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Ab stract: Nd and Sr iso tope data were used to char ac ter ize the sources of the Up per Tri as sic (Keuper) siliciclastic
rocks of Silesia in south ern Po land. This con ti nen tal suc ces sion, con sist ing pre dom i nantly of fine-grained mud-
stones and siltstones, yields a re mark ably uni form Nd iso to pic com po si tion. Nd model ages T2DM vary from 1.56 to
1.69 Ga and eNd val ues are in the range from –8.9 to –11.2, doc u ment ing old crust con tri bu tion in the prov e nance. In
con trast, the Sr iso to pic com po si tion (87Sr/86Sr) of the clastics ex hib its a rel a tively large vari a tion from 0.710 to
0.723. The iso to pic com po si tions in di cate that the south ern part of the Ger manic Ba sin in Silesia was sup plied with
clastic ma te rial from the Bo he mian Mas sif. The axis of the drain age area must have crossed from SW to NE the
Saxothuringian units of the East Sudetes and most prob a bly also the area of the Tepla–Barrandian Unit. There is no
in di ca tion of any sed i ment trans port from the Moravo-Silesian Belt and the Fore-Sudetic Block. It seems, that the
Palaeozoic rocks of the lat ter do main must have been bur ied com pletely dur ing Late Tri as sic times.
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IN TRO DUC TION

Al though the Up per Tri as sic (Keuper) clastic rocks of
Silesia have been the sub ject of a very long his tory of sci en -
tific re search, start ing in the mid-nine teenth cen tury (Roe-
mer, 1867, 1870), they gained no to ri ety in the last de cade
af ter dis cov er ies of very rich ac cu mu la tions of ver te brate
fossils (e.g., Dzik et al., 2000, 2008b; Sulej, 2005; Dzik and
Sulej, 2007). The fau nal as sem blages con tain both aquatic
and land an i mals (am phib i ans, rep tiles, var i ous invertebra-
tes, in sects), as so ci ated with al gal flora and vas cu lar plant
de bris. The fos sils were dis cov ered at sev eral sites across
Silesia (Fig.1), which yielded fauna and flora of dif fer ent
com po si tions (for sum mary see Sulej et al., 2012). There is
gen eral agree ment that the varicolored, pre dom i nantly fine-
grained clastics were de pos ited in ter res trial en vi ron ments,
the de tailed in ter pre ta tion of which still is very much de -
bated (Szulc, 2005; Dzik and Sulej, 2007; Gruszka and
Zieliñski, 2008). Sedimentological stud ies pro vided the first 
in sight into the sed i ment dy nam ics and trans port, but noth -
ing is known about the prov e nance of the clastic ma te rial.

In this con tri bu tion, Nd and Sr iso to pic data are pre -
sented on fine-grained, clastic sed i ments from the Up per

Tri as sic of Silesia with the aim of con strain ing their prov e -
nance re gions. The com bined use of Sr and Nd iso topes can
be par tic u larly use ful for the rec og ni tion of ma jor ter res trial
res er voirs (Dickin, 2005) and is a com mon re search method
which has been uti lized suc cess fully in var i ous prov e nance
de ter mi na tions, tec tonic re con struc tions and mod el ing of
crustal growth and evo lu tion (e.g., Goldstein et al., 1984;
Goldstein and Jacobsen, 1988; Stille et al., 1994; Weldeab
et al., 2002; Smith et al., 2003; Mahoney, 2005). Neo dym -
ium iso to pic data are pow er ful tools for trac ing sed i ment
prov e nance (e.g., DePaolo and Wasserburg, 1976; McCul-
loch and Wasserburg, 1978; Miller et al., 1986; McLennan
et al., 1990; McDaniel et al., 1997; Dera et al., 2014). This
is be cause the Sm-Nd sys tem usu ally ap pears to re main un -
dis turbed dur ing sed i men tary and diagenetic pro cesses. In
gen eral, the Sm/Nd and 143Nd/144Nd ra tios of a clastic sed i -
men tary rock, com monly ex pressed as eNd val ues, re flect
the av er age for the source rocks in the prov e nance re gion
(e.g., Allegre and Rous seau, 1984; Goldstein et al., 1984;
DePaolo, 1988; Goldstein and Jacobsen, 1988). In ad di tion,
the ra dio genic Sm and Nd iso topes pro vide also es ti mates of 



