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The first suite of epidosite from the Cen tral Sudetic Ophiolites has been dis cov ered in the sheeted dyke com plex of the
Mount Œlê¿a ophiolite (SW Po land). Epidosites from the Mount Œlê¿a ophiolite rep re sent A-type epidosites which
metasomatically re placed diabasic sheeted dykes of the Strzegomiany–Kunów Fe-Ti min er ali sa tion zone. They form
decimetre-scale elon gated pis ta chio-green patches or veins within sin gle dykes. Their com po si tion (quartz + epidote + ti tan -
ite) is an a logue to Troodos ophiolite end-mem ber epidosite of Cy prus. The pistacite con tent of epidote range from Ps16 to
Ps31 and is sim i lar to those from other ophiolitic epidosites. Ti tan ite is low in Al2O3 (0.61 to 1.10 wt.%) and Fe2O3 (0.43 to
0.63 wt.%) and high in V2O5 (from 0.22 to 0.47 wt.%). The pres ence of epidosites in the Mount Œlê¿a ophiolite can be con sid -
ered as an ev i dence of its su pra-subduction zone (SSZ) af fin ity. Fi nally, a di rect link be tween the epidosite for ma tion and the
re lease of base met als from its protolith (Cu, Zn and Co) in di cates the pos si bil ity of the Cy prus-type volcanogenic mas sive
sul phide de posit (VMS) for ma tion in the Mount Œlê¿a ophiolite.
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INTRODUCTION

Epidosites are char ac ter ized by metasomatic re place ment
of pri mary ig ne ous min er als by granoblastic as sem blages of
quartz + epidote ± ti tan ite ± chlorite ± actinolite (Alt, 1995;
Banerjee et al., 2000; Tivey, 2007; Jowitt et al., 2012). In the
field, epidosites have a spec tac u lar pis ta chio-green col our. Pet -
ro log i cal, geo chem i cal, iso to pic and field data sug gest that they 
form in the upflow zones at the base of ac tive ore-form ing oce -
anic hy dro ther mal sys tems that vent as a black smoker on the
ocean-floor (Nehlig et al., 1994; Alt, 1995; Banerjee et al., 2000; 
Pirajno, 2009). Epidosites are lo cal ized be low large mas sive
sul phide de pos its form ing the deep upwelling feeder zones for
the de pos its (Alt, 1995). As a re sult, de tec tion of epidosites may 
be a use ful tool for the prospection of ophiolite-re lated VMS de -
pos its (Jowitt et al., 2007). Epidosites are found in many su -
pra-subduction zone ophiolites, in clud ing Troodos (Jowitt,
2012), Samail (Nehlig et al., 1994) and Jo se phine (Harper,
1995), as well as in mod ern su pra-subduction-re lated en vi ron -
ments (e.g., Tonga forearc, Banerjee et al., 2000). Sim i lar i ties
be tween both mod ern and an cient epidosites and their ab sence 
in the mid-ocean ridge re cord in di cate that tec tonic set ting is an
im por tant fac tor con trol ling the for ma tion of epidosites. 

In this pa per we re port on newly dis cov ered epidosites from
the sheeted dyke com plex of the Mount Œlê¿a ophiolite that rep -
re sents the first doc u mented suite from the Cen tral Sudetic
Ophiolites. Pet ro log i cal, geo chem i cal, min er al og i cal and micro -
probe data are used for a brief de scrip tion of these peculiar
rocks.

OPHIOLITE-RELATED EPIDOSITE TYPES

Ophiolitic epidosites typ i cally oc cur within the lower half of
ba saltic sheeted dykes (type A) and plagiogranitic bod ies (type
B) (Banerjee et al., 2000). Within ba saltic sheeted dyke com -
plexes, epidosites form patches or stripes within a sin gle dyke
(Nehlig et al., 1994) or com pose large zones (as much as hun -
dreds of metres) of com pletely recrystallised dykes (Philips -
-Lander and Dilek, 2009). Plagiogranite-hosted epidosites oc -
cur as ir reg u lar patches up to a few metres wide (Banerjee et
al., 2000). Con ti nen tal-crustal, skarn-re lated epidosites (e.g.,
cen tral Bo he mian Vlastìjovice skarn; Vrána and Frýda, 2003)
are not the sub ject of this pa per.

