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ABSTRACT

The conventional K-Ar dating method was applied to the 1986 dacite
flow from the new lava dome at Mount & Helens, Washington. Porphyritic
dacite which solidified on the surface of the lava dome in 1986 gives a
whole rock K-Ar ‘'age of 0.35 + 0.05 million years (Ma). Mineral
concentrates from the dacite which formed in 1986 give K-Ar 'ages from
0.34 + 0.06 Ma (feldspar-glass concentrate) to 2.8 + 0.6 Ma (pyroxene
concentrate). These 'ages are, of course, preposterous. The fundamental
dating assumption (‘no radiogenic argon was present when the rock formed')
is questioned by these data. Instead, data from this Mount & Helens dacite
argue that significant 'excess argon' was present when the lava solidified
in 1986. Phenocrysts of orthopyroxene, hornblende and plagioclase are
interpreted to have occluded argon within their mineral structures deep in
the magma chamber and to have retained this argon after emplacement
and solidification of the dacite. The amount of argon occluded is probably
afunction ofthe argon pressure when mineral crystallization occurred at
depth and/or the tightness of the mineral structure. Orthopyroxene retains
the most argon, followed by hornblende, and finally, plagiodase. The lava
dome at Mount & Helens dates very much older than its true age because
phenocryst minerals inherit argon from the magma. The study of this Mount
S Helens dacite causes the more fundamental question to be asked — how
accurate are K-Ar ‘'ages 'from the many other phenocryst-containing lava
flows world-wide?

INTRODUCTION

Dacite magmaat Mount St Helens in Washington State
expressed itself directly during six explosive magmatic
eruptions in 1980 (May 18, May 25, June 12, July 22,
August 7 and October 17, 1980). This magma produced
the distinctive plinian, explosive eruptions for which the
volcano is famous. After three of these explosive eruptions
(June 12, August 7 and October 17), near-surface magma
had low enough steam pressures so that viscous lava flows
formed three consecutive, dome-shaped structures within
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the crater. The first two dacite lava domes built within the
crater (late June and early August 1980) were destroyed
by subsequent explosive eruptions (July 22 and October
17). Thethird dacite lava dome began to appear on October
18, 1980 above the lip of a 25-metre-diameter feeding
conduit.

THE NEW DACITE LAVA DOME

After October 18, 1980, this third and newest
composite dome of dacite began to appear. By October
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Figure 1. The newest lava dome within the horseshoe-shaped crater
at Mount St Helens during its building process in August
1984 (photo by S. A. Austin).

1986 this newest lava dome had grown within the
horseshoe-shaped crater to be an immense structure up to
350 m high and up to 1,060 m in diameter (see Figures 1
and 2). The lava dome formed by a complex series of lava
extrusions, supplemented occasionaly by interna inflation
of the dome by shdlow intrusions of
dacite magma into its molten core.
Extrusions of lava produced short (200-
400 m) and thick (20-40 m) flows piled
on top of one another.? Most dacite
flows extended as lobes away from the
top-centre of the dome, generally
crumbling to very blocky talus on the
flanks of the dome before reaching the
crater floor (see Figure 3).

Between October 18, 1980 and
October 26, 1986, seventeen episodes
of dome growth added 74 million cubic
metres of dacite to this third and newest
dome® During these eruptions magma
viscosity was high and steam pressure
was low so that the magma did not
express itself explosively as it had
during the six earlier events of 1980.
The gtructure produced within the crater
during the six-year period was an
dliptical dome of decite lava flows and
intrusions 860 m (diameter east-west),
by 1,060 m (diameter north-south), by
350 m (height above northern base).
During the six-year period of building
of the dacite dome, there was a Seady
decrease with time in the volume of
magma extruded. On October 26,1986,
magmamovement into the dome ceased
and solidification of magma began
within the neck of the volcano benesth
the lavadome. Eruptions after October
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26, 1986 were phreatic steam explosions, not direct
expressons of magma. The stability of this third dome,
aong with decrease in the frequency of earthquakes and
phreatic steam eruptions in the ten years after October
1986, indicate that the volcano, again, may be approaching
a period of dormancy.

