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Int roduct ion:  Atmospheric aerosols and gases modulate the Earth's climate by absorbing incoming 
solar radiation and outgoing energy [e.g., I]. Since volcanic emanations are a major source of these 
species, volcanic activity has been implicated as an important controlling factor in climatic variations 
although the precise mechanisms involved are poorly understood. Sulfur-, C1 and Br species may be 
involved, as well as dust particles. Data  on recent eruptions support a volcanism/climate connection 
[2,3] but the perturbation time scales are geologically brief. Information on past correlations between 
volcanic activity and climate is essential in understanding the magnitudes and lifetimes of volcanism- 
induced climatic fluctuations. 

Possibly the best records of climatic conditions for the past "200,000 years are the polar ice caps, 
samples of which exist in the form of deep ice cores. In principle, the volcanic particles a t  a particular 
depth, the abundance of which varies dramatically, represent records of the type and magnitude of vol- 
canism a t  that  specific time and the volatile output of eruptions trapped as trace constituents in the 
quenched glass. These parameters are datable in absolute terms for the past 20,000 years and with pro- 
gressively greater uncertainty for 200,000 years. 

The qualitative correlation between bulk particle abundance and oxygen isotopic composition of 
the ice layer suggests a link between volcanism and atmospheric temperature [4]. However, experiments 
on individual particles are required to study the details of these relationships because of the common 
occurrence of a significant aeolian component. Previous work on isolated particles has concentrated on 
morphological characterization and semi-quantitative analysis of major elements by EDX [4-91. An 
increased appreciation of the importance of these samples has prompted interest in quantitative chemi- 
cal analyses. 

Exploratory quantitative electron microprobe (EMF') measurements were made on particles in two 
tephras from Antarctica (kindly made available by J. Palais, U. of New Hamp.). These samples are 
products of recent volcanism from Mt.  Erebus (Ereb-2; core collected near Fang Ridge) and ancient vol- 
canism as indicated by the incorporation within blue ice a t  Alligator Peak (Ap-2), South Victoria Land. 
Both of these test specimens are coarser ( g a i n  sizes up to 100 micrometers) than typical ice core parti- 
culates (generally < 10 micrometers). 

Exper imenta l :  A bulk aliquot of each sample was immersed in epoxy on a pure SiO substrate and 
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polished to expose about 80% of the particles. Similar techniques can be used for particles down to 
about 10 microns but smaller particles must be dispersed on a clean filter substrate. Optical microscopy 
showed glass, feldspar, and opaques (Ereb-2) and glass, feldspar, and olivine (Ap-2). Most particles were 
multi-phase, typically glassy fragments with mineral inclusions. Each mount was observed by BSE in 
SEM mode on a CAMECA SX-50 electron probe and phases analyzed quantitatively. Special attention 
was given to  the S and C1 content of the glass. Operating conditions were optimized such that  both ele- 
ments could be detected a t  the lOOppm level in glass without loss due to beam damage. These condi- 
tions were unsuitable however for major element analysis due to extreme loss of alkalies (principally, 
Na). Future analyses will use two different operating conditions to maximize accuracy for both major 
and minor elements. 

E lec t ron  Mic roprobe  Results:  EMP results are given in table 1. Ap-2 glass has ultrabasic and rhy- 
olitic components, the former dominant from a mass standpoint by about 10:l. Olivine in this sample 
is Mg-rich, F 0 8 2  on average. Other minerals present in A p 2  include plagioclase, typically occurring as 
laths within glass shards, and aluminous diopside (E 9% A1203). The two feldspar grains analyzed 
gave distinct compositions, AN20 and AN70. The Mt. Erebus tephra is dominated by glass of inter- 
mediate composition and anorthoclase. Some glass fragments contain abundant inclusions of opaques 
(spinel), silica and feldspars. Only inclusion-free glass regions are analyzed. The results for Mt.  Erebqs 
anorthoclase were comparable to  previous analyses on xenocrysts from exposed lavas [10,11]. However, 
the glass in these rocks is notably higher in sodium than the glass particles in the tephra (9% compared 
to 2% Na,O). - 

An important goal of these exploratory experiments was to establish the statistical disperjion of 
glass compositions within a given tephra sample since this parameter has a direct bearing on the 
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feasibility of performing cross-correlations of ice cores. Glass particle compositions for the two tephras 
studied here formed tight clusters (table 1). The A p 2  ultrabasic glass population exhibits standard 
deviations less than 7% for major elements (the greater Na variance of 20% is probably an analytical 
artifact). The Erebus glass values are 2% for N2o3 and SiO and near 20% for the remaining species 
at percent concentrations. The two rhyolitic glass particles anayzed from Ap-2 differ more substantially 
and may represent aeolian-derived products from distinct, distal eruptions. 

Sulfur and C1 contents of the 3 analyzed glasses (2 from Ap-2) are quite distinct. The ultrabasic 
glass (Ap-2) contains on average 640 ppm S and 320 ppm C1 (S/C1 = 2.01 f 0.41 la) while both ele- 
ments are near the detection limit (about 30 ppm for 100 nA at 15 kV) in the rhyolitic glass (S/C1 
I). Mean S and C1 contents in Ereb-2 glass are 480 and 790 ppm, respectively (S/Cl = 0.60 f 0.19 
10). The mean S/C1 ratios for A p 2  and Ereb-2 glasses are distinguishable at the 2a level. 

Future work will include trace element analyses on individual tephra  articles using the synchro- 
tron XRF microprobe [12] and Van de Graaff accelerator [13] a t  Brookhaven National Laboratory (NY). 
Br and F are among the climatically-significant elements accessible a t  the 10 ppm level with these 
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instruments. 
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Table  1: Mean  Electron Microprobe Results for  Polar  Particles 

Ap-2 A P ~  
ultra-basic rhyolitic AP-2 Ereb-2 Ereb-2 

glass glass olivine a l a s  anorthoclase 
No. of analyses> 23 2 12 20 2 

T i 0  

cr&3 
MnO 
FeO 
NiO 

totals 100.40 104.46* 100.22 101.54 101.27 

all in weight %. nd = not determined, standard deviations in parentheses. * high total due to Na loss 
(see text). 
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