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Abstract Chalcophanite was identified in museum samples of Mn oxide mi-
nerals derived from the weathering zone of the Silesian—Cracovian Zn-Pb deposits
and labelled in the collection as psilomelane, wad and pyrolusite. This mineral was
also found in a chocolate-brown substance, occurring in dolomite and galmei fissures
in the mines of Dabréwka Wielka and Olkusz. Hydrohetaerolite and an accompanying
Mn-Pb oxide mineral had been identified earlier in a similar substance from these
deposits. The identification of chalcophanite was based on X-ray powder patterns
(the strongest lines: 6.91, 3.46, 2.556, 2.455, 2.228 A) and microscopic examinations in
reflected light. Reflectance (R %) of chalcophanite in air is: for white light R =
= 30.0—10.5, for green light R = 28.1—9.6. The results of thermal and infra-red
spectrophotometric analyses of all the samples containing chalcophanite are presented.
it has been found that upon heating, chalcophanite is gradually transformed into
hydrohetaerolite and then into hetaerolite.

On examination of museum specimens (collections of the Wroctaw
University) of psilomelane, wad and pyrolusite derived from the weathe-
ring zone of the Silesian-Cracovian Zn-Pb deposits (the region of Tar-
nowskie Géry and Bytom), the author has found that they are mixtures
of Mn oxide minerals, their dominant crystalline phase being chalco-
phanite. Until now the occurrence of chalcophanite in the Silesian-Cra-
covian Zn-Pb deposits has not been recorded, though Nienadkiewicz
(1911) noticed the presence of complex Mn-Zn oxides with a considerable
Pb content in the mines of Olkusz. It was a chocolate-brown or black,
earthy substance. Basing his investigation only on a chemical analysis,
Nienadkiewicz described it under the name of ,,zincdibraunite’” as a new
mineral of the chalcophanite group with the formula ZnO - 2MnO, - H,O,
containing Pb and Ca oxides. The present author has examined a sub-
stance similar to that described by Nienadkiewicz, but found in the Orzet
Bialy mine near Bytom. It has been demonstrated that the substance in
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question is a mixture of Mn oxide minerals, the two principal ones being
hydrohetaerolite and an accompanying Mn-Pb mineral (Kulig 1973).
Recently, chalcophanite has also been noticed in such a substance from
the mines of Dgbrowka Wielka and Olkusz.

In Table 1 the samples examined and their localities are listed toge-
ther with minerals accompanying chalcophanite. Since the microcrystal-
line form of the samples (except chalcophanite MK-6 and MK-7) makes
mechanical separation of their mineral components impossible, investiga-
tions were performed on mixtures.

Table 1
List of samples from the Silesian—Cracovian Zn—Pb deposits containing
chalcophanite
! Sample ‘ Locality Mineral composition Miscellaneous
?
| The region of Tarnowskie Gory:
| MK-6 Nakto chalcophanite, psylo-
‘ melane
MEK-7 Radzionkéw chalcophanite, = psylo- | Specimens from the
melane collection of the Wro-

The region of Bytom: by I 0

MK-3 Scharley chalcophanite, Mn—Pb
phase
1} MK78 Scharley chalcophanite, wood-
i ruffite (?), cerussite !
MK-9 Scharley chalcophanite, hydro-
hetaerolite, Mn—Pb
phase
MK-97 Dabréowka Wielka chalcophanite, Mn—Pb Samples collected from
mine phase

the fissures of triassic
dolomite and galmei
in the mines of the
Bytom and Olkusz re-
gion

The region of Olkusz:

