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Figure 10.1 Decapitated 5:39_
sacrifice victimg
Huaca de la ¢
Luna, Peru,
(National Geographic Image
Collection / Alamy)

The Moche state controlleq atleg
ten coastal <m__w<m along the :onm__
coast of what is now Pery ac_._::
the mid-first millennium ap. A Sy m_
elite of fierce warrior-priests built M
the political and religious :ma_zo::
of earlier Andean societies tg namﬁm

a complex .m_.._u very wealthy monmmﬂm
based on _:_mm:.o: agriculture and
far-flung trade with highland neigh-
bors. The nobility, probably g o
work of princely families, ruleq from
imposing temple complexes basag
on adobe pyramids built by thoy.
sands of commoners, Who paid trip,.
ute to the state by compulsory labor
known in later centuries as mj'ta, mL
ancient Andean tradition. Much of
what we know about Moche soclety
comes not from written texts — thejrg
- Ty their flamboyant visual culture expresg
kit o_.,._mmm:.oﬂ ,_\,..MMMMMM:“,\:%&%:MHU_MEmm_ textiles, and s.m__ paintings. A mFMﬂ
m:mM_quﬂ_“_uM_(,ﬂmM culture _.m._ concerned with warfare, captured prisoners, and humap
Saciifice acas de Moche site, dominated by twa hy
.ﬁ:m.mﬂmm:mmﬁ wmowﬂw M%MMhLmM:mM M_Moﬂ,._ Huaca de la _L._:.m_ the Temple .n; the _,\_oomq”
pyramids :mnﬂm %::::m_ investigation since 1991 by Peruvian mﬂn:mmo_ﬂm_mﬁm Santiago
memwmmwﬂm:m_.mwwao Morales (see Figure 10.9 on p- 252). While mxﬁnm<m::m aplazain g
secluded area of the temple, Steve Bourget uncovered ﬂuqmo_mm Hm_._:o:sﬁnma by high
adobe walls, built in the sixth or seventh century A.D., s_a.ma a _uc mm%xm_.ﬁ,:z male war-
iors were sacrificed. Many of them were m:_.ummn_cm&? ismembered in the course of
M_ﬁ least five different ritual events. After their sacrifice, the conﬁ ﬂmnm of the victims
were scattered around the ritual area, some o.ﬁ them mnooamm:_m y deliberately bro-
Jay statuettes of named men, their bodies covered with elaborate symbols (see
_mmmm:cmwm%o.:. These were three-dimensional representations of individuals depicted in
ﬂ_:@mwm:hw:m%m.mm sacrifices mean? They may be ritual Killings n.: prisoners of war, a qm-
quent motif in Moche art, and one well documented by the Uc:.m_.m oH :._% _.o_dm of Sipan,
dating to about AD. 400 (see Figure 3.4 on p. 64). Bourget o:m_:m_ﬁ m__ﬂ,..ma that the
dead men were indeed casualties of a ritual cm:_m.. staged to placate the unknown ﬂoﬂomm
that unleashed strong El Nifios on Moche domains. But after E.;_.Jmﬂ mﬁca«. he realized
that El Ninos were, in fact, already fully integrated into Eo.o:m religion and ideology. The
pectorals, bracelets, and other ornaments worn by the .m_um: lords, and _oow.ma from other
tombs, prominently depict exotic animals like the Peruvian eagle ray and swimming crabs
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6ho (t-Term and Long-Term Climatjc Change

- es in m
he € and have |j
Luman existence. For example, the exist ve little more than long:-term effects

ence of a low-lying land bridge between

would have taken many centuri

. : ; es and human

Lerations: Shorttersy nw:d.m.un m:wbmmh such as the floods or Mnoc hts caused by El

8 " isodes or volcanic eruptions dumping ash i B y

Nifo ep o5 Of CatAStro iy e PINE ash into the atmosphere, are another

r. MemosE en % £ phuc famines and other events associated with such events
thousancas/ O PECEs uman history, people h i

not th ‘b sudden climatic shifts bringing QSSM%MU ple have developed strategies to

deal W t, hunger, or unexpected food short-

S es, AU have always been brilliant opportunists, capable of improvising solu-
fEjp unexpected problems caused by envir

ion P it ) ronmental change. Thus environmental
reconstruction € & 0 major concerns for archaeologists wherever

ﬂ,:m,_. acOl«!

Long-Term Climatic Change: The Great Ice Age

About 1.8 million years ago, global cooling marked the beginning of the Pleistocene
%onr‘ more popularly called ﬁ.,sm Great Ice Age. Together with the Holocene, which
pegan about 15,000 years ago, it m.oﬂbm.ﬁmn.“ of the Quaternary epoch. The Pleistocene
was remarkable for dramatic swings in world climate. On numerous occasions dur-

ing the Pleistocene, great .mnm sheets covered much of western Europe and North
America, bringing arctic climate to vast areas of the Northern Hemisphere. Scientists
have identified at least eight major glacial episodes over the past 780,000 years, alter-
nating with shorter warm periods when the world’s climate was moBmsmﬁmm‘imnSmH
than today. The general pattern is cyclical, with slow nooﬁﬁmm culminating in a rela-
tively short period of intense cold, followed by rapid warming, For 75 percent of the

past three-quarters of a million years, the world’s climate has been in transition from
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one extreme to another. _.,_...,.. h:“mf_” estimates are correct ed
riod. If the current scien L1CIES . hegin to enter anoth Blol
cial mudf.—_.:d&.— - :M.; :iG:‘G_.... we will _Jﬁﬁ_.....__r.__v _r.FT: ¥ er nO—ﬂ —U—Jﬂwﬂvm—
warming d oes # ms
é t 23,000 years. y . ~limatic fluctuations of t
.70/—.“,_ ::.HF_M_,_.O..:.L exactly what causes the l::,_”n of f.cr_ﬂ ..,_n:..:o%m L >mm. b
th ._, are connected with oscillations 11 the :M__.m:.r:W changes are of gr b L tra;, ad
ey are € acte g v atic cha S .
tory of the earth around the sun. But suches _m_ﬂ._,n.?ozn..mzr.__ _umnramomum ﬂs_uo:m”M.
to archaeologists, for they form a _c:m-Fq_zw:S: beings lived on OW<OH the mm_._”
RGNS, T - uch almost NO, NUITE ¥ B ery ¢
~hapters of our past. Although a . n Hem Ose
et hat covered sO much of the Northern isphere, they dig to,
sheets tha associated with the ice sheets: 2 live
-+ Lo,

