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<EOLOGY OF TOQUEPALA, PERU 

By Keuyon R i c h a r d 

and James H, C o u r t r i g h t 

Toquepala i s a p o r p h y r y copper d e p o s i t i n w h i c h raineraliz 
t i o n i s l o c a l i z e d by a l a r g e b r e c c i a p i p e f ormed i n c l o s e gene
t i c r e l a t i o n t o i n t r u s i v e r o c k s . The d e p o s i t i s i n s o u t h e r n Pe 
r u , 55 a i r l i n e m i l e s n o r t h o f t h e s m a l l c i t y o f Tacna and t h e 
"same d i s t a n c e i n l a n d f r o m t h e p o r t o f I l o , Q u e l l a v e c o and Cuaj 
ne, g e o l o g i c a l l y s i m i l a r d e p o s i t s , l i e 12 and 19 m i l e s n o r t h o 
Toquepala. Chuquicaraata i s kCO m i l e s t o t h e s o u t h . 

The d e p o s i t i s h i g h on t h e s o u t h w e s t e r n s l o p e about 20 mi
l e s f r o m t h e c r e s t o f t h e C o r d i l l e r a O c c i d e n t a l o f t h e Andes -
Chain. I t l i e s i n a mountainous d e s e r t where t h e s t e e p southwe 
t e r l y s l o p e o f t h e o f t h e Andes i s d i s s e c t e d by a s u c c e s s i o n o: 
r a p i d l y d o w n c u t t i n g , deep canyons. L o c a l t o p o g r a p h y i s modera 
l y rugged w i t h a d e n d r i t i c d r a i n a g e p a t t e r n and an e l e v a t i o n o 
8000 t o 14,000 f t . ^''olcanic peaks a l o n g t h e c r e s t o f t h e C o r d i 
l l e r a r i s e o v er 19,000 f t . 

L o c a l p r e c i p i t a t i o n , i n c l u d i n g a l i t t l e snow, amounts t o • 
about 10 i n . d u r i n g January and F e b r u a r y , b u t g e n e r a l r u n o f f i 
t h e r e g i o n i s s l i g h t . Throvighout s o u t h e r n Peru t h e s p r i n g s and 
streams a r e w i d e l y s e p a r a t e d . Crude c a n a l s i r r i g a t e s m a l l fa r i r . 
on t e r r a c e d s l o p e s a l o n g t h e streams and p r o v i d e sparse s u b s i s 
t e n c e t o t h e semi-nomadic i n h a b i t a n t s . 

D u r i n g t h e p a s t decade, e n g i n e e r i n g and g e o l o g i c a l e x p l o r 
a t i o n s o f t h e r e g i o n , as w e l l as t h e m i n e r a l d e p o s i t s t h e m s e l v 
as, have r e q u i r e d c o n s t r u c t i o n o f a n e t w o r k o f s e v e r a l hundrec 
m i l e s o f r o a d s . B e f o r e t h i s , r oads extended o n l y a few m i l e s -
i n l a n d . Many areas s t i l l can be rea c h e d o n l y by t r a i l . 

T oquepala was b r i e f l y d e s c r i b e d i n 19th c e n t u r y geographi 
c a l l i t e r a t u r e as a copper d e p o s i t , and i t r e c e i v e d d e s u l t o r y 
a t t e n t i o n f r o m C h i l e a n p r o s p e c t o r s e a r l y i n t h e p r e s e n t c e n t u r 
I t was f i r s t r e c o g n i z e d as a m i n e r a l i z e d zone o f p o s s i b l e r e a l 
i m p o r t a n c e by g e o l o g i s t 0„C. Schraedeman d u r i n g an e x p l o r a t i o n 
t r i p f o r Cerro de Pasco Copper Corp. i n 1937- The d i s c o v e r y wa 
l a t e as compared t o e a r l i e r r e c o g n i t i o n o f Chuquicamata, P o t r e 
r i l l o s and Braden o f C h i l e and Cer r o Verde o f s o u t h e r n Peru. -
T h i s was due p a r t l y t o t h e r e g i o n ' s d i f f i c u l t a c c e s s i b i l i t y bu 
p r i n c i p a l l y t o t h e obscure c h a r a c t e r o f t h e o u t c r o p e v i d e n c e c 
copper. 
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Proi t 193^ u n t i l 19'l2 Cerro cie i-asco Copper Corp. p a r t i a l ? -
e x p l o r e d t h e d e p o s i t by a d i t s and d i a n c n d d r i l l h o l e s . T h i s ca; 
a i j ^ n was sup;>lie.' b y a 60- rrale pack t r a i n c o n t i n - a o s l y si u t t l . L 
o v e r a 3 0 - i n i l c t r a i l . N c r t t i c r a ?eru i ' i n i n ^ : S - ' o l t i n g Co, a i / l -
l l y ox.'nod s u b s i d i a r y oT A . e r i c a r i g a o l t i n g t" • i . o r i n i n / j Co., i-ndc" 
too::.: x - C i'^icnal Qxii;±na-3r±nf: s t u d i o s i:;,.19':-5 d r i l l e x p l c r a t i c r 
i i i ly^'S» ...ccordinf, t o i ; u b l i G ! i e ( - d a t a t;ie d®i " s i t c r n t a i i . s hCO 
m i l l i o n t o n s o f open p i t ore a v e r a g i n g a l i t t l e o v er 1 p e t Cu. 
I t i s c u r r e n t l y u n d e r g o i n g l a r g e - s c a l e development b y Souther^ 
Peru Copper Corp. , w h i c h i s otvned by American S m e l t i n g &. H e f i ; 
i n g , F h elps Dodge, Cerro de Paaco, and Netraont M i n i n g . 

