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A B S T R A C T : The Jurassic-Cretaceous boundary is the most problematic of all Phanerozoic system boundaries. Its defini-
tion is obscured by almost imperceptible faunal and floral change, nomenclatural problems resulting f rom the poor defini-
tion of its bounding stages, the over reliance of calpionellids for correlation, and the provinciality of ammoni te zones in the 
European type area. The unfor tunate decision of ammoni te stratigraphers to use Calpionella Zone B to mark the base of 
the Berriasian set back the resolution of the Jurassic-Cretaceous boundary problem by thirty-five years in Europe, North 
America, and elsewhere. In this report a more detailed radiolarian zonation for the Upper Jurassic is introduced. The ra-
diolarian biostratigraphy has been integrated with that of the North American ammoni te , Buchia, calcareous nannofossils, 
and calpionellids as well as with new and existing U-Pb geochronometry. Investigations focused on uppermost Jurassic to 
lowermost Cretaceous successions in central Mexico, Baja Cal i fornia , Cal i fornia , and the West Indies have recognized four 
new subzones in both radiolarian Zones 2 and 4. Pillow basalt at La Desirade dated at 143.734ma ± 0 .060ma [0.042%] (U-Pb 
zircon age on coeval plagiogranite) is intercalated with red ribbon chert containing an upper Subzone 4 beta2 radiolarian as-
semblage with corporeal taxon Neovallupus spp. This horizon likewise occurs in Mexico, where it can be directly related to 
ammoni te-bear ing strata occurr ing slightly below the boundary between Imlay's Kossmat ia-Durangi tes and Substeuero-
ceras-Proniceras assemblages, and can be recognized in Argentina and Antarctica as well. The composite data f rom the 
North American record indicate that the European calpionellid biozones are diachronous between Europe and the Western 
Hemisphere. The boundary between Zone 4, Subzone 4 alpha, and Zone 5, Subzone 5A, which corresponds to the tradi-
tional Jurassic-Cretaceous boundary, is well represented at Grindstone Creek in the Cal ifornia Coast Ranges in the upper 
part of the Buchia sp. aff . B. okensis Zone. In view of our findings, however, it also may be desirable to consider two other 
alternatives for the placing the Jurassic-Cretaceous boundary: one at the base of new Radiolarian Subzone 4 alpha, and the 
ammoni te Substeuerocas-Proniceras assemblage, and the other at the base of the Valanginian. The traditional boundary 
horizon as well as the two alternatives can all be related to new and existing U-Pb geochronometr ic data. Nomenclatural 
problems surrounding formational units in the Mexican Upper Jurassic have been addressed. Four new members for the La 
Caja Formation; two new members for the Taman Formation; and one new formational unit, the Santa Rosa Formation have 
been introduced. 

INTRODUCTION 

The boundary between the Jurassic and Cretaceous is the most 
problematical of all Phanerozoic system boundaries. Moreover, 
it is an untidy problem that mars the development of an accu-
rate geochronologic ("time") scale for the Mesozoic and, as a 
consequence, effects the dating of important events in earth his-
tory such as the Nevadan Orogeny in the Cordilleran Region of 
North America. 

The Cretaceous System was first formally described in 1822 
by d'Halloy for strata cropping out in the Paris Basin whereas 
the Jurassic System was first introduced by Brongniart (1829) 
for strata cropping out in the Jura Mountains in eastern France 
and Switzerland. Subsequently, Thurmann (1836) referred the 
strata overlying the Jurassic deposits in the Jura Mountains to 
the Neocomian. In 1852 d'Orbigny placed the Jurassic-Creta-
ceous boundary between the Portlandian and Neocomian and 
divided the Neocomian into two substages. The lower of these 
two substages corresponds to the present-day Berriasian, Va-
langinian, and Hauterivian (Saks et al. 1975, p. 4). In 1853, Desor 
established the Valanginian stage at the base of the Cretaceous 

at the Neuchatel canton of Switzerland. Saks et al. (1975, p. 4) 
indicated that Desor "—matched the lower boundary of the Va-
langinian (and accordingly of the whole system) with the position 
of the roof of the freshwater sediments of the Purbeckian which 
crown the section of the Jurassic in the Anglo-Paris and Fraco-
nian basins and, in particular, underlie the marine Valanginian in 
the stratotype section." In 1865 Oppel established that the upper 
horizons of the Jurassic system in Southern Europe consisted of 
marine strata. Oppel (1865, p. 535) included these marine strata 
in his new Tithonian stage. Unfortunately, he failed to designate 
a stratotype. In 1867 Pictet introduced the name Berriasian for a 
limestone horizon in southern France near the village of Berrias. 
He placed the Berriasian at the base of the Cretaceous. 

The term Tithonian has been used by a variety of investigators 
with completely different meanings. At the moment, the Titho-
nian is defined by ammonite zones (text-figure 1). In the Tethyan 
Realm the top of the Tithonian is defined by the top of the Du-
rangites Zone in Southern Europe and by the Transitorius/Mi-
croacanthum Zone in southeast France and Germany (text-fig-
ure 1). In the Boreal Realm the top of the Tithonian is frequently 
correlated with the top of the Preplicomphalus Zone (Geyssant 
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TEXT-FIGURE 1 
Map showing distribution of terranes referred to in text. Distribution of megashears largely follows that of Longoria (1994). Off-set of Walper 
Megashear differs based on re-analysis of stratigraphic data duririg current study. Inset A: View of western Pangea showing geometric fit of Atlantic 
continents. The position of Mexico is outlined to illustrate overlap with South America. Approximately 70 to 80 percent of Mexico is overlapped by 
South America. Most workers utilize large strike-slip faults to bring Mexico to its present overlap position in their plate tectonic reconstructions. Inset 
B: Terrane map of Mexico of Sedlock et al. (1993). From Pessagno et al. (1999). 