the mean age of man tle ex trac tion for ma te rial that built sed -
i men tary rocks. This age usu ally termed as the Nd model
age (DePaolo, 1981) or the Nd crustal res i dence time is
based on the as sump tion that the frac tion ation of Sm and Nd 
in the source ma te rial took place be fore its in cor po ra tion
into the crust, when the source ma te rial was ex tracted from
a de pleted man tle (DM). Hence, the method pro vides the
op por tu nity to de ter mine the pri mary crust-for ma tion ages
which re main pre served in rocks de spite of ero sion, sed i -
men ta tion, meta mor phism and even crustal melt ing events
(e.g., Tay lor and McLennan, 1985; Liew and Hofmann,
1988; Whitehouse, 1988; Barovich and Patchett, 1992;
McLennan and Hem ming, 1992). How ever, some stud ies
showed that some times the Sm-Nd sys tem can be mod i fied
dur ing ero sion and sed i men ta tion (Bock et al., 1994; Ohlan- 
der et al., 2000). In such cases better con straints on the
model age of the source can be ob tained by ap ply ing a “two- 
stage” model age cal cu la tion (e.g., Keto and Jacobsen,
1987). In ad di tion, sed i men tary rocks may be com posed of
ma te rial from sev eral sources and thus, a “sin gle-stage”
evo lu tion model only give a min i mum Nd model age of
their crustal sources (Dickin, 2005). Dur ing this study in or -
der to elim i nate pos si ble dis tur bances dur ing sed i men tary
pro cesses depositional ages of the sam ples were taken as
times be yond which an av er age crustal Sm/Nd ra tios were
used to es ti mate the crustal-for ma tion ages of sam ples.

GEO LOG I CAL BACK GROUND

The Up per Tri as sic of Silesia com prises de pos its that
ac cu mu lated in the mar ginal part of the Ger manic Ba sin.
Lithostratigraphically, the suc ces sion be longs to the Keuper 
Group (Fig. 2). It con sists pre dom i nantly of varicolored,
fine-grained clastics, evaporites and car bon ates, which were 
de pos ited mainly in ephem eral-lake and flu vial sys tems un -

der semi-arid and arid cli mate con di tions (Bilan, 1975;
Pieñkowski, 1988; Szulc et al., 2006). This con ti nen tal area
was very flat (e.g., Gruszka and Zieliñski, 2008), and
depositional con di tions may have been con trolled by fluc tu -
a tions in rel a tive sea level and run off from the neigh bor ing
high lands. The Keuper Group is about 200 m thick and
thick ens grad u ally to ward the north (Deczkowski et al.,
1997; Bachmann et al., 2010), where it at tains lo cally up to
2000 m in Cen tral Po land. In Silesia, the suc ces sion is ac -
ces si ble in a small num ber of quar ries be cause in the past
the Up per Tri as sic claystones were eco nom i cally im por tant
for the lo cal brick pro duc tion. It dif fers, how ever, in its
lithological de vel op ment from the clas si cal se quence of the
South Ger man Keuper Ba sin. For ex am ple, one of the re -
gional fea tures un known else where in the Ger manic Ba sin
is the pres ence of up to 30 m thick palustrine car bon ates
(WoŸniki Lime stone) that de pos ited within shal low swampy
de pres sions, fed by springs of deep-cir cu lat ing ground wa ter,
partly of hy dro ther mal na ture (Szulc et al., 2006). The age of 
the most fre quently stud ied se quence at Krasiejów was sub -
ject of de bate since sev eral years (see for re view Bodzioch
and Kowal-Linka, 2012), and al though the strati graphic
cor re la tion of the Keuper rocks within Silesia is still some -
what un cer tain, an in te grated re gional event-strati graphic
ap proach en ables a re vi sion of the cli mate-driven fa cies-
tem po ral re la tion ships of two bone-brec cia ho ri zons (Szulc
and Racki, 2015; Fig. 2). Ac cord ing to Szulc and Racki
(2015), the Krasiejów suc ces sion is placed now in the lower 
part of the Grabowa Var ie gated Mudstone-Car bon ate For -
ma tion in clud ing in its basal part a tran si tion from the
Ozimek Mudstone-Evaporite Mem ber to the Patoka Mud-
stone-Sand stone Mem ber (re corded in dis ap pear ance of
bar ite-bear ing celestines; see Szulc, 2005; Bzowska and
Racka, 2006). The Krasiejów bone-bear ing level rep re sents
prob a bly the lower to mid dle Norian in ter val, whilst the
more widely dis trib uted Lisowice level (also WoŸniki and
Porêba sites) cor re sponds cer tainly to the mid dle Norian
(Fig. 2). The ex clu sively ter res trial or i gin of the Grabowa
Fm suc ces sion is now con firmed (Szulc and Racki, 2015),
and pos si ble in flu ence of ma rine in gres sions, which were
in ferred from the pres ence of shark re mains, the dis tri bu tion 
of charophytes or clay min er als (e.g., Zatoñ et al., 2005;
Bzowska and Racka, 2006), is over all ex cluded.

