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PRINCIPLES 1 – 2 – 3
= 

STRATIGRAPHICAL SCALE
BY SEARCH OF ‘DISCONTINUITIES’ 
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ANALYSIS OF CONTINUITY-THICKNESS OF SEDIMENTARY SERIES

TWO MAIN COMPLEMENTARY CATEGORIES OF  SERIES

(A) COMPREHENSIVE and CONDENSED
      No relation between thickness and duration

(B) CONTINUOUS and DISCONTINUOUS
Notion of lacuna or hiatus

What is the meaning of a lacuna?
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CONTINUOUS SERIES

the strata follow one another without interruption

DISCONTINUOUS SERIES

strata are missing => there is a LACUNA => what does it mean?

Sandy flysch, Eocene, High Alps Debelmas 1982
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1. SIMPLE LACUNA =INTERRUPTION OF SEDIMENTATION
• for a particular reason => interruption of deposition => bedding planes,
diastems, sometimes hardgrounds… ==> a bedding plane is a mini-unconformity
• the sedimentation re-starts or continues as previously 
⇒ sequence of series are  CONCORDANT (conformable) = parallel strata
• = ‘CONTINUOUS SERIES’ despite it is virtually impossible to demonstrate that a 
given sequence is free from stratigraphic breaks => layering and parallel
stratification may be a result of the nature of the deposited sediment fluctuating
over time … AND/OR more commonly  may be the result of shorter or longer periods
of temporary non deposition with or without some erosion (in this last case =>2.)

2. SIMPLE INTERRUPTION OF SEDIMENTATION WITH SOME EROSION
• related to transgression, to regression … (global vs relative sea level fluctuations) 
 => Late K +250-350m > < Oligocene -150m, Wilson first order cycle )
=> ‘Tectono-eustatism’ (2nd and ?3rd orders…)
⇒ glacioeustatism: 10-100’s metres  (4-5th orders, cyclostratigraphy,), etc.

⇒ diastems : very minor (temporally) pauses or breaks in sedimentation with little or no erosion before deposition is resumed. 
They are equivalent to ‘paraconformities’ or ‘disconformities’ and are commonly ‘cryptic’.

⇒ hiatus : geological time is not represented at a certain point (such as at unconformity or between particular beds) OR refers only 
to time that was never represented by the deposition of rock in a particular stratigraphic section or sequence

=> lacuna : gap or break in the stratigraphic record destroyed at an erosional surface
(previously deposited strata are removed = ‘erosional vacuity’) and time was never represented by a rock record.
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CONCORDANT (CONFORMABLE) STRATA

• most common case in the ‘transgressive’ basin
⇒ regional transgression with low amplitude

=

  E P E I R O G E N E S I S
 

-‘epeirogenic movements’ (suggested by Gilbert in 1890)
 are primarily flexural and vertical and affect large areas
of craton crust or surface WITHOUT significant folding or fracture
Example : central Appalachians have been 
‘epeirogenically uplifted as much as 7 km with an erosion of >15km.
 Other examples : Ouachata Mountains, shoreline uplift  surrounding
Lake Bonneville in Utah, Colorado Plateau [100m/Ma], Dekkan Plateau [15m/Ma]…)
 = NO OBVIOUS RELATION TO INTERACTION AT PLATE MARGINS
⇒ intracontinental basins, abyssal plains…
⇒ epeirogenic movements = ‘broad undulations’ (large curvature radius 10-100’km)
 with depressed (= subsidence) and uplifted extensive areas (forming plateaus like
 Anatolia Plateau, Bolivian Altiplano, Colorado Plateau, Tibetan Plateau… despite these
plateaus are rimmed by active fold beds.  African plateaus are distant  from plate
margins and UNCONNECTED with collision tectonics ) 
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. if uplift or elevation => ‘REGRESSION’

. if subidence or depression => ‘TRANSGRESSION’ 

. if epeirogenesis occurs in shallow marine domains 
 => EPEIRIC SEAS,  EPICONTINENTAL  ‘PLATFORM’

