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Faults
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Microscopic faults, showing fractured and displaced feldspar grains.
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Mesoscopic faults cutting thin layers in an outcrop.
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The trace of the San Andreas (strike-slip) 

Fault across the countryside.
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Faults, fault zones and shear zones  Fig. 8.1

Fault

Fault zone, with inset showing cataclastic
deformation adjacent to the fault surface.

Sketch illustrating the 
relation between a principal 

fault and fault splays. 

Anastomosing
faults in a fault 

zone. 

A shear zone, showing rock continuity 
across the zone. The displacements

are shown to intersect the ground 
surface, whereas the shear zone 

occurs at depth in the crust.
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Fault slip  Fig. 8.3

Block diagram 
sketch showing the 

net-slip vector with 

its strike-slip and 

dip-slip components, 
as well as the rake 

and rake angle.
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Fault Types  Fig. 8.4
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Fault Types  animated

Reverse Normal

Left-lateral 
(sinistral)

Right-lateral 
(dextral)
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Fault Geometry and Displacement  Sec. 8.2
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Extensional and contractional fault regimes  Fig. 8.5

Note the 

respective 
horizontal 

length 

changes.

Starting condition

extension

contraction.
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Alpine Thrusts
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Thrust: Ramps and Flats  Fig. 8.11

“Ramp anticline”

Cross section showing 

the geometry of ramps 

and flats along a thrust 

fault. The fault geometry 

is shown prior to 

displacement on the fault. 

Cross section illustrating 

hanging-wall and footwall 

flats and ramps. 

Segment BC is a 
hanging-wall flat on a 

footwall ramp. 

Segment AB is a 
hanging-wall flat on a 

footwall flat. 

Segment DE is a 
hanging-wall flat on 
a footwall flat.

Segment CD is a 
hangingwall ramp on 

a footwall flat, and 
segment
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Klippe and Window Fig. 8.8

Block diagram illustrating klippe, window (or 

fenster), allochthon (gray), and autochthon 

(stippled) in a thrust-faulted region. 

Note that the minimum 
fault displacement is 
defined by the farthest 
distance between thrust 
outcrops in klippe and 
window.
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Normal Fault
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Low-angle normal fault (detachment)

Whipple Mountains
hyperlink to DePaor
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Strike-slip Fault
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Fault bends Fig. 8.12

Map-view illustrations of a 
right-lateral strike slip fault.

restraining bend releasing bend 
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Fault Scaling and Self-similarity  Fig. 8.15

At time 1, the short fault 
only offsets marker line 
XX′ by a small amount.

Map view illustrating that displacement on a fault grows as 
the fault length increases. 

At time 2, the fault has 
grown in length, and 

marker line XX′ has been 
offset by a greater amount. 

Note that the 
displacement 
decreases toward 
the end (tip) of the 
fault and is greatest 
in the center
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Fault Scaling and Self-similarity  Fig. 8.15

D is 3% of L

Log–log plot showing the apparent 

relationship between fault length (L) and 

fault displacement (D): D = c * Ln. 

The exponent, n, is called the fractal dimension. 
Various fits are possible, but a general relationship is 

D = 0.03 * L1.06, suggesting an approximate 
displacement–length ratio of about 0.03.
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Offset terminology  Fig. 8.10

Block diagrams 
showing dip 

separation, strike 
separation, heave, 

and throw. 

Map view showing 
how separation 
depends on the 
orientation of the 

offset layer. 

The two dikes shown here dip in 
different directions and have, 

therefore, different strike separations.

Block diagram illustrating 
horizontal (H) and vertical 
(V) separation, as well as 

dip (D) and strike (S) 
separation
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Fault terminations  Fig. 8.13a

Cross-sectional sketch showing 
various types of fault terminations. 

Cut by a 
pluton; 

terminate at 
ground surface 

Cross-cutting faults

Eroded at 
unconformity
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Fault terminations  Fig. 8.13b and c

Merging with 

another fault 

Horse tailing

Dying out into 

folds or ductile 

deformation 

MAP

CROSS SECTION

A series of ramps merging at depth with a basal detachment.
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Normal fault systems  Fig. 8.32

Half-graben

Horst-and-graben system
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Reverse fault systems  Fig. 8.33

Imbricate fan

Duplex system with 

horses in between 

the floor and roof 
thrusts
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Geometry of fault arrays  Sec. 8.6.1

Parallel fault array includes a number 

of fault surfaces that roughly parallel 

one another.

Anastomosing array A group of wavy 

faults that merge and diverge along 

strike, thereby creating a braided 

pattern in map view or cross section.

En echelon array A group of parallel 

fault segments that lie between two 

enveloping surfaces and are inclined at 

an angle to the enveloping surfaces.
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Geometry of fault arrays  Sec. 8.6.1

Relay array in map view is a group of subparallel
non-coplanar faults that are spaced but whose 
traces overlap with one another along strike. As 
displacement dies out along the strike of one fault 
in the array, displacement increases along an 
adjacent fault.

Conjugate fault array is composed of two sets of 
faults that are inclined to one another at an angle 
of about 60°and can be dip-slip or strike-slip 
faults. If the faults in the array are strike-slip, then 
one set must be dextral and the other sinistral.

Nonsystematic fault array In some locations, 
faulting occurs on preexisting fractures. If the 
fracture array initially had a wide range of 
orientations, then slip on the fractures will yield 
faults in a wide range of orientations. Such an 
array is called a nonsystematic array.
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Strike-slip fault systems Fig. 8.34 replaced

Positive and negative flower structure from strike-slip faulting 
accompanying transpression or transtention. 

