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As so ci ate Ed i tor: Leszek Marks

New U-Pb zir con SHRIMP de ter mi na tions from mag matic silicic rocks ad ja cent to the NE part of the Up per Silesia Coal Ba sin 
(USB) are pro vided and com pared with ear lier data ob tained by K-Ar dat ing. The zir con sam ples stud ied came from the same 
bore holes and depth in ter vals pre vi ously sam pled for K-Ar datings. Re cal cu la tions of the ear lier K-Ar val ues for biotites
yielded isochron  ages in the range of 297–309 Ma. The zir con U-Pb SHRIMP val ues gave more pre cise ages be tween 300.1
±1.2 Ma and 292.6 ±1.3 Ma (1s) con sis tent with U-Pb and Re-Os de ter mi na tions. In two cases, the re cal cu lated re sults of
K-Ar dates were nearly iden ti cal with those ob tained from the SHRIMP iso to pic anal y ses. In this con text, the granitoids and
por phy ries of the USB area, once as signed to the Car bon if er ous-Perm ian based on the older K-Ar stud ies, ac tu ally are of the
same age as other fel sic ig ne ous rocks from the vi cin ity of the Kraków-Lubliniec Fault Zone, with a higher dat ing pre ci sion,
how ever. The new data un der line the im por tance of Late Car bon if er ous- Early Perm ian fel sic magmatism at the SW mar gin
of the Trans-Eu ro pean Su ture Zone in south ern Po land. In the zir con pop u la tions dated, be sides the dom i nant Late Pa leo -
zoic ages, there are some in her ited zir con cores, likely rem nant de tri tal grains from a sed i ment com po nent in the source
rocks, that re veal much older ages which range from ~2051 to 569 Ma.
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INTRODUCTION 

Mag matic rocks from the Up per Silesia Coal Ba sin (USB)
and the ad ja cent ar eas have been for years stud ied by
petrographic, ge netic and geo chron ol ogi cal means. The first
geo chron ol ogi cal anal y ses were made in the 1960s and 1970s,
the re sults be ing ar chived and only partly pub lished (e.g., Lis
and Sylwestrzak, 1976, 1978). Prog ress in K-Ar age de ter mi na -
tions at the Pol ish Geo log i cal In sti tute in the 1980s al lowed new 
dates and some re in ter pre ta tions of ear lier data (Jarmo³owicz -
-Szulc, 1985). Re cent in ter est in the ig ne ous rocks of the USB
brought new re sults ob tained us ing the Ar-Ar, U-Pb and Re-Os
meth ods (¯elaŸniewicz et al., 2008; Mikulski et al., 2008;
Nawrocki et al., 2010; Mikulski and Stein, 2012; Mikulski et al.,
2019 and ref er ences therein). The pres ent con tri bu tion pro -
vides more U-Pb anal y ses of zir cons from mag matic rocks in
the vi cin ity of the Kraków-Lubliniec Fault Zone (KLFZ) and
com pares the re sults with the older ar chived and pub lished

data ob tained by means of the K-Ar vol u met ric method with out
iso to pic con trol. For this, the bore hole cores have been sam -
pled from the ap prox i mately same or as close to as pos si ble
depth in ter vals that were ear lier sam pled for the K-Ar anal y ses.
The pres ent pa per thus acts as a bridge be tween the older and
newer geo chron ol ogi cal meth ods which have been de vel oped
in the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute.  

GEOLOGICAL SETTING 

The study area is lo cated on the Ma³opolska Block (Fig. 1),
south ern Po land, to the NE of the KLFZ that sep a rates this
block from the Up per Silesia Block, both be ing ex ten sively cov -
ered by Me so zoic-Ce no zoic de pos its and Carpathian nappes
(Bu³a et al., 1997; ̄ aba, 1999). The KLFZ rep re sents part of the 
Trans-Eu ro pean Su ture Zone (TESZ) in which crustal
blocks/ter ranes of Gond wana af fin ity came into con tact with the
East Eu ro pean Craton/Baltica (e.g., Bu³a et al., 1997;
Narkiewicz et al., 2015; ¯elaŸniewicz et al., 2016). In both walls
of the KLFZ, ig ne ous rocks are pres ent. K-rich rhyolites to
dacites in truded in the form of laccoliths, be ing more abun dant
in the Ma³opolska Block than in the Up per Silesian Block
(¯elaŸniewicz et al., 2008). In bore holes lo cated along the SW
mar gin of the Ma³opolska Block, gran ites, por phy ritic dacites
and rhyolites and mi nor mafic rocks were en coun tered at a dis -
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tance of up to 10 km from the KLFZ dur ing ex ten sive sur vey ing
for ore min er ali sa tion (Fig. 1). 

