ELASTICKE VLASTNOSTI HORNIN

Hookeliv zakon: napéti je
umérné deformaci materialu

e=(-1,)I,
o=F/S

o =FLe
n=(a-a,)a,
c=mEpgy

e - pomérne prodlouzeni

n - pricné zkraceni

F - sila, S - prufez

E - modul pruznosti v tahu
(Youngtiv modul)

m - Poissonova konstanta
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Vinéni

Vinéni: podélné zhusténi  zfedéni  zhudténi zredeni

pFicné AN N

priklady: podélné - zvuk ve vzduchu
pricné - struna na houslich

Elasticke viny existuji podélne (V,) i pti¢né (V). Méfi se v km s




Vinéni v horninach

—=  [ireclion of ravsl of wavas
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M¢éreni rychlosti elastickych vin v horninach




Rychlosti elastickych vin v mineralech

Mineral
voda
nafta

forsterit
fayalit
bronzit
diopsid
hedenbergit
augit
dialag
Pyrop
grosular
diamant
spinel
magnetit

Vp
1.45
1.30

8.45
6.90
1.25
7.80
7.14
7.20
7.01
8.43
8.75
16-18
9.95
7.45

V

S

5.70

4.22
4.39

4.17
4.25
4.85
5.00

5.68
4.30

Mineral
amfibol

flogopit
muskovit
biotit
mikroklin
ortoklas

plagioklasy

kfemen
kalcit
aragonit
dolomit

Vp
7.21

5.39
5.80
6.05
5.70
5.90

6.10
6.55
6.50
6.70
5.67
6.70

VS
3.10

3.10
3.36
3.10
3.15
3.20

3.35
3.54
4.11
3.40
3.54
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Rychlosti elastickych vin v horninach

\'

Zavislost na tlaku.
(uzavirani mikrotrhlin)

tlak

Rychlosti hornin (zaviseji na chem. slozeni) Vp Vs
kyselé (granitoidy, biotit. ruly) 58 3.1
Intermediarni (diority, amf. biot. ruly) 6.2 35
bazicke (gabroidy, amfibolity, eklogity) 6.8 4.2
ultrabazicke 7.8 4.4

vliv regionalni metamorfozy

vztah mezi rychlostmi a hustotami
sedimenty: zavislost na porovitosti
zavislost na stupni nasyceni pora



Rychlosti v magmatickych horninach
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Figure 6. Diagram showing variation of compressional wave velocities at

150 MPa for crustal and upper-mantle rock types (Christensen, 1965).



VIiv regionalni metamorfozy
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Zzm&ny ryvchlosti podélnvech vin b&fhem regiondalni metamoridzy

I nemetamoriovany diabaz

II chleoritizovany a sausuritizovany diabaz
III amiibeolit (amfibeliteovad facie)

IV noritovy granulit (granulitova facie)
V.  eklogit



VIiv syceni
vzorku
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Zmeény rvchlosti podélnvch vin v krystalickych
horninach v zavislesti na nasvceni vodou (1)
a dob®& syceni vzorku kapalinou (II)

a perideotii, b hvperstenicky peridotit,
c bicotiticky granit
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Rychlosti usazenych hornin

rychlost skeletu

vysoky tlak
nizky tlak
0 70 20 30 11, % 0 70 20 mYa’
Zavisloet rychlost{ podélnych vin Zavislost rychlostf podéinych vin

DA porozit® klastickych sedimentn na porozit# karbonate
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Zavislost na hustoté o bl Ll Lol IR
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Zaviglost rvchlosti podélnych vin na hustotd
intruzivnich a metamoriovanych hornin

1
3
4
6
9

granity, 2 biotitické a biotiticko—amiibelickeé ruly,
kvaniticko—granaticko—biotitické ruly

amfibolitoveé ruly a amfibeolity. 5 pagiocklasoveé granulity
dieority a gabrodicority, 7 gabronority, 8 ultrabazity,
eklogity, 10 lithifikovaneé piskovce, 11 vapence



ZAKLADY SEISMOLOGIE

Zakladni pojmy: hypocentrum (ohnisko, fokus), epicentrum

Epicentre
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Fig. 2.1 Definition of epicentral angle, A.

Lenve wave

Seismograph
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Love wave ground motion

ground motion__—————___

Epicentre

Fig. 2.2 Focus and epicentre of an carthquake and the
seismic waves originating from it (after Davies, 1968, with
permission from Iliffe Industrial Publications Ltd).




