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ABSTRACT 

There is no internationally recognized standard for the Jurassic/Cretaceous boundary; 
a precise biostratigraphicai correlation between different paleobiogeographic provinces is 
impossible due to barriers blocking faunal exchange. This problem may be overcome by 
using magnetic polarity events, which are globally isochronous. The magnetic polarity time 
scale of the latest Jurassic and earliest Cretaceous enables determination of the relative 
timing and age span of several possible definitions of this system boundary among different 
biostratigraphies within the Tethys-Atlantic faunal realm; therefore, the polarity scale can be 
used as a regional standard for this interval of time. The base of reversed polarity chron M18 
falls in the middle of the interval covered by various recent definitions of the Tethyan 
Jurassic/Cretaceous boundary. If polarity chron M18 also proves to be recognizable in the 
Boreal realm, then its basal magnetic reversal could serve as a precise, globally correlatable 
event for defining the Jurassic/Cretaceous boundary. 
INTRODUCTION 

Geologic periods should have clearly defined 
limits that can be globally recognized; other-
wise, the geologic time scale would be of 
limited precision and usefulness. The 
Jurassic/Cretaceous boundary is currently very 
vague and poorly defined by paleontologists, 
mainly because no event of major global geo-
logical or evolutionary significance occurred 
within latest Jurassic or earliest Cretaceous 
time. Indeed, if one were not limited by histori-
cal precedent (reviewed by Yegoyan, 1975), a 
better boundary could be placed where the 
more significant evolutionary changes occurred 
at the end of the Berriasian (now considered to 
be the oldest stage of the Cretaceous) or near 
the middle of the youngest stage of the Jurassic. 
Such drastic solutions to this boundary problem 
have not attracted much support at interna-
tional conferences on the Jurassic/Cretaceous 
boundary (e.g., Colloque sur le Crétacé infé-
rieur, 1965; Colloque sur la limite Jurassique-
Crétacé, 1975; International Subcommission 
on Jurassic Stratigraphy, 1985; Jurassic-
Cretaceous Boundary Working Group, 1984; 
and others); therefore, the debates have cen-
tered on a definition (and associated boundary 
stratotype) near the present informal usage. The 
"solution" has usually been to defer a decision 
until the next conference. 

There are several factors complicating the 
search for a paleontological definition of the 
Jurassic/Cretaceous boundary. 

1. The stratotype of the Berriasian (basal 
stage of the Cretaceous) at Berrias, France, 
passes downward into Tithonian limestones 
without ammonites; hence, the base is difficult 
to define faunally (Yegoyan, 1975). 

2. The extreme provincialism of ammonite 
fauna during the Late Jurassic led to three iso-
lated faunal realms and three corresponding 
terminologies for the quasi-coeval youngest 

stages: Tethyan (Tithonian stage; Atlantic-
Mediterranean and East Pacific regions), Sub-
Boreal (Portlandian-Purbeckian; British Isles 
and vicinity), and Boreal (Volgian stage; Arctic-
bordering land masses). Stages in these three 
main faunal realms have been further sub-
divided into independent regional zonations. 
Attempts to correlate these three faunal realms 
and associated systems of ammonite zonation 
by means of microfossils, nannofossils, dino-
flagellates, or macrofaunal groups have so far 
been inadequate. The current range of uncer-
tainty of the correlation of different regional 
"working" definitions of the Jurassic/Creta-
ceous boundary is at least half a stage, or about 
3 m.y. (e.g., reviews by Casey and Rawson, 
1973; Zeiss, 1983; Jeletzky, 1984). 

3. The Tithonian, with the most oceanic 
character and with correlations of the zonations 
of several fossil groups (ammonites, nannofos-
sils, calpionellids, radiolarians, etc.), does not 
have a stratotype section to formally define it. 

4. Evolution of most faunal groups in the in-
terval encompassing the Jurassic/Cretaceous 
boundary was not very dramatic at the generic 
level. 