MEK-29 Olkusz mine chalcophanite

Chalcophanite is a hydrated Zn and Mn oxide with

fr.xl\;['ns‘of 31‘;120 (V&Iadsley 1955a). It crystallizes pseudotrigoﬁ'}xl:ll)fofrrxn l:}'ié
riclinic system, C; — P 1, and reveals a la

gement of which being Mn—O-Zn—Hzo-Zn—O)-,lti/}‘ref1 ;%‘::;ugié t:;iairrﬁn:
drogen bonds between the H,O molecules and the atoms of O whigh
are mterlalgl bgtween the layers of Mn and Zn atoms (Wadsle : 1955a)
Chalcophanite is a supergene mineral occurring, generally, in ai"a -
w1’§h hydrohgtaerolite, hetaerolite, woodrufﬁte, hydroha‘u,smarll)nit e
rolite, rancieite, and others (Hewetti and Fleiécher 1960, Fronde?’ 1C995S§)-
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It was first described by Moor (1875 fide Frondell, Heinrich 1942) in the
Sterling Hill N.J. deposit as a product of the alteration of franklinite
under supergene conditions. Later, this mineral was recorded in several
other deposits, e.g. in Leadville, Colorado, in paragenesis with hetaerolite,
in Janjevo near Pristin (Yugoslavia), in South-African deposits in parage-
nesis with psilomelane, in Bachani deposit (Victoria, Australia), in Tridiv
in India, etc.- Deshpande 1959, Villiers 1945, Vujanovi¢ 1954).

Chalcophanite from the weathering zone of the Silesian-Cracovian
Zn-Pb deposits occurs, together with psilomelane, in the form of small
tabular crystals, which have a strong lustre and are black-grey in colour.
The crystals either form globular aggregates or are scattered in the
cryptocrystalline, compact mass of psilomelane (museum samples MK-6
and MK-7 from the Tarnowskie Goéry region) (Phots. 1, 2, 3). Chalco-
phanite has also been found in the form of fine crystals within the black,
porous granular aggregates of Mn oxide minerals that occur together
with cerussite on dolomite (museum samples MK-3, MK-8 and MK-9
from the region of Bytom) (Phots. 4, 5). Moreover, the detection of
chalcophanite was permitted by X-ray examination of a black-brown,
earthy substance that occurs in dolomite and galmei cavities in the
mines of Dabréwka Wielka (MK-97) and Olkusz (MK-29). Despite its
small cohesion, this substance also reveals granular structure.

In reflected light, grey-white, well-crystallized chalcophanite aggre-
gates having a tabular or lancet-like structure have been noticed in
samples MK-6 and MK-7 from the Tarnowskie Gory region. They reveal
strong anisotropy (close to that of graphite) in white, cream-yellow or
blue colours and characteristically a very strong bireflectance (Phots. 1,
2). In some crystals perfect cleavage and frequent twinnings may be
observed. Reflectance measurements were performed on well-developed
chalcophanite crystals (MK-6 and MEK-7) on the section || ¢ axis, using
an MPV photometer, with an attachment for reflected light, with
a Leitz-Wetzlar ORTHOLUX-POL microscope. The data obtained are
listed in Table 2 together with those of Pavlovich (v. Ramdohr 1960) and
Uytenbogaardt and Burke (1972). The reflectance (R %) of chalcophanite
was measured in air. In the museum samples, from the region of Bytom
(MK-3, MK-8, MK-9), chalcophanite forms fine tabular and microcrystal-
line aggregates. It reveals strong anisotropy and characteristically a very
strong bireflectance. The aggregates of chalcophanite are ,cement” for

Table 2
Reflectance (R %) of chalcophanite in air
Pavlovich :
Wavelength (v. Ramdohr Uytenbogaardt, Chalcophanite
in pm : 1960) Burke (1972) |MK-6 and MK-7

Rmax = 30.0 Rpiax = 29.5

Rmtﬂ =105 len = 10.0

550 Ranax — 21.3 Rmax = 28.0
Rmin = 10.0 ! Rmin = 10.0
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the collomorphous concentrations of other Mn oxide minerals. In several
cases the crystallization of chalcophanite also took place within these
aggregates (Phots. 4, 5). :

ggX—gray powder patterns (VEM apparatus, GDR) were takep for eight
samples in 114.6 and 57.3 mm cammeras, using CoK, radiation (A =

