
crust also produced a setting for the beginnings of volcanism, an activ-

ity that continued intermittently from about 600,000 to 3'500 years ago

ir-r volcanic fields that flank Rome to the north and south.

The pulling apart of the Tyrrhenian coastal plain over the last 20

rnill ion years had formed elongate basins up to 10 kilometers (6 miles)

wicle and 2,500 meters (8,200 feet) deep, bounded by "normal" faults
(in which one side moves down relative to the other) that are more or

lcss parallel to the coast. The subsiding basins were rapidly filled with

tlebris washed down frorn the Apennines or from the volcanoes that

wcre erupting during the sarne period. Because they were close to the

coast, sediments were deposited both above and below sea level, thus

gctting a sequence of interbedded marine and "continental" sedimen-

tary rocks in the area of Rome. Regardless of the type of motion (push-

ing or pulling), the structural trends of features such as the Apennine

nrountain chain or coastal basins have stayed more or less the same

ovcr the last several hundred million years.
'l'he depth of the Tiber River valley has changed a great deal over the

lrrst 13,000 years. The river quickly eroded its valley and tributaries to

tlcvclop equilibrium relative to the sea, which was once nearly 70 meters
(J.]t) fcct) below its present level. As sea level rose, the Tiber stopped

..'rotling and began depositing sediment, which is now quite thick below

tlrc 'l ' ibcr as it passes through Rome.
lraclr of the major events that occurred during this timeline of 300

rrril l ion years took tens of millions to millions of years-with two ex-

tt'PIi1;11c'the arrival of humans 600,000 years ago (just 0.2 percent of

Ilrt' tirrcscale) and the founding of Rome 2,800 years ago (a mere 0.0006

l)('r'ccnt of the timescale). Despite the ways we have changed the face of

llrt ' lrl irnct, Homo sapiens hasn't been around for long.

CHAP 
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Center of the Western World

THE CAPITOLINE (CAMPIDOGLIO) HILL

Lu Co"rtoLrNE Hru is one of the most-photographed
hills in the world, although most camera-bearing tourists don't realize
the significance of this prornontory behind the Roman Forum. Many
of the large brown blocks of tuff (consolidated volcanic ash) used to
construct the Forum were excavated from the flanks of this hill, but the
summit itself was and remains one of importance. This small plateau
(about 0.1 square kilometers or 24 acres) was the center of power and
religion for what was Western civilization 2,000 years ago. Among the
seven hills of Rome, the Capitoline is one of three nearest the Tiber
(Capitoline, Aventine, and Palatine) that were important for both de-
fense and access to the river so crucial to Roman commerce.

There is much to see on these 24 acres. Go south from the Piazza
Venezia along the Via del Teatro di Marcello and look up through tree-
lined slopes to the relatively modern palazzos (now mostly museums)
on the summit, where decisions were once made that affected the entire
Western world. There are many optional routes here.

Ifyou choose to go northwest, you can approach the plateau topped
witlr the Piazza del Campidoglio via the ramp designed by Michelan-
gelo (the Cordonata) in 1559-66 (go ahead-feel important!).

If, instead, you continue along the Via del Teatro di Marcello, around
thc hill at the Via |ugaro to the Via di Monte Caprino and up the steps
toward the Via del Tempio di Giove, you will be circumnavigating the
'l'irrpcian Rock, a cliff along the southern edge of the plateau that was
rrsctl as a platform for throwing traitors to their death.

'l irtl iry thc platcau sunrmit includes the Piazza del Campidoglio,
t l t 's isrr t ' r l  by Mit l rc lrrrr t rc lo,  i ln( l  brr i lc l ings on three sides: the Palazzo
St ' r r ; r lo l io ( l tonrt"s ' l i rwrr  l l i r l l ) ,  t l rc l ' t l i t ' t . ' t .o t lc i  ( i l l rscrvalor i ,  and the

l ' , r l ,v to Nuo\, , r  ( l l r t '  l , r , , l  l r lo , r r (  n()w rnus( 'ur) ts wol  l l t  v is i l i l tg) .
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On the northern slope of the Capitoline, above the busy Piazza Vene
zia, is the Vittorio Emanuele Monument, an easily identified limestone
landmark that was built between 1885 and 1911 to honor the first kins
of a unified ltaly.

The Capitoline Hill is one of the smallest of Rome's seven hills and
consists of three geologic units produced by activity over the last
600,000 years: sands and lake deposits from the floodplain of the an-
cient Tiber, interbeds of travertine left by mineral springs, and pyroclas-
tic flow deposits (tuffs) erupted from volcanoes in the Alban Hills as
well as a carapace of river and lake sediments. As is the case with the
other six hills, this promontory is held up mainly by the tuffs left by
eruptions in the Alban Hills volcanic field, southeast of Rome.

You may ask, "Volcanoes in Rome?"

VolceNons-Irv RoruB?

'l'hc "grand tour" of Europe during the 18th and 19th centuries invari-
rrbly included a visit to Vesuvius. Great artists and writers, including

foscph Wright of Derby, Johann Wolfgang von Goethe, and Mark
'lwain, were enthralled by then-active Vesuvius's eruptions and quiet
torrtcnrplation of the historic last days of Pompeii. The volcanoes of
tlrc l)hlegrean Fields, Etna, and Stromboli-all farther seulh-ws1s
oltcrr cited by both pagan and Christian theologians as possible en-
lriurccs to the underworld. In fact, the science of volcanology began in
Itrrly with observations of Vesuvius and Mount Etna.

'lirrliry's tourists commonly include visits to at least one of Italy's
wcl | - l< nown volcanoes on their itineraries . . . but volcanoes near Rome
rtrr'l/? Most tonrists and even many Romans are unaware that the city
is llrrnlit 't l by two very large volcanic fields: the Alban Hills to the south-
t'.rst rrrrtl tlrc Sltratini volcanic field to the northwest. The seven hills of
lLrrrr t 'owt '  l l re i r  vcry cxistence to the volcanoes of the Alban Hi l ls.  The
l l rrr ' . r l  o l  volrrrrr i t  cr trPt ions is not i rnminent,  but these volcanic f ie lds
, t t t " ' t i t 'o l t ' t i i t i r l ly  yotrrrg" ( lcss thart  a rni l l io l  years old).

l .or l i . i r r1, ,  sorr t l r t ' r rs l  l j 'orrr  t l r t ' ( ) i rp i to l inc surnrni t  in the park ncar l l tc
l i r r r ; ' l ,  , r l  l r r l ' i l t  r ,  y() l r  ( iur  s( ' ( ' t l r t 'volr ' r t r t i t  Albirrr  l l i l ls  ( ( lo l l i  Al l r , r r r i ) ,

' . r l ( ' r , l  l l r r '  ' (  , r : , l t ' l l i  l ior t r , r t t i " , r r r t l  l l rc l )oPt"s sut tut l ( ' t 'P; t l , t t r ' . r l  (  . r ' , l r ' l

THE CAPITOLINE HILL

This digital elevation map provides an excellent view of the basic structures
and the relationships between the Latium volcanoes (the Alban Hills and
the Sabatinivolcanic fields), the Apennines, and the Tiber River delta.

Gandolfo. The massif visible from the Capitoline is an accumulation of
overlapping deposits from large and small eruptions from more than
seventy-two craters that were active intermittently over the last 600,000
years. The tuffs and lava flows of the Alban Hills cover an area of about
1,600 square kilometers (633 square miles); on a clear day, you can see
their inverted shieldlike outline from the Capitoline or the ]aniculum
I{ill or by looking southeast along the Circus Maximus.

A l l r rrsp HrsroRv oF THE Araer.{  Hrrrs

Approxinrirtcly 50 kilometers (31 miles) in diameter, the Alban Hills
sl) iu l  t l r ( 'corrstrr l  p l i r in bctwcen thc Apennines and the sea. The hi l ls r ise
Io ;rrr  t ' l t 'v i r l iorr  ol  rr t ' r rr ' ly |  , (X)0 rrrclcrs (3,300 fcct)  above sea level,  where

lry""," 
-.'  . . ; .  i
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The Alban Hills volcanic field, as seen from Monteverde above the Traste-
vere neighborhood in eastern Rome. The summit of the Alban Hills con-
sists of a wide collapse crater (caldera) and irregular high ground, reflecting
smaller volcanoes erupted after the caldera collapse (see the previous fig-
ure for a map view).

the broad sumrnit is dominated by a caldera (collapse crater) that is
now mostly buried by material from younger volcanoes. The crater
lakes of Albano and Nemi (Lacus Albanus and Lacus Nemorensis) pro-
vide the most obvious evidence of past volcanic eruptions and can be
visited during a day trip from Rome.

In ancient times, the Alban Hills were more heavily vegetated and
exhibited a greater diversity of plants than we see today. The forested
slopes were once covered with oak, hazel, and maple trees, but only
rare patches of the mixed forest now remain in the Chigi and Arriccia
parks. The chestnut tree (a symbol of the Campagna Romana) has re-
placed most of the mixed forest, having been introduced to the arca in
the I 7th ccntury.

Mtrch of ' thc volcarr ic l ic ld is n()w c()vcrc( l  wi th srrrrr l l  lowrrs,  v i l l ; rs,
t t tot t r ts l t ' r ' i t 's ,  i t t t t l  v i t t t 'yr t l t ls .  Art l t t 'o logic i r l  cv i t l t 'n, t ' l torrr  l l rc r \ l l r . r r r

THE CAPITOLINE HILL

Lago di Albano (Lake Albano) is one of the youngest volcanoes on the
slopes of the Alban Hills volcanic field. The papal summer palace is located
on the rim of this deep crater, which was formed during multiple eruptions
of overlapping volcanoes. The youngest (Late Bronze Age) volcanic depos-
its were erupted from Lake Albano and reach the edge of modern Rome.

I Iills, particularly around the edges of the Nemi and Albano lakes, indi-
catcs that humans have occupied the area since the Bronze Age. Such
carly sites, including some of the many scattered villages across the
( )iunpagrra Romana, provided a framework for the development of
llonrau civilization. Historic and prehistoric sites within the Alban Hills
ru'c tcstirnony to the presence of countless generations who were at-
llrrctcd to tl-ris gentle volcanic terrain, with its excellent water sourccs
irrrd lL 'r t i le soi ls.

'l 'hc platcau that slopes frorn the surnn-rit of tl 'rc Alban l{il ls into
l{orrrc al lowccl the ci ty to gra<lual ly cxpar.rcl  upwarcl  ancl  oulwarcl  int<r
l l r t ' torrr t l rysic lc to thc s<lr"r thcast. ' l 'hcrc is histor ical  cvi t lcr tcc th i r l  l l rc
, r r r t i t ' r r l  Lrr l i r r  sct t lcntct t l  of  Al l l i r  l ,onga, rr l< l l rg l l r t '  t t t i r rg i l t  of 'L i r l<t 'Al

l r ,uro,  l r r rs l r lwirys l t i r t l  s l  lor tg(()nn( ' ( l ions wi l l t  l lor t t t ' .  ln torr l r l rs l ,  l {orrr t '

w, ts s low lo r l t 'v t ' loP lo l l r r ' t rot l l t  l t t t t l  wt 's l  l t t ' t l t t tsr ' ( ) l  l l l ( 'n i l l t t t ' ; t l  l r . r r l i

, ' rs ol  l l r t " l i l r t ' r ' ,ur t l  l l r r 's l t ' t 'P s l . r1t . 's  o l  Mort l t 'Mir l io,  wlr i t l r  lcs l l i t l r ' t l

(  ( )n i l l i l l i l r ( , t l i ( ) t t , t t t r l  I  t , t t t : , l r ( l t  I  l ( )w,Ut l  I , r l . t '  l l t , t t  r  i , t i l0.



( lrrr wt' l ir 'ccrrsr an eruption in the Alban Hills? probably not. The
Albarr Ili l ls' volcanic activity peaked during three phases, between
600,000 and 300,000, between 300,000 and 200,000, and again between
200,000 and 20,000 years ago. To most people, this seems long ago, but
to geologists it was "just yesterday." Enough time passed between the
periods of volcanic activity for six soils to have been formed on ancient
slopes before being buried by later eruptions; these ancient soils are
now visible as "marker beds" that separate the volcanic ash deposits
and lavas of each eruption phase. One of this book's authors (De Rita)
has observed that the periods of volcanic activity occurred during times
of lower sea level (during the ice ages) and that volcanic activity may
have been stimulated by lowered pressure in magma (molten rock)
chambers underlying the volcanoes. volumes of erupted ash and lava
decreased steadily with time, from 283 cubic kilometers (6g cubic
miles) during the first eruption phase to 6 cubic kilometers (1.4 cubic
miles) during the second, and to 1 cubic kilometer (0.25 cubic mile)
during the third. This may indicate waning activity, but we don't really
know if these volcanoes are extinct. To determine the risk related to
volcanic eruptions is difficult, and the significance of these numbers
ccrtainly has not decreased real estate values!

Deposits from the Alban Hills' earliest eruptions are now buried
under younger volcanoes, so we don't have a complete record of the
earliest volcanic activity. As far as we know, 98 percent of the tuffs and
lavas that exist today in the Alban Hills were erupted between 600,000
and 300,000 years ago. Most of the volcanic field's deposits were pro-
duced by pyroclastic flows (mixtures of hot volcanic ash and gases) that
moved in all directions for tens of kilometers and into what is now
Rome. The largest eruptions-nearly all of which occurred when rising
magma mixed with groundwater in deep aquifers (below the coastal
plain)-produced pyroclastic flows that rushed 30 to 50 kilometers (19
to 31 miles) from their craters at hurricane velocities, covering collec-
tively about 1,000 square kilometers (386 square miles). consoliclated
volcanic ash deposits left by the pyroclastic flows progressively nroclified
the drainage network that flowed into the ancicnt 'fibcr by clogging
val leys around the volcanoes. The pyroclast i t '  lLrws l l r i r t  rc ' i rc lr t , t l  wlr l t
is  now l{<lrnc bur iccl  t l rc ancicnt  ' l ' ibcr  I { ivr ' r ,  l i r r t  i r r l i  i l  lo l l r t 'wcsl .  Al icr .
l , l lcsc t l t l l ts l loPlr i t  t ' r -uPl iorrs,  l r  l0 lo l , )  l i r lo l r r r . l t ' r  t l i , r r r r t . l t . r .  t i r l t l t , r . i r
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dominated the summit of the volcanic field. The Tuscolano-Artemisio
caldera may have gradually subsided in a piecemeal manner before
being filled with ash and lava. Lava flows that erupted during this pe-
riod are 30 meters (98 feet) thick at the caldera's rim.

Eruptions at yents within the summit caldera continued intermit-
tently over the period between 300,000 and 200,000 years ago. The
products of these eruptions include the Faete cone and, more notably,
the Capo di Bove lava, which flowed down a northwest-trending valley
toward the ancient Tiber, creating a sloping plateau later followed by
the ancient Appian Way. Much of the stone used to surface the durable
highways near Rome came from this lava flow.

The most recent crater-forming eruptions of the Alban Hills oc-
curred between 200,000 and 20,000 years ago at the craters ofPantano
Secco, Prata Porci, Valle Marciana, Castiglione, Nemi, Arricia, Giu-
turna, and Albano. The largest of these, Lake Albano, consists of five
overlapping craters and is flooded. The 3.5-by-2.4-kilometer (2.2-by-

i.5-mile) crater is 442 meters (1,450 feet) deep, with a water depth of
f 75 meters (574 feet).

