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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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TEXT-FIGURE 3 

Stratigraphic potential of various groups of pelagic fossils with respect 
to water depth. 

TEXT-FIGURE 4 
Chronostratigraphic potential of various groups of pelagic fossils and 
paleomagnetics with respect to metamorphism. 

It is apparent that the resolution of the Jurassic-Cretaceous 
boundary problem requires the utilization of all methods of 
correlation that have chronostrat igraphic significance (e.g., am-
monites, planktonic microfossils , paleomagnet ic reversals, geo-
chronometry, and geochemistry) . The purpose of this report is 
to present data f rom North Amer ica and the Car ibbean that will 
hopefully aid fu ture workers in placing the Jurassic-Cretaceous 
boundary. Much of this data is new and is derived f rom on-going 
studies in Mexico, Cal i fornia , and the Car ibbean. Successions 
bearing ammoni tes and co-occurr ing Radiolar ia f r o m Argent ina 
and Antarct ica are also discussed. 

ASSESSMENT OF THE TOOLS OF CHRONOSTRATIGRAPY 

In the Mesozoic ammoni tes and, to a lesser degree, bivalves have 
been the pr imary biostratigraphic tools for defining stage bound-
aries. Planktonic microfossils such as Radiolar ia , p lanktonic 
foraminifera , dinofiagellates, and calcareous nannofossi ls have 
been underuti l ized in the Mesozoic for this purpose. 

Assessment of fossil g roups useful in def in ing chronost ra t i -
graphic units is presented in Text-figures 2 and 3. It is appar-
ent f rom an examinat ion of these text-figures that given the 
metamorphic g rade of many a m m o n i t e - b e a r i n g success ions 
in North Amer i ca and e lsewhere in the world, Radio la r ia o f fe r 
the best means of correlat ion with a m m o n i t e biozones a m o n g 
the planktonic microfossi ls . It has been the exper ience of the 
senior author that strata exposed to prehni te -pumpel ly i te to 
greenschist facies m e t a m o r p h i s m conta in wel l -preserved Ra-
diolaria. Th i s is documented by studies in the K lama th M o u n -
tains (Western Klamath Terrane. See H a r p e r 1984, p. 1011; 
Pessagno and Blome 1988, 1990; Pessagno et al. 1993) and in 
the Eastern Alps (Kiess l ing 1992). Poorly preserved , but still 
identifiable, Upper Triassic Radio la r ia have been observed by 
the senior author in samples f r o m Baja Ca l i fo rn ia Sur together 
with conodonts having a C A I (conodont alteration index) of 8. 
According to Epstein et al. (1977, pp. 7-8; Text-figure 7) con-
odonts with an alteration index of C A I 8 occur in marb le inter-
bedded with garnet mica schist and amphibol i te . In contrast , 
strata exposed to low grade zeoli te grade m e t a m o r p h i s m f r o m 
the Izee Terrane (east-central Oregon) lack dinofiagel la tes and 
coccoliths. Because Radiolar ia occur in strata exposed to zeo-
lite to amphibol i te-garnet-mica schist facies m e t a m o r p h i s m , 

their s t ra t igraphic utility extends far beyond that of other Ju-
rassic and Cre taceous microfossi ls . Deta i led radiolar ian zonal 
schemes now exist for the Jurassic and Cre taceous (e.g., Zona-
tions of Baumgar tne r 1987; Baumgar tne r et al. 1987, 1995b; 
Pessagno et al. 1993; and Matsuoka 1986, 1992; Mat suoka and 
Yao 1986). T h e zonation p roposed by Pessagno et al. (1987a, 
1993; e m e n d e d herein: See Append ix 1 and Text-figures 4, 33 
herein) has been wel l -cal ibra ted by ammoni t e chronostrat i -
graphic data . Fur the rmore , because of the associat ion of radio-
larian chert with ophiol i te complexes in Nor th Amer i ca and the 
Car ibbean , it is o f ten possible to relate radiolar ian zonal da ta 
direct ly or indirect ly (by superposi t ion of strata on ophiolites) 
to radiometr ic dates. Interpi l low radiolar ian chert is commonly 
associated with pi l low basalt in the upper volcanic member of a 
given ophiol i te (e.g., See La Des i rade herein). 

The development of the M-sequence magnetic polarity t ime scale 
for the Late Jurassic to Early Cretaceous interval has advanced 
over the past two decades. Magnetic field reversals occur very 
rapidly, taking only approximately 5000 years; they are global 
in nature and, when properly calibrated biostratigraphically, can 
provide a precise chronostratigraphic tool across faunal and floral 
realm boundaries. Ogg et al. (1991) noted that there are no appar-
ent changes in the relative spreading rates during the proposed Ju-
rassic-Cretaceous boundary interval (M16 through M20). Larson 
and Hilde (1975) placed the Jurassic-Cretaceous boundary near 
M l 6 ; subsequent investigators have argued for a location near the 
old edge of M17 (Lowrie and Channell 1984) or near the base of 
reversed-polarity chron M18r (Lowrie and Ogg 1986; Ogg and 
Steiner 1988). Bralower et al. (1990, p. 70) suggest that the Ogg 
and Steiner proposal is logical because it is based on correlation 
between ammoni te stratigraphy and magnetostratigraphy at the 
Berriasian stratotype. Unfortunately, the basal Berriasian strata at 
Berrias lack ammonites. Although magnetostratigraphy is a useful 
tool in chronostratigraphic studies, it is, for the most part, entirely 
dependent on a biostratigraphic foundation. 

Few chemostrat igraphic investigations have been undertaken in-
volving the Jurassic-Cretaceous boundary. Nevertheless, studies 
by Jones (1992) of Sr geochemistry of the Late Jurassic and Early 
Cretaceous mar ine strata agpear to be promising. These stud-
ies de te rmined that the Sr/ Sr ratios of Late Jurassic and Early 
Cretaceous mar ine carbonates display a rapid increase f rom ap-
proximately 160ma to 130ma (0.70680 to 0.70745, respectively). 
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Latest version of Middle and Upper Jurassic radiolarian zonation. 
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TETHYAN REALM BOREAL REALM 

CENTRAL TETHYAN 
PROVINCE 

NORTHERN SOUTHERN 
TETHYAN BOREAL 
PROVINCE PROVINCE 

NORTHERN BOREAL 
PROVINCE 

TEXT-FIGURE 6 
Multiple criteria for recognizing Tethyan and Boreal realms. 

Geochemical investigations, however, just like paleomagnetic in-
vestigations are entirely dependent on biostratigraphy. 

AMMONITE AND CALPIONELLID BIOSTRATIGRAPHY 
AND CHRONOSTRATIGRAPHY IN EUROPE 

Text-figure 1 shows biostratigraphic and chronostratigraphic cor-
relations for the Tithonian stage in Europe by Geyssant (1997). 
Paleogeographically, Geyssant discussed the Tithonian of Eu-
rope within the f ramework of a Tethyan Domain and a Boreal 
Domain. The Tethyan Domain is divided into a Mediterranean 
province which includes southern Spain, Italy, the Carpathians, 
and the Balkans and a Submediterranean province which includes 
southeastern France and southern Germany. As noted previously, 
the provincial nature of the ammonite assemblage in the highest 
Jurassic and lowermost Cretaceous inhibits correlation of Tethyan 
strata in southeastern France and southern Germany with Boreal 
strata in England. 

The Tithonian has been informally divided into three informal 
divisions: lower, middle, and upper by some workers (e.g., Arkell 
1956) and two informal divisions: lower and upper by other 
workers (e.g., lmlay 1980; Enay 1964; Enay and Geyssant 1975; 
Geyssant 1997). These later workers utilized the first occurrence 
of calpionellids s.l. |= base of Chitinoidella Zone of Remane 
(1969, 1978, 1985)] to define the base of the upper Tithonian. 
Subsequently, Pessagno et al. (1984, p. 7) stated that this was 

a poor criterion to follow because this biohorizon is difficult to 
recognize in many Tethyan successions. Chitinoidella Doben 
possesses a microgranular test wall whereas true calpionellids 
such as Calpionella Lorenz possess a hyaline test wall comprised 
of radially arranged calcite crystals. These workers concluded that 
Chitinoidella, because of its test structure, does not lend itself to 
being preserved in limestone that has been even mildly altered. In 
contrast, calpionellids with hyaline tests are not as susceptible to 
diagenetic changes. As a consequence, Pessagno et al. (1984, p. 
7) choose to utilize the first occurrence of hyaline calpionellids to 
mark the base of the upper Tithonian. This biohorizon corresponds 
to the base of the Crassicollaria Zone of Remane (1969, 1978, 
1985). Geyssant (1997, Table 13, p. 100; see Text-figure 1 herein) 
did not correlate the boundary between the Chitinoidella Zone 
and the Crassicollaria Zone with the base of the upper Tithonian, 
but, instead, placed it in the lower part of the upper Tithonian. 
Unfortunately, as will be subsequently borne out in this report, 
the first occurrence of hyaline calpionellids event/base of 
Crassicollaria Zone is diachronous between Europe and North 
America and occurs in the upper part of the lower Tithonian rather 
than either at the base of the upper Tithonian or in the lower part 
of the upper Tithonian. Geyssant (1997, p. 97. See Text-figure 1 
herein) divided the Tithonian into two substages: the Danubian 
and the Ardescian corresponding respectively to the lower and 
upper Tithonian. The Danubian was first proposed by Rollier 
(1909) whereas the Ardescian was proposed by Toucas (1890). 
Since these substage names have not been formally endorsed by 
the International Subcommission on Jurassic stratigraphy, the 
informal terms "lower Tithonian" and "upper Tithonian" will be 
utilized in the present report. 

In the Mediterranean Province Geyssant (1997) included the up-
per Tithonian in a lower Microcanthum Zone and an upper Du-
rangites Zone. The Microcanthum Zone is subdivided into a 
lower Simplisphinctes Subzone and an upper Transitorius Sub-
zone. The Microcanthum Zone and its lower subzone overlie 
the Ponti/ Burckhardticeras Zone of the lower Tithonian (See 
Text-figure I). In the Mediterranean Province of Geyssant the Du-
rangites Zone marks the top of the Tithonian and is overlain by 
the Euxinus Zone of the lowermost Berriasian. As noted above, 
however, it can not be established that the base of the Euxinus 
Zone is exposed at the stratotype at Berrias in Southern France. 
In the Submediterranean Province Geyssant (1997 p. 98-99) cor-
related the base of the upper Tithonian with the base of the Scru-
posus Zone. The Scruposus Zone overlies the Palmatus Zone 
of the lower Tithonian. The remainder of the upper Tithonian was 
placed by Geyssant in the Transitorius/Microacanthum Zone. 
This zone marks the top of the Jurassic and the top of the Titho-
nian and underlies Euxinus Zone, Chaperi Subzone of the lower 
Berriasian. 

In the Boreal Domain Geyssant (1997) correlated the base of the 
upper Tithonian in England with the base of the Pallasioides 
Zone (= upper Kimmerdigian sensu anglico). This zone over-
lies the Pectinatus Zone, Paravirgatus Subzone of the lower 
Tithonian (= upper Kimmeridigian sensu anglico). According to 
Geyssant (1997, Table III) (see Text-Figure 1 herein) the top of 
the Jurassic and accordingly, the top of the Tithonian is marked 
by the top of the Preplicomphalus Zone whereas the base of the 
Cretaceous and the base of the Berriasian is marked by the base 
of the overlying Lamplughi Zone (= Portlandian sensu anglico). 
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T E X T - F I G U R E 7 
Pessagno—Blome radiolarian model. 
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AMMONITE, CALCAREOUS NANNOPLANKTO, CALPI-
ONELLID, RADIOLARIAN, AND BUCHIID BIOSTRATI-
GRAPHY IN NORTH AMERICA, THE CARIBBEAN, 
ARGENTINA, AND THE ANTARCTIC PENINSULA 

Faunal and Floral Realms and Provinces 

In Europe extremely rapid faunal change between the Tethyan 
Realm and Boreal Realm inhibits biostratigraphic and chro-
nostratigraphic correlation of uppermost Jurassic and lowermost 
Cretaceous strata. In strong contrast, the faunal change between 
the Tethyan Realm and Boreal Realm in North America and the 
Caribbean is not as pronounced. It is perhaps fortuitous that this 
gradual transition in faunal change is for the most part related to 
plate tectonics rather than paleooceanography (See below). 

