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Abstract: The Ransko gabbro-peridotite massif intruded along the discordance between the
mesozona! and epizonal crystalline complexes of the core of the Bohemian Massif, The oldest
partial intrusion of the massif, gabbro-dolerite, was followed by the main phase of low-pyroxene
olivine gabbros. Peridotite with rounded olivine cumulated in the lower zone and plagioclase-rich
rocks concentrated in the upper zone. The Ni-Cu mineralization was connected with troctolites of
the middle zone. The differentiation was disrupted by a younger intrusion of pyroxenc-rich
gabbros. Origin of the inner fluid-like structure of the massif is & result of an intrusion into the not
fully consolidated rocks,

The Zn-Cu deposit Obrézek (massive sulfide type) is younger than the quartz diorite intrusion
and related metasomatic hornfels. The Ransko massif togethes with both types of sulfide deposits
were affected by epizonal regional metamorphism.
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Introduction

The small and blind Zn-Cu massive sulfide and several Ni-Cu disseminated ore bodies
are the main types of ore mineralization in the Ransko massif. The liquation of Ni-Cu
sulfides was supposed to take place at depth (MfsaR et al. 1974). The Zn-Cu ore body




was connected with the hydrothermal activity around a small intrusion of quartz diorite.

- POKORNY (1969) recognized long and complex thermal history of sulfides. KUDE-
LASKOVA-KUDELASEK (1964) supposed epigenetical origin of the Ni-Cu ore. The
chemistry of spinellides and structural observation of metasomatic homfels led
WATKINSON et al. (1978) to the conclusion that the xenolith of the Zn-Cu massive
sulfide body was incorporated in the Ransko massif. However, comparative study of
the contact phenomena of xenoliths, metasomatic hornfels and magmatic rocks (Mfsak
et al. 1974, NEMEC-HOLUB 1980), confirmed the original result of HOLUB-POKORNY
(1970) about the origin of the metasomatic homfels.

Geoiogical setting and age of the massif

The Ransko massif is located on the intersection of two major structural systems with
long geological history. The first system, trending NW-SE, corresponds to the southern
margin of the Labe tectonic zone. The second system, striking NNE-SSW, follows the
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1. Geological scheme of the Ransko massif vicinity
| - porphyry, 2 - granodiorite, 3 — Ransko gabbro-peridotite massif, 4 — phyllites and phyllonites,
S — porphyroides of the Vitanov group, 6 — gneisses of the Malfn group, 7 — migmatites of orthogneiss
type, 8 — gabbroamphiboliles, $ - Varied Group of the Moldanubicum and the Kutns Hora crystalline
units, 1 — gneisses and migmatites of the same units, /7 — serpentinite, /2 — main faults and mylonite
zones, /3 —prefoliation fold axis, /4 — pre-plutonic lineation of the Moldanubicum, 75 —younger lineation
of the Vftanov group, 16 — fold axis connected with Moldanubian pluton rise.




deep-seated boundary between the Czech and Moravian blocks of the Moldanubicum
and continues to the NNE as the Hlinsko graben zone. The Ransko massif is surrounded
by several geological units of the Bohemian massif. Relations of these units (Moldanu-
bicum, Kutné Hora crystalline complex, Zelezné Hory complex, Hlinsko zone) are still
under discussion (MfSAR et al. 1983).

The geological history of the area is shown in tab. 1. The Ransko massif intruded into
the structural discordance between the strongly metamorphosed Kutnd Hora crystalline
complex and the epizonally metamorphosed Vitanov group of the Hlinsko zone. Both
units are separated by a metakeratophyre zone. Xenoliths incorporated in the flat north,
west and south endocontacts of the Ransko massif build up a zone of bottom magmatic
breccia. The contact zone of the Ransko massif with the Vitanov group is steep and
xenoliths are very rare in it

Table 1
Correlation of tectonic, metamorphic and magmatic ¢vents in the Ransko massif and its vicinity (Holub
1977)

stage of Cadomian cycle Variscan cycle
development .
orogen platform orogen platform
Uppet Lower Ordovician — Carbosiferous -
Proterozoic Cambrian Carboniferous Permian
Kutnd Hora high-grade folding with polymetallic
area metamorphism, axis N-§, mineralization,
high diversity of migmatitization intrusgions of
Havi@kly fold axis porphyties,
Brod area lamprophyres
? and
granodiorites
NW vicinity younger flat
of the foliation with folding
Ransko massif sillimanite
Vitanov group low-grade thermal low-grade faulting
metamorphism, metamorphism metamorphism,
fold axis fold axis
N-S W-E
Ransko intrusion low-grade fanlting,
massif of mafic metamor- porphyry
rocks phism, dikes
Ni-Cu cleavage of
ore W-E direction
quartz
diorites
Zn-Cu ore




The mineral assemblage of xenoliths and their metamorphic grade is similar to that
of the country rocks. The epizonally transformed keratophyres of the Vitanov group are
thermally affected by Ransko massif. However, the massif itself was epizonally meta-
morphosed together with the Vitanov group. At least two different structural planes,
each connected with epimetamorphism, are present in the Vitanov group (HoLuB 1977).
Thus, the Ransko massif intruded between both stages of epizonal metamorphism. The
age of the intrusion is most probably Lower Cambrian (MAREK 1970}.

Fabric of the massif

The Ransko massif forms a conic intrusion rapidly narrowing to the depth of 3 km. The
mass of the body is geophysically indicated to a depth of 10 km (GRUNTORAD -VALEK
1971). The results of a new drilling made it possible to describe the fabric of the massif
to the depth of about 1 km. The west part of the massif is 2 part of originally flat limb
of a knee-like intrusion. The central part of the massif with a NE striking ore zone was
its steep limb.

The central ultrabasic body steeply continues without changes in mineral composi-
tion to the depth of more than one kilometre. Peridotite cumuli (several metres in
diameter) are surrounded by plagioclase peridotites and by troctolites with layering.

Peridotite-troctolite blocks and discontinuous layers (size from several centimetres
to hundred metres) occur in both pyroxene gabbros and together form zones of mixed
rocks. These zones of mixed rocks connect the large peridotite bodies. The layers of
Ni-Cu ores are situated in mixed zones or in their continuation into peridotite bodies.

Gabbrodolerites build up individual bodies mostly near the NW and SE contact of
the Ransko massif and rarely they were found also in mixed zones.

Petrology

Magmatic rocks of the Ransko massif can be divided into three associations. The oldest
is an Ni-Cu-bearing gabbro-peridotite association. Several small intrusions of quartz
diorite are younger, probably of Silurian age. Metasomatic hornfels and Zn-Cu ores are
connected with them. The youngest intrusion (Upper Carboniferous) is an association
of porphyry dikes.

Rocks of gabbro-peridotite association were described in detail by WEeIss (1962),
MIiSAR et al. (1974), and BOUSKaA et al. (1977).

According to KOMINEK et al. {1983) rocks of this association are divided in three
groups. Dark pyroxenic gabbros (first group) with doleritic texture (gabbrodolerites) is
located near the NW and SE contact of the massif and contain a lot of country rock
xenoliths. Euhedral islets of labradorite-bytownite are surrounded by andesine-labra-
dorite, clinopyroxene and primary homblende.