-the surface relief becomes greatly modified by denudation and
deposition, and locally by volcanic activity
⇒ if the evolution is progressive ==> PARTICULAR DEPOSITS
underlining the epeirogenesis

the best known =  CONGLOMERATE (erosion) and
the PALEOALTERITES : products of intense weathering
made up of mineral assemblages that may include iron or aluminium
oxides, oxyhydroxides or hydroxides, kaolinite and quartz …

   =

                LATERITES in a large intertropical climatic area
                          (nb from the Latin later = brick) 

cutting laterite bricks in India
(from wilkipedia)
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EPEIROGENESIS

(PALEO)ALTERITES
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Bauxite = is the most common ore of aluminium 
it is a residual ‘rock’ or residual soil material  (surperficial alteration) composed
 mainly (> 40%) of Al-oxides/hydroxides-gibbsite Al(OH)3, boehmite-diaspore AlO(OH)
 + Fe-oxides, clays ….
• mainly in tropical and subtropical areas = washing or leaching of minerals from lateritic soils
• pisolitic structures
• used in the manufacture of abrasives

Bauxite in kaolinitc sandstone (white),  Australia –from Wilkipedia http://catalogs.indiamart.com/products/bauxite-ore.html

• origin : BAUX-de-Provence (Alpilles) , France, 1858
 Mesozoic, Cretaceous ‘Urgonian’ > < ‘Vocontian’ Trough (warm climate, south Tropic) 
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EPEIROGENESIS => importance  of particular levels of
‘pisolites’, ‘caliches’, CALCRETES,  SILCRETES, FERRICRETES, GYPSICRETES
…. + ‘carapaces’, ‘cuirasses’ with or without nodules….

= PALEOALTERITES : DURICRETES and PALEOSOILS

Distribution of calcretes and calcareous soils in S Australia (Northcote et al 1975)
from EOCENE to PLIOCENE LIMESTONES

 Idealized calcrete profile 
(Read 1974)

Typical calcrete profile
Arakel 1982)
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Coastal cliff (80 m) though cross-bedded
bioclastic sands (grainstones) dunes
with INTERBEDDED RED PALEOSOILS
and overlying sequence of calcareous
sand and silt sheets with associated
CALCRETE CRUSTS

Cap Spencer, Australia, Milnes, 1992

RED 
PALEOSOILS

CALCRETE
 CRUSTS
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LATERITES
in the  carbonates

and sandstones of the 
Precambrian (Gabon)
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IT RESULTS  TWO FUNDAMENTAL GEOMETRIC TYPES
on the field and seismic 

CONCORDANT (CONFORMABLE) STRATA

DISCORDANT (UNCONFORMABLE) STRATA
‘between ‘transgressed’ and ‘transgressive’ strata

= dip variation between two sets of strata in which the  bedding planes
of the two sets are not parallel to one another
= > the two sets of strata are ANGULARLY DISCORDANT
• recognized for the time in1787 by Stratchey and explained by Hutton in 1788

   =

ANGULAR UNCONFORMITY
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SICCAR POINT
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Angular unconformity between dipping Eocene limestone beds and 
horizontal Oligocene beds, near Graus, Spain (in Nichols 1999)  
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It implies : FOLDING-(EMERSION)-EROSION of the ‘older’ strata 
 (which will be transgressed) and DEPOSITION of  ‘younger’ strata 
(they are transgressive) which are essentially horizontal (at least when 
originally deposited on the older strata). The older strata  may have
been  steeply tilted, perhaps folded or crumpled, and were eroded before 
deposition of younger strata => GAP of TIME

==> ANGULAR UNCONFORMITIES are the most obvious and
conspicuous breaks in the stratigraphic record 
==> useful as MAJOR SUBDIVISIONS of the stratigraphic scale

An ANGULAR UNCONFORMITY implies
1.sedimentation period (x Ma)
2.tectonic phase with structural events (folding, faulting, uplift, igneous
     intrusion, metamorphic events)
3.emersion and erosion to form th surface of the unconformity (peneplain)
4.   new sedimentation period (marine or continental)

3 => 4 with a LARGE GAP in the stratigraphic record 
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Unfortunately the terminology is ‘confuse’ : the term ‘unconformity’ is
used broadly to apply to several different types of stratigraphic contacts

