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Magnetostratigraphy of the Jurassic/Cretaceous boundary interval in 
the Western Tethys and its correlations with other regions: a review
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Abstract. Magnetostratigraphy is an important method in regional and worldwide correlations across the Jurassic/Cretaceous boundary. 
The M-sequence of magnetic anomalies, embracing this boundary, provides an easily recognizable pattern which might be identified in 
bio stratigraphically calibrated land sections. The polarity chrons between M21r and M16n are well correlated to calpionellid and calcareous 
nannofossil stratigraphy in the Tethyan realm. This results in a very high precision of stratigraphic schemes of pelagic carbonates (am-
monitico rosso and maiolica limestones), integrating the two groups of fossils with magnetostratigraphy. The main clusters of the reference 
sections are located in the southern alps and apennines, but the database was recently enriched by sections from the western Carpathians 
and Eastern alps. Quite a few Jurassic/Cretaceous boundary sections with magnetostratigraphy are known in the iberian Peninsula and 
south-eastern France but their importance relies on the integration of magnetostratigraphy also with the Tethyan ammonite zonation. Cor-
relation of boreal and Tethyan regions still remains a major problem. Just two sections with reliable correlation to the global polarity time 
scale are documented outside Tethys: a shallow marine to non-marine Tithonian–berriasian–Valanginian sequence in southern England 
(Portland–Purbeck beds) and the marine clastic Upper Tithonian–Middle berriasian (= Middle Volgian–lowermost ryazanian) sequence 
at Nordvik Peninsula (siberia). The Volgian/ryazanian boundary at Nordvik seems to be located in the lower part of magnetochron M18n, 
while the most commonly accepted definitions of the Tethyan Jurassic/Cretaceous boundary are situated either within magnetochron M19n 
(A/B calpionellid zonal boundary, Durangites/Jacobi ammonite zonal boundary), or at the boundary of M19n/M18r (Jacobi/Grandis am-
monite subzonal boundary). 

InTroduCTIon

The worldwide definition of the Jurassic/Cretaceous 
boundary is still not established (e.g. Remane, 1991; Za-
kharov et al., 1996; Wimbledon, 2008; Pessagno et al., 2010; 
wimbledon et al., 2011; Michalík, Reháková, 2011). The 
problems in global correlation of the Jurassic/Cretaceous 
boundary arise primarily from: 
1. Lack of any important faunal change which might be 

used as a biostratigraphical marker (see also rogov et al., 
2010). 

2. General regression and profound biogeographical provin-
cialism, especially between ammonites of the boreal and 
Tethyan realms.
as a consequence, a variety of regional stages developed 

such as Tithonian and berriasian in the Tethyan region, bo-
lonian, Portlandian and Purbeckian in north-western Europe, 
Volgian and ryazanian in russia and the arctic (see e.g. 
Cope, 2008; Harding et al., 2011 for review). That is also 
the reason why the Jurassic/Cretaceous is the only Phanero-
zoic system boundary not yet fixed by a GSSP. Additionally, 
the accuracy of numerical dating of the Jurassic/Cretaceous 
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boundary, estimated as 145.5 Ma, amounts to ±4 My (Grad-
stein et al., 2004). This is the highest error among all system 
boundaries in the Phanerozoic and results from the paucity 
of reliable radiometric ages (Pálfy, 2008). Historically at 
least three definitions of the Jurassic/Cretaceous boundary 
are considered, tied to ammonite zonation in the Tethyan 
realm (Fig. 1a): 
1. base of the Jacobi ammonite subzone, which is often 

(e.g. Gradstein et al., 2004) regarded as equivalent to the 
boundary between calpionellid Zones A and B, correlated 
with the upper part of magnetosubzone M19n2n (Col-
loque sur la limite Jurassique-Crétacé, 1973). According 
to Tavera et al. (1994) and Pruner et al. (2010) the base 
of the Jacobi Zone must be correlated with the upper part 
of calpionellid Zone A and the lowermost part of magne-
tosubzone M19n2n.

2. base of Grandis ammonite subzone, in the lower part of 
calpionellid Zone B, almost coinciding with the base of 
magnetozone M18r (Colloque sur la Crétacé inferieur, 
1963).

3. boundary between Grandis and subalpina ammonite 
subzones (= between Jacobi and occitanica ammonite 
zones), correlated with the middle part of calpionellid 
Zone B and the lower part of magnetozone M17r (Hoe-
demaeker, 1991; Gradstein et al., 2004).

Gradstein et al. (2004) in their time scale accepted the 
first of the three options listed above, which has in fact 
been applied in most recent studies integrating calpionel-
lid stratigraphy (Fig. 1b) and magnetostratigraphy in the 
Tethyan region (e.g. Houša et al., 1999a, 2004; Grabowski, 
Pszczółkowski, 2006; Grabowski et al., 2010a; Pruner et al., 
2010). However, recent developments in calpionellid stra-
tigraphy seemed to question also the basic methodology in 
defining the A/B calpionellid zone boundary: depending on 
criteria, the boundary falls either in the middle part of the 
M19n2n magnetosubzone or slightly below the bottom of 
M19n1r magnetosubzone, as in the case in the Brodno sec-
tion in the Western Carpathians (see Houša et al., 1999a, b; 
Michalík et al., 2009; Michalík, Reháková, 2011). Channell 
et al. (2010) suggested that the position of the Jurassic/Cre-
taceous boundary can be recognized by the first occurrence 
of the nannofossil Nannoconus steinmannii minor, which oc-
curs at the base of magnetozone M18r. 

Magnetostratigraphy might be used as a correlation tool 
between different kinds of biostratigraphical scales and dis-
tant areas or sections, and therefore its significance in the 
global definition of the Jurassic/Cretaceous boundary is ap-
preciated. it works equally well in deep water, shallow wa-
ter and terrestrial sediments and might be applied also in 

radiometrically dated volcanic rocks. The problem of the 
method is that not all rocks preserve their primary magneti-
zation (e.g. McCabe, Elmore, 1989) and that magnetostratig-
raphy must be integrated with other stratigraphical methods. 
The aim of this paper is to review magnetostratigraphic data 
from the broad Jurassic/Cretaceous boundary interval, be-
tween the magnetozones M21r (Lower Tithonian) and M16n 
(Upper berriasian). an emphasis is put on the western Teth-
yan sections (Fig. 2), indicating correlation possibilities with 
coeval sections in other palaeogeographic realms, where 
magnetostratigraphic calibration is available. 

MagneTIC anoMalIes, bloCk Models 
 and MagneTosTraTIgraphy

Marine magnetic anomalies constitute a base for the 
construction of a global polarity time scale (GPTs). The M-
-sequence of magnetic anomalies, which covers the Jurassic/
Cretaceous transition, refers to anomalies older than the Cre-
taceous Quiet Zone (Cretaceous Normal Superchron). They 
are numbered from M0 (Aptian/Barremian stage boundary) 
to M37, which corresponds to the Upper Callovian (Opdyke, 
Channell, 1996). They are documented in the Pacific, Atlan-
tic and indian oceans, but the best record of lineation sets 
is derived from the Pacific. Most M anomaly models were 
based on the magnetic profiles from the Hawaiian spreading 
center (Larson, Hilde, 1975; Channell et al., 1995; Gradstein 
et al., 2004) but recently Tominaga and Sager (2010) built 
a new model incorporating data also from other Pacific line-
ation sets: Japanese and Phoenix. Its rough accordance with 
the linear magnetic anomalies of the atlantic and west aus-
tralia set was tested. The model seems superior to previous 
ones since it takes into account subtle differences in spread-
ing rates between the three lineation systems. older mod-
els assumed either constant spreading rates in the Hawaiian 
lineations (Channell et al., 1995) or accepted four intervals 
of constant spreading rate (Gradstein et al., 2004). Assign-
ment of numerical ages to magnetic anomalies, and hence, 
to magnetozones is very important. The model of Tominaga 
and Sager (2010) was calibrated with two dates only. These 
are: 155.7 Ma for the base of M26r (the 40ar/39ar age of 
celadonite from the oceanic crust of the north-western aus-
tralian margin, see Ludden, 1992) and 125.0 Ma for the base 
of M0r (the 40ar/39ar age of the MiT Guyot in the western 
Pacific, fide Gradstein et al., 20041). Comparison of inferred 
dating of magnetozones between the models of Channell et 
al. (1995), Gradstein et al. (2004) and Tominaga and Sager 
(2010) is shown in the Fig. 1A. 