MA TE RIAL AND METH ODS

A to tal of 31samples were taken to an a lyze the Sm-Nd
and Sr iso to pic com po si tion of the Up per Tri as sic clastics of 
Silesia. The sam ples were col lected from four suc ces sions:
Krasiejów, Lipie Œl¹skie, WoŸniki and Porêba (Fig. 1).
Rock sam ples, each about 200 g, were pre dom i nantly mud-
stones; only a few sam ples were taken from siltstones and
fine-grained sand stones (Ta ble 1). The study fo cused, first
of all, on the se quence of Krasiejów (Fig. 3), which is the
best ex posed and has the larg est sedimentological and
palaeontological da ta base. From other lo cal i ties only few
pi lot sam ples were in ves ti gated (Fig. 4). At Krasiejów, sam -
ples were col lected from across the en tire sec tion, which is
to day ex posed. In ad di tion, as there are strongly di verg ing
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Fig. 1. A sche matic geo log i cal map to show the lo ca tion of the
stud ied sec tions. The dis tri bu tion of Tri as sic rocks af ter Dadlez et
al. (2000). For co or di nates of in ves ti gated lo cal i ties see Ta ble 1.



opin ions on the or i gin of bone ac cu mu la tions in the Krasie-
jów se quence, the up per bone-bed ho ri zon has been densely 
sam pled to check the ho mo ge ne ity of its clastic ma te rial. At
Lipie Œl¹skie, only the up per grey-col oured part of the sec -
tion was sam pled, the un der ly ing red beds are re cently
drowned and not ac ces si ble.

Nd and Sr iso to pic data were col lected in the Iso tope
Lab o ra tory of the Adam Mickiewicz Uni ver sity at Poznañ
(Po land) on spiked sam ples us ing a Finnigan MAT 261
multi-col lec tor ther mal ion iza tion mass spec trom e ter. Ap -
prox i mately 50 to 80 mg of sam ple pow der were care fully
weighted, spiked with a mixed 149Sm–150Nd spike, and dis -

solved with con cen trated HF-HNO3. Sr and LREE were
sep a rated from ma trix el e ments on 50µl tef lon col umns
filled with Eichrom Sr Spec and TRU res ins, re spec tively
(see Pin et al., 1994). Sep a ra tion of Nd and Sm was
achieved on 2 ml col umns packed with Eichrom Ln resin.
De tails of the an a lyt i cal pro ce dures are de scribed in Dopie-
ralska (2003). Nd and Sm (loaded as phos phate) were mea -
sured in a Re dou ble fil a ment con fig u ra tion, whereas stron -
tium was loaded with a TaCl5 ac ti va tor on a sin gle W fil a -
ment. Iso to pic ra tios were col lected in static (Sm) and dy -
namic (Nd, Sr) mode. Dur ing the course of this study, the
AMES stan dard yielded 143Nd/144Nd = 0.512127±7 (2s
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Fig. 2. Lithostratigraphical scheme of the Up per Tri as sic of Po land (mod i fied af ter Gruszka and Zieliñski, 2008) to show the re vised
strati graphic po si tion of the in ves ti gated bone-bear ing suc ces sions in Silesia (af ter Szulc and Racki, 2015). Note that the up per age bound -
ary of the Krasiejów and Lipie Œl¹skie suc ces sions is still some what un cer tain, and the Lisowice level in cludes also WoŸniki and Porêba
lo cal i ties (see Fig. 1).



