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Ab stract: The Qua ter nary Andahua vol ca nic group in south ern Peru has been stud ied by pres ent au thor since
2003. The Andahua Group stretches out at in ter vals within an area, which is 110 km long and 110 km wide. Seven
re gions bear ing cen tres of vol ca nic erup tions have been dis tin guished: the Val ley of the Vol ca noes, Antapuna, Rio 
Molloco, Laguna Parihuana, Rio Colca Val ley, Jaran, and Huambo. The Val ley of the Vol ca noes, where the
Andahua Group was iden ti fied for the first time, con tains the big gest va ri ety of vol ca nic land forms. The val ley is
cov ered by a nearly 60 km long, con tin u ous cover of lava flows. 165 in di vid ual erup tion cen tres of the Andahua
Group were dis tin guished in clud ing ap par ent pyroclastic cones, 50–300 m high, and usu ally smaller lava domes
and fis sure vents. Domes, erup tive vents and lava crat ers greatly out num ber pyroclastic cones. Most com monly,
lava flows start from lava domes or crat ers. Small domes are of ten aligned along their feed ing fis sures. Lava
domes and pyroclastic cones of the Andahua Group are aligned mainly along N–S and WNW–ESE trending fault
sys tems. Pro jec tion points of the ana lysed Andahua lavas on the TAS di a gram con cen trate in the lower part of the
trachyandesite field, en ter ing also the ba saltic trachyandesite or trachyte/trachydacite fields.
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IN TRO DUC TION

The Qua ter nary vol ca nic Andahua Group (sensu Cal-
das, 1993) is the sub ject of this study. The first men tion of
dwarf vol ca nic cones be long ing to this group is com prised
in Sheppe’s re port (1934). In 1960, Portocarrero de scribed
young vol ca nic land forms around Andahua in the Val ley of
the Vol ca noes and his ob ser va tions are treated as the be gin -
ning of sci en tific stud ies.

The Andahua Group is lo cated in the Cen tral Vol ca nic
Zone (CVZ) of the An des. In this part of CVZ, Coropuna is
the larg est vol cano, ris ing about 3,000 m above the sur -
round ings and reach ing an el e va tion of 6,425 m a.s.l. The
last erup tion date in un known, but three young Ho lo cene
lava flows are clear at the slopes of the vol ca nic mas sif. The
nearby stratovolcano Sabancaya (5,976 m a.s.l.) has been
re cently ac tive and the Misti vol cano (5,822 m a.s.l.) is in a
solfatara stage.

Con trary to big stratovolcanoes, the Andahua Group
has not evoked much in ter est, be ing much smaller in size
and dis tant from densely in hab ited ar eas. Till to day, only
few sci en tific pub li ca tions have de scribed the Val ley of the
Vol ca noes ei ther in a su per fi cial way or have con cen trated
on the land scape as pects (Hoempler, 1962; de Silva & Fran -

cis, 1991). Ital ian, French, Ger man and, re cently, Dan ish
stud ies pro vided de tailed in for ma tion on pe trol ogy and geo -
chem is try of the Andahua Group (Venturelli et al., 1978;
Delacour, 2002; Delacour et al., 2002; SÝrensen & Holm,
2008). Read ers of the Bul le tin of Vol ca nol ogy, vol. 69, can
find char ac ter is tics of the vol ca nic Andahua Group in a pa -
per by Delacour et al. (2007), who tried to ex plain pre-erup -
tive magma evo lu tion from the vol ca nic cen tres in ques tion. 
Not with stand ing, very pro found and ad vanced geo chem i cal 
and pet ro log i cal stud ies as well as de tailed volcanological
char ac ter is tics are lack ing.

The pa pers on the Andahua Group, which have been
pub lished so far, have not de fined clearly the no tion of the
Andahua Group, nei ther its range nor typ i cal forms (Ga³aœ,
2008). The work by Delacour et al. (2007) dis tin guished
three monogenetic lava fields, Ruprecht and Wörner (2007)
used the no tion “Andahua Vol ca nic Fields” only once,
while SÝrensen and Holm (2008) ap plied the ex tent af ter
Caldas (1993) chang ing also the name of the group for
Andagua Group. In fact, the name of the vil lage is Andagua, 
how ever, Pe ru vian pub li ca tions (and also maps) ap ply the
name Andahua group.



The age range of the Andahua Group has been grad u -
ally de ter mined. Datings of the old est rocks of the group ex -
posed near Chivay in the Rio Colca Val ley by means of the
K-Ar method show ap prox i mate ages of 400–64 ka (Kane-
oke & Guevara, 1984; Eash & Sandor, 1995). These fig ures
agree with geo log i cal ob ser va tions, which sug gest that the
group in ter min gles in some places with flu vio gla cial for ma -
tions near Orcopampa and that it de vel oped af ter for ma tion
of the can yons. Fur ther data on the age of the Andahua
Group have been ob tained af ter the K-Ar method ap plied to
rocks and the 14C method on the rem nants of plants burnt by 
hot ash. Such in ves ti ga tions were car ried out by Kaneoke
and Guevara (1984). The cat a logue of vol ca noes by Simkin
and Siebert (1994) men tioned Andahua vol ca nic ac tiv ity in
1913, but the po si tion of ac tive cin der cones is pointed out
near the vi cin ity of Pampacolca where lavas from Coropuna 
be long ing to the Barroso Group oc cur, 40 km south from
the near est cen tre of the Andahua Group. The youn gest cen -
tre of ac tiv ity – Chilcayoc Chico – was ra dio car bon dated at
370 years BP (Cabrera & Thouret, 2000).

At tempts to date par tic u lar pyroclastic cones ac cord ing
to the morphometric pa ram e ters (Wood, 1980) were made
by Cabrera and Thouret (2000) and in more de tail by
Delacour et al. (2007). These re sults proved that suc ces -
sively youn ger age groups had more and more steeply in -
clined slopes. In cli na tion of slopes of sev eral, ap par ently
Pleis to cene pyroclastic cones (Cerro Mauras, Llajuapampa,
Marbas Chico Norte) is in the range of 28–34° that sug gests, 
ac cord ing to the men tioned clas si fi ca tion, their al most re -
cent or i gin. Hence, it is sur pris ing that graphic im ages of the 
age of the cones were based on morphometric pa ram e ters in
the above-men tioned work (Delacour et al., 2007). There
were a few vol ca noes whose cal cu lated slope in cli na tion
had sim i lar val ues, i.e. 29°, but their es ti mated ages were
dif fer ent: Chalhue Mauras (Late Pleis to cene), Marbas
Chico Norte (Early/Mid dle Ho lo cene) and Chilcayoc
Grande (his tor i cal time). The dis crep ancy might be caused
by the fact that cal cu la tions were based on top o graphic
maps, which of fered very low ac cu racy in de ter mi na tion of
the rel a tive height. The other weak point of the morpho-
met ric dat ing method con sisted in its lim i ta tion to pyro-

clastic cones, al though most of the Andahua Group is built
of lavas out pour ing from lava domes and cracks.

Min ute traces of ero sion and weath er ing of some of the
vol ca nic forms and the lack of veg e ta tion cover prove they
are not older than 300–400 years. A dusty brown soil has
formed on older ashes and vol ca nic slag lavas from the
Andahua Group, and its thick ness is from 0.5 to 1 m. Such
soils de velop un der the in flu ence of wa ter and the pro cess is 
rel a tively slow. As the cur rent cli mate in that part of the An -
des is dry, we as sume (Ga³aœ & Paulo, 2005) that they were
formed in the gla cial ep och and ac com pa ny ing pe ri ods of
gla ciers melt ing, at least 10,000 years ago (Thouret et al.,
2002).

Lavas of the Andahua Group compositionally strad dle 
the ol iv ine-rich ba saltic andesites to dacites (Delacour et al., 
2007). They are aphyric, por phy ritic or trachytic, with
0–2% of microphenocrysts of mainly clinopyroxene, pla-
gioclase in a glassy ma trix with plagioclase microlites and
1–2% of ox ides (SÝrensen & Holm, 2008).

It fol lows from Delacour et al. (2007) that magma is
most prim i tive in south ern Peru and it prob a bly as cended
from deep crustal through re gional faults.

Within dif fer ent fields, lavas show con sid er able vari -
abil ity even when com pared within one par tic u lar field
(Delacour, 2002; SÝrensen & Holm, 2008). Their sil ica con -
tent var ied be tween 52.1 and 68.1 %, the ex treme val ues be -
ing adopted af ter Delacour et al. (2007).

AN A LYT I CAL METH ODS

The aim of this work is to de fine the or i gin and evo lu -
tion ary stage of the Andahua Group for the dwell ing ar eas.

The main vol ca nic fields were the sub ject of de tailed
stud ies in the sea sons of 2003, 2004, 2006, 2008 and 2010.
The study area is rather dif fi cult to ap proach, mostly water -
less and high-moun tain one, and sit u ated within the altitu-
dinal zone of 1,400–5,200 m a.s.l.

The re search was based on 1: 100,000 geo log i cal maps
of Peru, sheets: Cayarani, (Moncayo, 1994), Orcopampa and
Huambo (Caldas, 1993; Caldas et al., 2001, 2002), Aplao
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Ta ble 1

Quan ti ta tive char ac ter is tics of vol ca nic fields be long ing to Andahua Group (from Ga³aœ 2008 mod i fied)

Regions Lava fields Pyroclastic cones
Lava domes and

fissures
Volume of lava

(km3)

Volume of
pyroclastic cones

(km3)
Age*

A. Valley of the Volcanoes 13 24 57 26 0.78 I,II,III

B. Antapuna 6 4 4 6.4 – I,III

C. Rio Molloco 5 1 11 1.7 0.03 II

D. Laguna Parihuana 0 6 0 – 0.07 II

E. Valley of Rio Colca 3 0 11 0.8 – I, II

F. Jaran 5 11 16 7.7 0.34 I, II

G. Huambo 5 1 23 5.9 0.01 I

         Total 36 47 118 48.5 1.26

* I – Pleis to cene, II – Late Pleis to cene–Mid dle Ho lo cene, III – Ho lo cene



(Guizado, 1968), Caylloma (Davila et al., 1988) and Chivay
(Quispesivana & Navarro, 2001), sat el lite pho to graphs
(Land sat), and an ae rial-photo set of the south ern part of the
Val ley of the Vol ca noes (Servicio Aeorofotografico Nacio-
nal, Peru). The re search spec i fied the erup tion cen tres de ter -
min ing their GPS lo ca tion, char ac ter is tics and mor phol ogy of 
vol ca nic land forms and pro vided sam ples for petrographic
in ves ti ga tion and fu ture pet ro logic anal y ses.

