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Mapping tectonic faults from geomorphology
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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
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1K Figure 9-1. Locations of major active onshore normal-fault systemsS.L Hawaii;.2. Sierra foothills; 3. Basin
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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:

Spreading centers

Back arc basins

Intracontinental rift systems

Areas inboard of continent/continent collision.

Subduction zones (due to flexing and horizontal compression)



Basin and Range Province

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

© 2005 William Bowen
drwilliambowen@hotmail.com
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Sources: Esri, USGS, NOAA




Quaternary fault map of Nevada

e Purple — Quaternary <1.8 ma

* Green—mid Quaternary <750 ka

* Yellow- latest Quaternary <130 ka

* Orange — latest Pleistocene-Holocene <15 ka
e Red - Historic



Models of Basin and Range faulting

Tilted block model
With basin sediment removed Clay models
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Line of Schematic
Cross Section

Main Scarp
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Geomorphic features along normal faults

faceted rangefront

Alluvial fan and
Lacustrine stratigraphy
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Genoa fault, Sierra Range front Lake Tahoe

* Triangular facets
* Wineglass canyons
* Young scarp (~500 yr)
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Wasatch fault, Utah
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Basin facing scarps

Simpson Park Mountains Schell Creek Range
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Colluvial facies related to scarp degradation Subsurface colluvial stratigraphy
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Diffusion Analyses of Scarp Profiles

Simpson Park Range, Profile trench SPT2

Simpson Park Range
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Soil pit exposures and clay % depth profiles
Used to correlate map units and better understand the age of faulted deposits

Desatoya Toiyabe Egan Schell Creek
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Trenching

Tolyabe Range
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Abbreviations for geomorphic features for use in mapping faults

strike-sip faults normal faults

Table 1. Geomorphic Symbol Codes used in Map Compilation
Geomorphic Feature Symbol Geomic feature Sv"‘bol
Scarp (northeast facing) s (NE)
Scarp (southwest facing) s (SW) triangular facet tf
Pond p __graben B
IS)warlrilpy dzpresspn l c:is scarp <

ry linear depression or swale
Saddle - Ove. r-steepened rangefront or
Spring sp wineglass canyon WC
Linear valley Iv beveled scarp bs
Linear drainage Id Distributed fracturing df
Swale sW
Linear break in slope bs
Bench b Other data
Tectonic ridge r
CIRE e kp Vertical separation (v.s.)
Vegetation lineament \ .
Drainage divide dd Sca rp helght (Sh)
Offset stream channel 0s
Beheaded or abandoned str hannel b . . . .
Defostod s e can be measured in the field or using profile
Pirated channel pc tools in ArcGIS or QGIS




Historical surface rupture examples

MAP OF THE

1915 FAULT SCARPS

PLEASANT VALLEY, NEV

LEGEND
1915 SCARP E MESQ20IC. ROCKS

IKACTIVE FALLT IIII TERTIARY VOLCANIC ROCKS HIII
ORAINAGE ~T]  ouareamarr acoviom IIII

e e 1915, M, 7.6 | Pleasant Valley, 5.8 m displ. 59 Km
L Nevada

e length
Page, 1935 Fw. 3.—Map of the 1915 fault scarps

Wallace (1984)
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Free face —

Colluvium
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Alluvium

Debris slope N
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Historical surface rupture examples

1954 Fairview Peak and
Dixie Valley earthquakes

Dixie Valley
fault
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Date and Maximum Length of
magnitude Area/fault displacement” (M) rupture (km) References

a. Ruptures studied immediately after the earthquake

1954, M, 6.8 Dixie Valley, 3.8 45 Slemmons (1957)
Nevada
e feu 1954, M, 7.2 | Fairview Peak, 4.8 67 Slemmons (1957)
Nevada
Caskey et al., 1996
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Fault mapping across US HWY 50
central Basin and Range
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Schell Creek Range
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SPACE-TIME PLOT OF
EARTHQUAKE RECURRENCE
© DATED EARTHQUAKES
[1 EARTHQUAKES SINCE PARTICULARTIME
7 SCARP DIFFUSION ANALYSIS
B @ CENTRAL NEVADA SEISMIC BELT
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