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ABSTRACT

   An  analytical  system  has been developed for determining a micro  quantity (O.1-lng) of C02  in volcanic

glass. It consists  of  a  Nd-YAG  laser for the selective heating of  small  areas  of volcanic  glass and  a  gas

chromategragh-mass  spectrometec  for measuirng  the absolute  amount  of  the C02  extracted  from the glass.
The  carbon  dioxide concentrations  of the glass sarnples  were  calculated  from the mass  of  the mefted  glass
and  the  measured  amount  of  CO,.  The  glass sample  ground  to a  thickness  of  less than 100 ptm  was

pierced by a  laser beam.  The  volume  of  the melted  glass was  control]ed  by changing  the duration of

the laser beam. The mass  of  the  melted  gldss was  caJculated  from  its yolume  and  density,

   Analysis of  homogenized  basaltic glass with  a  bulk C02  concentration  of  326 ppm  gave a C02  con-

centration  of  270± 70 ppm  when  the  extracted  CO,  was  more  than  O.6 ng.  Glass inclusions )arger than
100 "m  in diameter can  be analyzed  by the present method  with  an  accuracy  ef  ±70 ppm  when  the C02
concentration  is 300 ppm,

INTRODUCTION

   Volatire materials  play an  important role  in the evolution  of  magmas  and  volcanic  eruption.

During its ascent,  mgrna  may  become saturated  wjth  volatiles  because of  a  general  decrease in

their solutilities  in silicate melts  with  a  decrease in prcssure. Formation  of  a  gas phase would

lead to a  decrease in the bulh density of  the magma,  thereby  accelerating  its acent.  In  a  coe]ing

magma  chamber,  crystallization  of  volatile-free  minerals  also  would  cause  a concentration  of

volatiles  that might  result  in saturation.  Expansion of  the resu]ting  gsa pahse might  then  induce

a  veicanlc  eruptlon,

   The  major  volatile  components  in magma  are  H,O,  CO,  S and  Cl. Of  these, CO,  has a  low

solubility  in silicate  melts  at low pressures (30-800 ppm  at  O.1-2 kbar, Stolper and  Holloway,

]987; Fogel  and  Rutherford, 1990; Pan et al., l991); therefore, a  CO,-rich  gas phase  may  fbrm

in an  ascending  magma.  For this reason,  CO,  is now  believed to be the essential  cornponent  that

drives a  deep-seated magma  to a  shaljow  depth in the earth's  crust,  thereby  inducing an  eruption.

   A  large amount  of  CO,-rich gas was  emitted  during the 1980 eruption  ef  Mount  St. Helens

(Casadevall and  Greentand, 1981; Bames,  1984), The  phase equilibr{um  relations  of  the dacitic

pumices that erupted  from  the volcano  indicated that C02  constituted  30-50%  of  the gas  phase

present in the preeruptive magma  (Rutherfbrd et al,, 1985). In  ihe 1986 disaster at  Lake  Nyos,

Cameroon,  the almost  pure  CO,  gas that was  suddenly  released  from  the crater  lake killed more

than  1700 people  (Kusakabe et al., 1989). Tbe  CO,  was  most  Iikely derived from the basaltic
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magma  responsible  for the fbrmatien of  Lake Nyos maar  (Kusakabe and  Sano, 1992). Because

the CO,  in magma  can  haye a  direct or  indirect effect  on  volcanic  processes, measurements  of  the

C02  content  of  magmas  are  essential  if we  are  to understand  the behavior of  CO,  during the
ascent  of  magma  and  volcanic  eruptions  and  to obtain  basic information about  the mitigation of

natural  volcanic  disasters.

