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Obr. 50. Zikladni ¢lenéni svrchniho paleozoika v Zapadni Evropé, oddéleni mississip a pennsylvan se vy¢lenujf

na severoamerickém kontinentu.




The base of the Carboniferous System is defined at the first appearance of
the conodont Siphonodella sulcata within the evolutionary lineage from
Siphonodella praesulcata to Siphonodella sulcata. The Devonian-

Carboniferous Boundary is at the base of Bed 89 in Trench E' at La Serre,
France

The base of the Permian System is defined at the first occurrence of
"isolated-nodular” morphotype of Streptognathodus "wabaunsensis”

conodont chronocline, 27 m above the base of Bed 19, Aidaralash Creek,
northern Kazakhstan.

The base of the Triassic System is defined at the first occurrence of the
conodont species Hindeodus parvus in the evolutionary lineage Hindeodus
latidentatus - Hindeodus parvus - Isarcicella isarcica at the base of Bed 27c
in the Meishan Section, Changxing County, Zhejiang Province, China.

Radiometric Dating:

Zircon dating of the "White Clay" (Bed 25) using SHRIMP (ion-microprobe) dating gave a
206pB/238 age of 251.2 + 3.4 Ma.

Using incremental-heating 4°Ar/3°Ar analysis of sanidine grains (100-150pu across) extracted
from the "White Clay", obtained a plateau date of 249.91 + 0.15 Ma




Typical Carboniferous facies

1) Uhelny vapenec (Kohlenkalk) — calcareous lagae, crinoids,
foraminifers, brachipods, bryozoans and corals

2) Culm facies — Carboniferous flysch, alternation of
greywackes, conglomerates and shales

3) Coal — paralic and limnic basins. Paralic basins - cyclothems




Typical Carboniferous facies

1) Uhelny vapenec (Kohlenkalk) — calcareous lagae, crinoids,
foraminifers, brachipods, bryozoans and corals

2) Culm facies — Carboniferous flysch, alternation of
greywackes, conglomerates and shales

3) Coal — paralic and limnic basins. Paralic basins - cyclothems




* Coal deposits

- lowland swamps

- wetlands more
extensive 1n Late
Carboniferous




Coals

* Coal deposits accumulate 1n
swampy areas

— full of organic carbon from
plants and animals

— need abundant vegetation and
reducing environment

 vegetation dies, and 1s buried and
preserved instead of oxidized and
decayed

e compacts to form peat (10:1 ratio)

* continued burial and
metamorphism produces coal

Florida Everglades,
Louisiana swamps
are modern analogs







A Coal Measure Cyclothem
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Obr. 51. Hlavn{ udalosti svrchniho paleozoika. Upraveno podle Stanley (1992).




Paleogeography and tectonic processes
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Pennsylvanian Tectonics and Climate
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Permo-Carboniferous Glaciation I

“» Carboniferous to Permian period (350-280 million years ago)
“» Most severe glaciation of the entire Phanerozoic

» Last glaciation prior o Quaternary ice ages

<+ Gondwanaland ice sheet centered on Antarctica and S. Africa
< Maximum - 2X area of the current Antarctic ice sheet

» Gondwanaland ice sheet believed to radially flow from a cap
(over South America, southern Australia, and southern India)

<+ Dwyka series in Africa
- 600 meter thick tillites o .
- Underlying bedrock, grooves, striations and polish
- Indicafes™paleo flow directions

» Evidence for the breakup of Pangea

“» No evidence of glaciation in the northern continents - Duh?




Permo-Carboniferous Glaciation IT

Deep striations cut in soft sand by ice sheets during the Permian-
Carboniferous Gondwana glaciation, Oorlogskloof, South Africa
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late Permian continent configuration paleogeography after Scotese (1997)




D iceralted boukders

E} Evaporiie ceposits

= Coral el

Palaeoenvironmental

indicators show what the
climate of Pangea was like.
Australia for example was
antarctic-like with glaciers
dominating its southern parts.
Coral reefs indicate warm
tropical waters, evaporites
such as gypsum, indicate hot
dry desert conditions

® o ([

L2, Desen dune deposits EITm{:ir.:s

\ Diraction of ice movamant El Glacier




.”....lu._-m.. ...... .... 5

e ....”..“.




AFRICA

Fossil evidence
of the Triassic
land raptile

Lystrosaurys.

SOUTH AMERICA

V«{%{?ﬁsﬂ remaing of
Cynognathus,

Fossils of the fern
Triassic land raptila Glossoptens found
approximataly Fossil remains of the in all of the southem
3mlong. frashwatar reptile continents, show that

Mesgsauns they were once joined.




