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N
4 =MW suilD)
N : number of unchanged atoms at time ¢
A+ a constant characteristic of the decay of a given radioactive isotope (Yenre)
(Number of decayed atoms/atom/sec)
if N, = number of atoms present when =0
N=N,-e¢™ e
half-life ¢, , =L
2
No LR 2
T2 TWNere 7
Ly
_‘%_:e E or t%: h;z _ 0.?98 W)

substitution

(N_>P > Number of parent atoms currently present in a mineral
Ng-__)Po

- Number of parent atoms originally present when the minerg] formed

-~ Number of daughter
D=p. .p

P,=P+D

\/\/v-\./\/\,'v"/“

atoms now present

/ < bt ) "'@)ﬁé Lol
( D=P: (e*'o1) ~ } ;
e’ = "%+1“—" D;P
}\t=ln(l+‘“§')
1 D v 53 .
t= Ik In.( 1+ ?) ¢ time of formation(age) of the sample

;=2



TABLE 2-4 Radioactive Systems Used in Geochronology

A

A Half-life Effective range (yr) Isotopic abundance of
Parent/daughter Type of decay (yr=1 (yr) (Ty = age of earth) parent and daughter Typical materials dated
23875/206py, 8 Alpha + 6 beta 1.55125 x 10-10 4.468 x 107 107- Ty (Awe ~§6561)0.9928 g/g U Zircon, uraninite, monarite,
I 0.252 g/g Pb lead-bearing minerals
25(J/207py 7 Alpha + 4 beta 9.8485 x 10~10 0.7038 x 10° 107-1, 0.0072 g/g U Zircon, uraninite, monazite,
0.215 g/g Pb lead-bearing minerals
Z2Th/2%%pp 6 Alpha + 4 beta 49475 x 10~ 14.010 x 10° 10°-1, 1.00 g/g Th Zircon, uraninite, monazite,
qf o 0.520 g/g Pb lead-bearing minerals
@MMM@ Beta 1.42 x 10-11 48.8 x 10° 10Ty 0.278 g/g Rb Biotite, muscovite, microcline,
S 0.07 g/g Sr whole rocks
AGEA0 i Electron capture 0.581 x 10~10 1.250 x 10° (total)
4.962 x 10~10
40g*0Ca Beta 5,000-Ty 0.0001 g/g K Biotite, muscovite, hornblende,
0.996 g/g Ar whole rocks
1475m/M3Na Alpha 0.654 x 10~11 106 x 10° 0-Tp 0.150 g/g Sm Feldspars, pyroxenes,
0.122 g/g Nd amphiboles, whole rocks
ldeiaN Beta 1.209 % 10~4 5,730 0-70,000 1072 g5 C Charcoal, wood, peat
e 0.996 g/g N

Note: Ages of rocks and other materials obtained by use of radioactive s
(10 years, etc.); and (3) by use of Standard International (SI) units (Ma

ystems are expressed in three different forms: (1) descriptive (millions of years, etc.); (2) aumerical notation
and Ga, which equal 10° and 10° years respectively),
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1. Following is Rb-Sr isotopic data’ for the Geita gramtes from the

Tanzaman Shield of East Afnca. ) j\y,__ﬁ\ A W 59
Samp!es ' Rb(ppm) (Sr(ppm) "’Sr/”"Sr (atozmc)
TAN 217 100 633 07197
218 303 163 0.9093
29 275 164 0.8919
221 90 620 07173
222 113 293 07441
224 75 197 0.7430

X/JY{///

Calculate the initial 8781‘/% Sr ratlo and the formatmn age of .the gramtes

frorn ﬁrst regresszon

Rb/BGSr Sr/aSSr data"]‘:l' ﬁP’c}—‘-H ﬂ}?}—J (er/SGSr) ER R
dAUE Aasial
Sample t"'R-b./“’_Sr ; _5fSr/u’Sr
BU-2 6.2010 0.88453
BU-4 - 3.9883 - 0.83378
BU-9 84053 094527
- BU-12 6.8364 - 0.91097 .
BU-13 539891 2.22539
.- .BU-14 - 3 24.0033 1.37149

