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Element Concentrations 
at the Triassic-Jurassic Boundary 

in the Kendlbachgraben Section (Austria) 

0. 0. BADJUKOV, l. 0. BARSUKOVA, G. M. KOLESOV, 1. V. NIZHEGORODOVA, M. A. NAZAROV 
(V. 1. Vernadsky Institute of Geochemlstry and Analytlcal Chemistry, Moscow State University, Moscow, USSA) 

H. LOBITZER 
(Geologische Bundesanstalt, Vienna, Austria) 

Badj ukov et a l .  ( 1 )  repo rted an occu rence of shocked quartz grains (SQG) 
at the T riassic-Jurassic (T/J ) bounda ry in the K ende l bachg raben sections , 
Northe rn Lim estone A l ps ,  A ust ria .  SQR w e re found in the grey clay l aye r 
at the top of the Triassic.  These grains are very different from the tec­
tonica l l y  defo rmed quartz grains w hich a re p resent in the c l ay a l so .  Con ­
centrations of SQR in the c lay seem to be highe r than the estimated back­
g round abundance of SQR .  lt suggests that an impact event cou l d  have taken 
p l ace at the T/J bounda ry .  In o rder  to study the possibi lity we ana l ysed the 
K e n d l bachgraben T/J sediments for I r  and othe r  elements. 
Ir contents in the T/J sediments a re in the range of 0.02-0.29 ppb. The 
highest I r  concentrations w ere found in the grey c lay l aye r w h e re SQR 
w e re identified (Fig . ) .  The I r  contents in this l ayer a re highe r than the 
average c rust abundance of Ir , but they are com parab le  with those reported 
in deep sea sedim ents ( 2 ,3 ) .  How eve r the grey c l ay is diffe rent in litholog y 
f rom deep sea sediments and ,  hence , the T/J erichment in I r  cou l d  not be 
due to a ve ry l ow rate of sedim entation of the g rey  c l ay.  lt is a l so diff i c u lt 
to exp lain the 1 r enhancem ent by  deposition of the c l a y  under reducing 
envi ronm ent because the re is no cor re l ation between Ir and S (Fig . ) .  I r  is 
a l so not cörre lated with with C r ,  Ni and Co (Fig . ) .  Concent rations of the 
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e l e ments in the c l ay are c l ose to the c rust abundance of the e l ements. 
The refore a m ant l e  source fo r 1 r at the T /J boundary seems to be im pos­
s i b l e  if, of course, there was no e l em ent f ract i onation du ring sedim entat i on 
of the c l ay .  I n  contrast , an extrate r rest ria l reason for the 1 r enr ichment can 
be m ore p l aus i b l e  because the cosmic Ni/I r, C r/ I r  and Co/Ir ratios a re s ign i­
ficat l y l ower than those in the mant l e , and , hence , Ni , Cr and Co concen­
t rations cann ot be en r iched at the observed 1 r enhancement. Thus the 1 r 
data support probab l y  an im pact scenario for the T /J t rans ition, p roposed 
( 1 )  f rom the SQR occurence in the sect i o n .  However  oth e r  T/J sect i ons m ust 
be stu d i ed i n  deta i l  to establish exact l y  the nature of the T/J t rans it ion .  ( 1 ) 
Badjukov D. D., et a l .  ( 1 987 ), LPS XVII I , p. 38; (2)  C rocket and K uo H. Y.  
( 1 979)  GCA , v .  43 , p .  831;  ( 3 )  Nazarov et a l . ,  ( 1 984) LPS XV , p. 595. 
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Carbon Isotope Profile 
in the Permian-Triassic of the Central Tethys: 

The Kashmir Sections (lndia) 

Aymon BAUD 
(Mus6e Geologique, UNIL-BFSH2, CH-1015 Lausanne, Switzerland) 

Mordeckai MAGAAITZ 
(Isotope Department, Weitzmann Institute, 7 4100 Rehovot, Israel) 

New Carbon isotope profiles have been measured in late Permian - early Triassic 
marine sediments of the famous Guryul Ravine and Palgham localities in the 
Central tethyan Kashmir region. Compared to other tethyan sections, the great 
interest of these localities is the full development of the basal Triassic Otoceras 
zone with the zonal fossil, not yet known m the Tethys outside the Himalayan 
province. For the basal part of the Triassic, the very good age calibration of these 
profiles has to be noted. 
As we have shown previously the Permian-Triassic boundary is marked by a large 
delta 13C depletion in the the Tethys. 
The main characteristics of these new measured profiles with complete and 
fossiliferous Griesbachian (early Triassic) pelagic sediments are indicated below. 

1- In comparaison with other P /T shallow water tethyan sections, the whole delta 
13C curve is shifted toward low values of about 2%o . 

2- From positive values within the main part of the Late Permian Zewan 
Formation, the delta 13C become negative 3m below the end of the Formation 
and the main drop to -2%o occurs just at the top. A similar evolution is observed 
in the upper part of the late Permian Chhidru Formation of the Salt Ranges 
(Pakistan). 

3- At the base of the overlying member El (topmost Permian?) of the Khunamuh 
Formation (Guryul Ravine profile) the delta 13C values change during a short 
interval from negai.ive to positive ones. In the Nammal Gorge section of the Salt 
Ranges, the correlative lower Khatwai member shows the same trend. 

4- Within the basal Triassic Otoceras zone (member E2 of the Khunamuh 
Formation), the downward slope of delta 13C is gradual and low values (-4%o) 
are reached in the overlyin� Ophiceras zone (member E3) at the rate of 0,4%om-
1. We have measured a siIDllar trend in the correlative part of the Tesero profile (S 
Alps, Italy), but the rate there is half (0,2%om-1). 

5- After the low delta 13C values in the late Griesbachian Ophiceras zort:e, we 
note a progressive rise at the base of the overlying Vishnuites zone (Nammalian). 
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Plate Tectonics and Fluctuation 
of Sea Level and Climate 

at the Permian-Triassic Boundary 

Rainer BRANDNER 
(Institut für Geologie und Paläontologle, Universität Innsbruck, Austria) 

Results of comparative research in P/fr boundary sections show widely differing changes in relative 
sea levels. 

Whereas the Western Tethys is dominated by a transgressive trend comparable to the curve de­
scribed by Haq et al. in 1987, regressions of varying amplitude and a hiatus are to be found in the 
Eastem Tethys. 

One answer as to the origins might lie in tectonic elevations of crustal segments as a result of decreas­
ing subduction of Permian Oceanic crust in marginal areas of the Pacific Plate. 

In the Southem Alps, a generally transgressive depositional sequence of the post Mid Tatarian indi­
cates the existence of parasequences. 

A significant amplitudinal increase of these parasequences relates to the uppermost Bellerophon 
beds. There is an abrupt change from aggradational to retrogradational parasequence sets. A parallel 
phenomenon occurs in the hydrodynamic conditions of the shallow shelf. The stagnant Bellerophon 
Sea gives way to a well-ventilated Werfen Sea. 

Early meteoric diageneses and euryhaline faunas offer evidence of fresh-water influx in the shallow 
shelf area. This is attributable to increasingly humid climates with strong monsoon rains. 

The phenomena listed above are connected with the disappearance of numerous Permian biogenes, 
and the transformation of types of fa�ies. 

As to the origins of these phenomena - rapid sea-level elevation, increasing currents and precipita­
tion, destruction of life - we have to depend on mere speculation. lt reads like this: The phenomena 
listed above are to be attributed to drastic increases of global surface temperatures which created a 
greenhouse atmosphere through drastic C02 outgassing by massive basalt eruptions, probably the 
"Siberian Traps". 
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Dinosaur Extinction: 
A Rare Palaeontological Event 
with a Rare Geologlcal Cause 

Eric BUFFETAUT 
(Centre National de la Recherche Sclentifique, Laboratoire de Pal6ontologie des Vertebres, Unlversite Paris VI, 

75252 Paris Cedex 05, France) 

Dinosaur extinct1on at the Cretaceous-Tertiary 

boundary can be considered as a major palaeontolog1cal 
event which drastically altered the composit1on and 
evolution of continental communities. In this regard, 

its consequences probably reached tarther than those of 

any other mass extinction in vertebrale history. in­

cluding the Permian-Triassic crisis. As already pointed 

out by other authors, none ot the large purely ter­

restrial vertebrales survived the Cretaceous-fertiary 

transition. 

lt has been suggested that dinosaur extinction at 
the end of the Cretaceous may have been the result of 
"normal" geological events, such as orogenic activity 

or a marine regr·ession. Al 1 such explanations are 

inadequate. either because they involve merely local 

events, whereas dinosaur extinction was a world-wide 

phenomenon, or because similar events in the course of 
dinosaur history Ctrom Late Triassic to Late 

Cretaceous> failed to cause large-scale extinct1ons 

among dinosaurs. lmportant climatic deterioration on a 
world-wide scale over a lang period of time is 
unlikely. too. because of lack of material evidence for 

such an event. and because of the survival of animals 

known to be sensitive to temperature changes. such as 

crocodi 1 ians. 

There is now compelling evidence tor a relatively 

briet crisis in the plant world at the Cretaceous­

Tertiary boundary, with, notably. a sharp temporary 

decline of angiosperm abundance, and this event may 

have been sufficient to cause a severe disruption ot 

terrestrial tood chains, leading to the extinction of 

dinosaurs tjust as the phytoplankton crisis of the 

Cretaceous-Tertiary boundary may have triggered a chain 

reaction ot extinctions among marine organismsJ. This 

crisis in the plant world, possibly due to acid rain, 

seems to be linked to iridium enrichment, and the ul­
timate cause of dinosaur extinction could then be 

traced back to the rare extra-terrestrial or internal 

event which caused this enrichment. The pattern of 

dinosaur extinction is not known with sufficient ac­

curacy to be used as decisive evidence in favour of 

either the impact or the volcanic hypothesis. Data sug­

gesting a decline of dinosaur diversity prior to final 

extinction wouJd, however, support unusual ly high vol­
canic activity rather than asteroid or comet col lision. 
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First Report on Palynological Analyses 
of Upper Maastrichtian and Danian Samples 

Collected at Two Austrian KIT Boundary Sites 

l l se DRAXLER 
(Geologische Bundesanstalt, Vienna, Austria) 

Austrian Science Foundation Project 6734 

33 sam p l es w ere col l ected f rom th ree K/T boundary sect ions , at the Knappen ­

g raben and Grenzgraben near G ams (St y r i a )  and the Elendg raben near Russbach 

( Salzburg)  and w ere prepared for palynologi cal i nvest i gat ion.  

In most of the sam ples pa l ynomorphs , predo m i n antly  D inoflage llate c ysts, a re 

p resent.  

Pol l en and spores are nea r l y  absent i n  the M aast r i cht ian  part of  the sect ions. 

On l y  D i nofl agel l ate c ysts cou l d  be found there. The grey marl below the 

ye l low i sh " lr i d ium-layer" ( K /T boundary) i s  characte r i zed by Thall i sopho ra pela­

g i ca ( EISENACK ) E ISENACK & GOCHT. 

The " lr i d i u m - l ayer" i tself i s  vo i d  of pa l ynomorphs, both at Elendg raben and 

K nappengrabe n .  I n  the grey  c lay  ove r l y i ng the Iri d i um l ayer at K nappengraben 

t r i l ete spores of f e rn pl ants are found  bes ide  the Di noflage l l ate c ysts. Twenty 

cen t i meters h i gher i n  Dan i an sed i m ents ang iospe rm po l l en (Ext rat r i poropollen i tes 

pertrudens PFLUG ) cou l d  be recogn ized.  At 90 cm above the K /T boundar y ,  

aga i n  only m ar i n e  Di noflagellate c ysts a, re present.  
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Reef Biotopes 
Near the Permian/Triassic Boundary (Skyros, Greece and Sichuan, China) -

Environmental Trends in Extinction? 

Erik FLÜGEL, Joachim REINHARDT, Baba SENOWBARl-DARYAN 
(Institut für Paläontologle, Universität Erlangen-Nürnberg, LoewenlchstraBe 27, D-8520 Erlangen) 

La.te Permian reefs are represented by Calcisponge Buildups and Algal 
Crust/Tubiphytes/Ca.rbonate Cement Buildups. Uppermost Permian (Dora­
shamian, late Djulfian, Palaeofusulina zone) reefs are rare. Two oase 
studies (Skyros Island/Sporaden, Greeoe: Skiathos Group, Palaeofusulina 
zone; Sichuan/ SW China: Uppermost Changxing Formation, Palaeofusulina 
sinensis subzone) reveal ma.jor similarities with regard to reef types and 
biota: 

(1) Stratigraphie reefs (reef mounds), no ecological reefs. (2) Stacked 
biostromes. (3) Small dimensions (thickness of the total reef facies up 
to about 100 m, thickness of individual reef mounds about 10 m). (4) Pre­
dominance of "calcisponges" ("sphinctozoans", "sclerosponges", inozoans). 
(5) La.ok of framework cavities. (6) Lack of coarse-grained reef detritus. 
(7) Bioclastic inter-reef sedimentation. 

