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Palaeomagnetism of Permian through Early Triassic sequences in central 
Spitsbergen: contribution to magnetostratigraphy 

Jetzy NAWROCKI and Jacek GR4BOWSTU 

Nawmcki J. and Grabowski J. (2000)-Palacomagnctism of Pcrmian through Early Triassic scquenccs in central Spitsbergcn: contribution 
to rnagnetosbaiigaphy. Gml. Quart.. 11 (2): 109- L 17. Wanzawa. 

A total of297 sarnpIcs for paIacomagnctic shdics werc col~cctd from Uppcr Gzhelian through Spathian scdimcnts of thc Isfiordcn arca 
(cmtral Spitsbcrgcn). In spitc of cxtcnsivc Ccnozoic rcmagnctisalion h c  studied rocks yiddcd palecomagnetic polcs and 
rnagnctoshatigraphy. Almost all Pcrrnian samplcs w m  rcvcrscly rnagnctiscd during Kiaman superchron. Nomnl-polarity samples appear 
in thc Ufirn~an and Kazamian scdimcnts. Thc topmost samples from thc Kapp Stamstin 1;orrnation (Uppcr Pcrmian) contain rcvcrse polarily. 
Tbc magnctic polarity rccord notcd in thc Early Triass~c (Griesbachian-Spathian) sequences is fully convcrgcnt with magnetic polarity 
schcrncs obtained in thc Canadian Arctic and DcItdalcn mype scction. 
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INTRODUCTION 

Studies of Permian succession on Spitsbergen gave a chance 
to recognise the structure of the Kiaman reversed-polarity 
supexchron and establish the position of the IIlawam basal re- 
vmal that finished it (Irving and Parry, 1963). The position of 
this reversal in the global cumposite scale is still controversial. 
Russian Platform data that locate the IIlawarra basal reversal in 
the Tatarian stage (Pechersky and Khrampv, 1973; Gialenella et 
a/., 1997) are inconsistent with resiilts from north China and 
southwestern AustraIia where the end of Kiaman re- 
versed-polaxify superchon was interpreted as occurring in the 
earlier Ufimian stage (Theveniaut er al., 1994; Embleton et al., 
1996). However, an UEimian age of the IIlawara basal reversal 
was contested by M e g  and Jin (1 998). 

Permian and Triassic strata are we11 exposed on Spitsbergen 
(Fig. 1 A) and have been the subject of various geological stud- 
ies. The mass extinction crisis at the Perno-Triassic (P-Tr) 
bo~mdzuy was especjalIy monitored by chemostratipphic 
methods. A significant (7.5%0), positive stable carbon isotope 
(SI3c) shift occurs in the Upper Kazanian-Lower Tatarian strata 
(Gruszczyrish etal., 1989; Mii etal., 1997). It was followed by 

a rapid decrease in stable carbon and oxygen (~'~0) isotope val- 
ues at the top of Permian succession (Gruszczyhsla et a/., 19899). 
The lam event may be a diagenetic artifact and a continuous 
character of P-Tr boundary has been contested (Mii et nl., 
1997). However, according to Wigndl et (1 998), the Late 
Permian to Early Triassic succession from Spitsbergen is con- 
tinuous and they place the P-Tr 613c negdtive shiR within the 
part of the section that had been considered as Early Triassic. 

A palaeomagnetic investigation of Upper Gzhelian throttgh 
Spathian sediments fiom cenkal Spitsbcrgen has been carried 
out here in order to (1) interpret the duration and structure of 
Iong reversed-polarity I(Jaman superchron, (2) to r e h e  the 
Permian-Early Triassic palaeotectonic and palaeogeographic 
position of Spitsbergen (Nawrocki, 1 999). The aim of this paper 
is to present the magnetostratigraphic raults of this investiga- 
tions. 