SuKimary o f Geology: The d e p o s i t i s s i t u a t e d i n a t e r r a n e 
composed o f Mesozoic ( ? ) and T e r t i a r y v o l c a n i c r o c k s i n t r u d e d 
by d i o r i t i c apophyses o f t h e Andean B a t h o l i t h . These f o r m a t i c : i 
a r e exposed i n a n o r t h w e s t e r l y t r e n d i n g b e l t about 15 m i l e s w i 
A l o n g t h e n o r t h e a s t t h e y a r e u n c o n f o r m a b l y o v e r l a i n by P l i o 
P l e i s t o c e n e p y r o c l a s t i c r o c k s , w h i c h occupy much o f t h e c r e s t 
o f t h e Andes, and a l o n g t h e southwest t h e y a r e c o v e r e d by t h e 
Moquegua f o r m a t i o n o f P l i o c e n e ( ? ) age. 

The m i n e r a l i z e d a r e a , o b l o n g i n shape and about 2 m i l e s • 
l o n g , has been a l o c u s o f i n t e n s e igneous a c t i v i t y . S e v e r a l -• 
s m a l l i n t r u s i v e b o d i e s h a v i n g i r r e g u l a r forms o c c u r w i t h i n an 
a d j a c e n t t o a c e n t r a l l y l o c a t e d , l a r g e b r e c c i a p i p e . The mush 
omshaped orebody c o n s i s t s o f a f l a t - l y i n g e n r i c h e d zone o f p i 
dominant c h a l c o c i t e w i t h a s t e m - l i k e e x t e n s i o n o f h3rpogene ch-
c o p y r i t e o r e i n d e p t h w i t h i n and a round t h e p i p e . 

T h i s b r e c c i a p i p e i s r e l a t i v e l y l a r g e and has been forme 
by r e p e a t e d e pisodes o f b r e c c i a t i o n . Small s a t e l l i t i c p i p e s o 
c u r a t random v / i t h i n a 2 - m i l e r a d i u s o f t h i s c e n t r a l p i p e . Th 
se t o o were i n d i v i d u a l sourceways o f m i n e r a l i z a t i o n , a l t h o u g h 
n o t alv/ays o f ore g rade. W i t h i n and around t h e zone o f b r e c c i 
p i p e s and m i n e r a l i z a t i o n t h e r e a r e a fexir f a u l t s and v e i n s , b r 
t h e s e a r e d i s c o n t i n o u s random s t r u c t u r e s o f m i n o r s i g n i f i c a n c 
There a r e no r e g i o n a l o r l o c a l systems o f f a u l t s o r o t h e r pi'.', 
a r s t r u c t u r e s r e c o g n i z e d w h i c h c o u l d account e i t h e r f o r t h e x:: 
c h a n i c a l development o f t h e b r e c c i a p i p e s o r f o r t h e i r l o c a i : . 
a t i o n as a group o r as i n d i v i d u a l s . 

H y d r o t h e r m a l a l t e r a t i o n i s p e r v a s i v e i n t h e zone o f miner 
a l i z a t i o n . C l a y m i n e r a l s appear t o be abundant i n p l a c e s , b u t 
t h e i r p e r c e n t a g e s a r e u n d e r t e r m i n e d . Quartz and s e r i c i t e a r e t 
p r i n c i p a l a l t e r a t i o n p r o d u c t s , and i n many i x i s t a i i c e s o r i g i n a l 
r o c k t e x t u r e s a r e o b l i t e r a t e d . The p r i n c i p a l s u l f i d e s , hypcger 
p y r i t e and c h a l c o p y r i t e and supergene c h a l c o c i t e , o c c u r m a i n l 
as vug f i l l i n g s i n t h e b r e c c i a and as s m a l l d i s c r e t e g r a i n s • 
s c a t t e r e d t h r o u g h a l l t h e a l t e r e d r o c k s . 



S u l f i d e v e i n l e t s a r e r e l a t i v e l y s c a r c e . S u l f i d e s a r e more abun 
d a n t and a l t e r a t i o n i s more i n t e n s e i n c e r t a i n r o c k u n i t s , sue 
as t h e d i o r i t e and most o f t h e b r e c c i a s . 