•ANGULAR UNCONFORMITY (‘Discordance angulaire’ in French)
separates two units of stratified rocks which are not parallel.
Not to confound with ‘similar’ structures produced by submarine slides,
cross-bedding and so on…
• DISCONFORMITY (‘Discontinuité’ in French)
the bedding of rocks is essentially parallel above and below the surface of 
unconformity => lithostratigraphic erosional breaks in parallel sequences
(subaerial erosion, weathering = physical evidence of hiatus)
• PARACONFORMITY  (‘Concordance’ in French)
the beds are parallel and the contact is a simple bedding plane (periods
of non deposition). They are biostratigraphicaal discontinuities of parallel
strata, based and evaluated solely on paleontological data. They usually
coincide with a conspicuous bedding plane, but they may fall between 
conspicuous lithologic surfaces. They may laterally grade into disconformities
• NONCONFORMITY (‘Non conformité’ in French)
stratified rocks lying unconformably on older non stratified rocks
(plutonic igneous rocks or metamorphic rocks).  A distinct erosional surface
or features may have developed on the non stratified rocks before they were
covered by the sediments.
• DIASTEM, HIATUS, LACUNA (see before)
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two conform sets of strata
=> gap (erosion, channel, surface…)
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ANGULAR UNCONFORMITY

is the most important : it delimits an unconformity-bounded unit 
representing a body of rock bounded above and below by a specifically
succession of regional or inter-regional extent
⇒ it constitutes very frequently the base of the series of a basin i.e.
its SUBSTRATUM or ‘SOCLE’ or BASEMENT

==> easily highligthed by SEISMIC…. and OIL EXPORATION
Geophysics:  AIRMAG, GRAVITY, MAGNETO-TELLURIC
(application : namely organic matter evolution, oil window, structural heritage
important for drillings….)

===> Example in Belgium : angular discordance of the Lower Devonian
(former ‘Gedinnian’, poudingue and arkose of Haybes) on the Lower Paleozoic
(Caledonian or Cambro-Silurian =substratum)
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Episodes, 2003, vol 26/1, 10-15
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3 mm

3 mm

bed n°20 : first apparition of Monograptus uniformis
bed n°21 = ‘W’ : first apparition of Warburgella rugulosa
rugosa (Trilobite)

7-10cm

thick
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stratotype
section

graptolites-trilobites-chitinozoa-conodonts-
bivalves-cephalopods-brachiopods-crinoids-custaceans
+ magnetostratigraphy… = ‘BIOEVENT…’

GSSP
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Synclinorium éodévonien de Neufchâteau‐Eifel
(soubassement calédonien accessible dans les petits massifs cambriens de Serpont et Givonne)
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ANGULAR UNCONFORMITY IN BELGIUM

MESOZOIC (Turonian)

Givetian/Frasnian/Famennian

N Bavay, Mons Basin
Vallée de la Honnelle

http://users.skynet.be/cbou/roisin/caillou.htm
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J

ANGULAR
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Paris Basin
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GRAND CANYON 1.2 km

400 m
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HUDSONIAN ANGULAR 
UNCONFORMITY

HURONIAN ANGULAR 
UNCONFORMITY
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NORMANDIE
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ANCIENT
STRATIGRAPHICAL

SUBDIVISIONS
do not use…
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ANCIENT
STRATIGRAPHICAL

SUBDIVISIONS
and

‘bad
representation’

but
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QUATERNARY
(CENOZOIC)
MESOZOIC

‘HERCYNIAN’
‘CALEDONIAN’
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LE MASSIF DE ROCROI

Conglomérat de Fépin [Dumont 1848]
5 à 70m sur 600m de distance à Fépin
= dépôts fluviatiles et tidalites marines 

Base de la transgression marine sur le socle calédonien
= blocs de grès et quartzites hétérométriques (cm-50cm),

formes anguleuses arrondies dans matrice fine, argilo-sableuse

Le conglomérat est d’âge Silurien et de + en + jeune vers le Nord [de Silurien-Pridoli à Lochkovien]
  => d i a c h r o n i s m e  du conglomérat [cf. acritarches, spores ...] jusqu’au Praguien (moyen)
LA TRANSGRESSION EODEVONIENNE S’EST DEPLACEE DU SE AU NW
nb au NE Ardenne, il y a REGRESSION à la fin du Lochkovien =  soulèvement local Massif Brabant