PEFWIAN-EARLY TRIASSIC STRATZGWHY 
ON SPITSBERGEN 

Steeply dipping (dip 6e90°) Permian and Triassic rocks 
form a narrow belt in the western part of Spitsbergen. Rocks of 
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Fig. I .  A - Carhnifcrous-Lower Jumsic outcrop amas in thc Svalbard Archipelago (aftcr Mark et ab, 1989; Nakrcm et ol., 1992); rcgions of paIaeomagnctic 
investigations baw bcm marked by arrows; 13- LaSeCahonifcrous-Early Triassic stratigraphy in Spitsbcrgcn; continuous (Wignall et of., 1998) or discon- 
tinuous (Nakrcrn ct al., 1992) nnturc of Permian-Triassic boundary are illusirated 

this age we also exposed in the central and eastern parts ofthe is- 
land (Fig. 1A) where their tectonic disturbance is very small 
(dip 0-15'). Moscovian-Sahanan stages at Spitsbergen con- 
sist of limestones, dolomites and sporadic sandstones. They are 
classified as Nordenskiiildbm F m t i o n  (Fig. 1 B). This for- 
mation is covered by mainly evaporitic sediments of Gipshuken 
Formation attributsd to the Sakmarian and Artinskian (Nakrem 
et a]., 1992). Evaporicic series are overlain by cherts, spiculitic 
shales and limestones with rich brachiopod and brywxan fau- 
nas of the Kapp Stamstin Formation (KSF). Biostratigraphic 

data support the Kungunm-Kazanian age of the KSF but there 
is no biostratigraphic evidence to indicate the presence of 
Tatarian stage ( N a l m  et a/., 1892). It should be shessed, how- 
ever, that the last 30-50 m of this formation do not contain any 
diagnostic fauna. The maximum thickness of the whole Perm- 
ian sequence reaches of about 800 rn. 

In the Triassic period, Spitsbergen was a part of an extensive 
Boreal Basin and 250 to 1200 m ofclastic sediments with smaU 
intercalations of carbonate rocks were deposited during numer- 
ous transgressive-regessive cycles. The Lower Triassic 
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Fig. 2. Orthogonal dcrnagnctograms of rcprcscntativc sarnplcs of Latc Gzhclian-Early Triassic rocks from central Spifsbcrgcn 

a, b - totally rcmagnctiscd samplw with Ccnozoic component A (in situ coordinates); c- samplc containing compmcnt B (aftcr bcdding wrrcction) of Latc 
Carbmifcrous-Pcrmian agc; d - samplc wit11 wmponcnt B (aftcr bcdding corrcction) of  Eariy Triassic agc; e - samplc containing componcnk B that is 
strongly ovcrlappcd by cornponcnt A (aficr bcdding cwrcction) 

succession consists of two (Fig. I A), or locally three major cy- 
cles which often consist of several subcycles (Mark et al., 
1989). Biostratigraphic documentation of these sediments 
(Birkenmajer and T r m e r ,  1915; Gaidncki and Trammer, 
1977; Weitschat and Dagys, 1489), based mainly on 
ammonoids, together with sequence stratigraphy markers al- 
lows subhvision into standard chronostratigraphic nnits. De- 
spite this there is a problem in defining the P-Tr boundary be 
cause the topmost beds of KSF contain no age diagnostic fauna 
and the oldest ammonite Otoceras bornale has been fo~md 
about 20 m above the base of Vardebukta Formation (Tozer and 
Parker, 1968). Traditionally this boundary bas been placed at 
the top of the KSF and bigger or smaller hiatus between the KSF 
and Vardebukta Formation has been assumed (see Nakrem et 
al., 1992). Completely different solcltion has been presented re- 
centIy by WignaIl et d. (1 998). Thy placed the P-Tr boundary 
within the lower part of Vardebukta Formation and defined the 
P-Tr transition as complete tahng the presence of the Late 
Changxingian fungal spore Tyrnpanicysta stoschiana in  he 
Iowast Vardebukta Formation (Mangerud and Koniecmy, 
1993) and the results of chemosttatigraphic investigations into 
account. 

