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STRATIGRAFIE

m ,Nauka o vrstevnich sledech” (princip superpozice)
Zabyva se relativnim merenim casu v geologii

m Studuje ,horninove jednotky” a interpretuje horninove
sledy jako sled udalosti v déjinach Zemé (,klic* k
pochopeni historie planety Zeme)

m Soucasti témer vSech geologickych disciplin (stari hornin
je jednou ze zakladnich informaci, se kterou pracuiji
vsichni geologove)
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Historie

m N. Steno, 1669, Princip superpozice a souvisejici
principy

m “No geology existed prior to Hutton”
J. Hutton, princip uniformity, uniformitarianismus

m Charles Lyell, Principles of Geology

m W, Strata” Smith, zaklady biostratigrafie, principle of
faunal succession (,stejnych zkamenelin®)

m Lamarck, Darwin, evolucni teorie

m A. Gressley, pojem facie, interpretace
horninovych celkld ve smyslu prostredi vznik
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Geotektonicke hypotézy

m J.D. Dana, J. Hall, geosynklinalni
hypotéza

m M. Bertrand, teorie prikrovu
m A. L. Wegener, kontinentalni drift
m Harry Hess, sea-floor spreading

m J.Tuzo Wilson, transform faults,
Wilson cycle

r




Datovani hornin

m E. Rutherford, manzele Curieovi, objev
radioaktivity, pocCatek 20. stol.

m \W. F. Libby (Nobel prize 1960), 4C dating
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Chronostratigraficka skala

m Definice mnoha utvaru (Cambrian, Silurian,
Devonian, Permian) v polovine 19. stol (R.
Murchinson, A. Sedgwick)

m 2. pol. 19. stol., vytvoreni chronostratigraficke
skaly

m Mezinarodni navody lito- a biostratigraficke
klasifikace a nomenklatury, Hedberg 1976,




Basic stratigraphic principles




1.  The principle of superposition - in a vertical sequence of sedimentary or volcanic rocks, a
higher rock unit is younger than a lower one. "Down" is older, "up" is younger.

2.  The principle of original horizontality - rock layers were originally deposited close to
horizontal.

3. The principle of original lateral extension - A rock unit continues laterally unless there is a
structure or change to prevent its extension.

4.  The principle of cross-cutting relationships - a structure that cuts another is younger than the
structure that is cut.

5.  The principle of inclusion - a structure that is included in another is older than the including
structure.

6. The principle of "uniformitarianism" - processes operating in the past were constrained by
the same "laws of physics" as operate today.




e | Reading the Record of
e Time in Sedimentary
Rocks - Steno’s Laws

+ Law of Superposition

S E — sediment deposited In layers on
seafloor or land surface

— each succeeding layer buries
strata underneath

Time 2 Stratim B deposited

Time 3 Stratum C deposited

Waler oo — oldest stratum at bottom

— youngest stratum at top

Fia3-4 |
THE PRINCIPLE OF SUPERPOSITION
In a sequence of strata, any stratum is younger than the sequence of strata on which it rests, and is older than the strata
that rest upon it. "...at the time when any given stratum was being formed, all the matter resting upon it was fluid, and,
therefore, at the time when the lower stratum was being formed, none of the upper strata existed." Steno, 1669.




Steno’s Stratigraphic Laws

» Law of Superposition

— strata are progressively
younger from bottom to top
of section

+ Law of Original Horizontality

— strata deposited in horizontal
layers

— tilted rocks have been
deformed

PRINCIPLE OF INITIAL HORIZONTALITY

*Strata are deposited horizontally and then deformed to various attitudes later. '"Strata either perpendicular to

Time 4; Folding, uplift, ergsion

Erosion remaovas
‘ these layers

A | Botiom

Fig 3-4

Younger «—— Older

the horizon or inclined to the horizon were at one time parallel to the horizon." Steno, 1669.
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Nicholas Steno, a Danish physician living in Italy in 1669 proposed that the Earth’s strata accumulated
with three basic principles. Steno pointed out obvious, but overlooked principles of sediment
accumulation. They included the Principle of Original Horizontality, Principle of Superposition,
and Principle of Original Continuity. If sediments accumulate in a large basin, the laws of gravity will
deposit the beds, horizontal to the surface of the Earth. Beds can "pinch out" along the sides of the
basin as in the figure below.
The Principle of Superposition states that in a sequence of sedimentary rock layers, the bottom layers
are older than the top layers. The bottom layers were deposited first. In the figure below A is the oldest
bed and G is the youngest.
The Principal of Original Continuity states that the beds can be traced over a long interval if the basins
were open. For instance, Bed F can be traced continuously to the smaller basin in the figure below.
The other beds below F can then be correlated to Beds A-E.

0O 0OmMmmae

PRINCIPLE OF STRATA CONTINUITY
*Strata can be assumed to have continued laterally far from where they presently end. "Material forming any stratum
were continuous over the surface of the Earth unless some other solid bodies stood in the way." Steno, 1669




Relativni datovani: stratigraficka inkluze,
stratigraficky prunik

PRINCIPLE OF CROSS CUTTING RELATIONSHIPS

* Things that cross-cut layers probably postdate them. "If a body or discontinuity cuts across a stratum, it must have
formed after that stratum." Steno, 1669




Relativni datovani:
stratigraficka inkluze,
stratigraficky prunik

Principle of inclusions See Levin, 5th edition, p. 14-15

Note the irregular erosional surface. This is an unconformity. The
clasts (in the bed above the unconformity) are derived from the
underlying (older) bed.

The gravel clasts are older than the layer which contains them. The
layer containing the gravel must be younger than the layer from
which the clasts originate

A. Intrusive
igneous rock

B. Exposure and
weathering of intrusive igneous rock

Inclusions of -
igneous rock

C. Deposition of
sedimentary layers
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The Principle of Faunal Succession was later added by William Smith in the late 1700's who observed
and studied fossils embedded in rock layers. This principle states that the oldest fossils in a series of
sedimentary rock layers will be found in the lowest layer (layer A). Progressively younger fossils occur
in higher layers (layer B). This is the same concept as superposition, but it helped geologists realize that you
can look at the age of these layers and assign relative dates. This parallels evolution. Younger organisms
replace older organisms as the older ones become extinct.
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The Geological
v, [ Hnd Record
= B * In Darwin’s day the
4 ﬁ, = bazic concepts of the
e new science of gecl-
@ e ogy were just
B W e beginning to be filled
r ) W R e R iﬂ.

* Inthe 1790°z an
T enthusi astic amateur,
e Wm. “Strata™ Smith,
). mee e had realized that the
IS types of fossils found
in each rock layer
were quite different
from those in other
sirata.




,Princip stejnych zkamenelin®

| Age of rock unit A
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Principle of uniformitarism (actualism)

PRINCIPLE OF UNIFORMITARIANISM based onrealizing that '"The Present is the key to the Past.,,

a.
b.
c.

d.

To understand past, study processes at work today.
Origin of rocks understood by how rocks form now.
Geologic processes are uniform through Earth history, with only a few minor exceptions.

Rates that processes work are NOT uniform.

a more general statement saying: ""The laws of nature are constant thru time.,,

1.
2,

Scientific experiments always give same results.

Actualism is a fundamental concept of all science; itwas generalized from geological
uniformitarianism.

Differencies in the past

Chemical parameters

1) Different salinity of the oceans — Precambriam

2) Composition of the atmosphere

3) Different sediments (some U deposits, banded iron formations)

Evolution of bilogical systems

1) Hadaikum — no life

2) Absence of floral cover

3) Changes in environmental requirements

Different intensity of geological processes — orogenic cycles, climatic oscillations
Different astronomical parameters — slower the rotation of Earth
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LENGTH OF THE DAY

Narrative:
The length of day and number of days per year is slowly changing.

Tidal friction on Earth of lunar and solar tides slows it down. Also, the moon is slowly
retreating from the Earth.

Rate: rotation - slows by 1.7 milliseconds/year
moon retreat - 5 cm/year

Geophysical calculations of slowing are validated by evidence from fossils - which record
daily bands and lunar cycles.
(primarily the frequency and magnitude of tides)

-Stromatolites
-Corals
-Bivalves

900 million years B.C. -- day: 18 hours; 440 days/year

150 million years B.C. -- day: 23.5 hours; 370 days/year
(late Jurassic)

Modern -- day: 24 hours; 365.25 days/year

Circadian rhythm in higher animals does not adjust to a period of less than 17-19 hours per
day.
Therefore, records the time of emergence of metazoans.




Stratigraphic
tool kit

m \Vytvoreni
sekvence

Sled
,udalosti”

Casové
nastroje

m Interpretace
Zzaznamu

Remote sensing
— [Chapter 3]

Wire-line logging
[~ [Chapter 9]

Y

Seismic stratigraphy
[Chapter 10]

» Sedimentary facies

Lithostratigraphy

Vo TouWTd

[Chapter 2]

Relative chronology

[Chapter 4]

Biostratigraphy
[Chapter 5]

Event stratigraphy
[Chapter 6]

Cyclostratigraphy

Sequencing tools
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» Chronostratigraphy

[Chapter 7]

Chemostratigraphy

[Chapter 13]

4

[Chapter 8]

v

Magnetostratigraphy

Absolute dating
[Chapter 12]

Sequence stratigraphy
[Chapter 11]

v

Time tools

Y

¥
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[Chapters 14 & 15]

Palaeoecology

v

[Chapter 16]

Palaeoclimate

[Chapter 17]
Tectonic history

A J

Interpretative tools |«

[Chapter 18]

Earth history




Stanoveni sekvence,Litostratigrafie
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STRATIGRAFIE a
STRATIGRAFICKA KORELACE

m Stratigrafie:
nauka o vrstevnich sledech (princip superpozice)
Zabyva se relativnim merenim Casu v geoloqii

m Stratigraficka korelace:

(porovnavani stari prostorove nesouvislych vrstev na zaklade
spolecnych znaku — obsahu fosilii, litologie, chemického slozeni,
fyzikalnich vlastnosti, atd.)

LITOSTRATIGRAFIE (korelace na zakladé litologickych znaku)
BIOSTRATIGRAFIE (korelace na zaklade fosilii)
CHEMOSTRATIGRAFIE (korelace na zakladé chemického slozeni)
MAGNETOSTRATIGRAFIE (korelace na zakladé magnetické polarity)
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LITOSTRATIGRAFIE

Ash
bed

hale facies

Sandstone facies

- Conglomerate facies

100 k. SEsmee

Key bed
| black limestone

(b) (c)

Korelace na zakladé litologickych znaki
sedimentu: mineralni slozeni, struktura, textura,
mocnosti vrstev, atd.

litostratigrafické jednotky - superskupina >
skupina > souvrstvi > vrstvy (clen) > vrstva

Marker (key bed)




Stratigraphic way-up

- ————— g

Cross-beds: Often concave
‘| upward and cut off at top

Wave-formed ripple marks:
Sharp crests and smooth troughs

Graded bedding: Largest
particles on bottom

Mud cracks: Open toward top
of layer
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Diachonismus horninovych teles
(litostratigragickych jednotek)
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Figure 2.4 Diachronism of the Bridport Sand Formation in south-west England, over a dis-
tance of some 150 km. The zones and subzones are based on ammonite faunas. [Modified
from: Torrens (1969) and Callomon & Cope (1995)]




Litostratigraficka klasifikace a

nomenklatura
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Figure 2.2 Schematic section showing the lateral boundary between the Millstone Grit and
Edale Shale in the Carboniferous of the southern Pennines, UK. These are both traditional
names which have been redefined and formalized as groups. Whilst both groups are dominated
by mudstone (unshaded), feldspathic sandstones (fine stipple) characterize the Millstone Grit
Group, and quartzitic sandstones (coarse stipple) characterize the Edale Shale Group. The
boundary between the two groups had to be defined in such a way that it could be drawn objec-
tively and consistently in any one section. In this case, the base of the Millstone Grit Group has
been defined at the first appearance of feldspathic sandstone within the mudstone succession.
[Modified from: Evans et al. (1968); new classification by Rees and Wilson (1998)]

