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EXAMIIUTION Or' 3E1.EC':PKD AIlIiIAl:. Ill Pii'.u 

\, > , • .. 

I n b r i e f rconriaiasaace of p a r t s of southern Peru anomlou-s r a d i c -
s " t i v l t y ras notrKi i n the a l t e r a l re-l bt^ls of the Ccol]paccasa area, 
wni::h conteins strong f c L l s arn.! fauiD3 p a r a l i f t l t o and on the n o r t h side 
of the C o r d i l l e r a V l l c f l n o t o . Ther*5 may be a zonal gradation t'Ttxa. s t r o n g 
.cElcerallzation centers a t Minaainayo and Huamanapi sev e r a l idlometera 
south t o weaker m i a e r a l i g a t i o n at CcollpaccaBa, w i t h the amount of otliRr 
metals decreasing and uranii-m i n c r f i a a i n g outward from the centers. -

• 
Deposits of princlpa.'LLy viraniim a l n e r a l a may occur i n the piiiitarayon 

area marginal t o the strongl^y a l t e r e d Chancara p i p e . They laay be r i c h e r 
and more widespread than t l i e known Ni-Co-Cu deposits frora which ex t r a c 
t i o n of the small amount of contained uranium seams imwarranted. .Mgo 
f a v o r a b l e i n t h i s area i s the low-tesserature environment i n which ••.cranium 
commonly occurs. 

i. 
I n the lower Vilcabamba v a l l e y a l t e r e d rock i s associated w i t h the » 

Cliaullay-Cuquipata f a u l t zone. Although only small amounts of anomalous 
redloactlvity have been noted t o date, the surface rocks are s t r o n g l y 
ifisched, and the area i s otherwise favorable X"or uranium i n v e i n s . 

I n the V i l c a n o t a f a u l t zone s e v e r a l a l t e r a t i o n pipes i i . i f l u v i a l 
sediments w i t h l o c a l carbon concenxrations are weakl,y anomfilou«. More
over, the a l t e r a t i o n b e l t s enclosing the V i l c a n o t a a M Lsiguna de iang-ai 
f a u l t s r e g i s t e r e d a background of twice t h a t outside the b e l t s . Since 
low--cemperature uranium tends t o De associated w i t h a r g i i l i s a t i o a , ,. 
bleaching, arid, p y r i t i z a t i o n , economic uranism deposits may be found i n 
the f a v o r a b l e low-temperature p o r t i o n of the Vilca.riOta b e l t frcan Urcos , 
t o Ollantaytambo. 

No anomalies were noted i n l o w - l e v e l a e r i a l examination of hematit*?-
a l t e r e d areas of southern Peru, although s l i g h t increases were detected 
over some c h i e f l y a r g l l l i c and p y r i t i c pipes. Southern Peru may have 
some small deposits of u r a n i n l t e or high-temperature complex uranium 
m:.n'?rals associated w i t h magnetite or s p e c u l a r l t e , ami amali ci.uHatities 
of uranium are known but not c o n s i s t e n t l y pre.aent i n the hi(jiti-temperature 
environment, such as m Peruvian and Chilean copper deposit:;. •:• , 
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INTROLiUCTION 

In i95d and I960 the w r i t e r b r i e f l y recoanoitere I the C<:ol Ipaccasa, 
Puntarayoc, and Ciiaullay-Cuquipaca areas i n La Convencion Province and 
the upper Vi l c a n u t a v a l l e y i n Cuzco, Qci.splcanchis, and Canchis provinces, : 
Cuzco bepartmerst, Peru, and the coa&tal porLion o f the country ifrom Fi^jco 
south f:o Tacna ( f i g . 1 ) . This r e p o r t consoiidateB the o r i g i n a l short. 
r e p o r t s on these areas of s-oiithern Peru. * 

GfOJLLPACCASA ARiiA 

Ccollpaccasa ( t i g . 2) i s the pa«.̂  between the head<i of the. v : l c a -
baaiba and Coniyebldayoc v a l l e y s and l i e s n orth of the u r a n i i e r o u s area 
aeat Vi.lcabamba pueblo, J.u tuisi area the headwai..er,y • ^ o r i l o i i ui boLh 
v a l l e y s Is s t r u c t u r a l l y conCri.Vlled by a high-bangle f a u l t which treads 
west-oortnwesf t o r a known lea'(}r.h o f 12 k i l o m e t e r s , w i t h evidence i o r 
i t s t e r r a i n a t l o n only at the southeast neai Vilcabaaioa. teposures ot 
p«rt:s ot tUe f a u l t I n d i c a t e a c e n t r a l go'jge sone, at lea,st 20 meters 
wide, w i t h numerous branches and isyropat iiet I c tiaai.cs, A larger p<>ralLel 
t a a i t . about 1/ kllotnetera loaj^, i s about, i ki.LoOieter t.o tue soutliwest. 
The Hggregace ditJplateoO'eoL ot ^he tault-'J is estimated t o rangf i r o n iOO 
to I,000 meters. 

On the southwest stde of the lac?,er l a u l t are at l e a s t 500 metera 
ot ilm,e.stone o f the Lower Permian Copacabana group. The beds di p 25^ 
to 50*"' N. and »trlk'; p a r a l l e l t.:> the f a u l t tracr. except at the ,rn.rthwe«f 
end where they swing to an east-we.st s t r i k e . 

On the north side of the stnaller f a u l t red mudstone, sandstone, and 
conglomerate of the upper M i t u formation, a facias of the Copacabana 
s:roup, trend g e n e r a l l y p a r a l l e l to the t a u l t trace but are f o l d e d i n t o 
a series o f a n t i c l i n e s and synclines p a r a l l e l i n g the f a u l t ; thus, the 
zone c t strong deformation exceeds 2 kilometers In width. This middle 
or upper p a r t oi: the H t t u i,a at lease 200 meters t h i c k . 

The rockfi between the fault.-? are Interbedcled jjandstonc and vo,lcanic.^ 
of the lower Mitu fonnation, 3oijthea!?t of the array encampment, m the 
Huamanapi vftlle.y, lower H i t a red beda are Interbedded w i t h limestone, 
tndicatlni? a gradations I contact between r.he limestone and red beds. 
The coarso-graIned sandstone, conplomerate, and andesite of the lower 
M i t u formation «;rade upward I n t o ttne-gralned sandstones and mudstones. ^ 
At. Vi lcab.'.i;nb« the lower c l a s t i c i n t e r v a l i.a a t lea:it .300 metera t h i c k -

V a l l f i y I I M j.arKely conce-aly the >.iorthe,a!Jtei-n L f i u l t , hut. Ccollya- '̂ 
r.c.ai.ui l o c a l l y strong biejirhloH and weak, pyr i t Izat iovi wtire nolc-t' !.ri a;><J 
near sowi'. sympathetic faulcr. i n the red beds. This a l t e r a t i o n appears 
to be. co.iJilned to a zone 100 i.o /lUO meters wide and ev. least :>00 oietvjrs 
long. 
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R a d i o a c t i v i t y 
1 

Radioactivity to 3 times background was noted at several places in 
y this area in which mineralization was similar to that of many uraniferous 

areas on the Colorado Plateau, USA. The presence of limonite-after-pyrite 
and the lack of pyrite, even in dense mudstone nodules, indicate l o c a l l y 

^ strong oxidation. 

Although leaching i s unimportant at Huamanapi and Cerro Puntarayoc, 
probably because of g l a c i a l scouring, i t could be stronger here because i 
of less g l a c i a l erosion and a more permeable fault zone; and uranium 
concentrations could increase with depth. Ccollpaccasa i s 3 to 5 k i l o 
meters north of the Huamanapi uranium area and may represent a zonal 
gradation outward from stronger mineralization; therefore, i t may be < 
more favorable for uranium than Huamanapi, as uranium favors an outer | 
zonal position. \ 

Very l i t t l e of the a l t e r a t i o n was examined c a r e f u l l y , and the zone J 
may have concealed extensions; also, other zones may exist on either side 
of the fa u l t . The writer recotcmended that the area surrounding Ccollpa
ccasa for about 2 kilometers be examined radiometrtcally in conjunction j 
with preparation of a reconnaissance geologic map to a suitable scale. 
In addition, in November 1958 a large area to the north of the pass was 
reconnoitered by Sosa and Goyburu (1958a), who detected several anomalies 
ranging to 4% times background in red beds within h kilometers of the pass, 

PUNTARAYOC AREA 

Geology 
The Puntarayoc area ( f i g . 3) i s southwest of Vilcabamba at an eleva

tion of about 4,200 meters. The vehicle road nearest Puntarayoc i s at 
ChauUay, about 56 kilometers map distance and over 100 kilometers by 
horse to the east. , 

In the Vilcabamba-Pampaconas area ( f i g s . 2 and 3) about 500 meters I 
of limestone (Aguilar, Ocampo, JordSn, and Pizarro, 1957) of the Lower 
Permian (Newell, 1949, p. 38) Copacabana group underlie an unknown thick
ness of continental red beds of the Mitu formation, which Newell also 
assigns to the Copacabana group. The subjacent limestone in the area of 
the deposits s t r i k e s nearly east and dips 30° to 40° N. About 1 kilometer 

, west of the deposit i s the eastern edge of a small granite batholith. 

