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NATIVE COPPER FROM RODINGITIZED GABBROIC DYKES
IN SERPENTINITES OF THE BRASZOWICE—BRZEZNICA
MASSIF (LOWER SILESIA)

Abstract. The present paper deals with geological conditions of occurrence and results of
mineralogical study of native copper found in serpentinite massif Braszowice-Brzeznica. This mi-
neral occurs here in strongly saussuritized and metasomatically altered gabbroic dykes within
antigorite serpentinites on southern slopes of Kozie Chrzepty hill near Mikotajow. As follows from
this study, native copper-bearing metasomatites belong to metarodingite group and this specific
mineralization is due to serpentinization under strongly reducing conditions.

INTRODUCTION

Native copper occurrences in basites and ultrabasites are rather rare. Its presence
was reported eg. in troctolites from layered gabbro intrusions in paragenesis with
labradorite, ilmenite and titanomagnetite (Bowles 1978). In serpentinized ultraba-
sites of ophiolitic associations, native copper usually occurs together with magnetite,
awaruite and heazlewoodite (Ramdohr 1967, 1975) whilst in metasomatic rodingites
associated with serpentinites it is accompanied usually by diopside, grossular, vesu-
vianite and wollastonite (Leach, Rodgers 1978; Chamberlain 1980).

In Lower Silesia native copper was reported to occur in ultrabasic massif Gogo-
t6w—1Jordanéw (Ciemniewska et al. 1981), situated along N margin of the Gory
Sowie Mts. block (Fig. 1). It occurs as irregular aggregates, 0.1—4 mm in size, in
carbonate veins within antigorite serpentinite penetrated by borehole near Tapadtia.

GEOLOGICAL SETTING

Braszowice—Brzeznica serpentinite-gabbro massif is situated within Fore-Sudetic
block at S margin of Niemcza Dislocation zone. It is located along S border of the
Géry Sowie Mts. block (Fig. 1, III), being ca. 40 km? in size. In K. Sr_nullkowskl’s
(1973) opinion, these serpentinites were formed from primary wehrlites. Locally
they are mineralized by veiny magnesite or altered into talc rocks and covered by
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Fig. 1. Geologic sketch map (simpli-
fied) showing the distribution of
gabbro-serpentinite massifs in the
surroundings of gneissic Sowie Goéry
Mts. block (after Dziedzicowa,
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CAoN 1979 with author’s supplements)
Y/\ /)\ Zgbkowice I — Gogoléw—TJordanéw serpentinite mas-
N / sif, I — Szklary serpentinite massif, III —

Braszowice—BrzeZnica serpentinite massif.
1 — gneisses, 2 — basic and ultrabasic
rocks: a — serpentinites, b — gabbroic
rocks, ¢ — diabases, 3 — greywackes and
claystones of the Géry Bardzkie Mits.,
4 — Variscan granitoids, 5 — dislocation
lines, 6 — occurrence site of native copper

brown serpentinitic weathering crust of small thickness. Ultrabasic rocks of the
Braszowice—Brzeznica massif are considered to be pre-Upper Devonian in age
(H. Teisseyre et al. 1957) and, most probably, represent a fragment of dismembe-
red ophiolite complex (eg. Dziedzicowa 1979, 1981; Bakun-Czubarow et al. 1982).

In SE part of the massif, serpentinites are contacting with diallage-labradorite
gabbros which penetrate into the former as dykes and veins. These dykes are strongly
saussuritized or display rodingitization phenomena. These alterations have nearly
cqmp!ctc]y oblitered primary structure of gabbroic rocks occurring within serpenti-
nites in S slope of Kozie Chrzepty hill near Mikotajéw.

Apo-gabbroic veins containing native copper are light erevi h i

and are embedded in massive brownish black antizor: o Rl

varies from 0.2 to 0.5 m and the outcrops are from 1 to 3 m | i

; ( .5 s ong. Usually th

is 130—150° and dipping angles are fairly steep (70—80°C to gSW and 3\//VS%)?t’rl]'lli:

:}?ar;; a(rlc) }?f:cn] ;)er}l; and faulted h(Phot. 2) and their contacts with serpentinites usually

ot. 1). However, within individual dykes, we may observe chz isti

. . . . i t

zonality expressed by decreqs:pg grain size towards their inneZ parts. Somed;;gg:li;/ssé:

are separated from serpentinite by chloritic envelope of ’blackwall”’ type
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PETROGRAPHIC AND CHEMICAL CHARACTERISTICS OF COPPER-
-BEARING ROCKS

Apogabbroic metasomatites show megascopically considerable variability of
textures — from grano- and porphyro- to coarse-blastic (pegmatitic). The struc-
ture is usually massive and chaotic, rarely striped. In the matrix there occur large
pale green pyroxene grains surrounded by dark green aphanitic mass. The rock is
penetrated by single pink veinlets of variable thickness. Locally fluidal pink ground-
mass is embedding large (2—3 cm) pyroxene grains or is intergrown with dark green
chloritic contact envelope.

