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Abstract: Timing and rates of tectonic events, evolutionary processes, and oceanographic and paleo-
climatic changes must be based on high-precision numerical age calibration of stages defined in Global
Stratotype and Section Points (GSSPs). The Cretaceous Chronostratigraphic Database (CRETCSDB3) is
an objective, testable database that calibrates select Cretaceous events and enables high-resolution
chronostratigraphic correlations.

CRETCSDB3 is a compilation of more than 3500 taxa and marker beds in nearly 300 published sections
calibrated to a mega-annum (Ma) scale. The database spans the Jurassic/Cretaceous and the Creta-
ceous/Paleogene boundaries. Construction of CRETCSDB3 began by plotting bioevents in the Kalaat
Senan, Tunisia, Cenomanian-Turonian section to the 1989 time scale. The sedimentology, sequence
stratigraphy, and biostratigraphy of this section were precisely documented and stage boundaries defi-
ned biostratigraphically. Additional sections with radiometrically dated beds were graphed to constrain
the accuracy of the numerical scale. Ranges of first and last occurrences are calibrated to mega-an-
nums of Cretaceous stages defined by GSSPs or reference sections. This database serves as a look-up
table for interpolation and age calibration of other stratigraphic sections. The age ranges of some taxa
and marker beds are preliminary and may be extended as new sections are added to the database.

CRETCSDB3 tested the numeric age calibration of the Albian/Cenomanian boundary. This boundary in
North Texas accurately correlates with the GSSP in France by ammonites, planktic foraminifers and di-
noflagellates. This stage boundary in North Texas correlates with the 97.88+0.69 Ma Clay Spur Bento-
nite in Wyoming by sequence stratigraphy and cosmopolitan dinoflagellates. The inconsistency between
this age and the current 100.5 Ma date of the 2012 Geologic Time Scale remains to be evaluated inde-
pendently.
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Résumé : Une base de données chronostratigraphiques pour le Crétacé : construction et
applications.- La chronologie et la fréquence des événements tectonique, des processus de |'évolu-
tion, des perturbations paléoocéanographiques et des changements paléoclimatiques doivent étre ba-
sées sur une calibration a haute-résolution des dges numériques pour les étages tels qu'ils sont définis
aujourd'hui par des Points Stratotypiques Mondiaux (traduction frangaise de "Global Stratotype and
Section Point, GSSP"). Cette base de données chronostratigraphiques pour le Crétacé (baptisée CRET
CSDB3) organise des informations objectives et vérifiables afin de calibrer certains événements créta-
cés et de permettre des corrélations chronostratigraphiques a haute-résolution.

CRETCSDB3 réunit une documentation répertoriant plus de 3500 taxons et couches repéres provenant
de quelque 300 sections ayant fait I'objet de publications et étalonnées sur une échelle en millions
d'années (Ma). Elle couvre les limites Jurassique-Crétacé et Crétacé-Paléogéne. La construction de
CRETCSDB3 a débuté avec la projection des bioévénements de la coupe du Cénomanien-Turonien de
Kalaat Senan en Tunisie sur un diagramme utilisant I'échelle des temps géologiques de 1989. La sédi-
mentologie, le découpage stratigraphique séquentiel et la biostratigraphie de cette coupe ont été préci-
sément documentés et les limites d'étages y ont été définies biostratigraphiquement. Des coupes com-
plémentaires avec des couches datées radiométriquement ont également été reportées de maniére
graphique afin d'améliorer la fiabilité des dges numériques. Les intervalles de premiére et de derniére
occurrences ont été étalonnés aux millions d'années des étages crétacés définis par des Points Strato-
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typiques Mondiaux ou des coupes de référence. Cette base de données est utilisée comme tableau de
référence pour interpoler et étalonner les &ges des autres coupes stratigraphiques. Les intervalles de
temps de quelques taxons et couches repéres sont provisoires et devraient étre révisés au fur et a me-
sure que de nouvelles coupes seront intégrées a la base de données.

CRETCSDB3 a contrélé I'étalonnage de I'dge numérique de la limite Albien - Cénomanien. Cette limite
dans le Nord Texas est trés précisément corrélée avec le Point Stratotypique Mondial en France par le
biais des ammonites, des foraminiferes planctoniques et des dinoflagellés. Dans le Nord Texas cette
limite d'étage peut également étre corrélée par le biais de la stratigraphie séquentielle et de dinoflagel-
Iés cosmopolites avec une bentonite de Clay Spur au Wyoming datée de 97.88+0.69 Ma. L'incohérence
entre cet age et celui de 100.5 Ma figurant sur I'échelle des temps géologiques de 2012 reste a évaluer

de fagon indépendante.

Mots-clefs : Crétacé ; chronostratigraphie ; base de données biostratigraphiques ; étalonnage d'dges

numériques.

1. Introduction

The numerical age calibration of the Phane-
rozoic chronostratigraphic scale has progressed
to a stage where the ages of erathems and
systems are stabilizing. Compare the 1989 geo-
logic time scale (HARLAND et al., 1990) and the
1994 scale (ODpIN, 1994) with the Geologic Time
Scale 2004 (GTS2004, OGG et al., 2004) and
with the most recent Chronostratigraphic Chart
(GST2012, GRADSTEIN et al., 2012). None the
less, age calibration of stages is continuously
evolving as new data and new methodologies
emerge. GTS2004 was formed using ten me-
thods: 1) rates of radioactive decay of ele-
ments, 2) tuning to orbital time scales, 3) stra-
tigraphic reasoning, 4) biostratigraphic/ geo-
magnetic calibrations, 5) equal durations of zo-
nes to scale stages, 6) zone duration proportio-
nal to zone thickness, 7) constancy of ocean
floor spreading rates, 8) trends in strontium
isotope scales, 9) geomathematical/statistical
interpolations, and 10) best-fit line of age dates
versus stratigraphic assignments (GRADSTEIN,
2004). Although many more isotopic ages have
been measured during the past twenty-three
years and their precision has improved, as yet,
numerical ages of most system boundaries have
not been measured because suitable beds are
not available at the boundaries. Furthermore,
the ages of some stage boundaries are incon-
sistent even where radiometrically dated strata
are interbedded with biostratigraphic zones and
sequence boundaries. For example the interpo-
lated age of the Lower/Upper Cretaceous series
boundary as defined by the Albian/Cenomanian
stage boundary varies from 97.13 Ma to 100.5
Ma (OBRrRADOVICH et al., 2002; ScoTT et al., 2009;
OGG & Hinnov, 2012: p. 1052, K25).

An important practical goal of stratigraphers
is to determine the order of bioevents and to
scale the events in numerical ages. The result
would be 'look-up' tables of numeric ages of
bioevents in the Phanerozoic time scale. These
tables would enable geoscientists to calculate
rates and durations of stratigraphic units and
geologic processes operating between events.
The process of compiling such tables must be
based on a comprehensive database of measu-
red sections and cores in which the species

have been identified and placed in an accurate
order measured in thickness. The scientific pro-
cess of calibrating and scaling species ranges
from thickness units to numeric time units must
be transparent and testable.

As the accuracy of the chronostratigraphic
scale improves and stabilizes, chronostratigra-
phers are applying numeric ages to fossil zones
and to first occurrence (FO) and last occurrence
(LO) of many species. The use of FO/LO implies
that these datums are observable and testable
and that they may change as new data accrues
(the FO/LO notation is preferred over first and
last appearance datums - FAD/LAD, which imply
that these datums are accurate evolutionary
events). In GTS2004/2012 the FO and LO of
select species are projected into the accompa-
nying time scale. Specialists of specific taxono-
mic groups have published range charts calibra-
ted to numeric time scales, for example Creta-
ceous planktic foraminifera (HARDENBOL et al.,
1998; PRemMoLI SILVA & SLITER, 2002). However
the methodology of such age calibrations is not
usually clear and not testable. Numerical me-
thods for interpolating ages, such as spline cur-
ve fitting, use stratigraphic records of appa-
rently continuous deposition and uniform rates
of sediment accumulation. Subtle changes in
rates and brief hiatuses or condensed sections
may be overlooked and not accounted.

The ages of Cretaceous stage boundaries
have evolved since 1989 and now the ages of
several stage boundaries are stabilizing, such
as Maastrichtian/Paleogene, Santonian/Campa-
nian, Coniacian/Santonian, Cenomanian/Turo-
nian, Aptian/Albian, and the Tithonian/Berria-
sian (Fig. 1). However the ages of these boun-
daries may change when global section and
stratal points (GSSP) are defined for stage
boundaries. As of 2012 the base of three Creta-
ceous stages are defined by GSSPs: Cenoma-
nian, Turonian, and Maastrichtian. The numeri-
cal ages of five stages continue to vary in light
of new sample data, and existing ages are revi-
sed by new conversion factors and new metho-
dologies: Campanian/Maastrichtian, Turonian/-
Coniacian, Albian/ Cenomanian, Valanginian/-
Hauterivian, and Berriasian/Valanginian. The
uncertainty is partly the result of the paucity of
radiometrically datable beds in these intervals.
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EVOLUTION OF RECENT CRETACEOUS AGE CALIBRATIONS
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Figure 1: Evolution recent of Cretaceous time scales in mega-annums (Ma). Sources: 1989 - HARLAND et al., 1990;
1993 - OBRADOVICH, 1993; 1998 - HARDENBOL et al., 1998; 2004 - GRADSTEIN et al., 2004; 2008 - OGG et al., 2008;
and GST 2012 - GRADSTEIN et al., 2012. These are compared to the CRETCSDB3 prepared by precisionstratigra-
phy.com as of October 2013.
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2. Methodology of calibrating Cretaceous
biostratigraphic data

The Cretaceous Chronostratigraphic Databa-
se -CRETCSDB3- was constructed by graphic
correlation, which is a transparent, testable me-
thod of choice to integrate diverse types of
stratigraphic data. Graphic correlation is a
quantitative, non-statistical, technique that pro-
poses coeval relationships between two sections
by comparing the ranges of event records in
both sections (CARNEY & PIERCE, 1995). A graph
of any pair of sections is an X/Y plot of the FOs
(first appearances) and LOs (last appearances)
of taxa found in both sections. The interpreter
places a line of correlation (LOC) through the
tops and bases that are at their maximum ran-
ge in both sections. This LOC is the most
constrained hypothesis of synchroneity between
the two sections and adjusts the ranges of the
fewest bioevents. The LOC also accounts for
hiatuses or faults at stratal discontinuities indi-
cated by the lithostratigraphic record. The posi-
tion of the LOC is defined by the equation for a
regression line. Explanation and examples of
the graphic technique are illustrated by CARNEY
& PIERCE (1995). A species range database is
compiled by iteratively graphing successive
measured sections or cores and integrating ran-
ges in all sections. The accuracy of these ranges
depends on the number of sections, preserva-
tion and correct identification of the species.
The X/Y cross plot presentation appears to be
similar to two-dimensional age/depth plots used
by many stratigraphers, however, those plots
use pre-determined age models that cannot be
tested. In contrast event orders and ages com-
piled by graphic correlation can be fully evalua-
ted because the sources of the data are availa-
ble. In addition the order of events in different
basins can be compared.

