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A small (280 ́  140 m) out crop of peridotite oc curs on Popiel Hill (Sudetes, SW Po land) within the low-grade metabasic rocks
of the Rudawy Janowickie Com plex, which form the east ern and northeast ern cover of the Variscan Karkonosze gran ite. The 
peridotite is sit u ated on the Intra-Sudetic Fault, one of the ma jor Variscan dis lo ca tions in the re gion. The rock con sists of
strongly tectonised ol iv ine (Fo84–88) and orthopyroxene (Mg# 0.84–0.88) ag gre gates, over grown by tremolite-
 magnesiohornblende, lo cally form ing large crys tals, em bed ded in ser pen tine. Spinel and mag ne tite are sub or di nate; il men -
ite, Fe-sul fide, and ap a tite are ac ces so ries. The bulk-rock chem i cal com po si tion sug gests a lherzolitic com po si tion and the
oc cur rence of pri mary clinopyroxene, now com pletely re placed by tremolite and magnesiohornblende. Rare Earth El e ment
pat terns are flat, slightly en riched rel a tively to prim i tive man tle, as is typ i cal of is land arc tholeiites. Ol iv ine, orthopyroxene,
and spinel were the first to crys tal lize, and they rep re sent rel ics of a pri mary ig ne ous as sem blage. They were fol lowed by
tremolite and ser pen tine, formed dur ing up lift and re lated meta mor phism. The last min eral to crystallise was magnesio -
hornblende, which orig i nated due to con tact meta mor phism by the Karkonosze gran ite magma. The Popiel peridotite prob a -
bly rep re sents a small slice of lherzolitic cu mu late, which orig i nated in a tholeiitic magma cham ber at the roots of a
su pra-subduction vol ca nic arc.
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INTRODUCTION

The slightly meta mor phosed peridotite, oc cur ring on Popiel
Hill in the West ern Sudetes in SW Po land (Fig. 1), is one of the
clas sic prob lems of the ge ol ogy of the re gion. The very
fine-grained peridotite has been a chal lenge for mi cro scopic
stud ies, which failed to ex plain the se quence of min eral
crystallisation and the or i gin of the rock, the pri mary ig ne ous
min er als of which are over printed by meta mor phic phases.
Con se quently, the first pro posal re gard ing the or i gin of the
Popiel peridotite was based on  a geo chem i cal study of the sur -
round ing meta vol can ic rocks – Narêbski (1990, 1993) pro -
posed that the Popiel Hill peridotite is of “Alas kan” (i.e. vol ca -
nic-arc) type and orig i nated in a su pra-subduction tec tonic set -
ting, since that is the na ture of the sur round ing metabasites.

In this study we pres ent de tailed petrographic, min eral
chem i cal and geo chem i cal data for the Popiel peridotite. Our
ob ser va tions are based on an elec tron-microprobe study,
which en abled an im proved and more de tailed rock char ac ter -
iza tion than petrographic mi cro scope study. For the first time,

we dis cuss the se quence of m etamorphic events re corded in
the rock. Our data show that the peridotite is a su -
pra-subduction ig ne ous cu mu late, sup port ing the or i gin pro -
posed by Narêbski (1990, 1993).

GEOLOGICAL SETTING AND PREVIOUS WORK

The serpentinised peridotite of Popiel Hill (West ern Sudetes,
SW Po land) forms a small out crop (ca. 280 ́  140 m). It is lo cated 
north-east of the vil lage of Janowice Wielkie (Fig. 1), im me di ately 
south of the Intra-Sudetic Fault, one of the ma jor Variscan geo -
log i cal bor ders in the north-east part of the Bo he mian Mas sif, in
Cen tral Eu rope (Aleksandrowski et al., 1997).

The peridotite is sur rounded by low-grade metabasic rocks
(“striped metabasites”), be long ing to the Kowary Unit of the
Rudawy Janowickie Com plex (Aleksandrowski et al., 1997),
sur round ing the Variscan Karkonosze gran ite to the east and
north-east. Popiel Hill is sit u ated within ca. 100 m of the gran ite
out crop (Fig. 1). The Rudawy Janowickie Com plex con sists of
lower Pa leo zoic vol ca nic (typ i cally N-MORB-type) and sed i -
men tary rocks (e.g., Kryza et al., 1995). The scarce data on the
“striped metabasites” sur round ing the Popiel peridotite sug gest
within-plate tholeiite and al kali ba salt af fin i ties (Winchester et
al., 1995).