MATERIAL AND PAMOMAGNETIC PROCEDURE 

A total of 297 drill samples forpalaeomagnetic studies were 
collected from Isfjorden area. Uppermost Carboniferous and 
Lower Permian rocks (Nordenslaoldbreen and Gpshuken for- 
mations) were sampled in Tempelfjorden (locality Kapp 
Schoultz; Fig. 1A). Kapp Starostin Formation and Early Trias- 
sic sediments were examined in western Dicksonland (locality 
Kapp Wijk and Tschemaldjellet) and near the entrance to the 
Isqorden (locality Trygghamna). In Tempelfiorden and 
Dichonland areas beds of the rocks studied were characterised 
by a very small dip h a t  did not exceed 10 degrees. A hfferent 
tectonic situation was in the Trygghamna area where beds were 
steeply (60-85") inclined towards ENE (KSF) or NE 
(Vdebukta Formation) direction, 

The natural rernanent magnetisation (NRM) of specimens 
was measured using spinner and cryogenic magnetometers. 
Some pilot samples were subjected to an alternating field de- 
magnetisation experiment, Because this method was not effec- 
tive, the majority of the sample set has been subjected to the 
stepwise thtrmal dernagnetisation in a m-metal shielded oven, 
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Fig. 3. A - stcrcographic projection of the Latc Gzhelian-Permian (circles) and Griesbachian (squares) linc-fit dircctions from Kapp Schoultz and 
Trygghmna sections; B-stercograpbic projection of thc dircctions obtained on the terminus levels of thcrmal dcmagnctisation (bcfmc rapid increasc ofmag- 
netic susceptibility at tcmperahtres of about 425'C) of thc h t c  Gzhclian-Artinskian (IocaIity Kapp Schoultz) and EarIy Triassic (locality. TschcrmaktjcIlct) 
partly rcrnagnetiscd samplcs; the asterisks with tltc letters P andT show thc mean Pcrrnian and Triassic dimtion rcspcctivcly; in stcrcoplots, opcn (closcd) sym- 
bols dcnotc upward (downward) pointing inclinations 

which reduced the ambient field dose to a few nT. After each 
t h m a l  demagnetisation level a magnetic m p h b i l i t y  signal 
was monitored. Least-square line fit methods, as presented by 
Kirschvink (1980), was used to calculate the components of 
NRM and their unblocking temperature spectra. 
Thmmmagnefic analysis and anaIysis of isothermal remanent 
magnetisation (IRM) acquisition were used to determine the na- 
ture of magnetic carriers. For some samples, hysteresis loops 
were also prepared. Results of the rock magnetic inv~tigations 
were presented in he earlier paper (Nawrocki, 1999). The 
Permian-Triassic rernanence resides in the magnetite or 
titanornagnetite grains with the unblocking temperatures be- 
tween 450 and 500°C. 

RESULTS OF PALAEOMAGNETIC ANALYSIS 

During thermal demagnetisation at temperatures between 
380 and 435"C, an abrupt increase of magnetic susceptibility 
was observed in the bulk of samples, and their denlagnetisation 
was terminated at: this point. In many samples from all sections 
only one distinct component A with very steep, positive incIina- 
tion (75-90') was isolated (Fig. 2a). This component results 
most probably from a widespread remagnetisation that affected 
Spitsbergen in the Cenozoic time (see e.g. Halvorsen et al., 
1996). Some samples from a narrow tectonic zone which cuts 
the Trygghamna section also contain the steep component A, 
but with a negative inclination (Fig. 2b). In this tectonic zone, 
the NRM intensities were about an order of magnihde higher 

than those in the rernagnetised samples with a positive inclina- 
tion. 

