The Wilson Cycle

Marshak, 2005

Supercontinents

m Vaalbara-3.1 Ga

m Kenorland-2.7 Ga

m Nuna (or Columbia)-2.0-1.8 Ga
m Rodinia-1.1 Ga

m Pangea-270 Ma
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Whitmeyer and Karlstrom, 2007,

Geosphere
e Continued shortening across
[ 1s1scormmamnomncn Trans Hudson orogen; closure of
=:::::::°"' © Great Falls Tectonic Zone and
[E5) 220 Ga miogeoce sedments SR i Vulcan Zone; accretion of Medicine
-2 Goncresncs < 3 Hat Block, and Wyoming Province

(Whitmeyer and Karistrom, 2007)

 1.65-1.60 Ga

[ -1 65 Ga quanzite doposits

[ 1 55140 Ga granioids

(B 1 69-1.65 G juverido crust

[ 1:72:1.68 Ga juvenite arcs

2] ~1.70 Ga quartzte deposis

B 1 721 58 Ga granitoss

[ 1 78172 Ga juveote crust

[ 1201 76 Ga juvenio arcs

[ 1.91.8 Ga reworked Archesn crust

Mazatzal province:

Mazatzal granitoids stitch
=::::::::°" juvenile terranes with older
[ 2520 Ga miogeodral sedments % T i provinces;

(0 25 Ca Achean et 4 ~1650 Ma quartzite deposition

(Whitmeyer and Karistrom, 2007)
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~ Mafor thrust fauts
[ 1319 Ga cotsional erogens
[ 1.451.35 Ga granioids

[ ] 1.551.35 Go juvente crust

[ -1 65 Ga quanzite doposits

[ 1 55140 Ga granioids

[ 1560165 Ga jovesso crunt. |
[ 1:72:1.68 Ga juvenite arcs

[0 ~1.70 Ga quartzte deposis

B 1 721 58 Ga granitoss

[ 1 78172 Ga juveote crust

[ 1201 76 Ga juvenio arcs

[ 1.91.8 Ga reworked Archesn crust
[ 2018 Ga juvente orogens

[ 2018 Ga juvenio arcs.

[£5] 2.5:2.0 Ga miogeocinal sediments
2] >25 GaArchean crust

(Whitmeyer and Karlstrom, 2007) L A% 7

Grenville orogen:

Continent-continent collision

of Laurentia with African and

South American cratons;

SE transfer of Caborca block

A Mafic dike swanms 1
[ 21 1 Ga Muscontnant i syssern
[ 5 3095 Go granacias

— Major thust tauts

[ 1319 Ga cotsional erogens
[ 1.451.35 Ga granioids

] 1.551.35 Go povente crust

[ -1 65 Ga quanzite doposits

[ 1 55140 Ga granioids

[ 1560165 Ga jovesso crunt. |
[ 1:72:1.68 Ga juvenite arcs

2] ~1.70 Ga quartzte deposis

B 1 721 58 Ga granitoss

[ 1 78172 Ga juveote crust

[ 1201 76 Ga juvenio arcs

[ 1.91.8 Ga reworked Archesn crust
[ 2018 Ga juvente orogens

[ 2018 Ga juvento arcs.

[£5] 2.5:2.0 Ga miogeocinal sediments
2] >25 GaArchean crust

(Whitmeyer and Karlstrom, 2007) L A% 7

Rifting along western margin
of Laurentia;

Intrusion of Gunbarrel dikes,

Deposition of Windermere

- Supergroup
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[ eastern ot basins.

o/ Continental ot boundary
B <078 Ga Windermare Supargrons”
“\. Major nomal fauts

A Mafic dike swanms x
[ 21 1 Go Mcontnent i systern,
[ 5 3095 Go granacias

~ Major thrust faus

[ 1319 Ga cotsional erogens
[ 1.451.35 Ga granecias
1.55-1.35 G jovenie crust

[ -1 65 Ga quanzite doposits

[ 1 55140 Ga granioids

[ 1560165 Ga jovesso crunt. |
[ 1:72:1.68 Ga juvenite arcs X
[0 ~1.70 Ga quartzte deposis

B 1 721 58 Ga granitoss

[ 1.761.72 Ga juvenie crust

[ 1201 76 Ga juvenio arcs

[ 1.91.8 Ga reworked Archesn crust
[ 2018 Ga juvente orogens

[ 2018 Ga juvenio arcs.

