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KALEDONSKO-VARISKA OROGENEZE




Gronske kaledonidy - kolize se skandinavskou ¢asti Evropy

Apalaée — teranni stavba, kaledonské (takonska, akadska)
i variské (alleghanska) faze

Pasmo Quatchita-Marathon — alleghanska fize, kolize s
jihoamerickou ¢asti Gondwany













Apalace piedstavuji slozeny orogen, jehoZ tvorba probihala jak b&hem
kaledonskych fazi tak béhem variskych fazi. Udaje seismiky ukazuji, Zze cela jizni
cast Apalaci je pravdépodobné podstylana velkou zonou odlepeni a cely horsky
hieben je alochtonni.

ApalaCe byly utvareny pi1 3 orogenezich. Takonska orogeneze zahrnovala kolize
perilaurentskymi mikrokontinenty a s ostrovnim oblouky situovanymi v oceanu
Iapetus v Casti priléhajici k Laurentii. Akadska a neoakadska faze kolizi
superteranu Gander, Avalonie a Meguma na severu a superteranu Carolina na jihu
s tehdejSim okrajem Laurentie. Alleghanska orogeneze potom kolizi s
Gondwanou.
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Laurentia - Humber, more to the south Valley and Ridge, Blue-Ridge teranes

eCentralni zona — terany Il a lll, sloZita akrec¢ni melanz teranu rizné povahy
situvanych v oceanu lapetus a pri jeho okrajich. Kontinentalnich fragmenty,
vulkanické oblouky, oceanické sedimenty. V podstaté se daji rozlisit terany,
které vznikaly pri okraji Laurentie a terany, které vznikaly pfi okraji
perigondwany.

e\/ severni casti Apalaci pri laurentském okraji Humberu to je zejména z6na
Notre Dame, vznikajici na fragmentu Humberu. Pfi okraji perigondwanského
teranu Gander je to zona Exploits tvorena vulkanickymi oblouky oceanické a
kontinentdlni povahy (Popelogan arc — fragment Ganderu) a horninami
zaobloukové panve.

eV jizni Casti Apalaci je to superteran Carolina

Gondwanské terz’lny — terany IV a V -Avalonia, Gander, Meguma, kolize s Gondwanou
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Fig. 1. Tectonicmap of the Appalachian-Variscan-Caledonian orogen. Tectonicmap showing the distribution of the
Appalachian, Variscan and Caledonian belts at the end of the Paleozoic.

Shown are themajor cratonic andmicrocontinental components within the orogenic belts including Iberia (IB),
Amorican Massif (AM), Massif Centrale (MC), Bohemian Massif (BO) and

theWest African Craton (WAC). This represents the approximate configuration of Pangea following late Paleozos ‘,

convergence between Laurentia and Gondwana.

The figure is modified from Hibbard et al. (2007), Barreiro et al. (2007), Keppie et al. (2008) and Pollock et al.
(7011)



Severni Apalace



Terany skupiny | je tvofen sedimenty nejvysSiho proterozoika a spodniho paleozoika a svrchnoproterozoickym
krystalinikem. Reprezentuje fragmenty Laurentie nebo terany puvodné situované blizko jejiho kontinentalniho okraje.

Teran Humber

Tektonicky mobilizovany okraj Laurentie. Tento teran zahrnuje miogeosynklinalu situovanou na laurentinském pasivnim
kontinentalnim okraji a takonské alochtony. Tahne se od SZ Newfoundlandu do zény Valley and Ridge a Blue Ridge na
jihu. Basement se sklada z grenvilskych rul (1,0Ma) na kterych spoc€ivaji klastické a karbonatové riftové sedimenty
kambria az spodniho ordoviku
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Figure 1. Simplified map of the northern Appalachian orogen showing crustal blocks and terranes (A,
Aspy: B, Brookville; BDO, Bras d’Or: BH, Bronson Hill; BRI, Blair River inlier; E, Exploits: G, Gander:
H, Humber: K. Kingston; M, Miramichi; N, New River; ND, Notre Dame:




Terany Il a lll reprezentuje vulkanické ostrovni oblouky, jedna se o ofiolity a pfidruzenou akreéni melanz, Zahrnuje
perihumberskou zénu Notre Dame a periganderskou zénu Exploits. Seismické udaje ukazuji, ze terany Notre Dame,
zbéna Exploits a Gander jsou alochtonni nad spodni kontinentalni kiirou a ze seveoamericky okraj pokracuje 70 km pod
teran. Tyto terany pfedstavuji jenom velmi hrubé rozdéleni, protoZze kazdy z nich se sklada ze znaéného poéctu
fragmentt (nebo dil€ich terand?) riizného puvodu. Obsahuji mnoho ofiolitl a obloukd odvozenych z lapetu a
deformovanych béhem kolize kontinentalnich okraju Laurentie a Avalonie. .
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Notre Dame zone

Takonska orogeneze

Takonska orogeneze zahrnuje tektonické eventy v obdobi svrchni kambrium — svrchni ordovik. V prvni fazi
se od teranu Humber oddéli teran Dashwood. Takonska orogeneze potom souvisela s
uzaviranimokrajového oceanu a s kolizi teranu Dashwood s teranem Humber.

Na kontinentalni okraj jsou obdukovany dva typy terana — Fleur de Lys Supergroup (metapelity a
meetapsamity interpretované jako sedimenty kontinentalniho svahu na jv od karbonatové sedimentace +
ofiolity) a velké alochtony obsahujici ofiolity jako jsou Bay of Island Complex nebo Baie Verte oceanic
tract), ktery byly obdukovany v llanvirnu.
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A: 490-481 Ma : SUBDUCTION INITIATION IN TACONIC SEAWAY: FORMATION OF BVOT & NDA
Fleur de Lys Supergroup
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Figure 11. Schematic tectonic evolution of the closure of the Taconic sea-way and the Notre Dame arc-
Laurentia collision between 490 and 456 Ma.. A: Initiation of eastdirected subduction in the Taconic sea-
way at ca. 490 Ma, which led to suprasubduction zone spreading and formation of the boninitic ophiolites
of the Baie Verte oceanic tract (BVOT) and first phase of the Notre Dame arc (489-476 Ma). The BVOT
became basement to the forearc basin attached to the Notre Dame arc, as indicated by ample continental
arc fragments in the basal part of the Flat Water Pond/Snooks Arm groups deposited above the BVOT
(Skulski et al. 2010). These figures are a continuation of Figure 9 of van Staal et al. (2013), which illustrated
the progressive hyperextension of the Humber margin with exhumation of lithospheric continental mantle
onto the seafloor and the subsequent spreading that led to formation of the oceanic Taconic sea-way and
isolation of Dashwoods.B: Start of the Taconic collision. Entrance and partial escape of former extensional
allochthons (Rattling Brook allochthon) and transitional oceanic crust (Birchy Complex) of the
hyperextended Humber margin of Laurentia into a progressively widening subduction channel. The
hanging wall lid of the subduction channel is the partially obducted BVOT. Progressive steepening of the
down-going Humber margin slab caused arc magmatism to locally migrate onto the BVOT, forming the 476-
467 Ma extensional Snooks Arm arc. Onset of collision had initiated west-directed subduction east of
Dashwoods (outside picture) forming the suprasubduction zone Annieopsquotch ophiolite belt (AOB, van
Staal et al. 2007). C: Further steepening of the down-going slab, fullscale collision between Dashwoods
and Humber margin, obduction of the BVOT onto the margin platform and further escape of the Rattling
Brook allochthon and Birchy Complex above the closure temperature for argon diffusion in white mica.
Magmatism following influx of asthenosphere after slab break-off took place in Dashwoods and locally in
the obducted BVOT. Westdirected subduction east of Dashwoods formed the Annieopsquotch accretionary
tract (AAT).
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Exploits Subzone

Zona Exploits je tvofi spolu s teranem Gander Ganderii. Teran Gander se odd¢lil od Gondwany na
konci proterozoika. Zahrnuje vulkanické oblouky a zaobloukové panve, které¢ vznikaly v disledku
subdukce pod okraj teranu Gander. Riftimg nejprve oddélil okraj Ganderu a vytvotil mezi oddélenym
vulkanickym obloukem Penobscot zaobloukovou panev (~515-485 Ma), kterd byla uzaviena po
penobscotské orogenezi na pocatku ordoviku~485 Ma . Dalsi subdukce potom na okraji Ganderu
vytvoftila ostrovni oblouk Popelogan-Victoria a za nim zaobloukovou panev~478 and 450 Ma. K uzavieni
zaobloukové panve 1 oceanu Iapetus doslo kolizi Ganderie s Laurentii doSlo béhem salinické faze na

pocatku siluru.
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s Figure 12. Schematic Cambrian to Early Ordovician
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Figure 14. Schematic Middle Ordovician development of the
Victoria Arc and backarc on the Penobscot Arc basement.
A1-A2 are phases of arc development, and R1-R3 are
phases of arc rifting. R1—rifting of Victoria Arc from the
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Middle Ordovician (475 - 460 Ma)
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Terany skupiny IVaV