The erup tion cen tres or the ar eal ex tent and the ap prox i -
mate age of in di vid ual Andahua forms are spec i fied. Seven
vol ca nic re gions where the cen tres of erup tion oc cur have
been dis tin guished. They stretch out at in ter vals in an area
that is at least 110 km long and 110 km wide (Fig. 1). There
are sev eral lava fields built of sin gle or se quen tial lava
flows, pyroclastic cones and other cen tres of lava ef fu sion,
in clud ing domes and fis sures (Ta ble 1). The lim its of each
re gion were de ter mined ac cord ing to the lin ea ments, re lief
and tec tonic set tings. The lin ea ments re flect the sys tem of
NW–SE ori ented faults, tec tonic frame work of the Rio
Colca Can yon (ori ented SW–NE), and Qua ter nary graben
of the Val ley of the Vol ca noes (seg ments ori ented N–S and
NW–SE).

Three age gen er a tions were dis tin guished on the map of 
the group: the older (Pleis to cene), the mid dle (Pleis to cene–
Ho lo cene), and the youn gest (Ho lo cene and his tor i cal)
ones. The old group is cov ered with veg e ta tion, quite of ten
changed into farm lands, weath ered and cut by gla cial ero -
sion. Bor ders of old lava flows are in def i nite.

The land forms of the mid dle group are of ten eroded.
Ini tial soils have formed on the lavas and they are some -
times cov ered by grass and plants.

The sur face of the young lavas is coarse as the aa type,
the places where lava was squeezed out are dis tinct, slopes
of lava flows are steep and un sta ble with dis tinct flow struc -
tures. For ma tions of a few young forms oc cur ring near
Andahua were ex am ined by means of the 14C method. They 
were formed in the pe riod be tween 4050 and 370 BC
(Cabrera & Thouret, 2000), while dat ing of Chilcayoc
Grande vol cano shows the pe riod of 1451–1523 A.D.
(Delacour et al., 2007). Hence, lava was flow ing there in the 
time when the Span iards con quered the Inca Em pire.

130 sam ples for pet ro chem i cal in ves ti ga tions were col -
lected from in di vid ual out crops, lava flows and domes or
pyroclastic cones in all dis tin guished re gions in the pe riod
of 2003–2010. 55 thin sec tions were stud ied in polar ised
light. Chem i cal anal y ses of 34 sam ples were car ried out at
the Ac ti va tion Lab o ra to ries Ltd. – ACTLABS (Can ada).
Ma jor el e ments were de ter mined by the ICP method. Pet ro -
log i cal anal y ses are still un der study and fu ture re sults will
be pub lished in sub se quent pa pers.

ERUP TION CEN TRES

Most of the vol ca noes are typ i fied by sim ple struc ture
char ac ter is tic for monogenetic vol ca noes. How ever, some
of them have erupted many times. On the slope of the
Jenchana vol cano, sco ria and bombs are in ter ca lated with
lay ers of soils; the Gloriahuasi vol cano was spew ing lava
and ashes al ter nately. Dat ing of pre-Ticsho lavas in di cates

an age of 0.27 Ma (Kaneoka & Guevara, 1984) and burned
twigs in ash from Ticsho are 4060 years old (Delacour et al., 
2007). The term monogenetic vol ca nic fields (Delacour et
al., 2007) can not be ap plied to the whole of the Andahua
Group, con tra dict ing the com mon def i ni tion (Schmincke,
2004; Walker, 2000). Some of the ar eas in the Andahua
Group cor re spond rather to ba saltic vol ca nic fields (sensu
Connor & Conway, 2000).

Young monogenetic sco ria and cin der cones are easy to
find and they are fre quently de scribed as the main places of
erup tion in the Andahua Group (Delacour et al., 2007;
Ruprecht & Wörner, 2007; SÝrensen & Holm, 2008). Sev -
eral such vol ca noes (Ta ble 2) have been found (Figs 2, 3).
Some of them have bro ken edges of the crat ers and flows of
lava started from them. Most of the cones are built al most
ex clu sively of pyroclastic ma te rial. There is only one vol -
cano, Gloriahuasi, which is built of lava and tephra lay ers
and can there fore be better clas si fied as a small stratovol -
cano. Pyroclastic cones in di cate that lo cally the amount of
volatiles in magma was quite sig nif i cant. Most of the cones
are 50–170 m high, with the max i mum of 400 m. The high -
est vol cano was prob a bly Antapuna, whose cone was mod i -
fied by a gla cier (Ga³aœ, 2008). Sco ria cones are formed in
erup tive styles from Hawaiian/Strombolian to vi o lent
Strombolian.

The sco ria cones are usu ally as so ci ated with lava fields. 
The only ex cep tion is a group of six sep a rate cones around
Laguna Parihuana, on a high pla teau (4,300–5,100 m a.s.l.).

Most com monly, lava flows start from lava domes, crat -
ers or frac tures. Small domes are of ten aligned, most prob a -
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Fig. 1. Geo log i cal map of Rio Colca re gion (based on Paulo,
2008): 1 – Qua ter nary: Andahua Group, 2 – Pleis to cene: al lu vial
grav els, 3 – Plio cene–Qua ter nary: stratovolcanoes of Barroso
Group, 4 – Neo gene–Qua ter nary: pyroclastic and lac us trine de -
pos its, slopewash sed i ments, 5 – Neo gene: cal dera com plexes, 6 –
Ju ras sic, Cre ta ceous, Palaeogene: plutons, 7 – Ju ras sic, Cre ta -
ceous: sed i men tary for ma tions, 8 – Pro tero zoic: Arequipa mas sif
gneiss es, 9 – ma jor faults, 10 – Andahua Group oc cur rence area
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Ta ble 2

In dex of vol ca nic cones be long ing to Andahua group

No Region Name (Sample) GPS coordinates
Altitude m a.s.l./
Cone height, m/

Volume, km3
Characteristics Age

1 2 3 4 5 6 7

1

Valley of the
Volcanoes

Panahua
787695

8298546
4215/59/0.004

monogenetic cone, destroyed by directed
explosion

I

2 Ucuya (AC3)
785312
281913

3670/70/0.005
breached cone, with lava flow originated
in the crater

I

3 Pampalquita
7884506
281307

3818/70/0.007
breached cone, with lava flow originated
in the crater

I

4 Yanamauras Sur
783910

8286304
3761/181/0.012 monogenetic cone II

5 Yanamauras
784214

8286652
3760/108/0.019 monogenetic cone II

6 x
783956

8287271
3571/25/0.001 cone, destroyed by erosion II

7 Cerro Puca Mauras
785722

8293030
4181/334/0.229

cone, with lava flow originated in the
crater

II

8 Cerro Mauras
787022

8302521
4317/161/0.136 cone, with fragment of wall older cone II

9 Collopampa
7878

83025*
4158/83*/0.005

monogenetic cone, in collapsed lava dome
Collopampa

II

10 Santa Rosa
7875

82945*
3940/100*/0.018 monogenetic cone II

11 Santa Rosa Sur
7867

82934*
3960/50*/0.007 monogenetic cone II

12 Challhue Mauras
7847

82998*
4260/160*/0.102 monogenetic cone II

13 Misahuana Mauras
770325

8311264
3915/168/0.051 monogenetic cone II

14 Pabellon Mauras
7729

83084*
4507/ 107*/0.006 monogenetic cone II

15
Yana Mauras
(YM1)

775612
8305161

4605/155/0.058
monogenetic cone destroyed by river
erosion

III
2900 years**

16 Ticsho
781375

8286482
3871/60/0.008 monogenetic cone

III
4050 years*

17 Mauras
7840

83124*
4007/107/0.012 monogenetic cone

III
2900 years **

18 Jenchana
784664

8282346
3624/~100/0.005 monogenetic cone III

19 Jechapita (J1)
788499

8280856
3388/~100/0.012 monogenetic cone III

20
Chilcayoc Grande
(CH2S)

790847
8280756

3243/~143/0.022 monogenetic cone
III

A.D. 1500**

21 Chilcayoc
788139

8282003
3347/~70/0.003

breached monogenetic cone, with lava
flow originated in the crater

III

22 Chilcayoc Chico
787693

8282304
3343/65/0.002

breached cone by lava flow originated in
the crater rebuild

III
370 ± 50 years *

23 Cerro Pucamauras
7974

82898*
4915/185*/0.065 monogenetic cone I

24 Cerro Ticlla No data 5258/58 cone destroyed by glacial erosion I



bly along their feed ing fis sures. It can be ex em pli fied by a
line of small domes south of the road Huambo – Ca bana-
conde, par al lel to the Colca Can yon.

The lava erup tion loci like domes, fis sure vents and
crat ers are more nu mer ous than pyroclastic cones. As much
as 118 solely lava emit ting loci have been found. The lava
usu ally flowed from con fined crat ers, which piled up rap -

idly, cool ing down and be com ing more vis cous to form
domes. Such ba saltic-andesitic lava domes are usu ally 20 to
150 m high. The high est lava dome was found near Paula
gold mine; it is Cerro Coropuna (5,170 m a.s.l.) of rel a tive
height of 250 m.

