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Recent work on a 130-meter ice core from the South Pole
produced a 1,000-year glaciochemical record from which we
identified a number of horizons that were thought to be due
to volcanic eruptions (Kirchner 1988; Kirchner and Delmas
1988). Several of these layers, identified because of their ele-
vated sulfuric acid concentrations, were recently studied to try
to identify glass shards from the volcanic eruptions thought
to have produced the acid fallout. Bulk meltwater samples from
nine of these horizons (table 1) were filtered, and the insoluble
microparticles on the filters were examined and analyzed by
scanning electron microscope and energy-dispersive X-ray
analysis. The accuracy and precision of the analyses were de-
termined by repeated measurements of synthetic and natural
glass standards of known composition.

The major element composition of volcanic glass shards found
in each of the layers was determined and compared with anal-
yses of volcanic ash from known eruptions or from volcanic
sources suspected of having produced the fallout. Table 2 lists
the major element composition of glass shards that were ana-
lyzed in some of the South Pole samples and corresponding
analyses of possible sources or correlative tephra layers in other
ice cores.

Table 2A. Major element analyses (weight percent) of glass
shards in South Pole samples and corresponding analyses of

possible sources or correlative tephra layers in other ice cores.

Sample:	 1	 2	 3

Age (A.D.):	1816-1821	1815	1816-1821
Number of

analyses:	16	 93	 8
Number of

particles:	 5	 5
Reference:	This work	See below	This work

S102	57.83 (1.42)a	57.63 (0.97)	54.14 (1.59)
Ti02	0.72 (0.15)	0.53 (0.07)	2.12 (0.49)
Al203	18.53 (0.74)	19.62 (0.36)	17.04 (2.30)
FeO b	5.53 (0.84)	4.47 (0.32)	9.09 (2.35)
MnO	 0.28 (0.21)	0.16 (0.11)	0.21 (0.10)

MgO	 1.48 (0.36)	1.29 (0.13)	3.37 (1.58)
CaO	 3.19 (0.67)	3.12 (0.30)	7.93 (0.94)

Na20	 5.61 (0.47)	6.49(l.05)	4.99 (0.68)
K20	 6.02 (0.54)	6.36 (0.33)	0.58 (0.37)
P205	0.09 (0.11)	0.10 (0.14)	0.18 (0.20)

S03	0.34 (0.13)	n.a.c	0.19 (0.20)
Cl	 0.47 (0.12)	na.	0.21 (0.06)

a One standard deviation.
b FeO total Fe as FeO.

Not analyzed.

1. Tambora (?) glass, 1-3-micrometer particles in sample PS 1816.
Compare with 2.
2. Microprobe analyses of matrix glass in plinian fall deposit from 1815
Tambora eruption, Sigurdsson and Carey (in press).
3. Glass 2, 15-30-micrometer particles in sample PS 1816. May be
from 1819-1821 eruptions of Deception Island (Orheim 1972). Compare
with 6, 7, and 8 (table 2C).

Glass shards believed to be from the 1815 eruption of Tam-
bora volcano were identified in an interval (1816-1821 A.D.)
of elevated sulfuric acid in the South Pole core (table 2A, col-
umn 1). Microprobe analyses of matrix glass (Sigurdsson and
Carey, in press), from the plinian fall deposit of the 1815 Tam-

Table 1. South Pole and James Ross Island samples.

Depth
(in meters)

26.4-27.1
27.50-27.99
28.96-29.78
48.4-49.14
50.675-51.725

52.71-53.51
53.51-54.36
68.27-69.21
87.50-88.04

Age
(A. D.)
	

Source/Notes

	

1816-1821	 Tambora?

	

1809-1813	 Unknown

	

1795-1801	 Unknown

	

1632-1638	 Deception Island? JRI tephra equivalent?

	

1609-1618	 Unknown

	

1593-1600	 Huaynaputina 1600 AD.?

	

1589-1593	 Ruiz 1595 AD.?

	

1447-1456	 Unknown

	

1258-1264	 Indonesia?/Central America?