The faulted north flank of a large a n t i c l i n e l i e s between Pampaconas 
and Vilcabamba; nothing i s known of the south flank or the exact s i z e of 
the fold. Faulting may have dropped a large block of unmetamorphosed 
sedimentary rocks into a matrix of metamorphosed lower Paleozoic sediments 
intruded by granite batholiths. In the Puntarayoc area the sediments dip 
north or northeast, and are divided by a large west-north-west-trending 
htgh-angie fault that separates limestone on the south from red beds on the 
north. Subsidiary faults and long, shallow folds p a r a l l e l the large 
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structxire ( f i g . 3 ) . Shorter folds trend northwest and northeast in the 
shear pattern across the flank of the a n t i c l i n e . 

Prominent areas of mineralization at Huamanapi and Cerro Puntarayoc 
(K. Vidal, personal communication) contain the only strongly altered 
rocks. The Puntarayoc mineralization, believed to be the stronger, con
s i s t s of Nij Co, Cu, Pb, Ag, and Fe minerals in veins near an area of 
colorful oxidized p y r i t i c and a r g i l l i c a l t e r a t i o n which was not seen by 
the writer. 

About 2 kilometers north-northeast of the Puntarayoc deposit the 
Chancara a l t e r a t i o n pipe occupies the trough of a northwest-trending syn-
c l i n e in the Chancara v a l l e y . This dolomitic, s i l i c i c , and s l i g h t l y 
p y r i t i c pipe i s crossed by the t r a i l from Pampaconas to the deposit. I t s 
most strongly altered central part i s about 200 meters long and 100 meters 
wide, with subsidiary pipe§ and bedding-controlled a l t e r a t i o n extending 
southeast along the s y n c l i n a l trough for as much as 500 meters. Altera
tion, and possibly metallization, away from the pipe seems to be strongest 
i n this direction, presumably because of v i s i b l y stronger deformation 
along this trend. 

Mineralization 

The rocks of this area have been altered only for limited distances 
at isolated stratigraphic positions. The lack of noticeable faults causes 
the writer to suspect less mineralization here than farther to the east. 
Leaching and oxidation are r e l a t i v e l y unimportant, as at Vilcabamba. 

Rogers and Freyre (1955) reported s i l i c i f i c a t i o n of two limestone 
beds s t r a t i g r a p h i c a l l y below the deposits and the r e c r y s t a l l i z a t i o n of 
a 12-meter stratigraphic i n t e r v a l containing several small occurrences. 
The writer noted moderately strong dolomitization of the r e c r y s t a l l i z e d 
i n t e r v a l , which i s only 3 or 4 meters thick at the s i t e of the strongest 
metallization. 

Six claims c a l l e d the Atomica group, covering 6,000 hectares, have 
been denounced for uranium by Srs. Jose Pancorvo and Angel Luglio. The 
pr i n c i p a l mineralization i s on the AtSmica No. 1 claim. The balance of 
La Convencion Province has been withdrawn from uranium locations by the 
JCEA. 

Six prospect p i t s , 50 to 70 meters apart and covering a topographic 
r e l i e f of about 40 meters, have been excavated in one s t r a t i g r a p h i c 
i n t e r v a l i n a small east-west gully tributary to the Rio Chancara. Min
e r a l i z a t i o n apparently i s discontinuous between the prospects. 

The lowest prospect i s a 4-meter-wide adit driven along a small east-
west vein that i s enclosed by a l-meter~wide r e c r y s t a l l i z e d and s i l i c i f i e d 
zone. The vein, 25 centimeters wide, i s a gouge zone between shattered 
walls f i l l e d with c a l c i t e , quartz, and scattered specks of chalcopyrite; 
metallization i s negligible. Radioactivity i s le s s than twice background. 
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The second p i t up the gully i s in a 1-meter-thick bed of r e c r y s t a l 
l i z e d and doloKiitized limestone between limestone w a l l s . Small specks 
of chalcopyrite constitute the unimportant metallization. 

The t h i r d prospect i s a crosscut driven from the gully bottom to 
inter s e c t ^ about 8 meters below the outcrop, a small breccia chimney at 
the intersection of two small f a u l t s . The f a u l t walls and chimney are 
r e l a t i v e l y unaltered. The chimney, at one dihedral angle of the i n t e r 
section, i s about 5 meters in diameter at the outcrop, becoming larger 
in diameter downward. An unaltered limestone bed capping the chimney 
forms a t h i r d wall, contributing zo the downward enlargement which should 
not p e r s i s t to great depth. The capping bed indicates some control by 
favorable lithology. 

The breccia contains unaltered limestone fragments i n a coarse
grained white c a l c i t e matrix that i s metallized with nodules, specks, 
and thin seams of chalcopyrite, n i c c o l i t e , gersdorffite (Rogers ajid 
Freyre, 1955)^ uraninite, p y r i t e , b a r i t e , and rhodochrosite. Selected 
saiaples have assayed as high as 2 percent U3O5 arid others as high as 30 
percent Ni, Between 200 and 3OO kilograins of sorted ore was stockisiled 
at the time of examinatioD.. Tonnage i n place, indicated by development 
to January 1959^ i s about $ metric tons. This prospecr might be de
veloped into a small ore body of probably l e s s than 100 tons. 

A l l the renaining p i t s up the gully Eire excavated i n thin limestone 
beds with no evidence of strong fr a c t u r i n g . Metallization i s limited to 
very weak chalcopyrite disseminations, and r a d i o a c t i v i t y i s 3 "to k times 
background. The westernmost p i t contains s l i g h t l y stroriger metallization 
of n i c c o l i t e , tetrahedrite, and uraninite i n a few scattered lenses. 

I n view of the d i f f i c u l t i e s of transportation and because the known 
deposits contain c h i e f l y n i c k e l , cobalt, and copper, extraction of the 
small amount of xuranium does not seem to be warranted. Deposits c h i e f l y 
of uranium minerals may e x i s t , however, marginal to the strongly altered 
Chancara pipe and may be r i c h e r and more extensive than those observed to 
date. The low-temperature a l t e r a t i o n also i s favorable because uranium 
occurs most commonly i n a low-temperature environment and should be more 
prominent here than at Vilcabamba where high-temperature s i l i c a t i o n i s the 
predominant a l t e r a t i o n . 

The writer recommends preparation of a geologic and a l t e r a t i o n map 
of the area enclosing the a l t e r a t i o n .map to a distance outward of at 
l e a s t 3 kilometers, with p a r t i c u l a r attention accorded to the southeast
ward extension of mineralization i n the s y n c l i n a l trough. The mineralogy 
of a l l deposits should be noted to determine variations in the tempera
ture environment, and the lowest temperature sectors should receive most 
attention. An isorad map of the area also should be made. 

CHAULLAY-CUQUIPATA AREA i" 

Geology 

The entire lower Vilcabamba v a l l e y between Chaullay smd Paltaibamba 
(about 8 kilometers' map distance above Cuquipata) (fig, h) i s underlain 
by lower Paleozoic metamorphic s c h i s t s , p h y l l i t e s , and quartziteg. No 
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e f f o r t has been made to subdivide these rocks because of t h e i r great 
thickness and s t r u c t u r a l coniplexity, and they are considered to form a 
c r y s t a l l i n e basement beneath subdivided unmetamorphosed sediments. The 
single prominent quartzite bed noted, about 300 meters thick, trends 
east-northeast l e s s than 1 kilometer north of Cuquipata. Qiiartzite i s 
the most favorable host rock present for metal deposits i n veins because 
of i t s competency to fracturing. 

Structure 

The east-northeast s t r u c t u r a l grain of the area i s formed by the 
faulted north flank of a large fold, complicated by eui unknown number of j 
smaller folds that are p a r a l l e l or diagnoal to the chief trend. Folding 
i s I s o c l i n a l . The age of the f a u l t i s unknown, but i t i s suspected to 
have formed from Cretaceous-Tertiary compressional deformation because : 
of i t s compatibility with the s t r u c t u r a l pattern of fold deformation. 

The structure i s d i f f i c u l t to interpret because of strong complexity 
and poor exposures on the north side of the Vilcabamba v a l l e y . The f a u l t 
zone i s indicated peurtly by differences i n s t r u c t u r a l attitude on either 
side but mostly by a f a i r l y well-defined narrow zone of p y r i t i c a l t e r a 
tion pipes. I n several t r a i l cuts the zone i s poorly represented by 
strong shearing and shattering. More than 100 meters wide, the zone of ' 
shearing appears to be composed of many small f a u l t s rather than one 
large one. A lar-ge c e n t r a l shear may be concealed, however, euid the ; 
small shears may be subsidiary f a u l t s . 

The f a u l t zone i s believed to pass through the small terrace occupied 
by Cuquipata pueblo and extend east-northeast to the bridge at Chaullay, 
and west-southwest across the lower Rio Chaupimayo to a sad.dle i n the ridge 
south of Paltaibamba. The postulated length i n t h i s i n t e r v a l i s about 
12 kilometers, but i t may be much greater. The dip i s nearly v e r t i c a l . 