CIRENCESTER OXFORD

Formation

BEDFORD

Cornbrash

Formation

Clay

Blisworth
Blisworth ]
Limestone Formation

Wellingborough Member

Forest Marble Formation

MemPe'_ _— —hite
- _ —{ Limestone
- Formation

‘‘‘‘‘

,—R-“"'a:d Formation
\\)

Limestone
Formation

CF = Charlbury Formation
EM = Eyford Member
TM = Througham Member

Vertical exaggeration ¢.x750

Figure 2.1 Schematic section illustrating lithostratigraphical relationsh ips within the Great

Oolite Group (Middle Jurassic) between Cirencester and Bedford, southern England. The no-

menclature used is a mixture of formalized traditional terms (e.g. Cornbrash, Forest

Marble, White Limestone) and newer names chosen to accord with modern recommencda-
tions (e.g. Rutland Formation)

m Hranice mezi litologickymi jednotkami: diskordance, konkordance, pozvoln= vertikalni pfechody,

lateralni prstovité zastupovani,

m  Hranice mezi litostratigrafickymi jednotkami: musi byt zvoleny v jednom konkrétnim bodé

m  Musi splhovat kritérium mapovatelnosti
m  Musi platit princip superpozice
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Definice a specifikace jednotek

m Nazev, geograficka lokalita, historicka priorita, jeden nazev jen pro
jednu jednotku i v odliSnéem ranku

m Litologie, barva, sedimentarni textury, mocnost vrstev, cyklicita,
karotazni charakteristika (tam kde chybi vychozy)

m [ypovy a referencni profil (stratotyp), charakteristické znaky
jednotky + jeji spodni hranice, v pfipadé nouze muze byt
stratotypem jadrovany vrt, snadna pristupnost

m Hranice (spodni, svrchni), v pfipadé pozvolnych prechodu musi byt
zvolen jeden urcity bod a jednoznacne popsan

m Deleni na dilCi jednotky, uvedeni vSech dilCich jednotek, nove
definovanych i dfive definovanych s patficnymi citacemi
m Mocnost, typicky mocnostni rozsah a extremy

m Rozsah, ve smyslu dnedni geografie a idealné i ve smyslu puvodni
sedimentacni panve

m Stari, uvedeno v chronostratigrafickych jednotkach




Litodemicke jednotky

m Nejsou zvrstvené a
neodpovidaji pravidlu
superpozice,

m Definované na
zakladeé litologicke
charakteristiky

s Litodém (zakladni)

m Skupina
(superskupina)
(“super/suite”)

m Komplex/teran:
skupina dvou a vice
geneticky odlisSnych
horninovych celku
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Figure 2.5 Diagrammatic cross-section showing various lithodemic units. The lithodeme of
gneiss and intrusion of diorite were deformed together, and may be regarded as a complex.
[Modified from: North American Commission on Stratigraphic Nomenclature (1983)]




Metody dalkoveho pruzkumu

m Remote sensing:
stanoveni charakteristiky
urcitého uzemi bez

A Energy sources

Sun's energy (6000 K)

. ’ 4t
pfimého fyzického > [ 2 o Earth's energy (300 K)
2 i > i Infrare
kontaktu s 5 e ! S |
m Detekce, zesileni, B | |
Zobrazenl' a interpretace Atmospheric transmittance
odrazeného a £ 100
emitovaného EM zareni 2 oy opoked
m Letecky, satelitni prizkum &
=  RozliSeni mineralq, S gl [ i O ,
vegetacniho pokryvu,
ktery odrazi geO|OgiCké C common remote sensing systems
pOdIOZlI — Human eye _
S
Thermal scanners
Multispectral scanners
I I | I N |
0.3um 1.0um 10 um 100 um imm im
Wavelength =

Figure 3.1

The electromagnetic spectrum: sources, atmospheric transmittance and remote
sensing systems [Modified from: Lillesand & Kiefer (1994)]




m Jv. Sicilie
m Karbonaty,

m Horizontalni
vrstevnatost










Geophysical methods, wire-line logging
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Figure 9.1 Rotary drilling and the associated mud system
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Geophysical logging

m  Spontaneous potential logging: elektricky proud vznikajici z rozdilt salinity
(potencialt) vrtnych fluid a fluid v horniné, rozliSuji permeabilitu

m  Gamma-ray logging, pfirozena radioaktivita hornin a mineralu, struktura a
geochemie sedimentu

= Neutron logging, neutrony emitované sondou koliduji s Casticemi v horninée (H,
Cl),které emituji gamazareni o charakteristické energii, indikuji obsah vodiku ve vodé
obsazené v porech, definuji a kvantitativné odhaduji porozitu

m Resistivity logging, odporova karotaz,
Kfemen, kalcit, dolomit, uhlovodiky, pory naplnéné vzuchem: resistivita > 100 milionu
ohmmetru
Pory nasycené vodou a fluidy
» Sladka voda: 26 ohmm
m Morska voda: 0,18 ohmm
m Podpovrchova horninova solanka: 0,055 ohmm
Jilové mineraly: schopné iontové vymeény: dobra vodivost = nizka resistivita
m  Dipmeter logging: strukturni sklon mereny 4 sondami, které meri mikroresitivitu,
tektonicky uklon vrstev, Sikmé zvrstveni, atd.
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Gamma-ray logging

m Spontanne radioaktivni izotopy v horninach (U rada, Th
fada, 4°K)
m yzareni (EM vinéni)
emitovane pfi radioaktivnim rozpadu
charakteristicka energie
= 1.360 - 1.558 MeV, K,
m 1.564 - 1.953 MeV, eU (uranium equivalent)
m 2414 - 2.804 MeV, eTh (thorium equivalent) (Nal2)
m Scintilacni detektor (jodid sodny) detekuje y - zareni,
jednotky API (American Petroleum Institute)
Obsahy K(%), Th(ppm) a U(ppm) (spektralni gamakarotaz)




Basic G-R log shapes

m K: v krystalové - =
mrizce, draselne FERNEYRIGS
zivee, muskovit, illit =

m Th:vazany najilove |
mineraly ]

m U: organicka hmota, | crimoee
fosfaty, vazba na . 1
jilové mineraly f

m K, Th: ,indikatory o
Jilu® = e T

Figure 9.8 Examples of log shapes from Carboniferous sequences in boreholes from north-

ern England. A coarsening-upwards (funnel-shaped) unit is seen in the Ferneyrigg borehole

(confirmed from core data), while fining-upwards (bell-shaped) and uniform (cylinder-shaped)

sandstone with a sharp base and top are seen in the Stonehaugh borehole (confirmed from

core data). [Reproduced with permission from the Geological Society, from: Whittaker et al.
(1985)]
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FIG. 17.-- Generalized mineral fields on a potassium-thorium crossplot (modified from
Quirein and others, 1982).




Th/U pomer, KUT diagramy
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FIG. 22.—- Spectral gamma ray KUT ratio plot of Permian and Cretaceous units

from Well #10 in central Kansas.
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Gamma-ray logging, correlation
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Figure 9.10 Large-scale regional lithostratigraphical and log correlation of the Mercia Mudstone Group (Triassic) in selected boreholes in the
East Irish Sea Basin. [Modified from Jackson et al. (1995)]




Cretaceous
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Korelace na zakladé stejnych fosilii (princip
stejnych zkamenélin)

Indexové fosilie (viidci zkamenéliny), pravidla:
kosmopolitni, dobra identifikovatelnost, rychla
evoluce, hojny vyskyt (Ammonoidea, Radiolaria,
Conodonta, Cocclitophorida, Trilobita, atd.)

Biostratigraficka zona (biozona), typy zon:
intervalova zona, zona spolecenstva, zona
rozsahu

Biostratigrafické zonace
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Correlation of strata using fossils

» |dentical fossils mean strata are same age

University of Geology 101 Environmental Geology Lecture 4 Slide 12
Connecticut Ra'},r Joesten




Index Fossils Guide Fossils (other terms used: Zone Fossil,
Index Fossil)
A good index fossil must be:

1. Independent of environment

2. Fast to evolve

3. Geographically widespread

4. Abundant

5. Readily preserved

6. Easily recognised

Examples: Graptolites, Ammonites, Foraminiferans, Pollen,
Nannoplankton




Biostratigraphic Zones
Biozones - the most fundamental biostratigraphic units.

A zone 1s a body of rock whose lower and upper boundaries are based
on the ranges of one or more taxa (usually species or phena) (see this
Figure for graphic examples of the major types of biostratigraphic
Zones)




Rozsah taxonu na lokalité

A B C D




Materialni a Casovy rozmer biozon

Extinction

ZEIT PROFILA PROFIL B PROFIL C

=
©
P
g Time and space in which 5
= biozone exists kel
= )
A 2-2
Speciation UZJ )
] © <
N Z : X
¢ oz ; A
- S, g5 |
Geographic range §"6% .
£ oF ;
Figure 5.4 Anatomy of a taxon range biozone illustrating the interaction of evolution ¢ (:5 o
biogeography o) 2
o
Z-1
ENTFERNUNG




Stratigraphical level

Biozona a biohorizont, typy biozon
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Grafické znazornéni prikladd biozon
(upraveno dle Chlupac & Storch 1997)
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Problemy

m Eroze a preplaveni

m Biozony definovaneé na zaklade absence
indexoveho taxonu
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Conodont
biostratigraphy

m Typically, several
conodont populations
from multiple stratigraphic
levels

m Stratigraphic inclusion of
older conodonts from
reworked deeper sediment
layers
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UDALOSTNI STRATIGRAFIE
EVENTOSTRATIGRAFIE

STRATIGRAFICKA UDALOST:

m Zaznam relativné kratkodobého procesu v horninach

m DepoziCni udalosti: témér okamzité, na sedimentaci ,pozadi”
Mofrské prostredi
Terestrické prostredi

m  NedepoziCni a erozni udalosti: nahla eroze, ,winnowing" — tfidéni vyplavovanim,
redepozice, kondenzace, ,hladovéni”,

m Vyjimecné fyzikalni procesy a udalosti: zemétfeseni, impakty
m  Antropogenni udalosti
m Biologicka (evolucCni) udalost: (nahlé FOI, hromadna vymfeni) - biostratigrafie

m Event bed: udalostni vrstvy
m Event horizon: udalostni horizont




" A
Rekurencni interval vs. velikost udalostl
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DEPOZICNi UDALOST!

DepozicCni vrstvy (event)

Prirustek velkého objemu Depositional events (marine)
I I Atk + constant
c:‘,edlmentu za velmi kratky A o osses i
cas T T T T ‘T —
: : \ i : : Time
Korelace udalostnich \ i | N
: o Small e N Volc. ash
sedimentu = korelace events ‘I Anoxic | Large, rare event
A\'4 1 4 . 2 I I
casoveho horizontu Sediment TR P
VO‘Ume Of very rare 1 Host
event bed l Il Sediment
: |
B Sediment | :
buiifiup f
; _______________ =——=Black shale
""""" o
(e.g. mass flow, :
BeBeal ] megaturbidite)
eposinona
"no\ise” Amalgamation
i e e
Erosion :
_____________________ =




Tempestity

m Hummocky cross
stratification
(hrbitkovite

zvrstveni)

m \Wave ripples
(vinové ceriny)

m Current ripples
(proudove ceriny)

Event Stratigraphy 151

Surface current
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(at surface)
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bottom current storm flood
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Figure 6.2 A. Wind-driven storms producing coastal set up of storm flood, foreshore bottom

return flow, and geostrophic bottom currents affecting the inner and outer shelf. As a result of

Coriolis forces, all currents are deflected to the right in the Northern Hemisphere. B and C.