Geologic and archeological studies in 2001 and 2002 have changed
our views of the volcanic risks posed by the Alban Hills. Civil works
excavations on the Ciampino plain (immediately southeast of Rome,
just outside the ring road) revealed two previously unknown explosive
volcanic deposits and several volcanic mudflow deposits. Eruption ac-
tivity from the Lake Albano crater is much younger than was previously
believed, extending well into the Holocene (the last 10,000 years). Cata-
strophic overflows from the lowest rim of the lake left significant
rnudflows-as recently as the 4th century s.c.-that formed the
smooth surface of the Ciampino plain. The overflows may have been
triggered by sudden injections in the lake bottom of carbon dioxide-
rich fluids that are present underneath the volcano even today. High
carbon dioxide releases continue to be a hazard in the Alban Hills,
cspccially in rcsiclential areas and vineyards near Ciampino Airport and
l l i rgni  c l i  ' l ' ivol i .

Strong to rrrotlcrirlc dischargcs of both carbon dioxide and hydrogen
srr l l i t l t ' ,  r 'orrrrnonly rrssoci i r t t ' r l  wi t l r  vrt lc i rnic f ie lds, increase when there
,ut ' t ' ; r l l l r t ; t r ; r l i t 's ;  l l r is  l t l t . ' t t . , t t t r . ' t totr  l r l ts  l t t 'c t t  t totcr l  hcrc at  least  f i f teen

l inrr 's  t l t r i r r l l  l l r t ' l , rs l  .100 yt ' , r rs.  I l 's  possi l r lc  t l t i r l  t l r r ' l i rc l tcst  lhrcat
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posed by the Alban Hills at this time is the emission of carbon dioxide,

which, because it is heavier than air, can pool in depressions such as

craters and basements. \A/hen there is no wind, the gas can be a severe

hazard, suffocating any form of animal life unlucky enough to enter
, one of these depressions.

Lake Albano's water level can rise when carbon dioxide accumulates

in the bottom of the lake, but the depth can also vary as a result of

rainfall or fluctuation in withdrawal by water utilities. Early Roman

engineers kept the water level constant at 293 meters above sea level by

means of an underground drain that may have been excavated as early

as the 4th century s.c. For unexplained reasons, the lake level has been

dropping recently, exposing old beaches and Roman ruins.

Lake Nemi also has a drain that dates to the 4th century e.c. The

lake was drained entirely between 1927 and 1932 to salvage two Roman

ships that were built for Caligula and used for holiday celebrations and

religious ceremonies; the ships were destroyed by a fire in 1944. Unlike

Lake Albano, Lake Nemi is now heavily polluted.

The best vineyards in the Alban Hills are located in the broad floors

of the craters of Valle Marciana, Pantano Secco, and Prata Porci in the

western part of the volcanic field. Here the local grapes (varieties of

Malvasia), grown on American rootstock, produce a dry white wine.

The craters are excellent sites because the deposits are very permeable

and the soils are rich in potassium. Vineyards located on the tuff pla-

teaus or in crater bottoms allow easy harvesting, but in the past the

vineyards were also located on crater sides, where they were harvested

by hand. The best exposures face south, southwest, and northwest. The

combination of volcanic soils and microclimate produce excellent

straw-yellow, drywines; these "golden wines" from the Alban Hills have

been popular since before Imperial Roman times to the present.

Is Rolrn THnSATBNED By VoLCANIc ERUPTIoNS?

As you stand at your viewpoint on the Capitoline Hill, do you trccd l<r

worry about being wiped or.rt by an eruptiotr? Wc tftrrt't l<now. Notlrirtg

catastroplr ic l - ras happcl tct l  hcrc l i l r  t l t t l t ts i t l t t ls  o l 'y t ' r t ts,  l r t t l  l l t t '  p l r r

cr 'sscs l l l t l  s l r l rPt '  orrr '  Pl iutc l  wol l i ,  or t  l t  l i t t t t 's t r r l t '  l l r , r l  i : '  r , t ' t  y  t l i l l t ' r t ' r r l
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from that of human history. The famous eruption of Vesuvius in e.o.

79 followed a long period of inactivity-long enough that neither the

Greeks nor the Romans knew that Vesuvius was a volcano. There have

been recent swarms of small earthquakes below the Alban Hi,lls, with

focus depths of 4 to 6 kilometers (2.5 to 3.7 miles), which have been

interpreted as energy releases from a cooling magma chamber (note an

emphasis on "interpreted"). One of these earthquake swarms occurred

from 1989 to 1990, with up to forty small earthquakes each day. As you

read earlier in this chapter, there is also a possible risk from massive

eruptions of carbon dioxide from Lake Albano.

Ancient Romans were very concerned about portents, and extreme

attention was paid to any unusual natural event. Liry, Pliny the Elder,

Orosius, and Iulius Obsequens described interesting groups of portents,

including "rains of stones together with babies," which, considering the

duration of the event and the atmospheric and acoustic phenomena,

were interpreted as volcanic. There may be a link between "rains of

stones" and the locations of recent gas emissions, especially an explosive

rclease of carbon dioxide. Another interpretation of such reported

cvents is that they could have been gas emissions that accompanied the

collapse of a sinkhole. A similar historic event occurred in the Sabatini

volcanic field near Monte Soratte, where gas was released and blew

rocks out of a hole in the small Lago Puzzo crater.

Some events described by ancient Roman writers could have been

phreatic eruptions (steam blasts that take place when pressure within

rr gcothermal system exceeds that of the overlying rock). Phreatic erup-

tiorrs occur in many parts of the world in association with volcanic
('ruptions, sometimes far from any volcanoes with recent activity, and

t'vcrr when drillers lose control of a steam well, causing a "blowout."

l ' lrrcatic eruptions occurred in the Roccamonfina area about 290 e.c.,

,rrrtl thcrc is evidence of historic phreatic blasts throughout the Phle-

11rt ' ln l i ic lc ls near Naples.
lirth Jtrlius ()bsccluerts and Pliny the Elder reported that the Alban

l l i l ls l r rrrrrct l  i r t  rr ight in 129 u.c.  However,  there is no ver i f icat ion of

. r r ry vol t r r r r i t  i rc l iv i ly  in t l rc Alban I I i l ls  at  that  t ime-this event was

rrr , r t '  l i l i r ' ly  : t  l i r l t 's l  l i r . t '  or  l r r t rs l t f i t ' t ' .



You can descend from the Capitoline Hill from the park near the Tem-
ple of ]upiter or from the Piazza del Campidoglio by way of the Via del
Tarpeo to the Via della Consolazione. Below the eastern edge, along the
Via della Consolazione, you actually see outcrops of the tuffs that make
up this famous hill-a sight guaranteed to make a geologist's pulse race
in this city that is mostly buried by man-made debris and buildingsl
\A/hen you finish your visit to the Forum, climb to the verdant plateau
of the Palatine Hill, which has been occupied since the Iron Age and
by tradition is where Romulus founded the City of Rome in 753 e.c.

CHAP'"* 3

Palaces and Gardens

THE PALATINE (PALATINO) HILL

.. .butwereIBrutus,

And Brutus Antony, there were an Antony

Would ruffle up your spirits and put a tongue

In every wound of Caesar that should move

The stones of Rome to rise and mutiny.

-!{11p1414 SHernspEanr, Julius Caesar

Trl, por*rNs Hrrr is evident from all sides, its promi-

nent, tablelike form covered with ruins and trees. One of Rome's top

attractions, the Palatine is believed to be the first of Rome's seven hills

to be inhabited-and perhaps the original nucleus from which the great

city evolved. It was strategically located close to the Tiber, yet high

enough for defense and a good breeze on hot summer days. To see the

overall form of this small plateau, start at the northwest end of the

Circus Maximus and walk southeast. This allows a view of the end of

this rectangular plateau and its ruins. When you reach the end of the

circus, turn left up the Via di San Gregorio and walk along the eastern

rnargin of the hill toward the Colosseum. This will take you to the

cntrance to the Roman Forum and your access to the Palatine Hill. One

ticket pays for your entry to both sites. Follow signs to various access

points (the steps at Atrium Vestae, Santa Maria Antiqua, or the Clivus
l)alat inus road).

'l'l-rc Palatine is composed of rocks very similar to the sequence that

untlcrlics thc Capitoline: a series of pyroclastic flow deposits (tuffs)

l lonr t l rc Alban Ir l i l ls thir t  ovcr l ie r iver and marsh deposits.  Overly ing

t l rc trr l l ,s is i r  vcrtct ' r  ol 'sct l i t t tcrr l  l rorn yottnger r ivers and adjacent

r r r i r rs l r t 's . ' l ' l r t '  r r ro l t 'o l  l t 'ss l i t l r t t l i t t  s l l tk  o l ' r lcposi ts was l i t ter  incised by

slr ' ( ' ,uns l lowinl i  l ronr l l r t ' l ' l , r l t ' , ru in lo l l r t " l ' i l r t ' r ' ,  l t ' i rv i r r l i  l l r t '1r l t 'sc l r t  t t t f [

l t l , r l t ' , t t t , r \ ,ur  ( ' ro"tol t , t l  t , ' t t t t t , t t t l .
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The Palati'e is a quiet place, with pleasant breezes and surrounded
by cliffs or steep slopes. You can imagine why this 44-acre plateau was
a desirable location, perhaps from the earliest settlements in what is
now Rome into the 16th century, when it was home of the Farnese
Gardens built by cardinal Alessandro Farnese. Although most of the
later Imperial palaces of Augustus, Tiberius, Caligula, and Domitian
are constructed of brick, the earliest stone buildings, including the Tem-
ple of Cybele, were constructed of tuff from the plateau itself.

Wner AnB Tupps?

The term tuff is derived from tufo, a word originally used by Italian
quarrymen for a rock that can be cut with a knife. Tuff is used by
geologists to designate consolidated deposits of ash, pumice, and rock
fragments left behind by explosive volcanic eruptions, similar to the
material underling much of the capitoline and palatine hills. A variety
of tuffs have been used throughout the history of Rome. In guidebooks
and art books describing the architecture and archeology of Rome,
you'll see a bewildering number of names applied to these rocks-a
nomenclature that has evolved over the past 2,000 years. The most con-
fusing of these terms is tufa, sometimes used in place of tuJf. Within
the world of geologists, these terms refer to two very different rocks.
The first, tufa, is actually a carbonate spring deposit, whereas tuffrefers
to a consolidated volcanic ash deposit. Even more confusingly, tuff in
Italian is tufo. So, to test your understanding, which are the correct
words for the consolidated volcanic ash deposits left by explosive volca-
nic eruptions-tuff, tufa, or tufo?

The ideal tuffs for quarrying are those from volcanoes that quickly
erupted large volumes of volcanic ash particles and gas; the ash and
gas sped across the countryside as density currents (pyroclastic flows),
burying the land with thick ash deposits within minutes or hours. The
consolidated deposits left by pyroclastic flows are called ignimbrites.
The large volcanoes located north and south of Rome are somewhat
r-rnique bccausc of the type of exprlosive eruptions that shaped their
cr i l lcrs lnr l  Pr<l t lucccl  thc dcPosits on thcir  f ' lanks. The usrrrr l  crr t ' r .1iy ol '
t 'xplr15iv1'  vol t  i t t t i r  l ' r - : t t ' , t t tcrr l . r l iorr  w.rs i r t rg l r rcr t lcr l  whe rr  l is i r r l l  nt , r l inr , rs

encountered groundwater in limestone aquifers that underlie the

coastal plain near Rome (these limestones correlate with those exposed

in the Apennines). Such an eruption phenomenon, referred to as hydro'

volcanic, occurs when very hot (magma) and cold (water) fluids mix'

The resulting explosions are similar to the phenomenon so feared

within foundries, where even a small amount of water in the bottom

of a mold can lead to catastrophic explosions as the mold is filled with

molten metal. Pyroclastic flow deposits left by hydrovolcanic eruptions

consist of extremely fine-grained, glassy ash particles that are chemi-

cally unstable when deposited and are subsequently altered by water

and steam. The minerals formed during the glass-water interaction

bind the ash particles, thus creating the durable stone that was-and

still is-quarried in and around Rome.

Another, very dense, type of tuff consists of ash and pumice particles

that are actually welded by the residual heat of the deposit within weeks

or months after deposition-this rock is called a welded tuff.In these

ttffs, fiamme (black, flame-shaped pumice fragments flattened and

welded by the weight of the overlying hot deposit) are disseminated

through the rock. Welded tuffs are not common around either of the

Roman volcanic fields, but can be found farther north, near Cimino

and Viterbo, where they are quarried for use throughout central Italy

as architectural trim and sculpture.

Tupps aNo Ronn

llorne occupies a striking, unique place within the rugged, mountain-

ous Italian Peninsula, sitting as it does on a fertile plain crossed by the
'l'iber and Aniene rivers. When the very young volcanoes of Latium

crupted large volumes of volcanic ash and pumice as pyroclastic flows

that coursed down ravines and valleys, they filled valleys and actually

clra rrgccl the courses of the Tiber and Aniene rivers. The tuffs were easily

croclctl, yiclding a landscape that is subdued, well-watered, and fertile.
'l 'hc riclr volcirttic soils providccl grasses necessary for large herds and

lkrt l<s ol  glrrz inl l ,  r rni t t t i t ls,  i tnt l  t l rc crot lcd t t r f f  t lcposits becatne a coun-

I rvsi t l t '  l l t i t l  w; ts t ' r rs i ly  l t ; tvt ' ts t ' t l .
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'l'he benefits of this terrain led to prosperity but also to trouble:
wealthy settlements evoked the envy and cupidity of neighbors living
in the hardscrabble limestone mountains near Rome, where defense
was easy but making a living from the land was difficult. soon, more
secure sites were essential for the populations along the Tiber and on
the tuff plateaus. The hills created by erosion now provided defensive
locations as well as easily quarried buildrng materiars. \A/hat we term
the "seven hills of Rome" are the remnants of the tuff plateau.

This geologic setting strongly influenced Roman architecture
through the use of the local tuff deposits for construction stone. The
volcanoes around Rome produced large volumes of ash and pumice
(collectively, several hundred cubic kilometers; compare this to Mount
st. Helens' output of one-half of a cubic kilometei in 1980), leaving
deposits that are massive, mostly without fractures, and strong_yet
soft enough to be easily cut, excavated, and shaped. It is not surprising
that these rocks became a foundation of Roman construction practices.
Roman tuff quarries have been found in many places, 

"rp".iuily 
under

the seven hills and along the Aniene River. surface tuff quarries are
especially well preserved in the Arban Hills town of Marino, where the
tool marks are still evident from the l-meter-thick (about l-yard)
blocks that were cut by ancient Roman quarrymen. Tirffs of several
kinds were available to the Romans and were used in proportion to
their accessibility and the ease of transport into the city.

