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Abstract. Apart from well known and common malachite and azurite, the list of secondary
minerals in the Miedzianka copper deposit (Holy Cross Mts.) includes fairly common zincian olive-
nite, tyrolite, brochantite and antlerite, first described by the present authors. The occurrence of
staszicite, reported from this locality by Morozewicz (1919) as a new mineral, remains controversial
(conichalcite according to Strunz 1939) or zincian olivenite after Guillemin (1956) and Dunin-Bar-
kovskaya (1962). It was not confirmed by the present investigation. Zincian olivenite occurs in two
varieties, less and more zinc-rich (so-called leucochalcite), easily discernible by optical and other
methods. IR spectrum of Zn-olivenite is typical of the member of olivenite-adamite series with about
40%, of adamite molecule. Tyrolite in spectacular specimens shows different stages of dehydration
reflected, for instance, in the reduction of refractive indices and the enlargement of d-spacings. IR
investigations of tyrolite confirmed the ordering of the structure after heating to 600°C. Both mine-
rals are connected with Zn-bearing tennantite (miedziankite of Morozewicz, 1923) as the source
copper mineral. Antlerite, less common than brochantite, precipitated from more acidic solutions
as the last in the succession of copper minerals derived from primary g-chalcocite. Brochantite, as
well as antlerite, yields identical decomposition products in heating experiments, though at slightly
different temperatures as might be deduced from DTA analyses.

INTRODUCTION

Geological setting

Copper mineralization phenomena in Miedzianka deposit are specially related
to Middle Devonian limestones, forming veiny or karst-type and “contact’-type
accumulations (on erosional surfaces). These limestones are overlain by barren
Rothliegendes formation. Moreover, posthumous tectonic deformations, postula-
ted as the heritage of the Hercynian movements (Czarnocki 1929, Rubinowski 1955),
were of essential importance for the migration and deposition of ore-bearing solu-
tions. Particularly convenient in this respect were the intersections of longitudinal
and transversal tectonic discontinuities. The intensity of mineralization can be illu-
strated by the amount of high-quality ores (over 1000 tons) mined in 1915—1919.
It is also worth mentioning that the Miedzianka deposit was already mined in prehi-
storic times.
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The material to be studied was almg)st entirely derived f-rom the karst-type ore
deposits. These deposits are chara.cter‘nzcd.by the prcd.ommance of B?chalcomte
among primary copper minerals, while in vein-type dep031ts cha]copynge is a preva-
lent mineral (Rubinowski 1955, 1971; Wojciechowski 1958). Tennantite occurs in
both kinds of ore accumulations, but judging from numerous zincian olivenite and

tyrolite occurrences in the karst-type deposits, tennantite seems to be typical of the

Jatter type of mineralization. '
A gzg)at number of samples collected from waste dump revealed that B-chalcocite

and tennantite are preserved among the ﬁq:ll prodt}cts of carbpnatization and hydra-
tion, usually in the form of malachite with or without azurite. The latter mineral
forms preferentially from tennantite as a source mineral. Due to scarce and dlsperged
remains of primary minerals, the transformed ores show dark grey colour W.lth
green and, exceptionally, blue tint. Specific gravity dctcrmmatlons_ allow a quick
evaluation of the stage of alteration. These observations point to a highly deyeloped
oxidation zone in the discussed deposit, its presence being due to variable air/water
interface level.

Mode of occurrence and parageneses

Arsenate and sulphate copper minerals of the Miedzianka deposit normally
occur separately depending on the nature of the primary minerals, i.e. tennantite
or chalcocite. The lack of pharmacolite and other iron arsenates excludes chalcopy-
rite as the source mineral in this association.

Zincian olivenite is a tennantite-derived secondary mineral, forming always
earlier than tyrolite. Its formation is preceded only by metasomatic transformation
of tennantite into malachite and/or azurite. This sulphoarsenide is still locally
preserved in small relict inclusions. Though both basic copper carbonates may also
form by replacement of calcium carbonate minerals, no such case was observed in
the material discussed.

Zincian olivenite was observed in three forms of occurrence, or generations, viz. :
1° — in dense, frequently veinlet-like aggregations, replacing malachitized and/or
azuritized tennantite; 2° — in cavernous, vesicular masses, composed of nearly
isomctric, microcrystalline (up to 0.1 mm in diameter) grains (BLGT)Rand s s
in reniform, botryoidal to stalactitic aggregates with parallel to radial arrangement
of rods to fibres (Phot. 2), attaining a length of 0.25 mm. The elongated crystals
are subhedral, with elongation direction parallel to [001], and vertical prism {110}
or front pinacoid {100} as side forms. The last generation and, to some extent, the
second one indicate precipitation from concentrated solutions in free space.

Macroscopically, the first two generations are distinctive by half-adamantine to
glassy lustre, clearly olive-green colour with yellow to grass-green tint. The third
%cncrzmon has silky lustre and is faintly greyish-green, nearly colourless. These
catures are responsible for the name of this variety — leucochalcite.

4 S]Lr:tul'l:nncer(;?is(])i g}t?)tl;ﬁct};;r(::gat?st gcgcralion of zincian olivenite originated
g azurite abular crystals or rose-shaped aggregates, as well
as SPh?md] polynodules of pitch-black, X-ray amorphous asbolane (7). The genera-
zll:)cr::c(;i::’ﬂ:vchlwﬁ Il]?d;c;cllf](é;rﬁl tobsylhcncz}] polynodules is distinctly the last in the
- ft*y : .ummgnzqd as follows:ter}nantlte — ma]ach}te

venite (I) — olivenite (I) + azurite (II) 4 malachite

(IT) — olivenite (ITT) = leucochalcite + azuri i
(IIT) and/o1 tyrolite, sotte T azurite (LD o5 asbole NI L

Tyrclite is usually confined to the mat
and friction breccia) gangue material comp
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vix of the brecciated (collapse, solution
osed of limestone, secondary calcite, resi-

dual clays and iron oxyhydroxides. It fills irregular voids, especially fissures. It may
also finely impregnate fragments and the matrix of the gangue. Larger cavities are
occupied by hemi-spherical to spherical aggregates built of radial fibres, laths or
flakes, rarely by felt-like aggregates (Phots 3—S5).

Tyrolite, especially that occurring in veinlets, may be accompanied by azurite
crystals and their groups covering the walls or suspended in the fibrous tyrolite mass.
Sometimes the gangue breccia is predominantly composed of zincian olivenite frag-
ments with additional goethite, clay minerals a.o., which are overgrown by an azurite
crust of small spherical nodules and by tyrolite felt-like aggregates of irregular shapes.

These specimens confirm the already postulated alternation of crystallization pha-
ses, namely: olivenite (II, III) — azurite (IIT) — tyrolite.

Brochantite is more common than the related basic copper sulphate — antlerite,
and appears normally as dusty to dense microgranular crust (Phot. ) in association
with malachite and gangue component, covering more or less malachitized B-chalcoci-
te aggregations. It can also finely impregnate gangue breccia composed of limestone,
secondary calcite and clay minerals. In voids it can develop nearly euhedral crystals,
sometimes, with accompanying finer-grained antlerite.

The brochantite crystals in microscopic geodes show a tabular habit caused by
the pronounced development of the basal pinacoid {001}, accompanied by the third-
-order vertical prism {210} as well as other poorer developed chiefly prism forms,
responsible for predominantly hexagonal outlines of platelets.