Bore hole cores from four bore holes were se lected for this
study: PZ-10, PZ-13, Z-13 and WB-115. Their lithological logs
can be found in Nawrocki et al. (2010) and Mikulski et al.
(2019). In these bore holes, mag matic rocks oc cur as com plex
bod ies some hun dreds to >1000 metres thick. 

Mag matic rocks in the Up per Silesia Coal Ba sin and in the
area ad ja cent on the NE are known only from deep bore holes.
These are: granitoids, por phy ries, diabases and lam pro phyres
in ferred to be Car bon if er ous/Perm ian in age (Bukowy and
Cebulak, 1964, 1971; Górecka et al., 1971; Lis and
Sylwestrzak, 1976, 1978; Martinec et al., 1994 and ref er ences
therein). Based on the chem i cal and min eral com po si tions of
those rocks, Homola (1960) and Papalová and Tomšik (1970)
dis tin guished fur ther petrographic va ri et ies, namely: grano -
diorite por phyry, quartz-diorite, and diorite por phyry, syenite
por phyry, melaphyre and ol iv ine melaphyre. Nawrocki et al.
(2010) sup ported the in ter pre ta tion of three mag matic events in 
the vi cin ity of the KLFZ, in the bor der area of the Brunovistulia
and Ma³opolska ter ranes. The old est ep i sode oc curred in the
Late Emsian, a youn ger one in the Visean and the youn gest in
the Early Perm ian. 

PREVIOUS AGE DETERMINATIONS 

Pre vi ous age de ter mi na tions of mag matic rocks of the USB
mar gin were by the K-Ar vol u met ric method at the Pol ish Geo -
log i cal In sti tute – Na tional Re search In sti tute. The ear li est re -
sults were re ported by Depciuch (1974). Some data (PZ-10)

were de scribed in de tail by Jarmo³owicz-Szulc (1985) to gether
with an at tempt to in ter pret the wide spread of the val ues ob -
tained. They were in ter preted us ing the isochore method
(Jarmo³owicz-Szulc, 1985) to give the first iso tope age ap prox i -
ma tion in the Pol ish area, quoted later by dif fer ent au thors. On
the Czech side of the USCB, K-Ar ages of 240 and 260 Ma were 
ob tained for dyke rocks in the USCB by Papalová and Tomšik
(1970), though no ex act data sources or de tailed ex pla na tions
were given. These pub lished age de ter mi na tions were fol lowed
by re sults for the Dol ina Bêdkowska, PZ-17 and PZ-32 bore -
holes (Jarmo³owicz-Szulc, ar chive ma te ri als 1989, un pub -
lished). Later, some Ar-Ar data from rocks such as diabases of
the Kraków-Lubliniec Fault Zone were pub lished (Nawrocki et
al., 2008, 2010). Some re sults of SHRIMP U-Pb dat ing of the
granodiorite from the WB-102A bore hole were also then re -
ported (¯elaŸniewicz et al., 2008), and from the Zalas por phyry.
More re cently, the age de ter mi na tion sum ma ries and SHRIMP
U-Pb val ues were pub lished (Mikulski et al., 2019). 

These ear lier re sults came from a va ri ety of bore holes,
rocks and depths from both the Brunovistulian and the
Ma³opolska ter ranes. The age data for the Ma³opolska Block
with sources are shown in Ta ble 1 as ref er ence ma te rial for the
pres ent study. 