    The  C02  contents  of  the magmas  in mid-eceanic  ridge  basalts (MORB) have been measured
in quenched  MORB  glasses which  are  be]ieved to retain  their original  gas concentrations  because

of  the enormous  hydrostatic pressure exerted  at the sites of  submarine  eruptions  (Meore and
Schilling, 1973). The  groundmass  glass in vo]canic  rocks  effUscd  onto  the surface  ef  the earth,

however, are  not  suitable for estimating  the CO,  concentrations  of  pre-eruptive magmsa  because

these rocks  have most  likely been degassed befbre or  at the time  of  eruption,  or  both. In a  magma

chamber  crystals  may  trap the surrounding  silicate  melt  during thejr growth. The  melt  is quench-
ed  at  the time  oferuption  as  glass inclusions in a  phenocryst, Protected by the thick harness

of  the host crystal,  the degassing of  the glass inclusions and  contamination  by extraneous  volatiles

after  trapping  are  negligible  (Anderson, 1973). For  this reason  glass inclusions in phenocrystS
are  the most  suitable  $amples  for measuring  volatile  concentrations  of  pre-eruptive magmaSJ

Until recentiy,  however, it has been diMcult to measure  the CO,  concentrations  of  glass inclu-

sions  because the size  ef  such  inclusions is very  small  (50-200 pam) and  the sensitivity  of  availa-

ble analytical  methods  was  not  suMcient  (Saito and  Kusakabe,  l989).

    Determination of  the CO,  concentrations  of  glass inclusions has been made  possible by (1)
vacuum  fusion extraction  fo11owed by manometric  measurements  (Harris and  Anderson, 1983,
1984; Sommer  and  Schramn, 1983); (2) the vacuum  fusion technique  combined  with  quadru"
pole  mass  spetrrometry  (Delaney et  aL,  1978; Garcia et  a]., 1979; Muenow  et a]., 1979); (3) Fou-
rier transform  infrared spectroscopy  (FTIR, Anderson et al., 1989; Metrich et  al., 1990); and  (4)
Iaser decrepitatjon mass  spectrometry  (Yonover et al., 1989). Because in analysis  by the vacu-

um  fusion thchnique the host crystals  and  other  materials  that surround  the glass inclusions also

are  heated, the CO,  present in materials  other  than the glass inclusiens also  may  be extracted
and  produce a  positive error  in the CO,  concentration  ef  the glass inclusions. Consequently,

a microprobe  analysis  has to be deyeloped for the selective  analysis  ef  glass inclusions. The
FTIR  technique  is a  rapid,  nondestructive  and  highly sensitive  method  that is characterized  by

a  high spatial  resolution (Fjne and  Sto]per, ]986); but the molar  absorption  coeMceints  of  in-
dividual IR  spectra  are  greatly dependent on  the chemical  composition  of  the inclusion g]ass･
For  this reason,  the FTIR  technique has been applied  on]y  to glasses that have a limited chemi-
cal  compositions  (Stolper et al,,  1987; Dixon  et  al., 1988; Fos,el and  RutherfOrd, 1990)･ In

contrast,  the]aser  probe  technique can  selectively  heat an  glass inclusion as small  as 10 ,ttm  in dia-

meter  independent of  the glass composition.  Subsequent mass  spectrometry  has also  a  high sen-
sitivity.  Yonover  et aL  (1989) applied  the laser probe  technique to MORB  glasses, but report-

ed  only  the C02/H,O  ratios,  We  have developed a  
"quantitative']

 laser microporbe  technique

fbr determjning a  rninute  amount  of  CO,  dissolved in glass inclusions. We  here describe the

analytical  details of  this laser probe  technique  and  preliminary  re$ults  of  the C02  analysis  of

quenched glasses from Mariana  Trough  basalts.

ANALYTICAL  SYSTEVv6{

   The  glass inclusions in magmas  are  of  various  sizes, from  less than  1,O gem to rarley  greater

than  200 ptm, A  single  glass inclusion with  a  diameter of  IOO "m  may  contain  O.1-1 ng  C02  de-

pending  on  the concentratien.  In order  to analyze  such  sma]1  amounts  of  CO,, we  used  as  the

analytical  method  selective  heating with  a  laser probe to extract  the CO,  and  followed it by gas
chromatography-mass  spectrometry  (GC-MS) (Fig. 1). The  volatiie  materials  extracted  under

yacuum  were  transferred quickly  to a  GC  column  by He  carrier  gas  keeping their adsorption  to
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 Fig. 1 Schematic diagram of  the  laserprobe-GCMS system  for the  analysis  of  micro  quantities of  C02
       in voJcanic  glass,

the wall  of  the analytical  line which  was  heated to 50-1500C at a  minimum.  Carbon  dioixde was
separated  from  the other  gases in the GC  celumn,  and  its amount  determined with  the quadru-

pole  mass  spetrometer,  The  analytical  system  consisted  of  four parts: the Iaser unit,  GC-MS

unit,  gas caibration  unit  and  inlet unit  (Fig. 1).

