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Abstraet: K-Ar dating for the samples younger than 0.5 Ma has been improved. In this new
method, radiogenic ¥Ar was determined by the peak comparison method with a new mass spec-
trometer and potassium by the flame emission spectrometry, in which lithium internal stan-
dard and peak integration were adopted.

In order to assure the accuracy and precision of this method, K-Ar dating was made on
some Quaternary reference materials and samples with known ages which were in the order of
0.1 Ma. The K-Ar ages obtained were in a good agreement with the known values within the
errors of about 5%.

Furthermore, the errors for K—Ar age were estimated for the ‘““ideal basaltic rock”
younger than 0.1 Ma. The result suggests that K-Ar age of the 0.05 Ma ideal basaltic rock can

be determined within 15% error.

1. Introduction

Precise age determination of volcanic
materials younger than about 0.5 Ma is one
of the most important geochronological sub-
jects to be realized. Even though K-Ar
dating method is considered to be the most
reliable one applicable for such young
volcanics (DARLYMPLE, 1968; HALL and
York, 1978; GILLOT et al., 1979, 1982;
CASSIGNOL and GILLOT, 1982), there are a
few serious problems to be solved in order
to obtain meaningful geologic ages. Con-
ventional K-Ar dating method presumes
the initial argon isotopic ratios for all dated
samples to be equal to that of the present at-
mosphere (DARLYMPLE and LANPHERE,
1969) . This assumption becomes very ques-
tionable when very young volcanics are
dated because radiogenic 4°Ar accumulated
in them is very small and less than 10% of
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total 4°Ar. DARLYMPLE (1969) measured
0Ar/36Ar ratios of twenty-six historic
subaerial volcanic rocks, and clarified that
eighteen of them had ratios identical to the
atmospheric one within analytical uncer-
tainties, five of them had ratios higher and
three of them had ratios lower than the at-
mospheric ratio. Except for the anomalous
value of- alkali basalt from Hualalai in-
cluding abundant olivine megacrysts, the
lavas having 4%0Ar/36Ar ratios different
from the atmospheric argon gave apparent
ages less than +0.2 Ma. On the other
hand, KRUMMENACHER (1970), KANEOKA
(1980) and MATSUMOTO et al. (submitted)
measured 38Ar/36Ar ratios of historic
volcanic rocks in addition to %CAr/36Ar
ratios and clarified that some modern
volcanic rocks have different argon
isotopic ratios from that of the atmosphere,
and that these values generally fall on the
fractionation line of the atmospheric argon.
If volcanic rocks had different 4°Ar/36Ar
ratios when they consolidated, we can not
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obtain correct K-Ar ages by conventional
method.

Recently, TAKAOKA et al. (1989)
demonstrated the usefulness of the peak
comparison method for dating volcanic
rocks younger than about 0.5 Ma in com-
parison with the widely used isotope dilu-
tion method. The merit for the peak com-
parison method is that 38Ar/36Ar ratios of
samples can also be measured. Therefore,
we can know whether the initial argon
isotopes were fractionated from the at-
mosphere by the 38Ar/36Ar ratio of samples
measured and also correct the initial 40Ar/
36Ar ratio of them, although there remains
a possibility that such rocks might have ex-
cess 4Ar. In this paper, we describe the K~
Ar dating technique using the peak com-
parison method for our new mass spec-
trometer, and discuss the usefulness for
dating very young volcanic rocks younger
than 0.5 Ma.

2. Principle

K-Ar dating is based on the fact that 4K
decays to 9Ar or ¥Ca with a half life of
1.25x10° years (STEIGER and JAGER,
1977). K-Ar age can be calculated by the
equation (1), when concentrations of 49K
and radiogenic %Ar in samples have been
known.

40
¢ 1 In l: AT (raq) (le-l-lﬂ) +1]

T (AeFAp) WK de
o))
t : K-Ar age
Ae : Decay constant from 40K to 40Ar
(0.581 x10-10/y)
Ap : Decay constant from 4K to ©Ca

(4.962x10-10/y)

40Ar.q): Concentration of radiogenic “°Ar
WK : Concentration of 9K

It is assumed that the present-day
atomic abundance ratio of 40K to total
potassium in terrestrial rocks and minerals
is constant to be 1.167 x 10—4 (STEIGER and
JAGER, 1977). Then, the concentration of

YK can be calculated from the total
potassium concentration. On the other
hand, the concentration of radiogenic 40Ar
is obtained by the isotopic analysis of
argon, because the abundance ratio of
radiogenic 4°Ar to total argon varies in each
sample.

In this study, the radiogenic 40Ar is deter-
mined by the peak comparison method
(TAKAOKA et al., 1989). The concentration
of total 4Ar in a sample is obtained by the
comparison of peak intensity with the
known amount of air standard. Then, the
concentration of radiogenic %Ar is
calculated by the equation (2).

