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Distance from Epicenter “S minus P” tidsinterval gir avstand.

> Hvis du kjenner avstand fra 3 steder,
har du unik plassering.

S-wave travel time
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FIRST MOTION STUDY

ON ) = Marshak.pdf (page 340 of 957) -
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dilasjon her
her

Den “FORSTE BEVEGELSE” her er kompresjon (+).
Fordi handen presser fjaeren frem (+).

Hvis man drar tilbake i stedet for a presse,
blir forste bevegelse dilasjon (-).
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] earthquake.usgs.gov/learn/glossary/?term=first%20motion ¢ ﬁ

first motion  pensum for oss, men ikke i Nelson.

On a seismogram, the first motion is the direction of ground motion as the P wave arrives at the seismometer. Upward ground motion
indicates an expansion in the source region; downward motion indicates a contraction.

Ved en atombombe test f.eks. i Nord Korea,
blir det kompresjon (ekspansjon) i alle retninger.

Alle verdens seismiske stasjoner registrerer
kompresjon som forste bevegelse.

https:/en.wikipedia.org/wiki/P-wave#/media/File:Ondes compression 2d 20 petit.gif



https://en.wikipedia.org/wiki/P-wave#/media/File:Ondes_compression_2d_20_petit.gif

D @® (< N earthquake.usgs.gov/learn/glossary/?term=first%20motion ¢ i

first motion

On a seismogram, the first motion is the direction of ground motion as the P wave arrives at the seismometer. Upward ground motion
indicates an expansion in the source region; downward motion indicates a contraction.

forkastnings-

plan

Ved en atombombe test i Nord Korea,
blir det kompresjon (ekspansjon) i alle retninger.

Alle verdens seismiske stasjoner registrerer
KOMPRESJON som forste bevegelse.

Midtpunkt i sirkelen er jordskjelvs Fokus

Ved dette dekstral jordskjelv,
blir det 2 soner med kompresjon (kontraksjon)
og 2 soner med dilasjon (ekspansjon).

+ KOMPRESJON

" DILASJON 5
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first motion

On a seismogram, the first motion is the direction of ground motion as the P wave arrives at the seismometer. Upward ground motion
indicates an expansion in the source region; downward motion indicates a contraction.

4 T + Alle seismogramer i denne kvadrant,
+ vil oppleve kompresjon som forste bevegeilse.
Uansett hvor i verden de befinner seg.




ABP @ www.eoas.ubc.ca/courses/eosc110/sec201/earthquakes/Earthquakes3_4up.pc  C

First motion is read from seismograms --
either up or down (for vertical motion)

Copyright © McGraw-Hill Companies, Inc. Permission required for reproduction or display.

_~ First motion (push) Fig. 3.24
Up

Down

™ First motion (pull)

First motion is always either up, pointing
away from the earthquake or down, pointing
toward the earthquake

Copyright ® McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Down

B Figure 3.25

Up - kompresjon
Down - dilasjon

(Men forste mosjon gir ikke et unikt forkastningsplan.
Det er alltid 2 mulige forkastningsplaner,

og du ma ha mer informasjon for a velge

hvilket plan er riktig.
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First motion is read from seismograms --
either up or down (for vertical motion)

Copyright © McGraw-Hill Companies, Inc. Permission required for reproduction or display.

_~ First motion (push) Fig. 3.24
Up

Down

™ First motion (pull)

First motion is always either up, pointing

away from the earthquake or down, pointing

toward the earthquake
~/|MUp
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from epicenter)

Down

First motion
(pull toward
epicenter)

Seismographic
stations

Up

First motion
(push away
from epicenter

First motion is always either up, pointing
away from the earthquake or down, pointing
toward the earthquake

Copyright ® McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Forste mosjon viser om bevegelgen er
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Strike-Slip Normal Thrust

S

Kan ogsa bestemme om det er

sidelengs, normal, eller revers.
men for komplisert for meg a tegne + -
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World Seismicity 1961 - 1967

Vi kan bruke Ts—Tp for a bestemme noyaktig hvor hvert jordskjelv er.
Og vi kan bruke Forste mosjon for a bestemme om det er sidelengs, normal, eller revers.

