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ABSTRACT: 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 from the poor defini-
tion of its bounding stages, the over reliance of calpionellids for correlation, and the provinciality of ammonite zones in the
European type area. The unfortunate decision of ammonite 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 ammonite, 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 California, California, and the West Indies have recognized four
new subzones in both radiolarian Zones 2 and 4. Pillow basalt at La Désirade 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 beta, radiolarian as-
semblage with corporeal taxon Neovallupus spp. This horizon likewise occurs in Mexico, where it can be directly related to
ammonite-bearing strata occurring slightly below the boundary between Imlay’s Kossmatia-Durangites and Substeuero-
ceras-Proniceras assemblages, and can be recognized in Argentina and Antarctica as well. The composite data from 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 California 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
ammonite 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 geochronometric 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 Neuchitel 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 durirg 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; Kilian 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 Euxinus Zone strata lack
ammonites (Cope 2008). As a consequence, the Berriasian is a
stage with a floating base. Workers are at liberty to use what ever
criteria they wish to define its base.

It is perhaps ironic to note that chronostratigraphy (d’Orbigny
1840(41) p.600 [I850[) and biostratigraphy (Oppel [856-1858,
1865) were both born in the Jurassic and Cretaceous systems. Al-
though other criteria that have time 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, ammonite biozones have been
utilized to define Jurassic and Cretaceous stage boundaries.

Stages are the cornerstone of chronostratigraphy; in essence,
stage boundaries define system boundaries. Most system bound-
aries are characterized 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 boundaries shouid
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. Wiedmann (1973, p. 177), in an excellent report
dealing with changes in the ammonite 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 Ammonitina (Desmoceratacea).” In a
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TEXT-FIGURE 2

European ammonite and calpionellid correlations from 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/Cretacé de
Lyon-Neuchétel, 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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Stratigraphic potential of various groups of pelagic fossils with respect
to water depth.

It is apparent that the resolution of the Jurassic-Cretaceous
boundary problem requires the utilization of all methods of
correlation that have chronostratigraphic significance (e.g., am-
monites, planktonic microfossils, paleomagnetic reversals, geo-
chronometry, and geochemistry). The purpose of this report is
to present data from North America and the Caribbean that will
hopefully aid future workers in placing the Jurassic-Cretaceous
boundary. Much of this data is new and is derived from on-going
studies in Mexico, California, and the Caribbean. Successions
bearing ammonites and co-occurring Radiolaria from Argentina
and Antarctica are also discussed.

ASSESSMENT OF THE TOOLS OF CHRONOSTRATIGRAPY

I[n the Mesozoic ammonites and, to a lesser degree, bivalves have
been the primary biostratigraphic tools for defining stage bound-
aries. Planktonic microfossils such as Radiolaria, planktonic
foraminifera, dinoflagellates, and calcareous nannofossils have
been underutilized in the Mesozoic for this purpose.

Assessment of fossil groups useful in defining chronostrati-
graphic units is presented in Text-figures 2 and 3. It is appar-
ent from an examination of these text-figures that given the
metamorphic grade of many ammonite-bearing successions
in North America and elsewhere in the world, Radiolaria offer
the best means of correlation with ammonite biozones among
the planktonic microfossils. It has been the experience of the
senior author that strata exposed to prehnite-pumpellyite to
greenschist facies metamorphism contain well-preserved Ra-
diolaria. This is documented by studies in the Klamath Moun-
tains (Western Klamath Terrane. See Harper 1984, p. 1011;
Pessagno and Blome 1988, 1990; Pessagno et al. 1993) and in
the Eastern Alps (Kiessling 1992). Poorly preserved, but still
identifiable, Upper Triassic Radiolaria have been observed by
the senior author in samples from Baja California Sur together
with conodonts having a CAI (conodont alteration index) of 8.
According to Epstein et al. (1977, pp. 7-8; Text-figure 7) con-
odonts with an alteration index of CAI 8 occur in marble inter-
bedded with garnet mica schist and amphibolite. In contrast,
strata exposed to low grade zeolite grade metamorphism from
the Izee Terrane (east-central Oregon) lack dinoflagellates and
coccoliths. Because Radiolaria occur in strata exposed to zeo-
lite to amphibolite-garnet-mica schist facies metamotphism,

Metamorphic Prehnite-Pumpellyite Amphibolite
Zeolite Faci to Green Schist to
e o racles Facies Garnet Mica Scisht

Méans of Corre\ationr 7
RADIOLARIA
CALPIONELLIDS
FORAMINIFERA
COCCOLITHS
NANNOCONIDS

DINOFLAGELLATES P 2
AMMONITES > 7
Paleomagnetics P ?

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

their stratigraphic utility extends far beyond that of other Ju-
rassic and Cretaceous microfossils. Detailed radiolarian zonal
schemes now exist for the Jurassic and Cretaceous (e.g., Zona-
tions of Baumgartner 1987; Baumgartner et al. 1987, 1995b;
Pessagno et al. 1993; and Matsuoka 1986, 1992; Matsuoka and
Yao 1986). The zonation proposed by Pessagno et al. (1987a,
1993; emended herein: See Appendix 1 and Text-figures 4, 33
herein) has been well-calibrated by ammonite chronostrati-
graphic data. Furthermore, because of the association of radio-
larian chert with ophiolite complexes in North America and the
Caribbean, it is often possible to relate radiolarian zonal data
directly or indirectly (by superposition of strata on ophiolites)
to radiometric dates. Interpillow radiolarian chert is commonly
associated with pillow basalt in the upper volcanic member of a
given ophiolite (e.g., See La Désirade herein).

The development of the M-sequence magnetic polarity time 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
M16; subsequent investigators have argued for a location near the
old edge of M17 (Lowrie and Channell {984) 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 ammonite 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 chemostratigraphic 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 marine strata appear to be promising. These stud-
ies determined that the *'St/"°Sr ratios of Late Jurassic and Early
Cretaceous marine carbonates display a rapid increase from ap-
proximately 160ma to 130ma (0.70680 to 0.70745, respectively).
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Latest version of Middle and Upper Jurassic radiolariam zonation,
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TEXT-FIGURE 6
Multiple criteria for recognizing Tethyam and Boreal realms.

Geochemicall investigations, however, just like paleomagnetiic in-
vestigations are entirely dependiemt on biiostratigraphy.

AMMONITE AND CALPIONELLID BIOSTRATIGRAPHY
AND CHRONOSTRATIGRAPHY IN EUROPE

Text-figure I shows biostratigraphic and chronostratigraphic cor-
relations for the Tithoniam stage in Europe by Geyssamt (1997).
Paleogeographicallly, Geyssamt discussed the Tithoniam of Eu-
rope within the framework of a Tethyam Domaim and a Boreal
Domain. The Tethyam Dornain is divided into a Mediterranean
provinee which includes southerm Spain, ltaly, the Carpathians,
and the Balkans and a Subrmediiterraneam province which includes
southeasterm France and southerm Germaityy. As noted previously.
the provineiall nature of the ammomite assemblage in the highest
Jurassie and lowermest Cretaceous InRibits eorrelation of Tethyan
strata in seuiheasterh Franee and seuthern Germamy with Boreal
strata in England.

The Tithoniam has beem 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.. Imlay 1980; Enay 1964; Enay and Geyssant 1975;
Geyssant [1997). These later workers utilized the fiirst occurrence
of calpionellids s.l. |= base of Chitinoidella Zone of Remane
(1969. 1978, 1985)] to define the base of the upper Tithonian.
Subseguently, Pessagno et al. (1984, p. 7) stated that this was

a poor criterion to follow because this biohorizon is difficult to
recognize in many Tethyam successioms. Clitineideltd/c Doben
possesses a microgranular test wall whereas true calpionellids
such as Calipineddia Lorenz possess a hyaline test wall comprised
of radially arranged calcite crystals. These workers concluded that
Chitiiaisielld/a, because of its test structure. does not lend itself to
being preserved in limestone that has beem 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) ehoose to utllize the first oecurrenee of hyaline ealplenellids to
fmark the base of the upper Tithenian. This bloherizen corresponds
to the base of the Crassicollaria Zene of Remane (1969, 1978,
1988). Gryssant (1997, Table 13, p. 100; see Texi-figure I herein)
did net eorrelaie the Beundary between the Chitineidrila Zeine
and the Crassieellaria Zehe with the Base of the upper Tithonian.
But, instead. plaeed it iR the lower part of the upper Tithenian:
Unfertunately, as will Be suBsequently BFRe But iR this reper;
the first eeeurrence 8f Ryaling ealpieneiids event/base 6f
Crassicoliaria Zohe is diachronsus Between Eurepe and NoFh
America and BeEUrs iR the UPPer part of the 16wer Titheniam rather
than either at fhe ase 8f the Upper Tithanian 8F iR fAe IGWer part
8F the Hpper Tithenian, Beysuait (1884, p. 87. Sae Texi-fgure 1
hereim) d|vided the Tithenian A8 1t stBsiages: the BaRLBIaR
and {he AFdERCian COHESPONdInG Fespectvety 18 ihe |gwer apd
HPg%P TIiASRIAR: THe BaRtBiah way Rist 58 3% Bg RIHer

908) WhsTeas the Ardescian Was EFSéB%%% B

Hee thess sd ?E%%% RAMEs A3ve Aot Rseh FSFMally & Oried

¢ [RtErnalona) SHBCOMMIRON o ?HF%%%&% ghra“ FADRY;

In the Mediterraneam Province Geyssamt (1997) included the up-
per Tithoniam 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 1). In the Mediterraneam Provinee of Geyssant the Du-
rangites Zone marks the top of the Tithonian and is overlain by
the Euxinus Zowne of the lowermest Befriasian. As noted abeve,
Rewever, it ean Aot be established that the Base of the Ewxinus
Zohe is expesed at the stratetype at Berrias in Seutherh Franee.
In the Submediterraneam Provinee Geyssant (1997 p. 98-99) eok-
related the Bage of the upper Titheniam with the base of the Seru:
posus Zene. The Serupesus Zene averlies the Palmatus Zone
o the lower Tithenian. The remainder of the upper Titheniam was
gla_eea By Geyssant in the Transiterius/Micraacanihum Zone:
NS Z8Re Mmarks the 16p of the JHFassie and the top of the Tiths:
Hﬁlﬁgﬁ_%ﬂﬂaglﬂa%m% Euxinus Zone, ERaperi Subzohe of the Iower
EHHYARIA:

In the Boreal Domaim Geyssamt (1997) correlated the base of the
upper Tithoniam in England with the base of the Pallasioides
Zone (= upper Kimmendigian senssis anglitop). This zone over-
lies the Pectinatus Zone, Paravirgatus Subzone of the lower
Tithoniam (= upper Kimmroridiigian senssu anglice). According to
Geyssant (1997, Table 111) (see Text-Figure 1 herein) the iop of
the Jurassic and accordinglly, the top of the Tithoniam Is marked
by the tep of the Preplicomphalus Zone whereas the base of the
Cretaceous and the base of the Berriasiam 1s marked By the base
of the averlying Lamplughi Zone (= Partlandiam senssu «Ales):
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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 palecoceanography (See below).

