http://physicsworld.com/blog/2009/04/satellite_images _show_the effe.html







Here is an example of several main
types of seismic waves. Our
seismograph at Lillooet, B.C.
recorded these waves from a
magnitude 6.6 earthquake that
occurred 600 km to the west on Nov.
2, 2004.

Time unfolds from left to right in the
diagram, at a rate of 60 seconds per
tick mark at the bottom, and the

three traces indicate vibration of the
earth vertically ("V") and in north-
south ("N") and east-west ("E")
directions.

http://www.earthquakescanada.nrcan.gc.ca/info-gen/smeters-smetres/seismicwaves-eng.php







http://upload.wikimedia.org/wikipedia/commons/thumb/4/4c/Focal_mechanism_03.jpg/380px-Focal_mechanism_03.jpg




http://www.cwb.gov.tw/V7e/images/earthquake_FAQ/eq004.jpg




http://academic.brooklyn.cuny.edu/geology/grochal/plates/images/triangulation.jpg




T
30

:l

10 2

M

|

AMPLITUDE 23 mm

I
-

N 10 20
S-Pz24S
/
0
F-s0 .
800 -4 “ -
L 10 6 = =50
300- 4
r—30 5 =20
2‘:0_ . - ’_20
&4~ —
w—ihs 3 -
b -
w—
- r 0.5
- 0.2
20 =~
5 - AMPLITUOE
]STF&NCE MAGNITUDE (mm)
(xm) S TIME (3)
e0es orq/tile 0 03000/16 ale.q



Figure 1. (a) Map of instrumental seismicity in the period 1980—-2009, from the CSI catalogue. The L’Aquila sequence
occurred in a silent region at the southern end of the Northern Apennines extensional belt. The stars indicate the three M > 5
earthquakes and the box is the area shown in Figure 2, focal mechanisms from the RCMT catalog (www.bo.ingv.it/RCMT).




(b) Space time distribution of the seismicity along this portion of the NW-trending extensional belt from April 2009. The dates
of'the most recent historical events are reported for each segment. (¢) M vs. time for the sequence starting at the end of March.
The violet points are the 712 aftershocks re-analyzed in this work.




(b) Space time distribution of the seismicity along this portion of the NW-trending extensional belt from April 2009. The dates
of'the most recent historical events are reported for each segment. (¢) M vs. time for the sequence starting at the end of March.
The violet points are the 712 aftershocks re-analyzed in this work.
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Figure 2. (a) Map ofthe 712 relocated events, with a color code indicating time after the main event. The dashed lines are the
traces of vertical sections shown in Figure 2, and the solid lines are the mapped Quaternary faults [Barchi et al., 2000]: (LMT,
Laga Mts. fault; UAfs, Upper Aterno fault system; Af, Assergi fault; CIf, Campo Imperatore fault; MAfs, Middle Aterno
valley fault system; OPf, Ovindoli Pezza fault; CFf, Campo Felice fault; Of, Ocre fault; Pf, Paganica fault). The box is a
projection of the ruptured main fault. (b) Vertical sections across the Laga Mts. fault (SEZ-1) and the Paganica fault (SEZ-2,
and SEZ-3). The fault geometry is consistently defined by the largest aftershocks. (c¢) Vertical section along the fault system,
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29 April 1984
Perugia Earthquake

Haessler et al 1988




1952 HAESSLER ET AL.

APENNINES
TYRRHENIAN BASIN ADRIATIC BASIN

Fi1G. 3. Schematic block diagram across Perugia showing continental subduction (after Bousquet and
Philip, 1986). Crosses correspond to crustal material and dots to the lithospheric mantle. The Moho
level shows crustal thickening at the collision front. On the contrary, the crust is thinner where extension
took place. An accretion prism is observed in the Adriatic basin. The star shows the relative position of

the Perugia earthquake.

Haessler et al 1988




2 L]

v}

L I
Po Valley
X

3 -
Tyrrhenian

Sea

i
‘s 12E 16
FIG. 4. Recent seismicity of central [taly (1976-1985). Data from the Euro-Mediterranean Seismo-

logical Center (EMSC). The focal mechanisms are those of Figure 7. 1. Norcia 1979. 2. Assisi sequence
of 1982. 3. Parma 1983. 4. Perugia 1984. 5. Abruzzi 1984.
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FiGc. 6. Epicenters of aftershocks (rectangles) recorded from 6 May to 10 May 1984. Open circles
with numbers are: the main shock (1), and the aftershocks (2), (3) and (4), of magnitude higher than 4
relocated using the 10 May 1984, 9:45 hrs shock (M = 4.0) as master event (5). Open circles with letters
are main shock locations given by the international agencies, E: EMSC, N: NEIC, S: ISC. Open triangles
are the MEQ stations and filled triangles are the GEOSTRAS digital stations. The aftershocks are
distributed along two parallel clusters striking NW.
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THE 1915 AVEZZANO, ITALY, EARTHQUAKE 693

24 Jan 1915
Avezzano
Earthquake
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F'1G. 1. (Top) Location map of the epicentral region of the 1915 Avezzano earthquake. Legend entries
are: 1) Old Lake Bed, 2) Notable Quaternary and Holocene faults, 3) Scarp of 1915 event, 4) Roman
Tunnel, and 5) Benchmark sites. (Bottom) Profile of the 1917 through 1862 vertical elevatlon changes

pro;ected along a line perpendicular to the Serrone Fault. The zero level is arbitrary. Total variance in
the data is 1.4 m?

