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Ab stract: The pa per pres ents geo logi cal set tings, re sources and min eral com po si tion of the ore bod ies of the
Zhyrychi cop per de posit found in the North- Western Ukraine at the end of the last cen tury. The de posit is lo cated
in the Ven dian ba sal tic flows and in traflow py ro clas tics in cen tral part of the Vol hyn trap pean prov ince, origi nated 
in the Late Ven dian dur ing Torn quist rift ing. The ma jor ity of cop per is con cen trated in na tive form and oc curs as
dis semi nated grains, vein lets and nug gets. Lo cally na tive sil ver, copper- sulphides (chal cosite, di gen ite, bor nite
and co vel lite) and cup rite re place na tive cop per. The ore bod ies are con trolled by fault ing and oc cur as strata- 
bound, but are lo cally en riched in nug gets in tuffs and fis sured zones in ba salts. Ag, Pd, Rh and Au can also be
eco nomi cally im por tant. The ma jor cop per ores were de pos ited to gether with prehnite- pumpellyite para gene sis,
origi nated in the suc ces sion: pum pel lyite – preh nite (±na tive cop per) – lau mon tite (or wairakite) (±na tive cop per).
The ore bod ies were formed dur ing cool ing of the mineral- forming hy dro ther mal sys tem at the end of the Ven dian
vol canic ac tiv ity. The syn ge netic in ter growths of na tive cop per with preh nite, pre cipi tated af ter pum pel lyite, and
ho mog eni za tion tem pera ture of fluid in clu sions in later wairakite (210–335°C) in di cate that the ma jor depo si tion
of na tive cop per took place at 200–400°C. The fol low ing pro pyli ti za tion, smec ti ti za tion and anal ci mi za tion of the
coun try rocks proba bly oc curred dur ing at tenua tion of the hy dro ther mal ac tiv ity af ter mag ma tism ceased. All
these pro cesses were ac com pa nied by dis so lu tion of cop per ore and its re dis tri bu tion with lo cal en rich ment in
cop per nug gets.
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IN TRO DUC TION

Na tive cop per oc cur rences are com mon in many ba salt
prov inces, but the high- quality eco nomic na tive cop per ores 
are rare. An unique pro cess, which re sulted in the un usual
me tal lic Cu ac cu mu la tion in one place, is proba bly of simi -
lar na ture in many ba salt prov inces. Nu mer ous na tive cop -
per de pos its of the most fa mous Michi gan Cop per dis trict
(Ke weenaw Pen in sula) oc cur within the Mid Pro tero zoic
ba salt flows and in traflow con glom er ates, fill ing the 1.1 Ga
old North Ameri can Mid con ti nent rift sys tem (Sims, 1976;
Grant et al., 1988).). Some simi lar na tive cop per de pos its
are well known in vol canic rocks of Can ada and USA (Wil -
ton, Sin clair, 1988; Kirk ham, 1996), Chile (Ruiz et al.,
1971), China (Zhu & Zhang, 2003), Rus sia (Tun guska
Syneclise; D’ujykov et al., 1977) etc.

All these de pos its con tain min eral as so cia tions of the
so- called prehnite- pumpellyite fa cies of meta mor phism
(Phil lipotts, 1976), in clud ing quartz, al bite, preh nite, pum -
pel lyite, epi dote and chlo rite; which spa tially grades into
zeo lite fa cies, more of ten com pris ing quartz, anal cite and
lau mon tite. On the other hand, all these min er als widely
origi nate in mod ern hy dro ther mally ac tive re gions (Bird et
al., 1984). How ever, dis tinct as so cia tion of na tive cop per
with gangue min er als is still un clear. Based on min era logi -
cal map ping, Stoiber and David son (1959 a, b) dis played
that na tive cop per de pos its in the Michi gan vol can ics are of -
ten lo cated near the bounda ries of the zones en riched in
quartz, but also oc cur in the places where quartz is not abun -
dant.



Eco nomic cop per was pros pected in West ern Ukraine
since 1929 when Ma³kowski (1929) pro vided the first pub -
lished in for ma tion about find ing of na tive cop per nug gets in 
ba salts of the vil lage Ve lykiy Midsk (present- day Rafa-
lovka-Berestovets Cu field Fig. 1), but the first writ ten in -
for ma tion about Vol hyn ian ba salts was pro vided in 1862

and 1867 by Tyszecki and Blu mel re spec tively (Wojcie-
chowski 1971). The min era logi cal stud ies of the Vol hyn ian
Cu- bearing ba salts were car ried out by Ka mieñski (1929),
Ma³kowski (1931, 1933, 1939), Boh danowicz (1932), Kra -
jewski (1935). The min era logi cal study on hy dro ther mal
altera tions in ba salts was car ried out by Szaszkina (1958).
In this pub li ca tion lau mon tite, na tro lite, thom son ite, heu lan -
dite and pty lo lite were de scribed, but the first rec ord about
pty lo lite was given by Ma³kowski (1933). The most ex ten -
sive re view of the min era logi cal stud ies about the Vol hyn -
ian Cu- bearing ba salts was car ried out by Lazarenko et al.
(1960). The last min era logi cal and geo chemi cal stud ies on
hy dro ther mal al tera tions in the ore vol can ics can be found
in the pa pers of Der evska et al. (2001, 2002), Emetz and
Lugova (2006).

The dis cov ery of the Zhyrychi cop per de posit in the
volcanogenic rocks of the Vol hyn Prov ince of the North-
 Western Ukraine (Pry hodko et al., 1993) is the first suc cess
of the Ukrain ian Geo logi cal Sur vey in ore pros pect ing and
fixes new Vol hyn Cop per Prov ince. In the pres ent work, we 
pro vide new data on geo logi cal set ting, re sources and min -
er al ogy of the Zhyrychi de posit and the in ter pre ta tion of the
ore- forming pro cesses.

METH ODS

The core de scrip tions and sam pling have been per -
formed in the core stor age of the Kovel Branch of the
Ukrain ian Geo logi cal Sur vey, pro vid ing pros pect ing works
in the area stud ied. Pol ished and thin sec tions were pre pared 
both in the labo ra to ries of the In sti tute of Geo chem is try,
Min er al ogy and Ore For ma tion (IG MOF) (Kyiv, Ukraine)
and the AGH Uni ver sity of Sci ence and Tech nol ogy (Kra -
kow, Po land). Geo logi cal map and cross sec tion of the de -
posit were com piled based on bore holes, seis mic sur vey,
gra vimet ric and mag ne tome try data.

Atomic ab sorp tion analy ses (AAS) and in duc tively
coupled plasma mass spec trome try (ICP- MS) analy ses of
the sam ples have been car ried out in the labo ra to ries of
AGH.

The min er als de scribed in the pres ent pa per were iden ti -
fied both me ga scopi cally and mi cro scopi cally, and by SEM, 
mi cro probe and X- Ray dif frac tion analy ses.

Microprobe anal y ses were ob tained at AGH us ing ARL 
SEMQ microprobe (volt age 20 kV, probe cur rent 120 mA,
sam ple cur rent 10 nA and count ing time 20 s). Ka lines
were used to de tect Fe, Cr, Ti, Ca, K, Si, Al, Mg, Na, Mn,
Cu, Ni, Co, Fe, Cr and S; La – Ag and Pd; Ma – Au and Pt.

