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The North American
Cordillera includes all I
mountains west of

the craton.

The Colorado Plateau is a
cratonic region surrounded
by mountains.

Elevation (meters)
I Less than 0

= 1-300

= 301-1,000

B 1,001-3,500
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Inland water
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The Rocky Mountains lie east and
north of the Colorado Plateau.
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Orogenies 1.8-1.6Ga
* Quachita Orogeny ~318-271Ma

e Cordillera Orogenies 375-40Ma
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ARCHEAN

*14-0.4Ma Lineament: volcanism along {2 i X
zone of weakness = Yavapai Orogeny
subduction scar

Valles Caldera National Preserve, NM
*]1.2Ma Valles Caldera: one of worlds
largest young calderas 13.7 miles
wide

Cenozoic volcanic rocks
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Generalized Timeline of
Rio Grande Rift Formation

Rio Grande Rift NM & CO

Rio Grande Rift e |ft|n : S. ~36Ma, N.
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Great Sand Dunes National Park, CO Est. 3/17/1932
*San Juan Volcanic Field: 40-30Ma

eSangre de Cristo Mountains: ~20-10Ma normal fault

X‘de" /I}nks: / *Lake Alamosa: ~440ka evaporated & wund blew sand
ttps: . .
o APS B0V *Avalanches: singing sands

rsa/learn/nature/sand
dunes.htm
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Guadalupe Mountains National Park, TX Est. 9/30/1972

*300-250Ma Permian Sea & Delaware Basin
«280-225Ma deposition of limestone

interbedded with dark shale
*The Capitan Reef
*26Ma normal faulting

Standard Guadalupian Facies Spectrum

2N 2
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¢300-250Ma Permian 7 " e P
Sea Capitan Limestone | ‘ . p
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White Sands National Monument, NM Est. 1/18/1933

98% pure gypsum sand

*Permian Sea: evaporation &
deposition of gypsum

*30Ma normal faulting

*2-3Ma Lake Otero: lake formed by
sediment dam during Pleistocene
*Holocene Epoch: Lake Otero - alkali

flat eroded by strong SW winds




"
A Devil's
<. gp ﬁﬁ"e’i

Minute

250

S \
Grea; sin Tnmpanogos
gh ’ 4 Cave NM

él'and Bandelicf

“Canyon NM
¥ N‘p’: Valles \ .g l
Caldera —_ Capulin

N Pres ? g
N
1Y
Petroglyph
NM

P
White z
Sand;
41 NM
Kilometers )

Video link: https://www.youtube.com/watch?v=xaj J 3YJMc

Voleano

=== Precambrian shear zones and crustal boundaries
=29 Accretionary complexes

[ Cordilleran magmatic arc

[E===] Antler and Sonoma orogenic terranes

[ Outcrop areas of Jurassic-Cretaceous
mid-crustal metamorphic rocks

[ Sevier fold-thrust belt (expanded)
- Laramide foreland province

‘ Major thrust fault, barbs
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West Coast Accretion
Foreign terranes, deformation, volcanism, & uplift:
Antler Orogeny 375-300Ma: island arc accretion
Sonoma Orogeny 280-200Ma: island arcs

Nevadan Orogeny 180-140Ma: E of Sonoma Orogeny
deform., intrusion of Sierra Nevadan granite

Sevier Orogeny 120-50Ma: E of Nevadan Orogeny deform.
Laramide Orogeny 80-40Ma: near horizontal subduction?