Hodochrony- casy pfichodu seismikou vzbuzenych vin

Seismika registruje Casy piichodu
VIn primych — hodochrona Hp
VIn odrazenych — hodochrona Ho
VIn lomenych — hodochrona Hh
RozliSujeme seismiku

reflexni

refrak¢éni

Anglické terminy: direct wave,
reflected wave, head wave

Zdanliva rychlost: x/t, skutecné
rychlosti a hloubka rozhrani se
z)ist'uji intrpretaCnimi postupy

Skute¢na rychlost Vh >Vo >Vp

Rychlost ve vrstvé 2 je vEtsi nez ve
vrstve 1, head wave postupuje
podle rozhrani rychlosti

Zdrojem vin jsou mélké exploze
nebo vibratory (bod Of



Jak vznika zemétieseni?

Zeméti:esenl, je 78 80 82 Bl!longﬂi(:UdeBB 90 92 94 SE 2&“"__ NO
interpretovano jako S

vysledek pohybu dvou
blok{l podél zlomu
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energie v oblasti krehké
tektoniky
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HAUT ATLAS

Mapujeme krehke
domény v litosfére




Mechanismus vzniku zemétreseni

a - stav pred zemétiesenim, ¢arko-
) (b van¢ budouci zlom, pln¢

q | pomocna nodalni linie
| A | o
A 3 : A‘t b - elasticka reakce na posun
| 5
| |
U | ¢ - mezni elasticka reakce
© " d - nespojity posun podél zlomu,
nasleduje zemétreseni
_____ E______ :
p—
Fault

Fig. 2.3 Elastic rebound mechanism of earthquake
generation.



Seismograf, indikator zemé&treseni

vertical

nord-sud

registruje otresy ve sméru Sipek, moderni
seismografy jsou trislozkove: N —J, Z -V,
vertikalni

est-ouest




World-Wide Standardized Seismograph Network

IRIS  Affiliate IRIS International & National Cooperative Sites A ’
Curreat  Array Geoscope  Japan  Mednet  Geofon/AWVBGR/BFO  China/USGS  Mexico  Singapore  Botswana ~ Andes  Australia  USNSN  AFTAC  SMU

. e e A T e el G AR S S Gt RS 4

Fig. 1. Locations of the current GSN stations (ved stars) and GSN affiliate arrays (orange stars) are shown, as well as sites planned for completion
in the coming years (red-white stars). The site code name is indicated. The H20 sea floor site is connected to Hawait by a re-used undersea telephone
cable. GSN is a founding member of the Federation of Digital Seismic Networks (purple symbols) and coordinates with FDSN in station siting and
open data exchange. Many GSN stations are cooperative with other networks, indicated by the symbol on the “shoulder" of the star.

Z rozdilu ¢ast pfichodu V, a V se urci vzdalenost ohniska,
kombinaci vzdalenosti z ruznych stanic se ur¢i poloha ohniska



Fokalni mechanismy

piiblizné urCeni orientace a sklonu zlomu, na némz bylo zemétieseni

N v okoli zlomu existuji oblasti stlaCeni a
D\l/L protaZeni, které se poznaji z faze prichozi
seismicke viny

Auxiliary E

je-1i zemétieseni registrovano mnoha
ruzné rozmisténymi stanicemi, j€ mozno
oblasti stlazeni a protazeni vynést do
sterografické projekce
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Fokalni mechanismy na zlomech tfi typu

stlaceni

prodlouzeni

strmy zlom s vertikalnim pohybem

plochy zlom s horizontalnim pohybem

strmy zlom s horizontalnim pohybem



Nejednoznacnost feSeni fokalnich mechanismu

Fig. 2.7 Ambiguity in the focal mechanism solution of a
strike-slip fault. Regions of compressional first motions are
shaded.

vzhledem ke stfedové symetrii se
neda rozlisit zlom od pomocné
nodalni plochy

v tomto pripad¢é mize zlom byt
orientovan ve sméru N —J I ve
smeéru Z —V



Fokalni mechanismy v okoli zZlomu San Andreas

PEMINSULE
pE BASSE CALIFORNI

Figure V.18

Mécanismes au foyer le long du golfe de Californie (Goff et al., 1987).

normalni zlom
strike-slip zlom
nasunovy zlom




STAVBA SPODNI KaRY A SVRCHNIHO PLASTE
refrakce na Moho

20 - ve vétSich vzdalenostech pi1jde
/ dfive vlna refragovand na
P Moho

8

Time — x (S}

piima vilna ptijde v malych
vzdalenostech diive nez

rychlejsi vina refragovana na
Moho
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x, Distance (km)
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Drahy ruznych seizmickych vin v Zemi
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Rychlostni stavba Zem¢ podle Gutenberga
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Rychlostni stavba Zemé podle Harta et al.
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Slupky Zemé

