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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 2 were mapped. 
Cone density is 0.15 km 2 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 kin. 

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 ~s 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 

Monogenet ic  volcanisn is a poorly 
unders tood subject  and  the Mexican 
Volcanic Be l t  (MVB) is rich in this  type  of 
activity. T h e  evolution of the  Chichi- 
nautzin Format ion ,  a sequence of lavas  
and t ephra  located in the  central  pa r t  of 
the MVB, is typical  of Qua te rna ry  mono- 
genetic volcanism in the  MVB. T h e  
purpose of this  pape r  is to contr ibute  to 
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the  unders tand ing  of the  erupt ive  style 
through the  geometry ,  products  and  distri- 
but ion of cones. Specia l  a t t en t ion  is given 
to this  a rea  because  of its proximi ty  to 
heavi ly  popula ted  areas.  

T h e  m a p p e d  area  covers 952 km 2 
direct ly  south of M~xico City (19 ° 15N)  
and  nor th  of Cuernavaca  (19 ° N). T o  the  
eas t  (99 ° Off) and west  (99 ° 20') T e r t i a r y  
volcanic rocks l imi t  the  Chichinautzin  
formation.  

Volcanic s t ra t igraphy has  a lways been  
uncer ta in  because  di f ferent  volcanic 
sequences  m a y  be l i thologically s imilar  
while individual  flow uni ts  vary  consider-  
ab ly  within the  same  flow. In terd ig i ta t ion  
of lavas and  t eph ra  also pose s t ra t igraphic  
problems.  

However ,  the  use of morphological  
p a r a m e t e r s  for the  subdivision of volcanic 
units m a y  provide a rough guide to age. 
T h e  morphological  and rad iomet r ic  da ta  
are  l is ted in T a b l e  1. Character is t ic  
s amples  of the  s t ra t igraphic  sequence 
were ana lysed  pet rographical ly .  

F ie ld  s tudies  included a de ta i l ed  
descr ipt ion and sampl ing  of cones, lavas  
and pyroclast ic  deposi ts  of the  di f ferent  
units  of the  Chichinautzin Format ion .  
T e p h r a  size dis t r ibut ion was ob ta ined  
through sieving. 

Heights ,  basa l  and  cra ter  d i a m e t e r  and  
radii  (horizontal  d is tance from the  r im to 
the  base  of cone) for 146 cones were 
d e t e r m i n e d  (Tab le s  2, 3, 4, 5 and  6) f rom 
the  topographic  m a p s  and  field measu re -  
ments .  T h e  area, volume, and  aspec t  ratio 
of the  lavas were also ca lcula ted  (T a b l e s  7 
and 8). 

T h e  Chichinautzin Fo rma t ion  lies 
unconformably  on older  T e r t i a r y  volvanic 
rocks. T h e  th ickness  of the  format ion  
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was estim,ted 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. 

Hv 
Holocene 
Volcanics 

Age Unit Geomorphological parameters Age (years)* 

--Thin pockets of soil 

-Uniform cover of short trees and 
shrubs 

-All flow structures perfectly 
preserved 

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

-Individual flow-units have mar- 
ked levees with thin tree cover 

-Centers of flows have thin soil 19,530 

cover 

-Thin impersistent soil cover 
I-All pressure ridges visible 
-Outlines of flows very marked 21,860 

-Little erosion of terminalcliffsi 

-Very distinct flow margins and 
terminal cliffs 

-Surface of flow covered with 
soil (<2m to 3m) 

-Rare pressure ridges protrude 
and indicate flow direction 

-Rounded lobate outlines of low 
margins only 

-Rounded, eroded and subdued ter 

Plv4 

Pleistocene 
Volcanics 4 

Plv3 
Pleistocene 

Volcanics 3 

Plv2 

Pleistocene 
Volcanics 2 

Plvl 
Pleistocene 
Volcanics I 

8,440 + 70 

160 

380 

30,500 + 1,160 

minal cliffs 
-No internal flow features 
-Thick soil cover (<4m) 
-Intensively cultivated 

38,590 + 3,210 

* Based on Bloomfield's C14 ages (1975). 
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N a m e 

TABLE 2 -  Geomorphological parameters of the Plvl  cones. 

