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IN TRO DUC TION

The iden ti fi ca tion of the source rocks sup ply ing sed i -
ments to depositional bas ins is a chal leng ing task in the
study of an cient de pos its, es pe cially when the source mas -
sifs no lon ger ex ist or are un avail able for di rect in ves ti ga -
tion. The task is more com pli cated, if only de pleted mo not o -
nous heavy-min eral as sem blages, lack ing or poor in di ag -
nos tic min er als, are avail able for anal y ses. In such a case,
sin gle-grain ex am i na tions of gar net, tour ma line and also
zir con are valu able for the iden ti fi ca tion of prov e nance and
source rocks (e.g., Eynatten and Dunkl, 2012). Zir con is re -
garded as one of the most re sis tant of the heavy min er als in
sed i men tary rocks, with re gard to weath er ing and burial
diagen e sis (e.g., Mor ton and Hallsworth, 1999, 2007;
Mange and Wright, 2007a). More over, zir con is sen si tive to 
the host en vi ron ment, which may con trol its mor phol ogy
(e.g., Pupin, 1980, 1988) and growth rate (Vavra, 1990,
1993; Benisek and Fin ger, 1993; Sturm, 1999) dur ing
crystallisation. Zir con typology, the eval u a tion of ex ter nal
zir con faces (in tro duced by Pupin, 1980), as sumes that the
growth of zir con pyr a mids is con trolled by the alu minium
and al kali con tent in the par ent melt (in dex A), while the de -
vel op ment of prisms de pends on the crystallisation tem per a -
ture (in dex T). Al though zir con typology is a sim pli fied

method of protolith iden ti fi ca tion, in situ zir con stud ies
(e.g., Caironi et al., 2000; Szczepanik, 2001 or Köksal et
al., 2008) dis played a cor re la tion of zir con types with
host-rock geo chem is try. The typology method is used as a
petro gen etic in di ca tor of zir con host en vi ron ment. It also is
ap plied to protolith eval u a tion for de tri tal zir cons, palaeo-
geo graphic and geotectonic re con struc tions of source ar eas,
and com par a tive stud ies of sed i ments (e.g., Caironi et al.,
1996; Loi and Dabard, 1997; Schöfer and Dörr, 1997; Fek-
kak et al., 2000; Lisa and Uher, 2006). Zir con tends to form
rather short-pris matic and “stubby” crys tals in deep-seated
ig ne ous bod ies, whereas zir con from vol ca nic rocks is fre -
quently more elon gated or “long-shaped” (e.g., Corfu et al.,
2003). To ob tain ad di tional data, zir con typology may be
sup ple mented with mea sure ments of crys tal elon ga tion, i.e.
length:width ra tio (e.g., Shahbazi et al., 2014). How ever,
the ex ter nal mor phol ogy of de tri tal zir con com monly is
omitted in mod ern prov e nance stud ies and re placed with
LA-ICP-MS or SHRIMP dat ing. The pos i tive as pect of ex -
ter nal mor phol ogy stud ies is that they can be done by means 
of a petrographic mi cro scope. Eval u a tion of zir con types
and mea sure ments of crys tal elon ga tion also may be con -
ducted us ing scan ning elec tron mi cros copy (SEM), which



pro vides high-res o lu tion im ag ing. How ever, the ques tion
arises as to whether there are still fields, in which stud ies of
the ex ter nal mor phol ogy of de tri tal zir con alone may pro -
vide valu able data for the com par i son of heavy-min eral as -
sem blages and the eval u a tion of the prov e nance of clastic
ma te rial.

The cur rent study of zir con types is based on the zir con
typology method (Pupin, 1980), mea sure ments of crys tal
elon ga tion and ob ser va tions of other tex tural fea tures. It is
ac com pa nied by con sid er ation of the pros and cons of stud -
ies of zir con ex ter nal mor phol ogy, ap plied to de tri tal zir con
pop u la tions in the con text of their prov e nance. The study is
based on euhedral zir cons from the flysch sand stones of the
Campanian–Maastrichtian in ter val of the Ropianka (Up per
Cre ta ceous–Palaeo cene) and Menilite (Oligocene–lower
Miocene) for ma tions in the north ern part of the Skole Nappe, 
in Pol ish Flysch Carpathians. The sed i ments have well de -
fined palaeocurrent di rec tions and de scribed heavy-min eral
as sem blages, in clud ing high-res o lu tion heavy-min eral anal y -
ses (Salata and Uchman, 2012, 2013), which help to ver ify
in ter pre ta tions of zir con mor phol ogy in sed i men tary prov e -
nance re search.

