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Week 5: The Only Supercontinent with Life

https.//www.appreciatingearth.com/olli
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Video link: https://www.youtube.com/watch?v=xaj_J_3YJMc



Conserved Areas Terrestrial Detailed  Marine Detailed

Terrestrial Conservation Areas | Acres Conserved Conservation Areas of

California Are we missing lands? Fill
out this Survey

Marine Conservation Areas | Acres Conserved

e ———
e

30x30 California

Conserving 30 percent of California's lands and-coastal waters by 2030

National Park Service
“conserve the scenery and the natural and historic objects
and the wildlife therein and to provide for the enjoyment of
the same in such manner and by such means as will leave
them unimpaired for the enjoyment of future generations.”
[National Park Service Organic Act of 1916]

Select nearby conserved & protected areas:

* NP: Pinnacles, Yosemite, Lassen Volcanic, Redwood

* National Seashore: Point Reyes

* National Monument: Muir Woods

* State Parks: Trione-Annadel, Sugarloaf, Sonoma Coast,
Mount Tamalpais

* Armstrong Redwoods State Natural Reserve (*protection)

Conservation Goals

e (California Now: 26.1% of lands, 21.9% of coastal waters

 Sonoma County: 22% of lands conserved
https://experience.arcgis.com/experience/83b5c08cae8b47d3b7c623f2de1f0dcc



https://experience.arcgis.com/experience/83b5c08cae8b47d3b7c623f2de1f0dcc

Recap

Precambrian craton
» 2800-2500Ma Kenorland Supercontinent
* 2400-2200Ma Snowball Earth
* 1650-1630Ma Penokean Orogeny
» 2000-1400Ma Trans-Hudson Orogeny/Columbia “SC”
* 1800-1600Ma Yavapai , Mazatzal, Mojave Orogenies
1300 - 700Ma Grenvillian Orogenies = Rodinia “SC”
720 - 635Ma Final Snowball Earth
541 - 530Ma Cambrian Explosion
480 - 260Ma Assembly of Pangaea & evolution of life on land
Only ~57% of National Parks have rock outcrops older than 360Mya:
Voyageurs, Pipestone, Grand Teton, Yellowstone, Wind Cave, Glacier, Black
Canyon of the Gunnison, Rocky Mountains, Joshua Tree, Grand Canyon,
Death Valley, Saguaro, Isle Royale, Great Smoky Mountains, Shenandoah,
Great Basin, Denali, Gates of the Arctic, Kobuk Valley, Wrangell-St. Elias,

Pacific
Ocean

Blue Ridge

\

Sequoia, Kings Canyon, Yosemite, New River Gorge, Hot Springs, Acadia, mﬂ/wﬁ

Congaree, Pinnacles, Katmai, Lake Clark, Glacier Bay, Channel Islands,
North Cascades, Indiana Dunes, Mammoth Caves, Cuyahoga Valley

O\ Greenland

\ Provinces

D > 2.5 Ga Archean crust

B 20-1.8GaJuv.arcs

D 2.0- 1.8 Ga Juv. orogens
[T] 1.9-1.8GaRW. Archean
B 176-1.72GaJuv. crust

[ 1:69-1.65GaJuv. crust

[] 1.7-1.65GaQu. Depos.
[] 1.55-135GaJuv. crust

. 1.3- 1.0 Ga coll. orogens

Boundaries

\ 1.3-1.0 Ga Grenville
front

1.2-1.1 Ga Midcont.
rifting

| Atlantic Ocean
A 0.78 - 0.68 Ga Eastern -
: Western breakups

0.62 - 0.53 Ga Failed
rifting

o Rocky montain

Vs front
= /

Tectonic plate

“Middle-aged” (Appalachians)

“Old-aged” (Canadian Shield)

) | U




Carboniferous Active Margins M\l!ll H\W
359 - 299Ma Equatorial North America Wetand i

Wetland Biomes Hll1 EH2 B3 4 Seasonally Dry Biomes [ 1 2

e Mississippian & Pennsylvanian subperiods T e
e Pangaea Supercontinent formation

Coal Formation & swampy forests

Huge O2 rise & CO2 drop .