A l t e r a t i o n 

A r g i l l i z a t i o n i s the most common and widespread a l t e r a t i o n . Other 
more r e s t r i c t e d products are s i l i c a , c a l c i t e , dolomite, and c h l o r i t e . 
The strongest a l t e r a t i o n occurs i n small, isolated pipelike bodies that 
are grouped in a l i n e a r zone enclosing the large f a u l t . Weak a l t e r a t i o n 
i s almost continuous within the zone. Bodies of more strongly altered 
rock (the i n t e n s i t y of which i s s t i l l classed as weak) range from tens 
to thoxisands of meters i n diameter, averaging about 200 meters. The 
largest body i s exposed semicontinuously for more than 2 kilometers i n 
the cut face of the new road to Vilcabamba. A l l rock types i n the area 
are altered, but quartzite has been the l e a s t affected. 

Metallization 

Metallization-stage minerals thus f a r i d e n t i f i e d include quartz 
b a r i t e , rhodochrosite, p y r i t e , and chalcopyrite. They occur i n l o c a l 
disseminations i n altered bodies and i n small v e i n l e t s marginal to 
altered rocks. Chalcopyrite i s rare and r e s t r i c t e d to v e i n l e t s , but 
p y r i t e i s general throughout most of the a l t e r a t i o n . Oxidation pro
duces prominent limonite, j a r o s i t e , pyrolusite, and malachite. 
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The small vein at the Chaullay bridge has the strongest metalliza
tion obeervedj although nonmetallic mineralization i s much stronger e l s e 
where. The 10-meter-wide west-tending vein zone i s exposed for a length 
of more than 30 meters i n the c l i f f by the r i v e r . I t contains no large 
east-northeast f a u l t p a r a l l e l to i t s trend but consists rather of small, 
usually diagonal shears. The westward extension of the zone i s concealed 
but may be of considerable length. 

Oxidauion and leaching 

Oxidation i s indicated to be moderate to strong by the generally 
complete absence of sulfides on exposed surfaces and by the uncommon 
occurrence of r e s i d u a l armored sulfides within a foot of the surface. 
Some leaching i s indicated by vagrant limonite and the increase i n radio
a c t i v i t y several inches b^low the surface. 

Radioactivity 

The writer f i r s t noted anomalous r a d i o a c t i v i t y of twice background 
that was strongest i n the le s s altered margins of most a l t e r a t i o n pipes. 
Central areas of pipes, where p y r i t i z a t i o n i s strongest, are commonly of 
normal or s l i g h t l y higher background, suggesting that metallization was 
s u f f i c i e n t l y intense to allow separation of p y r i t e and uranrjia. 

Sosa and Goyburu (1958b) detected f i v e anomalies of 3 to il times 
background. One of the anomalies was the one i n the vein at the Chaullay 
bridge. In the writer's subsequent examination of the vein s l i g h t exca
vation increased the anomaly to 9 times background. The evident sepa
ration of the strongest r a d i o a c t i v i t y and the strongest p y r i t i z a t i o n was 
also noted. 

The relations observed i n t h i s poorly exposed and unexplored part 
of Peru should a i d i n establishing for t h i s sector the geometric and 
genetic connection between weak a r g i l l i c and p y r i t i c a l t e r a t i o n and 
uranium, as also observed i n the United States. Also s i g n i f i c a n t i s that 
i n the western United States hydrothermal uranium i s most prominent where 
mineralization of other types i s generally weak. 

The mineralization observed, may not be representative, and better 
deposits may e x i s t in unexplored sectors. Leaching may be substantial i n 
t h i s area of low elevation, heavy preci p i t a t i o n , and jungle cover. Where 
leaching i s prominent very weakly radioactive outcrops may conceal better 
deposits, as i s the case i n the western United States where the climate i s 
much more a r i d , yet the outcrops of many economic deposits were anomalous 
only to several times background. Thus, s l i g h t anomalies should at l e a s t 
be considered. Tributary factors can be used to determine whether such 
anomalies mask richer deposits. 

The writer recommends "walking-out" the Chaullay-Cuquipata f a u l t 
zone and i t s branches with detection equipment; s p e c i a l attention should 



be accorded to the marginal zones of p y r i t i c a l t e r a t i o n pipes - Isorad 
maps should be prepared for the most important small areas. 

Also, the westward extension of the vein a t the Chaullay bridge 
should be examined meticulously; t h i s i s feas i b l e because of l e s s Jungle 
cover i n that area. I t i s advisable to learn whether the anomaly i n 
creases with a l i t t l e additional excavation, 1. e., to determine the 
amount of leaching. 

I f s i g n i f i c a n t uranium mineralization i s fo^-ind i n the lower V i l c a 
bamba va l l e y , i t w i l l be desirable to learn the d i s t r i b u t i o n of s c h i s t 
and quartzite therein because of the greater f a v o r a b i l i t y of quartzite 
as a host rock for mineralization. 

VILCAHOfCA FAULT ZONE 

Geology 

The Vilcanota f a u l t zone, i n the Vilcanota v a l l e y , apparently extends 
from Ollantaytambo to Abra (pass) La Raya ( f i g . 5) • A large f a u l t at 
Ollantaytambo separates a r e l a t i v e l y low-lying sedimentary eurea from the 
high ^lassif of metamorphosed basement i n the C o r d i l l e r a Vilcabamba. I n 
1958 work i n the Cuzco-Anta area (Gabelman and Jordan, 1959) lad to the 
suspicion that t h i s f a u l t extended up the Vilcanota v a l l e y past Cuzco; 
however, the upper part of the v a l l e y had not yet been v i s i t e d . 

A t r i p from Cuzco to La Raya i n December 1958 and subsequent t r i p s 
up the v a l l e y led to the interpretation of a f a u l t zone i n the upper 
v a l l e y and afforded an opportunity for limited Investigation. I t i s 
ten t a t i v e l y concluded that the Vilcanota v a l l e y from Oliantaytamibo to 
La Raya i s s t r u c t u r a l l y controlled by one complex f a u l t zone. 

I n most of the Cuzco region southwest of the Vilcabamiba and V i l c a 
nota Cordilleras the l a t e mature Puna erosion surface trtmcates broad 
thrust-faulted folds involving Mesozoic and earl y T e r t i a r y sediments. 
Local youthful dissection of t h i s surface 6uid i t s present average eleva
t i o n of about k,000 meters indicate strong l a t e T e r t i a r y u p l i f t of the 
Andean block i n Peru. The p r i n c i p a l drainage pattern seems to have been 
established prior to the l a t e s t u p l i f t . 

Superimposed on t h i s regional u p l i f t are long west-northwest seg
ments that were u p l i f t e d d i f f e r e n t i a l l y above the Puna surface to form 
the present spectacular Vilcabamba and Vilcanota C o r d i l l e r a s . The age 
of t h i s l o c a l strong u p l i f t i n g i s suggested by the transection of the 
Co r d i l l e r a Vilcabamba by the Vilcanota canyon of extreme depth and nar
rowness . 

The Rio Vilcanota enters i t s canyon a t Ollantaytambo where a f a u l t 
i s indicated by Permian Mitu red beds on the southwest side of the valle y 
and Devonian s c h i s t s on the northeast side. Schistose "nevados" r i s e to 
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extreme elevations i n the C o r d i l l e r a overlooking the Puna surface above 
the Anta basin. From Ollantaytambo upstream to Galea the f a u l t sepa
ra t i n g lower Paleozoic and Permian or Cretaceous rocks coincides with 
the Vilcanota v a l l e y , which i s entrenched 500 to 1,000 meters below the 
Puna surface. Local d i f f e r e n t i a l displacement of the Puna surface a t t e s t s 
to the l a t e age of d i f f e r e n t i a l v e r t i c a l u p l i f t f a u l t i n g . The f a u l t s 
southeast of the Anta basin, believed to be related to the Vilcanota 
f a u l t , were described by Gabelman and Jordan (1959)• 

Southeast of Urcos the Vilcanota v a l l e y continues as the presumed 
f a u l t boundary between lower Paleozoic and Permian Cretaceous or T e r t i a r y 
rocks, with l e s s evident displacement of the Mitu formation on the north
east side against Huayllabamba, Yuncaypata, or Puno beds on the southwest 
si d e . Also, stratigraphic displacement i s not accompanied by marked 
topographic displacement. Summits on both sides of the val l e y generally 
are accordant to within 300 meters. The massif of the Nudo Vilcanota i s 
removed l 6 to 30 meters northeast of the v a l l e y . Apparently the zone i s 
complex, and s i g n i f i c a n t f a u l t s may not occupy the v a l l e y . 

With or without strong topographic expression of f a u l t i n g , the v a l l e y 
usually t y p i f i e s a fault-controiled v a l l e y . 

Stratigraphy 

Only sketchy stratigraphic information i s available for the area 
between Ollantaytambo and La Raya, but there already are s u f f i c i e n t data 
to support the existence of f a u l t i n g i n the Devonian, Permian, Cretaceous, 
and T e r t i a r y sediments. 