GE OL OGY

Palaeo ge ogra phy

The north ward move ment of the Al pine-Carpathian-
Pannonian terrane (ALCAPA) dur ing the Eocene–early

Mio cene, led to its col li sion with the North Eu ro pean plate
(e.g., Winchester and the PACE TMR Net work Team,
2002). The fi nal ef fect of this event was the for ma tion of the 
Carpathian nappes and overthrusting of them on to the Eu -
ro pean Plat form and Mio cene de pos its of the Carpathian
Foredeep (e.g., Oszczypko et al., 2008). The Skole Nappe
forms the north-east ern part of Pol ish Flysch Carpathians
(Fig. 1). The area, where heavy-min eral re search cur rently
is be ing con ducted (Fig. 2), is lo cated south-east of Rze-
szów and £añcut in the north ern part of the nappe (Salata
and Uchman, 2012, 2013). Palaeotransport di rec tions in di -
cate that in the study area the de pos its of the Ropianka and
Menilite for ma tions were sup plied from the north-west
(e.g., Ksi¹¿kiewicz, 1962; Kotlarczyk, 1966, 1976; Œl¹czka
and Unrug, 1966; Bromowicz, 1974; Kotlarczyk and Leœ-
niak, 1990). The dis tri bu tion of the palaeotransport di rec -
tions sug gests the ex is tence of a source mas sif in the north -
ern mar gin of the Skole Ba sin, made up of me dium-grade
meta mor phic rocks and ig ne ous rocks. This is in di cated by
the li thol ogy of peb bles found in the Ropianka For ma tion
(e.g., Bukowy, 1957; Kotlarczyk and Œliwowa, 1963; Raj-
chel, 1990; Rajchel and Myszkowska, 1998 and ref er ences
therein), heavy-min eral as sem blages of the Ropianka and
Menilite for ma tions, and the chem i cal com po si tion of gar -
net and tour ma line from these for ma tions (e.g., Salata and
Uchman, 2012, 2013; Salata, 2013a, b, 2014). Ad di tion ally, 
the clastic ma te rial was de liv ered to the Skole Ba sin from
the sed i men tary cover of the east ern most part of the Up per
Silesian Block and the Ma³opolska Block (Fig. 1A), which
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Fig. 1. Sketch-maps of geotectonics of south ern Po land. A. Lo ca tion of Brunovistulian and Ma³opolska ter ranes on tec tonic
sketch-map of Po land (ac cord ing to Winchester and the PACE TMR Net work Team, 2002). B. Struc tural units in east ern part of Pol ish
Flysch Carpathians (ac cord ing to Oszczypko et al., 2008). C. struc tural po si tion of ig ne ous bod ies in con tact zone of Up per Silesian and
Ma³opolska blocks (ac cord ing to ¯aba, 1999). Ab bre vi a tions: HCM – Holy Cross Moun tains; KLFZ – Kraków–Lubliniec Fault Zone;
PKB – Pieniny Klippen Belt.



IN TER PRE TA TIONS OF EX TER NAL MOR PHOL OGY OF DE TRI TAL ZIR CON 155

Fig. 2. Geo log i cal maps with lo ca tion of pro files sam pled for heavy-min eral anal y ses. A. Sam pled lo cal i ties of Boryslav and Kliva
Sand stone mem bers of the Menilite For ma tion B. Sam pled lo cal i ties of sand stones of Ropianka Fm (Salata and Uchman, 2013 and Salata,
2013b mod i fied; part A based on Kotlarczyk and Leœniak (1990); part B based on Wdowiarz (1949) with mod i fied de scrip tion of
lithostratigraphic units).



at that time were parts of the Brunovistulian terrane and the
Laurussia–Baltica palaeocontinent, re spec tively (e.g., Win-
ches ter and the PACE TMR Net work Team, 2002). The Up -
per Silesian and Ma³opolska blocks are sep a rated by the
Kraków–Lubliniec Fault Zone (e.g., Bu³a et al., 1997; ̄ aba, 
1999), which is part of the Ham burg–Kraków–Dobrogea
tectonic zone, par al lel to the Trans-Eu ro pean Su ture Zone
(TESZ). The Up per Silesian and Ma³opolska blocks are
considered to be parts of mi cro-plates, translocated dur ing
the Palaeozoic (e.g., ¯aba, 1999; S³aby et al., 2010 and ref -
er ences therein). The Kraków–Lubliniec Fault Zone (Fig.
1A, C) was formed dur ing the col li sion of the blocks and
was ac com pa nied by Car bon if er ous–Perm ian vol ca nism of
calc-al ka line af fin ity (e.g., ¯elaŸniewicz et al., 2008; Le-
wandowska et al., 2010; S³aby et al., 2010; Wolska, 2012).
Ac cord ing to Pietsch et al. (2010), the Kraków–Lubliniec
Fault Zone con tin ues un der the Carpathian overthrust to the
south-east of Kraków, in the gen eral di rec tion of Smilno in
Slovakia.