- 114,118
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The measured sections of events are plotted
to a standard section scaled in mega-annums.
By iteratively plotting successive sections the
ranges are composited in a numerical time sca-
le. Such a database is testable and the process
is transparent so that the fossil occurrence in
each section can be evaluated to determine its
accuracy. This process integrates data from nu-
merous global sections analyzed by specialists.
The database is documented by a series of se-
ven appendices accessible through the 'CRET-
CSDB' link at http://precisionstratigraphy.com/.

The graphic correlation process retains the
interpretation in the hands of a team of specia-
lists rather than a heuristic computer program.
This method enables the stratigrapher to detect
hiatuses or changes in rates of sediment accu-
mulation that might have been overlooked in
assigning zones to the section. The objections
to graphic correlation methodology posed by
GRADSTEIN et al. (2004) can be eliminated by se-
lecting a geologic time scale as the standard
reference section (SRS). Thus the scale is in
mega-annums rather than thickness and as-
sumptions about sediment accumulation rates
are avoided. The process is not limited to a few
sections or a few stratigraphic events.

Construction of the Cretaceous Chronostrati-
graphic Data Base3 (CRECSDB3) began in late
1994 as an outgrowth of a joint project with the
Free University of Amsterdam. This data base
has become an integrated set of more than
3500 taxa, magnetochrons, geochemical
events, sequence stratigraphic, and other types
of marker beds measured in more than 295
stratigraphic sections distributed from the Te-
thyan Realm to the Arctic and Antarctic (Fig. 2).
A majority of sections is from Europe and North
America because these areas have been studied
most intensively; however all major continents

Figure 2: Map of selected MIDK and other database sections showing geographic distribution of section data (with
file numbers) in CRETCSDB3 plotted on an Early Cretaceous paleogeographic map (BLAKEY, 2010; © Ron BLAKEY,

Colorado Plateau Geosystems).
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| Figure 3: Histogram of geographic distribution of sections in
CRETCSDB3.
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and ocean basins are represented (Fig. 3). The-
se chronostratigraphic events were integrated
relative to each other by progressive sets of
graphic correlation experiments. Building suc-
cessive sets of 40 to 60 sections was necessary
because of the limits of the GraphCor software.
An unlimited number of sections can be analy-
zed in subsequent projects, thereby overcoming
the perceived disadvantage that the number of
sections is limited (GRADSTEIN et al., 2004). The
CRETCSDB3 was compiled in eight graphic cor-
relation projects: MIDK3, MIDK4, MIDKA41,
MIDK42, MIDK45, LOK, CRET1, and CRET2 (Fig.
4).

The first project, MIDK3.CAT, was designed
to use a time scale as the standard reference
section (SRS) so that no assumption was made
as to constancy of rates of sediment accumula-
tion. The succession of section graphs then we-
re scaled to time units rather than thickness
units. The first experiment used the 1990
HARLAND Geologic Time Scale (1989) as the SRS
plotted to the Kalaat Senan, Tunisia Cenoma-
nian/Turonian section (RoBAszynNski et al.,
1990). The MIDK3 project is composed of 51
outcrop and cored Aptian to Coniacian sections
from the Crimea to the North American Western
Interior Basin. The Albian/Cenomanian GSSP
section at Mont Risou near Rosans, France
defines this boundary in the project. The ranges
of chronostratigraphic events were saved in the
MIDK3CS.1 file, which was then used as the
SRS for the next project. At the end of each
project the data was saved in a similar and gro-
wing data file, which was then used to compile
the next project.

Figure 4: Process model showing successive project stages and the
number of sections and cumulative number of events in CRETCSDB3.

The second project, MIDK4, was designed to
test processes of Aptian to Campanian carbona-
te shelves and Upper Cretaceous oceanic red-
beds (CORBs) (Scotr, 2009). The standard
reference section is the MIDK3CS.1, which is
the composite of all sections in MIDK3.cat.
MIDK4 is composed of 67 sections between
Tibet on the east and westward to North Ame-
rica and includes critical DSDP Atlantic, Indian
Ocean and Weddell Sea cored sections. In this
project the base of the Aptian Stage is defined
by ammonites in Georgian sections, formerly of
the USSR (BAPTCS.1). The Turonian/Coniacian
reference sections in northwestern Germany
compose the WOOD CS.1 section. The Creta-
ceous/Paleogene boundary was cored in ODP
1050C on the Blake Nose in the Western
Atlantic (MIDKPAL.35).

The third project was MIDK41, which inte-
grated all the data in MIDK4 with the revised
ages of stage boundaries (OGG et al., 2004),
which is the reference section (NEWKAGES.1).
An additional 45 sections were integrated with
this time scale. Several key Cenomanian/Turo-
nian sections already in the database were re-
graphed in order to re-set the ages of FOs to
93.00 Ma. However the LOs did not change.
Additional sections in carbonate shelves and in
the Upper Cretaceous redbed sections were
added. These data were saved as MIDK41CS.1,
which became the SRS of the fourth project,
MIDK42. In this project the age of the Cenoma-
nian-Turonian boundary was revised by gra-
phing sections spanning Cenomanian-Turonian
boundary. New sections from the Sinai and
Tibet were added to extend the control of the
Late Cretaceous interval and saved as the com-
posed section MIDK42CS.1.
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A CRETACEOUS NUMERICAL TIME SCALE

CRETCSDB1 DATABASE
R.W. Scott, Precision Stratigraphy Associates, 2013
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Figure 5: A Cretaceous time scale with numerical ages as calibrated in
GTS2012 and in CRETCSDB3. First and last appearance biodatums and magne-
tochrons calibrated to stages and numerical ages in CRETCSDB3. Middle Creta-
ceous magnetochrons not yet well defined in reference sections are not inclu-

ded.

The fifth project, MIDKA45,
used MIDK42CS.1 as the SRS
and added 44 Upper Creta-
ceous shelf and basin sections
in Turkey, Spain, Croatia,
France, Sinai, Iran, and paly-
nological data from Green-
land. The Angles section in
Southern France was included
to add data across the Barre-
mian/Aptian boundary. The
resulting MIDK45CS.1 data
set is the SRS for CRETI1,
which was the next step that
extended the database down
to the Jurassic/Cretaceous
boundary. In order to con-
strain Lower Cretaceous am-
monite and calpionellid zones
a separate project, LOKCS.2,
was created and was integra-
ted with CRET. LOKCS.2
consists of twenty-three sec-
tions that integrate ammoni-
tes, nannoplankton and ma-
gnetochrons and spans the
Berriasian through Barremian
stages and into the lower part
of the Aptian. The Olazagutia,
Spanish section spanning the
Coniacian-Campanian was al-
so added to CRET1. This data-
base was extended to include
key Upper Cretaceous sec-
tions and their ammonite zo-
nes in the Western Interior.

This database was then
graphed to the MIDK45CS.1
database derived from project
MIDK45 to form the
CRET1.CAT project. The stan-
dard reference section of
CRET1 was the 2004 Geologic
Time Scale (GTS2004, OGG et
al., 2004). Only the numerical
age of the Albian/Cenomanian
boundary differs significantly
from the GTS2004 age becau-
se it was calibrated to Wes-
tern Interior bentonites that
correlate to the North Texas
section by dinoflagellates and
sequence stratigraphy (ScoTrT,
2007; OBOH-IKUENOBE et al.,
2007, 2008). In the North
Texas section ammonites con-
strain the base Cenomanian
(KENNEDY et al., 2005). The
CRET1 project is composed of
40 sections, many of which
are of Upper Cretaceous silici-
clastic sections in the Western
Interior.
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The numerical ages of latest Cenomanian to
earliest Turonian LOs were re-calibrated to the
revised age of the Cenomanian/Turonian boun-
dary (OGG et al., 2004; OGG & Hinnov, 2012) by
re-graphing 26 key sections spanning this
boundary to comprise CRET2.CAT. Also included
were selected sections that increased the occur-
rences of key bioevents. The MOWRYCS databa-
se of 19 Western Interior sections was also ad-
ded to integrate the middle Cretaceous silici-
clastic Dakota Group and Mowry Shale sections
in New Mexico, Colorado, Wyoming, and Mon-
tana, which included the important bentonites
used previously to date the Albian/Cenomanian
boundary (OBRADOVICH, 1993; Hicks et al.,
1999; OBOH-IKUENOBE et al., 2008; ScoTT et al.,
2009).