The pe cu liar rock has long at tracted Earth sci en tists. It was
first men tioned by Websky (1853), who de scribed it as a
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“...black ser pen tine-like groundmass full of crys tals of
<uralite>...”. Berg (1912) de scribed partly serpentinised ol iv ine,
mag ne tite, spinel, and large crys tals of “uralite”, with rem nants
of augite as the min er als form ing the rock (this de scrip tion was
re peated in Berg, 1938). The next petrographic de scrip tion of
the Popiel Hill peridotite was given by Teisseyre (1966), who
named the rock hornblende peridotite. Ac cord ing to Teisseyre
(1966), the peridotite con sists of ol iv ine, pri mary hornblende,
ser pen tine, iron ox ides, and picotite, its or i gin is mag matic and
the Intra-Sudetic Fault played an im por tant role in bring ing the
rock to its pres ent level of ex po sure.

Narêbski (1990, 1993) sug gested that the Popiel Hill
peridotite is an “Alas kan type in tru sion”, oc cur ring within a vol -
ca nic se ries of su pra-subduction geo chem i cal char ac ter is tics.
This view was fol lowed by Gunia et al. (1998), who pre sented
trace el e ment data for the peridotite and sug gested that the
rock is pos si bly a subduction-re lated cu mu late, re sult ing from
the frac tional crystallisation of an ultrabasic melt.

ANALYTICAL METHODS AND TERMINOLOGY

The data pre sented in this pa per are based on 24 sam ples.
The bulk rock com po si tion of the peri dot ites (23 sam ples) was
ana lysed in the ACME an a lyt i cal lab o ra tory (Van cou ver, Can -
ada) by ICP (ma jor el e ments, the 4A ACME pro ce dure) and
ICP-MS (trace el e ments, 4B ACME pro ce dure). The de tec tion
lim its were 0.01 wt.% ox ide for ma jor el e ments and typ i cally
0.1 ppm for trace el e ments (de tails of the an a lyt i cal pro ce dure
and de tec tion lim its for each el e ment are avail able from the au -
thors upon re quest). The chem i cal com po si tion of the min er als
was ana lysed in 11 rep re sen ta tive thick, pol ished sec tions by
the Cameca SX 100 elec tron microprobe at the De part ment of
Lithospheric Re search, in Uni ver sity of Vi enna un der stan dard
con di tions (ac cel er a tion volt age 15 KV, sam ple cur rent 15 nA,
count ing times 10 or 20 sec), us ing nat u ral and syn thetic min er -
als as stan dards and the PAP cor rec tion pro ce dure.

The pyroxene clas si fi ca tion of Morimoto (1989) and the am -
phi bole one of Leake et al. (1997) are used in the fol low ing.

Spinel com po si tions were cal cu lated for three cat ions and Fe3+

was cal cu lated by charge bal ance. The mg-num ber (Mg#) de -
notes the atomic ra tio of Mg/(Mg+Fe2+) and the cr-num ber (Cr#) 
rep re sents the atomic ra tio of Cr/(Cr+Al) in cal cu lated for mula
units. “Fo” rep re sents for ster ite in ol iv ine (cal cu lated as atomic
(Mg/(Mg+Fe+Mn))*100% in for mula units). Min eral ab bre vi a -
tions are: Ol (ol iv ine), Opx (orthopyroxene), Mhb (magnesio -
hornblende), Tr (tremolite), Spl (spinel), Mag (mag ne tite), and
Ilm (il men ite) ac cord ing to Kretz (1983) and Whit ney and Ev ans
(2010).

PETROGRAPHY AND MINERAL CHEMISTRY

The long-aban doned quarry in the Popiel Hill is semi-cir cu -
lar in shape. Cur rently the to tal length of its wall is 135 metres
and its max i mum height is 5 metres. The peridotite is dark
green to black, fine-grained, lo cally with milli metre-scale ser -
pen tine veins. All the sam ples stud ied (19 from the quarry’s
north and east walls, 2 west of the quarry, 2 north of the quarry,
and 1 south-east from the quarry) are tex tur ally sim i lar. The
sam ples from out side of the quarry were col lected from loose
blocks.