Out line of lithostratigraphy of zir con host rocks

The de pos its of the Ropianka For ma tion in the Skole
Nappe (Fig. 3) are an Up per Cre ta ceous–Palaeo cene flysch
suc ces sion (Kotlarczyk, 1978 and ref er ences therein). They
are fol lowed by the Up per Palaeo cene–Eocene mudstone-
dominated Var ie gated Shale For ma tion and the Eocene Hie-

roglyphic For ma tion (Rajchel, 1990). The de pos its sam pled
within the Campanian–Maastrichtian sed i men tary in ter val of
the Ropianka For ma tion be long to the Wiar and Leszczyny
mem bers (Kotlarczyk, 1978). The sand stone-dom i nated sec -
tions rep re sent the prox i mal part of the depositional sys tem
and also more dis tal parts of the sys tem. The out crops sam-
pled for heavy-min eral anal y ses be long to the Mar ginal Thrust 
Sheet, the Husów Thrust Sheet and the Hadle Kañczudzkie–
Chmielnik Thrust Sheet (Fig. 2B). For de tails of the sec tions
sam pled of the Ropianka For ma tion, see Salata and Uchman
(2013). The zir cons stud ied were ex tracted from sam ples,
rep re sent ing each of the thrust sheets.

The Oligocene and Lower Mio cene fill of the Skole Ba -
sin is rep re sented by the Menilite (Kotlarczyk and Leœniak,
1990) and Krosno for ma tions (Malata, 1996; the lat ter is an
equiv a lent of the Krosno Beds) (Fig. 3). Rocks of the Meni-
lite For ma tion are dis tin guish able, ow ing to the pres ence of
dark, black or brown shales, but thick sand stone units are
also pres ent. The lat ter pre dom i nate in the Kliva and the Bo- 
ryslav Sand stone mem bers, which were de pos ited as grav i -
ta tional flows, mainly in the Rzeszów and £añcut chan nel
zones. The Kliva sand stone types also may be found out side 
the main chan nel zones (Kotlarczyk and Leœniak, 1990).
The zir cons ex am ined are from sam ples, rep re sent ing the
Kliva and Boryslav Sand stone mem bers (Fig. 3) from both
chan nel zones (Fig. 2A). For de tails of the sec tions of the
Menilite For ma tion sam pled for heavy-min eral assembla-
ges, see Salata and Uchman (2012).

Sand stones of the mem bers of the Ropianka and Meni-
lite For ma tions sam pled are compositionally sim i lar. They
are dom i nated by quartz, which is ac com pa nied by feld spar, 
mica, glauconite and coalified plant de bris (e.g., ¯giet,
1963; Kotlarczyk, 1966, 1976; Œl¹czka and Unrug, 1966;
Bromowicz, 1974, 1986). How ever, the de pos its dif fer in
the types of meta mor phic and ig ne ous rocks as peb bles,
which are more abun dant in the Ropianka For ma tion, while
the Menilite For ma tion con tains mainly small clasts and
peb bles of sed i men tary rocks (Wdowiarz, 1949; Bukowy,
1957; Kotlarczyk and Œliwowa, 1963; Bromowicz, 1974,
1986; Rajchel, 1990; Rajchel and Myszkowska, 1998 and
ref er ences therein).

Heavy-min eral as sem blages of the Campanian–Maa-
strichtian part of the Ropianka and Menilite (Oligocene)
for ma tions dis play great sim i lar i ties. Zir con, tour ma line,
rutile, gar net, kyan ite and staurolite are dom i nant in both
for ma tions. How ever, the Ropianka For ma tion has pro por -
tion ally larger amounts of zir con, gar net and ap a tite,
whereas the Menilite For ma tion con tains more kyan ite +
staurolite, and al most lacks ap a tite (Fig. 4). In di vid ual grains
of hornblende oc cur in the Ropianka For ma tion, while the
Menilite For ma tion con tains an da lu site, which was not found 
in the Ropianka For ma tion (Salata and Uchman, 2012,
2013).