10
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World Seismicity 1961 - 1967
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sidelengs - transform grense
, dyormal - ekstensjon - divergerende grense _ ..con oqt (page 104 of 248) -
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klikk her for de siste jordskjelvene i verden:
http:/quakes.globalincidentmap.com

A ; \ GloballncidentMap.com Additional Maps v  FAQ
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791 Earthquakes In the Last 72 Hours
Show |50 |entries Search:

DATETIME v LOCATION MAGNITUDE DEPTH (KM) SOURCE
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Hastings 2.8 27.85 GEONET
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FIGURE 10.18 To calculate the Richter magnitude from a seismogram,

first measure the S-minus-P time to determine the distance to the

epicenter; then measure the height, or amplitude (in mm), of the largest

wave recorded by the seismograph. Draw a line from the point on column A (et slik tres kala-diag ram kalles et “nomog ram ”)
representing the S-minus-P time to the point on column C representing the

wave amplitude, and read the Richter magnitude (m) off column B. Note

that if the earthquake were much closer, then the same amplitude in the

seismogram would yield a smaller-magnitude earthquake. We must take the

distance to the epicenter into account because seismic waves grow smaller

in amplitude with increasing distance from the epicenter. 14
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Hvor stor amplitude rystelse blir det 400km vekk fra et
Distance S-P jordskjelv med Richter magnitude 4,67
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S00 -

1 - — 0.2

2 - - 0.1
S 0 -

Magnitude (m)

Amplitude

. (mm)
Amplitude er logaritmisk.
10 _ En okning pa 1 i Magnitude (for eksempel fra 3 til 4)
betyr en 10x okning i bevegelse (for eksempel 10 til 100).

Distance S-P Sa et jordskjelv med magnitude 6 har 1000 ganger
(km) (S) 17 Mmer amplitude enn et magnitude 3 jordskjelv.
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1 2.0x 1013

31x
2 6.3 x 1014
3 2.0x 1016

31 x
4 6.3 x 1017
5 2.0x 10!°

31 x
6 6.3 x 1020
7 2.0x 1022

31 x
8 6.3 x 1023

Fra sist bilde,
vet vi at en gkning pa 1 i Magnitude
betyr en 10x okning i Amplitude.

Men en gkning pa 1 i Magnitude
betyr 31x okning i ENERGI.
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Frequency of Earthquakes of Different Magnitude

Worldwide
Magnitude Number of {E{arthquakes Description
D el (“Offisielle” Begrep)

> 8.5 0.3

Great
8.0 -8.4 1
7.5-79 3
7.0-74 15 Major
6.6 -6.9 56
6.0-6.5 210 Destructive
5.0-5.9 300 Mer ean gé?%ian verden
4.0-4.9 6,200
3.0-3.9 49,000 ,

Minor
2.0-29 300,000 o

for a sjekke siste dogn:
0-1.9 700,000 http:/quakes.globalincidentmap.com
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her er
“Mercalli skala.”
ikke Richter skala.

Kan brukes for historiske jordskjelv.

Underholdende a lese,
men brukes ikke.

Det er Richter “magnitude”
skala som brukes.

Det finnes bedre skalaer enn Richters,

men Richters er i vanlig bruk...

Intensi

V

XI

XII
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Characteristic Effects

People do not feel any Earth movement

A few people notice movement if at rest and/or on upper floors of tall buildings

People indoors feel movement. Hanging objects swing back and forth. People outdoors
might not realize that an earthquake is occurring

People indoors feel movement. Hanging objects swing. Dishes, windows, and doors
rattle. Feels like a heavy truck hitting walls. Some people outdoors may feel
movement. Parked cars rock.