First basal amniota = sauropsids & synapsids |8 /18 clcias

Glacials

Atmospheric 0, (%

Ice Age & Carboniferous Rainforest Collapse

Erpetopus i
biochron e

<«—sauropsid radiation

Atmospheric CO, (ppm

Dromopus (+ % + ¥ A
biochron B el 010.0
) e o) Devonian | Carboniferous Permian | Triassic
g Time (Ma) 400 300
Notalacerta i £ 2 ~ y z - " \ \

(JAN/gwy) uonenwnody Juawipas aluebig [e1ysaiia)

0

f Lepid
biochron

«— oldest 5 o
- " ? ﬁ aleogeagraphy of
t amniote e Sigillaria ; 2 ) ; the Mississippian
and  and eup grows to 30m !
body fossils footprints

Hylopus

biochron Balanerpeton ! i
] Anthracosaurus

- +—oldest extensive .
tetrapod footprint Meganeura
assemblage ns
(oldest temnospondyl and
anthracosaur tracks) i | 40m long.

rst oo
stem—tetrapod i dzg:?g:;?:ms
biochron
Tulerpeton Lepidodendron
‘ rc more
X 3 )
e

Devonian

g

- oldest tetrapods
Middle <+ (footprints)




(o - P -

o aus Phanerozoic: times of origin of plants and animals

Holocene

lapetus Ocean Africa

e ;

© g Pleistocene with Homo sapiens
=15 alternating periods
o t of glaciation
N = and warm periods Early humans
0., Pliocene Sahelanthropus .
| Carboniterous:

- Oligocene Monkeys °
ol Y Eocene
0|88 Paleocene Primates ) ‘ Displaced piece Sediment on today's A

a3 Valley and Ridge Piedmont of Africa continental shelf Atlantic Ocean

Mammals Province

Late Cretaceous Blue Ridge _
e

[

Pangaea Forms

Angi
Early Cretaceous Y

Late Jurassic (Malm) bird Archaeopteryx

earliest Mammals
(i. e. Hadrocodium wui)

Pterosaurs Video link:

Jurassic |Cretaceous

(Dogger)

Middle
Ee (Lias)

Early

M E S 0 Z O

§ - ::::::mam o https://www.youtube.com/watch?v=g_iEWvtKcuQ
'g ReptilesA
g sopas PLATE TECTONICS, PALEOGEOGRAPHY,
5 i ﬂrlst/-\rmmotes
| and ICE AGES (Modern World - 540 Ma)
ol & Missispian

! #
terrestrial I

N
hthyoste

vertebrates B
(<]

frist bony fish
w early land plants (Osteichthyes)

in riparian zones i
Cephalopods

© 2016, C. R. Scotese

Brachiopods, snails

first vertebrates
Chordates  «aea”
Annelids, Mussels
Echinoderms, Tunicates
Jellyfish, first corals

Ediacara fauna




am ISsIssIppian seaftioor
“crinoid garden”

Rheic Coast & Appalachia Carboniferous Rocks
e 325-260Ma Alleghenian Orogeny: accretion of Europe, North America, Africa

e 318-217Ma Ouachita Orogeny: Accretion of South America

Equatorial: Coastal swamps to shallow contlnental shelf to deep basm W|th
approaching continents T UM e T g E—

W E
Norlh America sulure 1aconia

Regression to Coastal Deltas + _ gAY
Coal Swamps el " o o i
e Virginia: Shenandoah (faulting)

e West Virginia: New River Gorge
e Ohio: Cuyahoga Valley v =ul QB,ueR,dge
Offshore Shallow to Deep Marine ol U
e Tennessee: Great Smoky i e mmﬁ“ \
Mountains ) | Qo
Arkansas: Hot Springs
Kentucky: Mammoth Cave
Arkansas: Hot Springs

Blue Rldge —>
province ;




Midcontinent Carboniferous Rocks

Equatorial: continental sea & carbonate shelf

e South Dakota: Wind Cave "4 L LV oo — e e e e
1 1 - N—\_
e Missouri: Gateway Arch

Q
o
N
o
«
2
<
x
a

-90:’30'

_909‘20.0..

\"\
AL lllinois
~ ¥
Missouri gl

38°50'0"
1

Study Area \"‘"\

i

Surficial Geologic Units
4 Artficial fills

38°40'0"

1 | QI | Loess
4 Lake/Terrace deposits : ‘
i - : ——
- Karst i - L

" Y or palslaladalelelalal L el ol
E Bedrock outcrop/Residuum &

| I Major Rivers

38°30

AnonmiAn



Panthalassa Coast Carboniferous Rocks .
e 375-320Ma Antler Orogeny: accretion of volcanic arcs M 4

e 280-250Ma Sonoma Orogeny: accretion of volcanic arcs
Equatorial: submerged continental shelf & subduction trench

Volcanic Island Arc, Deep & Shallow Marine Basins
e California: Channel Islands, Sequoia, Kings Canyon, Yosemite -
e Washington: North Cascades