A l t h o u g h t h e Toquepala m i n e r a l d e p o s i t i s s i m i l a r i n mcs-'-
r e s p e c t s t o t h e p o r p h y r y copper d e p o s i t s o f south\irestern U.S.. 
i t most c l o s e l y resembles t h e Braden d e p o s i t o f C h i l e , as des
c r i b e d by L i n d g r e n and B a s t i n . J u d g i n g f r o m t h e i r s t a t e m e n t s .->• 
t h e forms and t e x t u r e s o f t h e b r e c c i a s and t h e i r p o s t u l a t i o n s 
o f age r e l a t i o n s h i p s , t h e i n t r u s i v e s , t h e b r e c c i a s , and t h e m. 
n e r a l i z a t i o n o f Braden have many c o u n t e r p a r t s a t Toquepala. 

Rock U n i t s and S t r u c t u r e : L a y e r e d v o l c a n i c s h a v i n g a tcfci 
t h i c l o a e s s o f more t h a n 5^00 f t a r e t h e o l d e s t r o c k s i n t h o are 
The lowermost u n i t i s a massive, r h y o l i t i c f l o w w i t h an expos? 
t h i c k n e s s o f 5^0 f t , l o c a l l y named t h e Q u e l l a v e c o f o r m a t i o n , J. 
base has n o t been observed. L i t h o l o g i c a l l y and s t r u c t u r a l l y t l ; 
f o r m a t i o n i s s i m i l a r t o t h e r h y o l i t e p o r p h y r y a t Cuaj one, vrhic'^ 
Lacy has t e n t a t i v e l y a s s i g n e d t o L a t e C r e t a c e ous. The v o l c a n i c 
sequence, w i t h t h e v a r i o u s f i e l d names a s s i g n e d , i s as f o l l o v / . 

T h i c k n e s s , 
Name F t C h a r a c t e r 

A l t a s e r i e s 3CGO M a i n l y p y r o c l a s t i c s ar 
i g n i m b r i t e s 

Toquepala s e r i e s I5OO M a i n l y r h y o l i t e and an 
s i t e f l o w s ( ? ) 

Majo r U n c o n f o r m i t y 
Q u e l l a v e c o q u a r t z 5OO R h y o l i t e p o r p h y r y f l o w 
P o r p h y r y 

G e n t l e f o l d s o c c a s i o n a l l y a r e seen, b u t r e g i o n a l d i p s o f • 
5^ t o 10° S¥ a r e p e r s i s t e n t . L e n t i c u l a r i t y o f c e r t a i n h o r i z o n s 
has been n o t e d w i t h i n t h e A l t a and, more p a r t i c u l a r y , t h e Toqu( 
p a l a s e r i e s . T h i s i s e x p l a i n e d by m i n o r e r o s i o n a l d i s c o n f o r m i t t 
On s t r u c t u r a l and l i t h o l o g i c grounds t h e A l t a and Toquepala se
r i e s may c o r r e s p o n d t o t h e Tacaza v o l c a n i c s ( T e r t i a r y ) o f Jenkf 
and Mewell. These men have r e c o g n i z e d t h e e r o s L o n a l i n t e r v a l -
between t h e S Ulapaca and o l d e r Tacaza v o l c a r i c o as sn importan-
one i n s o u t h e r n Peru and a c o r r e l a t i v e o f M r L a u g h l i n ' s Puna sui 
f a c e i s d e s c r i b e d as " l a t e m a ture" o r " o l d age''. H i g h accordant 
summits r e p r e s e n t i n g t h i s s u r f a c e a r e seen a few m i l e s n o r t h oi 
Toquepala. P r o j e c t e d t o Toquepala t h i s s u r f a c e may have e x i s t e c 
o n l y a c o u p l e o f hundred f e e t above t h e p r e s e n t h i g h e s t p o i n t -
o f t h e modern s u r f a c e o v e r t h e orebody. 



T h i s puna s u r f a c e i s b e l i e v e d t o have p l a y e d an i m p o r t a n t p a r t 
i n t h e e n r i c h m e n t h i s t o r y a t Toquepala. 

I n t h e Toquepala r e g i o n apophyses o f t h e d i o r i t e b a t h o l i t l * 
o f t h e Andes i n t r u d e t h e Q u e l l a v e c o , Toquepala and A l t a v o l c a n * 
i c s and comprise h a l f t h e s u r f a c e exposures x i ? i t h i n a r a d i u s o f 
s e v e r a l m i l e s o f t h e mine. C o n t a c t s w i t h t h e f l o w r o c k s a r e d i ^ 
c c r d a n t and u s u a l l y sharp b u t sometimes g r a d a t i o n a l . There a r e 
s m a l l - s c a l e i r r e g u l a r i t i e s i n t h e shape o f t h e c o n t a c t , b u t di>« 
kes o f d i o r i t e a r e n e t seen. C o m p o s i t i o n o f t h e d i o r i t e v a r i e s 
somewhat, b u t a c o n s i s t e n t b o r d e r f a d e s i s n o t a p p a r e n t . The •• 
v o l c a n i c s s e l d o n show any s p e c i a l , w e l l - d e f i n e d c o n t a c t e f f e c t s 
due e i t h e r t o raetamorphism o r s t r u c t u r a l d i s t u r b a n c e , a l t h o u g h 
t h r o u g h o u t t h e y have undergone a v e r y low g r a d e , u n i f o r m n e t a - -
morphism. I t i s i n f e r r e d t h a t t h e d i o r i t e b a t h o l i t h u n d e r l i e s -
t h e e n t i r e l o c a l i t y and t h a t i t was i m p l a c e d m o s t l y by a s s i m i l ^ 
t i o n r a t h e r t h a n i n j e c t i o n . 

