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Abstract
The Cadomian basement of the eastern Lausitz Block is transgressed by the Ober-Prauske Formation (Cambrian, undifferentiated) and the 
Dubrau Formation (Tremadocian, Lower Ordovician). Both formations are remnants of the Early Palaeozoic overstep sequence, which 
overlies unconformable the Cadomian basement. The Ober-Prauske Formation consists of shallow marine red sandstones. Fossils are 
unknown. The age of sedimentation for the red sandstones is bracketed between ~ 542 Ma (youngest zircon) and the overlying Dubrau 
Formation (Tremadocian). The latter one is a shallow marine sedimentary succession of high mature siliciclastics. The depositional set-
ting of the fossil-rich Dubrau Formation was a shallow marine shelf of an open sea or ocean and not a protected environment. The section 
starts with a basal conglomerate containing an association of stable clasts like tourmaline hornfels, vein quartz, quartzite, and silicified 
sandstone. The identification of the Skolithos and Cruziana ichnofacies characterize the middle part of the Dubrau Formation as deposits of 
the middle to lower shoreface. Both, the Skolithos and Cruziana ichnofacies, grade into strata characterized by frequent hummocky cross-
stratification and a total lack of macrofossils, which are upper to lower offshore deposits. Most Cambrian strata are missing in the section. 
That gap in sedimentation may have been originated by the rift and drift-off of Avalonia or a related terrane and a consequent doming of 
the astenosphere. The latter one caused strong chemical weathering, erosion, and a gap in the most of Cambrian time. Thermal subsidence 
at the beginning of the Ordovician controlled the new onset of deposition. The high maturity of the sedimentary rocks of the Dubrau For-
mation and a lot of other Lower Ordovician sediments in the Saxo-Thuringian Zone was originated by strong chemical weathering in the 
source area in Middle–Upper Cambrian time. At the base of U-Pb dating of the detrital zircon grains from the Ober-Prauske and Dubrau 
formations a derivation of the clastic debris from the West African Craton is concluded. Little input of Mesoproterozoic zircon grains in the 
Ober-Prauske Formation was derived from Amazonia. Sedimentary rocks of the Ober-Prauske and Dubrau formations were formed in the 
framework of peri-Gondwana. During the formation of Pangaea and the related origin of the Variscan Orogen, the peri-Gondwanan Lausitz 
Block including its overstep sequence was incorporated into the Central European Variscides.
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1.  Introduction

The Ober-Prauske and Dubrau formations form a section 
of Cambro-Ordovician siliciclastic sediments, which oc-
curs in the eastern Lausitz Block of the Saxo-Thuringian 
Zone. The latter one is an important geotectonic unit in 
the framework of the Bohemian Massif, which is one of 
the most dominant crustal units of the Central European 
Variscides (Fig. 1). The Ober-Prauske Formation consists 
of spot-like occurrences of red sandstones. The type lo-
cality is represented by remnants of an old quarry in a 
small forest near the village of Ober-Prauske. Due to the 
results of geological mapping and the field situation (Lee 
1938) the Ober-Prauske Formation overlies the Neoprote-
rozoic to Fortunian greywackes (~ 542 Ma) of the Lausitz 
Group and is overstepped by the white and high mature 
quartzites of the Dubrau Formation. The depositional age 
of the Ober-Prauske Formation is bracketed between the 
c. 542 Ma old underlying Lausitz Group (Linnemann et 
al. 2007) and the overlying Dubrau Formation (Trema-
docian, c. 485 Ma). As a consequence, the Ober-Prauske 
Formation is Cambrian in age. Due to the lack of fos-
sils a more detailed classification concerning its age is 
not possible. The sedimentary sequence of the younger 
Dubrau Formation is restricted to a quite small area of a 
few square kilometres near the village of Groß-Radisch 
in the eastern Lausitz (Fig. 2). The siliciclastics of the 
Dubrau Formation are represented by high mature con-
glomerates, microconglomerates, quartzites, and minor 
shales. The unusual rich occurrence of trace fossils, the 
low metamorphic overprint (lower greenschist facies), 
and the very weak tectonic deformation style (one less 
evolved cleavage) is very unique for the Saxo-Thuring-
ian Zone. Further, it is the only Ordovician sedimentary 
sequence, which overlies the Cadomian basement of the 
Lausitz Block (Linnemann & Buschmann 1995). Other 