Rifting along eastern margin

[£5] 2.5:2.0 Ga miogeocinal sediments 1, 3 i Of Laurentia;
D,M.::.mm‘m LK 3 -Opening of Rome Trough

Rift

Rift-margin
Basin Range  Rift volcano mountains

Detachment =~ Magma
fault chamber
Marshak, 2005
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Drift

Marshak, 2005

Continent I

Continental shelf l

Do o —

Abyssal plain

Flexure

Marshak, 2005

Mountain front Igneous pluton intrudes;
contact metamorphism
takes place around it.

)

The weight of the
mountain pushes
the surface of the
crust down to
create a basin.

Erosion

-

\ .

A point here was once at the
surface; it's now buried deeply, f
where it's metamorphosed.

Rocks once at great
depth are faulted
and squeezed up
to the surface.
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Tectonic History of the
Appalachians

nnnnnnnnnnnn

vvvvv ocogeny

Marshak, 2005

What are the causes of
global (eustatic) sea
level rise?

Ice volume-melting of ice

Rapid spreading- breakup
of Pannotia

Sequences, Orogenies,
and Glaciation of North America
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Stratigraphy of the C. Appalachians

PALEOZOIC STRATIGRAPHY OF THE CENTRAL APPALACHIAN BASIN

e
g W. Pennsylvania E. Pennsylvania; SE New York
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Stage Il: Drifting
—550-460 Mya

PANTHALASSA

PENNSYLVANIA X-SECTION

Figwre 12. X iC CTOSS section,

ia (sce Fig 11 legend).
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Taconian —

OCEAN

Orogeny: 450

Antier
té

. i A3 OCEAN
a 4 . A Saki |‘“3
B \ I nt’nu an

IAPETUS
OCEAN PALEOTETHYS
OCEAN

Eguator

Schematic Tectonic Evolution of the Taconic Orogeny

w E
N. America Ammonoosuc Arc
shelf rise outer swell

WGBS LEGEND
. Flysch & Dark Shale
8 Fore-basin Sediments

Shelf Sequence &
=E Rise Sequence

%. Eorlz Caradocian
ower 0.multidens zone)

. Graben Facies
Glen Moretown< —uffs—

Glens Falls SnakeHill Austi

Grenville Basement

@ Arc Volcanics &
Plutonics

E Arc Basement & Cover

D. Late Early Caradocian
(upper D.multidens zone)

Whipstock 8
en

. Moretown<—1uffs—

Snake Hill
. Accretionary Prism

i
& "?S.dﬂ.fﬁlﬂf?fn".’;" . Oceanic Crust

ZONES —— 1 ———> 2 &— 3
CTTT B/GM i i — Sediment T rt 1
RN acd < tutfs—telsic voloanism? Seamentmerset - Rowley and Kidd

WGBS -Western Giddings Brook |
sice” SR Model

CT-Champlain Thrust
TT-Taconic Thrust
B/GM-Berkshire-Green Mtns.