Sedimentary structures of individual proximal carbonate and siliciclastic storm deposits (tem-

pestites). D. Distal tempestite. S, sand; M, mud; gr, graded and massive; Im, laminated mud.
[Modified from: Einsele (1992)]




Inner shelf A Lower to middle shoreface

Distal i Pre-storm
=< | Proximal Faststorm ; = _

i Topography 2.
Unidirect. CO?E::Ed Gutter Redeposition P st e

Tempestity Ll ool o

Amalgamace (slévani vrstev) = :
Scours (vymoly) bhondosor  fid

Foreshore sands

Huriocky, swaley

Irregular | éurge 4 ;
Tool marks (otisky po dopadu) AR soows.  phamelst (ATeigameRon
Combined flow (vicesmeérny) B ‘ |
- . ) v , Sea level Tempestites Bypass zone Barrier Lagoon
Unidirectional (jednosmérny) ——Fam—; R e RGNS . a0 S W 0=
wave base = 7 R

Proximalni vs. distalni
Fining and thinning upward (transgrese) s LN

. . . & ; ours, pot an '
Coarsening and thickening upward {) subsicence qutter casts kot atorm

increasing basinward

" Supratidal
storm sands

(regrese)
C Siliciclastic sequence D Carbonate sequence
C TEMPESTITES Shelf mud | shetly
COARSE # limestone
CHANGE l h - Bioturbation
orprM | L4 LLLLL | Distal -
COMPQS. FINE |) 2 MEAN " annel fill
COMPOS. tempestites 2| (skeletal
BT, 7 kstone)
RATE CF L il e
Sean” Ll b | ~
‘ = “ == s ining-up Amalgamation Coarsening-up
egpenin :
ERQSION pening) o (shallowing) .
BIOTUR- tempestites Proxlmall
BATION | 4 tempestites
EXPOSURE % Hummocky
————= and swaley
BUILD- ; ﬂ % cross-stratification 1m
up =
w Shoreface Dictz]
tempestites

Figure 6.3 Proximal and distal trends (A) without and (B) with sediment bypass zone. C.

Siliciclastic sequence with deepening (fining and thinning) upward trend. D. Shallowing

lecarsening and thickening) upward calcareous tempestite sequence. Note the amalgamation
of proximal sandy to gravelly tempestites. [Modified from: Einsele (1992)]
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Sedimenty gravitacnich toku:

bahnotoky

m Cohesive flow,
plasticky tok
soudrzného
materialu (bahno)

m Turbidity

m Intraclasts (utrzky
dna)

m Slump fold
(gravitacni vrasy)

m Extraclasts (klasty
,odjinud")
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Distal (basin plain, lower fan) <« — — — — (slope and
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]
| \"
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Figure 6.5 Conceptual model for mud flow deposits (with transition to debris flow deposits)

ultimately evolving into mud turbidites. L, lutite (clay and silt); A, arenite (sand); R, rudite

(gravel); MF, mud flow deposits; TM, turbidite mud; ig, inverse grading. [Modified from:
Einsele (1992)]
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Turbidity:

m  Groove, flute casts, tool marks
(erozni vymoly)

m Traction (klouzani zrn po
povrchu)

m  Amalgamace

m  Grading (gradacni zvrstveni) :
normalni, inverzni (pfevracené)

m Trace fossils (fosilni stopy)
m  Proximalni vs. distalni
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A Pelagic and hemiplagic mud turbidites
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Figure 6.8 Various types of mud turbidites. A. Proximal-distal trend of hemipelagic types,
predominantly siliciclastic. B and C. Pelagic mud turbidites rich in opaline silica (transformed
into chert) or calcareous microfossils; these beds may alternate with pelagic clay devoid of
carbonate. D. Mud turbidites either rich or poor in organic carbon alternating with black
shale or oxygenated and bioturbated pelagic deposits. Symbols are explained in Figure 6.6

[Modified from: Einsele (1992)]
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Depozicni udalosti v
kontinentalnim
prostredi:
Tefrostratigrafie

400 ' Chapter 2 Event Stratification

500 Km

e = =]

Fallout ash
BE# Granitoids
325 to 295 Ma

Fig. 6. Areal distribution of Lower Carboniferous fallout ash layers (bentonite or “tonstein” layers) in
front of the main areas of granite intrusions in Europe. Open triangles (felsic) and closed triangles (mafic)
indicate occurrences of volcanic rocks. SPZ South Portugese zone; OMZ Ossa Morena zone; RHZ
Rhenohercynian zone; STZ Saxcthuringian zone; MZ Moldanubian zone. (After Francis 1988)
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Figure 6.11 Various tephra events in (A) continental and (B) marine environments. C. Com-

pound section of marine tephra deposits reflecting the transition from maximum to waning

stages of submarine eruption. D. Repeated fallout deposits on land surface and in lake. [Mod-
fied from: Einsele (1992)]




Tefrostratigrafie
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Fig. 8. Typical transport distances of ignimbrites and lahars, and traceable extent of Plinian fallout ash
layers. Various sources compiled in Schmincke (1988) and Fisher and Schmincke (1984, 1990). Cotopaxi
and St. Helens lahar data may include lahar run-out hyper-concentrated stream deposits as well. (Fallout
data from Machida 1981, Kyle and Seward 1984, and van den Bogaard and Schmincke 1985)
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Udalostni stratigrafie: tefrochronologie

% Petrographic and
chemical studies
can identify
unique tephra
signatures which
can then be used
In a
tephrochronology
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http://www.gfz-potsdam.de/pb3/pb33/projects/monticchio_tephrochronology/content_en.html




Tefrochronologie

Lake sediments Peat cores Profiles of a Peat Saill
LagoMartilo  Lago Chandier  ombrogenic minerogenic ~ S€diment bar core profile

0 my ﬂ m
1

1 m: s — I1 m
| = 4871 t
: 7635 | | B2

4 m: HE m
|
I 14435 | Tephrochronology of !

1 . . . 1
am!| L8 TAg o Investigated archives i*™
|| =@ 14C ages :
1| &8 Radiocarbon (B.P.) |
: %E darkbrown, humusrich black-brown 1

T with little little clay flamed
! fﬁ% ] olive-brown, humus- W gray 5?“':!
i | rich with little clay E gray silt
5m g ; 1 gray clay
: B humusrich layer R —
| i reworked tephra B dark-brown peat
Gy M light-brown peat
: &3 tephra fall out = yellow sand

http://www.grancampo.de/english/tephra/tephra3.htm




"
VYJIMECNE UDALOSTI: Zemétieseni
Sediment: ,seismit”
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Figure 6.19 Farthquake-induced seismites displaying in situ disturbances of flat-lying sedi-
ments. [Based on information in Guiraud & Plaziat (1993) and Greene et al. (1994)]




"

The asteroid impact theory was first proposed
by Louis and Walter Alvarez in 1980.

They discovered high concentrations of iridium - an element rarely found on
Earth but found in abundance in extraterrestrial bodies such as asteroids
and meteorites - in a thin layer of clay from Italy. The iridium was found at
the Cretaceous-Tertiary (K/T) boundary, the layer of geological deposits
dated at 65 million years when the dinosaurs became extinct.




This theory is that an asteroid 4-9miles in diameter hit the Earth.
Since the asteroid scattered awful amount of dust and debris in the atmosphere, the dust and debris blocked
the most of the sunlight, and the temperature lowed down globally. The low temperature caused the mass
extinction.




«  Sokovy kiemen
« Tektity
* Iridiova anomalie
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Non-depozic¢ni a erozni udalosti:

) HST

Zaznam transgrese — regrese t
Transgresni rezidua Hladina sl

mofe LST
Skeletalni (fosilni) koncentrace

v

Erozni diskordance Tas >
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investigation
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Figure 6.18 Transect of shallow, differentially subsiding basin which has experienced sev-

eral cycles of relative sea-level change with differing periods and amphrudes. Regressive and

transgressive lags merge and mix landward; the stratigraphic section in the basin centre tends

to be complete, but may contain thin condensed sections (e.g. black shales). [Modified from:
Einsele (1992)]




Transgrese - regrese

A Submarine erosion during regressive phase

m Redepozice _
(reWO rki n g ) sands and ooids

m ,Pevné dno”
B Exhumed hgrdgrounds
(h a rd g ro u n d ) and concretion layers C  Muliple reworking

with phosphorite, etc.
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and shells (lag sediments)

Hardground
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Siderite organisms and calcareous nodules

Figure 6.14 Various types of submarine, mostly non-skeletal, stratal discontinuities. A. Ero-
sional lag and seaward transported coastal sand and ooids (carbonate or iron ooids; lowstand de-
posits, LST) overlain by transgressive deposits (TST). B. Hardgrounds or concretion horizons
exhumed by wave and current action. C. Close-up of B, containing phosphorite nodules and ac-

centuated by multiple reworking. See text for explanation. [Modified from: Einsele (1992)]
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m Vyplavovani
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Figure 6.15 Various modes of skeletal concentrations. A. Cross-section of shallow-marine

basin; primary production of biogenic hardparts changes along onshore-offshore gradient. B.
Processes generating skeletal concentration

s along A. C. Examples of shell (bivalves) concen-
trations resulting from winnowing, wave

action, storms and geostrophic currents, and over-
print by life—cleath interaction (see Figure 6.16). [Modified from: Fiirsich & Oschmann ( 1993)]
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Figure 6.13  A. Various paleosols in fluvial deposits. B. Stratal discontinuity caused by previ-

ous period of karstification on land, later exhumed by erosion or reburied under younger con-

tinental sediments. C. Valley incision and soil formation during sea-level lowstand: the land-

form is later successively filled and overlain by late lowstand deposits (LST), transgressive

(TST) and highstand deposits (HST). D. A carbonate platform, which emerged and karstified

during sea-level lowstand, is overlain by the sediments of the transgressive and highstand sys-
tems tracts (TST and HST)
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Antropogenni udalosti:
Datovani '3/Cs

m 3/Cs: antropogenni izotop, vznika jako
produkt umelych radioaktivnich rozpadu
(jaderne elektrarny, jaderné vybuchy)

m Cernobyl 1986
m Pacific nuclear weapon tests 1960-61
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Cyklostratigrafie

m Korelace na zakladé sedimentacnich cyklu o stalé periodé
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Fisher plot correlation
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Cycles in gamma-ray logs

m Filtrace zaznamu: roztazeni amplitudy
m ,moving average”, 3-point, 5-point, or more
m  Zviditelnéni cyklu

Filtering and frequency mapping 37
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Gamma-ray cycle correlation
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Zaznam izotopu kysliku v morskych
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Pylové analyzy
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isithe stratigraphy of ecosystems, a powerful tool for high-resolution cyclic and sequential stratigraphy, based

on biostratigraphy. It is founded on the application of ecological knowledge to the reconstruction of past
ecosystems and their succession, in relation to global external forcing agents such as sea level oscillations,
climate changes, etc. The ecostratigraphic techniques used in this study (mainly palynocycles and ecologs)
have provided regional chronostratigraphic correlation frames from 2nd order cycles (3 to 50 million years
duration) to periodic cycles within the Milankovitch band (around 100,000-year period), for Paleocene,
Eocene, Oligocene, and Miocene stratigraphic sequences.
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Globalni cykly a jejich
rady

Cyclostratigraphy
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_ Internal response to forcing and cyclicity 27
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Excentricita

The orbit of the Earth changes from nearly circular (eccentricity

Excentricita = equal to 0.00) to more elliptical (eccentricity equal to 0.06). These

(vzdalenost mezi ohniskem a stredem elipsy) changes occur in two broad frequency bands: one at periods of
around 100,000 years and one at periods near 400,000 years.
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Precese

Like a spinning top, Earth's axis The 'wobble’ of the Earth's axis causes the precession of the equinoxes. Modulace zaznamu

of rotation ""wobbles," so that the | As shown in this figure, the positions of the equinoxes and solstices shift slowly precese

North Pole describes a circle in space | around the Earth's eliptical orbit, completing one full cycle every 22,000 years. o
Precession changes the time at which the Earth reaches its perihelion (the point on excentricitou:
the orbital path closest to the Sun), serving to amplify or soften climatic seasonality.

_Top view Side view
Today: Perihelion during northern winter.

(North Pole tled away from Sun=northern winter) Zima na S. polokouli
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M. MilankovicC

« Renewed interest Iin
orbital forcing of glacial
cycles occurred when
M. Milankovitch (1941)
computed long-term
variations in insolation.

* Milankovitch believed
that cold summers led to
glaciation by allowing
snow to survive into the
next year.




Oslunéni na 65°N

~|00, 000 YR
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m High latitude summer insolation e
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i . . -40-
as an index of orbital forcing of 56 SHECE &SR

glaciation. (This is the original e
Milankovitch hypothesis: Cool g |
M . . z
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Sekvencni stratigrafie

Sequence stratigraphy is a relatively new branch of geology that
gttempts to link prehistoric sea-level changes to sedimentary
eposits.