In thin section the rock shows porphyroblastic texture and chaotic structure.
Porphyroblasts are generally represented by xenomorphic clinopyroxenes, 4—10 mm
in size, with characteristic dense (100) cleavage. The edges of pyroxene grains are
usually rounded, locally strongly corroded and traces of cataclasis are often obser-

Table 1

Mineral composition of metasomatites from the environs of Mikolajéw (after micrometric analysis,
in vol. per cents)

Sample symbol
e G-2 (cxigh 2G | 1G
Pyroxyne 13.70 61.83 45.42 43.27
Clinozoisite 20.68 — 17.50 14.25
Chlorite 10.64 3.95 10.29 5.24
Vesuvianite 45.37 20.00 12.42 26.49
Garnet 8.21 13.03 11.49 9.95
Opaques 1.40 1213 2.88 0.88
Table 2

Chemical analyses of copper-bearing metasomatites (in wt. 7

Sample symbol*
1G 2G 3G

SiO, 39.23 36.15 39.14
TiO, 0.15 0.15 0.12
Al O3 14.59 1292 14.72
Fe,0; 2.34 4.71 1.66
FeO 1.84 2.69 2:79
MnO 0.10 0.13 0.10
MgO 9.31 15.59 11.23
CaO 28.09 21.63 25.50
Na,O 0.13 0.10 0.11
K,O 0.15 0.13 0.13
H,0* 0.51 0.74 0.67
H,0~ 4.14 6.16 4.43

100.58 100.90 100.60

i i logical Sciences
* Analyzed in chemical laboratory of the Department of Mineralogy and Petrography, Institute of Geologi

Wroclaw University, 1984.
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ved. Sporadically there occur deformed c]inopyroxenc_grams.showmg kink bands.
These porphyroblasts are usually surrounded by clinozoisite-chlorite aggregate
composed of grey very fine scales penetrating into the spaces between pyroxene
grains. In intersitia we may locally observe larger bluish-grey chlorite scales showing
optical properties of clinochlore. It seems that the latest mineral generatlon in this
rock is represented by garnet-vesuvianite veinlets cutting both clinopyroxenes and
clinozoisite-chlorite aggregates. They usually consist of fine garnet idioblasts form-
ing mosaic intergrowths with dark brown vesuvianite prisms. Opaqu minerals
(pyrite, native copper, ilmenite?, magnetite ?) are sporadically met in chloritic ground-
mass as chaotically distributed irregular grains or concentrations. Their content
in the rock does not exceed 2 vol. per cent. The results of micrometric and chemical
analyses of metasomatic rocks containing native copper are presented in Tables
1 and 2.

Bulk chemical analyses of rocks were carried out in the Chemical Laboratory of
the Department of Mineralogy and Petrography of the Institute of Geological Scien-
ces, Wroctaw University using gravimetric, complexometric and photometric me-
thods. Some trace elements (Cu, Ni, Co and Cr) were determined using AAS method.
The contents of Cu and Co correspond approximately to their mean concentrations
in basic rocks after Vinogradov (1962), whereas those of Cr and Ni are slightly higher
(Tab. 3).

Table 3
Some trace elements content in metasomatites from the environs of Mikotajow (in ppm)
Sample symbol
1G 2G 3G
Cu 70 20 120
Co 60 60 100
Ni 670 600 890
Cr 620 800 2250

~ Supplementary identification of major minerals of the examined rocks was car-
ried out by means of X-ray powder method using Soviet DRON-2 apparatus and
Ni-filtered CuK, radiation. In the obtained X-ray diffractometer patterns we obser-
ve strong rf:ﬁcctions of diopside (Di,,_-4) (11—654 ASTM) and of anhydrous
grossular with a,=11.8924 A (4) (3—826 ASTM). Besides, weaker reflections of

vesuvianite (22—533 ASTM) and of magnesian chlorite—l] i
i el ot g ite—leuchtenbergite (12—

MINERALOGICAL CHARACTERISTICS OF NATIVE COPPER
Methods and results

‘Minerallogica] investigations of selected sam
various microscopic and X-ray powder methods
both transparent and reflected light optical and.
study was performed by means of HZG-] appara

ples have been carried out using
The former consisted in applying
scanning techniques, whilst X-ray

radiation. tus (GDR) using Ni-filtered CukK,
Chemical analysis we i ;

iy ysis was carried out by means of JXA-3A electron microprobe
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Native copper occurs nearly'exclusi‘vely in clinozoisite-chlorite groundmass of
the rock (Phot. 3) and, sporadically, in contact zone with grossular-vesuvianite
veinlets (Phot. 4). Usually it forms individual rounded grains and irregular aggrega-
tes qf dark red or, sometimes, brown colour. These aggregates are from 0.1 to 8 mm
in size (most often 2—3 mmi). Rather scarcely we observe native copper forming
elongated filiform crystals up to 100 mm long and 0.5—2 mm wide. Locally, there
occur dendritic forms, 10—20 mm in size.

