Panevni analyza



Literatura

Philip A. Allen, John R. Allen (2013): Basin Analysis: Principles and
Application to Petroleum Play Assessment, 642 p., 3rd Edition.,
Wiley-Blackwell

Miall A. (1999) Principles of Sedimentary Basin Analysis. 616 p.,
Springer; 3rd, edition

Busby CJ., Ingersoll, RV: Tectonics of Sedimentary Basins (1995)

Burbank, DW, Anderson, RS (2011) Tectonic Geomorphology, 472
p., Wiley Blackwell,



Definice

Sedimentary basin analysis is a geologic method by which the history of a sedimentary basin is
revealed, by analyzing the sediment fill itself.

Aspects of the sediment, namely its composition, primary structures, and internal architecture,
can be synthesized into a history of the basin fill. Such a synthesis can reveal how the basin formed,
how the sediment fill was transported or precipitated, and reveal sources of the sediment fill. From
such syntheses models can be developed to explain broad basin formation mechanisms. Examples
of such basinal environments include backarc, forearc, passive margin, epicontinental, and
extensional basins.

Sedimentary basin analysis is largely conducted by two types of geologists who have slightly different
goals and approaches. The petroleum geoloqist, whose the ultimate goal is to determine the
possible presence and extent of hydrocarbons and hydrocarbon-bearing rocks in a basin, and the
academic geologist, who may be concerned with any or all facets of a basin's evolution. Petroleum
industry basin analysis is often conducted on subterranean basins through the use of reflection
seismology and data from well logging. Academic geologists study subterranean basins as well as
those basins which have been exhumed and dissected by subsequent tectonic events. Thus
academics sometimes use petroleum industry techniques, but in many cases they are able to study
rocks at the surface. Techniques used to study surficial sedimentary rocks include: measuring
stratigraphic sections, identifying sedimentary depositional environments and constructing a geologic
map.

An important tool in sedimentary basin analysis is sequence stratigraphy, in which various
sedimentary sequences are related to pervasive changes in sea level and sediment supply



Sedimentacni panve

Sedimentacni panve

definice:

« oblasti, ve kterych se muze akumulovat sediment a byt zachovan po delSi geologické
Casove obdobi

tvar: kruhovy, podlouhly, linearni, nepravidelny,
nemusi se jednat o topografické deprese (aluvialni véjire)
panve: aktivni, neaktivni, deformované

tri zakladni typy panvi
« pre-depozi¢ni panve (posttektonické)
morfologicka deprese, pozdéji vyplnéna posttektonickymi sedimenty
« syndepozi¢ni panve (syntektonické)
akumulace sedimentu je fizena syndepozi¢ni tektonikou (subsidence), morfologie je
fizena balanci mezi poklesem a vyplni, pokles > vypla = vznik morfologické deprese
« postdepoziéni panve (pretektonické)

akumulace sedimentu pfedchazi tektonickou aktivitu, ktera vytvofi panevni strukturu,
vztahy mezi vyplni, transportem a mocnostmi sedimentu nejsou fizeny morfologii



PLAN PREDNASKY

Sedimentacni panve, definice, morfologie
Tektonicka klasifikace sedimentacnich panvi
Eroze a erozni historie

Subsidence a subsidencni historie panvi
Sedimentacni prostredi, architektura vyplnée
panvi, ridici faktory vyplne panvi

Termalni vyvoj panvi

Ekonomickeé aplikace: ropa a zemni plyn:
Pripadove studie



Morfologie panve

rizena vzajemnym pusobenim tektonicke
subsidence a prisunu sedimentu

Dalsi faktory

— depozicni prostredi
— erozni baze

— vypln panve



Subsidence vs. pfisun sedimentu

stanoveni rychlosti denudace ve zdrojové oblasti sedimentu
— uzaviené panve (jezero Chad)
— polouzaviené panve (Cerné more)

metodika: vypocet objemu sedimentu pfinaseného frekami do panve
(mechanicka slozka a chemicka slozka)

« vypocet rychlosti sedimentace : plocha panve, plocha zdrojové
oblasti, spolehlivy Casovy model

Cerné more,
— hlavni ficni systémy, pfinosu sedimentu: 50 mm/ka
— prumeérna rychlost sedimentace po kompakci 300 mm/ka

— plocha drenazniho uzemi je zhruba 4,4 krat vétSi nez plocha
depozicniho uzemi, odtud rychlost denudace = 300/ 4,4, coz je cca 70
mm /ka — dobre odpovida rychlosti pfinosu sedimentu
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Fig. 9.13. Drainage area of the Black Sea and location of sediment cores and DSDP drilling sites (379 to 381) in the
deep basin. (After Degens ef al. 1978)
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Tektonicka klasifikace
sedimentacnich panvi

Sedimentace a denudace jsou zpravidla fizeny
tektonickymi procesy, proto - klasifikace
sedimentacnich panvi na zaklade globalnich a
regionalnich tektonickych procesu v ramci
deskové tektoniky

Roli hraje fada dalSich faktoru: morfologie v
okoli panve, typy hornin, klima, tektonicka
aktivita ve zdrojové oblasti, atd.



Tektonicka klasifikace panvi

BASINS IN THEIR PLATE TECTONIC ENVIRONMENT
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Fig. 1.6. Present distribution of lithospheric plates on the surface of the Earth showing the three main types of
plate boundary (from Le Pichon et al. 1973).

Soucasna distribuce litosférickych desek na povrchu Zemé s vyznac€enim tfi hlavnich typa deskovych rozhrani



Panve na divergentnich rozhranich

« kontinentalni riftova udoli - ohrani€ena hlubokymi zlomy
— asymetricka (grabeny)
— symetricka (half-grabeny)
velmi rychla subsidence, velka mocnost sedimentarni vypiné (v km)

Priklady: rift Rio Grande, vychodoafricky rift

 protooceanska riftova udoli - poCateCni oceanské panve zalozené na
oceanskeé kure, ohraniCené mladymi kontinentalnimi okraji,

rychla subsidence, velka mocnost sedimentarni vypiné (km)
Priklady: Rudé mofe, jura vychodniho Gronska
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Triple junction, East Africa

Soubor Upravit Zobrazit Mastroje Pridat Napovéda

¥ Hledani ‘ E (42 |7 &) B ‘@73 & | B ‘ lg;; B |

Prelétnout I Majit Firmy | Trasy I

Prelétnout na napr, 37 25' 19,15, 1220

I H < |

- : /
Ry ////

v Mista | Piidat obsah | £
= M&S Moje mista
o ; section krasnogorskoye
- J B2 Dpotasna mista

¥ Vistvy
=M % Primérni databaze -
= O % zemépisny web

o [ = panoramio

ks D[\B Wikipedie

= O % mista

% mista

- O ukszka

~ O podnik
- == sinice
=0 ﬁ Prostorové zobrazené bud...

- O @ zobrazeni ulic ‘7610 Cnes/Spot Image

® O Hranice a znacky § MR Dé_:_a S0, NOAATU.S. Navy, NGA, GEBCO 1r7ClO()§IC

O ' Doprava 2 010iDigitalGlobe
® O &$ Potasi ; : I 010.TerraMetrics
P i _:_' h 5°52'01.92S 39°43'46.75"V vy$. 1458 m Vy8ka pohledu S577:52 km

@& Startl J |23 panevni analyza IIQ Google Earth |@] Microsoft PawerPoint - [... | J Cs] ‘ | [« 13116




Panve ve vnitrodeskovém prostredi

kontinentalni terasy (pasivni zralé riftové kontinentalni okraje na rozhrani
kontinent - ocean,
kontinentalni okraje (Passive continental margin) - maximum akumulace na
kontinentalni kife, linearni prizmata sedimentu, ktera se ztenc€uji smérem k centru
spreadingu,
— rychla subsidence, rychlost subsidence vétSinou v pribéhu €asu klesa, velka mocnost
sedimentarni vyplné

— Priklady: atlanticky okraj Sev. Ameriky, Jizni Ameriky, Afriky, austroalpinska zéna
Vychodnich Alp

kontinentalni platformy (Interior sag basin) - panve zalozené na kontinentalni
kiFe, stabilni kratony pokryté tenkou vrstvou sedimentu, nékdy s centralnim mrtvym
riftem, ohraniCenym zlomy,

— pomala subsidence,

— PFiklady: Hudsonuv zaliv, spodni paleozoikum Sev. Ameriky (oblast Velkych jezer)

aktivni intraoceanské panve (Oceanic basin plain) - panve zaloZzené na oceanské
kUfFe, které nesouvisi s tektonickym vyvojem oblouk-pfikopovych systému, akumulace
sedimentl na upati aseismickych hfbetld, podmorskych hor

— pomala subsidence, misty znaéna mocnost sedimentt (hlubokomofrské véjite)

— Priklady: Tichy ocean, Mexicky zaliv, rizné ofiolitové systémy



Chapter 1 Basin Classification
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Hudson Bay




North Atlantic passive margin
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Panve na konvergentnim deskovem
rozhrani

Hlubokomofrské prikopy (Trench), panve na svazich tren¢d - hluboké pfikopy
generovaneé subdukci oceanské kury

— pomala nebo nulova subsidence, mocnost sedimentu kolisa podle pfisunu sedimentu, mala
az velka

— Priklady: chilsky trench, Torlessky teran, Novy Zéland, kfida

Predobloukové panve (Forearc basin) - panve v prostoru mezi hranou svahu
trenCe a magmatickym obloukem

— podlozi tvofené pfechodnou nebo oceanskou kirou

— subsidence pomala az rychia,

— Priklady: Sumatra

Vnitroobloukové panve (Intraarc basin) - panve uvnitf magmatickych obloukt nebo
mezi dvéma magmatickymi oblouky

— podlozi tvofené pfechodnou nebo kontinentalni kdrou

— subsidence stredné rychla

— Priklad: Lago di Nicaragua,

Zaobloukové panve (Backarc basin) - panve generovaneé riftingem a spreadingem
v tylu magmatickych obloukd, vyvoj podobny riftu a pasivnimu okraji

— rychla subsidence

— Priklady: Japonské mofe, Okinawa trough



Chapter 1 Basin Classification
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Chile trench
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Forearc basins, Java
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Okinawa trough
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Remnant arcs
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Panve na konvergentnim rozhrani 2

zbytkové panve (remnant basin) - panve generované na zanikajici oceanské kure
mezi dvéma konvergujicimi kontinenty

— subsidence pomala, mocnosti sedimentu velké

— Pr¥iklady: Bengalsky zaliv, karbon, pohofi Quachita, Sev. Amerika

tylové predpolni panve (retroarc foreland basin) - panve vznikajici v tylu
magmatického oblouku na kontinentalni kare

— pomala az rychla subsidence, stfedni az velké mocnosti sedimentu

— Priklady: kfidové panve amerického stfedozapadu, kontinentalni podhufi And

periferni predpolni panve (peripheral foreland basin) - panve vznikajici na
kontinentalni kufe v depresi pfed nasouvanou zénou pfikrovu

— subsidence pomala az rychla, stfedni az velké mocnosti sedimentu

— Priklady: Timor, Persky zaliv, molasové panve v predpoli Alp a Karpat

— neseneé panve ,piggyback” - panve generované na podkladu sunoucich se pfikrova,
subsidence stfedne rychla az rychla, mocnosti sedimentu stfedni az velké (neogen
Apenniny, Videnska panev)

intramontanni panve (intramontane basin) - panve vznikajici v dusledku
postorogenni divergence mezi dvéma pfikrovovymi zonami

— zalozené na kontinentalni nebo prechodné kure
— Priklad: panonska panev
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Papua New Guinea remnant basin
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Persian Gulf peripheral foreland
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North Adriatic foreland




Vienna Basin




Panve na transformnim rozhrani

* transtenzni panve - extenzni panve vznikajici na horizontalnich
posunech, zalozené na kontinenalni kure

— mohou vést ke generaci nové oceanské klry
— velmi vysoka rychlost subsidence
— Priklad: zaliv sv. Vavfince, karbon

« transpresni panve - kompresni panve vznikajici na horizontalnich
posunech

— Priklad: panev Santa Barbara, Kalifornie, recent

- transrotacCni panve - panve generované rotaci krustalnich bloku
podél jejich vertikalnich os uvnitf zon horizontalniho posunu

— Pfiklad: Los Angeleska panev, miocén



b STRIKE SLIP/WRENCH BASINS DEXTRAL (RIGHT-LATERAL)
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Fig. 1.3a-c. Tectonic basin classification (Fig. 1.2 continued). Collision-related basins and strike-slip/wrench basins. See
text for explanation



Dead sea
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Panve v hybridnim tektonickém
prostredi

« mrtveé rifty, aulakogény - ukonceni riftingu
pred zahajenim spreadingu, mrtve rameno
trojného bodu

* Impaktogeny
— Priklad: udoli Amazonky, Parana, jezero

Bajkal, Rynsky prolom
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South America,

Parana Basin
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Rozhrani ve
vrstevnaté
stavbée Zemeé

Hlavni
kompozicni
rozhrani: kura-
plast (MOHOQO)

Hlavni reologicke
rozhrani: litosféra-
astenosféra

Litosféra: rigidni
deska

'Continent Ocean
AVl P P *CrUSt o L e TR
100 T s — VT
- Low Velocity Zone
e AESTHENOSPHERE
>~ 1 _ -
500“EEEEFEEMESGS?H’ER’EEiEEEEEEEE555':55555555:'35555555
| phase Boundary T

Fig. 1.1. The main compositional and rheological
boundaries of the Earth. The most important
compositional boundary is between the crust and the
mantle, although there are certainly strong
compositional variations within the continental crust.
The base of the crust 1s marked by the Moho. The
main rheological boundary is between the lithosphere
and the aesthenosphere. The lithosphere is rigid enough
to act as a coherent plate.



Mocnosti kury

_ NORTH AMERICA Depth (km)
California  Britain  Colorado Alberta

Pacific Great Basin Plateau Rockies
0- ~—

204

404

Wisconsin Ontario Appalachians  Atlantic

I

7.8=—

EUROPE

ASIA
Great Northern Russian Fergana Pamir Tarim
Germany Alps Platform Caucasus Depression Basin
VE= 56 5.6 5.03 4.55 6.0 =i
_67 °~ 6 0
™~

597 .-_55 63 ) e

TN

6.5-6.7

Mantle

Fig. 1.3. Variations in crustal thickness across two continents (a) North America, (b) Eurasia, based on P wave

velocities (after Holmes 1965). Mountains have well-developed crustal roots, as under the Alps, Caucasus and
Pamir Range in the Eurasian section.

Variabilni mocnost kury (hloubka MOHO) napric (a) Severni Amerikou a (b)

Eurasii; (rychlosti Sifeni P vin): Hory (Alpy, Kavkaz, Pamir, atd.) maji dobfre
vyvinuté , koreny*



Taveni plaste:
baze litosféry

Zmena teploty s hloubkou
(geoterma) a teplota
taveni solidu pro plastovy
material.

Tam, kde se krivka solidu
(T,,) a geoterma dotknou,
nastava moznost
parcialniho taveni plasté
— kanal nizkych
seismickych rychlosti
plasté

Temperature °C
0 590 1000 1500 2000 2500
1 1 1

—— —_— = - \
i Low velocity zone
2004 Vv
___ 4004 -
= Solidus melting
3 temperature for
600+ mantle material
g
800 )
2
1000 "

T I

Fig. 1.5. Variation of temperature with depth, or
geotherm, and the solidus melting temperature for
mantle material. Where the solidus curve (7,,,) and the
geotherm become tangential, partial melting in the
mantle 1s likely to take place, resulting in a zone of low
seismic wave velocities (low velocity zone).



Gravitacni rezim litosféry, izostaze

Geodeticka méreni v 19. stol. — vychylka olovnice od
vertikaly menSi nez naznacCoval vypocCet
Vysvétleni — Airyho model izostatického vyrovnani

sir George Biddel Airy (1801 — 1892)

hustotni a reologicky kontrast mezi litosférou a astenosférou
model pevnych bloku lehké latky plovouci na hladiné tézsi
kapaliny

Deflection
of plumb
~ bob by .
~| Himalayas “f._

# Figure 20.A During the first survey of India, an error in measurement occurred be-
cause the plumb bob on an instrument was deflected by the massive Himalayas. Later
work by George Airy predicted that the mountains have roots of light crustal rocks.
Airy's model explained why the plumb bob was deflected much less than expected.




Prattuv a Airyho model izostaze

Praiil

br. 3. Schematické zndzornéni isostatického vyrovnani sektorit A aZ E podle Prattova a Airyho
wykladu isostase. (Podle R. A. DALYHO.)

Pratt

Litosféra pod horami ma |,
mensi hustotu nez pod
nizinami

NE!

Litosféra pod horami saha hloubéji nez
pod niZinami (hory maiji ,kofeny*)
ANO'!

Obr. 4. Experiment zndzorriujict riznost v pojeti Prattové a Airyho pii vykladu isostase.
(Podle W. BOWIEHO.)



Gravitacni rezim litosféry, izostaze

Litosféra: rigidni (pevna latka),
nizsi hustota

Astenosféra: plasticka
(kapalina), vySSi hustota

Pomér ponorené a vynorené
casti bloku, referen¢ni urovern
(hladina more) je zavisly na
souhrnné hustoté bloku a u
bloku se stejnou hustotou musi
byt zachovan

Hory maji ,kofeny”

Princip archimédova zakona




|zostaticke vyrovnani

Teorie izostaze

elevace povrchu krustalniho (litosférického) bloku je funkci mocnosti bloku a hustoty jednotlivych
vrstev (vodni vrstva, vrstva sedimentd, vrstva kury, vrstva nejsvrchnéjsino plaste)

baze litosféry - teplotni izograda 1350°C
litosféra: vodni vrstva, vrstva sedimentu, vrstva krustalni litosféry, vrstvy plastove litosféry

astenosféra
hustota plastové litosféry je vy$si nez hustota krustalni litosféry

-~ suma hmotnosti véech sfér (voda, sediment, krustélni litosféra, plastova litosféra, astenosféra)
nad ur&itou referenéni linii v plasti je konstantni, avéak mize se ménit pomér mocnosti sfér

A(pwhw) + A(pshs) + A(pche) + A(pmhm) + A(paha) = 0
— suma mocnosti v8ech sfér véetné atmosféry je konstantni
Ahg + Ahy, + Ahg + Ahg + Ahy, + Ah, = 0

podminky:
— platnost jen pokud se krustaini blok chova absolutné nezavisle na okolnich blocich

—  rovnonézné podminky nastavaji s E&asovym zpozdénim, rychlé zmény vedou k nerovnovaznému
stavu a izostaze nefunguje



|zostatické vyrovnani

Princip izostaze na prikladu dvou krustalnich bloku (a:
nahorni plosina, b: kontinentalni Self) slozenych z vrstev o
ruzné mocnosti a hustoté na povrchu s konstatnim tlakem

a froom bt

SEA WATER
c (AND SEDIMENT)

TEMPERATURE
1380°C

LATERAL LOSS OF HEAT

UPLIFT

~0 1350°C
2

i
1350°C-f/z

SEA LEVEL

Fig. 8.2a-c. Finite-iength cxtensional rift basin model. a
Prior to rifting. b Initial subsidence due to isostatg adjust-
ment st the end of short rifting eveat, buildup of high
geothermal gradieat. © Thermal subsids due to slowly

) §

cooling lithosph i 1)
reduced o original state. See text for cxphnauon (Afier
McKenzie 1978)

a b

EA WATER pENSITY (g/cn?)

s
SEDIMENT
: _x].os /
hs 212

Cc

LOCAL ISOSTASY
LOAD

SEA _ i
LEVEL ' 2.4)!
| @8y
________ !
!
LITHO-
SPHERE
- l
i
No : d
STRENGTH ;
| FLEXURAL RESPONSE OF
i ! CRUST
km (REDUCED LOCAL SUBSIDENCE)
BULGE \
MODEL g 2 MC_’{\T
FARA-
METERS
OATUM m9 LMANTLE - - -
HhE | ASTHENO- ~SURFACE OF
SPHERE CONSTANT
PRESSURE

¥Fig. 8.1a-d. Principle of isostssy demonstraied by iwo
crustal columns (a high plaicau; b continental shelf) con-
sisting of layers of different thickness and density on top of
a surface of P Values in parenthesis axc

Model extenzni riftové panve

a) Pred riftingem

b) Inicialni subsidence vyvolana izostatickym vyrovhanm na

used in the models (sec text). ¢ Local isostatic response of
htbosplwrc to additional load. d Reduced but more widely
d subsid due to fl 1 resp of rigid crust

konaci riftové extenze, zvyseni geotermického gradientu

c) Termalni subsidence vyvolana pomalu chladnouci
litosférou, geotermicky gradient se snizuje priblizné na

do ptivodni hodnotu



Gravitacni rezim litosfery, izostatické vyrovnani

. Izostatické vyrovnani nasleduje po:

— zméné hustoty litosféry
+: intruze ,,tézkych“ (mafickych)
- : chladnuti litosféry
- : intruze lehkych (granitoidnich)
- : prohrati litosféry, apod.