METH ODS

The sand stones sam pled were very weakly con sol i dated 
and so they were gently dis in te grated and washed to re move 
the clay frac tion. The sam ples were sieved by means of a
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Fig. 3. Strati graphic scheme of Up per Cre ta ceous–Mio cene
time in ter val of the Skole Nappe (based on Gasiñski and Uchman,
2009 and ref er ences therein – mod i fied) with in di ca tion of stud ied
time-span in ter vals of Ropianka and Menilite for ma tions (grey
rect an gles). Ab bre vi a tions: Mb – mem ber; Fm – for ma tion; Ss –
sand stone; TRShMb – Trójca Red Shale Mem ber, VSh – Var ie -
gated Shale, ChSMb – Chmielnik Striped Sand stone Mem ber.



me chan i cal shaker and the heavy min er als were sep a rated
from the frac tion of 0.063–0.25 mm, us ing so dium poly-
tungstate of den sity 2.9 g/cm3. Op ti cal anal y ses of the
heavy min er als were done on grain mounts in Can ada bal -
sam in trans mit ted light. Zir cons for mor pho log i cal ex am i -
na tion were hand-picked from the heavy-min eral frac tions,
us ing a stereomicroscope. The zir cons were ar ranged in
rows on a car bon ad he sive tape. Zir con mor phol ogy and
elongation mea sure ments were stud ied by means of a HI-
TACHI S-4700 Field Emis sion Scan ning Elec tron Mi cro -
scope in the Lab o ra tory of Field Emis sion Scan ning Elec -
tron Mi cros copy and Microanalysis, at the In sti tute of Geo -
log i cal Sci ences, Jagiellonian Uni ver sity of Kraków. To ob -
tain rep re sen ta tive data of zir con types ac cord ing to the
Pupin (1980) method, be tween 100 and 140 euhedral, un -
bro ken zir cons were stud ied for each lo cal ity. If an euhe-
dral, but bro ken zir con was found, it was ex am ined only if
the pyr a mid and prism faces and their pro por tions could be
eval u ated. For mea sure ments of zir con elon ga tion, at least
75 un bro ken zir cons per lo cal ity were se lected. In to tal, 358
grains were ex am ined from the Ropianka For ma tion and
270 grains from the Menilite For ma tion. Zir con sub types
were eval u ated, ac cord ing to the method pro vided by Pupin

(1980). A de tailed de scrip tion of the high-res o lu tion heavy-
min eral anal y ses (HRHMA) was pub lished in Salata and
Uchman (2013).

RE SULTS

Zir con be longs to the main con stit u ents of heavy-min -
eral as sem blages of the Ropianka and Menilite for ma tions.
It com prises 9–49% (av er age 27%) and 6–33% (av er age
18%) in the Ropianka and Menilite for ma tions, re spec tively 
(Fig. 4). Pre vi ous in ves ti ga tions, ap ply ing high-res o lu tion
heavy-min eral anal y sis (HRHMA method; Salata and
Uchman, 2013), re vealed great sim i lar ity of the zir con pop -
u la tions stud ied. The zir con pop u la tions stud ied in all sam -
ples from both for ma tions are dom i nated by rounded grains
(up to 90%), while subrounded zir con grains mostly con sti -
tute sev eral per cent (Fig. 5). Euhedral grains are less abun -
dant, oc cur ring in amounts of usu ally about 10% of the zir -
con pop u la tions in both for ma tions. Both highly elon gated
and “stubby” pris matic crys tals are pres ent in the euhedral
zir con groups and the elon gated crys tals are the more abun -
dant. The euhedral zir cons are mostly colour less and fre -

IN TER PRE TA TIONS OF EX TER NAL MOR PHOL OGY OF DE TRI TAL ZIR CON 157

Fig. 4. Abun dances of heavy min eral spe cies in Ropianka and Menilite for ma tions (data ac cord ing to Salata & Uchman, 2012, 2013).
Other min er als’ group in clude sin gle grains of monazite, chromian spinel, hornblende, ti tan ite, epidote, brookite.



quently con tain ovoid melt in clu sions. Pink col our va ri et ies
are found oc ca sion ally (for de tails see Salata and Uchman,
2013).