The Si0, content of 69 samples of the 1980 to 1986
lava dome at Mount St Helens is 63.0 + 0.4 per cent.*
Called a 'porphyritic dacite', the rock averages about 55
per cent fine-grained, grey groundmass and 45 per cent
phenaocrysts and lithic inclusions (see Figure 4). The
groundmeass of the rock is composed of microphenocrysts
of plagioclase, orthopyroxene, and Fe-Ti oxides within a
glass matrix.? Later flows on the lava dome showed a
tendency toward higher crystallinity of the groundmass’
and about 1 per cent greater Si0,.2 Phenocrysts of
plagioclase (30-35 per cent), orthopyroxene (5 per cent),
hornblende (1-2 per cent), Fe-Ti oxides (1 to 2 per cent),
and clinopyroxene (less than 0.5 per cent) together
comprise dmost half of the lava dome.? Lithic inclusions
of gabbro, quartz diorite, hornfelsic basalt, dacite, andesite
and vein quartz together compose 3.5 per cent of the dome
dacite Of the lithic inclusions 85 per cent are medium-

Figure 2. Mount St Helens' new lava dome is composed of 74 million cubic metres of dacite
flows and intrusions built up within the crater between October 18, 1980, and October
26,1986. The view is toward the north looking over the lava dome into the 1980 blast
zone (photo by Lyn Topinka of the US Geological Survey, after Pringle, Ret 1).
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L .
Blocky surface texture of the east side of the dacite lava
dome above prominenttalus slope (helicopter photo by S. A
Austin, October 1989).

Figure 3.

grained gabbros with an average diameter of 6 cm.™ The
high mafic mineral content of gabbroic inclusions makes
asmal but sgnificant decrease in the overdl SiO, content
of the dacite lava dome.”

Geologists are in generd agreement concerning the
crustal source of the dacitic magma beneath Mount St
Helens. Experimental data from the assemblage of
mineras in the dacite indicate that just prior to the May
18, 1980 eruption the upper part of the magma chamber
was a a temperature of 930°C and a a depth of about
7.2 km.®® That magmais believed to have contained about
4.6 weight% total volatiles, mostly H,0.** The last dome-
building intrusion event of 1986 delineated two aseismic
zones (from 7-12 km and from 3-4.5 km depth) indicating
that the deep magma chamber has a shallow magma
storage region.® Fe-Ti oxide pairs indicated magmatic
temperatures decreasing to about 870°C in 1986 when
flows into the lava dome stopped.™®

Figure 4. Photomicrograph of Mount St Helens dacite flow of 1986.
The most abundant phenocrysts are plagioclase which are
embedded in a much finer-grained groundmass containing

glass and microphenocrysts. Photographed in polarised light

with 2 mm width of view (dacite sample 'DOME-1', photo
by A. A. Snelling).
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SAMPLE COLLECTION AND PREPARATION

In June 1992, & saven-kilogram sample of dacite was
collected from just above the talus apron on the farthest-
north dope of the lava dome. Because the sample comes
from the doping surface of the dome, it most likely
represents the upper surface of a flow lobe. The flow
interpretation of the sample is corroborated by the 'bread-
crust appearance’ of dacite at the sample location, the
blocky fracture pattern which suggests the toe of a lava
flow, and the presence of dacite scoria just above the
sample. The position on the dome suggeststhat the sample
represents the surface of one of the last lavaflows, probably
from the year 1986.