— zméné mocnosti litosféry
+: presunuti litosféry (kolize)
- . eroze

hornin

magmat

Mountain range

M_ountaln re

mnant
—



Princip izostaze vyzaduje
prohlubovani oceanskeho
dna v Case, které
kompenzuje tepelné
smrstovani oceanskeé
litosféry

w: hloubka vody pod
vrcholem hrbetu

Y, : mocnost oceanske
litosféry

Pm» Pur P: hustoty plaste,
vody a litosféry

Ridge X

- =
Water " Py
T
O
Lithosphere . :
| el
,P"” ~
— ' u‘"\
) 4
Aesthenosphere

At any point, mass per unit area = [ * pdy + wp,,
At ridge crest, mass per unit area at depth

(W+ y]_) = pm(W+ yl_)

For equilibrium, w (p,, - p,) + I 5(p - p,)dy =0

Fig. 2.21. The principle of isostasy requires the ocean
to deepen with age to offset the effects of thermal
contraction of the ocean lithosphere. The water depth
below the level of the ridge crest is w, the thickness of
the oceanic lithosphere is y; and p,,, p,, and p are the
mantle, water and lithospheric densities respectively.



Hloubka
oceanského dna
pod vrcholem
stfedooceanského
hibetu jako funkce
stari oceanskeé
kary

t (Myr)

0 50 100 150
1 | 1 1 L 1 | 1 | 1 1 1 | 1 1
e North Pacific
1 = North Atlantic
e 2
<
3
3 -
4 -

Fig. 2.22. Depth of the ocean floor below the level of
the ridge crest as a function of age of the sea floor
(after Parsons and Sclater 1977). The solid line shows
the theoretical result for an instantancous cooling
model. It is in close agreement with observations from
the North Pacific and North Atlantic.




Srovnani
tepelného toku
oceanské kuary
(prumér a
smérodatna
odchylka)

a predpokladané
hodnoty
vypocteneé z
modelu
okamzitého
chladnuti

1T
1l
6 -
E" 4,
z

o’

2—4

‘J_ L I { I j

0 O 1 1 I I | I I I T 1 1 | | ] |

50 100 150

1(106yr)7

Fig. 2.20. Comparison of measured ocean floor heat
flows (mean and standard deviation) and those
predicted using the instantaneous cooling model, as a
function of age. Data are from Sclater, Jaupart and
Galson (1980).



Vypoctené izotermy t (Myr)
oceanske litosféry s

vifs . , 10

okamzitym chladnutim 0 510 10 1?0
Hodnoty izoterm jsou T — 0 200
Ts °K 400

ey e 07 — 600
TeCky jsou odhady X
mocnosti ocanske = - 800
litosféry v Pacifiku 1000

150 - ]

Fig. 2.19. Calculated isotherms for an oceanic
lithosphere that is instantaneously cooled. The values
of the isotherms are 7" - 7T, °K. The dots are estimated
thicknesses of the oceanic lithosphere in the Pacific
from Leeds, Knopoff and Kausel (1974).



Mechanismy subsidence

Krustalni zten€eni (tektonicka subsidence)

ztenéeni litosféry v disledku extenzni tektoniky, rychlé eroze nebo nataveni litosféry
astenosférou, vzrust teplotni izogrady 1350°C

Termalni subsidence

rychlé zahfivani litosféry (pléstovy hfib) - hmotnost zistava konstantni, nartista objem,
koeficient teplotniho rozpinani o = 3,4 x 10°/°C, relativni vyzdvih

pozdéji - chladnuti a zvy$ovani mocnosti plagtové litosféry na Gkor korové litosféry -
izostaticky pokles - termalni subsidence

Zvyseni hustoty kury

zména teplotné-tlakovych podminek kury, intruze tavenin s vysokou hustotou do kiry s nizsi
hustotou

Flexuralni prihyb v dusledku zatiZeni litosféry

zatizeni

sedimentem nebo vulkanity (pasivni okraje, podmoiské hory)
tektonické (nasunuté prikrovy, prfedpolni panve)

subkrustalni (podsunuti hustéjsi (plastové) litosféry)

elasticky model reakce litosféry, pevna rigidni deska, jeji baze je tvofena izotermou 450°C

pevnost v ohybu
Eh’

D=

12 (1 - 02)




3 LOADING
End loading of

broken plate

Spreading —=
ridge
Line load on
unbroken plate
2 THINNING Fig 1.12 The three basic mechanisms for basin
subsidence.
1 A g / T N
\ /\ N\ - et \ N ’ .
ey ¥ e X SR TSN o v 7 Crust

~ JS= e

Tri zakladni mechanismy subsidence panvi:

Mantle

Aesthenosphere lithospher « Termalni subsidence

 Krustalni ztenceni

« Zatizeni (flexuralni subsidence)



Mechanismy subsidence

Flexuralni prahyb v dusledku zatiZeni litosféry

zatizeni

sedimentem nebo vulkanity (pasivni okraje, podmoiské hory)
tektonické (nasunuté prikrovy, pfedpolni panve)

subkrustalni (podsunuti hustéjsi (plastové) litosféry)

elasticky model reakce litosféry, pevna rigidni deska, jeji baze je tvorena izotermou 450°C

pevnost v ohybu
E he®

 § S

12 (1 - 02)

kde
E = Younglv modul pruznosti, c = Poisonlv koeficient, h, = mocnost elastické litosféry

pc.avnpst v ohybu D mizZe velmi kolisat, funkci stafi desky a doby zatizeni (mlada oceanska
kura je malo rigidni, stara kontinentaini kira je hodné rigidni)

dal$i faktory: nadleh&ovani astenosférou, zatizeni vodou a sedimentem



ELASTICOR =
VISCO-ELASTIC
LITHOSPHERE

FLEXURAL DOWNWARPING

PERIPHERAL BULGE

INITIAL
SURFACE
| UNEARLOAD
L (SEDIMENT)

~

AIRY-TYPE \i\‘ R
ISOSTATIC COMPENSATION s‘j’ TIME-
: DEPENDENT
SUBSIDENCE
a CENTRAL CENTRAL
CIRCULAR — CIRCULAR

LOAD
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S
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PERIPHERAL
BULGE

INITIAL SURFACE

Fig. 8.4a,b. Flexural response of lithosphere adjacent to
(2) local small or (b) large, wide linear load, not to scale.
a A load on top of relatively young, thin lithosphere crea-
tes a deeper, narrower flexural moat than a load on thick,
old lithosphere. b Under a long-persisting load, rapid

THINNER
ELASTIC OR VISCO-
ELASTIC LITHOSPERE

> MORE DOWNWARPING,
NARROWER FLEXURAL MOAT

initial subsidence (1) may be followed by further slow sub-
sidence (2) until the load is ultimately compensated by
local isostasy (3). Simultaneously, the peripheral bulge
migrates toward the load. (Partially based on Quinlan and
Beaumont 1984).

Flexuralni prihyb litosféry v okoli (a) mensi a lokalni nebo (b) vétsi linearni zatéze. Zatizeni relativné mladé a tenké
litosféry vytvari hlubsi a uzsi prihyb nez zatez starsi litosféry o vy$Si mocnosti. Pri déletrvajici zatézi je rychla
inicialni subsidence (1) vystridana delSi a pomalejsi subsidenci (2), dokud zatéz neni kompletné kompenzovana
lokalni izostazi (3). Zaroven dochazi k migraci periferni vyduté (bulge) smérem ke zdroji zatéze.



SUBSIDENCNI HISTORIE PANVE

subsidenéni kfivky -
hloubka subsidence vs. ¢as

- termalné - tektonickéa subsidence, fizena procesy v kife a plastoveé litosfére, nezatizena efekty
vypIné panve vodou, sedimentem, zmé&nami hloubky dna a vodni hladiny

— subsidence vyvolana zatizenim vodou

— subsidence vyvolana zatizenim sedimentem

dalsi faktory

— hloubka vody - pomér zatiZzeni voda - sediment

— eroze - odleh&eni

— eustatické zmény vodni hladiny - Easové omezené zatizeni vodou a dal$im sedimentem

— kompakce

-



Metody vypoctu subsidence

Backstripping (,zpétné odstrojovani, odlupovani*)
vypocet rychlosti sedimentace z chronostratigrafickych dat a mocnosti sedimentu

korekce na
— kompakci (dekompakce)

1-np =

.

hst =
1-n1

hsy = pavodni mocnost

-+ ny.F pavodni primérna porozita
hsp = souCasna mocnost
Nsp = soucasnd prumérna porozita

— paleobatymetrii
— zmeény moiské hladiny

celkova termalné - tektonicka subsidence

Pm - Ps Pm
+WD + — EU

Pm = Pw Pm - Pw ‘ K

T=hs1.

hsy = mocnost sedimentu po dekompakci



Porozita a dekompakce

9.7, Porosiiy-depth data
,17.-}'!7«? ST B-2 well. The
ol Curve throogh fhc
Juia is the curve used in the
sackstripping calculations
(watts. 1981, Reprinted by
rmission of the American
Yssociation of Petroloum

Gealogists).

Zavislost porozity na
hloubce ve vrtu COST B-
2. Krivka prolozena daty
(best fit) je pouzita jako
funkce pro vypocty
subsidenéni krivky .
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Vliv pfitomnosti duktilnich
horninovych fragmentl na
kompakci nezpevnénych
terciérnich pisku

Jizni Louisiana

Kompakce se projevuje jako
pokles pramérné porozity s
rostouci hloubkou

1000

2000

3000 -

Depths (metres)

4000 -

5000 -

6000

14 18 22 26 30 34 38 42
Per cent porosity

fig. 8.1. The effect of the presence of ductile rock
ragments on compaction of uncemented Tertiary sands
n the subsurface of southern Louisiana (after Blatt in
schluger 1979). Compaction is reflected in the decrease
n average porosity with depth. Based on over 17 000
ores, averaged at every 1000 ft (¢. 300 m).



Porozita a dekompakce

Grafické znazornéni
dekompakce mocnosti
jednotek A,, B3, C, na
jejich pavodni mocnosti
(A1, By, Cy)

Ruist sedimentac¢niho sloupce
v Case, t, a postupna
kompakce pohibenych
jednotek.

Dva priklady hloubkové
zavislosti porozity u rtiznych
sedimentl a dekompakce
jednotky A aB (A, naA; nebo
A;), BsnaB,)

Vysledna subsidenéni kfivka a
jeji srovnani s kfivkou bez
dekompakce. Zmény v
paleobatymetrii nejsou
zohlednény)
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Fig. 8.6a-¢. Graphical method for decompacting present

| sediment thicknesses of units Ay, By, C; to their original

thicknesscs (Ag, By, C,). & Growth of sedimentary column
with time, #, and progressive compaction of buried units
b Two examples of porosity-depth curves for ffferen

g ic )
. e dm b )
-
.
RS UNCORRECTED
\( FOR DECOMPAC TION L »

4

§5

SUBSIDENCE  (km)

sediments demonstrating decompaction of units A and B
(Ay to Ay or A, respectively, snd By to B,) using Eq.
(8.12) n text. ¢ Resulting corrected subsidence curve in
comparison 10 uncorrected curve; no changes in paleo-
water depth and eustatic sea Jevel



(A)

(B)

(©

Backstripping

Synteticky semikvantitativni priklad
vertikalniho sledu sedimentt a
odvozena subsidencni krivka.

Cista termo-tektonicka subsidence v
panvi vyplnéné vzduchem
(hypoteticka)

panev zatizena vodou, korigovano na
dnesni hladinu more (hypoteticka)

Panev permanentné zatizena
sedimentem az po dnesni Uuroven
hladiny more (hypoteticka)

Krivka (C) je ovlivnéna kompakci
sedimentu, paleobatymetrii a
eustatickymi zménami hladiny more.
DalSim vlivem muze byt eroze.
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Fig. 8.5. Synthctic, semi-quantitative example showing
drilled vertical sediment successien and derived, uncorrec-

filled basin (C) up to the present sea level. Curve C i

ted subsidence curve at a given location within a basin.
Purely thermo-tectopic subsidence in an air-filled basin
(Curve A) is magnified by s water load (B, related to pre-
sent sea level) and the load of a permanently sediment-

medified by sediment compaction, & reduced sediment loac
(increasing palco-water depth or bathymetry), and custatic
sea Jevel changes. In addition, erosion can diminish sub
sidence, or a sediment Joad above sea level can enhanc
subsidence



Stratigraficky profil vrtem Conoco 15/30-1,
Central Graben, Severni more

Vstupni parametry pro dekompakci

[able 8.2 Input parameters for decompaction problem

¢-depth
coefficient  Surface Age
Unit Top (km) Base (km) Thickness (km) (km~—1 porosity  (Myr)
210
1 Pre-Cretaceous 3.976 5.028 1.052 0.39 0.56
160
2 Unconformity 3.976 3.976 0 — —
140
3 Lower Cretaceous 3.517 3.976 0.459 0.51 0.63
100
4 Upper Cretaceous 2.549 3.517 0.968 0.71 0.70
65
5 Palaeocene 1.944 2.549 0.605 0.27 0.49
55
6 Eocene-Pleistocene 0 1.944 1.944 0.51 0.63
0

CONOCO 15/30 - 1

Sea level

0 Ma—

55 Ma —F

65 Ma -

100 Ma B

140 Ma
160 Ma

< SYN — RIFT —>I"l——-— POST — RIFT

—Y 510 Ma —-Li:

0.172 km

Eocene — Pleistocene
shales

= 2.116 km

Palaeocene sandstones
2.721 km

Upper Cretaceous chalk

3.689 km

Lower Cretaceous shales
4.148 km

] Pre — Cretaceous shaley

sandstones

1 5200 km

ig. 8.10. Summary stratigraphic column from Conoco
5/30-1 in the Central Graben of the North Sea.



Graf hloubky po
dekompakci vs.
cas ve
stratigrafickém
profilu vrtu Conoco
15/30-1

CONOCO 15/30 - 1
Sea level

0 Ma = 0.172 km

Eocene — Pleistocene
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I
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ig. 8.10. Summary stratigraphic column from Conoco
5/30-1 in the Central Graben of the North Sea.

Absolute age (Ma)
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— Post-rift phase
5= |
200 100 0

Fig. 8.11. Plot of decompacted depth versus time for
the stratigraphy penetrated in Conoco 15/30-1.




Subsidencni krivka

Vrtu Conoco 15/30-
1

po backstrippingu
(Airyho izostaticky
model)

Postriftova faze
(poslednich 100

Myr)

celkova termdiné - tektonicka subsidence
Pm - Ps Pm

+WD + EU

Pm = Pw Pm -Pw

T=hs1.

hsy = mocnost sedimentu po dekompakci

Absolute age (Ma)

Depth (km)

B CONOCO 15/30 - 1
Airy isotasy

5

100 50 0

Fig. 8.12. Backstripped subsidence plot for 15/30-1
using an Airy isostatic model.
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The equation for obtaining tectonic subsidence from a
sedimentary basin:

TS = g4 (PR Asx,(gpa— + WD
Pa- Pw Pa- pw
where:
S* = the decompacted sediment thickness
p = density
a = asthenosphere
w = water
ASL = change in sea-level
WD = paleo-water depth of the sediments
TS. = tectonic subsidence, or the subsidence of the basin floor

beneath water, without any sediment load. No sea-level
correction has been made.

YT =

T

Subsidencni krivka
na pasivnim okraji

Fig.4.12 Main components of subsidence in a continental terrace,
revealed by backstripping the COST B2 well in the Baltimore Canyon
trough off the coast of New Jersey. Observed sediment thickness is
cumulative stratigraphic thickness measured in the well (data from
Steckler and Watts, 1978a). One subsidence component is sediment
compaction, which is the difference between observed and delithified
curves. Delithified thickness curves are produced after removing effects
of compaction. Values are from maximum and minimum estimates of
porosity as a function of depth and lithology (Bond and Kominz, 1984).
Another subsidence component is sediment loading, which is depression
of the crust by weight of sediment. Magnitude of this component is
given by difference between delithified curves and tectonic subsidence
curves (without paleo-water-depth corrections). Third component is the
tectonic or driving force, which is approximated by tectonic-subsidence
curve. For passive margins, this component is produced by cooling and
increase in density of lithosphere that begins at onset of sea-floor spread-
ing. Other factors, paleo-water depths and custatic sea level, must also be
estimated to accurately isolate tectonic subsidence (see equation below).



Subsidencni krivky v periferni predpolni panvi
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net sediment densities inferred from equations for depth-porosity
relations given by Dickinson et al. (1987).



Odhad vyvoje hladiny svétového oceanu za poslednich 160 Myr

- Data ze subsidencni historie na pasivnim kontinentalnim okraji Severni Ameriky

- Data odvozena z pobrezniho onlapu na seismickych profilech

- data odvozena z plochy zaplavy severoamerického kontinentu

Fig. 6.22. A comparison of

estimates of sea level changes in the
last 160 Myr after Watts and

Steckler (1979). The heavy solid

line is based on the subsidence
history of boreholes from the
continental margin of eastern North
America (Watts and Steckler 1979).
The dashed line is the estimate of
Vail et al. (1977) based on patterns
of coastal onlap recognized on
seismic reflection lines, calibrated
by the data of Pitman (1978)
(circles) based on changes in the
rates of spreading of mid-ocean
ridges. The fine solid line is from
estimates of the amount of flooding
of the continental area of North
America (Wise 1974; see also Fig.
6.17).
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Objemové zmény stredooceanskych hrbetl v zavislosti na rychlosti rozpinani

(A) — rychlost rozpinani 20 mm/rok se v Case 0 méni na 60 mm/rok
(B) — rychlost rozpinani 60 mm/rok se v Case 0 méni na 20 mm/rok

Time

——————————— 20 Myr isobath
2~ —-40 Myr isobath
T 60 Myr isobath

Fig. 6.20. Volume changes of
spreading ridges as a function of
spreading rate (after Pitman 1979).
Sequence A shows a ridge that has
been spreading at 20 mm yr ' for
70 Myr. At 0 Myr the spreading
rate changes to 60 mm yr~".
Subsequent diagrams show the
sequential changes in the ridge
cross-section. Sequence B shows the
reverse evolution; a ridge that has
been spreading at 60 mm yr~ ' for
70 Myr slows at 0 Myr to 20 mm
yr~'. The cross-sectional areas of
Tt - ot Sk s equilibrium ridge profiles (after
4000 0 4000 4000 4000 70 Myr of spreading at the new
km rate) change by a factor of three in
A B both cases.
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VYZDVIH (UPLIFT) EROZE A EROZNI
HISTORIE



Eroze horskych

oli lzostaticky vyzdvih
Model plovouciho
ledu

- zvySeni reliéfu
- Vyzdvih vrcholkd hor

- Snizovani prameérné original height change in mean change i.n summit
3 dmofsks vyiky /Of "SummitS"\ eroded mass  height height
B} _ SR s (OO o OO o e
: / f 1
ice cube fiewmenn height new mean height
(p=0.9)

initial conditions before isostatic after isostatic

no relief ’ compensation, compensation,
increased relief increased relief

1 2 | 3
! change in

water (P = 1.0)  gepth of base
[ Erosionally Driven Summit Uplift ]

Fig. 1.6 Isostatic uplift of mountain summits due to enhanced erosion.