mean on twenty four anal y ses). The 143Nd/144Nd ra tios
were nor mal ized to 146Nd/144Nd = 0.7219, and Sm iso to pic
ra tios to 147Sm/152Sm = 0.56081. To tal pro ce dure blanks
were less than 35 pg for Nd and Sm, and less than 80 pg for
Sr. The NBS987 Sr stan dard yielded 87Sr/86Sr = 0.710228 ± 
10 (2s mean on thir teen anal y ses). Nd iso tope data are re -
ported in the stan dard ep si lon no ta tion (l) cal cu lated us ing
143Nd/144Nd = 0.512638 and 147Sm/144Nd = 0.1967 for
pres ent-day CHUR (Jacobsen and Wasserburg, 1980). The
sin gle-stage model ages (TDM) were cal cu lated af ter
DePaolo (1981) by us ing pres ent day de pleted man tel val -
ues 143Nd/144Nd = 0.513151 and 147Sm/144Nd = 0.2137
and the two-stage model ages (T2DM) were cal cu lated us ing
the same as sump tion as Keto and Jacobsen (1987).

RE SULTS

Re sults of Nd and Sr iso to pic anal y ses of the in ves ti -
gated sam ples are re ported in Ta ble 1 and Fig ures 5 and 6,

where it can be seen that the com po si tion of the Up per Tri as -
sic clastics of Silesia is re mark ably uni form. At Krasiejów,
the 147Sm/144Nd ra tios vary from 0.1158 to 0.1260 and the
eNd(0) val ues range from –8.9 to –10.7. Con se quently, the
de pleted man tle model ages (TDM) are within a nar row
range 1.59–1.71 Ga. It is im por tant to note that model ages
cal cu lated by the “two stage” method (T2DM) are prac ti cally 
in the same range (1.56–1.69 Ga). The Sm-Nd iso to pic cha-
racteristics of clastics at Lipie Œl¹skie are al most iden ti cal to 
those of Krasiejów. The 147Sm/144Nd ra tios range from
0.1127 to 0.1196, the eNd(0) val ues vary from –9.0 to –11.2
and all model ages are around 1.6 Ga. There is also no dif -
fer ence be tween Nd model ages cal cu lated by a sin gle- and
by a two-stage method (see Ta ble 1). The Nd iso to pic data
of two pi lot sam ples from the WoŸniki se quence are within
the vari a tion ob served at Lipie Œl¹skie. In over all, the col -
lected data do not show any ev i dence that the Sm-Nd iso to -
pic sys tem has been dis turbed by post depositional proce-
sses. This is be cause there is no pos i tive cor re la tion be tween 
Sm/Nd ra tios and model ages, which is a char ac ter is tic fea -
ture of Sm-Nd iso to pic dis tur bance (Bock et al., 1994).
A secondary ox ide sig nal in the iso to pic sig na tures can also
be ex cluded be cause Fe ox ides, if pres ent, oc cur in the Up -
per Tri as sic clastics in very small quan ti ties. Œrodoñ et al.
(2014), who an a lyzed the min er al og i cal com po si tion of
these rocks, re ported the oc cur rence of he ma tite among de -
tri tal com po nents. Authigenic he ma tite has been ob served
only in the soil ho ri zons, which were not sam pled dur ing the 
cur rent study. In light of pre lim i nary min er al og i cal-geoche- 
mical study of Bzowska and Racka (2006), sed i ment va ri et -
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Fig. 3. Sim pli fied lithological col umn of the Krasiejów suc ces -
sion (af ter Bodzioch and Kowal-Linka, 2012, mod i fied) with lo ca -
tion of the in ves ti gated sam ples. Bracket shows the po si tion of the
up per bone-bear ing ho ri zon which has been densely sam pled.