1 Not Channell et al. (2000) as indicated in the paper of Tominaga and Sager (2010)
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The nomenclature of magnetostratigraphic units is not 
very strictly formalized. a polarity chron or magnetochron 
is defined as a time interval of constant magnetic field po-
larity delimited by reversals. The corresponding interval in 
the stratigraphic section is called a polarity zone or magne­
tozone. The terms subchrons and subzones are also in use 
but their meaning is not well constrained. Usually the term 
magnetozone or magnetochron is applied to a normal (n) or 
reversed (r) polarity interval which is numbered according to 
marine magnetic anomalies (ogg et al., 1991). For example, 
magnetochron M19r corresponds to magnetic anomaly M19, 
while magnetochron M19n – to the normal interval between 
anomalies M19 and M18 (Fig. 3). A magnetosubchron is de-
fined as a short polarity interval within a magnetochron, like 

e.g. magnetosubchron M19n1r within M19n magnetochron. 
Such a definition was applied in the present study. However 
some authors recommend the use of duration time as a crite-
rion in the hierarchy of magnetostratigraphic units. accord-
ing to McElhinny and McFadden (2000), the approximate 
duration of a magnetochron is 106–107 years, while that of 
a magnetosubchron is 105–106 years. in this case most of 
polarity intervals within an M-sequence (M19r, M18n etc.) 
should be defined as magnetosubchrons. 

Two parallel symbols are currently used for naming 
the magnetochrons of an M-sequence. J.E.T Channell (e.g. 
Opdyke, Channell, 1996; Channell et al., 2010) applies 
the term CM. A prefix “C” is added to distinguish polar-
ity chrons from marine magnetic anomalies. other authors 

Fig. 2. location of the magnetostratigraphically studied Jurassic/Cretaceous boundary sections in europe

1 – Brodno; 2 – Western Tatra; 3 – strážovce; 4 – Hlboča; 5 – lókút; 6 – sümeg; 7 – nutzhof; 8 – sierra Gorda; 9–10 – carcabuey and Puerto Escaňo; 11 – rio 
argos; 12 – Berrias; 13 – Torre de’Busi; 14 – colme di Vignola; 15–19 – Foza, Frisoni, Xausa, Bombatierle and mezzosilva; 20–22 – Bosso, arcevia and Fonte 
Giordano; 23 – Durlston Bay.

Rome

Lyon

Paris

Madrid

London

Milan

Munchen

Venice

Kraków

WarsawBerlin

Vienna

Budapest

1 2
3

4

56
7

8

11

12

23

13

14

15–19

20–22

9–10



110 Jacek Grabowski

(e.g. ogg et al., 1991; Gradstein et al., 2004; Pruner et al., 
2010) use the same terminology for magnetic anomalies and 
the corresponding magnetochrons (M), with the suffix n or 
r for polarity indication. This nomenclature is accepted also 
in this paper. 

global polarITy TIMe sCale (gpTs) For  
The JurassIC/CreTaCeous boundary InTer-
val and ITs bIosTraTIgraphIC CalIbraTIon 

The frequency of magnetic reversals is not very high 
in the Late Tithonian and berriasian (e.g. Gradstein et al., 
2004; Kurazhovskii et al., 2010). Some magnetozones are 
of almost 1 My duration (e.g. M20n, M19n, M17r, M16n) 
which is not as common in the Oxfordian–Kimmeridgian and 
Valanginian–Hauterivian. Moreover, magnetozones M20n 
and M19n reveal a characteristic pattern: they are divided 
in two parts by short reversed magnetosubzones (M20n1r 
and M19n1r) in their 50–60% and 80–90% respectively (see 
Fig. 1A, 3). The pattern is relatively easy to recognize in 
the magnetic record and, in the presence of even rough bi-
ostratigraphic markers, might usually be reliably matched 
with GPTs (e.g. Houša et al., 2007). Correlation between 

GPTs and biostratigraphy, especially micro- and nannofossil 
stratigraphy, is well established. 

Correlation of calpionellid zones (e.g. Remane, 1986, see 
also Fig. 1b) to magnetozones has been achieved by inte-
grated bio- and magnetostratigraphic studies in the ammo-
nitico rosso and Maiolica formations of the southern alps 
and Apennines (Ogg, Lowrie, 1986; Channell, Grandesso, 
1987; Channell et al., 1987). The correlation was performed 
based on 5 sections in the Trento Plateau of the Southern 
alps: Capriolo, Xausa, Frisoni, Valle de Mis, Quero, and 
a single section in the apennines (bosso) (Fig. 2). it is worth 
mentioning that the same southern alpine sections were used 
to calibrate the δ13C isotope curve in the Jurassic/Cretaceous 
boundary interval (Weissert, Channell, 1989). The correla-
tion of calpionellid zonation to magnetostratigraphy has been 
positively tested and only slightly refined in numerous pa-
pers (e.g. Houša et al., 1999a, b; Grabowski, Pszczółkowski, 
2006; Houša et al., 2004; Pruner et al., 2010; Grabowski et 
al., 2010a, b). 

bralower et al. (1989) established a correlation scheme 
between magneto- and nannofossil stratigraphy based on 
5 land sections (Bosso and Fonte Giordano in Apennines, 
Foza in southern alps, Carcabuey in betic Cordillera, and 
Berrias in south-eastern France) and one DSDP site (534A). 
Channell et al. (2010) correlated the new nannofossil zona-
tion of Casellato (2010) with GPTS in 6 sections from the 
Southern Alps. The new nannofossil stratigraphy was juxta-
posed also with the magnetostratigraphy of DSDP site 534A 
(Casellato, 2010). Integration of magnetostratigraphy with 
ammonite zonation is not as robust as with micro- and nan-
nofossils. it has been reported from four land sections only 
(Fig. 2): the berriasian historical type locality (Galbrun, 
1985) and three sections from the Betic Cordillera of Spain 
(ogg et al., 1984; Pruner et al., 2010). Moreover, in none of 
those studies were magnetostratigraphy and ammonite stra-
tigraphy truly integrated (as is a usual case in magnetostrati-
graphic studies integrated with calpionelid or nannofossil 
stratigraphy) and there is an urgent need for modern reas-
sessment of the stratigraphically important Lower berriasian 
ammonites (wimbledon et al., 2011). Other groups of or-
ganisms were not routinely utilized in the biostratigraphic 
calibration of magnetostratigraphic sections. A notable ex-
ception are the summary results of DsDP sites on the west-
ern atlantic, where magnetostratigraphy was integrated with 
nannofossils, calpionellids, radiolarians, dinoflagellates and 
foraminifers (Initial reports of DSDP, vol. 76. www.deep-
seadrilling.org). also in the recent studies of the brodno and 
Nutzhof sections (Fig. 2), magnetostratigraphy was inte-
grated with calcareous nannofossils and dinoflagellate strati-
graphy (Michalík et al., 2009; Lukeneder et al., 2010). 
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TeThys MagneTosTraTIgraphy

