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PRINCIPLES 1 – 2 – 3
= 

STRATIGRAPHICAL SCALE
BY SEARCH OF ‘DISCONTINUITIES’ 

A.  PREAT–ULB,  L11&12 (2011)
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CONCLUSION

CHRONOSTRATIGRAPHY is defined by the International Stratigraphic Guide
(Hedberg, 1976) as the element of stratigraphy that deals with the AGE of
strata and their TIME relations.  The conceptual basis is the division,
classification, and correlation of rocks and geologic time on the basis of time
intervasl that are isochronous and time planes that are synchronous
⇒ isochronous = equal time duration (of rock bodies…)
=> synchronous = surfaces or time planes

North American Stratigraphic Code (NASCN, 1984) has introduced newer
developments in stratigraphy => DIACHRONIC UNITS : they are not
strictly stratigraphic units because they are temporal rather than material units,
despite they also deal with time and age ==> ALLOSTRATIGRAPHY 
An allostratigraphic unit is a mappable stratiform body of sedimentary rock that is
defined and identified on the basis of its bounding discontinuities.  
They are unconformity-bounded units (= EVENT stratigraphy)
===>’allomember, alloformation, allogroup’ ….

A.  PREAT–ULB,  L11&12 (2011)
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http://evolution.berkeley.edu/evolibrary/article/history_12
http://www.victorianweb.org/science/lyell.html

Uniformitarism : Charles Lyell
(‘gentleman geologist’)

Charles Lyell (1797-1875) was born at Kinnordy, Scotland. His father, an amateur botanist, and his grandfather, a navigator,
gave him very soon a taste for the observation of the Nature. He went to the Oxford University to study classical literature,
but he also followed the geological course of William Buckland.  After having been employed as jurist for some years, in 1827
he decided on a career of geologist and held the chair of geology of the King’s College of London, from 1831 on. He was a
contemporary of Cuvier, Darwin, von Humboldt, Hutton, Lavoisier, and was elected membre correspondant' of the Académie
des sciences, France', in January 1862. Charles Lyell is one of the eminent geologists who initiated the scientific thinking in
geology, in which his famous volumes of the Principles of Geology were taken as the authority. These reference volumes are
based on multiple observations and field works collected during numerous fieldtrips in western Europe (principally Spain,
France, and Italy) and North America. To his name are attached, among others: (i ) the concept of uniformitarism
(or actualism), which was opposed to the famous catastrophism, in vogue at that time, and which may be summarized by the
expression “The present is the key to the past”; (ii ) the division of the Tertiary in three series denominated Eocene,
Miocene, and Pliocene, due to the study of the age of strata by fossil faunas; (iii ) the theory according to which
the orogenesis of amountain chain, as the Pyrenees, results from different pulsations on very long time scales and
was not induced by a unique pulsation during a short and intense period. The uniformity of the laws of Nature is undeniably
a principle Charles Lyell was the first to state clearly and to apply to the study of the whole Earth’s crust,
which opened a new era in geology.
(from http://www.em-consulte.com/article/69664).

A.  PREAT–ULB,  L11&12 (2011)
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LOCAL or REGIONAL STRATIGRAPHY

or ‘step by step’ correlations
==> CHRONOSTRATIGRAPHICAL DIVISIONS

= historically hierarchy of time-rock divisions, orignally conceived as divisions of rock
 representing specific division of time. The birth of  ‘modern ’chronostratigraphy is 1971. 

The process of standardization of chronostratigraphy, or better, of a global standard
stratigraphy, continues actively by international effort… => ‘stratotypes’
The important divisons in the chronostratigraphical scale are the system, series and stages 
⇒ this hierarchy has evolved since the 19th century until the names of the systems, at least,
are in general use

A.  PREAT–ULB,  L11&12 (2011)
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Periods = TIME
Systems = STRATA

Lithostratigraphy 1795-1841
⇒ most of the present-day systems
Biostratigraphy 1842
d’Orbigny => Stages ( in J and in  K)….

unclear today despite the
‘La Serre’ GSSP’
see GTS 2004, 2008
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A.  PREAT–ULB,  L11&12 (2011)
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old name for Wales 

ancient tribe in the Welsh 
Borderland = Silures

Province of Perm, Ural mountains

Devonshire, UK

Jura Mountains in France and 
Swizterland

Threefold expression of those
rocks in Germany

‘coal’

‘chalk’

Paleontological origin,
beginning with Charles Lyell’s 
comparison between their
faunas and those of the present
day

‘Human evolution’

Periods = TIME
Systems = STRATA

One cannot say that
the dinosaurs lived in
the Jurassic System…

ancient tribe  in Wales
= Ordovices

http://comp.uark.edu/~sboss/geotimenames.htm
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A.  PREAT–ULB,  L11&12 (2011)
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1990  (the table is not complete)

A.  PREAT–ULB,  L11&12 (2011)
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1990

A.  PREAT–ULB,  L11&12 (2011)
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1995

A.  PREAT–ULB,  L11&12 (2011)

= MECH IRDANE  
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GSSP
MECH IRDANE
bed 123

Préat 2004
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A.  PREAT–ULB,  L11&12 (2011)

bed 123
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It is important to realize that there are
NO IDEAL SECTIONS, it is unreasonable 
to expect the fullfilment IN ONE PLACE 
of all those criteria referred as necessary.
We must make do with the BEST 
presently data available.

A.  PREAT–ULB,  L11&12 (2011)
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http://www.stratigraphy.org/

A.  PREAT–ULB,  L11&12 (2011)
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Categories and ranks of stratigraphic units (NACSN, 1989)

A.  PREAT–ULB,  L11&12 (2011)
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Categories and unit terms of stratigraphy  (in Brookfield 2004)

HIERARCHY

A.  PREAT–ULB,  L11&12 (2011)
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A.  PREAT–ULB,  L11&12 (2011)
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A.  PREAT–ULB,  L11&12 (2011)
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SEISMOSTRATIGRAPHY
3rd order >10 000’s yr -1 [3-10] myr, probably around 0.5 myr

A.  PREAT–ULB,  L11&12 (2011)
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INFORMAL TIME and PLACE WORDS

Upper Thuesday > <  Late Thuesday …

The’ Fondry des Chiens’ 
bioherm is of Late Eifelian
and below the Trois‐Fontaines
Formation (which is of 
Early Givetian age …)

A.  PREAT–ULB,  L11&12 (2011)
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Stratigraphy 2009 , vol.6,2 p.106-116
http://www.agiweb.org/nacsn/10570_articles_article_file_1642.pdf