Pessagno and Blome (1986), Pessagno etal . (1987a, 1993a, 1993b, 
1999, 2001), Pessagno and Martin (2003), and Pessagno (2006) 
established a paleogeographic model for the Jurassic based not 
only on the presence of microfossils such as Radiolaria and calp-
ionellids, but also on megafossils such as ammonites and Buchia 
as well as paleolatitudinal data from magnetostratigraphic inves-
tigations. These workers divided Tethyan Realm into three prov-

inces: (1) A Southern Tethyan Province (~ 22° to 29° S); (2) a 
Central Tethyan Province (21° S to 21° N); and (3) a Northern 
Tethyan Province ( -22° N to 29° N). The boundary between 
the Tethyan Realm and the Boreal Realm in the Northern Hemi-
sphere was placed at 30° N. Moreover, they divided the Boreal 
Realm into a Southern Boreal Province and a Northern Bo-
real Province and the Austral Realm into a Northern Austral 
Province and a Southern Austral Province (Text-figures 5-6). 
The Northern Tethyan Province includes microfossils and mega-
fossils that are dominantly Tethyan in nature as well as those that 
make their first appearance at Northern Tethyan paleolatitudes 
and increase progressively in abundance in the Southern Bore-
al Province (e.g., the radiolarian genera Praeparvicingula and 
Parvicingula) (See Text-figure 6). The Southern Boreal Province 
is characterized by a mixture of both Boreal and Tethyan mi-
crofossils and megafossils (e.g., calpionellids, rare members of 
the radiolarian Family Pantanelliidae Pessagno and Blome, and 
ammonites such as Durangites and Dichotomosphictes). In their 
analysis of the North American Jurassic radiolarian assemblage, 
Pessagno and Blome (1986) and Pessagno et al. (1993a, 1999) 
demonstrated that the Southern Boreal Province is characterized 
by a sharp decline in pantanelliid abundance and diversity and by 
the abundance and diversity of species of Parvicingula/Praepar-
vicingula (Text-figure 6). In contrast, these workers found that 
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30° 30° 

T E X T - F I G U R E 8 
Index m a p showing impor tan t Jurass ic locali t ies in M e x i c o and Cuba . T h e mos t impor t an t local i t ies for this repor t are 3-18, 24. Key to localities: 1 
= Tlax iaco: Sierra M a d r e del Sur, O a x a c a . 2 = Ple ta lc ingo: Sierra M a d r e del Sur, Puebla . 3 = Huayacoco t l a Ant ic l inor ium: Ta inan- Tamazuncha l e , 
SanLuis Potosi; Huayacoco t l a , Veracruz ; Huach inango , Puebla . 4 = Sierra Ca torce , San Luis Potosi . 5 = Mazap i l . Canyon San Mat i a s Sierra Santa 
Rosa, Zaca tecas . 6 = Sierra de la Ca j a , Zaca tecas . 7 = Sierra Cadne la r i a , Zaca tecas . 8 = Sierra Sombre t i l lo and Sierra Zu loaga , Zaca tecas . 9 = Sierra de 
Ramirez , Zaca t ecas -Durango . 10 = Sierra de Chivo , Durango . 11 = Sierra de Palo tes , Durango . 12 = San Pedro del Gal lo , Durango . 13 = Santa Mar ia 
del Oro , Sierra de La Zarca , Durango . 14 = Sierra Vie ja -Ar royo Doctor , Tamau l ipas . 15 = Huizacha l Ant ic l inor ium, Tamaul ipas . 16 = Sierra Ga leana-
Iturbide, Nuevo Leon . 17 = Sierra de Par ras , Coahu i l a . 18 = Sierra de J imulco , Coahu i l a . 19 = Sierra M e n c h a c a , Cohui la . 20 = Sierra P lomosas—Place 
de Guada lupe , C h i h u a h u a . 21 = Sierra El Cuch i l lo Pa rado , C h i h u a h u a . 22 = Sierra de S a m a l a y u c a , C h i h u a h u a . 23 = Sierra de C u c u r p e , Sonora . 24 
= Cordi l le ra de G u a n i g u a n i c o , Cuba . Base m a p par t ly der ived f r o m that in Sa lvador et al. (1992). 7 = Sierra Cadne la r i a , Zaca tecas . 8 = Sierra Som-
bretillo and Sierra Zu loaga , Zaca tecas . 9 = Sierra de R a m i r e z , Z a c a t e c a s - D u r a n g o . 10 = Sierra de Chivo, Durango . 11 = Sierra de Palotes , Durango . 12 
= San Pedro del Gal lo , Durango. 13 = San ta M a r i a del Oro , Sierra de La Za rca , Durango . 14 = Sierra Vie ja -Ar royo Doctor , Tamaul ipas . 15 = Huizacha l 
Ant ic l inor ium, Tamaul ipas . 16 = Sierra Ga leana- I tu rb ide , N u e v o Leon . 17 = Sierra de Par ras , Coahu i la . 18 = Sierra de J imulco , Coahu i la . 19 = Sierra 
Menchaca , Cohui la . 20 = Sierra P lomosas—Place de G u a d a l u p e , C h i h u a h u a . 21 = Sierra El Cuch i l lo Pa rado , C h i h u a h u a . 22 = Sierra de Samalayuca , 
Chihuahua . 23 = Sierra de C u c u r p e , Sonora . 2 4 = Cord i l l e ra de G u a n i g u a n i c o , Cuba . Base m a p par t ly der ived f r o m that in Salvador et al. (1992). 

the Northern Boreal radiolarian assemblage is distinguished by 
abundant Parvicingula/ Praeparvicingula and by its total lack 
of pantanelliids. Both the Southern Boreal and Northern Boreal 
faunal and floral assemblages are marked by the presence of 
megafossils such as the ammonites Kepplerites and Amoeboc-
eras, the bivalve Buchia, and land plants such as the Ginkgoales 
(e.g., Baiera) that only occur in the Boreal Realm (See Text-figure 
5). The equivalent of the Northern Tethyan and Southern Boreal 
Provinces appears to be missing in the Tithonian and Berria-
sian strata of Spain, France, Germany, and England. The senior 
author suggests that the presence of well-developed transitional 
provinces in the Jurassic of Cuba, Mexico, California, and Or-
egon are related to plate tectonics in the Eastern Pacific and the 
tectonic transport of geologic terranes in a northerly or southerly 
direction along megashears (e.g., Longoria 1985a, 1985b, 1986, 
1987, 1994; Pessagno and Blome 1986; Pessagno et al. 1999, Pes-
sagno and Martin 2003, Pessagno 2006). This thesis is support-
ed by the tectonic transport of the San Pedro del Gallo terrane 
(SPG) in a northwest to southeast direction along the Walper 
Megashear from higher to lower paleolatitudes during the Late 
Jurassic (Pessagno et al. 1999). Pessagno et al. noted that, though 
varying in detail, each succession that has been examined to the 
southwest of the Walper Megashear shows evidence of tectonic 

transport f rom higher latitudes to lower latitudes during the late 
Middle Jurassic, the Late Jurassic, and the Early Cretaceous (See 
discussion for San Pedro del Gallo terrane below). 

Problems in correlating uppermost Jurassic and lowermost 
Cretaceous North American strata 

Imlay (1980) included the upper Tithonian in two ammonite as-
semblages: (1) a lower Kossmatia-Durangites assemblage and 
(2) an upper Substeuroceras-Proniceras assemblage. In Mex-
ico and in California Imlay utilized the top of his Substeuro-
ceras-Proniceras assemblage (=Substeuroceras-Berriasella 
complex of Jeletsky 1984, p. 99) to mark the top of the Tithonian. 
Moreover, he correlated strata bearing the Substeuroceras-Pro-
niceras assemblage with the Buchia sp. aff. B. okensis Zone 
of Jones et al. (1969). According to Imlay and Jones (1970, p. 
B9; see also Imlay 1944a, p. 1017; 1944b, p. 1120; Jeletsky 1984, 
p. 99), strata overlying the Substeuroceras-Proniceras assem-
blage in Mexico include Subthurmannia tenochi (Felix) and 
Spiticeras zirkeli (Felix). In California, Imlay and Jones (1970, 
p. B12-B13) indicated that strata overlying the Substeuroceras-
Proniceras assemblage are characterized by the presence of 
Spiticeras (Negreliceras). These strata were correlated by Imlay 
and Jones with the lower two thirds of the Buchia uncitoides 
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Index map showing relative position of San Pedro del Gallo in the state of Durango, Mexico. 
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SCALE o 1 K m . 

T E X T - F I G U R E 11 
San Pedro del Gallo localities. 1 = Arroyo-"Voodoo Hill" section; note position of "Voodoo Hil l" in number 6 below. 2 = Cerro de La Cruz. 3 = Cerro 
Panteon. 4 = Cerro El Volcan. 5 = Boundary stratotype for Cerro El Volcan Member , La Caja Formation. 6 = Voodoo Hill . 7 = Puerto del Cielo. 8 = 
Cerro El Aguaje or Cerro del Aguaji to of Burckhardt (1910, 1912, 1930: Local i ty 15). 9= La Serrita. 10 = Burckhardt (ibid.) Locality 22. 11 = Burck-
hardt Locality 23 within airport section. 12 = Las Boquil las of Burckhardt . 13 = Burckhardt Locality 24. 
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La Caja Formation, Cerro El Volcan Member, n. mem. = lower "Capas de San Pedro" of Burckhardt (1910,1912). 
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Zuloaga Limestone of Imlay (1939,1980), Medium to massively bedded, stylolitic micrite with black chert nodules containing siliceous sponge spicules with nerineids. Occurs within Burckhardt's quartzite - Nerineid limestone of 
Burckhardt (1910.1912.1930). 

TEXT-FIGURE 12 
San Pedro del Gallo. Section showing boundary stratotype for base of Cerro El Volcan Shale Member of the La Caja Formation at Cerro El Volcan 
with its contact with the underlying San Matias Formation. 

Zone in the Cal i fornia Coast Ranges. It is now clear f rom our 
analysis of new ammoni te and radiolarian biostratigraphic data 
f rom the Grindstone Creek section (northern Cal ifornia) that 
most, if not all, of the Buchia sp. aff . B. okensis Zone of Jones 
et al. (1969), is correlative with the uppermost Tithonian (See 
Cal i fornia Coast Ranges below herein). 

Zeiss (1984, p. 104: Correlation Chart) disagreed with the cor-
relations of Jones et al. (1969), Imlay (1980), and Jeletsky (1984). 
He correlated the North American Substeuroceras-Proniceras 
assemblage of Imlay (1980) and the equivalent Substeuroceras-
Berriasella complex of Jeletsky (1984, p. 99) with the Occitani-
ca Zone of the European upper Berriasian (e.g.. Southern Spain, 
Southern France, south central Europe, Caucasus). He also cor-
related the Buchia sp. aff . B. okensis Zone of Jones et al. (1969) 
with the Occitanica Zone. Moreover, Zeiss correlated North 
American strata assignable to the Buchia piochii Zone of Jones 
et al. (1969) with the lower Berriasian Eux inus Zone of southern 
Europe and the Caucasus (Text-figure 1 herein). 

Two factors have contributed to the incorrect correlation of 
uppermost Jurassic and lowermost Cretaceous strata in North 

Amer ica and the Caribbean: (1) a poor understanding of the 
ammoni te faunal composi t ion of the Substeuroceras beds and (2) 
the reliance on the European calpionellid zones of Le Hegarat and 
Remane (1968) and Remane (1969 ,1978 ,1985) . These two factors 
are intimately entwined in the literature, but must be separated 
to allow accurate biostratigraphic and chronostratigraphic 
correlations between North America and Europe. Both Jeletsky 
(1984) and Zeiss (1984) lament the absence of Durangites in 
the Substeuroceras beds of Mexico. Zeiss (1984, p. 101) stated 
that Jeletzky alleged that the Substeuroceras beds of North 
America are coeval with the upper part of the Transitorius Zone 
(Durangites Zone) (See Text-figure 1). Zeiss stated that Jeletsky 
explained the absence of the Durangites in the Substeuroceras 
beds (=Substeuroceras-Proniceras assemblage of Imlay 1980) 
of Mexico by the cooling of the sea in this region whereas in 
Spain this taxon was present due to the presence of warmer 
waters. Moreover , Zeiss claimed that there was no reason for 
such a "cool ing" in Mexico since Mexico and Spain are situated 
at approximately the same paleolatitudes. He concluded that 
the Durangites /Kossmatia assemblage of Mexico and the 
Durangites Zone of Southern Europe are of nearly the same age 
and, as a consequence, there was no need to unite this assemblage 
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Arroyo-Voodo Hill Section: Section 
starts in arroyo in saddle between 
Cerro del Volcan and Cerro de La 
Cruz and extends southward 
beyond main road to hill north of 
cementery ("Voodo Hill"). Section 
measured by Pessagno , Hull, 
Kelldorf, and Meng in 1994. 
= section 1-1—to 6 in Text-figure 12. 
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TEXT-FIGURE 13 
San Pedro del Gallo. Arroyo—"Voodoo Hill" section. Section l inks ar-
royo (1-1— in Text-figure 12) with "Voodoo Hil l" (6 in Text-figure 12). 

with that of the Substeuroceras-Proniceras assemblage. 
Finally, Zeiss (1984, p. 102) stated that the younger age of the 
Substeuroceras beds in Mexico is demonstra ted by the 
calpionellid data presented by Cantu-Chapa (1967): "I have 
evaluated these calpionellids and placed them in the Lower 
Berriasian (Zone B of Mediterranean Europe and Zone C. 
This means the Substeuroceras beds correspond to the Lower 
Berriasian of Europe (Mediterranean realm)." 

