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AssrRAcr

Melanterite, FeSOr.THzO, from Manitoba, Canada, dehydrates to FeSOr.4HzO
whichismonocl inic,a :  5.945,b: 13.59, c :7.g44,F : g0'30'.Cuprianmelanteri tes,
or pisanites, (Fe,Cu)SOa. 7HrO, dehydrate to a pentahydrate series. A naturally occurring
pentahydrate from Yerington, Nevada, contains FeO 15.9/6, CuO 14.1, CoO 0.35, SOa
32.99 (by difference), H2O 36.66. Such pentahydrates are biaxial negative with 2V -
50-65", a - 1.513, I - L.526, 

" 
- 1.536, whereas FeSOa. 4HrO is biaxial negative with

a very Larye 2V and a-t,526, g -1.536, "y-t.545. Examination of previously
published data shows that "iron-copper chalcanthite" is cuprian FeSOr. SH:O and that
compilations have attributed optical data determined on FeSOn,4HrO as belonging
to FeSOr.SHzO.

Indexed r-ray powder data for FeSOa.4HzO and cuprian FeSOa.SHrO are given.
The strongest lines of the powder pattern ol the tetrahydrate are 4.47(10),5.46(9),
3.97(7),3.40(6), 6.85(5), and the stiongest lines for the pentahydrate are 4.89(10),
3.73(8), 5.57(6), 5.73(5). Synthesis of the ferroan CuSOn.SHIO and cuprian FeSOa.SHeO
series is described and the nomenclature of the pentahydrates and tetrahydrates is
discussed. The present writers prefer to retain the mineral names and chemical com-
positions as originally defined: FeSOa.SHzO : siderotil: FeSOa.4HgO : rozenite.

INrnoouctron

Textbooks on optical and descriptive mineralogy state that melanterite,
FeSOa.THgO, alters by dehydration to form the mineral siderotil having
tJle composition FeSOq.5HrO. Rosenzweig & Gross (1955) and Kubisz
(1960) have found that melanterite dehydrates to form the tetrahydrate,
FeSOa.4HsO, which Kubisz has named rozenite. On reviewing the pub-
lished new name Fleischer (1961) pointed out that the optical properties
of rozenite are identical to those given for siderotil in Dana (Palache,
Berman & Frondel, 1951). Noting also that the original chemical analysis
of siderotil by Schrauf (1891) was not conclusive, Fleischer suggested
that rozenite was an unnecessary name and that siderotil should be used
for the tetrahydrate. Midgley (1962) has followed Fleischer's suggestion
and referred to the tetrahydrate as siderotil. On the other hand, Baur
(1962) prefers to discredit siderotil and retain rozenite for the tetrahydrate.

The present problem of nomenclature originated from an inadequate
description by Schrauf (1391) of the mineral which he named siderotil.
Confusion began when Larsen & Glenn (1920) assigned optical properties
to a supposedly similar mineral and was perpetuated by compilers of
data, namely Larsen & Berman (1934), Winchell & Winchell (1956) and
Palache et al,. (L95L). These writers combined the name siderotil, having
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Schrauf's composition FeSOa.5H2O, with optical properties which were

determined some 30 years later by Larsen & Glenn on unanalyzed

materials not from the type locality.
The description of rozenite by Kubisz (1960) contains sufficient data

to clearly characterize the tetrahydrate mineral (FeSOe.4HzO) and thus

constitutes a valid description of a mineral that previously had been

neither adequately described nor properly named. Unfortunately, Kubisz

did not discuss the relationship of his mineral to siderotil (as FeSOn. 5HrO).