40Ar(rad.) :40Ar(total) (1_R0/ R) (2)
YOAr oy : Concentration of total 4°Ar in a

sample
Ry : Initial 4°Ar/36Ar ratio
R : 9Ar/36Ar ratio in a sample

In the conventional K-Ar dating, the in-
itial 40Ar/36Ar ratio in a sample is assumed
to be equal to that of the present-day at-
mosphere. However, argon isotopic ratios
in many historic lavas have been clarified
to be mass fractionated from that in the pre-
sent-day atmosphere (MATSUMOTO et al.,
submitted). In this study, we estimated the
initial 90Ar/36Ar ratio (R;) in a sample on
the  assumption that the initial
40Ar/36Ar ratios in all volcanic rocks lie on
the fractionation line from the present-day
atmosphere, as shown in the equation (3)
and (4).

0=(r/ra—1)/2 3)
Ro=Rpa(1+46) 4
R, : Estimated initial 4°Ar/36Ar ratio in a
sample

Ry : 99Ar/36Ar ratio in the present-day at-
mosphere

rp : 38Ar/36Ar ratio in the present-day at-
mosphere

: 38Ar/36Ar ratio in a sample
As is clear from the above equations, the
initial 49°Ar/36Ar ratio (R,) should be equal
to the atmospheric value (Rp), if the 38Ar/
36Ar ratio in a sample is equal to that of the

r
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atmosphere.

The uncertainty for age determinations
by the peak comparison method is
calculated by the equation (5)—(7). These
equations are introduced by the application
of “law of propagation of errors” into the
equation (1)—(4).

or’=0ox’+on’ , (5)
A
O'Arzz[ (1 AC)Z(O'R +O'R0)}
(6)
oro=[2ro,/ (2r—ra)] (7
A.=[(@2r—ra)Ra/raR] 8)

or : Error for K-Ar age

ok : Error for determination of potassium

o4 Error for determination of radiogenic
WA

ox : Error for determination of total “°Ar

og : Error for determination of %0Ar/%¢Ar
ratio

oro: Error for initial 40Ar/36Ar

o, : Error for determination of 38Ar/36Ar
ratio

A, : Fraction of atmospheric argon

The estimation of ok, 0%, or and o, will
be discussed later.

3. Apparatus

The system for determination of argon
isotopic ratios consists of mass spec-
trometer, extraction furnace and purifica-
tion system. Most of them are made of
stainless steel. Each system is connected
by high vacuum metal valves and ICF
flanges sealed with copper gaskets.

3.1 Mass spectrometer

A VG Isotopes 1200C mass spectrometer
is used in this work; its layout is shown in
Fig. 1. This mass spectrometer uses a Nier
type ion source. The electro-magnetic
analyser has a 120 mm radius and a 60°
deflection. The detector provides a Fara-
day cup (the head amplifier is equipped
with a 1011 Q resister) and an electron
multiplier. The resolution is better than
170, when a Faraday cup is used. The ad-
justment of magnet current, the finding of

Emisson Head Mulf lie
and sourc Sample ead, ipier
control - introduction amplifier Jg‘:npllfler
l valve Ipp)’
Accelerating| [ Analo Magnet
voltage Jue 9 ~>»-- Systemanalyser
suppls)’l scan unit supply - )4
1
! _____________ O U 1
Inter face Digital Chart
voltmeter recorder
Data
system

Fig.1 Layout of masspectrometer (VG Isotopes 1200C).
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peak centers for each argon isotope, and
the integrations of peak and base line inten-
sities are controlled by a personal com-
puter through the system analyser. At the
normal operation, the vacuum is kept at
less than 2x10-9 mbar with a 30 //s ion
pump.
3.2 Extraction furnace

The extraction of argon is done with a
tantalum resistance furnace originally
designed by Professor Takaoka of
Yamagata University. Although the basic
specification of the furnace is the same as
that of NaGAao and ITava (1988), the
heating operation of our furnace is controll-
ed automatically. The temperature of the
molybdenum crucible is always measured
by the controller and the output of this fur-
nace is stabilized at the pre-set tempera-
ture.
3.3 Argon purification system

The extracted argon is purified with the
rare gas purification system prepared by
VG Isotopes. The outline is shown in Fig.
2. The U-shaped cold trap, which is soaked

Part A

Fig. 2 Outline of argon purification system.

in the ethanol cooled down to melting point
with liquid nitrogen, traps mainly water.
Active gases are adsorbed on two Zr-Ti
alloy getter pumps, i.e., nitrogen, oxygen
and hydrocarbons on the getter pump
(G.P.1) heated at 250°C, while hydrogen
on that (G.P.2) kept at room temperature.
The purified argon is collected on the char-
coal trap (C.T.) cooled down with liquid
nitrogen. The part A in the purification
system (Fig. 2) is usually pumped with a
30 //s ion pump, while the part B and the
extraction furnace are pumped with an oil
diffusion pump equipped with a liquid
nitrogen trap. The vacuum in each part is
kept at less than 1x 108 mbar.