It is worth noting that Durangites Burckhardt (1910) was first 
described by Burckhardt f r o m San Pedro del Gal lo (Durango, 
Mexico). Burckhardt (1910, p. 318) indicated that Durangites is 
associated with Buchia mosquensis in the middle zone of his 
"Capas de San Pedro" (= La Caja Format ion of Pessagno et al. 
1999 and the San Pedro del Gallo Cher t M e m b e r of the La Caja 
Formation herein). The association of Durangites with Boreal as 
well as Tethyan fossils has since been documented by a number of 
workers in Mexico and the Car ibbean (Imlay 1939,1980; Pessagno 
et al. 1999; Pszcolkowski 1999; Myczynski 1999). Pessagno 
et al. (1999) established that the San Pedro del Gal lo remnant 
of the SPG originated at high Southern Boreal paleolati tudes 
during the middle Oxfordian . The Oxfordian to Tithonian part 
of this SPG succession is populated by a mix ture of Tethyan and 
Boreal ammoni tes (e.g., Amoeboceras, Idoceras, Durangites), 
boreal bivalves (e.g., Buchia concentrica, B. mosquensis, B. 
rugosct, and B. piochii) as well as an abundance of Parvicingula 
and Praeparvicingula and rare pantanell i ids among the 
Radiolaria. The megafossil and radiolarian assemblage coupled 

with prel iminary paleomagnet ic da ta indicate that this terrane 
remnant originated at Southern Boreal paleolati tudes (~ 40° N: 
Ogg in Pessagno et al. 1999) dur ing the Oxfordian (Meng 1967; 
see Text-figures 7-8). T h e appearance of abundant calpionellids 
together with the presence of Buchia and the presence of common 
Parvicingula and Praeparvicingula in the upper part of the La 
Caja Formation demonstrate that the San Pedro del Gal lo remnant 
had been transported to near the boundary (~30° N) between the 
Northern Tethyan Province and the Southern Boreal Province by 
the latest Tithonian (Late Jurassic) (Text-figures 7-8). The lack of 
Boreal elements such as Buchia in overlying Early Cretaceous 
strata suggests transport of the San Pedro del Gallo remnant to 
the Northern Tethyan Province (>22° to <30° N by the Berriasian. 
Durangites also appears in Southern Boreal or possibly Northern 
Tethyan strata in the Sierra de los Organos remnant of the San 
Pedro del Gal lo terrane in Western Cuba (See Pessagno et al. 
1999). Myczynski (1999, p. 77-92; Fig. 2) recorded Durangites 
in association with Buchia in the El Amer icano Member of the 
Guasasa Formation. Imlay (1939) recorded Durangites above the 
final occurrence of Kossmatia in association with Substeuroceras 
and tethyan ammoni tes in the upper Tithonian strata of the La 
Casita Formation at Sierra J imulco (Cohuilatecano terrane of 
Pessagno et al. 1999). These and other data f rom North Amer ica 
and the Car ibbean clearly indicate that Durangites was able 
to populate both the Tethyan and Boreal realms during the 
latest Jurassic. In Europe, Durangites appears to be strictly 
a Tethyan taxon. The data presented below will demonstrate 
that Durangites is associated with Substeuroceras both at the 
surface and in subsurface at a number of localities in Mexico. 
Moreover, it will be demonstra ted that the calpionellid zones of 
Remane (1969, 1978, 1985) are diachronous and of ten coeval 
between Nor th Amer ica and Europe and are totally unreliable 
for defining the Jurassic-Cretaceous boundary. The senior author 
first became aware of the problem with the calpionellids in 1984 
when he noted that there was a major conflict between Bonet 's 
(1956) calpionellid data and Imlay 's ammoni te data f rom the 
Sierra Crui l las (Tamaulipas, Mexico). Bonet (1956, p. 82, Iocs. 
44, 45, 48) recorded Berriasian to Valanginian calpionellids 
f rom a horizon just below beds containing abundant ammoni tes 
assignable to Imlay 's Kossmat ia -Durangi tes assemblage (See 
Imlay 1980, p. 35: measured section at Loma Rinconada, Sierra 
Crui l las and Sierra Cruil las remnant of San Pedro del Gallo 
terrane herein). This sort of conflict between the ammoni te 
and calpionellid biostratigraphic and chronostrat igraphic data 
can be demonstra ted at a number of localities. In spite of the 
ef for ts of co-author Cantu-Chapa (ibid.) to report anomalous 
calpionellid data in highest Jurassic and lowermost Cretaceous 
strata, most European ammoni te and calpionellid workers have 
chosen to ignore the North Amer ican data. Adatte et al. (1994, 
p. 45) stated that "Most of the Mexican calpionellid materials 
studied by Bonet (1956) and by Trejo (1976, 1980) come f rom 
oil wells. Detai led surface sections have never been published 
and this might explain some of the discrepancies." The statement 
by Adat te et al. is both inaccurate and misleading. Cantu-Chapa 
(1967, p. 3-24) accurately documented the ammoni te data and co-
occurr ing calpionellids in a beautiful ly exposed surface section 
that encompasses the Jurassic-Cretaceous bou ndary at Mazatepec 
(Puebla, Mexico). Moreover, he noted (e.g., Table 1) that the 
calpionellid assemblage associated with Parodontoceras aff . 
Call istoides Zone (=upper part of Substeuroceras-Proniceras 
assemblage of Imlay 1980) included Calpionella elliptica, C. 
alpina, and Tintinnopsella longa. Similar relationships can 
be observed at San Pedro del Gal lo (Durango, Puebla) and at 
Taman (San Louis Obispo). Moreover, it can be established f rom 
our studies in the Taman-Tamazunchale area that the base of 
Remane ' s Zone A (Crassicol laria Zone) occurs neither in the 
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T E X T - F I G U R E 14B 
San Pedro del Gallo Chert Member in arroyo-"Voodoo hill" section. 
Note hammer for scale. 

TEXT-FIGURE 14A 
Zuloaga Limestone on top of Cerro El Volcan north of San Pedro del 
Gallo Beds vertical to slightly overturned. 

upper Tithonian as advocated by Geyssant (1997: See Text-figure 
1 herein) nor at the base of the upper Tithonian as advocated by 
Pessagno et al. (1984, 1987), but actually in the lower Tithonian 
below the first occurrence of Mazapilites. These and other 
anomalies will be discussed in detail below. 

It should be emphasized that all planktonic microfossils includ-
ing the calpionellids have great biostratigraphic and chronostrati-
graphic potential. As aptly noted by Braloweret al. (1989, p. 155), 
the problem with the Le Hegarat and Remane (1969) calpionellid 
zonation is that some of the zonal and subzonal boundaries at the 
Jurassic-Cretaceous boundary are defined by relative abundance 
changes rather than first and last occurrences of taxa and, as a 
consequence, are difficult to define precisely 

Biostratigraphic, chronostratigraphic, and lithostratigraphic 
data from San Pedro del Gallo terrane 

The San Pedro del Gallo terrane (SPG) was first defined by Pes-
sagno et al. (1993b) and described in more detail by Pessagno 
et al. (1999). It takes its name for the village of San Pedro del 
Gallo, Durango, Mexico (Text-figure 7-9, 10). This area was first 
studied in 1910 by the famous Swiss geologist, Charles Burck-
hardt. Burckhardt's studies formed the foundation for our inves-
tigations both in the San Pedro del Gallo and Mazapil remnants 
of the SPG and should be regarded as a template for all studies of 
Mesozoic strata in Mexico. 

San Pedro del Gallo remnant, Durango, Mexico 

As noted by Pessagno et al. (1999), Burckhardt's contributions to 
the geology of San Pedro del Gallo were five fold: (1) He accu-
rately described the lithostratigraphy and established the super-
position of Jurassic and Cretaceous strata by utilizing ammonite 
biostratigraphy and chronostratigraphy; (2) he monographed 
the rich megafossil assemblage (largely ammonites; Burckhardt 
1912); (3) he made the first geologic map as well as the first 
topographic map of the area; (4) he interpreted the structure and 
produced numerous structural profiles; and (5) he assessed the 
mineral deposits of the area. Burckhardt 's study was so thor-
ough that few workers have been able to improve on it. 

Imlay (1939) as well as Contreras-Montero et al. (1988) and 
Adatte et al. (1995) incorrectly correlated the informal unit 
which Burckhardt called the "Capas de San Pedro" with the La 
Casita Formation. Although these lithic units are approximately 
equivalent chronostratigraphically, it is clear from our exami-
nation of the La Casita in its type area (Sierra de Parras: Text-
figure 8, Loc. 17) as well as in the Sierra Jimulco (Text-figure 
8, Loc. 18) that the "Capas de San Pedro" are not correlative 
lithostratigraphically with the La Casita Formation (See Martin 
1996; Pessagno et al. 1999). The La Casita Formation consists 
of gypsiferous gray to pinkish gray silty. calcareous to siliceous 
mudstone, silty micritic limestone, and siltstone deposited at in-
ner neritic depths containing ammonites, brachiopods, bivalves, 
and a sparse, poorly diversified foraminiferal assemblage (five 
species, largely Textulariina: Senior author's observations). In 
contrast, Burckhardt 's "Capas de San Pedro" consists of upper 
abyssal dark gray calcareous to siliceous mudstone with com-
mon black, thin-bedded radiolarian chert and common radiolar-
ian-rich micrite nodules (See below). Although the "Capas de 
San Pedro" was informally named by Burckhardt, it is clearly 
genetically related to the La Caja Formation. We have observed 
black radiolarian chert in the La Caja Formation thus far at San 

17 



Em'tle A. Pessagno et at.: The Jurass ' te-Cretaceous boundary: new data from North America and the Caribbean 

T E X T - F I G U R E 15 
San Pedro del Ga l lo fauna l and radio lar ian b ios t ra t igraphic da ta f r o m the a r r o y o — " V o o d o o Hi l l " section (1-1-, 6 in Text-f igure 12. 
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Alievium spp. R 
Pantanellium ranchitoense R R R R R R R 
Pantanellium whalenae R R R R R R R 
Pantanellium spp. R R R A R R R 
Vallupus hopsoni R R R R A R R A 
Vallupus nodosus R 
Vallupus s p p . R R A 
Complexapora kozuri R R R A R R R R R A A R A R C R 
Complexapora nova R R R R A R R R R 
Complexapora s p p . A A R A A R R R R R A A R R 
Loopus campbelii C R R R R R R R R R R 
Loopus primitivus R R R R A A A R R A A A A R R 
Loopus s p p . A R R R R R R R A R R R R R 
Archaeodictyomitra rigida R R R R 
Archaeodictyomitra shengi R 
Archaeodictyomitra s p p R R R 
Hsuum mclaughlini R R R R 
Hsuum s p p . R R R R R A A R R R R 
Caneta hsui A A A C C C C C R A A A A A C A 
Caneta s p p . C R R R R C R C C C R C C C 
Mirifusus baileyi R 
Mirifusus chenodes R 
Mirifusus mediodilafatus R 
Mita sixi R R R R R 
Mita weddelliensis R R R C R R 
Mita spp . R A R A R A R A A R 
Parvicingula alamoensis R 
Parvicingula corralensis A R R R R A 
Parvicingula s p p . A R R R C R R R R R A C R R R A 
Praeparvicingula s p p . R R R R C R R R R R R R A C C A 
Ristola procera R 
Novixifus s p p . R A R R R R R R R R R 

L A C A J A F O R M A T I O N S a n P e d r o d e l G a l l o C h e r t M e m b e r 

B I O Z O N E S S u b z o n e 4 b e t a 2 

Pedro del Gallo, Canon San Matias (Sierra Santa Rosa) near 
Mazapil, at its type locality in the Sierra de la Caja, in the Sierra 
de Catorce, and at other localities where the La Caja Formation 
has been reported (Imlay 1980; Pessagno et al. 1999. Text-fig-
ures 7-8 herein). Burckhardt frequently noted the presence of 
black chert in his accurate descriptions of measured sections 
that he made at these localities. 

