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Abstract
The Pedregal lavas are fresh, well-exposed basaltic ¯ows erupted from the Xitle scoria-and-cinder cone in the southwestern
part of the Basin of Mexico. These lavas cover an area of 70 km 2 and were emplaced over pyramids and other buildings (e.g.
Cuicuilco and Copilco archaeological sites). Today, a part of Mexico-City (including the National University) is built on the
¯ows.
Initial strombolian activity produced an ash fallout layer, which was immediately followed by effusive emplacement of lava
¯ows. The Xitle cone grew on the north-facing slope of Ajusco volcano, and lava ¯owed down to the N±NE until it reached the
basin ¯oor.
More than 30 radiocarbon dates have been obtained by several workers on charcoal samples from beneath the lava, and
several ages for the eruption have been proposed from these dates. Most dated samples were not directly produced by Xitle's
eruption but instead are artifacts of human activity that predates the eruption. Thus, these ages (mostly about 2000 bp) are older
than the eruption. A new age of 1670 ^ 35 years bp (AD 245±315) obtained on charcoal samples collected just beneath the
lavas is favored for the Xitle eruption. These samples originated by ignition of vegetation during the emplacement of hot
scoriaceous tephra. The new age is within the Classic period of Mesoamerican archaeology, whereas the earlier reported ages
are at the end of the Preclassic. The new age carries important implications for the timing of population shifts within the Basin
of Mexico. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Xitle Volcano, located at the southwestern limits of
the Basin of Mexico produced the ªEl Pedregalº lava
¯ows, which engulfed and covered several Prehispanic settlements, including famous Cuicuilco pyramid
(Figs. 1±4). Prior to the eruption, Cuicuilco was situated on a deltaic plain of a stream draining the slopes
* Corresponding author. Tel.: 152-5-622-4119/4146; fax: 1525-550-2486.
E-mail address: csiebe@tonatiuh.igeofcu.unam.mx (C. Siebe).

of Ajusco stratovolcano. The eruption forced many
people to abandon their villages and represents a
documentable example of a volcanic disaster in this
region. The youthful appearance of Xitle volcanic
cone in conjunction with the discovery of archaeological material underneath Xitle lava ¯ows prompted
many attempts to determine the numerical age of
eruption. Due to the lack of written accounts describing Xitle's eruption, the age of the volcano can only
be determined using the radiocarbon dating method.
After the initial date of 2422 ^ 250 years bp (C-200)
reported by Arnold and Libby (1951), many
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additional ages have been obtained from organic
material collected several cm below the lava (Table
1). However, these ages vary by more than 1000 years
and thus do not pinpoint the age of the eruption.
2. Geologic setting
The Trans-Mexican Volcanic Belt (TMVB) is an
E±W-trending zone located between 19 and 208N
latitude that extends ca. 1000 km from the Paci®c to
the Gulf of Mexico (Fig. 1). Its origin is related to the
subduction of the Cocos Plate beneath the North
American Plate. Xitle monogenetic basaltic scoriaand-cinder cone is located within the Sierra del
Chichinautzin Volcanic Field (SCVF) in the central
part of the TMVB. The SCVF is a volcanic highland
elongated in an E±W direction that extends from the

western slope of PopocateÂpetl stratovolcano in the
east to the eastern part of the Toluca valley in the
west (Fig. 1). This volcanic ®eld represents the volcanic front of the TMVB in this area and is on the
continental drainage divide that separates the Basin
of Mexico-City from the valleys of Cuernavaca and
Cuautla to the south. According to Fries (1962) the
Basin of Mexico drained to the south before the Pleistocene. Since then, formation of the SCVF sealed the
basin to the south (Mooser, 1963).
The SCVF has one of the highest concentrations of
monogenetic volcanoes in the entire TMVB, and
includes more than 200 overlapping Quaternary cinder
cones, associated lava ¯ows, tephra sequences, and
lava shields intercalated with alluvial sediments that
cover an area of approximately 2500 km 2 (Bloom®eld,
1975; Martin del Pozzo, 1982; Lugo Hubp, 1984).
Volcanic rocks in this area are mostly andesites with

Fig. 1. Sketch map showing the Sierra Chichinautzin volcanic ®eld and location of Xitle basaltic scoria cone at the SW margin of the Basin of
Mexico.
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subordinate basalts and dacites that de®ne a calc-alkaline series (Gunn and Mooser, 1971; Swinamer, 1989;
Wallace and Carmichael, 1999).
Paleomagnetic measurements on volcanic rocks
from the SCVF (Mooser et al., 1974; Herrero and
Pal, 1978; Urrutia Fucugauchi and Martin del
Pozzo, 1993) indicate that most exposed rocks were
produced during the normal Bruhnes Cron and are
therefore younger than 0.73±0.79 Ma. This is not
surprising, since most of the cinder cones and lavas
display very young morphological features and are
covered by and intercalated with poorly developed
soils. Kirianov et al. (1990) dated soils below and
above lava ¯ows and scoria fall sequences of several
cones within or adjacent to Xitle and concluded that
Xitle must be younger than 3250 ^ 50 years bp (Table
1, IVAN-495).
3. Xitle scoria cone and El Pedregal lavas
Xitle (xictle  navel in NaÂhuatl, the language
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spoken by the Aztecs) is a scoria cone (3150 m asl)
with a height of 140 m above surrounding ground and
a basal diameter of 500 m. Some 100 m westward is a
smaller scoria cone named Xicontle. Both are located
on the northeastern slopes of extinct Ajusco volcano
(3950 m asl), whose summit is the highest peak in the
area (Figs. 2 and 3). Cervantes and Molinero (1995)
showed that Ajusco volcano collapsed northward to
produce the ZacateÂpetl debris avalanche deposit. The
deposit has an estimated runout distance of 16 km, a
volume of 1.4 km 3, and an age younger than
3.37 ^ 0.27 Ma (Cervantes and Molinero, 1995).
This deposit formed an undulating and hummocky
terrain, which today is almost covered by Xitle's
lavas.
The eruption of ParicutõÂn (1943±1953) in the State
of MichoacaÂn (e.g. Luhr and Simkin, 1993) could be
envisaged as a modern analogue of Xitle. The lava and
ash from ParicutõÂn destroyed the village of Parangaricutiro, leaving only the spires of the local church
rising above the dark rock as monuments of the village's presence. In much the same way, Xitle tephra and

