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DEVELOPMENT OF THE VOLCANO COTOPAXI 
IN ECUADOR 

"t. L Y sen k 0 : Development of the iiolcano Cotopaxi in Ecuador. - Sbornik C.iGS 
b:i;3:966-178. - In this paper the author descri'bes the results. of the Gzecboslovdl, 
volcanological expedition to Ecuador in 1972 in which he himself took part as a geolo
gist. Observations on the Cotopaxi were made by two separate groups: the geological 
group, inter~ted in the petrography and the. chemism of the five stages in which the 
volcano had been built up, and the geomorphological group studying the changes in the 
development of the relief of the volcano. ' 

Introduction 

The volcanological expedition was sent out by the Czechoslovak Ministry of 
Culture in the year 1972 to work in Ecuador. The Central Geological Institut~ 
and the Czech Geological Board took part in professional preparations. During 
the tree months' stay the geological part of expedition have executed: 

1. The detailed geological and geomorphological exploration of the volcano 
Cotopaxi resulting in arrangement of the original geological and geomorphologi
cal map of the Cotopaxi area (cca 250 sq.km) in the scale 1:50000. As a part 
of the exploratory work there was the execution of two climbs on to the volcan{) 
summit and the first descent to the crater bottom. 

2. The comparative collection of rocks .from the further localities connected 
with climbs of the Rumiiiahui shield (4712 m), Chimborazo (6297 m) and the 
very difficultly accessible volcano Sangay (5437 m), the most active South-Ame
rican volcano. 

The summarized evaluation of exploration results in the form of a report 
with map documentation of Cotopaxi forms a part of basic materials for procla
mation of the National Park Cotopaxi which is in preparation. 

Exploration of the volcano Cotpax~ in the year 1972 was carried out in 
cooperation of two working groups: -geological, which was concentrated on the 
petrography and chemism of volcano structure levels and the geomorphological 

. one, which has studied the volcano relief development and the near surroundings 
in the dependence on the origin of volcano levels and on the c1~matic deviations 
in the Pleistocene. The presented paper is a summary of results obtained by the 
geomorphological group which has worked in field in the following basic composi
tion: G. Ginzel, prom. goo!. M, Kriita and prom. geol. V. Lysenko (the group lea
der). 

166 



1. History and research review 

Volcano Cotopaxi is situated in the west part of the east mountain band 01 
Andes called Cordillera R eal (Cordillera Oriental) . The exact volcano positiun 
is 0'138'S. latitude and 78°26'W. longitude , 50 km to the south from the Ecuador 
capital Quito and 35 km to the north-east from the town Latacunga (Fig. 1). 

The volcano altitude reaches 5 897 m. It belongs to the most highest active 
\'olcanoes in the world. Cotopaxi is a typical stratovulcano with historically veri
fied periods of the increased activity. Volcano eruptions has mostly volcanic cha
racter, stadia of inactivity are irregular and commonly considerably long. Th~ 
main period s of higher activity appeared in the years 1532 - 1534. 1742 - 1768, 
1803,1844 - 1886 and 1903 - 1904. The strongest eruption recorded in June 1877 
has caused the extinguishment of the settlements Mulalo and Latacun n by the 
destructive mudd flows. The eruptive cloud has reached the altitude of 8 000 m. 
The extremely fine dust was wind-blown as far as to the port Guayaquil on the 
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Pacific Ocean, the steamer Islay has registered d';st-fall in the distance of 334 km 
from the coast. The last lava effusion was observed in the year 1942. The contem
porary activity is limited on exhalations from the crater waJIs (the last increased 
exhalations were registered in the year 1975). 

The first vulcano illustration came to Europe shortly after the Spanish had 
conquered Inca Empire. Only in the year 1872 the German geologist A. Reiss and 
the Columbian Escobare have succeeded in reaching the volcano summit. By the 
research of volcano there were engaged especially German investigators: VOH 

Humboldt (1838), Reiss (1873), StUbel (1897), T. Wolff (1892) and Mayer 
(1907). F. von Wolff (1929) has summarized and discussed all the information 
from the research works dealing with Cotopaxi and further volcanos of the South 
America. In detail there is described volcanism of Cotopaxi in an aggregativc 
paper on Ecuador geology by Sauer (1971). The complete results of the CotopaxI 
Epedition 1972 are summarized in the Spanish copy of the final report elaborated 
for the Czech Geological Board (1973). Hall (1977) presents the up-to-date 
knowledge about the description and gives his opinion on the degree of investiga
tion of the Ecuador volcanoes. 