X-Ray dif frac tion anal y ses were per formed on ap prox i -
mately 1.5 g of packed pow der of the care fully sep a rated
min er als. CuKa ra di a tion, a scan from 2 to 70° 2Q  at a
speed 0.25°/min were used for the anal y ses. The ob tained
data have been in ter preted us ing X-Rayan soft ware.

TEC TONIC SET TING

The Zhyrychi cop per de posit is situ ated in the west ern
part of the Ratne High (Figs 2, 3), one of the horst- type
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Fig. 1. Sketch map of the West ern Ukraine (af ter Emetz et al.,
2004)

Fig. 2. Sketch of the tec tonic po si tions of the Zhyrychi Cu de -
posit (Z) and Rafalovka-Berestovets Cu field (B). Fault zones:
SP-SP – South-Prypyat; NP-NP – North-Prypyat. Horst-type highs 
of the £uków-Ratne swell: 1 – Wishnice; 2 – Hoteshov, 3 – Ratne,
4 – Hotyslav



highs of the £uków- Ratne swell. The swell strikes 350 km E 
– W in the East- European Cra ton from the Ukrain ian Shield 
to the Slavatychsky High in Po land (Se me nenko (ed.),
1968) (Fig. 2). These tec tonic phe nom ena proba bly took
place at the end of Ven dian and were de vel oped as re sid ual
blocks dur ing the Late De vo nian when the re gion plunged
af ter Her cyn ian re gional up lift (Emetz et al., 2004).

West ern and east ern bor ders of the Ratne High were
formed by the ad join ing faults, which were also re spon si ble
for its sepa ra tion from the neigh bour ing Ho teshov and Ho -
tys lav highs re spec tively (Fig. 2). In the south, the Pre cam -
brian beds were shifted down about 650 m along the South-
 Prypyat faults bound ing the Ratne High on the Vol hyn de -
pres sion. In the north, the sedi men tary beds were seg mented 
by some step wise low- amplitude faults of the North-
 Prypyat fault zone and dip ping to wards the Podlasie- Brest
De pres sion.

Tec toni cally, the Ratne High con sists of the most ele -
vated cen tral horst, sur rounded by tec toni cally sepa rated
blocks, step wisely bury ing along the bound ary and ra dial
faults, at tain ing in am pli tude about 200 m (Figs 3, 4).

STRA TIGRA PHY

The old est rocks in the de posit are found in the cen tral
horst be low the Late Cre ta ceous beds. They are rep re sented
by 1.2 Ga gneis ses and grani toids, con tain ing sy en ite and
gab bro in tru sions dated at 1–1.1 Ga (Se me nenko (ed.),
1968; Ve likanov & Ko ren chuk, 1997). These rocks are
bordered by the bound ary faults against the eroded Late
Riphean or Ven dian beds.

The sed i men tary cover in the Ratne High com prises
Late Riphean red beds, Vendian ba salt flows and intraflow
pyroclastics, Late Vendian–Cam brian rhyth mic sed i men -
tary se quence and Si lu rian lime stones (Fig. 5). These de pos -
its were eroded from the Mid dle De vo nian to Early Cre ta -
ceous, down up to the Early Pro tero zoic meta mor phic
rocks. The Late Cre ta ceous chalk and marly beds, 120 m to

180 m thick, cover the eroded sur face. The Qua ter nary
clayey and sandy sed i ments, vary ing in thick ness from 20 m 
to 80 m, un con form ably cover this unit.

Late Riphean strata (Pol is’ka suite), 400–500 m thick,
un con forma bly cover the meta mor phic com plex as red con -
ti nen tal sand stones and silt stones with clayey in ter beds. The 
strata com prise four suc ces sive sedi men tary cy cles (Ga ret -
sky (ed.), 1981), which filled the Mid- Baltica rift ing sys tem
dur ing the Late Riphean (Emetz et al., 2004). These strata
con tain the Ven dian dol er ite dikes and sills, which sinter the 
coun try rocks in the con tact zones and in some places are in -
ten sively hy dro ther mally al tered.

The Vol hyn Se ries in cludes Gor bashi and Ber estov ets
suites.

The Gor bashi suite con sists of brown ar kose gravel and
sand stone beds which con forma bly over lap the Riphean red
beds. Its thick ness ranges from 40 to 80 m. The clas tic ma te -
rial con tains quartz, feld spar, pla gio clase, grani toids, py ro -
clas tics and red sand stones.

The Ber estov ets suite is com posed of the trap pean for -
ma tions origi nated within Ven dian rift ing, which opened
the Torn quist Ocean be tween Bal tica and proba bly Ama zo -
nia an cient con ti nents at the end of Ven dian (Bin gen et al.,
1998). These beds strike con cor dantly with the present- day
Teisseyre- Tornquist mar gin (Emetz et al., 2004).

The Ber estov ets suite has been sub di vided into Za bo -
lot tya or lower ba salt beds, Babino or pre domi nantly tuff
beds, and Ratne or up per mainly ba salt beds (Biryulev,
1967). These sub di vi sions are re cently in use for map ping in 
the Ukrain ian Geo logi cal Sur vey. How ever, they do not dis -
play the cor rect struc ture of the trap pean prov ince or de vel -
op ment of the vol canic prov ince and can not be quite sim ply 
used to cor re late the strata- bound ore bod ies.

Emetz et al. (2004) have documented that the Ven dian
vol canic prov ince de vel oped dur ing four suc ces sive vol -
canic cy cles, which pro duced re gional lava ejec tions in this
re gion. As fol lows from that pa per, the trap pean prov ince
com prises seven sub di vi sions: flood ba salts A, B, C and D,
and lower, mid dle and up per tuffs. All have been found by
bore holes in the Zhyrychi de posit (Figs 4, 5).
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Fig. 3. Sketch geo log i cal map of the Zhyrychi de posit with out Caino zo ic cover (see Fig. 5 for sym bol ex pla na tion)



The flood A, 60–70 m thick, is rep re sented by green-
 grey flows of mas sive and amyg da loi dal ba salts and dole-
rite-bas alts. In dif fer ent places of the de posit, the flood A
com prises from 1 to 3 tuff in ter ca la tions, up to 3 m thick.
The tuffs are red or brown- red in col our, fine- to coarse-
 grained.

The lower tuffs, over lay ing the flood A, con sist of a
50–80 m thick unit of thin- bedded red and brown- red tuf -
fites and tuffs. Two or three in ter beds of green tuf fites,
vary ing in thick ness from 0.4 m to 3 m, have been found
within the strata. The py ro clas tics are thin- bedded and dif -
fer ently grained from psam mitic to pse phitic. Fine- rounded
peb bles, con sist ing of both the ba salts and tuffs, of ten oc cur
within the coarse- grained tuf fites.

The flood B is rep re sented by flows of black, green-
 grey and dark- grey mas sive ba salts. The flood con tains in -
ter lay ers of hy dro ther mally al tered pink- grey and green ish
ba salts. The thick ness of the flood B var ies from 25 m to 30
m (Fig. 4). Lo cally, a tuff layer, up to 0.4 m thick, di vides
the flood. The in traflow tuffs are fine- grained and brown
col oured.

The mid dle tuffs over lain flood B as a 55–65 m thick
pack age of in ter bed ded dark- brown and red- brown tuffs
and tuf fites. Com monly, these tuffs have green ish tint be -
cause of dis persed powder- like smec tite.