The lengths of in di vid ual lava flows are from 0.5 to 20
km. The thick nesses of the flows are usu ally be tween 15
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Ta ble 2 continued

No Region Name (Sample) GPS coordinates
Altitude m a.s.l. /
Cone height, m/

Volume, km3
Characteristics Age

1 2 3 4 5 6 7

25

Antapuna

Cerro Antopuna
788955

8323619
4890/190 cone destroyed by glacial erosion I

26
parasitic Cerro
Antapuna

791296
8322876

4754/24 vent destroyed by glacial erosion I

27 Ares I
804174

8333531
4985/85 cone destroyed by glacial erosion II

28 Ares II (AR2)
800936

8335962
4982/42 cone destroyed by glacial erosion II

29 Rio Molloco Marhuas (VM21)
800936

8335962
4483/120/0.031 monogenetic cone II

30

Laguna
Parihuana

Antaymarca (HT1)
196077

8306538
4646/235/0.057 cone II

31 Saigua
2004

83136*
4100/~50/0.002* monogenetic cone II

32 Challpo
2000

83075*
4100/~50/0.001* monogenetic cone II

33 Andallullo
1980

82976*
5063/100/0.005* monogenetic cone II

34 Antaccollo
2098

83049*
4650/100/0.002* monogenetic cone II

35 Sani
2095

82954*
4950/200/0.004* monogenetic cone II

36

Jaran

Gloriahuasi (H58)
792860

8243760
2650/412/0.108 stratovolcano I

37
Gloriahuasi Sur
(GL8)

791856
8242754

2899/29/0.001 cone destroyed by erosion I

38 San Cristobal
7953

82449*
2614/250*/0.01 monogenetic cone I

39 Honda
7855

82440*
2426/200*/0.005 monogenetic cone I

40
Marbas Chico
Norte

808170
8244494

4105/ 139/0.041 monogenetic cone II

41 Marbas Chico Sur
807408

8243274
4110/144/0.023 monogenetic cone II

42
Cerro Pucaguada
(CP4)

803335
8241700

4241/ 160/0.001
monogenetic cone destroyed by directed
explosion

II

43
Marbas Grande
(MBS)

802111
8244972

3844/105/0.039 monogenetic cone II

44 Llajuapampa
807137

8247181
4324/175/0.058 monogenetic cone II

45 Uchan Sur
807336

8233573
4177/100/0.053 monogenetic cone I

46 Tururunca (H44)
806564

8235286
4024/106/0.02 monogenetic cone I

47 Huambo Keyoc No data 4400/100/0.013 monogenetic cone
II

2650 years*

Col umn 4 & 5 – * Smoll et al. 1997
Col umn 7 – *Cabrera & Thouret, 2000; ** Delacour et al. 2007



and 80 m, and if such flows over lie the other ones or pile up
at the front they are even big ger. Slow ef fu sion rates
generated flow fields that have large and small flow lobes
and chan nels. Typ i cal is blocky lava with same cleft lava
near fis sures and at cre vasse struc tures. The sur faces of the
youn gest flows are cov ered by ir reg u larly shaped cin dery
blocks char ac ter is tic for the aa type. Ex cep tion ally, on the
Antaymarca vol cano (Laguna Parihuana re gion) intenstine
lava was found.

The sur face and vol ume of the lava flows (Ta ble 1) are
much larger than those of the pyroclastic cones. The lavas
build 97% of the Andahua Group vol ume.

At tempt ing to mea sure vol ca nic ac tiv ity (sensu Connor
& Conway, 2000), one may re late the to tal num ber of Anda-
hua vents (165) to the pe riod of ac tiv ity of the group, i.e.
some 0.4 Ma. Vol ca nic ac tiv ity (lt) of the Andahua Group is
3–4 × 10–4 vents/year. For ex am ple, the Eifel Vol ca nic Field
(Ger many) had 5 × 10–4 vents/year (Schmincke et al., 1983).
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Fig. 2. Andahua Group in the north ern part of the Val ley of the Vol ca noes and Rio Sora Val ley (af ter Ga³aœ, 2008; mod i fied). 1–3
Andahua group (1 – Ho lo cene, 2 – Pleis to cene–Ho lo cene, 3 – Pleis to cene), 4 – pyroclastic cone, 5 – lava dome, 6 – al lu via (Pleis to -
cene–Ho lo cene) , 7 – travertines (Pleis to cene–Ho lo cene), 8 – hot springs, 9 – na tive sul phur, 10 – lava flow di rec tion, 11 – faults, 12 –
roads, 13 – sam ples (see Ta ble 3)
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Fig. 3. Geo log i cal map of the south ern part of the Val ley of the Vol ca noes (af ter Ga³aœ, 2008; mod i fied): 1–3 Andahua Group (1 – Ho -
lo cene, 2 – Pleis to cene–Ho lo cene, 3 – Pleis to cene), 4 – pyroclastic cone, 5 – lava dome, 6 – al lu via (Pleis to cene–Ho lo cene), 7 – Barroso
Group (Plio cene), 8 – sed i men tary rocks (Lower Cre ta ceous), 9 – sed i men tary rocks (Ju ras sic), 10 – lava flow di rec tion, 11 – faults, 12 –
roads, 13 – na tive sul phur



DIS TRI BU TION AND FIELD
CHAR AC TER IS TIC

The area cov ered by the Andahua Group can be sub di -
vided into seven vol ca nic re gions (Ta ble 1). The sub di vi -
sion is based on the re la tion to the geo log i cal for ma tions,
tec tonic struc ture and mor phol ogy; hence, the re gion
bound aries are in part ar bi trary.

The Val ley of the Vol ca noes. The val ley cov ers the
larg est part of the area of the Andahua Group and it is also
this part, which is the rich est in prod ucts of vol ca nism. The
sur round ings of Andagua vil lage can be treated as lo cus
typicus of the group, which has been con firmed by au thor’s
in ves ti ga tion. The Val ley of the Vol ca noes is ap prox i mately 
90 km long and its course is gen er ally me rid i o nal, but in the
mid dle part the axis of the val ley turns to wards NW–SE and 
this part is about 30 km long. El e va tion of the moun tains
sur round ing the val ley changes be tween 3,500 and 5,000 m
a.s.l. The mouth of the val ley lead ing to the Colca Can yon is 
placed at 1,360 m a.s.l. The el e va tion of the val ley floor in
the up per part, at Orcopampa, is 3,800 m a.s.l.

Lavas fill in the Val ley of the Vol ca noes be tween
Misahuanca and Ayo at a dis tance of 60 km. It seems likely
that the old est erup tions took place in the vi cin ity of Anda-
gua (Fig. 2). The first gen er a tion of lava was flow ing out
from the domes lo cated in the cen tre of the val ley. Ap par -
ently, one of the lava flows moved to wards the pres ent
Laguna de Pumajallo. An other lava field was formed west
of Andagua in the lat eral val ley of the Rio Tambo River.

Seven cen tres of erup tion were lo cated in the bot tom of
the arm, ap prox i mately 500 m be low Andagua. Lava cov -
ered the bot tom of the val ley, partly flood ing the flu vial sed -
i ments in its up per part and flowed to wards the Val ley of the 
Vol ca noes, cov er ing the older Andahua lava field. The val -
ley of the Rio Tambo is a graben ori ented WNW–ESE. One
smaller field oc curs on its south ern bor der slightly above
the slope. Ef fu sion of lavas pro ceeded from four cen tres,
which are cur rently in the form of reg u lar, in ter con nected
lava crat ers. It could have been an erup tion cen tre on a short
ridge, which was con fined by the graben of the Val ley of the 
Vol ca noes.

The next field is lo cated 8 km to the south of Andagua
(Fig. 3). Above the Soporo vil lage, a strongly eroded dome
oc curs from where lava was flow ing down to wards the Val -
ley of the Vol ca noes. The other two cen tres are placed on
the ridge which bor ders the val ley from the NW. This ridge
rises about 400 m above Soporo. Two sco ria cones: Pampal- 
quita and Ucuya were formed there. The cones had 70-m-
deep crat ers and are com posed of loose, black, ve sic u lar
sco ria lapilli with blocks. They are breached by a lava flow
which was flow ing down its slope to the SE. The lava flows
are par tially eroded with reg u lar levée.

An other field of the older phase was formed ca. 15 km
north of Andagua, near Misahuanca (Fig. 2). The erup tion
cen tres were at tached to the edge of the graben form ing the
pres ent Val ley of the Vol ca noes. The lavas pour ing out to -
wards the west partly dammed the val ley. The suc ces sive
lava flows piled up and fi nally formed an over 100 m thick
layer cov er ing hor i zon tal pampa over the area of more than
32 km2. The main cen tre ap par ently had sev eral large erup -

tion phases. Cur rently, rem nants of an eroded struc ture with 
small re newed domes of Collopampa and Achacara (Smoll
et al., 1997) can be found there. Pre vi ously, it could have
been one big cen tre of lava ef fu sion. Three crat ers are pre -
served there. A re sur gent sco ria cone ap pears in the west ern
crater. The Cerro Mauras vol cano, whose rel a tive height
amounts to 170 m, tops the cen tre. The in cli na tion of the
vol cano slopes is equal to 28° (Ga³aœ, 2008). It is a pyro-
clastic cone mounted on the slope, with the west ern slope
be ing a rem nant of an older cone whose crater was lo cated
sev eral doz ens of metres to the west. The sec ond dome,
Tororocsa, lo cated far ther south, was much smaller. There
are two pyroclastic cones in its vi cin ity – Challhue Mauras
and the other one called Panahua. Challhue Mauras is a typ -
i cal monogenic cone slightly older than the lavas, which
sur round it form ing a kind of an apron. The sec ond and
smaller one – Panahua – ex ploded with vi o lent Strombolian
styles al most hor i zon tally to wards the north. Rem nants of
the crater walls build a cres cent form that looks like a bar -
chan. The Cerro Mauras and Panahua cones are com posed
of loose, red, ve sic u lar sco ria lapilli, blocks and bombs (up
to 30 cm in size).

The lava cover west of Orcopampa, ly ing be low Mau-
ras vol cano (4,007 m a.s.l.), is prob a bly of the same age (i.e.
the old est one). This iso lated lava field closes the val ley of
Rio Chilcaymarca partly cov er ing al lu vial de pos its, and
then pushes the river to the south ern side of the val ley.
Lavas in this field are 35 to 120 m thick and cover an area of 
6.5 km2. The fields are cov ered with vegetation.

The next zone of erup tion cen tres is lo cated south of the 
Rio Andahua can yon (Fig. 2). Con trary to the de scribed
fields, vol ca nic ac tiv ity oc curred there in two or more cy -
cles. Domes and vol ca noes are sig nif i cantly smaller and
they are scat tered over the whole width of the val ley. In the
first cy cle, lavas erupted from two large and five small lava
domes. The lavas are com posed of few stacked flow units.
The lava dome Pra-Ticsho was dated at 0.27 Ma (Kaneoke
& Guevara, 1984). Four cones are lo cated at the edge of the
field. These are: Ticsho, Yanamauras Norte and Sur, and a
smaller cone dam aged by an ex plo sion just at the Rio
Andahua can yon. Sco ria cones rep re sented the youn gest ep -
i sode of the Andahua Group ac tiv ity. Burned twigs from
Ticsho were dated to 4,050 years BP (Cabrera & Thouret,
2000).