Terany Gander, Avalon a Meguma byly puvodné€ soucasti Gondwany. Teran
Gander se oddélil od Gondwany na konci neoproterozoika, avalonsky teran v
kambriu. Avalonie se vyvinula jako vulkanicky oblouk na okraji Gondwany a je
tvofena predevsim neoproterozoickymi magmatickymi horninami kontinentalniho
okraje a fosilifernimi kambrickymi sedimenty. M4 jinou ptesilurskou historii nez
teran Gander a obzvlasté odlisSnou kambrickou trilobitovou faunu. Teran Meguma je
tvoten hlavné flySoidnimim metasedimenty kambria a ordoviku a ordovickymi az
devonskymi mélkovodnimi sedimenty a bimodalnimi riftovymi vulkaknity.
Existuji 2 modely vztahu teranit Meguma a Avalonie, podle jedné teorie to byly 2
oddélené terdny, podle druh¢ Meguma byla soucasti Avalonie.

Ganderia kolidovala s Laurentii béhem salinické faze v siluru, Avalonie a
Meguma potom béhem akadskych fazi. V karbonu potom doslo béhem
alleghanské orogeneze ke kolizi Laurentie a Gondwany.
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Figure 3. A tectonic model for the Neoacadian orogeny and related pluton emplacement (after Moran et al. 2007). Pluton
emplacement in Meguma terrane may have been related to subduction of the Rheic Ocean lithosphere outboard of Meguma,
likely combined with slab-breakoff which also caused high-temperature /low-pressure (HT-LP) metamorphism.
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Jizni ¢ast Apalaci

Tektonicky modifikované okraje Laurentie zahrnuji na zapad¢ provincii Valley and
Ridge tvofenou spodnopaleozoickymi sedimenty okraje Laurentie a na vychod¢
provincii Blue Ridge tvofenou predevsim krystalinikem (mettamorfity, granitiody) a
méné sedimenty
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The central Blue Ridge (BR) recorded burial depths of 33 km (9.8 kb, pyx granulite) during the Taconian orogeny
(480 450 Ma); the Inner Piedmont (IP) 23 km (7.1 kb, sill IT) during the Acadian Neoacadian orogeny (407 350
Ma);

Young (Himalayas)
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A . \
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Terany II a III



Terany II a III jsou v jizni ¢asti Apalaci tvoreny perilaurentsky
superteranem (zonou) Piedmont a superteranem (zonou) Carolina
vzniklym v blizkosti jthoamerické ¢asti Gonwany. Carolina je nékdy
fazena mezi perigondwanske terany, je to ale slozeny vulkanicky

I:‘ Cumberland Plateau
GA [C] valiey and Ridge
5 [ ] Westem Biue Ridge
—

_\\ E
East Blue Rid

UChEE | E astern Blue Ridge
. Inner Piedmont

7
Terrane 327~ B caroline Zone

8 B PFine Mountain Window

’,3 . Uchee Terrane

3 . Grandfather Mountain Window
D Sauratown Mountain Window

Atlanta

|
RO




Zona(superteran) Piedmont je tvorena perilaurentskym teranem Tugaloo a
teranem Cat Square, jehoZ sedimenty obsahuji jak laurentské tak perigodwanské
zirkony.Piedmont je oddé€len od zony Blue Ridge zlomem Brevard. Tugaloo
zahrnuje riftovany fragment Laurentie a je tvofen metamorfovanymi sedimenty a
vulkanity. Zahrmuje 1 horniny vulkanického oblouku Dadevill a mozna 1 dalSich
vulkanickych opblouktl. Cat Square teran reprezentuje silurodevonske akrecni
prizma pred bliZici se Carolinou. Béhem takonské orogeneze v ordoviku Tugaloo
kolidoval s Laurenti1 podobn% égko Humbeariy sg}fuernich Apalaéich.
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RLA arc(s)
Explanation