The flood C, 35–40 m thick, con tains flows of black
mas sive ba salts, grad ing up wards into amyg da loi dal va rie -
ties. Both in the bot tom and in the top the flood in cludes
lava- breccia flows, con sist ing of lava clasts ce mented with
hy dro ther mally al tered glass (Fig. 14a). The top lava-

 breccia flow ranges from 4 m to 10 m in thick ness, but lat er -
ally grades into mas sive fis sured ba salts which con tain rare
chlo rite, smec tite and zeo lite amyg dales. The maxi mum
thick ness of the bot tom lava- breccias is only 1 m. It of ten
pinches out.

The up per tuffs, 24–45 m thick, are rep re sented by
thin- bedded, dark- grey and brown tuf fites and tuffs. The
py ro clas tics are dif fer ently grained and of ten in clude lay ers
en riched in fine- rounded peb bles of both ba salts and tuffs.
The thick ness of the up per tuffs in creases from 24 m in the
north ern flank of the Zhyrychi de posit to 45 m in its south -
ern part.

The flood D is com posed of 2 to 3 ma jor ba salt flows.
Each flow ranges in thick ness from 10 to 25 m. They are
sepa rated by in ter ca la tions of lava- breccias, tuffs, tuf fites,
con glom er ates and thin ba salt flows. Their thick ness does
not ex ceed 5 m. The up per most part of the flood is in ten -
sively al tered by ero sion pro cesses. The to tal thick ness of
this flood ranges from 80 to 130 m, but along the bor der
faults it is step wisely de creased to wards the cen tral horst,
around which this flood and up per tuffs were com pletely
eroded (Figs 3, 4).

OUT LINE OF BA SALT PE TROL OGY

In com pli ance with Bia³owol ska et al. (2002), Ko ren -
chuk (1997), the la vas of vol canic phases A and B grade
from al ka line to sub al ka line ba salts. The ba salts of the
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Fig. 4. Geo log i cal sec tion of the Zhyrychi de posit. A, B, C, D – lava floods (see Fig. 5 for sym bol ex pla na tion)



phases C and D are sub al ka line and con tain flows of tho lei -
ite ba salts, andesite- basalts, trachy- andesites, an des ites and
andesite- dacites (Ko ren chuk, 1997).

Ac cord ing to the trend of fig u ra tive points of bas alts in
the di a gram Zr/TiO2 – SiO2 (Bakun-Czubarow et al., 2002), 
the vol ca nism in the stud ied zone of the trappean prov ince
graded from ba saltic al ka line through subalkaline (phases A 
and B) to subalkaline closely to andesitic (phases C and D)
(Fig. 6). This trend prob a bly re flects the in flu ence of crust
melt ing which oc curred at the last stage of the Vendian vol -
ca nic ac tiv ity (Emetz et al., 2004).

The ma jor min er als of these ba salts are pla gio clase (50– 
60%), mono clinic py rox ene (pre domi nantly augite) (30–
40%) and mag net ite (or ti tano mag net ite) (5–10%). Many
speci mens from the low er most and mid dle parts of the ba -
salt flows con tain nearly no glass and are simi lar to fine-

 grained dol er ites, tes ti fy ing slow cool ing of the ba sal tic
melt within the flows. To wards the top, al most each ba salt
flow ranges from me ga scopi cally mas sive rocks into poi -
kilitic and amyg da loi dal, but dolerite- basalts grade into
fine- crystalline and glassy ba salts. Usu ally, the con tent of
glass in these ba salts does not ex ceed 10%.

Tuf fites of ten domi nate among the in traflow tuff beds.
They con sist of well- rounded clasts of ba salts and tuffs (Fig. 
14b). Both red and green tuf fites com prise se quences of
cross- bedded lay ers, formed in in ter me di ate and lit to ral fa -
cies. Clasts of an des ites are rarely ob served among py ro -
clas tics. Tuffs con sist pre domi nantly of dif fer ent pro por -
tions of sco ria, glass and ba salts.

Both tuffs and tuf fites, and of ten ba salts are heav ily al -
tered by later hy dro ther mal pro cesses. Con se quently, in
many places it is im pos si ble to rec og nize the pri mary com -
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Fig. 5. Strati graphic col umn of the Zhyrychi de posit



po si tion of py ro clas tic rocks be cause of poly genic sec on -
dary al tera tions. Pro pyli ti za tion, he ma ti ti za tion and al bi ti za -
tion are the most wide spread among the al tera tion pro -
cesses. Ca meta so ma tism is com mon, how ever it was struc -
tur ally con trolled by fault zones and there fore de vel oped lo -
cally.

Among mag matic rocks, the most al tered are coarse-
 crystalline dolerite- basalts. In many places py rox ene, oli -
vine and mag net ite were re placed by sec on dary min er als.
The lat ter min er als are im preg nat ing pla gio clase skele ton
and de pos ited in amyg dales, fill ing gas bub bles or re plac ing 
phe no crysts of py rox ene and pla gio clase dur ing hy dro ther -
mal al tera tions. In glassy ba salts, the sec on dary min er als are 
mostly lo cated in amyg dales, which in vari ous amount and
size are eve ry where ob served in ba salt ma trix. The ore-
 bearing amyg da loi dal ba salts of the Zhyrychi de posit are
pre domi nantly rep re sented by hy dro ther mally al tered tu bu -
lated ba salts, in which the pri mary nod ules were con nected
be cause of in ten sive leach ing. The al tera tion rate var ies lat -
er ally and de pends on the struc ture of ba salts and fis sur ing.
In ten sively al tered clayey ba salts of the flood A are of ten
rela tively soft and brit tle.

ORE BOD IES AND COP PER RE SOURCES

The ma jor ores in the Zhyrychi de posit and in the new
area lo cat ing in the east ern part of the Ratne Horst (so-
 called East ern flank) have been found in the flood ba salts A, 
B, C and D, and in the lower tuffs (Fig. 4). The ores form
five strata- bound bod ies, which are en riched in nug gets and
vein lets in fis sured zones.

The data of AAS and ICP- MS analy ses of core sam ples
se lected in dif fer ent places of the Vol hyn prov ince are pre -
sented in ta ble 1. The ana lysed sam ples from the Zhyrychi
de posit and Rafalovka- Berestovets cop per field (Fig. 1)
char ac ter ize the ores with out nug gets. The nug gets were
ana lysed sepa rately be cause they cause an in crease of true
con tents of Cu and proba bly of Ag and Rh, which are di -
rectly cor re lated with Cu (Fig. 7): CAg = 0,0047CCu –
5.0716, R2 = 0,8377; CRh = 3*10- 5CCu – 0.019, R2 =
0.9746 (where C is the con tent of metal in ppm, and R2 – the 
Pear son co ef fi cient).

Dis semi nated na tive cop per oc curs eve ry where in ba -
salts, dol er ites and in traflow py ro clas tics. How ever, Cu
con tents in the rocks out side the de pos its do not ex ceed 100
ppm (sam ple C-60).

The thick ness of the ore bod ies in ba salts var ies from
0.3 cm to 2.5 m, and Cu con tent from 0.3 to 12 wt% at an
av er age val ues 1.5 m and 1.6 wt%, re spec tively. Cop per
min er als oc cur as dis semi na tions, vein lets and fill ing of
amygdales. Cu nug gets oc cur lo cally along some fis sured
zones. The most im por tant ore bod ies oc cur in al tered
dolerite- basalts, amyg da loi dal ba salts and lava- breccias
(Fig. 14a).