Pessagno and Blome (1986), Pessagno et al. (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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TEXT-FIGURE 8

Index map showing important Jurassic localities in Mexico and Cuba. The most important localities for this report are 3-18, 24. Key to localities: 1
= Tlaxiaco: Sierra Madre del Sur, Qaxaca. 2 = Pletalcingo: Sierra Madre del Sur, Puebla. 3 = Huayacocotla Anticlinorium: Taman- Tamazunchale,
SanLuis Potosi; Huayacocotla, Veracruz; Huachinango, Puebla. 4 = Sierra Catorce, San Luis Potosi. 5 = Mazapil. Canyon San Matias Sierra Santa
Rosa, Zacatecas. 6 = Sierra de la Caja, Zacatecas. 7 = Sierra Cadnelaria, Zacatecas. 8 = Sierra Sombretillo and Sierra Zuloaga, Zacatecas. 9 = Sierra de
Ramirez, Zacatecas-Durango. 10 = Sierra de Chivo, Durango. 11 = Sierra de Palotes, Durango. 12 = San Pedro del Gallo, Durango. 13 = Santa Maria
del Oro, Sierra de La Zarca, Durango. 14 = Sierra Vieja-Arroyo Doctor, Tamaulipas. 15 = Huizachal Anticlinorium, Tamaulipas. 16 = Sierra Galeana-
[turbide, Nuevo Leon. 17 = Sierra de Parras, Coahuila. 18 = Sierra de Jimulco, Coahuila. 19 = Sierra Menchaca, Cohuila. 20 = Sierra Plomosas—Place
de Guadalupe, Chihuahua. 21 = Sierra El Cuchillo Parado, Chihuahua. 22 = Sierra de Samalayuca, Chihuahua. 23 = Sierra de Cucurpe, Sonora. 24
= Cordillera de Guaniguanico, Cuba. Base map partly derived from that in Salvador et al. (1992). 7 = Sierra Cadnelaria, Zacatecas. 8 = Sierra Som-
bretillo and Sierra Zuloaga, Zacatecas. 9 = Sierra de Ramirez, Zacatecas-Durango. 10 = Sierra de Chivo, Durango. 11 = Sierra de Palotes, Durango. 12
= San Pedro del Gallo, Durango. 13 = Santa Maria del Oro, Sierra de La Zarca, Durango. 14 = Sierra Vieja-Arroyo Doctor, Tamaulipas. 15 = Huizachal
Anticlinorium, Tamaulipas. 16 = Sierra Galeana-Tturbide, Nuevo Leon. 17 = Sierra de Parras, Coahuila. 18 = Sierra de Jimulco, Coahuila. 19 = Sierra
Menchaca, Cohuila. 20 = Sierra Plomosas—Place de Guadalupe, Chihuahua. 21 = Sierra El Cuchillo Parado, Chihuahua. 22 = Sierra de Samalayuca,
Chihuahua. 23 = Sierra de Cucurpe, Sonora. 24 = Cordillera de Guaniguanico, Cuba. Base map partly derived from 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 from 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.
BY; 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 Duramgo, Mexico.
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SCALE ® 1m.

TEXT-FIGURE 11 -
San Pedro del Gallo localities. 1 = Arroyo-"Yoodoe Hill” section; note position of “Veodeo Hill” in number 6 below. 2= €sire de La Eruz. 3 = Cerro

Panteon. 4 = Cerro El Volcan. 5 = Boundary stratotype for Cerro Ei Volean Member, La Caja Formation. 6 = Yoodoe Hill: 7 = Pusio del €ielo. § =
Cerro El Aguaje or Cerro del Aguajito of Burckhardt (1916, 1912, 1930: Lecality 15). 9= La Serrita. 10 = Burckharskt (ibid) Locality 22. 11 = Burek:
hardt Locality 23 withim airport section. 12 = Las Boguillas of Burckhargit. 13 = Burckharglt Losality 24.
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2uloaga Limestone of Imfay (1339, 1681), Medium to massively bedded, stylolitic micrite with black chert nodules containing siliceous sponge spicules with nerineids, Gaeurs within Burekhardt's quartzite.— Nerineid limestone of

Burcknardt (18400.1912 1830).

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 underiying San Matias Formation.

Zone in the California Coast Ranges. It is now clear from our
analysis of new ammumite and radiolariam biostratigraphic data
from the Grindstome Creek section (northerm Califormia) that
most, if not all, of the Buchia sp. aff. B. okensis Zone of Jones
et al. (1969), is correlative with the uppermaost Tithonian (See
California Coast Ranges below herein).

Zeiss (1984, p. 104: Conrelation Chart) disagreed with the cor-
relations of Jones et al. (1969), Imlay (1980), and Jeletsky (1984).
He correlated the North American Sulbstewreceras-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 centrall Europe, Caucasis). He also cor-
related the Buehia sp. aff. B. okensis Zone of Jones et al. (1969)
with the Oeccitanica Zone. Moreower, Zeiss correlated North
Armefiicam strata assighable to the Buehia pioehii Zone of Jones
et al. (1969) with the lower Berriasiam Euxinus Zone of southern
Eurepe and the Caueasus (Texi-figure 1 hereln).

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

America and the Caribbeam: (1) a poor understanding of the
ammomite faunal compasition of the Substeuroceras beds and (2)
the reliance on the European caipionellid zones of Le Hegarat and
Remane (1968) and Remane (1969,1978,195)). These two factors
are intimately entwined in the literature, but must be separated
to allow accurate biostratigraphic and chronostratigraphic
correlations betweem North America and Europe. Both Jeletsky
(1984) and Zeiss (1984) lamemt the absence of Dwmapigdzes in
the Substeuroceras beds of Mexico. Zeiss (1984, p. 101) stated
that Jeletzky alleged that the Substeuroceras beds of North
America are coevall with the upper part of the Transitorius Zone
(Durangites Zone) (See Text-figure 1). Zeiss stated that Jeletsky
explained the absence of the Dwengiidses in the Substeuroceras
beds (=Substeuroceras-Promiceras assemblage of Imlay [1980)
of Mexico by the cooling of the sea in this regiom whereas in
Spain this taxom was presemt due to the presence of warmer
waters. Moreowssr, Zeiss claimed that there was no reasom for
such a “cooling” in Mexico since Mexico and Spain are situated
at approximately the same paleolatitudes. He concluded that
the Durangites/Kossmrifia assemblage of Mexico and the
Durangites Zone of Southern Europe are of nearly the same age
and. as a eonsequence, there was no need to unite this assemblage
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Arroyo-Voodo Hill Section: Section
500M starts in arroyo in saddle between
Cerro del Volcan and Cerro de La
Cruz and extends southward
speez-57  beyond mmain road to hill north of
speezs4 cementery ("Voodo Hill"). Section
measured by Pessagno , Hull,
400M Kelldorf, and Meng in 1994,
= section 1-1—to 6 in Textfigure 12.
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. 8
" gpsggiﬁ Cerro Panteon Memmiber, n. mremn.
8PEY2-24 La Caja Formation
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n. mream,, L Caj Feomaticom
A A a San Pedro del Gallo Chert
Memiber, n. nmem., LaCaja
Formatiom
160M Cerro El Volcam Shale
< g;am—ns Member, n. mem., La Caja
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TEXT-FIGURE 13
San Pedro del Galllo. Arroyo—"Voodoo Hill” section. Section links ar-
royo (1-1— in Text-figure 12) with *Voodoo Hill” (6 in Text-figure 12).

with that of the Substeuroceras-Promiceras assemblage.
Finally, Zeiss (1984, p. 102) stated that the younger age of the
Substeuroceras beds in Mexico is demomstrated by the
calpionellid data presemted by Cantu-Chapa (1967): “I have
evaluated these calpionellids and placed them in the Lower
Berriasian (Zone B of Mediterraneam Europe and Zone C.
This means the Substeuroceras beds correspond to the Lower
Berriasian of Europe (Mediiterraneam realm).”