2. Basic features of the volcano 

On the Cotopaxi volcano there can be distinguished relicts of the old structu
re level (of the Miocene age, Pliocene up to the young Pleistocene) with preser
ved formations of the Pleistocene glacial erosion and the even young volcano (Ho
locene up to Recent) which has a cone shape with ice cap and summit crater. Basic 
relief forms that were determined on the volcano during exploratory works III 

1972 are visible from the geomorphological map of the volcano (Enc!' 1). 
a) Relicts of the old structure level are present at the cone circumference, the 

re are exposed in the canyon walls in the south volcano part and on the bottom 
of the Rio Pita glacial valley. They distinctly stand out only on the south slope 
Cotopaxi in the form of the Morurco shield. Geologically are formed by 4 comple
xes of volcanites of different age as they have been described in detail 'by Hradec
ky et aI. (1977). The complex Aminas forms the oldest structure element of the 
volcano. There are the agglomerate tuffs with abundant glass of pumiceous cha
racter which are exposed in canyons on the S. and S. W. mountain side. They 
correspond with afid andesites according chemical analyses. 

The complex Salitres is formed by lavas and pyroclastics which were disclo: 
sed on the N. E. foothill of Cotopaxi and on the S. W. slope. Complex is repre
sented first of all by biotite-pyroxenite dacite and by their pyroclastics. In the 
southern volcano part there is in the direct overlying part of the complex Aminas. 

The complex Morurco is formed by volcanites on the N. foothill of massive 
in the direct overlying .rart of !lacites of the complex Salitres, on the S. they build 
the rock shield Morurco. Characteristic rock there is amphibolite-pyroxenite, amphi
bolite or pyroxenite andesite. 

The complex Ingaloma comprises a set of obsidianous and pumiceous agglo
merated tuffs. They appear in the N. volcano part. The rock is a pumiceous 'bio
tite andesite. 

Occurrences of the oldest complexes in the Cotopaxi area don't exceed 450:) 
m of altitude (Aminas and Saliteres). They are products of a low-plain volcano 
with the center cca 4 km to the S.S.W. from the active center of the contemporary 
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- volcano. In the complex Salitres, where same nunataks remember on relicts of 
,/ the squeezed up cones, existence of several active centers on the line N.N.E.

S.S.W. (Salitres~Santa Barbara) cannat be excluded. The fallowing complexes 
Morurco (maximum altitude 4 800 m) and Ingaloma (4 200 m) have the direction 
'Jf a longitudinal axis nearly af the N. S. line . 

. The aId level was affected by the Pleistocene glacial erosion. Modelation of 
Rio Pita valley can be considered as traces of the oldest glaciatian. There is for~ 
med a wide trough~shaped valley with a graup af nunataks elongated ta the di~ 
rection N.W. - S.E. which are covered by products of yaunger effusions. The 
valley floor is mostly covered by younger glaciofluvial sediments, on places there 
are exposed the striae on bedrock which is formed by dacites of the complex Sa~ 
Jitres. Similarly the valley of Limpio Pungo has been formed. Its battam lies at 
the same altitude (today 3700 m) on the N. volc~no side.-

b) The basement diameter of the yaung vulcana reaches 22 km, the volcano 
body area is about 380 sq.km. The volcano territory lies in "paramo" climatic zone 
near to the west area boundary of maximum precipitatian in Ecuador (Tena in 
the upper part of Ria Napa). Different precipitation conditions an Cotopaxi ori~ 
ginate in this fact. On the E.. slopes the average year precipitatian varies between 
2 000 mm to 2 500 mm, on the W. round 1 500 mm. Generally rougher climatic 
conditions on the E. and S.E. slopes influence the boundary of everlasting snow, 
which in this region drops ta the altitude of 4500 m, while on the N.W. slopes 
it reaches up to 4800 m. Across the region there goes the recent waterdivide bet· 
ween the Pacific Ocean and the Atlantic Ocean, roughly on the line of the S.W. 
limitation of Limpio Pungo plain, Catopaxi summit and the S.E. closure of thi! 
Rio Pita valley. 

The so called complex Cotopaxi is farmed by the main mass of volcanites of 
the young Catapaxi cone. (Hradecky. et al. 1977). We can distinguish five partial 
structure levels. The lower part consists of dark middle grained pyroxenite ande~ 
site having a character of block~lava, in the lower stream parts with layers of 
"agglomerate lavas". Light grey pyroxenite andesites ("the main andesite") fallow. 
The basis of lava flaws are built from tephra beds, then "agglamerated lava" fOlI~ 
lows with abundant baulders of coarse grained tephra. The cydus is completed 
by a large flow of block~lava. This sequence is repeated on the E. slopes up to 
five-times. Grea~red autoclastic lava having composition of pyraxenite andesite 
are present as' the overlying rock. On the W. slopes the autoclastic lavas are co-

_ vered by dark grey block-lavas 'consisting of pyroxenite andesite. As the youngest 
effUSIve rock of the Cotopaxi complex there are black sluggy aa-Iavas consisting 
af pyraxenite andesite ar alivinite-pyroxenite andesite respectively, an places with 
transition to basalts. 