Ordovician occurrences (e.g., Eichberg Formation) are 
olistoliths in a Lower Carboniferous wildflysch succes  - 
s ion of the Görlitz Schist Belt (Görlitzer Schiefergebirge; 
Linnemann et al. 2010), which is an adjoining geo tectonic 
unit to the northeast of the Lausitz Block (Fig. 1). The 
Dubrau Formation provides important infor mation of a 
Lower Ordovician faunal assemblage in a shallow water 
regime of high latitudes on the southern hemi sphere. Fur-
ther, sedimentary rocks can deliver very useful informa-
tion concerning environmental conditions, pro venance 
of sedimentary rocks, and palaeogeography. Concerning 
these special features, the Dubrau Formation was under-
estimated for a long time. In that paper, we try to close 
a gap of important geological information. We present 
details on sedimentary facies, the fossil assemblage, and 
U-Pb ages of detrital zircons. The latter ones are inter-
preted in view of provenance of sediments and the pa-
laeo geographical position during the time of origin of the 
Dubrau Formation.

2.  Geological setting

The main distribution of the red sandstones of the Ober-
Prauske Formation is located in the remnants of the old 
quarry near Ober-Prauske, which is situated in a little for-
est. The coordinates are given in the heading of Tab. 1. 
On the agricultural fields situated in the closer surround-
ing of that forest spot the red sandstone also occurs as 
loose blocks. Outcrop situation is really bad. On the hand 
specimens sometimes primary sedimentary structures 
like low-angle cross-stratification occur, which points to 
shallow marine nature for the red sandstone units. The 

Kurzfassung
Das Cadomische Grundgebirge des östlichen Lausitz-Blocks wird von der kambrischen Ober-Prauske-Formation und der unterordo-
vizischen Dubrau-Formation (Tremadocium) transgressiv überlagert. Beide Formationen stellen reliktische Vorkommen einer einstmals 
flächenhaft verbreiteten Überlappungssequenz dar. Die Ober-Prauske-Formation besteht aus roten Sandsteinen, die im flachmarinen Mi-
lieu abgelagert wurde. Das Alter dieser Formation liegt zwischen ~ 542 Ma (jüngster Zirkon) und dem Tremadocium der auflagernden 
Dubrau-Formation. Letztere stellt eine flachmarine sedimentäre Abfolge hochmaturer siliziklastischer Sedimentgesteine dar. Das Ab-
lagerungsmilieu der fossilreichen Dubrau-Formation war ein flachmariner Schelf einer offenen See oder Ozeans.  Die Formation beginnt 
mit einem Basiskonglomerat, das aus Stabilkomponenten-Geröllen wie Turmalinhornfels, Gangquarz, Quarzit und verkieseltem Sandstein 
besteht. Skolithos- und Cruziana-Ichnofazies charakterisieren den mittleren Teil der Dubrau-Formation als Ablagerungen des mittleren bis 
unteren Vorstrandes. Diese Ablagerungen gehen im Hangenden in ein Schichtglied über, dass durch Sturmablagerungen (Tempestite) mit 
hügeliger Schrägschichtung (HCS) und ein totales Fehlen von Makrofossilien ausgezeichnet ist. Diese Sedimentgesteine repräsentieren 
Ablagerungen des oberen bis unteren Offshore-Bereichs. In der kambro-ordovizischen Gesamtabfolge fehlt der größte Teil des Kambri-
ums. Diese Sedimentationslücke wird mit der Riftbildung und dem Wegdriften von Avalonia oder einem verwandten Terrane sowie der 
damit verbundenen Aufdomung der Astenosphäre erklärt. Letztere erzeugte ein Trockenfallen, chemische Verwitterung, Erosion und eine 
Schichtlücke, die fast das gesamte Kambrium umfasst. Thermale Subsidenz kontrollierte das Einsetzten der unterordovizischen Sedimen-
tation. Die hohe Reinheit der ordovizischen Quarzite in der Saxothuringischen Zone ist einer tiefgründigen Verwitterung im mittleren bis 
oberen Kambrium zuzuschreiben. Auf der Basis der U-Pb-Alter detritischer Zirkone aus den Sandsteinen der Ober-Prauske- und Dubrau-
Formation wird die Herkunft dieser Sedimentgesteine vom Westafrikanischen Kraton abgeleitet. Ein geringer Anteil der Zirkone aus der 
Ober-Prauske-Formation stammt aus Amazonia (nördliches Südamerika). Die Ober-Prauske- und die Dubrau-Formation sind typische 
Ablagerungen peri-Gondwanas. Während der Pangäa-Bildung und der damit einhergehenden variszischen Orogenese wurde der Lausitz-
Block einschließlich seiner kambro-ordovizischen Auflagerung in die mitteleuropäischen Varisziden eingebaut. 
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deposits are comparable to the initial red beds of the 
Cambro-Ordovician in Brittany (Armorican Massif).
 The Dubrau Formation is situated in the surrounding 
fields and forests close to the village of Groß-Radisch, 
especially in the areas of the Hohe Dubrau, the Kollmer 
Dubrau, the Kreutzschenker Höhe, and the Monumen-
tenberg (Fig. 2). The sedimentary rocks of the Dubrau 
Formation (formerly Dubrau Quarzit) are first described 
by Cheng-San Lee (1938) and Hirschmann (1960 cited 
in Pietzsch 1962). Later geological descriptions (e.g., 
Brause 1969) referred to the Dubrau Quarzit, but yielded 
no significant new results. After a period of long “scien-