Differenoes occur with rega.rd to the paleogeographical position (Skyros: 
near-coast inner shelf of the Paleotethys; Sichuanz ma.rgin of an intra­
continental platform), sedimenta.ry environment (Skyros: predominantly si­
liciclastic; Sichuan: carbonates), bathymetrical development of the reef 
facies (Skyrosz uniform, shallow subtidal; Sichuan: shallowing-upwards 
trend), a.t1.d syneoology (differences in biogenic encrustation patterns and 
in population densities). 

Both reefs have been formed within shallow-marine, low-energetic environ­
ments. 

Diversity of reef biota increases in both reefs towards the top of the 
reef sequence. 

The development of the last Permian reefs terminated not at the P/Tr boun­
da.ry but during the La.te Permian with a change in the sedimenta.ry facies 
(Skyrosi reef carbonates are overlain by siliciolastics or algal carbonates; 
Sichuanz reef carbonates are overlain by lagoonal algal carbonates). 

Changes in the paleobathymetr;y and salinity might have been responsible for 
the termination of reef development in Sichuan but can not be postulated for 
the Sk;yros reef. 

High (and inoreasing) diversity, similarities in the biotic composition as 
well as differenoes in the reef t.r::pes (as oompared with early Upper Permia.n 
reefs, e.g. Djebel Tebaga., Tunisia) are diffioult to explain by modele of 
marine deprovincialization or a reduction in the diversity of reef biota. 
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The Frasnian-Famennian Extinction Event(s) 
and Anoxie Sedimentation: 

Are They Related? 

H. J. J. GELDSETZER 
(Geologlcal Survey of Canada, 3303-33rd Street N.W., Calgary, Alberta, T2L2A7 Canada) 

Our knowledge of the Frasnian-Famennian (F-F) extinction event has greatly 
increased over the last few years and even though the F-F boundary does not have 
the glamorous attributes of the Cretaceous/Tertiary event, the devastating effects 
on the marine biota were probably of comparable severity. 

Evidence for a catastrophic event or events at the F-F boundary includes: mass 
killing (all shallow-water settings); drastic faunal change (all environments); pyrite 
concentrations (slope and deep-water settings); positive 15 53 i+ anomaly (Alberta, 
Canada); short-lived algal bloom, mostly oncolites (Alberta, Canada; NW Australia; 
southern Spain); iridium anomaly (NW Australia); absence of glacial activity. 

Evidence against a catastrophic cause includes: a general lack of trace element 
anomalies; absence of widespread volcanism; absence of shocked quartz; temporary 
survival of Frasnian brachiopods (southern China); common association with abrupt 
fades change. 

A synthesis of the above evidence suggests flooding of shelves and epicontinental 
seas by an anoxic water mass causing a mass killing event of the marine biota. 
Anoxie sedimentation occurred repeatedly during the late Middle and Late 
Devonian, represented by black shales or lime-mudstones. These sediments are 
generally associated with extensive, often craton-wide transgressions. lt must be 
assumed that the transgressing water was oceanic in origin regardless whether the 
water was. oxic or anoxic. The repeated influx of anoxic water implies pronounced 
stratification of oceanic and marginal basins, the result of continued warm climatic 
conditions during the Middle and Late Devonian. The pycnocline may have risen to 
levels that a strong eustatic rise of sealevel, regional subsidence, or a strong 
tectonic pulse caused mildly anoxic water from the uppermost dysaerobic levels 
below the pycnocline to flood shallow-water environments. 

Black euxinic sediments were deposited over wide regions but they are not 
associated with faunal extinctions. The flooding process was too slow and 
consequently, the biota was able to retreat to unaffected areas. However, such 
periods of pronounced ocean stratification were ideal settings for the occurrence of 
catastrophic events such as meteorite impacts. The massive energy release would 
have triggered sudden oceanic overturns, flooding of shelves and epicontinental seas 
with 'deep', highly anoxic water and mass killing on a global scale. Reef 
communities would have been especially affected due to their narrow tolerance 
limits with respect to changes of salinity, Eh and pH. 

There is evidence for at least two large impacts, the Siljan Crat�r in Sweden 
(368 ± 1 ma) and the Charlevoix Crater in Quebec, Canada (360 ± 25 ma). Both are 
located in continental crust and could have been simultaneous events; if so it is 
likely that additional impacts occurred in oceanic areas that have long since been 
subducted. In summary, the available data suggest that a meteorite shower was the 
ultimate cause of the Frasnian-Famennian mass killing event(s). 



- 8 -

A Triassic-Jurassic Boundary Section 
in the Northern Calcareous Alps 

(Austria) 

R. GOLEBIOWSKI, R. E. BRAUNSTEIN 
(Institut für Paläontologie, Universität Wien, Vienna, Austria) 

Austrtan Sclence Foundation Project 6734 

The development of the Tr i assic/Jurass i c  boundary sect ions in 
the Tethys realms of the Northern Calcareous Alps depends on the 
condition of the Uppermost Triassi c  reli ef. 

At that time sea-level fluctuations caused a h iatus in the 
depositicn cf shallow water Upper Triass ic carbonate platforrns 
(Dachste in Limestone, Ste i nplatte L i mestone) i n  large areas . Only 

ir. intraplatforrn basins ( l i ke Kössen Format ion - Kössen fac ies) 
sedimentation occurs and thus research about the bcundary :s 
poss ible. 

Two localit i es, Kendlbachgraben and Tiefengraben, in the area 
of the Z inkenbachgraben, Oste:-horngruppe, Salzburg, w�re 
invest igated. Bcth sections consi st of Kössen beds :Rhaetiar.) and 
Grauer L i asbas iskalk ( Hettangi an, Lowermost Juras s i e  J • The ':':-ias­
s1c/ Jurassi c  boundary secti on between the Kössen Formation (Chori­
stoceras marshi zone) and the Grauer L iasbasiskalk (Psilcceras 
planorb i s  zone) was stad i ed us ing t i o�acial and lithological 
rnethods. 

As an equ i valent to the northwestern Europe "Pr-:::,J� anc·!.-t is 
Beds 11, th is newly i nvesti gated sequence represents a restr:.cted 
subtidal area with i ncreasing terrigenous inflcence. It was 
detern: inc-d to be of L i assic age by means of bivalves ( Card i n i a­
communi ty) and nannofoss ils ( Annuli thus arkelli zone) . Addi t io!'lal 
f os s 11 grcupE, as f oram i nif era, ostracods, brachiopods and ecl:ino­
derrns document a biof ac i al change frorn the Kössen Formati:n to the 
d irectly overly ing ''Preplanorbis Beds". 

Oppos ite to the underlying beds the boundary laye� rev�alE r�­
s tr icted sed i mentc.t i on, reduced carbona te cor. ten t and terr :.ge:-ic„�s 
quar t :. g:-a i ns. 
Tti�. tou1:cary la�·er demonstrates the ext:.nct i on of tte KcssE1 :ype: 
fauna and the stift to new Ju�assic b i o f ac i al cornrnunities. 
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Good News 
from Köfels (Austria): 

Abundant Lamellae in Quartz 

A. GRATZ 
(Department of Earth and Space Sclence, UCLA, Los Angeles, CA 90024, USA) 

G. KURAT 
(Naturhistorisches Museum, Postfach 417, A-1014 Wien, Austria) 

Austrian Sclence Foundation Project 5879 

S ince the d i scovery of a foamy g l assy rock ( "Bimsste in") near 
Köfels , Ötzta l ,  Austri a ,  there has been a consi derab le debate 
over its ori g in and the origin of assoc iated geornorphologic a l  
feature s ,  a sem i - c i rcu lar niche in the mounta ins and a natura l 
dam in the val ley. An early volcan i c  theory (1) was cha l lenged 
by an impact theory (2) and more recently a landsl ide theory 
(3). The we ight of petrolog ic evidenc e , un fortuna t e ly neg le cted 
in many discussions ( see 4), indic ates an impact origin. Thi s 
evidenc e inc lu9es the presence of d i ap l ectic quartz , maske ly nite, 
planar features in quartz and fe ldspar , lechate l ierite , feldspar 
g lasses , olivine , and FeNi meta l (5-9). We report here on initi a l  
re su lts of a re - i nvestigation of samp les previ ously desc ribed (9), 
this time using an un iversa l stage to study de formation features. 

Our studies con f irm the re su lts of (7) and (8) who reported the 
presence of l ame l l ae i n  quartz. These fe atures are present in 
quartz i n  gne i ss samples and are particularly abundant i n  a samp le 
of ignimbritic tu f f  ( Nat.Hist.Mus. I nv.Nr. L 2530, thinsection 
L 4675). Thi s  rock c onsi sts predominantly of g l ass with abundant 
crysta l l ine fragments a pparently derived from a crysta l l ine rock 
with a perthite -quartz-plagioc lase -muscov i te assemb l age. Al l 
minerals are strongly de formed with highly undu latory , often 
patchy extinctions and ub iqu itous re crysta l l ization. Quartz 
conta ins abundant sets of multip le l ame l lae a lmest unique ly in 
the {10!3} / {0113} forms. Pe rthi te i s  dominated by de formation 
bands and i rregu lar gra in boundaries or twins. Plagioc lase i s  
polysyntheti c a l ly twinned with the twins extending on ly part 
way across grains , terminating i rregu l arly. Micas show extreme 
kink-banding. The fragments are highly fractured , with abundant 
long , intergranu l a r  fractures. 

The observed feature s  are characteristi c of shock and strongly 
suggest an impact origin of the Köfe l s  struc ture. We are now in 
the process of veri fying the nature o f  the quartz lame l lae using 
TEM methods (10, 11). Shou ld they prove to be shoc k lame l lae , 
there can be no doubt that the Köfe ls struc ture is a c rypto­
explosion struc ture. 

Re ferenc es : (1) P ichler , A. (1863) Jb. k.k.Geol.Re i chsansta lt 
Wien XI I I ,  591-593. (2) Suess ,  F.E . (1936) Akad.Wiss.Wi en , Math.­
Naturw.K l. , Anz. 73, 77-78. (3) P reuss , E. (1971) Fortschr.Min. 
49, Be ihe ft 1, 70-.-(4) Grol ier , M.J. (1985) Bibl i ography of 
Terrestrial Impact Struc tures , NASA Techn.Mem. 87507, 540 pp. 
(5) Milton , D. (1965) Tsc he rmaks Min.P etr.Mitt. 9, 86-94. 
(6) Kura t , G. and Ri chter , W. (1968) Naturwiss. 55, 490. 
(7) Short , N.M. and Bunch , T.E. (1968) I n : B.M.French and 
N.M.Short ( eds.) Shock Metamorphism o f  Natura l Materi a l s ,  
Mono Book C orp. , Baltimore , pp 255-266. (8) Storzer , D. ,  Horn , P. ,  
and Kle inmann , B. (1971) Earth P lane t.S c i .Letts. 1±_, 238-244. 



(9) Kurat, G. and Richter, W .  (1972) Tschermaks Min.Petr . Mi tt. 
17, 23-45. (10) Gratz, A . , Pongratz, P . ,  Preisinge r, A . , 
Chri sti e, J ,  and Frey, I. , LPS XIX , 419. (11) Gratz, A., 
Tyburczy, J. , Chri stie, J., Ahrens, T . , and Pongratz, P .  (1988) 
Phys . Chem.M in., in press . 
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Magnetostratigraphy 
of Permotriassic Boundary Sections 

in China and Pakistan 

M. HAAG, F. HELLER, W. LOWRIE 
(Institut für Geophysik, ETH-Hönggerberg, CH-8093 Zürich, Switzerland) 

H. CHEN 
(Institute of Geology, Academia Sinica, Beijing, China) 

J. WANG, H. LI 
(Institute of Geochemistry, Academia Sinica, Guiyang, Guizhou Province, China) 

A few hundred samples have been drilled for magnetostratigraphic 
analysis and correlation in late Permian to early Triassic sections in 
China and Pakistan which are characterized by continuous marine sedim­
entation. The Permotriassic (P/T) boundary section at Shangsi (Sichuan 
province: 32°N, 105.5°E) consists of nearly 200 m thick, well bedded 
micritic and sparitic limestones intercalated with clays and mudstones 
which belang to the Wuchiapingian and Changxingian (Uppermost Permian) 
and Feixiangian (Lower Triassic) stages. The P/T boundary is formed by 
a clay horizon. Lithology and stratigraphy of the 400 m thick section 
at Liangshan near Hanzhong (Shaanxi province: 33. l0N, 107°E) and at 
Heshan (Guangxi province: 23.5°N, 108.2°E) are similar to that at 
Shangsi, but the lower part of the Upper Permian of the Hanzhong 
section and the whole Upper Permian of the 200 m thick Heshan section 
is extremely cherty. The P/T boundary is formed by volcanic deposits. 

