650oC was
suggested for the valleriites synthesised by Iiishi, Tomisaka, Kato, and
Takeno (1970), the compositions of which were in the range of 2.0
(Mgo.6'Alo.'r(OH)t. CuFeSz to 2.3(Mgo.oEAIo.sr(OH)r). CuFeSr.

r u u cnvmu c H 'frffi 
Ii,T^*"ff:ixcArloN 

oF

When Evans and Allmann (1968) demonstrated that valleriite be-
longs to a group of minerals that are "hybrid" structures,lconsisting of
alternating brucite-like and copper-iron-sulfide layers, they suggested
the possibility of further substitution in at least the brucite-type layer.
That further substitutions do occur in this layer was shown by the
work of Springer (1968) and of Harris, Cabri, and Stewarb (1970).
The present work on the Cyprus and del Nort6 Co. materials, together
with observations made by Jambor (1969) and Clark (1970), also
show that copper is not always present in the sulfide layer. A list of
compositions for "valleriite-type" minerals are given in Table 6.

The Type II phase from Cypms and the virtually identical phases
from California and USSR are probably the same phase as that de-
scribed by Jambor and by Clark. The existence of this phase clearly
shows that the sulfide layer in "valleriite-type" minerals is of two
distinct types: an FeS (or Fer-*S) layer and a (Cu,Fe)S layer in
which the ratio of Cu:Fe is close to 1:1. There is no clear evidence to
suggest that the Cu:Fe ratio deviates frorn 1:1 and the variation shown
in Table 6 may be due to analytical error. If substitution in the sulfide
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.40!v

+4O!y

-4Otw

l.ooo 900 800 700 600 500

TEMPERATURE
Frc. 4.-Difierential thermal analysis curves of valleriite from Kaveltorp (lower

curve) and the Type I (with some Type II) phase from Cyprus (upper curve).

layer were possible, then one would expect to find intermediate com-
positions in samples containing both normal valleriite and the Type II
material. This is not the case in the samples from either Cyprus or
California where both minerals occur together. In fact, the rather low
copper content for the del Nort6 Co. valleriite may be due to admix-
tures of the Type II phase which could not be distinguished optically.

ozloo 300 200 loo
c

c
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TAsLE 6

Chemical Compositione of riValleri ite-Twe" Minerals

Formula

K a v e l t o r p ,  S w e d e n  ( C r . 8 1 F . 1 .  
1 9 S z )  

.  1 . 5 6 ( M e .  
r r r e .  t 7 ( o f D z )

lType local i ty) (Springer,  1!68)

K a v e l t o r p ,  S w e d e n  ( a . . 8 r t " r . 1 3 S z ) .  1 .  4 4 l M c . 7 9 F u . z l o : f l , ) z l

.  lHarl is,  unpubl ished daly6i6)

L o o l e k o p ,  P a l a b o r a  ( " o . g u " u r . o r S r ) .  1 . 5 ? ( M g . r a A r . ' z l l o : f , ) )

South Af l ica (Springer,  1968)

Loolekop, Palabora (cot.  
olF..96s, 

.  t .6?(Mg. 
?5F..  t6AI.  o9(ou)r)

South Afr ica (Springer,  196g)

N e w  r m p e r i a l  M i n e ,  ( " ' r .  
1 9 " " .  e r g z )  

.  r .  6 4 * t . r r o r . z 3 F e . 0 6 ( 0 1 4 z )

Yukon, Canada (petrukgl3lz t9?O)

N o r i l r s k ,  W e s t e t n S i b e r i a  ( C o t . O O F " t . O O S a )  .  1 , 4 7 ( F e ( O H ) r )

{Halr is et .a1, 19?0}

D e l N o l t €  c o .  ( C g . 6 s F . t . r s S z )  .  1 . 4 9 ( M g . a r F . .  
t e d .  t O ( o H z )

Califolnia (This study)

M u s k o x ,  N .  W . T .  3 F e S  . 2 ( M g , F e ) ( O H ) r * ,

Canada (Jambor, 1169)

Gyprus, Type n ZFeS '  1.  58(Mg. 
StF".  +Z(OSZ)

{Tbis etudy)

DeI Nort€ Co. 2FeS .  1.64(Fe. 
r?MC. Z3|OH)Z)

California (This study)

V o l o n e z h r e g i o n +  Z F e S .  t . 8 5 ( M g . 5 8 F . . 2 6 A 1 . 1 6 ( O H ) Z )

USSR (Hatr is,  unpubl ished)

C;rprte, Tytrre I  ZFeS' 0.84(CaCOf .  HZO)

(This study)

*Thie diinerat has been @med tochilinite of monoclinic symmetry.

O r g a D o v a  e t  a l .  ( 1 9 7 1 ) .

Admixtures of the Type II phase may also account for the low copper
values in the Kaveltorp valleriite.

The Type I mineral, although a "valleriite-type", appears to be
distinctly different with the brucite-like layer represented by a car-
bonate instead of a hydroxide.

The Miissbauer data obtained in this study are clearly of a prelimi-
nary nature and present considerable problems of interpretation. How-
errer, a number of interesting points do emerge. The indications of
magnetic ordering in valleriite contrast with the diamagnetic or Pauli
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paramagnetic behaviour exhibited by iron in the structurally related
mineral mackinawite (Vaughan and Ridout, 7g7l). However, the
elosest metal-metal distance in mackinawite is only 2.60 A whereas
that in valleriite is 2.77 A. Normal valleriite probably contains ferric
iron in both sulfide and oxide layers, whereas the Type I phase may
contain appreciable amounts of ferrous iron. The uncertainties regard-
ing the structures of the new phases and of valleriite itself, the prob-
lems of small and often impure samples, and the need for data obtained
at lower temperatures make these conclusions tentative and call for
further work on these materials.

The problem of a system of nomenclature for this group of minerals
could be solved by using a scheme similar to that suggested by Levin-
son (1966) for the rare-+arth minerals. The name "valleriite" would
represent a hybrid structure mineral containing a copper-iron-sulfide
and a hydroxide layer with various substitutions (Mg,Al,Fe, efc.) pos-
sible in the latter. The chemical symbol of the predominant element
or elements in the hydroxide layer could be appended to the name
valleriite, e.9., Lhe Noril'sk mineral might then be referred to as val-
leriite-(Fe), the Kaveltorp mineral as valleriite-(Mg,Fe) and the
Palabora mineral as valleriite- (Mg,Al) . The Type II phase would
require a new species name with the same nomenclatural system apply-
ing to the hydroxide layer. After sufficient data are available to prop-
erly classify this mineral, the Type I phase will also require a new
name.
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