
ARCHAEOLOGY and, pmumably, iaenvuons, retreated in the 
face of a suddenly dry and windy environ- 

Sea-Floor Dust S Dmwht ment,t&phgthecollapseoftheAkkadian 
q h ' s  nmbm provinces. Only after the 

FaHed Alckadian signs ofdryness abated, about 300 years later, 
was Tell Leilan reoccupied. 

Weiss went further, however, propsing 
that refugws from the draght went south, 

SAN 32kANCImmen civilizations col- marine d lends arpport to the c h  where irrigation helped protect crops. b v e s  
k q e ,  the Mame is often laid on the c d w  . culture conndon &at Webs identihd at of immigrants w d  have further stlrtirved a 
i t s e k l h  who overreach& *armies that the mined city csf Tell Ldan in xhe ncadvem soc iapa l ia  system aka& snessed by the 
f a l ~ f a n n e r s w h o ~ t h e l a n d . S u c h  p m d M ~ t a m i ~ ) . a ~ a n R h ; i t t r a d &  ~~.clmught,he~~1ys~mtilthewhoksystem 
were the conventional explanations for the parts of present-day Syria, Ipq, and Turkey coUapd,& the main And he& that 
end of the w011d's first empire, hged by the (see map). Weiss began exa~tiicms there, on the m d - b d h g  Old bgdom of bt, 
Akkadhsby 2308 B.C. ~ & ~ ~ c h e d  the Haha Plabtks of n o b  5- in 1978. the txkm of Paleahe, and the cities of the 
I3QO kilometers fram the b @ r i  &If in Tell Leiian was a major city covering 200 Indw Valley went into ptecipitous declines at 
present-day Iraq to the Mwaters of rhe acres by &e Qiddle of the third dnniuIg about the same time and apparently aiso su6- 
EuphmwEEiver inT+.lky-we~e&etk B.C., and its people t h i ~ e d  on the hawem feral ustable clmtes. 
t o ~ e ~ ~ s ~ c i ~ b r n a s ~ 1 e  of the p W  f a &  fields. But, d k e  &e 13s a neat,story, but critics questioned 
m e ,  but the A lukbn  empire s p b d  a f m e r s d b a  in s~purhg151 l&mpmah3 wh&er the drying really was catastrophic 

d e d  the Shamal would have 
b h  that dust down the Tigris 
and Euphrates d e y ,  over the 
Peisian Gulf, and finally into dre 
Gulf(0f Oman, 221x1 l i3lmlep-e~~ 
fromT& Leilan 

C d m  and d e M d  looked 

k q p s r e p o d  r h a t a m d h e n t m ~ -  turyafterthepaqdedkfnloadincentrd do&m.e&~blownfmmM 
trteved from the bottom of the gdi -ha Mesopotami h reach into the by the'-. They found that 4- 
Web's version &events: The worst dry spell north, those fail, says Web. dm lev& 4 the Gulf of Oman were high , 

of the past 10,008 years began just 8s ihe When We= me-Agnb Onmy, a dw* ioe age until about 1 1,000 yeam 
Akkadiaars'ndem s tmn&iBsfTde sail scientist and archeologist at &e ML ago, I&O& down to levels more typical 
was being abzmdmed, and the drought Easred tbnal Center fot&ientlf;c Reseatch in P* of to&y. Ebt in the gample tPom 2000 B.C. 
a d e a  300 $zus. The new d . t s  illus- dug through the acumdated debris of Tell 100 years, as datedby admn-M, 
trate, say Webs, that climate change "is Leilan, they e n d  an i n m a 1  dwoid &e afiwnhm of dust minemls jGm& ta 
ernqghg as a new and pow& c a d  agent" of s TO to six times abve background, reach- 
in the evolution of c t v i l m .  ing bvels not found at any other time in the 

Some archeolqists gfen't willing to ac- ment past 10,000 years. 
cept that the same,- changed history by &-I4 dmng of c e d  grains. Soil 
across the Old Woeld, hawever, That argu- ~ h t h a t - t 3 ' g l e s h o a r e d ~ f i n e ,  
ment "just M t  float," says archeow ~ e o w n  dust and few signs of earth- 
Carl Lamb-Karlovsky of H d  Univer- A11 . 
sity. But he and others agree &at the new b 
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tracked isotopes of strontium and neo- 
dv~nium, which occur in different ratios in 
dust from different regions. They confirmed 
that during the dust pulse, the proportion of 
minerals with a composition similar to that of 
the soils of Mesopotamia and Arabia increased. 

Given the uncertainties of carbon dating, 
the marine dust pulse and the abandonment of 
Tell Leilan could still have been several centu- 
ries apart. Rut Cullen and deMenocal found in 
the core another time marker that makes a 
somewhat tighter connection. Less than about 
140 years before the dust pulse is a layer con- 
taining volcanic ash. And Weiss had already 
renorted that a centimeter-thick ash laver lies 
just beneath the onset of aridity and abandon- 
ment at Tell Leilan. The strikinelv similar el- , 
emental compositions d the two ashes imply 
that they stem from the same volcanic event. If 
so, then Tell Leilan was abandoned just after 
the start of a climatic change of considerable 
magnitude, geographical extent, and duration. 
"There's something going on, a shift of atmo- 
spheric circulation patterns over a fairly large 
region," says Cullen. 