Near Cuzco several thousand meters of Permian Mitu (Quilque and 
Pachatusan of Gregory, I916) volcanics and red beds conformably overlie 
Permian Copacabana limestone, which i s believed to e x i s t but i s not 
exposed between Ollantaytambo and P i s a c . The limestone would disconform-
ably overlie the Devonian metamorphics. The Mitu i s disconformably over
l a i n by the Huayllabamba red beds (Gregory, I 9 1 6 ) . The Huayllabamba 
consists of a lower section of about 1,000 meters (writer's estimate) of 
maroon sandstone with some interbedded shale, and an upper section of 850 
meters (Kalafatovich, 1957) of red mudstone and shale with minor i n t e r 
bedded sandstone and gypsum. The stratigraphic nomenclature i s being 
currently revised for a report on the Cuzco-Anta-Urubamba area. 

The Cretaceous Yuncaypata formation of Kalafatovich (1957), the 
Yucay of Gregory (1916), was renamed by Kalafatovich to resolve confusion 
over the name of the type l o c a l i t y . I t conformably overlies the Huaylla
bamba and i s about 25 meters th i c k . An unconformity i s believed to sepa
rate the limestone from more than 1,000 meters of T e r t i a r y gray sandstones 
and minor interbedded shales; t h i s i s the Bambanusa sandstone of Gregory 
( I 9 1 6 ) . 
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Several sections of Copacabana group limestones and Mitu red beds 
were measured between Tinta and Marangani on the northeast side of the 
Vilcanota v a l l e y (Newell, Chronic, and Roberts, 19^9); however, the post-
Permian stratigraphy from Cuaco to Sicuani i s poorly known. 

Southwest of Sicuani, Newell (19^9) measured 6,000 meters of lower 
T e r t i a r y red beds. The rocks beneath the T e r t i a r y here are inferred 
from Cretaceous outcrops i n the area southeast of Abra La Raya where 
Puno red beds unconf orrnably overlie red shales eind muds tones of the 
Cretaceous Moho group (Newell, 19^9)• Near the base of the Moho i s the 
Ayavacas limestone that Newell correlates with the Yuncaypata at Cuzco, 
thus providing a key marker horizon. The Ayavacas conformably overlies 
basal red Moho mudstone which the writer t e n t a t i v e l y correlates with the 
Huayllabamba mudstone at Cuzco. The Huancane red sandstone i s tenta
t i v e l y correlated with the lower Huayllabamba and conformably overlies 
the Moho. The Piino red beds probably are equivalent to the Bambanusa 
sandstone. 

Figure 6, showing old erosion surfaces, has been compiled from t h i s 
meager information and explains the general s i m i l a r i t y of the red beds 
between Cuzco and Sicuani. 

Structure 

Large f a u l t s i n the Lake T i t i c a c a region, of trends s i m i l a r to the 
Vilcanota f a u l t , are early T e r t i a r y thrusts (Newell, 19^9) cl o s e l y assoc
iated with folding, or are normal tensional f a u l t s of probable l a t e 
T e r t i a r y age. Because physiographic expression on the Vilcanota f a u l t 
indicates both early and l a t e movement, i t i s te n t a t i v e l y assumed that 
the o r i g i n a l f a u l t i s early T e r t i a r y . I t may have been a thrust from the 
northeast that was modified by normal movement i n the l a t e T e r t i a r y 
and physiographically expressed along i t s northwestern part. 

Apart from i t s remarkable continuity the zone i s more c h a r a c t e r i s t i c 
of d i f f e r e n t i a l u p l i f t than of thrust movement. I t i s composed of many 
f a u l t s , most of which are r e l a t i v e l y short and terminate at, or are off
set by, cross f a u l t s expressed by offsets i n the f a u l t l i n e scarp. Some 
cross f a u l t s also may be tears p a r a l l e l i n g the thrust movement. 

Notably near Tinta and i n the lower Huatanay v a l l e y Pleistocene or 
Recent volcanic cones are l o c a l i z e d i n the f a u l t zone. The Huatanay 
(Cuzco) and the Lagima de Langui valleys also are s t r u c t u r a l l y controlled 
by f a u l t s that branch from and p a r a l l e l the VilcEinota f a u l t . 

A lteration 

A b e l t of hydrothermal a l t e r a t i o n pipes encloses the Vilcanota f a u l t 
zone from Ollantaytambo southeast to eind beyond La Raya, a distance of 
nearly 200 kilometers. Shorter b e l t s enclose the Huatanay v a l l e y and 
Laguna de Langui f a u l t s . The fault-bounded triangular Pau^ja de Anta i s 
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r e l a t e d to the Vilcanota f a u l t aad also In bordered by a l t e r a t i o n b e l t s 
t h a t are known Li.> corjtaic! small amounts of uraniuii!. 

I h e r e are v i r t u a l l y iio a l t e r a t i o n pipes outside narrow xones eti-
c l o s i n g the f a u l t d t h a t range uv> to fieverai kilcraeters Ln w i d t h . OLsttint 
concentrations of pipes, v i s i b l e Irom the Vilcanota v a l l e y , probably are 
r e l a t e d t o unrecognized s u b s i d i a r y . 5rructures. 

A l t e r o t Lon pipes are e r r a t l c s l l y d i s t r i b u t e d «lon>', t.lie VllcjinotM 7;one. 
C.'ivs i'i teof l y greater pipe concentrac loni; at ortsss f a u l t s rhai: d l spl r-i>:e or 
ter i j i l n a t e I n d i v i d u a l l o n g i t u d i n a l f a u l t s I n d i c a t e l o o , 3 l j y l'u;rcfi.';ed c o i ; -
cenrration!, o f v v m r i i c t i r . j i .-Jtresseo. 'i'he volume, s t r e o g t n , a n d ttwrpera-
X ur*; ».-iv.-1. ror>.nent ot tint it.n in t tie. be i t itt:: .ii r<-C. c l.y p r o p o r t i o n a l i •> u v 
>''..i-,i..<"itTat U'l.i 0 1 a l t e r a f . l o n pipes, tl.irkod zu.-ilrip^ al.so ;.;> appareiit, i\ov,:'/i.r, 
fro;« rfoathefr.=;t t o northwest, wirb t h-.- nur'ber. fii.'e, tccirjiu, anc v-.-i r i i. y 
o f [lipe'i be-in,.', gre;it<'sf. ne<-jr Abra l.ri Rava cin-.I r.osr.l bl y :5I:j. I I gr^ - M t e t I j r t h e r 
'jyuthc<T...t. These- i,'icii;;r.': O'-crei-;': norlbwtvj:w;!r-- to cj Di'iim-om r.f.ir c.he 
!unci Ion 01 Che «iuat.' nay ar.-.t V •..l<.nf,of n va ! I thoy lnKr«''»..:.<.* (no-Jerntely 
ucar Oli aiiLayta.'Tibo but are not as importaat as ac La Raya. 

The tramber and "izf- of T e r t i a r y I n t r u s i v o s v a r i e s i n the "ame mann.^r 
ci- trr n ' t c r a t i'..'n p i n f - j . !nt rus i v<-'.'̂  -.ire lmport.^nt o.^iy aear I M .''<,i,-a and 
r.crt h^'fegt of 01 l.intay t.rirabo. VOI ' - . , -H»IC COIK^S .in the b e l t ?,e;ierally ..;ecrea:,tj 
: [. prominence to the northwe.'it. . . 

li- tb'.- Cuzco-Anta area an a t t e n p t to aeteraiine tbe i s " . r i b u t i o n of 
se 1 en m-Tj-bar I A s t r a I u 5 ^,ar'/.anc 111o and hydrothermal a l r i^rrit j.on w<i-j 
lar^jfely iiicoticlas i v f bec/iuse ot: the ;^r';at .-.nj'.iur r. and v i •.•..5 [ire-ac' di.'jtrtbvj-
CI0T1 of .alr.ered rock and the almost a n l v e r s a l prevaleace ot A.stragalu^i i^, , 
regardless of l i t h o l o g y (Gabelnan and .Jordan, 1959). However, n more 
d i . 5 t l n c t r e l a t i o n i s -ipparent i n ^he Sicuani-Laguna de. Langui are-n wh'-re 'i 

a l t e r a t i o n i s weaker aud leas e K t P ; i a i v e . Trie concluulon here Is believed *. 
to be a p p l i c a b l e to both areas. • 

Astra^>alun iu prominent In many rock types ir. t h e Viicnnota 
a l t e r a t i o n b e l t from Ollantaytambo to Sicuani. Near Gu?.co the JotTiinane..-
of HuayIlabaraba red beds -i.ec t o the possible conciujilon t'lat the R e l e - i i j i n 
Is indigenous to t h i s formation and in being spread to other rock.<; by 
leaching and erosion. A c t u a l l y , the e n t i r e i n t e r v . i l between Sicuani and 
Laguna de Langui is underlain by T e r t i a r y Puno red beds. The density of 
Ast ragalus g. v i s i b l y decreases .southwest of Sicuani u n t i l the p l a n t In 
absent i n the large unaltered area between the Vilcanota and Laguna de 
Langui f a u l t s . AstĴ .S.'!̂ !.!̂ . 8- agaio berontes prominent i n Puno beds i n 
the a l t e r a t i o n b e l t encloslnj^ the Laguna de Langui f.ault. 

