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Investigations of the Poiessiun-Argon Method of 

Age Determination Using Solid Isotopic 
Dilution and Oas Removal by Crushing

Abstract:

Preliminary work on a  new technique of iso top ic dilution 

analysis useful in the measurement of the radiogenic argon content 

of rocks or mineral samples in age determination is  reported.

Argon-39 1* added to the samples as the d ilu tin g  Isotope dissolved 

in  a solid glassy s i l ic a te  which approximates the pertinent 

properties of the sample. Crushing as well as melting can be used 

to  ex tract the representative portion of gas needed to apply the 

Iso topic dilution method. In the preliminary investigations order- 

of-magnitude agreement vas obtained with the argon content of samples 

determined by conventional techniques.

The possib ilities v t the method are pointed out (l)  for the 

elim ination of uncertainties about complete extraction of argon from 

samples, (2) for the use of radioactive counting of argon-39 as a 

determinative technique, and (3) for the p referen tia l removal of a ir  

contamination by crushing to  enable extension o f the potassium-argon 

method V* younger ages.
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In the determination of ages by the potassium-argon method

the generally accepted technique in present practice is to determine 

the amount of radiogenic argon present in the sample by the method 

of isotopic dilution, with argon-38 aa the diluting isotope. In 

the present research a new technique has been investigated in which 

argon-39 1* used aa the diluting Isotope, and is added dissolved in 
an artificial silicate which approximates the pertinent properties 

of the rock being analyzed. The ease of handling and measurement 

involved in such a procedure is apparent.

Fechtig et al. (l) have reported the use of neutron generated 

argon-39 in natural silicates and in KC1 to measure the diffusion 
characteristics of argon in these substances. Bombardment generated 

argon-37 also has been used in age (2) and diffusion measurements (3).
For the exploratory experiments a sample of potassium silicate 

glass was prepared as a melt from pure silica glass powder and 

•in&lyzed grade potassium carbonate, and was homogenized' by heating

was 10.8$. The resultant clear glass was crushed to 40 to 60 mesh 
else in a diamond mortar, and was activated in the Brookhaven 

graphite reactor in the fast neutron section. Argon-39 was produced 

br‘ the reaction —

After removal from the reactor, and "cooling" of short-lived 

nctlvltles, the samples were colored purple from neutron structural

*

t*t 1450° C. for three hours. The potassium content of the product

K39(n,p)Ar̂.

\
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interactions. Annealing at 200° C. for two hours removed 

this color.

The annealed samples were carefully analyzed for argon-39 

content by melting in an ultra-high vacuum system. The evolved 

gases were purified by condensation at liquid nitrogen temperatures 

and by getterlng with titanium sponge. Isotopic dilution with an 

argon-3d enriched spike was used, and final determination of argon 

was made with an Inert gas mass spectrometer (4). The argon-39 

content was 8.54 t 0.17 x 10"7 standard cc. per gram.

In use the argon-39 spike was added, dissolved in a weighed 

amount of ground and sized artificial silicate, to a known weight of 

similarly sized rock or mineral being analyzed for radiogenic 

argon-40. The contamination of the sample with air argon-40 is the 

factor which limits the accuracy and usefulness of the potassium- 

argon method, especially for young minerals. This may amount to as 

much as 10“ 5 standard cc. and can completely swamp the radiogenic 
argon-4o foe rorki of ages less than ten nlllion years. Therefore 

as a first step the combined samples should be subjected to a 

treatment to preferentially remove or reduce this contamination.

One such treatment is discussed below. For analysis, samples were 

placed in an apparatus to remove the required representative 

portion of the argon by melting or crushing, and to purify this gas 

by suitable freeze-cut and getterlng (4). Extraction by melting was 

carried out in a molybdenum crucible at temperatures from



-4-

l600°-l800° C. It should be emphasized that since only a 

representative sample cf gas from the mineral Is needed for 

analysis by this method, the degree of completeness of extraction 

of the gas from the sample is not of concern.