\4lherever tuff deposits exist throughout the world, from Italy to
Mexico, ancient humans quickly rearned to excavate spaces for living
quarters, storage, and even burial ofthe dead. It has arways been easier
to excavate than to build. The Etruscans and then the Romans were no
exception; they used natural cavities for shelter and excavated rarger
homes into the soft tuffs of Latium. centuries of experience with tuff
shelters and underground quarries may have taught the Romans that
the most stable shape for such a cavity is that of a vaurt or arch-
natural openings have this shape, and artificial ones acquire it through
a process of collapse. Perhaps these observations led to the verult ard
arch as stable construction elements, freeing Ronran architects fi-.'r trrc
severe l imitat ions of the tradi t ional c<i lumn ancl l intcl  tcchrr i r luc :urt l
u l t imately leadirrg l t l  thc t t rchi tcctut ' r r l  cxplosi .rr  lhrr l  bccrrrrrc i r  l r rr l l r rrrrr . l<
of  R<trniur c iv i l izr t l  iorr .

. l ( )

THE PALATINE HILL

Ir this surface quarry in tuff deposits in the town of Marino, in the Albarr
I li l ls, early quarrymen's tool marks are stil l visible along the wall. Thc:;c
r lrrrrries follow an ancient valley fil led with tuff deposits. The Roman rltriu
ryr nor r crrt blocks that were about 1 meter (a yard) thick to be triurspor lcr I
Io l ]otnc. .



CHAPTER THREE

Underground Roman stone quarries and catacombs were excavated,
mostly in tuff deposits, in and around Rome. In the Tomb of the Scipios,
located along the ancient Appian Way, the quality of Roman stonemasonry
can be seen in the close fit between the tuff block and the underlying tuff
deposit. University of Roma Tre engineers Prof, Carassitr and Dr, Branca-
lone examined the tomb to evaluate its stability and state of preservation.

Turns Useo rN Roun

Tufo pisolitico, the most common building stone used by people in
Rome from the 6th to the 5th centuries B.c., was quarried in deposits
left by eruptions of the Tirscolano-Artemisio volcano of the Alban Hills
between 600,000 and 300,000 years ago. The deposits of finc-grlinccl
volcanic ash contain accretionary lapill i (spheres made up ol'corrccntric
layers of f ine ash so that they look l ikc snr l l l  orr ions or hai ls lorrcs wlrcrr
cut open; also cal lecl  pisol i tcs),  as wt ' l l  r rs trunl . ls or t l r t '  r rrs ls ol  l r t ' t 's
l<r tockct l  t lowrr by t l rc l i rp i t l ly  t t tovirr l i  pyrot  l , rs l i r  l lows, Wlr t ' r r  t ' r l tos, ' t l ,

l l t t 's t '  t l t 'Posi ls l t . tvt '  , r  < l i r ly  l rotvn . r l ) l ) ( ' . r . r r r ,  t ' ,  rv l r i t  l r  rv.rs , , rust ' ,1 l ry

THE PALATINE HILL

Blocks of Tufo pisolitico were used to construct the Servian Walls, the first

r lefensive walls around Rome, which were built in the 6th century e.c. You
(;irn see this wall remnant near the Piazza Albania, at the foot of the

Avent ine Hr l l .

rvirtcr and steam that quickly altered small glass shards to clay and other

I r ncly crystall ine minerals.

l)ynrclastic f lows emanating from the Tuscolano-Artemisio volcano

r , .r. lrctl thc valleys of the Tiber and Aniene rivers, leaving sequences of

' '  lo l0 nrctcr-thick deposits in what is now Rome. The Tufo pisolit ico

lr.rs lrt 'r 'n cxposctl in t luarrics throughout Rome, including on the slopes

, ' l  t l r t '  l ) r r l r r t inc l l i l l .  I iar ly sct t lcrs cxcavated both shel ters and tombs in

t l r r ' , , t '  t r r l l  t l t 'posi ts rrnt l  t l r r r r l r ic t l  thc tuf l ' f i r r  bui ld ing stone.

Wlrt ' r r  i r r r ; , r 'ovt ' t l  l l iurs l ) ( ) r ' l , l l i t t r t  w.ts.rv i r i l l r [ r lc  t< l  the ear ly Romans,

l l rc l  l r  r t ' t l  , rn, l  l lut '  / i r lo I t i t t t l i t i t  t t  w,rs l t l r .ut t lorr t ' r l .  Al ' tcr  v ictr l r ics i r t

t l r r ' \v .u rvr l l r  l l t r ' ( , . r r r l : , . rnt l  l l r ( ' ( ( ) l l ( l l r (s l  o l  Vt ' i i  i r r . l ( ) ( r  t r . r : . ,  I l r r t t tc
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acquired new territory north of the city, where the Tufo Giallo della Via

Tiburtina is exposed. The Romans found that its strength made the

Tufo Giallo a more effective building stone, and it was already being

used for that purpose by the Etruscans' Quarries near the Tiber River

made it possible to transport the tuff by barge into the city'

The Tufo Giollo was deposited by a large eruption of the Sacrofano

volcano in the sabatini volcanic field located about 30 kilometers north

of Rome. This eruption occurred about 500,000 years ago and' like

many other Latium events, was particularly energetic because it rvas

hydrovolcanic. The tuffs were deposited by at least seven pyroclastic

flows, which collectively covered an area of about 400 square kilometers

and had a total volume of 8 cubic kilometers (2 cubic miles).

The Tufo Giallo was used throughout the Roman period; one good

example is the altar of the Temple of the Deified Julius Caesar in the

Roman Forum. The earliest known use of the stone was to restore the

Servian Walls in 396 s.c. after they were damaged by the Gallic inva-

sion. Where now visible, the restored walls are constructed of blocks

59 centimeters (23 inches) high, placed with the long dimensions alter-

nately horizontal and vertical; some sections of the wall are as large as

10 meters (33 feet) high and 4 meters (13 feet) thick. Later restoration

of the Servian walls occurred in many places, as we can see from imper-

fect junctions between Tufo Giallo blocks. The total length of the new

(and restored) wall was about 11 kilometers (6.8 miles), enveloping an

area of 426 hectares (about 1,050 acres); this enclosure made Rome the

largest city on the Italian Peninsula.

Architectural guidebooks often refer to peperino tuff, which was

quarried from two similar fine-grained deposits, the lapis Gabinus and

Iapis Albanus.The lapis Gabinuswas erupted from the Gabii or Castigli-

one craters, and the lapis Albanu.s from the Albano crater in the Alban

Hills volcanic field (where quarries are still active today). These tuffs

are easy to cut yet provide relatively strong blocks. Both thc lapis Gabi-

nus and lapis Albanus peperino tuffs were commonly ttsccl throtrgl-rout

Imperial Roman times after a good transportatiol't systclll lrrr<l bcclr

established along the Via Prenestitra arrcl Vil Appirr.

Ror.pans c<luld now ch<losc l r r r i l t l i r rg s lo l t t 's  l i r r  l l r t ' i r  s l t t ' r r t ' , l l t  : t t t t l

i t [ ) l )c i l r l l t tc( ' ,  t l ( )  l l l i t t l ( ' t - l row l ; r l  t l t t ' t ; t t , r l r i t 's  wt ' t t ' l i r r l t t  l l l t ' t i ly . ' l i r t l ; ly

w(.( ,u l  s( ' ( 'nunr( ' r ( ) l rs t ' r , t t t t1t l , 's  o l  l l t t ' : , t 'v . t t iot ts l r r l ls  l ro l r l  l l l , l l ly  l ) ( ' l  l ( ) ( l \

lli.....ill{;
.rl:r,r.::::rrt;!:. I
::;.i::::,,.a:),:t :' :1':'...

:a:::):'::':,:, '.:

trff:,

t* j

lr r l l  I r locks in the foundation of the Temple of Antoninus and Faustina, in

llrr '  l lorran Forum, are parlly lapis Albanus, one of several types of tuff

l ,  rvorr : t  i  by lmperial  Roman bui lders.

,,1 l irrrrrrrrr history. The lapis Gabinus and lapis Albqnus are well dis-

1,1. , r , , ,1 i r r  t l rc l rnpcr ia l  f i r ra.  ln the most ancient of  these tuf f  construc-

Ir ' r r , , ,  l l r t '  ' l ' t ' rnplc of-  Art tot t inus and Faust ina was constructed part ly

rvr t l r  / r r l r is  r \ l l t t t r t r rs.  I r r  r r  l l tcr  t intc,  the Forum of Augustus was con-

. l r r r r  lc t l  l . r r l i t ' ly  wi t l r  / r r | , l .s  ( ) t t l t i r t r rs l rn<l  L iotrato t t r f f  f rom the Alban

l l r l l . ,  /  t t l t rs ( i r t l r i r t r r r  wrrs rr lso rrst ' .1 l i r l  l l r t ' l i r t l r r t lat iotr  a l t t l  wal ls of  the

l . r l , r r l , r r  r r rnr ,  iv l r i .  l r  l , , rnrs l l r t ' l r , tst 'o l  lv l i t  l r t ' l , t r r t i t ' lo 's l ) ; t l l tzzo Se t tatot  io.

l l rc I  r r t r t r t t r t  l r r l l  rv.r . ,  u, , t ' r l  lor  l l rc l r . t t  l '  r ry,r l l  o l  l l t r '  l i r t t t t t t t  o l  At t l ' , t ts t t ts



and for the substructure of the Temple of Mars Ultor, which abuts it.
Contemporaneous use of both lapk Gabinus and Lionato tuff in the
same period suggests that the two rock types were obtained from quar-
ries that were not far apart. In fact, the lapis Gabinus quarries were
located along the border of Castiglione crater close to the Lionato tuff
quarries that were sited along the Via Tiburtina.

Monuments in the central area of Rome that includ e peperino dei
Colli Albani

. Tullian Prison (3rd century n.c.)-lower rooms (possibly ?u/o
lionato?)

. Temple of Magna Mater (Temple of Cybele) (3rd century e.c.)

. Paving of the Forum (100-80 n.c.), close to Lacus Curtius and
the Comitium

' Sanctuary of Sant'Omobono (100-80 n.c.)-foundations and
external blocks

. Forum Holitorium (90 s.c.)-Ionic temple, both tuff and
travertine; wall of the cella

. Tabularium (78 s.c.)-fluted half columns
' Forum Holitorium (80-50 e.c.)-Doric temple and foundation
' Temple of Saturn (a2 u.c.)-podium, faced with travertine
. Forum of Augustus (ca. 25-2 n.c.)-back wall
. Temple of Mars Ultor (2 n.c.)-substructure
. Temple of Castor (131 n.c.)-Augustan restoration
. So-called Temple of Portunus (late 4th-1st centuries B.c.)-

with other tuffs and travertine
. Temple of Antoninus and Faustina (e.r. 141)-external walls
(From Bianchetti et al., 1994)

The Lionato stone used during Roman times probalrly clrnc lront

near Settecamini  and Salone, where thc locl l  nanrc is ' l i r l t t  t lc l l 'At t i t r t t
( r tantccl  for  at t  arca ncar thc i l t tcrsccl ion ol ' t l rc rrrot lc l r r  Virr  ' l ' i l r r r l l i l r , r

i t t t t l  t l tc  (  i r r t l t  l t i rcconlo l r t ' l twrry)  (  ) l l r t ' r  r ; r r r l l i t 's  i r r  l l r t '  srurr t .  r l r 'posi l
w( ' t ( ' ( lost ' l  lo l l r t ' t i ly ,  i t l  l l t r ' lool  o l  l l t t  Nlolr l t ' r , t ' l t l t ' l l i l l ,  rv l r t ' l t ' t l r r '
\ l ( r f f ( ' \v , t ' ,  ( , f l l ( ' ( l  \ ' ( ' \ ,  \ ' ( )u l iu(  \ , , (  r l  r l  l i t l ' ,  t l t  I \ l r t r t l r ' t ' r ' t r / r ' .  l  l r , '  l \ lo l r l t .

verde quarries were used only for a limited time, however, because of

the poor stone quality there and the constant danger of collapsing

pit walls.

Sperone, a deposit of welded scoria (known as volcanic cinders in the

United States), was formed during lava fountaining along linear vents

that crossed the central Alban Hills; this deposit underlies the northern

border of the Tlrscolano-Artemisio volcano. The semimolten scoria

fragments were welded when they accumulated around the crater. The

massive reddish gray rock is easily cut and transported. This rock was

used relatively little, however, probably because of limited access to and

transportation from the quarries; nevertheless, we find it as the struc-

tural base of the Colosseum, the most important modern symbol of

Ir-rrperial Rome. Although no Roman-age sperone quarries have been

lirund, it is likely that they were located near the Alban Hills towns of
( irottaferrata and Frascati, where they would have been close to roads

lcading into Rome. There are outcrops of sperone near the site of ancient
'lirsculum, where there is a well-preserved Roman village with a small

tlrcirter, all built with sperone.

l 'rrnspnvATroN oF THE TuFF rN RoMAN MoNunarNrs

ln 1990, archeologists and experts on monument conservation came

Iogcther in a rather distant location-Easter Island, Chile-to consider

lrow tr-rffs were used for construction by ancient civilizations and how

to p1'q5g1vg the products. Italian experts on stone preservation shared

t lrt'ir cxperiences with those facing similar problems at sites from Mex-

i, o [o lnc]onesia. Appropriately, the meeting was sponsored by the In-

ltrrrir(iorral Centre for the Study of the Preservation and Restoration of

t rrltrrr ';r l l)roperty, which is located in Rome on the right bank of the

l rlrt 'r. At t lrc t inre Ronrarr engineers quarried and transported these tuff

l, lotl 's, worrlrlrr ' t thcy havc been astounded to know that their work

rv.rr l r l  l r t '  t l rc subjcct  of 'an i r t tc l lectual  exercise in a new Western wor ld

t l r ,  r ,  t l i t ln ' t  I t r row cxistct l - i

r \ l l l rorr lq l r  tcr . l r r i r r ly  i r ( l ( ' ( lu i l t ( '  f i r  thcir  pr l rpose ancl  actual ly having

' . l , ,ot l  l l r t ' l t 's l  o l  l i r r r t ' ,  l l r t ' l r r l ls  r rst ' r l  l ry l {orrrrrrrs l i l r  cortstr t rct ion are

l , ,  1,rrrnrrr1i  lo s l row si l ins ol  w. ' . r r  r r r t . l  l t ' .u.  Al l t ' r '  l l t r ' i t '  t 'xc l tv l t t io l r ,  t t r l l -

1,1, , ,  1, . ,  rvr l l r r r r  l l r t  l tonr.ur ,  i l t ' , r r t ' t l t ' l t ' r  iot . t l in l i ,  P.rr l ly  l r t ' t r t t tst 'o l  l l tc i r '
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Volcanic rocks (mostly ignimbrites) for construction were brought to Rome
from the Alban Hills and sabatini volcanic fields, whose tuff deposits meet
at the Tiber and ovedap in places. The types of tuff highlighted in this
sketch were (and stil lare) quarried for both building stones and feedstock
for pozzolan concrete.

ability to absorb water and the heterogeneity of rnarry .l 't lrc blrtlis.
Many examples are vis ible in the Forurr.r  bcl .w thc l )rr l . r i r r t ,  l l i l l .  t  l r r t .
of  the most interest ing is thc f i l t r r r t l i r l io l r  o l ' thr" lL ' r r rp lc ol  Arr lerr iss rrrr t r
Faust ina,  whcrc y()r . r  c iur  sct ' r l r t .or i r i i r r . r l  l r t . t l t l in l i  l t , l t  l ry l l r t .pyr.6t  l . rs l i t
l l r lw th. t l  l i r r r r r t ' r l  l l r t ' l r r l l  l i t ( . , t1: , l r r l l  lor  , r  vol t , r r ro lo l , i r l  l ly , i r r1 l  lo rrrr