The final step in compiling CRETCSDB3 was
to re-set the LOs across the Cenomanian/Turo-
nian boundary. These occurrences were deleted
in CRET2CS.1, which then was graphed to GTS
2004 as CRETFIX.CAT project. This file, CRET
CS3.1 was graphed to NEWKAGES.1 and
CRET.1 in the CRETFIX.CAT. This composited
dataset was saved as CRETCSDB3 (Fig. 5).

3. Results

Integrated radiometric dates

The Cretaceous geochronologic scale is
constrained by numerous radiometric measure-
ments (Table 1). The majority of ages were de-
termined on sanidine by “°Ar/*°Ar from Albian
through Maastrichtian bentonites in North Ame-
rica (OBRADOVICH, 1993; IzetT et al., 1998;
Hicks et al., 1999; HANCZARYK & GALLAGHER,
2007). High-precision glauconite dates have
also been used to scale the Cretaceous (ODIN,
1994). Many of the dates have been updated by
other workers in GTS2012 and new analyses
are in progress (B. SINGER, personal communi-
cation, 2013). The numerical ages derived by
radiometric analyses continuously evolve as
new standards and methods are used. OBRADO-
VICH (1993) measured sanidine ages from beds
at diverse localities associated with actual or
inferred key fossils that represent the zones.
Only those ages in measured sections were
graphed into CRETCSDB3. Many other ages
were from isolated beds associated with zonal
fossils and were interpolated to calibrate the
scaling of the Western Interior ammonite zones
(CoeBaAN et al., 2006). In the Red Bird section,
eastern Wyoming, six bentonite beds are
interbedded with fossil zones dated by
OBRADOVICH (1993); these beds were graphed
into the CRETCSDB3. Other dated strata are in
well documented biostratigraphic sections and
have been integrated into CRETCSDB3. An
additional age of 115.5+0.7 Ma from a tuff bed
in northern Mexico was derived from U/Pb in
zircon (Peryam et al., 2005), however no
comparable date is in GTS2012. This bed is a
few meters below the Upper Aptian Immunito-

ceras immunitum STOYANOW Assemblage Zone,
which consists of Eodouvilleiceras adkinsi,
Hypacanthoplites ceratitosus, and Parahoplites
fasciculatus (GoNzALEz-LEON et al., 2008). Zircon
in rhyolites overlying the Upper Valanginian
Calcicalathina oblongata-Speetonia colligata
assemblage (NK-3) in Tibet are dated at
136.0+3.0 Ma by the SHRIMP method (WaN et
al., 2011). The Berriasian-Valanginian Assipetra
infracretacea Subzone of the Retecapsa
[Cretarhabdus] angustiforata Zone (NK-2) is
dated at 138.46%+0.29 (GTS2012). However
these two radiometrically dated strata are not
in the same bed as these taxa so they are
compared with the ages of the FO of the spe-
cies in CRETCSDB3, which are somewhat older.

The majority of radiometric ages are within
one million years of numerical ages in CRET
CSDB3; those ages that differ by more than 1
myr are highlighted (Table 1). The original ages
of some beds are closer to the CRETCSDB3
ages; however the greatest difference results
from the different calibration of the Cenoma-
nian/Turonian boundary, which was re-calibra-
ted since the beginning of the Cretaceous data-
set. Also ages spanning the Albian/Cenomanian
boundary differ because two different radiome-
tric age calibrations are used to constrain this
boundary (see discussion in section on stage
calibrations).

An X/Y plot visually compares the radio-
metric ages with ages interpolated by graphing
of well documented sections in CRETCSDB3
(Fig. 6). This plot demonstrates that the two
methods produce precise time scales that are
consistent where stage ages are consistent.
Ages of Santonian ammonites are an outlier set
on the correlation line. The ages of FOs of Sca-
phites hippocrepis 1I and Desmoscaphites
bassleri are different in CRETCSDB3 than in
GTS2012. These discrepancies suggest that the
range of S. hippocrepis 11 was dated near its
extinction point rather than at its FO, and that
D. bassleri ranges below the dated bed in ano-
ther section of CRETCSDB3. Ages in the older
part of the Cretaceous Period are not well
constrained stratigraphically so that the compa-
rison is inaccurate.

Another outlier is around the Cenoma-
nian/Turonian boundary. Numerous closely spa-
ced, radiometrically dated bentonite beds are
interbedded with key zone taxa. Even though
the dated beds and fossils were not collected
from a single measured section, the beds and
zones are in a consistent stratigraphic order.
The bioevents crossing this boundary are youn-
ger in CRETCSDB3 than in GTS2012 because
ranges in CRETCSDB3 were reset from the 1990
90.5 Ma age to 93.0 Ma to accommodate the
1993-1998 revised Cretaceous time scale.
Because the numeric age of this boundary va-
ries (B. SINGER, personal communication, 2013),
the ages in CRETCSDB3 must be re-calibrated.
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Figure 6: Plot of published Cretaceous radiometric “°Ar/*°Ar ages of key strata with numerical ages integrated by

graphic methods in CRETCSDB3.

Calibration of stage boundaries

The GSSP sections of the Cenomanian, Turo-
nian and Maastrichtian are incorporated into
CRETCSDB3, and boundaries of other stages in
CRETCSDB3 are defined by the same criteria as
used in GTS2012. The numerical age calibration
of Cretaceous stage boundaries in both GTS-
2012 and CRETCSDB3 track closely except the
Albian/Cenomanian and the Valanginian/Haute-
rivian boundaries (Fig. 7). The age of the Ceno-
manian base varies in the two databases be-
cause different sections and different radiome-
trically dated beds are used to constrain the age
and because cyclostratigraphic data of the
Albian and Cenomanian are incorporated in
both stage scales (FIeT et al., 2001; OBRADOVICH
et al., 2002; GrirrPo et al., 2004; ScoTT et al.,
2009).

The base of the Cretaceous System in GTS
2012 currently is placed at the base of the Ber-
riasian Stage although no GSSP has been desi-
gnhated (OGG et al., 2004; OGcG & Hinnov, 2012).
Criteria used in construction of GTS2004/2012
are the FO of Berriasella jacobi and the base of
Calpionellid Zone B defined by the FO of the
intermediate spherical form of Calpionella alpi-
na, both of which are within the upper part of
Chron M19n. These criteria are located in
sections in southeastern France and at Rio Ar-
gos, Spain.

In CRETCSDB3 the Rio Argos section
(LOK.2), one of the first datasets used to
construct the Lower Cretaceous range data,
sets the FO of B. jacobi at 10 m, but neither
magnetochrons or Calpionellid Zone B were
identified in this section. However all three
criteria are reported in the Puerto Escano
section, Southern Spain (LOK.28); the magne-
tochron and C. alpina also co-occur in the Ita-
lian Bosso Valley section (LOK.8); the magneto-
chron is recorded with nannoplankton also in
the Fiume Bosso Section, Italy (LOK.26) and
the Fonte Giordano Section (LOK.27).

P Table 1: Comparison of published numerical ages
of Cretaceous ammonite zones and marker beds
interpolated in GTS2012 compared with numerical
ages of same events in CRETCSDB3. Yellow fill notes
ages out of predicted order. (1) OBRADOVICH, 1993;
“OAr/*Ar Sanidine, Tables I, II; in section data
NEWKAGES.1; (2) Revised by Hicks et al., 1999; (3)
HANCZARYK & GALLAGHER, 2007; (4) IzeTT et al., 1998;
(5) KENNEDY et al., 2000b; Beds in Pueblo, Colorado
Cenomanian/Turonian outcrop in sections MIDK.15B,
NEWKAGES.1; (6) By graph of UPK.19; (7) GONZALEZ-
LEON et al., 2008; (8) WAN et al., 2011.
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Taxa

