Stress, Strain, & Faults I

E. M. Anderson’s Models

· Anderson recognized that only normal, thrust, and strike-slip faults should form at the Earth’s surface

· Discontinuity between the Earth’s surface and the air is a “free” surface

· Such surfaces are surfaces of essentially no shear

· That means that the Earth’s surface is a principal plane and one of the principal stresses must be perpendicular to it

· (1 vertical—normal faults

· (2 vertical—strike-slip faults

· (3 vertical—thrust faults

E. M. Anderson’s Models

· Conjugate faults

· Formed at the same time

· Really formed under the same stress system

· One of the faults is often better developed

· Must have the proper angular relationship

· Must have the proper motion sense

· Anderson also knew

· (1 bisects the acute angle between conjugate faults

· The dihedral angle between conjugate faults is 60°

· Faults form at 30° to (1
Normal Faults

· (1 vertical

· Crust is stretched

· Crust is thinned

· Faults dip 60°

· Divergent plate margins

· Anywhere there is extension

Reverse Faults

· (3 vertical

· Crust is shortened

· Crust is thickened

· Faults dip 30°

· Convergent plate margins

· Anywhere there is horizontal compression

Strike-slip Faults

· (2 vertical

· This is unusual

· Crust is both stretched & shortened

· Faults dip 90°

· Transform plate margins

Relationships

· Conjugate faults

· Slickenlines

· Joints

The Problem of Reverse Faults

· If maximum compression is horizontal, faults should dip 30°

· Reverse faults should not occur at the Earth’s surface

· Steeply dipping reverse faults do occur

· Reactivation of normal faults in a compressional regime

· Curving stress trajectories at depth and subsequent erosion

Reactivation of Normal Faults

Curving Stress Trajectories

Transform Faults

· A special case

· Require a change in crustal volume

· Regular strike-slip faults assume constant crustal volume

· Transform faults require such a change

· The name transform was coined by J. Tuzo Wilson

· Transformation of motion from one segment of a plate boundary to another

Transform Margins

· Plates slide past each other

· Called transform because there really is a transformation of motion from one part of a boundary to another

· Ridge-Ridge Transform is a classic

How Transform Faults Work

· Actual motion (big arrows) is opposite of apparent motion (little arrows)

· Plate size increases as material is added at ridge

· Earthquakes occur between offset ridge crests

· San Andreas fault is a classic example on land

Ridge-Ridge Transform

Transform Faults

· Wilson argued that since transform faults require a change in crustal area, their existence proves the existence of seafloor spreading

· First motion studies enabled us to determine motion sense that was “backwards” and proved the existence of transform faults

First Motion Studies

Sometimes called
Focal Mechanism Studies

First Motion Studies

· Use data from seismograph stations to determine the direction of first ground motion at each station

· Plot these data on a map

· Observe pattern

· Determine the direction of motion on a fault

· Requires geological information

First Motions

First Motions

First Motions

· Takes data from many stations

· Must use geologic knowledge not obtained from seismograms

· Can be used for any kind of fault to determine the type of motion

· Allows identification of type of fault from seismogram and some knowledge of local geology

Slice of Bread for Transforms

Other Transforms

· Convex arc-convex arc

· Transform gets shorter

· Concave arc-concave arc

· Transform gets longer

· Ridge-concave arc

· Indeterminate

· Depends on relative spreading rates

· Ridge-convex arc

· Transform gets shorter

· Concave arc-convex arc

· Indeterminate

· Depends on relative spreading rates