Oxide or Element Abundance
Si0, 67.50%
Al,03 16.10%
TiO, 0.61%
Fe,0s 3.97%
MnO 0.06%
CaO 4.18%
MgO 1.27%
K20 1.69%
Na,O 4.78%
P20s 0.17%
Cr,0; <0.01%
Rb 44ppm
Sr 450 ppm
Y 13ppm
Zr 190 ppm
Nb 30 ppm
Ba 411 ppm
Loss on Ignition 0.05%

TOTAL 100.5%

Table 1. Major-element and trace-element abundances in the 1986
dacite lava flow at Mount St Helens determined by X-ray
fluorescence. The analysis was performed on dacite
groundmass and phenocrysts without lithic inclusions.

The compostion of the sample matches closdly the
published mineralogic, petrogra,g)hic and chemical
descriptions of "porphyritic dacite.™ Phenocrysts of the
sample are of the kind and abundance representative of
the entire lavadome. The sample even has severd gabbroic
inclusions of the composition and size representative of
the whole lava dome.®® The chemical analysis of the
samplée's groundmass with phenocrysts (without gabbroic
inclusions) gave 67.5 per cent Si0O, by the X-ray
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fluorescence method (see Table 1). If the gabbroic

inclusions were included in the whole rock anayss, the

dacite would be about 64 per cent SiO,, the average
composition of the 1986 flows on the lava dome.

Normative minerals were caculated in Table 2, with the

assemblage representative of dacite.  Thus, this seven-

kilogram sample of dacite is representative of the whole
lava dome.

One kilogram of dacite groundmass with phenocrysts
(without gabbroic inclusions) was removed from the
samplefor potassum-argon anaysis. The technique began
by crushing and milling the dacite in an iron mortar.
Particles were sieved through the 80 mesh (0.18 mm)
screen and collected on top of the 200 mesh (0.075 mm)
screen. The 80-200 mesh (0.18-0.075 mm) particleswere
specified by the argon lab to be the optimum for the argon
andyss.

A second, one-kilogram sample of dacite groundmass
was subsequently processed to concentrate more of the
pyroxene. This separate preparation utilized crushed
particles sieved through a 170 mesh (0.090 mm) screen
and collected on a 270 mesh (0.053 mm) screen. These
finer particles (0.053-0.090 mm) were found to alow more
complete concentration of the mineral phases, even though
these particles were finer than the optimum requested by
the lab.

Because of the possibility of particles finer than 200
mesh absorbing or releasing a larger portion of argon,
particles passing through the 200-mesh screen were
rgected. The only exception was the single preparation
made from particles passing through 170 mesh and
collected on the 270-mesh screen.

Throughout the crushing, milling, sieving and
Separation processes, great care was taken to avoid
contamination. The specific steps used to stop or discover
contamination of the samples included:

(1) Sawing of rock from theinterior of the collected block
of dacite (used to remove particles adhering to the
sample),

(2) Washing al surfaces and screens that were to contact
directly the sample,

(3) Fina wet seving of particles on the 200-mesh screen
(or 270-mesh screen) to insure removal of finer
particles (including possible contaminant lab dust
introduced during milling),

(4) Filtration of heavy liquids to remove contaminants,

(5) Microscopic scanning of particle concentrates for
foreign particles,

(6) Preparation of the second concentrate from the raw
dacite sample involving completely separate milling
and screening (in order to discover if contamination
had occurred in one of the concentrates), and

(7) Seding of samplesin vias between preparation steps.
Five concentratesincluded onewhole-rock powder and

four minera preparations. The concentrate names and

descriptions are:-
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Norlmaﬂve Mineral (Formula) % by Weight

Quartz (SiO,) 23.02

Orthoclase (KAISi,0,) 9.95

Albite (NaAISI,0,) 40.24

Anorthite (CaAlSi,0,) 17.40

Diopside (CaMgSi,O,) 0.94

Hedenbergite (CaFeSi,O, ) 0.82

Enstatite (MgSiO, ) 1.53

Ferrosilite (FeSiO, ) 1.52

Magnetite (Fe,O, ) 3.04

limenite (FeTiO, ) 1.15

Apatite (Ca,P,0,) 0.39

TOTAL 100.00

Table2. Idealized normative mineral assemblage for the Mount St

Helens dacite calculated from the major-element abundances
of Table 1.