The Santa Rosa lava field, oc cur ring south of the
Misahuanca field (Fig. 2), be longs al ready to the sec ond
gen er a tion. Lavas cover the whole val ley (4–6 km wide) at a 
dis tance of 16 km, be tween the Misahuanca and Andahua
fields. The Andahua River turns east sharply in the lower
part of the field and cuts a nar row, 50 m long can yon in the
lavas of the Andahua Group. Then it dis ap pears be neath the
lavas and emerges on the other side of the val ley form ing a
wa ter fall near Yanamuras Norte vol cano. The main erup -
tion cen tres are sit u ated on the east ern edge of the val ley in
the vi cin ity of Santa Rosa, an aban doned mine of an ti mony
ores. It seems likely that the ac tiv ity was stron gest in the
Val ley of the Vol ca noes. The area of the lava fields is ap -
prox i mately 70 km2. Lavas poured out of four large and one 
small domes. Lo ca tions of the cen tres (V8C, V8D – V8,
Puca Mauras, V8B – Chipchane) were con trolled by faults
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run ning NW–SE, which con tin ued along the bent axis of the 
val ley in its mid dle part. The di am e ter of the larg est one
(V8b) is over 2 km. Lavas spread ra di ally to wards the north, 
west and south build ing a 100 to 150 m thick cover, with
eight main flow lobes and nu mer ous chan nels. The lon gest
lava flow is ap prox i mately 10 km long and 2 km wide
(Ga³aœ, 2009). A small lava dome Chipchane formed on a
slope ris ing 65 m above the val ley bot tom. The dome has a
small crater with a 5 m high rim and it is breached on its
slope side where lava started to flow with reg u lar levée.
From the crater, lava flowed on the sur face of the ear lier-
stage lava field. The youn gest erup tions within the field
built three pyroclastic cones in clud ing Cerro Puca Mauras,
which is the big gest one in the Val ley of the Vol ca noes. The 
cone is 350 m high, its crater di am e ter is 300 m across, and
the depth is 80 m. The cone is breached to the SW, form ing
a lava flow. The base of the cone is com posed of welded
sco ria lapilli (1 mm in size or smaller). The up per part of the 
cone is built of lapilli, blocks and bombs. The to tal vol ume
of erup tive pyroclastic ma te rial is 0.229 km3 (Ta ble 2). The
other two cones, Santa Rosa (100 m high) and Santa Rosa
Sur (50 m), situated near the fault of the graben, are mono-
ge netic in character.

The lava dome Cochapampa, with a crater and over
2 km long flow con tain ing a well pre served levée, prob a bly
be longs to the sec ond gen er a tion of vol ca nic eruptions
(Fig. 2). It is lo cated in an older lava field be ing much youn -
ger than the sur round ings. A small re sur gent dome oc curs
in side the crater. The Cochapampa dome is slightly over
100 m high and has a crater 50 m deep. Walls of the crater
are built of lava and red sco ria. Nu mer ous quartz ite xe no -
liths, orig i nat ing from the val ley bed, have been found in the 
lava (Ga³aœ, 2008). The sur face of the lava flow is com -
posed of block and highly brecciated lava.

An iso lated lava dome of the sec ond gen er a tion oc curs
east of the vil lage Misahuanca (Fig. 2) where the lava fills a
small hang ing val ley.

The south ern part of the Val ley of the Vol ca noes, up to
the place where it joins the Colca Can yon, is cov ered with
lavas of the third gen er a tion, which form the Chilcayoc lava 
field (Fig. 3). Three stages of for ma tion of the Chilcayoc
lava field have been de ter mined ac cord ing to mu tual re la -
tions be tween the bor ders of the lava flows. The Jechapita
vol cano, which is an ex am ple of an ideal pyroclastic cone
(Fig. 4) with only in cip i ent ero sional gul lies, seems to be the 
old est erup tion cen tre (Jechapita stage). The cone is piled up 
in the place of an ear lier out flow of lava, which is proved by 
clearly vis i ble struc tures of two small lava flows. The lon -
ger one is 3 km long and its sur face con sists of lava blocks.
The flows be low Ayo-Laguna Mamacocha line should also
be as signed to this stage. Con sid er ing their level of weath er -
ing, they are prob a bly slightly older but it is hard to con nect
them to the same erup tion cen tre. The flows are 7 km long
and cov ered by a youn ger lava from the north ern side. If they
had flowed from Jechapita they would have been 24 km long. 
Along the east ern bor der of the val ley, the lava cover is cut
by a young fault with the down throw of the east ern wing
equal to about 100 m.

The sec ond stage is mainly con nected with two cen tres:
Chilcayoc Grande and Sucna, which are within the dis tance

of 4.5 km. Lava ef fu sion started from the domes oc cur ring
in the forefield of the lat eral val ley where Sucna vil lage is
lo cated. Two big and three smaller lava domes have been
dis tin guished there. The high est one is el e vated 70 m above
the bot tom of the lat eral val ley. The other lava flows were
head ing south flood ing the Val ley of the Vol ca noes. Most
of the lava out poured to wards the Rio Colca Can yon, form -
ing flows whose lengths ex ceeded 20 km. This lava was less 
liq uid. The width of the flow rarely ex ceeded 1 km. The
flows were run ning across two faults trans verse to the val -
ley axis form ing short cas cades with el e gant levée. The sur -
face of the flows is red dish, which might be the ef fect of
weath er ing in the zone of warmer cli mate oc cur ring below
the altitude of 2,500 m a.s.l.

The char coal de rived from ash of the Chilcayoc Grande
cone was dated at 1451 to 1523 A.D. (Delacour et al.,
2007). This is the most prom i nent cone in this lava field. It
is 140 m high and its oval crater is ap prox i mately 60 m deep 
(Ga³aœ, 2008). There are three small lava domes or, pos si -
bly, land forms of the tumulus-type in a close vi cin ity of the
vol cano to wards the SE. The lava flow run ning di rectly
from the Chilcayoc Grande vol cano splits into two lobes;
the east ern one pushed the Andahua River to the edge of the
val ley. The other flow wid ens to wards the south. Its length
ex ceeds 7 km and the width at the front is over 3 km. The
flow was blocked by the lava flow ing from the Sucna dome. 
At that time, the course of the Andahua River was cut off
and a dam lake, the Chachas la goon, was formed. Far ther
down, the Rio Andahua dis ap pears un der lava flows. Af ter
18 km it un ex pect edly emerges from un der the lava and
forms the Laguna de Mamacocha and a short but rel a tively
deep (200 to 300 m) gorge leading to the Rio Colca.

Dur ing the third stage, which could have taken place in
the pe riod of 1600–1800 A.D., lava ef fu sions oc curred in
dif fer ent places. The trans verse Jenchana–Ninamama fault
zone in the Val ley of the Vol ca noes be came vol ca ni cally ac -
tive again. At the be gin ning, lava was emit ted from the fis -
sures lo cated among the out crops of the Barroso Group. The 
lavas were flow ing east, i.e. downslope, and sur rounded the
cover of black ashes from the erup tions of Jechapita and
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Fig. 4. Jechapita vol cano and the youn gest lava flows. At the
left Chico and Chilcayoc vol ca noes with lavas



Chilcayoc Grande and pos si bly even older vol ca noes, like
Yanamauras and Ticsho.

Less reg u lar pyroclastic cones sit u ated slightly down
the Val ley of the Vol ca noes are youn ger. These are Chico
(370±50 years BP; Cabrera and Thouret, 2000) and
Chilcayoc cones breached by lavas, which flowed out of
them and sur rounded Jechapita (Fig. 4). The val ley be came
flat there and at least one lava dome was ac tive in the vi cin -
ity of Sucna in that time. Lava de rived from the dome (S61)
was wind ing among older flows and di rected south wards
form ing cat a racts on the edges of trans verse faults. The
Sucna lava flow is 14 km long and ends at Laguna Mama-
cocha. The bot tom of the Sucna Val ley rises to wards the NE 
and lava flowed only one kilo metre in side it and blocked its
con nec tion with the Valley of the Volcanoes.

The youn gest erup tions in the Andahua Group oc curred 
along the Jenchana–Ninamama fault (Fig. 3). It is a steep
fault with a down thrown side ap prox i mately 40 m to the SE. 
Out crops of the Neo gene vol ca nic Barroso Group, sur -
rounded in the north by the first gen er a tion of lavas from the 
Andahua field, oc cur along the fault. The lava poured out
there at least in seven cen tres form ing domes charg ing the
flows. As the fault scarp is rel a tively steep, the lava ac cu -
mu lated and formed in the north an over 30 m high front
flow and then flowed to the SE in the form of a steep lat eral
flow. The big gest flow, Ninamama, is about 4 km long and
1 km wide. An gu lar blocks and pin na cles of aa lava oc cur
on the sur face of the flow. Hy dro gen sul phide is emit ted
through a vent in the SW edge of the dome and na tive sul -
phur and gyp sum crys tal lise in open frac tures (Ga³aœ, 2009). 

It is ap par ently the youngest form among the Andahua
Group.

An aban doned set tle ment called Antaymarca oc curs on
an other lava flow in this zone, NW from the pyroclastic
cone of Jenchaña (Fig. 3). Ru ins of houses and pave ments
built of Andahua lava blocks are cov ered with thinly grow -
ing cac tuses. The vil lage was founded no more than 200–
300 years ago (M. Sobczyk, pers. comm.).

The rug ged moun tain mas sif Shila (Chila), a rel ict of
Huayta cal dera of the Mio cene age (Marcoux et al., 1998;
Paulo & Ga³aœ, 2006), builds the NE bor der of the Val ley of
the Vol ca noes. The high est erup tion cen tres of the Andahua 
Group (Fig. 5) have been dis tin guished in the vi cin ity of the
Shila gold mine gal ler ies, which are lo cated in hy dro ther -
mally al tered vol ca nic rocks of the Orcopampa For ma tion.
These are two lava domes and a pyroclastic cone Ticlla
(5,300 m a.s.l.). Their ac tiv ity prob a bly be longs to the first
gen er a tion. All land forms bear dis tinct signs of gla cial ero -
sion. The flow of block lava near Shila la goon is smoothed
by ice. The lava flowed mainly to wards the La goon de
Chachas in the Val ley of the Vol ca noes, cov er ing an area of
over 35 km2 (Ga³aœ, 2008). Soil has al ready formed on the
lava and the lower part of the cover is al ready used as a
farm land by in hab it ants of the Chachas vil lage. The front of
the lava flow is cur rently cov ered by wa ter and la goon sed i -
ments ly ing at an al ti tude of 2,900 m a.s.l. A rel a tively large
pyroclastic cone Pucamauras (ap prox i mately 250 m high)
was formed in the mid dle of the flow. The vol cano is a sig -
nif i cantly youn ger landform in the region, probably belon-
ging to the second generation.

The Rio Sora val ley is con trolled by tec tonic struc tures
and it is a lat eral arm of the Andahua–Orcopampa graben
(Fig. 2). Oth er wise, it forms the con tin u a tion of the mid dle
seg ment of the Val ley of the Vol ca noes as its course is sim i -
lar. The up per part of the Rio Sora Val ley is flat and forms a
vast pampa at the al ti tude of 4,400–4,600 m a.s.l.

