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OUTLINE OF THE PERMIAN PALEOGEOGRAPHY IN THE CENTRAL 
AND EASTERN PART OF THE BALKAN PENINSULA 

SLAVCHO YANEY'. LJUSINKA MASLAREVlC1 and BRANISLAV KRSTIC I 

Key words - Palcogcogruphy: facies; sedimentology; Lerranes; 
Balkru1s: Carpathian: Upper Paleozoic; Carboniferous; Pcrmian. 

Abstrul'I- Upper Carboniferous formations arc preserved with· 
in the present territory of the Balkan Peninsula in a system of 
paleogeographical :zones: ( 1) the very high "Paleo-Balkan'' 
mountain range running in a WNW-ESE direclion (Variscan 
orogeny): (2) the rolling plain north of tJ1e range; (3) intcr­
montanc hills west and south of the orogenic belt; (4) high 
mountains further west nr1d south of the orogenic beJt (to the 
present Serbian-Macedonian and Thracian massifs); (5) a shal­
low sea basin west and south of the massifs. Principal paleo­
geographical zones changed slightly in configuration through 
1hc Early Permian limes. Sedimentation covered large, still iso-
1.ited, are.is. 
The Thracian and Serbian-Macedonian massifs were preserved. 
as well as the high orogenic features, in and around which were 
deposited separate, often very thick cones of dominanlly coarse 
proluviakolluvial elastics. Nonh of the orogenic belt, t0wards 
the Moesian region. layers of fine sediments continued to form. 
On the southern and western piedmont of the Yariscan range. 
coarse elastics and volcaniclastics were deposited in inlcrmon­
tane zones. and finegrained beds at high levels more distant 
from range. 
The Variscan mountain range was lower through the Late Per­
mian, and locally covered with deltaic sediments that extended 
northcastwards into a larger conlinental basin. Terrigenous de­
posits in the Provadia Depression pass into cvaporiies formed 
in sabkha facies. Another large basin was formed in the inter­
montanc zone. There is not a facial transition between the con• 
tincntal and marine Permian (and Upper Carboniferous) sedi­
mentary rocks. This fact can been explained by a separation of 
the two sedimentation areas, because of paleorelief existing be­
tween them. 

PRE LATE PALEOZOIC DEVELOPMENT 

The Late Paleozoic development and paleogeography of 

the present central pan of the Balkan Peninsula were large­

ly predetermined by the Early Paleozoic evolution (Fig. I). 

Parole chim·e - paleogeografia: facies: sedimentologia: terrwies: 
Balcani: Carpazi; Palcozoico supcriorc; Carbonifcro; Perminno. 

Rioss11n10 - II Carbonitcro supcriore c prcscntc nclla Pcnisola Bal­
canica all'intcmo di un sistema di zone paleugeogmfiche: (I) I' al­
ta catena montuosa Paleo-Balcanica chc dccorrc sceondo una di­
re1.ione WNW-ESE (dovutu all'orogencsi varisica): (2) la pianura 
ondulata a nord dclla ca1ena; (3) le colline in1ramo111uose ad ovcst 
ea ~ud dcl /Jell orogenico: (4) le pronunciatc montagne posle piu 
oltrc ad ovcst ea sud dcl belt orogenico (sino agli attuali massicci 
Serbo-Macedone e Tracin); (5) un bassofondo marino sviluppato 
ad ovesl e ad est dei suddetti massicci. Le principali lOnc palco­
geogrnfiche modificarono lcggcrmente la loro conligurazione nel 
corso dcl Permiano infcriore. I processi di sedimcntazione si at­
warono all'intcmo di ampie, ancora isolate arec. I massicci Tracio 
e Serho-Macedone furono prescrvati, come pure i piu pronunciati 
lineamenti orogcnici entro c attomo ai quali si depositarono, tra lo­
ro scparati. conoidi di materiali clastici spe~so as~i potenti e in 
prevalenz.i grossolani, di natura proluvialc e colluvialc. A nord dcl 
belt orogcnico, in tlirc:,Jone dclla Piattaforma Moesia. conlinuaro­
no ad aversi sedimenti fini. Nelle aree pcdemontanc a sud e ad 
ovcsl dclla catena varisica con0uirono, in aree intramontuose, ap­
porti detritici grossolani e prodotti vulcanoclastici, nonchc, a livelli 
stratigraficnmcntc alli e in luoghi rclativamenle piu distanti dalla 
catena. sedimenti clastici fini. l lineamenti morfologici della eate­
na varisica si allc:nuarono nel cor.;o dcl Pcrmiano supcriorc. e lo­
calmenle furonu ricopeni da depositi deliizi che si estesero verso 
nordc.sl a formare un piu ampio bacino continentalc. Nella de­
pressione di Provatlia, depositi tenigeni pa'\Sano a evaporiti di sab­
k.ha. Un secondo ampio bacino si genero nclla fascia intramon­
iuosa. Non si osscrva alcuna transizione di fades tra Permiano (e 
Carbonifero superiorc) contincnlalc c marina. Cio si puo spiegare 
ammenendo una separazionc tra le due aroc di scdimcntazione, de­
terminata dalla presenza di un paleorilicvo. 

The eastern part of the region (on Bulgarian territory) con­

sists of three large Lower Paleozoic tectonostratigraphic 

supenerranes (composite terranes): Moesian, Balkan and 

Thracian (Yanev, 1993, 1997, and references d1erein). The 

Balkan superterrane is composed of several lower-rank 
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Fig. I -Scheme for the relationship between the main Bulgariun and Serbirui 1ecmnos1rat1graphic uni1s. The ahhrcviations from east 10 west MP • Moe­
si:m Plare; VCMT - Vrska Chuka-Miroc Terrane: SPPT - Star/! Plamllll -Poree Temi.oe; KT• Kuchaj Temme: RVOT- Ranovac-Ylasina-Osogovo Tcr­
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units, including the Western Kraishte, Easrem Kraishte 
and Sakar-Standja zones. Within the boundaries of ex-Yu­
goslavia, as well as the extensions of the Moesian and 
Balkan (Carpatho-Balkan) superterranes, are the Serbian­
Macedonian, the Vardar and the Dalmatian-Hercegovinan, 
and between the latter two are the Jadar, Drina - Ivanjica 
and Dinaridic ophiolite belts. East Bosnian-Durmitor, and 
Central Bosnian terrancs (Krstic & Karamata, 1992; Kara­
mata & Krstic.1996; Fig. 2). 

The latter seven units extend over to Greece and partly 
to Albania. The Serbian-Macedonian superterrane is defi­
nitely connected with the Thracian one. the Balkan with 
Carpathian in Romania (Krautner er al .. 1981 ), and the 
Moesian superterrane fonus the Paleozoic basement be­
neath the Walachian depression of Romania to the fault 
bounding the northern Dobrogea Boundaries between the 
mentioned tectonostratigraphic units are tectonic and re­
peatedly active, including the significant Alpine over­
thrust. It is noteworthy that the sediment origin data for ad-
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jacent blocks sometimes distinctly indicate that these 
crustal blocks, although their contacts have been later 1ec­
tonised or individuaJ blocks rotated, were placed a similar 
order and only mutually displaced (drawn closer and in 
places thrust one over another). At the present time the tcr­
ranes form a complex collage of peri-Gondwana blocks 
that successively docked from the south during the Late 
Paleozoic and Early Carboniferous (Yisean). 

LATE PALEOWIC PALEOGl!OGRAPHY 

The most important explanation of the Late Paleozoic pa­
leogeography of the region (Balkan Peninsula). and espe­
cially of its continental sedimentation, is the collision of 
lhc Balkan-Carpathian and Moesian supcrterranes, in the 
interval between the Early and Late Carhoniferous epochs, 
which produced the Yariscan range. The Thracian and Ser­
bian-Macedonian massifs also collided with the Carpatho-
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Fig. 2 - Schem~tic map of tht: terr-Jot:s in the centr,11 part of lhe Balkan Peninsula between 1he Mocsian Plate and the Adriatic Sea (after Kara111at0 & 
Krstic, 1996) showing the distribution of the Q1rboniferous rocks (after Krstic <'I al .. in press) 

Legend: I - fault. ol~rvcd and covered: 2- ovcrthrust, obscrvcu anu covercu: 3 - unclear relalionship; 4 - tectoniset.l boundary: 5 - major stnltc-slip faullS; 
6 - marine Carboniferous: 7 - cont.inenUtl Cul'bonifcrous. Abbreviations for the Yugosluviun area (corresponding partly to that in Fig. I) from casL Lo west: 
MP • Moesian Plate: VCMT - Vrska Chuka-Miroc Terrnne: SPPl - Srnra Planina-Porec Ten-Jne: KT - Kuchaj l'emme: RVOT - Ranovac-Vla.~ina-Oso­
govo Terranc: SMCT • Serbian-Macedonian Composite Temme: VZCT - ViirdarZoneComposile Temme: JBT- Jadur Block Temme; DIT- Drina-lvllll­
jica Temme: DORT - Din11ric: Ophiolite Boll Terrone; EBm: Ea~t Bosnian-DunnitorTemme (A - Lim and Tara catchment area. B - Pmca region): CBMT 
• CcntrJI Bosnian Mls. Terrone (C • CenlrJI Bosniun Mts region, D - Siina region. E - Una region): DI ICT - Dalmalian-Hcncgovinian Compo~i1c Tcrranc. 
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Balkan superterrane, but this hypothesis cannot beverified 
due to a lack of Upper Paleozoic sediments on the massifs. 
Ophiolitcs of the pre-existing oceanic crust are com­
pressed between these three supcrterrancs in many places 
(Haydoutov, 1987; V. Quadt et al., 1998). 

The region is paleogeographically reconstructed using 
biostratigraphy, as well as the spatial distribution of facies 
and the thickness variations of series, stages, and lithic bod­
ies, petrographic compositions with respect to the source 
area of derived material, and paleotransport measurements 
(Figs 3, 4, 5 and 6) (Jancv, 1969; Yanev, 1970, 1979. 1981, 

1989: Maslarevic & Protic, 1975). The principal criterion is 
the facial character of the Upper Paleozoic sediments. ln­
fonm11ion on the types and distributions of continental sed­
iments and facies in the Upper Paleozoic series of Serbia is 
given by Maslarevic & Krstic ( 1999), and for Bulgaria by 
Yanev in Yanev & Adamia ( 1999), Cassin is & Yanev, 1999 
and Yanev et al .. (1999) in the volume of abstracts of the 
Brescia congress, and in this book. 

Late Carboniferous paleogeography 

Upper Carboniferous formations are preserved on the pre-
sent ten·itory of the Balkan 

CARPATHO-BALKANIDES 
Peninsula in a system of 
different paleogeographical 
zones: (l) the high "Palco­
Balkan·• mountain range 
running in a WNW-ESE di­
rection (Variscan orogcny): 
(2) the rolling plain north of 
the range~ (3) intermontane 
hills west and south of the 
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Rhodope massifs); (5) a 

shallow sea basin west and 
south of the massifs (Fig . 
4 ). Thcprevious zones, ac­
cording to the available da­
ta, were areas only of de­
nudation, not deposition. 
Isolated depressions of the 
paleo-Balkan zone contain 
continental, often coal de­
posits, varying in 1hickness 
from O to 1700 m in the 
Westphalian of Svoge; 
from O to 850 m. in the 

Stephanian between Oziro­
vo and Lyutad1.ik, NW Bul-

F1g. 3- Schcmaric column for the 
Carbonifcrou~ successions in 
their main zones of distribution in 
&1st Serbia (after Krstic et c1/ .. in 
press). Legend: 1. Conglomerate: 
2. Sandstone: 3. Shale: 4. Silt­
stone: 5a. Basic volcanic rocks: 
Sb. Acidic volcanic rocks: 6. 
Coal; 7. Olist0stromcs: 8. Flysch: 
9. ac: PaleoandeSite. 
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garia; and from O to 360 m in East Serbia (Maslarevic, 
I 96 I; Yancv, I 985) (Fig. 5). Basins are supplied with rock 
clasts derived from the basement and adjacent areas (Low­
er Paleozoic sediments and low-crystalline metamorphic 
rocks). The paleo-rivers of the western Stara Planina Moun­
tain drained to the north and northeast. and those of Eastern 
Serbia to the southwest (Vrshka Chuka). Late Carbonifer­
ous tect0nic movements, mainly block displacernenL~ (Late 
Variscan?), transformed some of the Namurian-Wcstphaljan 
depressions from depositional into denudational areas 
(Svoge), and formed new grabens (seven in Bulgaria and 
three in Serbia) <luring the Stepharuan. A WestphaJian vol­
cano-sedimentary formation was formed in the Seara Plan­
ina-Porecka zone of Eastern Serbia only. unconformably 
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overlain by Pennian rocks (Krstic & Maslarevic, 1970). 
WestphaLian deposits arc lacking to the ENE and WSW of 
this zone, where Stephanian sediments lje unconfonnably 
over crystalline schists or over Lower Paleozoic rocks and 
pass upwards into Pcnnian deposits (Krstic et al .. in press; 
Fig.3). The trough-bounding faults often were courses for 
subsequent volcanic flows. Reliable Upper Carboniferous 
sediments in the Moesian region arc known from boreholes, 
but so far only at Kavarna-Balchik, Southern Dobrogea. 
More than 1600 m of Namurian-Westphalian elastic and 
coal deposits of alluvial plains are met by a marine basin to 
the east (or SE?). The larger part of the Moesian region was 
probably a major sediment bypass wnc during the Late Car­
boniferous. lntermontane valleys in Bulgaria bear records 
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Fig. 4 - Map showing lhc di:.tribuuon and paleogeography of the Upper Carboniferous and Pcm1ian dcposi~~ in Bulgaria. 

Legend: l - Variscan Orogcn: I - zones of deposition of intcm1ontane molasses. II - zones of foremontane molasse~. Ill - .rones of intramortume llJ0· 
lasses (Former back-arc zones): 2 - probable continuation of the zones I. II and Ill: 3 - greatly uplifted part of the orogcn; 4 - probably as 3; 5 - £One 
of distribution of intmmomanc molasses (during the Late Pcnnian. mainly coalinenlal basin 1ype): 6 - zones of molassc scdimenuuion with hilly re­
lief (during the Late Pennian mainly continent.al basin type); 7- coal-bearing Carboniferous deposits in the Dobrudja coal basin; 8 - zone with evap• 
orite-bearing mola~scs; 9 - zones of most intense volcanism: I 0-12 - sediment source region~: I O - probably uplifted zones. out of the orogen. 11 • 
in1rabasinal low 1errains. 12 - hypothetical feeder zones; 13 - present-day outcrops: a - of the Upper Carboniferous, b - of the Permian: 14 - main pa­
leotranspon directions: 15- Upper Paleozoic rocks. affected by low-grade metamorphism. Abbreviation: NW: Namurian-Westphalian deposits. Lo­
culities of Upper Paleozoic ~edimenta1ion: I - Kiryaevo: 2 - Belogradchik: 3 - Falkovcts-Smolyanovtsi-Vinishtc: 4 Stakevtsi; 5 - Prcvala; 6 - Melyane; 
7 - Midzhur-Kopren; 8 - Dmganitsa-Bela Rechka-O1.irovo-Lyutadzhik; 9 - Zverino: I O - lgnatitsa; 11 - Svogc (Namurian-Wcstphalian); 12 - Soliot­
er Stara Planina Mts; 13 • Bunovo; 14 - Lozen Planina Mt~-Bakarel Hills; 15 - Troyan: 16 - Sliven: l 7 - Glozhcnc: 18 - Vasilyovo: 19 • Sveti llia 
Hills; 20 - Borehole Vassil Levski: 21 - Borehole Kaliakra; 22 - Boreholes Vama-Ravna Gora: 23 - Boreholes Mirovo; 24 - Borehole Vetrino: 25 -
Kondolovo - Strandja (marine Lower Permian in allochthonous posi1ion?); 26 - Klokmni11.a (Upper Carhoniferous?): 27 - East Rhodopi (redeposit­
ed pebbles from marine Upper Pcrmian): 2R - Chcmogorovo. (In circles - after drill-hole data: the other.;, after outcrop darn). 
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Fig. 5 - The Carbomfcrous System in the Bulgarian pan of the Balkun Perunsulu. 
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of Stephanian. dominantly aUuviaJ-lacuslrine sedimentation 
on Lozen Mt. (south of Sofia). The deposited materials were 
derived from the Thracian massif. Stephanian sediments in 
the East-Serbian extension of this zone are interpreted as 
colluvial-alluvial and lacustrine deposits. There is no evi­
dence of Late Carboniferous sedimentation in the Thracian 
and Serbian-Macedonian massifs. 

Permian paleogeography 

The principal paleogeographical zones changed slightly 
in configuration through the Early Permian. Sedimenta­
tion covered large, still isolated areas. The Thracian and 
Serbian- Macedonian massifs were preserved. as well as 
the high orogenic features in and around which were de­
posited separate, often very thick (up to more 3000 m) 
cones of dominantly coarse proluvial-colluvial elastics. 
North of the orogenic belt, toward the Moesian region. 
bands of fine sediments (cones tapering toward the pe­
riphery, often in playa facies) continued to form (or 

13' 
0 i,; -=;;;;;;;;;;;;;;;;;~SO~iiiiiiiiiiiaiiiiil,OOkm. 

Fig. 6- Distribution ~hemc of the contincnllll Pcrmiun sediments in Easl 
Serbia (after Maslarevic & Krstic, Fig I, this volume). The strnligrnphy 
and li1hologics of 1hc various Permian successions arc presented by 
Maslarevic & Krstic in Fig. 2. this volume). Abbrevialions for the tee­
Ionic unit~; LO• Lower Danubieum; lJD • Upper Danubicum; G - Geth­
ic11111; SG • Suprage1hicum; SMM • Serbian-Macedonian massif. 

formed around new highs). On the southern (and west­
ern?) piedmont of the Yarisean range, coarse elastics and 
volcaniclastics were deposited in intermontane zones (e.g. 
the Solian Stara Planina Mt. and Sveti Iliya Heights. in 
Bulgari3; and the Serbian part of the Stara Planina Mis.). 
and fincgrained beds at high levels more distant from the 
range. The Lo1.en Planina Mt. provides evidence (compo­
sition of fragments and paleotransport measurements) of 
material supply from the Thracian terrane (Kozhoukharov 
et al., l 980). A connection with a sea basin could have ex­
isted on the extreme southeastern periphery of the zone 
(Strandzha Mt.) where the Thracian massif ended. The 
small outcrops of Lower Permian marine sediments here 
(MaJyakov & Bakalova. 1978) could even be allochtho­
nous. Material in Eastern Serbia was washed down from 
the Serbian-Macedonian massif, as indicated by conglom­
erates (fragments of gneisses and various sehists, includ­
ing muscovite and amphibole-bearing). 

The Yariscan mountain range was lower through the 
Late Permfan and locally covered (e.g. between Kopren 
peak and Montana town) with deltaic sediments that ex­
tended northeastward into a larger continental basin. This 
basin covered a large part of the Moesian superterrane 
over Lower Permian and older rocks. Another large basin 
was formed in the intermontane zone. It is well studied in 
Bulgarian Kraishte (Yancv, I 979) and a large part of East­
ern Serbia, the so-called Inner Belt of Eastern-Serbian red 
sandstones, where two zones of Pennian rocks arc recog­
nised: the western, which is part of the Supragethicum 
(between the Mlava and Pek rivers), and the eastern, 
which belongs to the Gcthicum (Gornjak-Suva Planina 
Mts. zone) ( Maslarevic. 1967; Fig.6). 

Deposits of these two continental basins are predomi­
nantly finegrained red terrigenous sediments; locally, 
coarser material was deposited or parts of the basins were 
temporarily dry. Coarse elastic sediments from alluvial 
fans prevail at the top of the Permian in the extreme north 
of the Supragethicum towards the Danube (Krepoljin) 
(Maslarevic & Krstic, 1999). 

Terrigeneous deposits at Provadiya (in NE Bulgaria) pass 
into evaporit<.:S (mainly halite) formed in sabkbas facies, in­
dicating a probable periodic seawater incursion on the basin 
periphery. One hypothesis is that the extreme southeastem 
parts of the zone, equivalent to the southern basin, bad some 
communication with the Late Permian sea, because Meso­
zoic conglomerates near Mandrica (easternmost Rhodope 
Mts) include redeposited carbonate clasts with Upper Per­
mian fauna (Trifonova & Boyanov, 1986). Data are lacking 
for Upper Permian, either continental or marine. sedimenta­
ry rocks over the Thracian and Serbian-Macedonian mas­
sifs. Extending west and south of the massifs, in the Jadar 
terrane of northwestem Serbia. arc marine sediments of the 
Middle and Upper Permian (Pantic & Pesie, 1975). 
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These shallow water sediments, transgressive over the 
pre-ex.isting rocks, consist of dolomites and elastics (Mid­
dk: Permian) and limestones abounding with megafaunal 
associations of mixed Alpine, east-European and lndo-Ar­
menian species (Late Permian). Shallow marine deposits 
are exposed in a limited area of the Thracian massif on 
some of the Greek islands (Lesvos, Skiros, etc), and fur­
ther southeast in Turkey. 

CONCLUSION 

It should be mentioned in conclusion, that there is no fa­
cial transition between the continental and marine Perini­
an (and Upper Carboniferous) sedimentary rocks. This 

fact can be explained by a separation of the two main sed­
imentation areas, due to the paleorelief existing between 
them. The position of this paleorelief corresponds of the 
location of the Thracian and Serbo-Macedonian massifs 
and is confim1ed by the rock distribution and facies as­
semblages around the uplifted domains. 

The revised paleogeographic picture of the Late Palco-
7.0ic of the Balkan Peninsula, based on numerous studies 
and regional generalisations (Maslarevic & Protic, I 975; 
Protic, 1978; Yanev, 1981; Yanev & Cassinis, 1998). es­
sentially differs from any of the generaJjsed reconstmc­
tions published to date (Vai, 1994, 1997; Yilmaz et al., 
1996; and others). The last-mentioned publication, for in­
stance, describes a marine basin eX_actly where the range 
of the Vari scan mountain chain was the highest (Fig.7). 
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CONTINENTAL PERMIAN AND LOWER TRIASSIC RED BEDS 
OF THE SERBIAN CARPATHO-BALKANIDES 

LluBINKA MASLAREVIC I and BRANISLAV KRSTIC 1 

Key words - Continental sediments: Pem1ian: Lower Triassic: 
East Serbia. 

Abstract - Permian continental elastics in the Serbian part of 
the Carpatho-Balkan Mountains are post-orogenic sediments 
tormcd on the Hcrcinian land. 
Tbe elastics lie unconformably as overstep sequences on vari­
ous pre-existing magmatic. metamorphic and sedimentary 
rocks, or are gradually derived from Upper Carboniferous 
(Stcphanian) continental beds. Transitional between the 
Stephanian C and the Permian are the so-called Mottled Series 
with Ca/lipteris conferta. 
The Permian rock system is present as a component of four 
large Alpine geotectonic units: Vrska Cuka - Miroc (Lower 
Danubicum). S1ara Planina-Porec (Upper Danuhicum), Kucaj 
(Gethicum) and Ranovac-Vlasina-Osogovo (Supragethicum). 
Permian rocks of the Lower and Upper Danubieum contain an­
desite and quarLZ-porphyry extrusions. rarely including pyro­
clasties. 
Generally, Permian elastics are immature deposits of ortho- and 
para-conglomerates. sandstones (arkoses and impure arkoses, 
rarely greywackes), siltstones and shales with organic mark­
ings. They are red or purple, rarely grey, in colour. 
Permian elastics are deposited mainly in in1.ramontane depres­
sions with unstable tectonic regimes, in alluvial fans and me­
andering rivers; the Permian also includes thick alluvial plain, 
flood plain, and shallow lake deposits. 
Palaeornagnetic data for Permian beds locale the primary de­
positional area at about latitude 8°N. 
Continental deposits of the Lower Triassic lie unconformably 
over various units of the Perrnian red beds at a low angle (about 
12°) and over Lower Paleozoic schists. The formation is com­
posed of quartz and sub-arkose conglomerates (usually organ­
ised) and sandstones, then arkoses. sihstones, and shales main­
ly in the youngest member. Moreover, these elastics include 

fossil macrollora. 
Lower Triassic rocks were deposited in braided rivers showing 
diverse sedimentary structures. in a more stable tectonic situa­
tion and lower-relief environment. The sediments arc purple, 
white or red in colour. 
The s1ra1igraphic boundary between the Permian and Triassic 
Systems is not recognised everywhere. but is inferred mainly 
from sedimcn1ological features. 

' Strumicka 96. t I 000 Beograd. Serbia. 
• Geoinslitut, Rovinjska 12. t I 050 Bcograd. Serbia. 

Parole chiave - sedimenti continentali; Penniano; Tria~ infeno­
rc: Serbia orientalc. 

Rias,wnro - I depositi clastici continentali permiani nella partc 
serba dei Monti Carpato-Balcani corrispondono a sedimenti 
post-orogenici formatisi sul basamento ercinico. Queste clastiti 
giacciono in discordanza come sequenze sovrapposte su varic 
roccc magrnatiche. mctamorfiche e scdimentarie preesistenti, o 
sono slate gradualmente alime.ntate a seguito dell'erosione di 
strati contincntali appartenenti al Carbonifero superiore ("Stefa­
niano"). La cos\ chiamata "Serie Screziata" (Mouled Series), con 
Callipreris conferta, rappresema una successione di transizione 
1ra lo ·'Stefaniano-" C e ii Pcrmiano. 
II Permiano e presente in quattro ampie unita geotcttoniche alpi­
ne: Yrska Cuka-Miroc (Danubico infcriore). Stara Planina-Porec 
(Danubico superiore), Kucaj {Getico) e Ranovac-Ylasina-Oso­
govo (Supragetico). Rocce permiane appartencnti al Danubico 
inferiore e superiore contengono estrusioni di andcsite e di por­
fido quarzifero. raramcnte commistc a dcposi1i piroclastici. 
Generalmcnte. i depositi clustici permiani sono depositi irnrna­
turi di orto- e paraeonglomerati, arenaric (arcosc c arcose impu­
re, raramentc grovacchc), siltiti e shalcs con tracce organiehc. Es­
si risultano di colorc rosso o porpora, c raramente grigio. 
Le clastiti pcrrnianc si sono sopmllutto accumulate in depressio­
ni intramontane con troll ate da regimi tellonici instabili. sotto for­
ma di eoni alluvionali e di depositi fluviali govcmati da mcan­
dri: ii Permiano, pure, include potenti piane allovionali. piane di 
inondazione c depositi lacustri poco profondi. Dati paleomagne­
tici raccolti negli strati permiani posizionano I' orlginaria area di 
dcposionc di quest'ullimi ad una latitudine di circa 8°N. 
I depositi continentali del Triassico inferiore poggiano in discor­
danza. a basso angolo (circa 12°), sui vari membri ehc costitui 
scono i red-beds pcrmiani c sopra scisti dcl Palcozoico inferiorc. 
Essi consistono di quano, conglomerati sub-arcosici (in gcnere or­
ganizzati) c arcnaric, inoltrc di arcosc, siltiti c shales soprattutto in 
corrispondenza dci livelli stratigralici pill recenti. Vi ~ anche pre­
scntc una macrollora fossile. II Trias infcriore si deposito in fiumi 
braided che mostrmo varie struuure sedimemarie. nell'ambito di 
una situazione tettoniea piu stabilc c in scno ad un ambiente ca­
ranerizzato da una topografia scarsamente pronunciat.a. I sedi­
menti sono di colore porpora, bianco o rosso. II limite str.1tigrafi­
co tra Pcnniano e Tria~ non c dovunque riconosciuto, ma e essen­
zialmente dedono in base a caratteristiche sedimentologichc. 
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lNTRODUCTrON 

Permian and Lower Triassic rock~ are found in two large 
Alpine orogenic systems in Serbia: the Carpatho-Balka­
nides and the Dinarides. which arc very dissimilar (Fig. l ). 
The sequence in the Carpatho-Balkanides consists of 
Permian continental rocks (the so-called "Red Sandstone 
Formation"): in part of the Dinaridcs, the Permian system 
of rocks is lacking. so that Lower Triassic continental elas­
tics lie unconfonnably over Lower Carboniferous flysch; 
Triassic marine limestones are transgressive over Lower 
Carboniferous volcanosedimentary units. Marine sedi­
mentary rocks of the MiddJe and Upper Permian are found 
in other parts of the Dinarids,in NW and SW Serbia, trans­
gressive over the pre-existing rocks. 

Permian continental elastics in the Serbian part of the 
Carpatho-Balkanidcs are post-orogenic products laid over 
the Hercynian land. They are unconformable over various 
magmatic, metamorphic and sedimentary rocks, or derive 
from Upper Carboniferous ("Stephanian") beds. The Per­
mian system crops out in four large Alpine geotectonic 
units: Vrska Cuka - Miroc. Starn Planina - Poree, Kucaj, 
and Ranovac-Vlasina-Osogovo. 

Generally. Permian elastics are immature deposits of 
ortho- and para-conglomerates, sandstones (arkoses and 
impure arkoses. rarely grcywackes), siltstones and shales 
with organic markings. They are red or purple, rarely grey, 
in colour. The sequence varies in thickness from 50 to 700 
metres or more, formed in an arid or semi-arid climate. 

Perrnian and Lower Triassic continental sediments were 
studied by Proric ( I 934, I 959, 1967. 1978), Petkovic 
( 1937), Antonovic (1958), Pantic & Protic (1960), Maslarc­
vic (1961. 1967, 1970. 1980), Ma,;larevic & Protic (1975). 
Bogdanovic ( 1980) and Maslarevic & Cendic ( 1995), and 
palaeomagnetism was investigated by Milicevic ( l 998). 

PERMIAN CONTINENTAL SEQUENCES 

The Vrska Cuka-Miroc Unit (Lower Danubicum) 

This Unit is the extreme eastern part of the Carpatho­
Balkanides of eastern Serbia (Figs 1, 2). Lower Paleozoic 
and Lower Carboniferous rocks are lacking there, whilst 
Permian rocks arc largely eroded, preserved only over a 
small area, and corresponding to the Lower Rotliegend. 
Permian strata lie conformably over Upper Carboniferous 
("Stcphanian") continental deposits with coal beds, and 
consist of conglomerates, sandstones, sillstones and 
shales. Conglomerates lie lowest in the column and in­
clude pebbles of pre-Pennian limestones, quartz porphyry, 
and Lower Paleozoic sandstones. Beds of conglomerates 
are quite thin and pass upwards into a sequence of sand­
stones and prevailing siltstones and shales which include 

quartz porphyry cxstrusions. The sediments were deposit­
ed at first in river valleys, and later between river channels. 
mainly in shallow lakes. 

The Stara Planina-Porcc Unit (Upper Danubicum) 

Thjs Unit is found to the southwest of the Lower Danu­
bicum (Fig& 1, 2). Permian rocks in the Stara Planina part 
of the Unit lie uncoofonnably over Riphean/Carnbrian 
schists of the Cmi Vrh Formation. Devonian rocks of the 
lnovo Formation, and ''Wcstphalian" volcanosedimentary 
products of the Custica Formation. and arc referred to in 
the geological literature as "the outer belt of Permian Red 
Sandstones·· (Maslarcvic & Protic, 1975). 

Two localities. Sugrin and Topli Do, have outcrops of 
the Toplodolska Formation. The lowest-lying rocks arc 
basal conglomerates, several metres thick atSugrin: much 
coarser conglomerates and breccias up to 200 metres thick 
occur at Topli Doi (Babin Zub). These are para- and or­
thoconglomcrates alternating with sandstone and rarely 
siltstones. The conglomerates are massive, rarely strati­
fied, occasionally repeatedly graded, often of disorganised 
and unsorted subangular material which includes sills of 
porphyritc, quartz-porphyry and cuff. 

Conglomerates are composed of porphyrite, quartz. 
porphyry, granite pebbles, limestone cobbles, schist. 
quartz and feldspar in a sandy matrix. Porpbyrite frag­
ments prevail in places. Upwards in the sequence. por­
phyrite disappears and the rock is arkosic in type. Con­
glomerates are clast- to matrix- supported. The sequence 
fines upwards: coarse-grained rocks are overlain by vari­
ably sized arkoses, a few tens of metres thick. Arkosic 
rocks are medium- to thick-bedded, graded in places, com­
posed mainly of quartz, feldspar, and granite fragments: 
the minor constituents are porphyrite and rarely mica, 
schist, diabase, acid volcanic rocks and chert fragments. 
Arkoses are clast- to matrix- supported rocks with an illite 
matrix and hematite or calcite cement. 

The rocks at Sugrin were interpreted as river-bed de­
posits and Lhose at Topli Doi as alluvial fan deposits from 
proximal parts including debris-tlow sediments ru1d from 
the middle part with Gm and Sh lithofacics (Miall, 1977), 
deposited in high relief on intermontane slopes. 

The rapid, irregular deposition of the lowermost Per­
mian ("Lower Rotliegend") is followed by deposition of 
better-sorted tincgrained sediments. Upwards, finegraincd 
sandstones and siltstones prevail, and then shale to a total 
thickness of nearly 400 metres (Sugrin). There are also 
thin beds of medium-grained sandstones or arkoses. The 
finegrained rocks are often horizontally laminated bearing 
symmetrical ripple-marks, organic markings, and lime­
stone, rarely dolomite concretions. Mud chips in parallel 
orientation are common. Shales are marly in places with 
CaC0 3 to 28%. These are dominantly intcrchanael, flood 
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plaio, lake, and playa sediments. Scarce thin beds of coars­
er rocks are the probable remains of crevasse splays. 

Finegrained rocks of the Topli Doi Formation are over­
lain by coarse deposits of a new sedimentary cycle in the 
Upper Permian. These are immature arkosic conglomer­
ates and coarse, rarely medium-grained, arkoses of suban­
gular unsorted material. either in beds of less than 60 cm 
or massive, about 30 metres in thickness. Horizontal and 
gently inclined tabular cross-bedding and asymmetrical 
ripple-marks can be found. and the series fines upwards. 
Arkosic rocks contain intraclaslS from the base in calcite 
and haematite cement with scanty dolomite and clay ma­
trix. deposited in the middle part of alluvial fans. possibly 
from braided channels and river-beds. Magnetite and il­
menite. locally epidote, are the dominant heavy minerals 
in Permian rocks, whereas stable tourma.linc, rutile und 
zircon are scanty. all subangular to subrounded. 

Palacotraosport is dispersed, but mainly towards the 
east, less to the west. 

o.._;;;;;;;;.__,_,_:iiisoii.ii===,ookm. 

Fig. l -Muin gcotcctonic units of 1.'!lstem Serbia: SMM- Serbian-Macc­
doniun massif; SG - Ranovac-Vlw;ina-Osogovo Unit (Suprngcthicurn); 
G • l<ucaj Unit (Gcthicurn); UD • Starn Pluninu • Poree Unit (Upper 
Danubicum); LD - Vrsku Cuku - Miroc Unir (Lower Dunubicum). Litho­
logical columns: I. Tcmska (UO); 2. Sugrin (UD); 3. Suvu Plunina (G); 
4. Budina (G); 5. Zdrelo (G); 6 Ranovac (SG). 

Similar Permian deposits are situated in the northern, 
Poree part of the unit. It is composed of conglomerates. 
sandstones and shales, alternating with pyroclastics and 
volcanic rock flows, which lie transgressively over pyrox­
ene gabbro of Glavica (at Donji Milanovac), and green 
schist'i on the left side of the Porecka reka. Bogdanovic 
( I 980) distinguished two Permian hori1.,ons: sedimentary 
and volcanosedimentary. The terrigcnous horizon forms 
the lower part of the Permian sequence, from conglomer­
ate and conglomenite breccia at the base to red sandstone 
and shale intercalated with freshwater limestone at the top. 
The volcanosedimentary horizon is composed of red sand­
stone, shale, volcanic breccia, tuff, and quartz porphyry 
and porphyrite extrusions. 

The Kocaj Unit (Gethicum) 

This Unit has a central and western position in eastern 
Serbia (Figs I, 3). It includes several continental basins of 
grabcn or scmi-graben type. Permian (and Lower Triassic) 
continental rocks extend discontinuously from the Danube 
in the north to Ruj Mt. in the south, over 200 km. It is re­
ferred to in the literature as "the Inner belt of Permian Red 
sandstones of eastern Serbia"(Maslarevc & Protic, 1975). 
The system is unconformable over the older metamor­
phosed rocks at the base, or passes from Upper Carbonif­
erous (''Stephanian ") beds. lL is be] ieved to form the com­
p lctc Permian sequence between the underlying 
("Stephanian") and overlying (Lower Triassic) units. 

Permian rocks make up a thick sequence of elastics, 
from 50 to 700 metres or more in thickness. Its con­
stituents are sandstones and conglomerates, siltstones and 
sbales. Dolomite and limestone are scanty. Rocks arc red 
or purple, rarely grey or green, in medium to thin beds, 
rarely thick or massive. Horiwntal bedding and lamina­
tion, thick tabular cross-bedding and asymptotic bedding 
are common. and current lamination can be seen. Con­
glomerate-sandstone grading with lower bed-surface ero­
sion and clay chips also oc.:cur. Bed surfaces show fine 
symmetrical and asymmetrical ripple-marks. Finegrained 
rocks bear concretions of calcite and dolomite, rarely 
hernatile, organic markings, raindrop imprints, and rarely 
desiccation cracks. There are many bleached marks 
around active centres (organic matter). Rocks show char­
acteristic tluvial fining-upward sequences. 

The southernmost Permian rocks of this Unit are those 
of Ruj Mt. and at the Ylaska and Grebcn mountains, un­
confonnably overlying the older amphibolites or Devon­
ian-Lower Carboniferous flysch. The entire Permian se­
quence (and the basal Unit) is fining upwards: disorgani­
sed, quite thin basal conglomerates that alternate with 
coarse sandstones, medium-grained sandstones which 
pass into a succession of finegrained sandstones and silt­
stones, for a total thickness of more than 100 metres. 
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These are unconformably overlain by Lower Triassic 
quanz conglomerates and sandstones. The Penruan se­
quence is interpreted as alluvial fan elastics passing up­
wards into sediments filling river channels. topped by 
plain rivers and lake (playa) deposits. 

The Permian stratigraphic sequence in this Unit is almost 
complete i.n the Suva Planina region (Fig. 2). It begins with 
pebbly sandstones and partly conglomerntes, unconformable 
over Upper Devonian-Lower Carboniferous flysch or pro­
gressively developed from Upper Carboniferous ("Stephan­
ia.n") rocks. Upwards follow coarse and medium-grained 
sand~tones. and subsequently hu11dreds of metres of a mo­
notonous succession of siltstones alternating with fine-
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grained sandstones. The coarsest constituents are interpret­
ed as river channel deposits that rapidly pass upwards to fin­
cr-gmined sediments of plain rivers and further to shallow 
lake and playa deposits, which dominate. 

Although thin (about I 00 m), the sequence is complete 
in the Budina stream near Aleksinac, between the under• 
lying '·Stcphanian" and the overlying Lower Triassic 
rocks with megatloral remains (Fig. 2). Constituent rocks 
are siltstones and shales with scarce sandstone beds and 
lenses and a few coarse-grained sandstone and conglom­
erate interbeds: deposits of mcanderi.og rivers and fine­
grained intercbannel deposits of alluvial plain, flood 
plain. and playa sediments deposited from suspension. 

.® 
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© 
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Two zones of Permian 
rocks, divided by regional 
dislocations, are recognised 
to the north around Resavi-
ea and between Donja Mut­
nica and Rujevica, south­
west of Samanjac. 

Rocks mostly from the 
middle of the Permian se­
quence. composed of medi­
um- 10 finegrained sand­
stones, siltslones and 
coarse-grained sandstones, 
rarely conglomerates and 
shales, arc found in the Re­
savica-Josanica wne. 

These rocks contain 
limestone and dolomite 
concretions. The sequence 
consists of thin, medium, 
and locally thick beds (tens 
of metres) beds. The bed-

Fig. 2 

Legend: I. Conglomerate; 2. 
Coarse-groined sandstone; 3. 
Pebbly sandstone; 4. Medium• 
grained sandstone; 5. Finegrained 
sandstone; 6. Sihstone; 7. Shale; 
8. Subarkosc; 9. Arkose; I 0. 
Limcst0ne; 11. Dolomite; 12. 
Concretion of limestone; 13. 
Concretion of dolomite; 14. Con­
cretion of hcmat.itc: IS. Cross­
bedding: 16. Horizontal bedding; 
l7. Horizontal lamination; 18. 
Convolute lamination: 19. Cross­
lamination; 20. Wave marks; 21. 
Trough cross-beddtng: 22. Trace 
of raindrop imprints: 23. Organic 
markings ("bioglyphs"); 24. Con­
rn:.tion of spheroidal $idcrite: 25. 
Schists. 
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ding is horizontal, rarely cross-bedded (urudircctionaJ tluvial 
sets), and the lamination in finegrained rocks is horizontal. 
cross-laminated or convolute. These are fining-upward5 se­
quences from meandering rivers and bars, with gravel lag 
and cross-bedded sandstones. Permian rocks in this zone are 
1ransgressively overlain hy Middle Jurassic rocks. 

Rather thi11 conglomerates. locally with cobbles, and 
coarse-grained sandstones in the Donja Mutnica-Rujevica 
zone, associated with the lower part of the Permian strati­
graphic sequence. correspond to scanty alluvial fans 
(sometimes with debris-flow sediments). These rocks pass 
upwards to thin river-channel deposits and further into 
quite widespread flood plain and playa deposits with 
dolomite concretions and scarce beds. 

The Upper Permian sequence is well developed in the 
northern part of the Unit, i.e. in the Zdrelo and Krepoljin re­
gion (Fig. 2). lt is characterised by a succession of ortho­
and paraconglomerales, and of coarse-grained and rarely 
medium-grained sandstones. Rocks are stratified, graded 
with distinctly erosional lower surfaces, or else form large 
homogeneous ma~ses. They show gently inclined tabular 
and asymptotic bedding. through to cross-bedding and hor­
izontal bedding. The sequence is either fining or coarsen­
ing upwards. The coarsening sequence ranges from a quite 
thick succession of medium- and finegrained sandstones to 
ortho- and paraconglomerates and coarse sandstones 
(progradation of proximal over distal sediments). The fin• 
Ing sequence ranges from orthoconglomerate to sandstone 
with scattered pebbles. and tabular cross-beds gently in­
clined to horizontally bedded medium-grained sandstone. 
Besides flu vial transport. the sediments also indicate colian 
uansport desert-polished dreikanter pebbles. 

These rocks are interpreted as deposits of an alluvial 
fan proximal to mid-sJope, and partly of a braided river 
with bars. The imbrication. cross-bedding, and often ero­
sional base suggest traction currents that carried pebbles as 
the bed load. 

The Ranovac-Vlasina-Osogovo Unit (Supragetbicum) 

This Unit is part of the western Carpatho-Balkanides of 
eastern Serbia (Figs I, 2), where unmet.amorphosed Upper 
Carboniferous ("Stephanian") rocks lie unconformabty 
over metamorphosed pre-existing rocks. The Pennian sys­
tem (Ranovac Formation) is conformable over "Stephan­
ian'' coal-bearing rocks (Fig. 2). Stephanian deposits. over 
the so-called "Mottled Series" (alternating grey. green. and 
red sandstones), 30 to 100 m thick. graduaJly pass into a 
formation of Pennian red beds. The Carboniferous/Perm­
ian boundary is marked by beds with Callipteris conferta. 

Permian rocks are best studied in the Ranovac area 
(Maslarevic, 196 I). 

The Lower Pennfan-Rotliegend sequence is represented 
by conglomerates and breccia-conglomerates, coarse- 10 

finegrained sandstones, and pyroclastic breccia of andesite­
dacite type (Fig. 2). The upper part of the sequence includes 
siltstone and shale, and scanty thin limestone and dolomite 
beds. Rocks are stratified, thick or massive, exhibiting hor• 
iz.ontal and cross-bedding produced by unidirectional flow. 
wavy bedding, and trough cross-lamination. Bed contacts 
are often sharp and erosional at the ba,;e of the coarser bed. 

These rocks are channel with bar deposits in a fining­
upward sequence. The upper part of the sequence consists 
of alluvial plain, flood plain, lake. and playa suspension 
deposits, composed dominantly of fine- to medium­
grained sandstones, siltstones and shales with srructures 
similar to those of the Lower Permian. The siJtstones and 
shales are thinJy bedded. Limestone concretions, raindrop 
prints, rarely desiccation cracks and bleaching around 
small plant remains are found throughout the sequence. 
Thin limestone and dolomite beds are scanty. 

To the south. at Plazane near Despotovac, the Upper 
Carboniferous is conformably overlain by a Lower Perm­
ian unit of coarse- to finegrained sandstones, finegrained 
conglomerates, and scantier siltstone. 

Permian elastics of the Gethian and Supragctruan regions 
are immature, poorly sorted and subangular with a signifi­
cant unstable component and a clay matrix. These are main­
ly arkoses or impure arkoses, or feldspathic greywackes and 
feldspathic subgreywackcs (se11s11 Folk. 1954) as in the Bu­
dina brook. Arkoses and impure arkoses consist of quartz. 
feldspar, albite, oligoclase, andesine, potassium feldspar, 
rare mica, abundant granitic rock fragments (which contain 
purple feldspar in the Ranovac Fonnation), some quartzite, 
low-crystallinity schists. green schist (Ranovac), rarely 
gneiss, Lower Palaeozoic sandstone, diabase, tuff. kerato­
phyre, lydite, andesitic and rhyolitic rocks, amphibole 
schist, and common fragments from the same sequences. 
Schist fragments are common in the Donja Mutnica-Ruje­
vica area. Sedimentary rocks are clast- to matrix-supported, 
dasts being bound by a mixture of illite, montmorillonite, 
occasionally kaolinite in calcite, (secondary) quartz, and 
rarely dolomite cement. 

Permian rocks are rich in heavy minerals. only some of 
which are important for the correlation. Dominant in old­
er Permian rocks are the stable heavy minerals: tourma­
line, zircon and nitile, occasionally also magnetite (and il­
menite), and garnet in younger beds. 

Authigenic minerals include hematite, barite, pyrite, 
rarely gypsum. and anhydrite. 

PROVENANCE AND PAl~EOTRANSPORT 

The mineral compositions of rocks, rock fragments, and 
the directions of paJeotransport indicate the pre-Hercinian 
Serbo-Macedonian Massif. and partly the Hercinian land 
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of the Kucaj anti Homolje Mts (Lower Paleozoic sedi­
mentary and volcanic rocks), as the provenance of the de­
posiced materials. The angularity of clasts in the Pennian 
sediments of the Supragethicum suggests short transport 
distances. and those of the Ranovac Formation as deriving 
from underlying rocks of Permian/Carboniferous and the 
granite massif of Nercsnica and Brnjica. lo the northern 
and southern parts of the Kucaj Unit. paleotransport was 
northward from the south and SSW-NNE. respectively. 
The paleotransport and dispersal for the Ranovac Forma­
l ion was dominantly westward (from Hercynian land). 

PALAEOMAGNKflSM 

Paleomagnctic data for the Permian beds of the Carpatho­
Balkanides (Milicevic, 1998) locate the primary deposi­
tional area at about latitude 8°N. The general magnetisa­
tion direction is D = 350°, I = 5-30°. Coordinates of the 
palaeopole are: latitude <p = 52,6°N, longitude A= 227°E 
(radius of confidence circle cx.;5 = 13.4°). 

IMPLEMENTATIONS OF CLIMATE AND TECTONISM 

The climate prevailing in the Permian wa<; arid or semi­
arid, with storm rainfalls and flash floods. As a result of 
high rates of evaporation, basins in arid areas were alka­
lic, and saw the formation of concretions and thin beds of 
calcite and dolomite. with occurrences of barite, gypsurn. 
and anhydrite. The clay component contains 3000 ppm 
strontium, indicating increased salinity in the basins. The 
cementation of syntaxial quanz is due to precipitation of 
silica from alkaline ground-water. Subaerial features such 
as raindrop prints are common, with occasional desicca­
tion cracks. The environment was oxidising, intenniuent­
ly reducing (grey sandstone), with conditions favouring 
the presence of authigenic pyrite. 

Deposition of the thick Permian sequence can be asso­
ciated with the Hercynian post-orogeoy that formed strong 
relief and contrihuted 10 rapid erosion. short trllilsport dis­
tances and. often. rapid deposition in intem10ntane de­
pressions. The coarsening-upwards sequences indicate lo­
cal uplift of the source areas and depositional slopes dur­
ing tectonic events. Very thick fining-upwards mcgase­
quences might rcsul1 from gradual decreases in basin-mar­
gin faulling. Both fining- and coarsening-upwards se­
quences were subjected to less violent tectonic fluctua­
tions. Alluvial fans arc often associated with normal faults 
and the evolution of grabens and subgrabens. Thick, fine­
grained deposits (interchanncl, flood plain, etc.) are gen­
erated from suspension in stable, subsiding tectonic situa­
tions (Reineck & Singh. 1973). 

LOWER TRIASSIC CONTINENTAL CLASTICS 

Continental deposits of the Lower Triassic arc found in the 
Stara Planina - Poree and Kucaj Units. They are best de­
veloped at Stara Planina Mountain, wbere they are identi­
fied as the Ternska Formation (Maslarevic & Cendic, 
1995). 

Sedimentary rocks of this formation lie unconformably 
over various units of the Permian red beds at a low angle 
(about 12°) and over Lower PaJacozoic schists. The for­
mation is dated using fossil macroflora: Equisetices 
mougeoti. Schisoneura parado:r:a, ?Ne11ropteridillm i11ter­
medium. Wo/rzia heterophylla, Yuccites sp., and so on. 
characteristic of the Lower Triassic (Pantic & Protic, 
1960). The formation is divided into three members: the 
lower quartzite, the middle subarkosc, and the upper 
arkose. 

The Temska Formation marks a new megasequence of 
fluvial sedimentation that began in the Penniun. It is 
equivalent to gravel-sand and sand deposits from braided 
rivers, and at the beginning possibly also from the middle 
part of an alluvial fan. The contributing rivers were most­
ly large with lower flow regimes. and sometimes with 
slight bends. Younger finegrained constituents of the 
arkosic member correspond to meandering rivers. The ma­
jor facics are channels with bars (longitudinal and tran­
verse). and interchannel finegrained facies (flood plain, 
natural level, crevasse, and crevasse splay) in younger 
beds. Sediments form beds l 0-50 cm thick with diverse 
structures (horizontal bedding. variable cross-bedding; 
through. tabular, planar, asymptotic. and in finegrained 
rocks: horizontal and cross-laminations and convolution, 
showing bioturhation and raindrop prints). Sedimentary 
materiaJ was carried by traction currents, seldom being 
suspensed load. 

The formation is made up of quartz and subarkose con­
glomerates (organised, rarely disorganised) and sand­
stones, then arkoses, siltstones, and shales mainly in the 
youngest member. Basal conglomerates often contain 
large (50 x 40 cm) fragments of Perrnian red siltstone. 
Sediments on the whole line upwards in several similar se­
quences. These are supermature and mature elastics, with 
the textural maturity decreasing upwards to the younger 
beds. Clastics are characterised by mineralogical maturity 
(dominant quartz and stable heavy minerals: tourmaline, 
zircon, rutile), comprising rounded grains without or with 
a low clay matrix. The maturity is a result of prolonged 
flu vial transport and effective redeposition. The sediments 
arc clast-supported, cemented by quartz and hematite, and 
in upper layers have a hydro-mica matrix with calcite and 
hematite cement. Depending on the amount of hematite 
cement, the rocks are red, purple or white in colour. 

Lower Triassjc sediments were deposited in semi-arid 
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or arid climate with storm episodes of heavy rain. The pa­
leolransport analysis shows dispersion in two directions, 
to the SE and the SW. The formation exceeds 400 metres 
in thickness. II is overlain by Lower Triassic shallow ma­
rine sediment<; of the Zavoj Formation. 

Lower Triassic continental sediments in the Gcthian 
domain do not lie over Perrnian rocks in all Perrnian lo­
calilies. ln many places, lhe overlying deposits are Middle 
Jurassic. Lower Triassic sequences arc found in Ruj Mt, 
Suva Planina Mt., the Budina brook near Aleksinac, in 
Zdrelo and Krepoljin. where they unconformably overlie 
(at a low angle) variom, Permian members. Lower Trias­
sic rocks are represented by basal quartz conglomerates 
and white or pink sandstones that pass upwards into a sub­
arkosic rock member. Upper parts of the Lower Triassic 
sequence contain fossil rnacroflora. The sequence fines 
upwards (conglomerate to coarse- and medium-grained 
.sandstone) and has features characteristic of gravel- and 
sand-dominated braided rivers. It resembles the Tcmska 
Formation. Continental elastics are overlain by Lower Tri­
assic shallow-marine limestones and dolomites. 

PERMIAN / TRIASSIC BOUNDARY 

The stratigraphic boundary between the Permian and Tri­
assic Systems is not recognised everywhere, but is inferred 
mainly from sedimentological features: 
- Permian rocks are mainly red, while Lower Triassic 
rocks arc purple, white or red in colour. 

- Permian rocks are immature, poorly sorted with suban­
gular grains. dominantly arkosic: in type, with many un­
stable constituents such as feldspar and granitic rock frag­
ments. Lower Triassic elastics are mature; superrnature 
quartz conglomerates and subarkos-e sandstones have 
well-rounded or rounded grains and arc well-sorted. There 
is evidence of humidisation during the Early Triassic. 
- Grains of Pennian rocks are set in a clay matrix and ce­
mented by hematite and calcite. Lower Triassic rocks are 
cemented by quarli with hematite, rarely with clayey ma­
terial. 
- Dominant heavy minerals are garnet, sometimes also 
magnetite, in the uppermost Permian, hut stable tourma­
line, zircon and rutile in the Lower Triassic. 
- Upper Permian rocks Me fossil-free. and Lower Triassic 
rocks contain fossil macrotlora. 

Permian and Lower Triassic rocks were the products of 
two separate megacycles of tluvial sedimentation. Pem1-
ian elastics were deposited mainly in intermontane de­
pressions. in unstable tectonic situations. in alluvial fans 
and meandering rivers; they are thick alluvial plain. flood 
plain, and shallow lake deposits. Lower Triassic rocks are 
braided river products with diverse sedimentary su-uc­
turcs, deposited in a lower relief environment with more 
stable tectonics. 'The Permian/1..,ower Triassic stratigraph­
ic boundary consists of Lower Triassic basal quartz con­
glomerates, similar to western Bulgaria and Romania. The 
Lower Triassic rocks overlie the Pennian at a low-angle 
unconfonnity. The boundary layer surface is often ero­
sional. with cobbles in erosional pockets. 
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UPPER CARBONIFEROUS AND PERMIAN CONTINENTAL DEPOSITS 
OF BULGARIA AND ITALY: A REVIEW 

GIUSEPPE CASSINlS 1 and SLAVCHO YANEY J 

Key word.f - Late Carboniferous; Pennian; continental and ma­
rine deposits; geological events; Bulgaria; nonhem Italy. 

Abs1ract (exrended) - We give a shon but updated synthesis of 
some Upper Paleozoic continental, se-dimentary and volcanic, 
and locally also marine successions in Bulgaria and Iuily. 
-Bulgaria. Following the Variscan collision, the asscmhlcd and 
varied terranes of the Bulgarian basement generally shared the 
same Late Paleozoic evolution. A basin-and-swell topography 
occurred locally from the Early Carboniferous, or almost so, and 
spread gradually throughout the present territory. Namurian, 
Westphalian and Stephanian fossiliferous, coarse- lo line detrital 
sediments have been recognised. at intervals with calcalkaline in­
termediate-to-acidic volcanic products. Extensi<:inal and transten­
sional tectonic regimes seemingly began in the "Stcphanian··. 
The Lower Pennian is charncterised by the alluvial-to-lacustrine 
elastic German Rotliegend. ofwhieh the lower pal't also consists, 
in places, of very thick igneous, mainly volcanic deposits. In 
contrast, the upper Rotlicgcnd (locally interpreted as subsequent 
to the Saalian phase) seems to be marked by the disappearance 
of this effusive activity. and by the development of red beds. 
During the Late Pcnnian. these red beds spread laterally and ver­
tically, giving rise to a marked unconformity with the older 
rocks. 
Towards the ea~t. near the Black Sea, sabkha and marine fossil­
iferous sediments also occur. In Strandzha, however, the shal­
low-water carbonates of Kondolovo have been ascribed so far to 

Early Pcrmian times (due to the presence of algae such as Epi-
111as1opora piae, E. alpiTW, etc.): in contrast, in the eastern Rod­
hope, an Upper Jurassic-Lower Cretaceous olistostrome high­
lighted, in the clasts, some L.irc Pcrmian foraminifers. But the 
present position of these outcrops is still a mailer of controver­
sy; according to some authors. they are interpreted as resulting 
from tectonic movements from southern undefined sectors. 
The boundary between the Permian succession and the overlying 
Lower Triassic Bumsandstein is sealed by a very imponant un­
conformity. which is marked by a gap. From a primary position 
slightly above the P/f boundary, the latter unit stepped down un­
conformably. by erosion, on to all the older rocks. including the 
Variscan basement. 

Italy. The Southern Alps, western Ligurian Alps, and Tuscany. 
thanks to a large numbt:r of studies, display the best examples of 
Late Carboniferous and Pcrmiao interregional correlation witb 
continental areas. The South-Alpine domain clearly shows two 
main well-differentiated tcctonosedimentary cycles. separated 
by a marked unconfom1ity and a gap of as yet unknown duration. 

The lower one l I), as much as 2000 m thick, consists of acidic 
to intermediate volcanics and nuvial to lacustrine sediments, 
both infilling intramontane fault-bounded subsiding basins de­
limited by metamorphic and igneous structural highs. Normally. 
these deposits range from early to late Early Pcrmian, but in 
some places (e.g. in the Tregiovo Ba~in) they also rise up to ear­
ly Late Pcnnian. However, as in the "Lake Volcanic District"" 
(western Lombardy-Canton Ticino), the onset or this first cycle 
could also be ascribed to older times. In fact, it is noteworthy that 
the! local Logone, Manno and other "aporphyric'' and non-meta­
morphic molasses are interpreted as pertaining 10 the ··west­
phalian•·. In contrast with the ahovc continental conditions, in the 
Carnie Alps, where development clearly took place from the 
Middle Carhonifemus (late Moscovian) up lo latest Artinskian or 
slightly younger (Bolorian), the cycle in question is made up on­
ly of shallow-marine and transitional deposits. The Lower Pcrm­
ian basins were controlled by strike-slip tectonics accompanied 
by a progressive thinning of the Yariscan crust. 
The Upper Permian cycle is characterised by the continental 

elastic Val Gardcna/Vcrrocano Lombardo Fms and. east of the 
Adige Valley. by the coastal to shallow-marine Bellerophon Fm.; 

both units arc in tum followed by the Lower Triassic 
Werfen/Servino deposits, which mark an ovenill transgression on 

the Alpine domain. This cycle was widespread outside the pre­
vious Permian basins, and stepped down unconfonnably on 10 

U1e older rocks, to the Variscan basement. 
In the Ligurian Alps also, two second-order cycles have been 
generally recognised. from Namurian-Westphalian lo Early Tri­
assic times. The older cycle consists of siliciclastics and vol­
canics; Ute lauer has been subdivided into three episodes. of 
which the main one is related 10 the Early Pcrmian. On the top. 
through a distinct unconfonnity, the Upper Permian cycle con­
sists of Vcrrucano elastics. 
The Upper Paleozoic of Tuscany displays continental and marine 
environments. The former, represented by silicielastic sedimems 
and volcanic products. are mostly developed in northern areas, 
while the latter show a more widespread disttibution along the 
Farma Creek, near Siena. However, the age assessment of all 
these deposits is still debated. In general, paleontological evi­
dence seems to assign the onset of the northern continental sed­
imentation to ·•wcstphalian'' times. stretching up 10 the Early 
Permian (Artinskian?). The shallow-marine sedimentation of the 
southern sector probably began in the late Early Carboniferous, 
but certainly developed up to latest Carboniferous times; the ad­
ditional presence of Lower Permian clasts within the Triassic 
Verruca no, and of early Late Pcrmian foram-bearing strata in the 

1 Dipartimen10 di Seienzc de Ila Terra, Univcrsita di Pavia, 27100 Pavia, Italy. 
'Gculogical Ins1i1u1e. Bulgarian Acude111y of Sciences. 1113 Sofia. Bulgurin. 
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M. Amiala drill-cores. seem 10 indicate that marine conditions 
persisted locally throughout the Permian. However, runhcr re­
search is still required in these Tuscan areas. 
In conclusion, from the aonve overview, we can identify some 
striking affinities between the Late Paleozoic evolution of Bul­
garia and nonhcrn Italy. Consequently, we need to c,npha~ise the 
validity of some events in a wider geological context. 

Parole chial'e - Carboniforo Supcriorc; Pennian11; deposili conti­
nent;11i c marini; cvcn1i gc.ologici: Bulgaria; ilalia scttcnuionalc. 

Riass11n1n /e.weso) - E data una breve. ma aggiornata sinrcsi di 
akune successioni continental i. sedimentaric e vu lea niche, non­
chc localmente anche marine. relative al Paleozoico supcriorc 
dclla Bulgaria e dell'ltalia. 
-RulguritJ. Dopo la collisione varisica. i basamenti bulgari in cui 
uffiorano condivisero di norma un·evoluzionc tardo-palcQzoica 
piuttosto simile. Bassi ed alti strutturali si auuarono localmentc 
in concomitania. o quasi, al Carbonifero infcriorc. c portar<>m> a 
condizio11i topogralichc che si estesero progressivamente a gran 
parlc del territorio. All'inizio s'ingencrarono scdimcnti ch1$Lici 
Lia fini a grossolani, con fossili actribuibili al Namuriano. West• 
faliano c Stefaniano, e con saltuarie intercalazioni di prodotti 
vulcanici, ritcnuti per lo pil'I calcalcalini. a composizione da aci­
da a intcrmedia. Qut:sti dcpositi vulcano-scdimentari prcsero 
probabilmente posto. a purtirc dallo "Stefaniano", nell'ambito di 
un regime lellonico cslensionalc/translensivo. 
JI Penniano inferiorc c carartcrizza10 da facies ricollegabili al 
Rotlicgcnde tcclcsco, cioc da clastiti per lo piu alluvio-lacustri. 
chc mcludono nella porzionc inferiore massc ignee. anche co­
sricuc, di originc rrevalentcmente vulcanica. Yiceversa, ii Rot­
liegende ~uperiorc (che e considcrato. in Bulgaria, posteriore al­
la cosiddctta fa~e tcttonica Saaliana) risullerebbe comraddistin-
10 dalla scomparsa di questa auivita es1.rusiva e da una scdimen­
ta.:ione a red-beds. Ncl corso del Pcnmano superiore. questi red­
beds si svilupparono ampiarnente nella rcgionc, rag.giungcndo 
anche notevoli spessori. c dando origine ad una rnarcata discon­
tinuita slratigrafica con i preesistenli dcpositi. 
Verso est, in prossirnita dcl Mar Nero. sono im1ltre presenti se­
dimcnti fossilifcri cvaporitico-marini. Jn Strandzha, i carbonati 
di mare basso posti in corrispondcnzu del villaggio di Kondolo­
vo sono stali ascriui al Pcrmiano infcriClre (per la presenza di al­
ghe quali Epimaswpora pia(', £. alpi1111, ccc.), mentre nclla par­
te orientale dei M.ti Rodopc un olistostroma riferito al Giurassi­
co superiorc e al Cretaeeo inferiore ha cvidcn1iato, all'interno 
dei clasti, la prcscnza di alcuni foraminiferi tardo-permiani. Tut• 
rnvia, J'anuale posizione di quesii affioramcnli marini e ancora 
oggeuo di controversic: sccondo alcuni autnri, infuui, essi sa­
rcbbcro da riferire ad unila tenoniche provenienli da scttori me­
ridionali. non meglio prccisati. 
II limite rra le successioni penniane e ii sovrastantc Bunlsand­
stein del Trias inferiorc c sigillato da una discontinuita stratigra• 
lica anch'essa assai signilicativa, in quanto include uno lacuna di 
varie propor.:ioni: da una posizione stratigrafica che puo essere 
ritenuta inizialmcnte piu o meno prossima al limitc Prr. ii Bunt­
sandstcin viene tuttavia spcsso a contauo. a seguito di una nutri­
ta attivita d'erosione permotriassica. con rocce relativamcntc piu 
antichc, sino a raggiungcre ii b/lsomcnto coinvolto nei movi­
menti collisionali varisici. 
-fralia. Le Al pi Meridionali, le Alpi Liguri occidcntali e la Tosca­
na, grazie a innumcrevoli studi. nffmno 01.timi esempi per unacor• 

relazione interreginnalc tardo-carbomfora c pcrmiana 1n1 arcc pro­
valcntemcntc contincntali. II dominio sudalpino e rapprc..~cn1a1.o dll 
due maggiori. ben differenziali cicli tcttono-scdimenrari, separnti 
da una dccisa discominuita stratigrafica e uno lacuna di durata an­
corn sconosciuta. II ciclo inferiorc (1 }, potcnlc lino a 2000 m, con­
sistc di vulcaniti acide-intcrrncdie e di sedimcnti nuvio-lacustri, 
entrambi localmcntc i1ccumulatisi in bacini intramon1ani subsi­
dcnti e delimital.i da faglic. chc Ii affiam;ano aJ alti struuurali mc-
1amorfici c ignei. Normalmeme questi dcpositi appartengono al 
Pcm)iano inferion!, ma in talune arcc (ad es. a Tregiovo) cssi in­
cluderebbero anche parte del Penniano supcriorc. Tuttavia, come 
ncl "Distrcuo Vulcanico dci Laghi'' (Lombardia occidentale-Can­
ton Ticino). l'inizio di questo primo cielo potrcbbe csscrc anchc 
ascritto a tempi prcccdenti. lnfatti, i depositi molassici a piante di 
Lngonc, Manno c di altre vicine localit1't, che poggiano sul basa­
mento metamorlico varisico. sono rifcriti (almeno nelle prime due 
cilatc locali1a) al ·'Westfaliano''. In contnisto con le ~uddenc con· 
dizioni ambicntali. ncllc Alpi Camiche ii primo ciclo e r.ippresen­
tmo unicamcntc da depositi di mare basso e di transizione ad alui 
ambiemi, sviluppmisi tra ii Carbonifero medio (Moscoviano ~u­
pcriorc) c I' Aninskiano sommitale. o in tempi leggermcnte piu re­
centi (Boloriano). Secondo alcuni autori, la sedirnentazione nei 
suddcui bacini sarchbe stata controllata da una tettonica a s1rike• 
slip, concornitante ad un progrcssivo assonigliamento della crosta 
ispessita dall' orogencsi varlsica. 
II ciclo relativo al Permiano superiorc c carattcrizzato dalle for­
mazioni clasliche dcl Verruca no Lombardo e/o dell' Arenaria di 
Val Gardena. che, ad est della Val d" Adigc. s'in1.crdig11a ed c so­
vrapposta dall;i Forma1.ione a Bcllcrophon. di ambiente costiero 
e marino. Tuttc queste unitii sono a loro volta ricopcne dai de­
positi triassico-inferiori dellc formazioni di Werfen e dcl Servi­
no. chc scgnano l'inizio di una gencrale trasgressionc marina sul 
dorninio alpino. I prodotti di queslO secondo ciclo si estesero al 
di la dci limiti dci precedenti bacinj pcrmiani, sovrarponcndosr 
in discordanza su rocce rclativamcnte piu antiche, srno a rag­
giungcrc ii basamento. 
Nelle Alpi Liguri sono stati analogamcntc riconosciuti, tra ii Na­
muriano-Westfaliano e ii Trias inferiore, due maggiori cicli. II 
primo tra essi consistc di depositi silicoclastici c vulcanici, que­
st'ultimi suddivisi in trc cpisodi, di eui l'episodio magg.iorc c 
quello piu recente.. assegnato di norma al Pcrmiano inferiore. Piu 
sopra, ii ciclo pertinenle .ii Pcrmiano superiore. che c dclimitato 
da una marca1a discontinuit:'l stratigraftca col sottostante ciclo, e 
carauerizzato anch'esso dal Ycmicano clastico. 
II Palcozoico superiorc della Toscana e contraddistinto da am­
bienti continentali c marini. I primi, costituiti da sedimenti sili­
coclastici e prodoui vulcanici, sono soprattutto evidcnti nclle 
aree senentrionali, mentrc i secondi affiorano essenzialmente 
lungo ii Torrentc Farma. presso Siena. Tunavia, l'inquadramcn-
10 cronostratigrafico di tutti qucsti dcpositi c ancora dibuuuto. Jn 
gcncrc. le cvidenze paleontologichc porterebbero ad assegnarc 
l'inizio della sedimentazione contincntale al ··wcstfahano''. ed a 
farla proscguirc, anchc se intercssata plausimibilmcme da di­
scontinuita stratigrafichc, sino al Pcnniano inferiorc (Aninskia-
110'7). La scdimcntazionc di mart: ba~so nella Toscana mcridio­
nale probabilmeme inizib ncl tardo Carhonifero inferiorc. ma 
certamente si sviluppo sino al Carbonifero piu tnrdo; l'ulteriore 
prcscnza di clasti del Permiano inferiore all'inremo dcl Verruca­
no triassico. cosi comcil rinvenimcnto di foraminiferi a1t1ibuibili 
alla base del Pt:rmiano superiore nei sondaggi del M. Amiata, 
scmbrano inollre voler indicarc chc le condizioni marine persi­
stettero localmente, almeno in partc, anchc nel corsn del Per-
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miano. Tu1tavia, da queslo incerto e disconlinuo quadro crono­
st.ruligrafico emerge chiaramente la neccssita di ::muare piu ru:­
curatc riccrchc nella successione loscana indagala. 
In wndusione, in base alla rassegna svol1a, e possibite ricono-

The paper gives a short but updated outline of the Upper 
Carboniferous and Permian continental, sedimentary and 
magmatic rocks in Bulgaria and Italy. These deposits are 
widespread in the former country. while in the latter Lhey 
crop out only in the Alps, in some parts of Tuscany, and, 
much funher south, in Calabria and nonheast Sicily. Sar­
dinia is also exclusively made up of continental deposits; 
however, as the evolution of this island and of the "Ca• 
labro-Peloritan arc" pertains to far western paleogeograph­
ical domains, the omission of both these regions from the 
present review appears justified in order to understand bet­
ter the most suitable Bulgarian and Italian continental suc­
cessions, which is the aim of this work. 