Thus, I t i s concluded w i t h coaslderable assurance t h a t : ( I ) the 
selenium probably was Introduced i n eplgenetic s o l u t i o n s ; (2) I t ' i d i s 
t r i b u t i o n and concentration g e n e r a l l y appear r e l a t e d t o that of a l t e r - ^ 
a t i o n pipes although i t i s more extensive than the l a t t e r ; and (3) i t 
can be used as an i n d i c a t o r of uranium. 



Me c a l l l z a t l o n 

As expected, the number and v a r i e t y of r e l a t e d hydrothermal metal 
deposits c l o s e l y f o l i o v the strength., volujne, and v a r i e t y of a l t e r a t i o n 
pipe.s although the s i z e and s t r e n g t h of deposits depend lai'gely on ?.onal 
p o s i t i o n w i t h respect t o a l t e r a t i o n pipes . From the meager i n f o r m a t i o n 
a v a i l a b l e on m e t a l l i s a t i o n i n the a l t e r a t i o n b e l t i t i s apparent t h a t 
mines e x i s t only near La Raya, where bac-e metal.g are most prominent. To 
the northwest, g o l d , s i l v e r , and antimony become Kiore important but not 
n e c e s s a r i l y of (iOitirnercial f i n a l i t y , rjo deposits of ther.e metals are 
known i n tne b e l t northwest of S i c u a n i . S n a i l copper deposits wore 
••""OMnd i n r,and.stcrie i n the Cuzcu-A'.ta area. 

Probably any uranium or oelenium preaeut i n the s o l u t i o n s motal- • , : 
l l z l n g thjj b e l t would iv;-ek a zonal p o r . i t i c n i n trie lowest teir:perature 
enviror/aent, near that of low-teiiir9i"'iture copper and d i s t a n t from baae 
or preciou.r; metais. u ..^ . . • . »< ,: 

hfifjuna de Lniig^ui I'auI t 

Because the existence and c h - a r a c t e r i s t i c s of the ViicaAotu a l t e r a 
t i o n b e l t were deteriaiii«=d p r i n c i p a l l y by d r i v i n g the l e n g t h of the b e l t , 
i t war, considered aecesa<iry t o v e r i f y the r e s t r i c t i o n of a l t e r a t i o n pipes 
to the belt- through a cross tr-tverse along the Sicuani-Laguna de Langui 
road. This road f o l l o w s a c r o s s - f a u l t - c o n t r o l l e d v a l l e y noriaal to and 
between the V i l c a n o t a v a l l e y and the Lagiuia de Langui depression :;on-
t r o i l e d by the Lag,una de Langui f a u l t . 

A l t e r a t i o n pipes decrease i n number southwestward from the V i l c a n o t a 
v a l l e y t o a wide barren i n t e r v a l between the two l o n g i t u d i n a l f a u l t s . 
Pipes increase t o a maximum a t the Laguna de Langui f a u l t , then decrease 
on the southwest s i d e ; t h i s v a r i a t i o n i s accompanied by a s i m i l a r vai'ia-
t i o n i n r a d i o a c t i v i t y . Thus, althoiigh a l t e r a t i o n pipes seldom occur on 
e i t h e r f a u l t , t h e i r c o n t r o l by the f a u l t s i s apparent. 

R a d i o a c t i v i t y 

Very low-ten^ierature uranium commonly i s associated w i t h weak a r g i l 
l i z a t i o n or bleaching, arid p y r i t i z a t i o n , types o f a l t e r a t i o n p r e v a l e n t i n 
the V i l c a n o t a f a u l t zone between Urcos and S i c u a n i . Weak anomalies were 
detected i n s e v e r a l a l t e r a t i o n pipes i n the Cretaceous Huayllabamba f o r 
mation (lower sandstone and upper mudstone) axid the T e r t i a r y Bambanusa-
Puno sandstone; both formations appear t o be f l u v i a l sediments w i t h l o c a l 
carbon c o n c e n t r a t i o n s . The background i n the a l t e r a t i o n pipes enclosing 
the V i l c a n o t a and Laguna de Langui f a u l t s i s about twice t h a t outside the 
b e l t s . 

The most notable anomaly was observed i n a small a l t e r a t i o n pipe i n 
shattered Puno sandstone near a small f a u l t a t the Y a u r i - V i l c a n o t a v a l l e y 
road Junction a t S i c u a n i . The pipe i s anomalous t o 3h "times baclcground; 

- 22 -



ffilneraliaation products ere B e r i c l t e , s l d e r i t e , manganoelderlte, qii&ctz, 

and 'bleacix^l rock. T l i i s r a d l o a a t l Y l t y demonstrates some r e l a t i o n between 
low-temperature a l t e r a t i o n and. uranium m i n e r a l i z a t i o n . 

Weak uraniuai M n e r a l i z a t l o n i s known i n tbe Cuzco-An'ca area an>i I s 
suspected no r t i i v e a t oi' S i c u a n i . Tna iow-ttaiperature p o r t i o n or the 
V i l c a n o t a o e l t from Urcos t o OllantaytanLDO iias not been examined but i o 
f a v o r a b l e f o r uranium d e p o s i t s . ,,, . ... 

'fhe w r i t e r suggests tu a t the fo'LLowlng work be done I n the area: -

( 1 ) Measuring enough s t r a t i g r a p h i c s ections betweoa Cuzco and Abra 
La Raya t o i n t e r p r e t d i a t l s f a c t o r l l y the V i l c a n o t a f a u l t ; 

(2) Reconnaissance mapping of the gcinerai feacares of tue f a u l t 
zone between Ollantayb'amba atid. ta Rayji ( t h e use of v e r t i a l a t r i a l pncto-
graphf? WIJLJ. t>e vaiuab.l**)j 

( i ) P l o t t i n g oil aapc the p o s i t i o n , ai-.'Ji, and type of '..11 a l t e r a t i o n 
p-Ir^^s; ' . 

P l o t t i n g the p o a l t l o n and n i i n e r a i i z n t i o n of a i l km.wn metai 
d e p O B l t s ; 

(5) Determining the zonal posit.!on most fav o r a b l e f o r urani-oai f r a n 
the above i n f o r m a t i o n ; 

(b) aeologic and r a d i o m e t r i c mapping of the most favorable amxll 

area t o aeteriaine the econcmlc uranixim p o s s i b i l i t i e s of tne b e l t ; and 

(7} Using obliq.ue a e r i a l c o l o r photogr'apby t o map s t r u c t u r e , sti-a-
t i g r a p h y , and a l t e r a t i o n q u i c k l y and e f f e c t i v e l y . 



COASOyiL ZONE 

Geo l o g / - .„: 

/ V.'e.̂ t o!' t'l'ii: ci'eot", cC tl;e Ccrdi I j eru Occlcleutai f-OLituwesleL-n i'eru i s 
cl.Hrt.clerJ 7.f'l uy a steei viOuii";./;i.iri r^lope o t . lij.e west inij.e ol" the A L d e a r i 

cor.ijrir-n''n, tile :;oactul j..J.«-1n, a;vl a luxrrow s t r i p oi r>i.util Lio-k tnou.-:tains 
l.ii.fi'.-•olnoj'icis wi >Ji faaJ shapes the coa^jtl.tne. A l l have h&on u^xlirl---'d bv 
uf ] i ;"t at.d oro'i'i.ot;, tin-.'. r<i£-u l t-Tl Ci'-jUi latf-.:nr-ltt.ct;t l l l f . / r c a L l n . . vftrti 

u p l i f t i a t J M f ? rrcii the l a t e T'.:rtlary vii contiauiris, to tiif* pr^jiHerst. 

