Announcements!

Walking Buddies Program!

Community Planting Day in the SSU Native
Plant Garden

*Join us on Saturday, February 28" 10am-2pm
*More info at https://cei.sonoma.edu/calendar-events




+ 4+

+ e
4+ 4+

44 444+ Za +
4444+ 4+ 4 + 4+ 4+
+4444 44 LR Rt eadi o +
R IR A + 4 ++
R R I N R e s
4 + + 0+

++
>e
+
ey +
+ V%
3 7N
+
3
¢
P
+
TSN IS SULS 0 SR ST

THE NATIONAL PARKS

noRm
GiSCioes
oumpic

‘ s *mrrﬂ

 oasmiGion *wmw ‘%‘“

.
vown
.

MINNESOTA

-4 st woms IR

4
N

e ‘ M - %m NEBRASKA.

mnruwm

pmmﬂis‘m M‘ *Wﬂfr M‘Q ‘wm;«u"ﬂi *w g Kasas ‘WV

MISSOURI

L
ML CALFORNIA

I %‘

Fy e o, A
AvzoNA ‘?le
S fu

e
M
Tous
e
Tl LOUISIANA
&
—
VALLEY  praska
B

LHAEy WRANGELL
o e
e AMERICAN

‘mzmm SAMOA
pr¥
HAWAI st AMERICAN

Volcanoes

MORETHANJUSTPARKS.COM

'OREGON
‘W AHO YELLOWSTONE
SOUTH DAKOTA WIEERSER

Lot

MISSISSIPPI

With a Focus on the US National Parks

with Nicole Myers

Week 3: North America & the Dawn of Animal & Plant Life

Provinces

D > 2.5 Ga Archean crust
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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]

* National Parks: prioritize public benefit & environmental protection
providing protected landscapes (public engagement)
* Field Stations: prioritize research & knowledge generation to improve
conservation (scientific communities = not open to the general public)
* “Living laboratories” for outdoor-based research & education to

SN, >OgleEanth

support conservation and research endeavors and develop expertise
to address environmental challenges
* Provide scientific research, ecological monitoring, study human
impact, develop restoration techniques, train future scientists &
conservationists
* Some field stations are located within National Parks: Channel Islands,
Yosemite, Sequoia & Kings Canyon, Capitol Reef, Grand Teton, Lassen
Volcanic, Virgin Islands

The Virtual Field:
https://thevirtualfield.
org/video/santa-rosa-
island-torrey-pines/
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Recap

National Parks provide very high conservation
protection & public access

Blue Ridge

Cratons grew through successive orogenies = - \

“Middle-aged” (Appalachians)

Precambrian convergent continental growth
» 2.8-2.5Ga Kenorland Supercontinent

*2.4-2.2Ga Snowball Earth
*1.65-1.63Ga Penokean Orogeny
[[] >25GaArchean crust

Gulfof [1%
Alaska | 7

e 2.0-1.4Ga Trans-Hudson Orogeny = Columbia “SC” b v

* 1.8-1.6Ga Yavapai, Mazatzal & Mojave Orogenies N 8 EEGES NETI

* 1.3-0.7Ga Grenvillian Orogenies = Rodinia “SC” : Dy B e
National Parks So Far: Voyageurs, Pipestone, Grand ay )< —
Teton, Yellowstone, Wind Cave, Glacier, Rocky Mountains, 4 ”‘ \ Y
Black Canyon of the Gunnison, Saguaro, Joshua Tree, The SONYE L TROD E e
Grand Canyon, Death Valley, Isle Royale, Great Smoky 0 N : : / / e

D 1.69 - 1.65 Ga Juv. crust
M O U nta i n S, S h e n a n d Oa h ’ % ; | :xico e / ;fncittoni( plate



500 million years ago

End Precambrian Unconformities

e Rodinia break-up =2 intense
erosion & sea level rise

e Early Cambrian shallow marine
deposition

Grand C

Superg

Geological forces broke apart and tilted the Grand Canyon Supergroup layers.
Erosion then scoured a flat surface and allowed even more rock layers to be deposited.