The density contrasts of ice and water are analogous to crust and mantle contrasts, respectively. Erosion of the top
of the ice cube decreases its mass and its mean height. More rapid erosion of valley bottoms than of summits leads
to increased relief and uplift of summits, at the same time that the mean elevation decreases. Note that stage 2 will
never occur unless some force restrains the ice cube from rebounding due to melting at the surface.



COOLING AGES-

Rychlost vyzdvihu z rychlosti
chladnuti mineralt
(thermochronology)

Vyzdvih podloZi je funkci pohybu vzhuru podél
geotermického gradientu

Rychlosti vyzdvihu

Historie chladnuti z termometrl: prachod pres
izotermy

Hlavni termometry

Table 7.2 Radiometric dating systems and closure
temperatures for some minerals.

Mineral Dating system  Closure temperature (°C)
Hornblende HOAr/Ar 525+25
Muscovite SOAr/Ar 350£25
Biotite OAr/2Ar 300+25
K-feldspar DA Ar 200+25
Monazite U-Pb 525425
Biotite Rb-Sr 275%25
Sphene fission-track 275+50
Zircon fission-track 250430
Apatite fission-track 120420
Zircon (U-Th)/He 180+20
Apatite (U-Th)/He 70£15
Apatite (U-Th)/He: 4010
‘He/*He
Quartz OSL F5E10

600
]
(Cooling Histories) Ar/Ar hornblende
o % 00iN% 7
= ) C VAN
o 400 § ‘ ’§
= § B AlAr __ (Yo
© 300} § muscovite /. (zg
g | & -
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Time before present (Ma)

Fig. 7.19 Contrasting cooling histories from
thermochronology.

Hypothetic example of cooling histories using two
thermochronometers (¥Ar/*Ar and (U-Th)/He dating)
on five different minerals taken from two rock samples.
One sample (solid line) displays rapid cooling at
~150°C/Myr since ~1 Ma, whereas the other (dashed
line) shows cooling at a mean rate of ~15°C/Myr for the
past 13 Myr. Even with significant uncertainties in the
geotherm, these data would suggest rapid Quaternary
denudation for the first sample (>2mm/yr).



Rychlost
vyzdvihu

Stratigrafie koralovych
utesu

zména geometrie karbonatovych
téles v reakci na relativni vzestup /
pokles hladiny more (relativni
pokles / vyzdvih podlozi)

B) Stoupajici hladina mofre (pokles podlozi)

C) Klesajici hladina mofe (vyzdvih podlozi)

/originai shape of older reef
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Fig. 2.2 Coral reef stratigraphy and sea-level change.

A. Idealized model of facies zonation and geometry of a coral reef that grew in response to rising sea level. Note that
the coral species Acropora humilis and A. cuneata occupy the reef crest and most closely approximate sea level.




Tektonicky vyzdvih a reakce reliéefu

(Models of Landscape Evolutio@

uplift —youth—> —maturity —> ———old age >
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Fig. 1.2 Classical models of tectonic forcing and landscape responses.

Based on the landscape response theories of (top) Davis (1899), (middle) Penck (1953), and (bottom) Hack (1975),
each panel is characterized by differences in the duration and rate of tectonic forcing (rock uplift) and by the
topographic response engendered by these different styles of rock uplift. Modified after Summerfield (1991).



Vyzdvih a eroze
Faktory ovlivinujici vyzdvih (uplift)

vyzdvih povrchu = vyzdvih basementu + depozice — eroze (denudace) - kompakce

(Surface Uplift = Rock Uplift + Deposition - Erosion - Compaction)

theoretical position of erosion at surface uplift
uneroded original surface a point at a point
w:thout compaction or deposition

deposition

/\ mean denudation

N change in the

height of the
_-mean surface
(=regional
surface uplift)

new mean —>
surface height

< original mean_,,
“ surface he/ght &

mean surface

compaction
L ; amount of
‘ rock uplift
~reference frame. o) PR O L —reference frame.

Time 1

, Flg 7.2 Factors controlling surface uplift.

_Q. Between times 1 and 2, a specified amount of rock uplift occurs (vertical arrow). Center panel emphasizes changes in
I the means of quantities of interest: denudation, surface height, and changes in surface height. Right panel emphasizes
changes at a point in the landscape: surface uplift or erosion. Note that erosion is measured downward from
theoretical position of the uplifted original surface in the absence of erosion, whereas surface uplift is measured

~ upward from the original surface at time 1.
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Fig. 7.3 Erosion rates as a function of relief
and hillslope angles.
A. Topographic relief versus erosion rate, showing a linear
correlation for mid-latitude, temperate catchments with

rates <0.5mm/yr. B. Erosion rate as a function of hillslope



Globalni rozsah rychlosti eroze
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Rychlost eroze

Odhady rychlosti eroze
Rekonstrukce pavodni topografie > objem ,chybéjiciho® materialu = pfederozni topografie — dnesni topografie
Odhad rychlosti eroze - objem a Casovy rozsah sedimentu v panvi a plocha zdrojové oblasti

Primérna rychlost eroze = rychlost sedimentace x plocha zdrojové oblasti

local \ surface eroded volume
: Lalnel 2~ -4ty
a(?trgSIginnt : ) mecem
p\ sediment
——] discharge

present volume of sediment fill
[

; ' i
(Erosuon Volumes and Rat@ \original surface at time 0

fig.7.4 Approaches to estimating erosion rates.

If the original surface topography can be reconstructed, then the missing volume of material can be determined by
ubtracting the present-day topography from the pre-erosion topography. If the age of that initial surface is known,
hen a mean erosion rate can be calculated. Similarly, if the volume of sediment in a basin and the age span of its
ing are known, and if the size of the area contributing sediment to the basin can be estimated, a mean erosion

€ can be approximated. Alternatively, the modern rate of sediment discharge and the contributing area can be
ed to compute a mean erosion rate.
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Fig. 7.11 Use of tracers to determine relative and absolute erosion rates.

Zaznamy povodi dosahuji 40% a 60% Lo e e . ‘ . SR o

. o, . R A. The contribution of a tracer from a tributary catchment depends on lithologic variability, denudation rates, and

JeJ|Ch stari z p”tOkU AaB. catchment size. B. Unmixing of the downstream signal derived from source areas with discrete isotopic signatures can
reveal relative erosion rates. If the actual erosion rate is known for any of the source areas, then a rate for each source
area can be estimated from the isotopic contribution. C. Mixing models for populations of detrital ages from two
catchments. The downstream probability distribution of detrital ages (right) can be deconvolved to determine
the relative contribution from two tributary catchments, if the detrital age distribution from each catchment is known.
Here, the downstream catchment records 40% and 60% of its ages from tributaries A and B, respectively. Modified
after Brewer et al. (2005) and Amidon et al. (2005).
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fig.7.13 Competing models for the formation of bedrock straths by river incision.

The “bedrock incision model” (left side) is the traditional model in which straths are formed at or near the base of
the bedrock channel. When combined with the age of the strath, the amount of subsequent channel incision serves
o define the rate of bedrock incision. The “sediment loading model” (right side) predicts that strath formation occurs
after aggradation has covered a bedrock channel that was incised previously. The magnitude and timing of bedrock
Incision is difficult to deduce in this model.
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Fig. 2.12 Models for formation of strath terraces.

A. Traditional bedrock incision model for strath terrace formation results from extensive lateral beveling by a river,
causing a broadening of the valley floor and retreat of the valley walls. Intervals of strath cutting are separated by
intervals of river downcutting through the bedrock. Height of a strath above the bedrock valley floor indicates how
much bedrock incision has occurred since strath formation. B. Fill-and-bevel model (e.g., Hancock and Anderson, 2002)
occurs within a valley already incised into the bedrock. Aggradation within the valley protects the bedrock valley floor
from erosion, but enables the river to attack the valley walls above the bedrock floor, where new straths are then cut.
If the river subsequently incises partway through its fill, new straths at a lower level can be cut. Note that the height of
the strath above the bedrock valley floor is unrelated to the amount of bedrock incision since the strath formed.
Although the geometry of the straths for the two models is identical, strong contrasts exist in the volume of bedrock
that must be removed during strath formation and in the strath’s relationship to the history of bedrock incision.



Konfigurace fi€nich teras: Mrv s
. . Ricni eroze
A) Agradacni a degradacni terasy
B) Parové a neparové terasy
C) Sekvence agradac¢nich a degradacnich povrchi, ¢asova série stridani eroze a vyplné

(Fluvial Terraces)
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Fig. 2.11 Schematic configurations of river terraces.
A. Cross-sectional sketches of (i) aggradational and (ii) degradational fluvial terraces. B. (i) Paired and (ii) unpaired

river terraces. C. Cross-section showing complex sequence of aggradational and degradational surfaces. Multiple
cut-and-fill events are outlined in the right-hand box.



Bilance energie toku (agradacni vs. erozni tendence toku)

Ri¢ni eroze

Zrnitost sedimentu + nalozeni sedimentem vs. prutok + sklon svahu
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Fig. 2.10 Schematic representation of the threshold of critical power as a balance between eroding and

resisting forces.

An increase in stream slope or discharge, or a decrease in sediment load, sediment caliber, or bed roughness, will
move the system toward erosion of its bed. Modified after Bull (1991).
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Table 7.1 Sediment fluxes of major rivers of the world, showing catchment areas, sediment load, sediment yield,
erosion rates, and runoff for world’s rivers with catchments >200000km?. Modified after Milliman and Syvitski (1992).

River Area (x10°km?)

Load (x10°t/yr)  Yield (t/km?yr)

Erosion rate
(mm/yr) Runoff (mm/yr)

(A) High mountain (>3000m)

Magdalena (Colombia) 0.24 220
rrawaddy (burma 0.43 260
Brahmaputra (Bangladesh) > 0.61 540
Colorado (USA) 0.63 120
Indus (Pakistan) 0.97 250
Ganges (Bangladesh) 0.98 520
Orinoco (Venezuela) 0.99 150
Yangtze (China) 1.9 480
Parana (Argentina) 2.6 79
Mississippi (USA) 33 400
Amazon (Brazil) 6.1 1200
(B) Mountain ( TOOO—BOOOm),Eou(h Asia/Oceania
Krishna (India) 0.25 64
Codavari (India) 0.31 170
Pearl (China) 0.44 69
Huanohe (China) > 077 1100
Mekong (Vietnam) T 079 160
(C) Mountain (1000-3000m), N/S America, Africa, Alpine Europe, etc.
Fraser (Canada) 0.22 20
Columbia (USA) 0.67 15
Limpopo (Mozambique) 0.41 33
Rio Grande (USA) 0.67 20
Danube (Romania) 0.81 67
Yukon (USA) 0.84 60
Orange (South Africa) 0.89 89
Tigris-Euphrates (Iraq) 1.05 >53(2)
Murray (Australia) 1.06 30
Zambesi (Mozambique) 1.4 48
MacKenzie (Canada) 1.8 42
Amur (USSR) 1.8 52
Nile (Egypt) 3.0 120
Zaire (Zaire) 3.8 43
(D) Upland (500-1000m)
Vistula (Poland) 0.20 2.5
Uruguay (Uruguay) 0.24 11
Pechora (USSR) 0.25 6.1
Hai (China) 0.26 14
Indagirka (USSR) 0.36 14
Volta (Ghana) 0.40 19
Don (Ukraine) 0.42 0.77
Sao Francisco (Brazil) 0.63 6
Niger (Nigeria) 1.2 40
Volga (Russia/Ukraine) 1.4 19
Ob (USSR) 25 16
Lena (Russia) 2.5 12

2.6 13

Yenisei (Ryssial

A 4

920
620
890
190
260
530
150
250

30
120
190

260
550
160
1400
200

91
22
80
=30
83
71
100
>52(2)
29
35
23
28
40
11

13
45(2)
25
55
39
48
18
10
33

(=]

wur

0.341 990
0.230 995
0.330
0.070 32
0.096 245
0.196
0.056 1100
0.093 460
0.011 165
0.044 150
0.070 100
0.096 140
0.204 270
0.059 690
0.519 77
0.074 590
0.034 510
0.008 375
0.030 13
>0.011
0.031 250
0.026 230
0.037 100
>0.019 45
0.011 21
0.013 390
0.009 170
0.010 180
0.015 30
0.004 340
0.005 165
0.017(2)
0.009 415
0.020
0.014 150
0.018 91
0.007
0.004
0.012 116
0.006 400
0.002 130
0.002 205
0.002 220

(continued)



Casové rady pratoku v rezimu monzunovych srazek

Ri¢ni eroze

Sesuvy pfispivaji k celkove zatézi sedimentem (suspended sediment) >95%. Minimalni rychlost eroze dosahuje cca
2 mm/rok pro celé povodi

Korelace prutoku (discharge) a zatizeni sedimentem (sediment flux) u letnich monzuna v Indii
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| I

- Jime Series >
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Fig. 7.5 Discharge time series under a monsoonal rainfall regime.

Water discharge during the summer Indian monsoon dominates the annual flow in the Nepalese Himalaya. Storms
a few days in length create peaks in the monsoonal discharge. High suspended sediment discharge is typically
related to landsliding events that create very peaked sediment fluxes and account for >95% of the total sediment
discharge. Integration of the suspended sediment load defines 2 minimum erosion rate of ~2mm/yr across the
catchment. Modified after Gabet et al. (2008).
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z fig.7.14 Bedrock incision along the
pOdeI tOku Indus River, Pakistan.

A. Annotated photograph of 80-m-high strath above

the Indus River near Haramosh, northern Pakistan.

B. Strath terraces with their cosmogenic nuclide
exposure ages and their heights above the modern river.
At river level, apatite fission-track ages are shown. Note
that the fission-track ages get progressively older toward
the Skardu Basin in the east. C. Incision rates (based on
strath ages) versus distance along the Indus. Note that
the highest rates are associated with the steepest
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Riéni eroze: klimatické faktory

Lokalni vs. globalni Q:luvial Terraces in the Kyrgyz Tien Shan )
faktory ovlivnujici '“C age (16)  Probability distribution Terrace locations
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Fig. 2.13 Late Pleistocene terrace ages in the Tien Shan, Kyrgyzstan.

Radiocarbon ages from eight fluvial terraces are each depicted as probability density plots of the calendar ages
Soulad stari m@&mﬁg to the radiocarbon age of each site and its uncertainty. These dates were collected from terraces in
ze vznik teragrebyktonically distinct basins as much as 200 km apart. Each terrace surface is underlain by a strath that was cut
kontrolovan on Tertlaryt sedimentary I'OCk:S and C‘overed by 2-10m of fl.uwal gra.vels. The t.erraf:e ages derive from organic matter

] preserved in the gravels. Their consistency argues that their formation was climatically controlled. Note that the

Kli mat|Cky probability distribution for each age is a function of the radiocarbon date, its uncertainty, and variations in

atmospheric C through time, as explained in Chapter 3. Modified after T hompson et al. (2002).



Pleistocenni —
recentni historie
udoli Mississippi v
reakci na eustatické
zmény

(a) Erozni faze, pozdni
pleistocén, pokles
hladiny more 130 m pod
dnesni uroven

(b) agradace, vzestup
hladiny mofe na 30 m
pod dnesni uroven

(c) Agradace, vznik
jemnozrnnych
povodnovych ploSin,
vzestup hladiny more na
-6 m

(d) Moderni meandrujici
feka, high sinuosity,
maximum boc¢ni eroze,
minimum hloubkové
eroze

Riéni eroze: eustatické faktory

(a) Sealevel —130m (b) Sealevel =30 m

Uplands -
i

Mississippi River

Mississippi Trench

Yo
Vi

Meander belt ridge

(c) Sealevel —6m (d) Present day
i of Mississippi

Mississippi River

ig. 7.6. Schematic illustration of the late Pleistocene to Recent history of the Mississippi River Valley (after Fisk
944). (a) Late Pleistocene entrenchment during a sea level fall/lowstand at 130 m below present sea level. A low
nuosity river system carried gravel to the Gulf of Mexico. (b) Aggradation of gravels and sands during the sca
wvel rise to 30 m below present. (¢) Development of fine-grained floodplains (backswamps) adjacent to a braided
luvial ridge, at 6 m below present sea level. (d) The modern high-sinuosity Mississippi River meanders in a
ell-developed alluvial ridge with flanking extensive floodplains. Modified from Leeder (1982).






Glacialni eroze

Rychlosti glacialni eroze
a ustupu ledovc

Ustup ledovcd a glacialni eroze
(odvozené z objemu
sedimentul) spolu dobfe
koreluji (TyndallGv ledovec, od
r. 1960)

Béhem ustupu je spadova kfivka
ledovce nevyrovnana (ledovec
ma obecné vysSi spad nez
feka)
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Fig. 7.7 Comparisons of late 20th-century glacial

erosion rates and glacier retreat rates.
Rates of ice-margin retreat and glacial erosion (as

Glacial retreat rate (km/yr)

inferred from sediment volumes) are strongly correlated

for the Tyndall tide-water glacier since 1960. Because
the glacier is out of equilibrium (the glacier is steeper

and ice-flow rates are faster during retreat), the

well-constrained erosion rate (=28 mm/yr) is more than

three times greater than the estimated long-term

equilibrium rate (-9 mm/yr), which is deduced to be

equal to the erosion rate during stillstands (1992-99).

Modified after Koppes and Hallet (2000).



Srovnani rychlosti Fiéni a ledovcové eroze GIaCIaI ni vs.
U fi¢ni eroze rychlost eroze klesa s velikosti panve Ficni eroze

ledovce eroduji obecné mensi uzemi a korelace eroze vs. uzemi je pozitivni

(River versus Glacial Erosion Rates )
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Fig. 7.6 Comparisons of glacial and fluvial erosion rates for basins of different sizes.

A. Fluvial erosion rates (gray dots) from catchments spanning four orders of magnitude in area. Note that rates
generally decrease with larger basin size, but show 10- to 100-fold variation for any given basin size. These rates
are approximately equivalent to the glacial erosion rates (enclosed dashed field). B. Glacial erosion rates. Alaskan
tide-water glacier rates are reduced about three-fold to account for the apparently exceptional rates during rapid
glacial recession in the 20th century. Modified after Hallet e al. (1996) and Koppes and Hallet (2006).




Lakustrinni terasy
(jezero Bonneville)

Abrazni terasy (eroze vlivem
vinéni) v pohledu z perspektivy a v
mapeée
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Fig. 2.1 Abrasion platform, sea cliff, wave-cut notch,
and shoreline angle.

The vertical position of the abrasion ramp varies
through time as a function of sea-level variations.

scale (feet)

Fig. 2.7 Lacustrine shorelines formed by Pleistocene
Lake Bonneville.

Wave-cut platforms are incised into headlands, the
flanks of islands, and across spits. A. Perspective view
of shorelines. B. Topographic map of wave-cut

platforms incised into an elongate spit.