On the ba sis of sec ond ary min er al ogy, Jowitt et al. (2012)
di vided the well-de vel oped epidosite zone of Spillia-Kanavia
from the Troodos ophiolite sheeted dyke com plex into four fa -
cies. In or der of de creas ing modal am phi bole and in creas ing
modal epidote, these are: 

– diabase; 

– tran si tional diabase–epidosite; 

– in ter me di ate epidosite;

– end-mem ber epidosite. 
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Diabase is made up of am phi bole + albitic plagioclase +
chlorite ± epidote ± quartz ± Fe-Ti ox ides ± ti tan ite and re tains
an ig ne ous tex ture. Il men ite is partly re placed by ti tan ite. Tran -
si tional diabase-epidosite con tains the same min eral as sem -
blage as diabase, but abun dance of chlorite (>30%), quartz
(15–30%) and epidote (15–30%) is con sid er ably higher. This
al ter ation fa cies lacks an ig ne ous tex ture. In ter me di ate
epidosite is made up of epidote (>30%), quartz (>30%) and
chlorite (15–30%) with no rel ics of ig ne ous tex tures. Fi nally,
end-mem ber epidosite con sists al most en tirely of epidote (up to 
63%) and quartz with mi nor chlorite (up to 10%). Ac ces sory ti -
tan ite oc curs through all the fa cies, but is more abundant in
epidote-rich lithologies (especially end-member epidosite).

GEOLOGICAL SETTING

The Cen tral Sudetic Ophiolites (Mount Œlê¿a ophiolite,
Szklary Mas sif, Nowa Ruda Mas sif, and Braszowice–BrzeŸnica 
Mas sif) are ca. 400 Ma (Olivier et al., 1993; Dubiñska et al.,
2004; Kryza and Pin, 2010), rel a tively well-pre served ophiolitic
suites de lin eate likely ma jor Sudetic tec tonic su tures. These
large ultra mafic-mafic com plexes are among the best-pre -
served and com plete ophiolitic se quences in the Variscan Belt
(Kryza and Pin, 2010). The larg est of the Cen tral Sudetic
Ophiolites, the Mount Œlê¿a ophiolite (named by Majerowicz,
1979), has pre served a com plete ophiolite pseudostratigraphic
se quence (see Floyd et al., 2002 and ref er ences therein). From
south to north (bot tom to top) the Mount Œlê¿a ophiolite com -
prises: serpentitised and tectonised peri dot ites, pyroxene- and
am phi bole-rich rocks (ultra mafic cumulates), metagabbros
(pre do m i nantly mafic cumulates) of the Mount Œlê¿a Mas sif,
sheeted dykes and lavas (with rare pil lowed bas alts) and fi nally
dark radiolaria-bear ing metacherts (pe lagic sed i men tary co -
ver). Apart from the ba sic mem bers, small bod ies of rodingi tes
and plagiogranites are found (Dubiñska and Gunia, 1997;
Kryza, 2011). Fi nally, the age of gra nitic veins of con ti nen -
tal-crustal af fin ity (ca. 337 Ma) cross cut ting the ultra mafic mem -
ber of the Mount Œlê¿a ophiolite in di cates the prob a ble min i mal
age of obduction (Kryza, 2011). 

The Mount Œlê¿a ophiolite is char ac ter ized by a dis tinct
geo chem i cal con trast be tween plutonic and subvolcanic/vol ca -
nic mem bers. The lat ter rep re sents more evolved mag mas
[MgO/(MgO + FeO) = 0.27–0.30 com pared with plutonic
MgO/(MgO + FeO) = 0.50–0.75] with rel a tively higher con cen -
tra tions of Fe, Ti, V, P and other in com pat i ble el e ments (Kryza
and Pin, 2010). Ac cord ing to the clas si fi ca tion di a gram of
Winchester and Floyd the subvolcanic/vol ca nic mem ber can be 
clas si fied as andesites (Kryza and Pin, 2010). In the field the
discriminative fea ture of the subvolcanic/vol ca nic mem ber is
abun dance of Fe-Ti ox ides (up to 30% of il men ite).

Meta mor phic and struc tural de vel op ment of the ophiolite
suite in ferred from ultra mafic rocks, as so ci ated rodingites
(Dubiñska and Gunia, 1997) and metagabbros (Majerowicz et
al., 2000; Jêdrysek et al., 2000) re fers to the typ i cal se quence of 
oce anic and sub se quent con ti nen tal meta mor phic events.

PETROGRAPHY

EPIDOSITE

Epidosite suite is ex posed in a sheeted dyke com plex out -
crop lo cated 380 m a.s.l. within a mor pho log i cal ridge that de lin -
eates the strike of the Strzegomiany–Kunów min er ali sa tion zone

(Fig. 1). Only A-type epidosites are pres ent in the Mount Œlê¿a
ophiolite col lec tion. Dis cov ered epidosites are pre served as
patches or rel a tively thin (<5 cm) veins within a sin gle dyke. All of
the col lected epidosite sam ples have a dis tinc tive green col our
con trast ing with dark green ish-grey metadiabase (pro tholite). 

