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ABSTRACT

Foland, K.A., Hubacher, F.A. and Arehart, G.B., 1992. *°Ar/3%Ar dating of very fine-grained samples: An encapsulated-
vial procedure to overcome the problem of 3°Ar recoil loss. Chem. Geol. (Isot. Geosci. Sect.), 102: 269-276.

40Ar/%°Ar dating of very fine-grained materials is compromised by the loss of *°Ar by recoil, and also sometimes other
Ar isotopes, during irradiation. An encapsulated sample “°Ar/3°Ar procedure is described which overcomes this problem
and which produces a K-Ar equivalent date. Measurements indicate that the procedure yields reliable and reproducible
results. It offers the potential for dating small amounts of material of many types, for example very fine-grained authigenic
sheet silicates from rock cores, which may suffer Ar loss during irradiation.

1. Introduction

It is well established that separated very fine-
grained minerals, such as authigenic glauco-
nite and sericite, will lose 3°Ar as a result of
recoil during neutron irradiation for “°Ar/°Ar
dating (see, e.g., Halliday, 1978; Foland et al.,
1984; Hess and Lippolt, 1986). The loss of 3°Ar
occurs because the recoil energy following pro-
duction by the n,p transmutation is sufficient
to displace the atom ~ (.08 um on the average
(Turner and Cadogan, 1974), which is a sig-
nificant distance relative to the physical sizes
of small crystals.

Even elementary models are sufficient to
demonstrate the magnitude of the possible loss
(see Fig. 1); for example, using the formulae

Correspondence to: K.A. Foland, Department of Geolog-
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of Foland and Xu (1990) and the recoil range
relations of Turner and Cadogan (1974), the
recoil of *°Ar out of a 1-um-thick plate-like
grain is ~ 8% of that produced. While some or
even the majority of this 3Ar may recoil into,
and be trapped by, an adjacent grain, the loss
of 3°Ar from very small grains is inevitable and
becomes significant as grain size decreases. The
problem becomes acute for fine materials such
as glauconite where mica platelets may have
thicknesses on the order of <0.1 yum (Odin and
Matter, 1981; Foland et al., 1984 ); recoil losses
as much as 30% have been documented for
such samples (Foland et al., 1984; Hess and
Lippolt, 1986).

Another manner in which Ar may be lost
during irradiation is from phases, such as al-
teration products or poorly crystalline mate-
rial, which are inherently unstable especially if
elevated temperatures are attained during neu-
tron bombardment. Hess and Lippolt (1986)
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Fig. 1. Percentage of 3°Ar which is predicted to recoil out
of plate-like grains as a function of grain thickness. Cal-
culation using the geometric formula of Foland and Xu
(1990) and the recoil-range relationships of Turner and
Cadogan (1974).

report significant 3°Ar losses from biotite min-
eral separates with a low-K bulk concentration
and which is attributed to losses from altera-
tion phases. Alteration phases may contain sig-
nificant 3°Ar as a result of recoil capture from
adjacent high-K grains. Hess and Lippolt
(1986) found that glauconite lost radiogenic
40Ar, demonstrating that some materials may
also lose significant amounts of other Ar com-
ponents, for example radiogenic “°Ar, during
irradiation.

Both of these effects can produce incorrect
dates. An erroneous “°Ar/3°Ar date will result
unless there is a provision for “catching” and
reintegrating the 3°Ar lost by recoil into the age
calculation.

As a result of such problems, normal appli-
cation of the “°Ar/3°Ar technique is not rec-
ommended for separated very fine-grained
minerals. Furthermore, the “°Ar/*°Ar tech-
nique yields little additional information for
such hydrous materials such as glauconite be-
cause they decompose at rather low tempera-
tures during vacuum heating for Ar extraction
(e.g., Evernden et al., 1960; Foland et al.,
1984) and therefore generally render incre-
mental-heating data meaningless. Conven-
tional K-Ar, on the other hand, requires that a
sample be available in sufficient quantity and
homogeneity to provide suitable splits for sep-
arate K and Ar analyses. In counterpoint, how-
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ever, the “’Ar/3°Ar technique does have the
distinct advantage in terms of sample size be-
cause only mg-order quantities are needed and
because the heterogeneity problem is ob-
viated. With the sensitivity of modern mass
spectrometers, it is typically not sample size
which is limiting but rather sample hetero-
geneities and recoil.