For vacuum crushing the apparatus used vas a narrow mortar of 

stainless steel attached to the ultrohigh vacuum system through a 

glass-to-metal seal. The pestle vas a stainless steel piston 

loosely fitted into the mortar, and attached by a rod to a soft iron 

armature within the glass portion of the system. The pestle vas 

lifted once a second by this iron core actuated by a solenoid 

located outside the apparatus. It vas allowed to fall under its 

own weight to crush the sample. The temperature of the crusher 

could be controlled by external baths or furnaces for degassing or 

for temperature controlled runs. After a typical run or 17 hours 

a sample vas feund to have been reduced from 40-60 mesh to 6o£ 
through a 200 mesh sieve. Gas vas copiously evolved during this 

crushing process, although the crusher vas not as efficient as it 

might be.

Measurement of the argon peaks of the purified gas vas made 

vtth the inert gas bakeable mass spectrometer. By determination 

of the 36, 39 and 1*0 peak ratios, a correction for air argon-40 
vas applied, and the volume of radiogenic argon-40 in the mineral 

sample calculated according to the method of isotopic dilution.

The radioactivity of the argon-39 suggests an alternate
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method of measurement. If the &lr argon contamination can be made 

negligible by a suitable pretreatment (see below), the total 

volume of the purified argon in a representative gas sample can

be measured, and radioactive counting used to determine the
'

argon-39 content. These two measurements would give the argon-^0 

to argon-39 ratio necessary for the calculation of the radiogenic 

argon-Uo content of the original mineral sample by the dilution 

method.

The validity of the application of the isotopic dilution 

procedure in these instances depends on the identity of behavior 

of the argon-39 in the spike, and the radiogenic argon-4C in the 

mineral. After intermingling by melting there would be little 

question of this, but during pretreatment for removal of air 

contamination, or during heat-up to the melting point, there may

be some uncertainty that the behavior of the isotopes of argon 

will be the seme In the different silicates. The property of 

importance would be the rate at which argon-39 diffuses from the 

artificial samples relative to the diffusion rate of radiogenic 

argon-’ j in natural silicates at similar temperatures. Therefore 

the diffusion constant D was used to measure the efficiency of the 

annealing of the structural damage produced by neutron bombarduent, 

and for comparison of the diffusion of the various argon isotopes. 

The particles were assumed to be spheres of effective radius a, 

and diffusion was evaluated as D/a^, thus including the particle
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s iz c  fac to r and e lim ina ting  the uncerta in ties  in  i t s  determ ination.

This function could he ca lcu la ted  from the f r a c t io n  of argon 

removed during a heating treatm ent according to  w ell established 

models fo r the so lu tion  o f  the  Pick d iffu sion  equation (5)•

Ehe heating fo r d iffu s io n  measurements was carried  out in  the 

e x tra c tio n  system a t  tem peratures between 500°  and 1000° for known 

p e rio d s of time. The gas removed was spiked, p u r if ie d  and r-sesuied 

w ith  th e  In e rt gas mass spectrom eter as was done fo r  to ta l  argon 

determ l a tio n s . The d if fu s io n  values ca lcu la ted  from these 

measurements are shown in  th e  (a) section of F igure 1. I t  w ill 

be noted th a t  the d iffu s io n  o f argon-39 In the  a r t i f i c i a l  samples 

was th e  same, w ithin experim ental e rro r, as th a t  o f  radiogenic 

argon-40 from the n a tu ra l g lasses and m ic ro cry s ta llin e  rock 

(d o le r i te )  measured during th is  work. Also i t  can be seen th a t 

th e re  i s  l i t t l e  s ig n if ic a n t  d ifference fo r the d iffu s io n  of 

atm ospheric argon-40, d e sp ite  the in tu it iv e  assumption tha t th is  

argon would, be held on su rfaces  or in  micro era eke, and would be 

re le a sed  a t an e n tire ly  d i f f e r e n t  ra te .

