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Why a new Geologic Time Scale ? 

• Better built, more accurate and more precise

• 75 of 103 stage boundaries formally defined versus < 60 in 2012

• Cenozoic orbitally tuned (20 - 40 kyr accuracy); some cycle scaling
of  Cretaceous, Jurassic, lower Triassic and Carboniferous stages

• 330 U/Pb and Ar/Ar ages (> 125 new since GTS2012)
a majority < 0.5 myr external uncertainty

• Improved statistical interpolations with detailed error analysis 

•> 30 Phanerozoic stage boundaries changed age 0.5 - 6 Ma

• Sixteen more chapters (now 45), including Phanerozoic Eustasy, 
Chemostratigraphy, Evolution/Biostratigraphy, Crustal Events





Principal Cretaceous ammonite genera
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The stratigraphic divisions and their correlation in the rocks

Measuring linear time or elapsed durations from the rocks

The methods of joining the stratigraphic and the linear scales

The Time Scale Components



Andy Gale
Tethys time – global super Ocean



Boundaries of the twelve historical 

Cretaceous stages primarily defined

by ammonites in France and 

The Netherlands.  

Magnostratigraphy, microfossil

zones or events and carbon isotope 

excursions added later.  



Six ratified and six potential

Global Boundary Sections and Points (GSSP’s)



GSSP for base of  

Maastrichtian Stage 

at Tercis, France is

90-cm below  lowest 

occurrences of 

ammonoids 
Pachydiscus neubergicus

and Hoploscaphites 

constrictus.  

GSSP for the Maastrichtian Stage

.



Difficult GSSP in the Tercis section, France

No real GSSP, no geomagnetics and no good planktonic events



Inter-basinal correlations and 405 kyr cycles

Voigt et al., 2012; Thibault et al., 2012



Santonian-Campanian boundary

Two separate bug definitions have grown up on account of provinciality and usage, 

solved by carbon isotopes that link crinoid and planktonic forams sections.

1. Use of crinoid Marsupites extinction

in Boreal, Austral and some Tethyan

regions, dominantly in chalks.

2 – Extinction of planktonic foram

D.asymmetrica in relation to base of 

magnetochron 33R.



Bottacione Gorge at Gubbio, Umbria, Italy.

The beginning of Chron C33r, 

with global recognition in pelagic

and continental settings. 

Close to the extinction 

of D. asymetrica and changes

in the nannofossil Broinsonia. 

Distinctive double (a, b)

positive excursion in δ 13C, 
(LSE – Late Santonian Event)

enables detailed global correlation.

Proposed GSSP for the Santonian-Campanian boundary, Gubbio, Italy

with magnetostratigraphy, carbon isotopes and biostratigraphy



Dicarinella symetrica (D.carinata) LAD

Broinsonia parca var.

Principal Santonian-Campanian boundary markers



Correlation from Gubbio using carbon isotopes and biostratigraphy

for Santonian-Campanian boundary correlation



Walaszczyk et al. (in press)

GSSP proposal for the Coniacian Stage
Salzgitter-Salder Quarry section  (Lower Saxony, Germany)



Walaszczyk et al. (2020)

GSSP proposal Coniacian Stage

Salzgitter-Salder Quarry section

(Lower Saxony, Germany)



GSSP for base of the 

Turonian Stage near 

Pueblo, Colorado, USA.  

The GSSP level is LO 

Watinoceras devonense.

GSSP Turonian Stage 

New high-precision 

age date 93.90 ± 0.15

(Meyers et al. 2012



GSSP Cenomanian Stage

Boundary age of 

100.5±0.14 Ma.



Global correlation of Cenomanian sequences: Evidence for Milankowitch control on sea level

Gale et al., 2002, GSA Bulletin.