the great ice X
g 3 -~ weological phenomena 2
in regions affected by geologic cts are fornih e -
:‘m._r.,..r_._rn.:, nd river flood-plains. When _:.:.?.J._ﬂulmm mn_” wn,noam:ﬂ“_ in direct mwwow_
u:.m_ﬂ:.:: Pleistocene geological features of pu:w «vow m_mmmmo,nm:m m<mﬂm. POssible z_.
in archaeological sites with the relative chrono ogy = n_mn:.mn_ m..o%.

mmo_om_.mm_ strata.

Deep-Sea Cores and Ice Cores

Our knowledge of [ce Age climatic cha

nge comes from many sources, e
.11 deposits and :a:._m
geological strata such as glacial depo>1

ancient high beach levels, and o
animal bones from mna.n.nc::?::m:v. sensitive zu_mz.m_:ﬁmwhwhmhmmmmm clephants m..ﬁmm““
small as mice. Such mﬁﬁno.gnrmm have long provi na M.nm < Mmcom_mnw >mm Blaci.
ations. But in recent years the study omammm-mmm N_E: i 0 ::cﬂ..nmnocq
understanding of the Pleistocene by providing mo & m:m_ T ﬁnwzm»m:zw chan.
ging Ice Age climate from deep below the ocean floor rt of the Oamm:_m:n

ice sheet.

The world’s ocean floors are a priceless archive of ancient climatic change

Deep-sea cores produce long columns of oﬂ..,mmn-m__oon mmn_”ﬂm:nm :wm» w:n—:am skel.
etons of small marine organisms that once lived close to the ocean’s surface, These
planktonic foraminifera (protozoa) consist largely of calcium carbonate. When alive
their minute skeletons absorb organic isotopes. The ratio wm two of these isotopes
oxygen 16 and oxygen 18 — varies as a result of m<mﬂ03:0:. Ae.rmﬁ eVaporation i
Em?ﬂoamo::m lighter oxygen 16 is extracted from the ocean, leaving the Emzrg:

to be enriched by more of the heavier oxygen Hm.. When great ice sheets formeq on
sea levels fell as moisture was drawn off for continen.

land during glacial episodes, £ .
tal ice caps. During such periods, the world’s oceans nozﬁm_:m.n_ more oxygen 18 i
flected in millions of foraminifera. A mass Spec

|

_

proportion to oxygen 16, a ratio re :
hich does not reflect ancient temperatyre

trometer is used to measure this ratio, W .
changes but is merely a statement about the size of the oceans and about contep,.

porary events on land. : : :
One can confirm climatic fluctuations by using other lines of evidence as well, such

as the changing frequencies of foraminifera and other groups of marine microfossils
in the cores. By using statistical techniques, and assuming that relationships between
have not changed, climatologists have been able to

different species and sea conditions
turn these frequencies into numerical estimates of sea surface temperatures and ocean
salinity over the past few hundred thousand years and thus produce a climatic profile

of much of the Ice Age (see Figure 10.2). These events have been fixed at key points by
radiocarbon dates (see Chapter 5) and by studies of paleomagnetism (ancient magnet-
ism). The Matuyama-Brunhes event, a magnetic reversal of 780,000 years ago (when
the world’s magnetic field suddenly reversed), is a key stratigraphic marker, which can

[rev

J
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ntified both in sea cores and in ; -
cisely with ﬁogm.mmcnfmhmos mmgﬁmmwoﬂnmsﬁ strata ashore, where it can be dated pre-
. ?rno ﬂm_ kaMHMw mM. mn%gwﬂﬂvwﬂﬂﬁﬁw recent development but are now yielding
increasingly portraits, especially of the later Ice Age and the past
10,000 years. They preserve records of annual snowfall going back far into the past
As the snOW Ewmnm are buried deeper and deeper in a glacier, they are com: umwwm% Fz.u
ice. The ice for winter and summer has a different texture. Once Bmmwnn%mnm realized
this, they were able to read ice cores like tree-ring samples, with very good resolution
pack for 12,000 years and improving accuracy back to 40,000 years. One ice core from
Antarctica extends back over 400,000 years and shows that the past 10,000 years since
the Ice Age have been some of the most climatically stable in human history. Ice cores
have been especially useful for studying not so much the long-term fluctuations of Ice
Age climatic change but the short-term episodes of warmer and colder conditions that
occurred in the middle of glaciations, which had a profound effect on humanity. For
example, scientists now suspect that there were bursts of human activity inlate Ice Age
western Europe about 35,000 and 25,000 years ago, when conditions were relatively

warm for short periods of time.

be wgﬂ
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Figure 10.3 Provisional chronology and subdivisions of the Ice Age.

Ice and sea cores, combined with pollen analysis, have p rovided a broad framewqp)
for the Pleistocene, which is in wide use by archaeologists and is worth SUMmarizin,

here (see Figure 10.3).

The Pleistocene Framework

The Pleistocene began about 1.8 million years ago, during a _o:m.ﬂm_..n.. cooling trenq o
the world’s oceans. These millennia have been o:mm ﬁ.um. constant climatic nrmsmm. The
Pleistocene is conventionally divided into long subdivisions.

Lower Pleistocene times lasted from the beginning of .nrm Ice Age until abgy
780,000 years ago. Deep-sea cores tell us that climatic fluctuations between warmer ang
colder regimens were still rela tively minor. These were critical millennia, for it was dur-

ing this long period that humans emerged in Africa and spread from tropical regions
into temperate latitudes in Europe and Asia.