MATERIAL AND METHODS

Petro graphi cally, the por phy ries and granitoids (Fig. 2) are
coarse, me dium to fine-grained rocks of ei ther equigranular or
por phy ritic tex tures (see: WB-115 in Fig. 2B, or PZ-10 in Fig.
3A–F). Oc ca sion ally they are al tered (Fig. 2A) and show di rec -
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Fig. 1. Ge ol ogy and bore holes sam pled; 
part of a geo log i cal map of the area (Bu³a et al., 2002) with sam pling points shown

 BT – Brunovistulian Terrane; MT – Ma³opolska Terrane; H-K – Ham burg-Kraków Tec tonic Zone; 
TESZ – Trans-Eu ro pean Su ture Zone (Teisseyre-Tornquist Zone)
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Fig. 2. Rocks from bore holes on the NE mar gin of the Up per Silesian Coal Ba sin 

Mac ro scopic im ages of dated rock sam ples: A – quartz por phyry cut by quartz veinlets; 
anal y ses were con ducted on the non-al tered parts; sam ple Z-13 (depth 231–231.3 m);

B – granodiorite (WB-115, depth 570–580 m) 

T a  b l e  1

Sum mary of pre vi ously ob tained ages

Bore hole/ sam ple num ber Depth [m] Rock/min eral dated Method Age
[Ma] 

Er ror
[Ma] Ref er ences 

Myszków- Mrzyg³ód re gion

PZ-10 
610–1173 granitoids K-Ar 312 17 Jarmo³owicz-Szulc (1985); isochore

Myszków- Mrzyg³ód re gion 459–955 por phy ries K-Ar 301 29 Jarmo³owicz-Szulc (1985); isochore

Myszków Mo-Cu-W de posit di ver si fied mo lyb de nite Re-Os
303

294.7

2.2

2.3.
Stein et al. (2005)

Zalas re gion quarry rhyodacites U-Pb zir con 295.1 2.6 Nawrocki et al. (2007)

WB-102A 1091.5 granodiorite U-Pb zir con 300.3 3.2 ¯elaŸniewicz et al. (2008)

Up per Silesia Ba sin di ver si fied rhyolites to dacites U-Pb zir con 295.0 3.0 Nawrocki et al. (2008) from
¯elaŸniewicz et al. (2008) 

PZ-10

PZ-10-287 
284 dacites/am phi bole Ar-Ar 298.7

0.9 
1s Nawrocki et al. (2008)

PZ-10 

PZ-10-287 
287 dacites/am phi bole Ar-Ar 292.6 1.3 Nawrocki et al. (2008)

PZ-10 

PZ-10-287 
289 dacites/am phi bole Ar-Ar 295.1

1.5 
1s

Nawrocki et al. (2008)

DB5

DB5/4
1239 granodiorites U-Pb

SHRIMP 294.8 2.6 Mikulski et al. (2019)

PZ-10 /PZ10/36 1163 granodiorites U-Pb
SHRIMP 295.9 3.0 Mikulski et al. (2019)

https://gq.pgi.gov.pl/article/view/8914/pdf_944


tional tex tures both at macro- and mi cro-scales (Fig. 3G, H).
Their com po si tion is dacitic and granodioritic. The rocks com -
prise quartz, K-feld spar, plagioclase, bi o tite and hornblende in
var i ous pro por tions. Zir con, ap a tite and epidote are ac ces sory

min er als. The de tailed petrographic char ac ter is tics of these
rocks in the Up per Silesia Ba sin and ad ja cent re gions in Po land
and Czech have been widely de scribed [e.g., Homola, 1960;
Papalová and Tomšík, 1970; Martinec et al., 1994 and ref er -
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Fig. 3. Pho to mi cro graphs of rocks from the PZ-10 and WB-116 bore holes in trans mit ted light
(par al lel and crossed polars)

A–F – petrographic pro file of granitoids in the PZ-10 bore hole (depth from 412.4 to 1149.5 m); 
G, H  – WB-116 sam ple; Q – quartz, Sk – feld spar, Bio – bi o tite, Se – seri cite



ences therein; Markiewicz and Markowiak, 1998; Truszel and
Karwowski, 2003; Markowiak, 2005; Truszel et al., 2006;
Nawrocki et al., 2008 (diabases) and ¯elaŸniewicz et al., 2008
(granitoids)]. The most re cent petrographic geo chem i cal de -
scrip tion is by Mikulski et al. (2019). 