' I  l i

*i":.".
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,r r()iln see tuff outcrops along the Via della Consolazione, along the
,,rllror-n base of the Capitoline Hill. The hill is composed of several tuffs

r | "r'r , x ;li rstic flow deposits) from the Alban Hills volcanic field.

rrr ' l  lrrrst volcanic activity, but of serious concern to a construction
, rr 'rr( ( 'r '  or preservationist. The coarser grained layers in these tuff
I '1, ', 1.., lrrrvc bcen eroded by wind and water, leaving the finer grained
l11, r ', lo strrnd out as ridges close to the original quarried surface. As
l , , r r r '  . r , ,  t l rcsc blocl<s arc kept moist ,  they appear to retain their  shape

i l '  r { . r \ ( )n rni lny wcrc rrscd tO l ine c isterns and sewers,  which are so
l l  1 ' r r ' . ,1 11'1 '11 t l r r r t  t l rcy corr lc l  l rc usecl  toclay i f  needed).  Conservat ion-

r  .  . t r r r l i t  s  , r l  I t : r l i r r r r  urr ivo 's i t ics rrncl  c lscwhere are exarnining possible
r\  l ( ,  l ) r ( 'sr ' r  \ / ( '  l l t t ' (Jrrrrr l r l i r rg t t r l i ' l t lOchs. ' l 'hc work to date,  using

r r r1,  ,1 l  ,11r; ' l1v,rr  l r t 's ,  l r . rs l : r l i t ' r r  Plrrr t '  in lhc l i r l r r l r i r tory;  f ic lc l  tcsts have

t, , .  r r  l r r r r r l r . r l .  I l r t ' l r r r , l r l t . rn l , r t  i r r r , ,  l l r t 's t . r ' ( 's( ' iu.( l rcr .s is how lhc chcl l1 ical
r , ,  r l r r ,  t t l  ,  tvot t l r l  

" l , t l t r l  
l l r t ' l t  r l  o l  l i r t t r ' .  Worr l r l  l l t t 's t ' l r lot l is  o l  l r r f ' l - lust

i i i , , t i r '  r  ' ,1)OO \ ' ( .1. ,  r l  l r r . . r l r . r l ,  ( ) t  \ \ ( ) l t l ( l  l l r t 'v  l r r . , , l  l r r ' l r . l l , t lo l t r .?

w1



CHAPTER THREE

On the Palatine Hill, the great palaces of Septimus Severus, the stadium,
and the Domus Augustana were all built of brick on older stone build-
ings that were constructed of tuff blocks. Although tuffs form much of
the foundation of Rome, bricks and concrete are some of the most
visible construction materials used throughout its history.

By this time, you may be looking for some peace and tranquillity.
Cross the Circus Maximus and walk to the public rose gardens located
on the northeastern slope of the Aventine Hill. This is your entrance to
the Aventine, one of the seven hills that is now characterized by quiet
neighborhoods, churches, and parks.

CHAP'U* 4

The Aventine (Aventino) Hill

We descended a good depth in the bowells of the Earth,

a strange and fearefull passage for divers miles.

-louu EvrryN (L620-1706), Diary

TH, A,rr*rrNs Hrrr is larger (0.4 square kilometers, or
()(r acres) and somewhat more geologically complex than the Palatine.

ln a few respects, however, the Aventine mirrors the Palatine's form

,rrrtl is separated from it only by the small valley that is the Circus
lVl;rximus. The southernmost of the seven hills and closest to the Tiber,

rrr llornan times the Aventine was dissimilar to the Palatine in that it

rv.rs rr residential area for middle-class citizens. Today it is one of Rome's

r r rost clegant neighborhoods.

Lilic the Palatine Hill, the Aventine is easily recognizable as a plateau

lro111 11ll sides. The most interesting and accessible approach is from the
( f l( rls Maximus to thePiazzale Ugo de Malfa, where streets radiate to
tlrc wt's[ across the Aventine. The Aventine is an excellent point from
rr' lrrr lr to view the Circus Maximus, the Palatine Hil l, and segments of
tlr, lr istorical center of Rome. On clear days, you'l l see the volcanic field
, , I t I rt' A I lxr r.r Hills, the source of most of the pyroclastic flows that make
rr l  111l . '  scvcn hi l ls  of  Rome.

( )rrc ol thc largest of the seven hills, the Aventine is a little different
tlr.rrr t lrr '  r 'csl. Much of the northern slope, adjacent to the Circus Max-

ruu' , ,  (orrs ists of 'a sandy claystor-re in the form of a low hi l l  that  was
I ri, r lrurit 'r l  by pyroclastic f lows (tuffs) from the Alban Hil ls volcanoes.
I  l r ,  r r r , r rn prr l l  o l ' lhc Avcl t t inc platcau is under la in by the tuf fs,  which
tr l l , , l  . r r r r l  l t 'v t . l t ' r l  t l r t 'o l r lcr  lcrr i r in.  lkrr lans of icn quarr ied tuf f  under-

i ' t , , i r r ( l  lor  l r r r i l t l i r r l l  s totrr ' ,  i rnt l  t l rc l ) r r lut i r rc I I i l l  is  pcrmeated with an-
,  r ,  r r t  l { r , rn,rrr . l l r r r l i r 's .  Vrrr  torr l r l  j r rst i l i i r l r ly  r rs l<,  "Whcn i t  was readi ly
, ,  r r l . r l , l , ' , r l rovt ' l ' , rorrrr t l ,  wlry r l i t l  t l rc l {ornirrrs t rst ' r r r r t lcrgl 'oulrd r l t tar*
rr ,  ,  l  r ( )n()nr i (s.  l l t ' r , t t rst 's t r t l , r t r '  l , t t r t l  r 'v ; ts so v;r lurr l r lc  i t t t t l  l r t ' t l r r rst '
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open quarries were heavily taxed. To see tuffs used for a defensive wall,

examine remnants of the Servian Wall along the southern edge of the

Aventine Hill at thePiazza Albania.

ANcrnNr Crrv Wens

Cities need protection during troubled times, and eventually defensive

walls were constructed to encircle Rome. King Servius Tullius reputedly

erected the first Roman walls during the 6th century n.c., and remnants

are still visible at the base of the Aventine Hill near the Piazza Albania.

The Servian Walls were constructed of Tufo pisolitico blocks quarried

within the city. Some of the quarries for these blocks are still visible in

archeoiogical excavations below the Termini Station and at the eastern

edge of the Aventine Hill. Defensive walls followed the Pomerium, a

sacred line that marked the perimeter of a Roman settlement' The

Pomerium was marked by boundary stones and blessed with sacred

ceremonies; there could be no construction, cultivation, or burial along

this line. However, cities grow, and the lines evolved. Originally, this

line encompassed only parts of the seven hills, but it obviously ex-

panded with the growth of Rome.

Little is left now of the Servian Wall built with the relatively soft

Tufo pisolitico, but its construction marked the beginning of 2,300 years

during which Rome constructed, destroyed, and reconstructed its de-

fensive walls. In some walls, more compact, stronger stones from a

variety of tuff deposits were stacked in horizontal rows (opera qua-

drata). After being arranged in rows, the blocks were bound with

"double-T" metal clamps. Quarrymen marked the blocks with Grecl<

letters to keep track of their work when it came time to collect paylllcrrt

for their services. You can see examples at Tern-rini Stati<ln and orl thc

Aventine Hill near the Piazza Albania.

Underground Rome is vitally interesting to cliversc gfotlps: ol.lit irrls

of the City and Province of lLor-ne, wl'ro worry abtltrl tlrc risli ol stt't 't ' ls

or bui ld ings col lapsing into i r r r  uncict t t  t t t r t l tc l ;  i t l - t l t t 'o l t ls ists,  wl to . t t t '

always cxci tct l  by i r  ncwly t l is .ovt ' r t ' t l  r r t ' r  t r rpol is () t -  ( i l l i t (ot t t l r i  l r t rs i r r t " , ' ,

o l lPr l l ' l t t t t is ts,  wl to v i t 'w l l t t '  t t t t t l t ' t t l t t ' t t t t t l  
' ts  ' l  

s l ) i l ( t '  l , t  t t t l t t l t t t  t t  t ' t l

s lot , t l i t '  , r t  t i t r twi t t t ' ,  t t t t t " l t l ( ) ( ) l l l "  ( ' t l t  i t l t l ' r t t  l ' l l l l  l l l l l l t ' r l i t ' t r l  t t l  l {ot t t ' t t t
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cooking); and a new breed of urban speleologists, who simply enjoy

,n: .t:tt:"*e of underground exploration.

The pleasant Via San Giosafat, on the Aventine Hill, is underlain by

irncient quarries. These Aventine quarries are widespread and extend

rrnder the Piazza Albania. Italian geologists Walter Santoro and Vittorio

Irederici have been investigating an ancient quarry complex under the
southeastern part of the Aventine by drilling exploration boreholes and

t'xamining the samples they collect to determine rock types and the

Properties that define rock strength. First, the geologists lowered cam-

t'r'rrs through small boreholes to view the tunnels. After a preliminary

t'valuation, a few wider bores (of about 1-meter diameter) were drilled,
.rrril the geologists themselves were lowered into the tunnels to survey
,rrrtl cvaluate the stability of the tuff quarries. This approach involves
r.rrt'firl geologic mapping, precise engineering, and a bit of "Indiana

l, rrrt'S" (without the snakes).
l lrc quiet, beautiful Aventine Hill neighborhood provides no indica-

I r .; ;5 11f a serious hazard-possible collapses into ancient underground
, ; r r. r l l ics, which are a problem throughout Rome. As old as many of the
.rr.t' ls ancl buildings of modern Rome may be, they are stil l the youn-

ri, ,,t ol rnany historical layers that make up this city, and they mask
rlr, l,rlryrinth of tunnels that lies underneath. Despite valiant efforts
l,r li, 'ologists, engineers, archeologists, and utility workers, occasionally
i , rr rlr l irrgs irnd streets collapse into underlying tunnels.

f'!' ,nc l<nows precisely the magnitude of Rome's underground real
, r,rtr' Irr s()nre respects, trying to determine its size is similar to guess-
rrrr rlrr' t 'x(crrl of an ant colony on the basis of the surface hole and
rrr'rrrrl Wlry is l{ome underlain by a labyrinth? Over the last 2,800

:,  rr , .  l r rrrr t ' ls l ravc bccn excavated for both economic and funerary

t, . r  l , i , ' , ( , ,  t  l r ic l ly f i r r  corrstruct ion mater ials and places to inter gener-
rrr , , r ' .  ( ,1 t l r t ' t l t ' r r t l .  l r r  at lc l i l ion, lhere were underground springhouses,
,  I  r ,  r  r i , , .  , l r . r i r rs,  ( l rcrr l t ' r 's,  l rorrscs, v i l las, churches, and, recent ly,  ut i l i ty
i i r r r ,  l .  r \ l l  t l t t ' l r r r r r t ' ls  iu( ' l l r iur  r t t i t r lc ;  n()nc arc l tatural .  Manyunder-

i  r , , r r { l  r . rvr l i r 's  . r r t '  r r r t ' r r l iorr t ' r l  in l r is lor i t l r l  rccort ls,  l t t r t  just  as many

, rr  I ' r r r , ' .1 ,urr l  lor l ' ,o l l t r r  , r l lcr  l l r t '  r l t 's l tut l iorr  l l t l r t  l tccr t t r tpatr iccl

, ,  t l , , r r r . r l  r " . .  l r r r" , .  . i l t ( l  t t t \ , t ' , t { ) t t \ .
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Rome is underlain by a labyrinth of tunnels that were cut for the purpose of

quarrying the stone or for catacombs, shrines, and chapels. Today, these

spaces are attracting interest from widely diverse groups: archeologists,

safety experls, business opportunists, tourists, and speleologists. In the

Tomb of the Scipios, spaces were carved in tuff deposits along the Appian

Way, Tool marks are stil l visible on the ceiling of this tomb, which was

active from the 3rd century e.c, to the lst century n.o. The tomb was

discovered 300 years ago by an Apptan Way cantina owner who was

digging a new basement.

One of the most famous underground structures in Rome is now

open for tours. rv\4ren Nero's "Golden House" (Domus Aurea) was built

after the great fire of e.r. 64, the buildings covered 200 acres of the

Esquiline Hill. No expense was spared in creating this sumptuous Impe-

rial home. After Nero's suicide in e.p. 68, the Domus Aurea was forgot-

ten (damnatio memoriae) to erase the memory of the unpopular em-

peror. The palace was progressively covered by portions of thc

Colosseum and by the Baths of Titus and Trajan. Only sonle stt[terra-

nean rooms of the Imperial apartments have survived, al11ltg with wcll-

preserved frescoes, and are accessible along the Via l.abicanl [clow tlrt'

Oppian Hill.
Contrary to thc ic lcas prr t  l i r r th i r r  poptr l l r  l t tovics,  l t t r l l l t ' l i r rg i r l  . r r l

cic l t  l iptcs l r r r t l  l i l t lc  lo t lo wi l l r  i r r l l i l i r r t 'o l  l t ' l i1 ' , iotrs l i t ' t ' t lot t t ;  i l  o.

turr- t ' r l  s i r r rp ly l r t ' t : rust ' r r ru.  l r , r l  l { t ' I r r l r l r , , t t t , t t t . l  l r r r | r '1 i .11 l (ot t t t 'w, ts

rr l r , l , ' l l . t i r r  l ry l l r i .L l r r l l  t l r '116.,r1, ,  l l r ,  r , l . r l t r , l \ ' ' , , ,11 t r r l l "  \vr ' t ( ' ( ' .1\ \ ' l l l
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excavate and, as discussed earlier in this book, provided reasonably

good (and cheap) building stone. Underground quarries may have sev-

eral levels and are usually within the first 4 to 15 meters (13 to 50

feet) below the ground surface. To safely cut and remove rock, Roman

quarrymen used a "room and pillar" technique-something like an

exaggerated version ofan underground parking garage, except that the

quarries' stone pillars are much thicker than the concrete pillars of a

parking garage. Rooms are between 2 to 3 meters (7 to 10 feet) wide

and 2 to 5 meters (7 to 16 feet) high, and the pil lars are 5 to 25 meters
(16 to 80 feet) on an edge. With the huge demand for construction

stone in Rome, the tunnel networks eventually grew to underlie all

the tuff plateaus, including the seven hills. Although the quarries were

lclatively safe when excavated, some of the stone pillars are beginning

lo clegrade and fail, especially after centuries of constant vibration and

irregular weight distribution of the evolving city overhead.
'l'he Catacombs, multilevel tunnel networks excavated to inter the

,lerrcl, expanded rapidly when Christian and Jewish communities of

lionre began to choose brurial rather than cremation, which generated

.r lrrncl shortage for above-ground tombs and cemeteries. Another factor

rrrir iht have been a shortage of fuel wood that increased the expense of
( r('nration. Catacomb internment was an efficient use of space, and it

.rllowccl families to place the deceased faithful near a sacred place or
tlr,' r'cnrains of a saint. Eventually, the Catacombs became tourist at-
tr.rrt ions. For example, in the Jubilee Year of 1450, the catacombs of

".rrr 
Scbastiano attracted tens of thousands of pilgrims.