tific silence” concerning the geology of the Dubrau For-
mation, Linnemann & Buschmann (1995) described for 
the first time the Cadomian unconformity from the Saxo-
Thuringian Zone and placed the type area in the Hohe 
Dubrau and at the Monumentenberg. Due to new map-
ping and measurement of sections it became clear, that 
the Dubrau Formation overlies discordant the folded and 
deformed greywackes of the Lausitz Group, which are 
latest Neoproterozoic to earliest Cambrian in age (Linne-
mann et al. 2007). Further, Linnemann & Buschmann 
(1995) could characterize the Dubrau Formation as a 
Lower Ordovician marine overstep sequence starting 
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Abb. 1. Vereinfachte geologische Karte der Saxothuringischen Zone mit der Verbreitung des Paläozoikums in Thüringischer und Bayeri-
scher Fazies.
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with a basal conglomerate (Fig. 3a, b), which is overlain 
by a thin- to thick-bedded quartzite with lots of Skolithos 
tubes (Fig. 3c) and fragments of brachiopod shells. Mi-
croconglomeratic levels are frequent in the strata with the 
trace fossil Skolithos. Beds with Skolithos isp. often show 
a microconglomerate at the base, which grades into sand-
stone or quartzite, respectively. The basal conglomerate 
and the strata of microconglomerates consist of clasts 
of vein quartz, sandstones, and fragments of tourma-
line hornfels. In large fragments of the tourmaline horn-

fels brecciated fragments of quartzite can be observed 
(Fig. 3a, b). The origin of the fragmented hornfels most 
probably is related to contact metamorphism related to 
the intense plutonism in the Lausitz Block at c. 540 Ma, 
which was part of the final pulse of the Cadomian orog-
eny (Linnemann et al. 2000). First findings of Cruziana 
isp. in the Skolithos-bearing strata were described by 
Linnemann (2003). The upper part of the Dubrau For-
mation is represented by thin-bedded quartzites show-
ing features of a storm-dominated depositional regime, 
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Fig. 2. Locations and cross section of the Dubrau Formation (Tremadocian, Lower Ordovician; after Linnemann & Buschmann 1995): 
1, Greywacke; 2, Basal conglomerate; 3, Quartzite with Skolithos isp.; 4, Quartzite with HCS.

Abb. 2. Vorkommen und Profil der Dubrau-Formation (Tremadocium, Unteres Ordovizium).
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Fig. 3. Sedimentary rocks of the Dubrau Formation: a, Matrix-supported conglomerate with fragments of tourmaline hornfels, sand-
stones, and vein quartz from the base of the Dubrau Formation (Monumentenberg); b, Micro-conglomerate with sub- to well-
rounded clasts of vein quartz, quartzite, sandstone, and tourmaline hornfels (Monumentenberg); c, Quartzite bed with Skolithos 
isp. from the middle part of the Dubrau Formation (Monumentenberg); d, Hummocky cross-stratification (HCS) in the upper 
part of the Dubrau Formation (Hohe Dubrau); e, Out-weathered HCS in the upper part of the Dubrau Formation (northeast of the 
Monumentenberg).