The pres ent study con cerns dat ing by two meth ods: K-Ar on 
bi o tite (ar chi val de ter mi na tions; re-ap praised) and U-Pb
SHRIMP on zir con.

Bi o tite and zir cons were sep a rated us ing con ven tional
heavy liq uid and mag netic tech niques. Zir con grains were im -
aged in cathodoluminescence and pho to graphed both in trans -
mit ted and re flected light to iden tify cores and overgrowths prior 
to the anal y sis. The zir con sam ples were dated by means of the 
SHRIMP method to gether with com par a tive stan dards. 

K-Ar AGE 
DETERMINATIONS 

K-Ar age de ter mi na tions (vol u met ric method) used to be
per formed at the Pol ish Geo log i cal In sti tute in War saw in the
last cen tury. The ear li est re sults in the USB area were re ported
by Depciuch (1974), with later dat ing and in ter pre ta tion by
Jarmo³owicz-Szulc (1985). Those pub lished re sults were fol -
lowed by other mea sure ments, re ported here. De ter mi na tions
were con ducted on bi o tite and/or whole rock sam ples. The pu -
rity of the bi o tite frac tion se lected was con trolled by hand pick -
ing. K-Ar dat ing was per formed on bi o tite tak ing into ac count its
more com pact struc ture and pos si ble lesser al ter ation by con -
trast with the feld spar. The clo sure of the 40K-40Ar sys tem in
geo log i cal time is the con di tion of the dat ing. Ar gon gas can be
re leased from weak com pact struc tures such as of feld spars
that may re sult in much lower ap par ent ages. The bi o tite has
also a rel a tively high po tas sium con tent that has a pos i tive in flu -
ence on the an a lyt i cal er ror of fi nal mea sure ments and re sults
ob tained. 

Po tas sium con tent was de ter mined sep a rately by flame
pho tom e try. Val ues for the bi o tite/ whole rock aliquots come
from the chem i cal lab o ra tory of the Pol ish Geo log i cal In sti tute. 

De tails of the Ar re leas ing in stru ment, the method used and
re sults of cal i bra tion of mea sure ments have been de scribed
else where (e.g., Depciuch, 1974; Lis and Sylwestrzak, 1976;
Jarmo³owicz-Szulc, 1985, 2017). Atomic con stants sug gested

by Steiger and Jäger (1977) were used for cal cu lat ing and
re-cal cu lat ing the ages. 

U-Pb SIMS DATING 

The U-Pb age mea sure ments were con ducted us ing sin gle
zir con crys tals in situ by the Sec ond ary Ion Mass Spec trom e try
SIMS on Sen si tive High Res o lu tion Ion Mi cro scope SHRIMP II
in stru ment at the Pol ish Geo log i cal In sti tute – Na tional Re -
search In sti tute, War saw. The zir con sep a rates mounted in ep -
oxy discs along with rel e vant zir con stan dards Temora 2
(206Pb/238U = 0.06683) and 91500. De tails re lated to SHRIMP
an a lyt i cal pro ce dures, in clud ing the cal i bra tion rou tine, were
de scribed by Wil liams and Claesson (1987) and/or Wil liams
(1998). In gen eral, for each anal y sis, an 16O2-pri mary ion beam
was rastered across ev ery zir con grain for 2 min utes, to re move 
the gold coat and sur face con tam i na tion. Pos i tive sec ond ary
ions were col lected by ex ca vat ing an ~3 mm deep el lip ti cal (reg -
u lar di men sion ~21 to 25 mm) spot. 

SQUID 1.0 soft ware was used for data pro cess ing. In di vid ual 
cor rected ra tios and ages were re ported with 1s an a lyt i cal er rors. 
U-Pb con cordia ages and the weighted mean age di a gram were
cal cu lated us ing the Isoplot/Ex 3.0 pro gram of Lud wig (2009).
Age cal cu la tions were based on IUGS rec om mended val ues for
U de cay con stants (Steiger and Jäger, 1977). 