I t e i t h  R a d i u s  D i a m e t e r  D i a m e t e r  i l /  C r a t e r  D i a m e t e r /  
U n i t  ~! tin) r (m) r / l !  of c r a t e r  o f  t h e  Diameter B a s a l  D i a m e t e r  

r im b a s e  o f 
t i l e  cone 

~38" MegonteI~c 

139 Mezontepeeito 

140 Acopiaxco I 

141 Acopisxco I I  

142 E1 Guarda 

143 Oyameyo 

144 MechQtepec 

145 ~epll Z 

146 Oumpil I I  

Plvl i00 300 3.0 I00 800 .12 .12 

P l y 1  50 I00 2.0 200 400 .12 .50 

Plvl 100 300 3.0 250 800 .12 .31 

Plvl 200 200 1.0 150 500 .40 .30 

Plvl i00 200 2.0 350 750 .13 .46 

PlY1 250 400 1.6 300 1250 .20 .24 

Plvl 50 15D 3.0 300 50D .i0 . 6 0  

Plvl 250 500 1.8 250 1250 .20 .20 

Plvl 300 500 1.8 300 1250 .24 .24 

* Number o f  vo l cano  based on r e l a t i v e  age. 

\ l I. t 

127 2orlllo 

128 Malacatepetl I 

129 Malacatepetl II 

130 Mu~eco 

131 Mu~quito 

132 Malinale 

133 Malinalito I 

134 Malinalito II 

135 Cuauzontle 

136 To~tepec 

137 Cocinas 

TABLE 3 -  Geomorphological parameters of the Plv2 cones. 

I l c l < h t  I~.ld :¢1~ I)} ; lmrl  , ' r  I)1 :*mc t l" r 

Ih~t [  It I~;:l t" tml r i l l  

I I /  C r a t e r  l ) l a m e t c  r /  
DI ~tmote r B a s a l  D i a m e t e r  

~im [)a~c ol 
rbv vnne 

Ply2 50 1000 .05 

Ply2 50 250 5,0 200 600 .08 .]] 

Plu2 2D0 500 2,5 350 1200 ,16 .29 

Ply2 150 550 3.6 200 1500 .i0 .13 

Ply2 i00 250 2.5 200 750 .13 .26 

PlY2 I00 250 2.5 275 750 .13 .36 

Ply2 40 i00 2.5 200 500 .08 .40 

Ply2 75 150 300 .50 

Ply2 50 I00 2.0 250 500 .i0 .50 

Ply2 20 50 2.5 200 300 .Q6 .66 

Ply2 150 150 600 .25 .25 
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TABLE 4 -  Geomorphological parameters of the Plv3 cones. 

X a m ¢ I l e l | h t  l l J l us  P iamet  e r  D iame te r  I I I  Crater Dta l l e t  ¢ r  
Uni t  II tin1 r HII y / i l  o f  c r a t e r  o f  t he  D i a m e t e r  | | J | l  P i J l l e f e r  

82  ¥ o l o l t ~  P~+3 IS0  2043 ~ .0  

83 ~ o 2 o l t c t t a  P ly3  +0 so 2.$ 

84  Te lon t l e  P l y2  ~$  300 1 ,2  

S5 l u t [ e e s  I ~ I v )  120 ]00  ~ .3  

8~ l a [~e~  I I  P ly3  | 0 0  300 2 ,0  

87 lUt~ces I ZZ  P I v ]  100 300 3 .0  

88  I t~ [ees  IV ~ l v ]  150 250 1 .~  

8g  Ca )e re  P l y )  140 300 2 .1  

gO Telmyey~ut2~o | P lvJ  SO 

91 ~epsyey~ leo  l !  p l y3  40 100 2 .S  

92 J~jua G~ande P l v$  50 2o0 4 .0  

9 }  "~let l l~C,o~t~ (~111~41 p~v3 ~00 )00  J ,O 

94 ¢e t l& l coa t |  I P|v )  20 | o0  $ ,0  

95 Te t za l oo~ t l  H P l v J  20 100 S*0 

~4 Te t~a l coa t l  | | |  Ply3 .*~ 125 ~+ ]  