' T i t h i n t h e zone o f h y d r o t h e r m a l a l t e r a t i o n , t h e v o l c a n i c s 
and d i o r i t e a r e i n t r u d e d by s m a l l s t o c k s and d i k e s o f da.cite --
p o r p h y r y . T h i s f o r m a t i o n i s n o t f o u n d elsev;here i n t h e r e g i o n . 
The s t o c k s a.re s t e e p s i d e d and n o t a b l y i r r e g u l a r i n shape, a l t h 
ough one d i k e forms an even q u a r t e r - r i n g near t h e s o u t h - e a s t — 
edge o f t h e a l t e r a t i o n zone. The f o r m , c o m p o s i t i o n , and s p a t i a j 
c o n n e c t i o n w i t h t h e d i s s e m i n a t e d copper m i n e r a l i z a t i o n suggest.-: 
c o r r e l a t i o n between t h i s f o r m a t i o n and t h e m onzonites o f t h e --
p o r p h y r y copper d e p o s i t s o f w e s t e r n U.S. 

A r o c k termed d a c i t e a g g l o m e r a t e , w i t h t h e same c o m p o s i t i o 
and t e x t u r e o f m a t r i x as t h e d a c i t e p o r p h y r y , i n t r u d e s a l a r g e 
v o l c a n i c neek and marks t h o n o r t h edge o f t h e ore zone. T h i s i n 
t r u s i v e c o n t a i n s abundant s m a l l i n c l u s i o n s o f d a c i t e p o r p h y r y -
and o t h e r m a t e r i a l and a fev/ l a r g e sunken b l o c k s . The w r i t e r s -
c l a s s t h i s r o c k u n i t as an a g g l o m e r a t e and n o t a b r e c c i a . 

The youngest i n t r u s i v e f o r m a t i o n i s a group o f a p h a n i t i c -
p o r p h y r i e s r a n g i n g i n c o m p o s i t i o n f r o m a n d e s i t e t o l a t i t e and -
named l a t i t e p dphyry. They ar e p o s t - m i n e r a l i n age. They some— 
t i m e s occur as s m a l l s t o c k s , b u t m a i n l y as s t e e p d i k e s . A l t h o u t 
most o f t h e s e i n t r u s i v e b o d i e s a r e f o u n d w i t h i n t h e neck o f da
c i t e a g g l o m e r a t e , a s m a l l sv/arra o f t h i n l a t i t e p o r p h y r y d i k e s -
extends southward i n t o t h e ore zone. 

F r a c t u r e s : numerous s m a l l f a u l t s and q u a r t z - t o u r m a l i n e - s u 3 
f i d e v e i n l e t s o f random o r i e n t a t i o n a r e s c a t t e r e d t h r o u g h t h e -
orebody, b u t t h e s e a r e a p p r e c i a b l y l e s s abundant t h a n i n most -
d e p o s i t s o f t h i s t y p e . 



S u l f i d e v e i n s more t h a n 3 i n . wide a r e r a r e . I n o n l y one l o c a l i 
t y t h e s o u t h e r n and s o u t h e a s t e r n a r e a l y i n g i n s i d e t h e d a c i t e — 
r i n g d i k e i s a system o f p a r a l l e l f r a c t u r e s e v i d e n t . T h i s system 
o f c l o s e - s p a c e d v e i n l e t s has a t r e n d p a r a l l e l t o t h e r i n g d i k e , 
b e i n g a r r a n g e d c o n c e n t r i c a l l y a round t h e main b r e c c i a p i p e and -
d i p p i n g s t e e p l y t o w a r d i t . 

A few p o s t - a i n e r a l f a u l t s a r e p r e s e n t , b u t t h e s e a r e o n l y 
m i n o r f e a t u r e s i n t h e s t r u c t u r a l p a t t e r n . D i s p l a c e m e n t s o f a few 
ffeet were n o t e d on two f a u l t s c u t t i n g l a y e r e d v o l c a n i c s a l o n g 
t h e west edge o f t h e zone o f a l t e r a t i o n . Elsewhere f a u l t p l a n e s 
w i t h a few i n c h e s o f gouge were o c c a s i o n a l l y observed, b u t n o w — 
here i n t h e d i s t r i c t do r e l a t i o n s h i p s i n d i c a t e d i s p l a c e m e n t s o f 
consequence. T h i s l a c k o f m a j o r f a u l t i n g i s c l e a r l y e v i d e n c e d by 
t h e u n d i s t u r b e d c o n t i n u i t y o f marker f l o w s i n t h e r e g i o n . 