It is worth noting that Dursagiggzes Burckhardt (1910) was fiirst
described by Burckhardt from San Pedro del Gallo (Durango,
Mexicw). Burckhardit (1910, p. 318) indicated that Duraagigtes is
associated with Buehida mussgereissis in the middle zone of his
“Capas de San Pedro” (= La Caja Formatiom of Pessagno et al.
1999 and the San Pedro del Gallo Chert Member of the La Caja
Formattion hereim). The association of Dursagitgres with Boreal as
well as Tethyam fossils has since been documented by a number of
workers in Mexico and the Caribbean (Imlay 1939,1980; Pessagno
et al. 1999; Pszcolkowskii 1999; Myczymski 1999). Pessagno
et al. (1999) established that the San Pedro del Gallo remnant
of the SPG originated at high Southerm Boreall paleolatitudes
during the middle Oxfordian. The Oxfordian to Tithoniam part
of this SPG succession is populated by a mixture of Tethyam and
Boreall ammomites (e.g., Aneekdtetasras, ldhseeans, Dibvnaggites),
boreal bivalves (e.g.. Burhlaa eeneeinivdca, B. messgersissis, B.
rugesst:, and B. pinshi)i) as well as an abundance of PaPerviviggula
and Preegpruisingtaula and rare pantanelliids among the
Radiolaria. The megafossil and radiolariam assermblage coupled

with preliminary paleomagnefic data indicate that this terrane
remmant originated at Southerm Boreal paleolatitudes (~ 40° N:
Ogg in Pessagno et al. 1999) during the Oxfordian (Meng 1967,
seee Text-figures 7-8). The appearance of abundamt calpionellids
together with the presence of Buchisia and the presence of common
Pavidiogutat/a and Pragppovicingingula in the upper part of the La
Caja Formetiion demomstrate that the San Pedro del Galllo remnant
had been transported to near the boundany (~30° N) between the
Northerm Tethyan Province and the Southerm Boreal Province by
the latest Tithoniam (Late Jurassiic) (Text-figures 7-8). The lack of
Boreal elements such as Busvda in overlying Early Cretaceous
strata suggests transpott of the San Pedro del Gallo remmanit to
the Northerm Tethyam Province (>22° to <30° N by the Berriasian.
Durengitases also appears in Southern Boreall or possibly Northern
Tethyan strata in the Sierfa de los Orgamos remnant of the San
Pedro del Gallo terrane in Westerm Cuba (See Pessagno et al.
1999). Myezymnski (1999, p. 77-92; Fig. 2) recotded Diruangiies
in association with Bittiaa in the El Ampriicano Memiber of the
Guasasa Formation. [mlay (1939) recoided Durpngitsses above the
fimal| oecuirence of Kesshiptiaia in association with Subuksieteesras
and tethyam ammonies in the upper Tithoniam strata of the La
Casita Formaidioh at Slerfa Jimuleo (Cohuilateeano teriane of
Pessagho et al. 1999). These and other data from Netth Ameriea
aRd the Caribbeam elearly [Rdieate that DuIAgifsSes was able
to populate beth the Tethyah and Beteal realms duting the
latest Jurassie. IR Ewiope, Duipndiistes appeais te be stristly
a Tethyan taxeh. The data presenied belew will demenstrate
that DurAngilaves I8 asseciated with Sutblavered@sras both at the
surfaee and in subsurfaee at a number of lecalities I Mexieo.
Moo, it will be dememstiied that the ealpionellidl zones of
Remane (1969, 1978, 1985) are diachroneus and eften cseval
Between North Amfiica and Eurepe and are istally unreliable
fer defining the Jurassie-Cratacedns boundamy. The senidr auther
firde Beeame aware of the problem with the calpienellids iR 1984
when he Roted that there was a majer eentict Between Bonet's
(1958) calpioneilid data and Imiays amRRHie data from the
Sierra Eruitias (Tamavlipas, Mexice). Benet (1956, p. 82, 166s.
44, 45, 48) recorded Berriasiah 18 Valanginiah calpignellids
from a herizem jjust Belaw Beds contatning abundaH: AMmeniies
33signabie 18 1Miay's KOSRMAtA-PUAHPIGS assembage (See
imi3y 1980, p. 35 Measured sectioh at Loma Rinconadd, Siera
eruifias and Sierra erwitias rempamt of San Pedrd del Galls
terrane herein). This SOFt oF confict Betweeh the ammanite
and calpioneiics Bigstratigraphic and cRropestatigiapHc data
¢ah Be demomtiated at 4 nuMmber oF |8ealities. 1R spite 8F the
BFOFtS OF Go-author Eantu-ensna (IBid) 18 repott ansmalets
calptoneilich datd In Righest Juraxtic and 18WermaRt Eretacests
SHHAE, MRt Eﬁ?%‘{;%%’h AmMMiE and E%\?ﬁ%ﬂ%'l'l'ﬁ WOTker Rave
chOReh (8 19RBKe the North Americah datd, Agatie g al. (1994,
Ez 43) stated that “NMioxt oF the Miexicah calpioneitid Mmaterals
tHdied By Banet (1938) and B% TIglg (1878, 1986) come from
8Hf wells. Peiatied sHFfaee seetiony have Aever Been puslished
2R this [?Pﬁ%'ilﬁ 83_25553‘1’1’1 SBME 8 the diserenancies » Th statement
Adatte & a I3 Baih [RAceHate and %1%'1%%%1'{}%: (%SHEH:@HS%S
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TEXT-FIGURE 14A
Zuloaga Limestone on top of Cerro El Volcan north of San Pedro del
Gallo Beds verticall to slightly overturned.

upper Tithoniam as advocated by Geyssant (1997: See Text-figure
I hherein) mor at the base of the wpper Tithonian as advocated by
Pessagno et al. (1984, 1987), but actually in the lower Tithonian
below the first occurrence of Marappitises. These and other
anomalies will be discussed in detaiil 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. 1S5),
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
ehanges rather tham first and last oeeuirences of taxa and, as a
consequence, are difficult to define precisely

Biostratigraphic, chronostratigraphic, and lithhostratigraphic
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 fiirst
studied in 1910 by the famous Swiss geologist, Chates Burck-
hardt. Burckhardt’s studies formed the foundation for our inves-
tigations both in the San Pedro del Gallo and Mazapill remnants
of the SPG and should be regarded as a teraplate for all studies of
Mesozoie strata in Mexiee.

Stvatiggappiy, vol. 6, no. 3, 20009

TEXT-FIGURE 4B
San Pedro del Gallo Chert Memiber in arroyo-“Voodoo hill” section.
Note hammer for scale.

San Pedro del Gallo remnant, Durango, Mexico

As noted by Pessagno et al. (1999), Burckhardit’s contributions to
the geology of San Pedro del Gallo were five fold: (1) He accu-
rately described the lithostratigraphy and established the super-
positiom of Jurassic and Cretaceous strata by utilizing ammonite
biostratigraphy and chromostratigraphy,. (2) he monographed
the rich megafossil assemblage (largely ammonies; Burckhardt
1912); (3) he made the first geologic map as well as the fiirst
topographiic map of the area: (4) he interpreted the structure and
produced numerous strueturall profiles; and (5) he assessed the
fineral depesits of the area. Burekhamdits study was se thor-
eugh that few werkers have been able te improve o t.

Imlay (1939) as well as Contreras-Momtero et al. (1988) and
Adatte et al. (1995) incorrectlly correlatedl the informal unit
which Burckhardit called the “Capas de San Pedro” with the La
Cagsita Formatiion. Although these lithic units are approximately
equivalent chromostraltigraphicedlly, 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 Jimuleo (Text-figure
8, Loc. 18) that the “Capas de Sam Pedfo™ are not correlative
lithestratigraphicallly with the La Casita Formation (St Martin
1996; Pessagne et al. 1999). The La Casita Formaliion eonsisis
of gypsiferous giay to pinkish aray silty. ealeareous to siliceous
rudstone, silty mieritie |imestone, and siltstone depesited at in-
REF Reritic depths eantaining ammNiRs, Brachiopeds, bivalves,
and a sparse, peerly diversitied foraminiferal assemblage (five
Speetes, lﬁfg%lz Textulariing: Seniot authers sBseraliiony). 1A
ephtrast, Burekhawiis “Capas de §an Pedre” eonsisis of ypper
aByssal dark gray ealearedus 18 silicepus mudstene with €6m-
Mo Blaek, thin-Bedded radislariah chert and e8mmion radislar
12R:-Fich Mieriie neduies (See Belew). Alihateh the “Eapas de
San Pedrs® was Informally named By Burekhardh, ft 1§ cleary
%sﬂ%&ae%'l'py related (8 the ka eaia Formation. We have 8Bserved

fack radidlarian chert In the L2 Eaia FOrmation thus far at San
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SPECIES/SAMPLES SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG | SPG
94-8 | 94-9 (94-11|94-14|94-15(94-34|92-24 | 92-27 | 92-28 | 92-30 | 92-31 | 92-32] 92-33 | 92-34| 92-45( 94-48
Position in section: Meters. 458 | 49.4 | 59.8 | 73.9 |74.48|157.7} 264 | 267 |267.7|271.4| 275 |279.1| 284 | 284 [323.4; 373
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 spp. 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 spp. 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 spp. A R R R R R R R A R R R R R
Archaeodictyomitra rigida R R R R
Archaeodictyomitra shengi R
Archaeodictyomitra spp R. R R
Hsuum mclaughlini R R R R
Hsuum spp. R R R R R A A R R R R
Caneta hsui A A A C 9 C C C R A A A A A C A
Caneta spp. C R R R R 9 R Cc Cc C R C C C
Mirifusus baileyi R
Mirifusus chenodes R
Mirifusus mediodilatatus 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 spp. A R R R C R R R R R A C R R R A
Praeparvicingula spp. R R R R C R R R R R R R A C C A
Ristola procera R
Novixitus spp. R A R R R R R R R R R
LA CAJA FORMATION San Pedro del Gallo Chert Member
BIOZONES Subzone 4 beta,
TEXT-FIGURE 5
San Pedro del Gallo faunal and radiolarian biostratigraphic data from the arroyo—*“Voodoo Hill” section (I-1-, 6 in Text-figure 12.