Continental Carbonate Shelf 2 Mountain Uplift
e Colorado: Rocky Mountains Ao O ria  Novaga e

Aniler Arc Passive margin shelf (C-D)

Continental Carbonate Shelf

e MT/WY/ID: Yellowstone, Grand
e Nevada: Great Basin
e Arizona: Grand Canyon

e (California: Death Valley |
Evaporate Basin / |
e Utah: Canyonlands el U amennian
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Figure 1. Map of the Arctic showing locations where evidence for Late Devonian to early o g
Carboniferous tectonism has been cited in literature. Base map from IBCAO 2008. T‘
& S
o Gondwana g
&
& &
S
E Orogeny —— Transform boundary
O Exotic terrane —— Ridge

gy Plate motion

Subduction

Late Devonian-Early Carl

S
=

ALASKA NATIONAL PARKS
Rt
2 s
‘DENALI

LAKE
LK WRANGELL
KENAI A8-ST.ELIAS
P ‘ FIORDS
GLACIER
BAY



Permian Supercontinent

299-252Ma Equatorial North America
lce Age (299-270Ma)

Pangaea final assembly

Sea level dropped
Climate warmed & dried

Evolution of ferns & seed plants S -

Supercontinent of Pangaea

~250 million
" . years ago
MILLIONS
Massive LIP (252Ma) & ocean anoxia E2 cmor | wme | oo "
PERIODS SEA LEVEL YEARS
Risin, Lowerin
— e e L
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E. LATE PERMAN
Supercontinent of Pangaea

Appalachian Permian Rocks i e

e 325-260Ma Alleghenian Orogeny: Pangaea 0. LATE PENS LVAIA .
e 318-217Ma Ouachita Orogeny: Accretion of S. America e - :
Equatorial: Coastal swamps to shallow continental shelf to

deep basin with approaching continents

climax of
Alleghenian
Orogeny

C. LATE MISSISSPIAN

~320 million
years ago

form ation of the supercontinent of Pangaea
2B

Early
Alleghenian
Qrogeny

A B.LATE DEVONIAN Avalon Terrane et

Continent-Continent Collision Zone . B

e\irginia: Shenandoah k. »' s .
*Maine: Acadia | - B
eTennessee: Great Sk' _t_ns

A.LATE SILURIAN
North Am erican Plate sl Avalonia Island Arc

~420 millien | NY Bight region |
years ago s

Great Smoky Mtns NP
(Hot Springs NP) m——
(Big Bend NP) Shenandoah NP

i Blue Ri Pk Great Falls Park
New River Gorge NR lue Ridge Pkwy reat Falls Parl
Foreland Fold and Thrust Belt Basenlljerll_tf-tCored Accreted Terranes
pli

BI .
Valley and Ridge Ri:gee Piedmont Cglaasi,t'aID'

==—— ="

Northwest North American North American N Metamorphosed == Paleozoic QEEISES
E Pal ic Sedii Yy . i 1an 'gn vk and Folded Rocks of | " i| Intrusive
Rocks and Metamorphic 5 Accreted Terranes I Rocks

ananan



Global

CENOZOIC

wmperatures > NANET0ZO0IC: times of origin of plants and animals
> s 2 2 Holocene
s Pleistocene with
E alternating periods
t of glaciation
é and warm periods

Pliocene

$8 "

90 Miocene
Zo -

” Oligocene
H Eocene
-

© 0 Paleocene
[}

]
g e
ol 8 30°C Late Cretaceous
8
- & |
p LITC Early Cretaceous
ol ©
N .§ 2590 Late Jurassic (Malm)
«

O[S Widdle  (Dogger)
o = Early (Lias)
2°C Keuper

w2
' Muschelkalk
=| 8 5
= Buntsandstein
36°C
2640 Zechstein
£
.E 1ec
()
a
(5]

21°c

Pennsylvanian
Vegetation
that became coal

Mississipian

Cycads
Lycophytes
Ferns
Horsetails
(Equisetidae)

early land plants
in riparian zones

Homo sapiens

Early humans
Sahelanthropus
Apes
Monkeys
Primates

Video link:

https://ww
w.youtube.
com/watch
?v=g iEWv
tkcuQ

Mammals

Angiosperms

bird Archaeopteryx

earliest Mammals
(i. e. Hadrocodium wui)

Pterosaurs

Fish dinosaurs

Dinosaurs

Reptiles
Therapsids
Sauropsids
Synapsids
first Amniotes

Giant dragonflies

first ’f
terrestrial Ichthyostega

vertebrates

frist bony fish
(Osteichthyes)