In marphology of young cane there expressively took parts effusions of the 
"main andesite" of the Cotopaxi complex. Stratification to step~shaped, gently 
dipping plains is typical for these effusians. (Fig. 2). In slope trenches (barran~ 
cos) the lava flows form from the altitude 4 000 m up to 4 700 m canspicuous 
steps predominantly exposed by retrogressive erosian. Concentration of the plaii1 
relief to the narthern part af Cotopaxi prove the prevalance of block lava effusians 
in the N.E. and e,xpecially in the N. volcana areas. On plains there often appear 
lacal closed very shallow waterlagged basins also with lakes, with well developed 
vegetatonal cover (turf superficial layer farmed by several grass kinds). Hummoc~ . 
ky sail relief (thufury) is characteristic. The width of thufurs varies fram 0,5 ta 
0,8 m. 
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<.. Height levels of complexes of the old volcanic level (L l. lava platforms and steDs 
(11.) of th e Gotop.axi complex and nLlnataks in the Rio Pita vaney (Il L). 
A - Aminas, S - Salitres, M - Morurco, I - Ing,aloma (Lysen ko 1979 ). 

The ice cap is represented by a fim glacier. I ts collecting area is formed by 
the whole surface of slopes on its summit part, which is concave. In the area of 
the boundary of overlasting snow short glacier tongues declin e from the ice cap. 
In the front part of tongues stratification is perceivable, the underlying moraine 
is often exposed in the lower part. The forehead parts of tongues are in this time 
,In regression. In the postglacial period glacier tongues extended lower about of 
300 to 700 m di stance than in the time being. As a consequence of their regression 
there remained in the altitude over 4 300 m exposed short shallow hanging glacia l 
va lleys with the evident glacial modelation : glacial slickensides, roches l110untol1 
nE~(,S (in the N.E . part). As typical there are cirque valley head respectively cir
ques on the W. and N .W. slopes in the altitude of 4600 - 01 700 111. In the nor 
thern part in the altitude of abou t 5700 m the monotonous glacier cap surface 
is interrupted by a rock failure . 

Volcano slopes decline (on the S.W . and 'vV.) down into the interandiai1 

170 



depression to the altitude about 3 000 m. In the other directions Cotopaxi is SUi" 

rounded by the neighbouring vulcanoes Rumiiiahui, Pasoeha, Quilindaiia anJ 
Sincholagua. The contact area of slopes is covered by thick fluvial and glacial· 
-lacustrine sediments, the foothill of Cotopaxi slopes is in the altitude over 
3500 m. Dip of slopes is 15-20° in the lower part, in the top part reaches Uj) 

to 40°. Slopes below the boundary of everlasting snow are furrowed up by 
slickenside trenches (barrancos) which in the altitude about 4 000 m have cha
racter of deep V-shaped ravines. On the S. they deepen down to 200 m below leo 
vel of the contemporary slopes. In foothill parts of slopes barrancos have shallow 
bottom in which the up-to-date glacier waters erode a new channel. Ridges bet· 
ween barrancos are formed by older generation lava flows mechanically weathereJ, 
covered by the soliflued most youngest tephras. In the cohesionless material there 
often come in consideration slides, which are observable especially on the easteril 
slope of Cotopaxi. Barrancos have acted often as. ways for effusions of the youn
gest lavas and mudflows. 

In the time of young cone creating changes in valley net and river divide3 
took place in the N.W. volcano part in river basin of the Rio Pita. Relicts of thc 
valley of N.S. direction by which the area to the E. from IngalOill1a is drained off 
w the Rio Pita, can be considered as the oldest. Relicts valleys on slopes in the 
north-east part of Cotopaxi have preserved directions E.S.E. and they were drai
ned off to the Rio Tamboyacu. As an example there is a relict of 100 m wide 
vaIley on the locality Rielo. By' the reverse erosion in case of the Rio Pita the 
tributary rivers in the N.E. volcano part the breaking down of the majority of N 
S. valleys had occurred and creation of a new valley net of N.E. - S. W. direction 
took place. The divide between the Rio Pita and the Rio Tamboyacu has displa
ccd to the S.too. The north-eastern volcano part drained off originaIly to the S. 
has been transferred to the river basin of the Rio Pita. 