The sections in Pakistan belang to the Upper Permian Chhidru and 
Wargal Formation and to the Kathwai member (Lowermost Triassic). The 
lithology of the sections in the Nammal gorge and in Zaluch Nala (Salt 
Range) is variable. In the Nammal gorge, white to red sandstones, 
nodular limestones, bioclastic wackestones and marlstones are exposed. 
The P/T boundary is marked by a black clay. 

Stratigraphie correlation between the sections in China and Paki­
stan is not straightforward because the Uppermost Permian seems to be 
missing in Pakistan. Rockmagnetic problems with intensity and stabi­
lity of natural remanent magnetization (NRM) also hinder the develop­
ment of reliable magnetostratigraphies. The initial NRM intensity is 
very low, averaging 0.25 mA/m in the China sections and 0.10 mA/m in 
Pakistan. Magnetic cleaning shows about 40% of the samples to be 
overprinted heavily by secondary magnetization (along the present earth 
magnetic field). After removal of this component the magnetization 
intensity often is getting too weak for accurate measurement. This 
results in unforeseen gaps of the magnetostratigraphic columns. 

Nevertheless a magnetization component which is considered to be of 
early origin, has been established in many samples. Normal and revers­
ed polarity of this characteristic magnetization make up a distinct 
pattern of magnetozones in most sections. The P/T boundary of the Pak­
istan sections being situated in the upper part of a negative polarity 
zone confirms the already published Shangsi results. Magnetostrati­
graphic analysis of the other Chinese sections mentioned is in progress 
with the aim of getting further evidence of the magnetostratigraphic 
position of the P/T boundary and dating the beginning of the reversals 
of Illawarra mixed polarity hyperzone. 
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New lnsights 
on the Permian-Triassic Boundary Event 

from Core Gartnerkofel-1 (Carnic Alps, Austria) 

W. HOLSER 
(Oepartment of Geological Science, Havard University, Cambridge, MA 02138, USA) 

H. P. SCHONLAUB 
(Geologische Bundesanstalt, Vienna, Austria) 

Austrian Science Foundation Project 5991 

A 330-m core w as cut  through the mar i ne  Perm ian/T r iass i c  (P/T r )  boundary 

i n  the Carn i c  A l ps of Austr i a, and stud ied i n  c losely co r related geoche m ist r y ,  

pet rography a n d  "pa l eontology.  The decrease ofo
13 

C f rom i ts late Paleozo i c  

h i gh began a t  l east 5 0  m below the P/T r  boundary, accele rated ac ross the 

bounda ry, and bottomed i n  a comp lex 50 -m m in i m u m  zone i n  a Low e r  T r i as­

s i c  sect ion w i th Hindeodus parvus. Each of two carbon i sotope m in i m a  w i t h i n  

th i s  zone i s  characte r i zed b y  a n  ox i canox ic  t rans i t ion w i th h i gh Ce*/La* , 

pyrite and concentrat ions of I r, Co and oth e r  m eta ls. M etal l i c  rat ios are unl i ke 

those of chondri tes and Cretaceous/Tert i ary  (K/T)  spi kes. Both the carbon 

i sotope and ehern ica l  sh ifts m ay have causes re l ated to regress ions and trans­

gressions of the sea. 
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Paleomagnetism 
of the Meishan Permian-Triassic Section 

at Changxing of Zheijang Province 

LI HUAMEI, WANG JUNOA 
(Institute of Geochemistry, Academia Slnica, Guiyang, China) 

Meishan section D is located at 31.10 N,119.70 E,near Meishan 
Town of Changxing County of Zhejiang Province. The section containing 
Changxing FoITTBtion of Upper eermian and Qinglong Fol'ßBtion of Lower 
Triassic is a set of continueous rre.rine sediments. A 5 cm-thick layer 
of gray illitEfll)ntrJDrillonite clay which is taken as the boundary be­
tween Permian and Triassic in the section lies at the botta'n of Qing­
long Forrre.tion. An iriditJTI an<nBlous content of 8.0 ppb was detected 
by Shun Yiying et.al. in the clay layer in 1984. 111 oriented S811l>les 
were collected fran the section and Sarrples 1-66 ernong than carre fran 
Changxing FoITTBtion,Sarrples 67-111 were derived franQinglong Fol'JTB­
tion. The natural rarenent rre.gnetizations(NRVI) of the sarrples were 
measured with a 3-axis crygenic rre.gnetaTEter. The NRV1 directions of 
JTDSt of the specimens measured are grouped around the direction of 
the present ge<nBgnetic field at Meishan area that suggests that a 
strong overprint of the priJTBry rre.gnetization by secondary caq>onents. 
In order to test the NR\1 stability, 24 sarrples were selected as pilot 
SBfll>les and each of thanwas cut into two specimens for progressive 
alternating field and theITTBl dfftllgnetization,respectively. The test 
proved therrTBl d6TDgnetization to be superior to the alternating 
field cleaning in rEfll)ving secondary rre.gnetization conponents. There­
fore, all smq>les of the section were subjected to progressive ther­
rre.1 cleaning at 50-1000 C intervals up to 1000 C. After each step 
susceptibilities also were measured to JTDnitor any mineralogical 
�hanges at elevated terperature. The characteristic rfftllnent rre.gneti­
zation(ChRVI) caq>onents of rocks were distinquished in the light of 
the progressive dE!TBgnetic orthogonal projections. 88 of 111 sarrples 
can show thier ChRVImixed s<ITE secondary carponents after rre.gnetic 
cleaning. The polarities of than can be difinitely or fairly defined. 
Depending on the data fran 88 sarrples, six norrre.1 and reversed po­
lari ty zones fran bottan to the top of the section were anerged. They 
are Norrre.l Zone I, Reversed Zone II, Norrre.l Zone III and Reversed Zone 
IV in the Upper Permian and Norrre.l Zone V and Reversed Zone VI in the 
Lower Triassic. The P/T boundary of Meishan section lies near the bot­
tan of Norrre.l Zone V,i.e. located at the transition zone fran Reversed 
Zone IV to Norrre.l Zone V. The polarity period recorded in Meishan sec­
tion could be caq>ared with the lower part of weil known Illawrra 

mixed polarity interval.IsotherrTBl r6TDnent rre.gnetization(IR\1) acqui­
sition and its theITTBl deregnetization experiments suggest that the 
d�inant ferrirre.gnetic minerals are goethite and titaniferous megne­
tite in limestones of the lower part of Changxing ForrTBtion while the 
rre.inly titaniferous rre.gnetite, rre.gnetite and titaniferous rre.gnetite(or 
pyrrhotite, rre.ghanitite) are contained in the rocks of upper part of 
the Fol'ßBtion. In limestones and IIl.ldstones of Qinglong Forrre.tion the 
rre.gnetic minerals are rre.gntite and heerrntite. The paleopole position 
of early Triassic is at 51.10 N, 230.30 E with Ag5=7.4° and �he paleo­
latitude of the sarrpling site is 12.3° N. 



- 1 3  -

Carbon Isotope Event 
at the Permian-Triassic Boundary 

CHEN JIN-SHI 
(Institute of Geology, Academla Sinica, Beijing, China) 

In 1 984 , the carbon isotope abrupt sh i ft i n  the m ar i n e  carbonate boundary se­
quence between the Per m ian  and the Tr iassi c  in South C h i na has been publ ished 
i n  my paper (Chen et a l ., 1984). This d iscover y has drawn the attent ion of many 
geolog ists and geochem ists and prov i ded an  i m portant s i gnature to conf irm the 
poss i b i l  ity of another abrupt carbon isotope sh i ft event in  the geolog ic  h istory 
i n  addit ion to the Cretaceous -Tert i ar y  boundary.  S ince  then, the study of car­
bon isotope strati graphy and the boundary event at the P- TR boun dary has been 
con ducted for four years and m an y  new and va luabl e data have been obta ined 
w h i ch are the bas is of the present paper.  

I n  South Ch i na, three sect ions located i n  Changx i n g, Zej ing prov ince , Langshan, 
Shanxi prov . and Zun y, Gu i zhou prov. have been stud ied for carbon and ox ygen 
isotopes. These sect io ns are character i zed by succes ive sequences , abundant 
foss i ls and s i m ilar l ithofac i es and the pos it ion of the boun dary be tween the 
Per m i an and the Tri assi c  is we l l  def i n ed by Ch i nese pa l eontolog ists and strat i­
graphers . 

From the three sect ions, samp l es have been co l l ected c losely and systema­
t ica l l y, average spac i ng of w h i ch is 80 c m, and 1 0  cm near the P- TR boundary. 
1 83 carbon and oxygen isotope analyses for m ar i n e  carbonates of the P- TR 
boundary sequence have been  com p l e ted. These data show; 

i )  The 0
1 3  C va lues of. the three sections vary from 5.5 %0 to -8. 1 %0 

and l i e w it h i n  a range of 1 3.6 %01 w h i ch is much greater than usually 
accepted. 

2) a 1 3  c values of three sect ions const itute cycl i c  var iat ion and the 
c yc l i c  carbon isotope var i at ion of m ar i n e  carbonates is consistent w ith 
certa in  strat i graph i c  un its .  

3 )  o 1 3  
C values appear pos it ive below t h e  P -TR boundary and negat ive 

above it. 
� 1 3  4) o C va lues of m ar i n e  carbonates show an abrupt sh i ft from pos it ive 
to negative prec ise ly at the P-TR boundary. 

5 )  The range of et 1 3  C value sh i ft near the P- TR boundary is 3. 7 o/oo for 
Changx i n g  sect ion, 5 .4  %0 for Langshan sect ion and 2.8 %0 for Zuny i  
sect ion. 

6) The th i ckness of m ar i n e  carbonate strata show ing  the o 1 3  C value 
abrupt sh i ft near the boun dary is 1 0  c m  for Changx ing  section and 
Zu�y i  sect ion and 6? c� for Lan�shan sect ioq3.1t is d i ff i cult to 

. estrm ate the geolog1c trm e  duratron of the o C value abrupt shrft. 

7) The abrupt sh i ft of m ar i n e  carbonate o 1 3  
C value at the P- TR boun­

dary is at l east an extens ive phenomenon because the three sect ions 
stud i e d  are located far from each other i n  d istance ( more than 
1 000 km ).  Perhaps it is a worl d- w i de phenomenon. 

F inally, it is concluded that the a
1 3  

C value excurs ion of m ar ine  carbo­
nates may be used as a too113tor strat i grap h i c  class i f i cat ion and the abrupt 
sh i ft of mar ine  carbonate d C values at the strat i graph i c  boundary wou l d  
b e  m a i n l  y caused b y  great d y i n g  o f  b iomass. 
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KIT Boundary 
Mass Extinction Pattern 

not Consistent with Single Impact Level 

Gerta KELLER 
(Department of Geological and Geophysical Sciences, Princeton University, New Jersey 08 544, USA) 

The Cretaceous/f ertiary (Kif) boundary mass extinction has be.en widely recognized 
as a nearly instantaneous catastrophy in marine plankton such as foraminifera caused by a 
large extraterrestrial bolide impact. High resolution quantitative foraminiferal analysis of the 
stratigraphically most complete Kif boundary sections known to date, EI Kef, Tunisia and 
Brazos River, Texas, show that this mass extinction event spans an extended pericxi of time. 
Major species extinctions begin in the upper part of Anomaly 30 about 0.8 to 1.0 m.y. before 
the hypothesized Kif boundary impact event Species extinctions appear to be non-random 
with large complex species going extinct earlier than smaller more primitive morphologies. 
In general, the early disappearance of large biserial and multiserial forms is followed by large 
globotruncanid species and subsequently by the smaller robust rugoglobigerinids and finally 
by the simple biserial pseudotextularids. The small heterohelicids as weil as some small 
globigerinellids, hedbergellids and guembelitrids swvived into the early Paleocene Z.One Pla. 
Tiris pattem of extinction is unlikely due to random extinctions, but implies a progressive 
disruption of the marine habitat unrelated to the Kif boundary event 

In contrast, lithological and geochemical signatures such as minima in CaC03, S 13c, 

maximum in TOC and Ir anomaly point towards a geologically instantaneous event at the Kff 
boundary. This event (extraterrestrial i.mpact?) hastened the demise of an already declining 
Maastrichtian fauna. Carbon-13 data indicate a crash in surface water productivity at this 
time and recovery was delayed for several 100,000 years (Z.One Plb). The reason for this 
prolonged crash in surface productivity is unclear. 