Autohydrothermal alteration and sulfide inclusions are rare. The second group of
pyroxene-poor olivine gabbros, a product of primary magma differentiation, builds up
the main part of the massif. Olivine cumuli were separated ncar the bottom, while
plagioclase near the roof of the magmatic chamber. A wide spectrum of different
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2. Geological scheme of the Ransko massif
1 —~Kutnf Hora crystailine unit, 2 ~ V{tanov group of the Hlinsko zone, 3 — xenoliths, 4 — gabbrodolerites,
5 — plagioclase peridotites and peridotites, 6 — troctolites, 7 — pyroxene-poor gabbros, 8 — pyroxcne-rich
gabbros, ¢ — mixed gabbro zone, J0 — orcbodies: 1 — Jezirka, 2 — Jezfrka-south, 3 — Doubravka, 4 —
Ttiné-west and south, 5 — THn&-north, 6 — Tan¥-ptikontaktni, 7 — Obrézek-north, § — Josef, 9 — Reka, 10 -
Reka-south and east, 11 — smalf east showings, 12 —blind Zn-Cu orebody Obrézek; [/ — porphyries,
12 — main fauits.
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3. Geological cross-sections
1 — metasomatic homfelses, 2 —Zn-Cu ores, 3 — quartz diorites. For further explanation see fig. 2.
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4, The rocks of the Ransko massif in olivine - plagioclase - clinopyroxene classification
Gabbro-troctolite group: ! — dunite, 2 — peridotite, 3 — plagioclase peridotite, 4 — troctolite, 5 — olivine

gabbro, 6 - gabbro, Pyroxene-rich gabbro group: 7 - olivine-pyroxene gabbro, 8 — pyroxene gabbro.
Resulis of thin-section planimetry are plotted.
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varieties of olivine gabbros and troctolites was present in the transitional middie zone.
The differentiation was disrupted by an intrusion of clinopyroxene-rich gabbros (third
group). The fluid-like texture of the mixed rock types along the contacts between the
second and third groups is a result of the intrusion into not fully consolidated magma.
The association of quartz diorites is heterogeneous. The quartz diorites of the inner
part of the narrow stocks have a high content of sulphur (pyrite, pyrrhotite). The outer
apical parts of stocks are built of metasomatic homfels. Quartz diorite stocks
discordantly penetrate the rocks of the gabbro-peridotite association and xenoliths.
The dike swarm of the porphyry association divides the central and the cast part of
the massif. The intrusion of the dikes is connected with the creation of the Hlinsko
graben. The downslip of the east part of the massif is around 700 m. General difference
between the original altitude of the east and west contacts of the Ransko massif is

1.5-2km.

Chemical composition of the rocks

MIsAR et al. (1974) paid great attention to the chemical composition of rocks. BOUSKA
et al. (1977) studied the distribution of transition metal clements and REE. In the period
of 1978 — 1982 a new collection of about 8000 samples was assayed for trace elements
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Table 2

Chemical coraposition of magmatic rocks of the Ransko massif

I 2
" 14 12 14
x Sx X Sx x $x x Sz
Si02 3588 0.85 3675 148 3848 1.63 4196 1.58
TiO2 0.16 0.10 0.15 007 020 0.06 0.16 0.08
Al203 251 076 509 076 776 2.30 20.12 422
Fe203 858 1.96 547 0358 4.52 111 200 194
FeO 510 137 701 064 736 068 689 822
MgO 3480 244 3236 172 2626 1,16 11.78 372
Ca0 1.78 1.26 333 074 5.7 1.51 1201 1.75
Nax0 020 0.14 026 0.10 041 021 083 024
K20 0.08 0.05 008 005 0.10 0.06 0.14 0.16
H20 1078 093 8.39 243 777 074 368 121
5 6 7 8 9 10
" 18 1 1 I 6 2
x Sz X X
Si02 497 135 45.98 43.32 46.50 70.26 65.70
TiOz 028 09 0.26 0.20 027 0.57 0.30
Al203 2195 328 18.76 27.48 20.10 13.56 14.29
Fe203 156 1.05 1.20 2.29 1.33 0.68 0.36
FeO 435 148 5.28 1.69 3.95 2.58 2.68
MgO 844 2.69 10.01 4.79 9.63 2.95 1.37
CaO 1408 1.7 14.92 14.90 15.88 2.82 4.75
Na:0 1.11 0.36 1.13 1.20 1.10 3.78 3.30
K20 0.18 006 0.23 0.13 0.15 0.24 471
H20 381 1.16 1.03 328 1.17 1.54 1.82

1 — peridotite, 2 — plagioclase peridotite, 3 — troctolite, 4 — olivine gabbro, 5 — pyroxene gabbro, 6 —
gabbro-dolerite, 7 — plagioclase-rich gabbro, 8 — pyroxene-rich gabbro, 9 — quartz dicrite, /(# — porphyry,
7 — number of analyzed samples, x - mean, sx — standard deviation.

For original data see Misaf et al. (1974), Bouska et al. (1977), N&mec - Holub (1982), Komfnek et al, (1983).

and some of them for major elements, too (KOMINEK et al. 1983). The results are
presented in tabs. 1 and 2.

The study of macroelement distribution revealed that gabbrodolerite composition is
similar to the average one in all the massif. Gabbrodolerites have slighly lower contents
of Al and are rich in Mg and Fe. The gabbro-peridotite association is distinguished by
the content of alkalies and a very high Na/K ratio (Na/K in peridotites is 2—4, troctolites
10, gabbros 6 — 8 and gabbrodolerites 5). The average chemical composition of the
rocks of the gabbro-peridotite group shows that primary magma was depleted of alkalies




Table 3
The undisturbed geochemical field (in ppm) of main rock types

n Pb Zn Cu Ni Co B

i 273 2 100-260 80-300 300 40-200 10-60
2 88 4 120-300 140-300 400 100-150 10-60
3 246 9 140-240 50-350 400 50-150 10-60
4 101 211 90-150 50-350 250 45-160 13-65
5 260 2-9 120 100-300 50-450 20-150 20
6 25 10-50 40 8-40 10-25 4-12 4
7 21 30-90 50 10-60 7-20 36 20
8 59 10-50 50-140 45-300 30-200 10-60 20
9 51 5-50 50 20-100 5-40 43 4

Sb Ba Mn Cr Ti v
i 5-15 10 1000-1500 1600-2000 600-800 30-70
2 5-15 10 1000-1500 1000-2000 600-800 30-70
3 5-15 10 1000-1500 100M-2000 600-800 3070
4 5-15 10-50 200-300 200-300 1000-2000 40-200
5 5-15 10-50 200-300 200-300 1000-2000 40-200
6 ? ? ? ? ?
7 ? ? ? ? ?
& ? ? ? ? ? 1
9 ? 160-1000 ? ? ? 100-500

The contents of Ag is below 0.06 ppm, of Mo, Sn, W below 3 ppm in all cases.
1 — peridolite, 2 — plagioclase peridotite, 3 — froctolite, 4 — olivine gabbro, 5 — pyroxene gabbro, 6 —
quartz diorite, 7 — porphyty, 8 — gabbroamiphibolite, # — gneiss.

(Na/K ratio around 5), with SiO2 content 40 wt.% and contents of Al, Fe, Mg the same
as olivine gabbro.

Quartz diorite has high content of SiO2 (70 %) and relatively low content of alkalies
(45 % of K20 + Naz0) and high Na/K ratio {10-20).

Bouska et al. (1977) studied the distribution of transition metals, REE and alkali
metals in representative samples (except gabbrodolerites). They found out that the
distribution of Cr, Mn, Fe, Co, Ni and probably Cu and Za is connected with troctolites
and peridotites. The contents of K, Rb, Sc, Ti, V and the shape of chondrite-normalized
patterns of REE are identical for all members of the gabbro-peridotite group. Pyroxene
gabbros are rich in Sc, Ti, V, K, Rb, Cs, Ba and REE.
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Table 4

Chemical composition of ore minerals {electron microprobe data)

Troilite
environment tocalization n Fe % Ni % Co% S$%
unaltered Jezfrka — main ore body 8 62.9 0.01 0.03 37.0
troctolites
Ton¥ - pfikontaktn( 3 62.3 0.01 0.03 37.6
altered Obrézek — vicinity of 2 62.7 0.01 0.05 373
rocks ZnCu ore
Hexagonal pymhotite
unaltered Jezfrka — main are body 5 61.1 0.05 0.02 38.8
rocks
Tané — prikontaktn{ 6 61.3 0.01 0.03 38.5
altered Jezfrka — south upper 3 60.4 0.92 0.05 38.7
rocks body :
Obrazek — north 7 59.7 0.38 0.04 9.9
altered Obrézek — vicinity 2 61.3 0.04 0.02 387
rocks of Zn-Cu ore
Zn-Cu ore Obrézek 4 61.0 0.04 0.04 389
Monoclinic pymbotite
unaltered Reka 7 59.4 0.27 0.06 402
rocks
Jezirka — main ore body 18 58.8 0.12 0.04 400
Thnd ~ pfikontaktnf 7 59.6 0.09 0.05 40.1
altered Jezfrka ~ upper part 2 59.5 0.73 0.06 394
rocks
Josef — uralitized 1 59.1 033 0.10 404
gabbros
Doubravka — upper part 19 59.5 0.40 0.08 405
Obrézek — vicinity of 9 59.4 0.13 0.07 403
Zn-Cu ore
Zn-Cu ore Obrézek 3 5%.6 0.01 0.07 403

