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The mode of radiloactive decay is expressed quantitatively
ag follows:

if N is the number of atoms of a given radio-
ceotive element, the decay rate will be:

- 4t . A |
dt -
vhere is the decay constant and indicates the f
fraction of atoms that are transiormed in unit | o
time. 1
Integrating: p
N |
1ow<—3 = - At g
;uo
"1

or:
- A t 3
Nt No e ;

which is the law of transformation.

The time in which a certain number of radioactive nuclides
of a given elenent are halved by nuclear transformation 1is
ealled the half-life ol the element.

2. GEOCHRONOLOGI

I% has been proved that the decay rate of radioactive nu=-
clides with short half lives is not influenced by any phy-
sical condition like pressure, temperature, nugnetic field
etc. It has bec: postulated that this ‘can be applied tc the
decay of radioactive nuclides with long ralf lives and that
therefore the decay rate of these nuclides has not changed
ir spite of varied pliysieal conditions during geological
time.

The time since a rock or a mineral phase has remained
a closed chemical system can be estimated by using the rate
of decay of a long lived radiosctive nuclide from the present-

sy measurcment of the abundances of the parent and daughter




nuclides.

This technique hauc been called geochronology (from the &
Greek words: ym - the earth, QOVog- time,yomar - to lmow),
a term “irst used by Wiliiams (1393) for his calculations 4
of geological ages from thicknesses of sediments. _i

A few years before the second world war the introduction .
of mass spectrometry and the work of Nier and his associates
gave tremendous impetus to geochronology and isotope 2e01OLY « i
Since then many methods of absolute deting have been devised
and ages have been calculated using decay schemes of a num-

ber of radioactive nuclides. The most comronly used decay '
YO & ~IG ) o) 0Of | :

’
0 A( .
"L Ar"™, These elements are present in

ac?emes are:
jpe7 - sr°7

L

and K
most of the crystalline rocks of the earth's crust and their
lonz half lives are known with sufficient accuracy.

L brief descriptiorn of the U, -Th, - Pb sethod

70

™he muclides U232, u23° ana ™22 gecay respectively to
szos, Pb207 and anoe by a omplex series of nuclear irans-
formations bui, because the half lives of the parent iso-
topes are so long compared with thooe of the other memberrc,
the transformations U - Pb anéd Th - Pb can be considered as
simple ones and the time calculated using only one value of
the half life.

Disregarding the verious intermediate stages, the trans-
formations of U and Th to Pb can be represented as follows:

0238 e PO%0C 4 BHE* 4+ o (1)
0235 oace P27 & THO® + 4 (2)
The32 oo P00 |, GHet + 4 (3)

if M A& A" are the decay constants of the transformations
(1), (2) and (3) respectively, from the law of transforma-

tien we have:

n(euP6y = n(u238y  (e¥ 1) (1)
n(Pr20%) = m(m23%) (o™ 1) (112)
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The analysis of discordant ages was improved consider-

ably by Vetherill in 1956 when he introduced the use of the
"Concordia" curve. The "Concordia" ia t4Ye locus of all the

|
; points having concordant Pb207 - U235 and Pb206 - U:38 ages.
5 206
, ﬁﬁg 4 Figure 4
l U
0.3% "
field ¢f U loss or 000 m.y.
Pb gain
1500 m.y.
0.2
1000 m.y.
0.1" field of Pt loss or
500 m.y. U gain
! ] B 1 -
0 e j B e
Concordia 2lot J :

1t was found (Wetherill, 1956) that an episode ol lead
loss would cause the samples to lie on a chord that cuts
the curve at a point representative of thc age of the ~ample.
Continuous solid diffusion (Nicolaysen, 1957) cculd al-
80 be responsiblie for Pb loss and it would have the same ef-
fect on the position of the sample On a corcordia plot as

an apisodic loss.
si1ver (1963) has shown that a concordia plot can be

used to resdlve ages separated only by approximately 60 m.y.

A brief description of the XK - Ar method:

This is the most widely used method mainly decause of its
relative simplicity end because K is among the most common
rock-forming elements.