About 10 Cretaceous species swvived the Kif boundary event and became extinct by 
the end of Z.One Pla in both El Kef and Brazos River sections. All survivors 
(Heterohelicids, guembelitrids, globigerinellids, pseudotextularids) are small and of simple 
morphology; their size in Danian sedi.ments is dwarfed and stressed as compared with 
Maastrichtian fonns. Relative population abundances of these species are relatively 
unaffected by the Kif boundary event. However their population decline begins soon after 
the boundary in Z.One PO. Their demise near the end of Z.One P 1 a appears to be a result of 
niche competition as the early Tertiary fauna succeeds in establishing itself with the retum of 
more normal surface water productivity. 

Faunal and geochemical data from El Kef and Brazos River thus indicate an extended 
pericxi of mass extinction beginning 0.8 to 1.0 m.y. before the Kif boundary, a geologically 
instantaneous event (impact?) at the K/f boundary that hastened the demise of the declining 
Maastrichtian falDla. and smvivorship of small species with simple morphologies into the 
Danian when the new early Tertiary fauna is established. The extended pericxi of mass 
extinction in the late Maastrichtian prior to the Kif boundary event appears to be related to 
global climatic changes. 
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On the Geology 
of the Cretaceous-Tertiary Transition 

in Austria 

Roman lAHODYNSKY 
(Auswärtiger Mitarbeiter der Geologischen Bundesanstalt, Vienna, Austria) 

Austrian Science Foundation Project 5879 

U nt i l  now East A l p ine  K/T sections that expose a bounda ry c l ay were found only 

w it h i n  the deep sea fan sequences of the Flyschgosau, a group of fo rmations ran­

g ing from Lowe r  Campa n ia n  to Lower Eocene. The bounda ry c l ay layers are inter­

ca l ated between Late M aast r i chtian hemipelag i c  marly l imestones or ca lca reous 

m a r l s  and th in  E a r l y  Pa l eocene ove rbank tu rb idites. Detailed l ithostratig raphic logs 

of severa l sect i ons w i l l  be presented ,  as wei l  as transparen c i es of several sections. 

The K/T bounda ry c l ay-t r i plet i n  the G osau se ctions cons ists of a basa l 1 ight bro wn 

or l i gth-g rey c l ayey mar l ,  a ye l l ow or  l ight orange clay (" rusty layer") and a dark 

g rey  m ar l y  c l ay on top. Turb idite cycles comp ris i ng si l tstones , f i ne  sandstones and 

marly c l ays are supe r i m posed i.n the Ear l y  Dan ian .  Shear zones paral l el to bedding 

c l ose to the K/T boundary  d i stu rb the succession of beds at G osau and Gams. These 

fractu red zones w ith sma l l s l i c kens i des and ca l cite plates are a common feature of 

the Austr ian K/T trans it i on sect ions - whethe r a character ist i c  boundary clay is 

exposed (as in the E l endg raben and Knappeng raben sect i ons) or- not (as at Wa idach, 

Sparbach and R otkopf) . They  occu r  m ost l y  i n  and above the "rusty l ayer" and also 

be l ow the fi rst Dan i an fi n e -g ra ined sandstone bed. 
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Geomarkers as lndicators 
of Global Rare Events 

Exemplified at the KIT Boundary 

M. LINDINGER 
(ETH Zürich, Swltzerland) 

G. EDER, F. GRASS 
(Atominstitut der österreichischen Universitäten, Vlenna, Austria) 

A. PREISINGER 
(Technische Universität, Vienna, Austria) 

Austrian Science Foundation Project 5879 

I n  modern geology geomarkers are genera l ly de f ined as trace­

e l ements, a l lowing a characte rization of the rock-type s in 

que s tion . P l atinum-group e l ements, s iderophile and cha l cophil e 

meta l s, rare earth e l ements, a s  we l l  a s  other trace -meta l s ,  such 

as actinides, range among the se e l ements . Furthe rmore, biogenic 

e l ements and s tab le isotope ratios of organic and inorganic car­

bon, oxygen and nitrogen may be used a s  geomarkers . In our studie s 

we have u s ed the fol lowing e lements : I r, Cr, Co, Ni, Zn, As, Sb, 

REE, Th, C and �13c. They a l low a c lear characte rization and 
org 

dis tinction of certain materia l s ,  like Cl- chondrite s, c rust, 

upper mantle, mid ocean ridge b a s a lts and C rich marine sedi-
org 

ments . As repre sentatives of a global dis tribution the concentra-

tion s of the se geomarkers are shown in the fol lowing hemipe lagic 

and pelagic K / T  boundary section s : Caravaca ( Spain ) , Gos au and 

Gams ( Au s tria ) and DSDP Site 465 A ( North P acific ) . 

The composition and concentration of the original "fa l l - out" 

[materia l rain inc luding reworked and redepos ited f a l l -out] 
is s imilar at these loca litie s . I t  is shown that quantitative 

analysis of the se geomarkers repre sents a mea sure for characteri­

z ing the source of this fal l-out . 



- 17 -

Magnetostratigraphic Studies 
across "Rare Event" Boundaries 

in the Southern and Eastern Alps 

H. J. MAURITSCH, W. ZEISSL 
(Institut für Geophysik, Montanuniversität Leoben, Austria) 

Austrian Science Foundation Project 6734 

In the Southern A l ps, t wo P/Tr bounda r i es w e re stud i ed i n  detail. Whe reas i n  

the  Nassfe ld  reg ion a 300 m long cont i nuous core was stud ied ,  near  A u ronzo 

just a 3 m boundary sequence w as i nvest i gated. F rom the m a i n  co re , paleo­

magnet i c  samples were dr il led  and o r i ented by the bedd i ng planes .  The st r i ke 

d irection w as ext rapo l ated from nearby outcrops. The rockmagnet i c  expe riments 

estab l ished the carr i e r  m i ne ra ls , pyrrhot ite and magnet ite i n  the Be lle rophon 

beds, m agnetite and haemat ite in the Werfen beds .  Petrog raph ie i nvestigat ions 

proved a st rong overpr i nt of the pr i m ary l itholog y ,  by dolo m it isation , stylol i­

t isat ion synch ronous w ith i ntens ive tecton ism du r i ng alp ine  orogeny .  These 

changes altered the o r i g ina l  or i e ntat ion of the natural m agnet isat ion mo re or 

less depend ing on m ineralogy and l ithology. Except fo r a few sho rt sequences , 

the w ho l e  prof ile shows q u ite obv ious l y  a dom inat i n g  cretaceous ove rprint . 

I n  the K endlbachgraben sect ion , Northern Ca lca reous Alps , a magnetost rat i­

g raph y ac ross the Tr iass i c -Jurass i c  boundary was car r i ed out. The dom i nat i ng 

ca r r i e r  m i ne ra l  is magnet ite , m i no r  haemat ite and pyr rhot ite.  Whe reas the 

T r i ass i c  shows a comp lete overpr i nt ,  i n  the Lowe r  L i ass i c  a reve rsal was found.  
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The K-Ar Age 
of Kara Impact Structure: 

lts Link with the KIT Boundary Event 

M. A. NAZAROV, E. M. KOLESNIOKOV, 0. 0. BADJUKOV, A. S. ALEKSEEV, Yu. A. SHUKOLOV 
(Vernadsky Institute of Geochemlstry and Analytical Chemlstry, Moscow State University, Moscow, USSR) 

l t  was suggested ( 1 ,2) that the K ara i m pact st ructure cou l d  be fo rmed by 
f ragments of the m a i n  K /T body d i srupted before the co l l  i s ion.  lf  the 
suggest ion is co rrect, then a ph ys ica l  nature and a t rajectory  of the K/T 
bo l ide can be constra i ned from geo log ica l  and geochem i ca l  data on the 
K ara st ructu re. In 1 987 a Sov iet  exped i t ion stud ied  the structure and co l l ec­
ted  sam p l es fo r i sotop i c  and  e l ement  ana l ys i s .  The  sam p l es are cu rrent l y 
ana l yzed i n  U SSR (our g roup) , Austr ia  (C. Koeber l ) ,  and USA (A. V. M u ral i , 
V.  L. Sha rpton , K .  Burke ) .  I n  the paper we report res u l ts of K -A r  dat i ng of 
the structure.  

The K ara st ructure (USS R ,  Pol a r U ra l )  cons i sts of t wo adjacent c raters , the 
K ara crater (60 km d i ameter )  and the Ust - K ara crater (25 km d i ameter ) .  
The target  is  m a i n l y com posed from Perm ian sandstones and  sha l es.  Sampl es 
of i m pact m e l ts and g l asses formed in  d i ffe rent env i ron ment were chosen 
for K -Ar dat i ng .  lt was shawn that a l l  of stud i ed sam p l es conta in  an exc ress 
of rad iogen i c  argon.  Concentrat ion of the t rapped 40 A r  depends of the rma l  
h i story of  the  sam p l es .  G l asses are usua l l y  poor e r  i n  trapped 40  A r  than  c ry­
stal l i ne  sam pl es.  Reg ression ana l ys i s  of the K -Ar data showed that the most 
part of the stud i ed sam p l es forms of an i soch ron l i ne i n d i c.a t i ng an age of + 

) 
+ - ö  66.4- 1 .0 ( 1 6  Myr and the 40 Ar excess of (0 .41 -0.07 )  10 cm3 /g. The 

g l asses m a i n l y  dont  be l ang to the reg ression l i ne .  An isochrone fo r g l asses 
+ 

:+- ) sh�'gs an age of 65.5 - 1 . 1 M yr and a t rapped 40 A r  content of (0. 1 2-0.07 
1 0  cm3 /g. 

On the bas i s  of the data the K -A r  age of the K ara st ructure was com puted 
to be 66. 1 :!:' 0.8  M yr that exactl y co i n c i des w i th the K /T boundary age 
(65-67 M yr) .  A probab i l i ty of fo rmahon of two con t i nenta l  c raters d iffe rent 
i n  the i  r age and bi gge r than 60 km du r ing 3.2 Myr ( .2 = e r ro r  of the age )  
can be found to be on l y  2 % a t  the usual rate o f  crater i ng  ( 3 ) .  Hence the re 
sho u l d  not have been another cont i nenta l  crater b igger  than the K ara st ruc­
ture in the i n terva l of 64.5-67.7 M y r ,  if the rate of crater ing  was not i n­
c reased du r i ng the t i m e .  How eve r ,  i n  any cases the obtai ned K -Ar data 
g ive us a new st rong ev idence fo r an i m pact cause fo r the K /T event .  The 
K a ra structure shou l d  be stud i ed in detai 1 to constra i n  the nature of th is  
event.  

Ref.  ( 1 ) M asai t i s ,  V .  L. and M ashchak , M .  S. ( 1 982) LPS X II I  p. 469 , (2)  
Badjukov , D. D. et a l .  ( 1 98 7 )  LPS X V II I , p .  40  (3)  G r i eve , R .  A. A.  ( 1 982) 
G eo l .  Soc . Amer .  Spec.  Paper 1 90 ,  p. 25. 
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The Permian-Triassic Boundary 
in the Southern Alps -

A Study of Foraminlferal Evolution 

S. U. Noi: 
(Institut für Paläontologie und Historische Geologie, München, BRD) 

The marine Upper Permi an and Lower· Trias s i c  depo s i t s  of the Southern 

Alps ( northern I taly and northern Yug oslavia ) c onsi s t  o f  shallow mar ; .:::.e 

s e diments whi ch were depo s i t e d  in a marginal basin o f  the Te thys on an 

e as tward d�pping homo c�inal ramp . The Upper Permi an s e diments exhib i t  

a transgres sive trend from the bas e  o f  the top : evapori tes are overlain 

by dolomi te s  of a re s tri c t e d  environment • The s e  are foll owed by lime­

s tones whi ch were depo si t e d  under changing low and hi gh energy c 9
_
ndj ­

ti ons . The Upper Permi an transgre ssion culminate s  in o o l i t i c  she e t s 

whi ch overlap the c ontinental red be ds in the wes t .  The following short­

time regre ssi on is indi cated by an algal-mat s e dimentati on. The bas e 

o f  the se dep o s i t s  marks the Permian-Trias s i c  b oundary . A new · eus tat i c  

transgr e s s i on ini tiate s the wid e spread ·uniform condi ti ons o f  a shallow 

s e a : carb onate s  o f  qui e t-water origin and a few temp e s t i t e-layers al­

ternate wi th evapori ti c hori z ons of a suprati dal environment ( S cythian ) 

The di s tributi onal pattern and e volution o f  the foraminifera i s  s trong­

ly fac i e s- c ontroll e d :  divers i ty and abundance increase in the c ours e  

o f  the Upper Permian transgr e s s i on and the deve l o pment o f  open-marine 

c ondi ti ons in the uppermo s t  part of the Permi an .  Here a r i ch fauna o f  

s tenohaline forma ( e . g . , Fusulinidae , Bi s eriammini dae ) o c curs . 