BULGARIA 

The Basement 

The Yariscan basement of Bulgaria has been interpreted as 
a collage of two large and considerably different tectonic 
blocks: the Protomocsian and the Thracian microconti• 
nents. Protomoesia consists of two different parts: a nucle­
us, i.e. the Moesia terrane (with a Precambrian metamor­
phic substratum and an incomplete Paleozoic sedimentary 
cover), and a southwestem outer ,one, i.e. the Balkane ter­
rane (with Precambrian ophiolite and a Cambrian island­
arc assemblage basement. unconformably capped again by 
an almost regular succession of Paleowic sedimentS that 
differ significantly from the Moesian ones). Sedimento­
logical, paleontological, biostratigraphical, paleobiogeo­
graphical. paleoclimatological and paleomagnetic research 
has supponed a peri-Gondwanian origin for both these ter­
ranes (Yanev, 1990, 1993 b; Lakova, 1993; Boncheva, 
1997; Haydoutov & Yanev, 1997). Generally, the Moesia 
microplate came into contact with the Laurussia continent 
at the end of the Late Devonjan, whereas the Balkan ter­
raoi; collided with Moesia in later times, probably between 
the Visean and Namurian. 

The Thracian microcontincnt, which corresponds to the 
present-day Rhodope and Serbo-Macedonian massifs, is 
made up of metamorphic and migmatised rocks, in which 
an ophiolite association again occurs (Kozhoukharova, 
1984; Kolceva & Eskenazy, 1988), but with differing fea­
tures from that of the Balkan complex:. 

scere alcune slreue affini1a tra l'cvoluzionc tardo-palcozoica del­
l a Bulgaria e dell"1Lalia settemrionale. Cib, pertanto, ci induce n 
verilicarne ii grndo di vuliditii di ulcuni cvenli risconLrati ncl­
l'ambito di un contcslo gcologico piit ampio. 

We also wish to point out that the Protomoesian and Thra­
cian superterranes were separated by a marked Variscan su­
ture, which was in tum involved in the Alpine orogeny 
(Haydoutov & Yanev. 1997). 

The (late) post-Variscan cover 

Upper Carboniferous 
At the end of the Variscan collision, the assembled and var­
ied block fragments of the Bulgarian basement generally 
shared the same Late Paleozoic evolution. However, on the 
basis of the available dates, we can also state that the prc­
Variscan plate configuration played an important role in the 
definition of the younger fundamental structural and sedi­
mentary lineaments of the country. In the relatively stable 
Mocsia. the Upper Carboniferous, found only by drilling, 
consists of some more or Jess complete and sparse elastic 
successions. The clearest example is represented, in the 
cast. by the "Dobrudgea Coal Basin'', where a Devonian or 
Lower Carboniferous basement is unconformably overlain 
by Namurian A (partly marine) and C sed.iments, up to a 
thick Westphalian plant-bearing elastic succession, inter­
calated with volcanics. Like everywhere in Moesia, there 
is no evidence of "Stephanian'" rocks (Haydoutov & 
Yanev, I 997). 

The Balkan Upper Carboniferous is well-developed in 
intramontane fault-bounded subsiding basins. The Svogc 
Trough includes Namurian to B/C WestphaJian aJluvial-la­
custrine, fine to coarse detrital sediments, up to about 1700 
m thick. They contain lithics of the non-metamorphic sub­
strate and subordinately of Yariscan granitoids in the up­
per part (Yanev, 1965). Coal layers and calcalkaline an­
desicic products also occur. Westphalian B is documented 
by the presence of Calamites and Lepidophytes (Tenchov. 
1966). 

In the Balkan Mts, there are also Stephanian plant-bear­
ing elastic sediments, up to a maximum of I 000 m in 
thickness, which infill a number of narrow basins. In 
places, these deposits are associated with calcalkalinc an­
desitic-dacitic volcaniclastics and lava flows (Yanev, 
1981 ). Generally such igneous activity, which is greatly 
evidenced in some areas (Belogradcik, Bcrkovica, etc.), 
developed mainly during the Early Perrnian. 

It is also noteworthy that the Stephanian basins of the 
BaJkan region do not generally coincide with the slightly 
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older ones, which appear less widespread. Nonnally. their 
sediments lie directly on a folded and metamorphic base­
ment and pass b'Tadually to the Pennian deposits. 

In the Srednogorie region, the post-Variscan succession 
of Mount St. l liya shows some basal conglomerates. which 
have been dubiously ascribed to the Carboniferous-Permi­
an transition (Cacalov, 1985). 

In Kraishte (SW Bulgaria), ''Stcphanian"-''Autunian" 
slightly metamorphosed, grey and red elastic sediments, 
which unconformably rest on a Lower Paleozoic or older 
basement. have also been recorded in the Yukovo area 
(Yanev. 1982). 

I I 
I I . ~. 
I 
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In conclusion, from the above overview, we are led to be­
lieve that a fault-bounded basin-and-swell framework de­
veloped from the early Late Carboniferous. but most of the 
examples originated in slightly younger times, spreading 
progressively throughout Bulgaria. As in other parts of Eu­
rope, this geological setting seems to be connected to tensile 
tectonism, apparently lacking in marked compressional 
stresses. In an interregional context. the opening of the 
"Stephanian" basins could have been linked to transtension­
al movements, which were consistent with. and followed by, 
during the Early Permian, an extensional regime. Probably, 
the depicted geological evolution of the Mocsia and Balkan 
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Fig. I - Main palcogcographic zones during the Early Pcnnian in Bulgaria und some lheir typical Slrntigrnphic sections. On the in.et mnps: left - Bul­
garia in the Balkan geographic conte;,ct; light - Basement; pre-Late Carboniferous lt:rrane~ of the Bulgarian basemeni (nflcr Yancv, 1990). 

l.t'gend. Lithology: J. conglomerate.,; 2. breccia-conglomerares; 3. sandsrones; 4. mudsrones and sihstones; 5. shalcs; 6. limestones; 7. pyroclastics: 
S. volcm,i\:S: 9.plutonics: 10. metamorphic rock,~. Palcogeographic zones: 11. Areas lacking in Pennlan daia (Mcso-Cenozoic cover): 12. Erosive con­
tm.:t: 13. High dry land with isolated intr~montane hasins inlilled hy coarse clas1ic deposiL~~ 14. Htlly terrains wirh isolated basin.~ (generally sediment 
by-pass zone): 15. Isolated basins covered by Meso-Cenw..oic deposits (from drilling darn): 16. Dry land lacking in Lower Pcrrnlan sediment~; 17. 
Low dry land with Lower Pennian deposits (Meso-Cenozoic cover): 18. Po.~11ion of str~11igraphic columns based on drilling dara; 19. Position of Low­
er Pennian sequence,, based on outcrop data: 20. S1.11e bound,lry. Abbn•vimim,s (in alphahecic order}. - lithos1ra1igraphie units: Be. Va.~ilyovo Fm.~ 
Bd. Bdin Fm. (I. Bononia Mb .. 2, Deleina Mb .. 3, Ra~ovo Mb.); Ri, Birimirt:ti Fm.: 80. Boboshevo Fm.: Dz. Dain~ 7-larflza Fn,.: Gb. Gahrn Fm.; 
Lk. lokovsno Fm.; Lv. Levitz., Fm.; Ko, Komunari fm.: Ku, Ku1ilo Fm.; Na, Nanevo Fm.; l'r, Prohorovo Fm.; Si. Svcti lliya Fm.: SI. Sliven Fm.; 
Sm. Smolyanovtzi Fm.; Sv. Severtsi I'm.: 'fn, Tamava Fm.: V. Vr.insk3 t'm.: Vk. Vranski Kamak Fm.: Vn, Voinezhka Fm.: Z, Zelenigrad Fm. -
Chronostmtigruphic unils: D. undivided Devonian; D 2, Upper Devonian; C1, undivided UpperCarboniferou~; C2 w. Westph.ilian: C2', Upper S1ephan­
ian: P2. Upper Permiun; T 1. Lower Triassic; J. Jurassic. 
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Upper Carboniferous outcrops could also be interpreted as 
inherited by the differing primary conditions of both these 
terranes. as well as by the weakness of their joint lines. 

Permian 
Throughout the Permian, a Rotliegend-type elastic sedi­
mentation spread progressively over vast regions of Bul­
garia, and was locally accompanied by significant volcan­
ism (Fig. I). However. according to the literature (Yanev. 
1992; Yanev & Cassinis, 1998: etc.), this eruptive activity 
took place only during the Early Permian, and was mainly 
concentrated at the beginning of this epoch. Most of these 
examples are recorded in the Balkan areas; in particular 
near Sliven, in the east. this igneous activity gave rise to 
volcanic, subvolcanic and plutonic products. Generally, the 
volcanics consist of calcalkaline rhyolitic rocks, whereas 
the relatively deeper bodies arc made up of granophyres, 
microgranites and granodiorites (Zhukov et al .. 1976). 

In Moesia, Permian rocks have so far been detected on­
ly by drill-cores (Fig. I). Some sections of the eastern area 
(Kaliakrn, Targovishte and other places), similarly to a very 
large part of Bulgaria. can be divided into two sedimenta­
ry cycles. Only the first cycle (I). which coincides with the 
·'North Bulgarian Lower Group" of Yanev (1992). is de­
fined as typical RotJiegeod, in rum subdivided by the same 
author into two parts, respectively indicated as "Lower 
Rotliegend'" (P1 ') and ''Upper Rotliegend" (P 1

1
), and both 

are generally ascribed to the Early Permian. 
Along coastal Dobrudgea. the Permian begins with the 

sedimentary and volcanic Nanevo Fm., which is also 
recorded in the sou them part of the same region and around 
the Permian "paleo-horst" of nonheast Bulgaria (Fig. I). ln 
contrast, in these and nearby areas. and in the extreme NE 
part of the country, the unconformably overlain coarse de­
trital deposits of the Severci Fm. lack volcanic products. 
Generally, the fanglomerates of the two aforementioned 
Rotliegend-type units include Lower Paleozoic metamor­
phic and Devonian-Lower Carboniferous carbonate rock­
f ragments, deriving from the same Moesia Platform. 

Locally. in the Bulgarian ''Dobrudgea Coal Basin'', the 
Lower Pem1ian appears to be confined between two main 
unconformiries, respectively, below, with Devonian rocks. 
and above with the Lower Triassic Buntsandstein or Juras­
sic sediments (Fig. I). 

In central and western Moesia, the Lower Pem1ian elas­
tic deposits are grouped as the Bdin Formation (Fig. 1). 
This unit spread throughout the northwestern part of the 
present Bulgaria. approximately from Vidi11 to Pleven, 
where it unconformably rests on a Lower Carboniferous 
(Visean) or Devonian substratum. On the top, near the vil­
lage of Rasovo, the Bdio Fro. comes directly into uncon­
formable contact with the Lower Triassic Buntsaodstein or 
similar red beds. 

Along the southern margin of Moesia. the Lower Penn­
ian is well developed south of the "Tamovo Depression" 
and a little to the west. It consists of fanglomerates, brec­
cias and finer elastics. These I alter deposits. known as Dol­
na Zlatitsa Fm., pass laterally, in the eastern Vetrino area, 
to the coarse sediments of the Komunare Frn., which also 
occur near Vama (Fig. I). 

ln the Balkan region. the Lower Pcrmian is made up 
again of continental Rotliegend-type sediments and vol­
canics (Fig. I). The latter products, which crop out in the 
pre-Balkan (Belogradcik, Teteven) and western and central 
Balkan (Berkovica, Levskj peak) areas, generally display a 
calcalkaline acidic composition. are irregularly distributed 
in the field. and can reach about !000 m in thickness. The 
Rotliegend fine- to coarse-grained sediments intilled a 
number of fault-bounded basins, and locally on lapped out­
side. The lithoclasts commonly consist of metamorphic, 
Variscan and older intrusive rocks, as well as Permian vol­
canic fragmentS_ 

In the Balkan region, as in other Bulgarian areac;, the 
presence of an unconformity between the Lower and Up­
per Rotliegend is probably related to the disappearance of 
the Early Perinian magmatic activity. Furthermore, in some 
places, the latter unit is missing and the Lower Rotliegend 
comes directly into contact with the Lower Triassic 
Buntsandstein (Petrohan Group). In the Svoge area. the 
Permian was probably never deposited 

In Srednogorie, just above a Lower Palaeozoic and old­
er basement, the Rotliegcnd of Mount St. lliya, which con­
sists of coarse- to fine elastics topped by volcaniclastic 
products both of presumed Early Pennian age (Fig. I), is 
unconformably capped by the red beds of the Upper 
Rotliegend. 

In southeastern Bulgaria, the presence of Permian de­
posits is still the subject of controversy. In Strandzha. the 
Kondolovo area displays some algae-bearing carbonate 
rocks (Fig. I), including Epimasropora piae, E. alpina and 
Mizzia velebitiana, which have been related to the Early 
Pcmtian (Malyakov & Bakalova, 1978: Bakalova, 1988). 
However, these local marine, shallow-water sediments 
have also been interpreted as the result of tectonic dis­
placement from southern sectors. 

As already stated, in southwestern Bulgaria (Kraishtc) a 
narrow fault-bounded basin near Vukovo was infilled by 
Upper Carboniferous ?-Lower Permian grey and red elas­
tics. which unconformably overlie a Lower Paleozoic or 
older basement (Yanev. 1979; Ellenberg er al., 1980: Fig. 1 ). 

A second Permian cycle (II), corresponding to the 
"Lower Danube Upper Group" of Yanev ( 1993 a), is clear­
ly developed in North Bulgaria, especially in the Moesia 
region (Fig. 2). This Group is generally represented by al­
luvial, partly deltaic massive elastic red beds (Targovishte 
Fm.), which unconformably overlie the Lower Permian or 
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older rocks, reaching more than 1000 m in thickness. In the 
Provadia syncline, these deposits are affected by intercala­
tion of evaporites and carbonate fossiliferous borues (Vetri­
no Pm.; Fig. 2). which seem consistent with the presence 
of marine conditions towards the east. in the position of the 
present-day Black Sea. 

Palynological data (Schirmer & Kurzc, 1960; Pozemova 
et al., I 972 in Yanev. 1993 a), such as the discovery of 
Lueckisporites virrkiae, L platysaccoides, Klausipollenites 
schlaubergeri and Falcisporites zapfei in basal pelitic levels 
(Mirovo Fm.), suggest that this younger cycle (11) developed 
during Late Pennian times. These Upper Pennian deposits 
are more widely rustributed than those of the Lower Permi­
an cycle. In some places, however, they lack evidence. 

;-.~ • 
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Over a large pan of Moesia, the Targovishte Fm. is over­
lain by well-bedded varicoloured. finegrained sediments, 
which yield palynomorphs (Pozemova et al., 1972 in 
Yanev, 1993 a) related to the latest Permian (in part equiv­
alent 10 the Upper Tatarian of the Russian platform). This 
Totleben Fm. is unconformably capped by the Lower Tri­
assic red elastics of the Buntsandstein, which covered all 
the country's rocks and led to a new sedimentary cycle 
(Fig. 2). This regional cliscontinuity marks a time gap of 
unknown duration which, according to some authors (e.g. 

Yanev, 1981 ), seals the Permian-Triassic (Prf) boundary. 
The influence of transitional to marine environments to­

wards the Black Sea has also been recorded in Lhe eastern 
part of the Rhodope Massif. near the Bulgarian-Greek bor-

I 
I 11 1 I -------

-L.[ l 
, -----\, ' ~ 

'.' I 
II ~ 
I ,· 

' I 

"' ~- ---- II , GREEc,e 
I ' --. -.-·-

Fig. 2 - Main Late Pcrmian paleogeogrnphic 1.ones of Bulgaria and some typict1l stmtigr.tphrc sec1ions. 

Lithology: l. conglomer.11es; 2. sandstones; 3. mudsloncs and ~iltswocs: 4, shales: 5. Very low sorted sediments; 6. anhydrites; 7. hnll1cs: 8. dolo­
stoncs. Facial and pa.lcogeographic zones: 9. Ory land with moderate rellt:f; I 0. Probably as 9; 11. Northern continental basin covered by Mcso-Ceno­
zoic deposits (drilling data); 12. Anhydrite-hearing zone pertaining to the sumc bnsin: 13. "Sabkha" sedimentation: 14. Lower dry land: 15. Delta con­
nected to continental bnsln; 16. Southern coniinental basin, 17. Probably as 16; 18. Dry land lacking in Upper Pcnnian deposit~: 19. Zone without 
any infonnation on the Pennian sedirnenlation (Mc.so-Cenozoic cover); 20. Local section hao;cd on drilling darn. 21. Local section based on outcrop 
data: 22. State boundary. Abbrevimirms (in alphabetic order) - Litho,tnlllgroph,c unirs: Ki, Kiselichka Fm.; Mi. Mirovo Frn.: Ne, Nepratncnrzi Fm.: 
No, Noev12i Fm.; Ri. Rinovska frn.; Rv, P.ivulya Fm.; Sk, Sokolare Fm.: Tg. Targovishtc Fm.: Tt, Tollcben Fm.; Vt, Vctrino Fm. -Cronostratigraphic 

units: Ar. Archcan; P1. Lower Pcm1ian. 
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tkr. Silidfied cartxHl:ile roe~ trngmenl'-, rcworl-.cd i1110 ,Ill 

Up~r Jlirn,,ic-Lo\\ eI Cr't!tm:eow, Lerrigt:nous oli~to:.tromc 

l.TO[)ping out IO the nonh of Doino Lu~ovo. uncovered Up­
per Pcrmiun foraminifer-; (Trifonova & Boyano\', 1986). 

,uch a:. AMut/J11111111111t11m.1il/11. Brt1tlyi111111m1i:)..i1111<1. Neol'n­

dothyra pmHt amJ Col1111w/la ,p.; however. ,1, for 1he Lmv­
er Pennian of Strand1ha, the palengengraphical-l,lflll.:tural 
-.ource-urc;1 llf thii, 11ni1 could be envisaged 10 the south. 

ITAI.Y 

rhc Alp, nnd Apenninc'i 'ihow a very differentiated and 
complex history for their gcnerully lnlded and/or meuunnr­
phic :,ub,trnl:l, hut f1111her re,earch and careful evaluation 

an: .,till nece!.sary for a helter um.lerstandin~ of U1c1>c rock 
ba-.eme111,. Therefore. a, thi, paper focu,c~ on the 1110~1 :.ig­

n1fica111 femures of some Upper Paleozoic continental arc," 
nf luLly. our overview i.tafil, from 1hii-time. An inheri1a11cc 
of the ~ub:.trntum on the pm,1-Vari'icu11 cover i:.. ai, in Bul­

garia. very pl:1u-.ibk in Lhe light of the following data. 

The Alpine LlJ)pc1· Pulccw.oic 

/Jpper Carho11ifem111 mu/ Pen11ic111 

In 1.he Southern Ip,. cxduding C~1rnia. Pcrmiun 'iedimen­
t.u)' and volc,mi1: continent,1I rock~ rei.t above n cr)'~Lalline 
husemcnt affcc1ed by a Vari,can me1:.11norphism. of' which 

the lust event cun be ,h;.ig_rll.:J approximately to the 
Vi.-.eun/ amurian boundary (Sudctian phase). or Lo ;.lightly 

more recent Lime~. The Carboniferous crop:, out only be­
tween Lake;. Como and Maggiore. with some ··aporphyric·· 

lluviolacu,trinc-to-nuviopalu~trine sediment\ bearing mid­

dle Wc~tplrnliun (Ve1110 & Maglia, 19-n; Jongmans. 1950, 
1960) up to perhap;.. locally. Stephanian mcgatlom,. lntru­

,ive hot.lie~ abo occur. generally conccmrmcd nlong impor­
tant Alpine tectonic lines or do\e thereto (Fig. 3). 

Therefore. from the Late Carboni ferou!-o ( Mo),covinn}, 

but mainly during the Early Pcrmian. a basin-and-swell 
1opogmphy domimttcd the .rcgiun. Thi-. !.lnrctural frame­
work can be in!erpn.:tcd a;. the result of a general collap,e of 

the Variscan orogen, acco111panied anti followed by U1c out­
pouring or ~ignitic:rnt volumes ot' magma. a., well as by 

1rnns1en~ional-1mnspre\sional movements; acting in a pro­
gressively c1,1cnsion:tl regim1: (t'.R. Arthau<l & Malle. 1977; 

Ziegler. 1984, 1988; Vui, 1991: 81\lutin et al .. 1994: Cassi­
ni~ & Pcroui. 199-1, 1997; Cas~inis ,., al .. 1997: Cone:-ogno 

et al .. 1998). 
In the we:-.tern and central sectors of the Southern Alps, 

thl.! Lnwl.!r Pennian con),ists. of contincnt.tl acidic-intcnrn:­

diate volt:anics and alluvial-I:icw,rrim: deposi1i-(Collio anti 
Tregiovo Fm . Pontrn111ica and Dol,,o <lei Galli Cgl;., etc.). 
both infilling intni111t111lane fault-bounded !-.Uh:-.iding ha.-.ins 

delimited by metnmorphic and igneous structuml high~. 

Basal polymict conglomerates and brecc;i:L,, 10gether wi1h 
11111.! ,iliril'lu,;tic pwducts (Bai-nl Cgl.. Pnnte Gardena Cgl.. 

etc.). m:iy be pre:.ent (Fig. J). 

Palcontolngical data from the nwcroflorn. paly­
nomorphs and tetrapod footprint:, gener~tlly indicate an 
Early Pcrrnian or, l~ally. a .-.lightly younger age (Haubold 

& Kut1ung, 1975; Remy & Remy. 1978: Kozur. 1980 a: 
Cassinis & Doubinger. 1991. 1992: Conti et al .. 1991. 
I 997: Pinau. 1999 a. b: Cas:-.inis et al .. in pre,:,). Rauio­

metric imestigations ttl~o ugrce with the abow dating tin 
C'a~:-.ini, l'I ul .. 1999 and in pre~,). 

During 1he Late Pem1ian. new palcogeographical and 

structural condiLion~ occurred, dut: 10 a plate rcorg,1nisa­
tion probably connec1cd with the opening nf Neotethys 
lZicgler & tamplli. thi, volume). In the Southern Alps, 
thi~ new cyde includes the lluvial red cla~lic~ of the Vcr­

rucano Lombardo anti Lhc Val Gardcna Santbtonc a~ well 
a.-,. 10 the cm,t of Lhe Adige Valley. 1he sulphate evarorite 
to ~hallow-marine carbonate sequence!-of the Rellerophon 
F111, (Fig. 3). The ahO\e-mentioned red :.cdimcnts. which 

in place~ are preceded by mono- or poly111ic1 ruditic unit:, 
(Daone and Sc,to Cgls. Tarvisio Breccia), at lea!-.t in pan 
regarded m, ,curp-foot fun deposits. form a widei-pread 
blanl-.et up 10 600 m 1hick which coven, the Early Permi• 
an b,1!-in;. and the )>LIITOl.tnding high,. The contuct with 

thc,c underlying rocks, b delimited by agar or as yet u11-
known durati~m. Moreover, the new c:ycle mark, the e1,-
1inct ion nflhe ,olcanic ac1i,i1y. 

Palcontological data i;uggc~l. for U,i, upper :,ucce:,~ion. 
a very Lmc Permiun age. generally beginning from Tatar­
ian times (<-' .. I/. Italian IGCP 203 Group. 1986: Ma,;;.ari f// 
ul .. I 988. 1994: Cassini~ et ul .. 1995. 1998. J 999). 

On the ha.,i!', nf recent rc;.carch, the boundary between 
the Upper Pe1mian red beds and the overlying Lower Tri­

a-,sic Wcrfcn/Servino Fms. in the ,irca frorn central Lorn­
barely to Slovcni,1. i .-.ecmingly devoid of a con.-.istent 

mmigrJphic gap. 
In the Carnie Alp.-.. where Vari-,can metamorphism i~ 

lading, nr almost ,o. the 1ectonic climax linked to thi~ 
orogcny occurred during M1>scovian ("We~tphulinn .. ) 

times (e.g. Venturini, 1990). /\!'. a consequence. the overly­
ing succession (Poniehba Supergroup) made up of a cyclic 

alternation of marine. dcltaic and parali1: sediment!-i:-. very 
Jiffcn:nl from the coeval ,ucccs;.ion west ofCrnnelico and 
re:,cmble.-. that of nearhy former Yugoslavia. In comrast. the 

Upper Pcrmian of the Dolomite). ~hows continuity. even if 
in Curnia and Cadorc the rclmive section:, are characterised 
by basal elastics. and probably" diflcrent temporul .-.hift or 
the rorrnutitll1l>. 

In the other ,ec10r1> of the Italian Alps. the only m,cful anti 
upd~ued ~tudic,,;; on the Upper Palco1oie have been carried 
ou1 in western Liguria (Vanosi.i. 1991: Fig. ➔). In this ar~l. 
Lhc •'internal Briam,onnai:.·· is r1:presenteJ by amurian and 
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yl'ltrnger nu, inl 10 lncuwinc d11Mic ,cdimcnh a,,0<.·i,11cd 
with volcanic 1woducb. bOLh illlilling fault hou11<.led ha~in~. 
A, n,;garJ, the \Ulc,tnic:-., earl) calc.ill,,:ilinc rhyulitit· 1g.n 
imhrirc~ are fnllowcu upward~ hy anue~i,ic pyrocla~1ic, :ind 
lava., with suhall,alinc aflini11cs, anJ. mainly uw 111g 1hc 611-
Jy Pcnni.u,. by cakal~alinc w.:1uit· ignimbri1c, .ind tuff~. or­
nially lhc~1: lal(c1 producll>, cnding wilh -;uball,,alim:. high-K 
1hyol11c~. n::p1'l!\cnt 1hc mu:,,1 impon,1111 posl• Yan~can Inag­
ma1it: cp1s1l<lc nf the invc.;tigulcd ~cclor with dcpos1t, e,t1-

1na1cd al !lvcr I()()() Jll 111 Il11dwc~\. The overlying Llpp1:r Pl•r-
1mm1 Vcm.1can(1 l·m. 1, marked by an erm,1ve s;urface und a 
gup \if Lmt-i:nuin duration. 011 the (\ip. Lowcr-lv Mi<.l<.llc 
(p.p. l Tnas,1c line <.lcLnt.tl ,edimenL-. crop out. The .. C'<l1..'rnul 
Bnum;onnui~" depo~il:. of the Lit?urinn Alp), an: not ~uh• 
,1a111iully clilforcnt 10 those of' the inwrn:.tl ,cc10r,. 

The pcnninc Upper t'nleozoic. up to the o,,erlying '"•i­
assic 

{ lppt'I' Cttl'hw1f{t•11m,1. />l'f'llliart mid 1·111111g1•r fri11s.,ii· 1i111e1·. 

In rhc nonhcrn Apennines. onl) Tuscany include, Upper 
P,tlaco1oic outcrop~. C(informing to a differing gcograph-
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ic:tl di,tribution. 1hcy en11~i~t of Cl111Iincn1al a11tl 11i.11inc de­
posit!> (Fig. 5). A!> a <.:onsequcnce. lor easier correlation 
w1lh the prcviou:-.ly uc.,lTibcd Alp1nc frnmcworl,,. we wi,h 
IO initi..ite 1his n:gional rcviL•w fr()111 1hc former domain,. 
which d1spl..iy u wider dcvclop111c111 111 the 11n11h. 

h>llowmg lhc Vari--ca11 orogcn)'. of which the main 
ICl'to11ometumorphic e\ cn1 sec11I, ltl he Cl>nncctcd with thl.' 
Sude1ia11 phase. a basin-and-,well wpography probably be 
gan dunng Mn,;eovrnn (late "Wcstphaltnn"'!) 11111c, 011u 
la~tcd up tn us-yt·t-untll'lint'd l'er111in11 time, I Rem) in Ruu 
& To11gl(lrg1. J 97-k Va1 &. rraJ1cavilla. 1974: etc.). Fill\ io­
dclluk and lan11,trinc ,;cuimc111~ acn11nulntcd in some 
troughl,, later ovcn,rcpping rheir boundaries ,111d rnkinp, on 
a rcckli~h colour (Rau & Ton~io~i. 1974. 1976). The Otbet 

or thi .... l'VC111 j..., unknown, elm' 10 n lnck or palcontnlngical 
dnt:1 nncl rhc diflicuhic .... of ,1rmigniphic recon,rruction 
within a region trongly affected by the Alpine orogcny: 
hov .. 1:vcr. :i P-:nnian pn:..1-··Autunian" tim-: (ml>fl' 11r le,~ 
eorre:-ponding 10 1hc "Sax11110-Thuringia11·· of the Fn:nch 
Author") may he rca),onably a .... sumcd_ 

Volcanic pro<.lucl" oc.:eun-cd during. and pcrh..ip) aho ,1f 
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SC'r • Scythl•n 
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ter. Uie Early Perrnian (e.g. Barberi, I 966: Bagnoli et al .. 
1979: Costunlini e1 al .. 199 I, 1998: Pandcli. I 998). I low­
cvcr. in places. 1he clasls deriving from :,(m1c covering 
11nib c~uch a~ the Castelnuovo sandstone!. ai Lardcrcllo) 
testify 10 a wider development of this activity. In any ca-;e. 
the irnprei.sive ;.i~pects of the Corsican-Surc.linian plutoni~m 

and volcanism arc lacking in Tu:-cany. 
The Verruca no. of wh ieh the early sedimentation is gen­

erally related 10 the Middle Triassic but must be regarded 
ai. diachronous. '·covers" a gap of a::. yet undefined durn­

llon. Between Punta Bianca and 1heArgcmario promonto­
ry, it restli on deposits of different ages. locully laid down 
directly on th<.: V;1ri1>c.an crystalline hai;cment (Rau & Ton­
giorgi. 1972, 1976: Panueli. in press: other:-). 

In Tuscany. marine ~edimcnt.:, crop out within or near 
the above-mentioned continental dcpMits in the fonn of 
thin intercala1ions or very thick sequences :tuthor~ (V;.ti. 

1978: Coco7-7;.t et al.. I 987: C<.rtanlini el 11I .. 1988). The 
lancr arc prcse111 near Sien..i, showing facic!'. of shallow­
and deeper water. including tlu·bidite~ and olistoliths (Far­

ma r:m.J. The ages of all these marine sediments. a~ well as 
nf 0U1er:-which art· found either in the borehole~ of the 
Amiata geothermal field or ..irnong 1he lilhic cla~ts from the 
Montidano-Rocca.mada tectonic unit. generally extend. 
according 10 ome authors (e.g. Crn,tantini et al., 1988; En­

g.clbruchl et al .. 1989; Pm,ini, 1980. 1991: Pandcli & Pasi­
ni. 1990: Elter & P:111dcli. 1991 ). from a pre~umed late 
Vi~can age up 10 the beginning of the Late Pcm1ian (Ku­

bcrg.amlian Co11cellim1 Zone). Howcwr. lo be preci:.e. this 
marine sedimentation seem!> lCI be discontinuous in ·ru­
-;cany from the latc!.L Carbonilerous. Post-Kubcrgandian 
dcpo~it'i huve not been recnrdeu ~u far in the country. 

LATE PALl::07.0IC SCE ARJOS FOR BUU;Al<li\ N.O 

11'/\LY: A CO IPARlSO 

From Lat<.• Curboniferou:, 10 Permian times, the inve:-tig.11-
cd area.~ of Bulgaria and Italy ~how some atTi11i1ie,;. which 

can be :-ummariscd us follow~. 

Depositional events 

Curh1mi/t'l1J11.1 />.p. 

In bulh eountrie~. po~I-Varisc:an sedimentation bt·gan in 
l>Ome ph1ce~ from late Vi:-can or thi.: N.imuri,rn times. ft 
con~i:-tctl of con1111cntal and local marine deposit'-. On Lhc 

basis of pc1leontological data. the best example, are found 
in ,ome Moesian r·Dobmdgca Coal Basin.') and Balkan 

(Svoge) areas. in thc Carnie anu western Ligurian Alps. an<l 
in ltOUthem Tuscany (Farma Valley. near Siena). The carli­
cst deposits unco11formably overlie metamorphil' or non­
metamorphic rocks, generally related 10 the Devonian/Eai­

ly Carboniferous or, in places. 10 older times. 

- Bulgariu 
In thi,; r't:giun, sedimentation :-prcatl progrc.,,ivdy tluri11g 
the Late Carboniferous :mu Permian. Thank!- again to 110• 

rnl and raum1l invcstigationi.. "We:-.tphnlian- tephunian·· 

and Lower Permian siliciclustic depo:,iL,; have been iclenti­
liecl in a large number of region~. which were alli:etcd by 
a different evolution. Once more, Moei.ia and the Bulkm1 
Ml!> are the only 8ulgarian :u-ea5 where the Upper Clu·­
honifcmus is widespread and well developed witJ,in intrn­
monrnne fault-hounded mtn-ow and ~ubsiding basin:-. The 
Dubrudgen and Svogc arcm; represent the clearest cxam­
pll" .... However. as already s1ateu. there p; no evidence of 

"St,1phania1i'' deposits in Mocsia. 

-Italy 
In haly. the Upper Carbonifernu:- i!.. oncn puleo1110logieul­
ly, recorded in the sollthcm and western Alps. and in lhe 
northern Apennines. Continental siliciclu~tie deposits bear­
ing Wcstphalian :ind/or Stephaninn plants occur in we~lern 
Lombardy (Logonc, etc.) and in the nearhy Canton Ticino 
( Manno. clc.). in the Ligurian Brian~onnui~ (a!,~Ocinted 
wilh volcanic~) anu in 1\1scany (Pi~an Mts. and Jano). In 
contrast. in 1he Camic Alps the on~c, of the Pontebba Su­
peq:rroup b n.:la1~·d to Mo:..covian 1imes. and the ba:.al. tran­

,itionnl to murine deposits (css('nliall~ pcrt;iining to the 
Auernig Cimup) huvc yielded some indicative foraminifer 

as~emblages. Kasimovian und li1helian in age (sec Ven­
turini in Ca:..:-.ini, i•t 11I .. 1998). 

l'l'l't11ic111 

- Bulgaria 
The Lower Permian of Bulgaria consi!.ts of. n~ in lialy. 

Rotlicgend-lypt: alluvial-lacu,1rine. coarse to fine elastic 
scdimcnL-;. The ba:.al part. which ii. 111.irkcd hy cCJn~i:-.h!nt 
volcanic product.,. plL~ses upwards to more or less similar 

sediments. loc:llly Lhrough an unconformity. These rela­
tively upper depo:-.its. in which volcanic!> seem fllh).1ng, 
have so far been rcg.u·ded ,is Lower Permian ( Yanev. 1981 

und 01her works). 
Upwardly. the abundant cl:L,tic red bed-, of the Targo­

vbhte Fm. or of other J .. 11ernl dep(hib unconformably eov­
er all the pn.:ccding rock,, and locally step down (Ill to the 

pre-I,owcr Carboniferous bm,ement. We al"J wi~h In point 
mu. in eastern Bulgm·ia. that some Upper Pe1111ian depoi.it:-. 
of Mocsia ( Vetri no Fm.J containing evaporile and carbon­
me hodie1-~eem to be connected with nrnrine-condition~ in 

the position nf wh.it is now the Bluel.. Sea.. 
On Ihc bn~i:-nf pnlynological data and n:gio11al c:01TCla­

tion). (Yanev. 1993 a). the upper <.:ye-le 1111:ntioned above is 
a cribed 10 Late Pcm1ion time!>. Funhermore_ as already 

~tated. the presence of a new regional unconformity by the 
overlying Lower Tria:.sie Bunt:-andstein jor Petrohnn 
Group) supports Ihc (1pinion thnt the rrr transition is 



( pp,•r Ct1rbrmI1,•1m1., mid l',•mwm 1 •,m/1111·11111/ ,1,.,,,,.,,, oj /111/>111rw 1111(/ ltt1I,· :!63 

marked by a gap of unct:nain cl11m1 i<111. The diret.:1 m•t.:rJap­
ping in ,omc place.; of such Lower Trin~~ic dcpu;,11~ on the 
Vnrise~rn ba~cmen1 of Oulg.iria grcally int.:rca~c~ the im• 
po11nnec of 1hi~ unconformit). f1on1 wllll:h a 1d:1IiH!ly 
wider ~t.:dimcntary cycle bq;.an 

llaly 
A:- in Bulg.iria. ,omc ccnIr.1J and wc.,tcrn Alpme areas of 
Italy were ali-o gl'nerally ;iffeclcd by a roughly ~1111il11r cvu­
luLion of the Pcrrrnan ,ucces!.ion. In fact. the underlying .il­
luvial-lacustrinc vunc.:olourcd ,cd1111ents and the IN,ocinted 
vokanic product'-are unconfonnahly followed hy the Vcr­
rucuno und Val Gardcna Sandstone f1uvial red bed:-( Ila I inn 

IGCP 203 Group. 1986: Cassini, "' al .. 1999). In many 
plnt'es. the .ibove voknnies appear widc,pread und well 
Jcvdoped. ,o th:.11. locally. 1hc lower ROlliegend cl:1~1ic~ 
arc very ,uhordi11.11c or almo5,1 missing (such a~ in the 
"Bnl;,.ano-Trcnw rx,rphyric plnreau··. rhc "Vok:;rnic Lal..c 
Di~rricC. nnd i.o on). Abo the Ligurian Alp~ were not !.uh-
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'-tanti;illy different. during the l'crmian. from this !>lrnti• 
graphic framework in whic.:h the Vcm,cuno wa, deposited 
unconformably on abundant volcunic1,. 

Acrnrding lo palucontological :md rndiomctric data. the 
units u11derlyi11g lhl· Vcrrucano or the more or les, coeval 
Vul Gardcnn andstolll''i have been ,o far rclmcll to Early 
Pl.'rmian und loc.ill)' ,llso to slightly later 1imc\. Howc\ocr. 
~omc contrn1-ting chrn110,tratigr.1phi~·al rc,uh., obrnined 
from the above rc~carch. and in part undoubtedly emphn­
si,cd hy the different 1imc-scale!. currcn1ly in use. are still 
the nhjcc1 of crn11roven,y (Schnltegge,· & J1r:1d. 1999: 
C'n~~inh t'l 11/ .. 1999 and in pl'l'.,,). Crnhcqucntly, furthe, 
invl'.~tigmio1h 11rc neccs,nry in llrdc,· lO interpret 1hi~ age 
<liffcrencc heucr. 

In t.:nntrw,,t. thc.: O\ crlyin)!. tlupo...,lb of the Vcrrncano-Val 
(i:ll'de,w Sund~tonc agn.:c w11h Late Pcrrniun l1111cs, Jn fact. 
the mncroflOfa. palynnmor•ph'-..tnd tetr;1pod footprint~ dis­
covered in th.; l.tttcr formation. wh1c:h. l<.l the east of' rhc 
/\dig!.! Valley. pa1-se~ latcrillly <111d upwardi,. into lh.; rnurinc 
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Bellerophon Fm. yielding algae, mollw,c, and Porotim­
lire., ~p. (Po~en,110 & Prinoth. 1999). on the whole affirm 

rc:-olt1tcl} this age w,:,.essmcnt. According to Ma,sari et al. 
( 1988. 199-1) and Pinau (in ConLi ,,, n/ .. 1997 and Cai.l-ini, 
,,, 11/ .. 1999). thi, Upper Perminn succession might be con­

"dered coeval with the Ccntrnl European Zech:-.tein or. in 

pan, with the Tat:trian of Ru~~ia. 
The stratigraphic break between the above two Permian 

wccc~<:il•ll5-~how:-significant chronological diffcrcnce1--(in 
the ecmral-cJ!,tcrn Southern Alp~. probably from approxi­
mately 1-1 tn 27 Ma: Cai;sini. er al .. in pn:-;~). The mo~t 
con1>i. tent values arc reached where the VcrTUc,mo-Val 
tiardena blanket lies directly on the pre-Upper Carbonifer­
ou,; ba,ement, due lo the progn::,,i-ivc ,pre.iding of the post­

Vaf'iscan ,edimcmmion. 
In Tu~cany. tht: Alpine Carboniferous and Permian con­

ditil1n, could be again highlighted in l-Ot11e eontinental ar­
l!tt,. in ,pile of their 1fo,continuity and not being well 
known. In the Pi,an Mt;. area. 1.hc S. Lorcn,o ,chil>t;. and 

thl! A~t·iano brccci~l'- generally -.how good affinity with 
,omc units found in Liguria ;md in the ce111r:1l South-Alpine 

region between th1: encl of the Carbonifcrou:- .md Lhc on~et 
of the Early Permian. The lack of volcnnic rock:-.. which are 
only preioenl in the form of da~L, within the overlying un­

conformable Vcrrncwm, could be cau~cd by erosion or 
magmutic pmdtiet~ now occmTing in Jano and other ~ites 

1,·.g. Pandeli. in pre~,). 
A.., already ~uncd. Perrno-Carhonifcrom, marim: ~lrata 

an: aho recorded in the Tuscan region (Elba bi.. Jano, etc.). 
but the hulk of thc~c shallow-water marine deposit~ ~ecm 
to match the um: cropping out along the Ton·cntc r-am1a 
und in nearby area.,. In ~outhern Tu:-c~1ny. on tht' basis of 

fo\\ but ,ig.nificant paleontologii.:HI duta. the marine ,cdi­
melllation developed, perhop~ irregularly. throughout the 
Early Pcrmian up to the beginning of the L.t1e Permian. 

In this contcxL then:forc, w1.: are forced 10 suggest that 
an impoitant gap exi-;L, between the Lower Pcnnian (or 

even slightly younger) deposit-. and the overlying ones. 
rrobably 1:ncompassing diachronously the Lmc Pennian 
ruid perhap1>. in pan. the e,uliel-t Triassic. The Tuscan Vcr­

rucano could have been formed later, nomtally heginning 
from lht' Middle Trias"ic. as indic;,iteu by many author:. in 
thl! t)'pc-loealicy of 1.hc Pisan lls, ahnvc all on the basi,; ol' 

rls ~Lratigraphic po!>ition. 

lgncou. events 

- Bulgaria 
The Upper Palaeozoic igneou~. cxtru,ive and intru:,ive 

rrodm:1 of Bulgaria m:cd further re~curch. because of the 
lack of un uptlatt:d ~ynihesi~ for interregional cof'relation. 
Thc~e rnnuition~. therefore. forct:d u~ 10 promote ,ome in­
ve,tigntions. which are <,till in progress. on the Pcnno-Clr­

honif'crou, volcuni~m of the Balkan region. 

From thl! litcruture (e.g. Tchouncv & Bone\. I 975: 
Zukof er t1/ .. 1976). the lir,t 1gncou:,, event 1x:currou during 
the Varii>ct111 orogcny. probubly UL thl! end of the Early Car­
bnnir'erous. through the intru~ion or granitoids in rhe basc­

ment. 111c following event took place throughout the Mid­
dle Carboniferou~ c-·Wc!-tphalittn") and wa~ es:.entially 
dmr.icteri!sed by calcalk:.llinl! :rnde~itie producti,. A third 
event was brad,eted between Lhe latest Carboniferous and 
the t.'.arlie,1 Permian, again dislingui,hcd by the previous 

<.leposits. The ~ub.,,equeru epi~rnle occurrc<.I during the I ,ow­
cr Rotliegend, giving ri!>e locally to the 1110!>1 developed 
examples. A.,, already 1m:nti1)ncd. calcalkalinc daciLic LO 

rhyolitic volcanic roch near Sli\en are ;1ssocialt.'.d with in­
tru~ive and ~ubvolcanic rock of ncidic composilion. Lat­
er. up 10 the T,iassic. 110 ign1.:ou~ nctivity wm, recorded in 

Bulgaria. 

- ltaly 
In Italy. the Carboniforou, and Pcrmian igneous activity ol 

the :1rea, examined show<: some aflinities with that of 8ul­
garia. In the Southern Alpt,;, inlrt1l-ive hodic~ wcr1.: probably 
1n1uatcd at the end of the Carboniferous and continued in­
termiucntly up to the cnrly Late Permian (see ~ymhctic da­
ta in C'ass.inis, 1996; Cus~i11i, et al .. 1999 and in prcs~). 

Huge volcanic!> were widespread only w the wc:.t of the 
Comclico rt:gion. pmhably pertaining to pre-Verrucano­

Val Garclemi Permian times. Carnia did not experience uny 
manifest plutonic ,uid volcanic acti, ity. 

In i.:ontra).t, the "internal Brian<;onnui~·· of the Ligurian 
Alps includes a first Late Carboniferou, episode of cali.:al­
kaline rhyc>litic ignimhrite~ which rc:,t unconfonttably up• 
on a pre- amuri.in polymetamorphic basement. Upwards. 
<1:,.,ociated with the finegrnincd cla:-ticl- of' the Murialdo 
Fm .. there i~ a second cpi:-.oclc formed by andcsitic P) ro­
clnstics and lava.,. generally a.,signcd to l:1te!>t Carhoniler­

ow, time:- (Concsogno <'I c1f .. 1982). The:-.e vokanic:-. dis­
pluy a subalktilinc affinity. Above, during the Early Pl!rt11-
ian, calc:.111,.alinc rhyolitic-to-dacilic ignimbrit1:'> and pyrn­
dastie:-. generated the third and last main epi~ode. In the up­
permost pan. unconformably below the Upper Pt:m1ian 
Verrncano. these rhy,,litic products show a subalkaline 

potassic composition. 
In the ·'external Brian\onm,i:-.'', above the aforcmen-

1ioncd first Late C.irbonifemu:-. cpi~odc. the cour,e- 10 tine­
grained Olluno Fm. bearing a late We,rphalian mcgafiora 
( Block. I 966) includes rhyolitic and .111desi1ic vok:anics 
~lightly mctnmorphol;ed. The Lower Permian me1avol­
c:111ic~ ore mainly represented by calcalkalinc ignimbrite:; 
and arc unconfonnnbly c:tpped by the VerTUcano dep~1~i1,. 

From the abo,e Alpine overview, we are led to remark 

on the similarity of magmatic cvems. especially in pctro· 
graphic and ehcmicul co111position. hctwccn the Ligurian 

Alp~ and Bulgaria. 
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111 Ttl',CHny. 1hc a,ailabk data 1111 Pcrn10-C'arhu11irt.:rou, 

111agmwi~111 ure in~ul'licieu1 1n p1l,, ii.le dear t:orrelat1un,. 

pparcntly. uni} rermian volt:um~m can be .i-;ccrtained ,o 

rar. Thi~ ,triking diffcn.:nrc in Lhc ignt'Ol" d~·veloprncnt ul' 

this jfld c>thcr Jtali,111 und ijulgnrian regions 1s ~till u 111nttcr 

for spcculmion. and co11scqt11.:ntl) fu11hcr l\'scard1 i:. re­

quired. 

'l'e(·tonic event,; 

- Bulgnri11 ,1nd ltal} 

Foll1m ing the arisctm cullisio11, Juring early to midJlc 

L11tl.! C:.1rh11nifcrnw, lillll.!'>, [3ulgari:1 and ltal)' wcl\: lvc,1lly 

nffcctctl hy 1he om,ct of an in-egula1 111pography. which 

ga, c ri-,c LO a.~-ye1-u1,cc11ain 1cc1onic ac11, ity. Some con1i 

11cnt:il ba,in, (e.g. in Dobrudgc:.i and we,1crn Liguria), 

1w11ly illl'illcd by 1n..1gm:11ic wci.,.,. could he interpreted a,­

foult-boundctJ ,ub,iding ba~irn, th~ll h:.iH; colk1p~cd in the 
general geulog1cal ~t:lling of thL· Yari,t:an orngcny. Thi, 

basin-and-,well fra111eworl-,prcal.l p1~1gressivcly, from the 

late~, Lllte Carboniferous. throughout the Hbovc tcrntonc, 

:111d rcm:hcd ih peal- of tlcvclop111c11l dun11g tht.: Earl) Pcr­
miun. Furthermore. thcsl.' basin, ,how ),t:dimc11wry and 

,u·ucturul fct1turc:-which un: con~htent with un cxten,ion­

.1I regime: lhl'Y l'Volvl!d from nnn-ow 1one!\ to widl.'r depo• 

,11ion:1l are;,s. Presumnhly. 1rnns1cn~ionnl movement, dc­
lcrmincd the inception and in pan the ).Ub,cquenl clcvclop­

mcm of 1hi!-. su·uctural ,ccnario. Sub),idcnre. scdimc111a1ion 

and volcr111i,m, in 1he fm1l1cwnrk M pronounced 1ceton­

i~m. marked. uch 1imcl-. 

. ub1-c4ucnll), uuring thc Late Pcrmian, lht: ,prt:ad or a 

mrnc or lc~), 11bi4ui1ou, r·cd ,eclimcntation (Targm i,l11c 

F111., Ver rncano Lombardo, V;1J Cardena Sand,tonc) and 

the cxtim:tion of any 111agn1:1tic al.'.livity ,Lrc compHtiblc with 
,1 new tccto11ic framewvrl., probably co1111t:cted to a 111a1'"-l'.d 

exten,ional regime. This let.I tu anorogenic condition, (L',g, 

Bonin. 1988: Concsogno l'I al., 1998). a, cll'arly tJocu­

mcnll•d by thl' furtht.:r pre1-,cnct.: ot' bi11m(41l all-ahnt.: vol­

c.mic producL, in nearby :ireas (such <1 ~outhern france. 

11tl1111l~rn Spain. thl! Cor~ican-Sardinian mas:..if). und high­

ligh11!d hy the geological scenarios desnihcd in thi1-paper. 
French author<. (Toutin-Morin in Cu-;sinl" er {/I .. 199'.:!. 

1995) interpret thi event :is the hirlh of Lhc Alpine cycle. 

The gap to the underlying L1)wer Pcrmi:111 ornldcr mch 
rcpre.,t:nl). a ),11 il.ing tool fo1 ~ulxli, iding the pm,1-Vari~can 

Lme Carbonifcrou~ w rcnnian evolution of sou1hern con-

1inen1al Gurope imu 1wn 1.:cwno.,eclimeniary cycle~ of 1h1: 

~ccond order 11talinn IGCP 203 Group, 19~(1: and ~o on). 

The fir~t cycle i, irregularly clcvclopcu t'rom Mo~covian or 

older age~ up IO about the Early-Late Permian: th.: ,ecund 

one encompas,e~ lhe Late Permian and che Early Tria.~),ic, 

locally ending m lutcr umc,. 

I lowev,·r. nlhcr 11nc1.inrrn111i1ic!.. wi1hi11 lht:!\c 111cg:L,e-

4uence, ll' . .(.'. 111 13ulg~ma and the nonhcrn J\pcnnim:,) 

could abo ullow 11-; lo c~tablish other cycle~. but, in the au­

thor,· opinion. tht: two ab1,,e-111cntioned t:ydl.!s Ul'I.! the on­

ly onc, recogn1sabk on ,111 intareg1onol ,cale. although 

they pmbubly .ictcd acwrding to diachronic trcntb. In oth­
l'f Europc~,n region),, their boundary j,; placed at ahoul U1c 

Lnwcr-Uppcr Pcrminn 1n111,ition. und the co1N:quent lli,­

rnntinuity ha.-, been idcntilicd with tlw "Pabtinl.' .. tectonic 

pha~c (1·.~. Kotur. 1980 b1. ,ind wi1h the "1x,<;1-S:iulr.11i'· or 
the .. Alt marl-.. pha;.e~ (e.~. Hoffmann er al .. 1989). h prob­

ably markl'J the birth 11f Ill',~ geudynamic 1:onditi11n;.. pr11h­

:1hly conncctud with an active ,~nrgani5ation of pl:1tc!o in 

Mcdi1c1Tancan an<l circum-Mcdi1crranean regions. 

CO CLUOI '(.; Rl!'.MARKS 

In C(111clw,ion. the L:.t1c Palc01nic cvolutmn of 8ulgarw 

ant.I Italy could he generally 1nterprt.:ted ;I', the re,ult of two 

main ~l!di111cntary cyc.:lt:~. ,eparated by a 111arkcd llllcnn­

formity. The ol<le1· cycle developed iffegularly Imm a 

"gc111:nc" Middk: l'arbonifemu • up to ubnut the on,ct of 

the Latc Pcrmian: whcrl' prt.::-1.'nl. lhl' ~ccond l·ycle bcgun 

during the Late Pcnnian und rnntinued. at lea:,t in ,omc 
placi:s. up to Trias;.ic tim...::,. However. throughout their dv­

vclopmcnl. 1he~c cycles -..ccm to hnve hccn affected by 1111 

a~-ye1-imp1eei~e number of more or le,., protral'tcd pha~e~ 

of n<,n-dcposi1ion and/or Crt>!\ion. Funhcrmorc. their dl'· 

prn,it~. which ;11\: t:\,i;ntially made up of cnntinenial silici­

da;.tie and volcanit.: product:,. and abo :,uhonlina1ely by 

marine <.cdimen11-, often di-,play uncertain ngc-, :111cl pre 

vent dear cvn-el:.itio11~. A v,wic<l ;,inu complex i;colngieal 

!scenario commonly a1o~e. c111rhasis.cd nnce again h~ the 

important role played hy the Alpine orogcnc,i~ in the in­

vestig;ned regions. 
111 ,pile of thc-,c co11,plic.i11011,, the uncnnfrnmi1y be­

tween the two cyde,; genernlly appear:-to have hcen a very 

~ignifirnnt cwnt in P...:r111ia11 evolution. which wuld Ix· r-e­

luted to the opening of eotethy,. Thu,. after lhe Gond· 

wana-Eurnsia Vnriscun collision und the ,ubscquent rc­

arrungcmcnl and ,u·ucturntion of thl' Euro('ll'Hn urcus lx·-
1wce11. ;i Pcnno-Tria,sic e>.tcni-ional regime l\',olutcly dc­

vclopcd. 

\d.111111 h·di;:.t·mt•111, Tiu~ paper i~ p,111 ,1f ,, 1ni111 rc,~.m h pn11c..:1 

hct\1ccn 1hc Bulgw-itm Acm.kmy nf dcm.:c~ and 1hc mionul 
Rc,t:a1~h Cou11c1l 111' Italy. Tia: aulh111, a11: g1;11clul 10 lX>lh Lhc,c 
or111111is~11011~ 1hr 1hl!ir linanciul ~uppor1. 
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OVERVIEW OF THE CONTINENTAL PERMlAN OEPOSJTS 
OF BULGARIA AND ROMANIA 

S1 \VCH() YA F.V '. Mllli\l POPA . A,\TONI I\ SE(il IEDI '\NI) U111 Ol<t,Ill OAIE 

K,,, 11111!11 J'crm,an: ,1rat1gr,,ph~: Ic.:tn111c evolution: cnrrda­
tirn1; Oulg:iria: Ronrnn,a. 

\/1\/1111"/ - C!Hltll1clltul Pcrmi,111 clt•po,iI, ,hn\\ widcsprc:id dc-

1 cloprnc11t \\ 1thi11 the IcI rhoric~ 1,1 Bulgnria anJ Romaniu. The 
Prchall..un l l11iI of Hulg:11 ia can he i:nrrclatcll ,,ith Ihc l)11nuh1,111 

llnit ,,f Romanin. "hilc the Rnllrnn and Srednngonc Unih 111ay 
c111Tc~J)l>ntl to th1: Gct,c appc of 1,0111.inm. Thi, paper pr.:,c11I, 
11 ~hcirt laIc1:.1I and IcmpoI al nvcf\ 1C\\ ol the lithn~1r:11Igraphy untl 
~cdi111enI11l11g.y ,,I lhc l'c1111ia11 cnn1111c111al \Cdi1ncnIatiun in the 
Ball..1111 Muum11i1h, 'vfoc,ia, Krni~h,e. the Smnh C:irp11Ihians and 
-\pu,c111 fvlount:un~. Muny charu.-tcnMJl'' \\Cl~ inhcntcll frnm 
the Lull' Pall'o1ok palcogct•graphy. A Vari,c:rn 13ulkan 
C:irp:11hian '>~•cm coind(lc, with lhc V:111wa11 11wgcni1: chain 
anti with the aJjacclH IO\\ land, In ,111 domnin, of the Balkan 
,m:a. the Pcrmi:111 S),tl'm can he 1.11\JUcJ I11w l\Vll \ICII-J1flcrcn­
Iiuted ,cdinu.:11tury gmu()\ tcyde,i, l,Cp:11·au:() h) a 1:IL':ir uncon• 
fo1111it). Mnn> ,imilaritic, wilh !he Ro11m11i.1n territory are c:-.­
lah)l~hcd. In hoth cou111ric,. the Lower Pcrmian in portkulnr 
,hows 1m,,1ly 111111:l';~c IL':illm:,. lc1Tigcnnu,. \11lcum1:. V\1kun.1-

c.:la,t1L' anti lnrnlly c, uporitic sctli1rtc11ti. m:w11111latcd 111 v:1111111~ 
tlcp1)~1tin1ml ,y,tt:llh, ,uch a, tluvi:1I, .olh1vi<1l-pl.iin to palu~trim:, 
lal·u~tr111c. pmluvlal. pluy:1. collul'i:il anll \UbJ..hu fotic,. 

I TRODUCTION 

Thi1> paper prescnt, a ,hon ovcrvIl'W of the Penman con-

1i11cn1:1l ),ctlimentation in Lhc Bulk~m Mountain~. Moe,i,l, 

Kraish1e. the Somh Caq1a1hi11ns and Apuseni Mountains. 

111e continental Penninn t..lcpo,il'- ,hm1 wttlcsprcad ck­
vclopmem in the ,1ud) arcu - the prc,cut day tcn-iIories of' 

Bulgari,1 and Rom:111i11. 

OCCUl{RENn: OF l'El{MIAN DEPOSITS I! UUI.C.A­
IH1\ 0 IH)MA IA 

Jn Bulgaria. thc Pcnni,111 th:po!>ill, nceur mainly in live of 

rumft, r/1i111·1• l'c111H:11111: ,11:11igralia: L'voltI11onc Ic11unIca: cnr• 
rcla11onc: Bulgaria; Romm1ia 

Ni11,m11((1 - ( lll'pm111 cunt11lcnt:1li J)Cllllllllll lll11Mf.l1lll un c,1c,11 
~,iluppo nci 1cn·ito1i tlclla Rnlg;ui;i c 1h:lla Romania. l.'u111ta pn:-
13:llcnnicn dclla Bulgariu run c"crc corrdilla con J'unila Da11uhi­
c:I ddla Rl)lnan,:i. I11cn11\' k unit~ llc1 Rnlcuni c tli rcJ11og111 ic 
po"o1111.:orri~pondcn: allu la ilia Cicl I.:a l.fclla ){11111:inia. Qucsto lu­
voru pn:,cnw un hrcvc p:mrn~1111a w.vialc c Ic111I1111~1k dclla lito• 
,1r:11igraI1:1 c ..cd1m1:nwlog1:, rclJthe ullu scdimcnuvicmc .:n11ti­

nc11tah: J)l!11l11un.1 nci Monll 8,1k:111i. in Ml"•c~ia. in Kr:,i,htc. nci 
C.vr>,111 mcrillinnali..: nci Monti Ap11,rn1. Molll' c:1r:111cn,11chc lu• 
mno c1\:lli1J1l' JaJlu palrngl·ngr:il111 tardo pak:0111il'a. Un ~i~tcma 
h:l)C,lll()•l'Ul11mico vari~icn comcidc con l,1 .:mcn.i orngcnica , nri 
,,ea L' rnn le ha_,se tc1Te limitrofc. In t1111i i tlonun, Jclrarc,1 halca• 
nictl, ii Pcnni,inn n1111 c ~er\' ~11ddi vIsn 111 due hen J1 llcrc1111al1 
gnippI ,L'dimcntari (deli). ,cparmi tla una chi,im lli,.-l1111i11ui1~ ,tra 
tig1~1lirn. Som, p,cd\:IIC llloltc ,onuglia111c cnl territorin n)mcnn 
In cntra111h1 i pucsi. 111 partirnlarc ii l'cnniano intcriorc t1Iosua ,u 
pn111u110 a,r1e1t1 m11la,,1c1. Sroimcnu 1cmgc111, vnka111c1. vulrn 
rnx:l:Nil'i c loc:ilnll·ntc c, aponud ~, ;1ccumulurono in v11ri ,i,tl•rni 
dcpo~i11on:1h. rnlllc facic~ llll\ 1011. tli pi.inn a1Ju1,in11:.ilc-rmluqn, 
l,1cusIn. pmluviah. di playa, rnlluv1ah c d1 ,ahl,.h.i. 

1hc prcscnt-duy morphotct:tonic.: unih ( from north to 

~outhl: the Moc..,ia. Prcbalkun. Aalkun. Srcdna Cioni and 

Kr.1I:-hte unit:. (Fig. I). ln Romu111a. Permian Jcpu,it~ arc 
recorded in the South Carpathi~111, ( wllh Gc:tit: und OunL1-

bian unib). rhc Apuscni Mo11n1ain~ (with Bihor U· 

tcichIho1H)t1), and Coclrn Nnppc ..,y,tcms). orth Dobrogca. 

and the Moc~ian and Sl·ythian Platforms <Fig. lJ cdi• 
mcntation took place in wvt:r:tl ha~in, - Resita ((ktic 

appc). Sit ini:.i anti Pre.~ncina ( Dnnuhian Unit~) in the 
SouIh Carpathian,. Cotl111-Bihor Ra),in in the Apuscni 

Mount:tins. Carapeli1 Btt~in in 01·1h Dnhn1gca. the 
Scythian Ba!.in { wiI1t /\luat and Lmvcr Danube ,ub-basin~J 

anti lhc Moc1-ian Ba.sin within Ihc Carpathian fnreland. 

SutTOllllUcd by the Carpathian!> ant..l the Ralkans, the 

• (itOh11=I~:il 111,1111111! I)( lh~ f{ul)!llrlUII \1:iUIClll} 111 :;cicn,~,. ""A,ml. (j, IJ<ln~lll'v .. Str .. Ul 11. 111, $Oll!l, ll\1lg:in:1 
l 111,cI,,Iy 11! U11ch111~,t. t-ncull) of (,.:ol,1n .ini.l Cicoph)~1.:,. L"ho1~1lur) ul P:1la~1•11I11lvf), I. N I,.11t;c,n1 ,\,c,. 10111, K,I,h.111;s1, lt,mI11111:1 
lc1~11111tc 1111 < icoln)!y untl {icophy,1c~. I. ( urun,clws Str .. 7%78. lludmrc~t. Ru111ani;1, 
l11,11I111r 111 1\lt,111111· Ci1'1)lon-.11111 (icoc,0l11g). 2'·!5. D. Onciul ~tr .. 70:t 1 S. llm;harc,t. Ro111:1111;1, 
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Moc,;ian Platform cxtemh over both Romania anti Bul­
g:1ria (Fig,~- :n. The variation, nf Permian '.'.euimentation 
in the Bulgarian pan of the Mocsian Plmform can be dis• 
tinguii-hcd. ha,c<l on hordwlc dntu (Yanc,. 1992. 1993a) 
from the following area,: Vidin-Rasovo (we:,1). Plcvcn­
Tarnovo-Targovishte (centre). Mirovo-Komunari bmnh­
caq) and South Dobrogc.i (northtw,t). 

gen. In 1he beM expo~eu. western pan of Bulgaria. this 
unit compri~cs the localitic'.'. of Yra-.hka chuka, Belograd­
d1il-... Smolyanovu,i and Yral\a (Tcm;hov & Yanev. 196.,: 
Yanev & Tenchov. 1978 ). 

The Balkan anti Sn.:dna Gura Unit, coincide with the 
po,itiun of1he Variscan orogenic ~It. cro""ing the Balkan 
Peninsula from W W 10 ESE (Figs ~. 3). Within these 
unit~ occur intramontanc ba:-in~ ~cparatccl by gr:,ben\ and 
hulf-gr;.ibcm,. Thcy ,11\: con lined in several di:igon:illy ex­
wndcd. tectonically bounucd bell~. Within the northern 
belt (from nonhwc~l to southcu\l} the following localitie" 
occur: S1akev1si. Pr.:vala. Melyane. Draganit~a•Lyu-

The Prebalkan Unit of Bulgaria can be correlated with 
the Danubian Unit of Romania. while the Bttlkun :mu 

rednog1Jrie Unit,; may corre,pond 10 the Getic.: appe of 
Romunia Wig~ 2. J). During the Permian. Lhc Prcbalkan 
Unit rcprc:-cnted tlw former foredeep of the Yari~can oro-
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Iad1hik. Zvcri110-lgnmi1!>a. Tc1c,cn. Troyan Mmm1ain. am.I 
Slivcn ( Spa'>!,OV & Zatiro\'. 1961: Y.uiev & Tenchov. 1962. 

