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2006 Field Trip Guidebook
Ramón Espinasa-Pereña

Introduction

The XII International Symposium on
Vulcanospeleology is sponsored by the
Sociedad Mexicana de Exploraciones
Subterráneas (SMES), the Commission on Volcanic Caves of the International Union of Speleology (UIS),
Grupo Espeleológico ZOTZ, Club de
Exploraciones de México A.C., Veracruz
Section (CEMAC), and the State of
Morelos Section of the National Institute
of Anthropology and History (INAH).
It will be held in Tepoztlán, Morelos,
México, in July of 2006. Several field
trips will be carried out in the Sierra
Chichinautzin, a Quaternary monogenetic volcanic field between the cities of
México and Cuernavaca. The last field
trip will visit lava tubes near the cities
of Perote and Xalapa, in the eastern
portion of the Transmexican volcanic
belt, while obtaining views of some of
the largest stratovolcanoes in México
This guidebook will give the participants
background information on the areas
and caves to be visited.

México drained to the south before the
Pleistocene. Since then, formation of
the SCVF sealed the basin to the south
(Mooser, 1963).
Lava flows in the SCVF vary considerably in their morphology. Most are
compound andesite or basaltic andesite
A’a flows, some of the thicker blocky
lava flows are dacitic and a few are basaltic tube-fed pahoehoe flows. Lavas
belong to the calc-alkaline suit, and are
genetically linked to the subduction
of the Cocos plate (Martin del Pozzo,
1982). The tephra cones, lava shields,
associated lava flows, tephra sequences
and intercalated alluvial sediments that
make up the Sierra Chichinautzin cover
an area of approximately 2,500 km2
(Bloomfield, 1975; Martin del Pozzo,
1982; Lugo-Hubp, 1984). Paleomagnetic measurements indicate that most

exposed rocks were produced during the
normal Brunhes Chron and are therefore
younger than 0.73-0.79 Ma (Urrutia and
Martin del Pozzo, 1993), which is not
surprising in view of the very young
morphological features of most tephra
cones and lava flows.
Recent studies by Siebe (2000) and
Siebe et al. (2004, 2005) have published
dates for some of the youngest volcanoes
in the SCVF, several of which were
emplaced at least partially by lava tubes:
Teuhtli (>14,000 years B.P.), Pelado
(9,620±160 to 10,900±280 years B.P.),
Guespalapa (2,835±75 to 4,690±90 years
B.P.), Chichinautzin (1,835±55 years
B.P.), and Xitle (1,670±35 years B.P.).
Other undated volcanoes whose lava
flows were tube-emplaced, and which
are morphologically very young include
Yololica and Suchiooc. These and other

The Sierra Chichinautzin
Volcanic Field

Since most field trips will be held in
the Sierra Chichinautzin Volcanic Field
(SCVF), it will be described in detail.
It is a volcanic highland elongated in
an E-W direction, extending from the
flanks of the Sierra Nevada, including
Popocatepetl stratovolcano (presently
active) in the east to the flanks of Xinantecatl (Nevado Toluca) stratovolcano
in the west, in the central portion of the
Transmexican Volcanic Belt (Martin del
Pozzo, 1982).
This volcanic field is made up by
over 220 scoria cones and associated
block, A’a or pahoehoe lava flows.
SCVF forms the continental drainage
divide that separates the closed basin of
México, which artificially drains to the
north, from the valleys of Cuernavaca
and Cuautla which drain south, and from
the Lerma River basin which flows west.
According to Fries (1966), the Basin of

Tectonic setting of the Field Trip Sites in the Transmexican Volcanic Belt.

Sunset at the Sierra Chichinautzin.
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The Sierra Chichinautzin forms a highland between the basins to its north and south. The dark horizontal shadow is an artifact due to
the contact between two images, as are the apparent lava flows on the upper right corner.

previously published dates imply a recurrence interval during the Holocene for
monogenetic eruptions in the SCVF of
<1,250 years (Siebe et al., 2005).
During the XII International Symposium of Vulcanospeleology field trips 1,
2 and 3 and post-symposium field trips
1 and 2, the lava flows and/or lava tubes
of Pelado, Guespalapa, Chichinautzin
and especially Suchiooc volcanoes will
be visited.
Pelado volcano (3,620 m.a.s.l.), is
one of the most symmetrical cones of
the whole SCVF. Its lava flows, 7 to 8
kilometers long, form a wide shield at
the base of the cone. They are thick A’a
or blocky flows of andesitic composition, so one would not expect lava tubes
to develop. Despite this, a lava tube
was explored and mapped recently at
the beginning of the southeastern lava
flows.
Guespalapa volcano (3,270 m.a.s.l.)
is a series of small cinder cones aligned
almost East-West, located just south of

the drainage divide. They produced the
most extensive lava flow in the SCVF,
which flowed south far into the Cuernavaca plain. It reached 24 km from its
source, creating the Texcal basalt lava
flow, first mentioned by Ordoñez (1937).
Siebe et al. (2004) conclude that this
very long lava flow, which they consider
to be A’a, must have necessarily been
emplaced by a high-effusion rate eruption because they do not consider that
tube-fed pahoehoe flows can reach very
far in low to moderate-effusion rates
(Peterson et al., 1994). Nevertheless,
recent field work has uncovered five
large lava tube caves, suggesting that the
lava flow is mostly tube-fed pahoehoe.
Near the vent area hornitos or rootless
vents produced short lava flows which
also developed small tubes.
Chichinautzin volcano (3,470 m.a.s.l.)
gave its name to the entire volcanic field
(Fries, 1966). The summit area is quite
complex and several craters and aligned
vents in an ENE-WSW direction can be

identified both in the field and in aerial
photographs. It produced extensive basaltic A’a lava flows in every direction.
Although incipient tubes and inflation
structures have been located, despite
intensive search no true lava tubes have
been found in this volcano.
Since most field trips will be held
in lava tube caves of the Suchiooc
volcano, a more extensive description
will be made. Suchiooc volcano (3,300
m.a.s.l.) is the youngest of a cluster of
tephra cones collectively known as Los
Otates (Martin del Pozzo, 1982), roughly
aligned in an ESE-WNW direction, and
located south of the crest of the SCVF.
Its tube-fed pahoehoe lavas flowed south
along very steep slopes (up to 12°) until
reaching the Sierra de Tepoztlán (ST).
The ST is an older range of mountains
made of Miocene vulcanosedimentary
deposits, which have been heavily eroded creating large pinnacles with very
steep to vertical sides, often separated
by very narrow, vertical sided ravines

AMCS Bulletin 19 / SMES Boletín 7 — 2006
and gorges (Ordoñez, 1937). The ST
rock unit has been named Tepoztlán
Formation (Fries, 1966) and is a series of
alternating layers of lahars, tuffs, fluvial
sediments and volcanic breccias in layers
that have a variable dip of 0° to 6° to
the north (Haro et al., 1986). Numerous
E-W and N-S fractures and small faults
cut these rocks. The ST is considered the
erosional remnant of a volcaniclastic
fan (Ochoterena, 1977), and its age has
been constrained by García-Palomo et
al. (2000), who dated lava flows bounding it below and above at 21.6±1.0 and
7.5±0.4 Ma respectively.
The Suchiooc lava flow separated
into several branches among the ST pinnacles before continuing south towards
the Oaxtepec plains. With over 18 km
in length, it is one of the longest lava
flows recognized in the SCVF. Over
26 kilometers of lava tube caves have
been surveyed in this flow, and are described in detail by Espinasa-Pereña

(1999, 2006).
At the northern base of the Suchiooc
cone, between it and older lavas to the
north, a series of levees mark the edges
of a former lava lake about 600 meters
long and 130 meters at its widest. This
lava lake overflowed towards the east,
creating a series of levee bounded channels that roofed up to form the caves of
Sistema del Distribuidor. The channeltube system fed at least three long, unitary lava flows to the south, which developed tubes from levee bounded channels.
From east to west they are the Amatlán,
Tepemecac and Chimalacatepec lava
flows, named after the most important
lava-tube caves en each of them.
Lava flow was eventually concentrated on the western tube, developing
by thermal erosion and internal levee
growth a master tube, which can be seen
in the caves of Árbol and Sistema Chimalacatepec. Overflows from hornitos or
skylights above these tubes fed multiple
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or compound lava flows, which cover
the unitary lavas mentioned above and
form the majority of the flow south of
the towns of San Juan Tlacotenco and
Santo Domingo. Anastomosing lava
tubes developed in this flows can be
seen in Sistema Tlacotenco. Cueva del
Diablo is a master tube with anastomosing side passages, in the lower portions
of the flow.