Laser unit

   A  Nd-YAG  laser with  maximum  power  of  7 W  (Model SLI14L, NEC  Corporation, Japan)

was  used  to melt  the glass samples.  The  wave  length of  thjs  laser is 1.064 ptm. There are  two

modes  for laser beam  generation; continuous  wave  (CW) and  pulsed  (Q switched)  modes.  The

p]use frequency can  be changed  from 1 to 99 kHz  by use  of  the Q  switch.  The  laser beam  was

fbcused on  the  sample  in the sample  cell threugh  the objectiye  lens in the unit's  mocriscope,

The  focal length of  the focusing lens used  was  18 mm.  The  diameter of  the laser beam  targeted

on  the sample  was  adjusted  to IO "m,

litlet unit

   The  inLet unit  consists  ofa  sample  cell rnade  of  stainless  steel (Fig. 2), rnetal  valyes  (N, O,

                             K--. 3o,am >
                               

->7rtwnH(
 
-

                                  o

?L
o

0o

o

o

Wimdvw

)1
VCn  tiNing

-
 >ls2.2mmK'-'

O.44em3

Fig. 2

422mmV

Ouartzglassdisc  
12Mmdix8mnrby2mm

 12mrrkPx5mm

Diagram  of  the  sample  cell,



Japan Society for Natural Disaster Science

NII-Electronic Library Service

JapanSociety  forNatural  Disaster  Science

100 G. SAIro  &  M.  KUSAKA  BE

P,
 Q. and  R), cold  traps (traps t to 3> and  stainless  steel tubing  with  an  inner diameter of  3 mm.

The  sample  cell has. quartz glass windows  and  a O.44 cm3  capacity,  The  laser bearn is focused
on  the  sample  through the upper  window.  A  gold gasket is placed between the window  and
the

 cell body for vacuum  sealing.  Trap t, which  is made  of  siainless  steel tubing, is for the col-
lection of  the H,O  and  CO, extracted  from the glass inclusions during laser heating. Trap 2,
which  consists  of  a GC  capillary  co]umn,  concentrates  the extracted  gases relased  into the inlet
volume

 by cooling  them  with  liquid nitrogen,  The  concentrated  gases are  then introduced into
the GC-MS  unit  by heating the trap 2 to 100'iC. Concentration of  the gases prior to analysis  is
essential

 in order  te separate  theni and  to obtain  sharp.  sensitive  chromatograms,  Trap 3, made
ofthe

 same  column  as  in trap 2, is used  to reduce  the background CO,  contained  in the He  car-

rler  gas,

GC-MS  unit

   
The

 deteetion and  quantitative determination of  the CO,  extracted  from a  sample  glass
were  done with  a  gas chromatograph-quadrupole  mass  spectrometer  (GC-MS, model  QP300,
Shimadzu  Cerporation, Japan), PoraPLOT-Q  was  used  as  the  stationary  phase of  the  colurnn
in order  to separate  the  CO,  from the other  gases. The  co]umn  temperature  was  1500C. He-
lium was  the carrier  gas.

WORKING  CONDITIONS  OF  THE  LASER  UNIT

    The  absolute  amount  of  the extracted  CO,  and  the mass  of  the  glass melted  by a laser beam
must  be known  in order  to determine the CO, concentration  in the  sample.  We  studied  the  re-

latjon
 between the conditions  ef  the laser beam and  the mass  ofthe  glass melted.  Mariana Trough

basalt (MTB) glass that had  been ground  to a thickness of  about  3aO ptm was  ued  as  the sample

glass. Three
 factors afTbct  the effeciive  power  of  laser beam:  the  electric  current  applied  to the

krypton arc  lamp, pulse frequency and  duration. tn our  study,  Laser power was  yaried  by chang-
jng the shooting  duration. The  pulse frequency was  fixed at ]OkHz  and  the  lamp  current  at l7
A. After the laser irradiation, the upper  surface  ofthe  samlpe  and  a  cross  section  of  its laser pits
were  observed  under  an  opticai  microscope  and  with  a scanning  etectron  micreprobe  (SEM).
The  pits produced had  various  shapes  and  werre  coyered  by frethy secondary  glasses which  look
like a  dome  (Fig. 3>, A  typical cross  seciion  of  such  a  pit is shown  in Fig. 4. The diameters and
depths of  the pits measured  microscopical)y  are  roughly  proportional to the laser energy  applied.