PiEniny KliPPEn BElT

The first magnetostratigraphic results from the Jurassic/
Cretaceous boundary beds from the western Carpathians 
area were published by Houša et al. (1996a, b). These authors 
studied the Brodno section, near Žilina (Slovakia), situated 
in the Kysuca unit of the Pieniny Klippen Belt (Michalík et 
al., 1990a). The papers (Houša et al., 1996a, b) documented 
the 21 m long record of magnetic reversals from the top of 
M21r (upper part of the Lower Tithonian) to M17r (upper 
part of the Lower berriasian). Three years later, new results 
were published from that section (Houša et al., 1999a, b) 
based on a very high resolution of the sampling (oriented 
samples taken each 3–5 cm). An important achievement of 
the second phase of magnetostratigraphic work at brodno 
was a detailed documentation of two short reversed polar-
ity events named: (1) Kysuca magnetosubzone (M20n1r) 
within the middle part of M20n (55% of local thickness) and 
(2) Brodno magnetosubzone (M19n1r) within the upper part 
of M19n (82% of local thickness) – see Fig. 4. The Jurassic/
Cretaceous boundary based on calpionellids (base of Calpi-
onella Zone) was situated at 34% of the local thickness of 
M19n. Houša et al. (1999a) presented a correlation between 
the magnetostratigraphic results and the identified calpionel-
lid taxa (which was lacking in older papers about the Brodno 
section). However, the high resolution magnetostratigraphic 
log published in 1999 did not embrace the higher part of the 
section, i.e. between 11.2 and 21.0 m, which corresponds 
to magnetozones M18r to M17r. Therefore this part of the 
section still awaits integrated bio- and magnetostratigraphic 
study. The boundary between the Czorsztyn Limestone For-
mation and the Pieniny Limestone Formation was situated 
at the top of the kysuca magnetosubzone (at ca. 5.7 m of 
the section).

Michalík et al. (2009) presented a modified biostrati-
graphical scheme of the section (including calpionellid, 
calcareous dinocyst and nannofossil stratigraphy), inte-
grated with the earlier magnetostratigraphy as well as other 
stratigraphical methods (δ18O, δ13C, ToC, and CaCo3, and 
detailed microfacies and cyclic stratigraphy). The Jurassic/
Cretaceous boundary was shifted higher by about 1.4 m, 
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 almost to the base of the brodno magnetosubzone1. The 
lower boundary of the Chitinoidella Zone was moved down 
the section and some other boundaries of calpionellid sub-
zones were significantly changed (see Fig. 4). However, the 
frequencies of occurrence of calpionellid species for the ex-
tended Colomi subzone were not published for the brodno 
section. 

Concerning the correlation of nannofossil stratigraphy to 
magnetostratigraphy, it should be noted that this deviates in 
some respects from the scheme of bralower et al. (1989). In 
the Brodno section, zone NJ-20 terminates in the uppermost 
part of M20n2n and not in the middle part of M20r, as plot-
ted by bralower et al. (1989).

The mean sedimentation rate within the section was quite 
low (average 2.26 m/My), slightly increasing between the 
Czorsztyn and Pieniny Formation (Grabowski et al., 2010a). 
This agrees with low magnetic susceptibility (Ms) values 
(mostly below 20 × 10–6 si, with a decreasing trend between 
Tithonian and berriasian), indicating most probably a low 
input of detrital material towards the basin.

cEnTral WEsTErn carPaTHians 

An extensive study of Mesozoic rocks in the Tatra Mts 
(Grabowski, 2000) revealed that the Tithonian–Berriasian 
calpionellid limestones of the Križna nappe preserved their 
primary magnetization. First indications about the posi-
tion of the Jurassic/Cretaceous boundary were based on 
ammonites found in the biancone-type limestone (Lefeld, 
1974). Detailed calpionellid biostratigraphy and the posi-
tion of the Tithonian–berriasian boundary were studied by 
Pszczółkowski (1996). A composite magnetostratigraphic 
section, based on four overlapping sections situated in 
the western part of the Križna nappe (the so-called Bo-
browiec unit, see Bac, 1971), was published by Grabowski 
and Pszczółkowski (2006). A record of magnetic reversals 
was successfully revealed from M20r (uppermost Lower 
Tithonian) to the upper part of M16n (Upper berriasian) 
The total thickness of the composite section was between 
70 and 80 m. Palaeomagnetic sampling and biostratigraphic 
resolution was not as high as in the brodno section, and the 
positions of the biostratigraphic boundaries in relation to 
magnetozones were determined only roughly. Nevertheless 
the position of the crucial biohorizons is concordant with 
those in the Brodno section (Fig. 5). The Jurassic/Cretaceous 
boundary is situated at the bottom of the alpina subzone, 
at ca. 40% of the thickness of magnetozone M19n. The po-
sition of the brodno magnetosubzone is concordant with 

that of the Brodno section – within the upper half of M19n. 
However the position of the Kysuca magnetosubzone is 
anomalous, within the uppermost part of M20n (Grabowski, 
Pszczółkowski, 2006). This was not commented on in the 
original paper, but subsequent inspection in the field proved 
that the profile is dissected by a thrust fault (Grabowski et al., 
2010b) and a part of the section comprising the larger part of 
the post-Kysuca part of M20n (M20n1n), and a bottom part 
of M19r, is missing. The boundary between the Jasenina For-
mation and the Osnica Formation is located within M19n, 
just below the brodno magnetosubzone (ca. 0.5 m), within 
the lowermost Berriasian, while the Osnica/Kościeliska for-
mation boundary is situated in the lowermost part of M16n, 
in the Upper berriasian. 

within the magnetostratigraphically studied subsec-
tions in the Tatra Mts some rock magnetic analyses were 
performed which shed some light on the dynamics of sedi-
mentation. Each formation within the section revealed its 
distinct rock magnetic signature. The Jasenina Fm., which 
contains a lot of clay minerals, reveals high magnetic sus-
ceptibility (between 60–150 × 10–6 si), abundance of hema-
tite and relatively low sedimentation rates, close to 5 m/My. 
The magnetic susceptibility of osnica Fm., which is more 
carbonaceous, is lower (40–60 × 10–6 si) and its magnetic 
mineralogy is different: almost exclusively magnetite. The 
sedimentation rate rises to 5–10 m/Ma. The Kościeliska 
Marl Formation again contains a higher amount of detrital 
clays, as well as increasingly higher magnetic susceptibility 
(up to 160 × 10–6 si), but its magnetic mineralogy remains 
the same as in the Osnica Fm. (Fig. 6). The explanation given 
by Grabowski and Pszczółkowski (2006) was that the marly 
limestones of the Jasenina Formation sedimented during 
a period of low input of detrital material and low carbon-
ate productivity. Hematite is often regarded as an indicator 
of low sedimentation rate (Channell et al., 2000), although 
sometimes it is of early diagenetic nature and carries a mag-
netization that is ca. 105 years younger than time of sedi-
ment deposition (Channell et al., 1982). The increase of sed-
imentation rate during the Early berriasian was caused by 
increased carbonate productivity and a bloom of carbonate 
micro- and nannofossils. stepwise increase of sedimentation 
rate in the Late berriasian correlates with an onset of marly 
sedimentation which is a regional phenomenon within the 
basinal sections of the entire Central western Carpathians 
(Vašiček et al., 1994; Michalík et al., 1995) and Eastern Alps 
(rasser et al., 2003).