The Permi an- Trias s i c  b oundary i s  characteri z e d  by the extin c t i on of 

mo s t  Pal e o z o i c  foraminifera . The extinc t i on might b e  c au s e d  mainly by 

a climati c change t o  more humi d c ondi ti ons whi ch i s  indi cat e d  by an 

extens ive fre sh-water diagene s i s  in the shallow-marine carb onate s .  

A small-s i z e d  euryhaline fauna o f  �ill i o l i dae and Textulariidae survive d 

the extinction event and forme d the bas i s  for the radiation in the 

Mi ddle Trias s i c .  
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Evidence for Early Mesozoic Mass Extinctions 
In Eastern North American Ritt Deposits 

(Late Triassic-Early Jurassic, Newark Supergroup) 

Paul E. OLSEN, Bruce CORNET 
(Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York 1 0 964, USA) 

Newark Supergroup rocks 
-
provide an unprecedented fine scale record of continental 

faunal and floral change spanning all of the Late Triassic and most of the Early Jurassic 
(Carnian-?Toarcian). Sedimentary cycles produced by rift lake level changes were 
apparently controlled by orbitally induced climate changes and potentially permit 
calibration of faunal and floral change at a less than 21 ,000 year level of resolution 
over a 40 million year span. 

Taxonomie faunal and floral turnover is concentrated in two episodes: 1 ) an older 
episode dated by palynostratigraphy as Middle Carnian marking the transition from a 
still poorly known South American-like assemblage dominated by mammal-like 
reptiles and archosauromorph reptiles to a typical North American Late Triassic 
assemblage strongly dominated by "primitive" archosaurs, especially phytosaurs; and 
2) a younger episode dated by palynostratigraphy as at the Triassic-Jurassic boundary 
marking the transition from the latter to a dinosaur and crocodile-dominated 
assemblage. The Carnian episode is characterized by the replacement of one 
assemblage of terrestrial vertebrates with another while the Triassic-Jurassic 
episode represents a large number of extinctions without replacement: the succeeding 
assemblage consists of survivors. In palynomorphs, the Carnian episode is 
characterized by the replacement of a diverse spore-rich assemblage by a diverse 
pollen-rich one. In contrast, the Triassic-Jurassic episode is marked by the dramatic 
and seemingly sudden elimination of a relatively high diversity Triassic pollen 
assemblage with the survivors constituting a Jurassic assemblage of very low 
diversity overwhelmingly dominated by Corollina. Within the Newark the palynoflora 
never recovers its previous levels of diversity. 

No interval of concentrated taxonomic turnover is apparent in strata dated by 
palynostratigraphy as straddling the Carnian-Norian boundary in the Newark 
Supergroup, either in terrestrial vertebrates or palynomorphs. This is a significant 
difference from literature tabulations by others which have suggested an episode of 
high extinction in marine organisms at that boundary. Either the Newark Carnian 
episode is misdated or the marine and terrestrial transitions are not synchronous. 

In  contrast, the Triassic-Jurassic Newark faunal and floral transition does seem 
synchronous with massive marine extinctions. Preliminary data suggest the Newark 
pollen and spare transition took place in less than 40,000 years, while available bone 
and footprint data suggest the extinction of ecologically dominant Late Triassic 
terrestrial vertebrates over a maximum duration of less than 850,000 years. 

Within the Newark Supergroup, available evidence does not suggest a catastrophic 
mass extinction event at the Carnian-Norian boundary, or anywhere early in the 
Triassic. Although we are still in the early stages of investigation,  everything known 
about the Newark Triassic-Jurassic episode is consistent with a very large and abrupt 
mass extinction event, synchronous in both terrestrial and marine environments. 
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Late Maastrichtian Planktonic Foraminifera Extinctions 
in Central Poland: 

Patterns and Causal Mechanism 

Danuta PERYT 
(Pollsh Acadamy of Sciences, Institute of Paleobiology, Al. Zwlrky i Wigury 93, 02-089 Warsaw, Poland) 

Qu a n t i t at i ve p o p u l a t i o n  a n a l ys i s  o f  p l a nk t o n i c  f or am i n i f e r a  

f rom L a t e Maa s t r i cht i a n s u c c e s s i o n s  i n  C e n t r a l P o l a nd 

i n d i c a t e s  t h a t  t h e  f i n a l C r e t a c e o u s  e x t i n c t i o n eve n t  was 

p r e c e d e d  by s t e pw i s e  e x t i n c t i o n . Thr e e  s t e p s  of e x t i n c t i o n 

o f  p l ank t o n i c  f o r am i n i f e r a  c a n be d i s t i ngu i s h e d : 

1 .  Th e e x t i n c t i o n i n  t h e  L a t e  B e l emn i t e l l a J u n i or Z o n e  of 

a l l s p e c i e s o f  G l o bo t r u n c a n a  

2 .  Th e e x t i n c t i o n i n  t h e  L a t e  Hop l o s c a p h i t e s  c o ns t r i c t u s  

c r a s s us Z o n e  o f  a l l s p e c i e s o f  Ru gog l ob i ge r i n a .  short l y  

f o l l owe d by 

3 .  t h e  e x t i n c t i o n of t h e  l as t  p l a nk t o n i c  s p e c i e s  of t h e  

g e n e r a  He t e rohe l i x .  G l o b i g e r i ne l l o i de s  and 

G u e rnbe l i t r i a .  

Lat e Maa s t r i c h t i a n wor l dw i d e r e gr e s s i o n wh i c h c o i n c i de d  

w i t h  t h e  t e c t o n i c  a c t i v i t y i n  t h e  P o l i sh -D a n i s h Trough and 

c o o l i n g  of c l i ma t e  f o l l ow i n g  t he r e g re s s i o n we r e  mo s t  

p r obab l y  r e s p o n s i b l e  f o r t h e  e x t i n c t i o n o f  p l a nk t o n i c  

f o r am i n i f e r a  i n  are a s t ud i e d dur i n g l a t e s t  Maa s t r i cht i a n .  
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Event Stratigraphy 
Exemplified 

at the KIT Boundary 

A. PREISINGER 
(Technische Universität, Vlenna, Austrla) 

Austrian Sclence Foundatlon Projects 5879, 6734 

Determining the time sequence of geolog i c a l  events is of dec i sive 

importance f or the understanding of the ev oluti on . S ince an ab­

solute age determinati on by means of radi o nuc l i de dating only 

permits an accuracy of approximate ly 1 per cent, re l ative methods 

mu s �  be used to date the time sequence of geolog i c a l  events . So 

far the two i ndependent methods, i.e. magneto- stratigraphy of 

p ole reversa l and the b i ostratigraphy of micro- fossi ls have 

been used f or thi s  purpose. With the methods of pole reversa l, 

the accuracy is of an order of magnitude of a thousand years, 

with the deve l opment and estab l i shment of new spec i e s  between 

1 0 0  and 1 0 0 0  generati ons, i . e. for microfossi l s  of an order 

of magnitude of some hundred years. Neithe r method, h owever, 

gives c lear i n f ormati on on the time sequence of short.oterm 

events such as v olcano e rupti ons or meteoritic impacts, since 

the pole reversa l i s  triggere d  by events i n  the interi or of 

the earth and the deve l opment of spec i e s  by mutati ons. 

H owever, geomarker - changes in the geochemical e l ement­

and i sotope c omposi ti on as we l l  as changes of minera l  phases -

permit statements on the time struc ture of geolog i c a l  events 

( event stratigraphy ) .  By me ans of this events stratigraphy, 

g l obal geol og i c a l  events and the i r  c onsequences can . be proved. 

F or the rec onstructi on of a geolog i c a l  event i t  i s  necessary 

to c onsider a l l  re levant data synoptical ly. 

By means of e l ement enrichement and dep letion, isotope 

c onditi ons, minera l  phase changes at deep-sea sediments of 

the K / T  b oundary it can be shown that this is a short-te rm 

event. 
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An lridium-Enriched Level 
in the Late Maastrichtian 

of the Aix-en-Provence Continental Basin (Southern France) 

R. AOCCHIA, Ph. BONTI!, C. JEHANNO 
(Centre de Faibles Radioactlvitlts, Laboratoire mixte CEA-CNRS, 91 1 90 Gif-sur-Yvette, France) 

D. 80CLET 
(Service d'Astrophysique, CEN-Saclay, France) 

J. P. DURAND 
(Universitlt d'Aix-Marseille II, France) 

M. FEIST 
(Universitlt de Montpellier, France) 

J. MEDUS 
(Universitll d'Aix-Marseilie III, France) 

I n  the cont.inental Aix- en- Provence basin ,  the K- T boundary ( KTB ) is situated i n  a sedimentary 
sequence rather poor in fossi ls. I n  the absence of rel iable stratigraphical and paleontological data , t.he KTB 
is assigned to l ie i n  an uncertainty zone centered on a prominent conglomerate , the "Poudingue de la 
Galante". Conventionally, the lower l i mit of the uncertainty zone is defi ned i n  coincidence with the last 
occurrence of m-situ dmosaur eoos. about 1 0  meters below the "Poudingue de la Galante". T he upper hmit ,  
rat.her badly defined, is  the l imestone bar of V itrol les which is  said to  contai n P hysa montensi s ,  a fossi l 
consioored as tertiary. T he uncertainty zone is the terminal part of a red clay/si lt sequence, 50- 1 50 meter 
thick , overlying the Rognac l i mestone bar , another easi ly ioontifiable stratigraphical m i lestone of the 
basi n. 

During an intensive search for the ir idium enriched level , characterizing the KTB i n  marine sections , 
we have careful ly sampled the uncertainty zone in tour sites located i n  very different parts ot the Aix 
bas!n. Samples were analysed by neutron activation. I r idium concentrations were measured with a 
2D-spectrometer. No significant amount of i r idium was found ; in any case 3o upper l im its do not exceed 
50 pg/•J. 

Lately , we have extended our i nvestigation downward in  the Rognacian and Begudian . local 
subdivisions of the continental Maastrichtian. Anomalous i ridium concentrations were found in samples 
from the upper part of the Rognac 1 imestone bar. The anomaly is rather diffuse and e.xtends over at least 
half  a meter with concentrat1ons fluctuating around 80 pg/g. l t  i ncludes three marly- l ignitic beds which , 
by the1r 1ridium concentration , oo not significantly differ from the adj ocent l imestone layers. 
Concentrations are low but wei l significant ( 5  to 1 0  a) . 

This finding is rather surprising because the anomalous level is situated wel l  i nside the 
Maastrichtian. lt can be understaoo in thre.e ways: 

1 - The ir idium anomaly is a com ponent of the very KTB event which means that tne posi tion of the 
KTB assumed so far was wrong. This is in total disagreement with the close coincidence of the dinosaur 
extmction and the I r idium event observed in the north american continenta l sites. l ndeed , m tne Aix basin , 
the position of the last in-situ dinosaur eggs and ult imate representatives of Clavatoraceae ( charophytes) , 
found 60-90 meters above the i r 1dium anomaly . indlcates a delay of about one m i 1 1  ion years. 

2 - Low sedimentation rates prevailed for a whi le i n  this area result ing i n  the accum ulation of the 
cosm lc material permanently oc.creted by the Earth. A concentration of 50- 1 00 pg.g- 1 could be accounted 
for by a deposHlon rate of 0 .25-0 .5 m.Ma- 1 c 1 ) ,  about two orders of magnitude lower than the average rate 
in the basin.  A detai led paleomagnetic stulty of the section could help to clarify that point but , a priori , this 
explanation ls not �· 

3- The anomaly is not directly l inked with the KTB but is the rel ic of some precursory event wh 1ch 
occured in the Maastrichtian. This possib i l i ty is consistent with the hypothesis of a comet shower (2) or 
the occurenr.e of volcanic erupt ions ( responsib le ,  for instance , for the formation of the Deccan traps (3,4) 
at about the same t ime (5) ) . Such comp lex phenomena are sometimes alleged to exp lain the stepwise 
charocter of the end of Cretaceous biological extinctions. Al though Ir idium enrichments have not been 
observed yet in mar i ne sections in coincidence with precursory exti nction steps ( ammoni tes , rudists , 
i noceram i ds ,  etc. ) ,  this hypothesis seems to be the most appropriate to explain our observat ions in the Aix 
basin. 