On volcano slopes, first of all in the N. and N.W. region selective corrosion 
occurs on the uncovered strata in plOfiles of canyon walls. Blown out sand is de
positeq predominantly at the opposite slopes of neighbouring volcanoes (Rumiiia
hui) in the form of a dune or it forms elongated mounds on the Cotopaxi slope, 
and accumulates as du~es on the leeward side of barrancos. As a significant fac
tor in mo:1elation of young cone there are volcanic mud flows - lahars which 
are called avenidas on the South-American continent. In the eruptive activity 
period of volcano the melting of top glaCier takes place in consequence of whic1! 
mud flows originate. The contemporary deposition of lahar material with the 
eruptive one is proved by alternation of washed material strata with pyroclastics 
in profiles of the youI).gest accumulations in the region of Limpio Pungo - Cam
pamento Mariscal Sucre. Lahar material is formed by pyroclastics. of varied size, 
ash, boulders, old lavas and waterworn moraines. Lahar material accumulates III 

the lower parts of slope streams, at foothill on plains and it fills plain valleys 
with the original glacial modelation. In parts of retarding flow it is gravitationally 
classified. In the N. and N. "V. volcano part lahar accumulations accompanied 
by pyroclastics have caused a sink of slope streams by their covering. Outflows 
are present in that parts where the lowered terraine suriace crosscuts the gradient 
curve of the covered stream. On four localities in the N. Cotopaxi part we can 
observe the development of pseudokarst relief respectively the origin of pseudo
karst phenomena (swallow holes, dolines, outflows, sink holes, spring caves etc.), 
described in the papers of Lysenko (1975, 1976). 
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3. Situation of the Cotopax.i crater (Lysenko 1973 J. 

5 
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1 - ice, 2 - - volca,nites, 3 - slight slopes, 3 -- sheer up to verti cal walls, 5 - a-aXES 
of elev.atio ns, b -.axes of d epressIon, 6 -- fuma roles (solp h,a tare ex ha lations ). 

Crater Cotopaxi (Fig. 3) has 800 m in diameter. Depth of the whole crate, 
l S 334 m from the top, from the marginal rampart on the VI. r eaches 226 m. It 
is a double crater having ex ternal somma and inner crater. Depth of the external 
par t is 212 m from the top, from the 'vV. margina l rampart 104 m. D epth of the 
inner crater is 122 m. The inner crater has about 250 m in diame ter. Crater wa ll s 
are vertical up to overhanging (ice covered wall s). Crr.ter glaciation is wholy the 
largest on the N. and E. crater side. On the foothill of the N. wall and on the 
W. cra ter side there have been solfataras with H 20, flzS and S02 in action in the 
year 1972. On the 2nd of September 1972 temperature of soHataras was 80ne. 
At that time a thin column of water vapours and C02 with temperature of 10 ;C 
ascended from the shallow volcanic funnel in the crater middle. On the somma slo
pE'S gases with prevailing content of HzO vap0urs of 40"C temperature exhalateJ 
at the beginning of August 1972. In September there were no exha lations and 
rock outcrops were covered by snow. 

172 



3. Development of the volcano Cotopaxi 

Volcanites are dominant components of Sierra. On the N. of Ecuador they 
cross to Columbia, on the S. they are interrupted by intrusives and sediments of 
Cretaceous Period, volcanoes appear as far as in the S. Peru. The main volcanic 
phase in Andes began at the end of Tertiary (Pliocene) as the accompanying acti
vity of the so called Ketschuan folding. As acctive there appear systhems of pa
rallel faults first of all of the N.N.E.-S.S.W. directions which determine direction 
Of the whole range and the main weakened zone of the N.-S. direction which forms 
the boundary of Andes. As for Cotopaxi concernes there are the lines as follows: 
Cotopaxi, Sincholagua, Puntas and Cayambe (cca 25°) and Altar, Tungurahua, 
Cotopaxi (N. - S.). Change in volcani tes chemism is a characteristic developmen t 
sign of this young phase of volcanism in Ecuador. Basicity of effusives and py
roclastics increases generally from rhyolites or trachytes of Miocene over dacite 
of Pliocene, amphybolite or pyroxenite andesite of Pleistocene up to Recent ba 
sic pyroxenite andesite which sometimes pass up to olivinic basalte (Hradecky el 
al. 1':)77). The scheme has many deviations whi.ch are caused by local development 
and by the entire shifting of active zone from the W. to the E. Thus zones of dif
ferent activity degree exist side by side. Cordillera Occidental and the W. Cordil
lery Real part are characteristic by volcanism with fading activity, fully active 
there are volcanoes of the E. part of Cordillery Real and Fila Oriental. From the 
35 described Ecuador volcanoes there are active (Hall 1977) Guagua Pichincha ~ 
if 794 m, Quilotoa - 3914 m (Cordillera Occidental), Antisana - 5705 m, 
Cotopaxi - 5897 m, Tungurahua 5 016 m and Sangay - 5430 m (Cordillera 
Real), Reventador - 3485 m, Sumaco - 3828 m (Fila Oriental). Sangay and 
Reventador are the most active volcanoes of Ecuador and South America. They 
belong also to the youngest volcanoes, they are of postglacial age and in the tim,· 
being they produce andesite and basalte lavas and pyroclastics. 

