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Abstr-art.—The J l i t u G r o u p c o n s i s t s of g e n e r a l l y c o a r s e 
c l a s t i c s - trata a n d v o l c a n i c r o c k of P e r m i a n a n d ( o r ) T r i a s s i c 
age filling e l o n g a t e b a s i n s t h a t p a r a l l e l t h e g e n e r a l s t r u c t u r a l 
t r e n d of t h e P e r u v i a n A n d e s . V o l c a n i c r o c k s of t h e M i t u 
G r o u p i n c l u d e p e r a l k a l i n e a n d n o n p e r a l k a l i n e r h y o l i t e a n d 
s u b a l k a l i n e b a s a l t . T o o u r k n o w l e d g e , t h e p e r a l k a l i n e r h y o l i t e s 
a r e t h e first of t h i s r o c k t y p e r e p o r t e d f r o m S o u t h A m e r i c a . 
T h e p r e s e n c e of a p p r e c i a b l e v o l u m e s of p e r a l k a l i n e r h y o l i t e 
a n d b a s a l t s u p p o r t s t h e i n t e r p r e t a t i o n t h a t t h e M i t u G r o u p 
w a s d e p o s i t e d i n m a j o r g r a b e n s t r u c t u r e s t h a t r e s u l t e d f r o m 
l i t h o s p h e r i c e x t e n s i o n p r o d u c e d by r i f t i n g or p o s s i b l e l ) a c k -
a r c e x t e n s i o n . 

The central Andes have a long and involved tectonic 
history. Mesozoic tectonism is relatively well known, 
and the basic features of Cenozoic deformation and 
u p l i f t presently are being worked out. Western South 
America also underwent major deformation prior to 
the Mesozoic, a fact long known but not generally 
appreciated. 

Precambrian rocks are exposed i n various places in 
Peru and northern Argentina (Dalmayrac and others, 
1971). A major pulse of deformation affected v i r tual ly 
the entire central Andes at the close of the Devonian 
(Megard and others, 1971; He lwig , 1972, 1973), and 
i t is not unreasonable to suspect the presence of one 
or more early Paleozoic episodes. Minor vertical move
ment appears to have taken place i n Peru dur ing the 
Mississippian (Megard and others, 1971). 

Southern Peru appears to have undergone compres
sive deformation dur ing the early Permian (Megard 
and others, 1971; Audebaud and Laubacher, 1969). 
Elsewhere, late Paleozoic tectonism appears to have 
been largely extensioiial, w i t h the apparent formation 
of major graben structures oriented parallel to the 
general structural grain of the region (Megard, 1973; 
Newell and others, 1953). 
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Eedbeds, conglomerates, and volcanic rocks asso
ciated w i t h the graben structures comprise the M i t u 
Group (fig. 1 ) , which postdates Lower Permian marine 
strata of Late Triassic and locally Middle Triassic 
(Ladinian) age (Levin, 1974). Stewart, Evernden, and 
Snelling (1974) report a potassium-argon age of 251 
mi l l ion years obtained on a pluton that intrudes the 
M i t u Group i n central Peru. A rubidium-strontium 
isocliron age of 238 ± 16 m.y. has been obtained for 
the batholith of L a Merced i n central Peru (Francois 
Megard, unpub. data, 1976). This pluton intrudes 
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F I G U R E 1 . — M a p of P e r u s h o w i n g d i s t r i b u t i o n of r o c k s of 
M i t u G r o u p a n d c o r r e l a t i v e u n i t s ( f r o m D a l m a y r a c a n d 
o t h e r s , 1971) a n d l o c a t i o n s r e f e r r e d to i n t e x t . 
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Lower Permian marine i-ocks and is nnconformably 
overlain by rocks of the ujjper part of the M i t u Group 
and by Ladinian marine strata. Both radiometric ages 
suggest that an appreciable part of the M i t u Group 
is of Permian age. 

Al though tlie volcanic rocks of the M i t u Group are 
voluminous, areally extensive, and, i n many places, 
remarkably well exposed and preserved, they are 
v i r tua l ly unstudied. This paper reports on preliminary 
field, petrographic, and chemical studies which demon
strate that certain volcanic rocks of the M i t u Group 
are of the type commonly erupted in regions under
going active extension. 
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VOLCANIC ROCKS OF THE MITU GROUP 

Volcanic rocks of the M i t u Group are well exposed 
i n the mountain range nortlieast of Ayacuclio, i n 
central Peru (fig. 1) , where they have been mapped 
by Megard and Paredes (Megard, 1973) and studied 
i n the field by Noble. Tlie ^'olcanic rocks, which have 
a total preserved thickness of 1500 to 2000 m, consist 
of roughly equal amounts of silicic lava and tuff and 
olivine-bearing basalt. The volcanic rocks overlie 
clastic strata of the M i t u Grouj), which i n t u r n nn
conformably overlie rocks of the Copacabana Group. 
The M i t u is subhorizontal in the central part of the 
range and dips moderately to the southwest along the 
w^estern flank of the range (Megard, 1973). 