Jr, 'i.e ri,.j.;'ti:iv/'>;t'3'!,-n ;:.;.,r"'. '.ae region tti'"; i i , ' : u r ' a s l/;;!'^ i s about 
50 kiiOir.<'?t(;r6 wL.if; unJ ir- '.'jry abrupt 'o'^.z^man tn« rii, _ ^ . l a ; i . l roiXiants o f the 
Miocei.e Pajji ei'osion js'.'i'faoe o:vi t l i o (:o:ir;tal p l a i n . I t trorj'.ir. .•;. ;.>,- • fi. 
r . v a r Pa.-c and S. 70^ E. efcbt OJ' r.:.'«'i..ifu. In th.i 1 t i t t e r sector super-
in:J. CIV.;';. '/C.-̂ anoes complicate the i.;ep;a-at lo.r. o f the slope from the u p l i f t e d 
cofcctul p l a i n . 

s truc t u r a l i . y , j f l ^ e t to r.he ve:;.t-coutave^ t :.i].c:iê  a - x a e a r -iO'.;:a-]j.'i:.-û  

slope s t r i k i n g about N. 60̂ ' K. S'jut.r. -jf t r . i s o f l t - e t the .A.op«; frcnuo 
ato':t . ̂ r*^ . th. ' C ' i g ^ 'HQqiieg;-ja a r d r;.:jrr,hoa:;t c f Ta;n:-; n-^xiril-^ini:,;^ « 

low g r / a d t e n t . TVirf.-'jghout i t . ; U-tigth t.-js c;lope. ir; o.O';'Ui,y diacoctcd oy 
:Cj.t.L;-qi,i'̂ ;;.t •:r'}'i(i - I r y i / i a g e and :i i'av;].t -:.o:a; alorig or a^a,i; i'Mi 
tec th'..! pa.;':i..llelc ths co:iSt : f c a ?l'-ic-j E o a t h v E i i ; I w f u a, 5v:,'i{/a;i^ t o ri'^arly 
*ja:5t i n the Arequipa embayiiient • A second zone, e.r; echelon to t'c: 50.f*:;.-
%'e:st, reestaoilr/nec t h e o r i g i n a l soutiieuat I r e i i d . =„.,-

The c o a s t a l p l a i n f a r a l l e i s -he no-^m-italu sioj-e and a c t u a l l y in a 
rock-cut pedlnent .^Icpinj^ upw^ird toward the toe of the •^oynn.zd.j.a f l a n k . 
Although broken l o c a l l y b y s.nall f a u l t - b l o c k ini5X~ntains and diSGected by 
major drainages., i t ly e a s ' ^ n t i a l l y one erosion Siirface., p o s s i b l y p f i r t i y 
r e s i d u a l fro.ii Paaa '?ro;lon b u t developed p r i n c i p a l l y a f t e r u p l i f t of the 
mountain filope . S i i e s o f the p i a l r i are l i n e a r i n short riegir.eatK a a - l 
r e f l e c t t h e r e t i c u l a t e p a t t e r n of rnargintil f a u l t s . 

Near Ica the p l a i n i s of low e l e v a t i o n . I t trendy norbh-aor*vhw:33t 
I n t o the sea a t Pisco; southeastward i t g r a d u a l l y iswingn more eastward 
and r l i j e a i n e l e v a t i o n . East of Ctum.Ta i t averages 1,300 meters i n 
e l e v a t i o n . Vest of Arequipa the e l e v a t i o n of i t s southwestern side 
averages 1,000 meters and t h a t o f i t s northeastern side 1,600 metertj. 

The p l a i n narrows past the o f f s e t i n the mountain slope and t e r m i 
nates i n the h i l l s southeast of the lower Rio Turabo, which huH deeply 
di s s e c t e d i t . A t Tacna the p l a i n slopes from the sea t o about meters 
over a width of 50 k i l o m e t e r s . Throughout i t s l e n g t h i t had been modi
f i e d by t i l t i n g aud d i s l o c a t i o n s along high-angle f a u l t s attendant t o 
Pliocene t o Recent u p l i f t . 



Except where i t slopes to the s e a , the western side o f the p l a i u is 

a steep escarpmeatj ar. abrupt c l i f f , or I s o l a t e d block mountains w i t h 
y o u t h f u l topography exceeding 1,0'JO meters i n eievatiori.; a l l r e p r e s e n t 
stages of r a p L d u p l i f t . Mountain blocks formed an aggregate p a t t e r n l i k e 
tha'i in nortiiern Peru^ l . e., comenxrated at tbo iJoa.st, separated l y 
f l a t p l a i n s , and eoinmoniy en echelou to the norfn-.-lor-thwest with i a d i -
vlduaL we.-it-riurthwest. '.rends. The frequency and promimity of ^jlockrj 
i n c r e a s e n jutac - u stvard . l a aou thtnti P'-r'j they imy by c a l d to 'if^nstJ rute 
a c o t i s t i i l mountain ri-uige b o r d e r i n g the p l ' i i n , which then b«co.'r;6s 
Lni^erior c o a n t a l v a l l e y v i ' . i i j r o s 3 lr':ilnay;6 . 

S t r u c t u r e ana t e c t o n i c s • « ; • > - • n • 

The narrow bands of d i s t i n c t i v e physiography and thf; sh&pe and t r o a a 
of the c o a s t l i n e , a l l of y h i c h are p a r a l l e l , brcJidly d e f i n e tue l a t e 
T e r t i a r y deformation p a t t e r n of the r e g i o n . Long, l i n e a r , steep slopes 
probably a re f a u l t i i ; . ' ? s c a r p s r e s u l t i n g froo: dlspiacemea;. of th'-' '-una 
a m i Later e r o s i o n E u r f a c e s ; tn'i degree of scarp d e s t r u c t i o n i r v i i d t c s 
•,iio r e l a t i 7 e age of faul'ning. 

F a u l t s appear t c be s u c c e s s i v o l y younger westward, and thope on '.p.e 
c o a s t are P l e i s t o c e n e of Recent, w i t h c o n t i n u i n g u p l i f t from the s e a . 
The westward p r o g r e s s i o n of srnal I , i s o l a t e d f a u l t blockjs frora ao'^mtaius 
B e p a r a t . R ' l by the f L a t c o a s t a l p l a i n t o i s l a n d s i n the sea suggest;: t h a t 
co.".tiniaally your^ger f a u l t - b l o c k s t r i p s have been added t o tne coast. A 
f l a t s h e l f i s i n d i c a t e d to extend west of the coast a t l e a s t t o the l i r d t 
of the i s l a n d s and probably TO t o 100 k i l o m e t e r s o f f s h o r e t o the margins 
of the great t r e n c h e s , which i n depth match the height of the Andes. 



The abrupt dlsp;ija.cemer.tB p h y s i o g r a p n l c a i l y i n d i c a t e Iturgeiy \'ei'tl::al 
movement on the higii-arigle f a u l t b l o c k s ; however, a strong h o r i z o n t a l 
component i s suggested by the tendency o f i n d i v i d u a l f a u l t blocks to 
appear from tiie sea and trend o b l i q u e l y i n l i u i d a t i n c r e a s i n g e l e v a t i o n s . 
Large segments of the c o a s t a l p l a i n i t s e l f emerge from the nea la aoxth-
west-facing bays and r i s e to e l e v a t i o n s of over 1,0(JO meters beiVxre being 
a b r u p t l y te r c i i t i a t e d by f a u l t s . The e f f e e t i s t h a t of iiarrow fault. •iJioe.q 
shoved o b l i q u e l y upward froro tl i e s h e l f between the Andean c o r d i J l e r a n:id 
marginal deeps i n t o the c o n t i n e n t a l b l o c k t c w h i c h they become w-„-ided, 
thu s , the oettward exteosLor; of the c o a G t l i n e progresses from .oouthve'-.t 
t o n o r t i i e a s t . 

rlvidiitice f o r the a b o v e hit.-irpratution Ji; . ; t r J fciag. Tiv; .•:ou."t .;outh-
enst '.if Pisco g e r j e r a l l y appears o.u'ved but a c t u a l l y iix compoae-J of ;raixy 
n h o r t , ct,ralg.bt seg.-nent.s - Tbe Hegm-eut .•;-..ntri ..,f Vhico t o thf? I-u".!'. a.-:-
P«nir.Kula a c t u a l l y trenlo aouth-souni.wwHt.. T'be tr«.\n<l to il-.m Jo-.o •'•ay 
near Mtu-cona io coutheaat, 'uid f r o m Cao Juij.o tc } 'Uita -Ic '^oicb^o CMoTi«:vif 
I t j n •ijai;t-5outUKu;i0. The :iiiocy:r. •iar^'e ĉ o 'VL) i.:.o io er;:;eritial.y larcio, 
n<')rtr.we?; t - fuc ing ray, aiBdii^r to the sx/u.^r bay« tc. t.t'.» aoriciu--;;., The 
se<5:uenci3 from I i o ;••) A r i c a i i : nearly ^,o.r..viedKt, aliuoiii; reeocij-^;,L;t,lag the 
t r e a d b e t v e e n l a r a o a B and c;.u-. Juaa. At A r i .:a ^he ceai-jtiine a''jrcpr;y 
*:reais aoath to for:^ fcjj ar'̂ :a of •.eotv/jl,- l;c}^-jr ̂ i^iice e q . i . ' t b t b a c a.t- ['jr t 
W'e?p;'a l a n o r t i i e r n ler'^ where the -iount •uvl the ktAhixn c:iain irfi.i:r tj>idd-jr3, 
f r o m ricrthwest t o corthear/l . 

Alfnougli the hi.iort oe,v5r-if:ats oon.'^iot I t i r g e l y of c t r a i g h t -.ea c l i f f s 
rer.lntsc«at c f v.-iv«j-modified f a u l t scarps p a r a l l e l t o the main segment 
t r e n d , s h o r t j j e c t l o . i R aiid s m a l l , ".srilated, u p l i f t e d .'roastal f a u l t blockj> 
are o r i e n t e d ;xre westerly avl disgoruil t c the laain segment. The segneat 
t r e n d i s c a r r i e d northwestwaz-d from s e c t i o n t o s e c t i o n throug'li a s e r i e s 
of n o r thwest-facing bays. Thus, a t San Juan and San Micolas, scarps 
and SEjall r a i s e d blocks i n d i v i d u a l l y t r e n d n e a r l y west, but en echelon 
they form a northwest trend,. 