Symposium Field Trip One,
3 July 2006.
Overview of the Sierra
Chichinautzin, Cuescomates and
Cueva del Diablo

This day we will travel from the symposium site, Tepoztlán, along Highways
115 and 95 towards México City, until
reaching the turnabout at kilometer post
41, near the town of Parres, where stop
1 will be made while the bus makes
the U-turn.

The upper and middle portions of the Suchiooc lava flow. The dark horizontal shadow is an artifact due to the contact between two
images.
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Location of the major caves in the Suchiooc lava flow. (1) Sistema del Distribudor. (2)
Amatlán lava flow. (3) Tepemecac lava flow. (4) Sistema Chimalacatepec (Field Trip 2).
(5) Sistema Tlacotenco (Field Trip 3). (6) Cueva de Diablo (Field Trip 1).

Aerial view of Volcán Pelado and its lava shield.

Stop 1: Overview of the Sierra Chichinautzin Volcanic Field. Here we will
get a view of the upper central portion
of the Sierra Chichinautzin volcanic
field. To the west the prominent tephra
cone on top of a lava shield is Pelado
volcano (3,620 m.a.s.l.), one of the highest summits of the SCVF. Its name is due
to the lack of trees at its summit cone,
which is caused by the altitude, close to
the timberline. The andesite lava flows
of Pelado flowed in every direction for
about 7 to 8 kilometers, and are mostly
A’a or blocky lavas with thick (5 to 25
m) flow fronts and few primary flow
structures like channels and levees. Although completely unexpected due to
the lava morphology and composition, a
lava tube cave was explored and mapped
near the eastern base of the cone. Cueva
del Pelado, despite being only 69 meters
long and containing almost no primary
features of interest, with an altitude of
3,470 m.a.s.l. is the highest mapped
cave of any kind in México and North
America.
On the opposite side of the road an
older cone, Acopiaxco volcano (3,310
m.a.s.l.), has a less perfect tephra cone
and its lava flows have been covered
by thick airfall tephra deposits from
more recent eruptions. Among these
layers, Siebe et al. (2004) identified a
14,000 year old marker layer, called
the “tutti-frutti” pumice, which originated from Popocatepetl stratovolcano
to the east. Beyond Acopiaxco, a low
shield with an asymmetric tephra cone
at its summit is Chichinautzin volcano
(3,470 m.a.s.l.), one of the youngest in
the SCVF at only 1,835±55 years B.P.
Its name means “burning lord” in the
prehispanic Nahuatl language, which
indicates that local inhabitants must
have witnessed the eruption. Although
its lava flows reach up to 10 kilometers
in length, it is mostly A’a, with easily
identified superposed channel and levee
structures. Although incipient tubes and
inflation structures have been located, an
intensive search produced no true lava
tubes in this volcano’s lava flows.
To the south the small cones (El Palomito and El Caballito) that make up
Guespalapa volcano (3,270 m.a.s.l.) are
visible beyond the western lava flow of
Chichinautzin. Guespalapa produced the
extensive Texcal lava flow to the south,
mostly tube-fed pahoehoe, and many
Hornitos and at least 5 extensive lava
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tubes are known in Guespalapa’s lava
flow. On our next stop we will visit the
best preserved hornitos of this volcano,
known as Los Cuescomates.
Board the bus to head back towards
Cuernavaca on Highway 95. At kilometer post 48, right after the border
between the Distrito Federal and the state
of Morelos, and before a white bridge
across the road, is a parking area for
visitors to the Monument to José María
Morelos, the XIX century Independence
War hero whose name was given to the
state where he fought. This is stop 2.
Stop 2: Los Cuescomates. After crossing the highway on the bridge, take the
unpaved road heading north towards
Guespalapa volcano on a slight upwards
slope for about 15-20 minutes. After
crossing the electric lines, take the first
road that splits to the right (south) and
follow it downwards for another 10-15
minutes. When you again reach the electric lines, get off the road along a path to
the right, where you will find a series of
small hornitos or rootless vents which
form Group 1 of Los Cuescomates. In
Nahuatl, Cuescomate means conical
gourd or container.
These rootless vents developed when
the Guespalapa lava flow encountered a
flat area, called “Llano de los Conejos”,
just north of the Tres Cumbres volcanic
edifice. Thick ash and soil deposits,
probably saturated with water, fill this
ponded area and probably were in part
responsible for the formation of the
hornitos.
Group 1 consists of 8 different vents
aligned along a single ENE-WSW fracture. Four of them created small scoria
cones, while the other four built spatter
cones in which individual spatter blobs
can be identified. The three middle vents
have vertical-walled craters which can
be entered with caving equipment and
are connected through very tight fissures.
Accreted lava lining covers the inner
reaches of these rootless vents.
Small lava flows, issued by this group
of “hornitos”, formed several small lava
tubes located to the NW and SE of the
central vents. The area must have been
covered by pine trees similar to the ones
growing there today, as evidenced by
several lava tree molds, up to 5 meters long, preserved to the east of the
cones.
After visiting Los Cuescomates
(Group 1), take a small path from their
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Map of the area of Stop 2.

northern end, heading west, which surrounds the edge of the flows issued by
them, and follow it towards the SW until
reaching a small road heading south,
which must be followed for less than 100
meters until reaching the northernmost
of the group 2 Cuescomates. They are
a group of 5 vents, three of which are
tephra cones and the other two spatter
cones. Only one of the vents, the easternmost, has a vertical-walled crater, which
is connected through a tight fissure with
a small hole on the northern base of the
cone. A lava lining covers most of the

Plan of Cuescomates (Group 1).

inner walls of this vent, which is also
lined with a large inner levee marking
a former lava level inside the crater.
Since this small cone is used as a quarry,
its structure made of scoria fragments
is easily seen. Lavas issued from this
cone to the south generated well formed
levee-bounded channels, and growth of
the levees formed small caves. A collapsed cave to the north is used as an
animal enclosure (“Potrero”).
Walking west, less than 100 meters
away is Group 3, which includes the
largest of these small “hornitos”. El
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Plan of Cuescomates (Groups 2 & 3).

Cuescomate Mayor is 20 meters high
and almost entirely made up of spatter. Avoid climbing its exterior walls
except along the established trails on
its eastern and western sides to prevent
its destruction, as some of the spatter
is not well consolidated. The crater is
easily enterable, and still preserves part
of a lava lining. At its southern base, a
very interesting vent-channel structure
is found, from which several different
small lava flows were emitted, developing small lava tubes. One of them
contains Cueva de la Laguna, with 62
meters of small passage and a little lake
which gave it its name.
Further west, three other small vents
produced small lava flows but no tephra
or spatter, and are only recognizable by
the presence of small caves or lava tubes.
One of the vents has a crater about 15
centimeters wide but at least 3 meters
deep, as sounded with a stick that didn’t
reach the bottom.
After visiting the Cuescomates, walk
west until reaching the flat, soil-covered
plain of Llano de los Conejos and cross
it until finding an unpaved road. Follow
it west, climbing slowly (remember
you are at nearly 3,000 m.a.s.l.), until
reaching the main Highway 95 at the
Morelos monument. Lunch will be had
at Restaurante Los Venados. Quesadillas (Fried corn “tortillas” filled with a
variety of typical local ingredients like
cheese, fungus, pumpkin flowers, etc.)

are especially recommended.
Continue south along highway 95
towards Cuernavaca until kilometer post
64 where a parking lot is located.
Stop 3: Cuernavaca Valley Lookout.
We are standing atop the southern flow
of Chichinautzin volcano. Notice the
difference in vegetation between this
young (1,835±55 years B.P.) lava flow,
consisting of small xerophyte plants,
lichens and grasses, as compared with
the vegetation of the surrounding, much
older lava flows. Primary structures of

the Chichinautzin lava flows indicate
that it was emplaced along lava channels
limited by levees, and the flow morphology is typical A’a. Many olivine crystals
can be observed in samples of these
basaltic lavas, and feldspar xenoliths
are common.
To the south, a panoramic view of
almost the entire state of Morelos can
be seen. The lookout is almost precisely
located along the surface trace of the
La Pera normal fault system (Siebe et
al., 2004) which essentially marks the