9T ~|mtmqui P|vJ |SO ]$0 2 . )  

9u ~Imaaqut l !  P ly )  20 tO0 5.0 

99 ~ax tepec  r t ~ 3  IOO 150 1.5 

I o0  Teconz *  Ply| 5o 200 4 ,0  

IOl T e ~ n z l t ~  PlY;  50 ISO J .~  

102 Pi]arom PIv3 

103 Pa)ar~tol P1~3 1oo 

104 J a r a s  Verdes  Ply3  

|o5 Uobos pl~,J }o 1oo $.J 

l o t  ~adentta l PIv3 50 I00  2 .0  

IO~ Cadentta I I  Ply3 ~o I on  a.n 

I o~  Cadena P l v l  200 t o0  4 .0  

109 ~UX te~  PlY3 100 200 2 .0  

110 SSn MLgue l  Ply3 SO 150 3.0 

1 |1  x i s t une  ! Ply] 50 I s0  J . o  

112 x~|tune x! r lv~ 75 250 ~ . )  

i13 Xt l tune f i x  PIV3 20 SO 2.5 

114 x l s t une  ~v r l v ]  1o 50 5 .0  

115 T l& |oc~ t~  Ph-3 f lo 150 | . 9  

l i t  r a~ona l  P l v~  I 00  ]50  I . ~  

117 ~anzm p l y ]  Ioo 250 2 .5  

I I ~  rancltm PlvJ 40 200 S.O 

119  c~  ~ P t v }  40 200 %0  

l eo  ¢t~a I I  PlvJ 30 lOO 3.3 

l ~ l  Cau t t l l o  r l ~  ~0 150 1.9 

1:2  ¢,=~m I l l  r h -~  ~o So 2 ,5  

12)  Cm~a I v  Ph3  20 so  2 .5  

124 C~511 v PIv]  IO 

[25  Ct:38 V[  P|V3 10 

[21 Ci~  VII  P lY ]  30 

r t n  b~ ,¢  o f  

27S 7S0 .~0  , ~  

122 2SO .oJ  . 50  

2?5 zo0o .22  .27  

) 00  1000 . 1 }  . 30  

150 ?00 , 14  .21  

200 100 . 14  ,211 

2S0 900 .16 . ~  

; $0  1000 .14  . )S  

400 tOO ,o~ . ~  

250 500 . 1o  .S0  

2oo ao0 .12  .~5  

1$o ]oo  ,oe .SO  

iS0 400 .05 .)? 

1oo 300 .0~ .5o  

~o tloo 114 tS~ 

~50 soo  .04  .?0 

Joo ~50 .15 .$,~ 

lso ~oo .08  .2S 

IOO 400 .12 .2S 

250 

350 

J00 

too ]50  . 09  . 21  

300 450 .11 .~e 

200 450 .11 . 44  

300 leO0 .L2 . 22  

300 ~o0 . I t  , 50  

150 400 ,12 .37  

250 e00  . ce  . 42  

t :5  450 . I t  .)$ 

200 250 .08  .nO 

150 250 . 04  , tO  

2~S 500 . i t  . $$  

350 T~O .I] ,4e 

400 t o00  . 1o  .40 

200 ~00 . ~  .4O 

250 t e e  .0~ .42 

t 50  400  .07  .N I  

coo  soo  . 10  . ?$  

150 )S0 .0e . 43  

250 4OO .0~  . e2  

25o 

10o . 10  

200 .2S 
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navaca and the Chichinautzin volcano and nautzin Formation west of the area 
does not consider the irregular underlying studied. LmBY (1951) dated the youngest 
topography. Chichinautzin volcanic rocks, the Xitle 

BLOMFIELD (1975) obtained C 14 ages flows, at 2,400 years, also using radio- 
between 9.4 and 3.5 k.y. for the Chichi- carbon dating. All the rocks showed 

TABLE 5 -  Geomorphological parameters of the Plv4 cones. 