Radiometric ages

Sources Obradovich 1993 Hicks et al. 1999 GTS2012 CRETCSDB3
Haitian Tektites-2 measurements (1) 65.19:0.45/ 65.92-65.84 FO LO
64.97+0.29
Chicxulub glass/Marker bed K-T Iridium anomaly 65.81 65.5 65.46
Zone of Baculites clinolobatus (1) 69.42+0.37 69.57+0.37 70.08+0.37 69.67 69.28
Marker bed PS clinolobatus bentonite 69.42
Zone of Baculites grandis 70.15£0.65 70.66+0.65 70.55 69.69
Marker bed PS grandis bentonite 70.28 70.25
Zone of Baculites reesidei 72.50£0.44 73.41+0.47 73.46 72.45
Zone of Baculites compressus (1) 73.35+0.39 73.52+0.39 74.05+0.39 74.288 74.285
Marker bed PS compressus (2,6} 72.4342(Sr)(3) 73.52
Zone of Exiteloceras jenneyi(1) 74.76+0.45 74.31+0.43 74.85+0.43 74.63 74.26
Marker bed PS jenneyi bentonite 74.35 74.26
Zone of Globotruncanita calcarata (1,2,6) 75.37+0.39 75.92+0.39 75.61 74,11
Zone of Baculites scotti 75.44+0.27(4) 76.07+0.51 76.62+0.51 76.07 75.41
Marker bed PS scotti bentonite 76.07 75.42
Zone of Baculites gregoryensis 75;3:’2?;{3‘ 76.84 76.1
Zone of Didymoceras nebrascense(1) 75.89+0.72 75.31 74.84
Zone of Baculites obtusus (1) 80.54+0.55 80.04£0.45 80.10+0.61 80.36 79.89
Marker bed PS obtusus bentonite (2,6) 80.04 79.89
Marker bed PS Ardmore bentonite (6) 80.54+0.55 81.30-80.62 80.4 80.03
Zone of Scaphites hippocrepis 11(1) 81.71+0.34 81.870.15 83.8 81.81
. . 84.43+0.09/
Zone of Desmoscaphites bassleri(1) 83.91+0.43 31.3340.18 85.95 84.94
Top of Cladoceramus undulatoplicatus(1) 84.88+0.28 85.59+0.28 85.91 84.88
Zone of Protexanites bourgeoisianus(1) 86.9210.39 87.11+0.08/ 86.81 86.73
Sl
Zone of Scaphites preventricosus(1) 88.34+0.6 89.30£0.16 88.03 88.03
Zone of Prionocyclus macombi(1) 90.21+0.72 S 89.91 88.99
91.07+0.16
Zone of Prionocyclas hyatti (1) 90.51+0.45 91.1540.13 90.8 89.92
94.09+0.13
Zone of Pseudaspidoceras flexuosum(1) 93.25+0.55 93,6740 ﬂf 93.02 93.02
Bentonite 96 (1,5) 93.40+0.63 93.79+0.12 92.82 92.79
Bentonite 88 (1,5) 93.25+0.55 93.37+0.04 92.91 92.88
Zone of Neocardioceras juddii 93.30£0.40/ 94.29+0.13/94.01+0. 93.16 93.11
three measurements on Bentonite 80(1) 93.78+0.49 04
Zone of Euomphaloceras septemseriatum(1) 93.49+0.89 94.20+0.15 93.48 93.35
Bentonite 69 (1,5) 03.49+0.89 ggttii;?;lrg 93.35 93.27
Bentonite 64 (1,5) 93.90+0.72 95.25+1.0 93.43 93.35
Zone of Dunveganoceras pondi(1) 94.63+0.61 95.32+0.61 93.52 93.44
Marker bed "X" bentonite (1) 94.93+0.53 95.87+0.10 94,53 94.5
Acanthoceras amphibolum(1) 94.93+0.53 95.53+0.09 94.78 94.77
Marker bed Thatcher Member 95.78+0.61 96.56+0.45 95.4 95.35
Marker bed Clay Spur bentonite (1) 97.17+0.69 97.88+0.69 97.01 96.92
Marker bed Arrow Creek bentonite (1) 98.52+0.41 99.24+0.41 98.52 98.52
+
Zone of Neogastroplites haasi (1) 98.5440.70 999916;:3%! 98.17 98.08
Zone of Neogastroplites cornutus(1) 98.52+0.41 102.37 99.26
V6hrum ash bed (GTS2012) 113.08+0.14 113.6
Zone of Immunitoceras immunitum(7) 114.74 114.45
Zone of Eodouvilleiceras adkinsi(7) 115.27 115.26
Zone of Hypacanthoplites jacobi(7) 117.83 112.89
Abow Icicalathin, lon - i
c;igg:z:aaa:sZ;al;IageﬁSD:RTM%a{; spectonts 136£3.0 FO140.42 134
::;J::;Ziiapi:trzaoir::racretacea Subzone of Retecapsa 138.46+0.29 FO 141.46
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Figure 7: Plot of numerical ages of stage boundaries in GST2012 with those in CRETCSDB3.

The numerical age calibration of the base of
the Berriasian has had a wide error bar because
no direct calibration points are available; the
age used in GTS2004 was 145.5+4.0 Ma and in
GTS2012 it is 145.0+0.8 Ma. This age was deri-
ved from the M-sequence magnetic polarity time
scale (OGG & SMITH, 2004). The interpolated age
of the Berriasian base in CRETCSDB3 is 144.30
Ma at the FO of B. jacobi; the age span of Chron
M19n is 143.96-143.79 Ma and the age range of
Calpionella alpina is 145.47 to 138.85 Ma. Addi-
tional suitable sections have yet to be documen-
ted in which all three criteria occur together.

The base of the Valanginian Stage is placed
at the bases of Chron M14r.3 and Calpionellid
Zone E defined by the FO of Calpionellites dar-
deri in GTS2004/2012. These events are slightly
below the FO of Tirnovella [Thurmanniceras]
pertransiens and Thurmanniceras otopeta. A
possible GSSP section is the Barranco de Cafada
Luenga section in southeastern Spain, where
two short sections have been documented
(AGcuapo et al., 2000) (LOK.31, LOK.32 in
CRETCSDB3). Both T. pertransiens and C. dar-
deri first occur together in both sections; one
taxon is slightly below the top of Chron M15r in
one section and the other is just above the top
in the other section. The age of T. pertransiens
in CRET CSDB3 is 139.43 Ma, T. otopeta is
140.26 Ma, and C. darderi is 141.80 Ma; the top
of M14r is 140.71 Ma and the top of M14n is
140.69 Ma. In GTS2004 the age of the Valangi-
nian base is 140.2+3.0 Ma and in GTS2012 it is
139.4 Ma.

The base of the Hauterivian Stage is at the base
of Chron M10n and close to the FO of Acanthodiscus
radiatus, which is dated at 136.4+2.0 Ma in
GST2004 and at 133.9 Ma in GTS2012. The key
reference section for the Hauterivian is the section
near La Charce in southeastern France (section
LOK.13 in CRETCSDB3). The FO of A. radiatus is
dated at 134.28 Ma in CRETCSDB3. The age of this
boundary is constrained by a new radiometric date
of 136.0+3.0 Ma overlying Valanginian nannofossils
in Tibet (WAN et al., 2011).

The Barremian Stage is defined by the FO of
Taveraidiscus hughii [formerly "Spitidiscus" hughii]
and Avramidiscus vandeckii in GTS2004, which is
dated at 130.0+1.5 Ma and at 130.8 Ma in GTS
2012. The proposed stratotype is the Rio Argos
section, Caravaca, Spain (section LOK.3 in CRET
CSDB3). The FO of "Spitidiscus" hugii is projected at
128.00 Ma in CRETCSDB3 and of FO Avramidiscus
[Spitidiscus] vandeckii at 130.23 Ma; these bio-
events are in the upper part Chron M5r, the top of
which is dated at 130.78 Ma in CRETCSDB3.

The base of the Aptian Stage is proposed to be
Chron MOr in the pelagic succession at Gorgo a
Cebara, Italy, which is dated at 125.0+1.0 Ma in
GTS2004 and 126.3 Ma in GTS2012. In CRETCSDB3
Chron MOr is dated at 125.0 Ma in this section
(MIDK.43). Two ammonites first appear slightly
younger: FO Deshayesites oglanlensis at 124.55
and Deshayesites tuarkyricus at 124.44 Ma. In
Boreal sections the alternative bioevent is the FO of
Prodeshayesites spp., which is represented by P.
obsoletus in CRETCSDB3 dated at 125.22 Ma.
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The definition of the base of the Albian Stage
is as yet undecided (OGG et al., 2004) but the
Italian Monte Petrano section (MIDK.55) is a
candidate GSSP (KENNEDY et al., 2000a). The FO
of Leymeriella tardefurcata is the proposed basal
criterion and is close to the Niveau PAQuIER bed
and a carbon isotope marker, which are dated at
112.0+1.0 Ma by GTS2004. Slightly older is the
FO of the nannofossil Prediscosphaera colum-
nata. These four event markers occur together
in the Mt. Petrano section and are dated in
CRETCSDB3 at 112.68 Ma, 112.72 Ma, and
114.53 Ma, respectively. However in GTS2012
the Albian base is tentatively placed at the FO of
Leymeriella schrammeni and dated at 113 Ma.
This bioevent is documented in the infilled
Véhrum 4 Quarry in northwestern Germany
where L. schrammeni anterior is 0.1 m above
the FO of Hypacanthoplites jacobi and 0.7 m
below the FO of Prediscosphaera cf. columnata
(circular form) (MuTTERLOSE et al., 2003). The FO
of L. schrammeni schrammeni is 9.0 m higher.
This section has been graphed with the CRET
CSDB3 and the resulting numerical age of FO of
L. schrammeni anterior is 113.51 Ma and the FO
of L. schrammeni schrammeni is 112.96 Ma. The
absence of an agreement of an event to mark
the base of the Albian Stage impacts the accura-
cy and precision of cyclostratigraphic calibration
of the Albian duration.

The base of the Cenomanian Stage is at the
FO of Thalmanninella globotruncanoides in the
GSSP at the Mont Risou section, southeastern
France (KENNEDY et al., 2004). The age calibra-
tion of this boundary has evolved considerably
since 1993 when the age was pegged at
98.5+0.5 Ma (OBrADOVICH, 1993) to 99.6%£0.9 in
GST2004 and 100.5 Ma in GTS2012. An alterna-
tive data set of sequence stratigraphy, cosmo-
politan dinoflagellate and ammonite events
correlate the Albian/Cenomanian boundary in
the U.S. Gulf Coast with the Clay Spur Bentonite
Bed radiometrically dated at 97.88+0.69 Ma in
the Western Interior (Scott et al., 2009; age
revised in GTS2012). Because CRETCSDB data
set was founded prior to the evolution of this
age, the FO of T. globotruncanoides is projected
at 97.13 Ma by correlation with the Clay Spur.
This age calibration results in a 15.47 myr dura-
tion for the Albian Stage, which is considerably
longer than the 11.6+0.2 myr duration pro-
jected by cyclostratigraphy (Grippo et al., 2004;
FIET et al., 2006; ScoTT et al., 2009). Calibration
of the Albian duration by cyclostratigraphy is as
yet uncertain because of differences in the
eccentricity frequencies and the number of
cycles counted in the Monte Petrano and
Piobicco sections (ScoTT et al., 2009: Fig. 9).