Los Cuescomates rootless vents are dwarfed by the surrounding 20 meters tall pine
trees.
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southern limit of the SCVF. The fault
scarp is not visible, as it has been entirely covered by young lava flows, but
seismic evidence shows that the fault
system could still be active. The rounded
hills across the valley are made up of
Cretaceous limestone and shale. To the
west, the Texcal lava flow, issued from
Guespalapa volcano, can be seen as it
is deflected by the Herradura volcano
cone and then crosses the entire Cuernavaca valley before ponding against the
limestone hills. The Texcal lava flow,
between 2,835±75 to 4,690±90 years
B.P. in age and 25 kilometers long, is the
longest recognized lava flow in the entire
SCVF. Both its morphology and vegetation cover indicate its extreme youth,
comparable to Chichinautzin, so its age
is most probably closer to the younger
date. The Cuescomates “hornitos” seen
in the morning are developed on this
lava flow. Five large caves, remnants
of a huge master tube, in places over 20
meters in diameter, have recently been
mapped and are proof of its origin as a
tube-fed pahoehoe flow.
To the east a series of rock pinnacles
can be seen. They are the Sierra Tepoztlán, which is considered the remnants
of a huge Miocene volcaniclastic fan.
The city of Tepoztlán, the symposium
site, is located in a depression developed
among these pinnacles. The town above
the pinnacles is San Juan Tlacotenco.
Suchiooc volcano is just over the crest to
the northwest, and its tube-fed pahoehoe
flows branched among the Tepoztlán
pinnacles. Underneath the town of San
Juan are the twelve caves that together
form Sistema Tlacotenco, which include
the longest (and probably most complex) lava tubes known in Continental

Large master tube in Cueva del Diablo.

America.
Continue on highway 95 until reaching kilometer post 70. Take the branch
to the right towards highway 115 which
takes you towards Tepoztlán. After passing the toll booth, get out of the highway
on the right and follow the signs towards
the Cuernavaca-Tepoztlán federal road.
Turn left and follow the road to the
center of Tepoztlán. Turn right on main
street and follow it down and out of
town. Follow the road to a Y fork and
take the small road to the left towards
Santo Domingo Ocotitlán. After about
10 kilometers the bus will stop at a small
parking area on the left. This is Stop 4.
Walk across the field towards the cliff
that limits it to the NW to visit an excellent outcrop of the Tepoztlán Formation,
consisting of alternating layers of lahars,
tuffs and volcanic breccias. Tube-fed
basaltic lava from Suchiooc volcano
surrounds the eroded pinnacles.
Stop 4: Cueva del Diablo. Walk across
the road and cross a gate. Follow the
path on the other side until reaching a
bifurcation after about 200 meters. Take
the right path, which leads straight into
the main entrance. The cave is used as
a maternity by Leptonycteris bats, so
should be avoided in the winter months
to prevent disturbing the colony. Being
close to the road, it is the most frequently
visited cave in the area, so the entrance
area has many spray paints, and cord has
been left in many passages in the cave by
inexperienced visitors to find their way
out. Extensive use of the map is recommended for first time visitors. During the
symposium excursion, a through trip will
be made to the smaller entrances. A total
of 2,020 m of passages were surveyed in
this tube. This cave is still used by local
villagers for religious rituals to
the devil, involving the sacrifice
of chicken.
Cueva del Diablo consists of
a large main passage, Galería
de los Cañones, which is interpreted to be part of the master
tube because of its size, canyon
shape and the levees that split
it into superposed passages. A
complex series of upper level
tributary passages join the main
tube. In places the lining of the
master tube collapsed during
volcanic activity, so the multiple or compound lava flow
containing the cave is clearly
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visible, made up of numerous small
lava toes or tongues. Many tubular lava
stalactites and stalagmites, made up of
extruded segregates during early cooling of the lava tube, decorate the walls
and many alcoves. Most of the smaller
anastomosing tubes at a higher level still
preserve their linings.
From the main entrance follow the
left hand passage at every junction.
Whenever you reach a bifurcation, follow the joining passage upwards for
a while, but then return to the main
or left hand branch. Eventually you
will reach Sala Saxofón. Visiting the
final portion of the cave, used by the
bats, is not recommended. On the return
trip, take the first large branch to the
left and follow it to the Labyrinth. The
right hand passage eventually goes to
a crawlway after which the light from
the two smaller entrances can be seen
at both ends of a large tube. Exit from
the furthest entrance and follow a path
north back across the fence and road to
the bus. The bus will return to the main
square at Tepoztlán.

Symposium Field Trip Two,
5 July 2006.
Sistema Chimalacatepec

Sistema Chimalacatepec. This cave is
the main portion of the Suchiooc Master Tube. It is a large canyon shaped
passage intersected by several skylight
entrances, which were already open during activity as evidenced by the primary
structures (levees, lava linings, etc.) in
them. They are called, in a downflow
direction, Cueva de Tatamasquío, Cueva
de Chimalacatepec and Cueva de Iztaxiatla. With 201 meters in vertical extent
and a total of 1,388 meters of surveyed
passages, Sistema Chimalacatepec is the
deepest lava tube explored in Continental
America. Including Cueva del Árbol,
another cave upflow from Chimalacatepec, the master tube can be traced
over a total vertical extent of nearly
300 meters.
At the bottom of this cave, over half
a kilometer from the nearest entrance,
an archeological find was made, which
included over 90 different ceramic and
carved rock pieces, in excellent state of
preservation, belonging to the Tlahuica
culture (Vega Nova and Pelz Marín,
1994; Broda and Maldonado, 1994).
The presence of a zoomorphic figurine
representing a horse, and also of chicken
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Plan view of Cueva del Diablo.
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and pig bone fragments (animals introduced during the Conquest) seems
to indicate a Colonial age for these offerings (Vieitez L., pers.com.). All the
pieces were recovered by workers of
the Instituto Nacional de Antropología
e Historia (INAH), Morelos department,
when they received our notification,
and are presently in a specially adapted
Site Museum in the town of San Juan
Tlacotenco.
The bus will leave the main square at
Tepoztlán and take the small road west
towards the town of San Juan Tlacotenco. We will visit the site museum
and then walk along the “Camino Real”
path, climbing towards the northeast past
several small houses until reaching a
rock fence on the right. When the steep
path flattens out, look for a break on the
rock fence. A hundred meters below the
fence, in the middle of a small ridge is
the 15 meter entrance pitch known as
Cueva de Iztaxiatla. This was an open
skylight during activity, as shown by
levees surrounding the whole pitch. A
caving ladder (with safety rope) and/or
an abseiling and climbing rope will be
rigged for the field trip. Two other short
climbs further into the cave also require
rigging for intensive traffic. The plan
map included is only of the portions of
the cave accessible through Cueva de
Iztaxiatla. After visiting the cave, the
bus will return us to the main square
at Tepoztlán.
The uppermost portion of the cave,
which we will not visit, is accessible
through the other two entrances. It is
formed by at least three superposed levels, and the first hundred meters overlie
the lowermost passages in Cueva del
Árbol. Levees all around the entrance
pitches, and a continuous lava lining all
the way to the surface prove that these
entrances were open skylights during
activity. Progress is made along large
terraces made up of wall levees, while
most of the “floor” is made up of big
breakdown blocks, mostly made up of
collapsed levees and/or linings. This
section of the cave ends at El Esfinter,
where the wall linings on both sides of
the passage join together, leaving only
a very tight hole at floor level, less than
30 cm high and wide, floored with A’a
lava, through which a howling wind is
felt. This little hole is the connection
with the upper passages of Cueva de
Iztaxiatla.
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Profile of Sistema Chimalacatepec showing skylight entrances and other features.

Cross section of El Gran Cañón, Sistema
Chimalacatepec.

El Gran Cañón, upper passage of Sistema
Chimalacatepec.

After descending the 15 meter entrance pitch of Cueva de Iztaxiatla, a
passage can be followed upflow, soon
reaching a balcony over a lower level.
Either a 5 meter pitch or a short climb
with the aid of a log takes us to another
passage which we again follow upflow
until reaching a final climb-down, Paso
del Tango. This climb deposits us on
the main or lower level of Sistema Chimalacatepec. All the above mentioned
passages are superposed levels of a
single canyon-shaped tube, separated
by the growth of levees due to the cooling caused by the Iztaxiatla skylight.
The downflow continuation of all this
superposed levels is blocked and inaccessible.
Once on the lowermost level, a passage upflow with prominent wall levees,
partially collapsed in places, reaches El
Cañón Inferior, almost 20 meters high,
but which soon ends against a high wall.
At its base is the lower end of El Esfinter,
the connection with the upper portion
of Sistema Chimalacatepec.
Downflow from Paso del Tango on
the lowermost level, after a tight spot
between collapse blocks, an elliptic tunnel is reached, with prominent red A’a
lava as a floor, where it is not covered
by breakdown. Walls and ceiling are
plastered by several lava linings, and
pahoehoe wall levees and benches are
also visible. After 130 meters, the passage goes underneath El Gran Domo,
a possible skylight during activity, not
open to the surface due to the development of a solid crust before the drainage
of the tube.