DOME-1 'Whole-rock preparation' composed of
representative particles from both the dacite
groundmass and phenocrysts, without lithic
inclusons, particles 80-200 mesh.

DOME-IL 'Feldspar-glass concentrate’ from the

groundmass and phenocrysts, particles 80-

200 mesh; mostly plagioclase, but also

contains fragments from the glassy matrix.
DOME-1IM 'Heavy-magnetic concentrate’ from the
groundmass and phenocrysts; mostly
hornblende with Fe-Ti oxides; particles 80-
200 mesh.
'Heavy-nonmagnetic concentrate’ from the
groundmass and phenocrysts; mostly
orthopyroxene;, particles 80-200 mesh.
'Pyroxene concentrate' from the groundmass
and phenocrysts, particles 170-270 mesh;
prepared from separate dacite sample in
fashion smilar to DOME-1 H, but with more
complete concentration of orthopyroxene.

Thelast four mineral concentrateswere prepared from

the whole rock by heavy liquid and magnetic separation.
Firgt, the representative particlesfrom the groundmass and
phenocrysts were dispersed in tribromomethane (CHBI),
a heavy liquid with a density of 2.85 g/cc at room
temperature. These particles and heavy liquid were
centrifuged in 250 ml bottles a 6,000 rpm. After ten
minutes of centrifugation a 20°C, the float particles were
collected, filtered, washed, dried and labelled. This float
concentrate, 'DOME-IL', was more than 90 per cent of

the origind and became the ‘feldspar-glass concentrate'.
CEN Tech. J., vol. 10, no. 3, 1996
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The heavy-minerd residue that sank in the heavy liquid
was collected, filtered, washed and dried. It was discovered
that the heavy concentrate could be separated into 'strongly
magnetic' and ‘weskly magnetic' fractions, with about one-
third of the heavy residue being strongly magnetic. The
heavy concentrate was divided by a very strong hand
magnet on alarge piece of filter paper at a45° dopeangle.
The'heavy magnetic' fraction, later labelled' DOME-1M",
was composed of heavy particles which climbed up the
paper at 45° dope above the influence of the magnet which
was moved under the paper. The residue that did not move
up the filter paper was the 'heavy-nonmagnetic' fraction.
It was labelled 'DOME-1H'. A fourth mineral concentrate
was prepared from a completely separate portion of the
dacite sample and processed similar to DOME-1H except
from finer particles (170-270 mesh). This finer, heavy-
nonmagnetic fraction separated from the dacite was
labelled 'DOME-IP'.

Microscopic examination of the four mineral
concentrates indicated the effectiveness of the separation
technique. The ‘feldspar-glass concentrate’ (DOME-1L)
was dominated by plagioclase and glass, with only
occasional mafic microphenocrysts visible in the
plagioclase and glass. Although not a complete separation
of non-mafic minerals, this concentrate included
plagioclase phenocrysts (andesine composition with a
density of about 2.7 g/cc) and the mgjor quantity of glass
(density assumed to be about 2.4 g/cc). No attempt was
made to separate plagioclase from glass, but further use
of heavy liquids should be considered.

The 'heavy-magnetic concentrate' (DOME-1M) was
dominated by amphibole minerals, with hornblende
assumed to be the most abundant magnetic minera within
the dacite. However, there was aso a significant amount
of Fe-Ti oxide minerals, probably magnetite and ilmenite.
The 'heavy-magnetic concentrate' also had glassy particles
(more abundant than in the ‘'heavy-nonmagnetic
concentrate’). Mafic microphenocrysts within these glassy
particleswere probably dominated by the strongly magnetic
Fe-Ti oxide minerds. The microscopic examination of
the 'heavy-magnetic concentrate' also reveded a trace
guantity of iron fragments, obviously the magnetic
contaminant unavoidably introduced from the milling of
the dacite in the iron mortar. No attempt was made to
separate the hornblende from the Fe-Ti oxides, but further
finer milling and use of heavy liquids should be considered.