and Enay 1991; Geyssant 1997). As opposed to the Tithonian, 
the overlying Berriasian stage possesses a stratotype in southern 
France (Pictet 1867; Kil ian 1890; LeHegarat 1973). In the central 
and southern Tethys the base of the Berriasian is marked by the 
base of the Euxinus Zone (Zeiss 1984, p. 104). However, the 
base of the Euxinus Zone is not exposed at the stratotype at 
Berrias in southern France; lowermost Eux inus Zone strata lack 
ammonites (Cope 2008). As a consequence, the Berriasian is a 
stage with a floating base. Workers are at l iberty to use what ever 
criteria they wish to define its base. 

It is perhaps ironic to note that chronostrat igraphy (d 'Orbigny 
1840(41) p.600 [1850]) and biostratigraphy (Oppel 1856-1858, 
1865) were both born in the Jurassic and Cretaceous systems. Al-
though other criteria that have t ime significance are used today 
(e.g., magnetostratigraphy), d 'Orbigny, Oppel , and other earlier 
stratigraphers, stressed the fossil content of the strata for defin-
ing stages. Since the day of Oppel , ammoni t e biozones have been 
utilized to define Jurassic and Cretaceous stage boundaries . 

Stages are the cornerstone of chronostrat igraphy; in essence, 
stage boundar ies define system boundaries . Most system bound-
aries are character ized by marked faunal change. In the Meso-
zoic, for example, catastrophic faunal change occurs at the top 
of the Triassic and the Cretaceous. In contrast , faunal and floral 
changes that occur at the Jurassic-Cretaceous boundary are bare-
ly discernible (Cope 2008). In theory, system boundar ies should 
coincide with major rather than minor changes in the paleonto-
logic record. This sort of reasoning led Newell (1966, p. 75) to 
propose that Jurassic and Cretaceous strata be included in a sin-
gle supersystem. W i e d m a n n (1973, p. 177), in an excellent report 
deal ing with changes in the ammoni te assemblage at Mesozoic 
system boundaries , found no evidence for a sharp faunal break 
either above or below the Berriasian. He proposed (ibid., p. 180) 
that the Jurassic-Cretaceous boundary be placed instead between 
the Berriasian and Valanginian and stated that "—it would be 
placed in analogy to the Triassic-Jurassic boundary-between the 
final extinction of the Tithonian perisphinctids (Berriasellidae) 
and the origin of Neocomian perisphinctids (Neocomitinae) and 
the origin of Cretaceous Ammoni t ina (Desmoceratacea)." In a 
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TEXT-FIGUR E 2 
European ammoni te and calpionellid correlations f rom Geyssant (1997). 

later report Wiedmann (1980) included the Berriasian as the up-
permost substage of the Tithonian and placed the Jurassic-Creta-
ceous boundary at the base of the Valanginian. 

The Jurassic-Cretaceous boundary problem is further compli-
cated by the provincial nature of ammonites in highest Jurassic 
and lowest Cretaceous strata which, in turn, inhibits correlation 
between the Tethyan Realm and the Boreal Realm in the Euro-
pean type area. In addition, until recently, there has been little 
international agreement on what to call the terminal stage of the 
Jurassic (i. e., Tithonian, Volgian, or Portlandian). The name for 
the final stage of the Jurassic and where its type section was to 
be located became embroiled in international geopolitics. The 
English favored using the name "Portlandian" and wanted the 
type section to be in England; the Russians favored the name 
"Volgian" and wanted the type section to be in Russia; and the 
continental Europeans favored the name "Tithonian". However, 
after considerable debate, the International Subcommission on 
Jurassic Stratigraphy (ISJS: September 1990) endorsed the use 
of Tithonian for the final stage of the Jurassic. Moreover, the 
ISJS proposed that the Kimmeridgian be restricted to the French 
usage (sensu gallico) rather than the English usage (sensu an-
glico). At this time, the ISJS also determined that the "Volgian" 

still can be utilized in the Boreal Realm as the equivalent of the 
Tithonian. The selection of the Tithonian as the final stage for 
the Jurassic is by no means without its problems as well in that 
the Tithonian lacks a stratotype (see above). As noted above, the 
Berriasian possesses a stratotype, albeit an unsatisfactory one, in 
Southern France. However, as in the case of the Tithonian, corre-
lations with ammonites between the Boreal and Tethyan Realms 
in the European type area are by no means certain because of 
ammonite provincialism. 

The lack of dramatic change in the ammonite assemblage in the 
upper Tithonian and lower Berriasian has led many ammonite 
biostratigraphers to embrace the base of calpionellid Zone B to 
mark the base of the Berriasian and to delimit the Jurassic-Cre-
taceous boundary (Colloque sur la limite Jurassique/Cretace de 
Lyon-Neuchatel, 1973; Geyssant 1997, p. 97). The base of this 
calpionellid zone had been correlated with the base of the Ber-
riasella jacobi Zone (Text-figure 1). Although this undoubtedly 
seemed like an excellent decision at the time, it is fraught with 
many difficulties in correlating Tethyan strata between Europe 
and North America. Moreover, it has hindered rather than helped 
the placement of the Jurassic-Cretaceous boundary. These prob-
lems will be addressed in detail elsewhere this report. 
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