Abb. 3. Sedimentgesteine der Dubrau-Formation.

a

c d

e

b



C. Franz et al.: U-Pb ages of detrital zircons, fossils, and facies of the Cambro-Ordovician overstep sequence of the eastern Lausitz Block

50

a b

c

d

e1

1 cm

10 cm

e2



51

 GEOLOGICA SAXONICA  —  59: 2013

like hummocky cross-stratification (HCS; Fig. 3d, e) and 
the lack of any macrofossils. According to the mapping 
results of Linnemann & Buschmann (1995) the entire 
section of the Dubrau Formation is about 150 m thick. 
Younger strata are not preserved in the area. Outcrops are 
scarce. Often the rocks can be studied at the edges of the 
fields. The location of significant outcrops is shown in 
Fig. 2.

3.  Fossil assemblage, sedimentary 
  facies, stratigraphy

Systematic collecting of fossils over a number of years 
by staff members of the Senckenberg Naturhistorische 
Sammlungen Dresden, Museum of Mineralogy and Geo-
logy, resulted in a representative overview of taxa, which 
occur in the Dubrau Formation. The fossil assemblage 
found so far consists of a trace fossil community (Fig. 4) 
and shells of brachiopods (Fig. 5). Among the trace fos-
sils, Skolithos isp. is very frequent in the middle part of 
the section. Tubes are between c. 3 cm and 15 cm long 
and show a diameter of c. 3 mm (Fig. 4a). Traces of coe-
lenterate resting burrows (Bergaueria isp.) occur, but are 
scarce (Fig. 4b). Different types of resting traces of trilo-
bites (Cruziana isp.) are very scarce as well (Fig. 4c, d, 
e1, e2). Body fossils of trilobites or parts of it never have 
been found.
 The known trace fossils are not good enough as 
strati graphical key fossils. Instead, they are very good 
facies indicators (Crimes 1975, Frey & Seilacher 1980, 
Seilacher 2007). In the Dubrau Formation, the Skoli-
thos ichnofacies grades into the Cruziana ichnofacies. 
The latter one is overlain by fossil-free beds with hum-
mocky cross-stratification (HCS). That succession points 
to a deepening-upward trend and characterizes the Du-
brau Formation as a part of a transgressive systems tract 
(TST) in terms of sequence stratigraphy (van Wagoner et 
al. 1990).
 The Skolithos ichnofacies is indicative of relatively 
high levels of wave or current energy, and typically is de-
veloped in clean, well-sorted, loose or shifting particulate 
substrates. Abrupt changes in rates of deposition, erosion, 
and physical reworking of sediments are frequent. The 
Skolithos ichnofacies grades landward into supratidal or 
terrestrial zones and seaward into the Cruziana ichno-
facies (Pemberton et al. 2001).

 In contrast, the Cruziana ichnofacies is most char-
acteristic of subtidal, poorly sorted unconsolidated sub-
strates. In deed, in the Dubrau Formation, Cruziana isp. 
could only be identified, when intercalations of dark grey 
to black shale occurred between two quartzite beds. Con-
ditions of the Cruziana ichnofacies range from moderate 
energy levels in shallow waters, below fair-weather wave 
base (minimum) but above storm wave base (maximum), 
to low energy levels in deeper, quieter waters (Pemberton 
et al. 2001).
 According to the shoreface model of Pemberton & 
MacEachern (1995) the middle part of the Dubrau For-
mation with Skolithos isp. and Cruziana isp. represents 
the middle to lower shoreface. The upper fossil-free part 
of the formation with frequent HCS is a part of the upper 
to lower offshore. The depositional setting of the Dubrau 
Formation was not a protected one like a back barrier 
or lagoonal setting. Instead, sedimentary environments 
were characterized by facing to an open sea or ocean.
 The occurrence of brachiopods from the Dubrau 
Formation was described by Geinitz (1873), Schwarz-
bach (1934, 1936), Kohíla (1937), Lee (1938), Pietzsch 
(1962), Freyer (1967), Freyer & Wiefel (1991), Heuse 
& Puura (2000), and Heuse et al. (2010). Brachiopod 
shells in the Dubrau Formation appear only as isolated 
shells (Fig. 5a, c), which are enriched sometimes into 
shell layers (Fig. 5b). The distribution of the brachiopod  
Westonisca arachne Barrande place the Dubrau Forma-
tion into the Tremadocian (Heuse & Puura 2000, Heuse 
et al. 2010).