Graptolite zones of Riva (1974)
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The Taconic Orogeny -late
Ordovician

Autochthon- Adirondack Massif,
Grenville basement

Allochthon- foreland, Taconic slices-in
PA, the Hamburg klippe

Allochthon- hinterland, Berkshire
Massif, Green Mountain Massif-
Rowe-Hawley metamorphics- in PA,
the Glenarm series

Note: The allochthon is the load. The
load is not stationary relative to the
authochthon (i. e. the plate that bends)

Late Silurian Paleogeography

GUAE 1232 Late Silurian paleogeography of the Michigan-New York-Ohio evap-
restricted

FIGURE
orite basin. Barrier reefs
occur in basin centers. (Affer

Alling
of Petroleum Geologists, v. 45, pp. 515-547; by permission.)

marine circulation into the basins; evaporites
and Briggs, 1961, Bulletin American Association

-
CAYUGAN PALEOGEOGRAPHY
4 7)
a A Z
- . o
;
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Devonian:

Orogeny
Returns

m Oblique collision
with the Avalon
microcontinent
creates Acadian
Orogeny

m 400 Mya in

Maritimes; 380 Mya

in PA

~5000 km ot Equator
Early Devonlan [400.00 Mal

o

PANTHALASSA

RHEIC
OCEAN /-,‘—

N
5 i

PALECTETHYS
~ OCEAN
;

PANTHALASSA

340 Ma

Early Mississippian

East Coast of
Laurentia- Remnants
of Acadian Orogeny-
Approach of
Gondwana

W. Coast- Collision of
Klamath island arc with
an active continental
margin

9/29/19
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300 Ma

Eastern margin of
, Laurentia collides
PALEOTETHYS with the northern

OCEAN .
margin of Gondwana

Western margin-
continued
subduction-growth
of the Ancestral
Rocky Mountains

PANTHALASSA

270 Ma

"~ Collision of Siberian
craton with Laurasia
to form the Ural
Mountain Range

-IIDhnIEEEEJ

Earty Permion (270 Mol

Appalachian
Mountains lie at
mid-continent near
the Equator

Subduction on the
West coast

9/29/19
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Geology and Physiographic
Provinces of Pennsylvania

Cross Section across Pennsylvania

Faill, 1999

NwW

v
AyNZ 3 ATI>V 3 4,47 ~
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2

Upper Paleazoic rocks ALLEGHANY FAUTS TACONIC FAUTS
dc - Décollement we - Thrust at base of
Devonian, Silurian, and Upper >
B Ot besn o3 [ Merocontinenta rocks sp - Décollement splay e,
Ordovician and Cambrian or — Oregon thrust i st
carbonate-shelf rocks @ L uendac tocka v - Cream Valley strike-slip om- Embroevisie thrust
V////] octoraro basin rocks MASSIFS ALLEGHANY AND e
A B art rocky BW- Brandywine HB-Honey Brook TACONIC FAULTS
-m (Wilmington Complex) RP - Reading Prong rd ~ Reading Prong thrusts
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Main points related to structure

Decollement- In Silurian salt beneath the plateau, steps down
into basement in the Great Valley-Piedmont (e.g. Reading prong)

Telescoping of the continental margin- positions restore to
positions to the southeast

Progressive advance of the tectonic load-Mollasse is consumed
by the thrust belt

Deformation extends to greater distances from the collisional
suture than any of the earlier Paleozoic orogenies

Tectonics 11
Uplift and Surface .
Reduction of Motion Enhanced Elevation

Orogen Mass

Reduction of
Gravitational
Stresses

Enhanced Relief
Enhanced Basin Size

Erosion Climate

Fluvial incision o

Mass Wasting Precipitation

Glacial Processes Surface Temperature
Global Circulation

*__ S

Enhanced Precipitation

Alpine Glaciation

9/29/19
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Orographic Exhumation

Inactive
Retro-side

Subduction

Unexhumed

Subduction

- Strain Rate

0.0 Ma L 3|0 kr.“ 1

2.0 Ma Underplating Zone

5.0 Ma Underplating Zone

Fuller et al., 2006
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Cleavage fronts and fans

mecdgc
Coastal Wegpery,
in Foothilgy RM:

Y

i

i
|
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0, orientation -

trace of S,

particle path relative to __ -
Philipine Sea plate

cleavage front &

brittle-ductile
transition

strength prior to
development of foliation

Strength

unstable stable

t
two cleavages , one cleavage

Orientation
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TACONIC—BERKSHIRE ZONE
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Western Alps

From: Escher
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