The deep-green with blue tint or emerald-green colour of transparent brochantite
crystals reaching up to 0.25 mm in diameter, distinguishes well this mineral from
the neighbouring smaller, moce flattened and subhedral antlerite scaly crystals,
showing more clearly yellowish- and greyish-green colour.

The noted alternation of the basic sulphate minerals of copper depends on the
pH of solutions. Their acidification, usually in the latter stages of precipitation, deci-
des that the normal succession is as follows: malachite — brochantite — antle-
rite.

Antlerite is confined to brecciated gangue material, where it assumes the shape
of botryoidal, dense to dusty crusts (Phot. 7), as well as transsecting veinlets of
a thickness up to 1 mm. The latter mode of occurrence is characterized by an orien-
ted (perpendicular to the walls) arrangement and a somewhat more developed
growth state (crystals up to 0.09 mm in diameter) in comparison with 0.05 mm large
randomly distributed antlerite individuals of crusts. Furthermore, the habit of
subhedral flakes and scales in veinlets shows higher elongation ratio.

As can be deduced from the optical orientation of indicatrix, the flattening plane
of flakes corresponds, as a rule, to the side pinacoid {0/0}, being simultaneously
a perfect cleavage plane.

In some brochantite impregnations of gangue, antlerite concentrates in the peri-
pheral parts, indicating its late or even hypergenetic origin. The two minerals are
antagonistic in relation to the described copper arsenates due to the nature of the
primary copper minerals.

LABORATORY EXAMINATIONS

Optical properties

Zincian olivenite reveals remarkable variability in optical properties, especially
in optical density, owing to the changing chemical constitution. This feature is
detectable even in a simple crystal, implying varying concentrations of copper and
zinc during precipitation.
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The distribution of zinc-rich cones of growth in the third generation (leuco‘c!m}-
cite) rod-type crystals with a typical hourglass structute (blrefrnngeqce sector zoning)
is indicative of increasing zinc content in the later and faster growing (here equiva-
lent to the {007} form) growth cones. ol 4 42 :

In the series of differents generations of zincian olivenite the ghemlqal compo-
sition changes in general towards the members of olivenite-adamite sg)lld-solutl.on
series richer in adamite molecule. This is evidenced by the decrease in refractive
.indices, as shown by the average values for the two earlier (I and II) and the:last
(11 = leucochalcite) generations. Compared with the other published data, the
following average values were obtained: ‘

generations I-1I generation III
ny = 1.838-40.002 1.8154-0.002
ng=1.797—8--0.001 1,778—940.001
ng = 1.7624-0.002 1.747—84-0.002

The obtained values indicate a 74 and 539/ content of olivenite molecule, respecti-
vely, in the examined samples. _

The determination of ng is considered to be the most reliable, owing to the stable
orientation of this optical vector parallel to the elongation direction, i.e. [001], of
fibres. The ny and n,, on the other hand, can be evaluated only statistically (the
lowest and highest values of n, resp.). It must be remembered that they change
according to the kind and development of side form faces of fibres.

Other optical properties, such as birefringence, optic axial angle (2V,= 88—~
—89°41°), strong dispersion (r< v), and weak pleochroism (y — green with yellow
shade, B — green with faintly blue shade, @ — faintly greenish, with < y<P) are
less indicative and convenient for diagnostic purposes. The same applies to specific
gravity, averaging 4.195 g/cm?. :
~ Tyrolite, on the other hand, has fairly uniform optical properties, with varia-
tions presumably caused only by dehydration processes (e.g. n,==1,705 after Guille-
min 1956 and 1.730 after Larsen 1921), manifesting themselves in the appearance of
dull lustre. '

]n the specimens with distinct glassy lustre and green-blue colour, the average
optical features may be summarized as follows: n, =1.719-4-0.002 ,n =] 713;&
.»:‘FO{OOZ, n,=1.685 40.001; y l— ;_irztss-grccn with distinct blue tin’t, Fi -.ycllo-

Ish green, o — grass-green with distinct blue ti > 32V, = o LS
distinct dispersion wilhgr> V. N e W g 1

The recorded optic axial angle values, determined on flz ¢
{010} and somewhat elongated according to {001} =, g:‘f]ligrs Irzfgle(réglcllyp?rr(?rllllelt}tlz
usuall){ c1ted.dala (_2 Vy=36°43°, see Palache et al. 1951). Measured on the s ecial
gtqﬁ?cr:m}% usnrégﬁumycrsal stage procedures, they suggest the existence of pol)]/)typic
s gyl(iliné?i(:ml, cations. This conclusion is botne out by the absence of polarized

Much more common is another habit in an- ¢
asspmblugcs of highly elongated laths (after }23({‘(;21”;9[?][‘ i
ta(tiloln. thcq ﬁult;:ncd parallel to {001}, the pll )
a aeterminatio ¢ H
tion dircclion.nT%cﬂyéo‘;rggcTsOg? EILI:IEILIIIZ r‘l,‘ 3 = (ipFlCZI] veovor parallel to thelclonghs
gravity values definitely Jower (2.91 g/c:;%)dfﬁ:;gi}t]ccs :ﬁ::ltlc]itﬂ:ie mcaigr:g;i S?CCi“ﬁg

In immersion, brochanti taliie 7 8 of Seve. O (S BRI
A a— Y Witl;la?]tll(.‘te()i)’;{ls:(?lts)i:g(i their fragments usually disclose a preferred
coid {001}. Less commonly, the f)rcfcrrccdrlx ¥ (2) almost normal to the basal pina-
cially of perfect cloavass S(;ill Pipred orientation of.crystal frggmen}s and espe-

g es parallel to front pinacoid {00}, including a/and B
20

: sl shaped, sectile
aying different optical orien-
ane of perfect cleavage, they allow
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Fig. 1. Variation of refractive indices in the adamite-olivenite solid solution series
1 — olivenite from Chuquicamata, Chile (Jarrel 1939); 2, 3 — Zn-olivenites from Latchin-Khan, USSR
(Dunin-Barkovskaya 1960); 4, 5 — Zn-olivenites from Miedzianka, Poland; 6 — adamite from Laurium,
Greece (Larsen 1921)
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' Fig, 2. The Ady3,—ds, value variations in the adamite-olivenite solid-solution seéries

1 — synthetic olivenite (Min&eva-Stefanova 1964) and natural olivenite from Tintic, USA (Berry 1951); 2,

3 — synthetic Zn-olivenite (Min&eva-Stefanova 1964); 4, 5 — Zn-olivenite from Lat-chin-Khan, USSR

(Dunhin-Barkovskaya 1960); ‘6 — Zn-olivenite from Miedzianka, Poland: 7 — adamite from Mapini,
; Mexico (Mrose 1948) :
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Fig. 3. Xeray diffractograms of Zn-olivenite, tyrolite, brochantite and antlerite from Miedzianka,

Poland
A = antlerite, O — Zn-ollvenite admixtures, Iris-$ Xerny diffractometer

indicatrix axes, is observed. These grains allow to reveal oblique extinction, which
I8 not convenient fc{r exact extinction angle measurement.
wm"rlllﬁ ;)blarilrjcl(i e((;pllcul data do not show any variations or discrepancies compared
wakls tpq ished ones, In particular, worth noting is the uniformity of refractive
p 'I?h' esrtxfylpg to the stable chemical composition of brochantite,
) 003 rc”rii(;ulvs ;gdl(c)'cs and other optical features of brochantite are: n, = 1.799 -4
W2, ng=1,770£0.002, n,=1,728 4:0.002; weakly pleochroic showing green

22

) PRSI KR R P79 P Y P [ e O B

D TG D e A /.4 PSP

\
\,,,\
"\\/‘
OTA \ [\
i 108 38 O IR, ¢ (Rl 0 SO B T o R 8 TV T onr O SV /TR TR L
20 5% 100 20 00 (] 500 6400 700 809 900 1000 °C
TG s R T A T Tt T

T
|
N |
|
|
|

=gl

s

wh %

L Lt It i i { i 1L

I Te O i ok i . - R It
20 5 100 200 300 400 500 600 700 800 900
Fig. 4. Thermograms of Zn-olivenite from Miedzianka. Derivatograph

i i

J
1000 °C

absorption colour with slightly blue (v, ) and yellow (o) hues; absorption formula
yzPBza; 2V,="78°41°; weak but distinct dispersion with r<v.