Beyond El Gran Domo, the passage
diminishes in height and widens, acquiring an elliptic cross-section. Walls, floor
and ceiling are covered by a lining of
easily broken scoriaceous red A’a lava.
Further ahead the whole floor is covered
by collapsed blocks of this lining. When
the breakdown ends, the passage is elliptic on cross section, with pahoehoe
wall levees, but the floor continues to
be red A’a lava. The slope diminishes,
as well as the passage size. Eventually,
a crawl is reached.
Just beyond the crawl, the first archeological remains were found. Under the
prominent wall levees were 3 incense
burning pots with hollow handles and
16 earthenware bowls, while on top of
the levees over 50 carved-rock figurines,
mostly of jadeite were found.
One last segment of canyon passage
of large dimensions with prominent
balconies, called Las Repisas, follows.
The floor is covered with large collapsed
fragments of lava lining or collapsed wall
levees. The scars of these collapses show
several superposed linings, representing
many episodes of successive emptying
and refilling of the master tube.
The collapses end abruptly at the
beginning of the terminal Gran Galería
Final, which is 15 meters in diameter,
partially filled by the red A’a lava on
the floor. The levees disappear under
this lava, which also has large contraction cracks. A bifurcation is reached,
where three incense burning pots with
hollow handles and 4 earthenware pots
were found placed on the remains of
a fireplace. The passage to the right
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Incense burners, second offering, Sistema Chimalacatepec.

ends after only 20 meters, filled to the
ceiling by the red A’a lava flow, while
the main passage to the left continues
for 50 meters in large dimensions to a
large lava sump, where the ceiling and
floor join. Two incense burning pots,
with especially embroidered handles,
and 10 earthenware pots, again placed
over the remains of a fireplace, were
found in the final chamber.

Symposium Field Trip Three,
7 July 2006. Cueva de la
Iglesia-Mina Superior

Sistema Tlacotenco Group. Formed by
12 different caves developed inside a
compound lava flow that was emitted
by skylights above the Chimalacatepec master tube. These lavas flowed
southwest along the eastern edge of
San Juan Tlacotenco. The compound
character of the flow can be observed
in the railway cuts below town. As the
lavas reached the prominent peaks of the
Sierra de Tepoztlán, the flow subdivided
into different tongues and entered narrow canyons eroded into the volcanic
agglomerates. The tube system is a complex network of anastomosing passages,
although in the upper portions a main
tube, larger than the rest, is discernible
and in places it is canyon shaped or has
superposed levels (Cueva de Marcelo),
but its character is quickly lost downflow
as the tube subdivides into many smaller
tubes (Cueva de la Iglesia). As the flow
reaches Cerro Tepozteco it divides into
two branches. The eastern branch is

the steepest, and all the tubes heading
towards it concentrated into a single,
unbranched tube (Cueva de la Tubería),
while the western branch remains with
a moderate slope and continues to have
many parallel and anastomosing tubes
(as seen in Cueva del Ferrocarril and
Cueva del Capulín). All the caves are
genetically linked, but collapses, ash/
soil fills and/or breakdown blockages
have separated the tube system into the
today known caves. A total of 16,032
m of passages have been surveyed in
this system along a 301 m difference
in height, mostly under constructions
and streets of the town of San Juan Tlacotenco.
Many primary structures have been
found inside this lava tube system. Most
important in discerning the tubes history
have been levee patterns both in walls
and floor; rafted lava balls and lava
ball dams; tubular lava stalactites, drip
stalagmites and other segregated materials; shark tooth stalactites; flow marks;
wall crusts, and late flows reoccupying
an already empty tube. Additionally,
secondary mineral deposits in the form
of crusts, popcorn dripstone and flowstone are abundant in certain sections,
particularly in the Segunda Axial passage
of Cueva de la Iglesia.
Many junctions of tubes show evidence of formation of larger tubes by the
accretion of smaller tubes, and there are
many evidences of pirating of lava from
an upper tube into a lower lying tube. It is
important to stress that these underlying

tubes are basically contemporaneous
with the upper ones, and not the product
of earlier flows. It was also found that
those tubes which branch from the main
one at a higher level show evidence of
having been drained first, and on occasions to have been reoccupied by later
flows which mainly refilled them and
then solidified.
Although no evidence was found for
erosion into the country rocks, many
features record the modifications to the
inner shapes of the tube made by the
flowing lava eroding and/or remobilizing its walls and floor, including inward
growth of levees, rafted blocks turned
into lava balls, undercutting of the tube
walls by lava that has been detoured
by a wedged lava ball, undercutting of
the base of lava falls behind lava ball
dams, lava balls wedged at complex tube
junctions and then transformed into tube
walls, singenetic breakdown, etc.
No attempt will be made to describe
every passage in this complex system,
and details will only be given of the
passages that will be visited. Intensive
use of the map is recommended when
visiting any of these caves, which should
be checked at every junction. Directions
are given with respect to an explorer
entering the cave.
The bus will leave the main square
at Tepoztlán and take the small road
west towards San Juan Tlacotenco. After reaching the town, we will take the
continuation of the main street and walk
towards the only accessible entrance
of Cueva de la Iglesia-Mina Superior,
located at the extreme SE portion of
town. It is a small crawlway slightly
above the major collapse depression
known locally as La Mina, behind a
conspicuous white greenhouse.
Cueva de la Iglesia-Mina Superior.
With a surveyed length of 5,278 m, along
a vertical extent of 60 meters, this cave
is the second longest surveyed lava tube
in continental America. It comes within
20 meters of surveyed passages in Cueva
de Doña Macaria (420 m), and within
10 meters from passages in Cueva del
Ferrocarril-Mina Inferior (6,538 m),
from which it is segmented by a 20 m
long surface trench. Cueva del Castillo
(455 m) actually passes above and then
below passages in Iglesia, but is still
unconnected.
Its entire development is under
the eastern edge of the town of San
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Plan of the central portion of Sistema Chimalacatepec.
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Plan of the southern portion of
Sistema Chimalacatepec.
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Plan view of Sistema Tlacotenco.
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Juan Tlacotenco. There are six known
entrances, three of which have been
blocked by the owners of the property.
One of them, unfortunately, saw fit to
build a sewer drainage while blocking
the topmost entrance. Of the remaining
three entrances, very close together, the
only accessible one actually enter what
is known as Cueva Mina Superior, at the
upflow edge of the trench separating it
from Cueva Mina Inferior, the easternmost entrance of Cueva del FerrocarrilMina Inferior.
From the entrance crawlway a small
climb, easily missed on the way back,
takes us to a relatively large passage
which leads downflow to the Mina Superior entrance (too tight to be of use)
and upflow to the rest of the cave. Pottery
fragments in this area and a treasure-hunt
dig show that this portion of the cave
was frequently visited. The main passage
upflow is of crawling dimensions until
reaching Salón de las Raíces, a spacious,
mud floored side chamber with a large
balcony overlook decorated by many
tree roots. Following the mud floored
passage upflow, again on hands and
knees, one passes several side passages
and slowly the main tube gains height
at the base of a lava falls. A conspicuous lava ball hanging from the ceiling
decorates this spot. Another crawlway
ahead soon ends at a climb-down into
a major junction of superposed levels,
the connection chamber between Cueva
Iglesia and Cueva Mina Superior.
Taking the passage on the opposite
side of the main tube one soon reaches
the Diaper Chamber, which is another
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complex junction. The main tube is followed upflow to a major breakdown
chamber. Careful to note this spot as on
the way back it is easy to take the wrong
tunnel out of this collapse. Following
the right wall, crossing the collapse is
relatively easy. The breakdown soon
ends at another complex junction of
several tubes, the Labyrinth. Take the
tube further west (left as you go in) and
follow it upflow.
This is the Segunda Axial, the second
major tube of the cave, and will be followed upflow until it joins the Galería
Principal or main passage. Along its
length, many junctions will be noted,
some of which give access to other
portions of the cave, while others are
simple loop passages or superposed levels. Many interesting primary structures
are developed along this tube, including
levees, shark tooth stalactites, syngenetic
breakdown covered partially by lava
linings left by later flows reoccupying
the tubes, etc.
After a few hundred meters, a crawlway is reached, after which the tube
is decorated with abundant dripstone
stalactites of opal, up to 20 centimeters
long, with incipient stalagmites growing below. In places, flowstone with
abundant microgours is developed on
the floor or levees.
Finally, the Segunda Axial passage
encounters a huge rafted lava ball which
almost blocks the passage, but by crawling underneath one pops out in the upper
reaches of the main Galería Principal.
Notice that the conspicuous (from the
downflow side) lava ball blocking the