K‘o decays to Ca4o and Ar40 as shown in the following gcheme:

0
v

| Ca4 (89,05%), emission of a P particle

40
K
Ar4o (10.9%%), electron capture and emis-
gion of ay ray at 1.46 NeV

AL —
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b )p==probability that mwzlﬁé nuclide decays to a CaM)
nuclide -k et Huve

and )k = probability that a KAQ nuclide decays to an Ar&a
Auclide A wwik Hme
then R=Ah% = branching ratio

and -{E%;T nalf 1ife of x*°

Ages can be calculated knowing either one of the decay con=-
stants and the bra.ching ratio or both the decay constants.
Trom the following eyuations:

Ar =
1l +« R
4 40
OR: t = 1 An(l + ak 28 Aii )
Ak +APp Al Ay

where: t = age

A major limitation of thes K - AY dating method is the leak-
age of Ar4o. Thias has heen demonstrated on a number of oc~-
casiona (e.g.lcDougall et al, 1963; Hart, 19643 Aldrich et
al, 1965;. From a sJudy of an intrusive contact between a
tertiary stock (monzonite, granodiorite and ayenodiorite)
in a pre-cambrian gneiss, Hart (1964) has shown the varia-
tion of apparent age due 10 ar*Y 1oss for different minerals
at different temperatures.

From fig. 5 (see over the page) it appears vhat horn-
wlende has the best retentivity of argon anc hornblende
ages approximate to the real age of crystallisation; K fel-
spar showse an erratlic behaviour, and felspar ages are con-
sidered unrecliable; blotite ages seem 10 be the most affec-
ted by arzun loss and their ages frequently determine a
period of metamorphism,

Hart and Dodd (1962) found that pyroxene has the pe=
culiar quality of incorporating excess Ar, posasibly in
cavities or irresularities of the eryatals, This makes
pyroxene ages unrcliable especially for rocks that have
been deeply buried and/or thermally metamorphosed. On the

......

e




- 7 .
¢ 1
cther hand this quality of the pyroxene is probably very 4
nseful whex calculating total rock ages. McDougall (1966, ,ﬁ
P 289) reports that K - Ar totnl rock ages can yield " .Q
meaninzsful ages for fine-grained, holocrystalline, fresh : E
rocks, and for rocks containing glass which is not devitri- ‘1 %
fied. It is possible that total rock ages can be more accu- B
rate than sevarated mineral ages if the Ar freed by diffu- 3
8isn from one mineral can be retained from other minerals,
for example pyroxene.
j Apparent 4
age m.y.d Fig. 5 .
] 1600 4 4
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Intrusive o 100 1000 10,000 20,000
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The Rb - Sr Nethod:

The nuclide Rb87 decays to Sr87 ty emigssion of a B particle

vith & half 1ife of approximately 5.0C X 1010 years, de=

termined by comparison of Rb - Sr and ooncordant U - Pb ages

(Aldrich et 81, 19563 Aldrich & Weth rill, 1958). The half

14fe of Rb°' has aiso been estimated by physical determina-

tion of the jecay constant, using different techniq 08, by

a number of workere who have found sijnificantly aifferent values

for it (Hemilton, 1965 pp. 86 = 88). :
Applying the general law of trans;gvmation

-5 &' spr° ! can be oxpressed

5
<

¥  the decay of Rb~' .0

Nt = No C

L I . St s
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by the equation:

W -y SRV - y ARERSS y at
t"rt - wd o ¢ \})t ( e o

\
- 1)

substituting K, = Rb%7 (present day no. of atoms of Rbo!)

and No = Rb%7 + (Sr%7 - drg7 ) (Sr;Y is the present
day no, of atoms of .r‘?, end 5?87 ig the no, of
atoms of Sr87 present at the timg ¢f the last is0-
topic homggenization?,

and solving for Sr§7.

As isotopic ratios are measured by mass ;_vutTO;Othﬂét
18 convenient to divide both sides of the equation by ::%°
(number of atoms of 3r86 niclide presentr;n the sample t0-

~ VO
day, equal to the number of atoms of Sr present at

th
time of honogenization - provided the rocx has remained a
closed chemical system), obtaining:

1+
52!  srd’ RbS | St
Sp S Dhe o
Srt° Sty Sr;

Equation (i) represents a straight %ine with slope (eAt - 1)
and intercept on the y-axis Sr§7/3r06.