In the lower tuffs, the plen ti ful dis semi nated na tive cop -
per mostly oc curs in green in ter lay ers, but in some places it
has been found in the red tuffs (Fig. 14c). The thick ness of
ore bod ies and the in ten sity of min er ali za tion are proba bly
con trolled by step wise faults, bor der ing the lower tuffs
against the Late Riphean red beds (Fig. 4). Abun dant min er -
ali za tion of na tive cop per in the strata- bound bod ies grades
into scarce at the dis tance from 1 to 15 m, where the Cu con -
tent var ies from 0.2 to 5 wt%.

In to tal, the Zhyrychi de posit con tains 15.6 Mt of cop -
per and is cov er ing the area 120 km2 whereby the av er age
Cu con tent is rang ing be tween 0.6 and 2.5 wt%. The re -
sources of the East ern flank (Fig. 3) have been es ti mated at
25 Mt on the area 180 km2. The ma jor ore body is lo cated in
the lower tuffs and con tains 8 Mt and 12.2 Mt of me tal lic Cu 
in the Zhyrychi de posit and in the East ern flank re spec -
tively.

Ac cord ing to the above- noted equa tions of the cor re la -
tions Ag- Cu and Rh- Cu, the to tal re sources of Ag and Rh in
the stud ied area are es ti mated at ap proxi mately 0.19 Mt and
406 t re spec tively. The ores are also uni formly en riched in
Pd (av er age con tent 1.3 ppm) and lo cally con tain Au up to
2.9 ppm (ta ble 1). How ever, the min eral form of these last
two met als are still not de ter mined.

MIN ER AL OGY OF ORE BOD IES

The min eral com po si tion of ore bod ies is vari able de -
pend ing on the ra tio be tween pri mary and sec on dary min er -
als, oc cur ring in the rocks.
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Fig. 6. Bas alts of the Volhyn se ries of the Zhyrychi de posit and
Rafalovka-Berestovets field on the SiO2 – Zr/TiO2 di a gram (Win-
ches ter, Floyd, 1977)

Fig. 7. Cu ver sus Ag and Rh in the ores of the Zhyrychi de posit



Rock form ing min er als

Among pri mary min er als of the ba salts,
pla gio clase, cli no py rox ene, oli vine, mag net ite,
Fe or Fe- Ti ox ides and vol canic glass are the
most com mon.

Pla gio clase oc curs as idio mor phic crys tals, 
which com pose the “skele ton” of in terser tal
(Fig. 3d) or aphiric ba salts, or as scarce phe no -
crysts in glomero por phy ric ba salts. The crys tals 
are of ten zoned. In fresh ba salts pla gio clase
grades from an or thite to an desine (40–95
An%), but in al tered al bi tized rocks, al bite is
most com mon. Thin in clu sions of glass and ore
min er als lo cally oc cur in pe riph eral sec tors of
the pla gio clase crys tals.

Cli no py rox ene forms pris matic and roun -
dish crys tals, fill ing in ter spaces of the pla gio -
clase “skele ton” (Fig. 14d). Augite domi nates,
but in some places pi geon ite also oc curs. In
com pli ance with Bia³owol ska et al. (2002),
Bakun- Czubarow et al. (2002), the flood ba -
salts A and dol er ite bod ies con tain pyroxe nes
rep re sented pre domi nantly by mag ne sian au-
gite, but fer ro augite oc curs rarely, whereas pi -
geon ite and fer ro augite are of ten as so ci ated
with mag ne sium va ri ety of augite in flood ba -
salts B, C and D.

Thin augite crys tals were mi cro scopi cally
ob served among py ro clas tic ma te rial in the
ore- bearing tuffs. Mi cro probe analy ses show it
to rep re sent fer ro augite (Ta ble 2). It ar gues that
the py ro clas tics of the lower tuffs were ejected
af ter the la vas of the phase A were more fer rif -
er ous, but the in creas ing Fe/Mg ra tio in py rox -
ene rec ords the cool ing of the magma cham -
bers.

Oli vine rarely oc curs in ba salts. In gen eral,
sec on dary min er als form pseu do morphs af ter it. 
How ever, in some places, oli vine rel ics were
ob served in mono lithic ag gre gates of preh nite,
form ing per fect pseu do morphs af ter oli vine
(Fig. 14e). Mi cro probe analy ses of oli vine from 
dol er ite sills and dikes in di cate faya lite com po -
si tion (per sonal com mu ni ca tion with Dr. Zym -
bal S.M. and Dr. Kryvdyk S.G. (Hon our able
Re search ers of IG MOF).

Fe and Fe- Ti ox ides are rep re sented mainly 
by mag net ite and ti tano mag net ite. Il men ite oc -
curs lo cally. Gen er ally, they fill in ter spaces be -
tween rock min er als and form thin in clu sions in
pe riph eral zones of py rox ene and pla gio clase
crys tals. In some parts of the ba salt flows and
dol er ites, they oc cur as skele ton crys tals, reach -
ing 0.3 mm in size. The voids of skele tons are
filled with later pla gio clases and glass. These
min er als usu ally re veal dis in te gra tion and re -
place ment struc tures.

Vol canic glass is the last so lidi fied phase in 
ba salts. It forms al lo trio mor phic blebs and fills
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the in ter spaces be tween crys tals of mag matic min er als. In
tuffs, it oc curs com monly as nu mer ous lap illi and sco ria,
which are of ten re placed by smec tite and other clay min er -
als. In gen eral, vol canic glass in the Zhyrychi de posit is en -
riched in alu mina and dis plays more acidic com po si tion
than ba salts. The amount and com po si tion of vol canic glass
de pend both on tem pera ture of melt crys tal li za tion and on
the ve loc ity of cool ing, which led to the de ple tion of sec on -
dary melt in ma fic com po nents dur ing the crys tal li za tion of
the above- described re frac tory min er als.

Sec on dary min er als

Both, the com po si tion and ra tio of the sec on dary para -
ge ne ses dif fer lat er ally. The sec on dary min er als can be con -
ven tion ally clas si fied as pre-, syn- and post- ore in re la tion
to the ori gin of the ma jor cop per ores. The suc ces sion of hy -
dro ther mally formed min er als is shown in the ta ble 3. The
below- noted ho mog eni za tion tem pera tures of fluid in clu -
sions have been meas ured in the trans par ent min er als from
Rafalovka- Berestovets Cu field (Der evska et al., 2001,
2002) and are there fore only ap proxi mately re lated to the
mineral- forming so lu tions of the Zhyrychi de posit.

Pre- ore min er als
Cli no chlore is wide spread in ba salts of the floods C and 

D. Its green ag gre gates fill nu mer ous amyg dales and cracks
of ten in as so cia tion with later smec tite. In amyg dales it
shows spheri cal mi cro struc ture (Fig. 14f).

Hema tite oc curs as large nod ules or rose- like ag gre -
gates in the up per most parts of the ba salt flows, or as nu -
mer ous pseu do morphs af ter mag net ite. He ma ti ti za tion oc -
curred along cracks and fis sured zones, which are filled
with large nod ules of this min eral. In ten sively he ma ti tized
ba salts also oc cur among py ro clas tic ma te rial in tuffs and as 
fine- rounded clasts in tuf fites. Be cause of Fe- rich en vi ron -
ment, hema tite was lo cally sta ble or meta sta ble along with
many later syn- and post- ore para ge ne ses.