\irrr can see how the geologic setting made it easy to excavate cata-
, r ,n rl)s i1'you follow the Appian Way to the catacombs of San Sebastiano
rrr,l S,rrr (lall isto (Call ixtus), the oldest official Christian cemetery in
lrr rn('. Wirl l<itrg from the city, you pass under the city wall at Porta San
',, l ' .r.,t irrno rrncl u1'r a gently rising plateau, formed when pyroclastic

l i , , r r ' , , , '111"1.d l r 'onr thc volcanoes of  the Alban Hi l ls .  Within th is tuf l
t l r , , , r l , r torrrbsol 'Srut( la l l is towereesttrbl ishedbytheDeaconCal l ix tus

lr l  \  l l  l ( ) ( ) .11y1f l l rcn cxprrrrdct l  whcn hc was pope (e.o.217-22).These

, r t . r '  ( )nr l ls  orr t t '  l r t ' l t l  l l rc r t ' r r r r r i r rs o{ ' thc ninc 1 ' ropes who reigned be-
{ i . , ,  n / \ . r r .  , l  l0 rrrr r l  .18 } ;  i r l l  r t ' r r r i r i l rs wr ' r ' t ' l : r tcr  l r rovcd lo thc Vat ican.

I l r r ' r . r l , r t , , ln l rs,r l  S, t r r ( , . r l l is lo.u( ' ( )n l i r ru lcvcls, t l t t ' t l t 'c 'Pcsto{-which

r  ' l l  1111 11'1, ,  ( { ' ' '  11, '1 )  l rc lorv l l t r ' , ,ut l . r ( ( ' , .ur( l  .u( ' ( ( )nr l ) ( )s( ' t l  o l  l0 k i lo

i i i ,  t ,  r ' .  (  I '  r t r i l , " , )  o l  t r , r r t , r rv r ' . . r l l , ' t t r " , , r l , r r t1 '  r r , l r i t l r  t l r , ' ,1, ' , r .1 rvt ' t , ' i t t
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Rome's underground cavities are historically important, but they present
a potential hazard for the modern city, as shown in this diagram.

terred in loculi (niches) above the gallery floor. After an internment,
the loculus was sealed with stone and plaster. The stability of the narrow
galleries is evident; there are few signs ofcollapse during the last several
thousand years. Some of the catacombs were discovered by accident
(the catacombs of San Callisto were encountered in 1578 by a workman
digging in a vineyard), and it's possible more will be found in the future
(one hopes not as the result of the collapse of overlying apartment
buildings). Tirnnel complexes also underlie the Via delle Sette Chiese
and the Via dell'Arco Travertino, streets that pass through modern sub-
urbs along the city's southeastern edge. Complex tunnel networks be-
neath the many densely packed apartment buildings raise questions
about the safety of the area.

When engineers Federico Pagliacci and Maurizio Conti were corl-
tracted to evaluate an ancient tunnel system underlying the Santa IJc-
atrice School on the Aventine, they employed sorne moclern tcchltitltrcs.
You can imagine the scene. Watching workers drill into a clvity at po'
haps a few meters an hour,  more or less, you gct into i r  sorrrrrrrnr l rrr l r rrr l
rhythm-the penetrat iorr  r i t tc i r rrr l  p i tch of '  thc spi trrr i l rg pipc tr t ' . r l t '
a comfcrr tablc fccl i r rg alrorr t  t 'x l l i r r l i r r l l  i r  lyr . r t l  to l t ' .  l l  is , r  l i r r t ' lor

, ; l '
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l l ' :r easy to recognize the potential dangers posed by unstable tunnel net-
works in this photo of a Roman street that has collapsed into an under-
,1orrnd cavi ty.

,l.rvtlrcaming. Suddenly, the drill string drops abruptly after entering a
, ,rvity, disturbing this reverie, shaking the drill rig sharply, and surpris-
rrrr ', t lrc dri l ler, judging by the expletives he emits. The process is re-

t ', .rtt ' t l  again and again in a series of small-diameter boreholes that wil l

r, lcrrt i ly the basic outl ine of the underground tunnels. Now, workmen
rr',( rI rr srr-rall, high-resolution television camera and a rod with meter

rrr.r r l is (f irr scale) into adjacent boreholes. By scanning 360 degrees with

tlr( (,uucril, they produce a group of images they can use to map the
r u r I n(' ls without actually entering them. With a general idea of the shape
rrrrl ,, izt ' ol ' the tunnels, the engineers develop a plan for stabil izing the
, r v rt it s. Workers insert stiff but expandable plastic tubing into the holes

"r , l  1 '111111r c()ncrctc t l - r rough thc lu l r ing to form support ing columns
r l , . r t  rv i l l ,  r ' r r lSirrccrs hopc, rc i r t f i l r t 'c  l l rcsc ancient tunnels.

\ r , l r t 'o lor i is ls i l r  l l r l r rc v icw l l r t 'urr t lcrgrorrncl  ntore as a part  of  the

' , , l t r r r , r l  l r t ' r  i l r r l i t ' l l r .ur  r rs i t  1 i t 'ot t ' t l t r r i t r t l  l r i rzr t r t l .  ( )nc of ' thc goals of  the
,  r t \  o l  l (orrr t ' rs lo i t l t 'n l i ly . r r r , l  l ) l ( 's( ' lv( ' l r l r r r t ' l  sysl( 'n)s,  csPccial ly i l
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they involve underground cemeteries or temples. Other important fea-

tures of Roman heritage are the tunnels carved for ancient aqueducts

and water distribution systems or for drainage systems'

In addition to the professionals evaluating underground Rome, a

determined grollp of volunteers make up the first group of urban spele-

ologists (known in North America as "spelunkers"). This group is add-

ing to the wealth of information about Roman history by creating Web

pages and handbooks on subterranean Rome, which sun-weary tourists

can use as guides or for a virtual tour to Rome's more famous subsur-

face attractions.
The subsurface of Rome needs systematic mapping to identifiz and

evaluate all ancient quarries, catacombs, and tunnels used for aque-

ducts. Depending on your interest-engineering geology or entrepre-

neurial possibilities, for example-the ancient underground quarries

can be a fascinating historical resource or a menace' Rome's under-

ground should be evaluated for the potential collapse hazard and as

possible space for commercial development. Despite 3,000 years of his-

.:, 

:.:" 

is still challenge in the exploration of Rome.

while on the Aventine Hill, visit the early christian Basilica of santa

Sabina, which overlooks the Tiber River. The park next to the basilica

provides excellent views across the Tiber's floodplain into Trastevere

and the Vatican. From this vantage point, it is easy to see why the Tiber

has been so important to Rome-both as the chief means of transport

and as the source of catastrophic floods.

CHAP'U* 5

The Tiber Floodplain, Commerce,
lmlano rrageqy

The City of Rome is nearly all inundated by water. Along the

riverbanks, since 1846, there have been no similar cases where

water has risen over a meter above the average level of the

river. The Via della Tipografia, where our newspaper is

printed, is also under water. The water reached a meter. Piazza

Colonna, toward I I e.lr., was under water. At present, flooded

are: La Lungara, Piazza della Rotonda, PiazzaPia,Piazza

Navona, Piazza Giudia,Piazza Montanara, Il Ghetto, namely,

Via Fiumara, Piazza S. Andrea della Valle, Piazza S. Eustachio,

Piazza and Via del'Orso, Ptazza Campo de' Fiori, and the

street of Via Tor di Nona, the Ponte S. Angelo at the Montebi-

anco end, along the Piazza dell' Orso, S. Lorenzo in Citti.

II Tribuno, December 28, 1870

Wt"o,rt eN excellent map and a good sense of direc-
lr,)n, you can become thoroughly disoriented as you explore the area
,' l l iorrrc tl iat is on the Tiber's f loodplain. One solution is to stay on

tlr, lrrrsy strects that follow the riverbank (the Lungotevere, "along the

lr l ' ,  r " ) . ' l 'hc scenery is superb,  and you can spend days studying the
I'rr, lr ir 's, btrl you lnust eventllally enter the districts, such as Tiastevere
, , r  t l r t  (  ) . r r r rpo t lc '  Fior i ,  that  sprang up along the margins of  one of  the
,r , r r l r l 's  l r t 's l  krrowrr r ivcrs.  In search of  famous si tes in th is area, near ly
,  \ ,  r  \  \ ' is i l ( ) r .  to t l rc I r tcrnrr l  ( ) i ty  cnds r-rp zr t  the Pantheon. We begin our
,  r . r t  t .  t l r t '  l loot lp l ; r i r r  r rc ig l tborh<locls at  Santa Maria Sopra Minerva,
' , l r r ,  l r  r , ,  r  lost ' lo l l t t '  l ' l t t t l l tcot t .

I  r r r i  o l  l l t ,  l r ' tv , ' r , tnt l , l , 's  o l  (  
'o l l t l t

, l  ' .ur l . r  Nl . r r  r . r  
" r ' l ' r , r  

l \ l t r r , ' r \ ' .1 r ' ,  r l

, r t ,  l r i l t ' ,  l t t t r '  i t t  l (ot t t t ' ,  l l r r ' (  l l r r r r - t l r

l l r r '  l t , - . t t  I  o l  l l r l  l r rs lor  i t  r l is t r  i t  l .
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As you wander through the maze that is Rome otr thc f)ooclplrri l l , watch

for the many escapes to higher ground via streets thrrt l ir l low lhc trow

well-hidden tributaries of the Tiber. These tributarics wctc oncc inter-

mittent streams, sometimes requiring a boatman ttl crttss, allcl sotne

were stagnant, poorly drained marshes.

cHAPru* Ci

The Tiber's Tributaries in Rome

CLOGGED WITH HUMANKIND'S DEBRIS

-rInr rureJon srREErs Via del Tiitone, Via Barberini, Via
Vittorio Veneto, Via Cavour, Via di San Gregorio, Via delle Terme Cara-
calla, and Via Labicana all rise into the seven hills of Rome along now-
buried tributaries of the Tiber River. One of the tributaries, the Aquae
Sallustianae, which was fed by the Sallustiane springs, flowed between
the Pincian and Quirinal hills (a small drainage now followed by the
Vie del Tritone, Barberini, and Vittorio Veneto) and into a swampy
rrrea used for grazing goats (called, not surprisingly, the "Goat Marsh").
llctween the Viminal and the Esquiline hills was another stream whose
rvrrters passed between the Capitoline and Palatine hills, through the
swamps of Lacus Curtius and Velabrum Minus, and finally into the
'l'iber. These tributaries that cut into the tuffs of the plateau now are

Partly filled with alluvium and man-made debris, which are important
lirctors in the city's past, present, and future. As you traverse Rome,
yorr're treading on layers upon layers of debris, most of which is tastc-
Iully overlain by buildings and pavement.

(ioing west down the Via Labicana toward the Colosseum, you ilrc
trcl<l<ing along what was a swamp between the Esquiline and Celian
lril ls. tf you follow the Aurelian Wall west-southwest from San Giovanni
irr l.rrtcrano to the Baths of Caracalla, you are passing along the rotrtc
ol yct another stream that fed the swamp in the Valle delle (larrcnc,

wlriclr was eventually drained to become the Circus Maxir-nus. At tlrt.
, ' r rr l  o1' thc 3rcl  cent l l ry n.c. ,  Ronrans had to cross thc substant ial  swi lnr l )
l r t ' l t ' l ' ry l t t lat . ' l 'hc lLontans clug chart t rc ls f r r r  the strcanrs to c l i rn i r r r r t r .  l l r t .
l . r r r i t ' ,  ruthcrt l thy swarnps i rnr l ,  cvcnluir l ly ,  t< l  crcalc thc walcr  r 'o l lc t  l iorr
t t t ' lwot l i  t ; t l lcr l  l l t r '  (  l lo;r t ; r  M:rx inrrr  ( l l r t .  " l l ig I ) r ' i r i r r") .

' l l r t ' (  l lor t t : t  M:tx i t t r . r ,  st i l l  v is i l r l t ' , t lot t t  l l t t ' t ' i rs l t ' r .n l l r r r l i  o l  l l r t ' ' l i l r t ' r '

r r r ' , r t  l l r t ' l l r r r l t ' l ' , t l , r l i r ro,  lv . l , . r r r t  i r ' r r l  l iont( . 's  t t t , t i r r  s lo l r r  st .wr. l .  l l  w,rs



CHAPTER SIX

The Pyramid of Carus Cestius, a wea|thy Roman magistrate buried here

in12e'c. ,wasincorporatedintotheAure| ianWa|lnear ly30Oyearslater.
The land southwest of the pyramid became the Proteslatlt cottlott:ry,

whiclr  i r tc lLrr jes the graves of srtch cJigr l i lar ic: ;  i l : ;  l l lo l locl  , lo l t t t  Kcl  t l r ; ,

, l r r l i r r ;  Arrr l r r : ; l r l ; ,  l l tg i lk t r l i l i r rur l r :  l ;ot  to l  ( iocl l t r l ,  ; t t l r  lAt  l lot  t io (  i t l t l t l : rc l ,  l l t t r

l i t l ; |  | r : ; t r I t l t  r ; |  | l l l l  I l ; r l i l111 (  ) r r t t l I l l t l t t i : ; l  l , ; r r Iy '  A: ;  y() l l  l ) i t l l : ;  l l t t r r t l r ; I t  l I r r ' l l t t : :y

t t r l | l ' , r ' r : l t r ' l t  t i l  l l t |  l ' t ; t , . , t l r '  (  ) " l t | t l ' r ' ,  l l r ' '  1)Vl ' l l l l l ( l  ' r t r r l  ; t r l ; ' t r  r ' l l l  l l l l l l l i

s,r"
l '- '"l l, .-l* 
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THE TIBER'S TRIBUTARlES

originally built to drain the central part of the city, especially during
hear,y rains that produced flash floods. Reputedly begun by the Etrus-
can king Thrquin the Proud to drain the tuff plateau through the Vela-
brum and Argiletum valleys, the drain was an open canal until the 3rd
or 4th century n.c., when Roman engineers began to cover it with stone
arches. Like many such structures in the city, the Cloaca Maxima was
built of durable l:uff (Tufo pisolitico, Tufo Giallo della Via Tiberina, and
the peperino of Gabii, all discussed in chapter 3). These semicircular
arches are nearly 5 meters in diameter and are still intact after more
than 2,000 years.

The Tiber's tributaries, which once so clearly delineated the seven
hills of Rome, obviously are not so easily seen in the 2lst century-in
part because of the closely spaced buildings throughout the city, but
chiefly because the streambeds have been so well masked by man-made
debris.