Placodermi

Cephalopods

Arthropods e.g. Trilobites
Brachiopods, snails

first vertebrates
Chordates <=
Annelids, Mussels
Echinoderms, Tunicates
Jellyfish, first corals

Ediacara fauna

10 Minute
Break!

Video link:
https://ww
w.youtube.
com/watch
?v=lvalm8

cl9-Q

PLATE TECTONICS, PALEOGEOGRAPHY,
and ICE AGES (Modern World - 540 Ma)

© 2016, C. R. Scotese




Midcontinent Permian Rocks

e 318-271Ma Ouachita Orogeny: S. Amer. collides
Equatorial: drying supercontinent with inland seas

Shallow Marine
e South Dakota: Wind Cave
Permian Sea & Delaware Basin =" |
e Texas: Guadalupe Mountains ey PS——
e New Mexico: Carlsbad Caverns, White Sands
Coastal Delta

e Ohio: Cuyahoga Valley

Ouachita Collision Zone

e Arkansas: Hot Springs

e Texas: Big Bend

FORMATION OF THE OUACHITA MOUNTAINS 2

500 - 290 Million Years Ago

Oz

= MINE NAME

Y
ID SURFACH

The Ouachita Basin

Continental Movement Forced Sediment Layers
to Fold, Buckle, and Rise




UTAH
canyon] COLORA
n
Tands
.*Zion | Mesa Verd,
Grand | Four

Canyon
ARIZONA | NEW

Bryce Canyon

Panthalassa Coast Permian Rocks

-
e
L= ] 8

e 280-200Ma Sonoma Orogeny microcontinent
& volcanic island arc accretion

Low latitude: submerged continental shelf &
deserts

MESA VERDE  BRYCE CANYON
NATIONAL PARK ~ NATIONAL PARK
COLORADO UTAH

GRAND CANYON ZION _  CAN YONLANDS "
NATIONAL PARK  NATIONAL PARK NATIONAL PARK
ARIZONA UTAH UTAH

JURASSIC PERIOD

TRIASSIC PERIOD

Volcanic Island Arc, & Marine Basins

e California: Channel Islands, Sequoia, e
Kings Canyon, Yosemite, Joshua Tree

Eolian & Coastal

e Utah: Canyonlands, Capitol Reef

Marine Shelf & Some Evaporites

e Utah: Zion, Arches (Kaibab Lm) B = =

e Arizona: Grand Canyon e BN goomonac  possvemaiginNAM  how buned

. dlysch™ hock arc

e California/Nevada: Death Valley, Great Basin Ty, NG
o MT/WY/ID: Yellowstone, Grand Teton ~ 1. pe.mmnmm&.mppmqoéemm

subduclion 1o




Alaskan Permian Tropical Islands

e 340-250Ma Yukon-Tanana & Alexander accretion of volcanic arcs
e 260-252Ma Klondike Orogeny (concurrent with Sonoma Orogeny)

Mid-Latitudes: tropical to subtropical marine basins + volcanism

o e, ALASKA NATIONAL PARKS

Continental Shelf i,

GATES OF
THEARCTIC
@ surassic

e Gates of the Arctic [l < 45

DENALI
O permian

D LAKE
Carboniferous 8§
[ ) g CUeRKS WRANGELL
. Devonian N KENAI -ST. ELIAS
FEJORDS

@ ordovician &3 o KATMAl *

e Lake Clark . . /A Y
e Denali ; N R

e Glacier Bay
Foreign Terrane,
Volcanic Island Arc &
Marine

e Wrangell-St. Elias
e Kenai Fjord

EXPLANATION

mom_




252-201Ma Subtropical

N. America

Low sea level

Climate hot & dry =
desertification

First marine reptiles, dinosaurs,

pterosaurs, NEINMINELS

Paleogene
to present

Cretaceous

Jurassic

Permian

Carbon-
iferous

Devonian

Silurian

Cambrian

acoderms

F

1

Tetrapods

= 50 families

Triassic Deserts

Jurassic

End with 80% mass extinction
_Period_|

Donguz Faunal Assemblage - Karly Middie

Triassic (Ladinian) of Orenburg region,

Desert =
(subtropical arid);

Russia

Sormatoschusatschest

Reinacsmodon

Desert 7
_(Subtkppical arid)
7y

Major decrease in crurotarsan

dversity and disparity

Major increase in dinosaur
abundance and diversity

Rhaetian

Late

Early

Carnian

Ladinian

Permian

Ussamphbia

v

ol e

A
¥

Lepidosauria

Dicynodontia:

k)

Mammalia

‘Rauisuchia”

Poposauraden

Pryiosauia
Crosodytormas;

i <

Oklost faunas dominated by
largo “prosauropods”

o
(except North America) !