The mea sure ment of crys tal elon ga tion (length:width
ra tio = E) of the euhedral zir cons showed that very short (al -
most iso met ric; E £ 1.5:1), “stubby” (E < 2.5:1) and nee -
dle-shaped (E from > 4:1 to 9.5:1) grains are pres ent in both
for ma tions (Fig. 6). The to tal amount of elon gated and nee -
dle-shaped zir cons (E > 2.5:1) is lower than the sum of
short-pris matic and “stubby” ones, which com prise 13–34% 
and 66–87%, re spec tively (Fig. 6). How ever, the true con -
tent of elon gated zir cons, es pe cially the nee dle-shaped ones, 
could have been ini tially higher than cur rent mea sure ments
in di cate. Ob ser va tions in trans mit ted light re vealed that
elon gated zir cons (es pe cially with E > 3:1) oc cur of ten as
grains that are bro ken across the prisms, while the short
pris matic and al most iso met ric zir cons are usu ally in tact.
There fore, elon gated zir cons ap pear to have been less re sis -
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Fig. 5. Mean val ues of zir con types in terms of round ness, col our and zonality (data ac cord ing to Salata & Uchman, 2013). Ab bre vi a -
tions: H-ChTS – Hadle-Kañczudzkie-Chmielnik Thrust Sheet; HTS – Husów Thrust Sheet; £ChZ – £añcut Chan nel Zone; MTS – Mar -
ginal Thrust Sheet; RzChZ –Rzeszów Chan nel Zone; n – num ber of samples stud ied.

Fig. 6. The con tent of euhedral zir cons of def i nite elon ga tion in 
stud ied lo cal i ties. Ab bre vi a tions: H-ChTS – Hadle-Kañczudzkie-
Chmielnik Thrust Sheet; HTS – Husów Thrust Sheet; £ChZ –
£añcut Chan nel Zone; MF – Menilite For ma tion; MTS – Mar ginal 
Thrust Sheet; RzChZ – Rzeszów Chan nel Zone; RF – Ropianka
For ma tion; n – num ber of crys tals mea sured.
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Fig. 7. Dis tri bu tion and abun dances of zir con sub types, stud ied in ty po logi cal di a gram by Pupin (1980); n – num ber of zir con crys tals
stud ied.
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tant to break age than the short-pris matic and “stubby” zir -
cons. As the elon ga tion of the bro ken long-pris matic zir -
cons can not be es ti mated, the pop u la tion ap pears to be rel a -
tively less abun dant than it ac tu ally should be.

Mor pho log i cal zir con types (Pupin, 1980) from the Ro-
pianka and Menilite for ma tions are sim i lar. S-type zir cons
are most typ i cal for the pop u la tions stud ied, and sub types
S8, S12, S13, which show equal pro por tions of py ram i dal
faces {101} and {211}, are the most abun dant. The zir con
sub types con cen trate in the ranges of 300–500°C and 700–
850°C for in dex A and in dex T val ues, re spec tively. The
S-sub types com prise pre dom i nantly 10–20% or >20% of
the zir con pop u la tions stud ied, while the re main ing S-sub -
types oc cur in amounts fewer than 10% or 5% (Fig. 7). Ad -
di tion ally, the not abun dant (mostly <5%) P-types (sub types 
P1–P5) and J-types (up to 5%) are pres ent in all sam ples,
while L- and G-types oc cur spo rad i cally, <2% (Figs 7, 8).
The dis tri bu tion of con cen tra tion fields for the zir con sub -
types in ty po logi cal di a grams is also sim i lar for both for ma -
tions. The con cen tra tion fields of zir cons are lo cated mainly 
near the cen tre of the di a grams (Fig. 7). Asym me try, com bi -
na tions of zir con sub types and twinning are typ i cal for the
zir cons. Pen e trat ing twins and par al lel crys tals are also pres -
ent. Many zir con grains dis play embayments (Fig. 8) or in -
her ited cores. These mor pho log i cal fea tures are equally
com mon in both the Ropianka and Menilite for ma tions.