The 'sequence’ part of the name refers to cyclic sedimentary
deposits. The term 'strati raRhy' refers to the geologic knowledge
about the processes by which sedimentary deposits form and how
thofg,e deposits change through time and space on the Earth's
surface.

Sequence stratigraphy constitutes a ‘minor revolution’ in the Earth
sciences, and has certainly revitalized stratigraphy
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Slossovy sekvence

v Corilleran margin Appalachian margin—y

Quaternary ]
Tertiary ,TEJAS : erosion -

Cretaceous

Jurassic
Triassic

non-depo. arnd

Devonian
Silurian TIPPECANOE

ini non-depo. and
Ordovician ronion

non-deposition and

Cambrian j
_______________ eosen_ _ _ _ ______

recampria s .
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interregional unconformity (cratonic emergence) -

continent —wide inundation (cratonic submergence) $

1963 Lawrence Sloss recognized 6 major sequences in
North America controlled by eustatic sea level changes




Sekvencni stratigrafie

« Sequence stratigraphy highlights the role of
‘allogenic’ (or external) controls on patterns of

deposition, as opposed to ‘autogenic’ controls
that operate within depositional environments

« Eustasy (changes in sea level)
« Subsidence (changes in basin tectonics)

« Sediment supply (changes in climate and hinterland
tectonics)







CAUSES OF SEA LEVEL CHANGE

Local tectonics
e.g.

Relative sea level rise

Very variable rates |
and magnitudes of
relative sea level
changes

Continental ice caps

* Increase in ice volume
lowers sea level

.. A
* Decrease inice ) 4. .‘
. / AY
volume raises Vv
sea level UL
i ! “ "
,,,,, o)
! 7 \
[ \ !

<

Around 100 m sea
level change over
100 ka

Global scale thermo-tectonic

* Formation and
breakup of
supercontinents

« Changes in rates of
formation of ocean
crust

10-100 m sea level
change over
| 10-100 Ma




Slow mid-ocean ridge spreading
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Oceanic crust cools
and contracts

Fast mid-ocean ridge spreading

Sea water displaced onto
continental shelves
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More hot, buoyant oceanic crust
occupies more space in the
ocean basin
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Sequence stratigraphy

Sea-level change

« Causes of relative sea-level change (amplitudes ~101-102 m)
« Tectono-eustasy (time scales of 10-100 Myr)
« Glacio-eustasy (time scales of 10-100 kyr)
« Local tectonics
« The time scales of these controls have given rise to the distinction
of eustatic cycles of different periods

« First-order (108 yr) and second-order (107 yr) cycles (primarily tectono-
eustatic)

« Third-order (10° yr) cycles (mechanism not well understood)

« Fourth-order (10° yr) and fifth-order (10% yr) cycles (primarily glacio-
eustatic)




Akomodacni prostor: agradace, progradace,
retrogradace

Accommodation refers to the space available for deposition
(closely connected to relative sea level in shallow marine
environments); however, application of this concept to subaerial
and deep-sea environments is problematic

An increase of accommodation is necessary to build and preserve a
thick stratigraphic succession; this requires eustatic sea-level rise
and/or basin subsidence (i.e., relative sea-level rise), as well as
sufficient sediment supply

The subtle balance between relative sea-level change and sediment
supply controls whether aggradation, regression (progradation),
forced regression, or transgression (retrogradation) will occur
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Regression
Coastal Foreshore Lower shoreface
plain
‘J . Sea level

— Offshore
Upper shoreface
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H - Forced regression

Coastal Foreshore Lower shoreface
plain

Sea level

Upper shoreface

Erosion

Offshore

Sea level fall

Erosion
_‘ Upper ——
Foreshore pormy shoreface |-
Lower]| - -
U PRI S
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Lower |- . Offshore |-

(c) shoreface —
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Transgression

Coastal Foreshore Lower shoreface

plain

Sea level

Offshore

Upper Lower |
shoreface | " .
shoreface | - -
Foreshore |77 R
Coastal Upper [

(d) plain shoreface |

FACIES
SEQUENCE




" SEEAIeka"a sekvencni stratigrafie

koncept klinoforem

S g 1951 John L. Rich proposes the
B concept of clinoforms...
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Seismicka stratigrafie

Reflekcni seismické profilovani

« Seismic reflection profiling forms the basis of seismic
stratigraphy, which in turn has been the foundation for the
development of sequence stratigraphy

« The technique is based on contrasts in acoustic impedance
between different materials; reflections of sound or shock waves
occur at transitions between different types of sediment or rock

Al=vp
v=sonic velocity; p=sediment or rock density
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CHRONOSTRATGRAPHIC SIGNIFICANCE

Seismicke reﬂektory OF SEISMIC REFLECTIONS
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Paleocene

A critical assumption of the
seismic stratigraphic approach,
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Sekvence omezené
diskordancemi

Original Sequence
Stratigraphic Approach
(seismic stratigraphy) was
based on recognition of
unconformity-bound
sequences using geometry and
termination patterns of seismic
reflectors.

SEISMIC STRATIGRAPHIC TERMINOLOGY

Upper Boundary

Erosional Toplap Concordance
Truncation

Lower Boundary

1 B

Onlap Downlap
Baselap ———

Concordance

Unconformity Conformity

Surface of Nondeposition No Hiatus

Unconformity Unconformity

Surface of
Nondeposition

Surface of erosion
and Nondeposition Hiatus

1000

Depth (m)

o

from Vail et al. (1977)
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Exxonska Skola

1977 Peter Vail and Robert Mitchum co-
ordinated the publishing of AAPG Memoir

#26 based on the assumption that a
seismic relection surface represents a time

line

SEQUENCE
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" -JEREERNSekvencni model: Exxonska skola,

pasivni kontinentalni okraj

HIGHSTAND SYSTEMS TRACT:
AGGRADATIONAL TO PROGRA-
DATIONAL PARASEQUENCE SET

TRAMNSCGRESSIVE SYSTEMS TRACT:
RETROGRADATIONAL PARA-
SEQUENCE SET

TRANSGRESSIVE
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Depozicni sekvence a sekvencni hranice

« A depositional sequence is a stratigraphic unit bounded at its top
and base by unconformities or their correlative conformities,
and typically embodies a continuum of depositional environments,
from updip (continental) to downdip (deep marine)

« A relative sea-level fall will lead to a basinward shift of the
shoreline and an associated basinward shift of depositional
environments; commonly (but not always) this will be
accompanied by subaerial exposure, erosion, and formation of a
widespread unconformity known as a sequence boundary

« Sequence boundaries are the key stratigraphic surfaces that
separate successive sequences




Parasekvence a systémove trakty

Parasequences are lower order stratal units separated by (marine)
flooding surfaces; they are commonly autogenic and not necessarily
the result of smaller-scale relative sea-level fluctuations

Systems tracts are the building blocks of sequences, and different
types of systems tracts represent different limbs of a relative sea-
level curve

- Falling-stage (forced regressive) systems tract

- Lowstand systems tract

- Transgressive systems tract

- Highstand systems tract
The various systems tracts are characterized by their position within
a sequence, by shallowing or deepening upward facies successions,
or by parasequence stacking patterns
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=SeiMeReHRINranice a

systemovy trakt
nizkeho stavu hladiny
(LST)

m The unconformity or
correlative conformity that
bounds a sequence

m  Commonly (but not always)
represents a significant
change in stratal
arrangements and therefore
reservoir properites

m |n avery general sense,
relative sea-level fall leads
to reduced deposition and
formation of sequence
boundaries in updip areas,
and increased deposition in
downdip settings (e.g.,
submarine fans)

MARGINS WITH A SHELF EDGE

Fofeshore Upper -— Lower
7 shoreface shoreface

Offshore

ngh sea leve! k

H:ghstand systems tract

Pelagic/Hemipelagic

Sea Ieval fall: Forced regresslon
Formatlan of sequancs boundary k

Slope deposit

Lowstand systems tract

Stage 3

Stage 2 Fluvial Estuarine
/ / ope deposits

Condensed facies

Stage 4 Foreshore Upper
‘\ shoreface

Lower
shoreface

Pelagic/Hemipelagic
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Transgresivni

systémovy trakt (TST)

m Bounded below by
underlying sequence
boundary and above by
maximum flooding surface

m Generally more mounded in
geometry

m Sets of high-frequency
cycles show upward
thickening and upward
deepening trends

MARGINS WITH A SHELF EDGE

Foreshore Upper — Lower Offshore
7 shoreface shoreface

Pelagic/Hemipelagic

Highsealevel
+ Highstand systems tract

Stage 1 Erosion

Submarine fan

Stage 2 Fluvial Estuarine
/ / Slope deposits

5 sealevel
_ * Lowstand systerns tract

Stage 3 Condensed facies

Rlsﬁtg sea Ievéiﬁ Transgression

+ Transgressive systems tract

Lower
shoreface

/ Offshore

Stage 4 Foreshore Upper
‘\ /| shoreface




" PR maximaini
zaplavy (MFS)

= Maximum flooding surfaces
(MFS) form during the culmination
of sea-level rise

m Surface that marks the turn-around
from landward-stepping to seaward
stepping strata

m Farther out on platform coincides
with the downlap surface
(depending on the degree of
condensation of clinoform toes)

m  Recognition of the MFS is
imSportant for separating TST and
HST

m Relative sea-level rise will lead to
trapping of sediment in the updip
areas (e.g., coastal plains) and
reduced transfer of sediment to the
deep sea (pelagic and hemipelagic
deposition; condensed sections)

MARGINS WITH A SHELF EDGE

Foreshore Upper — Lower Offshore
7 shoreface shoreface

Pelagic/Hemipelagic

ngh sea leve! .
H:ghstand systems tract

Stage 1 Erosion

Submarine fan

Saa Ieval fall: Forced regresslon
Formatmn of sequancs boundary ‘

Slope deposits

 Lowsea fevel .
? owstand systems tract

Stage 3 Condensed facies

/ Offshore

Stage 4 Foreshore Upper Lower
‘\ shoreface shoreface
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vysokého stavu
hladiny

m Bounded below by
maximum flooding
surface and above by
overlying sequence
boundary

m Generally shingled or
offlapping (clinoformal)
stratal geometry

m Sets of high-frequency
cycles show upward
thinning and upward
shallowing trends

-— Lower

MARGINS WITH A SHELF EDGE

shoreface Offshore

thsel o

Pelagic/Hemipelagic

bdry‘

Slope deposits

Lwt dystmtct

Stage 3
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HIGHSTAND SYSTEMS TRACT:
AGOGRADATIONAL TO PROGRA-
DATIONAL PARASEQUEMNCE SET

TRAMNSGRESSIVE SYSTEMS TRACT:
RETROGRADATIONAL PARA-
SEQUENCE SET

TRANSGRESSIVE

LOWSTAND SYSTEMS TRACT, LOW.

STAND WEDGE: PROGRADATIONAL
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Siliciklasticke systemy

MARGINS WITH A SHELF EDGE

Foreshore Upper -— Lower
/ shoreface shoreface Offshore
A

Pelagic/Hemipelagic

High sea level

o Relative Sea—level fa”: + Highstand systems tract

« fluvial incision into offshore
(shelf) deposits

« usually associated with soil
format|0n (pa|eova”eys with Smleval ik Foredrogression. N

« Formation of sequence boundary R i T

interfluves) 00 [lEEEE 0 Ao s ==
o Relative sea-level rise .

o filling of Faleovalleys e
commonly with estuarine or h

even shaIIow marine deposits - Lowstan systs tac

« Submarine fans in the deep sea:

« during late highstand and
lowstand, when sediments are s
less easily trapped updip of the R
shelf break

Stage4 Foresho Upper
‘\ />ho reface

Submarine fan

Stage 3

,,,,,,,,,,,,,,,,,,,

High sea level: Aggradation and progradation
* Highstand systems tract




Carbonate environments

o Relative sea-level fall:

« development of karstic
surfaces (dissolution of
limestones) or evaporites
(e.g., sabkhas), depending
on the climate

« Highstands:

« expand the area of the
carbonate factory (drowning
of shelves) and vertical
construction of reefs

« accumulation of other
carbonates is enhanced

- Extreme rates of relative sea-
level rise:

« drowning of carbonate
platforms

o
Karbonatove systemy

CARBONATE PLATFORM (RIMMED SHELF)

Peritidal Reefs and shoals
Shallow subtidal

Slope deposits

I T T 1

Highsealevel - , :
« Highstand systems tract '

Karst surface of exposed shelf Reefs and shoals

Slope deposits

« Lowstand systems tract

Peritidal Reefs and shoals

Shallow subtidal

Slope deposits

'Risihgfseglevél - ’
* Transgressive systems tract
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Problémy sekvencni stratigrafie

« Sequence-stratigraphic concepts contain nhumerous pitfalls!