The Middle Pleistocene began with the Matuyama-Brunhes reversal in the earth’s
magnetic polarity about 780,000 years ago, a change that has been recognized geologic-
ally not only in deep-sea cores but in volcanic rocks ashore, where it can be dated by
potassium-argon samples.

Since then, there have been at least eight cold (glacial) and warm ﬁ:nmnm_mnmmc
cycles, the last cycle ending about 12,000 years ago. (Strictly speaking, we are still in
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an interglacial nwamﬁ ,Qﬂmn#mb«. cold cycles have b
ental ice sheets forming on land - in Scandinavia, on the Alps,

parts of Zoﬂ.:.._ America (see mmmuﬁo 10.4). These expanded .Mm MMMWAMMHM&M%“
mous quantities of water, causing world sea levels to fall by several hundred feet
during glacial episodes. The geography of the world changed dramatically, and large
continental shelves were opened up for human settlement. When a warming trend
began, deglaciation occurred very rapidly, and rising sea levels flooded low-lying
coastal areas within a few millennia. During glacial periods, glaciers covered a full

one-third of the earth’s land surface, and during interglacials their extent was com-
ﬂuﬂmw—m to what it is today.

egun gradually, with vast contin-
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¢ 730,000 years, f_mmmgz.onm_ changes have mirrored R
treeless arctic steppe and tundra covereq Emsn
¢

Throughout the pas
but gave way to temperate forest QE.EW -
er-

fluctuations. During glacial mm;moamw

of Europe and parts of North America,
glacials. In the tropics, Africa’s Sahara Desert may have supported grassland gy
d desert landscape mxﬁm:ama dramatically during dry, no_g.wm_.

interglacials, but ice an

spells.

The Upper Pleistoc n about 128,000 years ago, with the beginning of the

last interglacial. This pe about 118,000 years ago, when a slow coqliy,
trend brought full glacial conditions to Europe and North America, This Wiirm m_mnm
ation, named after a river in the Alps, Jasted until about 15,000 years ago, when there
was a rapid return to more temperate conditions. . ;
The Wiirm glaciation was a period of no:.m_.rm::w fluctuating climatic change, wih
several episodes of more temperate climate in northern E:E_umm (see Figure 10,2 on
p- 243). It served as the backdrop for some of the most important developments in
human prehistory, notably the spread of anatomically .BOQQ,: Homo sapiens from .§m
tropics to all parts of the Old World and into the Americas. Between about 25,000 ang
tensely cold but highly varjabla

15,000 years ago, northern Furasia’s climate was in
A series of brilliant Stone Age hunter-gatherer cultures evolved both on the open tyn.

dra of central Europe and Eurasia and in the sheltered river valleys of southwesterp
France and northern Spain, cultures famous for their fine antler and bone artifacts and

exceptional artwork.
The world’s geography was dramatically different 18,000 years ago. These dif-
history — one could walk from Siberia

ferences had a major impact on human pre
to Alaska across a flat, low-lying plain, the Bering Land Bridge (see Figure 10.5),

This was the route by which humans first reached the Americas some time around

15,000 years ago.
Britain was joined to the Continent in the

>rn North Sea. The low-lying coastal zones of 5

ene stage bega
riod lasted until

area of the English Channel and the south-
outheast Asia were far more extensive
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Pollen grains: (left), spruce; (right), sily
» er fir, .moﬁs. 340 tim 2
es actual size.

Tn::, ._:.c

ago than they are now,
umwm.mﬂ?m fluctuating &mﬂ....ﬂ”Maﬁﬂ”mmWM Mvm.o:ma a thriving population of Stone
n settlement and the course omrzhmmhﬁdwnﬁ fengiatiec=d. the pat-
istory.

5000 Y€
» forde

. ago as 1916, Swedish botani
Aslos Ammmm like birches, oaks, mﬂ&ﬁmﬂwﬂmdoﬂ Post used fossil pollen grains from
thern Europe after the Ice Age. He mroémm% %ﬂ el SieeRtaton Chense
7 - OW archy
forest, then mixed oak woodland in a d archic, treeless tundra gave way
. ollen samples from marsh ramatic sequence of change that sur-
“ived 10 B ol es and swamps all over Scandinavia. Since then
pollen msz‘m—m,. P :M.M_ t m%& 5mm gnn.ugm a highly sophisticated way of studying both
the ancient € ironment anc iuman impacts on natural vegetation e
The ﬁﬂﬁn;&m is simple. Large numbers of pollen grains are &m. d i
re and have remarkable preservative Pproperties if deposi persed in the atmos-
. 1 horizon. The pollen grains can be identi : ﬂom:m@ DR ETER A R
Jogical e identified microscopically (see Figure 10.6)
‘1 great accuracy and used {o reconstruct a picture o the vegetation, ri B
pumble grasses m._na 4{.wm&m that grow near the spot where they are mosb“u :
pollen analysis begins in the field. The botanist visits the mxnmdmﬂob. d collects
of closely spaced pollen samples from the stratigraphic sections mﬂme anmmnw»n“
aboratory, the mmBE.mm are examined under a very powerful B.pﬂomnoﬁ.m The
grains of each genus OT Species present are counted, and the resulting figures mcd._.mﬁﬁma
to m_a:msni analysis. These counts are then correlated with the stratigraphic layers of
{he excavation and data from natural vegetational sequences to provide a sequence of
vegetational change for the site. Typically, this vegetational sequence lasts a few centur-
(o or even millennia (see Figure 10.7). It forms part of a much longer pollen sequence
for the area that has been assembled from hundreds of samples from many different
sites. In northern Europe, for example, botanists have worked out a complicated series
of ,_mmmﬁm:o:m: time zones that cover the past 12,000 years. By comparing the pollen
sequences from individual sites with the overall chronology, they can give a relative
Jate for the site.
Palynology has
swampy deposits where p

for nOF
irch

phe

mﬁ_..:._m
in the 1

obvious applications to prehistory, for sites are often found in
ollen is preserved, especially fishing or fowling camps and
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oxygen-isotope curves taken from a deep-sea core in the nearby Bay of B
ing the close correlation between the two.

