
indirect study, coal was oxidatively de-
graded with sodium dichromate and the
esterified products were identified as
benzo- and dibenzothiophene deriva-
tives by mass spectral analysis. The in-
vestigators concluded (17, p. 380) that
"thiophene derivatives must be indige-
nous to coal." The direct XANES re-
sults reported here support these conclu-
sions.

Simulations carried out with other
model conmpounds yielded spectra that
bore little resemblance to the coal spec-
trum. For example, simulations that
used sulfate as the inorganic component
yielded incorrect relative intensities for
the absorptions at 3.0 and 11.8 eV, to-
gether with peaks at 15.0, 17.4, and 27.1
eV that are not present in the coal spec-
trum (18). Simulations with other organic
models shown in Fig. 1 and in other
ratios yielded peak positions or intensi-
ties, or both, that did not correspond to
those observed in the coal spectrum. We
therefore conclude that the thiophene
unit is the most likely candidate as the
main organic sulfur functional group in
this particular coal.
The results described above illustrate

the applicability and usefulness of high-
resolution x-ray absorption spectrosco-
py, based on the use of intense synchro-
tron radiation for direct, nondestructive
determination of the nature of organic
sulfur in coal. It remains to be deter-
mined how sulfur in coal transforms
through natural and various thermo-
chemical processes during coal conver-
sion and combustion. We expect that, by
signal-averaging multiply scanned spec-
tra, it will be possible to improve the
signal-to-noise ratio shown in Fig. 3a so
that quality spectra in the EXAFS region
at high energy may be obtained and
analyzed to complement the near-edge
data.
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this report is to examine the temporal
relation between the amount of mass
accumulation on Quelccaya and these
tropical Pacific ENSO events.
Each year since 1976, -25 water sam-

ples representing 1 year of snow accu-
mulation on Quelccaya have been col-
lected for analysis of the microparticle
concentration, oxygen isotopic abun-
dance ratios, and beta radioactivity (7,
8). Figure 1 is a composite of the micro-
particle concentrations in eight pits (1976
through 1983) that are joined to produce
a continuous time series. The dry season
(July) horizons (Fig. 1), easily identified
by visual inspection within the snow
pits, result from the concentration of
microparticles during the dry season (7).
The thicknesses of these annual dust
layers reflect the annual snow accumula-
tion (Fig. 1, dashed lines). Using mea-
sured densities, one can convert snow
accumulation into water equivalent ac-
cumulation estimates (Fig. 1).
The 8 years of pit data yield an annual

average of 1.10 m of water per year.
Precipitation was sharply reduced (-30

SCIENCE, VOL. 226

El Ninlo-Southern Oscillation Events Recorded in the
Stratigraphy of the Tropical Quelccaya Ice Cap, Peru

Abstract. Snow accumulation measured during 1982-1983 on the Quelccaya ice
cap, Peru, was 70 percent of the average from 1975 through 1983. Inspection of 19
years (1964 through 1983) ofaccumulation measured near the summit of Quelccaya
reveals a substantial decrease (-30 percent) in association with the lastfive El Nifio-
Southern Oscillation (ENSO) occurrences in the equatorial Pacific. The ENSO
phenomenon is now recognized as a global event arising from large-scale interac-
tions between the ocean and the atmosphere. Understanding this extreme event,
with the goal ofprediction, requires a record ofpast occurrences. The Quelccaya ice
cap, which contains 1500 years of annually accumulated ice layers, may provide a
long and detailed record of the most extreme ENSO events.
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percent) during 1976-1977 and 1982- Oscillation index (the pressure difference for 8 years (1976 through 1983) positive
1983, both periods of intense ENSO between Tahiti and Darwin) (9) (Fig. 2a) SST anomalies are significantly correlat-
events (9). In Fig. 2 we compare the and annual sea-surface temperature ed (R = 0.66; R2 = 0.44; significance
Quelccaya mass balance data (1975 (SST) anomalies at Puerto Chicama, level = 93 percent) with a decrease in
through 1983) (Fig. 2c) with the Southern Peru (1, 10) (Fig. 2b). On an annual basis the snow accumulation (water equiva-

Particles 0.63 to 0.80 jAn Quelccaya
in diameter Standard deviation SST anomaly mass balance

per milliliter of sample (10)Mass balance (Tahiti-Darwin) (OC) (meters of water)

0 6 12 18 (meters of water) 3 2 1 0 -1 -2 -3 1 0 -1 0.85 1.05 1.25
0 July 1983 1983 l I L L L _