« Variations in sediment supply can produce stratigraphic products
that are very similar to those formed by sea-level change

« Sea-level fall does not necessarily always lead to the formation of
well-developed sequence boundaries (e.qg., fluvial systems do not
always respond to sea-level fall by means of incision); sequence
boundaries may therefore be very indistinct and difficult to detect

« Allogenic incision is easily confused with autogenic scour







" MIRGNETOSTRATIGRAFIE
Puvod zemského magnetismu

m  Pldvod zemského magnetismu: vnéjsi jadro Zeme.

m Feromagneticke latky ztraceji své magnetické schopnosti jiz pri teploté okolo 500 st.
C (Curieuv bod) a teplota v zemském jadre presahuje 4000 st. C, nemuze byt jadro
permanentnim magnetem.

m \ysvétleni: Teorie hydromagnetického dynama (prvni polovina 20. stoleti)

m  Seismologicka méreni: vnéjSi jadro Zemeé je kapalné, je tvoreno proudicimi elektricky
vodivymi latkami

m Faradayuv zakon magnetické indukce: pohyb vodiCe v elektrickém poli indukuje
magnetické pole a naopak -- v nasem pripade proudéni vodivych latek ve vnejsim
jadre indukuje magnetické pole Zeme.

Mantle

Outer
core

Inner
core

“Magnetic tines of force




| (b)
Magneticka
Inklinace a
deklinace

Fi. 1. (a) Model for present day geomagnetic field. Best fitting magnetic d:pole axis is inclined at about 11.5° to the
geographical axis. (b) Model for time averaged geomagnetic field (over ¢. 107 years). Best fitting magnetic dipole axis
coincides with the geographical axis. N and § are the geographical poles:n and s are the magnetic poles

(a) Inclination Declination
66 68 /0 72 74 76 ’les JAI‘.J u;a 350 355 0 5 10 15
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FiG 2. Specification of direction of geomagnetic field ¥ <
: A A S - S
vector, FLin terms of angles of dechnation (D) and / \
inclinaton (I) 1600 ! %
i :
15604

FiG. 4. (a) Variation of geomagnetic inclination and declination at the Greenwich magnetic observatory since 1580.
(b) Variations of geomagnetic declination and inclination for the past 10000 years recorded in the remanent
magnetism of UK lake sediments (from Turner & Thompson 1981). Scale divisions are at 5° intervals on both plots.
Features of these records that have proved useful for stratigraphical correlations between cores are lettered.
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Magnetometrie, magnetometricke

(A V AN [

veliCiny a jednotky

PROPERTY SI COMMONLY CONVERSION
. USED cgs FACTOR
UNIT COMMONLY USED UNITS
SUB-UNIT
Intensity of remanent Amperes per Milllamperes per Gauss (G) ImAm '=10 °G
magnetization of rock metre (Am ') metre (mA m ')
Magnetic moment of Ampere metre? Milliampere Gauss cm” I mA m’=1G cm®
rock (Am?) metre” (mA m?) (G cm™)
Magnetic field Tesla (T) Millitesla (mT) Oersted I mT=10 Oe
Nanotesla (nT) (Oe) 1 6T=ly=10""0e
Gamma (v)
Magnetic susceptibility Dimensionless Gauss/ I ST unit
(per unit volume) oersted =47
(G.Oe™ ) G.Oe¢ !

FiG. 6. Magnetic units.
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Remanentni magnetizace

m Remanentni magnetismus — zbytkovy
magnetismus

m Nositelé magnetismu v horninach: mineraly Fe:

Oxidy, hydroxidy, sulfidy Fe: (titanomagnetit,
IImenohematit, maghemit — yFe203, hematit
aFe203), goethit, spontanni magnetizace magnetitu
cca 200x vySSi nez u hematitu

Fylosilikaty Fe, amfiboly a pyroxeny — indukovany
magnetismus v aktualnim magnetickem poli, nejsou
nositeli remanentniho magnetismu

m Blocking temperature




Magnetizace hornin

% Termoremanentni magnetizace (TRM)

Currie Point — Below which the igneous rock’s magnetic record is
fixed

Effective on lava flows and baked clays at archaeological sites

% Detriticka remanentni magnetizace (DRM)

Magnetic particles become aligned with the ambient magnetic field
as they settle through the water column

% PostdepoziCni magnetizace

Based on the water content for some sediments, they may take on
their magnetic characteristic after deposition

% Chemicka remanentni magnetizace (CRM)

Post-Depositional magnetization due to chemical changes in
magnetic minerals

% Viskozni remanentni magnetizace (VRM)




Primarni a
sekundarni

testy

magnetizace:

(i) Magnetization predates
folding. Orientation of
magnetic vectors relative
to bedding is maintained

(a) Fold test

(i) Original unfolded bed

S ————

. - g S0 T - e
NN ARTR N

J bedding

DISDG[’SIOH of vectors IS reduced D|sper510n or ve

_1_\_\_1_‘34\_\_&

(b)Baked contact test

(ill)Magnetization postdates
folding. Magnetic vectors
in folded strata are
parallel

After l

correction
Ltors IS mcreased

\\\\\\s,&\\

R AN 5 (ES
el

Baked contaét}
Igneous intrusion

(c) Conglomerate test

(i)Magnetization of older formation(A)
predates deposition of overlying

coAnglomeratei/ / / /

Formation B —-

Boulders or cobbles
derived from A

ESTAtOT i s SR T,

.,Co_untry"rock

‘Magnetization in baked contact

\‘\ parallel with that of the intrusion,
i but different from that of the

surrounding unbaked country
rock.

(ii)Magnetization of older formation
postdates deposition of overlying
conglomerate.

jon vectors.

Fic. 8. Field stability tests. Small arrows represent magnetizatio




Prirozena remanentni magnetizace

m Primarni magnetizace
m Sekundarni magnetizace

m Bezne vice fazi magnetizace: posloupnost
magnetizaci




"
Demagnetizace

m Separace ruznych komponent
remanentniho magnetismu s ruznymi
blokovacimi teplotami

m Magnetometry




Magneticka
polarita

N.n N,s

S8 Sn
Fic. 5. Configuration of the axial dipole geomagnetic field during (a) a normal polarity interval: and (b) a reverse
polarity interval. During a normal polarity interval the magnetic north pole (n) lies close to the geographical north
pole (N). Consequently, during a normal polarity interval the lines of force are directed towards the geographical
north pole. The magnetic declination 1s northerly. and the inclination is positive (downward-directed) in the
northern hemisphere and negative (upward-dirccted) in the southern hemisphere. Conversely. during a reverse
polarity interval the magnetic declination is southerly, and the inclination is negative in the northern and positive in
the southern hemisphere.




Zmeny magnetickeho pole

TIME SCALE OF
FLUCTUATIONS, OR
RECURRENCE INTERVAL

NATURE OF VARIATION

SOURCE

< 5 years

Transient field fluctuations

External (solar activity)

10°—10" years

Secular variations and geomagnetic
‘excursions’

10*—107 years

Polarity reversals

107—10® years

Polarity bias and reversal frequency.

Internal (core processes)

Fic. 3. Variations of the geomagnetic field with time.




magnetickeho pole

Cela fada hornin je samovolné magnetizovatelna -
feromagnetické mineraly se orientuji souhlasné se siloCarami
zemského magnetického pole a vytvareji tak vlastni
magneticka pole.

Mérenim zbytkovych magnetickych poli zmény magnetického
pole Zemé.

Zmeény — intenzita, deklinace, prepdélovani

obdobi normalni magnetické polarity (severni magneticky pol u
severniho pdlu rotace)

Obdobi reverzni magnetické polarity (severni magneticky pol
poblizZ jizniho pdlu rotace).

Posledni prepdlovani : 790 000 let, kdy se zménila polarita
Z reverzni na normalni (dnesni).

Zakladni |ednotka chron kratS| vykyv: subchron

Geog raphﬂ: horth """\..“

o

Mantle

Outer
core

Inner
core

: “Magnetic tifies of force
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(reversed)
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Magnetostratigraf
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Magnetostratigraficke jednotky

m Chron

i 1 2 3 4 5 6
Nuamznc Original magnetic| Corresp. Magnetic| Sea floor Corres- System-
(l\/gl;a) epoch name or chron polarity | anomaly Dga%gg actrtégd

n
number number number Aumber e
| Brunhes 1 1 C1N S1N
C1
" -
C1R | S1R
Matuyama 2
2 C2N S2 N
2 C2
C2R S2R
3 Gauss 3 2A C2AN| S3N
Cc2
A
C2AR | S3R
4
Gilbert 4 3 C3N S4 N
C3
5 -
C3R |S4R
5 5 3A C3AN| S5N
6 c3
A
. 6 C3AR | S5R
7 7 7 4 C4N | seN
c4
8 8 C4R S6 R
8
9 9 4A ca|C4AN| STR
A
10 10 C4AR | S7N
94
1 i " 5 cs|c5N | s8N
10 J

Fic. 18. Comparison of labelling and numbering schemes u
columns 1 and 2 are based on the magnetostratigraphic reco
4—6 are based on marine magnetic anomalies. Correlation o

(1985). (After Hailwood, in press.)

sed for magnetic epochs and chrons. The schemes in
rd of sediment and lava sequences. Those in columns
£ columns 2 and 5 is that proposed by Berggren et al.

Age

113 Ma

[|1
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i
N
o

|71||||i|

i
=0y
N
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160
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|
AnoNrrO1jay Chron
Aptian
MO
CMO
®  Barremian M1
= L.
o M1 CM2
(3]
I} M3 CM3
f o cM4
o Hauterivian M5 I THMG|
% . | cwms
° B
= CM10
- n M10N CMi0N
© Valanginian pM11
w cM11
—. W2 cM12
M13 M13
Berriasian M14 CM14
M15
CM15
M16 CM16
Tithonian ~ M17 cm17
o M18 cMi8
p Rttt
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b — T Mazz cM22
ﬁ M23 CM23
Oxfordian M24 CM24
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5 M27 M27
&2
=g M29
= Callovian cM29
23

Fi6. 20. Mesozoic chron nomenclature (adapted from

Cox 1982).




" B
Age (M.Y)
Magneto-
_stratlgraflcké o0t 07
jednotky plio- o2
pleistocénu iz
3.04-3.11
3.22-3.33
4.18-4.29
4.48-4.62
4.80-4.89
4.98-5.23

Subchrons
(Events)

Jaramillo

Cobb Mt

Olduvai
Réunion

Kaena
Mammoth

Cochiti
Nunivak
Sidufjall

Thrvera

Chrons
(Epochs)  Age (M.Y)

0
BRUNHES

0.78
MATAYUMA

2.581
GAUSS

3.58
GILBERT

5.894

EPOCH 5
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Vyvo] magnetostratigrafické skaly

SN BN Cox ot al 1963

w McDougall & Tarling 1963
W Cox et al. 1964

(I ¥ N

Doell & Dalrymple 1966

5

McDougall & Chamalaun 1969

Mankinen & Dalrymple 1979

|

J8ES 52 2 &
°FZs 3% c 2 <« MAGNETIC EVENTS
® 2= 3@ 5 (SUBCHRONS)
=7
Epoch 5| Gilbert Gauss‘Matuyama Brunhes MAGNETIC EPOCHS
Normal | Reverse |[Normaf Reverse Normal <«—— (CHRONS)
B I R SR B S B A R R
6 5 4 3 2 1

Sotopic age (Ma)

Fi6. 9. Some successive versions of the isotopically dated polarity time scale. Note changes in structure of scale as
short period magnetic events were discovered progressively. Ticks on upper and lower margins of bars represent
positions on time scale of isotopically dated rocks having a normal or reverse polarity characteristic magnetization,
respectively. On bars normal polarity intervals are shaded and reverse polarity intervals are white.