The min eral as sem blage of epidosites from the Mount
Œlê¿a ophiolite is anal o gous to end-mem ber epidosite from Cy -
prus (Jowitt et al., 2012). They are char ac ter ized by the meta -
somatic re place ment of ig ne ous tex tures and min er als by fine-
to me dium-grained granoblastic as sem blages of quartz +
epidote + ti tan ite (Fig. 2). Ac ces sory phases, where pres ent, in -
clude am phi bole and il men ite dis sem i nated in quartz -epidote
ma trix. The for mer oc curs as fine acicular crys tals (Fig. 3). The
lat ter shows skel e tal tex tures (rel ics af ter dis solved titano -
magne tite) and is com monly re placed by ti tan ite. De gree of il -
men ite al ter ation var ies from par tial (rims en cir cling Fe-Ti ox ide
grains) to com plete re place ment (Figs. 4 and 5). Il men ite is
likely the only relic of pri mary, ig ne ous min eral as sem blage.
Lack of chlorite in the col lected rock ma te rial is symp tom atic for
the most al tered epidosite suites (Jowitt et al., 2012).

No voids or ves i cles were ob served, nev er the less bi modal
grain-size dis tri bu tion of quartz and epidote in di cates pos si bil ity
of pore-fill ing growth of metasomatic phases. A fine-grained
(avg. 20 mm), tur bid, anhedral pop u la tion of quartz and epidote
ap pears to have grown as a groundmass re place ment. Me -
dium-grained (avg. 250 mm), clear, anhedral to pris matic grains
of quartz and epidote are typ i cal for growth in pore space
(Banerjee et al., 2000). Fluid in clu sions are ubiq ui tous through
both pop u la tions. 

The con tact be tween end-mem ber epidosite and protholite
(diabase sensu Jowitt et al., 2012) is sharp (Fig. 6). No tran si -
tion fa cies (in ter me di ate epidosite or tran si tional diabase -
-epidosite) were ob served.

PROTHOLITE

Epidosite protholite is green ish-grey, fine grained meta -
dolerite that have pre served ev i dent relic ig ne ous tex ture (Fig. 7). 
Pri mary plagioclase (30%) is re placed by gran u lar al bite–an de -
sine (Majerowicz and Pin, 1994) and green am phi bole in the form 
of acicular ag gre gates. Pri mary pyroxene is com pletely re placed
by felted masses of green to pale green am phi bole (30%). No rel -
ics of pyroxene were ob served. Il men ite laths (30%) form skel e tal 
rel ics af ter par tially dis solved titano magnetite. Space left af ter
mag ne tite is com pletely filled with as sem blage of sec ond ary
plagioclase + green am phi bole. Mi nor rel ics of martitised mag ne -
tite oc cupy in ner parts of titano magnetite rel ics (Fig. 7), in the
prox im ity of epidosite, il men ite is rimmed by ti tan ite. Ac ces sory
phases in clude chlorite, epidote, sulphides (py rite, pyrrhotite and
chal co py rite) and quartz. 

The iso to pic mass-bal ance of sul phur sug gests that at least
20% of to tal sul phur in the Mount Œlê¿a ophiolite sub volca -
nic/vol ca nic mem ber was as sim i lated from sea wa ter. The rest
of sul phur (80%) is of mag matic or i gin (Jêdrysek et al., 2000).
Sig nif i cant mag matic SO2 in puts have been de scribed from
seamounts and arc-re lated set tings (Sedwick et al, 1992). Im -
por tance of such in puts in the mid-ocean ridge (MOR) hy dro -
ther mal sys tem is not known (Alt, 1995).

The meta mor phic min eral as sem blage and tex tures are typ -
i cal for greenschist fa cies of sheeted dyke com plexes (Heft et
al., 2008). Pet ro log i cal ev i dence is sup ported by sul phur iso -
tope ra tios. The tem per a ture ob tained for the chal co py -
rite–pyrrho tite pair yielded is about 450°C (Jêdrysek et al.,
2000). In terms of Jowitt et al. (2012), protholite of Mount Œlê¿a
ophiolite epidosites is anal o gous to diabase fa cies of the
Spillia–Kanavia epidosite zone. 
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MINERAL CHEMISTRY

Elec tron-microprobe anal y ses of epidote and ti tan ite were
car ried out at the Fac ulty of Ge ol ogy of War saw Uni ver sity with
a Camexa SX100. The anal y ses were done us ing a fo cused

beam, the ac cel er at ing volt age and cur rent of the fo cused
beam be ing 15 keV and 20 nA, re spec tively.