Fig. 2. Aerial view of Ajusco stratovolcano (3950 m asl) (A), and Xitle scoria cone (3150 m asl) (E), located at the SW margin of the Basin of
Mexico. Xitle's lavas ¯owed mostly towards the N and NE into the basin. Today the ¯ows are probably the most densely populated young lavas
on earth. Photograph taken December 29, 1994.
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Fig. 3. Landsat TM perspective view showing Xitle volcano and extent of the El Pedregal lava ¯ows. A  Ajusco, X  Xitle, C  Cuicuilco,
U  UNAM-campus, and P  Pelado volcano. Arrows denote margins of the Xitle lava ¯ows.

lava covered a community of secular and monumental
structures. One of these buildings, the Cuicuilco circular
pyramid, protruded above the lava (Fig. 4). The nature
of this hill was ®rst demonstrated in 1922 (Cummings,
1923a,b,c). Since then, investigations have shown that
the Cuicuilco pyramid and related buildings are the
oldest known evidence of urbanism in the highlands
of Central Mexico. Cuicuilco proper rises about 16 m
above its base and has a diameter of ca. 130 m.
While the Xitle cone was growing on the debris
avalanche deposit from Ajusco, lava ¯owed towards
the N and NE along barrancas. Only the highest
hummocks of the debris avalanche, such as Cerro
ZacateÂpetl, were not covered by Xitle's lava (Fig.
5). At the end of Xitle's eruption the lavas covered
a total of 70 km 2 and extended into the lacustrine
Basin of Mexico (2240 m asl), where at some places
they ¯owed into water, as evidenced by the formation
of pillow lavas near PenÄa Pobre (Delgado et al., 1998;
GonzaÂlez et al., 2000).

The longest ¯ow descended 900 m and reached
12 km from the crater. Most ¯ows advanced through
lava tubes, and are compound pahoehoe units that
range in thickness from 0.2 to 13.0 m. Flow units
are highly vesicular in their upper third and almost
non-vesicular in their lower two thirds apart from a
vesicular layer containing pipe vesicles in the basal
0.5±1.0 m (CanÄoÂn-Tapia et al., 1995). The lava ¯ows
display a young morphology with little vegetation
cover and well-preserved ¯ow structures such as
lava channels, pressure crests, and tumuli (OrdonÄez,
1890; Waitz and Wittich, 1910). The Xitle lavas are
dark gray basalt that contains plagioclase and olivine
phenocrysts. In addition, Wittich (1919) reported
xenocrystic quartz in the Xitle lavas and attributed
their origin to the incorporation of basement rocks
during magma ascent.
Around the margins of the lava, a persistent layer of
gray ash suggests that the eruption began with lava
fountaining (OrdonÄez, 1939). Cervantes and Molinero
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Fig. 4. Aerial view toward the north of the Cuicuilco pyramid surrounded by Xitle lava ¯ows coming from the southwest (lower left corner).
The circular structure with a diameter of ca. 130 m was ®rst explored by Cummings between 1922 and 1925. Explosives were used for lava
removal and the outer walls of the pyramid were partly destroyed. The walls visible today belong to an interior part of the pyramid. Photograph
taken 4 April 1997.

(1995) estimated eruptive column heights up to
11.2 km above the crater. They concluded that Xitle
produced 0.96 km 3 of lava and 0.12 km 3 of ash. The
ash was mostly dispersed towards the S and W.
Cervantes and Molinero (1995) assigned a Volcanic
Explosivity Index (VEI) (Newhall and Self, 1982) of 4
to Xitle's eruption, although in my opinion this estimate is much too high and should rather be located
somewhere between VEI 2 and 3. Field observations
indicate that Xitle's lava had a low viscosity and that
the eruption was mostly effusive. To date, no soil or
ash has been observed within Xitle's lava ¯ow units.
Recently, Delgado et al. (1998) published a new
geologic map and stratigraphy for Xitle volcano in
which they distinguish up to 7 major lava ¯ow units.
In addition, they mention the existence of pyroclastic
¯ow deposits associated to Xitle, which I was unable
to identify in the ®eld.
The duration of Xitle's eruption is not known but
historic eruptions of similar volcanoes in the TMVB
suggest short periods of activity, of the order of a

decade or so (e.g. the 1943±1953 ParicutõÂn; Foshag
and GonzaÂlez, 1956; Luhr and Simkin, 1993; or the
1759±1774 Jorullo eruptions; Bullard, 1984).
Most scientists consider Xitle to be the youngest
volcano within the SCVF. Therefore, its eruption is
viewed as the most recent to have an impact on the
Valley of Mexico and be witnessed by humans (e.g.
Scandone, 1979).
4. Historical background and archaeological
excavations
Most of the archaeological research in the SCVF
has concentrated on sites related to Xitle volcano and
its eruptive products. During the 19th century bandits
found refuge in Xitle lava tubes. During the ®rst
decades of the 20th century the lavas were extensively
quarried, which resulted in the discovery of much
ancient pottery underneath the lavas. Since then,
Xitle has been studied in greater detail as it became
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275 ^ 40 AD
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520 ^ 200 AD
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Crane and Grif®n, 1958 a

Calendar year

Date

Author

A-9585

UCLA-603

UCLA-602

UCLA-208

Tx-7668

Tx-3673

M-663

A-7743
Tx-7669

G-1000
A-9586

Tx-3648

UCLA-206

A-7843

Y-437

UCLA-205

A-7844

A-8985

A-9587

UCLA-228

M-664

Lab a

CEPE (University)

Cuicuilco B-18, Mound 2,
trench 5

Cuicuilco B-17, Mound 2,
trench 5

Cuicuilco B-4, Mound 2,
trench 5

Valle de Santo TomaÂs,
Ajusco
PenÄa Pobre rock quarry

PenÄa Pobre rock quarry

1 km south of Xitle
PenÄa Pobre rock quarry

Cuicuilco B-2, Mound 2,
trench 5
1.5 km SW of the
Olympic Stadium
Quarry SE of UNAM
Cuicuilco pyramid