Antlerite subhedral crystals, as well as their fragments and cleavage flakes, become
oriented if placed in immersion liquids, The prevalent orientation of lath-shaped
individuals somewhat elongated in the direction of [/00] and flattened parallel to
{010} (also a cleavage plane), facilitates the estimation of refractive index.

If laid on the side pinacoid face, the n, and n, may be measured, while the remain-
ing n, absorption vector and optic axial angle can be determined only on the laths
scarcely laying on the narrower basal pinacoid {001}

These and other optical data are as follows: n, = 1.7874-0.002, ny=1.737+
+0.002, n,=1,7264-0.002; y — green, [} — green with blue tint, o — pale
greenish with yellow tint; = y=a; 2V, = 50°4-17; very strong dispersion with r< v.

Like in brochantite, the stability of optical features in antlerite is striking, due to
the stable chemical composition,
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Measured X-ray powder data' for Zn-olivenite

Table 1

S Miedzianka
Berry (1951) olivenite Mipdamig” /1460, fibrous
(hkly? "leucochalcite™ a8, B "leucochalcite”
d(A)e. dAm. | 113 ar | o ad) |
110 5.955 5.91 70 5.980 :g 5.996 60
011 4,900 4.897 4.874 70
4.82 90 ’
101 4.820 4.856 45
111 4.209 4.19 60 4212 45 4.222 40
120 3.824 3.80 40 3.814 30 3.827 35
220 2.977 34 100 i 100 2993 | 100
002 2.975 2.991
130 2718 2.70 40 2.724 40 2.719 20
221 2.663 2.65 60 2.662 60 2.666 50
112 2.661
310 2,612 2.59 10 2.583 10 2.586 12
031 2.592
= L i i 2.526 10 2.527 12
301 2.489
2.47 ; !
i 4 i 70 2.465 65 2.468 45
202 2,410
e 5t 2.39 70 2.424 70 2.422 55
122 2.348
b S 2.33 10 2.336 30 2.348 25
040 2.160 2.16 5 2.146 5 i =
140 2.089
p Boco 2.08 5 2.081 5 2.103 56
330 1.985
B g 1.973 10 1.967 10 1.967 5
013 1.933
103 1.928 9% 5 1928 10 b —
411 1.895
331+ 1.883 1,881 20 1.891 15 1.889 5
322 1.826 1.831 5 1.838 5
: ; 1.842
213 1.749 30
042 1.748 1.740 10 1.741 15 1.745 10
402 1.691
0 oy 1.686 10 1.684 10 i i
332 1.651
223 1.651 1.647 20 1.656 20 1.664 10
151 1.627
510 1.615 1.621 10 1.621 12 st} e
242 1.608 i
303+ 1.607 ¢ 30 1.596 30 1.605 12
313 1.580 o
422 1.574 ! 60 1.587 55 1.586 35
il:(lJ 1.559 1.556 5 1.569 10
1.489 o ot
004 iar 1.488 50 1.498 25 1.499 20
‘ AT g, 1.485 25 1.489 20
1 — Ni-filtered Cu-radiation, 2 i

Zeiss-Jena diffractometer measu.
film measurement
(variety called leucochalcite,
tions: d, — dlﬂnu:togram. /o — film

’

data (camera

;n:::::e:l:f:er ?crry (1-951). 3 — .intenuitica as listed in ASTM card 4—657. 4 — Iris 5,
et l;’; G‘Bhl olive-green olivenite in association with malachite and azurite, 5 -
gy 4, nfm.) for almost colourless, silky aggregates of radial-fibrous olivenite

additional line with 2,032 A spacing and 5 intensity values was also observed. Abbrevia-
¢, — calculated, m. — measured.

; Table 2
Measured X-ray powder data® for tyrolite
Miedzianka Miedzianka
Berry' (1948)* 436 Blile-green v JR T T
(hkl)* Tintic, Utah spherulites b ’fibres i

ad | TS ) A P | i 72
020 28.0 100 26.7 100 27.1 100
040 14.1 80 13.6 60 13.57 60
0.10.0,001 5.60 30 5.512 20 5.605 15
200 5.27 40 5.215 17 5.190 18
121 4.85 60 4.730 45 4.741 35
260 4.44 50 £ b 4.480 10
270,161+ 4.34 30 4.312 23 4.335 30
181,0.14.0 4.01 10 3.934 20 3.924 25
191 3.83 5 £ % 3.831 12
2.11.0,241 3.62 30 3.678 15 3.578 15
2.12.0,271 3.43 30 3.414 20 3.405 20
2.13.0 3.26 10 . it 3.252 10
2.15.0 2.98 80 2.944 38 2.949 40
102,112 2.70 80 2.667 40 2.669 40
3 & bt 2.515 10 2.511 15
4 2.45 10 2.460 10 2.456 2
. 2.34 30 2.344 18 2.345 18
2 2.10 10 i i 2,085 20
it 1.89 10 18 | 1.886 15
o 1.78 30 % i 1.792 10
i L5 A3 i e 1.740 15
3 1.70 30 i 3 1.687 12
¥ L 21 £ il 1.665 12
i i ik o i 1.617 10
i A1 ol . o B | 1.557 15

1 — Ni-filtered Cu-radiation. 2 — indices after Berry (1948). 3 — Berry (1948), ASTM card 11—348. Abbreviations:
d. — diffractogram, l. — light. : 3 o : '

X-ray data : ; ;

The X-ray powder data were suitable for identification purposes, and in the
case of zincian olivenite also for the determination of the chemical composition
of the member of the olivenite-adamite solid-solution series.

Zincian olivenite was found, as already mentioned, in three generations. The
first and second were Zn-poorer, while the third, latest generation, referred to as
leucochalcite, was the richest in adamite molecule. This is well reflected by optical
density (Fig. 1) but hardly so by interplanar spacings (Fig. 2). The most convenient
for this purpose is the splitting of 311—202 and 131—301 reflections (Tab. 1, Fig. 3).
Less suitable are 221—112 and 130 reflections preferred by Minceva-Stefanova
(1964). The mean value of Ad,3;—ds;; amounting to 0.041 A indicates about 40%
of adamite molecule. This observation was supported by the quantitative atomic
absorption determination of Cu and Zn content in the averaged sample.