The 'heavy-nonmagnetic concentrate’ (DOME-1H)
was dominated by orthopyroxene with much less
clinopyroxene, but had a significant quantity of glassy
particles attached to mafic microphenocrysts and
fragments of mafic phenocrysts along incompletely
fractured grain boundaries. These mafic microphenocrysts
and fragments of mafic phenocrysts evidently increased
the density of the attached glass particles above the critica
dengity of 2.85 g/cc, which alowed them to sink in the
heavy liquid. This sample also had recognizable
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hornblende, evidently not completely isolated by magnetic
separation.

The 'pyroxene concentrate’ (DOME-IP) was
dominated by orthopyroxene and much less clinopyroxene.
Because it was composed of finer particles (170-270
mesh), it contained far fewer mafic particles with attached
glass fragments than DOME-1H. This preparation is the
purest mineral concentrate. Microscopic examination of
the orthopyroxene showed it to be a high-magnesium
vaiety, explaining why it was nonmagnetic or only weakly
magnetic.

The first three mineral concentrates (DOME-1L,
DOME-1M, and DOME-1H) are representative of three
different assemblages within the dacite. Because only the
finer than 200 mesh fraction was discarded during
preparation, thesethree concentrates should approximeately
sum, according to their abundances, to make the whole
rock. They may not exactly sum because of differencesin
grindability of the minerals and their groundmass.

K-Ar ANALYSIS

Potassium and argon were measured in the five
concentrates by Geochron Laboratories of Cambridge,
Massachusetts, under the direction of Richard Reesman,
the K-Ar laboratory manager. These preparations were
submitted to Geochron Laboratories with the statement that
they came from dacite, and that the lab should expect 'low
argon’. No information was given to the lab concerning
where the dacite came from or that the rock has a
historically known age (ten years old at the time of the
argon anaysis).

The analytic data are reported in Table 3. The
concentration of K (%) was measured by the flame
photometry method, the reported value being the average
of two readings from each concentrate. The “K
concentration (ppm) was calculated from the terrestrial
isotopic abundance us ngo the concentration of K. The
concentration in ppm of “Ar*, the supposed 'radiogenic
argon-40', was derived from isotope dilution measurements
on a mass spectrometer by correcting for the presence of
atmospheric argon whaose isotopic composition is known.
The reported concentration of ™ Ar* isthe average of two
values. The ratio “Ar/Tota Ar is also derived from
measurements on the mass spectrometer and is the average
of two values.

The 'age’ of each concentrate is caculated by making
use of what Faure™ calls the 'general mode-age equation'’:

Dr"DO
= 204 :
ZA

where t isthe 'age’, \ is the decay congtant of the parent
isotope, Dy is the number of daughter atoms in the rock
presently, Dy is the number of daughter atoms initialy in
the rock, and P, is the number of parent atoms presently in
the rock. Equation (1) can be used to date rocks if
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K(%) | *“K(ppm) | TotalAr (ppm) | “Ar*(ppm) ‘:'Ar"ﬂ‘ otal ©Ar CArt/*K ‘Age’ (Ma)
DOME—1 0.924 1.102 0.0018 0.0000225 0.0125 0.000020 0.35+0.05
‘whole rock’
DOME-1L 1.048 1.250 0.0024 0.000025 0.0105 0.000020 0.34+0.06
feldspar, etc.
DOME-1M 0.581 0.693 0.0027 0.000037 0.0135 0.000053 09+02
amphibole, elc.
DOME-1H 0.466 0.555 0.0015 0.000054 0.0360 0.000096 1.7+0.3
pyroxens, etc.
DOME-1P 0.447 0.533 0.0025 0.000087 0.0345 0.000163 28+06
pyroxensa