In rocks shgwing fine porphyrqblastic texture irregular copper aggregates are
often arranged in narrow single stripes alongated concordantly with orientation of
saussuritic groundmass. These stripes are usually oriented obliquely relative to the
contact of apo-gabbroic veins with serpentinite. Small native copper grains in these
stripes ore often covered with green-bluish or brown weathering products. Copper
mineralization of metasomatites from Kozie Chrzepty hill is distinctly dispersed
in character and quantitative content of Cu in parent rock does not exceed 1 volume
per cent.

When observed in reflected light, native copper is usually reddish in colour,
isotropic and shows high reflectivity. In some veins it is partly replaced by chlorite
which penetrates into its grains or surrounds fluidally its sharp-edged grains (Phot. 6).
Generally, native copper does not form intergrowths with other ore minerals but
sometimes, when examining in immersion, we find single very small inclusions of
grey cuprite (Phot. 7). The latter mineral is isotropic but displays much lower reflecti-
vity and shows weak brownish internal reflections. The edges of native copper grains
are usually covered by brownish incrustations of weathering products. Pyrite is rather
abundant accompanying ore mineral, forming often idiomorphic grains, several
mm in size, chaotically distributed in the rock.

More detailed observations of morphology of native copper grains were carried
out using scanning microscopy. It was found that filiform crystals 0.8 0.2 mm in
size, are characterized by the presence of parallel composition planes which are
locally cut by transverse furrows of irregular edges (Phot. 8, 9). These fissures within
single crystal are up to 0.1 mm wide (Phot. 9) and are, probably, due to later tectonic
events.

Very interesting is scanning image of transverse section of ﬁliform.cr.ystals of
native copper. Under magnification ca. 1200 times, we observe a characteristic ”’cellu-
lar” structure consisting of single small tubes, polygona}l in shapg and mutually
densely packed (Phot. 10). These tubes are from 4 to 12 microns in diameter and the
thickness of their walls varies from 0.2 to 1 micron. The latters are sometimes latte-
red and battered (Phot. 11). Scanning microscopy has shown that filiform crystals
of native copper represent parallel aggregates of these tubular forms.

X-ray identification analysis was carried out in Debye-Scherrer camera using
Ni-filtered CuK, radiation. For comparison purposes native copper crystal from
the collection of Mineralogical Museum of the Wroctaw Universnty was analyzed
using the same procedure. The obtained data and theoretical values of reflections
are presented in Table 4. The calculated value of a0=3.61§ A :

Chemical electron microprobe analysis has shown that ‘within the egammed na-
tive copper grain three mineral phases coexist: elemental,.ox1de apd sulphlde..Metalllc
copper distinctly predominates in this grain and contains admixture of Ni (1.12—
—2.0 wt.%) and Fe (up to 0.5 wt.%) whilst the Cu content in IEhIS phasq amounts
to 97—99%. However, a narrow zone of contact between metallic and oxide phases
(30—100 pm thick) is completely free from Ni. I 5

Oxide phase displays variable quantitative composition and concentrates mainly
in outer zones of metallic one, sometimes penetrating into the latter one (Phot. 12).
This phenomenon is particularly distinct in marginal parts of metallic phase where
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Table 4
X-ray data for native copper from Mikotajow and standard specimens*
ASTM; _361 Moldavia |  Mikolajow

hkl N 26C“Ku calc. ze(jnxa 2()(‘ul(;l 29CllKu
o by & 3 43.354 43.35 43.35 43.35
200 4 50.501 50.5 50.50 50.5
29200 8 74.198 74.20 74.20 74.20
~ 11 90.028 90.03 90.029 90.029
202 i) 95.258 95.26 - —
400 16 117.08 117.08 — —
~ e 19 136.72 136.72 136.72 136.72
420 20 144.98 144.98 144.98 144.98

ap=3"615 ay=3" 650 ap=3"615 ap=3"615

* Analyses carried out and compiled by J. Skowronski.

Cu content decreases whereas concentrations of other metals increase (Phot. 14).
Quantitative analysis of oxide phase has shown that it contains 74—76 wt.% Cu,
0.02—0.0577 Ni and less than 0.5% Mn--Ca. This phase represents, most probably,
oxidation product of metallic copper (cuprite?, thenorite?) what results from the
form of its occurrence at the margins of Cu grains. :

Sulphide phase occurs generally as small irregular inclusions within metallic
copper what is particularly evident in the SK, distribution pattern (Phot. 13) and in
electron pattern of copper grain (Phot. 12) on the right side of the photograph. The
behaviour of this phase when contacting with electron beam suggests that it consists
of sulphides of Cu,S type, where x < 2. The presence of sulphide phase associated with
native copper is of essential genetical importance. It can evidence of a pre-reduction
stage of mineralization of gabbroids, though coexistence of syngenetic native copper
and sulphides formed under conditions of local increased fugacity of sulphur should
not be excluded. More detailed studies are needed to solve this problem.

