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ENERGY RESOURCES OF PERU 

BY THE U.S. GEOLOGICAL SURVEY 

INTRODUCTION 

Energy resources f o r  the  fu tu re  a r e  of g rea t  concern t o  a l l  na t ions ,  
regardless  of t h e  s t a t e  of t h e i r  i n d u s t r i a l  development, and regardless  of 
how well they a r e  present ly  endowed with known suppl ies  of conventional 
fue l s .  I n  most developing countr ies ,  these  concerns a r e  exacerbated by 
inadequate knowledge of domestic resources; shortages of exper t i se ,  and 
funding f o r  explorat ion,  evaluat ion,  and development of new supplies;  
h igh c o s t s  of importing needed f u e l s  from abroad; and other  f a c t o r s ,  
To a r r i v e  a t  t h e . b e s t  ava i l ab le  long-range so lu t ions  t o  meet fu tu re  demands 
fo r  energy, governmental energy p o l i c i e s  need t o  be based on comprehensive 
assessment of t h e  discovered and t h e  po ten t i a l  energy resources,  and on an 
understanding of the  fac to r s  involved i n  the  development and use of those 
resources.  

Development of new sources o r  major enlargement of known sources of 
energy i s  a many faceted,  h ighly  complex, and expensive undertaking. Of 
necess i ty  i t  should s t a r t  from an adequate grasp of t h e  resource base 
ava i l ab le  f o r  explorat ion.  I n  o ther  words, an accurate assessment of  the  
quant i ty  and q u a l i t y  of i d e n t i f i e d  resources of each energy commodity i s  
needed, plus an evaluation of probable but  unproven reserves ,  and an 
es t imate ,  based on the  bes t  ava i l ab le  d a t a  and exper t i se ,  of the  undiscovered 
resources . 

The U.S. Department of Energy, i n  cooperation with the  U.S. Department 
of S t a t e  and the  U.S. Department of t h e  I n t e r i o r ,  i s  inves t iga t ing  t h e  pos- 
s i b i l i t i e s  f o r  a s s i s t i n g  developing nat ions  t o  i d e n t i f y  t h e i r  a l t e r n a t i v e  
domestic sources of energy. For the  Department of the  I n t e r i o r , t h e  f i r s t  
phase of the  inves t iga t ion  f o r  each of t h e  se lec ted  'countries was t o  compile 
and evaluate t h e  information a t  hand concerning energy resources,  along with 
projec t ions  of supply and demand f o r  energy. Preliminary evaluat ions  of 
information a v a i l a b l e  i n  t h e  United S t a t e s  have been made f o r  several countr ies ,  
one of which is Peru. (See f i g s .  1 and 2). 

The second phase of the  projec t  has involved in-country v i s i t s  b 
U.S. Geological Survey (USGS) team of energy s p e c i a l i s t s  and e v a l u a t k  of - 
each of t h e  s i g n i f i c a n t  nonrenewable energy sources,  including geothermal 
and nuclear  energy. This inves t iga t ion  was ca r r i ed  out  i n  c lose  col- 
l abora t ion  with Peruvian counterpar ts  and presents  t h e  f indings  of t h e  
USGS a s  t h e  r e s u l t s  of these  in-country s tudies .  





Figure 2. Maj or Peruvian mineral r esourcee 

Reference: Weil, and others, 
(1972;* p. 290) 



Methods 

In any analysis of supplies of minerals available for present or 
possible future exploration, it is very important to understand the 
meaning of the terms used. Much confusion and misunderstanding can 
result from undefined or loosely used terminology, and statistical tables 
can be misinterpreted if the basis for quantification is not clearly set 
forth. 

The Geological Survey and Bureau of Mines have addressed this problem, 
and have atrived at the following definitions, which are in standard use in 
their publications and are adhered.to in this report. 

Resource: A concentration of naturally occurring solid, 
liquid, or gaseous materials in or on the Earth's 
crust in such form that economic extraction of a 
commodity is currently or potentially feasible. 

Identified resources: Specific bodies of mineral-bearing 
material whose location, quality, and quantity are 
known from geologic evidence supported by engineering 
measurements with respect to the demonstrated category. 

Undiscovered or speculative resources: Unspecified bodies of 
mineral-bearing material surmised to exist on the baais 
of broad geologic knowledge and theory. 

Reserve: That portion of the identified resource from which 
a usable mineral and energy commodity can be economically 
and legally extracted at the time of determination. The 
term ore is used for reserves of some minerals. - 

In this report, statistical data on production and consumption 
and supporting information have been obtained from U.S. Bureau of Mines 
records supplemented by additional data obtained in Peru. Geologic 
description and analysis of known areas and of areas having possible 
future potential have been prepared by the Geological Survey. 

Results 

Peru presently depends principally on petroleum and hydropower for 
its energy requirements. These meet present requirements, but improvement 
in living standards for its people and industrialization will demand greatly 
increased supplies of energy. 

Petroleum is the principal source of energy. With the completion ano 
operation of the pipeline from northeast Peru across the Andes, Peru 
has very recently become self-sufficient in petroleum. New oil and gas 



fields must be found, however, to replace dwindling supplies from older 
fields, arid to provide any surplus for export. ~he.geologic setting of 
known ~ ~ r i i ~ l i j ~  is reviewed and figures for estimated reserves are 
cited. . In general, Peru is believed to'have large additional potential . 
for oil and gas, particularly in the jungle east of the'bndes, but 
exploration for and development of new ,o$lffelds will be difficult, 
expensive, and t ime-consuming . 

Eleven separate coal fields are known,in Peru; complex structure and 
high ash content ofmuch of the coal has precluded other than minimal 
utilization of the coal to date.. Some bf the, coal is of coking tqu;i'ity. 
~ e o l o g ~  of the more .promisidg coal fields 'is reviewed, but reserves for 
the future are uncertain because'of lack of relevant and adequate data. 
Coal potential for electric power and for coke,needs to be carefully in- 
vestigated, in order to utilize this significant though not large-energy 
resource. 

Various reconnais.sance investigations between 1933'and 1972 have 
been made for uranium. These were almost entirely confined to the more 
easily accessible parts of western Peru. Although some areas of low-level 
radioactivity were detected, no deposits of possible economic potential 
were identified. An appraisal of the general geology of Peru suggests 
that unexplored eastern Peru may present a more favorable geologic 
environment for the occurrence of nuclear minerals than does western Peru. 

1 Potential for geothermal energy, especially in southern Peru, is 
believed to be present and could be large. No serious investigations 
of this potential seem to have been made. Field investigations should be 
started as soon as possible, followed by dri.lling. 

The report also includes a section on water needs and a section on 
energy-related minerals needed in connection with development of new 
supplies of energy from-non-renewable sources. 



STATUS OF ENERGY SUPPLY 

Popula t ion  . . 

The'populat ion of  Peru i s  c u r r e n t l y  about 16,000,000,up from about 
13,600,000 i n  1973. Of - the  t o t a l ,  46 percent  i s  American 
Ind i an ,  43 percent  i s  mixed, and 11 percent  i s  Caucasian. Popula t ion  
d e n s i t y  averages about 12 per.  km2. J u s t  over  h a l f  t h e  popula t ion  l i v e s  
i n  t h e  10 departments t h a t  f r o n t  on t h e  P a c i f i c  Ocean. 

The l a r g e  c i t i e s  of  t h e  count ry  a r e  growing a t  an average r a t e  of  
5.5 percent  per yea r .  Lima, t h e  n a t i o n a l  c a p i t a l ,  and i t s  p o r t  c i t y ,  
Ca l l ao ,  t oge the r  have more than 3,700,000 people.  Lima i s  growing a t  
t h e  r a t e  of 4.55 percent  a y e a r ,  a r a t e  t h a t  w i l l  b r i ng  i t  t o  12,000,000 
i n h a b i t a n t s  by t h e  year  2000. A cons ide rab l e  p a r t  o f  t h e  growth o f  urban 
populat ion has  come by migra t ion  o f  r u r a l  people from t h e  mountains 
(Organiza t ion  of  American S t a t e s ,  p. 681, who have s e t t l e d  i n  makeshif t  
shanty  towns on t h e  o u t s k i r t s  of t h e  ci t ies,  e s p e c i a l l y  Lima. These set- 
t lements  always seem t o  grow f a s t e r  t han  c i t y  s e r v i c e s  can be  extended t o  
them, and they t h e r e f o r e  e x i s t  without e l e c t r i c i t y ,  water ,  and garbage co l -  
l e c t i o n ,  o r  a t  b e s t ,  have a minimum of such s e r v i c e s .  

Product ion and consumption 

A s  a developing count ry  i n  t h e  e a r l y  s t a g e s  of  i n d u s t r i a l i z a t i o n  wi th  
an income of $760-per  c a p i t a ,  P e r u ' s  energy demand i s  r e l a t i v e l y  low. 
Peru ranks  i n  44 th  ,p lace  worldwide i n  consumption of energy, which i n  coal- 
equ iva l en t  terms i s  es t imated  t o  be 80.0. kilograms per  c a p i t a ,  compared wi th  
3,300 kilograms f o r  France and 9,700 kilograms f o r  t he  United S t a t e s .  On 
t h e  b a s i s  of 1974 income, i n  Peru,  1.03 ki lograms of coal-equivalent  energy 
was r equ i r ed  t o  produce $1.00 of GNP ( g r o s s  n a t i o n a l  p roduct ) ,  compared 
wi th  1.79 kilograms f o r  t h e  United S t a t e s .  I n  1976, primary energy con- 
sumption reached 84,000 t e r a c a l o r i e s  ( 1  Tcal = 1012 c a l o r i e s )  ; t h e  energy 
was der ived  from resources  a s  shown i n  t a b l e  1. Since 1965, energy con- 
sumption has  been - inc reas ing  a t  a r a t e  of 5.2 percent  per  year .  

Re l a t i ve  t o  t he  c o u n t r y ' s  p r e sen t  s t a g e  of  development, t h e  a v a i l a b i l i t y  
of energy from domestic and imported sources  i s  considered adequate.  Peru ' s .  
demand f o r  energy i s ,  however, expected t o  i nc rease  a s  h e r  s tandard  of  
l i v i n g  improves. It needs t o  be  emphasized t h a t  a l a r g e  p a r t  of P e r u ' s  
p o t e n t i a l  demand i s  no t  being s a t i s f i e d .  There a r e  many small  v i l l a g e s  and 
r u r a l  communities throughout t h e  count ry  t h a t  do no t  enjoy t h e  s o c i a l  and 
economic b e n e f i t s  of e l e c t r i f i c a t i o n .  About 30 pe rcen t  of t h e  popula t ion  
i s  supp l i ed  with e l e c t r i c i t y .  . . 



Table 1. Primary energy consumption i n  Peru and dependence 
on primary energy imports. 
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.The growth of  Pe ru ' s  economy has  no t  been plagued by c r i t i c a l  energy 
sho r t ages .  Large mining p r o j e c t s  l oca t ed  f a r  from e s t a b l i s h e d  power 
c e n t e r s  have independent energy supply  f a c i l i t i e s  a s  an i n t e g r a l  p a r t  o f  
t h e  investment .  Given t h e  importance and energy demands o f  mining i n  
P e r u , , t h i s  exp la in s  why a l a r g e  p a r t  (37 pe rcen t )  o f  t o t a l  i n s t a l l e d  
e l e c t r i c a l  c a p a c i t y  i s  c o n t r o l l e d  by independent gene ra to r s .  

The development of  Pe ru ' s  energy system has  r equ i r ed  g r e a t  amounts 
o f  c a p i t a l . .  I n  1976, t h e  $334 m i l l i o n  11 investment i n  energy amounted 
t o  2.4 percent  of  t h e  GNP of $13.7 b i l l z o n .  On t h e  o t h e r  hand, energy 
development i n  1976 represen ted  30 percent  o f  t o t a l  pub l i c  investments .  
Cur ren t ly ,  t h e  energy s e c t o r  employs 19,000 workers,  o r  0 .3  percent  
o f  t h e  economically a c t i v e  popula t ion .  

For i t s  energy requirements  Peru depends p r imar i l y  on petroleum, 
wood, abundant h y d r o e l e c t r i c  sou rces ,  n a t u r a l  g a s ,  and t o  a small  
e x t e n t  on bagasse.  I n  1976, Peru imported 28 percent  of  i t s  energy 
needs.  Peru i s  considered t o  be well-endowed wi th  h y d r o e l e c t r i c  
r e sou rces .  I n  1976, t h e  l a t e s t  year  f o r  which d a t a  a r e  a v a i l a b l e ,  
about 7 percent  of  a l l  energy consumed i n  t h e  count ry  and about - 74 percent  of  a l l  e l e c t r i c  energy gene ra t i on  was dependent on water 
power. Peru formerly produced and exported crude petroleum, b u t  
because of  r i s i n g  domestic demand, crude expor t s  were d i scont inued  i n  
1963. With t h e  completion of  t h e  Trans-Andean p i p e l i n e  i n  1977, Peru 
expec ts  t o  have once aga in  a s u r p l u s  o f  petroleum f o r  expor t .  The use 
of  c o a l  a s  an energy source i s  i n s i g n i f i c a n t .  Limited amounts of 
m e t a l l u r g i c a l  coa l  a r e  imported f o r  t h e  small  s t e e l  p l a n t  a t  Chimbote. 
Nuclear sources  and t h e  non-conventional sources  of  s o l a r ,  wind, 
geothermal power a r e  not  c u r r e n t l y  e x p l o i t e d .  

Resources being exp lo i t ed  

Peru has  taken good advantage of  i t s  h y d r o e l e c t r i c  p o t e n t i a l .  A s  
shown i n  t a b l e  2 ,  P e r u ' s  t o t a l  i n s t a l l e d  e l e c t r i c a l  power capac i ty  
o f f i c i a l l y  r epo r t ed  f o r  1976 was 2,473 megawatts, of  which h y d r o e l e c t r i c  
sources  accounted f o r  57 percent  and thermal  e l e c t r i c  sources  43 percent .  

The growth of  e l e c t r i c a l  c a p a c i t y  has  g e n e r a l l y  kept  i n  s t e p  wi th  
P e r u ' s  economic growth. The growth i n  h y d r o e l e c t r i c  sources  has  been 
more pronounced r e l a t i v e  t o  thermal sources  and i t s  r a t e  has  f l u c t u a t e d  
between 28 p e r c e n t . i n c r e a s e  i n  1965 t o  9 percent  i n c r e a s e  i n  1974. I n  
1976 i n  t h e  l a r g e  Lima a r e a ,  demand increased  7.3 percent  over  t h e  
previous year .  Cons t ruc t ion  o f  i n s t a l l e d  c a p a c i t y  has  advanced such 
t h a t  t h e r e  has  no t  g e n e r a l l y  been an "energy gap" r e l a t i v e  t o  demand. 
I n  1974, mining a c t i v c t i e s  i n  Peru accounted f o r  27.5 percent  o f  t o t a l  
e l e c t r i c a l  demand, while  o t h e r  i n d u s t r y  accounted f o r  27.3 percent  o f  t h e  
t o t a l  e l e c t r i c a l  demand. 

11 Conversion w a s a t  t h e  average 1976 r a t e  o f  s a l e s  (s) 55.8=US$1.00. - 
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In December 1976, Peru completed construction of an 856-kilometer oil 
pipeline, with a capacity of 200,000 barrels per day, across the Andean 
range, to connect the jungle fields in northeastern Peru to the Pacific 
port of Bayovar. The first crude from the jungle arrived at Bayovar in 
May 1977. The pipeline fill of 36-inch line is 3 million barrels of oil. 
A 250-kilometer spur pipeline having capacity of 80,000 barrels per day 
was completed in 1978 to connect'the Shiviyacu field to the Trans-Andean 
pipeline. 

With the use of this new oil pipeline system, Peru is expected to 
increase crude oil output to 170,000 barrels per day by late 1978. 
Peru would thus achieve self-sufficiency in crude oil and be able to 
resume exports. ~eru's refinery capacity was increased to 198,200 
barrels per day with the completion of the expansion of La Pampilla 
refinery in 1977. 
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Natural  gas  p lays  a smal le r  p a r t  i n  Pe ru ' s  t o t a l  energy s i t u a t i o n ,  
supplying 6.4 percent  of  t o t a l  energy needs.  Output o f  n a t u r a l  gas  dur ing  
t h e  pas t  decade has  been f l a t .  Af t e r  a peak of  77.1 b i l l i o n  cubic  f e e t  i n  
1969, ou tput  dec l ined  s t e a d i l y  u n t i l  1974 when i t  moved upward t o  69.8 
b i l l i o n  cubic  f e e t .  In 1975, t h e  l a s t  year  f o r  which o f f i c i a l  d a t a  i s  
a v a i l a b l e ,  ou tput  dec l ined  aga in  by 7 percent  t o  64.9 b i l l i o n  cubic  f e e t  
u t i l i z e d  a s  fo l lows:  

3 
( i n  b i l l i o n  f t  ) 

Released t o  t h e  atmosphere-- 24.8 
Used a s  combustible--------- 19.9 
Used a s  l i f t  gas------------ 13.8 
Returned t o  t h e  deposit----- 3 .1  
Liquefied gas--------------- 1.9 
F~~ fertilizer-------------- 1 .4  

P r i o r  t o  1975, f e r t i l i z e r  p l a n t s  were no t  b u i l t  t o  use n a t u r a l  gas  
i n p u t s .  Natura l  ga s  i n  1975 was produced i n  two a r e a s :  t h e  northwest 
coas t  produced 36.8 b i l l i o n  cubic  f e e t  (57 pe rcen t )  and t h e  nearby 
Con t inen ta l  Shelf  produced 28.1 b i l l i o n  cub ic  f e e t  (43 pe rcen t ) .  Natural-  
ga s  l i q u i d s  produ~ed"in~'~~9'75~totaled 613,000 b a r r e l s  and in=iud&d propane, 
bu tane ,  and hexane. Bot t led  gas  i s  used i n  Peru f o r  domestic purposes .  