Phases of Variscan orogeny

1)
2)
3)
4)
S)
6)

Breton phase — D-C boundary

Sudetic phase Vidsean/Namurian boundary

Krus$né Hory phase — late namurian —early Westphalian
Astur phase — westphalian/Stephanian boundary

Saal phase — Permian

Falc phase — P/Tr boundary
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Symetrické usporadani

Zapadni Evropa

Severni kridlo

Dorzalni pasmo

Jizni kridlo

Subvariska zona

Avalonie
Rhenohercynsko-jihoportugalska
zZ0na
Sasko-durynska zona Armorické spolecenstvo
Moldanubicka zona teranu
Vendésko-limousinska zéna
Iberie

Cevenska zéna (Iberia)




Obr. 278. Zjednodusena schéma variscid strednej a zdpadnej Eur6py (upravené podla F. PATOCKU, 1980
s pouZitim dat M. G. RUTTENA, 1969, C. F. BURRETTA a J. GRIFFITHSA, 1977 a W. KREBSA, 1975).

I moidanubicka zéna a jej ekvivalenty, II sasko-durynska zéna a jej ekvivalenty, III rhenohercynska zéna a jej ekvivalenty,
I'V subvariska zéna a predpolie variského orogénu. Na povrch vystupujtce Casti variscid (vybodkované) : I juzné Irsko, 2 Cornwall,
3 armoricky masiv, 4 brabantsky masiv, 5§ Ardeny a Porynska bridli¢nata vrchovina, 6 Massif Central, 7 Vogézy, 8 Schwarzwald,
9 Odenwald a Spessart, 10 Harz, 11 ¢esky masiv, 12 Sviitokrizske hory. Sipky znazorfiuja prevladajuacu vergenciu vras

2




Severni kridlo variscid - charakteristika

Subvariska zona — dozvuky variského vrasnéni — slabé zvrasnéné nebo nezvrasnéné sedimenty.
Molasové paralické uhelné panve

Rhenohercynské-jihoportugalska zona — extenzni zéna variské kolize(devon-spod. karbon),
Okraj Avalonie, brunovistulika, prikrovova stavba, bimodalni vulkanismus, slaba
nebo Zzadna metamorfoza, typicky flyS (kulm)

Stredonémecky krystalinicky prah — metamorfované svrchnoproterozoické-ordovické
sedimenty a vulkanity, piivodné okraj terany saxothuringika. Od rhenohercynské
zony oddélen fylitovou zonou

Sasko-durynska zona — znaéna metamorféza a grantizace slabnouci k severu, postorogenni
plutonismus. Pocatek vrasnéni v spodnim devou, hlavni faze spodni karbon.
Divoly flyS — sv. devon-sp, karbon. Teran saxothuringika oddélen od moldanubika
ebersdorfskou linii (litoméricky zlom), marianskolazensky ultrabazicky komplex

Moldanubicka zona — intenzivni metamorféza, granitizace a plutonismus. Hlavné devonské faze
vrasnéni. Moldanubicky teran (Perunica). Na zapadé€ a severu tekton. Kontakt s
saxothurungikem, na jihu s perimediterannim teranem a na vychodé s brunovistulikem
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Geologicky vyvoj variskych perigondwanskych teranu ve svrchnim
karbonu a permu
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Appalachian orogeny

 Final suture of Laurasia and Gondwanaland
— Himalayan style continent-continent collision
— folding and thrusting from Novia Scotia to Florida
— persisted into the Permian

— Abundant Permian non-marine red beds attest to major period of
uplift and erosion

— Included belts

e Marathon, Ouachita, Blue Ridge, PA Ridge and Valley, New
England/Maritime

e Overprinted Ca




Tectonic Evolution of the Appalachians

Grenville orogeny

Rodinia

Post-Cirenville rifting

Faleoznic passivie margin

lapetus

Lonvergence of

Avalonin
Avalonia

Future Valley and

Ridge. Alleghenian orogeny

Pangea

Mesoeoic rifting

Present day

Atlantic

FIGURE 11.36 lhese idealized stages show the tectonic evolution of the Appalachian
Mountains. Note that while mountains do form during rifting events, geologists
traditiopally assievn names only to the collisional ar convereenl #vents




Late Paleozoic flora




Green Algae — rock forming importance of Dasycladaceae and Codiaceae
Koninckopora - Visean

Red algae - Corallinacea

Plankton — Acritarcha, retreat




FIGURE 12-2 Geologic
distribution and abundances of
phytoplankton.  (From Tappan,

700 650 600 550 500 450 400 350 300’250 200 150 100 50 0 H,, and Lecblich, A. R., Jr: 1970. Geol,
Time Soc. Am. Special Paper 127:257.