University campus mensa

Cuicuilco B-1, Mound 2,
structure II
1000 ft from Cuicuilco
pyramid

University campus mensa

1.5 km south of Xitle
volcano
Cuicuilco pyramid

20 ft SE of sample
M-663
Cuicuilco A-2

Locality

Wood below lava
Charcoal in constructional ®ll
with pottery fragments
Charcoal in soil below ashfall
Earth®ll with artifacts below
Xitle ash
20±23 in. below lava in
ªmiddenº soil rich in potsherds
Organic matter in silty loam
10±12 cm below Xitle ash
Earth®ll with artifacts below
Xitle ash
2.41 m below UCLA-228
between Floors 3 and 4 of
Structure I
2.41 m below Datum A2
(same as UCLA-208;
2100 ^ 75)
2.68 m below Datum A2
(same as UCLA-209;
2300 ^ 70)
Charcoal within soil with
pottery fragments below
ashfall

In identical stratigraphic
position as M-663
Root carbonized by lava from
immediately below gray sandy
ash
Charcoalized branches within
ashfall layers
Charcoal at contact
between ashfall and underlying
soil
Charcoal in reworked
laminated deposit
1.37 m below UCLA-228 in
mixed ®ll of Structure III
Carbonized bark in alluvium,
ca. 10 in. below the Xitle lava
¯ow
Charcoal in reworked
laminated deposit
2.3 m below UCLA-228
on Floor 4 of Stucture I
Below lava ¯ow

Stratigraphic position

520±180 BC

376±198 BC

368±272, 268±162, 134±126 BC

194±28, 26±4 BC

360±290 BC, 250 BC±140 AD,
170±200 AD
98±76 BC, 72 BC±82 AD,
104±114 AD
186±32, 22±4 BC

62 BC±66 AD
96±82 BC, 68 BC±64 AD

32±20 BC, 6 BC±124 AD
180 BC±220 AD

28±32, 60±220 AD

42 BC±142 AD, 180±182 AD

10±126 AD

12±142, 176±188 AD

142±176, 184±266, 278±334 AD

144±166, 208±336 AD

266±278, 334±452, 480±502,
512±530 AD
338±424 AD

446±488, 494±518, 528±602 AD

420±820, 840±860 AD

Cal 1 sigma

760±620, 600±60 BC

402±56 BC

392±46 BC

356±290, 248±226 BC,
210 BC±70 AD
360±286 BC, 254 BC±64 AD

190 BC±146 AD, 164±210 AD

750±710 BC, 530 BC±430 AD

168 BC±82 AD, 106±112 AD
180 BC±84 AD, 102±114 AD

96±78 BC, 72 BC±226 AD
380 BC±350 AD, 360±380 AD

40 BC±252 AD, 296±318 AD

156±140 BC, 118 BC±248 AD

42 BC±152 AD, 156±214 AD

34 BC±232 AD

86±96, 118±404 AD

130±388 AD

252±296, 318±450,
482±500, 514±530 AD

250±548 AD

418±646 AD

150±160, 210±1020 AD

Cal 2 sigma

Table 1
Published radiocarbon dates for Cuicuilco and Xitle. All conventional radiocarbon dates have been adjusted with reference to the dendrochronological time scales reviewed recently
by Stuiver and Becker (1993), Pearson and Stuiver (1993), and Stuiver and Pearson (1993), and graphically illustrated in Fig. 6. Cal. 1 sigma and 2 sigma refer to the ranges of
con®dence level yielded by the Seattle±Groningen methods of probability distribution analyses
50
C. Siebe / Journal of Volcanology and Geothermal Research 104 (2000) 45±64
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2422 ^ 250

2490 ^ 100

2560 ^ 80

2560 ^ 100

2600 ^ 70

2965 ^ 85
3250 ^ 50
3320 ^ 100

3820 ^ 100

3850 ^ 200

3930 ^ 100

3980 ^ 60

4050 ^ 75

4110 ^ 120

4690 ^ 70

6715 ^ 90

Fergusson and Libby, 1963

Arnold and Libby, 1951

Fergusson and Libby, 1964

Fergusson and Libby, 1964

Fergusson and Libby, 1964

Fergusson and Libby, 1963

Delgado et al., 1998
Kirianov et al., 1990
Fergusson and Libby, 1964

Fergusson and Libby, 1964

Fergusson and Libby, 1964

Fergusson and Libby, 1964

Fergusson and Libby, 1963

Fergusson and Libby, 1963

Fergusson and Libby, 1964

Cordova et al., 1994

Fergusson and Libby, 1963

4765 ^ 90 BC

2740 ^ 70 BC

2160 ^ 120 BC

2100 ^ 75 BC

2030 ^ 60 BC

1980 ^ 100 BC

1900 ^ 200 BC

1870 ^ 100 BC

1015 ^ 85 BC
1300 ^ 50 BC
1370 ^ 100 BC

650 ^ 70 BC

610 ^ 100 BC

610 ^ 80 BC

540 ^ 100 BC

472 ^ 250 BC

350 ^ 70 BC

Calendar year

UCLA-211

Tx-7670

UCLA-601

UCLA-212

UCLA-210

UCLA-600

UCLA-599

UCLA-598

A-7842
IVAN-495
UCLA-597

UCLA-207

UCLA-596

UCLA-594

UCLA-595

C-200

UCLA-209

Lab a

Cuicuilco B-7, Mound 1,
trench 9

Cuicuilco B-15, Mound 1,
test pit 6
Cuicuilco B-6, Mound 1,
trench 4
Cuicuilco B-8, Mound 1,
trench 1
Cuicuilco B-16, Mound 1,
trench 10
Copilco

Cuicuilco B-14, Mound 1,
test pit 8

Cuicuilco B-13, Mound 1,
trench 10

ca. 1.7 km S of Xitle
Xitle cinder cone
Cuicuilco B-12, Mound 1,
trench 9

Cuicuilco B-3, Mound 4,
trench 1

Cuicuilco B-11, Mound 1,
trench 10

Cuicuilco B-9, Mound 1,
trench 10

Cuicuilco B-10, Mound 1,
trench 10

Cuicuilco

Cuicuilco B-5, Mound 2,
trench 5

Locality
2.68 m below UCLA-228
between Floors 2 and 3 of
Structure I
Charcoal from pottery level
below lava
4.51±4.66 m below Datum A1,
scattered charcoal in ®ll of
structure
4.36±4.51 m below Datum A1,
scattered charcoal in ®ll of
structure
4.66±4.81 m below Datum A1,
scattered charcoal in ®ll of
structure
2.75 m below Datum A4,
above clay basin in hearting of
structure
Carbon-rich soil below ash
Soil below lava ¯ow
5.06±5.24 m below Datum A1,
scattered charcoal in ®ll of
structure
5.11±6.16 m below Datum 1,
scattered charcoal in ®ll of
structure
6.5±6.7 m below Datum A1,
scattered through ®ll of
gravepit
6.23±6.55 below Datum A1,
scattered through basal layer
4.0 m below Datum A1, sterile
structure ®ll
5.86 m below Datum A1, ®ll
layer
6.31±6.46 m depth, scattered
through basal layer
Soil buried by alluvium, sterile,
1 m below lava
5.39 m below Datum A1,
sterile ®ll