The volcanic rocks are well preserved. For this 
reason, a potassium-ai'gon age determination was made 
on a dense, holocrystalline specimen of comendite 
lava to rule out the possibility that the rocks are of 
Tert iary age. The age of 131 m.y. (table 1) indicates 
that the rocks are definitely pre-Cenozoic. The age, 
however, represents a ni ininuim age for the lava be
cause the M i t u Group was affected by low-grade 
metamorpliism during the Mesozoic (Megard, 1968, 
1973; Stewart and others, 1974; and pefrologic evi
dence presented below). 

Many outcrops of silicic lava show the coarse grano-
phyric texture typical of crystallized peralkaline 

T . V B L E 1 . — A n a l y t i c a l data for potassiumargon age determina
tion on eotnendite sample AYA-PAT^ 

[ A r g o n a n a l y s e s by M. L. S i l b e r m a n u s i n g 
s t a n d a r d i s o t o p e d i l u t i o n p r o c e d u r e s ; 
p o t a s s i u m a n a l y s e s by L. F. Espos u s i n g 
X - r a y f l u o r e s c e n c e methods. C o n s t a n t s : 
'•0KAE+'+0KAe'=O.581xlO~l°/yr; '+OKX 6=4. 962x 
I Q - l O / y r . A t o m i c abundance '+°K=1.167x 
10"'* mole/mole. ] 

K G 
( w t . % ) 

R a d i o g e n i c 
Ar (mole/gm 
X 1 0 - 1 0 ) 

R a d i o g e n i c Age 
Ar ( p e r c e n t ) (m.y.) 

3.80 7.079 98 

3.72 7.621 94 

3.76 7.350 131±5 
( A v e r a g e ) ( A v e r a g e ) 

12 outcrops, most along the road between Ayacucho 
and San Miguel (fig. 1) , reveal micrographic inter-
growths of quartz and alkal i feldsjiar. The feldspar 
is clouded w i t h fine-grained white mica probably 
formed during the low-grade metamorphism. Pheno-
crysts of quartz and alkal i feldspar are present i n some 

T A B L E 2 . — M a j o r - e l e m e n t analyses of eomcndites and a basalt 

AYA- PAN Tower AYA-lOA 

Type of 
a n a l y s i s A B C D 

SiO^ 76.7 — 75.3 49.8 

A I 2 O 3 

Fe as FeO 

11.6 11.1 12.2 16.3 A I 2 O 3 

Fe as FeO 2.68 2.52 3.8 11.6 

MgO 0.13 — 0.21 4.92 

CaO 0.125 — 0.31 9.8 

Na^O 3.5 3.28 4.5 2.62 

K^O 4.12 — 3.4 0.98 

H^O 

TiO^ 0.13 0.10 0.23 

1.0 
2.0 

MnO 0.050 0.063 — 0.19 

T o t a l 99.9 100.0 99.2 

A. Average of t h r e e 
methods (Hebert and 

d e t e r m i n a t i o n s 
S t r e e t , 1 974). 

by X-ray f l u o r e s c e n c e 

B. By n e u t r o n a c t i v a t i o n methods s i m i l a r to those d e s c r i b e d 
by Perlman and Asaro ( 1 9 6 9 ) . 

C. By n o n d e s t r u c t i v e X-ray f l u o r e s c e n c e methods; W. Kemp, 
a n a l y s t . 

D. _ By atomic a b s o r p t i o n methods, D. Bowden, a n a l y s t . S = 
<0.005 weight p e r c e n t . 

Sample l o c a t i o n s : 
AYA-PAN, 13°00.4' S., 74''06.0' W. 
Tower, 12°58.7' S., 74°06.2' W. 
AYA-lOA, 12°57.2' S., 74°01.4' W. 
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T A B L E 3 . — M m o r - c J c m c n t analyses, in parts per million, of 
peralkaline rhyolite AYA-l'AX 