In a study of the timing of mineralization of
sediment-hosted disseminated gold deposits
(Arehart et al., 1992), we used Ar techniques
to date associated “alteration sericite” from
sedimentary and igneous host rocks. Facing the
difficult, or in some instances impossible, task
of obtaining separates appropriate for K-Ar
analyses, we investigated a “°Ar/*°Ar ap-
proach which quantitatively captures recoiled
3%Ar and any “°Ar lost during irradiation. We
describe here the procedure found quite satis-
factory for determining a K-Ar equivalent date
of such material.

2. Procedure

The objective is to capture quantitatively all
Ar lost during irradiation and to combine it
with that in the sample to produce a single
mixture containing all Ar components. This
avoids the separate measurements of Ar quan-
tities if, for example, the Ar lost during irradia-
tion and that still contained in the specimen
were measured separately.

In brief, our encapsulation procedure is as
follows: (1) mineral samples are placed in
small vials of silica glass; (2) the vials are at-
tached to a vacuum system, evacuated, and
sealed under vacuum; (3) the sealed vials are
irradiated along with mineral standards for J-
value determination; (4) after irradiation, the
sealed vials are heated in a vacuum extraction
line to melt the sample and cause failure of the
glass vial; (5) Ar lost by the sample during ir-
radiation and captured in the sealed vial, along
with Ar evolved from the sample during heat-
ing is released into the vacuum system and
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mixed; and (6) Ar is processed by the custom-
ary procedures.

The encapsulation arrangement is illus-
trated schematically in Fig. 2. Samples are en-
capsulated in vials fashioned from high-purity
and bubble-free silica glass tubing of 3.4-mm
ID and 5-mm OD. Suprasil® tubing (Her-
aeus-Amersil, Inc.) which we use for instru-
mental neutron activation analysis is used for
this. Short lengths ( ~50 mm) are cleaned by
HNO; acid washing and then one end is closed
to make a flat “bottom”. Grains of sample are
then loaded into these vials making sure that
none adheres to the sides. A small amount of
silica glass wool is placed on top of the mineral
sample. The glass wool serves to keep the sam-
ple in place, to prevent movement of the sam-
ple from the bottom during initial evacuation,
and to reflect heat during subsequent glass
blowing at the top of the vial. The vial is then
attached to a high-vacuum line and necked at
the top. Typically, 6-12 vials are treated at the
same time. The line and samples are baked out
overnight at ~ 100°C to achieve a pressure of
< ~3-10~8 Torr. Each vial is sealed at the neck
and removed from the system. During all glass
blowing steps, samples are kept cool with water.

40 mm

A <«—— foil pad

24l «~—— silica wool
<—— sample
<«<——— monitor

Fig. 2. Schematic illustration of the irradiation arrange-
ment. Two encapsulated vials are shown within a single
irradiation tube.
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Our experience is that heating of the sample by
conduction is not a problem but that radiative
transfer can heat the top of the sample to un-
desirable levels; hence, the glass wool is impor-
tant to maintaining sample integrity. The
overall length of the sealed vial is ~35 mm.
The top seal, done under vacuum, is critical
and can pose a problem if necked too finely
during removal. Several early experiments suf-
fered loss of vacuum integrity due to breakage
of tips which were too delicate.

Our normal irradiation procedures have
been described previously (Foland et al., 1984,
1989). Normally, foil-wrapped samples and
monitors are loaded and then sealed in a 6-mm-
ID by 8-mm-OD by ~ 8-cm-long silica glass
tube with as many as 14 such tubes irradiated
at one time. For the encapsulation technique,
sealed vials containing samples are loaded in
the larger irradiation tubes with foil-wrapped
monitors on each side for the J-value determi-
nation by interpolation to the physical posi-
tion of the encapsulated unknown. Two sealed
vials are easily accommodated in each irradia-
tion tube. Some Al foil is used to cushion and
provide protection for the fragile top seal of the
encapsulation vial (see Fig. 2). Otherwise,
there is no difference from normal irradiation
procedures.