RESULTS 

RESULTS OF K-Ar DATING 

Hith erto un pub lished re sults of K-Ar dat ing of the sam ples
from dif fer ent bore holes by the pres ent au thor are shown in Ta -
ble 2. They con cern po tas sium and ar gon mea sure ments for
granitoid and por phyry sam ples from the PZ-10, PZ-17, DB-5,
Z-13 and WB-115 bore holes ex tracted from ar chive ma te ri als
(Jarmo³owicz-Szulc, 1989,  un pub lished). They were care fully
se lected and an a lyzed tak ing into ac count the char ac ter of ma -
te rial dated. In most cases, bi o tite was ana lysed, where the po -
tas sium con tent ap peared to be rel a tively high and the crys tal
size large. A high po tas sium con tent is the first sug ges tion of no
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T a  b l e  2

 40K-39Ar dat ing re sults – a re ap praisal of ar chi val measurements 

An a lyt i cal
num ber Bore hole Depth [m] Ma te rial K [%] Sam ple weight

 [g] 
Age *

[Ma] 
Age ** 

[Ma]

891/Ar DB-5 1099.7–1100
bi o tite

0.5–1.0 mm 
7.32 6.2407 309 297 

922/Ar PZ-10 534 bi o tite 6.48 5.9063 304

935/Ar PZ-17 1105.5 bi o tite + chlorite 4.99 5.5933 297

932/Ar PZ-17 1116.3–1116.5 bi o tite 4.53 5.0865 299

936/Ar PZ-17 1137.5 bi o tite 4.92 5.0245 305 

937/Ar PZ-32 252.5 bi o tite + chlorite 3.15 7.0375 297

945/Ar WB-115 570–580 
bi o tite 

0.4–0.6 mm
5.90 5.0139 297

947/Ar Z-13 235.4–235.5 whole rock 2.3 12.0415 305

Re marks: * – cal cu la tion lab o ra tory co ef fi cient 1.59 ; ** – cal cu la tion lab o ra tory co ef fi cient 1.51
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al ter ation in the min eral. Lo cally, how ever, the bi o tite is
chloritized, as marked in the ta ble. Only one sam ple (Z-13,
depth 235.4–235.5 m) was ana lysed as a whole-rock-sam ple
(Ta ble 2).

RESULTS OF U-Pb SHRIMP DATING AND ZIRCON
CHARACTERISTICS 

DETAILED DESCRIPTION OF ZIRCON SAMPLES

As it is seen in Fig ure 4, zir cons in all 4 sam ples pres ently
dated dif fer in their size, trans par ency and struc ture. They also
dif fer from the stan dards used. 

Sam ple PZ-10, depth 666.2 m. Long pris matic, trans par -
ent crys tals; oc ca sional larger darker crys tals. In gen eral, crys -

tal size (up to ~200 µm) is smaller than that those of the
TEMORA 2 sam ple (Fig. 4A, B). 

Sam ple PZ-13, depth 629.4 m. Small zir cons, not abun -
dant, pris matic, mostly trans par ent. In most cases, one point
mea sure ment was done per crys tal, in larger grains two points
were se lected for anal y sis (Fig. 4C, D). 

Sam ple WB-115. Trans par ent me dium-size zir con crys tals, 
with some zonation, and of size sim i lar in size to those of
Temora. 

Sam ple Z-13, depth 241–241.3 m. About 120 crys tals from 
the metasomatically un al tered parts of the rock. Abun dant large 
zir cons show pris matic char ac ter. Two types of zir cons are
seen: large pris matic crys tals with a large core (two points ana -
lysed); elon gated thin dark bi-py ram i dal prisms and small bi-py -
ram i dal prisms – shorter, with nar row zonation. Some grains
are bro ken (Fig. 4E, F) .
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Fig. 4. CL im ages of zir cons dated by the SHRIMP method – ex am ples 

A, B – sam ple PZ-10; C, D – sam ple PZ-13; E, F – sam ple Z 13; for age val ues see Ta ble 3 



In sum, the zir cons ex tracted from the granitoids (PZ-10,
PZ-13, WB-115) are mostly clear, colour less, fine to me dium in
size (40–200 µm). Only zir cons from the por phyry (Z-13) are
sig nif i cantly larger (120–300 µm). They dis play a euhedral pris -
matic char ac ter and a fine zonation. Crys tal phases of zir cons
are well de vel oped. Some crys tals in these pop u la tions are
dark, and some are bro ken. 