settlements near water. Isolated artifacts, or even human corpses such as that

—ua_dm

4 Mpared to
15cay, shoy.

! OW.H.O___._._.&
Man found in a Danish bog (see Figure 9.6 on p. 226), have also been n_.mnoe.mﬂmn_ in these
deposits; pollen is sometimes obtained from small peat lumps ma:mzsm to cre

such finds. Thus botanists can assign relative dates even to isolated finds tha

otherwise remain undated. i
Until recently, pollen analysts dealt in centuries. Now, thanks to much mg

Vices i
t woulg

_...mnm
methods and AMS radiocarbon dating, they can study even transitory episodes, m_._m”,“

the brief farming incident described at the beginning of this n:m_umm_.. For example, dr,.
matic falls in forest tree pollens at many locations in Europe chronicle the first clearance
of farming cultures with almost decade-long accuracy — at a moment when character.
istic cultivation weeds like Plantago lanceolata, already mentioned, appear for the first
time. Southwestern archaeologists now have a regional pollen sequence that Provides

not only climatic information but also valuable facts about the functions of
pueblo rooms and different foods eaten by the inhabitants.

Identifying cultural activities from pollen sites can be extremely tricky, for

different

Emmz
mwm_.:mnm:wm:mnmnolmaSmm:m_.::53.E&G|E~E__:9Emﬁm_..woamim\me,m: _umo_u_w
bringing ripe fruit home. Sometimes, too, people use surface soil from neighboring
areas, complete with its pollen content, to make a house floor. Some species, like the
sunflower, have heavy pollen that can cling to ripe fruit. Such factors are likely to con-
taminate the pollen samples from many sites unless one has other plant evidence such

as, say, squash rind or seeds to confirm the palynological data.

alysis is providing new i
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th much cold i
. 2 over a f > colder winters,
rc =) ew 5
Q_ﬁ Aptto dramatically new conditions, Just »MMﬂEﬂmm. causing human populations
to .,.rs%m.: which endured for a year or mg 3s today, th
_-.w.:u.

€re were much shorter climatic

re, bringj
ughts, and other short-term events. "8G unusually warm summers, floods,

dro

oh ort-Term Climatic Change: The Holotene

1t srolonged Ice Age glaciation
T 2 Fropn s s e g
ounced E00A e
-t (91 meters Y s levels to near- ; :
ﬁw“ ghout the ,a”.o_._a nrwzmma considerably. ﬂra%mﬁ”ﬂmwﬂw .—Mﬂ%oﬂmmﬂ.w :MM% M ﬂm_.,”””
ihe CreeK holos, “whole, and kainos, “new,” thus meaning “entirel an_.&.u which
<qw massive global warming, sudden cold Snaps, and periods of aquwn..mn climate than
oday, With the appearance of both food production and civilization and eventually of
he Ind :m:._w_ Revolution. Many people believe this warming has been continuous ME&
is :.:mr,sn_. in the record warm E.Ev.mumgmm of today. In fact, the world’s climate has
uctuated just as dramatically as it did during the late Ice Age. Recent research is revo-
jutionizing our E.S.s.;ma.mm of these changes, which started new chapters in human his-
tory, overthrew n_e..:_npsonmh m:&.nncmma widespread disruption. (It should be stressed
(hat the Holocene is a purely arbitrary scientific term, used to distinguish post-Ice Age
iimes. We are, in fact, in a warmer interval of the Pleistocene, and the earth will become
colder again — subject, of course, to the effects of humanly caused global warming.)
We can identify Holocene climatic changes from ice cores, sedimentary records in

caves, tree rings, and pollen samples, with a chronological resolution that improves
every year as analytical methods become ever more refined.

Centuries-Long Changes: The Younger Dryas and the Black Sea

At least three major cold snaps have cooled global temperatures over the past
11,000 years. The last of these was the so-called Little Ice Age, which lasted from about
+.0. 1300 to 1850. The earlier two of these cold intervals had major effects on the course
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little-understood reason, global warming ...n,n_m_.i abruptly, perhaps as 5 -.,mMmOHm s

den changes in the warm water circulation in the ....i._a::n Ocean. Withip, wc_n of w:h_
so, Europe again shivered under near-Ice Age nG:n_:..O:.n u.m forests H.m_u.mm.ﬁmﬂnm:”:@ o.
spread drought affected areas like southwestern Asia. dd._m catastrophic nnom..ﬁ Wig t
centuries of ample rainfall may have 7@91 a major factor in the appearance Ught m:a.
ture and animal domestication in areas like the Euphrates and Jordan g; of apy £r
ations had long subsisted off abundant fopd L iver <m=M=w_.
5,

where dense forager popul i 5

een documented by botanist Gordon Hillman with pl wn$.<<r :

Chapter 11). When the drought came, n ant g, 2t
» U m,

! haryeg ding

at the Abu Hureyra site (see .
plummeted, game populations crashed, and wild cereal grasses were unab) Yielg,
a dense human population. So the foragers turned to cultivation to sup _m to Supp,,
a few generations, they became full-time farmerg vH.M.E@E »rm”
- The Yo,
mmq

food supplies. Within
was not the only cause of agriculture, but the sudd
en cJ;
ate

Dryas-induced drought
change was of great importance.

The Black Sea was an enormous freshwater lake (often called the Euxin
Jated from the Mediterranean by a huge natural earthen levee in the Bog rm Ia
petween Turkey and Bulgaria during the early Holocene. Four centuries OW o
tions and drought again settled over Europe and southwestern Asia vmgno_a

5800 B.C. Many farmers abandoned long-established villages and settled :mm: 6200 - ent e
lake and other permanent water sources. Deep-sea cores and pollen n:mmMM”.:ﬁMm Breay 5,000 years.
n_.:d:-

happened next has b

ke) ;

15p.

s V.

er ey 9
Congj. T..n::.