From equation (i)
87

t sefeln (1 AdEp) (11)

Rbt '

8 :
whoranre7 = Sr27 - Sxﬂg‘7 = radiogenic Sr“7, and (1i) oan b;
used to caloulate the age t »f a asample if the initial Sr°

ie known, The age and the ;r§7can be found by (i) irom a 1
suite of samples of the same age and same initial ratio |
Sr§7/Sr§6. If the wamples have remained cégsedﬂghomicg% sy o= ;
teme since orystallisation, the ratios Rby'/Sri~, Sry /8ry t

for each sample will be solution of (i) and will lie on &

straight line that has an intercept on the y-axls equal to
the initial ratio R, = Srg7/8r26 and a slope proportional

to the age of crystallisation.

b




Such a line is called an isochron, and using the method
of least squares, one can calculate the slope and intercept,

{a .y

proportional respectively to tkand Ro' Graphic representation

of an isochron can be seen in fig.6u (after Nicolaysen 1961).

Fig. 6a
87 4 g e isochron
- _0b v
or /
(o]
‘///‘\;,a.*1-(=-3'£--ssWoe*Ai"rv
X A,'.Dv’
:L [ = \ { & \
/O t =—i—1n\; + tanet) (411)

The isochron method, sometimes called "the 3.P.1. method",
is at present commonly uveed in Rb - Sr work and since +alB
is the method used in the present investigation, the descrip-
tion of Rb - Sr methods will be limited To it and its applic-
ations,

If a mineral phase has undergone lose or gein of elither
parent or daughter nuclides 1% follows that the sample will
not lie on the isochron and the apparent age will vary accor-
dingly. See fig.Cu

4 )y
gy A K./ ¥ isochron

ﬁzgg ¥ 3 - | ' " u-%-ln(l + tane)

r

| -
///,y !/,/” i ‘ and es

’ | o, >N > ¥y

Skl - 6
v LR e s

17

Ro® 1/5r
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Fig. 6b
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Sample A can either have lost Rb“7 or gained Sr67 e
segnents x and y are proportional respectively to the Rb

{08t or-tke. Sr. gained. Conversely, for the point B, y'is

proportional to the .98t 5%, %“tv-the.ained Rb.

Separated minerals from a rock suite, wﬂzgh must neces-
sarily be of the same age, often do not lie on an isochron
(Schreiner 1958; Fairbairn et al, 1960; Allsopp, 1961; Fair-
veirn et 2l, 1961; Clifford et al, 1962;Lanphere gt al, 1963

Noorbath, 1963; leDougall gt 81, 19033 Hart, 1964; Richards,
1966 etc.). This ie in most cases attributed to the fact
that the mineral phases have not remained closed systems
with respect to Rb and/or Sr.

Movements of radiogenic Si are probably the more com-
mon cause of discordant mineral ages because this Sr is
genarated by radioactive decay at a position in the orystal
1ettice at which it ie unetable, having charge end ioniec
radius different from those of the parent Rb (Sr ¥ lonic
radius 1.184; Rb" ionic radius 1.47A). Minerals with higher
Rb content like viotite, K-felspar etc. (except in muscovite
that has a high retentivity), are more liable 10 lose Sr 7
and therefore tc give low ages (see point 3, fig.6%). Some-
times minerals like plagioclases with small Rb content,
trap the radiogenic 3r fresd from other minerals, and give
very high ages (see point A, £ig.60) .

Hurley et al (19€3) have suggested that at depth a
period of cooling of an igneous rock can be as long as 200
m.y. They have estimated +hat for a good portion of thiu
period the temperature could bde high enough to promote Sr
diffusion. Mineral agas that are lower by one Or two hundred
million years can plausibly bhe agoribed to the cooling his-
tory of the rock, but wider discordances cannot be accounted
for in this way. It is commonly accepted that movements of
radiogenic Sr are related to the thermal history of the rock
after crystallisation as has been shown by Hart (1964),
Hurley et al (1963) ete.

Schreiner (1958) and Compston & Jeoffrey (1959) have

shown that in cases where mineral ages are discordant, measure-

ment from total rock samples can give concordant ages.

e



Author De Gasparis AA A
Name of thesis Rb-Sr Isotopic studies relating to problems of Geochronology on the Nelspruit and Mpageni Granites

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