Higher plants

Carboniferous jungle — different floors. Highest one lycophyts Sigillaria and

Lepidodendron, less cordaites
Lower floor — ferns, seed ferns and sphenophyts (Calamites)

More XGI‘OphﬂOUS — forests formed by seed plants — seed ferns, cordaites, conifers

Early/late Permian -boundary between Paleophytikum and Mesophytikum

Upper Permian — dominance of gymnosperms, especially conifers (Voltziales)

Different floristic bioprovincies. Glaciated Gondwana — glossopteris flora, similar
cold adapted flora in Siberian province
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Lycophyta




Sigillaria







‘Carboniferous

swamp forest
of lycophytes




Sphenophyta







higher ground: ‘sphenopsids’

Calamities
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Gymnosperms

* In the case of the :
* or flowerless seed plants,

— these are male and female cones

* The male cone produces pollen,
— which contains the sperm
— and has a waxy coating to prevent desiccation,
— while the egg,

 or embryonic seed,
— 1s contained in the female cone

o After fertilization,

— the seed then develops into a mature, cone-bearing
plant




Tree ferns behind giant
rushes in Devonian
scene

1

Glossopteris 1s a Permian tree-
fern important in the plate
tectonic story.




Glossopteris

* Another important non-swamp dweller was
Glossopteris, the famous plant so abundant 1n
Gondwana,

— whose distribution 1s cited as critical evidence that
the continents have moved through time




ke plants: seed ferns

at the feet of treeli

| Gloptei




Glossopteris Flora — Permian Ferns

Glossopteris, una cardaitale

// :

90°

60°

30°W 0° 30°E  60° 90° 120°  150°  180°

BIOGEOGRAPHY, Third Edition, Box 8.1, Figure B (Part 1) © 2006 Sinauer Associates, Inc.
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'\ Pennsylvanian
seeds of seed
fern Neuronpfteris

' .ﬂtﬁ'rumm

[.nbw

Stenodictya

Seed ferns (Pteridosperms) are primitive
seed bearing gymnosperms.

Carboniferous (carbon-bearing period)
coal swamp plants included tree ferns,
seed ferns and true ferns.




Gymnosperms Free to Migrate

* In this way the need for a moist environment

— for the gametophyte generation is solved

» The significance of this development
* 1s that seed plants,

* like reptiles,
— were no longer restricted
— to wet areas
— but were free to migrate

— 1nto previously unoccupied dry environments




Plants on Higher and Drier Ground

» Not all plants were restricted to the coal-
forming swamps

* Among those plants occupying higher and drier
ground were some of the cordaites,

— a group of tall gymnosperm trees
— that grew up to 50 m

— and probably formed vast forests




1.

Cordaites were tall trees (up to 100 ft). Seed plants. A type of gymnosperm.

Cordaites |




A Cordaite Forest

* A cordaite
forest from
the Late
Carboniferous

* Cordaites
were a group
of
gymnosperm
trees that

grew up to
50 m tall




Climatic and Geologic Changes

» The floras that were abundant
— during the Pennsylvanian
— persisted 1nto the Permian,
— but due to climatic and

— geologic changes resulting from tectonic events,

— they declined 1n abundance and importance

* By the end of the Permian,
— the cordaites became extinct,
— while the lycopsids and sphenopsids

— were reduced to mostly small, creeping forms
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Gymnosperms Diversified

* Those gymnosperms

— with lifestyles more suited to the warmer and drier
Permian climates

— diversified and came to dominate the Permian,
Triassic, and Jurassic landscapes
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Fusulinid
foraminifera: Parafu
sulina sp.. Scale bar
is 1 cm long.

Foraminifers — endothyrid type dominate in lower
Carboniferous, since upper Carboniferous domintae
fusulinids.

They were quite large — several cm. Rock-forming —
fusulinid limestones.

A natural cross-section of a silicified Stewartina sp.
fusulinid from the Lower Permian Owens Valley
Group, Inyo County, California; an iron mineral
called limonite has created the reddish-brown
coloration of the specimen, which here reveals in
splendid fashion







BraChIOpOdS — decreasing diversity, Strophomenida, Productus, Gigantoproductus in Carboniferous,
in Permian also thick-walled forms as Horridonia and Richthofenia

Cenoz

- 20 genera

Strophomenida Pentamerida  Rhychonellida Spiriferida Terebratulida




Crinoids — rock-forming significance, increasing representtaion of echinoids.

" Pachylocrinus
; ' ‘aequalis (Hall)

. Early

Mlss1331pp1an

¥ Crawfordsville,
iy Montgomery Co.,
oy *Indlana

I
.-'
‘|

Recrystalhzed




Cyathocrinites
multibrachiatus
(Lyon &
Casseday)

Early
Mississippian,
Crawfordsville,
Montgomery Co.,
Indiana

* Recrystallized




Echinodermata - Crinoidea
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Tabulate and rugose corals - Kohlenkalk

Bryozoans-rock-forming significance




Reconstructed Upper Mississippian carbonate bottom at
Crawford, Indiana. Invertebrate animals shown

include:
l"-‘H ‘p




Molluscs

Ammonites with goniatite type of suture, in upper Permian ceratite type of suture.