1972. I97l:!: Cha1:iluv el 111., 1962, 1963: Zhukov e1 al .. 
1971 ). The peaks of Mid1.hur-Kopren. Godcch-Buchino 

Pa~-,. Svogc. and 1hc Sve1i lliya I lilb mark ihe middle 

EARLY PERMIAN 
J 

'--, 

.. 5 ,,_,. 

'10------
?I 23 24 

zone (1i:humacenko & Shopov. I %5: Yanev. I 9X I. 1982 
a: Chmalov. 1985). The 11e.x1 beh includes luc.1lilics in 
Soliutcr SIara Planina Mouniain. Bunovo area. Lo1cn!,ka 
Mountain area. and Chernogorovo ( Kul.i'-5-a,ov el al .. 
I 966: Kothukharov el al., I 980: Vane,. I 982 a). 
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hg. 2 Sch1:111c 1hr the ma111 palacngcographic Ltmc, during tlw Early Pcrn1i:111 mlc.l their <.10111111ating li1hol,1g). I w 5: Zone, ol rnn1111c111al ,lltli 
111en1.1111•11. J high rchcl, tlcp,N11on in intmmoumain h.1~in, ,>I' ,·onglun1cr.11c,. hrc<:o:1a-congl11mcr:11c,, ,an<.l,tonc, untl ,11t,tum:, or nm1-dcp0Mtio11. 
2 - <:o.tl tlllanng dep11,11, ,n 1hc ,mramuuntain basin~: J • mu<lcrJtc relict. dcp1:"11,11n 111 i:r,thcn, .rntl h<llf-gr:1ben, of .:,inglmncratc,. -.md,tonc,, ,ill· 
<1nnc,. 11111d,wnc,,; -I - Im, n:hcf,,ith dcpo,itiun of more tinc11raincd d:,stic, (111ai11I) ,ctlimc,11 hy•r~"I: 5 - IO\\•land \\Ith isolrncd ha,in,: a ,,,111 
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and ~hale,: X - nwrinl' c:irho11a1c,; 9 • ,rnirim: ,hale,; 10 • h111hulith~; 11 - \Okunil'' 
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Permian deposit~ in the Ilulg.1rian Kraishte Unit (in the 

opinion or S. Y.) may he compared partly with the Ro­
manian Apuseni Mounmins. The main difference is the 
la,:k of intcni.ivc volcani:,111 in the Kruishte area. Prei,ent 
I ,ower Pennian outcrops in the Kraishte arc confined on-

ly to Lhe Boho~hevo-Vukovo area ( Y~mcv. 1982 b), but the 
earliest dimibution of the Upper Pcrmian sediments was 
larger since their relict, arc well expoi.ed between Tran, 

oev1si. Batanovtsi, Boboshevo. Stanke Lisichkovo, 
Padc~h and other viJJag~ (Yancv. 1979) (Fig, 2. 3). 
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1mcn1.111on gcncrJII~ ,-cdimc111 hy-p:is., tcrrnnc,. t - with modcrnlc to rcl111i,cl) high relief: 2 - with 111odcrJtc rchcf: 3 - 11ith lt•w rclicl: 4 • conli• 
nc111.1I cc,ar-c ~ccl11nc111:uion of cnnglomcrJ1c,, sand,1nnc,. mutl~tonc, (proluviul fnn. ulluv1ul fun ,md 11thcr fade,): :I - continental ha,in, ,clti111cnta­
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Permifln dep1>si1:,, are lncl..ing in 1he Rhodope Unit find 
the Serbo-MaccJonian r·D~mlan") Mal- if and so cannm 

bt: com:latctl with .my Romanian unitl>. 

LITHOSTl{ATIGKAPHY D STIUTIGRAPHlC COR-
REI.ATIO 'OF TIii;; PEltMIAN DEPOSITS IN KOMA· 

1AA1 DB LG/\RlJ\ 

In all do111u.i11s of llu: Bulkun ,m:!a. the Pennian Sy~te111 t:;,111 

be dh 1Jed into two well-differentiated sedimentary groups 
(cycle-.). -.cpar;1tt·d by ,1 nrnrkctl um;onfonnity (Yuncv. 
1981 ). 

From th1.: :ibow gcm:rnl pnlncogeographical ~chcmc~ 
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I Fig~ 2, 3) and the following Rulgnri:,n ,trntigraphicul suc­
cc:,.sions (Figs 4. 5 and 6), \Omc com:latiom, could be sug• 
g.c 11.:d. The W Balls.an prulonga1ion of 1hc Y:.ui c,111 bd1 
is recogni,ed through 1he we~lern p.:iI1 of the South 
Carpmhiam, (Banal area). llerc. low-scale unconformitie), 

occur :H the ··.S11.:phanian"/Lowcr Pcrmi:.rn ("'Auluni,1J1") 
l>uu11d..iry (Sccu :ircu). while M!diment..iry g,1pi-. arc record­
cu between the upper .. Westphalian" - .. Stcphanian .. i.c 

qucn<.:1.:s t;1s in the Wc!>t B:.1lkan domain). The Pcm1i,111 suc­
Cc!-osion~ arc um.:011lorn1ably overlain by Lower Jur.,~~ic 

depo. its. 
In both the Gcti<.: ,md Danubiun Units. only u.1wcr Per• 

mian deposits are known. The -.uc:cess1011 bcgin~ with 

black ~httly i,cdimcnl~ ( fos~iliferou1-. E:1rly Pcrmiun in :t¥,C 
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Fii:, I Scheme for ,11_. li1hulogy. ,1r.11tj!raph1c po,i1ion and 1h1d.nc"c' of ~c:1c,·Icd 1yp1cal ~ucn'"tlll1' uf 1hc Upper Pako,u,c III lhc hol\•hok< I mm 
the llule::inan purt o! 1hc M1icS1a11 Pl:uc !"<CC hi;, 1-5 in Scglll'di 1•1 al .. 1hi, volum('J. The pl\:,c111cd li1h11,1r.11ie:r.1phic UIIII< a11: L'umparahk w11h ,0111c 
111111, 1111hc Ro111.111i:111 pml ol 1hc Moc~1:111 Plate. 
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I O - coal: 11 - vokaru,·,: 12 - vokamcfai.1k,: J 1 - ..:m1x.mtllc concrcttun~: I~ - ,mhydnlc n111c11:t11111<: J 5a - u11L·u11fun11ily: I :'ib - c1V,1om1l ~urf:11.:c: 16 
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1\ith Autunian 1ypc noru). conformably overlain by red 
hecb and voleaniclm,tic facici>. at kust late Eurly Perrnian 
(late "/\uluni:m") in age (Raile;rnu. 1953: asia1-,eanu. 
1975. 1987; Nai.lc1._eanu i>I uf .. 1973: Stan. 1987: Swnoiu 
& Stan, 19~6). So far. no paleontological cvidcnl·e from 
the red bed~ of the upper part of the Lower Permian r·Sax­
onian - Thuringi;.10" age) has been recorded (Antom;:,c,;u. 
1980: An1011e. cu & asta:,canu. 1976). 

These basins can be c:orrel:11t:d wi1h their Bulgarian 
counterparl~. Along rhe IJ:rnuhc. in the Svinita zone. the 
Lower Permian lcliscva Forn1.ition can be correlated with 
the Zclcnigrnd Formation ("Aurnnian·•: Yancv & Tenchov. 
1972) and both the Vranska Formation and the lower two 
memher1, of the Smolyanovtsi Fonnation (Variscan orogen 
1.one. Lower Pcrmiun: Ya11e1. I 981 ). The volc:midastic 
!-.cquence., of the Sirinia Ba~in exposed along the Roman­
ian tributaries of the Danube (t'.g, Stari~1ea Valley) are 
-_imilar 10 pan of lhl' Vranska Form:Hion near IJ1c Vrashka 
Chuka I Jill. the town of Belogradchik and Lhe village of 
Ozirovo. to the Gyurgich Ml'mbc::r of the Srnolyanovtsi 
Fornrntion. and n,peciall) to volcanogenic unit~ in the 
Cenlrill Balkan Mountains (Zhukov l!I 11/ .. 1971. 1976: 
Yane1,. 198 I. I 982 a). 

The Pcrrnian sequences of the Rcsita Basin (Gctic 
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nppe) cnn be corrcl:.11ed with their Bulgarian coumer­
part:- in the following way: 1he Ciud..111ovitil Formation. 
mainly Lhc ba~al Girli:-,te Member (lowei-L Lower Pcrrnian 
- lower"Autunian ... mainly black pelite:,) i-, ,i1nilar to ihe 
Levit~a Formation (cropping ou1 around Stakevtsi and 
Prcvala). the Dalgi Del rormation (cropping m11 111.:ar 
Melyane village), the Lyutadzhik Formation cropping out 
in 1he Oz.imvo-Lyutud;,hik ure::i;-.) and the Buk Formation 
(cropping 0111 in the Zverino-Jgnutill>a arc.is). The topmm,L 
membt!f of the Ciudanoviw Formation. 1he Li~ava Mem­
ber (at lcallt Lhc upper part of the Lower Permian - upper 
"Autuni,111"). in red-bed facic:-.. b rather :.imilar 10 ~omc 
.\Cl(llCnt:es of Lhc Milin~ka rormation rrehumaccnko & 
Shopov. 1965) and the Koritan,ka Member of the 
Smolyunovtsi Formation (Yancv. J 981 ). For 1he Upper 
Carhonircrous ,cquences in Rcsita Bu~in (Re~ita Forma• 
lion). the !--imilariLy poinls to 1he Smrchovdol Fo11m11ion 
(S1:1kev1.,i area). the Melyanc Formation (near 1he village 
or Melyam:). thL· Ekimi-.k,1 and Draganitsa formations 
I Dmganitsa-Otirovo-Byala Rechka area.~) or the Ochindol 
Formation (Zvcrino and fgnatitsa areas). 

The Permian of the Codru-Bihor Ba.<;in conformably 
overlie~ the Upper Carboniferous deposit!.>. or uncon­
fonnably covers various oldL·r ba~emenl rocks. The Per-

M 0 u N T I\ I N 10 /1. L K A N ) 

~ ii "' "' Zvtr! no ~ >< Svo9 e - Klrllo ~ >< 
u Pr~volo ~ u u u 

i z r % ~ ~ i: :, ::, ::, 

.'5 .s t5 
E li '.§ 

I E E 
!:! .. .. .. .. E 

~ l ; -~~-~ J ~ I ·~:.A.J.·: . 
~-..;,--;--:._~ 1 0 . ff. • 0. D . 

I T I '1 I •1 'S,£ E 

i~ : ~~ E to . . . 
~ 

0 j - :::: Ii~ l:: .. ~ 

Ii. 1•. a• • •,, • • ~J E 

iJ 
E 
5l ••••~I•• ~ 

. . . ... 
VE 

• • • -.ii • d "' a E 'e C 

i 
4. • • •..;..,:,,,-. ~ ; . · ... ·.· ~ ~ .:.. ~ ~:.::.:-~ 0 

I=.??
• O•• ~ ~ ;, ~·• .. ! ~ C 

~ .!. •..:. •.; e .... 
&. £ > 

~-::- i ·---:.~::':: & E 
0 :'! E •• .. .. .. 
~ E e s·:- :! :,c 0 ,'!l 

'"7:-~~ ::, D ~ i - > ..... - II) li .. .. .. ~ 
~ 

-. . . 'i - ..•• -cc::,: & ....... . ... 
-~··.:·~ °8 E IV - --t) - 0- 'Iii'.-, ~ E 

i E 0 . .. ..... {, ; .. . .. 
f 
. ! ] 
... 

~l i -· .. 
u a) 

~ ~ 
E .. E 

0 II !! ~ 

! 
g 
g 

ji !z:-·~ ! 
';f !!! 

Sl e 

i ~ ;, ~- E 

1.1: ! ~- 1 e 
u 0 
·c ~ 

.-1 I ---
Fig. 5 - Scheme for t111· h1hulog). ,111111giaphic posi1ion unll ticl.nc~sc• ol ,ckc1.:d 1ypic;1l ,ucccssions of1hc L'nrer Palcuwil· n.:l.i1ed 101hc V,,n...:,,11 

Orugcn (St.lT'J Plumnu Mtmnuun Sy,1cm 111 Bulgaria). The prescmcd lithu,1r.1ugraph1c 111111, 31\: rnmpan::d 1,iIh ,<Jrnc unil~ mcnIion,:d 111 lhc Ie,I lor 

1hc Romanian pJn ot lh~ V11mc1111 Orogcn (C"arpalhian Mt1unUJiJ1 System) t~ymbol, 11, m 1-ig. -l 1. 
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1nian rcJ-bcd/, grade upw:irdi, I?) 10 Lower Tria,sic 
( Bu111;.:1nch1e111) 4uar11.il11:: ,ancJstone;. ( Bleahu. 196.\: 

Blcahu et al .. 1985; Bor<lca & Bordca. I 9X2: Mantca. 
1985). The ,equcncc-. c.:an bL: c.:orrdmcd to the Pcrmi:01 
from the ;.outhcn1 ha~i,p; 111 Bulgaria (the area ,outll of the 

Balkan Mountain,. inducJing Kraishte and present-day 
Sn.:dn;i Gora Units). The Lower Perrnian in this domain ,d­
;.o confonn~1hly overlie;. upper "Stephanian·· sediments or 
unconfonnuhly cover~ older bu~emcm rocks. The Upper 
l'crmiun n:d-bcd clu~tk untl ~ilty-,huly dcpo;.ih an• ,cpu­

rntcd lrnm the Lower Pcrmiun i.ediment~ hy an ero .. ional 
surfat·c. or they lie unninl'ormubly tin vnrious older mt·la• 
rnorphic. igncou~ or ,edimcn111ry rocf..,. In the Krai~htc 

urea u 11:.UTO\I. 11nconfor111ity between the Upper Penni.in 
und Tria;.;.ic ".!dimcnh is nx:ordeJ (Y:mev. 19(-,.tJ, 

Fncinl ,imilaritie, be1ween the reJ heel~ of 1he Arie), 

alley (cln~e to Ari1.:~cni} anLl their Bulgmfan i.:ou111c11,arb 

an: 1h1.: following: 1he upper purl of Lhc Galm1 Formalion • 
uppe1 "Stephania1f· 10 Lower Permian in ;1ge (transi1ion 
bclwccn the ·'Aulunian·· and ··Rotlicgcmf" facic~; 

Kozhukharov c1 ol .. I 980). the Tarnav~ka f.vrrnation 
( Lower Pcrmian) ,111tl lht.: Ruvulya Formation ( Upper Pcr­

mian) in Lozcnsk;.1 Mountain. thl! Boboshevo Formation 
t Lower Pcrmian ). in the Vukov1l ,1rea (Yun..:v. 1982 b). thc 
Skrino Formation (Zagorchev. 1980). or the Noevtsi. 
Ki1sclichka and Ncprnzncntsi formation~ ( ppcr Pcrmjan 
or('?) Upper ·'Rntliegcnde{· in Yuncv. 1979). 

l'he age and lithology ol the Permian <.lepo~ih from the 
nrn1hcrn part of the Moc:;i:m Plat form (Romania) g-:ni.:ral• 
ly corre,poud1s to those on 1he 1southern, Bulgarinn part 

( Yancv. 1992. I 99J u), Thi!> i~ cau1>1.:d hy the mirrored po­
~ition:,. of brnh 1.1Jnes - in 1hc forclnncl of the V:iri:,.cnn 

chain. relatively clo~e 10 1hc R:itkan pan ),Ollthwfll'ds :ind 
to the Cnrpathian pan. northward,. The diwibution 1if the 

coar.;c, prlMimal focie~ in 
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the nonhern and !.outhern 
area:,. of the ··Platform .. 

suggcsl:- lcctonii.:ally con-
1rolled clepo:,.i1io11. related 

lv E-W to NW-SE lrcnd 
ing ex.tensional faults. A 
second control on Permian 

sedimentation wa'.> the ac• 
live subacrial volcanism • 
which acrnr<.ling 10 Bul­
garian author:,; wa,; devel­

oped only in the Early Pl·r• 
mian ( lower part or the 

Rotliegend facie:-}. In the 
Rom11ni11n part of 1hc 
Mne.,ian Plu1form. bi­
modal vokanbm contin­
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indicated by borehole:-. 

Noevlz.i ~Tron 2 VI u 
Bob~hevo- ... 

~ X vu ovo .... 
1/l i'5 ex: 
4 w '8 E - ~ > 8 a: 0 ) 0 . 

....:...··· .• -;,,,,. • ,;. .. :i: I- ..J o• O' '-,., ,'-.: 
2.(5 ir.=-

r- , ., "' er 0: c -::I~~--= UJ ::> a, e 
Q. :x: C 

0 
0. I- , ,! . -. N 

"' .. .. ., ·o ::, 255 
'C: 

. . .... ~ 0 • C>• a. - 2sa 
LI T 1'1 J a, - z 

>< . . .. ---:--o. • . .....__ 
... - ? • - .:...... >--

z 4 0 

qi~?= - -
< V) .x • .c. E 
:l: 271 ~ 0 

;;; 
., 

0:: er "':7' ;-~ .-:-: .:- .:- -
"' l IJJ w - -a. ~ ;z:: - ~ 

~ -:--:- . .. -0 
-' z 

::} 
,. .. .. .. .. .. 

& .. - -I- - -::, ....... _ '-..:.. -·c:i...:...,_ E 
< :§ g - - -.. .. .. .. .. .. > 

a, l .. .. .. 
~ 295 -fli . 0?. . it Iii 0 

305 ~ E 
1/l a: tii 0 .x ~ w $ "' 0 a. ~ l 
0:: 0. -
UJ ::, 315 
u. 

~ E -z < u. 
0 z 
co - 325 0 e > 
a: 0:: 

a, 0 
.c. 0 

< w "' "' u ~ 
0 

l 335 .a 
0 0 

..J 
Cl) 

3S5 

i 
Lozensko Ml. VI )< ... u 

2 x :;;, .. 
E 

u. 
C E 
QI 0 
N "' ..9 .., 

~ ~/. -
...... 

~ 
E ..... 

0 . ' ' ... C ..... > ...... 0 .. .. .. .. .. a: 
:f 1·1 1· -

0 
~--•P••O· 'C E 
•. ,,·..t,:._;..Q •. ~ 0 

M .. ~ .... ·E .... 
~•.-"'·~ .Q .. .. .. -.. 

& .. .. .. -• u• •D • 0 

- .a 
0 

C) .. .. .. .. :.~ - -.. .. .. .. , . E 
D D ft 0 0 e .. .. .. .. .. 0 

-~ ~ '"' ' ,,. • 0. I 
.O"o·o~~- a, 0 

g. l') .• 0 •• > "' - i 
.,, 

O• -~- . ,. I.~ - -E u. 
0 
~ E 
> "' QI " C I\ >,. 

~ 

SvP1i lliyo HIiis 

.. 

y 

~ ? 

~11-..:.t• J;pe' --n--11, II • .. .. .. 
0 n " 0 

u 0 V 0 . 
. ·- .. .. .. .. .. ~o 0 0 -.. •• L•• .. .. " 

~ 0 a 0 

' 0 0 . .. .. .. .. 
n . . 

.. . 0 . 
.. .. .. .. - . .. 0 

0

,F,O•P•.o~ 
ii:' o· W ...:__a·~ . • • • . 

• • • ~ 

? 

..0 

!= 
z 
:::, 

e 
u. 
0 
> 
.2 
~ -
E 

u. 
0 
> 
0 
0 
.c. 
0 ... 
a. -
e 
u. 

-~ 
= 
-QI 

J, 

Ii 
0 
> 
0 
C 
a, 

'e. 
"' u 
·c 
8 
~ 

i 
X 
~ 
); ... 

E 
0 
0 
M 

E 
0 
0 

'° I 

~ 

E 
0 
0 
~ 
I 

0 
M 

e 
0 
0 ,.. 

E 
0 
0 ... 

For Bulgr,ria during 
Late Pale~)/oic ti1nc:-, lwo 
main cycle:,, of continenwl 

i,ctl1mcn1.11ion c.in be 
ugain en v i ,aged in I he 
whole ea:-rero purl of the 

Balkan Peninsula. The 
fin,l group (gcnaally 
panning Late Ca.rbonifer• 
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,1111is <)I the l l'l'er Palewn11.: Ill 
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t>us. mainly late Stephnni,111 10 Early Permian time-.) con­
·mls of lacustrine. lluvial and proluvial fan dcposib, ,,~ 
well as of volt:nnic rock\, both infilling i111l·rmontur1e und 
l'oremontanc grabcns or scmigrabe11, (Yuncv. 1%9. 1988. 

1989). The bm,ini-were ,cpara1ecl by highs nf Lower Pale• 
1)toic. mcwmorphic and igneous basement rocks. The 

bound.1ry foul!, generally hn\e Wi W-E E Lremh and of­
Ien coincide wiih long-lived tectonic 'itructurc:- l'eactiv:n­

ed as late ,l!. Lhc Alpine orogeny. 
The ,econd group (La1e Permian. from the Tawrian ('!) 

10 the Pff bound,1ry after darn from Scrumier. I 960 and 
Y:rne\, 1993 a) i:- rcprescmed by delt,1ic and continental 

cla~lics and, only in the ,outheastem part of the Mocsian 

Jomain (in Ihe Pruvadin depre~sionl. by halite evaporile~. 
as well a, by ,ulphate evaporite!> in a wm: north or lhe 
tnwn of Vanlil ( Yanev. 1993 a). These deposit, form a 
widespread blanket. covering both b,1-.in, of the fir:-1 group 

and the :,u1TOltnding high~ or we,1crn Bulgnria (Moesian 
Plotform). The cominuiry of tectonic comrul i:, tlocumen1-

cd by ~1rong 1hicknc~~ varintions - from u few rnl'.trc:-(or 
total abs.cnec in many localities of lh<! former Va1•i:,can 

Orogen. such U!> over tht: E-Bulgarian Uplift) lC1 more 
than 1200 m in the depocemres. and in area~ with cvapor­
itc ~edimcnt..llion (former forcmoni:mc ckprc:,:-ion). 

SEDI IE TOl.ot;Y, FACIE. A 1D SO 1E rALEOGEO• 
GRAPHl<'AL ASPECT" OF THE PER LIA DEPOSITS 
OF HUI.GARIA A D HO IANIA 

t)crmim1 dcposib in hoth Romania ,uid Bulgaria generally 

~how molas,c te~1t~1res. mainly and more 1ypicnlly for 1he 
Lower Pennian in the Balkan. the Prcbalkun. Ihe Srednn 
Gora. the Kraishte. the outh CnrpuIhians, the Apuscni 
Mountains and the Carapeli1 Ba~in. In the Moc:.ian aml 

cythian Platronm. a~ well :l,\ in 1he Kraish1e area. the 1110-

lt~i>il· chnratter, e>-pecially of the Upper Permian :,Cdi111en1:.. 
h. nm c;o obvious. -.incc both continental-basin~ and pa11I) 

transitional facics occur. The Permian ~equences from the 
present-day Alpine fold-hell:- show clear Va.ris.can moltL~se 
feature:,. Thi:- 1:videncc is related 10 scdimcnLHtion in rel<1-
11vely nan-nw. deeper intr:imontanc ba~im, and half-grahen~ 

within a folded tcm1in with !>Leep rdief. Thol>e sequence~ 
from the Moc"ian and Scy1hiw1 Plu1fonns are fault-rclmed, 
~incc depo~itit111 occurred in hallowcr, sometime!> larger 

grabens and halt-grabens inside a hilly 1.em1i11. 
Te1Tigenou5. volcani<;, vulcanic,;lastic, and local!) evap• 

ori1ic sedimcnl!> accumul:ued in various contincnt:il em i­
ronmcnt": from nu vial. proluvial. playa. colluvial and .il­

luviul-plain in palul-.irine, lacu!>lrinc. l'Onlincnlul-ba:-in und 
,ubkha comliriom, I Yanev. 1970. 1989). 

For Bulgaria. the chain nf Ihc Vari!>can Orogen extend­
ed W-SE uno:-:- Bulg.iria. bordered by lowlands hoth 10 

the nonh and the ~ou1h. In imramomane valley~ within the 

orngen, a., well a~ to it:. borders \\Crc di:posi1cd das1ic_ 
shuly and coal-bearing sediment~ in river-beds. 1eImce. la­
cm,trinc. palustrine and other facie~ (Yancv. 1969. 1989). 
They l'ollow from proluvial cone~ and playa sedirnems 

during 1he lale Early Permim1 (two da~tic ~uccc,;sion:, !-ep­
aratcd by erosional ~u1i'ace1-. and a1-focit:l- corresponding 
to 1hc early Rotlicgend and lute Rolliegend). During Lhe 

Late Pcrmian. 1wo l.1rger contincnrnl basins fonned 10 Ihe 
north ancl Ihe south. controlled by a 1(,wcr-altillldc 11rnin 

WUlt'l'Shed ( Yanev. 1981 ), 
For Romania. the mol.:i .. 1c character is well defined in 

intramontane basins in the Soulh Carpathian~ (Rcsita, 
Sirinia and Pre).acina basins) and in the Apuseni Moun­

t;iin:-. The molassic scdimentmion wu~ controlle<l by allu­
vial. nuviaL lacm,trinc, and ,wampy (wilh no ~1gniticam 
coal ,;cam,; a:, a resull) depositional cnvironmcnls, to 
whid1 vokanic nnd volcanicl:l!>lic material wm, added. For 

1he South Carpathian,;. Lhc ratio of cla~1ic V'I. volcaniclas­
tic sedimentation i::. high in the Re:-ita Ilal-in and low in the 
Sirinia and Prcsacina ba-:ins. where volc,tnic and volcani­

cla~1ic rocks predominate. 
In the Apu~eni Mountain:-. tarigcnou, and volcani­

daslk scdimcntalion occur1-o a:. well, the dominance of one 
~cdime111ological type over Lhe 01her depending on area. 
The Permian depo~il~ conformably overlie Upper Car­

boniferous deposits. the 1crrigcnous l'.ieic~ 1Jflen pre:-ent­
ing typic:il red-bed kuture,;, The ten·igenou~ Vl-. volcani­
clas1ic sedimcn1111ion t:onrinued until the Tria.s,ic, the 
Pcnnianffri:a:-,ic boundary being difficuh to e1-otablish 

within the 1ec.l-bcd foeie!>. 

TECTONIC EVOl, TIO OF TIIE PRE-LATE PALEO­

ZOIC TERRANES DURING TIIE PER~JI N 

The various rcgion:il, li1hological. puleoclimatic. paleo­

magnetic. palcobiogcographical and 01her durn shO\\ a 
peri-Gondw.1nu pmvcn:rnce for the ba...ement of the Upper 
Paleo1.oic successions in Bulgari,1 (Ya11e,, 1997 ancl cited 
reference-.). Three Lower P,Jeo1oic terrane~ (from north Lo 

,outh): Moc:..ian. Balkun am.I Thracian are distinguished 
(Yane\, 1990, 1993 b, 1997). At the stn11 of the u\lc Car­
boniferou~. the e11 eclielou movement from Gondwana 10 

Paleo-Europa bro11ghI the Moc~ian .rnd Balknn (+ Thra­
cian?) tcmmes into colfo,ion. The building of the Varii-.c,rn 
Orogen was related 10 1he cnlli,ional accre1fon between 

bolh Moe~ia11 and Balkan terrancs. The development of'1he 
L:11e Carbonifcrou~ and Pcnni:111 11101:ti-.se !>edimenration 
wok place in lmc-orogenic uncl post-omgenic condi1jom,. 

During the Lale Permian. lhe formerly variable relief de­
rn;:a~ed in energy and depo1-oition wa:, controlled pw1ict1-
larly by transtensional movcmcn11-o. A\ a whole. the Perm-
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I-lg. 7 Schcmut,.: '")1' uf ,nmc typ,cnl Pcnnian ,uu:c,"0,1- ,n Bulganu I ha,cd nn ou1cm1is und hl>rcholc '1111111 prc,cntc.t with 1hcir l!omparublc rc-
111 I11,c~nc,,c~. 

I 11holo11ical ,ymhoh· I co11gfon1cr;11c,;: - hrccc111; 1 _.011,rc11011,: a limcy. h ,u1h~dn111.·: 4 i,:r,1,chIc: ~ ,I111clsIont•: o sih,mnc: 7 11r~•ill11c: ~ 
CH,tl: I/ ,irgltlncl'Oll\ limc,I011.:: Ill Jolnmnc· 11 ,111h)Clrl1c: 12 h.1111\' r,,,ln:,, 1111.l,i,11,·: M 1mchy1c: I'> tu111c; lo 1l.ir11c: 17 ~CllOIUfl,: 

IX· IUlh. l'I IufliIc,: 20 ll!lllmhnt,•,, 

S11t1l1j:wph1c '>'nhol, I).• l'r1ic1 l>cv<u1111n C' I ,"'r' C .uhnn,fcnn", C - l.11wcrCarhon1lcl\\11", ln11rnI.1,111n, C l.u,,t•r('111110111lel'lnl\, Vi~c.in 
( llppcrC':1rt>onifcmu,:C • l ppt'rStcphu111;111: r t.,mcrPcnni;ullR11Ihcgt•ndl; P, -I owcrRothcgc111I: P • Lppc1 Rolhcgcmt:f' • llp1x:1 Per• 
111i;111, Turgtlvi,hlC 1•111 , P. l'ppl'r Pcrm1u11, lilllchcll l·nt., I' •• l 'pp,:r l'C11l1111n, l{l~O\ ,~,, l·m .. P l ppt•1 1',•nnlan. V.:tr111,1 l•m., P l 'ppcr 
Pcn111:111, Mir,1\0 [;111.; r l 'ppcr Penman. Sol,.okH• hn,; T Lowe, Tn:1-...,1c: J -Ju111~,1c, 

Sl;ctds: 1.1,,1n11u11011 01 ,ei:II111I, L{).-nhtIr" I - GnmoI.uts1, l. Vi1li11: 1 Ra~o,o. 4. lollchcn : 5 - n1crc,I1m11. ll -Se1erh1: 7 - s,,kolnvo: II - Gurko-
1 u: 9. Ac,1od,1,:,, If>. K;)l,;cl,.r:1, 11 K1ryaCl'O; 11 1lclogmdd11l: I 3 - S111olyu111>\hl, 1-l O1inwo. I~ - Tc1.:1cn: 1(1 - Dolnn l.lu1i1,.1: 17 - vu~11 
I cv,ki: 18 VcIn110; 19 M,mvu-Hrul\f\110, 10-Sio~c, "'· l I • 22 1i,cvulr1, 2, l<onto. :!-I Kr,11,hIc I R11110,hc,,'l-Nr,cv1,11: 2~ - Lc11cn Mt .. :!6 -
('ht·moi:omvo; ~7 • Shwn .!>< 'iu~:11 Ml 
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ian basin:-. evolved from narrow ;,one, (the Variscan Om­
gcn and locally tht.: Mocsian and Krah,htc lnwlands) into 
v. idcr depu:-.itional areai., due to lower relief aml the in­

crease ol' accumulation area-, at llK· expense of !<>Ource areas. 

CO 'CLUSIO S 

A~ p:m~ of the Carpathian-Balkan chniu. Romunian an<l 
Bulgarian tcrriwrics recorded Lhe influence of Variscan and 
Alpine urogenics in the sa,ne way, with almost the same 

evolution. stratigraphy and dcpo~itional fealllrcs. This fact 
i1,. dcmom,trnted by the po~~ibility of correlation between 
the South Carpathian, and the Balkan~. In the Moc,ian 
Platform. ~hared by Romania and Bulgaria. the structure 
and stratigrnphy could well be correlated. this prospect re­
maining valid for the Pcrmian <lcposits prc-,entcd here, At 
the ~amc time, the comparison between Permian depn,it:-: 
from Apti...t:ni Mountain:,, and the Krnishtc area is not \O 

cenain. Those fmm nnh Dobroge;1 :md Bulgurian ;,one, 
without Late P-tlcozoic ,cdimentntion (Thracian and Dar• 
dan ma,..si[,,;) are difficult to co1Tcla1c. 
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THE PERMIAN SYSTEM IN ROMANIA 

ANTONETA SEGHEDI ', Mll!AI POP/\', G1moRCillF 0Alr. and 10~1-1 !COL F. 

An· 11mi/,1 - Pcrn11an: ~cd111wmology: pah.:onwlogy: m.ig111a­
ll\ll1. lcclunil:~; Romania. 

\b1m1cr - Pcrmi:111 d~'fl<),it, f'rmn mujor 11:1:wnic: 1111il~ in Ro-
111:1111:i ( South Cai palhrnns. E:.:1~1 Ciu pu1hia1h. Apu~cni Muu11-
111111s, Nonh 1)1,hr\lgc;i, Monian and SryIhian Plmlum1s) arc 
mninly tlcvclopcd in c11111incn1Ul t'ticic~. wi1h molu,~ic chur111."-
1c1 i,tic~. Red hcd, arc the dt1minanl facic,. but bo~al bl:icl- nml 
in:) ,h:tl) tkpo,1Is arc prcs<:nt in 1hc South Ca1p111hiu11~ and 
l\f)u~c11I Ml,untains. In all urc.1~. scdina:111atiun hmk pl:11.:c 
tn<htlv 111 ,illuvial fn11. tluvinl und lnt·uwinc ,),ICnK Shull11w-
111arn1c c,11hunatc platfo1111 conui1it1n~ wcIc rc,trictcd w the 
nnrlh.:rn parl Ill the Mncs1an Pl;lllorm III lhc l·.arly Pcrn11an. 
Cvaporitc~ arc a.~,ocia1c<.1 with the red bed~ oitl) within the plat­
t,,rm~. 
l'hc ,cd11nl'ntary rcnud ul n1u~l l):ts111~ inl·luuc~ volcu111,-~cdi­
mcntt1ry ,cqucncc,. The Pcrminn volcani.~m w:i~ himndal, wilh 
an alkaline ~ignmurc in till' Apu~c11i Mou111uin~. orth Dohrn­
g,a and S,:ylhi,111 Pla1rrn·m. Th1.· ha~:ilt-1hyuli1c himnJal a,~o­
ciatHrn l)pically occurs in the Su111h C'arp:11h1an~. Apu~t:ni 
Mou111,1i11, amJ the Moc,ian Pl.11lnr111, whik the ba~ah lrnt·hy1c 
u~~ocimion •~ lound in 1mh Dohrogeu anJ th1.: C)thinn Ph11-
l1•Im. 
Thi: SnuIh Carpa1hi1111s ((i.:1ic Nappc and Danuhian unlls) 

icldcd by for the lnll,l l<h,ilircrou, Pcrmi.in Jep<l,il• in R11• 
muniu. the ln~'>il n:m:iin~ hcing reprc~cntcd h)• flora tcom­
prc,,cd niacmnora. 111icmnn1aJ. and frc,h 1H1lcr fau11a (ga111mJ 
fhhcs. o,1racods. hh nlvc'-). The Ap11w11i Mountain, include 
dcpu,it, yicldrng. nom (,ilic11icJ 1Hloth. miaotluru). while the 

orth Dohrogc.::\ h:is ) 1cldcd no l1h~ih U) dmc. The Mucs!an 
.1nd S1:y1hian Platl'orm, include faunal n:11111i11,, hut r,al) nnlng­
icul evidence wu~ al,o found in lhc l11lll'I'. 
An e>.tcm111m1I 1ec111nie ,cuing. rt:l,11cd to Late'! Pcnniun nft­
ing, is ~uggcs1ccl h) holh licltl cviclcm:c and lhc g.c11chcmi,1ry 
of the volcnnh: rod" from Ihc Soull1 ('urp,11hian~. Apu,c111 
Mountain,. Mnc~ian and cythian Plu1fo1•11h. Typical rift ha,in, 
arc 1hosc Imm lhc platlorm~. Por urth Duhrogcu. 111a~ma11c 
,1,sotiu1iun~ illmil.ratc the tram,itiun 1'ro111 u comprc~siom1I. po~t­
i:olli~ional ~ctting in the Early Pcrn1iu11111 a Ir;111~tc11,io11;il ,c1-
1Ing in the L111c Pei nhan. 1 cla1cd tu 1hc tectonic c()llup~c uf the 
Hcn.:ynian .:.:rust. 

Pamlc i-/111111• - Pcnnianu: ,cdintentvlogia: palco1llnlogi,,: mag 
muli~nm: 1c1wnicu: Rrnmmia. 

Rio.,,1111111 - I dcpo~iti J"ll.!flniani tlcllc 1m.1ggirni 1111iti1 lc1to111d1c 

dclla Rt1111Mia (Cru-ro,i mcfidit1m1li. Caf!'-'lli oricnrnli. Mn111i Apu­
~cni. Oohmg.ca sc11c111riu1111lc. Pia11nfom1c Moe,111 e Seitica) ~unu 
rnppn.:,c11tu1i es,c11,ialmc111c da fal.'ic~ cunti11c11Luli rnn rnruttai, 

,tichc di moltl"c I n1d hfd~ corri,pondono alkt fades do111im111tc, 
n1a pcht1 (.~/11r/e.1J lit colrn ncru afliora110 11hn:'.,1. in pii,i1ionc "'l­
hista111.:.:, 11d (.';1rpa,i mcridionali c nci Monti Ap11~c111. In 11111c II: 
"tpm ciUJh:. ttrcc, la sccli111c111J1Jionc ,i c,prc,sc pri11cip:.1l111c11Ic in 
~i,temi <.Ii coni allu, ionuli. lluvinli c la,u,1ri. Condi1i1111i di pi,111:1-
lonna carhonallrn L11 murc h11~,o ftirrnlo linlitat.: nll,1 ,,nm: ~e11cn­
trio11alc ~klla Pimwform,1 Muc.,ia, ncl \'ONU dcl Pcm1iano inlcrio· 
re. l;vuporiti ~• cmvuno a~~ociu1c t1 ,vtl l>ed, ,nlo all'i111crnn clcllc 
pia1111fo111\C. II rccoru ,cdimcnwrio dclla m:iggior partL' dci hncini 
111cl11dc ,cqucn,c v11k:1110-,cd1mcntam:. II vulcani,mo pcm11:1110 
fu himo<lalc. con un 111archi11 di natura ;1lc:.1li1m nci Monti 1\pu~c 
01. ncllu Dohrogc,\ 'l'ttcntrionalc c nclln l'1a11ufonm1 Scitil':i. L' u,­
~ocia,u,11c h1modalc h:1salto/1111li1c iicorrc tipicamcmc nci Carpa 
,i mcntlionali. m·, Monti Apus1:111 c nclla Piauarorma Moc'iia. 
111c111rc l'u,,tli.:iu,ione ba,.ihll-trtlthitc c prcscr111:. in Dobrogca me 
ridirnwlc c ncllu l'inttafomi:i ciucn. 
I Carp:111 mcmhonali (Falcla licltca c t11lili1 Da11ub1chcl 1.'Cllllprcn 
Jo1w Lli g;.111 lung.i j 111ugg1ori dl~fJo,ili ros,ilitcri dclla R<1m;1111;1, 
con rc~ti fos,ili rapprc~c111uti da norc ( 111ucmtlorc limi1a1c. micro­
nw a)<: founc tpc..ci gant,idi, m,11·aco<li. t,ivalvi). I Mo1111 Apu~cni 
includonn dcpo,iti a 11oru (lcgni ~ilic111;1t1, 1111cr111l11ra). 111entn! la 
Dobrugcil ,cucmrionulc 11011 h;i ancorn du10 fo,sili u1ili per even 
lll:ili L1:mvio111. Le Pinttnlormc 1'vll1Csiu c cit1L'a comcngnno rc,11 
fau111slici: 1u11avia. nl!lla M.'Concla di c,se ~ ,1ata anchc 11scon1ra1a 
lu prc.scn1r1 di clcrncn1i ralinologid. 
L n :1,~c111, tctwnico c~1c11'1011alc l'ifcrlll> al ri]r111;: pcr111itu1n c ,ug­
gcrito da cv1dcn1c tit c:1mpagnn c dnlla gcochin11ca Llcllc roccc vul­
c:um:hl! pmv.:nicnll dai C':11l)a✓ I 111criJiunali. llai Munti 1\pu~c11i. c 
dullc Pio11ulor111c Moc~ia c c11ic:u. Buemi tipici di l'i(t ~ono qucl· 
h di pia11:if1.1rmu. Per ym1111u riguarda Ill Dohrogca ~cucnu iunalc. 
le il.'>~OCiaLillni magmatichc scgnano la lfilllSllillllC ,In llll il~SCtl(I 

l!OIH))rc~,innulc t: po,1-eollisionalc. dt1ra111c ii Pcrn11a110 infcnorc, 
nd un ~,cm1 tru1Ncn~ivo. rifcrit(I ul collus~o h:11011ico dcllu cro~ln 
crrnrn.:a. ncl rur-,o dd Pcm1inno sup<:riorc. 

Geological hmi1u1c of Rom:tni:t. I. C.trnm,cbcs Str .. 7967'6 Budiarc;,i. Romumn. 
L'nhcr,it) ofBucharc,L. Facult} ofG.:olOg) llfld Gcoph),k~. Lahor.llOI") ul Pulucn111olog) I, N.Hul1x·,c111\vc .. 711111. U11dmrc,1.1<01111u11a. 
N,11ionctl ln,1icu1c nr Mill'inc Gcolog_) and Gcncenh1gy. ~3-25. O Onciul Sir. 7X1 IX Buchnre,1, l<om.inm. 



A. ScJ?hcdi. ,'\11. Popa. U Oa,c and I N,cnl:1c 

I TRODLICTIO 

In Romania. Pennian depo/.it:-are exposed in the Alpine 
belt~ ( ~,~t and South Cllrpathilll1:-, Apu~eni Mountains and 

onh Dobrogea orogcn). bul they are al~o known from 
borehole:,. in the Moci,ian and Scythian Platforms ( Fig. I ). 
In tht: East Carpaibians. scarce tarigcnou:, sc<limcnt:,. over­
lain hy Lower Trias:-ic-<;andstone:,. are a~cribed to the Per­
mian within the Bucovinian. Sub-BL1covinian and lnfra­
BucO\ ini,m appe!>. In the South Carpathians tb...: Penni.in 
llt:po.,its .ire recorded in both the Gctii: and Dunubian 
Nappc :,ystcm~. The Pt:nnian occurrences are confined to 
the central pan nf the Apuscni Mountain:- (Co<ln.1 und Bi­
hariu Nuppe sy~Lems and Bibor '"autochlhonous .. unit of the 
Codru Moma. Bihor and Pmlurea Craiului Mountains). 

The Pennian i-,cdime11tation took place in several basin~ 
in tht: Sornh Carpathians - Rc~it.1 and Pui (Gctic • 1appe). 
Sirinia and Prcsacina (Danubian unit,) (Codarcea. 1940: 
Railcanu. 195>; Still.t & Luia. 1968). Small patches of Lhin 
Pcnninn red beds. mostly fanglomcratc~. initially (bcribe<I 

:h ··Vemicano .. facics. an: ,callcn:d locally in the area of 
the Danubian Window and in the Godeanu outlier of the 
Getic Nappe (Gherm,i. 1937: Pavclc,cu. 195.1'. 

The R~irn Bnsin cxpo:,es lht! ,edimi:ntary cover of the 
Getic I appe in the we~ternmrn,l pan of the outh Carpathi­
am, (Banat region). It is a north-:.outh dong.ited ba.,in. 
faulted ,md folded longitudit1ally. it:-. depo~it belonging to 
a Variscan (Wt!),tphalian A'!-B-Lowcr Permi.111 - "Autun­
ian .. ) and an Alpine cycle tHcuangian-Albian). The Pui 
area is located within the Hateg Der,re~~ion (central South 
Curputhian),), which i), dominated by Mcso,oic and Ter­
tiary deposit:-.. 

The irinia Rasin represenb. the cover of the Upper 
Danuhiun uni1s and lies in the :muthwc!>temmo:,t Carpnthi­
a1h (Banat region). mainly within the Almaj Mountains. It 
is a north-south oriented bm,in. locmed eastwards. of nnd 
pnr.,llel 10 the Resita Basin. The Prt: acim1 Ba~in. oriented 
nonlM,outh. lie:,, ca:-.tward, of the Sirinia Basin. Both Danu­
bian basins include products of two muin cyclcl--, u Ya.rise.in 
:incl an Alpine cycle. 
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Hg I - I 1~.11mn 1111111 anti d1~1rihu1io11 11r Pcnnian dcpo~it, in Romonu\ 



r,,,, f',·rn11<111 Snt, m III Rom,111111 

The Permian of 1hc Apu~cni Mou111uin~ i!-, 1-nown in 1he 
Codru appc Sy~tcm (Dicva. Moma. Fini~ and Codru 

:1pp1::,) ot' Ihc Codr11 Mom,1 Mo11n1:1in1,, :i~ ,wit :1' in 1he 

Biharia :1ppc Sy~tcm (Garda anti /\ricscni N:ippc)o.) and 
1hc Bihor Unit ( Bilwr "'AutochLhonou .. ) of the Bihor a11~I 
Padurea Craiului Mountains (Blt:ahu, 1%3: J:..tocescu ,,, 
11/ .. I 970: Patrulius. I 97~: Bon.lea & 13ortlca. 1982: Bleahu 

et al .. 1985: Dimi1rc\<:u. 1988 ). Rci:cnl ~llltlic, ( Bllrtlcu & 
Bl>rtle;i, I 99~J 1·cw:iletl the preM!llCc of Ihc Lower Pcnnia11 

bioturbatcd ,andstoncs in the Highis Mount~iim, (south­
we~h.:m pan of the Apuscni Mouniuin)\). 

In 011h Dobrogea. Penno-Carhoniferou!--conunental 
~cdimentation took place in largely E-W oriented, narrow 

piggyhad, bw,in~ rdatcd to back-urc thru'-ting ( cghcdi & 
Oait.:. 1995 a). The NW-SE elong.alinn ol the outcrop area 
of Curnpdit Formation ( Fig. I) b tht· n:~ult of -.ub1,cqucnt 

dcformmion. und preservation of the Upper Pnleo,oic scd­
imcnh in the core of n Kimmerinn ~ynclinc. 

An E-W oriented rill ba,in controlled the Permiun ~cd­

imcnlatinn in lhe nwthcrn pan uf 1hc Moe~i:111 Pla,rorm. 
fhi:-. wa~ lncmccl ~outh of :in clongrned ba~emcm high 
(Crniova - Bal~ - Opta~i ri~e) (Parnschiv. 1979), which 

probably rcprc~en1cd a rifl :-.houldcr. 01hcr parl of the 
Permian bm,in occurTcd in the southern part of the Roman­
ian Moc:-ian Platform and continrn:d ,c1u1hw:ird~ into 1hc 
prc),c111-d:iy Bulgarian terriiory. 

The Scythian B,L,in. hordere<l anti fragmented hy nlajor 

fouh~. i~ orirntcd W W-E E an<.l indudc!> the A lual-, am-

Lu :incl Lower Danube sub-ht11,in~ (Neaga & Moro,, I ~>87). 
,;epnrmed b)c 1cctonic ridge1, or pw,h-up~. 

STl{ATI (j lti.\ I'll Y 

Coar.-.e-grainetl :-.t:tlirncnL, (I laghima~ Brcccia,) i11 the 13u­

covinian Nappc of the 81$t C.u-pathiam. con~i~ling mainly 
of um,011et1 dast., of mctwnorphic roe!...,. were :t,;erihcd 10 the 

f>cm1ian i11 Rarau and I laghimas J\iloum,um,. ba.-.ed on paly• 
nological ~1:,;,;ticialions ( lurcsan. 1970). In the Bucovinian 
and Sub-8uwvinian Nappe:- from lhl.' Mar.:unure.', Moun­
wins. the Haghimus Brcccia directly \lverlics 1hc metamor­

phic b.L,c1r1ent mid is unwnforn1ahly overlain by red Perm­
inn ~ilic,dn!--tic:s: ba~cd on field relation:s. an pper Car­

honifcrou:-. and po~,ibly Lower Pcrmian age wa.-, ascribed to 
the~e rock~. ovcrlnin in 111rn hy Lower Tria:-.~ic ,cclimcnt:. 
(Sandule,c11 t't al .. 1989). A Penni an age \\.n, a,,igned 111 the 
red ,andstonc:, and conglomerate, fnm1 the lnfrahucovinian 

Nappe:, in lhc Mime ;Ire;I, by li1lmlngi1.:al corrcl<1tion wilh the 
Ro:,,i:s seric, from Ukraine ( Sandule:scu. 1985), 

The Vari,can molm,:,e deposit!-of the Rcsiia Ba~in arc 

,ub<livided into thi.: Uppi.:rC1rbl!11ifcrom, \"W\·,I.ph.ilian A?• 
B .. - "S1eplrnnian") Rc:-.ita Formation and the Lower Perm­
tan ,.. utun1~111") Ciu1fanovi1,1 Formation ( Bucur. 1991 ): 
lhc latter co11,ist, of lower black dcpo~i1:-. (the Girli,11: 
Member> n,c!'lain b) rell bed, (lhc Li"ava Member) (Fig. 

2). The C1udunovita Formation lies conformabl) (wc,t 
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ward~) or unconformably (en tward,) on the Upper C.ir­
blmifcrou~ clepo:-.it:-. of the Rc~ita Formation. :111,J it is un­
conformahl} overlain by the Ll)Wcr Jurnssic deposits of 
the Stcicrdorf Formation (the lir:-.1 unil of the Alpim.· cy­
dc). The typical mol.i.sse characteri!>tics sugge~t that 1he 

continental deposits of tht: Ciudanoviu, Ponnation accu­
mulated in an intr.1mol1lane depre:-.~ion. During Lute Cc1r­
bonifero11:,, and Earl) Penuian time~. the latcrnl ~hifl of the 

clepo:-.itional centre of the ba-,in explaim, the numerous hct• 
cropic. partially juxt.iposed Upper Paleozoic ~cquences in 
the Rt>~ita Ba~in (Stanoiu t'/ al .. 1996). The Girliste Mem­
ber is the lowest Sl'.qucm.:c of the Lower Permian, domi­
natcd by l.icu~trine dcpositi-. Its thickness ( I 50-300m) dt:­
cre:1:-.e:-. from the west I Lupac. C'iudanovita and Jitin areas) 
to lhc ca~l. di5.appearing in 1he Secu area. Thi:-, mcmlx:r 
rnnsish of black pelite, with \and.;ione and freshwater 
lime~tone interlayers; rare minoconglumc:1111e, or thin 

CODRU MOMA MOUNTAINS 

ctwl layers abo occur. The Lisava Mcmbcr i), rcprc),ente<l 
hy 1ecl beds (red. green and grey ~andMones. clay1>. con­
glomerates). with fre~hwatcr limestone interbcdc;; rare vol­
canic wff and tuffite interlaycrs occur westward~ in Lttpac 
area. Its lhickncs::, varie, between I 000- I 500m. The pale• 
omological darn recorded within the middle part of the 
succcs~ion indicme an upper Lower Pennian r·Autuniuu .. ) 
age. but lhcrc arc no marker), for younger ages ("Saxon­
i.111" -.. Thuri ngian "?) recorded for the uppcrmo,t se­
quence~ of the Lisa\'a Mcmbcr ( Antonescu, 1980). 

Below the Lower Juras~ic depo~it::, in the Pui ilrca. 
:.carce outcrops or grey s,mdstonc:-rcl·overed clo:-.e 10 the 
Cioclovina Cave yielded palynological a~semblages a&­
cribed to the Lower Permian (Stma & Lma. l96~; Stilla. 
1980). 

The Vari scan cyde of the Sirinia Ba),in ( Fig. 2) i~ rep• 
rcsemed by ··wc~tphalian-Steph.inian .. elastics ovcrl,1i11 by 
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the Lower Permian ..,ccJiments ol the Povatina fonnat1011: 

this Pcrmian sequence unconfonnubty rt'"IS on tlw lt1wer­
midcJlc ··swphunian·· dcpo,ih. upper "Stephunian'' ht:ing 
ahse111. The Povalina Fonnmion include, black and grey 

halo!$ (S1..1rkica Member) nvcrlain by n:c.1 bed!> I lcfi:,lW:.t 
Member) ( Stanoiu & , tan. 1986 ). The lcl i:sova Member 
conformahly ovt:rlie~ the S1aricica Mcmhl!r in the central 
area:s of the ba:.in. and unconformably n::-.t:-. on Ihc base­
mc11I Iow~11lh the marginal par1' or the ba~in, mainly ca<.t­
ward:s <Starn)iu ,,1 ed .. 1996). The red bed!> a~ dnminatcd 

by lhid, volcano "cdi1m:ntar) ,cquencc~, with local laeu~­
trim: lime!stone~ 1 Railcanu. 1953). Paleosol layers with 

t'uliche concretion$ often occur in t.hc rc<l bcd ,;cqucncc. 
The volcano-scdimc111ary dominance i~ very ~lr<ing with­
in the wc~tcrn purl 01' thi: Sirinia R,hin, while to LIie em,t 
the ,ed1111en1a11on 1, more terrigcnous. The black fine da,;, 
tic:, or the SturiC'icn Nkmbcr an.: thin and fo,,;ilifcrnu,. 

Within the Prcsacinu Basin. the Lower Permian de­
pn,it:- $how both te1Tigcnou-, (~d bed.;) and volc:111idn.;111: 
depo:-its (Codarce:t. 1940: :t!sla:-canu I!/ al .. 1973: a­
,tn:-,cnnu. 1975. J IJ87) ( Fig. 2}. 

Vok:aniclastic. volcanic and tcrrigenou:- Pcrmi:111 :-.e­
cIucnccs are cxpo:-.ecJ in variou, units or the central Apu:-eni 
Mo11nt,1in:-, {Fig. 3). The discovery or Lower Pennian ("Au­

tuni:rn~J i-od.:- is hn:-.c<l 011 geometric and facics criteria: .1 

ru~:-,ihlc ··S .. 1xonian" or c,cn younger Pcm1inn .igc i:s indi­
ca1ed h) ,ilicified wnncl remain!'.. The ha.,~1I phyllitic sc• 
qucncc oft he Perm ion corrt'~pomh to Lhe black birurninou:-, 
pditcs and i-; overlain by n:u bed:-with 1uffoceou:-i11terhed:-,. 
To the cast, in the Bihor Mountain),, the Lower Permian 
con,i:-,ts ot !>hcarcd conglomerates; lht: Upper Prnnian -;c­
qucnn: 'itam either with ignimbritic rhyolite,. or with hrec­

ciw, and l"a11glo1t1crutc:-sourced from the near by Inclal1)0r­
phic basement. The fanglomcrates intcrfingcr with rnaN: 

,and.;toncs nr fin,: shak ,cquencl''· ,l\ well ;i, with ign­

imhritic rhynlit,.;., and 1.K'ca~ionall) with ba~uh~. 
The ,1.ratigraphy nf llle Pcnno Carboniferous comincnrnl 

dcpo~it)> (Campdit rormation) ol North Oohrogea rncludc~ 
a lower member ot' grey ::illu, i:tl fan - alluvial plain ,cdi• 

mcnts (loosely a,cribcd to the Curhonilcn.iu,), uI,con­

fom1:ibly nwrlyi11g Hhk:r mc1am11rphic b~ cmcnt or Siluri• 

an-Ltiwcr lxvoniun ,ctlimcnh: 1hr: .;ut·ce~-..inn con1in111t~ up­
:.cquence with red lxcb (0.900 m Lhick). ovcrluin in tw·n b) 

an upper vokano~edimcntary mcmhcr (Ouic, I9H6; Seghc 
di & Onie. 1986. 1995 h: Sqihcdi c111/ .. l9X7l (1•1g. 4). 

In both the MrX'.:-ian and Scyt.hian Plalform_..,, the Pcm1i• 

an overlie~ older Paleo,oic ~equences (Fig. 5): 1J1e Permo­

Tria:;sic boundary i:s nftitn difficult 10 trace. ~ince both Per~ 

mian and Trias~ic ,;cdi1111:11ts ~how GcrrI1a11it' fucic:, dc,cl­

npmcnt. Evaporill:~ l>Cl'llr in red f-x.'d!s tfcvoicl nf l.1rh11natc 

,edimerw,. ,ugge:,ting t1 cJcsen or t:o:i,t;1I ,abkha cnviro11-

men1. In the Moesian Plarform. rcJ contincnt:1I depo~it, pI\·­

vail. hut recent 111kropalcontolug1cal t:\ t<Jcncc Mrggt:'>l~ the 
p,e,,cncc of ~hallow-marine. L1)wcr Pcnnian carbonate ln­

c1~s in "tHll~ part~ or the platform {Pana, 1997) thg, I. 5). 

17,c red hcd:-, arc interhedtlcd with prod11cI-. of birnucJal vol­

c,111i.~1n, wi1h rhyolitic and ba~ahic ,·oct.., pn.:w1iling in Ihc 

Moc~iun Plutt'onn. und th..: ba:.:111-truchytl' ,I~scx:r.ItI011 well 

l'cprc,cnwd in the ca:.tcm part of the Scythian PlaIform. 

P LIWNTOl,Q(;JC L O;\TA 

Palconttilogical data wen: n.:cortkd frn the Rc~it:I and Pui 

hai>in~ of1hc Gctic appc. the Sisiniu Ba~in of'thc Dunuhiun 

urnt,. the Codru-Bih,ma appc:. or the J\pu:..cni Mou11Iuin~. 
and the Mnc,;ian and Scythian Plallc:mn-.. o pulcontologi-
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r.:al evidence ha~ been recorded ,o far for the Prcsacina 
Danubian Bm,in of 1hc South Carpathian:-. 1he Bihor Au­
tochthon or the Carapelit Ba~in in Nonh Dobmgen. 

The lir~l palcobola11ical data from the Re:,ita Basin were 
recorded hy Stur ( 187()) and Telcgd ( 1890). citing vuriou:­
Pcnni.111 ,111d Upper Carbonift.:mu!\ mcgidlor.1 w:-.a. These 
tax:1 wt:rc later r.:ited hy Schreter ( 19 I 0), Bitoianu (I 973. 
1974. 191-17. 1988). Amonc,cu & a::,tn::,canu ( 1976) and 
Drngastan l!I al. ( 1997). Popa ( 1999) undcnool-. a ta:,..o­
nmnir.: rcvi::,ion and ha!-estahli!\hcd for the fir:-t time the ma• 
juriry of 1he Pem1ian megatlora taxa of the Ciudm1uvit.1 
Formation: CalwnilC'~i ,p,. /\111111/(lria er. .11e/la,a, /\m111/c1ria 

d'. sphl'11011hylloidl',1. 1\~·1cmphrlli1es /011g/foli11s, Splw110-

pltyl/11111 oh/011gifoli11111. A1111111i<I c1111fcrw. A1111111ia 1u111-
111w111ii. Aml111rd1ia ~C'i1t•ihd. Lodl'vi(I rnl>erl!\'u. 
Gnwil11p1cri.1 h,·1J:i-11111ii. J(/111cf1yJJh\'ll11111 \'Cht'11kii, Nt'11-
n,p1eri.1 d'. c11rrlt11a. Nt•11n1p111ri1· ~p .. Odo11I1111f<'ri, i.p .. 
P,1cop1i:rl.1 p11/y111111plm. '.'Li110/JU'ris sp .. Cvc/0111,•ris ~p .. 
!'t'('llfJleri1 er. poly111mp/l(f. Tamioptt'ri\' ~p .. /\lc1/i11J1f<'l'i.1 

~l'illeri. Cordatte., /ll'inc ipali.1. Wa/rhia 11i11ij'nr111i1. Emc•­

. ,,inde11dm11 fllil'(f11r111i.1, ?01111 ii·ia ~p .. Cwpoli1//t•~ ~p. /\ 
am.I Car110/i1f11'.v sp. B. for the Girlii,tc Member. till' pulc­
oflorn :i.rc <livcr,;c and well pre!,erved. represented hy pteri­
dophytl'.~. plcri<lospcrm~ and conifer:-. recording :-ome Latc 
S11:phani:111 rnxa ,L, well a), Early Permian taxu. For the 
Li1oava Member. Lhe uivcn,ity of tht: norn de1:rt::.ti.es 1-ub­
,tamially. with only Wakhiaceae conifer), occurring. 

The palynnlogical a1,l,ocia1ion~ of ll1c Permian deposits 
of the Rcsita Basin ( Bcju. 1970; Antone~cu. 1980: An­
wnc,tu & a,ta~etinlt, 1976), record an early assemblage 
with Flnri11il<'I'. within the lowcrmo,t part of the Girli~te 
Member (black sediments). and un upper assemblage wi1h 
Poronieisporites. in the upper part of the G1rliste Member 
and within the Lisava Member (red beds). 

The first a~~rn,hlagc. with Flori11irl'1. is Jwnimucd by 
fluriniles di,. ~r-u-: c·in-11/ari.1. /•. er. J1111im•. I·. !>p .. 60-
90111 of the a::,semblagc ), followed hy P,,1011ieisp11rite.1 

11m•ic·11s and P. hlwrudwaji (8-1 S'k) or· l?e1irnlt11ispori1e.1 

fi1ce1Us. Pla1,1·w1crn.~ /ltl/Jil/ioni~. Alispnrill•.1 div. ~p. (/\. 
al'q1111.I. /\. l'lf<ll'l'll~i,. /\. sp.). Pi1.1·orpori1er ~p., with le~., 
than J-}tfo (Bcju, 1970. in the Cilrli.,te area). Antone:-cu & 

:.t~Ul'-t',lllll ( 1976) (;ited the same assemblage from Vidra 
Valley tGirli-;rc Member). r.:u1Tclating the ,one wi1h the 
1.one A I of Doubingcr ( 1974 ). They al,n cited S. Lura (in 
Antone~cu & nstascanu. I 976) who dc<sr.:ribcd a Lower 
Pcnnian nsscmblagc wilh Uro171ora kom11/.;1•i. Rai~1ril..ia 
1111<·m/111rritla, Co111plc•xi.1pori1t•s cl1C1!011ai, Conlaili11a m· 

tatu. C. 11mlt!nsis. Ffori11i1t'S .1i111ili.1. I•: l'C1la11s. P. 11ovh·11.,. 
Vi11wilw simpler ancl r.111/,orlisporircs w•rus lhm1 the Se-
1:u-Lupac area. 

The. econd a~~emblagc. dominated by Powniei,,·11oriIcs 
div. :-.p, ( P. 1101·ic11.1, P. hhumtlwt1ji, J0-70<A ). is al~o repre­
-;ented by F/11ri11irex div. !>p. (F. <'irl'lllari.1. 1-: d. j1111ior. F. 
::,p .. 15-30% ), Pla1isuc1·11., 1111pil/io11is. /\li.fpnri11,.1 div. sp . 
(/\. aeq111Is, A. scl(tre11si~. A. "P·· 3-10% ), Pi1.w,.11wri1cs "P· 
( 3-8l'k) and SIrialoahie1ires p. ( Beju. 1970, in the Gfrlbtc 
zone). To this a!>'>emblag.c w.i.., added Cmcirnr·ci/1'.1 sp. and 
V,•~icaspnm ll'ilso11ii by Antone~cu & Na~ta~eanu ( 1976. 
fm111 Viclr.1 Valley). these author:; corrclming the assem­
hluge with the zone A2 of Doubingl'.r. and later. (Amonc­
)>Cll. 1980) lcio1rilt'te.1 sp .. Vermrnsiv11ori1,,.1 :,p .. d. Coll• 

1·1,1ri<'isp11ri1l!s :-p .. Hal/e1hecn J'l'tirnlata :md cl'. Schop­
ji'polfr11irc.1 ~P-in snmple:-. from the Jitin-Ciudano, ita 
Vcchc Valky~. Thc,c u,;sembl,1ges were describe<.! from 
the basnl or terminal ,cqucnces of the Girlisle Mt:mbcr. 
Furthermore. from the median ~c4ucncc of the Li~avu 
Member (within the Permian red beds) Antonescu & a­
~t,l'eanu ( 1976) identified an assemblage with cf. l'1111c-
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l<llif(lorirn ~p .. C.irw111la1ts110nrc•s ,p., /,oJJhotn/Nn ,p .. 
d. /?(•1imlispori11•1· -;p .. d, N<'nrai.\/rikio ).p .. K110,1is1mrile., 

:-.p .. '!Spcr'io.1·1mri1£-.v ,p .. (i111'1orlis11ori1(•,1 ,p .. l'oto11iei­

sprwi11'.1 Jiv. ,p. (P. nol'ic'us. P. hhe1mdw11;i. P. cf. 111icm­

d1•11.,. P ,w~lectus). Nori11i1es !>p .. Cr11ciw1ccitl•~ sp .. \'it-

1I111I11 1·11.1111hi'/1.,, l'1'1Jtu/11111/o.1ypi1111.,. SIi ia1upmlon11pil(•,1 

'f.>., ll11111i111mfli-11/J1•1· !-fl., (;i11/..Mo1·1·cadopln1u., :-.p .. c f. 
Ciwrle1w.,·1111rit1•s l>p .. /'/u1_1·.,aff11.1 :-.p .. Alisporite., cf. lll!-

1111111 ancJ Vc·.,·i<·a1·pora 1l'i/.1m1ii. Thi,; i, Ihe uppt:I mm,1 p:1-

lynological m,scmhlage dcstrilx:d wi1hi11 1he red heds. fo­
cic:-. and i1 h considered Lower Permian ("Au1unia11··1 in 
age (1onc A2 f1•11.111 Doubinpcr. 1974). In u paper di,­

cus-;ing 1hc agc of 1hc recJ beds of 1he Rcsita Busin. An-
1011cscu ( 1980) a111·il>t11cd at ka,1 an Enrly A111unian age IO 

the 111icrollm.1 r,om 1he bal><tl :-.cqucnec:-.. bu1 nm excluding 

younger ~1ge-; (Lale 1\u1unian'!) for the upper M.:quenu.::-. of 
the red bc(h. which lad, p,ilcontological cvidem:t:. 

The founu. of th~• Rc-,iLH Basin include-. foh remain~ a:-. 
/J11/111•oui.11·11, d11wm11y (Eufro~in. 1957) and lht' b1valvc:­

C11r/u111irn/11 rnr/Jm111ri11 and Amhrm·om\a cl'. 1/11ir111~l!mi,. 

