Geologic Evaluation of North America
With a Focus on the US National Parks
with Nicole Myers
o] Week 2: Final Assembly of the North America Craton
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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]

MANAGE 27% OF ALL U.S. LANDS

“Non-impairment” standard applies to every NPS designations: e
» Total Federal Public lands (all agencies) = ~640 million acres wensoruw
 National Park System (NPS): >85 million acres in 433 NSP sites/units =ttt

* 63 National Parks = ~50 million acres with “Very High-Protection”

CONSERVATION

-®
» Resource extraction prohibited: no mining, logging, drilling ;\

ARK SERVICE

e Development minimal: tightly constrained _

* Motorized access limited: regulated tourism infrastructure R im0

» Conservation Priority very high: landscape-scale protection, ecosystem AR
integrity & strong wildlife protections, emphasis on natural
conditions/processes (fire, hydrology), active management when necessary \

* National Wilderness = Overlay Designation = strictest conservation Fm S
standard in U.S. law = No motorized vehicles, permanent structures,

commercial enterprises, mechanized equipment (rare exceptions)




Week 1 Recap

Conserved land provides opportunities for
unimpaired land & ecosystems to be studied S -
A ~—
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rock types & 3 tectonic boundary types T *th/W/"\-\_
* Basement rocks = metamorphic + intrusive ign.
e Cover rocks = sedimentary + extrusive igneous
* Cratons = Precambrian continent assembly == —
Orogenies = convergent continental grow e @ Py
 2.8-2.5Ga Kenorland Supercontinent &gl = 4 e
*2.4-2.2Ga Snowball Earth R Bl |
*1.65-1.63Ga Penokean Orogeny 3 <Ay 4 )< Boundares

2 “ ) y (\ 1 ./ { 13- 1.0 Ga Grenvill
¢ 2.0-1.4Ga Trans-Hudson Orogeny = Columbia “SC L0 4 g
National Parks So Far: Voyageurs, Pipestone, Grand EBNE - 865 S8 ; Bt
Teton, Yellowstone, Wind Cave, Glacier N\ O A /7 gy

“Middle-aged” (Appalachians)

[] 1.9-1.8GaRW. Archeal

[ 1.76-1.72GaJuv. crust
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[] 1.7-1.65GaQu. Depos




Orogenies & Supercontinents

* The Wilson Cycle: the cyclical opening &
closing of ocean basin

* The Supercontinent Cycle: the
consolidation of continental crust into a

single landmass that then breaks up
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Developing a Timeline

T =0 half lives T =1 halflife
(rock crystallizes) (1 billion years old)

Parent Isotope Radioactive Daughter Isotope
(Unstable) decay (stable)
2)recognifion of aunique . . 4)caibrated
1)raw data succession of even D3) radiometric geological
{used to subdivide time) dating time

Geometric Temporal Numeric age of

order order ofevents events
CALIBRATED
STRATIGRAPHIC RELATIVE ABSOLUTE GEO_%&%GAL
T= 2 half lives T= 3 _half lives SECTICH SEIX‘EE SCALE SCALE
(2 billion years old) (3 billion years old)
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Proterozoic Eon: Yavapai &
Mazatzal (Colorado) +
Mojave Orogenies

Proterozoic Eon ~1.8-1.6Ga:
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Rocky Mountain National Park, Colorado

Accreted Terranes
Rocky Mountains National Park, CO:
*1.8Ga sedimentary deposited
- ¢1.9-1.4Ga YM Orogenies: gneiss & schist
*~1.4Ga Granite Intrusions

Black Canyon of the Gunnison NP, CO:
*1.7Ga YM Orogenies: gneiss

T 0] 4Ga pegmatite & granitoids

CONTINENTAL

-« Saguaro National Park, AZ: o
-+ 1.7-1.4Ga Mojave orogeny T 7 —=

CONTNENTAL
CRUST

'SUBOUCTING
OCEANIC CRUST

RINCON MOUNTAINS

CATAUNA DETACHMENT 5 ULT 405
Ydi e s

quartzite, schist, dolostone +
intrusions




1.72 billion years ago 1.25 billion years ago
Vishnu Mountai . >
ishnu Mountains ) Kalbab Plateau -
DI Erosion surface P KM
v