Coniatitic S '_”\J Ceratitic mhﬂ“T Ammonitic. )

af aperture

Goniatites




Bivalves — in carboniferous widepread epiplanctonic groups as Posidonia becheri

Colonization of fresh-water environment —
Carbonicola

Carbonicola acuta
Laura. Westfalien A. Coll. Bart Vernooy.
Length 2.5 cms




GaStTOPOdS — first representtaives of Pulmonata

Trilobites — decreasing representation, Proetida




Radiation of terrestrial arthropods, especially of insects. Winged
Insects, Paleoptera. Also Neoptera, in Permian dominate.
Arthopleura.




Meganuera monyi - order Meganisoptera
a giant dragonfly (order )
wingspan 60 to 75 cm

of Europe.
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to katydid




, Scaliognathus, Gnathodus

important. Suiphonodella

predominately Chondrostei, Paleoniscida, Paleoniscus

Sharks — also rivers and lakes. Xenacanthus, Ctenacanthus.
11

Conodonts — stratigraphically i

Actinopteryg




Amphlbla — Stegocephali. Carboniferous — age of amphibians.

Discosauriscus
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CARBONIFEROUS—-PERMIAN | TRIASSIC

DIPNOANS

DEVONIAN

Australian
Lungfish
L@BE-F
ISH
CROSS

Dipterus

1

Ichthyostega

Osteolepis

FIGURE 10-78 The evolution
of amphibians and lobe-fin fishes.
(From Colbert, E. H., and Morales, M. 1991.
Evolution of the Vertebrates, 4th ed. New
York: John Wiley. With permission of the
author, artist Lois Darling, and the
publisher.)




Reptiles

Cotylosauria (anapsids) - first reptiles in middle Carboniferous)

Pelycosauria mammal-like reptiles, synapsids, first in
Late Carboniferous, extinct in middle Permian

Therapsida — synapsids, predecessors of mammals, middle Triassic

Notosaurs (euryapsids), Tcecodonts (diapsids) — late Permian




Anapsid

FIGURE 12-23 Reptile skull types. (p, parietal; sq,
squamosal; po, postorbital; j, jugal; gj, quadratojugal.)
@ In which of the above groups are dinosaurs placed?




DIAPSIDA

m“chocephaﬁans
13

b CRETACEOUS
| CENOZOIC | - JURASSIC

FIGURE 12-24 Evolution and general classification of reptiles. In this classification,
reptiles are grouped according to the position and number of temporal openings in the skull
(see Fig 12-23). Anapsida have no openings. Diapsida have two, Synapsida have one
located low on the skull, and Euryapsida have one located higher on the skull. Rhynchoce-
phalians, crocodilians, pterosaurs, saurischians, ornithischians, and thecodonts are diapsids
of the superorder Archosauria. (From Colbert, E. H. 1969. Evolution of the Vertebrates. New York: Jobn
Wiley & Sons.)
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One of the Oldest Known Reptiles

« Reconstruction and skeleton of Hylonomus lyelli from the
Pennsylvanian Period

PRI R RABIA SN — Hylonomus lyelli
558 aﬂ”ff?{({({( ( was about 30 cm
] b‘s‘fﬁ?}}' ” [é,, 5 a e N long
B v S







Oldest known reptile -
Mississippian

Westlothiana and anthracosaurs

West/otiranatop) may be the oldest known probableamniote.
Ceplalerperon(bottom ) 15 an anthracosaur, another amniote relative.




Evolution of the Reptiles -
The Land is Conquered

m The earliest reptiles are from the Lower
Pennsylvanian

— called protorothyrids, they were
small, agile, and fed on grubs and
insects

— success due to advanced
reproductive methods, more

speed

—~ Pelycosaurs evolved from this :
group and were the dominant -
reptile by Permian

P T, L, e,
(211395 WNiadsworth Publishing Company/ (TP
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Pelycosaurs were abundant at low latitudes 1n early
Permian, but disappeared by mid-Permian.

At low latitudes, Diapsid Reptiles became important.

At high latitudes, Therapsids (descendants of pelycosaurs)
and Anapsid Reptiles became important.




Pelycosaurs

Pelycosaur vs. Therapsid Jaw

pe | ycosaur Although Therapsids

resemble pelycosaurs in
some ways, they had a
much larger hole in the
outer skull armor,
flange on lower jaw for
muscle attachment, and
shorter heads. All these
differences from
pelycosaurs are
related to more
elaborate chewing. In
addition, some had a
more upright posture.




Paleozoic Reptile Evolution

7R

Therapsids | | Thecodontians
(Permian-Triassic) \ (Permian-Triassic)

* Evolutionary
relationship among
the Paleozoic
reptiles

wh ' AT i
AL e ' S
= - .{- i y |
Pelycosaurs
(Pennsylvanian—Permian)

Protorothyrids
© 2001 Brooks/Cole Publishing/ITP (Pennsylvanian—Permian)




FIGURE 10-82 Mounted skeleton of the
Permian “sail-reptile” Dimetrodon gigas. The
tail was actually somewhat longer. (Courtesy
of the U. S. National Museum of Natural History,

Smithsonian Institution.)
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FIGURE 10-81 Permian reptiles. The sailback reptiles with the larger skulls and teeth are
Dimetrodon. Edaphosaurus, a herbivorous form, is just right of center. The smaller lizardlike reptiles are
Casea. (Courtesy of The Field Museum of Natural History, Chicago; painting by C. R. Knight; Negative No. CK45T.) @@ Is it
likely that predator and prey would peacefully congregate as depicted in this mural?




