Monogenetic Vulcanism in Sierra Chichinautzin, Mexico

A L. MARTIN DEL POZZO

ABSTRACT

The variation in the activity patterns of the
Chichinautzin volcanic rocks is discussed. This
sequence of lavas and pyroclastic deposits is
located in the central part of the Mexican
Volcanic Belt, directly south of Mexico City,
and is typical of its Quaternary monogenetic
vulcanism.

One-hundred and fourty-six volcanoes and
their deposits covering 952 km?® were mapped.
Cone density is 0.15 km? with heights ranging
from to 315 m and crater diameters from 50 to
750 m. Ratios of cone height/diameter
decreased from 0.20 to 0.12 with age. Basal
diameters varied from 0.1 km to 2 km.

Lavas are mainly blocky andesites but some
dacites and basalts were found. Lengths of
flows range from 1.0 to 21.5 km with heights of
0.5 to 300 m and aspect rations of 21.4 to 350.

Three types of volcanic structures are found
in the area: scoria cones, lavas cones and thick
flows lacking a cone. Pyroclastic deposits are
basically Strombolian although some deposits
were produced by more violent activity and
lava cones seem to have formed by activity
transitional to Hawaiian-type vulcanism.

Therre is a dominant E-W trend shown
mainly by the orientation of cone clusters.

The Chichinautzin volcanic centers are
compared to the monogenetic volcanoes of the
Toluca and Paricutin areas which are similar.

INTRODUCTION

Monogenetic voleanisn is a poorly
understood subject and the Mexican
Volcanic Belt (MVB) is rich in this type of
activity. The evolution of the Chichi-
nautzin Formation, a sequence of lavas
and tephra located in the central part of
the MVB, is typical of Quaternary mono-
genetic volcanism in the MVB. The
purpose of this paper is to contribute to
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the understanding of the eruptive style
through the geometry, products and distri-
bution of cones. Special attention is given
to this area because of its proximity to
heavily populated areas.

The mapped area covers 952 km?
directly south of México City (19°15N)
and north of Cuernavaca (19°N). To the
east (99°00) and west (99° 20') Tertiary
volcanic rocks limit the Chichinautzin
formation.

Volcanic stratigraphy has always been
uncertain  because different volcanic
sequences may be lithologically similar
while individual flow units vary consider-
ably within the same flow. Interdigitation
of lavas and tephra also pose stratigraphic
problems.

However, the use of morphological
parameters for the subdivision of volcanic
units may provide a rough guide to age.
The morphological and radiometric data
are listed in Table 1. Characteristic
samples of the stratigraphic sequence
were analysed petrographically.

Field studies included a detailed
description and sampling of cones, lavas
and pyroclastic deposits of the different
units of the Chichinautzin Formation.
Tephra size distribution was obtained
through sieving.

Heights, basal and crater diameter and
radii (horizontal distance from the rim to
the base of cone) for 146 cones were
determined (Tables 2, 3, 4, 5 and 6) from
the topographic maps and field measure-
ments. The area, volume, and aspect ratio
of the lavas were also calculated (T'ables 7
and 8).

The Chichinautzin Formation lies
unconformably on older Tertiary volvanic
rocks. The thickness of the formation
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was estimated by FRIES (1960) in 1800 m. since it was obtained from the difference
This should be considered an upper limit, in elevation between the Valley of Cuer-

TABLE 1 — Geomorphological parameters used the stratigraphy of the area.

Age Unit Geomorphological parameters ge (years)*

--Thin pockets of soil
~Uniform cover of short trees and

Hv shrubs
Holocene ~All flow structures perfectly 8,440 + 70
Volcanics preserved -

-Individual flow-units mappable
-Not cultivated ("pedregal").

Plv4 -Individual flow-units have mar-
Pleistocene ked levees with thin tree cover
Volcanics 4 |[—-Centers of flows have thin soil 19,530 * 160

cover
Plv3 ~-Thin impersistent soil cover
Pleisto -All pressure ridges visible
voene (ot P J 21,860 + 380
Volcanics 3 Outlines of flows very marked —
-Little erosion of terminal cliffs
-Very distinct flow margins and
Plv2 terminal cliffs
Pleistocene | -Surface of flow covered with
Volcanics 2 soil (<2m to 3m) 30,500 + 1,160
—Rare pressure ridges protrude
and indicate flow direction
-Rounded lobate outlines of low
margins only
Plvi -Rounded, eroded and subdued ter
Pleistocene | minal cliffs 38,590 + 3,210

Volcanics 1 | -No internal flow features
-Thick so0il cover (<4m)
-Intensively cultivated

* Based on Bloomfield's Cj, ages (1975).
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TABLE 2 — Geomorphological parameters of the Plvl cones.