Modified after Gilbert (1890).



Tektonicka eroze

Rychlosti eroze z vyzdvihovaného prikrovu

Vypocet rychlosti eroze ze strukturnich a stratigrafickych dat. Vstupni data: mocnost a tvar vyzdvihované nadlozni
desky; datovani pocatku pohybu na zlomu; datovani stafi prvnich permskych klastt z podlozi. Eroze kompenzuje
vyzdvih — za pfedpokladu, Ze Spatné litifikované horniny jsou vyzdvizeny nad erozni bazi

.
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fig. 7.8 Erosion rates from uplifted hanging-wall strata.
Calculations of erosion rates based on combined structural and stratigraphic data in the Salt Range, northern Pakistan.
Three ingredients to calculate rates are available here: thickness and shape of the uplifted hanging wall; timing of

initiation of fault slip; and timing of the first appearance of clasts eroded from the Permian rocks beneath the
foreland strata. These data define erosion rates that essentially balance rock uplift rates, a common occurrence
‘when poorly lithified rocks are raised above base level. Modified after Burbank and Beck (1991).



Tektonicka eroze
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Fig. 5.7 Leveling-line data in an active orogen.

Comparison of (A) large-scale structure and topography with (B) observed and (C) modeled rock uplift rates. Relative
rock uplift rates are calculated along a 250-km-long spirit-leveling line (B) oriented approximately perpendicular to
the Himalayan Range in central Nepal. From the profile’s origin at its southern end, errors become cumulatively larger
to the north. The southernmost peak of uplift (~2mm/yr) is interpreted as a response to a growing anticline above the
Main Frontal Thrust in the foreland. No distinct topographic signature is associated with this deformation, probably
due to ready erosion of the uplifting, but weak strata. Slow rock uplift occurs above the Main Boundary Thrust,
whereas relative subsidence prevails in the intermontane Kathmandu region of the Lesser Himalaya. Relative uplift
within the Greater Himalaya occurs at the highest rates (-6 mm/yr) and is associated with high topography, suggesting
some permanent strain. C. Finite-element modeling of deformation of an elastic crust assigns variable slip to different
fault segments. Note the striking rate change from 18 mm/yr in the north to 5mm/yr to the south of the steeper
crustal ramp lying beneath the Greater Himalaya (Bilham et al., 1997). This abrupt gradient suggests that strain

above and south of the crustal ramp could generate the observed pattern of uplift. In particular, the strong
southward-sloping gradient in uplift within the Lesser Himalaya is consistent with a large component of elastic
interseismic strain that should be released in future large earthquakes. Modified after Jackson and Bilham (1994a).
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Svahova eroze

ni eroze vs. shizovani sklonu okolnich svaht

Rychlost fi¢ni hloubkové eroze (incision) definuje erozni
bazi (okolnich svahl. Rozdily v incizi a snizovani okolnich
svahu:

Stabilni topografie, vyrovnana incize a snizovani svahu
Pokud snizeni sklonu svahu prevySuje incizi, reliéf se
snizuje

Pokud je incize rychlejSi nez snizovani svahu, reliéf se
zvySuje a svahy se vice uklani

Fig. 7.1 Hillslope-river coupling.

River-incision rates define changes in base level for
adjacent hillslopes. Differences in the relative rate of
river incision versus hillslope lowering control changes
in topographic relief. A. In steady-state topography, rates
of river incision and of hillslope lowering are balanced.
B. If hillslope lowering exceeds river incision, valleys
tend to alluviate, and topographic relief decreases.

C. If river incision exceeds hillslope lowering, relief
increases and hillslopes steepen. If steepened slopes
drive faster hillslope erosion, the coupled system can

move toward a steady state.

(Differential Erosion & Re|ief)

_ weathering,
hl”SlOpGS creep, wash,
landslides .
4
[V
O
hillslope hillslope | ©
lowering " lowering| |
Jb
V.
A river incision
hillslope lowering > river incision
-~ 0 B
// \\//. & // 7S
\\\8/0 Q/// —__T__
©
}
hillslope @ ~wZ________ )

Y river incision
B| alluviation, lowered slopes

lowering

hillslope lowering < river incision

O
\
\
t/
I

hillslope
lowering

relief—

I

river
incision

C| incision, steepened slopes




Metody ciselného datovani v geomorfologii

Table 3.2 Absolute dating methods.

Method

Useful range

Materials needed

References

Radioisotopic
14C

U-Th

Thermoluminescence (TL)
Optically stimulated
[uminescence (OSL)

Cosmogenic
In situ "°Be, 2°Al

He, Ne
26(:[

Chemical
Tephrochronology

Amino acid racemization

Paleomagnetic
Identification of reversals

Secular variation

Biological
Dendrochronology

Sclerochronology

35ka
10-350ka

30-300ka
30-300ka
0-4Ma

unlimited
0-4 Ma

O-several Ma

0-300ka, temperature
dependent

>700ka

O-several Ma

0-10ka, depending upon
existence of a local master
chronology

0-1000yr

Wood, shell

Carbonate (corals,
speleothems)

Quartz or feldspar silt
Quartz silt

Quartz

Olivine, quartz

Volcanic ash

Fine sediments,
volcanic flows
Fine sediments

Wood

Coral

Libby (1955), Stuiver
(1970)
Ku (1976)

Berger (1988)
Aitken (1998)

Lal (1988), Nishiizumi
etal (1991)

Cerling and Craig (1994)
Phillips et al. (1986)

Westgate and Gorton
(1981), Sarna-Woijcicki
etal (1991)

Cox et al. (1964)

Creer (1962, 1967),
Lund (1996)

Fritts (1976), Jacoby

et al. (1988), Yamaguchi
and Hoblitt (1995)
Buddemeier and Taylor
(2000)




‘ tilted erosion
strath terrace |}  surface =

debris-flow ——*

glacial moraines’

Plate 1 A. Abrasion platform exposed during low tide at Kaikoura, New Zealand. B. Beach ridges uplifted by
earthquakes at Turakirae Head, Wairarapa, New Zealand. Note that the lowest ridge of sand is the modern storm

berm. Image modified from Lloyd Homer, GNS Science. C. Strath terraces in the southern Tien Shan, western China.

D. Regional unconformity surface that is beveled across Paleozoic strata and exposed following tilting and subsequent
stripping of weakly cemented Cenozoic strata at Gory Baybeiche, Tien Shan, Kyrgystan. E. Glacial moraines cut by
range-front normal fault at McGee Creek, Sierra Nevada, California. F. Debris-flow levees in the Tien Shan, Kyrgyzstan.






Potencial pro zachovani
sedimentacnich panvi

S 1000 + Aulacogens
= Intracratonic
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o 5
7 Transpressional Transrotational
=
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0
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Post-Sedimentation Preservation Potential

Figure 1.2 Typical life spans
for sedimentary basins versus
their post-sedimentation preser-
vation potential. “Preservation
potential” refers to average
amount of time during which
basins will not be uplifted and
eroded, or be tectonically
destroyed during and following
sedimentation. Sedimentary or
volcanic fill may be preserved as
accretionary complexes during
and after basin destruction (true
of all strata deposited on oceanic
crust). Basins with asterisks
(intraplate continental margins)
are “preserved” in the sense of
retaining their basement, but
they are likely to be subcreted
beneath or within suture belts,
and are difficult to recognize in
the ancient record in such
settings.






Riftove panve

Geometricka klasifikace riftl

solitérni rifty

riftové hvézdy (trojné body)
riftové Ffetézce

shluky riftd

Kinematicka klasifikace rifta

vnitrodeskové rifty (vzacné, solitérni)

rifty na divergentnim rozhrani (hojné, mohou nebo nemusi byt pfedchazeny fazi vyklenuti -
aktivni vs. pasivni), vychodoafricky rift

rifty na konzervativnim rozhrani (transtezni panve, pull-apart panve), napf. suezsky zaliv

rifty na konvergentnim rozhrani (impaktogény - rynsky prolom), v dusledku extenznich sil
vyvolanych kolizi

rifty na trojnych bodech (rifty vznikajici v dusledku rozkladu napéti na trojnych bodech
spojenych se subdukci

Dynamicka klasifikace rifta (podle sil, které vyvolavaiji rifting)

aktivni rifting - vzestup plastové hmoty (horké skvrny v plasti), nasledna extenze je vyvolana
termalnim vyklenutim a ztenenim litosféry

problém: bez nasledné extenze neni aktivni rifting schopen déletrvajici Cinnosti

extenze muze byt vyvolana: striznym napétim v plastovem chocholu nebo okolnimi geometrickymi
podminkami, nejCastéji série aktivnich riftd v linii a vhodna deskové-tektonicka konfigurace v okoli
- vychodoafricky rift - separace kontinentu

pasivni rifting - plast v podlozi riftu hraje pasivni roli, rifting je vyvolan dvourozmérnym pohybem
litosféry, bez termalniho vyklenuti




Riftove panve

Modely subsidence

* kratka faze horizontalniho natahovani — extenze, tektonicka subsidence + izostaticke
vyrovnani

« prohrati + lateralni vyména tepla - uplift na rameni riftu

« termalni subsidence centra riftu - zvySeni mocnosti plastoveé litosfery

« flexuralni pruhyb v dusledku zatizeni sedimentem

Model sedimentarni vypiné

« pure shear - lokalizace spreadingoveho centra lezi v misté drivejSiho riftingu (rynsky
prolom), graben

« simple shear (atlanticky typ) - klouzani po intrakrustalni zoné odlepeni (detachment),
half graben

« vulkanicka €innost - zavisla na termalnich podminkach astenosfeéry

Sedimentace na half grabenu

« klasticka sedimentace, fault-bounded, asymetrické vyplné&, aluvialni kuzely, fluvialni
systémy, fan delty, marinni systémy - turbidity, podmorské véjife

« hanging wall - mirny sklon svahu,



Riftové panve (Rift basins
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Intraplate Rifts (k1)
Solitary rifts (g1)

Rift stars (g2)

Rift chains (g3)

Figure 2.5 Classification of rifts
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Fig. 3.31. Relation between sags, rifts, aulacogens and passive margins.
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Aktivni kontinentalni extenze

Basin & Range Province, Rhine Graben Lake Baikal
Rio Grande Aegean /

\
T e

e S AL

Sy |

T
N

%&m ;’/ < g o /S <
,/ , 5‘& Shaanxi,
1] : /'\3d/ Bohai
, \ S 6
AR | g
- 74 < [} 1,"1 -\ Tibetan
> 5 \-% P e Rn s R Plateau
o £
\ \\’JF\’? o' N \% \y o : /
7 7 \ Y & \%N‘f%x .
AR R
{ o \ /, \ vlfﬂé\*” / North Island
A ) : U i New Zealand
L LA N
; | N
a*f"_f/ . R S fsvwf\’* W\\i\\/
fr/
s | 7
East African Rifts ‘ \ Gulf of Suez,
(Kenyan, Ethiopian, Red Sea,
Western branches) Afar

Figure. 3.1 World map (Mercator projection) with plate boundaries (solid lines), to show main areas of active continental extension. (Also see Fig. 2.2.)



PROSTY (SIMPLE) A CISTY (PURE) STRIH

a. Undeformed

£ futwre upper plate
£ 10} of core complex
£
g
© 20+ future lower plate exposed
in gore complex
b. Sevier Desert stage
T SIMPLE SHEAR PURE SHEAR i
: 3 ‘:‘:“\“:“J_-.. incipient fautts
ANRNNS
Lithospheric
manile
imbricately
c. Eldorado stage extended
rango
master fault antithetic basin
2 faults
basin
basin 0
UPPER CRUST
always brittle
6-10 km d. Raft River Stage
breakaway 4 b
LOWER CRUST basn “
always ductile
Figure 3.12 Sketches to illustrate change from steeply dipping faults in
the brittle upper crust into shallow-dipping faults in the ductile lower
crust and the generation of steep antithetic faults that progressively
nucleate at the discordance (after Eyidogan and Jackson, 1985). The
antithetic faults are large in the seismic sense that they generate big
earthquakes, but do not appreciably affect the regional tilt of the base- Figure 3.15 Evolution of a crustal section being extended under a
. . . . ment and the synrift sediments. The resultant symmetrical form of the regime of simple shear, according to the model of Wernicke (1985). Note
Figure 3.16  Sketches to illustrate extension of layered lithosphere by Sasinian Momsnblocke sen nideyeraliexantp enibsth B egesn, that in the footwall of the sinuous low-angle normal fault, lower-crustal
simple shear and pure shear (after Buck et al., 1988). The inclined lines and the Basin and Range (see Leeder and Jackson, 1993). ; & 420 :
: . . rocks are eventually exposed, forming core complexes now widely rec-
in the simple-shear case represent a shear zone. Note the obvious asym- ) ) )
: : v ognized in the western United States and elsewhere. For an alternative
metry in the simple shear case and the symmetry in the pure-shear case.

model of simple-shear deformation, see Gans et al., (1985).
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Temperature increase

Adiabatic upwelling

Figure 3.4 Rifting and melt-
ing. A. Horizontally averaged
thermal structure of lithosphere
for potential temperature (Tp:
the temperature on adiabatic
gradient projected to surface
pressure) of 1280°C, mechani-
cal-boundary-layer (lithosphere)
thickness of 100 km, and inte-
rior viscosity of 2.10'7 m? s™!
(after McKenzie and Bickle,
1988). B. Sketch graphs (after
Latin et al., 1990) to summarize
three possible mechanisms for
producing melts during rifting
from results of Fig. 3.4A. In Bl,
solidus migrates to left because
volatiles like water are added to
the system, as in island-arc envi-
ronments. In B2, potential tem-
perature is raised, causing geo-
therm to migrate to right, due to
rising hot spot or plume (open-
system melting). In B3, the
lithosphere is thinned mechani-
cally by closed-system stretch-
ing, with asthenosphere rising
to be partially melted due to
adiabatic decompression.
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Figure. 3.3 Schematic diagrams to illustrate possible combinations of
pure and simple shear, uniform or nonuniform stretching and magma
production. Local (Airy) isostatic compensation assumed throughout
(i.e., lithosphere has small elastic thickness). Surface and upper-crustal
deformation by faulting not shown.
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Figure. 3.2 Variation of
strength (yield stress: heavy
curve) with depth for lithos-
phere extending at 107" sec™
with heat flow of 42 mW m™
(after Lynch and Morgan,
1987). The integral of this pro-
file over the full depth of the
lithosphere is the total yield
stress of the lithosphere. Creep
rheologies are for 40 km-thick
mafic-dominated crust and
ultramafic mantle. Note two
brittle-ductile transition zones,
with brittle deformation at 0-19
and 40-42 km. Remaining areas
flow by ductile-dislocation
(power-law) creep. The lower
crust in an extending regime
behaves in ductile fashion and is
assumed to be in a near-
constant state of steady plane
strain due to dislocation creep.
Strain energy stored by brittle
upper crust is then periodically
released by fracture (causing
stress drop) during earthquakes.
Increase in the strain rate by a
factor of 10 depresses creep
curves and brittle-ductile transi-
tions by about 4 km; vice versa
for a decrease in strain rate.
Brittle-ductile transition in the
crust occurs at shallower depth
for hotter lithosphere.
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Fig. 3.23. The Wernicke model of normal simple shear of the entire lithosphere (after Wernicke 1985).
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Fig. 3.8. Diagrammatic model of
rift basin evolution following
Salveson (1978). Tensional stresses
causes the continental crust to fail
by brittle fracture, whereas the
mantle lithosphere fails by ductile
necking. The formation of a
sediment-filled graben causes
isostatic disequilibrium and the
compensating rise of the
aesthenosphere; this leads to
regional uplift. Partial melting of
mantle promotes surface volcanism
and an upward transfer of heat.
The uplifted rift shoulders become
eroded and the rift continues to fill
with sediment. Eventually, as
crustal extension continues, oceanic
crust is created and the continent
starts to cool as extension is
transferred to the oceanic realm
and a passive margin develops.
Post-rift sediments drape the
syn-rift fill and spread onto the
newly created ocean floor.
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Fig. 3.1. The volcanic provinces
and sites of rifting in the African
continent. The black areas represent
regions with volcanic rocks with
ages of less than 26 Ma. Large
domal uplifts such as the Ethiopian
and East African Swells are
characterized by well-developed
rifts. Smaller uplifts such as the
Tibesti and Hoggar examples have
volcanic activity but lack rifts.

Canary
Islands

a4
Jwo 4

Ty .
' Haruj
Hoggar - o .

:" & r‘-v#
O Tibesti

Ethiopian //
Swell

7 Cameroon
s~ Line

o

East African {
Swell ¥y

il
Weslern‘
Rift \M
3

P




Dead Sea rift
Dead Sea
“~ Transform fauit

E

2l

\ —Gultof A
Woniji Fault belt l‘\“\\\\ - GL;”_)O Oden
\&.ﬁa«\s\\' \AFAH-_//_ / HomonAties
o
/(/ /
14 "
LAKE ALBERT [ Lae

A UicTORIA '/ N
- VI Y
pd }/,/ : :__7

o
// 1 IS’
P 8
A ;,j \
9, <
Wty 7 \&

3, NORTH TANZANIAN
>
%, OIVERGENCE (ViRGaTioN,

VES 1
BUHORO
FARSIMWERY = FLATS
S &
5 LAKE MALAWI &
A
Y |

i
LAKE KARIBA //
-

LIMPOPOC

Vychodoafricky
riftovy system



Mrtvé rifty na -
okraji atlantickeho
oceanu

NOVA SCOTIR { 23
%OEWA%KTRA BANKS
g HAHA

&> CASAMANCE

Q

TAKATU BRI
AMAZOR SAOLUIS SYBENUE ™

RECONCAVO - { GABON

&.2‘
4
N A LUMNDA
A GENTINA '
e <}
%, S0 1 CAPE
% FALKLAND
PLATEAU--




Trojné body a vznik aulakogenu (mrtveho riftu)

Deskové-tektonické

procesy vedouci ke vzniku
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E-F-G: opusténi riftu podél
transformniho zlomu

— Transform
Fault

H-I: rifty vznikajici v
prostredi strike-slipu

==

future  Tension Goshes
ling of

J-K: rotace kontinentu

Trojny bod v nadlozi
plastového chocholu a
vznik aulakogénu:

i Future Aulacogen
Sekvence: vyklenuti-rift- A
drift

A: vyzdvih, alkalické
vulkan |ty Figure 2.11 Schematic block diagrams illustrating most significant and
best documented plate-tectonic processes that lead to formation of
aulacogens (reproduced with permission from Sengor, 1987a, fig. 1). A-
C-D: Doming-rifting-drifting hypothesis (see also fig. 2.13); B-C-D:
Hypothesis of aulacogen formation through “membrane stresses” (see

B: tfi riftova udoli (rrr
trojny bod)

C: dvé ramena se spoji do | sofig 2.16); E-F-G: Rift-tip-abandonment hypothesis; H-I: Strike-slip-

related secondary-extension hypothesis; J-K: Continental-rotation
hypothesis. See text for discussion and other hypotheses.

deskového rozhrani, treti
rameno zuUstane inaktivni

RRR junction

rift valley crust

Figure 2.12 Schematic origin and evolution of mantle-plume-gener-
ated triple junctions, leading to doming-rifting-drifting sequence creating
oceans and aulacogens (from Burke and Dewey, 1973, Fig. 2, reproduced
with permission). A. Uplift develops over plume with crestal alkalic vol-
canoes; B. Three rift valleys develop at an rrr (rift-rift-rift) junction (e.g.,
Nakuru: see Fig. 2.6A); C. Two rift arms develop into a single plate mar-
gin (ridge) and continental senaration enciiec leaving third wift avm ac -



Aulakogen

Figure 2.19 Idealized
schematic diagram illustrating
anatomy of an aulacogen. Sub-

Perbfiaiol csiie aerial erosion is ignored to
related to renewed emphasize structure and reacti-
shoulder uplift z -

- vation is assumed to revitalize

original faults to keep diagram

e -~ 2 simple. See text for discussion.
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Aulakogeny (mrtve rifty) vs. impaktogony
(kolizni rifty)

Figure 2.21 A schematic
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kolizni rift

Figure 2.22 A collision-related rift, as illustrated by Cloos (1936,
Fig. 120, reproduced with permission) to illustrate related magmatism

(Cloos’ interpretation of the origin of the rift was different, as explained
in text, but the way he drew the orogen and the rift speaks for itself!).
Key to numbers (all italicized annotations are mine): Left: Alkalic rocks in
regions of extension: 1. Mafic parent at depth; 2. Mafic parent at surface;
3. Intermediate and felsic melts in branched plutons; 4, 5. Intermediate
and felsic melts in dikes and subvolcanic plutons; 6,7. Late melts, mainly
mafic, at depth and in shallow dikes; 8,9. Late melts, mainly mafic, in
volcanoes and lava flows. Right: Alkalic rocks in folded mountains:

I. 1. Mafic and ultramafic early melts at bottom of geosyncline (ophiolites,
diabases, etc.) (we now know that ophiolites are floor remnants of vanished
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oceans and they include diabase here separated by Cloos!); 11. 5. Intermediate
and felsic plutons of first, concordant, synorogenic main magmatism (i.e.,
calc-alkalic arc-related magmatism in our present terminology); IIL. 6. Mafic
early magmas; 7,8,9. Intermediate and felsic plutons of second, discor-
dant, late-orogenic main magmatism (i.e., calc-alkalic late arc and collision-
related magmatism in our present terminology); 10. Late dikes; 11,12. Late-
orogenic subvolcanic plutons and volcanoes (post-collisional i.e., Tibetan,
and/or pre-collisional i.e., Altiplano-type plateau magmatism); IV. 13,14. Post-
orogenic magmatism in intramontane basins (e.g., in Eastern Turkey: see
Pearce et al., 1990; Yilmaz, 1990); V. 15, 16 Postorogenic magmatism in the
hinterland, partly becoming alkalic ( “orogenic collapse” magmatism: cf.,
Lorenz and Nicholls, 1976).



