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VERNADSKITE DISCREDITED: PSEUDOMORPHS OF
ANTLERITE AFTER DOLEROPHANITE"

M.q.nv E. Mnosr, U. S. Geological Survey, Washington 25, D. C.

Assrnecr

Vernadskite crystals from Vesuvius, Italy, are shown to be pseudomorphs of antlerite,

Cue(SOr)(OH)r, after dolerophanite. Experimental work indicates that these pseudo-

morphs were formed by the action of moisture from fumaroles on crystals of dolerophanite.

Indexed :r-ray powder data are given for synthetic and natural dolerophanite and

antlerite.

fNrnooucrrow

During a mineralogical investigation of specimens recently obtained
from the walls and ceil ing of the abandoned Ecton mine in Pennsylvania,
several unidentified copper sulfate minerals were observed. fn order to
attempt to identify them, r-ray powder difiraction patterns were taken
of a number of rare copper sulfate minerals. Among these was a pattern
of vernadskite (originally spelled vernadskijte and vernadskyte by
Zambonini, 1910) obtained from crystals from the only known specimen
in the United States. This micromount-sized specimen from Vesuvius,
Italy, was the gift ol Zambonini to the late Colonel Washington A.
Roebling. It was accompanied by the original label on which Zambonini
had written, "part of the original lot." The minerals associated with the
vernadskite crystals on this tiny specimen were found to be dolero-
phanite, anglesite, and conichalcite.

Vernadskite was describedby Zambonini as a basic hydrated sulfate
of undetermined crystal system. It was found as an alteration product
of dolerophanite which had formed during the eruption of Vesuvius in
October, 1868. The mineral was said to occur there as aggregates of pale-
green birefringent crystals in close association with dolerophanite. The
hardness of vernadskite was reported to be 3|; the specific gravity,)3.3.
The formula given for vernadskite, 4CuO . 3 SOr' 5HrO ( : Cua(SOa) r(OH) z'
4HrO), was derived by Zambonini from the following chemical analysis
made by Serra ( in  per  cent) :  CuO 49.15,  SO3 37.01,  H2O [13.84] ,  to ta l

[100.00]. Zambonini suggested that vernadskite was produced by the ac-
tion of acid vapors from the fumaroles on dolerophanite, with the follow-
ing reaction taking place:

dolerophanite vernadskite

2Cuz(Soa)o * Hzsor * 4Hzo + 3CuSo+.cu(oH):.4Hro

" Publication authorized by the Director, U. S. Geological Survey.

t46



VERNADSKITE DISCREDITED T47

VBnNansr<rrn DrscnBortao ( : ANrlrnrrr)

Sample preparation of "vernadskite" crystals for an r-ray powder dif-
fraction pattern revealed the presence of included remnants of a light-
brown, glassy mineral, thus necessitating very careful handpicking of the
material for the powder spindle. The *-ray powder pattern obtained from
the carefully selected fragments of "vernadskite" was that of antlerite,
Cua(SOr)(OH)+; from the minute, l ight-brown, glassy inclusions, that of
dolerophanite.

Closer re-examination of the "vernadskite" crystals on the specimen
indicated that they are pseudomorphs of antlerite after dolerophanite.
Several crystals were found that were partly dolerophanite and partly
antlerite, where the change to antlerite was incomplete.

Experiments then were performed to show that dolerophanite may be
converted to antlerite by the reaction of moisture with dolerophanite.
Crystals of dolerophanite from Vesuvius, Italy (USNM R8317), aver-
aging 1.00 mm. by 0.50 mm. by 0.25 mm. in size, changed to antlerite
slowly and incompletely in disti l led water at room temperature over a
period of three days. They were completely converted when left immersed
in disti l led water in an oven at 80o C. for 12 hours, and also when placed
in a dry vessel in the presence of a moist atmosphere in an oven at 80o C.
for 24 hours. The results of these experiments were checked by means of
*-ray powder patternsl in each case a pattern of antlerite was obtained.
The experimental work indicates that the following reaction must have
taken place near the fumaroles at Vesuvius to result in the formation of
these pseudomorphs:

dolerophanite antlerite

2Cu:(SOr)O * 2Hzo + Cur(SO+)(OH)a f CuSOr (soluble)

SvNruesrs ol DornnopHANrrE, ANtlnnttn, AND HyDRocYANrrE

Dolerophanite was synthesized so that sufficient material would be
available for carrying on experimental work that would check the valid-
ity of the proposed reaction. Dolerophanite was easily synthesized
(Binder, 1936) by placing finely-powdered Cu(SOa)'5H2O in an open
porcelain crucible in a muffie furnace for one hour at a temperature about
660' C. Synthetic dolerophanite produced in this manner is orange-
brown. At a temperature about 640' C. synthetic hydrocyanite (chalco-

cyanite), CuSOa (Hey, 1955), was formed; it is pale greenish gray in
color.