4. Experiment

4.1 Preparation of samples

1-3 g of a sample was wrapped in a 10
um thick copper foil and was loaded in the
X’mas-tree type sample holder, as shown in
Fig. 3 (twelve samples can be loaded).
This holder was fixed at the top of the ex-

Volume 1.5ml

l, Extraction
Air S.T.D. System

Cold Trap

reservoir
3 Q{g

Part B

R.P.: Rotary pump, D. P.: Qil diffusion pump, F.T.: Foreline trap, LN2: Liquid nitrogen trap, &:
Metal valve, C.T.: Charcoal trap, (O: Ion gauge, ®: Pirani gauge, G.P.1: Zr-Ti alloy getter pump
(heated at 250°C), G.P.2: Zr-Ti alloy getter pump (kept at room temperature).
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traction furnace and was preheated with a
flexible heater at 125°C for 48-72 hours un-
til the pressure in the extraction furnace
became less than 5x10-8 mbar. During
the preheating of samples, the molybde-
num crucible was heated twice in order to
degass at 1500°C for 30 minutes. The
purification line was also heated at 150°C
for 3 hours by flexible heaters at the beginn-
ing and the end of the preheating of
samples in order to remove gasses adsorb-
ed on the wall of the line.
4.2 Extraction and purification of

argon

The sample was dropped into the cruci-
ble by moving an iron chip in the sample
holder with magnets. Most of samples
were heated up to 1500°C by 30 minutes
and kept at 1500°C for 15 minutes to be
melted completely, though the heating
speed and maximum temperature was
slightly modified on the special samples.
During this procedure, the gases extracted
were purified with the U-shaped cold trap
and the two Zr-Ti alloy getter pumps, and
purified argon was collected on the char-
coal trap cooled down with liquid nitrogen.
The pressure of purified argon was
monitored with an ion gauge before in-
troduction to the mass spectrometer. If the

Steinless
steel

Fig. 3 Sample holder.

amount of argon exceeded the upper detec-
tion limit of the mass spectrometer, it was
diluted with valve operations.

These Zr-Ti alloy getter pumps can be
used more than five times in the purifica-
tion of 1 g each of samples without refresh-
ment. The Zr-Ti alloy getter pumps was
refreshed by heating up to 750°C for 50
minutes under pumping with an diffusion
pump. During the refreshment, the purifica-
tion line was also preheated at 200°C with
flexible heaters.

4.3 Measurement of argon isotopic
ratios

The purified argon was introduced to the
mass spectrometer and the intensity of
argon isotopes were measured nine times
in the condition shown in Tables 1 and 2.
The magnet current for each argon isotope
had been memorized into a personal com-
puter by a program ‘“Mass calibration’ us-
ing the air standard. The magnet current

Table 1 Determination condition for argon
isotopic ratios.

Ion accelerating voltage 4.02 KV
Filament current 255 A

Trap current '230 uA
Emission current 1.5mA
Repeller voltage —6.85V
Magnet current 2.10-2.20 A
Slit width 0.5 mm
Collector Faraday cup

Table 2 Program for measurement of argon
isotopes.

No. Mass Integration

No. time (sec.) Comment

1 35.568 4(10)*  baseline for 36Ar

2 35.968 7(10) 36Ar peak

3 36.468 4(10) baseline for 3%Ar and 38Ar
4 37.963 12(15) 38Ar peak

5 38.463 4(15) baseline for 38Ar and 4Ar
6 39.962 4 “0Ar peak

* Numbers in parenthesis are integration time of
blank measurement.
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corresponding to the center of 4°Ar peak
was also measured at the beginning of sam-
ple measurement to correct fine drift of
magnet current. The sensitivity of the
mass spectrometer in this condition was
4.3x10-8ml STP Ar/V.

4.4 Calibration of air standard

The amount of argon in air introduced
from the air standard reservoir by the
operation of pipettes, was measured by the
following procedure. The weight of stan-
dard material (JG-1 biotite) used was

0.017-0.020 g.

(a) Argon in JG-1 biotite was extracted
and purified by the procedure men-
tioned in 4.2. Then, “*Ar intensity
and “Ar/36Ar ratio were determined
with the mass spectrometer.

(b) The air introduced from the reservoir
was also purified by the same pro-
cedure as (1). Then, “Ar intensity
and 0Ar/36Ar ratio were determined.

(¢) The sensitivity of the mass spec-
trometer at that time (m! STP/V)
was calculated with the concentra-
tion of radiogenic 40Ar in JG-1 biotite
(2.49x10-5m{ STP/g; UcHiumI and
SHIBATA, 1980), and with the 4Ar in-
tensity (V/g) and 49Ar/36Ar ratio in
JG-1 biotite determined in (a).