The rock is fine-grained and con sists of strongly crushed,
frac tured, and frag mented grains of ol iv ine, orthopyroxene, and
sub or di nate am phi bole or their ag gre gates, em bed ded in a ser -
pen tine groundmass, or sparsely in chlorite (Fig. 2). Am phi bole
oc curs also in places as a few milli metre-sized skel e tal grains
(Fig. 2A). Ac ces so ries are aluminous spinel, mag ne tite, rare il -
men ite, ap a tite, and iron sul fides.

The relic pri mary min er als pre served in the peridotite are ol -
iv ine and orthopyroxene (Fig. 3A). They are over grown by am -
phi bole, which con sists of tremolite sur rounded by
magnesiohornblende rims (Fig. 3B). Lo cally, a few milli -
metre-sized crys tals, con sist ing of acicular subgrains of
tremolite and hornblende, oc cur (Fig. 3C). The am phi bole is
over grown by orthopyroxene II, which tex tur ally is con tem po ra -
ne ous with magnesiohornblende (Fig. 3D). The aluminous
spinel is com monly rimmed by mag ne tite (Figs. 3A and 4A).
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Fig. 1. Location of Popiel Hill, relative to the European Variscan
basement and Bohemian Massif and its detailed geological map 

(after Aleksandrowski et al., 1997)
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Fig. 2. Texture of the Popiel Hill peridotite

A – skeletal crystal of amphibole (“uralite”) embedded in a partly serpentinised olivine-orthopyroxene groundmass, sample
2701, optical image, plane polarized light; B – olivine-orthopyroxene aggregate (grey) embedded in a serpentinite

groundmass (black), magnetite grains are white, sample 2703, BSE image

Fig. 3. Relationships among the minerals in the Popiel Hill peridotite

A – olivine-orthopyroxene aggregates with spinel and magnetite; B – relics of olivine and spinel, embedded in tremolitic
amphibole with thin magnesiohornblende rims; C – aggregate of acicular amphibole; D – small grains of orthopyroxene II

located at the margin of tremolite-magnesiohornblende grain; the coloured points correspond to analyses in Appendices 1–4

https://gq.pgi.gov.pl/article/view/13057
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Fig. 4. Accessory phases in the Popiel Hill peridotite

A – magnetite rimming spinel in the amphibole-olivine aggregate; B – acicular magnetite on spinel; C – amaeboidal ilmenite
coexisting with spinel and amphibole; D – small grains of ilmenite and magnetite, embedded in the olivine grain; other

explanations as in Figure 3

Fig. 5. Relationships between forsterite (Fo) and NiO (A) and MnO (B) content in olivine

The shaded field in (B) marks the range of olivine compositions from ultramafic rocks of the Chilas
Complex in the Kohistan Palaeo-arc, Pakistan, interpreted to be tholeiitic magma cumulates 

(Jagoutz et al., 2007)



Mag ne tite is com mon; lo cally it oc curs as ag gre gates of acicular 
grains up to a few tens of µm long (Fig. 4B). Il men ite forms a few 
tens to ca. 100 µm amaeboidal grains (Fig. 4C) or small
(<10 µm) in clu sions in ol iv ine (Fig. 4D). Iron sul fides (no quan ti -
ta tive anal y sis avail able) oc cur as scarce, amaeboidal in ter sti -
tial grains up to 20 µm across. Ap a tite forms scarce, elon gated
grains up to 50 µm across.

The ol iv ine com po si tion in in di vid ual sam ples is rel a tively
con stant; the vari a tion of for ster ite con tent be tween sam ples is
from 84.0 to 88.0 mole% of for ster ite and from 0.14 to 0.36 wt.% 
NiO (Ap pen dix 1*; Fig. 5). Orthopyroxene shows a sig nif i cant
vari a tion in Mg# (0.84–0.88) and Al con tent (0.03–0.20 apfu),
which are neg a tively cor re lated (Fig. 6). The vari a tion of chem i -
cal com po si tion be tween sam ples is only slightly larger than
that oc cur ring on the scale of an in di vid ual sam ple (Ap pen dix 2;
Fig. 6). No re la tion ship be tween the Al con tent/Mg# and the lo -
ca tion of the ana lysed spot oc curs. Orthopyroxene II (cf.
Fig. 3D) is the low Al/high Mg# one (Ap pen dix 2). The am phi -
bole is highly magnesian (Mg# from 0.82 to 0.92), and its chem -
i cal com po si tion var ies from tremolite to magnesiohornblende
(Ap pen dix 3; Fig. 7). The vari a tion of min eral com po si tion in an
in di vid ual sam ple cor re sponds to that among the sam ples
(Fig. 7). Chlorite is strongly magnesian and alu minium-rich: the
for mula cal cu lated on the ba sis of 28 oxygens is
(Mg8.92Fe0.68Ni0.02Al2.23)11.85(Si5.84Al2.16)8.00. Spinel is highly
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Fig. 6. Relationships between Mg# and Al content
 in orthopyroxene