+5.2
El Nino 0.86 1982 J/I t

0 1.25July 1982 J/1i

1980 J/J t
1.25

2 1979 J/iJ

0 July 1981 1978 J/J b

1977 J/J
1.12

2 1976 J/J
0 ~~~~~~July1980 1975 al_____b c

2
^E 0 - July 1979

2 1.23 9-: ;9,
20

0 . ---July 1978 1978-1O9I

h

2

0 -

El Nino

2
O ,__ _ _

1.35

July 1977

0.88

July 1976

1.03 -~~9217

. Ju_uly 1975 ' 972-197

70-107 ¾

Fig. I (left). Small-diameter particle concen- 18 9691974,
trations measured in samples from successive 2 0-9
pits on Quelccaya ice cap from 1976 to 1983.20
High particle concentrations are associated
with the dry season from May to August. The
dashed line represents the July snow surface, 9818
and hence the separation between pairs of
these lines represents snow accumulation 4 y 965-1I
over the thermal year (July to subsequent ~
June). Mass balance variations are given in0n 2
meters of water equivalent. The El Nifto years
.of 1976-1977 and 1982-1983 exhibit marked.
reductions in mass balance. Fig. 2 (top
right). Time history (1975 through 1983) of: (a)
the atmospheric pressure anomaly at sea level
at Tahiti minus that at Darwin (1), which is
used as a Souther Oscillation index; (b) the
annual sea-surface temperature (SST) anoma-
lies (1, 10) [the standard deviations for the
SST record are with respect to the 26-year
mean temperature of 16.9°C at Puerto Chi-
cama (1J)]; (c) annual accumulation (in meters
of water equivalent) on the summit of Quelccaya as illustrated in Fig. 1. All the data are calculated for the thermal year (July to subsequent June),
thus spanning two calendar years. Fig. 3 (bottom right). Photograph (1980) illustrating the stratigraphy within a 26-m crevasse 1 km east of the
Quelccaya summit. Looking vertically down into the crevasse, one can view the horizontal dirt layers preserved within the ice cap. The annual
layer separations shown on the right were used to calculate the mass balance record presented in Fig. 4.
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lent) on Quelccaya. Moreover, a lesser
event (1979-1980) (present in pressure
and SST records) is modestly recorded
on Quelccaya. These data support our
1983 field observation that a physical
relation may exist between the amount
of snow accumulation on Quelccaya and
major ENSO occurrences.

In 1980, samples were collected from
the walls of a 26-m crevasse located 1 km
east of the ice cap summit. Figure 3
illustrates the excellent visible stratigra-
phy along the crevasse wall from which a
16-year (1964 through 1980) snow accu-
mulation record was obtained (Fig. 4).
The annual average mass accumulation
over this period is 0.95 m of water, less
than the average for 1975 through 1983
for the summit (1.10 m) because of the
lower elevation and correspondingly
slightly higher ablation at the site. Al-
though the average accumulations are
slightly different for the two sites, the
five overlapping years (1975 through
1980) exhibit similar trends about their
respective means (summit, 1.12 m
year-1; crevasse, 1.00 m year-'). Peri-
ods of lower mass balance recorded in

Standard deviation
(Tahiti-Darwin)

3 2 1 0 -1 -2 -3

SST ano
(OC)

2 1

the crevasse (Fig. 4c) are better correlat-
ed with positive SST anomalies (Fig. 4b)
(R = 0.45; R2 = 0.20; significance lev-
el = 92 percent) than with the negative
pressure anomalies (Fig. 4a) (R = 0.35;
R2 = 0.15; significance level = 87 per-
cent). The lower mass balance in 1970-
1971 is not associated with either ENSO
indicator. All data used in the correlation
calculations reflect the thermal year
(July to subsequent June). These rela-
tions may be investigated over a slightly
longer time interval if we construct a
composite accumulation time series from
the crevasse record (1964 through 1980)
and the pit records (1981 through 1983).
The correlation characteristics for this
longer time record are identical to those
for the period from 1964 through 1980.
The reduced annual accumulation on

Quelccaya recorded at the summit (pit
data) and in the stratigraphic record of
the crevasse is thus temporally correlat-
ed with two prominent indicators of ma-
jor ENSO events. This relation suggests
that meteorological conditions governing
the annual abundance of snowfall on the
Quelccaya ice cap may be physically