Heith Radius Diameter Diameter H/ Crater Diameter/
N ame Unit H(m) r (m) r/M of crater of the Diameter Basal Diameter

rim base of

tire cone
138* Mezontepec Plvl 100 300 3.0 100 800 .12 .12
139 Mezontepecito Plvl 50 100 2.0 200 400 12 .50
140 Acopiaxco 1 Plvl 100 300 3.0 250 800 12 .31
141 Acopiaxco IIX Plvl 200 200 1.0 150 500 .40 -30
142 El Guarda Plvl 100 200 2.0 350 150 .13 .46
143 Oyameyo Plvl 250 400 1.6 300 1250 .20 .24
144 Mechatepec Plvl 50 150 3.0 300 500 210 .80
145 Quepil I Plvl 250 500 1.8 250 1250 .20 .20
146 Quepil XI Plvl 300 500 1.8 300 1250 .24 .24

* Number of volcano based on relative ape.

TaBLE 3 — Geomorphological parameters of the Plv2 cones.

Ifeszht Fadzas lh_:smr!v" Mameter s Crater l.)\smctvr/
N it ot v oamy rA of ::",‘1” [“;lcx h;-l_ Prameter Rasal Diamcter

- - the ¢nnge

127 2orillo Plv2 50 - - - 1000 .05 -

128 Malacatepetl I Plv2 S0 250 5.0 200 €00 .08 .13

129 Malacatepetl I1 Plv2 200 500 2.5 350 1200 .16 .29

130 Mufeco Plv2 150 550 3.6 200 1500 .10 <13

131 Mufiequito Plv2 100 250 2.5 200 750 .13 .26

132 Malipale Plvz 100 250 2.5 275 750 13 .36

133 Malinalito I Plv2 40 100 2.5 200 500 .08 .40

134 Malinalito II Plv2 - 75 - 150 300 - .50

135 Cuauzontle Plv2 50 100 2.0 250 500 .10 .50

136 Toxtepec Plv2 20 50 2.5 200 300 .08 -€6

137 Cocinas Plv2 150 - - 150 EDO .25 .25
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TABLE 4 — Geomorphological parameters of the Plv3 cones.

Yololice
Yololicita
Tezontle
Rafces I
Rafces It
Rafces 112
Rafces v
Cajete
Tepeyeyualco I
Tepeyeyuslco 11
Agua Grande
Tetzalcoatl Grande
Tetzalcoatl I
Tetzalcoatl kI
Tetzalcoatl I
Tulmiagui
Tulmiagui 11
Tuxtepec
Teconzi
Teconzity
Phjaros
Pajaritos
Jarss Verdes
Lobos
gudemu H
cadenita I1
cadena
Tuxtepec

san Miguel
Xistune I
Nistune IT
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navaca and the Chichinautzin volcano and
does not consider the irregular underlying
topography.

BLOMFIELD (1975) obtained C* ages
between 9.4 and 3.5 ky. for the Chichi-
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nautzin Formation west of the area
studied. LIBBY (1951) dated the youngest
Chichinautzin voleanic rocks, the Xitle
flows, at 2,400 years, also using radio-
carbon dating. All the rocks showed

TABLE 5 — Geomorphological parameters of the Plv4 cones.

Trea Cumbres I
Tres Cumbres 1I
Oclayuca

El Hoyo

Tepetl III
Quimixtepec

Los Otates 1
Los Otates IL
Los Otates IIT
Yecahusazac
Cuiloyo
Cuiloyito
Ocotecatl 1
Ocotecatl II
Piripitillo
Chinguiriter:a I
Changuiriter:a 1Y
San Bartolo

San Bartolito
La Comalera I
La Comalera II
La Comalera III
Cuautzin [
Cusutzin II
Cuautzin IIT
Cuautzin IV
TesoOyo
Tesoyito
Teuctla I
Teuctli: II