1
R-. Late Alleghanian (Permian) motion
2

Early Alleghanian {(early Pennsylvanian) motion
3

S

4
1""'- Taconian (Middle Ordovician) motion

- Future RLA and SSR

Fig. 15 Retrodeformed tectonostratigraphic terranes in the southern Appalachians with arrows indicating broad kinematics
of assembly. Arrows shown are color-coded to show accretion timing (after Hatcher et al. 2007). Included are apprgusss#3

Meoacadian (Paleoalleghanian?) (early Mississippian) motion

positions of both the RLA and the SSR prior to thrusting of the SSR onto Tugaloo terrane and the RLA on the Car(< g
terrane due to terrane collision during final assembly of Pangea



Zona(superteran) Carolina zahrnuje teran Carolina, sloZeny vulkanicky oblouk, ktery se
vytvortil pobliz jihoamerické ¢asti Gondwany a vulkanicky oblouk Charlotte a dalsi
vulkanické oblouky, které byly do stavby zony zaClenény na pocatku paleozoika. Na konci
devonu a ve spodnim karbonu kolidovala superteran Carolina se superteranem Piedmont, ktery
byl za¢lenén do stavby Laurentie béhem takonské faze.
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RLA arc(s)
Explanation

1
R-. Late Alleghanian (Permian) motion
2

Early Alleghanian {(early Pennsylvanian) motion
3
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1""'- Taconian (Middle Ordovician) motion

- Future RLA and SSR

Fig. 15 Retrodeformed tectonostratigraphic terranes in the southern Appalachians with arrows indicating broad kinematics
of assembly. Arrows shown are color-coded to show accretion timing (after Hatcher et al. 2007). Included are apprgusss#3
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positions of both the RLA and the SSR prior to thrusting of the SSR onto Tugaloo terrane and the RLA on the Car(< g
terrane due to terrane collision during final assembly of Pangea
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Case Study - Appalachians

E-dipping subduction continued to close the ocean.

Acadian orogeny

Alleghenian orogeny (~270 Ma): Africa collided w/ N.A.
Created huge fold & thrust belt
Assembled supercontinent of Pangaea.

Future Valley and
Ridge Alleghenian orogeny
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Atlantic coastal plain — z velké Casti tvofena terany Gondwany piekrytymi mladSimi
mezozoickymi a terciernimi sedimenty. Probihd zde sutura Suwanee, detekovana
geofyzikalng€. Oddéluje Gondwanu of zony Carolina

/(;:arnlina Ennal
ol T T
- .._.-- . iy ) ) | II.|-! -.-—..'\.
5*-" .f'f g e Ty e
° > e Al s :;EF’ 44
g “ 1z : q f
&7 (T4 7T e :
F ."'-. _I e . L
S . A7 AN N o £ ol
7 L s ' .@“"& i i
4 == *GG oy ._-.‘- -1-’,:5-_. . F; e
ﬂ#__-\.-' "\,Eb A *ﬁﬂfh .,;.{'FI . | i
E—-"é"—.l?___.- - q I. ': .bt (Jf
- U Al
p Py S
Qo
i Ao "
g
C.P
Carolina Zone - Infrastructural Terranes A
.‘Ilr"
o
Late Paleozoic Plutons i ',-,-‘
--------- Mesozoic Basins
s
‘. g o125 3= 50 llilsn
| I I | Apsr Mibbaed & ol | 20080




