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[3] 

Natural glauconitic grains were subjected to hydrothermal treatment at a pressure of 2 kbars and temperatures of 200-  
414°C for the period of one month. 

The measurement of radiogenic argon before and after treatment shows that the mica-type glauconite mineral contains 
92-96% of the argon initially present up to temperatures as high as 320°C. 

After recrystallization of the mixed-layered glauconitic minerals the new phases still contain significant amounts of 
argon in the structure. The mixed-layered glauconitic minerals are much more sensitive to temperature treatment at ele- 
vated pressure than glauconitic-type mica, they, however, still contain up to 84% of the initial argon of the untreated mate- 
rial at temperatures as high as 3200C, i.e.,just below the thermal stability of glauconite mica. It is evident that low-tem- 
perature metamorphism will affect the apparent radiogenic age of glauconitic grains to an extent which depends upon their 
composition and the temperature of metamorphism. 

Des mesures d'argon radiog6nique ont ~t6 effectu6es sur des glauconies (granules verts cr6tac~s) aprds divers traite- 
ments hydrothermaux ~ une pression de 2 kilobars entre 200 et 414°C durant quinze )ours ~ trois mois. Tant qu'il est 
stable, le min6ral glauconitique de type mica contient une forte proportion de l'argon pr6sent avant experience (94%). 
Aprds recristallisation, observfe en diffractom~trie, les mesures indiquent que les nouvelles phases min~rales contiennent 
une quantit6 importante d'argon radiog6nique dans leurs structures. Les min~raux glauconitiques dits interstratifi~s, plus 
pauvres en potassium, sont nettement plus sensibles aux traitements utilis~s que le p61e micac~; cependant ils contiennent 
beaucoup d'argon radiog6nique (~84%par rapport fi la teneur darts les granules avant experience) fi des temperature juste 
inf6rieure ~ la stabilit6 thermique du mica glauconitique (entre 310 et 350°C). 11 ressort bien de ces experiences qu'un 
m6tamorphisme l~ger affectera l'age apparent K-Ar des glauconies avec une ampleur fonction de leur composition min~ra- 
logique et de la tempt~rature du m~tamorphisme. La signification des r~sultats obtenus est discut6e. 

1. Introduction 

There has been a certain amount  o f  discussion con- 

cerning the in terpre ta t ion  o f  K-Ar dating o f  glauco- 

nites. Numerous  authors [ 1,2] have aff i rmed that  
dated glauconit ic grains tend  to give slightly young  

ages by K-Ar dating: up to 15% or more .  Recent  
studies [3] have shown that  a careful prel iminary 

choice o f  the material  to be dated diminishes the 

scattering o f  the apparent  ages. The data obta ined on 

the Kreyenhagen F o r m a t i o n  [ 2 - 4 ]  suggest that  an 
impor tan t  loss o f  Ar is possible by  burial diagenesis 

o f  more  than 6000 ft. Hydro the rmal  t rea tment  [4] 
shows relatively little diffusion at 300°C at a 1000 

psi pressure and 400°C at 1000 psi pressure. The 
complex  si tuat ion in which radiogenic Ar and K are 

held in glauconit ic  mineral  s tructures has been shown 

by acid leaching exper iments  [5] which indicate that  



there are several K sites with differing chemical activi- 
ties and that there is a possible loss of  Ar or an 
enrichment in K in the more open sites. There has 
also been considerable work done on radiogenic Ar 
retention by other mica structures - biotites and 
muscovites [ 6 - 8 ] .  These data suggest that Ar diffu- 
sion in micas can certainly result in Ar loss but the 
diffusion rate in mica structures, is very greatly 
reduced at temperatures where glauconites are 
stable, 100-250°C.  

It should be possible to lose Ar from a complex 
phyllosilicate structure during a phase change which 
is effected by low-grade metamorphic conditions or 
those of  strong diagenesis. Previous work [9] has 
shown that mixed-layered mica-smectite glauconites 
recrystallize into two or more optically distinct com- 
ponents one of which becomes a K-rich, mica-like 
phase. The purpose of  the study here is to ascertain 
the importance of  such a recrystallization as it con- 
cerns the amount of  radiogenic Ar which is retained 
in the solid phases under hydrothermal  conditions. 
Problems of  Ar diffusion in micas have been treated 
elsewhere [6] and these data will be assumed to be 
applicable to the present study. 
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2. Experimental  methods 

Five samples of  pelletal glauconites from Albo- 
Aptian and Cenomanian levels from the Paris Basin 
[3, p. 58] were used in the hydrothermal experi- 
ments. The range of  K content was from 7.9 to 4.9 
wt.% KzO; the minerals were micaceous to 30% 
expandable in their mixed-layered component .  