Hornorynsky prolom (impaktogen

Figure 2.9 The type impacto-
gen, the Upper Rhine rift.

A. Distribution of Pleistocene
sediments outline modern
Upper Rhine rift, and their
thicknesses give an idea of
activity of rift during Quater-
nary. (Reproduced with permis-

sion from Illies and Greiner,
1978, Fig. 7.)
; B. Modern Rhine rift is func-
i Heldelbe.rg tioning as a sinistral strike-slip
O zone with local shortening in its
NA
Vosts
.

2y \
A < in south and in north. This
./ / PR e Mot v

A .
‘Karlsruhe

middle segment, and extension

21

map illustrates distribution of
Quaternary faults. (Reproduced
with permission from Illies and

- Korlls’ruhe
/’/’ Ve Rl Tl ok

7 4 CEs" S5 ,
&_- ™ Stuttgart 7 & - DX Stuttgart -
o oL .

e ] Greiner, 1978, Fig. 7.)
6 N

SR S e O

¢ Tt

AR, B0

ST
s ErolbUs

Typovy impaktogén:

Zurich
o

Hornorynsky prolom

" AN, A: distribuce

Block structure of the Alpine foreland B pleistocénnich sedimentﬁ
<100 m rift zone South German block

7 00-150m  EZZ] 300-350m [ ] torrainese block Rhenish massif B: prevaha levostrannych

150-200m [ ;jsgn";m , - = mw direction of shear motion ‘ posunl‘.’l, extenze na jlhu a

% 200-250m under erosion t::lk:mt:::i —— tault zone severu




Symetricky a asymetricky (half-) gra

Palomas Basin
Asymmetric half graben

Hatch-Rincon basin
symmetrical full graben

Rio Grande

Figure 3.29 Southern Rio Grande rift north of Las Cruces, New Mex-
ico: a field test for alluvial architectural models (simplified after figures in
Mack and Seager, 1990). In the asymmetrical Palomas and North Mesilla
basins, the axial fluvial facies is characterized by multistorey channel
sand and is concentrated near the locus of maximum subsidence within
a few kilometers of the footwall scarp. Fanglomerates derived from the
footwall drainage basins extend only a few kilometers or less from the

N Mesilla basin
asymmetric half graben

0.5km

scarp, whereas alluvial-fan facies deposited on the hanging-wall dipslope
occupy a much wider outcrop belt. In the symmetrical Hatch-Rincon
basin, the axial-fluvial facies extends to within a few kilometers of both
the northern and southern basin margins, indicating that the axial chan-
nels could migrate uncontrolled by tectonic bias. There is also a much
higher percentage of fine-grained overbank deposits separating the chan-
nel facies, some of which contain calcareous paleosols.

en



Klasticka sedimentace na half-
grabenu

Figure 3.32 Block diagram to

/ / \ summarize the major clastic
\ . -
fault scarp , / 7 5 \ environments present in closed
// / , Foo Z continental half grabens with
3 ) . - : ~
FOOTWALL-SOURCED // { W ; / / 72’1/4(( 3 interior drainage (after Leeder

ALLUVIAL FANS and Gawthorpe, 1987).

HANGINGWALL ALLUVIAL
CONES

CONTINENTAL
HALF GRABEN WITH
INTERIOR DRAINAGE




Karbonatova sedimentace na half-
grabenu

Figure 3.36 Block diagram
summarizing the major carbon-
ate environments present in
coastal/shelf half grabens (after
Leeder and Gawthorpe, 1987).

BY -PASS MARGIN
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Pasivni okraj

synriftova faze - izostaticka subsidence, half-grabeny, sedimentarni
kliny, vhodné klima - evapority (mexicky zaliv, vychodoafricky rift)
diskordance

rana postriftova faze - termalni subsidence, klasticka sedimentace

7 oD g d

pozdni postriftova faze - termalni subsidence plus flexuralni
subsidence, velké mocnosti sedimentu - klastika, karbonaty

model subsidence

— pokraCovani riftingu, opakovani riftingu — tektonicka subsidence
— termalni subsidence

— flexuralni prahyb v dusledku zatizeni sedimentem

— priklady subsidencnich krivek



Pasivni okraj

typy kontinentalnich okraji a sedimenty

upbuilding - agradace

outbuilding - progradace - posun depocentra smérem do oceanu
postriftové sedimenty

Facialni modely

facie pfibfeznich ploSin

pfibfezni facie (pfilivové plosiny, bariérové ostrovy)

Selfové facie (tidalni Selfy, bourkoveé Selfy, zafiznuta udoli, kondenzacni horizonty, Fi¢ni delty)
karbonatové systémy (lemové a izolované platformy)

svahové facie (skluzy, ulomkotoky, svahovy osyp, podmoriské karnony), karbonatoveé svahy -
osypy, mud mounds

facie upati (turbidity, podmorské véjife - nejvétsi systémy Amazon, Mississippi, Rhona, konturity),
karbonatove systémy - osypy, malé véjire, pelagické karbonaty

kontinentalni terasy - Blake Plateau

jilové diapiry (mud diapirs)

solna tektonika

citlivé reaguji na zmény morské hladiny



Pasivni kontinentalni okraje
(Passive continental margins)
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Fig. 4.1 Cross section of
modern passive margin off coast
of North Carolina (Hutchinson
et al., 1982). Rift stage crust is
equivalent to transitional crust
of Dickinson (1976a). SP refers
to shot point.
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Fig. 4.3 Distribution of continental terraces and rises, showing mainly
those that face orthogonally opening ocean basins and that formed dur-
ing breakup of Pangea (from Bally, 1979; Jolivet et al., 1989; Channell et
al., 1991). Large segments of Cenozoic-Mesozoic (CZ-MZ) active margins
also contain continental terraces and rises, especially in the western
Pacific and in the Mediterranean. A system of continental terraces and
rises also occurs in the obliquely opening Gulf of California.

influenced by motion along the transform boundary
long after continental separation.

Continental Terraces And Rises Facing



$DT

Rotace krustalnich bloku

Fig. 4.8 Rotated crustal blocks
above listric normal faults in
modified continental crust along
continental terraces and rises.
Seismic profile from just west of
Galicia Bank (Spain), showing
rotated basement blocks below
sediment layer 3. Listric faults
bounding these blocks appear to
sole into a major crustal detach-
ment fault inferred to lie along
the reflector S. Vertical scale is in
seconds and numbers 1 to 4
refer to stratigraphic intervals
(from de Charpal et al., 1978).
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Depth (m)

Time (Ma)
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The equation for obtaining tectonic subsidence from a
sedimentary basin:

TS = g4 (PR Asx,(gpa— + WD
Pa- Pw Pa- pw
where:
S* = the decompacted sediment thickness
p = density
a = asthenosphere
w = water
ASL = change in sea-level
WD = paleo-water depth of the sediments
TS. = tectonic subsidence, or the subsidence of the basin floor

beneath water, without any sediment load. No sea-level
correction has been made.

YT =

T

Subsidencni krivka
na pasivnim okraji

Fig.4.12 Main components of subsidence in a continental terrace,
revealed by backstripping the COST B2 well in the Baltimore Canyon
trough off the coast of New Jersey. Observed sediment thickness is
cumulative stratigraphic thickness measured in the well (data from
Steckler and Watts, 1978a). One subsidence component is sediment
compaction, which is the difference between observed and delithified
curves. Delithified thickness curves are produced after removing effects
of compaction. Values are from maximum and minimum estimates of
porosity as a function of depth and lithology (Bond and Kominz, 1984).
Another subsidence component is sediment loading, which is depression
of the crust by weight of sediment. Magnitude of this component is
given by difference between delithified curves and tectonic subsidence
curves (without paleo-water-depth corrections). Third component is the
tectonic or driving force, which is approximated by tectonic-subsidence
curve. For passive margins, this component is produced by cooling and
increase in density of lithosphere that begins at onset of sea-floor spread-
ing. Other factors, paleo-water depths and custatic sea level, must also be
estimated to accurately isolate tectonic subsidence (see equation below).
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DepoziCni prostredi na pasivnim okraji

Fig. 4.23 Block diagram
showing typical depositional
environments on passive mar-
gins, including nonmarine
coastal plain, marine coastal,
continental shelf, slope, and
deep basin (from Brown and
Fisher, 1977).



Delta na pasivnim okraiji:
nizky a vysoky stav hladiny more
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Fig. 4.26 Block diagram model
of a growth-faulted deltaic shelf
margin during high and low
stands of sea level (from Winker
and Edwards, 1983).
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Karbonatovy self

GROWTH POTENTIAL MATCHES OR EXCEEDS RELATIVE SEA LEVEL RISE. Fig. 4.27 Block diagram
illustrating depositional envi-

ronments of carbonate platform/
FOLLOWING RISE, CARBONATES QUICKLY FILL TO :
SEA LEVEL. TEMPORAL FLUCTUATIONS IN CARBONATE platform margin, and off-bank
PRODUCTION. RELATED TO HIGH FREQUENCY SEA ;
LEVEL RISES. PRODUCE SHOALING CYCLES. basin (from Kendall and
Schlager, 1981).
SUBTIDAL MARGIN. MAJOR SOURCE OF ISOLATED DEPRESSION FILLED BY SEA. 8 )
CARBONATES ON PROGRADING FLANK. EVAPORATES FASTER THAN IT FILLS,
s’ FORMING EVAPORITE PAN

s = =
g‘%‘
X SECT'O“} AFTER P.B. KING. 1948

MODIFIED

L MARINE CEMENTATION INCREASES
OVERSTEEPLNING OF SHELF MARGIN AS MARGIN STEEPENS.

CAUSES CARBONATE TURBIDITE FANS

SUPRATIDAL EVAPORITES AND OCCASIONAL
THE MARGIN MAY STEEPEN NOW DUE TO THIN BEDDED DOLOMITES. AEOLIAN
GREATER STARVATION IN BASIN AS CLASTICS ON ATTACHED SHELVES
WATER DEEPENS OFF THE MARGIN




Ropne pasti na pasivnim okraji
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Fig. 4.30 Schematic cross
section of Baltimore Canyon
trough, showing potential petro-
leum traps. Wells summarize
exploration history (from Ben-
son and Doyle, 1984).
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Hlubokomorskeé prikopy
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Hlubokomorske prikopy
(Trench basin)

tflenCh Fig. 5.2 Schematic illustration
erF;i upper trench of major bathymetric domains,
. . mid-slope terrace slope egional-scale s | fea-
accretionary prism l_’| : fos regional-scale structural fea
outer ! Waneh e aQVon e *Orearc_a*si - ; tures, and sites of deposition
trlench trench slope Q\ov® _ e e T within subduction zones.
slope : \\ S = e o
P wedge basin 4 Y SRR == are :
s, T &%’ \\\ \out of- sequence thrust > -rAI'-r'h'-’-j‘j»j'jgbasement
o] ' v PHISIIE, e e s e
e wes X x - Hoketop 1
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Hlavni batymetrické zdony, regionalni strukturne-tektonicke
parametry a akumulacni oblasti na subdukcCnich zonach

- Slope apron — svahovy osyp

- Forearc basin — pfedoboloukova panev

- Trench slope break — hrana svahu pfikopu

- Trench slope basin — svahova panev

- Trench wedge — sedimentacni klin pfikopu

- Decollement — hlavni zéna odlepeni

- Out-of-sequence thrust — nasun mimo sekvenci



dcryitalline sedimentary
offscraped oceanic bedroc basement -0
0 forearc basin and trench deposits oy
thin i
—= sediment ...l
< x5 section i S, " sediment i
...... S ' @ subduction L
RS oceanic 30
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forearc basin small
accretionary _q
frontal prism
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= sediment e
= section e T gubduction
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E - A Raey At i
ORI s “sediment -
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30 ‘subduction L 30

erosion
Ruzné modely akrece/eroze sedimentu v subdukéni zéné:

« ,seSkrabovani“ /offscrapping/ tenkych Supin pelagickych a pfikopovych
sedimentud (A)

*  Frontalni seSkrabovani, imbrikace tektonickych Supin (B)

»  Strukturné chaoticka akre¢ni smés (C)

»  Tektonicka konzumace (subdukce) oceanskych sedimentl (D)
*  Subdukcni eroze podlozi aktivniho okraje (bedrock) (E)

» Pokrocilé stadium eroze aktivniho okraje — ustup oblouku (F)

Fig. 5.3 Conceptual models of
accretion by offscrapping, sedi-
ment subduction, and subduc-
tion erosion (after Scholl et al.,
1980). (A) Formation of accre-
tionary prism by stacking of
thrust slices derived from a rela-
tively thin sequence of oceanic
deposits. (B) Frontal offscrapping
by imbricate thrusting within a
thick sequence of oceanic and
trench-wedge deposits; partial
subduction and underplating are
likely below the decollement. (C)
Formation of structurally chaotic
accretionary mass, together with
structural infolding of trench-
slope deposits (tectonic knead-
ing). (D) Tectonic consumption
of oceanic sediments beneath
bedrock of a subduction margin;
this model could be incorporated
into models A or B, with struc-
tural partitioning along the
decollement. (E) Subduction of
oceanic deposits, mechanical ero-
sion of the bedrock of the mar-
gin, and temporary outgrowth of
a small accretionary wedge. (F)
Advanced stages of subduction
erosion, leading to retreat and
exposure of igneous and meta-
morphic basement to volcanic
arc or continental massif



Interpretace seismickych profilu
neakrecni prikopy

-2 Fig. 5.5 Line drawings of
migrated depth sections show-

E JAPAN TRENCH | mid-slope terrace | w

. . slide scar ing trench wedges and landward
slide debris 4 . a

trench slopes for nonaccretion-
A A s R T T = ary subduction margins. (A)
S

= s AN f' ~ T T~ ~= - - o oy
top of oceanic basalt -—--\:_.:/_5\_ N : n = S = » DSDP transects (von Huene and

Japan Trench in the vicinity of

Culotta, 1989); normal faults

décollement
occur mostly within the mid-

slope and upper-slope environ-
ments. (B) Peru Trench, in a
region of forearc subsidence and

PERU TRENCH

SW accretionary prism

inferred tectonic erosion (von

B X - seaward edge of base Eocene Huene et al., 1985a); Yaquina
T bas\a.l-t s f\\\ - - _\\/ continental fr:mework 0 10 KM E?O Basin (forearc) is characterized
décollement — —— B by normal faults, whereas the
boundary lower slope is cut by thrusts. (C)
SW  MIDDLE AMERICA TRENCH &7 Eocene-Oligocene _,EE—O Guatemal.a segment of the Mid-
dle America Trench, where
Senonian to Miocene 569 DSDP boreholes show the slope
sedimentary rocks 566 B = - apron to be underlain by Senon-
abyssal 494 ) | s : T =t i ian to Miocene sedimentary and
C Seg(')’;’/’e”t ophiolitic 56|7 & < ~F4  ophiolitic rocks possibly associ-
\er rocks ”@\& % \ \ - ated with retreating oceanic
top of acoustic basement g  basement of the island arc
i of = 0 10 KM i (Aubouin et al., 1985a); normal
oceanic basalt decollement 5 faults occur throughout this
SR —

A; Japonsky pfikop; Poklesové zlomy na svrchnim a stfednim svahu

B, Peruansky prikop; poklesové zlomy ve svrchnim svahu a v zoné subsidence v pfedpolni panvi; nasuny ve
spodnim svahu

C, stfedoamericky pfikop (Guatemala); ustup oblouku, poklesové zlomy v celé subdukéni zéné
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Fig.5.11 Sedimentary facies model for the northern Middle America
Trench, offshore Mexico, showing the influence of Ometepec Canyon on
forearc bypassing, the formation of a trench fan at the canyon mouth, and
the development of a plume of suspended sediment rising several hun-
dred meters above the trench floor. Foram-iree mud facies corresponds to
water depths below the calcite compensation depth (CCD). Laminated
mud facies (minimal bioturbation) corresponds to water depths of the
oxygen-minimum zone. (Modified from J.C. Moore et al., 1982a.)
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Fig. 5.28 Paradigm upward
coarsening stratigraphy out-
board of the deformation front
of a subduction margin, based
largely on DSDP drilling data
from the eastern Aleutian
Trench. Modified from Piper et
al. (1973).
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i channel seismic profile through
E Atka Basin and the central

% 3.0 Aleutian Trench. See Fig. 5.25
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’;‘ Atka Basin two segments of this profile join
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DSDP Site 186. See Scholl et al.
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Nankal Trough, CU trend
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Fig. 5.23 Simplified strati-
graphic columns for DSDP and
ODP boreholes near Nankai
Trough (from Pickering et al.,
1993). Note the complete
upward coarsening cycle and
the position of the decollement
within the abyssal-plain (Shiko-
ku Basin) section at Site 808.
Compare this borehole stratigra-
phy with the seismic-reflection
profile in Fig. 5.22.
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Fig. 5.30 Hypothetical model for stratigraphic evolution of a trench-slope
basin, based largely on the observations of Moore et al. (1980b) on Nias
Island, Indonesia. See Table 5.2 for explanation of lithofacies designations.
The upward coarsening and thickening megacycle is the result of basin
uplift and temporal increases in terrigenous influx, as submarine canyons
enhance the efficiency of transport from the continental shelf or arc plat-
form. Smaller-scale cycles are due to progradation or lateral migration of
depositional lobes (upward thickening) and migration/abandonment of
channels (upward fining and thinning).
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Hypoteticky stratigraficky sled pfikopovych
sedimentu
Nahoru hrubnouci sekvence

Rostouci kontinentalni vliv



Predobloukové panve
forearc basins

* panve, kde sedimenty lezi diskordantné na horninach ostrovniho oblouku nebo
oblouku kontinentalniho okraje nebo na akre¢nim klinu

modely subsidence

« komplikovana subsidencni historie

« zatiZzeni sedimentem v depresi mezi obloukem a akreCnim klinem

» izostaticky pokles v dusledku podsunuti t€Zké oceanské litosféry

« chladnuti prohfaté nadlozni desky v dusledku podsunuti chladné oceanské litosféry

morfologie predobloukovych panvi
« podsycené (hladovéjici), vétSinou ostrovni oblouky
« presycené, vétSinou kontinentalni okraje

sedimentace
« terestrické prostredi - fuvialni a deltové sedimenty, aluvialni véjife, pyroklastika,

« mélkomorské prostiredi - vysoky podil vulkanoklastického materialu, vysoky pfisun
sedimentu, malo biogenniho materialu (karbonaty)

« turbiditni systémy - nahoru hrubnouci, vysoky podil vulkanoklastik

- sedimenty abysalnich plosin - jemnozrnné vulkanoklastika, vysoky podil smektitové
slozky v jilech



Predobloukové panve

(Forearc basins)

R
8 |« Arc-Trench Ga g
= p (tn) > ©
Oce{:ln &8 |« Subduction _'f) | i (t,) | £
Basin < Zone = | t,) — , } 2 Volcanic
S Trench 2 | ] g Chain
Trench < 5 Forearc Eroded |5
S|  Slope Basin £ g
= Fill~ p; S 5 Basin Fill Pluton |2
J

Desceﬁding

‘ K=Y Oceanic :
L1 Ly 4 | Orust Sébducltlon
10 20 30 40 50 slles

Magmatism

Scale in km

Idealizovany profil pfedobloukovou panvi

TeCkovanou Srafou: nedeformované sedimenty prfedobloukové panve

Fig. 6.1 Geotectonic features of
forearc basins in transverse pro-
file. See Fig. 6.5 for internal
structures of subduction complex
and Fig. 6.6 for origins of forearc
ophiolites (mafic crustal substra-
tum). Stipples indicate unde-
formed sediment accumulations.
Diagram shows ideal case for
which sedimentary infilling of
forearc basin keeps pace with
accretionary growth of sub-
duction complex, and omits
potential faults (thrust, normal,
strike-slip) that may cut forearc
sediment prism. Cases lacking
subduction complex not depicted
(see text for discussion).