(d) The amount of 4%Ar in air introduced
from the reservoir was calculated
with the sensitivity obtained in (c)
and the 40Ar intensity in air determin-
ed in (b). The depletion of air stan-
dard in the reservoir was corrected
with the equation (9) and (10).

0=Vg/(Vp+Vr) )]

Ail‘(t) =Ail‘(i)5(t—1) (10)

Ve : Volume of pipettes (1.5 ml)

Vr : Volume of reservoir (3 1)

t : The number of times used

Air g : The initial amount of air introduced

from the reservoir

Airyy: The amount of air at the t-th in-

troduction

4.5 Determination of potassium

The sample for determination of argon
isotopic ratios was further ground with an
agate mortar. 0.1-0.2 g of this sample was
decomposed with HNO;, HF and HCIO,.
Finally, concentration of potassium was
determined by the flame emission spec-
trometry, in which lithium internal stan-
dard and peak integration were adopted
(MATsumMoTO, 1989).

5. System blank analysis

For the accurate determination of
radiogenic *°Ar in samples, it is necessary
to correct system blanks on sample
analyses. Blank measurements are describ-
ed as follows and the influence of blanks on
the sample analyses is evaluated.

5.1 Cold blank (blank from the mass
spectrometer itself)

The background output profile scanned
at around the mass number 35 to 40 in the
static condition is shown in Fig. 4. There
are two distinct peaks at the mass number
35 and 37, and also two trace peaks at 36
and 38. As both intensity ratios are about
3:1, this implies that the distinct peaks are
derived from 35Cl and 37Cl, and that two
trace peaks at 36 and 38 may also be deriv-
ed from 1H35C] and H37Cl which are form-
ed by the combination of hydrogen with
chlorine. It would be important to correct
them on sample analyses, because 36Ar and
38Ar can not be separated from 1H35Cl and
1H37Cl, respectively, for the current resolu-
tion of this mass spectrometer (170).
Although a distinct peak by the memory ef-
fect of 49Ar (about 3.5x 101 m] STP) is
also observed, it is negligible compared
with 49Ar in samples, because °Ar in cold
blank is less than 0.04% of that in samples.
5.2 Hot blank

During heating and purification pro-
cedure of samples, argon and other gasses
come from the crucible and the wall of lines
in addition to gasses released from sample
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Intensity

43X10"'mI STP Ar———=

35 36 37

Mass number

38 39 40

Fig. 4 Mass spectrometer background around mass number 35—40 in static condition.

itself. Such background gases released
from the crucible and the wall of lines add-
ed to cold blank is so called ‘‘hot blank”. In
order to subtract the hot blank, argon
measurements in the empty condition are
always done with the same extraction pro-
cedure as actual sample analyses before
sample introduction. The amount of hot
blank is in the range of 0.2-1.0x10-8 m/
STP %0Ar and it tends to be large when a
new crucible is used and/or many samples
remain in the sample holder. 38Ar/3¢Ar and
40Ar/36Ar ratios in hot blank are within
0.198-0.234 and 222-279, respectively.
There is also the tendency that 38Ar/36Ar
and %0Ar/36Ar ratios approach the at-
mospheric value with the increase of hot
blank. This may imply that the influence of
cold blank (the apparent 38Ar/36Ar=-0.33
and %°Ar/36Ar==12) in hot blank relatively
decreases with the increase of the at-
mospheric argon released from the cruci-
ble, samples remained in the sample holder
and the lines during the extraction and
purification.
5.3 Blank of metal foils

The metal foil for wrapping crushed
samples should have lower melting point
than that of samples and have low argon
blank. Argon blanks in copper, tin and

aluminum foil (10 gm thick), which are
commercially available, were determined.
The result is shown in Table 3. As the
blank in copper foil is the lowest, samples
are wrapped in copper foil in this work.
The blank from copper foil in the extrac-
tion of 1 g sample is estimated to be 1.7 X
1010 m/STP, because about 0.18 g of cop-
per foil is necessary to wrap 1 g each of
samples.
5.4 Effect of blank on sample analyses
The influence of these blanks on sample
analyses was evaluated with the means of
cold blank, hot blank and copper foil blank
shown in Table 4. The copper foil blank is
negligible because it is about 3% of hot
blank, and cold blank is included in hot
blank. Therefore, only hot blank is con-
sidered for correction of system blanks.
The fraction of hot blank to the amount of
9Ar introduced to the mass spectrometer

Table 3 Argon blank in metal foils (10 gm thick).