Quelccaya crevasse
maly mass balance

(meters of water)
0 -1 -2 0.65 0.85 1.05 1.25

Fig. 4. Time history (1964 through 1980) of: (a) 3-month mean values of the atmospheric
pressure anomaly at sea level at Tahiti minus that at Darwin (11), used as a Southern Oscillation
index; (b) annual SST anomalies (1, 10) [the standard deviations for the SST record are with
respect to the 26-year mean temperature of 16.9°C at Puerto Chicama (10)]; (c) annual snow
accumulations (in meters of water equivalent) (Fig. 3) from the 1980 crevasse I km east of the
summit. The annual mass balance and SST anomalies are calculated for the thermal year from
July to the subsequent June, thus spanning two calendar years, whereas the pressure anomalies
are 3-month averages.
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linked to the major climate anomalies
(ENSO events) in the equatorial Pacific.
In addition, the precipitation on Quelc-
caya originates over the Amazon Basin
to the east; thus there may be a link
between meteorological processes over
the Amazon Basin and equatorial Pacific
ENSO events.
The potential relation between these

ENSO events and Quelccaya mass bal-
ance may prove especially valuable since
two ice cores drilled at the Quelccaya
summit in 1983 contain 1500 years of
annual deposited ice layers. The 1500-
year record of estimated annually accu-
mulation that will be extracted from
these cores may provide an equally long
record of major ENSO occurrences.
Equivalent records of microparticle con-
centrations and size distribution, oxygen
isotopic abundance ratios, and specific
conductivity will also be available. If
these ice core parameters exhibit signals
peculiar to ENSO events, one would
then have further confidence in the re-
cord extracted from the ice cores. The
high temporal resolution available in
tropical ice cores from carefully selected
sites makes them a valuable source of
atmospheric information when an inter-
pretable record can be extracted.
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Temperature Effects on the Rate of Ty Transposition

Abstract. An assay has been developed to measure the rate of transposition of the
transposable element Ty in Saccharomyces cerevisiae. The assay is based on the
altered expression of the glucose-repressible alcohol dehydrogenase gene of yeast

upon insertion of a Ty in front of this gene. By this assay the transposition rate of Ty
elements was found to increase approximately 100-fold at temperatures lower than
30°C, the optimum growth temperature for Saccharomyces cerevisiae.

Ty elements comprise a family of ho-
mologous transposable DNA sequences

present in about 30 copies in most labo-
ratory yeast strains (1, 2). These se-

quences are about 5.9 kilobases (kb) long
with direct repeats of 330 base pairs
called 8 sequences at each end. Their
structure has many features in common
with the Drosophila transposable ele-
ment copia and with retroviruses (1, 2).
Attempts to measure transposition fre-
quencies with the use of marked ele-
ments have not been successful because
of the difficulty of distinguishing transpo-
sition events from gene conversion of
endogenous Ty elements (3). To avoid
this difficulty, we used a method for
detecting transposition of Ty -elements
based on the ability of Ty elements to
alter the expression of adjacent genes (1,
2) and, in particular, the alcohol dehy-
drogenase 2 (ADH2) gene. Saccharomy-
ces cerevisiae has three ADH isozymes:
ADHI, the fermentative isozyme;
ADHII, an isozyme repressible by glu-
cose; and ADHIII, an isozyme associat-
ed with mitochondria (4). Medium con-

taining antimycin A can be used to select
for cells with ADH activity because it
eliminates respiration, thus requiring cells
to use their fermentative pathway and
therefore ADH activity to grow (4). Mu-
tants that express ADHII constitutively
because of mutations at ADH2 (the
ADHII structural gene) or at regulatory
loci for ADH2 have been selected from a

strain lacking ADHI by their ability to
grow on medium containing glucose and
antimycin A (4). Seven of the nine
ADHII constitutive mutants selected
that were linked to ADH2 were shown to
carry Ty insertions upstream from this
gene (5).
By determining the rate at which anti-

mycin A-resistant mutations occur and
the percentage of such mutations which
are the result of the insertion of a Ty
5 OCTOBER 1984

element adjacent to ADH2, the rate at
which Ty elements transpose into this
region was estimated. A potential prob-
lem in the determination of mutation
rates in the ADH system is that cells

expressing ADH on glucose-containing
medium have a shorter doubling time
than cells that do not have ADH activity
(2 hours and 4 hours per doubling at
30°C, respectively). To circumvent this
problem we used the P0 method, which
bases mutation-rate calculations on the
proportion of cultures with no mutations
(6) (see legend to Table 1). Even though
use of this method leads to larger varia-
tions in mutation rate than estimates by
other methods, it eliminates biases due
to growth rate differences of mutants.

