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reliablerecords go back only to the mid-1800s,
he says. Elsewhere, the agency relies on “doc-
uments allowing the estimation of carthquake
frequency and scale [going] back 400 years
Imamura says. Using those records, the earth-
quake research headquarters warned that the
area hit by the 11 March temblor faced a 99%
probability of a magnitude-7.5 carthquake
occurring in the next 30 years.

Okamura and colleagues conducted more
extensive surveys in the Sendai area in the
mid-2000s that bolstered Minoura’s original
findings. According to Okamura, the earth-
quake research headquarters was studying
whether and how to include Jogan in its risk
assessment for the Tohoku region. “But the

ARCHAEOLOGY

In Indus Times, the River Didn’t Run Through It

SANTA FE—The Saraswati was the mother of
all the holy rivers of India, flowing between
the Ganges and the Indus and dispensing

ilk and ghee before it dried up, according
to ancient Hindu scripture. Archacologists
and some devout Hindus have long tried
to pinpoint its course, which the scripture
puts between the Indus and Ganges rivers.
For more than a century the best candidate
has been the ancient channels of the now-
dry Ghaggar-Hakra system in today’s India
and Pakistan. Along its course are scat-
tered settlements of the Indus on,
which some Hindus see as the progenitor of
their traditions.

At a meeting” here last week, however,
three independent teams offered prelimi-
nary evidence that the Ghaggar-Hakra was
at most a modest seasonal stream during and
after the Indus flourished from 2500 B.C
1900 B.C.E. “We need more cores, but
data suggests there was 10 big river here” in
Indus times, said geologist Sanjeev Gupta of
Imperial College London in his talk.

% The findings puzzle and intrigue archac-

ologists. The Indus settlements along the
Ghaggar-Hakra appear to have migrated over
me toward the river’s source. That has been
terpreted by some as a sign of decreasing

5

however, the river was dry or only scasonal,

it may prompt a re-evaluation of how Indu:
peoples acquired water for agncul(ur\ “This
is enormously important work.” says archae-

carthquake occurred before the evaluation
was completed.” he says

Any upward revision is now also too late
for the Fukushima plant. The first reactor was
completed in 1971, long before the Jogan
event appeared on the scientific radar. Plan-
ners girded for a maximum 5.7-meter tsu-
nami; Toky Power Co. esti

N E V)

cancemed mostly about earthquake shaking,
brushed aside his concerns, he asserts.

Japan and other countries will surely
rethink tsunami threats—just as Minoura
intends to do. Originally, he says, he tried
to “simply make clear the geological pro-
cess of coastal environments.” But now, 1

the tsunami that took out the backup diesel
‘generators was 14 meters high. The company
missed a chance to address the deficiency
when an expert panel reviewed the plan
seismic resistance in 2008. As The Washing-
ton Post reported, Okamura told the panel
about the Jogan earthquake and wamed that
a bigger tsunami was possible. The panel,

ologist Rita Wright of New York University in
w York City, who heard Ihc e presnatons

e when the Ghaggar-Hakra
last was an active river, researchers looked

for the youngest sediments deposited _son

by flowing water. Each of the three
roups dated sediments primarily
with optically stimulated lumines-
cence, a technique that uses !lu
light
0 es
last uposm 1o light. Gupta’s team
drilled ral 40-meter cores near the

found that river sediment deposits
approximately 14,000 B.C.E. long before the
Indus culture. Gupta said in his talk that the
river may have jumped into the bed of the
Sutlej River to the west at this time. Hideaki
Maemoku of Hiroshima University led a Jap-
anese team that found that sand dunes sur-
rounding the Ghaggar-Hakra are older than
10,000 years, another indication any river

want to deeply on the future of geo-
logical work [related to] tsunamis,” he says.
‘The Tohoku temblor should convince the
scientific community and authorities that
magnitude-9 earthquakes can occur anywhere
along subduction zones, McCaffrey says.
Like a tsunami, the effects of the 11 March
Tohoku carthquake will spread far and wi

~DENNIS NORMILE

Dry hole. Researchers drlla core (top) in the bed of
the ancient Ghaggar-Hakra River in India.

Clift says the drying of the Ghaggar-

that may yet help

present had long since dried up by that point.
s i the  Hakramay
would-be Saraswati: “No, it wasn't mighty”  explain the civilzation's mysterious decline.
Based on work downstream in Pakistan,

another team, led by geologist Peter Clift
of the University of Aberdeen in the United
Kingdom, agrees that ltle water flowed regu-
larly in the system after 2500 B.C.E. But Clift
believes the river may have simply shiftd to
anothe: channel and that

“American Geophysical Union meeting, “Climates, Past
Landscapes and Civilizations,” 21-25 March 2011,

www.sciencemag.org SCIENCE VOL 332
Publihedi

there still may have been flow in the Ghaggar-
Hakra during Indus times.

However, other researchers note, even though
no surface water flows today, the ancient
channels still provide groundwater for farm-
ers and might have done so in the past. And a
dried-up riverbed may have beena safer place
tosettle than the banks of a major river suchas
e Indus, which flooded disastrously in 2010.
(ow we have more questions,” Wright says.
~ANDREW LAWLER

1 APRIL2011 23

Downloaded from www.sciencemag.org on April 11, 2011
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