Earthquakes

What is an earthquake?

Causes of earthquakes (Fig. 1)


Stress buildup causes a new fault


Stress buildup causes movement on an existing fault plane.
Definitions:

Seismic wave

Seismology

Earthquake focus (Fig. 1)
Earthquake epicenter (Figs. 1, 2)
Recording earthquakes

Seismographs: (Fig. 3)
Seismograms (Fig. 4)
Seismometers

Types of seismic waves

Body waves

(i)
Primary waves: 6 - 7 km/sec; compression and dilation (Fig. 5)

(ii)
Secondary (shear waves): 3.5 km/sec, particles move perpendicular to the direction of wave motion (Fig. 6)

Longitudinal (surface waves): up and down + side to side movement; drag + shear!, slowest.

Intensity of earthquakes

Mercalli intensity scale

Magnitude of earthquakes

Richter's scale:

For a Wood - Anderson type seismograph located ~ 100 km from epicenter in California (or where the rocksaffected are similar to those in California), the magnitude of an earthquake "M" according to this scale, is given by a formula similar to:

M = log (A . 104)

where A is the amplitude (in mm) of the largest wave on a seismogram. However, the value of A will differ according to the type of the seismograph used, and its distance from the epicenter! Therefore, a more accurate formula which corrects for these parameters is given in Fig. 7.

Example: Magnitude 1 earthquake swings the “needle” of the Wood – Anderson seismograph  1/1000 mm.

Energy in relation to magnitude:

log E = a + b.M

Where a & b are constants (~5.8 and 2.4; respectively), and E is expressed in ergs.

One unit increase on Richter's scale is equivalent to a ~ 33 fold increase in energy!

Disadvantages of the Richter scale:

[i]
underestimates the energy released by major earthquakes (M > 7)

[ii]
device specific

[iii]
rock specific!

Moment magnitude scale

Seismic moment = length of fault rupture . depth . slip . strength of the rock

Locating earthquake epicenters (Figs. 8 & 9)
If the circles intersect at a point, the focus is close to the surface, but if they define a triangular region of intersection, then the focus is deep. The larger the area of this triangle, the deeper the earthquake focus.

Depth of earthquake foci:

Shallow: < 70 km

M: < 9.5

Intermediate: 70 - 300 km
M < 7.5

Deep: > 300 km

M < 6.9

· 90% of all earthquake foci located at depths of < 100 km; 75% of earthquakes are shallow focus.

· Shallow level earthquakes cause greater devastation

Earthquake zones

Brittle - ductile transition: maximum depth: 50 - 80 km ???

Subduction zones (Benioff - Wadati zones): < 700 km
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Intense friction between plates at shallow levels
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Brittle slab interior in the middle of a more ductile mantle at deeper levels; slab breakoff or delamination always a possibility!!
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At depth > 700 km, no more earthquakes, as the slabs deform plastically

80% of earthquakes in the Pacific region, 20% in the Mediterranean and Himalayas

Intraplate activity:
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Old faults

SYMBOL 183 \f "Symbol" \s 12 \h
Causes for rejuvenation:

(i)
erosion and deposition (vertical movements)

(ii)
excessive rainfall

(iii)
plutonism and igneous activity

(iv)
simple plate motion: planes of weakness!

Earthquake zones in the US (Fig. 10)

Effects of earthquakes:

(i)
ground displacements

(ii)
landslides and liquefaction

(iii)
seiches

(iv)
tsunami: characterized by velocities of up to 800 km/hr. or more!

(v)
volcanic eruptions

Earthquake prediction:

1- Tectonic creep and seismic gaps (long – term)

2- Statistical studies (long - term).

3- Dilatancy: effects: (short – term)

[i]
microearthquakes (foreshocks)

[ii]
tilt in rocks

[iii]
seismic wave velocity change

[iv]
lowering of the electrical conductivity (or increasing it if water enters the cracks)

[v]
changes in groundwater level

[vi]
increased concentration of radon gas in groundwater