A new geochemical exploration (KOMINEK et al. 1983) covered the whole massif and
showed that the content of elements depends on rock type, erosion level and presence
of sulfides (c.g. rocks of gabbro-peridotite group in the central block of the massif have
20 ppm of Cu, the same rocks in the strongly eroded west block 20-200 ppm of Cu, the
content higher than 200-300 ppm of Cu indicates zones of mixed rocks with Ni-Cu

mineralization).
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Table 4-continuation

Pyrite

environment lecalization ” Fe% Ni% Co% 5%
Pyrite 1 of Ni-Cu Jezfrka — south upper part 1 435 0.01 3.64 52.8
ore in altered rocks Doubravka — upper part 12 447 001 140 531

Obrézek — north 455  0.05 1.37 53.1
Obrézek - vicinity of Zn-Cu ore 453 0.1 1.04 535
Pyrite A of massive Zn-Cu ore 2 463 001 0.01 53.7
Pyrite A of disseminated Zo-Cu ore in light hornfels 12 4565 0.03 0.03 538
Pyrite 2 of altered Jezfrka — south upper part 3 472 001 0.01 52.8
rocks Doubravka — upper part 12 465 0.09 003 53.8
Obrézek — north 1 47.9 0.01 0.01 52.0
Obrézek — vicinity of Zn-Cu ore 3 459 007 002 540
Pentlandite
disscminated sulfides  gabbro 1 331 31.3 4,09 1.5
of unaltered rocks troctolite 1 30.0 364 2.03 315
Ni-Cu ore in Reka - gabbro 5 317 315 404 326
unaltered rocks Jezfrka — main body, gabbro 9 33.0 31.6 1.91 334
troctolite 16 340 30.8 2,02 332
Thne — pfikontaktn( 10 334 336 241 33.5
Ni-Cu ore Jezfrka — south upper part 200 347 295 328
in altered rocks Obrézek — north 28.8 317 6.19 332
Doubravka — upper part 19 25.8 325 4,67 33.0
Josef - scrpentinized ore i 355 320 1.70 308
uralitized ore 1 29.6 338 2.74 33.9
Obrdzek — vicinity
of Zn-Cu ore 4 349 290 194 339

According to BOUSKA et al. (1977) quartz diorites do not belong among the diffe-
rentiates of the original basic magma. However, the higher content of Mg indicates any
“basic” contamination of quartz diorites.

17



Table 4 -continuation

Chalcopyrite
environment jocalization Cu% Fe % S%
Ni-Cu ore in Reka 335 313 35.2
unaltered rocks
Tund - pfikontaktnf 333 310 350
Jezfrka 335 315 351
Ni-Cw ore in Doubravka — upper 32.7 31.9 349
altered rocks part
Josef 34.8 33.1 32.1
Obrizek — vicinity 32.7 322 5.0
of Zn—Cu ore
Zn-Cu ore Obrézek 33.0 315 35.1
Cubanite
Ni-Cu ore in Jezfrka 227 41.5 356
unaliered rocks
Thng — piikontakem{ 232 42.4 354
Ni-Cy ore in Obrdzek — porth 21.8 424 359
altered rocks
%Zn
30 a a-——— 7
. a e 2
A 3
» o—- — 4
«a e 5
.4 L] 13
2
I3 o
-+ - -.\' -
o5 \
\
\ 2
02 i
or \ .
a0 %o %FeO

6. Contents of Zn in spinellides

I —green spinellide, 2 —monophase dark spincllide, 3 - polyphase spinellide, dark phase, 4— polyphase
spineliide, bright phase, 5 — ilmenite, 6 — chromite.

18




[N

v 4§
§ v v ; v/
Y {
v ,‘s /
A A7
v "E) //ITIS
v S v //|I s e
s A1 ; -~
v v Sl g
\ss .'5' —~ $

7. The structure of the Ransko massif

I —porphyries, 2 —ultramafites, J — genemlized strike of differentiated zoncs in ultramafites, 4 — gabbros,
5 - mixed zones, 6 — gabbrodolerites, 7 — outcrops of orebodies.

Rock metamorphism

The metamorphic changes of rocks of the Ransko massif can be possibly divided into
five stages :

— contact metamorphism of country rocks and xenoliths,

19



— autometamorphism of mafic and ultramafic rocks,
— metamorphism in the vicinity of quartz diorites,

— hydrothermal metamorphism,

— low-grade regional metamorphism.

More than 1600 cross- and level sections were constructed mainly in the southern
part of the Ransko massif. The next characteristics were followed for each section:
tectonics, rocks composition, amount of sulfides, trace element contents and ratios,
nature and intensity of metamorphism. All features were used for the exploration of the
hidden and blind ore bodies.

Contact metamorphism of country rocks and xenoliths

The exocontact rocks and xenoliths are metamorphosed into pyroxene and hornblende
homfels. The thickness of the pyroxene homfels rim is less than one metre. The knots
of biotite, porphyroblasts of albite-oligoclase and rare cordierite are present in fine-
grained homblende homfels zone. The xenoliths in peridotites are surrounded by a zone
of strongly serpentinized rocks, which are penetrated by the albite-oligoclase and
quartz-aplitic leucosome (HOLUB 1967). The composition of the leucosome
corresponds to the eutecticum of the Ab-SiO2-H20 system at the pressure less than 100
MPa and temperature over 850 °C. The veinlets of prehnite, xonotlite and hydro-grossu-
larite are a result of autohydrothermal metamorhphism of medium-size xenoliths.

The assimilation of small xenoliths is typically developed around the flat west contact
of the Ransko massif. The result is homblende gabbrodiorite with zonal plagioclase
islets and quartz-plagioclase-hornblende matrix. Mineral associations of the endo-
contact rocks around the east steep contact of the massif originated from metasoma-
tically reworked matrix, enriched with K and H20 from the exocontact, {olivine+
plagioclase inside poikilitic phlogopite).

The serpentinization of thin channels inside the olivine grains, kelyfitic rims and
scarce uralitization (with green spinellides) are probably autometamorphic. Contacts of
disseminated Ni-Cu sulfides and primary silicates as well as their contacts in sideronitic
ore are sharp. In zones with slight uralitization of clinopyroxenes the intergrowing of
sulfides and uralitization products (homblende, green spinellide and phlogopite) is
common. Such mineral association is equilibrated only at the absence of CO2 and at
temperature around 700 °C (WINKLER 1976).

