Geochemie endogennich procesu — 11. ¢ast

Geochemie kury |




Zemska kura

pouze ~ 0.5 % z celkove Zeme
nejvice a nejlepe studovana
vznik a vyvoj dlouhym procesem z tavenin
generovanych ve svrchnim plasti
2 zakladni typy kury
oceanska — tenka, mlada, primitivni

kontinentalni — variabilni mocnost, dlouha a
komplexni historie, velmi vyvinuta



Oceanska kura
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Geochemie oceanské kury
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Kontinentalni kura

extremne
heterogenni slozeni
velmi variabilni
mochnost (rifty vs
stitove oblasti)
prevazne neprime
dukazy o slozeni
(nejhlubsi vrt pouze
12 km)
spodni-stredni vs
svrchni kura

http://earthquake.usgs. gov/research/structure/crust/



Geochemie svrchni kury

Plutonic Rocks Volume % Sedimentary Rocks Volume %
Gramnite, Granodiorite Fif Shales 72
Quartz Diorite 8 Carbonates 1115
Diorite 1 Sandstones 11
Gabbros 13 Evaporites 2
Syenites, anorthosites, peridotites 1

From Taylor and McLennan (1985).

White (2001)

urceni % zastoupeni jednotlivych hornin —
celkové chemickeé slozeni

sedimenty tvori 8 az 11 % z celkoveho objemu
svrchni kury



Geochemie svrchni kury

haw et al’
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Geochemie svrchni kury

studium sedimentu
nebo glacialniho

prachu _

3 frakce sedimentu o,
ze kterych je mozné @ | *'-\ e
rekonstruovat slozeni © | .\\};;:H —
svrchni klry P N
(resistentni mineraly, seni wadinsnt i

, rozto ky) White (2001)



Geochemie svrchni kury

granodioritove
az tonalitove
slozeni
slozeni je podle
ruznych modelu
velmi podobné,
problemy s
HFSE

Major Oxides { wt %) Té&M Wedepohl Normative Mineralogy (T & M)
510, 66,0 649 Quartz 15.7
Ti0. 0.5 (0.76) 0.52 Orthoclase 201
ALO, 15.2 14.6 Albite 136
FeD 45 319 Diopside b.1
MO 2.2 2.24 Hypersthene 9.9
Ca0 42 412 Il 0.95
Na,O 3.9 346
K0 3.4 404

T&M Wedepohl T&M Wedepohl T&M  Wedepohl

Li ppm 20 2  Gappm 17 14 Ndppm 28 259

Bz ppm 3 3.1 Geppm Lo 14 Smppm 45 47

B ppm 15 17  Asppm 1.5 2 Euppm 0.88 0.95

Cppm 3240 Se ppm 0.05 0.083 Gdppm 38 2.8

N ppm 83 Br ppm le  Toppm 0.04 0.5

Fppm ell Fbppm 112 110 Dy ppm 3.5 29

Na % 2.89 257 Srppm 350 316 Hoppm 0.8 0.62

Mg % 1.33 135 Yppm 2 20,7  Erppm 2.3

Al % 8.04 774 Zrppm 190 237 Tmppm  0.33

51 % 30.8 3035 Nbppm  25(137) 26 Ybppm 2.2 15

P ppm 700 665 Mo ppm 1.5 14 Luppm 0.32 0.27

5 933 Pd ppb 0.5 Hf ppm 3.8 5.8

Cl 640 Agppb a0 a5 Tappm 2.2 (0.90) 15
% 2.5 257 Cdppb 95 102 W ppm 2 14

Ca®: 3 254 Inppb 30 6l Re ppb 0.4

Scppm 11 7 Sn ppm 3.9 25  Osppb 0.05

Tippm 3000 (4360) 3117 Sbppm 0.2 031 TIrppb 0.02

V ppm &0 a3 Te ppb Auppb 18

Crppm 35 35 Ippm 14 Hgppb S

Mnppm 600 527 Gsppm 3.7 (7.3) 58 Tppb 730 750

Fe % 3.5 309 Bappm 350 b8 Foppm 20 17

Coppm 10 116 Lappm 30 323 Bippm 127 123

Ni ppm 20 186 Ceppm od 657  Thppm 107 10.3

Cuppm 25 143 Prppm 7.1 6.3  Uppm 2.5 2.5

Znppm 71 a2

T&M: Taylor and McLennan (1983,1995), Wedepohl: Wedepchl (1995). Values shown in parentheses are revisions of

Flank and Langmuir (in press) to Tayler and McLennan's estimates.



Stredni a spodni kuira

primé vs. neprimé pozorovani
— granulity — probléem s retrogradni
metamorfézou (zmena chemismu), mnohem
vice leukokratni nez xenolity spodni kury ve
vulkanitech.....
— geofyzikalni metody — seismické
profily, tepelny tok apod.