Admiring Opal dripstone stalactites, Segunda Axial passage,
Cueva de la Iglesia, Sistema Tlacotenco.

entrance to the Segunda Axial is completely invisible from the upflow side,
having been eroded and/or covered by
the lava from the main passage.
Do not follow the Galería Principal
upflow, as it soon leads to the blocked
entrance used as a sewer. Downflow,
this tube is developed as a canyon with
stacked upper levels. The floor is an
A’a flow, but side benches of smooth
pahoehoe decorate the walls, marking
a high stand of the lava, and facilitate
notably the traversing of this tube.
In the last couple hundred meters,
with less gradient, the passage becomes
lower and begins to anastomose, with
some of the bifurcations obviously
formed by huge lava balls. The lower
entrance, caused by the fall of a tractor
in the middle of a street, is now blocked
by a concrete slab. Shortly afterwards the
ceiling dips down and the floor becomes
full of ash/soil. The terminus is only 30
meters from the huge rafted lava ball
blockage that marks the topmost end of
Cueva del Ferrocarril-Mina Inferior.
Several anastomosing side passages
depart from the main passage. From
upflow the first one on the east, 30 meters from the top entrance-sewer, gives
access to the Segunda Axial, described
above. The second one, also on the east
side, is easily missed as it opens at floor
level. It gives access to a hundred meter
long tube with an A’a floor. The walls
are made of clinkery pahoehoe, covered
by a glazed lining only on the lower 1
meter of the passage walls.
The next side passage, this time to
the west, is the entrance to Ramal de

Galería Principal, Cueva de la Iglesia, Sistema Tlacotenco.
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Admiring rafted blocks in Ramal de
las Bolas, Cueva de la Iglesia, Sistema
Tlacotenco.

las Bolas. This branch of the cave consists of three parallel tubes which start
at a wide chamber, floored on its west
side by a large amount of rafted blocks
covered by a thin lining of pahoehoe.
This blockage prevents direct access
to the two westernmost tunnels, while
the entrance to the eastern one is almost completely blocked by a large lava
ball, which allows access by crawling
underneath. The three passages present anastomosing development, with
accessory branches and oxbows which
complicate the plan even further. Many
primary structures are present on all
these tunnels. The three passages join
at a complex intersection with abundant
singenetic collapse blocks, from which
two passages continue until they are
blocked, by ash/soil the western one, and
by a lava sump the eastern one.

Lava stalagmite in Ramal de Luís, Cueva
Ferrocarril-Mina Inferior.

post-activity collapses although at least
one, La Nopalera, may have been an
open skylight during activity, as evidenced by the lack of breakdown at its
base. Two of the known entrances have
been blocked by the owners, and in one
of them, unfortunately, a sewer drainage
was built while blocking the entrance,
while three of the remaining entrances
have been used as garbage dumps. It
comes within 20 meters of Cueva de la
Iglesia-Mina Superior (5,278 m long),
from which it is separated by the collapse trench known as La Mina. It is
also only 15 meters from Cueva de la

Tubería (428 m long) and is separated
artificially from Cueva del Capulín (820
m long) by the railroad cut.
This cave is much more complex than
Cueva Iglesia-Mina Superior. Except for
the uppermost section (La Tubería), no
master tube is present, and most passages are a very complex anastomosing
labyrinth. It would be useless and very
complicated to attempt to describe this
entire cave, so only the major features
will be described. Its complex character
is further enhanced by the fact that the
lava flow separated into two different
branches as it reached the pinnacles and
hills of the Tepoztlán Formation.
The upflow end of the cave is La
Tubería, the continuation of the master
tube in Cueva Iglesia-Mina Superior. It
immediately starts to branch into several parallel tunnels of smaller dimensions, with abundant junctions between
them. The easternmost branch collects
the tubes which are a prolongation of
the Segunda Axial and its tributaries in
Iglesia-Mina Superior, and eventually
begin to steepen as they reach the edge
of the steep slope ending in Tepoztlán.
All tubes in this branch coalesce into a
single tube, named El Deglutidor, which
after a steep descent ends in an ash/soil
fill very close to Cueva de la Tubería.
Cueva del Ferrocarril becomes especially complicated west of the connection with Mina Inferior. Essentially,

Post-Symposium Field Trip One,
8 July 2006. Cueva del
Ferrocarril-Mina Inferior

Cueva del Ferrocarril-Mina Inferior. This
cave is the longest and most complex
cave in the Suchiooc lava flows and the
longest cave in the state of Morelos. It
is the longest surveyed lava tube in continental America, with 6,538 meters of
surveyed passages along a vertical extent
of 90 meters. It has a total of 14 known
entrances, located on the terrains to the
south and east of the town of San Juan
Tlacotenco. The most frequently used are
in an artificial railroad cut at its western
end. The remaining entrances are mostly
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Lava cascade at junction of two levels, Cueva Ferrocarril-Mina Inferior.
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Plan maps of Cuevas de la Iglesia-Mina Superior and Castillo, Sistema Tlacotenco.

Plan of Cueva del Ferrocarril-Mina Inferior.
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Three-dimensional view of Cueva del Árbol, Sistema Chimalacatepec and Cueva del Potrero.

a lower anastomosing tube-fed flow,
originating from the western tubes in
La Tubería, was covered by the anastomosing lavas coming from Ramal de las
Bolas in Cueva Iglesia-Mina Superior.
In many places evidence can be found
of the pirating of the flowing lava from
the upper tubes by the lower ones due to
collapse of the intervening ceiling/floor,
and later modifications of the internal
shape of the tubes due to the flow of
lava can also be discerned.
At several complex junctions dams of
rafted balls complicated the relationship
of the overlying tubes even further by
the formation of new tubes among the
lava balls through undercutting. This
is especially notable near La Taza and
the Salón de los Murciélagos, but many
smaller or less clear examples can be
found throughout the cave. Levees,
benches, shark-tooth stalactites and
many other primary structures can be
found on most tunnels.
Eventually, the cave ends downflow
where it has been cut by the railroad.
In spite of the many parallel tubes just
upflow from the road cut, only two
small tubes were intersected, one of
them forming the main entrance to the

cave, while the other is too small to be
of use.
The bus will leave the main square at
Tepoztlán and take the small road west
of town towards the town of San Juan
Tlacotenco. After reaching the town,
we will take the continuation of the
main street and walk towards the main
entrance of Cueva del Ferrocarril-Mina
Inferior, located at the railroad cut to the
south of town. It is a small crawlway
above floor level on the NE side of the
road, partly masked by the vegetation,
and located opposite the conspicuous
upper entrances of Cueva del Capulín
on the SW side of the railroad, which are
presently being used as a quarry site. A
through trip will be done, depending on
group size and fitness, or visitors can see
the cave at their own leisure. Extensive
use of the map is recommended, and you
should locate yourself at every junction to avoid getting lost in this most
extraordinarily complex cave.

Post-Symposium Field Trip Two,
9 July 2006. Cueva del Árbol

In Cueva del Árbol and Sistema Chimalacatepec the master tube for the
Suchiooc lava flow can be traced for

almost 2 km along the steepest sections
of the lava flow. Most of the master tube
is up to 15 or 20 meters high in the canyon passages, but where the lowermost
passage in Cueva del Árbol underlies
the Gran Cañón passage in Sistema Chimalacatepec, the floor of the former is
35 meters below the ceiling of the latter.
Most entrances functioned as hornitos or
skylights during activity, as evidenced
by the presence of levees surrounding
the walls of the entrance pitches, wall
linings up to the surface, and lack of
breakdown blocks below the entrance.
A total of 3,172 m of cave passages were
surveyed in the Chimalacatepec lava
flow, covering a 280 m vertical range.
Cross sections of the tubes, and their
general shape, suggest that an important
element in the shaping of the tubes was
downcutting, although only criterion 6
of Greeley et al. (1998) is satisfied.
Cueva del Árbol. The entrance to
this cave is probably the most impressive in the Suchiooc lava flow. A 15
m wide collapse, 8 meters deep at the
lowest point, gives access to a huge
chamber-like passage 20 meters wide
and over 50 meters long, covered in
breakdown. Although it is possible that
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Map of Cueva del Árbol.
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Passage profile between El Embudo and
La Cascada, Cueva del Árbol.