10.8 The worldwide effects of a strong El Nis
event. We can assume that & zmu._.o. Teconstmy, :

generally similay &zﬁaﬂanms the basis of the 1982-1983

experienced over the past

icle what happened next as the climate warmed up again after 5800 s.c, g
resumed their inexorable rise toward modern high levels. Salt Medite © Sea ey
: . : - ITang ht and flood are centurj
climbed ever higher on the Bosphorus levee. Then, in about 5500 B.c., the JmMM Waterg cea a.mwnf.”mn - tandardst e oE%mM..Eﬂm events that are short b ;
breached the barrier. Torrents of salt water cascaded into the Euxine Lake 509 mm Watgy prehis O ocieties, As researon Fﬁoﬁ_wmw,ggwgubnmumg &u, geological and early
oTS , Within week ‘ ; i ancl : 0 their -
meters) _umq_o:. S:wr_ﬂ 5 mwr_m.‘ Mmamqmm” $M m.imz had cary m.a ety gully anq mm”n 152 oF: h.Equm scholars have paid Ennmmmmﬂm.um Eﬁ.o?ﬁ centuries-lon %“Mﬁb& impact
the :m:.om,e ek »Wm :M.sr =5 ,vm e ﬂm to.the _Smm._:mz.m:mm:. The moan_.:_sR :S?oo: failures, volcanic eruptions %M#mﬂﬁoﬁ to &oﬂmu:oﬂ.rm: e %m I
:on_o:~u. JmnmE..w,m._._ rackis ﬂnmm: :uﬂ rose s ~m.._u€_\.. nooa_:m hundreds of agricy] :Mnm Eoi.msz?mdm ancient short-term n_wn..w_“.—n mﬂ—own important of all, Em.—mﬂmo es such as
settlements on its shores, perhaps wi great loss o Ewm. This Ho:w.mo_.mozm: event al i Sy mmi_dﬁimsn; and climatic evig, usmmum@cw.mmeﬁmn_mﬂq vamnmm. S
%nmﬂ tly vmmﬂ .Rmnoﬂm a.c.nmmn_ from Qmm_w-mmm cores taken in the Mediterranean, alog E:B ,. :rw diagrams, and tree rings. Ice cores Fmﬂnm‘.ﬂcnr of it obtained from mmmw”oﬂwwv o~.
E E.M mmm\. M 1S QR_E_.A.“ S w oﬁro:ﬁ_w HUE g Qm:_m_u m:.a m_,ocmrﬁ 9.# the sudden nrm:Em . _pw ancient climatic shifts, for they are :oﬁmnﬁnﬁww are revolutionizing our rﬂoiwmﬂ .m
in the now-drowned ake. ( t should be noted that this interpretation is somewhgy ge | o; ich really allows the study of drou. ght achieving a resolution of five years or | &
troversial as wEmoQ:ﬁmno.ho%mG disagree as to the severity of the flood.) con- w Jm_ Nifos like those in 1982-1983 and Hn%n_.mm and major Bl Nifio mqﬁsmwm 2 mMMP
The Black Sea discoveries are so new that manrmmo_om_m,.m still have to assesg their od reason. Billions of dollars of amgmmoqr.—mom grabbed world headl; wﬂﬂ o
consequences. The flooding of the huge lake does coincide with the spread of mm_“...:y_. m_r;o,._ma record rains, Australia and ng mm_“mamgm from drought and @Em_oo&ﬁm..nwﬁoﬂam
emperate Europe from the Balkans. Some experts believe the msc.ﬁozamzﬂ ¥ “_am_ﬂocm o difires e S monEBmmﬁmmF mwuﬂ. " .mno:mr.onsg e
., utheast Asia and Mexico. Once thought

ers across t
catastrophe and the spread of farming were connected, as people fled their once-f,
QHE—Q

homelands, but the true impact of the inundation remains controversial.

bea purely local phenomenon off the Peryuv ==

m_o_ga events that _.‘.%Em across the entire hwﬁmwmnw %M Mﬁ”uﬂm@boi fo%ﬂ ks
pheric and ocean DHEN.EQ., in the western Pacific. From the archaeol ownin the atmos-
I Ninos are of compelling interest, for they had drastic effects o RaEsts uomnm ﬂ.um Ao
iving in :o.::mf, dry environments, where flooding could Sﬂ Embm ) 94?«5@2
agriculture in hours. Humanity was not that vulnerable to E%m.oz wmmnm e
in permanent villages, then cities, when the realities of farmin. Em.... e e
densities made it harder for them to move away from a...ocm?m or aownwo MH m.ﬂm,o_wmaﬁa%

Short-Term Climatic Change: El Nino

We look back at the past through obscure mirrors, which become .Ennmmmmbm_% easy
as we approach recent times. Our knowledge of Ice Age climatic change is :28“:% use
a grand scale, for, until recently, even ice cores did not attain the year-by-year resol ﬁ on
needed to track short-term shifts. Yet such sudden changes are the most vao_.EMﬁo_.,

all to human populations, who have to adjust constantly to unusual weather co %mm
tions — to droughts and floods, to unusual heat and cold. The Younger Dryas and mw QM

The Moche Civilization

A classic m«mEﬁ.._m of such vulnerability comes from the north coast of Peru, where
Moche civilization flourished around A.p. 400, overseen by powerful, wb?o....:m
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Ficure 10.9 The Moche pyramid known as Huaca del Sol, capital of powerful Moche lorgg
__.Mw: (4 .

fifth century A.p. The pyramid was extensively damaged by powerful E| N aﬂna:.rn
(James Brunker / Alamy) 5
warrior-priests who ruled from great pyramid centers (see Figure 10.9; see also Fj .
on p. 43). The Moche survived in one of the driest environments on earth by 55«:% m_m%.
orate irrigation schemes to harness m_ul:m.n::o: from the Andes in coastal river valley
Everything Qmﬁmzamn_ on ample mountain floodwaters. When drought occureg E.M
Moche suffered.