Fig. 7. The compositional variation of amphibole in the Popiel
peridotite (A) and in a single sample of the rock (B) in the

Mg#-Si diagram of Leake et al. (1997)

Fig. 8. Com po si tion of spi nels oc cur ring in the Popiel peridotite 
in the Fe3+-Al-Cr di a gram. The shaded field marks the range of
spinel com po si tions from ultra mafic rocks of the Chilas Com -
plex in the Kohistan Palaeo-arc, Pa ki stan, in ter preted to be
tholeiitic magma cumulates (Jagoutz et al., 2007)

Fig. 9. Relationships between SiO2 content and Mg# (A) and
between CaO and Al2O3 contents (B) in the Popiel peridotite

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1214
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aluminous (Al > 1.70 apfu; Ap pen dix 4) and ex hib its a slight
vari a tion in Al con tent (Fig. 8), whereas mag ne tite con tains sig -
nif i cant Cr (up to 0.21 apfu, Ap pen dix 4; Fig. 8). Il men ite, which
is as so ci ated with mag ne tite and am phi bole, con tains sig nif i -
cantly less Mg (ca. 2.5 wt.% MgO) than the il men ite in con tact
with ol iv ine or that oc cur ring as in clu sions in ol iv ine (ca. 6 wt.%
MgO; Ap pen dix 4).

Bulk rock chem i cal anal y ses (Ap pen dix 5) with SiO2 con -
tents typ i cally be low 42 wt.% and high mo lar Mg/(Mg+Fe) ra tio
0.81–0.84 (Fig. 9A) sug gest a peridotitic protolith. The CaO and 
Al2O3 are pos i tively cor re lated (Fig. 9B).

The Popiel peridotite is slightly (up to 10 times) en riched in
trace el e ments and rare earth el e ments (REE) rel a tive to prim i -
tive man tle (Ap pen dix 6; Figs. 10 and 11). Rare earth el e ment
di a grams nor mal ized to prim i tive man tle are flat (LaN/YbN =
0.54–1.36), some with a slight de ple tion in LREE (light REE).
Pos i tive or neg a tive Eu anom a lies oc ca sion ally oc cur, as well
as the pos i tive anom aly of Nd and the pos i tive anom aly of Dy.

DISCUSSION

THE PROTOLITH

The re la tion ships among the min er als form ing the Popiel
peridotite show that the rock pri mar ily con sisted of ol iv ine,

orthopyroxene, and spinel, plus a calcic ferro mag nesi an phase. 
The lat ter was com pletely re placed by tremolite, and can be
only in ferred from the sig nif i cant amount of Ca in the rock. To
de ter mine if the calcic phase was hornblende or clinopyroxene,
we cal cu lated the SiO2–CaO re la tion ships in the peridotite to
which hornblende or clinopyroxene was added. The peridotite
start ing com po si tion was as sumed to be SiO2 40.0, CaO
2.0 wt.% (cor re spond ing to AK3202, Ap pen dix 5). The
hornblende was as sumed to con tain 50.0 wt.% SiO2 and
12.0 wt.% of CaO (cor re spond ing to hornblendes in the Popiel
peridotite), whereas clinopyroxene had 50.0 wt.% SiO2 and
24.0 wt.%  CaO. The lat ter is a crude es ti mate based on the
com po si tions of clinopyroxenes oc cur ring in vol ca nic-arc
cumulates con tain ing no plagioclase or gar net, sim i lar to those
re ported by e.g. Conrad and Kay (1983). The points rep re sent -
ing the Popiel peridotite are lo cated close to the line rep re sent -
ing a vary ing amount of clinopyroxene (Fig. 12), sug gest ing that 
the min eral was the pri mary calcic phase oc cur ring in the rock.
Thus, the pri mary min eral as sem blage seem ingly con sisted of
ol iv ine, ortho- and clino-pyroxene, and spinel.