Stredni a spodni kuira

Geofyzikalni pozorovani

— mnozstvi tepla produkované
radioktivnim rozpadem K-U-Th — odvozeni
chemismu

— rychlost zavisla na hustote,
strizném modulu apod. — odvozeni chemismu

Igneous Rock Type U Th K Th/U K/U Density = Heat Production
{l_‘.l pm ) [I_"-p]]‘[:l { o ) g ':.'_“l"l'l.':I 10° W/ 111-3
Granite /Rhyolite 3.9 16.0 3.6 41 0.9=<10° 2.67 2.5
Granodiorite/Dacite 23 9.0 2.6 39 T1.aIx10* 2.72 1.5
Diorite/ Andesite 1.7 7.0 1.1 41 0.7x10° 2.82 1.1
Gabbro/Basalt 0.5 1.6 0.4 3.2 0.8x10° 2,98 0.3
Peridotite 0.02 0.06 0.006 3.0 0.3x10° 3.28 0.01
Continental Crust 1.25 48 1.25 38 10x10° — 0.8

White (2001)



Stredni a spodni klira

Tepelny tok

velikost tepelného
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Stredni a spodni kuira

Seismickeé viny
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,vrstevnata“ kura
zvysovani rychlosti P-vin s hloubkou —
zvySovani hustoty snizovani ,komprese*



Stredni a spodni kuira

Seismickeé viny
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Geochemie stredni a spodni kury

Trace Elements, ppm

R&F R&F Wedepohl R&F R&F Wedepohl
Lower Middle Lower Lower Middle Lower
Li i} 7 L3 Sn 2.
Be 1.7 Sh 0.3
B ) I 0.14
C 588 Cs 0.3 2.4 0.8
}\-'[aji_l:r Oxides, 9 N 34 Ba 259 402 568
' o i - e q
R&F R&F Wedepohl - o i S =
Lower Middle Lower (l:-'l z;q Pr 26 53 o
510, 52.3 60.6 58.05 Sc 31 22 25.3 Nd 11 24 28.1
Ti0, 0.8 0.7 0.84 7 196 118 149 Sm 7.8 1.4 6.0
;‘Xl__—,O_a le.6 15.5 15.52 Cr 215 83 228 Fu 1.1 1:5 1.6
FeO 8.4 6.4 7.34 Co 35 25 38 Gd 31 4 54
MnO 0.1 0.1 0.12 Ni 83 33 99 Ib 0.48 0.58 0.81
}\[8{) 71 3.4 523 Cu 26 20 37.4 D'u. 3.1 3.8 4.7
2 3 7 5 i g ) 3
Na,O 2.6 3.2 2.86 e - - s oa P -
K0 0.6 2.01 L85 Se 017 Yb 15 23 25
P,Os 0.1 0.1 0.20 Br 0.28 Lu 025 4.1 0.43
Rb 11 62 4 Ht 1.9 1 4.0
Sr 348 281 352 Ta 0.6 0.6 0.84
Y 16 22 272 w 0.6
T 0B 125 165 Tl 0.26
Nb 5 8 11.3 Hg 0.21
Mo 0.6 Fb 4.2 15.3 12:5b
Ag 0.08 Bi 0.037
Cd 0.101  Th 1.2 6.1 6.6
In 0.052 |8} 0.2 1.6 0.93

R & F: Rudnick and Fountain (1995), Wedepohl: Wedepohl (1995).



Geochemie stredni a spodni kury
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Slozeni ,,celkové® kontinentalni

R&F T&M We R&F T&M We

Li 11 13 18 sb 0.2 0.3

Be 1.5 24 Te ppb 5

B 10 11 ILoppb 500
g 1990  Cs 3 1 5.4

N 60  Ba 300 250 584

. = F 525 La 18 16 30

L Lo

R&F T&M W&T We  Shaw ey g W, A R

— — = - — c 6 6 7
510, 391 573 63.2 615 63.2 v 151 230 98  Sm 39 35 53
TiO, 0.75 0.9 0.6 0.68 0.7 Cr 119 185 126  Eu 12 11 13
i s B £ Co 25 29 24 Gd 36 33 4.0

L. i C
ALO; 1> 9 159 161151 %'1_'8 Ni 51 105 56 Tb 056 0.6 65
FeO 6.6 51 49 5.67 5.60 Cu 24 75 25 Dy 35 37 38
. Q 9 Zn 7 80 65  Ho 076 078 08
MnO 0.1 O;_lf, 0.08 E".F-J.EI D,D._ ca e 1s = B S
MgO 1.4 5 2.8 3.7 315 Ge 1.6 14 Tm 032 03
CaO 6.4 74 4.7 ah 4.66 ;‘ é - flnz E’J éy éi é'g_
= ) B e .05 : 1 33 5 35
I\ﬁ.;D 3.2 3.1 4.2 3.2 3.29 Br 1.0 Hf 3.7 3 40
KO 1.88 1.1 94 24 2 34 Rb 58 32 78  Ta 07 1 11
7 ; St 325 260 333 0 0W 1 1.0
i