ANALYTICAL U-Pb RESULTS

In Fig ure 4 some ex am ples of in di vid ual zir con crys tals are
il lus trated to gether with num bers cor re spond ing to age val ues
shown in the ta ble (Ta ble 3). 

The con cordia re sults of U-Pb dat ing of the zir con sam ples
from the PZ-10, PZ-13, WB-115, Z-13 bore holes are as fol lows:

– sam ple PZ-10, depth 666.2 m – 300.1 ±1.2 Ma with U and
Th con tents of 169–1924 ppm and 96-2942 ppm, re spec -
tively; 

– sam ple PZ-13, depth 629.4 m – 295 ±1.3 Ma with U and Th
con tents of 155–3643 ppm and 65–2048 ppm, re spec tively;

– sam ple WB-115 – 297.1 ±1.6 Ma with U and Th con tents of
139–429 ppm and 189–578 ppm, re spec tively; 

– sam ple Z-13, depth 231–231.3 m – 292.6 ±1.3 Ma with U
and Th con tents of 76–3774 ppm and 114–826 ppm, re -
spec tively. 
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T a  b l e  3

Zir con U-Pb SHRIMP dat ing re sults 

Bore hole/

Spot 
Depth [m]

In di vid ual

crys tal no*

U 

[ppm]

Th

[ppm]
206Pb/238U 207Pb/235U Age [Ma]** Re marks

PZ-10 666.2 Granodiorite 300.2 ±1.2

PZ-10/42.1 1 193 149 0.04734 0.265 298 ±3–304 ±4 Fig. 4A, B

PZ-10/39 2 343 268 0.04667 0.303 290 ±2–291 ±4

PZ-10/43 3 1243 571 0.04587 0.344 288 ±3–289 ±3

PZ-10/40.1 4 1256 524 0.04595 0.336 288 ±3–289 ±3 

PZ-10/40.2 5 860 269 0.04734 0.343 298 ±12–298 ±13

PZ-10/38.2 6 1048 371 0.04518 0.324 299 ±4–300 ±3

PZ-10/41.1 7 241 191 0.04812 0.380 302 ±4–302 ±4

PZ-10/41.2 8 925 728 0.04611 0.347 290 ±42–291 ±2

PZ-10/45 9 60 49 0.04846 0.442 296 ±4–305 ±5

PZ-13 629.4 Granodiorite 295.7 ±1.3

PZ-13/23 10 778 272 0.04581 0.342 288 ±3–289 ±3 Fig. 4C, D

PZ-13/25 11 1969 798 0.04661 0.339 289 ±3–300 ±3

PZ-13/35 12 146 114 0.04583 0.342 290 ±2–291 ±4

PZ-13/34.1 13 744 360 0.04616 0.337 290 ±2–291 ±3

PZ-13/34.2 13A 433 212 0.04658 0.354 292 ±8–294 ±8

PZ-13/32 14 906 213 0.04784 0.343 301 ±7–302 ±23

Z-13 231–231.3 Rhy o lite al tered rock 292.6 ±1.3

Z-13/29 15 714 358 0.0503 0.316 287 ±3–288 ±3 Fig. 4E, F

Z-13/30 16 366 272 0.0518 0.330 291 ±5

Z-13/31 17 97 101 0.0605 0.391 293 ±5–296 ±5

Z-13/32 18 479 116 0.0433 0.294 273 ±15–274 ±16

Z-13/33.1 19 65 40 0.0468 0.355 295 ±2–295±3

Z-13/34 20 343 199 0.0467 0.351 294 ±2–295 ±3

Z-13/35 21 767 246 0.0477 0.360 300 ±3–301 ±3

Z-13/36 22 874 245 0.0466 0.318 294 ±4

Z-13/37 23 1667 131 0.1441 2.070 831 ±51–871 ±52

Z-13/38 24 764 460 0.0453 0.338 285 ±4–286 ±4

WB-115 570–580 Granodiorite 297.1 ±1.6 

* – num bers cor re spond to crys tals shown in Fig ure 4, ** – full set of data – in Ap pen dix 1*

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1549

https://gq.pgi.gov.pl/rt/suppFiles/27503/


The age val ues dis cussed in the text are given with 1s con -
fi dence lim its (Ta ble 3 and Ap pen dix 1). Con cordia di a grams in
the plot of 207 Pb/235U and 206Pb/238U have been con structed for
re cently dated sam ples and are shown in Fig ures 5 and 6. 