Therapsids

Der Sauroctonus wies bereits ein méachtiges, differenziertes Gebiss auf und wird eines der groB3en Raubtiere des
Perms gewesen sein.(Werk des Kiinstlers Z. Burian)




Evolution of the Reptiles -
The Land is Conquered

m Therapsids succeeded the pelycosaurs during the
Permian

— mammal-like reptiles that quickly evolved into
herbivorous and carnivorous forms

— they displayed fewer bones in the skull,
enlargement of the lower jawbone, differentiation
of the teeth, and a more vertical position of their
legs

— therapsids may have been endothermic, which

may help explain their distribution over wide
latitudes

m The Permian extinction eliminated about 66% of all
amphibians and reptiles




The bear-sized Inostrancevia alexandri assaulting the ox-sized armoured herbivore
Scutosaurus karpinski




Moschops




Early Mammal

dentary
Therapmd
A —
squamnsai } e TN
‘\,\\1‘-_ ..-FJ L-\. _.'I ‘\'1«.\
. i S i £
jaw ) m,___________q,l ‘
joints "=y

dentary

Felycnsaur
squamosal 7" o __

..ﬂ-
--"‘-I xq_ r T
.r r = -

| - “\.h
quadrate o\

jaw
joint” |
articular  apgular dentary

Figure 1.4.1. The jaws of three vertebrates—
mammal, therapsid, and pelycosaur. A side view of
three idealized skulls of mammals, therapsids (mammal-
like reptiles), and pelycosaurs (early reptiles). The figure
shows the differences between mammal and reptilian jaws
and ear-bone structures. The jaw joint is shown as a large
black dot, the quadrate (mammalian anvil or incus) is in
turquoise, the articular (mammalian hammer or malleus)
is in yellow, and the angular (mammalian tympanic
annulus) is in pink. Note how, in the reptile, the jaw joint
is formed between the blue quadrate and the yellow
articular (with the pink angular close by), and how, in the
mammal, the jaw joint is formed between the squamosal
above and the dentary below. In the reptile, the squamosal
is just above and contacting the quadrate. Advanced
therapsids have two jaw joints: a reptile-like joint and a
mammal-like joint (Figure based on Kardong 2002, pp.
275, reproduced with permission from the publisher,
Copyright © 2002 McGraw-Hill
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Diapsida

A great small many insectivorous lizard-like reptiles, like Paliguana, inhabited the landscape, most of
which, curiously, had hind-legs much longer than their forelimbs (clearly an adaptation to bipedal locomotion,
like the frill-necked lizard of Australia today)




[.ate Permian Extinctions

* Biggest mass extinction of all time

JUST PLAIN GONE

ofusulinids
‘rugose coral
stabulate coral
trilobites

HIT PRETTY HARD

*20% therapsids
eammonoids
brachiopods
*bryozoans

Stalked echinoderms
*bivalves

egastropod mollusks




Number of genera

4000 —
3000 —
2000 —
1000 — ke Crataraoi FIGU BE 1 q -84 Div_ersity
of marine animals compiled
«' from a database recording first
- . t - 15 and last occurrences of more
Late Ordovician i Late Triassic than 34,000 genera. The graph
0 Lale Bovonign Late Permian depicts five major episodes of
€ |ORD |S [DEV| CARB | P |TR| JUR | CRET | TERT | massextinction (global
| | | I extinctions over a short span of

logic time). (A
500 400 300 200 100 o ECOlOmic Ome). | (Adapsed from
Sepkoski, J. |., Jr. 1994. Geotimes

Geologic time in millions of years 39(3):15-17.)




Just before the Mesozoic:
Permian\Triassic Extinctions

Many major S48

extinct
a) Trilobites
b) Rugose an 9 ulate corals

c) Blastoids -

d) Fusulinid foraminifera

e) Brachiopods and cringids____
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The end-Permian mass extinction event ranks as the most devastating to terrestrial
faunas 1n the history of the Earth. Marking the end of the great Palacozoic era, it saw to
the death of about 95% of marine species and 70% of land families. This is the most
extensive extinction event ever, the closest that metazoans have come to being
exterminated in the 600 million years since they first evolved in the Cambrian radiation.

Figure 4 Showing the effect of the P-T extinction, indicated with an arrow, upon
the diversification levels of two orgarismal groups(Benton, 19937
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*Many theories of what caused this extinction have been
considered:

nortn and soutn poic giacicr €vents,

— volcanic eruptions occurring in Siberia, flood basalts
released huge amounts of CO,

— The formation of super-continent Pangaea, which possibly
caused a reduction of space on the continental shelf. (However,
this last theory is especially subject to criticism, because this
occurred before the mass extinction did.)