References: ( 1 )  Kyte F.T . , Sm it  J. , Wasson J.T. ( 1 984) Eart/J P/anet. Sei Lett. 73 , p. 1 83- 1 95. ( 2 ) 
Hut P . •  Alvarez W. , E ider W.P . .  Hansen T. , Kauffman E.G. , Kel ler G. , Shoemaker E .M . , Weissman P.R 
( 1 987) Neture, 329 , p . 1 1 8- 1 26. ( 3) Courtil lot V.E . , Cisowski S .  ( 1 987)  Eos, 68 , p. 1 93- 200. ( 4 ) 
Hal lam A. ( 1 987) Scienw, 238 , p. 1 237- 1 242. ( 5 )  Court i l lot V.E. , Feraud G. , Malusk i H. , Vandamme D . .  

Moreau M.G. , Besse J. ( 1 988) Nature, in press. 
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The D-C Boundary Event (360 Ma) 
in the Carnic Alps 

(Austria) 

H. P. SCHONLAUB, P. KLEIN 
(Geologische Bundesanstalt, Vlenna, Austria) 

Mordeckai M AGARITZ 
(Isotope Department, Weitzmann Institute, 7 4 1 00 Rehovot, Israel) 

C. ORTH, M. ATTREP 
(Los Alamos, LISA) 

T h e  D - C  b a u n d a r y  e v e n t , a l s o  k n a w n  a s  " H a n g e n b e r g  E v e n t "  h a s  b e e n  

w i d e l y  r e c o g n i z e d f a r  a l a n g  t im e . l t  r e p r e s e n t s  a m a j a r  e x t i n c t i a n  

e v e n t t h a t  e f f e c t e d  m a n y  p e l a g i c  a r g a n i s m s  s u c h  a s  c a n a d a n t s , 

a m m a n o i d s , t r i l o b i t e s  a n d t e n t a c u l i t i d s . W h e t h e r E a r t h  o r i g i n a t e d  

- e u s t a t i c  a n d  v o l c a n i c  - o r  e x t r a t e r r e s t r i a l  c a u s e s  c a n  b e  h e l d  

r e s p o n s i b l e  f o r  t h i s  t u r n a v e r  h a s  b e e n  v a r i a u s l y  s p e c u l a t e d  i n  

r e c e n t  t im e s . 

I n  t h e C a r n i c  A l p s  t h e  D e v o n i a n / C a r b o n i f e r a u s b a u n d a r y  b e d s  a r e  

e x c e l l e n t l y  e x p o s e d . M a r e a v e r , t h e  s t r a t i g r a p h i c  c a n t r o l s e em s  t o  

b e  m u c h  b e t t e r  t h e r e t h a n i n  a n y  o t h e r  p l a c e  o f  t h e  wo r l d . P a r t i c u l a r l y  

t h e s e c t i o n  G r ü n e  S c h n e i d  ( G S ) e xh i b i t s  a c o n t i n u a u s  l i m e s t o n e s u c c e s s i a n  

a c r o s s  t h e  b a u n d a r y  c o n s i s t i n g  a f  a u n i f o r m l i t h a l a g y w i t h  a b u n d a n t  

f a s s i l s , e . g . , g o n i a t i t e s , c l ym e n i i d s , c a n a d o n t s  a n d  t r i l o b i t e s . 

I n  c o n t r a s t  t o  t h i s  l o c a l i t y  i n  t h e  c a r r e s p o n d i n g  K r a n h o f g r a b e n  ( K ) 

s e c t i o n  a s h a l e  u n i t i s  i n t e r c a l a t e d  i n  t h e  p e l a g i c  l i m e s t a n e  s e q u e n c e . 

T h e O . S om t h i c k  b l a c k  s u l f i d e - r i ch s h a l e  i s  e q u i v a l e n t  t o  t h e  s a - c a l l e d 

H a n g e n b e r g  S h a l e  k n a wn f r o m  m a n y  p l a c e s  i n  E u r a p e , I r a n , N o r t h  A m e r i c a  

a n d  S o u t h e r n  C h i n a  a t  t h e  D -C b o u n d a r y . 

B i o s t r a t i g r a p h i c a l , l i t h o l o g i c a l  a n d  a n a l y t i c a l  r e s u l t s  i n  b o t h  s e c t i o n s  

s u g g e s t  E ar t h  o r i g i n a t e d  c a u s e s  f o r  t h e  f a u n a l  c h a n g e s  a t  t h i s  b a u n d a r y  

i n  t h e  C a r n i c  A l p s .  T h e r e  i s  n o  i nd i c a t i o n  o f  s i g n i f i c a n t l y  e n h a n c e d  

am o u n t s  o f  s i d e r o p h i l e  e l e m e n t s  a t  t h e  b o u n d a r y , n a r  d i d w e  f i n d  m i c r o ­

a p h e r u l e s , s h o c k e d  m i n e r a l  g r a i n s  o r  v o l c a n i c  d e b r i s . F u r t h e r m o r e , t h e  

C a n d  O i s o t o p e s  s h o w  n o  e x c i t i n g  ch a n g e s  t h r o u gh o u t  t h e b o u n d ar y  b e d s .  

H o w e v e r , t h e r e i s  a we a k  s i g n a l  o f  e x c e s s  I r  i n  t h e  s h a l e s  a v e r  a l o c a l  

b a c k g r o u n d  o f  0 . 0 2 3  t o  0 . 0 3 4 p p b  i n  t h e a v e r - a nd u n d e r l y i n g  l i m e s t o n e s .  

W h e n  n o rm a l i z i n g  t o  t h e  c l a y ( A l )  c a n t e n t , t h e  I r /A l r a t i o i s  l o w e r i n  

t h e  s h a l e s  t h a n  i n  t h e l i m e s t a n e s .  T h i s  r e l a t i o n s h i p  s u g g e s t s  t h a t  t h e  

t w o - t a  t h r e e - f o l d  i n c r e a s e  i n  I r  w a s  c a r r i e d  i n t o  t h e s e a  w i t h d e t r i t a l  

m a t e r i a l f ra m  a n  h i t h e r t o  u n k n a wn s a u r c e  a r e a .  



B a s e d a n  o u r  a v a i l a b l e  d a t a  f r o m  t h e  C a r n i c  A l p s  e n d  e l s e wh e r e  t h e  

f a u n a l  c h a n g e s  a t  t h e  D - C b o u n d a r y  a r e  b r i e f l y  d i s c u s s e d . O c e a n o g r a p h i c  

c h a n g e s , i . e .  s e a  l e v e l f l u c t u a t i o n s a r e  t h e  m o s t  l i k e l y  c a u s e  f o r  

m o s t  i f  n o t  a l l  e v o l u t i o n a r y  d e v e l o p m e n t s  a t  t h a t  t i m e . O v e r t u r n  c o n ­

d i t i o n s a r e  r e f l e c t e d  i n  t h e K r o n h o f g r a b e n  s e c t i o n  b u t  n o t a t  G r ü n e  

S c h n e i d .  T h e  e f f e c t s  o f  t h e  g l o b a l  m o d i f i c a t i o n s i n  t h e  o c e a n , h o w e v e r , 

a r e  i �  b o t h s e c t i o n s  t h e  s a m e . 
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After the d iscove ry  of a K/T boundary sect ion i n  the Gosau fo rmat ion of the 
E l endgraben i n  Salzbu rg, Aust r i a  ( 1 , 2, 3 ,  4, 5) the search fo r more sec tions of 
i dent i cal age was extended ove r  oth e r  areas of Austr ia, whe re the Gosau fo r ­
m at ion had been m apped before ( 6 ,  7 ,  8 ) .  Afte r  i n tens ive geolog i c  mapp ing  ac ­
compa n i ed by i nstant m ethods of nan nopaleontolog ical age determ inat ion the 
second Aust r ian K /T boundary si te could be excavated in the K nappeng raben, 
i n  the eastern pa rt of the Gosau bas i n  of G ams, Sty r i a, by Lahodynsky and 
St radne r  i n  1 986.  In add i t ion to the proof of an I r  peak (9) and a ve ry detailed 
geochemica l  and sed i mentolog ical research campa i gn on a large numbe r of sam­
ples (Pre i s i nger, th i s  meet i n g )  the g reat tu rnover  i n  the b iota (plan kton i c  fo ra­
m in i fe ra and ca l ca reous nannoplankton ) g ives ev idence of a d rast i c  event mar ­
k i ng the M aast r i cht i an - Dan i an bounda ry .  Contrary to oth e r  Aust r i an s i tes, only 
h e re in the K nappeng raben as wel l  as in the Elendg raben the sequence of the 
turnove r  can be stud ied  in deta i l  also w i th m i c ropaleontolog ical methods.  At the 
othe r s i tes e i th e r  miss i ng st rata, ba r ren i ntervals ove r  seve ral of meters or heavy  
rework ing  are b l u r r i ng the p icture .  

I n  the  uppe rmost M aast r i cht ian sed iment of the  K nappengraben Abathomphalus 
mayaroensis and G lobot runcana contusa, together  w i th a r i ch  nannoflora of the 
M i cula m u rus nannoplan kton zone are present.  A few m ill i m eters h i gh e r, st ill 
unde rneath the ye llow I r i d i um laye r and co-oc c u r r i ng w i th shocked quartz g ra i ns, 
w h i ch are mark ing  the K /T event, also M ic u l a  p r i ns i i, the ve ry last M aast r i cht ian 
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m ic ro-marker foss il cou ld be encountered.  The ye llow l r -layer and the ove rly i ng  
com pact boundary c lay a re  barren of nannofoss i l s  (except reworked ones i n  worm 
tracks ) .  At 3 cm above the boundary, we f i n d  calcareous nannoplan kton developed 
aga i n, w i th the typ ical bloom of Tho racosphaera opercu lata (frequency at least ten 
t i m es that of the M aast r i ch t i an ) and plenty reworked cretaceous nannofoss ils ( not 
on ly  M aast r icht i an, but a lso Campa n i an spec ies) .  At 1 0  cm above the boundary the 
ear l i est Dan ian plankton i c  fo ra m i n i fera w i th G lob iger ina  fr inga are def i n i tely esta­
bl i shed.  G. ed i ta appears at 50 cm above the boundary .  Above 80 cm the plank ­
ton i c  foram i n i fera show a d i st i nct  i n c rease w i th m ass ive occu r rences of Ch i logue m ­
bel inas and the FAD of G loborota l ia  pseudobu lloi des. I n  ca lcareous nannoplankton 
M arka l i us i nversus m arks the NP 1 zone  together w i t h  common Thoracosphaera 
opercu lata. 

R efe rences : 
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The pum ice of Koefels i n  the Oetz Valley , Tyrol , has a foam y ,  porous stru c -

ture .  The non -homogenous m atr i x  cons ists mai n l y  of glass r i ch i n  S i , Al , K ,  N a ,  

Ca and Fe. I n  the more compac t port ion the m ajor i ty of the cav i t ies  are m eas ­

ur i ng from 5 to 50 µm i n  d i a m eter , s i n g l e  pores may  reach up to 400 µm.  I n  

the coarser port ion of the pu m i ce the cav i t i es vary be tween 1 00 to 400 µm , 

some m ay even have d i am eters of severa l  m ill i m eters. The cav i t ies a re spher -

ca l ,  ovo ida l  or streched and are irregu l arly d i str i buted i n  the matr i x .  The wal l s  

between t h e  cav i t ies  are of var y i n g  th i ckness (down to 1 µm ) and m a y  the m ­

se lves enc lose m inute cav i t i es .  I n  the more compact port ion of the pu m i ce one 

often can observe burst bubbles m a i nly about 5 µm in d i a m eter .  The vents are 

irregular or starshaped and are surrounded by rad i ally arranged f i ssures. I n  the 

coarser port ion of the pum ice m a i nly long i t ud i n al f i ssures (about 50 µm in length ) 

are found.  Th i s  seems to i nd i cate a more v i gorous em iss ion of the gas i n  the 

coarser port ion of the sam ple.  

On etch i ng w i th hydrofluor i c  ac id the follow ing  phases became v is i ble : fragmented 

and heav ily altered gra ins  of quartz and feldspars ( i n  one case w i th planar fea­

tures ) and other m inera ls  (at presen t under invest i gat ion ) measur ing  fro m 5 to 

1 00 µm i n  d i a m eter, lumps of quartz g l ass (lechate l i er i t ) , some m i cas and also 

euhedra l crystals w i th e l em ental compos i t ion and cryst al hab i ts typ ica l  for feld­

spars and fe l dspatho i ds ( 1 0  - 40 µm i n  d i am eter ) w h i ch could be pre c i p i tates from 

a vapor phase . 