Andy Gale

Jan Hardenbol



21

The Carbon Isotope Curve
{(13C/12C) sample – (13C/12C) standard} x 1000

13C =  ––––––––––––––––––––––––––––––––––––––––

(13C/12C) standard

Stratigraphically powerful curve of changes in 12C/13C ratio    

of dissolved carbon in the ocean/atmosphere system

measured for example in foraminferal shells

Biota prefer the lighter Carbon ( 12C) isotope

Burial of marine organic matter (< 12C in ocean) causes rise in δ13Corg

Massive release of methane hydrates causes fall in δ13Corg

(e.g. PETM)

Large volcanic episodes (> 12C in ocean) cause fall in  δ13Corg



Mid-Cretaceous Geomagnetic Quiet Zone complicates GTS, 

but carbon isotope trends provide global marine/non-marine correlations

OAE1a

OAE2



OAE 2 (Bonarelli Event): Cenomanian–Turonian boundary Carbon 

isotope excursion spans the M. geslinianum to W. devonense ammonite zones, with the 

peak in uppermost Cenomanian. The associated organic-rich levels are named Bonarelli 

in central Italy.

Hesselthal, Germany



Albian GSSP

M.renilaevis

Also nannofossil, ammonite and 

carbon isotope proxy markers !



Base Albian GSSP with proxy markers

Lowest occurrence of circular nannofossil Prediscosphaera columnata

and lowest occurrence of nannofossil Helicolithus trabeculatus

Boundary marker: First occurrence of planktonic foramininfer

Microhedbergella renilaevis.

Lowest occurrence of ammonite Leymeriella (L) tardefurcata at base of Niveau Paquier,  

Distinctive negative carbon-isotope excursion just above base of Niveau Paquier in the

Vocontian Basin, is a local manifestation of Oceanic Anoxic Event 1b. 



*A-A

Pres–Guittard, Drôme, France : APTIAN-ALBIAN boundary  



Stratigraphic input data for the Late Cretaceous spline



Cenomanan - Maastrichtian cubic spline fit and time scale, using 15 radiometric ages, 

interpolated with 15  405 kyr cycle derived ages and stage durations, 

all aligned to the mid km M-sequence, with 7 chron-sequence distances.

Frits Agterberg



Age of Late Cretaceous stages in GTS2012 and GTS2020  

GTS2012     GTS2020  uncertainty



Stratigraphic input data for the Early Cretaceous spline



Early Cretaceous – Middle Jurassic cubic spline fit and time scale, using 25 radiometric 

ages, interpolated with ten 405 kyr cycle derived ages and stage durations, 

all aligned to the mid km M-sequence with 18 chron-sequence distances

. 

Frits Agterberg



Long Aptian (13.3 myr) in GTS2012

with base at 126.3 Ma
Duration of Aptian Stage based on high-resolution 

cyclostratigraphic interpretation of the Piobboco core 

of  central Italy (Huang et al., 2010) relative to a U-

Pb date of 113.1 ± 0.3 Ma near the Aptian/Albian 

boundary (see Ogg et al., 2012).

Short Aptian (8.2 myr) in GTS2020 with 

base at 121.3 Ma
Piobboco core Milankowich cyclicity is wrong. 

Hauterivian-Barremian boundary at 126.02 Ma 

(Martinez et al., 2015). 

Magnetostratigraphy of U-Pb-dated boreholes in 

Svalbard, Norway, implies that magnetochron M0r 

begins at 121.2 ± 0.4 Ma (Zhang et al., 2019)

Spreading rate estimates change the date of the base 

Aptian to 121.5 Ma (Malinverno et al., 2012). 

Short Aptian in GTS2020

Age estimates using three definition for base Aptian



Berriasian through Aptian stage ages and stage durations

s.d.



Nothing really 

happens at the J/K 

boundary !

First order eustatic sealevel 

is relatively low.

There is severe fossil 

endemism, leading to 

local stages and great 

confusion in correlation. 

Endless Jurassic-Cretaceous boundary deliberations (No boundary definition !)

MFIBTYF 
and geomag or 

stable isotopes 

cannot be seen 

in outcrops….



New Definition for the Jurassic-Cretaceous boundary 
the only Period boundary without a ratified definition

Old



Ammonitico Rosso type limestones across the J/Cr boundary

Veliky Kamenets, W. Ukraine

Nothing really happens at the J/K boundary !



Cretaceous ‘hothouse’Las dos tetas