Sample

SP1816
SP1809
SP1 795
SP1 635
SP1 614

SP1 593
SP1 589
SP1450
SP1259

JR1146	 146	 1640±	 Deception? South Pole equivalent?

a Probable error ± 5 years in upper layers and ± 10 years in deeper layers.
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Table 2C. Major element analyses (weight percent) of glass
shards in South Pole samples and corresponding analyses of

possible sources or correlative tephra layers in other ice cores.

Table 2B. Major element analyses (weight percent) of glass
shards in South Pole samples and corresponding analyses of

possible sources or correlative tephra layers in other ice cores.

Sample:	 4	 5 Sample:	 6	 7	 8

Age (A.D.):	 1809-1813	 1809-1813
Number of

analyses:	 8	 13
Number of

particles:	 6
Reference:	 This work	 See below

Si02	59.74 (1.40)	 59.45 (1.63)
Ti02	0.83 (0.16)	 0.67 (0.24)
Al 203	15.66 (1.75)	 16.43 (0.51)
FeO b	7.84(l.84)	 9.00 (0.72)
MnO	 0.16 (0.07)	 n.a.c

MgO	 2.33 (0.92)	 2.83 (0.73)
CaO	 5.40 (0.91)	 5.44 (0.82)
Na20	 4.22 (0.74)	 4.14 (0.52)
K20	 3.08 (1 .37)	 2.05 (0.40)
P205	0.06 (0.11)	 n.a.

S03	0.28 (0.13)	 n.a.
Cl	 0.47 (0.21)	 n.a.

a One standard deviation.
b FeO , total Fe as FeO.
Not analyzed.

4. Dominant glass in sample PS 1809. Compare with 5.
5. Dominant glass from layer in the Dome C core originally dated 1815
but later interpreted to be from 1809 analyzed on same scanning electron
microscope/energy-dispersive X-ray analysis as this work (Fehrenbach
1984). Unknown source, probably local. Compare with 4.

bora eruption compare very well and are also shown in table
2A (column 2). Another population of slightly larger glass shards
was also found in this layer (table 2A, column 3). These par-
ticles may have originated in eruptions of Deception Island
(see column 8, table 2C) dated by Orheim (1972) as having
occurred about 1819-1821.

Glass shards from an interval of elevated sulfuric acid in the
South Pole core, tentatively dated at about 1809-1813 were
analyzed and are shown in column 4 (table 2B). It is interesting
to note that our analyses of shards in the 1809 layer are similar
to those of Fehrenbach (1984) and De Angelis et al. (1985)
which were from a layer in the Dome C ice core, provisionally
dated at 1815, but now believed (because of a dating error) to
be from an eruption in 1809 (column 5, table 2B).

Column 6 (table 2C) lists the mean composition of 30 par-
ticles extracted and analyzed from a visible tephra layer iden-
tified in a core from James Ross Island (Aristarain, Jouzel, and
Lorius in preparation) at 146 meters and provisionally dated
at about 1654 ± 50 A.D. (figure, block a). This layer is believed
to be from a previously undocumented eruption of Deception
Island (compare with column 8, table 2C). Analyses of particles
in a layer in the South Pole core associated with a sulfuric acid
peak, dated at about 1632-1638 A.D. (column 7, table 2C)
(figure, block b) compare well with those in the James Ross
Island tephra layer. We believe that these particles are from
the same eruption. If so, because the South Pole core is more
precisely dated than the James Ross Island core, we can pro-

Age (A.D.):	1654 ± 50	1632-1638	1912 ± 10
Number of

analyses:	30	 11	 26
Number of

particles:	30	 7	 26
Reference:	This work	This work	This work

Si02	54.92 (2.02)a	55.65 (3.32)	55.73 (3.05)
Ti02	2.42 (0.73)	2.28 (0.89)	2.40 (0.49)
Al203	15.79 (2.60)	13.93 (0.97)	15.89 (1.79)
FeO b	9.76 (2.53)	12.12 (1.29)	10.04 (2.43)
MnO	0.18 (0.12)	0.25 (0.15)	0.16 (0.10)

MgO	3.42(l.27)	3.45(l.35)	3.37 (0.91)
CaO	7.54(l.42)	8.19 (0.58)	6.45(l.45)
Na20	4.66(l.12)	3.01 (1.15)	4.55(l.18)
K20	 0.70 (0.30)	0.63 (0.14)	0.85 (0.29)
P205	0.15 (0.16)	0.14 (0.15)	0.13 (0.10)

S03	0.21 (0.10)	0.16 (0.11)	0.17 (0.09)
Cl	 0.25 (0.10)	0.36 (0.09)	0.14 (0.09)

a One standard deviation.
b FeO , total Fe as FeO.