The Quelccaya ice cap in the Cordillera Occidental of :J_m.mo_.:rm..z Peruvian high.
lands lies in the same zone of seasonal rainfall as .zS Bocz.mﬁm above Moche country
Two ice cores drilled in the summit of the ice cap in Emu provide a record of cmnamo_m
in rainfall over 1,500 years, and, indirectly, an impression of the amount of runoff that

would have reached lowland river valleys during cycles of wetand m...w years (see o

ter opener photo for an Iceland example on p- 238). In ﬂ.rn moc_:wn: highlands, El Niz,

episodes have been tied to intense short-term a_ao.cm_:m in the region, also on the nearby
altiplano, the high-altitude plains around _umwm. Titicaca. .36 appearance of such drought
events in the ice cores may reflect strong El Nifio episodes in the remote past. However,
it is more productive to look at long-term dry and wet cycles.

The two ice cores, 508 and 537 feet (155 and 164 meters) long, each yielded clear lay-
ering and annual dust layers that reflected the yearly cycle of wet m:n.m dry seasons, the
latter bringing dust particles from the arid lands to m._m. west to the high Andes, accur-
ate to within about twenty years. The cores show clear indications of long-term rainfal|

variations. A short drought occurred between A.D. 534 and 540. Then, between A.p. 563
and 594, a three-decade drought cycle settled over the mountains and lowlands, with

aal 2 o another drought betwee i i
._._w,,_:m ,%WJ_-wmun drought of A.p. mm-w: e A
&' e _4 oastal communities. The eff

f - -
suf | the 30:53:&. Moche society a
1
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to 594 drast |
ect of a 25 M—..” M_Wq reduced the amount of runoff \
ally on gy Percent reduction in the water

Tmers near the Ci
Rt cycle. As the drough Pparently Prospered oast, well downstream
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Einter until the mid-si
£V farming land far aoi:mqmug_ﬁﬁﬁ..m&. el e mic:sidhcentury(s
2

inb -
r W
mj:

r..:..j

uld be catastrophic, especy

;i iminished
.d dry- Blowing sand cascaded F“ﬁ of laborioys) E:om.duumE watered

,ﬁumno(.nQ box on pp- 239-240). The v Uman sacrifices at Huaca de la Luna (see
€ - ots in many places, decimating a staple both of the

parvest i < swamped the Andes coastal diet and highland trad

E:w_ni.J;:m everything before EE.& coastal plain. The arid rivers became ragi =
nts, € : em. Levees and anals Sas
s 1abors o.m years vanished i C overflowed and collapsed.

.ntire communities. E.ms.ﬁ mortality un @oﬂﬂﬂmumﬁmvn through the valleys, wiping,

[he Moche’s elaborate irrigation systems nﬁmﬁw an artificial land

rted dense ?:EM.M %oﬁﬁ—mﬁosm in the midst of one of Emu a—._mww amnwmmﬁﬁwn w—uﬂ

m,_?_?. farming Eﬂc Mﬁvo.u,m?_m Wwithout technologjcal ingenuity. ?nwmmw e
yellaware of the hazards .m £ Qno_.mm.am and El Nifos, but technology Hﬁﬁﬂ HMMMMMM
Lot guarantee m.:m mcnﬁa.mrom ahighly centralized society driven as Eﬁnrdmamoao as
by ?umm;:n roz..nm_.%w.g m....M were limits to the climatic shifts Moche n.EﬁMNmmos MMEQ
! ¥ b, Ultimately, the Moche ran out of options ir civilizati

ot ,_f“_ O et how long ELN 1 and their civilization collapsed.

ifos have oscillated across the globe, b
;.e,.,.r.ﬁ...,ﬁa on Peru for at least 5,000 years. A new generation of nsawwmw wmmwwnﬁnw_mwmﬂwuha

.o cores and other data show that short-term climatic shifts ol 3 ¥
_”:ﬂ © le in the fate of early Civilizatons F aeTammee e e played a far more import

Tree Rings: Studying Southwestern Drought

Many ancient societies lived in environments with unpredictable rainfall where agricul-
ture was, at best, a chancy enterprise. The ancient peoples of the southwestern United
States farmed their semiarid environment with brilliant skill for more than 3,000 years,
Jeveloping an extraordinary expertise in water management and plant breeding. One
central philosophy of modern-day Pueblo Indian groups encompasses movement — the
notion that people have to move to escape drought and survive. Until recently, archae-
ologists did not fully appreciate the importance of movement in southwestern life and
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Figure 10.10 The climatic regimens of the American moczﬁcmmﬁ.\ mroE:.,m the general o
ation of rainfall across the region reconstructed with tree rings. The o Nfigy;.

area receives both summer and winter rainfall, the southeastern area o:_ﬂémm—mﬂ
able summer rainfall. Predicy.

were at a loss to explain the sudden dispersal of the Ancestral Pueblo people of Ch
Canyon and the Four Corners region in the twelfth and thirteenth centuries A Zmno
studies have shown that climate played an important role in the dispersal, ey

Dendrochronologies for the Ancestral Pueblo are now accurate to within a year, oi

ing us the most precise time scale for any early human society anywhere, .‘mm:r
years, the Laboratory of Tree-Ring Research at the University of Arizona hag Edma
taken a massive dendroclimatic study that has yielded a reconstruction of relative Mm.
matic variability in the Southwest from A.D. 680 to 1970. The same scientists, rmmnmm
by Jeffrey Dean, are now producing the first quantitative reconstructions of annual ang
seasonal rainfall, also of temperature, drought, and stream flow for the region. Such
research involves not only tree-ring sequences but also intricate mathematical eXpres-
sions of the relationships between tree growth and such variables as rainfall, temperg-
ture, and crop yields. These calculations yield statistical estimations of the fluctuationg
in these variables on an annual and seasonal basis.

