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Fig. 3.3. ¥K decays by 8- emission to *Ca and by electron capture to *Ar in a ratio of
8.5 to 1. Only the decay to Ar is used for radiometric dating.
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Fig. 3.12. ®Ar/* Ar age spectrum for the metearite Menow, which

lost 25% of its Ar at about 2.5 Ga. The temperature at which each gas increment was
released is shown in degrees Celsius. (After Turner, Enright, and Cadogan, 1978.)

Instead of the amounts of K and Ar being
measured in separate experiments by different methods, as is done in
the conventional K-Ar method, the exact ratio of daughter to parent
in the sample is determined by measuring the ratio of *'Ar to ® Ar in
one experiment. Corrections must be made for atmospheric Ar and
for certain interfering Ar isotopes produced by unwanted neutron re-
actions with Ca and other K isotopes, but these corrections can be
made quite precisely and for old rocks are usually very small or negli-
gible. This method of measuring all of the Ar in a sample in one ex-
periment generally gives an age comparable to one determined by the
conventional K-Ar method (including necessary corrections, de-
scribed by Brereton, 1970, Dalrymple and Lanphere, 1971, Dalrymple
et al., 1981, Faure, 1986, and McDougall and Harrison, 1988)."

An age calculation from * Ar/* Ar data is done with an equation

“Ar
f=1.804 x 10° log,.(] AL + 1)

where | is a constant that includes a factor for the fraction of *K con-
verted to ¥ Ar during the irradiation. ] is determined for each irradia-
tion by irradiating a sample of known age, a monitor, alongside the
unknown sample and using Equation 3.20 to calculate | for the moni-
tor. The value of | for the monitor applies to the unknown sample as
well because both the monitor and the unknown sample receive the
same dose of neutrons.



Rb — 3 mﬂok

oL s TS 4 ﬁ” .
hela o&wéj 1

50 ¥ Rb

Neutron number N
(number of neutrons}

i g

Absrut  orn 1 Rartry 1400 I
K ATM (r;v o W'y‘tﬂ‘x/ - A= 742'109”‘6;7
5:‘&'%‘& wa—p { : : ,
(' S Sumbs 'f‘!?ﬁ"\u fmf " i’tomicnumb.er 28 :

{number of protons)

g /eé Fig. 3.4. *Rb decays to ¥Sr by 8- emission.

k/kfo ~ 1e0®

< - //,33/?
Tonic yadil  swe wm/zémyab& PbL— 1.5A

hrnnd  an
M?waé Nethies

0 1 2 3 4

Ttk dwa/\#y
/)M;Lévv\. (-Do.-.-}:t.\)

Angstrom Units

: g
1A=10""cm.
3 :
/;U*QAOQ‘ ‘ Fez 063 Fe 067 e

So e Rb 149

\ Fig. 49. Relative sizes of some positive ions (cations) and negative ions (anions) in crystals.

TO Cul" ) The figure at the head of each column refers to the ionic charge or valency. The effective ionic
_f N radius of the field of influence of each ion within a crystal, conventionally regarded as spherical,

' is given in &ngstroms.

PN L WY




0

ﬂJSr
(atoms)

95r /8Sr

8gp /%Sy
% =
>

(a) t=0

#Rb/®Sr

v /%Sr

SRh /S
2
f) t=tr 7
ol ¢t} o >
& P
8 s
1S X
g Q,’
ey s
b3
P Q"
0 1 1 L 1 !I 1 1
0 2 4 6 8 10 12 14
1Rb/ B Sr

Fig. 3.9. (a) Plot of ¥Rb vs ¥ Sr for three minerals, P, Q, and R, from a hypothetical
rock of zero age. (b) Because of the decay of ¥ Rb, points P, Q, and R move along trajec-
tories of decreasing ¥ Rb and increasing ¥Sr to I, Q', and R’ after passage of time {".
The amount of movement is proportional to the ¥Rb content of the minerals, but this
type of plot gives no information about the age of the rock. (c) The same dataatt =0
but nermalized to Sr. (d) After time ' has passed, the points still fall on a line, an
isochron, whose slope is a function of age. (¢) Complete resetting of the Rb-5r clock at
time " moves the points to a new "zero-age” isochron. The composition of the total
rock is indicated by x. (f) Partial resetting, in this example due to loss of ¥ 5Sr, results in

the points scattering.