Fo]lomng is Rb Sr 1501:0131(: data for whole rocks and rmneral Separates

from a

layered Mtrmnaﬁc-leucogabbro

sequence in the

Marcy

, anorthosite massif of the Adlrondack highlands in northern New York

State, US.A. Calculate the unt1a1 ¥St/%Sr and the age of formation.

ansrinosire ol 9y Zaqth-

JL Cs.'\ "\’(C‘Y}

Ukrmnatte \m

Samples Rb(ppm) Sr(ppm) t"Sr/"’Sr
SA-3D 0505 2296 070511
SA-3C 23 4107 07048 |
SA-3A 579 610.2 0.70468
SA-5 550 5327 0.70466
SA-5(plag.) 119 - 886.6 070434
SA-5(pyx) 062 1011 070661
\ SA—S(garnet) 12.69 1288 0.70804

w



R
1. Follow the decay of parent “Rb and growth of daughter “Sr in a granite sample

over the course of six half-lives. Assume that the granite initially contain 1.2X10%
atoms of ¥Rb and 0.3x10% atoms of ¥Sr. The half-life of “Rb is 488 Ga, and the

decay constant is 1.42X10™/yr.

2 Usmg the following isotopic data for a whole-rock(WR) sample and for mineral
separates of plagioclase(Pl), pyroxene(Px), and ilmenite(ll) from Apollo 12 lunar
basalt, what is the age of this rock?

8 Rh/ %®sr 8or/%sr

WR 0.02960 0.70096

Pl . 0.00537 0.69989

Px 0.04920 0.70200

1 0.11270 0.70490
e

3. Explain the growth of radiogenic “’Ar* atoms in a K-bearing mineral as follows :
YA = 0.104 K (et ~ 1)
solve the equation for t and determine the age of a biotite sample, for which the

following data have been obtained :
K = 7.10 wt.%, and “Ar = 1,5x10" atoms/g.

(A= 5.543x107%yr and K = 0.01167% of total K )



(O Potassium—Argon System

Radioactive decay of YK deﬁay' #Ca*(Ca : abundant) and “Ar*

- (8 decay)

Decay constant A; = 4.962x107%

L— (electron capture)
A, = 0.581x107"

Total Decay Constant of ®K, 2 = Az + 4.

Ae = 0.581%107%/yr
Ag = 4.962x107"/yr

A = (0.581 + 4.962)x1070 = 5.543x107/yr

;o _ n2 _ __ 069
I & 5.543x107"

= 1.250 Ga

YK . mass spectrometer® &7

D= P* - D

MR = 001167% of total K (XRF %)

VAY + PCo" = PK(* - D)

A
branching ratio, R = T;'

Vg QA

= 0.117

()

© Growth of radiogenic *Ar atoms in a K-bearing mineral

04,0 _’%_ gt — 1)
Total **Ay atoms. ,
(*4r),, = LAr + A

e MR DAr = 0)

—_—

L RAr= YA

4_[] &
()
_ § - m[5.543, 044
5.543x101" 7| 0.581 Dp
g 04,
t = 1.804%10 1n(9.54 ol 1)
K-Ar isochron
Bar _ ( YAr AN K oo
Bap ( %Ar); * (A) MG
VAr
B4

K-feldspar
KAISi;0;

muscovite

KAI,(AlSiy)0,(0H),

biotite .
K(Mg,Fe?) (Al Fe?1)Si;04,(0H),

hornblende

+ 1]

D

i F S
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[ K-Ar dating J

Problem 1) K=17349%
“Ar = 245 x 197 /g

245 X 107 *Ar cu/gr
= 245 X 107 ®pp x 39.9623/ mole

k

22.4x 10k

= 1.0937 x 107
K =734 %
PAr _ _1.0937x10~%
L8 1.34%107%x1,167x 10 ~*
39.0983
— L.0937x10 23
7.34x1072x1.167x 102
= 49921 x 107

D4,

1804 x 1¢° :
804 x 10° In(9.54 a+1)

-
H

I

= 1.804 x 10° In(1.004762)
1804 x 10° x 475069 x 1073
857 x 10°

857 Ma

1}

Problem 2) K:0 =845 %

40 &

Ar = 6016 x107%° mole/gr

_ 39.0983x 2
K =845 x 39.0983% 2+ 15 9591

) 78.1966
=845 % 9 l0%
= 70147 24

w0y 7o iy 0.1167% 1073
K = 70147 » 10 KW

= 20037 x 107

1.804 x 10° In(954 x 4992] X107 +1)