Table 3
X-ray data of chalcophanite from the Tarnowskie Goéry region
Chalcophanite
Sterling Hill Sample MK-6 Sample MK-7
ASTM, 7—174
I d(A) I d(A) Ji d(A)
100 6,88 10 6,91 10 6,81
9 6,25 = = 1 6,25
38 4,06 4 4,07 2 4,00
42 3,50 9 3.46 10 3,49
10 3,30 1 3,30 2 3,25
2 3,21 1 3,21 2 3,20
5 3,09 = — 2 3,11
21 3,03 1 3,02 = =
2,985 = — 1 2,839
30 2,760 1 2,779 1 2,772
32 2,697 1 2,700 — s
42 2,550 5 2,656 4 2,658
53 2,451 2 2,455 1 2,475
23 2,391 3 2,398 3 2,406
70 2,224 4 2,228 3 2,246
18 2,115 2 2,109 = —
6 2,008 I 2,044 — —
6 1,966 1 1,972 — —_
28 1,894 2 1,901 1 1,914
/f 1,836 1 1,823 1 1,884
18 1,783 1 1,789 2 1,778
5 1,749 1 1,728 2 1,722
4 1,705 1 1,706 ] — —
4 1,676 B = — —
9 1,655 — — 3 1,662
33 1,586 8 1,594 3 1,686
12 1,557 1 1,558 2 1,541
20 1,513 1 1,520 3 1,507
13 1,497 2 1,500 1 1,449
33 1,421 4 1,430 3 1,417
11 1,391 1 1,397 — —
5 1,316 — —_ 3 1,324
8 1,270 5 1,279 1 1,297
5 1,258 = = 2 1,253
o 1,228 o = 1 1,237
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= 1.788896 A) with an Fe filter, a ovltage of 35 kV, a current of 10 pA. In
Table 3, d values of chalcophanite are listed. In the samples MK-6 and
MK-7 psilomelane was also identified, but its reflections were omitted.
X-ray patterns of some other samples (MK-8 and MK-9) indicate the
presence of chalcophanite, hydrohetaerolite and the suspected presence
of woodruffite (reflection 4.74 A).

Chemical analyses of samples containing chalcophanite were perfor-
med by the method of atomic absorption spectroscopy, using a UNICAM
SP-90 spectrophotometer. The H,O content was calculated from a loss on
ignition and checked by Penfield’s method. The chemical composition of
the examined samples are presented in Tables 4 and 5.

Table 4
Chemical composition of chalcophanite and the samples MK-6 and MK-7 from the
Tarnowskie Goéry region

Chalcophanite | Chalcophanite Chalco;}hanite Tarnowskie Géry region
Component | Tabacimbi Buchan Ja'mevo' 2

(Villiers 1945) |(Wadsley 1950) (V“IJ:S’;‘)"’“" MEK-6* | MK-T**
MnO, 61,30 65,39 67,64 67,23 77,54
MnO 6,10 0,22 — —_ —
ZnO 17,10 18,19 18,60 18,43 11,88
PbO = — ’ = — 0,11
‘BaO = = ‘ = 0,45 0,47
FeO — — 0,60 o i
Fe,O4 1,90 0,32 — 0,28 0,05
SiO, — 1,88 — — —
AL, O, 0,30 0,39 — — —
H,O 13,00 13,09 12,50 9,63

0,50

Total 100,20 99,48 99,34 99,68

* Analysed by use of the electron microprobe X-ray analyser.
** Analysed by use of the AAS-method (psilomelane admixture).

In Table 4 the chemical composition of chalcophanite MK-7 from the
Tarnowskie Gory region is compared with that of chalcophanite from Ta-
bacimbi (Villiers 1945), Buchan (Wadsley 1950) and Janjevo (Vujanovic¢
1954). Zn deficiency in sample MK-7 is probably due to the presence of
psilomelane. The chemical composition of chalcophanite MK-6 from the
Tarnowskie Géry region was also estimated by use of electron microprobe
X-ray analyser. The analysis were performed on MS-46 CAMECA apara-
tus using MnO, and metallic Zn as standards. The obtained results are
listed in Table 4 and Plate II.