Teuctl: III

Untt

Plv4

Plvd

Plv4

Plv4

Plvd4

Plv4

Plv4

Plva

Plv4

Plv4

Plva

Plvd

Piva

rlva

Plv4a

Plv4

Plva

Plva

Plvd

Plvd

Plvd

Pivé

Piva

Plva

Plva

Plva

Plva

Plvd4

Piva

Pilva

Plv4

Heaghe
I o(m)

250
250
120
50
S0
€5
100

50

100
100
80

150

40
50
(3¢
70
36
170

20

50
150
20
100
50
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Radius

400

500

850

100

100

300

250

250

100

200

250

174

300

100

200

100

100

pml

r/tl

Deameter Damter n: Crater Diameter/
of cater of  the tiameter  Rasal Diameter
rim base ot
the voene

175 1500 L 1€ .12
500 1250 .20 - 40
100 1e00 .07 - D€
300 500 .10 .ED
200 400 L2 .50
275 €00 L11 .41 & .50
27% €00 e .45
250 €00 .08 .42
100 €Qo - L1
375 800 .12 .47
- 500 .20 -
175 400 .20 .44
3150 1000 .15 .35
500 800 09 .e2
300 500 .08 .EO0
125 500 .10 .25
200 500 12 .40
200 750 90 2¢
250 1000 .28 .25
joo 1500 L1l .20
200 250 .08 .80
250 500 .14 .50
150 2000 -12 .37
3100 1250 .08 .24
100 400 .17 .25
200 500 .10 .40
350 1000 .15 .35
250 300 .0¢ .83
250 750 .13 .3
200 250 .20 .80
100 o0 .05 .33
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TABLE 6 — Geomorphological parameters of the Hv cones.

fleight  Radius Biamcter  Marcter Crater Cyatvia
N oaom o uagr UMY UMk of crater  of the  Blamcter Basal Biarcrer
rnm base of
—— e et em e . the canc

VT e w 100 a0 2.8 10 T T
2 Xioontie L3 " 00 .8 30 300 .14 .30
3 Chichinautain H 100 w 30 730 .13 .33
] Chichinbutsin 31 "~ 13 3 s.0 %0 *a0 BY .62
3 Mjomite » 100 200 2.0 350 100 4 .30
. Pelomito I3 LY 10 » 100 0 2 40
? caballito »~ 18 200 1.8 300 750 e 40
L] caballite 11 »w 50 150 3.0 12 o a2 .
) matece "~ [ 175 2.2 150 $00 .1e .30
10 wmentos -~ 130 3 2.0 100 750 .20 .40
11 Los Cardos I "~ 150 80 Le 150 %00 .25 .25
17 Los Caxdoe 11 " €0 150 1.3 130 eso .09 ¥}
13 tos Cardos IIX [0 130 200 1.0 150 - - -
14 tos Cardos 1V "w £0 150 2.8 130 300 12 -0
15 Loa Cardos Vv " 100 10 1.0 150 s00 .20 .30
i Tabaquille W 200 ain  cono - 1500 B3%) -
17 muilotiw W 125 00 1.e 190 150 e .40
16 motlcte LS 0 400 1.¢ 230 1000 .25 et
1% Chalchimuites " ns 00 2.2 150 1500 . 3
20 mspulin w~ 150 200 t.) 30 es0 .23 1)
n Kicomulco v 123 otn  cono - 1700 .10 -
13 Yetequillo W 200 ain cono - 1250 i€ -
23 tioce He %0 100,150 2 250 750 2 o
24 Taempoli w I3} 150 1.8 250 €00 .10 L4
15 Tepstlapan L4 40 100 2.5 Joo 500 .08 L£0
g Tismscasco W 100 in créter - 100 .09 -
27 tioquitas I w s0 100 2.0 250 400 .12 €2
28 Tioguitas i1 ] 50 100 2.0 250 400 a2 .62
% Tiacuallchy " a© 100 2.5 200 0o .10 .50
30 Tlecuailely 13 w 16 106 5.3 s 0 .12 .50
3L Pelsdo w 150 w00 2.0 s 1108 By €2
32 xowocol w @ % 1.9 250 400 .10 .38
33 Cerro del Agua 51 Hv ~40 - - 100 1000 .04 .30
4 tialoe t v 150 wo 2.0 ~ 150 1000 s 3%
3 Tialoc 5t w a0 %0 3.1 %0 50 B BT
36 Tialoc I w - w0 . 250 - - -
37 fisloc Iv W - - - 30 - - -
e Tieloc v B 1 0 s.0 50 3o .0t .20
¥ Tialoe Vi e 4 100 2.9 150 150 .03 .20
40 Cerro del Agus I e 100 150 1.8 200 50 .13 .40
41 ocussceyo 1 "~ $0 100 2.0 123 s0a B .28
42 Ocusscayo It w 50 150 3.0 12 400 .12 5
43 Ocusacays III w 50 156 3.0 150 500 .18 D0
44 ocusscayo IV w 20 106 5.0 100 400 .08 K
45 Suchior Grande w 150 w0 2.¢ 430 750 .20 .0
#  Suchioc Chico w 10 00 t.¢ 230 500 .0 .50
41 Ololica w 120 o 2.9 0 1000 12 1
48 Cadenita TI1 w 0 100 S.0 00 ~ 50D .ot “o
49 Tepetl 1 Y 30 100 3.3 250 500 .0¢ .50
S0 Tepetl 11 e 80 150 1.9 %0 550 .12 .50
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TABLE 7 — Dimensions and volumes of the Plvl, Plv2, Plv3 and Plvd lavas.