Mutation rates to antimycin A resist-
ance were determined in several inde-
pendent experiments for cultures of a

strain carrying a deletion in ADHI, the
structural gene for ADHI (7), grown at
150, 200, 300 and 37°C. A total of 83
independent antimycin A-resistant mu-

tants was examined. DNA was isolated
from each of these mutants, and trans-

fers (Southern) of genomic DNA cut
with Bam HI were examined after hy-

Table 1. Determination of mutation rates with the use of strain 315-ID (adhl-Al ADH2 trpi
his4). Construction of a yeast strain carrying a deletion ofADHI (mutation adhl-Al) has been
described (7). Each line in the table represents an independent experiment. For each estimate of
the mutation rate to antimycin A resistance, 16 to 18 cultures were grown for six to eight
generations at the experimental temperatures, and a small portion of cells from each culture was
plated on YEPD medium (yeast extract, peptone, and dextrose) to determine the total number
of cells per culture. The remaining cells were plated on YEPD medium containing glucose and
antimycin A and incubated at 30°C (4). Colonies were counted after growth at 300 for 5 days.
Mutation rates are reported as the number of mutations per cell per generation ± the 95 percent
confidence interval (6). The increase in transposition rate at low temperatures was not due to a
burst of Ty transposition when the cells are first placed at low temperatures because only a
small number of mutants per culture was seen (the median number of mutants per culture is
between 0 and 7 for all experiments). The cells were plated at approximately 106 cells per
milliliter for cultures grown at 20° and 15°C and at approximately 107 cells per milliliter for
cultures grown at 30° and 37°C. For 315-ID cells grown at 37°C the estimates of the number of
cells per milliliter from hemocytometer counts was ten times higher than estimates from the
number of cells that grew on YEPD plates, indicating that only 10 percent of the cells were
viable. Hemocytometer counts were only about 10 percent higher than viable counts for 315-1 D
grown at the other temperatures and for three independent mutants carrying Ty insertions
adjacent to ADH2 grown at 370, 300, and 15°C. The detection ofTy insertions is described in the
text. DNA was isolated as described (17). Transposition rates are reported as the number of
transpositions per cell per generation. These transposition rates are minimum estimates because
only one mutant from each culture was tested by Southern blot analysis (8) for insertion of a Ty
element to ensure that all the mutants were independent. The mean number of mutations per
culture was less than 3 for all experiments so that sampling errors should not be a major
problem. Also, mutants carrying insertions at ADH2 appeared to grow as fast (or faster than) as
most other antimycin A-resistant mutants. Reconstruction experiments in which three mutants
carrying Ty insertions adjacent to ADH2 and strain 315- ID were grown at 370, 300, and IS°C and
then mixed at appropriate densities (10 to 100 cells per plate for mutants carrying Ty insertions
adjacent to ADH2 and 107 to 108 cells per plate for 315-lD) showed nearly 100 percent plating
efficiency for all three Ty mutants grown at all three temperatures.

Temper- Mutation rate Mutants with Ty insertions Trans-
ature to antimycin A position
(OC) resistance* Fraction Percent ratet

15 (1.1 ± 1.0) X l0-7 5/12 42 2.4 x 10-8
20 (1.6 ± 1.5) x 10-7 5/18 28 1.7 x 10-8
30 (6.6 ± 7.4) x 10-9 0/7 3 <7.4 x 10-1°

(6.8 ± 12.4) x 10-9 0/5 <9.3 x 10`0
(4.9 ± 5.4) x 10-9 0/11 <2.7 x 1010
(4.7 ± 3.0) x 10-9 1/12 2.1 x 1010

37 (2.4 ± 3.6) x 10-7 0/2 0 <1.2 x 10-7
(1.7 ± 1.2) x 10-7 0/16 <4.9 x 10-9

*Mutation rates were estimated by the PO method (PO = e m, where PO is the number of cultures without
mutants and m is the mean number of mutations per culture; m is then divided by the mean number of cells
per culture to give the mutation rate) (6). tTransposition rates were calculated whereby PO is equal to the
number of cultures without antimycin A-resistant mutations plus the number of cultures in which the mutant
analyzed did not contain a Ty insertion as PO.
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