Stratigraphic position

5668±5562, 5553±5523, 5510±
5506 BC

3642±3334, 3216±3214,
3154±3138 BC
5694±5444 BC

2860±2820, 2670±2130,
2080±2050 BC
2846±2826, 2652±2648,
2618±2288 BC
2874±2800, 2778±2450,
2434±2402, 2374±2356 BC
2920±2320 BC

2870±2800, 2780±1860,
1850±1770 BC

2570±2520, 2510±2020, 2000±
1980 BC
2570±2520, 2500±2280, 2230±
2210 BC
2574±2452, 2430±2402, 2370±
2360 BC
2856±2820, 2662±2638, 2624±
2466 BC
2870±2800, 2780±2560, 2530±
2500 BC
3616±3594, 3520±3370 BC

2560±2530, 2490±1970 BC

1396±982, 964±934 BC
1628±1412 BC
1880±1840, 1820±1800,
1790±1400 BC

902±514, 438±422 BC

890±880, 850±400 BC

824±468, 462±412 BC

810±390 BC

1120 BC±80 AD, 100±110 AD

752±726, 720±702,
530±168 BC

Cal 2 sigma

2450±2430, 2400±2130, 2070±
2060 BC

1300±1288, 1266±1036 BC
1598±1572, 1528±1438 BC
1740±1720, 1690±1510, 1480±
1450 BC

830±760, 680±656, 638±548 BC

810±750, 740±530 BC

808±752, 698±532 BC

770±510, 440±420 BC

810±340, 320±200 BC

404±350, 312±204 BC

Cal 1 sigma

b

These dates were published simultaneously by Heizer and Bennyhoff (1958).
The original ages published by White et al. (1990) were calculated using a half-life of 5730 years and yielded 1905 ^ 70 years bp (Tx-3648) and 2005 ^ 78 years bp (Tx-3673).
All dates in this table are calculated using a half-life of 5568 years.
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Date

Author

Table 1 (continued)
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Fig. 5. Sketch map showing Xitle volcano and extent of El Pedregal lava ¯ows. Location of stratigraphic sections A and B shown in Fig. 7 are
marked on the map.

clear that its lavas destroyed and buried the ancient
prehispanic town of Cuicuilco, located 7 km NE of the
cone. Today, Xitle's lavas are probably the most
densely populated ¯ows on earth.
OrdonÄez (1890, 1895, 1907), Waitz and Wittich
(1910), Wittich (1910, 1916, 1919), Cuervo-MaÂrquez
(1928), Maldonado Koerdell (1954), Schmitter (1953)
and Badilla-Cruz (1977) discussed the petrography of
the Xitle ¯ow, described its volcanic structures (e.g.

tumuli and lava tubes), and mentioned human bones
and ancient pottery buried by the lava ¯ows. Beyer
(1918), Gamio (1920), Cummings (1923a,b,c, 1926,
1933), DõÂaz-Lozano (1925a,b), Kroeber (1925),
Nuttall (1925) and Noguera (1938) were the ®rst to
carry out scienti®c excavations at the archaeological
sites of Copilco, CoyoacaÂn, and Cuicuilco, all partly
covered by Xitle's lava. Based on their ®ndings they
concluded that an ªAncientº culture that preceded the

Fig. 6. Graph showing the archaeological time scale for central Mexico (after Sanders et al., 1979; Porter Weaver, 1993; MilloÂn, 1994) and radiocarbon dates younger than 1100 BC
for Xitle and Cuicuilco (see also Table 1). The last two major plinian eruptions of PopocateÂpetl are also indicated.
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Fig. 7. Stratigraphy at localities A (1.5 km south of Xitle) and B (Cuicuilco) where charcoal samples A-9587 (1665 ^ 65) and A-8985 (1675 ^ 40) were obtained.
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Fig. 8. Photograph showing the outcrop at locality A (1.5 km south
of Xitle) where key sample A-9587 (1665 ^ 65) was found
embedded within Xitle's scoriaceous tephra fallout layers immediately below the lava ¯ow.

Aztecs and other cultures in the Valley of Mexico had
¯ourished in the area now covered by lava (e.g. Alessio-Robles, 1939a,b). Cummings (1923a,b,c) believed
that he had unearthed the oldest temple of the Americas (see also Walter, 1923). CossõÂo (1936) noticed
that abundant archaeological material could be
found stratigraphically above the lava ¯ows, as well
as within lava tubes. Later excavations revealed that
the Cuicuilco pyramid was also used as a cemetery
(e.g. Noguera, 1939; Hughes, 1956; SaÂnchez-SaldanÄa
and BarroÂn-SanromaÂn, 1972). Furthermore, excavations did reveal that the ®nal size of the pyramid
was achieved only after an original, relatively small,
structure was increased in height and diameter by at
least ®ve successive additions (e.g. Marquina, 1951;
Haury, 1975). In 1956, Palerm (1961a,b) in the
company of Wolf (1959) found evidence for the
ancient use of perennial streams for irrigation. They
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discovered remains of two irrigation canals near Cerro
ZacateÂpetl partly covered by Xitle lavas (Doolittle,
1990).
Based on pottery shards of Aztec style found on the
lava ¯ow and near Cerro ZacateÂpetl, as well as from
early Spanish chronicles, MartõÂnez del RõÂo (1934) and
Noguera (1940) concluded that the area of Xitle lavas
was extensively used as a hunting ground during the
Postclassic. In addition, pilgrimages to the lava, ritual
offerings, and burials were performed. In 1960, PinÄaChan (1967) discovered near CoyoacaÂn, a site on the
lava with Coyotlatelco style pottery shards, indicative
of the Epiclassic (Toltec) period, which corresponds
to the time following the demise of TeotihuacaÂn (ca.
AD 800).
As the radiocarbon method became available,
Arnold and Libby (1951) and Libby (1955) dated
material beneath ¯ows from Xitle for the ®rst time
at 2422 ^ 250 years bp. Since then, Xitle's eruption
has been dated indirectly by the radiocarbon method
by several authors. Most published radiocarbon ages
cluster around 2000 years bp (e.g. Crane and Grif®n,
1958; Heizer and Bennyhoff, 1958; Urrutia Fucugauchi, 1996; see Table 1). Points of debate have centered
on stratigraphic issues related to the exact timing of
the eruption and whether Cuicuilco was abandoned
long before the eruption or as a result of it (e.g. SchavelzoÂn, 1982, 1983; LoÂpez-Camacho, 1991). More
recent investigations (this paper, GonzaÂlez et al.,
2000) indicate that Xitle erupted around
1670 ^ 35 years bp and that Cuicuilco was completely
abandoned as a direct consequence of this eruption.
5. Radiocarbon dating and stratigraphic relations
Before the advent of radiocarbon dating, the ages of
the Cuicuilco pyramid and Xitle lava ¯ows were a
matter of intense speculation. Ever since Cummings
(1923a,b) demonstrated the arti®cial nature of the
Cuicuilco mound, its age has been a subject of interest. On geologic and other grounds, he held that
Cuicuilco fell into ruin some 8000 years bp
(Cummings, 1926):
If the lava ¯ow occurred at least two thousand
years ago as attested by three most eminent
geologists, Tempest Anderson, of England,
Karl Wittich of Germany, and N.M. Darton of
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Fig. 9. Sketch map showing the Basin of Mexico and location of Prehispanic settlements. The approximate extent of the Texcoco lake system is
also shown.