SUMMARY OF PERU' S HYDROCARBON POTENTIAL, 

ESTIMATED RESERVES, AND PROJECTED 

,PRODUCTION RATES 

by 

.Robert E. Mattick and ~ e i t h  A. Yenrie 

Abs t rac t  

Peru has r e c e n t l y  become s e l f  s u f f i c i e n t  i n  hydrocarbon product ion 
and wishes t o  i n c r e a s e  t h a t  product ion i n  o rde r  t o  maintain t h i s  s e l f -  
s u f f i c i e n c y .  I n  t h e  1975-76 per iod ,  however, a  combination of nega t ive  
e x p l o r a t i o n  r e s u l t s  i n  t h e  Amazon bas ins  and shortcomings i n  t h e  Peruvian 
formula f o r  fo re ign  p a r t i c i p a t i o n  i n  petroleum development l e d  t o  an  exodus 
of most f o r e i g n  companies. This ,  coupled wi th  Pe ru ' s  l a c k  of a v a i l a b l e  
c a p i t a l  f o r  ex t ens ive  explora tory  ventures ,  has  caused exp lo ra t ion  f o r  
new f i e l d s  t o  a l l  but  cease. A s  a  r e s u l t ,  f u t u r e  product ion rates a r e  
expected t o  peak i n  about 1981 and, t h e r e a f t e r ,  t o  d e c l i n e  r ap id ly .  The 
Peruvian government, t h e r e f o r e ,  i s  t r y i n g  t o  a t t r a c t  f o r e i g n  o i l  companies 
i n t o  exp lo ra to ry  ventures  on 'more favorable  terms and has r e c e n t l y  opened 
up v a s t  a r e a s  f o r  s e r v i c e  con t r ac t s .  These inc lude  about  25 m i l l i o n  o f f sho re  
a c r e s  on t h e  P a c i f i c  c o n t i n e n t a l  she l f  and 1,175 m i l l i o n  a c r e s  i n  t he  Amazon 
region.  

From d i scuss ions  wi th  o f f i c i a l s  of Pe t ro l eos  d e l  Peru and fo re ign  o i l  
companies ope ra t ing  i n  Peru, t h e  au tho r s  e s t ima te  t h a t  t he  t o t a l  of Pe ru ' s  
measured, i nd ica t ed ,  and i n f e r r e d  r e se rves  of o i l  a r e  about  1,095 m i l l i o n  
bbl .  I f  new exp lo ra to ry  ventures  t o '  l o c a t e  undiscovered o i l  d e p o s i t s  are 
no t  i n i t i a t e d ,  we expec t  Peru ' s  o i l  product ion t o  peak a t  about  g1.9 m i l l i o n  
b b l l y r  i n  1981, l e v e l  o f f  a t  about  70 m i l l i o n  b b l l y r  i n  t he  middle. .19801s, 
and then r a p i d l y  d e c l i n e  t o  about  10  t o  1 5  m i l l i o n  b b l l y r  i n  t he  yea r  2000. 
We'bel ieve t h a t  our  p red ic t ed  d e c l i n e  i n  product ion,  a t  l e a s t  through t h e  
e a r l y  t o  middle 1 9 8 0 q s ,  i s  i r r e v e r s i b l e  because of t h e  time l a g  t h a t  normal- 
l y  e x i s t s  between exp lo ra t ion  and product ion phases. 

On the  o t h e r  hand, i n i t i a t i o n  of exp lo ra to ry  ventures  i n  t he  next  
1 0  yea r s  could s i g n i f i c a n t l y  r eve r se  t h e  p red ic t ed  low product ion r a t e s  
f o r  t he  l a t e  1980's.  The au tho r s  e s t ima te ,  t h a t  i n  a d d i t i o n  t o  t h e  1,095 
m i l l i o n  b b l  of " i d e n t i f i e d "  r e s e r v e s ,  Peru has  undiscovered recoverable  
o i l  resources  of  2,060 m i l l i o n  bbl.  We inc lude  i n  t h i s  undiscovered ca t e -  
gory only those  amounts of o i l  which might e x i s t  c h i e f l y  i n  s t r u c t u r a l  
t r a p s  of t h e  Amazon reg ion  (1,490 m i l l i o n  b b l )  and i n  t r a p s  on the  Contin- 

e n t a l  Shelf  and i n  onshore c o a s t a l  b a s i n s  (570 m i l l i o n  b b l ) ,  t h a t  is, . 
undiscovered resources  which might be discovered i n  t h e  next  1 0  yea r s  a s  
a r e s u l t  of s tandard  se i smic  exp lo ra to ry  methods. Assuming t h a t  1,030 



m i l l i o n  bb l  can be moved i n t o  the  measured-reserve category by t h e  19901s,  
p roduct ion  i n  Peru could reach 116 m i l l i o n  b b l l y r  i n  t h e  year  2000. 

Depending upon advances i n  deep-water product ion technology and Peru 's  
success  i n  new exp lo rz t ion ,  our long-range p red ic t ions  f o r  o i l  product ion 
could be g r e a t l y  exceeded. The reason f o r  t h i s  i s  t h a t  our p r o j e c t i o n s  
do not  inc lude  e s t ima te s  of undiscovered o i l  resources  t h a t  might e x i s t  
i n  deep waters  beyond the  Cont inenta l  Shelf and i n  s t r a t i g r a p h i c  t r a p s  
i n  t h e  Amazon region.  These o i l  r e s e r v e s  could be subs tan t ia l - -espec ia l ly  
those  probably a s s o c i a t e d  wi th  s t r a t i g r a p h i c  t r a p s  i n  t h e  Amazon region.  
A t  t h e  present  t ime, however, t h e  au tho r s  do not  be l i eve  t h a t  t hese  
r e sou rces  can be brought on-l ine much be fo re  t he  year  2,000. The sea rch  
f o r  s t r a t i g r a p h i c  t r a p s ' i n  t he  Amazon bas ins  must fol low ex tens ive  ac- 
cumulation of more subsur face  information from d r i l l i n g  andmust  be 
a ided  by se i smic  s t r a t i g r a p h i c ' s t u d i e s .  

-. 

In t roduc t ion  

Peru,  w i th  a n  a r e a  of about 1,300,000 square km and a  popula t ion  of 
nea r ly  16  m i l l i o n ,  has  r ecen t ly  become s e l f  s u f f i c i e n t  i n  hydrocarbons. 
Like o t h e r  developing n a t i o n s ,  Peru wishes t o  i nc rease  he r  hydrocarbon 
product ion  i n  o rde r  t o  maintain t h i s  s e l f  s u f f i c i e n c y  and, a s  i n d u s t r i a l -  
i z a t i o n  expands, t o  develop expor tab le  surp luses .  This r e p o r t  p re sen t s  a n  
overview of Peruvian geology, reviews t h e  h i s t o r y  of development of hydro- 
carbons i n  Peru,  and cons ide r s  f u t u r e  prospec ts  f o r  hydrocarbon product ion.  
The s e c t i o n s  concerning Peruvian geology and the  h i s t o r y  of hydrocarbon 
development were w r i t t e n  by Robert Garr i son ,  Cra ig  Glenn, and Gary Younse, 
and much of t h i s  in format ion  r e p r e s e n t s  a  d i s t i l l a t i o n . o f  a  r a p i d  survey 
of pub l i ca t ions  a v a i l a b l e  i n  t h e  United S ta t e s .  

Although a v a i l a b l e  publ ished information provides adequate des- 
c r i p t i o n s  of t h e  b a s i c  s t r a t i g r a p h y ,  s t r u c t u r e ,  geologic  h i s t o r y ,  and 
petroleum geology of Peru,  r e l a t i v e l y  few pub l i ca t ions  d e a l  w i t h  more 
s p e c i a l i z e d  t o p i c s  such a s  ana lyses  of d e p o s i t i o n a l  systems and t e c t o n i c  
development. Se lec ted  key r e fe rences  a r e  included,  and we thank Robert 
C. Morris of Northern I l l i n o i s  Univers i ty  and Alfred C. F i scher  of Pr ince ton  
Un ive r s i t y  f o r  h e l p f u l  d i scuss ions  and d i r e c t i o n s  t o  t he  app ropr i a t e  
l i t e r a t u r e .  

The e s t ima te s  of hydrocarbon r e se rves  and pro jec ted t  f u t u r e  product ion 
r a t e s  presented  i n  t h i s  r e p o r t  were made by Kei th  Yenne and Robert Matt ick 
of t h e  USGS. We spent  approximately 4 weeks i n  Peru d i scuss ing  p re sen t  
and f u t u r e  hydrocarbon product ion r a t e s  w i t h  Peruvian government o f f i c i a l s ,  
g e o l o g i s t s ,  geophys i c i s t s ,  and engineers  of Pe t ro l eos  d e l  Peru (PetroPeru) ,  
and w i t h  s c i e n t i s t s  of f o r e i g n  o i l  companies (Occidental  and Belco) p re sen t ly  
working i n  Peru. We thank the  personnel  of PetroPeru,  Occidental ,  and Belco 
f o r  t h e i r  many en l igh ten ing  d i scuss ions ,  t h e i r  explana t ions  of Peruvian 
geology, and t h e i r  he lp  i n  making se ismic  records ,  d r i l l i n g  r e s u l t s ,  and 



production f igures  available.  The long-range production predictions con- 
tained herein, however, represent judgments ( s c i en t i f i c ,  but i n  some cases 
value judgments, such a s  those pertaining t o  the t i m e  frame i n  which future  
exploration w i l l  occur) made solely by Mattick and Yenne. 

The authors'  objective i n  writ ing t h i s  paper i s  t o  present an over- 
view of Peru's hydrocarbon production po ten t ia l  and, therefore,  w e  have 
not attempted to  analyze the various s t ra t ig raphic  and s t ruc tu ra l  elements 
that r e l a t e  t o  the  occurrence of petroleum accumulations i n  the basins 
of Peru. I n  par t i cu la r  we have presented no discussion of the character- 
i s t i c s  of the  various plays t ha t  have been iden t i f i ed  i n  the Oriente basins 
nor of d e t a i l s  of the past exploration i n  them. Such an analysis  would 
require a much more in-depth study than undertaken t o  date  and would involve 
such l i t t l e  known fac tors  a s  depth t o  basement, p o s s i b i l i t i e s  f o r  stra- 
t igraphic  t raps ,  f a u l t  t raps ,  etc. 

Regional geology 

Geologic h i s  tory 

Peru l i e s  a t  the  convergent boundary between the  Nazca and South 
American tectonic  plates. Consequences of the  co l l i s i on  between these 
p la tes  include the  down-bowing of the  Peru-Chile trench west of hru 
and the  andes i t i c  volcanism of the Andes. In l a t e  Paleozoic time, 
the  region encanpassing Peru apparently was a passive margin, and 
two thick sequences of Paleozoic shelf  sediments were deposited i n  
the  Amazon area  ea s t  of the  present Andean volcanic area  ( f ig .  3). 
The i n i t i a t i o n  of Late Tr iass ic  o r  Early Jurass ic  p l a t e  under- 
thrusting was marked by the  accumulation of volcanic-arc deposits 
i n  the  area now known a s  t he  Western Cordillera. This volcanic a r c  
formed a t  o r  west of the present coast  of South America. Igneous 
a c t i v i t y  has s ince  migrated eastward, culminating i n  a major Pliocene- 
Pleistocene volcanic episode ( f i g  . 3), Cenozoic volcanism has been 
episodic. This per iodici ty  may be due to  d i f f e r e n t i a l  spreading 
r a t e s  a t  the East Pacific Rise. Crustal d i l a t i on ,  being t h e  r e su l t  
of igneous in t rus ion  below the  volcanic co rd i l l e r a ,  has produced 
eastward compression of the  Paleozoic and Mesozoic sedimentary 
rocks 4rhak form an ea s t e r ly  be l t  of fold and t h r u s t  mountains. 
Significant events t ha t  evolved during t he  convergence of the  
pla te  boundaries were: (1)  The formation of the  hydrocarbon-, 
bearing basins of the  coastal  be l t  ( f ig .  4) between the  trench 
and the  a r c  i n  Late Cretaceous-early Ter t iary  time, and (2)  de- 
posi t ion of the  oil-bearing f luvial -del ta ic  sandstones i n  the  
Amazon basins ea s t  of the  a r c  during Cretaceous time. 



Figure 3 .  Geologic map of Peru. From: PetroPeru, 1975. 
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Figure Morpho-structural map of Pcru. 

From: Travie and others, 1976. 



Peru comprises three major physiographic and geologic provinces 
(fig.  4). 

(1) The coastal  b e l t ,  including offshore regions, i s  the narrow 
region lying between the Peru-Chile trench on the w e s t  and the 
Andes on the east .  

(2) The Amazon region, a broad, low, jungled p la in  which, geolo- 
gical ly ,  cons is t s  of three seflimentary basins along the eastern 
and northeastern margins of Peru. 

(3) The Andes Cordil lera,  the high and geologically complex north- 
south trending ranges that form the backbone of Peru. They 
separate the coastal  b e l t  from the Amazon region. 

Coastal belt 

The narrow coas ta l  b e l t  of Peru includes a series of onshore and off-  
shore Cenozoic basins and the Coastal Range which i s  a discontinuous s t r i n g  
of l o w  mountains and offshore basement highs that l i e  t o  the w e s t  and 
p a r a l l e l  t o  the  Andes Mountains. The northern par t  of t h i s  range consis ts  
of low coastal  mountains made up of l a t e  Paleozoic a r g i l l i t e ,  quar tz i te ,  
s l a t e ,  and phy l l i t e  that have been intruded by Pre-Cretaceous g ran i t i c  
rocks. The onshore southern portion (south of Pisco) of t h i s  range consis ts  
of low coastal  hills made up of a l a t e  Precambrian (and possibly ear ly  
Paleozoic) igneous and metamorphic complex along with i so la ted  blocks of 
late Paleozoic sedimentary rock. The offshore portion of t h i s  range is  
represented by a pers i s ten t  trend of subsurface basement highs. 

The Continental Shelf bff the coast of Peru is  a narrow s t r i p  t ha t  
reaches a maximum width of approximately 100 km along the northern third  
of the  coastl ine.  The southern part  of t h i s  northern sect ion of the 
Peruvian coas ta l  b e l t  ( l a t i tudes  So t o  14's) lies almost en t i r e ly  offshore, 
whereas the  northern par t  i s  onshore. This shelf was the s i t e  of marine 
deposition throughout the Tertiary and Late Cretaceous. Basement irre- 
g u l a r i t i e s  define s i x  basins ( f ig .  4). The di f fe ren t  basins contain 5,000 
t o  8,000 m of Cretaceous and Cenozoic s t r a t a ,  mainly marine c l a s t i c  rocks 
(fig.  3). These  basins a r e  discussed below--some a re  proven hydrocarbon 
producing provinces and others a r e  believed t o  have the po ten t ia l  fo r  
hydrocarbon production (see sect ion on estimated reserves). 

2 Progreso basin.--The Peruvian par t  of t h i s  basin covers 2,500 km , 
is mainly offshore, and extends i n t o  Peru from the  Gulf of Guayaquil on 
the  north. The sediments within t h i s  basin reach a maximum thickness of 
6,000 m and consis t  of upper Tertiary (mainly Miocene) sandstone, shale,  
and conglomerate s t r a t a  t ha t  t h in  abruptly t o  the ea s t  a s  they change 

rom marine t o  f l u v i a l  facies.  Numerous normal f au l t s ,  gravity sliaes, an 
omal and a n t i c l i n a l  s t ructures  have been interpreted i n  seismic records. 



Figure 5 S f m I C  COWM N - NW COASI'AL AREA - PERU 

From: PetroPcru, 
unpublished data. 



Although t h i s  basin i s  re la t tve ly  small, o i l  has been discovered i n  c l a s t i c  
rocks of Miocene age i n  Peru and Ecuador ( f ig .  4) .  