PREAT A  ULB ‐ Conférence Bouillon 7.12.2007
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Sintubin 2010
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1 plissements
2 failles listriques normales
3 idem, mais réactivées 
  en failles de chevauchement et de charriage
4 sens de la progression des mers varisques

phase ARDENNAISE 

phase ASTURIENNE

±420

±315

phase taconique
phase sarde
phase cadomienne 

phase sudète
phase bretonne

phase palatine
phase saalienne
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nb: phase «brabancienne»  ‘30Ma’ Ord inf  -Emsien (id. U.K.) [in Debacker et al. 2005]
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PRINCIPLES 1, 2, 3 => NOTION OF MAJOR ‘BREAKS’

SYNTHESIS = ‘4’
‘SEDIMENTARY CYCLES and OROGENIC CYCLES’

A SEDIMENTARY cycle contains 3 terms: TRANSGRESSION-SEDIMENTATION-REGRESSION
AN OROGENIC cycle contains 3 terms: TRANSGRESSION-SEDIMENTATION-OROGENESIS
nb Orogeny is a collective name for deformation processes 
at convergent plates boundaries

uplift
erosion

denudation
peneplanation)

AND
ANGULAR UNCONFORMITY

KEY INTERPRETATION: the OROGENIC cycle is a higher subdivision 
with respect to the sedimentary cycle 
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THRUST-BELTS  and OROGENY
DOGLIANI MODEL

high subsidence => deep foredeep
(West Pacific accretionary wedges,

Barbados, S Sandwich Islands, Carpathians, Apennines…)

low subsidence ==> shallow foredeep
(Andes, Alps, Dinarides, Taurides, Zagros, Himalayas…) 
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potential good major subdivisions at a worldwide scale
based on the presence of the angular unconformities

Example: at least 16 orogenies in the Precambrian (cf. Wilson Cycle)

Example of the Dinant Basin : numerous TR and REG phases (absolute or relative)
• Lower Dev-Eif (TR)/Giv (REG)/
••/Fr(TR)/Fa(REG)/
•••/Tn(TR)/Vn(REG)/Houiller(REG)…
⇒Wn C/D

VALID for the ‘Euramerica Plate’ (‘Global’ Scale’)
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CONCLUSION 
They are numerous  SEDIMENTARY CYCLES 

in one OROGENIC CYCLE
(here Hercynian)

with only one  angular unconformity at the base,
above the ‘caledonian rocks’ ± 410 Ma

(and another one at the top, Wn C/D =± 310 Ma)

nb angular unconformities in the Precambrian : geometry? 



45

SUMMARY
Principles I, 2, 3 => Major regional subdivisions
(with absolute chronology, i.e. ± 5-10 Ma)
nb without correlation, successions in time derived in one area are unique
and contribute nothing to understand Earth history!

Orogen(s) 4 => group regional subdivisions in 
larger ‘units’

==> INTERNATIONAL DIVISIONS of
GEOLOGIC TIME and GLOBAL BOUNDARIES 
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Principles (I, 2, 3) + Orogens (4)        PLATE  TECTONICS
working since crust growth was stationary (ca ± 2.5 Ga)

⇒ geodynamic evolution of continents/oceans
PASSIVE/ACTIVE/TRANSFORM MARGINS
= continental ‘platform’/slope/rise/abyssal plain/ridges (rifts and oceanic)

nb Geologists decided to call the stable areas ‘plates’ and the unstable zones
around them ‘plate margins’ = plate tectonics
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Order of magnitude of the orogenic cycles
Example of the European areas

4.ALPINE  ±230 => ‘0’

3. HERCYNIAN or ‘VARISCAN’ ± 390 => ± 230 Ma

2. CALEDONIAN ± 500 => ± 390 Ma

1. CADOMIAN (PANAFRICAIN…) ± 650? => ±500 Ma

Each cycle is characterized by a few TECTONIC PHASES
Example of the Caledonian ‘cycle’