Samples MK-3, MK-8, MK-9 and MK-97 from the region of Bytom
in comparison with the samples from the Tarnowskie Gory region, are
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Table 5
Chemical composition of the samples
from the Bytom region containing
chalcophanite
| o
Compo- | \g-3 MK-8 MK-9| MK
nent | * =97
l l
MnO, 68,36 | 49,63 | 53,60 59,60
ZnO 11,30 | 7,72 |29,88 14,19 /\/i 2 a1
PbO 14,00 | 33,28 6,89 | 16,10
BaO 2,01 | 2,50 | 1,91 N.D.
Fe,O; | 0,09 | 0,08 | 017 | 116 ; 1
SiO; 0,63 | 0,10 | 080 N.D. : ‘
e ‘ ‘ |MK-7
Sample MK-8 contains cerussite and 1‘ !‘
0.20% As. Sample MK-9 contains i :
157% As | /\/\ |
\/\"
MK-9
1‘
"\ |
‘ MK-97
\ | N/ ‘;
|
|
Fig. 1. Infra-red absorption of chal- g /\/\
cophanite MK-6, MK-7 from the Tar-
nowskie Géry region, MK-9, MK-97
from the Bytom region Koo ta ey o Wt FPTY PRYCTYIT. MYSYPRTRY (YOTOTTY] VYT ’
800 700 600 500 40‘ o

characterized by the content of Pb (Table 5). The presence of Pb in samples
MEK-=8 is connected with cerussite and with the Mn—Pb oxide phase, the
latter having been observed in reflected light. The content of Ba is connec-
ted with the presence of psilomelane (Phot. 3). Zn in the samples analysed
is'a component of chalcophanite, but it may also be partly connected with
hydrohetaerolite (MK-9) and probably with woodruffite (MK-8).

The samples discussed were also subjected to infra-red spectrophoto-
metrxc_exarmnatlons using Zeiss UR-10 apparatus. The samples were pre-
pared in the form of KBr disks (0.7—0.8 pg of substance + 300 pg of KBr).
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Absorption spectra of chalcophanite MK-6 and a sample MK-7 containing
chalcophanite and psilomelane are compared in Figure 1. In the range of
wave numbers 400—700 cm~1, six distinct bands may be distinguished on
the absorption spectra. The position of their maxima is identical for both
samples: 445, 475, 500, 530, 595 and 620 cm~!. They are probably due to
vibrations within the metal-oxygen groups in the chalcophanite network.
The absorption maximum 1640 cm~!, visible on the spectra, is caused by
the bending vibrations of H,O molecules. :

Figure 1 shows also the absorption spectra of samples MK-9 and MK-97
from the region of Bytom, containing chalcophanite, besides other Mn
oxide minerals. In the range of wave numbers 400—700 cm~* they show
absorption bands similar to those of chalcophanite MK-6 from the Tar-
nowskie Géry region.

Two samples containing chalcophanite were subjected to thermal ana-
lyses (Fig. 2). On DTA curves some endothermic effects may be observed,
the strongest one appearing in the range 120—260° with its maximum at
190° (sample MK-T). According to Wadsley (1950), this effect corresponds
to the complete dehydration of chalcophanite. In this temperature range
a 9.63% loss of weight was registered on the TG curve of sample MK-7.
The other endothermic effects are connected with the presence of other
minerals.