the US Geological Survey, then the geological
and cultural strati®cation of the deposits lying
between the base of Cuicuilco and the lava indicate the lapse of a much longer period of time

between the building of the temple and the eruption of Xitle and the formation of the Pedregal.
Eight thousand years is a very conservative estimate of the time that has elapsed since the
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primitive people toiled up the slopes of
Cuicuilco and reared a mighty temple to their
gods.
Many scholars (including the renowned geologists
consulted by Cummings) were reluctant to accept this
high estimate for a variety of reasons. Radiocarbon
dates of wood charcoal collected from cultural deposits below the lava ¯ow, compared with dates and the
stratigraphy of other ruins, clearly demonstrated the
need to drastically revise the 8000 year estimate
toward the present. A ®rst date (all dates mentioned
hereafter are listed in Table 1) of 2422 ^ 250 years bp
(C-200) obtained on charcoal collected by De Terra
under the lava was published for Cuicuilco (Arnold
and Libby, 1951; Libby, 1955). This date is among the
®rst dates ever determined by this method, which at
that time was in its early stages of development. No
detailed stratigraphic setting was given, but even so it
was believed that the lava ¯ow occurred around 400
BC and that the disaster had destroyed the town of
Cuicuilco.
In respect to this breakthrough, De Terra (1951)
wrote: ªSample 200 is of special interest since it
came from a pottery level below the Pedregal lava,
south of Mexico-City. The exact locality is south of
the pyramid of Cuicuilco and left of the entrance of an
underground passage leading under the lava in a
southeasterly direction. The lava is here underlain
by dark cinder, two to six inches thick, below which
is loose yellowish soil with potsherds and ®gurines of
Late Archaic (Ticoman phase) type, and charcoal. It is
generally assumed that the pyramid of Cuicuilco,
being partly buried by the lava is of that culture
period. At long last, the controversy raging over the
age of the pyramid and lava has been decided, and, it
should be noted, in favour of the geologists who could
not imagine the lava to have been much older than say
2000 years.º
Comparison of the cultural remains from Cuicuilco
with those of other Preclassic sites in the central
Mexican highlands demonstrated the fact that
Cuicuilco, at least the ®nal period of its use before
the lava came could be classi®ed as late in that horizon, about 500±200 BC (PinÄa Chan, 1955). The
limited collections of pottery available at that time
hinted that the roots of Cuicuilco might dip back to
1000 BC. Unfortunately, all the Cuicuilco excavations
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were undertaken in constructed mounds built of sterile
or mixed ®ll. Therefore, many layers were often
subject to variable interpretation.
Later, Heizer and Bennyhoff (1958) reported
substantially younger dates from charcoal collected
from mounds near Cuicuilco exposed by commercial
quarrying operations of the lava ¯ows. This new locality of interest had been exposed in the PenÄa Pobre
quarry about 0.5 km west of the pyramid. Six low
earth mounds had been partially uncovered by 1957,
and their excavations con®rmed the arti®cial nature of
the mounds before their destruction by quarrying
operations. In order to distinguish this PenÄa Pobre
locality from the Cuicuilco pyramid with its adjacent
mounds (Cuicuilco A), the western group of 11
mounds was referred to as Cuicuilco B (Heizer and
Bennyhoff, 1972). It was determined that the mounds
of Cuicuilco B were contemporaneous with an extension of Cuicuilco itself. In January 1957, two wood
charcoal samples (Nos. M-663 and M-664) from
below the Pedregal were collected from occupation
deposits near mound 2 at Cuicuilco B, and were
dated by the University of Michigan Laboratory at
2040 ^ 200 and 1430 ^ 200 years bp, respectively
(Crane and Grif®n, 1958; Heizer and Bennyhoff,
1958). According to Heizer and Bennyhoff (1958)
samples M-663 and M-664 were expected to be of
the same age. They concluded that a laboratory error
was probably made in treating one of the samples and
suggested that the older (M-663) was more likely to
be closer to the actual age of the eruption. Excavations
in the immediate vicinity of Cuicuilco continued
(Heizer and Bennyhoff, 1972) and a total of 23 radiocarbon dates were obtained from the analysis of
subpedregal charcoal at several laboratories (Table 1).
Regarding the young ages, R.F. Heizer commented
later in a paper by Fergusson and Libby (1964):
ªSample UCLA 228 (1536 ^ 65, Fergusson and
Libby, 1963) is presumed to date the eruption of
Xitle volcano, whose lava covered the already abandoned site of Cuicuilco, but seems too young by 200
or 300 years. Samples C-200 (2422 ^ 250, Arnold
and Libby, 1951) and M-663 (2040 ^ 200, Crane
and Grif®n, 1958) came from the Cuicuilco archaeological deposits and therefore predate the eruption by
some undetermined amount of time. Sample Y-437
(1925 ^ 60, Deevey et al., 1959) probably does not
date the eruption, since it seems to refer to the
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prepedregal archaeological deposit containing TicomaÂn pottery. Sample M-664 (1430 ^ 200, Crane and
Grif®n, 1958) is also a pre-eruption archaeological
date, but seems too young in any event.º
Heizer and Bennyhoff (1958, 1972) concluded that
the Cuicuilco complex represented one of the largest
and oldest manifestations of a metropolitan type of
society, and as such might mark the beginnings of
urbanism in the highlands of central Mexico. In the
Late Preclassic (600±200 BC) it became evident that
Cuicuilco was the main center for a new ceramic
tradition, which dominated the Valley of Mexico
during this period and contributed to the TeotihuacaÂn
tradition. Based on archaeological evidence and radicarbon dates they were able to distinguish several
occupational phases at Cuicuilco (see also Fig. 6).
In the Cuicuilco IV phase (200±100 BC) of the Terminal Preclassic they could recognize a disruption in the
Cuicuilco ceramic tradition, during which the
previous uniformity of the Cuicuilco III phase was
shattered and a number of localized cultures appeared
in different parts of the Valley of Mexico. They found
evidence for the destruction of the temple platforms at
the Cuicuilco A pyramid and in two mounds at
Cuicuilco B.
After partial abandonment, the Cuicuilco VA phase
(100 BC±1 AD) marked the resurgence of the
Cuicuilco tradition. New construction was undertaken
at Cuicuilco characterized by the ®rst rectangular platforms at Cuicuilco B, and an elevated west-oriented,
cylindrical platform of adobe bricks at the Cuicuilco
A pyramid. Elsewhere this phase witnessed the rapid
emergence of TeotihuacaÂn as a major ceremonial
center and potential rival of Cuicuilco.
The next Cuicuilco VB phase (AD 1±150) was
regarded as the ®nal occupation phase, during or
immediately after which the site was eclipsed by the
new center of TeotihuacaÂn. The rivalry between
Cuicuilco and TeotihuacaÂn led to the collapse of
Cuicuilco near the end of the Cuicuilco VB phase
and its abandonment as a functional ceremonial center
by AD 150.
Heizer and Bennyhoff (1972) hinted at the possibility that Xitle erupted during the Cuicuilco VB phase,
but based on available evidence they suggested that a
later eruption was responsible for the lava ¯ow that
covered Cuicuilco. They noted that before the Pedregal lavas engulfed Cuicuilco, it had apparently stood