39.9623



PAr' = 6016 x 1g710 mole/gr
6.016 x 10 Ps0te
se— I
- 39.9623/ mole
39.9623

= 6.016 x 1971

—10
=180 x10'n(esg x B6x10L

2.0937x10 7
= 1804 X10°In(0.02741 +1)
1804 x10° x 002704
0.04878 x 10°
= 4878 Ma

1]

Problem 3) K= 794 o¢
®Ar = 9.89%1p~1 o’ [ gr

1

_ -4, _22.4x103 1
39.9623

= 9.89x39.9623x1p~*
22.4x10°x 39,9623

=4.4151x 108

-3

39.0983
= (2.3699 %10 2)x 195
=2.3699x1p~7

B e 9 . 4.4151x10~8
1= 1.804%10%In(9.54 % 2.3699x10=7 1

= L.8Mx10°In(1.7772 + 1)
= 1.804x10°x1.0214
=1.842x10° y

= 1842 Ma
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Cﬂl‘bon —-14 MethOd of Datlﬂ . ‘ chonrh £ oke o). Pervefyl

on + Byl o+ 11{
} ] - Y~ Proton
" L  —stable HN 9z19)
COSH]IC"‘I'HY neutron
C - CO, molecule‘)il mcorporated 1 COZ

Gl

* Decay of 14C'
'C — 14N+ B~ + U+ Q
Q 0.156 \deV

The radmactxvxty of a specimen of Carbon exi:racted from plant or animal tissue that
died t years ago '

A —— Ag —,Ir w

At measured activity due to UC (chsmtegratmn / min / gr ©)

A activity of MC in the same specimen at the time
N the plant or animal were alive

m-d _ | halt life of ®C = 5730 = 2037
A ' (Godwin, 1962)
I '
r = 3 In A
5130 = Ly

¥ i " Aa
= e 5730 == 1209><10 ‘Vyr J “i%‘-92£7/47’4

b= 19.035% 107 log(fl—”) N

A
A —] AD ¥ QH’U % ﬁ_ .-‘—,‘x

" A, L# 13,560, 07 dpm/g of @ (Karlén et al, 1966)

7 spemf ic actmty of C in equﬂlbnwn with
the atmosphere (Ap)

Radioactivity of "C (dpm/g of carbon)

t (10’ yrs)

Decay of Y¢ n plant or animaj tissue that was mitially in eauilibrium with
i COZ moleul{ES of the atmosphere or hydrosphere



“C dating 54

1. The specific radiocarbon activity of a sample of wood is 625 dpm/g of
carbon. The specific activity of the NBS oxalic acid standard is 14. 27 dpm/g
. of carbon. What is the ape of the wood sample assuming that the half-life of
“Cis 5 ,130 years ?
(Answer: 6,367 years)

2. The specific radiocarbon activity of a sample of wobd from the
seventeenth-century AD. that was 310 years old in 1970 when it was
analyzéd, wés found to be 15.09 dpm/g of carbon. What was the initial
activity of "C in - this sample and how does it differ from that of
nineteenth-century wood ?

(Answer: 15.67 dpm/g, higher by about 2 percent)

3. You have a piece of wood with a measured '*C activity of 0.03 dpm/g.
Assume that the concentration of MC in the atmosphere at the time that the

wood grew was similar to the value found today of about 16 dpm/g. How

old 1s the wood sample? USWI'S for the half-life of **C.
5’]39 _
(Answer: 52,000 years) g _

4) The measured activity of a sample of charcoal(C) found at an
archaeological site is 5.30 dpm/gr. What is the age of the sample?

Use 5730 years for the half-life of "C.