The
 yolume  of  a  pit was  tentatively estimated  from  the area  of  its cross  section,  assuming  that

Fig, 3 SEM  photomicrograph  of  a laser pit preduced on  the surface  of  MTB
      glass. Note  that the pit is covered  by a secendary  frothy glass,
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Fig. 4SEM  photomicrograph  showing  a cross  section  of  a  laser pit. Note
that the diameter of  the secondary  frothy g]ass is )argerthan that of
the pit.

its shape  was  approximated  by a  body of  revolution.  The  mass  of  melted  glass in the pjts was

calculated  from the pit vo]ume  and  the density of  MTB  glass (2.74 g!cmS). A  reasonable  cor-

relation  was  found between the  mass  of  the  melted  glass anci  the  laser energy  app]ied  (Fig, 5), which
enabled  us  to estimate  the laser energy  needed  to melt  a glass inclsuion of  a given size.

   The secondary  frothed glass covering  the  pits made  it diMcult to measure  the pit dimeters ac-

curately  by microscopic  observation.  Depth estimations  made  through  the secondary  glass tend

to resutt  in underestimation  of  the pit depth, Consequently the pit depth must  be measured  by
observations  of  the cross  sectoin  (Fig. 4>, but the preparation  of  cross  sections  js tedious and  time

consuming.  We  therefore adopted  the following procedures  tD estimate  pit vo]ume,  The  glass
sample  was  ground to a  wafer  less than  100 !em  thick, then  the wafer  was  doubly polished. The

prepared glass sample  was  pierced in a  vacuum  by a  laser beam (Fig. 6). The velume  of  the

Fig. 5
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Fig. 6PhotomLcrograph  of  a  MTB  glass wafer  (about 70 llm  thick) pierced
by  a  laser beam.  The  volume  of  the rnelted glass is calculated  from
the  diameter of  the cylindrical  hole and  the wafer  thickness.

cylindrical  hole produced is easily  estimated  from the diameter of  the hole and  the thickness of

the wafer,  The  mass  of  the melted  glass is calculated  from jts volufne  and  density, We  believe
that this  technique  is the  best way  to estimate  the  amount  of  glass melted  by the laser irradia-
tion.

CO,  ANALYSIS

Background

   The  absolute  amount  of  CO, present in a  g}ass inclusion with  a  diameter of  100 ptm is be)iey-

ed  to range  from O.1 to 1 ng.  When  such  a  small  amount  of  CO,  is to be analyzed,  evaluatiQn  of

the backgorund CO,  is very  important if we  are  to obtain  reliable  results.  The  background

CO, in our  system  js produced  from two  sources;  the CO,  contained  in the He  carrier  gas and

the CO,  that adheres  to the inlet tubing and  metal  valves,

   High  purity helium (99,9999 %) was  used  as  the carrier  gas to avoid  the first source  of  the

background. It was  further pruified by passing through  a Molecular Sieve 5A  colurnn  and  trap

Fig. 7
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3 which  was  coated  with  PoraPLOT-Q  (both the column  and  trap being immersed in Iiquid nitro-
gen) before entering  the inlet unit.  This purification step  reduced  the CO,  background to about

l120.

   To reduce  the CO, contribution  from  the second  source,  the stainless  steel  tubing and  metal

valves  initially were  cleaned  sequentially  with  acetone,  dilute nitric acjd  and  distilled water,  then

repeatedly  baked  at  3000C  in a vacuum.  After these treatments, the amount  of  background
CO,  was  measured  by varying  the line temperature.  As  shewn  in Fig. 7, the background CO,
in the system  increased with  the temperature  of  the inlet unit.  Figure 7 and  Tabte l indicate
that the background CO,  at  50eC is l14-lf5 that at 1500C and  that better reproducibility  also  was

obtained  at 500C  (Table 1). The  peak area  of  the background CO,  fiu¢ tuated depending on  the
experimental  period (Table 1). This fiuctuation probab]y is the result  of  variations  in the efi