Al bite is com monly ob served as a sec on dary min eral
de vel oped af ter mag matic pla gio clase. It forms pseu do -
morphs and over grows of pla gio clase crys tals in ba salts and 
tuffs. Al bi ti za tion is ac com pa nied by he ma ti ti za tion and
dis so lu tion of pyroxe nes. Clasts of al bi tized ba salts with
plen ti ful hema tite in clu sions are of ten ob served in tuffs and
tuf fites. It is there fore con sid ered that al bi ti za tion and he -
ma ti ti za tion in di cate the pro cesses that oc curred dur ing hy -
dro ther mal ac tiv ity, ac com pa ny ing vol canic ejec tions.

Pum pel lyite fills rare amyg dales as fine- crystalline
light- green ag gre gates in the low er most parts of flows and
close to the fis sured zones in ba salts which were of ten al bi -
tized and he ma ti tized dur ing ear lier hy dro ther mal pro -
cesses. Pum pel lyite was de tected by X- Ray dif frac tion ana-
lyses (Fig. 8) for the first time both in the Zhyrychi de posit
and in the whole Vol hyn vol canic prov ince.

Syn- ore min er als
Preh nite was ob served in fis sured zones and amyg dales

as ra dial, grad ing into fi brous ag gre gates. Along fis sures,
preh nite is com monly im preg nat ing ba salts and con tains nu -
mer ous rel ics of the both mag matic and pre- ore min er als. Its 
poly crys tal line ag gre gates form pseu do morphs af ter pla gio -
clase, py rox ene and oli vine (Figs 10, 14e). Preh nite over -
grows and cuts the ear lier amyg dales of pum pel lyite (Fig.
14g). In tuffs, preh nite lo cally fills the in ter spaces.

Na tive cop per oc curs com monly as thin in clu sions ra di -
ally ori ented along preh nite fi bres (Fig. 14h), sug gest ing
syn chro nous growth of these min er als. It oc curs as crys tals
or mi cro crys tals in cen tral parts of preh nite vein lets. The
lat ter form (Fig. 14i) ar gues for cop per pre cipi ta tion un der
con di tions of in sta bil ity of preh nite.

Lau mon tite oc curs as hemi spheres which in the in ten -
sively leached tu bu lated amyg da loi dal ba salts were over -
grown with preh nite (Fig. 14j). Proba bly the hemi spheres
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Ta ble 2

Microprobe anal y ses of augite (Ca.Na)(Mg.Fe.Al.Ti)(Si.Al)2O6 from tuffs of the Zhyrychi de posit

No Fe Cr Ti Ca K Si Al Mg Na Mn O Sum

wt. %

1-4 12.62 0.04 1.08 16.33 0.16 16.82 6.06 4.73 2.01 0.00 40.16 100.00

3-3 14.17 0.07 2.65 15.79 0.20 25.52 5.30 3.21 0.31 0.32 32.45 100.00

Formula units per 6 oxygen atoms

1-4 0.54 0.00 0.05 0.97 0.01 1.43 0.54 0.46 0.21 0.00

3-3 0.75 0.00 0.14 0.84 0.01 1.35 0.28 0.17 0.02 0.02

Fig. 8. X-Ray dif frac tion pattern of pumpellyite from the Zhy-
rychi de posit



grew in iso lated amyg dales, but preh nite was de vel oped
dur ing pro gres sive leach ing or fis sur ing of amyg da loi dal
ba salts. Lau mon tite con tains blebs of na tive cop per, par -
tially com pos ing pe riph eral parts of hemi spheres (Fig. 14j)
or oc cur ring within hemi spheres as con cen tric sec tors, in di -
cat ing the former hemi sphere sur faces. Such po si tion tes ti -
fies to mul ti ple re de po si tion of Cu in front of the grow ing
lau mon tite.

Wairakite has been de tected by X- Ray dif frac tion ana-
lyses in the Zhyrychi de posit by Der evska et al. (2002). It
oc curs as thin crys tals and poly crys tal line ag gre gates in
tuffs and fis sured ba salts. Wairakite is of ten closely as so ci -
ated with na tive cop per crys tals and quartz druses. The fluid 
in clu sions in wairakite have been ho moge nized at 210–
335°C (Der evska et al., 2002).

K- feldspar oc curs in tuffs as thin crys tals in the ore ho -
ri zon and bar ren zones. It is gen er ally as so ci ated with plen -
ti ful min er ali za tion of smec tite and is ap par ently par tially
syn chro nous with it. In the lower tuffs, K- feldspar forms in -
ter growths with na tive cop per crys tals (Fig. 9). The de fi -
ciency of sil ica was de tected in both the ana lysed crys tals
(Table 4).

Post- ore min er als
Quartz oc curs pre domi nantly in the up per floods C and

D. It forms coarse- crystalline ag gre gates or druses in fis -
sured zones, whereas chal ced ony nests or nod ules are wide -
spread at the sub sur face zones of the pa laeo hy dro ther mal

sys tems. In gen eral, quartz crys tals are white or col our less,
but lo cally ame thyst druses are also ob served. Ho mog eni za -
tion tem pera ture of fluid in clu sions in quartz var ies from
100 to 310°C (Der evska et al., 2002).

Na tive cop per is lo cally ob served in quartz veins and
nod ules. Proba bly high- temperature quartz, oc cur ring in as -
so cia tion with wairakite, has crys tal lized simultaneously
with pri mary na tive cop per.

Stil bite, mor denite, heu lan dite and thom son ite oc cur as
pink or white hemi spheres and fi brous spheri cal ag gre gates
in amyg da loi dal ba salts. In gen eral, they lo cally ce ment
tuffs as white and cream- coloured sphero litic and plu mose
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Ta ble 3

Scheme of the min eral suc ces sion in the ore bod ies of the Zhyrychi de posit (tem per a ture ranges are based on the fluid in -
clu sion stud ies (Derevska et al., 2001, 2002) and ex per i men tal data about min eral sta bil ity (Liou, 1970, 1971;

Phillipotts, 1976))

Fig. 9. Back scat tered elec tron im age of the intergrowing crys -
tals na tive cop per – K-feld spar (left) and K beam (Ka) im age of
K-feld spar (right); cu – na tive cop per; Kf – K-feld spar, ch –
chlorite



ag gre gates. Zeo lites of ten con tain thin in clu sions of na tive
cop per. These min er als are wide spread in the ba salt prov -
ince, but their min er ali za tion is scarce and proba bly in di -
cates pe riph eral parts of pa laeo hy dro ther mal sys tems.

Smectite rep re sents a group of clay min er als which in
dif fer ent amount im preg nate both bas alts and pyroclastics.
They are ob served com monly in ore-bear ing bas alts (Fig.
14k), but are also abun dant in bar ren zones. Smectite over -
grows na tive cop per (Fig. 14l) and lo cally con tains its rel ics
(Fig. 14m), which were pre served in smectite af ter it re -
placed pre- or syn-ore min er als. It sug gests metastability of
na tive cop per dur ing smectitization. X-Ray dif frac tion ana-
lyses mostly show trioctahedral mod i fi ca tions of smectite.
Glycolation caused an in crease of basal spac ing of smectite
lay ers to ap prox i mately 17 �. Lo cally, smectite is as so ci -
ated with chlorites, re plac ing plagioclase (Fig. 14k). Ac -
cord ing to elec tron microprobe anal y ses, it is con sid ered
that smectite in the ore bod ies rep re sents dif fer ent min er als,
whereby ver mic u lite, mont mo ril lo nite and beidellite dom i -
nate.