Constants used: *K/K =1.193 x 10*g/g

Fraction of “K decays to “Ar = 0.1048

Decay constant of “K = 5.543 x 10%r"’

Atmospheric “Ar/*Ar = 295.5

Table 3. Potassium-argon data from the new dacite lava dome at Mount St Helens Volcano.

measurements of D; and P, are made from the rock, and if
an assumption concerning the origina quantity of daughter
(Do) ismade. For the specific application to K-Ar dati ng,%
equation (1) becomes:
t= ] == In
5543 x10

where/ isthe'age' in millions of years, 5543 x 10 yr' is
the current estimate for the decay congtant for %, 0.105
is the estimated fraction of “K decays producing “Ar, and
“Ar+/*K is the calculation by standard procedure of the
mole ratio of radiogenicAr to K in the concentrate. It
should be noted that equation (1) becomes equivaent to
equation (2) when:

YAr*=D, - D, 3)

1 “Ar*
= +1
0.105 K

)

Thus, “Ar* includes within it an assumption
concerning the initiad quantity of “°Ar in the rock. As a
meatter of practice, no radiogenic argon is supposed to have
exised when the rock formed. That is, Do = 0 is supposed
for equation (2) to give accurate ages. Thus, equation (2)
yields a 'model age' assuming zero radiogenic argon in
the rock when it formed. After the initial daughter
assumption is made, “Ar* is determined. Then, the mole
ratio *Ar*/*K is calculated in Table 3 from each
concentrate's ®Ar* (ppm) and K (ppm). Once the mole
ratio is caculated (see Table 3), it isinserted into equation
(2) to calculate the 'model ages' listed in Table 3.

DISCUSSION

The argon analyses of the dacite lava dome show,
aurprisingly, anon-zero concentration of "radiogenic argon'
(®Ar*) in dl preparations from the dacite. K-Ar 'ages
using equation (2) range from 0.34 + 0.06 Ma (million
years) to 2.8 + 0.6 Ma (see Table 3). Because the sampled
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dacite a the time of the analyses was only ten years old,
there was no time for measurable quantities of “Ar* to
accumulate within the rock due to the dow, radioactive
decay of K. The conclusion seems inescapable that
measurable “Ar* in the dacite is not from radiogenic
accumulation, but must have been resident aready within
the different minera assemblages when the rock cooled
from the lavain the year 1986. The lab has not measured
'radiogenic argon' but some other type of argon.

Other historic lava flows have been recognized to have
non-zero vaues for©Ar. Of 26 historic, subaerid lava
flows studied by Dalrymple®* five gave ‘excess argon' and,
therefore, yielded excessvely old K-Ar 'ages':-

Huada basalt (Hawaii, AD 1800-1801) 16 + 0.16 Ma

141 +0.08 Ma
Mt Etnabasdlt (Sicily, 122 BC) 0.25 + 0.08 Ma
Mt Etnabasdlt (Sicily, AD 1792) 0.35 £ 0.14 Ma

Mt Lassen plagioclase
(Cdifornia, AD 1915) 011 + 03 Ma

Sunset Crater basalt

(Arizona, AD 1064-1065)  0.27 + 0.09 Ma
0.25 +0.15 Ma

Darymple® recognized that these anomalous 'ages
could be caused by ‘excess radiogenic “°Ar' from natural
contamination, or caused by isotopic fractionation of argon.
Krummenacher?® offered similar explanations for
unexpected argon isotope ratios from severa modern lava
flows. Olivine, pyroxene and plagioclase from basalts of
the Zuni-Bandera volcanic field (Quaternary of New
Mexico) showed very significant quantities of excessargon
inherited from the magmatic source.* The same conclusion
applies to olivine and clinopyroxene phenocrysts from
Quaternary volcanoes of New Zealand.® Significant
excess argon was aso found in submarine basalts from
two currently active Hawaiian volcanoes, Loihi Seamount
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and Kilauea®