2 Talara basin.--This basin, h a s  an area of 16,500 km , l i e s  mostly 
offshore and contains a sequence of sandstone, shale,  and conglomerate 
t h a t  reaches a maximum thickness of 8,000 m. It has produced the bulk 
of Peru's o i l  and gas t o  date. The sedimentary rocks of t h i s  basin a r e  
Campanian t o  l a t e  Eocene i n  age and represent deep marine t o  f l uv ia l  facies. 
The s t ructure  of t h i s  basin is  qui te  complex owing t o  severe faul t ing (fig.  
6 ) .  Production is  from Eocene de l ta ic ,  f luv ia l ,  and turb id i te  sandstones. 
Some production a l so  comes from fractured Paleozoic (Pennsylvanian) 
rocks which otherwise cons t i tu te  effect ive basement. Depths t o  producing 
horizons i n  onshore f i e l d s  range between 450 and 2,500 m. The northwestern 
onshore area consis ts  of a complicated, i n t r i c a t e  system of high-angle 
normal f a u l t s  which i n  turn provide t i l t e d  and upl i f ted  fault-block t raps  
f o r  hydrocarbon accumulation. Presently, production of 34,000 bbl/day comes 

' from PetroPeru's onshore o i l f i e l d s .  Additional offshore production of about 
30,000 bbl/day i s  derived primarily from lower Eocene sandstones. Depths 
t o  pay horizons i n  offshore f i e l d s  range from 300 t o  3,000 m. Ti l ted f a u l t  
blocks a r e  again the main type of trap.  The offshore f i e l d s  a r e  operated 
by Belco. 

2 Sechura basin.--This basin of 29,000 km , l i e s  mainly onshore but 
extends southward i n t o  offshore regions. The onshore portion contains 
a maximum thickness of 3,000 m of post-Eocene s i l t y  shale and so f t  ar-  
gil laceous sandstone. These rocks a r e  representative of marine t o  brackish 
water environments. Phosphate beds of commercial grade a re  present and a re  
associated with Miocene diatomaceous rocks. Numerous f a u l t s  and closed 
s t ruc tures  a r e  present i n  the offshore par t s  of t h i s  basin. Attempts t o  
extend o i l  and gas production southward from the Talara basin t o  the Sechura 
basin have been unsuccessful t o  date,  but subeconomic gas deposits have 
been ident i f ied.  

Salaverry basin.--Thi i s  the la rges t  of the coas ta l  basins, having S an area of about 54,000 km , and it l i e s  en t i re ly  offshore. This basin 
has a maximum thickness of 3,000 m of s t r a t a  i n  the northern par t  and 
4,000 m i n  par t s  d i rec t ly  w e s t  of the Coastal Range. Sparse w e l l  data 
suggest tha t  the section i s  composed of l a t e  Eocene and post-Eocene marine 
shale,  s i l t s t one ,  and calcareous rocks overlying a basal  sandstone unit .  
Numerous closed s t ructures  re la ted t o  block faul t ing and broad flexures 
o r  low folds a r e  present, No o i l  o r  gas has been produced from t h i s  
basin, although, to  date, exploration has been sparse. 

2 Pisco basin.--~hik basin, covering 25,000 km , lies offshore i n  i ts  
northern par t  but i s  s p l i t  by the Coastal Range in to  both offshore and 
onshore portions t o  the south. The onshore s t r a t a  consis t  of a s  much a s  
2,500 m of Miocene diatomite, foss i l i fe rous  shale,  f i ne  tuffaceous sandstone, 
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Seismic surveys suggest tha t  Eocene s t r a t a  could l i e  beneath Miocene beds 
i n  seaward extensions of the onshore portion. The basement has been exten- 
sively block faul ted and higher basement blocks have created domal s t ructures  
with closure i n  overlying s t r a t a .  

Moquegua basin. This is  a narrow basin (covering 19,000 km2) ChAt 
l i e s  between the Andes and the Coastal Mountains. Marine s t r a t a  a r e  
volumetrically small and a re  only i n  the northern par t  of the basin. This 
basin thus possesses no s ignif icant  hydrocarbon potential .  

Amazon region 

''1 Within the Amazon drainage system, between the Andes East Cordillera 
and the Guyana and Brazil ian shields ,  l i e  the  Oriente (also known a s  the 
Maranon basin), Ucayali, and Madre de Dios basins ( f igs .  7 and 8). These 
basins are  pa r t  of large asymmetric depressions between the Andes on the 
west and shield  areas on the east;  they a r e  s t ruc tura l ly  separated from 
one another by basement arches. The Oriente, Ucayal4, and Madre de Dios 
basins have areas of 458,000; 200,000; and 95,000 km respectively. Figure 
7 shows the locations of these basins and major geologic elements of the 
region. F igure8  shaws the s t ruc tu ra l  character of these elements and 
t h e i r  relationships i n  cross section. A s  shown, these basins a re  large 
sedimentary troughs containing lower Paleozoic t o  Upper Cenozoic rocks. 
Volumetrically, the most abundant rocks a r e  of Cretaceous and Tertiary 
ages. A f o o t h i l l  be l t  characterized by numerous high-angle reverse f a u l t s  
l i e s  between the basins and the Andes Cordillera on the west ( f ig .  7 ). 
This f o o t h i l l  be l t  is  best  c l a s s i f i ed  a s  a foreland foldthrust  b e l t  and 
the basins a s  re t roarc  basins. The rocks of these basins a r e  gently folded 
i n  the Oriente basin and more intensely folded i n  the  Ucayali and Madre 
de Dios basins. Most of the s t ructures  of the Amazon basins a r e  asymmetric 
an t ic l ines  oriented north-south o r  northwest-southeast i n  an en echelon 
arrangement. Productive symmetrical s t ructures  a l so  exist along the 
Peru-Ecuador border. The Paleozoic through Cretaceous rocks of these 
basins a r e  predominantly marine and consis t  mostly of carbonate and c l a s t i c  
sedimentary rocks. The Cretaceous section represents a complex of f l u v i a l  
de l t a i c  and offshore marine depositional systems tha t  contain the hydrocarbon 
reserves discovered to  date. The Tert iary section of these basins is  
predominantly composed of nonmarine molasse-type sediments. This change 
from marine t o  nonmarine sedimentation a t  the beginning of Tertiary time 
r e f l e c t s  the beginning of the Andean orogeny, with u p l i f t  and erosion of 
Andes cordi l leras .  The regional stratigraphy of t h i s  area is presented 
i n  the s t ra t ig raphic  column of f i gu re9  . 

Production i n  the  Amazon region of northern Peru comes primarily from 
f i e l d s  i n  the  Oriente (Maranon) basin ( tab le  3; f ig .  10). The t raps  a r e  
predominantly faul ted an t ic l ines ,  located primarily by seismic surveys. 
Reservoir rocks a r e  Upper Cretaceous sandstone of the Vivian and Chonta 
Formations t h a t  a i c  complexes. The sandstone beds wer 
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Table 3. O i l  production i n  Peru 
(Oil and Gas Journal,  1977c.) 

Region, bas in ,  company, Production ( b a r r e l s )  
f i e l d ,  and discovery date Daily average Total cumulative 

1/1/77 t o  7/1/77 7/1/77 
Amazon Region 

Oriente Basin 
Occidental-PetroPeru : 

Capahuari, 1972 
Cabahuari Sur, 1973 
Carmen, 1975 

.Fores ta l  , 1973 
Huayurl Sur, 1977 
Shiviyaca, 19 73 
N. E. Shiviyaca, 1977 
Tambo, 1973 

Tot a 1  

PetroPeru: 
Corrientes, 1971 
Capirona, 19 72 
Pavaya cu , 19 72 
Yanayacu, 1974 
Valencia , 1975 

Total  
Tota l  - Oriente Basin 

Ucayali Basin 
PetroPeru: 

Agua Cal iente ,  1939 
Maquia, 1957 

Tota l  - Ucayali Basin 

Tota l  Amazon region 

Northwest Coastal  Region 
Onshore Basins 

PetroPeru: 
Talara a rea  f i e l d s ,  1869 
Lima area f i e l d s ,  1905 

Tot a1 

Offshore Basins 
Belco - Petroperu: 

Humboldt , 1960 
L i to ra l ,  1955 
Providencia, 1967 

509,000 
107,018,000 

Tota l  Northwest Coastal 946,202,85 

Tota l  Peru 978,464,38 

a shut-in u n t i l  e a r l y  1978 
b shut-in u n t i l  mid-1977 
c includes Zocala, Rincon, Humboldt Norte, and Parcela f i e l d s  



derived from s h i e l d  a reas  t o  t h e  e a s t ,  and they i n t e r f i n g e r  with deeper- 
water, more open marine depos i t s  toward t h e  west. Average dentha 
t o  producing horizons a r e  between 3,000 and 3,300 m. Occidental Petroleum 
and PetroPeru a r e  the  only operators i n  t h i s  basin. Tota l  cumulative 
production from t h e  Oriente basin t o  J u l y  1, 1977 was nearly 11 mi l l ion  
bbl  ( t a b l e  3).  Production i n  t h e  Ucayali basin ( t a b l e  3 )  comes from 
Lower and Upper Cretaceous sandstones of the  Cushabatay, Agua Caliente,  and 
Vivian Formations. A s  i n  t h e  Oriente basin,  these  sandstones a r e  p a r t s  
of shield-derived f l u v i a l d e l t a i c  complexes t h a t  i n t e r f i n e e r  with marine 
sha les  toward t h e  west. The two producing f i e l d s  i n  t h i s  bas in ,  Maquia and 
Agua Cal iente  (f ig.  l o ) ,  both under t h e  con t ro l  of PetroPeru, have a n t i -  
clinal t raps .  Depths t o  pay horizons range from 450 t o  730 m. Cumulative 
production from t h e  Ucayali bas in  t o  t h e  middle of 1977 was about 21.3 
mi l l ion  b b l  ( t a b l e  3). 

Andes Cordi l leras  

The Andes of Peru conta in  two subpara l l e l  north-south trending 
f o l d  be l t s :  t h e  l a t e  Paleozoic Eastern Cordi l lera ,  and t h e  
Mesozoic-Tertiary Western Cordil lera.  I n  southern Peru ( sou theas t  of 
Cusco) these  fo ld  b e l t s  a r e  separated by the  Al t ip lano bas in  (a l so  
known a s  t h e  T i t i caca  Basin) , an intermontane plateau f i l l e d  with 
l a t e  Cretaceous and Ter t i a ry  molasse deposi ts  ( f ig .  4). North of 
Cusco a jog i n  the  trend of t h e  Western Cord i l l e ra  brings the  
two f o l d  b e l t s  i n t o  juxtaposit ion with each o the r  while pinching 
o u t  t h e  Al t ip lano intermontane basin. The East  and West Cord i l l e ra  
f o l d  b e l t s  a r e  both s t r u c t u r a l l y  and compositionalLy d i s t i n c t  fea tures .  
The Eastern  Cord i l l e ra  takes the  form of an anticlinorum i n  which 
s t r u c t u r e s  a r e  fan  shaped and have a flow cleavage i n  the  a x i a l  region 
giving way t o  f r a c t u r e  cleavage a t  the  margins. The Western Cordi l lera  
on the  o the r  hand r i s e s  above the  gen t l e  upwarps of i ts  underlying 
Precambrian basement, t h e  Arequipa massif. Within t h i s  b e l t  
e x i s t s  a relic Mesozoic-Tertiary r e t r o a r c  basin. 

The Coastal  b a t h o l i t h  l ies  within the  Western Cord i l l e ra  and 
comprises middle Cretaceous t o  e a r l y  Ter t i a ry  i n t r u s i v e  rocks t h a t  
become progressively younger t o  the  eas t .  Cenozoic and Holocene 
volcanic rocks cover p a r t s  of the  western and southwestern segments 
of t h e  Andes ( f ig .  4).  

The hydrocarbon p t e n t i a l  of the  Andean region appears low. 
The now abandoned P i r i n  Fie ld  i s  located  i n  t h e  Alt iplano basin. 
Addit ional  small f i e l d s  may be discovered i n  t h i s  region. Some 
prospects  may a l s o  e x i s t  i n  the  Western Cordi l lera ,  where t a r  seeps 
from Mesozoic rocks a r e  reported, and beneath the  l a t e  Cenozoic 
Andean volcanic rocks. The complexity of the  geology probably precludes 
se r ious  explora t ion e f f o r t s  i n  t h e  foreseeable future.  





J3i$tory of hydrocarbon exploration and production 

The Incas u t i l i zed  seepage o i l  and asphalt  i n  Peru pr ior  t o  the  
Spanish conquest, and such surface indications of hydrocarbons l ed  t o  
d r i l l i n g  a s  ear ly  a s  1864. Reports of the f i r s t  production i n  the 
northwestern coas ta l  par t  of Peru date from 1874, and by 1900 cumulative 
production was estimated t o  have reached 275,000 bbl from the 
Negritos, Lobitos, and Zorri tos f i e l d s  (f igs. 11 and 12) . For the Past 
100 years most exploration and production has been concentrated i n ; t h i ~  
northwestern coas ta l  region, although i n  1875 the now depleted P i r fn  f i e l d  
on the shores of Lake Ti t icaca was discovered-on the bas i s  of surface o i l  seeps. 

Also stimulated by known o i l  seeps, exploration i n  the Auqzon,basins 
of eastern Peru began i n  1919. The f i r s t  discovery in t h i s  region was  
made i n  1937, based on d r i l l i n g  of a surface an t i c l i ne  tha t  was i n i t i a l l y  
recognized during a r e a l  reconnaissance, but it was another 20 years before 
the second discovery was made i n  t h i s  remote and inaccessible jungle 
region. 

Exploration i n  a l l  of Peru lapsed during the 194OVs, but the enact- 
ment of Law 11780 i n  the ear ly  1950's and the advent of gravity and seis- 
mic surveys generated a surge of leasing and exploration by private 
operators i n  the 1950's and ear ly  1960's. Gravity surveys led t o  the 
discoveries of the Tuna1 and Carpitas f i e l d s  i n  the northwest coasta l  
region during the mid 1 9 5 0 ' ~ ~  and seismic surveys were responsible f o r  
discovery of the Portachuelo f i e l d  i n  the same region i n  1954. Photo- 
geology and seismic surveys located the an t i c l i na l  t raps  of the Maquia 
and Aguaytia f i e l d s  of the Amazon region i n  1957 and 1962. Seismic 
surveys eventually became the standard method of exploration and a r e  
credited with leading t o  the  discovery of seven new offshore f i e l d s  
i n  Peru's northwestern region i n  the 1950's and 1960's (fig. 11). 

These discoveries, however, were paired with a number of discouraging 
events. Attempts t o  extend the coastal  production southward in to  the 
Sechura basin began ear ly  i n  the 1950's but ended without auccess 
i n  1956. Lack of continued success i n  the Amazon region led t o  sub- 
s t a n t i a l  decreases i n  exploration there. Finally, increasing po l i t i ka l  
i n s t a b i l i t y  i n  the 1960's culminated i n  the revolution of 1968, 
following which the o i l  f i e l d s  and other property of the Internat ional  
Petroleum Company i n  the Talara area were nationalized. A 1969 l a w  
prohibited the granting of new concessions t o  private firms, .and 
i n  the same year the new s t a t e  o i l  company, PetroPeru, was created 
by res t ructur ing and expanding its predecessor, Empresa Petrolera  
Fiscal. 

The s i t ua t ion  changed once again i n  1970 with implementation of 
the so-called "Peru Model" i n  which pr ivate  companies were invited t o  
a c t  a s  operators but were required t o  enter  i n t o  partnerships (under 
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var iab le  terms) with PetroPeru f o r  exploration and development. A 
new phase of exploration i n  the Amazon region i n  the ea r ly  1970's 
l e d  t o  t h e  discovery of a dozen new o i l f i e l d s  i n  the  Oriente basin 
by Occidental Petroleum and PetroPeru. This, i n  turn, generated 
expect i t ions  t h a t  Peru would become a major o i l  exporter and l ed  
t o  t he  construction of the  North Peruvian pipeline,  completed i n  
1977 aad designed t o  transmit 200,000 bbl/day of o i l  t o  the  Pac i f i c  
coas t  (f ig.  13). Subsequent exploration i n  the  Amazon basins,  however, w a s  
markedly unsuccessful. Although t h i s  l e f t  the  pipel ine  with subs tan t ia l  
excess capacity and caused ser ious  f inanc ia l  problems f o r  PetroPeru, 
transmission of Amazon o i l  t o  coas t a l  regions, where 90 percent of the 
population res ides ,  enabled Peru t o  a t t a i n  s e l f  suff ic iency and modest 
exports  by ea r ly  1978. 

The lack of continued success i n  the  Amazon basins l ed  t o  an exodus 
of prfvate  companies i n  1975-76. By 1977, faced with the  prospect that 
production from the  Amazon basins would be subs tan t ia l ly  l e s s  than 
expected, and a l s o  faced with mounting cos t s  f o r  both imports and 
exploration i n  offshore and remote jungle areas, the  Peruvian government 
began a campaign t o  a t t r a c t  p r iva te  companies i n to  exploration ventures 
on more favorable terms. The government has recently opened up a vas t  
a rea  both onshore and offshore f o r  service  contracts.  Twenty-five 
offshore  blocks, an a rea  o r ig ina l ly  reserved fo r  PetroPeru, have 
been opened up f o r  bidding ( f ig .  13). Each block covers 400,000 
hectares  (1  mi l l ion  acres) ,  of which a la rge  port ion is  i n  water 
l e s s  than 240 m deep. An addi t ional  47 blocks f o r  service  contracts  i n  
t h e  Amazon basins have been reopened ( f ig .  13). Each block encompasses 
1 mil l ion hectares (2.5 mil l ion acres) .  PetroPeru has ca l led  f o r  bids 
on secondary-recovery projects  on the  Talara o i l f i e l d s  and, as a re- 
s u l t  of bidding, Occidental O i l  Company is s t a r t i n g  secondary-recovery 
operations i n  t h i s  area. Programs have a l s o  been i n i t i a t e d  f o r  the  La 
Brea and Parinas f i e l d s  i n  the  Talara a rea  ( f ig .  lo ) ,  but  b ids  for t h i s  
Job-are open only t o  companies based in one of t he  La t in  American Free 
Trade Association countries.  