B r e c c i a s : The w r i t e r s r e s t r i c t t h e t e r m b r e c c i a t o f o r m a t 
i o n s composed e n t i r e l y o f f r a g m e n t a l m a t e r i a l i n w h i c h t h e f r a g 
ments have been r o t a t e d and d i s p l a c e d , i n c o n t r a s t t o r o c k t h a t 
has been m e r e l y i n t r i c a t e l y j o i n t e d , and a l s o t o r o c k t h a t was -
emplaced i n a f u s e d c o n d i t i o n . 

As shown on t h e g e o l o g i c map and and s e l e c t i o n s , t h e r e a r e 
two main t y p e s o f p i p e b r e c c i a , termed o r e and p e b b l e b r e c c i a , -
w h i c h a r e t e x t u r a l l y d i s t i n c t and have somewhat d i f f e r e n t modes 
o f f o r m a t i o n . The p e b b l e b r e c c i a i s c h a r a c t e r i z e d by rounded 
f r a g m e n t s , whereas t h e ore b r e c c i a i s made up e s s e n t i a l l y o f an
g u l a r f r a g m e n t s . The m a t r i x o f t h e o r e b r e c c i a i s l a r g e l y corapoj: 
ed o f q u a r t z , t o u r m a l i n e , and s u l f i d e s , whereas t h a t o f t h e per 
b l e b r e c c i a i s a sandy, m u d - l i k e m a t e r i a l w i t h d i s s e m i n a t e d r a t 
h e r t h a n vuggy m i n e r a l i z a t i o n . I n t e x t u r e and c o l o r t h e p e b b l e -
b r e c c i a c l o s e l y resembles a f r e s h l y b r o k e n s u r f a c e o f s i d e w a l k -
c o n c r e t e . 

Commonly t h e o r e b r e c c i a f r a g m e n t s a r e a l l o f t h e same r o c 
t y p o , c o r r e s p o n d i n g to whatever f o r m a t i o n l i e s i m m e d i a t e l y a d j a 
c e n t , b u t t h e main b r e c c i a mass c o n t a i n s a l a r g e c e n t r a l p o r t i o n 
t h a t i s c h a r a c t e r i z e d by h e t e r o g e n e i t y o f r o c k t y p e . A p p a r e n t l y 
t h i s c o r e o f mixed r o c k f r a g m e n t s r e p r e s e n t s t h e c o n d u i t wHithi; 
w h i c h t h e most v i o l e n t d i s t u r b a n c e s t o o k p l a c e , and t h e s u r r c u n 
i n g b r e c c i a r e p r e s e n t s t h e s h a t t e r e d p e r i p h e r y o f t h e p i p e , a l 
t h o u g h r o t a t i o n o f f r a g m e n t s i s e v i d e n t i n t h e s h a t t e r e d zone as 
w e l l as w i t h i n t h e c e n t r a l c o n d u i t . The o u t e r m a r g i n s o f t h e b r e 
c i a s i n p l a c e s a r e i n d i s t i n c t , s u g g e s t i n g t h a t t h e r e was a g r a d 
u a l t r a n s i t i o n to u n d i s t u r b e d r o c k . 

As e v i d e n c e d by t e x t u r a l f e a t u r e s , o r e - t y p e b r e c c i a t i o n --
t o o k p l a c e i n a number o f e p i s o d e s , b o t h b e f o r e and a f t e r i n t r u 
s i o n o f t h e d a c i t e p o r p h y r y . 



The mechanics o f f o r m a t i o n o f t h e Toquepala o r e b r e c c i a -
a r e u n c e r t a i n , as i s t h e case w i t h most m i n e r a l i z e d b r e c c i a p i 
pes. However, t h e o c c u r r e n c e o f l a r g e masses o f a n g u l a r , mixed 
f r a g m e n t s w i t h o u t e v i d e n c e o f m e l t i n g and i n an e n v i r o n m e n t — 
e s s e n t i a l l y f r e e o f f a u l t i n g i n d i c a t e s an o r i g i n r e l a t e d t o — 
gaseous e x p l o s i o n . Evidence suggests t h a t t h e p r o c e s s was e p i 
s o d i c . F i r s t , t h e r e may have been a l e a k o f gas t o t h e ground -
s u r f a c e , p o s s i b l y a l o n g a j o i n t system. T h i s l e a k may have tri§ 
ge r e d an e x p l o s i o n t h a t evacuated a s m a l l tube-a. d i a t r o m e . Then 
t h e t u b e WciS f i l l e d by a v a l a n c h i n g o f t h e w a l l s . Repeated e x p l o 
s i o n , p a r t i a l e v a c u a t i o n , and a v a l a n c h i n g c o u l d t h e n have i n c r e 
ased t h e h o r i z o n t a l d i m e n s i o n s o f t h e p i p e t o i t s p r e s e n t l a r g e 
d i a m e t e r . 