Rep re sen ta tive anal y ses of ti tan ite are given in Ap pen -
dix 1*. The Al2O3 and Fe2O3 con tents range from 0.61 to
1.10 wt.% and from 0.43 to 0.63 wt.%, re spec tively. The ti tan ite
also shows a mi nor F con tent (from 0.00 to 0.22 wt.%) and trace 
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Fig. 1. Geo log i cal map of the Mount Œlê¿a area (plutonic, subvolcanic and vol ca nic
mem bers of the ophiolite se quence (mod i fied from GaŸdzik, 1957)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1317

https://gq.pgi.gov.pl/rt/suppFileMetadata/24916/0/2890
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Fig. 3. Pho to mi cro graph of the Œlê¿a ophiolite end-mem ber
epidosite (Qtz + Ep) with ac ces sory acicular am phi bole (Amp)

Trans mit ted PPL light

Fig. 2. Pho to mi cro graph of the Mount Œlê¿a ophiolite
end-mem ber epidosite char ac ter ized by granoblastic 

as sem blage of clear and tur bid quartz (Qtz) + epidote (Ep) 

A – trans mit ted XPL light, B – trans mit ted PPL light

Fig. 4. Pho to mi cro graph of the Mount Œlê¿a ophiolite
end-mem ber epidosite with relic of pri mary ig ne ous 

il men ite (Ilm) rimmed by ti tan ite (Ttn) 

Il men ite grains are ran domly dis sem i nated in quartz (Qtz) +
+ epidote (Ep) ma trix; A – trans mit ted XPL light, 

B – trans mit ted PPL light

Fig. 5. Pho to mi cro graph of il men ite (Ilm) grain al most 
com pletely re placed by ti tan ite (Ttn)

Trans mit ted XPL light



of Cl (max. 0.001 wt.%). Un usual and high V2O5 con tent (from
0.22 to 0.47 wt.%) can be con sid ered as a func tion of the
titanomagnetite com po si tion (up to 1.9 wt.% V2O5 in mag ne tite,
au thor’s un pub lished data) and the fluid – ti tan ite par ti tion co ef -
fi cient. The ti tan ite shows some Al + Fe3+ ex cess over F, which
in di cates the op er a tion of ad di tional Al-in volv ing sub sti tu tion re -
ac tions (René, 2011). No ob vi ous zonation and sig nif i cant vari -
a tions in the chem i cal com po si tion were ob served. 

Rep re sen ta tive com po si tion of re sid ual il men ite is given in
Ap pen dix 2. The ana lysed il men ite has a very low amount of
pyrophanite (MnTiO3, MnO up to 1.70 wt.%) and geikelite
(MgTiO3, MgO up to 0.054 wt.%) com po nents. The amount of
he ma tite com po nent is also neg li gi ble (Fe2O3 con tent up to
1.057 wt.%).

Rep re sen ta tive anal y sis of epidote are given in Ap pen dix 3.
The con tent of pistacite [Ps, Ca2Fe3Si3O12(OH) end mem ber] in
epidote ranges from Ps16 to Ps31, with the av er age of Ps24. The
con tents of REE in the ti tan ite are un der the de tec tion limit of
microprobe anal y sis.

SIGNIFICANCE OF EPIDOSITES 
IN OPHIOLITIC SUITES

For ma tion of epidosites is broadly con sid ered as one of the
most cru cial subsea-floor pro cesses in the mid-ocean ridge hy -
dro ther mal sys tems (Alt, 1995). At the base of an ac tive, mid-
 ocean ridge hy dro ther mal sys tem, the so-called re ac tion zone
(340–465°C and 350–550 bars; Von Damm, 1990) where con -
di tions are close to the crit i cal point for sea wa ter (Bis choff and
Rosenbauer, 1985), the phys i cal prop er ties of hy dro ther mal flu -
ids change dras ti cally. When crit i cal con di tions are ap proa -
ched, the den sity and the vis cos ity of flu ids reach their min ima
while the co ef fi cient of ther mal ex pan sion and the heat ca pac ity
reach their max ima. These fac tors com bine to limit fur ther heat -
ing of hy dro ther mal flu ids and pro mote rapid upflow of evolved
(i.a., acidic, anoxic, Ca-en riched, Mg-de pleted and base-metal
rich) hy dro ther mal so lu tions (Alt, 1995). Upflow zones of the
oce anic hy dro ther mal sys tem can be clas si fied as dif fu sive and
fo cused (Alt, 1995). Dif fu sive upflow zones do not chan nel flu -
ids di rectly onto the ocean-floor (i.e. hy dro ther mal flu ids mix
with near-am bi ent sea wa ter of the up per most crustal aqui fer).
Fo cused upflow zones suf fi ciently chan nel high tem per a ture
flu ids to vent di rectly onto the sea-floor as black smok ers (e.g.,
Fornari and Embley, 1995).