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 Volcdn 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 Volcdn 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 Volcédn
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, 1. lorioli, I. neohispanicium,
1. angermanni, I. johnsoni, I. complanatum, I. boesel, | cragini, |
disciforme,l. plicomphalum, I. mtuabile, I, 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
Volcén 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 EI 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

SU—



252m
SPA-23
SPA-21
200m SPA-19
SPA-18
KEY
Section at San Pedro del Gallo Airport
Measured by Pessagno, Hull, Kelldorf,
SPA-15 Martin, and Meng 1994.
SPA-14
Cerro Panteon Member
SPA-13 La Caja Formation
Puerto del Cielo Shale Member,
100m g;ﬁ:; 05 La Caja Formation
SPA-9 .Sam LPedrm del JG@_IIO Chfrt
La Caja F
S0m
SPA-8
SPA-7
S§PA5
SPA-3
SPA-2
oM SPA-1

TEXT-EIGURE 16
Measured section of San Pedro del Gallo Chert Member of the La Caja
Formatiom at San Pedro del Gallo airport.

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 ll1. See Burckhardt 1930, p.
62, fig. 4). The boundary stratotype for the top of the unit occurs
in the northerm part of the promimenmt arroyo mentioned above
(Text-figures 11, 4).

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

2) Thee Sam Peitvo ddl Gatldo Cileert Merbbrer: The San Pedro del
Gallo Chert Member includes the “miiddle zone” of the upper part
of the Capas de San Pedro [beds with Durengigasts] of Burckhardt
1910 and the “chert member” of Pessagno et al.,1999). This
unit includes ~ 343m of early late Tithoniam dark gray siliceous
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, I4), Much of the lower Tithoniam (e.g.,
Mazapilites Zone of Camtu-Chuipsl) appears to be missing at
San Pedro del Gallle. It is not uncommon to find reworked lower
Tithonian ammanites in the San Pedro del Galllo Cheit Member-
Oceasionall thin-layers of quartz-rich silty wacke often display
graded beddimg and represemt turbidites.

The” San Pedro del Gallo Chert Member contains common
ammaniites, abundamt Radiolaria, abundamt siliceous sponge
spicules, commeom calpionellids, and commom BBoftiie
Burckhardt (1910. p. 316-317) noted that his “middle zone” of

Swatiggapipizy, vol. 6, no. 3, 22009

the upper part of the Capas de San Pedro is richly fossiliferous
and extends southwestward in a continuous band hetween
Arroyo Aguajito toward Cerro de las Liebres (Text-figure
12). The assemblage described by Burckhardt from what is
referred to herein as the Sam Pedro del Gallo Chert Member
included eight new species of his new genus Dureagitazes as well
as three new species of the genus Kessmatizric (Seee discussion
of calpiomelllidd data below). Imlay (1939: Table 8) recorded
Grayigeresas mexidenaus Burckhandt, Kessmwiigria inmeterypta
Burckhandit, K. peetinaiara Burckhardit, Dweagiigves acaoariious
Burckhardit, D. ineegiusss Burckhardt, D. velggaisis Burckhardit, D.
humhoilri Burckhardt, D. nestélatusus Burckhandit, D. ladesesdiatus
Burckhaidt, D. densseisiativrus Burckhardt, D. fusisitosiaivs
Burckhardt, D. agildereissis Imlay, and MicNigwanahiboerias
sp. cf. M. miteeacacthrhum (Oppel) from Burckhardt’s (1910,
Plate XLIX)) Loecaliity 23 situated about 0.6miles southeast of
the village to the north of Ceivo de Las Liebres (Text-figure
12). The Loecaliity 23 ammonite assemblage oecurs withim the
San Pedio del Gallo airport section (Text-figure L5 herein) and
in the upper part of the San Pedro del Galle Cheit Member.
This assemblage I8 clearly correlative with the Kossmatia-
Durangites assemblage of Imlay (1980) and the Proniceras
and Kessmatia Zone of Contreras-Momtero et al. (1988).
Burekhardt (1910, p: 318; 1912, p. 206, 221; 1930, p. 63, figawe
21; see Imlay 1980, p. 34) alse neted the presenee of murmerous
Byrbiria RsSkensiesis (voh Buseh) in what i§ referred te herein as
the San Pedro del Galle Chert Memrr. Moreover, aceording
t6 Contreras-Momnierd et al. (1988, p. 21) Burbiaq pirsbiii is alse
presemt in this unit. Unfortunairlly, these latier werkers failed {6
gite the hefizem where they reeevered this (axen.

Radiolariam biostratigraphic data presented by Meng (1997) and
supplemented by a re-analysis of the same samples by the senior
author indicates the radiolariam assemblage from the San Pedro
del Gallo Chert Member is assignable to Zone 4, upper part of
Subzone 4 beta, (upper Tithoniam) (See Text-figures 13, 15-17).
The lack of Pensppryeieium is puzzling, but may be related to the
laek of recovery of the more delicately preserved radiolarian
tests from the ehert samples using HF or to the distal backare
nature of the area. The presenee of Comje@mfrora kezuiri Hulll at
SPG94-8 near the base of the San Pedre del Galllo Chert Member
in the Arroye-"Veeded hill" seetion indieates that this herizen
aeeurs within Subzene 4 beta, (Text-Hgures 13, 16). At Canyen
Sah Matias Rear Mazapil, Zaeateeas this taxeh makes iis st
appearance Within HRit € of Burekhardt (1930); URit €, Whieh
18 5m thick, IS cRaracterized thraughent By eontaining several
Species of kosmalaiq (See Mazapil remnatk 8F SPG terrane Be:
18w). 1t should Be alse nAsted that in the Staniey Moumtain rém-
Aant 8F the €033t Range ophidkite (Ealitarnia €0ast Ranges) HHll
(1987, B. 83: Texi-HgHrE 30) FECOrAGH EUMSIEPRora Krki TFOM
SAMpiE SA43B 38 EVB!E&%%%'I%%‘& $84UBRCY) aBove the Base
8F Rer SUBZoNE 4 Beta (= Subzone 4 Beta, REr&iR) 16 her Sub:
78h¢ 4 21phA (£ Sub28hE 4 Alpha: RETeIH). At BrHRIRIORE Ereek
gﬁlIFSFH 4 ERatt Ranger: Sae GHndone Eraek Sectioh Below)

RIERASora KB BEEHIR Hrr%%'ﬁ%‘ﬂ fie BUchia piGehil

ofte Ahd t& HSE ?Eﬂ% E8§ 3F Sibzane 4 alpha: will

¢ Bighia 3. gt pketkis 297 oF Janes
zon I%éFg -3 ge rindstone treek “sectio
zon € 1 réek sectio

n e
Ol'l'illlﬁ 04s neieo ;S
uchia uncitoige one oL 40
chia gncitqiaes Zone 8

a
% e

ragioF\rlan one %
radiolarian Zone 3,

The presence of Newvalidfwpus sp.A in sample SPG-{5A (Im from
top of Sam Pedro del Gallo Chert Memiber) together with pres-
ence of Pamdoeldliium camddedpapai and Valliposs noddessis in
sample SPA-23 (top of Puerto del Cielo Shale Memiber) indicate

P00 s
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SPA- | SPA- [ SPA- [ SPA- | SPA- | SPA- | SPA- | SPA- [ SPA- | SPA- | SPA- | SPA- | SPA- | SPA- | SPA- | SPA- | SPG- | SPG-
SPECIES/SAMPLES 1 2 3 5 7 8 9 95 10 13 14 15 18 19 21 23 | 13B | 15A
Position in section: Meters. 0 20.7 221 269|378 41.3 | 80.6 | 95.3 [103.1]{124.2|142.4|148.2(190.8|196.2|213.6|233.5 -
Bivallupus longoriai R
Neovallupus sp A R
Pantanellium cantuchapai R R R A
Pantanellium meraceibaensis o] R
Pantanellium ranchitoense R R R R R
Pantanellium whalenae R R R R Cc R R R R R R R R R R
Pantanellium spp. R R R R 9 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 bonets 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
L Complexipora sp. A C C
Complexapora spp. C C C C C [} C C C C C C C C C C
Obesacapsula morroensis R
Obesacapsula sp.aff. O. rotundata C C
Obesacapsula spp. C C
Loopus campbell C C R R R R R R R R R
Loopus primitivus A A C C 9] 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 spp 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 o] A A A C A R R A A
Caneta spp. R C R R R R R C R C R 9] 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 9]
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
Puerto del SPG
LA CAJA FORMATION San Pedro del Gallo Chert Member Cielo Shale Chert
Member Member
BIOZONES SUBZONE 4 BETA,

TEXT-FIGURE 17

San Pedro del Gallo airport section. Radiolarian faunal and biostratigraphic data from San Pedro del Gallo Chert and Puerto del Cielo Shale members

of the La Caja Formation.

that this interval is assignable to the upper part of radiolarian
biozones Subzone 4 beta, (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 Volcdn 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



La Pena Cetro E Volcan Shale Member
La Caja Fermation
“upper quartzite" unit of Burckhardt (1910)
Chaputhuacdn Limestone
Cerro Panteon Member
Formation: graywacke