By mid-1977 cumulative o i l  production f o r  Peru was 978 mil l ion bbl. 
of which most, 946 mil l ion bbl,  came from the northwestern par t  of t he  
coas t a l  b e l t  ( t ab l e  3 ) .  Total  o i l  production averaged 76,400 bbl/day 
i n  1976 and 91,100 bbllday i n  1977. I n  March 1978 average production 
was 140,000 bbllday from 2,495 producing w e l l s  (versus a domestic de- 
mand of 126,000 bbllday. Most of the  90 percent increase i n  production 
from 1976 t o  1978 resu l ted  from development of f i e l d s  i n  the  Amazon 
region. 





Estimated o i l  reserves and projected production rates 

Definit ions 

Terms, a s  applied t o  resource appraisa l  and used i n  t h i s  study, a r e  
defined i n  the  following list.  The def in i t ions  follow the  usage of 
Mil ler  and others  (1975). 

Measured reserves. That par t  of the  i den t i f i ed  resource 

which can be economically extracted by using ex i s t i ng  technology, 
and whose amount i s  estimated from geologic evidence supported 
d i r e c t l y  by engineering measurements. I n  t h i s  study, they 
a r e  considered-to be equivalent t o  API (American Petroleum I n s t i t u t e )  
and AGA (American Gas Association) proved reserves. 

Indicated reserves. Reserves t ha t  include add i t iona l  
recoveries i n  known reservoirs  ( i n  excess of the  measured 
reserves) which engineering knowledge and judgment indicate  
w i l l  be economically avai lable  by appl icat ion of f l u i d  

4 

in jec t ion ,  whether o r  not such a program is current ly  
ins ta l l ed .  I n  t h i s  study, indicated reserves a r e  equivalent 
t o  API indicated addi t ional  reserves. 

Inferred res'erves. Reserves i n  addi t ion t o  demonstrated 
reserves eventually t o  be added t o  known f i e l d s  through 
extensions, revis ions ,  and new pays. 

Sub-economic resources. Iden t i f i ed  and undiscovered 
resources t h a t  a r e  not  presently recoverable because of 
technological and economic fac tors ,  but which may be 
recoverable i n  the  future.  

Undiscovered recoverable resources. Those economic 
resources, ye t  undiscovered, which a r e  estimated t o  e x i s t  i n  
favorable geologic se t t ings .  

Estimated o i l  reserves 

I n  l a t e  1975, PetroPeru indicated t h a t  the  measured o i l  reserves of 11 
productive s t ruc tu r e s  i n  t h e  Amazon region amounted t o  546 d l l i o n  bbl,  not 
including addi t ional  probable reserves which could amount t o  204 mil l ion bbl. 
A t  t he  end of-1977, Peru's measured o i l  reserves were estimated t o  be 756 
mi l l ion  bbl, d i s t r ibu ted  as follows: 550 mil l ion bbl  i n  the  Amazon region, 
132 mil l ion bb l  i n  the  Talara onshore area,  and 74 mil l ion bb l  i n  t he  
Continental Shelf offshore of t he  Talara area. A t  a meeting with an o f f i c i a l  

t he  Peru's Ministry of Energy and Mines, the  authors of t h i s  paper learned 
rves  of the  Amazon region had been calculated using a recover: 



f a c t o r  of 40 percent  and t h a t  more r ecen t  c a l c u l a t i o n s  i n d i c a t e  t h e  
measured o i l  r e se rves  of t h a t  a r e a  a r e  385 m i l l i o n  bbl .  This  r e v i s i o n  
f o r  t h e  measured o i l  r e se rves  of t h e  Amazon r eg ion  was c a l c u l a t e d  us ing  
a recovery f a c t o r  of 28 percent .  

Belco Petroleum under a s e r v i c e  c o n t r a c t  wi th  PetroPeru is  devel- 
oping i t s  Zocala I1 a r e a  on the  c o n t i n e n t a l  s h e l f  o f f sho re  of Ta lara .  
By t h e  end of 1976, Belco had d r i l l e d  a t o t a l  of 435 w e l l s  on t h e  she l f  
between Sechura and Z o r r i t o s ,  285 of which a r e  p re sen t ly  producing, 110 
c losed ,  and 40 abandoned. A s  of December 31, 1976 measured o i l  r e se rves  
i n  t h e  Zocala I1 a r e a  were es t imated  t o  be 74 m i l l i o n  bbl.  The au thors  
c a l c u l a t e  t h a t  product ion s i n c e  t h a t  t ime, about  30,000 bbl lday ,  has  
probably reduced t h e  measured r e s e r v e s  t o  about  60 mil. l ion bbl. 

Petroleum product ion from t h e  Talara  f i e l d s  on t h e  northwest 
coas t  a r e  opera ted  by PetroPeru and have been i n  a d e c l i n i n g  t rend.  
During.1976, output  of 12.9 m i l l i o n  bb l ,  a decrease of 7 percent  from t h e  
previous year ,  was considerably below t h e  output  of 20.2 m i l l i o n  
b b l  i n  1966. ' o f f i c i a l s  of ' ~ e t r o ~ e r u  and t h e  Minis t ry  o f  Energy and 
Mines ind ica t ed  t o  t h e  au thors  t h a t  measured o i l  r e s e r v e s  of t h e  
onshore Talara  f i e l d s  p re sen t ly  a r e  about 120 m i l l i o n  bbl. 

. I n  a d d i t i o n  t o  measured o i l  r e se rves  d iscussed  above, i n d i c a t e d  
o i l  r e se rves  of about  500 m i l l i o n  bb l  were i d e n t i f i e d .  These ind ica t ed  
r e se rves  a r e  expected t o  be produced by secondary ' recovery methods 
from the  onshore p a r t  of t h e  Talara  basin.  Primary recovery methods 
have produced about 1 b i l l i o n  bb l  of o i l ,  and o f f i c i a l s  of PetroPeru 
and Occidental  i n d i c a t e  t h a t  secondary methods could recover  about  50 
percent  of t h a t  amount. The Ta la ra  a r e a  has been d iv ided  i n t o  two 
s e c t i o n s :  La Brea-Parinas and Lobitos-El Alto-Los Organos. I n  
December 1977, t h e  j o i n t  b i d  of Occidenta l  Peruvana, Inc . ,  and a j o i n t  
venture  p a r t n e r  was s e l e c t e d  by PetroPeru f o r  a c o n t r a c t  t o  conduct 
secondary recovery ope ra t ions  i n  t h e  second T a l a r a  s ec t ion .  The 
c o n t r a c t  was s igned on March 31, 1978, and according t o  o f f i c i a l s  
of Occidental ,  d r i l l i n g  f o r  secondary recovery w i l l  s t a r t  i n  t h e  l a t t e r  
p a r t  of 1978. Addi t iona l  secondary recovery opera t ions  i n  t h e  LaBrea- 
Par inas  a r e a  w i l l  begin i n  1983, according t o  o f f i c i a l s  of PetroPeru. 

In fe r r ed  o i l  r e se rves  of Peru a r e  es t imated  by the  au tho r s  t o  be 
about  30 m i l l i o n  bbl. These r e se rves  r ep re sen t  d e p o s i t s  of heavy crude 
(17' API) bel ieved  t o  e x i s t  i n  Block 1 B .  O f f i c i a l s  of Occidenta l  
i n d i c a t e  t h a t  t he  heavy crude can be recovered by mixing wi th  l i g h t e r  
o i l  recovered from Block 1A. 



I n  summary, t h e  t o t a l  of Peru ' s  measured, i n d i c a t e d ,  and i n f e r r e d  o i l  
r e s e r v e s  a r e  es t imated  t o  be '9095 m i l l i o n  bbl .  These d a t a  a r e  summar-~4 
a s  fol lows:  

O i l  
(m i l l i ons  b a r r e l s )  

Measured r e se rves  (Amazon r eg ion )  385 
Measured r e se rves  (Talara  o f f sho re )  6 0 
Measured r e se rves  (Ta la ra  onshore) 120 
I n d i c a t e d ' r e s e r v e s  (secondary recovery,  

Ta lara  500 
I n f e r r e d  r e se rves  3 0 

T o t a l  1,095 

Undiscovered o i l  r e sou rces  

Est imates  of Peru ' s  undiscovered recoverable  o i l  resources  have been 
large--especial ly  f o r  t h e  Amazon basins .  For i n s t ance ,  Zuniga y Rivero 
and o t h e r s  (1976) have es t imated  the  undiscovered o i l  resources  of t he  
Amazon bas ins  a s  fol lows:  

Undiscovered o i l  
Basin r e se rve  ( b i l l i o n s  b a r r e l s )  

Maranon 2 0 
Ucayali  5-1'0 
Madre de Dios , 6-1 2 

T o t a l  31-42 

However, Zuniga y Rivero (personal  communication) has i nd ica t ed  
t h a t ,  on t h e  b a s i s  of more recent  exp lo ra t ion ,  t hese  f i g u r e s  should 
be, perhaps,  halved. 

T rav i s  and o t h e r s  (1976) have es t imated  the  undiscovered o i l  
r e sou rces  of t h e  c o a s t a l  bas ins  a s  fo l lows:  

Undiscovered o i l  r e se rves  
Basin ( b i l l i o n s  b a r r e l s )  - Progreso 0.35 

Ta la ra  1 .O 
Sechura" 0.1 
Sa laver ry  0.5 
P i sco  0.1 
Moquegua 

To ta l  
none 

2.05 

These e s t ima te s  do no t  inc lude  p o t e n t i a l  r e se rves  from t h e  
Lima and Arequipa basins--deep water bas ins  of l a r g e  a r e a l  e x t e n t  
t h a t  l i e  seaward of t h e  Cont inenta l  She l f .  



The o b j e c t i v e  of t h i s  paper,  however, i s  - not  t o  e s t i m a t e  Pe ru ' s  
p o t e n t i a l  hydrocarbon r e se rves .  Rather ,  i t  i s  t o  e s t i m a t e  product ion 
f o r  t h e  yea& 1978 through 1985 a s  w e l l  a s  f o r  t h e  year  2000. Therefore ,  
t h e  au tho r s '  judged t h e  above e s t ima t ions  t o  be i n s u f f i c i e n t .  For purposes 
of t h i s  r e p o r t  w e  would c a t e g o r i z e  s i g n i f i c a n t  undiscovered r e se rves  a s  
those  t h a t  pos s ib ly  could be exp lo i t ed  w i t h i n  t h e  t i m e  frame covered by 
t h i s  s tudy.  We at tempted,  t h e r e f o r e ,  t o  e l i m i n a t e  from cons ide ra t i on  
undiscovered r e se rves  be l ieved  t o  e x i s t  both i n  water  dep ths  beyond the  
Cont inenta l  Shelf  and i n  s t r a t i g r a p h i c  t r a p s  i n  t h e  Amazon region.  The 
technology f o r  producing hydrocarbons seaward of t h e  Con t inen ta l  She l f  
i s  no t  f u l l y  developed and w i l l  probably no t  be f u l l y  o p e r a t i o n a l  f o r  
another  1 0  yea r s .  The sea rch  f o r  s t r a t i g r a p h i c  t r a p s  i n  t h e  Amazon bas ins  
must fol low ex t ens ive  accumulation of more subsur face  in format ion  from 
d r i l l i n g  and be a ided  by se i smic  s t r a t i g r a p h i c  s t u d i e s .  

With t h e s e  cons ide ra t i ons  i n  mind, t h e  au tho r s  d i s cus sed  the  
undiscovered resources  of t h e  c o a s t a l  ba s in s  w i t h  s c i e n t i s t s  of Pe t ro-  
Peru, Belco, Occ identa l ,  and Geopet (a Peruvian c o n s u l t i n g  company 
based i n  Lima, Peru) .  Our e s t i m a t e s  of t he  undiscovered recoverab le  
o i l  resources  of Peru a r e  l i s t e d ,  by bas in ,  i n  t a b l e  4 .  For c o a s t a l  
b a s i n s ,  h igh  and low e s t i m a t e s  a r e  shown. These va lues  bracke t  t h e  
e s t i m a t e s  made by s c i e n t i s t s  wi th  whom we ta lked .  The e s t i m a t e s  
of undiscovered resources  of t h e  Amazon bas in s  ( t a b l e  4 )  were 
made by us  on t h e  b a s i s  of ' a r e a l  ex t en t .  That i s ,  t h e  t o t a l  
o i l  resources  of Blocks l A ,  l B ,  and 8 ( t he  p re sen t  producing a r e a s  of . t h e  
Amazon r eg ion )  were e s t ima ted  by the  au tho r s  t o  be 560 m i l l i o n  bb l  
( i d e n t i f i e d  p l u s  undiscovered) .  The amount of undiscovered resources  
conta ined  i n  remaining Amazon r eg ion  blocks ( t hose  t h a t  a r e  a s  y e t  
r e l a t i v e l y  unexplored by d r i l l i n g )  was assumed t o - b e  p r o p o r t i o n a l  
(based on a r e a l  e x t e n t ) .  These r e s u l t i n g  amounts of o i l  per  block 
were then  reduced by a " r i chnes s  f ac to r . "  The r ichness .  f a c t o r s ,  
genera ted  by t h e  a u t h o r s ,  were 0.75, 0.50, and 0.50 f o r  t h e  Maranon, 
Ucayal i ,  and Madre de Dios bas in s  r e spec t ive ly .  The r i c h n e s s ,  o r  
reducing f a c t o r s ,  a r e  less than 1.00 because southward from t h e  
main producing a r e a s  of t h e  Amazon reg ion  (Blocks 1A, l B ,  and 8 ) ,  
s t r u c t u r e s  of t h e  type  from which o i l  i s  p re sen t ly  being produced 
a r e  few and t h e  o rgan ic  conten t  of p o t e n t i a l  source  rocks is  reduced 
(Zuiiiga y Rivero,  pe r sona l  cornmun., 1978) .  I t  should be noted t h a t  
o i l  product ion t o  d a t e  from Blocks lA, l B ,  and 8 has  been l i m i t e d  t o  
s t r u c t u r a l  t r a p s  l o c a t e d  by s tandard  se i smic  methods.. We assume, 
t h e r e f o r e ,  t h a t  our e s t i m a t e s  of undiscovered o i l  r e sou rces  i n  t h e  
remaining a r e a s  of t h e  Amazon bas in s  ( t a b l e  4 )  i nc lude  only 
those  resources  conta ined  i n  s t r u c t u r a l  t r a p s  t h a t  can be l o c a t e d  
by s tandard  s e i smic  methods; i.e., t h e  e s t ima te s  do not  i nc lude  
p o t e n t i a l  r e sou rces  t h a t  could be contained i n  s t r a t i g r a p h i c ' t r a p s .  



Table 4.--Estimates of Peru ' s  undiscovered recoverable  o i l  resources  
l i s t e d  by basin.  Note: e s t ima te s  f o r  t h e  Amazon bas ins  
(Maraflon, Ucayal i ,  and Madre de Dios) do not  inc lude  p o t e n t i a l  
resource's t h a t  may e x i s t  i n  s t r a t i g r a p h i c  t r a p s .  Est imates  
f o r  t h e  remaining bas ins  do not  inc lude  p o t e n t i a l  resources  
bel ieved t o  e x i s t  i n  water depths beyond t h e  c o n t i n e n t a l  She l f .  

Basin 

Progreso 
Ta la ra  (onshore)  
Ta lara  (of f s h o r e )  
Sechura 
Sa laver ry  
P i sco  
Maraiion 
Ucayali  
Madre de  Dios 

- 
(Mi l l ions  b a r r e l s )  

150 - 350 

TOTAL 2,060 

O i l  product ion through 1985 

Est imates  of o i l  product ion i n  Peru f o r  t h e  yea r s  1978-1985 a r e  shown 
i n  t a b l e  5 .  These e s t ima te s  were generated by the  au tho r s  through d iscuss ions  
w i t h  o f f i c i a l s  of t he  Minis t ry  of Energy and Mines and wi th  o f f i c i a l s  and 
s c i e n t i s t s  of PetroPeru,  Occidenta l ,  and Belco. Our b a s i c  assumption when 
making t h e s e  e s t ima te s  was t h a t  t h e  r a t e  of o i l  product ion,  a t  l e a s t  
through 1985, would not  be a f f e c t e d  by s i g n i f i c a n t  new d i scove r i e s .  Ex- 
p l o r a t i o n  f o r  new o i l  d e p o s i t s  has  a l l  bu t  ceased i n  most a r e a s  of Peru; 
and, owing t o  t h e  time l a g  between exp lo ra t ion  and product ion phases,  a 
renewal of explora tory  ventures  probably would not  be r e f l e c t e d  i n  pro- 
duc t ion  inc reases  u n t i l  a f t e r  t he  middle 1980's.  