Neither Fleischer nor Midgley has recognized that the pentahydrate

FeSOn.5HrO, and particularly the cuprian variety, (Fe,Cu)SOa.5HzO,

may occur in nature and are probably more deserving of the name side-

rotil than the tetrahydrate. The present writers favour use of the name

rozenite for the tetrahydrate (Kubisz, 1960) and propose that siderotil

be used for the pentahydrate, thus fulfilling the suggestion that Schrauf
(1891) expressed in the following words: "Hieraus wtirde sich die Formel

der Verbindung zu FeSOa. 5HzO berechnen. Solten fernere Beobachtungen

die Existenz eines solchen strahligen vrasserarmen Ferrosulphates

bestdtigen, so wiirde ich den Namen Siderotil hiefiir vorschlagen."
Recent studies of the tetrahydrate have shown that many properties

previously described for the pentahydrate "siderotil" are really those of

the tetrahydrate. In the present paper, the dehydration of the hepta-

hydrate, melanterite, is discussed and properties are given for the tetra-

hydrate and pentahydrate minerals that may form. Previously published

data are re-examined with regard to these properties, and the proposed

nomenclature is discussed.

Tne DBnnoRATIoN oF MELANTERTTE

In 1960, the first author examined a white mineral associated with

melanterite on a specimen from Manitoba, Canada, and found that it

gave an x-ray difrnction pattern in close agreement with that of the

artificial compound FeSOa.4H:O. On exposure to air for several hours at

22" C. and 50 per cent relative humidity, the melanterite dehydrated to

form a white powdery coating which, on tc-ray examination, proved to

be the tetrahydrate. It was then shown conclusively by means of a thermo-
gravimetric apparatus that the melanterite from Manitoba dehydrates

directly to the tetrahydrate at 2I" C. without forming an intervening
pentahydrate phase. This evidence is in conflict with the statement of

Larsen & Glenn (1920), subsequently repeated in many textbooks, that

"Melanterite is commonly coated with a white powder of siderotil and

the fine [melanterite] powder will dehydrate after standing for some

months to the pentahydrate." It is now known that this white powder
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was not a pentahydrate, but was a tetrahydrate, and herein the confusion
began. Larsen & Glenn gave, for this white tetrahydrate powder, optical
properties which have been repeatedly and erroneously attributed, via
compilations, as being those of the pentahydrate.

Palache, Berman & Frondel (1951) have pointed out that in the arti-
ficial system the tetrahydrate is ordinarily formed by dehydration of tJre
heptahydrate, and Rosenzweig & Gross (1955) have noted that melan-
terite dehydrates rapidly to FeSOa.4HzO; the latter authors, however,
did not present any evidence to support the statement. The study of the
dehydration of melanterite from Manitoba and description of the tetra-
hydrate mineral were not published when Kubisz (1960) presented details
of an almost identical study on melanterite from the "Staszic" mine,
Rudki, Poland.

The fact that melanterite forms a tetrahydrate upon dehydration no
longer applies when the melanterite contains minor amounts of copper in
substitution for iron. Eckel (1933) studied the stability relations of a
cuprian melanterite (pisanite) containing 7.2 per cent CuO. Eckel's
experimental method was to allow weighed samples to come to equili-
brium in artificially-produced atmospheres of known humidity. Abrupt
changes in weight were found to occur at three points, the losses in weight
corresponding closely to the removal of a definite number of molecules of
water of crystallization. These abrupt changes marked the following
dehydration stages:

(Fe,Cu)SOa. 7H2O -+ (Fe,Cu)SOa . 5H20 --+ (Fe,Cu)SOa . HzO -+anhydrous.

No indication of a tetrahydrate phase was found.
A naturally occurring counterpart of Eckel's cuprian iron sulphate

pentahydrate has been examined by tJle writers. The specimen, labelled
"Pisanite, Yerington, Nevada" was received from tJre Royal Ontario
Museum in a stoppered glass vial sealed with wax. Chemical analysis of
the mineral (Table 5) shows that its formula is (Fee.s6 Cuo.oa Coo.or)
SOa.5HzO. The mineral consists of sub-fibrous grains that are consider-
ably coarser than the tiny anhedral or fibrous grains, or porous aggre-
gates that are generally characteristic of minerals formed by dehydration.
The grain size and texture of tJle Yerington cuprian iron sulphate penta-
hydrate suggest that it may not have been formed by dehydration of
cuprian melanterite but may have been precipitated from solution.

