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Abstract 

Multiple volcanic eruptions occurred between 8500 and 9000 yr. B.P. from the central crater of CitiaitCpetl Volcano generating 
a series of pyroclastic flows that formed a deposit with a total volume of about 0.26 km3 (D.R.E.). The flows descended in all 
directions around the crater, but they were mostly controlled by topography and deposited in valleys or local topographic 
depressions up to about 30 km from vent. Although the flows were apparently emplaced without much violence, some features 
of the deposits reveal local turbulent conditions and an expanded fluidization that can be related to moderate flow velocities. The 
deposit has two members: the lower one consists of multiple flow units, and the upper one includes a single flow unit and a thin 
basal pumice-fall. Both members are lithologically similar and dominated by dense, andesitic scoriae with minor amounts of 
different pumice types (andesitic, dacitic, and banded), and lithics in a silty matrix. 

The eruption probably had a low-pressure ‘boiling-over’ mechanism and was possibly triggered by mixing of dacitic and 
andesitic magmas. Juvenile material in the pyroclastic-flow deposit is compositionally similar to that of Holocene lava flows at 
CitlaltCpetl, which have apparently resulted from magma homogenization of mafic and silicic end members. Because the system 
is continuously injected with new basaltic-andesitic magma, a recurrence of explosive activity is possible in future eruptions. 

1. Introduction 

Citlaltkpetl (Pica de Orizaba) is the easternmost 
active volcano of the Mexican Volcanic Belt (Fig. 1) , 
forming the southern end, along with Sierra Negra vol- 
cano, of a nearly north-south trending volcanic chain 
composed of deeply eroded calderas and an extinct 
stratovolcano. Ice-capped Citlaltepetl is built of andes- 
itic and dacitic lavas that form a symmetrical strato- 
volcano with a truncated and slightly elongated summit 
marked by a 400-m-diameter, 300-m-deep crater. 

Citlaltepetl is the highest peak of Mexico and third 
highest of North America, with an elevation of 5675 m 
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asl. It rises 2900 m above the Highlands to the west 
and 4300 m above the Coastal plain of the Gulf of 
Mexico to the east. Citlaltepetl has a complex eruptive 
history that was first described by Robin and Cantagrel 
(1982) and later outlined by Carrasco-Nbfiez (1992) 
and Hbskuldsson ( 1992). Carrasco-Ntiez ( 1993) 
proposed a four-stage model that involves the construc- 
tion of three superimposed cones and the emplacement 
of several outer silicic domes. 

The historical eruptive record of Citlalt+etl Volcano 
reveals intense effusive and explosive activity during 
the 16thand 17thcenturies (Mooseretal., 1958; Waitz, 
1910) and mainly fumarolic activity for the last 300 
years (Crausaz, 1986; Crausaz, 1994). Although there 
is an abundance of effusive rocks in the recent record 
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Fig. I. Location of Citlalt&petl volcano at the eastern end of the Mexican Volcanic Belt. 

at Citlaltepetl, numerous pyroclastic deposits were also 

erupted during the Late Pleistocene and Holocene. This 

paper focuses on the young pyroclastic rocks, particu- 
larly on Holocene scoria-and pumice-flow deposits. as 

part of an effort to understand the types, extent, and 

frequency of volcanic hazards that Citlaltepetl presents. 

Previous studies of the Holocene pyroclastic-flow units 

(Robin et al., 1983; Cantagrel et al., 1984; Hoskuldsson 
and Robin. 1993) suggested that there were several 
repetitive periods of activity separated by intervals last- 
ing 1000-1500 years. One of the conclusions of this 

new study is that most of the Holocene pyroclastic-flow 
units of Citlaltepetl are part of a single eruptive episode 

that took place between 8500 and 9000 yr. B.P. The 
deposits underlie several important cities, including 
Orizaba; therefore knowledge of these deposits, their 

origin, and emplacement mechanisms is important for 

hazard assessment. 

2. General character of the deposits 

Most of the young pyroclastic sequences identitied 
at different areas around Citlalttpetl Volcano are sim- 
ilar in composition, structure, relative stratigraphic 
position, and apparent absence of unconformities 
among successive eruptive units. Based on extensive 
examination of these features, in the field and labora- 
tory, we have correlated these on all flanks of Citlal- 
tepetl. Radiocarbon dating of charcoal within these 

deposits confirmed the working hypothesis that most 

of the studied pyroclastic-flow units could be associ- 

ated with a single eruptive episode that lasted a few 

hundred years. 

The deposits are irregularly distributed around the 

Citlaltepetl summit crater, forming discrete tongues 

that are mainly confined to river-valleys, except on the 

western flank where they form an open-valley deposit 

with a fan-like shape (Fig. 2). At least six transport 

trails can be traced, delineating the distinct paths fol- 

lowed by the pyroclastic flows (Fig. 2). The erupted 

material was channeled on the lower slopes of the 

northeast, east, southeast, and south flanks of the vol- 

cano, where the slope is greater than on the western 

flank. leaving discontinuous deposits with variable 

thicknesses, which, in most cases, increasedownstream 

in valleys or local topographic depressions. 

An estimate of the total erupted volume represented 

by these deposits was made by summing the volumes 

at individual outcrops. The estimated volume is about 

0.37 km’ of bulk erupted material, equivalent to 0.26 
km” dense rock equivalent using an averaged density 
factor of 0.7. 

The deposits are composed of a set of successive 
pyroclastic-flow units that were emplaced during a 
short time interval and are compositionally homoge- 

neous, forming a single eruptive unit as defined by 
Freundt and Schmincke (1985). They are typically 
unconsolidated, low-grade ignimbrites (Walker, 
1983)) which do not show a defined flow front or lateral 
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Fig. 2. Distribution map of the CitIaltCpetl ignimbrite deposits (diagonals). Arrows indicate suggested flow paths. Numbers indicate sampling 

sites: circled numbers locate key sections shown in Fig. 4. double circle where “‘C date is available, and triangles for other deposits with “‘C 

(Table 3). Labels indicate stratigraphic members: L = Lower; U= Upper member; and L&U= both members. 

levees and have smoothly undulating, relatively flat 

upper surfaces that are sometimes slightly inclined, 

reflecting the underlying topography. We initially 

named the deposit ‘CitlaltCpetl scoria-and- pumice-ash 

flow’, following the genetic classification of pyroclastic 

flows proposed by Wright et al. ( 1980), since they are 

composed of variable proportions of both andesitic sco- 

riae and pumices of various compositions, but with a 

slightly higher abundance of the former. However, we 

decided to adopt the term ‘Citlaltepetl ignimbrite’ for 

simplicity, even though the deposit does not just con- 

tain pumice fragments. 
The Citlaltepetl ignimbrite is subdivided into lower 

and upper members. The contacts between members 

are conformable and do not show any indication of 
erosion. Although both members are generally similar 
in composition, they differ in the number of individual 

flow units, their internal structure, and their distribu- 

tion. A summary of the characteristics of each member 

is given in Table 1. The transition between members 
is marked by a distinctive pumice-fall layer. Each mem- 

ber has particular features that vary not only within the 
stratigraphic sequence, but also with distance from 

vent. 