The vari a tion in ma jor el e ment bulk rock com po si tion is
mostly due to vari a tions in Ca and Al con tents, and is well-de -
scribed by vary ing amounts of clinopyroxene in the rock. A pre -
cise dis crim i na tion be tween the harzburgite (<5 vol.% of
clinopyroxene) and lherzolite (>5 vol.% of orthopyroxene, IUGS 
clas si fi ca tion) is not pos si ble us ing the bulk rock chem i cal com -
po si tion be cause orthopyroxene al ways con tains some Ca
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Fig. 10. Primitive mantle (McDonough and Sun 1995) normalized REE patterns
 of the Popiel peridotite
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Fig. 11. Primitive mantle (McDonough and Sun, 1995) normalized trace element patterns 
of the Popiel peridotite

Fig. 12. Relationships between SiO2 and CaO content in the
Popiel peridotite and the changes of the rock composition due

to addition of hornblende and clinopyroxene

See text for details

Fig. 13. Relationship between the bulk rock CaO content 
and forsterite content in olivine



and Al. How ever, even the orthopyroxene-rich spinel fa cies
harzburgites con tain <0.8 wt.% of CaO (see e.g., data of
Perinelli et al., 2006). Since all the rocks ana lysed con tain
>1.8 wt.% CaO, we as sume that lherzolite was their protolith.

The REE bulk rock pat terns are slightly (<10´) en riched rel -
a tive to prim i tive man tle and flat, which sug gests an is land arc
tholeiitic com po si tion (e.g., Wil son, 1989). Those poor est in
CaO (e.g., AK3213, AK3216, AK3202) are not en riched, and
two of them (AK3213, AK3216) show a slight de ple tion in
LREE. Those rich est in CaO (>5.0 wt.% CaO, AK3207,
AK3211, AK3219, AK3220, 2702) show REE en rich ment of ca.
5´ rel a tive to prim i tive man tle (Fig. 10). Sim i lar con clu sion can
be drawn from trace el e ment pat terns. This re la tion ship be -
tween REE con tents and CaO con tents in the rock sug gests
that clinopyroxene was the “miss ing” pri mary Ca-bear ing
phase, since that min eral con cen trates REEs in the lherzolite
min eral as sem blages.

The strong grain frag men ta tion does not al low as sess ment
of the pri mary rock tex ture. How ever, the rem nants of pri mary
ol iv ine and orthopyroxene grains, as well as the ultra mafic com -
po si tion, point to a plutonic cu mu late rock, and we fol low the
pro posal of Gunia et al. (1998), that the rock is sup pos edly an
ultra mafic cu mu late formed in an is land arc root. The cumulates 
formed in vol ca nic arc roots show strongly vari able com po si -
tions, both in terms of min eral and bulk-rock chem i cal com po si -
tion, which is a func tion of the fractionating magma’s start ing
com po si tion, its wa ter con tent, and ox y gen fugacity, and of the
pres sure and tem per a ture of crystallisation (see the data in
e.g., Greene et al., 2006; Dhuime et al., 2009; Chen et al.,
2009).

The rel ics of the pri mary phases con trib ute lit tle to the un -
der stand ing of the na ture of the pri mary mag matic sys tem. The
com po si tion of ol iv ine is mostly a func tion of its crystallisation
tem per a ture. The NiO con tent of the min eral shows no cor re la -
tion with for ster ite con tent (Fig. 5A). The Popiel ol iv ine is rich in
MnO (Fig. 5B), such con tents be ing partly sim i lar to that of ultra -
mafic rocks oc cur ring in the roots of is land arcs, e.g., in the
Chilas Com plex of the Kohistan Palaeo-arc (Jagoutz et al.,
2007, cf. Fig. 5b). A crude cor re la tion be tween the Fo con tent in 
ol iv ine and the CaO con tent in the host rock oc curs (Fig. 13).
Since the CaO re flects the clinopyroxene vol ume in the pri mary
min eral as sem blage, we in ter pret this as a re cord of tem per a -
ture de crease in a fractionating tholeiitic magma, lead ing to a
de crease of Fo con tent in ol iv ine and a con com i tant in crease in
the pro por tion of crys tal liz ing clinopyroxene. The good pos i tive
cor re la tion of Al vs. Mg#  in orthopyroxene (Fig. 6),  oc cur ring in
the Popiel peridotite, is not di ag nos tic for any kind of tec tonic
set ting, al though it oc curs also in the ultra mafic mem bers of vol -
ca nic arc roots (e.g., DeBari and Coleman, 1986). The com po -
si tion of spinel, which is char ac ter ized by very low Cr# (<0.2)
and high Mg# (0.5–0.8), does not fit those typ i cal of arc-root
ultrabasic rocks (cf. DeBari and Coleman, 1986; Spandler et
al., 2003), which are richer in Cr. The spinel is com monly in ti -
mately over grown with mag ne tite (see Fig. 4), and we sug gest
that the min eral was af fected by a sec ond ary ex change of Cr
with mag ne tite, which al tered the pri mary com po si tion.