A.  PREAT–ULB,  L11&12 (2011)
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J. Sed. Petrology, 1987, 57/2, 363-372

LITHO-
GEO-
CHRONO-
(BIO-)

A.  PREAT–ULB,  L11&12 (2011)
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LITHOSTRATIGRAPHIC UNIT  is a stratum or body of strata, generally
but not invariably layered, which conforms to the Law of Superposition and is
distinguished and delimited on the basis of lithic characteristics and stratigraphic 
position. Example : Navajo Sandstone
BIOSTRATIGRAPHIC UNIT is a body of rock defined and characterized by
its fossil content. Example : Discoaster mutliradiatus Interval Zone
CHRONOSTRATIGRAPHIC UNIT is a body of rock established to serve as
the material reference for all rocks formed during the span of time. 
Example: Devonian System. Each boundary of a chronostratigraphic unit is synchronous.
GEOCHRONIC UNIT is a division of time distinguished on the basis of the rock 
record preserved in a chronostratigraphic unit. Example : Devonian Period
LITHODEMIC UNIT is a defined body of predominantly intrusive, highly
metamorphosed, or intensively deformed rock that, because it is intrusive or has lost
primary structure though metamorphism or tectonism, generally does not conform 
to the Law of Superposition
MAGNETOPOLARITY UNIT is a body of rock identified by its remanent 
magnetic polarity (= also MAGNETOSTRATIGRAPHIC UNIT)
PEDOSTRATIGRAPHIC UNIT is a body of rock that consists of one or more 
pedologic horizons developed in one or more lithic units now buried 
ALLOSTRATIGRAPHIC UNIT  is a mappable stratiform body of sedimentary rock
defined and identified on the basis of bounding discontinuities.

A.  PREAT–ULB,  L11&12 (2011)
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(NACSN, 1983)

A.  PREAT–ULB,  L11&12 (2011)
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ALLOSTRATIGRAPHIC UNITS  

• are unconformity-bounded units at all scales and ranks (from supergroup to member,  
also many of the Systems…).  They should be extended only as far as both (lower and
upper) of  their bounding unconformities are identifiable 
⇒ an unconformity is defined as a surface of erosion and/or nondeposition 
between rock bodies 
==> significant hiatus or gap in the stratigraphic succession caused by interruption
 of deposition for a considerable span of time

• they can include any other kind of stratigraphic units

NACSN, 1983

A.  PREAT–ULB,  L11&12 (2011)
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East-west cross sections across the Devonian Catskill sequences of southern New York showing the
differences between "lithostratigraphy" and "allostratigraphy".
(A) Traditional lithostratigraphic interpretation (pre-1930), which treated the units a layer-cake
sequence of Hamilton and Portage shales, Chemung sandstones, and Catskill redbeds.
(B) Present allostratigraphic interpretation, following Chadwick and Cooper that incorporates modern
concepts of facies change. Time planes are shown by curved lines, each unit consists of Catskill
redbeds in the east, sandy facies in the center, and shales in the west
(After Dunbar and Rodger, 1957; copied directly from Prothero and Schwab, 1996).

A.  PREAT–ULB,  L11&12 (2011)

layer-cake 

allostratigraphy
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A.  PREAT–ULB,  L11&12 (2011)
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MAGNAFACIES older term introduced with the same purpose by the
American Geological Institute (AGI) Glossary Geology
as a major, continuous, and homogeneous belt of deposits  that is distinguished
by similar lithologic and paleontologic characters and that extends obliquely
across time planes or though several defined chronostratigraphic units

Example: the ‘Catskill magnafacies’ of the Paleozoic clastic wedges derived from
the Appalachian orogen = relatively homogeneous but  bodies of rock
(here syntectonic clastic wedges)

Generalized cross section of Catskill delta magnafacies across western Pennsylvania and Ohio (adapted from Harper, 1999). The lower part of the section,
from the Hamilton Group (Marcellus Shale and Mahantango Formation) to the Tully Limestone, is Middle Devonian in age. The remainder of the section
is Upper Devonian.

A.  PREAT–ULB,  L11&12 (2011)
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ALLOSTRATIGRAPHIC UNITS
they are objective, noninterpretative units
(despite often related to orogenic episodes, epeirogenic cycles
 and eustatic sea-level changes)    

A.  PREAT–ULB,  L11&12 (2011)
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SUMMARY : BASIC DIVISION  IS INTO ROCK (=LITHOSTRATIGRAPHY),
RELATIVE TIME (=CHRONOSTRATIGRAPHY) AND NUMERICAL TIME
(=GEOCHRONOLOGY or TIME-ROCK)

⇒ chronostratigraphic units are erected on the time of formation of rock bodies
 and, as currently used and named, are based on relative methods ==> these
methods are then calibrated with numerical (geochronologic) methods, though
in the Precambrian, where relative methods are very coarse, units are defined
numerically and are purely geochronologic. 

⇒ systems of stratigraphic nomenclature need to be flexible and adjustable,
    not rigid and fixed … 

MATERIAL TIME HYBRID

A.  PREAT–ULB,  L11&12 (2011)
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ASCN Code 1961 (American Stratigraphic Code Nomenclature)

CAPITALIZATION = FORMAL vs informal NAMES

Simple rule : all words in every formally named stratigraphic unit begin with
capital letters except for the specific name in a biozone
Example : the Whitewater Arroyo Shale Tongue of the Mancos Shale, in northwestern
New Mexico , is contained in the Cenomanian Stage, which was deposited during the
early part of the Late Cretaceous Epoch

IMPORTANT : in some instances, stratigraphic units are used INFORMALLY,
even if they have geographic names
⇒ especially in subsurface work or when insufficiently recognized-defined-characterized
Example : the Spiro sandstone  (very well defined trough subsurface works but 
inacessible to the ‘normal’ scientific community > < Spiro Sandstone (= ‘poor’ outcrops
in the same area).
Example :  Early, Upper …. < > early, upper …..   = Formal vs informal
=> in some situation, an author may wish to use formal terms in informal way,
usually because definitive data are lacking
Example :  one might want to place a rock unit approximatively in the upper part
of the Cretaceous without really knowing whether some part of it might be
slightly lower than the formally defined Upper Cretaceous Series
 

A.  PREAT–ULB,  L11&12 (2011)
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www.nwrc.usgs.gov/techrpt/sta08.pdf 

A.  PREAT–ULB,  L11&12 (2011)
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A.  PREAT–ULB,  L11&12 (2011)

FONDRI DES CHIENS
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Conodont zonation (A) chronostratigraphy (B) lithosratigraphy
(south border of Dinant basin) (C) standard conodont zonation
(D) parallel Polygnathus and Ancyrodella zonation
(E) parallel Icriodus zonation

nb same ime duration for conodont zones!?