221

|dealizovana situace, kdy vypln prfedobloukove panve drzi tempo s pfiristkem
akreCniho prizmatu; zlomova tektonika predobloukové panve neni

zohlednéna



Underfilled Overfilled

3

thin slope

sediment
A. Sloped B. Sloped

(slope apron) (slope basin)

Morfologicka variabilita pfredobloukovych
panvi:

C. Ridged D. Terraced ,podsycené” — typickeé pro ostrovni oblouky

(submerged ridge) (deep marine)

,presycene” — typické pro aktivni
kontinentalni okraje:

Tr — pfikop

E. Ridged F. Shelved
(shoalwater ridge) (shallow marine) v
Tsb — hrana svahu prikopu
Tsb A A

Tsb

G. Ridged H. Benched
(emergent ridge) (terrestrial)

Fig. 6.4 Morphologic variants of forearc basins, with basin fill stippled
and vertical exaggeration for clarity: left, “underfilled” (most common
for island arcs); right, “overfilled” (most common for continental mar-
gins). Symbols: dashed lines = sea level, Tr = trench, Tsb = trench-slope
break (coincides with shelf-slope break for shelved forearcs). Modified
after Seely (1979) and Dickinson and Seely (1979). Distribution of mor-
phologic types in modern arc-trench systems indicated by Table 6.1.
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ton, 1979; Karig et al., 1979, 1980a; Kieckhefer et al., 1981). Inset shows ters off Sumatra-Java (Table 6.1, III): Sm, Simeulue; Ni, Nias; Sb, Siberut;
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Fig. 6.16 Relations of multiple Alaskan and Aleutian forearc basins
(Bruns et al., 1987; Fisher et al., 1987; Scholl et al., 1987b; von Huene et
al., 1987): Aleutian terrace basins (At, Atka; Un, Unalaska), Alaskan
shelf basins (Sa, Sanak; Sh, Shumagin; Tu, Tugidak; Al, Albatross; St,
Stevenson), and Cook-Shelikof basin (Table 6.1, 1, 1L, IV; Kanaga basin is

west of edge of map); inset map shows relations to continental blocks
and linked transform system along continental margin. Mafic crust
beneath Aleutian forearc basins can be regarded as buried flank of arc
massif (Geist et al., 1988). BBE, Bruin Bay fault; BRE, Border Ranges
fault.
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G. Neogene
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F. Paleogene deformation

Vyvoj prfedobloukové panve Great Valley,
Kalifornie

SAF — zlom San Andreas
GV — Great Valley
SN — Sierra Nevada

CR — pohofi California Coast Range

Fig. 6.19 Schematic diagrams (no vertical exaggeration) to illustrate
sequential tectonic evolution of Great Valley forearc basin and related
geologic features in California (Dickinson and Seely, 1979; Ingersoll,
1982b); successive stages of basin evolution (A-F) keyed by letter to
superposed phases of sedimentation (Fig. 6.20). Legend: SB, Salinian
block; SAF, San Andreas fault; CR, California Coast Ranges underlain by
deformed Franciscan subduction complex; GV, Great Valley; SN, Sierra
Nevada. Symbols: jackstraw pattern denotes arc massif, stipples denote
forearc-basin fill, vertical lines ornament oceanic crust (ophiolite). Verti-
cal arrows indicate position of homoclinal outcrop belt along flank of
Great Valley. Triangles show position of arc magmatism, but Laramide
magmatism (E-F) lay farther east (right) than edge of diagrams. Note that
Great Valley forearc basin evolved from slope basin (B) through ridged

backarc morphologies (C-E) to shelved basin (F) as trench-slope break (Fig. 6.1)

spreading shoaled and migrated westward (left).
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Fig. 6.8 Facies framework of ideal forearc basin shown in transverse
profile (not to scale); character of depositional systems and widths of
facies tracts highly variable (see text); pre-arc sediment cover may range
from oceanic pelagite and hemipelagite to foundered shelf deposits;

influence of intrabasinal structures not depicted.
Distribuce facii v na pficném profilu
idealizované predobloukové panve

Progradace kontinentalnich klastickych
sedimentu



Zaobloukové panve
Backarc basins

« ZP na kontinentalnich okrajich - extenze vazana na subdukcni systémy (Altiplano v
Bolivii)

« ZP na ostrovnich obloucich - extenze se spreadingovym centrem (Andamanské
mofre, tyrhénské more)

extenze vyvolana:

« vystup astenosféry

* injekce plastovym chocholem

» Ustup desky v tylu subdukeni zony

« tok astenosféry - zpétné odtlaCovani

modely subsidence

« synrift - postrift faze

» izostaticky pokles

« zatiZzeni sedimentem

« termalni subsidence

opakované faze zaobloukové extenze

« aktivni a neaktivni oblouky

sedimentace

« oceanska sedimentace, pelagické sedimenty, vulkanoklastika



Rozmisténi prikopu a zaobloukovych panvi v cirkumpacifickém regionu
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300 Chapter 8

@ VOLCANIC @ VOLCANIC Fig. 8.2 Generalized tectonic
ARC ARC evolution of an intraoceanic
f‘/\,{‘\ backarc basin. From Carey and

Sigurdsson (1984). After Karig
(1971a,b).
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Idealizovany tektonicky vyvoj intraoceanské zaobloukové panve
Volcanic arc — magmaticky oblouk
Remnant arc — zbytkovy oblouk
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Fig. 8.15 Evolutionary model of backarc-basin sedimentation. During
/ early-rifting stage (1) and backarc-spreading stage (2), there is a high
influx of volcaniclastic material. The volcaniclastic apron produced dur-
ing Stages 1 and 2 is draped by pelagic sediments as the basin matures
and volcanism wanes in Stage 3. In Stage 4, the spreading axis becomes
inactive and extension within the volcanic arc signals a second phase of
backarc-basin formation. From Carey and Sigurdsson (1984).
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Fig. 8.11 Tectonic evolution of the Okinawa Trough. From Letouzey and
Kimura (1985).



TSUSHIMA
w

MW tawan sk
FOLOED BELT

DANJYO

NORTH OKINAWA TROUGH

NORTH OKINAWA

VOLCANIC ARC

MIYAZAKI BASIN NANKAL TROUGH SE

AMAMI SE
PLATEAU

RYUKYU
TRENCH

TOKARA SUB-BASIN MIYAZAKI BASIN

"2

VOLCANIC ARC

RYUKYU TRENCH OKI-DAITORIDGE S

AMAMI-TOKUNO SHIMA

AMAMI BASIN

TAIWAN SINZI FOLOED
BELT

TROUGH TOKARA BASIN
Volcanic
7CaI0¢r1 _ o o R 7*_74ﬁ°
————— z Esn\
| CENTRAL TORISHIMA RIDGE OKINAWA RYUKYU TRENCH
S N NW OKINAWA TROUGH l KUME-AGUNI RIDGE SHIMANJIRI BASIN PHILIPPINE BASIN s s£
= ! - - — = R i D’
:Slru

120° 125° 130° G
SEDIMENTARY ROCKS )
TAWAN | RYUKYU ARC
EPOCHS w s
QUATERNARY
PLIOCENE
" L N
o) MIOCENE ~ MDOLE
B 2 EARLY Cz
z OLIGOCENE m—
L = Pg
o EOCENE )
& | PALEOCENE
CRETAC.  timv] " T Foa
MESOZ. [ JURASSIC ¥
TRIASIC BASEMENT |BASEMENT
PALEOZIC Pz

OKINAWA TROUGH RYUKYU
NW. TAIWAN SINZI B. ONODERA SEAMONT SHIMANJIRI BASIN TRENCH PHILIPPINE SE
BASIN
() .
E 0 u — S— : 10 E
Fe= $(e?m?) [
JBen
Skm - | - Skm
: H VOLCANIC Tyt 2 ~- ! = : Z
arc IRIOMOTE YAEYAMARIDGE | RYUKYU TRENCH
N TAWANSINZI  OKiNawATROUGH <> JIMA PHILPPINE g
i BASIN 4
F o=p ;0 F
I

I
TAIWAN | ONGITUDINAL VALLEY
Sdo 1 ~COASTALRANGE
& lp. WTAO

PENG-HU ENTRAL RANGE
86) TAIHSI-TAICHUNG "wsscTEaN Foolmﬁs?
- N

PHILIPPINEBASIN ~ ESE

s Sl o B
v |

v

c

Pricné profily
okinawskym trogem
(zaobloukova panev v
tylu oblouku Ryukyu)

Basement tvoreny
kontinentalni
litosférou

RUzna mira extenze
podél poklesovych
zlomu



0 40 80 130
0 1 1 1 1 i s 4 . | 1 i 0
Oceanskeé
resmee=| | zaobloukové
STANDARD DEVIATION panve
BISMARCK
s T » ®  BACK-ARC BASIN k.
O NON BACK-ARC BASIN
B MAVRE . rvs
~ - UNGERTAIN BASIN
£ 1 womiru ["yommar ocean - Diagram stafri
;:E 00 &= Depth (m) = 2500 + 350 +/ Age (my) i VS. hloubka
. EAST SCOT!, > 7
o RS some podlozi
= WEST SCOTIA KAMCHATKA
& WOODLARK S (mocnOSt
= 4000 1 SOUTH CHINA " T CAROLINE 9000 Vypl n é)
@) i
< N NEW HEBRIDES okra J Ovy ch
? =t CORAL , ,
000 suLu ; \LJAPAN TASMAN pa Nnvi
KoAE, X T filipinského
solomon /- | : ALEUTIAN mofe
- CELEBES i Ve ,
6000 / (zaobloukova
PHILIPPINE SEA .
Depth (m) = 3222 + 366 V Age  (my) pane\{) a,
7000 T . ] 1 I 1 L] x| h ] 1 7000rr30rrtlalnl
0 10 20 30 40 50 60 70 80 120 130 oceans ke
AGE (my)

kiry
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From Park et al. (1990).
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Fig. 8.9 Simplified cross section, stratigraphic columns and age-versus-
depth plots for ODP Leg 126 Sites 788, 790, and 791 in the Sumisu Rift.
Site 788 is located on the rift flank, and Sites 790 and 791 in the inner
rift. Cross section based on interpretation of an east-west seismic profile
at approximately latitude 31°N. Stratigraphic columns indicate lithology
(dash, clay to silt; barbed dash, nannofossils; and black dots, sand/sand-
stone and gravel/conglomerate). Patterns at base of Sites 790 and 791
refer to basaltic breccias and flows. Xs in columns mark intervals with no
recovery. Grain size ranges from clay(c) to gravel(g). Wavy vertical lines
indicate bioturbation. Slope of age-versus-depth plots gives apparent sedi-
ment accumulation rates in meters/million years (m/my). Data points
based on paleontologic data. Wavy line in Site 788 plot indicates uncon-
formity. From Taylor et al. (1991), Klaus et al. (1992) and Taylor (1992).
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Predpolni panve v tylu
magmatického oblouku
(Retroarc foreland basins)

Schématicky blokdiagram konvergentniho
kontinentalniho okraje:

3 typy konfigurace tylu oblouku (jihoamerické Andy)
v zavislosti na uhlu subdukce

Sever: asymetricka tylova pfedpolni paney, thin-
skinned tectonics

Stfed: plocha subdukce, kombinace panvi a hrasti
omezenych nasunovymi zlomy (broken foreland)

Jih: pfedpolni panev v kombinaci s alkalickymi
bazalty, slaba tektonicka extenze

Fig. 9.1 Schematic block diagrams of lithosphere, and an accurately
scaled cross section of crust, for a convergent continental margin, show-
ing three different foreland configurations. These three cases coexist
along the western (Andean) margin of South America (latitudes to
which they correspond are indicated [see Fig. 9.14]). The block diagrams
show that the subducting oceanic lithosphere descends beneath the con-
tinental lithosphere at variable angles. In South America, along-strike
variability in the structure of the Andes generates along-strike variations
in the geometry of foreland basins. In the northern area (18-24°S), a
simple thin-skinned thrust belt borders an extensive, asymmetric, fore-
land basin. In the central area with flat subduction (27-33°S), foreland
basins flank the thrust belt and occur among reverse-fault-bounded base-
ment uplifts. In the southern area (33-40°S), thrust systems of the Andes
are paired with backarc alkaline basalts on a slightly extensional or neu-
tral plateau (Mufioz and Stern, 1989). For cross section of the crust in
the 27-33°S segment, there is no vertical exaggeration, except that the
upper topographic profile is portrayed both at 1:1 scale, and vertically
exaggerated to 5:1 scale, which better portrays the character of the
earth’s surface. Block diagrams modified from Jordan et al. (1983a);
cross section adapted from Allmendinger et al. (1990).
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Predpolni panev amerického
stfedozapadu (Western Interior),
svrchni kfida

Klastické sedimenty na zapadnim
okraji panve predstavuji viastni
vyplni pfedpolni panve

Fig. 9.18
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Extent of the late early Turonian sea in the Western Interior

Seaway near the time of maximum marine flooding (after Williams and

Stelck, 1975), and distribution of clastic-rich and lime-rich facies (after

Kauffman, 1984). The clastic units along the western margin of the basin

constitute the principal foreland-basin fill; these grade eastward into

thinner, deeper-water limestones.
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Fig. 9.14 Distribution of Quaternary foreland basins of the Andes
Mountains and Holocene sand compositions (in triangles). Map distin-
guishes foreland basins with contrasting drainage styles. 1. Foreland
basin in a tropical climate drains through Orinocco and Amazon rivers.
2. An overfilled foreland basin in a drier climate, in which nearly all of
the sediment appears to be trapped in the basin, although some of water
drains to Parana River. 3. Drainage basin in dry climate, whose rivers
traverse the short distance to the Atlantic margin. In northern part of 3,
most of the sediment is retained in the foreland basin, but in the south-
ern part of 3, there is little documentation of foreland basins along the
edge of the Andes. 4. Internally drained basins, receiving sediment from
the Sierras Pampeanas broken foreland (uplifts shown in black) and the
Andes Mountains. The Bermejo basin is an internally drained basin,
receiving majority of its sediment from Andes, but whose structure is
affected by the Sierras Pampeanas (see Fig. 9.15). Map based on DeCelles
and Hertel (1989) and J. Damanti (unpublished drainage map). Sand
composition data derived from areas enclosed in polygons. Compositions
of modern sands for northern localities fall in the recycled-orogen cate-
gory of Dickinson and Suczek (1979) (plotted for reference on composi-
tion triangle near 8° S latitude). Sand compositions for 36° S region are
strongly influenced by volcanic arc. Methods varied among the four
datasets that are available. DeCelles and Hertel (1989), Johnsson (1990),
and Franzinelli and Potter (1983) counted thin sections, whereas Blasi
and Manassero (1990) counted grain mounts. DeCelles and Hertel
(1989) and Johnsson (1990) stained for calcium and potassium feldspars;
Franzinelli and Potter (1983) stained for only potassium feldspar.
DeCelles and Hertel (1989) used the Gazzi-Dickinson point-count
method (Ingersoll et al. 1984); Johnsson (1990) and Franzinelli and Pot-
ter (1983) did not.

there are basement blocks bounded by reverse faults
(Sierras Pampeanas) east of a thin-skinned thrust belt
(Precordillera). The Sierras Pampeanas produce a set
of broken-foreland basins and the Precordillera pro-
duces a standard foreland (Bermejo) basin. From 33
to 40° S, shortening is confined to a narrow thrust
belt on the eastern flank of the Andes, and there is a
transition in the foreland from basins in the north to
a plateau further south, with backarc alkaline basalts
on the plateau, and little deformation or very minor
normal faulting (Mufioz and Stern, 1989). All of
these Central Andean basins are now nonmarine and
were nonmarine during most of their Mio-Pliocene
development (N.M. Johnson et al., 1986; Jordan and

Kvartérni tylové predpolni
panve podél oblouku And

1: pfedpolni panve v
tropickém klimatu
odvodrnované Orinokem a
Amazonkou

2: pfesycené panve v
semiaridnim klimatu, témér
veskery sediment je zachycen
VvV panvi

3: aridni klima, veSkery
sediment je zachycen v
panvich

Ternarni diagramy ukazuji
provenienci z recyklovaného
orogénu, na jihu ovlivhené
vulkanickou aktivitou oblouku
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Fig. 9.8 Foreland basins are unusually complete registers of geologic
time in nonmarine environments. Block diagrams compare the record of
time (in 1000-year increments) at three positions in a cross section of a
foreland basin. Site A is in a proximal zone, with ample subsidence and
sediment supply to capture most depositional events, but where a chan-
nelized depositional environment tends to limit the lateral distribution of
depositional events and to subject those strata to subsequent erosion.
Site B is slightly farther down depositional slope. It contains the most
complete temporal record: there are ample subsidence and sediment

[ preserved strata
X strata deposited but later eroded

[ ] no deposition

time (100 year
increments)

Pfedpolni panve jsou dobrymi
archivy nemarinni sedimentace

Casovy zaznam sedimentace ve
tfech pozicich predpolni panve

A: proximalni zéna: subsidence +
vysoky pfinos materialu, vysoka
mira eroze diky fluvialni ¢innosti

B: nejkompletnéjsi zaznam,
subsidence + pfisun sedimentu,
distalni prostredi

C: distalni zoéna, nekompletni
stratigraficky zaznam diky pomalé
subsidenci (nesedimentace,
eroze)

supply, coupled with unchannelized deposition (hence little erosional
power) in distal alluvial fans. Site C is a distal site, with a very incom-
plete stratigraphic record. The primary factor is the slow subsidence,
which reduces the chance of deposition and increases the time during
which a stratum remains at the surface to be subject to erosion by
subsequent events. Based on Barrell (1917), Wheeler (1958), and McRae
(1990), with time increment consistent with work of Beer (1990). t,, t;,
and t, in reference cross section are successive time lines.
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thickness
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Fig. 9.6 Comparison of the geometry and facies of underfilled and
overfilled foreland basins. Based on steady-state model of Flemings and
Jordan (1989). A) The underfilled basin forms a valley, and receives
sediment from both the thrust belt and peripheral bulge (forebulge).