At San Pedro del Gallo Pessagno et al. (1999) divided the La Caja 
Formation (= "Capas de San Pedro" part; Burckhardt 1910) into 
four informal members (in ascending order): 1) the "lower shale 
member"; 2) the "chert member"; 3) the "upper shale member"; 
and 4) the "Cerro Panteon quarry unit 2" member. In this report 
these informal members are formally named (in ascending or-
der) herein as follows: 1) The Cerro El Volcan Shale Member; 2) 
the San Pedro del Gallo Chert Member; 3) the Puerto del Cielo 
Shale Member; and 4) the Cerro Panteon Member. 

1) The Cerro El Volcan Shale Member: This unit is equivalent to 
the "Capas de San Pedro inferior" of Burckhardt and "the lower 
shale member" of Pessagno et al. (1999). The Cerro El Volcan 
Shale Member consists of 52m (min.) of dark gray siliceous to 
calcareous mudstone with common dark gray, variably sized 
micrite nodules. Lenticular masses of thin-bedded, dark gray 

micrite are present locally. The bedded micrite and micrite 
nodules contain abundant calcified Radiolaria. In addition, this 
member contains common bivalves such Buchia concentrica, B. 
rugosa, and B. mosquensis as well as common ammonites such as 
Idoceras gr. Durangense, I. tuttlei, I. lorioli, I. neohispanicium, 
I. angermanni, /. johnsoni, I. complanatum, I. boesei, I cragini, I 
disciforme,!. plicomphalum, I. mtuabile, /, gp. balderus, Sutneria 
aff. cyclodorsatus, and Glochiceras gp. fialar. The Cerro El Volcan 
Shale Member is assignable to the late early Kimmeridgian 
to the late Kimmeridgian (See Burckhardt 1910; Imlay 1939; 
Pessagno et al. 1999, Meng 1997). It rests disconformably on 
the middle to early late Oxfordian red, siltstone, limestone 
and shale comprising the San Matias Formation, n. fm. (Text-
figure 11. See Canyon San Matias, Sierra Santa Rosa herein). 
The undulating disconformable contact with the underlying San 
Matias Formation is exposed along the southeast side of Cerro El 
Volcan just east of adjacent Cerro de La Cruz (Burckhardt 1930. 
p. 62, figure 21; = Text-figure 12 herein). To the east of Cerro 
de La Cruz and along the southeast side of Cerro El Volcan, 
this unit is approximately 15m thick (Text-figure 13). Its upper 
contact with overlying San Pedro del Gallo Chert Member, n. 
mem., is best exposed in a prominent ~ north-south arroyo that 
crosses the San Pedro del Gallo—Cinco de Mayo highway on 
the north side of town and trends toward the south side of Cerro 
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El Volcan and, more or less, parallels the west side of Cerro de 
La Cruz (Text-figure 12). The boundary stratotype for the base of 
the Cerro El Volcan Shale Member is designated as the southeast 
side of Cerro El Volcan (Text-figure 11. See Burckhardt 1930, p. 
62, fig. 4). The boundary stratotype for the top of the unit occurs 
in the northern part of the prominent arroyo mentioned above 
(Text-figures 11, 14). 

This unit is named for Cer ro El Volcan (= Cerro del Volcan of 
Burckhardt (1910, 1912). 

2) The San Pedro del Gallo Chert Member: The San Pedro del 
Gallo Chert Member includes the "middle zone" of the upper part 
of the Capas de San Pedro [beds with Durangites] of Burckhardt 
1910 and the "chert m e m b e r " of Pessagno et al.,1999). This 
unit includes ~ 343m of early late Tithonian dark gray sil iceous 
mudstone interbedded with thin-bedded, black radiolarian 
chert, and minor dark gray, thin to medium bedded micrite that 
rest unconformably on the underlying Cerro El Volcan Shale 
Member (Text-figures 13, 14). Much of the lower Tithonian (e.g., 
Mazapil i tes Zone of Cantu-Chapa) appears to be missing at 
San Pedro del Gallo. It is not uncommon to find reworked lower 
Tithonian ammoni tes in the San Pedro del Gal lo Chert Member. 
Occasional thin-layers of quartz-rich silty wacke often display 
graded bedding and represent turbidites. 

The San Pedro del Gal lo Cher t M e m b e r contains c o m m o n 
ammoni tes , abundant Radiolaria , abundant si l iceous sponge 
spicules, c o m m o n calpionell ids, and c o m m o n Buchia. 
Burckhardt (1910. p. 316-317) noted that his "midd le zone" of 

the upper part of the Capas de San Pedro is richly fossi l i ferous 
and extends southwestward in a cont inuous band between 
Arroyo Aguaj i to toward Cer ro de las Liebres (Text-figure 
12). T h e assemblage descr ibed by Burckhardt f rom what is 
referred to herein as the San Pedro del Gal lo Cher t Member 
included eight new species of his new genus Durangites as well 
as three new species of the genus Kossmatia (See discussion 
of calpionell id data below). Imlay (1939: Table 8) recorded 
Grayiceras mexicanus Burckhardt , Kossmatia interupta 
Burckhardt , K. pectinata Burckhardt , Durangites acanthicus 
Burckhardt , D. incertus Burckhardt , D. vulgaris Burckhardt , D. 
humbolti Burckhardt , D. nodulatus Burckhardt , D. latesellatus 
Burckhardt , D. densestriatus Burckhardt , D. fusicostatus 
Burckhardt , D. astillerensis Imlay, and Microacanthoceras 
sp. cf. M. microacanthum (Oppel) f rom Burckhardt ' s (1910, 
Plate X L I X ) Local i ty 23 situated about 0 .6miles southeast of 
the vil lage to the north of Cer ro de Las Liebres (Text-figure 
12). The Local i ty 23 ammoni t e assemblage occurs within the 
San Pedro del Gal lo a i rpor t section (Text-figure 15 herein) and 
in the upper part of the San Pedro del Gal lo Chert Member. 
Th i s assemblage is clearly correlative with the Kossmatia-
Durangi tes assemblage of Imlay (1980) and the Proniceras 
and Kossmat ia Zone of Cont re ras -Montero et al. (1988). 
Burckhard t (1910, p. 318; 1912, p. 206, 221; 1930, p. 63, figure 
21; see Imlay 1980, p. 34) also noted the presence of numerous 
Buchia mosquensis (von Busch) in what is referred to herein as 
the San Pedro del Gal lo Cher t Member . Moreover, according 
to Cont re ras -Montero et al. (1988, p. 21) Buchia piochii is also 
present in this unit. Unfortunately, these latter workers failed to 
cite the horizon where they recovered this taxon. 

Radiolarian biostratigraphic data presented by Meng (1997) and 
supplemented by a re-analysis of the same samples by the senior 
author indicates the radiolarian assemblage f rom the San Pedro 
del Gal lo Chert M e m b e r is assignable to Zone 4. upper part of 
Subzone 4 beta , (upper Tithonian) (See Text-figures 13, 15-17). 
The lack of Perispyridium is puzzling, but may be related to the 
lack of recovery of the more delicately preserved radiolarian 
tests f rom the chert samples using H F or to the distal backarc 
nature of the area. The presence of Complexapora kozuri Hull at 
SPG94-8 near the base of the San Pedro del Gal lo Chert Member 
in the Arroyo-"Voodoo hill" section indicates that this horizon 
occurs within Subzone 4 beta , (Text-figures 13, 16). At Canyon 
San Matias near Mazapi l , Zacatecas this taxon makes its first 
appearance within unit C of Burckhardt (1930); unit C, which 
is 5m thick, is character ized throughout by containing several 
species of Kossmatia (See Mazapil remnant of SPG terrane be-
low). It should be also noted that in the Stanley Mountain rem-
nant of the Coast Range ophiolite (California Coast Ranges) Hull 
(1997, p. 83: Text-figure 30) recorded Complexapora kozuri f rom 
sample SA43B 28m (volcanopelagic sequence) above the base 
of her Subzone 4 beta (= Subzone 4 beta, herein) to her Sub-
zone 4 alpha (= Subzone 4 alpha, herein). At Grindstone Creek 
(California Coast Ranges: See Gr inds tone Creek section below) 
Complexapora kozuri occurs throughout the Buchia piochii 
Zone and to near the top of Subzone 4 a lpha, in strata which 
are assignable to the Buchia sp. aff . okensis Zone of Jones et 
al. (1969). This horizon (GR94-8: See Grindstone Creek section, 
Cal i fornia Coast Range below) is situated 59m below the base of 
the Buchia uncitoides Zone of Jones et al. (1969) and the base of 
radiolarian Zone 5, Subzone 5A of Pessagno (1977b). 

T h e presence of Neovallupus sp.A in sample SPG-I5A ( l m f rom 
top of San Pedro del Gallo Chert Member) together with pres-
ence of Pantanellium cantuchapai and Vallupus nodosus in 
sample SPA-23 (top of Puer to del Cielo Shale Member) indicate 
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TEXT-FIGURE 17 
San Pedro del Gallo airport section. Radiolarian faunal and biostratigraphic data f rom San Pedro del Gallo Chert and Puer to del Cielo Shale members 
of the La Caja Formation. 
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Bivallupus lonqoriai R 
Neovailupus sp A R 
Pantanellium cantuchapai R R R A 
Pantanellium meraceibaensis C R 
Pantanellium ranchitoense R R R R R 
Pantanellium whalenae R R R R C R R R R R R R R R R 
Pantanellium spp. R R R R C R R C A R R 
Vallupus hopsoni R R R C R R R C R R R C 
Vallupus laxus R 
Vallupus nodosus R 
Vallupus spp . R R R R R R R R R R R R R R R R R R 
Napora boneti R 
Complexapora kozur. R C R C R R A C R C R R R R C R R 
Complexapora kiesslingi R R R R R R R R R R C 
Complexipora sp . A C C 
Complexapora s p p . C C C C C C C C C C C C C C C C 
Obesacapsula morroensis R 
Obesacapsula sp.aff. 0. rotundata C C 
Obesacapsula spp. C C 
Loopus campbelh C C R R R R R R R R R 
Loopus primitivus A A C C C C C C C R C A R R C C A 
Loopus spp . A C C R R R R R R R R R R 
Archaeodictyomitra rigida R R R R R R R 
Archaeodictyomitra shengi R R R 
Archaeodictyomitra s p p R R R R 
Hsuum mclaughlini R R R R R R R C R C R 
Hsuum naturale C R R R 
Hsuum spp . R R R R R R R R R R R R R R R R R 
Caneta hsui A A A A A C C A A A C A R R A A 
Caneta s p p . R C R R R R R C R C R C R C 
Mirifusus baileyi R R R 
Mirifusus chenodes R 
Mirifusus mediodilatatus R R R 
Mita sixi R C R R R A R R R C 
Mita weddelliensis R R R R R R A 
Mita spp . R R R R R R R R R R C 
Parvicingula alamoensis R 
Parvicingula colemani R 
Parvicingula corralensis R R R 
Parvicingula excelsa R 
Parvicingula jonesi A 
Parvicingula turrita R 
Parvicingula spp . A A A A A A A A A A A A A A A A 
Praeparvicingula holdworthi C R R 
Praeparvicingula spp. A A A A A A A A A A A A A A A A 
Novixitus spp . R C R R R R R R R R R C R 

LA C A J A F O R M A T I O N S a n P e d r o de l Ga l lo Cher t M e m b e r 
Puer to de l 

C ie lo S h a l e 
M e m b e r 

S P G 
Cher t 

M e m b e r 
B I O Z O N E S S U B Z O N E 4 B E T A 2 

that this interval is assignable to the upper part of radiolarian 
biozones Subzone 4 beta2 (lower upper Tithonian. See also Ta-
man-Tamazunchale area, Huayacocotla remnant of the SPG ter-
rane below). 

The San Pedro del Gallo Chert Member is exposed in its en-
tirety in a prominent ~ north-south arroyo that crosses the San 
Pedro del Gallo—Cinco de Mayo highway on the north side of 
town and trends toward the south side of Cerro El Volcan and, 
more or less, parallels the west side of Cerro de La Cruz (See 
Arroyo-Voodoo Hill section in Text-figures 13, 16). In the mea-
sured section made along this arroyo the San Pedro del Gallo 

Chert Member is 343m thick. The arroyo-"Voodoo Hill" locality 
is designated the type locality. 

The San Pedro del Gallo Chert Member is named for San Pedro 
del Gallo, Durango, Mexico. 