2

Sample ( m%’?‘%?lg{)
Al 3.0x10-7
Sn 4.9x10-8
Cu 9.7x10-10
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Table 4 The influence of blanks on sample

analyses.
Ar Cold blank Hot blank Cu foil blank*
isotope (mISTP) (mlSTP) (ml STP)
36Ar 3x10-12 25x10-1 <5x1013
38Ar 1x10-12 54x10-12 <2x10-1
OAr  3.5x10-11 65x10° 1.7x10-10

* Cu foil blank is given by the blank in 0.18 g of
Cu foil, necessary to wrap 1 g of sample.
Only hot blank is considered for correction of
system blanks, because Cu foil blank is 3% of hot
blank and cold blank is included in hot blank.

is 7.6, 3.0 and 1.5% in 0.86, 2.2 and 4.3 X
10~7ml STP %0Ar, respectively. The cor-
rection of hot blank is important especially
for the samples having lower concentration
of argon. Hot blank is always measured
before actual sample analyses and its value
is subtracted from argon concentration of
the samples.

6. Air standard analysis

In the peak comparison method, the con-
centration of radiogenic 0Ar in a sample is
obtained by the comparison of peak intensi-
ty with a known amount of air standard.
Therefore, a long-term stability of the mass
spectrometer and a linearity between the
amount of argon and the peak intensity
should be confirmed, and then the amount
of 9Ar in air introduced from the reservoir
also should be calibrated.

6.1 Stability of mass spectrometer

A long-term stability of the mass spec-

trometer was evaluated by measuring “°Ar

intensity, 38Ar/36Ar and °Ar/36Ar ratios of
the air standard for three months. Table 5
shows the result of the thirty-seven
analyses during three months. 38Ar/36Ar
and 4%Ar/36Ar ratios are determined
with good precisions (38Ar/36Ar=0.1893+
0.0005 and 4%0Ar/36Ar=296.7+0.6) and
these ratios are somewhat discriminated
from the known atmospheric value (38Ar/
36Ar=0.1869 and 4°Ar/36Ar=295.5; NIER,
1950). In the acutual samples analyses, the
mass discrimination is corrected with the
argon isotopic ratios of the air standard
measured and those of NIER (1950). The
variation of sensitivity for argon is
estimated about 3%, because the standard
deviation for 40Ar intensity of the air stan-
dard 3.4% during three months.
6.2 Linearity between the amount of

argon and the peak intensity

The linearity between the amount of
argon introduced to the mass spectrometer
and the argon intensity was evaluated by
varying the amount of 4°Ar introduced to
1/3, 1/2 and 1.5 times as much as that in
6.1. The result shown in Fig. 5 indicates
that there is a good linearity of the argon in-
tensity in this range, because the regres-
sion coefficient between the amount of Ar
and the 4°Ar intensity is 0.999.
6.3 Calibration of air standard

The amount of %Ar in air introduced
from the air standard reservoir was
calibrated by the procedure mentioned in
4.4 using JG-1 biotite. In this calibration,
hot blank, mass discrimination and deple-
tion of air standard in the reservoir were
corrected. The result is shown in Table 6.

Table 5 Reproducibility of air standard analyses.

38Ar/36Ar 40Ay/36Ar OAY ilz‘tlg)nsity* Times
0.1893+0.0005 296.7+0.6 8.013+£0.275 37

(C.V. 0.26%)

(C.V. 0.13%)

(C.V. 3.43%)

* The depletion of air standard in the reservoir is corrected.
YAy introduced to the mass spectrometer is 3.44 X 10~7 m/ STP.
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Fig. 5 Linearity between the amount of argon and the peak intensity.

The mean of eight calibrations is 3.44 X
10-7 m/ STP and the standard deviation is
1.7%. In the following determination of
radiogenic 40Ar, the sensitivity of the mass
spectrometer for argon at that time is
calculated with this value (3.44 x10=7m!/
STP) and 4°Ar intensity of the air stan-
dard.

7. Error estimation

The estimation of errors (ok, 0%, Oy, Gr),
which are necessary for the calculation of
error for K-Ar age, is done as follows.

7.1 ox (error for determination of
potassium)

The replicate determinations of pota-
ssium made on the samples for K-Ar
dating indicate the standard deviations of

Table 6 Calibration of “Ar in air standard using
JG-1 biotite.

4“Ar in the air standard
(10-"m/ STP)

3.487 3.529 3.408 3.453
3.337 3.412 3462 3.422

Average 3.44+0.06
(CV.1.7%)

less than 0.5%. ok, therefore, is estimated
to be 0.5%.
7.2 ox (error for determination of total
0AY)

ox is estimated to be 4% from the follow-
ing results : the standard deviation in the
calibration of air standard is 1.7%, the
variation of 40Ar intensity during three mon-
ths is 3.4% and the error for Ar intensity
in each measurement is about 0.1%.
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7.3 ox and o, (error for determination
of 0Ar/36Ar and 38Ar/36Ar ratio)

In the estimation of or and o,, not only
the errors for the determination of 38Ar/
36Ar and 4°Ar/36Ar ratios in samples, but
also the errors produced in the correction
for hot blank and mass discrimination of
the mass spectrometer are considered. or
and o, in the determination of samples
younger than 0.5 Ma is usually less than
0.23% and 0.45%, respectively.