As a result of these complications, there are 
several ad hoc "working" definitions for the Ju-
rassic/Cretaceous boundary, depending on the 
region, faunal group, and date of the most re-
cent international symposium on the topic. As 
will be shown later, the variation among defini-
tions within just the Tethyan faunal realm has 
nearly a 2-m.y. age spread. To end this state of 
imprecision, a reliable global standard scale is 
necessary. After more than a century of effort, 
paleontology has been unable to provide such 
a standard in the historical boundary interval. 
We suggest that a practical definition of the 
Jurassic/Cretaceous boundary be based on the 
magnetic polarity time scale and its correlation 
with Tethyan biostratigraphy. 

MAGNETOSTRATIGRAPHY 
OF THE LATEST JURASSIC-
EARLIEST CRETACEOUS 

There have been several recent magneto-
stratigraphic studies of latest Jurassic-earliest 
Cretaceous sediments (with different means of 
biostratigraphic zonation) that display a unique 
reproducible polarity pattern (Fig. 1). All of 
these magnetostratigraphic sections are in pe-
lagic limestones in the Atlantic-Mediterranean 
region (Tethyan faunal realm) that have 
biostratigraphic zonations by ammonites, 
microfossils (calpionellids), nannofossils (T. 
Bralower, in prep.), or dinoflagellates, and en-
compass several possible definitions of the Ju-
rassic/Cretaceous boundary. The magnetic 
polarity sequences of these sections can be 
correlated between each other by using the 
distinctive pattern of normal- and reversed-
polarity zones with age and correlation control 
from the calpionellid assemblages. In most 
cases, the minor distortions in the relative 
widths of polarity zones or the absence of some 
zones can be attributed to observed changes in 
sedimentation rate or hiatuses in the sediment 
sections. 

MARINE MAGNETIC ANOMALY 
MODEL AND MAGNETIC POLARITY 
TIME SCALE 

All of the magnetostratigraphic sections can 
be correlated to the standard block model (M-
sequence) for the major magnetic anomalies 
M25 through M13 (of which the segment from 
M22 to M15 is shown in Fig. 1), thereby enab-
ling assignment of polarity chrons. 

The distinctive pattern of marine magnetic 
anomalies M22 through Ml6 has been docu-
mented by surveys in the Pacific at three an-
cient spreading centers: (1) the Hawaiian 
lineations = Pacific-Farallon spreading center, 
which is the M-sequence "standard section"; 
(2) the Japanese lineations = Pacific-Kula 
spreading center; and (3) the Phoenix lineations 
= Pacific-Phoenix spreading center) (Larson 
and Pitman, 1972; Larson and Chase, 1972; 
Larson and Hilde, 1975). This same pattern is 
observed on both sides of the Atlantic (Vogt et 
al., 1971; Pitman and Talwani, 1972; Larson 
and Pitman, 1972; Hayes and Rabinowitz, 
1975; Schouten and Klitgord, 1977; Vogt and 
Einwich, 1979) and in the Somalian and Mo-
zambique basins (Segoufin, 1978; Rabinowitz 
et al., 1983) of the Indian Ocean. 

The three spreading centers in the Pacific 
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and the spreading center in the Atlantic display synchronous fluctuations appear to have oc-
no significant change of spreading rates relative curred within the Tertiary (Vogt and Brozena, 

through M 1 6 part of the block model can be 
taken as an accurate representation of the pat-

to each other within M 2 2 to M16. Simultane-
ous changes in spreading rate at all four ridges that the spreading rates remained fairly con-
seems improbable, although short-term globally stant during this time interval, then the M 2 2 