PnopBntres on FeSOn. 4HsO

P hy s'ical, and Opti,cal, Pr o p ert'ies
FeSOa.4HsO is white to greenish white with a vitreous lustre and white

streak. The mineral commonly forms by dehydration of the higher
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hydrate and its fine-grained nature makes difficult the accurate deter-
mination of its physical and optical properties. Contrary to the statement
of Midgley (1962, p. 408), the tetrahydrate (and not melanterite) is the
stable phase at normal temperatures and humidities. Some oxidation of
iron takes place producing a yellowish colouration but the water content
remains unchanged.

Kubisz (1960) reports a measured specific gravity of.2.195 for rozenite.
This figure is lower than the range 2.23-2.29 given for FeSOa'4HzO in
the Handbook of Chemistry and Physics. The calculated specific gravity
is2.29, based on the crystallographic constants of Baur (1960).

Optical properties of the tetrahydrate are given in Table L. The
properties listed in columns I, II and III were determined on minerals
that had been positively identified by x-ray powder diffraction patterns.

Tesln L. OErrcar- Psopnntrss op FeSOr4HzO

I I I I I IV VI

e L.527
B 1.536
"y I.54L*

L.527*  1 .529x

l" .543* l" .543r'
( - )  ( - )

near 90o near 90"

r..528 1.528
t .537 1.537
t .545 L.545

( - )  ( - )
rather moderate
large

t .526
1 .536
L.542
( - )

rather
large

slgn
2 V

*Constants determined as a' or ^y'
I Manitoba mineral; 'lp. M, R. 28, W. of lst meridian.

II Rozenite from Staszic (Kubisz, 1960).
III Rozenite from Ornak (Kubisz, 1960).
IV "Siderotil" from dehydration of melanterite (Larsen & Glenn' 1920)'
V "Siderotil" from California (Larsen, 1921).

VI "FeSOa.5HrO," synthetic (Winchell, 1927).

Chemical analyses for I and II are given in Table 2. The properties listed
in columns IV, V and VI are also those of the tetrahydrate, but in each
case tJrey presumably have been incorrectly reported in the literature as
belonging to the pentahydrate.

Ch, ernic al, C o mp o s iti. o n
The theoretical composition of the compound FeSO4.4H2O is given

in Table 2 togetJrer with chemical analyses of minerals from Manitoba
(analyst: S. Courville), "Staszic" mine, Poland (Kubisz, 1960), and
Thames River (Midgley, 1962).

C r y s tal,l,o gr ap h'i, c D ata
According to Baur (1960, 1961), FeSOa.4HzO is monoclinic, space

group P2t/n - Czn6, with o : 5.97, b: L3.64, c:7.98 A, g : 90"26',
and Z : 4 .The axial ratio from tJre r-ray measurements, 0.4377: L:0.5850,
is in good agreement with the ratio derived from morphological measure-
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Tasr,B 2. CsBurcer, ANar-yses or FeSOr.4HgO MrrBnem

Analytical Data

/ o o

Theoretical Manitoba Staszic, Poland Thames River, England

FeO
FeOa
Mgo
MnO
SOu
H:O

Total

32. 09

35.74
32.17

100.00

30.65
0 .80

35 .91
31 .90

sg.2@

3 1 . 1 3

0 .97
0 .06

36.29
32.98

100.43
[101 .43]

29.9

34.85
30 .5

95.25

Combining Ratios

I
I
4

FeOb
SOu
HzO

0.98
t .o2
4.02

1  .01
0 .99
3 .57

0 .98
L . O 2
3 .98

uAwer,vsr: S. Courville. Spectrographic analysis shows 0.0L-0. Lfto Mg, Al, Ni, Cu.bFeO includes Fe2Os, MnO, MgO. 
-

ments, 0.4373:1":0.5833, by Marignac (1856). Baur has also determined
the crystal structure of MgSOa.4HrO and shown that it is isostructural
with FeSOa.4HrO. On the basis of r-ray powder diffraction data, Kubisz
(1960) suggested that the minerals rozenite, leonhardtite (MgSOa. 4H2O),
and ilesite (MnSOa.4H2O), are isomorphous.