The X-ray data for other investigated minerals are in good agreement with those
published by other authors (Tab. 2—4). :
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Measured X-ray powder data’ for¥3rochnntito

de Wolff (1955)* | Sapountzis (1972),

synthetic Greece natural

(hkl)? material material
dhy | oL | 4y |
110 7.80 8 7.80 8
200 6.38 40 6.39 53
210 5.36 40 5.37 45
020 4.93 6 - —
310 3.90 85 3.90 87
325 3.19 40 3.20 50
202 2.923 20 2.930 25
212 2.813 4 2.810 12
420 2.678 50 2.677 65
112 2.601 18 2,607 20
222 2,521 100 2.524 100
402 2.466 10 2.469 12
412 2.386 14 2.391 15
240 2.300 8 Al h
521 2.266 14 2272 14
241 2.190 14 2.192 20
512 2.140 14 2.140 10
132 2.079 8 2.084 10
531 2.016 8 2.021 10
521 1.969 8 1.964 12
— 1.949* 6 ]
412 — - 1.892 8
113 — — 1.826 10
422 — — 1.793 10
251 — —_ 1.748 32
712 — — 1.712 10
333 — — 1.681 12
152,603 — — 1,643 15
640,711 - —_ 1.598 15
810 — — 1.564 17
323,812 — — 1.541 12
820,361 — — 1.508 2

1 — camera diameter = 114.6 mm. Ni-filtered Cu—rudluli(m: i
(1955), ASTM card 13-398, 4 — in assaciation with olivenite an.

of malachite on malachitized chalcocite, 6

Thermal analysis
DTA, TG and DTG curves of
were recorded with a Derivato
ing t0 0.1--0.2 g, An additio
TA-2 thermoanalyzer, In bo
On the DTA curve of Zn-oli

- Indices cited afte

= line coincidence with malachit
e 7 -
8 -~ the last d-value tabulated in the ASTM card. Abbreviations: S -

nal DTA curve w.
th cases the heatin

Table 3

Miedzianka
1541, dense
coatings®

dA)y | I
7.795 15
6.403 65
5.372 60
4.928 12
3,906 85
3,195 25
2922 20
2.812 8
2,682 70
2.604 18
2.521 100
2.463 28
2.386 15
2.298 8
2.268 15
2.189 20
2.139 15
2.082 15
2,017 15
1.969 12
1,949 8
1.825 2
1.793 10
1.742 55
1.712 18
1.676 20

-——1 pr—
1.598 22
1.563 25
1.539 20
1.507 22

Miedzianka
/1535, dusty
coatings®

d(A) N
7.839 5
6.395 65
5.369 55
4.940 15
3.910 75
3.197 35
2.929 15
2.675 60
2.599 20
2.524 100
2.470° 30
2.387 18
2.270 188
2.194 28
2.141 12
2.083 12
2.019 12
1.970 12
1,827 20
1.796 12
1.744 35
1.715 12
1.676 15

—— A
1.599 18
1.564 22
1.540 15
1.508 20

r Sapountzis's data, 3 — de Wolfl
d malachitized tennantite. 5 — with small admixture
- line coincidence with 8i standard.
- film, B — broad line,

Zn-olivpnilc, tyrolite, brochantite and antlerite
graph (made in H

ungary), the sample weight amount-

as obtained for tyrolite on a Mettler
g rate was 10°C/min,

: : venite (Fig. 4) two sharp endothermi aks annes
with ; =y ; “ p endothermic peaks appear
ith the maxima at 600 and 950°C, both connected with a considerable weight lposs.
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Table 4
Measured X-ray powder data' for antlerite

de Wolff (1955)* Mrose (1961) Miedzianka Miedzianka
synthetic Chile, natural mate- /1479, fine /1542, dense

(hkl)* material rial impregnations coatings*
dAy | yn | dA) I, d(A) I dAy | 1,
110 6.80 12 6.792 11 6.817 15 6.823 15
001, 020 6.01 25 6.026 35 6.005 50 6.000 30
011 5.40 25 5.405 15 5.411 35 5.392 30
120 4.86 100 4.853 100 4.860 100 4.862 100
111 4.52 9 4,515 6 4.531 12 4.518 8
200 4.13 8 4.122 11 4.124 8 4.134 10
121 3.79 16 3.788 15 3.797 15 3.781 10
130 3.60 77 3.597 71 3.602 80 3.607 78
201, 220 3.40 31 3.403 25 3.407 30 3.408 25
031 3.34 9 3.333 6 3.336 20 3.347 12
131 3.09 16 3.089 15 3.090 18 -9 —_
040 3.00 18 3.003 21 3.001 18 3.010 25
112 2.762 12 2.763 9 2.759 12 2.764 18
310 2.683 77 2.683 7 2.684 60 2.686 75
122 2.566 85 2.567 71 2.567 70 2.569 85
320 2.503 26 2,502 21 2.504 25 2.503 35
240 2.430 14 2.428 9 2.430 20 2.442° 8
132 2.315 8 — — 2.310 17 2.321 15
222 2.259 14 2.259 11 2.259 17 2.264 20
042 2.131 69 212 60 2.130 75 2,133 80
232 2.083 6 2.083 2 - - 2.080 12
400 2.065 18 2.062 11 2.065 10 — -
410 2.034 20 2.034 15 2.035 12 2.042 15
312 2.004 4B | 2.002 6 2.001 10 2.007 12
160 1.946 9 1.945 13 1.945 25 1.952 10
430, 151 1.835 12 1.833 8 1.836 17 1.838 12
331 1.814 15 1.813 9 1.813 17 1.816 18
252 1.711 6 1,712 2 1.712 8 1.713 8
412 1.687 9 1.687 4 1.689 12 1.690 12
062 1.667 3 1.669 2 1.667 12 — —
510, 132 1.634 16 1.634 18 1.635° 20 1.633° 15
450, 271 1.566 13 1.568 9 1.568 18 1.570 18
352, 243 1,551 15 1.551 13 1.553 22 1.555 20
004 1.511 12 1.513 6 1.513 12 1.513 12
080 1.500 9 1.499 9 1.500 20 1.497 15
442 1.481 21 1.483 18 1.482 25 1.483 25

I — camern diameter = 1144'3‘ mm. Ni-filtered Cu-radiation. 2 — Indices after de Wolff and Mrose calculation data.

3 — de Wolll (1955), ASTM card 7407, 4 — with small admixture of brochantite, 5 — line coincldence with brochan-

tite. 6 — line colncidence with Si standard. Abbreviations: /. — film, B — broad line.
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The first endothermic peak is due to dehydroxylatién of olivenit is i ‘
e. This is fi
by an IR spectrum recorded after heating the sample for 2hrs at 700°C1(Fci(g);n 9§m§§
which ?(:1 OHhab;or};tlon bands are visible. The second endothermic peak iha),' be
connected with t i i iti E
jomnce tyrollite, ¢ fusion and/or partial decomposition of the sample, asin the
The weight-loss of the sample in the tem
f A § 1 perature range 20—500°C amounts to
g.o’li ét’s igO;—l?SOO tc°/3‘?l/°’ 700—1000°C 3.6%. The theoretical formula for olivenite
poguop- tw - /o H20, the analyses of natural specimens usually showing a hig-
2O content (Dana et al. 1951). These data are in good agreement with the

assumption that the dehyd i iveni i
A e ydroxylation of olivenite occurs mostly in-the temperature

The'Df['A and TG curves of tyrolite re
5) are similar to those presented for tyroli
2 _ perature range 20—615°C, with
p; ]znzyturél;sfé 12?1’0: }?5, 290, 400, 560 and 615°C, followed byga sharp CXOthemlliC
s er exothermic peak being visible at 340°C. The TG curve
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Fig. 6. Thermograms of tyrolite from Miedzianka. Derivatograph

recorded a continuous weight loss, which in the temperature range 20—200°C, cor-
responding to the first two endothermic effects, amounts to 8.62%, in the range
200—400°C being 6.10%, 400—600°C 2.07%;, 600—800°C 1.23%; (the total weight
loss between 20 and 800°C is 18.02%). The bulk of molecular water is certainly lost
up to 200°C. At 400°C the mineral is mostly dehydroxylated, the total water content
of tyrolite (H,O--OH) being theoretically about 18%. This is evidenced by IR ab-
sorption spectrum (Fig. 10)..- . . A ST O i

On the DTA curve obtained with a Derivatograph (Fig. 6), the above endother-
mic effects are less pronounced. However, since this analysis was made up to a higher
temperature (1000°C), a distinct sharp endothermic effect at 920°C could be seen.
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Fig. 9. Infrared absorption spectra of Zn-olivenite from Miedzianka, recorded at room temperature
and after heating for 2 hrs at 700°C

On the TG curve this effect is followed by the considerable weight loss of the sample
which evidently undergoes melting and decomposition. According to Guillemin
(1956), the melting point of tyrolite is 800°C.