In the Turonian Stage GSSP (MIDK.15) at Pue-
blo, Colorado, the FO of Watinoceras devonense is
the criterion defining the stage (KENNEDY et al.,
2000b). The age is constrained at 93.5+0.8 Ma by
numerous closely associated bentonite beds in
GTS2004 and 93.9 Ma in GTS2012. In CRETCSDB3
the initial age was 90.5 Ma used by HARLAND et al.,
(1990), which was the age scale used in the first
step constructing the MIDK3 database in 1994, the
precursor dataset of CRETCSDB3. Subsequently the
age of this boundary was shifted to 93.00 Ma by re-
graphing the Kalaat Senan section (MIDK.1), which
brought the FOs down but the LOs did not move
because their ages were set in the standard section.
Subsequently this data set was edited in order to
recalibrate the last occurrences to approximate the
older age.

Although no GSSP has been accepted to define
the base of the Coniacian Stage, the FO of Cremno-
ceras deformis erectus is the preferred marker in
either the Slazgitter-Salder Quarry (Wood.1) in nor-
thern Germany or in the Pueblo section, Colorado
(MIDK.15, MIDK.15B). Its age in GTS2004 was
89.3+1.0 Ma and more recently in GTS2012 the age
was shifted to 89.8+0.3 Ma. GTS2012 uses the FO
of Scaphites preventricosus as an equivalent stage
base. In CRETCSDB3 the age of C. deformis erectus
is 88.51 Ma, which was used in the HARLAND 1989
time scale (1990) and the age of the FO of S.
preventricosus is 88.03 Ma.

The Santonian Stage is defined by the FO of Cla-
doceramus undulatoplicatus in the quarry at Olaza-
gutia, Spain (UPK.3), the proposed GSSP (LAMOLDA
& PauL, 2007). Its age was calibrated at 85.8+0.7
Ma in GTS2004, 85.8 Ma in GTS2008, and at
86.3+0.5Ma in GTS2012. In CRETCSDB3 this bio-
event is documented in the Olazagutia quarry and
dated at 85.91 Ma. This bioevent is documented in
several other sections including Eastbourne, United
Kingdom (MIDK.29), Austin, Texas (UPK.1), and
Ten Mile Creek, Dallas, Texas (Coniac.3). However,
GST2012 uses the FO of Clioscaphites saxitonianus,
which is equated with the base of C. undulatoplica-
tus and dated at 86.26 Ma. In CRETCSDB3 the C.
saxitonianus bioevent is dated at 85.89 Ma.

The base of the Campanian Stage was initially
defined by the FO of Placenticeras bidorsatum, a
rare species; recently the LO of the uncommon
pelagic crinoid, Marsupites testudinarius, has been
proposed to mark the Santonian/Campanian boun-
dary (OcGG et al., 2004). Two sections are candidate
stratotypes, the English chalk section and the
Waxahachie Dam Spillway, Texas (UPK.37). The
base of the Campanian was dated at 83.5+0.7 Ma
by GTS2004, GTS2008 and GTS2012. In CRET
CSDB3 the base of the stage is dated at 83.55 Ma
by the LO of M. testudinarius, which is slightly
younger than the FO of P. bidorsatum at 83.57 Ma.
GTS2012 places the FO of the Western Interior
ammonite, Scaphites leei 111, dated at 83.64 Ma at
the base.
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Following a long, complex history, the defini-
tion of the Maastrichtian Stage was set 90 cm
below the FO of Pachydiscus neubergicus and
Hoploscaphites constrictus in a quarry near
Tercis les Bains in southwestern France (ODIN,
1996; ObDIN & LAMAURELLE, 2001; OcG et al.,
2004; OGG & Hinnov, 2012). The age calibration
of this boundary, however, is uncertain. One
hypothesis correlates the GSSP horizon close to
the base of the Western Interior ammonoid zone
of Baculites jenseni and to the middle of Chron
C32n.2n, both of which are interbedded with a
bentonite dated at 72.4+0.5 Ma (OGG et al.,
2004, p. 365). In CRETCSDB3 the B. jenseni
bioevent is dated at 72.38 Ma and the magne-
tochron spans from 73.29 to 71.85 Ma; the FO
of P. neubergicus is 72.58 Ma. However GTS
2012 places the Western Interior Baculites bacu-
lus at the base and interpolates its age at 72.05
Ma; the age of this bioevent in CRETCSDB3 is
72.18 Ma.

The GSSP boundary of the Cretaceous Period
and the Paleogene Epoch is the Iridium anomaly
in the El Kef, Tunisia, section (UPK.5) (FRANKEL,
1999). This anomaly is also recorded in the
southwest Atlantic (DSDP 516F, section
PAL.131) and the Indian Ocean (ODP 752A+B,
PAL.141). Top of the Maastrichtian in CRET
CSDB3 is bracketed by the extinction of nume-
rous key ammonites, foraminifera, nannoplank-
ton, and dinoflagellates.

Calibration of ammonite biozones

The GTS2012 chart lists 46 Upper Cretaceous
Western Interior ammonite zones, most of which
are in CRETCSDB3 (Table 2). The correlation of
stage boundaries into the Western Interior are
the interpretation of CoBBAN et al. (2006). The
ages of all but four Western Interior taxa are
scaled in the predicted order: Pseudaspidoceras
flexuosum, Vascoceras diartianum, Neogastro-
plites cornutus and Neogastroplites haasi; three
of these four are only slightly younger than
adjacent zonal indices (Table 2). The stage as-
signment of the five Neogastroplites zones is
equivocal, being assigned to the Cenomanian
because of the radiometric bentonite ages in
GTS2012 and to the Upper Albian because of the
regional correlations with the Texas section
(ScotT, 2007; ScotT et al., 2009). The Upper
Albian ammonite zones and subzones are inclu-
ded although they are not identified in the
Western Interior.

P Table 2: Comparison of numerical ages of FO of
Western Interior ammonite zones interpolated by Cos-
BAN et al. (2006) and numerical ages of Lower Creta-
ceous ammonite zones in GTS2014 with numerical
ages in CRETCSDB3. Lower Cretaceous zonal scheme
is mainly from REBOULET et al. (2010).

Stages/ Ammonite Taxa GTS2012 | CRETCSDE3
Substages
Jeletzkytes nebrascensis 68.69 NA
E Hoploscaphites nicolleti 69.3 NA
ﬁ Hoploscaphites birkelundae 69.91 NA
T:; Baculites clinclobatus 70.44 69.65
g Baculites grandis 71.13 70.54
Baculites baculus 72.05 72.2
Baculites eliasi 72.74 72.2
< Baculites jenseni 73.27 72.38
g Baculites reesidei 73.63 72.91
3 Baculites cuneatus 73.91 74.25
§ Baculites compressus 74.21 74.29
5 Didymoceras cheyennense 74.6 74.61
s: Exiteloceras jenneyi 75.08 74.63
Didymoceras stevensoni 75.64 74.98
Didymoceras nebrascense 75.64 75.18
Baculites scotti 76.94 75.94
& Baculites reduncus 77.83 NA
§ Baculites gregoryensis 78.34 76.75
g Baculites perplexus 79.01 79.08
g Baculites sp. (smooth) 79.64 NA
g Baculites asperiformis 80.21 79.77
s Baculites maclearni 8067 79.82
Baculites obtusus 80.97 79.99
H Baculites sp. (weak flank ribs) 8§1.13 80.99
[Baculites sp. (smooth) 81.28 81.32
E’ Scaphites hippocrepis Ill 81.53 NA
g Scaphites hippocrepis |l 82 NA
S Scaphites hippocrepis | 82.7 §3.96
5 Scaphites leei Ill 83.64 85.36
Desmoscaphites bassleri 84.08 85.95
é Desmoscaphites erdmanni 84.52 NA
§ Clioscaphites choteauensis 85.23 85.69
§ Clioscaphites vermiformis 85.56 85.71
Clioscaphites saxitonianus 86.26 85.89
é Scaphites depressus 87.86 86.91
£ Scaphites ventricosus 88.77 NA
S Scaphites preventricosus 89.77 §8.03
c Scaphites mariasensis 89.87 NA
‘3;3_ 2 |prionocyclus germari 89.98 NA
5 g Scaphites nigricollensis 90.24 NA
= Scaphites whitfieldi 90.65 88.91
= Scaphites ferronensis 91.08 88.94
‘g Scaphites warreni 91.34 88.93
‘é Prionocyelus macombi 91.41 89.91
K Prionocyclus hyatti 91.6 90.8
S Collignoniceras praecox 92.08 NA
2 Collignoniceras woollgari 92.9 92.35
= |Mammites nodosoides 93.35 92.76
E -g Vascoceras birchbyi 93.45 NA
S 5 |Pseudaspidoceras flexuosum 93.55 93.02
™ Jwatinoceras devonense 93.9 92.95
Nigericeras scotti 93.98 92.95
Neocardioceras juddii 9415 93.62
Burroceras clydense 94.27 NA
g Euomphaloceras septemseriatum 94.39 93.88
& Vascoceras diartianum 94.57 93.33
§ Dunveganoceras conditum 94.78 NA
§ Dunveganoceras albertense 95.01 NA
‘g Dunveganoceras problematicum 95.24 NA
% Dunveganoceras pondi 95.47 93.52
o Plesiacanthoceras wyomingense 95.67 NA
3 Acanthoceras amphibolum 95.81 94.35
s Acanthoceras bellense 95.9 95.13
Acanthoceras muldoonense 95.98 95.09
Acanthoceras graneraosense 96.08 95.09
Conlinoceras tarrantense 96.24 NA
& Neogastroplites maclearni 97.76 97.68
E Meogastroplites americanus 98.19 98.55
= Neogastroplites muelleri 98.75 98.62
Q Meogastroplites cornutus 99.17 102.37
-_§ Meogastroplites haasi 99.81 98.17
= Mantelliceras mantelli 100.25 97.07
Arrhaphoceras briacensis 100.91 97.09
= Mortoniceras perinflatum 101.41 98.64
5 Mortoniceras rostratum 101.72 101.26
T |Mortoniceras fallax 103.13 NA
§ Mortoniceras inflata 103.94 101.83
= Mortoniceras pricei 106.98 104.16
Dipoloceras cristatum 107.59 105.54
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tarly Cretaceous CRETCSDB .
Stages/Substages GTS2012 3 Tethyan Ammonites GTS2004 CRETCSDB3
a 100.5 97.13 [stoliczkaia dispar 93.14
=] Mortoniceras inflatum 101.83
= @ Euhoplites lautus 106.39
< = Euhoplites loricatus 107.89+0.30 107.16
S 2 Hoplites dentatus 107.65
< 5 Douvilleiceras mammillatum 111.58
g Leymeriella tardefurcata 112.68
- 113 112.7 |Leymeriella schrammeni anterior 113.08 £ 0.14 113.07
Hypacanthoplites jacobi 117.83
5 Acanthoplites nolani NA
§ Parahoplites melchioris 114.84+1.30 NA
Cheloniceras martinoides/ Epicheloniceras 120.90 + 1.10/
=
< martini 192.20 £ 1.50 121.25/ 122.25
E Dufrenoyia furcata 1%22212211111/ 122.93
] . . 124.32 + 1.80/
g Deshayesites deshayesi 125 98 £ 2 87 123.61
Deshayesites forbesi/weissi 125.45+0.43 123.75/123.85
126.3 | 124.55 |Deshayesites oglanlensis 124.55
Pseudocrioceras waagenoides NA
" Martelites sarasini 124.89
@
= b Imerites [Colchidites] giraudi 125.07
< = Gerhardtia sartousiana 125.43
E Ancyloceras vandenheckii 126.82
E Moutoniceras moutonianum NA
g . Kotetishvilia compressissima 129.68
@
g Nicklesia pulchella 128.5
= Nicklesia [Subpulchellia] nicklesi 128.57
130.8 130.2 |Taveraidiscus [Spitidiscus] hugii 128.53
"Pseudothurmannii ohmi”
129.18
i
W
-4 a . .
< 3 Balearites balearis
> 129.59
E Fleisospitidiscus ligatus 131.16
'5 Subsaynella sayni 132,70+ 1.30 132,13
<
T Lyticoceras nodosoplicatum
- 133.55
g
= Crioceralites loryi
= i 135.37
133.9 | 136.44 |Acanthodiscus radiatus 136.44
. . . 133.51+£0.29
Criosarasinella furcillata
136.00 + 3.00 137.18
2 .
< cé Neocomites peregrinus
= =] 137.77
Q
E Saynoceras verrucosum
= 138.19
< o )
> @ Busnardoites campylotoxus
= 138.61
g - 137.62+0.21
139.4 | 140.25 |Timnovelia pertransiens 138.84
137.30+1.20
) o 138.46 +0.29
E Late Subthumannia [Fauriella] boissieri
7]
S 141.95
&
w Middle Subthumannia occitanica
o 141.06
Lower 145 144  |Berriasella jacobi 144.07