3. Field descriptions of the deposits 

3.1. Lower member 

The Lower member reaches distances of up to 30 km 
from the crater in all directions. It shows a complex 

stratigraphy that is more evident at localities closer to 
the volcano such as: Vaqueria, 10.7 km northeast (sam- 
pling site 135, Fig. 3), Loma Grande, 12 km south 
(sampling site 101, Fig. 3)) and Excola, 18 km north- 
east (sampling site 145, Fig. 3), where several flow 
units are present. On the western flank (Avalos locality, 
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Table I 
General features of the Citlaltepetl ignimbrite’s members 

Unit 

Definition 

General Stratigraphy top 
bottom 

Lower member 

multiple flow units 

rcoria-pumice flow unit laharic unit 

two scoria-pumice flow units 

Structures: degassing pipes 

pumice lenses 

lithic lenses 

red-colored tops 

abundant on flow tops 

common at proximal zones 

common at proximal zones 

at distal zones 

Distnbution proximal zone ( < - I3 km 1 all directions 

distal zone ( > - 13 km) all directions 

Upper member 

single flow unit 

scoria-pumtce flow unit pumice-fall unit 

scarce 

on flow bottom at distal zones 

none 

not well-detined 

all directions but W 

NE, E. and SE directions 
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Fig. 3. Location of outcrops and stratigraphic relationships of different sections measured across the Citlaltepetl ignimbrite deposit (see Fig 

for descriptions of sections and symbols). 
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Fig. 3) and at greater distances on the south flank (Mal- 
trata locality, Fig. 3) the deposit consists of a single 
flow unit. 

At Excola, the Lower member shows its most com- 
plex stratigraphy (Fig. 4a). It is a multiple flow unit 
with two pyroclastic flow deposits at the base, a laharic 
deposit with an incipient thin soil barely visible on its 
top, and an overlying pumice-flow deposit. The basal 
pyroclastic-flow deposit is 2.5 m thick and contains in 
order of abundance: scoriae, pumices, and lithics. Sco- 
ria clasts are dense, black, subrounded, and mostly 
block-sized (the largest clasts: 70 cm in diameter). 
Pumices are usually rounded and consist of several 
types. Most common are blocky and lapilli-sized, 
highly vesiculated pumices (largest clasts: 40 cm in 
diameter). Banded pumices, usually rounded and 
blocky-lapilli-sized (largest clasts: 30cm in diameter), 
contain fine layers composed of different proportions 
of black scoria, black pumice, white pumice, and mixed 
layers of grey and brown pumice. A crude reverse grad- 
ing of scoria and pumice fragments is observed; the 
upper half is typically coarser than the lower half, which 
contains more lapilli-sized clasts with the largest block 
only about 20 cm in diameter. Overlying this deposit, 
with a quasi-planar contact, is a second scoria-and- 
pumice-flow deposit. It has a thickness of 1.8-2.0 m 
and contains pumices similar to those in the lower 
deposit. In contrast, it is slightly welded and contains 
clasts of much smaller size (largest clast is only 20 cm) 
and has a smaller proportion of both pumice and scoria 
fragments, and more abundant gravel-sized lithic 
clasts. Scoriae in this deposit are more abundant than 
banded pumices. Lithics are concentrated at the bottom 
of the flow unit, forming a 6-cm-thick, laterally discon- 
tinuous layer made only of lithic clasts. Overlying the 
younger pyroclastic-flow deposit is a 0.75-m-thick suc- 
cession of several stratified laharic and fluviatile units. 
On top of this reworked deposit there is a lo-cm-thick, 
poorly developed soil, which may represent a brief 
break in the emplacement of successive pyroclastic 
flows. This soil layer is capped by a 3.3-m-thick scoria- 
and-pumice- flow deposit, which contains abundant 
large charcoalized logs, some of them with associated 
degassing pipes. The latter deposit has the same relative 
proportions of scoriae and pumices (-0%) as the 
basal deposit. 

In the distal zone on the southern flank of Citlaltepetl 
Volcano (see Maltrata section, Fig. 4b), the lower 

member is composed of a single flow unit, consisting 
of a basal ground surge layer, the main flow unit, and 
a thin ( lo-cm-thick) ash-cloud layer on top, a sequence 
corresponding to layers I,2 and 3 of the standard pyro- 
elastic-flow scheme proposed by Sparks et al. ( 1973). 
The simpler stratigraphy suggests that not all of the 
flows that are found at Excola reached Maltrata 
(Fig. 4b) and Avalos (Fig. 4~). A basal layer is only 
observed at Maltrata, where it is typically in sharp and 
undulating contact with the overriding main flow unit 
of the Lower member. This layer can be divided in two 
subunits, the lower one is a 5-lo-cm-thick fall-like 
deposit that contains mainly well-sorted, yellow pum- 
ices. The upper one is only 34 cm thick and faintly 
laminated: in some places it has cross-bedded, surge- 
like structures with yellow pumices and abundant sand 
to silt-sized lithics. 

The main flow unit at Maltrata and Avalos has a 
characteristic, altered, yellow-colored horizon at the 
top that contrasts with a reddish-brown and thicker 
horizon in the lower part. The deposit usually shows a 
crude reverse grading of scoriae and both dark and 
light-colored pumices. Lithics are mainly concentrated 
in the lower half of the deposit, forming a 0.45-3-m- 
thick, highly concentrated horizon of pebble-granule- 
sized particles near the bottom. Lithics in the upper part 
of the deposit are generally monolithologic, consisting 
mostly of angular, pale-grey hornblende-bearing glassy 
dacite clasts; in contrast, the lower part is more heter- 
olithologic. The upper part of the reddish brown hori- 
zon contains, in most of the cases, numerous gas 
segregation structures (Maltrata section, Fig. 4b), 
which in some places (Loma Grande, Fig. 4d) are tnm- 
cated by subsequent flow units, suggesting a continu- 
ous emplacement of pyroclastic flows. 

Additional features are observed at other localities. 
At Loma Grande (Fig. 4d), 12 km upstream of Mal- 
tram there are two flow units. The upper unit has a 
pumice-rich zone at the how front. At Vaqueria 
(Fig. 4e), 7.2 km upstream of Excola (Fig. 3), the 
deposit consists of several flow units. These appear to 
correlate with those described at Excola, although they 
contain a higher proportion of lithics, particularly the 
lower units, which are mostly clast-supported. In addi- 
tion, flow units at Vaqueria include multiple lithic-rich 

or pumice-rich concentration lenses at different levels 
of the sequence. Lee-side pumice lenses are found 2 
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Fig. 4. Selected stratigraphic columns of outcrops discussed in the 
text (for location see Fig. 3 ) . 

km upstream of Maltrata, associated with low topo- 
graphic obstacles. 