8. Age determination on
reference materials

The accuracy and precision of our K-Ar
dating were checked with the following
reference materials, in which hot blank and
mass discrimination were corrected.

8.1 Bern 4B

Bern 4B is a well-known reference
material for conventional K-Ar dating of
Bern University and the concentration of
radiogenic %°Ar is recommended to be

5.33x10-%ml/ STP/g (FLisH, 1982). K-
Ar age was determined independently four
times and the results are shown in Table 7.
As the fraction of atmospheric argon in the
sample is less than 209, the standard devia-
tion for determination of 38Ar/36Ar ratio
(6,) is considerably large as 0.7-1.2%.
However, when the fraction of atmospheric
argon is low, o, and the error for determina-
tion of 40Ar/36Ar ratio (og) can be negligi-
ble compared with the error for determina-
tion of total 9°Ar (ox) from the equation
(6)—(8). Therefore, the concentration of
radiogenic 40Ar in each determination can
be obtained within 4% error and the mean
is in an agreement with FLisH (1982).
8.2 BB-6 and YZ-1

BB-6 is the Quaternary reference
material for K-Ar dating of Bern Universi-
ty and YZ-1 is that of Yamagata Universi-
ty. The K-Ar ages of BB—6 and YZ-1 are
0.441+0.013 Ma (JAGER et al., 1985) and
0.219+0.008 Ma (N. TAKAOKA, PERSONAL
COMMUNICATIONS), respectively. Four in-

Table 7 K-Ar ages of the reference materials (Bern 4B, BB-6 and YZ-1).

Sample . L 40 OAr (rad)
Name ) mar/mAr oaxmar AR dost s /e A
0.06671 0.1859+0.0020 1953+10 15.0 50220 16.4+0.7
Bern 4B 0.06562 0.18630.0022 200010 14.7 523+21 17.1+0.7
0.06865 9.47+0.02  0.1867+0.0017 1411+7 20.9 530+21 17.3+0.7
0.06564 0.1872+0.0014 18364 16.1 50720 16.6+0.7
AV. 515%10 16.940.3
9.53* 533*
2.0290 0.18660.0010 388.0+1.5 75.9 2.95+0.16 0.451£0.025
BB-6 3.0171 2.018+0.009 0.1864+0.0006 407.2+0.7 72.2 2.81x0.12 0.430+0.019
2.9941 0.1868+0.0008 403.6+0.8 73.1 2.87x0.13 0.440+0.021
Av. 2.86=0.08 0.438+0.012
2.02+0.04** 2.884=0.076** 0.441+0.013**
1.0186 0.1873+0.0033 371.1x1.5 80.0 1.22+0.18 0.223+0.033
YZ-1 3.0018 1.698+-0.005 0.1869+0.0006 368.0+0.8 80.3 1.1940.06 0.217+0.010
3.0247 0.18660.0008 375.9+0.9 78.4 1.22+0.06 0.222+0.012
Av. 1.20+0.04 0.21920.008
1.70%** 1.14=0.07***

Atm.%°Ar is the fraction of atmospheric 4°Ar. 4Ar 4 is the concentration of radiogenic #Ar. The means are
given by a weighted mean. *FLISH (1982), **JAGER ef al. (1985), *** N. TAKAOKA (PERSONAL COMMUNICATIONS)
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dependent determinations of potassium
and three of radiogenic *°Ar were carried
out on each sample. The results are shown
in Table 7. 6, can be determined within
0.45% and the error for K-Ar age (ot) is
about 5% when the weight of sample is 3 g
for the determination of radiogenic 4°Ar.
From the equation (6)—(8), o, has the
largest effect on ot in such samples as the
fraction of atmospheric Ar is high. It is,
therefore, necessary to increase the weight
of sample in order to obtain a good .preci-
sion in 38Ar/36Ar ratio and thus to reduce
o1. The results in Table 7 show that more
than 4.5x10710m/ STP 36Ar is necessary
to determine 38Ar/36Ar ratio within 0.45%
and that the concentration of radiogenic
40Ar and K-Ar age in each sample are in a
good agreement with JAGER et al. (1985)
and N. TAKAOKA (PERSONAL COMMUNICA-
TIONS) .

9. K-Ar dating of some age
known samples

In order to check the accuracy of our
method, K-Ar dating was further made on
the samples whose K—Ar ages have been
reported.