Fortunately, about 50% ofthe samples also retained a com- 
ponent B with moderate angles of negative or positive inclina- 
tion. The degree ofremagnetisation of these samples, as demon- 
strated by the presence of the component A, waried. In 12% of 
the sample collection, the componmt B, which is interpreted as 
primary magnetisation vector, was well defined (Fig. 212, d) d 
calculated as a line-fit vector. NRM intensities of these weakly 
magnetised samples have never exceeded 3 x I o4 Alm, which 
is at least three timm lower than intensities in the samples con- 
taining only the component A, The maximum unblochg tem- 
perature of component B remains unknown since magnetic sus- 
ceptibility was increased, We know only that it is higher than 
400°C. Line-fit directions obtained in the Kapp Schoultz sec- 
tion cIusk well in the upward, south-west quadrant. Likewise, 
the line-fit B directions isolated in 9 Permian and 6 Triassic 
samples from Trygghamna scction display a similar trend after 
tectonic correction (Fig. 3A). Three of these B directions fiom 
Trygghamaa are antipodal, downward toward north-east. Prior 
to tectonic correction, all directions B from this locality are shal- 
low u~pward to the east, in contrast to the expected postfolding 
Cenomic overprint inclinations which should be almost verti- 
cal. 

Most of the sampIes used for conskuction of polarity dia- 
grams were strongly remagnetised, but lost their component A 
at temperatures higher than 400°C (Fig. 2e). The endpoint di- 
rections, dehed  before a rapid increase of magnetic stiscepli- 
bility, did not attain the expected Permian-Triassic directions. 
Nevertheless these endpoint directions and trends of 
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Fig. 4. Lithological mlumn and stratimpby (a), inclination @) and declination (c) graphs, polarity pattern graphs (d) and composite polarity scalc (c) con- 
structcd for thc Lntc Gzhclian-Artinskian formations from Kapp Scho~~Itz locality 

Thc longcstpolarity bars representthe firstcategoryof data (soe text); intermediate bars are the second category of data: the third category of data yieldcdpolar- 
ity intcrprctation rnnrkcd by thc shortcst bars 

dernagnetisation paths indicated the polarity of the underIying MAGNETIC STRATIGRAPHY 
component B pig. 3B). Results of the rock magnetic invatiga- 
tions were presented in the earlier paper (Nawroch, 1999). The 
Permian-Triassic remanence resides in the magnetite or Palammagndc r d t s  were divided into three categories of 
tihnomagnetite @ns with the temperatures be- ~ l i a b i l i ~ .  In the first category, marked by the longest: ~olarity 

tween 450 and 500°C. bars in the polarity diagram pigs. 4-61, characteristic directions 
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a b c d e 
MCLI'NATION DECLINATION 

Pig. 5 .  Lithological column and stratigraphy (a), inclination (b) and dcclinaiion (c) graphs, poldtypakcm paphs (dl and composite polarity scaIc (c) con- 
structcd for thc Latc Afiinskion-Griesbachian formations from Trygghamna locality 

could be calculated by line fitting. The second category, indi- 
cated by intermediat~length bars, are the samples in which 
characteristic drections are determined as stable end pints. Re- 
ml ts h m  the samples in which poIarities were interpreted from 
trends of dernagnctisation paths and the endmost direction, are 
the third category of reliability, marked by the shortest bars in 
the polarity coIumn. 

The polarity column for nearly the entire Late 
Gzhelian-Arhnslaan sequence of Kapp Schoultz is reversely 

mapetisecl (Fig. 4). Only two samples from the middle part of 
the Asselian stage indicate a possible short normal-polarity 
zone. The Late finskian-Gtiesbachian polarity diagram for 
the Trygghama section (Fig. 5 )  is f i l l  of gaps. Neverthdess, it 
is apparent that reversed-polarity dominates. The lowest nor- 
mal-polarity samples are from U h a n  and Early K m i a n  
sediments, The dispersed paIaeornagnetic samples in the Perm- 
ian of Kapp Wijk section are generally o f  revmecl-polarity 
(Fig. 6). Only two adjacent samples from Ufimian cherts 
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Fig. 6. tithological column and stratigraphy (a), incIioation (b) and dcclination (c) graphs, poIarity pattern graphs (d) and composite polarity scaie (e) con- 
structcd for tbc Lak Artinskian-Spathian formations from Kapp Wijk, Tscbermakf~ellet localities 

showed normal-polarity trends of demagnetisation paths. The 
Lower Triassic strata from Tschermakfjellet section display a 
pattern of mixed polarity. 