3.2. Upper member 

The upper member consists of a basal pumice-fall 
layer, and a single pyroclastic-flow deposit that some- 
times includes an overriding ash-cloud horizon. The 

pumice-fall layer consists of well-sorted, lapilli-sized, 
mostly yellow pumices and a minor proportion of lith- 
its, which commonly show prismatic jointing. In some 
places, this layer has reversely graded pumices (Excola 
locality, Fig. 4a). Its thickness typically ranges from 
14 cm (22 km southeast from the vent) to 25 cm ( 18 
km southeast). 

The overlying flow unit is typically ungraded, 
unbedded, and mostly matrix-supported, although in 
some places it is gravel-supported with a sand-silt 
matrix. It consists mostly of black scoriae, black and 
brown pumices, and relatively minor proportions of 
banded pumices (black and white or brown and white 
colors), pale-brown and white-yellow pumices, and a 
variety of lithics. Most of the particles are lapilli-sized, 
but there are frequent occurrences of blocks, which in 
some cases are preferentially distributed either at the 
bottom or at the top, showing faint reverse or normal 
grading. The largest pumice clast observed was about 
40 cm in diameter. The thickness of the flow unit varies 
from approximately 2 m (Teteltzingo, Fig. 4f) to 10 m 
(Excola, Fig. 4a). 

Most dark-colored pumices and scoriae are rounded 
or subrounded clasts, generally with low vesicularity. 
They contain some crystals of hornblende in a glassy 
matrix, as well as numerous angular, dense, juvenile 
dacite inclusions of characteristic white or pale-grey 
color that contrasts with the black or brown pumices. 
However, scoria clasts are always denser than pumice 
clasts. Dark-colored pumices are usually black and 
sometimes brown, Light-colored pumices contain 
hornblende phenocrysts and are always very vesicular; 
however when associated with dark pumice in banded 
samples, the vesicularity is substantially less. The light- 
colored pumice clasts are common in the upper part of 
the deposit, but they can also be concentrated at the 
bottom forming a basal fines-depleted layer (Excola 
site, Fig. 4a), which resembles the ground layer found 
at the base of the Taupo ignimbrite (Wilson and Wal- 
ker, 1982). Lithics are mostly angular, heterolithologic 
and preferentially concentrated toward the lower part 
of the flow unit. Charcoal and sometimes large logs are 
present close to the bottom of the flow unit and these 
sometimes are associated with gas segregation pipes. 

4. Grain-size characteristics 

Samples from different sites and distinct strati- 
graphic units were sieved in order to observe vertical 
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Fig. 5. Md,$ ccl plot (after Walker, 197 I ) of the Citlalt6petl ignim- 

brite deposits. Symbols for Upper member: large circles = scoria- 

pumice flow deposits; small circles = pumice-fall layer; Lower 

member: plus signs = scoria-pumice flow deposits; crosses = lahar; 

asterisks = surge layer. 

grain-size variations. For some samples we did 
component analysis of each size class down to 0.5 mm 

by hand-picking and weighing of splits, and by grain- 
counting with a binocular microscope for the finer clas- 

ses. Because scoriae, dark-color pumices, and lithics in 

fractions finer than 0.5 mm show a similar appearance, 
component analysis is not reliable for these classes. 

Inman parameters such as median diameter 

(Md, = &) and sorting index ((T = $84-416,Z) were 
obtained from histograms and cumulative frequency 

curves. 
Because most samples represent flow-type units, 

they are typically poorly sorted with (T+ values ranging 

from 2.6 to 4.6, but mainly between 3.0 and 4.0. There- 
fore, nearly all the flow-type samples lie within the 
pyroclastic-flow field on theMd,-cT+ diagram (Walker, 

1971) (Fig. 5). Some flow samples plot outside this 
field because they are much coarser. In contrast, pum- 
ice-fall samples from the base of the Upper member 

are comparatively well-sorted and plot within the pyro- 
elastic-fall field, and the surge layers forming the base 
of the Lower member have a low sorting index and are 
comparatively finer than the other samples. 

The grain-size distributions of samples from the 
Citlaltkpetl ignimbrite at Excola (Fig. 6) show a dis- 
tinctive Gaussian distribution for the pumice-fall layer, 
at least 2 main subpopulations for the scoria-and-pum- 
ice-flow samples of the Upper member, and no less 
than 3 subpopulations for the Lower member (Fig. 6). 

Sheridan et al. ( 1987) proposed that the observed sub- 
populations in pyroclastic-flow deposits may represent 
the overlap of different transportation modes of parti- 
cles. Crystals are present for grain size classes < 0.5 

mm in most of the samples. The proportion of pumices 
and scoriae is higher than lithics throughout the Upper 
Member. The basal part of the Upper member is a fines- 

depleted, pumice-rich horizon (see histogram #4 in 

Fig. 6), whereas lithics are particularly concentrated at 
the lower and middle parts of the layer 2 in the Upper 

member. 
The proportions of components differ for each flow 

unit in the Lower member (Fig. 6). In the uppermost 

scoria-flow unit pumice is more abundant (4:l) than 

scoria. The laharic and fluviatile units have a domi- 

nance of lithics over all other components. The lower 

middle flow unit exhibits a similar proportion of scoria- 
pumice and lithics (4:3), even though lithics are rela- 

tively dominant at the bottom. The lowermost unit 

contains a lot of blocky-sized scoria and pumice frag- 

ments in a proportion of about 3 to 2, whereas lithics 

are more abundant in smaller size classes. 

5. Petrography 

Scoria samples commonly contain, in order of abun- 

dance, phenocrysts (1-2 mm in maximum diameter) 
plagioclase, microgranodiorite xenoliths, microphen- 

ocrysts (0.2-0.5 mm in maximum diameter) of clino- 

pyroxene, orthopyroxene and amphibole, and 

accidental lithics. Petrographic observations of differ- 

ent scoria and pumice samples reveal clear evidence of 
mineralogical and textural disequilibrium. There are 
some sporadic occurrences of olivine and quartz, which 

are particularly present in grey or light-brown pumice 
fragments. Olivine always has reaction rims of clino- 

pyroxene and amphibole, and quartz has a reaction 
corona, unequivocal evidence that it is a xenocryst. The 

matrix is composed mostly of dark-brown glass that 
sometimes exhibits a flowage texture. 

Based on the shape, habit, and zoning, at least two 
different types of plagioclase can be identified. Type 1 
consists of smaller and sometimes partially broken 
crystals of mainly labradorite and andesine with euhed- 
ral to subhedral shapes and tabular habits, sometimes 
showing either oscillatory or normal zoning. In con- 
trast, type 2, which is more abundant, is mostly com- 
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Fig. 6. Grain-size histograms of pyroclastic samples at Excola locality. Stratigraphic column illustrates the position of each sample. Description 
of deposits can be found in Fig. 4a. A11 samples are of flow-type except #5 (fall-type) and #7 (Mar). Component analysis was performed for 
fractions of 0.5 mm and coarser. Grid pattern represents undifferentiated components. Pumice pattern include both pumice and scoria particles. 



posed of oligoclase-andesine, and exhibits truncated 
shapes with reverse or complex oscillatory zoning. 