S ince t h e p e b b l e b r e c c i a c o n s i s t s o f h a r d p ebbles i n a ma
t r i x o f r o c k f l o u r , i t would seen t o have been produced by a mi
l l i n g a c t i o n i n w h i c h t h e r o c k f r a g m e n t s were semi-suspended i n 
an a c t i v e l y c i r c u l a t i n g medium suoh as x\rater o r gas. I n t h i s — 
s t a t e t h i s p e b b l e b r e c c i a may have had i n t r u s i v e m o b i l i t y , a l t h 
ough p o r t i o n s c f i t may a l s o have been formed more o r l e s s i n -
p l a c e . 

A l t h o u g h a p p e a r i n g on t h e map as a s i n g l e u n i t c u t t i n g al.' 
f o r m a t i o n s except l a t i t e p r o p h y r y , p e b b l e b r e c c i a a c t u a l l y con
s i s t s o f i n t r u s i o n s o f a t l e a s t two, and p o s s i b l e t h r e e ages. -
The mapped o u t l i n e marks, f o r t h e most p a r t , a young pebble b r e 
c i a . The p e b b l e d i k e s c u t t i n g t h e d a c i t e a g g l o m e r a t e may be 
s t i l l y ounger. E x i s t e n c e o f an e a r l i e r b r e c c i a o f t h e p e b b l y -• 
t y p e i s i n d i c a t e d by i n c l u s i o n s o f a p e b b l e b r e c c i a w i t h a mud 
l i k e m a t r i x i n o r e b r e c c i a . Because h y b r i d o r e b r e c c i a has i n - - -
d i s t i n c t i v e t e x t u r e s and because i t s d i s t r i b u t i o n i s n o t a c c u r a 
t e l y known, i t has n o t been d i f f e r e n t i a t e d f r o m t y p i c a l ore b r e f 
c i a on t h e g e o l o g i c map. I t o c c u r s around t h e p e b b l e p i p e , pos
s i b l y i n l a r g e masses, and i t may c o n s t i t u t e deeper p o r t i o n s o f 
t h e p e b b l e p i p e i t s e l f . 

L a t e i n t h e sequence o f b r e c c i a t i o n s , a l a r g e e x p l o s i o n -
v e n t was formed and f i l l e d w i t h i n t r u s i v e d a c i t e a g g l o m e r a t e -
c o n t a i n i n g l a r g e sunken masses o f o l d e r f l o w r o c k s and d i o r i t e 
T h i s a c t i v i t y removed a l a r g e p o r t i o n o f t h e main b r e c c i a p i p e 

A l t e r a t i o n - M i n e r a l i z a t i o n : The m i n e r a l d e p o s i t i s a r e a l l y 
d e f i n e d by h y d r o t h e r m a l a l t e r a t i o n o f a l l r o c k s , except l a t i t e 
p o r p h y r y , w i t h i n an e l l i p t i c a l zone e n c l o s i n g t h e orebody, as -
shown on t h e g e o l o g i c map and s e c t i o n s . The t r a n s i t i o n t o u n a l t ^ 
e r e d r o c k a round t h e m a r g i n s i s g r a d a t i o n a l r a t h e r t h a n s h a r p , 
and s e v e r a l s m a l l areas o f a l t e r a t i o n o c c ur o u t s i d e t h e main -
zone. 



I n c o n t r a s t t o most p o r p h y r y oo|>per ol*ebodies, w h i c h a r e s u r — 
rounded by l a r g e a l t e r a - t i o n zones, t h e Toquepala zone i s o n l y 
s l i g h t l y l a r g e r t h a n t h e orebody. 

The h y d r o t h e r m a l a l t e r a t i o n p r o d u c t s c h i e f l y assemblages -
o f q u a r t z , s e r i c i t e , and c l a y a r e th o s e c h a r a c t e r i z i n g most de
p o s i t s o f t h e p o r p h y r y copper t y p e . S u l f i d e s i m p r e g n a t e a l l a l 
t e r e d , u n l e a c h e d r o c k s . A ma j o r p o r t i o n o f t h e Toquepala i s cor 
s i d e r e d t o be s t r o n g l y a l t e r e d and i s c h a r a c t e r i z e d by al m o s t •• 
complete c o n v e r s i o n t o q u a r t z and s e r i c i t e - c l a y and p a r t i a l t c 
complete d e s t r u c t i o n o f o r i g i n a l r o c k t e x t u r e s . 

Weaker a l t e r a t i o n f a c i e s occur m o s t l y n e a r t h e edges o f --
t h e d e p o s i t away f r o m t h e b r e c c i a s . P r i o r t o l e a c h i n g and e n r i c 
ment, t h e areas o f s t r o n g e r a l t e r a t i o n c o n t a i n e d more s u l f i d e s 
i n g e n e r a l and more c h a l c o p y r i t e i n p a r t i c u l a r . 