AL Ciodnvina. in the P11i arcn. S1illn & I .11111 ( 1968) men­
tioned an<l figured A:.m1m11m"1t,,,,,., wi/~11ri1. Ldmrileie., 

c:ul<i/em,, f'1111c1111i.11mri11•.1 ),p •• /~ 11h/1qH11.1,?. .1p11tl111/i1111.,. 

l\::u11otril£1tl'1 cf. r11/!crrnla111,1. I\. 111invmxo1·11,1, A. cf. n•~i.1-

11·11.1·. L.i1t'Vip.mhporitc1· -;p., Pt'111p/1ygalt•1c.,· 111i11w. Ul'/1,·11-

lmospr,ritl'S Ji.11·c1111. P1111t·wris(lori1t•f 111,11•01fioid,.,,. Cl'cl11-

,s,rc1111\p11nl('' lt'O/)(}fi/1, c,rntlnpir,•, ,p .. \/i1ri.1puritc., d', ,·ig­
(((1/1/S. Eplwdr/111'11'.1· pri11111.v and Pi1_1·0J/10l'itex :-.p. Thi, .u,­

,cmblagc wu:, cnn:-.idcrc<l Early Perm inn in age. 
The mcgallnru of the Pnvalinu Form:11ion in the 1-iirinia 

Ba-;jn wa~ cited by Teleg<l ( I XlJO) and Raileanu ( I 9S3 ). A~ 

their material i:. 1101 yc1 revbe<l. their lil-1:> im:luuc old dc:-­
ignmion, (ffv11w11opliyllitc1 1c111ia/la1t1~. Odo111op1eris oh-

111.,i/11/>11. etc.): however. Wnlc/Jia 11i11{for111ir and Cordoire~ 

,,,m,·1puli., were 11,cni ioncd. 
Antom::-;cu ( 1980) rccngni~eJ from Sirinia \\di no. 

22766/5H6 t Be, 1w,ca :wca). within the Pov:ilina Formmion. 

a paly11olog1cal asscmhlagi.: with Leiotnlerc,· :,p .. Die­
l) op/J_, llitlite., ,p .. Calw110~'l1om lm•l'irculiota, C. 11111/uhilis. 

<Jm1111lmi,'lmri1l'.I' ,p. I. 2. Nigri~11orir1•~ 11i;:ri1cl/11s. l'1111C· 

101i.1JmritP.1 ohliq1111.1. P. ~p .. C,w:l11,~n111i.1pr1rifl•:,, cl. palaeo­

f)lt1·111.1, C :,p .. l.111>l101rile1es .,rotii. K11oxispori1e1' d'. glo• 

11111.1·, Cmss1.1p1,rc1 cf. /..o.1m1~1•i. /Jw1•ig111i.111oritt'.1 d. t'lfl­

R<1ri ~. I~ cll'.1'11111/111•,·1•11.1i.1·. S11i110.11mri1,•1 e.1 ii:1111.1. flori11i1e.1 
,pp .. d'. l'oro11il'i111m·it(•1· ,p .. \/iltall/111 l--)) .. \1•~1cc1.11u1r11 

1\'i/.wmii und Cii11kgocycadoplty111., '>fl, The :isM;:111blagt: i~ 
<lominatcd by Lat'1•iga1isporirc1 and l'1111clllti~JJ<1ri1e, 

11b/"111u.1, and it i~ con),rdcrcd Lme Stepha111an • Early Pcr­

mian in age. 
Faonal remain~ frnm the Sirinin Basin con~b,. of 1he 

rrcsh water bivalve~ Corho11in1/(I ,·c1rhmwrit1. l\11tllra­

m111_,·a tll11ri11gc11.,i., and the mtraco<l t..,1/writ1 ~p. ( Railcnnu, 

1953). 

The megallora recorded for the Codru-Biharia .ippc 

. y-.1em ~ire very scarce. roprc~cntcd only by rurc rachi,;e1,. 
which arc im))\,~:-.ihlc tn idem if)'. Silicitied W(XXb. collect­
ctl frrnn 1he red ht!d ,uqut:nce,. wc1~ cle~crihctl by Arabu 
( I lJ-1I) ~" D11dnxrlw1 l>J). Mmy,L,i ( 1998) rccordc<l -;ilicitied 

wt1od fragmcms i<lcntilicd by Popa (th;1nJ..'1 10 J. Gallier' 
from Montpcllicr. Fr:.111cc) :.i:-. /Jm/0\ylm, of type Ill .,,·11.111 

Doubinger & Margucrier. 1975: they may r"Cprcscnt a mark 
er for :i JX>!-~iblc Lute l'ermian age lor the ubovc.me111 ioncd 

rcd•bc<l:-.. 
1111:: p.ilynological a~,cmblagc idemifietl in Lhe Codrn 

;"\bppe (::11 Sc;1risoara1 ,s rcprc. emcd hy Cnlomospom 1111• 
nr1mgosa. 1ill'risJ1(11·itcs 111·1wHidal11·, Vcrmcm1wn1,,., :,,p., 

Florinite.1 ;;p .. C\'cado11i1c·s ,p .. \li1111thw ,p .. A::.m1111ri/('t1·.~ 

et'. 1wdo.111s. Z.,,1101rill!tef et'. w111l1i/11~. /\:m111ft•rt•, 1·i111i/il. 
.)tt'110-;.lt,,, 1·011I1J1wt11.1 and .\. cf. l111fhiji>m., ( Vb.ufon & 
DimiLrescu. 1971 ). This a~~emblagc b rclalcd 11..1 :i L.11c Cur­
honifcrou~ - Early Pem1ian 1ime in1crval. 

The prc-,cncc of ich,mgenou, Pfn110/i11,.v i:-. ,ugg.e,1ed to 
qIppoI1 an Early Pcrmi;u, age of 1he himurbn1ed 1>ands1onc~ 

from the Apuseni Mountain~. a:-thi~ il-hnogcnu1> i confined 
IO the Lower Pcrmmn (Rotliegcndcs) fmm the Thuringer­
wnltl. in Germany. and wide~prcud within ct~val forrna-

1io,,s i,1 con1inental focic, from the Sudcts (Poland) and 

Wes1 Carpathian~ (Sim akia) (Bru..,tur. 1986, 1997). Morc­
ovc1, it.lcn1iticatio11 oft.he re.sting. trace of a primi1iv aquutic 

amphibi.1n of J>i11/of'a11l11s type Ulem111111/11ril'l1,r11s 1>11-

11·11/i111i) within the b1oturba1ed s:mcl.s111ne), from the Fini, 

Nuppc (Padureu Crniului Moun1.1ins) enable::. t.hei.r con·da­
tinn with the Lower Pcrmian from Thuringcrwakl (Brustur. 

1997). 
Within 1hc ccntml-ca~1crn pon of' 1he Mne~ia11 Plutlorm. 

palctmtological da1a from welb Ileana. Hirlc:,ti. Pcrctu. 
Pt,:ri~ and Arnara i11dica1c Early Pcrmian marine environ­

ments ( Pa1m. 1997 J. n,c .iutJ1or c.bcribctJ Pcnl'li,111 ~pccie., 
of :,l'vcrnl fora111i11ifi:r group,; Tc:,wl~riina. Miliolina, L.i­

gcninH. Srnfcllidae (nine :-pecies). Owwui11ellitl.ic (~ix 
'J)eCiC).), Schuherrnlidae (three ,pcde~). eoschwugeri<luc. 

l:arlandinidac. odo~incllidac. Cor:illincllid:ic. Dagnwriti­
nac. Loui1e11itinm;. M<•1!Nn111111 sp. was al~o cited. Among 
the conodonh, G11atl1.nd11.1· t!,fel'lus and Sputl1og11u1/wJu., 
ll'hill'i wcn: 1dc1111ficll 111 1hc Lower Pcm1ian. an<l Arw/11m­

~11111!11111ypirofi.1, Ncosputlwd11\ diri:1'!!,ens ;ind N, pmf,mr/11 

in thl.! Upper Pcrmiau (Pana. 1997), A1-lor os1rac1xb. Pa1w 
found Hnrldiu all. men.,is. Conma/..irhia /i111hriu111 for the 

Lower Pem1ian ,md Pe1111im11111hlrmga for the Upper Pcr­
mian. among many mhcr osiraccxl ,pccies tSlsl111elln. ll_w/10-

c)'llris. 'f'omiella. lnil'lla. K1rkyhw, CIC.). 

Pulconwlogit·al and paly11nlogical l.tudielo nl Ihe l'Cd hcd., 

from the Scythi,111 Platform identified a phyllopudc a~soci 
ation with 1'1c11tlontftcria. a~ well u1. spore~ indicating a 
Pcrminn age (Kaplan & SHforov, 1965. 1%6). Gcochrono­
lngil::il <lata :-.how age), of 2lJ0-248 Ma for the a:.sociated 
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volcanic rocks ( c,1g.i & Moro,. 1987 }. 1 lowever. ,L~ the) 
are K- rage~. they rt!pre~ent cooling age,. 

SEDIME1 TOLOCY 

Sedimentological studies on the Pcnnian <lcpo~it, uf 
tJ1c South Caq><tlhiun-. amJ Apu\cni Mountains are ~till in 
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progre~s. The red-beet ~cqucnces from tht: Resita Ba,in 
(Lisuva Member) mid lhe Bihor Mountains ~how frequent 
crn~~-bedding. and their depositional features generally 
indicate alluvial to fluvial cn\'ironment~. The Lower 
Pcrmian sequence of the Rl!sirn Basin coar,en~ upwards 
(StaMiu et al., 1996). 

In onh Dobrogca. the lower terrigenous 111c111ber!> in-
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c:ludc alluvial 1·a11~ to ~dluvial plain d~1sIic wedge,. with 
f:t11glo111..:1:1tt:i. dt11ni11ating the cn.m,c members and sand• 
~wne-sillstoue cycles in lhe tlood-plain deposits (Scghcdi 
& O11ic. 19~6). Red beds make up a 1hick. upward-coar­
l-Cning ,c.:qucnce. deposited by u !sandy braided river with 
tluctuming di~churge. ~howrng upward progradation of 
co1tr!,C. longitudinal bar dcpositi. liver ~and dunt!1> with pla­
nnr cros,-bccb (Oaie. 1986). Suntbtunc petrography :--ug­
ge'-L' that the on!-.ct nf red-bed dcpo~ition was rcluh:d to a 
major cl immic change. ,witching from .1 warm und humid 
clima1c which prcv:iilt·d during alluvrnl fan ~edimentation. 
man arid. dry climace. comrolling red-bed acrnmulution. 
l'hc thick vnlcanidm-iic 1,11cce1,1,ion, from the upper part of' 
Ihe C'arapcli1 f-'orma1inn con:si!,t of ~uperimplhCd cycks of' 
pyrocl,t,tic dcpo:.iLl. and coaJ"i.c rhyolitic epicl:i..,1ic -;c­
quent:c'>. Volcaniclustic rock., arc dominated by l:11·ge vol­
ume~ or ignimbri1ic rhyolIies (up 10 I 000 m in thicknc.-.s). 
in1erbeuded with airfall tum anu bu,c :.urge depusils. di:,­
pluying the gcome1ry or superirnpo,ed flow unib (Seghe­
di t'/ al .. 1987 ). Vcrticul forn:, assocwtions suggest Lhm the 
~•yle of depo:-i11on wa!-controlled by intcm1illt.:nl volc,mic 
cruption-,, Scdimcntological. petrographical and miner­
:ilngirnl c..•,·idencc reveals I hat aceumulaiion of the Cara­
pclit Formation wa" controlled hy two major factor.s: a 
tCl'tonically :K·tivc ,ource area, ~upplying 111eIamorphic 
roe~,. gr.mites und curlier Paleo1.oic -,ediments and an ac-
1ivc vnlc:mic ~ourcc. ddi, cring lnrgc amount~ of fcl1hpar~ 
( mm,tly plagiocl:isc fclcbpm·,) and volcanil- liU1oda,ts 
(Seghedi & Oaic. 1986. 1994: Oaie. 1986: Scghccli er al .. 
1987). 

In the c:I1,tcrn pan of 1hc Alum-Sar:ita half'-graben from 
the Scy1hian Plaiform. st:veial fining-11p~,~11,.b cycle:, urc 
,upcrimposcd in the 1685 m-thid column of Pcrmiun vol­
r.ino,edimentary ,ctIucnce~ pit•rced by hort:holc I l-ur-
111:111ov~:1 (Moro,. I9Xi4, caga & Moro1.. 1987). In the 
western pan of the half-grabcn, the Jii..trihuli11n or tlw 
coar-.c fanglomcrutt:\ -.ugge.,ts sedimentation controlled 
by a<.:tiv11y along the northern bound'.try fault l Fig. I). Fan­
glomeratcs inh.:rfinger and grudl.'. upward, to a finegraincd 
;.cqucncc vf ~illi.tonc, and nwd~lt111t',, with thin. cfacon­
tinuou~ layers uf gypsum and auhydntc. 

Pcrmi1111 magmati,m wa, charncteri,cd by b,rnotbl voJ­
c:.rni,m in the South C:irputhiun;. and /\pu.,cni Mountain~. 
a,1, well as in both the Moc;.ian ~11Hl Scythiun Plutlimns: 
volcanoscdimentary .,cqtu:nce~ are typically developed in 
1110;.1 area;.. with the exception of the Rcsita Bal-in. where 
minur volcanism net:urreu. Or:.mitc intntf.ions look pl,1ce 
,m!y in the ,uuthern pa, t of the Apu;.eni Mouniuins I High­
,., nwssil) 1Ta1u. I Q9X). In orth Dobmgca n volcano-plu-

tonic ,hMX:iation with calcnlk11linc gcochcmi,try j.., well 
repre. cntcd. and the transition to alkaline magmutism 
probably occurred in the I ,ate Permian. rclkc1ing u change 
in geotectnnic -.euing from compre;.:.ion to trnn;.Lcn~ion. 

Acid, rhyolitic volcanic and volcaniclustic deposit:, pre­
vail in the Pcm1i~1n of the Danuhirin unit~ (Banat). Rhy­
oli1ic and Jacitic volcanic~ .:i11d volc:rnidastic-cpiclastic 
successions arc variou~ly intcrbeddcd with continental reel 
hcds. while thick bodies of ignimbritic rhyulite:,, occur at 
the tQp of the Dunubian sequence, (Stanoiu & Stan. 1986: 

Stan "' ti! .. 1986 a. b). The th1cknes,; of the volcanic ,e­
quencc.:s irn.:rc.:usc!-. wc.~tw,,nb. 'rhe vokan"m wa~ bimodal 
( rig. 6 a). as bas1t dykes 1ntru<lc the red bed~ in some ar­
ea, (Pop. 1997 ). und bu,ic now, arc cxpo,ccl bdm, red 
bed~ from lhc righL bunk of the.: Danube (Serbia) (Gruhic 
"' al .. 1997 ). Trnchytic rock, l>ccur southward ( . Grubic. 
oral l'0mm .. 1997 ). An intrnpl11tc selling b suggc:,tcd for 
1hc..,c ruds. hasecl on geochcmic,il data. 

In the Codru Moma Mountain:. ( wc,h.:rn pu:,,cni ). the 
volume:. of both ignimbri1ic rhyolitc:- and hasic rock!, dt:­
er't'.ase ea~, ward, f Oimitre,cu er 111 .. 1977: Blcahu t'f al .. 

1979. 1981. 1985). Thin dykes :111cl elongate rhyolitic bod­
,c~ cuuing Ih1.: older b:N-:mcnt (Blcahu ,,, al .. 1984) sug­
gest that volcanic centre,. aligned in :i NNW-SSE direc­
tion. were located along the prc-;0111 western border or Ihc 
mas!!-if. cvcral ba1>ie dykes. clong~11cd in the )lt)Jlle direc­
tion. may reprt:sent Ihe li:eder channel!-fo, the ha~ie llow:­
imerbeddeu in the miuule part of the Pcrmian ,cqucncc. Ii, 
the Bihor Muu11tains. the ignimbrite e1uptiom, I00k place 
in th1;: upper part ol' the Permian ~cqucnce ( Dimi1rc:-cu l'I 
u/.. 1977}. These acid rocks. 1mnly rhyolite'S. occur a~ py­
roc.:lusLic Hows and luvu !low,. bul :ibo a:, tuffl, (Dilllitrc 
~rn £'/ al .. 1973: Dimitrescu. 1975: St..111. 1983. 198'4. 
1987). Bu,ic vokanic rock~ 111dudc ba,alli, ancl basaltic 
Jndc:.-itc, us pillo~ luva,. minor pyrocla~tic seque11ce, and 
dyke, (13Ieahu e1 111 .. 1979. I9Xl.l985: Stan. 19~7). 
Chcmical analy:.e> ol' the vokunil· roe~~ rcvc:11 both the b1-
mod:ili1y and the nlkalinc t'c:1turc, of the bui-ic rock;.: the 
laucr plot in 1he trachyha;.ah-trachynndesite field of the 
fAS diagram {Fig. 6 b).The bimodal churacll·r of the vol­
cuni mi, explained hy h;,ving 1wo di~Ii11c1 magmJ ~ources 
tSIa11, 1987). 

In North Dobrogca. the volc11no-plu11rnic a,1,oci:uion 
wilh a culcalkalinc gcnchemi1,1ry i!- related to cru,tul cnn­
vcrgencc at the end of the Hcrcynian Orogeny. f-'or thl' 
volcano~edimcnlary nic111bcr of thc Carapclit Fo1 m:,tinn, 
ovcr:tll volcanulogic~tl fc.11ure:, indicate lhat the calcalka­
line vokanism was !,ubaeriul. with calderm, :Ultl plinian 
eruption,, and that Vlllcanit: product, accumulated in both 
i-ubucriul und ~ubaqueou~ environment~ (fluvinl and la• 
custrinc) (Seghcdi ,., al .. 1987). 

Field rclutiom,hip:. indi1,;ute Lhat two major phase:, of 
granite emplacement occurred in orlh Dobrogea. one 
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preceding and Ihe 01her post-dating the dcpo·ition of 1he 
Carnpclil Formation or ut leu!>t it, lliwcr ;,md middle mem­
bers (Rotman. 11)17: Mirau1a & Mirauia. 1962). Howcv­
c1\ Ihc age l)f 1he grnni1es i, 1101 well constrained. since no 

,·cliablc gcochronological dala cxi,t. Younger gcneration 
inlru:,,i\\;!, Ihought 10 have been emplaceu during the Ear­

ly Pem1ian repre:-en1 a highly tliffercntialcd I-type c,llc,1I-
1.alinc suite. ranging from dioritic and gahbroic fncies to 

h.:ucogranitc!,. but domina1ed by bio1ite-hornblcnde grano­

diori1e, and tonalites ( eghedi I'/ al .. 1994 a). The ,uite of 
the Greci Ma:,,~if ww, t:mplaccd in lower members of the 
Car::tpeli1 Formation as high level. high temperature inlru­
,;ives. with both cro:,,:,,-cutling and partly conformable con­

tacb. producing large conwc1-metamorphic aureole:. and 
lcx;al garnet-pyroxene skarns. Rock~ arc rich in xcnolith~ 

ofhornfcls inferred 10 have been country rocb. a-" well a!, 
i11 , urioui- type· or cogna1e xenoli1h_1,. The discriminant 

multicmionic diagram (Fig. 6 d) ~uggc~t~ a rnantk ~ource 
for the bu,;ic end members and a dcep or mid-crustal con­

ditions for the ge11esi, of grnnitic magma, as well as a syn­
colli_1,ional ge0tect0nic setting. (Tatu & Scghcdi, 1999). 

In the Late Pcrmim1. produt:t-" of alkaline. imraplaie 
Vl))canism were emplacc!d along the crustal faults border­
ing or1h Dobrngl!,t. They form both subvolcanic bodies 
(gra.ni1cs. syenite ·, rhyolitcs or the Turcoain - Cirjelari lin-

D Mesozoic & Quaternary 

D 
CJ 
D 

Continental Upper Palco1.oic 

Silurian & Devoniun 

Preherc:ynian metamorphic basement 

Upper Penni;u1 dyke-~wam15 
(basoh-1rt1chyte association) 

Ciil Upper Pcm1ian alkaline granites and rhyolit.;:, 

0 Carboniferous-Lower Pcrrnian? cak-alkuline inlrU$iVCli 

eumcnt) in the ~outh and bn...,alt-trnchyte dyke .-.wurms in 
the nnnh (Fig. 7) (Scghcdi <'I al .. 1994 b: Tatu & Teleman, 

1997). For 1hc.: Turcoaia massif. a crustal magma source i~ 
indicawd by 1he •'Sr/ '"Sr values ( Pop <'I al .. I 985 ), ~ug­

gesung that crustal ana1exi~ occu1Ted in a continental. in­
traplatt: tci:1011ic se11ing (rig. 6 e) (Tatu. l 999). The gco­
chemi!.try of Pcrmian magmatic rocks ,ugge::st!> Ihat Ihi:­

trnm,ition from c.ilcalknlinc 10 nlknline magmatism re­
llected a change in tcctonie !.etting from compn.:s:-ional In 

( tl'all-" )tensional. 
In the Moc~ian Platform. volcanic products belonging 

Lo a bimodal ha~alt-rhyolilc m,:,ocintion. incerbedded al 
variou~ levels of the Pcrmo-Triassic l,equence (Savu & 
Paru:.chi'v, I 985) ;uc obviow,I y related to several episodes 

nr extension and rifting of Lhc Mocsi.111 Plo11form. 
Product~ of u typical continen1:.1I wi1hin-pl,:11e hi modal 

volcanism ur the alkali ba.~all-trnchytc asi.ocimion accu­
mulated in the two major half-grabcm, from Ihe Scy1hia11 
Pl111form (Aluat and San11a-Tu1laJ. Alkaline basalt nows. 
trachyte:-. rhyoli1~i, and various pyroclastic and cpicla ·tic 
products make up voll'anic-volcaniclastic sequence~ chat 
arc up 10 300 111 thick. interbeddi:<l with thick. synrifting 
~ontinc,ital elastic~. The Permian volcanism was subacri­
al and effu~ive. di~pla)1ing a subalkaline gcochemical !>ig­
nawre (fvloroz, 1984: Neaga & Moro1 .. I 987). Trnchy-

10km 

Somova • 

I-lg. 7 - SimplifieJ 11c1,ll•gil'.il 111ap ,lul\~lllf the ,h,tnhuuon or Pcnmun mngmntic rod, m orth Dohrog,•a 1~utic1u1) inap. ha.-.c uf the QuJtemUI} 1; 
modilictl af1.:r Sci,:hcdi 119991. 
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basalt.._ and trachy .. mdcsitcs. rn.:vail. 1110,1 rock, ~howing a 

'>IH.>,htmiti(.'. affinity (Fig. 6 c), Ge<>r.:henHcal data suggt:l>l a 
great inhomogeneity of ,umple, compared wiLh the Co­
dru-Monw volcanici;. Howr.:vcr, the in1rapla1c ,cuing i!. 
quite clear from the.: gcologkul evidence. 

CO CL SIO S 

Th~· Pcrmiun dcpt"-it, ol Rnmania arc ma.inly developed 111 

rnntincntal facies. with mola,:..ic charm.:teri~tk,, Thl'. :-cd­
imcntury record of mo,1 bu,in~ include, volcano.,edimc11-

1nry sequence!'I. Reel heds arc the JominanL facies. but the 
lower black !-oh:tly member ofthr.: Pcrmiun i~ prcl>cnt in Ihc 

Sou1h Carpathian!> and Apuscni Mo11111ui11,. Evaporitic 

scdimem'> <ire H!>:,Ociated with the red hcJ!> in both the 
Moe,i:rn and Seythian Platforms. In all trca:... sedimc11ta• 
ti\)n l11\)k place mostly in alluvial fon. t'luvial and lm:u,tnne 

!.}':,Lc:n·b. Only in the nonhern part of the Moc..,ian Platform 
Jo ,hallow-marine limC!,LOncs occur. Thi: outh Carpathi­
an:- (GcLic Ni,ppe and Danubian unib) yield hy f'nr Ihc 
mm,l fossiliferous Pennian deposit!. in Romanin. lhc fol-• 

"ii remain:-. being n:prcscntcd b) bo1h flor.1 (comprcs),cd 
mat:roflora. micmnora) and fauna. (g:rnoid li:shc~. o:stra• 
cod-.. hh alve'-)- The pu;.cni Mountain, include deposit:,, 

yielding, tlnrn (,ilicilied wood<;, micrnfloraJ, while nrth 
Dobrogt::i has no fossil!> recorded <;o for. The M(X· iu11 and 
St·y1hi.u1 Platfom1, include f.tunul rcmDini-. 

The! Penni:111 volcani~m w:i, bimodal. The ba!-.all-rhyo­
lttc ;b;.11ciaLirn1 1~ picn.lly occur~ in the Sm11h C11rp111hiuns. 
the i\flll'icni Mu11111,1in, :rnd the M11e:si:in Platform. while 
lhc ba:,,all-trnchytc asl-OCiation i!> found in orth Dobrogca 
and lhc Scythian Platfor111. 

An extensional tectonic ,e11ing. ,elmcJ to Late'! Penni 

un rifting. i~ ,uggc<:!r.:d hy h11th lield c, idcncc and geo­
chemical feature~ or the 1nugm.1Iic roch from the ScmIh 

Carpalhiun,. ru~cni Mount,tin:s. M11c,1w1 and Scyl111a.n 

l'latforms. for North Dobrogcu. both nrug1m1ti<.: as~oci:r­
tion,. and their gcocl1t.•111icul li.:aturc:.. illusIrate ;1 1r:rn~ition 
from u culcalkuline post-n,llbional selling to a tr:mstcn­
,ional ,ctting related 10 1hc colh1p. c of the ovenhickcnetl 
Hcrt·yni.tn crnsl. which wa~ t.lisplucctl along rllujor wr-cnch 

fauh:s. 

i\J..111111-h-dx1•111c111., - The .iuthoh .,re very grmclul 1n G, (\h~ini, 
and S. Y.111cv lu1 c\lrcmcly hcncficml l1Iscu\~rons :1hou1 this l<lfl· 
ir during the rn111111011 lidtl trip 111 Rwu:,nia. ru, c11cl1111 agc1nc111 

lo ,1 rile thi, pnpcr, 11, well lh for revising, l!Orrccting anti i111-
pruvrng lhl.' 111anu~cnp1. Spc1.:llll 1lrnnb gn h> the .11m11Imou, rt'· 

\.icwcr who 111lpruvctl Ihc Enghl-h nl the paper. 
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UPPER PERMIAN TYPE SECTIONS OF THE EAST EUROPEAN PLATFORM 
AND THEIR CORRELATION 

ATAI IA K. GSAULOY ', BoRJ~ V. BUROV' and V1,l l·I\TINA I. GUBAREV 

Kt'_\ 11 un/, - Ul1rni.1n: Kill:anian: Tala11an: ,t;1gc: bountlaric,. 
l11una: Jlurn: palc11magnc1ic 111nc,. 

1\h,1111n - The m11ho!'. clt.:,~rihi; 1011111 ,11hdivhio11 nf' 1111: I Jppcr 
Pcm1ian l Ufi111i1111. Ku,~lllia11. fatur 1ur1J 011 the Ea,1 E11ropc<1n 
Platlorm. and ,11ggc.,1 \lratigraphic lcvd~ lor lht.:,c Mages 1'111 
glohal rnrrl!luJion. 

INTROD C'TIO 

Upper Pcnninn l-edimenh occur llll the Ga,t buropcan 
Platform from the Middle Urab in the ,outh to N1wuya 
Zcmlyu in the north. Ufimian type ,cction!- urc )(X'Ulcd in 
the Kamn region near the 1own of Perm. Kr11anian 1ype 
\\:Ction:-in lhc Volg:a and Kumu rivers region. an<l Tatariun 
1ypc sections in 1hc basins of 1hc Volga. Vymlrn. Sukhona 
and orth Dvina river<.. (Fig. I ). 

CIIARA<"rnRISTIQi OFTIIE BASU\ 

11llring Late Pcrmian 1imc,. 1hi., va),,1 h:i:..in occupicu an 
area nf over 2 million km· anti rangctl frn111 ir 10 '2"N 
I Fig. 2). umcrou-, hiatusc,/discon1inuitic!> or lhe Volga• 
Urals Pcnniun \.cctic111~ arc nowadar widdy discussed. 
Some hi:llu!.e, are a),,,ocia1ed wilh 1he dbpcrsion uf ,cdi­
mentmion. The himi are evenly distributed over all ,cdi• 
mcntary ba:-.in,. incll11Jing marine one.'>, and rcnccl lhc al­
tcrnution bctwt:cn cuntinuou,; and di:,.continuou~ scdinu:n­
tution. There arc hiutusc~ cau:,.ccl by ~edi1mmtary cyclic 
rcclu-rcncc. At lhc rhythmic boundurics. (;():tr~c bttsal ,;cd• 
1mcnts overlap calcareous formation:... :..omctimc~ di,rupt· 
ing their ~lructurc and bedding. Such hiutu~c~ do 1101 di:..• 
tort the whole picture. provided lhc1x-art· mnrc coanplc1c 
section:-nearby. 

Hg. I - LIie Pcm11nn ~llimcnl.tJ) hw.111,, 111 European Ru.,,10 

I Pc.:ho,-:, Ba.,in. :!... fh inu 011.,in: J. V11lg"u•Uml, B.1,m: 4 C' .t,p,w1 H ... ,111 

l'11ro/1• c/r1111 ,. - Ul1n11ano: Kanniano: Ta1.1nunu: ria111>. ll1111ti. 

launa; llura; tont: pnlcumngnc1irhc. 

1?111\sr111111-(iii uutnri Jc,cri, ,mo la ,udJi,,i,ionc 1011:ill' dcl P;,;1 
1111tu111 ~upcrhw (Ufin11:111u. Kn,anmno. lalarm1111J llll:rc111c alla 
l'iallal'orma E,1-F.\1mpca, r ,11ggcri,l'o1111 livclli ,1ra11grali1;1 n:la 
li\i u 4uc.,1i Pi:mi utili llt:r t.:111Tclu.1ioni glohali. 

Gc0Ju~1l'al r:1cull) ,,t K:wm Slalc l1111vcr<1ly. IS Kn:111I. $11. K:11:111 J~()cJ0$. Ru.,_,m 



.K hu11lm•11, H.V flum\ und V.1. Guhal'l!va 

There can be marginal disconfom1i1ie!'-associaled with 
the o~cillation uf the sedimentury bm,in ·i. margins. Thus. the 
Pcm1i,111 in the cu~t of the has in overlies the Kungurian, hut 
in the west the A11inskian. Sakmarian ~111d Asselian. The 

Kai'.anian in the cast conformabl)' overlie~ the Ufimian 
Shc~hminicin rc<l beds. but in the west the Sal-.marian and 
A!-~elian. A!-o for the prolilc running from Kalan to Ni2hny, 

ba!)al layer~ of the.: Tatarian Uri.hum hori20n near Kivan 
overlie the Upper Kazanian ·transitional' serit:s, fanher 10 

the we,t the Podluzhnik !>erie,. then 1he Shikhany ~erie!-., 
and so on up to the Lower Kalanian. In omc ·ections. the 

ImJuan overlie~ lhc Scvcrodvinian hori20n. This unconfor• 
mity i~ clearly rccogniscu by the lack of :,omc Permian pa• 
komugnetic ,ones. It can be concluded Uiat hiatust!s that 
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subswntiully di1,10,1 stratigraphic ~cqucnccs arc dcveloped 
ut the murgins. and arc m,!-.ocialcd in the e,L,1 with water ero• 
,ion. and in 1hc west wi1h movemem of the bm,in·!> margin 
c:aul,cd by the devdopment cycles. More compleh! seuions 

can be found in central arca5 of the ~t:dimcnrnry ba~in. 

UPPER PERMIA • F/\lf 1/\ 

Wei.tick 10 a conventional 1wo,part division of Litt: Perm­

ian Lhat globally indic:alt:'> 1110 tly marine sedimentation in 
Early Pcmtinn times. and transitional sedimcnw1ion in Late 
Pem1ian 1imel,. while the Tria,l,,iC i1' known to ha,·e mostly 
continental sediments. The Upper Permian il, rcprci,cntcd by 

Ural 

marine. trano;itional and 
continental f,1cie1', and 
characterised by normal 

marine rndiol,1rian~. 
foraminifer,. bryozoan~. 
corab. bivalves. ga,-

tropocls. ccplrnlopotk ,mu· 
tiloids. 1)strncocb. 1ch1hy­
loic}, and conodontl,,, fn.ish­

water bivalves. ostracods. 
ichthyloidl,,, stromatoliths 
and charophytes. and conti­

nen ta I tcrrcstri,tl verte­

brate~. macroflora and 
rnio. porei,.. At the Pcm1ian 

Symposium in 1998. we 
had the opponuni1y 10 pre• 
~elll detailed paleonlologi• 
cal charac1cris1ic~ of the 

Ufimiun. K,11n11ian nnd 
Tatari:.in (Proceedings .... 
I 999). In thi:- report. we 
would like to t'Xamine sev­
er.ii ,1r:.11 igraphic levels that 

can be u c<l for global cor­
rdmiun. 

Marine Lake Conunentat deposlls 

In the Permian Cii.-Urnb 
region, the Upper Permian 
i-cdimcnl~ (Solikamian 
ho1i1on of the Utimian) oc­
cur on gypsifcrou» carbon­
ates of the Kungurian lren• 

sky horizon. and contain 
,tumed bivalve~ (Silantiev, 

1998. p. 20). i. u parm,tra-
101ype of the Lower/Upper 
Pcrmian boundnry. we.: 
would like to propose a sec­
tion on the Kazhim river 

Fig. '.?-l'cnm:111 scdimcmury ha.,111 vfth..--Volga-Ur.11 ~l!lon ,Buro\' e1 ,11 .. IIJ'l!S). 

\bbre\ iulion,: P1 Lmwr Pen11i;111; a, 1\~;clian:, Sakmnnan; 1Lr /\rtnhkorm, kg Kunsunan. P. Lipper Penman: ut 

Llli,nrnn ( ,/; ,1!11111 low; "; 11•11111 ,11nrw\: \..1 Ka1aniun: I TJtnriun T, LO\\er Tri11s.ic. 
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~incc i1 has hccn de cribed in dc1:1il u-.ing marine 
furaminifcr.),, bryowan~. hrachiupud!>. bivalve.-, and gn-,­
lropod-, (Biota ... , 1998. Fig. 25). A g1~1dual 1r.111si1ion frnm 
tlccp-marine to <\hallO\Hnarinc facic-, ,~ retlcc1cd by Ihc 

change in faunaJ taxa al thc boun<l,1ry bcIwccn Ihc KoLhimi­
an ,111d Kt11him11Jd11itsl-.ian ~erie:-.. rhe hou11dar) •~ observed 
Ihroughou1 the b,L~in. anti c .. m ~crvc a~ a b,r~i-. fur inIcr-n:­
g1011ul correlation. Moreover. Grunt (Biota .... 1998) ha~ tt'· 
poni;d lhm tm1d1iopotl, K11chi11md11rt11.1, Yokrwlt•,·iu, S11iri­
/irc>lln of the Solikamian Kozhimorudnitskian hor11on have 
ubo been found at the Jisu-Hongorn section or ln11er Mo11-
g11liu. 1umerou<; Mo110cli.11>tli11a as;socia1cd. according to lhc 
viewpoint of u·vcn (per~. comm.). with Armenia and high­
ly dcvdorcd Mis.1·,,fi11n and Pamji1s11li11a which are peculiar 
to the Kubergandinian have ubo been found HI this Mongo­

lian l-ilc. This prm ides an t1dequt1Ie ba i~ for the corTclation 
ol the Soliknmian h1)ri1.on of the EasI European i,cule with 
tht: Kuht:rgandinian of Ihc TeIhyan scale. In our monograph 
(Biota .... 1998). we provide n dernilccl dc~cripIion of Ilw 
Lower/Upper Pennian bound:u-y. The Ulirni:111 Solikaminn 
and Sheshminian in the Cis-Urals near the town of Perm nrc 

mostly charncteri1..ed by shallow-marine scdimcms with 
111.irim.: and nun-marine bivalves {Sila111iev, 1998. p. 28). 
Marine hiv;,1lve ~ediment.<, al,n contain fornminlfcr~. The 
rir,l foraminifcr level i~ charat.:hc'ri,c<l by P,\'('/1(/,}lf(l(/()S(l/'l(I, 
Uecto~lw1d11li11a uncl lmrg<'lla. :111d ~·orrc,po11d, Ill lhe $0-

likamian horii'.tlll. while the -,econd level coJTesponds to lhc 
Sheshminian hori;,on wluch k ttccorcling to Kmtyar (per,. 

comm.). chun1t·tc.:ri~ed by a lirst uppear:rnce of De11wlino 
and l.i11J:11li11a. with new ),pec1e~ of Noe/maria. (iei11iI:J1111 
and Frnmlicularia rnrrc~ponding 10 tlw GuwJalupian Roau­
ian of onh /\mcrica. 

The Ka1anian of Ihe Volga- ral<, ha~in i~ rcprcsc111ed by 
marine, u·nnsitionnl nnd continental facic-. with diver,c fau­

na and llora. For.,minif'cr~ from chc region were ~,udicd b} 
G. Pronin:1 ( 1998. p. 163). They belong In 126 specie!. of4J 
genera. The third foraminifcr lcvcl corrc!,pond<; 10 1hc Low­

er K,uanian. the fourth lo lhc Uprcr K:vanian, and the fiflh 
10 the Lower Tatarinn. The Lower Kazanian contains 

Fmmlirnlaria. known from the Upper Ghi1.;higin"kY hori-
1011 of the Omolon Massif and Poli!>h Zechs1ein (Pronina. 

1998). The Upper Ka,,ai1ian al"o conwim, 1:ixa known from 
0Ihcr 13oreal regions such a~ Omolon. Taimyr. ovay..i 

Zcmlya and Kolgucv. 
More than 35 hrm:hiopod 'IX!cics of 20 genera of the Pa­

lemoic 1:.urn are known from lltc Ku;,aniun !>t.ra101ypc, or tlK' 
Volga region (Fig. J). 

lo!>t charncIeri~tic of thb comple~ an.' ,piri f'crids rcpre­
,cnteiJ by ~uch horcal genera as Lichul'l'l'i", /Jlasispiri(e,. 
Otfr111I0.1p1r{f<.'r i1nd n111rnrinia 1Gubai-eva. I 998, p. 30). 111 
11,potype sec1ion~ along 1he Vymlrn River. thert: an.: nl~o Pt!r· 
mn,·11iri/i·r and Kw1i1w,·pirifi'I'. Besides a single find of 
Comprc'HO/ll'Od11ct11s 1·p .. the ,tralolypc cont;,in~ abund:1111 

procluctc>ids Ca11cri11t'll11. Terrakra. G/11/lielfa und 
A11lu.1tege.1. s,,.,11wci111111. Rhynd111110rn. Cll'imhyridi,w. 
Pi111•xa1hyri.1. Bui11tg1111iC1, Cruri1l11 ri., :mu Spirfferelli11a nrc 
aJ<;o found in nhundancc. The.~c brachiopods allow lhl.! cor­
relntion with 7.echi-1ein of Ciennany. ovaya Zemlya (NC\\ 

Land), nor1hcasIcm Ru~~in. Mongolia. China. and also Au~­
lral ia and Cl\ Zealand. within a ~inglc borcul a(ea 

BIMC'fll()f'Ol)S I KOM TIii. PH{~IJ.'\:-. Sou11. \~IJ;\/1, IIOKf/.ON 

01 '1'111. KAMI\ Kh(ilO"I 

• Li11g11/(I: L oric11wli.~ (iol. 

• C1111cmt'l/a: C rn11crim ( em) 
• Cleiotlriridi11a: C pccIi111jcra (Sow.) 

• Phr_\'t·odoJ/zyri1·: Ph. mstrwa (Kut.) 

• I i11,i;11/111r1: L tJm•11tn/1,1· C:111 .. I .. nnhwri Gciniu. l~ 
/a11n'kii etch. 

• Crania: C. nrie11wli~ cl~ch. 
• Or/Jiculoidt'a: U. ~011i11c/.:i (Gein.) 
• Sm•ptor/111d1us: S. flc/W'J,/011m11.1 Schlot. 
• Ca11cri11c//a: C. m11r1ri11i (Yem.) 

• Terrakia: 1: he111i111lw<'midalis ( ctsch.) 
• Glnbit!lla: Ci. /,(•111i,11>h11t.'ri11111 ( Kut.) 
• A11/os11•~es: A. 11•m1g1,•11/il!i111i (Vern.). A. ltvrn-sc<'II) 

lwrres,·e11.1 (Vern.)./\. h111n-w·<•111 111kcmis Orig .. A 

fi'"gili, ( et. eh. l 
• C11mp11•,.,,,111od111 111.,. C. ,p. 
• Sw,w.11·1xm11: S . . I11rwn11 (Vcm.), S. ,i.:lnh11li11a 1Phill.1 
• Rhy11dtr11mru: /?. g1•i11i1:.i11r1 (Vern.), I<. ,:lobt1li11t1 

I Phill.) 
• Cleio1hynrl1110: C /Jt'rt111i/l"m (Sow.) 
• />il1cgotlryri.1·: I! mr.,,\/r11w my.1.1io110 ( Key-,.). /~ .111w/..­

c11bt'rgi ( i:tl-ch.J 
• llaituxwuo • ll. nct1·c/1ae1·i Grun I 
• Uclrar1•1via: '- r11g11law ( Kut.), L ~,11d.e11ht•1-gi 

( etsch. ). l. srh rc11cki I Key~.) 
• Tt1111<11·i11ia: T. lmiareata C et,ch.) 
• IJl11,~ispiri/'1.•r: IJ. 11111/tif)lic·1J,1'/\'111.1 ( etsch.) 
• Otlo11111spiriji•r: 0. ,·11bcri1u11111 ( ctsch.J. 0. pan•11/c1 

( ct~clt.) 

• Cr11rillryri1: C. 1111cdla (NcI~ch.) 
• Spfri{en•lli110: S. 11t'/.1chajewi (E. h,un.) 

• IJeeclreriu: R. 1wt,IC'lirtjl'11·i Orig .. /J. 1111g11.1111 ( et:;ch.). 
• fJ. ellip1ica (NeL~ch.l. B. itiw11/m1:.e (Derby), 8. 11i/...iti-

11i ( c~ch.) 

rii: ~ - Uppc1 Pc1111u111 hta\'httlp,~h lio111 tl~ ,11.1101yp1t~l .,r1·" !Ci11hnn:­
v,1, f94!1t 
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Fig. 4 - Scheme uf raleo111agnetic \:on'Cla11on of 1hc Upper Pcm1iun S1r:uo1ypc (lh~ Volga-K:una region) wilh Tc1hy;m ,cc11um,. I. rc,crsct.l poluniy 
magnclic ,one~: 2. nom1al pohuil) maµne1ic tone,: 3. changing pol:ari1y ,one,. 
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(Guhc1rt:,a. 1998 t. Thn:umplcx can 1.:a~ily he n.:cogni!.l!d i11 

the Ell't Euro1~a11 n:gilin where the Su111:11n-Tataro-B::ishk.ir 
-..ubpnwim:e \\ ith the Li< hrin·11•ia-Ji1111111·i11ia•Hlwi~piri/c'r 
1.onc ~rnd the Kirn,-Arkhungl'l:-k subpruvim:e with the 

f.id111rewi11-I 1111111ri11i11-LJ/mispidji•r ➔ Pt•mw.1pirija tone, 
were outlined. At the ~nmc time. A11//l.m•J.:t'1 :md Compn•.1-
\llf)mi/1w111~ .tre known from the Tethy:111 .;cction:-, nl' the 

nonhern Cauca~u:-,. and 51,•11,,.11'i.1111n nnd Spir(/1'1~•/li11a f'rom 

lhi;: Midi1111 or lht: ENern Telh) '· ::tllowing the t:rnrclatmn 
between ,ariou~ region, ol'Lhc wnrld. 

The Ka7anian ha<;in. a, a nonhward-opcning intraconIi-
11cntal gull'. offeri;:d f'uvour;.Iblc living 1.:011diIion~ for thc dl'­
vclopmcnt of brynrnans. The K111. .. 1nian assodat1011 j., drnr­

actcri~cd by 70 1x:c:ie~ or .io genera. boIh co,111vpolita11 and 
endemic. In the Volga-Ura)\ region. Lisibi11 & Mor01ova 
( 1998. p. 911 have ~tudied :w S)Jl'cic~ of l 6 genera. ~ight ol 
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thi;:m are ahl1 round in lht• 

Ko1himia11 of the Pechom 
bn:-.in. nint: in the Starostin­
i,111 ~erie, vf Spi1~bergc11. 

eleven in the Ch:.111d,1l,11.:~ky 
hori?On of South Primorye. 
und ten g1.:11era in the Wnr­
dian Hcrstcr formation of 
11011hw1;~l USA. 

Nl>waday,. mulli-clc­
mcnL !-.pccics of Su·ee1,1w, 
Mcrnl111a c111d Stc·11m1m·1tn 

have been found Ilwo11gh. 

out the Kaza111an secuon. 
Sll'ce1i11a mtit·a Wardlaw t:t 
Cnllin~n11 in the Lowe, 

Kazanian al ltiw~ corrclu 
lion with the Uppi;:r Ru.id­
ian and Lower Wordian. 
The Upper Ktuunian of the 

Eu'-1 European Plut t'orm. 
according to St<•1>1111111•i1n 

1m•ye11i and Mt'rrilina di• 
l'l'/~1'11.1. con-t:,ponth m the 
Upper Wordian and Lllwcr 
Capilanian. 

An 0111~1;1ndi11g. fCiltlll'C 

of the Lme Pcr111iu11 Volga· 
Urab ba~in i, a fncics 

change from nl:Lrinc Ill con­
tinenu1I. pcrmiuing. cn-oc­

n11Tcncc of cono<lont, aml 
1nat:roOora within on!.! ,ec-
1inn, although in d1ffC1't•n1 

layer:,, !Esaulova. 1998. pp. 
206-208). Macrollt>ra mul-.c 
pm,siblc the detailed mnal 
division and wrrnlutio11 ol 
the whole /\ngariun region 
up to South Primoryc 
(Esaulnvu. 1996. p. -HO). It 
i:-. noteworthy that the 

Chandalut!->ky hurimn ol 
rhe . ou1h Primoryc hns 
,0Ine eklllet1l'- or Ihc 
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Kazanian phylladodennic florislic complex as well as 1he 
Tdhyun gl>nia1i1e, 1i111orite., 111arkel'id1i from the Lower 
Cupilanian. 

The 11.llarian i!, ruprc,cnled by <,hullow-marinc and fre~h­
wmer fades charac1erised hy diverse and rapidly-evolving 
fauna and flora. allowing the dcrnilcd division using bi­
valves. o:,tracocb. fi!,h, m,K-rollora :llld mio,pore~. All the 
hio:,lratigmphicnl wne., are con·elated wilh palcomagnctic 
one~ 1 Gu~cv et ul .. I 99J ). The lithology of the THtarian al­
lm,s n detnilcd study of the structure of geomagnetic field. 
The p,1lcomi'lgnetic d:ua from the Borcal Volga-Ural:,; btLsin 
and the Salt Range of Pakisum permil their correlation 
(Burov el ol., 1998. p. 263) (Fig. 4). 

Golubev ( 1998. p. 57) indicated lClrapod tones in lhc 

Upper Permian continenlal facie~ of the Ea~l European Phll­
form. In Law Permian times. Eurasia and Gondwana were 
-;eparc1ted by Tethy~. Ya,t regrc!-:-iun:. n~~ulting in land 
bridges allowed the corrclntion between the East Euro­
pean .in<l Tcthy:111 vcrtchrn11.: 1.onc:-(Fig . .'i). 

CO CLUSIO 

Thus. we believe that the Lower/Upper Perrnian bound­
m·y. the Kazanian, and the Kiama/lllawarra boundary of 
the Tatarian can all ~erve a~ a ba,is for the global correla­
tion of the Upper Pcrmian accorcJing to the Ea~t Eumpcan 
,cak. 
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TRANSITIONAL PERMlA -TRIASSIC DEPOSITS IN EUROPEAN RUSSIA. 
AND NON-MARINE CORRELATIONS 

Vt.ADLl!N R. LOZOV KY'. V.<\Ll,.NTIN A. KRASSILOV '. StRGLY A, FO I . 80R1, V. BUIWV 

,,nd OL<.iA P. YAROSHF. KO 

/<1•1 w,mls - Pcrmi,111; Tria,,i.:: ~1ra11gr:1ph11: c1,rrda11u11; lm~,I 
lll,rn: p:tlynolog): m:igncltlslr.iligrnphy 

'\h,·tr(ln r\ 1-cccnt lli,cnvcry ut' a relatively c0111plc1c llallM· 
111.mul Pcrmian-Trin,~ic (Tu1urinn-Vc1lug.iunl ~cqucncc in the 
Volo,;da rcl!ivn. Eu1 vpcan Ru~~i:1. hear~ vn the problem ot non­
mannc PTB correlation. It show~ a ,one ol rcvcrsci.l polarity :ll 

the busc of the Vc1lugi,1n. 
rhc pl~nt mcg:ifos~il :i~,cmht:ige ,1f the tnHNlinnnl interval i~ 
do11111iatt·d by 1a1ari,111 surv1v111,. with a few conifer ,pccic, 
with ulli1111ics 10 the 1..:d1s1e111 tlora. 
The pill) nologicul a,,cmhlugc i, of 1nixcll Upper Pt•n111;111 low 
c,1 Tria~,ic aspect. 
l'hc 111cga,purc .. 1.~Mm1hl:1gc cu11ta111~ 01y111.vp11n11•s 1•11/nu,ni 

t·11~. ,1 1011.il index ,1x:c1c, ol the lmwrmo~1 R1111t~anll~1c1n, m:­
l'llrring ul,o in the Tc~cro Ooli1e. Southl.'rn t\lr,. \\ i1h con 
odont, 1/1111/t'm/11.1Jlf'm'1111n·11.11Ko1ur. 1998). a~ well:,, in 1hc 
Upper (i11odil-c11g Furmat1<>11 nl the Junggar IJ:11,111 wtth IJ/CT­
/1(1(/1111 unll /,_111r11.1w1m, (Lill. I 9•J-I ). 
J'hc,c OCl'llt rcncc~ jfC co11$1dcrcd II) murk a ,1rn1igmphiL le, cl 
crn1c~pumli11g w thl.'. 1.·11nodu111 ,unc C/111~i11111m•i,hw11•11.1i, of 
the Mc1,h:111 ~el'llnn, "nllh C'h111a. 

I TROD CTIO 

In European R11~sin the Tarnriun dcpo,ils .ire uncon­

fonntthl> overlain by thc Lower Tria,sic Wtlugiun Series. 

Palcomrtgnc1ic correlation indicalei. t1 hi:1111s al the bound­
"ry encompa~sing most of the Ch:mghsingian-Dora!-hami­

an stages (Lozov.,ky & Esaulovu, 1998). Equivalent~ or 
the uprcr Zcc.:h~tein ~eemcd likewise l11d.ing in the trnn~­

houndary Tatarian 10 Vet lugian ~cction~. A find of l.y­
rlrtHt111m~ ( Para/_1·stmw1111·11.,') .11.eo1x/ (Kalan.) in the lnw­

er Al,la~hikhinsl.. Member c>f1hc Vetlugian Serie:. wa:.. tak­

en as cvidcnc.:c of the lmwrmost Trias!>ic age (LonM,ky. 

1998), Our new data indicate that rdatively crnnplete ~e-

l'amll' ,·Imm· Pc1111i:11m. T,ia~~ico: co11'1:l:11it•n1 ,11>;11igmridH.'. 
tlrn~, ln"ilc; p:ilinologm; 11mgm:10,1m11gr:1fiu. 

l<i11.H111110 - I) rc~·l.'.nlc tinvc1111nclll11 Ji UIIU \UCCC\\1(/IIC tdHll\la• 

111c11tc rn111plc1a in c11n·isp11ndc111a delta lran~i,i1111c Ira ii Pc1111ia, 
11,1 c ii 1't ia, (Tataria1111-Vc1lugiano) nl'lh1 rcgi1,nc tli Vnlngi.la 1Ru~­
~,u cnropca) p{lrta :\I rrohlc111a Ji una com.:la,innc 1claiivu al limi­
tc P(f in amhirnlc cnntincntalc. E,,a m11~11~1 1111:t /lllla di poh1ri1i1 
invcr~a alla h,L~c dcl Vctlugiano. L'u"1>Citvionc li1,,itil'cra a pian 
1c uell'intcr,,illo di 1r.m,i1io11c c dnminmo t11111rg:111i~111i ,upcl'\li­
lt dcl l'al:tnann. L'<lll pod1c ,pcrn: di co111fc1c aflini :illa llora dcllu 
Zi:ch,tcin. 1;;,~~1x:1,1111mc palinulogica 111\ll,lra 1111 a~pclto tnblo Ira 
qucll,1 del Pammno ,upcrinrc cquclla incn.•ntc ;1llu partc pii1 ha,, 
~a I.lei T11a.,. L'r1~wci.11ivnc :1 mcga,po1c con1icnc 01,1,11vp1>1•11t!,, 
,•1111wf.1'ilm, un 1mhcc 10n11lc dell:, partc pm ha,,a dcl 811nt,:111d• 
,tcin. chc ~ ,111nlogamcnlc prcl,cntc ~i;1 ncll'Oolilc di "lhcm. tlclh; 

lri Mcridinnali. llcwc ,11110 ~11111 rcccntcmentc n11ve11u1i con11-

uu11ti dcl 1irx• lli11tl1•m/111 pr1wp1111•11• (K111u1. 199~>. c ,i:1 ndla 
por1i111w ,upcnorc dcl la h1m1:monc d1 ( iuud1 ken. dd Bacmo tit 
Junggar. chc indude {)icrnoc/1111 c Ly,,·1msc111r11, (Liu, 199..J), Quc 
,,; cvcn11 ,11110 t'on,illcr:ni come 111tl1c,11on d11111 11,clln ,1ra11gmti 
co comspottd.:nh: ,,Ila 11111:1 a cun11i.ln111i C/11d11111 1111•1,1hww11.111 

dcll,1 ~1:1ionc (li Mc1,h.i11. 111 C'init mcn1lionalc. 

qucncel,, :..uppo:..edly co111111uow, nver the PTB. nceur 111 

the central pan of Lhc Permian-Tri::u..i.ic ba!,in m :ibout the 

Volga cvcrnaya Dvina watcr,;hcd ( Krassi luv l'I al., 

1999). Thi~ conclu~ion ii. h:L,ed on the 1e:--ult:, or raleo­

botarncal and mugncto~lral1gr:iphic :-tudics. ,upplcmrntcll 

by a few faunistic rim.ls. in the l'dubrnvo Section. Vnlog­

dtl n;:gion. 

TRA snmr 0;\RY SECTTO I AT NEDlJBROVO 

The cJubrovo Sc.:l·tion i~ c;xpol,nl in a ,enc:.. of large out· 

crop, 1111 the left bunk ofl11i: Kichmcnga River (left tribuwry 

MtN'OW (,col,,gical Pm~pec1111i;. i\c:11k111v. :?.I Miklu~ho Mah.lay 'ill't'l.'1. Mo,e11w I 17K7 I, l<u.sn1 
Pakontoloi;rcal lns11111tc. 121 Prol,0)11•m1yu Sltrcl. Mo-co11 I 17f>.17, l{u,,,a 
K:ttan St:111.' llmvcrsll). Ka,an 4~ lWlO~. Ru"IU. 

'C,coloi;1c:,t ln,ututc. 7 P)1hcv,t..1. Ml•...:011 109017. Rth,1a. 
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of 1hi.: Yug River). nonhea,1 of Vnlogdri City hetween the 

Glchovo ant.I ccJubruvo riverside village:... Hcl'l' lht' uppcr­
mo:..t Tmnrian (Vyatkian) variegate mnrb nnd dny~ \\ i1h 
"nall cirhonate nodule, arc owrlain. :it a ~harp co111ac1. by: 
(I) the hai.:.11 Vctlugian cross-bedded :..and:.. with gravel and 
pebble:,. up lo Km thick; (2) re<ldi,h-brown micaceou), clay, 
and ~iltstont!!> .ibnut 3 m thick: (3) alierna1ing Lhinly-becJdcd 
grey cin the lnwer pan). greenish-grey and puTple :..ilt5.tOnel, 
and :-illy days. 2.5 m thick, with abundant plant tk:bri\ on 
Lin: bedding rtani;:i. and with o,1rac0lll, Genluliu i.p .. con­

d10!-.1r;.1G111,. aqualic beetle:, and a few remain, ( ,f tem::..tri­
;tl in,C\.:l'> cunder ,tudy at prc~cn1): (4 l red clay containing 
1hin in11.:rbedl, of bluish ~ill:,ioncs. with crack-fill wedge~ 
pcnetra1ing the underlying deposits: (5) cro~s-beddcd 
polymictic :-and bed~ with grnvcl. more 1ha11 2.5 111 thick.. 
~tnning the l,econd l-edimentary c:yde. wi1h a few vertebra 

nf amphibian:.. Tr1pi/afo.\(/1trt1.1 sp. and lhc Pmcolop/1mridae 
gen. ~p. inde1. (defined by M.A. Shishkin). The!.e ,ertchrate 
fo,~ils lirsl t1ppear ln the lmt',1 Tat:.irian and are widc,prcad 

in the Early Tria~~ic. 

MA<:1 ETOSTRATIGRAPHY 

Magne101-tratigrnphic studie), of the edubrnvo Section 

have shown ,1 high magnetic ,usceptibili!y ( 111c1m X 159.5 
• I (1"') that is more typicul of the Vetlugian deposit~ ihan of 
lht.: Tatariuu ( Burov et al., 1998). However. lhc pol:irity is 

rc,er-.ed. while all lhc hithcrto-sLU<licd lower Vetlugian 
sc.:ctkrns fall i11 the direct polarity .wne NPT (Loznv~l-.y & 
Esuulova. 1998 ). We therefore dc,ignulc the ba_,al Vctlu-

gian of cdubrnvo as a new n.:vcrscd polarity tllllc R0T, 
supposedly correl.tlilhlc with 1he upper ha!,,alls ol the Tch­
ernyshov Ridge in the Tirnano-Petchor,k rcfion. 

A reversed polarity zone probably correl<ponding to 

R0T at cdubrovo wus also round at the b,1sc ol thL' Nyu­
mun~k Fonn<1tion in Lithuania. the s1ratigrnph1c: equiva­
lent of the lowcrm(hl Vctlugian. a, well us or the busal 
Bun1::,andstein of Poland ( Kisnerius & Saidakowsky. 
197?.: Kminu,. 1997). 

FOS, lL FLORA 

The plant rnt:ga- am.I rne~oro~:-.ib \lccur abunduntly in the 
grey laminated .... iltstonc, and clay~ (bed 3). Thc~c accumu­
lations of pl.u1t tlebris un bedding plane.., loc::illy appear ~1' a 
thin, lenticular coal. The pla111 remains are fragment:.ity but 

with well-preserved cuticle providing cpitlem1al charac­
teristics 1hat are cnici.il for dassilicaiion of the Penniat1 and 
Tri,~,!,iC gy111no~pcr111~. A cla~,ification by S. Mcycn rin Go­

mankov & Meycn. I 9H6: Mcycn. 1992) i.., followed here for 
the ,ukc of comparison with the Tatarian flora. :.ilthough 
MllllC generic n~signments are in need of revision. 

The plant mcgafossils constitute an essentially 
pelt,1,pcrm-c:onifer u~sc.mblugc with u few fern remain~. 
The a.%emblagt: is dominated by pcltaspcrms Tatarirw 
n111.1pirna S. Mcycn. T /11baw S. Mcycn. l'hyl/atlod(•mw 
(Ae,1111s10111i11J (/l//////11111 Nkyen. lfophidopu·ri.,· cmtiqua S. 
Meyen. Pelt"'J't-rinop i.1 /111cvirhiac (Gomunkov et •. 
Mcyen) Gomnnkov. ,tnd Salpi11E(Ol'ar1u11 variahi/i~ S. 
Mcycn (Plate I). These ,pecic~. with the ~ingle exception 

of 7i1wri11u /ohata, arc 

known from the uppcnno~t 
Tatarian (Vyatkian) loculi­
tic:- (we accept thl' Vy­

•••"ian uge for a contrnver­
!-.ial J\ri1'tovo locality wi1h 
Ph)'l/11dmler111a a11111dfllfl 

and f'eltaspemtfl/Jxi, h11c· 
l'iclu't1e). The cuticle~ of a 

l'lntc ( Pdltll>J1Cm1, from l)ll" lo,­
,,, 1>h1111 hc<l t•f 'c<luhrovt1 

hi;. I -Skc1ch map ol lhc Vuli;u-St·wniayu lh11111 wah:n.h~J 1cg,nn ,howmi 1hc ¥L'ogr.1ph1c11l 111,s11mn nrthc 
'\:c<luhm, o Scc111111 1 hlucl. t'm:lc) 

I ·1<1/ar/1111 l0l1<11(1 S. /\ky1•11, lc:,I 
ll:1~111c11t, ~15, 1 I li1t111·i1111 
r ft11e11·1110I11i,I c11lldC, >.2.10. and 
,1011m with hollu" pap,Jl:ic. J lm. 
4. Rl111pl,11(11plC'ri• clll/11/lltl S 
11 kycn. pi11n;1 1\llh 01.-.:um:lll PIii 
nulc,., JO. 5. l'C'lta11wn111111;i, h1w· 
l'iclriac• 1Go1111u1ko, .:t ·, Me)en1 
Gm111111l.(1V, pell:, with <Mtlc,. ,.ZI), 

6. 7. Tc11mw11 C~l/1\/IIWfl s. MC)Cll, 

nnidc. , 110. and ~10111:1. ,7<Xl 
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uominanl Tatan.tn <;pcnc, /. n111s111rn<1 arc ,d~o fairly 
.:ommun in the Nedubrovo lcx:ali1y. /. /olwlu was nrigi­
nally dc!>cribed from the Korvunchan Formation of 1hc 
Tungu:-,kH Ba,in l le yen & Gomankov. 1980). In Ne­
Jubmvo. Ilic p\.'lta:,ixrm kavt') and reproduct,vc organ:, 
::ire ,11mcwhm ~mailer than in typical 'Jatarian material am.I 
the cu1iclc:, ulh:n :-how anomnluu, 1.:cll p:11tern~. 

The conifer!> arc n:prcsc111c:d by ~callercd leave,. the 
w~onomie ai.,ignmcm:- tif which nre ba. cd solely on ep1-
clcrm::il chnrac1l!ri~1ic • ( Plntc II). Along:-idc n typically 
rawri.in Qw,drodot/11.\ ,h1i11n,.,;,\ S. Meyc:n there are Ull-

11u11111iu. cf. l»w111ii Gocpcn and Q11ndmrlad11s d'. solmsii 
(Gothan et agalhurd). cl1Wl:i11cr. huth compnrnble with 
the Zech~tein conifon,. 

Thus the Ncdubl'ovo megafm,:.il nm:1 is ~till csi.cmi:il­
ly Permian. with a number of specie, ~urviv ing from the 
Tutarian, However. a few Zechs1ei11 and Korvunchnn 
fonm, indicme a younger age than the uppcrmo ·t Tatarian. 
II bear, a general imilarity to Lhe lah! C'hanghsingian nn­
ra ofTicqiao Section. Laibin County. ,outh China. domi­
nated h} the Permian pel1aspcr111~. g1gantopterids and 
l'Onifcr\. with conlfcr assemblage, ofZcchsll!in a~pect (Jin 
et al .. 1998 nnd our unpublished data). 

Prominent in the plant mesofos~il :m,emblagc uf bed 
13) i:, On11i.fpori1,,s t•01rimsirns Fugl. I Plute II), 1he index 
-..pcrie~ ur a ,ncgnsporc ,one comprising the basal Sub­
oolitic Member of Bunhand~tcin immcdimdy above the 
Zcch~tcin (Fuglcwict, 1977). 

PAL\' 01,0(.;Y 

l'he ,pure-pollen as~emblagcs were obiaincd from 1hc 
bed~ 12-4). with insignific;.int variation from heel IO l)t'.d 
(Plate 111 ), Thl!y are domina1ed b) K/1111.\ipolle11i11•\ 

\/'ha11hl'l'J.:l!ri (Po1onie et Klaw,) Jan~uniu-.. and Cy('(11/o-
11i1c.1· -.p .. :-.ummarily including more than 50f/r of 1hc pa­
lynomorph:-. Non-ltlcniat,.; pollen i, also repre~t:'.ntcd by 
1hc ~uhordimue K/a11sipof/e11ite~ dct ipie11s Jan,onius. Al­
isp11ri11•.1 1111I1/a/lensis (Clarke) Balntl!, A. grc111w1gelii 
Kl::w~. 1:alci.1pori1es :apfl'i Potonic et Kluu::.. and 
Plfl/_l'\(1('1·11.1· 'l""'"11.1lwulii de krscy. The tacniate pol lcn 
grain~ arc :J!>~igncd to Pmtohcl{1/oxypi1111~ c.:f. pa111ii (J,111-

,oniw,) Orlow~ka-Z\1-0linska. /,t((!Lkispuml!s, irkkial' Po-
1rn1ic et Klam,, L111w1i,\1m1 ill'.\ mwi1111le11.1i.1 (Ll·sd1il,.) Fo:-.­
tcr. and L. 11w1svc,rs111111ul.t1111.1 (Jun~oniu~l Fi!i-her. ranging 

PI.II( II MCfil'plln: 11nd .:ut1clc, trn111 the l(,ssri pl:111I lx:d uf N~tluhruv11· 

1. l. 01_1111,1m111t!.1 ,•or, it1111f•11, Fugl.. pw,imal "'l)l-..:1. ,.!!:10. ~Ill) di,Ial u1)­
pcn;l.1gc~. ~woo. J. 01111d11x/11r/11, d1·11wmi.1 S. Mqcn. grtiup uf ,rt1inu1J. 
, 4KO. -1, 5. Ul/111w111i,1 cf. lm11111ii Gocpp .. ,10111.1 Mlh a n11~ u[ ,,1h'1cl1,l1) 

,·ell, :1110111,1I011,ly immdt,xl hy a11 ordi11;1ry ~·di. ,800. a11d wh1•1~ leaf cull• 

de ,hm, mg 1hc .I!T'Jngc111cn1 of ~tom,lla. ,5.1. 

from ll.S'k 10 2% each. SIrimor1bi<'iu•1 richt('l'i I KlaLi') 
Hart. up m 3%. and L. pel/11citl11\ (Goubin) llclby. lclcally 
up w 12-15'¼. Occ:1~io111d grain:- belong to l:..phedripi1e~ 
l"'n11ase11si.,, £. !.p., Su i1111w11n.1<1C'ci1,,~ ~p. and Triadi.,po­
m cf. crll.\',\ll Klau:,. 

Spun:~ are le\, diver~c. wi1h a few numerkall~ pro1111• 
ncm form~. ,;uch a~ Api,·tilflll.\fJr>l'i.,. up to >0'fr. und Li-
11w1ulll1pori1e~ ./'IJ\,l'llln111,\ (11:ilmc) Fn~l(;r. up to IYJ. 
P1111c·1aI1.vmri1e.\· 1rin1·.\i1·11., Schu 11.. Polyrinr:11lt11ispori1c.1 
dc11s,,111.1· ldc Jerst'y) r1ayford c1 Dc11m:.mn. l,l'f)IOfrpidi11,s 
jo11kai (Jamrn1iu,) Yaro~h. cc Goh1heva, /Jt1111risporil<'.1 
p,,cuckii J,111:;onitt,, Oe11\f/i,,.1111riI1•., plu_1jurdii (BnlmcJ 
l)e11mann and l'cclwm1110ri1C's dm•rlu.¥ Yaro~h. t:1 Ciolu­
bcva amount to 1-21¼ eat..:h, 

Common in the: assemblufe arc 11·11111a11in·1·1a ,·I11.,rhi· 
""" Bnlt11c as wcll ru. 1hc plunktonit: prasinophy1e-, l'1em.I­
p,•mu,ffa. PihHpori1e1· and l11a11er111ro11olfe11ifl•., 11el11ilm·m 

Aulmc. 
The a~:-ociution ill' the pn:vuilingly Pcr111i:rn K. 

l1·lw11he,1,:<'ri 1wi1h n re .... rcliably-da1ed Early Tria:;sic 
record~ in the early Gricn~had1iun of Arctic Canada and 
tht..: !1,du:111 Panchct Formntion with Lysm>st111m,·: fi,lwr. 
1979; Tiwari & Tript1thi. 1992). L11,·d.i.1p11riIt•1 11irt..kiu<'. 