They contain abundant glass inclusions, especially at 
crystal cores. forming either skeletal, sieve-like. OI 
dusty/cellular habits. These textures have been inter- 

preted in other localities as due to resorption processes 

occurring during magma mixing (Dungan and Rhodes, 
1978; Eichelberger, 1978; Tsuchiyama. 1985; Halsor. 

1989). 
Pyroxenes are small and frequently found in clusters, 

sometimes associated with euhedral titanomagnetite, 

glass-inclusion-bearing plagioclases (Type 2). and 

amphiboles. Amphibole crystals in scoria samples gen- 

erally have well-defined contacts, but in dacitic pum- 
ices they usually have oxide-reaction rims. 

The microgranodioritic inclusions have sharp and 

nearly planar contacts with the glassy matrix ot‘ the 

scoriaceous material, and do not exhibit any evidence 

of reaction, suggesting a rapid ascent to the surface. 

They are holocrystaline and contain mostly euhedral. 

quasi-tabular, inclusion-free plagioclase crystals in the 

form of phenocrysts, microphenocrysts or cryptocrys- 
tals forming a seriate or sometimes porphyritic texture. 

Plagioclase (oligoclase-andesine) sometimes shows 

truncated oscillatory zoning and intergrowths with 
other plagioclase crystals. Biotite and amphibole are 
occasional accessory minerals, usually isolated and 

smaller. Pyroxene crystals are also present, commonly 
associated with opaques, and in some cases showing 

rounded and reacted rims suggesting xenocrystic ori- 

gins. Because local basement, composed of limestone 
and shale, was apparently not sampled by the ascending 

magma, we believe that the granodioritic inclusions 
represent the walls of a shallower magmatic reservoir. 

6. Chemical composition 

Major-element analyses of pumice and scoria sam- 

ples (Table 2) were performed using X-ray lluores- 
cence techniques at the Washington State University 
Geoanalytical Laboratory. The precision and accuracy 
of the chemical analyses are comparable or better than 
other XRF laboratories (Hooper, 1964; Hooper and 
Atkins, 1969). The observed low total values in most 
samples reflect undetermined LOI. Four types of pum- 
ice and scoriae were distinguished: ( 1) light-colored 
pumices, mainly white; (2) brown pumices, and 
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PUMICE PUMICE PUMICE AND SCOAIA 
(n:5) (IF41 (rG2) (n:9) 

PUMICE TYPE 

Fig. 7 Silica content ranges for juvenile components in the Citlal- 

t&pet1 ignimbrite deposit. 

banded pumices, including linely laminated pumices 

of light, dark, and sometimes intermediate color; (3) 
dark, mostly black pumices and nonvesiculated scoriae; 

and (4) felsic inclusions inside both scoriae and black 

pumices (Fig. 7). Classification based on total alkalies 

versus silica (Le Bas et al., 1986) shows that all sam- 

ples are subalkalic and all the black pumices and scoriae 

arc andesitic, whereas white pumices are mainly dacites 
with only a single sample in the rhyolite field (Fig. 8) 

Brown pumices and banded pumices include both 

r-- i’hyol~te , 

O! 

. 

Fig. 8. Diagram of wt% alkalies (Na20+ K,O) versus wt.% SiOz 

for the CitIalt+etl ignimbrite deposit and recent lava flows (younger 

than SO00 yr. B.P.). Rock names based on nomenclature used by Le 

Bas et al. f 1986). Data for lava-flow samples are from Carraxco- 

Ntifiez ( 1993). 
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Table 2 

Chemical analyses of pumice, scoria, and inclusion clasts. The samples can be located by numbered site in Fig. 2. 

Type: incl. incl. w.p. incl. b.p. b.p. b.p. b.p. bs. b.s. bs. b.s. 
Sample: 99 135e 135b 135j 135d 145f 145g 135a 135c’ 78 145e 145h 

SiO, 62.03 62.69 63.95 65.36 59.67 59.63 60.41 60.91 58.47 59.40 60.35 61.09 

TiO, 0.65 0.73 0.65 0.50 0.82 0.77 0.78 0.80 0.82 0.76 0.76 0.77 

Al,O~ 16.32 18.31 16.47 16.10 15.74 16.32 16.32 16.08 17.15 16.01 16.40 16.79 

FeOT 4.69 4.52 3.75 3.72 5.58 5.81 5.79 5.57 5.24 5.68 5.31 5.27 

MnO 0.09 0.08 0.08 0.07 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 

MgO 2.61 1.69 2.06 2.03 3.63 3.86 3.81 3.61 3.79 3.68 3.62 2.87 

CaO 5.22 4.50 5.39 4.54 5.91 6.61 6.57 6.01 6.43 6.43 6.25 5.72 

NazO 4.51 4.93 4.47 5.53 3.92 4.06 3.96 4.10 3.35 3.90 3.77 4.27 

K,O 2.00 1.85 1.85 2.19 2.26 I .75 1.75 2.19 1.55 1.80 1.85 1.95 

P,Of, 0.19 0.23 0.27 0.16 0.25 0.19 0.19 0.20 0.17 0.19 0.19 0.20 

Total 98.30 99.61 98.94 99.28 97.88 99.10 99.68 99.57 97.07 97.95 98.59 99.02 

Type b.s. br.p. br.p. br.p. br.p. ba.p. ba.p. w.p. w.p. w.p. w.p. 

Sample 133b I35d’ 135d” 135f 145a 145c 145b 135i 145i I35c 145d 

SiO, 61.69 60.35 62.67 62.99 61.96 60.71 61.09 64.06 64.31 64.41 66.82 

TiO? 0.70 0.83 0.57 0.58 0.65 0.70 0.71 0.58 0.53 0.50 0.37 

ALO3 16.34 16.23 17.71 17.21 16.96 16.15 16.13 16.72 16.56 16.74 16.29 

FeOT 4.83 5.71 4.24 4.20 4.83 5.34 5.40 4.27 3.87 3.71 2.97 

MnO 0.09 0.10 0.08 0.08 0.09 0.09 0.09 0.08 0.08 0.07 0.07 

MgO 2.64 3.65 1.94 2.02 2.91 3.44 3.54 2.09 I .72 1.54 1.15 

CaO 5.21 5.85 4.84 4.92 5.61 6.01 6.05 4.90 4.54 4.43 3.63 

Na,O 4.41 3.75 4.57 4.60 4.25 4.06 3.99 4.54 4.63 4.73 4.88 

KzO 2.15 2.13 1.82 1.93 1.91 1.90 1.85 2.04 2.06 2.06 2.28 

WA 0.24 0.26 0.21 0.21 0.20 0.19 0.19 0.21 0.20 0.20 0.17 

Total 98.30 98.86 98.65 98.74 99.37 98.59 99.04 99.49 98.50 98.39 98.63 

Key: incl. = inclusions, b.p. = black pumice. b.s. = black scoria, br.p. = brown pumice,ba.p. = banded pumice, w.p. = white pumice. 

andesite and dacite (plotted as ‘mixed’ pumice in 
Fig. 8) and these plot between the black and white 
pumices. Inclusions found within scoriae and andesitic 
pumices are chemically classified as microgranodiorite 
(quartzdiorite) and plot in or very near the dacite field. 
For comparison, recent lavas of Citlaltkpetl are almost 
all dacites. 