The DTA curve of brochantite (Fig. 7) shows two major endothermic peaks with
the maxima at 460 and 800°C, both connected with a considerable weight loss of
the sample. A minute endothermic peak at 250°C may be due to a small malachite
admixture. The first major endothermic peak is connected with dehydroxylation
of brochantite leading to the formation of dolerophanite CuSO,.CuO and tenorite
CuO. The weight loss in the temperature range 20—250°C amounts to 5.5%, 250—
—600°C 12.5%,. The theoretical H,O content in brochantite is 11.94%,. The higher
total weight loss of our sample heated up to 600°C (1 8.09,) may be due to the decom-
position of a small malachite admixture and to the loss of molecular water. Our IR
spectrum of brochantite heated for 2 hrs at 500°C (Fig. 11) revealed no admixture
of antlerite which, according to Rozinova and Muratoy (1973), is one of the inter-
mediate dehydroxylation products of brochantite.

The second major endothermic peak at 800°C is connected with sulphate decom-
position leading to the formation of tenorite. Our IR spectrum of the sample heated
for 2 hrs at 900°C (Fig. 11) revealed the absence of the sulphate ion,

The nature of the small but sharp endothermic peak at 900°C is not clear. In the
temperature range 800—1000°C the weight loss continues. According to Rozinova
and Muratov, this may be due to partial decomposition of tenorite CuO to cuprite
CuZO, followed by the melting of eutectic tenorite-cuprite mixture. It is worth not-
ing that on the DTA curves of brochantites from Karya (Greece) and Frisco Mits
(USA), recorded by Sapountzis (1972), also three endothermic peaks are visiblé
v«}/]nhl the maxima at 430—445°C, 730—750°C and 880—890°C. Taking into account
the lower heating rate used by this author (5°C/min.), which shifts the endothermic

f mineral towards lower temperatures,

recorded by Rozinova and Muratoy (1973)
at much higher temperature (about 1080”’C)

The total weight loss of our 8
to 33.0%, the sum of H,0+S0O
tite being 29.64%.
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ample iq the temperature range 20—1000°C amounts
3 according to the theoretical formula for brochan-
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ig. 10. Infrared absorption spectra of tyrolite from Miedzianka, recorded at room temperature
and after heating for 2 hrs at 200°, 400°, 600° and 800°C

E

The DTA curve of antlerite (Fig. 8) is similar in shape to that of brgchantite.
Two major endothermic peaks with the maxima at 480 and 820°C are visible, both
connected with a considerable weight loss, which continues up to 1000°C. Th.e first
peak is due to dehydroxylation of antlerite with the formation of dolerophgmte, as
follows from the IR investigations of the sample heated up to 600°C. A weight loss
of 12% in the temperature range 20—600°C exceeds only insignificantly the theore-
tical H,O content in antlerite (10.15%). ;

As in the case of brochantite, the second endothermic peak at 820°C is connec-
ted with sulphate decomposition and the formation of tenorite. On the IR spectrum
of the sample heated for 2 hrs at 900°C (Fig. 12), no sulphate ion bands are vmb{}e.

The total weight loss of the sample in the range 20—1000°C amounts to 31.0 o/,,,
the sum of H,0+ SO, according to the theoretical formula for antlerite being 32.727.

Infrared spectroscopy :

Infrared absorption spectra were recorded in the range 400—1800 and 3000—
—3800 cm~!, using a UR-10 (Zeiss, Jena) spectrophotometer and KBr discs techni-
que (1 mg sample + 300 mg KBr). { : ! \ y

The infrared spectrum of olivenite (Fig. 9) is typical of an intermediate merpbcr
of the solid solution series olivenite-adamite. A detailed spectroscopic analysis of
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j by Braithwaite (1983). Our spectrum is similar to that
of the synthetic orthorhombic member (Cuo.ozz.no..%’ﬂ) AsrpfOH’dvf/h’Ch goiees
& 1 with the chemical composition of our mineral. A feature deserving note
fmrly o e of the 900—950 cm~" absorption band, typical of pure olivenite or
4 th'c 'abscngch(f ]l(]\; 7n content (monoclinic). Four fairly well resolved absorption
';,Sn‘if:'?;ytmtx&) :m_} region (790, 815 — weak, 835, 862 cm~1) are due to v,
ajymmctrical stretching mode of the AsO}~ anion, which is distorted to C, sym-
rﬁctry, and to the forbidden v, symmetrical strctch. /\C_C()fdmg to Braithwaite (1983),
the latter mode should appear near 750 cm™" being hidden under the v; absorption
or Nujol band. Since in our investigations no Nujol r_null but KBr discs were used,
and no 750 cm~! absorption band was recorded, it is reasonable to attribute one
of the four above-mentioned bands to v; mode. : . ‘

The strong absorption at 538 cm ™' may be due to metal-oxygen v1brat10_ns (Brau.th-
waite 1983). However, for the identification of the members in the solid solution
series a broad band appearing at 450cm = is of greater value, as in our case it isin good
agreement with the composition (Cug,¢Zng 4) AsO,OH. This band is certainly due
to one of the AsO?~ asymmetrical stretching vibrations.

O—H stretching absorption appears at 3475 ‘Gl

Two weak bands in the 1000—1100 cm~* region can be attributed to an insignifi-
cant phosphate admixture.

In the spectrum recorded after heating the sample at 700°C, the O—H stretching
absorption disappears, while v, and v, bands in the 780—900 cm~' region are
poorly resolved. Several weak bands difficult to identify appear in the 400—650 cm.~ A
region. Weak but sharp bands at 1000 and 1050 cm~"' can be due to a phosphate
admixture.