1985; Odin and Curry, 1985). If it is presumed tern and relative duration of the normal- and 
reversed-polarity chrons of the magnetic polar-
ity t ime scale. This conclusion is also supported 
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Figure 1. Magnetostratigraphic sections crossing Jurassic/Cretaceous boundary with probable correlations to magnetic anomaly block model 
of Larson and Hilde (1975). Black is normal polarity. Sources: Carcabuey, Spain—Ogg et al. (1984); Berrias, France, and Sierra de Lugar, 
Spain—Galbrun (1984); Foza and San Giorgio, Italy—two representative sections from Ogg (1981; also in Channell et al., 1982); Bosso, Italy— 
Lowrie and Channell (1984a) with revised biostratigraphy by Galbrun (1984); Fonte de Giordano, Italy—Cirilli et al. (1984); Sumeg, Hungary— 
Mdrton (1982; 1984, personal commun.); and DSDP Site 534, North Atlantic—Ogg (19113) with biostratigraphy by Roth (1983), Habib and Drugg 
(1983), and Remane (1983). Calpionellid zone notation follows Remane (1978). Ammonite zonations are Tethyan zones or subzones (Berriasian) 
(Le H6garat and Remane, 1968; Oloriz and Tavera, 1981,1982); in ascending order, zones or subzones are Hybonoticeras beckeri, H. hybono-
tum (basal zone of Tithonian stage), Virgatoslmoceras albertlnum, Haploceras verruciferum, Richterella richteri, Simolytocsras biruncinalum, S. 
admirandum, Burckhardticeras peroni, Simplisphinctes, Paraulacosphinctes transitoi ius, Durangites, Berriasella (Pseudoplanites) grandis, 
Berriasella jacobi, Neocomltes subalpinus, B. privasensis, Dalmasiceras dalmasi, B. paramimounum, B. picteti, and B. callisto (uppermost sub-
zone of Berriasian stage). Polarity zone assignments are based on biostratigraphic control and may differ from interpretations in original 
publications. 
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by the nearly identical polarity pattern derived 
from those pelagic sediment sections having a 
relatively constant sedimentation rate (e.g., 
Lowrie and Channell, 1984a). 

The reproducibility of a unique magnetic 
polarity pattern of latest Jurassic and earliest 
Cretaceous age in well-dated sediment sections 
throughout the Mediterranean and central 
Atlantic regions, the unambiguous correlation 
of this pattern to the block model of marine 
magnetic anomalies M22 through Ml6, and 
the indications that these anomalies formed 
during an interval of constant spreading rates 
all imply that this pattern provides a global 
time scale (Kent and Gradstein, 1985; Lowrie 
and Ogg, 1986). This magnetic polarity time 
scale has been correlated to various biostrati-
graphic zonations of the Tethyan faunal realm, 
including ammonites, nannofossils, calpionel-
lids, radiolarians, and dinoflagellates. 

MAGNETOSTRATIGRAPHIC 
CORRELATION OF DIFFERENT 
DEFINITIONS OF THE JURASSIC/ 
CRETACEOUS BOUNDARY 

Various biostratigraphic events, including 
several working definitions of the Jurassic/Cre-
taceous boundary, have a fixed assignment to 
the magnetostratigraphy of sediment sections, 

and hence to the magnetic polarity time scale 
(Fig. 2). As noted above, the magnetic polarity 
time scale can be used as a linear time scale to 
measure the diachronism of these biostrati-
graphic and geologic events and to place 
standard deviations on the precision of 
paleontological dating of magnetostratigraphic 
sections. 