Deep, fo cused hy dro ther mal upflow zones of ophiolites
(low er most sheeted dyke or sheeted dyke-gab bro tran si tion
hosted) are char ac ter ized by epidosites (Nehlig et al., 1994; Alt,
1995). Epidosites are lo cal ized be low large VMS sul phide de -
pos its, form ing the deep upwelling feeder zones for the de posit
(Nehlig et al., 1994; Varga et al., 1999; Jowitt et al., 2012). In
well-pre served ophiolites (e.g., Samail; Nehlig et al., 1994), fo -
cused upflow zones are in ferred to ex tend up ward from epi -
dosites into zones of quartz + epidote veins, which can then be
traced to quartz + sul phide ± epidote veins and argillic al ter ation 
be neath shal low stockwork feeder zones for mas sive sul phide
de pos its. A de tailed study of base metal (Cu, Zn, Mn, Ni and
Co) leach ing from epidosites of Troodos ophiolite (Jowitt et al.,
2012) plau si bly char ac ter ized a di rect link be tween the epi -
dosite for ma tion and the re lease of base met als into the ore -
-form ing oce anic hy dro ther mal sys tem. 

The o ret i cal stud ies sug gest that epidosites should ex ist at
mid-ocean ridges (Seyfried et al., 1988), but they are con spic u -
ously rare in the rock re cord from mod ern oce anic set tings
(Banerjee et al., 2000). In con trast, epidosites com prise sev eral
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Fig. 6. Pho to mi cro graph of con tact be tween end-mem ber
epidosite (Qtz + Ep + Amp) and protholite rock-form ing 

am phi bole (Amp I); note sharp char ac ter of con tact 

A – trans mit ted XPL light, B – trans mit ted PPL light 

Fig. 7. Pho to mi cro graph of protholite metadiabase com posed
of rock-form ing am phi bole (Amp I), plagioclase (Plg)

and il men ite rel ics af ter titanomagnetite (Ilm)

Note pres er va tion of ig ne ous tex ture and lack of mag matic
pyroxene; trans mit ted XPL light  

https://gq.pgi.gov.pl/rt/suppFileMetadata/24916/0/2891
https://gq.pgi.gov.pl/rt/suppFileMetadata/24916/0/2892


per cent of the sheeted dyke com plexes in ophiolites (Alt,
1995). The lack of these pe cu liar rocks from the mod ern oce -
anic set tings can be in ter preted as a fun da men tal dif fer ence
be tween the oce anic and ophiolitic crust. The first well-doc u -
mented and mod ern epidosite suites were re cov ered from the
Tonga forearc (Banerjee and Gills, 2001). Ton gan forearc
epidosites formed un der con di tions sim i lar to many su -
pra-subduction zone (SSZ) ophiolites (e.g., Troodos, Samail
and Josphine; Nehlig et al., 1994; Harper, 1995; Jowitt et al.,
2012). Alt et al. (1998) sug gest that the de gree of hy dro ther mal
al ter ation in forearcs is more ex ten sive and oc curs at a higher
wa ter/rock ra tio than at mid-ocean ridges, and is com pa ra ble to
those ob served in SSZ ophio lites. High wa ter/rock ra tio
(500–1000) is typ i cal for epidosite for ma tion (Alt, 1995). The
sim i lar ity be tween mod ern forearc epidosites and SSZ ophiolite 
epidosites sug gests that the subduction fac tor plays a sig nif i -
cant role in their for ma tion. 

As men tioned above, the epidosite for ma tion cor re sponds
with the ear li est (ocean-floor) event in meta mor phic his tory of
ophiolitic se quences. In the plutonic and subvolcanic/vol ca nic
mem bers of the Mount Œlê¿a ophiolite the im print of oce anic
stage (strictly on-axis) is lo cally over printed to oblit er ated by
Variscan re ju ve na tion (au thor’s un pub lished data). The re ju ve -
na tion is con nected with a post-orogenic in tru sion of Strzegom -
-Sobótka granitoid (see Turniak et al., 2014 and ref er ences
therein). The granitoid in tru sion pro duced a nar row (<200 m),
zoned con tact au re ole. The in ner most zone of the au re ole is
marked by the pres ence of hornblende-plagioclase hornfels
with dis crete epidote + zoizite + di op side + gar net skarn-like
veins. The hornfels grad u ally tran sit to greenschist fa cies (epi -
dote + al bite + Cu-Fe sulphides) patchy over prints. Nev er the -
less, the dis cov ered epidosite suite is lo cated be yond the out er -
most (greenschist) zone of the con tact au re ole, and should not
be con nected with Variscan over print. 