CHEMICAL COMPOSITION PHYSICAL PROPERTIES
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Hustotni stavba
Zeme

hustotni skok na
hranici plasté a jadra,
existuje nékolik
modeli k jeho
vysvétleni

Density [g/cm3]

| I i L
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Variation of density with depth
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Composition of continental crust and upper mantle;
a review

David M. Fountain & Nikolas I. Christensen
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Figure 1. Model of the crust and upper mantle of the Colorado Plateau Figure 2. Schematic model of the crust and upper mantle beneath the
based on xenoliths (McGetchin and Silver, 1972). Colorado-Wyoming Front Range area based on xenoliths (McCatlum

and Eggler, 1976). Heavy vertical line represents the kimberlite.



Vp v severni Americe

Figure 10. Contour map of P, velocities for North America from Blair (1980). See Braile and others
(this volume) for comparison.



Rychlostni modely 1
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Hole, New Mexico (N. I. Christensen, unpublished data). flow provinces (left). Curves are dashed where values are extrapolated
above experimental conditions.



Rychlostni modely 2
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Figure 6. Diagram showing variation of compressional wave velocities at Figure 9. Calculated velocities for the three-component system olivine-

150 MPa for crustal and upper-mantle rock types (Christensen, 1965). enstatite-serpentine at 1 GPa from Christensen (1966).



Rychlostni modely 3
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Figure 12. Histogram of compressional wave velocities for eclogite, per-
idotite, and dunite at 1,000 MPa showing overlap between eclogite and
ultramafic rock velocities. Data derived from compilation in Christensen
(1982).
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Figure 11. Histogram of P, velocities for North America.



Rychlostni modely 4

Hornblende
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Figure 8. Calculated velocities for the four-component system garnc
pyroxene-hornblende-plagioclase (anorthite). Mineral velocities used
the calculations were obtained from Birch (1961), Alexandrov and Ry
hova (1961), Frisillo and Barsch (1972), and Babuska and others (197¢

Figure 7. Calculated velocities for the four-component system horn-
blende-quartz-potassium feldspar-plagioclase (albite). Mineral velocities
used in the calculations were obtained from Birch (1961), Alexandrov
and Ryzhova (1961, 1962), and McSkimin and others (1965).



Rychlostni modely 5
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Figu}'e 16. Seismic velocity structure for the Diablo Range (DR) and
Gabilan Range (GR) of the California Coast Ranges, and Oregon Cas-

Figure 15. Seismic velocity structure for the eastern Snake River Plain cades (OC) with the same velocity curves for granite and mafic granulite
(ERSP), Yellowstone Plateau (YP), and Wasatch Front (WF). M cor- 8s in Figure 15.

responds to Moho. The curves marked 40 and 90 correspond to the
variation of velocity with depth for granite (left pair) and mafic garnet

granulite (right pair) for heat-flow regimes of 40 and 30 mW/ m2.



Rychlostni modely 6
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Figure 17. Velocity structure for Mississippi embayment (ME) and Wil-
liston basin (WB) with the same velocity curves for granite and mafic
granulite as in Figure 15,



Seizmicky rez

Southern simpson
Grass Valley Park Ra.
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1 IOkm N
COCORP NEVADA LINE 7 (PORTION)

Figure 14. Unmigrated stacked seismic section of the eastern part of
COCORP Nevada line 7 (from Potter and others, 1987) from the Basin
and Range province showing reflective lower crust between 6- and 10-
sec two-way traveltime. Right side of profile is west and left side is east.
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Figure 13. Density versus percent anisotropy for peridotite (squares) and
eclogite (circles). Data derived from compilation in Christensen (1982)
and Christensen (unpublished data).



Srovnavaci rezy
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Figure 20. Variation of compressional wave velocity with depth for
olivine gabbro (OG) and quartz tholeiite (QT) composition through the
gabbro-garnet granulite-eclogite transition based on calculations from
Furlong and Fountain (1986). Different curves correspond to calcula-

Vo (kmy/s)
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Figure 18. Compressional wave velocity vs. shear-wave velocity showing
fields for eclogites (E), mafic gneisses (MG), felsic gneisses (FG), par-
tially serpentinized peridotites with 0 and 30 percent serpentine points
marked (PSP = solid area), reported crustal seismic data (circle), and
lines of constant Poisson’s ratio (0.20, 0.25, and 0.32). Also shown are



Mocnost kury
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Fig. 1.3. Variations in crustal thickness across two continents (a) North America, (b) Eurasia, based on P wave
velocities (after Holmes 1965). Mountains have well-developed crustal roots, as under the Alps, Caucasus and
Pamir Range in the Eurasian section.