3) The Puerto del Cielo Shale Member: The Puerto del Cielo 
Shale Member is equivalent to the "upper shale member" of 
Pessagno et al. (1999) and the "Zona superior" of Burckhardt 
(1910, 1912). This unit consists of 20 to 45m of dark gray sili-
ceous mudstone and minor amounts of thin-bedded, often platey, 
dark gray micrite. The mudstone contains common dark gray 
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La Pena Cerro El Volcan Shale Member 
La Caja Formation 

Chapulhuaccin Limestone 
Cerro Panteon Member 
Formation: graywacke 
& siliceous mudstone 

quarry 
v - km 22 

"upper quartzite" unit ot Burckhardt (1910) 

San Matias Formation 

TEXT-FIGURE 18 
La Pena profile. This locality is located 10km north of the village of San 
Pedro del Gallo, Durango, Mexico. 

micrite nodules of variable size. Abundant Radiolaria and rare 
ammonites occur in the siliceous mudstone and in the micrite. 
Rare ammonites and abundant calpionellids occur in the micrite 
beds and nodules. Burckhardt (1910, p. 318) indicated that his 
"Zona superior" contained a sparse ammonite assemblage; he 
noted the presence of Berriasella behrendensi Burckhardt and 
Hoplites aff. kollikeri in these strata. However, according to Hil-
lebrandt et al. (1992) Burckhardt's (1910, 1912) Locality 24 con-
tains Durangites, Kossmatia, Proniceras, Microacanthoceras, 
and Salinites grossicostatum. Our field studies indicate that this 
horizon is within the Puerto del Cielo Shale Member. 

Meng (1997) was able to recover well preserved Radiolaria from 
the Puerto del Cielo Shale Member at the San Pedro del Gallo air-
port section (Text-figures 16, 17). His radiolarian biostratigraphic 
data, supplemented by a re-examination of the same samples by 
the senior author, indicate that the Puerto del Cielo Shale Member 
is assignable to radiolarian Subzone 4 beta2 (Text-figures 15-17). 
The presence of Pantanellium cantuchapai and Vallupus nodosus 
in sample SPA-23 at the top of the Puerto del Cielo Shale Mem-
ber indicates that this horizon is assignable to the top of Subzone 
4 beta, (Text-figure 17; see Cerro Panteon Member below). The 
upper Tithonian strata of the Puerto Cielo Shale Member rest con-
formably above the San Pedro del Gallo Chert Member and below 
the Cerro Panteon Member at the base of a hill to the west of San 
Pedro del Gallo known as Puerto del Cielo, along the runway at the 
San Pedro del Gallo Airport (immediately west of Las Boquillas), 
and to the west of the San Pedro del Gallo—Cinco de Mayo road 
in the prominent arroyo mentioned under the San Pedro del Gallo 
Chert Member above. At the airport runway the Puerto del Cielo 
Shale Member of the La Caja Formation is 45m thick; at Puerto 
del Cielo it is 65m thick. The east side of Puerto del Cielo is desig-
nated as the type locality. 

4) Cerro Panteon Member: This unit was referred to by 
Burckhardt (1910, p. 318) as the "Capas limftrofes entre el 
Jurasico superiory el Cretaceo inferior". Imlay (1939) incorrectly 
correlated strata assignable herein to the Cerro Panteon Member 
and the Chapulhuacan Limestone with the inner neritic La Casita 
and Taraises formations (type area = Sierra de Parras, Text-figure 

MEASURED SECTION OF JURASSIC-CRETACEOUS STRATA AT CERRO 
DE LA PENA: 10 KMS NORTH OF SAN PEDRO DEL GALLO, DURANGO. 
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Cerro Panteon Member, La Caja Formation 

Medium gray silty wacke weathering 
buff with interbedded siliceous 

mudstone containing Radiolaria. 
Siliceous mudstone with dark gray 
micrite nodules at some horizons. 

Micrite nodules containing Radiolaria 
and ammonites. Silly wacke 

often with belemnites. 

Cerro El Volcan Shale Member, La Caja Formation 
Dark gray siliceous mudstone and shale with 

dark micritic limestone nodules. In fault contact 
with graywacke-siliceous mudstone unil above. 

T E X T - F I G U R E 19 
Measured section of Cerro Panteon Member of the La Caja Formation 
at La Pena showing position of radiolarian samples and megafossils col-
lected during the present investigation. La Pena is situated 10km north 
of San Pedro del Gallo, Durango. Mexico. 

7: Loc. 3). Where the latter unit has been observed during the 
course of this study, it consists of rhythmically bedded chalky 
mudstone and interbedded medium gray, medium-bedded 
micritic limestone. Whereas the Taraises Formation contains 
a poorly diversified foraminiferal assemblage, brachiopods, 
echinoids, and ammonites, the San Pedro units contain common 
ammonites and foraminifera as well as abundant Radiolaria 
and calpionellids. Pessagno et al. (1999) informally referred the 
Cerro Panteon Member to "Cerro Panteon quarry unit 2". The 
Cerro Panteon Member of the La Caja Formation at San Pedro 
del Gallo consists of 77 to 93m of red, pink, and pinkish gray, and 
dark gray micritic limestone, calcareous siltstone, and calcareous 
mudstone with common ammonites, belemnites, calpionellids, 
and Radiolaria (reddish color probably result of hydrothermal 
alteration by Tertiary intrusives near the village of San Pedro 
del Gallo). Burckhardt (1910, p. 319-320) noted the presence of 
Berriasella sp. cf B. calisto, B. sp. cf. B. obtusanodosa, B. sp. 
cf. B. calistoides, and Steueroceras [=Substeuroceras] sp. cf. S. 
permulticostatum at Cerro Panteon (Text-figure 12). Moreover, 
Imlay (1939, Table 9) noted Substeueroceras lamellicostatum 
Burckhardt, S. durangense Burckhardt, "Berriasella" storrsi 
Stanton, Berriasella tenuuicostata Burckhardt, Parodontoceras 
cf. calistoides (Behrendensen), and Proniceras juv. aff. pronum 
at Burckhardt Locality 25 [base La Serrita] (1910, Plate XL1X). 
Contreras-Montero et al. (1988, p. 21, plates VII-VIII) illustrated 
Durangites humbolti (Burckhardt), Durangites vulgaris 
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110m 

100 m 

90 m 

80 m 

70 m 

60 m 

50 m 

40 m 

30 m 

20 m 

10m 

0 m -

MEASURED SECTION OF JURASSIC-CRETACEOUS STRATA AT CERRO 
DE LA PENA: 10 KMS NORTH OF SAN PEDRO DEL GALLO, DURANGO, 

Litho Units Ammon i tes ( l ) Calpionellids(2) Radiolaria 

Subzone D1 

No Data (= Calpionellopsis 
simplex Subzone of 
Remane etal. 1986) 

No Data 

Zone C 
Interval characterized 

by presence of characterized by 
Substeueroceras, presence of 

Durangites large variety 
(Contreras-Montrero of Tintinnopsella 

etal., 1988) carpathica 

Subzone 4 alpha 
lowermost 23 m with 

Vallupus hopsoni 

No Data 

Key: (1) = Substeueroceras also noted by Adatte et al. (1995); (2) = Remane in 
Adatte et al (1995), 

T E X T - F I G U R E 2 0 
Ammonite, calpionellid. and radiolarian biostratigraphic data at La 
Pena. (I) = Substeueroceras also noted by Adatte et al. (1995); (2) = 
Calpionellids data f rom Remane in Adatte et al. (1995). 

sp. juv. (Burckhardt) Durangites aff . rarifurcatus (Imlay), 
Substeueroceras koeneni (Steuer), S. alticostatum (Imlay), 
Berriasella (B.) aff. subcallisto (Toucas), Berriasella aff . obcisa 
(Oppel), and Pseudosubplanites aff . grandis (Mazenot) f rom La 
Serrita (Text-figure 12). The basal contact with the underlying 
Puerto del Cielo Shale Member is well exposed along the eastern 
flank of Cer ro Panteon (e.g.. at Puer to del Cielo) and the San 
Pedro del Gallo airport immediately west of Las Boqui l las (Text-
figure 12). At a low-lying hill ("Voodoo Hill") to the north of 
Cerro Panteon and the San Pedro del Gal lo cemetery, the contact 
with the overlying Chapulhuacan Limestone is well exposed both 
on the south and north ends of "Voodoo Hill". 

Cerro Panteon and the hill to the north of the cemetery ("Voodoo 
Hill") are designated as co- type localities. This member is named 
for Cerro Panteon. 

At La Pena, 10km to the north San Pedro del Gallo, the Senior Author 
observed 92m of interbedded black siliceous shale, thin-bedded 
siltstone (wacke), and thin-bedded dark gray micrite containing 
belemnites, abundant Radiolaria, Buchia, and common ammonites 
(See Figures 18-21 herein). These strata are assigned herein to the 
Cerro Panteon Member of the La Caja Formation. The lower part 
of the Cerro Panteon Member at La Pena is in fault contact with the 
Kimmeridgian strata of the Cerro El Volcan Shale Member (Text-
figures 18-19). Addate et al. (1995) as well as Contreras-Montero et al. 
(1988) incorrectly assigned this litho unit to the La Casita Formation 
and the overlying cream colored, very fine grained, medium bedded 

SPECIES/SAMPLES SPG96-
4X 

SPG96-
4 

SPG96-
5B 

SPG96-
6A 

SPG96-
9B 

Posit ion in sect ion: Meters. 0 22 8 29.4 33.7 80.76 
Vallupus hopsoni A 
Vallupus spp. A 
Complexapora kozuri R R R C 
Complexapora kiesslingi C R 
Complexapora spp. C 
Caneta hsui C C C 
Caneta spp. C 
Parvicingula bluetordae R 
Parvicinqula colemani C 
Parvicinqula cuyamaensis R 
Parvicingula jonesi C C 
Parvicingula spp. C C C C C 
Ristola procera R 

L A C A J A F O R M A T I O N Cerro Panteon Member 

B I O Z O N E S S z . 4 a l p h a . S z . 4 a l p h a 2 

T E X T - F I G U R E 21 
Radiolarian assemblage and biozones for La Pena, 10k north of San Pe-
dro del Gallo. 

micritic limestone to the Taraises Formation. The latter unit is 
assigned to the Chapulhuacan Limestone herein. Ammonites as well 
as abundant calpionellids and Radiolaria were reported from this 
unit by Addate et al. (1995; see Addate et al. 1996). According to 
Addate et al. the ammonite assemblage includes the following taxa 
from the lower 13m of this section (Locs. Pg 1-5): Phyllocercis sp., 
Pterolytoceras sp., Vinalesites sp., Himalayitidae gen. and sp. indet., 
Substeuroceras durangense, S. kellumi, S. koeneni tabulalum, 
Schaireria sp., Spiticeras (Negreliceras) laeva, and Jabronella 
(Erdenella) laaria. Moreover, they recorded Himalayites sp. "B" 
from their locality Pg. 19 approximately 60m above the base of 
the section and 5m below the contact between the Cerro Panteon 
Member and the overlying Chapulhuacan Limestone. Contreras-
Montero et al. (1988, Plate IX) figured Durangites aff. acanthicus 
(Plate 9, figure 9), Pseudoargentiniceras beneckei (Jac) (Plate 9, 
figures 4, 5, 7), Neocomites aff. praeneocomiensis Burckhardt (Plate 
9, figure 1) as well as belemnites from Cerro Panteon Member strata 
at La Pena. 

Text-figures 18-21 show the measured section of the succession at La 
Pena made by the senior author and Dr. Ignacio Pujana (University of 
Texas at Dal las) in 1996. The presence of Vallupus hopsoni at Local ity 
SPA96-4 (Text-figures 20-21) 22.8m above the base of the measured 
section demonstrates that this interval is no higher than Subzone 
4 alpha, (Text-figure 4). Taxa such as Pantanellium cantuchapai 
Pessagno which make their final appearance at the top of Subzone 
4 beta, are missing (See data f rom Puerto del Ceilo Member above). 
The presence of Complexapora kozuri at Locality SPG96-9B (10m 
below contact with the Chapulhuacan Limestone) indicates that all 
but the upper 10m of the Cerro Panteon Member are assignable to 
the upper Tithonian (Subzone 4 alpha, and Subzone 4 alpha,; = 
Subzone 4 alpha of Pessagno et al. 1993, 1999). Accordingly, all but 
the uppermost part of the Cerro Panteon Member is included in the 
Substeuroceras-Proniceras assemblage of Imlay (1980) and to the 
Substeueroceras and Microacanthoceras Subzone of Contreras-
Montero et al. (1988). Moreover, this interval can be equated to the 
Buchia piochii Zone and most of the Buchia sp. aff. okensis Zone 
(Jones et al. 1969: See Grindstone Creek. California Coast Ranges 
below). As will be seen in the discussion below, these data strongly 
conflict with the calpionellid data of Addate et al. (1995). 
Chapulhuacan Limestone 

Chapu lhuacan L imes tone (type area = Chapu lhuacan , 
Hi ldago near Taman, San Luis Potosi': See Text-figure 8 and 
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125m 

101.5m 

80.4m 

67.1m 

39.2m 

31.4m 

24.8m 

Thin-bedded black chert, dark gray, 
siliceous mudstone often with 

interbedded limestone nodules. Red 
calcareous mudstone in upper part. 