Cal cite oc curs in vein lets and amyg dales as poly crys tal -
line ag gre gates. Lo cally, it im preg nates tuffs and is as so ci -
ated with sul phide min er ali za tion. The ho mog eni za tion
tem pera ture of fluid in clu sions in cal cite ranges from 110 to
230°C (Der evska et al., 2002).

Anal cime is ob served as poly crys tal line ag gre gates or
sin gle crys tals in tuffs, or fills nu mer ous amyg dales and fis -
sures in ba salts. Usu ally, it is pink or white- coloured, but of -
ten im pu ri ties of smec tite or hema tite dye it in green or red

col our, re spec tively. In green tuf fites, anal cime oc curs
scarcely, whereas in the red py ro clas tics its pink poly crys -
tal line ag gre gates are of ten plen ti ful. The amount of anal -
cime dis tinctly in creases in red and red dened green tuffs.

Anal cime has grown mostly in fis sures (Fig. 14n) or
open spaces of both leached ba salts and py ro clas tic rocks.
Con se quently, the pseu do morphs of anal cime af ter ear lier
min er als are rela tively rare. For ex am ple, roun dish ra dial
ag gre gates of anal cime af ter lau mon tite hemi spheres (Fig.
14o) are rarely ob served in amyg dales in the places of rich
lau mon tite oc cur rences. Fluid in clu sions in anal cime were
ho moge nized at 125–175°C (Der evska et al., 2002).

Bar ite is one of the lat est min er als of the de posit. Its
col our var ies from white and trans par ent to dark- brown. It
oc curs as la mel lar or fine- crystalline ag gre gates, fill ing lat -
est cracks, amyg dales and cen tral parts of vein lets in the ba -
salt floods (Fig. 14n). It of ten oc curs in mix ture with
younger smec tite, kao lin ite and (or) quartz.

Kao lin ite has been ob served in a mix ture with smec tite
and (or) bar ite along fis sures and amyg dales. In tuffs, it oc -
curs rarely al though of ten domi nates in ce ment of the un -
der ly ing Early Ven dian, and over ly ing Late Ven dian and
Cambrian ter ri ge nous beds (Do bro volskaya, Pod dub naya,
1989).

DIS TRI BU TION OF ORE MIN ER ALS

Na tive cop per oc curs mainly as dis semi nated both in
ba salts and tuffs, al though vein lets, nug gets and den drites
are also com mon. Elec tron mi cro probe analy ses do not
show sig nifi cant im pu ri ties of iso mor phic met als.

In ore- bearing ba salts nu mer ous na tive cop per in clu -
sions fill abun dant pores, where they re place py rox ene and
cli no chlore. In the bot tom part of some Cu crys tals, chlo rite
rel ics were de tected by mi cro probe analy sis (Fig. 9). Na tive
cop per has also been found within smec tite cas ing, proba bly 
formed by re plac ing oli vine, py rox ene and pla gio clase phe -
no crysts (Fig. 14p). Scarcely, na tive cop per di rectly re -
places mag net ite and forms pseu do morphs af ter this min eral 
(Fig. 14q). In fis sured zones and lava- breccias, it was of ten
pre cipi tated as den drites (Fig. 14r), wiry forms, large crys -
tals or nug gets. The rich est min er ali za tion of na tive cop per
in ba salts is ob served in fis sured zones filled with preh nite,
al though nug gets and den drites mostly oc cur in some vein -
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Ta ble 4

Microprobe anal y ses of K-feld spar from tuffs of the Zhyrychi de posit

No Fe Cr Ti Ca K Si Al Mg Na O Sum

wt. %

1-3 0.31 0.00 0.00 0.04 13.75 26.80 11.48 0.01 0.23 45.58 100.00

4-1 0.19 0.02 0.00 0.02 14.46 27.98 9.98 0.02 0.10 47.23 100.00

Formula units per 8 oxygen atoms

1-3 0.02 0.00 0.00 0.00 0.99 2.86 1.19 0.00 0.03

4-1 0.01 0.00 0.00 0.00 1.00 2.70 1.00 0.00 0.01

Fig. 10. X-Ray dif frac tion pattern of prehnite from the Zhy-
rychi de posit



lets, con tain ing quartz or anal cime, more of ten as so ci ated
with smec tite.

In the lower tuffs, na tive cop per is dis persed as thin in -
clu sions (Fig. 14c) which dif fer in po si tion and size when
con tained in green and red tuffs.

In green tuffs, na tive cop per re places com monly py ro -
clasts (Fig. 14s) and fills open spaces (Fig. 14t). Anal ci mi -
za tion and sec on dary red den ing re sult in dis ap pear ing of na -
tive cop per, con verted into Cu sul phides, mostly into chal -
co cite or di gen ite. Co vel lite and bor nite oc cur rarely. Chal -
co py rite re places scarce chal co cite and di gen ite in pe riph -
eral parts of these al tera tion zones (Fig. 11). Sul phide min -
er als are lo cally wide spread in tuffs and ba salts as vein lets
and dis semi na tions, but gen er ally they are scarce (Fig. 14u). 
The his to gram of dis tri bu tion of size of cop per blebs in
green tuf fites shows the form of a Gauss curve (Fig. 15a).
This tes ti fies the sin gle event of nu clea tion and growth of
na tive cop per crys tals. In dif fer ent places around green py -
ro clas tic beds, red tuffs con tain coarse al lo trio mor phic
blebs of na tive cop per and nug gets, whereas fine na tive
cop per in clu sions are ab sent (Fig. 15 b). It ar gues that na tive 
cop per min er ali za tion in red tuffs was formed dur ing se lec -
tive re crys tal li za tion, i.e. the coarser blebs grew when thin -
ner were dis solved. These large blebs con tain nu mer ous mi -
cro pores and mi cro crys tals of hema tite, which were en -
trapped within grow ing cop per crys tals and tes tify oxi diz -
ing hy dro ther mal en vi ron ment, which led to dis so lu tion and 
re dis tri bu tion of the pri mary cop per min er ali za tion.

Both in tuffs and in ba salts, na tive cop per is lo cally re -
placed by cup rite, which typi cally forms thin rims around
Cu blebs (Fig. 14v) and scarcely oc curs in bar ren zones.

Mi cro scopic par ti cles of na tive iron have been docu -
mented within na tive cop per crys tals (Fig. 12) grown in
cen tral parts of preh nite vein lets. Sin gle in clu sions of na tive 
iron were also lo cally ob served both in the ore- bearing and
bar ren tuffs and ba salts. Ap par ently, it was pre cipi tated dur -
ing mag net ite dis so lu tion, satu rat ing the ore- forming en vi -
ron ment in Fe.

Na tive sil ver mostly oc curs within na tive cop per as mi -
cro par ti cles in pe riph eral zones of na tive cop per blebs or
within it in pores (Fig. 14w). Such po si tion in di cates later
ori gin of na tive sil ver min er ali za tion in the ore bod ies.

Min er als, con cen trat ing Pd, Rh and Au have not been
found. Pos si bly, Pd and Rh are iso mor phi cally in cor po rated
in na tive iron.

Al lu vial na tive cop per, along with well- rounded grit
and peb bles of ba salts have been found in the Early Cre ta -
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Fig. 11. Ver ti cal pro file of Cu min eral dis tri bu tion in the red -
dened and analcimized green tuff of the Zhyrychi de posit

Fig. 12. Back scat tered elec tron im age of na tive iron mi cropar ti -
cles (white) within na tive cop per (black)

Fig. 13. P-T di a gram for nu mer ous crit i cal re ac tions of the min -
er als of prehnite-pumpellyite and re lated meta mor phic min eral fa -
cies (Liou, 1970, 1971; Phillipotts, 1986). The ar row shows the
evo lu tion of the min eral-form ing hy dro ther mal sys tem in the
Zhyrychi de posit
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ceous sand stones, which cover the eroded Ven dian vol can -
ics in the Zhyrychi de posit. This ore- bearing ho ri zon is con -
sid ered to be po ten tially eco nomic.