By using a spatial grid of twenty-seven long tree-ring sequences from throughouyt
the Southwest, Dean and his colleagues have compiled maps that plot the different sta-
tion values and their fluctuations like contour maps, one for each decade. This enables
them to study such phenomena as the progress of what Dean sometimes calls the “Great
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._.h._Tu =

3D inter and summer precipitatj
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drock geology and climag ast 2,000

e ych as be e gm. ,_..Fmﬂ th P ) years,
ww_ changes — those Eu.mﬁ occur on cycles ._oﬂmmn. mwm_—.—”_.”.p wofnmnmﬁsﬁdn% environmen-
eats- Few ﬁ.m.omim E_ﬂmmmmﬂ these changes a:bﬂr.am_ e m— generation of g.mﬂ@-m_cm
._oa.F.u_ conditions such as cycles of erosion ang =it lifetimes. Changes in hydro-
Em:o:m in water .ﬁmEm levels in river g e o,
:psmnmna generations, but they coulg
n_nO_C.mrﬂ ﬂv}&@m.. k

Shorte ey g~ Y apparent to Ancestral

4 : year-to-year rainfall ghi every ces
pueblo person: y Y shifts, decade-l
changes; and so on. Over the centuries, they were ?owwﬂm drought cycles, seasonal
m_asmm\m: the present generation and the

e ly barely aware of long-term
5 4 ;
hange, b oo comial cali S :ngQ.:mm OrS enjoyed the same basic adap-

2 Cycles of drought

ains, m:% ofher Emﬁ-ﬂﬁ%ﬁw changes required temporary maamwmxﬁmmhmwhﬂm
h as farming more land, relying more heayil 3 ;

wﬂ_mqmama A y on wild plant foods, and, above all,
guch strategies worked well for centuries, as long as th

farmed their land at well below its carrying capa S el fueblo people

BES were readil

: : ) city. When the population increased to
near carrying capacity, however, as it did at Chaco

1 Canyonin the twelfth century, people
became Enﬂmmmﬁ.,mp.w vulnerable to brief events like El Nifios or droughts, “umn% noWE.
stretch the supportive capacity of a local environment w

u ithin months, even weeks. Their
vulnerability was even more extreme when long-term changes — such as a half century

or more of much drier conditions — descended on farming land already pushed to its
carrying limits. Under these circumstances, a year-long drought or torrential rains could
quickly destroy a local population’s ability to support itself. So the people dispersed
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XL e A_Z :: :M; ..”::.w.,.\ cause the Ance: _,ﬁ _.H:_o Ex a_ﬁwu?o:.“ Y :...mammmcﬁwsmo W s W p:.m:_i:m and deals not on| nvolved wity, archaeolq, »w M:.nm_. n:ﬂ.—d.nw— el e
B fiea hnd bocial (actors SR Verde and Chags G Howad® vy DB, | ring occupation but Ao b formation of sitey m..“”_m [nvestigations from
other ....m.n:_:n._:. t ﬂ:_ _q _f,.c:ﬁ? u_...%E.mE.N from 7,_.“4,:”‘*0”.?.. :“ Em#m:wn_uo Om:wo: m:memq. : _ss._:.‘;_:* e seonciagas wmw “.59 irm—rwﬂﬁmsma .owwz with the changes they
the .):naw.:.,: ___ ”_w ”_.,.cm them to do so- Unlike the eru, Emw :mnﬂ: ] the :.Mqr__,ﬁ_.mﬁzn profiss em.%r:_am%_u: of the B:Ea._mn.,wﬂnmh_mq m_umnaﬂnﬁm:r
because drought fOTE=% L o , ol Bl ; : € excavaty . Iy research team,
flexibility to move .:*,.;”,.:.:_ <ee a revolution in our ::mm_..mqm:nr:m of ancieny - _._”z obtain _Jmmuﬂaﬂp_m”_ o:%o: mma..nﬁ:n mmﬁ:%”mmmﬂﬂ'_: special pits close by in
The coming .r,n“,.,,” ,;.,,:.::d.:.m change as scientists .#a:._,H m_m n_Om.E. _n:oi_mn_ 555. " soil .n.:.:.ﬁLmv _‘<mﬁ EOnM.: sediment analyseg and h.m_n the mu:._m :u...m. he or she
ments and short-termn €HEC Sy oy ittle-known forces that drive the m_orm_a boy, ake> graphic .E%mw o closely with survey Enrm&m,m the site to its landscape
of climates in :J.wm .:.E. predecessors, ?c.m:: g :.:w Ice Age, Which, som Wea. = sites u_”_a .01_ es m:nﬂ.w Satures on the Natural E%Mmomumnm, m.mOm—nrwmo_ommmﬁ
ther machine. LI w: ol renewed n_um_u_ conditions in about 23,000 wmmﬂm.m esti. 1 catellite 1mMa £es, nd even geophysical Prospectin n.mﬁm.ﬁwﬂ:w aerial photo-
SR _.,.:r.:_p:.,w :J_libn that, like our forebears, e haye adjust tq C 550. : 3 ior.mmmfzamu\%zuﬁwd_ﬂm QONmPaﬂ of natura| mno—oﬂn&m on individual sites. As part

So it is hardly SEIP. h d.:__.w_..m. And, as humanly _:Q:wma global Smnw:msm o:mF_: i ﬁ.ﬁ.:._maﬁ_.:n A _ﬂ:mu...nm_.w. r_mﬁoJ‘ of the entire wxvomﬁmm.. Where they study

short-term u.r:::_.r :w dw‘ pecome more frequent and violent, spelling mm:WmWMnm_mw. 22 found ix.ﬂ..sw_ﬂ ,3“” _MEM,:ME objective ig o Em_“.MMa:Mmm:wﬁamﬂ context for the

ates, these changes 1) or s 107 o site but also that of the rep; not o the microene i

n“ ._.rcjuo pula ted world. an .ﬂ:m:ﬂ of ﬁw_m_mv for the soCioame—— gm.%ow” MM mﬂu—zrgml o establish, mwcﬂowwnww wﬂaﬂum—.,.»ﬂ—a