Fig. 4. Sim pli fied sedimentological logs of the Lipie Œl¹skie
suc ces sion (from Dzik et al., 2008a, mod i fied) with lo ca tion of the 
col lected sam ples.



ies at Krasiejów (clayey marls, marly claystones, sandy
marls and marly sand stones) show chondrite-nor mal ized
dis tri bu tions of REE al most the same through out the sec -
tion, what strongly sug gest an over all un changed prov e -
nance pat tern and uni form cli mate con di tions.

The Sr iso to pic com po si tion (87Sr/86Sr) of the in ves ti -
gated clastics at Krasiejów yields a rel a tively large vari a tion 
from 0.712 to 0.720, whereas the most ra dio genic val ues oc -
cur only at the base and the top of the ex posed suc ces sion.
But even within the up per bonebed ho ri zon, where from the
ma jor ity of sam ples was taken, the range is rel a tively wide
from 0.712 to 0.717. The clastics at Lipie Œl¹sjkie are char -
ac ter ized by a more re stricted range of 87Sr/86Sr, from
0.710 to 0.713. To the east, at WoŸniki and Porêba, the

clastics ex hibit more ra dio genic 87Sr/86Sr val ues rang ing
from 0.718 to 0.723. How ever, due to the small num ber of
sam ples it is dif fi cult to de ter mine whether the data re flect a
re gional trend of more ra dio genic Sr iso to pic com po si tion
in the east erly di rec tion, or not.

DIS CUS SION AND CON CLU SIONS

Late Tri as sic palaeogeography and fa cies de vel op ment
of the Ger manic Ba sin are well rec og nized (for sum mary
see Feist-Burkhardt et al., 2008; Bachmann et al., 2010). In
the Pol ish sub-ba sin, how ever, in for ma tion on di rec tions of
sed i ment sup ply is sparse. In the south, this part of the ba sin
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Ta ble 1

Sm-Nd and Sr iso to pic data of the Up per Tri as sic clastics of Silesia

Sample*
Sample
weight
(mg)

87Sr/86Sr
(t = 0)

Nd
(ppm)

Sm
(ppm)

Sm/Nd 147Sm/144Nd
143Nd/144Nd#

(t = 0)
eNd

(t = 0)
TDM

(Ga)
 T2DM

(Ga)
Lithology

KR-01 83.15 0.719578 ± 13 32.76 6.35 0.19 0.1171 0.512091 ± 30 –10.7 1.67 1.69 mudstone

KR-02 85.68 0.712721 ± 9 36.26 7.21 0.20 0.1202 0.512128 ± 9 –9.9 1.67 1.63

siltstoneKR-03 82.82 0.712385 ± 9 40.22 7.87 0.20 0.1188 0.512134 ± 12 –9.8 1.63 1.62