CONCLUDING REMARKS

Epidosites from the Mount Œlê¿a ophiolite are hosted in a ba -
saltic/andesitic sheeted dyke com plex and rep re sent A-type
epidosites. Key char ac ter is tic of the dis cov ered rock suite is the
re duc tion of phases to a granoblastic as so ci a tion of quartz +
epidote + ti tan ite com bined with com plete re place ment of ig ne -

ous tex tures and al most com plete re place ment of the pri mary
min eral as sem blage (rel ics of il men ite with low MgTiO3 and
MnTiO3 com po nent, typ i cal for gabbroic rocks; Haggerty, 1976).
The min eral as sem blage (i.e. lack of chlorite) and metasomatic
tex ture of the Mount Œlê¿a ophiolite epidosites are sim i lar to
those from Cy prus (Troodos ophiolite) end-mem ber epidosites of 
the Spillia–Kanavia zone (in terms of Jowitt et al., 2012). The iso -
tope mass-bal ance of sul phur from ba salt/an de site protholite
sulphides sug gests that the Mount Œlê¿a ophiolite epidosites in -
ter act with sea wa ter de rived and mag matic (de gassed) flu ids at
the tem per a ture of about 450°C (Jêdrysek et al., 2000). Chem i -
cal com po si tion of epidote (Ps16 to Ps31) is anal o gous to other
ophiolite-hosted A-type epidosites (i.e. Samail ophiolite; Nehlig et 
al., 1994). Gabbroic af fin ity of il men ite di rectly points to A-type
epidosite. These char ac ter is tics point to ward their for ma tion at
the base of fo cused upflow zone be neath an ac tive, ore-form ing
mid-ocean ridge hy dro ther mal sys tem that vent as a black smok -
ers on the ocean-floor. The pres ence of epidosite suite in the
Mount Œlê¿a ophiolite can be thus in ter preted as a rem nant of a
feeder zone for at least once pres ent de posit (Cu, Zn and Co).
Such a pos si bil ity has never been con sid ered as a pro spec tive
one for the Cen tral Sudetic Ophiolites (Olszyñski et al., 2001;
Mikulski, 2012 and ref er ences therein), nev er the less, the re la -
tions be tween sul phide min er ali sa tion and vol ca nic mem bers of
ophiolitic com plexes were kept in mind (Olszyñski et al., 2001;
Mikulski, 2004). 

The pres ence of epidosites in SSZ af fin ity ophiolites, mod -
ern subduction-re lated en vi ron ments, and their ab sence in
MOR point to a con clu sion that tec tonic set ting is an im por tant
fac tor con trol ling their for ma tion. Ac cord ing to the above-men -
tioned struc tural prem ise, epidosites can be con sid ered as an
ev i dence of SSZ af fin ity of the Mount Œlê¿a ophiolite. The
SSZ-re lated or i gin of at least part of the ophiolite was pro posed
by Dubiñska and Gunia (1997) and Delura (2012). 

Ac knowl edge ments. The study was sup ported by the in -
sti tu tional doc toral re search fund ing DSM 110739. I am grate ful
to two anon y mous re view ers for valu able com ments and sug -
ges tions. I am also grate ful to ed i tor Prof. S. Z. Mikulski for thor -
ough ed i to rial han dling and Dr. K. Delura for help ful com ments
on the early ver sion of the manu script. My bride-to-be is warmly
thanked for GIS pro fes sional ad vice.

REFERENCES

Alt, J.C., 1995. Subseafloor pro cesses in mid-ocean ridge hy dro -
ther mal sys tem. Geo phys i cal Mono graph, 91: 85–114.

Alt, J.C., Teagle, D.A.H., Brewer, T., Shanks, W.C. III., Halliday,
A., 1998. Al ter ation and min er al iza tion of an oce anic forearc
and the ophiolite-ocean crust anal ogy. Jour nal of Geo phys i cal
Re search, 103: 12365–12380.

Banerjee, N.R., Gills, K.M., 2001. Hy dro ther mal al ter ation in a
mod ern suprasubduction zone: the Tonga Forearc crust. Jour -
nal of Geo phys i cal Re search, 106: 21737–21750.

Banerjee, N.R., Gills, K.M., Muehlenbachs, K., 2000. Dis cov ery of 
epidosites in a mod ern oce anic set ting, the Tonga forearc. Ge ol -
ogy, 28: 151–154.