I I v l g h t  R a d  J t ~  

X a nl ¢ U l l l t  II ( . i  I i- i ra]  r i l l  1~m b . l ~ , -  o l  
t he co11¢ 

51 Trea Cumbrel I Ply4 250 400 i.£ 175 1500 .i~ ,12 

52 Trea Cumbrel II PIv4 250 500 2,0 500 1250 .20 .40 

53 Cw=|ayuca PIV4 1 2 0  850 7.0 100  1600 .07 .06 

54 El Hoyo PIv4 50 I00 2.0 300 500 .i0 .~0 

55 Tepetl I 1 1  PIv4 50 ]00 ~*0 200 400 .12 .50 

56 Ouimixtepec Ply4 ~5 ] 0 0  4.4 2 7 5  { 0 0  ,11 .41 • . 5 0  

57 LOI Otatel I P I v 4  L00 250 2.5 275 ~00 .16 .45 

58 Lom Ot&tem 11 PIv4 50 250 5 250 400 .08 .42 

59 Lom Orates I I !  PIv4 I00 100 (00 .1£ 

{0 Yecahuazac PIv4 I00 300 ] $75 800 .~2 .47 

61 Cuiloyo PIv4 100 500 .20 

E2 Cuiloyito P [ V 4  80 250 ) . 1  175 400 .20 . 4 4  

£3 Ocotecatl I Ply4 IS0 ]00 2.0 150 1000 .15 .]5 

{ 4  C~otecatl II P I v 4  70 200 2.8 500 800 .09 .£2 

£5 Piripitillo P l y 4  40 125 ) . ~  )00 500 .08 .~0 

£( Chinguirlterla I Ply4 50 250 5.0 125 500 .i0 .25 

[7 Chznguiriter~• II Ply• (0 200 ).) 200 500 ,12 .40 

£ 8 San Bar tolo Ply4 ~0 200 2.8 200 750 .90 .2{ 

(9  San 5irtolito PIv4 50 250 5.0 2 5 0  1O00 .20 .25 

70 L• Co,~iera I P l y 4  170 ]75 2 . 2  ]00 1500 .Ii .20 

71 La Comiler• Xl Ply4 20 200 250 .08 .80 

72 La Comalera Ill PIv4 70 250 500 .14 ~50 

7] Cuautzin I P I v 4  250 500 2.0 750 2000 . 1 2  .37 

74 Cuautzln II PIv4 100 400 4.0 ]00 1250 .08 .24 

75 Cuautztn I l l  Ply4 70 150 2.1 100 400 .17 .25 

?e Cuautzln IV PI%'4 50 200 500 .i0 .40 

77 Temoyo ply4 150 300 2.0 310 i000 .|5 .35 

~8 Temoyito P~%.4 20 i00 5.0 250 ]O0 .06 .8~ 

79 Teuctll I P|%'4 I00 200 2.0 250 750  .13 .]] 

fl0 Teuctli II PIV4 50 I00 2.0 200 250 .20 .80 

81 Te~ctll I l l  PI%4 15 i00 E.£ I00 30Q .05 -]] 

D l , l m t ' t  C l  P l . l ~ t  VF I1 '  ( T i E  [ ' r  [~i . ' l ine(  ¢ r / 
o (  ¢ ; l : c r  o f  t h c  p j . l m v t c r  g ; ~ . l |  [ ~ i ~ l m e ~ ¢ r  
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TABLE 6 -  Geomorphological parameters of the Hv cones. 