1991-today!

A.  PREAT–ULB,  L11&12 (2011)

‘FONDRI DES CHIENS’
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log (not complete) 
(see publication…)
+ 
location map 1:10000th
+
structural setting

A.  PREAT–ULB,  L11&12 (2011)
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Episodes, 1985, vol.8/2, p.87…

A.  PREAT–ULB,  L11&12 (2011)
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STRATOTYPES
= TYPE SECTIONS :  traditionally used in stratigraphy 
⇒ material basis and standard of definition of stratigraphic units which
is ‘regarded’ rightly or wrongly, as ‘typical’ of the particular stratigraphic
unit it defines

ISG (Hedberg, 1976, p24) « a stratotype or type section is the original or
subsequently designated type of a named stratigraphic unit or a stratigraphic
boundary, identified as a specific interval or a specific point in a specific sequence
of rock strata, and consitituting the standard definition and recognition of the 
stratigraphic unit or boundary’

⇒ unit-stratotypes (= type-section of strata that defines the content (normally
with the upper and lower boundaries…)
 => boundary-stratotypes (= the specific point in a particular sequence of
rock strata thatdefines a particular stratigraphic boundary, = ‘limitotype’)
 => composite-stratotypes  (= formed by the combination of several specific
type intervals of strata (if the particular stratigraphic unit is not exposed completely 
in a single section…)

 A.  PREAT–ULB,  L11&12 (2011)
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Episodes, 1986, vol.9/2, p.78-82

A.  PREAT–ULB,  L11&12 (2011)
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   also  
• no structural complication or metamorphism and alteration
• no disconformities, unconformities, cryptic paraconformities…. time breaks…
• amenability to magnestostratigraphy and geochronometry
• sites for GSSP must be accessible and have the potential of conservation
….

A.  PREAT–ULB,  L11&12 (2011)
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Episodes, 1985, vol.8/2, p.101…

A.  PREAT–ULB,  L11&12 (2011)
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A.  PREAT–ULB,  L11&12 (2011)
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STRATOTYPES
HOLOSTRATOTYPE : original stratotype that was designated by the original author(s)
when first establishing a stratigraphic unit or a boundary of a stratigraphic unit. In principle
a ‘good holostratotype’ must be chosen where sedimentation is the most ‘continuous’
i.e. outside the margins of basin (emersion, hiatuses….)
PARASTRATOTYPE : supplementary stratotype section designated by the original author(s)
in the original publication to complete the holostratotype definition (example basin vs platform)
LECTOSTRATOTYPE : is chosen after the fact (after the original publication establishing a 
stratigraphic unit or boundary) if an original stratotype (=holostratotype) was not 
adequately designated
NEOSTRATOTYPE : is a ‘new’ stratotype selected to replace an older one which has been
destroyed or ‘nullified’ (rejected)
HYPOSTRATOTYPE : reference section or auxiliary reference section that is designated
to complete the knowledge of the holostratotype in  a different geographic area or in a
different facies (limestones vs sandstones, vs clays….)

Conclusion1 : only holo-, lecto- and neo-STRATOTYPES are true types of stratigraphic units
 or boundaries, para- and hypo-STRATOTYPES are supplementary or reference sections
Conclusion2 : ideally the best stratotype must contain the most possible time without 
time-break, its lower and upper boudaries and no structural complication(s).

A.  PREAT–ULB,  L11&12 (2011)
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https://engineering.purdue.edu/Stratigraphy/gssp/index.php?parentid=all

A.  PREAT–ULB,  L11&12 (2011)



45
A.  PREAT–ULB,  L11&12 (2011)
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If all the required information has been fullfilled and accepted => FORMAL UNIT (CAPITALIZED)
Its NAME can never be a name previously given  for another unit whatever its rank, age and place
= RULE OF ‘ABSOLUTE’ PRIORITY (to avoid confusion)

A.  PREAT–ULB,  L11&12 (2011)
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SO  WHAT ABOUT  THE informal UNITS?

• useful during a (first) field survey

Example : Treignes

Example : oil exploration of a basin

…

⇒ if not published = internal usage, generally ‘confidential’
⇒ they are named or defined on any criteria, even with 
    colors (seismic diagrams, field works etc.)

A.  PREAT–ULB,  L11&12 (2011)
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LITHOSTRATIGRAPHIC UNITS = ROCK UNITS
(igneous, metamorphic or sedimentary)
(surface or subsurface)

They are hierarchized into ‘manageable units’

• GROUP (and SUPERGROUP)
• FORMATION
• MEMBER
• TONGUE or LENS
• BED (=strata = layer)

The FORMATION is the basic lithostratigraphic unit
it is a body of rock identified by lithic characteristics and stratigraphic
position. It is prevailing but not necessarily tabular and is mappable at
the Earth’s surface or traceable in the subsurface

A.  PREAT–ULB,  L11&12 (2011)
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The FORMATION is the basic lithostratigraphic unit
• represented on the geological maps (convenient scale for field work or
  economic application, i.e. 1:25000 => 1:100000)
• thickness:  ranging from a few m to 10s, 100s, sometimes km
• extension : a few square km to 109 square km
• one of the best criteria to name a Formation = use in mapping (also formation)
• cautions: no ‘large’ disconformities despite a disconformity can be useful for
  the boundary(ies) of this unit
• contacts : based on obvious changes, gradual or abrupt => if gradual, the contacts
  are arbitrary and have to be explained

A

B A

B

B

A 10’m-100’m…

b
b
b
a
b
a
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a
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2
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1
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A.  PREAT–ULB,  L11&12 (2011)
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The GROUP
• higher in rank to formation
• may consist entirely of named fomations, or alternatively, need not be
  composed entirely of named formations
• defined to express the natural relationsphips of associated (and
  ‘similar’) formations => useful in small-scale mapping and regional
  stratigraphic analysis
• …

Example:  Givetian (time) <=> ?Givet Group => 3 formations AND today 6 formations
(southern border of Dinant basin)
• Nismes Fm (pro parte)
• Fromelennes Fm
• Mont d’Haurs Fm
• Terres d’Haurs Fm
• Trois-Fontaines Fm
• Hanonet Fm (pro parte)

?

?
?