The release  of gas on crushing was also In v es tig a ted  in a 

s im ila r  manner. The most genera lly  accepted re la tio n sh ip  for the 

crushing of b r i t t l e  m ate ria ls  i s  R ittin g e r 's  Law, which has been m
most thorou<ihly inv estig a ted  by Gross (6 ). This law s ta te s  th a t 

the amount of new surface exposed in  crushing i s  p roportional to
P

the energy expended. The new surface w ill  be a  fu nc tion  of a ,

< ( « « #

#
' :•

.
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the radius of the p e rtic le s  resulting from such a crushing. As a 

convenience for p lo tting  ve can again use the D/a2 function, 

where D now is a desorption coefficient for the gas leaving the 

newly exposed surface. Also we can plot th is  sis a function of the 

temperature at which the crushing wa3 conducted. This has been 

done in the right hand section (b) of Figure 1. We note that 

there is  l i t t l e  temperature dependence for gas removal by th is 

process. The rate of removal depends mainly on the rate a t which 

new surface is  exposed, in  other words, on the efficiency of the 

crushing process. Most significant is  the sim ilar docorption 

coefficients of radiogenic argon-40 and argon-39; and the 

d iss im ilarity  in the coefficient for a ir  argon-ho release from 

these same substances. Again using the analogy with diffusion 

re lease , the "half-life" fo r removal of a gas i s  equal to 

0.03 a*7D for partic les assumed to be spherical (5) • For a ir 

argon-40 removal in th is  particu lar crushing machine this is  about 

80 hours, as opposed to 8000 hours for the other argon isotopes. 

One can be optimistic, then, tnat these can be decreased to such 

a value as would make i t  possible to p referen tia lly  remove the 

a i r  argon-4o contamination within a reasonable time by improvement 

in  the design and efficiency of the vacuum crushing device.

Using the method of isotopic dilution with ergon-39; measure

ments of the radiogenic argon-40 content of two te s t  materials 

were made (Table l ) .  These samples were a young volcanic
1
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glass (KA-40) and a very old pegmatite muscovite mica which 

represented extremes of argon content. Both samples were kindly 

supplied by W. A. Bassett, as were the results for the conventional 

analyses of the mica. For the argon-39 spiked samples each group 
represents fractions from a single sample while heating at the 

temperatures indicated, with or without crushing. The results 

show order-of-magnitude agreement. The factors which may 

contribute to this poor precision are under investigation. The 

preliminary results presented in this report, while encouraging, 

should be considered exploratory (7> 8) •

John J. Naughton

Department of Chemistry
Brookhaven Nationel Laboratory 

Upton, Lcug Island, New York

Department of Chemistry 
University of Hawaii 

Honolulu lU, Hawaii
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T ab le  1

Volume o f R ad iogen ic  Argon- 

Standard cc . p e r  Gram o f Sample

A rg o n -39 Spike 
H eatin g  Only

A rg o n -39 Spike 
C rushing

A rg o n -33 Spike 
C o nven tional

V olcanic
Glass

1 . 6 7 , 1 . 79x10“ 7 ( 500°) 1 .3 7 x 10"t (250°) 2 . 1 2 , 2.28x10*7

K A -kO 6 .33x10* ' (m elt) 3 -5 3 , 1 .3 6 , 5.74,

4.90x10"7(500°)

1 .4 3 ,  1 .4 7 ,

4 . 11x10" 7 ( 500°)

(m e lt)

tlus covlte  
Mica

1 .4 5 x 1 0 ”^(m elt) 

0 . 71x10" 3(m elt)

I . 0 9 ,  3 .63x10”3 

( 500° )

1 .7 6 , 1.85x10*3 

(m e lt)
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Figure 1. Temperature dependence of the release of argon isotopes 

by (a) heating and (b) crushing. 1. Volcanic Glass. 2. Dolerlte. 

3. Artificial glass. Artificial glass - volcanic glass mixture.