ARDENNE PHASE [phase ardennaise] -395 Ma (U. Sil/’Ge’)
TACONIC PHASE -435 Ma (U. Ord/L. Sil)
SARDE PHASE -500 Ma (U. Cm/L. Ord)
=
CLOSURE OF IAPETUS OCEAN
from N to S, between Laurentia and Baltica
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DISTRIBUTION OF CONTINENTS AND CLIMATIC BELTS IN THE DEVONIAN
(from Scotese & Golonka 1992)
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Early Ordovician
paleotectonic map
showing infered
relationships of N America
to Europe and Africa.
Volcanic arcs of the
Piedmont terrane were
impinging upon eastern
N America, and the
AVALONIA micro-
continent was rifted
from NW Africa

N= Newfoundland
NY= New York State
SA= southern Appalachian
region

in Prothero & Dott  1994
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Paleotectonic map showing
final closure of the proto-
Atlantic (= IAPETUS) in
middle Paleozoic time.

F= Florida, S= Spain
WE= Western Europe
I= Italy

in Dott & Prothero 1994

IAPETUS

RHEIC
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sarde phase

taconic phase

ardennaise phase
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Iapetus: ±600/645 Ma [separation Laurentia//Baltica//Gondwana] - 320 Ma [.... Acadian]
Rheic: 500 Ma - ± 230 Ma [ ..... Palatine]
 Opening Oc. Rheic => beginning of Iapetus subduction and Laurentia[ ]Baltica
At 460 Ma beginning of Rheic and Gondwana [ ]Laurentia[ ]Baltica

L A U R U S S I A

LAURENTIA BALTICA

AVALON
IA

iapetus

tornquist

rheic

GONDWANA(LAND)‐BRAZILEIRO 

 Sil‐Dev
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PREAT A  ULB ‐ Conférence Bouillon 7.12.2007

TIME
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               OROGENIC ‘CYCLES’

⇒ duration between 150 and 200 myr (they are parts of higher ‘cycle’
     or WILSON CYCLE = assemblage and fragmentation of supercontinents
     at a 400-500 myr time scale (= FIRST ORDER ‘CYCLE’)
⇒ they contain compressive or tectonic phases
    Alpine chain : tectonic phases = ± 10 myr (sometimes 1-5 myr)
    Andean chain : 5-10 myr
   • (very) fast, particularly if  compared with the sedimentation phases
      they contain (= Sedimentary ‘Cycles’ of 10’s myr)
   • ‘diachronous’ since the whole Earth can’t folded in the same time

Example of the HERCYNIAN PAROXYSMAL PHASES which are clearly 
diachronous (at a larger scale)

3.  PALATINE PHASE Pm-T, Oural
2.  APPALACHAIN PHASE Pm, N America
1.  ASTURIAN PHASE Mid-Carboniferous (WnC/D), Europe

-295/305

-230

∆T = 60-75 myr! with tectonic phases of ± 10 myr
nb could also be longer: Pyreneans, compressive phases 20 myr
nb sometimes a ‘complete’ orogenic cycle = 30 myr (PCm in Africa)
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there is always something

….
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CONCLUSION : TECTONICS  IS  ‘GLOBAL and CONTINUOUS’  

one orogenic cycle       
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FINALLY WHAT DOES AN OROGENIC CYCLE REPRESENT ?

Orogeny involves plate tectonic forces which result in a variety of associated phenomena,
including magmatization, metamorphism, crustal melting and crustal thickening.
Just what happens in a specific orogen depends unpon the strenght and rheology of the
continental lithosphere and how these properties change during orogenesis.
In addition to orogeny, the orogen once formed is subject to erosion. 

The sequence of repeated cycles of sedimentation, erosion, followed by burial and
metamorphism, and then by formation of granitic batholiths and tectonic uplift to
form mountain chains is the orogenic cycle.