Table 3: Comparison of numerical ages of FO of Lower Cretaceous zones mainly from REBOULET et al. (2010). High-

lighted ages are discussed in text.
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| Figure 8: Compari-
A CRETACEOUS NUMERICAL TIME SCALE son of planktic forami-
CRETCSDBR3 DATABASE niferal age models of
R.W. Scott, Precision Stratigraphy Associates, 2012 GTS2012 (blue bars)
. X . and CRETCSDB3 (red
2004/12 CRETCSDB1 Ammonites Planktic Foraminifers
40 bars).
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All but two of the Early Cretaceous zonal in-
dex species are documented in CRETCSDB3 and
the ages of all but two are in the predicted or-
der (Table 3). The two zone index species that
appear to be out of order are Early Barremian
Kotetishvilia [Subpulchellial compressissima
and Middle Berriasian Subthurmannia occita-
nica. The FO of K. compressissima is calibrated
at 129.68 Ma, which is older than the older
three Barremian zones that are calibrated from
128.53 to 128.50 Ma (Table 3). K. compressis-
sima is reported in the Gorgo a Cerbara section,
Italy (MIDK.43) in the interval of Magnetochron
CM3R dated at 130.4-129.03 Ma, which spans
from earliest Barremian to early Late Barremian
(OGG & Hinnov, 2012). This species is also re-
corded in the Campillo de Arenas section, sou-
thern Spain (MIDK.128) where it overlies the
oldest Barremian zones of Nicklesia [Subpul-
chellia] nicklesi and Taveraidiscus [Spitidiscus]

hugii in the predicted order; the age of the FO
of K. compressissima is interpolated at 128.40
Ma. This discrepancy suggests that the ages of
earliest Barremian events may need to be re-
calibrated. The Middle Berriasian Subthurman-
nia occitanica is in the Rio Argos section, Spain
(LOK.3) and the Berrias section, France (LOK.6)
where its age is calibrated at 141.06 Ma. It
overlies the 144.07 Ma Berriasella jacobi Zone
and underlies the Subthurmannia [Faurella]
boissieri Zone dated at 141.95 Ma.

Calibration of planktic foraminiferal biozones

The ages of Cretaceous planktic foraminife-
ral zones and their ranges in CRETCSDB3 have
been interpolated relative to older time scales
(HARDENBOL et al., 1998; PREMOLI SILVA & SLITER,
2002). As the GTS2012 time scale evolves the-
se ages must be re-calibrated to revised ages of
stage boundaries. The order of foraminifera
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Cretaceous Nannofossil Biostratigraphy (Burnett, 1998 & Bown, 1998)

« Table 4: Compari-

2012 | CRETCSDB3 Bown et al. 1998; Burnett 1998 CRETCSDB3 son of stratigraphic or-
Age Stages Zones Taxa @ Top Zone FO-Ma LO-Ma delr of CretaCfEOLlﬁ
[= o calcareous nannofossi
66 66.5 g UC20 |M. prinsi 65.43 zones of BowN et al.
2 UC19 |L. quadratus 68.77 (1998) and BURNETT
§ uc18 |R. levis 68.38 (1998) with numerical
= UC17 |T. orionatus 69.17 ages in CRETCSDBS3.
721 726 = UC16 |B. parca constricta 69.56 Highlighted taxa are
= UC15 |E. eximius 70.04 older or younger than
o 0oz v oo predicted by BowN and
E . pleniporus 74.99 BURNETT.
O UC13 |B. parca parca 83.45
83.6 83.6 |Santonian| UC12 |A. cymbiformis 90.29*
86.3 85.9 UC11 |L. septenarius 85.56
Coniacian| UC10 |L. grilli 88.2
M. staurophora
uce P 88.25
89.8 88.5 c
-E ucs L. septenarius 92.89
= UC7 |E. eximius 90.3
" UC6 |Q. gartneri 93.13
93.9 93 c UC5 [H. chiastia 92.8
g UC4 |L. acutus 92.7
g UC3 |C. biarcus 94.2
S Uc2 |L. acutus 96.34
© UC1 |G. segmentatum 94.8
100.5 97.13 UC0/BC27|C. kennedyi 96.58
. NC10 |H. albiensis 97.36
Albian —
NC9 |E. turriseiffelii 101.89
NC8 |A. albianus 108.89
113 112.55 . NC7 |P. columnata 114.36
Aptian -
NC6 |E. floralis 122.85
126.3 124.5 |Barremian NC5 H. irregularis 122.65
130.8 130.2 -
Hauterivian| —
NC4 C. cuvillieri 128.36
133.9 134.44 |alanginian NC3 |T. verenae 133.98
139.4 140.25 NC2 |C. oblongata 141.12
. NC1 |R. angustiforata 143.66
Berriasian - — -
N. steinmanni steinmanni 143,71
NJK pars - —
145 144 N. steinmanni minor 143.55

* Turonian in Canadian Western Interior

bioevents in CRETCSDB3 is the same as in these
zone schemes (Fig. 8) however some FOs are
older in CRETCSDB3 than projected by PREMOLI
SiLvA and SLITER. Most differences are the result
of different age calibrations of stage boundaries.

Calibration of calcareous nannofossil biozones

A revised Lower Cretaceous nannofossil zone
scheme is based on new data from northwestern
Europe, which integrated Boreal and Tethyan
species with ammonite zones (BowN et al.,
1998). The Upper Cretaceous nannofossil bio-
stratigraphy is composed of ranges in the North
Sea integrated with Mediterranean and Indian
Ocean data (BurRNETT, 1998) (Table 4). The
GTS2012 succession of nannofossil FO and LO
are derived mainly from BRALOWER et al. (1995)
and BowN et al. (1998) with modifications from
three other specialists (Table 5).

The CRETCSDB3 database is composed of
430 nannofossil taxa including most of the taxa
that define the various zonal schemes. In order
to evaluate the correspondence of the relative

stratigraphic order of zone marker species, the
numerical ages in GTS2012 are plotted to the
ages in CRETCSDB3 (Table 4). Most bioevent
ages are consistent with the ages of the stages
in which they are reported in GTS2012 (BURNETT
et al., 1992). However several events that mark
stage boundaries in GTS2012 are younger in
CRETCSDB3. The LO of Broinsonia parca con-
stricta at the base Maastrichtian is about 3 myr
younger in the Maastrichtian. This species oc-
curs above the top of magnetochron C32, which
spans the Campanian/Maastrichtian boundary in
GTS2012. The FO of Arkhangelskiella cymbifor-
mis marks the top of the Santonian and the
UC12/UC13 boundary in GTS2012 however this
species is reported in the Turonian in the Cana-
dian Western Interior (SCHRODER-ADAMS et al.,
1996). The base of the Cenomanian corresponds
to the FO Corollithion kennedyi, which in CRET-
CSDB3 is scaled at 0.55 myr younger than the
FO of the GSSP marker Thalmanninella globo-
truncanoides. The base of the Albian is correla-
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ted with the FO of Prediscosphaera columnata
(Bown et al., 1998) however in several sections
the FO of this species is below ammonite and
planktic foraminiferal bioevents and black shale
beds that traditionally mark the base Albian.