Metamorphism connected with quartz diorites

Rocks containing hyperstenic orthopyroxene were described by MISAR and POKORNY
(1960) as hyperite and norite. HOLUB and POKORNY (1970) considered these rocks as
metasomatites. WATKINSON et al. (1978) supposed the xenolithic origin of the orthopy-
roxene rocks in the vicinity of the massive sulfide deposits Obrizek, NEMEC-HOLUB
(1982) studied contacts of different xenoliths, orthopyroxene rocks, quartz diorites and

20




8. Developmental stages of the Ransko massif

A —stage before the intrusion of pyroxene-rich gabbros, B — stage before the intrusion of quartz diorites,
C - today's situation; I — gabbrodolerites, 2 — xenoliths, 3 — pyroxene-poor gabbros, 4 — ultramafites,

5 — mixed zones, 6 — Ni-Cu ores, 7 — quartz diorites, & — Zn-Cu ores, 9 - porphyries, 70 ~normal
faults.
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9, The distribution of rock alteration
1 —orthopyroxenitization, 2 — serpentinization, 3 — saussuritization, 4 — uralitization, 5§ — chloritization,

prehnitization, 6 — faults, 7 — ore outcrops.

other magmatites of the Ransko massif. They found that metasomatic hornfels is

younget than quartz diorite.
Metasomatic hormnfels forms tongue-shaped and columnar zones in apical parts of

quartz-diorite bodies. Quartz-containing and quartz-free cordierite-orthopyroxene-pla-
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10. Distribution of some alteration in the southern part of the massif (near the surface and at the depth

of 250 m)
Orthopyroxenitization: I — surface, 2 — depth; metasomatic homfelses: 3 — surface, 4 — depth; quartz
diorites: 5 — depth only.
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- gioclase homfelses are present. The sillimanite needles, absent elsewhere, are present
only in the quartz. The ore-bearing homfelses contain sulphides and gahnite in addition.
Other minor components are Mg-hercynite, magnetite and pyrrhotite, younger
anthophyllite apd biotite, Anthophyllite originated by alteration of orthopyroxene,
biotite (phlogopite) is a reaction mineral. It appears in barren homfels only, in cordierite
intergranulars, rimming magnetite or pyrrhotite grains.

The quartz-bearing and quartz-free homfels have originated by metasomatic altera-
tion of quartz diorite or gabbro-troctolite. A typical concentric metasomatic zonation
is developed around small bodies of quartz diorite in mafic rocks. The following
assemblages succeed from the centre outward: Cord+Opx, Plag+Opx, Plag+Opx+0l,
Plag+Cpx+Ol. The continuous Ca increase is the most striking feature of the zonation.

Geochemical investigations reveal a distinct concentric zonation of some trace
elements (Ag, Zn, Cu, Mo, Co, Ni) in wall rocks of the stocks of cordierite hornfelses,
even of the barren ones. This zonation corresponds to that developed around hydrother-
mal polymetallic deposits. These haloes, as well as metasomatic zonality, are supe-
rimposed on all primary varieties of rocks (inclusive of xenoliths) in the vicinity of
cordierite hornfels stocks.
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Mineral assemblages of metasomatic hornfels correspond to the temperature about
800 °C, medium pressute of H2O, absence of CO2 (WINKLER 1976, YODER 1979) and
high portion of sulphur (KULLERUD -YODER 1965). The boron content is by two orders
higher in metasomatic hornfels than in other rocks of the massif. Then the assemblage
of volatiles is necessary to complete by boron.

The strong hydrothermal alteration affects all varieties of rocks around the Zn-Cu
massive sulfide body Obrézek (HOLUB-POXORNY 1970, NEMRC-HOLUB 1980).
Hydrothermally altered mafic rocks show the following mineral assemblages:

1.1 Serpentine, chlorite, homblende, oligoclase, Mg-spinel, magnetite, pyrrhotite, py-
rite.

1.2 Clinozoisite, chlorite, talc, pyrite, Mg-spinel.

1.3 Prehnite, analcime, harmotome, calcite, natrolite, Mg-chlorite, saponite.

The last assemblage forms veinlets in the outer zone of hydrothermally altered rocks
(POKORNY 1969).

Regional metamorphism

Products of regional metamorphism appear mostly in the SE part of the Ransko massif.
Higher temperature assemblages build up broader zones than the low-temperature ones.
The latter are concentrated in and near the fissures. This is opposite zonality as
compared with hydrothermal alteration. Mineral assemblages of regional metamorphic
origin are:

- 2.1 Tremolite, oligoclase, Mg-spinel, serpentine.
2.2 Clinozoisite, epidote, oligoclase, chlorite, talc,
Mg-spinel.
2.3 Veinlets of prehnite.
2.4 Zeolites (apophyllite, pectolite etc.), calcite.

Discussion of the metamorphic grade

The assemblages of metasomatic hornfelses from the Ransko massif have been equi-
librated at temperature higher than 700 °C and low to medium pressure (c.f. data of
WINKLER 1976). The assemblage of the outer zone requires high partial pressure of H20
and temperature below 700 °C. The main hydrothermatl alteration surrounding Zn-Cu
ore bodies equilibrated at the P-T conditions of 350-700 °C and 200 MPa. Presence of
H20, CO2 and Mg-Ca enrichment were important.

The main assemblages of regional metamorphism originated at similar conditions as
the assemblage of the outer contact zone of quartz diorites. The saussuritization affected
narrower zones in consequence of temperature lowering. Prehnite veinlets indicate the
feeding water channels still working after the temperature decrease below 350— 400 °C
(HYUING SuIx K1M 1984).

The orthopyroxenitization of the autometamorphosed mafites confirms the rise of the
temperature connected with intrusion of quartz diorites.
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Spinaliides

A great attention was paid to spinellides of the Ransko massif (see ROST 1969,
WATKINSON et al. 1978, MisaR 1979, KOMINEK et al. 1983, TRDLICKA ct al. 1985).

The grains of primary spinellides of the olivine gabbro-peridotite group are nearly
euhedral. The ovoidal inclusion of pyroxene and, rarely, K-rich phase are present.

These spinellides are usually composed of bright phase (magnetite) and dark phase
with variable composition {magnesioferrite, chrompicotite). The association analysis
of more than 100 results published by above mentioned authors, indicated the depend-
ence of the dark phase composition on the rock type. The increasing content of Cr (up
to 30 %) and decreasing content of Al with increasing amount of olivine are the main
features. Ilmenite admixtures are common in primary spinellides in plagioclase-rich
gabbros. The Fe-content of the dark phase increases with the presence of Ni-Cu ore (Cr-
and Al-rich magnetite). It is necessary to distinguish this magnetite from the secondary
one in Ni-Cu ore. The first contains less than 0.1 wt.% of Ni, Co and below 1 ppm of
Ag. The secondary magnetite contains 3-6 % of Ni, 0.1- 0.4 % of Co and more than 1
ppm of Ag.

Another type of fine-grained magnetite evolved during the autometamorphic
serpentinization of olivine and fills fine serpentinized channels in olivine grains. Green
irregular spinellide is a common product of uralitization. Gahnite was found only in
primary halo of the Zn-Cu ore bodies.

Assemblages of ore minerats

Assemblages of the scarcely disseminated sulfides
in unmetamorphosed magmatites (rock sulfides)

The assemblage and composition of rock sulfides is practically identical in all unmeta-
morphosed mafic and ultramafic rocks of the Ransko massif. Two main assemblages
are present:

1.1 Hexagonal pyrrhotite, chalcopyrite and less common pentlandite.
1.2 Troilite, cubanite and pentlandite.

The second assemblage prevails in troctolites.

Assemblages of Ni-Cu ores in unmetamorphosed magmatites

Main minerals of the unmetamorphosed Ni-Cu ores are monoclinic, hexagonal (or a
mixture of both) pyrrhotite, troilite, chalcopyrite, cubanite and pentlandite. The margins
of sulfides and host silicates are sharp, the lamellae and needle-like intergrowths with
clinopyroxene are less common. Sideronitic textures are typical. Polyphase magnetite,
when present, is euhedral. The texture of sulfide aggregates is mostly holocrystalline
without distinct succession. The textures of decay of solid solutions are present in Fe
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12. Ni/Cu ratio
/ — unaltered Ni-Cu ore in troctolites, 2 — unaltered Ni-Cu ore in gabbros {excluding the Reka orebody),
3 — Reka orcbody, 4 — altered Ni-Cu orc in ultramafites, 5 - altered Ni-Cu ore in gabbros; primary halo
Ni-Cu ore in: 6 — troctolites, 7 — gabbros, 8 — primary halo of Zn-Cu ore.

sulfides. The small number of sulfide mineral varieties (3 —4) in one sample is a distinct
feature of these assemblages. The unmetamorphosed ore bodies (more detail description
see in MISAR et al. 1974) are present in the northern part of the massif. Some parts of
the deposits Jezirka and Tdn& in the south of the massif belong to these assemblages,
100.