DIS CUS SION

Zir con typology ap plied to de tri tal euhedral zir con pop -
u la tions may re sult in sub type abun dances, scat tered over
the ty po logi cal di a gram with out any spe cific con cen tra tion
fields vis i ble. The dom i nance of mostly S8, S13 and S18
sub types of the zir con pop u la tions, in clearly de fined con -
cen tra tion fields (Fig. 7) in di cates that the euhedral zir cons
in both for ma tions orig i nated from the same source area and 
protolith types. This in ter pre ta tion is re in forced by com pa -
ra ble elon ga tion of euhedral zir con crys tals and sim i lar ity in 
the ex ter nal fea tures of the zir cons stud ied (e.g., embay-
ments, in her ited cores, twinning). The data are con sis tent in
all the sam ples stud ied, im ply ing a first-cy cle prov e nance
for the euhedral zir con pop u la tions. The sim i lar con tri bu -
tion of the zir con types in older (the Ropianka For ma tion)
and youn ger (the Menilite For ma tion) units in di cates that
the li thol ogy of the zir con source rocks most likely did not
change with time. This con firms the data pro vided by Salata 
and Uchman (2013) ob tained from the HRHMA, which re -
vealed great sim i lar i ties, most prob a bly re flect ing the same
prov e nance of the zir con in both of the for ma tions stud ied.
The HRHMA method is par tic u larly use ful for ultrastable,
highly re sis tant min er als, such as the zir cons re main ing in
re cy cled de pos its. It cate go rises the main min eral spe cies in
terms of their col our va ri et ies, in ter nal zon ing, in clu sions
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Fig. 8. Zir con sub types oc cur ring in Ropianka and Menilite for ma tions in re la tion to zir con typology by Pupin (1980), zir con twins and 
embayed crys tals.



and de gree of round ness (Mange-Rajetzky, 1995; Lihou
and Mange-Rajetzky, 1996; Mange and Wright, 2007b; Nie 
et al., 2012; Salata and Uchman, 2013). The anal o gous con -
clu sions drawn on the ba sis of the HRHMA method and zir -
con typology, sup ple mented with data on zir con elon ga tion, 
show that the meth ods men tioned may be ap plied suc cess -
fully to the com par a tive study of zir con pop u la tions in sed i -
men tary rocks. How ever, euhedral zir con typology is lim -
ited to pop u la tions, in which zir con sub type con cen tra tion
fields are de fined dis tinctly (see also e.g., Caironi et al.,
1996; Loi and Dabard, 1997; Fekkak et al., 2000; Lisá and
Uher, 2006; Zajzon et al., 2011). In other cases, the typo-
logy method ap plied to de tri tal zir cons may yield re sults
that are im pos si ble to in ter pret.

The ques tion arises as to whether de tri tal zir con typo-
logy may be an un equiv o cal tool for iden ti fi ca tion of the
pri mary lo ca tion of ig ne ous and/or vol ca nic bod ies and their 
tec tonic his tory. The palaeotransport di rec tions, es tab lished
in the de pos its of the Ropianka and Menilite for ma tions
(e.g., Ksi¹¿kiewicz, 1962; Kotlarczyk, 1966, 1976; Œl¹czka
and Unrug, 1966; Bromowicz, 1974; Kotlarczyk and Leœ-
niak, 1990), per mit a search for the ig ne ous bod ies in a
north-west erly di rec tion, while the euhedral habit of zir cons 
in di cate a lo ca tion of these bod ies in a rel a tively prox i mal
po si tion, in re la tion to the Skole Ba sin. The pres ence of vol -
ca nic bod ies un der the Skole Nappe overthrust has not been
con firmed di rectly and so their ex act lo ca tion re mains un -
known. Nev er the less, the nu mer ous dis cov er ies of ig ne ous
rocks (see ref er ences above) in di cate that lithologically di -

verse ig ne ous rocks were exposed during sedimentation of
the Ropianka and Menilite formations.

Dis tri bu tion of the main zir con crys tal sub types, clearly 
con cen trated in lower lev els of the stock-4 branches in the
ty po logi cal di a grams (Fig. 9), are typ i cal for zir cons orig i -
nat ing from magma of calc-al ka line af fin ity (e.g., Pupin,
1980; El Baghdadi et al., 2003), which is char ac ter is tic for
ac tive tec tonic mar gins (e.g., Wil son, 1989 and ref er ences
therein). The pres ence of sub types at the right mar gin of the
di a gram (Fig. 9) in di cates that al ka line rocks of man tle or i -
gin also might be taken into ac count as ad di tional protoliths
for the euhedral zircon population studied here (Pupin,
1980).