Tho most pronounoed a l t e r a t i o n e f f e c t i s f o u n d i n t h e d i o r ' 
t e . The f r e s h r o c k i s composed o f f e l d s p a r , f e r r o m a g n e s i a n min^ 
r a l s , and m i n o r q u a r t z w i t h a medium g r a n o t o i d t e x t u r e , whereat 
t h e a l t e r e d r e c k c o n s i s t s o f a sug a r y mosaic o f q u a r t z and s e r l 
c i t e . I n c o n t r a s t , t h e d a c i t e p o r p h y r y u s u a l l y r e t a i n s remnant, 
o f o r i g i n a l t e x t u r e , t h e a l t e r a t i o n p r o d u c t s b e i n g more a r g i l l ^ , i 

As i n many d e p o s i t s o f t h i s t y p e , t h e p r i n c i p a l hypogene 
s u l f i d e s a r e p y r i t e and c h a l c o p y r i t e , w i t h v e r y m i n o r amounts 
such m i n e r a l s as b o r n i t e , m o l y b d e n i t e , and s p h a l e r i t e . The h i s 
r y o f m i n e r a l i z a t i o n - a l t e r a t i o n a t Toquepala, however, i s mors 
complex t h a n t h e average. E a r l i e s t m i n e r a l i z a t i o n c o n s i s t e d o f 
abundant t o u r m a l i n e and q u a r t z w i t h m i n o r s u l f i d e s . L a t e r , b u t 
p r i o r t o t h e i n t r u s i o n o f d a c i t e p o r p h y r y , d e p o s i t i o n o f s u l f i 
des and q u a r t z w i t h m i n o r t o u r m a l i n e began. T h i s c o n t i n u e d , w i t 
s u c c e s s i v e i n t e r r u p t i o n s by p e r i o d s o f b r e c c i a t i o n and by i n t r u 
i o n s . L a t e i n t h i s sequence t h e f o r m a t i o n o f t h e d a c i t e agglome 
r a t e - f i l l e d v e n t removed t h e n o r t h e a s t p o r t i o n o f t h e ore zone. 
Subsequent a l t e r a t i o n - m i n e r a l i z a t i o n was weak, as shown by t h e 
f e e b l e n a t u r e o f i t s e f f e c t on a g g l o m e r a t e . 

I r r e s p e c t i v e o f r o c k t y p e s i n v o l v e d , t h e o r e b r e c c i a cont
a i n s t h e s t r o n g e s t m i n e r a l i z a t i o n . The h y b r i d o r e b r e c c i a i s -
somewhat weaker i n hypogene copper c o n t e n t , p r o b a b l y due t o i t -
m u d - l i k e , l e s s permeable m a t r i x . The p e b b l e b r e c c i a s a r e s t i l l 
weaker, f o r t h e same r e a s o n , b u t c o n t a i n about t h e same amount 
o f hypogene copper as does t h e average p r o t o r e o u t s i d e t h e brec 
c i a zone. Among t h e u n b r e c c i a t e d r o c k s , d i o r i t e was t h e most r c 
c e p t i v e and t h e f l o w r o c k s t h e l e a s t . A p o r t i o n o f t h e d a c i t e -
p o r p h y r y i s w e l l m i n e r a l i z e d , b u t elsewhere p a r t i c u l a r y a r ound 
t h e southwest s i d e o f t h e main b r e c c i a p i p e i t i s low i n copper 



E n r i c h m e n t : The c h a l c o c i t e zone, a m a j o r p a r t o f t h e open 
p i t orebody, ranges f r o m 500 f t i n t h i c h n e s s i n t h e i n t e r i o r t 
o n l y a few f e e t on t h e f r i n g e s . A l t h o u g h i r r e g u l a r i n d e t a i l i " " 
upper s u r f a c e has a g e n e r a l l y f l a t - l y i n g , s h a r p c o n t a c t w i t h t h 
l e a c h e d zone above. The l o w e r l i m i t i s i n d i s t i n c t , t h e t r a n s i 
t i o n t o c l e a n p r i m a r y m i n e r a l i z a t i o n b e i n g a l m o s t imperceptib."* 
e x c e p t i n a few i n s t a n c e s where t h e c h a l c o c i t e t e r m i n a t e s a b n 
t l y a g a i n s t a gouge s l i p o r a p o s t - o r e d i k e . The h i g h e s t grade 
c h a l c o c i t e o r e was f ormed by e n r i c h i T i e n t o f t h e zone o f s t r o n g e . 
p r i m a r y m i n e r a l i z a t i o n , t h e s u r r o u n d i n g p r o t o r e b e i n g o v e r l a i n 
by c h a l c o c i t e o r e o f moderate grade. 