The infrared spectrum of tyrolite (Fig. 10) is in accord with that given by Moenke
(1962). The strong broad band near 820 cm~! corresponds to the v; asymmetrical
stretching mode of the AsO?~ anion. The broad absorption in the 500 cm~* region
is due to the v, asymmetrical deformation modes of AsO;~. The lack of fine struc-
ture of these bands seems indicate that both v; and v, vibrations are triply degene-
rated and therefore the AsO}~ tetrahedra are essentially not distorted. Another
explanation could be a slight disorder of the structure and the different degree of
distortion of AsOj}~ tetrahedra, the broad absorptions being the result of super-
position of several v; as well as v, bands differing in vibration frequencies. The
b_mad'band of medium intensity near 1630 cm~"* represents the H—O—H bending
ynbrulmn owaatcr. molecules, whereas in the 3600—3300 cm ™! region O—H stretch-
ing absorption with the maximum at 3500 cm~* is observed. O—H bending mode
can be hnddgn under 1bc arsenate v; band (Braithwaite 1983). The nature of several
weak bands in the region between 1000 and 1200 cm~="*, and of a weak, broad band
near ]4OQ ecm™!, clearly visible also in Moenke’s spectrum, is less obvious. The
former mlght'bc due to a.smull admixture of phosphate ions.
OH’\uft‘)i:)rhj';‘(‘)’;%.‘h? F%rfﬂxtc,zai 200° and 400°C, H,0 absorption disappears and
el ol ri)n 1, ~(n:zlxmsj;s gaf cdly.’At 600°C a dlﬂ"crgnt spectrum appears, indi-
of the structure Lo)f th'V‘vll o 'Ulllcmln § (1956) observations — the rearrangement
S R00°C s R lb, fn”?(’m.lf In the spectrum recorded after heating the tyrolite
T r‘f'n[.,cr.r.mnl 15 yet more pronounced. The splitting of the AsO3~

3 band, giving at least six absorption maxima, points to the complete removal of
degeneracy, and thus to the considerable distortion of the 2 ate i Adl
1965). Moreover, since the v, band c: b £ jvdrsendt(._lon( o K(?rr
to theldxistence of ¢ s band can be triply degenerated, the six maxima testify
Honeiich s Struétu \&.’Q‘n.oxn-'cgunvulcnt AsO;~ ions, differing in the degree of distor-
A16676 the r.cgi(m ;‘f‘; Liir;;“'n]‘y Wg” o‘rdcrc’d, as already stated by Guillemin (1956).
4 Vibrations, the broad absorption splits into several distinct
34

this series has been performec

bands, confirming the above conclusions. The sharp 780 cm~! band can correspond
to the forbidden v, symmetrical stretch. A rearrangement of small bands between
1000 and 1200 cm~* after heating of tyrolite is visible.

The infrared spectrum of brochantite (Fig. 11) is similar to that recorded by
Moenke (1962). In the wave-number region 1100—1150 cm~! poorly resolved v,
bands occur which, together with a sharp v; band (990 cm~1), are consistent with
the low sulphate site symmetry (C;) presumed by Ross (1974). According to this
author, several bands in the 700—900 cm ™! region are to be attributed to OH bend-
ing modes. In the lower wave-number region, v, and v, sulphate bands occur. They
are, however, more difficult to identify. Two sharp bands at 3570 and 3590 cm~%,
as well as strong, poorly resolved bands at 3390—3410 cm~! and a weaker one at
3280 cm™*, point to the different lengths of hydrogen bonds in which participate OH
groups and perhaps also H,O molecules.
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Fig. 11. Infrared absorption spectra of brochantite from Miedzianka, recorded at room temperature
and after heating for 2 hrs at 500° and 900°C

The spectrum recorded after heating the sample for 2 hrs at 500°C is typical of
dolerophanite CuSO,.CuO (Omori, Kerr 1963; Shokariev et al. 1970). Three well-
-resolved v; bands (1040, 1155, 1205 cm~?') and a sharp v; band (1002 cm~!) are
characteristic of this sulphate, and so is the series of less sharp bands (v4 and v,)
in the lower wave-number range. However, in the latter region, the superposition
of tenorite bands must be taken into account. OH bands disappear.

After heating the sample for 2 hrs at 900°C, the sulphate bands disappear, se-
veral bands visible in the wave-number range 400—600 cm~* being certainly mostly
due to tenorite (Nyquist, Kagel 1971). The identification of this copper oxide was
also performed by X-ray powder method (the strongest reflections: 2.527 — 10,2. 316 —
—10, 1.866—5).

Infrared spectrum of antlerite (Fig. 12) is consistent with that recorded by Moen-
ke (1962). Three well resolved v; bands (1075, 1115, 1160 cm~*) and a sharp v,
band (990 cm™~') point to low sulphate site symmetry, presumably C, (Adler, Kerr
1965; Ross 1974). Several bands in the 700—900 cm~* region may be due to OH
bending modes (Ross 1974). Absorption bands in the 400—700 cm~' region are
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Fig. 12. Infrared absorption spectra of antlerite from Miedzianka, recorded at room temperature
and after heating for 2 hrs at 500° and 900°C

more difficult to identify. Assuming that the sulphate site symmetry is C,, three v,
bands near 600 cm~* and two v, bands in the region below 500 cm™! could be
expected, Two distinet bands in the OH-stretching region (3490, 3585 ecm™') are
certainly associated with the presence of OH groups (and perhaps also H,O mole-
cules) with different hydrogen bands.

The spectrum recorded after heating the sample for 2 hrs at 500°C is typical of
dolerophanite (cf. brochantite). Several absorption bands in the lower wave-num-
ber range (400, 485, 536, 575, 630 em ™~ '), which, according to Shokariev et al. (1970)
represent v, and v, bands of this copper oxysulphate, are more pronounced here
than in the brochantite spectrum, The reason for this is a lower CuO/CuS0,.CuO
ratio than in the heating products of brochantite, the bands in question being in
a lesser degree covered by tenorite absorptions,

After heating the sample for 2 hrs at 900°C, sulphate bands disappear, and seve-
ral copper oxide (tenorite) absorptions are visible in the wave-number range 400—
—600 em™*. A weak, broad band which appears near 1100 cm=! is certainly due
to a small admixture of amorphous silica.

Emission spectral analysis

Subordinate and trace elements in the investigated minerals from the Miedzianka
deposit were determined by semiquantitative emission speetroscopy (Tab. 5). The
presence of considerable amounts of Zn in Zn-olivenite and, to a lesser degree, in
the other secondary minerals is associated with Zn-bearing tennantite, an imbort’ant
primary mineral. Taking into account the small arsenium content in brochantite
and antlerite, the substitution of zinc for copper is probable. The low iron content
in all the secondary minerals points to the absence of chalcopyrite as a source mine-

ral. The enrichment in some elements. s i i
T § its, such as Ag, Bi, Pb, Cd, mz ainl to
the decomposition of tennantite, ¥ sloi S SEBETP

36

Table §

Semiquantitative emission spectral analyses of subordinate and trace elements of some primary and secondary minerals from Miedzianka
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Remark: other elements, like: Ge, Ga, In, Te, Cr, V, Sn, were examined but not detected (n.d., see above). Data for chalcocite and brochantite are based on triple analyses, those for tyrolite

on double ones.
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ARSENIANY I STARCZANY MIEDZI Z. MIEDZIANKI
KOLO KIELC (POLSKA)

Streszczenie

Lista mineraléw wtérnych ze ztoza miedzi w Miedziance koto Kielc obejmuje,
procz pospolitych i dobrze znanych weglanéw — malachitu i azurytu, takze arsenia-
ny — Zn-oliwenit i tyrolit oraz siarczany — brochantyt i antleryt. Problem sta-
szicytu, opisanego z tego ztoza przez Morozewicza (1919) jako nowy minerat arsenia-
nowy, pozostaje nadal kontrowersyjny: wedtug Strunza (1939) jest to konichalcyt,
za$ Guillemin (1956) i Dunin-Barkowskaja (1962) uwazaja go za Zn-oliwenit.

Zn-oliwenit wystepuje w Miedziance w dwdch odmianach, réznigcych si¢ zawar-
toécig cynku (odmiana ubozsza wcynk nazywana bywa leukochalcytem). Sa one
tatwe do rozpoznania m.in. metodami optycznymi. Widmo absorpcyjne w podczer-
wieni zarejestrowane dla Zn-oliwenitu jest typowe dla ogniwa szeregu izomorficz-
nego oliwenit-adamin zawierajacego okoto 409, cztonu adaminowego.