A.  PREAT–ULB,  L11&12 (2011)
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The GROUP

=> SUPERGROUP formal assemblage of related or superposed groups,
or of groups and formations. Useful in regional and provincial syntheses.
Supegroups should be named only where their recognition serves a clear
purpose.
Common in the Precambrian

=> SUBGROUP to avoid

The FORMATION

⇒ MEMBER formal  lithostratigraphic unit next in rank below the Fm,
it is always a part of some Fm. = it possesses charactertics distinguishing it
from adjacent part of the Fm. 
A Fm. need not be divided into members (Mbr.) unless a useful puropose is
served by doing so.  A Mbr. may extent laterally from one Fm. to another.
⇒ TONGUE or LENTIL

⇒ BED (or beds) is the smallest formal lithostratigraphic unit of sedimentary rock
= a thin ‘bed’ of a distinctive rock that is widely distributed. Such beds may be named,
but usually are  considered informal units. Individual key beds may be traced beyond the 
lateral limits of a particular formal unit. 
Ex: ‘placers’, coalbeds, mineralized bodies (reef….or other), volcanic tuffs/ashes….

A.  PREAT–ULB,  L11&12 (2011)
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REVISION and ABANDONMENT of FORMAL UNITS

Formally defined and named geologic units may be redefined,
revised or abandoned, but revision and abandonment require as 
much justification as establishment of a new unit

=  redefinition, revision with

• change in lithic designation
• original lithic designation inappropriate
• boundary change
• change in rank
• change from area to area
• abandonment  of names, of sections …(reasons?...) 

A.  PREAT–ULB,  L11&12 (2011)
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The published description of a new or revised stratigraphic unit should include

• Name and rank of unit
• Location of type reference sections, including a map or air photo
• Detailed descritpion of the unit at the type section, including nature and height in
  section or well depth of contacts
• Comments on the local or regional extent of the unit and its variablility
• Graphic log of the  unit (optional for lithostratigraphic units, but desirable and
  should include geophysical logs for subsurface sections)
• Statement of location of reference material
• Discussion of relationship of the unit to other contemporaneous stratigraphic
  units in adjacent areas i.e. lateral facies variations
 

A.  PREAT–ULB,  L11&12 (2011)
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LITHODEMIC UNITS = ROCK UNITS
predominantly intrusive, highly deformed and/or metamorhosed
do not conform the Law of Superposition (Principle 1)

They are hierarchized into ‘manageable units’

• ‘COMPLEX’
• SUPERSUITE
• SUITE
• LITHODEME (comparable to ‘Fm.’ for cartography)

The COMPLEX is an unranked unit, comparable to SUITE or
SUPERSUITE = an assemblage or mixture of rocks of two or more
genetic classes, i.e., igneous, sedimentary or metamorphic, with or
without highly complicated structure.
Example : Franciscan Complex …

« Franciscan Assemblage » From Wikipedia

The Franciscan Assemblage is a geological term for an accreted terrane of heterogeneous rocks found on and near the San Francisco Peninsula.
It was named by geologist Andrew Lawson who also named the San Andreas Fault which bounds the Franciscan Assemblage.  Also known as
the "Franciscan Formation," "Franciscan Series," "Franciscan Group," "Franciscan assemblage," or "Franciscan Complex," it includes altered
mafic volcanic rocks (greenstones), deep-sea radiolarian cherts, greywacke sandstones, limestones, serpentinites, shales, and high-pressure
metamorphic rocks, all of them faulted and mixed in a seemingly chaotic manner.It forms the major component of the Pacific Coast Ranges
of California.

A.  PREAT–ULB,  L11&12 (2011)
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LITHOSTRATIGRAPHY  :  OBJECTIVES/PRACTICAL USES

= mapping and correlation procedures
   INFORMAL USE
⇒ FIELD WORKS (natural outcrops, roads, state or public
works …. = National Geological Surveys)
= SUBSURFACE (boreholes, well-logs, seismic ….)

Example: student stage/training at Treignes 
⇒ definition of informal units
Example :  ‘Lithozone’ : clayey, coal, sandy, pebbly…. color…
Example :  Industrial interest (very common) 
=>’ aquifer levels’, ‘oil sands’, ‘marker bed in exploited quarry’, mineralized reefs’ …

A.  PREAT–ULB,  L11&12 (2011)
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BIOSTRATIGRAPHIC UNITS = ROCK UNITS
characterized by their fossils content
BIOZONE  (different categories)

• Independence from lithostratigraphic units
• Independence from chronostratigraphic units
  (the boundaries of most biostratigraphic units, unlike the 
   boundaries of chronostratigraphic units, are both characteristically
   and conceptually diachranous (excepted the ‘abundance biozone
   boundary’ = mass mortality event)

Biostratigraphy is basically an empirical, descriptive science based on the gradual
(or not) changes through time of faunas and floras related to EVOLUTION or
PHYLOGENY of groups of organisms
⇒ importance of the evolution pattern types (see biologists)

1.PHYLETIC GRADUALISM
2.PUNCTUATED EQUILIBRIUM
3.RETICULATE SECIATION

A.  PREAT–ULB,  L11&12 (2011)
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1. PHYLETIC GRADUALISM = long term evolutionary change,
typically in response to geographical, climatic, or other environmental pressures
(…) => taxa that evolve by phyletic gradualism have the most potential
for refined biostratigraphic zonation, but they require specialist study to
recognize the very subtle changes between the varieties

2. PUNCTUTATED EQUILIBRIUM = spasmodic occurrence of bursts
of relatively  rapid evolutionary change (‘extreme variants’ are selected by
environmental pressure on the fringe of the species range (Eldridge & Goulds, 1972)
⇒ this produces major but infrequent taxonomic changes (index fossils), easily
recognizable without specialist training

3. RETICULATE SPECIATION = combines, on a small-scale,  the mechanisms of
both the other two evolutionary styles. Concerns only the Pleistocene  with
infinite data => only for specialists and until now not applicable in the geologic record…

 

A.  PREAT–ULB,  L11&12 (2011)
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A.  PREAT–ULB,  L11&12 (2011)
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A.  PREAT–ULB,  L11&12 (2011)
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NUMEROUS CONSEQUENCES
Example of species evolution
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A.  PREAT–ULB,  L11&12 (2011)
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PRESENT DAY SPECIATION 
EAST-AFRICAN LAKES 
Cichlidae Fish
Speciation < 4000 yrs

A.  PREAT–ULB,  L11&12 (2011)
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BIOSTRATIGRAPHIC UNITS

AVERAGE AGE OF A SPECIES IS ONLY A FEW MILLION YEARS

It has been estimated that more than 99 per cent of all species that have ever
lived on Earth are now extinct.  While species of some prokaryotes may be
extremely long-lived, species of multicellular eukaryotes in the Phanerozoic fossil
record commonly become extinct within 10 million years of their time of origin,
with some surviving for less than a million years
Exception : ‘Living fossils’ example of Triops cancriformis, small crab of the Trias
still living (> 200 myr!) + Coelacanth (Paleozoic), Dipneusts (O.R.S.), Nautilus….