STRATIGRAPHIC COLUMN
NEAR SOUTH KAIBAB TRAIL

Evidence of

v
2 300-2001 | Shallow marine. 270
N Present-day ——— Alluvial fan material (92-122m) | beach, intertidal zone
. g ————— Tecopa lake beds siltstone and shale. About 2 m.y. to 150,000 years. x ==
[ ) ra I d (7] —— China Ranch lake beds siltstone and shale. About 8 m.y. 290 M (89 M) |-one, eollan desert
v — th0]ng Tluff .andksr'l’gsh'(’)geVo;’cimﬁg 5
l litic volcanic rock and ash-flow tuff. m.y. P .
Permian ends~2s0my g & S | «on(ioam m desert sand 275
. p o
Pefrrtsy{vafuan ——— Mississippian through Permian rock units w
Mississippian i Shallow marine, lagoon,
sy s00m(s2m) |fluvial, eciian 280
Devonian Silurian and Devonian rock units
2 -8 Silurian ) i )
o r I S I n g Oxy g e n o s " Ely Springs Dolomite /ight-and dark gray dolomite
o Ordovician —— Eureka Quartzite hard white quartzite =
(=] T\ = Shallow marine, lagoon,
g s " Pogonip Formation brown and gray limestone and shale Surprise 1000 1t (305 M) | figvial, eolian 285-218
. . . L) Nopah i i d dole
e rising calcium E e S
7 — Bonanza King Formation [ 75 R (023
c‘.’z’ﬁ:’fy” o are dark ayay Imedtone and dolomite
Carrara Formation colorful limestone and shale
Zabriskie Quartzite pink quartzite with cross-bedding. Contains S00 R (153 m) 240
O e r TR vertical trace fossils (skolithos) Temple Butte Fm.
540 my. Wood Canyon Formation shale and sandstone. Upper part contains

seawater
elements)

e invertebrate
fossils

Proterozoic

N eHiine Formation earliest shely fossils
quartzite and pebbly quartzite
— Johnnie Formation
sandstone, siltstone, dolomite. Contains oolite bed
_-Noonday Dolomite
dolomite. Hosts lead-zinc mi old Tecopa

_ Kingston Peak Formation
- ith pebbles and bould

About 740-635m.y.
__—Beck Springs Dolomite
blue-gray dolomite

_ Crystal Spring Formation
sandstone, limestone, shale. About 1.4 b.y. to 780 m.y.
_-Diabase intrusions

green-colored basalltic sills and dikes. 1.1 b.y.
_~ Crystalline Basement Complex
gneiss, schist, granite. 1.7-1.4 by.

AGE
APPROXIMATE DEPOSITIONAL (In millions
THICKNESS ENVIRONMENT of years)

4501 (137 m) marine

3401t (104 m) | Intertidal zone.

0-200 ft (0-61 m) 525

Shallow marine,

3100 1t (946 m) | Shatow marine. fuvial, | o o
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e 1680 - 1840




atoctin Mountain Pai

Chesapeake and Ohio Canal
National Historical Paf

Rodinia Break-up: lapetus Ocean

Smoky Mountains NP, TN: o
*750-600Ma Ocoee Supergroup= 7/
sediments deposited in rift fault basins

Shenandoah NP, VA: / x,

National Historic Site

| *570Ma Catoctin Formation = rift flood e

basalts during supercontinent break-up w[/ \3\ .