Dsenrs: ENctNr,nR's CunsB eNo AncHeolocrsr's TRpasunr,

Humans generate and accumulate a lot of waste. We sack it, stack it,
hide it, burn it, recycle it, or pay someone to take it elsewhere-any-
where we can't see it or smell it. In today's world, with greater material
consumption, we generate increasingly enormous masses of debris that
rnust be disposed of or recycled. Over the last 3,000 years, surely the
tlcbris accumulating in Rome was equally undesirable, but it is now
crrgerly excavated by archeologists in their search for clues to the past.
Wherever the written word hasn't survived, we depend on accumulated
,uvaste for information about a community's lifestyles and infrastruc-
trrrc. You can visit the Roman fora and watch archeologists avidly dig-
riirru through both the layers of debris left by everyday life and the
rrrirjor "rnarker beds" that are the recognized products of invasion, fire,

, r l ) lx) i l r  lo t rc in a hole;  actual ly,  they have not sunk but were s lowly sur-
r , , r  l t rkrr l l ry r is; i r r r ;  r ic l t r is  lof t  by Rome's residents and catastrophes l ike
t l r l  l i rc ol  n.rr .  ( i4.  l l ryur;  o l  r lc l r r i l ;  i r r  l l to i r rc. i r  of  Piazzale Ost iense are 5
1,,  lo tn l l r l t r ;  l l r i r :k, ; r t r r l l l r r  : l l r r r  o l  l l r r r l ly l r r l i r l i l ;  l l  lo 4 t t tc lcrs l t t - . low
l ,  r i  l ,  1Y '  I  ' ,11.r  ' l : ;
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demol i t ion,  andreconstruct ion.  I f  youlookcaref t r l ly ,  yorr ' l l  , r l ' ' . ,  r r (  l l tc

complexi ty and heterogenei ty of  the layers and apprt ' ,  i , r l t '  l l r ,  \ ' ( . r r \  ( ) l

cc lucat ion and exper ience that l ie behind archeoklg, i t i t l  t '1" ' '  t \ ' r l r t ) l ls '

we know this region has been occupied for l l t  l t ' r rst  l l ,o{)(}  \ ' ( ' i r fs '

. r l rhough i t  is  d i f f icul t  to ident i fy Paleol i th ic and Nt 'o l i t l t t ,  ' , t l r ' "  l t t ' low

t l rc younger debr is of  the c i ty.  Stone tools,  pot tct ' / ,  r r r r r l  { r ' r ' t ' r r l t r . r l ly)

i  ( ) l ) l )cr  weapons found in and around Rome are evir l t ' t t "  ' r l  l l r t '  l i rst

t { ) ,000 years of  human occupat ion.  The copprer l l l ( )s l  l ) ro l t , t l r lv  catne

lronl  ln ines in Tuscany, near Monte Amiata.  Obsi i l i ; r r r  to" ls l i l ' t ' ly  had

,r)ur(( ,s in Sardinia or the volcanic is iands of  l . iprrr i  ; t t l , l  l ' ' r l t t tcrola '

l r r r r i r r l , ,  the Bronze Age (approximately 2300 to l0(X) I r ' r  ) ,  rcsi t ients

, ' , ,  u l ) t ( ' ( l  mul t ip le s i tes along the Tiber (as revealct l  i t t  t ' r t ' tvr t t iot ts at

, , . r r r t  (  ) r r r . , l tono, Cisterna, and Vei i ) .  Throughout t l lc  l i r r r t '  o l  l {cpubl i -

r , rn , r l r l  l l t rper ia l  Rome, wi th i ts populat ion thcrr  r .c i t t l r i r rg i t  rn i l l ion,

, , , l t lurols construct ion of  neW bui ld ings'  greatcr t l t ' l l t i l t l t l  lbr  im-

l , r , r  t r , l  (  ( )nsutner goods ( including bui ld ing stonc i t r r t l  o i l  conttr iners),

, rn( l  t l r r '  r i t  nt ' l t t ion and bur ia l  of  waste substant ia l ly  i r lcrcascd the rate

,r t  r r l r r ,  l r  r l r t . t i tyroseabovei tsor ig inalgeologicf t r t t r lc lat ion.Thispro-

, ,  , ' ,  l r . r ' ,  ,  l r . t t t t lc t l  in the last  few decades because clcbr is is Lreing hauled

Irr to t l r r .  . r t l ; . r t  t . r r t  countryside, a pract ice that  wi l l  undoubtedly confuse

I r  r  I  r  r  r  r '  r ' , t  t  r r ' r  . t  I  i t r t ts of  archeologists.

( , t 'o l r ,1 i r ' ,1"  . r rc i r t terested in the debr is lef t  by previous Roman resi-

r l t 'n ls l , t . , . r r r . , ,  i t  l r , rs grodi{ ied the terrain.  There have been so many

Irrrrrr l r  t , r r r : , , . ,1 , l r i ' r11cs that one of  Rome's seven hi l ls- the Viminal-

is i r l l  l r r r t  in i is i l r l t , (o the casual  observer.  Throughout the histor ical

cer l tct-r l1 l (o i l r t "  r r , . . r r ly  cverything is covered by at  least  2 to 5 meters

(6.6 to l(r lt,t.t ) ol t lt ' l i l  is. on the alluvial plain in the neighborhoods of

Trasteverc arr t l  l , iy , r r r r ,  r l r t 'dcbr is is 5 to 10 meters (16 to 33 feet)  th ick;

along what wcrc tri lrrrlr ' 'y streams flowing into the Tiber, the debris

layers are l0 t0 l5 nrctc|s (-1-i 10 49 feet) thick. within the l imits of thc

Aurelian walls, therc arc 9-] nti l l ion cubic meters (121 mill ion cubic

yards) of man-made debris.' l 'his is a lot of material! However' t lre cit i

zens of Rome have had 3,000 years during which they slowly collcctctl

the waste,  bur ied or mounded i t ,  and modif ied t |c t lat t r ; r l l  t r - ' t ' t ' r t t r t '

' l ' l tc  i tcct t t t r t r lat ion haS not been a steady Proccss; i t  l r r rs l l r l t  l r t i t t t ' t l  l tot t t

. t t l i t t : t ty  t l i r i ly  l r l rsh l tcct t t l t t t lat i t l t l  to t t t l tss ivt ' l l ty t ' ts  l t t t t t l t t t t ' t l  l tv  t ' t t l l l
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l l  , r r r : l  rcokr<; i<;al  cxcavat ions in the Roman Forum, r t  is  c learthat the c i ty
I  r  r ' ,  r ' \ /o lvcr i  l r lo l r  i l r ;  owrr r lcbr is;  in th is case, we see rubble f rom Republ i -
, , r r  r  l { . r  r rc l l ) lor  r r l l t  lo rnorklrn oonstruct ions such as the Cur ia,  v is ib le
l ' , ' l  r r r  r r  l l l r r  :  l r : r  r11 rkrol  l l l  r l r r l ror  t l l rcr i r l l r l .  l l rcCrrr i i twasthechamberof
l l r ,  l i i l t  | , t t  t I l r : t  I t l r :
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yorr get an tdea of the remarkably thick layer of man made debris that

oVols the city by studying this geologic cross section along the Metropoli-

t. r|rr B (subway) between stations alPiazza Bologna and the Colosseum'

I or cxample, the ravine near Cavour Station is f i l led wlth 20 meters (66

l, 'r, l) 9f debris. The il lustration is exaggerated vertically to show the rela-

l l, )|]r; l)etween geologic units (measured in meters above sea level).

r1',r[r 'S, f ires, invasions, or large-scale renovations of the city by leaders

lr l . ,  N' l r rssol in i .
( )rr rr ljrst visit to Rome you might be forgiven for thinking that

rr,..rrly .rl l  the major structures were built in holes. The Church of San

Vrl.rlt., rrexI to thePalazzo di Esposizioni on the Via Nazionale, is 3 to

I rrrt.tt.rs (10 to 13 feet) below street level. The base of the Pyramid of

( ,rirr:, ( lt.stirrs, or the Piramide, along the Via Ostiense at Porta San

l,,rolo, is ,rlso -l to 4 meters below the numerous buses and cars that roll

p.rsl l lr is uni(lr. lc monument. Even the base of Trajan's Column and

rnosl ol t lrr. lrtr i ldings in the Roman fora rise out of depressions. Be

r.t.rrssrl.t.r l l lrcsc monuments and churches, ranging in age from the

lst ct'rrtrrry lt.c. to the 16th century A.D.' are not sinking; they have beerl

slowly crrgtrl lccl by the accumulated debris of an evolving city'

l )cposi ts t lore than 15 meters (49 feet)  th ick are locatccl  whcrc btr i l t l

crs pi lccl  the debr is f rom construct i ( )n,  i r . r r l t rs l ry t l t t t t tpt ' , .1 i ls  t ' t ' l i ts t ' ,  or '

I6crt ls s i r t rp ly wal t tccl  to { l l l  in arr  r r r r t toyi t t t l  t ' : rv i l t t ' .  I i r r r t t i l i : t t  l i ' ; t l t t t t 's  o l

l i6rrr t . l l r r r I  gvcr l ic  t l r i r l< t lc l r . is  l i ryt ' ts  i r r . ' l r r t l t ' l l r t ' l ' i , rzz,r  l l , r r l r t ' r r l r i ' ' l i ' r '

Noftheast
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I lre small Church of San Vitale, near Ihe Palazzo di Esposizioni on the Via
Nirzionale, sits well below street level, surrounded bV the debris that has
, r( )oumulated since medieval times.

nrirri Station, the southwest embankment of the Circus Maximus, Via
( ,if v()nr, Porta Melonia, and Piazza Tuscolo.

'l'lre winner for thickest debris deposit in Rome is the Monte
I i 'sl irccio, a 250-by- I 80-meter (820-by-590-feet), 36-meter-high ( I 1 I -
l,xrl) hill in the Testaccio neighborhood. The volume of this man-made
lrll is 1.6 million cubic meters (2.2 million cubic yards)! The hill
rv,rs ir clurnping ground for warehouses and workshops in the "empo-

'rurrr 7.one" along the Tiber River south of the Aventine Hill. The
lrrrpr;1i111y1 consisted of a river port and warehouses constructed
rvrllr lrrl ' l 'bkrcks that covered an area 467 meters (1,530 feet) long and
(,() nr('t('r's (197 fccl) wicle. Much of what arrived at the river port
l rr , , t  wt ' rr l  to wirrclrotrscs and workshops in what is nowthe Testaccio
r r l t l '111t, , ,  1t , , . , , ; .

N lorr l r " l i 's l . t t  t  io is t  orrrpost ' t l  o l  l r rosl ly brol<cl t  antphorae ( terra-

,  r r l l . r  pr l is)  ust ' .1 l , r  inrpot l  o i l  l lorrr  . r rourr<l  l l rc Mt ' t l i l t ' r r i ln( ' i ln.  lkr<lr i -
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I l tc Monte Testaccio is a
rr rt I rcstaurants.
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man-made hill now surrounded bv residences
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I I rr: , ; r, ,r r, r l 1 rl r l lr )( Jti lph ShOWS the area Of the MOnte TeStaCCiO, a 36-meter-

l r i r t l r  ( l  I  I  l r , , r l )  l r i l l  Of debr is,  most ly broken amphorae accumulated Oe

lwccrr  ; r l  ror  r l  n rr .  145 and 255. lmperial  Rome's major r iver port  was

rrc i r r  l ry,  l r r r r l l l r r  )  l ( ) i ( l l t l )Orhood around MOnteTeStaCCiOWaS an indt lstr ia l

c l is t r i r ; t .

gucz--Alr t rc ic la,  i r r  h is analysis of  Roman trade based ol l  thc col l lpol lcr l ts

<l f  t6c I i l l ,  cst i l tatccl  that  the number of  br t t l<cn r t r t l l . t l to l 'ac totr t lc t l

53,35c),u00, which woulc l  have contai t tcd -17 l r r i l l iorr  t r r l r i t  r t t t ' t t ' ts

( t rcrrr ' ly  l0 [ i l l i t r r t  gul lor ls)  t l l ' i t l rpor(ct l  o l iv t 'or l !  l rvt ' r t  , t r i t ' t ' t r ] r t t1 ' ,  l l r rs

vr, l r r r r r t 'o l  o i l  ovt ' t ' l l rc I  l0 yt ' r r r ' l i l t l i t t t r 'o l  t l r t ' l . r r l , l l r l l ,  l l r r '1 ' r ' r  r '1; ' i1 '1

rrrrrurrl consurnption would have been 34 l iters (9 gallons), assuming a

l ' , , l , r r l r r t ion of  I  nr i l l ion.  This est imate seems rather high, but we must
r(  nr(  l l l l ) ( ' r '  thrr t  o i l  was usccl  for  l ight ing and cosmetic purposes, as wel l

, r ' ,  l r r r  t  ool . i r rg.  ( ) t l rcr  r lcbr is conrponents include chunks of  pozzolan
( ( 'n(  r (  l ( ' ,  Pl ; rstr ' r ,  l rnr l i . r ' r r  l ro l ' t i lcs,  b i ts ol-  stol te pavement,  and frag-

rrrr  r r l . ,  r , l  r i l , rss , r r r t l  r t ' r ' r t r r r i r  o i l  l rurrps rrruclr  l i l<c n ' toclcrn landf i l ls .

\ l l , r l l r r ' l . r l l  , r l  Inr l ) ( r i . r l  l (otrrr ' ,  l l r r " l i . 's l , r t t ioI I i l l  wclr t  v i l ' lur t l ly t t t r t ro-
l r ,  r ' ,1 rrrr l r l  l l r ,  l l i l l r  , r r r r l  l ' ) l l r  , r ' r r l r r r i r " , ,  r r , l r ,  r r  i l  l r t ' r , r r r r t '  : r  lour ist  l t l

.1 ' , :
\ ' r\\
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traction. Today, the ancient industrial zone is beconrilrg,r p{)l)rrl,rr site

for restaurants and nightclubs.

The Palazzo Valentini, which houses the offices Ol't l tt '  l 'rovirrt i ir di

Roma, is located immediately north of Trajan's Coltrtttt l , t ' ,rsl . l ' the

PiazzaVenezia, and is a potential victim of history altt l l irrrvrly. l;ollow

along as we begin a virtual ascent through the complcx rtttt l  tttttttcrous

layers beneath the Palazzo Valentini. The debris seqtr('rr((' lrcsirrs with

lhe Temple of the Deified Trajan, built by Hadrian itrottttr l n.rr. I l7 on

ir substantial stone foundation. Nearbywere Tiajan's lrot rtttt (t lrc largest

ol'the Imperial fora), and Trajan's Column. The templc lt ' l l  irrto disuse

.rl ' tcr the fall of the Roman Empire, and the site becll l l)c rr rtrbble pile.

lrronr the 5th to 12th centuries A.D., the temple was slltotltcrccl by one

,rl l{Orne's medieval quarters. Between 1583 and 15t15, this ncighbor-

lr,r,rt l was demolished to build the Palazzo Borrell i , wlticlr was never

, rrrrrlr lcted. Later construction (e.n. 1650 to 1689) extcrtclctl thepalazzo

trrrv.i l t l  ' l iajan's column, and in about 1740, the builcl irrg trecame the

t lrrrrr lr of Santissimo Nome di Maria. It came unclcr rtcw ownership

rn lr ' ,0 when the Imperial cardinals carried out work to restore the

lrl,r. i lv. l letween 1796 and 1830, the new owner, Viucenz.o Valentini

( | | r r r.,, r I s ( rl rrent name), added a 1ew section that had a view of Tiajan's

(  r r l r r r r r r r . ' l 'hc Provincia di  Roma took over thepalazzo in e. l .  1874,

rt 'rrrorlt ' l irr1,, it and adding another level. In the mid-2Oth century, part

ol  t l r r '  l r r r i l r l ins was turned into a bomb shel ter .
' l ir :rrrrrr rrp, the man-made debris under the palazzo, representing

l l r t ' t ' l r l r  , r r r t l  l low of  Roman history,  is  between 6 and 16 meters (20 and

ii-l let 't ) l lut l i . ' l ' lrc heterogeneity of the debris deposits results in irregu-

f rrr t,rrrr1r,r,. t ion rurd subsidence under the weight of thepalazzo's foun-

clat iorr . ' l ' l rc  r l i l l t ' r ' t ' r rcc between the compact ion of  unconsol idated me-

clicvirl rrrrt l l(t ' lrrrissitttcc debris layers and the rock foundation of the

Templc 0l' r lrt '  l)ci l ictl ' l iajan has led to cracking and eYen ti l t ing of

sections crf t lrc ovcrlying palazzo. Thepalazzo is not the only important

building that is thrcatcncd in this manner.