B) In the overfilled basin, the peripheral bulge receives sediment from
the thrust belt and is expressed only by slower accumulation and thinner
strata than in the proximal zone. Insets show the accumulation history
at increasing distances from the thrust front, revealing that the accumu-
lation rate is slower in distal sites compared to proximal sites. Although
the tectonic-subsidence histories may be identical for these two basins,
the accumulation histories of the underfilled and overfilled cases are
quite different (see text).

Geometrie a facie pfesycené a
podsycene tyloveé pfedpolni panve:

Forebulge (,vydut®) v pfedpoli
panve diky flexuralnimu pruhybu
podlozni litosférické desky

-Eroze forebulge u podsycené
panvy

-Sedimentace na forebulge u
pfesycené panve

-Tektonicka subsidence muze byt
stejna u obou panvi — rozhoduijici je
kontrola pfisunem sedimentu



Model visk6zné elastické desky pod

time 1 fex
constant load dlouhodobou zatézi — vyzdvih a
fime 2 migrace forebulge smérem k
predpoli a vyvoj subsidence v
; _ fedpolni panvi
time 3 uplift predp panvi
migration G

fime 14 subsidence

time | 2

time |3

Fig. 9.5 Cross section of a viscoelastic beam, adjusting to a constant load
over a long period of time. The initial response (time 1) is regional flex-
ure, as in Fig. 9.4, but the basin narrows progressively through time
(after Quinlan and Beaumont, 1984).



deformation

" S

rigidity 102 Nm
C.

erosion and sedimentation

‘—Q;E( basins o

Fig. 9.3 Three conceptual steps in formation of sedimentary basins
flanking a thrust belt (vertical exaggeration 3x). A) Shortening causes
thickening above a ramp, which acts as a load. B) Regional compensa-
tion of the load deflects lithosphere (note smooth arc at base of profile),
producing basins at flanks of mountain range. C) Surface processes strip
material from the mountain range and transfer it to the tectonic basins.
Flexural compensation for erosion and deposition causes the basins in C
to be wider than in B. Simplified model treats thickening in an orogenic
belt as the result of shortening along one master fault that penetrates the
crust; middle patterned layer is a marker horizon. Dashed line shows ini-
tial elevation of upper surface of crust (after Flemings and Jordan, 1990).

TFi faze vyvoje pfedpolnich panvi:
A) Zkraceni vede k ztlusténi litosféry
— zatéz

B) Regionalni kompenzace zatéze —
flexuralni subsidence

C) Eroze materialu z vyzdviZzené
oblasti (pohofi) a transport do
tektonickych panvi na okraji pohofi,
pokrocila flexuralni subsidence



Zbytkove panve
(Remnant basins)

ZBYTKOVE PANVE

modely subsidence

zbytkova panev

pocCatecCni hloubka oceanského dna je funkci stafi oceanske litosféry

termalni subsidence

zatizeni sedimentem

subsidencni kfivky jsou v podstaté nesetrojitelné, subdukce, pohiceni, tektonika
flys,

Casova polarita sedimentace - zmlazovani smérem k predpoli

sedimentace

flySové systémy

Svycarské flySové panve

pohofi Marathon - Quachita

kulm ?

svahové osypy, turbiditni véjife, malé nebo velké, osni distribuce sedimentu
typicka sukcese sedimentace

oceanské sedimenty a vulkanity - Cerné bfidlice - pelagity - distalni flys - proximalni
flyS - molasa



REMNANT
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BASIN

UPLIFTED
SUTURE
WITH
DEFORMED
FLYSCH

FLY¥SCH

Fig. 10.1 Conceptual diagram to illustrate progressive incorporation of
synorogenic flysch within an orogenic suture belt by sequential closure
of remnant ocean basin. From Graham et al. (1975).

Progresivni zaClefiovani
synorognniho flySe do orogenniho
pasma postupnym uzaviranim
zbytkové oceanské panve
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a

Fig. 12.30a-d. Model showing transition from remnant
oceanic basin (a and b) to foreland basin (c and d) due to
mphcam!olovammstbeluwombadompre-
existing passive continental margin (collision). With pro-
grading overthrust belt, zone of subsidence, basin axes,
and‘ | foreland bulge migrate outward toward the

land. S ¢ flysch deposits (deep-sea fans and
tremhﬁlh)maydxﬂ':rm position due to changes in
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Chapter 12 Basin Evolution and Sediments

CONTINUQUS ~
RAPID EROSION
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UPLIFT

FLYSCH (2)
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PROGRADING
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SUBDUCTION
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REMNANT BASIN

sediment source. Molasse deposits of foreland basin tend to
evolye fmm mmne (pouibly rather deep, flyschoid) to

quence of formcr puuve margm Late phase, rapid ero-
sion of high elevated thrust-fold belt finally initiates uplift
including the inner parts of the forcland basin. (Mainly
after Matter et al. 1980; Stockmal and Beaumont 1987)

over the shelf se- -

Postupny prechod od zbytkové
panve do periferni predpolni panve

Migrace osy panve smérem do
predpoli

Zmeéna provenience flySovych
jednotek

Vyvoj molasovych panvi od
marinnich do kontinetalnich
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Continent-Continent

KO | iz n I’ SySté m y ' Ouachita-Marathon (C - P)

Bengal-Indus | Southern Uplands (Scotland)
(5-D)
Mediterranean Sea Acadian Grogeny (&~ D)

Gulf of Oman | Songpan-Ganzi (R)

Intraoceanic Arc-Continent

Lachlan Foldbelt (O - S)
Alps-Carpathians (T)
Apennines (T)

Persian Gulf (K- T)
Junggaro-Balkhash (D - P)

NW Australia-Java
Sea of Japan

Huon Gulf

NE South China Sea

Taconic Orogeny (O)
Antler Orogeny (D - M)
NE Caribbean (T)

Intraoceanic-Continental Arc-Arc

. Nevadan Orogeny (J)

Intraoceanic Arc-Arc

I
Moiucca Sea !

Fig. 10.7 Modern and ancient examples of continent-continent, intra-
oceanic arc-continent, intraoceanic-continental arc-arc, and intraoceanic
arc-arc collisions. Examples are arranged approximately by size, with
larger features at top and smaller features at bottom. See figure 10.4 and
text for discussion.



Fig. 10.2 Main tectonic elements of Himalayan-Bengal (A) and
Appalachian-Ouachita (B) regions at same scale. Symbols:

A. 1, Himalayan suture belt between India and Eurasia; 2, Main Bound-
ary fault (thrust) of Himalayan foothills; 3. Quaternary alluvium of Indus
(1), Ganges (G) and Brahmaputra (B) river systems; arrows denote chan-
nel trends on subsea Bengal Fan with head near Ganges-Brahmaputra
Delta (GBD); 4, Indoburman-Sunda subduction zone, dashed where
inactive; 5, melanges and deformed flyschoid rocks of Indoburman
Ranges (IBR), Andaman (A) Nicobar (N) insular ridge, and Mentawai
(M) Islands off Sumatra (S); 6, schematic margin of extensional
Andaman basin (AB). Dashed line is 1,000 m isobath of continental
slope off India. B. 1, Complex belt of multiple Paleozoic suturing
between North America and West Africa cratons shown joined (E is
Europe) prior to Mesozoic opening of the Atlantic Ocean approximately
along the stitched line; 2, fronts of foreland fold-thrust belts of
Appalachian Valley and Ridge province (American side) and Mauri-
tanides (African side); 3, coarse Carboniferous clastic strata, terrestrial
and littoral, of Appalachian (A) and Illinois (I) basins; 4, frontal thrusts
and folds of Ouachita system; 5, outcrop and known subcrop of Ouachita
system; 6, schematic extensional margin of Mesozoic Gulf of Mexico
(present position of Cuba shown in dotted outline). Question mark
shows location of Black Warrior basin at transition from Appalachian
foreland to Ouachita remnant ocean basin. From Graham et al. (1975).
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Fig. 10.6 Morphotectonic map showing most components of typical
remnant ocean basins closing sequentially between colliding continents.
Ilustrated geography is analogous to the modern Bay of Bengal and

surrounding areas (compare to Figs. 10.5 and 10.8), and to inferred I"' < _
Carboniferous of the Ouachita area (compare to Fig. 10.16). Details of i 4 » / OCEA NIC
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Fig. 10.18 Hypothetical geohistory diagram for Ouachita succession of
Ouachita Mountains (see Fig. 10.16). Thicknesses from Lowe (1989) and
Morris (1989), and ages from Ethington et al. (1989) using DNAG time
scale (Palmer, 1983). Thermotectonic subsidence constrained to rates
established for cooling of oceanic lithosphere (350 m times square root
of elapsed time in million years after rifting) for a period of 100 my after
rifting, with no tectonic subsidence thereafter until onset of flexural
subsidence under influence of structural loading by thrust sheets of
Ouachita allochthon. Flexural subsidence constrained with flexural
geometry inferred by Goebel (1991), assuming allochthon movement of
10 km/my (faster rate of 100 km/my would confine flexural subsidence
to last 2.5 my of depositional history, and would smooth elbow of water-
depth curve at transition from aggradational to progradational phases of
flysch sedimentation, but would also sharpen corresponding elbow in
curve for total subsidence of substratum). Backstripping constrained by
net sediment densities inferred from equations for depth-porosity
relations given by Dickinson et al. (1987).
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Fig. 10.23 Idealized vertical sequence from oceanic igneous rocks and
chert (ophiolite sequence) upward through graptolitic-graywacke tur-
bidite (flysch) strata to red clastic (molasse) deposits. Such successions are
commonly seen in orogenic belts and represent a progression from deep-
marine to nonmarine conditions. We now interpret this succession as
typically resulting from closing of remnant ocean basins, accretion of
turbidites into suture zones, and creation of foreland basins adjacent to the
orogens. See text for discussion. Modified from Dott and Batten (1983).
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Salamounovo
more
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Fig. 10.9 Setting of Solomon Sea remnant ocean basin in Papua New

Guinea. Barbed line is New Britain Trench (NBT) and crossed line is
Ramu-Markham suture (RMS) formed by collision of Bismarck arc with
continental Papua New Guinea; NBT-RMS transition point is near Lae
(L) at head of Huon Gulf (HG) beside accreted Huon Peninsula (HP).
Black triangles are arc volcanoes and arrows denote flow paths of
turbidity currents transporting clastic detritus longitudinally to deep
seafloor. Other symbols: BI, Bougainville I. (of Solomons chain); DCI,
D’Entrecasteaux Is.; MI, Manus I.; NB, New Britain; NH, New Hanover;
NI, New Ireland; WRS, Woodlark rift system. Note scale (distance from
Lae to Bougainville is comparable to distance from London to Warsaw,
or from San Francisco to Denver). (Also see Fig. 11.20.)
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Fig. 10.3 Idealized true-scale diagrams showing inferred evolution (A to
D) of sedimentary basins associated with crustal collision to form a
cryptic intercontinental suture belt within a collisional orogen. Diagrams
represent a sequence in time at one place along a developing collisional
orogen, or coeval events at different places along a suture belt marked by
diachronous closure. Hence, erosion in one segment (D), where suture
has formed, provides sediment that is dispersed longitudinally through a
peripheral foreland basin, past a migrating transition point (B to C), to
feed subsea fans in a remnant ocean basin (B) along tectonic strike. (See
Figs. 10.1 and 10.6.) From Dickinson (1976a).
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Fig. 11.1 Tectonic setting of Timor Trough, a peripheral foreland basin
that has been actively forming since collision of Australian continental
margin with Banda arc along a north-dipping subduction zone, begin-
ning in Pliocene. Northern edge of Australian continental crust is shown
by dotted line, which underlies Australian shelf and includes continental
islands of Irian and Halmahera (Reproduced with permission from
Audley-Charles, 1986).

. Volcamc (Inner} Banda Arc ‘ O Non-Volcanic (Outer) Banda Arc Collision Zone




Periferni predpolni panve

predpolni panve plus nesené ,,piggy-back” panve

Flexuralni subsidence - reologicky stav prohybané litosféry - elasticky model,
viskdzné-elasticky model

nalozZeni predpolnich panvi na byvalé pasivni okraje - progresivni zatéZzovani stale
rigidnéjsi litosféery

subsidencni kfivky -

pfedmolasova faze - kfivka se podoba kfivkam typickych pasivnich okraju,
molasova faze - zrychleni subsidence (az 300 m/Ma celkové subsidence)
deskova kolize - ukonCeni konvergence a rychlé zpomaleni subsidence
sedimentace

rana faze: - podsouvani distalniho pasivniho okraje

hlubokovodni sedimentace (podsyceni)

turbidity, flys

pozdni faze - podsouvani prosimalniho pasivniho okraje

melkomorska a terestricka sedimentace (prfesyceni), klastika, méné Casto karbonaty -
na podsouvane desce

nahoru zmél€ujici sekvence,
forebulge - eroze



Foreland basin

Onlap panevni vyplné na podlozni desku

Forebulge

About 50-100 km

Fig. 6.5. Diagrammatic illustration

“of foreland basin stratigraphic

pattern of onlap onto foreland
plate. x, to x, show the successive
positions of pinch-outs
corresponding to the
chronostratigraphic lines f; to Z,.
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(b) Izopachy
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Fig. 6.6. The Magallanes Basin, southern South America (after Biddle et al. 1986). (a) Location map. (b) Isopachs
(in m) of sedimentary fill of Magallanes Basin above the level of the Tobifera volcanics (representing the last stages
of rifting prior to foreland basin flexure; Bruhn, Stern and De Wit 1978, Gust et al. 1985) showing thinning onto
Dungeness Arch, and main structural lineaments, particularly the fold-thrust belt in the SW. The heavy solid line
indicates line of section shown in (c). (c) Line drawing interpretation of seismic reflection record from the frontal
fold of the Chilean fold-thrust belt to the flank of the Dungeness Arch. The Tertiary stratigraphic units show strong
onlap on to the top of the Tobifera Volcanics (V). The progradational clinoforms are thought to be fan-deltas
derived from the Andean mountain belt in the SW, They prograded into an environment of deep water shale
deposition, which separated the fan-deltas from a zone of slow deposition of glauconitic sands close to and
onlapping the basement high in the forebulge region.
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EARLY ALLEGHENIAN (PENNSYLVANIAN)

Upper Breathitt—flexural deformation
(Overfilled basin)
G

Lower-Breathitt—flexural deformation
(Underfilled basin)

LATE ACADIAN (MISSISSIPPIAN)

Carter Caves-relaxation phase 2
(Uplift, reworking of mudsheet, barrier quartz arenites,
underfilled basin, major unconformity)

Paragon—flexural deformation
(Progradation of sandy mudsheet)

Slade-relaxation phase |
(Uplift, shoaling, unconformities)

Slade-stable platform
(Blanket limestone sedimentation)

Fig. 6.11. Sequence of
diagrammatic cross-sections of the
Appalachian foreland basin to show
the alternation of periods of
flexural deformation caused by
thrusting with periods of quiescence
characterized by viscoelastic
relaxation. The first diagram shows
the Appalachian and Illinois basins
‘yoked’ together, the region being
dominated by blanket shale and
limestone deposition. The following
diagrams show the responses of
basin deepening and arch
uplift/erosion during relaxation, and
the shedding of clastic wedges

during periods of active thrusting.
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Fig. 6.4. Coastal plain and shelf
stratigraphy using a thermal and
mechanical model of a passive
margin in which the tectonic
subsidence of the margin is due to
thermal contraction following
heating and stretching of crust and
lithosphere during rifting,

Sediments rapidly infill the
continental shelf, keeping a

constant bathymetry with time. The
sedimentary load flexes a cooling
plate that increases in rigidity with
time since heating. The initial
lithospheric thickness is 125 km,
nitial crustal thickness 31.2 km, the
coefficient of thermal expansion

Bulge
Flexural node Coastal plain

)
som 0 10 km / \\\

| I, |
Vert. exag. 100:1 I~

34 x 10~°°C~!, the mantle temperature 1333 °C, initial densities of 2800 and 3330 kg m ~3 for crust and
lithosphere respectively, and the uniform density of infilling material 2500 kg m ~>. The model calculations assume
the stretch factor to be 3.0 and the equivalent elastic thickness to be given by the depth to the 450 °C isotherm.

Solid lines are the boundaries of stratigraphic units with ages indicated in Myr since the end of rifting. The
effects of compaction have been ignored. The heavy line shows the amounts of coastal aggradation calculated using
the method of Vail et al. (1977). After Watts (1982, p. 471).