[ A n a l y s i s A by n e u t r o n a c t i v a t i o n methods 
s i m i l a r t o t h o s e o f Perlma n and A s a r o 
( 1 9 6 9 ) ; a n a l y s i s B by s e m i q u a n t i t a t i v e 
( s i x - s t e p ) o p t i c a l e m i s s i o n s p e c t r o g r a p h i c 
methods s i m i l a r t o t h o s e o f M y e r s , Havens, 
and D u n t o n ( 1 9 6 1 ) , C h r i s H e r o p o u l o s , 
a n a l y s t , e x c e p t v a l u e s i n p a r e n t h e s e s 
by X -ray f l u o r e s c e n c e methods, L. F. Espos, 
a n a l y s t ; — , n o t d e t e r m i n e d ; N, n o t d e t e c t e d . ] 

Element A 
Cs 3.3 
Rb 167 
Ba 80 
Sr 
Pb 
La 44.4 
Ce 116 
Nd 34 
Sm 7.5 
Eu 0.064 
Tb 2.2 
Dy 14,0 
Yb 9.8 
Lu 1.40 

Th 30 
U 6.0 
Zr 
Hf 17 
Nb 
Ta 2.64 
Cu 
Co 0.40 
N i 3 
Sc 1.78 
V 

Zn 5 1 
Ga 
Be 
As 1'9 
Sb 0.6 

B 

(148) 
70 
2 0 ( 4 8 ) 
30 
50 

150 
N 
N 
N 
N 
N 
10 

100 
N 
N 

700 
N 
30 
N 
3 
N 
N 
N 
10 

2 
N 
15 

3 

rhyolite. T h i n sections of peralkaline rhyolites from 
of the rocks. Aggregates of very fine grained iron 
oxides are texturally akin to those that replace 
original poiki l i t i c grains and granular aggregates of 
groundmass sodic amphibole in comendites and jiantel-
lerites that have cooled under oxidizing conditions. 

Chemical analyses have been made on two specimens 

of comendite (sami)les A Y A - P A N and Tower, tables 
2 and 3) . A n original peralkaline chemistry is shown 
by a number of major- and minor-element characteris
tics. Tlie most distinctive chemical feature of peralka
line silicic rocks is their unusually high iron content 
(Noble, 1968; Macdonald, 1975). The comendites from 
the M i t u Group are very highly differentiated, as 
shown by the very low contents of Ca, M g , Sr, Ba, E u , 
Co, Cr, and N i . Nonperalkaline rhyolites w i t h com-
l^arably high S i 0 2 and depleted alkaline earth con
tents have total iron contents of less than 1.5 weight 
percent and typical ly less than 1 weight percent, 
whereas the rhyolites from the M i t u Group have 
total iron as FeO contents of 2.6 and 3.8 weight 
percent. Peralkaline rhyolites also have h igh to very 
high concentrations of zirconium, hafnium, y t t r i u m , 
and the heavy rare earths (Ewart and others, 1968; 
Noble and others, 1969; Macdonald and Bailey, 1973), 
elements that are markedly depleted i n very highly 
differentiated nonperalkaline rhyolites. The high con
tents of i ron , zirconium, hafnium, y t t r i u m , and the 
heavy rare earths result from the presence of excess 
alkal i i n the magma, which stabilizes iron and large 
highly charged cations w i th in the melt (Dietr ich, 
1968; Noble, 1968; Noble and Haf f ty , 1969; Melchior-
Larsen and Steenfelt, 1974). Peralkaline silicic melts 
have high Fe*VFe*^ ratios and are characterized by 
low oxygen fugacities (Noble, 1968; Nicliolls and 
Carmiehael, 1969). Very extensive feldspar separation 
and low oxygen fugacity dur ing intratel luric crystall i 
zation are demonstrated by the extreme europium 
depletion of specimen A Y A - P A N (table 3 ) ; the rock 
possesses only 2 percent of the europium that would 
be present in an unfractionated specimen having 
identical contents of the other rare earth elements. 
Similar depletion of europium has been found for 
a number of peralkaline rhyolites from the Western 
Fni ted States (D . C. Noble, impub. data, 1976). A p 
preciable, although not as extreme, depletion of euro
pium also has been reported in peralkaline rhyolites 
from New Zealand ( E w a r t and others, 1968) and 
Pantelleria ( V i l l a r i , 1975). Also highly suggestive of 
original ])eralkaline chemistry are the somewhat low 
AlaO;; and higl i T iOa contents of the rocks (see Noble, 
1968; Macdonald and Bailey, 1973). 

Despite the strong indications of peralkaline chem
istry, the rocks do not presently have an atomic excess 
of alkal i over aluminum, the chemical definition of 
peraikalinity. Loss of sodium during primary crystal
lization is a ubiquitous feature of peralkaline silicic 
igneous rocks (Noble, 1968; 1970; Macdonald and 
Bailey, 1973). Appreciable amounts of sodium thus 
almost certainly were lost during pr imary granophyric 



456 C O M E N D I T E ( P E R A L K A L I N E R H Y O L I T E ) A N D B A S A L T , P E R U 

crystallization. Potassium and perhaps additional 
sodium appear to have been lost later, probably dur ing 
metamorphism (compare Anderson, 1968) ; deuteric 
alteration producing fine-grained white micas does not 
occur dur ing natural pr imary crystallization of peral
kaline silicic magmas. Experience w i t h Cenozoic vol
canic rocks suggests that small amounts of magnesium, 
calcium, and strontium may have been added by 
groundwater subsequent to eruption. 