A composite magnetic polarity scale (Fig. 7) was con- 
structed from all sections studied. Fw the purposes of compari- 
son, it is assumed that evapucites and clastic sediments were de- 
posited more rapidly than carbonates. Because of this fact most 
Early P m i a n  intervals with uncertain polarities were com- 
pacted by half in tbe composite polarity scale. 

(Fig. 7). The fiaman revased-polarity mperchron is confirmed 
by almost continuous reversed-polarity record in the Late 
Gzhelian to Kungtn-ian sediments. It was probably interrupted 
only by a thin normal-polarity zone in the Asselian, Unfortu- 
nately, the resolution of magnetosiratigraphy in the Upper 
Pennian pad of the studied sections is inadequate to point defi- 
nitely where the Kiaman mperchron was finished The first 
fully reliable Permian normal-polarity zone appears in the 
Kazanian. 

Magnetostratigraphic correlations do not exclude the pres- 
ence ol h e  Tatarian strata in the last dozens of metres of the 

ColRRELATroNS P m i a n  sequence from Spitsbergm. They should contain 
mainly normal-polarity record. SampIes fiom the uppermost 

In spite of numerous gaps in the composite magnetic polar- beds of the Kapp Starostin Formation are reversaly magnetised. 

itr some cornlatiom with fie other sEtions is psible In the Tethys sections, the P-Tr transition beds also contain a re 
versed-polarity record (Zhu and Liu, 1999). 
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Fig. 7. Composite Latc Gzhclian-Spathian polarity scolc for cmtral Spitsbcrgen and its correlation with magnetostratigrapby from othcr localities 

Pcrmion &soIutc agw wcrc adoptcd from Yugw eral. (1 997); an sstcriskmarks ihcplacc witb significantpositivc stablc carbon isotope shi R (Gruszczyi~ski c?i 

aL, 1989; Mii et al., 1997) 

In spite of poor quality of data the Early Triassic parts of the 
synthetic polarity scale are fidly convergent with the composite 
magnetostratigraphic scheme obtained in the northern Cana- 
dian Arctic (Ogg and Steiner, 1991). There also seems to be a 
good correlation with an Early Triassic polarity sequence from 
the Deltadalen section of Spitsbergm (Hounslow et al., 1996). 

Correlation of the polarity patterns from Spi t s k g e n  and 
other marine sections to the Rotliegend and Zechstein forma- 
tions jn the Central European Basin would help to establish the 
age of the latter. Two versions of correlation of the Upper 
Rotliegend and Zechstein with the Russian, Tethyan and 
Spitsbergen polarjty sequences are presented in Figure 7. Ac- 
cording t~ the "short" version (marked by a broken line), the 

Upper RatIiegend and Zechstein are the time equivalent of the 
Tatarian stage. The "long" version of correlation (marked by a 
dotted line) has a Kazanian through Tatarian age of the Upper 
Rotliegend and Zechstein. The P-Tr boundary in the Central 
Er~ropean Basin could be defined in the upper part of the Top 
Tengenous S e r k  (magnetised in reversed direction) that 
cover the last Zachstein cyclothems. 