The old est erup tions (of the first gen er a tion) took place
on the ridges sur round ing the Rio Sora Val ley in the north
and west. Two small domes oc cur there: Umajala and
Jullulluyoc. In both cases the out flow started from the ridge. 
The Umajala dome was gla ci ated, the flows are partly
eroded and their in te ri ors are built of mas sive smooth-sided
blocks of lava. The crater shape has been pre served in the
Jullulluyoc dome and the flows have pre served a char ac ter -
is tic levée. The length of the flows reaches up to 4.5 km. On
the west ern side, at the small val ley of Rio Pallcca, lava
flowed down from the cen tre on the foot hill massif of Coro-
puna.

Suc ces sive erup tions (of the sec ond and third gen er a -
tions) oc curred at the bot tom of the val ley, prob a bly be gin -
ning in its up per part. Lavas poured out from at least five
cen tres (Fig. 2). Cur rently, two of them can be seen and the
pyroclastic cone Misahuana Mauras is in the place of the
third one. Lava flows spread vastly over the pampa and then 
flowed down to wards the Val ley of the Vol ca noes. At
Pabellón La goon, the lava field wid ens cov er ing the whole
width of the val ley (6 km). Other erup tion cen tres in this
area in clude the Jochane dome and two pyroclastic cones of
Pabellon and Yana Mauras. Smaller domes ap pear down the 
val ley, but due to ero sion and veg e ta tion cover they are less
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Fig. 5. Andahua Group in the Val ley of the Vol ca noes re gion,
near Shila gold mine (af ter Ga³aœ, 2008; mod i fied). See Fig. 2 for
ex pla na tion



dis tin guished. These could have been places of lava pro jec -
tions above a so lid i fied lava crust of the tumulus-type. The
to tal length of the field is 20 km and its width varies from
1 to 6 km.

Antapuna. The Antapuna mas sif closes the Val ley of
the Vol ca noes in the north (Fig. 6). The me rid i o nal Anda-
hua–Orcopampa graben splits there into two branches:
Chilcaymarca – Umachulco, trending NNW, and Huanca-
rama, ori ented NE. In the di vid ing, the Andahua lavas of the 
first gen er a tion build in su lar caps ris ing above 4,500 m a.s.l. 
on the edges, i.e. 700–1,000 m above the val ley bot tom. The 
big gest of them sur rounds two sum mits, a rel ict of the
Antapuna cone (4,890 m a.s.l.). The larg est erup tion cen tre
– Antapuna – is el e vated ap prox i mately 1,000 m above the
bot tom of the Val ley of the Vol ca noes. Due to in tense gla -
cial ero sion, only frag ments of a large, gently in clined cone
have been pre served. Its di am e ter could have ex ceeded
4 km. Rem nants of a par a sitic cone can be found to the
south-east of the crater. The lava was flow ing ra di ally over
an al most flat sur face build ing a shield cov er ing an area ex -
ceed ing 80 km2. It seems likely that the south ern por tion of
the area was also charged from the Tanca dome. Ther mal
springs in Huancarama, 6 km south of the Antapuna peak,
are one of the post-volcanic phenomena.

Above the Huancarama val ley, an other lava flow out -
poured from a small gla cial val ley of Pisaca where two
small lava domes are lo cated, be ing the sources of lava
flow ing to wards the Huancarama valley.

A smaller erup tion cen tre of the same name – Cerros
Antapuna – is lo cated more to wards the west over the Uma-
chulco val ley (Fig. 6). Lavas form here a very flat cover un -
der mined by the Umachulco River. The cover is 1.5 km
wide and ap prox i mately 6 km long.

Other erup tion cen tres are lo cated in the vi cin ity of the
Ares gold mine, on the slopes of Cerro Cajchaya (Fig. 6).
Only one dome and two pyroclastic cones have been found

there. All the land forms have been eroded by a gla cier.
There are also dis tinct gla cial striations on mas sive lavas
which poured out of the domes.

The youn gest erup tion cen tre (of the third gen er a tion),
the Pumaranra lava dome, is lo cated west of the Arcata sil -
ver mine. Lavas that ex tend from the base of the dome
flowed both north-east and south-west. The flows are 100 m 
thick and they are com posed of aa lava and block lava.

Rio Molloco. It is a rel a tively small area where the
Andahua Group oc curs, but it is in ter est ing due to va ri ety of 
land forms. Vol ca nic forms in this area have been clas si fied
as be long ing to the sec ond gen er a tion, de spite some fea -
tures prov ing gla cial ero sion. They oc cur near the cur rent
snow line and are well pre served. The main lava field cov -
ers the bot tom of the Molloco val ley (Fig. 7). There are four
small lava domes there, dis charg ing lava flow ing to wards
the Colca Can yon. Above them, a pyroclastic cone Marhuas 
oc curs whose rel a tive height is 120 m. It is ac com pa nied in
the east by the Uchuychaca lava flow with a dis tinct levée.
The other lava flow out poured from a small gla cial val ley
where two small lava craters are located.

A sim i lar val ley is sit u ated on the west ern side of the
Molloco Val ley and it is partly filled with the Andahua
lavas. The Paula gold mine is lo cated in the up per part of the 
val ley. The Andahua erup tion cen tres are lo cated in the bot -
tom of the val ley (be low the mine) and lavas flowed to -
wards the Molloco Val ley. The larg est of the ob served lava
domes of the Andahua Group, Cerro Coropuna (Fig. 8), at -
tains a rel a tive height of 250 m. Its jag ged sum mit rises at
5,180 m a.s.l. (Ga³aœ, 2008). The dome is ex cep tion ally
steep and it is en tirely built of large blocks of dacitic lava. It
could have been an extrusive Peléean dome.

Smaller lava domes oc cur 3 km to wards the east. Flows
of block lava poured out from them. The thick ness of the
lava cover in the val ley slightly ex ceeds 10 m and lengths of 
the flows vary from 1 to 3 km.
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Fig. 6. Andahua Group in the Antapuna re gion (from Ga³aœ,
2008; mod i fied). See Fig. 2 for ex pla na tion

Fig. 7. Andahua Group in the Rio Mollocco re gion (af ter Ga³aœ, 
2008; mod i fied). See Fig. 2 for ex pla na tion



Rem nants of two small lava flows can also be found in
the Can yon, be low Tapay and be tween Tapay and Coshni-
rhua (Fig. 7). Rocks ly ing be low the lava on the can yon
walls ris ing from the Colca River are cov ered with na tive
sul phur. In the Colca Can yon, to wards the west, a dor mant
gey ser and a slope built of trav er tine occur.

Laguna Parihuana. A moun tain up land area oc curs in -
side a Mio cene cal dera lo cated south of Caylloma (Fig. 1).
Sin gle, iso lated cones built of pyroclastic de posit and lava
rocks typ i cal for the Andahua Group can be found there.
Their names are: Antaymarca, Saigua, Challpo, Andallullo,
Antacollo and Sani (Ta ble 2). De spite se vere cli mate con di -
tions at an al ti tude of ap prox i mately 4,500 m a.s.l., the
cones are partly cov ered with veg e ta tion and there fore they
are as signed into the first or at least the sec ond gen er a tion.
The Antaymarca vol cano, which has been thor oughly in ves -
ti gated, is 140 m high and has a rel a tively flat summit,
100 m in di am e ter. The crater is not vis i ble. Abun dant ve -
sic u lar lavas, pum ice, sco ria and vol ca nic bombs and also
small amounts of pahoehoe lavas can be found on the top.

Rio Colca Val ley. The lavas be long to two age gen er a -
tions: the first (older) and sec ond (mid dle) ones (Fig. 9).
The older lavas cover the bot tom and the north ern edge of
the Rio Colca Val ley in the vi cin ity of Chivay. The Rio
Colca carved a sev eral doz ens metres deep can yon in these
lavas, which are 230–400 ka in age (Quispesivana &
Navarro, 2001). The field was fed by at least 3 lava domes,
which are lo cated about 3 km north of Chivay and close to
the bridge. Lavas in this part of the field are 20 to 90 m
thick. The fields are cov ered with vegetation.

The youn ger lava field is sit u ated north of the domes
oc cur ring be low Canocota vil lage. The lavas (90 ka) were
flow ing from 10 domes to wards Chivay. On the east, the
Colca River flows around the vil lage in a can yon, which
was cut in the lavas. It sep a rated parts of the flow near Ca-
lera vil lage. There are ther mal springs in Calera, which
charge lei sure pools. Out flows of ther mal wa ter and hy dro -
gen sul phide fre quently oc cur up and down the river.

A small lava dome with a short flow has been dis cov -
ered on the Rio Colca, be low Lari and west of Mad ri gal.

Jarán. It is an area lo cated on the south ern side of the
Colca Can yon (Fig. 10). It is al most un in hab ited due to very 

few wa ter sources. Lavas and tephra in this area be long to
the old est (first) gen er a tion.

Three lava fields in the vi cin ity of Gloriahuasi ha ci enda 
have been clas si fied as the old est ones due to their high
level of ero sion. The old est erup tions oc curred on the slopes 
of Cerro Gloriahuasi. Cur rently, only frag ments of two
domes and rem nants of a small pyroclastic cone, as well as
lava flows in the form of nar row rims on strongly eroded
ridges can be ob served there. The walls of the crater are
built of red sco ria and blocks. Granitoid xe no liths have been 
found in the ag glu ti nate below the crater.

The Timar flow prob a bly had two erup tion cen tres. One 
of them is hid den un der col lu vial de pos its on the Cerro
Timar slope and a frag ment of the sec ond one – a lava dome
– can be seen on the edge of a steep thresh old over the
Gloriahuasi stream val ley. The field ends sharply (400 m
high scarp) when the Sutanay and the Gloriahuasi val leys
join each other. Op po site the struc ture a large Gloriahuasi
vol cano oc curs, whose rel a tive height is 450 m (Fig. 11). It
is the only one stratovolcano be long ing to the Andahua
Group.

There are two pyroclastic cones, Honda and San Cristo- 
bal, in the Luceria field (Smoll et al., 1997), which were
prob a bly formed in the fi nal phase of the lava domes erup -
tion. Lavas were flow ing to wards the Colca Can yon.

Rocks in the steep can yon, at the source of the Glo ria-
huasi spring, are cov ered with a thin layer of na tive sul phur
be ing an ef fect of post-vol ca nic pro cesses.