When treated sta tis ti cally, the age val ues ob tained mostly
lie within the age in ter val be tween 298–300 Ma, in di cat ing zir -
con crys tal li za tion age in that in ter val in the rocks stud ied.

Some val ues for in her ited zir con cores were ob tained in the
pop u la tions stud ied (e.g., in PZ-10 sam ple for 6 grains form 60
mea sured). They lie in the range from ~2051 to 569 Ma show -
ing, how ever, no clear age pat tern (Ap pen dix 1). One such crys -
tal dated at 831 ±51 – 871 ±52 Ma (lim its of three times re -
peated point mea sure ments) is seen in Fig ure 4 and in Ta ble 3
(the Z-13 bore hole, crys tal No 23, crys tal spot Z-13/38). 
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Fig. 5. Re sults of dat ing in a 207Pb/235U and 206Pb/ 238U plot 
(A – PZ-10, B –  PZ-13 bore holes)

The Myszków-Mrzyg³ód area; 
ages on the re gres sion line ex pressed in mil lions of years

https://gq.pgi.gov.pl/rt/suppFiles/27503/
https://gq.pgi.gov.pl/rt/suppFiles/27503/


DISCUSSION 

As seen in Fig ures 2–6, the rock sam ples dated  con tain bi -
o tite, pure or slightly al tered, and un al tered zir con crys tals
which dif fer in their trans par ency, size and abun dance. Bi o tite is 
rather large (0.4–1.0 mm in size). Zir con crys tals are in gen eral

small, so in most cases only one iso to pic “point maesurement”
oc curs per zir con grain (Fig. 4). Af ter re-cal cu la tion to age val -
ues, the 238U-206Pb SHRIMP zir con re sults fall into the in ter val
from 292.6 ±1.3 to 300.1 ±1.2 Ma (with a rel a tively low stan dard
de vi a tion). Oc ca sion ally, some in her ited zir con cores, rem nant
de tri tal zir cons from a sed i ment com po nent in the source rocks,
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Fig. 6. Re sults of dat ing in 207Pb/235U and 206Pb/238U plot 
(A – Z-13, B – WB-115 bore holes)

The Zawiercie and Pilica re gions; 
ages on the re gres sion line ex pressed in mil lions of years



oc cur. They dif fer from the gen eral pop u la tion char ac ter in their
colour ing, com monly be ing much darker. Their ages range from 
~2051 to 569 Ma. These in her ited zir cons are rare and there is
no clear age pat tern to ex plain rea son ably their or i gin. Mikulski
et al. (2019) tried to re late in her ited age val ues from the
Ma³opolska Block, i.e. those much “older” zir con re sults, to the
de vel op ment of Baltica. But, the in her ited zir con ma te rial is too
scarce and ran dom to con duct a dis cus sion of the or i gin of in di -
vid ual grains/cores. 

The SHRIMP U-Pb zir con age val ues ob tained point to a
Car bon if er ous/Perm ian age. They sup port the K-Ar vol u met ric
data from this part of the Ma³opolska Block and the NE mar ginal 
zone of the USB (Fig. 7). 

The K-Ar in di vid ual data for granitoids dis play a wider age
in ter val, rang ing from 297 to 309 Ma. In de tail, the age re sults
range from 297 to 305 Ma for bi o tite from the PZ-17 bore hole
(av er age – 299.6 Ma) are 304 Ma for the PZ-10 bore hole (depth 
534 m), and 297 Ma for the granitoid from the Pilica area
(WB-115). The por phyry (Z-13) yielded an age of 305 Ma. 