Three main assemblages are present:

2.1 Hexagonal and H-M mixture of pyrrhotite, pentlandite, chalcopyrite.

2.2 Hexagonakand H-M mixture of pyrrhotite, troilite, pentlandite, chalcopyrite and
less abundant cubanite.

2.3 Pentlandite, chalcopyrite, cubanite with less common troilite or monoclinic pyrrho-
tite.

The first assemblage occurs mostly in gabbros. The H-M mixture of pyrrhotite is

common in the southem ore bodies. The ore bodies in troctolites and plagioclase
peridotites contain minerals of the second assemblage. POKORNY (1969) described
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13. Ni/Cu, NifCo, (Ni + Cu + Co})/S ratios and sulphur content in P-I adit, main layer, Jezirka orebody
1 —plagioclase peridotite, 2 — troctolite, 3 — pyroxene-poor gabbro, 4 — mixed gabbro zonc.

veinlet-like massive Ni-Cu sulfides intergrowing only slightly uratitized clinopyroxe-
nes. The third assemblage builds up these veinlets, similarly as apical parts of the Tiné&,
Pfikontaktni and Jezitka ore bodies. Euhedral plagioclase and clinopyroxene and
exsolution of sphalerite are common in this assemblage which probably represents
“pegmatite ore” known from other Ni-Cu deposits.

Assemblages of sulfides in metamorphosed mafites
and ultramafites

The next sulfide assemblages are present in strongly metamorphosed and altered rocks:

3.1 Monoclinic pyrrhetite, Co-rich euhedral pyrite 1 and less common chalcopyrite.
3.2 Monoclinic pyrrhotite, Co-poor xenomorphic pyrite 2, chalcopyrite.

3.3 Euhedral pyrite 3.

3.4 Pentlandite, magnetite and other Fe-oxides.

These assemblages are end members. The primary simple assemblages of 3 — 4
minerals are partly substituted by new or recrystallized minerals. The result is a high
number of “coexisting” minerals in one sample. The most complicated is the mineral
composition of Ni-Cu layers overprinted by primary halo of the Zn-Cu orebody.
Hexagonal, monoclinic and H-M mixture of pyrrhotite, Co-rich pentlandite, chalcopy-
rite, cubanite together with pyrite 2, sphalerite, millerite and Ni-mackinawite are
present. All these minerals are intimately connected with pyroxenes and their alteration
products (uralite or anthophylite).
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i4. Geological cross-section of the central part of the Jezirka orebody
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The euhedral pyrite 1 (TRDLICKA - HOFFMAN 1985) is Co-rich and is present in
slightly metamorphosed rocks where the primary troilite and cubanite are gradually
disappearing. The uralite in the vicinity of pyrite 1 is enriched with Ni. Pyrite 1 and
monoclinic pyrrhotite are probably products of alteration of the primary sulfides. The
released Co concentrated in pyrite 1 and Ni in monoclinic pyrrhotite and uralite. The
temperature of the recrystallization was higher than 500 °C. The resistance of the pyrite
1 to the youngest plastic deformations is probably the reason of the microscopically
apparent succession of sulfides (ATKINSON 1975, ROSCOE 1975).

The assemblage with xenomorphic, Co-poor pyrite 2 is connected with intensively
uralitized rocks. Mostly euhedral and trace-elements free pyrite 3 is connected with
veinlet assemblages containing clinozoisite, epidote or prehnite.

The relics of primary sulfides surrounded and penetrated by magnetite and other
Fe-oxides are present in serpentinized ultramafites. Pentlandite and less chalcopyrite
are present as armoured relics in fully hydrothermally oxidized ore. Magnetite and other
Fe-oxides (with high Cu, Ni, Co and Ag content) form veinlets and fan-like aggregates
(TRDLICKA - HOFFMAN 1985). This type of ore alteration (typical of metamorphosed
Ni-Cu ores of the Petchenga area {POLFEROV 1979)) requires high temperature, high
pressure of H20 and acid environment (ROSE - BURT 1982).

Zonation of Ni-Cu ores

POKORNY (1969) found the Ni/Cu ratio to depend on the host rock olivine content
{gabbro 0.4-0.7, troctolites 0.8—1) of the Jezirka orebody. The distribution of Ni, Cu,
Co and S in orebodies Reka and Josef was described by MISAR et al. (1974). The
complex evaluation of more than 30 000 ore samples brought more information about
Ni, Cu, Co and S distribution.

The Ni/Cu ratios for intersections of the orebody in unaltered gabbros is 0.3-1, in
troctolites and plagioclase peridotites 0.7--1.7 and in “pegmatite ore” it is below 0.7.
Some ore bodies exhibit stable ratios (Reka). other distinct zonation. The central part
of the Tan¥-Pifkontaktni body has the Ni/Cu ratio of gabbros 0.55, increasing toward
the wings to 0.8—1.2 and from 1 to 2-3 in troctolites. Likewise the Ni/Co ratio increases
from 7— 8 to 14-15. The apical part of this blind orebody is built by “pegmatite ore,”
the wings and lower part of the orebody are relatively enriched with pyrmhotite.

The largest orebody Jezirka has the most complex distribution of elements mentioned
above. The lower part of the main layer follows the contact of gabbros and plagioclase
peridotite. The Ni/Cu ratio is relatively stable (gabbro 0.9, troctolite 1 and plagioclase
peridotite 1.1) along the main rock contact. However this ratio decreases along the dip
of the upper layer {from 1.2 to 0.3). This zonation is similar to that of the syngenetic
Ni-Cu of the Petchenga area, SSSR (POLFEROV 1979). The southern Jezfrka orebody
shows the minimum of the ratio in altered gabbros above the quartz diorite stock. Ni/Co
ratio increases positively with the increasing content of S (from 8-10 to 14-15). The
highest values are again in “pegmatite” ore (18 — 20) and lowest in a pyritic layer of
the hanging wall of the main layer (4-5). A similar Co-rich pyritic halo is in the upper
part of the Doubravka orebody.
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The Ni-Cu ratio of Ni-Cu orebodies in the vicinity of metasomatic hornfels and
Zn-Cu orebodies is very variable with the average of 0.6-0.2. The mineral parage-
nesis of the Ni-Cu sulfides indicates its barrier function for penetrating solutions.

The serpentinization influences the Ni/Cu ratio of the Ni-Cu layers in different ways.
The ratio decreases to 0.7 in the case of the slight serpentinization. Cu was mobilized
from strongly serpentinized rocks and the Ni/Cu ratio increased to 20. The Ni/Cu ratio
is mostly constant during serpentinization but the content of S significantly decreases..

Ni/Cu (0.5-0.7) and Ni/Co (8~-9) ratios are constant in Ni-Cu ores of uralitized and
saussuritized gabbros. But the high content of S and presence of pyrite are distinct
features of these ores.

Primary haloes of the Ni-Cu ores

Twenty one elements (Ag, As, B, Ba, Bi, Co, Cd, Cu, Cr, Hg, Mn, Mo, Ni, Pb, Sb, Sn,
Ti, V, W, Zn, Zr) were estimated by a combination of optical emission and roentgen
fluorescence analyses. The data evaluation was carried out by system modelling
(HoLus - KOMINEK 1985). ’

As main pathfinders were found Ag and Ni. Their content is more than ten times
higher in primary halo than in normal field. Contents of Cu, Co, Cr, Pb and Zn were
found to be three to ten times higher (subordinate pathfinders). Elements depleted as
compared with normal field were not found. Zn and Ni change their order when primary
halo is situated in altered rocks. W and B are next subordinate indicators in such case.