X-ray powder diffraction data for natural and synthetic FeSOa.4HzO
have been published by Kubisz (1960), Kossenberg & Cook (1961) and
Midgley (1962). None of these writers have indexed their data and
considerable variation is reported in the measured spacings. X-ray
powder diffraction patterns of the Manitoba mineral were taken with a
Norelco 114.6 mm. diameter camera using manganese-filtered iron
radiation. The pattern was indexed by computer using Baur's unit cell
dimensions as a starting point and subsequently modifying these slightly
to obtain the best agreement between measured and calculated spacings.
The indexed pattein based on a:5.945, b :  13.59, c:7.94 A, g :
90o30', is given in Table 3.

Midgley (1962) has reported unit cell dimensions of a : 11.82,
b : L4.08, c : 10.96 A, p : 101.9' for the Thames River mineral,
calculated from single-crystal electron diffraction patterns and indexing
of the r-ray powder pattern. The present writers have attempted, without
success, to index Midgley's r-ray powder pattern using his proposed unit
cell dimensions, and are forced to conclude that the data are incorrect.
We also find no basis for the suggestion that the mineral "is isomorphous
with the BaNi(CN)a.4HrO group of substances."
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Tanr,B 3. X-nev Powonn Dara FoR RozENrrE, MaNttoeA: a : 5.945
b : 13.59 c :7.94 P:90'30'.  Snecn Gnoup P2llz

Inrsllsrrrps Vrsulr,r,v Esrrltereo, Fr Reorerrox. Mr Frr-rar

fo 
"t

d-uuu d* lu hhl

5
o
I
5

I
10

a

1
6
1
o
4
5
I
2
1

t
I
t
zl

1z
3

6.85 A
5.46
5 . r7
4.73
4.47
3 .57
3 . 6 1
3.40
R.27
3 .22
2.985
2.953
2.906
2 .770
2.722
2.673
2.569
2.470
2.430
[2.37L.{
[2.360
2.333
2.286
2.266
2.236
2. I79
2.L42
2 .LLz
2.045
1 .969
t .944
1.890
I .871,
1 .819
1 .798
t .755
t .725

6 .855, 6 . 795 A
5 , M
5 .163
4.739
4.475,4.474
3.970
3.603
3.398
3.275
3.220
2.986
2.950
2 .9M
2.769
2.723,2.720,
2 .675
2 .57L ,2 .570
2.472,2.466
2.426
2.377,  2.373,  2,373,  2.369
2.367
2.363,  2.363,  2.358
2.334
2.285,2.284
2 .27 I ,2 .265
2.Vl :3,2.237,2.237
2.r78
2 . 150, 2. 138
2.117,2. t r3
2.O47,2.0M
t.974,  t .967,  1.966,  1.964
1.948,  1.947,  1.943,  t .942
1..896, l-.890
1 .870 ,1 .865
1 .818
1 .803, 1 .802, 1 .795
t .759 ,1 .755
L.72L

011, 020
110
ozL
101
11 1, L20
002
130
040
131
lrz
032
140
zto
L4l
22O,2rr
132
o5l,22l
150, 023
103
22L,142, lr1, ?,02
231
lM,T't, L'l
2t2
033, T23
123, 060
052,24O,222
061
241, T33
!64,232
!61, 161
L43,062,L43,2L3
2L3,251-,242,25L
953,223
L62, L62
233
L53,260,252
26r,26L
063

2
I
t
1
e
3
1
1
t
1
t
1
v+
2
1
2
I
I
t
2
1

2

PnopBnrrns or (Fe,Cu)SOa. 5HzO

P hy si,cal, and O pt'i,cal, Pr op erties
(Fe,Cu)SOa.5HzO is pale green and becomes increasingly bluish with

substitution of Cu for Fe. The mineral from Yerington, Nevada, has a
vitreous lustre and white streak. Although pure FeSOa.5HrO is presum-
ably unstable, the cuprian varieties are stable at normal temperatures
and humidities aod commonly form in nature by dehydration from the
higher hydrate, cuprian melanterite.

Optical properties of cuprian iron sulphate pentahydrate are given in
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Table 4. The data for the Yerington mineral were measured by Dr. J. Y.
H. Rimsaite of the Geological Survey of Canada. Data for the Ducktown
and Bingham materials are taken from Larsen (1921).