in neglect for some time. According to their observations, a cushion of earth and occupational debris had
formed over the rock facing of the edi®ce. Later,
Heizer and Bennyhoff (1972), based on the radiocarbon age of 1536 ^ 65 years bp (UCLA-228) obtained
by Fergusson and Libby (1963) from a root burned by
the lava, suggested again that the eruption of Xitle and
the related lava ¯ow took place around AD 400. This
meant that the ®nal eruption of Xitle volcano, which
resulted in the lava ¯ow that covered much of the
southwest Valley of Mexico, including Cuicuilco,
could be placed with reasonable certainty within the
TeotihuacaÂn II±IIIA phase, well within the Classic
period of Mesoamerican archaeology (Fig. 6).
Muller (1990) studied ceramic remains unearthed
during the excavations at Cuicuilco B. She concluded
that the oldest ceramics belong to the Middle Preclassic (1000±800 BC) and that Cuicuilco was abandoned
between 150 BC and AD 100 as a result of an initial
eruption of Xitle, which produced mainly ashfall.
During a second hypothetical eruption of Xitle,
several hundred years later, the lava ®nally covered
Cuicuilco when the settlement was already in ruins.
Her conclusions were based on diagnostic ceramics as
old as the Protoclassic (TeotihuacaÂn I phase, 150 BC±
AD 100) that were found stratigraphically above the
lava ¯ow. This ceramic material was used for ritual
offerings, placed on top of the lava ¯ow by people
coming from other places on religious pilgrimages.
Apparently some of Muller's conclusions had been
in circulation long before its ®nal publication.
Subsequent radiocarbon dates obtained by several
authors between 1978 and 1998 yielded ages clustering around 2000 years bp. In 1978, an analysis from a
piece of wood collected beneath the lava in a quarry
about 1.5 km southwest of the Olympic stadium,
yielded an age of 1960 ^ 70 years bp (Tx-3648 in
White et al., 1990). The problem with this age was
that the collector did not provide the laboratory with a
description of the site or the stratigraphic position
from which the wood was taken (S. Valastro, personal
communication, 1993, cited in CoÂrdova et al., 1994).
Two radiocarbon assays obtained earlier showed similar ages: 1925 ^ 60 years bp (Y-437) from a sample
of sublava tree bark found in alluvium by Hans Lenz
near Cuicuilco A (Deevey et al., 1959; Cook de
Leonard, 1969), and 2040 ^ 200 years bp (M-663),
from 35±40 cm below the burned earth stratum
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(Crane and Grif®n, 1958). Both ages correspond to
cultural horizons according to comments provided
by Heizer and Bennyhoff (1972). CoÂrdova et al.
(1994) took samples near Cuicuilco from an upper
cultural horizon in contact with the Xitle ash that
yielded ages of 2030 ^ 60 (Tx-7669) and
2090 ^ 70 years bp (Tx-7668). These ages appear to
pertain to the same stratigraphic level that Heizer and
Bennyhoff (1958) dated as Cuicuilco V phase, based
on the radiocarbon age of 2040 ^ 200 years bp (M663). CoÂrdova et al. (1994) believed that the
variability among the radiocarbon ages might be due
to problems inherent to the types of material dated.
They assumed that the most accurate date for the
eruption is 1536 ^ 65 years bp or AD 415 (UCLA228), obtained by Fergusson and Libby (1963) on
charcoal, which is the second youngest age yet
obtained and according to them correlated well with
the youngest archaeological materials found below
the lava. Therefore they believed it to best represent
the age of the eruption. In addition they supported the
hypothesis that Cuicuilco was abandoned long before
the Xitle eruption.
Later, Urrutia Fucugauchi (1996) provided an additional radiocarbon date of 1960 ^ 65 years bp
obtained from underneath the lava ¯ow. After brie¯y
discussing previously published dates, he discarded
the two young ages of 1536 ^ 65 and
1430 ^ 200 years bp published by Fergusson and
Libby (1963) and favored by CoÂrdova et al.
(1994) and suggested that his date represents the
date of the eruption. Unfortunately he did neither
describe the exact stratigraphic position of his
sample, nor provide any further satisfactory explanation why his date should be preferred.
More recently, Cervantes and Molinero (1995) and
Delgado et al. (1998) carried out geologic investigations at Xitle and provided additional dates from charcoal in soil below the ashfall layer. Samples A-7843
and A-7844 were obtained near the Comedor UNAM
and yielded 1945 ^ 55 and 1785 ^ 55 years bp,
respectively, while sample A-7743 south of Xitle
yielded 2025 ^ 55 years bp. They discarded the
young age of 1785 ^ 55 years bp assuming that it
was contaminated by percolating groundwater that
chemically enriched the sample in 14C making it
younger. In much the same way as earlier proposed
by Urrutia Fucugauchi (1996) they statistically