Blue Ridge —
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/
Blue Ridge
Mountains

Carbonate
rocks

Cambrian

WEST

Clastic sedimentary rocks

A

Cambrian Sediments:

541-520Ma

Chilhowee Group-= rift

—> shoreline = = _, —

S e | sz pas sive m argin Sedi a;"rw On \”es &zi??h\lg?ds
m

o, Quartzite, =
Ton phyllite and By 72| Greenisn - groy
[ rmamminere B meiscangionsane, (73] Sremat e
A Z735] Light - grey Q
E M.'e' ; grente Se I m e ntS

ol Quartzite
Green phyllite and  fEEIH Columnar
h
E it o vasalt

Upper
Precambrian(?)

/)
g fﬂl' 0 Vlﬂce

5‘ chilhowee
(Jroup

Precambrian

b

Plutonic rocks |Volcanic rocks

°

€. BENTLEY. 2006




The Cryogenian: Marinoan & 3.3 Billion Years of Continental
Sturtian Snowball Earth Drift

Glaciations
“SC” break-up > global gt

PANTHALASSIC OCEAN

glaciation 720-635Ma
* M volcanism, shallow [
seas, coastlines 2> (,x:;;uso;;\f Created by: revrunnertech2772

chemical weathering ... L7 eom (Algol)
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Equatorial Glaciations
Death Valley National Park
ePahrump Group = Rodinia rifting
— ~800Ma Kingston Peak Formation
= diamictite from Snowball Earth
— faulting & tilting
e~635Ma Noonday Dolomite “cap
carbonate” = global warming after
Snowball Earth

Turbidites IRD

(distal)

X Crystalllne basement
neiss, schist, ran|t01d
N\ W

(pro><|mal) Fault scarp
(exposing Beck

Spring Dolomite)

Syn-depositional
faulting

% Glacial dropstone:in ;ii;ﬁiictite,
N KingSton:Peak,Fmn:
q Proterozoic (700Ma?)

Photo: Marli B Miller
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Rodinia Break-up: Panthalassic Ocean

Great Basin NP, NV (unconformity vs. comformable

eContinental margin deposition

eAbove: ~575-550Ma Prospect Mountain Quartzite - marine
transgressive sandstone (cratonic source)

eBasement: “650-575Ma McCoy Creek

® shallow marine + diamictite
' Hyper detailed geologic map:

Base Som U'S. Geslogical Survey digieal dats 1:100,000, 1 2 MILES ((\3‘:1:5;] m ioem‘g:og;;d data
] 0 2

19791988 Uarversal Trazservae Mercator projection.
North American Dateen of 1985, Zoe 11 L 1 Additional faults from D.S. Sweetkind,

written commun., 2010

1 2 KILOMETERS
EXPLANATION
Geology
Q- Tabus 2nd Land:lide deposits O - Eureka Quartzite
Jnain ..' ( Qs - Allwvium I Or - Pozonp Group. undifferentiated
|§m 1%‘ % Qg- Giacial doporits B OCo- Notch Pesk Limesetone
Qoa - Older i Gjw - Jokns Wash Limestone
. To- Conglomerste | oot 4B Clp - Lincola Peak Formatin
s g B 7o - Rivolite porphyry dikes and sills Wl Cpc - Pole Camyon Limestone
i - Piocks Skale

f27s
Lehmancaves -8
S =
Lehman Caves il
Visitor Center [IULN = -

T - Biotite granite
B MZe - Gromte
I 058 - Fich Haven 2nd Laketown Dolomites

CZpm - Prospect Mowstain: Quartzite
B Zm - McCoy Creek Growp, undifferentiated

Detachment Décollement Faults
— Known Kaonm
Approxmate, concealed or mferred Approxumate, concealed or mferred
= =+ Approxmmate Miller et al, 1995; Asch and

Sweetkind, 2009
— Great Basin Natonal Park Boundary
A Locanon of muln-well aquifer test


https://npshistory.com/publications/grba/nrr-2014-762.pdf
https://npshistory.com/publications/grba/nrr-2014-762.pdf
https://npshistory.com/publications/grba/nrr-2014-762.pdf
https://npshistory.com/publications/grba/nrr-2014-762.pdf
https://npshistory.com/publications/grba/nrr-2014-762.pdf
https://npshistory.com/publications/grba/nrr-2014-762.pdf

Global

Phanerozoic: times of origin of plants and animals

temperatures
ol 2 Ho!ocene .