Maximum

height of
N s m oo Flow (m)
Ritls -
Chichimautsin 100
Palomito
Palomito It
Caballito  Sonjuate 40
Caballito II
Rantece -
Jusento so0
Tebaquillo 200
La Qloria 250
Builotite 150
Caxdos I
Cardos 1X
Cardos III  conjunto
Cardos IV
Cardos V
Xicomul oo
Tetequillo 300
Tioca 10
Tsempoli
Tepetlapan
Tlacuallelt 50

Zona Xicomulco conjunto
Pelado

Tlaloc I
Tlaloc 1X
Tlaloc III conjunto
Tlaloe 1V
Tlaloc V
Tisloc VI

Ocusacayo X

Ocusacsyo II conjunto
Ocusscayo I1X

Ocusacayo IV

Suchioce Grande

Ololica

Tepetl 1
Topetl 1I

Average Maxims  \spect, ratio  Width Arga \olume Dnit
thickness  length  LongthAddth () (xmd)
(m) {Kom)
4Q 13.9 337.8 75-80 3.2 L3
40 vdria 220
40 14 aso 25 l.0 By
- 1.0 - 1.0 - By
50 2.7% 55 3.0 .15 Bv
80 6.0 8¢ 1.5 9.0 .72 Bv
100 21.% 215 1.5 32 3.2 Bv
B8O 2.0 25 1.0 1.5 .12 By
s0 6.0 120 2.5 15 .75 'Y
15 4.5.1.0 60 4.5¢1.5 6 - 45 By
100 3.5 35 5.25 .52 Bv
70 1.5 21.4 3.0 .21 By
20 2.0 100 1.5 -03 [
20 2.0 100 1.5 .03 Hy
'50 1.75 as 3.0 -15 Hv
10 30 2.1 v
30 €.5 21€ €3.5 1.9 Hv
«© 7.0 178 9¢ 4.8 v
3s 7.0 200 14 .49 HY
20 4.5 225 14 .28 Ry
20 2.0 100 3.0 .Q€ v
30 3.0 100 3.0 .09 Hv
50 1.5 3c 3.0 .075 Hv

normal magnetic polarity (MOOSER et al., PREVIOUS STUDIES

1974), which places a lower lumit of

700,000 on the Chichinautzin Formation. The first geological study in the area
The lavas and pyroclastic deposits are  was carried out by HUMBOLDT (1826). In

composed of oxihornblende andesites and 1890, FELIX and LENK published chemical

dacites, hyperstene andesites and olivine- analysis of some of these volcanic rocks.

augite basaltic andesites and basalts.

Further research was reported by
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ORDONEZ (1890, 1895); WITTICH and
Warrz (1910), WiTTICH (1917), LIiBBY
(1951), SCHMITTER (1953), and
RZEDOWSKI (1954).