Today, discoverd 1938 Jurassic (fossil)

A.  PREAT–ULB,  L11&12 (2011)
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NUMBER of SPECIES ( biodiversity)

• The total number of non-bacterial species in the world has been estimated
at 8.7 million, with previous estimates ranging from two million to 100 million
85% = arthropods,  10% = non athropod invertebrates, 5% = vertebrates
= 0.01 to 0.001% Phanerozoic
= ?109 Pcm (bacteria…)

• ‘only’ around 200,000 fossil species have been described
  => a lot have not been discovered yet and a lot have not been fossilized
  => Valentine (1970) : 100,000 fossilized sp. from an estimated total of
  6 million of phanerozoic marine sp.
  => Leakey (1997) : 30 billion sp. present since the multicellular apparition

CONCLUSION : NO AGREEMENT BOTH IN THE PAST AND PRESENT DAY
real observed species is linked to the preservation conditions
=  TAPHONOMY

A ’ humorist statistician’:  at first approximation, all the species are extinct…

A.  PREAT–ULB,  L11&12 (2011)
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= trace fossils

TAPHONOMY is the study of POSTMORTEM history of fossils

A.  PREAT–ULB,  L11&12 (2011)
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TAPHONOMY:  preservation is RARE
except if the skeleton is resistant, if burial is rapid and gentle, 
if low oxygen levels present….  => < 30% of the sp. in modern
benthic communites are likely to be fossilized…. 

Taphonomic processes
NECROLYSIS => microbial alteration
==> terrestrial organisms have very poor chance of preservation
Example:  Vertebrates and Hominidae….
‘BIOSTRATONOMY-SEDIMENTOLOGY’ => turbulence,
burrowing, sedimentation rate (must be very fast), transportation,
texture and sorting of the sediments…
DIAGENESIS => mineralogy of the skeletons, circulating fluids…

Conclusion : higher preservation potential in the marine domain
and weak preservation potential in the continental realm
⇒‘bias’ of the fossilization.There was probably 10 to 100 times more
terrestrial organisms than marine organisms in the past (as today).
 

 
A.  PREAT–ULB,  L11&12 (2011)
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(paleo)BIOGEOGRAPHY
=  geographic distribution of ancient organisms  or of taxa  (it is an aspect of large-scale
or ‘big-picture’ paleoecology) 
=>’ biotic province’ 
⇒ 1° reflects ecological restriction and 2° geographic isolation of populations
FOR FOSSILIZED COMMUNITIES
• TAPHOCENOSE : organisms perished together, but not necessarily lived together
• THANATOCENOSE : lived together, then transported in different places
• BIOCENOSE : exceptional in geology (ex. algae, only the calcareous may be fossilized)

 … 1°reflects ecological restriction
(a) benthonic taxa : bottom-dwelling mode of life 

         • inside the sediment = endobiont
  • at the surface of substratum  sessil epibiont (if attached) or vagile epibiont (mobile)

        (b) nektonic taxa : swimming habit (active)
        (c) planktonic taxa (zoo-, phyto-) : floating habit
(b) and (c) better for biostratigraphic purposes but in practice (a) is widely used because
many benthonic taxa have a planktonic larval stage that ensures wide distribution via
marine circulation (corals ….)
  …2° geographic isolation of populations 
        
        

A.  PREAT–ULB,  L11&12 (2011)
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2° geographic isolation of populations (random events = ‘jump dispersal’)
• MIGRATIONS  faunal territorial extensions are generally fast, i.e. 1000’s yrs
⇒not useful in geology, only Plio-Quaternary
• ISOLATION  also related to paleogeography and geotectonic whose
fluctuations reinforce or prevent
- the dispersions
- the changes
- induce isolations of populations
⇒ ‘archaic’ or ‘relict’ forms may be locally protected for a long time
⇒ BUT  this may lead to SPECIATION
= sympatric speciation : if the geographic overlap of populations of the
ancestral species is extensive with ‘genetic drift’ => new  ‘alleles’ by mutation …
= parapatric speciation : if the populations are largely allopatric (i.e. occurring
in different geographical places that are mutually exclusive) but overlap in a
narrow zone where depressed fitness of interpopulations matings leads to selection
for isolating mechanisms (also genetic drift…)

⇒ PERIPHERAL ISOLATES (OR POPULATIONS) = isolated patches of
habitat (example oceanic islands, barriers, previous uninhabited region etc).
Genetic drift may play a greater role relative to selection, and divergence may be
more rapid, at least initially …
 

A.  PREAT–ULB,  L11&12 (2011)
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Some speciation events at least appear to  be geologically rapid (1000-2000 yrs)
Hard to document because they usually take place in small isolated patterns + time resolution

A.  PREAT–ULB,  L11&12 (2011)
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(paleo)BIOGEOGRAPHY
=  geographic distribution of ancient organisms or of taxa  (it is an aspect of large-scale
    or ‘big-picture’ paleoecology) 
=>’ biotic province’ ==> PALEOPROVINCES :  may help in our understanding plate
tectonics history (and other geologic subdisciplines)
nb Woodward (1856) first defined marine provinces based on molluskan species distribution,
    then Darwin (1860’s) , Wallace (1876) with terrestrial biotas…
nb Woodward (1856)  ‘a province is an area in which 50% of the species are endemic…’ 

•   example : molluskan faunas of Jurassic age => three provinces Tethyan, Boreal, Pacific, 
    also defined on the basis of ammonites and belemnites. The boundary is emphasized
    by a widespread change between northern and southern Europe (Normandy with
    ‘cold ammonites’ and ‘warm ammonites’… Latitudes and T°are the major parameters 
    and influenced the distribubtion of the rudists.
•  example : Early Paleozoic Iapetus Ocean with trilobite provinces
    Lower  Cambrian : Olennellus province (Scandinavia, Scotland, N America …) and
    Redlichia province (Asia, Australia…). Transition zone : Morocco, Spain
    Middle Cambrian Olenoides province and Paradoxides province
    Upper Cambrian …..
 