What caused the non-zero™Ar* in theMount St Helens
dacite? Could contaminant “°Ar in the laboratory have
been added to the Mount St Helens dacite giving the
impression of great age? The possibility of contamination
caused extreme care to be taken in cleaning the processing
equipment, and the concentrateswere seded tightly invials
between preparation and analysis. Could the processing
equipment itsdlf be adding argon? For example, might the
iron fragments produced during milling the sample in the
mortar add argon? The heavy-liquid separation process
strongly rejects heavy iron from the light feldspar-rich
assemblage (preparation DOME-1L), but this concentrate
dso contains significant “Ar.  Other processes seem to
exclude or isolate laboratory contamination. The wet
sieving on the 200-mesh screen, for example, should
remove any fine lab dust which could have fdlen onto the
concentrates.  Because of these extraordinary
considerations, laboratory contamination of the five
concentrates is a very remote possibility.

Could the magmatic process benesth the lava dome
be adding a contaminant to the molten dacite as it ascends
from great depth? This is a possibility needing
consideration. Might an argon-rich mineral ('xenocryst')
be added to the magmaand impart an excessive age to the
'‘whole rock' dacite? The data of Table 3 seem to argue
that very different mineral phases of the dacite each contain
significant “Ar.  Although the mineral concentrates are
not pure, and dl contain some glass, an argument can be
meade that both mafic and non-mafic minerals of the dacite
contain significant “Ar. The lithic inclusions in the lava
dome might be thought to be the contaminant, in which
case they might add 'old' mafic and non-mafic mineras
to the young magma. It could be argued that gabbroic
clumps in the magma disaggregated as the fluidity of the
magma decreased with time, thereby adding an assortment
of 'old' mineral grains. However, Heliker”” argues that
the gabbroic inclusions are not xenoliths from the aged
country rock adjacent to the pluton, but cumulates formed
by crysta segregation within a compositiondly layered
pluton. These inclusions are, therefore, regarded as a
unique association within the recent magmatic system.

Could the magmatic conditions at depth dlow argon
to be occluded within the mineras at the time of their
formation? This last, and mogt interesting, explanation of
the anomalous “Ar suggests the different quantities of
argon in different mineral assemblages are caused by
variation in the partial pressure of the gas as crystdlization
progressed, or by different quantities of gas retained as
pressure was released. Crystallization experiments by
Karpinskaya® show that muscovite retains up to 0.5 per
cent by weight argon at 640°C and vapour pressure of 4,000
amospheres. Phenocryst studies by Poths, Hedley and
Laughlin® showed that olivine and dlinopyroxene separated
from young basalts from New Mexico and Nevada have
'ubiquitous excess argon'. A magmatic source was
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postulated for the argon in phenocrysts of olivine and
dinopyroxene in (Quaternary volcanics of New Zedland.®
Presumably other minerals occlude argon in relation to the
partial pressure of the gas in the magma source.

Laboratory experiments have been conducted on the
solubility of argon in synthetic basaltic melts and their
associated minerals®"* Minerals and meltswere held near
1300°C at one atmosphere pressure in a gas stream
containing argon. After the materia was quenched, the
researchers measured up to 0.34 ppm™Ar within synthetic
olivine. They noted, The solubility of Ar inthemineralsis
surprisingly high'.® Their conclusion isthat argon isheld
primarily in lattice vacancy defects within the minerals.