From this compilation of biostratigraphic 
correlations to the magnetic polarity time scale, 
it is apparent that there is a 2-m.y. age spread 
in various definitions of the Jurassic/Creta-
ceous boundary. The oldest age for a definition 
is the base of the Berriasella jacobi ammonite 
zone (= base of the Calpionella alpina subzone 
of the Calpionella zone for calpionellids) as 
adopted by the 1973 Colloque sur la limite 
Jurassique-Crétacé (1975; this corresponds to 
the middle of the normal polarity chron M18n 
(Ogg et al., 1984; polarity chron nomenclature 
from Harland et al., 1982). The youngest 
boundary definition is the appearance of the 
calpionellid Remaniella cadisckiana, a "work-
ing" definition of the Jurassic/Cretaceous 
boundary used in central Italy; this event cor-
responds to the basal part of polarity chron 
Ml7 (Lowrie and Channell, 1984a; Cirilli et 
al., 1984). Most of the recent calpionellid, nan-
nofossil, and dinoflagellate definitions and the 
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Figure 2. Relative timing and possible age span of various definitions of Jurassic/Cretaceous 
boundary in different biostratigraphies as measured against magnetic polarity time scale. Tri-
angular marks to left of polarity scale denote approximate 1-m.y. intervals as computed from 
spreading (half) rate of 3.5 km/m.y. on Hawaiian lineations (Kent and Gradstein, 1985; Lowrie 
and Ogg, 1986). Correlation and estimates of uncertainty of several current definitions of Ju-
rassic/Cretaceous boundary are compiled from magnetostratigraphic columns of Figure 1, 
supplemented by table in Ogg (1984) and figure in Lowrie and Channell (1984b). 
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former use of the base of the Berriasella (Pseu-
dosubplanites) grandis ammonite zone (Col-
loque sur le Crétacé inférieur, 1965) are within 
or near the reversed-polarity chron M18. The 
magnetic polarity time scale serves as a stan-
dard scale to compare these definitions and to 
measure quantitatively their separation in time. 

DEFINING THE JURASSIC/ 
CRETACEOUS BOUNDARY 

A more useful global definition of the Juras-
sic/Cretaceous boundary could be based on the 
magnetic polarity time scale. Magnetic reversals 
are essentially geologically instantaneous and 
globally synchronous events (Tarling, 1983). If 
an easily identifiable magnetic marker, such as 
the base of reversed-polarity chron M18, is 
used for the definition of the Jurassic/Creta-
ceous boundary, then there would be no need 
for a stratotype boundary section. Such a mag-
netostratigraphic definition would be unaffected 
by diachronous fossil appearances and extinc-
tions or by different faunal realms. Any and 
every section in the world with adequate 
magnetostratigraphy would serve as a local 
reference standard for the position of the 
Jurassic/Cretaceous boundary. Regional bio-
stratigraphies and zonations of different faunal 
groups can be correlated with such a definition 
of the Jurassic/Cretaceous boundary after de-
termining when these events occur with respect 
to magnetostratigraphy. The poor agreement 
between the magnetic stratigraphy in the 
Sumëg section and the magnetic polarity time 
scale (Fig. 1) demonstrates that magnetostra-
tigraphy does not succeed in every section. 
However, in principle only one section with 
unambiguous magnetostratigraphy and biostra-
tigraphy is necessary in each faunal realm for 
establishing a correlation. 

When the magnetostratigraphy of the latest 
Jurassic and earliest Cretaceous has been de-
termined in well-dated sections in the Sub-
Boreal and Boreal faunal realms, then this 
magnetic polarity time scale will enable precise 
correlation of the Volgian, Portlandian/Pur-
beckian, and Tithonian stages to each other; a 
century-old puzzle will be solved. This demon-
stration of correlation among faunal realms is a 
prerequisite for the formal acceptance of a defi-
nition of the Jurassic/Cretaceous boundary 
(J. Remane, 1986, personal commun.). The 
presence of a short reversed-polarity subchron 
("M19n-1") within normal-polarity chron 
M19n and the long reversed-polarity chron 
Ml7 gives a readily identifiable fingerprint 
pattern to the polarity sequence M17-M19. 
The base of reversed-polarity chron M18, 
which falls in the middle of the various biostra-
tigraphic definitions of the Jurassic/Cretaceous 
boundary in the Tethyan-Atlantic realm, is a 
unique, easily identifiable event within the 
M17-M19 pattern to serve as a future global 
definition of the Jurassic/Cretaceous boundary. 
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Magnetostratigraphy is proving a better tool for chronostratigraphy than biozonation, in some 
cases. This is one. The authors propose (for the first time, to my knowledge) that a major chrono-
stratigraphic boundary be based on magnetics, rather than fossils. Biostratigrapbers may be upset 
at an encroachment on their turf—a ne<ded one, however. 
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