DISCUSSION AND CONCLUSIONS

The problem of genesis of native copper associated with serpentinite metasomati-
tes is not clear, Thc_ occurrence of native metals and intermetallic compounds in
basntc_s and ultrabasites is generally explained by their crystallization in strongl
reducing (qeurly oxygen-free) environment under conditions of extremely low %le
phur fugacn@y (Thayer 1966; Ramdohr 1967; Bowles 1978). Differences iﬁ o inif)n;
are concerning only the mode of their origin. In Bowles (1978) opinion natifl) c
Zi:r:gn:}lr;tl?)trm‘ Ftrhectowr(; intrufsions (Sierra Leone), associated with i]menitee :r{z

g agnetite, 1s the product of crystallization during 2 gmatic stag i
zed by low sulphur (below 10=!* bars) and cxtrenirelnygl'(l)vr;uzggllg\t;/cls(gi%% i)};arr:;cé;t
i;:txz({utiz;c1;éer?nz;tlit§?2?r231:g'c ca. 700°C. On the other hand, Ramdohr (1967)lposti1-

: : ative copper accompanied by awaruite and i
;nﬁl%ril;:&%ep;(;%cssg(s)o(lf serpentinization under strongly reducing clcl)fliiziiilr)vr?sog:g
e e&h C.lSnmllar hypothesis was presented by Chamberlain et
o .cond't' tnors, however, have assumed that serpentinization created
g itions for reduction of primary magmatic sulphides into metals.
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Native copper in rodingites was reported eg. to occur in Quebec ¢
Mine — Chamberlain 1980) and in Wairere, New Zealancg2 (Leac}’x,C lircl)iii‘;rg e]ﬂg”r;g)s
The latter authors postulate the formation of metallic copper in rodingites at 250—
—360°C and sulphur fugacity 1071°—10-22 bars, i

The occurrence of native copper in metasomatites near Mikolajéw is usually
limited to tectonically strongly deformed dykes showing advanced alteration pheno-
mena (saussuritization, rodingitization). Numerous grossular-vesuvianite veins and
aggregates, filling free spaces between clinopyroxene grains and cutting clinozoisite-
-chlorite groundmass, indicate that infiltration metasomatism played considerable
role in the formation of these rocks. Concentrations of native copper in veinlets
and clinozoisite-chlorite aggregates may suggest that its origin should be connected
with premetasomatic (metamorphic) stage of evolution of parent rocks. It could be
formed both from primary magmatic melt without later alterations (Bowles 1978)
or in the course of saussuritization processes when primary magmatic copper sulphi-
des would be reduced. It should be mentioned that primary plagioclases may be
also the source of copper. The occurrence of native copper in altered plagioclase
grains was reported from Copper Canyon, Nevada (USA) and its origin is supposed
to be connected with hypergenous processes (Clement 1968).

When comparing the occurrence of native copper in the environs of Mikotajéw
with those in other places (eg. Wairere, New Zealand; Quebec, Canada) we may
state some differences. Paragenesis of anhydrous grossular-vesuvianite-chlorite indi-
cates that metasomatites in question should be classified as metarodingites (after
Frost 1975). Contrary to New Zealand and Canadian rodingites, the rocks of Miko-
tajéw do not contain xenolite and hydrogrossular what was confirmed by X-ray
study.

Summing up the above considerations on the origin of native copper in rodingiti-
zed gabbroic dykes within serpentinites of the environs of Mikolajéw we may con-
clude that essential role in this process was due, most probably, to serpentinization
under strongly reducing conditions which caused the reduction of primary magma-
tic sulphides (chalcopyrite?, pyrrhotine?, Cu-bearing pyrite?) to native copper. It
is, however, not excluded that the source of copper would also be plagioclases, being,
together with diallage, the major primary component of gabbroids from the envi-
rons of Mikotajow.
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Piotr GUNIA

MIEDZ RODZIMA ZE ZRODINGITYZOWANYCH DAJEK
GABROWYCH W SERPENTYNITACH MASYWU
BRASZOWICE—BRZEZNICA (DOLNY SLASK)

Streszczenie

W niniejszej pracy przedstawiono wyniki badaf mineralogicznych miedzi ro-
dzimej stwierdzonej po raz pierwszy w masywie serpentynitowym Braszowice—Brzez-
nica (Dolny Slqsk). Mineralizacja miedzig rodzima wystgpuje zwykle w zaangazo-
wanych tektonicznie dajkach gabrowych o niewielkiej migzszosci (0,2—0,5 m)
tkwngcych w serpentynitach antygorytowych na poludniowym zboczu wzgérza
Kozie Chrzepty w poblizu Mikotajowa.

Okruszcowane miedzig rodzimg dajki wykazuja oznaki silnej saussurytyzacji
oraz zmian metasomatycznych (rodingityzacja). Metasomatyty z okolic Mikotajowa
majg zwykle strukture porfiroblastyczng i sktadaja si¢ z reliktowych klinopirokse-
now o skladzie Di 74,3—78,0, "oplywajacych” je drobnotuseczkowych agregatow
klxnoquzytowo-chIorytowych oraz zytkowych skupiefi mozaikowo przerastajg-
cych si¢ stupkéw wezuwianu i idioblastéw grossularu, J

MiedZ rodzima koncentruje si¢ zwykle w tle klinozoizytowo-chlorytowym skaty

1 tworzy najczedciej nieregularne skupienia drut j i
dendry?y 0 rozmiarach od 0,2 do l(g) mm.’ S b G e s
f i\c‘\;ﬁjzo]owane ze skaty druty i ziarna miedzi rodzimej poddano badaniom minera-

gicznym przy zastosowaniu mikroskopu scanningowego i rentgenowskiej analizy
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fazowej. Chemizm ziarn miedzi okre$lono za pomocg mikroanalizatora rentgenow-
skiego.