Cross f a u l t s perpendicular or a t a l a r g e angle t o p r i n c i p a l segment 
trends are s1.igge.3ted by scarps or t e r c i i n a t l o n s of erosion sur.faces of 
s i m i l a r o r i e n t a t i o n . Both l a r g e and .small f a u l t s commonly swit^g eastward 
i n t o the i n t e r i o r mountains, ass i n the r e t r e a t of the mountain slope east 
of Arequipa. 

L i t h o l o g y 

There was little o p p o r t u n i t y t o determine r e l a t i o n s between d i f 
f e r e n t l l t h o l o g i e s . .lided somewhat b y c o l o r , rocks could be recognised 
only as itiasaive s t r a t i f i e d v o lcanics or sed-lnients. The geologic imxp of 
Peril ( B e l l i d o , Marvaer., find Smona, 1 9 5 6 ) shows an i n t r i c a t e dl;-trJ-bu-tion 
of upper Paleozoic -001116tamorphosed sediments, pre-Cretaceous g r a n i t i c 
i n t r u . 5 l v e s , Mesozoic intirine sediments, p o r t i o n s of the Andean b a t h o l i t h , 
T e r t i a r y sediments, and l a t e T e r t i a r y v o l c a i i i c s . 



Cm che map longitufiinfi.1 f o l d i n g , t h r u s t i n g , and i n t r u s i o n generally 
p a r a l l e l tue average o o r f . l i i l e r a n t r e n d . lixcept f o r the l a t e s t T e r t i a r y 
ajvl Initiaternary sediments and vol c a n i c s , t h i s p a t t e r n I s completely imle-
peu'ieat of present physiography. The l i t h o l o g i c j«ttern, t h e r e f o r e , 
r o b u i t e d from deformations e a r l i e r tVian viiose p r e s e n t l y expressfxl i n the 
landscape wad p r o t j a t i y VB;i produced i n l a t e (..'retaceous t o e e r i y T e r t i a r y 
time. L i t h o l o g / a l s o Ir. Ixirf/eiy l.ao.epe;iderit of o r i g i n a l m i n e r a l l a a t l o n 
p a t t e r n s • 

')xj'iation 

Because of .re;;ei;T:, exposure and tue a r i ' l i t ^ ' , niost ovitcrops a r e rfiiUin:-
aljly fr'n,;h. f r o E imatj.y the O/tiooxe 1 r o r / : ; were f i v r i t r3eie..'ijveJ.y prejar-H 
by iui '.h-jru'i I zff t i t.:r., GJVI n o T j y T;.'tU"»r'9ll2.eMvn }':"'*}'jn>y> f-V": o x L i i z ' ^ l . i n 
a: .ix.i .;!' 0 ,;o.:. taut if. J r^:'.ie; OKl',.:!. ' : ' : - < j . r : '.'r—V i r .l.tr/M; i'.oriei., '"U-',-

g e s t i n g iJii.i-.T-'') : :zer f i ; i - , i ' . ; ; , or i n iitc-tce.: ar-'U.-: ;.a i . v i ' r , ; . , ; i r , ! ., .,.ut-;n 
t h e minera 1 1 i <:r. L:L\r- yt „•! ; j ;:i.viv.-r In Ai..lej. 

Oxidation of \i<.lr\^:;•ai^'/fl':Ar^a o:..oiucts c h i e f l y p r o L i r e r i r o n o ^ l l e s . 
D a r k - y e l l o w i b r o v > ' : inri.-ii T .{« I t e r e d roc«lr was i'-t».rr r».-< ee. fiftv. 
ferromagnesian t c i n ; T̂:-y r.:/e-r'\ to o-rs'tgK-/vll-jw llai'.nl as a f t e r 
s u l f i d e s ; f r v l t'^ora.;. tiia'Aef of h e i u a r - ' 1 , asv «!'':'-r r;i','.;M.t.'to e r 
speculari t'^; ;.-̂ ;o„ ojci:;;! aarlon:; i:uv,j v-ri,l. i ' - i there ; nt':>:-pr-t« t • or^-v. 

PrL(!;;;iry ' i l t f r a Li o-i :olo;':i not rn&riedly u i f e r t e i l y .^/ii'jation â -e 
;<;:-e;;;.., f:-0" c h l c r i t i ;̂ 3i 1 on or e p M o t i ^tatior.^ and. white, frrra ar*.;; 115 ica
t i o n or o i e i t h u i g . f n r the K o s t ecinn^un <:v:idation e o l o r he;.:.&*ite 
r e r , WL:'.'ai iitavof;- a con-;--O'leraible perceutai/.t^ of r/ne area neen. etm-
fir a i e d or; the fxoji\d, large a^'eas weakly r f s i n e d red, imy be rterely ^/oint 
atockwurkj cf oparseiy d i s t r i b u t e d nuig-netite or s p e c u l a r i t e . Numerous 
s t r o n g l y stained dark-red f a u l t zones and I s o l a t e d areas, however, suggest 
ma^petite veins and pervasive replacements s i m i l a r t o those being mined 
a t i-larcona and A c a r i . The veins are very coamon. 

Pediment remnants, and accordant summit3 suggesting o l d remnants, 
are s t r o n g l y stained heinatite red, p a r t i c u l a r l y from Nacza southeaatwerd 
t o Arecpiipa. AlthoiAgh patchy I n places a .ml l o c a l l y suggesting i m d e r l y l i i g 
m i n e r a l i z a t i o n centers, the ufiusually extensive red s t a i n seeais t o be 
confined l a r g e l y t o the g r a v e l veneer. 

There i s no o x i d a t i o n of the slopes m i d e r l y i n g the red - g r a v e l veneer 
i n canyons d i s s e c t i n g pe-iiments or I n sea c l i f f s beneath r a i s e d c o a s t a l 
pediments. I n some areas t h e red veneer probably result.^^ from the o x i 
d a t i o n of magnetite I n volca n i c ash and b u f f , but the greater p a r t pre
sumably i s de r i v e d from veins and. .Ltirge rep.lacement 'lissemiiiations ol' 
magnetite. Duidng surface r a l u c t i o n the magnetite Is f e d t o the gj-avcls 
and i s widespread down-slope, becoming ox i d i z e d en ro u t e . 

Oxidation to hematite occurred c h i e f l y dLU^ing pedlmentation and 
e s s e n t i a l l y ceased d u r i n g vigoroua renewed u p l i f t , as i n d i c a t e d by the 
lack of hematite s t a i n i n v a l l e y slopes, v a l l e y gi-avels, and beach 
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d e p o s i t s , Herratite deri'''ed from old pediment, gravels apparently i s ., 
removed c a l e c t l v e l y t o the sea I n advancie o f cobW-et;. Magr^etita I i o - :. 
erated t o laC'dern graveln since tiie s t a r t of pediment, d e c t r u c t i o n iios 
not hail tire time or envlroniiieiit t o o r r i d i z e . 

Tae A c u r i magnetit.e niine i o on the steep sout-ri o iooe of a rao.-!r.ttii.r., 
ah out 1,'.>X> meters hi g h , t n a t in capped by a gravel-veneered pedJTu'.at 
remnant. Several wide m i ^ n e t i t e veins out t'ne slope a t a l i i g h angle to 
the topographio contour';. The e n t i r e slope, i n c l u d i n g the v e i n outcrops, 
i s unoxidized, whereas the g r a v e l veneer i s s t r o n g l y heiautite-Btuined. 

L o c a t i n g blie laagnetito depot;its s u p p l y i i i g heiaatite to the ;.;r'j.v{,-i 
veneer i s p e r t i n e n t to the present e x p l o r a t i o u of t i i e l e r u v i a n coa.«t 
f o r r i a g u e t i t e . ^ 

M i n e r a l i s a t i o n 

Coft rocks, stx 'orLgly white i n c o l o r u s u a l l y i n d i c a t e a r g i l l i 7 , a t i o a ; 
s o f t , p a l e - t o dark-green rock^, c n l o r i t i z a t i o n ; hem£itite r e d , o r i g i n a l 
inagrietite or s p e c u l a r i t e ; orange red t o orange y e l l o w , indigenous or va
grant v ^ u l f i i e s , p r i n c i p a l l y p y r i t e ; deep-browi; t o dark-red limonite.-.; U vuo), 
c h a l c o c i t e ; and held j e t - b l a c k outcrops, s i l i c i f i c a t i o n . 

Except f o r the h e m a t i t i c pediiaent gravels of physiographic o r i g i n , 
most m i n e r a l i z a t i o n p a t t e r n s i n rocks of t h i s r e g i o n are indeteririinate 
because o f broadly d i s t r i b u t e d m i n e r a l i z a t i o n centers i n a l l the phy.Tio-
graphic u n i t s . There i s , however, s l i g l i t l i n e a r i t y and some f a u l t 
c o n t r o l . Most s i g n i f i c a n t are the .lack of r e l a t i o n t o t e c t o n i c u n i t s 
modern enough t o be i n d i c a t e d by the present physiography, and the p r e 
valence of ferromagnesian l i m o n i t e and hematite a f t e r magnetite emd 
s p e c u l a r i t e , suggesting hjrpothermal m i n e r a l i z a t i o n . These fea t u r e s 
support the i n t e r p r e t a t i o n t h a t the m a g n e t i t e - s p e c u l a r i t e m i n e r a l i z a t i o n 
i s e a r l y and c o n t r o l l e d by e a r l y f o l d i n g , t h r u s t i n g , and p o s s i b l y batho-
l i t h i c emplacement. 