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analyzed existing dates and concluded that the eruption occurred around 2000 years bp.
After detailed evaluation of all the radiocarbon
dates published until 1998, it became clear that none
of the charcoal samples dated were obtained from a
stratigraphic context, clearly indicating production of
the charcoal by ignition from Xitle's incandescent
eruptive products. Most of the samples clustering
around 2000 years bp were obtained from the paleosoil underlying the ash and lava and in many cases
stratigraphic relations described were ambiguous. In
1997 two charcoal samples collected by the author of
the present article were obtained from stratigraphic
contexts pointing toward the hot scoria as the source
of heat for charcoal production. Both samples were
analyzed by Chris Eastoe at the University of Arizona
radiocarbon laboratory and corrected for 13CPDB(½).
Sample A-9587 consisted of cm-sized fragments of
wood charcoal collected at an outcrop located
1.5 km south of Xitle's cone (Fig. 5) and yielded an
age of 1665 ^ 65 years bp ( 13CPDB  223.6). The
wood charcoal was found embedded within a wellstrati®ed, dark gray, scoriaceous sandy ashfall
sequence directly underlying one of Xitle's lava
¯ows (Figs. 7 and 8). The only plausible way to
explain the occurrence of wood charcoal within the
fallout sequence is by the fall of ignited branches from
the burning forest trees at the time of the eruption.
This means that the fallout tephra and the charcoal
were emplaced simultaneously. Since the fallout ash
and scoria were undoubtedly produced by Xitle, it can
be concluded with great con®dence that this age corresponds to the time of the eruption. On the other hand,
sample A-8985 yielded an age of 1675 ^ 40 year bp
( 13CPDB  223.3) and was collected at a trench dug
adjacent to the Cuicuilco pyramid by archaeologist A.
Pastrana in 1996 (GonzaÂlez et al., 2000; see also
Fig. 7). The cm-sized charcoal sample was found at
the contact between the gray sandy Xitle fallout ash
underlying the lava and the thermally baked paleosoil.
This charcoal was therefore most probably also
produced by the heat of Xitle's products. The compatibility of both dates enhances con®dence in them and
allows calculation of a combined age of
1670 ^ 35 year bp (AD 245±315) for Xitle's eruption. This con®rms the hypothesis that Xitle erupted
much later than ca. 2000 years bp (the date most
frequently accepted by previous investigators).
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6. Discussion
The Upper Preclassic and Lower Classic periods of
Mesoamerican archaeology are characterized by the
transition of small tribal villages with few larger ceremonial centers whose economy was based on the
cultivation of maize and other crops into more strati®ed societies with much larger urban centers (e.g.
Heydenreich, 1975). Toward the end of the Preclassic,
TeotihuacaÂn and Cuicuilco were the dominant urban
centers in the Basin of Mexico (Fig. 9). By ca. 300±
100 BC they were very similar in size, character, and
regional impact (Sanders et al., 1979). Both were a
major demographic focus related to the high
productivity of rainfall agriculture and small-scale
water-control technologies. At this time Cuicuilco
reached its maximum size and architectural complexity. Sanders et al. (1979) estimated a settlement area
of at least 400 ha and a minimum population of about
20,000 people. During the period 100 BC±AD 100
TeotihuacaÂn emerged as a center of extraordinary
size and population. The great majority (80±90%)
of the population of the entire Basin of Mexico was
located at TeotihuacaÂn. At the same time Cuicuilco
either vanished or decreased to a small center
(Sanders et al., 1979).
Numerous interpretations have been offered to put
Xitle's eruption into the archaeological context. For
example:
(1) One hypothesis suggests that the downfall of
Cuicuilco was directly attributable to the eruption of
Xitle ca. 2000 years bp. As a result, Cuicuilco's population abandoned the southern margins of the Basin of
Mexico and TeotihuacaÂn emerged as the region's
dominant city (e.g. Sarmiento, 1994).
(2) Another hypothesis (PinÄa-Chan, 1967; Heizer
and Bennyhoff, 1972; Haury, 1975; Sanders et al.,
1979; CoÂrdova et al., 1994) explains the abandonment
of Cuicuilco as a result of the rise of TeotihuacaÂn in
the northern part of the Basin of Mexico. According to
this hypothesis, TeotihuacaÂn absorbed a large part of
the regional population and represented a neighbor
hostile to Cuicuilco. Accordingly, Cuicuilco was
already abandoned when the eruption of Xitle
occurred.
(3) A third hypothesis proposes that Cuicuilco's fall
was due to the eruption of Xitle, which deposited ash
and lava over the city ca. 2000 year bp. As one result,