On the volcano Cotopaxi there are preserved all the structural levels in com
parison with the other Ecuador volcanoes. The scheme of the volcano development 
is presented on the Tab. 1. Complex Amina8, Salitres, Morurco and Ingaloma 
form the old volcanic level (Miocene - Younger Pliocene), complex Cotopaxi 
represents the basic structural element of the young cone (Holocene - Recent). 

The erlier authors consider the even shield Morurco together with some 
other rock formations of Salitre and C. Ami to be relicts (caldera) of an old 
volcanic cone (Sauer 1971), which has been flung to all parts by the final sizeable 
explosion. In this case the inner caldera part should have 'cca 11 km in diameter. 
This theory seems to be little probable. On the one hand origin of caldera by all 

axplosion and by ejection of the top cone belong to the very rare phenomena Oll 

the other hand all the yardage of volcanic ejecta in the near surroundings should 
scarcely be sufficient for filling of caldera of the above mentioned diameter. It 
can be also presumed that all the top volcano part of old level had fallen. to the 
depth but more likely the old volcanic level has the active cenlrum accentrically 
situated regarding the recent volcano i. e. about 3 -- 4 km to the S., respektively 
S.S,.W. fram crater of the contemporary Cotopaxi. This hypothesis is supported 
by fact that several times higher thickness of old level volcanites exists in the 
southern part in comparison with the northern one, the difference of 1 000 m 
in altitude between complexes on the S. and on the N. and finally also the fact 
that only conspicuous relict of the old level, which is present in the area Cotopa
xi ,- the rock shield Morurco - corresponds by height with other volcanic relicts 
of the Pleistocenne: Rumiiiahui 4712 m, Quilindaiia 4750 m, Sincholagua 4880 
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in. From the petrographical point of view andesites Morurca correspond with lavel 
'of ,the volcano Quilindaiia, further comparisons have not been executed. 

Glacial erosion was an integral part of old volcano development in Pleisto
~ene. Absence of moraines makes difficult to performe 'a reconstruction of the 
older glaciation. Partiy they were buried by younger pyroclasticS, in part then; 
were incorporated into the following lahars in which the morainic material could 
hardly be found out as the even lahar material due to its bad performance and. 
unclassified character remember on moraine layers (Meyer 1907). 

The main glacial erosion falls into the 2an and 3rd glaciation stage of Andes 
in old and middle Pleistocene (Tab. 1.). Rio Pita trough valley and similarly 
formed valley of Limpio Pungo were created by the actilm of valley glacier~ 
which fused in tne region of the present elevation point Ingaloma where the origi· 
l~al relief is completely co:vered by product~ of younger effusions. Probably low 
thick little movable glacier tongues have come in consideration, they were fed 
partly by its own firn cover partly by the ioe caps of Cotopaxi and Sincholagua. 
The connectIon of a tongue from the direction of the volcano Sincholagua is COil

firmed by turning of a-relatively great nunatak (length 80 m, height 30 m) to 
the direction N. E. - S. W. to the mouth of a distinct valley on the slope 01 this 
volcano. Rock relief of the complex Salitres modeled by ice is covered on some 
places by pyroclastics of the Morurco complex. 

Glaciation is consequently oider than the complex Morurco which is usually 
classed with volcanic phase' of the middle Pleistocene (Hradecky et al. 1977) and 
coincides with the 2nd glaciation stage of Andes in the old Pleistocene. 

Before further glaciation the Rio Pita valley was probably filled by parlly 
washed pyroclastics of the Morurco complex. Their relicts can be found on bOlh 
the valley banks. The 3rd glaciation stage has caused the extension of the con
temporary glacial valleys and has caused the first large glacial erosion of young 
volcanoes (of the rocky Moruroo shield). 