    

    
    
 

A.  PREAT–ULB,  L11&12 (2011)
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=> PALINSPATIC MAPS :  maps with the original position of the paleoprovinces

A.  PREAT–ULB,  L11&12 (2011)
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PALINSPATIC MAPS :  maps with the original position of the paleoprovinces
Cambrian (Iapetus Ocean)
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PROVINCIALISM > < COSMOPOLITISM

FRAGMENTATION SUPERCONTINENTS
DISRUPTION OF ‘PLATFORMS’

ex: J/K ammonites
ex : Cm trilobites

…

ASSEMBLAGES
and

COLLISIONS
…

GEOTECTONIC 
and
PALEOGEOGRAPHY

A.  PREAT–ULB,  L11&12 (2011)



76

TAXONOMY
In the strictest sense, the study of the names of organisms, but often used
for entire process of classification (= SYSTEMATICS or study of evolutionary
relationships between organisms)

SPECIES
The fundamental taxonomic category or unit for organisms, variously defined
and diagnosed using different species concepts
= BIOLOGY 

• They are different concepts of the species (since Platon!)
Today = biological species concept : groups of interbreeding organisms which
are reproductively isolated from other such groups and producing fertile offspring (Mayr 1940’…)
=> species is a reproductive unit composed of individuals forming a group of
natural populations. The reproductive criteria is not an absolute characteristic
==> they are sterile interspecific interbreeding (example of zebras and horses…)
===> with this definition, the (biological) species is studied from its individuals which
form the populations
nb Species that are believed to have the same ancestors are grouped together = a genus

last part…..

A.  PREAT–ULB,  L11&12 (2011)
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WHAT ABOUT BEFORE?

1.individuals are alike => indeed this similarity criteria  has been used before the biological concept
2.this leads to a TYPOLOGICAL SPECIES CONCEPT related to an ‘ideal’
     representation, i.e. the idea of a reference/comparison to an average ideal form or
    type or ideal plan => all members of a species shared characteristics  of this ideal plan
3.in practice, this is equivalent to a MORPHOLOGICAL SPECIES CONCEPT, the
     species is then defined with a DIAGNOSIS establishing its original characteristics
4.study of a new specimen = comparison, and if no comparaison is possible
     => creation of a NEW NOMENCLATURAL TYPE

• 1 => 4 : Conclusions = expertise, intuition…. i.e. subjectivity
and artificial multiplication of the species….

• wih regards to the biological concept (interbreeding)
⇒ study of individuals and quantification of the morphology
=  CONTINUOUS  VARIABLE : the characters of different conspecific
variants display following the normal Gauss-Laplace Law  

WHAT ABOUT PALEONTOLOGY?

A.  PREAT–ULB,  L11&12 (2011)



78
Doyle 1996

A.  PREAT–ULB,  L11&12 (2011)

WHAT ABOUT PALEONTOLOGY? ‘lack the ability to interbreed’…
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WHAT ABOUT PALEONTOLOGY? 
‘lack the ability to interbreed’…

• ONLY morphological characteristics (‘interbreeding definitively lost’)
• Moreover these characteristics are in the most cases INCOMPLETE i.e. PARTIAL
  and the number of individuals is strongly  LIMITED or REDUCED

⇒ the traditional studies of descriptions and comparisons are still the rule.
• only improvement = increase the number of quantitative studies (both
  characteritics and number of specimens)
• and in order to have a better objectivity, use statistical analysis (geostatistics,
  multivariate analysis …)

nb under the biological species concept the unknown specimen is compared not only 
to the range of morphological for the species, but also to its growth characteristics,
paleoenvironmental habitats, and associated fauna. If the characteristics of the specimen
are consistent with known material, it may be classified as a member of that species

A.  PREAT–ULB,  L11&12 (2011)
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Living organism 99.9% 
composts (or HC, or fossil)

Example: one bone/109 is fossilized
all US people =( 300.106 x 206 bones)/109 => 50 bones or ¼ skeleton
⇒¼ skeleton  on 9.6x106 km2 (USA) will probably never be discovered

?< 1sp./10,000 occurs in the geological series
On Earth*: = 30. 109 sp => 1sp over 120,000 is fossilized
if 4000x109 sp  => 1 sp over 1.5x106 is fossilized
* 250,000 fossil species are known (mainy marine…)

Edward O. WILSON => BIODIVERSITY (status…)
• ‘we have no order of magnitude for the present-day species’
• 3 to 200 million? (97% are still to be discovered, with 100 million of insects
  and 400 million of bateria-fungi)
• They are 10,000 active taxonomists in the world, they discover 15,000 sp/yr
  => they will finish in 15,000 years…

A.  PREAT–ULB,  L11&12 (2011)
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REMEMBER 

Because each species might consist of nearly uncountable numbers of individual
specimens, each of which varies somewhat from the other, assignment of an
unknown specimen by reference to a species description is not an easy task.

Also sexual dimorphism….

A single specimen, called simply the type serves as the name-bearer and final 
standard. The philosophy of classification in which the type is the basis of a 
taxon’s definition is known as typology.

A.  PREAT–ULB,  L11&12 (2011)
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TAXONOMY – SYSTEMATICS
BINOMIAL NOMENCLATURE

Paleontology has its root in the work of Carolus LINNE (1758 ) who grouped
species according to shared physical (morphological) characteristics.
• The classification is based on the BINOMIAL principle 
⇒ each fossil (or species) is designated with a name consisting of two words,
    first the name of the genus to which that species belongs and,
    second, a designation for that particular species
• No two species can have the same name.
• The names are always Latin (or Latinized) and the genus is capitalized while the 
  specific name is not  
• Both names are customarily written in italics (underlined
  if hand-written or typed)
• The correct name for any species, according to the present rules laid down
  in the International Rules of Botanical Nomenclature and in the International Rules
  of Zological Nomenclature is usually the oldest validly proposed name
• The same Latin scientific names are used throughout the world
• The uniformity usage ensures that each scientist will know exactly  which species 
  another scientific is discussing.

The two words together are called the scientific name of the species

 

A.  PREAT–ULB,  L11&12 (2011)
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⇒ the first word (in latin) is Capitalized = the Genus
⇒ the second word (in latin) is not capitalized = the species
⇒ then one adds the NAME OF THE AUTHOR(S) (not in italics, but
    CAPITALIZED or normal)
⇒ the a comma = ,
⇒ finally, the date of creation 

Examples
Globigerina bulloides D’ORBIGNY, 1826
Globigerina bulloides D’Orbigny, 1826
Globigerina bulloides D’ORBIGNY, 1826
Globigerina bulloides D’Orbigny, 1826

Tornaceras keyserlingi Müller, 1956
(nb = Devonian goniatite)

if author’s name and date in (brackets) => this indicates that
the author who created the species attributed INITIALLY  this
species to another Genus
Tornaceras simplex (Von Buch, 1932) because Von Buch initially placed
his species into the Ammonites genus
==> LIST of SYNONYMY (often very –very- long…..)