"Upon heating, chalcophanite is transformed first into hydrohetaerolite
and then into hetaerolite (Wadsley 1950). An X-ray patterns of the sample
MK-’Y heated to 1000° has shown the presence of hetaerolite (Tab. 6). The
infrared absorption spectrum of the heated sample MK-7 is compared, in
Figure 3, with the hetaerolite spectrum obtained after heating hydro-
hetaerolite MK-72 (Kulig 1973) from the Orzel Bialy mine, to 1000°, and
with the spectrum of hausmannite, which is isostructural with hetaerolite.
The positions of the absorption maxima of the two heated substances are
similar, and correspond to the following wave numbers:

l}

MEK-72/1000°: 425, 495, 540, 610, 635, 665
MK-7/1000°: 430, 495, 535, 610, 635, 665 cm~1,

wHich indicates the similar structure of their co-ordinating polyhedra.
Compared with hausmannite, these substances seem to have a somewhat
different structure.

Both the mode of chalcophanite occurrence in the weathering zone of
the Silesian-Cracovian Zn—Pb deposits and the paragenesis of Mn oxide
miherals, such as hydrohetaerolite, woodruffite (?), Mn—Pb mineral, psi-
lomelane and cerussite, point to the supergene origin of chalcophanite
(Hewetti, Fleischer 1960). The analysed samples of Mn oxide minerals from
the Silesian-Cracovian deposits represent the same type of dendrite-like
granules with collomorphous inner structure buf the degree of crystalli-
nity of the individual minerals within the granules is different.
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Table 6
rolite and of the samples MK-7 and

heated to 1000°C

4,884
3,053
2,854
2,716
2,303
2
1,809
1,772
1,685
1,623
1,564
1,528
1,435
1,365
1,332
1,270
1,251

CHALKOFANIT ZE SLASKO-KRAKOWSKICH ZLOZ Zn-Pb

1,214
1,179

Streszczenie

Sample MK-7
heated to 1000°C

[ ‘ Chalkofanit rozpoznano w muzealnych prébkach tlenkowych mineralow
' L8 \ Mn pochodzacych ze strefy wietrzenia $lasko-krakowskich z16z Zn—Pb,
’ \ a figurujacych w kolekeji Uniwersytetu Wroctawskiego jako psylomelan,
‘ wad i piroluzyt. Obecnos¢ tego mineratu stwierdzono réwniez w brunatno-
czarnej substancji wystepujacej w spekaniach triasowych dolomitéow i gal-
manéw w kopalniach Dabrowka Wielka i Olkusz. W podobnej substancji
rozpoznano juz uprzednio hydroheterolit oraz towarzyszacemu mu, blizej
niezidentyfikowany, tlenkowy mineral Mn—Pb. Identyfikacje chalkofa-
nitu oparto na wynikach badan rentgenowskich (najsilniejsze linie: 6,91,
3,46, 2,556, 2,455, 2,228 A) oraz mikroskopowych w Swietle odbitym..Re—
fleksyjnosé (R %) chalkofanitu, mierzona w powietrzu, wynosi: dla Swiatta
bialego R = 30,0—10,5, dla Swiatla zielonego R = 28,1—9,6. Podano row-
b s e S : niez wyniki badan termicznych (silny efekt endotermiczny z ma}{51mux'n
190—200°C) oraz spektrofotometrycznych w podczerwieni wszystkich pro-
bek zawierajgcych chalkofanit. Stwierdzono, ze podczas prazenia chalko-
tanit przechodzi stopniowo w hydroheterolit, a nastepnie w heterolit.

4,880
3,051
2,860
2,703
2,465
2,305
2,021
1,796
1,755
1,686
1,619
1,563
1,521
1,433
1,353
1,326
1,279
1,265
1,214
1,171
1,153
1,109
1,091
1,055

Hetaerolite Sterling Hill
(Frondel, Heinrich 1942)

X-ray data of hetae
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OBJASNIENIA FIGUR

Fig. 1. Fragment widma spektrofotometrycznego w ppdczerwicni c.halkofanitu. MK-6
i MK-7 z rejonu Tarnowskich GoOr oraz MK-9 i MK-97 z rejonu Bytomia