KR-04 84.52 0.713121 ± 10 35.20 6.78 0.19 0.1164 0.512104 ± 11 –10.4 1.64 1.66

KR-05a 42.82 0.713663 ± 12 - - - - - - - -

mudstone

KR-05b 42.01 0.714070 ±10 23.36 4.70 0.20 0.1217 0.512146 ± 24 –9.6 1.66 1.61

KR-06a 42.01 0.714070 ±10 31.21 6.18 0.20 0.1197 0.512151 ± 21 –9.5 1.62 1.60

KR-06b 43.48 0.713669 ± 12 25.07 5.02 0.20 0.1211 0.512142 ± 38 –9.7 1.66 1.61

KR-07a 44.37 0.713573 ± 14 - - - - - - - -

KR-07b 47.30 0.717660 ± 13 22.94 4.59 0.20 0.1210 0.512124 ± 46 –10.0 1.69 1.64

KR-08a 43.73 0.713179 ± 17 22.76 4.58 0.20 0.1216 0.512117 ± 27 –10.2 1.71 1.65

KR-08b 45.32 0.712500 ± 15 - - - - - - - -

KR-09a 47.31 0.715395 ± 13 21.60 4.43 0.21 0.1241 0.512169 ± 27 –9.1 1.67 1.58

KR-09b 43.45 0.714380 ± 14 39.52 8.24 0.21 0.1260 0.512180 ± 14 –8.9 1.69 1.59

KR-10a 44.02 0.712210 ± 19 - - - - - - - -

KR-10b 44.59 0.716099 ± 12 21.29 4.24 0.20 0.1203 0.512102 ± 27 –10.5 1.71 1.67

KR-11 45.25 - 21.90 4.33 0.20 0.1195 0.512130 ± 37 –9.9 1.65 1.63

KR-12 45.87 - 26.51 5.34 0.20 0.1217 0.512150 ± 29 –9.5 1.66 1.60

KR-13 81.07 0.714031 ± 10 31.64 6.06 0.19 0.1158 0.512125 ± 17 –10.0 1.60 1.63

KR-14 77.35 0.717720 ± 9 28.56 5.58 0.20 0.1182 0.512155 ± 10 –9.4 1.59 1.59

KR-15 63.98 0.720441 ± 10 - - - - - - - - siltstone

LIS-01 65.08 0.710649 ± 8 - - - - - - - - sandstone

LIS-02 64.55 0.711155 ± 11 23.72 4.57 0.19 0.1164 0.512122 ± 12 –10.1 1.61 1.63 siltstone

LIS-03 65.64 0.710791 ± 10 32.89 6.51 0.20 0.1196 0.512179 ± 11 –9.0 1.57 1.55 sandstone

LIS-04 65.61 0.712736 ± 10 24.78 4.62 0.19 0.1127 0.512065 ± 10-11.2 –11.2 1.64 1.72
siltstone

LIS-05 66.40 0.713277 ± 11 26.16 4.96 0.19 0.1147 0.512087 ± 14 –10.7 1.64 1.69

WO-01 67.85 0.719064 ± 9 25.70 4.90 0.19 0.1152 0.512110 ± 10 –10.3 1.61 1.65

mudstoneWO-02 65.00 0.718913 ± 9 29.55 5.70 0.19 0.1165 0.512093 ± 10 –10.6 1.66 1.68

WO-03 65.12 0.723213 ± 9 - - - - - - - -

PO-01 64.33 0.717773 ± 9 - - - - - - - - siltstone

PO-02 65.58 0.718121 ± 8 - - - - - - - - mudstone

* KR: Krasiejów (50°39¢54.63²N; 18°16¢31.76²E); LIS: Lipie Œl¹skie (50°40¢41.07²N; 18°38¢42.39²E); WO: WoŸniki (50°35¢14.36²N; 19°02¢48.66²E);
PO: Porêba (50°29¢39.88²N; 19°22¢50.96²E).
# er rors are 2s means.



is bounded by the Bo he mian Mas sif which per ma nently
constituted an el e vated land area dur ing Tri as sic times.
Consequently, the sed i ment in flux from the south is in Sile-
sia most likely. Ac cord ing to Szulc (2005), sed i ment sup ply
at Krasiejów and Lipie Œl¹skie was dom i nated by gen er ally
N- and NW-di rected trans port. In con trast, Gruszka and
Zieliñski (2008) rec og nized in the Krasiejów se quence sedi- 
mentological ev i dence for rivers that flowed in the NE di -
rec tion and must have drained an ex tremely flat low land.
Re cently, Bodzioch and Kowal-Linka (2012) sug gested that 
ver te brate re mains from a lower bonebed of Krasiejów were 
trans ported from an area which was sit u ated dozen kilo -
metres south west of Krasiejów.

The Sm-Nd and Sr iso to pic char ac ter is tics of the in ves -
ti gated Up per Tri as sic clastics (eNd(0) val ues = –9.0 to
–11.2; Nd model ages = 1.59–1.71 Ga; 87Sr/86Sr = 0.710–

0.723; Figs 5, 6) sug gests a der i va tion of clastic ma te rial
from meta mor phic rocks of the Bo he mian Mas sif (see Liew
and Hofmann, 1988). On the one hand, the search for
sources of clastic ma te rial within the Bo he mian Mas sif is
fa cil i tated by the avail abil ity of Sm-Nd and Sr iso to pic char -
ac ter is tics of rocks in the ma jor ity of tec tonic units. On the
other hand, the tec tonic struc ture of the Bo he mian Mas sif is
ex tremely com plex (for sum mary see Franke and ZelaŸnie-
wicz, 2000; Aleksandrowski and Mazur, 2002) and many
small ter ranes with con trasted iso to pic char ac ter is tics are
amal gam ated to gether. There fore, it is to be ex pected that
dur ing ex ten sive ero sion mix ing of ma te rial de rived from
dif fer ent sources oc curred rather than a trans port of the ma -
te rial from a sin gle source over long dis tances.