ORI GIN OF COP PER ORES

The re sults of in ves ti ga tions pre sented in this study pro -
vide a range of key points, ex plain ing both the pro cesses
lead ing to the for ma tion of Cu ores in the Zhyrychi de posit
and ena bling the pre dic tion of dis tri bu tion of cop per ores in
the ba salt prov ince stud ied.

Time of ore depo si tion

The ma jor na tive cop per ores oc cur in the lower tuffs,
which along faults are bor dered by Late Riphean red beds
(Fig. 4), whereas in ba salts their pres ence is of ten con trolled 
by fis sured zones and cracks. They are docu mented as
strata- bound in the low er most and con trast ingly most per -
me able beds of flood ba salts. Such ore lo cal iza tion tes ti fies
the ac tiv ity of up ward mi grat ing copper- bearing hy dro ther -
mal flu ids, which de pos ited Cu on geo chemi cal bar ri ers in
the zones of con trast ing per me abil ity and re dox po ten tial.

Preh nite vein lets and nod ules con tain ing syn ge netic na -
tive cop per are dis tinctly cut ting and re plac ing he ma ti tized
and al bi tized vol canic rocks, but hy dro ther mally al tered
rocks are ab sent in the sedi men tary beds, cov er ing the Ven -
dian vol can ics. In the ore bod ies there is no min era logi cal
evi dence of a poly genic ori gin of the ma jor ores. These ob -
ser va tions sug gest that the hy dro ther mal so lu tions fur nished 
Cu ap par ently at the end of the Ven dian vol canic ac tiv ity.
Con se quently, pum pel lyite, syn- and post- ore min er als were 
proba bly de pos ited suc ces sively (ta ble 3) dur ing pro gres -
sive at tenua tion of the Late Ven dian hy dro ther mal ac tiv ity.

Copper- bearing min eral para ge ne ses

The min era logi cal evi dence in di cates that the first-
 generation na tive cop per was de pos ited si mul ta ne ously
with preh nite and lau mon tite in ba salts and tuffs. These
min er als are closely as so ci ated with other min er als re lated
with Ca meta so ma tism (pum pel lyite and wairakite). Such a
min eral as so cia tion is widely spread in mod ern hy dro ther -
mal sys tems within some re cently ac tive vol canic re gions
(Is land, Ja pan, Kam chatka, New Zee land etc.) (Bird et al.;
1984; Brown et al., 1989). In gen eral, this para gene sis is
simi lar to those de ter mined in rocks of prehnite- pumpellyite 
meta mor phic fa cies (Phil lipotts, 1986), but be ing of hy dro -

ther mal ori gin. In the Zhyrychi de posit, the min er als of
copper- bearing prehnite- pumpellyite para gene sis were gen -
er ally pre cipi tated in the se quence: pum pel lyite – preh nite
(±na tive cop per) – lau mon tite (or wairakite) (±na tive cop -
per), al though tec tonic move ments and in sta bil ity of hy dro -
ther mal sys tem pro moted pe ri odi cal in ten si fi ca tions of the
pa laeo hy dro ther mal ac tiv ity, lead ing to the grow ing of lau -
mon tite over preh nite (Fig. 14j).

Re dis tri bu tion of cop per and growth of nug gets are
con nected with later hy dro ther mal pro cesses, which pro -
vided re gional pro pyli ti za tion (K-feld spar-smectite-cal cite-
ze o lite para gene sis), later smec ti ti za tion with anal ci mi za -
tion (analcime- smectite para gene sis) and the for ma tion of
quartz bod ies. Con cor dantly with ho mog eni za tion tem pera -
ture of fluid in clu sions in anal cime, quartz and cal cite (Der -
evska et al., 2002), these pro cesses took place at lower tem -
pera tures, than those char ac ter is ing sta bil ity of the prehnite- 
pumpellyite para gene sis.

Ore- forming con di tions

Based on the P-T dia gram of sta bil ity fields of Ca alu -
mi no sili cates (Fig. 13) (Liou, 1970, 1971, Phil lipotts, 1976) 
the suc ces sion found in the Zhyrychi de posit: pum pel lyite –
preh nite – lau mon tite – wairakite – anal cime+quartz, sug -
gests the de crease of both pres sure and tem pera ture dur ing
min eral pre cipi ta tion. The sta bil ity field of preh nite in di -
cates an ap proxi mate tem pera ture and pres sure of the first
pre cipi ta tion of na tive cop per in the de posit at 300–400°C
and 1.7–4.5 kbar.

Wairakite origi nates at lower pres sure than preh nite and 
at lower tem pera ture and pres sure than lau mon tite (Fig. 13). 
Con se quently, its as so cia tion with high- temperature quartz
druses ap par ently in di cates the zones of dis charge heads.
Anal cime has dis placed Ca min er als with cool ing of the sys -
tem at 100–175°C (ac cord ing to the ho mog eni za tion tem -
pera ture of fluid in clu sions in anal cime). The sul phide min -
er ali za tion is ap par ently con nected with cool ing and oxi da -
tion of the as cend ing hy dro ther mal so lu tions.

The tem pera tures of hy dro ther mal flu ids pre cipi tat ing
Ca alu mi no sili cates in mod ern hy dro ther mal sys tems do not 
ex ceed 170–400°C (Bird et al., 1984). Ac cord ing to the ho -
mog eni za tion tem pera ture of fluid in clu sions in wairakite
(Der evska et al., 2002), the tem pera ture of the Cu- forming
pa laeo hy dro ther mal sys tem in the Rafalovka- Berestovets
cop per field was not lower than 210–335°C. These tem pera -
tures are in good agree ment with the above- described dia -
gram (Fig.13). In the Zhyrychi de posit, wairakite was ap -
par ently formed at simi lar tem pera tures.
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Fig. 14. Rocks and min er als in the ore bod ies of the Zhyrychi de posit. a – lava-brec cia with na tive cop per (white spots); b – smectitized
green tuffite; c – ore-bear ing tuff with na tive cop per (white spots); d – dolerite-bas alts, intersertal tex ture; e – prehnite re places
dolerite-ba salt and forms pseudomorphoses af ter ol iv ine; f – clinochlore spher oid; g – prehnite over grows and cuts pumpellyite; h –
syngenetic in growths of na tive cop per within plumose prehnite;  ag – na tive sil ver; an – analcime; at – augite; ba – bar ite; cc – chalcosite;
ch – chlorite; ct – cu prite; cu – na tive cop per; cv – covel lite; Kf – K-feld spar; lm – laumontite; ol – ol iv ine; pl – plagioclase; pp –
pumpellyite; pr – prehnite; sm – smectite
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Fig. 14. Con tin ued. Rocks and min er als in the ore bod ies of the Zhyrychi
de posit.  i – na tive cop per crys tals in the cen tral part of prehnite veinlet; j –
laumontite hemi sphere with na tive cop per within prehnite; k – de vel op ing
smectite and chlorite in the ore bas alts; l – smectite over grows na tive cop per 
in clu sions in the lower tuffs; m – na tive cop per in clu sions within smectite;
n – bar ite-analcime- smectite- na tive cop per veinlets and amigdules in fis -
sured ba salt; o – analcime spher i cal pseudomorphoses af ter laumontite
hemi sphere; p – na tive cop per within smectite, de vel oped af ter ol iv ine(?); q
– na tive cop per re places mag ne tite; r – den drites of na tive Cu in quartz-
chlorite-smectite veinlet; s – na tive cop per re places piroclast; t – na tive cop -
per fills open spaces in sco ria; u – covel lite and chalcosite in analcimized
tuff; v – cu prite re places na tive cop per; w – na tive sil ver microparticle on
na tive cop per; ag – na tive sil ver; an – analcime; at – augite; ba – bar ite; cc –
chalcosite; ch – chlorite; ct – cu prite; cu – na tive cop per; cv – covel lite; Kf – 
K-feld spar; lm – laumontite; ol – ol iv ine; pl – plagioclase; pp – pumpellyite; 
pr – prehnite; sm – smectite