 
A.  PREAT–ULB,  L11&12 (2011)
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TRINOMIAL NOMENCLATURE

If necessary the name of the subgenus is placed in (brackets), between
the name of the genus and the name of the species

Tornaceras (Aulatornaceras) keyserlingi Müller, 1956

A subspecies has also a trinomial nomenclature, its name is
followed by the author(s) who created it
= A VARIETY, very important for speciation and theory of evolution

Globorotalia cerroazulensis cunialensis TOURMAKINE et BOLLI, 1970 (=G. sp. spp.)

Pentamerus oblongus cylindricus Hall et Whitfield, 1867
(G = 5 parts, sp = general shell form, ssp.= particular form)

A.  PREAT–ULB,  L11&12 (2011)
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‘OPEN’ NOMENCLATURE…
 An interesting fossil may be highlighted WITHOUT using a accurate designation
... for example if the specimen is partly  known from a few specimen or form one
specimen!

⇒Tornaceras sp.  or if great uncertainty => Tornaceras sp. aff.
Advantages
•  it avoids too many names in the list of synonymy (very useful
   if later someone shows that this sp. already existed!)
• stratigraphic purpose: it avoids hasty conclusions
• oil exploration (informal or ‘internal’ nomenclature) : example of biofacies
  during the Cretaceous rifting of South Atlantic (Gabon/Angola/Brazil…)

CREATION OF A NEW TAXON
species n.sp.
genus n.g.

‘FIRST’ PRIORITY LAW

This is a law that is more commonly exercised in paleontology than with living
 organisms. The law of first priority gives the right to name an organism to the
 first person who proposes it. This becomes complicated in paleontology when
there is a dispute over how a sample should be classified (…)
=>synonymy list of ALL previous studies!.

A.  PREAT–ULB,  L11&12 (2011)
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HOW TO CREATE A NEW SPECIES?

• Needs publication in books or journals  with a diagnosis, defining the
main characters of the species, a fuller description and an illustration 
(photographic plates) of the species itself.
•  On publication, the author’s name and the date of publication are usually appended
 to the species name, in order to assist future researchers. 
• Finally, the species has to be tied to a permanent point of reference
 = a type specimen,  which should be  clearly identified in the original publication
and preserved for posterity in a museum, to allow comparison with other specimens 
and to assist further study.
• Where ‘’disputes’ arise’… the International Commissions fro Zoological and
Botanical Nomenclature can be called upon to give a ruling.

  
 

A.  PREAT–ULB,  L11&12 (2011)
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• HOLOTYPE :  ‘the true type’  ideally preserved in a museum somewhere,
  so  that other scientists might refer to it as necessary = comparison, new studies
  including re-interpretation.
 Unfortunately original type are rarely accessible => importance of the descriptions
 in the publications with drawings and photographic illustrations or plates
• SERYTYPE   the whole set of fossils (in the museum…) representing the species
• SYNTYPE   any of two or more specimens listed in a species description where a
 holotype was not designated
• NEOTYPE  a specimen later selected to serve as the single type specimen when
  an original holotype has been lost or destroyed, or where the original author never
  cited a specimen => chosen in the nearby original locality …
• LECTOTYPE  a specimen later selected to serve as the single type specimen  for
  originally described from a set of syntypes
• PARATYPE  any additional specimen other than the holotype, listed in the type series
  where the original description designated a holotype. These are not name-bearing
  types.
• PARALECTOTYPE  any additional specimen from among a set of syntypes, after
  a lectotype has been designated among them. These are not name-bearing
  types.

the TYPE notion has been extended to higher rank taxa
⇒ the  genus nominal TYPE is defined with a species-type
=> the family  nominal type is defined with a genus-type …

A.  PREAT–ULB,  L11&12 (2011)



89

Sir Richard OWEN (1804-1892), British anatomist and paleontologist
 1841 he created the term DINOSAURIA (and was the first to recognize them
 as different from today’s reptiles). 

 1868 E.D. COPE [> < O.M. MARSH]
⇒ Stegosaurus, Brontosaurus, Diplodocus, Triceratops….
 COPE discovered and created 1300 sp. (22 times the same!!!), manly dinosaurs
 and published 1600 articles

1898 ‘BONE CABIN QUARRY’ : 50 tons of bones + 10’s tons later
         =‘ Dinosaur Quarry’

1898 COPE died => before that he ‘gave’ his squeleton to represent the
 holotype of Homo sapiens

…

….

1859 Carolus LINNE (Upssala) is the holotype….
  

 
 

A.  PREAT–ULB,  L11&12 (2011)
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CONODONT

A.  PREAT–ULB,  L11&12 (2011)
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TOWARDS THE CHRONOZONE…

Biochronozone : the total time represented by a biozone (‘lifetime’, Hedberg 1976)
= span of time between the age of the’ OKR’ and ‘YKR’ of  taxon
OKR = oldest known record < FAD, YKR youngest known record > LAD)

A.  PREAT–ULB,  L11&12 (2011)
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Doyle 1996

REMEMBER : FACIES FOSSILS vs STRATIGRAPHIC FOSSILS   

A.  PREAT–ULB,  L11&12 (2011)
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TOWARDS  THE CHRONOZONE…

A.  PREAT–ULB,  L11&12 (2011)



100

BIOSTRATIGRAPHIC UNITS

Five kinds of biozones are in common use : assemblage zones, range zones,
interval zones, abundance zones and  lineage zones. These types of biozones have
no hierarchical significance, and are not based on mutually exclusive criteria.  A single
stratigraphic interval may, therefore, be divided independently into range zones,
interval zones, etc., depending on the biostratigraphic features chosen.

A.  PREAT–ULB,  L11&12 (2011)
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Assemblage Zone = Association Zone = Cenozone
• The body of strata characterized by an assemblage of three or more fossil taxa
that,
 taken together, distinguishes it in biostratigraphic character from adjacent strata. •
The boundaries of an assemblage zone are drawn at biohorizons marking
 the limits of occurrence of the specified assemblage that is characteristic of the unit.
• Not all members of the assemblage need to occur in order for a section to be assigned
to an assemblage zone, and the total range of any of its constituents may extend beyond
the boundaries of the zone.
• The name of an assemblage zone is derived from the name of one of the prominent an
 diagnostic constituents of the fossil assemblage.