CONCLUSIONS 

Palaeomagnetic shtdies ofthe Permian-Early Triassic rocks 
from central Spitsbergen reveal widespread remagnetisation. In 
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spite of the extensive Cenozoic remagn&satim, the Permian 
and Triassic components were resolved in several samples of 
the suites. AZmost all Pamian samples were reversely magnet- 
ised during Kiaman superchron. Scattered, thin, nor- 
mal-polarity zones are w i t h  the Ufimian and Kazanian sedi- 
ments. The topmost samples from the Kapp Starostin Forma- 
tion (Upper Permian) contain reversed-polarity record. Early 
Triassic parts of the synthetic polarity scale are fuIly convergent 
with the composite magnetostratographic scheme obtained ear- 
lier in the northem Canadian Arctic. 

Achowledgements. Grant KBN No. 6 P04D 01 8 10 from 
the Cornittee of Scientific Research is gratefully acknowldged. 
Special thanks are expressed to Jim Ogg (Fludue University) 
and Paul Wignall (University of Leeds) far very helpful critical 
remarks that have greatly improved the manuscript. I also thank 
Jerty Rbiakki and scientists from Institute of Geophysics of 
Polish Academy of Sciences for logistics help. Mark Hounslow 
and Barbara Maher (University of East Angliq Nomich) made 
accessible their cryogenic magnetometer, and they are w m l y  
thanked for it. 

REFERENCES 

BIRKENMMERK. andTMMMJXJ. (I 975)-Lowcr Triassic conodonts 
from Hornsund, South Spitsbergcn (in English with Potish summary). 
Acta GeoI. Poi., 25 (2): 299-307. 

EMBLETON B. J. J., McELHINNY M. W., MAX., ZHANG Z. and LI 2. X. 
(1996) - Permo-Triassic magnetostratig-raphy in China: thc type sw- 
tion ncar Taiyuan, Shangi Province, North China. Gcophys. J. Intcr., 
1 2 6  382-388. 

GA~DZICW A. and TR4MMER J. (1977) - Thc sverdrupi m c  in thc 
Zowcr Triassic of Svalbard. Acta Geol. POI., 27 (3): 349-356. 

GIALANELLA P. R., HELLER F., HAAG M., NURGALIEV D., 
BOBISOV A., BUROV B., JASONOV P., KHASANOV D., 
IBRAGIMOV S. and ZHARKOV 1. (1997) - Latc Pcrmian 
magnctoshatigraphy on the Eastern Russian Platfom. GeoI. Mijn., 76: 
145154. 

GRUSZCZY~SKI M., HALAS s., HOFFMAN A, and MACKOWSKI K. 
(1989)- A bmhiopod calcitc rccord of the accanic carbon and oxygm 
isotop shifts at thc PcrmianRriassic transition. Naturc, 337: 64-68. 

HALVORSEN E., LOVLIE R. and ANDRESEN A. (1996)- Evidence of 
wrnplcteTcrtiaryr~magnctisalion ofearly Cretacows dolcritcdikw and 
sills from Spitsbwgcn. Ann. Gcophys., 14 (supp. 1). 

HOmSLOW M. W., MgRKA., PETERS C. and WEITSCHAT W. 11996) 
- Boml Lowcr Triassic magnctostratigraphy from Deltadalm, Ccnhal 
Svalbard. Albcrtiana, 17: 3-1 0. 

IRVING E. and PARRY L. G. (1 963) - Thc magnetism of some Pennian 
rocks frornNcw South WaIes.Geopbys., J. R.Astron. Soc.,7: 395-41 I .  

KIRSCBVWK J. L. (1 980)- Thc lcast squaw lincs and plane and thc anal- 
ysis of paIacoma@ctic data Gcophys., L R. Astron. Sac., 62: 694-7 1 8. 

MANGERUD G, and KONTECZNY R. M ( I  993) - Palynalogy of the 
Pcrmian succcssion of Spitsbergcn, Svalbard. Polar Rw., Ncw Ser., 12: 
65-93. 