Bis choff, J.L., Rosenbauer, R.J., 1985. An em pir i cal equa tion of
state for hy dro ther mal sea wa ter (3.2 per cent NaCl). Amer i can
Jour nal of Sci ence, 285: 725–763.

Delura, K., 2012. Chro mites from the Sudetic ophiolite: or i gin and
al ter ation. AM Mono graph, 4: 1–91.

Dubiñska, E., Gunia, P., 1997. The Sudetic ophiolite cur rent view
on its geodynamic model. Geo log i cal Quar terly, 41 (1): 1–20. 

Dubiñska, E., Bylina, P., Koz³owski, A., Dorr, W., Nejbert, K.,
Shastok, J., Kulicki, C., 2004. U-Pb dat ing of serpentinization:
hy dro ther mal zir con from metasomatic rodingite shell (Sudetic
ophiolite, SW Po land). Chem i cal Ge ol ogy, 203: 183–203.

Floyd, P.A., Kryza, R., Crowley, G., Winchester, J.A., Abdel
Wahed, M., 2002. Œlê¿a ophiolite: geo chem i cal fea tures and re -
la tion ship to Lower Palaeozoic rift magmatism in the Bo he mian
Mas sif. Geo log i cal So ci ety Spe cial Pub li ca tions, 201: 197–215. 

Fornari, D.J., Embley, R.W., 1995. Tec tonic and vol ca nic con trols
on hy dro ther mal pro cesses at the mid-ocean ridge: an over view
based on near-bot tom and sub mers ible stud ies. Geo phys i cal
Mono graph, 91: 85–114.

104 Micha³ Klukowski



GaŸdzik, J., 1957. Szczegó³owa Mapa Geologiczna Sudetów
1:25000, arkusz Sobótka (in Pol ish). Wyd. Geol., Warszawa.

Haggerty, S.E., 1976. Opaque min eral ox ides in ter res trial ig ne ous
rocks. Min er al og i cal So ci ety of Amer ica Short Course Notes, 3:
101–300.

Harper, G.D., 1995. Pumpellyosite and prehnitite as so ci ated with
epidosite in the Jo se phine ophiolite – Ca metasomatism dur ing
upwelling of hy dro ther mal flu ids at a spread ing axis. GSA Spe -
cial Pa per, 296: 101–122. 

Heft, K.L., Gills, K.M., Pollock, M.A., Karson, J.A., Klein, E.M.,
2008. Role of upwelling hy dro ther mal flu ids in the de vel op ment
of al ter ation pat terns at fast spread ing ridges: ev i dence from the 
sheeted dike com plex at Pito Deep. Geo chem is try, Geo phys ics, 
Geosystems, 9: 1–21.

Jêdrysek, M.O., Weber-Weller, A., Szynkiewicz, A., Mierze jewski,
M., 2000. Evo lu tion of Œlê¿a and Nowa Ruda ophiolites: oce anic
and con ti nen tal stages re corded in sta ble iso tope com po si tion of
ox ides, car bon ates and sulphides. Geolines, 10: 37–39. 

Jowitt, S.M., Jenkim, G.R.T., Coogan, L.A., Naden, J., Chenery,
S.R.N., 2007. Epidosites of the Troodos ophiolite: a di rect link
be tween al ter ation of dykes and re lease of base met als into
ore-form ing hy dro ther mal sys tem. So ci ety for Ge ol ogy Ap plied
to Min eral De pos its (SGA) 9th Biennal Meet ing, Dub lin, Ire land,
con fer ence ab stract.

Jowitt, S.M., Jenkin, G.R.T., Coogan, L.A., Naden, J., 2012.
Quan ti fy ing the re lease of base met als from source rocks for
volcanogenic mas sive sul fide de pos its: ef fect of protolith com -
po si tion and al ter ation min er al ogy. Jour nal of Geo chem i cal Ex -
plo ra tion, 118: 47–59.

Kryza, R., 2011. Early Car bon if er ous (~337 Ma) gran ite in tru sion in
De vo nian (~400 Ma) ophiolite of the Cen tral-Eu ro pean Varis -
cides. Geo log i cal Quar terly, 55 (3): 213–222.

Kryza, R., Pin, C., 2010. The Cen tral-Sudetic ophiolites (SW Po -
land): petro gen etic is sues, geo chron ol ogy and palaeotectonics
im pli ca tions. Gond wana Re search, 17: 292–305.

Majerowicz, A., 1979. Grupa górska Œlê¿y a wspó³czesne pro blemy
geologiczne ofiolitów (in Pol ish). Materia³y konferencji terenowej
Nowa Ruda, 8–9.09.79: 1–2. Uniwersytet Wroc³awski.