A.  PREAT–ULB,  L11&12 (2011)
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RANGE ZONE (if local = teilzone or topozone or local range zone)
The body of strata representing the known stratigraphic and geographic range of
occurrence of a particular taxon or combination of two taxa of any rank. Two principal types of range zones
: taxon-range zones and concurrent-range zones.
 a1. Taxon-range Zone
• The body of strata representing the known range of stratigraphic and geographic
 occurrence of specimens of a particular taxon. It is the sum of the documented
 occurrences in all individual sections and localities from which the particular taxon
 has been identified.
• The boundaries of a taxon-range zone are biohorizons marking the outermost limits
 of known occurrence in every local section of specimens whose range is to be represented
 by the zone. The boundaries of a taxon-range zone in any one section are the horizons of
 lowest stratigraphic occurrence and highest stratigraphic occurrence of the specified taxon
 in that section.
• The taxon-range zone is named from the taxon whose range it expresses.
a2. Local Range of a Taxon. The local range of a taxon may be specified in some local section,
area, or region as long as the context is clear. 

A.  PREAT–ULB,  L11&12 (2011)
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(RANGE ZONE)
b. Concurrent-range Zone  (= overlap zone, or concomitant
zone)
• The body of strata including the overlapping parts of the range zones of two
specified taxa. This type of zone may include taxa additional to those specified as
characterizing elements of the zone, but only the two specified taxa are used to
define the boundaries of the zone..
• The boundaries of a concurrent-range zone are defined in any particular
stratigraphic section by the lowest stratigraphic occurrence of the higher-ranging of
the two defining taxa and the highest stratigraphic occurrence of the lower-ranging
of the two defining taxa
• A concurrent-range zone is named from both the taxa that define and
characterize the biozone by their concurrence.

A.  PREAT–ULB,  L11&12 (2011)
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INTERVAL ZONE   • The body of fossiliferous strata between two specified biohorizons. Such a zone
is not itself necessarily the range zone of a taxon or concurrence of taxa,
it is defined and identified only on the basis of its bounding biohorizons

• In subsurface stratigraphic work, where the section is penetrated from top to bottom and
 paleontological identification is generally made from drill cuttings, often contaminated by
 recirculation of previously drilled sediments and material sloughed from the walls of the
 drill hole, interval zones defined as the stratigraphic section comprised between the
 highest known occurrence (first occurrence downward) of two specified taxa are
 particularly useful .

A.  PREAT–ULB,  L11&12 (2011)
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This type of interval zone has been called "last-occurrence zone" but should preferably
 be called "highest-occurrence zone".
 • Interval zones defined as the stratigraphic section comprised between the lowest
occurrence of two specified taxa ("lowest-occurrence zone") are also useful, preferably
in surface work. • The boundaries of an interval zone are defined by the occurrence of the
biohorizons selected for its definition. • The names given to interval zones may be derived from the
names of the boundary
horizons, the name of the basal boundary preceding that of the upper boundary;
 e.g. Globigerinoides sicanus-Orbulina suturalis Interval Zone. • In the definition of an interval zone, it is
desirable to specify the criteria for the selection
 of the bounding biohorizons, e.g. lowest occurrence, highest occurrence etc. • An alternative
method of naming uses a single taxon name for the name of the zone.
The taxon should be a usual component of the zone, although not necessarily confined to it.

A.  PREAT–ULB,  L11&12 (2011)
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LINEAGE ZONES
Lineage zones are discussed as a separate category because they require for their definition and
recognition not only the identification of specific taxa but the assurance that the taxa chosen
for their definition represent successive segments of an evolutionary lineage. • The body of strata containing
specimens representing a specific segment of an evolutionary
 lineage. It may represent the entire range of a taxon within a lineage (Figure 5A) or only that
 part of the range of the taxon below the appearance of a descendant taxon (Figure 5B). • The boundaries of
lineage zones approach the boundaries of chronostratigraphic units. However, a lineage zone differs from a
chronostratigraphic unit in being restricted,
 as all biostratigraphic units are, to the actual spatial distribution of the fossils. Lineage zones are the most
reliable means of correlation of relative time by use
of the biostratigraphic method. • The boundaries of a lineage zone are determined by the biohorizons
representing the lowest
 occurrence of successive elements of the evolutionary lineage under consideration. •  A lineage zone is named
for the taxon in the lineage whose range or partial range it represents.

A.  PREAT–ULB,  L11&12 (2011)
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ABONDANCE ZONE
• The body of strata in which the abundance of a particular taxon or specified group of taxa is
significantly greater than is usual in the adjacent parts of the section. Unusual abundance of a
taxon or taxa in the stratigraphic record may result from a number of processes that are of
local extent, but may be repeated in different places at different times.For this reason, the only
sure way to identify an abundance zone is to trace it laterally. •The boundaries of an
abundance zone are defined by the biohorizons across which there is notable change in the
abundance of the specified taxon or taxa that characterize the zone. •The abundance zone
takes its name from the taxon or taxa whose significantly greater abundance it represents.

A.  PREAT–ULB,  L11&12 (2011)
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Hypothetical biozone of a taxon indicated by geographic and vertical limits of
fossil-bearing section. Lateral limits are established by the biogeographic range
of the taxon.  Vertical limits are controlled in part by the geologic persistence of the taxonBl
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REMEMBER  ‘the problem’….

A.  PREAT–ULB,  L11&12 (2011)
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GSSP base of Ediacaran
(Australia) ‘Golden Spike’

635Ma

GTS/ 2004/GSSP

Cenozoic 10 (remainder 10)
Mesozoic 11 (remainder 22)

Paleozoic 28 ( remainder ±20)
Precambrian 2 ( remainder >10’s)

A.  PREAT–ULB,  L11&12 (2011)
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2.  GEOMETRY
 Time lines are generally oblique (sedimentary bodies)

Then the series is folded, thrusted (‘jagged’)

1a. ABSOLUTE  AND RELATIVE  TIME
 Both remain necessary

3. RATE
The kinetics of the phenomena depends of time resolution 

<1800 >1900

>1960

>1980-1990

1. REL/ABS TIME =>2.GEOMETRY =>3. KINETICS

Historically that is during more than 150 years

1.GEOMETRY =>2. REL/ABS TIME =>3. KINETICS

A.  PREAT–ULB,  L11&12 (2011)
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TIME IN GEOLOGY
a false intuition....

0.5
to
5%

Tx

Tx’

So 95 à 99.5% of time is missing

A ‘normal’ and ‘continuous’ geological succession?

A.  PREAT–ULB,  L11&12 (2011)
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« STRATIGRAPHY MAY BE DEFINED AS
 THE COMPLETE TRIUMPH OF TERMINOLOGY 

OVER FACTS AND COMMON SENSE! » ...

P.  KRYNINE (1901-1964)
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A.  PREAT–ULB,  L11&12 (2011)

that's
 all


