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Figure 2. Diagram showing the mean water (1-120), fluorine (F),
chlorine (C), and sulfur (S) contents of melt inclusions (Ml) in feld-
spar and pyroxene vs. matrix glass, as analyzed by electron and
ion microprobe. Errors are ± 0.1 weight percent (Wt. %), ± 0.045
weight percent, ± 0.01 weight percent, and ± 0.01 weight percent
for water, fluorine, chlorine, and sulfur, respectively. The volatile
contents of the melt inclusions are similar to that of matrix glass.
A one-to-one correlation line is drawn. Note that only water deviates
from the one-to-one line, but not significantly due to the large an-
alytical error.

EAR-8408163 (to P. Busek). Ion microprobe analyses were made
at the Arizona State University facility, and we would like to
thank R.L. Hervig for his invaluable advice and guidance.
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Volatile emissions
from Mount Erebus
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Mount Erebus, Ross Island, is a 3,794-meter-high, active
volcano which contains a permanent, active convecting lava
lake of anorthoclase phonolite magma. The lake was discov-

ered in 1972 and has varied in size and position within the
summit crater. Apart from a brief period in late 1984 when the
lake was buried by ejecta from an extended period of large
frequent strombolian eruptions, the lake has been a site of
continuous degassing. The emitted volcanic gases result in a
distinct plume which is dispersed over the southern Ross Sea
and Ross Ice Shelf. Since December 1983, we have measured
the sulfur dioxide emission rates from the summit crater of
Mount Erebus to monitor the activity and to give an estimate
of the contribution of Erebus to the pristine antarctic environ-
ment. To complement these measurements, we estimated
emission rates of other aerosols and gases in December 1986.
Here, we report on these measurements; further details of
results, analytical techniques, and discussion are given in Meeker
(1988).

Correlation spectrometer (COSPEC V) measurements of sul-
fur dioxide emissions were made using standard stationary,
ground-based, hand-held scans of a tripod mounted COSPEC
(Stoiber, Malinconico, and Williams 1983). In December 1986,
we collected nine sets of treated filters in the volcanic gas
plume on the crater rim of Mount Erebus. A 110-millimeter
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diameter filter pack consisting of a 2-micrometer Zeflor Teflon
(PTFE) particle filter followed by four lithium hydroxide (7LiOH)
treated filters were used (Kitto, Anderson, and Zoller 1988;
Finnegan et al. 1989). The treated filters collected the acidic
vapor-phase species (e.g., sulfur dioxide, hydrogen chloride,
hydrogen fluoride, etc.), whereas the Teflon filters trapped the
solid particulate material. The filters were analyzed at Los Ala-
mos National Laboratory by instrumental neutron activation
analysis; sulfur was also analyzed by ion chromatography.

Sulfur dioxide emission rates in December 1986 were 20 ±
11 megagrams (1 megagram = 10 6 grams) per day. This com-
pares to 230 ± 90 megagrams per day in December 1983 (Rose,
Chuan, and Kyle 1985) and 25 ± 10 megagrams per day in
December 1984 (Symonds, Kyle, and Rose 1985).

Analyses of element concentrations for the filter packs are
determined in micrometers per cubic meter of air sampled.
Representative analyses of four sets of filters collected on three
consecutive days are given in table 1. Absolute values of ele-
ments vary widely on the filters and depend on the nature of
the plume and its dispersal over the collection site, the type
of volcanic activity and the collection position with respect to
the magma lake. Because the plume is highly diluted by the
atmosphere prior to sampling, it is more realistic to examine
the element enrichment in the volcanic emissions with respect
to their concentration in the magma. Enrichment factors (see
table 1 for definition) are, therefore, used. Table 2 lists bro-
mine-normalized enrichment factors averaged for all nine filter
samples and normalized using measured or estimated abun-

Table 1. Representative analyses (in micrometers per cubic meter unless noted otherwise) of particle and treated filter samples
collected at Mount Erebus in December 1986. Calculated enrichment factors for the gas relative to the Mount Erebus magma are listed.