When disti l led water, hot or cold, was added to the synthetic doler-
ophanite, the orange-brown powder immediately turned light green. The
light-green residue gave the powder pattern of antlerite. The pale-blue
filtrate was brought to dryness in an oven at 80o C.; the r-ray powder
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Teert 1. X-Rav Poworn Da:re lon DolrnopnANrrE, Cu2(SO4)O

^ Molrocr.mtc, C2fm
a : 9.3.55 + 0.01 0 A, b : 6.312 + 0.005,' c : 7 .628+ 0.005, 0 : 122" r7 i' 1

Borchardt and
Daniels (1957)a
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Present Study2
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lf. 143471

Measured

Vesuvius, Italy
USNM R6084; [r. M3911
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1 Single-crystal data obtained in this study from a crystal of dolerophanite from Ve-
suvius, Italy (USNM R6060).

2 Films corrected for expansion .B:broad. Camera diameter, 114.59 mm. Nickel-
f i l tered copper radiat ion ( I :1.5418 A).  Lo*. ,  l imi t  of  2d measurable:  approximately 7 '
f t2.6 N.

3 Camera diameter, 114.59 mm. Nickel-filtered copper radiation. The relative intensi-
ties listed are the ratios of peak heights obtained on a difiractometer trace. The desig-
nated bands appeared as a broad line in the r-ray photograph but were resolved in a
diffractometer trace.

a These lines correspond to intense lines in the CuSOr or CuO r-ray pattern and were
thought to be due to the presence of these materials as impurities.
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Taglr 1 (continueil)

r49

Borchardt and
Daniels (1957)3
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Lr. A3471

Present Study2
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data for this dried salt was identical with those given in the ASTM card
fi le for the compound Cu(SOr).HzO. When the dried salt was subjected
to a temperature of 100' C. for 24 hours, the r-ray powder pattern re-
mained unchanged. When the temperature was raised to 150" C. and the
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Tanr.e 2. X-Rev Pomnn Dara lon ANrlemrr, Cus(SOa)(OH)r

Owxuol.uoluntc, Pnam
a:8.24 4. ,  b:11.99,  c:6.031

Present Study3
de Wolfi (1955
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Synthetic
Cu(SOr)(OH)r
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I X-ray crystallographic data obtained by Richmond (Palache, 1939) by the Weissen-
berg method on a crystal from Remoiinos, Vallenar, Chile. Original kX values have been
converted to Angstrom units by the present author.

2 Camera diameter, 114.6 mm. Copper radiation (I:1.5418 A). Intensities determined
by photometer (Guinier camera).

3 Films corrected for expansion. B:broad. Nickel-filtered copper radiation (X:1.5418

A). Lower limit of 2d measurable: approximately 7" (12.6 A).
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Tarr.n 2 (conti.nued)

r.) I

Present Study3
de Wolff (1955)
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Tasrn 2 (continued.)

Present Study3
de Woifi (1955),
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dried salt was held at this temperature for 24 hours, a pattern of cusoa,
synthetic hydrocyanite, was obtained.

X-Rev D,qra lon Dor,BnopneNrrE AND ANrr,nnrrB

All the r-ray powder films made in connection with this study were
taken with Cu/Ni radiation (I:1.5413 A; in Oebye-scherrer powder
cameras (114.59 mm. diameter) using the Straumanis and wilson
techniques. Measurements made on the patterns of dolerophanite and
antlerite necessitated correction for expansion. rntensities were esti-
mated visually by direct comparison with calibrated intensity film strips
of successive step l ine-exposures related to each other by a factor of {2.
rnterplanar -spacings listed in the tables were calcurated down to values of
dhi>2.000 A.

A single-crystal r-ray study of dolerophanite from Vesuvius, ftaly
(usNM R6060), was made with a quartz-calibrated Buerger precession
camera using Mo/Zr radiation (I:0.7107 A). r ' i tm measurements were
corrected for both vertical and horizontal shrinkage. The cell constants
derived from single-crystal r-ray examination are given in Table 1; these
data are in excellent agreement with those cited by Richmond and wolfe
(1940) for Vesuvius material.

No indexed r-ray powder data have previously been published for
dolerophanite. Table 1 presents observed and calculated interplanar
spacings obtained in this study for synthetic and natural dolerophanite.
These are compared with the data given by Borchardt and Daniels
(1957) for the compound Cuz(SOr)O and were found to be in good agree-
ment.

rndexed r-ray powder data for synthetic and natural antlerites are
given in Table 2, which lists observed and calculated interpranar sDac-
ings,  the la t ter  down to dnr ,L-  2.002 A.  These were found to be in  excelent
agreement with the data obtained by de woitr (1955) for synthetic antler-
ite.
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