TABLE 3.1

Principal Parent and Daughter Isotopes Used fo
Determine the Ages of Rocks and Minerals

Parent isotope Daughter isotope Half-life Decay constant

(radioactive) (stable) (Ma) (yr"')
K WAL 1,250 581 x 107"
& &gy 48,800 142  x10™
HW7gm Nd 106,000 654 x 10
7Ly VeHE 35,900 193  x10™
¥ Re 05 43,000 1.612  x 107"
2ITh *®pb 14,000 4948 x 107"
U 7pp 704 9.8485 x 107'°
220 Wph 4,470 1.55125 x 10710

40K 2150 decays to *'Ca, for which the decay constant is 4.962 % 107 yr™!, but that decay is not

used for dating. The half-life is for the parent isotope and so includes both decays.
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s l Proterczoic

Fig. 4.1. Distribution of Archean and Proterozoic rocks. More than half of Antarctica (not shown) is also underlain by rocks of
, including Condie, 1976, 1981, B.C. Burchfield, 1983, and Windley, 19584.)

Precambrian age. (After various sources

P
RS

% -5
v L St
oAl

Intrusive igneous rocks Granitoid Sedimentary rocks Mafic lava flows
\—______——v——______’_/
Supracrustal rocks

Fig. 4.3. Typical sequence in Archean terranes where the Farth's oldest rocks are
found. Commonly, the oldest rocks, which occur as fragmented inclusions within the
gneiss, are remnants of lava flows and of sedimentary rocks derived from still older
rocks of which there is now no trace.
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Fi¢. 4.21. Principal rock types of the Archean Pilbara and Yilgarn blocks, Western Aus-

tralia. (After Rutland, 1981.)
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Fig. 6.11. Rb-5r whole-rock isochron for 38 undisturbed H, LL, and E chondrites. (After Minster, Birck, and Allegre, 1982.)
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Figure 4-2. Evolution of strontium isotope composition in minerals
of differing rubidium contents: The light lines on this diagram show the
evolution with time [billions of years) of the #Sr and #Rb in meteorites. The
measurements on mineral grains separated from chondritic meteorites tell
us two things. First, they tell us that there were 700 87Sr atoms for each 1000
$6Sr atoms in the strontium present in the solar nebula. Second, they tell us
that these meteorites formed very close to 4.56 billion years ago. The former
is derived from the intercept of the straight line that passes through the
measured values. The latter is derived from the slope of the line passing
through these points. Each grain followed a time trend parallel to that for
the arrow shown on the diagram. At the time the solar system formed all
the grains had compositions falling along the line marked zero, i.e., they had
a range of 87Rb to 6Sr ratios, but all had 700 #7Sr atoms per 1000 #Sr atoms.
With time each grain increased in #7Sr content (and decreased in #’Rb con-
tent). This increase was in proportion to its 8Rb content.
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Fig. 5.1, The near side of the Moan, photograph above) and diagram (uppusite),
showing some of the principal named features and the lecations of the siv Apalla (A)
and three Lana (L) landing sites fram which samples wore returned to Earth. The dark
smaoath areas are maria; the brighter rugged areas are terrae (highlands). (Lick Obser-
vatory hotograph LY, reproduced with permission )
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Fig. 5.18. Rb-5r isochron for lunar dunite 72417. Open circles, chips of whale rock;
filled circles, symplectites; square, olivine. All data were used in the isochron fit. (After

Papanastassiou and Wasserburg, 1975.)
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