A s  shown.in t a b l e  5 ,  o i l  product ion i n  Peru can  be placed i n  5 
ca t egor i e s :  (1 )  Amazon reg ion  operated by Occidental ;  ( 2 )  Amazon 
r eg ion  opera ted  by PetroPeru;  (3 )  primary recovery from t h e  Ta la ra  
onshore a r e a ;  ( 4 )  secondary recovery from t h e  Ta la ra  onshore a r ea ;  
and (5)  Ta la ra  o f f s h o r e  a r e a  opera ted  by Belco. Each i s  d iscussed  
s e p a r a t e l y  i n  t he  fo l lowing  paragraphs. 



'Table 5.--Estimates of Eu tu re  y e a r l y  and d a i l y  product ion of o i l  i n  Peru 
f o r  t h e  yea r s  1978-1985. . [Oxy, Occ identa l ;  pp, PetroPeru]  

*Amazon *Amazon *Amazon *Talara *Talara *La Brea- *Talara T o t a l  'Total  
reg ion  reg ion  . r.egion onshore onshore,  par i z a s  o f f sho re   illio ion. (Thousand 

OXY OXY PP primary secondary secondary Belco b a r r e l s  . b a r r e l s  
Year ne.w recovery r.ecovery .. recovery pe r  year )  pe r  yea r )  

f i e l d s  ' Oxy 

* Yearly product ion r a t e s  i n  m i l l i o n s  of b b l l y r  

** 1978 product ion r a t e s  r e f e r  to .  l a t e s t  q u a r t e r  of year  - 

Note: P ro j ec t ed  product ion f i g u r e s  provided t o  t h e  au tho r s  by t h e  Minis t ry  of Energy and Mines, i n  
thousands of bbl /day,  were a s  fo l lows:  214 (1979), 213 (1980), 207 (1981), 210 (1982),  
202 (1983),  186 (1984),  and 163 (1985). 



Amazon Region (Occidental)--Occidental Petroleum Corpora t ion  p re sen t ly  
o p e r a t e s  8  f i e l d s  ( t a b l e  3 . ) , i n  Block 1A l o c a t e d  i n  no r the rn  Peru nea r  
t h e  Ecuadorian border  ( f i g .  1 3 ) .  Five of t h e s e  f i e l d s  a r e  producing 
o i l ,  one f i e l d  produces on ly . sma l1  amounts of gas  (Carmen), and t h e  
remaining two (Huayuri and Tambo) a r e  no t  y e t  on-line. o c c i d e n t a l ' s  f i r s t  
d i scovery  i n  t h i s  a r e a  was i n  1972. F u l l  ou tput  was delayed because of 
i n s u f f i c i e n t  t r a n s p o r t a t i o n  f a c i l i t i e s .  I n  e a r l y  1978, a  spur  o i l  
p i p e l i n e  w i th  a  c a p a c i t y  of 80,090 bbl lday  was completed. This  spur  
l i n e  extends from t h e  main Trans-Andean p i p e l i n e  t o  Occidenta l ' s  
ga the r ing  s t a t i o n  on Andoas. According t o  a  spokesman f o r  Occidenta l ,  
t h e  company i s  i n s t a l l i n g  new pumps on . the  spur  l i n e  t o  r a i s e  d e l i v e r y  
c a p a c i t y  t o  120,000 bbl/day. I n  a d d i t i o n  t o  t h i s  d e l i v e r y  c a p a c i t y ,  
Occ identa l ' s  new r i v e r  t e rmina l  on Rio T ig re ,  e a s t  of Shiviyacu,  
has  made i t  p o s s i b l e  t o  barge over 15,000 bbl /day t o  t h e  main p i p e l i n e  
s t a t i o n  a t  Saramuro ( i n  June 1978 Occidenta l ' s  barge d e l i v e r y  t o  Sara- 
muro w a s  18,000 bbl /day) .  

T o t a l  o i l  p roduct ion  from Block 1A on May 10 ,  1978, was 72,000 bb l .  
This  product ion  was from f i v e  f i e l d s  as fo l lows:  

F o r e s t a l  6,000 bb l  
Nor theas t  Shiviyacu 400 bb l  
Shiviyacu 11,000 bb l  
South Capahuari 49,000 bb l  
North Capahuari  5,600 b b l  

T o t a l  7  2,000 bb l  

O f f i c i a l s  of Occ identa l  i n d i c a t e  t h a t  o i l  product ion could reach  
110-120,000 bbl lday  i n  t h e  l a t t e r  p a r t  of 1978. The i n c r e a s e  i n  pro- 
d u c t i o n  i s  expected c h i e f l y  from South Capahuari. By t h e  use  of added 
gas  l i f t  and the  d r i l l i n g  of two more w e l l s ,  i t s  product ion could 
reach  70,000-75,000 bbl lday .  Also i n  t he  l a t t e r  p a r t  of 1978, p lans  a r e  
t o  pu t  Huayuri f i e l d  on-line w i t h  a  product ion c a p a b i l i t y  of perhaps 
20,000-25,000 bbl /day.  'According t o  o f f i c i a l s  of Occ identa l ,  a d d i t i o n a l  
p roduct ion  i n  1979 of about  1,000 bbl /day could come from Block 1B.  
Occ identa l  r e c e n t l y  acqui red  t h i s  block prev ious ly  opera ted  and 
l a t e r  abandoned by Union O i l  Company a f t e r  t h e  d i scovery  of heavy 
o i l  (17' API). Occ identa l  p lans  t o  produce some of t h i s  heavy 
o i l  by mixing wi th  l i g h t e r  o i l  from Block 1A. Other product ion i n  
1979 could  come from Tambo o r  t h e  y e t  un t e s t ed  T o r i s a  f i e l d .  The 
au tho r s  e s t i m a t e  t h a t  smal l ,  new d i s c o v e r i e s ,  perhaps of l i g h t  o i l  
i n  l B ,  w i l l  i n c r e a s e  prdduct ion by 5,000-10,000 bbl lday  i n  t h e  
1982-1983 pe r iod  ( t a b l e  5) .  We e s t i m a t e  t h a t  wi thout  o t h e r  s i g n i f i c a n t  
d i s c o v e r i e s ,  Occ iden ta l ' s  p roduct ion  w i l l  peak a t  110,500 bbl /day i n  
t h e  1979-1980 per iod  and s lowly d e c l i n e .  



Amazon reg ion  ( ~ e t r o ~ e r u ) - - I n  1976 PetroPeru d r i l l e d  79 deve.lopment' 
w e l l s  i n  Block 8. Sixty-two 05 t h e s e  w e l l s  gave p o s i t i v e  results, 
and o i l  product ion from Pet roPeru ' s  four  product ion a r e a s  i n  Block 
8 ( f i g .  13) was 56,000 bbl /day by mid-1977. By June of  1978, 
however, average d a i l y  product ion had dec l ined  t o  about 27,800 
bbls  a s  fo.llows: 

Cor r i en t e s  
Pavayacu 
Yanayacu 
~ a p i r o n a  

25,000 b b l  
2,600 b b l  

200 b b l  
smal l  amounts 

T o t a l  ' 27,800 b b l  

According t o  a PetroPeru spokesman, Cor r i en t e s  has  produced 1 2  
m i l l i o n  bb l  of o i l  over  t h e  p a s t  s e v e r a l  yea r s  and i ts  product ion r a t e  
is  p r e s e n t l y  dec l in ing .  Recent d r i l l i n g  a t  Pavayacu i s  expected t o  
r a i s e  product ion 'from t h a t  a r e a  t o  about  5,300 bb l lday ,  and t h e  
i n s t a l l a t i o n  of new pumps could r a i s e  Yanayacu's heavy o i l  produc- 
t i o n  (17' API) t o  300 bbl lday .  PetroPeru o f f i c i a l s  expect  t h a t  i n  
1979 d a i l y  product ion  of o i l  from   lock 8 w i l l  be a s  fo l lows:  

Cor r i en t e s  20,000 b b l  
Pavayacu 5,300 bb l  
Yanayacu 300 b b l  
Capirona 2,500 bb l  

T o t a l  28,100 b b l  

The i n c r e a s e  i n  product ion from Capirona i s  expected a s  a r e s u l t  of new 
d r i l l i n g .  

During t h e  yea r s  1978-1985, a d d i t i o n a l  PetroPeru o i l  product ion of 
about  1,000-1,500 bbl /day w i l l  probably come from t h e  company's two 
producing f i e l d s  i n  t h e  Ucayal i  basin.  T o t a l  cummulative product ion 
from 1939 t o  mid-1977 from t h e  Agua C a l i e n t e  and Maquia f i e l d s ,  i n  
t h e  Ucayal i  bas in ,  ha s  been 21  m i l l i o n  b b l  ( t a b l e . 3 ) .  T o t a l  average 
d a i l y  product ion  from t h e s e  two f i e l d s  was about  1,300 bbl  dur ing  
t h e  f i r s t  6 months of 1977 ( t a b l e  3 ) .  

The au tho r s  expec t  Pe t roPeru ' s  Amazon product ion t o  be about  29,400 
bb l  i n  t h e  1979-1980 pe r iod ,  followed by a r a p i d  d e c l i n e  ( t a b l e  5 ) .  

Ta l a r a  onshore (primary recovery )--This r eg ion  was t h e  c r a d l e  of t h e  
South American o i l  i n d u s t r y  a s  t h e  f i r s t  commercial w e l l  was d r i l l e d  t h e r e  
i n  1863. As of mid-1977, cumulative product ion was 839 m i l l i o n  
bb l  ( t a b l e  3 ) .  Dai ly  product ion of about  33,000 bb l  comes from some, 
2,100 w e l l s  ( t a b l e  .3 ' ) .  Maximum o i l  product ion from a w e l l  i n  t h i s  
a r e a  is  about  800 bbl lday ,  but  most are making 4-5 bbllday. 



. . .. . .  . 

Output of o i l  i n  t h e  yea r  1966 was 20.2 m i l l i o n  bb l ,  i n  1975 about 13.9 
m i l l i o n  b b l ,  and i n  1976 about 12.9 m i l l i o n  bbl .  Over t h e  10 year per iod 

1966-1976, t h e  average y e a r l y  dec rease  i n . o i l  p roduct ion  was 3.6 percent ,  
whereas, between 1975 and 1976, t h e  decrease rose  t o  almost 7 pdrcent .  On 
t h e  b a s i s  of t h e s e '  s t a t i s t i c s ,  t he '  au tho r s  e s t ima te  t h a t  'between 19.78 and 
1985, t h e  average year ly  d e c l i n e  i n  o i l  product ion from primary recovery 
i n  t h e  Talara40nshore  a r e a  w i l l  be about  5  p e r c e n t - ( t a b l e  5.) .  

Ta lara  onshore (secondary recovery)--For purposes of secondary recovery 
ope ra t ions ,  t h e  Talara  a r e a  has been d iv ided  i n t o  two s e c t i o n s :  Lobitos- 
E l  Alto-Los Organos, and La Brea-Parifias. Occidental  Peruvana, Inc.,  
and i t s  j o i n t  venture p a r t n e r ,  Bridas Exploraciones y Produccion S.A., 
were s e l e c t e d  t o  conduct secondary opera t ions  i n  t he  f i r s t  T a l a r a  sec t ion .  
According t o  information rece ived  by t h e  au thors  from o f f i c i a l s  of Occi- 
d e n t a l  and t h e  Minis t ry  of Energy and Mines, secondary ope ra t ions  a r e  
expected t o  begin i n  t he  1978-79 period and peak o i l  product ion,  of per- 
haps 33,000 bb l lday ,  w i l l  be reached i n  about 1982 ( t a b l e  5 ) .  

Secondary recovery ope ra t ions  a r e  expected t o  begin i n  t h e  La Brea- 
Parifias s e c t i o n  i n  t h e  1980-81 period and i t  i s  es t imated  t h a t  peak 
product ion  w i l l  be reached i n . a b o u t  1985 (personal  communication,1978, 
o f f i c i a l  of Minis t ry  of Energ); and Mines). The au tho r s  e s t ima te  t h a t  
peak product ion from these  ope ra t ions  w i l l  be about  33,000 bbl lday  
( t a b l e  5) .  

Ta lara  offshore--Belco Petroleum, t h e  only ope ra to r  i n  t h i s  a r e a ,  i s  
developing i t s  Zocalo I1 a r e a  on the  c o n t i n e n t a l  s h e l f  o f f sho re  of Talara .  
I n  t h e  yea r s  1971-77, Belco made 15  d i s c o v e r i e s  and by mid-1977 was pro- 
ducing o i l  a t  t he  r a t e  of 28,600 bbl lday ( t a b l e  3): By t h e  end of 1976, 
Belco had d r i l l e d  a t o t a l  of 435 we l l s  i n  t he  Cont inenta l  Shelf  between 
Sechura and Zor r i t o s .  Of these  w e l l s  285 a r e  p re sen t ly  producing, 110 
a r e  c lo sed ,  and 40 were abandoned.. Discovery of o f f  shore  f i e l d s  was 
l a r g e l y  a n  ex tens ion  of onshore work. A s  i n  t h e  onshore a r e a ,  product ion 
from i n d i v i d u a l  wells i s  small .  

The au tho r s  e s t ima te  t h a t  year ly  o i l  product ion r a t e s  f o r  t h e  o f f -  
sho re  Talara  a r e a  w i l l  remain r e l a t i v e l y  cons tan t  during t h e  y e a r s  
1978-1985, w i th  only a small d e c l i n e  of perhaps 1-3 percent  ( t a b l e . 5 ) .  



O i l  product ion i n  year  2000 

P r e s e n t l y  producing Peruvian o i l f  i e l d s  ( t a b l e  3.) w i l l  be '  depletkd 
o r  nea r ly  dep le t ed  b y  t h e  year  2000. I f  w e  assume t h a t  PO new addi- 
t i o n s  (above those  shown i n  t a b l e  5) a r e  made t o  Peru ' s  measured o i l  
r e s e r v e s ,  t h e  au tho r s  c a l c u l a t e  t h a t  Pe ru ' s  t o t a l  o i l  p roduct ion ,  a t  
t he  t u r n  of t h e  cen tu ry ,  w i l l  range from 10  t o  1 5  m i l l i o n  bb l .  It i s  
u n l i k e l y ,  however, t h a t  t h i s  s i t u a t i o n  w i l l  come about.  More l i k e l y ,  
a s  fu ' ture  world o i l  demands and o i l  p r i c e s  i n c r e a s e ,  e x p l o r a t i o n  i n  
t h e  Amazon bas in s  w i l l  become more a t t r a c t i v e .  I f  we assume t h a t  
one-half of Pe ru ' s  undiscovered o i l  resources  ( t a b l e  4 )  a r e  moved i n t o  
t h e  measured r e se rve  c a t e g o r i e s  dur ing  the  1990's (a reasonab1eassumption 
w e  b e l i e v e ) ,  i t  i s  p o s s i b l e  t h a t  t h e  product ion r a t e  i n  t h e  yea r  2000 
w i l l  r each  116 mix l ion  bbl /yr .  I n  making t h i s  e s t ima te ,  t h e  au tho r s  
used a  r a t i o  of 1 0 : l  f o r  y e a r l y  product ion r a t e s  ve r sus  measured 
r e se rves .  

R e a l i z a t i o n  of t h e  l a t t e r  product ion r a t e  by t h e  t u r n  of t h e  
cen tury  r e q u i r e s  t h a t  an  a c t i v e  and cont inu ing  explora t ion .program 
be i n i t i a t e d  i n  Peru be fo re  about  1985. To d a t e ,  producing f i e l d s  
i n  Peru have proved t o  be a s s o c i a t e d  w i t h  r e l a t i v e l y  small s t r u c t u r e s  
and t h e  few tests made by f o r e i g n  o i l  companies s e v e r a l  yea r s  ago 
i n  t h e  Amazon bas in s  sugges t  t h a t  f u t u r e  product ion w i l l  no t  come 
from g i a n t  f i e l d s .  The sea rch  f o r ,  smal l  t r a p s  w i l l  r e q u i r e  
ex t ens ive  exp lo ra to ry  ventures .  

Gas product ion and gas  r e s e r v e s  

Natura l  gas  p l ays  a  sma l l e r  p a r t  i n  Pe ru ' s  t o t a l  energy s i t u a t i o n  . . 
t han  o i l ,  supplying 6.4 percent  of t o t a l  needs. Output of n a t u r a l  
gas over t h e  p a s t  decade has  been r e l a t i v e l y  f l a t .  Af t e r  a  peak 
of 77.1 b i l l i o n  cubic  f e e t  i n  1969, ou tpu t  dec l ined  s t e a d i l y ,  and 
i n  1975 product ion  was 64.9 b i l l i o n  cubic  f e e t .  I n  1976 product ion 
moved upward t o  71.7 b i l l i o n  cubic  f e e t  and i n  1977 increased  
s l i g h t l y  t o  72.8 b i l l i o n  cubic  f e e t .  On t h e  b a s i s  o f  d i s cus s ions  
w i th  o f f i c i a l s  of PetroPeru and t h e  Min i s t ry  of  Energy and Mines, 
gas product ion i n  Peru i s  expected t o  remain r e l a t i v e l y  cons t an t  
a t  about 72 b i l l i o n  cubic  f e e t  per  y e a r  wi th ,  perhaps,  a  smal l  
( 5  percent )  d e c l i n e  per  year. 