          Table 1 Repeated  measurements  of  blank C02  at  the  Iine temperatures  Df  50e

                 and  150eC  on  different days.

  ateo   .expenment un
.Ine

 temp.
 (aC)

ea  area

Apri1 23, 1991

May  2!, 1991

June l9, 199i

Apri1 18, 1991

Apri122,1991

    l
    2
    3
    4
    5
    6
   Av..
    IaRel.

 variation

    1
    2
    3
   Av.
    IaRe].variation

    1
    2
    3
   Av.
    IaRel.variation

    1
    2
    3
    4
    5
    6
    7

   Av.
    IaRel,

 variation

    ]
    2
    3
    4
    5

   Av.
    IaRel,

 variation

'505050so50

so50so

50so50

15e15e150150I50150150

!50150150150ISO

13381l5719IS14414548136041393014388

 ±9176.4
 %

21460209S3l969920704

 ±9074,4
 %

20488194852180520593

±11645.7
 %

76553863537228573S4572798707876976074583

±5622
 7,5%

717807758968071683295810368774

±709410.3
 %
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ficiency of  the baking of  the inlet line before the blank analysis  and  in the trapping eMciency  of

the cold  trap used  to purify the He  carrier  gas. The source  of  CO,  in the inlet unit  most  likely
is the organic  materials  adsorbed  on  the inner surface of  the tubing  and  metal  valyes.

CO.  calthration

    For  the CO,  calibration  of  the GC-MS  system,  we  used  a  He-CO,  gas mixture  with  a CO,
concentration  of  1050 ppm  as the standard  gas. This mixture  was  introduced into the inlet unit
(N-O-P-R-Q) through  valve  J (Fig. 1) at  various  pressures, the absolute  total gas pressure  being
measured  with  a  capacitance  manometer  (CM). The  amount  of  C02  gas in the inlet unjt  was

calculated  from  the  total pressure, CO,  concentration  ef  the gas mixture,  ternperature and  the  vol-

ume  of  the inlet unit  on  the basis of  the ideal gas law. The gas mixture  then  was  carried  into the
Gc-MS  unit  by the purified He  carrier  gas, after  which  the peak  area  of  the CO,  chromatogram

was  measured.  A  series  of  calibrations  was  made  by changing  the pressure of  the He-CO,  mix-

ture and  the temperature of  the inlet unit.  The  calibration  curves  at 1500C  and  500C are  shown

in Fig. 8.

    A  linear relation  was  obtained  in the CO!  range  from  O.15 to 1.2 ng  when  the inlet unit  was

heated to 1500C  (Fig. 8a) and  in the range  from  O.15 to O.9 ng  with  a  line temperature  at 500C
(Fig. 8b). The  broken-line curves  drawn  at both sides  of  the  ca]ibration  lines show  the 95 %  con-

fidence limits of  the calibration  lines from  which  the anatytical  unceratinties  can  be estimated.

It was  diMcult, however, to analyze  less than  O.3 ng  CO,  with  the 1500C calibration  ]ine because
of  the high blank contribution  and  poor blank reproducibility  (Table l). In contrast,  when  thc

inlet unit  temperature  was  kept at 500C, the relative  standard  deviation (ta) of  the background
CO,  (<6%  of  the mean  of  several  blank signals,  Table 1) was  smaller  than  at 150"C  (<lo%);
therefore, as  little as  O.l5 ng  C02  could  be analyzed  with  the calibration  line obtained  at 500C.
With  this technique  it is possible  to analyze  glass inclusions as  small  as  70 ptm  in diameter, as-
suming  that these inclusions contain  3oo ppm  CO,,

C02  analysis  ofglass from Mariana  T7ough hasalt

   To  test our  analytical  techniques, we  subjected  a  small  fragment of  a quenched glass rim

from Mariana  Trough  basalt (MTB) to CO,  analysis  by the techniques  descrjbed. Results are
shown  in Table 2, Step-wise heating under  a  vacuum  fbllowed by manometric  analysis  (Exley
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Fig. 8 Peak  areas  of  CO,  (corrected for blank) versus  the  absolute  arnount  of  CO,  carried  into the
      GCMS  at the line temperatures  of  l50eC (a) and  500C  (b). The  calibration  lines were  drawn
      by the least square  method.  The  broken-line curves  show  the 95 %. confidence  limits ef  the
      calibration  lines.
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Table 2 Laser microprobe  analyses  of  CO,  of  Mariana  trough  basalt glasses.