4.  U-Pb LA-ICP-MS dating of 
  detrital zircon

4.1. Methods

Zircon concentrate was separated from 2 kg sample  
material using standard methods at the Senckenberg Na-
tur historische Sammlungen Dresden, Museum für Mine-
ra logie und Geologie, Sektion Geochronologie. Final se-
lection of the zircon grains for U-Pb dating was achieved 
by hand-picking under a binocular microscope. Zircon 
grains of all grain sizes and morphological types were 
selected, mounted in resin blocks, and polished to half 
their thickness. Zircons were analyzed for U, Th, and Pb 

Fig. 4. Trace fossils from the Dubrau Formation (edge of the field of the eastern flank of the Monumentenberg): a, The worm tube Sko-
lithos isp.; b, Bergaueria isp., a coelenterate resting burrow; c, Cruziana isp., a rusophycoid resting trace of a trilobite; d, Two 
individuals of a rusophycoid Cruziana isp. on one slab; e1, A deep burrowed rusophycoid Cruziana isp. (view from the bottom, 
scale in cm); e2, Same specimen as e1 (side view). All specimens are stored in the collection of the Sektion Paläozoologie at the 
Senckenberg Naturhistorische Sammlungen Dresden, Museum für Mineralogie und Geologie.

Abb. 4. Spurenfossilen aus der Dubrau-Formation (vom Feldrand an der Ostseite des Monumentenberges).
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isotopes by LA-ICP-MS techniques, using a Thermo-
Scientific Element 2 XR sector field ICP-MS coupled 
to a New Wave UP-193 Excimer Laser System (Sektion 
Geochronologie). A teardrop-shaped, low volume laser 
cell constructed by Ben Jähne (Dresden, Germany) and 
Axel Gerdes (Frankfurt am Main, Germany) was used 
to enable sequential sampling of heterogeneous grains 

(e.g., growth zones) during time resolved data acquisi-
tion. Each analysis consisted of approximately 15 s back-
ground acquisition followed by 30 s data acquisition, us-
ing a laser spot-size of 25 µm and 35 µm, respectively. 
A common-Pb correction based on the interference- and 
background-corrected 204Pb signal and a model Pb com-
position (Stacey & Kramers 1975) was carried out if 

Fig. 5. Brachiopods from the Dubrau Formation (edge of the field of the eastern flank of the Monumentenberg): a, Westonisca arachne 
Barrande (Heuse & Puura 2000); b and c, Diverse brachiopod shells, which could not be determined due to missing diagnostic 
muscle imprints. All specimens are stored in the collection of the Sektion Paläozoologie at the Senckenberg Naturhistorische 
Sammlungen Dresden, Museum für Mineralogie und Geologie.

Abb. 5. Brachiopoden aus der Dubrau-Formation (vom Feldrand an der Ostseite des Monumentenberges).

a b

c

2 cm
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nec essary. The necessity of the correction is judged on 
whether the corrected 207Pb/206Pb lies outside of the in-
ternal errors of the measured ratios. Discordant analyses 
were generally interpreted with care. Raw data were cor-
rected for background signal, common-Pb, laser induced 
elemental fractionation, instrumental mass discrimina-
tion, and time-dependant elemental fractionation of  

Pb/Th and Pb/U using an Excel® spreadsheet program 
developed by Axel Gerdes. Reported uncertainties were 
propagated by quadratic addition of the external re-
producibility obtained from the standard zircon GJ-1 
(~ 0.6% and 0.5 – 1% for the 207Pb/206Pb and 206Pb/238U, 
respectively) during individual analytical sessions and 
the within-run precision of each analysis. Concordia 
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Fig. 7. U-Pb ages of detrital zircon grains from sample Du3 
(white quartzite with Skolithos isp., Monumentenberg 
Member, Dubrau Formation, Tremadocian, Lower Or-
dovician): a, Concordia diagram; b, Combined binned 
frequency and probability density distribution plots of 
detrital zircon grains in the range of 400 – 3500 Ma; c, 
Combined binned frequency and probability density dis-
tribution plots of detrital zircon grains in the range of 
400 – 1000 Ma.

Abb. 7. U-Pb-Alter detritischer Zirkone der Probe Du3 (weißer 
Sandstein mit Skolithos isp., Monumentenberg-Member, 
Dubrau-Formation, Tremadocium, Unteres Ordovizium).