; Natu ra l  gas  i n  Peru i s  produced c h i e f l y  from t h e  T a l a r a  a r e a ,  
both onshore and o f f sho re .  The gas  i s  used p r imar i l y  f o r  t h e  
product ion of f e r t i l i z e r  and t h i s  usage i s  expected t o  cont inue  
through 1985. Water f looding  f o r  secondary recovery ope ra t i ons  i n  
t h e  T a l a r a  a r e a  probably w i l l  i n c r e a s e  t h e  r e s e r v o i r  p r e s su re ,  

t h e r e b y  caus ing  some of t he  gas  t o  d i s s o l v e  i n  t h e  o i l ,  r e s u l t i n g  
i n  i nc reased  o i l  product ion but  decreased gas  production. W e  can 
expec t  gas  product ion i n  t he  a r e a s  under secondary recovery t o  
d e c l i n e  somewhat a f t e r  f looding  g e t s  underway. 



I n  t he  Amazon reg ion  most o i l f i e l d s  have a water d r i v e ,  and 
gas product ion i s  small. The produced gas  i s  used f o r  i n j e c t i o n ,  
gas l i f t ,  and l o c a l  f u e l ;  smal l  amounts a r e  being f l a r e d .  This  w i l l  - 
probably cont inue  t o  be the  case  through 1985. I n  the  Ucayali basin,on& 
gas  f i e l d ,  Aguaytia, has  been discovered. PetroPeru e s t i m a t e s  t h a t  i t  
has subeconomic r e se rves  of 317.8 b i l l i o n  cub ic  f e e t  of gas. 
more d r i l l i n g  w i l l  be done i n  A g u a ~ t i a  gas  f i e l d ,  bu t  product ion of t h e  
*guaytia r e se rves  is  not  expected before  1985. 

Gas r e se rves  of t h e  Marason bas in  of e a s t e r n  Peru a r e  be l ieved  
t o  be small .  The o i l f i e l d s  i n  t h e  Maranon bas in  are producing 
medium g r a v i t y  o i l  (20' t o  45O API) from Cretaceous r e se rvo i r s .  
A l l  t he se  r e s e r v o i r s  have a water d r i v e  and produce very l i t t l e  gas.  
The produced gas  i s  e i t h e r  r e i n j e c t e d ,  f l a r e d ,  o r  used f o r  f u e l  i n  
t he  immediate v i c i n i t y .  

Because of i t s  remoteness, l i t t l e  exp lo ra t ion  d r i l l i n g  has taken 
p l ace  i n  the  Madre de  Dios bas in ,  and i t s  gas p o t e n t i a l  remains unknown. 

I n  t h e  T a l a r a  bas in  of northwestern Peru,  t h e  measured gas 
r e se rves  a r e  es t imated  by PetroPeru t o  be one t r i l l i o n  cubic  f e e t .  
However, i t  i s  a l l  bu t  impossible  t o  make a reasonable gas e s t ima te  
because of t h e  complexity of t h e  a r ea .  I n  a d d i t i o n  t o  t he  s t r u c t u r a l  
complicat ions r e s u l t i n g  from t h e  block f a u l t i n g ,  t h e r e  a r e  strati- 
graphic  problems. Some blocks produce only o i l ,  o t h e r s  only gas.  
Sands a r e  l e n t i c u l a r ,  and t h e r e  appears  t o  be no o rde r  i n  t h e  sequence 
of f l u i d s .  A water  sand may o v e r l i e  a gas sand, e t c .  This  makes i t  
impossible  t o  e s t a b l i s h  gas-water o r  gas-o i l  c o n t a c t s  and thereby 
impossible  t o  c a l c u l a t e  t h e  volume of gas .  Gas i s  produced from 
from both gas  caps  and s o l u t i o n  gas. 

I n  t h e  Progreso  bas in  of Peru, a w i ldca t  d r i l l e d  o f f sho re  from 
Tumbes was completed wi th  i n i t i a l  product ion of 5,246 b a r r e l s  of o i l  
per  day and 1 8  m i l l i o n  cu f t  of gas  per  day. An o f f s e t  was dry.  The 
gas r e se rves  of t h i s  bas in  a r e  unknown but  a r e  thought t o  be consider-  
ab l e .  The p o r t i o n  of t h e  Progreso bas in  i n  Peru i s  small i n  comparison 
wi th  t h e  p a r t  i n  Ecuador. 

I 

I n  t he  Sechura bas in  two wi ldca t s  found gas ,  but  no t  i n  
economical q u a n t i t i e s .  

The gas p o t e n t i a l  of t he  Sa laver ry  and P i sco  bas ins  i s  unknown, 
but because of t he  t h i n  sedimentary s e c t i o n s  and the  s c a r c i t y  of 
s t r u c t u r e s , t h e  gas  p o t e n t i a l  i s  probably low. 



Prospec ts  and recommendations f o r  i nc reas ing  product ion 

The p r o b a b i l i t y  f o r  achieving major i nc reases  i n  Peru ' s  o i l  produc- 
t i o n  r a t e s  p red ic t ed  f o r  t h e  years  1978-1985 ( t a b l e  5 )  i s  small. 
Product ion r a t e s  f o r  t hese  yea r s  a r e  r e l a t i v e l y  f i x e d  by the  p re sen t  
s i z e  of Pe ru ' s  measured reserves .  The normal l a g  time between 
exp lo ra t ion  and product ion i s  3 t o  5 years'. I n  Peru, where r e sou rces  
are suspected t o  l i e  i n  remote r eg ions ,  t h e  l a g  time would be  even 
h igher .  Explora t ion  a t  t h i s  time apparent ly  has a l l  but  ceased 

, throughout much of t h e  country and new explora tory  ventures  appear 
t o  be s e v e r a l  yea r s  away. The chances,  t h e r e f o r e ,  of making s i g n i -  
f i c a n t  new d i s c o v e r i e s  t h a t  would a f f e c t  t h e  pre-1985 product ion 
r a t e s  a r e  s l i m .  

Accelerated e x p l o i t a t i o n  of p re sen t  r e se rves ,  by t h e  d r i l l i n g  
of l a r g e  numbers of w e l l s  i n  t he  a l r e a d y  producing f i e l d s  could 
r a i s e  yea r ly  .production over t h e  next  s e v e r a l  yea r s ;  b u t ,  t h e  t o t a l  
average y e a r l y  product ion f o r  t h e  yea r s  1978-1985 would not  be s i g n i -  
f i c a n t l y  changed. This  i s  due t o  t h e  r a t e  a t  which product ion from 
these  f i e l d s  i s  expected t o  dec l ine  ( t a b l e  5,). The only except ion  
appears  t o  be t h e  secondary recovery ope ra t ions  scheduled f o r  t h e  

La Brea-Parinas area. (able 9-, ..... If ... th_e 3imetab.le..f or _th_e..-~tart of 
t h e s e  ope ra t ions  were moved ahead 2 t o . 3 ' y e a r s ;  product ion would s t i l l  
peak dur ing  . . . . -. - . . .. -- - t h e  .- - - . mid-198.0's . . . - - - and, ,produ.ction r a t e s  f o r  t h e  vear  1980- 
1934 would increase .  

Prospec ts  f o r  i nc reas ing  t h e  p red ic t ed  product ion r a t e  f o r  t h e  
year  2000 'appear  good. The amount of i n c r e a s e  w i l l  depend on t h e  

. q u a n t i t y  of undiscovered r e se rves  t h a t  can be moved i n t o  t h e  measured 
reserve  ca tegory  wi th in  t h e . n e x t  10  t o  1 5  yea r s  by exp lo ra t ion  and " 

t e s t  d r i l l i n g .  W e  a l s o  should stress a g a i n  t h a t  wi thout  a vigorous 
renewed e x p l o r a t i o n  program, o i l  product ion r a t e s  beyond 1990 w i l l  
be s u b s t a n t i a l l y  below today ' s  product ion r a t e s .  

 despite r e c e n t  disappointments ,  t he  Amazon bas ins  con ta in  t h e  
b e s t  long-term p rospec t s  f o r  increased  product ion i n  Peru. The 
geo log ica l  c i rcumstances of hydrocarbon accumulations t h e r e  appear 
t o  be much more complicated than be l ieved  e a r l i e r , . a n d  e x p l o r a t i o n  
consequently w i l l  be more d i f f i c u l t  and extended than  previously 
thought.  Although Peru is  p re sen t ly  i n  t h e  s t a g e  of searching  
f o r  and d r i l l i n g  s t r u c t u r a l  t r a p s  i n  t he  Amazon bas ins ,  long-term 
product ion r a t e s  w i l l  probably depend on t h e  amount of petroleum 
contained i n  s t r a t i g r a p h i c  t r aps .  Evalua t ion  of t hese  types  of 
t r a p s  must await  more d e t a i l e d  subsurface informat ion  from d r i l l i n g  
and must be a ided  by s t u d i e s  of d e p o s i t i o n a l  environments a s  we l l  a s  
se i smic  s t r a t i g r a p h i c  s tud ie s .  



Immediate exp1oratio.n e f f o r t s  should concen t r a t e  on a n t i c l i n a l  
s t r u c t u r e s  i n  t h e  Amazon bas ins .  These were a  f a c t o r  i n  t he  e a r l y  
assessments  of t h e  r eg ion  which l a t e r  proved over -opt imis t ic  when 
s e v e r a l  major s t r u c t u r e s  turned o u t  t o  be dry.  Many of t he se  s t r u c t u r e s  
may have been formed r a t h e r  l a t e  i n  geologic  t ime, e.g., dur ing  t h e  
P l iocene  Epoch. They thus  may post-date t h e  time of hydrocarbon 
mig ra t i on  and a r e  understandably barren.  An important  phase of 
e x p l o r a t i o n  i n  t he se  b a s i n s w i l l  be t h e  p r e c i s e  r e c o n s t r u c t i o n  of 
t h e  deformat iona l  h i s t o r y  of t h e  i n d i v i d u a l  s t r u c t u r e s .  Fe in inger  
(1975),  i n  a  s tudy  of t h e  Ecuadorian p a r t  of t h e  Or i en t e  bas in ,  has  
sugges ted  t h a t  o i l  i n  Cretaceous r e s e r v o i r s  t h e r e  was squeezed.from 
source  beds t o  t h e  w e s t  i n  t h e  Andean reg ion  dur ing  Late  Cretaceous 
time. He p o s t u l a t e s  t h a t  i n  some p a r t s  of t he  Andes, Cretaceous 
deformation was s o  i n t e n s e  t h a t  o i l  could no t  migrate .  Bas ina l  
a r e a s  i n  t h e  Amazon r eg ion  t o  t h e  e a s t  a r e  consequently unproductive.  
Th i s  f a c t o r  may e x p l a i n  t h e  l a c k  of success  i n  c e r t a i n  p a r t s  of t he  
Peruvian  Amazon bas in .  

To d a t e  producing f i e l d s  i n  t h e  Amazon r eg ion  have proved t o  be 
r e l a t i v e l y  smal'l a n t i c l i n a l  s t r u c t u r e s .  The e a r l y  unsuccess fu l  t e s t s  
by many f o r e i g n  o i l  companies apparen t ly  were confined t o  l a r g e r  
s t r u c t u r e s .  New exp lo ra to ry  ven tu re s ,  t h e r e f o r e ,  should be aimed 
a t  h igh ly  d e t a i l e d  surveys.  

I n  t h e  o f f s h o r e  bas in ,  s t r u c t u r a l  t r a p s  w i l l  con t inue  t o  be t h e  
main t a r g e t s ,  and seismic methods t h e  main e x p l o r a t i o n  t o o l .  Lower 
Cenozoic c l a s t i c  rocks ,  t h e  main r e s e r v o i r s  i n  t h e  T a l a r a  bas in ,  
w i l l  be a  major o b j e c t i v e  i n  t h e  o t h e r  c o a s t a l  ba s in s  a s  w e l l .  
The e s t i m a t e s  of r e se rves  i n  s e v e r a l  of t h e  bas in s  (e.g., Sechura 
and P i sco  b a s i n s )  a r e  r e l a t i v e l y  low because t h e i r  onshore p a r t s  o f  
Eocene s e c t i o n s  a r e  t h i n  o r  nonexis ten t .  The lower Cenozoic p a r t  
of t h e  s t r a t i g r a p h i c  success ion  may poss ib ly  e x i s t  i n  t he  o f f s h o r e  
a r e a s ,  a long  w i t h  p o t e n t i a l l y  prospec t ive  c l a s t i c  u n i t s  of Cretaceous 
age. 

The most a t t r a c t i v e  t a r g e t s  w i th in  t h e  post-Eocene success ion  
a r e  i n  t h e  Miocene. I n  t h e  Sechura and P isco  bas in s ,  Miocene s e c t i o n s  
i nc lude  phosphat ic  and diatomaceous rocks t h a t  a r e  nea r ly  i d e n t i c a l  
t o  t h e  organic- r ich  Monterey Formation, a  major source  f o r  o i l  and 
gas  i n  ~ a l i f o r n i a .  I n  t h e  onland p a r t s  of t he se  two b a s i n s ,  t h e  
diatomaceous sediments  appa ren t ly  were never buried deeply enough 
t o  gene ra t e  hydrocarbons. Thicker and more f avo rab l e  upper Cenozoic 
sequences probably e x i s t  i n  o f f s h o r e  reg ions .  Sandstone beds t h a t  
o v e r l i e  o r  i q t e r f i n g e r  w i t h  t h e  diatomaceous rocks  i n  t h e  o f f s h o r e  
a r e a s  may be expected t o  c o n t a i n  hydrocarbons, a s  they  do i n  t h e  
Monterey Formation of C a l i f o r n i a .  

A s  o i l  p r i c e s  i n c r e a s e  and deep-water-production technology 
advances,  p o t e n t i a l  t r a p s  i n  bas in s  beyond t h e  c o n t i n e n t a l  She l f  
(Lima and Arequipa bas in s )  could prove t o  be a t t r a c t i v e  t a r g e t s .  



PRELIMINARY REPORT ON COAL DEPOSITS OF PERU 

By Wilds W .  Ol ive  and Robert G .  Hobbs 

In t roduc t ion  

This  r e p o r t  i s  based p a r t l y  on information contained i n  publ ished 
r e p o r t s  and unpublished r e p o r t s  o f  t h e  Banco Minero d e l  Peru,  MINEROPERU, 
INCITEMI, CENTROMIN, and SIDERPERU. Many p e r t i n e n t  d a t a  were a l s o  obtained 
from conversa t ion  with t h e  fol lowing ind iv idua l s :  Ing. Raul Eyzaguirre  P a r r a ,  
Gerente , MINEROPERU; Ing . Abel ~ a s t a z a g a  Col l  , J e f e  ; Dpto . de  ~ a r b g n ,  SIDERPERU; 
Ing.  Gustaveo Luyo V e l i t ,  J e f e  de l a  Unidad Operat iva de Oyon, SIDE,RPERU; - 
Jose  Olcese DiGianvito,  Doctor ~ e 6 l o g 0 ,  SIDERPERU; Alber to  Benavides, 
Chairman, Cia .  de Minas Buenaventura, S.A.; Guillermo Abele C . ,  D i r ec to r  
Departamento de Exploraciones,  and Ing.  Reuben A. Pa lao ,  Gerente ,  CENTROMIN; 
Ing.  Cesar S o t i l l o  Palomino, D i r ec to r  General ,  INCITEMI, Ing.  F lav io  Es' trada Ch., 
J e f e  Inves t igac iones  Metalogenesis ,  INCITEMI, J u l i o  Escudero Ra t to ,  Geologo 
Direccion de ~ i n e r z a  y ~ e o l o ~ g a ,  and Ing . Jose  Cruzado ~ a s t e G a d a ,  PetroPeru.  
Unpublished r e p o r t s  from t h e  f i l e s  o f  t h e  Banco Minero d e l  Peru were made 
a v a i l a b l e  by ~ u a n  Luis Sayan Miranda, Coordinador. The a b l e  a s s i s t a n c e  of  
Blanca de Huaco, Minerals  Sec t ion ,  U.S. Embassy, Lima, was inva luable .  A l l  
persons contac ted  were most h e l p f u l  and coopera t ive  i n  providing 
information from t h e  va r ious  o rgan iza t ions  which they  represen ted .  