The thickness of the primary haloes in cross sections, as indicated by new multipli-
cative variables Ag X Pb x Zn and Ni x Co x Cu, is 50200 m. A positive correlation
exists between the thickness of ore bodies and size of haloes. The Ni-Cu ore zone of
the Ransko massif is indicated by a 200 ppm content of Cu. The hidden orebodies inside
the ore zone are indicated by the Agx Pbx Zn value of the order of thousands. The
primary haloes in the serpentinized plagioclase peridotites are several hundred metres
thick. Around the orebody Josef, exists a distinct transversal zonality to the contact of
altered gabbros with serpentinized plagioclase peridotite. Co and Ag are concentrated
in ultramafites close to the contact. The zones rich in Pb, Zn, Cu and Ni follow farther
in serpentinized rocks. Such a zonality was not found at the contacts of the unmeta-
morphosed rocks. This transversal zonation is most probably connected with regional
metamorphism and water circulation,

Primary haloes of Ni-Cu orebodies in fresh rocks have relatively low contrast and
slight zonation. According to GRIGORJAN et al. (1976) these features are characteristic
of syngenetic Ni-Cu ores.

Assembiages of the Zn-Cu ores

The Zn-Cu mineralization is connected with metasomatic hornfelses of both types.
Sulfide layers are flat with either sharp or disseminated contacts. Massive ore penetrates
all hydrothermally altered rocks. The xenoliths of gneisses and gabbroamphibolites are
penetrated by massive sphalerite, rimmed by disseminated pyrite and chalcopyrite. The
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16. Geological cross-sectivn (A} and distribution of alterations (B) of the Zn-Cu Obrdzek orebody
A: [ —pyroxenec-poor gabbros, 2 —troctolite, 3 — xenoliths, 4 — disseminated Fe-sulfides, 5 —massive
Zn-Cu ore, 6 — disscminated Zn-Cu ore, 7 — metasomatic hornfelses; B: / — metasomatic hornfelses,
2 -- strong orthopyroxenitization, 3 --slight orthopyroxenitization, 4 — uralitization, serpentinization
and chloritization, 5 — prebnitization, 6 — strong chioritization.

banded structure of the massive ore is a result of the changing amount of sphalerite,
barite and pyrrhotite as well as variability of their grain size.

Xenomorphic grains of brown sphalerite form aggregates and veinlets. Sphalerite is
usually inclusion-free, rarely, some grains contain chalcopyrite, pyrrhotite and galena.
Contents of Fe (8 — 9 %) and Cd (less than 1 %) are constant. The content of Co (up to
6 %) increases close to the contact of the orebody.

Mostly automorphic grains of pyrite (up to several centimetres) are surrounded and
penetrated by sphalerite, chalcopyrite and pyrrhotite. Contents of Ni and Co are less
than 1%. TRDLICKA and HOFFMAN (1985) described this pyrite as pyrite 1 common for
both, Ni-Cu and Zn-Cu ores. A detail revision of the samples localization reveals that
the typical pyrite 1 (with high Co content) is present only in intensively altered Ni-Co
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17. Primary haloes in the same cross-section

layers near the Zn-Cu orebody. Automorphic pyrite of the Zn-Cu ore with contents of
Ag and Mn in tens of ppm and Cu in thousands of ppm we describe as pyrite A.

Xenomorphic grains of pyrrhotite form aggregates and veinlets, commonly penetrate
as the sulphides mentioned above as the rock-forming silicates. Pyrrhotite is mostly
monoclinic, the content of Ni is less than 1 %. Contents of Ag and Mo are higher than
in pyrrhotites of Ni-Cu ores. The lowest contents of trace elements showed pyrrhotites
from quartz-cordierite homfelses.

Xenomorphic chalcopyrite forms aggregates and veinlets closely connected with
pyrrhotite. Chalcopyrite of the Zn-Cu ore is rich in Ag and Cd and poor in Co and Ni
as compared with chalcopyrites of Ni-Cu ore.

The gray to white, mostly cataclastic barite, penetrated by sulfides, appears in
sphalerite ore in the upper part of the Obridzek orebody.

The secondary pyrite (pyrite B) forms aggregates, veinlets and less automorphic
grains in metasomatic hornfelses. This pyrite penetrates and corrodes all minerals
mentioned above, Pyrite B is rich in Ag, Mo, Mn and depleted in Bi, as compared with
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pyrite 2. Pyrite B is probably of the same age as pyrite 2 of the Ni-Cu ores and both are
connected with regional metamorphisn:.

Zonation of Zn-Cu ore

The orebody Obréizek has distinct mineralogical zonality. The massive sphalerite-barite
ore builds up four flat layers in the upper part of the orebody. The content of barite
decreases with depth. The massive pyrrhotite-chalcopyrite-pyrite ore with some mo-
lybdenite, connect sphalerite layers in the central part of the orebody. This zonality is
fully developed in metasomatic hornfelses. The massive ore, penetrating hydrothermal-
ly aitered gabbros, consists mostly of monoclinic pyrrhotite, chalcopyrite and subordi-
nate sphalerite. Pyrite A, pyrite B and rare troilite are present. The mineral assemblage
of monoclinic pyrrhotite {poor in trace elements), pyrite B, magnetite, polyphase
spinellide and haematite is present below the orebody, in quartz-cordierite hornfelses.

Primary halo of Zn-Cu ore

The primary haloes around the Zn-Cu ore body are built up by two zones. The inner,
differentiated zone {20-50 m thickness) continues flatly from blind orebody to the
surface forming an anomaly 100-150 m to the south of the orebody. The inner zone
disappears 200 m below the orebody in metasomatic hornfelses. The main pathfinders
of the inner zone are Ag, Pb, Zn, Mo, Ba and Cu (anomaly contrast 10-160). Hg, Sn,
W and B are subordinate indicators. Anomaly contrasts of Ni, Co and Cr are less than
one. The longitudinal zonation of the inner zone is very distinct. Maximum of Ba is in
the upper part of the halo. The main orebody is surrounded by Ag, Pb, Zn, Cu and Mo.
The value of multiplicate variable Ag X Pb X Zn is by more than three orders higher in
the inner zone than in the outer zone.

The outer zone of the primary halo differs from the inner one in the absence of
zonality. Most pathfinders have lower anomaly contrast. The outer halo zone is similar
to the haloes of the Ni-Cu ore except the presence of B, Sn and W. The size of the outer
zone is several hundreds of metres,

Genetic model of the sulfide mineralization

The original olivine tholetitic magma differentiated in the transit magma chamber into
gabbrodolerites and parental magma of the gabbro-troctolite group. This type of
differentiation describes Distler et al. (1979} from the trap formation of the Norilsk area
(LUSSR). The chemical composition of gabbrodolerites is probably very close to that of
the primary magma. The differentiation of the gabbro-peridotite group followed the
intrusion in the flat part of the body. The practically constant composition of olivines
and plagioclases ts probably a result of preintrusive crystallization of these minerals.
Olivine cumulated in the lower part of the magma chamber, plagioclase in the upper
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part. Some elements and minerals (Cr, Ni, Co, Cr-spinellides) concentrated in the
olivine layer, other (V, Ti, illmenite, Mg-magnetite) concentrated in the upper, gabbro
layer.

The contents of Ca and Fe in clinopyroxenes differ in the layers mentioned. Pyroxe-
nes in troctolites are Fe-rich, in gabbros Ca-rich. The Ni-Cu ore assemblage in trocto-
lites are Fe-rich (troilite, cubanite), too. The iron-rich troctolites build probably a
transition zone between the gabbros and olivine cumulates. This stage of differentiation
can be characterized as a differentiation in a closed system.

A partly-open system of differentiation continued in the steep part of the intrusion.
The presence of sulfides in the today “ore zone” with mantle composition of sulphur
(POKORNY 1969) and presence of autometamorphism confirm the additional supply of
the volatiles from the deeper level of the magmatic chamber. The Ni-Cu sulfides
concentrated mainly in the troctolite layers and less in adjoined gabbros and plagiope-
ridotites. The pausity of both, sulfides and autometamorphism in the flat west part of
the Ransko massif, confirm this model.

The pyroxene gabbros intruded into a not fully consolidated environment. Both
groups of rocks mixed and ultramafite layers were transformed into blocks (xencliths)
floating in the gabbros. Sulfide layers moved with magma and due to more mobile state
penetrated into both gabbro types for the distance of several hundreds of meters
(Doubravka and Reka orebodies). The main feature of the Ransko massif Ni-Cu sulfides
is the affinity to the Fe-rich troctolites. The zonation of elements, minerals and primary
haloes of most ore bodies is a result of the differentiation in situ. Ni concentrated in
olivine host rocks, Co in pyrite rich halo of orebodies (pyrite 1). The slight contrast
zonation of primary haloes as well as simple mineralogy of the unmetamorphosed ores
confirm the syngenetic origin of the Ni-Cu orebodies.