Tyrolit, odznaczajacy si¢ czesto efektownym koncentryczno-promienistym wy-
ksztalceniem, wykazuje rézny stopien dehydratacji. Przejawia si¢ to w pewnej zmien-
noéci wspdtczynnikéw zalamania $wiatla oraz odlegtosci ptaszczyzn sieciowych
mierzonych na réznych jego okazach. Widmo absorpcyjne zarejestrowane po wy-
grzaniu prébki tyrolitu przez 2 godz. w 600°C wskazuje na porzadkowanie si¢ struk-
tury mineratu po utracie wigkszej czesci wody.

Obydwa mineraly arsenianowe zwigzane sg z wystgpowaniem w zlozu Zn-tennan-
tytu (miedziankitu wedtug Morozewicza 1923), ktéry byt mineralem pierwotnym.

Antleryt, mniej pospolity w ztozu od brochantytu, wytracal si¢ z bardziej kwa-
$nych roztworéw jako ostatni w sukcesji wtérnych mineratéw miedzi, pochodzacych
z utlenienia P-chalkozynu. Produkty rozktadu termicznego brochantytu i antlerytu
sa identyczne (dolerofanit, tenoryt) i, jak mozna wnioskowaé na podstawie krzy-
wych DTA, ich temperatury powstawania roéznig si¢ tylko nieznacznie migdzy soba.

OBJASNIENIA FIGUR

Fig. 1. Zmienno$¢ wspolczynnikow zatamania $wiatla w szeregu izomorﬁcznym z}damin-oliwenit

Fig. 2. Zmienno$¢ wartosci Adyz—dsy1 W szeregu izomorficznym gdamm-ollwemt ;

Fig. 3. Dyfraktogramy rentgenowskie oliwenitu cynkowego, tyrolitu, brochantytu i antlerytu
z Miedzianki, Polska '
A — antleryt, O — oliwenit cynkowy (jako domieszki). Dyfraktometr rentgenowski Iris-5.

Fig. 4. Termogramy oliwenitu cynkowego z Miedziankj. Derywatograf

Fig. 5. Termogramy tyrolitu z Miedzianki. Termoanalizator TA-2 Mettler

Fig. 6. Termogramy tyrolitu z Miedzianki. Derywatograf

Fig. 7. Termogramy brochantytu z Miedzianki. Derywatograf

Fig. 8. Termogramy antlerytu z Miedzianki. Derywatograf R 2

Fig. 9. Widma absorpcyjne w podczerwieni oliwenitu cynkowego z Miedzianki, zarejestrowane

w temperaturze pokojowej i po wygrzaniu pr()bk} przez 2 godz: w 700°C

Fig. 10. Widma absorpcyjne w podczerwieni tyrolitu z Miedzianki, zarejestrowane w temperaturze
pokojowej i po wygrzaniu probki przez 2 godz. w 200, 400, 600 i 800 @

Fig. 11. Widma absorpcyjne w podczerwieni brochantytu z MleleankL.zarejoestrowane w tempera-
turze pokojowej i po wygrzaniu probki przez 2 godz. w 500 i 900 @

Fig. 12. Widma absorpcyjne w podczerwieni antlerytu z Miedzianki zarejestrowane w temperatu-

rze pokojowej i po wygrzaniu probki przez 2 godz. w 500 i 900°C
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OBJASNIENIA FOTOGRAFII

Plansza 1

Fot. 1. lzometrycznie-ziarnista odmiana (druga generacja) oliwenitu cynkowego. Probka nr 8
A iedzianki , 16% B
z Miedzianki, pow. 1 2 wibknistego, prawie bezbarwnego oliwenitu cynkowego (tzw.

Fot. 2. Piléniowy agregat, zZlozony ezbary :
. lcukocha);cy%u) trzeciej generacji. Widoczny w lewej cz¢scl razem Z azurytem (ciemne pole)

i kalcytem (biale pole). Probka nr 1460, pow. ‘17/ :
Polkuliste, promienisto-wiokniste agregaly‘lyrolllu, Probk'a nr 76, pOW. 1‘6’7\‘ J
Promieniécie ulozone wibkna tyrolitu z czgsciowo odwodnionym rabkiem (ja$niejszy pas).

Probka nr 1, pow. 8%

Fot.
Fot.

e

Plansza 11

Fot. 5. Inny obraz prébki tyrolitu nr 1 (p. fot. 4), pow. 4% Gre) S ;

Fot. 6. Grupy krysztalébw brochantytu (ciemne pola z jasnymi punktami=I1énigcymi $ciankami,
np. érodkowa gorna czeé¢). Probka nr 1470, pow. 16 ;

Fot. 7. Proszkowe agregaty antlerytu (jasnoszare obszary w czgsci Srodkowej). Probka nr 112,
pow. 16 %

Tadeyw BHU3EP, Bumoavo KABEHUHbCKHA

APCEHATBI Y CYJIb®ATHI ME/IN Y3 ME/3IHKY BO3JIE KEJIBI]
(ITOJIBIIA)

Pesrome

[Tepeuenb BTOPAYHBIX MWHEPANIOB M3 MEJHOTO MECTOPOKAEHUA Men3anka
okosno Kenbu, kpome OOBIYHBIX ¥ XOPOIIO M3BECTHBIX KAPOOHATOB — MAJIAXUTA
Y a3yPUT4, BKINOYACT TAKKE APCEHATHI — ZN-OJUBECHUT ¥ TUPOJIAT, 4 TAKKE CYJlb-
Gater — OpowanTut ¥ anTieput. Ilpo6raeMa CTANMINTA, ONMCAHHOrO B 3TOM
mecTopokiennn Moposesuuem (1919) xak HOBBIA apCEHATHBIN MUHEPAT, BCE OCIA~
pusactca: no Wrpynny (1939) oun apnserca kommxampumrom, [mibemen (1956)
u Jlynnn-bapkosckas (1962) cyutaror, 4T0 OH NpeAcTaBiAer coboil Zn-0/MBEHUT.

Zn-ONMBEHAT IPUCYTCTBYET B ME/I3AHKE B /IBYX PA3HOBU/IHOCTAX, OTIAHAFOLIMXCA
CONICPKAHNEM LMHKA (PAZHOBUAHOCTL GE/IHEE IMHKOM HA3BIBAIOT JICHKOXAJIbIIATOM).
Ony JIerko pasiuyaloTcs, B YACTHOCTH ONTHYECKUMHA METOIAMM. NK-cnextp no-
[JIOMEHUA Zn-0JIMBEHUTA TUITMYCH JUIA YJICHA M30MOP(HOTO pAja ONUBEHUT-A/IA-
MUH, CoicpAauiero okoso 40% apaMuHOBOroO 4iena.

Tuposmr, xapaxrepusyrommiics uacto SOYEKTHBIM  paIMaLHO-KOHIEHTPH-
HCCKUM CTPOCHUEM, OOHADYKUBACT PABTUYHYIO CTENCHD ACTUAPATAIMY. DTO IPOAB-
JACTCA B HEKOTOPOK UIMEHYMBOCTH NOKA3ATENIEH NPEIOMIICHAS, 4 TAKKE MEKILIO-
CKOCTHBIX DACCTOAHMHA PEIICTKH, MIMEPAEMEIX HA PA3HBIX ero’o6pa3uax Criextp
NOIJIOMICHNA, 3aDUKCUPOBAHHBIN TTOCIE nporpeea obpasua TUpoOIMTA B. TEYEHUE

2 4acos B Temneparype 600°C ana
» YKA3BIBACT HA YIIOPALOYMBAHAE CTPYKTY DB
10CNE NMOTEPU GOJBIIMHCTBA BOJILL. ) Tt

Ob6a apcenaThpie Mune
“TCHHAHTUTA (MEI3AHKUT
MUHEPAJIOM.