The magma element abundances are based on direct measurements except for indicated elements
where an average crustal abundance is used.

Magma
Enrichment	 (in parts per

Element	 20 Dec'	 21 Dec	 22 Dec	 factor  x 105	 million)

Fluorine
Sodium
Aluminum
Sulfur
Chlorine
Potassium
Calcium
Scandiumd
Vanadium
Chromium
Manganese
Iron
Cobalt
Copper
Zinc
Arsenic
Selenium
Bromine
Rubidium
Molybdenum
Indium
Antimony
Cesium
Lanthanum
Cesium
Samarium
Europium
Ytterbium
Hafnium
Tantalum
Tungsten
Goldc
Mercury

a Average of two filters.

728
127

12.2
164

1,709
96
18.5

1.9
0.01
0.08

658
132

7.0
171

1,784
134

n.d.c
n.d.
n.d.
0.2

35,500
185

19
24,920
99,433

233
187
103
69

1,276
8

102
2,405
4,218
4,130

31,133
88

100,000
643

2,269
132,365

9,190
1,206

26
232

43
341
870

83
97

1,625
5,445

18,840

2,140
63,275

106,000
260

1,400
37,940
18,000

3.5
25
14

10,070
29,100

2.4
13

115
3.6
1.4
3.57

109
16.2
o.i
0.5
2.0

207.6
57.3
26

2.4
5.25

27.4
18.1
l.5f
0.023
0.08'

228
30.9

5.0
62.7

664
26.1

7.3
0.8
nd.
0.01
0.13
6.8
0.004
0.84
2.5
0.36
0.05
1.6
0.16
0.07
0.04
0.007
0.007
0.011
0.046
0.001
0.001
0.023
0.055
nd.
0.01
1.31
0.005

0.70	 0.34
13.2	 9.1
nd.	 n.d.
4.4	 n.d.
3.0	 3.0
2.0	 1.5
0.04	 0.04
3.0	 4.8
0.70	 0.81

nd.	 0.02
0.18	 0.20
0.07	 0.03
0.02	 0.04
0.03	 0.02
0.05	 0.03

n.d.	 0.004
0.01	 n.d.
0.01	 0.01
0.006	 0.008
0.02	 0.01
0.04	 n.d.
0.62	 nd.

nd.	 0.003

b Enrichment factor =	X9 /Bra.
X magma/Brmagma

c nd. denotes not detected.
d In nanograms per cubic meter.

Germani (1980).
Taylor (1964).
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Table 2. Calculated emission rate (in megagrams per day) of
some volatile elements from Mount Erebus in December 1986

and estimated emission rates in 1983 assuming the same
element-to-sulfur ratios as in December 1986.

Element	 1986	 1983

Fluorine	 41.8 ± 4.1	 484
Sodium	 6.8 ± 1.6	 78
Chloride	 107.0 ± 0.7	 1,234
Potassium	 5.9 ± 1.8	 68
Copper	 0.2 ± 0.1
Zinc	 0.25 ± 0.1
Arsenic	 0.09 ± 0.03
Bromine	 0.24 ± 0.05

NOTE: Calculations used the measured sulfur dioxide emission rates of
20 and 230 megagrams per day in 1986 and 1983, respectively.

dances of the elements in the phonolite magma. Indium is the
most enriched element in the volcanic plume relative to its
concentration in the magma and is followed by chlorine, flu-
orine, arsenic, and sulfur.

Absolute emission rates for selected elements have been
determined using the COSPEC 2 sulfur dioxide data and the
element/sulfur ratios determined from the filter packs (table
2). In December 1986, the emission rates of hydrogen chloride
and hydrogen fluoride were 107 and 42 megagrams per day,
respectively. These emission rates are significantly higher than
sulfur dioxide which commonly dominates over hydrogen
chloride and hydrogen fluoride at most other volcanoes around
the world. This is a function of the evolved nature of the
strongly undersaturated alkalic phonolitic magma. If the com-
position of the gas plume remains unchanged with time, then
the COSPEC results from December 1983 can be combined
with the 1986 treated filter data to give an estimate of the

hydrogen chloride and hydrogen fluoride emissions rates of
1,234 and 484 megagrams per day, respectively (table 2). These
estimated emission rates for 1983 are extremely high and sug-
gest that Mount Erebus has been an important source of aero-
sols to the antarctic atmosphere.