TeotihuacaÂn emerged. Several hundred years later,
another eruption from Xitle completed the job, burying the city entirely (e.g. Blanton et al., 1981; Muller,
1990; Navarrete, 1991).
None of the above hypotheses is compatible with
all geologic evidence. Because Xitle is a monogenetic
volcano, initial strombolian activity produced ashfall
that was shortly after followed by the outpouring of
lava in the form of successive ¯ows. The time lapse
between the initial ashfall and the arrival of successive ¯ow fronts at Cuicuilco was relatively short and
could have lasted from a few days to a maximum of a
few years. This is con®rmed by the absence of soil or
archaeological material between the ashfall layer and
the overlying lava ¯ows. So far no evidence pointing
toward the occurrence of two eruptions at Xitle has
been found, as observed ®rst by OrdonÄez (1939). This
means that Cuicuilco's ®nal destruction was the result
of Xitle's single and only eruption during which the
entire ªPedregalº was formed. Of course, Cuicuilco
could have been abandoned prior to the eruption due
to other causes.
The great variability of radiocarbon ages, ranging
from 400 BC to AD 400, is most likely the result of
sampling from different stratigraphic levels and
contexts. Although the archaeological evidence and
radiocarbon ages seem to con®rm that ash and lava
blanketed the site of Cuicuilco as late as AD 245±315
(favored in this study) or maybe even AD 415 (Heizer
and Bennyhoff, 1972), there still is a problem as to
whether Cuicuilco could have been abandoned earlier.
Although ages younger than 2000 years bp for charcoal underneath the lava were determined since the
early 60s there has been a general reluctance to accept
the accuracy of these young dates. Part of the reason
for such reluctance may be a feeling that older is
ªbetterº. Above all, the striking clustering of ages
around 2000 years bp requires an explanation. The
most popular explanation has been the invocation of
a two-phase eruption of Xitle, which supposedly ®rst
produced the ashfall and several centuries later
produced the lava ¯ow that ®nally destroyed
Cuicuilco (e.g. Blanton et al., 1981). Since this
hypothesis is untenable on geologic observations
described above, another reason needs to be sought.
This might lie in the processes involved in the
emplacement of the relatively ¯uid pahoehoe lava.
Besides being erosive at some places (e.g. OrdonÄez,
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1939), the Xitle lava was extremely hot and baked the
underlying soil which shows intense temperature
alteration at many places. The top 10±20 cm of the
paleosoil display a brick-red color and strong induration. Curiously enough, this hardened layer lacks
charcoal at most places. This means that most (but
not all) of the vegetation existing at the time of
lava-¯ow emplacement was combusted almost
completely and transformed into gases without leaving much noticeable charcoalized remains. On the
other hand, deeper soil levels containing older organic
material (including charcoal) had little access to
oxygen in addition to being thermally suf®ciently
isolated. For this reason, deeper soil levels contain
more abundant charcoal that is not related to Xitle.
Thermal and mechanical effects of the lava on
pottery shards were already noticed by Noguera
(1939) and OrdonÄez (1939). Noguera (1939) describes
pottery fragmented by the load of the lava and baked
due to the high temperature at depths exceeding 1 m
under the lava. Under these circumstances, pottery
found directly below the lava lost stylistic attributes
normally used for making time correlations by archaeologists. He noticed that near the lava, pottery shards
were more reddish in color. In addition, they were
more porous and had lost their paint and surface
polish, while shards at greater depths remained
unchanged.
Another fact that should be kept in mind, is the use
of explosives in removing the lava around the circular
pyramid during its earliest exploration by Cummings.
This procedure destroyed important stratigraphic
evidence, especially for the period that immediately
preceded lava ¯ow emplacement. According to
Marquina (1951), up to 6 m of the outer shell of the
pyramid are missing. This means that the outer
walls observable today represent reconstructed
walls of an inner structure of the original edi®ce.
The destruction and alteration of the youngest
archaeological remains under the lava makes it
dif®cult to reconstruct Cuicuilco's immediate past
prior to the eruption.
Despite this, there is evidence that the decline of
Cuicuilco's population took place well before the area
was covered by ash and lava. In this context it should
be mentioned that PopocateÂpetl experienced a major
cataclysmic eruption dated between ca. 2200 and
2000 years bp (250±50 BC) as revealed by recent
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studies (Siebe et al., 1996; Plunket and UrunÄuela,
1998; Pan®l et al., 1999). This plinian eruption had
a magnitude of VEI  6 and completely devastated
large areas around the volcano, including several
Preclassic settlements (e.g. the site of Tetimpa
described by Plunket and UrunÄuela, 1998). Although
the eastern slopes of the volcano were most severely
affected by plinian fallout, the NW slopes were also
devastated by pyroclastic ¯ows. Survivors in the
Valley of Puebla and in the Amecameca-Chalco
region located in the SE part of the Basin of Mexico
had to migrate to other living grounds. Sanders et al.
(1979) mention that between 100 BC and AD 100, ca.
80±90% of the population of the entire Basin of
Mexico nucleated at TeotihuacaÂn and that the population in the southern part of the basin was reduced
substantially. PopocateÂpetl's eruption certainly
played a role in this process although it did not affect
Cuicuilco directly.
7. Conclusions
Organic material found conveniently not far below
the base of the lava was believed to be associated
with the eruption of Xitle volcano and dated early
during the development of the radiocarbon method
(Arnold and Libby, 1951; Libby, 1955). This date of
2422 ^ 250 years bp (C-200, Table 1) remained as the
most frequently quoted age for the Xitle eruption in
subsequent studies. Several additional studies (e.g.
Heizer and Bennyhoff, 1958, 1972; CoÂrdova et al.,
1994) supported the much younger date reported by
Fergusson and Libby (1963) of 1536 ^ 65 years bp
(UCLA-228) for the Xitle eruption. All ages older
than 1790 ^ 65 years bp (Table 1) were obtained
from stratigraphic levels that range from 10 cm to
almost 7 m below the contact of the scoriaceous
ashfall with the paleosoil. The group of ages around
4000 years bp is mainly formed by dates obtained in
the Cuicuilco archaeological excavations from horizons between about 4 and 7 m below the lava. They
can be related to early human occupation (Tlalpan
stages, Fergusson and Libby, 1963). The group
clustering around 2000 years bp was obtained from
samples in the paleosoil underneath the ashfall and
lava. This date of ca. 2000 years bp has also been
wrongly proposed as the age of the Xitle eruption

62

C. Siebe / Journal of Volcanology and Geothermal Research 104 (2000) 45±64

(e.g. Heizer and Bennyhoff, 1958; White et al., 1990;
Urrutia Fucugauchi, 1996; Delgado et al., 1998).
Based on two new dates obtained on charcoal
produced directly by the eruption it is proposed here
that Xitle's lavas ¯ooded around AD 245±315 one of
the earliest metropolitan areas in the New World. At
this time, Cuicuilco was already on its decline for
reasons that are not well understood. A cataclysmic eruption at PopocateÂpetl around 2200±
2000 years bp. (200±0 BC) certainly contributed
to the depopulation of the southern Basin of
MeÂxico and nucleation at TeotihuacaÂn. Ironically,
during the past ®ve decades Xitle's sterile lava
¯ows have been reclaimed almost entirely by
Mexico-City's urban growth. Urbanization is
today quickly creeping up the slopes of Sierra
Chichinautzin, a volcanic ®eld that could potentially give birth to another volcano in the future.
Excavations related to civil-engineering projects
are producing every day gorgeous outcrops cutting
through young lava ¯ow sequences and ultimately
laying the foundations for future archaeological
sites.
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