Peralkaline rhyolite is exposed over an area of at 
least 50 k m - between Ayacucho and San Miguel , and 
reconnaissance observations strongly suggest that sim
i lar rocks are present over a much larger area. A 
belt of rocks of the M i t u Group extends for almost 
200 k m from north of Ayacucho southeastward towards 
Cuzco (fig. 1 ) , and much of this belt may consist of 
originally peralkaline rhyolite. 

Silicic tuffs of the M i t u Group exposed east of Lake 
Jun in , near Tarma, and east of Huancayo (fig. 1) 
have been examined by Noble. These rocks contain 
appreciable amounts of phenocrystic biotite, a mineral 
that is rare i n peralkaline rhyolite. I t thus appears that 
part of the volcanic rocks of the M i t u Group consists 
of nonperalkaline rhyolite. 

A chemical analysis of a specimen of olivine-bearing 
basalt (sample A Y A - l O A , table 2) is very similar to 
those of many moderately potassic, somewhat differ
entiated, subalkaline basalts commonly erupted in 
continental areas undergoing crustal extension, such 
as the Western United States ( for examjjle, W r i g h t 
and others, 1973; Gunn and Watkins, 1970; Noble and 
others, 1973). 

DISCUSSION 

Peralkaline silicic volcanic rocks typically are 
erupted i n regions undergoing crustal extension. These 
include spreading centers i n oceanic regions and areas 
of continental r i f t i n g and back-arc extension ( for 
example, Bar th , 1945; LeBas, 1971: Baker and others, 
1972; Noble and Parker, 1975). I n such settings, 
peralkaline rhyolites are commonly associated w i t h 
appreciable volumes of nonperalkaline silicic volcanic 
rock, and the presence of nonperalkaline rhyolite in 
the M i t u Group does not contradict the tectonic i m 
plications of the i)eralkaline types. 

Available geologic and geochemical evidence strong
ly suggests that peralkaline silicic rocks are produced 
by the protracted fractionation of originally hy-
persthene-normative basaltic magma. The parental 
basaltic magma may have a considerable range in the 
contents of large-ion l ithophile elements (for example, 
Korr inga and Noble, 1972; Noble and Christiansen, 

1974). The presence of peralkaline rhyolite thus i m 
plies the generation and presence at relatively shallow 
levels of large volumes of mafic magma, a conclusion 
supported by the voluminous basalts associated wi th 
the peralkaline rhyolites. 

The tectonic regime responsible for crustal exten
sion and basalt-related volcanism i n Pern during 
latest Paleozoic and (or) earliest Mesozoic time is un
clear. Scattered data ( for example, B u r g l , 1967; 
Radelli, 1962; Pushcharovskiy and Arkhipov , 1972) 
suggest that extension and silicic alkaline volcanism 
occurred elsewhere along the west coast of South 
America at about the same time. Thus, extension and 
related volcanism could be ascribed to r i f t i n g asso
ciated w i t h the onset of major crustal fragmentation 
at the end of the Paleozoic. Both tectonic (Megard and 
others, 1971; Mi l l e r , 1971) and paleogeographic (Isaac
son, 1975) arguments favor the existence of a western 
extracontinental land mass dur ing the Devonian. This 
inferred land mass perhaps may be explained by a l 
ternative reconstructions (Le Pichon and Fox, 1971; 
Walper and Rowett, 1972; Vine, 1973; Van der Voo 
and others, 1976) that place northwestern South 
America in contact w i t h southeastern North America 
in the Permian. Such a land mass may have separated 
during the latest Paleozoic along a r i f t line approxi
mately parallel to the present Peru-Chile trench. 

The presence of a magmatic arc parallel to the axis 
of the Peru-Chile trench (Megard, 1973; James, 1971) 
shows unquestionably that by late Triassic time sub-
duction was occurring along the western coast of 
central South America. The onset of subduction 
probably followed an episode of r i f t i n g , as discussed 
above. However, i f , as suggested by He lwig (1972, 
1973), subduction occurred along the western coast of 
central South America dur ing M i t u time, then the 
faul t ing and peralkaline volcanism could perhaps be 
interpreted as an intracontinental analog of back-
arc extension. 
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