this entrance also functioned as an open
skylight during activity, the collapse
is too extensive for primary structures
to remain. Nevertheless, this allows
for observation of the enclosing rock,
which is a series of up to 15 flow units
mostly 1 m thick.
Upflow from the entrance and still
within sight of it, the size of the passage
diminishes to about ten meters wide, and
two prominent wall levees appear under
the breakdown only to disappear under
a red A’a late flow which completely
blocks the passage upflow.
Downflow from the entrance the main
passage is huge, over 20 meters wide and
ten to 15 meters high. Prominent wall
levees form ledges along both sides,
with a thermal erosion canyon between
them. Large side tunnels lead away on
both sides, soon blocked by the red A’a
flow which invaded them from the main
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passage. After 70 meters, the red lava
on the floor cascades into an impressive
10 meter deep pitch, El Embudo, lined
with a large levee all around it. The
pitch itself only gives access to a short
segment of upflow tube which soon ends
in breakdown under the entrance breakdown mountain and which is plugged
downflow.
The way on after El Embudo is found
by climbing around the edge of the pitch
to the opposite side where, camouflaged
behind the levee is a small upper level
tube of small dimensions, 2 to 4 meters
in diameter, which soon plunges into
the main passage below forming La
Cascada. A pitch just below it only gives
access to a plugged section of a lower
level, but the main passage continues on.
Shortly after, a huge dome almost 15 meters high, with large levees of the red A’a
late flow all around it, is encountered.
The next 50 meters are floored by large
collapse blocks, most of which are actually pieces of lava linings which have
spalled off the walls, and the collapse
never involves the encasing rock.
Shortly after, the floor flow of red A’a
lava develops large levees that slowly
grow outwards as one advances, until
joining to form a separation between
individual levels. This happens twice
before the main or upper passage ends
in a lava blockage, less than 20 meters
from the continuation of this level in
Sistema Chimalacatepec. The middle
and lower levels, completely encased in
linings of the red A’a flow, are accessible
via downclimbs into the canyon floor
before the closing up of the levees. The
middle level is short and is blocked by

Upper level of main passage, Cueva del Árbol.

rafted lava balls, but the lower level is
much more extensive, underlying the
main passage of Sistema Chimalacatepec
for over 100 meters. Displacement of
this various superposed levels is evidence of meander migration during the
excavation, through thermal erosion, of
the deep canyon, while the separation
into different levels was caused by the
growth of internal wall levees.
Cueva del Árbol was surveyed to a
total length of 1,480 meters, and covers
a vertical extent of 118 meters. Since
it allows access to a master tube with
clearly formed canyon shaped passages,
separating into superposed levels, and
also gives access to smaller anastomosing overflow tubelets, it is safe to say
that it is one of the most instructive
lava tubes of the area, at least from the
geomorphologic and genetic point of
view.
The bus will leave the main square at
Tepoztlán and take the small road west
of town towards the town of San Juan
Tlacotenco. After reaching the town,
take the “Camino Real” path northeast
of the town of San Juan Tlacotenco,
and follow it upwards past the turnoff towards Cueva Iztaxiatla. Take a
series of small paths climbing steeply
upwards, past the upper entrances of
Sistema Chimalacatepec, past a fenced
enclosure where the entrance to Cueva
del Potrero is located, until reaching
the large collapse entrance of Cueva
del Árbol, marked by a conspicuous
large tree which gives the cave its name.
The entrance pitch will be rigged with
a cable ladder (with safety line) and/or
an abseiling and climbing rope for the

1995 eruption of Popocatepetl volcano.
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symposium field trip. Climbing aids will
also be placed at la Cascada. Visit the
cave at your leisure. Afterwards, return
to the town of San Juan Tlacotenco,
where the bus will take us back to the
main square at Tepoztlán.

Post-Symposium Field Trip Three,
10 to 13 July 2006: Lava tubes in
the vicinity of Perote and Xalapa,
states of Puebla and Veracruz

10 July 2006: This day we will travel
from the symposium site, Tepoztlán,
along highway 190 towards the city of
Cuautla, and then take a new unnumbered
highway towards Puebla, passing at the
base of Popocatepetl volcano, where
we will make Stop 1. From Puebla we
will travel along highway 150 towards
Orizaba; after the town of Acatzingo we
will take highway 140 towards Perote,
crossing the Libres-Oriental basin, where

Stops 2 and 3 will be made. Finally
we will visit the archaeological site of
Cantona. We will spend the night in the
town of Libres.
Popocatepetl volcano: Popocatepetl
(5,450 m.a.s.l.) is Mexico’s most famous
stratovolcano. After many years of mild
fumarolic activity, a series of phreatomagmatic explosions in December
1994 signaled its reactivation. Since
then, activity has been restricted to the
emplacement of successive domes inside
the summit crater and their destruction
during strombolian, vulcanian and/or
subplinian explosions. These have produced numerous ash falls in the nearby
cities of Puebla and México (EspinasaPereña and Martín-Del Pozzo, 2006).
This renewed activity has reawakened
interest in this volcano, as numerous
recent papers have shown.
The present day cone of Popocatepetl

The Libres-Oriental Basin forms the eastern end of the Transmexican Volcanic Belt.
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is built atop the remains of at least two
previous volcanoes, which were destroyed in large sector collapses of the
volcanic edifice. Fries (1965) identified
the resulting deposits in the valleys of
Cuautla and Izucar de Matamoros and
named them Tlayecac Formation. Robin
and Boudal (1987) identified them as the
products of Bezymianny or St Helens
type eruptions. Siebe et al. (1995b) dated
the youngest avalanche at 23,655 to
22,000 years B.P. Since then growth of
the volcano has been characterized by
the emission of numerous andesitic to
dacitic lava flows from the main crater
and from two sectors of lateral vents
aligned in a NE-SW direction, interspersed with at least 10 plinian eruptions which deposited numerous airfall
tephra layers, pyroclastic flow and lahar
deposits in the valleys surrounding the
volcano (Espinasa-Pereña and Martín-
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Los Humeros Caldera and the lava flows on its southern rim.

Del Pozzo, 2006).
Stop 1: Popocatepetl volcano. At this
stop we will visit an outcrop in which
the two most recent avalanche deposits
are visible. We will also see more recent
pyroclastic flow deposits which underlie
Atlixco, the largest city in the vicinity
of the volcano.
The Eastern Portion of the Transmexican Volcanic Belt: It is a wide and flat
closed basin, known in the literature as
the Llanos de San Juan, Libres-Oriental
Basin and Serdán-Oriental basin. It is
limited on the west by the Malinche
stratovolcano, and on the east by the Las
Cumbres Volcanic Complex (Rodríguez,
2005), which includes México’s highest
volcano, historically active Citlaltepetl
(5,690 m.a.s.l.), and the older Cofre de
Perote (4,200 m.a.s.l.). To the northeast
the basin is limited by the Los Humeros
Caldera and to the northwest and south

by older volcanic ranges.
Although the basin is surrounded by
long lived stratovolcanoes, its interior
is dominated by a variety of monogenetic volcanic structures such as rhyolite
domes, tuff cones and rings, scoria cones
and lava flows. The Las Derrumbadas,
Cerro Pinto and Cerro Pizarro rhyolite
domes are the most prominent volcanic
structures in the interior of the basin,
and the phreatomagmatic maar craters
of Alchichica, Atexcac and La Preciosa
rank among the most beautiful in the
world (Reyes Cortés, 1979; Gasca Durán, 1981; Siebe et al., 1995a; Riggs and
Carrasco-Nunez, 2004).
The Los Humeros Caldera was formed
by the collapse of a pre-existing stratovolcano due to the eruption of very large
pyroclastic flows which formed the Xaltipan Ignimbrite 0.56±0.21 Ma (Yañez
García and García Durán, 1982; Ferriz