AHTIE ; o
BHmana I;T%O";'l;'fce {"”CHPOCT}?&HﬁHHMM B MCCTOPOKJICHUA 4YeM OpOLIAHTUT,
MOMMBX MuHena KACIILIX PACTBOPOB Kak NOCHE/HMA B CYKLECCHM BTOPUHBIX
PAIOB, NPOMCXOAAUMX U3 OkMCHeHuA B-xasbkozua. IIPoykTei
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PAJIbl CBA3AHEL C NPUCYTCTBAEM B MECTOPOKIACHAA Zn-
1o Mopozesuyy, 1923), xoTopwiit aBaAnCH NEPBUIHBIM

TEPMHYECKOTO PA3NIOKEHNA OPOIIAHTUTA W AHTNEPUTA MACHTHYHBI (107EPOGaHHT,
TCHOPHUT), W, KAK MOKHO IOJIATaTh HA OCHOBaHMM kpuBbix [ITA, Temmeparypsl ux
06pa3oBaHuA JIMIIb HE3HAYUTE/ILHO PACXOAATCA MEAKAY COOOM.

OBBACHEHUA K OUT'YPAM

®yr. 1. U3MerInBOCTh KO3DGOUIMEHTOR NPEIOMICHAA CBETA B H30MODPHHOM DAY aIAMAH-OJTABE-
HUT

Qur. 2. U3MEHYUBOCTD 3HAYCHUA Adi3—dsy; B W30MOPHOM DALY aAaMUH-OJABEHAT

@ur. 3. PertreHopckue audpakTorpaMMbl UMHKOBOTO OJIMBEHUTA, TUPOIWTA, OPOLIAHTATA U aH-
Taeputa u3 Mensauky, Ilonbma. Pentrenoeckuit mudpaxromerp Iris-5
A — antnepur, O — UMHKOBLIA ONUBCHAT (KAK NpPAMECEH)

Qur. 4. TepMorpaMMel LMHKOBOIO OJIMBEHUTA M3 Menzanku. [epusatorpad

Qur. 5. Tepmorpammel Tuposmta u3 Memsauku. Tepmoanammzatop TA-2 Mettler

®ur. 6. TepmorpamMmsel TuposmTa 3 Memsanxu. [depusatorpad

®ur. 7. Tepmorpammsel 6ponrantuta U3 Memssauxu. [depusatorpad

Qur. 8., TepMmorpammel anTiepura U3 Memsanxu. [epusatorpad

Qur. 9. UK-criexTphl NOTIOMERUA LMHKOBOIO OJIMBEHUTA U3 Mea3anku, 3adUKCUPOBAHHBIE B KOM-
HATHOM TEMIEpaType ¥ IOC/IE Nmporpeanus obpasua B Temmneparype 700°C B Tedenue
2-% 4acoB

@ur. 10. UK-ciexTphl NOIJIOLIEHAA TAPOIATA W3 Measanku, 3adukCHpoBaHHBIE B KOMHATHOX
TEMTIEPATYPE U MOC/IE NpOrpeBanus obpasua B Temnepartypax 200, 400, 600 u 800°C B Te-
YEHUE 2-X 4acoB

@yr. 11. UK-cnexTpel noriouenus 6pomanTuta u3 Mens3sanky, 3aduxCUpOBaHHbIE B KOMHATHOH
TEMIIEPATYPE W TOC/IE Nporpeeanus obpazua B Temmepatypax 500 u 900°C B Tedenue
2-x 4acoB

®yr. 12. UK-CriekTphl NOTJIOWEHUA aHTIEpUTa U3 Mensanku, 3aQuKCAPOBAHHBIE B KOMHATHOA
TEMIEpaType U IOC/IEe Mporpeeanua obpazua B Temnepatypax 500 u 900°C B Tedenue
2-X 4acoB

OBBACHEHUSA K ®OTOI'PAOUAM
Tabmmua I

Doto 1. V30METPUYECKH-3EPHACTAA PA3HOBUAHOCTL LMHKOBOIO OJIMBCHATA (BTOpas reHepauys).
Memsanxa. O6pazen Ne 8. Veen. 16X

Doto 2. BoisiouHbIA arperar, CIOKEHHBIA BOJIOKHUCTBIM MOYTH 6ECUBETHBIM IMHKOBBIM OJIMBE-
HUTOM TpEThEH renepaumu (Tak HE3bIBACMBIM nefixoxaneuToM). OH 3aMETEH B JIEBOK
YACTY BMECTE C a3ypUTOM (TEMHOE I10JIE) U KAJIBLATOM (cernioe one). O6pasen Ne 1460.
Veen. 17x

Doto 3. IMonychepudeckue paauanbHO-BOTOKHUCTBIC arperaThl THPOJIATA. Obpazeu Ne 76. Ypen.
16 x .

Doto 4. PagmansHO pPACMOJIOKEHHBIE BOJIOKHA TUPOJATA C HACTHYHO 06€3BOKECHHOA KAEMKO)
(60nee ceernag nojoca). Obpasen Ne 1. Veerr. 8x

Tabmama 11

Doro 5. JIpyroe uzobpaxkenue obpasa TupormuTa N 1 (cm. doTo 4). Yeen. 4 %

Doto 6. I“p;'r‘;m,x kpycTawioB 6pomanTuTa (TeMHbBIC YHAaCTKH CO CBCTJIBIMU TOYKaMy = OJ1ecTAIIE-
MU rPaHAMYA, HATPUMED B CEPEIMHE BEPXHCH yacty). O6pazen Ne 1470, Ve 16 X

Doto 7. ITopoukoBsIe arperathbl aHTIEpUTa (CBETIO-CEPLIC YHACTKH B cpeauei yactu). Obpaszey

Ne 112, Veen. 16
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EXPLANATIONS OF PLATES Mineral. Pol. vol. 17, No 1—1986
Plate I

Plate 1

Phot. 1. Isometric-granular variety (second generation) of zincian olivenite. Sample no 8 from

Miedzianka, magn. 16X i S
Phot. 2. Felt-like aggregate, composed of fibrous, almost colourless zincian olivenite (so-called
leucochalcite) of third generation. Visible in the left part with azurite (dark area) and cal-

cite (white area). Sample no. 1460, magn. 17 %
Sample no 76, magn. 16 %

Phot. 3. Hemispherical, fibrous-radial aggregates of tyrolite.
Phot, 4. Radiating fibers of tyrolite with partly dehydrated rim (lighter zone). Sample no 1, magn.
8%
Plate 11
Phot, 5. Another \_/icw of tyrolite sample no 1 (see Phot. 4), magn. 4
Phot. 6. Brochantite crystal groups (dark areas with light points = shining facelets, e. g. middle

_ upper part). Sample no 1470, magn. 16 %
Phot. 7. Antlerite powdery aggregates (light grey areas in middle part). Sample no 112, magn. 16 ¥

Tadeusz Wieser, Witold Zabifiski — Copper arsenate and sulphate minerals from Miedzianka near

Kielce (Poland)



Plate II

Mineral, Pol. vol. 17, No 1—1986

. : Miedzianka
Tadeusz Wieser, Witold Zabiniski — Copper arsenate and sulphate minerals from
near Kielce (Poland)