Jarán is the larg est lava field in this re gion, which cov -
ers 75 km2. 13 erup tion cen tres have been dis tin guished in
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Fig. 8. Cerro Coropuna (5,180 m a.s.l.) lava dome. Sabancaya
and Ampato stratovolcanoes seen at the ho ri zon

Fig. 9. Andahua Group in the Rio Colca Val ley re gion. See Fig. 
2 for ex pla na tion



this area (Fig. 10). Lavas were flow ing from the up per part
of the Rio Jarán val ley on its edges and in branches and fi -
nally united into one, sin gle field. As a re sult, the whole
length of the 19 km long val ley be came cov ered with lava
and the width of the lava field reaches 6 km. The Jarán Val -
ley is hang ing above the Colca Can yon. When the erup tion
ceased, the Jarán River cut the lavas form ing gorges and de -
pos ited gravel ter race cov ers on the banks. The thick ness of
black mas sif lava ex posed in gorges is between 15 and
35 m.

Fol low ing the ef fu sion, some cen tres were still eject ing
pyroclastic ma te rial, which formed cones. The high est one
is the Llajuapampa vol cano (4,324 m a.s.l.), whose rel a tive
height at tains 170 m. The Marbas Chico Sur and Norte, and
also Marbas Grande vol ca noes are much lower. The Marbas 
Chico Norte cone is 139 m high and its slope in cli na tion at -
tains 35° (Ga³aœ, 2008). There is one more cone on the slope 
of Cerro Pucaguada, 400 m above the bot tom of the val ley,
which seems to be a bit youn ger (be long ing to the sec ond
gen er a tion). Ini tially, lava flowed from the cen tre and ran
down along the slope to the al lu via. The sec ond cen tre lo -
cated on the same slope, ap prox i mately 1 km to the NW,
emitted lava which joined the lava field at the bottom of the
Jarán valley.

The Uchan field is the south ern most field sit u ated along 
the road from Huambo to Pedregal (Fig. 10). Lavas from the 
field form a 10-km-long nar row flow run ning to the SW.
Two pyroclastic cones are lo cated there: Uchan Sur (4,177
m a.s.l.) and Tururunca (4,024 m a.s.l.). On the south ern
slope of Uchan Sur white pum ice is dom i nant.

Huambo. Four lava fields were mapped in this re gion:
Mojonpampa, Uncapampa, and two small fields Jajacuchu
and Toyapampacuchu. Most of the erup tion cen tres are sit u -
ated on a vast pla teau (3,400–4,300 m a.s.l.), the bor der of
which is formed by the south ern edge of the Colca Can yon.
The old est erup tion took place NE of the Chinini vil lage.
Lavas flowed from sev eral domes with rel a tive height from

sev eral doz ens to 100 m. Most of the lavas formed a cas cade 
down the Chinini val ley and the rest spread to the north ern
vast pla teau. Other erup tions oc curred more to the north,
along the faults par al lel to the course of the Colca Can yon
(SWW–NEE; Fig. 12). Erup tions oc curred on the west ern
slope of Hualca Hualca stratovulcano.

The east ern part of the lava field is a lit tle youn ger. The
edges of the flows and the erup tion cen tres are better pre -
served. It is pos si ble to dis tin guish there at least three domes 
wherefrom lava flows started mov ing to wards the west and
the north over lap ping the west ern lava field. The lat ter
flows reached the Can yon form ing a cas cade down to its
bot tom. The lon gest flow is 14 km long. These flows are
also cut by the above men tioned faults. The youn gest vol ca -
nic landform in the lava field is the Keyoc vol cano, which
oc curs on an old lava dome. The lava fields in this re gion
cover an area of ap prox i mately 100 km2 (Ga³aœ, 2008).

The Uncapampa lava field forms a pla teau be tween the
Rio Huambo and Rio Colca rivers. It is sep a rated from the
pre vi ously de scribed field by an al most 600 m high ridge
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Fig. 10. Andahua Group in the Jarán re gion. See Fig. 2 for ex pla na tion

Fig. 11. Gloriahuasi stratovolcano



(4,210 m a.s.l.; Fig. 12) built of folded quartz ite (Yura
group, Ju ras sic/Cre ta ceous), crowned by Neo gene dacite in -
tru sion. The age of the field is as signed into the first gen er a -
tion. The erup tion cen tres are strongly dam aged by ero sion
and the courses of the flows are hard to de ter mine. The
edges of the lava field are eroded. Three erup tion cen tres
have been dis tin guished. A lava dome with a crater –
Uncapampa (3,611 m a.s.l.) – oc curs at the foot of the ridge,
and an eroded dome (3459 m a.s.l.) is placed the cen tre of
the field. A small dome (3,585 m a.s.l.) is lo cated on the
edge of the sec ond ary ridge above Ajpi. Lava was flow ing
from this dome on both sides of the ridge.

Other erup tions in the re gion had a smaller ex tent. Two
cen tres are lo cated on the sec ond ary ridges; Toyapampa-
cuchu and Jajacuchu, west of Huambo. The lava flows ran
from the ridges and nearly reached the bot tom of the
Huambo Val ley. Part of the Huambo Val ley at the al ti tude
of 3,830 – 3,200 m a.s.l. is filled with a thick cap of trav er -
tine, be ing prob a bly the re sult of vol ca nic activity.

RE LA TIONS BE TWEEN VOL CA NIC
AC TIV ITY AND TEC TON ICS

The subduction of oce anic crust un der the Arequipa
seg ment of the South Amer i can con ti nent is sup posed to
have been ac tive since the Palaeozoic (Golonka & Ford,
2000; Golonka, 2007). The Pe ru vian phase (Late Cre ta -
ceous/Palaeogene) is con sid ered to be the main com pres -
sion phase in this part of the An des ac com pa nied by rapid
growth of mag matic arc and crustal thick en ing (Sempere &
Jacay, 2008). Nu mer ous folds, thrusts and faults ori ented
NW–SE were formed then. Later, the com pres sion axis be -
came ro tated (Sébrier & Soler, 1991) and the struc tures
were trans formed into per pen dic u lar ones (NE–SW) un der
the in flu ence of the com pres sion in the next phases. The NE 
struc tures were formed in the Early Mio cene and NEE ones
in the Late Mio cene, while at the Mio cene/Plio cene bound -

ary they were al ready ori ented W–E (Soulas, 1977). The
orog eny still lasted in the Neo gene and vol ca nic erup tions
cul mi nated in Mio cene time, form ing sev eral cal de ras
within a long-lived vol ca nic arc of Puquio–Calloma and re -
sult ing also in hy dro ther mal ore veins (No ble et al., 2003;
Paulo, 2008).

The Andahua Group erup tion cen tres con cen trate in
tec tonic bas ins, which orig i nated due to re gional ten sion
along faults and pre-ex ist ing com pres sion fea tures. Ac cord -
ing to Caldas (1993), the deep crustal frac tures reached
magma cham bers caus ing a de crease of pres sure and rising
of magma.

The lava fields in the cen tral part of the Val ley of the
Vol ca noes seem to fill the de pres sion. The iden ti fied erup -
tion cen tres are aligned along faults con trol ling the graben
and cross ing the val ley. How ever, the erup tion cen tres oc -
cur not only within the Val ley of the Vol ca noes but also on
horsts. This is ex em pli fied by the Antapuna cen tre above
Orcopampa (Fig. 6), nu mer ous cen tres near Shila, Paula and 
Ares mines – all above 4,800 m a.s.l. – as well as some
flows sit u ated on a ridge near Huambo: Jajacuchu and
Toyapampacuchu (Fig. 12).

Faults ob served in the Val ley of the Vol ca noes in the
Me so zoic bed rock con tinue into Qua ter nary col lu vial de -
pos its and also in lavas of the Andahua Group. For ex am ple, 
SW from Laguna de Pumajallo, the Andahua River is
squeezed be tween the lava cover and the east ern bank of the 
val ley built of Me so zoic sed i men tary for ma tions (Fig. 3).
The edge of the val ley built of Ju ras sic sand stone fol lows an 
ac tive faults ori ented N150°. In the pe riod of 2003–2010 the 
river in cised 4 to 5 m into the al lu vium. This is in di cated by
a dam aged con crete bridge (built in 2000), whose abut -
ments moved back caus ing break ing of the structure and its
collapse into the river.

Ac cord ing to tec tonic stud ies of Sébrier and Soler
(1991), the stress re gime in this part of the An des is typ i fied
by N–S ex ten sion and E–W com pres sion as so ci ated with
the con ver gent oce anic Nazca plate. The ex ten sion axis in
the Arequipa re gion is aligned NE–SW (Mering et al.,
1996).

New in ves ti ga tions (¯aba & Ma³olepszy, 2008) con -
cluded that some horsts and grabens in Qua ter nary de pos its
of the Colca Val ley de vel oped on the first gen er a tion of
faults ori ented N–S. The next gen er a tion is ori ented NE–
SW and NW–SE. Tec tonic dis con ti nu ities in the Maca–Pin-
chollo sec tor (part of the Colca Val ley) are based on WNW–
ESE and NE–SW trending faults (¯aba & Ma³olepszy,
2008).

Four sys tems of faults can be dis tin guished in the men -
tioned area: (1) grav i ta tional faults run ning N–S and caus -
ing dis place ment of the north ern and south ern parts of the
Val ley of the Vol ca noes; (2) steep, grav i ta tional faults run -
ning NW–SE and WNW–ESE, which close the Val ley of
the Vol ca noes in the vi cin ity of Orcopampa and Ayo and
also cut the Andahua lava flows in the cen tral part of the
val ley (Figs 2, 3); (3) sinistral strike-slip faults, ap prox i -
mately ori ented NE–SW, de vel oped in the cen tral part of
the Val ley of the Vol ca noes; (4) W–E ori ented faults ob -
served on the sur face of the Andahua lavas at Mojonpampa
(Fig. 12).
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Fig. 12. Andahua Group in the Huambo re gion (af ter Ga³aœ,
2008; mod i fied). See Fig. 2 for ex pla na tion



The sys tem (1) can be ob served at the bor ders of the
Val ley of the Vol ca noes: Chipchane–Santa Rosa and along
Panahua–Cerro Mauras (Fig. 2). Lava domes and pyro-
clastic cones of the Andahua Group are aligned mainly
along the sys tems (2), (3) and (4). The sec ond sys tem fol -
lows the line Ticsho–Cochapampa–Jenchana–Ucuha and
also A6–Chico–Chilcayoc–Chilcayoc Grande (Figs 2, 3).
The third sys tem is rep re sented by erup tive cen tres along
the line Jenchaña–Ninamama and also Cerro Toruyoc–
Sucna (Fig. 3). This is a trans verse sys tem in the Val ley of
the Vol ca noes which forms struc tural steps. The fourth sys -
tem is par al lel to the ori en ta tion of the Colca Can yon and
the erup tion cen tres on the Mojonpampa align ing it in the
region of Huambo (Fig. 12).