Some archaeologists agree that this cli- 
mate shift did change history outside north- 
ern Mesopotamia. "Most people who work in 
this range of time don't pay much attention 
to climate." savs archaeolonist Frank Hole of 
Yale; "rather, it's political'*kd social events 
[that matter]. . . . But I think the evidence is 

overwhelming that we've got something go- 
ing on  here." 

While conceding that climate and culture 
interact, a number of archaeoloeists still think - 
that Weiss is pushing the connection too far. 
Drought may well have driven people from 
farmland dependent on  rainfall, like that 
around Tell Leilan, says Lamberg-Karlovsky, 
but Weiss "generalizes from his northern Meso- 
potamia scenario to a global problem. That's 
utterly wrong. . . . Archaeologists fall in love 
with their archaeological sites, and they gener- 
alize [unjustifiably] to a larger perspective." 

Even in Mesopotamia, "you do not have by 
anv means a universal collanse of cultural 
cokplexity," says ~arnber~-~a; lovsky.  For ex- 
amnle. at 2100 B.C.. in the midst of the drv- 
i n i  the highly literaie Ur 111 culture centered 
in far southern Mesonotamia was at its neak. . . 
he says, as was the Indus River civilization to 
the east, which thrived for another 200 years. 
Weiss counters that cuneiform records show 
that Ur  111 did in fact collapse 50 years later, 
apparently under the weight of a swelling 
immigrant population and crop failures. 
That timing still fails to impress Lamberg- 
Karlovsky, who concludes that Weiss is "get- 
ting little support for the global aspect of it." 

Such support may yet come from climate 
records being retrieved from around the 

u 

world. In an enticing look at the postglacial 
climate of North America. Walter Dean of 

the U.S. Geological Survey In Denver found 
three sharp peaks in the amount of dust that 
settled to the hottom of Elk Lake in Minne- 
sota. Dust peaked at about 5800, 3800, and 
2100 B.C., plus or minus 200 years, according 
to the counting of annual layers in the lake 
sediment. During the 2100 B.C. dust pulse, 
which lasted about a centurv, the lake re- , . 
ceived three times more dust each year than it 
did during the infamous Dust Bowl period in 
the U.S. in the 1930s. Rut the archaeological 
record doesn't reveal how this drought af- 
fected early North Americans, who at that 
time maintained no major population centers. 

In another sign that the Mesonotamian " 
drought was global, Lonnie G.  Thompson of 
Ohio State Universitv and his colleagues found 
a dust spike preserved in a F'eruvianvmountain 
glacier that marks "a major drought" in the 
Amazon Basin about 2200 B.C., give or take 
200 years. It is by far the largest such event of 
the past 17,000 years. But it doesn't seem to 
have had entirely negative effects; indeed, it 
roughly coincides with a shift in population 
centers from coastal areas of Peru, where the 
ocean provided subsistence, to higher regions, 
where agriculture became important. As more 
such records accumulate in the rapidly acceler- 
ating study of recent climate, archaeologists 
will have a better idea of iust how much histow 
can be laid at the feet of climate change. 

-Richard A. Kerr 

Getting a 3D View of Surfaces 
- 

T h e  true character of a material is often just 
skin deep. The arrangement of the first two or 
three layers of atoms can he enough to deter- 
mine key properties such as friction, hardness, 
and chemical reactivity. Learning how those 
atoms are organized has been notoriously dif- 
ficult, however. Scanning tunneling micro- 
scopes look at only the top layer of 

has found a way to turn LEED data directly 
into three-dimensional images of the atomic 
arrangements. 

"When we deal with complex materials, 
and we want to  know more about the surface 
structure, or we want to tailor-make some 
structures for certain applications, then this 
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face crystallography is important should ben- 
efit from this technology," adds Dilano 
Saldin, a solid-state theorist at the Univer- 
sity of Wisconsin, Milwaukee. 

The LEED technique dates back to the 
1920s, although it wasn't until the late 1960s 
that researchers developed the algorithms 
needed to determine the atomic structure of 
a surface from the data. Since then, LEED 
has snread to virtuallv everv surface-science 

laborator; in the world, in part g. 
because it is so simple and in- 

expensive. A n  elec- 
tron gun, l ~ k e  a cath- 2 
ode ray tube in your LL: 

television set, is aimed 
at  a surface; the electrons 
bounce off the first few 
atomic layers, interfere with 
one another like light waves, 
and form a diffraction pat- 
tern on a lum~nescent screen. 

scatter off the sur- Surface impression. An electron diffraction pattern (leff) from a silicon carbide surface the intensities and Po- 
fk1ce, and comparing that yields the three-dimensional arrangement of atoms, which matches a model (right). sitions of the spots in the pat- 
to model calculations. Rut tern, an algorithm recreates 
without an approximate picture of the surface will help us do it," says Ulrich Starke, a mem- the arrangement of the surface atoms. 
structure to start with, low-energy electron her of the Erlangen-Niirnberg team, which But it can only do so by iteration, starting 
iliffraction, or LEED, was little help. Now, a describes its work in the 15 December 1997 with an approximate model of the surface in 
team of surface physicists from the University Physical Review Letters (PRL). "Anything for question. "You give this model to the com- 
of Erlangen-Niirnherg in Erlangen, Germany, which a fundamental understanding of sur- puter and make the computer calculate the 
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