— Drop in oxygen content of surface ocean water




Which theory 1s correct?

Maybe all of them.
Maybe none of them.

They all deal with climate changes and changes
in the total area that animals could live.

Most likely...a combination of all of them.







Geological development




Cordilleran Mobile Belt

*The cordillera was a passive continental margin for much of the Proterozoic and Paleozoic
—collision with an island arc took place in Early Mississippian time - the Antler orogeny
—sediments eroded from these highlands were deposited to the east

Volcanic arc
Antlar Highlands

Caontirantal shelf

Cantinantal crust




Ouachita Mobile Belt

Extends from the subsurface of Mississippi to Texas

— the Ouachita Mts. and Marathon Mts. are exposed areas of shallow-
water clastic and carbonate sediments deformed by compressive forces
generated as Gondwana collided with Laurasia

(@)

o .
Cantinantal Huﬁh‘_h Oceanic crust

(b}
Narth America

-~
o
=

Continental crust

Oceanic crust
(c}

Harth .d: Gondwana

121 1393 Wiadsworth Publishing Company ! I TR




* Ouchita orogeny

Front Range and Uncompagre uplifts
= ‘Ancestral Rocky Mountains’
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FANTHALASSA

UPPER PENNSYLVANIAN GEOQLOGICAL
PERIOD - 300 MILLION YEARS AGO

Variscides

PALEOTETHYS
OCEANM
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Obr. 278. Zjednodusena schéma variscid strednej a zdpadnej Eur6py (upravené podla F. PATOCKU, 1980
s pouZitim dat M. G. RUTTENA, 1969, C. F. BURRETTA a J. GRIFFITHSA, 1977 a W. KREBSA, 1975).

I moidanubicka zéna a jej ekvivalenty, II sasko-durynska zéna a jej ekvivalenty, III rhenohercynska zéna a jej ekvivalenty,
I'V subvariska zéna a predpolie variského orogénu. Na povrch vystupujtce Casti variscid (vybodkované) : I juzné Irsko, 2 Cornwall,
3 armoricky masiv, 4 brabantsky masiv, 5§ Ardeny a Porynska bridli¢nata vrchovina, 6 Massif Central, 7 Vogézy, 8 Schwarzwald,
9 Odenwald a Spessart, 10 Harz, 11 ¢esky masiv, 12 Sviitokrizske hory. Sipky znazorfiuja prevladajuacu vergenciu vras

2




Subvariska zona — dozvuky variského vrasnéni — slabé zvrasnéné nebo nezvrasnéné sedimenty.
Molasové paralické uhelné panve

1) Rhenohercynské-jihoportugalska zona — extenzni zéna variské kolize(devon-spod. karbon),
Okraj Avalonie, brunovistulika, prikrovova stavba, bimodalni vulkanismus, slaba
nebo Zzadna metamorfoza, typicky flyS (kulm)

Stredonémecky krystalinicky prah — metamorfované svrechnoproterozoické-ordovické
sedimenty a vulkanity, pivodné okraj terany sxothuringika. Od rhenohercynské
zony oddélen fylitovou zonou

2) Sasko-durynska zona - zna¢na metamorféza a grantizace slabnouci k severu, postorogenni
plutonismus. Pocatek vrasnéni v spodnim devou, hlavni faze spodni karbon.
Divoly flyS — devon-sp, katbon. Teran saxothuringika oddélen od moldanubika
ebersdorfskou linii (litoméricky zlom), marianskolazensky ultrabazicky komplex

3) Moldanubicka zona — intenzivni metamorféza, granitizace a plutonismus. Hlavné devonské faze
vrasnéni. Moldanubicky teran (Perunica). Na zapadé a severu tekton. Kontakt s
saxothurungikem, na jihu s perimediterannim teranem a na vychodé s brunovistulikem
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East European Craton

———
TESZ

East Avalonian

Peri-mediterranean

( Noric-Bosnian

Intraalpine group
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Moravosilesian region
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V moravskoslezské oblasti se setkavame predevsim s faciemi rhenohercynské a
subvariské zony.

Drahanska vrchovina

V drahanském vyvoji a ludmirovskén vyvoji se v tournai podobn¢ jako ve famenu
lateraln€ zastupuji facie s prevahou kalciturbiditt (jesenecké vapence) a facie bridlic s
radiolarity (ponikevskeé souvrstvi). Ve vyvoji Moravského krasu v tournai pokracuje
ukladani facii hadsko-ri¢skych a kitinskych vapencii. Zatimco u hadsko-tfic¢skych
vapencu se jedna v drtivé vétsing o kalciturbidity, kitinskeé vapence jsou reprezentovany
jednak polohami kalovych kalciturbiditii, jednak hemipelagickymi faciemi svrchni ¢asti
kontinentalniho svahu. Ve svrchnim tournai aZ stfednim visé€ se hadsko-ti¢ské vapence
lateralné zastupuji s brezinskym souvrstvim, jehoZ ploSné rozsifeni smérem do nadlozi
nartsta. Biezinské souvrstvi je tvofeno biidlicemi a prachovci misty jsou hojne vlozky
kalciturbidita i arenitickych siliciklastickych turbiditii (droby, vapnité piskovce, arkozy).
V biidlicich je misty bohata trilobitova fauna. Bfezinské souvrstvi reprezentuje prechod