and Mahood, 1984), distributed mostly
to the north of the Caldera. Much later
activity generated extensive basaltic lava
flows emitted through the rim fractures
on the southern side of the Caldera.
These lava flows are known from
east to west as the El Limón, Tepeyahualco and Tenextepec lava flows. The
archaeological site of Cantona is built
on top of the Tepeyahualco lava flow,
while the Tenextepec flow was emplaced
through a large segmented master tube,
Cueva de Chinacamoztoc, recognizable
through at least 2 kilometers. It is possible that the other basaltic lava flows
extruded from the caldera rim fractures
were also emplaced through lava tubes,
which would explain their lengths of up
to 16 kilometers.
After Atlixco, continue along the
road to Puebla, cross the city and take
highway 150 towards Orizaba. Just past
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the town of Acatzingo take road 140
north towards Perote. After the town of
Zacatepec continue right towards Perote.
After the road turns into a highway, stop
at any of the quarry entrances on the
right of the road. This is Stop 2.
Stop 2, Las Derrumbadas Rhyolitic
domes. Las Derrumbadas twin rhyolitic
domes, with fumarolic activity and extensive rock alteration, are located in the
middle of the Libres-Oriental basin and
are the most prominent peaks of the area,
both by their size and the many erosional
gullies and collapse scars which give
them their name.
They were extensively studied by
Siebe and Verma (1988) and Siebe et
al. (1995a), who recognized at least two
stages of dome collapse. The resulting
debris-avalanche deposits consist of a
chaotic mixture of blocks of faulted
surge and pyroclastic flow deposits,
as well as decameter-sized blocks of
nonvolcanic origin such as Cretaceous
limestone.
Continue northeast on road 140 until
kilometer 24, where Alchichica lake is
visible on the left of the road. Use any
of several unpaved roads to descend into
the crater lake. This is Stop 3.
Stop 3, Alchichica Maar. Alchichica is
the largest maar crater in the Libres-Oriental basin. It was formed when a small
amount of magma reacted explosively
with phreatic waters in the lake deposits
at the bottom of the basin. This generated
a series of phreatomagmatic explosions
which built a tuff cone around the vent.
These explosions dissected a previous
tephra cone, visible on the western crater
rim. The juvenile components of the
deposits consist of scoriaceous basalt or
basaltic andesite. On your way into the
crater, notice the numerous structures
visible on the road cuts, including cross
bedding, bomb structures, etc.
The Alchichica lake, although reputed
to be bottomless, is only 60 meters deep
in its almost 2 kilometers in diameter.
The water is salty due to both evaporation and dissolved minerals. Notice
that almost all the edges of the lake are
rimmed by white caliche-like deposits.
These are formed as stromatolites and are
therefore representatives of some of the
oldest known forms of life on Earth.
11 July 2006: From Perote drive back
to El Limón at kilometer 35, where
an unpaved road goes left towards Tepeyahualco for ten kilometers, passing
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Google Earth image of the Las Derrumbadas twin domes. Notice the hummocky terrain
on the northwest, formed by the first generation debris-flows, where Stop 2 will be
made.

Debris-avalanche deposit forming hummocks at the base of Las Derrumbadas.

Tephra deposits at Alchichica maar. Notice bomb deformation on flat layers of ash.
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Alchichica maar with Pico de Orizaba on the background. Notice
the stromatolites on the shoreline.

by the base of Cerro Pizarro, another
complex rhyolitic dome similar to Las
Derrumbadas, recently studied by Riggs
and Carrasco-Nunez (2004). When you
reach Tepeyahualco, drive to the right on
a paved road until reaching the parking
lot of the Cantona Archaeological site.
This is Stop 4. Visit the ruins at your
leisure. We will meet at the bus for the
drive to Chinacamoztoc cave, where we
will spend the rest of the day.
Stop 4, Cantona Archaeological Site.
Discovered in the middle of the 19th
century by Henri de Saussure (1855),
this spectacular site was not excavated
until recently. It is believed to be one
of the largest urban centers yet discovered in Mesoamerica, and covers 12
square kilometers divided into three
urban areas. They include a network
of over 500 cobblestone roads, 3000
individual patios or residences, 24 ball
courts and an elaborate acropolis with
many ceremonial buildings and temples.
These remarkable buildings were assembled by placing carved stones one
atop the other, without any stucco covering or cement mortar being used in
their construction. The buildings are
adjusted to the topography of the thick
lava flow where they were built, and take
advantage of its steep slopes. They are
evidently adapted for defense. Over time,
Cantona turned into a fortress, since it
developed in a period of social unrest.
It was a contemporary civilization to the
more famous Teotihuacan (A.D. 600 to
1000), which eventually dominated it.
It was abandoned three hundred years
before the conquest.

Some of the buildings in Cantona.

Take the small road east of Libres towards the town of Tepeyahualco. After 5
kilometers, take the small, unpaved road
towards the town of Francisco I. Madero.
Park the bus in the main square of town.
This is Stop 6, the day’s only stop.
Stop 6, Cueva de Chinacamoztoc.
The name of this cave means Cave of
the Bats. It was first mentioned in the
scientific literature by Virlet d’Aoust
(1865). Later, in a study specifically
dedicated to the cave, Haarmann (1910)
calculated its length at about 500 meters.
Finding stream deposits in the cave floor,
he proposed that the cave had formed
when the lava flow followed the course
of a flowing stream, which evaporated
and the gas pressure pushed the lava
flow upwards leaving a void underneath. The portion of the cave visited
by Haarmann is no longer accessible.
Wittich (1921) in a study of the geology of the entire Llanos de San Juan
area, describes the cave as being almost
two kilometers long, and suggests that
the stream deposits seen by Haarmann
entered the cave after it solidified. He
concludes that the cave formed by the
solidification of the flow crust, but with
liquid lava remaining inside. After the
lava broke the crusted front, it flowed
onwards, leaving a void behind.
No other references have been found
about this cave. In may 2006, in preparation of the symposium, members of
Sociedad Mexicana de Exploraciones
Subterráneas (SMES) and Club Exploraciones de México A.C. (CEMAC), Veracruz section, visited and surveyed the
Chinacamoztoc lava tube. This survey is

published here for the first time.
Chinacamoztoc cave is a large master tube 10 to 30 meters wide and >10
meters high in most places. The original
entrance, as described by Haarmann, is
now completely filled by stream deposits
originated on the fields which partially
cover the upper end of the lava flow.
Haarmann describes the passage, now
inaccessible, as being up to 10 meters
wide and 15 meters high. He also mentions that the upper portion of the cave
ends at an artificial wall built to prevent
soil loss. The lower side of the wall was
accessible through another, lower entrance (the Upper Entrance on the map),
which is a small hole at the bottom of a
20 meter wide surface depression whose
western wall is vertical. We believe this
was an open skylight during activity. It
gives access to a small shelf above the
main canyon shaped passage.
Upflow, the passage is uninteresting
and covered in sooth from torches. The
floor is flat and mostly covered in sandy
mud deposits. Eventually the lower side
of the wall is found. Sometime in the last
ten years, somebody dug a hole through
the artificial wall, probably believing
it hid a treasure, and the completely
sediment-filled passage beyond is accessible through the dug tunnel for about
15 meters.
Downflow from the Upper Entrance
the cave rapidly grows in dimensions,
but traversing the passage is made more
difficult by the abundant breakdown
blocks on most of the tunnel. The intact
sections are also not easily traversed,
because the floor is made of very rough

AMCS Bulletin 19 / SMES Boletín 7 — 2006

299

Plan view of Cueva de Chinacamoztoc, Puebla.

A’a lavas.
A total of eight skylights break up
the lava tube, of which three actually
segment the 1,577 meters long tube into
4 caves 413, 248, 597 and 164 meters
long (in a downflow direction). The
skylight areas are used by large white
owls as nesting sites, so please try to
avoid disturbing them. On some of the
skylights, the entrances to small anastomosing tubelets are visible high up the
wall, near the ceiling level, and probably
represent the original braided tubes from
which the master tube evolved through
thermal erosion.
Separation of the canyon passage
into superposed levels is only visible
in two sections close to skylights that

might have been open during activity,
but other skylights are probably postactivity collapses. The ceiling and walls
of one of the lower levels is decorated
with many small tubular stalactites. In
contrast with tubular stalactites in the
caves visited in the Sierra Chichinautzin, which always develop from behind
lining breaks, here the segregates were
extruded straight from the wall, which
does not show lining breaks. In two
other places, evidence of thermal erosion is seen where collapse of a lava
lining exposes tephras and the Xaltipan
ignimbrite. This is on a ledge still >10
meters above the cave floor.
After leaving the bus at the main
square of Francisco I. Madero, we will

The vegetation above the lava flow is made of Yucca palms and
scarce pine trees. In the background is Cerro Pizarro and Citlal
tepetl behind it.

walk for 2 kilometers along an unpaved
road which leads to the Colapso Doble
Entrance, from which we will walk along
the surface to the Upper Entrance, where
we will enter the cave. Follow the main
passage downflow at your leisure and
exit at any of the accessible skylights.
The lower entrance requires a risky climb
to get out, but will be equipped with a
wire ladder and belay rope. Once out
of the cave, walk in a general direction
to the east until you exit the lava flow,
and follow any of the many paths and
unpaved roads back to the main square
of town. At the end of the day, the bus
will drive back to Perote where we will
spend the night.
Las Lajas Cinder Cones and lava