FrIEs (1960) named the Quaternary
volcanic rocks Chichinautzin Group after
rocks he studied south of México City. It
should be pointed out that according to
article 9 of the Stratigraphic Code, Fries’
Chichinautzin Group should be classified
as a Formation since it has not been
formally subdivided. SCHLAEPFER'S studies
(1968) in the same region resulted in a

TaABLE 8 — Dimensions and

Mximm Aerage

1 Naomoe height of  thickiess
flow (my m

51 Tres Cumbres conjunte 50
52 Tres Cumbritas

53 Oclayuca 50
5¢ Quimixtepec

LR comune 50
59 Los Otates I1II

73 Cuautzin I

SR conpunes w0
7€ Cusutzin IV

77 Tesoyo -
‘JSA Teuctli I -
ao Teuctli II 40
82 Yololica 50 50
92 Agua Grande 80 30
93 Tetzacoatl Grande - 10
100 Teconzi 10
103 Péjaros II - -
104 Jaras Verdes - -
108 Cadena - -
127 Zorraiio sy 40
129 Malacatepetl II - -
132 Malinale - -
138 Mezontepec - -
140 Acopiaxce I conjunto - -
141 Acopiaxco II

143 Oyameyo - -
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map of region on a scale (1:100.000).

Luco (1970) made detailed petrologic
and geomorphological studies of the
northwestern part of the area. BLOOM-
FIELD (1973, 1975) carried out petrograph-
ic, geochemical and stratigraphic studies
over an area of 700 km? which included
the outcrops of the Chichinautzin Forma-
tion to the west of Mexico City in the
Valley of Toluca.

GUNN and MOOSER (1971), NEGENDANK
(1972, 1976) and RICHTER and NEGEN-
DANK (1976) examined the chemical

volumes of the Hv lavas.

nim  Aspanct fiath Arga \ohawe Tt

Tength  ratie =) ™
[ 0] taength/Aidth
10 200 50 2.5 Flvé
35 70 70 .35 Plvd
10 200 €0 3 Pivd
S €25 40 3.2 Piv4
1.2 - - 3.75% Plv4
t
4 - - 3¢ Plvd
2 50 2 .08 Plvd
10 200 25 1.25 Piv3
€ 200 1.15 €.9 .207 Plv)
1.5 150 3 .03 Plv]
1.5 150 2 .02 Plv3
1.0 - 1.5 - Plvi
3.0 - €.25 - Plvl
2.5 - 2 - Plv]
2.7% €8.7 2 4 1€ Piv2
2.0 - 5.5 - Plv2
- - 1.5 - Plv2
3.5 - 12.25 - Plv)
8 - 21.0 - Plvl
2.5 - 17.5 - Plvl
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composition of the rocks in the Valley of
Mexico and MOOSER et al. (1974) report-
ed paleomagnetic studies in the same
region.

The origin and structure of the MVB
has been discusssed by MOOSER (1957,
1961, 1963, 1975), and DEMANT (1976,
1978} considered the area in a regional
context. A more detailed study has
recently been carried out by MARTIN-DEL
Pozzo (1980).

CHARACTERISTICS OF THE
VOLCANIC ACTIVITY

The morphological factors are usually
good indicators of the age of cones. Never-
theless, since some cones overlap and
others are partly covered by other volcan-
ic deposits, their morphology shows some
variation. The average values of the

showing the area studied.

morphological parameters for each unit
are given in Table 9. Theoretically, the
ratio of crater to basal diameter should
increase with age but the values for Plvl
and Plv2 units are lower than expected
(Tables 2, 3 and 9). This is probably due
to the fact that some cones are partly
covered and others have a high percent-
age of lavas. A decrease in the ratio of
height to diameter with age (from 0.20 to
0.11) proved to be very useful in the sepa-
ration of units (Tables 2, 3, 4, 5, 6 and 9).
This is consistent with WooD's findings
(1980b).

Basal diameters (Tables 2 to 6) varied
from 0.1 km to 2 km. According to
FEpoTOV ~ (1976), MCGRECHEN and
SETTLE (1975) and WooD (1980¢), this
would correspond to nominal volumes of
between, 0.04 km?® with effusion rates of
close to 30 m¥sec, and 0.6 km?® with effu-
sion rates of 400 m%¥sec; this would imply
magma reservoirs at dephts between 3
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TABLE 9 — Average values of the geomorphological parameters of the volcanoes in the Chichi-

nautzin Formation.

Unit Radius/Height Height/Basal diameter Crater diameter/
Basal diameter
.20
corrected value
Bv 2.2 .14 .35
average

Hv-Plv4 2.9 .15 .42

Plvéd 3.4 .15 .40

Plv3 3.0 .12 .50
corrected value

.30

average
Plv2 2.9 .11 .48
Plvl 2.0 11 .40

km for the smaller cones and from 35 to
40 km for the larger. Corrections must be
made for the larger volumes of Mexican
monogenetic volcanoes (Tables 7 and 8).