Coal d e p o s i t s  a r e  repor ted  from 1 8  of Pe ru ' s  24 Departments. The 
-.. 

d e p o s i t s  range i n  age from Late  J u r a s s i c  t o  l a t e  ~ e r t ' i a r ~  and inc lude  c o a l  
t h a t  ranges i n  rank from l i g n i t e  t o  a n t h r a c i t e .  A t  most l o c a l i t i e s ,  pa r t i cu -  

L. 

l a r l y  i n  departments south o f  t h e  Department of  Huancavelica,  t h e  d e p o s i t s  a r e  
g e n e r a l l y  cons iderab ly  l e s s  than a  meter t h i c k ,  a r e  of  l i m i t e d  a r e a l  e x t e n t ,  
and have l i t t l e  o r  no economic va lue .  However, i n  c e n t r a l  and nor thern  Peru ,  
coa l  beds with t h i cknes se s  g r e a t e r  than one meter a r e  r epo r t ed  a t  numerous 
l o c a l i t i e s ,  some of  which a r e  s i t e s  o f  formerly a c t i v e  mines o r  a r e  i n  
a r ea s  of  a c t i v e  exp lo ra t i on .  

Jurassic-Cretaceous coa l  d e ~ o s i t s  

Coal t h a t  has  t h e  g r e a t e s t  p o t e n t i a l  a s  a  source  of  f u t u r e  energy 
occurs  i n  rocks of Late  J u r a s s i c  and Late  Cretaceous ages .  For t h e  most 
p a r t ,  t h e  c o a l  i s  found i n  a r e a s  o f  rugged t e r r a i n  a t  a l t i t u d e s  above 
2,000 meters  and a s  h igh  a s  4,600 meters .  Although many o f  t h e  c o a l  d e p o s i t s  
a r e  a c c e s s i b l e  by r a i l r o a d  and road ,  o t h e r s  can be  reached o n 1 y . b ~  foo t  
o r  on horseback. 

General  geology.--The Upper J u r a s s i c  and Lower Cretaceous c o a l  measures 
. c o n s i s t  l a r g e l y  of c o n t i n e n t a l ,  f i n e  t o  coa r se  c l a s t i e  sedimentary rocks t h a t  
were depos i ted  i n  l a c u s f r i n e  and p a l u s t r a l  environments a long  t h e  Andean 
trough. Depos i t ion  of t h e  c o a l  measures i n  most a r e a s  extended from J u r a s s i c  
i n t o  t h e  Cretaceous without  i n t e r r u p t i o n .  A s  i n d i c a t e d  by t h e  c o a l  beds i n  
rocks  of t h e  same age i n  many p a r t s  of t h e  count ry ,  cond i t i ons  f avo rab l e  f o r  
accumulation of c o a l  existed.contemporaneously i n  l a r g e  a r e a s  of Peru and mav 



have g iven  rise t o  c o a l  beds t h a t  formerlv were c o n t i ~ ~ u o u s  over many hundreds 
o r  even thousands of square k i lometers .  Many of  t h e  a r e a s  now designated-  
a s  coa l  bas ins  a r e ' w i t h i n  boundaries t h a t  a r e  l a r g e l y  def ined  on the  b a s i s  
of  geographic o r  s t r u c t u r a l  f e a t u r e s .  Whether t h e s e  a r e a s  were p a r t  of 
l a r g e  d e p o s i t i o n a l  bas ins  i s ,  on the  b a s i s  of present  knowle.dge, a  mat te r  
of  con jec tu re .  

Structure.--In most p a r t s  of 'Perit ,  t he .  Jurassic-Cretaceous coal-bearing se- 
quence i s  fo lded  and faul ted, ,  and i n  many a r e a s  f t  i s  in t ruded  by igneous rocks. 
A s  a  r e s u l t  o f  hea t  and p re s su re  generated by tectonism and from igneous 
i n t r u s i v e  bodies ,  much of .the coa l  has  been metamorphosed. In some.areas ,  
c o a l  beds,  being t h e  weakest member i n  t h e  s t r a t i g r a p h i c  sequence, mark t h e  
p o s i t i o n s  of bedding-plane f a u l t s .  As a  r e s u l t  of d i f f e r e n t i a l  movements, 
t h e  coa l  has  been ,pulver ized ,  con to r t ed ,  squeezed, and caused t o  flow i n  
a  manner t h a t  might be expected of a s p h a l t .  Such coa l  i s  commonly r e f e r r e d  
t o  a s  c i s co .  It forms beds of h igh ly  v a r i a b l e  t h i ckness  and a t  p laces  i s  
i n j e c t e d  along planes of  f a u l t s  t h a t  of fshoot  from the  f a u l t  t h a t  follows t h e  
c o a l  bed. A bed 2  meters  t h i c k  may t h i n  t o  l e s s  than  2.0 cent imeters  w i th in  

. . 
a  d i s t a n c e  of 3 meters ,  o r  i t ;may d isappear  a l t o g e t h e r .  

Thickness of c o a l  beds.--Coal beds of minable t h i ckness ,  t h a t  i s ,  t h i c k e r  
than  0.6 meter ,  a r e  r epo r t ed  a t  numerous l o c a l i t i e s  i n  t h e  c e n t r a l  and no r the rn  
p a r t s  of Peru. I n  t h e  Departments of Cajamarca, La L ibe r t ad ,  and Ancash. in  
no r the rn  Peru,  c o a l  beds 1 .5  t o  6.0 meters  t h i c k  have been noted,  and some have 
been t r aced  along t h e  outcrop f o r  s e v e r a l  k i lometers .  In the  northernmost p a r t  
o f  t h e  ~ e ~ a r t m e n t  of Ancash, 35 c o a l  beds ranging i n  t h i ckness  from 0 .1  
t o  1.5 meters a r e  repor ted  wi th in  a  measured s t r a t i g r a p h i c  i n t e r v a l  of 170 
meters .  Twelve of  t h e  beds a r e  more than  0.6 meter and some a r e  a s  much 
a s  1.5 meters  t h i c k .  I n  c e n t r a l  Peru,  i n  t he  Departments of Pasco, Lima, 
and ~ u n i n ,  coa l  beds r a r e l y  exceed 1.5 meters  i n  t h i ckness .  

. - . . . . . - 
:\ 

Rank and q u a l i t y  o f '  coal.--Tine rank of Ju ra s s i c ,  and Cretaceous c o a l  ranges 
from subbituminous t o  a n t h r a c i t e ,  bu t  i n  approximately two-thirds of t h e  a r e a s  of 
c o a l  d e p o s i t s ,  t h e  c o a l  is repor t ed  t o  be a n t h r a c i t e .  On t h e  b a s i s  of a  l imi t ed  
number of ana lyses  from widely separa ted  l o c a l i t i e s ,  t h e  a n t h r a c i t e  has a ],ow ash 
con ten t ,  a low t o  moderate s u l f u r  conten t ,  and h e a t  v a l u e s  t h a t  range from 
6,000 t o  7,500 k i l o c a l o r i e s .  Ash content  of subbituminous and bituminous 
c o a l  from c e n t r a l  Peru,  where most of t h e s e  types  of c o a l . a r e  found, is  
.highly v a r i a b l e ,  ranging from 7 percent  t o  a s . h i g h  a s  41  percent .  

Analyses of subbituminous coa l  from t h r e e  t h i n  beds (0.20 t o  0.40 m) i n  
t h e  Ja tunhuas i  a r e a  of Pasco Department i n d i c a t e  6 t o  20 percent  ash ,  40 t o  



60 percent f ixed carbon, and 0.6 t o  2.0 percent s u l f u r .  Heating values range 
from 5,000 t o  7,000 k i loca lo r i e s .  

Much of the  bituminous coal  forms a weak coke t h a t  i s  s u i t a b l e  f o r  lead 
smelting furnaces,  but  i t  i s  not s u i t e d  f o r  t h e  b l a s t  furnaces of  s t e e l  m i l l s  
unless mixed with s t rong ly  coking coal  from other  sources. 

Coal reserves.--Measured, ind ica ted ,  and in fe r red  rese rves  (more conmnonly 
reported as proven, probable, and poss ib le  reserves)  are given i n  r epor t s ,  mostly 
unpublished, on a reas  of former mine s i t e s  o r  on a reas  t h a t  a r e  c u r r e n t l y  
under inves t iga t ion ;  however, no attempt has  been made t o  c l a s s i f y  reserves  
on a nation-wide b a s i s  according t o  widely accepted standard procedure. 

An es t imate  of  1,060 m i l l i o n  tons  of coal  reserves  f o r  Peru i s  given by 
Escudero (1977, p. 8) .  This f i g u r e  appears excess ive  considering the  
s c a r c i t y  of  d a t a  on which it  is  based. According t o  s tandards adopted by 
the  U.S. Geological Survey, measured coal  reserves  a r e  those depos i t s  wi th in  a one- 
four th  mi le  (0.4 km) rad ius  of  a point  a t  which t h e  th ickness  of  a coa l  bed has 
been accura te ly  measured. Indicated reserves  include coa l  wi th in  an a r e a  
t h a t  extends one-half mi le  (0.8 km) beyond t h e  a r e a  of  measured rese rves ,  and 
in fe r red  reserves  include coal  t h a t  extends 6 miles (9.6 km) beyond the  l i m i t  
of indicated reserves  provid&g geologic evidence ind ica tes  pe r s i s t ence  of  coal  
beds. Thus, indicated and in fe r red  reserves  a r e  a conseiuence of  measured reserves .  

Of t h e  1,060 mi l l ion  tons  of  r e se rves  presented by Escudero, 142 
mi l l ion  tons a r e  c l a s s i f i e d  a-s "measured" and "estimated1'; however, iar- 
nkt ion  on which these  estimates a r e  based are no t  given, and thus  these  r e se rve  
f igures  cannot be in te rp re ted  a s  t o  t h e i r  s ign i f i cance  i n  terms o f  economically 
recoverable coa l .  

Areas having p o t e n t i a l  f o r  c o a l  production 

Although l i t t l e  o r  no coa l  i s  c u r r e n t l y  being produced i n  Peru, four  coal  
f i e l d s  ( f i g .  14) appear t o  hold p o t e n t i a l  a s  poss ib le  sources of  f u e l  f o r  producing 
energy and a s  sources of  coking coal .  These include t h e  Alto Chicama and 
Santa Valley coal  f i e l d s  i n  nor thern  Peru and the  Oyon-Gazuna, and Jatunhuasi  
coa l  f i e l d s  of c e n t r a l  Peru. These and o t h e r  coal  a reas  a r e  discussed separa te ly  
below. 

Alto Chicama coal  f i e l d  

The following discuss ion i s  f o r  t h e  most pa r t  from a repor t  on t h e  Alto 
Chicama f i e l d  prepared by MTNEROPERU (1977)- 

Geography 

2 The Alto Chicama coal  f i e l d  includes an area  of  about 750 km i n  Otuzco 
and Santiago de Chuco Provinces, La Libertad Department. From T r u j i l l o  t h e  f i e l d  





i s  135 km by a road t h a t  passes  through Otuzco, Usqui l ,  and Mina Los Andes. 
The a r e a  i s  i n  t h e  C o r d i l l e r a  Occidenta l .  It i s  t r ave r sed  by deep narrow v a l l e y s  
t h a t  a r e  bordered by s t e e p  s lopes  t h a t  r i s e  t o  a g e n t l y  r o l l i n g  upland s u r f a c e  
known a s  t h e  a l t i p l a n o .  A l t i t u d e  ranges from about 1,950 m i n  t h e  
deepest  v a l l e y s  t o  4,200 m a t  t h e  c r e s t s  o f  t h e  h ighes t  peaks. 

Geology 

S t r a t i g r aphy  

Rocks exposed i n  t h e  a r e a  inc lude  sedimentary and igneous rocks  t h a t  
range i n  age from Ear ly  Cretaceous t o  Quaternary. The sedimentary rocks 
of E a r l y  Cretaceous age inc lude  t h e  ~ h i m c ,  San ta ,  Carhuaz, and F a r r a t  
Formations o f  t h e  Goyllarisq,uizga Group. The t o t a l  t h i cknes s  o f  t h e  
group i s  about 2,000 m. The sequence i s  l a r g e l y  composed of  sands tone ,  
q u a r t z i t e ,  mudstone, s h a l e ,  and minor amounts o f  l imestone .and c o a l .  
Coal occurs  on ly  i n  t he  ~ h i m 6  Formation. 

The Goyl la r i squizga  Group i s  unconformably o v e r l a i n  by a sequence 
of vo l can i c  rocks ,  about 1,000 m t h i c k ,  t h a t  belong t o  t h e  Calipuy 
Formation of  La te  Cretaceous and e a r l y  T e r t i a r y  age. Quaternary rocks 
c o n s i s t  of f l u v i o g l a c i a l  d e p o s i t s  t h a t  form a t h i n  veneer above o l d e r  
rocks a t  a l t i t u d e s  above 3,800 m ,  and o f  a l l u v i a l  d e p o s i t s  a long t h e  
v a l l e y s  of t h e  major s t reams.  

Small igneous bodies  of  a n d e s i t e  and d a c i t e  a r e  in t ruded  i n t o  
s t r a t i g r a p h i c  u n i t s  of  a l l  ages .  

S t r u c t u r e  

A s  a r e s u l t  of  t h e  Andean orogeny 'during Late  Cretaceous and T e r t i a r y  
t ime,  t h e  a r e a  was subjec ted  t o  i n t e n s e  tec ton ism,  and t h e  s t r a t a  were deformed 
and o f f s e t  by north-northwest-trending f o l d s  and r eve r se  and ove r th rus t  
f a u l t s .  A t  a l a t e r  s t a g e  t h e  s t r a t a  were o f f s e t  by normal f a u l t s  t h a t  
t rend  t r a n s v e r s e  t o  e a r l i e r  s t r u c t u r e s . ~ r o u g h o u t  most of  t h e  a r ea ,  
t h e  coal-bear ing sequence i s  s t e e p l y  dipping,and a t  p l aces , t he  s t r a t a  
a r e  over turned .  

Coal beds 

The coa l  beds of  t h e  Al to  Chicama a r e a  a r e  w i th in  a 500- i n t e r v a l  
i n  t h e  upper p a r t  o f  t h e   him< Formation which has  a t o t a l  t h i c k n e s s  of  
about 1,000 m. The coa l  beds a r e  i n t e r s t r a t i f i e d  with o r t h o q u a r t z i t e ,  
sandstone,  mudstone, and s h a l e  t h a t  were depos i t ed  i n  d e l t a i c  and lagoonal  
environments.  Al toge ther ,  10 coa l  beds have been i d e n t i f i e d ,  2 of 
which have a minable t h i cknes s  of 2.0 m o r  more. One of  t h e  beds 
l o c a l l y  a t t a i n s  a t h i cknes s  o f  4.0 m. Escudero (1977, p. 4 )  r e p o r t s  t h a t  
t h e  c i s c o  c o a l  bed i n  t h e  south s e c t o r  o f  t h e  c o a l  f i e l d  i s  6 m t h i c k .  
The economic th ickness  of o t h e r  coal' beds ranges from 0 .8  t o  1 .5  m; average 
t h i cknes s  o f  a l l  beds i s  about 1 .6  m .  



Most of t h e  coa l  i s  a n t h r a c i t e ,  a l though a  l i t t l e  more than  12 percent  
i s  r epo r t ed  t o  be  " h u l l a  magra:' which a s  l i t e r a l l y  t r a n s l a t e d  means " lean  
hard p i t  coa l , "  he re  i n t e r p r e t e d  a s  bituminous c o a l .  Average ana lyses  of  
samples from many c o a l  beds i n  d i f f e r e n t  s e c t i o n s  o f  t h e  c o a l  f i e l d  a r e  
presen ted  i n  t a b l e  6 . Other va lues  based on ana lyses  o f  c o a l  from t h e  
southern  s e c t o r  of  t h e  f i e l d ,  p resen ted  by Escudero (1977, p. 41,  a r e  
a s  fo l lows:  mo i s tu re ,  5  t o  8  pe rcen t ;  v o l a t i l e  m a t e r i a l ,  2.5 t o  12 pe rcen t ;  
ash ,  6  t o  10 percent ;  f ixed  carbon,  80 t o  85 percent ;  s u l f u r ,  1 ' to 2.5 
pe rcen t ;  hea t ing  va lue ,  7,000 t o  7,500 k i l o c a l o r i e s .  

P l ans  f o r  f u t u r e  development 

MINEROPERU and ELECTROPERU a r e  proposing t o  develop t h e  r e s e r v e s  
o f  t h e  A l to  Chicama f i e l d  f o r  gene ra t i on  of  t he rma l - e l ec t r i c  energy. 
A mine t h a t  w i l l  u l t i m a t e l y  produce 4,000 tons  o f ' c o a l  per  day i s  planned. 
The c o a l  w i l l  be used t o  f i r e  a  480-megawatt t he rma l - e l ec t r i c  power p lan t  
a t  t h e  mine mouth. Although water  i s  a v a i l a b l e  from t h e  Al to  Chicama River 
and s e v e r a l  o f  i t s  t r i b u t a r i e s ,  t h e  supply w i l l  be l i m i t e d  and a s  a  
conserva t ion  measure,  r ecyc l ing  of wa te r ,  where p o s s i b l e ,  w i l l  be r equ i r ed .  