Re g i o n a l l y , magnetite i s d i s t r i b u t e d along the west margin of the 
b a t h o l i t h and r e f l e c t s the same t e c t o n i c c o n t r o l t h a t guided b a t h o l i t h 
emplacement. Magnetite veins i n the b a t h o l i t h preclude i r o n m e t a l l i z a t i o n 
before or d i r e c t l y w i t h emplacement o f the b a t h o l i t h . More l i k e l y , t h i s 
m e t a l l i z a t i o n was a postmagmatic hypothermal phase c o n t r o l l e d by f i n a l 
adjustment s t r u c t u r e s . A hypothermal o r i g i n of the magnetite i s compatible 
w i t h i t s f a i r l y deep-seated emplacement s h o r t l y a f t e r i n t r u s i o n of the 
b a t h o l i t h . 

A l l m i n e r a l i z a t i o n , however, i s c o n t r o l l e d l o c a l l y by the l a t e 
T e r t i a r y f a u l t s along which I n d i v i d u a l c o a s t a l blocks rose or sank. I n 
such cases p y r i t i z a t i o n i s more common than raagnetitization, but there 
i s more magnetite than p y r i t e . The general lack, of lower than hypothermal 
m i n e r a l i z a t i o n along the coast suggests t h a t any middle to l a t e T e r t i a r y 
m i n e r a l i z a t i o n would have occurred cl o s e r t o the surface, and the high 
teniperatvire of s o l u t i o n s was maintained even near the surface. I f there 
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was Oi'ily orio stage of r a i n e r a l i a a t i o n , the l a t e c o n t r o l l i n g s t r u c t u r e s 
!r:i,ist have e x i s t e d e a r l i e r as weak zones. 

Ill a l t o ' r a t i o n oipo - on the rticixntatn slope east of t i i e .-^caatol p l a i n 
the y e l l o w arM o?-aage of d i l u l e d p y r i t e (and probably a aunor aiaiy.mt of 
o l n e r e u L f i d e c) , tiie »/iil.te of si.rong ar^;illli;ation, and l o c a L l y the deep 
reds .^uggestiiig copper ;;;iri'?ralr. prodominate over the ntji^i-itite-aftor-rii^ig-
o e t i t e ravx s p e c u l a r i t e cormon t o the r o a r t . Except e-ist !.-_nd. southeast 
of Arequipa, where vc Lcanics p-redoiulnate, pipe d i s t r l b u t l a n Js more 
r " Li >•«<'. to c c T p r e o s i o u a l rioforTOitioo (uid i u t r u e i o n than, to d i f f e r e n t i a l 
v e r t i c a l u p l i f t . 

I'artic'ilariy south of Arequipa the ;: trons^est e l t e r a t l o r c e r i t e r s , vxA 
tiior.e eon tain i u,j-': the u o s t l i f f i o r i l t e - a f i;er-coppf;.: rtilnerfij.s, or:.;ur i n v o l 
canic rea.t of .-.ubdue'l oi* v-oicanio physiography, i a u l c a t i r i g iiiId-Tertiary 
v o i c a n l t i i t . Much geolO(^/ characteri7.es aainy 'iK-f\<:r/ry'' i.';opi."::rs i n whici. 
'.•..•'.plo.'jive v o l c i u i i c vrenty also wore s o l u t i o n feedera a t :>o.:ie ' l e p i i s i t s . 

The coincidence of a l t e r a t i o n pipes w i t h hecent volca:.:.c vents I s 
r.trlKio;,?. This l a t t e r u l t e r e t i o n i« f i o a r o l l c , l a t e , «ad probably er;l-
Lr'.:r;i^ii . Local geoiO;;;i^ts conuider t t v'ei.ueleo;; however,, the w r i t e r 
b e l i e v e s i t j.o s i r j i l a r to taat which, l ntr'.ii,ia;,7.?d valuat Le copper rninerals 
deeper i n the exrllo^ive voTits seen as eroded stujrj,s to<l'iy. ALtio, I f a 
ov.f fit lent, l y hig,h-tamper ature e.avlror-.2ieat w e r e c a i r i e d by .'5O1'J tlons t o 
•the r.^urfacr . xeaotheri.ml islnera 1 i z a t i o n eouJd O f c u r uear ti:.c •.r,..rf .te 
i n !T.odern vents. Thus, the f u r j u r o l l o plptis :ry'iy bs si.trface expressioarj 
of very lute I ' t r t i a r y or Recent :tetalliu 'w'.loa d e e p e r i n the vccit» Tne 
oune aiter>r!. u p p e a r a u e e in dx: erodftd. v e r t woulu war ra n t invcp t i g a t i o r . , 
ao Ln ejy/ n l n e r a l l z e d '/oloanic p i l e . 

••o.jlnn/ii.]/, those f n i n e r a l i z a t i o n p a t t e r n s I l l u s t r a t e zonltig or. & 
gigf-mtic Bpace a a d tirno scale. The r e L . a t i < ttomtor . l y cox; be v e r i f i . e d 
l a d e t a i l at riiany xines an<l p r o j p e c t ^ . Lyuothennal j.ron r . i n e r a l i z a t i o n , 
p o s s i b l y p r e d a t i n g ittLl-Tertitu - y volusuiism, predoaiaate^ i n F I b e l t vest 
of and uji'Jerlying tir- c o a s t a l p l a i n . The m e t a l l i c replacement dissemi
nations f.vA conoontration.^ cor^tain .-aaj^jriOtite or s p e c u l a r i t e but aeldoa 
copper .Tiinerals. 

TiOUG oomn.tjn cop pot' mineral:;, p y r i t e , and g o l d , how-.-ver, occur in 
veins jijargina! to but some-.'IK..t d i s t a n t froni i r o n dioBerninations . i';ai:t-
wyrd. on th^- ;iiouirtain P,Lope' rtagrietite uî id S'tieo/diarlte are inoro r..u.'e u n t i l 
p y r i t e and ciialaopyr J te with tourrxul ino be tome the cuim/iOti reulaccunetit 
diRStnalaation, and. nw.4rgintil veins are- of utipoei' ar.d gold • Hnar the too 
of the slope l e a d and i:inc vel.ns gain i n prominence but a r e v i r t u a l l y 
abuf/nt to the we it.. 

All-bough pre - r n i d-Tertiary volcanic m i n e r a l i z a t i o n may have occtirred 
on thie slope, i t e v i d e n t l y d i d not introduce muoh rruigiietlte or specula-
. r i t e . Most of ti:ie s.lope was mineralized., a f t e r vjlcanlvSm, f;Uid m i n e r a l i 
z a t i o n poGsibJr/ i s younger t o trie e a s t . Weak, late 'ferti.'iry epithermal 



m i n e r a l i z a t i o n i s superimposed. Thus, the r e g i o n discussed can be con
sidered to c o n t a i n a c o a s t a l i r o n b e l t and a mountain slope copper b e l t . 

R a d i o a c t i v i t y 

Hematite-altered areas examined from the a i r a t a low a l t i t u d e were 
not anomalous, but a l t h o u g l i s l i g h t increases were noted over sev e r a l 
prtsdoiniriantly a r g i l l i c and p y r i t i c pipes, these areas of high-temperature 
m i n e r a l i z a t i o n are not believed to be s i g n i f i c a n t l y r a d i o a c t i v e . 

There my be occorrenceo, however, of u r a n i n i t e or higli-temperature 
complex ui-anlferous s i l i c a tea w i t h magnetite or s p e c u l a r i t e . Most oi;' 
the known uraniiua occurrences on the mountain slope are i n g r a n i t e peg
m a t i t e s c u t t i n g the b a t h o l i t h . Also, one ot-currence of r a d i o a c t i v e aiag-
n e t i t e near the coast; wns r e p o r t e i i t o che 'writer (Sam Mold, personal 
coinmunication), and would not be unusual because of the occasional presence 
of small amounts of uranium i n the high-tempera bare environment, p a r t i c u 
l a r l y i n Peruvian and Chilean copper d e p o s i t s . Uranium minerals occur i n 
the ch.aicop;rrite veins o f the I c a area i n the n o r t h e r n pare of tae mountain 
slope discussed here and would not be s u r p r i s i n g i n some of tne "porphyry" 
copper de p o s i t s , but such cccurrences are u n l i k e i y to be of caociercial 
ii'iportance. 

Tiie p o s s i b i l i t y of economic ixranium deposits associated, w i t h T e r t i a r y 
to Recent epithermal minei'sliza'tion of v o l c a n i c vents i s b e t t e r than tiiat 
of copper deposits because of rdie more f a v o r a b l e environment, but t h i s 
has not y e t been i n v e s t i g a t e d . 
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