Fig. 6. U-Pb ages of detrital zircon grains from sample Du1 (red 
sandstone, Ober-Prauske Formation, Cambrian): a, Con-
cordia diagram; b, Combined binned frequency and prob-
ability density distribution plots of detrital zircon grains 
in the range of 400 – 3500 Ma; c, Combined binned fre-
quency and probability density distribution plots of detri-
tal zircon grains in the range of 400 – 1600 Ma.

Abb. 6. U-Pb-Alter detritischer Zirkone der Probe Du1 (roter 
Sandstein, Ober-Prauske-Formation, Kambrium).
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dia grams (2 s error ellipses) and concordia ages (95% 
con fi dence level) were produced using Isoplot/Ex 2.49 
(Ludwig 2001), and frequency and relative probability 
plots using AgeDisplay (Sircombe 2004). The 207Pb/206Pb 
age was taken for interpretation for all zircons  > 1.0 Ga, 
and the 206Pb/238U ages for younger grains. Analyses were 
car ried out using the procedures of Gerdes & Zeh (2006) 
and Frei & Gerdes (2009). For further details on analyti-
cal protocol and data processing see that references.
 The uncertainty in the degree of concordance of Pre-
cambrian – Palaeozoic grains dated by the LA-ICP-MS 
method is relatively large and results obtained from just a 
single analysis have to be interpreted with care. A typical 
uncertainty of 2 – 3% (2 s) in 207Pb/206Pb for a Late Neo-
proterozoic grain (e.g., 560 Ma) relates to an absolute 
error on the 207Pb/206Pb age of 45 – 65 Ma. Such a result 
gives space for interpretation of concordance or slight 
discordance. The latter one could be caused by episodic 
lead loss, fractionation, or infiltration Pb isotopes by a 
fluid or on micro-cracks. Thus, zircons showing a degree 
of concordance in the range of 90 – 110% in this paper 
are classified as concordant because of the overlap of the 
error ellipse with the concordia (e.g., Frei and Gerdes 
2009, Jeffries et al. 2003, Linnemann et al. 2007, 2011). 
 Th/U ratios (Tab. 1, 2) are obtained from the LA-
ICP-MS measurements of investigated zircon grains. U 

and Pb content and Th/U ratio were calculated relative  
to the GJ-1 zircon standard and are accurate to appro-
ximately 10%. Cathodoluminescence (CL)-images of zir-
cons are produced by a Zeiss scanning electron micro scope 
EVO 50 at the Senckenberg Naturhistorische Samm lun-
gen Dresden.

4.2. Results

Investigated zircon grains of the Ober-Prauske Forma-
tion (sample Du1; Tab. 1) and of the Dubrau Formation 
(sample Du3; Tab. 2) are sub- to well rounded and have 
clear magmatic zoning. Complex zircon grains showing 
rims and cores are relatively scarce. Most zircons are 
clear and colourless to yellowish transparent. Brownish 
zircons are frequent. Metamict zircons and zircon grains 
that underwent ultra-high temperature and ultra-high 
pressure conditions could not be identified.
 60 detrital zircon grains were analyzed from one sam-
ple of the red sandstone from the Ober-Prauske Forma-
tion (sample Du1). U-Th-Pb data are given in Tab. 1 and 
Fig. 6. Of these 60 measured grains, 54 grains are con-
cordant (in the range of 90 – 110% concordant; Fig. 6). 
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Fig. 8. Reconstruction of the Early Ordovician (Tremadocian) transgression onto the Cadomian basement and the Ober-Prauske For-
mation (Lower Cambrian) based on the geological mapping at the Monumentenberg and the Hohe Dubrau near Groß-Radisch, 
Lausitz Block (after Linnemann & Buschmann 1995).