Tagr.B 4. Optrcer- Pnoponrrss on (Fe,Cu) SOr.SHO

Yerington, Nev. Ducktown, Tenn.l Bingham, Utahr

q

p

sign
2 V

1 .515*
1 .525*
1 .535r
( - )

50'-60'

t . 5 1 3
1..526 (computed)
1.534
r -  \
60"*5o

1 . 5 1 5

1 .536

*Measured as a', pt, -y'. llarsen (1921).

Chem'i,cal, Compo sition
A chemical analysis of the mineral from Yerington, Nevada, is given in

Table 5. Iron, copper and cobalt were determined by r-ray spectrography
by G. R. Lachance; water determination by S. Courville; sulphur trioxide
by difference. The formula calculated from the analysis is (Fe.raCu.s
Co.or)SOa.5HrO.

Tesle 5. CssMrcAr- ANer-vsrs op (Fe,Cu)SOr.5HrQ,
YBnrxctox. Npvaoe

Molecular Ratios

FeO
CuO
CoO
SOr
HrO

15 .9
14 .1
0 .35

32.99*
36. 66

100.00

1

L . O 2
5 . 0 5

0.22L1
0 . t77  |
0.005J
0.412
2.O34

*SOa by difference.
ArAlvs:rs: G. R. Lachance. S. Courville.

Cr y stal,Io gr ap k i,c D ata
FeSOn.5HzO was reportedly synthesized and morphologically des-

cribed by Marignac (1856) as being triclinic, pinacoidal, with a;b:c :
0.596:L:0.577, a:98o39', 0 : 110'28',  ̂ y :74o27'. These values are
very close to those of chalcanthite, but this is not unexpected as the Cu-Fe
cations have very similar ionic radii. On the other hand, Palache et al,.
(1951) report that the existence of FeSOa.SHzO as an artificial compound
is doubtful. Synthetic (Fe,Cu)SOa.5H2O was prepared in the present
study both by crystallization from solutions and by dehydration of
synthetic heptahydrates. Crystals used in the present r-ray work were
formed by dissolving chemical grade sulphates of iron and copper in water
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acidified with a few drops of concentrated H2SO4. The solution was
evaporated in an oven at 55o C. and the precipitated crystals removed
while a small amount of the liquid still remained. Crystals so formed
remain'stable under laboratory conditions for several months provided
that they are dried with a tissue in order to remove any liquid carried
over from the crystallizing solution.

Synthetic (Fe,Cu)SOa.5HrO has a habit similar to that of chalcanthite.
The 0.5 X 0.5 mm. crystal used in the r-ray work shows, by analogy to
chalcanthite morphology, the following prominent forms: {111}, {110},
{ 100 }, { 110 }, { 010 }. The crystal is pale greenish blue in colour and biaxial
negative with measured (-)2V : 63o (universal stage). X-ray spectro-
graphic analysis shows the Fe:Cu ratio to be 100:70. Using copper radia-
tion, rotation and 0-level Weissenberg photographs about a, b, arrd c,
and precession photographs taken witl b* as tJre dial axis show that
(Fe,Cu)SOa.5HrO is triclinic and crystallographically similar to chalcan-
thite. Data obtained for the r-rav cell are summarized in Table 6.

Tesr-n 6. X-nev Cor,r- or (Fe,Cu)SOr.5HzO etr'o CuSOa.SHzO

RotatioB

Reclproel dimensions from
Weisseoberg and precesslon

films
Calculated ceU from

reciprocalvalues Chalmthlte-CuSOrSHeOt

a -  6.22 A.  +o. l
D -  10.59
c  :  6 . 00

a8 = 0.1745
b* = 0.0966
C -  0.1761
o*: 87030'
F*:69048,
I : 1030@'
I : LOS"a7'

o = s.26 A,
D = 10.63
c = 6.00
a: 92oQ8'

F - 110'10'
1 - 77006'
V - s68Aa

a:brc : 0.689t1tO.67O

a :  6.L2 A.
D :  10.69
r  -  5 . 96
a : 97o36'
F - 107010'
1 :77'3?'

a:btc = 0.67221tO,567

rReported in Palache et al, (L96L). Converted from kX.