A sam p l e  of gne i ss from w h ich  the pu m ice probably or i g i nated i s  gran i t i c  i n  

com pos i t ion and  shows ub iqu i tous effects of stra i n :  Sets of pl anar and  undu­

l atory lam e l l ae and f i ssures i n  quartz , d i sp laced and undulated feldspar lamel l ae , 

k i n k  band i ng i n  m i cas and extensive fractur i ng .  

A com par i son sam p l e  of shocked gne iss from the  R ies crater at N örd l i ngen , 

Bavar i a ,  shows shock lamellae more often and more pronounced than shocked 

gne i ss from K öfels. 



- 27 -

Mineralogical and Geochemical Features 
of the Barranco del Gredero Sequence (Caravaca, South-Eastern Spain) 
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A mineralogical, petrographical and gecx:::hemical study have been 
made of sediments from the Jorquera Forrration in the Barranco del Gre­
dero sequence (Caravaca, south-eastern Spain) . 

Once the C-T boundary had been identified, 58 sarnples were chosen 
f rom f our separate stratigraphic intervals between the Upper Cretaceo­
us and U:>wer Eocene . 

The main mineral assemblage is indicative of a carbonate sequence, 
evolving frorn pelagic (Cretaceous) conditions towards hemipelagic 
(Paleocene) conditions until it assumes a distincly turbiditic char­

acter (Eocene) . 

In the clay C-T layer, about 1 2  cm thick, is evident a thin red 
argillitic basal layer, about 0 . 3 cm in thickness, containing 85% phyl­
losilicates, and entirely different from the rest of the layer, which 
consists of clayely marl and marl . 

The mineralogical corcposition of the < 0 . 004 rnn fraction of the 
carbonatic sequences is mainly made up of smectite and illite-smectite, 
with subordinate arrounts of hydrated-illite, kaolinite, chlorite, and 
chlorite-vermiculite . 

In the basal part of the C-T layer, smectite is the predominant min-· 
eral (90%)  , alone with 1 0% kaolinite, whereas the upper part is char­
acterized by an asserrblage of smectitic minerals with subordinate kaol­
inite and rare chlorite and chlorite-vermiculite . 

Analysis by SEM of various types of grains, selected at the stereo­
microscope from the > 0 . 063 mm fraction of the C-T layer, led to the 
identification of : 1 )  single quartz crystals of about 0 . 10 mm ,  idiorn­
orphic, bipyramidal ;  2 )  prismatic tabular equidimensional crystals 
(0 . 15-0 . 20 rrrn) of celestine; 3 )  ankerite (? )  twinnings ( 0 . 15-0 . 20 rnn) ;  

and 4) aggregates of roughly 0 .5 rrrn of 0 . 01  mm spherulites consisting 
essentially of Fe . 

The study of the distribution of the analyzed elements (Fe, Mn ,  Cr, 
Co, Ni, CU, Pb, Zn, Li, C, and S )  has indicated an enrichment of Cr, 
Co, Ni, Cu, Pb, and Zn in the red basal C-T thin layer . 

The ratios of Cr, Co, and Ni with Fe and between them in the sarnples 
from the studied C-T layer have been compa.red with ratios in sarnples 
f rorn other C-T layers and from other terrestrial and extraterrestrial 
materials . 

* 
Istituto di Mineralogia e Petrografia - Universita di U:rbino -
Via M .  Oddi, 1 4  - URBIOO ( Italy) . 

* *  
Dipartirrento di Scienze della Terra - Universita di Firenze -
Via La Pira, 4 - FIRENZE ( Italy) 
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of Hemipelagic Deposits and Turbidity Current Flows 

Exemplified at the KIT Boundary 

1. WIMMER-FREY, E. ZOBETZ, A. PREISINGER 
(Technische Universität, Vienna, Austria) 

Austrlan Sclence Foundation Projects 5879, 6734 and Austrian Academy of Science 

Grain s i z e  ana lyses we re carried out to obta in in formation 

on Upper Maa s tr i chtian and Danian depo s i t i on proc e s s e s . 

Grain s i z e d i s tr ibutions ranging from s and, s i l t  to c l ay 

fractions requi red d i f ferent, ove r l app ing methods in orde r to 

get accurate results : S ieve s were used for partic l e s  > 6 3  µm, 

u l trasonic s i eves for part i c l e s  in the range 1 0 0  µm to 2 0  µm 

and a par t i c le s i z e  ana ly z e r  by X-ray ( S edi graph 5 0 0 0  ET ) for 

4 0  µm to 0 . 2  µm . 

Re sults are pre sented a s  frequency and cumulative curve s on 

f- s cale . Parameters as mode, mean grain s i z e, median grain s i z e , 

sort ing and s kewne s s  we re deduced from graph ic pre sentations o f  

the data a s  we l l  a s  c a l culated directly from the s i z e  data . 

Furthermore frequency grain s i z e  curve s were s p l i t  into three 

norma l i . e .  Gau s s ian d i s tr ibution curve s ( coarse - middle - fine ) , 

wh ich corre spond be s t  to s and , s i l t  and c l ay frac tions . 

The grain s i z e  d i s tr ibution ana ly s e s  carried out cm by cm 

on dec a l c i f ied Upper Maa s tr i ch t i an s amp l e s  o f  Elendgraben show 

sequenc e s  o f  turb i d i t i c  l aye r s  regu l ar ly a l ternat ing with hemi ­

pelagic mar ly l ime s tone s ,  whe reas hemipe lagic interva l s  in early 

Danian ( from K / T  up to 7 0  cm ) are a lme s t  mi s s i ng . 

B e s ide textural characte r i s t i c s  the turb i d i t i c  sequenc e s  

show decre a s ing me an grain s i z e  and incre a s ing portions o f  f ine 

frac tion from base to top . The terrigenous part o f  hemipe lagic 

depo s i t s  i s  made up to alme s t  homogenous c l ay- s i z ed sediment 

grains . 

D i s t i nc t ion between turb i d i t i c  and hemipe lagic portions 

o f  sedimentary depo s i t ion wa s ne c e s sary in order to e s t imate 

accurate sedimentat ion rate s . 
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1 .  I r i d i ua Since  1 9 8 2  a nuab e r  o f  worke r s  have s t ud i ed the g e ocheai s t ry 
o f  P e ra i an-T r i as s i c  boundary at Me i shan, Changxi n g  Coun t y, Zhej i ang Prov i n c e, 
Ch i na. The ana l y t i c a l  resu t t s o f  a nuab e r  o f  e t eaen t s  froa var i ous L abs 
ag r e e  we t t  exc ep t i r i d i ua and s oae p l at i nua g roup ae t a t s .  The i r i d i u• 
r e su t t s f r oa var i ous L ab s  exh i b i t  a d i f fe r en c e  o f  one t o  two fac tors 
< s e e  Tab l e ) . Poss i b l e devi a t i on wi l l  b e  d i scussed i n  the p re s en t a t i on. 

P-Tr b ondary o f  Me i shan s e c t i on was r e s aap l e d  de tai l ed l y  i n  1 9 8 7  
and 6 saap l e s  were co l l e c ted i n  the g r ay i sh b t ack b oundary auds t one o f  
AG 9 2  o f  6 c• i n  thi c.k.ne ss i n  wh i ch the h i ghe s t  sp i ke o f  I r  anoaa ly was 
d i sc overed in the pas t .  The aean I r  content  o f  the se 6 saap l e s  i s  0 . 4p p b  
aaong wh i ch 2 . l ppb was d e t e c ted i n  the upp e rao s t  s aap l e  CG6 7 2 f  o f  l ca i n  
t h i c .k.n e s s  by a ae thod o f  p re c oncen t ra t e d  RNAA. 

P-Tr b oundary saap l e s  o f  Naaaa l, Chh i d ru, P ak i s t an and Se r l ung, 
T i b e t  and Wuxi ,  J i angsu Province,  Ch ina are b e i n g  an a l ysed.  Hop e fu l ly, 
by the t iae of the Aus t r i a  ae e t i ng encourag i ng I r  r e su l t s  can be pub t i shed.  
2 .  o 1 3 C  No t ah l e  negat i ve p e r turbat i on o f  -7"0 o f  o 1 3 C  is  recon f i raed 
in the 2 0ca thi c.k. t ayer ab ove the P-T r  b oundary c t ay in Changx i n g .  

I n  Chh i dru, P aki s t an ö 1 3 C  ne g a t i ve p e r turb a t i on o f  -0 . 6 6 "• i s  found 
i n  a l O c• thi c.k. t ay e r  at the Tr i as s i c  b as e  r i gh t  ab ove the P-Tr boundary. 
Fur the r up i n  the T r i as s i c  S 1 3 C  va lues  are a l l  p o s i l i ve .  I n  the Pera i an  
b e d s  unde r l y i ng the P-Tr b oundary ö 1 3 C  v a t u e s  show a l s o  p os i t ive.  

I n  X i an t i an s e c t i on, Luox i u  Coun t y, Guangxi Aut onoaous Re g i on, 
5 1 3 C  va tues change abrup t ty f r oa p os i t i ve t o  n e g a t i ve ac ross the Frasni an­
Faaenn i an  boundary i . e .  the boundary b e twe en the upp e r  p a r t  o f  X i ang t i an  
Meab e r  and the l ower p ar t  o f  Wuzhi shan Foraa t i on.  The p e r turb a t i ona l 
aap L i  tude o f  S 1 3 C  values aay re ach 6flk> ( PDB> and g r e a t e r .  

Tab l e  Coap ar i s on o f  I r  abundance o f  Pe ra i an-Tr i as s i c  boundary 

S e c t i on 
Me i shan 
Ch ina 

Shang s i  
Ch ina 

Aronzo 
I t a t y  

o f  Me i shan and Shangs i s e c t i ons by var i ous autho r s  
Saap l e  I r< ppb ) Ana lysed by Runs L ab s  Re f e r enc e 
AG9 2  5 INAA 2 A Sun Y i -Y i n  e t  a l . , < 1 9 8 4 >  
AG9 2 0 . 6 0+0.  RNAA 1 0  A Chai Zhi -Fang e t  a l . , < 1 9 8 6 )  

0 . 0 4 6  RNAA C F.  Asaro e t  a l . , ( 1 9 8 6 )  
8 4  0 . 0 3 4 RNAA 1 D C l ark e t  a l . , < 1 9 8 6 >  

MBS-3 0 . 0 4 1 4  RNAA 1 D Mao Xue-Y i ng e t  a l . < 1 9 8 6 )  
0 . 0 5 0 RNAA 1 E Zhou L e i  e t  a l . ,  < 1 9 8 6 >  

CG6 7 2 f 2 . 1 RNAA 1 F Zhou Shu-Q i ng e t  a l . , ( 1 9 8 7 )# 

AG2 5 3  
AG7 8 6 
AG2 5 3 
AG7 8 7  

2 .  0 
2 .  7 
0 . 0 5 4  
0 . 0 2 7  

3 + 1  

INAA 
RNAA 
RNAA 
RNAA 

RNAA 

2 
2 

1 

A 
B 
c 
D 

Xu Dao-Y i  e t  a l . ,  ( 1 9 8 5 )  
J i n L i -Yun e t  a l . , < 1 9 8 7 )  
F .  Asaro e t  a l . ,  < 1 9 8 6 )  
Mao Xue-Ying e t  a l . ,  ( 1 9 8 6 )  

G B r andner e t  a l . ,  ( 1 9 8 6 )  

Naua l 
Paki s t an NB 0 .  7 RNAA H B .  Haq e t  a l . , ( 1 9 8 6 >  



No t e s , A. Ins t i t u t e  of H i gh Ene r g y, Ac adea i a  S in i c a 1  B .  A t oa i c  Ene rgy Acadeay 
o f  China 1 C. L awrence Be rke l e y  L ab, USA 1 D. L o s  A l aaos L ab, USA ; E. I ns t i t u t e  
o f  G e ophy s i c s  & Geo l ogy, Uni v e r s i ty o f  Ca l i f o rn i a ;  F .  M i n i s t ry o f  Ene rgy 
Re sour ce s 1  #Pr e c oncen t rated RNAA 1 G. I ns t i t u t e  of Ge ochea i s t ry, USSR ; H.  
Nuc l e ar Ac t i vat l on Serv i c e  of Haai l ton, Canad a 1  
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Magnetostratigraphy 
of a New KIT Boundary 

in the Gosau Beds of Austria 

W. ZEISSL, H .  J. MAURITSCH 
(Institut für Geophysik, Mo�tanunlversltät Leoben, Austria) 

Austrlan Sclence Foundatlon Project 5879 

I n  the K n appeng raben .  E of G a m s ,  Sty r i a ,  a sect ion rang ing from U pper Maas ­

t r i ch t ian to the Pa l eocene was samp led for pa l eom agne t i c  invest i gat ions .  The 

a im of th is  w ork w as to get i nformat i ons of the m agnet ic  po l a r i ty patte rn , 

espec i a l l y  w i t h i n  the range of the C retaceous/Te rt i a ry bounda ry .  