Tak ing into con sid er ation sedimentological ob ser va -
tions car ried out in the Krasiejów se quence (Gruszka and
Zieliñski, 2008) the clos est po ten tial source for the clastic
ma te rial of the Up per Tri as sic of Silesia should be the Mo-
ravo-Silesian Belt in the East Sudetes. This do main con sists
of a Cadomian crys tal line base ment (Brunovistulian) and a
Neoproterozoic to Car bon if er ous sed i men tary cover. The
crys tal line rocks and the Neoproterozoic meta sedi ments,
how ever, were cer tainly not a source for the Tri as sic clastics 
in Silesia. In con trast to the Tri as sic clastics, they are char -
ac ter ized by less ra dio genic Sr iso to pic com po si tion (from
0.704 to 0.710) re ported by Fin ger et al. (2000) and youn ger 
Nd model ages from 1.1 to 1.3 Ga (Hegner and Kröner,
2000). There are only two, small Cadomian orthogneiss
bod ies in the Kerpnik Nappe, lo cated very close to the
bound ary with the Saxothuringian Belt, which are iso to pi -
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Fig. 5. His to grams show ing the sum mary of the Sr and Nd iso -
to pic com po si tion of the Up per Tri as sic clastics of Silesia:
87Sr/86Sr ra tio (A); (eNd(0) (B); model ages T2DM (C).

Fig. 6. Di a gram to show Sr and Nd iso to pic ra tios in Up per Tri -
as sic clastics of Silesia (red cir cles) in re la tion to ma jor geo chem i -
cal res er voirs. The vari a tions of the iso to pic com po si tion in ma jor
Earth’s res er voirs taken from White (2013).



cally con sis tent with the Up per Tri as sic clastics in Silesia.
The Up per Car bon if er ous coal mea sures, the most prom i -
nent lithological for ma tions in the Moravo-Silesian Belt, do
not seem to be a source for clastic ma te rial pres ent in the
Up per Tri as sic rocks. The first pre lim i nary iso to pic data
(un pub lished) show that these rocks have much more ra dio -
genic Nd com po si tion.

Sed i ment sup ply from the Fore-Sudetic Block, a tec -
tonic do main lo cated di rectly west of the Tri as sic ex po sures
in Silesia, is also ex cluded. This unit, which to day is mostly
hid den un der Ter tiary sed i ments, com prises vari ably de -
formed and pre dom i nantly weakly meta mor phosed Cam-
bro-Or do vi cian to Early Car bon if er ous lithologies and
ophiolitic rocks, and is in truded by the Car bon if er ous post-
orogenic gran ites. The pre-Variscan fel sic rocks and Vari-
scan granitoids have Nd model ages lower than 1.6 Ga and
more ra dio genic Nd iso to pic com po si tion than the Up per
Tri as sic clastics (see Kröner and Hegner, 1998; Crowley et
al., 2002; Pietranik and Waight, 2008). Any mix ing of these 
lithologies with ophiolitic rocks (Kryza and Pin, 2010)
would cre ate a clastic ma te rial with even more dis tinct Nd
iso tope char ac ter is tics. Fur ther to the west, the Görlitz–

Kaczawa Unit con tains al most ex clu sively rocks (vol ca nic
suites and deep-wa ter meta sedi ments) char ac ter ized by a
strongly ra dio genic (= pos i tive eNd val ues) Nd com po si tion
(Furnes et al., 1994) and there fore can not also be re garded
as a po ten tial source.