Pos si ble cop per source

In agree ment with Emetz and Lugova (2006) data, the
iso to pic ox y gen ra tio in prehnite and analcime of the
Zhyrychi de posit tes ti fies mag matic source of ore-form ing
flu ids (re cal cu lated for palaeohydrothermal flu ids
d18OH2O(300°C) = 8.0–9.4‰ and d18OH2O(145°C)=5.5‰ re -
spec tively).

Fol low ing the ex peri men tal data by Holz heid and Lod -
ders (2001), Cu solu bil ity in sili cate melts in creases with
heat ing from 1300 to 1514°C and (or) oxi da tion (acidu la -
tion) of the melts.

The vol canic phase C in the Vol hyn vol canic prov ince
pro duced thick flows of lava of more acidic com po si tion,
than ba salt la vas of the phases A, B and D. This acidu la tion
of the magma was in ter preted by Emetz et al. (2004) as due
to the melt ing of crust ma te rial at the end of the Ven dian
rift ing. Thus, the cool ing of the acidu lated magma cham bers 
could lead to the loss of Cu by evolv ing hot flu ids.

CON CLU SIONS

1. The Zhyrychi de posit is the Michigan- type na tive
cop per de posit with to tal re sources of 15.6 Mt me tal lic Cu.
The re sources of the new ter ri tory lo cated east ward of the
Zhyrychi de posit, in the east ern flank of the Ratne horst,
have been es ti mated at 25 Mt of me tal lic cop per. The ores
also con tain sig nifi cant con cen tra tions of Ag, Pd, Rh and
Au.

2. The ma jor ores oc cur within strata- bound bod ies in
the flood ba salts A, B, C and D and in the lower tuffs. The
ore depo si tion was con trolled by faults and zones of con -
trast ing per me abil ity and re dox po ten tial. The ore min er als
are rep re sented by na tive cop per, oc cur ring in dis semi nated
form, vein lets and nug gets. The ma jor ore ho ri zon is lo cated 
in the lower tuffs.

3. Cop per ores were de pos ited dur ing an cient hy dro -
ther mal ac tiv ity at the end of Ven dian vol can ism un der P-T
con di tions of prehnite- pumpellyite para gene sis, con sist ing
of the se quen tially formed Ca alu mi no sili cates: pum pel lyite
– preh nite – lau mon tite (wairakite) at tem pera ture 400–
200°C.

4. The post- ore min er ali za tion origi nated dur ing zeo li ti -

za tion, smec ti ti za tion and anal ci mi za tion, lead ing to the re -
dis tri bu tion of cop per ore, which re sulted in lo cal en rich -
ment of all ore bod ies in the form of nug gets, but gen er ally
led to Cu ore de struc tion.
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Streszc zenie

GE OLO GIA, MIN ERA LO GIA I GE NEZA Z£O¯A
MIEDZI RODZI MEJ ZHYRYCHI (NW UKRAINA)

Al ex an der Emetz, Adam Pi es trzyñski, Vasyl Zagnitko,
Leonid Pry hodko & Adam Gawe³

Praca przy nosi nowe in for macje na te mat z³o¿a miedzi rodzi -
mej Zhy ri chi, udoku men tow anego w koñcu XX wieku na obsz arze 
NW Ukrainy. Z³o¿e miedzi zlo kali zow ane jest w la wach bazalto-
wych i dolnych ska³ach pi rok lastyc znych, rozdzie laj¹cych cztery
cykle wy lewów oznac zone jako A, B, C i D (Fig. 4). Wiek ska³
zosta³ us ta lony na Vend. Czas pow sta nia trapów ba zal towych wi¹- 
zany jest z ok re sem ak ty wnoœci ry ftowej wzd³u¿ strefy Torn -
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quista. Struk tura cia³ z³o¿owych zosta³a ok reœlona jako strata-
bound. W rzec zy wis toœci s¹ to pseu do pok³ady o mi¹¿szoœci od 0.3
do 2,5 m z za war toœci¹ Cu wa haj¹c¹ siê w grani cach 0,3–12 %
wag. Ok ruszcow anie ma charak ter roz proszony. W stre fie z³o¿o-
wej wystêpuj¹ wzbo gace nia spowo dow ane obec noœci¹ rodzim -
ków (nug getów) i ¿y³ek miedzi rodzi mej. Przy puszc zalne za soby
miedzi me talic znej w z³o¿u Zhy ri chi na obsz arze 120 km2 wy -
nosz¹ 15,6 Mt, zaœ za soby tzw. wschod niego skrzyd³a (na E od
uskoku Ratne, Fig. 3) sza cow ane s¹ na 25 Mt (kate go ria rozpoz-
nania C2). G³ówne cia³o z³o¿owe zlo kali zow ane jest w dolnych
tufach i zawiera 8 Mt miedzi me talic znej w obsz arze Zhyrichi i
12,2 Mt na obsz arze wschod niego skrzyd³a. W stre fie z³o¿owej
stwierd zono domi eszki Ag, Au, Rh i Pd. Za soby Ag i Rh zosta³y
ob lic zone na pod stawie równania przed stawionego w rozdzi ale 6 i

wy nosz¹ od pow ied nio 0,19 Mt i 406 t. Au i Pd wystêpuj¹ lo kal nie
a ich za war toœci siêgaj¹ 2,9 ppm i 1,3 ppm.

MiedŸ rodzima jest g³ównym min era³em kruszcowym w z³o-
¿u. Lo kal nie spo tykane s¹ wzbo gace nia w si arc zki miedzi: chalko -
zyn, di genit, bor nit i kow elin. Rzadko spo tykane jest sre bro ro-
dzime oraz ku pryt. Min era³y kruszcowe wystêpuj¹ w asocjacji z
pum pel lyitem, preh nitem i lau mon tytem. Wytr¹canie min era³ów
kruszcowych nast¹pi³o podczas sch³adza nia roztworów hy dro ter -
malnych u schy³ku Ven dy jskich wy lewów tra powych. Asocjacje
min er alne wska zuj¹ 200–400°C jako przedzia³ tem pera tu rowy
krys tali zacji miedzi rodzi mej. Z³o¿e nale¿y uznaæ jako hy dro ter -
malne. Dowodem tego s¹ lic zne i ro zleg³e strefy zmian hy dro ter -
malnych, takich jak propili tyzacja, smek ty tyzacja i anal cymi zacja, 
ob ser wow ane w ska³ach goszcz¹cych.
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