. . . . . . . . . . . . . . . . . . . . . . .  

i x i t l *  ~ 1oo l s o  1 .5  iSO 

i ~ l ~ i ~ l i i n  K~ 1oo I l l  i , i  

• ~ i ~ l ~ l ~ l e  I 1  I 15 75 S*O 

Un i t  If l l |  • i l l  r i l l  • o t t i l l l l e i c r  ~ l l 3 l  P i J ~ v l ~ r  
r l l  b i l l  o f  

~ o  

Zso 500 

i s o  ~ o  

15o 4OO 

5 I i i z ~ s ~  ~,v 1oo 10o = . 0  I s o  ~oa  

• / ~ l l m l i l o Z S  )I~ 1o 15 l , S  SO@ 150 

¢ l b l l l i t ~  ~ ias  ~oo 1 . i  )oo 7~0 

• c I ] m l l i t o  i l  Nv 50 150 J .o  1~5 400 

• m l t . ~ l  I ~  I o  115 a.a t ~ o  soo  

l o  ~ uv  t 5 o  ]5o  ] , o  I oo  7~o 

11 ~ o m  I Nv 1~o 15o 1 .~  15o i o o  

1~ L4)I Cl~rd~l  I I  Ifv ~0 150 ~ .$  ISO ~50 

1 )  Loo Ca.lr41=o I l l  Hv 150 200 1 , )  1~o 

14 L o l  ¢ ~ i I  I v  h'v ~o l s o  l . ~  l s o  ~oo 

i S  ~ c l r d l = e  v h'v 1oo I o o  a .o  150 soo 

I t  V l i l q ~ ¢ l l o  m aoo l ~ n  ~ 150o 

i T  I ~ l o t i ~  h~ l l S  2OO I . ~  ]oo 750 

t l  I ~ / l v t e  ~ I ~ o  4oo 1.~ ~ o  lo~o  

~o I N m l f ,  t ~  150 ~00 t . ~  =~o t ~ o  

I I  z s ~ m u l ~  I~  i l ~  ~ t n  ~ I z o o  

ia  Y i t ~ s l l o  i ~  zoo * ~  ~ i z ~ o  

33 ?Joel Hv qo 100.150 l 250 7~0 

14 Y H I p O I ¢  ~ ~ I~o  l . e  i~o eoo 

]5  5 ~ i ~ t l i p m ~  i ~  40 100 ~ .S  )00  500 

2 t  T l l m m c l ~ ¢ o  IIv lO0 I s n  c r i t e r  1loo 

i ?  ~¢~qu i~M i h~ 50 tO0 i . o  :50 4OO 

I I  T i o q u i t ~  I I  ~ $o l o o  2.0  2~0 4~oo 

i t  y l l l ~ 4 ~ t l c l i  [ Hv i o  ioo  a.5 zoo 4o~ 

so  ~ l e c u l i t c i s  1 i  w so loo  ~.J la~ zso 

} l  i ~ l z l . ~  ~ i s o  )oo l . o  4iS l t o o  

) )  C l r f o  ~ 1 |  A~Ul i l  Nv - 4 O  ]oo iooo 

;4  ~ l * l o c  z h~, zso ioo a .o  - JSO iooo 

l~  YI6~O~ l l  h~ 80 ~ o  I , [  2~0 7~0 

3 t  f l l l o ~  I l l  h%' 40 250 

) i  y t81o¢  v :.Iv IS 50 s . o  ~o 

]9  t l i ~ v ~  Ht, 40 |00  2.$ |~0  

410 Ce r~o  d~Z ~1~1 z Hv 1oo z s o  i . ~  ) oo  

4Z O ~ 6 y o  z m 50 tO0 2 .0  

42 ¢ ~ . l ~ l y o  I I  t ~  SO [SO ) . 0  

44 0 ¢ ~ I I ~ I y ¢  I V  m. 20 ~oo $ . o  

4S s u c h i ~ r  c . r lnde H,. i~o  400 2.~ 

4e ~uch ioc  C11sco ~ l o  ioo  e.e 

4~ O l o h c ~  ~ .  la0  )50 a , ~  

41l C i 4 l n l t a  i I !  11~. )o l o o  5 .o  

.14 .30 

. i ]  . ) 3  

. i o  .61 

.14 .~0 

. [ a  .4o 

• xe +4o 

.12 . l l  

. i e .  . so  

.ao .4o 

, i s  . l ~  

,o~1 . l ]  