W wyniku przeprowadzonych badan stwierdzono, ze wystepujace w skale poje-
dyncze druty miedzi rodzimej sg zespotami rureczkowych krysztatéw o przekroju
wielokatnym i §rednicy do kilkunastu mikronéw. Mikroanaliza chemiczna owalnego
ziarna miedzi rodzimej z Mikotajowa wykazata obecno$é w nim trzech faz mineral-
nych: fazy metalicznej sktadajacej si¢ z 97—997, Cu z domieszkami Ni (0,02—2%)
oraz Fe (0,5%),_fazy tlenkowej bedgcej produktem utleniania fazy metalicznej oraz
fazy siarczkowej typu Cu,S (x < 2). Faza tlenkowa wystepuje najczeéciej na obrze-
zeniu fazy metalicznej badanego ziarna miedzi, a faza siarczkowa tworzy drobne
wpryénigcia w obrebie fazy metaliczne;.

W omoéwieniu wynikéw badan mineralogicznych miedzi rodzimej z Mikotajowa
przedyskutowano jej genezg w poréwnaniu z innymi podobnymi wystapieniami na
$wiecie (Wairere—Nowa Zelandia, Quebec—Kanada). Uznano, Ze zasadnicza role
w powstaniu okruszcowania miedzig rodzimg odegrat proces serpentynizacji, ktory
w warunkach niskiej lotnoéci siarkiitlenu umozliwit redukcje pierwotnych magmo-
wych siarczkéw miedzi.

OBJASNIENIE FIGURY

Fig. 1. Szkicowa mapa geologiczna (zakryta uproszczona) rozmieszczenia masywow serpentyni-
towo-gabrowych w obrzezeniu gnejsowego bloku Gor Sowich wedtug Dziedzicowej (1979)
z uzupetnieniami autora.
] — masyw serpentynitowy Gogoléw—IJordanéw, II — masyw serpentynitowy Szklar, 11 — masyw serpenty-
nitowy Braszowice—Brzeznica, 1 — gnejsowy blok Gér Sowich, 2 — skaly zasadowe i ultrazasadowe: a — ser-
pentynity, b — skaly gabrowe, ¢ — diabazy, 3 — skaly serii szaroglazowo-ilastej struktury Gér Bardzkich
4 — granitoidy waryscyjskie, 5 — linie dyslokacyjne, 6 — miejsce wystgpowania miedzi rodzimej

OBJASNIENIA FOTOGRAFII

Plansza 1

Fot. 1. Zachodnia $ciana nieczynnego kamieniolomu serpentyr}itu na potudniowym zboczu wzpie-
sienia Kozie Chrzepty. Okruszcowana miedzig rodzn_nq zyta apogabrowa (G) tkwigca
w serpentynicie antygorytowym (S). Fot. J. Stachowiak

Plansza II

Fot. 2. Zachodnia éciana nieczynnego kamieniolomu serpentynitu na pq}udpiqum zboczu wznie-
sienia K ozie Chrzepty. Fragment zuskokowania okruszcowanej miedzia zyly apogabrowej (g)

w serpentynicie. Fot. J. Stachowiak Sl A
Fot. 3. Ziarna miedzi rodzimej (czarne) tkwiace w chlorytowym tle (chl) metarodingitu. Swiatto

przechodzace, z analizatorem, pow. 60 x. Fot. autor

Plansza III

Fot. 4. Ziarno miedzi rodzimej w skale wezuwianowo (we)-chlorytowej (chl). Swiatto przechodza-
ce, bez analizatora, pow. 60%. Fot. autor e . ghatd i

Fot. 5. Nieregularne skupienia miedzi rodzimej (Cu) w metarodingicie. Swiatlo odbite, bez an
zatora, pow. 80 x. Fot. autor g ; 4

Fol. 6. Ostrokrawedziste skupienia miedzi rodzimej (Cu) wypieranej przez chloryt (chl). Swiatto
odbite, bez analizatora, pow. 80x. Fot. autor
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Fot. 7. Fragment zylki miedzi rodzimej (Cu) w metarodingicie. W gornej czesei zdjecia W obggbie
zytki miedzi widoczne owalne inkluzje kuprytu. $wiatlo odbite, bez analizatora, pow. 80 X.
Fot. autor

Plansza IV

Fot. 8. Wyizolowany ze skaly drutowy krysztal miedzi rodzimej. Mikroskop scanningowy; POw.
144 x. Fot. J. Kassner i

Fot. 9. Spekanie w obrebie drutu miedzi rodzimej. Mikroskop scanningowy, pOw. 384 x. Fot.
J. Kassner