Calibration of dinoflagellate bioevents

Formal dinocysts zones have not been defi-
ned; however the FO and LO of key species are
documented (FOUCHER & MONTEIL, 1998; WILLIAMS
et al., 2004). The stratigraphic ranges are con-
trolled by latitude so that ranges are different in
low, middle and high latitudes. The dinoflagel-
lates events in CRETCSDB3 are not latitudinally
differentiated so that the FO and LO ages may
differ from the published charts (Table 6). In
addition the dinocyst events in CRETCSDB3 are
documented in fewer sections than many other
bioevents in the data set. For example, the FO
of Cannosphaeropsis utinensis is recorded in
only one section in CRETCSDB3 in the
Maastrichtian and its full range into the Santo-
nian is not yet documented. None the less, the
occurrences of many species bracket stage
boundaries as predicted.

Calibration of polarity chrons

The Lower Cretaceous interval of the M-
sequence magnetic anomalies spans from the
Berriasian to the Aptian stages and the Upper
Cretaceous C-sequence spans from Santonian
through the Maastrichtian (OGG and SMITH,
2004; OGG & Hinnov, 2012). These magneto-
chrons are constrained in the CRETCSDB3 by
key sections (Table 7). The Lower Cretaceous
series CMOR-CM9R and M14n-M20r are defined
in fourteen sections in Italy, Spain, Portugal,
and Poland; chrons M10n - M13r are not recor-
ded in these sections. The Upper Cretaceous C-
sequence C29n-C34n is controlled by five ocea-
nic sections in the Antarctic, Southern and Nor-
thern Atlantic, and offshore England. The
Maastrichtian-Danian contact is between the top
of C29r at 64.74 Ma and the top of C30n at
69.89 Ma. If the Jurassic/Berriasian boundary is
at M18r/ M19n in the Berriasiella jacobi Zone,
the age is 143.59 Ma. However if the base
Berriasian is at FO of B. jacobi then the system
age is 144.07 Ma.

Upper Cretaceous polarity chrons ages are
somewhat younger in CRETCSDB3 than in GTS
2012 (Table 7). This is the result of calibrating
the Cretaceous/Paleogene boundary at 65.5 Ma
in CRETCSDB3 compared to 66.0 Ma in GTS
2012. However the Lower Cretaceous polarity
chron ages vary considerably; some in CRET
CSDB3 are younger than in GTS2012 and others
are older. Few radiometric ages in the Lower
Cretaceous constrain the age calibration of ma-
gnetochrons.

P Table 5: Comparison of numerical ages of Creta-
ceous calcareous nannofossil bioevents in OGG & HIN-
Nov (2012) with ages in CRETCSDB3. Highlighted taxa
are either older or younger than in GTS2012.

Nannofossil Taxa Ogg et al. 2012 CRETCSDB3
FO LO FO LO

Cribrosphaerella daniae 66.6 66 70.97 64.47
Micula prinsii 67.2 66 66.75 65.43
Nephrolithus frequens 67.7 66 69.2 64.52
Micula murus 68.9 66 68.17 65.33
Lithraphidites guadratus 69 66 68.77 65.16
Reinhardtites levis 70 68.38
Tranolithus orionatus 71 69.17
Uniplanaris [Quadrum] trifidus 72 68.21
Broinsonia parca constricta 72.1 69.56
Tranolithus phacelosus 72.2
Eiffellithus eximius 76 70.08
Uniplanaris [Quadrum] trifidus 77 76.19
Quadrum gothicum 76.95
Uniplanarius sissinghii 77.5 76.72
Ceratolithoides aculeus 79 78.16
Lithastrinus grillii 65.95
Misceomarginatus pleniporus 80.75 74.99
Marthasterites furcatus 80.75 82.27
Broinsonia parca parca 81.75 87.51
Arkhangelskiella cymbiformis 83.25 88.58
Calculites obscurus 84 92.62
Lithastrinus septenarius 85.5 85.56
Lucianorhabdus cayeuxii 86 88.26
Lithastrinus grillii 86.1 89.26
Reinhardtites anthophorus 86.3 90.21
Micula staurophora 89.8 88.25
Marthasterites furcatus 90.25 89.36
Lithastrinus septenarius 91.5 92.89
Eiffellithus eximius 93.25 98.67
Kamptnerius magnificus 93.3 92.66
Quadrum gartneri 93.5 93.13
Helenea chiastius 93.5 93.11
Axopodorhabdus albianus 93.29
Corollithion kennedyi
Ahmuellerella [Vagalapilla] octoradiata 94.05
Parhabdolithus asper 94.3 92.98
Lithraphidites acutum 94.3 NA
Cylindralithus biarcus 94.75 93
Lithraphidites acutum 96.3 96.34
Microrhabdulus decoratus 96.3 97
Gartnerago segmentatum 98.5 94.37
Corollithion kennedyi 100.5 96.55
Gartnerago nanum 108.68
Hayesites albiensis 100.75 97.33
Eiffellithus turriseiffelii 103 101.89
Eiffellithus monechiae 107.5 101.97
Axopodorhabdus albianus 110 109.77
Tranolithus orionatus 110.5 111.07
Coraollithion signum 135.18
Hayesites albiensis 1125 115.19
Prediscosphaera columnata 113 114.53
Parhabdolithus achlyostaurion 141.63
Micrantholithus hoschulzii 122.2 112-108.88,
Epralithus floralis 124 122.7
Conusphaera rothii 126 122.54
Rhagodiscus gallagheri 126.1 122.63
Rucinalithus irregularis 129.88
Hayesites irregularis 126.3 122.65
Flabellites oblonga (consistent) 127.3 125.78
Calcicalathina oblongata 130 122.42
Lithraphidites bollii 1315 125.14
Rucinolithus windleyi 132 Na
Rucinolithus terebrodentarius 132 132.11
Speetonia colligata 132.5 130.92
Cruciellipsis cuvillieri 133 126.86
Lithraphidites bollii 137.54
Tubodiscus verenae 133 134.33
Eiffellithus striatus 135 NA
Eiffellithus windi 137.5 136.56
Rucinalithus wisei 101.12
Calcicalathina oblongata 139.4 140.91
Percivalia fenestrata 141.24
Cretarhabdus angustiforatus 142.13
Retecapsa angustiforata 145 143.86
Nannoconus kamptneri 145 137.17
Nannoconus steinmannii 145 143.91
Nannoconus wintereri 145.5 143.67
Rotelapillus laffittei 143.89
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2012 |CRETCSDB3 Taxa FO-Ma | LO-Ma <« Table 6: Comparison of
numerical ages of Creta-
Age Stages ceous dinoflagellates first
66 66.5 E Alisocysta circumtabulata 65.49 occurrences in 0GG & HIN-
2 NOV (2012) with ages in
@ CRETCSDB3. The FO of Ca-
& - — nnosphaeropsis utinensis is
S Trithyrodinium suspectum 71.03 highlighted because it is
72.1 72.6 s QOdontochitina porifera 76.25 much younger than pre-
E dicted. Cretaceous dinofla-
o gellate biostratigraphy from
E FOUCHER & MONTEIL (1998)
Q Ellipsodinium rugulosum 88.34 and WILLIAMS et al. (2004).
83.6 83.6 . |Cannosphaeropsis utinensis 69.72
Santonian —
Endoscrinium campanula 84.32
86.3 85.9 R. furcatum 88.2
Coniacian
Cyclonephelium
membraniphorum 89.6
89.8 88.5 =
T
]
5 Heterosphaeridium difficile 92.5
= Chatangiella verrucosa 93.1
93.9 93 c Carpodinium obliquicostatum 93.16
IS Ovoidinium verrucosum 94.3
Q
100.5 97.13 Ovoidinium verrucosum 98.88
Albian
Litosphaeridium arundum 112.01
113 112.55 .
Aptian - — - -
Protoellipsodinium spinocristatum| 121.2
126.3 1245 . |Druggidium apicopaucicum 124.62
Barremian - —
Hystrichodinium furcatum 127.35
130.8 130.2 .
Hauterivian — -
Rhynchodiniopsis aptiana 134.18
133.9 134.44 .. |Kleithriasphaeridium fasciatum 138.11
\Valanginia
Systematophora areolata 138.63
139.4 140.25
Berriasian
145 144

Calibration of chemostratigraphic events

Cretaceous carbon-rich beds and carbon iso-
tope stratigraphic events are well documented in
the Cretaceous record and are tightly constrai-
ned by biostratigraphy. In CRETCSDB3 black
shale beds and positive carbon isotope shifts
and increases of total organic carbon were first
integrated from a few key reference localities
(Table 8). The widespread carbon isotope shifts
and black shale beds of OAE 1a, OAE 1b and
OAE 2 were first documented at Santa Rosa
Canyon, Mexico and at Kalaat Senan, Tunisia,
respectively. Subsequently they were documen-
ted and correlated at numerous other localities
including in the Piobbico Core, Marche, Italy.