As i n d i c a t e d on S e c t i o n B o f t h e accompanying map, o n l y a 
n e g l i g i b l e amount o f e n r i c h m e n t o c c u r r e d i n t h e p e b b l e b r e c c i a . 
The r e l a t i v e i m p e r m e a b i l i t y t o supergene s o l u t i o n s i s e v i d e n t -
i n t h e r i s e i n t h e base o f o x i d a t i o n and t h e a b r u p t p i n c h i n g o f 
t h e c h a l c o c i t e zone a t t h e p e r i p h e r y o f t h e p e b b l e p i p e . 

The l e a c h e d o u t c r o p s a t Toquepala a r e s i m i l a r i n manj'' res;, 
e c t s t o those f o t m d o v e r o t h e r p o r p h y r y copper o r e b o d i e s . C e r t 
a i n anomalous f e a t u r e s e x i s t , however. L i m o n i t e - a f t e r - c h a l c o c i -
w i t h c h a r a c t e r i s t i c c o l o r and t e x t u r e i s p r e s e n t , b u t i t s d i s t : 
b u t i o n i n t h e o u t c r o p s r e f l e c t s o n l y i n p a r t t h e amount o f cha 
c o c i t e below. The most abundant development o f t h i s l i m o n i t e o 
c u r s h i g h on canyon w a l l s and a l o n g r i d g e c r e s t s 600 t o 1000 f 
above t h e t o p o f t h e c h a l c o c i t e zone. The l e a c h e d r o c k i n t e r v c 
n i n g , i n d r i l l h o l e s as w e l l as i n o u t c r o p s , appears o r i g i n a l l - . ' 
t o have c o n t a i n e d l i t t l e o t h e r t h a n low grade p r i m a r y m i n e r a l 
i z a t i o n e x c e p t i n g t h e main b r e c c i a p i p e , w h i c h f o r t h e most 
shows o u t c r o p e v i d e n c e o f s t r o n g p r i m a r y m i n e r a l i z a t i o n . The • 
h i g h - l y i n g h o r i z o n may r e p r e s e n t a r e l a t i v e l y a n c i e n t c h a l c o c i t 
zone one t h a t formed below t h e w a t e r t a b l e c f a p r e - e x i s t i n g , -
mature e r o s i o n s u r f a c e . I t i s suggested t h a t t h i s may have been 
t h e Puna s u r f a c e . 

Over most o f t h e oi-e area t h e l e a c h e d zone c o n t a i n s o n l y --
about O.IC p e t Cu i n an u n i d e n t i f i e d f o r m . T h i s zone r e p r e s e n t s 
e s s e n t i a l l y complete l e a c h i n g doxm t o t h e s h a r p - l i n e c o n t a c t -• 
w i t h t h e t o p o f t h e c h a l c o c i t e zone. There i s no mixed zone or 
copper s i l i c a t e s , o x i d e s , and s u l f i d e s . However, m i n o r amounts 
o f copper s i l i c a t e s a r e seen i n surfa.ce o u t c r o p s i n some o f t j . 
l e s s s t r o n g l y a l t e r e d a r e a s , p a r t i c u l a r y near t h e f r i n g e o f t h . 
zone o f a l t e r a t i o n . 

I n most e n r i c h e d copper d e p o s i t s , t h e supergene c h a l c o c i t e 
b l a n k e t seems t o have m i g r a t e d downward t o i t s p r e s e n t p o s i t i o r 
t h r o u g h p r o g r e s s i v e s t a g e s o f l e a c h i n g and p r e c i p i t a t i o n , l e a v 
i n g b e h i n d a more o r l e s s c o n t i n u o u s r e c o r d o f d i a g n o s t i c l i m o -
n i t e s . 



A t Toquepala t h e p a u c i t y o f such l i m o n i t e s i n s e v e r a l hundred 
f e e t o f l e a c h e d c a p p i n g above t h e base o f o x i d a t i o n can b e s t b< 
e x p l a i n e d by assuming a r e l a t i v e l y r a p i d and permanent d r o p i n 
t h e w a t e r t a b l e t o somewhere near i t s p r e s e n t l e v e l j u s t above 
t h e p r e s e n t base o f o x i d a t i o n . Under such c o n d i t i o n s t h e coppe:' 
d e r i v e d by l e a c h i n g o f t h e a n c i e n t c h a l c o c i t e b l a n k e t , and t h e 
p r i m a r y c h a l c o p y r i t e i n m e d i a t e l y u n d e r l y i n g i t , w ould have bee 
c a r r i e d down i n s o l u t i o n u n t i l i t r e a c h e d t h e r e d u c i n g e n v i r o n 
ment a t t h e w a t e r t a b l e . Here a c c u m u l a t i o n o f t h e p r e s e n t cha-
c o c i t e orebody t o o k p l a c e . S u b s e q u e n t l y e r o s i o n c u t d e e p l y i r • 
t h e c a p p i n g , f o r m i n g t h e modern t o p o g r a p h y w i t h o u t m o d i f i c a t i o n 
o f t h e c h a l c o c i t e orebody, 
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