Majerowicz, A., Pin, C., 1994. The main pet ro log i cal prob lems of
the Mt. Œlê¿a ophiolite com plex, Sudetes, Po land. Zentralblatt
für Geologie und Paläontologie, (1): 989–1018.

Majerowicz, A., Kryza, R., Wróblewska, G., 2000. Diallagite
pegmatitoids from Mt. Œlê¿a gab bro. In: Tec ton ics of the Œlê¿a
Mt Ophiolite and its In flu ence on the Dis tri bu tion of Some Min -
eral Ores and Ground wa ter (ed. M. Mierzejewski): 49–54. Insty -
tut Nauk Geologicznych, Uniwersytet Wroc³awski, Wroc³aw.

Mikulski, S., 2004. Ophiolitic com plex of the Troodos Mas sif (Cy -
prus) and as so ci ated ore mineralisations (in Pol ish with Eng lish
sum mary). Przegl¹d Geologiczny, 52: 135–137

Mikulski, S., 2012. The oc cur rence and pro spec tive re sources of
nickel ores in Po land (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 448: 287–296.

Nehlig, P., Juteau, T., Bendel, V., Cotten, J., 1994. The root zones of 
oce anic hy dro ther mal sys tems: con straints from the Samail
ophio lite (Oman). Jour nal of Geo phys i cal Re search, 99:
4703–4713.

Olivier, G.J.H., Corfu, F., Krough, T.E., 1993. U-Pb ages from SW
Po land: ev i dence for a Cal edo nian su ture zone be tween Baltica
and Gond wana. Jour nal of the Geo log i cal So ci ety, 150: 355–369.

Olszyñski, W., Mikulski, S., Speczik, S., 2001. De pos its and ore
min er ali sa tion as so ci ated with ophiolite com plexes in the
Sudetes Mts. (Po land). In: Min eral De pos its at the Be gin ning of
the 21st Cen tury (eds. A. Piestrzyñski et al.): 615–618. A.A.
Balkema, Lisse, The Neth er lands.

Philips-Lander, C.M., Dilek, Y., 2009. Struc tural ar chi tec ture of the
sheeted dike com plex and extensional tec ton ics of the Ju ras sic
Mirdita ophiolite, Al ba nia. Lithos, 108: 192–206.

Pirajno, F., 2009. Hy dro ther mal pro cesses and min eral sys tems.
Springer Sci ence + Busi ness Me dia B.V., Berlin, Hei del berg.

Sedwick, P.N., McMurtry, G.M., MacDugall, J.D., 1992. Chem is try
of hy dro ther mal so lu tions from Pele Vents, Loihi seamount, Ha -
waii. Geochimica et Cosmochimica Acta, 56: 3643–3667.

Seyfried, W.E., Berndt, M.E., Seewald, J.S., 1988. Hy dro ther mal
al ter ation pro cesses at mid-ocean ridges: con straints from
diabase al ter ation ex per i ments, hot-spring flu ids and com po si -
tion of the oce anic crust. Ca na dian Min er al o gist, 26: 787–804.

Tivey, M.K., 2007. Gen er a tion of seafloor hy dro ther mal vent flu ids
and as so ci ated min eral de pos its. Ocean og ra phy, 20: 50–65.

Turniak, K., Mazur, S., Domañska-Siuda, J., Szuszkiewicz, A.,
2014. SHRIMP U-Pb zir con dat ing for granitoids from the
Strzegom-Sobótka Mas sif, SW Po land: con straints on the ini tial
time of Permo-Me so zoic litho sphere thin ning be neath Cen tral
Eu rope. Lithos, 208–209: 415–429.

Varga, R.J., Gee, J.S., Bettison-Varga, L., An der son, R.S., John -
son, C.l., 1999. Early es tab lish ment of seafloor hy dro ther mal
sys tems dur ing struc tural ex ten sion: paleomagnetic ev i dence
from the Troodos ophiolite, Cy prus. Earth and Plan e tary Sci -
ence Let ters, 171: 221–235.

Von Damm, K.L., 1990. Seafloor hy dro ther mal ac tiv ity: black
smoker chem is try and chim neys. An nual Re view of Earth and
Plan e tary Sci ences, 18: 173–204.

Vrána, S., Frýda, J., 2003. Ultrahigh-pres sure grossular-rich
garnetite from the Moldanubian Zone, Czech Re pub lic. Eu ro -
pean Jour nal of Min er al ogy, 15: 43–54.

Discovery of epidosites in the Mount Œlê¿a ophiolite (Fore-Sudetic Block, SW Poland) 105