In August 1969, ir-r the Palace of fustice (Palazzo di Giustizia di Ronra,

ctr Il Palazzaccio), a granite corbel collapsed, fell through tl-rc cciling,

arrd landed in a ground-f loor hal l .  Located near ( lastc l  Sarr t 'At tgclrr

l rctwccrr  thc - l ' iber and the Piazz.a Cavottr ,  thc pir l r rct 'wrrs l r r r i l l  i r r  l l ' l ( ) t
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directly over a spring on the right bank of the river. The corbel fell
because differential subsidence of the palazzo's foundation was tearing
the building apart. When it was examined in 1970, the palazzo had
more than 450 cracks on each of its three levels. Precise leveling surveys
made after the cracks were mapped revealed that the building was sub-
siding at about 5 millimeters (one-fifth of an inch) per year. That alone
wouldn't be catastrophic, but the subsidence is not uniform below this
cnormous building. The facade nearest thePiazza Cavour had sunk 50
centimeters (20 inches) between 1893 and 1970, but in more recent
times, most of the subsidence has occurred on the opposing fagade,
nearer the Tiber.

We know that cracking and tilting of parts of the palace are caused
by differential compaction again, but in this case, by unconsolidated
river deposits (sand, gravel, and clay) and man-made debris (including
the remnants of Imperial Roman ruins) underlying the palazzo; the
tlcposits are not compressed equally under the weight of the stone pa-
lt't,zo, and some deposits sink more than others. Building over a spring
lvithout considering the effects of water-saturated sediment also added
Io the problem. Furthermore, engineers investigating the stability of
thc palazzo found that the foundation itself lacked rigidity; thus, it
, oulcl not "float" as a single block on the underlying sedimentary and
t lt 'bris deposits.

In general, early Roman engineers constructed the city's buildings
, rn stable foundations. There were exceptions, however, such as the Col-
()ssclu11, which was constructed over a contact between alluvium and
tlrt'rock of the Oppian Hill. Even just after medieval times, builders
rv..'r.c already facing the difficulties of laying foundations on heteroge-
rrcotrs debris layers accumulated throughout earlier Roman history.
lirtlrry, rnost of the younger buildings suffer only from annoying cracks,
lrrrt lhc cffect of differential subsidence can lead to the more serious

I'r,lrlcnr of tilting, which requires repair and retrofitting.
Itil l icLrlties associated with the lateral and vertical heterogeneity of

I'otlr rnrtn-llaclc debris deprosits and unconsolidated alluvium have

I ' r , rv i t l t ' r l  l  l<cy to rrnclcrstancl i rrg another problem: the way Rome's
I ' r rr l t l i r r l is rrrr t l  r rrorrrrrrrcnts rcsl .rorrr l  lo cart l rqulkes, which are so com-
r r r , r r r  i r r  l l i t lv .
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Geologists Evaluqte the Risk of Earthquakes

To evaluate the earthquake risk to man-n-raclc strttcttlrcs, we

need to look beneath, at the rock or sediment typc irs wcll as tl"re

thickness and shape of each deposit. We need a gcolotic cvalua-

tion and, if we are lucky enough to have access to soplristicated

computer databases, some numerical modeling of thc sitc in order

to estimate any strong ground motion that woulcl ilccolllp.lny a

future earthquake. Structures built on rock havc thc greatest

chance for survival. Those built on deposits of poorly consoli-

dated alluvium, especially in narrow valleys, are sttbject to ampli-

fied ground motion and thus have an increased risk of serious

damage. We can also extract earthquake histories by digging

trenches across faults to look at indicators for ground movement

and by collecting material for radiometrically dating sediment lay-

ers left by past earthquakes.
We must not only determine the rock types (usually from local

outcrops) but also understand something about their geometry

and distribution. Given that old cities like Rome have covered

most of the outcrops with man-made debris, it is difficult to eval-

uate what underlies the city unless you have a large drilling budget

that allows you to poke holes through the debris. Geologists can

use information about damage to historical structures caused by

past earthquakes to predict zones where buildings are vulnerable

to strong ground acceleration. Compilations of the time and de-

gree of damage from earthquakes will also help us develop the

data sets we need to estimate future risks.

EanrseuaKEs IN Rorulp?

A tablet located in the entrance of the building that has bcconrc a syrn-

bol  of  Rome ancl  the l l<tr l ran l . , r t tp i rc- thc (  lo lossct t t t t  t lcscr i l lcs t l te

gener11si ty ol-  l )cci t rs Mlr i t ls  Vct t i t l t l i r ts l l r rs i l i t ls  i r r  srr l rs i t l iz i l l l l  l ' ( ' l ) . l i l 's

l r l - t t ' r ' t ' ; t r t l t t t t t ; r l i t 's  l l t : t l  ot t t t t l t t l  l r t ' l rvt( l l  i \ .1, . ' l ' l i , t r r t l ' l l i l .  l io l t t t  is

THE TIBER'S TRIBUTARIES

subject to both small and large earthquakes, and the chronicle of these
events is one of the best in the world because of Rome's long historical
record. The monuments of Rome are proud survivors of seismic activ-
ity, but geophysicists and conservators alike are concerned about the
potential damage from future earthquakes.

The Flavian Amphitheater-better known as the Colos5slrm-is sn5-
ily recognized by people everl"where because of its asymmetry: the
northern half has four levels of arches and looks complete, whereas the
southern half has two and one-half to three levels remaining and is
obviously damaged. This damage appears to have been caused rnostly
by earthquakes over the last 1,900 years and rather less by citizens and
builders "mining" the structure for construction material.

One of the authors of this book (Funiciello) and the geophysicist
Antonio Rovelli of the Italian Institute of Geophysics have studied
earthquake effects on major Roman monuments, including the Colos-
seum. They discovered that damage to the amphitheater by the many
earthquakes that have hit Rome during the last two millennia was re-
lated in large part to the underlying geologic deposits. Roman engineers
were superb, but they did not consider the basic issue of geologic under-
pinnings before building this arena. This failing is not unique; con-
struction today in most of the world's cities suffers from the same prob-
lem: a lack of understanding of the geologic foundation below (or, in
cities with hills, the geology above).

Using data from earlier geologic mapping and a series of exploration
drill holes, Funiciello and Rovelli found that the Colosseum had been
constructed across the boundary (in geologic terms, the contact) be-
tween Pleistocene age sedimentary rocks and tuffs (volcanic deposits
from the Alban Hills) and the unconsolidated alluvium of a creek that
ran between the Palatine, Esquiline, and Celian hills and then into the
'liber through what is now the valley containing the Circus Maximus.
Adding further instability, a small valley once dammed to form an arti-
flcial lake was, in turn, coverecl with a layer of burnecl clcbris lclt by thc
grcat lirc of ,r.n. (r4 (crrrlroniz.crl wood from thc lirc was cliscovcrcd
t l r r r ing gt '< l -cr t t i t t t ' t ' r ' i r r1 i  r l r i l l i r r l i ) .  Vcspasi i t t t ,  t l rc l i rst  cr) l l ) ( ' r ( ) r  o l  t l r t '
l ; l r rv i r r r r  l r r r r r i ly .  wlro srr , , , ' . ' ,1, ' ,  1 N, ' r 'o,  r l t 'c i t lc t l  t l rut  t l r r 'srrrrr l l  vrr l lcy wirs
l l r t 'P1'1 11'1 1si l t ' lor . r  l l r ( ' , r t  ,u( 'n.r ,  rv l r i t l r  l r t ' l r r r t l  tor ts l r r r t l t ' t l  i r r  l i t t l t '

r r ror t '  l l r , r r t  l tvr '  \ ' r ' , r r ' ,  ( l r r ' ,  ' , , r r  l  r l r r r  r l t ' t l i r . t l t ' t l  l l t t '  , r t t ' r t , t  i r r  r t . r r .  lJ()) .



CHAPTER SIX

AS you can see from this diagram of the corosseum (Fravian Amphithe-
ater), the north side of the corosseum (to the reft), which is underrain bymarrne sedimentary rocks and tuff, suffered onry right damage durrng tneeadhquakes of the centuries. The southern sroe, overrying an ancrentcreek fi 'ed with poorry consoridated sediment, was severery damageo oyexcessive ground accereration within the ailuvium during rarge eartn_quakes.

Despite its massive, r3-meter-thick (43-foot) concrete foundation, the
variation in rock types under the stadium becomes evident when one
looks at structural damage caused by a few large earthquakes. After e.n.
484, the colosseum was gradually abandoned as a site for sporting activ-
ities; it was used by criminals as a refuge and by others u, u .oi.ul fo,
cattle' During the r3th century, it became a fortress for a wealthy f'amily.
The debris lelt after earthquakes served for a while as an ersatz ;q,rurry',
before Pope Benedict IV saved this landmark by consecrating it.

using tl"re results of geologic drilling to visualize tl-re three-dimen_
sional framework of the site, Funiciello and Rovelri simulated the
ground acceleration that would have occurred below the stadium crur_
ing an earthquake. In the unconsoridated stream sedir'ents of the tribu_
tary underiyi'g the southern half of the colosseum, the grourcr acccrcr_
ation was strongly amplified, enhancccl by the shapc 1;f thc vallcy. l.argc
eart l lquakes hcavi ly clat l ' l l tgccl  thc P<lr l i . r r  . l ' rhc ( . . l .sst ' t r rn .rr t le r . l . r i ,
[ ty; r  scdir 'crr t  l i l lc t l  t . r .ct , l i .  l r . l l . r r r ,  l r t r l  r r r l j . r t t , r r l  

' r r l i . r rs 

l . t . r l t . r r  . r r

, l  

or  k srr l l i ' r  r . . l , , r r lv  ! i r i l r  I  r l , r r r r . r r i t . .
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Basic data for an earthquake history should include the degree of
damage to buildings, bridges, and monuments; however, 

'ot 
every his_

torical record indicates if an earthquake was responsible for property
damage' In ancient Rome, buildings often collapsed, even without
earthquakes. During Imperial times, Emperor Augustus limited the
height of private buildings to 21 meters (70 feet), and anyone who
wished to build above that height needed the emperor's permission. In
the following century, Trajan further limited construction to about r g
meters (60 feet)' These regulations were prompted when a period of
enormous demand for 10w-cost housing resulted in less-than-excellent
projects. Thll tenements frequentry colrapsed because of poor construc-
tion, but their destruction was assured during earthquakes. As is often
the case in the modern world, cheap housing provided great profits
but put the residents at risk. The writer luvenal, who died around e.l.
130, lamented the unstable, badry constructed buildings of Rome: ..we
live in a city that is supported, more or ress, by propr." some Italians
agree, saying that not much has changed, especially with the apartment
houses put up quickly after World War II in response ,n u porr*u,
housing crisis.

in early documents, earthquakes were lumped into the same category
of disaster as war' revolt, and invasion. Dates for earthquakes that oc-
curred before e'o. 1000 are not precise, especially for events between
,r.o. 500 and 1000. The first recorded description of a Roman earth-
quake was by Liry, writing in the final decades of the lst century B.c.,
who mentions the tremors of 46r s.c.: "The ground was shaken by a
violent earthquake." Liry, in this terse account, described the event in
lhe context of miracles that occurred that year. Not much was said
about actual damage to the city except for the falling of large objects.
An earthquake in 83 a.c. damaged public buildings and houses, and
Appian (2nd century A.D.) interpreted the event as a portent for civil
war (this is certainly plausible-the same happened in Managua, Nica-
l.agr.r, in 1972). other significa't earthquakes noted by Roma' writers
,ccrrrrcr l  in 179 rr .<; . ,  r r l r . . l  7 l  , .<: . ,  and a.r>.  15,51, 443,4g4 r l r  50g.
l iOl ,  r rnt l  l0()  1 .

(  ) l t t 'o l  l l l t '  t t t ,s l  , l . t t t t . t1 ' , l t t1 i  r ' . t r l l r t ;urr l i t 's  i r l l i ' t ' l i r r l i  l torrrg 1; t . t -sr-r . t . t l  , r r
St 'p11'1111v. ' '  ( ) ,  I t . l , )  Nr ' . r r  t1r , . , .1,1,r .11t . r  i r r  l l r t , r t . r r l r . t r l  Apt. tyr i1t .s,  l l t t ,
r r r lcrr : , i ry r 'v . r : .  Nl ,  r , . r l l r  l , r . r r r r  \ ,  r r  r ( ( ) rn(  i r  rv.rs 1ir , r r r t .  VI I r  ' r , l r t .  r ror . l
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Tasrn 6.1
Large Earthquakes That caused Damage in Rome from the 13th century tr.D. lo lltt

Zone of Epicenter
Intensity, Intensityin

Year Epicenter Rome

Umbria-Marche
Apennines

Central ltaly

Aquilano
Umbria Apennines

At;uilano
Alrruzzo Apennines
,\l lrrrn Hil ls

l ionr i t t r  area

l iorr t i tn area

r \ l l ' .ur  I  I i l ls
l {ont , t t t  area

r \ l l , , r r r  I  l i l ls
l lorrr , rn i t rca

Al l r , rn l l i l ls
Nl, t r  s i t  ; t

l (oturtrr  l t tcr t

Al l r r r r r  l l r l ls
Vir l  Nt ' r ' i r r r r
lk l t l t ; t t t  l t t t ' l t

IJrrr l r r i ; r  Mrr lc l tc

A Pcl t  t t  i I t t 's

( , r ) i l t i l  t t ' i l  I

l ' t  csent

t279
1349

t46l
1703

t703
1706
1806

181 1
1812

r892
1 895
r899
r909

191 I
1915

19t9
t927
r979
1995

1997

x

XI

X-XI
X-XI
VIII

VI
VI_VII

VII-VIII
VII
VII
VI

VI
XI

V-VI
VIII
VIII
VI

VIII-IX

VII-VIII

V
VII

VII
V
V

V-VI
VI

V*VI
VI

IV-V

IV_V
VII

IV-V

Serious t l i t t t r : tgc t t r

thc bi ts i l i t r rs ancl

mcdicvi t l  towcrs

No clcsr l ipt ior t

Ser iotrs t l i t t r t i tgc to

nrarry btr i l t l ings

Seriotrs t l i t t r t i tgc

Minor r l i tnt l tge to some

btr ik l ings

Part ial col lapse of many

bui lc l ings

Miuor clamage

Sorle serious damage

Some serious damage

Minor damage in

Monte Mario

Some minor damage

Much damage and

some partial collaPse

Some minor damage

Some minor damage

Some minor damage

Some minor damage

Some minor damage

Srr l l r ' :  l )or t i r l i ,  l i t tn ic ie l lo,  and Rovel l i  1998.

petrarch, who was in the city for the Jubilee of 1350, found the city

"prostralte," citing severe damage to the structures most frequently vis-

ited and admired by pilgrims, including bell towers and basilicas. Wor

ried about the expected influx of pilgrims, Pope Olcttrcnt VI conccrl-

t ratcd on repair ing damage to thc rnost inrport i tnt  l lasi l ic i rs:  Srt t t  l ' t t r l l< l '

t (x)
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Ttsrn 6.2
The Mercalli Earthquake Intensity Scale

Scale Intensity Description of Effect
Corresponding
Richter Scale

I
I I
III

IV

V
VI

VII

VII I

Instrumental
Feeble
Slight

Moderate

Slightly strong
Strong

Very strong

Destructive

Ruinous

Disastrous

Detected only by seismographs.
Some people feel it.
Felt by people at rest, like a

large truck passing.
Felt by people walking. Loose

objects on shelves rattle.
Awakens sleepers. Church bells ring.
Trees sway. Suspended objects

swing. Objects on shelves fall off.
Mild alarm among people. Walls

crack. Plaster falls.
Moving cars cannot be controlled.