Using the calculated cell volume of 368 Au, and assuming two molecules
per unit qell, the calculated S.G. of (Fe,Cu)SOa.5HzO with Fe:Cu:
55:45 is 2.212. ̂ the specific gravity of the Yerington mineral was deter-
mined to be 2.L-2.2, by suspension in heavy liquids. Larsen (1921)
reports a specific gravity of.2.2 f.or "iron-copper chalcanthite."

Aoorrronar- OccunnBNcEs oF CupRraN FeSO4.5HzO aNn
Rnr.arBo Mrmrnar-s

Besides the aforementioned occurrences of cuprian FeSOa.SHzO at
Ducktown, Tenn., Bingham, Utah, and Yerington, Nevada, a mineral
labelled chalcanthite from Grandola, Lisbon, Portugal was found to give
the FeSOa.SHrO type of pattern, though with some differences in reflec-
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Tenr,s 7. X-nev Powosn Dere ron Cupnrax FeSOr.SHzO, YnnrNcroN,-NEvADA.
(ROM 12086) Pattern indexed on cell with a 6.26, b 10.59, c 6.05 A,

a92"08', B 110"10', 'y 77"05'

/u" t d^u^" d*t" lnkl' Iu ut d^u"" d*to hkt,

10 .31
5 .73
o . o J

5 . O 7
4.88
4.59
4.35
3 .90
3 . 7 4
3.44
3.29

010
100
110
011
017
LTO
L20
02!,tfl
ozt
030
130

4  2 .92

2  2 .86
2  2 .76
3  2 .72

4  2 .68

+ 2.6r
t  2 .573
+ 2.528
a 2.495
3 2.4M

Manganese filtered iron radiation; &rmera diam. 11.46 cm. Line at 3.2L A appears
in all patterns but cannot be indexed satisfactorily with the selected cell.

tions at lower d-spacings. X-ray spectrographic analysis by fusion in
sodium bisulphate gave Cu:Fe:Zn : 100:94:53. Zincian pisanite
(Fe:Cu:Zn : 100:80:3) described by Keating & Berry (1953) has now
dehydrated to the ferroan pentahydrate. A pentahydrate mineral asso-
ciated with CoSOa.4HrO and CoSOa.6HzO from Walton, Nova Scotia
contains, Cu, Fe, Ni, Co andZn in the respective ratio of L00:69:53:37:2.
Pale blue "boothite" from the Pyrite mine, Alameda County, California
(U.S.N.M. R-6140) also gives an xc-tay powder pattern similar to that
obtained from (Fe,Cu)SOa.5HzO. Optically, the mineral is very fine-
grained and probably a dehydration product of the heptahydrate. The
refractive indices %-rn. 1.503, t ^^". I.517 are close to those of the mineral
pentahydrite, MgSOa.5H2O, described by Milton & Johnston (1938).

Qualitative spectrographic analysis of the Alameda mineral showed that
magnesium is the major constituent. The Cu:Fe:Zn ratio was determined
by x-ray fluorescence analysis to be 100:34:9. Placed in an artificial humid
atmosphere, the Alameda mineral forms a monoclinic heptahydrate which
gives an r-ray pattern characteristic of the melanterite group. Under
identical conditions, hydration of several additional magnesium sulphate
minerals led to the formation of the orthorhombic polymorph, epsomite
(MgSOa.THzO). If formed under natural conditions, the monoclinic
heptahydrate of the Alameda mineral would be a cuprian kirovite.