The symbols x and o indicate motion away and toward an observer, respectively.
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Subsidiary Faults  Fig. 8.20

Schematic diagram illustrating a 

layer of clay that deforms when 

underlying blocks of wood slide past 
one another.

Map view of the top surface of the 

clay layer, illustrating the orientation 
of Riedel (R), conjugate Riedel 

(R′), and P-shears. 

Note that the acute bisector of the 

R- and R′-shears is parallel to the 

remote σ1 direction.

Growth of R-, R′-, and P-shears. 
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Fault Surfaces: Striations and Polish Fig. 8.18a plus

• If slip on a fault takes place by frictional sliding, asperities 
on the walls of the fault break off and/or plow into the 
opposing surface and wear down. 

• As a result, the two walls of the fault may become smoother 
and, in some cases, attain a high polish. 

Fault surfaces that have been polished by the process 

of frictional sliding are called slickensides
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Fault surfaces: fibers  Figs. 8.18 and 8.19

Illustration of the growth of slip 
fibers on a fault plane
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Fault surfaces: fibers  Fig. 8.19b

Oblique restraining steps 

become slickolites.

Block diagram illustrating steps along a fiber-coated fault surface. 

Restraining steps 

become pitted by 

pressure solution, 

releasing steps 

become the locus 

of vein growth



© EarthStructure (2nd ed) 4010/5/2014

Also: Foliated vs. Non-foliated
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Fault Rocks: Gouge and Cataclasite
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Mylonites/Shear Zones
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Pseudotachylytes

A glass or microcrystalline material that 

forms when frictional heating melts rock 

during slip on a fault. 
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Fault habit with depth  Fig. 8.26

Note the change in fault zone width and types 

of structures with depth.
Rocks become progressively 
more ductile with depth in the 
crust, because of the increase 
in temperature and pressure 
that occurs with depth. 

Consequently, at depths 
between ∼5 km and 
10–15 km, faulting tends to 
yield a fault zone composed of 
cataclasite. 

The brittle-plastic transition 
for typical crustal rocks lies at a 
depth of 10–15 km in the crust, 
varying as a result of rocks 
consisting of different minerals 
that behave plastically under 
different conditions, and 
because the depth of transition 
depends on the local 
geothermal gradient. 

The activity of plastic deformation mechanisms below this brittle-
plastic transition yields a fine-grained and foliated fault-zone rock, 
called mylonite.
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Changes in Fault Character with Depth Sec. 8.4.2

Whereas cataclasite forms by brittle deformation on a grain scale, movement in 
the fault zone resembles viscous flow and strain is distributed across the zone 

(i.e., ductile behavior ). 

Temperature conditions at a depth of around 10–15 km are in the range of 

250°C to 350°C (i.e., lower greenschist facies of metamorphism), where plastic 

deformation mechanisms become the dominant contributor to strain in (quartz-

rich) crustal rocks. 



Fault-related folding Fig. 8.21
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A small flexure develops during shortening 

of the layers, and a pronounced anticline-

syncline pair develops.
En echelon (or stepped) 

gashes form in the fold. 

A fault breaks through the fold, 

cutting through a gentle flexure Geometry of a fault-propagation fold.
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Fault-related folds  Fig. 8.22

Fault-bend fold on a thrust. Folding in a fault zone

Detachment fold. Drape fold over faulted basement.
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Fault-related folds

fault-propagation fold

fault-bend fold
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Fault scarp  Fig. 8.25 Block diagram illustrating a fault-line scarp 

caused by the occurrence of a resistant 

stratigraphic layer (in black) that has been 
uplifted on one side.

• Alternatively, if the fault becomes indurated, it may become more resistant to erosion than the 
surrounding region and will stand out in relief.

• Second, if the fault juxtaposes two rock units with different resistance to erosion, then a topographic 
scarp develops along the trace of the fault because the weaker unit erodes more rapidly, and the land 
surface underlain by the weaker unit becomes topographically lower). Such a fault-line scarp differs 
from a fault scarp, in that it is not the plane of the fault itself. 
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Fault scarp in the Basin and Range Province (Nevada, USA). Note the 

normal sense of offset, with person for scale
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Fluids and faulting Sec. 8.5.2

The fracturing that accompanies fault displacement creates open 

space within the fault zone for fluid to enter. 

• Because of the increase in open space, fluid pressure in the fault zone 

temporarily drops relative to the surrounding rock. 

• The resulting fluid-pressure gradient can actually drive groundwater into 

the fault zone until a new equilibrium is established. 

• Such faulting-triggered fluid motion is known as fault valving or seismic 

pumping.
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Fluids and faulting Sec. 8.5.2

The presence of water in fault zones affects the stress at which 

faulting occurs in three ways. 

• First, alteration minerals formed by reaction with water in the fault zone 

tend to have lower shear strength than minerals in the unaltered rock, and 

thus their presence may permit the fault to slip at a lower frictional stress 
than it would otherwise.

• Second, the presence of water in a rock may cause hydrolytic weakening 
of silicate minerals, and therefore allow deformation to occur at lower 

stresses.

• Third, the pore pressure of water in the fault zone decreases the effective 

normal stress in a rock body, and thus decreases the magnitude of the 

shear stress necessary to initiate a shear rupture in intact rock or initiate 

frictional sliding on a preexisting surface.