The Grand Canyon

Basement rocks formed deep below the Erosion leveled the mountains, creating

.
[] Vishnu Mountains. a flat surface on which new rock layers
O — the Grand Canyon Supergroup —
e e P could be laid down.
[SOURCE: K. KARLSTROM & L. CROSSEY /
. ~ 2 G a S | i t a r y & THE GRAND CANYON TRAIL OF TIME COMPANION (IN PREPARATION) 8. SATALINO / KNOWABLE MAGAZINE
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Figure 1. Generalized stratigraphic column for the Grand Canyon showing major rock units and unconformities.




Death Valley National Park, California

compiled by Marli Bryant Miller

Death Valley National Park, CA pepmeene

*1.7-1.4Ga Mojave basement P
gneiss, schi st, marb|e | ' ' _— R —

Tertiary sedimentary rocks

sedimentary rocks
S

;Aaondse‘m playasiandical - Late Precambrian Pahrump Group

m Pliocene-to-Quaternary
Alluvium

Igneous Rocks
- Volcanic rocks, predominantly late Tertiary

Tertiary intrusive rocks

Mesozoic volcanic rocks

- Mesozoic intrusive rocks

Metamorphic Rocks

- Precambrian gneiss

Thrust fault

Normal fault

Strike-slip fault

Strike and dip of bedding




This map will show the continents
colored by current location.

Africa
Antarctica
Australia & Oceania
Eurasia
North America
South America
Does not belong to any

10 Minute Break!

3.3 Billion Years of Continental
Drift

Created by: revrunnertech2772
(Algol)

Link: https://www.youtube.com/watch?v=UwWWuttntio&t=32s




ONAL PARKS Proterozoic Eon: Midcontinental Rifting
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North America Tearing Apart
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Final Global Accretion Event of the Precambrian

Almost all continental converge = multiple orogenies =
Rodinia Supercontinent formation

Great Smoky Mountains, Shenandoah, Death Valley, Acadia, New
River Gorge, Congaree, Cuyahoga Valley, Mammoth Cave,
Everglades, Biscayne, Dry Tortugas

), Greenland

e Ry®

S Precambman
%
7,

/ rocks of the
shield

Cratonic
platform

%/; 7

The North American
Cordillera includes all
mountains west of
the craton.

The Colorado Plateau is a
cratonic region surrounded |
by mountains.

The Appalachians lie to
the east of the craton.

Elevation (meter: i o
B Less than O e } ¢ The coastal plain is a low
m 1-300 / o A area covered by Mesozoic
= 301-1,000 ¥4 and Cenozoic sediment.
N 1,001-3,500
B More than 3,500
3 Inland water
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MMMMM Late Proterozoic Eon: Rodinia Supercontinent
" ~1.3-0.7Ga at the end of the Precambrian

e Laurentiain the center

e Grenville Orogeny = "east coast”
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Grenville Orogeny

Rodinia formed 1.3-0.9Ga _ o THEMATIONAL PARKS
*1.1Ga Great Smoky
Mountains

¢1.1Ga Shenandoah
eThe Basement of the
Appalachians
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Mountain Chains, Rivers & Shallow Seas of Rodinia

1.25 billion years ago

The Grand Canyon NP

Vishnu Mountains

Basement rocks formed deep below the Erosion leveled the mountains, creating

e1.7-1.25Ga erosion & 16miles
of uplift
e S A O el 2 e S Coyon e ;
Ca nyon Su pergroup = Rodinia i o Shdacic - C SaEe : T“"” ==
assembly marine & non-marine eSOy ’
deposition + eruptions Discontormiy._ 1Y

3 sets of rocks
[ Layered Paleozoic Rocks
[] Grand Canyon Supergroup

-g [] Vishnu Basement Rocks
E z..
L E S
c s = E ¥ e g " 4 £
8 = g’s Frer'btl:thman Suprise Canyon “Fm: —.Watahomigi Fm: . G
o S <€ n. | = iy
5 g &€ ﬂ Dol. J~— T RedwallLs
b £ 5 8 7 ] Temple Butté Fm. | | 17\
3 255 —— e ‘
3 = —q
& S o =
Colorado
River N
7

terraceg\

A

c

% / S -

:" {zﬁ'a:;er < ? —
Y b Copyright © 2005 Pearson Prentice Hall, Inc.
7 /\ 4 ~ \VEis dhasmfm o™ Figure 1. Generalized stratigraphic column for the Grand Canyon showing major rock units and unconformities.