& slliceous mudstons San Matias Formation

quarry
v = km 22

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

micrite nodules of variable size. Abundamt Radiolaria and rare
ammonites occur in the siliceous mudstone and in the micrite.
Rare amrmoniites and abundamt 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 Beridaslia/a betireedehshsi Burckhandt and
Heplizes aff. kollikeeiri In these strata. However, aceording to Hl-
lebrandt et al. (1992) Burekhardt’s (1910, 1912) Localiity 24 ¢on-
talRs Dwabglieres, Kosmatiaia, Piolsedus, Midviereasanheesas,
and Salindees grossicesssiumym. Our field studies indieate that this
herizem i§ within the Puerie del Ciele 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 sectiom (Text-figures 16, I7). His radiolarian biostratigraphic
data, supplemented by a re-examimatiion of the same samples by
the senior author, indicate that the Puerto del Cielo Shale Member
is assignable to radiolarian Subzone 4 beta; (Text-figures 15-17).
The presence of PantaseliMnm eaminebiosiai and Vallugyes npelinsus
in sarmple SPA-23 at the iop of the Puerto del Ciele Shale Mer-
Ber indieates that this herizom i§ assignable te the top of Subzone
4 beta, (Text-figure 17; see Cerro Paniean Member belew). The
upper Tithenian strata of the Puerie Ciele Shale Member rest 66A-
formably abeve the San Pedro del Galle Chert Member and belew
the Cerrd Panteom Member at the Base of a hill e the west of San
Pedra del Gallp knewn as Puerte del €iels, along the FuAWAY at the
San Pedre del Galle Alrport (immedialely west of £as Boguilias).
3nd 16 the west of the San Pedrs del Balls=E€ines de Mays road
in the Brominet arieye mentiened HRder the San Pedrs del Galls
Ehert Member abave: At the alfpert FRwaY the PUgrs det Eielg
Shale Memer of the 13 €aia FOFMatian is 43m thick: at BYEHS
def Elel8 1t 15 B3 {hick. The east slde oF Bueria del Etel i geslg-
Rated a3 the type geallty:

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

Stattggappwiy, vol. 6, ne. 3, 2009

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

Litho Units Samples Description of Litho Units
110m $PG36-13 Chapulhuacan Limestone
Medium-edded light gray micritic limestone
100m $P6%-1248 with large (20 cm) phosphate nodules
§PG9B-11
90m 8P66-10
80m SPGY6-0AB
§PGYB-8AB
70m
Cerro Panteon Member, La Caja Formation
60 m
Medium gray silty wacke weathering
buff with interbedded siliceous
58 mudstone containing Radiolaria.
SPG36-7TAB Siliceous mudstone with dark gray
40m micrite nodules at some horizons.
sii?:fm Micrite nodules containing Radiolaria
20 SPGIE5B and ammonites. Silly wacke
m SPGIE-5A often with belemnites.
PGI6-4
20m SPos8
10m
PTRTEE  srosax
B

Cerro El Volcan Shale Member, La €aja Formation
Dark gray siliceous mudstone and shale with
dark micritic limestane nodules. In fault contact
with graywacke-siliceous mudstone unit above.

TEXT-FIGURE 19

Measured section of Cerro Panteom Member of the La Caja Formation
at La Pena showing positiom of radiolarian samples and megafossils col-
lected during the presemt investigation. La Pena is situated 10km north
of San Pedro del Galllo, Durange., Mexico.

7: Loc. 3). Where the latter unit has beem observed during the
course of this studly, it consists of rhythmicallly bedded chalky
mudstone and interbedded medium gray, medium-bedded
micritic limestone. Whereas the Taraises Formaitiom contains
a poorly diversified foraminiferal assemblage. Wrachiopods,
echinoids. and ammemities, the San Pedro units contaim common
ammonites and foraminifera as well as abundanit Radiolaria
and calpionellids. Pessagno et al. (1999) informally referred the
Cerro Panteom Member to “Cerro Panteom quarty unit 2”. The
Cerfo Panteom Member of the La Caja Formatiiom at Sam Pedro
dell Gallo consists of 77 to 93m of red. pink, and pinkish gray, and
dark gray miciitic |imestone, calcareous siltstone, and calcareous
mudstone with common ammonites, belemmites, calpionellids,
and Radiolaria (reddish color probablly result of hydrothermal
alteration by Tertiary intrusives near the village of San Pedro
del Galllo). Burekhard (1910, p. 319-320) noted the presence of
Burielldla §p. ef B. eadllsloo, B. sp. f. B. o#irsnotsdasa. B. §p.
ef. B. ealistoisieses, and Steuerserrapas [=Subtevinesraskis) sp. ef. §.
prrpmliivesiatupyum at Cerio Panteom (Text-figure 12). Mereover,
IRy (1939, Table 9) neted Susieuererstasras lanfEdiGoRAIM
Burekhandl, S. dwanggesese Burekhandlh, “Berriasella” ssinwsi
Stanten, BeFiasalld/a remiimRyaiira Burekhands, PPaERSARIREas
ef. ealipiolsleses (BehRMRIRN), and ProNice@as juv. aff. pPEowm
at Burekhandf Leeality 25 [base La Seritd] (1910, Plate XL1X).
Contreras-Memeio et al. (1988, p. 21, plaies VIE-VIND) fllysirated
Duraaageres  Mamhpbiy  (Butekhand), DuAmesres  vMARAFIS
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MEASURED SEETION 6F JURASSIC-CRETACEOUS STRATA AT CERRO
DE LA PENA: 16 KMS NORTH OF SAN PEDRO DEL GALLO, BURANGO,

Lithe Units  Ammonites(l)  Calpionsllids(2) Radiolaria

110m Subzone D1

NoData (= Cappaeiopsis
100m simptiox Subzone of ~ NO Data

Remane etal. 1986)
90 m
80m
70 m
60m Zone C
Interval characterized
50m by presence of characterized by
Subsfammms, presence of Subzone 4 alpha
O o tﬂmwb;é;ﬁ flarge variety  owermost 23 m with
ontreras-Montrero  of Fintimapsefia Valupus hopseai

etal., 1988) oapathica
30m
20m
10m
Om

No Data

Key: (1) = Subsfteisesoearas/stsoatet:tyb duttet el a1 Q)5 22)--ReRoamanifin
Adalte et al. (1995),

TEXT-FIGURE 20

Ammuniite, calpionellid. and radiolarian biostratigraphic data at La
Pena. (1) = Suthireerecaeeras also noted by Adatte et al. (1995); (2) =
Calpionellids data from Remane in Adatte et al. (1995).

sp- juv. (Burckiamil)) Dursngiages aff. ramffroatarus (Imlay),
Sutlstrearecerasras  koepmeini (Steuer), S. alticostatarum  (Imlay),
Beridsetdla (B)) aff. subalifisto (Toucas), Baridseskel/a aff. obluisa
(Oppel), and Psewdatwbpiesites aff. grandidis (Mazemoi) from La
Serrita (Text-figure 12). The basal contact with the wnderlying
Puerto del Cielo Shale Member is well exposed along the eastern
flankk of Cerro Panteom (e.g.. at Puerto del Cielo) and the San
Pedro del Gallo airport immediiately west of Las Boquillas (Text-
figure 12). At a low-lying hill (“Voodoo Hill") to the north of
Cerro Panteon and the San Pedro del Gallo cemetery, the contact
with the overlying Chapulhuacam Limestone is well exposed both
on the south and north ends of “Voodoo Hill".

Cerro Panteom 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, I@®km to the north San Pedro del Galllo, the Senior Author
observed 92m of interbedded black siliceous shale, tihin-bedded
siltstone (wacke), and thin-bedded dark gray micrite containing
belemnites, abundamt Radiolaria, Bughida, and common ammonites
(See Figures 18-21 hereim). 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
Kirmmenidigiam strata of the Cerro El Volcan Shale Member (Text-
figures 18-19). Addate et al. (1995) as well as Contreras-Manitero et al.
(1988) incorrectly assigned this litho unit to the La Casita Formation
and the overlying cream colored, very fine grained, medium bedded

SPG96- | SPGY6- | SPGYE- | SPGIE- | SPGI6-

SPECIES/SAMPLES X 4 58 6A 9B
Position in section: Meters. 0 228 29.4 33.7 80.76
Vallipos's hbpssoni A
Vallipos's spp. A
Cammyh ra ko R R R c
Cammjh ra kikiesiimgi Cc R
Cammyh ra Spp. c
Cameeta Hsui c c Cc
Camtta Spp. c
Paridoindasia bibipftedfae R
Paridoinguia calgerani C
Panidoindas/a cuy is R
Paridvingasa jgaresi c Cc
Paridomqdasia spp. c c c c c
Risiotra pr R

LA CAJA FORMATION Cerro Panteom Member
BIOZONES Sz. 4 alpha; Sz. 4 alpha,
TEXT-FIGURE 21

Radiolarian assemblage and biozones for La Pena, 10k north of Sam Pe-
dro del Gallo.

miicritic limestone to the Taraises Formatiom. The latter unit is
assigned to the Chapulhuacan Limestone herein. Ammoniites as well
as abundamt calpionellids and Radiolaria were reported from this
unit by Addate et al. (1995; sew Addate et al. 1996). According to
Addate et al. the ammaniite assemiblage includes the following taxa
from the lower 13m of this section (Locs. Pg 1-5): Piylfeeenias sp.,
Pracdyiacrresas sp., Vieatésisétes sp., Hinmalkayjitidae gen. and sp. indet.,
Sulisieernesceyas dunemagesese, S. kelllwii, S. komwaii tabhiddlom,
Sclieinieeinic sp., Spiliteeasis (Negrelbiiewsys) lawsea, and Jdbbrorella
(Evetoabila) laariéia. Moreower, they recorded Hinaddyiteses sp. “B”
from their locality Pg. 19 approximetedly 60m above the base of
the section and Sm below the contact between the Cerio Panteon
Membei and the overlying Chapulhuacam Limestome. Contreras-
Monitero et al. (1988, Plate 1X) figured Dueangitétes aff. a@eantiious
(Plate 9, figure 9), Pseuddaroestinicaiesras beneekiiei (Jae) (Plate 9,
flguiees 4, 5, 7), Nersopigses aff. prreoneesroipnknsis Burckbaidh (Plate
9, figure 1) as well as belemmiites from Ceivo Panteon Member strata
at La Pena.