Argon occlusion within mineral assemblages is
supported by the data from the dacite a Mount St Helens.
Table 3 indicates that athough the mineral concentrates
(rich in feldgpar, amphibole or pyroxene) have about the
same 'Total Ar' concentrations, the 'pyroxene concentrate
possesses the highest concentration of Ar* (over three
times that of the 'feldspar-%l)ass concentrate’) and the
highest proportion of “Ar* (“Ar*/Totd Ar is over three
times that of the ‘feldspar-glass concentrate). These data
suggest that whereas the orthopyroxene mineral structure
has about the same or dightly less gas retention sites as
doesthe associated plagioclase, orthopyroxene has ati %hter
Structure and is able to retain more of the magmatic “Ar
Orthopyroxene retains the most argon, followed by
hornblende, and findly, plagioclase. According to this
interpretation, the concentration of “Ar* of a mineral
assemblage is a measure of its argon occlusion and
retention characterigtics. Therefore, the 2.8 Ma 'age’ of
the 'pyroxene concentrate’ has nothing to do with the time
of crydallization.

Where does the argon in the magma come from? Could
it be from outgassing of the lower crust and upper mantle?
More study is needed.

To test further the hypothesis of argon occlusion in
minera assemblages, higher purity mineral concentrates
could be prepared from the dacite a Mount St Helens.
Finer-grained concentrates should be processed more
completely with heavy liquids and magnetic separation.
The preparation of DOME-1P, a finer-grained and purer
pyroxene concentrate than DOME-1H, has, as expected,
a higher concentration of Ar* and lower concentration
of K. Acid-solution techniques or further use of heavy
liquids could dso help to remove undesirable glass. The
glass itsdlf should be concentrated for analysis of argon.

APPLICATIONS TO OTHER K-Ar AGES

Do other volcanic rockswith phenocrystshave minera
assemblages with generdly occluded argon? Phenocrysts
are very common in volcanic rocks, so a generd test of
the hypothesis could be devised. In addition to testing
other higtoric lava flows, phenocrysts from some ancient
flows might be tested for phenocrysts which greetly exceed
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the 'whole rock' age. Three possible applications are
suggested here.

(1) Basalt of Devils Postpile (Devils Postpile National

Monument, California)

Plagioclase separated from the Devils Postprle basalt
gaveaK-Ar 'age’ of 0.94 + 0.16 million years.* The basalt
has been reassigned recently an age of less than 100,000
years based on neN geologic mapping and detailed
stratigraphic study.® What was the cause of the excessively
old age? It could be argon occluded within the plagioclase.

(2) Basalt of Toroweap Dam (western Grand Canyon,

Arizona)

The basalt of Torowegp Dam lies at the bottom of
Grand Canyon very near the present channel of the
Colorado River, The basdt has been dated twioeatéy the
K-Ar method a 116 + 0.18 Maand 125 + 0.2 Ma™ The
origina researchers qudified their statements concerning
thebasat dateby saying, 'Thereisthe possr b| lity that pre-
emption argon was retained in the basalt'™ Many other
basalts of western Grand Canyon have been shown to
contain 'excess argon'. Although the original researchers
do not express certainty concerning the K-Ar age of the
basdt at Torowegp Dam, other geologists have assigned
much greater certainty and use the K-Ar age to argue that
Grand Canyon has existed for a very long time (see

especialy D. A. Young®).

(3) Keramim basalt (northern Golan Heights, Israd)

'Stone Age' artefacts occur beneath Keramim basalt
dated a 0.25 Maby the K-Ar method.* However, human
occupdtion is not thought to have occurred in Isradl during
the Lower Palaeolithic,” so this and other K-Ar 'ages
should be checked. Because the K-Ar method has been
used dsewhere to date Neanderthal Man, we might ask if
other Neandertha 'ages' need careful scrutiny.

CONCLUSION

Argon analyses of the new dacite lava dome at Mount
S Helensraise more questions than answers. The primary
assumption upon which K-Ar model-age dating is based
assumes zero ®Ar* in the mineral phases of arock when it
solidifies. This assumption has been shown to be faulty.
Argon occlusion in mineral phases of dacite & Mount St
Helens is a reasonable aternate assumption. This study
raises more fundamental questions— do other phenocryst-
containing volcanic rocks give reiable K-Ar ages?
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