Almost everyone feels movement. Sleeping people are awakened. Doors swing
open/close. Dishes break. Small objects move or are turned over. Trees shake. Liquids
spill from open containers

Everyone feels movement. People have trouble walking. Objects fall from shelves.
Pictures fall off walls. Furniture moves. Plaster in walls may crack. Trees and bushes

shake. Damage slight in poorly built buildings.

People have difficulty standing. Drivers feel cars shaking. Furniture breaks. Loose
bricks fall from buildings. Damage slight to moderate in well-built buildings;
considerable in poorly built buildings.

Drivers have trouble steering. Houses not bolted down shift on foundations. Towers &
chimneys twist and fall. Well-built buildings suffer slight damage. Poorly built
structures severely damaged. Tree branches break. Hillsides crack if ground is wet.
Water levels in wells change.

Well-built buildings suffer considerable damage. Houses not bolted down move off
foundations. Some underground pipes broken. Ground cracks. Serious damage to
Reservoirs.

Most buildings & their foundations destroyed. Some bridges destroyed. Dams
damaged. Large landslides occur. Water thrown on the banks of canals, rivers, lakes.
Ground cracks in large areas. Railroad tracks bent slightly.

Most buildings collapse. Some bridges destroyed. Large cracks appear in the ground.
Underground pipelines destroyed. Railroad tracks badly bent.

Almost everything is destroyed. Objects thrown into the air. Ground moves in waves
or ripples. Large amounts of rock may move.

Richter
Scale
Equivalent

<34

4.2

43-48

4.9-54

55-6.1

55-6.1

6.2-6.9

6.2-6.9

7.0-73

74-179

>8.0

e The Modified Mercalli Scale is shown in the table above. Note that correspondence

20



“stick, slip” (“rykk og napp”?)

(Marshak figur)
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plutselig jordskjelv
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= Marshak.pdf (page 371 of 957) -

FIGURE 10.42 (a) A map of Turkey, showing the Anatolian Fault.

(b) A graph representing regions of the fault that slipped during various
earthquakes. The horizontal axis represents location along the fault, and
the vertical axis represents the amount of slip.
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Man regner med at
alle steder vil matte bevege seg

Selv verdens aller storste jordskjelv innebaerer over et viss tidsrom.

ikke mer enn ca. 8 meters forkastningssprang.

Det er kanskje

(og ingen jordkjelver er storre enn ca. Magnitude 9) farlig mye stress her.

22



Men forkastningsbevegelse kan ogsa forega som creep (sig) uten mye stress og uten jordskijelv!

® OO (< El th sepwww.stanford.edu/oldsep/joe/fault_images/Ho o

A walking tour of the Calaveras fault in Hollister,
California http:/sepwww.stanford.edu/oldsep/joe/fault images/Hollister.html

Introduction

Hollister, California is located South of the San Francisco Bay area. (Here is a regional map courtesy of Xerox PARC.)

In the Bay area there are three major faults, from West to East the San Andreas, the Hayward, and the Calaveras; all are
part of the San Andreas fault system. The USGS continuously monitors their activity. All of these are " right-lateral strike-
slip faults", which means that the motion is predominantly horizontal, with the land on the West side of the fault moving
North.

South of the Bay Area the Hayward and Calaveras merge into the San Andreas. Hollister is located just North of where this
happens, right on top of the Southern end of the Calaveras fault.

What makes Hollister particularly interesting to geophysicists is that from San Juan Bautista (HERE) to just North of
Parkfield (HERE) the faults in the San Andreas system are not ~“stuck": instead of moving only during major earthquakes,
the usual pattern for faults, they continuously ““creep". As a result of this creep, Hollister is being ripped in two, for the
most part along a remarkably narrow zone running right through the middle of town.

Here is a map showing the approximate active trace of the fault for the part of town covered in our tour.