RunNo,  Diatneterof Wafer

        Iaserpit thickness

         (pm) (pm)

Massofmelted
   glass
    (pg)

ExtractedC02  C02content

   (ng} (ppm)
1234 1281258887 58474747 2.001,60O,63O.67O.53±O.10

O.88±O.2i
O.54±O.10
O.77±O.16

270±50
 560± 140
 860± 160
1100±290

          Errors for extracted  C02  ng  and  C02  cofitent  ppm  were  estimated  from variations  in

          thccalibrationexperiments.

et al., 1986) with  about  1 g of  the MTB  glass yielded a  bulk CO,  concentration  of  326 ppm.  The

C02  concentration  of  the MTB  glass is highly variable  (Table 2): run  1 gave  a  CO, content  of

270 ppm,  similar  to the value  obtained  from the bulk analysis. The  other  runs  (2,3 and  4) gaye
variable  and  much  higher CO,  concentrations  than  the bulk analysis.  This variation  may  re-

fiect (1) surface  contamination  that occurred  during preparation of  the small  sample  or  (2) the
non-homogeneity  of  the dissolved CO,  in the natural  glass which  may  include tiny vesicles  fi11ed
with  CO,-rich gases.
   The  glass sample  was  glued on  a  slide  glass with  epoxy  resin,  then ground  to a  thickness of

40-60 ptm. The  glue was  rernoved  by placing  the sample  in acetone  at  about  SOeC, then  washing

it ultrasonically  in acetone  and  deionized water.  The  source  of  the background  C02  could  be

carbonaceous  materials  present in the glue that remained  on  the surface  of  the glass sample.

The  glass samples  used  for runs  3 and  4 were  repeatedly  cleaned  with  acetone;  but they  gave
even  higher CO,  concentratiens  than runs1  and  2. Therefore it is unlikelythat  the yariation  in

the C02  concentrations  of  the MTB  glass was  due to surface  contamination  by organic  materials,

although  the possibility that organic  materials  on  the surface  were  inso]uble in aceone  can  not  be

ruled  out.

   The  Mariaria Trough  basalt used  here was  dredged frorn the seafioor  at  a  depth of  3600 m,

which  means  the melt  was  quenched at about  360 bar. The  saturated  CO,  concentration  in a

basaltic melt  at 360  bar and  12ooOC ranges  from  140 to 200 ppm  (Stolper and  Holloway,  1988; Pan

et al., 1991). The  CO,  content  of  326 ppm  obtained  by step-wise  heating of  a  large sample(1  g)
indicates that the melt  was  supersaturated  with  CO,  at the time  of  eruptien.  Supersaturation

with  CO,  would  produce  vesiculation  and  the non-homogeneous  distribution of  dissolved C02

in the glass would  be due to the rather  slow  diffusion of  the CO,  in the mlet  (Watson et  al.,

1982). Microscopic observations  indicate that the MTB  glass contains  vesieles  with diameters
of  up  to 200 ptm. Runs  3 and  4 were  made  on  vesicle-free  regions  after  carefu1  microscopic  ob-

servation  of  the glass sample;  therefore, it is unlikely  that the high CO, content  was  produced by

C02  gas  derived from vesicles  in the glass. Large variations  in dissolved CO,  ¢ oncentrations  have

been reported  fbr submarine  basalt glasses, with  CO,  concentrations  higher than  the saturated

ya]ue  (Fine and  Stolper, 1986; Dixon  et al., 1988), Even  viscle-free  regions  of  the  MORB

glasses from the East Pacific Rise cQllected  at  a  depth of  2600m  had the dissolved C02  con-

centrations  that were  3=L times  the saturated  CO,  concentration  of  110ppm  at 260  bar. The

highly variable  nature  of  the CO,  concentrations  (Table 2) suggests the non-homogeneity  of  the

djssolved CO,  in MTB  glass.

    To  test the accuracy  and  precisien of  the proposed analytical  techniques, it was  necessary

to obtain  a  glass sample  that was  microscopically  homogeneous  with  respect  to CO,  distribution.