Magnetostratigraficka korelace

EPOCHS EVENTS V16-134 V16-133 V18-72 V16132 V1666 V16-57 V1660
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Fic. 11. Correlation of magnetozones in seven deep sea cores from the Antarctic by Opdyke er al. (1966). Minus
signs indicate normally magnetized specimens; plus signs reversely magnetized. Greek letters denote radiolarian
faunal zones. Note consistent relationship between faunal and magnetostratigraphic boundaries in different cores.
Numerical ages of the faunal boundaries can be determined from the magnetostratigraphic correlation with the

isotopically dated polarity time scale shown at the left.
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FiG. 12. Extension of biostratigraphically calibrated
through correlation of biostratigraphically dated magnetozones in t
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FiG. 32. Location of Cretaceous—Tertiary (K/T) boundary (shown in hachure) in non-marine sediments of the
western interior of the USA relative to the magnetic polarity time scale (based on magnetostratigraphic studies of
these sediments). Stratigraphical ranges of important fossil species used to define the position of the K/T boundary
are shown. (After Lindsay er al. 1978 and Butler & Lindsau 1985.)




Sea-floor spreading
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Fic. 15. (a) Patterns of magnetic anomalies over the Reikjanes Ridge south of Iceland (after Heirtzler ef al. 1966). Note symmetry of pattern either side of ridge crest.
(b) Interpretation of observed marine magnetic anomaly patterns in terms of sea floor spreading coupled with geomagnetic polarity reversals. (¢) Typical marine
magnetic anomaly profile over the East Pacific Rise showing how it can be matched by the similated profile shown underneath. corresponding to the ‘block-model” for
magnetization in the oceanic crust shown at the bottom (black: normal polarity. white: reverse polarity crust).




Sea-floor spread
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Fic. 17. Schematic diagram illustrating the principle by which the
igneous basement can be used to date a particul
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Problemy paleomagnetismu

# DRM Is not instantaneous

% Sediments are subject to bioturbation
(especially effecting post-depositional
DRM)

% Overturned sediment may give false
excursions

% Post-Depositional magnetic changes due
to chemical recrystallization
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Chemostratigrafie:
izotopy kysliku

m A small fraction of water molecules contain
the heavy isotope 80 instead of °0.

m '80/1°0 = 1/500

m This ratio is not constant, but varies over a
range of several percent.

m Vapor pressure of H,'80 is lower than that
of H,160, thus H,"°0 is more easily
evaporated.




Frakcionace 80/%0 v kolobé&hu vody
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H,O is evaporated from sea
water. The oxygen in the
H,O is enriched in the
lighter O .

This H,O condenses
in clouds,falling on land as
precipitation.

Thus, H,0 that is part of the
terrestrial water cycle is
enriched in the light O,
Isotope and

Sea water is enriched in the
heavier O,4 isotope
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Klimaticky vyznam frakcionace '80/10O
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Glacial ice is therefore
made up primarily of water
with the light O,4 isotope.
This leave the oceans
enriched in the heavier
0,4, Or “more positive.”

During glacial periods,
more O,4is trapped in
glacial ice and the oceans
become even more
enriched in Oyg.

During interglacial periods,
O, melts out of ice and the
oceans become less O,
rich, or “more negative” in
O18




180/1°0 a globalni objem ledu

m As ice sheets grow, the water removed
from the ocean has lower 8'80 than the
water that remains.

m Thus the 0’80 value of sea water in the
global ocean is linearly correlated with ice
volume (larger 8’80 — larger ice sheets).

m A time series of global ocean 6'30 is
equivalent to a time series of ice volume.




Zaznam izotopu kysliku v morskych
sedimentech za poslednich 700 tisic let
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Phanerozoic Climate Change
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Chemostratigrafie:
stratigrafie izotopu stroncia (SIS)

m Metoda Ciselného datovani
m  Pomér izotopl 87Sr/86Sr

m  Chemicky — biochemicky srazené
mineraly (kalcit): zaclenéni Sr do
krystalove mrizky

m Morské prostredi (v kontinentalnim
prostredi lokalni vlivy)

m  Foraminifery, belemniti, brachiopodi,
Cista psaci krida

m Pomeér 87Sr/86Sr je v modernich 0.7070 | -
oceanech a morich homogenni

m Dalsi geologické informace z 8Sr/8Sr

0.7090 {%.
0.7085

07080 | | %

Sr 1 %8sy

0.7075

0.7065

kFivek ] |
0 20 40 60 80 100 120 140 160 180 200
Numeric Age (Ma)

Figure 8.1 Variation of 8 Sr/%¢Sr during the past 206 Ma




" A
Puvod stroncia v morské vodeé

Casova variabilita:

Zdroje:

s Hydrotermalni cirkulace na Zmeény v mnozstvi pfisunu z téchto tfi zdroj
stfedooceanskych hibetech (plast) m  Zmeény v izotopickém pomeéru z pérovych

m  P¥isun z kontinentu fekami (kontinentalni vod a v fekach

kira)
m  Advekce stroncia z porovych vod béhem
rekrystalizace karbonatu

Source of Sr Mid-oceanic ridges Recrystallization of carbonate sediment Rivers
Amount per year 'I X ]06 0 3 % 'Ioé 3 X '106
(metric tonnes) e '
8t /%5r 0.704 0.708 0.712

1 1
1 I
| I
| I
' |
| 1
I !

Hydrothermal circulation
=====through hot rocks ==

Recrystallization of carbonate
sediments during burial

Emplacement of hot volcanic rocks

Figure 8.2 Schematic cross-section through the earth’s crust showing the major sources of supply of Sr to the oceans. The amount supplied
each year, and the ratio of each source, is shown in the boxed section [Reproduced with permission of Academic Press, Inc, from: McArthur
(1992)]




Analytické metody:
spolehlivost
materialu

Figure 8.4 SEM photomicrographs demonstrating good preservation for 51S: A. Chalk from

Lagerdorf, Germany; some overgrowth is seen in both but spar is rare. B. Chalk, from Kjelby

Gaard, Denmark; C. and D. different specimens of Pycnodonte form K/T boundary sediments

on Seymour Island, Antarctica, showing unaltered compact layering in calcite. E. good preser-

vation of a specimen of Pseudotextularia deformis (200 mm long axis) from 1 m below the

K/T boundary in the Danish chalk, Kjolby Gaard. F. detail of aperture in E. showing only
minor nucleation of calcite on the specimen’s surface.
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87Sr/8Sr kfivky:

m  Relativni datovani (stejné
hodnoty v riznych obdobich) 6
m Ciselné datovani: kombinace s
jinymi stratigrafickymi metodami  *]
(bio-, magneto-stratigrafie atd.) .
Metody prezentace dat: S| . /4 T W ——. 0 SIS, WP, WU S — _
87Sr/86Sr
087Sr: 87Sr/86Sr(standard) — Ly
87Sr/8/Sr(vzorek) x 105 ,
Standard: Modern Seawater .-
Strontium (MSS): 0,709175
8-

T T ! T T 1 T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Age (Ma)
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Relativni datovani

228 Unlocking the Stratigraphical Record

SECTION 1 STRATIGRAPHIC SECTION 2
LEVEL

measured
_g  from cliff top

metres
UNCONFORMITY B 10 0
] metres
-20 20 / =
L30 40
LS. ", oy _
40 60 f
L 50 80 /
| | 60 1004
, ‘ —— ALl 120 / —
07074 07076 07078 0.7074 07076  0.7078
RECTTASSTS 87gy/88gr

Pl

I:i Carbonates Clays

i) Sandstone g9 g .o g Fossils

Figure 8.3 Correlating rocks with Sr isotopes: using %51/%°Sr curves for two widely separ-
ated imaginary cliff sections. Levels in the sequences with identical #”Sr/%Sr formed at the
same time and therefore correlate; for example, the rocks at level A




"

236 Unlocking the Stratigraphical Record

20
; FAD Globoquadrina dehiscens
22 |
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Figure 8.8 Diachroneity and synchroneity of biostratigraphical boundaries revealed by SIS.

Last appearances of Globigerina ampliapertura and Globorotalia optima young eastward,

whilst the first appearances of Globigerinoides primordius and Globoquadrina dehiscens are

synchronous. Site localities: 292, western Philippine Basin; 593, Tasman Sea; 778, equatorial

Pacific: 563, central North Atlantic; 516, 516F, western South Atlantic; 522, 529, eastern

South Atlantic. [Reproduced with permission of the American Geophysical Union, from Hess
et al. (1989)]
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Ciselné datovani

238 Unlocking the Stratigraphical Record

Table 8.1 Numerical ages predicted for ¥5r/%Sr values 0.707790 fo 0.707984; extract from
the look-up table of Howarth & McArthur (1997). The table was generated from a statistical
LOWESS fit to the data shown in Figure 8.1

87Sr/85Sr Minimum age Mean age Maximum age
0.707970 >30.20 30.49 <30.79
0.707971 >30.18 30.46 <3077
0.707972 ~30.15 30.44 <30.74
0707973 ~3013 30.41 <30.71
0.707974 ~30.11 3038 <3068
0.707975 ~30.08 3036 <30.65
0.707976 >30.06 30.33 <30.63
0.707977 ~30.03 30.31 <30.60
0.707978 >30.01 30.28 <3057
0.707979 ~29.98 30.26 <3055 0.7090 {%&. _—
0.707980 ~29.96 30.23 <3052 | ;
0.707981 ~29.93 30.20 <3050
0.707982 ~29.90 30.18 <3047
0.707983 ~29.88 30.15 <30.44
0.707984 >29.86 30.13 <3042 0.7085 -
&
- 0.7080 -
e S
| -
rEﬂ
«@ 0.7075
0.7070 -
0.7065 . - ; ;

! T

O 20 40 60 80 100 120 140 160 180 200
Numeric Age (Ma)

Figure 8.1 Variation of % S1/%Sr during the past 206 Ma
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Omezen|

0.7092

m Limity Ciselného datovani
doprovodnych metod

3Gy / 36Sr
0.7091

0.7090

0.7089

Age (Ma)

Figure 8.9 A robust LOWESS fit for the interval from 0 to 10 Ma. The central solid line de-

notes the mean of the data. Confidence limits of 2 s.e. about the mean value are shown as dot-

ted lines. These limits represent the confidence with which the position of the mean is known
and say little about the distribution of the data




Metody Ciselneho datovani
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absolute age (numerical)

e natural clock 1s necessary

--radiometric dating
(nuclear clock: decay of radioactive 1sotopes)

--dendrochrolonology
--fission-track dating
--varve chronology
--lichenometry

--surface-exposure dating
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Radiometrické datovani

radioactive 1sotopes: have nuclei that spontancously decay by
emitting or capturing subatomic particles

. decaying radioactive 1sotope
: decay daughter

parent =—daughter
loss or gain




Copyright © McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Alpha particle

Daughter nucleus has atomic number
2 less and mass number 4 less than
parent nucleus.

A Alpha Decay—2 neutrons
and 2 protons lost

Beta particle (electron)

Daughter nucleus has atomic number
1 higher than parent nucleus. No change
in mass number.

B Beta Decay—Neutron loses an
electron and becomes a proton.

V
—— Electron

Daughter nucleus has atomic number
1 lower than parent nucleus. No change
in mass number.

C Electron Capture—A proton
captures an electron and
becomes a neutron.

o Proton

Electron

3 primary ways of decay

particle has 2 neutrons and 2 protons
238  =—— 234

92 protons 90 protons

breakdown of neutron into an
electron and a proton and loss
of the electron to leave a proton
(result 1s gain of one proton)
K40 m— (0540

19 protons 20 protons

capture of an electron by a proton
and change of proton to neutron
(result 1s loss of proton)
K40 s Ar?0

19 protons 18 protons
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Radiometrické datovani

« uses continuous decay to measure time since rock’s formation

« as minerals crystallize in magma; they may trap atoms of radioactive
iIsotopes in their crystal structures

 ...will begin to decay immediately and continuously...