.11  . I o  

• 1o .1o 

. x l  

, 1 ~  . 4 o  

. I |  . l )  

,11 . ) e  

, 1 ]  . I J  

. t o  . 4 |~  

• o9 

. l i  . t a  

, I I  .~a 

. I o  .so 

.12 .50 

. 1 4  ~ a  

. i o  . l e  

.04 . I 0  

. i s  . I s  

. t l  . l l  

aso . ~  .2o 

750 . I J  .~0 

I o o  400 .o5 . ; 5  

4~0 75o ~2o . t o  

15o soo .o* . so  

~5o 1ooo .12 .35 

250 500 .0~ .SO 

aso s~o .12 .50 
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TABLE 7 -  Dimensions and volumes of the Plvl, Plv2, Ply3 and Plv4 lavas. 

~ z l m u m  Awral ie 94u lnm ,~pect ,  ra t i o  k' idth Ar~a ~,bl~e  Onit 
he i l lh t  of  thickness l c ~ l t h  brnt~thAcidth {ks-) (R. ~) 

Fle~ {s) (~) (i~s) 

1 L t t l a  4Q 15 .5  337.5  

] ~ h £ ~ J ~ n u t 8  iR 10~ SO vdbr ~s 220 

$ P e l q m l t o  
• Pal, g~Lq~ XZ 
? ~ l i ~  ~]~u~t.o 40 40 14 350 

• C t l ~ l l i q m  Z |  

• I ~ a t e c l  - 1.0 

lO ~lhala~ll~ SO 50 2 .75  55 

16 ~ 1 1 1 o  200 80 6.0 7S a 

11 La G l o r i a  250 100 21 .5  215 

l ?  m . l l o t l ~  150 80 2 . 0  2S 

11 C~r~o Z 
12 C ~ r ~ 0  II 

13 C~E~O X IZ  ~ o n ~ u n t o  SO 6 . 0  120 
14 C l : d D a  I V  
I S  C:srcloo ¥ 

21 XJ.cJ0em]L~o 75 4.5,1.0 60 

22 T e t e q u l l l o  300 100 ] . 5  35 

23 T ~ c a  70 70 1 .5  2 1 . 4  

24 T~gqpoll 20 2 . 0  i00 

25 T o p I t l a ~  20 2 . 0  100 

29 T l e c u a l l e l i  50 50 1.75 35 

Z O ~ X I C O m U I ¢ O  c o n ~ u n t o  70 

31 ~ l a d o  30 6 . 5  

33 T l a l o c  I 
34 T181oc 1 I  
35 T l a l o c  IXl ~ o n ) u n t o  40 7.0 
)5 T l e l o c  IV 
37 T l e l o c  V 
38 T l a l o c  

41 O c ~ s a c a y o  I 
42 Oc~uimrJyo II c o n J u n t o  35 7.0 
43 Ocue~yo Ill 
44 Ot-~ea~uyo ZV 

45 $uchLo¢ Gzande 20 4.5 

47 O l o l i = a  20 2 , 0  

49 T e ~ t l  I 30 3.0 

$0 T e l ~ t l  Z I  SO 1 .5  

216 

7S-80 3 ,2  I ~  

25 1 . 0  

1.0 Rv 

3.0 .IS Rv 

1.5 9.0 .72 Rv 

1.5 32 3.2 By 

1.0 1.5 ,12 Hv 

2.5 15 °75 ~v 

4.5~I,5 6 °45 Hv 

5.25 .52 Hv 

3.0 .21 ~v 

1.5 .03 Hv 

I°5 .03 h'v 

3.0 .15 ;iv 

30 2 . 1  I lv 

63.5 1.9 Ely 

175 9~ 4.B i~ 

200 14 .49 Hv 

14 .28  Hv 

3 .0  ,09  Hv 
3 . 0  .075 I ~  

225 

100 

lO0 
]C 

normal magnetic polarity (MoosER et al., 
1974), which places a lower limit of 
700,000 on the Chichinautzin Formation. 