After irradiation, encapsulation vials are
placed in a side arm of a vacuum fusion system
for analysis. A vial is dropped into the ~22-
cm-long, 1.4-cm-ID crucible of a double-vac-
uum furnace which is essentially the same as
that described by Staudacher et al. (1978). The
crucible temperature is raised over a period of
~ 20 min to ~ 1300°C which is maintained for
20 min. As temperature is increased, decoms-
position of hydrous sample inside the vial
causes a progressive pressure increase which,
coupled with softening of the silica glass, re-
sults in rupturing of the vial. The sample is
eventually melted so that all Ar is released into
the vacuum chamber and mixed. Very little of
the silica glass is fused in the process. The lib-
erated gases are processed with the same pro-
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cedural steps used for a normal “°Ar/3°Ar fu-
sion analysis.

Depending upon the heating routine as well
as the nature and amount of encapsulated
sample, a vial may fail abruptly and violently
(it “pops”) during heating at relatively low
temperatures. Although this popping occurs
well inside the all-metal crucible, there is the
potential for loss of sample from the crucible.
We have experienced this problem several
times particularly during the early stages of
procedure development. Loss of a significant
fraction of sample can, of course, result in a
40Ar/3 Ar date which is too young if both the
39 Ar recoil loss is large and the sample loss oc-
curs before the solid grains are degassed. This
occurs because radiogenic “°Ar is dispropor-
tionately lost with loss of solid, incompletely
degassed sample.

3. Results and discussion

The results for normal “°Ar/*°Ar and encap-
sulated-vial fusion measurements along with
incremental-heating results for one sericite
(SED-2) which loses large amounts of > Ar by
recoil are given in Table 1. These results are
compared with K-Ar ages in Table 2.

For the encapsulated-fusion analyses in the

TABLE 2
Comparison of ages determined by the described *°Ar/3°Ar

encapsulation procedure and normal “°Ar/*°Ar and K-Ar
procedures

Sample Age (Ma)

K/Ar “OAr/>Ar

normal, encapsulation,
total gas total gas

GL-O, glauconite 95.3+1.3%  132%! 94.5

MON-4, biotite n.d. 121.7 121.4
MCC-3, sericite 195+ 5%2 nd. 198
SED-2, sericite 116+2%2 141 111
GSD-1, sericite 14412 144 149

n.d. =not determined.
*!'From Foland et al. (1984); **from Arehart et al. (1992).
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cases where vial “popping” and sample loss
occurred, the apparent ages are slightly lower
than would be anticipated (see Tables 1 and
2). In one case (sericite sample SED-4), there
is no difference. Where popping occurs, the
date is suspect and considered a minimum.
However, the effect is in no instance more than
a few percent.

The popping problem seems to be most acute
for larger samples. Presumably this reflects a
higher internal capsule pressure which is at-
tained at relatively lower temperatures with
these hydrous samples before the sample is
completely degassed. It also suggests that small
sample sizes (e.g., 10 mg) may be more
desirable.

Analysis of biotite sample MON-4 provides
an important test of the technique. This sam-
ple yields 121.4 + 0.4 Ma in agreement with its
accepted “°Ar/3°Ar age of 121.7 Ma (Foland
et al., 1989). Indeed, this biotite was used as
the fluence monitor for the irradiation so that
agreement is not only expected but required for
a workable procedure.

The analysis of the GL-O glauconite inter-
laboratory standard (Odin et al., 1982) gives
94.5+ 1.1 Ma which is in good agreement with
its K-Ar date. This result is an especially sig-
nificant test because it is well established that
GL-O suffers *°Ar recoil loss of ~30% and
produces erroneous old dates for precisely the
same irradiation procedure but without encap-
sulation (Foland et al., 1984).

The comparison of established Ar date vs.
encapsulated “°Ar/3°Ar date (Table 2) dem-
onstrates the reliability of the procedure. Ap-
parent differences of ~ 4% between K-Ar and
encapsulated-vial “°Ar/3°Ar dates are ob-
served in two cases (SED-2 and GSD-/ seri-
cites), but one is older and one younger. These
differences themselves are potentially explica-
ble by heterogeneities. In fact, the encapsula-
tion date for MCC-3 sericite is preferable to the
K~Ar date because sample heterogeneities
compromise the K-Ar analysis.