MENNMG M. and KN Y. G. (1998) - Comment on "Pcrmo-Triassic 
magnctoskatigraphy in China: the typc section near Taiyuan, Shanxi 
Province, North China" (eds. B. 3. J. Emblcton, M. W. McElhinny, X. 
Ma, 2. Zbang and Z. X. Li). Gcophys. J. Intcr., 133: 213-216. 

MI1 H., GROSSMAN E. L. and YANCEY T. E. (1 997)- S tablc carbon and 
oxygcn isotopc shifts in Permian seas of Wcst Spitsbcrgcn - Global 
changc or diagcnctic artifact? Goology, 25: 227-230. 

M0RK A,, EMBRY A. F. and WEITSCHAT W. (1989) - Triassic 
tfansgrcssivw-cgrcssivc cyclcs in thc Svcrdnrp Basin and tbc Barents 

Sea. In: Cmlation in Hydrocarbon Exploration (cd. J. D. ColIinson): 
1 13-1 30. London. 

NAKREM H. A., NIUSON 1. and MAMGERW C. (1992) - Permian 
biostratigraphy of Svalbard (Arctic Noway) - n review. tntcr. Gcol. 
Rev., 34: 933-959. 

NAWROCKI 1. (1997) - P m i a n  to Early Triassic magnctostratigraphy 
from Central Europcan Basin in Poland: Implicatian on regional and 
worldwide correIations. Earth Planet. Sci. Lcti., 152: 37-58. 

NAWIlOCKI J. (1 999)-Palacornagnetism of Permian throughEarly Trias- 
sic sequences in central Spihborgen: ImpIications for palacogcography. 
Earth Planct. Sc. Lett., 169: 59-70 

OGG J. G. and STEINER M. B. ( 1  991) - Early Triassic magnetic polarity 
time scale - integration of magnetostratigraphy, ammonite zonation 
and scqucncc straiigraphy from stratom section (Canadian Arctic kr- 
cbipclago). Earth Planct Sci. Lett., 107: 6F89.  

PECHERSKY D. M. and KHRAMOV A. N. (1973) - Mesozoic 
palacomagnctic scale of the USSR. Nature, 244: 499-501. 

THEVENIAUT H., KLOOTWIJK C., FOSTER C, and GTaDMGS J. 
( I  994) -Magnctmhtigraphy of thc Latc Pcrmian coal mcasurcs, Syd- 
ncy and Gunmdah Basins: A regional and global camlation tool. [n: 
Advanccs in the Shldy of thc Sydney Basin: 1 1-23. Roc. ZBtl~Newcastle 
Symposium 15-1 7 April 1994, Univctsity of NcwcastIc, Ncwcastlc, 
Ncw South Walcs. 

TOZBR B. T. and PARKER J. R. (1968) - Notes on tbc Triassic 
biostrati~aphy of Svalbard Gcol. Mag., 105: 526-542. 

WEITSCHAT W. and DAGYS A. S. (1989) -Triassic biostmtigaphy of 
Svalbard and a cornparision with NE-Sibcria. Mitt. Gcol. Pallont. Inst. 
Univ. Hamburg, 68: 179-2 13. 

WIGNALL P. B., MORANTE R. and NEWTON I?. (1998) - Thc 
Pcrrno-Triassic transition in Spitsbcrgen: S'3~,,chcmostratigraphy, 
Fc and S geocbcmistry, facics, faunaand tram fossils. Gcol. Mag., 135: 
47-62. 

YUGAN J., WARDLAW B. R., GLENISTER B. P. and KOTLYAR G. V. 
(1997) - Permian chronmkatigraphic subdivisions. Episodes, 20: 
9-1 5. 

ZHU Y, and LW Y. (1 999) - Magnctostratigraphy of thc Pcrmo-Triassic 
boundary section at Mci-shan, Cbangxing, Zhcjiang Province. In: 
Pangca and thc PaImaic-Mcsozo~c Transition: 79-84. Proccdings of 
thc Intcmational ConFercnce on March 9-1 1,1999, China UnivcrsiQ of 
Gcoscicnces Press. 