2 2
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Date

Table 8. The comparison of Sr isotope initial "ratios between

the Jurassic Granites and the Cretaceous Granites{jinJIyyf)

surveyed area Age by Rb-Sr ) (875r/865r}o
Juragssic Granites 195 ,,,3! xJu!7f ,,,,,,,, e
(142 - 20) Ma)
1. Seoul Granites 160 + 10 m.vy. 0.712 (% ¢H®} ..................... .
{Fark, 1272) )
2. Hwangdeung Granites 167 m.y. ' 0.7104
Iri area ; L s
(éim and Wendt, '
.. wnpublished data) _ T
3. Jincheon Granites 194.1 1718.5‘m;y. 0.7168 + 0.0009
(Chco, et ql., 1872) i ‘
4. Cheongju Granites 146.3 + 2.8 m.y. '0{7159 + 0.0009 e
(Choo, et cl., 1978) o
5. Andong Granites 172.3 + 0.2 m.y. 0.7126 + o.co04
‘Choo, et al., 1272}
Cretaceous Granites T taé’;/ég.x'ogjf '“\ ,,,,,,,,,,,,,,,,,,,,,,
(55~ Mia)
1. Masan Granites 70 + 17 m.y. 0.704 + 0.001
(Xim and Wendt,
unpubiished data) _ e L
2. Gyeongsang Basin = 100 m.y. = 0.705
(Furley, et al., 1823}
3. Yucheon Granites 5 5 e MM 0.7070 x 0.0009
(7in and Chee, 1850)
4. Changweon Granites 118.4 + 7.3 m.y. 0.7058 £+ _0.0004 e
5. Ilgwang Granites 125:0 & 15.5 meYs 0.7063 + 0.0006
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Sm-Nd S»;K’)Tw

-7 A pigeonite basalt (12039, 19) from the Moon
- collected by the astronauts of Apollo 12 yielded the
following results (Nyquist et al. 1979);

Sample HTSm/*Nd N/ N
whole rock 0.2090 0.513142
plagioclase 0.1727 0.512365

. pyroxene 0.2434 0.513861

a. Calculate a date by means of least-squares
regression of these data (Equations 8.12 and
8.13, Chapter 8).

b. Calculate the initial **Nd/*Nd ratio of this
rock and express it as an epsilon value relative
to CHUR.

¢. Estimate the Sm/Nd ratio of the source rocks
in the interior of the Moon, assuming that its
primordial *Nd/'#Nd ratio was 0.506609 and
that its age is 4.6 % 10° y. (Answer: ¢ =
3.20 x 10° y, initial **Nd/*“Nd = 0.508707,

[T S €CHur = +4-50, Sm/Nd = 3 e
: 0.32
ol [ e ———

~ Balsaltic rocks from the greenstone belts of Zim- a. Plot these dasa.and fit an isochron by least-
babwe have yielded the following analytical results squares regression. -
(Hamilton et al., 1977). b. Calculate the age and initial "**Nd/*Nd ratio.

3 ¢ Recalculate the initial "*Nd/*MNd ratio as an
Ne BRI AN € value relative to CIIUR at the indicated time.
i 0.512866 (Answer: ¢ = 2.62 x 10° y, initial '“Nd/

0.2151 0.512872 NG = 0.50920, ebyux ﬂ
0.2267 © 0.513101

0.1485 0.511785 - o.7&
0.1710 0.512104
0.1675 0.512183
0.2036 0.512796
0.1873 0.512426
0.1196 0.511221
0.1222 0.511352
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Problems

(Use normalization to “*Nd/'*“Nd = 0.7219, row 2,
Table 12.4).

1 Calculate the *'Sm/*Nd ratio of a rock con-
taining 1.83 ppm Sm and 5.51 ppm Nd. Use isotopic
abundances from Figure 12.2. The atomic weight
of 8Sm is 150.4 and that of Nd is 144.24. (Answer:
8m/Nd = 0.200).

2 What is the average time-integrated Sm/Nd ra-
tio of a magma source whose present WNd/*Nd
ratio is 0.51300? Asgume that ¢ = 4.60 x 10°y and
that the initial **Nd/'*Nd ratio of the source was
0.50684 (Answer: Sm/Nd = 0.389).

3 Calculate the **Nd/*“Nd ratio of CHUR at a
time 2.5 x 10° y ago given that R,.: = 0.512638
and that (¥Sm/Nd)lys = 0.1967 (Answer:
Tenur = 0.509395).

4 Calculate the value of the epsilon parameter for
MINd/*Nd = 0.51150 for ¢t = 1.8 x 10° y (An-
swer: ehyr = +23.35).

5 Calculate a model date relative to CHUR for a
rock given the following data: Sm = 0.580 ppm,

Nd = 1.539 ppm, “Nd/*Nd = 0513101
swer: i = 2.33 x 10° y).
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