The lavas and pyroclastic deposits are 
composed of oxihornblende andesites and 
dacites, hyperstene andesites and olivine- 
augite basaltic andesites and basalts. 

PREVIOUS STUDIES 

The first geological study in the area 
was carried out by HUMBOLDT (1826). In 
1890, FELIX and LENK published chemical 
analysis of some of these volcanic rocks. 
Further research was reported by 
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ORDOf~EZ (1890, 1895); WITTICH and 
WAITZ (1910), WITTICH (1917), LmBY 
(1951), SCHMITTER (1953), and 
RZEDOWSKI (1954). 

FRIES (1960) named the Quaternary 
volcanic rocks Chichinautzin Group after 
rocks he studied south of M~xico 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 

map of region on a scale (1:100.000). 
LUGO (1970) made detailed petrologic 

and geomorphological studies of the 
northwestern part of the area. BLOOM- 
FmT.D (1973, 1975) carried out petrograph- 
ic, geochemical and stratigraphic studies 
over an area of 700 km 2 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 

TABLE 8 -  Dimensions and volumes of the Hv lavas. 

I X a m t, 

51 T r e s  C ~ b r  e g  con~  u n t o  
52 T r e s  Cumbr i t o s  

5 ~ O c l a l ~ c 8  

5~ ~ i m i x t e p e c  
57 LOs Otateu I 
58  Lom O r a t e s  IX c o n j u n t o  
59 Loll O t a t e l  XXZ 

73 C u a u t z t n  1 
74 Cuau t z i n  I I  
75 Cu~mutz i n  I I I  c o n j u n t o  
7~ C u e u t z i n  lrV 

77 Temoyo 

"79 T e u c t l  £ 1 

80  T e u e t l  i 11 

82 Y o l o l i c a  

92 ~JUa G r a n d e  

93 T e t  z a c o a t  I G~ande  

100  ~ e c o n z i  

103 P l j a r o o  I I  

104  J a r a s  v e r d e m  

104] Caderm 

I;I'~ Z O f r  X~. ~.0 

129 ~ l a c a t e p e t l  11 

l J2  ) ~ l i n a l e  

13H M e z o n t e p e c  

140 a c o p i u c o  I c o n j u n t o  
141 a c o p i a x c o  IX 

143 Oyameyo 

~k|Xlmm 
I~,i ~ t  o1" 
I'|Ob {m) 

50 

80  

[ml I I ~ l  I e~'ll~l h/~ l J Ih  

50  10  2OO 

50 35 70 

50 10 200  

80 5 e25 

1 . 2  
t 

4 

4 0  2 50 

50 IO 200 

30 ~ 200 

10 1 .5  150 

I0 1.5 150 

1.0 

3,0 

2.5 

40 2 . 7 5  ~ 8 . 7  

2 .0 .  

3 . 5  

8 - 

2 . 5  ° 

I k:.:- } I I ~ ' l  

50  2 . 5  I~1v4 

70 . 35 r | v 4  

~'0 3 P lY4  

40 3 .2  PlY4 

3 .75  PLY4 

3(; PlY4 

2 .OB P l y 4  

25 1 . 2 5  P l v J  

1 . 1 5  e. .9  . 207  P l y 3  

3 .03  P l y 3  

2 . 02  PlY3 

1.5 p l y 3  

¢~.25 P l v l  

2 P l  v 3 

2 4 • l~ P t v 2  

5 . 5  - plY2 

1,5 P l y 2  

1 2 . 2 5  P l v l  

2 1 . 0  p l v l  

1 7 . 5  P l v l  
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TOLUCA 

0 5 I0 25 50 Km 

I I I I I 

FIG. 1 - Generalised map 

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 ACTMTY 

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 

~OCHIMILCO 

Izl~cc/huot.l 

/ch/n6ulzinC-'~ 

Pc p,,r c/..hell 
r _ 

' "'"- USA . . . .  