Abb. 8. Rekonstruktion der frühordovizischen Transgression (Tremadocium) auf das cadomische Grundgebirge und die unterkambrische 
Ober-Prauske-Formation, basierend auf einer geologischen Kartierung am Monumentenberg und in der Hohen Dubrau bei Groß-
Radisch, Lausitz-Block (nach Linnemann & Buschmann 1995). 
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The youngest concordant grain is 542 ± 15 Ma old. The 
oldest zircon yields an age of 2959 ± 44 Ma. 74% of all 
zircons in the sample are Neoproterozoic in age, rang-
ing from ~ 572 – 994 Ma (Fig. 6, Tab. 1). Six grains show 
Mesoproterozoic ages (1031 Ma, 1057 Ma, 1077 Ma, 
1112 Ma, 1318 Ma, and 1515 ±  Ma). 11% of all zir-
cons in the sample are Palaeoproterozoic in age in the 
range of ~ 1763 – 2328 Ma (Fig. 6, Tab. 1). 4% are Ar-
chaean grains (~ 2642 – 2959 Ma). The probability plot 
shows distinct peaks at ~ 575 Ma, 625 Ma, 690 Ma, and 
~ 775 Ma (Fig. 6). For most of the analyzed zircon grains 
the Th/U ratio is lower than 1.0, indicating a felsic prov-
enance (Tab. 2). In only one case the ratio is significant 
higher. Therefore, this grain came from a mafic source 
(Tab. 1).
 120 zircon detrital zircon grains were analyzed from 
one sample of quartzite with Skolithos isp. from the Du-
brau Formation (sample Du3). U-Th-Pb data are shown 
in Tab. 2 and Fig. 7. Of these 120 measured grains, 99 
grains are concordant (in the range of 90 – 110% con-
cordant; Fig. 7). The youngest concordant grain is 
532 ± 15 Ma old. The oldest zircon yields an age of 
3329 ± 32 Ma. 58% of all zircons in the sample are Neo-
proterozoic in age, in the range of ~ 574 – 921 Ma (Fig. 7, 
Tab. 2). 34% of all zircons in the sample are Palaeopro-
terozoic in age in the range of ~ 1870 – 2471 Ma (Fig. 7, 
Tab. 2). 7% are Archaean grains (~ 2662 – 3329 Ma). 
One grain has an Early Cambrian age (532 ± 15 Ma). 
Meso proterozoic zircons do not occur. The probability 
plot shows distinct peaks at ~ 580 Ma, 625 Ma, 700 Ma,  
~ 750 Ma, ~ 1900 Ma, and 2050 Ma (Fig. 7). Small peaks 
scatter at ~ 2350 Ma, ~ 2900 Ma, and ~ 3200 Ma (Fig. 7). 
For most of the analyzed zircon grains, the Th/U ratio is 
lower than 1.0, indicating a felsic provenance. In only 
six cases the ratio is significant higher. Therefore, these 
grains came from a mafic source (Tab. 2).

5.  Discussion and conclusion

The spot-like distribution of the red sandstones of the 
Ober-Prauske Formation points to a deposition of imma-
ture red siliciclastics in Cambrian time, which became 
mostly eroded in pre-Ordovician time. Such Cambrian 
red bed deposits survived only in depressions in the pa-
laeo-landscape (Fig. 8). Main phase of erosion of the red 
beds occurred during an uplift in the Late Cambrian (see 
later in the text). Therefore, it is very likely that the Ober-
Prauske Formation is Early Cambrian in age. Red sedi-
ments are typical for the Lower Cambrian in adjoining 
units and do not occur in the Middle Cambrian.
 Due to the finding of the key fossil Westonisca arach-
ne Barrande the Dubrau Formation is Tremadocian in 
age (Heuse & Puura 2000). The basal conglomerate of 
the formation overlies the Cadomian basement (Lausitz 
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Fig. 9. Diagram illustrating the origin of the depositional gap in 
the Late Cambrian due to the rift setting on the periphery 
of the West African Craton (peri-Gondwana), eventually 
resulting in the formation of the Rheic Ocean and the sep-
aration of Avalonia during the Cambro-Ordovician (after 
Linnemann 2003).

Abb. 9. Die Entstehung der Ablagerungslücke während des späten 
Kambriums an der Peripherie des Westafrikanischen Kra-
tons (peri-Gondwana), die möglicherweise in Zusammen-
hang mit der Öffnung des Rheic-Ozeans und der Abspal-
tung Avalaonias während des Oberkambriums steht (nach 
Linnemann 2003).

Fig. 10. Reconstruction of the palaeogeography during the Or-
dovician (~ 444 Ma) and the position of the Dubrau 
Formation (after Linnemann et al. 2011 and references 
therein).