Chimneys fal l ,  and masonry is
fractured. Poorly constructed
buildings are damaged.

Some houses collapse. The ground
cracks, and pipes break.

There are many ground cracks.
Many buildings are destroyed.
Some liquefaction of ground
and many landslides.

Less than 4.2

Less than 4.8
Less than 5.4

Less than 6.1

Less than 6.9

Less than 7.3

IX

XI

XII

Very disastrous Most buildings and bridges collapse. Less than 8.1

l?Tl,lliifls' 
pipes' and cabres

Catastrophic Total destruction of man-made Greater than 8.1
structures. Tiees are torn out of
the ground. The ground rises and
falls in waves.

Saint Peter, and San Giovanni in Laterano. This may have been the

siurc earthquake that caused major damage to the Colosseum, leaving

i l  hal f  in ruins,  as we see i t  today.

Scisrrric historians have had better documentation since medieval

t i r r rcs l i r r  cvir l r r i r t in l l ,  thc cartht l r ra l<c i t t tct ts i ty ancl  subsequent damage

ol l t is lor i t  l  t ' t ' t 'not 's.

t0 l



The Earthquake of lanuary-F ebruary 1 703

A series ofearthquakes, causing violent shaking and notable damage, terror-

ized the residents of the city. This violent earthquake originated in the

Apennines of Umbria and Abruzzo and was possibly the most important

earthquake in the history of central Italy. Ground motion, occasionally with

intensities of MCS grades IX and X, destroyed numerous towns, left thou-

sands of victims, and produced ample evidence of effects on the landscape

and groundwater.

The people of Rome living in areas where the most severe ground motion

occurred [about MCS grade VII-on the Tiber's floodplain and tributaries],

were found in a grave state of terror and exhaustion, continually rebuilding

and adding supports to structures and putting up notices of death and

destruction. All spent nights in the open during the bad winter weather and

not in the buildings.

On the first day of March, 1703, an indication of the climate that reigned

in the city was the band of criminals who posted a notice predicting the

imminent fall of the city, to encourage the inhabitants to abandon their

homes and then to rob them. The general fear led to the numerous religious

functions celebrated in Rome during the following year. (Molin and

Guidoboni 1989)

The ground motion in Rome during this event caused serious dam-

age, mostly on |anuary 14, and was also disastrous near Norcia; on

February 2, the quake caused catastrophic damage in the city of

L'Aquila and further damaged Roman buildings weakened during the

first earthquake. Damage recorded in Rome included the collapse of a

house near Santa Prassede and destruction of a loggia parapet near

the "Quattro Fontane," which killed two brothers. Despite their solid

appearance, town walls partially collapsed. Roof gables fell in Trastev-

ere, and deep fissures opened in the walls of many public buildings.

Many Roman monuments were damaged; particularly hard hit was the

Colosseum, where three arches of the second enclosure cln the soutl-r

side were ruined (facing the Church of San (iregorio). ' l-hc e l l 'ccts on

groundwater,  as descr ibecl  by Mol in ant l  ( lu i r l rboni ,  wclc rrot i rb lc i r r

r r rany o1' t l rc t ' i ty 's wcl ls (" | r l r  r r  wlr i l t ' ,  l l rc w;r lo wrrs lur l r i t l  iur t l  l r i r t l  i r
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bad odor. Pressures in water systems dropped") the result of disrupted
springs and broken pipes.

The most serious Roman earthquake of the 20th century occurred
on ]anuary 13, 1915. The epicenter was located 80 to 100 kilometers
(50 to 60 miles) north of Rome, in the Lazio-Abruzzo Apennines, where
the intensity was Mercalli grade XI. This quake was felt throughout
Italy and in parts of Yugoslavia. All wards and quarters of Rome were
affected, although the extent varied. Most of the damage occurred in
structures located on the alluvium of the floodplain and tributaries,
and it was severe in all older floodplain neighborhoods, including
Testaccio and Prati. The earthquake crumbled parts of the Aurelian
Wall near the Porta del Popolo and Porta Maggiore, and near Porta
Furba a part of the Claudian aqueduct was destroyed. Serious damage
occurred in the churches of Sant'Agata de Goti and Santa Maria della
Scala, the campanile of Sant'Andrea delle Fratte, and the cupola of San
Carlo ai Catinari.

Souncns oF EARTHeUAKES Tner Arrscr Roltn

'l'he earthquakes felt in Rome historically originate in three areas:

. Within a l5-kilometer (9-mile) radius of the city center-These
earthquakes have magnitudes of less than Mercalli IV and shallow
epicentral depths; they are rarely felt and are detected only by sen-
sitive seismometers.

' Within "the Roman area'-Frequent earthquakes in the Alban
Hills volcanic field have magnitudes of about Mercalli V; their
cause is often attributed to either an influx or cooling (and shrink-
ing) of molten rock located at great depths below the volcanic
lrcld. Along the Tyrrhenian coastline, infrequent eirrthcluakcs,
with n-ragr-r i tudes of about Mercal l i  V to VI,  arc rarcly fc l l  wi t l r i r r
thc c i ty.

.  Wit l r i r r  ( r0 to 130 l<i lorncto"s (37 to Ul  r r r i lcs)  o l ' I {orrrc."- . 'Scisrrr ic i r l ly
i t r . ' l ivc i t rc i ts ol '  l l r t '  t t ' t t t r i t l  Apcrt t t i r tcs l r i tv t '  l lccr t  l l t t '  sotu ' r ' r 's

l i r l  i r l l  r r r i t jor ' ( ' i r t t l r ( lu i r l ( ( 's  in t t ' r r t r i t l  l t i t ly . ' l ' l r t ' l ; r lgcl  rpr : r l i t 's  l t ro
r l t r t t ' r t t . rx i tntr t t t  i t r l t ' t rs i l i t 's  o l  Mt ' r ' t , r l l i  Vl l  to Vl l l  in l {orrr t ' .  l r ,u ' l l r
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11'  12" 13" 14'  15'

ffi,,
Topography (m)

Looking at the epicenters of large earthquakes in the ltalian Peninsula be-
lween n.o. 1000 and 1980, we can see that those of most of the large
carthquakes that have damaged Rome are in the nearby Apennine Moun-
lains, whereas few really damagrng earthquakes originated along the
r;oastal plain or in the volcanic fields that flank Rome. "MCS' refers to
llre Mercalli Cancani Sieberg earthquake intensity scale. (Historical and
irrstrumental data are from Camassi and Stucchi 1997)

rluakcs with intensities of greater than VII occur about every 500
ycirrs; tl'rose with intensities of VI to VII occur, on average, every

J(X) ycars.

( it 'oloqists lrirvc lroth olrservec] and inferred faults below Rome that

lr .st '  l i t t lc r is l i .  to t l rc ci ly.  ' l 'hc grcrtcst I ' razard stems from the large
,  . r r  t l r t l r r r r l i t  s  l l r , r l  o l i r ' , inrr lc i r r  t l rc rr t ' i t l 'by Apcl t t t i t tcs,  especial ly when

r, , r ( )urr( l  r r r ' l ion is,rrrr l r l r l r , ' ,1 rv i l l r i r r . r l l t rv i r r l r l r 'Posi ls strc l t  as t l r< lsc f i l r - l r td
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below the Tiber's floodplain. Rome's archeological monuments offer

some insight into the degree of damage to a building during a single

earthquake, which is related to the monument locations-on rock or

alluvium.

Tne AunnrrRN Warr

The Aurelian Wall, Rome's defensive perimeter over the centuries,

crosses nearly all the geologic units and terrain of Rome. One of the

authors of this book (Funiciello) and his colleague I. Leschiutta used

the Aurelian Wall to interpret the importance of geologic setting

when calculating risk to man-made structures. They assembled a geo-

logic cross section along the wall and used historical records to evaluate

damage to both the wall and its gates. Most earthquake damage over

the centuries has been to the Porta Metronia and Porta Ostiense (to-

day's Porta San Paolo), where foundations were built on the poorly

consolidated alluvium deposited in deep channels cut by the Tiber and

its tributaries.

TnB VerIceN

Located on a low extension of the Janiculum Hill that extends north-

eastward into the floodplain of the Tiber, the site of the Vatican has

been occupied since Etruscan times. This low ridge is about 60 meters

(197 feet) high and consists ofPliocene age claystones and sandstones,

which are overlain by Pleistocene age stream deposits and tuffs from

the Alban Hills volcanic field. Thick alluvial deposits wrap around the

toe of the hill.
The Circus of Gaius and Nero, the first large structure to occupy the

site, was tucked into the hillside and extended out over the alluvial

plain. In r.o. 64,when the city of Rome burned, Peter and Paul were

reputedly carrying out their apostleships. At the beginning of the I st

century A.o., Peter's tomb, adjacent to what was Nercl's circlts, was ll

the cet-r ter of  a growirrg t tccr<lpr l l is.  Arott l l t l  n. l r .  - ]20, l i t t lpcror (  )ort-

l (Xr

Poda Metrcnia
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Pofta Asinarc

Poda Pofra Poda
Salada P nciana Flaminia

Poda Poda Poda Poda

AoDia Laiina Metonia As nara S. Giovanni Maggiore

l^rizantal scale 1 km

f-l a{uv,um of fiber llll]l sedimetary
[;;:a river U rocks

f-:-l volcdnic rocks f-_-_l clays and marls
l j (most lyTutfsl  !  (Pl iocene-bedrock')

Geologic cross section below the Aurelian Wall. Gates most heavily dam-
aged by eafthquakes are those located on alluvium rather than rock.

stantine ordered the first basilica dedicated to Saint Peter to be con-

structed along the east-west base of Nero's Circus. Constantine's basil-

ica survived for more than 1,000 years but by 1452 was in desperate

need of repairs. Rather than rebuilding the old basilica, Nicholas V

wanted a new church, but the old basilica was not torn down for an-

other 50 years. fulius II hired Bramante to destroy the old church and

to clesign the new one, for which construction took 120 years.

During construction of the present Saint Peter's Basilica, designers

1'rroposed that two campaniles (bell towers) flank the entrance. Work

on the first bell tower began in 1612 and continued until 1641, but a

sinl<ing foundation required a scaled-down version of the original de-

sign, and the plan was in trouble. Bernini and others made an effort to

sirve the campanile, but Pope Innocent X ordered its demolition. J'hc

I'r',rblcrn, probably exacerbated by earthquakes, was tl-rat tlrc towcrs

wt'r'c located on the erlluvial plain and not on rock. Saint Pctcr's llasilica

rtst ' l l  is locatccl  on rock ancl doesn't  suffer thc consc(l t rcrrccs ol 'a l t  r t t t -

sl , r l r l t ' l i r r rnr l i t t i< ln. ' l 'hc contact  <l f  rock wi th i r l l t rv iur) t  ru l ls  i lc t l )ss

t l r t ' l iorr t  o l ' t l r r 'b i rs i l ic i l ,  nrole or ' l t 'ss i t t  t l rc l rc i r t l  o l  t l re pi i rzzrr  (p l r rz;r) .

l  l r t '  p i i rzzrt ,  l l r r r r l<t ' t l  l ry . l f , | . l  l r ' ; rvt ' r ' l i r r t '  to lut tuts,  is  r r r r  i t lcrr l  t t t t ts l t t t t

l r ( )n ()n rr l l r rv iut t t ;  i1 's , r  tnot t t t t t t t ' t t l , r l  sP;t t t '  t 'x . t r  l ly  wl t r t l  w. ts l t t ' t ' ,1. ' .1
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to set off the basilica's facade and to host the large crowds that attend
ceremonies there.

Mone Cruss pnolr CoNsERVArtoN auo RpsroRATroN
op Hrsronrc BurrnrNGS AND MoNuuBNrs

From the beginnings to A.D. 2000, monuments and important buildings
were often restored following earthquakes, floods, and significant polit-
ical events such as Alaric's sack of Rome in e.1.4r0, as well as during
preparations for Jubilee years. The amount of money spent on restora-
tion is useful as an indicator of actual earthquake damage following
documented events. Engineers can use such seemingly unrelated histor-
ical detail, information from drilling, and models of earthquake effects
to evaluate the risk to new structures planned for Rome. Geologists and
engineers from the National Seismic Service and the Ministry of public
works have evaluated seismic risk for every building in the historical
center of Rome, as well as for the city's infrastructure, including gas
and water distribution systems.

For the Jubilee year 2000, Rome undertook the mammoth task of
not only cleaning most of its major monuments (and you are fortunate
to see the glorious results today) but also retrofitting them to withstand
future earthquakes. The magnitude of the effort required the combined
financial support of resources available to architectural historians and
archeologists and those from the Ministry for Civil protection.

Most of the work to evaluate Rome's earthquake vulnerability has
focused on the historical center. The effort now must be extended into
the suburbs, where scant attentio'has been given to the geologic foun-
dations beneath new apartment complexes and industrial and business
centers. The most growth, which has occurred since the great earth-
quake of 1915, has taken place in areas that were open countryside at
that time, and therefore we have limited data to help us preclict the
potential risks of earthquake damage in these newly built-Lrp locations.

In Rome, geoscientists and government groLlps are workirs t'scthcr
to f ind ways to help ci t izens avoicl  curthr l r i r l<c-rcl : r tcr l  t l isrrsto's.  I l rbirrr
acl t r t in istrators i r r  othcr Pirr ts ol- l l rc wor ' l t l  ,orr l t l  l t ' : r r - r r  l r .orrr  l l r t ' l iorrrrrrr
t 'x i t  t t tPl t ' :  lool i  l t l  Possi l r l , ' t ' , t t l l r r ; r r . r l , r . \ ( )ut(  1. \  ( l l r t . r i r ,o l r ,1,  j1 loulrr l . r l rorrs

{
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I lr is map showing the basic geology of the historical center of Rome indi-
r:r rlr- 's those monuments that have required repair and restoration after
.; rrl lrquakes" The most heavily damaged areas are those on the Tiber
Ilrvcr f loodplain, where the srtes are underlain bv thick deoosits of river
, ;  r r r r  ls ;  and gravels.

r l ) ( )n wlr i - l l  thcir  c i t ies have been constructed) and examine records of
rr, lr.r l lr;rs occrrrrt 'r l irr thc past. No one has yet predicted an earthquake,
I ' r r t  i t  is  P.ssi l r lc  to Prct l ic t  strurctural  damage by an earthquake before
rt  l r , rp l r t ' r rs rrrr t l  l i r r t l  lvrrys lo rrr i ( igrr tc t l rc darrgers.
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