= Nelson 1-248 (page 14 of 248) =| Nelson.pdf (page 97 of 248)
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http://sepwww.stanford.edu/oldsep/joe/fault_images/Hollister.html

& C A Not Secure | http://sepwww.stanford.edu/oldsep/joe/fault_images/holimapA.html

Hollister Map showing Calaveras fault

This map is courtesy of the US Census bureau Tiger map server. Click on the map to bring up the (unannotated)
to see this map ~"in context".
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ferdig med “seismologi.” Na er det:

'Seismikk’ og Jordens indre struktur

i Q_ @ light refraction in water &

Seismisk refraksjon (brytning)
tilsvarer lys brytning

20



Bolger kan tegnes som straler (rays).

Nar en strale treffer en hastighetsgrense, vil stralen deles i to:
en reflektert strale og en refraktert (brytet) strale

= Nelson.pdf (page 108 of 248)

If the seismic wave velocity in the rock above an interface is less than the seismic wave
velocity in the rock below the interface, the waves will be refracted or bent upward
relative to their original path.

E.Q. Focus
‘ Reflected Wave
Layer1
Velocity V,
Vanlig i grensen mellom skorpe og mantel
Raskere Layer 2
seismisk Velocity V,
hastighet Vy > Vi
| et dypere lag
Refracted Wave

bent up

27



Hvis noe (for eksempel lysbolger, seismiske bolger, bildekk)
gar saktere pa en side av en hastighetsgrense, bryter det mot den saktere retningen.

Q. @ soft shoulder road ¢ m)




Hvis gutten gar litt saktere og mannen fortere,
vil alle svinge (bryte) mot gutten.
Slik er det ogsa med seismiske bgalger.

Q. walking holding hands




® = Nelson.pdf (page 108 of 248)

1. If the seismic wave velocity in the rock above an interface is less than the seismic wave
velocity 1n the rock below the interface, the waves will be refracted or bent upward
relative to their original path.

E.Q. Focus
‘ Rgﬂected Wave

Layer1
Velocity V,

bgfﬁg "2\, v, Seismisk hastighet oker

V, >V, gradvis nedover, innenfor
mantelen

Refracted Wave
bent up

30



= Marshak.pdf (page 380 of 957) 4 lag med

(b)

Curved rays in a
mantle whose density
increases gradually
with depth

(c)

FIGURE D.8 (a) In a stack of layers in which seismic waves travel at
different velocities (fastest in the lowest layer), a seismic ray gradually
bends around and heads back to the surface. The curve consists of several
distinct segments. (b) If the mantle's density increased gradually with depth,
the ray would define a smooth curve. (c) Since the velocity of seismic waves
increases with depth, wave fronts are oblong and seismic rays curve3

<— hastighet

R ckende Her er det 4 lag og 3 grenser.
<— seismisk Brytning oppover

ved hver grense.

<— nedover

gradvis

g ende Her er det ingen grenser.
seismisk . ]

hastighet Gradvis brytning.

nedover

bolgefronter er
derfor ovale,
Ikke sirkulaere

gar raskere ned
enn horisontalt
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(b)

Curved rays in a
mantle whose depsity
increases gradually
with depth

FIGURE D.8 (a) In a stack of layers in which seismic waves travel at
different velocities (fastest in the lowest layer), a seismic ray gradually
bends around and heads back to the surface. The curve consists of several
distinct segments. (b) If the mantle's density increased gradually with depth,
the ray would define a smooth curve. (c) Since the velocity of seismic waves
increases with depth, wave fronts are oblong and seismic rays curve3?2

= Nelson.pdf (page 95 of 248)

V_ = N[(K+4/3p )/p]

P 1,33y

Marshak misforstar her.
Han sier at V oker pa grunn av gkende p

Fra hastighets formel (Nelson s.95) ser vi
at V blir mindre

med okende P (densitet)

Hastighet oker nedover fordi
okning i p (stivhet) har mer betydning

enn gkning i p.
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= V[(K+4/3u )/p] V. =vu/p
K+1,33p 4% o

Where, V is the velocity of the P-wavr the material, p 1s

the rig 1d1t¥ of the material, and p 1s th
stivhe !

K is the incompressibility o,

density of the material.