Ward and Valensisei 1989



Tunnel, and 5) Benchmark sites. (Bottom) Profile of the 1917 through 1862 vertical elevation changes
projected along a line perpendicular to the Serrone Fault. The zero level is arbitrary. Total variance in
the data is 1.4 m®

B B
+20 [ l
pes ! 17 ’
Z —
O W8 16 15
O_., .........ﬁ...%............:*: .........................................................................
o
L] | Y 14* 4 10
> -20- b1 % ¥ #5
O F 8 %
(&N
J iR 12 S *ﬁ’
g # K K7
5 o 11 B
w
-60 T T T I T T T I T
16 12 8 4 0 4

BISTANCE (KM)

Ward and Valensisei 1989




(CM)

OISPLACEMENT
S
| 1
b7
) <
%O
»
I xqrﬁt)"

50 mzEo - ] T 7 T T T
~ *re0 PAY
g 4 A
= +10
wn B s A A FaN
& z 0O R R
/0' = — B A
. | E s A
= -10- S A A
o 4 0.1518 A A
5 KN @ .20 T T T | g = T T T
16 12 8 Y 0 “t

DISTANCE (KM)

F1G. 2. (Left) Contour map of vertical surface deformation at 0.1 m intervals for the best fitting
rectangular USP fault. Light dots represent the surface projection of locations of nonzero slip. (Right,
top) Observed (stars) and calculated (circles) elevation changes for the survey loop projected on A-B.
The zero level here is fixed by the inversion. (Right, bottom) Elevation residuals of the USP model
projected along A-B. The USP model fits 90 per cent of the data variance, but has residuals about six
times greater than the estimated survey noise.

Ward and Valensisei 1989
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F1G. 8. (Left) Contour map of vertical surface deformation at 0.1 m intervals for the VSP model of
Figure 7. Light dots represent the surface projection of locations of non-zero slip. (Right) Observed and
theoretical vertical displacements (top) and VSP residuals (bottom) projected along A-B. Summed square
error (0.027 m?) is six times less than the best USP fit and about 4 per cent more than the expected
survey error.

Ward and Valensisei 1989




(CM)

OISPLACEMENT

(CM)
5
1

i

o
1

I

a

'
—
o

Tuzaa
0.1518K° A 5
T T 0 O] T | T S E
16 12 8 4
OISTANCE (KM)

F1G6. 2. (Left) Contour map of vertical surface deformation at 0.1 m intervals for the best fitting
rectangular USP fault. Light dots represent the surface projection of locations of nonzero slip. (Right,
top) Observed (stars) and calculated (circles) elevation changes for the survey loop projected on A-B.
The zero level here is fixed by the inversion. (Right, bottom) Elevation residuals of the USP model
projected along A-B. The USP model fits 90 per cent of the data variance, but has residuals about six
times greater than the estimated survey noise.
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F1G. 8. (Left) Contour map of vertical surface deformation at 0.1 m intervals for the VSP model of
Figure 7. Light dots represent the surface projection of locations of non-zero slip. (Right) Observed and
theoretical vertical displacements (top) and VSP residuals (bottom) projected along A-B. Summed square
error (0.027 m?) is six times less than the best USP fit and about 4 per cent more than the expected
survey error.
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F1G. 14. Plot of VSP versus USP variance for the real data (large star) and 100 artifically generated
sets of random residuals (squares). The VSP technique does not fit random data very well. The average
variance reduction for the random sets was only 18 per cent. The large variance reduction in the actual
set compared with the randomly generated ones suggests that the USP residuals, although small, do
represent a systematic misfit of the leveling data.
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Throughout the world, the seismic potential of areas lacking recent earthquake
activity is largely judged by the length and height of the surface expressions of
mappable faults. Unfortunately, the practice 1s not foolproof, many authors (Bonilla
et al., 1984; Darragh and Bolt, 1987) have pointed out important discrepancies
between the magnitude-moment estimates implied from purely geological evalua-
tions and the measured strength of historical events. The discrepancies are probably
due to the disparity between the length of faults measured at the surface and their
actual dimensions, which is partially obscured by intervening cover. Variable slip
analyses such as these are one of the few methods available that can reveal the
spatial extent of faults that lack significant surface expression.

Ward and Valensisei 1989



28 Dec 1908
Messina
Earthquake

60,000+ killed

Largest
seismic event
In Calabria
since 1783.

12 meter high
tsunami that
moved 200+ m
Inland.

Capuano et al 1988




Capuano et al 1988

TYRRHENIAN

FiG. 2. Schematic seismotectonic map of the Calabrian arc and intensity distribution during the 1908
earthquake and some large events in the region. 1 = foundered peri-Tyrrhenian basin and downfaulted
peri-Tyrrhenian margins; 2 = tectonic throughs opened within the axial part of the chain; 3 = external

Pliocene-Pleistocene basins; 4 = main systems of normal faults; 5 = fault systems offsets in Middle
Pliocene times, and normal activity in Pleistocene times.
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FiG. 4. Focal mechanism of the 1908 earthquake as inferred by P-wave polarities using different
velocity models and depth location; a) velocity model by Herrin et al., 1968; b) velocity model by Jeffreys-
Bullen, 1967. 1—depth = 10 km; 2~—depth = 15 km; 3—depth = 20 km.
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Stucchi et al 2004
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PSHA: Probablistic Seismic Hazard Assessment Maps

Stucchi et al 2004