PETROGRAPHIC AND GEO CHEM I CAL
CHAR AC TER IS TICS OF THE ANDAHUA

VOL CA NIC ROCKS

The Andahua lavas are dark grey or black and red dish
on weath ered sur faces in the zone be low 3,000 m a.s.l. be -
cause of higher ex ter nal tem per a tures. Tephra from vol ca -
nic cones is mostly black, only close to crat ers, ag glom er -
ates of bombs ce mented with lava and sco ria be come red.
Ashes are black, some times with white lay ers of clay min er -
als. Po ros ity of all lavas is 10–20%, while sco ria from
pyroclastic cones shows po ros ity of 40 to 70%. Block lavas
squeezed out of the domes are sig nif i cantly less po rous,
some times be com ing megascopically mas sive near erup tive 
vents or in internal parts of lava flows.

Hypocrystalline-por phy ritic rocks with gen er ally low
con tent of pheno crysts (up to 15%; ex cep tion ally to 70%;
sam ple VO2) are most com mon among the Andahua Group. 
Aphyric-felsitic rocks are also abun dant. The groundmass is 
of hyalopilitic, felsitic or microcrystalline tex ture. The rocks
are po rous, rarely dense, their fab ric ir reg u lar or fluidal.
Pheno crysts are rep re sented by plagioclase, pyroxene, horn-
blende, ol iv ine or rarely bi o tite and al kali feld spar.

Phenocrysts of the plagioclase reach the size of 2 to 6
mm in dif fer ent lava flows. They are usu ally cor roded to a
vari able ex tent; they dom i nate also among microlites and
microcrysts. Com po si tion of this gen er a tion is just slightly
more acid than that of the pheno crysts. I found lavas with
sig nif i cant dom i na tion of plagioclase pheno crysts in domes
in the re gion of Huambo (Fig. 12, sam ple LE3) and Cerro
Coropuna (Fig. 7, sam ple CM).

In ves ti ga tion of pheno crysts by means of an elec tron
microprobe (Delacour, 2002) proved the oc cur rence of
zonal plagioclase An63-72 in ba salt and An29-49 in dacite. In -
ter me di ate el e ments like lab ra dor ite-an de sine oc cur more
fre quently in an de site. Zones rich in glass in clu sions have
been found in pheno crysts of the plagioclase (Delacour,
2002).

Pyroxene, af ter plagioclase, is a typ i cal phenocryst
min eral in many sam ples from the Andahua Group. Augite
is in ma jor ity among pyroxene; en sta tite is also pres ent in
some lavas. Ortho- and clinopyroxenes are usu ally sig nif i -
cantly pick led and changed. They be come a com po nent of

the groundmass in some sam ples. Ex cep tion ally large (4
mm) pheno crysts of pyroxene oc cur in the lavas of the
south ern part of the Mojonpampa lava field (sam ple
H015b). Py rox enes are pres ent, as dom i nant pheno crysts, in 
lavas oc cur ring near Cerro Ticlla (Fig. 5, sam ple A14) and
Cerro Cajchaya (Fig. 6, sample AR2).

I also ob served rocks where am phi boles rep re sented by
oxyhornblende (ba saltic hornblende) were dom i nat ing
pheno crysts. They oc cur in var i ous forms start ing from
com plete crys tals to such forms where they are partly or to -
tally re placed by glass or microlites. Quite fre quently, opa -
cite rims are well de vel oped (Fig. 12, HU2). Nu mer ous
crys tals of oxyhornblende oc cur in the Rio Tambo val ley
(Fig. 2, sam ple DK3), in the Rio Sora val ley (MS1), and in
the lava field be tween Ticsho and Yanamauras volcanoes.

Ol iv ine is rep re sented by for ster ite-rich mem bers con -
tain ing large ad mix tures of Cr and Ni. Its pheno crysts are
some times strongly me chan i cally dam aged (protoclase)
with cor ro sion holes, or ap pear in the form of skel e tal crys -
tals. The pheno crysts of ol iv ine from Cerro Uchan vol cano
in Gloriahuasi zone (Fig. 10, sam ple H44) bear en ve lopes of 
iddingsite, in clu sions of ore-bear ing min er als and show
protoclase and cor ro sion. Ol iv ine oc curs in a few sam ples
col lected by the au thor in the study re gions (Fig. 1), but they 
are dom i nant in the lavas from Cerro Nichol son (near Are-
quipa) which were clas si fied as the Andahua Group by
Delacour et. al. (2007).

Felsitic, microfelsitic and hyalopilitc ground mass is
built mainly of var i ous amounts of plagioclase, pyroxene
and glass. Ol iv ine, quartz and ore min er als (titanomagnetite
and Fe ox ides) oc cur there as ac ces sory min er als.

Chem i cal anal y ses have proved high con tent of al ka lis,
with so dium pre vail ing over potasium. The con tents of SiO2

pub lished by Weibel and Fejér (1977) are 54–63% and
those ana lysed by Delacour et al. (2007) 52.1–68.1% , but
the sec ond au thors pre sented re sults up to 64.9 % only. My
sam ples showed a wide range of sil ica con tents: 52.4 to 67.9 
%, and in the ma jor ity of the rocks within the range of
54–62%. The con tent of K2O was equal to 1.4–3.3% and
that of Na2O 3.4–5.4% (Ta ble 3) with to tal al ka lis of 5.2–
8.1 %. Con tents of alu mina, iron and cal cium were close to
av er age con tents in the spec trum of trachyandesites and
latites (Le Maitre, 1976).

Pro jec tion points of the ana lysed lavas from the Anda-
hua Group on the TAS di a gram of chem i cal clas si fi ca tion of 
vol ca nic rocks (Le Maitre et al., 1989) con cen trate in the
lower part of the trachyandesite field, en ter ing also the ba -
saltic trachyandesite or trachyte/trachydacite fields (Fig.
13). There fore, they show a slightly al ka line af fin ity. Sin gle
sam ples are lo cated in the ba salt and an de site fields. Tak ing
into con sid er ation ad di tional cri te ria, the ana lysed lavas
cor re spond mainly to three types of rocks: benmoreite, latite 
and mugearite. The lavas from Cerro Nichol son in ves ti -
gated by Delacour et al. (2007) be long to shoshonites. The
lavas com ing from Cerro Coropuna near Paula gold mine
are much more silic and ap pear on the di a gram at the same
po si tion as trachydacite, close to the dacite and rhy o lite
fields. Lavas from the Chipchane lava dome ap pear on the
di a gram at the in ter me di ate po si tion be tween trachyandesite 
and trachydacite, but they are classified as trachyte.
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Lavas in the vi cin ity of Andagua con tain nu mer ous xe -
no liths of white quartz ite of the Yura Group (Caldas, 1993). 
Quartz ite lay ers are ubiq ui tous in the Val ley of the Vol ca -
noes and most prob a bly oc cur also in the graben filled with
lava.

My anal y sis of spa tial vari a tions of lava chem is try
gives the fol low ing re sults:

– benmoreite dom i nates in the north ern and cen tral
parts of the Val ley of the Vol ca noes in clud ing the Rio Sora
val ley (Yana Mauras, Cochapampa, Fig. 2);

– latite is in ma jor ity in the cen tral and south ern parts of 
the Val ley of the Vol ca noes (Ucuya, Jechapita and Sucna,
Fig. 3), and dom i nates south of the Colca Can yon in
Huambo re gion (MJ3, SO8, Fig. 12);

– benmoreite (Llajuapampa, CP4) and mugearite
(Marbas Grande, GL8) are rep re sented by lavas from the re -
gion of Jarán (Fig. 10);

– latite and benmoreite oc cur in the Chivay re gion
(Fig. 9);
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Ta ble 3

Ma jor el e ments com po si tion of ig ne ous rocks from Andahua Group
(ICP-OES at Ac ti va tion Lab o ra to ries Ltd. – ACTLABS (Can ada))

Region A. Valley of the Volcanoes B C

Sample MS1 YM1 DK3 VCO ARCH1 C1A AC3 J1 CH2S AS1 AYO5 MAM3 A14 AR2 CM VM21

[wt.%]

SiO2 59.51 58.50 60.21 57.24 61.76 57.79 58.83 59.13 57.75 60.30 61.09 58.61 54.36 55.28 67.00 59.60

TiO2 1.30 1.30 0.98 1.31 1.00 1.27 1.14 1.16 1.34 1.09 1.05 1.21 1.50 1.43 0.53 1.19

Al2O3 16.96 16.88 15.95 16.66 15.90 16.93 16.75 16.74 17.04 16.19 16.41 16.81 16.98 17.09 14.73 16.65

Fe2O3 6.15 6.92 5.82 7.17 5.42 6.64 6.20 6.05 6.75 6.44 5.64 6.63 8.01 7.56 3.02 5.92

MnO 0.07 0.08 0.08 0.09 0.08 0.08 0.07 0.08 0.08 0.08 0.07 0.08 0.10 0.10 0.05 0.07

MgO 2.39 2.72 2.75 3.60 2.23 2.69 2.39 2.37 2.85 3.03 2.35 2.90 4.00 3.36 1.11 2.39

CaO 5.16 5.90 5.44 6.60 4.66 6.08 5.40 5.39 6.16 5.28 5.37 5.93 6.92 6.50 2.89 5.29

Na2O 4.83 4.71 4.26 4.39 4.91 4.49 4.94 4.51 5.43 3.99 4.63 4.57 4.80 5.16 4.40 5.15

K2O 3.13 2.57 2.56 1.80 3.02 2.44 3.02 2.58 2.52 2.91 2.90 2.64 1.78 2.05 3.51 2.87

P2O5 0.65 0.61 0.45 0.47 0.47 0.51 0.64 0.47 0.65 0.39 0.50 0.57 0.54 0.61 0.20 0.58

LOI 0.61 0.33 2.04 1.38 0.21 0.56 0.20 -0.01 0.10 0.75 0.13 0.49 0.17 0.29 1.33 0.27

Total 100.80 100.50 100.50 100.70 99.65 99.50 99.59 98.47 100.70 100.40 100.10 100.40 99.15 99.43 98.77 99.98

Region D E. Rio Colca Valley F. Jaran G. Huambo

Sample HT1 OC1 CAN5 CAN1 CAL2 LAR12 H010 MBS CP4 GU12 H58 H44 GL8 SO8 HU2 MJ3 LE3

[wt.%]