The hydrothermal  experiments were performed by 
B.V. in rodbomb-type autoclaves at 2 kbars pressure 
and at temperatures between 200°C and 415°C for 
durations of one month. This method has been used 
previously to establish the phase relations of  glauco- 
nite evolution under various temperatures [9]. 300 
mg of  glauconitic grains were sealed with 75/11 of  
HzO in gold capsules. The Ar determinations were 
performed (by M.B. and G.S.O.) on a line build in 
1974 [10]. Results are given in Table 1. 

Using materials which did not recrystallize (GL-O) 
it was found that a variation of  liquid to solid propor- 
tions (75 -300 /a l  H20 to 300 mg solids) did not seem 
to affect the run products as far as Ar retention was 
concerned. There was no apparent difference in the 
results between half and three months '  run durations 

TABLE 1 

Radiogenic (rad.; in 10 -6  cm 3 g-1)  and atmospheric (atm.; in %) Ar content of glauconite grains before and after one-month 
experiments at 2 kbars. (+) = after three measurements of the Ar content 

Untreated 200°C 250°C 300°C 360°C 414oc 

rad. atm. rad. arm. rad. atm. rad. atm. rad. atm. rad. atm. 

24.91 23.5 (+) (+) 
GL-O 25.22 20.3 

24.56 19.4 K20= 7.94% 24.85 26.8 
25.08 10.5 

G 398A 
K20= 6.7% 22.07 26.1 21.29 29.8 

23.98 20.8 22.85 25.9 19.69 15.0 

20.86 37.1 

G 403A 
20.12 23.5 19 .81  29.5 18.99 34.8 16.85 28.0 K20 = 6.1% 

G 407A 
19.62 23.3 19.35 24.3 18.44 28.7 16.60 48.8 K20 = 5.9% 

G 409B 
16.66 30.5 16 .21  64.9 15.42 39.4 14.02 37.6 8.43 56.1 K20 = 4.9% 

7.69 40.1 
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TABLE 2 

Radiogenic and atmospheric Ar content in glauconite sample 
GL-O after various experiments: (a) variation of the duration 
(15, 30 and 90 days), (b) variation of the water volume with 
the same quantity of solids 

250°C 300°C 

(a) Variation in experimental duration 
15 days 23.99 (19.6% atm.) 
30 days 23.98 (20.8% atm.) 
90 days 23.17 (17.8% atm.) 

(b) Variation in water content o f  the experiment for 300-rag 
solids 

75 pi 23.98 (20.8% atm.) 22.85 (25.9% atm.) 
150 pl 24.07 (19.5% atm.) 22.42 (16.0% atm.) 
300 t~l 23.77 (18.6% atm.) 

either (Table 2). Thus in these experiments Ar loss in 
non-recrystallized glauconites is mostly a function of  
temperature.  

3. Discussion of 4°Ar measurements 

Fig. 1 gives the data from Table 1 plot ted on tem- 
perature-composit ion coordinates which indicate the 
phase fields of  the silicates encountered in the experi- 
ments [9]. Essentially five regions are pert inent;  that 
where glauconitic mica exists (Mi), that where various 
amounts of  mixed-layered glauconitic minerals exist 
(MI2), that where glauconitic mica coexists with an 
expandable trioctahedral phase (Mi + Exp3), that 
where glauconitic mica and a mixed-layered chlorite- 
saponite phase coexist (Mi + MI3), and finally that 
where bioti te ,  feldspar, quartz and oxides coexist 
in the region above glauconitic mica stability. This 
last region represents total  reorganization of  the min- 
eral assemblage used as starting materials. The num- 
bers on the diagram (in circles) indicate percent radio- 
genic Ar found in the solids after the experiment 
compared to the initial amount  in the starting mate- 
rial. These are essentially the type of  values one 
would expect to obtain when dating diagenetic and 
metamorphic glauconitic grains [ 1 - 3 , 5 ] .  

Due to the limited number of  experiments for 
the five samples studied, and the uncertainty in 
knowing the distribution of  grain sizes of  the individ- 
ual phyllosilicate structures ( they range from 10 ~m 

in the micaceous types to <1 /am for others) in each 
sample, it is probably not  pertinent to use the data 
presented to construct Arrhenius-type plots.  How- 
ever, the sample GL-O, a micaceous glauconite, can 
be used to indicate the Ar loss when the mineral sub- 
jected to hydrothermal  treatment does not recrystal- 
lize. We see that a difference of  100°C in the experi- 
ments decreases the Ar content  of  this glauconite by 
5%. As a first approximation one can attr ibute most 
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Fig. l .  Radiogenic Ar present in five pelletal samples (circles: 
percent 4OAr compared to the untreated sample) as a func- 
tion of the temperature and of the K content or percent 
micaceous layers. The various fields of stability of the miner- 
als are drawn to note the recrystallization during the experi- 
ments. 