P,0; 0.2 019 018 0.14 Y 20 20 24 Reppb 04 04
' Zr 123 100 203  Os,ppb 0.005 0.05
Nb 85 11 19 I, ppb 01 005
Mo 1 1.1 Pt ppb 0.4
Ru, ppb 0.1  Au ppb 3 2.5

Rh, ppb 0.06 Hg, ppb 40

Pd, ppb 1 0.4 TLppb 360 520
Ag, ppb 80 70 Pb 126 8 14.8

Cd, ppb 98 100 Bi, ppb 60 85
In, ppb 50 50  Th 56 35 85
Sn 25 23 U 142 091 17

R & F: Rudnick and Fountain (1995) as revised by Plank and Langmuir (in
press), T & M: Taylor and MeLemman (1985, 1995), We: Wedepohl (1995),
Shaw: Shaw et al. (1986), W & T: Weaver and Tarney (1984).



Rust kontinentalni kury

kura je prilis SiO,
bohata a TE y T
nereflektuji w5/
jednoduchou taveninu
N

|
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Relative Mass of Contiental Crust,
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vSechna data ukazuiji
na velmi vysoke stari e B8 . B t
prvni kury White (2001)



Rust kontinentalni kury
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Mechanismy kontinentalniho rustu

vulkanismus vazany na subdukcni zony

napr. Andy
akrece oceanské kury

tlusta oceanska deska — NE subdukce — akrece ke
kontinentalnimu okraji

kontinentalni vulkanismus
rifty, plastove chocholy

underplating
zachyceni plastovych basalt. magmat na hranici
plast-kura

intruze tavenin vzniklych nizkym F
extrémni chemismus (kimberlity, lamproity apod.)



Rust kontinentalni kury

Subdukce

Table 128. Comparison  of 200
Continental CrusT WiTh AndesiTe = .

Continental Average E 100 kg A \\ .i'ﬁ".

Crust Andesite S |l O\ Aa  / f‘

510, 57.3-63.2 59.7 § [ o1\ / \’
TiO, 0.6-0.9 0.7 T 7 \ L—L /\\/ ‘\
AlLO; 14.8-16.1 b | E i I\ A N ‘\ y O\
FeO 5.6-9.1 6.3 S ol / 1\ N
MnO 0.08-0.18 0.12 2 | ) Y :\h o
MgO 2853 3.2 E 7 ‘\‘/‘“‘*
CaO 47-7 4 6.6 = -
Na,O 4137 3.3 €
g‘zg Dli}l_[i.i[} é?‘-} & ) A A I A I

- _ CsRbBaTh U NbTa KLa CePb Pr SrNdSmZrHf EuGATbDyY Ho Er Tm Yb Lu
Continental Crust from Table 12.7. Average

. : ZEran i Fieure 12.38. Comparison of incompatible element concentrations in
medium-K orogenic andesite from Gill (1981). & pags I ‘

a siliceous andesite from the Banda arc (red triangles) with the
range of estimated concentrations in the continental crust (gray
field). Both share a relative depletion in Nb and Ta and a relative
enrichment in Pb.

Subdukce predstavuje od cca. Proterozoika kliCovy proces pro
rist kontinentalni kury



Rust kontinentalni kury v Archaiku

napf. provincie Abititi (Kanada)

série vulkanickych a sedimentarnich hornin
metamorfovanych v nizke facii

tholeitické a komatiické vulkanity, granity
(bimodalni magmatismus)



Rust kontinentalni kury v Archaiku

napr. zapadni Gronsko

série svetlych rul a vulkanickych/
sedimentarnich hornin metamorfovanych ve
vysokeé faci

TTG (tonalit-trondhjemit-granit) plutonity —
vysoke Na/K pomery, primitivhi REE
distribuce, + ¢Nd



Vznik TTG série

strmé REE distribuce,
absence Eu anomalie A
— derivace z velkych ~ "{*&._

e . A rinland

2 \\\l\\ A E Yilgarn
hloubek (>60 km) kde = N
je stabilni granat T ok s ,

+ ¢Nd — pFima

[ ° Ancient Grieiss Complex
W shaw Batholith, pilbara

derivace Z Y Edgar Batholitn, Pilbara TR
I B L
pléété???? La C¢ Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb

Figure 12.39. REE patterns of typical Archean tonalites and trond-
hjemites. From Taylor and McLennan (1985).




znik TTG série
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Rapp et al. (2003) - Nature



Archaicka vs. Fanerozoicka kura

odlisny chemismus
archaicka — greenstone belts, komatiity, TTG
fanerozoicka — andezity

jiny tepelny tok

odlisna mocnost

ruzna role deskoveé tektoniky