SiO2 54.51 59.21 59.78 58.4 57.35 57.41 57.66 55.72 58.89 53.51 55.55 52.35 52.13 58.78 55.39 58.69 59.57

TiO2 1.51 1.19 1.18 1.17 1.36 0.97 1.27 1.43 1.15 1.57 1.63 1.40 1.97 0.99 1.21 1.02 0.98

Al2O3 16.34 16.66 16.76 16.65 16.36 15.82 16.73 16.71 16.54 16.14 16.62 17.2 15.97 16.2 16.25 16.46 16.19

Fe2O3 8.11 6.15 6.19 6.20 6.68 5.69 6.38 7.51 5.82 7.14 7.37 8.22 9.04 6.20 6.82 7.09 6.24

MnO 0.11 0.08 0.07 0.07 0.08 0.07 0.08 0.09 0.07 0.09 0.08 0.11 0.11 0.10 0.08 0.09 0.09

MgO 4.32 2.61 2.44 2.39 2.52 2.21 2.51 3.35 2.34 2.84 2.98 3.69 3.91 2.78 3.31 3.06 2.98

CaO 6.81 5.38 5.30 5.19 5.78 5.18 5.52 6.64 5.80 6.72 6.46 7.38 7.12 5.40 7.28 5.49 5.73

Na2O 4.39 4.64 4.84 4.70 4.74 4.53 5.18 4.21 5.06 4.84 5.23 4.57 4.01 3.66 3.27 3.57 3.98

K2O 2.09 2.75 3.05 2.83 2.60 2.95 2.97 1.94 2.94 2.45 2.33 2.11 2.02 3.34 1.73 2.98 3.29

P2O5 0.63 0.59 0.59 0.59 0.71 0.48 0.66 0.66 0.59 0.84 0.80 0.56 1.06 0.34 0.55 0.33 0.32

LOI 0.52 0.39 0.00 0.20 -0.01 0.18 0.49 1.30 1.70 0.10 0.33 1.40 0.60 1.00 3.53 1.41 1.38

Total 99.35 99.65 100.2 98.4 98.19 95.50 99.44 99.56 100.90 96.23 99.38 98.99 97.94 98.82 99.43 100.20 100.80

Fig. 13. Po si tion of the Andahua vol ca nic rocks from re gions
A-G on the TAS di a gram



– an de site bear ing the mean con tent of po tas sium typ i -
cal for calc-al kali vol ca nism ap pears in a crater lo cated on
the Cerro Jajacuchu ridge (Fig. 12).

Ac cord ing to my ob ser va tions, the old est lavas (of the
first gen er a tion) cor re spond ing to trachyandesite from the
cen tral part of the Val ley of the Vol ca noes are dom i nant
(Ucuya, VCO, Rio Tambo; Figs 2, 3) also in all other re -
gions. The lava from the Colca Val ley (OC1, CAN1, Fig. 9)
and from Huambo re gions (LE3, Fig.12) are rep re sented by
latite. Mugearite is dom i nant in the re gion of Gloriahuasi
(GL8, GU12, Fig. 10) and it is com mon in the lava field in
the Shila sector (A14, Fig. 5).

The sec ond gen er a tion is more var ied and it oc curs in
all re gions. It rep re sents all classes sub di vided on the TAS
di a gram. The sam ples from Cerro Tururunca (H44, Fig. 10)
and Cerro Coropuna (CM, Fig. 7) are most out stand ing
among all Andahua vol ca nic rocks. Mugearite from C.
Tururunca has the low est con tent of SiO2 and the high est
amount of CaO. This vol cano is near est to the Pa cific coast
line (92 km) from all vol ca nic cen tres of the Andahua
Group. On the con trary, the trachidacite from Cerro Coro-
puna has the high est con tents of SiO2, K2O and the low est
amount of CaO. Cerro Coropuna is 142 km far from the Pa -
cific coast. In the Val ley of the Vol ca noes, char ac ter is tic is
trachite from the Puca Mauras volcano.

The youn gest lavas erupted in the Val ley of the Vol ca -
noes and in the Antapuna re gion (Pumaranra, Fig. 6) only.
On the TAS di a gram, they are pro jected ex actly in the field
of trachyandesites, like benmoreites and latites.

DIS CUS SION OF RE SULTS

The Andahua Group is one of the youn gest and the least 
in ves ti gated vol ca nic groups in South Amer ica. The lat est
in ves ti ga tions (Delacour et al., 2002; Thouret et al., 2002;
Ruprecht & Wörner, 2007; SÝrensen & Holm, 2008) have
proved that it is char ac ter ised by a rel a tively var ied min eral
and chem i cal com po si tion.

My stud ies emphasise the im por tance of the fact that
vol ca nic ac tiv ity of the group was spread in time and space.
The old est erup tions prob a bly took place in the Mid dle
Pleis to cene in the ar eas of Gloriahuasi and Antapuna and
also in the Val ley of the Vol ca noes. The youn gest ef fu sive
ac tiv ity took place in the Val ley of the Vol ca noes along the
Jenchana–Ninamama fault. An ac tive fumarole was obser-
ved near Ninamama vent in 2003. Re cent ac tiv ity of many
cen tres sug gests that fu ture eruptions may be expected.

Erup tion cen tres and lavas of the Andahua Group oc cur 
in the area whose di men sions are 110 by 110 kilo metres.
I distinguished six lava fields and iden ti fied 118 lava
domes, crat ers, and 47 pyroclastic cones (Ta ble 2). It means
that the Andahua Group can be clas si fied as a large ba salt
vol ca nic field (Connor & Conway, 2000). De spite sig nif i -
cant distances be tween the erup tion cen tres, their styles of
ac tiv ity were usu ally sim i lar. The in ter preted erup tion styles 
were of Ha wai ian type at domes and fis sures and Stromboli
or rarely Vulcano type at sco ria cones. The only dome of
acid lava (Cerro Coropuna – trachydacite) might have

bought di sas trous ex plo sions but gla cial ero sion re moved
their traces, if any.

Lava ef fu sions have been dom i nat ing over pyroclastic
ejec tions. Lava flows when run ning down the slopes ob -
structed val ley sys tems chang ing courses of river beds and
formed lakes. Lavas are the main prod uct of the Andahua
vol ca noes. The av er age thick ness of in di vid ual flows is usu -
ally 15–80 m, how ever, in some fields it may ac cu mu late up 
to 120 m.

The cat a logue of erup tion cen tres and maps of ranges in 
par tic u lar fields show the au thor’s at tempt to de ter mine the
dis cussed vol ca nic ac tiv ity in time and space and be comes a 
base of out put data for the dis cus sion on the ques tion what
should be called the Andahua Group and which cri te ria al -
low to de ter mine the newly dis cov ered erup tion cen tres as
the mem bers of the group. For ex am ple, the Santo Tomas
Group de scribed by Moncayo (1994) and lo cated in the val -
ley of the same name, about 70 km north of Caylloma, is
prob a bly a lithostratigraphic equiv a lent of the Andahua
Group. It is of sim i lar form, age (only of the first gen er a -
tion) and petrographic char ac ter and lo cated about 70 km
northeast of the Pumaranra Andahua lava dome.

Lavas from the Cerro Nichol son vol cano near Arequipa 
are also as signed to the Andahua Group by Delacour et al.
(2007) de spite the fact that the dis tance from it to the Val ley
of the Vol ca noes ex ceeds 100 km and the near est Andahua
erup tive cen tre is ap prox i mately 80 km away. Chem i cal
com po si tion (Delacour et al., 2007) shows that the rocks are 
a lit tle bit too al ka line (shoshonites), which ap pear slightly
aside on the TAS di a gram when com pared to the other lavas 
from the group. How ever, their form and erup tion style are
anal o gous those of the Andahua Group, i.e. rep re sent a
monogenetic cone with a short lava flow. Sim i lar forms but
much more dis tant can be ob served near Cusco/Sicuani,
where the Quimsachata vol ca nic rocks also are clas si fied as
shoshonites (Delacour et al., 2007), and in the Pancaurani
vol ca nic rocks in the Tacna region (Caldas, 1993).

It hardly pos si ble that Ho lo cene lava flows orig i nat ing
un der neath the ice cap on the sum mit of the Coropuna
stratovolcano (i.e. at an al ti tude of at least 5,500 m a.s.l.)
also be long to the Andahua Group. They cover gla cial sed i -
ments, the age of which is ap prox i mately 10,000 years BP.
The chem i cal and petrographic char ac ter is tics of the
Coropuna and Andahua Group lavas show dif fer ent or i gin
(Venturelli et al., 1978).

CON CLU SIONS

Five sea sons of field stud ies made it pos si ble to de fine
the ar eal ex tent, cen tres of erup tion and ap prox i mate age of
the Andahua Group. The Andahua lavas stretch out at in ter -
vals in an area that is at least 110 km long and 110 km wide.
Seven vol ca nic re gions bear ing cen tres of erup tion have
been dis tin guished, namely: the Val ley of the Vol ca noes,
Antapuna, Rio Molloco, Laguna Parihuana, the Rio Colca
Val ley, Jaran and Huambo. Each re gion con tains sev eral
lava fields com posed of sin gle or se quen tial lava flows,
pyroclastic cones and many cen tres of lava ef fu sion, in clud -
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ing domes and fis sures (Ta ble 1). The Val ley of the Vol ca -
noes is the larg est re gion where volcanic products are most
common.

The to tal num ber of cen tres amounts to 165. A typ i cal
cen tre of erup tion is a small lava dome aligned most prob a -
bly along the feed ing fis sures. Erup tion style is of the Ha -
wai ian type. The sec ond group of cen tres are sco ria cones
show ing the Stromboli style of eruption.

Some fields can be clas si fied as monogenetic, but the
Andahua Group cor re sponds rather to ba saltic vol ca nic
fields. There oc cur clus ters or poly gen etic vol ca noes which
have erupted many times.

The lavas of the Andahua Group be long mainly to
trachyandesites, en ter ing also the ba saltic trachyandesite or
trachyte/trachydacite fields.

Erup tive cen tres of the Andahua Group are aligned
mainly along the fault sys tems trending NW–SE and NE–
SW. This is ad e quate to the inter-moun tain graben in the
Val ley of the Vol ca noes that con tin ues to the Gloriahuasi
re gion at the op po site bank of the Colca Can yon. There are
so many proofs of quite re cent ac tiv ity of the nu mer ous cen -
tres that fu ture erup tions may be expected.
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