THE METAMORPHISM

The pri mary min eral as sem blage un der went meta mor -
phism, which pro duced tremolite. The brit tle de for ma tion of the
rock, to gether with the pres er va tion of a sig nif i cant part of the
pri mary ig ne ous min eral as sem blage, sug gests a rel a tively fast
up lift, prob a bly due to thrust ing along the Intra-Sudetic Fault.
We in fer that also ser pen tine and mag ne tite orig i nated at this

stage of the Popiel peridotite’s his tory. We as sume that the rock 
was emplaced at rel a tively shal low depths cor re spond ing to
pres sures of 0.2 GPa, or slightly lower. This cor re sponds to the
pres sure of con tact meta mor phism around the Karkonosze
gran ite in tru sion at the cur rent level of ex po sure (the an da lu site
and cor di er ite as sem blage is typ i cal of the metapelites al tered
at the con tact with the gran ite – Teissyere, 1973). The tremolite, 
ser pen tine, and ol iv ine as sem blage in the CMASH sys tem is
sta ble in the rel a tively nar row tem per a ture range of 375–475 °C 
un der 0.2 GPa in the P–T di a gram (Bucher and Frey, 1994 and
ref er ences therein). There fore, its oc cur rence in the Popiel
peridotite shows that the tem per a ture was in this range at the
level of the fi nal em place ment of the rock be fore gran ite in tru -
sion. The fi nal event af fect ing the Popiel peridotite was the
growth of hornblende, which forms rims on tremolite. That was
re lated to the close prox im ity of the Karkonosze in tru sion. The
con tact ef fect was small, since the tremolite is only incipiently
changed into hornblende, and the ser pen tine seems not to be
af fected. The small ex tent of con tact meta mor phism sug gests
that the neigh bour ing part of the Karkonosze gran ite was prob a -
bly formed by small magma in cre ments, which did not heat
much of the sur round ing rocks. It also places age lim its on the
tec tonic em place ment of the Popiel peridotite, since the gran ite
is dated at 312 Ma (Kryza et al., 2014) and peridotite em place -
ment pre ceded the gran ite in tru sion.

CONCLUSIONS

The peridotite from Popiel Hill in the West ern Sudetes (SW
Po land) is fine- to very-fine grained, which is a re sult of strong
grain-size re duc tion dur ing – sup pos edly rapid – up lift of the
rock, prob a bly on the Intra-Sudetic Fault, dur ing the Variscan
Orog eny. Bulk-rock chem i cal com po si tions show that its
protolith was lherzolite. Our rare earth- and trace-el e ment data
sup port the ear lier ideas of Narêbski (1990, 1993) that the rock
orig i nated in the su pra-subduction re gion, and we fol low the
idea of Gunia et al. (1998) that it orig i nated due to crys tal set -
tling. How ever, we sug gest that the pa ren tal melt had the com -
po si tion of an is land arc tholeiite.

The up lift rate of the Popiel peridotite was fast enough to al -
low a large part of the pri mary min eral as sem blage (ol iv ine,
orthopyroxene, and spinel) to be pre served, al though ret ro gres -
sive tremolite and ser pen tin ite re placed part of the pri mary
phases. The rock was ex humed to a pres sure of 0.2 GPa (cor -
re spond ing to a depth of ca. 7 km) and em bed ded into the
low-grade metabasic rocks of the Rudawy Janowickie Com -
plex. At this level, the peridotite was af fected by con tact meta -
mor phism by the Karkonosze Gran ite in tru sion. The con tact
meta mor phism re sulted in hornblende crys tal li sa tion, which,
how ever, is vol u met ri cally sub or di nate.