The second magnetostratigraphic investigations were 
performed on the Strážovce section in the Strážovské Vrchy 
Mts in Central Slovakia (Vašiček et al., 1983; Michalík et 

1 In the most recent paper of Michalík and Reháková (2011) the Jurassic/Cretaceous boundary in the Brodno section occurs even higher – in the middle 
of M19n1r (Brodno) magnetosubzone (see their fig. 7)
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al., 1990c). Here, however, the strata appeared to be heav-
ily remagnetized and not suitable for magnetostratigraphy 
(Grabowski et al., 2009). Successful magnetostratigraphic 
study was performed in the Malé karpaty Mts, located in 
the south-western termination of the western Carpathian 
arc (Grabowski et al., 2010b). The Hlboča section is situ-
ated within the Vysoká nappe, which reveals a peculiar, 
more shallow-water develop ment of the Fatric domain. The 
Upper Jurassic (Oxfordian to Tithonian) is developed here 
as red nodular limestones attributed to the Tegernsee For-
mation, which is an equivalent of the Czorsztyn Limestone 
Formation. The overlying Padlá Voda Formation consists of 
grey, poorly or thick-bedded grey calpionellid limestones 
(Michalík et al., 1990b). The Tithonian part of the Tegernsee 
Fm. revealed the presence of magnetozones from the upper 
part of M21n to the upper part of M20n, with the Kysuca 

magnetosubzone in the middle of M20n. A significant strati-
graphic gap is present at the Jurassic/Cretaceous boundary 
(Michalík et al., 1995; Michalík, Reháková, 2011) evidenced 
by sedimentary breccia beds of up to 1 m thickness. The 
sediments comprising the upper part of the intermedia sub-
zone and most of the alpina subzone were eroded and occur 
in the form of clasts. it was possible to date this gap using 
the magnetostratigraphic method. it appears that erosion re-
moved the uppermost part of M20n, the entire M19r and also 
the pre-Brodno part of M19n, that is M19n2n (Grabowski 
et al., 2010b), see Fig. 5. The rock magnetic properties and 
the state of outcrops of the Berriasian Padlá Voda Forma-
tion were not suitable for detailed magnetostratigraphy. The 
Berriasian limestones contained a lot of ultra-fine grained 
magnetite (in the superparamagnetic state) which is typical-
ly encountered in chemically remagnetized carbonates (e.g. 
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Jackson et al., 1993; Grabowski et al., 2009). Although 
the quality of the magnetostatigraphic results was quite 
poor, the presence of magnetozones from the uppermost 
part of M19n (M19n1n) to M17n is postu lated1. a peculiar 
feature of the section is an inverse pattern of Ms changes 
across the Jurassic/Cretaceous boundary, lower Ms values in 
the Tithonian part and higher within the Lower and Middle 
berriasian. This is at odds with the common pattern where 
usually a decrease of Ms is observed across the Jurassic/
Cretaceous boundary (Houša et al., 1999a, b; Houša et al., 
2004; Grabowski, Pszczółkowski, 2006; Pruner et al., 2010; 
Lukeneder et al., 2010; Grabowski et al., 2010a).

TransDanuBian mTs

Magnetostratigraphic investigations of the Jurassic/Cre-
taceous boundary in the Transdanubian Mts started as early 
as in the southern alpine and apennine sections in italy – in 

the early 1980s (Márton, 1982). The first section studied 
was that of sümeg, situated close the south-eastern mar-
gin of Balaton Lake – in fact this was the first land section 
studied covering the interval from the kimmeridgian to the 
berriasian. The Jurassic/Cretaceous boundary occurs within 
a succession of white to light grey limestones of maiolica fa-
cies, dating from Tithonian to Valanginian. The 140 m thick 
interval of Upper kimmeridgian–Lower berriasian rocks 
was sampled there with a resolution ca. 1 sample per meter. 
Primary magnetization of dual polarity was undoubtedly re-
vealed. Unfortunately, problems with the stratigraphic inter-
pretation arose from two reasons:
1.  Poor biostratigraphical dating of the section (just 8 bio-

stratigraphically dated horizons) and the calpionellid zo-
nation not fully established yet;

2.  Lack of other reference land sections studied.
Therefore, although a number of reversals was docu-

mented, the section could be correlated only tentatively to 
the Larson and Hilde (1975) scheme of oceanic magnetic 
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sedimentation rate (calculated after the timescale of Gradstein et al., 2004) is plotted against lithostratigraphy, magnetic mineralogy and smoothed magnetic 
susceptibility curve

1 Not as high as M15r as erroneously plotted by Michalík and Reháková (2011), in their fig. 7
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anomalies. The age of the Jurassic/Cretaceous boundary was 
put at 136.5 Ma, in the lowermost part of the M16n magne-
tozone. it is thus not surprising that the magnetostratigraphic 
data from the sümeg section is not fully accepted at present. 
Nowadays only a small part of the sümeg section is avail-
able for direct observations. Two other sections where mag-
netostratigraphy was done, also in the Transdanubian Mts 
(Borzavar and Harskut), were only briefly mentioned in a pa-
per of Márton (1986), but without extensive biostratigraph-
ic descriptions, only with the boundaries of the standard 
calpio nellid zones indicated. a new magnetostratigraphic 
study was performed on the Lókút section (Grabowski et al., 
2010a). The thickness of the section amounts to 13 m. It com-
prises a continuous passage between Jurassic and Cretaceous 
rocks. The bottom part of the section is developed as multi-
coloured (reddish, yellowish, white) nodular limestones of 
the Pálihálás Formation. Based on ammonites, the formation 
was assigned to the Kimmeridgian–Lower Tithonian (Vígh, 
1984). The Upper Tithonian–Lower Berriasian part of the 
section is represented by white calpionellid limestones with 
cherts (Mogyorósdomb Formation). Magnetozones from the 
uppermost part of M21r to the bottom of M18r were identi-
fied, which indicates that the Lókút section is almost equiva-
lent to the Brodno section (Fig. 5). The magnetic stratigra-
phy was calibrated on calpionellid zonation using the same 
samples (Grabowski et al., 2010a). The Jurassic/Cretaceous 
boundary was established at the base of calpionellid Zone B, 
in magnetozone M19n at 30% of its thickness. Stepwise de-
crease of Ms to almost negative values in the uppermost part 
of the section is observed indicating most probably a relative 
decrease of lithogenic input. The sedimentation rate reveals 
roughly an opposite trend, increasing from 1–3 m/My within 
the Tithonian to 5–7 m/My in the Berriasian. As in the sec-
tions from the Tatra Mts (see section 4.2), higher sedimenta-
tion rates are attributed to increasing productivity of calcare-
ous micro- and nannoplankton. 

EasTErn alPs

The Nutzhof section is located in the Gresten klippenbelt 
in Lower austria, ca. 60 km ESE from Vienna (Lukeneder 
et al., 2010) – see Fig. 2. It is now tectonically incorporated 
into the Rhenodanubian Flysch Zone, but the original place 
of deposition was a Helvetian unit, on the southern shelf 
of the European continent. This is the only Jurassic/Creta-
ceous boundary section studied magnetostratigraphically in 
the Eastern alps. its thickness is 18 m and magnetozones 
from M21r to M18n were documented. beside magnetic 

stratigraphy, also detailed chemostratigraphy (δ18O, δ13C, 
87sr/86sr, ToC, s) and biostratigraphy (calpionellids, cal-
careous dinoflagellates, calcareous nannofossils and macro-
fossils: ammonoids, aptychi, belemnites etc.) of the deposits 
were studied. 

The Jurassic/Cretaceous boundary, defined as the bound-
ary between a/b calpionellid zones, falls within the blassen-
stein Formation, in the pre-Brodno part of M19n (M19n2n). 
The lower part of the Formation (mostly Tithonian) consists 
of marl/limestone alternations, while the upper part of the 
Formation is represented by pure, grey limestones. it is char-
acteristic that ammonitico rosso facies is not present in the 
Tithonian within that section. The boundary between the two 
parts of the blassenstein Formation correlates with the up-
permost part of the M20n2n magnetosubzone (just below the 
kysuca magnetosubzone). The two parts of the blassenstein 
Fm. differ distinctly in Ms values. The agreement of the Ms 
curve with the gamma log and variations of CaCo3 content 
(Lukeneder et al., 2010) supports the view that the MS de-
creasing trend across the Jurassic/Cretaceous boundary is 
caused by lowering input of detrital material. 

Correlation of the calpionellid zonation with the magneto-
stratigraphy significantly deviates from a reference pattern 
(see Fig. 1A). The upper boundary of the Chitinoidella Zone 
falls as low as in the uppermost part of M20r (usually in the 
upper part of M20n2n, cf. Figs 4, 5). The Praetintinnopsella 
Zone embraces the boundary between M20r and M20n2n, 
while typically it is situated in the uppermost part of M20n2n 
(Michalík et al., 2009; Grabowski et al., 2010a). Also the 
position of the Jurassic/Cretaceous boundary, as well as 
calcare ous nannofossil and dinoflagellate divisions, differs 
from those established in the brodno section by the same 
 authors (Michalík et al., 2009).