This work was supported by National Science Foundation
grant DPP 85-19122. We appreciate the assistance of the VXE-
6 helicopter crews and ITT Antarctic Services personnel for
logistic support.

References

Finnegan, DL., J.P. Kotra, D.M. Hermann, and W.H. ZoIler. 1989.
The use of 7LiOl-l-impregnated filters for the collection of acidic gases
and analysis by instrumental neutron activation analysis. Bulletin of
Volcanology, 51, 83-87.

Germani, M.S. 1980. Selected studies of four high-temperature air pollution
sources. (Doctoral thesis, University of Maryland, College Park,
Maryland.)

Kitto, ME., D.L. Anderson, and W.H. Zoller. 1988. Simultaneous
collection of particles and gases followed by multielement analysis
using nuclear techniques. Journal of Atmospheric Chenistry, 7, 241-
259.

Meeker, K. 1988. The emission of gases and aerosols from Mount Erebus
volcano, Antarctica. (Master of science thesis, New Mexico Institute
of Mining and Technology, Socorro, New Mexico.)

Rose, WI., R.L. Chuan, and P.R. Kyle. 1985. Rate of sulphur dioxide
emission from Erebus volcano, Antarctica, December 1983. Nature,
316, 710-712.

Stoiber, RE., L.L. Malinconico, and S.N. Williams. 1983. Use of the
correlation spectrometer at volcanoes. In H. Tazieff, J.C. Sabroux,
(Eds.), Forecasting volcanic events. Amsterdam: Elsevier.

Symonds, RB., P.R. Kyle, and W.I. Rose. 1985. SO 2 emission rates
and the 1984 activity at Mount Erebus Volcano, Antarctica. EOS, 66,
417.

Taylor, S.R. 1964. Abundance of chemical elements in the continental
crust: A new table. Geochimica et Cosmochimica Acta, 28, 1,273-1,285.

The dry valleys
mafic dike swarm,

southern Victoria Land

WALTER R. VENNUM*
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The dry valleys lie in the Royal Society Range of the Trans-
antarctic Mountains in southern Victoria Land. The oldest ex-
posed rocks in this area are the metasedimentary Skeleton

* Present address: Department of Geology, Sonoma State University, Roh-
nert Park, California 94928.

Group of Cambrian or Late Proterozoic age. The Skeleton Group
is intruded by a suite of locally deformed granitic to dioritic
rocks (the Granite Harbor Intrusive Suite) which was emplaced
during the Ordovician Ross orogeny. Numerous series of mafic
to felsic late synorogenic dikes also of probable Ordovician age
(Berg 1988) cut this basement complex in many parts of south-
ern Victoria Land. Gunn and Warrer (1962) have described the
geology of southern Victoria Land and Keiller (1988) has dis-
cussed the complex field relations of the dikes.

The synorogenic dikes include as many as four cross-cutting
sets of dark, mafic, aphanitic dikes (Angino, Turner, and Zeller
1962). Numerous geologists have referred to these dikes as
lamprophyres. These dark, mafic, aphanitic dikes, however,
do not contain euhedral mafic phenocrysts and thus do not fit
the classical definition of lamprophyres (Streckeisen 1979; Rock
1984). An extensive swarm of these dikes is well exposed in
eastern Wright, Taylor, and Victoria dry valleys. The field re-
lations of this dike swarm, henceforth referred to as the dry
valleys mafic dike swarm, were examined and samples were col-
lected at five localities (Nussbaum Riegel, Mount Insel, Mount
Cerebus, the Eastern shore of Lake Vanda, and on the ridge
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