The calc-al ka line char ac ter of the protolith in di cated by
zir con mor phol ogy may be a ba sis for pos tu lat ing the ex is -
tence of vol ca nic pro cesses along con ver gent mar gins,
which may be re lated to a for mer ac tive tec tonic zone. Ig ne -
ous bod ies with a col li sion-re lated calc-al ka line char ac ter
are lo cated along the Kraków–Lubliniec Fault Zone, be -
tween Kraków and Lubliniec (Fig. 1C). The Car bon if er ous– 
Perm ian vol ca nism there was due to the col li sion be tween
the Brunovistulian and Ma³opolska ter ranes (e.g., Bu³a et
al., 1997; ¯aba, 1999; Malinowski et al., 2005; ¯elaŸnie-
wicz et al., 2008; Nawrocki et al., 2010; S³aby et al., 2010).
The vol ca nism is ev i denced by a suite of mafic-in ter me di ate 
and fel sic rocks (e.g., Harañczyk, 1989; Czerny and Mu-
szyñski, 1997; Lewandowska et al., 2010; S³aby et al.,
2010; Wolska, 2012 and ref er ences therein). The in situ
study of zir con types in rhyodacite-dacite rocks from Za-
wiercie by Szczepanik (2001) showed con cor dance of the
zir cons with a calc-al ka line char ac ter of their host rocks
(Czerny and Muszyñski, 1997). The cal cu lated ini tial, main
and clos ing crys tal li za tion tem per a tures for the zir cons de -
noted on av er age 850°C, 680°C and 600°C, re spec tively,
with con cen tra tion fields of the pre dom i nant zir con types
rang ing from 300 to 500 in in dex T val ues (Szczepanik,
2001). In view of these data and the fact that the Kraków–
Lubliniec Fault Zone con tin ues un der the Carpathian over-
thrust (Pietsch et al., 2010), the prov e nance of the zir cons
ex am ined here may be con nected with the same tectonic
event that gave rise to the igneous bodies in the Kraków–
Lubliniec area.

The dom i nance of short and stubby zir cons with elon -
ga tion E<2.5:1 in the Ropianka and Menilite for ma tions in -
di cates a need to search for plutonic bod ies (e.g., Corfu et
al., 2003 and ref er ences therein) as host rocks for the zir con
pop u la tions stud ied. This idea is sup ported by the late Cam -
brian to early Perm ian K/Ar ages, ob tained for a gran ite
peb ble de rived from a north ern source and found in the
Skole Unit (Poprawa et al., 2006 and ref er ences therein).
Poprawa et al. (2006) re lated this age to that, ob tained for
gran ites as so ci ated with the Kraków–Lubliniec Fault Zone.
Ad di tion ally, Jasionowicz and Wieser (1963) de scribed an -
de site (see also Gucwa and Pelczar, 1992) peb bles and
blocks from the Lower Cre ta ceous Spas Shale in NiedŸ-
wiada, in di cat ing a pre-Tithonian age for the volcanic acti-
vity in the area.

The zir cons ex am ined and the plutonic (mainly finely
crys tal line gra nitic rocks) and vol ca nic peb bles from the
Ropianka For ma tion, the Babica Clay and the Menilite For -
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Fig. 9. Di a grams de not ing fields of mean point con cen tra tions
and mean Ty po logi cal Evo lu tion ary Trends (Pupin, 1980) of zir -
cons from: Gran ites of crustal or mainly crustal or i gin: 1 – alumi-
nous leucogranites; sub-autochtonous monzogranites and grano-
diorites; 3 – in tru sive aluminous monzogranites and granodiorites. 
Gran ites of crustal+man tle or i gin or hy brid gran ites: stock 4 (a, b,
c) – calc-al ka line se ries gran ites, monzogranites and granodiorites; 
stock 5 – sub-al ka line se ries gran ites. Gran ites of man tle or mainly 
man tle or i gin: stock 6 – al ka line se ries gran ites; 7 – tholeiitic se -
ries gran ites; 8 – mag matic charnockites. Grey squares in di cate
fields of high est con cen tra tion of zir con sub types in the sam ples
stud ied.



ma tion may have orig i nated from the same tectono-mag -
matic event, per haps re lated to the south-east ern pro lon ga -
tion of the Kraków–Lubliniec Fault Zone. Pre lim i nary in -
ter pre ta tions of the geo chem i cal com po si tion of the peb bles
of ig ne ous rock found in the Menilite For ma tion re vealed
great sim i lar i ties to ig ne ous rock bod ies in the Ma³opolska
Block (Salata, Uchman, Dudek, 2014, un pub lished data).
How ever, it can not be ex cluded that the zir con pop u la tions
stud ied may have been de rived from plutonic bod ies, other
than those of Car bon if er ous–Perm ian age. To con firm the
as sump tion on protolith lo ca tion and ob tain high-res o lu tion
data, the de tri tal zir con typology method should be fol -
lowed by sin gle-grain chem i cal anal y ses and age de ter mi na -
tion (e.g., Willner et al., 2003; Zajzon et al., 2011; Nehyba
et al., 2012).