The sedimentation rate in the Nutzhof section was highly 
variable (between 2 and 11 m/Ma – see Lukeneder et al., 
2010). However, it seems doubtful if the calculations re-
flect the real values. The positions of the two short mag-
netosubzones in the Nutzhof section are anomalous. The 
Kysuca Subzone is situated in the uppermost part of M20n 
which makes the post-Kysuca part of M20n zone (M20n1n) 
anomalously thin. again, the brodno magnetosubzone oc-
curs in a quite low position within M19n, which implies an 
unexpectedly big thickness of magnetosubzone M19n1n. It 
might be only speculated that a large part of M20n1n is most 
probably missing and the big thickness of M19n1n might be 
caused either by allodapic flow (the allodapic horizons are 
carefully marked in the paper) or other sedimentological or 
diagenetic (selective remagnetization?) phenomena. 



116 Jacek Grabowski

Generally the section somehow resembles the Pośrednie 
section from the western Tatra Mts because of: (1) the lack 
of ammonitico rosso facies at its bottom (in the Tithonian) 
and (2) the high input of detrital material (and still low sedi-
mentation rate) in the Tithonian. 

iBErian PEninsula

The first magnetostratigraphic results in Spain which ap-
proached the Jurassic/Cretaceous boundary were those of 
ogg et al. (1984). They were obtained in the the Sub-Betic 
Cordillera (south-eastern spain), which was formerly the 
passive margin of the iberian Plate. Two sections, developed 
on submarine swells, mostly in ammonitico rosso facies, 
were studied magnetostratigraphically: Carcabuey and sierra 
Gorda. The sierra Gorda section, embraced sediments of ca. 
9 m thickness, from the lowermost Kimmeridgian (Platyno-
ta ammonite Zone) to the Lower Tithonian (Admirandum/
Biruncinatum Zone). Magnetozones from M21n to M25r 
were interpreted within the section. The second section, Car-
cabuey, embraced a longer interval between the uppermost 
Oxfordian (Planula Zone) and the Lower Berriasian (Jacobi 
Zone) of ca. 11 m thickness. The magnetozones identified 
were from M19n to M25 or even lower (the correlation of the 
Kimmeridgian/Oxfordian boundary to GPTS was still dis-
putable). The Jurassic/Cretaceous boundary within the Car-
cabuey section was indicated at the Durangites/Jacobi zonal 
boundary which coincides with the middle part of M19n and 
the A/B boundary of calpionellid zones (Fig. 7). The Car-
cabuey section was subsequently calibrated with nannofossil 
stratigraphy (bralower et al., 1989). 

More than 25 years later, Pruner et al. (2010) revisited 
the Sub-Betic sections, focusing on detailed (30 mm average 
sampling interval) magnetostratigraphic documentation of 
the Jurassic/Cretaceous boundary. They choosed the Puerto 
Escaño section (GA-7) which is 8.1 m thick and developed 
typically in ammonitico rosso and related facies. it is situ-
ated just a few km from the Carcabuey section, studied by 
ogg et al. (1984). The Puerto Escaño section was carefully 
dated by calpionellids and ammonites, which is not possi-
ble in the Carpathian and alpine sections. The section com-
prised the tintinnid zones from the Chitinoidella Zone at the 
bottom to the Calpionella Zone in its upper part, and from 
the burckhardticeras to the Jacobi ammonite zones (Fig. 7). 
Magnetozones from the top of M20r to M18n were docu-
mented, with the kysuca and brodno magnetosubzones situ-
ated in their “typical” positions: Kysuca at 58% thickness of 
M20n and Brodno at 95% thickness of M19n. The authors 
placed the Jurassic/Cretaceous boundary at the base of Calp-
ionella Zone B, which falls in magnetozone M19n at 40% 
of its thickness. However, the boundary of the Durangites/

Jacobi ammonite zones is situated within the lowermost 
part of M19n. That confirms that the A/B calpionellid zonal 
boundary is not always coeval with the boundary between 
the Durangites and Jacobi zones (Tavera et al., 1994) and 
seems to demonstrate the advantage of integrated magneto- 
and calpionellid stratigraphy against ammonite zonation in 
placing the Jurassic/Cretaceous boundary.

The sedimentation rate in the Puerto Escaño was rather 
low and its mean value amounted to 2.87 m/My. However 
the highest values of the sedimentation rate might be calcu-
lated for magnetozone M18r: 4.05 m/My, while in the un-
derlying magnetozones it varied between 2.24 in M20n2n to 
3.26 in M20n1n. 

Calculated mean Ms values are lower for the berriasian 
than for the Upper Tithonian. indeed a stepwise decrease of 
MS is observed up the section, except for a sudden increase 
of Ms in the topmost part (M18n). 

an attempt to establish a magnetostratigraphic zonation 
was performed in the thick Lower Cretaceous basinal section 
in rio argos, situated in the betic Cordillera, south-eastern 
Spain (see Fig. 2) (Hoedemaeker et al., 1998). However the 
section appeared to be totally remagnetized, either syn- or 
post-tectonically, in the Neogene. That must be considered 
as a great disappointment because the section was consid-
ered as a possible candidate of Jurassic/Cretaceous boundary 
stratotype (Zakharov et al., 1996).

souTHErn alPs

since the pioneering studies on the magnetostratigraphy 
of the Jurassic/Cretaceous boundary in the southern alps 
(see ogg et al., 1991 and references herein) new data from 
7 sections were published recently by Channell et al. (2010). 
Six sections are from the Trento Plateau (Colme di Vignola, 
Passo branchetto, bombatierle, Foza, Frisoni and sciapala), 
and one section is located in the Lombardian basin (Torre 
de’busi). The Trento Plateau sections are the most thorough-
ly studied. Especially numerous sections are located to the E 
and sE of asiago town (so-called asiago Plateau in Trentino 
alps – see ogg et al., 1991 and Fig. 2, sections no. 15–19). 
Magnetozones from the base of M13r (Early Valanginian) 
to M22a (kimmeridgian/Tithonian boundary) were reliably 
documented there and correlated to micro- and nannofosil 
zonation (Channell, Grandesso, 1987; Channell et al., 1987; 
bralower et al., 1989; Ogg et al., 1991). The Trento Plateau 
sections are typically bipartite, consisting of the ammoniti-
co rosso superiore in its lower (mostly Tithonian) part and 
the biancone Formation in its upper (uppermost Tithonian–
berriasian) part. The conclusion of ogg et al. (1991) about 
diachronism of these two formations was confirmed. Al-
though Channell et al. (2010) did not put any sharp boundary 
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between them, usually distinguishing a “transitional inter-
val”, diachronism was evident even in a relatively small area 
like the Asiago Plateau. The “transitional interval” falls be-
tween top M20r and bottom M19n in the Foza A+ B section, 
within M19n in the Frisoni A section (Fig. 8), and in the top-
most part of M21n in the bombatierle section. The sections 