Yurk et ol. (1960) have described, from the Kerch and Tasman iron
ore beds of the Ukraine, a mineral reputed to be natural FeSOa.5HzO.
They report the following analysis, corresponding to their formula
(FeO) o.sr(SOg) r.oo(HzO)a.sa :

1
t
o
6
,

10
1
1
3
8
2
I
4
2

1 0 . 3  A
5 .73
5 .57
5 .07
4.89
4.57
4.35
3.90
3 .73
3 . M
3.29
3 . 2 L
3 .07

2.93 2rO
2.92 LLz
2.86 200
2.77 0t2

12.74 zLr
\z.zt  oa
12.6s 130,121
\2 .67  131'2.61 

z-t}
12.578 040
\2.577 140
2.53L O22
2.492 230
2.439 \fr,

3.07 2L1
3.06 137
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FerOr
FeO
SOs
HO

Total 100.26 (101.26)

This pentahydrate is stated to be a secondary mineral occurring as
crusts on melanterite, and is also stated to have formed by partial
dehydration of the heptahydrate. The present writers must question this
data by Yurk et a1,., particularly since no r-ray data were reported.
Moreover, their refractive indices, u: L.527-1.528; 0 : 1.533-1.534-
are those of the tetrahvdrate.

SvNrnBsrs

Experiments were made to determine the composition ranges (Cu/Fe
ratios) through which compounds of the types CuSOa.5HrO, (Fe,Cu)
SOa.5HzO, and FeSOa.4H2O may exist as stable phases. (Fe,Cu)
SOa.5HsO forms by dehydration of heptahydrates, or it can be directly
precipitated from heated solutions. The dehydration technique, which
is the simpler method, was used for the study outlined below.

A series of aqueous solutions containing various proportions of chemical
grade CuSOe.SHzO and FeSOr.THzO were acidified with a few drops
of concentrated sulphuric acid and allowed to crystallize at room tem-
perature. A tendency was noted for the composition of tJre crystallizing
salts to change as the mother liquor was evaporated. Homogeneous
fractions were obtained by selecting small crops of the first crystals that
precipitated from the solutions. These crystals were dried with tissues
and allowed to stand for 24 hours at room temperature to reach stability.
The compounds thus formed were identified by r-ray diffraction patterns,
and analyzed by x-ray spectrography to determine their Cu/Fe ratios.

In summation, the experiments showed that, in the artificial system,
pentahydrates giving a chalcanthite-type pattern crystallize from
copper-iron sulphate solutions throughout the composition range Cu/Fe
- c to Cu/Fe : 1.4 and that heptahydrates having a melanterite-type
structure form in the composition range Cu/Fe : 1.0 to Cu/Fe : 0.
When removed from solution the pentahydrates remain stable at room
temperature, whereas the heptahydrates dehydrate within 24 hours at
45 per cent relative humidity to form: (1) compounds gMng the
(Fe,Cu)SOa.5HzO type pattern throughout tjre composition range
Cu/Fe : 1.0 to CulFe : 0.05; or (2) the compound FeSOa.4HzO when
Cu is absent or only a very minor amount is present (Fe/Cu - 18.0).

Interpreting these results in terms of probable natural occurrences
leads to the following conclusions.

0.5870
28.64
34,L2
37.92
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(l ) The tetrahydrate mineral is the stable hydrate formed by dehydration
of pure or nearly pure melanterite under normal atmospheric conditions.
In the presence of copper the composition of the tetrahydrate is restricted
to the range FeSOa.4HrO to (Fe.e6Cu.06)504.4H2O. As little as 1.2 weight
per cent copper present in melanterite may cause the pentahydrate to
form on dehydration.

(2) the unnamed iron-copper pentahydrate mineral described in this
paper is a member of an isomorphous series which, in the artificial
dehydration system, is stable throughout the composition range (Fe.e6
Cu.or)SOa.5HrO to about (Cu.6Fe.6)504.5H20. The copper-rich end point
has not been established precisely but is known to lie between (Cu.osFe.ar)
and (Cu.roFe.66) in synthetic material. These pentahydrates, which are
stable under normal conditions of temperature and humidity, form by
dehydration of their corresponding heptahydrates, that is, melanterite
and pisanite.

(3) Chalcanthite crystallizes readily from copper-rich sulphate solutions
and remains stable under normal atmospheric conditions throughout the
composition range CuSO4.5H2O to (Cu.6Fea)SO4.5H2O. In our experi-
ments, boothite, the heptahydrate of equivalent composition, did not
crystallize from the solutions.