Du trenger ikke pugge formlene.
Men du ser av formelene at hastigheten er hoyere nar STIVHETEN er mer.

33



Hvis jordkloden var homogen
uten kjerne og med gkende
seismisk hastighet nedover.

= Nelson.pdf (page 108 of 248) -

E.Q. Focus
18

Seismiske bgalger bryter
mot den SAKTE siden
av de usynlige grensene.

Det er saktere lag oppover i jordkloden.
Derfor boyes de UTOVER/OPPOVER.

if wave velocity continuouslyincreases downward
all waves will travel along curved paths refracting back
toward the surface

Nelsons straler er ikke tegnet helt riktig.
Vinkel inn skal veere samme som vinkel ut,
Alle straler bor vaere SYMMETRISKE buer.

For eksempel: mine rade linjer viser feil. De bor ha

samme bue form. 34
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ma vaere samme vinkel
vinkel a=a
vinkel b=b
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Thus, the S-wave shadow zone is E.Q.Focus
best explained by a liquid outer
Ccore.
S-waves
ingen stivhet
I en vaeske
Low Velocity Core
(Ligquid) *
= Nelson 1-248 (page 95 of 248) - S‘W
ave Shadow Z0N®
V= [(K+473u)/p] Vo= /p
For P-bolger, ‘

nar stivhet er null, , For S-balger,
nar stivhet er null,

er K fortsatt er hastighet null.
gjeldende. 36
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If the seismic wave velocity in the rock above an interface is less than the seismic wave
velocity in the rock below the interface, the waves will be refracted or bent upward

relative to their original path.

1.

E.Q. Focus E.Q. Focus
‘ R:aflected Wave I Reflected Wave
1
|
Layer.1 \ Layer'1
Velocity V1 Velocity V‘ solid Mantel
Layer 2 Layer 2 fluid Yire kjerne
Velocity V, Velocity V,
V2 > V' A\ V2 < V‘
Refracted Wave
Refracted Wave bent down

bentup

For P-bolger er det lavere seismisk
hastighet i jordens Ytre kjerne.
Derfor brytes stralene nedover.

38
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This zone 1s called E.Q. Focus

a P-wave shadow
/n\\\
in£3|u1

Z0Nnc.
Low Velocity Core T
3
g
g

Vinkel

b
5 8
%
For P-bolger er det lavere seismisk
hastighet i jordens ytre kjerne.
Derfor brytes stralene nedover.
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Epicenter

Marshak viser (korrekt) at stralene
KAN krysse hverandre!

20 Ray A

103°

P-wave
shadow 103°-143°
zone

143°
Ray B



\é Nelson.pdf (page 110 of 248) -

Depth (km)

et Core O uler Core Boundary

Ingen S-bolger i ytre kjerne. Men de finnes i indre!
(Kan du tenke hvorfor S-bolger finnes der?)

Cenkroffarh
41
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vibrasjons
lastebil

“Seismikk”

Man bruker sprengninger
eller vibrasjoner pa land
og luftkanoner i vann

for a forske

pa jordens indre struktur.
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Seismisk refleksjon: hver strale reflekteres fra en grense.

= en.wikipedia.org/wiki/Reflection_seismology#/media/File:Diagram_of_a_m: &
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Diagram of a marine towed streamer seismic survey with the raypaths that result from a
single shot by an airgun into a streamer containing 5 hydrophones.

--- = raypaths to first reflector; --- = raypaths to second reflector;




Seismisk refraksjon:

hver strale brytes og gar rask under grensen, for den kommer opp igjen.
Det er bare den forste som kommer frem som er viktig,
og den forste er den som gar like under grensen til det raskere bergartslaget.

Bl ™ & www.geophysical.biz/seisrf1.htm
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(Hver Geophone er egen seismograf)
Geophones .

Reflected Refracted
Seismic Waves = Seismic Waves
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Her er det tefraksjoner fra 4 forskjellige lag. . .
pilene viser bare de forste P-bolgene som treffer geophonene .
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