were calibrated biostratigraphically using nannofossils only. 
The position of the Jurassic/Cretaceous boundary was pro-
posed as the Fo of Nannoconus steinmannii minor which 
correlates with the bottom of M18r (Channell et al., 2010). 
(see Fig. 1a). The study of Channell et al. (2010) was a good 
opportunity to verify older magnetostratigraphic results, 
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since two sections (Frisoni and Foza) studied by Channell 
and Grandesso (1987 – Frisoni) and Ogg (1981; Ogg et al., 
1991 – Foza) were restudied, although the exact location of 
Channell et al. (2010) sections was slightly different than 
that in older papers. The consistency of the results might be 
assessed by comparison of sedimentation rates, calculated 
for specific magnetozones from the two sets of data available 
for the same section, as is attempted in Fig. 8. The consis-
tency between the old and new data for Frisoni (Fig. 8b, C) 
and Foza (Fig. 8D, E) is indeed very good. as the amount of 
data from the Asiago Plateau is significant, it may be possible 
to check whether any regional trends in sedimentation rate 
can be observed. The ammonitico rosso facies sedimented 
with a rate around 1–3 m/My and there is no clear trend in 
sedimentation rate. The bottom of M19n is usually marked 
by an increase in the sedimentation rate to 4–6 m/My. it is 
broadly related to the facies change from the ammonitico 
rosso to the biancone/maiolica facies. as a sharp boundary 
between these two formations cannot be indicated (e.g. Mar-
tire et al., 2006), the changes in sedimentation rate are most 
probably not as sharp as in Fig. 8, but rather stepwise. it is re-
markable that in magnetozone M18r and especially in M18n, 
well within the maiolica facies, the sedimentation tends to 
decrease in all sections. Detailed magnetic mineralo gy data 
(even Ms logs) are not available for the southern alpine sec-
tions, therefore it cannot be speculated about the nature of 
this phenomenon. Moreover, it seems that even on the scale 
of the Trento Plateau local sedimentary conditions varied – 
as can be judged from the example of the Colme di Vignola 
section, situated more to the west from asiago Plateau (see 
Fig. 2) where the ammonitico rosso facies continues quite 
high stratigraphically and a major increase in sedimenta-
tion rate is observed in magnetozone M18r, with the onset 
of “real” maiolica, above the transitional interval (Fig. 8H). 
a comparison of overall sedimentation rates within the Tren-
to Plateau with those calculated by Grabowski et al. (2010a) 
for the Lókút section in the Transdanubian Mts (Hungary), 
confirms the model of palaeogeographic proximity of these 
two regions in the Mesozoic (Vörös, Galácz, 1998). 

Torre de’Busi is the first magnetostratigraphically cali-
brated section located within the Lombardian basin. Mag-
netozones between M22n and M18n were identified within 
the section, with both short magnetosubzones kysuca and 
brodno. it must be emphasized that these magnetosubzones 
were not easy to document within the more condensed sec-
tions of the Trento Plateau: both magnetosubzones were 
found in the Foza section only, and the brodno magneto-
subzone within Frisoni a section (Channell et al., 2010). As 
might be expected the sedimentation rate within the Torre 
de’busi section is almost twice as high as in the Trento Pla-
teau sections: between 3 to 5 m/My in the Rosso ad Aptici 

Formation and between 9 and 13 m/My in the Maiolica For-
mation (which corresponds to the sedimentation rates of 
the Jasenina and osnica formations in the Tatra Mts – see 
Grabowski, Pszczółkowski, 2006). The major increase in 
sedimentation rate in the Torre de’busi coincides with the 
onset of “transitional beds” between the Rosso ad Aptici and 
Maiolica formations (Fig. 8i). 

The magnetostratigraphy of deposits below the kim-
meridgian/Tithonian is still to be done within both the Trento 
Plateau and the Lombardian basin. in the Torre de’busi sec-
tion, it was not possible to identify reliably the bottom of 
M22n magnetozone (lower part of rosso ad aptici and up-
per part of radiolariti units). in the Colme di Vignola, Foza, 
sciapala and bombatierle sections, although magnetostratig-
raphy was performed in the lower part of the ammonitico 
rosso superiore, Calcare selcifero di Fonzaso and ammo-
nitico rosso inferiore (Callovian–kimmeridgian), it was not 
possible to correlate the sections with GPTs, due to very 
frequent polarity changes, most probably low sedimentation 
rates, and a still poorly defined general pattern of GPTS in 
this time interval, as well as a lack of reference sections with 
correlations between nannofossils and magnetozones (see 
also Channell et al., 1990). 

aPEnninEs

There are only two sections in the appenines that cover 
the magnetostratigraphically documented Jurassic/Creta-
ceous boundary: bosso and arcevia (Fig. 2). 

The reference Jurassic/Cretaceous boundary section is 
without doubt bosso situated in the Umbria – Marche ap-
ennines – its magnetostratigraphy was described in three 
independent studies (Lowrie, Channell, 1983; Houša et 
al., 2004; Speranza et al., 2005). The section constitute a 
part of a deep water trough located at the southern margin 
of the Monte Nerone pelagic carbonate platform (Houša et 
al., 2004 and references therein). Two formations cover the 
Jurassic/Cretaceous boundary interval there. The first, Cal-
cari ad Aptici (or Calcari diasprigni) is 19 m thick, and the 
uppermost 12 m consists of pinkish to reddish, thin-bedded 
cherty limestones with aptychi and Saccocoma (Cecca et al., 
1987; Speranza et al., 2005). The second, Maiolica, starting 
from the uppermost level of red chert (speranza et al., 2005) 
encompasses ca. 80 m of white cherty limestones within the 
Berriasian. Magnetozones from M20n to M15n, and possi-
bly higher were documented by Lowrie and Channell (1983), 
see Fig. 9. Their results were essentially confirmed by sub-
sequent studies. The Jurassic/Cretaceous boundary was 
placed close to the bottom of M17r, in the uppermost part of 
the alpina subzone. The calpionellid biostratigraphy of the 
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section was subsequently revised (see Channell, Grandesso, 
1987) and a nannofossil stratigraphy established (Bralower 
et al., 1989). Houša et al. (2004) put the Jurassic/Cretaceous 
boundary at the base of calpionellid Zone B (base of the Al-
pina subzone). They focused on the lower part of the section, 
covering the magnetozones from M20n to the lowermost 

part of M17r. Speranza et al. (2005) restudied the interval of 
Lowrie and Channell (1983), but attempted to obtain results 
from the older part of the Calcari ad aptici, sampling the 
beds below M20n2n. However, they were unable to correlate 
the polarity intervals to GPTS, most probably due to extreme 
condensation of the sediments. Both studies, Houša et al. 

90

80

70

60

50

40

30

20

10

?

M
15

r
M

16
n

M
17

r
M

19
n

M
20

n
M

16
r

M
17

n
18

n
18

r

Ca
lca

ri
ad

 A
pt

ici
M

 a
 i 

o 
l i 

c 
a

–10

0

10

20

30

M
19

n
M

20
n

M
18

n
18

r

19r

Al
pi

na
In

te
rm

.
Cr

as
sic

ol
la

ria
Ca

lp
io

ne
lla

Ch
itin

oi
de

lla

300

310

320

330

340

350

360

370

380

M
15

r
M

16
n

M
16

r
M

17
r

M
18

n
M

18
r

M
19

n
M

20
n

M
17

n

Ca
lca

ri
ad

 A
pt

ici
M

 a
 i 

o 
l i 

c 
a

A

B

C

D

NJ-20B

NJK-B

NJK-C

NJK-D

NJ
K-

A
NK

-1
NK

-2
A

NK
-2

B
Na

nn
of

os
sil

 z
on

es
(B

ra
lo

we
r 

.,1
98

9)
 

et
 a

l

Ca
lp

io
ne

llid
  z

on
es

(C
ha

nn
el

l,
G

ra
nd

es
so

,  
19

87
) 

Speranza
 (2005)et al.

Lowrie and
Channell (1983)

Housa
 (2004)et al.

m
m

m

Fig. 9. Magneto- and biostratigraphy of the bosso section (apennines), after lowrie and Channell (1983), houša et al. (2004) and speranza et al. (2005)



121Magnetostratigraphy of the Jurassic/Cretaceous boundary interval in the western Tethys and its correlations with other regions...

(2004) and Speranza et al. (2005), documented the two short 
magnetosubzones Brodno (M19n1r) and Kysuca (M20n1r). 
The latter is situated close to the boundary of the Calcari ad 
Aptici and Maiolica formations (Houša et al., 2004; Speranza 
et al., 2005), at the beginning of the upper half of M20n.

The characteristic feature of the bosso section is an ap-
parent decrease in sedimentation rate across the Jurassic/Cre-
taceous boundary, from 16–20 m/My in M20n1n to ca. 5–8 
m/my in M19r, 11–12 m/My in the entire M19n, 9–10 m/My 
in M18r up to 6.5–7.7 m/My in M18n, which is an entirely 
different trend from that in sections on the Trento Plateau 
(see above). Decreasing trend in sedimentation rate is ac-
companied by a systematic decrease in magnetic susceptibil-
ity (Houša et al., 2004). 