6. Tephra layer from 146-meter depth in core from James Ross Island.
Approximate age 1654 ± 50 A.D. Compare with 3 (table 2A) and 7.
Probably from Deception Island. Sample courtesy of A. Aristarain.
7. Dominant glass in samples PS 1635. Compare with 3 (table 2A), 6,
and 8. Probably correlates with tephra layer in James Ross Island core.
See 6.
8. Tephra known to be from Deception Island, sampled in firn corn
collected by 0. Orheim. Approximate age 1912 A.D. (Orheim 1972).
Compare with 3 (table 2A), 6 and 7.

pose a revision in the dating of the James Ross Island core
using the correlation between the tephra layers in the two
cores, and the date assigned to the South Pole layer (approx-
imately 1635 A.D.).

Analyses of glass shards in a layer with sulfuric acid peak,
dated at about 1593-1600 A.D., are given in column 9 (table
2D). The sulfuric acid peak in this interval was dated by Kir-
chner (1988) at about 1595 A.D. If this age is too old by 5 to 7
years, this event could be associated with the eruption of
Huaynaputina (1600 AD., volcanic explosivity index = 4).
Glass shards from the 1600 A.D. eruption were previously
found in an ice core from the Quelcaaya ice cap, Peru (Thomp-
son et al. 1984). Two different tephra samples (columns 10 and
11, table 2D) were obtained from the 1600 A.D. Huaynaputina
eruption and were analyzed at the same time as the particles
in the South Pole core.

Another sulfuric acid peak in the South Pole core, dated at
about 1589 A.D. was found to have glass shards in it with a
composition listed in table 2E, column 12 (figure, block c).
Comparison with the analyses of Ruiz glass in column 13 (table
2E) suggests that this layer might correspond to the 1595 A.D.
eruption of Ruiz Volcano, Colombia (volcanic explosivity index
= 4). In that case, the dating of this layer would also be in
error by about 7 years.
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Table 20. Major element analyses (weight percent) of glass
shards in South Pole samples and corresponding analyses of

possible sources or correlative tephra layers in other ice cores.

Table 2E. Major element analyses (weight percent) of glass
shards in South Pole samples and corresponding analyses of

possible sources or correlative tephra layers in other ice cores.

Sample:	 9	 10	 11 Sample:	 12	 13	 14

Age (A.D.):	1593-1600	1600	 1600
Number of

analyses:	18	 7	 20
Number of

particles:	16	 7	 20
Reference:	This work	This work	This work

Si02	72.92 (2.04)a	75.76 (0.53)	77.15 (0.31)
h02	0.34 (0.20)	0.27 (0.06)	0.19 (0.09)
Al 203	13.98 (0.91)	13.85 (0.15)	12.97 (0.17)
FeO b	1.37 (0.28)	1.10 (0.14)	0.71 (0.09)
MnO	 0.11 (0.18)	0.05 (0.06)	0.02 (0.05)

MgO	 0.44 (0.20)	0.27 (0.14)	0.19 (0.08)
CaO	 1.41 (0.35)	1 .22 (0.07)	0.89 (0.07)
Na20	 4.12 (0.73)	3.43 (0.24)	3.55 (0.17)
K20	 3.76 (0.28)	3.89 (0.15)	4.03 (0.14)
P205	0.02 (0.05)	 0	 0

S0 3	0.99 (0.52)	0.15 (0.06)	0.17 (0.06)
Cl	 0.55 (0.18)	0.12 (0.05)	0.13 (0.03)

a One standard deviation.
b FeO total Fe as FeO.