Major thrust
Buried thrust

Piedmont and inner thrusts
«Oceanic~ flysch (allochthonous)
Foreland flysch }

Foredeep

Foreland molasse }

Piggy-back basins: thrust-based molasse

O km 500
L

Intermontane molasse , Extensional

Hinterland molasse \ fault-bounded basins

Fig. 11.2 Tectonic framework of Switzerland and Italy, showing setting
of two major Alpine and Apennine collision-related foreland basins.
Adriatic foreland is a peripheral basin formed by collision of Italy with
Adriatic-Yugoslavian continent along a southwest-dipping subduction
zone during Oligocene-Recent. European foreland, corresponding to
Swiss molasse basin, is a peripheral basin formed where Italy overrode
European margin along a south-dipping subduction zone during Eocene-
Miocene. Backthrusting on south side of Alps (south of

“geo-suture” and north of VE [Venice]), in part, preceded accretion of
Apennines. Therefore, Po Valley (north and west of VE) began as a
collisional retroarc foreland (relative to Alps), but is now influenced pri-
marily by Apennine compression (peripheral foreland). Therefore, it is a
hybrid collisional foreland (both retroarc and peripheral) (R.V. Ingersoll,
personal communication, 1994). Terminology of legend can be translated
into terminology of this book as follows: “Oceanic” flysch (allochtho-
nous): remnant-ocean turbidites; Foreland flysch: peripheral foreland
turbidites; Foreland molasse: peripheral foreland molasse; Piggyback
basins: thrust-based molasse: piggy-back molasse; Intermontane molasse:
successor molasse; Hinterland molasse: backarc turbidites. (Reproduced
with permission from Ricci-Lucchi, 1986.)
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100 km

Apennine — Adriatic
Bouguer Gravity

Fig. 4.14. (a) General map of the
Apennine system showing depth to
the base of the Pliocene in the
Adriatic and Po Basins at a 1 km
contour interval. There are four
distinct outer-rise segments
recognized in the basal Pliocene
surface (shown in wide diagonal
hatch). The narrow diagonal hatch
shows the Apennine foreland basin
and parts of the basal Pliocene
surface that is below 2 km depth.
(b) Simplified map of the Bouguer
anomaly gravity field (milligal).
Contour interval is 25 mgal. The
four morphological outer rises
correspond to Bouguer gravity
highs, suggesting that they are
maintained by regional flexure. The
shaded areas represent anomalies of
greater than 0 mgal in sectors 1 to
3 and 50 mgal in sector 4; stipple
shows gravity anomalies less than
- 50 mgal in sectors 1 to 3 and

0 mgal in sector 4. These sectors
are believed to be bounded by
major tears in the subducted plate,
segmenting it at depth (after
Royden, Patacca and Scandone
1987, compiled from Ogniben e al.
1985 and Morelli et al. 1975).
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Fig. 8.19a,b. Subsidence historics of various foreland
basins. All long-term curves show a pre-molasse phase,
commonly characterized by slow to medium subsidence
rates, and a molasse phase of rapid subsidence with the
onset of foreland basin evolution. a Examples of the Rocky
Mountains foreland in North America and the northem
Helvetic zone of the Alps (Funk 1985). Note that Denver
and Green River curves (Kominz and Bond 1986) indicate

tectonic subsidence, while the other curves represent tota
subsidence (Alberta curve corrected for compaction; Utal
curve from Cross 1986). b Examples of total, uncorrecte
subsidence curves from northern Alpine molasse basi
(After Lemcke 1974) and Venetian basin, southern Alp
(Massari et al. 1986). Note strong rebound, particularly i
western portion of molasse basin in front of Swiss Alps



Fig. 11.14 Variations in relationship between fold-thrust belt and fore-
land basin, based on seismic profiles. Minor basins and piggyback basins

E deformed are varieties of satellite basins. (Reproduced with permission from Ricci
Lucchi, 1986.)
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Fig. 11.7 Schematic evolution of North Alpine peripheral foreland basin,
Switzerland, from initial uplift and erosion of forebulge on downgoing
(European) plate in mid-Eocene (panel 1) to overthrusting from south in

Oligocene (panel 5). (Reproduced with permission from Allen et al.,
1991.)
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‘ig. 11.22 Development and migration of a forebulge in response to
ycles of deformation and tectonic quiescence. Forebulge develops as part
f the flexural wave generated in the crust by loading (see Fig. 11.5).
‘ollowing cessation of thrusting, there may be a viscoelastic relaxational
esponse to loading, which leads to deepening and narrowing of the
rasin. In the case of an elastic crust this phase would not occur. The
orebulge may be exposed to erosion, or become a shoal area within an
itherwise deeper-marine basin. With renewed crustal shortening, the
orebulge migrates cratonward. Subsidence and uplift of the forebulge
iroduce onlap and wedge-out unconformities, respectively, on the flanks
f the uplift. (Reproduced with permission from Tankard, 1986.)



Fig. 11.6 Idealized model for terrane accretion, and development of sed-
imentary succession in a peripheral foreland basin. See text for discus-

sion. (Reproduced with permission from Cant and Stockmal, 1989.) (a) INITIAL FORMATION
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Fig. 11.4 Schematic diagrams illustrating early plate-tectonic interpreta-
tions of foreland basins. (A) Development of orogenic welt and molasse
wedge in adjacent foreland basin (reproduced with permission from
Dewey and Bird, 1970).
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(B) Relationship of peripheral foreland basin (PFB) and retroarc colli-
sional foreland basin (RAB) to suture (reproduced with permission from
Dickinson, 1976a). These two types of foreland basin are the subject of

this chapter.



Fig. 11.3 Comparative cross sections across four collisional orogens and
their flanking foreland basins. Banda Arc section shows arc at Wetar
overriding Australian continental margin, which is subducting north-
ward as part of Indian plate (structural interpretation is controversial
[see text], see Fig. 11.1). Western Cordilleran foredeep of North America
is an example of a primarily retroarc foreland basin. Himalayan and
Alpine basins are peripheral foreland basins developed on partially sub-
ducted continental crust (see Fig. 11.2). (Reproduced with permission
from Audley-Charles, 1986.)
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Fig. 5.20. Schematic cross-section to show the relationship of the Vienna Basin to other basins in the Carpathian—
Pannonian system. The Vienna and Transcarpathian Basins are located on the leading (thin) edge of the Pannonian
lithosphere and above the deflected European plate. The Pannonian Basin, however, is located entirely on the
Pannonian lithosphere where it overlies aesthenosphere. Extension in the Pannonian Basin therefore involves
mantle and the basin is consequently ‘hot’ compared to the ‘cool’ Vienna Basin (Royden et al. 1983). Inset shows
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Fig. 5.19. Model used to calculate
the thermal effects of nappe
emplacement and thin-skinned
extension of the Vienna Basin by
Royden (1985). At initial
conditions the European plate is at
thermal equilibrium with a plane
(radiogenic) heat source at 8 km
depth. At 17.5 Ma (start of
Karpatian stage) an 8 km thick
thrust sheet with a temperature of
0 °C is emplaced over the
European platform. Between 17.5
and 13.0 Ma (Karpatian-Badenian)
the thrust complex is extended to
form the Vienna Basin. The
underlying autochthon is unaffected
mechanically and thermally by the
thin-skinned extension, and the
temperature changes are solely due
to conduction. Finally, temperatures
in the basin increase by thermal
conduction from the underlying
European plate (after Royden
1985).
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Fig. 5.17 Location of the Vienna Basin in the Alpine-Carpathian System. The outer flysch belt was deformed in the

Tertiary. The inner parts of the system (carbonate and crystalline belt) was deformed mainly in the Cretaceous. The
Klippen belt separates the outer from the inner West Carpathians (after Royden 1985).
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States (Cross, 1986). Y
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Fig. 12.3 Diagrammatic maps of six strike-slip basin types: A) fault-bend
basin (left) with map of La Gonzalez basin, Venezuela (right); B)
stepover basin (left) with map of part of Dead Sea rift (right); C) transro-
tational basins (black areas); D) transpressional basins (dot pattern) in
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Fig. 12-19 Diagrammatic sketch map of Death Valley “pull-apart.”
(Modified from Burchfiel and Stewart, 1966.)
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Fig. 12.4 Small fault-bend basin from Superstition Hills earthquake
zone. Fault strikes away from viewer, from bottom of photograph to
tower on horizon. Axis of basin is about 25° to fault strike. Net right-
lateral strike-slip at this site was 1.5 m (photograph by A. G. Sylvester).
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Fig. 12.14 Geologic setting of Dead Sea basin. A) Geologic map of Dead
Sea-Arava depression, illustrating tectonic elements, physiographic fea-
tures, northward migration of depocenter, and basin asymmetry expressed
by bathymetry (Reproduced with permission from Manspeizer, 1985).
Early Miocene (25-14 Ma) strike slip of about 60-65 km opened Arava
basin that filled with about 2 km of red beds during a pause in strike-slip
displacement. Later displacement in last 4.5 my allowed deposition of
more than 4 km of marine to lacustrine rock salt of the Sedom Formation,
overlain by 3.5 km of lacustrine evaporitic carbonate and clastic sedimen-
tary strata. B) Schematic block diagram of Dead Sea region, viewed to
north, with generalized rift physiography, tectonic framework and deposi-
tional domains (Reproduced with permission from Manspeizer, 1985).
Bedrock of different ages on rift shoulders, basin bathymetry and eastward
thickening of strata illustrate tectonic asymmetry.




Fig. 12.6 Conceptual diagrams of flower or palm-tree structures in right
simple shear (from Sylvester, 1988): A) from Lowell (1972, p. 3099); B)
from Sylvester and Smith (1976); C) from Woodcock and Fisher (1986); D)
from Bartlett et al. (1981); E) adapted with modifications from Ramsay and
Huber (1987, p. 529); and F) with axial graben from Steel et al. (1985).
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Intrakratonni panve

INTRAKRATONNI PANVE (KONTINENTALNi PLATFORMY)
pomala subsidence - v pruméru 25 m/Ma,

velke rozlohy

dlouhodoba sedimentace (100 Ma az 1 miliarda let)
mechanismus subsidence

velmi pomala termalni subsidence, absence extenzniho natahovani litosféry
mozna fazova pfeména gabra na eklogit v nejspodnéjsi kure
mozna predsubsidencni historie - prohrati litosféry

priklady

michiganska panev (spodni paleozoikum)
sibirska platforma

panev jezera Chad

Eyrska panev v Australii

sedimentace - melkomorska nebo nonmarinni, Casté hiaty a preruseni
sedimentace - i dlouhodobé

Michiganska panev - kambrium - jura, potom kvartér
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Fig. 13.5 Left: decompacted and
backstripped tectonic subsidence
for Texas Pacific Co. No. #1 Far-
ley Well (upper), Texas Pacific
Co. No. #1 Streich Well (mid-
dle), and Exxon Corp. No. #1
Choice Duncan Well (lower),
Illinois basin. Data from Heid-
lauf et al. (1986), recomputed
according to time scale of Har-
land et al. (1990). Right: Com-
parison of tectonic-subsidence
with respect to t* for Farley
(upper), Streich (middle), and
Duncan (lower) wells, Illinois
basin. (See Fig. 14.2 for
locations.)
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Fig. 13.13 Index map of Brazil, showing location of Parana basin.
(Redrawn after Zalan et al., 1990.)

(Fig. 13.15). Eruption of the lavas was associated
with rifting of South America from Africa.

The basin is criss-crossed by regional normal faults
and lineaments, some of which are known to extend
into basement (DeBrito Neves et al.. 1984: Zalan et al..
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Fig. 13.14 Isopach map, incorporating both sedimentary and volcanic
basin fill, Parana basin, Brazil. (Redrawn after Zalan et al., 1990.)
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Fig. 13.8 Backstripped and decompacted tectonic subsidence for the
1.000 - Williston, Michigan, and Illinois basins, showing similar time of basin
’ formation around 550 to 530 Ma, and initiation of thermal subsidence
between 530 and 500 Ma. Stratigraphic data for these curves came from
1,500 - McClure-Sparks Well in Michigan basin (Hinze et al., 1978), and regional
. stratigraphic summaries for other two basins (see Bond and Kominz,
2,000+ [llinois Basin 1991, for details). (Redrawn from Bond and Kominz, 1991, Fig. 2E.)
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Tepelna historie
sedimentacnich panvi



Kerogen a jehy typy

Kerogen:

— Kapalné a plynné uhlovodiky vznikaji v primyslové a ekonomicky zajimavych koncentracich
vyhradné teplotni pfeménou (alteraci, konverzi, katagenezi, metamorfézou) organické hmoty
rozptylené v sedimentarnich horninach. Tato organicka hmota se nazyva kerogen a okolni
hornina horninou zdrojovou.

Existuji tfi hlavni typy kerogenu (kerogen |, kerogen Il a kerogen lll), které se odliSuji
z hlediska geneze, slozeni a také produkéniho potencialu uhlovodikd béhem
konverze:
— kerogen typu |
akvaticky, fasovy kerogen s obsahem amorfnich latek, produkuje nejvice kapalnych
uhlovodikud, na uhlovodiky se méni az 65% vychozi hmotnosti,
— kerogen typu Il
smiSeny terestricko-akvaticky kerogen, obsah pylovych zrn, fragmentu bylin a minoritniho
podilu humusového materialu vedle amorfnich sou€astek a zbytkl fas a dalSich

planktonickych zbytk(, produkuje kapalné i plynné uhlovodiky, konverzi se méni na
uhlovodiky z 50%,

— kerogen typu llI

terestricky kerogen, obsah bylinnych i dfevnych fragmentu i nestrukturnich souéastek,
produkuje pfevazné plynné uhlovodiky, v ramci kterych vyrazné previada metan, na
uhlovodiky se béhem konverze méni maximalné 30% puvodni hmotnosti.



Tepelna premena organické hmoty

Faze pfemény (alterace)

Proces konverze kerogenu na uhlovodiky generelné zacina pfi teplotach 50 respektive 60 oC (iniciacni teplota), vrcholi kolem teplot 80 az
120 oC a rychle vyzniva pfi teplotach vysSich nez 140 az 170 oC, pfi€emz existuji v zavislostech intenzity produkce uhlovodik( na teploté
mezi jednotlivymi typy kerogenu rozdily. S rostouci teplotou nabyva na intenzité déleni dlouhych Fetézcu alkanu, alkend a izoprenoidnich
uhlovodikt (krakovani). V teplotach nad ca 100 oC jsou dlouhodobé stabilni jen plynné uhlovodiky.

Pro fazovy charakter fluid ma vyznam vedle teplot a tlakd také mnozstvi a latkové slozeni uhlovodiki.

Zvysovani teplot expozice kerogenu v horninach je urovano zvySovanim uloznych hloubek, zvySovanim mocnosti nadlozi. ZvySovani
mocnosti nadlozi muze byt bud subsidenéni (postupné ,pohfbivani“ zdrojovych hornin do vétsich hloubek pod rostouci mocnosti
ukladanych sedimentu) nebo tektonické (zvySeni hloubek ulozeni zdrojovych hornin pod relativné nahle nasunutymi pfikrovy). V nasi
zajmove oblasti pfichazeji v ivahu oba zplsoby. Zjednodusené Ize chapat teplotu expozice jako funkci teplotniho gradientu a expozi¢ni
hloubky ponofeni sedimentu s korekci o hodnoty teploty pro nulovou hloubku (primérna povrchova teplota pod hranici sezénnich vykyvu,
resp. teploty mofe — ca 6 az 12 oC).

Pribéh konverze kerogenu vSech typl zavisi na kombinaci teplot a ¢asli expozice. PFiblizné plati, Ze rychlost procesl konverze kerogenu
na uhlovodiky se s kazdym narlstem teploty o 10 az 150C zdvojnasobuje (Arrheniova rovnice pro kinetiku chemickych reakci). Stejny
efekt v transformaci kerogenu trvajici hypoteticky pfi teplotach 70 oC napfiklad 100 mil. let je dosazen jiz za ca 6 mil. let pfi teplotach 110
oC. Zaroven se vSak pfedpoklada, ze pfi stalych teplotach transformace po 10 mil. bez dalSiho zvySovani teplot ustava. Dana Groven
katageneze kerogenu muze byt dosazena v dfivéjSich etapach geologického vyvoje oblasti (reliktni katageneze) nebo je zvySovana v
souc€asnych hloubkach.

Proces konverze kerogenu je nevratny. Muze vSak byt pferuSovan a znovu obnovovan pfi zvySeni teplot, respektive pfi nastupu novych
»eplotnich impulz(“ (zvySeni uloznych hloubek nebo gradientl, popfipadé uloznych hloubek i gradient(). Rozhoduje celkova teplotni
davka — sumarni impulz tepla. O sumarni impulz tepla se opiraji veSkeré sou¢asné modely vzniku uhlovodiku z kerogenu hornin. Bez
ohledu na uZité jednotky rozdéluji obvykle konverzi na tyto hlavni faze:

faze nezralého kerogenu - immature zone, vznik maximalné biogenniho metanu,

faze rané konverze plynu a ropy - incipient mature zone,

hlavni faze vzniku ropy - mature zone, oil window, ropné okno,

faze tvorby plynokondenzatu - wet gas zone, plyn, kondenzat, vyznivani tvorby ropy,

faze tvorby suchého plynu - dry gas zone, vznik plynu transformaci kerogenu i krakovanim vysSich uhlovodikl, pfevah metanu,

faze vyCerpaného kerogenu - uhlovodiky jiZ nevznikaji.



Hloubkovy profil
odraznosti vitrinitu,
Louisiana
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Fig. 9.7. Vitrinite reflectance profile
for Terrebonne Parish, Point au Fer
well in Louisiana. The profile is
sublinear and continuous,
suggesting a near constant
geothermal gradient through time
(after Heling and Teichmiller
1974).



. v s (@) Age (Ma) R, (%) (b)
SUbSIdencnl Fig. 9.11. Subsidence history (a) 280 220 0.2 0.5 1 2 3

: : and reflectance profile (b) of the : l ' ' : S — 1
hIStO“e a Howes Swamp 1 borehole in the \
hloubkovy profil Sydney Basin (Mayne er al. 1974). 11 - 1 e

L The subsidence curve gives a £ L
Odraznosu VITrINItU  constant rate of 0.073 mm yr-'. In < 2+ 7 . \
(b) black dots arc reflectance ' 0.073 mm vr : -
measurements, and solid line is the & 3 1 ' r . \
curve resulting from the tectonic _
i model Al with a constant 4 4 1
Sydney BaSIn geothermal gradient of 50 °C km ~!
SUbSIdenCG O 073 (after Middleton 1982). 5
1
mm/r()k Fig. 9.12. Subsidence history (a) and
. , reflectance profile (b) for the 0'12 i
GeotermICky Windoan region of the Bowen Basin.
. The solid line in (a} is the observed
. (o)
grad|ent- 50 C/km basement subsidence, showing a
rough {2 relationship. The dashed
line is the curve for the tectonic —
. model A2 with a constant geothermal é
Bowen Basin gradient of 44 °C km . (Shibaoka, £
: Bennett and Gould 1973). In (b) the @
SUbS|denCe 0’073 black dots are vitrinite reflectance <
mm/r()k measurements and the solid line is
. , the curve for the A2 tectonic model
Geoterm|cky (full details of parameter values in
Middleton 1982). 5

gradient: 44 °C/km



Nelinearni prubéh
hloukové
distribuce
odraznosti
vitrinitu

Krivky odraznosti
vitrinitu ve vrtech

Alsasko, rynsky
prolom

Predoligocenni
vysoky gradient =
vysoky tepelny tok

Postoligocenni
nizky gradient =
nizky tepelny tok

Fig. 9.8 Reflectance profiles from a
number of wells in the Alsace
region of the Rhine Graben. In
general, there are pronounced
dog-legs in the R, profiles at about
the age of the Eocene-Oligocene
boundary. The post-Oligocene
history shows a near ‘normal’
gradient, whereas the pre-Oligocene
sediments have high reflectance
values in relation to their depth of
burial (after Teichmuller 1970).
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|zolinie odraznosti
vitrinitu
(paleoizotermy)

Krizeni s
tektonickymi
strukturami

Posttektonické
prohrati

Fig. 9.20. Combined isoreflectance
and structure map of the Woodford
Shale in the Anadarko Basin of
Oklahoma (after Cardott and
Lambert 1985). Vitrinite reflectance
values in general increase with
depth of burial, but strong
cross-cutting relationships of the
isoreflectance and structure

contours suggest that there may
have been local thermal

disturbances superimposed on the
burial-related maturation.
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Fault

Structural contour top of Woodford Shale;
contour interval 1000 ft (apprex. 300 m)
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Vliv generovaného interniho tepla v sedimentarnim profilu H a tepelné
vodivosti K na hloubkovou distribuci teplot (T(y))

Depth (km)

Temperature ("C)

200 400
1
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Fig. 9.3. The influence of internal
heat generation in the sedimentary
column H and the thermal
conductivity K on the distribution
of temperature with depth (71(y)).
The different curves were calculated
by Rybach (1986) for a thickness of
the heat-producing zone of 6 km, a
basal heat flux ¢, of 70 mW m~?
and a surface temperature 7, of
10 °C.



Viiv prLthOkU (a) Heat flow above Palaeozoic
podzemni vody na A9 17 15 18 -1

povrchovy tepelny
tok v sedimentarni 54
panvi ©
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to ku Fig. 9.4. Effects of groundwater flow on surface heat flows in sedimentary basins. (a) Heat flow map of southern

and central Alberta, Canada based on estimated heat flow values (in mW m ~2) above the top of the Palaeozoic.
These values are based on 33 653 bottom hole temperature data from 18 711 wells analysed by Majorowicz et al.
(1984). The heat flows are strongly influenced by groundwater flow from recharge areas in structurally high regions
such as the Sweet Grass Arch (inset), to discharge areas. (b) Pattern of recharge and discharge in the Great Plains,
USA in the Mississippian (Lower Carboniferous) Madison Limestone aquifer (after Downey 1984).
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