Text-figures 18-21 show the measured sectiom of the successiom at La
Pena made by the senior author and Dr. Ignacio Pujana (Uniwversity of
Texas at Dallas) in 1996. The presence of Vallupas hogzooini at Locallity
SPA96-4 (Text-figures 20-21) 22.8m above the base of the measured
section demomstirates that this interval is no higher than Subzone
4 alpha, (Text-figure 4). Taxa such as Pantenslillinm caeeivthgpai
Pessagno which make their final appearamce at the top of Subzone
4 beta, are missing (See data from Puerto del Ceilo Memiber above).
The presence of Compieepara komuii at Locallity SPG96-9B (10m
below contact with the Chapulhuacan Limestons) 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). Accordiimgly. all but
the uppermest part of the Cerro Panteom Member is included in the
Substeuroceras-Proniceras assernblage of Imlay (1980) and to the
Substeueroceras and Microacanthoceras Subzone of Contreras-
Montero et al. (1988). Moreawer, this interval can be equated to the
Buchia piochii Zone and most of the Buchia sp. aff. okensis Zone
(Jones et al. 1969: See Grimdistome 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).
Chapulhuzean Limestone

Chapulhuwacan Limestome (type area = Chapulhuacan,
Hildago near Tamam, Sam Luis Potusl: See Text-figure 8 and



Massively bedded light gray micritic
125m limest_on_e v UNIT A
Upper 6.64 m consisting of medium-
bedded light gray micrite and thin-  UNIT

f vy v vvyv\y bedded black chert. Remainder of
unit consisting of thin-bedded, buft-
weathering cal siltstone and B
black chert.
101.5m
Medium-bedied to thick-bedded (0912  UNIT
m) micritic limestone, thin- to medium-
bedded (0.02 to 0.3 m) black chert, and
minor Siltstone €
80.4m
Interbedded phosphatic limestone, ~ UNIT
black chert, and red calcareous
mudstone. B
67.1m
Thin-bedded black chert, dark gray,
siliceous mudstone often with UNIT
interbedded limestone nodules. Red
calcareous mudstone in upper part.
Some mudstone beds up to 0.6
meters in the lower part.
39.2m
Red sllly calcareous mudstone UNIT E
34m Red medium bedded silstone, silty UNIT 6
24.8m limestone & mudstore.
: L1 111 massively bedded, medium gray
micrite with nerineids, other
T T T 1 | gestopods, andbivalves. uoaga  UNIT
[ YT
B I H
I I l III I
Om
TEXT-EIGURE 22

Description of lithostratigraphic units exposed in Mazapil remnamt of
San Pedro del Gallo terrane at Canyom San Matias, Zacatecas, Mexico.

Huayacocotia remmant of the San Pedro del Gallo terrane
hereim) consists of ~ 20m of medium to massively-bedded light
gray to tan very aphanitic micrite with abundamt calpionellids,
common Radiolaria, and common ammanies. Some horizons
(e.g.. at La Pena) contaim large (12cm) phosphate modules.
Burckhardit (1910, p 322-323; 1930 [vol. L] p. 131) recovered
numerous ammaonites from the Chapulhuacam Limestone on
the western slope of Cerro del Aguajito (northeast of San
Pedro del Gallo and approximaiely Lkm west of Cerro de la
Cruz (Text-figure 12, See Burckhardt 1930, p. 129, Figure
36, Unit A.). This locality was examined by the seniof author
in 1990.

The rich fauna described by Burckhardit included S/8pitieeuas
utfliggi Burckhandit, S. bitodamm Burckhardit. S. juw. aff. scsayigtum
Strachey. S. negrel/i Toucas, S. sempetmimum Burckhardt, .
lamree Burckhardt, Beridsellel/a neabdspgrioaica Bwrckhardt,
B. cf. grarilisis, Acwnthitisdiscus tamsgdadtiosicus Burckhardt,
A. euhywiftdfwems Burckhardt, Neasowitestes dertepsestidatus
Burckhardt, and N. prageecerwiensisnsis Burckhandit. Burkhardt
(1910, 1930) assigned these strata to the Berriasian.
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 Memiber, all of the Puerto
del Cielo Shale Member, all of the Cerro Panteon Memiber, and at
least into the lower part of the Chapulhuacan Limestone.

In 1994 the senior author received a gramt from the U. S.
Nationall Science Foundatiom to study the Jwrassic-Cretaceous
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boundary problem in North America. Dr. Jurgem Remane
(Institute of Geology, University of Neuchatel, Switzerland)
was one of five collaborators who agreed to collect and/or
examiime samples collected in Mexico and Califormia. A
report was submitted to the senior author by Dr. Remane
(August 24, 1995) detailing the results on his anallysis of
samples from Mexico and California. A copy of this report is
included in the Appendix 2 herein.

Sample SPG94-48: Top of San Pedro dei Gallo Chert Member
immediistelly below contact with overlying Puerto del Cielo Shale
Member (See Text-figures 13, 15). Remane (Report, 1995: See
Appendiix) recorded Calfponeitdpejpsis ofitmggu: upper Berriasian
to lower Valanginiam from this horizom and stressed that the
typicallly Valanginian species Calfjpeltifées darddeiri was never
observed. Data presented above cleatly indicates that the top of
the San Pedro del Gallo Chert Member of the La Caja Formation
occurs withim the upper part of Kossmatia-Durangites
assemblage of Imlay (1980) and the Promiceras-Kossmatia
Zone of Contreras-Montero et al. (1988) (See the Imiay 1939
data from Burckhardt (1910, 1912 Localiity 23). Moreower, it
ocecurs withim the upper part of radiolariam Subzone 4 beta;.
Both the ammonite and radiolarian biostratigraphiic data indicate
that the top of the Sam Pedro del Gallo Chert Member should be
assigned to the upper Tithonian. The upper paft of Subzone 4
beta; and the early late Tithoniam have been dated at UBTR4Ma
£ 0.060Ma [0.042%) at La Desirade (U-Pb date on zircom. See
La Desifade hereim). Meieower, the upper part of Subzone 5A
and the upper BerHasiam has been assighed a date of 137.1 +1.6/-
0.6ra (U-Pb date en zireon. See Grindstone Creek herein and
Bralewer et al. (1990). Henee, It is elear that the ealpisnellid
Biestratigraphiic and eRrenostratigiaphic data alse eenfliets with
the U-Pb geechrenemiiiic data:

Samples SPG94-54, SPG94-55, SPG94-56 from Cerro
Panteon Member of the La Caja Formation (Text-figure
13): Remane noted Calfjooeltd/a alpinea in these samples. The
occurrence of this taxom together with Calfpsneltdpoissis obibomga
in underlying SPG94-48 led him to favor a Berriasiam age for
these samples. The ammonite and radiolariam biostratigraphic
data for the Cerro Panteom Member suggest that this unit is
mostly assignable to the upper Tithonian (See Cerro Panteon
Menmiber 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 Calfydnelldia alpinea in samples SPG94-
57, 58, 62, 64, and 65; Calipéoeitdpsipsis oitvgga in samples
SPG94-67 and SPG94-89; and Calipdnelldpeisis sinpdex in sam-
ples SGP94-58, SPG94-66, and SPG94-67 and assigned these
samples to Zone D (upper Berrlasian).

SPG94-77, SPG94-78: Chapulhuacan Limestome at north
end of Voodoo Hill (Text-figure 12). Sampie SPG94-77 is
immediriely above contact with the underlying Cerro Panteon
Member whereas SPG%4-78 is 6 above the contact. Remane
encountered Caljidoeltdia alfphea, Calipooelldbsipsis obltvaga, and
Terinneispllel/a eampiiibica SPGY4-TT and Calficoeltdpepsis sim-
plexe, Callpenelbapsipsis oblfvaga, and Tininepesshel/a cdaavealivca
In SPG94-78 (upper Beriiasian Zone D, its basall part (D 1) ex-
¢éluded)).

PDC-13: Puerto del Cielo Shale Memiber of La Caja Forma-
tion: Immedietly below contact with overlying Cerro Panteon
Member at Puerto del Cielo (Text-figure 12). Remane identified
Calfywneltdla ellipitea and Calfpooeitd/a alfpivea (smalll form) at this
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TEXT-FIGURE 23A

Photo of chert nodule in Zuloaga Limestome at Camyom Sam Matias,
Sierra Santa Rosa, Mazapill remnamt of San Pedro del Gallo terrane.
Chert nodule to right of coim = ~ 8em.

locality. He assigned this horizom to Zone C or perhaps lower
DI. The ammonite and radiolariam biostratigraphic and chro-
nostratigraphic data clearly indicate that the Puerto del Cielo
Shale Member is assighable to the upper Tithoniam (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-
I and PDC-2 occur at 154 and 1I26m respectively above tihe
contact between the Cerro Panteom Member and the wnderlying
Puerto del Cielo Shale Memben. Sample PDC-7 occurs 6.8m
above the same contact.

Remane recorded Calfyioneltdfsissis simpdex from samples PDC-1
and PDC-2 and Calfyinelid/a elijpicaa from 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 DI
(upper Berriasiam). Sample PDC-7 yielded Calfioneitd/a e/éipptica,
Calpicvelbiogissis simghde?, and Tiatirmopgellel/a longae iindicating
upper Zone C or ?lower DI.

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

TEXT-FIGURE 23B
erineids and other molluscan fragments in Zuloaga Limestone at
Canyom San Matiias. Scale in upper right = L4cm.