Banded and brown pumices, which are composition- 
ally intermediate between apparent end-members ande- 
site and dacite, are closer to the andesitic member 
suggesting that this magma was apparently more volu- 
minous in mixes than the silicic magma. This interpre- 
tation agrees with the relative higher volume of black 
scoriae and pumice over white pumices in the deposit 
as a whole. A nearly linear trend is observed for pumice 
and scoria samples when Si02 is plotted versus MgO 
(Fig. 9). Similar trends are also observed for TiOz, 
FeO’, MgO, CaO, Na,O, and I&O. Mixed pumice, 

including both brown and banded types, plot approxi- 
mately in the middle of these trends (Fig. 9). 

Scoriae and pumices were sampled from different 
stratigraphic levels within the deposits to test whether 
their compositions changed with time of emplacement. 
Although a variety of pumices and scoriae are present 
in the deposits, stratigraphic trends do seem to occur 
for samples that, because of their relative higher abun- 
dance, we consider representative of each deposit 
(Fig. 10). At the base of the Lower member dacitic 
pumices are dominant while more mafic compositions 
upward, where andesitic pumices are more abundant in 
the uppermost part. In the pumice-fall at the base of the 
Upper Member, simultaneous deposition of both dac- 
itic and andesitic pumices took place in approximately 
similar proportion. The Upper member also followed a 
progressively more mafic trend above the pumice fall. 
Only three microgranodiorite inclusions found within 
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Fig. 9. Plot of wt.% SiO, versus MgO for pyroclastic material from 

Citlalt&i31 volcano. 

scoria clasts were sampled at different stratigraphic 

levels (Table 2). Stratigraphic trends for the compo- 

sitions of these inclusions are less well defined, but 
SiOZ and K20 show a progressive decrease towards the 

top of the sequence, whereas Fe0 total, CaO, MgO, 

TiOz, and MnO values tend to increase. The inclusions, 

only found in the scoriaceous material, may represent 

1358 - 

135b - 
PUMICE-FALL LAYER 

k 135c - 

Z 
Lower 

135d - member 
z 

135d’ - 
Y 
& 13561- 

a 
(JJ 135f- 

135i 
t 
I I I I I I I I 

58 60 62 64 66 

Si O2 (wt %I 

Fig. 10. Silicacontent variation with time (stratigraphic position) of 

representative pumice and scoria samples at Vaquerfa locality (Fig. 

4e). Progressive decreases in silica are observed for samples of both 

the Lower and Upper members. Samples of the pumice-fall layer 

(Upper member) include both high- and low-silica types, bridging 

these trends. 

the upper parts of a magmatic reservoir that was prob- 
ably emplaced at shallow levels prior to the Citlaltipetl 
ignimbrite’s eruption. No other rocks were sampled by 
the eruption with the exception of the surface or near- 

surface rocks, which were incorporated during the 

eruptive event. 

The chemical variations observed for the pumices, 

scoriae, and microgranodiorite inclusions suggest the 
existence of a compositionally zoned dacitic reservoir. 

This reservoir apparently had periodic resupply of 
andesitic magma, which may have triggered explosive 

eruptions, as proposed by Sparks et al. ( 1977). 

7. Radiocarbon dates 

Field observations were fundamental in determining 

the stratigraphic relationships among the recent pyro- 

elastic sequences observed around CitlaltCpetl volcano. 

Due to the apparent similarities in composition and 

depositional structures in pyroclastic-flow deposits 

located in different areas, we suspected that a correla- 

tion among them was viable. Furthermore, because no 

erosional contacts are found among successive pyro- 

elastic-flow units, we believed they should be formed 
over a short period of time. 

To confirm this hypothesis and in order to correlate 

deposits of different areas around the volcano, we sam- 

pled organic material such as charred logs and branches 

included in the pyroclastic-flow deposits for radiocar- 

bon dating. Analyses were performed by the Beta Ana- 

lytic Laboratories (Coral Gables, Florida, U.S.A.). 
Table 3 lists 14C dates for the Citlaltkpetl ignimbrite 

deposit at different localities as well as other recent 
deposits of Citlaltkpetl volcano. For the CitlaltCpetl 
ignimbrite, we did not include the date of 8300 f 70 
yr.B.P. reported by Haskuldsson and Robin (1993) 
because the same deposit was also dated at 8470 k 160 
yr. B.P. by Siebe et al. (1993) (Table 3). Therefore, 
the dates for the Citlaltkpetl ignimbrite range from 
about 8455 to 8980 yr. B.P. and demonstrate similar 
but not precisely uniform ages (Fig. 11). They yield 
an average age and relative standard deviation of 
8795 &57 yr. B.P. for the Lower member, and of 
8573 + 79 yr. B.P. for the Upper member. The relative 
standard deviation represents the error for multiple 
measurements and was calculated using two sigma to 
produce a 95% confidence. Errors for each date were 
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Table 3 
Radiocarbon dates of the Citlaltt@etl ignimbrite deposits and other recent deposits 

Member Sample Cl4 dates Deposit Location Long. Lat. 

209 

Reference 

_ 

Upper’ 

Upper’ 

upper ? 

Upper 
Upper 
Upper 

Lower 
Lower 
Lower 
Lower 
Lower 
Lower 

Upper’ 

A83.1 
HV14365 
A75.2 
A78.2 
A78.3 
PU-132 
A84- 1 
9015 
PU-139 
9017 
PO-47’ 
HV14321 
9004 
PU-127 
A80.1 
PUI 10b 
PA72.2 
A74 
HV14320 
9006 
PO-27 
HV 14367 
PA-46 
PO- 133 
PO-1OlC 
PO-133’ 
A14.2 
PO-1Olb’ 
PO-93 
PO-145 
PO-78 
PU-146 
PU-141 
PU-111 
PO-89 

690 f 50 
1730*85 
181OjI50 
186Ort40 
1910*40 

3400*-110 
3450 f 70 
4040 f 80 

406Ok 120 
4090 f 90 
4200 f 80 
4450 f 70 

466Ok 100 
6200 f 120” 
6640 f 290” 
7020 f 120” 
8170*70” 
8300 f 70b 
8455 f 90 

