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Elements such as C, H, N, S, Cl represent the major components of the volat i le 
phase dissolved in nagmas. These dissolved gases could be preserved within glasses 
(or s i l i c a t e melt inclusions) trapped during crystal growth. 

Microanalysis p o s s i b i l i t i e s have been explored to determine l ight element 
cohcentrations within g lasses (melt inclusions and basalt ic g lass fragments) and 
volcanic phenocrysts. In the f i r s t step, C was examined. The study of different 
spectral interferences lead to calculated detection l imits of 40 ug/g for basaltic 
glasses and SO pg/g for o l iv ine crystals.. The C contents of a l l Investigated 
specimens range from 40 ug/g (the detection l imit ) to 6800 pg/g. Heterogeneities 
were revealed within g lass Inclusions. Measurements show obvious concentration 
profiles in basaltic g lass samples. Our results agree with previous published data 
and are re l iable . Accuracy of measurements Is about 207.. 

Selected Samples 

Basaltic glass fragments were examined to specify the analysis conditions and 
to determine detection l i m i t s . The specimen ALV 981 R23 was collected by the Alvine 
submersible at -2600 meters, In the east part of Pacific r ise (Gulf of California) 
11) 

Melt Inclusions: the measurements were carried out on a f i r s t population of 
glasses trapped within o l iv ine crysta ls (Fo 82) from Mount Etna scoriae (I ta ly) . 
Class compositions are hawaitlc (MgO=5.5 wt7.f K2O/Na2O=0.S)(2). The other specimens 
tome from Piton de la Fournaise Volcao (Reunion), for which basalt ic melts were 
included in olivine Fo 84(3) . Investigated melt inclusions (except Mt. Rossi sample 
'*V contain both a glass phase and a shrinkage bubble (appeared during the cooling). 
•Xheir s i2es vary from 80 to 250 urn. 

. Minerals; olivine and scapol i te were studied. The ol ivine crysta ls are those 
'•' the Etnean scoriae and of the Reunion lavas. Other ol ivine samples come from San 
c *r los (Arizona)(4-6). The scapol i te crysta ls originate from Chuquet-Genestoux 
x c , «aine de3 Puys, France). It i s l ike ly that they have c .y s ta l l i zed under high 
Pressure conditions (greater than 10 Kb)(7). 

. The samples were polished using A1 2 0 3 paste, to 0.3 um In grain s l2e . Then, 
/*Y were washed In b i - d i s t i l l e d water using an ultrasonic cleaner. The smallest 
•ijecimeng were embedded in a res in . A thin gold surface coating was used to prevent 
«••"ling. 
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Experimental Conditions 

Samples are bombarded under vacuum with 
a deuteron microbeam (Ed=i.4S MeV; current = 
500 pA; spot diameter=5-10 pm>(8>. The follow­
ing non resonant reaction is used: 

»2C + |H -» i p + 13C 

The charged particles (protons) emitted con­
secutively to these nuclear interactions are 
detected by means of an annular surface bar­
rier detector. A mylar foil (thick-ness: 23 
ym) to absorb the elastically backscattered 
deuterons, is placed in front of the detector. 
The observation angle ranges from 120° to 
180° with respect to incident beam direction. 
The protons released from reaction 1 have a 
maximum energy Ep=3.26 MeV, the detected en­
ergy after the mylar foil Is around 2.80 MeV. 

Analysis Progress 

100 SECS 0UPNITE 

CHANNEL 

Figure 1. Charged particle spectrin-
from graphite sample (Ed=1.45 MeV; 

current=300-S00 pA; counting time 1 
100 s; beam size=S0 um 2). The cross 
hatched zone corresponds to that 
considered for content calculation. 

» 

First, the existence of some parasitic effects which can distort the measure­
ments should be noted. They have two origins: the C surface contamination and the 
nuclear interferences with the different matrix components. The first can be 
solved by preparing a thin C film (-16 nm) coated on a natural glass sample which 
will be analyzed under the same conditions. Thus, the C sur.ace region contribution 
to the experimental spectrum is defined and can be subtracted for further content 
calculations. The major glass and mineral components are light elements as Si (-45 
wtZ), Al (-20 wtZ) and Mg (-8 wtZ). Each of them gives a charged particle spectrum 
with peaks contributing to the carbon analysis background. Interference ratios can 
be calculated and then subtracted from the C contribution to perform more accurate 
determinations. 

A graphite sample with a known density is used as standard (figure 1) 

Table 1 Carbon contents in different samples 

Sample Glass 

ALV 981 R23 
Scapolite Bolvln 
San Carlos Olivine 
Piton de la Fournaise 

ETNA Silvestrl (1) 
(1892) 
Silvestrl (2) 
(1892) 
Ht. Rossi (1) 
(1669) 
Ht. Rossi (2) 
(1669) 

1500*400 -» 100*30 

(detection limit 
(» 60 ug/g> 
500±100 

70±20 

600*150 

120*30 

Mineral 
(ue/e> 

6800*1100 
2S0*60 -* 100*30 
(detection limit 

(detection limit 

idem 

(detection limit 

idea 
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Fl(ture 2. (a)Carbon content variations in ALV 961 R23 g lass sample along two horizon­
tal l ines as a function of distance. Arrows Indicate 100 urn vertical dlsplaceaent. 
(b)Carbon distr ibution within scapolite fro» "Chaîne des Puys". The analysed points 
•re randoaly distributed. (c)Carbon concentration of San Carlos olivine along a cross 
section. (d)Carbon dis tr ibut ion within melt Inclusion of S i lves tr l d i v i n e d >. Ecch 
concentration corresponding to one point is given in pg/g . Symbols are: shrinkage 
bubble, b; g lass phase, g l ; host ol iv ine, o l . 