The arcevia section is situated several tens of kilometres  
to the east of bosso. Magnetozones from the topmost part 
of M21n to M17r were reliably documented within the sec-
tion. its biostratigraphy is based only on calcareous nanno-
fossils: biozones NJ-20B and NJ-K (Bralower et al., 1989) 
were distinguished in the section. NJ-20B is correlated with 
M20r and the lower part of M20n2n while NJ-K is correlated 
to M20n1n–M19n1n inclusively. It differs slightly from the 
integrated scheme presented by Channell et al. (2010 – their 
fig. 11), where the NJ20/NJ-K zonal boundary is located 
within magnetozone M20r. It seems there is no biostrati-
graphic data from the upper part of the section. 

Arcevia is claimed to be the most expanded land sec-
tion documented so far between the bottom of M20n and the 
top of M19n (Speranza et al., 2005). The Calcari ad Aptici 
Formation attains an apparent thickness of almost 55 m, be-
tween the uppermost part of M21n and M19n1n. It is de-
veloped atypically as fine–grained, greenish limestones with 
cherts. This results in a high sedimentation rate in the Upper 
Tithonian: almost 17 m/My in magnetozones M20n1n and 
M19n. It is worth noting that a large diachronism exists be-
tween the bosso and arcevia sections in the timing of the 
lower boundary of the Maiolica Formation: in the lower part 
of M20n1n in Bosso, and in the top of M19n1n in Arcevia 
(speranza et al., 2005). It is also peculiar that the base of the 
Maiolica Fm. is not related to an increase in sedimentation 
rate, as is the case with the Trento Plateau sections. 

in the Fonte del Giordano section, located also in Um-
bria – in the Marche appenines, a well documented mag-
netostratigraphy embrace magnetozones from the topmost 
part of M18n up to M14r, roughly attached to calpionellid 
and nannofossil zonation (Cirilli et al., 1984; Bralower et al., 
1989). The Jurassic/Cretaceous boundary is situated in a gap 
in the section between 18 and 30 m. The normally mag-
netized lower part of the section might be correlated with 
magnetozone M20n, as it contains the lower boundary of 
the Crassicollaria Zone (Grabowski, Pszczółkowski, 2006; 
Grabowski et al., 2010a). 

VoconTian TrouGH, souTH-EasTErn FrancE

The importance of sections in the Vocontian Trough for 
magnetostratigraphy, like those of sub-betic region, relies on 
the co-occurrence of calpionellids and ammonites. The only 
section where primary magnetization was documented is the 
berriasian stratotype at berrias, at the south-eastern margin 
of the Massif Central (Galbrun, 1985). The section is ca. 25 
m thick and comprises blue-gray micritic pelagic limestones. 
The section is well dated by ammonites and calpionellids (Le 
Hégarat, Remane, 1968; Le Hégarat, 1971) as well as nan-
nofossils (bralower et al., 1989). It contains the Grandis to 
boissieri ammonite zones (with ammonite subzones distin-
guished) and the calpionellid zones b to D. The Jurassic/Cre-
taceous boundary was recognized in south-eastern France at 
the Jacobi/Grandis zonal boundary (Le Hégarat, 1971), which 
corresponds to the lower (but not lowermost) part of calpi-
onellid Zone B and almost coincides with the bottom of M18r 
magnetozone (Gradstein et al., 2004). Magnetozones from 
M18r to M15r were documented in the Berrias section. The 
palaeomagnetic record is broken at the M17r/M17n boundary 
(ca. 2.3 m sampling gap), where slump breccia occurs. There 
are no palaeomagnetic results from the Jurassic/Cretaceous 
transition due to the very low intensities of the NrM in that 
interval (Galbrun, 1985). Generally, the magnetostratigraph-
ic correlation of the section poses some problems (see also 
bralower et al., 1989). Magnetozone M16n contains a small 
reversed magnetozubzone (Ber.Z.R.3) which, until recently, 
was not defined in the M-sequence (Gradstein et al., 2004). 
The most recent geomagnetic polarity time scale (Tominaga, 
Sager, 2010) documents a new magnetosubchron (M16n1r) 
which might correspond to the Ber.Z.R.3 subzone of Galbrun 
(1985). However the existence of another short normal polar-
ity subzone within the interpreted M17r (Ber.SZ.N.7) has not 
been confirmed in any other section. The sedimentation rate 
within the magnetozones which are complete in this section, 
M16r and M16n, amounts to ca. 8 m/My, while in magneto-
zone M17n it is at least 6 m/My. 

any subsequent attempts at magnetostratigraphy in the 
Vocontian sections failed due to the presence of remagneti-
zation, related either to clay mineral diagenesis (katz et al., 
1998, 2000) or fluid circulation (Henry et al., 2001; Kechra 
et al., 2003). However recent activities of the Berriasian 
working Group (wimbledon et al., 2011) indicate that there 
is still a potential for magnetostratigraphic studies in south-
eastern France. 

dsdp sITes

The best documentation of Jurassic/Cretaceous boundary 
magnetostratigraphy is derived from DSDP site 534 situ-
ated in the western part of the atlantic ocean, close to the 
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Florida coast, within the Blake–Bahama Basin (Ogg, 1983). 
The drilling penetrated Jurassic and Lower Cretaceous 
sediments from Middle to Upper Callovian up to Valangin-
ian–Hauterivian. The Jurassic/Cretaceous transition takes 
places in the upper part of the red claystone of the Cat Gap 
Formation and a lower part of the white limestones of the 
blake–bahama Formation, being the equivalents of ammo-
nitico rosso and Maiolica formations in the southern alps 
and apennines. The continuous magnetostratigraphic record 
embraces magnetozones from M20r up to the bottom part of 
M16n. The section was calibrated biostratigraphically with 
calpionellids (Remane, 1983) and nannofossils (Bralower et 
al., 1989; Bornemann et al., 2003). The base of B calpionel-
lid Zone was identified within the lower part of M19n mag-
netozone, however it was impossible to document higher 
calpionellid zones (C, D, E) due to the complete absence of 
calpionellid associations in the Middle berriasian – Lower 
Valanginian interval. a complete calcareous nannofossil zo-
nation was applied from NJ-19A (Lower Tithonian) up to the 
lowermost part of NK-3 (Lower Valanginian). The boundary 
between the Cat Gap and blake bahama formations is placed 
either in the middle part of magnetozone M19n, just close 
to a/b and the NJk-b/C calpionellid and nannofossil zonal 
boundaries, which coincides with the Jurassic/Cretaceous 
boundary (Ogg, 1983; Ogg et al., 1991), or in the lower part 
of M19r magnetozone, in the middle part of NJK-A nan-
nofossil zone (bornemann et al., 2003). The sedimentation 
rate, calculated from the magnetostratigraphy, dramatically 
increases close to the Cat Gap/blake bahama formational 
boundary, from 8–9 m/My in magnetozones M20r–M20n to 
27–31 m/My in magnetozones M19r and M19n, 17–18 m/
My in M18r and M18n, and 25 m/My in M17r (Grabowski et 
al., 2010a). The section was recently a subject of integrated 
palaeoenvironmental studies which included the palaeoeco-
logy of calcareous nannoplankton as well as δ13C and δ18o 
isotope stratigraphy (Tremolada et al., 2006). 