Nemrmouth Watershed

foxd forested wraterched




Sutura Suwanee oddé€lujici zonu Carolina od africké ¢asti Gondwany, ktera po
otevieni Atlantiku zlstala soucasti Severni Ameriky.
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Fig. 1. (A)Map of southeastern North America illustrating revised extent of Suwannee basin (navy dashed line), re-defined location of Suwannee suture zone, previously interpreted
positions of suture, and location of data referred to in text. Isochore (brown) indicates mappable extent and thickness (4—6 km) of Suwannee basin rocks. Seismic reflection profile
locations (BA-3, BA-6,WE-007-7 (WE7),WE-007-5(WES), and BP-2) shownas black lines; refraction surveys (Hersey et al., 1959 (H) and Trehu et al., 1989 (T)) shown aswhite lines.
Abbreviations for previous suture interpretations: C&W(Chowns andWilliams, 1983); T&M(Tauvers andMuehlberger, 1987);M&T (Thomas, 2010;Mueller et al., 2014); H&Z (Higgins
and Zietz, 1983) Onshorewells penetrating Suwannee basin strata in northern Florida and southern Georgia shown by redwell symbols. Offshorewells 1 (Transco 1005-1) and 2 (COST
GE-1) tie to profile BA-3.Well 3 (Hatteras Light No.1) encountered granitic basement,marking the northeastern extent of identifiable Suwannee basin strata. Fall linemarkswestern
boundary of coastal plain sediments. BHZ (dot-dashed line) offshore identifies “Basement Hinge Zone” (modified after Hutchinson et al., 1995). (B) Magnetic anomaly map (EMAG?2,
2009) of southeastern North America and previously interpreted exotic terranes (Carolina, Charleston, and Suwannee). Locations of seismic reflection profiles (black) illustrated offshore
aswell as the revised extent of the Suwannee basin highlighted inwhite dashed line. Abbreviations: A - Cape Fear; B - Cape Lookout . BMA - BrunswickMagnetic Anomaly. H&Z -
Carolina—Mississippi fault (Higgins and Zietz, 1983) is a dextral strike slip fault separating the Carolina Terrane and Charleston terrane previously interpreted to be the location of the
Alleghanian suture.
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Fig. 2. Schematic depiction of themajor terranes and structureswithin and adjacent to the Suwannee suture zone in the
southern Appalachians compiled fromHeatherington andMueller (1999) and Steltenpohl et al. (2008); and our
interpretations. Also shown are the Brunswick (Altamaha)magnetic anomaly (a Paleozoic orMesozoic feature that does
notmark the suture) and the Mesozoic South Georgia basin. Abbreviations: PM, Pine Mountain block; EBR, eastern Blue
Ridge; WBR, western Blue Ridge; BZ, Brevard zone; Mill, Milledgeville terrane; BF, Barlett's Ferry shear zone; GR,
Goat Rock shear zone; andM, Modoc shear zone. The Charleston-Savannah River terrane boundary remains poorly ZEA
defined and is not included on themap.




Case Study - Appalachians

E-dipping subduction continued to close the ocean.

Acadian orogeny
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Alleghenian orogeny (~270 Ma): Africa collided w/ N.A.
Created huge fold & thrust belt
Assembled supercontinent of Pangaea.

Future Valley and
Ridge Alleghenian orogeny



http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjr5LCh_bfQAhVFaRQKHT6rDScQjRwIBw&url=http://www.slideshare.net/laurenadams718/geology-lecture-12&psig=AFQjCNFsq6O95SRturtqBokJ7LGYj7-K_Q&ust=1479753060649959

Alleghanian orogeny

—
al

-

Ouachitas

Late - Early
Early w Late )
Carboniferous Carboniferous
- Narrbagansett p o W2
\i
\—au‘ei\ asin f?,/ / , Laue®
Clastic wedge — 74’ Reguibat Clastic wedge
‘Promontory

m

Quachitas

lleghanian
Suture

2
AN ) ™ PU
/ &° . < o |
Middle 5 Early "“"’L}
l(_:atr% o VL} E Permian
arboniferous o
) (L
Lackawanna X~ /- Ve A
Blue Ridge-Piedmont 1y ( Reguibat Reguibat
Megathrust sheet //// Promontory Alleghanian Promontory
/ / Fold-thrust belt
‘\Alleghanian
Ouachitas Suture

>
AN




Pasmo QuatChita'MarathOn — alleghanska faze, kolize s

jihoamerickou ¢asti Gondwany

Orogeneze Quachita-Marathon zahrnovala kolizi Gondwany a jizniho okraje
Severni Ameriky. Béhem alleghanské orogeneze v obdobi mezi 325 az 260 Ma se
uzaviel Rheicky ocean a laurentska deska subdukovala pod na sever se sunouci
jihoamericky kontinentalni oblouk.
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Fig. 9. Schematic diagram showing stages of the evolution of
the Marathon thrust belt.




Ouachita Mobile Belt

* Incipient continental collision between

North America 9
- ‘Gondwana

~ Continental crust
Continental crust

Oceanic crust

North America and Gondwana began during
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Ouachita Mobile Belt

* Continental collision continued during the

North America

Pennsylvanian Period
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Orogeneze Quachita-Marathon reaktivovala starSi zZlomové struktury v predpoli,
kde se vytvorily v Texasu a Novem Mexiku vyznamne¢ permské panve s dilezitymi
loZisky nafty a plynu

Geologic Provinces of the Permian Basin
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