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Zakladni vypocty v izotopove geochemii
Opakovani:

LA &4

atomu helia; “He); nukleonové dislo A—4, protonové ¢islo Z-2

B rozpad — jadro nuklidu emituje elektron nebo pozitron (pozitron je
antiCastice k elektronu);
nukleonové Cislo zUstava,
protonove Cislo +1

Polocas rozpadu (t, ,): e doba, za kterou
se premeéni polovina celkového poctu
jader ve vzorku. Pro konkrétni izotop je
vzdy konstantni.

Rozpadova konstanta (A): udava
pravdépodobnost rozpadu radioaktivniho
jadra atomu za jednotku Casu
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Parent
4OK
87Rb
138 La
147Sm
176|_u
187 Re
190Pt

232Th
235U

238U

Sm

Radioactive (Parent)

H H Radiogenic (Daughter)

Decay mode A

Li | Be B|C|NJ|[O]|F |Ne
Rn | Radiogenic and Radioactive

Na | Mg Al | Si|P S |C
K e8| Sc | Ti| V | Cr|Mn| Fe |Co| Ni {Cu|Zn |Ga|Ge|As [Se [Br | Kr
BFo S| Y | Zr INb Mo | Tc |Ru|[Rh |Pd |Ag|[Cd | In|Sn |Sb | Te | I
Cs |25 LaTa w ReH Ir | Pt | Au | Hg TIHBi Po [ At | Rn
Fr [ Ra | A
r a | Ac \

A\

\ La Pr Pm|Sm | Eu [Gd [Tb [Dy [Ho [ Er [Tm [Yb |Lu

\ Ac| Th | Pa]| U

Half-life Daughter

5.5492 x 10710 y-1 1.28 x 10% yr 40Ar, 4°Ca
1.42 x 10711 y! 48.8 x 10° yr 87y

2.67 x 10712 1
6.54 x 10712 y-1
1.867x 10711y
1.64 x 10711 y1
1.54 x 10712 y-1
4.948 x 10711 y-1
9.8571 x 10710 y-1
1.55125 x 10710 y-1

2.59 x 101 yr
1.06 x 10 yr
3.6 x 100 yr

4.23 x 100 yr
4.50 x 101 yr
1.4 x 100 yr

7.07 x 108 yr
4.47 x 10° yr

138C€, 138 Ba
143Nd

176Hf

18705

18605
208ppy, 4He
207ph, 4He
206pp, 4He

Ratio

40Ar/36Ar

87Gr/86Sr

138Ce/142Ce, 138Ce/136Ce
143Nd/144Nd

176Hf/177Hf

18705 /18805, (1870s/1860s)
1860s,/1880s
208pp/204ph, 3He/*He
207pp/204pb, 3He/*He
206pp/204ph, 3He/*He



Rychlost rozpadu

Integraci...

.. Ziskame vztah

Ze kterého muzeme vyjadfrit
okamzity poCet atomu ve vzorku

PoloCas rozpadu

Na rozpad nemaji vliv ani
vychozi pocCet Castic,
teplota, tlak, ani chemicke
vazby Castic

Aktivita vzorku = pocet
premeén za sekundu, tj.
rychlost

A =dN/dt
Jednotkou je 1 becquerel
(1 Bg=1s1



D=P,-P
D =Pe?-P=P(eM-1)

D — daughter, P — parent

Vychozi rovnice pro geochronologii —

1 z méritelného obsahu dvou latek

D=D, +P(ek-1) ¢
8Rb =% 8Sr + e
87Sr =®7Sr, + ®’Rb(eM - 1)

87Sr  87Sr, 87Rb
s6q. — soqn. T (et -
Sr Sr  86Sr

iy

muzeme urcit stari horniny



Priklad 1:

lzotopicky pomér 86? zemského plasté je 0.7029 a jeho stari 4,56 Ga. UrCete

87

87

Tr
" v . . , . v e e AL
wog, 28 predpokladu, Ze jde o uzavreny systém jehoz inicialni pomér weg, Jo J€

0,7000.

A(]7Rb) = 1.42 x 10711 y-1



Priklad 1:

lzotopicky pomér 86? zemského plasté je 0.7029 a jeho stari 4,56 Ga. UrCete

87

87

Tr
" v . . , . v e e AL
wog, 28 predpokladu, Ze jde o uzavreny systém jehoz inicialni pomér weg, Jo J€

0,7000.
A(]7Rb) = 1.42 x 10711 y-1

Rb _ 0,04335

8657,.