847Ok 160 
8580 f 80 
8595 f 85 

8620 f 140b 
8630 f 90 
8660 f 80 
8690 f 50 

8710f70b 
8760 f 70 
8770*90 
8860 f 60 
8980 f 80 

9400 f 1 7oc 
106OOf 19od 
129005 150 
13270+90 

p.fall 
r.af 
a.fall 
b&af 
s&af 
lava 
p.fall 
r.b&af 
p.fall 
b&af 
b&af 

Pf 
b&af 
S&f 

b&af 
S&af 

b&af 
s&af 
s-pf 

Pf 
s-pf 
s-pf 
s&af 
s-pf 
s-pf 
s-pf 
s&af 
s-pf 
s-pf 
s-pf 
s-pf 
s&af 
a.fall 
s&af 
s&af 

El Jacal 
Zoapan 
San Jose 
Texmalaquilla 
Texmalaquilla 
Orizaba 
El Jacal 
Avalos 
Summit 
B. Camero 
Avalos 
Zoapan 
Avatos 
Loma Grande 
Metlac 
Tliapa 
Loma Grande 
B . Carnero 
Tliapa 
B. Escoba 
Tliapa 
Teteltzingo 
Tlacouatl 
Teteltzingo 
Loma Grande 
Teteltzingo 
B. Tecajete 
Loma Grande 
Xometla 
Excola 
M&Ii&i 
Teteltzingo 
Summit 
Chocaman 
Chocaman 

? 
97 22.8’ 
? 
? 
? 
? 
? 
97 24.5’ 
? 
97 23.2’ 
97 19’ 
97 22.8’ 
97 23’ 
97 14.9’ 
? 
97 07.3’ 
? 
? 
9107.3’ 
97 22.4’ 
97 07.3’ 
97 09’ 
? 
97 09’ 
97 14.9’ 
97 08.8’ 
? 
97 14.9’ 
97 09.6’ 
97 08.2’ 
91 13.8’ 
97 09’ 
1 
? 
97 02.4’ 

? 1 
19 04.7’ 2 
? 1 
? 1 
? 1 
? 3 
? 1 
19 03.5’ 4 
? 3 
19 02.8’ 4 
19 02’ This study 
1905’ 2 
19 04’ 4 
18 55.2’ 3 
? 1 
19 09.6’ 3 
? 1 
? 1 
19 03.6’ 2 
19 02.5’ 4 
19 09.6’ This study 
19 03.5’ 2 
? 1 
19 09.5’ This study 
18 55.2’ This study 
19 03.3’ This study 
? 1 
18 55.2’ This study 
19 03.3’ 5 
19 08.1’ This study 
18 48.8’ This study 
10 09.5’ 3 
? 3 
? 3 
19 01.5’ 5 

Key: Deposit: p.fall=pumice fall, r.af=reworked ash flow, a.fall=ash airfall, b&af= block-and-ash flow, s&af=scoria-and-ash flow, 
r.b&af = reworked block-and-ash Row, pf= pyroclastic flow, s-pf = scoria-pumice flow. 
Reference: 1 = Hijskuldsson and Robin (1993), 2=Heine (written commun., 1992), 3=Cantagrel et al. (1984). 4= Siebe et al. (1993). and 
5 = Carrasco-Ndfiez et al. ( 1993). l Dates compared in Table 4. See text for discussion. 
Eruptive episodes proposed by H&kuldsson and Robin ( 1993): a= ‘Loma Grande’, b= ‘Xilomich’, c = ‘Coscomatepec’, d = Wachichuca’. 

not averaged. The difference in age between the upper the range of 8500 to 9000 yr. B.P. We attempted to 
and lower member is statistically highly significant. sample the identical sites as described by those authors 

Although they are about 300 years apart, we judge that and these were also resampled and reanalyzed in 2 cases 

the two members, based on lithological and distribu- by K. Heine (written commun., 1992). The new data, 

tional similarities, can be considered part of the same a total of 5 new 14C dates are compared with previous 
eruptive episode. reported dates in Table 4. We could not duplicate any 

The new radiometric dates include 3 resampled sites of the disparate ages originally reported by Cantagrel 

(#27, 133, 101; Fig. 2) that were reported by Canta- et al. ( 1984), and instead found 5 dates that are within 

grel et al. ( 1984), whose data differed markedly from the 85w9000 yr. B.P. range (Table 4). 
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The results in Table 4 do not support interpretations 

of Hijskuldsson and Robin (1993) who, based on the 
data of Cantagrel et al. ( 1984), suggested that there 

were eruptive episodes called ‘Loma Grande’ and 

‘Coscomatepec’ corresponding to about 6200 to 7020 

yr. B.P., and 9400 yr. B.P. respectively (Table 3). 
Since these dates cannot be reproduced and samples 
from those sites are instead found to correspond to the 

age of the Citlaltepetl ignimbrite, we suggest that the 

Coscomatepec episode may not exist, and the Loma 

Grande episode should be reduced to a discrete and 
entirely different event that produced a single block- 

and-ash flow deposit at a different locality dated inde- 

pendently at 6640 + 240 yr. B.P. by Hoskuldsson and 

Robin ( 1993) (Table 3). They reported another 

‘block-and-ash-flow deposit’ dated at 8 170 + 70 yr. 

B.P., which along with three other ‘scoria-and-ash-flow 

deposits’ dated at 8300 +70, 8620 + 140, and 

8710+ 70 yr. B.P. form the ‘Xilomich’ eruptive epi- 

sode of Hoskuldsson and Robin (1993) (Table 3). 

These block-and-ash-flow deposits represent smaller 

scale events that are unrelated to the Citlaldpetl ignim- 

brite. According to field descriptions, the 8300 yr. B.P. 

deposit of Hoskuldsson and Robin is similar to a pyro- 

elastic flow dated at 8470 + 160 yr. B.P. by Siebe et al. 

( 1993)) implying that the former deposit could corre- 
spond to the same episode that formed the Citlaltepetl 

ignimbrite. The dates of the Xilomich episode of Hiis- 

kuldsson and Robin otherwise do fall in the 8500-9000 

yr. range and also support our interpretation of one 

large episode. 
Hoskuldsson and Robin (1993) described a Plinian 

pumice-fall layer (called ‘T-II’) on top of the ‘Xil- 

omich’ sequence separating it from the scoria flows of 

their ‘Loma Grande’ episode. These scoria flows, in 

sample 

$ 

&E 
27 

3.E 
133 
1Olc 

Table 4 

Comparison of r4C dates (years B.P.) for pyroclastic-flow deposits 

at similar localities around Citlahepetl volcano 

Sample Locality * Cantagrel et al. Heine, written This paper 

(1984) commun. 

IOlc Loma Grande 6200 rt 120 - 8660 f 80 

?I Tliapa 7020 f 120 8455 f 90 8580 f 80 

133 Teteltzingo 9400* 170 8595 f 85 8630 f 90 

our interpretation (Table 4)) correspond to the Upper 
member of the Citlaltepetl ignimbrite and the pumice- 

fall layer represent its basal part. The composition of 

both the pumice layer and the overriding pyroclastic 
flows is quite similar and the contact between them 

shows no sign of erosion. Furthermore, 14C dates above 

and bellow the pumice-fall layer (as depicted in sec- 

tions Loma Grande and Teteltzingo, Fig. 4d and 4f) 

demonstrate that all of these deposits could correspond 

to a single eruptive episode. 