k flySové kulmské sedimentaci.
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Obr. 61. Litostratigrafické ¢lenéni sedimenti kulmské facie moravskoslezské oblasti, upraveno podle riiznych zdrojt.
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Kulmska flySova sedimentace v oblastech s drahanskym a ludmirovskym
vyvojem nastupuje pobliz hranice tournai a vis¢ a je reprezentovana
protivanovskym souvrstvim. Na bazi vystupuji bridlice velenovske, vyse potom
brodecké droby. Stratigraficky vyznamné jsou polohy kofeneckého slepence
obsahujici valouny vapenct vyssiho spodniho visé. Nad nim se ukladaji facie
rozstanského souvrstvi (sttedni az po€atek svrchniho vis€) reprezentovane jemné
rytmickym flySem.

Nejmladsi kulmskou jednotkou v nadloZzi rozstanského souvrstvi reprezentuje
souvrstvi myslejovické. Je tvoreno slepenci, drobami a bridlicemi. Vyznamné jsou
zeyjména materialové odlisSné polohy slepencu racickych (starsi) a lule¢skych
(mladsi). Biidlice obsahuji faunu nejvysiho visé (Archegonus moravicus, Posidonia
becheri, zastupci rodu Gonitatites). Za distalni ekvivalent myslejovického souvrstvi
jsou povazovany sedimenty moravického a hradecko-kyjovického souvrstvi v
Nizkém Jeseniku.
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Nizky Jesenik

V nejnizsi Casti spodniho karbonu pokracuje predflySova sedimentace ukladanim
panevnich facii ponikevského souvrstvi, které se lateralné zastupuji v blizkosti
vulkanickych elevaci s jeseneckymi vapenci. Ve vychodnéjSich oblastech se vlivy
karbonatovée platformy projevuji v ukladani facii liSenského souvrstvi.

Kulmska flySova sedimentace vykazuje vyraznou polaritu. Nejstarsi dilCi panve
vznikaly na zapadé€ a jejich depocentra se spolu se sunutim pfikrovUu pfesouvala
postupné na vychod a vytlaCovala karbonatovou sedimentaci. Nejstarsi
and€lskohorské souvrstvi je tvofeno rytmicky zvrstvenymi drobami a prachovci s
polohami slepencu. Ve spodni Casti se lateraln€ zastupuje s ponikevskym
souvrstvim, ve vyssi Casti potom se souvrstvim hornobeneSovskym, do kterého
prechazi i do nadlozi. HornobeneSovské souvrstvi je tvofeno pfevazne drobami a
predstavuje Casovy 1 materialovy ekvivalent protivanovského souvrstvi. V
moravickém souvrstvi prevazuji distalni turbidity reprezentované prachovci a
bridlicemi. Jedna se o distalnejsi ekvivalenty myslejovického souvrstvi se kterym je
poji obdobna zdrojova oblast. Ve spodni Casti hradecko-kyjovického souvrstvi
pfevaZuji droby s polohami slepencU na bazi, do nadloZi pfechéazeji do prachovito-
jilovitych rytmitu. Vyvoj tohoto souvrstvi tak zachycuje pfechod od flySové do
molasove sedimentace.
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Hornoslezska panev

Z Polska na naSe tizemi zasahuje pouze jithozapadni vybézek. Piedstavuje
molasovou panev v piedpoli orogénu, tj. v subvariské zoné. Ve spodni Casti se
uloZilo ostravské souvrstvi (namur A-B) v paralickém vyvoji s cyklotémami. Je
tvoreno predevsim drobovymi nebo arkozovymi karbonatickymi piskovci,
prachovci a jilovcl o mocnosti pies 2,5 km obsahuje asi 100 tézitelnych hlavnich
sloji. Nadlozni karvinské souvrstvi se ukladalo v limnickém prosttedi. Obsahuje
mensi pocet sloji, které vSak dosahuji vétSich mocnosti.
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Permocarboniferous basins

Coal-bearing, mainly from Westhlaian to Stephanian

Most complete sedimentation - Innersudetic Basin, communication with PodkrkonosSe Basin.

Central Bohemian basins

Boskovice furrow. Halfgraben basin, originated during the gravitational colaps of the Variscan orogne.
From MésteCko Trnavka to Moravsky Krumlov. Stephanian — lower Permian. Carboniferous Balin Conglomerates
at the western margin. Permina Rokytna conglomerates at the eastern margin.