The last glaciation follows after a great tuff-obsidiane volcanic phase which 
had caused rather complete covering of the original relief by pyroclastics. They 
can be found individually on the right side of the Rio Pita valley where they we
re deposited as glaciofluvial accumulations (Zhumbas area). Erosion intensity of 
glaciofluvial and fluvial flows increases at the end of glaciation contemporary with 
the intensifying of volcanic activity. Glaciation is bound to the Cotopaxi top part-
ice cap. ' 

Large effusions predominantly of block lavas represent the complex of Coto· 
paxiyoung volcano. In volcanic cone morphology they are present as step shapeJ 
slightly inclined plains in the foothill slope parts and as steps in barrancos. Effu
sions l¥'evail in the N. E. and espeCially in the N. volcano area. Effusions foHow 
the original plain relief of the old volcanic level. From the extend area of main 
effusions of the Cotopaxi complex ther,e is evident their eccentricity in oompari
son' with the contemporary volcano axis. Effusions of the lower parts of Cotopaxi 
complex have the predominant direction to the N~, "main andesites" to the ~. up 
to the N.E., autoc1astic lavas to the N., N.W. up to the W. the following young 
block lavas to the N. up to the S.W. and S. Cover of pyroclastics (asglomerate.> 
and tuffites) is irregular and it obliterates partially the block' lava plailn relief. 

In the dependence on a group of physical-geographical factors with prevai
ling climatic elements there takes place the shift of ice cap of about 500 -700 m 
to higher altitude on the young volcanic cone, the destruction of slopes furrowed 
up by radial furrows. By a strong retrogressive erosion in the gathering zone of the 
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'K in Pita the waterdivide between Rio Pita and Rio Tamboyacu was shifted to the 
S. Lahars are important factor in the period of eruptive activity . The development 
or young recen t volcano has caused covering of the old volcanic level. 

Conclusion 

Basic fea tures of the volcano Cotopaxi development are conditioned by: 
a) geologica l development of Andes as an old mobile zone with parallel faul t 

systhems from which the line N. ·- S. a nd N.N.E.·- :::i.S.VI. (25C) seems to be 
fundamental for Cotopaxi. 

b) development of the volcano levels which differ in age, petrographic compo-
sition and chern ism of the young volcanic phase in the Ecuador Andes. 

c:) glaCial erosion of the old volcanic level in Pl eistocene. 
d) in the youngest development phase, (Holocene up to R ecent) besides the voi
cano activity, the relief development i depencient on a gro up of physical-geogra
phical factors with prevailing climatic elerflents . 
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4. ::;ection through the volcano Co l ojJa:..i; 2,5 t im es ove l'elevated ( V. Lysenko 1970 J; 
1- 3 -- l evels of the old vo l ca nic leve l (Co lll p lexes Aminas, SaJitrt:s, Momrco ) , 4 - 
young v.;) \ca n o relief 

As a result there is the contemporary recently active stratovulca no typically 
developed whieh is formed by : 
<:\) relicts of the old volcan ic level on the boundary of recent volcano with pre

served structural levels from Miocene, Pliocene up to young Pleis tocene , 
OJ relicts of glacial erosion in Pleistocene accumulated to the area of Limpio Pup.

go and Rio Pita valleys which is represented by modelations of rock shield 
Morurco on the S. Cotopaxi slope, 

--; ) young volcanic cone with top crater, with effusions of plain character and 
distinct eccentricity. Eccen tricity appears not only with relation to the old level 
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but also in the area of effusions which have constructed the young cone. As a· cha
racteristic feature there is cyclization of effusions, origin of effusions,origin of 
ice cap with short glacier tongues and slope destruction by climatomorphogenou3 
processes and under the influence of mud flows (lahars). 

Volcano Cotopaxi represents a typical volcano of the Ecuador Andes. It is 
therefore a suitable starting object for correlation. studies of development of struc
tural levels and relief of the other Ecuador volcanoes. 

Translation by Alexandr Tael 
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Resume 

VYI/OJ VULKANU COTOPAXI V ECUADORU 

R. 1972 pusobila v Ecuadoru vulkanologicka "Expedice Cotopaxi" vyslana MK CSR. 
Hlllvnfm cHern vypravy byl 'geologicky a geomorfologicky pruzkum vulkanu Cotopaxi. 
;';oucastl pruzkumu bylo uskutecnenf dvou vystupu na vrchol vulkanu, prvosestup !l'i 

dno 334 m hlubol{eho krateru a srovnavacf sber z dalSfch lokalit spojeny s vystupy 
na 5tH Ruminahui (4712 m], Chimborazo (6297 m) a obHzne dostupny nejaktivnejsf 
vulkan Jiznf Ameriky - Sangay (5437 m). . 

Pruzkum Cotopaxi probfhal v soucinnosti dvou skupin: geologicke, zamerene na 
petrografiia chemisl11us st,avebnich pater vnlka:nu, ·a geomorIologicke, sledujici vy
voj reliefu vulkanu. 