Ac knowl edge ments. This study is based on the MSc the -
sis of the first au thor, real ised at the In sti tute of Geo log i cal Sci -
ences, Uni ver sity of Wroc³aw, Po land, in 2010–2012. We thank
R. Mac Don ald and two anon y mous re view ers for their con struc -
tive com ments, which sig nif i cantly helped to im prove an ear lier
ver sion of the manu script. Fi nan cial sup port from In sti tute re -
search funds (1017/S/ING) made pos si ble the an a lyt i cal part of
the study. The microprobe anal y ses were done thanks to the
2010–2011 pro ject in the frame work of an Aus trian-Pol ish sci -
en tific and cul tural co op er a tion agree ment (In sti tute of Geo log i -
cal Sci ences, Uni ver sity of Wroc³aw and De part ment of
Lithospheric Sci ences, Uni ver sity of Vi enna).

246 Anna Kuku³a, Jacek Puziewicz and Theodoros Ntaflos



REFERENCES

Aleksandrowski, P., Kryza, R., Mazur, S., ¯aba, J., 1997. Ki ne -
matic data on ma jor Variscan strike-slip faults and shear zones
in the Pol ish Sudetes, north east Bo he mian Mas sif. Geo log i cal
Mag a zine, 134: 727–739.

Berg, G., 1912. Geologische Karte von Preußen und benachbarten
Bundesstaaten. Blatt Kupferberg mit Erläuterungen.
Preußische Geologische Landesanstalt.

Berg, G., 1938. Erläuterungen zu Blatt Kupferberg der
Geologischen Karte von Preußen und benachbarten Deutschen 
Ländern. Preußische Geologische Landesanstalt.

Bucher, K., Frey M., 1994. Petro gen esis of Meta mor phic Rocks.
Springer-Verlag, Berlin-Hei del berg.

Chen, B., Suzuki, K., Tian, W., Jahn, B.M., Ire land, T., 2009. Geo -
chem is try and Os-Nd-Sr iso topes of the Gaositai Alas kan-type
ultra mafic com plex from the north ern China craton: im pli ca tions
for man tle-crust in ter ac tion. Con tri bu tions to Min er al ogy and
Pe trol ogy, 158: 683–702.

Conrad, W.K., Kay, R.W., 1983. Ultra mafic and mafic in clu sions
from Adak Is land: crys tal li za tion his tory, and im pli ca tions for the
na ture of pri mary mag mas and crustal evo lu tion in the Aleu tian
Arc. Jour nal of Pe trol ogy, 25: 88–125.

DeBari, S. M., Coleman, R. G., 1989. Ex am i na tion of the deep lev -
els of an is land arc: Ev i dence from the Tonsina ultra mafic-mafic
as sem blage, Tonsina, Alaska. Jour nal of the Geo phys i cal Re -
search, 94: 4373–4391.

Dhuime, B., Bosch, D., Garrido, C.J., Bodinier, J.-L., Bruguier,
O., Hussain, S.S., Dawood, H., 2009. Geo chem i cal ar chi tec -
ture of the lower to midle crustal sec tion of a paleo-is land arc
(Kohistan Com plex, Jijal-Kamila area, north ern Pa ki stan): im pli -
ca tions for the evo lu tion of an oce anic subduction zone. Jour nal
of Pe trol ogy, 50: 53–569.

Greene, A. R., DeBari, S. M., Kelemen, P. B., Blusztajn, J., Clift,
P. D., 2006. A de tailed geo chem i cal study of is land arc crust: the 
Talkeetna arc sec tion, South-Cen tral Alaska. Jour nal of Pe trol -
ogy, 47: 1051–1093.

Gunia, P., Zió³kowska-Kozdrój, M., Kozdrój, W., 1998. New geo -
chem is try data of ultrabasic rocks from east ern sur round ings of
the Karkonosze Gran ite Instrusion (Sudetes, SW Po land). Bul -
le tin of the Pol ish Acad emy of Sci ences, Earth Sci ences, 46:
93–108.

Jagoutz, O., Müntener, O., Ulmer, P., Pettke, T., Burg, J.-P.,
Dawood, H., Hussain, S., 2007. Pe trol ogy and min eral chem is -
try of lower crustal in tru sions: the Chilas Com plex, Kohistan
(NW Pa ki stan). Jour nal of Pe trol ogy, 48: 1895–1953.

Kretz, R., 1983. Sym bols for rock-form ing min er als. Amer i can Min -
er al o gist, 68: 277–279.

Kryza, R., Mazur, S., Pin, C.,1995. Leszczyniec meta-ig ne ous
com plex in the east ern part of the Karkonosze-Izera Block,
West ern Sudetes: trce el e ment and Nd iso tope study. Neuses
Jahrbuch für Mineralogie Abhandlungen, 170: 59–74.