In con trary, the Saxothuringian tec tonic units lo cated
more south erly, south of the Intra Sudetic Fault in the West
Sudetes and south of the Mar ginal Sudetic Fault in the East
Sudetes (Fig. 7), con tain rocks yield ing Sm-Nd iso to pic
char ac ter is tics con sis tent with the Nd iso to pic com po si tion
of the Up per Tri as sic clastics in Silesia. Hegner and Kröner
(2000) re ported rocks of the Orlica–Œnie¿nik dome, a con ti -
nen tal do main con sist ing of pre-Cadomian crust and large
vol umes of Cam brian–Or do vi cian granitoids, which have
eNd(t) val ues be tween –3.5 and –6.5 (cal cu lated for 500 Ma)
and Nd model ages from 1.4 to 1.7 Ga. Pin et al. (2007) iden -
ti fied in this do main orthogneisses with sim i lar Nd iso to pic
com po si tion but ex hib it ing a wider range of Nd model ages
(from 1.4 to 2.2 Ga). Fel sic meta vol can ics in the east ern en -
ve lope of the Karkonosze pluton dis play eNd val ues, which
are within the range of Nd iso to pic char ac ter is tics of the Up -
per Tri as sic clastics, and model ages from 1.5 to 1.8 Ga.
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Fig. 7. Sim pli fied geo log i cal map of the north ern part of the Bo he mian Mas sif (adapted from Franke and ¯elaŸniewicz, 2000). The
sug gested source area for the Up per Tri as sic clastics of Silesia is in di cated in blue. The lo ca tion of the in ves ti gated sites Krasiejów (KR),
Lipie Œl¹skie (LŒ) and WoŸniki (WO) is marked on the map.



(Hegner and Kröner, 2000; Dostal et al., 2001). It does not
seem, how ever, that the larg est rock unit in this seg ment of
the Saxothuringian, the Car bon if er ous Karkonosze pluton,
could sup ply a clastic ma te rial. Its gra nitic lithologies yield
Nd iso to pic com po si tion, with eNd(0) val ues be tween –4.5
and –8.9 (S³aby and Mar tin, 2008), which is more ra dio -
genic than this of the Up per Tri as sic clastics. More over, like 
other Variscan granitoids (Liew and Hofmann, 1988), the
rocks of the Karkonosze pluton have youn ger model ages,
from 1.3 to 1.5 Ga (cal cu lated here from data of S³aby and
Mar tin (2008)).

The area which could have po ten tially rep re sented a
more prox i mal part of the drain age sys tem is the Tepla–
Barrandian Unit. It bor ders di rectly the Saxothuringian
units of the East Sudetes (Fig. 7) and con tains rock for ma -
tions which have the Sm-Nd and Sr iso to pic char ac ter is tics
con sis tent with the Up per Tri as sic of Silesia. The Tepla–
Barrandian Unit is one of the best pre served frag ments of
the Avalonian–Cadomian belt (Hajná et al., 2011). Its Ca-
domian base ment and Early Pa leo zoic cover con sists of sev -
eral kilo metres thick, vol ca nic and clastic rocks which have
con trast ing model ages and Nd iso to pic sig na tures (Drost et
al., 2007; Pin and Waldhausrová, 2007). The for mer yield
model ages from 0.6 to 1.0 Ga and the lat ter from 1.6 to
2.1 Ga. Mix ing of de tri tus from both lithologies could have
pro duced a ma te rial with Nd iso to pic com po si tion sim i lar to 
that of the Up per Tri as sic clastics. Such a mix ing has al -
ready been partly im ple mented in the Tepla–Barrandian
dur ing the de po si tion of the De vo nian greywackes (Drost et
al., 2011). Model ages and the Nd iso to pic com po si tion of
these rocks (Strnad and Mihaljevic, 2005) are very close to
those of the Upper Triassic clastics in Silesia.

In sum mary, the Sm-Nd and Sr iso to pic data used for
the prov e nance anal y sis (Figs 5, 6) al low to for mu late
well-founded con clu sion that the south ern part of the Ger -
manic Ba sin in Silesia was sup plied with a clastic ma te rial
from the Bo he mian Mas sif. The axis of the drain age area
must have crossed, from SW to NE, the Saxothuringian
units of the East Sudetes and most prob a bly also the area of
the Tepla–Barrandian Unit. The lack of any no tice able im -
pact of Pa laeo zoic rocks from the Fore-Sudetic Block on the 
com po si tion of the river load sug gests that at least the east -
ern part of this Variscan do main must have been to tally bur -
ied during the entire Late Triassic.
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