Chichinautzin’s earliest acitivty began in
Pleistocene times with the andesitic volcan-
ism that produced the rocks in unit Plvl.
Cinder and lava cones (Table 2) covered
the central part of the area (Fig. 2). The
proportion of lavas to pyroclastics, defined
as the explosive index, seems to have
been intermediate, owing to the predom-
inance of Strombolian activity. The verti-
cal and lateral extent of this unit is not
clearly known, since it is obscured by
younger volcanic rockes (Table 7).

The volcanoes in unit Plv2 (Table 3, 7
and Fig. 2) are concentrated in the north-
western part of the area. Volcanism varied
from andesitic to basaltic and though
more mafic than the earlier Plvl unit its
explosive index and morphology are
similar.

Rocks in unit Plv3 have the same andes-
itic to basaltic character and explosive
index, but their distribution is widespread
(Table 4,7 and Flg. 2).

The cones in unit Plv4 are concentrated
in the southern part of the area with the
exception of Cuautzin Volcano which is
located in the central part (Table 5 and
Fig. 2). This unit is made up primarily of
andesitic and basaltic lava flows which
extend over large areas. The explosive
index is lower than in the earlier units,
owing to a higher proportion of lavas.

Holocene volcanic activity was located
in three different parts of the area (Table
6 and 8, and Fig. 2). Thick blocky lava
flows of hypersthene and olivine andesites
were erupted in the northeastern part
(Tetequillo-Xicomulco zone) with individ-
ual flow units of up to 300 m. No cone is
associated to these northward flowing
lavas, and flow ridges show that they
covered their vents as they flowed.
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Volcanic activity must have been of a
quiet type with slow viscous flows with
associated very little pyroclastic material.
The hornblende dacite flows in the region
of Laguna de Zempoala are very similar
to these andesites except that thay flowed
southward and show more contamination
(SANCHEZ-RUBIO and MARTIN-DEL P0zz0,
in praparation). Basaltic (and andesitic
basalt) vulcanism during this time was
widespread with thin flows covering most
of the area. Though some of the volcanoes
have scoria cones, the lava proportion is
much higher than that of pyroclastic depo-
?‘lits. The morphology suggests rapid fluid

ow.

As can be seen in Fig. 3 the types of
volcanic structures in the area can be
devided into three basic groups:

CHICHINAUTZIN

/——”’//\

TETEQUILLO

TABAQUILLO

—_—

ACOPIAXCO

ﬁ/k_

TLaLoC

/_/_,/\

TEUCTLI

MALINALE
e —

ACOPIAXCO

OYAMEYD

QUEPIL

Fic. 3 — Diagram showing variation of volcan-
ic profiles.

1. - Flows with heights of 70 to 300 m of
andesitic composition without a cone.
Tetequillo, Xicomnulco and Tabaquillo
belong to these kind of structures (Figs. 2
and 3).

2. - Scoria cones with outward dips of
30° such as the Panza Volecano or the
Xitle and Pelado cones (Fig. 2).

3. - Lava cones. These volcanoes are of
two types: (a) shield type, such as the
bases of the Teutli and Pelado volcanoes
and (b) the conical type with steeper
slopes, such as the Chichinautzin volcano
(Fig. 2). No basic petrographic difference
was found between these types possibly
because their viscosities were similar and
probably a higher effusion rate for the
shield volcanoes should account for the
morphological variations. WALKER (1973)
has found the same effect in other volca-
noes.

In general, the explosive index seems to
have been intermediate. Tephra sections
and distribution for three characteristic
volcanoes are showed in Fig. 4. Fine
grained particles, clasts (crystals and frag-
ments) with angular faces, and beds less
that 1 cm thick showing little oxidation
are considered typical of Surtseyan-type
volcanism (WALKER, 1971); coarser
grained and more exidized deposits are
characteristic of Strombolian activity; in
the area the deposits are intermediate
between  both classes. The median
diameter of the particles (MD @) for the
Strombolian type varies from +1 @ to
—4 @ (0.5 to 5 mm) and for the Surt-
seyan type from+3 2 to— 1 @ (0.12 to
2 mm) (WALKER, 1271). The Md@ of the
samples studied ranged from 2 @ to 0 @
(0.25 to 1 mm) (Fig. 5) while the standard
deviation (¢ @) was 0.5 or Strombolian,
since 1.5 is the limit between these types.
Cone aspect ratios are also Strombolian
(Tables 2, 3, 4, 5 and 6).