Abb. 10. Paläogeographische Rekonstruktion während des Ordo-
viziums (~ 444 Ma) und Position der Dubrau-Formation 
(nach Linnemann et al. 2011 und Zitaten ebenda).
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Group), which was deposited around the Precambri-
an – Cambrian boundary at c. 545 – 542 Ma (Linnemann 
et al. 2007). The identification of the Skolithos and Cru-
ziana ichnofacies characterize the middle part of the Du-
brau Formation as deposits of the middle to lower shore-
face. The depositional setting of the Dubrau Formation 
was a shallow marine shelf of an open sea or ocean and 
not a protected environment (Fig. 8). Both, the Skolithos 
and Cruziana ichnofacies, grade into strata characterized 
by frequent HCS and a lack of macrofossils, which are 
upper to lower offshore deposits. Thus, the whole section 
of the Dubrau Formation documents a trend of deepening 
and transgression being a part of a transgressive systems 
tract (TST; Fig. 8).
 The lack of Middle and Upper Cambrian strata in the 
section may have been originated by the rift and drift-off 
of Avalonia or a related terrane. Rift-related doming of 
the astenosphere led to an inversion of the crust and as 
a consequence to uplift and erosion of Cambrian strata 
(Fig. 9; Linnemann 2003, Franz 2009, Linnemann et al. 
2010). Thermal subsidence at the beginning of the Or-
dovician caused the new onset of deposition. One of the 
resulting deposits was the Dubrau Formation. The high 
maturity of the sedimentary rocks of the Dubrau Forma-

tion and of a lot of other Lower Ordovician sediments in 
the Saxo-Thuringian Zone was caused by strong chemi-
cal weathering in the source areas during the Cambrian 
(Linnemann et al. 2010, 2011).
 On the base of the U-Pb dating of the detrital zircon 
grains from the Ober-Prauske and Dubrau formations 
a derivation of the clastic debris from the West African 
Craton in this paper is concluded (Fig. 10). Typical for 
the provenance from the West African Craton in the pat-
tern of detrital zircon spectra is a magmatic gap in the 
range of c. 1.0 – 1.6 Ga, peaks at c. 2.0 Ga and c. 2.5 Ga, 
and a few Archean ages (Nance & Murphy 1994, Keppie 
et al. 2003, Zeh & Gerdes 2006, Linnemann et al. 2007, 
2011, Drost et al. 2011). All other continents, which are 
principal candidates for sediment supply during Ordovi-
cian times (Baltica, Avalonia, Amazonia) show a strong 
portion of Mesoproterozoic zircon grains (Nance & 
Murphy 1994, Keppie et al. 2003, Gerdes & Zeh 2006, 
Linnemann et al. 2011). The six Mesoproterozoic zircon 
grains from the Ober-Prauske Formation point to a little 
sedimentary input from Amazonia, which was the neigh-
bour of West Africa in Early Palaeozoic times. The total 
lack of Mesoproterozoic zircons in the Dubrau Forma-
tion completely rules out Baltica, Avalonia, and Ama-
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Fig. 11. Rift, drift, and collision of continents in West Gondwana from Cambrian to Carboniferous times and the formation of Pangaea  –  
note the West African provenance of the Dubrau Formation (modified after Murphy et al. 2011).

Abb. 11. Rift, Drift und Kollision der Kontinente in West-Gondwana vom Kambrium bis zum Karbon und die Bildung Pangäas – zu be ach-
ten ist die Position der Dubrau-Formation an der Peripherie des Westafrikanischen Kratons (verändert nach Murphy et al. 2011).
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zonia as sources for the siliciclastic sediments of this 
formation. Instead, the age patterns of detrital zircons 
from the Dubrau Formation show clearly the fingerprint 
of the West African Craton. Both samples (Du1, Du3) 
demonstrate the strong input of siliciclastic debris and 
zircons from the Pan-African and Cadomian basement 
rocks in the range of c. 532 – 994 Ma (Figs. 6, 7). Due to 
the overall zircon patterns in the samples Du1 and Du3, 
the Ober-Prauske and Dubrau formations were formed 
on the periphery of the West African Craton (peri-Gond-
wana), which is in line with most palaeobiogeographi-
cal and palaeomagnetic reconstructions and constraints 
from sedimentology and basin development (Robardet 
2002, 2003, Linnemann et al. 2007, 2010, 2011, Drost 
et al. 2011). During the formation of Pangaea and the re-
lated origin of the Variscan Orogen, the peri-Gondwanan 
Lausitz Block, including the Ober-Prauske and Dubrau 
formations, was incorporated into the Central European 
Variscides (Fig. 11).
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C. Franz et al.: U-Pb ages of detrital zircons, fossils, and facies of the Cambro-Ordovician overstep sequence of the eastern Lausitz Block
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