The magnetostratigraphic documentation of the Jurassic/
Cretaceous boundary transition in other DsDP sites is most-
ly fragmentary. In neighbouring DSDP 603 site only magne-
tozones M16n and M15r were reported from the Berriasian, 
although the interpretation is very tentative (Ogg, 1987). 
Mostly normal magnetization (with two poorly represented 
reversed polarity intervals in shallow water limestones, pass-
ing upwards to clayey limestone and marlstone) from Hole 
639D from the Galicia margin of the Iberian Peninsula (Ogg, 
1988), was correlated to the M21n–M20n (?M19n) interval 
on the basis of calpionellid Zone A at the top of the sec-
tion. brown-red silty claystones at the bottom of the sedi-
mentary sequence in ODP site 765 in the Argo abyssal plain 
(off north-western australia), were correlated very roughly 
to M17r–M16n magnetozones (Ogg et al., 1992); however 
more detailed biostratigraphy suggested their Tithonian age 

(kaminski et al., 1992). Quite recent results from Berriasian 
sediments drilled in 1213B hole in Shatsky Rise (Sager et 
al., 2005) bring evidence for the presence of M18n to M16n 
magnetozones in ca. 60 m of calcareous ooze with frequent 
chert and porcellanite intercalations. The magnetostrati-
graphic interpretation was performed contrary to biostrati-
graphic data indicating that the entire section is situated 
within NK-2A nannofossil Subzone (Bown, 2005) indicat-
ing Upper berriasian only. it is worth noting that from this 
site useful radiometric dates (144.6 ±0.8 Ma) were obtained 
which are matched with the earliest berriasian (Mahoney et 
al., 2005). 

boreal and norThern european realM

ogg et al. (1994) correlated magnetostratigraphically 
the Portland–Purbeck sediments from southern England to 
the GPTs. The quality of their magnetostratigraphic data 
was much worse than that from pelagic limestones of the 
maiolica and ammonitico rosso type. The only biostrati-
graphic markers at that time, correlative with the berriasian 
stage, were miospore palynomorph assemblages from the 
Cinder beds and overlying intermarine beds, which were 
dated as Late Berriasian. However, subsequent studies of 
palynomorphs and ostracods provided a fairly good ground 
for correlation with the Tithonian and berriasian stages 
(Hunt, 2004; see also Wimbledon, 2008). The terrestrial to 
marginal-marine Purbeck beds, investigated in the Durlston 
Bay section, start within M19r magnetozone and continue 
up to M14r magnetozone (Fig. 10A). Magnetozone M19n, 
where the Jurassic/Cretaceous boundary is situated in most 
calpionellid bearing sections (e.g. Houša et al., 1999a, 2004) 
occurs between the Cypris Freestone and the Cockle beds 
(see also Wimbledon, 2008). This correlation was accepted 
by Hoedemaeker and Herngreen (2003) and fitted in their se-
quence stratigraphic scheme of Tethyan–boreal correlation. 
The magnetostratigraphy of the underlying shallow marine 
Portland beds is more speculative due to weaker NrM in-
tensities and a hiatus/erosion surface in the middle part of 
the division. The most probable correlation situates the Port-
land Beds between magnetozones M21r and M19r, but the 
reversed magnetozones are thin and based on lower qual-
ity results. as the Purbeck Formation is correlated roughly 
to the boreal ammonite zonation in eastern England (Cope, 
2008; Wimbledon et al., 2011), the English sections can be 
indirectly correlated also with the russian Upper Tithonian–
berriasian (Volgian) (e.g. Rogov, Zakharov, 2009). 

recently obtained magnetostratigraphic data from the 
Tithonian–berriasian (Volgian–ryazanian) section at Nord-
vik Peninsula in northern Siberia (Houša et al., 2007) pro-
vide a framework for the direct correlation of the Jurassic/
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Cretaceous boundary in the Tethyan and boreal realms. 
The composite section, 27 m thick, consists of marine clay 
and silty beds with frequent siderite nodules and pyrite oc-
currences (Chadima et al., 2006). The interval studied mag-
netostratigraphically (21 m – see Fig. 10B) is dated by am-
monites, from the Variabilis Zone of the Middle Volgian 
to the bottom of the kochi Zone of the Lower Ryazanian. 
The samples for magnetostratigraphy were taken relatively 
densely (each 2–4 cm) in the middle part (Upper Volgian) 
and with a lower resolution (10 cm) in the Middle Volgian 
and ryazanian. although some horizons appeared to be re-
magnetized, most probably during siderite diagenesis, the 
bulk of sample collection revealed a double polarity compo-
nent with a very steep inclination, which might be interpret-
ed as primary. Correlation of the polarity pattern to GPTs 
was based on the presence of thin reversed magnetosubzones 
within the normal polarity intervals. They were interpreted 
as the Kysuca (M20n1r) and Brodno (M19n1r) magneto-
subzones. indeed their position within the normal magneto-
zones is identical as in the type locality Brodno (Houša et al., 
1999a, b). The magnetosubzone interpreted as being Brodno 
is situated in the topmost part of its normal magnetozone (in 
Brodno: at 82% local thickness of M19n). The magnetosub-
zone interpreted as kysuca is situated in the upper half of 
the presumed M20n magnetozone, although it must be kept 
in mind that the bottom of this magnetozone was not docu-
mented in the Nordvik section. This interpretation is very 
convincing in the present state of knowledge. The Tethyan 
Jurassic/Cretaceous boundary (boundary between a and b 
calpionellid zones), located in magnetozone M19n2n, must 
be correlated with the Taimyrensis Zone which is situated 
in the upper (but not uppermost) part of the Upper Volgian 
(Rogov, Zakharov, 2009). The Volgian/Ryazanian boundary 
falls in the lower part of magnetozone M18n. 

The sedimentation rate calculated for the Nordvik sec-
tion from the data of Houša et al. (2007), seems to be quite 
uniform in M20n1n and M19r (ca. 11–12 m/My), M18n (ca. 
9 m/My) and at least 8 m/My in M20n2n. In magnetozones 
M19n and M18r the sedimentation rate seems to fall dra-
matically to 1.5–2.0 m/My which resembles the rate from 
condensed ammonitico rosso sections (see above). in the 
lithological log of Houša et al. (2007 – their fig. 2) there 
is no indication of any sedimentation change which could 
justify such condensation. However it cannot be excluded 
that the condensation (or erosion of a part of the sediments) 
might be somehow related to the Mjølnir impact event at 
the barents sea, which occurred close to the Volgian/ryaza-
nian boundary (smelror et al., 2001; Dypvik et al., 2006; 
wierzbowski et al., 2011). More magnetostratigraphic stud-
ies, integrated with biostratigraphy and sedimentology is 
definitely required to provide a correlation of the Jurassic/
Cretaceous boundary between boreal and Tethyan realms. 

ConClusIons

Magnetostratigraphy should be considered as a valuable 
tool for regional and global correlation at the Jurassic/Creta-
ceous boundary interval. in the western Tethyan realm in-
tegration of calpionellid and magnetic stratigraphy is nowa-
days almost routinely applied which results in high resolution 
stratigraphic calibration of the sections studied. Correlation 
of Chitinoidella and a–D zones to magnetostratigraphy is 
fairly robust and has been tested in more than 20 land sec-
tions as well as some oDP and DsDP sites. some improve-
ment is required in estimating the real extent of calpionellid 
subzones relatively to GPTs, because the methodology of 
calpionellid zonation sometimes differs between sections 
and particular authors. integration of magnetic stratigraphy 
with calcareous nannofossil stratigraphy is a promising op-
tion, however, from quite numerous studies it is evident that 
this integration still needs much refinement. The correlation 
of magnetostratigraphy and ammonite stratigraphy must be 
considered as still poorly constrained. There are just four 
sections when the correlation has been achieved, three of 
them based on work from the 1980s. In some intervals (e.g. 
between magnetozones M18n and M17n) the correlation is 
based on just one marine section (berrias). in places where 
the sections overlap (e.g. between M20n and M19n), there 
are some important discrepancies (as in the position of the 
Durangites/Jacobi zonal boundary in relation to calpionel-
lid stratigraphy and GPTs in south-eastern spain). important 
progress has been made in the magnetostratigraphical corre-
lation of the non-marine sequences of north-western Europe 
and the Siberian Boreal Realm with the Tethyan Province; 
this however must be treated as a starting point for further 
testing since in both Nw Europe and siberia, results from 
only two magnetostratigraphically studied sections have 
been published. 
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