9.1 Fish Canyon Tuff biotite

Fish Canyon Tuff in southwestern
U.S.A. is well dated both by K~Ar and fis-
sion-track methods and its age is
27.4+0.41 Ma (HurrORD and HAwm-
MERSCHMIDT, 1985). Zircon and apatite
crystals separated from this tuff have
become widely distributed standards for fis-
sion-track method. The biotite separated
by us from the sample collected at the same
outcrop as used for fission-track standard,
was dated for the comparison.

The K-Ar age of Fish Canyon Tuff
biotite is given in Table 8. Although this
sample contains the same order of
radiogenic and atmospheric 4°Ar as Bern
4B and o, is also considerably large as 0.8~
1.3%, the K-Ar age in each determination

can be obtained within 4% error and the

mean is in a good agreement with HURFORD

and HAMMERSCHMIDT (1985).

9.2 Quaternary volcanic rocks from
U.S.A.

Two Quaternary volcanic rocks (82C836
and 75ALC-17) in the order of 0.1 Ma
were provided by Dr. Lanphere of U.S.
Geological Survey. The K-Ar ages of them
are shown in Table 8. The K-Ar age of
82C836 can be determined within 5% error
when the weight of samples for the deter-
mination of radiogenic 4Ar is 3 g, and it is
in a good agreement with M. A. LANPHERE
(PERSONAL COMMUNICATIONS) within the
range of error. Although the K—-Ar age of
75ALC-17 also can be determined within
49% error when the weight of sample for
radiogenic Ar is 3 g, it is about 10%
younger than M. A. LANPHERE (PERSONAL
COMMUNICATIONS). Nevertheless, it can
not be necessarily concluded that there is a
significant difference between M. A. LAN-
PHERE (PERSONAL COMMUNICATIONS) and
our result (0.573+£0.024 Ma), because his
two K-Ar ages of this sample are
0.629£0.040 and 0.639+0.026 Ma.

9.3 Yugamine dacite

The K-Ar age of the dacite from
Yugamine, Gero-cho, Gifu Prefecture
(MATSUMOTO et al., in preparation) is
shown in Table 8. The K-Ar age in each
determination is in a good agreement with
each other, the error of mean is less than
6% and the mean is in a good agreement
with SHIMIZU ef al. (1988). This result
shows that K-Ar dating using the peak
comparison method is reliable for young
volcanic rocks of 0.1 Ma.

10. Possible age limit in the future

Samples in the order of 0.1 Ma were
determined with a good accuracy and preci-
sion as shown in the previous sections.
Then, the possible age limit by our method
for the sample younger than 0.1 Ma is
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Table 8 K-Ar ages of age known samples (Fish Canyon Tuff biotite, 83C836, 75ALCC-17 and Yugamine dacite).

40Ar

Sample Sample wt. K,0 38A- /36 10A/36 Atm. 9Ar g rad) Age
Name ) %) Arfehr - BARAT TG0 T e M
0.05536 0.1885+0.0016 2362+ 8 12.7 792+32 27.6+1.1
Fish Canyon 0.05526 0.1860+0.0023 2439=+10 12.0 772+31 26.9x1.1
Tuff biotite 0.06278 8.90+0.04 0.1867+0.0018 1830« 7 16.1 781+31 27.2+1.1
0.06258 0.1861+0.0025 2563= 8 11.4 811+33 28.2+1.1
0.06344 0.1863+0.0022 2306=11 12.7 79632 27.7x1.1
Av. 79014 27.5+0.5

8.92* 7.877* 27.15+0.37*

82C836 0.9994 1.511+0.005 0.1868=0.0017 370.5+1.1 79.7 1.84+0.15 0.377%+0.031

3.0277 0.1868+0.0006 364.3+0.6 81.0 1.74+0.09 0.356:0.018
AV. 1.76+0.07 0.3610.016

1.529+0.003** 1.679** 0.341+0.008**
75ALe-17 1.0013 1.236+0.006 0.1867+0.0048 498.4+3.6 59.2 2.31+0.20 0.5800.050
3.0367 0.1869+0.0010 468.5+0.9 63.1 2.28+0.10 0.571+0.025
AV. 2.28+0.09 0.573%0.022

1.236+0.013** 2.519** 0.636+0.024**
Yugamine 0.2596 0.1866+0.0034 320.4+0.8 92.0 1.200.50 0.105+0.044
dacite 2.0397 3.548+0.010 0.1866+0.0007 321.3+0.8 91.7 1.16+0.11 0.102+0.010
2.0493 0.1867+0.0005 321.6+0.6 91.7 1.17+0.09 0.102:0.008

3.59+0.18%**

AV. 1.17+0.07 0.102+0.006
89.0%**  1.42%** 0.12+0.01%**

The means are given by a weighted mean. *HURFORD and HAMMERSCHMIDT (1985), **M. A. LANPHERE,
U.S.G.S. (PERSONAL COMMUNICATIONS), ***SHIMIZU et al. (1988)

estimated with the results of BB-6, YZ-1,
82C836, 75ALC-17 and Yugamine dacite,
mentioned above. As the results suggest
that o, and or can be reduced to less than
0.45 and 0.23%, respectively, when the
amount of 3Ar introduced to the mass spec-
trometer is more than 4.5x 1010 m] STP,
the possible age limit is estimated with
these o, og, and 6,=0.5%, o0x=4% men-
tioned in ‘““Error estimation”.