Cotopaxi je 'situovan v zapadnf .casti vychodnlho horskeho pasma And, aznacova
ileho Cordillera Real, 50 km jizne od Quita, 35 km sv. od mesta Latacungy. Ozemf vulka
nu le'lf v klimatickem pasl11u paramo pi'i zapadnim okraji oblasti srazkoveho maxima 
\' Ecuadoru. Na vychotlnfch svazlch se pohybuJe prilmer rocnfch srazek od 2000 do 2500 
mm, na zapade kole'm 1500 mm. Drsnejsl kUmaticke pomery na vychode a na jv. :wa
lleh ovliviiujf i caru v~)cneho snehu, kter<i zde klesa az na 4500 m, zatfmco na sz. sva
zfch vystupuje do 4800 111. Ozemim vulkanu take probfba recentnf rozvodl mezi Tichyrn 
a Atlantskym oceanel11. . 

Vyska vulkanu je 5897 m, prilmer haze]e 2.2 kill. Jf! to typicky stratovulkan s hiSl' 
toricky dolozenymi periodami zvysene aktivity. Erupce mall viHsmou vulkansky charak
ter, stadia klidu j'>Ou nepravidelna a casto znacne dlouha .. Poslednl efuze lavy je z ::. 
I!H2, podstatne zvysene f!xhalace v oblasti krateru byly zaznarqenany v r. 1975. 
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'U vulkalnt ize razlisit relikty stareha stavebnll10 p.atra (stari miacen, pleisto;:en dt. 
mlady pleistocen) sa Zachavalymi tvary pl·eistocennf glachl1ni eroze.a vlastnf mlady 
vulkanicky Kuzel (halacen az recent) s ledovcovaL< capkolL a 'vrcholavym kraterem. 

Relikty stareha st.avebniilo patra se vyskytuji na obvodu re .. :entniho kuzele, kd9 
jsau obnaZeny ve stenacl1 kal10nfi v jlznf casti a llU dne ledovoovel1a Moll: Rio PJit& Vy· 
razne vystupuji joaka skalnaty sUt Morurea. Geologicky je tvuci 4 kamplexy vulkanltii 
odlisneho stari a petrografickeho slofuni (komplexy Aminas, S.'1litres, Morurco, Ingalo· 
rna). Nepilesahujl vysku 4800 m. Za stopy nejstarsiho zaJeodneni lze. povazovat modelacl 
neekaviteho udoli Rio Pita a Limpia Pungo S8 zarllovanymi skupinami nunatoakll. 

Mlady vulkan geolngicky tvoi'! tzv. komplex CGtopaxi, u ktereho rozlisujeme pet dH
cich stavebnich pater. Hlavnf masu vulkanitii tvoi'i pyroxenicke andezity - blakove la
vy s plasinovym charakterem vylevu v upatnich casteeh sv·ahii a stupru. v horn~ch pal' 
tHch barrancos. Znakem efUzi je cyklicnost a excentricita plasnel10 l'(;zsahu vylevii vzhle· 
dem k ose l'ccentniho vulkanu. Destrukci svahii podporuji raditilnl ronove ryhy, v oblasti 
cary vecneho snehu kratke ledovcove splazy, ktere sestupuji z ledovcove c,apky. S ob~o
bim aktivity vulkanu je spjat vYvoj rozsahlych bahennich prouodii. Zakl.adnf tvary reliefu 
jsou na obr: 2. 

Krater Cotopaxi ma v prumeru 800 m. Hloubka od vrcholu vulkanu je 334 m, od okra
'joveho valu na zapade 226 m. Krater tVOrl vnejsi somm.a a vlmeny vnittni Krater. HloUib
ka vnejsi casti ie od vrcholu 212 m, od zapadniho ukrajuvello valu 104 m. Hldubka VLUti'
niho krateru je 122 m. Vnlti'nl krater rna priimer kolem 250 m. Na up aU severni stl.!ny 
a na zapadni strane krateru fungovaly v r. 1972 salfatary s H20, H2S a S02 0 teplote 
1:10 0c. Z melkello jlenu na une a na svazich sammy vyveraly plyny s lJi'evahou vodJ;lieh 
par o· teplote kolem 400C. 