T- 600 SECS 300 SECS DLSILV 01. 43 
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Figura 3. Scapollte spectrum with two re­
lions (C surface and C subsurface),600 s. 

c tunnel 

CHANNf l 

Figure, 4. Spectrum from glass phase to 
SilvestrKl) <1892> sample, 300 s. 

Charged particle spectra, sane conditions at figure 1 except counting time. 
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600 SECS CAC03 1 

J£ CNANNCl 

Figure 5. Spectrum from Silvestrl shrin­
kage bubble (1) (1892) sample, 600 s. 

Figure 6. Calclte spectrum, 300 s. Bu) 
carbon target compared to thin carbo 
film of figure 5. 

Charged particle spectra, same conditions as figure 1 except counting time. 

Results 

T- Ml KCS XROS 

A minimum detection limit (HDD of 40 pg/g was calculated from ALV 981 R23 ba 
saltic fragments, with a 300-400 pA microbeam current intensity on the sample. On 
olivine crystals, SO pg/g Is the lower detection limit because of Mg. For basaltic 
glass Included in the olivine from Piton de la Fournaise, we obtain 60 pg/g HDL 
(table 1) probably due to information loss due to the high current intensity (1200 
1300 pA). We assumed a C content profile in the ALV 981 R23 sample. A higher con­
tent is present in C0 2 gas bubbles in this material (they represent 1 to S vol.Z), 
which decreases when one moves off (see table 1 and figure 2a). An average C con­
tent of 6000 pg/g was calculated with the scapolite mineral (figure 2b). Seven 
points have been examined, exhibiting homogeneity on the surface and with depth a* 
evidenced from the appearance of the spectrum (figure 3), which reproduces exactly 
the carbon C(d,p) excitation curve. For 
the olivine from San Carlos, two groups 
of values (table 1, figure 2c) show hete­
rogeneities in the crystal. For the glas­
ses trapped within Etnean minerals, we can 
take into account two types of heterogen­
eity (table 1, figure 2d). The data ac­
quired for the glass phase (figure 4) and 
those for the shrinkage bubble infer a 
preferential concentration of carbon on 
the bubble walls (figure S). The C spec­
trum corresponding to the melt inclusion 
bubble (figure S), and a bulk target such 
as calclte (figure 6) were compared. The 
major difference is a C peak extension 
towards the lowest energies and, consis­
tently, the existence of a superposition Figure 7. Charged particle spectrum fr 
between C(d,p) and 0<d,p0> reactions, for Ht. Rossi mineral sample. (Conditions 
the calclte spectrum (figure 6). So, the figure 1 except t » 301 s.) 
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Hckness of the C film, on the bubble walls, could be estimated. It does not exceed 
« or 2 urn- Also ue found heterogeneities among the different melt Inclusions examined. 
l h e concentrations vary fr̂-.i 70 pg/g to 500 pg/g. The C content of the host mineral 
.figure 7) is near the detection limit (50 pg/g). The observations and the results 
obtained from the Ht. Rossi and Ht. Silvestrl samples »rt similar (table 1). 

pjjrtission and Conclusions 

Our measurements may be compared to previously published data. The C0 2 concen­
trations <2.5 vtZ> of the scapolite from "La Chaîne des Puys" correspond to the 
calculated value? given by Boivln and Camus(7). These authors describe the difficul­
ties in analyzing C in these kinds of minerals using classical methods. Our results 
oolnt to an homogeneous distribution of this element within the selected sample. 

The C content of Hg minerals such as olivine from San Carlos are lower than 
100 pg/g. close to the detection limit, neglecting the surface C. The measurements 
«re reproducible and comparable to th» bulk C content published for this material 
<5). Some anomalies were detected, inferring the existence of tiny C0 2 rich inclu­
sions. Measured concentrations and detection limit calculations are in accordance 
with previous data(lO). Carbon contamination was limited to between 0 and 0.03 pro. 

For the glass fragment (ALV 981 R23), the C concentration obtained using mass 
spectrometry is 146 pg/g<l). For the same specimens, lower values were found (9S 
pg/g>(9) by infrared spectrometry. Our results lead to consideration of the 
existence of a concentration profile, between 1480 pg/g to 100 pg/g, with 42S pg/g 
as the intermediate value. Undoubtedly, the highest content can be related to the 
existence of a C0 2 gas bubble, previously described(9). However, some C determina­
tions (around 2S0-S00 pg/g) seem too high. Effectively, the C solubility is very 
low in basaltic liquids. For tholeiltic basalt outcropped on the sea floor (-2600 
metres), published C concentrations range from 20 to 100 pg/g (9). Other determin­
ations for tholellte lavas(l) indicate values between 141 to 171 pg/g, under 250-
27S bars C0 2 pressure. Solubility of C0 2 clearly depends on the pressured,7,9,11). 
If we consider 42S pg/g C content as representative of the C dissolved In the 
•tholeiltic liquid, the interpretation of the results is not easy. Similar data have 
been obtained on the glass Inclusions trapped within Etnean phenocrysts. 

We have examined the different parameters able to induce analytical errors, 
such as the beam current, the particle range calculations and the existence of 
other light elements as Li, B, F. 

The current is monitored by use of the graphite standard. The composition of 
the different glass samples is similar, the stopping power in the matrix is also 
comparable, so this parameter cannot explain the observed variations. The other 
tight elements (B, F, Li) could produce spectral interferences. However, their 
contents are low. For example, most fluorine determinations in basalts are lower 
than S00 pg/g(12). We have not Identified other characteristic peaks of those 
elements at upper energies. At this stage of our investigations, nothing permits us 
no assign to an experimental error the 400-500 pg/g C contents measured on basaltic 
«lass. 
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