Fuldsporil<'.\' ~1111i•i and Ali,fporile,\ 11111/wll,•nsis with thl.! 
Early rrias5.ic f'm1irisporif,,.\ pm·,wkii. Ll'pWfl-piditc.1 
jo11ken, Pol_1·1·111g11/o1i.vporilt'\' 1/1'11\'/1/11s. Dt•11.w1i.,11nri1t·1 

playfnn/ii, Pec/u,rm1u11·11t'.1 tl1s1•n11s, L111wIispnrilt'.1 rl!l­
l11dd11.1. L. trw1s,·t•rs111111u/"111.1·, £phedrip1II'.\ 1n·m111.H·11.1i.1 

and abundant Cyrndn11ites. indicate a 1rnn~itiunal uppl!r-
111ust Perrniun 10 lowermos1 Triassic nge for 1hc Ncduhm­
vo palynological as~cmblagc. II i:. do~ely comparable io 

pulyn0Jlor;1,; from the lowern,0:-1 Bunti.andi.tein llf Poland 
(Orlowska-Zwoliuska. I 984 ). Otun:ms hed~ or wc:;1ern 
Canada (Jan~oniu-... I 962), Arctk Canuda (Pi~her. 1979: 

tting. I 99-1 l and the l'mtolu1J>loxvpi1111,· 111nc nf eastern 
Greenland (Balme. 1979). 

A correlation of the mn_ior co111ine111t1I ~equencei-. is ,.;hown 
in Fig. 2. In a 1ela1ively complete Pcrn1ian-Triu~sil' 1,1.:­

quence of the Junggar Bnsin. nonhern Chi nu. the fossilil'­
cmu, tr·u11,i1ionnl <lcrio~il, are expn~ed in two limbs of 1lw 
Dulongknu Anticline (Ya.ng l!I al .. 198(); Cheng ,,, al .. 
1989). A graphical wrrclation ma<..lt: by 1he i.enior au1hnr 
Im~ sho\111 thal thl! rncga~porl! 1.one OIr11i.1110riI,,.1 ,,mr,m­
sh·us uf the Upper Guodikeng Formuliun (I .iu, 1994) 1;rnn­
pri,c~ the i111erval of joint occurrences of /)wy11m/1111 and 
Ly.1·rrosw1r11s und cxtetld~ upsection with Ly.\t1·11.1w11·111 

alone. Thus Lhe FA.0 of Lys1mst1111·11s coincide~ with th,11 
of O1'•11ispmires <'lltria.1,\irn~. Palconwgnetic ,.onalion i). 
1101 y<'t completed for Junggar Bn~in. However, thl.: Up(}t·r 
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Guotli"-cng. :i~ well 11, Ihc 1)Vcrlying ba~al .liucniyuan For-
111a1io11. l.ltow a 1t:vt:r:.cd polari1y (Cheng L'I ,d .. 1989). 

Of a cenain imponancl: for lhl: non-marine ll> marine 
l'TB corrcla1ions i, 1hc ocl:urrcnl:t: of 01yni.1pori1es 1•mri 
11,\\'ic·111· i11 lht: margin.ii rnarine 'lbcl'I, Oolltc nc.:tr the b.:tsc 

1>1 the Werfen Fom1ation .. oulhcm Alp,, al about the PTfi 
po~ition a, dcfint'd by Broglio I.orig.a & Ca1,1,ini~ t 1991). 
Aecording 10 Ko1.ur ( 1989. 1998). lhc mcguspon.:s were 
l'nun<l III the Tcscro ,cc:11011 11bouI 1.8-2.2 111 above lht! 
houndury wi1h the undrrlying Bcllcrophon Fo1matinn. 

They a.,:,ocia1e with a paly11olog1cal L11ndMadi.,1mm oh­
rnf Pm-f.1111mi.1pnri1C'.1' mJ11ia11fe1ivis as"cmblagc -.imilar lo 

Iha1 of I he lower Bu11t-.und,te1n. with a mas, occu1Te11cc of 

T1·11111m1w1·1·1" ~,oscf1i111111. tt~ well w, with eonodon1~ Ni11-

demlu.,· pme1111r1111., Koiur and f.w1rril'l'ffn? 11ri.11·11 Ko1.ur. 

Thc:-.c :-.pccic, it1die:1Ie Ihe L'onodon1 1011c ClarJ...ina 
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J). However. in 1he wiuely accepted conodont rnnaiion. 
the PTB i!. drawn above this level. at the ba.~c of the next 
C(>nudunt ,one lli11dend11.~ 11,1r1•11,1. Whatever· the final de­
eh,ion on the PT GSSP. it ha~ 10 he taken into con~idcra• 

tioo that at the lc\l::l uf lhc curlic t Oroceras, Lystm.wi,,m., 
and Ory111.~pnri1e.1 recor<l~. hoth marine invenehrate :.l!-.­
!-.ernbl.igel> and tcnc,tri:.11 nora i,till retained the Late Pcr­
rm.m ;,~peel. with ,ubor<linutc Tria'>sie 111.:wcu,ncr~. 

CO CLUSIO 'S 

The edubrovo Section on the Kichmcnga River. Vnlng­

da region. rcpre,cnh u rclutivc.:ly complete tran,bnundary 
PT ~equence, with the upper'l'atarian overlain by the busal 
Vetlugian which contain/-, a plant mcgafui.~il ~t,:-emblagc 

of Pcrmian aspect. with mo~t ,pcdes having i,urvived 
from the Late Ta111riu11, megaspores of Ory11ispo1·iIt·.~ ,one 
Cha al Bun1snncb1cin 0f Poland). and n rich pnlynological 
.,~semblagc of a mi'<CU Zcchs1cin-Lower Grie,bnchinn 
character. The relatively divt:r:-.e plank1011ic Prn~ino­
phyccnc probahly indicate a marine influence at :i high 
'>tan<l of 1hc cnd-Pcrrnian bore.ii transgrc~,inn. A n::ver~ect 

polarity 1.onc is C!--lt1bli1-hcd for lhc~c dc.:po:,ib. The Nc­
clubrovo ,cquem:e 1hu-: nppc.:nr:-older th1u1 Lhc ba.sul Vetlu­
ginn cl,cwhere in European Ru,~ia. It conceivahly repre­

~cnt~ a s1r:uigrnrhic imcrv:il mi),~ing in the le),~ complete 

1ransboundnl) i,c1.:1ions. 
On 1he ha~i~ of 1he e, idence. 1he Neduhrovo ,equence 

i, correlatctl with the upper Guodikcng Pornmion of the 
Jungg.ir Ba ·in in China. hnth showing a rewrsed pok1ri1y. 
II i~ l>irmigr:1phically equi"alent tn or somewhat older than 

the lowermost Bunu;and,1cin of We-tern Europe. Prohahh.: 
111atine correlate., of edubrovo are the lowermO$t part of 

Ille OrocC'mS ,one a, well a~ th.: li:scro Oolite anti lhc 
Tran~itinnul bed~ I and 2 below the l!i11dmd11s pon•11s 
FAD in thc Mei~han Scctiou ot' "Julh China. Th,~ l>tra11-
graphic le, el 1:- traceable by the joint on:urrcnc:c, of 
Orw1isporiIe.1. the c.:urlic~l J~1•s1nisa11rill11t! .u1d. in rnargin­
ul murine dcpm,i1s. c:onodont~ of the Clarki11a (Ncogo11-
t!o/clla) 111cishm1e11.,•fa-l li11d<'odrts 11mq1an111s ,one. lt 1i. 
also markl·d b) the onset ol' a wide~prcad transgrc~sion. 

trnp eruptioni. in Siberia 1111d prominent 1sotopK m1om­
alie!--. Then: mny have been a cennin time lag between 
these events and biotic changc. since the biota wa~ ~till of 

,1 prt:v:iilingly Pcrminn chnrnc1er. 
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,, ATURA BRESCIA A» Ann. Mu,-. Ch. Sc. I\0L, Brc,c,a, MC )NOGRAFI,\ N. 25. 1<~11: J 11.J II\ 

THE CONTINENTAL PERMIAN OF NORTHEAST EUROPE 

K1•_1· w11rd.1 - F,Kics: ucpo,111onal cn1 iro11mcn1s: rmlcogcogrn• 
phy: c.:11m:la1ion: ,c4111.:nci: ,tr;11igr.1phy; Pcch11rn 811~111. 

'1/J,11,w 1-A ~cqucnc.:c sin,1igrnphy <1ppni:och .,pplic<l 111 lhc lJp. 
per Pei mian 11f 11ufthca,1l'rn Eurl1pc appeared to I)(' ~er) help• 
l'ul 111 ~uhd1v1,1011 and cum.:l:1111111 ul' complex marine lo nun• 
marine ,u.:ccs,ion, and idcnlificalion 111' lhc inlcrval, 
l'avomahlc for pnlcngcogr:1phic:1I rccon,trt1c1i11n~, Tlw hi,,. 
,tr<11igrarh11:ully pmvcn Kunguri11n•Ufimian ,.luge bot1ndury i, 
111tcrprc1cd as a ,-c,:qucncc houndary marked hy hasinwanl lac1cs 
,hi n a.nu a chnngl' in rura.,cqucncc ~1ttcki11g puucrns. Ench fol. 
lowing. ~cquencc i, charnc1c1 i~cJ h, funhc1 prl,grnJ111io11 ,,f 
lo\, .,.tund dcl1a1c-neari<h11n: l11cu:, to 1hc nurlh aml nor1hwc,1. 
By 1lw cn\l or l/limian 1imc,, 1·0111inc111al 1lcpo,,1inn dominal• 
eel. Alluviul und l::ieu•minc clcpo,i1i11nnl l'nvirnnmcnl~. palc­
v,ob anJ c:1lc1c1c:-. have been intc1pIT1cd 1A.ith111 the conlincn• 
1:11 complcxc-.. 1\lla111rc <:alt:rclc hor11011s have been uwd tu 
111urk. ,c4ucncc houn<.l.iric~ within the co111im:11tal part vr th~· 
,cctiC1n. The contitlcncc in l'orrclat1011, ,ind ,cqucncc idcnti(i. 
ca111rn dn·1c:1M~.s up the ,l't'lH111. 

I TIWOUCTJON 

Contincnrnl deposits of' Late Pcnnirin age arc wide!>prcml 
in the Pcchora sediment.ary basin, located in northeas1.ern 

Europe between the Urals in the casr nnd the Timnn Ridge 

in the west (Fig.I). Late Pennian "edimenrntion wc1s asso­
ciated with the ral:. On)geny and occurred in va.riou:. dc­

posititm..il cnvirvnmcnt:, ( from marine to non-marine), 

cuntrollccl by two major structural (Pechora Syndist! and 

t>n:-Ur::il Foredeep) and two climatic (11011he;.L5tern humid 

ancJ SQuthwcslcrn scmi•arid) tone". F.I. Entzova. G.A. 

lvanlw, V.I, ChnJyshe1, L.L. Khayver. J.N.Lubina. A.V. 

Makedonov. I.S.Muravycv. .l. 1konov. 1.S.Oknov.i . 

. P.Rotay. G.M. Yaroslavt,~v and othcrb contributt:d to the 

facie, study ur the region. However palcogeogruphic.:ul re­

constructions for epoch:. st·cm to be very u11cc11uin bc­
cau,e of complicated focic~ combinmions caused by 
-,teauy regre;.,ion of the ~eu basin interrupted by ~11011 

Pomll' d11111·c - Fac1c,, amhicnli Jepo~i11t,11.il1: pakngcngralia, 
c11rrrl:ll1unc: \lrJt1g111fiu ,cl1uc11:11ak-; Hac11tl• dclh1 Pci:h11r.1. 

Rio,,.1·111110 - lln .1ppnxxio dcllu ,u.uigmfi..1 scquc1J/iult: 11cll',1111hi­
ll> dcl rc,miMu ~upcriorc Jcll'Ewopa norll•t1ricnmlc ,i dimlNt'n 
:i~,:11 utile ncl sudd1vidcr.-c currclar.- <:11mplc\,c ,ucccs,ioni ma• 
rinc c 11rn1-murinc. nonche ncll'idcntilkan: inll'nalli fa\Urcvuli 
per le rico,1n.11iuni p:ilcogcogralichc, II 010,tratigraficmncntc di­
moslHllO h111itl' Kungum1110-Ulii11iuno c intcrprclalu tome un Ii­
mile di ~cqm:111.a dcm11n.:a10 da 11110 ~p,1slamcn1u di lm·1cs ver-o ii 
hudno l' du un cwnhio nd 111n<lclli di p11ra.,oqucn1c ..1crnmulutc,i 
C'i:hCllll(I SllCCc,,ivu ~C{jllCll/ll l' cm .lltCI i1 /:till 0:1 llll. uheriorc pro• 
grnda11ont vc~o nord I' nurd-(1vc,1 di l'Ul'1c, dch111c pw,,1111c 111• 
la spiaggia, in ,;i111a1ionc di /1111•,1·/mu/. En1ro la fine dcU-lJfimianc, 
domino unu dcposi.rionc co111incntulc. Amhienti dcpn,i1ionnli al• 
luvinli c lm.·u,lfi. pnhN101i c rnlcrc1c soot, ~1.aii i111crprc1n1i :ill'in• 
tl'mo di c:omplc:.~1 l'tl111111c111.ili. On, 1rn1ll !11 cak1\:lc 111a1ui.: "'"o 
~1a1i 11s.1ti per lrarciarc limiti Ji ~cqucn1;1 cnlrn la ra11t conlincn 
1nlc dcll:1 ,c1io1w. l-t1 ~icurc/./a ,u.J llpcrnre dcllc wrrclivinni c J.d 
1d<:111ificarc llt:llc ,1:4ucn1.c Jct·rc~Cl•lll• vcNl l'ahu. 

Irnnsgrc~~io11~. Thus. Ihe ohjecIive\ of Ihe curl\'nl ~H1cly 

were to produce p:ilcogeographical reconstructions of the 
Pcchora Basin for pariiculur time --~lice-," critical to the 
cvolutio11 (1f sedi111en1mion in the Late Pt!rmian. 

The study was based on core and log data from more 
than I 00 well, and eight outcrop 'icctions, and incorporat· 
c.d puko11tologic:1I evidence (Grunt et al. (ed;.). J 991$: l:111-

wvu et 11/ .. 1969: Kancv & Koloda, 1997: KolocJa & 
Kanev, 1994: Kuloda et al .. 1992: Konovalovu, 199 l: 
Chuvu.~hnv, 1997; Chuvu,1.huv l'I al .. 1990) ,111d unalytil:ul 

dala on the chemistry and mineralogy of the rock~. 

CO TI E TAL FAC'IES 

TI1t! rt!c.:Ognition of facic, within the 1110:.t rcprc~cntativt! 

section~ of Lhe Upper Permian holh in core.-. and outcrop~ 

revealed a variety of dcpo:-itional environments including 
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off~horc . hell'. lower and upper ~horeface, tidal flat. 
coastal and ulluviul plain1-. ,tnd larnsLrinc (Maly:-heva. 
1997 ). Coal, .. ,lluvial and lacustrinc dcp<.lsit'\, p;llco~ob 
and cakreh!!> have been rccugni\t:d in the Permia.n conti• 
ncntal ,;ucccssiun. Many publications have been devoted 
10 1hc problem~ of coal-bearing formation, in the Peehora 
Ba:-.in (Mat..cdonov. 1965; D1:-dci:v. 1990). Coals are rc­
ft.:rrcd 10 a:-. paralic and limnic types Urnl c.:orrc~po11d to 
coasrnl and alluvial plain ,wamp:-. 

/\lluvi:11 channel bodie~ are recognised by significant 
latcr.d hctcrogcneiry. lemicular forms. thinning upward 
~t:cLiun~, .,harp to crosionnJ contarn, wirh subjacenl l.1yen,. 
planar lo trough cross-bedding and ,;ome other criteria in­
<.:lutling the shape of g;1mma and electric log:.. Channel 
and tlood plain dcpo:-.ils have been distingui~hed within al­
luvial units. Flood pl;iin accumulation dominated and wa~ 
l'Ommonly .iccompanicd hy pedog.enic prnccssci-. The 
number and lhicknc:-s of t·ha1111ch increa ... es up the Perm-

fig. I - LOC3ll0n map. 

J. ccin-,idcrcd ill\',1; 2 nh,cncc of 1hc Upper Pcnmun: J. locallon nl the 
hllrcholc,; •t locouon Ill lhc! 11111crop,: ;\, 1111,,ur ,lf\lcluml /tllll''" / PC· 
chor.t Syncl1,e. 2 prc-l ln11 1tu,•tlccp: ll. hll·atron or focic, cro,s•sc.:1,1m. 

iun section and eai.tward. The thickness of the channd Jill 
within the ~ynclisc does not exceed 20 111, while"' ithin the 
Pre-Ural foredccp it reaches 100 m. Moreover, toarse 
sa.ndy•conglomeratic beds are 11101-1 frequent within the 
fon:dccp, while medium )>and~tone~ with thin conglorncr­
atic interlayers are typical of the ... ynclbc. Morphology 
t111tl composition of the channel bed:, abo differ between 
the northern humid .ind ~outhern semi-arid wncs. 

Lacustrinc dcpositl> are ver) common but they an: rt·­
garcled aJ-, prO\t:d only in as,ociation with wbtidal grey 
,hales with horizonral to lenticular bedding and clayey 
carhonate ... with non-marine bivalves and ostrncod._, Rcp­
n:~e111.:i1ivc~ of wch genera a), Palt1<·1111w1el/a. A111ro,·n-
111111ta, Sy11jol'lla, and Abi1•1/a prefem·d .i muddy sulhtra­
llllll in the sublidal zom: or the l:icu~trine pan, of the 
bm,ins ( Koloda & Kanev. 1994 ). 

Fossil soib weri: primarily proved and comprehcn~ive­
ly studied in one of the ~eclions of lhc Pre-Ural foredeep 
(Chaly~hev. 1974). The major fcawres or 1he identilied 
111uturc i,,oil profile~ could be sumnmrised as desll'at11ica­
tion. rootlets :.tncJ hori1onation (formation ot soil hori7011i,,) 
with obvious altern:Jtions in colour. mcchanicul and d1em­
ical compositions. and content of organic m;utcr from par­
cn1 rocks upwards in the soil protile. Our f.ludie!> of the 
area of the Pcchora Syndisc 1\'.vealcd ahundnnt intcrvnls 
in flootl plain ~ectio1b overprinted by pcdogcnic procc~,­
e~ and few paleosob with more or lc),i> cxp~sseu hori-
101iation. In general. they arc represented by mo1tled. 
green or red clayey dcstrati fied ruch with peds. rom relics 
or clc~l>iCHlion fracture~. and to a varying Jcgrcc differ 
from the purcnt rock!> in clay mineralogy and chemical 
co,npo~ition. lmma1urc fos~il ~oil~ dominatt!. 

Calcrctcs, in moi-t cases intl·rprcted ai,, calcic p::ileosols. 
arc widespread in 1he ~outhern :-.emi-arid 1one of the Pc­
dmra Basin and mark period~ of tu·idisation. even in lhe 
nurlheni aretL'-. Calcrete have been recognised using the 
criteria ~uggested by V.P, Wright l 1989). M. fatehan & 
C'.F. Klappa ( 1991) um.I other,. ~c~111en!d nndulc~. globu­
lar 10 massive nnd brt:cciated ealcrcte1-have bee;:n di">tin­
guishcd. l'ypicnl microstrucwral features include rounded 
peloidl- and grains. circumgnurnlar frncturei. nnd cryswl­
lariu. sitring in a micritic groundmass. The most mature 
profile" cont.ain lhose calcrete~. and are characterbed by a 
gradual trnn~ilion fmm weakly calcareou~ forms with rare 
curboi1atc nodules to impermeable massive or brecciated 
carbonate hori1.on . The number and lhickne"s of individ­
ual cakrctc hori1.<m~ incrcm,c up the prolile. 

EVOLUTIO OF SEDIME 1T TIO 

A i.cqucnce stratigraphy approach (Weimer & Posamcn­
ticr. 199-t; Yan Wagoner et al.. 1990) was applied 10 the 
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co1Telation of the 1,ec1iom, and identification ur the mtc·r­
val!-> favourable for paleogcngrnphical n~con~mu.:tion. So­
called reference !-.Cctiun~. hoth litholngicnlly and paleon­
hilogic:tll) reprci-c111athe. were u~ed as the hasi:,, for sed­
imemological imcrpn:tmion and identitic.:ation of possible 
,cquencc boumlarie, (Maly~heva et al .. in pre:,~). The lat­
ter was bused on ~uch criteria a.~ evidence of erosional 
trunca1ion. basinw,1rd hift-; in fitcic), and change:,, in 
puraM:qucrn:c ,tncking pattern:,,. Vertical and lateral a~:,,o­
ciutions of dcposi1ional environment~ within the avaih1ble 
hio~trmigraphic frnmework provided identification of se­
quences in the Upper Pcrmian succession. One of the 
cro,~-,ection:- displayed in Figure 2 shows facie~ rela­
tion~hips :ind po~sibk ,cqucnce boundarie~. '.,,Ometimc., 
l.'oinciding with stage houndnric1, that were traced along 
the Kolva swell. Low&tand and lran.,grci,,;ive syl>tems 
tract" arc considered to be the most favourable for paleo• 
geographical map\. 

The boundary between the Kunguriun and the Utinii:ln 
in some scctiom,, Lhc Ko1hi111 River being the best (Grunt 
/'I of. (ed.-,). 1998). i;.. defined by 5evcral group" of ro~,ili>: 
bival\e~. brach,opod~. bryozoam,, as well as micronora. 
The latter an:: of grcate.,L importance in the age definition..; 
ol the Upper Permian. In the nottheast of the Pcchora Syn­
clise this boundary h. marked by a basinward shift in fa­
cic,. producing a change in the stacking pattern of parase­
qurnce~ and is rt:garded a~ the ,equence boundary. 
Progradation of a bar-dcltaic complex form;.. a well-docu­
mented IOWi,land ,ysIc111, tract, dominated by lower and 
upper :,,horeface ~nndswnes ( Fig. 3-A). An intertidal nat 
with oolitic shoab. coquinas and small tidal channeb and 
coastal plain with peat accumulation, channel.. first non­
marine bivalve~ and intcrbcds witJ1 lingulas and marine bi­
v::ilves developed in the Pre-Ural foredcep landward or 
bar-dcltaic zont:. An offshort: marine ~helf draining b::isin· 
ward-. i-; characteri,ed hy dark biowrbatcd shales. sili­
-;tones and interbedded. very fincgrnined <;andstoues. 
,ometimc~ with abundant m~1rine fo1-~ils. 

In the !,Outhwesiern areas of the Pechora Bai.in the 
Kunguri:.u1-Ufimian boundary is nbo marked hy a ba.,in­
ward shift in facies. but the low"tand ,ystems tract of the 
fiN Ulimia11 ~equence i:-dominated here by sediment, or 
H semi-re!.trictcd bhclf or lagoon (with mixed elastic and 
carbonate accumulatiun, poor in fos~ils). intcrticlnl nat~ 
und coastal plain:. with red bed~. Alluvial fans. compo,cd 
of conglomerates and graveli1e~. h::ive been reported by 
Muravycv ( 1972> from the ,outh of the pre-Ural foredeep. 

I 1g. J - P:1lc<>g.:ogrnph1cal nmp,; 

1\ tov. ,iand '} ,,cm 11-:Ic1 or 1h1: I ur,111m11 ,cqucnl·r: D. lran,gn:,"v"' '> ,. 
IC111 Intel of 1hc t tlli1111:111 'l'411Clll"C: c. low,1aml ~y,tcm lr.1,1 ,11 the Ill 
l'limwn ,cq111•111·c, f), tm~-i:111d HI trun,gri:,,ivc ,y,1c111 lr.11:l 111 1hc I 

KJ/UnJUJl '>l'l)IICIICt', (S,•c hg. 2 for lcvcndl. 
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/111 C,1111111,·111,il f',•r,111,111 of V,111/i,•m1 I '""I"' 

Facic, and lhid,nc~, dbtrihulitinl> a, \WII a, lhc Pl'· 

trography of ,a11ds1011c, and c.:onglomcratc:,.. ~,rnngly ,ug­
ge:..1. that 1he paleo-Ural, mountain" Wl'l'C lhl.! nuqor :,.otm:c 
of pol>mie1ie c!n,1ic,. However it i, a,:,.umeu that in the 
Upper Pcrmian lhc ,1R·:i uf lhc Timan Ridgl' rqm:~enIcd 
lhc 1cm lam.I plain \\ hich could abn ~ervc :L, ;i tntll!,ition 
1011c fnr the Urallan 11IaIcI ial. i\ ,cric, of i,land, and 
pen111,ul.i, might have cxi:-tcu 011 the area of the Pcchora 
Ko1ln a \\\ell. l'l''-lricting ,tnu prm iding 'IJCCifil: ,cdimcn­
t:uion to thl.! ,outh\\1.!~tern pun of the Pec.:lmrn Bt1,i11. 

The maximum flooding. ,urfoce of the ti,·,t Uli111ian ).C• 
qucncc i~ well cxpr1;:..~ed ova the e111ire area of the P1;­
chnra Ba:-.in. Maximum trnn,grc,,ion occurn.:d in the 
11vrth, The 111ap of tr:111,grc"ive l>Y!.lC•ll~ tracI i, dominat­
ed by l)ft\hore marine lade!, in the nortlrn•L·,1 anti ,cmi-re 
s1nc1cd J'acic~ m Ihc ,ouIhcn,1 t Fig, J-8 ). 

Each following Utimian ,c4ucnl·~· mark, ,t bul>inward 
taeie, "hif1. wiIh prograd:1Iion of IO\\,t,,nd dcllili1..·· 
near:,hore focic:- to the north and nnnhv,c,1. The Ihi1•d 
Ulimhrn ~cquencc i~ ehar:,ct1.·ri~eu by cnn"ider:iblc ,:.111<1 
inllux which n:sultcd in the dcvdupmc11t til' a wick,prcad 
bar-ucltak' <.:<>111plcx over 1hc area nf the Pcchora S~ nc:li,I.' 
(Fig. 1-C'). A <.:m1'1al plain ( low~tand) wilh pcm accumula 
tion ,hiftcd \\'c,twnrd, from the prc-Urnl [Mcclcep. and a 
dcltuic complex with di,tributuric:- and mouth bar:-(high• 
,t:indJ i, docu111en11.:d on the Kharyagn fit·ld. By th\' end l>I 
LHimian time,.. co111inental di;:pn,i1ion dominateu over 
1110,.1 of the considered area and w;L, :-m,ngl) control led hy 
dimatic vari.-ttion:-: toal~ bcnu11c wry common in humid 
di111ate, (1wrthl'f'l1 arcu,). whik: red h<.•d, \\ ith caltn:Ie, 
developed in the ,cmi-arid area, houth). Vcry nftcn the 
latter hcd:-mark ,e(Jucncc houndanc:-. Thi.! most nwturc 
and thid calcrctc horizon~ :ire cnntincd to the top). of 1he 
lllimi:u1 and lht: l.11wcr ('!) Ka;,an1:1n. 

The boum.lary between Ulimian aml Ka,anian <.laf!C' i:,. 
defined hy ,rlOre, and pollen. floral complexc~. hi\ alvci. 
and o,trac:ods. Howe\·cr. ii appeared lll be lc~s well ground 
cd than the Kungurian-Ufimian boum.ltuy. on-marim; fa. 
c:ics dominate ( Fig. 3-D). Morine hhoreface) cnviron111c11h 
;11\u coa,uil plain, with pcm accumulation uncl ,omc in­
Icrbed, \\ ith mnrinc fo ... ..,ib were prc,cr\ cd only in the 
northwe,1cm pan of thc area. In 1hc wc,1. ,cmi-isul:1Icd 1:11-

\ ironme111, rich i11 111:irls accumulated. CorTClation nf '-l'· 

quc11Cl''- a11cl identification or ,y,IcI11 trncL, become more 
complieatcd in thl.' higher pan of the ~cction bccausl.' of con­
tinental faeic ... wiIh alluvial channeb. Only ,ume 'l'qucncc 
bm,ncl:iric,. an:irl,.ccl b) calcrctc hori1011~ in the ,outhern and 
,nmc nnnhern aIca,. could lw lllMC llf Jc..,, correlaicd 
1hrnughnu1 the ba,in. Tr::u1.-.grc,,ivc and highsIa.nd S)'!,lcm, 
trnct~ become mo,t cx.prcs~cd. Tran-,grcs~ivc dcpo,il, in 
co11li111:11lal cnviw111nc111' ;ire 1mtrkcd by the dcvclop111ent 
(even within the ,~d bed,;) ol grey lacuslrinc fade, with 
ah11nd11111 11nn-m:1rinc bivulv1,.', and o~tracod.,. 



The hnundnry he1wccn the Kaz:mian and the Tatarian ;._ 

Ihe lea-,t proved over the mo~t part of the considered area. 

Only in the outcrop, amJ well ,cction::. with sufficient cor• 

ing can they l'X! tli~tinguished hy microllorn. bivalve,-, und 

ostracod<-. The composition of Lhc dcposih i., similur to the 

Kuzanian. 

01 CLUSIO S 

During the Upper Pcnnian. wntincnwl cnvirnnmt:ms 1.:om­

plctdy rcplucllu murine dep<.i~itton in nonhca.,tcm Europe. 

Vertical and lateral variations 0f facic~ patterns cal•sed by 

steady regrc-,~ion ~1f the ,e,I b,1 in. interrupted by ~11011 u·ans• 

gre~sion,. ~uggcst that facie-. mappmg can be mo~t valuable 

for relatively :-hon time interval,. The constn.1cted maps, ii-

<.'It ,n ~Ill v V.l .. 1974 l,t.:()racmyc pochvy uglcnmnykh 01I0,h~ni 
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lusmuing 1J1e evolution or <,edimcntati~>n. i.hould Ix regard­

ed us the first approach. Cyclic regre1.;sivc dcvclop111c1H of the 

Pcchom Basin in the Uppc1• Permian together wid1 climatic 

variations provide a good oppominity for com:lmion of non­

marine and ma1inc dcpo~iL-; and can he applied 10 chmno,­
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INVERTEBRATE FAUNAS AND PRELIMINARY PALYNOLOGY, 
C RBONIFEROUS-PERMIAN BOUNDARY STRATOTYPE, AJDARALASH 

CREEK.KAZAKHSTAN 

MIC'II/\H T. DUN 1
• Cl.,\l.,UI Sl'I OS/\ anu BRLICI.: R. WAROLAW 

K(•\ 1111111/1 - /\111mn1111id~: Carhonif'crow,; Conudll!Hl>. 1-u~uh­
nncc:rn~: l'alynolo,!!y: Pcrmim1; tn11mypc; Urn! Mnuntairis. 

\h.,1ruc1 The glnhal ,tratotypc scrtmn :iml pu111t ((j . Pl lrn tltc 
h:1'c 01 the Pcrmi.m yMcm ,111t.l thcrcfor,· the Pcr111ian-Car­
hondcsou~ h11umht1), :rnJ the ha,c ot the A,,clta11 S1.1gc lu, hccn 
fornmlly cstahli;.hed III lhc southern Ural Mvuot:,in, along 

idMal,1,h Creek, K.va~h,1;111. rhc delin,11011 i, ha~cd un the 
hrst A]l(X':m,nl'C l)a111111 rfiAD1 of the conodont Sm•ptog11atlt11 
t/11.1 i.10la111.1. A pre\ iou~ly ,ug~c,tl'U .1mmont11d l111undary n,:curs 
26.X me1cr, uhtWc. at 1hc h:tsc ul h .. •d :?O. t\ "11.1Ji1iui1t11'· r11,uli­
m1c,·:u1 huundal) l)Ctur, (l 3 m .ihnvc 1he cu11udo111 lm11ndary. 
The ammonoid. tu,ulinaccnn. anJ c,1nndnnt fauna~ l'rum 1hc 
(iSSP ate \\ell ~tmlictl and provide a ht1~i, rnr corn:lulillll ,, i1h 
nlhcr m.irinc ,cc1t(ins wi1hin 1hc Urnb and 111tcrna1mnally. I l11w 
l.'vcr. the Pcrmian S) ,1c111 include, c,tcn,1vc non-marine ,1rata 
that arc 11111 ca~il)' corrcl:ucd with 1hcir marine cou111cqn1J1!-. Cor­
relation ul non-n1a1i11c ~It ata tu t11:11·i11c ,1r.11,)typc require~ ,wd) 
ol' fo,~il 11iot,, lhnt hridgc 1hc lwo. Rcccn1 Clliltt11na11on of 1hc pa­
lyn11logy 11( the C'nrbonifcr1H1,-Pcnni.111 hound,,ry ,,rarn C~4.2 m 
heh!\\ tu 2(1 111 :1huvcJ fr,>m A1daral:hh c,rntinn, the occurrence 
nf'<1111iu,porc as,cmhlagc ~i111ilar 111 the l.. imm,r,11111111 I'. cmltt· 
b,/1, A"cmblagc Zone nt' lllling in ,1r:.uigrapl11c ,L,~1K:1:t1m11 w11h 
:1h11mlanl nmodonh. u111111onu1J, .mJ ru~ulin~cean,. 

INTl{()I) CTION 

The globul -,1ru1·ot),pc :-ection ;mcl point (GSSP) for the 

ha,e of' 1he Perm inn ha<. hcen officially clctincu ( Davy<lt1\ 

,,, ul., I Y98) in strata at idarnlush Creek. Aqti.ibc (f!H'-

111t:rl ktyuhin:-.k) rt:gion. in thl' i-outhern Ural Mountains 
nf northern Kaz,;,ikhstan. The ba~e or the Pcrmiun Sy~tl'l11 

nccur5. at the fir~t appearance of the conodont Strl'JIIO· 
g1w1ltnd11s 1.\'(//n111s. Estahli:-.hmcnl or the GSSP for llw 
ba..,c of the f>crn1ian in the Ural Mountain.., rcprcsenh the 

culmination of a long -;erie~ or ,111die~ dating hack to the 
original rotintliog of the Pcnnian Sy ... 1c111 hy Murchi~on 

l'wolt· ,·ltim•c -Ammoniti: C.irbunift-ru: Cn1111d11111i: Fu,ulinitli; 
palinolnl:\ia; P.:1111ini111. ~,rntotipo. Monli Ur.iii. 

Uw, 11111111 - 11 ptmh1 c la ,..:1i,111c ddlo ,1rnu11ipu glohalc ((iSSl'l 
per la ba,c dl:I Pcmli:1110. c pcrtumo 11 Ii mile Pcm1ia110 C1rhn11i 
fern c la ha~c dctr A,scli:11111 ~ollo ,1:1ti lormnlmcntc Mahiliti ne­
g Ii llrali 111cridi11n,1li lungu 11 wrrl!ntc J\idarala~h. 111 K:11al..lhtan. 
La tkfini,iunc Ji quc~tn li111i1c i: h:l'Ul:t ,1111:1 prima l.'omparsa 
(FAD) dcl conmlontc S11•pl11>:11tlfl11u/,r, 1\/,/l/111.1. Un l11ni1c ad t1111 

moniti. prccet.lc1Hc111c111c f)lllJllhtu. /:' prc~cntc :28 m nl di ~opru. c 
ciuc ,1ll:1 tw,c dcll11 ,trnw 10. Un limitc ··1radi1i1malc" a fusuli 
nitli tigura <d m ,opra ii limitc u ..:u1wJon1i, Lc f'nl111c ,1 11mnu1-
ni1i. fusulinidi c i.:unudonti dcl GSSP ,l1m1 bcn ,1udia1c c forn1-
,com> una ha.,c per cnnda✓ioni l'OII nl11c ,,•,i11111 mnrinc cntm gll 
Ur:1li c in1crna;,inn,1lmcn1c T1111,1, in, ii Pcrmiunu includ\! c~1c,1 
,trat1 11011-111:uini chi: 11011 ~1111u focilmcn1c c11i,-cf11hili con i lnro 
,ostilllti 111a1i11i. La t·111n:la11onc d1 ~,r.111 m111-111an111 nin ,,r,1111• 
11pi mnrini rid1icdc lo Mudio di l':wnc chc l'acciano da ()Ollie Ila 1 
due. Rcl·c111i c,.imi palinulogici dcgli ,trati ;11 lirni1c lr:i ii { ·:,rho• 
111km c 11 Pcm11ano (da 24.2 111 ,11111, 11 26 m ,orrn> nclla ,c,io 
nc di /.\idar;1lash ronfcnna l'cvcnlo di 11n'a,,uci:11111nc a mm­
,pon;' ,1111ilc :111,1 h111u di /.\,,nei111i1111c L 111r1111/r1111111~ V. ,·11 
wa/n/11 di U111ng. u11i1a ,1r:uigmfie:1mcmc ad .1hhn11dr11111 ~·111w­

d111111, :111\lll(llllll C l11~11li111d1. 

( 1841 1. Subsequent to it:- e,tabl i:-hment. the lower bouncl­
;u·y of the Permian hai. been rcpe::uedl) lowcn:d in the 
Urab and variow, other region!-, however. a GSSP for the 

htL"C of the Pcrrnia.n had not been c~wbli~hcd until recent­

ly. Lacking. a tormal world srandard. Lhc lower hmmdury 

ol many Pcrmiat1 ,uccc:-sion'i ou1,idc or the Urnl~ wn, 

drawn ut locally convc11ic111 a1 bitr:iry levcli. without refer­

ence 10 the Ural section:;: this f)fiKlit.:e wa), r:irticul:irly Ila­
grunt in China and Au~1ralia. 

Following the initial worb. by R.l. Murchi~uo ( 18..J I J, 

A.P. Karpin,b.y ( 187-1 ). D.M. R11u~cr-Chcmo~uva ( l 9-10). 
V.E. Rtahcnccv (1936. 1945. 1950. 1951. 1952. 195-1), 

Dcpanmc111 ofE111irumncr11nl un<.I Plant lfa•IO~}. Oh111 t 111vc1'-1l). Athe,1,. Oh,o 45701. USA. 
Pcrm111n Rc~:m:h lm,litulc, l>~JMtllllCIII ~•! G~u-c1c11t·~,. llo1,c <;1;,1c L1n11cr-,it}, flui-.e Idaho. !U7'.!5. LISA. 
I s. C,cotogical '>ursC), 9211/\ Null\lllUI C'c111~r. Rc,lllll. V \ 11092. ll',,\ 
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I. V. Khvornvn ! 1961) and S.E. Ro,ov~kayH ( 1962). among 
rnhen,. conducLed classic i.wdics of Urals ~tratigraphy. More 

rc1xn1ly. M.F. Bogo~lovsk.iy:1 <'I ed. ( 1995). V.1. Duvydov "' 
al. ( 1998). B.I. Chuvashov ,,, al. ! I 99J ). V. V. Chernykh & 
S.M. Riucr l 1994, 1997). Y.V. Chcrnykh et ol. ( 1997a. 

I 997b) :1111ong olhcr,;, and the cfforl~ uf Pcnni~m and Car­
bo11iforou~ wurkt!r i11 [)t~parJti<m for ihe lnL~rnat,onal Con­
gre:..~ of tJ1e Permian iu Pcm1. 199 I are particular!) no1c­
Wt>rth). The Pem1ian Congress pm\·ided 1hc s1imulo:-for· re­
newed emphw,i~ on Pen11i,rn ,tutlrc,. 

Ma.ny secuon~ in the cl,hs1c region of the soulhem Ural:, 

N 
Aqtobe 

Sub-basin 

200 

' 

huvc been sLudicd :rnd in recent year, two ~cctions were 
conten<.k-r, to ~erve as, the GSSP- Lhc ·ectio11:, ut A itlaralash 

('1·ed. und U:-l1lka <Fig. I). Strnta of'the u~olka section were 
depl):-itcd in the Ural sub-hai,in and the Aidurulu:,h Mrntu in 

1hc Aqtobc sub-basin - bolh in the Prt:-Uraliun foredeep. 
C.1rboniferous-Pennian straw of lhe Aqttibe sub-basin were 
Jcpm,itcd on a marine !-hell'; tho c of the Urnl .ub-basin 
were dcp<_ii.ited in dt:cpt:r water (Snyder('/ t1I .• 191)4). Str.1-
1:i of 1hc deer marine facie:.. of tht: Ui.olka l>ection arc ex­
ccpLionally rich in conodont:.. enabling precise correlation 
wi1h Aiclaralash ,111d other section) in the Urab. On 1.his ba-

~ain Uralian 
Fault 

:-k therefore, conodom 
worker- favorcd Usolka a~ a 

poten1ial GSSP. The seciion 
at A1daralash wai, ~elected. 

however. bccau,e ii meet:. 
rmuly of the moi.t imponanl 
criteria for e tablishment of 
GSSP.~. fapecially sig11iri­
ca111 i~ the diven,e hiota: 
uhundant ammonoids. 

fu:.ulim1ceun:-. and con­
odont, ofler greaL potential 
l'\lf worltlwidc t·om:lution 

with other marine Pcrmian 
\t~1rn. Abundant p11lynologi­
cal (Dunn. 1998. 1999) :uid 

palcobotanicnl ( Dunn. 1997: 
Naugoinyk.h. 1999) re1n.1ins 
offer great polcntial for cor­
relation 10 continental sec­
tions. The co-occurrence of 

marine and tcrrcslriul biot.r 
ii. panicularly imponant be­
cau~e Lhe Pennian contains 

extensive contincmal strata. 
Thui.. the Aid;m1la.sh GSSP 
muy provide a bridge be­
Lwccn 1muinc and cominen-
Lal ~1ru1u. 

h!:, I Rq!11)11.11 Upp,,• l'alco,,J,c 

ll'l'l011u,l1~J11gr.1plul' 111:1J1 ol lhc 
~uulh,m Ur.ii Mo11111:111is :111d north­

ern Pl\~C:.i,pw11 b.1'111 vf Ru"'''" an,I 
K:1takh.,1m1. Ll111l•~1011, p,11lcm 1k 
p1c1, lhc Ru,,ian platlv1111. 111:,d, 
du1, repl\·,cnt -;()Ilk.' tit' 11'11.' 111{11.: 1111 
pon,1111 Penniun and Carhu111kruu, 
'4;,'CIIOII\ (>f the rq;1011. r\idamla,ll I\ 
locall!d in lht• ,uu1hcm re~1on :111\l 
U~lka rn lhc nonh. M11d1ficd .tftcr 
Snyd1.'r ,,, al .. 19Q..t. 



PERMIAN-CARBONIFEROUS BOU DARY OEFINI­

TIO S 

'onodonts 

fhe official houndary ddinition for the b,l',e of the Asseli,tn 
Stage. and tJ1u~ the base of the Pennian and Carboniferow,­
Pcrmian boundary. is ba~cd on the Fir:..t Appcw-:nicc Datulll 
(FAD) 11f the co111,dont SIn-pI01,1111tlwd111 i\Clln/111 that OC· 
cur:.. 27 m above the h:i~c of bed 19 ( Fig. 2). 

Fusulinaceans 

Previou:.. fusulinac1.:an boundary dt:11nition~ (Ruz.hcnccv. 
1936. 1950) placed the base of the Pcrmian in bed 19. lo­
~ated 6.3 111 ahove the conodonr-detined boundary (Fig. 2) 
and coincident with the base of the Spltac•ro.l"(·/iwagerino 
,,11fgaris akl}11be11sis-S. fusiformis Zone that overlie., the Ul-
1radoixi11a hm·/i1•ta11c•11sis-Srl1wageri110 mbusta Zone. 
Fusulinacew1s are abundant and diverse at AidaraJash and 
detailed evolutionary lineages an.; well pn.:,-erved. However. 
rusulinm;ean :-pecics from Aidaralash. although widespread 
regionally. appear 10 be somewhat provincial and therefore 
have limited potential for intc.mationul com:lution. 

7 
50 --< 

:l 

--3 ... .. 
40 

JO 

Ammonoids 

Ammonoid definition!> of 1he Permo-C,u·bonifcrous bound­
ary (Bogo~lov kay._, et al .. 199.'iJ were ba:..ed ni11hc liN ap­
pearance of the characLerillLically Pem1ian familie!. Mctalc 
goccraLiclac. Pwnga:-trioccraLidac and Popanocerutidac. The 
Jure.w1111I,•~-1·etla11ocem.1· genolom: was con~iden!tl 1he ha.~e 
of the A~~lian. which llverlie~ the S'111111111rlite.1-Vit!riocem.1 

Gcnozonc. Ammonoidi, arc abundant at Aidarulash ( Fig. J} 

and the distribution of ammonoid gl!nern i~ wide:-pread. 
lmwever. a1 the llpecies level. \imilarly to fuJ.ulinaccan~. am­
monoid disu·ibution is somewhat lcx:ally rc,uictctl. 

Pul3·11ulo~y 

Approximutcly filly 111cwn, of 1-1.:ction t Fig. 4) acw:,.i-the 
C'nrhonifcrous-Permiun houndury were ,ampled for paly 
nomorphi, ( Dunn. 1998). o \ignilicam change wm, no1ed 
in I.he pollen and spore assemblage wiU1in this portion of the 
.A idurala~h section. The palynollnra of the section ~tudicd i, 
characterized by abundant and diverse ~pccic:.. of \li11111i,111 

(polyplicate pollen), and a variety of wcnin1c di1,accn11' 
pollen gc:ncr..t. A~ ~hown in Figurt' 5 1he$e 1wn Mlpragener­
ic gn)up~ compris.e 64'k of the palynomorphs in the asscm-

Aninskla 
lr/11ae 

Ard,ukta 
kav,k/tft<inl~a 

I .,.~ ' \ .. , . \\ 
. ·;; . ....::: ,. . 

"-' ... ..-f : 

S1rept<1gnotl1vdUJ y 
20 

10 

Om 

-10 

-20 

Traditional mlllarnt11s 

fusullaaceaa I 
boundary Sirttplogna1hod11s 

_______ , L 

. ,, Ji 

sI,,pIog11a11101h1s 
bi11odosu:; 

Strep1og1101/lod11s 
conj11nctus 

Gtapherite., 
ak111b1msis 

Spl1aeroscl1wagulna 
vuigatis 

I 

Ultradalxlna 
bo.fbyta11enJIS 

Fig. 2. -S1mtigmphic column :md rJnge, of wlcc1ed reprc,ent.t1I, c, ol' <1gmh~u11I i11>1!1lch1:11~• Ju"'' i;1u111), ,n 1hc tiSSP Im 1hc h(I\C ,11 1hc Pc,rnlan 
SyMcm, Aidamlu~h Creel.. Al.ihhe !1om1t·rly 1\ktyuhinsk) rei;1on. Nonhcm Ka1ul.h,ta11. ·1""' n ;uc lh~ tr.1~hh•>11.1l lw11111bne, ha-.c<.I ilrl ;11111n11fli11tl,, 

111,ulim1cc11n~ nnd 1hc GSSP dclinitiCl11 huwd on rnnodonh. 
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blt1µc. Monoi-uccaIc and nun-tacninte pollen comprise w,; 
;1nd 7% nf Ihe population rc~pcctivcly. In ;,,itu trilctc ~p<.>~~ 

account for I V/r and reworked Devonian and Low~r C:.ir­
bonifcruu, trilctc .,,x,rc~ I01al ntofe 1han 7C,r. The 1.·o-occur­
rc11cc of li111il"f"'rite., 11umsrrno.,11., and \li11mi11t1 co.m1hilis 
in co11Jt1nclion w11h thc abundance and divcr,ity 1)f wenia1e 

di..;accatc and polyplicatc pollen ~uggc~,~ 1ha1 the p.ilyno­
Jogicul u~,emblage at Aidarala-.h Creek may be corTcl:uahlc 
with Lhe Li111i1isporiIcs 111011s1run.\'ll.I - \'i11"1i110 row(I/Ji/i.,· 
Ai-scmblugc Zonc: of U11i11g < 1989. 199-1 ). 

Important 1:.ixa include \li1tati1111 costabi/i,· Wilso11, ViI-
1111i1111 l'ittifa11 {Lyubcr, Sanioilovid1 ex Han. \l/11mi11n 
~implr:o: Jan~oniu,. \/ifl(//i11a wccif cr Jan~oniu~. \li11aIi11n 
,11h.11u·1·a111 Sn111oilovid1. / fa111ia1111llt'11ites h11/laef11m111 
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EXPLANATION 

f;) 30/1-2 
6) 35 

G ss 

f;) 31 

~ 25 

~ 2,;1-3 

61 22/1-3 

0 21/2-3 
C, 20 

f;) Hl/2-3 

61 18/1-3 
0 17/1-2 

I Hl/1-2 
16/1-3 
1' 

!;I) 12 

i 10/J-2 
&/J 

a, e 
e ' ell 3 

~ 0 

E::::J Saod•\.oue 

~Ar&llllte 
E::::3 Silt.tone 

~ Coo.aLo.m.eraLe 

~Utneatone 
IT:::] ola7e7, aandy 

!;I) A.mmonoid 
occu.rreJ>.ce■ 

(Samuilovid1) Jan,011i11~. {{n111i11110/lt'llit('1 r,·c1crift:·ri1111\ 
amoilovich, the l'mtolu11>fo.11·1111111., la1i,,,\i11111~-J)n,rolw­

(1foxv11i1111s 1u•1/t'<'III~ complex, Stn(I//J11hi,,i1,,., -,p .. U111i­
,i~1wriIc.1 111n111·1m11.1·11.1· Lyuher & Val'1:,, fl{i11ill'.1 1111i,·11., 

Ko;;ankc. lhc L.A1cckis110rilel'-Srnw.,p11d1e., complex. Po­
Iv11idsporiu•-. spp .. Florinires /11hem1' Santuiluvich. and 
CimfaiIi1111 11rafr11sil' Lyuber & Vai-1., tFig. 6). The mm,1 
common trilc1e :,pore!) are gcncrnlly nnl bios1ratigraph1-
cally useful. such a~ P1111cw1fa7mri1,•.1, Cnfamo.,-,wru and 
Leiotri/ew.,. or arc ri:worke(.) ~uch a., /Je11.1·0.11mri1e.1 w,d 

Api111/11/i.,pori.1. 
Dyupinu t I975) rcc.:ognitcd that an im;re1J~e in th1.: 

lJllnntity of acriiarchs and a reduction in the diversity and 

quality of pn!scrvmion of mio~pore • c;orrelalt: with an on­
~ct of a transgre~,ive pha~e. At idarala,h. acritarch~ ( f11-
cfcriIes) do not increa~e aero~~ the Per111ian-Carboniferous 
hound:.iry, Ihus Dyupina·s hypolhc:..i!-i!- in ugrcc111cn1 w11h 

the.: r,hy:,ical 1;:videncc (Snyder i-1 11/ .. 1994) that no dis­
ccrnahle transgressive cycle occur:. in :..trutu within 50 me­

ter:-. of Ihc GSSP ar Aidnrnlnsh . 
The abtrnd:incc of tli~accate pollen nnd the polyplicutc 

Vi1101i11a with the relative paucity of ~pores and monosni:­
cate pollen ~uggc:,l:.. th;tl 1hc macronnrn uf 1he Carhonif­
cmu,-Permian bounuary :it Aidar::tla:,h Creek wu!> domi• 
natcd by gymnosperms. Thi!> gymnosperm dominance 

~uggesb Lhat the terrestrial cc.:o,y\tem of the region wa:--
1hu1 of un urid dry upland -typical I) Pennii.ll1 -rather than 

the coul swamps typical of the Upper C'arboniferorn,. The 
tlominuncc ol gyrnno:..perm pollen indicmes ihat the uridity• 
tolcr.tnt Pcrrnian llora had been well esrnblishcd by the be­
ginning of the Permian and that Lhc c.:hangc had occurred 
priOI 10 the clo!>c of lhc Ctrbonikrou~. These darn i-upport 
Lhe linding~ of Ziegler ( l 990) ,111J of Uning & Pi,1~rcki 
( 1995) "ho ,ugge:-tcd Llutt the climate of the sou them Urab 
in Early Pcrmian time was lhnl of .u1 .arid 1ropical desert.. 

Fig. ) - 1Jmgra1l111llllic ml111111111r n:pr1.~ntulit1n ,,r lhC 1dru-.tlmJ1 Creek 
..... ..,11011 w11h indic:11,<tl ,1m111011111d lX:currcncc, .1nd ~le Pcnni:111-Cnmonil­
~rt>u, hrn111<111ry prclc~tl h) :111In1om,itl \Hl1~cr-. /\nO'- 1m.l1cml'.' l~nion 
nf 1nU'rnn1umnll) n.-cog11i1,ctl GSSP. Rcd 11u111ticr~ ,~f)fl'..:nt the 1cm1Jm1l­
ogy IIM'cl 111 Ru,"1111 lilcr.ilm-c. /\1l.tpIcd rwm Bt1gn,ll•V~l..l)'J r1 u/., I9'J5. 
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Bed 21 

8td 20 

Bed 19 
-27.'5 m 

r::;-,;-:J pollen samples 
12::..E_i meters above base of Penman 

B relative paly abundace per sample 

< 100 < 1.50 <200 < 2.50 
300 in 4 300 in J JOO in 2 300 in I 

< 300 traverses traverses travcn;cs lravcrsc 

Fig.~ R<'lat1\<' ahundnn.:e ,1nd locano,1 (lllCICI'\ .1t..1v ... h.1,e of Pcnnfant of p:11) nomMph ,am11lc, frorn o1 fif1y•lll('ICr 11\ICf\l,ll OI lhe GSSP ""'1i,1n 111 
\i1far:1l,1,h C'r.!o!I.. Al.lilll<! !fu1111erly Al.1~ubin,I.J roginn. ,,nhem Ka1,1l.h-ran 1\.!11ptcd fro,n Dunn, J')tJ'I. 

Monosulcates 

Polyplicatcs 

Monosaccales 

Taeniate Disaccates 

on-Taenimc 
Disaccatcs 

Reworked Spores 

Spores 

0% 10% 20% 30% 40% 

hg. 5 - l',·rccnwgc ul ,upragcn,;ric p:ilynomorph gmup, Imm Atd,1r-
11l;1,h Creek. kttlhe t formerly Al.t)'ubin,k) region. Non hem Ku,a­
~h,utn 
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PERMIAN ANO EARLY TRJASSIC PALYNOMORPH ASSEMBLAGES FROM 
CANADIAN ARCTIC ARCHIPELAGO, 

ALASKA, GREENLAND, AND ARCTIC EUROPE 

JOHN UTTI G I 

Kn 11·w1h - Palynoinorph~; Perniian: Earl) Triu"1c: Arc11e 
( ·an:ula; Ala,ka: <lrccnland: A relic F.11rnpc. 

1/1111·111·1 In the Svc,dnip Ba~in of' 1hc Canudian Arcuc Archi• 
pclago twn polle11 anc.l ~pore ,one~ h11ve hcen e,tahli,hed 111 Ku11-
g11ria11'! lo \Vol"\lian IIK:~, al 1111• hasin margin. 1\ l'unhcr ,one 11\'­

eur~ in um:onfonnuhly ,1,crlying hcd~ whid1. hu.,cd nn um­
monoiJ,. haw hccn a,~igncd 11w.li1i11nall) 10 1he lower Grie,­
haduan (lower Tria,~ie), allhnu~h recently ,1m1c worker~ have 
\uggc,tcd 1lm1 lhc lowc~I of the,.: hl·d~ may he 11ppcrmosi Perm 
iun (C'h1111gh,ingi11111, h:.i,cd nn eonodonl dnta. 
The palynumrn ph a"crnhl:1ge\ iu the 11,nc~ of Ku11gu1 i:111 w 
lfoad,an, Word1an and (iri1·shach1;111 :igc n:,c111hlc lhmc nt ap­
pw~imately ~irnil.tr ugc 011 thi: Nonh Slope or AJ;1,i..a. nonhern 
and l.'a~tcrn Grcenlund. Spi1~hcrgen. Svali, Dome. 1-=innmnrk. 
u11d Kulguyn Island. lhcrchy cn,1bling relatively p11:ci,c a~c dc 
1crm111;11In11~. 111 1cnm. ot Nor1h American ,1agcs, IO hi· 111:1dc 
throughout the cin:um-p<•ltir area. 
Many \~1wJ..er, l.'1>1,clatc the LIJ'imi:.111 ~,r,llot) pc in the 1,lga• 
Ur:11.~ rcg1011111 Ru,,ia w11h thl' Roadiau ol Tn:L,. aud the Ka1a11-
ia11 ~1r,Iw1ypc nl R11~,ia \\ i1h 1hc Wnrtlian ancl Capilaninn ,11 
Tcx:L,. H1mever. prcci~e rnrrclation between Texan and Ru~\i,in 
~tratotypc, i, hampered h) the tact 1ha1. whcrea, the fom1crcon• 
1,11n a nch 111:mnc launa. lhc Ru"i.111 ~tr:.Hotypc, contain only 
,par,c hrnl.'.hiopo~I,. ,1mmonoit1,. ~·nr<1h ,1nd cnnodunt, .inc.l a 
non-marine fauna of bivalve,. o,trncodc, ancl com:hos1racan,. 
Palynulogical co111pariS111I, c:rn1101 yet Ix: 111:1dc "i1h a>,cmhlagc, 
J'm111 lhl! Texan ,1ratrnypcs hccau~c puhli,hctl dma arc unavail­
uhlc. t,,rgcl~ hcl·au,c 1hc ahu11da111 carho11,11c, lac.:i.. paly 
nomorph~. 
I lowcvcr, pal) 110111orph~ arc abu11tla111 in Ku11gu1 ian'! to Wortli:111 
roc:k~ of1hc C:anadi:in Arctic 1ha1 nl~n eon1ui11 mul'inc J'ounu.~. ancl 
111 the Ku"i11n Uliinian and Kan1n1,1n ~,rmntypc urea,. thu~ ul• 
Ill.,., ing eomparb11n~ to he 111atle. 'J'hc~c ind1c.11c 1h:11 there :11.' 

111a1ur d1ffcrc11cc~ in lhc c11111pn~iIum ul J)ullcn and ~pon: laxa of 
the 11vn area, 
II tlw :l~c c:11rrdu111111~ arc \alid. 1hcn the pulynul11g1l'!II <l1lkr­
c11ec, 111:iy he the 1c\ulI 111 difference~ in flrn~tl p11I\ i111:c. pulcu• 
,.;liniutc. pulcolu1,Iuuc. facics und rclulivc gcog.raphic l11.::11i1111 on 
Pnngc<1. 

l'om/1! r/11111·c - Pallnrnnorli: Pcrnmu111: Triu.s~Ko infcm,rc: /\n1• 
1·11 .::nnnk~c: Alaska: (,mi:nlandia: Artico c1Iropco. 

Rim.1111111, - cl Bnrino di S,crdrup. ,itunto ncll'AJ\·ipclag11 Arti• 
t·o l'anadc:,c. ,01111 ~tut.: ~t:ih,htc due 10111: a 1x•lli111 c ~pmi: 111 nK:cc 
k1111gurianc-wo11lia11e po~1e al m;11g111l.' drl hacino. ll11'111fc1iorc 10-

nu c p1-c,cn1c nci ~m nN:.1n1i ,tmti tli~cortl1u11i i:ht:.. in ha,c .1l1u prc­
~t'n/n 1li ammnniti. l' ~ltll3 tr.1di7it1nalmc111c ;1"egI1:na al Gric,ha• 
chi:11111 mlcnon.: (Tria~su:o 111fcriorc), schhcne fl:l'en1c111c111c :1lcun1 
ricrrca1t111 ahhianu pmpo,I0, ~ullu base di d,ui ;1 ,1111111.lrnni. eh(· ii 
pii1 b.1,,11 Ji q11cs1i ,1ra1i !'(Ma c:nrri,pn11dcrc ,ii Pc1111i:uw pii1 .11111 

!Ch:mgh~ini;i,inol. Le :N,t><:1:11ioni a palinumorti nellc ,one chc 
van1111 dal K1111gunan\l al Koad1a1111, Wollh:11111 c Gric,h:1ch1a11n ra~• 
~omigliium a qudlc di l't~ ,1pp1x1,~i111a1iv,11nc111.: ,imili rn::sc111i wl 
lo 1/uf11' ,cn,nrrionalc dell' Ata,ka. 111 Grocnlun(li:1 ,cncninon;ilc c 
111 icmalc. nellc Spi11-hc1gc11. nl.'I ··1Ju111no di \:iii,". in Finnmark c 
rwl1'1,nl11 d1 Kolguycv, cn11~cn1cndn pcnm1h) t.:hc 11i.:1crm111:1110111 d1 
et~ rcluliHnncnw pl\'t.:i,c. in t1.:11nini di piani 11ord-:uncril·w1i. siano 
compiutc a11i;Ivcr~,) J'.1tcn circ1un-pc.,k1rc. 
Mohi riccn:at11n t·1111t'lanu lu ,1ratutipu 1t:lativ11all'Ul11111a111111cl 
l:1 rcgionc Ynlgn-llr;ili 1k·lla R11,,ia ron ii Rodiann d1•I Tcx,1~. ,, In 
~lratotipo rclmi1 o ul Ku,uniano ru"o con ii W(ll'diano i: ii Cupitn 
111,111l, dcl 1e,a,. Tutt:1\.ia. unn prcci,a cnn·cl:11ionc tni g.11 ,u,I1011 
111 1~xa111 c rn:-.s1 c ostacolata dal l:IIW chc. mi:nw I pnn11 cuI111:11-
go1111 un., ril.'.1.'a rnum1 m:irin:i, gli ,11-.11111ip1 111,,1 i111.·ludono ,ol(I r,I 
ti hl':ld1i11podi. ummoniti. i:or;tlli e conodonti cd una fauna non• 
111;11i11a :, hiv;1lvi. nsti.1cotli l' 1.·111ll'O,tr.1ci. C11nrr,)nt1 p:1linologil·1 
non possono ancora c,scrc l'alli con a,"x:ia11n111 pmw11ic1111 dugh 
~tratotipi 1c~a11i in q111111tn i dati puhhlicati ~01111 i11u1 iti11,1hili. in 
gmn mi,um pcrchc gli ahhontlnnti c11rhonmI ,0110 privi di p:l1111l1-
rnorli. Tuttavia. i palinomorll ,U1W d1ffu" ncllc I11<:ce J..ungurianc'!­
wordianc dcll'Anico canode~c. chc pure rn111cngo110 raunc 111an­
I1c. c ncllc = a ,1niw1ipi ~lcll'Ulimi:1111, c llcl Ku1.1111a1ll• ru"i. 
conscnicndo pcnantn dies, ro~,n procl·dcrc a cunlmntL Quc,11 in­
d1ea1111 chc vi sU1111 111aggiuri diffcrcn,c 11clla 1.:0111p11~i1i1111c d1 la­
x11 t1 pollini e ,pore cli:llc due ai-cc. Sc le crnrclt11io11i l'm1mlog1d11: 
,11111, vali1k. lc dilli:re111c palinolugichc po,~unu alll,ra rnpprc~tn• 
tare i I riM1lt:1h> di 1h ffcrcn,c lcga1c alla p, ov111cia llori~llca. al pa 
IL·uclim:i. alla palcob1i111dinc. allc lacic, cd :ilia rchlll\:t pos11iu11..: 
gc11grnlil'a ncll' nmhi1n dell a Pangca. 

G~otogicul Survc) 111 C1111adi1 (l'illg,tl') I, 3303 .Uni SI , NW Culgury r2L 21\ 7, C .111111li1 l '1111tnh1111011111) .!f~KHm; 
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I TRODUCTIO 

Enrl) 10 Middle Permian rock units in the marginal facic:.. 
or the Svcrdrup Ba~in include Ihe Sabine Bay. Assistance 
and Trold Fiord formation~ {Figs I and 2). The Sabinl: 
IJay Formation (To,-er & Thorsteinsson. 1964) was prob­
ably dcpo;,itcd relatively rapidly in re~ponse to the 
tvkhillian di,turhance (Beauchamp t'I al .. 1989 b): i1 i~ 
uominated by ~and~tonc. with intl:n.:al;1tion~ of shale. and 
with rare conly and carbonaceou~ shale intercalation:.. 
l Fig. 2). The overlying A~~isrnncc Formation (Harkt:r & 
Thorstein;,,on. I 960; Fortier e1 al .. 1963: Thorsteinsson. 
I97..t: a-;.,ichuk. 1975) i~ mainly marine. fossiliferou~. 
calc.irenus, glauconitic s:rndstonc. It is overlain by the 
Trold Fiord Formation (TlUt:r & Thorstein~son. 196-k 

assichuk. l 975: Beuuchamp e, al., 1989 a. b). which 
rnnsists of glaucnnitic. fm,siliferous, calcareo11, sand­
).tone. with some thin chcrty intercalmion~. There is a 
hiatu~ between lhc Trold riord and the overlying lower 
Tria!>Sic nlind Fiord Formation (Tot.er, in Fortier l'/ al .. 
1963 ): the la11cr i~ composed of green and grey ~h.1le and 
siltstone. considered lo huvt: been deposiLed on an off­
~hort· ~helf(Embry, 1988. 1991). 

The Pcrmia.n formalioni. have been dated with marine 
fauna-. of conodo111s. brachiopods. ,rnd ,unrnonoid), (Fig. 
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0 l<m !,00 

'>( 

2). These data !>uggest a Kungurian to Roadian .age fM the 
Sabine Bay Formation (Waierhow,e. 1969: as~ichuk. 
I 995: Henderson, 1988: Beauchamp 1•1 al.. l 989 b: 
Bc,1uchamp el al.. in press). a Roadian ag..: for the 
Assistance Formation (Watcrhou~e. 1969: 'a.<.. ichuk. 
1995) a Wordian age for ihe Trold Fiord Formation 
(Watcrhou,c. 1969: Waterhouse in Thorsteinssnn. 1974: 

assichuk. I 995). A review or the macrofaunal data has 
recently been provided hy Fedorowski and Bamber (in 
pres~) for the Trold Fiord and Degcrtx;b . The lower pa11 
of the unconformubly overlying Blint.I Fiord Fom1ation 
was dated as Early Triassic (early Gric!>bachinn) on the 
presence of Otncems comw·11111 (To1..er, 1967). Conodonts 
are sparse in the basal bed . but Henderson & Baud ( 1997) 
sugge)'.olecl the former cotTelme with the uppermost 
Changhsingian of Mci,han (Chinu). Thi~ conclusion i 
based on the presence in the lowest 14 • 18 m of lhc O!Lo 
Fiord South Section. Ellesmere Island. of Neognndolella 
. p. cf. s11bcari11111<1, N. sp. alT. clta11xxi11gc111sis, N. 111eisl10-
11e11sis. and lJUt'.).lionable N. tlej7rr111s. However. Orcharu 
& To,-er ( 1997. I 999) questioned thi, interpretation and 
recommended a demi led study of conodonts from tJ1e beds 
containing O/ocerm. Ut11il that is carried out an Early 
Tri~,s~ic Grie~hachian age is assumed in thi)'., paper for 1he 
lower part of the Blind Fiord rormation. 
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z 
0 

UJ 
~ UJ (!) ROCK FAUNA AND MACRO-FLORA (!) 