Vyvoj vul'kanu Cotopaxl zaclenujeme do hlavnf vulkanicke faze v Andach, ktera za
pocala koncem tretihor ,(pliocen) jako doprovodna aktivita kel!uans·keho VraS!1eni. Jako 
aktivni se projevuji syst€lmy paralelnich zlomii, z nicl1z pro Cotopaxi jsou podstatne 8·-J 
a SSV-JJZ. Charakteristickym znakem vyvoje teto mlade faze vulkanismu v ECI19.,jor'l 
je zmena chemlsmu vulkanitii, kdy obecne stoupa bazicita efuziv i pytroklastik od ryo
litfi ci trachytu pres dacity, amfibolicke ci pyroxenicke andezity az po barz:icke pyroxenic
ke ilIndezity, ktere nekdy pilechazeji az do olivin:ickych oodicu. Telito vYtvoj je v za
sade zachycen u vulkanu Cotopaxi (tab. 1.), ktery ma zachovana vsechna stavebni patra 
sUm, Zoe nejstarsl komplexy (Aminas, Salitres) pi'edstavuji produkty plocMho vul,kanu 
s ceneitrem coo 4 km jjz. od aktivnlho centra sOllcasneho V'Ulkanu. Hll/l;vni glacHllni eroze 
stareho patra spada do II. a III. stadia zaledneni And stareno a sti'ednlho pleistocenu. 

, 
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To tile article V. Lysenko: Development of the vo: ca no Cotopaxi in EcuadOl' 

1. Cotopaxi from the S.S.E. direction. Vcntanillas a rea modeled by glaciofluvial ero
sion with preserved voloanltes of Morurco and Salitres comple x. 

2. Area of the Ventanillas on the N. Cotopaxi slope. In the middle photograph part the
re are observable distinct relicts oE erosion ste ps bound with the Rio Pita vallE'\' 
development. 



3. Salitres in the N.W. volcano part. The flat Rio Pi ta valley is [tlled predominantly bji 
glaciofluvial sediments. Hummocky formations are relicts of glacial modelation 
(nunataks) built by volcanites of the complex Morurco and Salitres. 

4. Salitres area. Gl.acial modelation of the Rio Pita valley. Pleis tocene volcano P<lsu cha 
is in the background. Recent sinking of river is marked by arrow. 



5. Tep lwas o f Cotopaxi c.omplex in 
the S.W. vo lcan.o pm't [S ta. Bar
bar,a ) ex pos'e d by young erosion. 
Ro c k s h;eL! MorUl'c.o in the b3 C!, 
ground, rslict of th e .o r ig inal v.o l
can.o. 

6. Mout h of tile s iope v3l!ey in 
the N. vol cano pa r t. On the U ll 

covered wa lls there exis t flo ws 
of blo c k la','as of Cotopa.{i com
plex. 



7. Outcrop of ash tuffs in he N.W. volcano part. 



g. Cirque slope valley heaj with distinct steps fOl'med by la,vas of Cotopaxi complex. 
9. Valley in the N.E. voloano part. A stout flow of pyroxenite andesites of Cotopaxi 

co mplex forms a distinct stoep which was destrGyed by retrogres5ive er05:on. 



10. Valley mojel8tioll in the N. E. volcano 'part. Glacier tongue passing into the upper 
valley part has trough-shaped form. Steps are formed by lava flows. 



11. ProfUe through erosive cut in the Limpio Punga valley an the N.W. volcano hill 
-side. Beds of ash and lapilll tephras alternate in the lower part, in the middle pro
file pm't they are eroded and cavered by a chaotic lahar material. 

{All photos by V. Lysenk.o] 
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To the contributio :l V. L Y sen kn: Develop ment of the Vo lcano Cotopaxi in Ecuador 

Enc l. 1. Geomorplw logical map of the vo l cano Cotopax i [Lysea ko 1973) . 

E x P I i ca t ion s : 1 - external rampart, 2 - inner rampart, 3 - the ynungest ef
fUSions, 4 - relicts of the old vnlcanic level , 5 - indistinguished volcanites, 6 - rock 
s h ield wilth features of g lacial erosion, 7 - platforms of ,e ffus ions of "lI1arr n andesites'. 
b .- cirques and cirque steps, 9 - re li cts of cirque s teps, 10 - !langing valleY3, 11 -
girland snils, 12 - thufur fie ld, 13 - nunataks, 14 - indistinguisil,ed moraine material, 
15 - erosion st,eps in canyons, vertical canyon wa lls, 16 - valley fille d up by gl,a·cio
fluvial sediments, 17 - valley nat bottom , 18 - barranc·os - raJvines, 19 - bar rancos 
- shallow furrows, 20 - lakes, 21 - mud flows - lahers, 22 - main d<irecUons of .rIluj 
flO WS, 23 - g l.acifluvi.a l deJection coOnes, 24 - debris av.al·a n,oh es , s crees, 25 - dis ih-sh3 -
pe d well s prings, 26 - are.a with the pseudokars t JI1odelation, ,27 - cave, 28 - swallow 
ho l,e, outflow, 29 - Wind -blown sediments, 30 - fumarolic ,and solphat.aric exhalatio ;13. 
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