2.4.2.4.4. PERMOKARBONSKE PANVE

Patii sem panve, kter¢ vznikly vétSinou aZ po hlavnich fazich variskeho
vrasnéni ve svrchnim karbonu, a jejichZ limnickeé sedimenty nebyly vyraznéji
tektonicky postizeny. Od stephanu se v nich za¢ina vyskytovat v hojné;Si mire
cervene zbarveni, kter¢ ukazuje postupné zvySovani aridity, tak typické pozdéji
stanoveni presnych hranic, proto se Casto pouziva pro sedimentarni vyplni
téchto panvi souborny nazev permokarbon.

Hlavni vyskyt panvi je soustfedén do obloukovitého prostoru mezi
moldanubickou a saskodurynskou zonou (oblast sttedoCeského
permokarbonu a oblast v severovychodni ¢asti Ceského masivu -
podkrkonosska a dolnoslezska panev). Dalsi mladsi panve vznikaly podél
tektonickych linii severojizniho sméru a patii k nim blanickd a boskovicka
brazda. Nejuplnéji je sedimentace permokarbonu vyvinuta v dolnoslezské
panvi, kde prechazi az do triasu. Podkrkonosska panev ma do urcite¢ miry
obdobny vyvoj jako sousedni dolnoslezska panev a komunikovala 1 se

sttedoCeskymi panvemi.
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Rozsiteni limnickych permokarbonskych pédnvi (podle pfijatého ndvrhu Cs. stratigrafické komise, V. Holub —
1992). 1 — sudetské mladsi paleozoikum: la — Ceskokamenicka pdnev. Ib — mnichovohradidtska panev,
onosskd panev (s vyskytem na Zviciné — l¢; a Honckem hibetu — lca), Id — vnitrosudetska panev (Ceska
yskyty permu v Orlickych hordch, If — orlickd panev: 2 — stfedoceské a zipadoceske mladsi paleozoikum:
ki pdney, 2b — mangtinska pianev, 2c¢ — radnicka panev. 2d — Zihelskd paney, 2e — kladensko-rakovnicka
— méensko-roudnickd panev. 2g — vyskyt u Kravaf; 3 — krusnohorské mladsi paleozoikum: vyskyt u Brando-
‘mezi Moldavou a Teplicemi ( 3b) 4 — mladsi paleozoikum brizd: 4a — blanickd brizda, 4a; — severni dil (Ces-
sko), 4az — stfedni dil, (4ax — vyskyty na VlaSimsku, 4a> — vyskyty u Tabora.) 4as — jiZzni dil (u Ceskych Budé-
4b - boskovicka brizda (4b; — vyskyt u Miroslavi), 4¢ — jihlavska brazda (d¢) — vyskyt v Zeleznych hordch. 4ca
u Hradce Krilové).
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and sperm no longer took place Outbldﬁ of
tissue of the parental sporophyte. In seed
plants (gymnosperms and angiosperms) the
microspores develop into haploid pollen
grains and megaspores into female sex cells
in ovules while still attached to the plant

(sporophyte; for example male and female
cones of conifers). Pollen released to wind
and larger cones in which ovules are

lie conifer 105511 fertilized by pollen. 'm-.
8im Permian of ‘

Petrified conifer logs from Late
Triassic Chinle Fm., Petrified Forest -
National Monument, Arizona '




~ ARMORICAN BASIN




_H-'-'-Iﬁ‘ =
m_n o T
g i




'EF
I"-IIF"_‘I'.

m,.ﬂm







T LATEE

Mo e Ll (.

T




EIFEL DINANT SYMCLINE NAMUR BRABANT
SYNCLINGORIUM SOUTH NORTH l SYMNCLINE MASSIF |
B i v -
Famannian % P —Z..'".TT.";-'"""_'_"_ |
Frasnian
— km
Givetian =] (1}
=
Eifelian >
o 1
] l
4
{
Ly
Sheganian
Sandstona and
Gedinnisn Limestone Ehale conglomeraie
L e [

Variations of thickness and facles in the Devonian of the Ardennes (based on Fourmarier)

The Devonian of the Dinant basin shows a number of features indicative of its sedimentation at the
southern border of the Old Red Continent. These are 1) the red colours of the siliciclastics as earliest
Devonian sediment, unconformably covering the folded Older Paleozoic, 2) the southward transition
of sandy facies into clayey deposits, 3) the thickening of the sediment pile towards the south. The
discontinuity in sedimentation towards the Namur basin as on the above scheme, is ascribed to the
absence at the surface of a series intermediate between Dinant and Namur basin due to the
northward overthrusting of the Dinant basin over the "faille du Midi” or the "faille eifelienne” ( see

)
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Cantinemal cratons

LATE CALEDONIAN TECTONIC FRAMEWORK

Active fold helts

Hasing with continuous marine
sedimentation across Silurian-
Drevanian bounday

Oceanic domains

Micro-conhinents
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STB - Saxothuringian Basin
CAB - Central Armorican Basin

P - London Platform
ES - East Silesian Massif