8. Flow characteristics 

The distribution of the studied deposits shows that 

the pyroclastic flows were topographically controlled 

and channeled through valleys and barrancas on the 

lower slopes of the volcano. We found no veneerdepos- 

its, which would provide evidence that the pyroclastic 

flows climbed topographic barriers. 
The aspect ratio was defined by Walkeret al. ( 1980) 

as the average flow thickness of the deposit divided by 
the diameter of a circle covering the same areal extent 

as the deposit. Using the area1 extent of the deposits as 
preserved (mainly valley fills) the Citlaltepetl ignim- 

%ooo 1 
5. 0,500 yr. BP 

lower member upper member 

Fig. 11. Radiocarbon dates for the Citlaltepetl ignimbrite at different localities around the volcano and at distinct stratigraphic levels 
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Fig. 12. Diagram of volume (V) against aspect ratio (AR: average 
thickness/diameter of a circle covering the same area as the deposit) 
for different types of ignimbrite and related deposits (after Walker, 
1983). u = mainly non-welded; b = mainly welded; c = relatively 
poor in pumice; IrTTS=Valley of Ten Thousand Smokes; 
MSH= Mount St. Helens ( 1 =“directed blast” of May 18, 1980, 
2 = post-climatic 1980 flows, which am grouped in the dashed area). 
Arrows for ho ignimbrite express uncertainty. 

brite has a low-to-intermediate aspect ratio 1:5000. It 
is volumetrically similar to those ignimbrites associated 
with the 1980 eruption of Mount St. Helens (Fig. 12). 
According to Wilson and Walker, (1981) a low to 
intermediate aspect ratio implies low-to-moderate flow 
velocities, and little eruptive violence. However, sug- 
gestions of violence comes from particulardepositional 
structures observed (Fig. 4). These features include: 

(a) the basal layer of the Upper member (Excola) . 
This is a fines-depleted, pumice-rich layer similar to 
the ground layer observed in the Taupo ignimbrite, 
which was interpreted as the result of a strong air inges- 
tion in the head of a high-velocity flow that produced 
intense segregation of pumice clasts. 

(b) the basal contact and the lee-side lenses at the 
lowermostflow in the Lower member (Maltrata) . The 
conspicuous, abrupt, and undulating contact between 
the basal layer of the Lower member’s lowermost flow 
and the lee-side pumice lenses are also features of the 
Taupo ignimbrite (Wilson and Walker, 198 1) . 

(c) the grading and the segregated lenses in the 
Lower member (Vaqueria). The coarse-tail grading of 
large pumices towards top (reverse) and larger lithics 
towards base (normal), and the pumice and lithic 
lenses observed in proximal facies ( < 13 km from 
vent) in the Lower member are characteristics that can 
be caused by a relatively expanded flow produced 
under intermediate degrees of fluidization according to 
Wilson ( 1980) .The absence of these structures down- 
stream suggests a decreasing fluidization with distance. 

9. Interpretations on the Cithlt&etJ ignimbrite 
eruptions 

The Citlaltepetl ignimbrites could have been gener- 
ated by a process analogous to a low-pressure ‘boiling- 
over’ of gas-charged magma from an open vent such 
as was observed in the 1980 eruption of Mount St. 
Helens (Rowley et al., 1981) or reported in several 
other historical, small-volume eruptions (i.e. Mount 
Lamington, Papua in 1951, Taylor, 1958; Cotopaxi, 
Ecuador, Wolf, 1878). In support of this we note that 
the Citlaltepetl ignimbrite: (a) contains a dominant 
proportion of nonvesiculated, high-density scoriaceous 
clasts that may reflect the instantaneous collapse of the 
extruded material, without formation of a convective 
column; (b) has a relatively small volume ( -0.25 
km3) ; (c) is not associated with thick sequences of 
Plinian fall deposits; and (d) does not contain samples 
of basement rocks (limestone and shale) found at about 
3 km depth, which suggests an apparently shallow 
reservoir. 

Magma mixing is proposed as the triggering mech- 
anism (Sparks et al., 1977) that produced the explosive 
eruption of scoria-flows at Citlaltepetl. We suggest that 
a sudden intrusion of a nonvesiculated, but gas-rich 
andesitic magma into a differentiated, shallow-level, 
dacitic reservoir occurred. This could have produced 
superheating, induced convection, and increased pres- 
sure in the dacitic magma, resulting in fracture of the 
wall rocks. Dacitic magma supersaturated in a volatile 
phase would then undergo sudden decompression pro- 
ducing strong vesiculation and exsolution of gases, 
which are responsible in part for the mobility of the 
pyroclastic flows. Vesiculation of the scoria particles 
could be inhibited in the presence of groundwater, 
which may favor rapid quenching to form glassy tex- 
tures. The magma probably ascended rapidly, so that 
the granodioritic fragments of the reservoir walls were 
incorporated without signs of melting (granodioritic 
inclusions within scoria fragments). Mixing was inhib- 
ited in most cases, forming andesitic and dacitic end- 
member pumices; banded and mixed pumice indicate 
incomplete or partial mixing. 

The distribution of the deposits, with preferential 
abundance of multiple flow units at proximal facies 
( < 13 km from vent) and single units at distal areas 
(southern flank), and internal structures of flows (such 
as segregated lenses and grading) suggest a significant 
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variation in the intensity of the eruptions that produced 
the young CitlaltCpetl scoria and pumice flows. Initial 

eruptions were apparently very energetic (wider dis- 
tribution) and intensity generally declined with time. 

10. Implications for hazard assessment 

Table 3 lists most of the known 14C ages for volcanic 

deposits at Citlaltkpelt, a list that includes all of the ages 

discussed in this paper. Analysis of the dates shown in 
Table 3 reveals the existence of three main explosive 

eruptions that occurred 13,000, 8500-9000 (Citlaltk- 

pet1 Ignimbrite, the subject of this paper) and 4000- 

4600 years ago. The 13,000 yr. B.P. eruption is sup- 

ported by two radiocarbon dates: at 12,900 + 150 yr. 
B.P. (Cantagrel et al., 1984), and at 13,270 190 yr. 
B.P. (this study). It formed a directed pumice flow that 

was emplaced on the volcano’s eastern flank (Choca- 

man, see Fig. 2). The overall composition of this 

deposit is dacitic, similar to that of the Citlalt&petl 

Ignimbrite but it lacks scoria fragments. In addition, 

about 4000 to 4600 yr. B.P., an important co-eruptive 

event simultaneously produced several block-and-ash 

flow deposits and other associated volcaniclastic 

deposits at different locations around CitlaltCpetl Vol- 
cano. On the western flank, this eruptive phase pro- 

duced a fan-shaped deposit consisting of a complex 
association of block-and-ash flow, pyroclastic-flow, 

and laharic deposits (Siebe et al., 1991, 1993), which 

Table 5 

Historic activity at CitlaltCpetl Volcano (Pica de Orizaba) 

were apparently related to the emplacement of a dacitic 

dome at the summit crater. Similar block-and-ash flow 

deposits are also found at the southwest lower slopes 

of Citlalt&petl indicating a much bigger eruptive epi- 
sode (Carrasco-Nbfiez, 1993). 