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 Ply1 
and Ply2 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 
(1980 b). 

Basal diameters (Tables 2 to 6) varied 
from 0.1 km to 2 kn~ According to 
FEDOTOV (1976), MCGRECHEN and 
SETTLE (1975) and WOOD (1980a), this 
would correspond to nominal volumes of 
between, 0.04 km 3 with effusion rates of 
close to 30 m3/sec, and 0.6 km 3 with effu- 
sion rates of 400 m3/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 

.2O 
corrected value 

Hv 2.2 .14 
average 

Hv-Plv4 2.9 .15 

Plv4 3.4 .15 

Plv3 3.0 .12 

PIv2 2.9 .ii 

Plvl 2.0 .ii 

.35 

.42 

.40 

.50 
corrected value 

.30 
average 

.48 

.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 Ply2 (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 
S l I n i l a r .  

Rocks in unit Ply3 have the same andes- 
itic to basaltic character and explosive 
index, but their distr~ution is widespread 
(Table 4,7 and Fig. 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 par t  (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 Pozzo, 
m 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- 
sits. The  morphology suggests rapid fluid 
flow. 

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

CHICHINAUTZIN  

TETEOUILLO 

TAB~OUILLO 

ACOPlAXCO 

TLALOC 

TEUCTLI 

CIM& 

MALINALE 

ACOPIAXCO 

OYJ~ MEYO 

OUEPIL  

o h 

¢= 

FIG. 3 - Diagram showing variation of volcan- 
ic profiles. 

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

2. - Scoria cones with 
30 °, such as the Panza 
Xitle and Pelado cones 

outward dips of 
Volcano or the 
(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 exid/zed deposits are 
characteristic of Strombolian activity; in 
the area the deposits are intermediate 
between both classes. The  median 
diameter of the particles (MD o ) for the 
Strombolian type varies from q-1 s to 
- - 4  ~ (0.5 to 5 ram) and for the Surt- 
seyan type from -t- 3 s to - 1 o (0.12 to 
2 ram) (WALKER, 1971). The  M d s  of the 
samples studied ranged from 2 ~ to 0 
(0.25 to 1 mm) (Fig. 5) while the standard 
deviation (o s ) 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 
Hawailsn 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 trending 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 2 and 20.325 km 3 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 E1 Huilotito flows (Table 8 and 
Fig. 2). 

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

ic cones. Paricutin's lavas varied from oliv- 
ine basaltic £ndesites to orthopyroxene 
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 (Wn.LrAMs, 1950), at an average 
tempera~re  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 Xitl6 
volcano, on which the University of 
Mexico and large residential areas are 

!%, 

Km 

*oo~. ¢ . . . . .  ,;e,.I o_-_ . . . ~  
Iomlloe 

G r e y  a s h  w i t h  
h u f f  C l n d l  r l  
I n t l r b e d d l d  

, o o  

~ TRES CY~BRE..¢ 

em 
300 ~ Fine bIQck osh 

Coarse  r e d d l a h  
cinders 

F i n e  b l o c k  o | h  wi th  
bo~41 Of b r o w n  
o | h  o n d  ¢{fldlrl 

Fro. 4 - Isopach map showing characteristic sequences of tephra for three volcanoes. 
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built, covered par t  of the Cu i~ lco  
pyramid, 2,400 years ago. T he  eruption of 
Chichinautzin volcano 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 tha t  
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. T he  
activity tha t  produced the lava cones m a y  
be transitional to Hawaiian-type mllcanism. 

The  lavas are predominant ly  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 BLOOMYIELD (1975) for the Southern  
Valley of Toluca and the petrological 
characterization of the two areas are also 
similar, but Bloomfield's s ta tement  tha t  
the longest flows are more differentiated 
does not seem to be justified. T h e  Pari- 
cutin region in Michoacan is also similar 
in its monogenetic volcanism morphology, 
and in the composition of its rocks. 
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