Con sid er ing host-rock li thol ogy, de tri tal zir con typo-
logy is not a de fin i tive tool, at least in the case of zir cons
with a calc-al ka line af fin ity. Calc-al ka line rocks may be
rep re sented by a large spec trum of rocks, rang ing from in -
ter me di ate to fel sic. They may be granitoids, monzonites
and diorites or quartz-gab bros, whereas vol ca nic rocks may
be rep re sented by rhyolitic bod ies (e.g., see Figs 3, 10 in
Pupin, 1980). Caironi et al. (2000) no ticed a dif fer ence in
the de vel op ment of zir con crys tal faces from monzonite and 
gran ite. Ad di tion ally, the re cent study by Shahbazi et al.
(2014) re vealed that finely crys tal line gra nitic bod ies con -
tain a par tic u lar abun dance of the S12 sub type of zir con
crys tals. How ever, it is im pos si ble to es tab lish source rock
li thol ogy with cer tainty, us ing de tri tal zir con typology alone 
with out ad di tional ev i dence. Mea sure ments of zir con elon -
ga tion may as sist the gen eral es tab lish ment of depth for an
ig ne ous body that is a pos si ble source rock. The dom i nance
of “stubby” and short-pris matic crys tals in the zir con pop u -
la tions in di cates deeply sit u ated, slowly cooled plutonic
bod ies, while highly elon gated, nee dle-shaped zir cons in di -
cate, in turn, rap idly crys tal lized, por phy ritic, sub-vol ca nic
in tru sions, high-level gran ites and gab bros as host rocks
(Corfu et al., 2003). The dom i nance of short-pris matic and
“stubby” shapes in the pop u la tion stud ied in di cates that the
zir cons were eroded mostly from plutonic bod ies. How ever, 
in other cases, if nei ther “stubby” nor nee dle-shaped zir cons 
were to pre dom i nate, such a con clu sion could be in ad mis si -
ble, be cause plutonic bod ies also might con tain elon gated
zir cons (e.g., Corfu et al., 2003; Sturm, 2010; Shahbazi et
al., 2014).

De tri tal zir con typology in the con text of source-rock
li thol ogy pro vides only lim ited petro gen etic and geotecto-
nic knowl edge. The ad van tage of the method is that it con -
trib utes valu able data en abling the pre lim i nary es tab lish -
ment of the geotectonic set ting of the source area. In com bi -
na tion with elon ga tion mea sure ments, zir con typology al -
lows an in ves ti ga tor to de limit po ten tial source ar eas and
rocks that can be the focus of further comparative research.

CON CLU SIONS

The study showed that de tri tal zir con typology, sup ple -
mented with elon ga tion mea sure ments, yields use ful in for -
ma tion on source and, un der fa vour able con di tions, is a

valu able tool for com par i son of the zir con pop u la tions in
sed i men tary de pos its of dif fer ent ages in terms of their
prov e nance. The zir con pop u la tions ex am ined from the
Ropianka and Menilite for ma tions dis play great sim i lar i ties
with re spect to ex ter nal crys tal mor phol ogy, which in di cate
prov e nance from the same type of protolith. More over, the
sim i lar con tri bu tions of the dom i nant euhedral zir con sub -
types and crys tals of def i nite elon ga tion in older (the Ro-
pianka For ma tion) and youn ger (the Menilite For ma tion)
de pos its in di cate that the li thol ogy of the source rocks did
not change through time for the euhedral zir cons stud ied.
Zir con typology, sup ple mented with data on zir con elon ga -
tion, gives com pa ra ble re sults for the HRHMA method,
show ing that the meth ods may be suc cess fully ap plied as a
sup ple ment for the comparison of heavy-mineral popula-
tions and their provenance in sedimentary rocks.

Stud ies of the mor phol ogy of de tri tal zir con yield only
lim ited knowl edge, re gard ing geotectonics and ig ne ous
source rocks. How ever, they con trib ute use ful pre mises for
the es tab lish ment of the geotectonic set ting of a source area
on a pro vi sional ba sis. The elon ga tion of the euhedral zir -
con crys tals of the pres ent study in di cates a prov e nance
mostly from slowly cooled deep-seated ig ne ous bod ies.
Nev er the less, if nei ther stubby nor nee dle-shaped zir cons
were to pre dom i nate in other sit u a tions, it would be im pos -
si ble to de ter mine source-rock li thol ogy on the ba sis of only 
zir con typology and elon ga tion mea sure ments. In the case
of the zir con pop u la tions stud ied, a com bi na tion of zir -
con-elon ga tion mea sure ments and zir con typology per mits
the rec og ni tion of po ten tial source areas and rocks that will
be the focus of further analytical research.
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