Rychlostni modely profil 1
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Rychlostni modely -vysvétlivky

LITHOLOGIES

Suprocrustal Rocks
m Sedimentary rocks {limestone, shale, siltstone,
sandstone, arkose)

Metamorphosed Supracrustal Rocks
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Figure 21. Hypothetical cross section of the continental crust and upper mantle; metamorphic facies and
data sources are shown in lower right. Metamorphic facies are unmetamorphosed (L), greenschist (Gr),
amphibolite (A), granulite (G), and eclogite (E). Sources for data are (1) Fiordland, New Zealand
{Oliver and Coggon, 1979; Oliver, 1980); (2) Ivrea zone, northern Italy (Hunziker and Zingg, 1980;
Fountain, 1986); (3) Fraser Range, Australia (Fountain and Salisbury, 1981); (4) Kapuskasing struc-
tural zone, Ontario (Percival and Card, 1985); (5) Pikwitonei-Sachigo Provinces, Manitoba (Weber and
Scoates, 1978; Manitoba Mineral Resources Division, 1979; Arima and Barrett, 1984}; (6) Musgrave
Range, Australia (Fountain and Salisbury, 1981). The balance of the model was inferred from data and

hypotheses outlined herein.
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Elasticka anizotropie

Smeérova variabilita rychlosti Sifeni elastickych vin (hlavné Vp).

M¢ii se na kulovych vzorcich ve 132 smérech, vysledkem je
konturovy diagram izolinii rychlosti. Elasticka anizotropie se
charakterizuje koeficientem anizotropie

kK = (meax - mein)/vpmean

rychlosti



Elasticka anizotropie olivinu
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1/ Rychlosti podéiné viny P ve sméru
krystalografickych os olivinu (Mg,Fe)2[SiO4].
Rychlosti stfiznych vin S se v krystalu olivinu meni
v rozmezi od 4,33 do 4,89 km/s a prostorové
rozloZeni jejich variacy je sioZité [1].



Rychlosti podélnych a pri¢nych vin v anortozitu

7.93

plagioklasy

7.'7

7.04

Figure 19. Compressional and shear-wave velocities in different propaga-
ton directions for anorthosite (N. I. Chnstensen, unpublished data).
Rectangles schemaucally represent onentation of plagiociase crystals.



Elasticka anizotropie vybranych hornin 1
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Fig. 7. Velocity anisotropy, 4, of compressional wave velo-
cities in possible crustal and mantle rocks as a function of
pressure, P, at room temperature (a) and as a function of
temperature, T, at 6 kbar confining pressure(b) [Ke78, Ke82].




Elasticka anizotropie vybranych hornin 2

Hornina Polet Rozsah Rozsah Primér Rozsah Primér
vzorkh Sﬁ)[-gcm-j ] vP[kms-l] ?P[lﬂns“l] k % k %

Zul

gragogiorit 14 2,62-2,68 5,81-6,61 6,40 0,3- 3,8 1,6

Kfeme

diori%mj 3 2,76-2,91 6,60-6,7L 6,67 0,1- 1,1 0,6
abro 18 2,77-3 '21 6,68"7,59 7’22 0'7- 6,2 2’7
edid¢ a

diabas 9 2,79-3,01 6,09-6,93 6,62 0,1- 2,2 0,9

Pyroxenit 6 3,21-3,36 7,83-8,29 8,05 0,5~ 6,2 3,7

Dunit a

Serpentinit 4 2,60-2,80 6,00-6,84 6,49 0,8-11,3 4,6

Rizné druh

mei?bfidlig 26 2,68-3,19 5,83-7,54 6,90 0,8-21,0 10,1

Ruls 34 2,64-3,16 5,73-8,54 6,56 0,3-21,6 5,9

Amfibolit 13 2,96-3,26 6,35-8,27 7,25 0,7-19,8 9,0

Granulit 27 2,67-3,74 6,48-7,48 6,96 0,6- 5,6 2,4

Eklogit 37 3 ,19"3 972 7 p55"8 161 ‘ 8 ’09 0 ’l”ll 93 2 96
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138. Main values of P-wave velocity measured on KTB samples under pressure of 200 MPa. Max. and min. represent maximum and minimum

observed velocities, mean is calculated weighted mean value.
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Vliv tlaku - hradecko-kyjovicke souvrstvi

atmosfericky tlak tlak 200 MPa



Vliv tlaku - andélskohorské souvrstvi

atmosfericky tlak tlak 200 MPa



Hlavni rychlosti 1

jen vrstevnatost tézZ puklinova klivaz



Hlavni rychlosti 2
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