Death Valley NP
1.2-0.7Ga Pahrump

Rodinian Shallow

Group Sea
eNonco nfO m Ity ato 0]l Death Valley National Park, California

compiled by Marli Bryant Miller

g r-a n ite & g n e i S S Sediments and Sedimentary Rocks

Quaternary Alluvium Tertiary sedimentary rocks
Paleozoic and Late Proterozoic

*Assembly = Crystal , ot i
Springs Formation e e
quartzite, shale, —iweenng (=
dolomite i

*“intracratonic
trough” = shallow

sea with

stromatolites

e1.1Ga diabase sills = |
{ Nomaiaut

Stratigraphy of the Shoshone-Tecopa region

Present-day - —— Alluvial fan material
— Tecopa lake beds siltstone and shale. About 2 m.y. to 150,000 years.
—— China Ranch lake beds siltstone and shale. About 8 m.y.

— Rhodes Tuff and Shoshone Volcanics
rhyolitic volcanic rock and ash-flow tuff. About 9 m.y.

Cenozoic

—— Mississippian through Permian rock units

Silurian and Devonian rock units

ot Ely Springs Dolomite light-and dark gray dolomite

— Eureka Quartzite hard white quartzite
s Pogonip Formation brown and gray limestone and shale

Mesozoic intrusive rocks

s ~ Nopah Formation limestone and dolomite
Metamorphic Rocks P gray limestone and dolomite

Paleozoic

_— Bonanza King Formation

Cambrian light- and dark gray limestone and dolomite

485-540 my

e

Carrara Formation colorful limestone and shale

__Zabriskie Quartzite pink quartzite with cross-bedding. Contains
vertical trace fossils (skolithos)
—— Wood Canyon Formation shale and sandstone. Upper part contains
o 5 earliest shelly fossils
— Stirling Formation
quartzite and pebbly quartzite

—— Johnnie Formation
sandstone, siltstone, dolomite. Contains oolite bed
_-Noonday Dolomite
tan dolomite. Hosts lead-zinc mines near old Tecopa
_ Kingston Peak Formation
~"" mudstone with pebbles and boulders--ancient glacial deposit
About 740-635m.y.
- Beck Springs Dolomite
blue-gray dolomite
Talc--formed through alteration of dolomite by diabase

540 m.y.

Proterozoic

Thrust fault

Crystal Spring Formation
sandstone, limestone, shale. About 1.4 b.y. to 780 m.y.

_Diabase intrusions
green-colored basailtic sills and dikes. 1.1 b.y.

_~ Crystalline Basement Complex
gneiss, schist, granite. 1.7-1.4 by.

445485 my
- IIG re nVi I | i a n o NS Strikerslipfa.ull

Strike and dip of bedding
Orogen
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The Great Unconformity

The Grand Canyon NP
*800-700Ma Chuar Group =

Rodinia break-up

eBasement + Grand Canyon
Supergroup = Unkar + Chuar
Groups tilted when Rodinia
rifted apart

rock record
missing = black ?(2)1

PERMIAN ROCKS
PENNSYLVANIAN- PERMIAN SUPAI G
MISSISSIPPIAN REDWALL Ls.

Billions of Years Ago

1.72 billion years ago 1.25 billion years ago

Vishnu Mountains
Erosion surface

Kaibab Plateau : -
(%7 Kaibab
. Formation
)
. ,é; g HOWEAP. .
Basement rocks formed deep below the Erosion leveled the mountains, creating { ¥ " coomm
Vishnu Mountains. a flat surface on which new rock layers \ Sandstone
— the Grand Canyon Supergroup — Pl NN

could be laid down. o P

X3 ’
SOURCE: K. KARLSTROM & L. CROSSEY / A v((' Hermit Shale
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Figure 1. Generalized stratigraphic column for the Grand Canyon showing major rock units and unconformities.
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