Some mudstone beds up to 0.6 
meters in the lower part. 

Red silly calcareous mudstone 

0m 

Red medium bedded silstone, silty 
limestone & mudstone. 

I I I I I Massively bedded, medium gray 
micrite with nerineids, other 

| | | | [ gastropods, and bivalves. Zuloaga 

I I I I I Limestone Base not exposed in area 
j 1 ^ 1 ^ 1 ^ 1 ^ near Mazapil Mazapil area. 

' • ' • " I 

UNIT A 

UNIT 

B 

UNIT 

C 

UNIT 

D 

UNIT 

UNIT F 

UNIT G 

UNIT 

H 

TEXT-FIGURE 22 
Description of Iithostratigraphic units exposed in Mazapil remnant of 
San Pedro del Gallo terrane at Canyon San Matias, Zacatecas , Mexico. 

Huayacocotla remnant of the San Pedro del Gallo terrane 
herein) consists of ~ 20m of medium to massively-bedded light 
gray to tan very aphanitic micrite with abundant calpionellids, 
common Radiolaria, and common ammonites. Some horizons 
(e.g., at La Pena) contain large (12cm) phosphate nodules. 
Burckhardt (1910, p 322-323; 1930 [vol. L] p. 131) recovered 
numerous ammoni tes f rom the Chapulhuacan Limes tone on 
the western slope of Cer ro del Aguaj i to (northeast of San 
Pedro del Gal lo and approximately 1km west of Cer ro de la 
Cruz (Text-f igure 12. See Burckhardt 1930, p. 129, Figure 
36, Unit A.). This locality was examined by the senior author 
in 1990. 

The rich fauna descr ibed by Burckhardt included Spiticeras 
uhligi Burckhardt , S. binodum Burckhard t . S. juv. aff . scriptum 
Strachey, S. negreli Toucas, S. serpentinum Burckhardt , S. 
laeve Burckhardt , Berriasella neohispanica Burckhardt , 
B. cf. gracilis, Acanthodiscus transatlanticus Burckhardt , 
A. euthymiforms Burckhardt , Neocomites densestriatus 
Burckhardt , and N. praenecomiensis Burckhardt . Burkhardt 
(1910, 1930) assigned these strata to the Berr iasian. 
Calpionellid data from San Pedro del Gallo 

At San Pedro del Gallo calpionellids occur throughout the upper 
part of the San Pedro del Gallo Chert Member, all of the Puerto 
del Cielo Shale Member, all of the Cerro Panteon Member, and at 
least into the lower part of the Chapulhuacan Limestone. 

In 1994 the senior author received a grant f rom the U. S. 
National Science Foundat ion to study the Jurass ic-Cre taceous 

boundary problem in North Amer ica . Dr. Jurgen Remane 
(Inst i tute of Geology, University of Neuchatel , Switzerland) 
was one of f ive col laborators who agreed to collect and/or 
examine samples col lected in Mexico and Cal i fornia . A 
report was submit ted to the senior author by Dr. Remane 
(August 24, 1995) de ta i l ing the results on his analysis of 
samples f rom Mexico and Cal i forn ia . A copy of this report is 
included in the Appendix 2 herein. 

Sample SPG94-48: Top of San Pedro del Gallo Chert Member 
immediately below contact with overlying Puerto del Cielo Shale 
Member (See Text-figures 13, 15). Remane (Report, 1995: See 
Appendix) recorded Calpionellopsis oblonga: upper Berriasian 
to lower Valanginian f rom this horizon and stressed that the 
typically Valanginian species Calpionellites darderi was never 
observed. Data presented above clearly indicates that the top of 
the San Pedro del Gallo Chert Member of the La Caja Formation 
occurs within the upper part of Kossmatia-Durangites 
assemblage of Imlay (1980) and the Proniceras-Kossmatia 
Zone of Contreras-Montero et al. (1988) (See the Imlay 1939 
data f rom Burckhardt (1910, 1912 Locality 23). Moreover, it 
occurs within the upper part of radiolarian Subzone 4 beta2. 
Both the ammonite and radiolarian biostratigraphic data indicate 
that the top of the San Pedro del Gallo Chert Member should be 
assigned to the upper Tithonian. The upper part of Subzone 4 
beta2 and the early late Tithonian have been dated at 143.734Ma 
± 0.060Ma [0.042%] at La Desirade (U-Pb date on zircon. See 
La Desirade herein). Moreover, the upper part of Subzone 5A 
and the upper Berriasian has been assigned a date of 137.1 +1.6/-
0.6ma (U-Pb date on zircon. See Grindstone Creek herein and 
Bralower et al. (1990). Hence, it is clear that the calpionellid 
biostratigraphic and chronostratigraphic data also conflicts with 
the U-Pb geochronometric data. 

Samples SPG94-54, SPG94-55, SPG94-56 from Cerro 
Panteon Member of the La Caja Formation (Text-figure 
13): Remane noted Calpionella alpina in these samples. The 
occurrence of this taxon together with Calpionellopsis oblonga 
in underlying SPG94-48 led him to favor a Berriasian age for 
these samples. The ammonite and radiolarian biostratigraphic 
data for the Cerro Panteon Member suggest that this unit is 
mostly assignable to the upper Tithonian (See Cerro Panteon 
Member at La Pena above). 

SPG94-57, SPG94-58, SPG94-62, SPG94-64, SPG94-65, 
SPG94-66, SPG94-67 (Text-figure 16): Chapulhuacan Lime-
stone. Remane observed Calpionella alpina in samples SPG94-
57, 58, 62, 64, and 65; Calpionellopsis oblonga in samples 
SPG94-67 and SPG94-69; and Calpionellopsis simplex in sam-
ples SGP94-58, SPG94-66, and SPG94-67 and assigned these 
samples to Zone D (upper Berriasian). 

SPG94-77, SPG94-78: Chapulhuacan Limestone at north 
end of Voodoo Hill (Text-figure 12). Sample SPG94-77 is 
immediately above contact with the underlying Cerro Panteon 
Member whereas SPG94-78 is 6m above the contact. Remane 
encountered Calpionella alpina, Calpionellopsis oblonga, and 
Tintinnopsella carpathica SPG94-77 and Calpionellopsis sim-
plex, Calpionellopsis oblonga, and Tintinnopsella carpathica 
in SPG94-78 (upper Berriasian Zone D, its basal part (D 1) ex-
cluded). 

PDC-13: Puerto del Cielo Shale Member of La Caja Forma-
tion: Immediately below contact with overlying Cerro Panteon 
Member at Puerto del Cielo (Text-figure 12). Remane identified 
Calpionella elliptica and Calpionella alpina (small form) at this 

23 

Medium-bedded to tliick-bedded (0.9—1.2 
m) micritic limestone, thin- to medium-
bedded (0.02 to 0.3 m) black chert, and 

minor siltstone 

Interbedded phosphatic limestone, 
black chert, and red calcareous 

mudstone. 

Massively bedded light gray micritic 
limestone 

Upper 5.64 m consisting ol medium-
bedded light gray micrite and thin-
bedded black chert. Remainder ot 

unit consisting ot thin-bedded, buff-
weathering calcareous siltstone and 

black chert. 
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TEXT-FIGURE 23A 
Photo of chert nodule in Zuloaga Limestone at Canyon San Matias, 
Sierra Santa Rosa, Mazapil remnant of San Pedro del Gallo terrane. 
Chert nodule to right of coin = ~ 8cm. 

locality. He assigned this horizon to Zone C or perhaps lower 
Dl. The ammonite and radiolarian biostratigraphic and chro-
nostratigraphic data clearly indicate that the Puerto del Cielo 
Shale Member is assignable to the upper Tithonian (See discus-
sion above). 

PDC-1, PDC-2, PDC-7: Cerro Panteon Member of La Caja 
Formation at Puerto del Cielo (Text-figure 12). Samples PDC-
1 and PDC-2 occur at 15.4 and 12.6m respectively above the 
contact between the Cerro Panteon Member and the underlying 
Puerto del Cielo Shale Member. Sample PDC-7 occurs 6.8m 
above the same contact. 

Remane recorded Calpionellopsis simplex f rom samples PDC-1 
and PDC-2 and Calpionella elliptica f rom sample PDC-2. He 
indicated that the co-occurrence of the two latter taxa in PDC-
2 demonstrates that this sample is assignable to Subzone Dl 
(upper Berriasian). Sample PDC-7 yielded Calpionella elliptica, 
Calpionellopsis simplex?, and Tintinnopsella longa indicating 
upper Zone C or ?lower Dl. 

Cerro Panteon Member of La Caja Formation and Chap-
ulhuacan Limestone at La Pena: Text-figures 18-21 summarize 
radiolarian, ammonite, and calpionellid biostratigraphic data 
from Cerro de La Pena situated 10km north of San Pedro del 
Gallo on the San Pedro del Gallo-Cinco de Mayo road (Text-
figures 10, 12). Ammonite and radiolarian biostratigraphic and 
chronostratigraphic data for this locality have been discussed 
under the Cerro Panteon Member above. As can be seen f rom an 
examination of Text-figure 20, Remane in Adatte et al. (1995, p. 
52. Fig. 8) assigned all but the upper part of the Cerro Panteon 

T E X T - F I G U R E 23B 
erineids and other molluscan f ragments in Zuloaga Limestone at 
Canyon San Matias. Scale in upper right = 1.4cm. 

Member at this locality to Zone C (Lower Cretaceous: middle 
Berriasian). The remainder of the Cerro Panteon Member and 
all of the overlying Chapulhuacan Limestone were assigned 
by Remane to Zone D, Subzone Dl (Lower Cretaceous: upper 
Berriasian). Both the radiolarian and ammonite biostratigraphic 
and chronostratigraphic data f rom the Cerro Panteon Member 
of the La Caja Formation at this locality and. indeed other 
localities in the vicinity of San Pedro del Gallo, indicate that 
this lithounit should be assigned to the Upper Jurassic (upper 
Tithonian) (See Cerro Panteon Member above). Although no 
ammonites have been found in the Chapulhuacan Limestone at 
La Pena. Burckhardt 's (1910, 1930) data from this unit in the 
vicinity of San Pedro del Gallo favor its assignment to the Lower 
Cretaceous (lower Berriasian). 

Remane's biostratigraphic and chronostratigraphic assignments 
for the San Pedro del Gallo Chert, Puerto del Cielo Shale, and 
Cerro Panteon members of the La Caja Formation defy the 
Principle of Superposition and are internally inconsistent. The 
superposition of these member units has been documented both 
by Burckhardt's investigations (1910, 1912, 1930) and those of the 
present study. It is puzzling to note that the top of the San Pedro 
del Gallo Chert Member (SPG94-48) contains calpionellids 
(Calpionellopsis oblonga: Zone D. Subzone D2-D3) that are 
younger than those occurring in the overlying Puerto del Cielo 
Shale and Cerro Panteon members in the Arroyo—"Voodoo 
Hill" section (Text-figures 12-13). The biostratigraphic data from 
the ammonites and Radiolaria show that the San Pedro del Gallo 
Chert Member, the Puerto del Cielo Shale Member, and all but 
the uppermost part of the Cerro Panteon Member are assignable 
to the upper Tithonian. 

Mazapil Remnant at Canyon San Matias, Sierra Santa Rosa, 
Zacatecas, Mexico 

The Mazapil Remnant (Text-figure 7 , Loc. 5) of the San Pedro 
del Gallo terrane was first studied by Burckhardt (1906; 1930, p 
50, fig. 13). His report not only dealt with the lithostratigraphy 
of Upper Jurassic and Lower Cretaceous rocks exposed at Canon 
San Matias in the Sierra Santa Rosa, but also with the rich 



Stratigraphy, vol. 6, no. 3, 2009 

Litho Unit Description Age 
Diagnostic Faunal 

Elements Paleobathymetry Faunal 
Realm/Province 

Unnamed limestone 

Chapulhuacan 
Limestone 
"UNIT A" 

Medium bedded buff calcareous mudstone and micritic limestone. Micrite 
with common limonite nodules. Thickness (fide Burckhardt, 1930+ 50-70 m. 

Massively bedded, very fine grained micritic limestone weathering to cream 
or buff color. Calpionellids. Radiolaria. Sparse ammonites. 

Thickness (fide Burckhardt 1930) = 15 m. 

Valanginian 

Berriasian ? 

Thurmannites spp., 
Asteria aff. psilostoma 
We Burckhardt (1930). 

Calpionellids 
calcified Radiolaria 

CD 
O 
c 

"UNIT B" 

Upper 5.64 m consisting of medium-bedded light gray micrite and 
thin-beddded black chert. Remainder of unit consisting of thin-bedded, 

buff-weathering calcareous siltstone and black chert (2). Abundant Radiolaria 
and ammonites. 