~ ::t TYPE 
MICRO-FLORA 

<{ ex: en 0 u.. -z FAUNA: 
<( 0 ammonoids (Otoceras boreale). 

0 :r: Cl'.'. 
~C/) 0 0 - conodonts (Neogondolel/a meishanensis. Dominance of trilete spores and 

- N. carinata. N. taylorae. N. tulonyensis. gymnosperm pollen (taeniate n:: C/) <( u.. .-
<( <l'. Cl) 0 - lsarcicella paNa) disaccate). 

WO:: (/) z FAUNA: 
I- w ::i Presence of fungal (?) cysts. 

ii ro - ammonoids (Otoceras concavum). - - -
(!) - conodonts (Neogondolella meishanensis) 

>- - -

FAUNA: 

• .. ~ ..... brachiopods ( Wyndham,a sphenarctica. 
• W. unispinosa, Craspeda/osia pu/chella. 

0. - Kuvelousia sphiva), 
z Cl'.'. •• . ., 

ammonoids (Neogeoceras macnairl), 
Abundant taeniate disaccate pollen; 

<( 0 L. .. common trilete spores. non-taeniale 

0 
u: . conodonts (Neogondolella aff. phosphoriensis, disaccate. and polyplicate pollen. 

0:: 0 • ... ..;""' N. bitleri, N. rosenkrantzi, ?Merillina sp., 

0 
...J ... ?Xaniognathus sp.) o.-.. ' 

Acritarchs locally common. z ~ Cl'.'. ' . corals (Euryphyllum sp. nov., 
<( I- ~ .., 

Allotropiochisma longiseptata, 
~ 

~-~ 
Calophyl/um columnare. 

0: - -
w --=--- ~ Soshkineophyllum turgidiseptalum) 
a. 
w 

_ ... FAUNA: 
...J w Ammonolds (Daubichites fortieri. Sverdrupites 
a z l) '-

.... ·-a <l'. z ..: _.;_ . harkeri, Sverdrupites sp .. Popanoceras cf. 
<t:' -~ P sobolewskyanum). corals. scaphopods Common trilete spores (mainly fern); 

~ Cl I-' ... -
<l'. en .. -· (Prodenta/ium belcherr), gastropods, bryozoans, common to abundant gymnosperm 

ci5 ..: -.... 
0 conularids, brachiopods, elasmobranch pollen (taeniate and non·taeniale 
0: en . ., 

<( - .. shark parts. conodonts (Neogondotella sp.) disaccate and polyplicate). 
- FLORA: 

I ~ ~ 6 

J conifers ( Cordaltes spp., Ruffloria sp .. Walchia Acritarchs locally common. 
I• : •i , 

sp., Sphenobaiera sp.), seed ferns - - ,-

1, --:1 (Cal/ipteris sp., Trigonocarpus sp.), ferns 

z 
z <( 

0 <l'. 
0 .. 
<( 

~ 
.. ·, . 

f--~ 0 Abundant trilete spores (mainly fern) 
UJO: Cl'.'. ro • • • • • • 4 ' ._ . gymnosperm pollen (non-taeniate ...Jw C'-• w· 
OQ. z z and taeniate disaccate. polyplicate, 

<( . . FAUNA: 
Cl~ Cl'. co monosaccate, and praecolpate). 

<( - - j ammonoids (Sverdrupiles sp.). 
~Cl'.'. ::::, en aleles, and rare acritarchs. 

<( (!) conodonts (Neostreptognathodus prayi, 
UJ z Neogondolella idahoensis) ::::, --

:::.e . 
100 

D sandstone ■ coal ~ •. •.1 chen 

D siltstone LJ carbonate 

bJ shale ~ calcareous 

Orn 
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FI.OIUL PROV11 ('R 

lacro-fiorm, are ,11re in lhi.: Pcrmian of the circum-polar 
~llldy area. and interprc1111ion~ of noral province are 
\rcculmi\ e. Mamny & Reed ( 1984) reported an Angaran 
flurn from Ihc ct:nm1I la!>ka Range no younger th.in 
J:nrly Pennian. Wagner et al. ( 1982) anti Wagner et of. 
(in pre~\) dc~cribt:d Late Permian (Kannian) floras from 
nonhern Greenland that have Angaran and rnrc 
C;11haysia11 affinities. RccenIly in Ihe Sverdrup Ba:,in. 
,1udy of macmllora in bioda~tic lil11C\IOnc approximate­
ly equivalent \Q the /\ssistnncc Formmion near 1he 

S,•a11e, aeg Cliffs of nl1rthcrn A xd lleiherg ha:, indicated 
elements in common \.\ith Angaran, Europ1:an and 

PERMIAN TRIASSIC 

EARLY TO 
MIDDLE MIDDLE EARLY 

KUN GU RIAN WORDIAN GRIES· 
TOROADIAN BACHIAN 

),. 

<-:i. ~1 
... 

a,, II> 2! 

"a I[ ., Q 

~i ::, 5 
!l <: ~t fh '? 

i ::, ' 

I 
I 

I 
I 
I 
I 

I 

I 
I 
I 

I I 
I 

l I 

I 

AGE 

STAGE 

/ ~ 
► 

Crlnafltas sabmensts 
Cladalt1n<1 kolodae 
Sverdrupo/lemtes agluaws 
Svotdrupollenltes connudetus 
Altspontes pi/ea/Us 
Aflsporltes sp/endens 
Ap1cu/atispons metv,llensis 

Diato 
Gondi 

Dyupetalum ves1c<1lum 
mozonolrlletes 19/uanus 
sporltes nass/chukfl 
nlspora obstacuftfora 
po/lemtes bul/aefonnls 
porites comptJclus 
selispontes sverdrupens,s 
etes u/ulus 

Gordo 
Hamta 
Jugas 
Kraeu 
Lelorril 

o/nleles parryensis Loph 
Une/11 umsp. 

nd,res stnatus Wey/i;i 
Consa cc1tes s1rad1vari1 

s1spontes lhors1e1nsson11 
sispontes micro/loridus 

mozonotnletes hypenetes 

Ahren 
Ahren 
O/aro 
Hami;, PQl/en,les erebi 

rturopollomtes net11110s11s 
spontes artuk1 

/nape 
Luna1, 
L11n;11/ sporites beauchamp// 

pol/en/tes nookapl 
spooles nanukJ 

P,cea 
scula 

ab1e1/os borealls Stnato 
Ephed rlp,1es steeveslae 
Fate, spori1esr-apfe1 
FJ/isph aendium selasess1ta11ttt 

polleniles stapl/nu 
se/ispontes spin0$uS 
spomes albertae 

Klau.~i 
Kraeu 
Luna/I 
lumlli spcntas novlaulens,s 

atasporites sp Mecul 
Propn spontes pococ/111 

aplo)('fpmus samo1tov1ch1I I 
nospora mmuta 

Protoh 
S,meo 
S/na/o 
Tymp 
Uvees 
Wi/501 

ab1e1les nchtori 
amcysta stoschlana J 
porites 1mpenulis 
iastrum colon,cum 

fig. ~ - S1ra11graph1c r:.mg,·, 111 laxa ,n paly110111orph ,unc, u( lht• 
liwrdn1p Bn,in 

Euramcrinn provinc.;e:-. (LcPage. per,. comm. 20001. Abo 
pr~scnl ;,ire iaxu unl-.nown or rnre in the Angaran floras 
and 1ho:,e that arc more typic;tl of 1he Upper Permian and 

I 
L,iwcr Trii1s,ic. The nora i~ dominuLed hy corduitcs 
( Corrlaites. R11[floria, Voj1101·skaya and "lctminplerin. hut 
ahundant remains of U1reclt1ia indicate that thi~ conifer 
co-dominatcu the rcgionul vegcI<.111on lhroughou1 the 
cx1rabasinal regions (LcPagc. pen,. coll)r,1. 2000). The 
tlora i~ characterised by a diver~c a~l,emblage of p1cri­
dosperml,. It contains medullosan :,,ccd fern~ 1101 normal­
ly ;\\~Ociaied with /\ngura. Also prescn1 c1re peha:..perm:... 
which arc the dominnnI elemellll, of the Uppcr Pcrmian 
of Russia. The microflora in associated bed:.. hns been 
al.~igncd to the upper part of tlw Alisporitcs plirntus -
Ju~asporite~ cm11pa,·111., Concurre111 Range Zone or 
Ro:idian age (rig. 2). The Svcrdrup Ba,in Wcl\ asi.igned 
10 Sub-/\ngarn using pulynological criteria ( Uttmg & 
Piasecki. 1995). 

PALYNOMOIU'H ZO ES OF CA 'ADI/\ ARCTIC 
1\RCHIPELAGO (SVERDRUP BASI ) /\1 D COMPARJ­
S01 WITH SELECTED CIRCUM-l'OLAR LOCALJ­

TTES 

In 1hc following ,;ectiom, Kungurian"! 10 Wordinn and 
Gricsbachian assemblages of the Svcrdrup Ba~in are 
compared with those of other circum-pol.ir area!'-. Thi~ 
docs not nccc,l,:trily i111ply 1ha1 the mierofloras arc 
resLric1eu 10 thut geographical area. For example. in 
Canada a!>~emhlugcs similar to the Grie~bachian a.~sem• 
hlage!> of the Svcrdrup Basin occur :-.ome 1800 km to the 
south in nonhern Alberta (Jan~onius. 1962). 

SVERDRUI' HASIN 

The Alisporites p/im111s - .!111./<1.1J?ori1c, t tJ/11/>tlCflH 
(Kunguri:.111'! to Roadi:u,) and lhe Ahrcrtsi1pori111,1 
1hors1ei11.~.1u11ii - Scutospurite.1 11,11111ki (Wordian) 
Concurrent Range Zones (Ut1ing, I99-fa) are hased on lhc 
lowc1-1 occun-1:nce of a number of diagnostic taxa (Fig. 3 ). 
The palynomorph assemblages contain differe111 propor­
rinn~ of1rilc1c spores mid gymno~perm pollen (Fig. 2). but 
fern spores are commonly rcprc~emed, a~ are gym­
no,penn pollen including racniaic and non-taeniate dii-ac­
cute~. polyplicatcs and 111ono~accaIe~. Acritnrch:-. arc ran: 
1.0 common. The ages of 1he Svcrdrup zone:,, (rig~ 4, 51-' 

and 6') were derived from marim.: faunal ::tges summarised 
above. and are ,ubject to change us more i11formation 
bccun1e, available concerning the latter. 

The diversity of the palynol1ura and the :1bund:1ncc or 
fern ::,porcll in the Sabine Bay and Assistance ..t~scm-
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NORTHERN USA. CANADA PALYNOMORPH ZONES OF THE 
AGE URALS-RUSSIAN TEXAS SVERDRUP SVERDRUP BASIN FORMATION 

PLATFORM BASIN 

u 
in >-- Griesbachian V) 

_, 
lnduan Tvmponlcysto sloseh1ono-Strlotoobleites richter, Blind Fiord <C a:: 

ii: 
.,: 
w 

No data I-

(Ochoan) 
11111 No data w 

l I I ... Tatanan No data < 
-' 

JlJJ_l_i Hiatus at basin margin 
Cap,tanian ·---~------------------ ? 

Caoltanian • -···------
z Kazan1an C: 

Anrenslsoorltes thorsteinsson/1-Scu/osporites nanukt Trold Fiord < 
.,, 

Wordian Wordian 
~ ~ 

·c.. 
::::, a:: 0 "iv w 

n. 0 --0 Assistance :i ro 

Ufimian ::::, Roadian Roadian c.::> Al/spo(Jfes pllc01us-Jugasporftes comfX)Ctus 

Sabine Bay 
>-r= 
-' et: Kungurian leonardian Kungunan ~~ Nol studied in detail w_ (part) 

AGE STAGE 
SELECTED PAL YNOMORPH ZONES MARINE ZONE 

OF CIRCUM-POLAR AREA FOSSILS 
0 

Srympanicysta stoschiana --
~ Ammonoids C/J GRIESBACHIAN (/') oc Striatoabieites r/chteri and <{ <{ (PART) 

~ lJ.J Conodonts 

z CHANGH- ? None, Age ~ ? UJ (!) SINGIAN Uncertain 
~ z 
..J K: 

WUCHIA-
4Tympanicysta stoschiana 

0 
...I PINGIAN - _ Art\01.QnPjds. - --------------------- - -----

3vitfatina 
z CAPITANIAN Conodonts 

z <( - --4- ---- ----- --- -- --- -- - -?---- ________ ... _,.. __ 
w a: 2Ahrensisporites thorsteinssonii - Brachiopods, ~ ....J ::> 

~ 0 ..J WORDIAN Scutasporites nanuki Ammonoids and 
a:: 0 c§ Conodonts w ~ <( a. ::> 1 Alisporltes p/lcatus -(!) 

ROADIAN Jugasporites compactus 
Ammonoids and 

i=' -·---------------------------- __ Conodonts __ 

et z 
<( KUNGURIAN t :J ? <( 

~ 
a:: 
:::, 

a:: Cl) 
ARTINSKIAN <( <3 

lJ.J 

hg. 5 - C.~mpo,11e \IU,g_c, nl 1hc Prn111,111 of ilw \\orld pmpo,ccl h) Jm ,,, 11/., i 'N'J. ,,rul c11111pn,i1c palynolo)!ical ,one, 111 ,11cu111 jk>l:u atca 1111h 
,L,~c,cia1ed murinc 1011:11 1,1"''' 7\11111111111'\ ,/II ,111« /11111111 - \1rir1111<1/11,·111•1 m hu,., \ssc111hl11gc /one !1111111! I •N 1 (Svcnh up Ba,in aml 1110,1 ci1 
,um-polar lucaltti.:,1: 'Lu\1c,1 o.:.:um.•n.:c ,11 /1•,11p,111/.-1·1111 ,u," hirr11,1 in I .. r.n:,·11l11ml (l lllllf :mu Pw,ccki. 19951: l'i/1,llma A,,t~i:t1im113.ilm_. 
l'/XU.11 E. Grccnluncl): \h1<•11,i,pmt11', 1/111n11 '"'""'" ,\t'IIII/\Jlt11·111., 11,11111A1 C'onl'llncnl Ranl!c /.one t 111,nf 11)(11 c~, c1d1up Ba,in an,I 1111,,1 CH 
rnn1-polur kic.1li1it•,): "'"'"""''' phi 111111 .l11>:<l\/>llllf1•, 111111p11, 111, C'rnwurrcnt Knllf(' /.one 1111111g 1•1•> I (:-\crdrup Hn"n 1111d 1110-r c1ic11111 pol:11 
h1<.,1li11c,1 
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hlagc, ,;11ggc~t a diver,e vege1.a1io11 growing in a humid 
cli111:1te - :in inierprclation ,;uppon.cd by the prci-cnce t1f 

thin co~1I scam~ and carbonaceou:, shales in 1hc Sabine 
Ba} Fonnation. On Axel I leiberg Island. po,...,...ibk cquiv­
aknh nf the A,...,i~H111cc Formation include carbonaceou:, 
shale a ·5ociatl'd with bioda,tic li111c:,w11c. which contHin 

the 111ut-rollor,1 dc\crihed ;ihove a, well a;. a microllora 
dominaied hy fern '>pore:, (Uuing, I994b). A relative 

decrease of fern spore~ in ~ample:, from the m crlying 
Wordiun Trold Fi(1rd Formation ~uggcsL~ an incrca,c in 
aridity. which is ~upported by lack of coal ·e,mh and rhe 
appearance of red beds. Beauchamp ( 1994) came to :-im­
ilar condu:,,ion~ based on edimcntological and marine 
fauna! critctia. although he :ibo &ugge;.ted that the cli­
mate in the Worcliun was told. Thi1, contrasts with lhc 
warm tcmpernte climate propo .... cd by Rees er al. ( l 999). 
who determined palcoclimatcs from floral and lithologi-

1:al data globally. 
Uncnnformably overlying early Gric:.bud1iu11 (E.irly 

Trn.1.1,,ic) bcu!> contain the Tympani< ysra \'/0.1chiww -
~1riatoabieires richreri Ac;:,emblage Zone (Uning. 
I99-t.i). Al1hough the top has yet to be defined. the Lone 
i'> l..nown lo locally extend 100 111 nbove the ba~e of the 
formation. The zone is charac1eri~ed by trilete ~pore1,. 
11bunda11l tacniate di~accute and rnrc non-taenime di::,uc­

c,I1e and polyplicate pollen. Acritarch::- arc rare LO com­
mon. Al,o prc~cnt are entities of uncertain affinity 
(Kalgutkar & JarN>niu:-.. :WOO). which Eh,il.. tl999) 
attributed t() Fungi incerrae scdis. These have been 
dcscribcu under vuriou,; n.imes. including T\·111pt111irysra 
.,1mchi1111a 13alme, I980a: Cliordecysria chalnsra Fo,tcr. 
1979 anu Ned111•hlspom11i11•s ,\'/o,\f'hio11111, El~ik. 1999. 

the "ections inve~tigated, including the Ouo Fioru South 
,cction. Ellesmere l:,land "tudicd by Hcnder,on & 13ttud 

( 1997). 
With the exception or the h.i!.al :,ample:,, 111(\,t contain 

a:,:.cmblages with abundant Lacni.1te di:.;-1c1:.11c pollen 
known to be well adapted 10 arid conditions (Fo,tc,·. 1979) 
. Thi, i:. ton:,istent with the presence of n~cl :.hale and silt­

-.1011c of overbank origin ( Embry. 1991 ). am.I small curbon­
mc nodule, :.uggcsting poorly developed c.iliches 
(Devaney. 1991) thai indicate a seasonally dry. hot, !1Ub­
I1·opical -.avanna-type climate. T,r111pm1i<Jsw srnsd1imw. 
although pre ·ent in many Blind Fiord -,.implcs. h. general­
ly r.11·c. and there i!. no marked peak in abundance tL" occur~ 
in some localities of the Italian Southern Alps. such ,L., the 

Buuerloch and Te~cro ~ection:-. (t'.~. Conti t'/ al .. 1986: 
Massari er ul.. 1988. 1996, 1999) and the Badiu Valley 
(Cirilli er ul., 1998). Recent work in other localities in 
northern lt;Jly by Ci1~lli (per~. comm .. 2000) inclicmc:-. thm 
ahuudance of 7'. stusrl1iww i~ not n ~inglc peak occurrcnl·e 
near t.he Pcnnian/frin.~sic boundary. but may corre~ponu to 
the upper part., of ,hallowing upward& ~cqucnce:.. Thi~ is 

not incou"i~tent with the gradual carbon-i~mope shifl at the 
boundary (Magarilz el al.. 1988). The ~ugge:.1ion wa-. 
made by Visscher el al. ( 1996) that world-wide prolifera­

tion or Tympanicysra swschiana in lcrrc~Lrial and marine 
facie~ ,II the Permian-Triassic boundary implies an exces­

sive hctcrotrophic presence. and rellecL, terrestrial ccosys­
tcm dc....i11bili1;11ion and collapse. 

Al,ASKA ( ORTH SLOPE) 

Another charucteril-.tit of the zone is the common occur- The Sadlerochit Group in the Prndhoc Bay, orth Slope 
rcncc of well preserved reworked Late Devon inn <;pores. 

There are significant diffcrcm:c1-between the Wordian 

1\ltre11sisporire., 1l10rsrd11.1.11mii - Sn,w.1p11rire.1 11w111ki 
Concurrent Range Zone and the Gricsbuchian 
Tympt111il'l'slll sroschh11w - SrriamnhiPfte.1· rich11°ri 
A~semblagc Zone. They lmve many genera. but vi11Ually 
no ,pccic~ in common (Fig. 3 ). At some localities the 
basal part of the T_r111pa11icysta .,111.11•/,iww 
Strimoc1hieires rid1tNi Assemblage Zonc i:-. dominated 
by the trilctc \pore Uwwsporite., i111periuli.\ (fansonius) 

Utting. which ~uggests arid condition~. Vi-;schcr er al. 
(1996) pointed out that microsporel-. of herbaceous and 
,-11bnrborcscent lycopodiophytes were commonly abun­
dant after 1hc exlinction event at the Permianffria,.:,ic 
boundary. If the suggestion by Henderson & Baud 
( 1997) thnt Changhsingian rock~ are present in the lower 
pan ,,f the Blind Fiord fonm1tion i:- correct then one 

might amieipalc some chnnge., in the palynomorph 
a-;-.emblagcs. but other than the abovementioned do111i­
Iwnce of lh-uespvriles imperiolis. thi:, does not occur in 

area includes beds thm have hei.:11 a.,~igned LO the 
Pcrmi,111 and Lhe Tri,l"'~ic (Moore et ul., 1994). In the 

li)wer part l)f the group i the Echooka rormation. which 
include~ the lower part of the Joe Creel.. Memher, con­
sisting of calcareow, mudstone. radiolarian chct1 ,rnd bio­
cla~tic, glauconitic lime~tone. overlain by the lkiapauruk 
Member, consi:ting of glauconitic quart,o)oe i.andstone 

and sill ·wm: (Moure er al .. 1994: Jones & Speers. 1976). 
These rock 1ypes resemble thol,C of the Roudian 
(Asl,istance Formation) and Worclian (Trold Fiord 

Formation) tif the Svcrdrup Ba~in. The Joe Creek 
Member ha\ been dated by a brachiopod fauna as 
Sakmarian lo Kazania.n, and the lki:1pauruk 1emher as 
KaL<1nian or lme Guadalupinn (Dettcrman er al .. 1975). 

or as Ufimian (late Lconardianl lo Wordi.in (Dutro & 
Silbcrling. 1988). The Echooka Formation has been 
dated by a111111onoids ai. Rnadi,111 or Wordian (Nal,sichuk. 

l 995). There is little published palynological data from 
thi~ unit, although a mid-Pcrmian age has been !\uggest­
cd based on the common occurrence of \liua,ina m1d tac-
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niatc tlisun:ute pollen anti the lack of Lttl'cki.1porae., \'fr· 
,.kiae 1-'otonic and Klau-; (Jone-; & Spcer;. I 1.)76}. 

A core ,ample or the &h,x1~u( !) Fonnation from 

K.1pnruk State Mobil #I 117612 • 17621 ft.= 5370.88 
5374.54 m). loaned 10 Lhe prc:.enl writn by Dr. B. Ballllt:, 
University of Wc~icrn Australia. yielded a11 a"semblage 
11 ith :ibund:1111 gymno,pcrm pollen (531A J. ubumlant 
11·ilctc spore, (35'P ). and common ncanthoniorph 

acritnrch~ ( I 2'k i C1)nsi~hllg mainly of Micr/1y.r1ritfi11111 
~pp. and rare Verrlwd1i11111 ,pp. (Fig. 6'). 
The as~emblagc cornpri!-.C), the following iaxa: 

.: 

-
UJ 
0. 
0 
..J NORTH z en 

iii ~ 
GREENLAND 

< 0 ID a: 0 
0. 0 z :: z 
:, z < 

..J ffi 5 er < 0. 
0 " ::, s~ a: cn a: 
UJ 5 0 
> :i ..J < 

SELECTED TAXA cn < < en ~ 
K!U Ka G u "G" G Ka KllJ Ka G 

Araltlsporltes tenulsplnosus 
Proprispor/tes pocock/1 X X X 

Klaus/pol/en/les scllsublJrgerl A X 
TympllnlCYSIII $/OSCl>l11nn X X 
Strlatoabieiles rlchterl C A A 
Ephedr/pit~s steevos/911 X A X 

K1auslpo/lenlIes s1ap//,ll/ X 
Lun'11ispotlles 11ovl1111lensls A X A X 

ProI01>aploxyptnus samo/lovlchll C A X 
Uvaesporftcs imperilllls A A 

Oensoisporltes ne/burg/1 
Densoisporltes playfoul/1 
Maculataspor/les spp X 

Lundbladisporti obsolela 
Cycaoop/1es spp. ~ X A I\ X 
Luccklspor/tes v/tkkl11e .. A• •x• 
Ahreros/sporlles thors1elnssonll X ~ 

Ahrenslporites mu/1/llorldvs X )( 

Lunatisporltes t>enuchampll X X 
Plceapollet1ites nookap/1 X )( l( 

Scutasporiles nnnukl X X )( 

Strlatoableltes bor~al/s C X ~ 

Hamlapollenites ereb/ X )( X 

Cr/naliles sabinDl!sls X X 
Clada11in11 kolol18e X )( X X 
Sverdrupollenitu agluMus X " Sverdrupollenites con11utJRIUS V I( )( 
Allsporltcs pl/Cotus X X X '( 'I. 
Dyupetalum vesicetum X X X 
Hamlspollenltes IJullRelormls X l( X 

Jug11sporilcs comp,,cws X X 
Diatomozonoirileles /gluanus )( 1( X 
Cor,saccltes s-rr"div"ffrl, X >( X X 
Wey/artdlles Slrl91VS C X X X X 
Weylandilss clnclnnstus X X X :( 

vI11e1ln8 spp C X "X" X C X 

,erotr//etes 1Jtu1us X /. X '( 

Protohaplo'lf-yp/nus perlectus X X X .( C 
Hamlapollenltes tractlfcrinus X )( 

Kraeusellsporlte!i ,;verdrupensls X X X )I. X 
scu1nspo11les unlcus X 
lnaperturopo/lan/los ncbu/osus ~ ,I( 

Une/1/i,m spp. X C X X 
Mlcr11ysIrloium spp. X (, Y. X C C 
Vtryhachlum spp, X C ;,.. X X 
Bnltlsph?erldlum spp. ,( 

Tt1sm11nllos spp. ~ 

hg. (1 :-dcr1,•d 11,~a prc,~111 in c1rcum-pt.1lar hi.·uhtil', 

Gymnosperm 1>ollc11: 
Tacniatc di~aL'C;1tc~ ( 18% ): C11ri.\twc-ile.1 ,rrwli1't1ri11.1 
Utling. Prn1n/111p/1uypi1111., lu1l.1.,i11111., \ I .uhcr) 
Samoiluvich. /~ p<'1ft•1·111, ( a11an1wa) S:1111l)ilovich. 
/>m1olia11lory11i1111.1 "P·• .\1r,r1T()(1b11•11e., .,r, 1111111 

(Luber & Wallz} Hart 
011-taeniate <lisaccates ( I X'ir 1: 1\/l.1·1wri1,,., pll1·m11.1 

Ji1hu, J\. s11/e1u/e111·(Lc.,chik) h1Mcr. \l/11'1'1.1p11r11r.1 
pullid11.1 (Rei "ingcrJ ils,on 
Pulyplic~lle!> ( I 5cJ ): WC'ylu11di11•1· 1·111<·i111w111.1 I l.ubcr 

ex. Varyukhina) Uuing. iv. rtrim111 (Lubcr) Uuing 

~ 
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X X 
X X X X X 

'( )( 

~ ' X X X 

" A X X 
A X X 
X X X l( X 

K ~ A ~ X X X X X X 
~ y X < X X 

X X 
X X X X X 
X X )( )( 

X )( X X 
X X X X 
X X X X X X 

X X ·x· )( 'X' )( X X ·x· )( 

X X X 
)( X 
X 

X ~ )( X X 

X )( 

)< X ); )( )( 

l( )( 

)\ X x 
' X X 

X l( ); 

X A C C X A )( )( I. 

A A )( ·x· C C ·x· X X ·x· X X ·x· X )( )( 

)( ~ X )( )( 

). X X ( X X X X )( 

)( )( 

X )I \( X X X 

C A )( X X X X 
A A X X ). X 

C A A A D X X )( l( X X 
C A A A X X X ... X X 

A 
A A X )C X 

K/l 1: K1111g11n:111·t tu Uli111i:111 cRoadi.ml: Ka= K,11;1111,l!l I Worurnn 1,111.J C-.1p1l.1ni,1n); KW.: K.o1m1111n In ,·.orl)' Wud11uprngi.m. W: Wucl1111p111g1an; 
"(;" = C: rl,•shad1krn ,dth ubundant Late Pcrmian ITw1irl-.ing; (; : (:ri~b:ol'hirm 



334 I l llln~ 

Mono!>accah::!> ( I 'fr); I' lorinite., luht'rw, Samoi Im ich 

Mnno.-.ulcu1e.-, (I',,): (\n"/o17i1t'.1 -"P· 

Triletc sporE's: 

1\pirnlali1porh 111e/vill,msis Uning. /\. ),p .. 

/Jc11sos1wrirc•1 ~p .. Gortl1111isp11rc, ob.vtarnlifem U11i11g. 
Kra1•11.~t'lispori1e, ,i·c1rlm1J1•mi~ U11ing. L,.'imrilete., 
11/11111., Ulling. V111h11trileIes /llll'l'.l'l'IISis Utting. 
N1!11rni,tric/...i111,p .. Nai~tril'kia sp .. \Va/t,is11oro ~p. 
Some palynnmorph<. :ire fairly \\ell prc:..en eel in spite 

c11' a modcra1e Thermal Alteration Incle,'\ of at least TAI J 
suµgL·:..ting thut the orgamr inattcr i, in the dry ga), gen­
L'rntion 1011c (U11ing ct al .. 1989). Although many ~pcci­
mc1h have mild to ~everc damage caused by the growth 

of sulphide pseudomorph~ on tho.: o.:xino.:,. ~ufficicnt taxa 
can be idcntificd 10 1enwti\cly propose a correlatio11 with 

the Ali.,poriu:., 11/irn111., • .l1111,1e1pori1t'.I' i•11111p<1c111s 
Concu1Tent Range Zone ( Kungurian'! IO Roac.Jian) of the 
Svcrdrup 13u~iu (Fig,. 3. -t anti 6). o taxu diagno\tic ol 
the Wordian Ahrell.\i.11mri1es 1h1JJ'Jtei11s.wnii - Sc11w-
1·porii£•s 11w111ki Cum:urrcnt Range Zrn1c were ,ccn. b111 
,;;uch an age cunnot he comrletcly ruled out in view \)f the 
liini1ecl amount of material l\tudicd tmd Lhe fuct th:11 ,omc 
,;;pecimcns arc 100 poorly prc~crvcd for iden1ilica1io11. 

The unconfonn,1bly overlying lvishak Formation con­

,i,;;i:, of line 10 coa~e grained d,~lic roch dcPL1,il\'d in 
marinc and non-marine cnvironmcnL, (Moore et al .. 199-t }. 

Tho.: Kuvik Mo.:m!xr . .ihruptly m e,·lying the Echooka 
Formation. consists of dark-colourccl. laminated to thin 
hcdded. silt) ~hale mid ~illl>lone. lithologically rc1-embling 
the Rlind r.iord Formation of the Sverdn.tp Basin. lvi1,hal-.. 
rock, repre:-.e111 pm-delta dcposih that grade upward~ into 
ma:-~ivc dcltaic ~and~tonc m1d rnnglomcrato.: nr the Ledge 
Sand~1011t! Member, ~imilar ~edime111ologically to the 
Bjome formation of l11c SvcrcJrup Ba,in. 

In ouLcrop the Kavik Member has been dated a~ 
Grie,bad1iun by ammonoid,; (01m·t'l't11 and Opl,it·era1) 
;ind pelecypods I C/arniu) ( Dc11crma11 I!/ al .. 1975: Jone~ 
& Spccrlo. 1976), hut in the M1b:,urface. rod,, of the ,ame 
member have heen dated by palynology a~ late l'cnnian 
(Jone;. & Speer!>. 1976: Balmc, 1980 b and per:.. comm. 
:WOO). 'l'IK palynological as!>cmblage, (Fig. 6 1

) an: ver) 
difforenl in co111en1 from rhe Roadian? Echooka 

Formation. indicating a significant hintrn, below the 
Kavik Member. Core sample, f'rom one locality ( BP 9. 
11-1 J) con1ain abundam Lueckisporites 1'irrkiae ( up to 
25<k). hut in 1110;.1 boreholes there i:, a variety and abun­

dance of gymno,pcrrn pollen. and rare 1rile1e sporci,. 
Rcwork1.:d I.ate Devonian ,pores are abunda111 (Jonc5 & 

Speer:,. 1976: Balme. 1980 b and per:.. comm. 2000). 
Kavik mxa include S1rit11oahici1<',\ ridueri (Klau~I Han. 

/,11er·kis1111ri1e1 1·i1·1{itu• (variant, A. B and C of Clarke. 

1965: om1s Aa to AC of Vbscher. 1971 ). Kfmrsipol/c11i1e,· 

,c ltw1b,·r"R<'ri ( 1'01on1c and Klaus) fan~oniu, ,1nd 
l'mwlt11p/n.\ypi11w, ,1c1111oifol'ichii (Jani-.oniu~) Han. I he 
n~scmblage wa., da1ed a, Upper Pei mian (Ta1ari:u1) largely 
on the bn,i:- of abundant l11eddspori1e~ 11irrkiae. 
Klamipollenill!1' sclu111bl!rgeri and Striatoabieiles rid11eri 
und compari,on~ were made with the Upper Pem,jan 

Zcd1~tcin microtlora of Europe <Balmc. 1980b). Huwc:vcr. 
the fac1 1ha1 rnre. but strmigraphically signilicant 1axa. such 
11, broadly 111enia1e l..i111t11i.\fWl'i1c.1 ~pp. ( .. 'f,1e11ic1eJpori1es "). 
/'wpmp,1ri1e.1 rwcockii fan:.oniu~. Hphedripill'~ 1·1ce1·c~im•. 
l'l'l1espnri1e., 11111wrin/i, and 7)•1111u111it y.,1tI .,·tu.whia,w 
( 1:Jnlme. peri.. comm. 2000) occur sporadically in cure ,um­
plc~. ,uggcst., 1ha1 u11t)lhcr intt:rpr1.:1a1io11 ii-pos,ihle and that 
all the Kavik Member tL\),emblage:.. are Gric:..b:1chian rather 
Limn Late Permian. With the exception of L 1•irr/...itw und K. 
5<'ht111bergai. all of the la~:i fo,ted above occur in the 
Ty111pa11icy .. 11n .,10.1c/1i111w • S1ria111ubiei1es richteri 
A~-.emblage Zone or the Svcrdrup B.isin. D:11ing the:..e .-.11h­
:..urfncc a-.-scmblages a., Grie:..bad1ian wnultl eliminate the 
ugc di,crepancy between the ~ub-:,urfacc and outcrop lncal­

itie, of the Ka\'ik Member. However. if lhi~ intcrprc1:11ion 
prow~ t·orrccl then ii II twkl rni),c 1he impcu1ant que. lion of 
the nge. provenance and ~ignilicancc of Lhc abundant ~pcc­
imen:.. of L1wc/...i.\pori1e, i·irr/...i(I<'. normally churacteri,tic of 
Upper Pcrmiun Zcd1~tci11 a~,cmblugc~ of we,1em Europe 

(P.g. Vis:-.cher, 1971 ). 
The \)Vcrlying Leugt· S:tn<htonc Member, which i 

partly a lateral f:lcie~ equivul\.'111 of the Kavik Member. is 
vir111nlly devoid of macrofaunu or microfauna. but in t.he 

~uh~urface. :,amplcs from the Ledge SanJ~Lono.: Member 
.ind tht: upper Kavik Mt:mbcr. contain rich palynomorrh 
a:,semblage~ (Pig. 6') with 1hc following wxa (Balrnc 
1980 b. pen,. comm. '.2000): 

Gymnosperm pollen: 
Taeniatc d.i,accatc,: abunllant S1ri11tu(lhieite., rid11,,l'i 
( Kluu~) Han. L1111at1s1mri1es ~pp. (Tae11iaes1wri1,,.1 
spp.J. Prnto'1apf,,i:yf1i11us -,pp. S1ria1opodocwpi1e., 
,pp .. rare L11e1·kispori1es l'irrkiae Potonic .. 111d Klan~ 

Non•l:1cniatc di,uccatcs: /\/i,pwite., ~pp. 
Mono1,ulca1es: common (in ~omc sample!>) 
J~j,ht•dripitt·~ stet·1•csiac !Jansoniu,) de Jer,cy und 
Hamilton. C1'cad11pi1e.1 ~p. 

Trilete spores: 
U1·m'.1pori1,,., impniali., (JJn1-oniu,) Ulling. 

l'm1ni.11mritt•., pm·m·/...ii Jan~oniw, 

lncertae sedis: 
Ty11111t111in·.,·Ia .1tml'hi111w Bal me 

Reworking: 
common Late Devonian: Late Pcrmian 



Pt·1111u1111111d l-.111/1 /1/11111, 11alv1w1111111>l11 [mm Cmwdirm \r111< \rt /11p1•lngo 11111/ 11n11h, ,.,.),/111111 

The as~emblagc j,; cump.m1blc wi1h tho~e in roe!..,; 

dated as Grie:.bachian b) inarim: fauna fn,m Kap. tosch. 
Ea!>t Gn:enland (Balme.1980 b). amJ i, similar lO tl11>s1:: 
recorded from Lhc Gric.,buchian lr1111111111ry.,·Jll 1111sd1i­

""" • S1rin1011hit'ite1 richtai A,seinhlagc Znnc. Thus a 
(iric!>ha1:hia11 .,gc i, indicated. although a tentative Late 

Permian 1n E:trly Triu,sic <1J:!C w.i~ propo,cc.J b) fonci. & 
Speers ( 1976 ). 

The !'act that reworking of Upper l)cvonian spores was 

[)re, alcm in northern Alusku throughout deposition ol the 
lvish.ik Form:uion indicates that erosion ul the Upper 
l)evonian persisted ihrough the c:1rly Griesbachiun .i~ tht: 
m,u·inc lrnnsgn:~..,ion tool.. place. Thi~ b not surpnsing as 
the existence of Upper Devonian rock!> in northern Alusl..a 
m11J the Sverc.lrup Basin is well docnmc111cd (Ziegler. 
1988). If tht: po,1ul,11ed Gric,bachian age for the ,uh:-ur­
facc K;1vi!.. ten1bef ii, wrrect. Lhe11 there is prt:!>enlly no 
birn,trmigraphtc cv11Jcnrc for Upper Penniun rnd., in 1hi~ 
:u·ca. The ncarc-sl l,..nc1\\ n Upper Permian locality with 
"Zcch,1cin" .iflinitics w11h111 the ,tudy .1rca b Eus1 
Greenland. where l1a1Jow marine carbu,,at~ .ind gyp:-um 

of Ihe Kur:-tryggcn Forrnation cnntain many ~pccic~ 
(im:luding / .. 11irrkiat'l in common with thcZech,tein b\;cl:­
of' Europe (see t.'l~I Circcnlaml below). I lowcvcr. in view 
of the Late Permiun hilllus conunonly ptC!,,ellt at the b.1:.in 
margin whcrx· mo~t of the ~Iud1ed localtllcs tx.-cur. it i~ pm­
i,ible that Upper Pennian Zccht-tcin ~on evuporitic and 
argillaccou, roci.. Iype:,. with an abundant micro-nora 
including 11h11ndan1 /,. l'l·rrf...im!. may have heen ucpositcu 

111 many localitie~. hut Inter relative!) easily eroded during 
the Gricsbachi:in tr:11bgre,;\ion. Thu, abundam:c of L nr­
rkwt• in 1hc lower Kavik Memb\:r may corn.:!,,pond to the 
m:1ivc Cn>l>ionul pha.-;c. the numhcr, hcing uru111u1icully 
reduced in thc upper part nf' the member and in the Ledge 
S,tntbtone Memhcr a~ the advancing lntnsgrc~:-ion hurictl. 
or completely rcmovec.J 1hc Upper Pcrmian rndb. 

Thi!> problc111 or reworking ver~u:, in si111 
Griesbuchia11 occurrence of species such af.. L. 1•/rr/..l,w 
wa:,, discussed in ~omc Ul'.t.iil by Ouyang & lining ( 19')0) 

for the Pcnnianffria,sic boonda1·y al lei:-han in Chin:i. 
Thcy pn:,tulated that L l'irrkille 1m1y have ),urvivcd in 
refuge, into 1hc Gricsbuchian. It il- or cour"e pm.sible for 
I.. ,,r,·rf...icw to bc ri:workcd fro111 the Uppc, Pcrmian, and 

also for ih ,1ratigrnphic range to extcnu intn the 
Gric~h.1chian. Thu:-. with ,uch a !>Ccnario all rate and 
,poradic 01:currcncc:- (If L I1irr/..it1,· in md.s dated by 
1narimi fauna :.t!> Uric,bachian. ,;uch a:. tl,u:,c in the 
p,.,,,11!,u11ln.ty1n1111., Assm:iat ion of East Green land 

( Sainte, J 9tl0 a). may he 1::ither reworked or i11 1i111. 

01 c1·lying the Grici,bachian i:- nn ,,.,~cmblage with 

Arwris1mri1e1, w1111i.1pi11os11,\ Plnyt'ord: .1 Smith1an (pers. 
comm. Bahm-: 2000) age i), :,upportcd b) the prc\cncc ol 
Lill' ummonoid 1~11/7e111i11gi1e,· (Silbcrling. 1971 ). 

Olfl'II GREE I.ANO (\VA 1J>EL SEA H Sil\) 

Al lngolf Piorcl (lnt. xo~ .IO' : long. I~" W) in Amdrup 

Land ( Fig. I) an un-named unit. appmxi111a1cly 65 m 
thick, con:,,i,1i11g 11f -;:imbtunc and ,ilhlone. conlam, tuxa 

<liag11mtic of 1hc Ahr,,11.li.1/l11l'in 11 1horMt'i11~,1011ii -
Sr·111,11·1111ri1t•1 11w111li Concurrcm Runge Zone (per-,un:il 
ob~erv,11io11); thc,c include l.111wIi.11laritl'S hl•m1clw111pii 

Utting. Sl'llla.11ml'irl'.1 1u11111/..i Uuing and I lw11it1pollc11i1e, 
<!rebi Utting (Figs ,1 and 6'). 

At Sle11t:n ( lat. 82"40' , long. 22' W l m Pc:iry Laml 
( Fig. I). the Kim fjd<lc Fnrma1ion con~ist, of well-bed­
ded chen-neh, hiogenic li111c:-.1one, tlated by frmuninilcn, 

.1nd conodonl~ a~ Artinskian LO Kungurian (S1cmmcrik N 

al .. 1996). The Sletten palynrnnorph .M~mhl:igc is rela­
tively poor but CCllll.ti11:-. Clorl11iti11a (11/(l(/m, Uning 

(Mrw11/r11(1Sf'Ol'iIe.1· ,p.). cummun Vifla/11111 ~pp .. 
Wt>v/11111/it/!1 .11l'i11l111 (Luber) U11ing, Pm10/1(111lo.1,1•11i1111.1 
/lt!l'{l!c/11.1 ( aumovaJ S.irnoilo~ ich, Krul'll.l'eli.,1wrireJ 
,\l'erdrupe11.,i.1 Utt1ng. l11a11t•rt11/'t1/10lle11iter 11<•/mlo.rn.1 

Ralrne. anu rnre 11pi11o~t· acritardn, (Stemmcril,.. ,,, 11/ .. 
1996: this paper: r,'ig. 6'•). The a'isembbgc is co1Tel.11cd 
\\ ith 1hc Ali~J)ori1e.1 17/ice1I11.1 • J11ga~1wrirt•1 cw11111u-1us 
Concurn:nt Range Zone (Kungurian· 1 lo Roudwtl). 

The Kim Fjddc Forma1ion i~ ovt:rlain hy the 
Mic.lnatljeld f-'mm:11inn, which con!>iSh of i..hulc and c;ir­
bonaLC in c.btem Kim Fjcldc and ~hall: and ~and~tone in 
northern Kim Fjeltlc. dated from ,mall foraminif..:r:.. ;i, laLe 
Kungurian to Ka1ani:.1n (. tcmmerik et !II .. 1996). ll co11-
1ain:.. assemblage, Lhat arc ,imil:11' 10 the .\ltr1·11.~i.1110ritc,1· 
1/u11·,1·1c·i111·,1·01111 - St•11Jfl,1J,r1ri11•.1 11t11111~i Concurrent Range 
Zone of lht! S, crdrup 8:.1'.>in. Diag11osI ic tax a include 
Alt1v11siv11Hitc.1 1l10/'\'tc•1111·,l'm111 lining. I\. ,m,h(floritl11., 
Uuing. /Ja111iapol/c11i1e.1 <''~•bi, l'il'l'up11llmi1e, 1111e1~apii 
lltling . . ':i1riaruabici1,,,, lmr('a/i., Uuing. , ,·11111.1p11ri11•.1 
11111111ki. and Sr11wspori1cs 1111irn.1 Klaus. Ac:ritareh:.. 1)f 1he 
gcnu:-Mh rlry1·Iridi11111 arc common. and \/1.'1:v/wd1i11111 '>PP· 
:md U1wlli11111 spp. are present (Stemmcrik et of .. 1996; 1hi, 
pupcr: Fig. Cl ). rlw a-.:-1.:111blage c;oniaim, 1\:lativcl) fc11 

pollen and ~pores. and it i~ 1101 pos~iblc to dctcm1inc 
whether 1he climate wm, hu1111d or dry. However, 1hc 
mac10-l1or:.1 from a neurby localit) ,uggest-.. a warm tem 
pcrau.: h11mid climate (W~1gner et al .. 1982: Wagner c•r al., 
in prcs:-.). Thi~ contnu,l!- with tht: dry. cold di11111tc prn­
posed by Beauchamp ( 1994} for nx:l..q,f' similarage in the 

Svcr<lrup ba.,in. l lm\-ever, i1 i~ po~~iblc lhat the adj.ite111 
seu wu1c1 wa.-, cooled by circulation of occun cun·ent),. 
whcrca., the land wa), warm. 

A rcw productive sample~ invc~tigmccl in the pre\Clll 
:.tudy from the Line lo coa~c grai1icu ~andiilillle of lhc 
ovalying Parish Bjcrg Porn1aIion. contain mainly tacni­
utc di~accatc p(1llen and mono~ulcatc pollen. Specie), 
include r.j,hcdripi1es sle<•1·,•siac• ,Uld l,1111a1ispori1,,.,. 11111•i-



r11ile11sis (Le,chik) l·O)ller. suggesting correlation with the 
Ciriesbachian T.1·1111m1t1r·v.1t1J .,111.1d11ww • Strimoabieires 
richteri A!)~cmblagc Zone (Fig:. 4 and 6'). 

EAST GREE LAND 

:-.~emblagc~ in tht: KarsIryggen Formuiion (murine car­
bonate and gypsum) art: similar to 1hMe of 1he Zech:-.1ein 
( lJ11ing & Piasecki. 1995). They contain Kla11sipol/e11ir,'.1 
~dw11hl!1:~eri. early form~ uf L11eckispµrite.1 virr/...uw, I,. 
tatooc111is Jan~oniu!), J11gc1s11or,Ie.1 dl'lasaurl'i \ Pmonie 
and Klaus) Clarke. J. paradl!/a,1·,111cc•i Klaus. J. l1wcko­
ir/,,1· Klaus. L111uui.1puriIt•.1 11twia11le111·i.1. 1-'el'isaceus 
gru1111lrH11s (Leschik} Clarke. Pm1<>h1111lo.rvpi1111~ 
.,w11oilm•ichii, ViI1ati11a c0Jt11/Jil1.1 Wil~on and 
Wl.'ylwulites .~1riw11s (Pig. 6'). Unlike the Zech1,,lein they 
contain eom111on and diver. e Vi11wi11a ,pp. The abun­
dance of taeniatc and polypticatc grain:, in rocks cunt.lin­
ing t·, aporilc deposits suggc~t, a hut Jry climate for 1he 
Kar~tryggt:n. 

The overlying Wegener Hulvo and Lhe Ruvnefjeld for­
mmiom, contain 1he Vi1ra1i1w A. scmblagi.: (Fig. 5') of 
B,1lmc (I980:.i) Hnd Pia~cdi (1983). II i!> the upper 
Ravneljelu FomlUtion wht:re Ihe conodolll Nnigmulolellu 
111-1e11kra11t::.i has been recorded. This suggcst1-an age 
from Wordian to early Wuchiapingiun uccor<ling lo Konw 
& Mosllcr ( 1995 ). Prc!>ent arc Strimoahil!ift•s richtc-ri. 
l,1111n1ispori1es 1wl'it111 lensis. Pm1olwploxypi1111s 
1·r1111oilm·ic!,ii. L1wf'ki.11wrin•1 1•il'l'kiae, Sc·111t1.1'1)(1/'iu•.1 

11c11111li (= Scwasp11l'itl!.1 sp. cf. S. 1111ir11.<;) and Weyl,111dite.1 
,p. Abund,mt b l11aper111ropolle11ites 11eb11los11s (Fig. 6 .. ). 
Srutasporil£''' 11w111ki ha~ its earlie),L occurrence in the 
Ahre111·isporites tl1on1ei11sl'fl11ii - Sc11taspori1es 11011uki 

Concun·ent Range Zone. but Lhe assemblage also rcsem­
bl6 the 7)•111pw1icy.1w .,1,w•hiu1111 • Striatoabieites rit/1-
tl'l'i Assemblage Zone in Ih111 ii contuin1,, Strimuahil'ites 
richteri. L111wtispurtl<'S 1101·imtle11sis and 
Protol1aplo,1_1·pi1111.1 sm1u1ilm·ichii. The presence of rare 
l1t<'cki.1poriIn 1•irrkiae indic,llc:, :..orne similurilii.:l- with 
the Zech~tc111 of western Europe (Yisscher. 1971 ). 

In the overlying Ok~l.'dnl Member (Fig. 5•) of the 
Schuchen Dai Formation of Jame~on Land the 
:mmmnoid Pw·u111exicol'era.1 occurs approximately 4 m 
below tJ1c lowc~I fi~h hori1.011 of the Lower Tria~sic 
Wordie Creek rurmation (Perch-Nielsen et al .. 1972: 

a~sichuk. 1995; and per~. comm. 1000). ln the Kap 
Sto~ch region. s1ratigraphic relationship between 
:11nmonuid!-> recorded frum the traditional lithologicul 
unit. the "'Martinia Limestone··. 1111d th1: units Oki,edal 
member and the Ra\ nefjeld Formation is not clear. All 
unit~ are dark mudstone and locally 1.herc i~ a potential 
for stratigraphic errors due to poor expol,urc and signifi-

cant faulting ( Piasecki pers. comm. 2000). However. it 
appcar-. th~ll Paramexicoceras i, a,socialcd with the 
D1.hul l'ian ( Wuchinpi11gian) Cydololn,.1 ( assichuk, 
1995). In the Okse<.lal Member (f7ig. 5') there is an abun­
dance of taeniate and non-rneniate di~acc:ucs and 
Vi1101i11a i~ Ii.: ·s common than in underlying bed, (U11ing 
& Pia~ecki. 1995 ). 1)·111p1111h-ysw s1r1,1rltia11a and 
acritarch!> are rare. Trilete spores arc rarc. but become 
increasingly common in the uppermost few me1res of the 
member ( Fig. 6'). 

Overlying beds of' Ihc Wordie Creek formation cn11-
1ain Otnceras wondwardi boreale and thus urc of 
Gricsbachian age. They contain the Prutohaploxypi11111· 
Zone of Balme ( I980a) which resemble~ 1he 
Ty111pa11icysw f/Osthimw - Strimoabieites richt<'ri -
As~embluge lone ( ~ig. 6'). Diagnos11c taxa include 
Pmprisporite., puc·m·J...ii. 1:w11pa11icysta w,.,cltimw. 
Srriatnabieites ricltreri, Epherlrlpilt>S st1'el'c•si11t'. 
PmIohaplo,rypi1111s .1m11uilu,•icltii, and Dt>11.1oiN1wri1es 

11fu1fordii (Balme) Deumann. L Pirr/...iae occur~ rarely. 
Overlying this zone is the Tae11iaespori1£•s A~\uciation 
al~o of Griesbachian age ( Bal me. I980a) containing 
l1111d/Jltulisport1 nbwle/(I Bah11e. ()cado11ites follic11-
/11ri., Wi Ison and Web:-ter. l:.:pltl!dripites spp .. 
Kla11sipolle11i1e.1 sw111i11ii. 1_'v111pa11icy.1Ia .,10.11'/tiww. 
L1111a1ispori11,., 110Ph11i/e1w.1, Oensnlspnritt'S 11rjh11rgii 
(Schull1.) 8.Llmt:, ar'lu F,1ulospori/P.', spp. (Fig. 6'). 

SPrTSBERGE 

Mangerud & Koniec,ny ( 199 I. 1993) de:.cribed paly­
nomorph as:.emblage~ from a number of formation~ 
including the Kapp S1arostin Formation (Fig. 61"· 1). The 
lower lo middle parts of the formation consist of shale. 
·und~ton.e. carbonate wi1h cheny imercalationl.. and the 
upper part shule with chert nodule~ and carbonate inter­
ealaiion~. The formmion comains conodoms. brachiopods 
and corals ( akamurn et al.. 1992. and Fcdorowkski & 
R;1111ber. in pre~~). ak:tmura l'I 111 .. ( I 992) sugges1ed a 
Roadian 10 early D1J1ulfian age based on brachiopods. 
allhough Fedorowski & Bamber (in press) poimcd ou1 
that there were no biostrntigraphic data to indicate an age 
younger than i.:arly Capilclnian. The lower lo middle pan:.. 
of the formation contain the Krnl!11sl!lispnri1cs as em­
blage. but the upper part lacks identifiable palynomorph,. 
The lower pan of the Krae11selispori1es assemblage wn~ 
corrclmcd by Mangcrud & Koniec,ny ( 1991. 1993) \vith 
the l\li.111urites i111·iM11i.1 - Triad!Jp,iru ~p. Assemblage 
Zone of Uuing ( 1989). which is equivalent lo the 
/\lisporittw plica111s • J11gaspnrite.1· cnmpacI11s Concurrcm 
Range Zone of Utting ( 1994a). and the upper part or the 
Krne11seli.1p1ll'it1•., asscmblage was correlated with 1he 
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la1•11itw.1pori1«'.1 sp. A~,emblagc Zone of Uuing \ 1989), 
"'hich iii equivalent to the Ahn·11sisp11ri1t!s //1,,r.1·1ei11.v.1·1111ii 

. mw.,pvri1es 11t11111ki Concurrent Range Zo11e of Uuing 
I I99-la). Significnnt i~ the pre~cm:c of lm•ckisporires 1'ir­
r~i111! {Fig. 6) in the upper pan or thl' Kmi't11·elispori1,,,. 

as::.t:mblagc ✓One ::,uggcsting a Kar.miian or younger age 
ba~cu on tht: Volga/Ural~ s-.r~11otype urea ( U11ing t!I al .. 
1997). 

The overlying Ddtadale11 Member (greenish grey ~illy 
.,hale anti minor i.anc.b.rone) of rhc Vurdcbuktu l·ornmtion 
L'Ontains the l>cmo1.1porires /U'.i/mrgi, 7,one of Gric~­
hachiun age. Signifienm taxa include Pmpnspnntes 
pocockii. Stria1oubiei1c·s ricl1teri £phednpi1,,., vw1•11v1uw, 

l.1111mispori1es 11flvia11/e11sis, Pmtollft/J/o 1.1•11i1111.1 

1·w11oilm'ichii. lfrat'sp11ri1es imperiuli.1. /Je1t.lfllS//11rttes 

11t>Jh111~ii. M11c ulaI11spori1l'.I' sp. and T,r111rw11c')'sta .1·tosd1i­
c111/1 ( Hod1uli et al .. l \Jl-19; M~rl. er al .. 1990. l lJ92. 1999). 
Thi:. H~~cmhlagc (Fig. 6" "> dosely resembles Ihc 
T_1·111p1111i,·y~1a ,10,·cltimw S1rimoahicite.,· ricfttf'ri 

1\:-~cmblagc Zone of the Svcrdrup Bu,in. the top or' which 
ha:. yet 10 be defined. However. in Spit),bcrgen the c4ui1 -

alem zont:, A:.:-.emhlagc P ('?E.irly Gric~but:hi;111 ), i:, 
defined by the rungc und co111111011 occurrem:e of r. 
w1schio1111 (= C. dmluwa). In other rc~pccl, it i:, diflicult 
10 differentiate rmm As cmblugc O (Dicncrian) (Hochuli 
('I al .. I 989; MwJ.. t'I n/., I 992). 

S\'ALIS llOMI~ A U FI NM1\l{K PLATFORM 

Mangerutl ( 1994) ant.I Nil:-:,on ('/ nl. I 1996) correlated 
-.ub.-;urfuce rock uniL;. of tht: Svali:. Dome a.nd Finnmark 
with those of the Svalbard Archipelago. In thL' lower 
Tempeltjorden Group or vuli,; Dome they m.:og11i~ed 
the Kn1<'LtM!liJ11oriIe1 A~:,cmhluge and in the upper part 
of the group the Sc11w.111oriu•:; sp. cf. S. u11irnl • 
l.1111mi~110ri1t1~ ,pp. As~c:mbluge Zone (r-ig. 61

•). In the 
H:ivcn Formation. which com,i,r~ of luinin:.ued and 
,tightly himurbated greenish gre) shale. they recurc.lcu 
1he f'eclunmporiIt!.1 u:..:..emblage. v. hich un the basi., or a 
high percentage of Arturisporires spp. pollen appear::. tu 
be slightly younger than the 7>·1111u111icyl'/11 SU1'chimw -

Slriuwal>if'irL•s rir'ftlNi A:-~cmblnge Zone (Fig. 6' ). 
late Grie bachinn age i:, indicated from the marine fauna 
(Vigran e1 al., 1998). 

ln Finnmark Mungcruu ( 1994) rccogni1-ed three 1.one, 
(Fig. 6") and correlated them with those cstabJi,;hcd for 
lhe Sverdrup Ba ... in (Utting. 1994u). These wen:: 
1) [)y11pc1a/11111 sp. (l)y11pe111/a111 1·e1'ica111111 Utting. 1994 
tt) • llt1111iapollt'11it('1 /ml/nefnrmi.\ Assemblage Zone 
t Kunguriun'.' - Ulimian). equivalent w the Alisporill.':> 11li­

c·m11.1· - .l11gC/\'poriIl'1 co1111wcI11s Concurrem lhngc Zone 
< Utting. 199-t u). 

ii) S1·111usporitl'1 :-p. ( ·rnltl.\f1111'ill'J 11m111ki Uning 1994 a) 

- L1111u1i.1porirl'.1 ... pp. A,,cmblngc Zone ( Ka1.a111u11 -
Tat.tnan'?) ..:,1uiv:1lcn1 lo the A/,n•11,1i1p11rill'. 1h11rs1t'i11.1• 

sm,ii - Sn1/(l,1·1mri11•.1 m11111/..i Concurrt'nt RJngc Z<11R· 
( Utl1ng. 1994 a). 
iii) J.111ulhlod1.1·1mrc1 11h.w1/1•111 - 7\•1111m11ic·1•1111 .\/11.1d1ia11a 

:,~cmblagc: Zone (earl)' Gric:-bachi:rn) cquivuknt to thl' 
1)·111pa11icysw Hll~C'hiuno • S1rt'111(111h11•11e., rii li11•ri 
Assemblage Zone . 

The D.1·1111ewl11111 i-p. - H11111i"Jwlh-11ire., lml/mfnrmi., 
As!>emblagc Zone was defined by 1hc t:,1rlie~t occurrence 
of Dyupeta/11111 ~r-I= D. w:~i,0111111 uf Utt.ing. 1994 a). anci 
the latest occurrence of /-/w111npnl/e11ites hu/laeformi., 
(San1oilm kh) Jun-,oniu'>. In lhc Sverdru[) Basin D. ,•esi 

ca111111 has iu, earlic~t occurrence in the Alispuri1es 11lirnt11~ 
- .l11i:11.11J1•ri1c.1 ,•11111111w111,· Concurrent Range Zone. bu1 //, 
lmffttefonni., extend,; into the Al1re11,1·irporirex 
tlwr.,11•1f1.,,11J11ii - Sn1111.,purit<'.1 nwwl,.i Concurn:nt Range 
Zone (Fig .. 1). The ha:sc of' tJw Srntmporire, '>)), cf. S, 1111i-

1·11., l1111wi.~porirPs :.p. Assemblage Zone wa~ defined al 
the c:1rlit:SI <lCeurrence of S1·11111,,poriu,s ,p. cf. S. 1111ic11.1 (= 

Srn1u.1·1wri11•.1 11111111/..i) of Worcliun uge. mu.I the 
l,1111dh/il(/isp11m oh.wt,,,,, - Ty, 1111,w,it y.,·Ie1 s111.,rltie111<1 
A~:,c1nhlage Zone i~ ddinccl by the pn.~,enCl' ol the 
Ty1111,a11in•11a .1'/1J.l'l'11101111. Srl'i111r111bfri 1es richu• ri. 
Pl'0/11'1."/l"rttl', 111wocki,, :ind rhe l/l'lw1p111'i1e·1 impt!rhtli~ 
morphon. There ii. a :..imilar abundance of U1•a<'.11>orite., 
imperial is in the lower part of the Have rt I ·ormfll ion to that 
lound in Lhc ba!>al Blind Fiord a:,~emblagc,. lnrerc:,ting j., 
the pre,ence in the early Ciricsbachian of poorly preserved 
,pccimens of Vit1e11i11a and well preserved ,11ecimen, of 
L11t1cki.1poritt1, 11irrl,.ial', M.ingerucl t J 99.q coni,idcrcu the 
former to ~ reworked but the latter. which arc rare ro 
common. to tlC i11 si111. A~ discussed abovt: in 1hc ~ection 
concerning Alul,J..a. it i, difficult tn re~t)lve thil, problem of 
in .,·1111 vcr~us reworked taxa. In view of the hiatus prc,;ent 
herwccn the Wordian and Gricsbachian in Finnmarl-.., I~ 

,,,,.,.J,.iae could have been derived from post-Wordian rock, 
that hflve ,11,equenrly been eroded. on the other hund it, 
rnre, bur con~istent presence in circum-pohtr Griesbuchit111 
ro..:k.:, could indicHte that the pnrent plant was not extinct. 

KOLCUYEV lSLA n 

Ufimian and Kazania11 a,;i,etnhlage\ from Kolguye.,. 
),Jund and the Kungurian? to Roudian and Wordian of 
the Sverdrup Basin have many slratigrnphic,tlly uiag,ws­
tic: rnxu in common and correla1ion of rite ,pore 1one::, 
wa, proposed by Grigoriev & Utt ing ( I 9YX ). Par exam 
pie the Kantnian (Wordinn) Assembl,1gc II 11f KolguyC\ 
includei, A/Jre11si.1porill•s 1/tonId11.,so11ii. /\. 11111l1i­

f/11rid11.,. Sc11I11sporitL'S 11t11111ki. and Hw11ia110/le11it,•s 
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aebi (Fig. 61'). cvcnhck)>~ 1here nre differences: 
Lul!rkispori1es .,p. (a ~mall repre:-.entativc of the L. ,,;,-. 
rkiac morphon) i:-present on Kolguycv, but abscnl in 1he 
Sverdrup Basin. Abo pre"!nl on Kolguyev. bu1 ab!>ent 
from the Sverclrup basiu in rocks of Kunguri:in? ro 
Wordian age. are taxa such a, Li111111.1·1mriIes 111011vlruo-
111s (Luhcr and Wnlt7) Harl ;1nd Cr1l<'i.1//1·dtes nmario 
1Samoilovich) Dibner. In ,1ddition Kolguycv .t!>!>t:lll­

bl11gc~ differ Ill thm rhcy arc dominated by ptt!ridophyte 
spnrc:- und this ~ugge.\ls that 1he climate may well have 
been more humid than thm of the Svcrdrup Basin. 
Griesh~1chinn rocks arc probably ubscnl fro111 the island 
(Hnd111li <'' ul .. 1989; M0rk et al .. 1992). 

MII>• OHW/\Y 

In this area data concerning 1he Kungurinn? to Wordian 
microllora~ are ~par~e ( Fig. 6~'). but more <.k:taib arc 
available concerning the overlying lmc Gricsbachian to 
'mithian rock.'I (Vigran & M;ingcrucl. 1991 ). The lallcr 

arc dominated by trilete cav,llc 5.pore!> including 
Uw1esporires i111perialis. Th1: fact that Amtrisporitel !>pp. 

Wl'rl' common wa, taken 10 in1fa:mc an age younger than 
curly Gricsbuchian. 

VOL<;A/ Ht\LS HE(;IO 

\.\/hen compari~ons urc made bctwecn lhc Roadian aml 
Wordiun assemblages or the Sverdrup Basin with Lho~l'. 
from the Ufimian and Ka.wnian strntotype area, or the:: 
Volga-Urals region. Russia. it is cvident 1hat there are 
major uifference~ in composition (Uuing "' al.. I 997: 
and Fig. 6" ). For example the Svcrdrup bu-;in contain~ 
abundant trilctc sprn\:s in the Roadiun and Wordian. but 
ah hough 1heM: are common in the type Ufimiun. they urc 
rare in the Ka,anian. Many taxa found in 1hc Wordi11n or 
the Canadian Arctic arc ab,ent from the Ku1a11iun 
(Ulting et Cll .. 1997). For example taxa that are present in 
the Wordian. but lacking in the Kawnian or Russin. 
include strntigraphically diagnostic 1axa ~uch as 
Ahre111·i,poritt•1 11111!Ii/7nrid11s. A. tlt11r.1Il!i11s.w11ii. 
l.1111111isp11rires bea11dwmpii. Pkea1,oflenites 11ooknpi/ 
Lilting. Srnt111poritc1 11111111ki, Striu/1111/Jieires borea/i!, 
Ut1ing, Dimc,111r1-;.0110Irileu•,1 ltr(Je11eres Uu.ing, 
L111wtisporire.1 ttrluki Utting. 0ra11di,I111ru jc111,11111i1 

tting and l11rrper111mpol/e11ircs J1£'b11lorn\'. The only 
taxon pre\ent in both the Wordian and Kazanian asscm­
hlage~ is Ha111ie1pol/e11iIN 11rebi. Taxa restricted to the 
Utimian and Kuzani,rn arc l/11111iupr1//<'11irt•r 1racIifl.•ri1111s. 
l,1111 i r isp11ri tes 1111111.1 r ruo.1·11.1. C1·11<'i.1acci 11!3 um al Ill, 
Cordairi11a submwra var. i.1npolari.1 (Vuryukhina) 

Varyukhina. Conl11iri11a 1m1lc•11,1·is (Luber) S.inmilm id1. 

Krae11selispori1es f1<1/mlaI11.1· Virhitska" and. E111rlissa 
l'(/(lt'rt//11 (Luber) Vuryukhina. Tho:-e restricted tu the 
K:11:aniun. and ub~cnt from lhc Worclian, are 
f.llf'l'l.ispnrires 1·irrkit1<' and Di.1cemiS/Jfll'ites sp. 