Plansza V

Fot. 10. Struktura , komérkowa” widoczna w poprzecznym przekroju drutu miedzi rodzimej. Mi-
kroskop scanningowy, pow. 1200 X. Fot. J. Kassner

. Fragment wiazki rureczkowych krysztaléw miedzi rodzimej. Mikroskop scanningowy,
pow. 2700 x. Fot. J. Kassner

Fot. 1

—

Plansza VI

Fot. 12. Obraz elektronowy kontaktu ziarna miedzi rodzimej (faza metaliczna z faza tlenkowa
CuO) ze skala. Po prawej stronie zdjecia widoczne owalne inkluzje fazy siarczkowej typu
Cu,S. Mikroanalizator rentgenowski, pow. 750 X. Fot. J. Kubica

Fot. 13. Rozmieszczenie SK, w ziarnach widocznych na fotografii 12

Fot. 14. Rozmieszczenie CuK, w ziarnach widocznych na fotografii 12

Fot. 15. Rozmieszczenie FeK, w ziarnach widocznych na fotografii 12

ITemp I'VHA

CAMOPOJHASA MEJb W3 POAMHIUTU3UPOBAHHBIX I'ABEPOBBIX
AAEK B CEPIIEHTUHUTAX MACCHBA BPAIIOBUILIE—BXE3bHUIIA
(HWXHASA CUJIE3US)

Pe3rome

B HacTosmiel paboTe H3IOKEHBI Pe3yIIbTaThL MWHEPAIOTHIECKUX HCCIIeOBAHMN
CaMOpOZIHO Me/H, OOHAPYKEHHOM BIEPBbIE B CEPICHTHHATOBOM MACCHBE Bpamo-
Bre—bxespnuna (Hwknsis Cunesns). MuHepam3anys CaMOPOIHOM MEIbIO IMpOo-
SIBILICTCS OOBIMHO B BOBJICYEHHBIX TEKTOHMYECKH HEOOJIbIIOMN MourHoctH (0,2—0,5 M)
rab0bpoBhIX JalKaX, CeKyLIMX AHTHIOPHTOBBIE CEPIEHTUHHTHI Ha }om{o;w CK.,TIOHe
xoama Kosbe Xmentsr B6mu3n Mukonaésa.

Ha¥ixn ¢ opyneHeHHEM caMOPOIHON MeIbio OOHAPYKHBAIOT NPU3HAKA CHITBHOM
COCCIODHTH3AIINH, d TAK)KE METACOMATHYECKHX M3MEHEHHIA (pomuHruTH3anMs). MeTa-
COMATHUTBl OKPECTHOCTEH Mukonaépa 06BIYHO nophupo61acToBoit CT ;’KT bI
M CIIOXEHDI PEJMKTOBBIMA NMPOKCEHaMM cocTaBa [In 74,3—78.0 oxaﬁmmﬁomz&n
UX MEJTKOYCUIYHYATHIMA KIMHONOU3HT-XJIOPHTOBBIMU arperarajm:m a Takxe Ipo-
KIJIKOBBIMH CKOIICHHSIMH CPACTAIOIIMXCS CTOJOHKOB B , .

b oy €3yBHaHA M HMAM00JIACTOB
Camo
b 1;(;?912 MEb KOHUEHTPUPYETCH OOBIMHO B KJIMHOIOM3UT-XJIOPHTOBOM
GFEOREQE ) Hmléopouu H HAlle BCEro 06pasyeT HeMPaBUITbHbIE CKOIUICHNS, TPO-
» OBAJILHLIC C/IHUYHbIC 3€PHA, MITH JCHIPUTHI pasmepamu ot 0,2 1o 10 mMm.
12

BriiesieHHEbIC U3 TOPOJIB! MPOBOJIOKA M 3€PHA CAMOPOAHON! Meu GBUH moaBep-
XeHbl MHHEPAJIOTHYECKIM HMCCIICOBAHUSM C IPUMEHEHHEM CKAHUPYIOUIET0 MHKpPO-
CcKOTa M PEHTIECHOBCKOro (a3oBoro amammsa. XuMH3M MEIHBIX 3€pEH ONpEe/eH
¢ IOMOIIBI0 MHUKPO30HAA.

B pesyJbTaTe MPOBEJEHHBIX UCCIIENOBAHNH 0OHAPYXEHO, YTO MPUCYTCTBYIOUINE
B OPOJIE €IMHUYHBIE IPOBOJIOKH CAMOPOIHOM MEIH MPEeACTABASIOT cO60M rpymmy-
pOBKH TPYOKOOGPA3HBIX KPUCTAJUIOB TOJMTOHAJIHOTO CEYEHHs AMAMETPOM O
GoJtee HECSITH MUKPOMETPOB. XMMHUECKHH MHKPOAHAJIM3 OBAJIHLHOIO 3€pHA CaAMO-
poxHoi Meau U3 Mukona€sa oOHApYKHJI B HEM NPUCYTCTBHE TPEX MHHEPABHBIX
¢a3: MeTayumveckor daspl, cocrosmueit u3 97—99% Cu ¢ mpumecsio Ni (0,02—2%),
a taxxe Fe (0,5%), oxucHol (a3, SBISIOLIEHCS TPOAYKTOM OKUCICHUS METAJIJIHA-
geckoi ¢asbl, a Taxke cyabdumarHoi hassl Tana Cu,S (x<2). Oxuchas da3a vamie
BCETO pa3BMBACTCS HA MEPUBEPUSIX METAIINYECKOH (as3bl H3y4aeMOro 3epHa MeJu,
a cynb(uabl 06pasyroT TOHKHME BKJIIOYEHMSI B MeTaJUIMYecKod (ase.