Some volcanoes, such as Chichinautzin,
could have had activity similar to the
Hawaiian volcanoes, since they have a
high lava proportion and some have lava
cones as well. There are both blocky lava
cones and spatter cones.
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All of the cones are monogenetic; many
have overlapping adventive cones. They
have an E-W alignement, although there
are also other older less conspicuous align-
ments frending NE and NW.

The lavas of the Hv unit cover the
largest portion of the area (Fig. 2) with an
extent and volume estimated at 413.75
km? and 20.325 km? respectively. Most
lavas are blocky, but a few are of the aa
and even pahoehoe types. It seems that
the velocity and volume of the emissions,
as well as topography determined the
length of the flows. Some flows of similar
composition have a wide range of lengths
(2 to 21.5 km). This is the case of the La
Gloria and El Huilotito flows (Table 8 and
Fig. 2).

Chichinautzin’s volcanic activity is very
similar to that of Michoacan's monogenet-

/../ / = S . R
/ ’/ / 'y /-—_-ﬂ,. \
£ ‘el -
{f KICONTLEN T )
f / . </
\.\ Y¥ITLE |
‘N
\ 3o

| Fine block
| wirc osh S
== ~ U
~| /
| ,/

" Dork brown osh
:' with alivens crysials
004

=

\

Fia.

21

ic cones. Paricutin’s lavas varied from oliv-
ine basaltic andesites to orthopyrogene
andesites (WILCOX, 1954); morphology,
explosive index, and lava type (aa to
blocky) are also alike. Paricutin’s lavas
flowed from 6 to 15 m per minute to 100
m a day (WILLIAMS, 1950), at an average
temperature of 1, 100° (EGGLER, 1971);
the conditions seemed to have been
similar in some of the volcanoes of the
area studied.

VOLCANIC HAZARD

Monogenetic activity in the Sierra
Chichinautzin has continued through
historical times. The lavas of Xitle
voleano, on which the University of
Mexico and large residential areas are

- 00cm -~ Coorse yeljow
k EY lrdrrsl 2cm
! Tamila
i

1‘ Grey ash with
\ I putt cinders
— \ \ =¥ Interbedded

YOLOLICA ST

Y Fine black ash

3! Coarse reddish
b J cinders

" .:"j

] Fine block onh wirh
|]_ ponds of bro

|‘|,,—1 ash and cinalrl

7
\. /\\
Sy

I

'.‘\“x/,r,rg,r( CUMBRES [—
[Eec

. //

|
100 |- ——

4 — Isopach map showing characteristic sequences of tephra for three volcanoes.
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built, covered part of the Cuiculco
pyramid, 2,400 years ago. The eruption of
Chichinautzin volecano itself (Burning Lord
in the Indian language) was also witnessed
by early inhabitants. By observing the
tephra distribution on the isopach map
(Fig. 3) and the length of the lava flows
(Tables 7 and 8) one might conclude that
if new activity were to take place, it would
most likely affect Mexico City.

CONCLUSIONS

The Chichinautzin Formation owes its
origin to monogenetic vulcanism with
volcanoes of a short lifespan and interme-
diate explosive index for most of them.
Pyroclastic deposits are basically Strom-
bolian although a few have several charac-
teristics of Surtseyan-type eruptions. The
activity that produced the lava cones may
be transitional to Hawailan-type vulcanism.

The lavas are predominantly blocky
andesites with aspect ratios between 21.4
and 350. The lenghts of the flows range
between 1 and 21.5 km with thicknesses
between 0.5 m and 300 m. Cone heights
range from 10 to 315 m and diameters
from 50 to 750 m (Tabels 2 to 6). Cone
density is 0.15 km?

Basal diameters ranging from 0.1 km to
2 km could imply magma reservoir depths
between 3 km for the smaller cones and
35-40 km for the larger ones, although
larger volumes in Mexican monogenetic
volcanoes would probably offset these
calculations.

These values resemble those reported
by BLOOMFIELD (1975) for the Southern
Valley of Toluca and the petrological
characterization of the two areas are also
similar, but Bloomfield’s statement that
the longest flows are more differentiated
does not seem to be justified. The Pari-
cutin region in Michoacan is also similar
in its monogenetic volcanism morphology,
and in the composition of its rocks.
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