They are different orogenic types => all orogenic belts have same similarities
==> lateral compression (with rock deformation and crustal thickening), magmatic rocks
from various sources (due to the subducted lithosphere…)

1.‘INTERCRATONIC’ OROGENS = closure of ocean basins = ‘CLASSICAL OROGEN’
        (the Alps …Himalayas … from Cretaceous to ’today’)
2.‘INTRACRATONIC’ OROGENS = within continental areas with no pre-existing ocean basins
        (the Rocky Mountains of western N America …L. K/E. Tertiary)
3.‘CONFINED’ OROGENS = closure of small ocean basins that existed as indentations into
       continental blocks (that had not been completely split apart)
        (Aracuai belt, eastern Brazil 2Ga, Sao Francisco craton (eastern S America+Congo craton,
        western Africa 2Ga …. +? Ord-Sil Caledonide belt of N Europe and Greenland…)
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FINALLY WHAT DOES AN OROGENIC CYCLE REPRESENT ?

simplified: an orogenic cycle corresponds to the opening of an oceanic
domain and its future closure
=> tectonic phases constitute the major and ‘global’ events of the
 orogenic evolution

Example of an oceanic domain in a convergent margin
By simplifying (extremely) => successive episode evolution lasting 100-150 Ma 
= ± ½ WILSON CYCLE
1.Sea prior compression = shallow sedimentation => deep sedimentation
2.Beginning of subduction: formation and uplift of mountains => very fast
      i.e. a few mm/yr [= a few m/1000 yrs] ==> Papua New Guinea 33m/1000 yrs
      measured from reefal terrace uplifts > 600m during the Pleistocene/Holocene
     (nb 33m/1000yr = 33km/Ma!...)
3.Progressive widening of the chain and protrusion of the reliefs in the
     nearby continents = 0.5-1cm/yr [5-30km/Ma!]
     => with sinking of plate at -30km, > 600°C and metamorphism + sediments/
     rock fusion (formation of magmas => upward migration, cooling, crystallization)
     ==> thickening of the chain roots = 70 km (low density 2-2.5 < mantle 3 or more)
4.Thinning due to erosion and return to initial thickness (continental crust ± 30 km)
5.   Flattening-peneplanation and return of the sea (other part of the WILSON CYCLE)
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             WILSON CYCLE

1.Opening phase due to sea-floor spreading
2.Period of closure by subduction-obduction
      of oceanic lithosphere
3.   Continental collision resulting in deformation
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1 ==> 5: 100-150 Ma and ANGULAR UNCONFORMITY
then 
80-100Ma (heat accumulation)
+ 100-150 Ma = divergent margins

CONCLUSION: THE WILSON CYCLE IS THE MOST COMPLETE
= FIRST-ORDER CYCLE

=SECOND-ORDER CYCLE : MID-OCEANIC RIDGES 10-70Ma

Length > 75 000 km
> 75 % of Earth volcanism
> 1mm up to 20 cm/yr
   i.e.. 10-200 km/myr
> 50 % of oceanic basinal 
   surface
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∆∆ volume volume

SL SL +200-300m+200-300m

biologicalbiological  proliferationproliferation
= = sequestrationsequestration of C  of C ==>==>  oiloil
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THE WILSON CYCLE IS THE MOST COMPLETE CYCLE IN GEOLOGY
= FIRST-ORDER CYCLE

1. STAGE OF DISTENSION (= rift)
     Today : Alsace, Limagne, Great Lakes in East Africa…
2. STAGE OF NARROW OCEAN : Red Sea => sea water stratification
     ==> evaporative basins (Example of Aptian, S Atlantic, thickness 5 km)
3. STAGE OF LARGE OCEAN :  present day Atlantic with ‘free’ oceanic 
     circulation => oxydation of organic matter
4. STAGE OF SUBDUCTION : transition from passive to active margin
    => decoupling  oceanic/continental crusts ==> oceanic trough
    = present day Pacific
5. STAGE OF COLLISION : the magnitude of the shortening is generally
     < than the present day widht of the chain
     Example:  the Himalayas, average width is ±300 km between the Gange River
     and the Tibetan Plateau = shortening of  300 km
     Example: Pyreneans, width 200 km, shortening ‘only ‘ 100 km
     Example: ‘Haut Atlas’ Morocco, width 200 km, shortening 50 km
    => great differences as a consequence of highly variable crustal thickening
    (maximum crustal thickening is ± 70 km).