OAE 1c was first defined in CRETCSDB3 at Roter
Sattel section, Switzerland, and the Coppa della
Nuvola section, Italy. It is correlated with the
Amadeus bed in the Piobbico core, Italy, and at
the Coppa della Nuvola section, Italy. OAE 1d
was projected into CRETCSDB3 from DSDP 547
core offshore Morocco and DSDP 386 core on
the Bermuda Plateau; it is correlated with the
Breistroffer bed at Mont Risou, Rosans, France,
and Col de Palluel, Hautes-Alpes, France. The
Upper Aptian-Lower Albian black shale beds
Marker beds Niveau JAcos, KILIAN, PAQUIER, and
LEENHARDT were first projected and scaled in
CRET CSDB3 from the Pré-Guittard section,
France.
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Chrons Ma Age End of Event Sections « Table 7: Comparison of nume-
CRETCSDB| GST2012 | DSDP | DSDP | ey g | DSDP Chrons in Oce & Hov. (2012)
3 Age S16F S48A 6908 with ages in CRETCSDB3. Gray co-
C25n lumns indicate key stratigraphic
C25r sections controlling sequencing and
C26n scaling of Cretaceous magneto-
C26r chrons.
C27n 60.92
C27r 61.2
C28n 62.45
C28r 63.63
C29n 63.98 65
C29r 64.74 65.6
C30n 65.89 66.3
C30r 67.58 68.2
C31n 67.69 68.3
C31r 68.22 69.2
C32n 1n 70.46 71.4
C32n 1r 71.28 71.6
C32r1n 71.85 71.9
C32r 1r 73.29 73.6
C32r 2r 73.75 74
C33n 73.93 74.2
C33r 78.59 80
C34n 83.39 83.6
ODP 641C Pie del Cismon Gorgo a ‘Fonte Canada Fiume DSDP 534
Dosso Cebara | Giordano | Lengua Bosso
CMOR 123.15 126
CM1R 127.7 128.3
CM3R 129.4 129
CM5R 130.78 131.4
CM6R 130.99 132
CM7R 131.34 132.3
CMB8R 131.79 132.8
CMO9R 132.54 133.4
M14n 140.66 138.6
M14r 140.68 139
M15n 140.86 139.6
M15r 141.02 139.9
Mién 141.09 140.4
M16r 141.95 141.5
M17n 142.28 142.2
M17r 1425 142.5
M18n 143.22 144
M18r 143.51 144.6
M19n 143.59 145
M19n.1r 143.75 1451
M19r 144.5 145.2
M20n 144.9
M20n.1r 145.84
M20r 147.06

The IntraVal OAEb-d events in CRETCSDB3
are positive shifts of about 0.5%0 in the C
isotope curve (HENNIG et al., 1999: Fig. 2). The
lower two shifts are in the Upper Valanginian
Verrucosum Zone and the highest shift is ac-
tually in the Lower Hauterivian spanning the
Radiatus/Loryi Zones. A broader shift of about
1.3%o0 spans about 35m in the Campylotoxus

Zone and is not identified in CRETCSDB3. Intra-
Val OAEb-c events approximate the "WEISSERT"
event of OGG et al. (2004).

Santa Rosa Canyon section in northern Mexi-
co is a classic North American reference section
for Lower Cretaceous biostratigraphy and che-
mostratigraphy (MIDK.3). A detailed record of
TOC%, CaCOs% and 3'3Corg%o spans the Ap-
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tian-Lower Albian interval from the La Pefia For-
mation into the Tamaulipas Limestone (BRrALO-
WER et al., 1999). A series of 15 positive C iso-
tope shifts of about 1%o0 (CI1-15) record chan-
ges in organic matter that range from below
OAE 1a to above OAE 1b. These events in the
Chihuahua Basin potentially may be identified
in other northern Mexican sections (J. MADHAVA-
RAJU, personal communication, 2013). The Iri-
dium anomaly that marks the top Cretaceous is
projected into CRETCSDB3 from DSDP 516F in
southwestern Atlantic Ocean and ODP 752A+B
in the Indian Ocean.

Cretaceous cyclostratigraphy and astrochro-
nology

Eccentricity cycles have been defined in a
number of Cretaceous sections based on bed-
ding composition and thickness. Cyclostratigra-
phic analyses have the potential to scale the
duration of several stages, however, different
durations have been proposed for the Albian
and Cenomanian stages. Uncertainty is derived
in part from using different criteria to define cy-
cles, such as lithologic changes, mineralologic
changes, gray-scale changes, and gamma ray
properties (HERBERT et al., 1995). An additional
source of uncertainty is from using different
biostratigraphic criteria to define the base of
the Albian. Furthermore, diverse correlations of
the Albian/Cenomanian boundary with different
radiometrically dated beds using different bio-
stratigraphic properties and sequence stratigra-
phy result in different durations of the stages.

Geochemical Event Beds

Included in CRETCSDB3 are twenty-five cy-
cles defined in the cored Albian interval at Gub-
bio, Italy (GrirPo et al., 2004). These cycles are
plotted with twenty-nine long-term (c. 413 kyr)
eccentricity cycles at Monte Petrano, Italy (FIET
et al., 2001; Scotr et al., 2009). Albian dura-
tions vary from 11.9 myr (HERBERT et al., 1995)
to 11.6 £ 0.2 myr (FIeT et al., 2001, 2006) and
up to 12.45 myr (Grirro et al., 2004). The esti-
mates of the Cenomanian duration range from
4.45 myr to 6.0 £ 0.5 myr (HErRBerT et al.,
1995).

Cenomanian-Turonian limestone-marl cycles
in the Bridge Creek Limestone Member of the
Greenhorn Formation record mainly long-term
eccentricity, 413 kyr, and obliquity, 50.7 kyr,
cycles by spectral analysis that together scale
the Bridge Creek duration at 1.57 myr (SAGEMAN
et al., 1997).

In the Bounds core (MIDK.9), the lithologic
cycles of the members of the Greenhorn Forma-
tion core are identified as correlative "marker
beds" with initials of the respective lithostrati-
graphic units (HATTIN, 1975; ScotT et al., 1998).
In CRECSDB3 the durations of these marker
beds range from 306,300 kyr to 43,600 kyr and
average 144,266 kyr. These lettered cycles are
defined differently than those of SAGEMAN et al.
(1997) and evidently do not record uniform cli-
mate cycles but they are combinations of
eccentricity and obliquity frequencies.

Age- |Age-0Ogg|
Event Defining Character Locations CRETCSDB| etal.
3 2012
OAE 3
Inflection points on positive C |CRET.1, MIDK.1, 9, 10, 12, 15, 158, 23
OAE 2 isotope shift of ~1.5%., TOC 26, 29, 32, 34, 72, 74, 88, 98, 99, 93.52 93.9-94.4
spike, Plenus Marl/Bonarelli 107,131, 132,133 '
OAE 1d Inflection points on positive C MIDKA4 5 11 135 96.98 100.5+
isotope shift of 0.5-1%o I 97.38 o
OAE 1c !nﬂectlon ;.Jomts on poitive C MIDK.98, 112, 144 101.39 106.7-
isotope shift 102.40 107.2
110.25
MIDK.3b, 5, 11, 41, 55, 98, 112 St
OAE 1b 112.09 111.5
Inflection points on positive
MIDK.3b, 13, 26, 41, 43, 69, 98 122.32
. ~ 0, . . r ’ ’ r ’ ’ ! -
OAE 1a shift of ~1.5%., TOC spike, Selli 114, 138 123.68 124-125.5
bed
. LOK.13 La Ch .
Inter:VtaI (\)lAlE(c)iiEaut ) Inflection points on positive C ToK13 La Charce 1:‘; 2? 135.8-
mrave e isotope shift of ~0.5%o e : 136.5
IntraVal OAEb LOK.13 La Charce 138.1
Local positive carbon isotope . 107.99
| men 1-C1 MIDK. nta R M NA
Cl Segments C1-C15 shifts 3b Santa Rosa Mexico 124.60

Table 8: Comparison of numerical ages of Cretaceous geochemical events in OGG & HINNOV (2012) with ages in

CRETCSDBS3.
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Interbedded marl-limestone cycles are defi-
ned in the Coniacian-Santonian Niobrara For-
mation (Marker beds Kn 1-9; LAFERRIERE & HAT-
TIN, 1989). The average duration of these cycles
is 70,846 kyr based on graphic plots suggesting
that they may represent the 100 kyr eccentrici-
ty frequency (Scott et al., 1998). These bed
sets are mapped and correlated from Kansas to
the Colorado Front Range a distance of 525 km.
MILANKOVITCH-scale eccentricity and obliquity cy-
cles were documented by resistivity log data
and CaCO; weight percent in the Niobrara For-
mation (LOCKLAIR & SAGEMAN, 2008).

Integration of non-marine biota

Although most of the 3500+ events in CRET
CSDB3 are marine fossils or non-biotic events,
terrestrial microfossils are integrated with stage
boundaries. Pollen and spore taxa are docu-
mented from sections in the Western Interior
and Texas Gulf Coast. In these sections marine
fossils occur together with the non-marine taxa.
The large Turonian-Maastrichtian non-marine
biota in the Songliao Basin has been integrated
with marine and ages projected to their ranges
(ScotT et al., 2012; WaN et al., 2013). A 2400
m core in the Songliao Basin documented the
biota, magnetochrons, sparse marine foramini-
fera, and two radiometric dates. These markers
were also in CRETCSD3 and were the common
points in the graphic solution. These taxa are
listed in a separate table in ScoTT et al. (2012).

4. Conclusions

The Cretaceous Chronostratigraphic Databa-
se - CRETCSDB3 - is a compilation of more
than 3500 numerically dated age-diagnostic
events of the Cretaceous Period. This database
is composed of major zonal index species toge-
ther with magnetochrons, geochemical events,
marker beds, and sequence stratigraphic con-
tacts. The CRETCSDB3 was compiled from near-
ly 300 publically accessible measured sections
with biostratigraphic data check-listed by pro-
fessional paleontologists. It serves as a referen-
ce table of bioevent ages to be used to interpret
chronostratigraphy of outcrops and cores.
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