After a considerable span of time, the quartz diorites intruded mostly along the zones
of mixed rocks. The metasomatic reaction in their apical parts led to the origin of
cordierite metasomatic hormnfelses. The rise of Zn-Cu sulfide mineralization followed
the homfels origin. The zonation of ore minerals and primary haloes as well as
hydrothermal alteration of host rocks confirm epigenetic origin of this massive sulfide-
type mineralization. Qre mineral structeres and textures show the metamorphic influ-
ence.

Regional metamorphism affected the Ransko massif including the ore content.
Temperature of metamorphic conditions gradually decreased from 700 °C to 350 °C.
Metamorphism was conducted by a large carry in of H20 from the east contact of the
massif. The next stage of metamorphism, below 350 °C, was concentrated in narrow
zones and at last, along main dislocations. The regional metamorphism and the intrusion
of quartz diorites are of Silurian age.

K tisku doporulii Z. Mfsa¥
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Model geneze sulfidického zrudnéni
ranského gabroperidotitového masivu

(Résumé anglického textu)
MiLAN HOLUB - EMIL JELINER - EMANUEL KOMINEK - OSKAR PLUSKAL jun.

PtedloZeno 4. kvétna 1991

Ze zpracovani vysledkli novych priizkumnych praci plyne, Ze ransky gabrovy a pla-
gioperidotitovy masiv je vicefdzovou intruzi, pivodng kolenovitého tvaru, V prvé fizi
intrudovaly gabrodolerity, které tvofi magmatickou brekcii podél plochého podloZniho
kontaktu v z. &dsti intruze a samostatné Qiléi téleso na JV. V daldi fézi intrudovaly
hominy troktolitové ¥ady (typ A, Bouika et al. 1977), v nichZ p¥i diferenciaci
trapového typu vznikly likvaZni polohy Ni-Cu-sulfid( v pffvodnf £4sti intmze. Dife-
renciacf vznikl4 stavba byla porufena intruzi mlad8ich pyroxenickych gaber (typ B).
Intruze pith kfemennych diorith je vyrazn¥ mlad$i a je pravd®podobng soutasnd s
epizondn{ metamorfézou postihujici zvI4$t€ v. C4st masivu.

V ranském gabrovém a plagioperidotitovém masivu je znidmo nékotlik sulfidickych
asociaci li¥fcich se genezi. Jsou tady Fe-sulfidy (pfevaZn€ pyrit 2 a monoklinicky
pyrhotin), vyskytujici se podél kontaktl masivu, které vznikly pravdépodobng v disted-
ku sniZené rozpustnosti sulfidli v kontaminovanych gabrech. Primirni, syngenetické
sulfidy vytvéfeji sulfidickou fdzi vtrouSenych sulfidli jednoduchého sloZenf. Tyto
vtroudeniny neobsahuji pyrit. Obdobné sloZeni maji asociace Ni-Cu-rud v nepfeméné-
nych homindch, u nichZ rovn&Z konkrétni mineralogické sloZeni zdvisi na obsahu
olivinu a na elezitosti pyroxendt v okoln{ homning. Cést téchto rud dospéla a% k
pegmatitovému stadiu vyvoje. Pfi mlad§ich pfeméndch v okoli kfemennych diorith a
metasomatickych rohovch dollo ke vzniku sloZitych minerdlnich asociaci a novych
rovnovaznych stav{i mezi sulfidy, silikdty a oxidy.

S vyvojem hydrotermélnfch systémh v okolf piil kfemennych diorit je spjat i vznik
kyzovych Zn-Cu-rud. Pfetrvdvajici epizondlni metamorféza, postihujici za p¥inosu
H20 v. a j. ¢4st masfvu, zplisobila vznik reliktnich asociaci sulfidéi v serpentinizova-
nych hornindch, ddle vznik asociaci obohacenych sirou v pfem&nénych gabrech a
rekrystalizaci ¢4sti minerdl® Ni-Cu a Zn-Cu-rud. Hydrotermalni pfemény v okolf
dislokaci byly pak provézeny vznikem pyritu 3 a monoklinického pyrhotinu.

Vysvétlivky k tabulkdm

Tabulka 1. Korelace tektonickych, metamorfnich a magmatickych pochodt v ranském masfvu a jeho
okoll.

Tabulka 2. Primémé chemické sioZenl magmatickych hornin masfvu, I - peridotit, 2 — plagioperidotit,
3 — trokeolit, 4 — olivinické gabro, 5 — pyroxenické gabro, 6 — gabrodolerit, 7 — typické gabro-
troktolitové Yady, 8 — typické gabropyroxenické Fady, ¢ — kfemenny diorit, 10 — porfyrit.




Prim&mé hodnoty vypolteny na zdklad€ analyz publiiovanfch in Mfsaf et al, (1977), Némec - Holub
(1982) a Komfnek et al. (1983).

Tabulka 3.Hodnoty neporufentho geochemického pole (v ppm) hlavnfch borninovych typii.

Tabulka 4. Chemické sloZenf rudnich minerdh (v¥sledky elektronové mikrosondy).