In gen eral, the pres ent re sults, both K-Ar and U-Pb zir con,
fall well into the Car bon if er ous/Perm ian age in ter vals. This is
con sis tent with the re sults ob tained in the re gion by other
meth ods and other au thors for mag matic fel sic rocks from the
Ma³o polska Block and the Kraków-Lubliniec Fault Zone (cf.
Mikulski et al., 2019 and ref er ences therein; Fig. 7). Tak ing
into ac count the pres ence of three mag matic events in the
Brunovistulian and the Ma³o polska ter ranes, that are sep a -
rated by the Kraków-Lubliniec Fault Zone (Nawrocki et al.,
2010 and ref er ences therein), the em place ment of acid mag -
matic rocks as grano diorites and dacites marks the extensio -
nal stage of the tec tonic evo lu tion of the Kraków-Lubliniec

Fault Zone (e.g., ¯aba, 1999; ¯elaŸniewicz et al., 2008). The
U-Pb SHRIMP zir con and other dat ing re sults (e.g., Mikulski et 
al., 2019), the age val ues ob tained in the pres ent pa per for the
granitoids (PZ-10, PZ-13, WB-115) and por phy ries (Z-13) are
within age lim its that cor re spond to an Early Perm ian age. In
other words, the rocks are the re sult of the third mag matic
event char ac ter iz ing the de vel op ment of the KLFZ (Nawrocki
et al., 2010; Mikulski et al., 2019). Ac cord ing to Narkiewicz et
al. (2015) and ¯eleŸniewicz et al. (2016), the magmatism is
co eval with post-collisional gran ite in tru sions in the Cen tral
Eu ro pean Variscides. 

CONCLUSIONS

The pres ent re sults of geo chron ol ogi cal stud ies – a re-ap -
praisal of K-Ar age val ues and new U-Pb SHRIMP dat ing re -
sults – place the age lim its for the for ma tion of mag matic rocks
from the Ma³opolska Block and the Kraków-Lubliniec Fault
Zone within an in ter val of 290–310 Ma. Silicic magmatism in the 
area stud ied oc curred be tween 292.6 ±1.3 to 300.1 ±1.2 Ma
(U-Pb SHRIMP zir con) and 297-305 Ma (K-Ar, bi o tite).
SHRIMP U-Pb dat ing of fel sic rocks from the Myszków-
 Mrzyg³ód area (PZ-10, PZ-13 bore holes), the Zawiercie vi cin ity
(Z-13) and the Pilica re gion (WB-115), points to short-term
magmatism there and is con sis tent with the older K-Ar vol u met -
ric data from that NE mar gin of the USB. The rocks dated are
the re sult of the third mag matic event char ac ter iz ing the de vel -
op ment of the KLFZ while the magmatism is co eval with post -
-collisional gran ite in tru sions in the Cen tral Eu ro pean Varisci -
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Fig. 7. U-Pb SHRIMP zir con and K-Ar age re sults on the back ground 
of ear lier pub lished data

1 – Mikulski et al. (2019); 2 – Jarmo³owicz-Szulc (1985)

https://gq.pgi.gov.pl/article/view/7589/6210
https://gq.pgi.gov.pl/article/view/7589/6210
https://gq.pgi.gov.pl/article/view/7589/6210
https://gq.pgi.gov.pl/article/view/8914/pdf_944
https://gq.pgi.gov.pl/article/view/7494/6144


des (Narkiewicz et al., 2015; ¯eleŸniewicz et al., 2016). Geo -
chron ol ogi cal data clearly fall into the age in ter vals ob tained by
other meth ods and other au thors for the mag matic rocks, both
in case of the pri mary and in her ited zir con ages (e.g., Mikulski
et al., 2019 and ref er ences therein). 

Ac knowl edge ments. The pres ent pa per and the an a lyt i -
cal de ter mi na tions were con ducted within the pro ject of the
Min is try of Sci ence and Higher Ed u ca tion dur ing 2017–2019

(in ter nal PGI-NRI pro ject no. 61.2909.1701.00.0 en ti tled
“Anal y sis, ac tu al iza tion and ver i fi ca tion of the re sults of stud -
ies on mag matic rocks by use of new est re search tech -
niques”). An a lyt i cal as sis tance with the SHRIMP IIe/MC cal i -
bra tion was pro vided by Z. Czupyt. L. Skowroñski is thanked
for graphic elab o ra tion of some fig ures. The de tailed crit i cal re -
views of two anon y mous re view ers have had a great im pact on 
the manu script. The re view ers are sin cerely thanked for their
help ful re marks and sug ges tions.
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