Fig. 2. Krzywe termiczne probek zawierajacych chalkofanit
g a —yprbbka MK-7 z rejonu Tarnowskich Gor, b — proébka MK-3 z rejonu Bytomia

Fig. 3. Fragment widma spektrofotometrycznego w podczeqwieni hetero_litu uzyska-
nego w wyniku prazenia do 1000°C prébek chalkofanitu MK-7 (I'e.JOn Tarnow-
skich G6r) i hydroheterolitu MK-72 (rejon Bytomia) oraz hausmanitu (Ilmenau)

Mapusa KYJIHI

XAJJIbKO®AHHUT U3 CHJE3CKO-KPAKOBCKHX CBHHLOBO-
-ILMHKOBBIX MECTOPO)XAEHHH

PesioMe

XaabkodaHHT Obl1 Onpejesen B My3eHHbIX olpasllaX OKHCHBIX MHHepa-
J0B MapraHiia M3 3ombl runeprenesa Cunescko-KpaKoBCKHX CBHHLOBO-LHH-
KOBBLIX MECTOPOXK/EHHII, HaXOMSILIHXCs B KoJUleKuHH Bpoiasexoro yHuBep-
CHTeTa B KauecTBe NCHJIOMeJaHa, Baja M muposiosura. Kpome Toro, ykasau-
HbII MHHepaJs Obla BbisiBlieH B GypoBaTO-UePHOM BeLIECTBe, 3alaJHSIOUEM
TpPelMHbl B TPHACOBBIX AOJOMHTAX M TajMeifHOH pyle B pyAHHKAX »LoM-
Opyeka-Benbka” u ,,Onbkyw”. B Takom BeliecTse paHee GBI onpesese
PHAPOTETEPOJIHT H CONPOBOXKAIOLLHI €ro, eTabHO He ONpe/le/IeHHbI OKHC-
nblit Munepana Mn—Pb. Onpejesnente XanbkodaHuta OCHOBBIBAETCS HA JIaH-
HBIX PEHTreHOCTEKTPAJbHOTO aHaju3a (caMble HHTeHCHBHble JuHuHK: 6.91,
3.46, 2.556, 2.455, 2.228 A) 1 MHKPOCKOIHYECKOTO HCCJIELOBAHUS B OTPAXKEeH-
Hom ceere. Orpaxkaresbiasi cnoco6Hocth (R %) xanbkodanuta, namepsie-
Masi B BO3JyXe, cocTaBiser: Anas 6emoro csera R = 30,0 — 10,5, nag 3sene-
noro ceera R = 28,1 — 9,6. TlpuBoaaTcs pesysbTaThl TEPMHYECKOrO aHAMU3A
(cumbubIl supoTepmuueckuit apdexr ¢ makcumymom 190—200°) u ungppac-
1IeKTpaJbHOTO aliaiu3a Bcex 0o0pasuoB, cofepxkauux xaibkodanut. Kok-
CTATHPOBAHO, YTO IMPH MPOKAJHBAHUH XaJbKOQAHUT NEPEeXOAHT NOCTENEHHO
B THAPOTETEPOJIHT, a 3aTeM B F€TEPOJIHT.

OBbACHEHHSA K ®UTYPAM

®ur, 1. Yacte HK-cnekrpa xanpkodanuta MK-6 u MK-7 us paitona Te - :
1 MK-97 u3 pafiona Britoma ; e R

Dur. 2. TepMuueckue Kpupble 00pasioB, conepXallluX XaJbKO(aHHUT
a — oGpasen,. MK-7 u3 pafiona TapHoncke-I'ypn, b — o6paseq MK-3 us pafiona Buitoma
Dur. 3. Hacte MK-crekrpa rereposuta, nojyyeHHoro B peayJbrare npokanusanusa ao 1000°C

o6pasios xaabkopanura MK-7 (paiion Tapuoscke-I'yphl -
(pafion Britoma) u raycManura (I/Inbmenayr)) YPEH) o PRARER R Rl
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Phot. 1.