69

BEAR IN MIND …

Mechanism = plate tectonics (global scale geodynamic)

To explain the drift of the continent :  ASTHENOSPHERE
located below the lithosphere

The astenosphere is ductile (it flows plastically, or deform easily,
in response to stress) and extends through the mantle’s transition
zone to a depth of around 700 km. 
Its thickness is generally 300 km and T° around 1100°C.

‘Vertical’ convection cells : ± 10cm/yr as plate movements (Hztal)

in
 K

um
p 

et
 a

l. 
20

11



70

± 12 (micro± 12 (micro) ) tectonictectonic plates plates
T

ro
m

pe
tt

e 
20

03
T

ro
m

pe
tt

e 
20

03

100100

7070

8080

7070

66

6060

55

1010

mm/anmm/an

or or lithosphericlithospheric plates plates



71

TODAY : BASIN ANALYSIS (+ GEODYNAMIC)

GLOBAL TECTONIC
‘GEOPHYSICS’

= RECEPTACLE
‘CONTENANT’

Substratum, Socle 

2nd order

1st order
Wilson Cycle

SEQUENCE STRATIGRAPHY
‘SISMOSTRATIGRAPHY’

= FILLING
‘CONTENU’

Sediment+Water
(Rocks)

3rd order

4th-5th orders
p,o,e
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THREE IMPORTANT OROGENIC CYCLES IN EUROPE

CALEDONIAN  => STRUCTURATION OF NORTHERN EUROPE

HERCYNIAN (VARSICAN) => STRUCTURATION OF MID-EUROPE

ALPINE => STRUCTURATION OF SOUTHERN EUROPE 

= SUCCESSIVE  ‘COLLAGES’ => GEOSUTURES

i.e.  Europe’s continental crust formation and assemblage
(it started ca. 3.5 Ga ago [Archean] in present Russian Karelia …)
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EGT

The ‘terrane collage’ of 
Precambrian and Phanerozoic

Europe (simplified sketch).

SUTURES and OROGENIC
fronts = bold lines

=> younging is from S to N
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THE EUROPEAN GEOTRAVERSE

Each suture = closure of a ocean
⇒± 200 Ma…

[maximum present day oceanic
crust age  is 180Ma L/M Jurassic

Atlantic]
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THE EUROPEAN GEOTRAVERSE
‘experiments’- programs

1992
Heat-flow

Magnetotelluric studies
Seismic reflection

Deep seismic
Geomagnetic

Bouguer gravity
Tectonics

etc.

⇒ sections : 10’-70’km deep
up to 500 or > deep
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Some important definitions related to the notion of FACIES
= principles 1+2+3 + orogenic ‘cycles’ + ‘facies’

a. ISOPIC FACIES/ZONES : same facies (characteristics), same ages
b. HETEROPIC FACIES/ZONES : same ages, different facies (characteristics)
     = lateral variations
c. HOMOTAXY or EQUIVALENT FACIES/ZONES : different ages,  same facies

Examples: Dinant basin, Paris Basin etc….  
Important for mapping, for paleogeographic reconstruction…



76

(OROGENIC) CYCLES + PALEONTOLOGY
=> ‘GLOBAL’ STRATIGRAPHICAL DIVISIONS
At the beginning :  ± local because lithostratigraphy (= sedimentology etc.)
is dependent of climate, of subsidence rate ….=> great variations on short
distances and diachronisms at different scales

• lithostratigraphy (with lateral facies variations)
• biostratigraphy (with ecological imprint)
•
•
•
• magnetostratigraphy (mainly from the Upper Jurassic)
•
• chemostratigraphy (traces, isotopes as ‘identity-card signature’
• seismic reflection (high resolution 5-12 m, only at shallow depth)
•



77

D
in
el
ey
 1
98

4



78



79

Need and use of STRATOTYPES = ‘TYPE SECTIONS’
as the material basis and standard of definition of
stratigraphic units

’Ideally’ a stratotype is regarded as ‘typical’ of a particular
stratigraphic unit it defines

⇒ INTERNATIONAL STRATIGRAPHIC GUIDE or
     HEDBERG CODE (1976)
    p.24 a stratotype is defined as 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 constituting the standard
     for the definition and recognition of the stratigraphic unit or
     boundary’

 



80

Stratotypes are applicable to various categories of stratigraphic units,
especially lithostratigraphic and chronostratigraphic units.
Certain types of stratigraphic units, for example, some
biostratigraphic units , may not have stratotypes.