If, ai-~uggci.ted by the marine fauna, the Wordiun and 
Ka1.Mia11 are correlative (~cc ,umrnury by Fedorowsl-i & 
R:11nbt:r, in pre-,,). 1hen 1he fundamental differences in the 
palynomorph assemblage~ between the Volga/Urals area, 
and the Sverdrup Basin and t11her ci1-cu111-polar areas may 
have been caused by a variety or factor:,; independent of 
time including palcodimute. fncies. lati1ude. topography. 
and relative poi-ition 011 Pange,1. i-:or e>.ample. the climate 
wa~ probably hnt and arid in che Volga/Urab region from 
the Ufimian to IJ1c Tatarian (U11ing et al .. 1997), wherens 
in the Sverdrup Basin it wa~ humid anu cool in Lhc 
Kungurian'! tn Roadian, and cool and dry in the Wordi:111 
( Beauchamp. l 994: Uuing. I 994a), 

CO CLUSI01 S 

I. A"semblages of Kungurian'! to Won.lian. and 
Gricsbm:hian age arc similar throughout the ci,·cum­
polar nrca studied. 
2. With the exception of £ast Greenland. there arc no 
palynologicul data avuilahlc from the Wuchiupingiun and 
Lopingian ~luge~. 
3. Midule Pcrmiun assemblage~ on Kolguycv Island 
have many feaLUrc1> in common with other circum-polar 
localitic~. but there al'e also \Orne tuxa in common with 
the Volga/Ural~ region. 
4. Thi.! circum-po)ar as~clllblages or Kungurian'! to 
Roadian and Wordian age differ markedly from the 
Ufimiun and Kazanian a5scmblage!, of 1he Rm,siun ~tra­
totype areas in the Volga /Urab region, probably rel'lect­
rng differences in a 11umbe1 of fac1or~ including climate. 
f'llcies. lmirndc. elevation ant.I loc,1lion in Pangca. 

,kl.111111'/cdKt'llll'III{ I II i~h to 1hunk colleagues al GSC 
(Calgary) for helpful <liscu,siun an<l cummcmi:. c,pccially 
Wayne Bamber. Benoit Beauchamp. Ashton l::mbry. Jun 
Jan,uniu.,, Lar~ Lane uml Wallt:r N:1~sid1uk. 1 a111 grn1cful 10 
Pflula Piuau (Ulli\crsi1y of Cagliari, llaly1 for II cons1mc1ivc 
review nflhc manu~cnpl. Al,o I am n,u~t gra11.'ful Ill Bn~il Balmc 
(Univer$ily or Western Arn,1ralia. Pc11h). who pmvidcd 111a1tT1al 
for ,1t1oy from orthcm Ala,b, ano made available unpublished 
dal:l: tefon Piasecl-i and l.;ir~ Stcmmcrik (GEUS. Corcnlmgenl. 
who provided information com:cming thc Greenland ,cc1ion~: 
Gunn M:ingcn1d ( orsk•H)dro, Bergen) for eommcnls concern­
ing Svalharl.l and Fin1111u1rk area,; Ramukant Kulgutlmr uf GSC 
1C-:ili;ary1 for commenting on 1he atlinilics or n·m11<111inwm 
\/(l,d1ic111a, and Brenda Davies. wh11 pwcc~~c<l ,11m1,tc, 1111d 
nssistcd with the computer draflcd ligurc~. 
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FORNlATION AND EVOLUTION OF THE PERMIAN STRATA 
OF THE EASTERN TIANSHAN MOUNTAIN IN XINJIANG, CHINA 

Z11uo11Nci LIAO and LllJllN I.I 

Kn· m11t/1 Xinjiung: cn,tcrn Tianshun Mountain: Pcrn,iun: nm• 
li1,M: 1ac1e,: hm11olog1)Ll~ lly,ch fn1:1c,: 11nitom1 imracomincnwl 
l:1kc lw,in. 

\/ll'tm,·1 Owing tn the inllnmngcncit) ol orogeny with the 
\'omp1-cs,io11 lon.:e d1iclly rru111 the M1Uthcrn llunl... the uplrfl 
lolding (orogcny) formed ,incc the Luu: C'arhunilcmu~ at the 
,outlwm and 11urthl'rn murgi11, or the cti-.tcrn 1ian,han Mn11111ai11 
in Xinjiang, China i5 H,ymmctrical. In the cnrl) to M1cldlc Perm• 
iun, 11 ,et or piedmont molru....c fal'ic~ sL·d11m:11taf> a,~01.•iatioo, 
were dcwlopcd at the ,nuthcrn margin nf the ea,,crn Tianshan 
Mountain. near the 1:orc nt the orugcrl): ut t.hc northern m,irgin 
rherc cxi~tcd u set or a~scmblagcs of homotogot.1, tl)•:-ch facic, 
formed 111 a forcland ha,in. Hy the end of rhe ~liudle Per mian. 
the dilfon:nn: lirtwccn thl' ha,cmcnl topog.rnphie, nf 1hc south­
ern :ind nonhcm margin~ d1~arrc11rcd grndualty. und the ca,tcrn 
TiiinJ.hnn Mnunt:iin and its pcriphcr)' area thus hel'amc a hrnud. 
uniform. imr:11.:on1incnral lake ha,-io. The dcpositionall)' cuntin 
11nuJ. tcrrc~lrml ,cdi1nc111' of the Pl'rminn lU Triu,~k b1Hmtlur)' 
arc found hmadly in thcw arca,. 

INTRODUCTIOt\ 

Xinjiang Uygur Autom1mou~ Region ( 1.6 million km i11 

area) i:-the largest provindul region in China. The Tian 
,h,111 mountai,1 range liec; acnw, Lhe central part of Xin­

jia11g. Habitually. tuking the highway from Ururnqi City. 
the pro, inci,tl capirnl of Xinjiang. to Tok,un county a, a 
houndary, to the weM of thi1-o boundary i~ culled thl.' wc!>t· 
em Tinni.han Mounrnin. and to the easl i, the ca~tem Tiau­

,han Mountain which chiefly compri~e, Mount Bogda a11d 

Mount Kurlik. On the S.l>utJ1ern margin of the ea tern Tian• 
shan Mountain is lhc Turpan-H,uni Basin and on the nonh­

crn margin i • the ,ouLhe,htern pan of the Junggar Basin. 

Pcrmiun roch are widespread throughout Xinji:mg. C!>· 

pecially in the nonh of Xinjiang where they arc best de­
veloped. The ,cdimcntation type~ .ire vnriecl and to,sil~ arc 
abundnn1 in the Early. Middle and Late Permian strata of 

/ 111m/1 c/rim•1· Xi11jiar1g: TI:11hhan nncmnlc: Pcrmiano: facics 
mnlu~~1rn; fucrcs 11yshoitli rnnologhc; 11nitonrn.: hacinn lacu,trc 
111tnicontincntalc. 

/?1(1~.WIIIO A 1::1u!\a dcll;1 disomogcncitii dcll'nmgcnCJ.1 dcnvuntc 
1.l:llla fnrtsl di cumprc~,ionc c~crdta(;) µri11cipah11c1ll\' dal fiunco 
1ncriuion1.1h:. ii ~111lcvamcnto per picghc dcIcrminr1t11,i :i pai,irc tlul 
Carhonilcrn ~upcnorc ,ui maf!!ini 111eritliunulc e ,cucntrinnale dcl 
Tiunshan oricntalc in Xi11jiang. Cina. t· a~immctneo. Dumntt: ii 
l'cm1iano infcriorc c mcdill, un g.ruppo di ,Lw>Ciu,iuni M:dinicnta• 
11c ear.meriu:llc da facicl> mola~,ichc pcdc111t1ntanc ,i ,-\ituppb 
lungo ii margiiw mcmhonalc tlcl 1ian,hun 11ricntalc. vi1:i1)1) al nu­

dco dcll'nrog.enc,i: sul marginc "c11cmrionalc csistcva 1111 gruppo 
ui u",ll'1:111oni di f:u:ic, rnnologhc di lly,ch fonnuh!~i in un baci• 
nu di avampac~c. Entto la tine I.lei Permiant1 mcdin. k diffcrcn:rc­
to[logr;1tid1c rcl;uivc al ha-;;11ncnlll dci margini 111cmlaunulc e ,et• 
tcnufonnlc ~cumrmvcro ~r.tdualmcntc, e ii Tian~h:m oricntalc c l11 
,ua rcrifc1 ia uivcnncrn rcrt:into un c,tc,m. unifonne. hac.:inll lucu­
, 11,e intrm:nntmcntulc. I -1cdimcnti tcm:~tri dcpvsi,ionalnwnli: rnn• 
1im11 ,1I limitc P(f ,onn ,I111pI,m1cntc fll'l:~cnll 111 <fllt:~tc aI,·c. 

Uie eastern Ti:111,hun Mountui11 ,1udie<.l 111 tJ,i~ pupcr. There 

are many complete and continuous stratigraphic ~cction, 

(Fig. I) in thi~ n:gion. which ha!> gradually become the ·•1101 

spot" for ~tudic~ pf the continental Permian strata and Lhc 

continental Permiun- Tria~sic boundary beds in n:cent 
ycan, in Chin:i (Cheng Zhengwu t'I al .. 1997: Zhou Tong­

shun cl al., 1997; Sheng Jinl.hang &. Jin Yugan. 199-1 ). 

TECTONIC Sln'l'IN(.; OF THE FOl{MATION OF THE 
E IU,Y t\ I> MIOl>I.E 1-'ERMIAN STRATA OF E/\STERl\ 
TI/\ ·r I 

TI1e middle and late Hcrcynian Orogcny. and the two plntc 

l.Uturc belts which between them pinned rht! t:astern Tian­

shun Mountuin. w~·rc the chicOy co111rolling f:lc1t)rs affect­

ing the formation, development. and distribution or the 
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Lower and Middle Pc1mian Series. The Karanrnili .',111ure 

belt 1ln the northca,1cm \itlt! or ea,Lern Tian~han Mountain 
wo~ rhe cun,ergeni margin between the Siberian plate and 
the Kazakh).tan • Junggar plate. and finull) dost:cl in rhc 
Middle-Late Devonian (Li Jinyi l'I al .. 1989. 1990). but did 
n1)t rt!~uh in ~trong compre.•"ivc folding and 111c1an1oll)hism. 
It re~ulted only in formation ,ind uplift of 11-:111,itional crust 
(Xiao Xrn:hang e1 "'·· 1992) over a v,N area of the ~outh­
eaMem part of the Junggar 8~1~in and lhc ~·onlinuou, ,hrinJ.. 
of Lhc residual Carboniferous ,ea bm,in. which changed to 
give ncar-shon: lirnneric f.icic, ,ediment'- during I.he Earl) 
Permian. Anmhcr st11ure bclf. the Erenhubirga-K:rngguer 
~ulurc belt on thc !iou1hwes1crn ~itle of ea,1ern Tianshan 
Mountain, w,L~ the convergent junction of the Tarim plate 
and the Kazukh~tan-Junggar plate. It produced ~harp strati­
graphic folds and vokanic activity during the Late Car­
htmilcrou,. with typical picdmoni mola~se facie:,, at the 
,outhcrn margin of eastern Ti.rnshan Mountai1i, under rhe 
inOucm:c or ~trong ;111d i.waained compre:,,~ion from the 
south during 1he Early and Middle Permian. At the northern 
mrn·gin of eas1em Tianshan Mountain. a paralie irarn,itional 
foci;~ developed c.:on~bting or very t11ick course tn line clas­
ric ~edimenl~ or foreland ba,in-typc. 
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THE FOR1\IATION AND GENERAL FE TUl{ES ownm 
EARLY AND MlDDLE PERMI.J\N MOLASSE FACIESAT 
THE SO TI-IER I MAR<:IN OF EASTER TI/\ SIIA 

I\JOI.J 'TA I 

During uppermost Late Carbonifcrou~ lime!>. with the llN, 
M balance of the originally roughly uniform tectonic-~ed­
imcntary framework or th..: Bogda-Karlik, olcanic :in: ( Li 
Jiliang. 1989). rhe nuclear 1011c of the orogenic bell clo~c 
by 1hc southern margin or ca,tcrn Tiam,h,111 Mo1111tai11 
rapidly hccamc folded and uplined. Seawater withdrew 
mpidly roward~ the ea~, and northca"t. and tJ1c Carbonif­
erous volcanic!,, and pyrocluqic ro<.:kl, ,L.., well as rnrbonate 
rocks higher 1hc1n the t:l'O:-ion ~urfacc were '>harply denud­
ed. In a~~ocation with ~omc Early Pcrmi,111 \Okanic erup­
tive roch. Lhis clcbri~ wa~ nipid!) trnn~poncd from U1e 
piedmont belt 10 1he nea~hore depression and <lcpo~ikd 
there along a bell from Ewirgol Lhrough Taoxig.011 und Yi­
wanquun 10 Kulai. Thi, scquenc.:1: of red mola:-~c ~cdimcnt 
i~ char:wrcri~ed hy the following: 
I. lt has a narrow 1ibbon-~hupcd di:,,Lribution in rhe ~our hem 
marnin area of eastern Tianshan Moumain, about 600 km 
Ion•~ und onlv ,1 lew tern, or km in width. The p~u·cnl rocks e, ; 

94 

of this witc of conr~c cla~-
1ic ~edimen1;, are composed 
chiefly nf the underlying 
disintegrated Late Car­
boni fc,·oul, ~olcani<.:~ and 
pyroclastic roc:k.s. a~ well a-; 
rninnr carhonute rod:.~ con­
wining Lute Carboniferou~ 
fo~..;ils. Thi, is a ~uite of 
typicully co111inc11t,il pied­
mont molaM,e ( Liao Zl1Uot• 
ing e/ 11/ .. 1999). a~ a wholt: 
dominmed hy river fun and 
alluvial fan depo~it,. with 
only occasional limnic ,ctl­
i111cn~ in rhe upper pa11. 
2. Thi:.. suiw of contincmal 
molas!,,C <,cdiments di:..­
play~ the nomml cydic ~c­
quence, coar;,e below and 
fine .tbO\c. which m:Iy be 
looked upon in gcncr.il a;, a 
complete magnac:yclothcm 
The interbcth of volcanic~ 
only occur in the middle 
and lower p,111. indicating 

fig. t - Mnp shu" 1ug lhc ,cc1to11 locah111:, ul Pe, ,n,nn ,1n11a III c.I,1c111 nun,hnn Mm1111111n and adjuccm n:gions, 
Xinjiang. 

the inh.:n:..ity of 1hc Early 
and Middle Pt:rmian tec-
11mic activity and thl! ~edi­
mcntation rat\! ,hanging 
from 5trong 10 weak. 

t, Jin!tiongngou: ~- 1.uc:,og11u .. >. E,\irguL -I .\lishigou: 5. Guodrl..:ng: 6. 'luux1gou: 7. 1aotunggou: 8. IJa· 
J•mi:l.oul: 9. Qu:1111ij,c. JO Inc,yaug,1u; I L Enang.gou: 11. D11.,mr: 13. Zh3ohi,lrnn: 14. '1'1\\llfl(jlHlll. I~- D:mun 
hu: 16. Kul:11: 17. '>auIa11)1hu llt NallmHohu. 
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3. There are neither fly~ch facie, scdime111~ below 1hi~ 
~uitc of molnssc. nor Lran~iLional assemblage!, intermedi­

ate between lhc~c 1wo lypcs of ~cdimrnlary a.~,;ociations 
(Li Jiliang, 1978). Thi~ occurrence !'.uggests that an alm1p1 
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change in the ch:mgt: of the volcanic: arc facie~ from a 
marginal i~land arc ~edimentary envimnme111 into a conti­

nental sedimentary environment marks the occurrence of 
the "bald he,1d" in the orogcnic belt of eastern Tian!>han 
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i\ilou11Iain. and 1hc t:nd of 1hc 1 krl'y11ia11 Ori>gcny. E, i­
clen1ly. lhe heginning anu 1.:nd orogcnic ,mwcmc111 i~ 
,tightly earlier al the ~oulhcm margin of the ea~lcrn Tian­
~han Moun1ain 1han al Ihe nnr1hern margin (f,ig. 2). 

THE FOR~IATIO 1D IAI FE T RES OF THE 
EARLY A D MIDDLE PERMIAN FORELA 'D 8A I 
FACIE. AT THE NORTHER 1 MARGI ' OF EASTER 

TIANSll MOU T/\l"I. 

Owing 10 the inhomogeneity orltil' owgenc,1~ and the in­
lluenc:c of c<m1pre,,ion lrom 1hc ~outh. the northern mar­

gin of c,Lqcrn Tiam,han mountain wa, rc~i,tcd by the rigid 
Iransitional-typc crn!--t u1Ihc ,m11he:1,1crn part of 1hc Jung­

gar Ba~in, giving ri~c 10 a :,.harrly downwarping nnd ca,1-
wan.l- opening forcland ba~in. Although the ~cawatcr in 
Ihil-o region began lo ,vi1hdr.i\l ca,1ward like thu1 in Ihe 
:-.outhern ,m,rg.in during the very beginning of the Early 
l'crmian. the rate of i1~ ,, it11urawal tu the ea-.t wa~ nni a~ 
rapid a, ~,1 the ,011Iht:rn 111argi11 t111d the period or it!> cnrn­
ple1c withdrawal \,a, al;,o not a;. ;,hon. exhibiting a ;,low 
and conlinuou, prcK·c,;,, Therefore a tly,ch facie), ),uitc 
cunsiMing chielly or santly and argillat:enu, ;,cdiment;,. in 
the ba;,.tl part or which are intercalated ,lump;, cnmpo~cd 

of ;,hallow-water marine rnrhonate rock, ( Liao Zhuoting 
t'I al .. 19R7 ). Up\, ;ud~ 1hcre arc tran,itional ,and-.1011e 

hcd, comaining large 11u111bcr;, or plant foi,;.il~. ooid-bcar 
111g dolomite. and interbcds of strommolitci,. anti upwur<l:, 
again there arc rncdium-;111d li11c-gr.ii111;:d du;,lic rook, 
containing coal i-tr\'af..s and thin c:oal scams. The top part 
h similar Ill the 1idcllc Penman or the ,outhcm margin. 
in Ihc dominance or li1111w1ic oil ),hale:-. dolomite. argilla­
ceoui- lime~mnc and mud,tone. In thi, Middk and Lower 
Pcrmian Serie,. the ~cdimcnl was not found to be tlcriwd 
from the underlying. rcworketl. llpperC'arb,rniferou~ fo,. 
,ii-bearing carbonwe rock~ like 1hm,c in the ;.outhern mar• 
gin. and the volcanic, anti in1crbcdtlcd volcanic -;cdimen• 

tary rocf..s arc nol Ml wcll-dcvdopcd a, 1h1),e in the :-i)uth­
crn margin. 

The nature of thc.: abo,c.:-1m:n1ioncd Iran~itional ~cdi­
mcntary a,-;cmblage indic.:aIc, that 1he volcanic arc of ca_,t­
ern Tinnshan Mountain c.:hnngcu from a :-,trongl) :-.uh:-.iding 

rh,1',e 10 the l.itc '-\age of urogcnic L1plift. a, the rc!!ional 
tcctonn-,etlimcntary en, i1t111111c11t at the nor1hcrn margin 

experienced (l cor11i11uo11,ly changing procc,, Imm ma• 
rirn: through to tran;.itionul and continental fa,ic:-. tluring 
tht· Early .ind Middk- Pcrmian. Thi\ wile nf forcland ba,i,, 
1,an:-.itional :-.edimenh h,. quite different from the rnlllem­
pnrnry picumon1 molassc facics or ~cdimemary m,::-ociu 
tion al the ,outhem 111.irgin. in term, ofii.. ge11e~i,, litholo• 
g,c~, :-.eclimentaiion type and :-.p:11ial c:-.1enI (r'ig. ~). 

FOR1\IATIO OF TIIE LATE PER~IIAN U !FORM I • 

TERIOR BASIN FACIES t~ASTER 'Tl1\NSHi\N 
10 , TAI 

Above puragraph. we have expouudcd the c.:ha11ge, in the 
Enrly and Middle Pl:'rmian 1cc1ono-~edimemary environ­
ment. und the remurc~ of strmigrnphi.: dcwlopmcnl at the 
~outhern und uortlwrn margin1,. , a whole. during the 
Earl)' Pcrminn. the two region, were di,1inc1ly d1tlere111. 
until the Middle Permian when the diffen:nt·c~ between 

them reduced. :111d thc ,edimcntary "ucce,;.ion ancl texture 
gradually came 10 he idcnticnl, c:-.pecially in the upper­
most horizon~ where the cxtru,i, c volct111ic, and vok:.111i­
d,..,1ic rock~ that uccur an: res1ric1cd lo the Uprt:r Jijic:11> 
Grour. indicating Lhat the regional volcanic ac1i, ity end· 
ed in the Middle Pcrmian (Liao Zhuoting & Wu Guogan. 
1998). The overlying Canglirnggou Gr1111p i:,. a ),uitc nr 
1i111c-tra11),i1innal (from u.1c Permian tn Earl} Tria).!>ic). 

ucposition.11ly continuou~. widc~prcacJ con1incnIal cla,1ic 
rocb. The regional um:onfnrrni1y bt:1wccn them and the 
underlying Upper Jijicao Group repre,ent:-. the cnu of the 

Here) nian Orogcny an<l the beginning of the non-un.>­
gcnic, "ithin-platc.- developmental :-.Iag1:. Frnrn then on, 
the diflerence between the ~olllhern and nonhcrn margins 
ol the ca~1crn Tianshnn Moumain orogenic beh. in smrc­
ture. landform. relief. hiologicnl as~cmhl.1ge, a11d entire 
:,.edimc:ntary ell\ ironmcntal differenc:e~ re,ulling from the 

originally inhomogt·neou:-. orogeny. began to diappcur. and 
a vu,I inland lnkc h11,in rn:cupiecl the whole ca~1cm Tian­
,han Mountain (Zhou Tong,hun t'I lll.. 1997 ). Thb nc"' 

and uniform 1cctonic palcogeographil'al fr.11nl'\.\orf.. la,1cd 
from 1lw Late Permian to the Early 'l)"ia;.<.ic. Thu:-.. judging 
from the hi;,1ory of' tectonic devclormcm and the sedi• 
mcntMy fcawre,. it i::-reasonable to divitll- 1hc ca-..tcrn 
Tian,h(l11 Pcr111ia11i11111Ih,ct: :-.crie,: Ilw 1.uwcr, Middle and 

Upper Serie,. 
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EARLY PERMIAN TETRAPOD TRACKS - PRESERVATION. TAXONOMY, 
AND EURAMERICAN DISTRll3UTION 

I l,\lnM111 IIAUBOLD' and SP1.M'bk Ci. LUCAS 

K,•1• 111111,/1· Tc1rnpotl footprint,: l owcr Pcm1111n; l"l.'cl hcd,; 111~0-

nom:i-: ,tratigrnphy. 

\'1.ttran -Af1cr 1hc fir~t compura1ive ,tudic~. 111us1 ur Lile 1I1:ile· 
rial 1-nown fro111 1hc Eumpc:111 Pcnninn rcJ bed~ corr-.:sprmd~ 111 
the track fauna ol 1hc Aho h>rnKllt011 ol Wulfca111pian age 1n 
North /\mcri1:.1. All tlilTcring s1raligraphi1; imcrprcwtions of E11· 
rnpcan track ,itc, in reel bed ful'ie, come under question. The 
~pc,trum of 1d1t101a\a in rctl bed~ or Lower Pcnnian age is re• 
~trictcd 111 /Ja1rod1id11111s. 1,1111110111n. Am11hi<w1r111111.1. lly• 
luidid111111, lch11101h('l'i11111, l>m111011111 (/) lt1rl'm1id111· = /), 11gili., 
= LJ. dfd1wl\ hH). Jw11b(II hid111iw11. D1111('m,p111 .md Gil11111rl'if'l1-

1111.1·. Thc~c 1d1n111uxa can hi: <.:um:latctl \\ 11h 11.:1nno~pondyb. ,cy­
mouriamorphs, dia1lccttd'i, araco~<.:chd~. and pclyco,aur~. laxa 
l'11ara1:tcrb1il' ol' thc Lower Pcrmiun. The vast majority of 1>1.T11r 
rcncc~ or 1cu·:1rxxt 1rach in red bed focic, or 1hc Pl.'rmian ,him 
nn ,1i;nilac:m1 dilfcrcnn:~ when c,x:11ni11ctl u~ing the taxonomic 
ai1crio1 .11:ccplcd by the author'\. The ich1111la11na 111 the Aho. and 
rclntl'd formation~ of Wolfcamp1un ugc. arc cunM.:4uc11tly. a po 
1c11tial ,tamlarJ 101' hoth ichnofaunal anJ ~,n11igrnphk pu1-pn,c,. 
The Jb1nhu11011 m 1t111c 111 must Eummcrican Pcrmian n:d bed~ 
with tetrnrxltl tr,1rk,, i1i.:lu~iw nt lhc so-called Upper Rotlicgcnd. 
Is ,ont1ned IO the lowermost Pcrmiun. rnrrclming Ill thc A~wlia11. 
Sal..nIarian. aml Artin~kian. 

INTRODUlTIO I 

About 140 ichnogcnt:ni rd.1Ied 10 Permian 1etr:ipt.ltb, have 

hilhcno been nmned in the li1erature. This high number of 

w,a c.:nuld bt: under,tood w, c.:vidence of I) high faunal di­

wr,ity. and 2) a pos,iblc ha~i-.. for rdinc.:d s1raIigr,1phic:tl 

,ubdivi~inn ol the truck-bearing formations. However, 

mos1 ,uch rt•~ult, urc derived from regional studies .ind 

relatively few local :-amp)cl,. Tht: trigger for a cri1ic.:al rc­

vi,ion wa:, the tfocovcry by J. P. NhccDonald of extC1hivc 

track~ite~ in the "Abo Tongue of the Hucc.:o Formalitm'' 

I Robledo Mountain'> Formation of Hucco Group) nl 

Ptm,/,• ,•him•,• - lmpmntc di tctmpu<li: Pcm11an11 1r1lcnmc: n•d 
hn/,: Ia,"111t1min: ,trmigmlia 

Ria.rn111111 Dopn i primi ,tudi c11mp:u~1l1\t. la mugg1u1 pn11c Jcl 
111:ilcriale conn~ciu111 nci rrtl h,,,1, dl!I l'cr111ia1111 c11rnpco con 1. 
~pundc t1lla fllu1m aJ imprnnit: dclla Pom1111in11c di Ahn dcl Wolf 
c:1mpi:ino nord-amcrit::11111. Tulle le vane 1111crprcto1111111 ,trnllgra• 
lichc di ,iti di i111pro11tc curopcc in rm:ics di ,wt l1l'd, ,onn J)n~lc 111 
discU,\ll111C, Lo spcum di i..:11t1111x,1 nci rl'il h,•rf1 dcl Pei 111111110 111-
leri11rc C ri~trCIIO 8 B111111dttdl11t/\. [ i1111t/i/lll\, /\111ph1w11n111111, 
I /\-l11idi<"l11111s. kl111io1/wri11111, l)m11wp11.1 (/). /111·11rluitlt!, = /J. 111:1· 

Iii = /J. dida1·tl'l11~). 7i.J111lwf'hir/111i11111, /)i111l'lmp11.1 and Gi/11111• 
n•1dtt1111. Qllc,ti iC11Ul,1MI po~,(lllll e,scrc c,1rrcl111i con IClllllll­
~pontlili. scymuriarnnrfi. tliude<.:litli. arcthcclidi c pclicu,auri. taxa 
caraucri~1ici dcl Jlc:nniano inl'criorc. 1:ampra ma!!gioran,a d1 
cvcnli di lrueee di tctrupotli nd n•d ht>ds pen11ia11i nun 1110,tra tra 
c"c alcunll ,ignilir:11i1u tliffcrl.'111:1 :tllnrchc ,,m1l prc~c in csanw 
11,andn I crilcri la~,11111111\u.'1 m:cclllllI tlugli autnri. L'il'llclfounu del-
1'/\lio. c le eonncs,c li,r111a1i1111i di ct:1 wollc:11npi:111a. ,ono cnnsc­
guc111cnic111e un pown1inlc ,Lmdurtl per ~copi icnofauni,lici e ,1.rt1-

1ig1afici. Ln tliwihu11vnc cronulogicn dclla 111aggi11r partc di ml 
hl'd.\ pcnmani currnuncric:1111 rnn traccc di Lclr.ipotli. ct1n1prc11,ivc 

dd cos, d1iamaw Ro1licgcndc ,upcriorc, c conlinata ~I Pcrmiano 
Pill hrt~~o. cnrrclnhilc nil' A"d,11110. Snl..,mu·iuno c A11in,kiu110. 

~ou1her11 ew Ml?xico in the late 1980!.. From n large sam• 
pie size at a Lower Pcrmi.in 111c.:gutrac.:~-~i1c, many pn:1,cr­
v,uional varia1ion:. :ilong trac.:kway<, c:.111 he demorn,1ra11::d. 
bnlared ,egmems of the~e trackway, were formerly ofren 

under tood as different 1chnotaxn worthy of :.pccic~- and 
gcnus-lt:vt:I ~cognition. The 1radiI io11al i11Ierpre1:1I i1>n of a 
high <livcr~ily in 1e1rapod ichnot'auna is opposed by a low­
diversity imcrprerntion. both documented in Lht: volume 
edi1ed hy Lucas & Heckert ( 1995). The characteristic 

tetrapod ichnngencra of the low-d1vcrs1ty interpretation of 
1he Lower Pcrmian Wolfc11111pian red bed~ in NortJ1 Amt:r­
icN arc /1111rurltid11111.1. U11111op11.1. Nyfmlit'/11111,. Omnw• 
1m.1·, Gil111on•it·/11111.,. and Oi111e1mp11., (Haubold"' elf .. 1995 

Manin-Luthcr-Uni\'~1'11~. 111,111111c 01 (icnlng1r:1I St·1i:n~c,, f><>11"11""""' ,. 1 lullc D ()(1 I OR. Cic1111an), 
Ne .... MC~lCO Mll\C[llll uf Nawr:11 I 11,m11, I KOi vlo1in1111n Knittl NW, /\lt111q11crquc, N,\11 X7 III.J. l :,,,\. 



a). In the co111inuatio111)1' rhi, study. an attempt WiJ~ made 
al ., rcorg.mi,ation of the taxonomy. cln:-,,ificmion and 
stratigraphic;il value of the tetrapod track, of the Pcnnian 
( I laubold. 1996). A~ um: rcwlt, the cos1nopoli1un charac­
ter of tetrapod id111ofauna~ of Early Permian uge bcl·ame 
evident (I lu11L & Lut:a,. 1998). Thc~c l"C'>Ull~ and :urnlyst:s 
\\Cl\'! continued through 1998 and 1999 hy funher field­
work in North A111eric.t ;111d Europe. with additional col• 
lec1inn~ at 1rack ~itc~ of red bed foc1e,. 

Tll,\CKBl~ARINC. FOl{MATIU1 s or WOLFCA 11'11\N 

A<:t•: 

Tht: eullcl'.lion:. from 1hc Aho and Sangre de Cri~to Fom1a­
I inn~ uf central and northern cw Mcxicu were ex1e11ded 
in 1999. in addjLion to the occtHTt:nce~ in coa~tal plain cn­
vim111rn:nl\ or tht: Robledo Mountain~ Formation of Lin: 
Hueco Group ( Luca!> ,,1 ul .. 1998) in ,outhern Nt:w Mcx.i­
co (Fig. I), Track ~ilt::-with largt: number or sample, have 

- Socorro 

od Hills 

hecn cxcavuted and prm ide mrn,t ol the obliga1e ichnma>::1 
in the broad ,cale of muddy Lo ,,tndy rcd-tx:d focie,. Alkr 
t:omparativc ,1udic~ of Pcrmian tctr:ipod idmorauna, from 
Europe. 1110,t nf Ihc traekbcaring Pcrminn formmion, nf 
red-bed fai.:ic~ wrrc~poncl in age 10 tho,c or the l-lucco. 
Abo. and Sangrc de Cli~w Formation~ of Wolli.-.,mpian age 
in cw Mexico. 1 01e that tht! Wollhunpian Stage-Age i'> 
:t prt1\ i11t:ial du1i11g term u,etl in 1on_h America lll refer to 
much of Earl) Permian time: it i, uppruximaldy equi.,,alcnt 
to the A,,dian. Sakhmarian uncl pa.11 of the J\rtin~kinn u,­
ing 1he .,,andard global chronostratigrnphic sc:1lc. 

Over the laM I 00 year,. Permi,in ichnofaunas and their 
geological occurrence~ have been dc~cribed by ,e, end au-
1hor,. I lowe, er, the cleLerminmions uml many of the name~ 
li!-,1cd by '>Olllc author~ tll"l' relatively incompatible taxo­
nomically with each other. For a principul rcvi~ion. all 
known track-be.iring formation:-and lhe nrnjority or spec­
imen, lul\c been inve~tigated :rnd re-examined. particu­
larly during Ihe hL~I tlecade. Hitherto published rc:.ult, of 

rcinvc-"tigation~. rcvi!.ion~ and 
nt'W collecti<>n~. concern track'> 
rrom the Hermit Sh,ilc (Hm1bold 
el al .. 1995 a). the Standen­
bi.ihl/N ier ... 1ei n Formation 
(Haubold & Stapf. 1998) an<l lhc 
Tambat:h Formntion (Haubold. 
1998). 

In !->Ulllmary. the following 
trnckbcaring uni,-, con-elate to the 
Wolkampian tetrapod track fauna~ 
in the Hucco (Roblcu11 Muun­
tain~). Abo and Sangre de CriMo 
Ftinrn1tion~ in New Mexico: 

USA J\ri10na. :u1d Colorado: 
I lcrmit Shnle. and Cu1lcr l-orm:.i-

1ion 
1orthan lluly - Collio f-or­

mation of the Southern Alp, 

- ona An M untains 

e R bledo Mount ins 

Southern France - Pcrmian se­
quence of the Lodcvc Ba,in up to 
the Rabejac Formation: Pcrmiun 
~cqucnce!'. of 1he Luc. Ba!> Argcns 
and Esterel Basins up 10 the Milan 
and Gonfaron f-ormntion,: Pc:rm­
ian ~cquence or the St. Affriquc 
Bu~in up to Lhe pdi11::, nf St. 
Pierre. 

- Big Hatchet Mountains 
100 km 

I •!!· I Gcugr.,phicul 1ll!.lnh11linn nf the I.Ol\l'I f'l:11111:in lfac~-~ite, of W1lll\'~llll)l,lll .,gc Ill NI'\\ \Jkl 

,co.1l1e 11,:i:urrenc~, hdong to. lm111 -...mlh to 11011h. the Ruhk1fo MOlllllmfl. 1hr ,\ho .tn\l Srml!l'I.' <11• 

o""' fum1:1Iinn, 

• Germ;111) - RoLlicgend ~c­
quence of the Saar· uhc Busi 1, up 
to the Nicr~tcin/Standcnbi.ihl For­
mut inn of 1hc Wadcrn <7roup; 
Homburg Formution or the t:a~r­
crn Har1: Forcland Bn~in: Rot-
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hq;cm.1 ,cqu,·ncc nf I lw ThUringcr Wnld up to U1c Tm11bach 
l·nrmallon. 

Other track site:, of Pcnniun n:d bed, with the same 
1chnofam1al dcnn.:111~ an· knl)Wll in ,outhcrn Poland. noU1 
em Hohcmiu cC,cchicn). Engl:tntl. northern Sp:1in. Novn 
Sc111iu, Argentina, and ~outhcrn Rt11,,i,1. 

or ,epuratc age arc the tetrapod ichnofauna, of the Val 
(iardcna andstonc in m111hcrn Italy. the Salagnu Forma­
tion t ~itc La Lieu tic) of thl..' Lodcve Bu~in in ,outhcrn 
rrancc. and the Cho1,a Formation in Tcxa~. 

Different in fade:- and ~omcwhill clif'fe!'l'nt in age a11.: 

till' p1 ir,cipall) ,1colian track rn:c:urrencc,. the ,o-rnlled 
Clwlir/11111., ichnofacics ( uropoms ic:hnofocic:, of' I .ockley 
t'I al., 1994) of the Supai Formation. Coconino Sa11t1,1one, 
DcChdly Sant1,1onc. Corncocklc and Locharhrigg~ Sand­
~tune~. l h1peman Sandqone. and Cornhngcr Sa11d~1ein 
(1-Iaubnld ,,, 11/ .. 1995 b: Lockley c!t 11/,. 1995: McKl'c,.:r 
& Haubold. IIJ96: Morales & H,1Ubl)ld. 199S). 

As a result, 1he Wolfcampian track fauna can be charac-

1cri1,cd hy five tn ,ix ba,ic trud. Lypcs. of about nine ichno­
genera. fhis morphological ,ubdivi,,ioo is in ugreemelll 
with th1.: rung1.: of pre~u,nt:d perpetrator, of the tracks. Lhc 
o:,tcolngically-rewn.led Lnwcr Pcnnian temno,pond) 11,. 
,eyninu, iamorplu,, diadcctitb. :m1eo~cl'lid!>. captorhi­
nomorph,. and pt:lycosr111rs (Fig. 1). A, currently under­
,tootl. lhl' record of Lracl-., of captorhinomorph, and pely­
cosaur~ i, compar.11ivcly more diverse. Track, of tem• 
no!>pom.lyls. aruen,cclid,. und ~cymouriamurpll', tu\: 1110,l 

frequent, wherea_, the record of dinclectid Lrnck, - IC'l111io-
1licri11111 - appear, rc~lrietcd. 

FORMER /\TrEI\JIYl'S /\T PER IIA1 TETRAPOD ICH­

OSTIUTICRAPIIY 

/\11 fonncr ~tratignrphic ,ubdivisirnl', u,;111g tetrapod trad.s 
come into quc~tion a~ a rl'Sult of the n,·w cluta. Indeed. not 
one of thc t:ixn 11,cd for 1hc telrupod tra.:I. zonation b)1 Btiy 

& Pichtcr ( 1988) and Ko1tll' ( 1989 ). ,uch w, Sa111frl111it1•.,. 
'/i>lil'/11111.1. Vt11·t111op11s. I la/'lla­
J..i,·l111i11111. P11/111id111m. A11'111-

khnotaxon aoatomical inll'qJl'clalion 11111iit·l111i11111 nnd A1·tihoIev. c,,n 
he :1cceptcd a:s valid. In lither 
word:,. the age ol the forma­
Lion), in red bed (Rntlicgcnd} 

facics - "" reflecled in the 
111narionll proposed by thc~c 
author,, a, well as the t1'socia-
1ion, I to Ill of Gand ( 1987). 
Ciund & llaubold ( 1988). and 
thl! so-calk<l Sa~onian di,Lin­
gui,ht.:d by tetrapod foo1print!> 
by I luubuld & Kal.!ung ( 1972. 
1975! - i~ n:s1ri1:ted to the 
Woltb1111piun. 

Batracltich1111.,· W111HI\\C)f<I II. IIJOO 

13. sa/1111111m/111id1·1I(;1.1,111. lll6J 1 

n. ilt'lirn111/11, (I t 11, 191 X) 

f.i1111111pm M \RSII. I li'J-1 
'~ c·111h•1t•II\/\ fl \IIU>, llJM 
L :cill1'ri COLL \<ii . 19 I 21 

A 111f1liisa11rop11.~ t-1 \I 1101.1>. I IJ711 

A. /11111, JI •\l 1101 11. 1970 

,\. 1111111i1111tm l I \llllll I ►• 1970 

/,:l,11i(lthui11111 POIILIG, 1895 

I. ,·1111111' (f'Olll IG. J8ll5l 

/Jr1111wI111.v M \ 1<s11, 189-' 
/J l<IC('rltllill'{ ( Gt:1'1117. I 86 I 1 

T11111/J11rhic/111iwn Mt 1.LER, 1954 

I 1c l1111idti Ml LLLR, I '}54 

Hyloidic/11111~ GIL\IURr:, 1927 

H. 111i1'IY}(f//('f_l'/t1f ( P~fl~T. 1897) 

II. h,(1111 llf/1\ (~II \llll<I .. I ')27 

II major(III\, &. Ll.s~ .. 19631 

(;i/111(11•11iclt1111s H \l l!OL0. J 970 
(i. hcn11i11•111i.1 (GILMoRL, I 9271 

Oi111Nrflpt1,1 HOMER & PRICE. 1941 
n. ,11m/11,i c;,,"> & 11,,111rn n. 198-1 

TClllllll~pontlyli 

cymouria111orphu 

0iudcctiduc 

Aracost:.:hda 

l ·:rptOl'hinomorphu /PclyctNturia 

Fig, 2 ·111,• I u,wr Pcnni.m - \\ullca111prnn - pm11:ipal lcll:11x~ 1d1n111:i,:1 ol h11,1mcn..-:m di~111huli1i11. 
,Intl lh1:1r 1hll'f1'11'l,1(1111t 

These results - which con­
nict with wvcral former opin­
ion, - are related 10 two b,l',ic 
tenet, of hio~tratigraphy. FiN­
ly. ,imilar biological form, 
found a:- fo:s~il-. are potemial 
evidence uf a similar age fot 
related fnrmation,. Secondly. 
di 1Ten;11ce~ in recorded/ob­
!>ervcd biological forms arc C\.· 

idencc tif diffe,·e,11 ag6. 

If one u~e:. these premise, 
pos1t1vislically.ju:-.t a handful uf 
divergence, may le.id to a wide 
rnngc of subJective imc1µrcw.­
t1ons. Every u-:hnolt>gical form 
llf tctrapu<l lr.1ck that loot....~ dif­
forcnt may he new and may be 



.150 II. llnuhold and S.G. Luca, 

Al'ibute.t Acmda,·ry/ir/111111111 Ai:11tipe., Af/tJSIOfJlLf Akmpm Al/opus A111blyopus. \mpliisaumides A111phisa11mp11.1 

/\11l11111111iicl111i11111 A111hicl111ii1111 A11I//mco1111.1 A11t'11,1.1·1111m1· Aufipe., "A111im1ht111111p11.,· .. ''A n•hat't1Tht•rioJ111., .. "A rf..10I111.1· .. 

"Aweipmli.w-11s" 

Ban.111c:iu Bump11J Buryp11d111 Be11ricl111i~ Bt11rad1icl11111, 8m11111p1,~ -
Cw111111ip<'·' Cartlinducry/11111 Chc/<1.1·p,,d11, Cllt'lid11111.~ •Chim1haiw11 Ci11,·o.1w11·11s Cnlle11ma11rn.1 Cre11ipe1· C11r.1ipes 

"Cust'ip115" MCydoJ111,1 " 

Dr:l'i/1<'.1 *Di011m/11111ip11, Di111t•1mp11,· Dil',:r.iipe, D11/i,·hr1J111d111· /)m111illoI111, l)n111111p11s "Dm111it·oI11•~11f" 

l:,"q1ewp111 £11111,:k1ch11111111 .. T;t11111hop11 f .... Eoh,11ruchirl11p11., ·• "l-:11hum1·hip11r/i,1r·11., •· .. £m·e1n111itlu•r·opus .. 

"Eoc_wrmlrmtipu.1" "Eodicy11,,d11!lli/1t15 " "E,1111ucn,ch/id11111s" .. /;.'001r1/..11.,a11m," •• Eorht•rir1p11dirrn, .. "£11/aop11mid<'1" 

"!;11/t1C1/1t1rus" "f:.wpmli,t1 us" 

I· ich1eril'l11111s Foliipes 

Ga11111rntlur1vlw11 Ga17:al1111ipl's Gilmoreichnm Gm((am11iprs Gmcilid111i11111 ''G11a111ptw1ycapus .. 

--
H1mlt,Afr·h11i11111 l-h117wtirl111m Hnpt'tidmu; llylriidiclm11J Hylopu.1 

ll'l111i111heri11111 Jr-lmittm "/.l'tl/aoporus" 

./m·obii,·l111111 .Jr11111fir·h11i/f111 

K11rl'lti('/111i/f111 "Kprn1111np/f,\ " 

/ ,abyri111hod1111 /.1111por11s U,wwpu,f l.w1e11p,•s I..11x11dac1_,•l11f 

"l.11fltln,11111s" "uu,pe:,11.t" "l.111111oroide.," "u111uth(>rinpntlis1·11.f" 

Mmw•1111ip('' Meri(o111ic/i1111., Mirm,111111,,p,H M,mdiei,·l111tn 

"Mt1cmcht'lidu111.," "Ml'k<lim1pm·111 .. "Micmpot.liscw," "Mosch11110p11s" 

Na11!1p11, Nc111ipe.t Nmale1crrI<1 

Oklalm111aich1111s O11ychicl111i11111 O11i.1w1111s "OAyI111s" 

Pachypes Pe1lae11p11s Pa/111id111us Pt1r11/1omp11~ Parndoxic/111i11111 Pem1r1111egr1Il1Ni11111 Pl111/a111:ir/11111r P/unipes 

Pmcl1irt'llhPri1w, Pma1/11plw11id111i11111 Pivtritm1icl111ites Pxc•111/11brad_11111s Pse11d11~y1111I1tich11i11111 •• Pl1ra11ot.lo11tiptt.1· •• 

.. P/11,i:irmw:"I'"·'' " "Pr11<,foliipe.t" .. P1·e1ulm111Ihmpopus" .. Pse11d11pithec·opm" "Psili/anponis" 

Q/f11tlmprdiu 

Rhy11dwst111mide1 

Salicl111i11111 Saurichnh Suuric/r11itt•,1 Serripes Splwerudac1y/icl111i11111 S1e11id11111s S1ric1i11es *Sy11ap1ic/r11i11111 "'Splte11acopus" 
-

'fi1111bllthid111i11111 Tdic-h1111s Ti.·.,11,dri Tetrapodic/11111., Thecadm11id11111,· .fridac1ylich11i11111 "T/remr·Pp/1t1/op11f" 

"T/rcriobemu11s1es" "Theriope:u.," "711eriflpodi~c11~" 

Varwmpm 

Fig. J- l~hnug,cncric name~ rel,ucd 10 tclrJpod lrJCk~ of Permian fonnmion~. n, nn :ilphobc1u.:al ovc~lcw 01 abou1 1-10 nnme~. In .. quowI11m mark," 
a1\' undefined numc~ li,lcll hy Eu Jc'illl·RGl!R t 19RJ. 198-IJ from the Pem1iun fonnumw, or the LIX.fi.'1c 811,in, •Tow Lh,tt \\Cre nrigmally rdui~u 10 
lruch (mm Tri:t.ssic lx.-d:,, 
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,epanued inxonomicnlly. This common position has pro 

duccd .,bout 140 ichnogcncra. or ichnogcncric nunw.., u,cd 
llr intruduccd fnr 1c1r.1pod Lracb of' Pennian age (Fig. 31, 
and tl1crl!by ii ha:, been tl1e basi, for ~e\l.::ral bio:,tratigruph­
ical subdivisions of co111ine111al Pc1111ian :,equcnce:.. 

During earlier invei-tiga1ion~. up 10 1he early I 9Xfb, one 
of the au1hors (HI I) \\::b influenced by 5.omc or 1hc:,c :1~­

pccl~. c:,peci,dly by the potentially a11rnc1ivc idea of de­
Iailed bios1ra1igraphit:al subdivi:,ion of red lx:d:, u~ing 
tetrapod Lrach. However, in the face of increru.ingly di­
vergem and rnntradicto11 opinion:, publi~lit:d by so,nc col­
lc.igue,. ,1 more ~keptical and critical pm,i1ion wm. l:Stab­

b~hed. This position has been justified by the extcn~i,,.:: 
,tudies or tctrapo<J tr,td,\ in collectio11\ and in the field 
since 1990 in Genmmy. nonhem llaly. :,outhcrn France. 
nonhcrn Spain. and particularly in J 99-1 and J 999 in New 
Mexico. Th~· cli:,covcry of lhe Rohledo lracksites in i,,outh­
crn New Mexico was a test case for the Permian tetrapod 
ichnotax\ll10my mid ichnostrutigraphy. After the initi;1I 
annly:.cs ii ~ec1111:d to he the rnost diverse Pcrmian ichno­
l'uuna. wi1h ahou1 JO different taxa (Hunt et al .. 1995). 

However. after the trum,fcr of the huge umount of materi­
al collt:ctcd by J. P. MacDonald to the collection of the 

New Mexico Musem of Natural Hbtory. followed by de­
tailed smdy, this position wn:- funclamcnwlly modified by 
1hc joint inve~tigntion), of the author!>. 

In _,hon. in our present state of 1-nmvlcdgc the nrnin 

quc~tion i~ not which 140 generic 1i11mc), and publbhed hi­
nominal ichnospecie-. may be valiu. but whether i1 i~ the 
cru e thUL only i.ix a.ml no more than I O different morpho­
typcs arc real? All these morphotypcs arc ct)mparable 10 
a11d print.:ip.illy repre~emcd in the ichnofauna known from 

the Abo Formalion and its equi valcnt1:i. Thi~ interpretation 
will not be accepted without pro1est by ~ume uther ),tu­

<Jents of lhc "une topic. This might hccome Ob\iou. in 
,everal ti,t, of names (ichnotaxu) uscc.l in local or n:gion­
ul rcl:111..:<J di:l>criptions prcvio11~ly. However, the only pm­
~ihlc condusion is U1111 the~c very differem names and 1n-

1erprcta1ion, arc based only on the same few ba~ic mor­

photypc~ und their vuriutions. 
One of the mo:-.t extended example), of ichnotaxonom­

ic overspli11ing may be BaIu1d1il'h1111~ (Fig. 4 ), It j,; one 
of the most common track 1ypc~ of the Permian and Per­

mocarboniferoui,, red beds. The perpetrator, ot Hatm• 
r·/,ic/11111.1 can be interpreted n, juvenile tcmno~pondyls. 
Their locomotory abililie, 1ogether wi1h their ~mall ,i1e 

are the rea~on~ for the large range of variahility in track 
preservation. Like Bmrachic/11111.,, Ihc other ha:-ic mor­
photypcs A111pl,i.,·m1m1111:-;, /J,vmop11.,· and /Ji11w11r11111.I'. are 
<Jiscu~sed by Hauhol<l ( 1996). Tu111/wchic/111i11111 is clo~e­
ly related to /Jm111op11,1· ( Haubold, 1998). while for 1,.1,. 
11i11thl'l'i11111 ~cc Voigt (thi~ volume). l!yloidid,1111., anti 

Ciil111orl'icl1111/\ have yer to be d1scu~:5e<.J in their t.ixo-

nomic context iogcthcr wiIh .i11 objective documemmion 
of their v,in:1tion. 

POSSIBILITY OF A CONSE SUS 

The <Jiflirulitic, in reaching u cmN.·n,u~ tin the Putliui;:<l 
ba,ic morphotypcs might be due to 

subjective positions. 
ignorance of the phenomenon or extrnmorphology in 
tracl- pre:.er\mion. 
the use of le~~ repre~e111a1ivc type ,;pcc:imens (phamom 
1axa1. ,1nd 

- principally. differences in ichnotaxonomic procedure-.. 
These :1 'p(:Cls seem Lo he 1hc b:ickground of ~ome for-

111alisI ie, less cnn~lructive di~cu~~ion~. which have ;u, their 
only aim the conscn ntion of some pcr.;onal, subjecLive re­
'\ttlt'\ in founal analyses rd:llcd 10 problema1ic ichnotmw 
and derived biosiratigraphic subdivisions. We may sum­

marise the experience of two po~ition~ in lhc undcn,tancl­
ing of Permian tetrapod track fauna., from the red bed~: 

The concentration of individual d1scovcrie~ and lncal 

separation reflects increasing. degree'\ of diffcn;nce. 
Thi! l:,u·gcr the .;;unpk ,i,cs and the broader Lhe range of 

compari~on. the ~maller tJ1e differences in taxonomy and 

,1ra1igrnphy. 
At U1e present time. we ~ee problems in making the 

l!CCOnd position understandable, if not acceplable. 

- lchnofaunas hitherto separnk in time and 1;1xonon1y ;,m: 
much more uniform. 

- so rhe age of the!-e faunuc; und the trnckbcm-ing forma­
tion:, may be more or lei;, rc:-trict...:1.1 to Wolfrnmpian 

age, and 
our po5ition j:, in conflict ,v ith 111:111) trnditional and 

pcr5onal opinion:.. 
However, if tetrapod~ :in<l tetrapod foo1pri11l!-. are a key 

elemeni of Permo..:arhoniferou5 ~1rn1igraphy. then it 
should be accepted con~equcntl) a:, one po1-:,ible ~1m1i­
graphic mo<Jel. Tht: currenl increasingly extensive record 
of tetrapod u-:ich in the Abo Formation of New Mexico is 

evidence of the Wolfcampiun age of most Ietrapocl track 
taunu-. known in Eurvpe. 

Some ~eemingly problematic exceptions concern the 
Pennian trackbcds in southern France. particularly eastern 
Provence. Vi~sch<!r ( 1968) determined the florn of ~ites at 
Agay (Prndineaux Formation. in the Esterel Basin) and le 
Muy ( Muy Formation. in the Bas-Argem, Busin) .is Upper 
Permian. He rnnclucle<l that the basin of Estercl. an im­

po11an1 centre of volcanic activity. wu~ ofThuringian. Up­
per Permi:111. age. In Lheir nnnlyscs of the ichnofaunas. De-
1nathie11 & Gand (in Demaihicu l'l al .. J 991) argued for a 

lower Kazanian or Kungurian agt· for the Pradine;iux For­
mation. Gand et al. ( 1995 l described from the i-ite St. Se-
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H \l 'IIOI 11 t'/ 11/ .. 1995 :, 

Sr,urit·hnt/C'} J11/wm111tlmit/e., 

:· S1111J'il'llllil1',\ /'(lllll//t'I 

? s. ,·1111111,j111'/II/,\ 

h:h11. rhnpul11t.lucl) 111111 kuhrnnu111 

ld111. <11111k,1/111!twn·l11111 

I. hraclt)dactylum kahaucn,c 
;\11Jlti1·/mi11111 111/11111a11dmidc1 
Gradlirl111ium jambii 
Gi/111nreid111~ lm1,l,w/111'/\'/111 

(i,l11um,id11111, 111i111111111 

Jnrohiid11111~ cm1difer 

,\11/111111oiidmi1111111n,hin1111 

Gm, ilit•/111iu111 herr111ii 

Dn·er.1ipt•1 pmdfri.1 
1-uliip,,, alrn·is11, 
I )t>1•ipc., nwt/111111 

( 'rn1ipF.1 ohrt•/'111., 

Cn•11ipt•s abs1·11r1·11, 
,k111i1w1 tf,,,·e,m, 
$1ric1tpc., n-g11/11ri., 

Nw1ip1•1 111i1111111.1 
St'rript•., 1u•c1im1II/\ 

t\111/tic/111i11111 .1al111111111tlnml1•, 
U111111•f1II.\ rcx11h11·1 I 

Salirh11i11111111•c1i1111111r 

St1lid111111111 th•cl'Ssl/~ 

Sa11rirh11i11· 1 ,lm11111uln1irl1• < 

S. illlt'/1ll1'tli111 

S. i11n1rn111, 

1\111phi.w11mid1•, ,111. 

I 11/tipl.'.1 ui>,(i,111, 

c;i/11111ri:h h1111, 111/11i111111 

G. f..11/,hf..w· (lmll'li.11!111·11/111) 
/-ll'loidirh11m uml1c1rdli 

](ln,h11c/11111< ,m,difer 
l.i111m1Jw.1 palt11i11u.1 

£.11wl1111pt' tlclin111,l11 
Bmrcwltir/11111.1 t/1•/irn/11/111 
8111rarltil·/11111.1 ob1c11r111 

f>ru111il/11p11,,· pun·11., 

,\111hram11111 d/(lnf(m1·e11,i~ 

Hm1·c1,·ltir/11111~ plni11rillmsi.1 
C/1elid111111· h11i'/.,/w11/1 

C11nif1<'1 tlmnm1i 

Dm11111/11p11, 1Jt1Udri/id111 
F11/il11<•1 c1111tlt11111 

lly/11idil'l111111 /,i)111rn111.1 

l.i11111111111s n•.1111/uri1 

l--11t11111n1.1 1f I. 111,hcli 
Nllll/1/111,f 1·11111/(1/111 

Quadmpt!tlia 11ri111u 

Snlic/111i11111 lll'di 

Batrac/11c/1111/\ cll'ii1·,1111/11~ 

hg -I - /lt11r,whid11111, wtlw11m11/midt'.1. an C\lcn<kd c,ampl~ of 1dmm.i,1m11111u: lncr,pl111mg. 01.,;n "'" ur the prc,umetl ,~ nonym, Jntl phantom 

l:t\.a, ,.:pur.,tl'd h> ln11na11nris unll nuthur,. 
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ha~1ien (in Saim Raphael of the fatcrcl Ba,in) 1rncks from 
an extended ..,urfocc wi1h bo1h 1radjtional and :-.e, eral new 
name,. The detem1inution~. a, well a~ the stratigraphic in-

1e1vre1mio11. rai~e ,ome question~. Our own in"c~tigation:. 
11f the ichnofauna of St. Scbm,tien ~how cxct:ptil>nal ex-
1r::imorpl10logiL'al pre!.>erva1io11 on a rhyolitic tuff surface. 
It i,. in l'0ntrn,110 Gand I'/ ,ii .. a member of the Mium For­
mation. which i!, intercalutcd hctwccn the Pradim:aux and 

Muy formation~. Tht: ~,m1igraphic posi1ion and 1he !rad. 

:issemhlage of St. Seba$ticn. n~ well as all trac" fauna:, of 
the Prndincaux. Mirnn. and Muy formations, cun he i11lt.'.r­
pre1ed as Lower Permian. or Wolfeampian. 

More compatible with a Wolf'campian intcrpre1:11io11 ap­

pears to be the com;lutitlll ut' thc trac" formation~ frnm 1he 
Saint Affrit1uc and Lodeve bm,in!, (e,,ccpt La Ucudc) :is 

,~elian. Sakmarian and '?Artim,kian . .iftcr Gand ( 191.)3). 
Only t1 few 11tU11e, li-;tcd by Gand I 1993) differ f'rom the 

ubove-:-ugge~lcd basic morphotype,, ,uch as /\111lrir/111iw11, 
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A PERMIAN TIME SCALE 2000 AND CORRELATION OF MARJNE AND 
CONTINENTAL SEQUENCES USING THE ILLAWARRA REVERSAL (265 MA) 

Mr\l\l•Rl.D MENNI G 

A.e1 ,wm/(- Pcrmi,in: Lime ,rnlc: g.cocltionnlog). I,1>tup11.' age,. 
m.igncmsm11igmphy: global Cllrrclalion. 

\/111mc I Syn1hc~i~ of 1111 incrca~cd numncr or 1\:liahk U-Ph, Ar­
Ar. :1n<l Rh-Sr agci.. and field indicmor.. of lhl.'. duration of Pcm1-
1:u1 ,wgc;, provide a time. cale 1hu1 differ,, ,ignilicunLly fronl Lho,c 
of H:irlund e1 al. ( 1982. 199() ). Odin ( 19!!2. 1994 ), and Gmd,tcin 
& Ogg ( 1996) The duration of 1hc Lnwcr J>crmian Serie, 
1C:i~11ralian: l\,~clian. Saknuuian. A11.insk.ia11, Kungurian) is com­
parahk w11h 1hc duration ol 1hc Mi<ll.llc 1-'crmi:.in Serie, (Guadalu­
pian: Rnadi:m. Wordian. Capiianian) plu, the Upper Pcm1i~n c­
ri1:s ( Loping1~11: Wud11apingian, Ch:mghsingian ). 
U-Po 1irco11 SHJ{llVIP ngcs from Lhc southern Ural Moumains in­
Jic;Hc 292 Ma for 1hc Carhonifcrou~•Penni(ln 1G1hcliun-Al.~clittnl 
hotindnry. In l.'.0111111.,1. Ar-Ar s:111ic.Jinc ages fro1n Ccn1ml Europe 
proviue ahmtl 2% Ma for that Jx>undary. Using av:nlahlc d:1111. 1111:: 
hcs1 c,Limmc t'ur 1hc Pcrmiun-TriiL~~ic houndttry is 251 :t I M;1, 
The 265 Ma Midtllc Pc11nia11 lllawat'fa Rcvcr~al ()R) nf the 
Earth'.<. mag11c1ic field <Irving & Parry. 1963) is 001 p11~11i11nccJ 
con~b1c:n1ly with trallitiunul Pcrmian com:l;11io11s. Rclcrrcd IO 

regional mapping unils 1hc lllawarra Revcrbal i~ \\ i1hin the Low 
er J>crmiun uf Ccn1r;il Europe ( Rmlicgcnd. c@1incntal) :111d 
Sou1h China (Muokou. mnrinc) hut in the Upper Pcrmian of Ea~l 
Eumrc (Tat:ir. conunct\lal). orth America (Guadalupe. marine), 
and North China (Upper Shihhm~e Forma1ion. comincnwl), 
Thu,. the durnlinn ut' Jcpm,ition of ~cquence~ mappctl as .. Upper 
Pcrmian" range., frt,m ahou1 7 Mn 1Zcchs1cin) to 23 to 20 Ma 
( Uf:i+K:11:m+ Talar - Guudalui:x:+Ochoa). 
A prclimimiry estimation of the durmion ol li1ho~1ra1igraphic 
units for the dc,crincd ,1r:11igr.1phic pmfiles, wgclhcr with ·1:: 
\u~tralia. 1, provided. 

I TEGKATIVE TI 1E SCALE CALIBRJ\TIO 

Refinement of the geologic 1im1.: ~calc has proceeded by 

<;tt::p~. In an in1egra11vc caJibralion. ull available lime prox­

ie~ of different type!> and source~ ,hould hi! u~ed. The mo~t 

rcliabk isotopic dul.i mu~1 be compared witl1 one another 

und with lie Id indicators ~uch as Lhc wcightw number of 

biozoncs. weighted average thicknc'>!>CS, ,incl sequences of 

cornparnblc durmion locmec.l ebewhere. 

l'11mlr l'hiul'r - Permi.inu; gl.'.oaonulogia: cla iMHup1chc: w11l,1 
c111n11h,gica: mngncw,muigralia: corrclazionc glohalc. 

Rio, ~11111,1 - L:i sin1csi Ji un crc~rc111c m11nc111 c.Ji a11c11dil>ili c1u lJ. 
Ph. Ar-Are Rh-Sr. nonchc le inc.Jil~<11ioni di ct!I e d11r.1ta dci pIani 
pcnniuni forni~cono unn ~olu cmnologicu chc di!Tcriscc scnsihil• 
mcntc tb 4ucllc c.Ji Harland cl al. 11 ~X2. I lJ\XJ). Udin ( I 982. I 119-11 
c di Grad,1ci11 & Ogg ( 19961. La dura1a del Pcrmianu inlcriorc 
(Ci,,1rafomo: A,~eliuno. ukmariano. Aninskiano, Kungunano) c 
confronIahil1: con la clurma complc~~iva del Pcrmiano ml.'.din 
((im1c.Julupiano: Rudianu. Wordiaml. Capi1;1nian,1) c clcl Pcm1ianr1 
,upcriorc 1Lopi11gia1111: Wuchiapingiano, Changh~ingiunu). 
Le clil U-Pb 011enutc meuiamc microsonda SHRIMP da 1ircom 
pl'\.'~cnti ncgli Urali mcndionnll 1ndicano 292 Ma per ii limitc 
("arbonifcrn-Perrniann (G1hclia110 J\~\cliano). Al co111rario. le 
cta Ar-Ar incrcmi a crb1nlli di ,unidino provenicnli dalrEurnpa 
ccn1ralc fomiscnno 11lrincin.:a :?.96 Mt1 per 4ucslo Ii mite. 
L'i11vcn.iu11c mcdio-pcnnia1rn "lllawnrrn" (IR) c.Ji 265 M:1 <.lei 
cumpn magTicticn 1crrc~tre ( Irving & Parf). 1963) non c p<"i1io-
11a1u in 1nodt1 cM,iqcmc con le Iradi1ionoli correlazioni pcnnia­
nc. La cnnogralia n:gionalc punc l'"lllu,van-a Rcvc"nl" cntro ii 
Pcrrnianu infcriorc dcll'Europa ccmmlc ( Rnilicgcndc. comincn• 
1alc) c Jclla Cin:1 mcridionale (Muul..ou, 111urino). ma e111rn ii Pcr-
1111unu ,upcriorc Jcll'Europn llric111alc (Tatur, conuncn1alc). de! 
'ord America (Guadalupa, marino) c Jclla Cinu ,c11cn1rionalc 

( fonnaLionc c.Ji ShihhuL,c Supcriorc. con1111cn1alc). Con~cgucn­
temcmc. ii tempo di dcposi,iunc di ~uccc~~ioni caitugr-,1folc co• 
me .. J>crrniano ~upcriort'" va cJa cit'ca 7 Ma (Zcch~1cin) II circa 2)-
20 Ma (Ufa+Kat.tn+ Tatar- Uuad:ilupi;+Ochua1:). E daia untt ~Li• 
ma prcliminarl.'. dcllc unila lito~Lratigr.tliche per i tlcscriui prolili 
~111111:;ralid. nnncucntlo nnchc I' Au~tralia ,uc.J-nricnt:ilt•. 

Using Ar-Ar sanidine and Rb-Sr biotitc age~ from Central 

Europe {Lippoll et al .. 1984; Lippolt & He\s, I 989) the 

G1hcliun-A~scliun boundary is at abouI 296 (297) Ma 
(Menning. 1995) whereas the boundiiry age i~ Ill ahout 

292 Ma al'Cording to Pb-U SHRIPM d:ua from zircon 

from easternmost Europe (Chuvashov et ul .. 1996; Jin et 
"'·· 1997: 13; Menning et al .. 2000: Fig. 7). foor the Ka~i­

movian to Asscli:111 time :-pan 1hc U-Pb ,ircon age~ ~ccm 

lo he ~y,tcma1ically younger thun stratigraphically com·-
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,pon<ling Ar-Ar ~anidine and Rh-Sr bimi1c agl', I Fig. 11. 
rhe~e age differences eorre:..pond tu 1!10~c in thl.! prc-Ku,i­
movi:111 Carbonifcrou, (Menning et "I .. 20(X): Fig. 6, Timt· 
ealc, A and 8). Thu,, in ihe lnwcr ran of nur l'ermian 

time ~c.ilc WOO (rig. I) the age~, ba:-.cd 011 r-/\r :m<l Rb­
r data in combination with fidd-h:1~cd time indicator,, 

,ire about 5 Ma older 1han a calibration u~ing U-Ph 
SI IRIMP age~ lFig. I. upward arrow~). 

The 26➔. I ± 2.2 Ma age from 1hc Mulhring Sill~H>nc 
( cw South Wales) Iii!> with the time ~cale if it il- :illocat 
ed to the Won.lian-Capitanian boundary ( Fig. I) u~ing I he 
mugnctoslrnligrnphic re~utts or Thcveniaut cl 11/. ( I 99➔). 
But the age of 253A ±3.2 Ma from the Inge Iara Formation 
(Quecn~land I doc~ 1101 fil if u Kat.rni:111 ,tratigraphic pv,1-
tion cChuva~hm N t1/ .. I 1J%: Rohcrh c'I al .. 19%) i~ u~ed 
(Pig. I). 

Cl:mue-Long l'f 11/. ( 1991) u"ed 'Ur'Ph SIIRIMP da­
ta un ,ircon Lo obtain 251.2 ±3.-l-Ma for the Permian-Tri­
a~~ic boundary. Thb age is funher ,uppo11ed b) ,a11idi11e 
d:.iting by the Rb-Sr 1Zhtu1g, 1992) and Ar-Ar (Renne ,·1 

ci/., Jg95) method~. and by U-Ph dating nf 1ircon h} 1O­
TlMS ( Bowring l!f 111., 1998). A eombination or all of thc~e 
duta available provide:. 251 :tl M:1 a, the be/,I estimate for 
the Pcrmian-Tria,;sie huundary (Fig. I) whereas an age or 
-253 Mai, favou1'ed hy Mundil et al. (2000). 