B o6CyXIeHuN Ppe3yJbTATOB MHHEPAJIOTHYECKHX WCCIEJ0BaHMH CaMOPOJHOA
Meny u3 MukosaéBa paccMaTpUBAJICS €€ I€HE3HC B CONOCTABJICHMA C NPYTUMHM IO-
noGHBIME e¢ TposiBieHuamu B Mupe (Vaiipepe — HoBas 3emammus, KseGex —
Kanana). CumTaeTcsi, YTO OCHOBHYIO POJIb B 06pa3oBaHMU OPYACHEHMSI CaMOPOJI-
HOM MeIBIO CHIFPAIT TIPONECC CEPIIEHTHHN3ALNHA, KOTOPasi B yCIOBUSX HU3KOH (yru-
THBHOCTH Cepbl ¥ KACIIOPOJA CO3/ajia BOSMOKHOCTb BOCCTAHABIIMBAHHS IIEPBHHbIX
MAarMaTHYeCKHX CyJIb(GUI0B MEMIH.

VCJIOBHBIE OBO3HAYEHUS K ®UT'YPE 1

®ur. 1. Dcxu3Has reojlormyeckas KapTa pa3sMeIICHHS CepIEeHTHHAT-Ta66POBBIX MACCHBOB B 06-
pamuternn CoBberypckoi ribibst (mo Ji3ensu, 1979, ¢ HOmMOJHEHUSIMHA aBTOPA, YIPOIICH-

HOE)
] — CepHneHTHHHTOBHIA MAacCHB Toronys-Uopnarys, II — CEpNEeHTHHUTOBLI MacCHB Ixnspos, III — cep-

IIeHTHHETOBbIX MaccuB Bpamosuue—bxe3bHUALY, ] — raeiicoBas rnbi6a CoBbUX rop, 2 — OCHOBHBIC H YJIbTpa-
OCHOBHBIE IOPOJIBI: @ — CEPIEHTHHUTHI, b — rab6poBEIC NOPOMEL, € — mmaba3sl, 3 — IOPOJBI rPayBaKKOBO-
-IJIMRWCTON cepwé CTPYKTYphl Bapickux rop, 4 — BApUCCKHE IDAHHTOMIBI, 5 — MMCNOKAUMOHHBIE JIHHWH,
6 — nposBIeHAs CAMOPOAHON MeIH i

OBBSCHEHUS K ®OTOT'PAPUAM
Tabmma I

®oro 1. 3amamHas CTeHA 3a6PONIEHHOrO Kaphepa CepICHTHHATA Ha FOXHOM cKyroHe xoimMa Kosbe
XmenTsl. Anora66posas xmwia (G) ¢ OpyIeHEHHEM CaMOPOIHOM MEMIBIO, 3aK/IFOYCHHAS
B QHTHTOPUTOBOM CEPICHTHHUTE (S). ®oto}0. Craxosska

Ta6ana 1T

®oTo 2. 3amamHas CTeHA 3aGPOMEHHOrO CEPICHTHHUTOBOTO Kaphepa HA FOXKHOM (EKJ)I(LH; :0;2\;:
Kosbe XurenTsr. ®parMeHT HapyLIEHHOH cOpocaMu anorab6poBoit XKuwibl (& I

CraxoBsika

Opy/I€EHEHHEM B CEPIEHTHHUTE. ®oro 0.

®oto 3. 3epHa caMOPOTHON Meu (YepHBIE), 3aKIOUCHHEIC B xnopmo:(;)ﬁ o(;HOBHoZTgfa:ce (chl)
MeTapOIMHETUTA, IIDOXO/ISIIHIA CBET, C aHATH3ATOPOM. Ve 60 X. ®OTO aBTOP

Ta6mana 11T

@®oro 4. 3epHO CaMOPOXHOM MeIOHM B BE3yBHAH (we)-xitopuToBoii (chl) mopoxne. TTpoxoasimyi
cpeT, 6e3 amamm3aTopa. Ysenl. 60X. ®oTo aBTOpa
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2 o

>

1
14.
1))

Henpaswibheie ckomtenus camopoanoit mean (Cu) B METapoaMHIUTC. OrpaxeHnbii
ceer, 6e3 ananmszaropa. Yaeen 80x. ®oro asropa

. Ocrpopebepubie ckomienmst camopoaroit Mexn (Cu), 3amelacMoi XJIOPHTOM (chl).