Such a  homogeneous glass sample  was  prepared by remelting  the MTB  glass in a  piston-cylinder
apparatus.  The  samp]e  glass was  sealed  in a  Pt capsule  and  melted  at 13000C and  10 kbar for

two  hours,  after  which  it was  quenched to obtain  a  homogenized  sample.  Because the solubility

of  CO,  in the basalitic melt  is 7500  ppm  under  these conditions,  the sample  shou]d  be under-

saturated  with  CO,. Although  no  bulk analysis  is available  for this homogenized  glass because

of  its very  sma]1  size, the CO,iconcentration should  be close  to 326 ppm,  the  concentration  for the
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Table 3 Laser microprobe  analyses  of  the C02  of  hornogenized MTB  glasses.

RunNo.  Diameterof  Wafer
        laserpit thickness

         (pm) (pm)Massofmelted
   glass
   (pg)

ExtractedC02 C02content

   (ng) (ppm)
5678 190I209065 73737373 4.602.331.37O.721.24±O,34

O.60±O.11
O.19±O,14
O.07±O.l9

270±70260
±50140
±100100

±260
Errorsforextracte C02  ng  andC02content  ppm  wereestimated  romvariationinthe

calibration data.

original  MTB  glass. The  CO,  analysis  of  this glass is shown  in Table 3. To  avoid  surface  con-

tamination  by organic  materilas  during sample  preparation, we  used  an  acetone-soluble  adhesive

agent  (Crystalbond No.  509, Aremco  products, USA)  to glue the  sample  on  a  slide  glass,
Results from runs  5 and  6 agreed  weli  (260 and  270 ppm,  respectively),  whereas,  runs  7 and  8 gave
CO,  contents  of  tOO and  140  ppm  (much lower  than  the other  values),  although  they sitll agreed

with  the results  of  runs  5 and  6 within  large analytical  errors.  The  yalue  for run  7, which  is
lower than  the bulk MTB  CO,  concentration  of  326 pprn, may  be due to an  overstimation  of  the

mass  of  the rnelted  glass. The  result  of  run  8 cannot  be considered  important because the amount

of  CO,  was  almost  one  third ef  the analytical  uneertainty,  and  because a  laTge error  was  made

in esitrnating  the mass  of  the melted  glass due to its irregu]ar shape.  Runs  S and  6 gave  C02
concentrations  (260 and  270 ppm)  smaller  by ca. 60 ppm  than  the  value  for ihe bulk MTB.
During  extraction  of  the CO,  from a  sample,  thermal decomposition of  CO,  to CO  and  O  may

take  place. Aocording to the results  of  Yonover  et al, (1989), who  used  a similar  analytical  system

for gas analysis  in MORB  glasses, the CO  fraction produced by the thermal decomposition of  the

extracted  CO,  was  estimated  as  about  O.25, If this factor is considered,  the average  CO,  concen-

tration of  runs  5 and  6 would  be 350 ppm,  which  is in fairly good  agreement  with  the bulk ana-
lytical resutt. The  applicability  of  the factor obtained  by Yonover  et al. (1989) to our  system  is

uncertain  because they used  much  higher laser energy.  On  the basis of  the foregoing discussion,
we  conclude  that our  technique  produces an  accurate  analysis  of  a  micro  quanitity of  C02  in
basalt galss within  an  error  of  ±70 ppm,  provided that the CO,  extracted  is mere  than  O.60 ng.

CONCLUSIONS

   A  new  analytical  system  consisting  of  a  laser probe extraction  unit  and  a  GC-MS  unit  was

constructed.  With  this system  we  can  analyze  the CO,  present in glass inclusions as  small  as

1OO ptm  in diameter within  an  accuracy  of  ±70 ppm,  assuming  that the glass inclusions contain  at

least 300 ppm  C02.

   Knowledge  of  the volati!e  concentrations  (mainly CO,  and  H,O)  in preeruptive  magma  gain-
ed  ihrough gas analysis  of  glass inclusions should  make  it possible to better understand  the be-
havior of  the volatiles  present  during the ascent  of  magma  and  in eruption  processes. This
will  lead to the accumulation  of  basic know]edge that can  be used  to mitigate  volcanic  hazards.
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