The large Chinacamoztoc master tube at one of the skylights.
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flows: North of Cofre de Perote a series
of eruptive vents form what has been
called the Las Lajas volcano, where over
a dozen volcanic vents have been recognized and some of them have been dated
(Siebert and Carrasco-Núñez, 2002). La
Joya cinder cone complex is one of the
oldest, and produced about 20 km3 of
basaltic flows that extend about 14 kilometers SE to underlie the city of Xalapa,
capital of the state of Veracruz, about
42,000 years B.P. Cueva de la Orquídea
might be located in one of these flows.
Many younger volcanic vents and lava
flows exist in the area.
The youngest lava flows dated by
Siebert and Carrasco-Núñez (2002)
originated from El Volcancillo (2,700
m.a.s.l.), a twin crater located 4 kilometers southeast of the town of Las
Vigas which erupted 870±30 y.B.P. The
cone complex straddles a sharp crested
ridge between two valleys carved into
the slope of Las Lajas volcano, a subsidiary cone of Cofre de Perote. It fed
two lava flows that traveled down different drainages. The Toxtlacoaya A’a
flow, originating from the southeastern
crater, has a length of approximately
12 kilometers, while the Río Naolinco
pahoehoe flow, which originated in the
northwestern crater, traveled over 50
kilometers.
The eastern crater occupies the summit of a steep sided scoria cone that is
breached in two places on its southern
side. Large lava benches surround the
inner crater and mark the highest stand
of a former lava lake which overflowed
the breach, generating a short lava flow
which shortly stopped at the end of the
first steep slope. We believe that most of
the Toxtlacoaya lava flow issued from a
pair of vents at the northeastern base of
the cone, based on lava flow morphology. The lava flow crusted over forming
a large lava tube with a big skylight, 25
meters in diameter, which overflowed
frequently forming a small shield. Quarrying of a lower entrance and the building of an Oleoduct collapsed most of
the cave, leaving a semi-natural rock
arch giving the cave its name, Cueva
del Arco.
Siebert and Carrasco-Núñez (2002)
claim that the 35 meter thick lava pile
visible on the walls of Cueva del Arco
represent the minimum thickness of the
lava flow, and do not consider that the
tube could have been originally much
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Tephra layers behind lining, evidence of thermal erosion.

Cueva del Arco. Notice the two cavers, one on rope and the other at
the bottom.
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smaller, and the present height be caused
by thermal erosion, as suggested by the
passage cross section.
The western or main crater, 200 meters wide and 90 meters deep, partially
truncates the eastern scoria cone and
was produced by collapse of a small
lava lake that overflowed the western
scoria cone. In both craters we find the
same sequence of events: building of a
scoria cone by lava fountaining, followed
by the emission of lava which formed a
lava lake. In the western crater, the scoria
cone was overtopped over an arc of 180°
by pahoehoe sheet flows, which were
truncated by the crater collapse. The
uppermost entrance to Cueva del Volcancillo is exposed in the upper northern
wall, and marks the main outflow of the
Río Naolinco lava flow.
The whole of the Río Naolinco lavas were fed through lava tubes, as

evidenced by numerous primary inflation structures such as tumuli, pressure
ridges, inflation clefts and ropy textures
throughout. To date, the only surveyed
cave is Cueva del Volcancillo, located
near the crater. Only two other caves
are known in the entire flow, but neither
has been explored or surveyed. After 15
kilometers, a steep fall near the town of
Tlacolulan, the lavas entered the deep
valley of the Naolinco river (which today
does not flow on the surface) and followed it for nearly 35 kilometers. The
lava flow ends at a narrow canyon west
of the town of Chicuasen at an altitude
of 360 meters, immediately beyond the
popular Descabezadero Cascades, the
birthplace of the Actopan river, which
comes out at the contact of the lava flow
with underlying conglomerates.
12 July 2006: The bus will drive
towards Xalapa, the capital of the state

Las Cumbres volcanic complex and the Volcancillo lava flows.

301

of Veracruz, along highway 140, four
kilometers past the town of Las Vigas
de Ramirez, to the town of Toxtlacuaya,
where we will make Stop 7, which will
last all day.
Stop 7, El Volcancillo and its lava
tubes. After leaving the vehicle at Toxtlacuaya, we will walk uphill to the
entrance to Cueva del Arco (Outcrop
1). Walk into the collapsed and quarried lower channel, underneath the arch
that gives the cave its name. Notice
the canyon-shaped cross section of the
tube, which suggests that the present
shape was achieved through thermal
erosion.
Return to the Oleoduct and climb
above the channel to reach the rim of
the skylight. Careful when approaching
the edge, as it is a 35 meter pitch to the
bottom. Notice the overflow structures
which are evidence that this skylight
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Crater of El Volcancillo as seen from the summit.

overflowed numerous times during activity, building a small shield.
Above Cueva del Arco, follow a small
path upwards past the front of the small
SE flow. Climb it and reach the southern
side of the Eastern Crater (Outcrop 2),
where we will observe numerous flow
structures and the lava benches inside
the crater.
Continue climbing uphill along the
southern base of the tephra cone. Notice
along the way the alluvial sediments deposited at the point where El Volcancillo
blocked the drainage of one of the several ravines that come down the upper
slopes of Las Lajas volcano (Outcrop 3).

When we finish surrounding the main
tephra cone, take the southern ridge and
follow it to the summit of El Volcancillo,
from where a panoramic view of the
crater can be obtained (Outcrop 4).
Continue surrounding the crater towards the north until reaching the edge
of the former lava lake, where the edges
of the main channel overflow can be
studied. Descending slightly to the north
we will reach the main entrance collapse
of Cueva del Volcancillo (Outcrop 5)
Cueva del Volcancillo, 540 meters
long, consists of two segments: the upper
one goes for less than 50 meters between
the crater wall and a surface collapse,

The beautiful wall levees in Cueva del Volcancillo.

after which the entrance to the main cave
is encountered. It is a beautiful master
tube with up to three superposed levels
separated by the growth of wall levees.
In those sections where the levees do not
join, their surface texture is especially
beautiful. After nearly 350 meters, a
small skylight entrance is encountered,
below which is a seven meter pitch which
can be rigged with a wire ladder and a
safety rope. Shortly afterwards the cave
ends in breakdown.
After visiting the cave, continue
walking around the crater to the east,
noticing the shelly pahoehoe flows that
constitute this portion of the lava flow
(Outcrop 6). As we start going down,
notice how the lava flow was covered
by an even younger mudflow coming
from Las Lajas volcano. The mudflow
(Outcrop 7) includes individual andesite
blocks up to several meters in diameter
and completely covers the SW lava flows
from Volcancillo.
As we continue the descent along the
eastern edge of El Volcancillo’s lava
flows, notice numerous outcrops where
the lavas cover tephra layers from the
same eruption, which in turn cover paleosoils developed on the Las Lajas
volcano slopes (Outcrop 8). Charcoal
from one of these was used to determine
the age of the eruption.
When we reach the Oleoduct, we
will follow it back to the east to return
to the bus, which will then continue on
highway 140 to Xalapa, where we will
spend the night.
Free evening, we recommend visiting
the historical center of the Colonial city
of Xalapa.
13 July 2006: El Descabezadero,
Xalapa, Veracruz: The city of Xalapa,
capital of the state of Veracruz, is famous
for its Colonial buildings, its cultural life
and its many parks. It is built atop lava
flows from the La Joya volcanic cluster,
near El Volcancillo, which were dated
by Siebert and Carrasco-Núñez (2002)
at over 24,000 y.B.P. through stratigraphic criteria. Although no volcanic
risk assessment has been carried out, it
is clear that a new eruption in the area
could represent a serious risk for the
city and its environs.
Stop 8, El Descabezadero. Beautiful
spring and cascades which give birth to
the Actopan river. These springs bring
back to the surface the waters of the
entire Río Naolinco basin, which have
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Plan of El Volcancillo with marked outcrops.
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been filtered by the Río Naolinco lava
flow coming from El Volcancillo. The
spring is at the contact between the lavas
and underlying conglomerates. This is
also the put-in for the descent of the
upper Río Actopan, one of the most
popular commercial river-rafting trips
in México.
Return to the bus and continue for
1.5 kilometers to the beginning of an
unpaved road on the right. Follow it for
a hundred meters, past a bridge over the
Actopan river and reach El Tranchete,
a popular restaurant, where a refreshing swim and a good meal will finish
the field trip activities. Hope you’ve
enjoyed the trip.
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