Member at this locality to Zome C (Lower Cretaceous: middle
Berriasian). The remainder of the Cerro Panteom Member and
all of the overlying Chapulhuacan Limestome were assigned
by Remane to Zone D, Subzone DI (Lower Cretaceous: wpper
Berriiasian). Both the radiolarian and ammoniite biostratigraphic
and chronostratigraphic data from the Cerro Panteom Member
of the La Caja Formatiiom at this locality and. indeed other
localities in the vicinity of Sam Pedro del Gallo, indicate that
this lithoumit should be assigned to the Upper Jurassic (upper
Tithoniam) (See Cerro Panteom Member abowe). Although no
ammonites have beem found in the Chapulhuacam Limestone at
La Pena. Burckhaidts (1910, 1930) data from this unit in the
vicinity of Sam Pedro del Gallo favor its assignment to the Lower
Cretaceous (lower Berrlasian).

Remame’s biostratigraphic and chromostratigrayphic assignments
for the Sam Pedro del Gallo Chert, Puerto del Cielo Shale, and
Cerro Panteom members of the La Caja Formatiiom defy the
Principle of Superpasiitionm and are internallly inconsistemnt. The
superpasiiion of these member units has beem documented both
by Burckhardit's investigations (1910, 1912, 1930) and those of the
present study. It is puzzling to note that the top of the Sam Pedro
del Gallo Chert Member (SPG94-48) contains calpionellids
(Calfyoneitdpsissis oblmggu: Zome D. Subzone D2-D3) that are
younger than those occurfimg in the overlying Puefto del Cielo
Shale and Cerro Panteom membeis in the Arroyo—"Voodoo
Hill” sectiom (Text-figures 12-13). The biostratigraphiic data from
the ammoniites and Radiolaria show that the San Pedio del Gallo
Cheit Memiber, the Puerto del Cielo Shale Memmiberr, and all but
the uppermest part of the Cerio Panteoh Membei are assignable
to the upper Tithonian.

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

The Mazapill Remmamt (Text-figure 7., Loc. 5) of the Sam Pedro
del Gallo terrane was first studied by Burckhandit (1906; 1930, p
50, fig. 13). His report not only dealit with the [litfiostratigraphy
of Upper Jurassic and Lower Cretaceous rocks exposed at Canon
San Matias in the Sierra Santa Rosa. but also with the rich
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Diagnostic Faunal Faunal

Lithe Unit ipti Paleobathyme .
Description Age Elements ymetry Resalm/Province
Thimmamnies spp.,
’ Medlum bedded buff calcareous mudstone and micritic limestone. Micrite ; e
Unnamed mestona with common limonite nodules. Thickness (fide Burckhardt, 1930+ 50-70 m. Valanginian mﬁ:l:gardt (1930‘;
Chapulhuacan Massively bedded, very fine grained miciitc limestone weathering to cream Calpionellids
Limestone or buff color. Calplonellids. Radiolaria. Sparse ammonites. Berriasian ? calcified Radiolaria [aY
"UNIT A" Thickness (fide Burckhardt 1930) = 15 m. =
Upper 5.84 m consisting of medium-bedded light gray micrite and ©
thin-beddded black chert. Remainder of unit consisting of thin-bedded, late Tithonlan. Substeuessearas Spp. @ g
"UNIT B" buff-weathering calcareous siltstone and black chert (2). Abundant Radiolaria UDDGBf DQ“ may be Paraditnéoceras aff, > Q
and ammonites. erriasian } } = c
Thickness = 23.5 m callistoddss, Dorangiss sp. <C ®
g Kossmatia spp.
WNIT @ Medium-bedded to thick-bedded (0.9-1.2 m) micrite, thin to medium-bedded late Tithonlan at base of Unit D.
g) black chert, and minor slitstone Abundant Radiolaria and ammonites. Radiolarian Subzones 4. =
Thickness = 21.1 m. & da; =
o .
e Interbedded phosphatic limestone, black chert and red calcareous mudstone,  €arly Tithonian y 185 S0P, =
"UNIT B* iolari f ! Kossmatia spp. S
& ’ Abundant Radiolaria and ammonites. 0 a
T Thickness = 13.3 m early lateTithonlan ~ + Subzone 4(53 &4p; =y o
5] Radiolaria. 5 P
& Rinathi
Thin-bedded black chert, dark gray, sllicerous mudstone often with Ki:;"yrilztgeian ld o ;sz Mf?f as
interbedded limestone nodules (up to ~ 4 m in maximum dimension). Red % smm‘i@a /‘;MWM{M%
"UNIT E calcareous mudstone in upper part. Some mudstone beds up to 0.6 m hiatus 47 2 o Zone 3 ' @
in lower part. Abundant Radiolaria in all lithofacies. Abundant ammonites. to lat and zZone » LONE 5, o
Thickness = 27.9 m. early to late and Zone 4, Subzone# c
Tithonian Radiolaria. - ;
. Outer Neritic
Red slity calcareous mudstone with 1,5 m dark gray micrite nodules in
E . "UNITE upper part. Common ammenites, bivalves. Common Radiolaria at top. late garly rdmamls SPP. i}',t top of
fl Thickness = 7.8 m Kimmeridgian at top UNIT F ®
g B
(% YUNIT 6 Red medium-bed%?: kzuet;lsli:nesstso;g and mudstone. middle Oxfordian Dighatomesphinetes inner g
Neritiic =
"UNIT H* ; ;
Zuloaga Massively bedded micritic limestone with nodules of black chert. middle grxiordlan N?mbg::x:‘lcﬁgls’ s
Limestone Base not exposed. older See Burckhardt (1310, 1930) =
[
TEXT-FIGURE 24

Stratigraphic summary for Sierra Santa, Camyom San Matias near Mazapill, Zacatecas, Mexico. Martin (1996) interpreted the siltstone beds of Unit B to
be turbidites. Graded bedding can be seen in mamy of the beds with fiining in grain size occurring upward and chert pebbie and skeletal conglomerates
at base. This unit is genetically related to the Cerro Panteon Member of the La Caja Formatiion at San Pedro del Galllo. The siltstone turbidites may be
a reflection of the Nevadan Orogeny in the distal backarc area of the Nevadan Island Arc.

ammomite faunas that occur in these strata. Subsequemtily, this
succession was examined by Imlay (1939), Martin (1996), and
by Pessagno et al. (1999). The Canyon San Matias succession
is importamt because it contains abundamt well-preserved
ammonmites, common Buehfidg, and abundamt Radiolaria. The
presence of numerous micrite nodules and layers throughout
the succession offer great potemtial for collecting calcareous
nannofossil (coccoliths and calpionellids) as well as organic
microfossils (e.g., dinoflagellates, 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 successiom 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
(Martim 1996, p. 67). According to Martim the faunal and ftioral
data suggests that the Zuloaga Limestone at Camyom Sam Matias
was deposited at inner neritic depths (<50m) om a carbonate
bank free of wave energy. Mantim’s fimdinggs at Camyom San
Matias are consistent with his data from 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 ovetlying strata (Units G and F)
containing middle Oxfordian ammonites. At San Pedro del
Gallo (Duramngo) a middle Oxfordian ammonite was identified
by co-author Cantu-Chapa from Burckhandt’s (I210),1912,1930)
“uppef quartzite” wnit.

San Matias Formation, n. fm.

Unit G and F are formally assigned to the Sam Matias
Formation (n. fm., herein). Unit G consists of medium bedded
gray (weathering red) silty limestone and interbedded red silty
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TEXT-FIGURES 25A. B

Photos of black chert and interbedded medium gray micrite. Camyom San Matias. Sierra Santa Rosa, Mazapill remmant of Sam Pedro del Galllo terrane.

Note hammer for scale in 25B.

mudstone with commom bivalves and ammomiites. Unit F consists
of medium bedded gray (weathering red) limestone with common
to abundamt ammeniites and bivalves (Text-figures 22, 24). At
Canyon San Matias the San Matias Formaitiom is 14.4m thick
(Text-figure 22). It conformably overlies the middle Oxfordian
Zuloaga Limestone and disconformably underlies the wpper
lower Kirmmenidigiam strata of the La Caja Formatiion (See Unit
E below and Text-figure 22). A specimen of Jdeserasis 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 mictite nodule
from which this amimomite 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 Sam Matias Formation contains the middle
Oxfordian ammonite Dikheiwaspiiphiscres (Texi-figure 22, 29:
Ammonite identlfications By eo-author Camtu-Chaipd). Unit E of
the overlylng La Caja Formation contains Bucida eenfepifisica and
lehserras balligewss, 1. eompphleldisies, 1. humbbbiri, 1. neirsaesum,
1. saipneeAAym, |. 0o, andll |. Zekadeeanuium (See BurkRardt
1930, p. 50). Common Radielaria are present in the upper part
of Unit F. All of the Zuleaga Limestone. Unit G, and all but
the upper part of URit F were deposited at inRer neritie depths.

The suddem appearamce of commom Radiolaria in the upper
part of Unit F reflects a rapid change in paleobathymetmy from
inner neritic depths to outer neritic depths (~ 200m) in the late
Oxfordian (See Pessagno et al. 1999 and Pessagno and Martin
2003). Camyom San Matias in the Sierra Santa Rosa, Zacatecas
is designated the type locality of the Sam Matias Formation.
GPS Location: N24°34°56.2>; W101°29"08%" . The Sam Matias
Forematiion has also beem recognized at Cerro El Vulcam near San
Pedro del Gallo (See San Pedro del Gallo remmamtt abowve). At this
latter locality it is 21m thick.