Fig. 1. Argon radiog~nique pr6sent dans les granules (en 
pourcent de la teneur mesur~e dans les granules non trait~s). 
Les ordonn6es donnent la temperature de l'exp~rience d'un 
mois de dur6e (par ordre croissant de bas en haut). Les 
abscisses donnent la teneur en potassium et en feuillets non 
expansibles h l'~thyl~ne glycol (par ordre d6croissant de 
gauche ~ droite). Les domaines de stabilit6 des min6raux, 
6tudi6s par ailleurs [81, sont dessin6s (traits ~pais) pour sou- 
ligner les recristallisations qui surviennent lorsque tes min~- 
raux des granules 6voluent le long de droites verticales (pas 
de perte de potassium par la phase solide). Dans les cas 
~tudi~s, ce sont ces recristallisations, notamment la der- 
nitre, qui semblent influer le plus fortement sur ia sortie 
(du point de vue bilan) de l'argon radiog6nique de la phase 
solide et non le ph~nom~ne de diffusion. 



of this Ar loss to diffusion. Further, in the experi- 
ments at 200°C, all of the samples show about the 
same Ar loss when they show no apparent recrystal- 
lization, i.e., no new phases appear in X-ray diagrams 
or under the microscope. Again one can most likely 
attribute the 2 - 4 %  Ar loss in the samples to diffu- 
sion. 

In the samples which recrystallize, i.e., where new 
phases are found in the run products, but in which 
glauconitic mica is stable, the Ar content of the solids 
seems to be a function of temperature more than 
bulk composition. This means that although various 
proportions of mica layers are present in the initial 
material, the Ar which is found in the solids at the 
end of the experiment is not influenced by the com- 
position of the starting material. The most important 
factor is that the glauconitic material has recrystal- 
lized or experienced a change of phase. Comparison 
between non- or little recrystallized glauconitic mica 
(GL-O) and less micaceous (lower K20 content) 
glauconites for run temperatures of 250 and 300°C 
indicates that the appearance of new phases decreases 
the amount of 4°Ar in the solids to a much greater 
extent than 4°Ar loss through diffusion or other 
processes. 

When glauconitic mica is no longer stable 
(>300°C) the amount of Ar retained in the solids is 
much less than in the other experiments. It appears 
also that the amount of 4°Ar present is a function of 
the bulk composition of the charge. However, a sur- 
prising amount of 4°Ar is still present in the new 
phases suggesting some sort of partitioning between 
solids and fluids. As has been noted for experiments 
on phlogopite [8], the amount of Ar present in the 
micas is much higher under hydrothermal conditions 
than that retained at similar temperatures but under 
vacuum conditions [3,4]. 

It is possible to explain the variation in Ar content 
of the solids which change phase under the experi- 
mental conditions in two ways: 

(1) Ar diffuses from the solids. Recrystallization 
is effected by ionic migration of certain elements in 
the phyllosilicate structure. These minerals segrega- 
tions produce new phases in individual grains which 
are seen under the microscope [9]. Ar then is mobile 
as are other ions-notably K, Fe and Si. There is, 
however, no relation between 4°Ar retained and the 
amount of mica present. 
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(2) Ar is involved in an equilibrium between solid 
and liquid when minerals are precipitated from solu- 
tion. During a recrystallization process of the type; 
mixed-layered mica-smectite ~ mica + expandable 
saponitic mineral, all elements pass into ionic com- 
plexes in solution and precipitate new phyllosilicates. 
Oxygen isotope studies ([ 11], B. Velde, unpublished 
data) indicate that mineral's recrystallization under 
hydrothermal treatment is effected by transfer of 
polymeric silicate units which are smaller than the 
original phyllosilicates but which are larger than 
monomeric silica units. There is no way to determine 
whether Ar remains in these units during the process 
or whether it enters the fluid phase. The latter pos- 
sibility is more probable in the authors' opinion. In 
this instance, the Ar is involved in a fluid/solid par- 
titioning. If the ionic-polymeric structures in solution 
are small, mica unit cell size, the diffusion of Ar from 
them must be great and one would not expect much 
to be retained in the "solids" during the recrystalliza- 
tion process. 

4. Conclusions 

Several observations can be made concerning the 
dating of glauconites by the 4°Ar method. First, the 
most reliable material will be a purely micaceous 
mineral. However, a certain amount of diffusion 
should be expected at high temperatures even though 
the material does not experience phase changes. This 
has been demonstrated by for natural glauconites 
[ 12 ]. Glauconites with low as well as those with high 
smectite components will give roughly the same 
amounts of 4°Ar. 

If relatively large amounts of radiogenic Ar should 
be released into a rock fluid, for example by the 
destabilization of authigenic potassic zeolites, the 
4°Ar could be incorporated into a mica structure 
giving an older age. The most important factor to 
respect in dating glauconites is to avoid material 
which has experienced recrystallization through 
diagenetic processes. 
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