. 300 km

: ~_ Rocky Mountain |

| foreland basin.
foreland "\
foldand /.
thrust!
belt
N\
3
Farallon Plate %

130 Ma

MILLION YEARS
BEFORE PRESENT MOUNTAIN BUILDING

° : b r T It
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(Extensional Tectonics)
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PERMIAN 3
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PENNSYLVANIAN go Ma

MISSISSIPPIAN
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DEVONIAN t ANTLES

OROQGENY outline of Baja California and British Columbia (B-BC)

terrane, K - Klamath Mountains, Kb - Kootenay Basin, M -

Colorado
Plateau [

Farallon Plate

50 Ma

[T craton Paleozoic-Early Mesozoic accreted terranes [l Jurassic accreted terranes
0] exotic superterranes [ Great Valley complex Franciscan complex active arc [l inactive arc

"M Ax - Alexander terrane, B-BC - Baja California and British Columbia, G - Guerrero terrane, IT - Intermontane super-

Mojavia, OM - Olympic Mountains, Q - Quesnell terrane,

S - Stikine terrane, Sa - Salinia terrane, Si - Siletzia, SN - Sierra Nevada, U-1b - Utah-Idaho basin, W - llia terrane,




Sevier Orogeny

*120-50Ma older West
migrating to younger East

¢90-70Ma peak metamorphism

& shortening up to 60 miles

¢20,000ft mtns due to collapsed

when compression ceased
eSierra Nevada volcanism

migrated eastward: 170-150Ma

& 100-85Ma

e ate K: transition to Laramide &

volcanism East =2 Colorado

Sevier-style
deformation

(thin-skinned)
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Big Bend NP, TX

*Paleozoic: marine
(exposed in
Persimmon Gap)
*Cretaceous: marine 2
terrestrial

*Fossils: Mesozoic &
Cenozoic 50+Ma
*Cenozoic: volcanism
42-2Ma & faulting

Early Quatornary-Late Tortiary basin fill
Tortiary intusive bodies, undivided
Tortiary volcanic rocks, undivided

Tortiary-Crotaceous clastic sadimentary rocks, undivided
Crotacaous carbonate sadimentary rocks, undivided

Channel Iskands N.P., CA.

Hagerman Fossil Beds N.M., ID.

Cenozoic

Big Bend N.P,, TX.
'John Day Fossil Beds N.M., OR.

Mesozoic

Dinosaur N.M., Co. ond UT.

:>Pelllﬂed ForestN.P., AZ.

U.5.G.S. Standardized Geologic Time Scale

interval in millions of —=

Rio Grande River =
~3Ma transverse

downcutting
*Pleistocene: wetter &

more erosive river
*Est. 6/12/1944

20-50 >

Big E“éhd"ﬁational?ark
" Persimmon.Gap
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.3,:4'- GEOLOGICAL MAP OF ZION
it NATIONAL PARK, UTAH

Zion National Park, UT Est. 10/23/1972

«270-110Ma marine - terrestrial deposition
*120-40Ma Sevier & Laramide uplift & erosion
*30Ma San Andreas forms

*20-25Ma normal faults

*13Ma Virgin River erosion

*6Ma Colorado Plateau uplift

*3.5Ma Santa Clara volcanic field erupts
*1.1-0.12Ma eruptions dam Vlrgm River

Grand €anyon Rock Layers
'lhrouchout the Colorado Plateau

Vertical scale has been heavily exaggerated

The Grand Staircase

Y 11d33:

MR iR

[] Kaibab Limestone [ supai Group [ rapeats Sandstone [ pex Sanstone
[]voroweap = L I chuar Group [] sinume Quartzite
[ [ muav L = [ | Shale

ir’

Il Hermit Shale [] Bright Angel Shale [I] €ardenas Lavas [] Bass Limestone




Zion National Park

Image links:
https://wWww.nps.g
ov/zion/learn/natu
re/rock-
layers.htm &
https://wWww.nps.g
ov/zion/learn/natu
re/upload/Geolog

' Y07 pdf

Figure 2 o,
the Gre: o
Canada |
Charlott N - 4 ’ oy
r:r?:“; 75 Million Years Ago P PRI e
Reconstruction of Western North America approximately Sl y-
are Middle J Figure 22. Late Cretaceous paleogeographic map of North America. Approximately 75 million years ago the Westem Interlor Seaway slowly
1 0 m[”[on years ago_ Februan retreated to the northeast, leaving vast alluvial plains to mark its past locations. Along the the Sevier Orogeny
was at its climax. Regional metamorphlsm affected western Arizona and eastern California. Pal ic and i
the inz  andli were hosed to quartzite, schist, and marble. The yellow star marks the approximate location of today’s Saguaro