H‘Z_,t.ﬂ,mxr.uaimﬂo:m and surveys. ent patterns that are revealed by archaeo-
[0§"
Geoarchaeology
] 5 5- f climate change, for climate he] g RY
.t and soils contain a record o Ps dri MA
mni_:_#.szwz_ra:mﬂnpﬁm changes on earth. Omcu..n:mmoﬁ—cm%. the study of E.n:ma.Mommc. mC?a ks i
morphlc ¢ Sy e f the earth sciences, plays a major role j Ogy tudy of long- and short-term climat;

. 1. methods and concepts O e 3 € 1N reg , The S ; Climatic and 3 : g
Singjthe e w_::m::“ and landscapes. This is a far wider enterprise .H:mso:w:.:n". P ! mportance to archaeologists concerned with 1y cnvironmental change is of vital
s m:M “: t four major approaches: Beology :r.%n with their surroundings. Hman societies’ changing, relation-

involves at leas G chips z
i ht , This chapter ammnﬂwﬁ”m em_w%m of studying such changes Deep-sea ¢ d ice drill
2 i . e 7 : 7 = Ores and 1ce dnil-
1. Geochemical, electromagnetic, and DMwmn T s Sites ang 08 _UﬁoW.MﬂMﬂcanHanwmm %ﬂ”wﬂ”ﬂmﬁonﬁ o hatc change during the Pleistocene
ronmental features (see Chapter 6). : (Ice ABE : > cast eight glacial periods duri
2 MMMHMQM:?QES:oz processes and of the spatial contexts of mﬂnrmmo_ommnm_ ; 3 wrm Pleistocene itself is divided into three Wnoma msmm..pﬁ.m.?m vmmw 780,000 years.
i " do9 cess that includes distinguishing human] Siteg 3 . cides with the spread of modern h visions, the last of which
(see Chapters 5 an vm a pro Y causeq phe. coin @ covers postalaciall St umans across the world from Africa. The
2 ’ 5 cen s and witnessed i
nomena from natural features : : : Holocex : essed not only global warming but at
3. Reconstructing the ancient landscape by a variety of paleogeographic ang Eo_ommnm_ ! |east three m?mw.ﬁ vmnwomw OH..EEnr colder conditions, Y8 B
methods, including pollen analysis. ; ; ) B The goﬁmnmmn ryas broug n&ocmﬁn and cold conditions and may have helped trig-
4 Relative and chronometric dating of sites and their geological contexts, | ger agriculture in mo:ﬁimwﬁmg Asia.
4 - The catastrophic flooding of the Black Sea lake in about 5500 5.c Creil et
Geoarchaeology plays a major role in the study of early Egyptian and Mesopotamiy, ' the Mediterranean nmcMmaM_m_mm Population movements in Europe.
civilizations. Both lay in fertile lands qm:mwnnma by great rivers. The annual inunds. 6. Short-term m<ﬂﬁ8%ﬁn.ﬂmm .WZEOm and droughts in the southwestern United States
tions of the Nile brought silt to the floodplain D..oE far upstream, fertilizing the fields are .f.Ea.:w&. with the ai of ice cores, geological observations, and tree S
In drought years, when the flood failed, crops failed and people went _.Ebmé.. In m_uocm , ods achieving _u.n_.‘mwmﬁm Pprecision.
2180 5. c., the Nile experienced poor floods for generations. The pharaohs were power. 7. We are now beginning to realize that short-term climatic change played a vital role
less, and Egypt fell apart into its nine provinces, each ruled by powerful warlords, More . in the rise and mmt of many r:.Bms societies.
than a century passed before powerful leaders from Upper Egypt reunited the kingdom , 8. Geoarchaeology is a ﬂaﬁ&wnﬁgmé approach to the study of human adaptations
The pharaohs learned their lesson and invested heavily in centralized storage and iryj. that qmnos_#.ﬂ.:nnm mb.ﬂmsﬂ. E:amnmwmm using such tech e gt R
gation. In Mesopotamia, Sumerian cities were at the mercy of flood and drought, espe- ﬁamom_,mﬁ?n and biological methods such as pollen analysis.
cially when high floods caused river courses to change or when sluggish waters failed,
leading to a rapid rise in the salinity of the soil and much lower crop yields. |
On a smaller scale, people are geomorphic agents, just like the wind. >nnmn_m=§_w or j STIONS FOR DISCUSSION
deliberately, they carry inorganic and organic materials to their homes. They remove DCm
i i abandon tools. These mineral and i i . ; s ;
r hczem? M_.mxm M_owhm\ _*_“.EE :o:wwwsmn:m:mnm_ Tt o SnmmmmOm_, mmmm_n materi- {. What are the differences between centuries-long and shorter climatic events in t}
B essets. oo Ll L WORE Becple context of human history?

live on a site and after they abandon it. The controlling geomorphic system at a site,
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i tions in ancient E i
farming. Over a f : urope in the early years

of Stone Age g ew centuries, the na : :
est was transformed beyond recognition by %_“WM-MME.B@» of B&mn oak m.uu..
~ few years ago, we could only have gy mesticated animals. Until
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Discovery

Moche Human Sacrifice and El Nifio, Huaca de la Luna
peru, Sixth to Seventh Century Ap, ;

Human sacrifice was commonplace in pre-Columbian states, among them the Aztecs and
the Inka. _.mm% Spanish accounts of these societies abound with stories of people being
burned alive, flayed, decapitated, or having their hearts ripped out. Archaeological evi-

dence for such practices is fairly rare, which makes a dramatic find of a Moche sacrifice of
1,400 years ago of unusual importance.
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