Generally, the concentration of at-
mospheric 9Ar in basaltic samples is 0.5~
1.5x10-"ml STP/g and acidic rocks tend
to have more atmospheric argon than
basaltic ones. Figure 6 shows the relation-
ship between concentration of K,0 and K-
Ar age which can be determined in 109 er-
ror, when the concentration of atmospheric
0Aris 0.5and 1.5x10-"m/ STP/g. From

the figure, K-Ar age which can be deter-
mined within 109 error for the sample con-
taining 2% of K50, is more than 0.079 and
0.24 Ma when the concentration of at-
mospheric ®Ar is 0.5 and 1.5x10"7"ml
STP/g, respectively. It also suggests that a
younger age can be determined for the sam-
ple having lower fraction of atmospheric
Ay, On the other hand, when the concen-
tration of atmospheric 40Ar is the same, a
younger age can be determined for the sam-
ple having higher potassium content.
Furthermore, the errors for K-Ar age of
0.01-0.1 Ma are estimated for the sample
containing 0.5x10-7"m/STP/g of at-
mospheric 9Ar and 2% of K»O. The result
is shown in Fig. 7. The concentration of at-
mospheric 9Ar (0.5x10-7"mlSTP/g) is
nearly equal to the lower limit in basaltic
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Fig. 6 Limit of K-Ar age within 10% error.
ox=0.5%, 6x=4%, 6r=0.23%, 6,=0.45%

samples and K,0 (2%) is also to the upper
limit. In other words, these values can be
referred to the optimum condition for K-
Ar dating of basaltic rocks. This figure sug-
gests that the error in K-Ar age of the ideal
basaltic rock at 0.05 Ma, which is the possi-
ble age limit in 14C method (ToGASHI and
MaTsuMoTo, 1987), is about 15%.
Therefore, the age gap of measurable limit
between K-Ar and #C method is now
eliminated in such an optimum condition.
However, common basaltic rocks have
more atmospheric #Ar and lower K0 con-
tent than the ideal one. It would be most im-
portant to select the sample having lower
atmospheric 4%Ar and higher K;0 content

in order to improve the precision in K-Ar
dating of rocks younger than 0.1 Ma.

11. Conclusion

K-Ar dating using the peak comparison
method has been established. K-Ar dating
for some reference materials and age
known samples of 0.1-0.6 Ma, was carried
out by this peak comparison method. The
results are that K—Ar ages can be determin-
ed within 6% errors and are in a good agree-
ment with the known values when the
weight of samples is adjusted so as to in-
troduce more than 4.5x10-1m/STP of
36Ar to the mass spectrometer.
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Fig. 7 Error of K-Ar age for the ideal basaltic sample.
ox=0.5%, o0x=4%, 6g=0.23%, 0,=0.45%

There is no age gap of measurable limit
between K-Ar and *C method in an ideal
condition, because the error in K—-Ar age of
the ideal basaltic rock at 0.05 Ma, which is
the possible age limit in 1#C method, can be
estimated to be about 15%. Therefore, It is
most important to select the sample having
lower atmospheric °Ar and higher K,O con-
tent in order to improve the precision in K-
Ar dating of rocks younger than 0.1 Ma.
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BOGLE L b b B LREeT 5 K-Ar ERAIEORBE RS L OCHERRA LR EI 2. SEHEI L
HIEHETIE, REFOBEERED YAr §8B% ¢ — 7 EHER RO, o V- 7 EIEER LA,
Boh LT AT VIRHT D EESHOBREY RS Tk, TOELRR» LML - ER LT A
v ORIERE &+ ORGSO BEHERED YAr SBYRDHFETH Y, 100545 X HEVERIC
BT, RERAGCBRTE-RAMEFREL ) LAEBEESER V5. —7F, ) 7 28EBCOW
T, BHEE ) F v APEREEEY B LI SERERC L » THERERS LOEELYm L3k

KEZ L »C, BBONFEA — # — DEERE B LOERMTCHE I TV 3RBRRAIE L &
T A, BhrhiERE, BEELBS—HLTED, FLAEBRELSUBETH- 1.

IHII0GEL D b BCZREERCOWT, A X HHEREY RE-E 2 n, XREER
Ko B3 A BRERE, Tiobb, X&7ATVEROTRMEE » Y v 2B ERMEL I LR
BT, 5 HEORE Y BEISYEE CHETELMEELHZZ L0 h T,
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