The GUIDE (Hedberg, 1976) distinguishes 3 basic forms of stratotypes for those
units to which the concept of stratotype is applicable

1.UNIT-STRATOTYPES
2.BOUNDARY-STRATOTYPES
3.COMPOSITE-STRATOTYPES

1.a unit-stratotype is simply the type section of strata that defines the content, and normally also the upper
         and lower boundaries, of a particular unit (such a formation….) = a single very complete section with well
         exposed strata
2.a boundary-stratotype or limitotype is the specific point in a particular sequence of rock strata that
         defines a particular stratigraphic boundary (stage, system….) => it is bounded by two boundary-stratotypes

marking the lower and upper boundaries of the stratigraphic unit (not necessarily occuring in the same
          stratigraphic section, or even in the same geographic region). It also may stand alone, independent
         of unit-stratotype.
3.a composite-stratotype is unit-stratotype formed by the combinaison of several specified type intervals of
         strata (for example when a stratigraphic unit is NOT exposed completely in a single stratigraphic section…)
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in EPISODES, vol12/2, 1989
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REMEMBER….

SECTION I SECTION II
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REMEMBER….
hiatus(es)
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PELAGIC SERIES
= ‘basin’

‘PLATFORM’ SERIES
= ‘shallow’

stratigraphic fossils s.s.
sedimentation rate mm/1000-10000yr

facies fossils
sedimentation rate dm-m-Dm/1000yr

STRATOTYPES and PARASTRATOTYPES
and/or LIMITOTYPES
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SHORT HISTORICAL SUMMARY
First International Geological Congress : 1878 (Paris)
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http://www.google.be/search?q=First+International+Geological+Congress+&ie=utf‐8&oe=utf‐8&aq=t&rls=org.mozilla:fr:official&client=firefox‐a

1878
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…1952 First International Meeting for Correlation Problems
= 19th International Geological Congress at Alger

⇒ creation of the ICST International Commission on Stratigraphy  Terminology
which is now named ISSC International Subclommission on Stratigraphy Classification
under the control of IUGS (or EPISODES)
==> following the Congress of Alger: > 40 countries have established a first valuable 
codification of these problems ===> edited by HEDBERG (1976) in the ISSC frame

…1976
INTERNATIONAL STRATIGRAPHIC GUIDE – HEDBERG 1976
OBJECTIVE = TOWARDS A COMMON LANGUAGE… 
‘ agreement on stratigraphic principles, terminology, and classification procedures is 
essential to attaining a common language of stratigraphy that will serve geologists
worldwide. It will  allow their efforts to be concentrated  effectively on the many real
scientific problems of stratigraphy, rather than being wastefully dissipated and fruitless
controversy  arising  because of discrepant basic principles, divergent usage of terms,
and other unecessary impediments to mutual understanding’
….
…
…TODAY: general agreement except for the PRECAMBRIAN and the QUATERNARY
Next step: integration of new and valuable data from the magnetic inversions
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…1983 NASC = North American Stratigraphic Code
by the North American Commission on Stratigraphic Nomenclature
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http://www.episodes.co.in/www/backissues.htm
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EPISODES : back issues (from 1987)
http://www.episodes.co.in/www/backissues.htm
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Episodes 1993, vol 16/3 
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Episodes 1993, vol 16/3 
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vol 12/2 -1989
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vol 12/2 -1989

WG 
Working Group

GSSP
Global Stratotype
Section and Point
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Episodes, vol 29/1 -2006
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Episodes 2006, vol 29/1 

GTS 2010
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biostratigraphy

chemostratigraphy

‘sequence stratigraphy’

Episodes 2007, vol 30/2 

GTS 2010
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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
interval that are isochronous and time plane 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 deals 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 ….’