E Pleistocene with
=8 alternating periods
(-] 1;: of glaciation
N g and warm periods
(- Pliocene

oc o
Z |28 1c Miocene

. Oligocene
wiey e Eocene
O|s E‘ ;g. g Paleocene
o 30°C Late Cretaceous
=1 % 11°C

Early Cretaceous
o S
N 25°6 Late Jurassic (Malm)
° 19°C Middle (Dogger)
@ (Lias)
Keuper
[T
Muschelkalk
=| ¢
=
36°C
26°C

£
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=
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g are Pennsylvanian
- _!; Vegetation

_E that became coal
o |08 Mississipian
N
° ¥
w early land plants

in riparian zones

Homo sapiens

Early humans
Sahelanthropus
Apes
Monkeys
Primates

Mammals

Angiosperms

bird Archaeopteryx

earliest Mammals
(i. e. Hadrocodium wui)

Pterosaurs

Fish dinosaurs

Dinosaurs

Reptiles
Therapsids
Sauropsids
Synapsids
first Amniotes

Giant dragonflies

first «
terrestrial I

vertebrates chifyostega

frist bony fish
(Osteichthyes)

Placodermi

Cephalopods

Arthropods e.g. Trilobites
Brachiopods, snails

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

Ediacara fauna

Younger

Older

Eon Era Period Epoch
IGaET —=— Today
Quaternary 9 OCene | o 11.8Ka
Pleistocene
= 1.8 Ma
iocene
Cenozoic Heogene Miocene o3Ma
T 23 Ma
Oligocene 34 Ma
Paleogene Elocene 56 Ma
o Paleocene 66 Ma
retaceous =
: 100 Ma
Phanerozoic . : _
Mesozoic JurAass'lc 201 Ma
Tnass.xc ~ 252 Ma
P f’ermlan = 299 Ma
ni- |F ~
ferous —— - 323 Ma
e 359 Ma
sl o!uan 419 Ma
5 ;""_af' 443 Ma
reovician 485Ma
. Cambrian = 541 Ma
Proterozoic = = ~ 25Ga

chean

10 Minute
Break!

Video link:
https://www.youtube.com/watch?v=g_
IEWvtKcuQ

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

© 2016, C. R. Scotese




The Great Unconformity

_»; A Continent-Scale Surface of Cambrian Cover Rocks
Grand Teton & Yellowstone NP, WY

eCover = 530-520Ma Flathead Sandstone: marine transgression

eBasement = Archean gneiss & granite (Wyoming Craton)

" Grand Canyon NP, AZ
i ‘ eCover = 508-497Ma Tonto Group: marine transgression

3 sets of rocks
[] Layered Paleozoic Rocks

[ Grand Canyon Supergroup
[ Vishnu Basement Rocks

WEST Cenozoic sediments EAST

Teton Basin Jackson Hole Basin Paleozoic & Mesozoic

sedimentary rocks

Cenozoic sediments & Grand Teton Teton Normal

3 13,770 Fault
volcanics . Jackson Lake

Paleozoic
sedimentary rocks

Great Angular
s« Unconformity

Mountain uplift

A\
) AN
N p
W N

: N
. Valley subsidence
b &

Precambrian gneiss & granite

/ Latorgranite ~

2
5




End of Rodinia & the Precambrian

Precambrian Rocks of Alaska

eRare outcrops & dates largely undetermined

eScant evidence of Rodinia formation and break-up in
Gates of the Arctic NP SR AN e S bl