Sulruany auo PnoposBn NoMSNcLATURE

Of the compounds examined in the present study, attention has been
focused on three specific minerals, zaz., FeSOa.4HzO, CuSOa.5HgO, and
(Fe,Cu)SOa.5H2O. It has been shown that CuSOa.SH2O and (Fe,Cu)
SOn.5HsO form an isomorphous series and several mineral counterparts
of the ferroan compound have been noted. Chalcanthite is the accepted
mineral name for CuSOa.5H2O. The mineral may occur as almost pure
CuSOa. SHgO or Cu may be replaced by Fe or other elements, including,
Mg, Zn, Co, Ni, and Mn. It is therefore convenient to arbitrarily divide
these isomorphous sulphate minerals on the basis of the dominant cation
present in a member. Thus, in the Cu-Fe series, the single name chalcan-
thite may be applied to those pentahydrates with Cu ) Fe, and the
adjectival modifier, ferroan, used only in a literary sense. Likewise, a
single mineral name may be conveniently used to designate that part
of the series in which Fe ) Cu, including the end-member compound
FeSOa.5HrO. Whether or not the pure end-member exists is of academic
interest only.

When formed as a dehydration product, the third compound examined
in the present study, FeSOa.4HrO tolerates little substitution of Cu for
Fe in its structure but may form limited or complete isomorphous series
by substitution of other elements, notably Mg, Mn, and Zn,
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Optical properties of both FeSOa.4HzO and cuprian FeSOa.SHgO were
first reported by Larsen & Glenn (1920). They erroneously assumed
that the tetrahydrate they examined was a pentahydrate (and hence listed
the mineral with the chalcanthite group and called it "siderotil"; Larsen
& Glenn, 1920, p. 228). They also recognized that this "siderotil" had
different properties from that of cuprian FeSOa.5HrO and they named
the latter compound "iron-copper chalcanthite." Had Larsen & Glenn
recognized that their "siderotil" was a tetrahydrate, they would likely
have given this compound a new name, and would have referred to
cuprian FeSOa. SH2O as cuprian siderotil.

In reviewing the proposed new name, rozenite, Fleischer (1961) pointed
out that the optical properties given by Kubisz are identical to those
ascribed by Larsen & Glenn (1920), and Larsen (1921) as belonging to
"siderotil" (FeSOa.4HrO). Fleischer therefore concluded that rozenite
is an unnecessary name.

The original description of siderotil by Schrauf (1891) is clearly in-
adequate as it is not accompanied by optical data of any significance and
the analysis is not definitive for either the tetra or pentahydrate. Our
experimental work has shown that both these compounds are easily
synthesized and remain stable under natural conditions of temperature
and humidity. The description of rozenite by Kubisz (1960) clearly
characterized the tetrahydrate mineral (FeSOa.4HrO) and thus consti-
tutes the first valid description of either of these compounds. Schrauf
clearly interpreted his analysis as being that of the pentahydrate for
which he proposed the name siderotil. It is therefore incorrect, in our
opinion, to accept siderotil as the tetrahydrate and to discredit rozenite
in its favour. Baur (L962) also suggests that the name rozenite
(FeSOa.4HzO) be retained. The present writers prefer to accept rozen'ite
for the tetrahydrate and retain s'id,erot'i'1, for the pentahydrate series
(FeSOa. SHzO-(Fe,X)SOa.5HrO), where X is any other cation or group of
cations individually less abundant than Fe.

Tso Csar-cANTHrrE Gnoup

The mineral names proposed for the pentahydrate sulphates in the
present paper follow those adopted in the System of Mi,neral'ogy by
Palache et al. (L95L). The isostructural pentahydrate salts of Cu, Fe,
and Mg are thus named, respectively, chalcanthite, siderotil, and penta-
hydrite. It is suggested that the naming of these sulphates be done on the
basis of the dominant cation present in the mineral. Thus (Cu, Fe,
Mg)SOa.5HzO would be named chalcanthite even though Fe * MB ) Cu.
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TsB Msr.aNTERrrE Gnoup
Examination of the nomenclature system in use for the various mem-

bers of the melanterite seriesl points out the obvious advantage of using
the simplified system proposed above. It is suggested that consideration
should be given for adopting the simplified terminology to the hepta-
hydrates of this group.
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