Priklad 1:

147

. ,Pramérnad“ kontinentdlni kiira ma pomér ﬁ =0,112 a jeji stafi je 2,2 Ga. Za
predpokladu Ze noveé vznikajici klira ma vzdy eNd = 0 (tedy chondriticky pomér

143

144Nd), urcete primeérnou hodnotu eNd pro kontinentalni kiru)

(143N d 143N d 7
(W) vzorek ~— (W) CHUR

eNd = — + 10000
(W) CHUR
143Nd
(g cru = 0,512634

A*47Sm) = 6.54 x 1012 y~1



Priklad 1:

147

. ,Pramérnad“ kontinentdlni kiira ma pomér ﬁ =0,112 a jeji stafi je 2,2 Ga. Za
predpokladu Ze noveé vznikajici klira ma vzdy eNd = 0 (tedy chondriticky pomér

143

144Nd), urcete primeérnou hodnotu eNd pro kontinentalni kiru)

143Nd

144Nd

= 0,51426

eNd = 31,66206
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logie

_____

. Preferovany zpusob se zaklada na vyuziti nékolika vzorku stejného
stari a P, — Isochronni datovani

0.517
D=D,+P(eM-1) [ 149N G/ NG, = 0.512085£16

: _ rt5
0.516 L MSWD = 1.14 g

AD = AP(eM-1) :
0.515 |

AD
20 eM_ 1
AP

143Ndl144Nd

0.514 |

0.513 |

0.512 £
2 0 0.25 0.5 0.75 1 1.25 15 1.75

‘47Sml1 44Nd




Name Reaction Decay constant/y* Half-life/y Applications?
K-Ar K —HCAr+p° +u 4,=0.581x1071% Geochronology of K-bearing
—"Ca+p +0 A, =4.962x10 minerals
Geochronology, seawater evolution,
Rb-Sr SRb—8'Sr+ 4 +v 1.42x1011 4.88x101° sediment correlation, magma
genesis
Precambrian geochronology,
. sediment provenance, crustal and
Sm-Nd WSm — M Nd + a?* 6.54x10712 1.060x10% P . ,
mantle evolution, stony meteorite
and lunar studies, magma genesis
Lu-Hf 6L — TOHf+ -+ 1.94x 1011 3.57x10 Geochronology, mantle evolution,
crustal growth models
Geochronology including iron
Re-Os 5Re — ¥0s+f~ +T 1.666x 10! 4.16x10" meteorites, mantle and lithosphere
evolution
U-Th-Pb 237Th —29%pPh + Ga® + 4+ 40 49475 x 101 14.010 x 10° Geoch | tal uti
285 201Pp + Ta?* + 4f + 45 9.8485 x 101 0.7038 x 10° m‘zft’zo:ﬁgﬂs‘t’fg’i ;Sr“fn : fn“’; “e'r:’;‘s'is
28 2P + 82" + 6 + 6T 1.55125 x 1010 4.468 x 10°  magma g

t After Henderson and Henderson (2009).

$The combined rate constant 4 is the sum of the two individual rate constants=5.543x 10""yr . The concept of half-life is applicable only
to the combined decay of *K.
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Figure 2.11 A Rb-Sr isochron. Five analyses
from a clast in the Bholghati meteorite fall on
an isochron, whose slope is related to the age
of the system. The age in this case is 4.54 Ga.
Data from Nyquist et al. (1990). (Source:
White (2013). Reproduced with permission of
John Wiley & Sons.)



Priklad 3:

143 147Sm

. Ve vzorku granitu byly zjistény poméry —— ook =0,51215a —— TN g =0,1342.

143Nd 147Sm
Soucasné chondritické poméry jsou (144Nd) chur = 0,512634 a (m) CHUR =

0,1967. UrCete stari horniny.

A197Sm) = 6.54 x 10712 y-1



Priklad 3:

143 147Sm

. Ve vzorku granitu byly zjistény poméry —— ook =0,51215a —— TN g =0,1342.

143Nd 147Sm
Soucasné chondritické poméry jsou (144Nd) chur = 0,512634 a (m) CHUR =

0,1967. UrCete stari horniny.

A197Sm) = 6.54 x 10712 y-1

t=1,18 Ga