Laurentia “west” coast becomes a passive margin o T o o ®%

Anaktuvuk
® Pass

GATES OF THE ARCTIC
NATIONAL PARK AND PRESERVE . 5G 7

0 50 Miles

Focus on the green shapes & watch North America slowly form| IRt

Surficial deposits I Angayucham assemblage pre-Mississippian

Brookian and
Koyukuk sequences

3.3 Billion Years of Continental e e
. Precambrian

. D Cenozoic
D rl ft D Paleogene . Proterozoic

. Mesozoic L.Jnkn_own or multiple
time intervals
‘ D =

@ surassic
Created by: revrunnertech2772

Lisburne and Etivluk Groups [l pre-Mississippian igneous rocks

. Triassic _
D Paleozoic . Q =

D Permian &%

D Carboniferous

. Devonian C

. Ordovician

¥

(Algol)



Phanerozoic Eon: Laurentia & Gondwana

e Cambrian Explosion: end of Snowball
Earth = first animals with hard parts

Glaciations &
Supercontinents

Impacts?
Y
\

e

Miocene-
Pleistocene
Oll;low
iquity
Earth
Carboniferous

) Ordovician
Ediacaran

Basin
Central Sweden

Eastern Brasil
Kimberley

8

Huronian
Glaciations

Moon-forming
impact
4.5 Ga

Kenorland

Pongola

Era/Period

CENOZOIC
65.5 Ma
MESOZOIC
251 Ma
PALEOZOIC
542 Ma
Ediacaran
635 Ma
Cryogenian
730 Ma
1000 Ma

Columbia

2.45-2.21 Ga I:

2500 Ma

NEOPROTEROZOIC

MESOPROTEROZOIC

PALEOPROTEROZOIC

|

3800 Ma

~4500 Ma

PHANEROZOIC

PROTEROZOIC

ARCHEAN

HADEAN

~4600 Ma

)
T
y
?
¥ Paleo-Pacific

Ocean
B

Tapetus

Late Cambrian 514 Ma

v
e ’

Ancem Linom
Madern Landmars (2 a0

Suteuction Zene (hinghes powt mm/
DO

and Nova Sconta

England
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The Cambrian Explosien Diversification

~541-530Ma
Grand Canyon NP

eTonto Group: trilobites & brachiopods

[

Death Valley NP

*\Wood Canyon Formation: trilobites,
archaeocyathid sponges

500 pm

Stapicyutints : Early Cambrian of
Antarctica. Wrona (2004).

Great Basin NP

ePioche Shale & Pole Canyon Limestone:
trilobites, archaeocyathid sponges

Yellowstone & Grand Teton NP
eFlathead Sandstone & Pilgrim Limestone:
trilobites, brachiopods, stromatolites




0Ma 800Ma 750 Ma 700Ma  650Ma 600

Cambrian Shallow Seas grwes

Ma 550 Ma

Cryogenian

Ediacaran

541-485Ma Equatorial NA
eOldest shells & skeletons

eFirst apex predator
eFirst aquatic plants
eFirst chordates
eGlobal warming

eRising sea levels = transgression
eOxygenated seas

global glaciation

global glaciation

animals

algae

Mud

—> Shale

Sand

— Sandstone

Limestone




850Ma BOOMa 750 Ma 700 Ma 650 Ma 600 Ma 550 Ma 500 Ma 450 Ma

Ordovician Drowned Continent 11

485-443Ma Equatorial North America =

*GOBE = The Great Ordovician Biodiversity Event
eFirst animals with jaws

Neoproterozoic Cambrian Ordovician Silurian Devonian =

eFirst terrestrial plants ™™ . ;

evolutionary trend towards e

tightly coiled shells o \(
«)—»:a k_ﬂ’
.l Ag Cambri . —_— N7
Ce Age s I 4
Q ; Biodiversification nekfon
eTaconic Orogeny =1/

aciation

global glaciation

larger animals, Substrate psn
Metazoans Revolution plankton <= Nekton

Revolution
[ ) LI P benﬂjos \ demersal

*85% extinction B

matgrounds
infauna