Kryza, R., Schaltegger, U., Oberc-Dziedzic, T., Pin, C., Ov -
tcharov, M., 2014. Geo chron ol ogy of a com pos ite granitoid

pluton: a high-pre ci sion ID-TIMS U-Pb zir con study of the
Variscan Karkonosze gran ite (SW Po land). In ter na tional Jour -
nal of Earth Sci ences, 103: 683–696.

Leake, B.E., Woolley, A.R., Arps, C.E.S., Birch, W.D., Gilbert,
M.C., Grice, J.D., Haw thorne, F.C., Kato, A., Kisch, H.J.,
Krivovichev, V.G., Linthout, K., Laird, J., Mandarino, J.A.,
Maresch, W.V., Nickel, E.H., Rock, N.M.S., Schumacher,
J.C., Smith, D.C., Stephenson, N.V.N., Ungaretti, L.,
Whittaker, E.J.W., Youzhi, G., 1997. No men cla ture of am phi -
boles. Re port of the Sub com mit tee on Am phi boles of the In ter -
na tional Min er al og i cal As so ci a tion, Com mis sion on New Min er -
als and Min eral Names. Amer i can Min er al o gist, 82: 1019–1037.

McDonough, W.F., Sun, S.-S., 1995. The com po si tion of the Earth.
Chem i cal Ge ol ogy, 120: 223–253.

Morimoto, N., 1989. No men cla ture of py rox enes. Sub com mit tee on 
Py rox enes, Com mis sion on New Min er als and Min eral Names,
In ter na tional Min er al og i cal As so ci a tion. Ca na dian Min er al o gist,
27: 143–156.

Narêbski, W., 1990. Petrotectonic af fin i ties of Lower Silesian
metabasites and the prob lem of or i gin of Pa leo zoic Sudetic
ophiolites. In: In ter na tional Con fer ence on Pa leo zoic Orogens in 
Cen tral Eu rope, Göttingen-Giessen, Ab stract Book.

Narêbski, W., 1993. Model of evo lu tion of the north-east ern part of
the Bo he mian Mas sif – com ment of a pe trol o gist (in Pol ish with
Eng lish summary). Przegl¹d Geologiczny, 41: 751–756.

Perinelli, C., Armienti, P., Dallai, L., 2006. Geo chem i cal and O-iso -
tope con straints on the evo lu tion of lithospheric man tle in the
Ross Sea rift area (Antarctica). Con tri bu tions to Min er al ogy and
Pe trol ogy, 151: 245–266. 

Spandler, C.J., Arculus, R.J., Eggins, S.M., Mavrogenes, J.A.,
Price, R.C., Reay, A.J., 2003. Petro gen esis of the Greenhills
Com plex, South land, New Zea land: mag matic dif fer en ti a tion
and cu mu late for ma tion at the roots of a Perm ian is land-arc vol -
cano. Con tri bu tions to Min er al ogy and Pe trol ogy, 144: 703–721.

Teisseyre, J., 1966. Perydotyt hornblendowy z Janowic Wielkich
(Sudety Zachodnie). Archiwum Mineralogiczne, 26: 289–301.

Teisseyre, J., 1973. Metamorphic rocks of the Rudawy Janowickie
and Lasocki Grzbiet ranges (in Pol ish with Eng lish sum mary).
Geologia Sudetica, 8: 7–118.

Whit ney, D.L., Ev ans, B.W., 2010. Ab bre vi a tions for names of
rock-form ing min er als. Amer i can Min er al o gist, 95: 185–187.

Websky, M., 1853. Ueber die geognostischen Verhältnisse der
Erzlagerstätten von Kupferberg und Rudelstadt in Schlesien.
Zeitschrift der Deutschen Geologischen Gesellschaft, 5:
373–438.

Wil son, M., 1989. Ig ne ous Petro gen esis. Springer, Dordrecht.

Winchester, J.A., Floyd, P. A., Chocyk, M., Horbowy, K., Kozdrój, 
W., 1995. Geo chem is try and tec tonic en vi ron ment of Or do vi cian 
meta-ig ne ous rocks in the Rudawy Janowickie Com plex, SW
Po land. Jour nal of the Geo log i cal So ci ety, 152: 105–115.

The origin of the Popiel peridotite (Western Sudetes, SW Poland): metamorphism of the island arc tholeiitic cumulate 247