}CNT

Oldest dinosauromorph and
putative dinosaur (body fossis

ETME

Oldest diverse dinosaur faunas

-~

Oldest diverse dinosauromorph faunas.

fracks

EPME

Current Bidlogy

Millions of years ago

Standard Triassic chronostratigraphy

Age/stage| substage

Rhaetian

Late Triassic
Carnian
222.6 Ma

Middle Triassic
Anisian
¢.241.5Ma

1assIC

Tr

Early Triassic
Induan and Olenekian
248.5 Ma

«
5 Large Accelerator
o :
e Q Mosasaurs
g
O ey :
Large Criliser
Homeotherm
Ichthyosaurs
oo Large Cruiser
I e
Homeotherm
1612 Plesiosaurs
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1756 1
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1996
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)
28 ’5 = ey o e | i
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ALASKA NATIONAL PARKS

Alaskan Triassic Tropical Islands -

e 230-220Ma Wrangellia LIP oceanic plateau A5 e
e 200-170Ma Peninsular Terrane Volcanic Arc =

1

CLARK, *WRANGELL
A A8-ST.ELIAS
RDS

Mid-Latitudes: tropical to subtropical marine basins + volcanism il 2

Volcanic arc & marine shelf

e Wrangell-St. Elias (Wrangellia &
Alexander terranes) e
Glacier Bay (Alexander & Stikine
terranes)
Katmai (Peninsular terrane)
Denali o R
Kenai Fjords * =
Lake Clark

B ETET




Bryce Canyon
[

Panthalassa Coast Triassic Rocks [
e 280-200Ma Sonoma Orogeny microcontinent mgj
& volcanic island arc accretion
Subtropical: continental shelf, 4* arid coastline

GRAND CANYON ZION CAN YONLANDS 7 MESA VERDE BRYCE CAN Y
NATIONAL PARK  NATIONAL PARK NATIONAL PARK NATIONAL PARK ~ NATIONAL PARK
ARIZONA UTAH UTAH COLORADO UTAH

TERTIARY PERIOD

CRETACEOQUS PERIOD

Volcanic Island Arc & Marine Basins s

e \Washington: North Cascades

e (California: Yosemite, Channel Islands, e
Sequoia, Kings Canyon S

Shallow Marine, Coastal + Some River

Systems & Volcanic Ash > more arid ;

o MT/WY/ID: Yellowstone, Grand Teton ~«§ . =

e Colorado: Rocky Mountain s T . 1..oss.cs°nom.,ﬂysch

L R il over NAM passive margin; new arc

e UT/AZ: Capitol Reef*, Arches, Zion*, 4 iemecw)Subducion o st hacining
Petrified Forest*, Canyonlands*, Grand e

Canyon, Bryce Canyon
e CA/NV: Death Valley, Great Basin



Appalachian Triassic Rocks

e 318-217Ma Ouachita Orogeny: S. America
e 201-OMa Atlantic Rifting & erosion
Subtropical: drying supercontinent with
linear sea developing and significant erosion

(no Triassic rocks)

Oceanic

Plate North America
%\ g <—
3

Ancestral Rocky

Mountains ;
'Ancestral Rocky
; e “Mountains

308 million 280 million" 1,000 Kiometers
years ago e W years ago 11000 Miles
During the Middle Pennsylvanian, North America, Africa, and South America were colliding to form Pangea. By the
Early Permian, the Paradox Basin closed and the Ancestral Rockies and Appalachian mountains formed.

Rheic Rheic rifting
subduction

Atlantic

opening
' Pangea
- ———t

Glaciation

EEIISt lapetan subduction
acial | .
Episode Glaciation apetan rifting

NPl K |J[m|P][c]DIs|ole€ |

0 100 200 300 400 500 = 2

Millions of Years Ago Sl
atoctin Mountain

Chesapeake and Ohio Canal

Potomac Herita
National Scenic

larpers Ferry National Histo,ricd{ /
7/ {NORTHERN

S

Blue Ridge
Parkway

Carl Sandburg Home
National Historic Site

Gr;at Smoky Mountains
_ National Park

America

245 million 5

years ago . ” \f
In the Triassic Period, Pangea began to split apart; the Gu A cean opene
coastal mountains rose along the western coast of North America. Shallow seas began to encroach from the north
By the Late Cretaceous, the entire continent was bisected by the Western Interior Seaway.