Phot. 2.

PLATE I (PLANSZA I, TABJIMLA 1)

Aggregate of plate, lancet-like crystals of chalcophanite MK-6 from the
Tarnowskie Géry region. Scanning electron micrograph, enlarged 3000 X, Jeol
ISM-S1

Chalkofanit MK-6 z rejonu Tarnowskich Goér. Agregat plytkowych kryszta-
16w. Mikroskop skanningowy Jeol ISM-S1, pow. 3000 X

Xanbkodanur MK-6 u3 paitona TaproBcke-I'yphl. Arperart maacTHHYaTbIX KpPHCTAI-
n0B. CkaHHHHT-MHKpockon Jeol ISM-S1, ysea. 3000 X

Chalcophanite MK-6 from the Tarnowskie Gory region. Reflected light, en-
larged 125 X

Chalkofanit z rejonu Tarnowskich Goér. Swiatto odbite, pow. 125 X
Xanbkopauut MK-6 us paiiona Tapuoscke-Typel. OTpaennbiit cBer, yBea. 125X
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PLATE II (PLANSZA II, TABJIULIA 11)

Phot. 3. Sample MK-6 {rom the Tarnowskie GoOry region. Chalcophanite and collo-

form aggregate of psilomelane. Electron-probe microanalyse, CAMECA MS-46
@ — image of secondary electrons (topography) 300 X 300 n; b — image of
absorbed electrons 300 X 300 u; ol Wb A9 OE=KEBa==
__ K, X-ray microprobe images 300 X 300 p

Prébka MK-6 z rejonu Tarnowskich Gor. Chalkofanit i kolomorficzne sku-
pienia psylomelanu. Analiza rentgenospektralna w mikroobszarze. CAMECA
MS-46

a — elektronowy obraz topograficzny 300 X 300n; b — elektronowy obraz
absorpeyjny 300 X 300 w; c—f — Obrazy rozmieszczenia Mn—K o, Zn—
B 0RO Ba =KW, mikroobszarze 300 X 300 p

O6pasen,. MK-6 u3 paiiona TapHoBcke-T'ypbl. XalIbKOhaHUT 1 KoJJIOMOp(HBIE CKO-
nJeHns: TCcHIoMe/1ana. PenTreHoCneKTpalabHbli  aHalIn3 MHKPOYYaCTKa. CAMECA
MS-46

a — 3JeKTPOHHbIN TonorpapuuecKui BHIL 300 X 300w, b — 3JIEKTPOHHDIM o6pas
norsomenus 300 X 300 w; ¢—f — BHAB pacrpeieJeHHs Mn—Kg , Zn—Ko, O—
—Kq , Ba—K ¢ Ha MHKpPOYYacTKe 300 X 300 p
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PLATE III (PLANSZA 1AL TABJIMLIA 111)

Chalcophanite MK-3 from the Bytom region. Aggregate of platy crystals.
Scanning electron micrograph, enlarged 3000 X, Jeol ISM-S1

Chalkofanit MK-3 z rejonu Bytomia. Mikroskop skanningowy Jeol ISM-S1,
pow. 3000 X

XaabkoanuT MK-3 ua paiona Boitoma. Arperat nyiacTiHYacTbIX KpHCTajioB. Cxari-
HHT-MIKpocKon Jeol ISM-S1, yBeJ. 3000 X

Chalcophanite MK-8 from the Bytom region. Microcrystalline aggregates
among psilomelane. Reflected light, enlarged 125 X

Chalkofanit MK-8 z rejonu Bytomia. Mikrokrystaliczne skupienia wérod psy-
lomelanu. Swiato odbite, pow. 125 X

XaapkodauuTt MK-8 u3 paiona BriroMa. MeaKOKpHCTaIHUECKHE cKOMJIeHHs B TCH:
JioMeatie. ()szm(mmbm cBer, yBeJ. 1256 X
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