9. Dominant glass in sample PS 1593. Compare with 10 and 11. Prob-
able fallout from Huaynaputina 1600 A.D. eruption (volcanic explosivity
index = 4).
10. Analysis of polished section of pumices from 10-centimeter-thick
ash layer 28 kilometers from crater of Huaynaputina at altitude of 3,070
meters. Sample provided by N. Vatin-Perrignon. Compare with 11 and
13 (table 2E).
11. Analyses of polished section of glass shards from tephra layer at
archaeological site Cerro Trapiche, near Moquegua about 45 kilometers
southeast of Huaynaputina. Sample provided by Ellen Mosley-Thomp-
son. Compare with 12 (table 2E).

Finally, a strong sulfuric acid signal, thought to correspond
to the 1259 A.D. volcanic-acid signal described by Langway,
Clausen, and Hammer (1988) in other antarctic and Greenland
cores, was identified in the South Pole core at about 87.5 meters
(Kirchner 1988). Insoluble particles were extracted from a sam-
ple covering the period from about 1258-1264 A.D., and the
analyses are given in table 2E, column 14 (figure, block d).
Although the exact volcano responsible for this eruption is
unknown, it is thought to be located somewhere in the equa-
torial region. Two possibilities include volcanoes of the In-
donesian arc and volcanoes of Central America and northern
South America (e.g., Colombia, Ecuador).

We believe that the extraction and analysis of volcanic par-
ticles from layers of elevated acidity as well as visible tephra
layers in ice cores can provide important information for dating
and correlation purposes. In shallow ice cores where the time
period covered corresponds to volcanic events recorded his-
torically, the identification of the volcanic source is generally
much easier than in the case of deeper cores which record
older, sometimes unknown events.

This work was funded by a 6-month fellowship from the
French government (Chateaubriand Fellowship) to Julie Palais

Age (AD.):	1589-1593	1595	 1259
Number of

analyses:	12	 10	 24
Number of

particles:	 7	 10	 8
Reference:	This work	This work	This work

Si02	66.70 (0.87)a	66.87 (0.90)	67.28 (0.91)
Ti02	0.93 (0.12)	0.92 (0.07)	0.55 (0.13)
Al 203	15.72 (0.76)	16.07 (0.29)	15.64 (0.22)
FeO b	3.73 (0.56)	3.86 (0.31)	3.32 (0.34)
MnO	 0.08 (0.08)	0.12	 0.14 (0.10)

MgO	 1.51 (0.35)	1.45 (0.20)	0.82 (0.18)
CaO	 3.36 (0.58)	3.59 (0.41)	2.31 (0.21)
Na20	 3.35(l.31)	3.00 (0.53)	5.01 (0.62)
K20	 3.37 (0.35)	3.52 (0.26)	4.19 (0.22)
P20 5	0.13 (0.25)	0.12 (0.07)	0.03 (0.05)

S03	0.87(l.94)	0.39 (0.09)	0.28 (0.12)
Cl	 0.34 (0.05)	0.10 (0.06)	0.49 (0.10)

a One standard deviation.
b FeO, total Fe as FeO.

12. Dominant glass in sample PS 1589. Compare with 3. Probable
fallout from Ruiz 1595 A.D. (volcanic explosivity index = 4).
13. Analysis of glass shards from 1985 eruptions collected in firn core
from Nevado del Ruiz ice cap. Sample obtained from P. Laj (LGGE).
14. Dominant glass in sample from PS 1259, probable source in In-
donesia. Layer associated with strong sulfuric acid signal. Also seen in
other parts of Antarctica and Greenland (Langway et al. 1988).

to initiate preliminary studies of tephra layers in the Vostok
ice core and other antarctic ice cores samples. This work was
carried out at the Laboratoire de Glaciologie et Geophysique
de l'Environnement, Grenoble, France, and at the Centre des
Faibles Radioactivites in Gif-sur-Yvette. Julie Palais wishes to
thank all those at both institutions for their hospitality and
their assistance in carrying out this work.
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Scanning electron micrographs of particles in the South Pole and James Ross Island cores: A) James Ross Island (JRI) 146 meters; B)
South Pole (SP) 1635 A.D.; C) South Pole (SP) 1589 A.D.; and D) South Pole (SP) 1259 A.D. (rim denotes micrometers.)
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