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Geomorphology of normal faults
and examples from Nevada



Outline of topics
• Normal faulting environments
• Basin and Range Province
• Geomorphic features along active normal faults
• Historical ruptures: surface map expression
• Examples of mapping normal faults





• Spreading centers
• Back arc basins
• Intracontinental rift systems
• Areas inboard of continent/continent collision.
• Subduction zones (due to flexing and horizontal compression)

• Origin due to crustal extension.
• Maximum compressive stress is vertical.
• Commonly in areas with high heat flow and

relatively low velocity upper mantle.

Geologic environments include:



Basin and Range Province

Mountain and basin topography is the result of 
Progressive extension and normal fault displacement







• Purple – Quaternary <1.8 ma
• Green – mid Quaternary <750 ka
• Yellow- latest Quaternary <130 ka
• Orange – latest Pleistocene-Holocene <15 ka
• Red - Historic

Quaternary fault map of Nevada

dePolo, 1998



Stewart, 1971

Tilted block model

Tilted block model
With basin sediment removed

Burke, 1967

Moore, 1960

Cloos, 1968

Coney, 1969

Models of Basin and Range faulting

Asymmetrical 
graben

Clay models

Basin and Range structure
some combination of 
tilted blocks and horst 
and graben formation.



Burbank and Anderson, 2001



Geomorphic features along normal faults

Alluvial fan and 
Lacustrine stratigraphy



Variable rates of deformation
Relatively fast
Uplift

Relatively slow
Uplift

Antelope Range

Toiyabe Range

Bull, 1964

Steep young
fans at mt.
front, large
Facets, proximal
axial river, linear
range front.

Shallow young
fans away from
Mt front, small
facets, distal axial river, 
sinuous range front.



Genoa fault, Sierra Range front

Photo S. Wesnousky

Lake Tahoe

• Triangular facets
• Wineglass canyons
• Young scarp (~500 yr)

Ramelli et al., 1999



Wasatch fault, Utah

DuRoss et al., 2015



Cortez Range



Schell Creek Range

Basin facing scarps

Simpson Park Mountains



Wesnousky et al., 2005

S. Wesnousky

Shawave Mountains



Wesnousky et al., 2005

2 events 4600 and 1900 years ago
Must be careful separating shorelines
and fault scarps.

Humboldt Range



Subsurface colluvial stratigraphyColluvial facies related to scarp degradation



Diffusion Analyses of Scarp Profiles
Simpson Park Range

9 kya

55 kya

u(x,t) = du/dt –k(d2u/dx2) =0

Toquima Range

 

u x, t( ) = a * erf x / 2 kt( )+ bx

Knowing slopes, offsets, and 
estimate of mass diffusivity (m2/time)
Age of scarp can be estimated



Soil pit exposures and clay % depth profiles
Used to correlate map units and better understand the age of faulted deposits
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Toiyabe Range
1.8 m offset (2 events)

Trenching



Trench Exposures

Butte Range

Desatoya Range

Egan Range

4.4 m offset (3 events)

1.6 m offset (1 event)

2.5 m offset (3 events)



Abbreviations for geomorphic features for use in mapping faults

strike-sip faults normal faults

Other data

Vertical separation (v.s.)
Scarp height (s.h.)

can be measured in the field or using profile
tools in ArcGIS or QGIS



Historical surface rupture examples
1915 Pleasant Valley earthquake

Page, 1935

Km
length

m displ.



Wallace, 1984





Historical surface rupture examples
1954 Fairview Peak and 
Dixie Valley earthquakes

Caskey et al., 1996



Caskey et al., 1996



Caskey et al., 1996





Fault mapping across US HWY 50
central Basin and Range
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Toiyabe Range



Toiyabe Range



Eagan Range



Simpson Park Range



Schell Creek Range



Butte Range



3 events recorded
in scarp.

Antelope Range