« as time passes, rock will contain less parent and more daughter

POLOCAS ROZPADU (1)
amount of time it takes for half the atoms of the parent isotope
to decay is the isotope s

ROZPADOVA KONSTANTA (A)
Rychlost, jakou se matersky izotop rozpadd na dcerinny izotop
Stanovuje se laboratorné




] Copyright @ McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Time ——»

Half-ife = Half-life = Half-life = Half-life

L O B B O O]

------------------------

exponential
decay: never
goes to zero

% of original radioactive isotopes

0 1 2 3 4 Half-lives

A

predictable ratios at each half-life: exponential decay (half always remains)
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Radioaktivni rozpad a radiogenni izotopy

m  “Radiogenic” isotope ratios are functions of both time and
parent/daughter ratios. They can help infer the chemical
evolution of the Earth.

m Radioactive decay schemes
8’Rb-87Sr  1:4,88 Ma A: 1,42 x 1017 (let)

147Sm-143Nd T1: 108 Ga A: 6,54 x 102 (let™)

238J-206Pph  T: 4.468 Ma A: 1,551 x 10-10 (let")

235J-207Pph  1: 704 Ma  A: 9,848 x 1019 (let")
1

232Th-208Ph  1:14 Ga  A: 4,947 x 10 (let")

m  “Extinct” radionuclides

“Extinct”’ radionuclides have half-lives too short to survive
4.55 Ga, but were present in the early solar system.
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Zakladni predpoklady geochronologie

m Rozpad je v prubéhu ¢asu konstantni.
good reasons to believe this is correct from nuclear physics

measurements of decay sequences in ancient supernovae yield the
same values as modern lab measurements.

m Systém zustava uzavreny vzhledem k matefskym a dcefinnym
izotopum
To zavisi na izotopickém systému a typu mérené horniny (mineralu)

Pro spravnou interpretaci vysledku je nutna pecliva pfiprava vzorku
a dukladna charakteristika vstupniho materialu

Pro datovani jsou nejvhodné;si vyvrelé horniny
Metamorfoza muze zpusobit ztratu dcefinnych produku
Datovani sedimentli udava vék zdrojovych hornin




Priprava vzorku a analyza

m Hmotnostni spektrometrie: méfi koncentrace specifickych nuklidi na
zakladeé jejich atomové hmotnosti.

technique requires ionization of the atomic species of interest and
acceleration through a strong magnetic field to cause separation
between closely similar masses (e.g. 8’Sr and 8°Sr). ...count
iIndividual particles using electronic detectors...

TIMS: thermal ionization mass spectrometry

SIMS: secondary ionization mass spectrometry - bombard target with
heavy ions or use a laser
m Priprava vzorku pro TIMS

Rozpusténi vzorku v HF, HNO,, pfiprava rozpustného chloridu , dalSi
separace na Rb a Sr

Rozpusténi a evaporace chloridu Sr a Rb na kovovém (wolfram, rhenium)
vlakneé spektrometru

Zahrivani a ionizace vlakna ve spektrometru




Clean Lab - Chemical Preparation

http://www.es.ucsc.edu/images/clean lab c.jpg
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Thermal lonization Mass Spectrometer (TIMS)

From: http://www.es.ucsc.edu/images/vgms_c.jpg




Metoda 8’Rb/8’Sr

m  “whole rock" analysis

m Parcialni krystalizace: narust koncentrace 87
Rb a Sr ve zbytkové tavenine Rb

m Plagioklas uzavira Sr v krystalové mrizce, 87
avSak ne Rb ’ o Sr

° ’ v o , clinopyroxene _ plagioclase -
m  Ruzné pomery Rb/Sr v ruznych 2+ homblende >
krystalovych jedincich n
ST
S )
= -
] O
S L7 .7
Ov //
4
100 % of liquid 0
remaining

Figure 12.1 Diagrammatic representation of the concentrations of Rb and Sr, and variations

in the Rb/Sr ratio during the crystallization of a granitic magma. Note that for a crystallizing as-

semblage of clinopyroxene and amphibole, both Rb and Sr are incompatible and thus their

concentrations increase with an increasing amount of crystallization. Once plagioclase is

stable on the liquidus, because kpStpiag is > 1, the Sr concentration decreases, Rb continues to

increase and thus the Rb/Sr ratio of the system increases. This gives a final suite of rocks with
variable Rb/Sr ratios
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0.726 1

Rb-Sr izochrona

g(f) 0.718 7
%
i . N 07141
m Rovnice: ® Age = 167+2 Ma
87Sr/8€Sr,, = 8’Rb/®8Sr,,, (eM — 1) + 87Sr/86Sr, o710 Ry, = 0.7062:0.0001
(R = initial ratio) MSWD = 1.4
0.706 f ‘ ‘ ‘
0.00 2.00 4.00 6.00 8.00
*"Rb/ **Sr

m Yy =ax+Db, kde a = sklon pfimky

Figure 12.3 Rb-5Sr isochron for a zoned diorite-granodiorite-adamellite intrusion at Bildad

b = prCI Seél’k S OSOU y Peak, Graham Land, Antarctic Peninsula. Note the broad spread of ¥ Rb/%6Sr and & Sr/%’Sr ra-
tios, which gives a statistically precise fit of the data to the isochron equation, and thus a low

m t=1/AxIn(sklon + 1)

s/ Psr

A A%
time of crystallization

v

“Rb/*Sr

Figure 12.2 Diagrammatic representation of an isochron diagram showing the evolution of
¥Sr/%7Sr and 87Rb/%¢Sr from the time of crystallization (solid circles) to a time much later than
that of crystallization (open circles). Note that ¥ Sr/%°Sr increases though time whereas
%Rb/%5Sr decreases. The age of the intrusion (specifically, the time since crystallization) can
be calculated from the slope of the isochron by applying equation (2). The intercept is the
8 Sr/%5r ratio of the system at the time of crystallization and has petrogenetic significance

MSWD. [Based on data in: Pankhurst (1982)]




Stari rustu jednotlivych mineralu

m  Metamorféza vyvrelych hornin
m Pfi zahrati: difze Sr a Rb,
izotopicka homogenizace

m Po zchlazeni: zastaveni difuze
a nastaveni ,hodin”

m |ontové pomeéry v horniné
stalé — stafi ,whole rock" jsou
platna

m blokovaci teplota® mineralu

Table 12.2 Blocking (closure) temperatures for common minerals for different isotopic

systems. FT = fission track method

Closure temperature for

Mineral Method mineral systems, T(°C)
Zircon U-Pb > 800
Baddeleyite U-Pb >800
Monazite U-Pb 700
Titanite U-Pb 600
Garnet U-Pb > 550
Garnet Sm-Nd >550
Hornblende K-Ar 500
Muscovite Rb-Sr 500
Muscovite K—Ar 350
Apatite U-Pb 350
Biotite Rb-Sr 300
Biotite K-Ar 280
K-Feldspar K-Ar 200
Zircon FT 200
Apatite FT 120
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Whole rock vs. single grain ages
Priklad:

3
4 A Time 4
Age of Age of Present
intrusion (7o) metamorphism (T,) day

Figure 12.4 Diagrammatic representation of a whole-rock isochron which has undergone a
period of low-grade metamorphism during which the biotite, muscovite and K-feldspar have
been taken above their blocking temperatures (Table 12.2) and thus have undergone isotopic
homogenization. Post-metamorphism, once all the minerals have once again cooled below
their respective blocking temperatures, in situ isotopic decay once again takes place. Note
that the slope of the whole-rock isochron is undisturbed by the metamorphic event. A mineral
isochron will yield the age when the minerals cooled below their blocking temperatures ana
the whole-rocks will yield the original age of crystallization
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Figure 12.11  Application of different methods of radiogenic isotope geochronology to differ-
ent rock types of differing ages. Methods in italics will yield dates that are likely to reflect pre-
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Lutetium — hafnium method
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Figure 12.8 Lu-Hf whole-rock—zircon isochron for the Amitséq gneiss, West Greenland.

Note the limited spread in '7°Lu/!"7”Hf and 76 H{/'””Hf ratios, which is considerably less than

that for the Sm—Nd isochron for the Target Hill gniesses (Figure 12.6). Nevertheless, this isoch-

ron yields a relatively precise age of 3.55+0.22 Ga; an age that is concordant with U-Pb zir-

con and Rb-Sr whole-rock ages from the same locality. [Based on data in: Pettingill et al.
(1981)]




MRS da radiouhliku

Willard F. Libby (1906 — 1980),
Nobelova cena za chemii 1960

Organicka hmota, polocas
rozpadu 5700 let, pouziti:
holocén, svrchni pleistocén

N14 -> C14,

fixace C14 do organické
hmoty

C14 -> N14

Nitrogen-14
atomic number 7
atomic mass 14

MNeutron capture i s

Carbon-14
.. atomic number 6
atomic mass 14

!
Proton emission
A.
e Proton fi
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(electron) emission g
] . %
Nitrogen-14 i
& f

CHis absmbed
¥ along with C'? and

C'%into the tissue -
of living organisms
in'a fairly constant
ee ratio.

Wh_ 1) an organis e
‘back to N'¥ by beta decay.

:

i eca o :
Carbon 14 3,,, Beta decay - & :.f: Nitragen 14
L

Beta
particle

@ Proton @ Neutron




half-lives of previous are too long to date rocks < 100,000 years old

C-14 has half-life of 5,730 years (changes to N-14)
...date material from 100 to 70,000 years old

C-14 combines with O to form carbon dioxide (CO2) along with
the stable 1sotope of carbon, C-12

some CO2 with C-14 dissolved 1n oceans, lakes, etc.
where organisms drink the water and
plants remove 1t directly from the atmosphere

all living organisms have some C-14 1n their cells
...while organism is alive, it continues to replenish C-14...
...when organism dies, the amount of C-14 diminishes...
...thus date age since death of organism...
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a note regarding C-14....

C-14 forms naturally by cosmic ray bombardment of nitrogen

when C-14 is combined with other techniques,
...a systematic error is noted that results from changes
in cosmic-ray bombardment in the past
(this varies with solar-energy output and Earth’s magnetic field)

dates either are corrected by comparison to another technique
(i.e. dendrochronology) or are reported in C-14 years

some 1tems dated by C-14
e cloth wrapped around Dead Sea Scrolls: 2000-2200 years
 papyrus from ancient Egypt: 2100 years old
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otﬂer agsolute—gatmg techniques:

..d1vision of radioactive atom’s nucleus into 2 pieces of
approximately equal size...

..when this happens, the particles move at high speeds and
leave behind tears 1n crysal called fission tracks..

..can count number of fission tracks to determine age...
...tracks are erased at temperatures > 250°C...

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




= Mestegestépnych stop (fission
track)

FIGURE 2.10 Each fission track (about 16 um in length) in this ap-
atite crystal is the result of the radioactive decay of a uranium atom.
The crystal, which has been etched with hydrofluoric acid to make
the fission tracks visible, comes from one of the dikes at Shiprock,
New Mexico, and has a calculated age of 27 million years.
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» dendrochronology (tree-ring dating)

annual growth of trees produces concentric rings
...dates back to 9000 years are possible...

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

photo © H.D. Grissino-Mayer
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Dendrochronologie

m Proces: rust letokruhti dreva
m Doba cyklu: 1 rok (sezénni prirtstek)
m Pouziti: do -5 000 let

Live tree

Dead tree

» Figure 8.E Cross dating is a basic principle in dendrochronology. Here it was used to date an archaeological
site by correlating tree-ring patterns for wood from trees of three different ages. First, a tree-ring chronology for
the area is established using cores extracted from living trees. This chronology is extended further back in time
by matching overlapping patterns from older, dead trees. Finally, cores taken from beams inside the ruin are
dated using the chronology established from the other two sites.

Log from ruins




varves: paired layers of sediment
1) thick, light, coarse layer from summer
2) thin, dark, fine layer from winter
..common 1n glacial lackes that have large inflow
of water in summer and freeze in winter...
..count pairs to determine age (drill cores in sediment)

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




VARVE CHRONOLOGY

Lakes can produce annual layers.

Usually occur in glacial lakes or those that freeze
over in winter.

Coarser sediments are deposited in summer.

Winter-summer layers are called COUPLETS.

Couplets in lakes are known as VARVES.