A large eruptive volume peak is proposed by HIS- 
kuldsson and Robin (1993) at about 10,600 yr. B.P. 

However, the estimated volume for that eruptive period 

corresponds to a lava flow that is apparently covered 
by pyroclastic deposits from the ‘Coscomatepec’ epi- 

sode (9400 yr. B.P. according to Cantagrel et al., 1984; 
and 8630 yr. B.P. according to this paper). For that 

reason, Haskuldsson and Robin ( 1993) suggested that 

the lava flow belonged to an episode called ‘Tlachi- 
chuca’ about 10,600 yr. B.P. The only age constraint 

is that the lava flow is older than 8630 years, but it 

could be much older than 10,600 years. Furthermore, 
these authors described two pyroclastic-flow deposits 

at La Perla locality, whose volume could not be esti- 

mated, that were included in the Tlachichuca episode 

even though there was no stratigraphic relationship 

with the tephra layer that Robin and Cantagrel ( 1982) 

dated at 10,600 yr. B.P. (this date was obtained from 

a deposit at a different location in the NE summit area 

of Citlaltkpetl). In summary, evidence for a volumi- 
nous eruptive peak at 10,600 yr. B.P. is weak, in our 

opinion. 

During the last 4000-5000 years the volcano has 
erupted mainly dacitic lavas (Carrasco-Ntifiez, 1993). 
Historical records indicate mild activity with only spo- 

Date Description Reference 

I974 

1920-1921 

1830-1866 

1687 

1630 

1613 
1569-1589 

1566 

1559 

154.5 

1533-1539 

1351 

1264-1265 
1187 

1157 

Relative warming of soil around the crater 

Debris Rows and steam escaping from the summit area 

Fumarolic activity 

Ash eruption 

There was not eruption (misprint in Mooser et al. ( 19.58) 

Unconfirmed activity 
Ash eruptions 
Lava flows from central crater 

Unconfirmed activity 

Ash and lava flows from central crater 

Ash eruptions 

Unconfirmed activity 

Unconfirmed activity 

Unconfirmed activity 

Unconfirmed activity 

Crausaz ( 1994) 

Crausaz ( 1994) 

Crausaz ( 1994) 

Mooser et al. ( 1958) 

Crausaz ( 1994) 

Wait2 (1910) 

Crausaz ( 1994) 
Waitz (1910), Mooseret al. (1958) 

Crausaz ( 1994) 

Waitz (1910). Mooseret al. (1958) 

Crausaz ( 1994) 

Crausaz (1994) 

Crausaz (1994) 

Crausaz ( 1994) 
Crausaz ( 1994) 
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radic eruptions of viscous dacitic lava flows and minor 
ash eruptions (Table 5). This summary of Citlalte- 
petl’s recent eruptive behavior indicates that although 
the eruptive pattern is noncyclical and diverse, major 
pyroclastic eruptions appear to recur at intervals of 
roughly 4000 years and follow long repose periods. 

There is a common denominator in all recent erup- 
tions at Citlaltepetl. The overall composition of most 
volcanic products is comparatively similar for both 
pyroclastic and lava materials (Fig. 8). This implies 
that if the lavas that form the present cone are the 
product of long periods of magma homogenization 
(Carrasco-Nufiez, 1993) they possibly result from the 
replenishment of a silicic magma reservoir by a juvenile 
basaltic-andesitic magma. This replenishment may be 
a periodic process that, in some cases, may trigger 
explosive eruptions. Thus it is possible that an explo- 
sive eruption could occur in the future considering that 
the last major pyroclastic-flow-forming eruption 
occurred 4000 years ago. Citlaltepetl is characterized 
by long periods of repose that are comparable to other 
stratovolcanoes such as Mount Pinatubo (Pinatubo 
Volcano Observatory Team, 1991) or Santa Maria 
(Williams and Self, 1983), which explosively resumed 
activity after reposes that lasted hundreds to thousands 
of years. 

If renewed explosive activity at Citlaltepetl occurred, 
similar to the eruption of 8500-9000 yr. B.P., an area 
as large as 2500 km2 could be devastated, including 
numerous settlements and economically important 
agricultural crops. Because of the asymmetrical topog- 
raphy on which Citlaltepetl grew, about 1200 m lower 
on the eastern slope than the western one, slope gradi- 
ents to the east are much greater. Flows to the east 
would be channeled through river-valleys in contrast 
to the western sector, where they mainly would widen 
in an open-valley topography, and thus H/L (ratio of 
vertical elevation difference and horizontal transport 
distance; Siebert, 1984) values are 0.17 to the east, and 
0.21 to the west. Furthermore, the volcanic risk is 
greater to the east because an important settlement 
(Orizaba city) is located in the direct path of possible 
future flow-type events. Orizaba and nearby towns, 
with a population of about 175,000 inhabitants, are now 
resting on a thick pile of volcaniclastic deposits includ- 
ing the 8500-9000 yr. B.P. Citlaltepetl ignimbrite 
(Fig. 2). 

Many other towns and villages having a combined 
population of at least 100,000 inhabitants could also be 
impacted in some way either by pyroclastic flows, ash 
clouds, or lahars. The latter could be produced by melt- 
ing of ice and snow of the summit during the passage 
of hot pyroclastic material, would be mainly funneled 
through the Jamapa, Cuopa or Tliapa rivers affecting 
only small villages. 

11. Conclusions 

( 1) A major Holocene eruptive period occurred at 
Citlaltepetl Volcano about 8500-9000 yr. B.P. produc- 
ing a succession of Scotia and pumice flows (Citlaltb 
pet1 ignimbrite). All units are compositionally similar 
and apparently represent a single eruptive phase, which 
lasted a few hundred years. 

(2) The distribution of correlated deposits on all 
flanks is consistent with a summit eruption. The flows 
were then channeled in valleys and barrancas affecting 
all flanks of the volcano, and deposited at distances up 
to 25 to 30 km from the summit vent. 

(3) The deposits represent an intermediate-aspect 
ratio ignimbrite that flowed with moderate velocities. 
Although the flows did not surmount high obstacles 
and they were apparently emplaced without much vio- 
lence, some features suggest an expanded flow behav- 
ior and local turbulence during emplacement. 

(4) The eruption was possibly associated with a low- 
pressure ‘boiling-over’ mechanism of a gas-charged 
magma in an open system. 

(5) The eruption was associated with (and possibly 
triggered by) partial or incomplete mixing of two dif- 
ferent magmas: a silicic andesite (59% in silica), and 
a dacite (67% in silica). These magma types have also 
been involved in younger eruptions, suggesting that the 
conditions that led to a devastating ignimbrite are still 
present. 
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