Thickness = 23.5 m 

late Tithonian. 
upper part may be 

Berriasian 

Substeueosceras spp. 

Paradontoceras aff. 

callistoides, Durangites sp. A
by

ss
al

 

> o 

Q_ 
c 
CO 

cr 
o 

ro 
E 

"UNIT C" Medium-bedded to thick-bedded (0 .9 -1 .2 m) micrite, thin to medium-bedded 
black chert, and minor siltstone Abundant Radiolaria and ammonites. 

Thickness = 21.1 m. 

late Tithonian 

Kossmatia spp. 
at base of Unit D. 

Radiolarian Subzones 4 p , 
& 4 a 2 

CD 
1— 
c= 

o 
LL-
CS 
CTT 
o 

"UNIT D" 
Interbedded phosphatic limestone, black chert and red calcareous mudstone. 

Abundant Radiolaria and ammonites. 
Thickness = 13.3 m 

early Tithonian 
to 

early lateTithonian 

Hybonoticeras spp., 
Kossmatia spp. 

+ Subzone 4 ( 3 , & 4 p 2 

Radiolaria. U
pp

er
 CD 

-C 

o 
21 

03 

"UNIT E" 

Thin-bedded black chert, dark gray, silicerous mudstone often with 
interbedded limestone nodules (up to ~ 4 m in maximum dimension). Red 

calcareous mudstone in upper part. Some mudstone beds up to 0.6 m 
in lower part. Abundant Radiolaria in all lithofacies. Abundant ammonites. 

Thickness = 27.9 m. 

early late 
Kimmeridgian + 

hiatus 
early to late 

Tithonian 

Idoceras spp, Glochiceras 
grp. fialar, Buchia 

concentrica, Hyboniticeras, 
and Zone 2 a 1 , Zone 3, 
and Zone 4, Subzone4p 

Radiolaria. 

CD 
O 
c 

- > 

Sa
n 

Ma
tia

s 
Fm

. 

Red silty calcareous mudstone with 1,5 m dark gray micrite nodules in 
upper part. Common ammonites, bivalves. Common Radiolaria at top. 

Thickness = 7,8 m 

O u t e r Ne r i t i c 

Sa
n 

Ma
tia

s 
Fm

. 

. "UNIT F" 
Red silty calcareous mudstone with 1,5 m dark gray micrite nodules in 
upper part. Common ammonites, bivalves. Common Radiolaria at top. 

Thickness = 7,8 m 

late early 
Kimmeridgian at top 

Idoceras spp. at top of 
'UNIT F" 

o_ 

CO 
ID 

O 
co Sa

n 
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tia
s 
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"UNIT G" Red medium-bedded silty limestone and mudstone. 
Thickness = 6.6 m middle Oxfordian Dichotomosphinctes I n n e r 

N e r i t i c 

o_ 

CO 
ID 

O 
co 
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"UNIT H" 
Zuloaga 

Limestone 
Massively bedded micritic limestone with nodules of black chert. 

Base not exposed. 

middle Oxfordian 
or 

older 

Nerinea, bivalves, corals, 
and sponge spicules 

See Burckhardt (1910,1930) 

I n n e r 
N e r i t i c a 

CD 
xz 

33 
O 
co 

TEXT-FIGURE 24 
Stratigraphic summary for Sierra Santa, Canyon San Matias near Mazapil , Zacatecas , Mexico. Mar t in (1996) interpreted the siltstone beds of Unit B to 
be turbidites. Graded bedding can be seen in many of the beds with fining in grain size occurr ing upward and chert pebble and skeletal conglomerates 
at base. This unit is genetically related to the Cer ro Panteon Member of the La Caja Formation at San Pedro del Gallo. The siltstone turbidites may be 
a reflection of the Nevadan Orogeny in the distal backarc area of the Nevadan Island Arc. 

ammonite faunas that occur in these strata. Subsequently, this 
succession was examined by Imlay (1939), Martin (1996), and 
by Pessagno et al. (1999). The Canyon San Matias succession 
is important because it contains abundant well-preserved 
ammonites, common Buchia, and abundant Radiolaria. The 
presence of numerous micrite nodules and layers throughout 
the succession offer great potential for collecting calcareous 
nannofossil (coccoliths and calpionellids) as well as organic 
microfossils (e.g., dinofiagellates, spore and pollen). 

Text-figure 22 shows a measured section made of the Canyon 
San Matias succession made by the senior author, his students, 
and colleagues in 1994 and during subsequent visits in 1996 (See 
Pessagno et al. 1999; Pessagno and Martin 2003). As in the San 
Pedro del Gallo remnant, the base of the succession at Canyon 
San Matias is not exposed. 

Zuloaga Limestone 

The oldest unit exposed at this locality is the upper part of the 
Zuloaga Limestone (Unit H in Text-figure 22). The Zuloaga 
consists of massive to medium-bedded, often stylolitic medium-

gray micritic limestone strata with nodules of black chert. 
Microfacies analyses of the Zuloaga at this locality indicate 
that the micrite contains encrusting coralline algae, nerineid 
gastropods, bivalves, foraminifera, and siliceous sponge spicules 
(Martin 1996, p. 67). According to Martin the faunal and floral 
data suggests that the Zuloaga Limestone at Canyon San Matias 
was deposited at inner neritic depths (<50m) on a carbonate 
bank f ree of wave energy. Martin's findings at Canyon San 
Matias are consistent with his data f rom the Zuloaga Limestone 
at its type locality in the Sierra Zuloaga. The age of the Zuloaga 
Limestone can only be established as middle Oxfordian or 
older via the superposition of overlying strata (Units G and F) 
containing middle Oxfordian ammonites. At San Pedro del 
Gallo (Durango) a middle Oxfordian ammonite was identified 
by co-author Cantu-Chapa from Burckhardt 's (1910,1912,1930) 
"upper quartzite" unit. 

San Matias Formation, n. fm. 

Unit G and F are formally assigned to the San Matias 
Formation (n. fm., herein). Unit G consists of medium bedded 
gray (weathering red) silty limestone and interbedded red silty 
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T E X T - F I G U R E S 25A. B 
Photos of black chert and interbedded medium gray micrite. Canyon San Matias. Sierra Santa Rosa, Mazapil remnant of San Pedro del Gallo terrane. 
Note hammer for scale in 25B. 

mudstone with common bivalves and ammonites. Unit F consists 
of medium bedded gray (weathering red) limestone with common 
to abundant ammonites and bivalves (Text-figures 22, 24). At 
Canyon San Matias the San Matias Formation is 14.4m thick 
(Text-figure 22). It conformably overlies the middle Oxfordian 
Zuloaga Limestone and disconformably underlies the upper 
lower Kimmeridgian strata of the La Caja Formation (See Unit 
E below and Text-figure 22). A specimen of Idoceras sp. was 
identified by co-author Cantu-Chapa from sample SM96X-11, 
0.6m below the contact between the San Matias Formation and 
Unit E of the overlying La Caja Formation. The micrite nodule 
from which this ammonite was recovered also contains abundant 
Radiolaria. It is conceivable that the upper part of the San Matias 
Formation was reworked during the late early Kimmeridgian. 
Unit G of the San Matias Formation contains the middle 
Oxfordian ammonite Dichotomosphinctes (Text-figure 22, 29: 
Ammonite identifications by co-author Cantu-Chapa). Unit E of 
the overlying La Caja Formation contains Buchia concentrica and 
Idoceras halderus, 1. eomphaloides, I. humbolti, 1. nesoaeum, 
/. santarosanum, I. sotelo, and I. zacatecanum (See Burkhardt 
1930, p. 50). Common Radiolaria are present in the upper part 
of Unit F. All of the Zuloaga Limestone, Unit G, and all but 
the upper part of Unit F were deposited at inner neritic depths. 

The sudden appearance of common Radiolaria in the upper 
part of Unit F reflects a rapid change in paleobathymetry from 
inner neritic depths to outer neritic depths (~ 200m) in the late 
Oxfordian (See Pessagno et al. 1999 and Pessagno and Martin 
2003). Canyon San Matias in the Sierra Santa Rosa, Zacatecas 
is designated the type locality of the San Matias Formation. 
GPS Location: N24°34'56.2"; W101°29'08.6". The San Matias 
Formation has also been recognized at Cerro El Vulcan near San 
Pedro del Gallo (See San Pedro del Gallo remnant above). At this 
latter locality it is 21m thick. 

La Caja Formation 

Units E, D, C, and B (lower Kimmeridgian to upper-most 
Tithonian/? lower Berriasian) are included in the La Caja 
Formation of Imlay (1938, 1939) (Text-fig. 22). All La Caja 
strata at Canyon San Matias are characterized by the presence 
of common to abundant beds of thin- to medium-bedded black, 
radiolarian chert identical to that in the San Pedro del Gallo 
Chert Member (herein). Black chert was noted by Burckhardt 
(1930) in his description of rocks now assigned to the La Caja 
Formation at its type locality in the Sierra de La Caja. Canyon 
San Matias, Sierra Zuloaga, and other localities in the west-
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TEXT-FIGURE 26A 
Distribution of radiolarian-bearing samples f rom lithostratigraphic 
units exposed in Mazapil remnant of San Pedro del Gallo terrane at 
Canyon San Matias, Zacatecas, Mexico. 

central Mexico. Curiously, the chert was not noted by Imlay 
(1938. 1939) in his description of the La Caja Formation at its 
type locality in the Sierra de La Caja (See Martin 1996; Pessagno 
et al. 1999). The black chert in the La Caja Formation at Canyon 
San Matias is interbedded with thin- to medium-bedded, dark 
gray micritic limestone and dark gray siliceous to calcareous 
mudstone commonly containing dark gray micritic limestone 
nodules which range in size from ~ 5cm to 2m in maximum 
dimension (Text-figure 25). Unit D, as noted by Burckhardt 
(1930: his units C, D, E), is unique in that it is characterized 
by the presence of beds of phosphate and phosphatic limestone. 
All La Caja strata contain a microfauna with profusely abundant 
Radiolaria, abundant siliceous sponge spicules, and rare 
benthonic foraminifera; the megafossil assemblage contains 
common to abundant ammonites. Deposition of La Caja strata 
at this locality during the Late Jurassic and Early Cretaceous 
(Berriasian) occurred at upper abyssal depths or, perhaps lower 
bathyal depths, above the ACD (compensation level of aragonite) 
and continued at these depths until the end of the Cretaceous (See 
Burckhardt 1930). Radiolarian chert consists of ~ fifty percent by 
volume of radiolarian tests and test fragments and hence, formed 
as a radiolarian ooze. The phosphate horizon occurring in unit 
D is both interesting and puzzling. Frequently, phosphate-rich 
sediments occur today along coast lines with narrow continental 
shelves and steep continental slopes at sites of upwelling of 
nutrient-rich waters. Whether this scenario could occur in the 
distal backarc setting characterizing all San Pedro del Gallo 

Om i i i i i 

T E X T - F I G U R E 26B 
Ammoni tes identified by Cantu Chapa f rom samples collected by Pes-
sagno et al. (1999) f rom the Canyon San Matias section, Zacatecas, 
Mexico. 

remnants is questionable. Phosphatic limestones and shales were 
recorded by Burckhardt (1930) in the Sierra Santa Rosa, Sierra 
de La Caja, and Sierra de Zuloaga (Text-figure 7: Locs. 5, 6, 8). 
They are not known f rom San Pedro del Gallo, Sierra Catorce, the 
Huayacocotla Anticlinorium, or from western Cuba (Text-figure 
2: Locs. 12, 4, 3, 24). As suggested by Pessagno et al. (1999) an 
alternative to the upwelling model may be a large kill of fish 
and other organisms by a red tide—producing an abundance of 
phosphatized bones and other material at lower bathyal or upper 
abyssal depths (See also Cross and Pessagno 2006 for other 
alternative explanations). 