Orpaxennbiit coer, 6e3 ananusatopa. Yeen. 80X, ®oro apropa

DparMenT npokuiIKka camopoanoi meau (Cu) B merapoaunrure. B BEPXHCH YACTH CHUM=
Ka B IPEAeaax MEAHOrO MPOXKUIKA 3aMETHBI OBAJIbHBIC BKJIIOYCHUS KYNpUTa. OTrpaxen-
il cer, 6e3 anaym3aropa, Yeen 80 %, ®oro aBropa

Tabnua 1V

. Beyienenusiit 13 MOPOALI MPOBOJOYHBIA KPACTAIUI CAMOPOAHON Meau. CKaHupyroui

Mukpockor. Yeen. 144 x . ®oro K. Kacchepa

. TpemmHa BHYTPU NPOBOJIOKH CaMOPOAHOK Meau. CKaHupylolui MUKPOCKOI. YBEIl.

384 x. ®oro 1O, Kaccuepa

Tabmmua V

. "Kierounas® crpykTypa, 3ameTHas B IONCPEYHOM CEYCHMM INPOBOJOKM CaMOPOAHON

mean. Cxannpyiomit muxpockor., Ysen. 1200 x. ®@oro HO. Kacchepa

. ®parment myyka TpyOUYATBIX KPUCTAJINOB CaMOPOAHONK Meau. CxaHupylouMii MAKpPO-

ckom. Yeen. 2700 <. ®oro O, Kacchepa

Tabmaua VI

. 3JICKT[)0HHOC M’)OGDH)KCHMC KOHTAKTA CaMOPOAHON Meau (MeTamyeckas (])zna C OKH-

cHolt dazoit CuO u noposo#t). Ha npasoit CTropoHe CHUMKA 3aMETHBI OBAILHBIC BKJIIO-
geuus cynbhunon daser Tnna Cu,S. Mukposzonm. Yeer. 750 <. ®oro 1O, KyOuupr
Pacnpencienue SK, B 3epuax, suanbix na doto 12

Pacnpesenenne Cuk,l B 3epHax, BuaHbIX HA (oTo 12

Pacnpenenenne FeK, B 3epuax, suaubix wa Gporo 12

EXPLANATIONS OF PLATES

Plate I

Western wall of abandoned quarry of serpentinite on S slope of Kozie Chrzepty hill. Apo-

gabbroic vein (G) mineralized with copper and embedded in antigorite ini
Phor T, StALboiat cd In antigorite serpentinite (S).

Plate 11

Western wall of aballdol]Cd quarry of ser entinite on S slo ¢ of K Chr ty hill.
S P pty
g ; I ozie ze 1

me ic vein (g), mineralized in c ; p
serpentinite. Phot. J. Stachowiak £) Rioeralized i copper and embedded in

Native copper grains (black) embedded in chlori

: tic ¢ . a
Transparent light, crossed polars, magn. 60 %. P} Counamass (4D ofimetarodingits

hot. by author

Plate 111

Native copper grain in vesuvianite (we
;nagn.I 60 x. Phot. by author
rregular concentrations of nati u) i ingi i

zer, magn. 80%. Phor o am\;]coioppcr (Cu) in metarodingite. Reflected light, no analy-

)-chlorite (chl) rock. Transparent light, no analyzer,

Phot.
Phot.

Phot.
Phot.

Phot.

Phot.

Phot

Phot
Phot
Phot

6.
T

8.

Sharp-edged aggregates of native copper (Cu) partly replaced by chlorite (chl). Reflected
light, no analyzer, magn. 80 x. Phot. by author

Fragment of native veinlet (Cu) in metarodingite. Within this veinlet, in upper part of
the photograph, oval inclusions of cuprite. Reflected light, no analyzer, magn. 80 % . Phot
by author

Plate 1V

Filiform crystal of native copper isolated from the rcck. Scanning microscope image,
magn. 144 x. Phot. J. Kassner

9. Fissures within filiform native copper crystal. Scanning image, magn. 384 x. Phot. J. Kass-

ner

Plate V

10. "’Cellular” structure observed in transverse section of a filiform copper crystal. Scanning

image, magn. 1200 x. Phot. J. Kassner

11. Fragment of a cluster of tubular native copper crystals. Scanning image, magn. 270 X.

Phot. J. Kassner

Plate VI

. 12. Electron image of the contact of native copper grain (metallic phase covered with CuO)

with the rock. On right side of the photo — oval incl}xsions of sulphide phase of Cu,S
type. Electron microprobe, magn. 750 X . Phot. J. Kubica

. 13. SK,, distribution in grains visible in' Phot. 12
. 14, Cuka distribution in grains visible in Phot. 12
. 15. FeK, distribution in grains visible in Phot. 12
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Piotr Gunia — Native copper from rodingitized gabbroic dykes in serpentinites of the Braszowice—
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Plate II
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Phot. 4 Phot. 5

Phot. 7

Piotr Gunia — Native copper from rodingitized gabbroic dykes in serpentinites of the Braszowice—

—Brzeznica massif (Lower Silesia)
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Piotr Gunia — Native copper from rodingitized gabbroic dykes in serpentinites of the Braszowice-—
Brzeznica massif (Lower Silesia)