Vysvétlivky k obrdzkim

—

. Schéma struktumf stavby v okolf ranského mastvu.
1 - fuiové porfyry, 2 — granodiority centrdiniho moldamibického plutonu, 3 — ransky gabroperidotitovy
masfy, 4 - fylity vitanovského souvrstvl a fylonity v pfibyslavské mylonitové 26n¥, 5 — porfyroidy
vitanovské série, 6 — jemnozrnné pararuly typu mailfnské skupiny, 7 — migmatity ortorulového vzhledu,
8 —gabroamfibolity, 9 — pestrd skupina moldanubika a kutnohorského krystalinika s. 1. {prab&h pestrych
viloZek), 70 —ruly a migmatity moldanubika a kutnoborského krystakinika s. 1., J7 — hadce, 12 —hlavn(
zlomy a mylonitové z6ny, I3 - osy vrds starS{ch neZ hlavnf foliace, 74 — hiavnf lineace starf( ne¥
periplutonickd migmatitizace v moldanubikn, 15 — mlad3f lineace typicky vyvinutd v hlinské 26n&, 16 ~
osy vi4ds spjaté s vystupem centrélntho moldanubického plutonu.
2. Geologickd mapa ranského gabroperidotitového masfvn,
I —kutnohorské krystalinikum, 2 - vftanovsk4 skupina hlinské z6ny, 3 — xenolity krystalinika, 4 -
gabrodolerity, 5 — plagioperidotity a peridotity, 6 — troktolity, 7 — gabra a olivinick4 gabra troktolitové
fady, & - gabra pyroxenické fady, 9 — smés obou typh gaber, [0 — vychozy sulfidickych poloh: 1 —
Yezfrka, 2 — Jezfrka-jih, 3 — Doubravka, 4 ~ Thn-zdpad a jih, 5 — Tan&-sever, 6 — Thod-plikontaktni, 7 —
Obrazek-sever, 8 — Josef, 9 — Reka, 10 — Reka-jih a vychod, 11 — drobné vyskyty ve vychodafm bioku
masfvu, 12 ~ slep€ loZisko Obrdzek, f! ~ Yulové porfyry a syenitové porfyrity, /2 — hlavnf dislokace.
3. Geologické Fezy masfvem.
i ~ metasomatické rohovce, 2 — Zn-Ce-rudy, 3 — kftmenny diorit, Ostatnf vysvEtlivky jako obr. 2.
4. Schéma Jokdlnf klasifikace hornin s vynesenymi v¥sledky planimetrickych analyz.
Horniny troktolitové fady: [ — dunit, 2 — peridotit, 3 — plagioperidotit, 4 — troktolit, 5 — olivinické
gabro, 6 - pyroxenické gabro; horniny pyroxenické fady: 7 — olivinicko-pyroxcmicks gabra, 8 —
pyroxenick4 gabra.
5. Prim&rné analyzy hornin masfvu vynesené do diagramu pro urenf relativntho obsahu hlinfku v bazaliech
(Bogatikov et al. 1981).
{ —bazalty s nizkym obsahem hlinfku, 2 — bazalty s normAln{m obsahem hlinku, 3 — bazalty s vysokym
obsahem htinfku. Horniny ranského masfvu: Pr — peridotity, PPr — plagioperidotity, Tr — troktelity, OG —
olivinicks gabra obou fad, G - pyroxenické gabra obou fad, GD —~ gabrodolerity, M — pravdépodobné stfednf
sloZenf intrudujfctho magmatu.
6. Obsahy Zn ve spinelidech ranského masfvu.
I —zeleny spinelid, 2 - jednofdzovy tmavy spinelid, 3 — vicefzovy spinelid, tmav4 féze, 4 — vicefdzovy
spinelid, svEtld fize, 5 - ilmenit, 6 — chromit. Ojedinglé pozorovani jsou vyjddfena znakkou.
7. Schéma vnitfn{ stavby masfvu,
I — porfyry a porfyrity, 2 ~ ultrabazika, 3 ~ generalizovany priib&h diferencovanych z6n v ultrabazikach,
4 - gabra obou fad, 5 — z6ny pestrého stffd4nf hornin, 6 — gabrodolerity, 7 - vychozy sulfidickych
poloh.
8. Schéma vyvoje ranského bazického masfvu.
A - pfed intruz{ pyroxenickych gaber, B - pled intruz( kfemennych diorith a porfyrt, C - dne¥nf stav:
1 — gabrodolerity, 2 — xenolity okolniho krystalinika, 3 — gabra troktolitové fady, 4 — plagioperidotity
troktolitové Yady, 5 — pestré stffddnf pyroxenickych gaber a gaber troktolitové Fady, 6 —~ N i-Cu-rudy,
7 —kfemenné diority, 8 — Zn-Cu-rudy, ¢ —porfyry, 10 - poklesové dislokace.
9. Roz3(Fen intenzfvnich pfemnén hornin v masfvu.
i - hyperstenizace, 2 - serpentinizace + mén¥ intenzivni saussuritizace, 3 — saussuritizace, 4§ —
unalitizace, 5 - pfemény hydrotermdlntho typu v j. E4sti masfvu vEetnd prehuitizace, & — dislokace, 7 —
vychozy sulfidickych poloh.
10. Rozsah hyperstenizace, metasomatickych rohovcl a kfemennych diorith v jiXn( 84sti masfvu pti povrchu
a v hloubce 250 m.
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Hyperstenizace: / - pfi povichu, 2 —v hioubce; metasomatické rohovee: 3 — pti povrchu, 4~ v hloubce,
5 — kfemenné diority (pouze v hloubce).

11. Minerdlnf slo¥enf homin (B) na kontaktu ofivinického gabra (A) a tmavého metasomatickéhe rohovee ©)
(upraveno podle Holuba - Pokomého 1970).
ol — olivin, cpx — klinopyroxen (pigeonit), pi — plagioklas, opx — ortopyroxen, cor — cordierit, ¢ — kfemen
s akcesorickym sillimanitem, sulf — pyrhotin, pyrit.

12. Diagram poméra Ni/Cu.
1 - peptem&néné rudy v troktolitech a plagioperidotitech, 2 —nepfem&n€né rudy v gabrech mimo loZisko
Reka, 3 — lotisko Reka, 4 — zrudn¥nf v alterovanych plagioperidotitech (lo¥isko Josef), 5 - rudy v
alterovanych gabrech; primamf anreoly Ni-Cu-rud: 6 — v siln olivinickych hornindch, 7 —v gabrech,
8 —primdrnf aurecla Zn-Cu-rud.

13. ZmEny pomérh NifCu, Ni/Co, (Ni + Cu + Co)/S a obsahil § v lofiskové poloze Jezirka, pfekop P-I1.
I — plagioperidotit, 2 - troktolit, 3 — gabra troktolitové fady, 4 — stfd4nl gaber troktolitové a pyroxenové
fady.

14. Geologicky tez stfednf Edstf loZiska Jezirka,
i — gabra obou fad, 2 ~ troktolity, 3 —plagioperidotity, 4 — Ni-Cu-rudy.

15. Distribuce Ni/Cu, Ni/Co a (Ni+ Cu + Co)/S na toruté Yezu loZiskem Jezfrka.

16. Geologicky fez (A} a distribuce pfem¥n (B) na loZisku kyzovych Zn-Cu-rad Obrdzek.
A: 1 —gabra a olivinickd gabra troktolitové Fady, 2 — troktolity, 3 — xenolity homin kutnohorského
krystalinika, 4 — vtrouSend mineralizace (pfevaZnd pyrit 2, pyrhotin, mfsty pyrit 1 a Ni-Cu-sulfidy),
5~ mastvof rudy (sfalerit, pyrhotin, chalkopyrit, ve svrchnl ¥st baryt), 6 —obrys &1 vtrouienych
a protilkovych Zn-Cu-rud, 7 — obrys t¥l metasomatickych roboved; B: f — metasomatické rohovce,
2 —vyraznd hyperstenizace, 3 —nevyrazn hyperstenizace, 4 —uralitizace, serpentinizace a8 nevyrazni
chloritizace, 5 — prehnitizace, 6 ~ vyraznd chloritizace.

17. Lo¥isko Zn-Cu-rud Obrdzek, Primirnf aurcoly na tomté fezu.

MeHeTUUECKan Mofenb 0BPazoBaHUA CYyNbGUAHOrC OpYAEeHEHNR
Panckoro ra66po-nepuAcTUTOBOro MaccKiBsa
{Hexua, Yexocnosakun)

Pasickiit 1aGbpo-MepuaoTHTOBSI MAacCUB BHEAPW/CA BAOAL HECOTZACHOI® COTIPMK-
GCHOBEHUS ME3G30HANLHORO Y EMN3OHANLHOTD KPHCTALTNUECKUX KOMIekcos aapa Hem-
CKOP'O MACCUBA. 33 ApEBIeHUIMM YACTUYHRM BHEAPEHNEM MACcCHBA, COCTOALNM 13 rab6po-
MOACPATOB, CIEA0BANA FIABHAR Ba3a BREAPERUA OJHBUHOBOIO rabipo ¢ HUSKUM conepKa-
HueM TUpoKceHa. [lepyaoTwuT, colep:kRalumit OKpyTIeHHMe 3CPHA ONVMBUHA, HAKOHKIACSH B
gipkenexaltelf, a Mopoasl, CoORepalme Bobine NAaCMOKIala, — B Bhlenemamedk 3one.
Huxcneso-MenHoe opyeHenne Buino cBA3aHO ¢ TPOKTONMTAMMU B CpelHeH 3oHe. Indde-
PEHUMALIMS MaTMEL IPEPBANAch Ciaeay lOUIMM BHeaApenreM rabbpo ¢ BLICOKMM COAepHanLeM
nupokceHa. BHYTpeHHAR TeKCTYpa MACCUBa, NoAoGHas daonaanbHol, ARIACTCA pely ihTa-
TOM BHePeHUA Malr'Mbl B HE AMOAHE KOHCOAINAMPOBAHHbIe TOPOALL.

MeAHO- LITHKOBOE MECTOPOWAeHne OBpasex (MaccUBHOTO CyAbPUANOTO THHA) MOJOKE
KEAPLERO- AMOPHUTOBOH MHTPY3NM 1 PONCTBRHHOL'O METACOMATUUECKOTO PoroBuKa. Panckuil
MACCUEB BMECTE ¢ 0BOWMM THIAMMU CY ThDUAEBIX MECTOPOXK,IEHMH MOABEPICA EITU30HATHLHOMY

PErvoHaANALHOMY MeTaMOphHIMYy.

Prelozil A. Kiiz
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