Count the couplets back from the sediment surface
to determine numerical age.
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Figure 3. X-ray images of clastic-organic varves from Lake Nautajirvi representing the period from ca. AD 200

to 600 BC. Radiographs are taken from epoxy-embedded slabs of uniform 2-mm thickness. A calibration sample
made of glass is seen in the right-hand corner.
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Figare 5. Two X-ray radiographs from 206 to 252 BC and 2592 to 2646 BC of Lake Nautajirvi sediment show that
the visually striking components, mineral-rich and organic laminae, are far from perfect throughout the sequence
for studies of automated line-scan image analysis. Therefore, it is also necessary to estimate the error in the varve
chronology.
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Uses of varve chronology (1)

m Patterns of deglaciation

Used extensively in both Scandinavia and North America as a means of
dating the deglaciation of major ice sheets.

Varve sequences in different lakes can be linked on the basis of relative
thickn)esses of particular annual layers (e.g. thicker layers in warmer
years).

Comparison of varve chronology with dates from other methods on the
same sediments (e.g. *C) can improve confidence in dating framework.

m Varves in other sediment systems

Rhythmic sediments exist in other sediment systems.

Sedimentation and biological activity can show seasonal patterns in
many lakes and can result in annual sediment layers.

E.g. diatom blooms during spring/summer can produce organic varves
In some lake sediments.




Deglaciace
Skandinavie
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Uses of varve chronology (2)

m Calibration of *C timescale

Where varves have a significant organic component,

comparisons can be made between the varve chronology and a
14C chronology.

E.g. Wolfarth et al., (1993); Boreas, 22, 113-128. Comparison
of varve (calendar) years and “C years shows possible
calibration errors in the “C method.

m Duration of particular ‘events’

e.g. Younger Dryas (Loch Lomond Stadial) event in Europe
estimated to have lasted c. 1140 +/- 20 years in Poland on the
basis of varve chronology.

Same event represented by between 900 and 1000 varves in
Sweden.
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“THER NUMERICAL DATING TECHNIQUES

LICHENOMETRY

Lichens are plant-like organisms
that grow on rocks.
Grow at a measurable rate.
By measuring size on items of
known date, the size is
plotted against size on
unknown aged objects.
Good for the last 9000 years.




THER NUMERICAL DATING TECHNIQUES

LICHENOMETRY
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...designed to measure when surfaces are first exposed...

cosmogenic 1sotopes: those that are produced in small quantities
in surface exposures from cosmic-ray bombardment

...Intergalactic radiation, predominantly neutrons, hits
atoms and converts them into cosmogenic 1sotopes

S1, Mg, Fe, Al...... convert to beryllium 10
K, Ca, Cl...... convert to chlorine 36
Be-10 and CI-36 then also decay into daughter products

10Be has t1/2 of ~ 300,000 years.
36Cl has t1/2 of ~ 1.5 million years.
Fills the gap between 14C and K-Ar.
...much more complicated than radiogenic methods...
--parent material 1s continuously produced (must know production rate)--
--erosion may remove material--
--very small amounts present to be measured--




THER NUMERICAL DATING TECHNIQUES




Datovani 13/Cs

m 3/Cs: antropogenni izotop, vznika jako
produkt umelych radioaktivnich rozpadu
(jaderne elektrarny, jaderné vybuchy)

m Cernobyl 1986
m Pacific nuclear weapon tests 1960-61




" «SEEEETabsolute dates

combined

Copyright @ McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Foster City Fm
Larsonton Fm

. Leet Junction Fm

Tarburg Fm

Granite

540 million years old
Dike
78 million years old




ge of shale
between 450
‘and 490 m.y.
(Ordovician
index fossil

Section B

No radioisotopic
dates obtained

Section A

Some radioisotopic
dates obtained

FIGURE 1-21 The actual age
of rocks that cannot be dated
isotopically can sometimes be
ascertained by correlation.
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Chronostratigrafie
(globalni standardni stratigrafie)

m integruje data ze stratigrafickych metod

m standard pro globalni stratigrafickou
korelaci

m deleni horninového zaznamu na casove-
horninove jednotky — chronostratigraficke
jednotky

m Historickeé hledisko




Stratigraphic
tool kit

m \Vytvoreni
sekvence

Sled
,udalosti”

Casové
nastroje

m Interpretace
Zzaznamu

Remote sensing
— [Chapter 3]

Wire-line logging
[~ [Chapter 9]

Y

Seismic stratigraphy
[Chapter 10]

» Sedimentary facies

Lithostratigraphy
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[Chapter 2]

Relative chronology

[Chapter 4]

Biostratigraphy
[Chapter 5]

Event stratigraphy
[Chapter 6]

Cyclostratigraphy

Sequencing tools
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» Chronostratigraphy

[Chapter 7]

Chemostratigraphy

[Chapter 13]

4

[Chapter 8]
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Magnetostratigraphy

Absolute dating
[Chapter 12]

Sequence stratigraphy
[Chapter 11]
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Time tools
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[Chapters 14 & 15]

Palaeoecology
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[Chapter 16]

Palaeoclimate

[Chapter 17]
Tectonic history
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Interpretative tools |«

[Chapter 18]

Earth history




Litho- Chrono-stratigraphy Bio-
stratigraphy Radiometric Magneto- stratigraphy
dates stratigraphy
Ash — 3 1601
Silt million i
Sand years
| 3

Sand W
Silt
Sand 3.2+ 0.2

Lava —2 # million

Silt HEars

Three essential components of the study of Fossils in context:
Lithostratigraphy +* Chronostratigraphy = Biostratigraphy
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Chronostratigrafie: historie

m Definice prvnich utvaru: 19. stol

m  Nazvy: geografické (devon, perm), etnografickeé (silur, ordovik), Casove (trias, terciér),
litologické (kfida, karbon), na zakladé litologie, pozdé&ji smiSeni s biostratigrafii a
casovym vyznamem jednotek — zmatek

m  1941: definice €asové-horninovych jednotek (Schenck and Muller 1941)
m  American Code of Stratigraphic Nomenclature (1970)

m International Stratigraphic Guide (Hedberg 1976, 1967):
Chronostratigraphic units are ,bounded by isochronous surfaces”

m  1972: definice prvniho mezinarodniho hranicniho stratotypu: kopec Klonk, Barandién,
stanoveni kritérii pro vybér hranic jednotek

m Stanoveni ,golden spike® (zlaty hfeb) — geometricky nekone¢né maly bod na profilu,
ktery urCuje stanovenou hranici

m Zasady Ceské stratigrafické klasifikace (3. vydani), Chlupag |, Storch P (1997). Vést.
Ces. Geol. Ust, 72(2), 193-204
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Casové vztahy mezi chronostratigrafickymi,
litostratigrafickymi a biostratigrafickymi jednotkami

4 hranic¢ni stratotyp baze
nasledujiciho stupné

A
3 “ ﬁGOLDEN SPIKE
@
S| 2
1 / N hrani¢ni stratotyp
GOLDEN SPIKE

baze stupneé X

>
prostor
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I Yin Hongfld, Zhang Kexn’, Tong Joman?, Tang Zuny i and W Shunbag’

The Global Stratotype Section and Point (GSSP)
of the Permian-Triassic Boundary

I Pazely off Rtk Snmse, Clins Lmvenety of Geosciences, Woskas 253974, Clerms
2 Praadiy of Parth Schimes, Cheni Uneveresy of Casstionas, Hepng #2000, China
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Hierarchie chronostratigrafickych jednotek

m vSechny vrstvy (horniny) na celém svété vznikly v daném €asovem intervalu

m Casové-horninové jednotky (chronostratigrafické jednotky)
m Casové vyjadfeni (geochronologické jednotky)

B IChronos’Erthruhcké Geochronologicke Oblastne litostratigra-||Rydzo biostratigrafidke
riklad: jednotky jednotky ficke jednotky jednotky
tanerozoikum eonotem con
Me 20 Z0k um eratem cra
Jura utvar perlOda .
S ku pina
; - epocha O :
L oddelenie P suvrstvie rozne druhy
. g — e e B biostratigrafickych
toark stupen vek . ; »Ig e
clen zon
Hildoceras i [ e i (subzona)
bitrons chronozona chron
vrstva ( horizont) ( biohorizont)

Obr. 23a. Prehlad hlavnych stratigrafickych jednotiek. Chronostratigrafické a geochronologické jednotky si vza-
jomne zodpovedaji a ich obsah je presne stanoveny. Oblastné litostratigrafické a biostratigrafické jednotky su

nezdvislé od inych stupnic a hierarchické usporiadanie je relativne

31
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Hierarchie chronostratigrafickych jednotek

m STUPEN (STAGE)

m 2— 10 mil. let, Casove vyjadreni: vek (age)
m Teoreticky aplikovatelny celosvetove (ICS), nekdy pouze
regionalni platnost

m Interregionalni korelace
m Definovan stratotypy spodni a svrchni hranice

m Morske sedimenty, nepreruseny sled, facialne
monotonni, vyznacné horizonty (biozony) —moznost
Siroke korelace

m Nazev: geograficky, historické aspekty
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Hierarchie chronostratigrafickych jednotek

ODDELENI (SERIES)

m 13 — 35 mil. let, Casoveé vyjadreni: epocha (epoch)

m Soucasti utvaru (2 — 6 oddeleni v utvaru)

m aplikovatelné celosvetove (ICS),

m spodni hranice definovana spodni hranici nejnizsiho
stupne

m Horni hranice definovana horni hranici nejvyssiho
stupne

m Nazev: spodni (Lower), stfedni (Middle), svrchni
(Upper), geograficky, historické aspekty
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Hierarchie chronostratigrafickych jednotek

s UTVAR (SYSTEM)

m 30 — 80 mil. let (s vyjimkou kvartéru), Casové vyjadreni: perioda
(period)

Chronostratigrafické jednotky s celosvétovou platnosti
Soucasti utvaru (2 — 6 oddéleni v utvaru)

aplikovatelné celosvétové (ICS),

Horni hranice definovana horni hranici nejvyssiho stupné

Nazev: vyznam geograficky, etnograficky, litologicky, Casovy,
historickeé nazvy
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Hierarchie chronostratigrafickych jednotek

ERATEM (ERATHEM)

casove vyjadreni: éra

LA 4V 4

horni hranice definovana horni hranici nejvyssiho stupné
Nazev: historické nazvy, hlavni zmeny ve vyvoji zivota

EONOTEM (EONOTHEM)

m Casove vyjadreni: eon
m Nazev: historické nazvy, hlavni zmeény ve vyvoji zZivota
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Hierarchie chronostratigrafickych jednotek

m CHRONOZONA (CHRONOZONE)

m  Soubor hornin vznikly kdekoli na sveté v daném Casovém intervalu, ktery
odpovida jiné formalni stratigrafické jednotce (biozoné, zéné magnetické
polarity, apod)

m Casové vyjadieni: chron
m  Neni jednoznacne prijimano, rozpory




.
Adjektiva:

Cestina
m Spodni, stredni, svrchni

Anglictina:
m Casové - horninové jednotky: Lower, Middle, Upper
Lower Carboniferous limestones, Upper Famennian conodonts

m Casové (nehmotné) ureni: Early, Middle, Late

Late Triassic climatic changes, Late Proterozoic orogenic phase,
foraminifers of Late Cretaceous age




N
Table 1

Summary of Categories and Unit-Terms in Stratigraphic Classification*

Principal

Séran:;grarii:l:;n Stratigraphic
go Unit-terms
Lithostratigraphic Group
Formation
Member
Bed{s), Flowi{s}
Uncenformity-bounded Synthem
Biostraligraphic Biozones:
Range zones
Inlerval zones
Lineage zones

Assamblage zones
Abundance zones
Other kinds of biczones

Magnetostratigraphic polarity Polarity zone

Other (informal) stratigraphic ~Z0ne
categories (mineralogic, stable | (with appropriale prefix)
isotope, environmental, seismic,

elc.)
Equivalent

Geochronologic Units

Chronostratigraphic Eonothem Eon

Erathem Era

System Period
Series Epoch
Stage Age
Substage Subage (or Age)
(Chronozone) {Chron)

* If additional ranks are needed, prefixes Sub and Super may be used with unit-terms when
appropriate, although restraint is recommended (o avoid complicating the nomenciature

unnecassarily.
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