La Caja Formation

Units E, D, C, and B (lower Kimmeniidigiam to upper-most
Tithonian/? lower Berriasiam) are included in the La Caja
Formttion of Imlay (1938, 1939) (Text-fig. 22). All La Caja
strata at Camyom San Matias are characterized by the presence
of commom to abundamt beds of thin- to medium-bedded black,
radiolariam chert identicall to that in the Sam Pedro del Gallo
Chert Member (hereim). Black chert was noted by Burckhardt
(1930) in his descriiption of rocks now assighed to the La Caja
Formattiiom at its type locality in the Sierra de La Caja, Canyon
Sam Matias, Sierra Zuloaga, and other localities in the west-
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Distribution of radiolarian-bearing samples from littistratigraphic
units exposed in Mazapil remnamt of San Pedro del Gallo terrane at
Canyom San Matias, Zacatecas, Mexico.
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Ammonites identified by Camtw Chapa from samples collected by Pes-
sagno et al. (1999) from the Camyom Sam Matias sectiom, Zacatecas,
Mexico.

central Mexico. Curiousily, the chert was not noted by Imlay
(1938. 1939) in his description of the La Caja Formatiom at its
type locality in the Sierra de La Caja (See Martin 1996; Pessagno
et al. 1999). The black chert in the La Caja Formatiom at Canyon
San Matias is interbedded with thin- to medium-bedded, dark
gray micritic limestone and dark gray siliceous to calcareous
mudstone commanlly containing dark gray mictitic 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, abundamt siliceous sponge spicules, and rare
benthonic foraminifera; the megafossil assemblage contains
common to abundant armmoniies. Deposition of La Caja strata
at this locality during the Late Jurassie and Eadly Cretaceous
(Berriasiam) oceuried at upper abyssal depths or, perhaps lower
bathyall depths, above the ACD (compensatiiom level of aragenite)
ahd continued at these depths until the end of the Cretaceous (See
Burekhaidk 1930). Radielatiah ehert eonsists of = fifty pereent by
velume of radiolariah tests and test fragments and henee, fermed
as a radielariah oeze. The phesphate herizen eeeutring IR whit
D is beth interesting and puzzling. Frequenidly. phesphate-rich
sediments aeeur today aleng eeast lines with narrow eontinental
shelves and steep eentinemtdll slopes at sites of upwelling of
Autrient-Fieh waters. Whether this seenario eould seeur iR the
distal baekare setting eRaraeterizing all San Pedre del Galls

remnanmts is questionaible. Phosphatic 1imestones 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 knowmn from San Pedro del Galllo, Sierra Catorce, the
Huayacocotla Anticlinorium, or from westerm 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 matetial at lower bathyall or upper
abyssal depths (See also Cross and Pessagno 2006 for other
alternative explanations).

The upper lower Kimmenidigian to lower upper Tithonian
part of the La Caja Formation Unit E (Text-figures 22, 23-27)
contains Buahidg, Tethyam ammomites, abundamt Pchanddingdal/
Prasppoviciguign/a, and poorly  diversified  pantanelliids
indicative of Southerm Boreal paleolatitudes. The remainder
of Unit E and all of Units D, C, B, and A are assigned to the
Northern Tethyam Province based on the presence of abundant,
diversified pantamelliiids, abundamt to common Pdardiingulal
Praspprvioieguign/a, and the presence of calpionellids (Units A
and B: See Text-figures 5-6 hereim). As noted by Pessagno et al.
(1999), these data indicate that the Mazapill reramamt of the SPG
terrane was transpoited from Southerm Boreall paleolatitudes
(>30°N) to Northern Tethyam paleolatitudes (<30°N to 522°N)
during the early Kimmgyiidigiam to late Tithonian. It should be
noted that Ogg’s paleomagintiic data for the upper Tithoniam at
Canyon San Matias indicates 25°N/S.
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Faunal analysis of Tithonian radiolarian-bearing samples from the La Caja Formation at Canyon San Matias. *Subzone 4 alpha, not observed but prob-
ably present. Base of Unit D at 27.9 m. (SM94-28R: text-figure 7). Lower 1.9m of Unit E assignable to Subzone 2 alpha,. (lower Kimmeridgian). Bound-
ary between Subzone 2 alpha, and Subzone 2 alpha , occurs between [.9m and 7.0m. SZ. 2 alpha,.fauna occurs at 7.0m. Zone 3 not recorded to date but
may occur in interval between 7.0m and 7.9m (base of Zone 4). recorded to date, but may occur in interval between 7.0m and 7.9m (base of Zone 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 beta,, 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 alpha,). The boundary
between Subzone 2 alpha, and overlying Subzone 2 alpha, occurs
between 1.9m and 7.0m above the base of Unite 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 LLa 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 from 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
Canti-Chapa (1971).
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. , Diagnostic Faunal Faunal
Litho Unit ipti Age Paleobathymet .
Description g Elements YMELY " Realm/Province
Chapulhuacan Medium to massively bedded very fine-grained cream to light gray micrite Berriasian Subthurmannia sp. =
Limest with abundant Radiolaria, caipionellids, and rare ammonites. Micrite with black to Neolissoceras sp. Spiticeras sp. g
Imestone chert nodules and lenses. Thickness =~ 30 m. Valanginian. Thurmanniceras sp. S o
Paradontoceras aff. callistoides ® 2
Thin-bedded cream colored to light gray micrite interbedded with dark Durangites, — = =
I . gray shale, common black radiotarian chert, and light green vitric tuff. _ Substeueroceras «© E @
Pimignta Formation Micrite with abundant Radiolaria and calpionellids together with rare late Tithonian + £ = o
ammonites and common sponge spicules. Thickness = ~ 200 m. Subzone 4o Radiolaria > ©
at some localities to south = ©
<C
= : ) o Durangites, Kossmatia, ©
3 Thm-begﬁded dark gray to medium gray micrite with thick interbedds of dark Salinites grossicostatum e
%> Barrio Guadalupe  to medium gray shale. Shale layers with abundant micrite nodules. Micrite Jate Tithonian + z
S Member nedules and beds with abundant Subzone 4 Radiolaria siliceous very abundant Subzone o
T sponge spicules and commonammonites. 4B, Radiolaria. o
— — [t
s ) ® <
= Massively bedded dark gray to medium gray micrite interbedded with thin- Ataxicoceras, ldoceras, o =
e bedded to medium hedded shale. Upper part of unit with numerous dark gray W K i "Glochiceras fialar" g o
2 Mera Ceiba  micrite nodules. Massive micrites and micrite nodules with abundant Radiotaria 831 “mMmerigian Mazapilites, b
g Member rare to common ammonites and common pectenacids (Aulacomyela). Hyaline cart Ttii)honian Virgatosphinctes + Radiolaria c
E calpionellids occur in basal Zone 4, Subzone 4 strata at same horizon as y assignable to Subzone 2a.,, @
= lower Tithonian ammonite Mazapilites. Zone 3, & Subzone 483., %
. o
Outer Neritic =
. ' ) - . - W Callovi Reineckeia,
Santiago Sitty black shale, mudstone, micrte. Containing ammanites. Radiolaria early Laliovian Dichotomosphinctes, ©
Formation occurring in upper-most part. o Discosphinctes, = @
Thickness = ~169 m. late Oxfordian Ochetoceras. P =
= S
ey a
T icLi Calcarenite containing ammonites and bivalves. ) v ) (G:J —
; =~ ate early Callovian  Reinsckeia, Neuqueniceras [
epexic Limestone Thicknes = ~ 39 m. late early Call Reineckeia, N = <
Palo Blanco Formation  Organic rich biack shale. Rare in surface outcrops. Present in subsurface.  late Bath.-e. Callov. Kepplerites a
jang
can Continental red beds. Dominantly red shale, siltstone, sandstone, and s
anuasas conglomerate. Gommonly cross-bedded. Overlies Lower Jurassic Bathonian to . =
Formation (Sinemurian) strata of Huayacocotla Group. The latter unit contains Bajocian. Fossil plants. NON MARINE 2
Sinemurian ammonites. Thickness — 40-1200 m. (1) 19%)
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 (Canti Chapa 1969, p. 5). The Palo Blanco Formation is
important because it contains the first marine strata in the Gulf Mexico Province overlying Middle Jurassic continental red beds and because it contains
the Boreal upper Bathonian to lower Callovian ammonite Kepplerites. In most surface sections the Palo Blanco is missing and the lower Callovian

Tepexic Limestone overlies the Cahuasas.

Complexapora kozuri, the primary marker taxon for the base of
Subzone 4 beta,, makes its first appearance at locality SM94-39,
3.7m below the occurrence of a specimen of Kossmatia identified
by co-author Canti-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 Sm thick, corresponds to the
upper part of Unit D herein (cf. Text-figure 22). Burckhardt recorded
Steueroceras santarosanum Burckhardt (1930) (= Kossmatia
fexicostata (Aguira 1895) [See Verma and Westermann 1973, p.
221], Kossmatia victoris, and Kossmatia zacatecana from 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 beta,. It is clear that the interval
within Subzone 4 beta, (SM94-39: 37.3m to SM94-45; 41.4m)
marked by the first occurrence of Complexapora kozuri and the last
appearance of 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 Subzene 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 from the upper part of La Caja Formation
Unit B and the upper part of radiolarian Subzone 4 alpha,
during the present study include Parodontoceras 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. Canti-Chapa). A specimen identified by co-author
Canti-Chapa as “cf. Substeueroceras sp.” was recovered from
float in the creek bed approximately 99m above the basc of
the La Caja Formation. A possible lower Berriasian ammonite
was identified by A. Canti-Chapa as “cf. Protothummania sp.)
from sample SM96-2 in Unit B at 4.72m below the contact with
Chapulhuacdn 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 from Pessagno et al. (1987a).

sample contains Subzone 4 alpha, radiolarian assemblage with
Pantanellium whalenae and Loopus primitivus. As will be seen
in the discussion of radiolarian data from 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 Chapulhuacédn 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 Chapulhuacdn
Limestone. He indicated that this taxon occurs in calpionellid
Subzone D and in Zone E (upper Berriasian to lower Valanginian;
probably upper Berriasian.

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