The upper lower Kimmeridgian to lower upper Tithonian 
part of the La Caja Formation Unit E (Text-figures 22, 23-27) 
contains Buchia, Tethyan ammonites, abundant Parvicingula/ 
Praeparvicingula, and poorly diversified pantanelliids 
indicative of Southern Boreal paleolatitudes. The remainder 
of Unit E and all of Units D, C, B, and A are assigned to the 
Northern Tethyan Province based on the presence of abundant, 
diversified pantanelliids, abundant to common Parvicingula/ 
Praeparvicingula, and the presence of calpionellids (Units A 
and B: See Text-figures 5-6 herein). As noted by Pessagno et al. 
(1999), these data indicate that the Mazapil remnant of the SPG 
terrane was transported f rom Southern Boreal paleolatitudes 
(>30°N) to Northern Tethyan paleolatitudes (<30°N to >22°N) 
during the early Kimmeridgian to late Tithonian. It should be 
noted that Ogg's paleomagnetic data for the upper Tithonian at 
Canyon San Matias indicates 25°N/S. 
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Caneta spp . C C C C R 
Mirifusus mediodilalata R 
Mirifusus baileyi A 
M i r i f u sus spp. A R 
Parvicinqula alamoensis A A A C C R R 
Parvicinqula broqueta R R 
Parvicinqula colemani C R R R C R 
Parvicinqula corralensis 
Parvicinqula excelsa C C R A A R 
Parvicinqula qemmata R 
Parvicinqula qracita C 
Parvicinqula jonesi C C A R C C C C A 
Parvicinqula sanfillipoae R C 
Parvicinqula s p p . A A A C A R A A A A A C A A A 
Praeparvicinquia boldworthi C R C 
Praeparvicinqulat?) nebulosa C 
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LA CAJA FORMATION U N I T E UNIT D *b UNIT C UNIT B 
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T E X T - F I G U R E 27 
Faunal analysis of Ti thonian rad io la r i an -bea r ing samples f r o m the La Ca ja Fo rma t ion at Canyon San Mat ias . *Subzone 4 alpha, not observed but p rob-
ably present . Base of Unit D at 27.9 m. (SM94-28R: text-f igure 7). Lower 1.9m of Uni t E ass ignable to Subzone 2 a lpha , , ( lower Kimmer idg ian ) . Bound-
ary be tween Subzone 2 alpha, and Subzone 2 a l p h a , occu r s be tween 1.9m and 7.0m. SZ. 2 a lpha , . f auna occur s at 7.0m. Z o n e 3 not recorded to date but 
may occur in interval be tween 7 .0m and 7.9m (base of Z o n e 4). r ecorded to date , but may occur in interval be tween 7.0m and 7.9m (base of Z o n e 4). 

Discussion of radiolarian and ammonite biostratigraphic data 
and its chronostratigraphic significance 

Text-figure 26 shows the distribution of Radiolarian-bearing 
samples within the La Caja Fomation. A faunal analysis of 
samples assignable to Subzones 4 beta,, 4 beta2, and 4 alpha, is 
presented in Text-figure 27. Plates 3-6 provide scanning electron 
micrographs of Radiolaria recovered from the La Caja Formation 
at Canyon San Matias. 

The lower 1.9m of the La Caja Formation unit E at Canyon San 
Matias contain a radiolarian assemblage assignable to the upper 
lower Kimmeridgian (Zone 2, Subzone 2 alpha2). The boundary 
between Subzone 2 alpha, and overlying Subzone 2 alpha, occurs 
between 1.9m and 7.0m above the base of Un ite E. Zone 3 Radiolaria 
have not been recorded to date, but may occur in the interval 
between 7.0m and 7.9m (Sample SM94-12 = base of Subzone 4 
beta. Text-figure 26). A major disconformity and an accompanying 
hiatus occurs between the base of the La Caja Formation (Unit E) 
and the underlying San Matias Formation (n. fm., Units F and G; 
see above and Text-figure 22). Both the ammonite and radiolarian 

biostratigraphic data suggest that part of the upper Oxfordian and 
part of the lower Kimmeridgian are missing. This disconformity 
and hiatus reflect the opening of the Gulf of Mexico (see Pessagno 
and Martin 2003; Cross and Pessagno 2006). The presence of 
Idoceras sp. at SM94-22B reflects reworking associated with this 
unconformity (Text-figure 29). The interval f rom 7.9m (SM94-
12B) to 37.3m (SM94-38) is assigned to Subzone 4 beta, (upper 
lower Tithonian: See Text-figures 26-27) based on the presence 
of Pantanellium cantuchapai, P. westermanni, P. whalenae, 
Vallupus hopsoni, Parvicingula alamoensis, P. broqueta, P. 
excelsa, P.(?) nebulosa, Praeparvicingula holdsworthi, and 
Perispyridium spp. In the Huayacocotla remnant of the San 
Pedro del Gallo terrane Pantanellium whalenae, P. westermanni 
and Vallupus hopsoni make their first appearance at the base of 
Subzone 4 beta, 6m below the contact between Mera Ceiba and 
the Barrio Guadalupe members of the Taman (See Pessagno et 
al. 1987a and Taman-Tamazunchale area, Huayacocotla remant of 
the SPG terrane below). Moreover, this horizon occurs 6m below 
the contact with the upper lower Tithonian Mazapilites Zone of 
Cantu-Chapa (1971). 
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TEXT-FIGURE 28 
Stratigraphic summary for Taman-Tamazunchale area, Huayacocotla remnant (pt.), San Luis Potosi, Mexico. (1) In the subsurface the Cahuasas 
Formation is overlain by the marine (inner neritic) black shale of the Palo Blanco Formation (Cantu Chapa 1969, p. 5). The Palo Blanco Formation is 
important because it contains the first mar ine strata in the Gulf Mexico Province overlying Middle Jurassic continental red beds and because it contains 
the Boreal upper Bathonian to lower Callovian ammoni te Kepplerites. In most surface sections the Palo Blanco is missing and the lower Callovian 
Tepexic Limestone overlies the Cahuasas. 

Litho Unit 

Chapulhuacan 
Limestone 

Pimienta Formation 

Description 
Medium to massively bedded very fine-grained cream to light gray micrite 

with abundant Radiolaria, calpionellids, and rare ammonites, Micrite with black 
chert nodules and lenses. Thickness = - 30 m. 

Thin-bedded cream colored to light gray micrite interbedded with dark 
gray shale, common black radiolarian chert, and light green vitric tuff. 
Micrite with abundant Radiolaria and calpionellids together with rare 
ammonites and common sponge spicules. Thickness = - 200 m. 

Thin-bedded dark gray to medium gray micrite with thick interbedds of dark 
Barrio Guadalupe to medium gray shale. Shale layers with abundant micrite nodules. Micrite 
Member nodules and beds with abundant Subzone 4(3 Radiolaria siliceous 

sponge spicules and commonammonites. 

Age 
Berriasian 

to 
Valanginian. 

late Tithonian 

late Tithonian 

Mera Ceiba 
Member 

Santiago 
Formation 

Massively bedded dark gray to medium gray micrite interbedded with thin-
bedded to medium bedded shale. Upper part of unit with numerous dark gray 

micrite nodules. Massive micrites and micrite nodules with abundant Radiolaria ^ K | m m e n c l 9 | a n 

rare to common ammonites and common pectenacids (Auiacomyeila). Hyaline , J :0, . 
. . . . . . • . . ^ . r. , n . . . u • early Tithonian calpionellids occur in basal Zone 4, Subzone 4 p strata at same horizon as 

lower Tithonian ammonite Mazapilites. 

Silty black shale, mudstone, micrte. Containing ammonites. Radiolaria 
occurring in upper-most part. 

Thickness = - 1 6 9 m. 

early Callovian 
to 

late Oxfordian 

Diagnostic Faunal 
Elements 

Subthurmanniasp. 
Neolissoceras sp. Spiticerassp. 

Thurmannicerassp. 
Paradontoceras aff. callistoides 

Durangites, 
Substeueroceras 

+ 

Subzone 4 a Radiolaria 
at some localities to south 

Durangites, Kossmatia, 
Saiinites grossicostatum 

+ 

very abundant Subzone 
4 p , Radiolaria. 

Ataxicoceras, idoceras, 
"Giochiceras fiaiar" 

Mazapiiites, 
Virgatosphinctes + Radiolaria 
assignable to Subzone 2 a , , 

Zone 3, & Subzone 4 p . , 

Reineckeia, 
Dichotomosphinctes, 

Discosphinctes, 
Ochetoceras. 

Paleobathymetry 

Tonov i r I imoc tnno Calcarenite containing ammonites and bivalves, 
i epexic L imes tone Tbicknes = - 39 m. 

Palo B lanco Format ion Organic rich black shale. Rare in surface outcrops. Present in subsurface. 

Continental red beds. Dominantly red shale, siltstone, sandstone, and 
Cahuasas conglomerate. Commonly cross-bedded. Overlies Lower Jurassic 
Format ion (Sinemurian) strata of Huayacocotla Group.The latter unit contains 

Sinemurian ammonites. Thickness - 40-1200 m. (1) 

late early Callovian Reineckeia, Neuqueniceras 

late Bath.-e. Callov. Kepplerites 

Bathonian to 
Bajocian. Fossil plants. 

-CJ < 

CD 
CL 
Q _ 

Outer Neritic 

N0N MARINE 

Faunal 
Realm/Province 

o 
Q -

Comple.mpora koz.uri, the primary marker taxon for the base of 
Subzone 4 beta2, makes its first appearance at locality SM94-39, 
3.7m below the occurrence of a specimen of Kossmatia identified 
by co-author Cantu-Chapa at SM94-45(Unit D-C boundary: 
See Text-figs. 7, 21, 24, 26-29 herein). The phosphate-bearing 
interval represented by Unit D (Text-fig. 22) at Canyon San Matais 
corresponds to Units C, D, and E of Burckhardt (1910, p. 50, Fig. 
13.). Burckhardt's Unit C, which is 5m thick, corresponds to the 
upper part of Un it D herein (cf. Text-figure 22). Burckhardt recorded 
Steueroceras santarosanum Burckhardt (1930) (= Kossmatia 
flexicostata (Aguira 1895) [See Verma and Westermann 1973, p. 
221], Kossmatia victoris, and Kossmatia zacatecana f rom his Unit 
C. Sample SM94-45 from 41.4m contains Neovallupus sp. and 
Vallupus nodosus in association with Kossmatia and is assignable 
to the upper part of Subzone 4 beta2. It is clear that the interval 
within Subzone 4 beta2 (SM94-39: 37.3m to SM94-45: 41.4m) 
marked by the first occurrence of Complexapora kozuri and the last 
appearance oft Neovallupus sp. and Vallupus nodosus is assignable 
to the lower part of the upper Tithonian. As noted above, at San 
Pedro del Gallo, this interval contains Kossmatia, Durangites, 
and the first occurrence of Buchia piochii, the final occurrence of 
Buchia mosquensis. No Radiolaria were recovered from La Caja 

Formation Unit B above SM94-64 at 81.8m. Complexapora kozuri 
and other species characteristic Subzone 4 alpha, persist as high 
as SM96-9 at 73.9m (See Text-figures 26-28 herein.). Additional 
species characteristic of the upper part of Subzone 4 alpha, occur 
in sample SM94-64 at 81.8m. It should be noted that Subzone 4 
alpha,, though probably present, has not been observed to date in 
the La Caja Formation at Canyon San Matias. 

Ammonites recovered f rom the upper part of La Caja Formation 
Unit B and the upper part of radiolarian Subzone 4 alpha, 
during the present study include Parodontoccras sp., aff. P. 
callistoides (Behr.) and Durangites sp. at SM94-62 at 76m and 
Substeueroceras sp. at SM94-60 (78.2m) (Identifications by co-
author A. Cantu-Chapa). A specimen identified by co-author 
Cantu-Chapa as "cf. Substeueroceras sp." was recovered from 
float in the creek bed approximately 99m above the base of 
the La Caja Formation. A possible lower Berriasian ammonite 
was identified by A. Cantu-Chapa as "cf. Protothitmmania sp.) 
f rom sample SM96-2 in Unit B at 4.72m below the contact with 
Chapulhuacan Limestone (Unit A) and 81.08m above the base 
of the La Caja Formation. This ammonite occurs at essentially 
the same horizon as radiolarian sample SM94-64. The latter 
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TEXT-FIGURE 29 
Regional index map for east-central and northeast Mexico f r o m Pessagno et al. (1987a). 

sample contains Subzone 4 alpha, radiolarian assemblage with 
Pantanellium whalenae and Loopusprimitivus. As will be seen 
in the discussion of radiolarian data f rom the California Coast 
Ranges Loopus primitivus has neither been observed in lower 
Berriasian strata assignable to the upper part of the Buchia sp. 
aff. okensis Zone, the overlying Buchia uncitoides Zone, nor to 
radiolarian Zone 5, Subzone 5A. Hence, it is suggested that the 
Tithonian-Berriasian boundary may occur at approximately 81m 
above the base of the La Caja Formation and 4.72m below the 

contact with the Chapulhuacan Limestone (Unit A). Additional 
samples are needed to resolve this problem. Remane (Report to 
Senior Author, Appendix 2 herein) identified Calpionellopsis 
oblonga in sample SM94-65 (his SM65) in the Chapulhuacan 
Limestone. He indicated that this taxon occurs in calpionellid 
Subzone D and in Zone E (upper Berriasian to lower Valanginian; 
probably upper Berriasian. 

The Chapulhuacan Limestone (Unit A) consists of medium to 
massively bedded light gray (weathering buff to cream colored) 