According to the number ~1r et111o<lon1. amllH)1loid and 
fu<,ulinid ,one, thc dur.ition or the Lower Pcnnian Serici. 
(Ci:,uralian: ~sdian. Sukm.u·ian. Anin,kiun, Kungurian) 
h comparabll' 10 lhut of the Middle Permian Scric!­
(Guadalupiun: Roadi;rn, Wordian. Capitanian) plu1, the 
Upper Permian Series (Lopingian: Wuehi:1pingian. 
Changh:,ingiun). If we a1,,;ign }% Ma to 1hc Carbonifer­
ou~-Permian boundary (Menning. 1995) .. md 251 Ma to 
the Per111iun-Tria1,sic lmundttr} cClaouc-Long "'' al .. 1991 ). 
1hi, results in a Kungurian-Ulimian boundary age about 
h,ilrw,1y bc1ween: i.l"'. 275 Ma 10 270 Ma (Menning. 1995). 

/\crnrding to a du rat inn of the Pcrmian ol about ➔5 Ma 
and 10 weighted average 1hickm:sse~ of 11 ,tratigraphic 
,;cctic.in~ froll) five continenh the Middle Pcrmi.1n 
(Guadalupian) lllawarra Re,er~al i:, 10 ±tl Ma okkr than 
the Pcm1ian-Trias~u.: boundary (Menning, 1986). Con:-id­
eration of the number of fu:,ulinitl. ammwmid. and con­
ndnnt Lones ~uggest" thm the rcvcr~aJ is 14 Ma older thnn 
1hc Pcrmian-Tria,,;ic boundary, whid1, according to Men­
ning ( 1995). i;. 265 Ma (lllnwnrra Rever:,al). 

The Kunguriun coulJ be the longest Pcrnii:.in -~lagc if ii-. 

baw " defin1XI with lhl' Ji1,1 occurrenc~ of the conodont 
Nt•os1rcp10g11arhod11,,· pncri and the ba,c of the Ro:adi.in 
coincide, with the lir,;t occurrence of Me,·,1go11dolello 
111111ki11gen1i., ( Ko1.ur. 1995. l 997). Such a delinition of 
1he Kunguriun would include lhe uppermost part of the 
original Artin~kian and thc k1wer parl of the Ufimi:in 
(Kmlyar, 2000) (r:ig, I. 3). 

JS7 

In :-ummary. recently nht.ti11e<l i.,01opic age, (Chu 
vu,hov eJ al .. 1996: Rohen,,,, al., 1996: Longl'I al .. 1997: 
Burger I!/ al .. 191/7: Bowring <'f o/ , 1998) from ~ampk, 
that cun be P("itiom:d "ithin thc new Permian s1rn1i 

graphic ,1anclard ,calc conlirm the age~ e,linmtcd by Men­
ning ( I 989, I 995) on geological ground~. Di,crepaneie~. 
which arc no more than 5 Mu. lit mo;.tl) within the ±2cr er­
ror, of the i,otopic agc~. The:-e age, dtl"fcr significan1ly 
from the 1ime ~cab t1f Harl:ind er al. c 1982. 1990), Odin 
(1982. 199<-I). 1111d Cintd!'-tein & Ogg (1996) (Fig. I). hul 
only 1nodern1ely from the fu,ulinid-rclatcd time :..cale of 
Davydo\- er of. ( 1999) and till' conodon1-rdaiecl I ime i...-al~ 
t1f W,u·dl,m & Schiappa ohi:- volume). More data of di­
ver~c ~orl~ {ll-Pb, Ar-/\r. pnlaeon1ological. :.cqucnec­
stratigraphkl an.: ncec~sury 111 p1'lwidc mon.• rdiJblc esti­
mate, of the duration nf dcpn~ition of Pcrmian strati­
graphic u11i1,. 

BIOSTl{ATIGRAPHIC CORRl~LATIC) 

Extrcmly :,trong pro, incial,,m 11, a charactcri:,uc nl all 
Permian fossil group~. Conodont1>. ru:,ulinid, an<l am­
monoids serve a~ indc" ro~,ih for glnhul cnrrelation of 
murine ~equcnce,. Tetrapm.l body and trace fossil~. slwrk 
rce1h. mncroplnnts. anhropod tracks. in1>ecl wing1,. and pa· 
lynomorphs arc used to correlule conti11cn1al 'ieque11ces. 

Only few 1>ll~.11igraphic ,ection, rnntuin an imcrlinger­
ing of eon1incntal and marine bed~. 111al..i11g intcrculibra­
tion pm,:..iblc. P:tly110111orphs ure 1hc 1110,1 usable J'o:.,:.,il in 
thi, regard, h111 they :ire not round in rc<l bed:-. unless gray 
inwrc:1lmio111> arc also prc:-cnt - a ~ituation that i~ rare in 
Pang.1ra. Morcuver, Pennian floral realm:.. were di~tinc­
tivc and fnr this re.L,on interregional 1x1lynol~>£iC,tl l.'.orre­
lalion i:-. limited. 

GEOLOGICAL lAPPI 1G ll ITS 

Mapping unit» arc defined for c.ieh gengraphic ar..:a on a 
practical basif>. hy ob~crvablc lilhlllogie propertic~. A 
map1x·d MK'CC~sion ol rod,~ i1, al.~ignecl roughly to a unit 
of the global ,truligruphic reference scale (Fig. 2). For in­
,tance. the Rmlicgcnd of Ccmral Europe was assigned to 
··Lower Pcnnian·· ,md the Zcchstein to ··upper Pcrmiun" 
1Fig. 2). However. according 10 rccem biostratigraphic, 
magnctm,tratigraphic and i:.otopic ,1ge evidence. the ba.,e 
Ill' 1hc Rotliegend lie~ in the Upf)t'r Carboniferous G1.hel 
and it:-. top lie:-. in thc Tatar of Upper Pcnni:111 tigl' (Fig. 2). 
The Chih~ia and Maokou limestone~ in SoutJ1 China were 
mapped a~ "Lower Permimf" and Longrnn and Changh,­
ing, rock:-. a., "Upper Pcrmian·· (Fig. 2). However. lhc ti111e 
,pan reprc!'icntcd by the "Lower Permian·· Rotliegencl 
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Group is more than 300 Ma to 260 Ma, wherea~ the accu­
mulation of "Lower Permian'' Chih ia and Maokou For­

mations wa~ between about 280 Ma to 160 Ma. a much 
shoner duration ( Fig. 3 ). 

Correlution of mapping uniL, that are ostensibly ""Low­

er Permian" (Fig. 2) but whid1 w.:cumulateu over differen1 
time spans (cf. Fig. 3) can create confu:.ion. For in~tance, 
consider the information from early Pem1ian palaeomag­
netic poles. A more reliable pnlaeogcographi1: reconstruc­
tion results if we combine palaeomagnetic pole~ from 
South China (Chuanshan = •·upper Carboniferous" + 
Chihsiu = .. lower Lower Pcrrnia11··1 with .. Lower Pcrmir111"" 
poles from East Europe and onh America (Figs 2. 3). 

Fig. 2 pre~ent!. stratigraphic unit:. of five areas m,:,igned 
in regional geological maps respectively 10 the "Lower 
Pcrmian .. and "Upper Permian ... The inconsistent po~ition 

of the lllawarra Reve~al (IRJ (Irving & Parry. 1963) argu..:s 
that the con-elation of mo t oftho:se Permian miipping unit1, 
usetl in several correlation chart,.., must be incorrect (Fig. 2). 

Durationi, of deposition of "Upp..:r Permian" sequences 

(rig. 2) vary from abom 7 Ma (Zech,tein). 10 about 9 Ma 
(Longtan+Changhsing). to about 16 MH (Upper Shih­

hotst!+Shihchienfcng). 10 about 23 to '.W Ma (Ufa+Ka­
zan+Tatar - Guadalup..:+Ochoa) (Fig. 3). 

Ar-Ar and Rb-Sr ages (Lippolt et 11/ .. 1984: Lippolt & 
Hess, I 989) and our integrative time analysis assign a 
maximum duration of I 0 Ma (301-291 Ma) for deposition 

of the Lower Ro1liegend of the Saar-Nahe Basin 
( Kusel+Lebach+ Tholey). For the Upper Rotlicgend of 
Cemral Europe the duration increases 10 about J.t Ma 
which i several times longer than previously thought ( Fig. 
3). In Rotliegend basin:, the boundary between "Lower·· 
and ··Upper .. Rotlicgcnd dcpo:-its cem:, 10 be signilicant­
ly time tran:,gre!.sive. This i. indicated in Fig. 3 by a diag­

onal dashed line. 

MAC.NETOSTRATIG RAPHIC CORRELATIO 

The I R is the hest magnetic time marker within Palaeozoic 
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rock~. II mark:. the boundary between the Carbonifcrous­

Permi:111 Rcvcr-,cd MegaLonc (C'PRM = Kinman Magnet­
ic Dh i~ion of Irving & Parry. 1963) und the Pennn-Tria~­
"ic Mi>.cd Mq;:11lllle (PTMM = llluwar;1 (R ) Hyperzone 
nf Molo~,m~k) "'ul .. 1976). CPRM and PTMM refer to 

rock. and the corrc:,ponding time term:. urc Pcrmo-Car­
bonif'crou, Rc,er,ecl Supcrdwon (PCRS = Kiaman Mag­
netic lntenal or lr. ing & P~ury. 1963) and Pcrmo-Triac;sic 
Mixed Supcrchron (PTMS). 

The number of magnetic 11inc:. within lhc CPRM and 

PT IM i, unl,.no\\ n. and conscqucmly many globul com:­
lations arc speculative. In Ihe pre-111awarra Pcrmian Sy&­
tcrn (c.i 31 Ma) there could be as many tL, four zone, of 

,hnn-cluration normal polarity. The post-lllawarra Penn­
inn (~•a 14 Ma) 111;.iy conwin abn111 15 ,nag.nct,c 11)11c:, 

( Menning. I 995: F.mblcwn t't al .. I 9%), 

The -.cry cxi,tcnce of Lhc CPRM is under t1i,cus"io11 al­
though nc,1rly all uppermost C.trhoniferou" and Lower 
Pcrmian ~equenCL':, are rn ersely magnetized. Have so111c 

normally polariLCd rock, bccn o,crlookecl or ignored a., 
1 hey were interpreIcd a~ the rc,ull or remagnetization'! 

Among all Permian magneto:.muigraphic marker:, the 
IR can be bc~t lll,CU for intcrconLincnl,1I C.:Offclalion. II~ nu­
merical .igc ii, .ibout 265 Ma (Menning. 1995: ML'nning. 
1992 (per,. comm.) in Opdyke. 1995:42). which i:, ,ignif-
1ca111ly older than Cl,limatcd earlier. The numerkal age of 

the JR ,mu ib ~lratigr.iphic po~ition according IC> the &i,t 
European reference ,cction changed :i~ i,hov. n in Tab. I. 

The IR h.1:, been found within the cnn1incn1nl lower 

\ge jMal Slraligraphy 
Tatarian 

235 Tatari:in 
Tatar 

250 Tatari,u1 

255*/257 "/'259"' Lower Tmarian 

161 Talarian 
Lower Tatarian 
Urimian/Kungurian 

>267 Ufimian/Kungurian 

S265**"' Lower Tatarian 
261 Kungurian 

262 Ufimian 

Ulimi,u1 
Lower Tat;1ria11 

265*** LowcrTatar(ian) 

T;itari.m ( Upper Pcr111i;111) ltf Ea~t Europe ( K hramov. l'J63 
ff.: Gialanella <'I ,ii., 1997 J v. herem, ih age ha:, heen inter­
preted 10 be Ulimian (Thcvcnialll et 111 .. 1994; Klootwijk 
et 111 .. 1994: Opdyke 1995: Embklon et al., 1996) Of' Kun­
guriun (Ogg, ( lJtJ5) (Tab. I). Menning ('.WO I} i.ummarizes 
detaib oflhc argument~. Moreover. the IR i-; !>aid lO be po­
~itionccl in the con1incnt.1I Lmvt"r Permian (Upper 
Rolliegcntl) or Central Europe ( D,1chro1h. 1976). lhc back­
reef Upper Permian (Guadalupe) of or1h America (Pc­

tcn,on & 1airn. 1971 ). the marinlc! Lower Pcrmian (Maok-
011) of South China (I lellcr c•r al .. 1995). and the continen­
tal Upper Permi:m (Upper ShihholM~) ofNunh Chinn (Em­
blet0n et al .. 1996) (Fig:. 2. 3). 

Guad:iturian marine ~equcncc:-. in SW onh America 
nnd in South China arc ctm-clatcd u:-ing cunodonts ( Koitrr, 
I 997). It i, importam 10 dil,cover tht: ac\.'.uratc position of 
Lhe I R to conlil'm their hin!-tra1igraphic corrul,ttion. 

<.:O CLllSIONS 

Our integrative time analysi~ (Fig. I). the incon~istent po­

"ition of Ihe IR in unit" mapped a~ "Lower Permian" nncJ 
"Upper Pcrmian" (Fig. 2). ,md the rcvi;.ion of Ihc agt: of lht: 

IR 10 an oldt:r ,:t!ue (Tab. I) have important com,equcncc~ 

for a Permian global stratigraphic con-elation, particularly 
for the Upper Pcrminn. and for estimate'-of tl1e dur,1tirn1 or 
important Pcrmi.rn ,1ratigr.1phic uni,., (Fig. 3). 

In the future. all regional Pcrmian str.iti_grnphic unit-

Reference 
Kt IR,\M0V ( I %3) 
KIIR\\IOV £'/ 111. ( 1974. 198'?.) 

DA<.:IIROTII ( 1976) 

H1\RL\NO <'t al. ( 1982) 

M!!NNl'\'t; (1986. 1991. 1992) 

HMti & HELLCR (1991) 

Sot cmui..110 <'t al. ( 1993) 

Ttll·Vt·.Nl/\tl'I 11t a/. ( 1994) 

K100 I WIJt.. t'I 111. ( 1994) 

MENNING ( 1995) 

OCi(i ( 1995) 

OPl)YKt: ( 1995). OPUYKI, & Cl11\NNff (19%} 
El\11'1t 1·T0N 1•t al. ( 1996) 
(i1A1./\NI I I.A et al. ( 1997) 

Mh NING & JIN t I 99X). M1 NNl"ICi (thi:. work l 

10 ± 4 1a older than the Permian Tri~Nic bnunclary (Ml'\!t-;l\!G. 19H6) 

10 + 2 Ma uldcr than Iht: Permian Tri.1,:-ic boundary 
*** I Cl+ ➔ Ma olcler than lhe Permian Tria~sic boundary 
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<:hould be referred (if po~siblcJ to the revist!d global Perm­
ian chronostrntigraphic n:fcrence ~cale (Jin el al .. 1997) 
""hich is subdivided into a Lower Pcrmian Serie\ 
(Cisuralian). a Middlt: Pcrmian Serie), (Gt1adulupia11). and 
an Upper Pem1iun Series (Lopingian) (Figs I. 3). Until the 
l\ignific.:am disagreement nf Pennian time scales (Fig. I) i, 
,ei-olved, one should quote the rcfcn..!ncc and the strati­
graphic source of e.ich numericul age. 

In stratigraphic figure:- and tables. the globul d1rono-

strmigraphk und geochronologic tcrmi. rh:11 are recom• 
mended by the Jn1ernational Stratigraphic Commi1-sion 
~huuld he wri11en in CAPITAL letters to suppon the ,cien­
titic communication (Fig'- I. 3). 

1\t'kll11ll'!t-di;e11111111\ -111111 ,r,-:,, grnrclul H1 IA•on E. Long tAw,1111. 

·Ih,as) ,1 ho made vc1; nrcnsivc improwcmcnt~ to the cngh~h 
lcxl und to Tummy lt:Ct11111 (l'orstl:11111 1vho ,·omctcd the tn­
gl,,h or th~• fin;il vcr,inn. 
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TO\\'ARD A REFINED PERMIAN CHRONOSTRATIGRAPHY 

131wu R. W RDLAW ~rnd T\\IRA A. SCIIIAPPA 

A.('\' ,1·nr</1 - Pcr111iu11 ,ralc: ronmlo11I /l!llal1on: numencnl 
age~. 

\1Htr1111 l'ht gr11cralt1cd ,1a11tl:ml 11111rinc l'<11l\ldon1 1ont11i,1n 
lor the Penman of 24 lltllc~ i, placctl within a lr:11ncworl-. u1ili1-

111g thi.' prc~cntl} a, nlluhlc rcliuhlc r:u.liomdrit a., wtll w, c,ti­
mntctl numcncal a~l''· ·1 la: ha,c 1,r the Pcrminn i, Ial-.c11 to he 
::!91.6 Mn ;ind 1h.; ior to hc 251.4 Ma. 

I TKOOUC-TIO 

Thi!- i, 11 worJ...ing clncumt:nl 10: I) encourage more rigorou~ 
,111die, l)II radiometric age dating within hio~traIigraphicul­
ly well co1Nrnincd ~eetion,; 2) funher di~ew.~inn:-nr thi.: 

·,tandnrcr Pcn11i;in ,calc; and JJ to bc11cr corrcla1c the ma­

rine 10 continental sections. The pn.:mi~,· wa, 10 u-,e recenI 
age-date~ thought rdiablc (Chtl\ a,hov "' al .. 1996: Men­
ning. 1995: Rowring e1 ul .. 1998) and fit them into the 
evnh ing.gcnernli:tcd ,wndard marine conodon11.0na1io11 ,L, 

cun-cntly recogni.tcd by the atllhor,. Each rnnodont tone 
n::pn;;:;c11h time. nnd t11en.:fore. radiometric age, that ~ug­
ge~ied no time clap!..ed for a 1.1111c were l.'Xli.:ndcd 10 their 
maximum error range to n.:fkct ,m dap~ed time. 

CO ODO 'T ZO /\TION 

The Lower Permian (Cisuralian St:riesJ conodom 1.011a-

1ion is rrom a v.iricty of publi,heu :lnd unpuhli,hcd 
,ource,. The A,!..t:lian and Sakm,u-ic1n zonation. ba,ed on 

1he ~ucce~sion of S1rep1og1wrhorl11, ,pecie, i, from 
Chcrnykh l!I 111. ( 1997 ), Boardman e1 al.< I 998). :m<l Ward­
law t'/ al. ( 1999 ). Thi~ succc~~ion i!> well rcpr~~enled 111 

Kan~u, and the M)llthern Ural Mouniains of Ru~~i.1. 
Till' Anim,kian :tonal ion i!, based on ,pccic-, of Su·e,•t· 

ogm,r/111,1, Srrep111;;11111/wcl11.,, and NecH/re111n.~1wrhot!11, 

and rcllcct, the major chtmgC0\1,:r in 1hi.: fonll, uominating 

Pamh• c/11,11•1 'k;lla dcl Pcrn11a1111: 11111.1111mc a u1111xloilli: e1i1 
11llmcnche. 

Rio"1111rn - La gcm:rali11a1a 11ma11rn1t ,1antla11.I a n,nod11111i 111:1-

nni rdati,.i ,ll Pcnni,11111 di N 111nc c m,;crila m uno qu:itln, ,trul• 
turnto d1c u1ill11n le uncndihili ct/1 rndwmctrirhc c le ,1i111atc l'l:l 
numcrid1c attual111c1111: tli,1x•n1hili. II limitc inti;rion: tlcl Pcrmiuno 
~ l'11n-..:111c111c1111: rili:rito a ::!IJ 1.6 Mac ii li111iu: ~u1x:1i111e a ::!51 1 Ma. 

,hclf l'nuna~ during thi, intt:rval. It j._ largely ba),cu 1>n 1111-

puhfo,hed material from the southern Ural,. Ru,si;i and 
Kazhastan and tht: Grl·at 8:1,i11. USA. 

The K11ng11rian 1011.11io11 is baM!d on the ,uccc~sion of 
Neostn.•w11g11111l111d11., ~p..:l'ie!-rnoclilictl from W,11dl:iw & 
Grant C 1987) from WcsI ·Tcxa,. USA. 

The Middle Permian (Guadalupian Serie-;} conodo111 

mnation i~ from Wnrdlaw & Lambert ( 1999) cM:epl that 
the r~tpid ,uccc~,i1H1 of upper Guaclalupian Ji11ngo11i!ole/­

la , al111dac•11~is. prl!.rn11"/1111wmi.1 . . , 1111111!,1111!11.,is. and 
rmjii) are all overlapped by./. al111t!11,,111·i.1 und con,idcred 
,b \Ubtone indicator, ofthal tone. Thi, ,ucces,.ion i, well 
rcprl.'~ented i11 We,1 'lt::\.a~ and olllh China. 

The Upper Penman (Lopingian Serie~) conodolll 1ona­

Iio11 i, from Mei et al. ( 1994, 1998) a~ modi lied by Wardl:I\\ 
& lei ( 1998) u11<l re0ecting the ehangc or 5clccting the lir,t 
appearance Clur/..ina d11kt111e11~if in :m C\ nh1tionary dine 
from C. poslhitleri a, :1 m~1n: appropriate haJ,C or the Wm:hi­
apingin11. This :-ucce~sion is well n::rrc~entcll in both South 
Chinn and the D1hulfu urea of Iran and Tran,;caura'>i.i. 

In nll thc~c gcncraliLl'd ,ont:!-. mort! local 1one, (or ... ub-
1.onc,) urc rt:cogni1cd. In particular. the :-.scli:m .ind St1J...· 
marian Stage:.. of Kt11bU~ (bu~..:d on 11H111y more ,,x:cic, of 

S1repl(lg11a1hot!11~). the Kungurinn Stage of Wc~l Te!la, 
(h.i,ed un the concurrent ~Ul'CC~!-iion of Me\()wmdolt'/111 

... pccic~ with the NeusireptoR11111/tot!11.\ -.pecics). and the 
Lopingian Serie, ()f China (lw-.ed on more ,pccics uf 

ClarAi11a). 

l !, (;c11l11~1c:1l Suf\C), 926A N.11iom1l C~nlt'r. Rc~tuu. v \. ~011/2•0001 US\. 
1',•11111;1n 1(1:,can;h ln,1i1u1c. Gco...:icn,c, Dcp,1rt111c111. llo1,c ')tal~ t 111\cr,,ii). Bt11,c_ ID KH~5 USA 



B.R. Wmtll:m und T.A. Schiuppu 

lnfonnnl ,rnmc, such a, ··e,w·11l(1t11~". 11<Hlll'f111<'1,flu­
n•11.1i~. and lrimi/11.1 are those proposeu in v.iriou~ tm.u­
numic worb 111, uh ing one or both of the .iutJ10rll current­
ly in varinu, ,,ages in thc puhlic::.uion proee~~-

l~IPORTANT lli\01O!\IETRI(.' 1\GES 

Chuvu,ho, c1 11I. 11996) repon one \'Cry well hiostnui­
graphi<.:ally co11'traincd SHRIMP <Super High Rc~olution 
Ion M1crnprohe) analysi1-dare for the ba~e or the t'o11-

rn-ic,11.1· (mid rnrrc-.ponding lorn( fu~uliniJ 1.onc) of 290.6 
± :ul Ma which we feel i~ very do~c 10 011-1hc-m,1rk. By 
pr<~jcctilln we ~uggc~l 1hnt the i.1t1/a111.1 1011c i~ no lllOI\: 
1h:111 I million year~ in duration and 1ha1 291.6 probably 
prm idc!> n very good nge for 1he h,"e of'1he Pennian. Chu­
\a!.h0\' eI al. ( 1996) abo rcpon ICSl> well constrained ages 
for the uppcrmo,1 $;1l-.mari:1n (280.3 ± 2A) ancl the lowcr­
mm,t Anin~kian (280.:l ± 2.6). We projec:r an age of 283 
Ma for the boundary a., defined hy conodont~. which fa.lb 
dose to the m,irgin of error for hmh tluh.:s, The tlu1c:-uli­
li11'd by Chm.asho\ et 11/. C 1996) from Au,1ralia. ;.ihhough 

TIME STAGE CONODOIIIT ZONE 

SU (l{)IJ/8 

WUCHIAPINGIAN ranSwJucas,cn 

260 

a/tudaens,s 

CAPITANIAN 

pos1serrata 

265 
WOROIAN asermta 

ROAOIAN nanklngens,s-newe/11 

270 sulcopllClltt,s 

KUNGURIAN 

pequopens,s 

ARTINSKIAN posrwnlrel 

/torens,s-wN/let 

1111111/us 

SAt<MAAIAN 

ba1skov1 

290 ASSELIAN 

r,,g, I C'h1x1110,1r,111µrnphil' d11111 with age 111111ilhon )C,1" hcliul! p~­
~c11t, Pcr111w11 ,lllgl•, .. md gc11rr.11i1t.'C.l 11111,·iru: cono<lnnt /\>11atio11. i\gc, 
1hough1 to he rdi.ihtc ,ire highlighted 1r1 cllip,~,. 

important. arc not wdl enough construinctl lo b<.: u,t:<.l in 
building the ~iandurd time ~eale. 

Bowring et al. I 1998) di~cu:,!--1,e,•crnl iinporlanl ID­
TIMS (bntnpc Dilution Thennal loni1mion Ma,~ Spcc:-
1rome1ry) date~. of which a few ari; very well co11s1rai11cd 
wiLhin the prop1,~i;<.J slratotypc~ for the Middle und Lale 
Pcrrniun. In particular. un age of265.3 :.1: 0.2 Ma rron1 ju:-1 
below the recently approved GSSP for tJ1e ba,e of the Cap­
imnian coincides with the es1imatcd age of 265 Mn by 

lcnning ( 1995) for the lllawam1 Rc,crsul. itcnning (in 
Glenister rI al .. 1999) places the lllawarra Revcr:-.al wit11-
i11 this important i-L·c.:tion between tht· hori1<1n i,otopi<:ally 
dated and the conoclonl clelined ba~e of the Capnaniun. 

Bowring et al. ( 1998) repon :-cvcrnl date, fmm the 
Mci~han ~ection in China. the propo:-ed GSSP for both the 
Clrnnghllingian and the Permian-Tria,~ic boundary. cl:11e 
of 253.4 j: 0.2 Ma i~ derived from bed 7. immediately bc­
luw the fir:-l uccurn:ncc of Clarki11,1 \llhrnri11aIa (,1<•11.11, 

1Iril'tu). which i~ the propn~ed delinitiou of the base of the 
Changhsingian Stage. Al~o. from immediately below the 
proposed rnnoclont-dcrincd b,N'. of Lhc Tri,Nic, lhl' fir,, 
occ11rri::ucc of /-li11d,•od111 1Ion·11.,. the~ 1•cpo11 :111 :ige of 
2S!A± 0.3 Ma. 

CO CLUSIO . 

Permian l'onodont ,.one., appt:ar to range in agt' from 0.7 
to J.0 million year'>. Thb initial stud) <;uggcsb 1hat the 
<;(age:, u:. now dl!fined represent thi; follm, ing :.pun in 
year~: 

Chang~hingian 
Wuchiapingian 
Capitanim1 
Wordian 
Roadian 
Kungurian 
A1tinskia11 
Snkmurian 
Assclian 

--------
2.0 million year~ 
(1.6 ,nillinn yea,:. 
5.0 million year:. 
2.0 million ycai,, 
2.0 million years 
8.0 million years 

-'--

6.0 million vc.tr~ 
5.6 million ~ar~ 
3.0 million years 

Thc basc of thc Pcrniian i, la"cn lo be· 291.6 Ma al thi: 
base of the iwla111.1 conodont 1one. The ba~e of the Tria~­
~ic (and l11crefon.:, the top of lhc Pcrmian) i~ taken to be 

251.-1 Ma at the ba~t of the Imn 111., conoJont 1one. 
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MEETING REPORT 

GiUSbPPI:. CASSINIS' 

GE ERAL 

The in11.:rnutit1mil Congre,,,, on "The continental Penni,111 
of the Southern Al pi-and Sardinia ( Italy). Regional repons 
and general coITclations" was held in Italy From I S-25th 
September 1999. It followed another meeting. in Jui) 
1986. which was set up by a tcurn of ltal i;,in researcher,, in­
' ol ed in the IGCP projcc.:l No. '.!03 r·Pcrmo-Tria,,~il" 
event,, of East Tethy,, region and their intcn:ominental cor­
reh1Iion'"), who have been working for years in the South­
ern Alps. Brescia. in eastern Lombardy. wa~ the official 
l"Cntn.: of both the initiatives. 

The last meeting was in pired b} a number of ·cientif­
ic activities. In p:micular. the wish of the JUGS Subcom­
mission on Pcn11ian Stratigruphy (SPS) LO c.:reate a "'Con­
tinental Pcrmian Group". and the com,eque11t Jeci~ion of 
its Officers lo give impelu:-. to thi~ research. was a <leter­
mining factor in organising the Brescia Field Conference. 
The meeting has al"o greatly benefited hy fund~ from Lhe 
Ministry of Univcr~ity ,1nd Scientilic anti Technologic.il 
Rei,carch (MURST). and the National Rei-earch Council 
IC R). for a new study programme on the Alpine and 
Apenninc Late PaleOi'.oic evoluiion. compared with the 
contcmporancou, fr::tmework of Sardinia and other west­
em Mediterranean arc,L~. Further. the Bre~cia Museum of 
Natural Scienel':.. gencrou:-ly g:ne financial support for 
the public:tlion of these proceedings. 

Due lo the participation of foreign expem in Carbonif­
erous 10 Tri:t,i-ic continental l,ucce,siom,. and the large 
number of oral and pol,tcr contributions out~ic.Je the ,e­
lected aIea:, of the meeting (Southern Alpi. and Sardinia), 
the ;.uhjecL of thc~e Proceeding:, ha., been changed a1.:­
cordingly. The new title "Permian continental depn~iLs of 
Europe c1nd mher area~. Regional ri:port.s and correla­
tions" correspond~ belier to the contents of thi~ volume. 

The Congre~~ consisted of a scientifil" Conference held 
in the Civic Mu5eum of aIural Sciences in Brescia .• tnc.l 
two field trips carried out in Sardinia and in the cc11Iral­
e:I~1crn Southern Alps, re),pcetivcly. Over 100 participants 
cnme generally from Europe. and ,ome from North Amer­
ican :.tnd Asiatic coun1ric:-.. 

TlfE PRELIMI ARY EXCURSIO I SAIWI 'I (15-18 
SEPTf:~ffiER) 

The \'isit to some major Late Palco.wic continental 
ba~in~ on the i~land wn ... the aim of thi~ trip, of which the 
itinerary :rnd stop:, an: indkawd in Fig I. The particip:mt~ 
met in Lhc 111:.1ritinw InIion nf Pono Ton-cs. in northwe,I­
ern Sardinia. 

15 September (Speakers: Barca, Del Rio. Pith1u) 

The fir~• clay wa), dedicated to the cx,JJninati1~n of the 
Carbonifcrou:, to P1:rrninn ClHllinental deposits of Lhe ~mall 
San Giorgio (lglesiente) and Guurdia Pisano (Sulci~) 
ba,in,. However. due to the long di~lances involved. the or· 
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hg. I L \CU""'" 11incrary I 15-1 ll Scplcnthcr) illld 11lll111 ,wp, on ~\\lllC 
Lile Pako1111L con11n~t11,1l ha~in, of Sanhnt.1 

D1pan1111cn1,i di . cicnLc dcllu Tern,. Uniwr-1Lil d, P.wia. '!.7100 Pa, 1:,. llul), 



gani~er-made u preliminary :.top near Barrumini village. lO 

\i,il 1hc fa111uU-., urchaeolugic.il ,itt' of·· u uraxi ... The 
panicipanh apprccia1ecl wry much lhc opponunity 10 ex­
plore thi., fonn:.,:, (.. urngh1.:"). whil'h ii- datc<l lO 1500 
DOO BC. 

The San Ginrgio Ba~in ei.:,,cntinlly cn1hil>h ur a <letrital 
i,utcc.,~ion. nbouL .10 m thicl. which unconformably mer­
licl> a Cambrian b11~cnwn1. Polymict ccmglomcratt'!-o pass 
upwurdl> to dolo:.tone:,, alternating with :,,ancbtonei. ::1110 
conglo1m:ratc!>. pclitc:,, :.hnlc:, and coals rich in fossil 
plnnt).; cu.1rsc-to fine siliciclastic ~cdimcnts. again bearing 
flori~tic remain~. follow above. The macro- and mic.:rollu­
r:i are generally related to "Stephanian .. times. 

The Guardia Pi.,ano Basin i~ moue up or both Ouvit1l· 
to-lacustrine clu,tic :,,edimenl), and volcanic products (Fig. 
2). This ~ucces!->ion. abou1 JOO m thick, con~ists of grey 
;,h;ile<, more or lc~s carbonm:cou,; and rare lenticular sand­
.,tl1ne with plam~ and palynomorph~: volcanic breccia, of 
rhyolitic-rhyodm:itic lava~ (295±5 Ma) alternating with 
rnal-shalt'S. sandy dolo~tnm.• and 111m rid1 in conifer frag­
mcm ... : coar'>c- 10 fine silicicla,tics: and reckfo,h ~hale~ 
with intcrc.ilations of ~illy ·;md~tonc-to-conglomcrate. lo­
cnlly with cro,s-bedding .,truclUres und bun·ow~. On Ihc 
top. Eocene lime:-.tones crop out unconfonnably. The pa­
lynological dnta may correlnte with the "Stcphnnian-Au­
Ittnia1i"' of Wc:,tern Europe, the Wolfeampian of th,; 01th 

America Midcontinem and the Ghzelian-Ai,~elian of 1he 
Dom.:11 .u1d Urab ba~in!-o. 

Later. after a long 1rip. the group reached Ihe Saut'El-
1110 Bench Hotel (Co,1a Rcy). on lhe <;oulhe~L,tern coast of 
thc island. 

16 September (Speakers: Broutin, Cort(;'soi,:no. Gag­
~ero, Pittau, Ronchi) 

The ~econd day wns ,pent vi,iting tht E.,caluplano (Go.:r­
rei) and Perda,defogu (Ogliastra) volcanic and ~edimen­
tary basin-;. In the former. lhe inve:..tigated S. Salvatore 

hg. :? - Oh,crvmg lh,· Guurdin P1,~no P,:nn111n 01111;rn1ls, S11k1s, SW 
S:mh11111 

,ecrion. ;1bout 170 m thic~. can he :-.uh<livided into Iwo ~e­
qucncc<;. The lower one (80 m). which uncont'ormably 
rc,1i, on Ihc Vari~can cry~lallinc b~1M:mcnt. gcncrnlly con­
.-.ist~ of. in a$cending order: a ba.,al conglo111ernte (reddish 
brcccia): varicoloured .,n_nds1onc.-.-pclitc;, allcrn:11ing with 
luff\; rhy1Jli1ic cineritc~. more or le~.; .;ilicifil'd. with in-
1erbedded lime.-.1011e~. amJ including I11.:aI Ih-.: top a hlnc~ 
chen layer; and massive rhyolitic ignimbrites. The upper 
sc;:quenct: (.ibouI 80-90 m) is made up of a brccciu body. 
wilh metamorphic and volt:nnic rock-fragment~: u vol­
nmiclastic deposit (inlcrpreted a.; a lahar). dacitic to an­
dc~ilic in compo.,itio11: rcddi,;h conglmncrntc. bearing on­
ly the rock-elcmems of the underlying pre1,umecl laliar: 
browni~h und dark red , ok'anicla:..tic pclitc~ with curbon­
a1e-sidcri1e nodules und. ut the top. ~ilicified cineritc!-. nnd 
limeqone with chert layer.; ( hyaloclas1i11~\): and an an­
dcsi1ic lava and a mas. ive breccia body. Algae and fo!>~il 
plants (rare) ~uggesI an Autunian age. 

The »ccond stop in the Escalaplano l3a!>in was at it, 
,ouIhcm,tern edge. along Lhe road going up to Lhc villagt:. 
Here. Bunhnndstt:in-type red da~li<.: depo~i,.,, with chalky 
and marly-clayey imercalationi.. unconformably overlie 
tht: Vari:,can mrI.u11orphic b,u,cmcnl. On tJ1,; bash. of pa• 
lynomorph;,. 1he.-.e depo!>it!> generally relate 10 Ani~ian 
time!>. 

The Pcrdasdcrogu Basin. no1th of this village. crops 
out over an an;:a l1f ..ibou1 25 1--m'. with deposit whid1 
show marked thickne:,.s changes. and lateral ~edimcntary 
,u1d volcanic variations. The succession of the Punta Gur­
diola areu can be subdivided into two parts. The lower 
one. over I 00 m thick. initially consists of dark-grey. 
sandy-:,haly clw,til· \<.:dimcnls. us~ociatcd with Lhin con­
glomerates and u number of l'akalkaline, intl!rrnediate to 

acidic volcnniclu~tic breccia_.,, and lavic producL\. Lacu:-.­
trinc limc,tonc:, and <lolo:.lones (from 30-70 111). affected 
by diffu!>e .,iJicific:11i1rn nnd with black chcn of volcanic 
origin. in place:. including conglomerate~ and rare coal 
layer». follow above. A huge dacitc lava flow (Bruncu 
Santoru. ea. 180 111 thick) occur:,. on the top: cl~ewhcrc. 
Lhis manifes1ation i!-o a<,socia1ed wi1h. or followed by, rhy­
olili<.: volcaniclrn,tic dcpo~its, mu tly in the form of tulTs 
and ignimbrite~: dac.:iIe and rhyolite dykes, cross-culling 
the Yariscan ba~ement and Ihe overlying unit.s. nlso crop 
out Middle Jurassic carbona1e rocks rc~t unconformably 
Cll\ lhe Permian ',UCCC!i!>il111, 

The above-mentioned finer laminateu and rnrbonate 
.,cdimcnt, yield a fossil macro- and minollora. amphi­
bium,. algal stromaiolite;.. ostracods and tish 1eeth, which 
hnvc been rcl111ed 10 the Early Permiun ("Autunian .. ). 

On rt'turning to the Hotd S. Elmo. tht' participants en• 
joyed a pi::rfornwnce nf 1~1ditional S;mlinian dance, and 
song.,. 



R,•pnrt ,,,, tlw l:Jt~"'"' C,111jt'tt't1l'e 11111/Jit'ld 1•1t·11ni11111 

17 September (Speakers: Uroutin, Cassinis. Cortcsu­
gno. Gag!,\cro, Sarria) 

The Seui Basin. in central Sardinia ( Barhagia di Sculo). 
wai, the wpic of the third day. At the lin,t ~lop. u panor,1111-
ic view fro111 a ~ite (the <;mall church of San Seha!--tiano). lo­

cated in the southern "ector, leu the punicipant., to examine 
the bulk of this trough. which can be considered the mo.,t 
example on the island when ~tudying and relining the lo­

cal sedimemary und volcanic ,rtems, and the geological 

evolution. 
Sedimemntion in the basin again began with an alluvial 

"Basal Conglomerate ... Rhyolite pyrocl:btic layers suggest 
early volcanic m:tivity. Upwardly. fine nuvio-lacustrine-to­

pulustrine elastic and coul sediment gener:illy follow. 
They are cut by and intercalated with ande~itic bodic~ 
r·Porlirit.i'' Aue/.), in the form of plugs and lavas. The suc­

ce~\ion is topped by rhyolitic ignimbrites. probably origi­
nming in the north oflht: basin, where they attain more th .. m 
500 m in thidrnesl> al Mou111 Pcrdcdu. Mem1while. al11ng 

Lht: nor1hern boundary of this ::.mall basin. large calcalka­
line diorite dyke fed d.iciti<.: and rhyolitic domes. which in­
truded at ~hallow level!. and innatcd the Vari,cau nys­
rnlline basement and/or the overlying sediments. Due to 
dome imrn~ions. ~lice::, or meiamorphic basement were e111-
placcd loc11lly over the Lower Permian. volcanic and sedi­

mentary depo~its. 
A large part of the fo::,~il macr()tlora a5cribcs the Seui 

sediment::, to the Auwnian. However, the chronostratigra­
phy of the overlying volcanic rtx:b. due 10 the irTegular rn­
diomecric date::. and the need for more careful con-elation 
with other volcanic sections of Sardini.,. dcl.ervei, c.1ddi­

tional study. 
The second ::.top in the basin was preceded by .i ru~tic 

bm substantial lund1 in the field (wid1 "porcheua" and oth­
er Sardinian foodl>. accompanied by k1<:ul red wine. mynle 

liqueur and "Filu Ft:m1" brandy), kindly prepared by the 
native Calzia family (Fig. 3). Thi1> 1,urprise lum.:h allowed 

Hg. J - EnJ(>ymg a "lifht" Surdininn lunch m::,r the village nf Scui. 
Barbagia, ,cnlrJt Swd111ia. 

the pai1icipant~ to apprci;iate gre.atl) ::.omc of the typical 
and famow, produce of the i!.land. 

Stop 1. on the nonhcrn side of the Seui Basin. allowed 
rhe group 10 collect from tiue cla.-.1ic ~edimcnts a large 
nt1mbcr or plam-bearing -;ampks. related by the ac<.:ompa­
nying paleobot,my :,peciali~ti-to:, prt:,umed "/\utunian in• 

terval". 
Later. after a long trip. the group reached Alghcro. on 

the no11hwestern c:oa~t. 

18 Sept.ember (Speakers: Corltisogno, Caggero, 
Fontana, eri, Oggiano) 
The Permian-Triussic succession of Cala Viola-Porto Fer­
ro was the m.iin topic. However. an intense downpour 
forced the organi~ers to make the first pre~entation on the 

local sections in a bar. Once the sun returned. the TmTe <lei 
Portic.:iolo (Stop I) .md the C.iht Viola (Stop 2) ..uc:ces­
~ion!> were examined in the field (Fig. 4). They arc gcner­

ally n;prcscnl<:d by red cl.istic'>. In particular, two units are 
rccog,ni!--able. The lower one is made up of ~andstonc~ and 
subordinate pelite!>. both rich in well defined sedimentary 
,1rucwrcs (trough cro~s-hedding. lluvial channel,. biolllr­
bation. etc.). The on,;et of the overlying unit i1. marked by 
,1 disconformity. The lowcr111os1 pa11 consi~t~ nf a wcll­
,ortcd qual1L. conglomerate, 5-7 m thick. pa,;sing upward~ 
10 more sandstonei. and minor pdite!>. Plum remain~. Ul>· 

cribed 10 £q11ise111111111011gt'otii. occur locally. AL Cata Vio­
la. the upper boundary of thi~ unit. which resemble~ the 
typical Bulll!>:lndsiein of Western Europe. i~ in 1ec1011ic 
contact with Keuper depo~it~. 

Stop 3 wm, al Torre era. on the rock:, which. to the 
north. surround the large beach of Pono Ferro. Reddish 
coarse sand tones and polygt:nic conglomerates. along 
with ~ubordi1Jate liner lithotypes. crop out. Trough cros~­
bedded sandy or gravel bodie~ appear mainly amalgamat­
ed and thick(, I m) bars with ~tep fore!>et occur. The !,edi­

mentury facies indicnte an overall braided-river se11ing. 

Fig. -I - Tul-ing a br.:al-. i11 rron1 of 1hc Ponicc1oto hilloc~. 
Smdinia. 



:no 

Thi'> 1rc1c1 of ~t:L·Lion (about 50 m thick) lies below Lhe pre­
viou~ Torre del Po11icciolo and Cala Viola succt:s~ic111<,. bllt 
the age i:, :L, yet unknown. However. as the~e red beds de­
veloped latt:r then the AuLUnian plam-bcaring P.ta Lu Ca­
pamni Fm .. which crops out in thi~ ccwr. their gem:rul at­
Lribution lo lute Early Permian and/or. lightly younger 

lime:-. muy be '>llggc,tcd. Therefore. the 1kscribcd interval 
con-espond~. at least in pan. Lo the ·'Saxonn-Thuringian·· of 
U1c French author5.. 

Late:,-. t1ut~ide the progr.munt: and the topic of the meet• 
ing. an additional stop was rnnde, in order tu illm,lrntc the 
strm;tur:11 ~cuing of the Monte Santa Giusta area. on the 
way 10 the la~1 stop. 

Stop 4 highlighted the Pcrmo-Tria-,sic ~equence. prob­
ably found in mhcr part:, of nonhwcstern Sardinia, near 
Pono Trn'l'es. The inve~tigMcd ~cction led to the rccogni• 
tion of basal rhyolitic volcanic producL~ (ignimhrites and 

111ff~). ht:avily wcatJ1crcd and tcctonbcd. Reddish elastic 
set.limenL, crop out above but, :ihhough their alluvial en­
vironment is obviou:-, detailed facies analysis i. prevent­

ed by poor exposure. On the lop. a quartz-conglomerate 
bank (ea. 2 m thick) occurs (Fig. 4). II i:-. regarded, al lcm,t 
~o for. as the lateral equivalent of that confined in the basal 
B11111sandstein between the Torre dcl Po11icciolo and the 
Cala Viola successions. The conglomcr.,te bank it, overlain 
by a thin silty•" andy ,uccession and by. a few metres 
above, lhe Middle Tria~sic Mu~chdk:llk. The thickness 
(about I 00 m) of these local red beds records a slightly re­
duced subsidence rate. According 10 some authors, it i'> al­

so noteworthy thul the volcanic products arc alkaline in 
nature, and con~equently demonstrate 1he presence of a 

second anarogenic magmati<.: cycle in Nurm, as in Cor-..i­

ca, :-.ou1hern Frnncc and the Pyrcnces. 
I ,uter. the panicipanls reached Po110 Torres. in order 10 

embark for Genova. 

19 September 

Following an early morning arrival in Genova, the panici­
pants were tmnsportcd to Brescia for tJ,e Conference. 

TKE CO FERE CE IN BRESCIA (20-22 SEPTEMBER) 

20 September 

According to the rrogramme. the opening ceremony began 
nt 10.()(lh. First. speeches were given by the Mayor of Bre­
scia. Prof. Paolo Corsini. ,md Prof. Mario Vanossi, as Di­
rector or the Earth Science Department and 1-lcud of t.he 
"Alps Group .. in Pavia. from where the meeting initiative 
star1cd. They are reported m the beginning of this volume. 

Later. after u welcoming reception. Prof. Peter A. 
Ziegler from the Univer~ity of Basel opened the Confer­

ence with u generul lecture on the ·'Late Palucozoic•Early 
Mesozoic Plate 13oundary Reorganizmion: Collapse of the 
Vari~can Orogen and Opening or Neo1e1hy-.··. Thi!> e»tcn­

sivc and updated geological framework. from I.he Late Car­
boniferous 10 Middle-Ltite Triassic time~. was greatly ap­
preciated by the participants. Later. there wa:; a guided tour 
of the Science luseum by its curator Dr. Paolo Schirolli. 

In the afternoon, lhc oral ~t:!->sions begun. The first one 
was devoted to paleon1olngical, ~trarigraphic.il, ~edi1m.:n­
tologiec1l and palcogcographic,il conu·ibutions. It consist-
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ed. in this fir,;t day. of :-i>. oral presentation, ! I I. Kerp, P. 

Piuau. J. Utting. C. Spinosa, S. Voigt and U. Nicrn,ia). A 
poster :.e,sion w,I, dr:1wn up. lndt'.pcndcnt meeting., on 
differing. Pennian ,uhjccti. were abo promoted early in the 

1:vc11ing. 
After dinner. the panicipam:- enjoyed an organ concert 

by Mr:-. Eva Frick Galliera in the church of S. Gaetano. in 

Brescia. 

21 September 

fhe rrevinus ,ession ( I l continued. and another one (2). 
on the Pcrn1ian-Tria,;:,.it; boundary in central IO eastern Eu­
ropean area°", fl)llnwed. Both the sc,sion,; included 13 oral 
presentation:-. (H. Haubold. R. Wernenburg, D. Sciunnach. 
A. Schaefer. J.P. Deroin. C. Virgili. J. Schneider, A. 
Vo,arovu. M. Popa. A. Del l::3ono. E. Maly,heva, Z. Lian 
and S. Radri11ani). A postt·r scs:-io11 followed. A°" on 1hc 
lirst day. independent meetings on various -;ubjeet, were 

held. 
A conference dinner, in the picturesque '"Port.i Bruci11-

ra·· rc,raurunt. was enjoyed h) a pnn of the group. 

22 't!ptcmher 

Session 2 and three other.,. on the Lme Carbonil'l.!rou~ to 
Pennian volcuni~m and tectonic, of 1,ome European and 
extt:nlill l'egion,. as well a~ on 1he subdivi1,ion and di1,cus­
:-.iM l>f !,Omc time-scak~. represcn1cd the aim of this last 

duy. Nine presentation:-. were given by C. l eri, V. Lo 
wvsky. N. Capu.1J.o, P. Brn.d .. C. Breiti-reu1_ J. Fcijlh. 
E:-.aulova. M. Menning and 0.R. Wardlaw. respectively. A 

poster ,c:,,i.io11 was again drawn up. 
The Conference ended wit.h ~ome gener.il rellections on 

the topic:-. highlighted by three-day!> of ~pccchcs and t.lc­
hate~ on the C(.mtinenIal Permim,. thanks 10 the invoh c­

lllcnt of the pa11ic:ipants (fig. 5). 
/\ guided tour of the Mui.eum of S. Giulia. in Brcscitt. 

concluded 1hc programme, 

THE FI 1\L EXCURSION I 'THE CENTRAL-EASTER 
smrrmmN ALPS (23-25 ·1.;i>TEMflER) 

n,c itinerary and general !,tops arc indic,1ted in rig. 6. 

23 September (Speakers: nrack, Breitkreuz, Cassinis. 
Cortesogno, Gaggc,·o. Nicosia) 

The day Wtl.'> devoted to t:Xamining lhe continental. ,edi­
mcntury and volcanic Permian of the Bre:,cian Pre-Alps. 
The vi,ited outcrop!'. occur between the Upper Tromp,a 
Valley and the Giogo della Bala. ulong the laniva-Croce 
Domini road. ~outh of the Te11iary i111n.1sive Admnello ma.~­

~if. The lithostratigrnphic.il succcl>°"ion is nmong the mo~l 
nornhle in Lhe Southern Alps. thank~ io the numcrorn, trnti­

gr.iphical. ~cdimentological. palcon1ologic11I und petro­

graphical 1,tudies. 
The first ~top wu~ a panoramic view of the Pcrmian ~uc­

cer-.sion from the mountain crest beyond the Rt:fuge Bonar­
<.li. The oh~ervetJ ,;cc1io11 renche~. in the upper Val Dasduna. 
up to 1500 m in thit·knc~~-From 1J1e base. the following 
units gcncn,lly stand out: rhyolitic ignimbrite:-. uncon­
forrmibly overlying tJ1c Vuri:-.can cry:-.talline hru.ement; tum 
i11terbedded with :..ome alluvi.il-fan cl:L'-llC depo its; lluvinl 

lO lacustrinc variegated and laminated sandy-shaly :-edi­
ml.!nt~ (lower Collio Fm.): tJ1e M. Da-.dana volcaniclnstic 

muss-flow deposit. about 15 m thil.:k: wrbidltic. tluvial lli la­
cust:rinl.! grccn-browni)',h coan,e 10 fine cl,Nic sedimenti­

(uppcr Collio Fm.): varicoloured conglomerates and s:u1d­
stone.s intercalated with finer sediment,; which pa,s lateral­
ly into lhe Collin Fm. (lower Dosso <lei Galli Conglomer­
ate): strntified and biolllrbaled red-brown sandstones and 
,ih~tones ("l'ictra Simona" Member of the Dos::.o dei Galli 

Conglomerate): coar~e-grained reddish conglomerates. in 
chiding metamorphic basemen, and volcanic rock-frag­
ments. which upwards aud laterally, towards Ihc boundaries 

uf the b;i~in, pmgres~ively substitute part of 1he underlying 
Pi!rmian units: and mai;~ive rhyolitic-rhyodacitic ign­
i111bri1e::. ("Auccia Volcanics''). The lower volcanic ;1nd soo­
imcntury succe~~ion (first Cycle or Cycle I) is uncon­
form;ihly covered by the lluviul red beds of the Verrucano 
Lombardo Fm., which nmrk, the beginning of Cycle 2. 



G. C,l\\1111\ 

Stop~ alh)wed the participanh tn ,cc in detail. along the 
Maniva-Croce Domini road. the bou11clar) between the 

V:iri~can 1rn:t,mmrphii.: ,ub~Lratc and the bal-al , okanidm,• 
ric uniL (over 50 m thid.J or the Pcrmi,111 ~uc<:ession. Thi, 
h11Undary ,pan~ a gap of w,-yeL-unl..nown duration.\\ hi<:h 

however. from kx:,tl ratlilm1c1ril' dates (.B9±8 Ma. Del Mo-
10. per,. comm. and 18J±-l. Shalteggcr & Brack. I 999. ri.:• 
,pcct1vcl) ). could be C\'alua1e<l a, about 60 Ma. The co11-
1ac1 between the weathered basement and the o\erlying un­
rnnftwmahk volcanic, i, k11,;ally ulfcctcd h) a ,light Alpine 
tli,loeation. runhcrmore. well-beclckd , arii.:olourcd p) rn­
d,,~tic pro<lu<.:l!-tabout ~0-90 rn lhidO. which inc:ludc ,omc 
altu, ial bodie~. come into tectonic c11n1.1ct with the under­

lying prominent ignimbriLe~. J\ brick-red be<l with accre­
tinnary lapilli occur, :tt the top ofthi!. :-.cction. Immediate­

ly ahmc. a conglomerate band t I0-13 111). interpreted a, a 
dbtal fan. mark~ the beginning of the Collin Ba.',in. The 

~11h~equen1. 1ypical Coll iv bed'> (Auel.) arc m,tdc up of lam­
ina1ed ~and,1one~ ,llld i,,hales. up LO ahnu1 200 rn thick. pro­
gre~~ivcl> green. rcdtli~h and blal'k in colour. Researcher, 

from Genova Univcr~ity g:Ivc explanations related 10 the 
aforementioned ba!.al volcanic!>. 

Grncrally. thc,c Collio sediment~ marl,. a cycle (from 
di,tal alluvial fan LO ,andflut. mudflat anti lacu:-trinc en, i­
ronmcnt,) toward~ deeper water co11di1iw1,. I I owe, t'I._ the 

prc~cnce of ripple-mark~. mud-crack~. raindrop:--. and :-,o 

on. a, well a, tif tl·tr;.ipod footprinti,, indicate thm thl.'. ba~in 
wa, ne,er ,cry deep and w;,i, often e;,,pmed. Carbonate 
len~e, and nodule~ abo occur. c~pccially concentrated in 
the lower :111d middle.: part~ of the ,ecLion. 

Stop '.I W,h along 1he \\ ater~hed he1,veen the Trompiu 
und Caffaro Valley,. at the ,harp Maniva-C. Dumini road­

hend I 2100 m n.l.m ). The panoramil: \'icw enabled the 
group tn examine in detail ,0111e uni 1, al,o ,et:n frn111 Stop 
I, in particular 1he upper <lark band of the lower Collio 
f-111., the M. Da~dana ,olcanicla,tic bcch, anti the lowcr 
member of I he Dn,~o clt:i Galli Conglomerate. 

h,? 7 l.1k111i; ,hd1c1 11111\c Val T,,,111p1a 1-!a,m, \II IJ""t,mu, 13~,cmn 
Pro:.tlp, 

Speci:ili~t, from Rome Univer),it) pre),t'nlcu a pu,1cr. 
~him ing the ,1ratigr;iphic ro~ition and the name, of the tctrn­

pod lootprim, round in the Vat Trompia-Val Caffaro area. 
from the lowermos1 Collio up to the liN lc\el, nftht' .. Pie1ra 
Simona·· I\ kmbcr ,,r the Do,~o dci Galli Conglorner.ue. 

Tht' ,top al,o allowed the panicipanh 10 note the local 
Jar!- ,hale!., tr..tditionally rich in fo~~il plams and id111ofau­
na,. cropping out on the ~ide nf the road (Fig. 7). The in­
cluded layer, u11d nodule,. which ~huw yclluw-or:111gc in 
colour due w wc:ithcring. corn,i~l or !>pherulitic danhuritc. 

an~eriLic carbonate, with minor dravitc and trace gold. 
·1 hese mineralis:uions are interpreted a~ precipi1aIion from 

hydroLhermal acti, ily a~,ociatcd with the cmplacemcm of 
1he overlying volt:anida-.tic ma,~-nm, depo~its ("-OtNlanu 
Bed~ .. ). 

Thc~c deposits were the topic of nearhy Stop -L Rect'm 
i11vei.1iga1ion, carrii:d out b) German gcologi,ts. in partial 
rnllaboration wi1J1 Italian rc,earcherl,. led 10 the interpreta­
tion nf thi~ and other ~uh~cqucnt key-hcd, a, 1he rcq1h of 
a domi: activit) in tl11,: cai-tcrn Collio Ba!,in. At Mount Da­
.,dana. they con,i,1 of (I) a lower Cl) l,tal-rich gr.nelly grt:) • 

i~h ,ub-unit and 12) well-bedded. green. sandy-10-pclitic 
turhiclites. In the former. hlud peli1e, ( lacu:-.trinc Collio 
rip-up cla,1:-). und variou, \ nlcanic and 111e1:1morphi.: por­

phyritic SiO1-rid1 l:1va fragmem, arc included. According 
ll) lhc abnve nuthor,,, :.i pre~11111ed wblacu:-.1rinc/,ubm:rial 
eruption column formed a,, a con:..e4uence nr 1he lava <lnme 
fragrncmatin11. t rom which. in the lirst in,wnce. den,;c c1y:-,­
tal-rich mu" flow, l\riginc1H:d. Much t)f the foamy lava 
fragmem, remained in the column and ~edimcnted l.itcr in 
a ,ceoml pha:-.e from dilute turbidity current:-, together with 
~andy-pelitie depo~ir-.. and from fall-mu. 

Stop 5 wa~ m the upper Do~,o clei G.illi Conglomerate. 

on thl' western ~ide of the 1ypc-loc.,1li1y. The unit. which i~ 
charac1eri,cd h)' Ihe im:lu,ion or lurge V:1ri~can metamor­
phic roe!,. fragment, :md Permian volcanic~. can be inter­
preted a, a result of debris llow~. in allu\ial fan depo~it:-.. 

Slop 6 was located al the topmo,1 p:1rt of thi~ .. Con• 
glomerate ... ne.Jr 1he boundary (1101 expo,ed along 1he road) 
with thc overt) ing Auccia vokanic:-,. reaching a maximum 
Lhic~nei,,~ of 130-1-10 m. 

Stop 7 ollowed the pw1icipnn1, l<) e,a111ine 1hc 1r,m,itio11 
from the aforcme111ioned volcanic~ to 1he Verrucano Lom­

hardo. i.,,. the co111m:t hc1 we.:11 Cycle~ I and 2 or the Pcrn1-
ian. The J\uccia vokanic:... which con:-.i~t of 111,t,~ive violet 

rhyolitic/rhyodacitic ignimbritc,, c,ilc.ilkalinl' in composi­
tion. are !.Ubjected at tht: iop to i111cnse Wt:!atht.:ring and ero­
sion proce!>SC~. Therefore. a paleo~nl origimued loc,1lly. 

The Vem1cann lluvial red da~tic~. which ini1ially con-e­
~pond 10 i,ancly hraiclerl-~treain dcpo'>ih, unconfonnably 

cover the Collio Basin area. and :-;tep down ow,idc on 10 
1he Varil,can cry,1allinc basement. On the whole, the unit 
range~ from appro\iinately 200 1n tn 500 111 in thickm:Sl,. 



Rrp11n 1111 th<' LJ1c•,i-it1 ( 1111/1•r,•111·1· 11111/ /wit/ 1·uw ,11111, 

and could hi: related 10 the nn:,ct of a new gcodynamic 

rcgi1111.:. 
Logbtical and time problem), forct·tl tht' Ol'gnni~er, 10 

,top at the Giogo ddla Bala. 1-\ long trip. through the 

Tro111pia-Subbia-Rcndcn.1-Meletlrio-Solc vallc):-.. led the 
pnrticipunh to reach Clc~ in Val di 011 (Tn:nlll region). 

late in the evening. 

2~ Scptcmher (Speakers: Bargussi. cri, Nic·ora. 
lfadrizzani) 

TheTr\:giovo 11a),in areu wa~ the aim of the early part ofthi, 
geological excursion. omc rcscarchc~ frnm Bologna Uni­

vcr:-.ity, the CA RG prnject and the Geological Office or the 
autonnmnu), province or Bol,.uno. who arc involv1::d in puh­
licatinn of the new local map m a cale or I :50.(X)(). illm,­

tratcd the ~tratigraphy anti petrography of ~omc volcanic 
boclie), underlying the lacusuinc Trcgiovo Fm .. within the 
~o-called Monte Luco :-.tratigruphic sequence. After ~ome 
brief 5tops. another followed near the ba~e of th\.' afor\.'ll1cn­
tio11cd ~edimcntar') unit. The omcrop, on the side of the road 
10 Laurcgno allowed the participant~ to \.'ollect a number of 

pl.mt-bc<1ring sample\ from the local line blacki~h pclitcs. 
The importance of the Tregiovo Fm. is due to Ihe fo),­

,ilil'ernu, content. and consequently ~ome knowledge of 

till· pre,umed age. lnve,tigation~ on the mucrolloru. rni­
crot1orn and letrnpod footprint!> have reeently led re­
:-.earchcrs to relate the unit to the late Early Permiun ( Kun­
gurian) and earl) Late Permian (Ulimian. pcrhup, up to 
K:vanian) timei'>. However. thi~ a11ribution de~erves fur­

ther palcomological and radiomeu·il: re~earch. and correla­
tion. for u general ..igreement. As Ihe Trcgiovo Fm. i~ over­
lain hy the last volc,mic products ("upper rhyolitic ign• 

imbritc:-."). the age may :ipproximute 10 the end of the vol­
canic: net ivity in this sector of U1c Southcrn Alps: moreover. 
the chronowatigraphical classilic,uion would lead u~ to re­
line the boundary between the Permian Cycles I and 2. and 
indirectly 10 evaluate the time gap beuer. 

The sub.,equl·nt ~top w;i~ m:ar the Mendola Pas!.. The 
pw1icipm11:-. appreciated a panoramic view of the Athc~ian 
volcanics and. 1owiu·d), the cast. the magnificent Dnlornite 

Alp,. A !.mall guide for this stop was distributed. 
The fin.ii !-lop of the day was on the well-exposed Tesero 

:-.ec1inn. in Val di Ficmrnc (We!>lcm Dolomite!.), which crop~ 

out along a road near the village (Fig. 8). During the second 
half or the l(L~i century. ihb section bccumc famou~ world­
wide .,ner the discovery or Pcnnian-type. unworked bra­
chiopods and fonm1inifcn. (= "mixed fauna") located about 
1.5-2.0 111 ubo,e the marine Bcllerophon-Wcrfcn lithostrali-



Fog \/ At 1hc Blcucrt,ach•l:luucrhloch w:uc,fall, \\Csicrn Dnlc111111c,. 

gr.iphic boundary. This tin<ling allowed a re-con~iderntion 
of Lhe po. iLion of the Prr boundary, Lrnditionally pl:iced at 

lhe base of the Tcsero Member of the Wcrfcn Fm. Pulcon­
tological. M!dirnentological and geochemical studies were 

imcn~ivcly pcrfom1ed by ltali,u1 and foreign researcher:,. 
Recently. the discovery of conodont faunas led to a reline­
menl of the debated chronologicnl m,trker. The co--occt11·-­
rencc (35--40 cm above the onset of the Tesero Member) of 
Hi11deod11s prae1,r11v11s (Morphotyix;s MI un<l M2). Hi. sp. 
/\ and a few mmifornis indicates tht'. prtIeparvm Zorn::. con­
sidered the base of the Tri:.l.'>i.ic by Orchard & Kryiayn 
( 1998). Upward (about 1.3 m ubovc). /-Ii. clw11gri11Rie11sis 
abo occurs along with Iii. pml'pttr1'11.,. The next conodon1 

fauna is found in Lhe lower Mazzin Member. 11 m above the 
ba~e 1Jf the Werl·en Fm.: il i~ char.1cterii,ed by lli11deod11s 
{Jll/1'/IS pw...-us associated with Hi. pruepu11•11s MI. The for­
mer !,pccics reprcscms Lhe first conooont biozone of the ln-­

duan. In the Tc:,cro section tht: FO or ~uch a ro~sil is ,11 lcast 

8 m above the disappearance or the Pcnni,111-likc comp(.)-­
nents of the already recorded "mixed fauna". 

Later. in l11e evening. the parlkipanl~ reached Cavalesc. 
in Val <li Fiemme. 

25 September (Fontana, Massari, Kerp, Nico in, Pit­
tau) 

The laM day of this posL-Congrcsi-; excursion wa~ once 
again dedicated to visiting the Blcuerbach Gorge near 
Rt:dagno (Rudein). in Bol1ai10 province. Th1;: locul ,~tion 
has long heen known for its spectacular omcrop~ and 
abundunl·c of plunt remain~ ,mu tetrapod footprints. re­
peatedly highlighted in a very large number of old and 

current Mudiei,. The Upper Pennian ,.;uccc\i,ion. which was 
the focw, nf attention. <lisplays an overall transgressivt'. 
trend. and may be divided into a number of dep11,itional 

sequences (the fin,t live and the lower pan of a sixth sc 
quence have been identified). II i~ made up of two l>edi-­
men1ary units represented. from base to top. by Lhe conti­
nental flu, ial re<l bed\ of the Val Gardcna Snnd~Lone. anJ 
by the cvaporitcs lo niarim: scdi,m:ntl> of the Bl!llerophon 
Fm. Upwards the successiM is followed by the Lower Tri­

assic Wcrfen Fm .. which initially includes the so-called 
.. Te~ero Horimn" /\uct. 

Four !,lops were made climbing the Ble11erb11ch Gorge. 

They generally included. al different height~. <;trutigrnphi­
e,tl, ~cdimcntological. palcnntological (on thi: rc,,.,il 

macrotlora. micronor.i and the tetrapod fomprims) an<l pet­
rographical explanmion'-. The first stop WtL~ at the famous 
Bletterb,1ch waterfall {Fig. 9). the si;:cond one <;lightly up-­
stream. the third m the most impor1ant ichnological site of 
the :--cction. and the last :-top al the hcud oftht." valley. where 
1he upper part of the Perniian succession and the overlying 
Lower Tria~sic anti Anbinn unit!-t are ,pectaeularly ex­
posed. 

The i;:xcur:--iun doi.ed in Reclngnn. with a ~ho,1 vi,it 111 

the new. small a1ural Science Mm.cum. which includes 
some geological drawings nnd ~amples or this area of the 
South-Alpini;: Permian. alMg \1 i1h :, number of fo~sil~. 
mainly rcpre emed by teLrapod footprints and vegetal re­

m.tin:.. L.llcr. on behalf of the loca.l community, Mr. Scpp 
Perwanger welcomed the pan icipt111L,. He also stre,,ed that 
the ge11lngy nf Lhe investig:ued Blelterhach area has al way~ 

allractcd the interest of many 11,tlian und foreign rc­
~earchers, The orgunisers of rhe meeting thant..ecl Mr. Per­

wanger and the other representatives for lhcir warm hospi• 
tality. Finally. art1;:r eleven evcntrul t.lays of t;;nlighlt.!ning lie­
bate and wonderful ~cencry. in a very friendly atmrn,phere. 
a hearty 1oa~1 concluded the Congress. 
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