The res u l ts of the  f i  rst m easu rem ents gave ev idence that  the G - -zone ( c h ron 

29 -R ) can be found w i th i n  th is  outc rop. C onsequent l y 520 spe c i m ens w e re taken 

in ve ry  sma l l  d i stances down to 0.1 m. The characte r i s t i c  rem an ent  m agnet i zat ion  

(CA R M )  m ost l y w as obscu red by che m ica l  secondary com ponents a l i gned to  the 

recent E arth ' s  m agnet ic  f i e l d .  The refo re m ore than 80 de magnet i zat ion expe r i ­

ments had to be done. I n  orde r to iso l ate the cha racter i st i c  component of natura l  

remanence , the behav iou r of the R M -vectors du r ing the rmal  demagnet i zat ion can 

be desc r i bed by th ree d i fferent types of demagnet izat ion  cu rves.  

As  ca r r i e r  of the secondary component the rap i d  d rop of intens i t y ,  after  heat ing 

up to 1 00 °C ,  i n d i cates goeth i te.  The car r i e r  m in e ra l s  of the norma l  and reve rsed 

pa leof i e l d  d i rect ion a re m agnet ite  as w e l l as hemat i te.  

Accord ing  to the d i ff e rent sed i m entary accu m u l at ion  rates the p rese rved po l a r i ty 

pattern of the K nappeng raben sect ion  co r responds ve ry w e l l  w i th the po l a r i t y  

reco rds o f  othe r sect i ons.  
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Carbon lsotopic Event 
near the Frasnian-Famennian Boundary 

at Xiantian Section (Luoxiu County, Guangxi Autonomous Region, China) 

VAN ZHENG, YE LIAN-FANG, Xu OAO-YI 
(Institute of Geology, State Seismological Bureau, Beijing, China) 

Hou HONG-FEI 
(Institute of Geology, Chinese Academy of Geological Sciences) 

SUN Yl-LIN 
(Institute of Geology, Academia Sinica) 

The Upper Devon ian is we l l  deve l oped i n  the south of South 
Ch i na P latform . Late Devon ian sed i ments of deeper water bas i n  
fac ies i n  South Ch i na are genera l l l y subd i v ided into two 
format i ons , the lower one ( D ! ) L i uj iang Format ion cons ist i ng 
of s i l i ceous rocks w i th pe lag ic fauna ma i n ly ammono ids and 
tentacu l i tes i n  Guangx i .  lbe upper one ( D � ) Wuzh ishan Format ion 
cons ist i ng of nodu l ar or banded l i mestone , conta i n i ng abundant 
conodonts of Pa l mato lep id and a few allllllono ids. The boundary 
between these two f ormat ions is corre l ated to nearby the bOundary 
between the Frasn ian and the Famenn i an .  Between the two 
format i ons ment i oned above there i s  a l ayer named X iangt ian 
Member . The f i rst appearance of Pa l mato l epis de l icatu l a  occurs at 
the base of Bed F and co i nc ides w i th the occurrence of the 
nodu.lar l i mestone . 

About 70 samp les near the boundary have been ana l ysed for 
carbon i sotope research . The resu l ts of isotop ic ana lys i s  
i nd icate that the 613C va l ues across the boundary between the 
upper part of X i angt ian Member and the l ower part of Wuzh ishan 
Format ion sh i ft notab ly.  6 13C va l ues i n  X i angt ian Hember show 
pos i t i ve .  but above the boundary , e . g .  in the strata at the 
bottom of Wuzh ishan Format i on d isp l ay negat i ve ,  so the 613 C 
va l ues change abrupt ly from pos i t i ve to nega t i ve across the 
Frasn ian and Famenn ian boundary . The perturbat i ona l amp l i tude of 
6'�C va l ues may be greater than 6 %0 (PDB) and the perturbat ion 
term i nates w i th in a th in  layer of 20 cm in th ickness , then t/3C 
va l ues return from negative to pos i t i ve .  Th is negat ive anoma ly of 

ö'Jc near the �·r-Fa boundary is qu i te s im i lar to other 
perturba t i ons of negat i ve 613C va l ue near the Perm ian-Tr iass ic 
boundary , wh ich seems that a carbon isotope event had occurred 
between Frasn ian and Famenn ian .  

& Th is paper supported by Na t iona l Natura l Sc ience Foundat ion of 
Ch i na 
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"Strangelove Effect" 
at the Permian-Triassic Boundary 

of Meishan Section-A (Zhejiang Province, China) 

YAN ZHENG, YE LIAN-FANG, Xu OAO-YI 
(Institute of Geology, State Selsmological Bureau, Beijing, China) 

ZHANG QIN-WEN 
(Institute of Geology, Chinese Academy of Geological Sciences) 

SUN Yr-LIN 
(Institute of Geology, Academia Sinica) 

About 100 samp les were co l l ected from Me ishan sect ion-A, 

Zhej i ang Prov i nce , Ch ina ,  i n  May , 1987 of 1 to 2 cm interva ls in  

a d istance of one metre across the P-Tr boundary . C:3C va l ues at 

s i te A are s i m i l ar to those at s i te B of the Me ishan sect ion .  

0
13

C va l ues be low the P-Tr boundary in  the Upper Perm ian 

(Changx i ng ian Format ion) a l l  d isp l ay pos i t i ve and w i th i n the 

range of 1 to 3 %0 (PDB) , but the samp l es a t  the P-Tr boundary 

from the top of Changx i ng ian Format ion , a sharp sp i ke 

perturbat i on w i th a m i n i mum va l ues of -6 %0 occurs abrupt l y .  The 

th ickness of the i nterva l dep l eted i n  13 c . 1 1s on y 10-20 cm. 

Thence upward the ö13 C va l ues in the Lower Tr i ass ic l ayer sh i ft 

back to pos i t ive and sway around the zero per m i l  (PDB) . 

These negat i ve 613 C va l ues have a lso been found at severa l  

other P -Tr boundary sect i ons , and are cons idered to be the resu l t  

of a " Strange love effect " by K .  Hsü . At Me ishan sect ion-A 

613C va l ues decrease sudden l y  up to -6 %0 (PDB) , wh ich is 

interpreted as ref lect ing the ext i nct i on of b iomass . 

& Th is paper supported by Nat iona l Natura l Sc ience founda t i on of 
Ch ina 
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Field-Trip ltinerary 

STOP 1: The K/T Boundary of the Knappengraben at GAMS, Styria, Austria. 

STOP 2: The Tr/J Boundary of the Kendlbachgraben and Tiefengraben at 

ZINKENBACH, Upper Austria. 

STOP 3: The P/Tr Boundary at AU RONZO, Southern Tyrol, Northern ltaly. 

STOP 4: Shocked Quartzes at KÖFELS, Ötztal (Oetz Valley), Tyrol, Austria. 
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Field-Trip Time Table 

Thursday, September 15: 

Departure from Technicai University 

G ußhausst raße 27 -29 

Excursion STOP 1: Knappengraben, Gams (K/T) 

Lunch at Mooswirt, Mooslandl, Styria 

Transfer to Hotel Carossa Zinkenbach, 

Upper Austria 

Supper and Lodging at Hotel Carossa 

Friday, September 16: 

Break fast 

Departure from Hotel Carossa, Zinkenbach 

Transfer to Excursion STOP 2 in shuttle buses 

Kendlbachgraben and Tiefengraben (Tr/J) 

Lunch at Hotel Carossa, Zinkenbach 

Transfer from· ZinK.enbach to lnnichen, 

Hotel Grauer Bär (Orso G rigio), Southern 

Tyrol, Northern ltaly 

Supper and Lodging at Hotel Grauer Bär 

Saturday, September 17: 

Break fast 

Departure from Hotel Grauer Bär 

Transfer from lnnichen to Auronzo 

STOP 3: Auronzo (P/Tr) 

Transfer from Auronzo to Misurina 

Lunch at Misurina, Lake Misurina 

Depart1,.1re for Innsbruck, Tyrol 

Arrival at Innsbruck (with stops at the 

Central R ai 1 way Station and at the 

Air Terminal Innsbruck, Kranebitten) 

Transfer to STOP 4 at Köfels, Ötztal 

"Shocked quartzes" 

Departure for Innsbruck 

End of Excursion at Innsbruck 

8.00 

11.00 - 14.00 

14.30 - 16.00 

16.00 - 18.00 

7.00 - 8.00 

8.00 

8.00 - 9.00 

9.00 - 12.00 

12.30 - 14.00 

14.00 - 19.00 

7.00 - 8.00 

8.00 

8.00 - 9.00 

9.00 - 11.00 

11.00 - 12.00 

12.00 - 13.00 

13.00 

17.30 

17 .00 - 18.00 

19.30 

20.30 

There are chances for free rides back to Vienna during night or 

early next morning. 
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Geology of the KIT Boundary Site 
at Knappengraben Creek 

(Gams, Styria) 

R. lAHODYNSKY 
(Auswärtiger Mitarbeiter der Geologischen Bundesanstalt, Vienna, Austria) 

Austrian Science Foundation Project 5879 

Re g i o n a l  f e a t u r e s  

The largely fault bounded basin of Gams, Styria, is situated in the eastern 

part of the Northern Calcareous Alps close to the marked bend of the Enns 

river. The area comprises more than 2000 m thick rock sequences ranging 

from Santonian conglomerates, sandstones and marls to sandstones and marls 

of the Upper Paleocene. The Gams basin was an important area for earl ier 

attempts to locate the Cretaceous-Tertiary boundary, based on microfaunal 

investigations (Wicher & Bettenstaedt, 1956 and Kollmann, 1964). A detailed 

geological mapping by Kollmann (1964) allowed a limited litho- and nanno­

stratigraphical investigation of several boundary sections. At last, in 1986, a 

K/T boundary clay could be found in the Knappengraben section. (Stradner 

et al. 1987). 

E x c u rsi o n  r o u t e  

The occurrence of the Gosau Formation at Gams was dealt with in two 

recently published excursion guides (Kollmann, 1984 and Kollmann & Summes­

berger, 1982). 

Near the post office of the small village of Gams a minor road branches of 

the federal highway no 25. Since the narrow picturesque road through the 

Noth-canyon (cave with gypsum crystals) is not open to publ ic traffic we use 

the bypass road via Gamsforst (a minor settlement). Sandstones, conglo­

merates, sandy and clayey marls of the Concavata zone are exposed along the 

road and a small squeezed out and overthrust zone of the Lower Triassic 

base of the Unterberg nappe is crossed, which splits the Gams Basin into 

two parts. 

The narrowing of the Eastern Gams Basin towards the Torsattelpass and its 

overthrust by the Göller nappe in the south is well visible from Gamsforst. 

The excursion traverses breccias, sandstones and marls of the Zwieselalm­

Formation (NP3-NP9 zone in the Gams area, det. H. Stradner) along a small 

torrent down to Krautgraben valley. After crossing the Gamsbach river east 

of a small saw mill we drive over Zwieselalm Beds to the first ascend of the 

Saugraben forest road. Further eastward road scarps expose grey Maastrichtian 

marls of the Nierntal Formation. South of the forest road the Gamsbach river 
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runs along the K/T transition and scours the softer Danian marls. Lowermost 

Paleocene wedges out more and more in westward di rection. 

K / T b o u n d a r y  s e c t i o n  

The Knappengraben boundary site is situated east of the Hafneralm (a farm) , 

south of Beilstein mountain, at an altitude of 795 meters above sea level and 

comprises a series of artificial exposures along a small creek and a scarp of 

a forest road. The K/T boundary layers mark the end of a cycl ic alternation 

of thin turbidites with interbedded hemipelagic calcareous marl beds, deposited 

above the CCD- level. 

The slightly tectonized boundary sequence consists of a white, yellow and dark 

grey clay triplet with layers of calcite plates and slickensides. The bright 

yel low or "rusty layer" may thin out laterally. The · slope facies association of 

the Nierntal Beds above the K/T is mainly composed of sandstones and sandy 

grey-brown or red-brown turbiditic marls. 

Some chaotic beds containing Maastrichtian 1 imestone ol isthol ites are inter­

calated in the lowermost Tertiary . 

. Legend of the lithostratigraphic logs 1 : 1 o and 1 : 100 at the Knappengraben boundary 
site, Gams, Styria 

EI calcareous marl - cc calcite layer 

-1- marl - hemipelagite 

- - clayey marl � turbidite ... 

clay � debrite 
-·- sandy pelite � cross bedding 

silt � wavy lamination 
.... sandstone planar lamination 

AA breccia 1111 f racture cleavage 

'rusty layer 
u 

r--../ fault 1111111 


























