While not posing deleterious effects on the
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determined dates, it is clear that small amounts
of Ar are introduced with the procedure. Some
atmospheric Ar is introduced and small
amounts of 3’ Ar and 3¥Ar are also introduced.
This is reflected by decreases in apparent K/
Ca and K/Cl ratios for encapsulated samples,
particularly for samples with low Ca and Cl.
For example, the MON-4 biotite has K/Ca and
K/Cl of 24 and 500, respectively, which are re-
duced to ~ 13 and ~ 120, respectively, for the
encapsulated analysis. Undoubtedly, these ef-
fects result from release from the vial of 3’Ar
and *8Ar produced, respectively, from Ca and
Cl impurities in silica glass. It seems logical that
any bubbles introduced to the encapsulation
vial during glass blowing may introduce at-
mospheric Ar but this effect has not been
investigated.

The incremental-heating data for SED-2 ser-
icite ( <2-um size fraction) are illustrated in
Fig. 3 because they have important implica-
tions in two regards. First, it is apparent from
the results that SED-2 suffers a serious >°Ar re-
coil loss of almost 20%. The incremental-heat-
ing spectrum is clearly a meaningless en-
deavor. The objective in this context is to stress
this point which should be obvious from pre-
vious work on glauconites which behave
similarly.

A second point addressed by these stepwise-
heating data is the potential for revealing Ar

180 ——————T———

160

| I

140
SED-2 Sericite

(<2um)

120

Age (Ma)

100

T 1 1T

1‘9:141.5 Ma

80

un #4016

L L | L
¢] 20 40 60 80 100

% **Ar cumulative release

Fig. 3. Standard “°Ar/3°Ar age spectrum for SED-2 seri-
cite. The K-Ar age of this sample is 116 Ma which is much
less than the age implied by normal “°Ar/3%Ar proce-
dures. This sample loses ~20% of its 3°Ar by recoil and
thus the spectrum has no age significance.
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gradients which may be present in such grains.
Because the recoil loss of 3°Ar is substantial,
one can infer that >*°Ar is not uniformly dis-
tributed within individual grains. Specifically,
it is expected that the “°Ar/3°Ar ratio is high-
est at the grain margins and lowest in the inte-
riors reflecting greater *°Ar recoil loss from
grain margins. If incremental heating progres-
sively released Ar from grain margins toward
the interiors as envisioned conceptually for the
OAr/3°Ar  stepwise-heating  technique
(Turner, 1968), the “°Ar/3°Ar ratio (and ap-
parent age) should decrease with progressive
Ar release. Such a pattern is clearly not ob-
served for this sericite. Nor probably should
such ideal behavior for any hydrous minerals
be expected because they have conclusively
been demonstrated to undergo morphological
and mineralogical changes and dehydration
during vacuum heating (e.g., Giletti, 1974;
Gaber et al., 1988).

The variations in the apparent age for step-
wise-heating SED-2 must reflect “°Ar/>°Ar
heterogeneities. These are most logically due to
3 Ar redistribution, for example from high- to
low-K regions or grains, during irradiation. The
spectrum is simply a consequence of how and
when various of these regions decompose. In
short, the results further demonstrate that nor-
mal “°Ar/3°Ar procedures for fine-grained
minerals can produce misleading and incor-
rect ages.

In summary, the results demonstrate a reli-
able approach to Ar dating of small, fine-
grained specimens which are intractable with
normal procedures. Possible errors from sam-
ple loss by popping should be monitored to en-
sure a reliable integration of all Ar. The encap-
sulated vial approach has considerable
potential for very fine-grained or other mate-
rial where recoil or other Ar loss is a problem,
such as authigenic minerals or tiny samples
which may be dictated by low abundance in a
sidewall core. While other approaches or “°Ar/
3% Ar adaptations are possible, one of which is
described by Hess and Lippolt (1986), the one
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outlined here is simple and requires only
equipment available in most Ar laboratories.
In addition, the procedure should be adaptable
to laser fusion techniques.
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