Th ‘<ol National Park. Thick, black lines identify subduction zones. Brown color is land surface. Relative depths of marine water are divided into
ar¢ '50C  shallow (light blue) and deep (dark blue). Modified from the Late Cretaceous paleogeographic map of Dr. Ron Blakey, Northern Arizona

Paleogeograph[c map Courtesy Of Ron Blakey’ COIorado htt <ol University, http://jan.ucc.nau.edu/rcb7/namK75.jpg (accessed February 10, 2010).
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https://www.nps.gov/zion/learn/nature/rock-layers.htm
https://www.nps.gov/zion/learn/nature/rock-layers.htm
https://www.nps.gov/zion/learn/nature/upload/Geology07.pdf

Saguaro National Park, AZ est. 10/31/1994
*1.7Ga metamorphic core complex (East

*600-275Ma marine

*80-50Ma Laramide Orogeny: Tucson Mtn caldera eruption

*30Ma Santa Catalina Detachment Fault
*30-15Ma Intrusion & lava flows

A. Heating from Beneath, Arching (30 million years ago)
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114718

G Basin NP, NV Est. 10/27/1986
eCambrian marine: Lehman Caves limestone,
gypsum, aragonite
*Cretaceous intrusions
*Decollement + normal faulting + volcanism
*Caves began forming 2-5Ma + glacial moraines

Wheeler Peak glacier + 7 active rock glaciers
Sevier Lake playa lake S 2 U )
.

Lower
Lehman I
Creek
Upper  Campground
Lehma ¥

Cave

Craek .
A’cﬂ ground 1‘:\,»:7”:4»
o

Wheeler
Peak Le2 Lehman
Campgroupd

Sprin

397
00

Marmot

4. Spring Diversion
Spring

Jeff Davis
Peak

Baker F
11,000 Campg |

—=Bakér
)2 .
2, %, ke

10,000
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1 =
. ROPIO Survey o ! Gu(ﬂr’/‘g.". nm.\’hhrﬂ|Imh:|‘\\:j‘ﬂ‘mc.‘el3
S e e o s
l; ; ; KILOMETERS
EXPLANATION
Geology =« = Great Basin National Park boundary

Qtl  Talus and Landslide deposits
Qa  Alluvium

~———— Contour—Interval is 1,000 feet

Qg Glacial deposits A A’ Geologic profile shown in figure 3
IC| IeposIts —
Qoa Older alluvium @  Spring
Tgr Biotite granite . s iy .
- MZGEC 40 ‘Water sampling site listed in table 1
g Granite

€pc  Pole Canyon Limestone, undifferentiated 5 Rock sampling site listed in table 1

- €pi  Pioche Shale Lc2

o Water sampling site (Acheampong, 1992)
€Zpm  Prospect Mountain Quartzite

Leaflet | OpenStreetMap | Merit DEM B 2 McCoy Creek Group, undifferentiated




Death Valley National Park, California
3253 m compiled by Marli Bryant Miller

2,947 m Sediments and Sedimentary Rocks
2,657 m T

Quaternary Alluvium
Qs | sa

*Turtlebacks: 1.7-1.4Ga basement
*Unconformity: Rodinia divergence +
Snowball Earth diamictite
*Paleozoic: marine to near-shore
*Mesozoic: Nevadan Orogeny (Sierra
Nevada) thrust faulting & plutons
*Extension: >14Ma faulting
*\olcanism: Ubehebe Crater maar
*Lake Manly: evaporites, alluvial fan,

Leaflet | OpenStreetMap | Merit DEM

Panamint Range
Telescope Peak Death Valley Funeral

! Mountains
alluvial fan Playa-lake Dalntes View
sediments Sediments

Badwalter

bedrock
2

older
sediments