Reserves 

Reserve e s t ima te s  given by MINEROPERU f o r  t h e  A l to  Chicama f i e l d  
a r e  based on information obta ined  from geologic  mapping o f  c o a l  beds,  
t r ench ing ,  t unne l ing ,  and diamond-core d r i l l i n g .  The method of  computation 
appears  t o  be  comparable with t h a t  used by t h e  U.S. Geological  Survey, and 
t h e r e f o r e  r e se rve  e s t ima te s  a r e  accepted a s  r e l i a b l e .  "Proven," "probable ,"  
and "poss ib le"  r e s e r v e s ,  r epo r t ed  i n  t h e  fol lowing t a b l e ,  a r e  be l i eved  t o  
correspond t o  "measured ,"  " i n d i c a t e d , "  and " in fe r r ed"  r e se rves  of  USGS 
terminology. 

Reserves ,  me t r i c  t ons  

Proven 25,222,741 
Probable 34,478,764 
P o s s i b l e  211,137,134 
To ta l  270,838,639 

. . 
Addi t i ona l ly ,  about ' 11 m i l l i o n  t ons  o f  "noneconomic r e se rves"  a r e  

r epo r t ed ;  however, i f  they a r e  noneconomic, they  cannot be  considered a s  
r e s e r v e s .  

Assessment 

The approximate 60 m i l l i o n  t ons  of  "proven" and "probable", r e s e r v e s  
i s  adequate t o  proceed wi th  f u r t h e r  i n v e s t i g a t i o n s  d i r e c t e d  toward 
e s t a b l i s h i n g  a  4,000 ton"er day c o a l  mine i n  t h e  a r e a .  However, be fo re  
t h e  most economic and e f f i c i e n t  means o f  mining and power gene ra t i on  can 
be determined,  much 'addi t iona l  work needs t o  be done, such a s  c o r e  d r i l l i n g  
t o  b lock  out  r e s e r v e s ,  and sys temat ic  sampling and a n a l y s i s  o f  c o a l  t o  
o b t a i n  information needed t o  determine b o i l e r  des ign  and cons t ruc t ion .  



Table 6 .  Coal q u a l i t y  and p repa ra t ion  (from Bennet t ,  1957, p. 48-50). 

1 .  ANALYSES. Galgada Mine Ancos Mine ~ i m e z a  Mine 
Run-of Clean Run-of Clean Run-of Clean 

TYPICAL PROXIMATE 
ANALYSIS. P e r c e n t  ( 0 )  

M o i s t u r e  4 . 8  

Dry B a s i s  

. .  V o l a t i l e  
q. F i x e d  Carbon.  

. . Ash 
S u l p h u r  

B t u / l b  ' (0) 

Ash f u s i o n ,  I n i t i a l ,  C 1 
~ s h  f u s i o n ,  S o f t -  

e n i n g  I 
Ash f u s i o n ,  F l u i d  I 
S  i 9: (Percent)  

- - . . 

+ 1 518 inch  
1 518 . x 9/16 inch  

9/16 x 3/64 inch  
3/64 x 48 mesh 
48 x 20'0 inch  

- 200 inch  
. .. . , - - - --- 
- - . - -  

( 0 )  T h e s e  a n a l y s e s  a r e  r e a s o n a b l y  r , e p r e s e n t a t i v e  a s  t o  r u n  o f  
mine  a n d  c l e a n  c o a l .  B t u  a n d  k - c a l . ,  v a l u e s  a r e  c a . l . c u i a t e d  
f rom a t a b l e  o f  A-M f r e e  v a l u e s  b a s e d  on t h e  a v e r a g e s  of  a  
l a r g e  number o f  bomb t e s t s .  Ash f u s i o n  t e s t s  a r e  t h e  a v e r a g e ,  
o f  a l l  known t e s t s  f o r  , each  c o a l ,  . inc luding  some t e s t s  which . . .  
a r e  p r o b a b l y  u n r e l i a b l e .  4 



U l t i m a t e  A n a l y s i s  . ... -. -. .. , . . . . . . - . . . . . . . .. .. . .. . . 

P e r  cent ( 1 )  -- .. - 
(Dry B a s i s )  

H 
C 
N 
0 
S 

Ash 

Ash -- A n a l y s e s  
P e r  Cent ( 1 ) 

SiO 
2  

A 1  0 
2 3 

Fe 0 
2 3 

CaO-MgO 
P 0 
2 5 

GeO 
2 

S i n k  F l o a t  
T e s t s  (1) 

160 f l o a t  

1 9 0  x 2 0 0  
2 0 0  x 2 1 0  
210  s i n k  

: (1) N o t e ,  t h a t  t h e s e  . t 'hst; .  are o n  d i f f e r e n t  s a m p l e s  t h a n  t h o s e  
. a b o v e  n o t e d ,  ',,and due t o ' d i f f e r e n t  ash c o n t e n t s  a r e  n o t  s t r i c t l y  
c o m p a r a t i v e  between t h e  m i n e s .  



Coal from Coal from Coal from 
F l o t a t i o n  T e s t s .  - Galgada Mine @cos Mine . . ~ i m e z a  Mine. . . . . . . . . . . . . . . .  ......... 

. - 
Ash,  Heads ( 2 )  2 6 . 9  1 6 .  5  - 22'. 3 (3.) . : 

X Ash, C o n c e n t r a t e  10.5 : 1 0  .' 1 1 2 . 7  : . . 

% Ash,  R e f u s e  5 8 . 6  6 1 . 3  5 3 , 8  
8 4 . 5  .76.6 % Recove ry ,  Coa l  ' 6 8 . 5  

% Recove ry ,  Carbon 8 4 . 0  - 9 0 . 1  8 6 . 1  ,. 

. . ?6 Size :  (Percent)  100% - 50m 
28% - 200m 

Galgada, 'Rey d e  Carb6nn  (4) ----- 

Prox imate  a n a l y -  
s i  s 

M o i s t u r e  2 . 0  

Dry b a s i s  
V o l a t i l e  8 . 8% 

F i x e d  Carbon 8 1  . 8% 

Ash 8 . 4% 

S i z e  : (Percent) % W t  . %Ash 

+l 5 /  8 inch 6 1 . 2  1 1 . 4  

1 518 x  9/16 inch l 3 . 4  7..7 

9/16 x  3 / 6 4  inch 2 8 . 7  , 6 . 9  

- 3 / 6 4  inch 6 . 7  1 1 . 4  

Sink F l o a t  T e s t  , ., 

3 / 3 2  x a,xn ( 8 6 . 6 % )  010 w t .  

1 . 7 0  f l o a t  0  

1 . 8 0  s i n k  2 . 5  

100 .0  

( 2 )  T h i s  sample  was p a r t i c u l a r l y  h i g h  i n  c l a y - s l i m e  c o n t e n t .  

( 3 )  A c t u a l  r u n  i n  f l o t a t i o n  p l a n t ,  o f  1416 ~ o n s  i n  Apr .  ' 5 4  

( 4 )  Channe l  s amp le ,  t a k e n ,  u n d e r  D r .  O l i v e  ' s s ' u p e r v i s i o n .  :Seam i s .  
1 0  m e t e r s  wide  with. 2 . 5  meters ' ,  parting o f  s h a l e  , .  which was n o t  
i n c l u d e d  i n  t h e  sample .  Sam'ple , ' . , t h e r e f o r e ,  r e p r e s e n t s  7 ; 5  met0r .s  
o f  c o a l ,  C. . . . . . .  . , .  . . 

. . 
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MINEROPERU anticipates that the proposed mine and thermal-electric 
plant will cost on the order of $300 million, including cost of trans- 
mission lines. Before such an investment is committed, all aspects . 
relating to minability of the coal, environm'ental effects of coal mining 
and power generation, water supply,.and other factors will need to be 
thoroughly investigated. It is unlikely that investigations preliminary 
to establishing a power-generation plant could be completed prior to 
1985; however, chances appea,r favorable that plans proposed by MINEROPERU 
can be realized by the year 2000. 

Santa Valley coal field 

Geography 

The Santa Valley coal fie1d.i~ in Santiago de Chuco Province, La 
Libertad Department, and is 100 to 110 km from the port of Chinbote. The 
surface is intensively dissected by stream erosion. Tributaries character- 
istically have short steep courses and occupy deeply incised narrow 
trenches that head against narrow ragged divides. Slopes are generally 
very steep, and talus throughout.much of the area is resting at or near 
the angle of repose. Altitude ranges from about 1,000 m to more than 
2,500 m'. 

Geology 

Stratigraphy 

The coal-bearing rocks of the area are of Early Cretaceous age and 
are part of an elongate, north-trending wedge of Cretaceous sedimentary rocks 
about 35 km long and 15 km wide. The wedge is bounded on the west by intru-' 
sive igneous rocks and on the east by volcanic rocks. I 

/ 
The Lower Cretaceous sequence is divided into the Chimu Sandstone 

and the Carhuaz and Goyllarisquizga Formations which comprise a.strati- 
graphic section of more than 3,000 m of continental, brackish water, 
and marine sediments that consist mostly of shale, sandstone, ortho- 
quartzite, and a few thin limestone beds. Coal occurs in the chimu/ 
Sandstone and in the lower part of the Goyllarisquizga Formation. 

The chimu/ Sandstone, which is more than 500 m thick, is the oldest 
formation exposed in the area. It is well exposed in the western 
half of the coal field where it contains numerous coal beds. The  him< 
is overlain by the Carhuaz Formation which is about 2,000 m thick 
and consists largely of shale and a few beds of sandstone and limestone. 

The Goyllarisquiza Formation, which overlies the chimu/, is the youngest 
of the Cretaceous units exposed in the area. The upper part of the unit 
has been removed by erosion, and its remaining thickness is no more than . 

550 m. It is extensively exposed in the northern and western parts of 
the area. 



The formation consists mostly of sandstone, but in its lower part 
it contains a few thin beds of shale ahd one to three coal beds of 
considerable thickness. Intrusive rocks on the west are Cretaceous and 
Tertiary in age, and volcanic rocks on the east are Tertiary and Quaternary 
in age. Small intrusive bodies in the form of stocks, sills, and dikes 
cropout throughout the area of Cretaceous sedimentary rock; most of those 
reported are in the area of outcrop of the Carhuaz Formation. 

A north-trending granodiorite intrusion about 1 112 km wide is exposed 
along the Santa River Valley in the southern part of the coal field where 
it forms the core of a sharply folded, northerly trending anticline. Numerous 
sills and dikes, apophyses from the intrusive body, penetrate the adjacent 
sedimentary rocks for distances as much as 2 km on either side. 

Structure 

The sedimentary strata are intensely folded and are broken into numerous 
blocks that are bounded by faults that trend in various directions. The 
strata in the central part of the area strike almo'st due north, whereas, 
in the northwestern part they strike northwesterly and in the southeastern 
part the strike is northeasterly. In general the strata are more intensely 
deformed in the western part of the area, which is also the area where 
exposed intrusive bodies are more numerous. The coal field is traversed 
by a large, faulted anticline whose axis trends northerly about 25 km 
from the intrusive mass in the southern part of the field. Its northern 
limit is terminated by an east-trending fault. Superimposed on this large 
structure are numerous small local folds and dip reversals, probably induced 
by bedding-plane slippage and squeezing of the Carhuaz shale which is 
extensive at the surface throughout most of the area of the anticline. 
In its northern part, the structure is traversed by north-trending faults 
which have largely destroyed the eastern limb of the fold. In general, 
the north-trending faults east of the crest of the anticline are down 
to the west, whereas, those on the opposite side are down to the east, 
thus producing a complexly faulted graben, the axis of which coincides 
in position with the crest of the anticline. This relation suggests that 
the anticline was produced by vertically acting forces, more than,likely 
by the granodiorite intrusion that is exposed in the southern part of the area. 

Northeast- and northwest-trending faults divide the northeastern 
part of the area into. a mosaic of blocks. Most'of the faults are down to 
the west. 

Coal - 
Coal beds 

Most coal beds in the area are in the ~ h i m G  Formation. As many as 
35 beds ranging in thickness from 0.1 to 1.5 m have been identified within 
a stratigraphic interval of 170 m (SOFREMINES, written communication, 
1958?). Within this interval, they are grouped in five zones that are 
14 to 25 m apart. Twelve of the beds are more than 0.6 m thick and, 
thus, have economic potential. 



Coal beds of  two formerly a c t i v e  mines,  t h e  Ancos and Galgada mines,  
i n  t h e  nor thern  p a r t  of  t h e  f i e l d  a r e  i n  t h e  ~ h i m c  Formation. A t  each mine, 
n ine  coa l  beds a r e  r epo r t ed ;  however, on ly  t h r e e  o f  t h e  beds a t  each mine 
have been exp lo i t ed .  A t  t h e  Galgada Mine, s i x  c o a l  beds ranging i n  t h i cknes s  
from 0.60 t o  1.20 m a r e  w i th in  a  s t r a t i g r a p h i c  i n t e r v a l  of 43 m; and a t  
t h e  Ancos mine; about 4  km t o  t h e  south ,  t h r e e  beds with t h i cknes se s  o f  1.80, 
0.70 and 0.70 m a r e  wi th in  an i n t e r v a l  o f  14 m (Bennet t ,  1957, p.  19 and 21) .  
Coal beds between t h e  two mines a r e  probably cont inuous ,  though beds exp lo i t ed  
a t  t h e  two mines may no t  be t he  same. 

Coal of t h e  Goyl la r i squizga  Formation i s  exposed i n  t h e  no r the rn  
p a r t  o f  t h e  c o a l  f i e l d  and .at t h e  Limeza mine, i n  t h e  southern  p a r t  o f  t h e  
a r e a .  A l l  t h e  ou tc rops  a r e  near  t he  base of  a  t h i c k  sandstone and a r e  
be l i eved  t o  be i n  approximately t h e  same s t r a t i g r a p h i c  p o s i t i o n .  The c o a l  
bed i n  t h e  nor thern  a r e a  i s  r e f e r r e d  t o  a s  t h e  "Rey de ~a rbo 'n . "  It c rops  
o u t  i n  t h e  v e r t i c a l l y  d ipp ing  limbs o f  a  small  t i g h t  fo ld .  An overturned 
sync l ine  a t  t he  base o f  a  t h r u s t  block occurs  about 300 m t o  t h e  n o r t h  
and on t h e  s t r i k e  o f  t h e  c o a l  ou t c rop ,  bu t  t h i s  s t r u c t u r e  may be separa ted  
from t h a t  a t  t h e  coa l  ou tc rop  by a  f a u l t  of undetermined magnitude t h a t  
fo l lows  a  west-trending v a l l e y  between t h e  two l o c a l i t i e s .  The Rey de 
Carbbn, s t r i k i n g  northwester ly;  a l s o  i s  exposed a  s h o r t  d i s t a n c e  e a s t  
o f  t h e s e  l o c a l i t i e s  where i t  occurs  nea r  t h e  base  of  a  t h r u s t  block.  
Engineers  of  t h e  Galgada mine have mapped t h e  c o a l  bed i n  t h i s  a r e a  f o r  
a  d i s t a n c e  of 4  o r  5 km. The bed i s  about 10 m t h i c k  and has  a  2 112 m-thick 
s h a l e  pa r t i ng  near  t h e  middle .  The Rey de  ~ a r b o ' n  i s  aga in  exposed a t  t h r e e  
c l o s e l y  spaced l o c a l i t i e s  about 1 km n o r t h e a s t  of  Ancos. A l l  ou tc rops  
a r e  ad jacent  t o  f a u l t s .  A t  one l o c a l i t y ,  a  c o a l  bed a t  l e a s t  12 m t h i c k  and 
poss ib ly  a s  much a s  24 m t h i c k  was pene t r a t ed  i n  two tunne l s  d r iven  i n t o  
f a u l t  b locks .  Coal a t  t h e  Limefia Mine s t r i k e s  n o r t h e a s t e r l y  and d i p s  
20' N .  The c o a l  i s  of  v a r i a b l e  t h i c k n e s s ,  ranging from about 1 112 t o  
6 m, and con ta in s  p a r t i n g s  of  l imes tone ,  s h a l e ,  and sands tone ,  which i n  
some a r e a s  of t h e  mine comprise a s  much a s  40 percent  of  t h e  t o t a l  t h i cknes s  
of  t h e  bed (Bennet t ,  1957, p. 23) .  

A l l  t he  ou tc rops  o f  c o a l  beds i n  t h e  Goyl la r i squizga  Formation are 
a t  approximately t h e  same s t r a t i g r a p h i c  p o s i t i o n ,  which sugges ts  a  c o n t i n u i t y  
of  t h e  coal-bear ing hor izon  throughout t h e  a r e a  o f  d i s t r i b u t i o n  of  t h e  
Goyl la r iqu izga  Formation. However, no Goyl la r i squizga  c o a l  has  been r epo r t ed  
from t h e  west-central  and southwestern p a r t s  of  t h e  c o a l  f i e l d .  I n  t h e  
southwestern p a r t ,  carbonaceous s h a l e  occurs  a t  about t h e  s t r a t i g r a p h i c  
p o s i t i o n  of  t h e  coal-bear ing ho r i zon ,  and may i n d i c a t e  t h a t  t h e  coa l  g rades  
i n t o  carbonaceous s h a l e  westward. 

Coal of t h e  ~ h i m t  Formation i s  a  h igh-qua l i ty  a n t h r a c i t e  t h a t  i s  compar- 
a b l e  t o  Pennsylvanian a n t h r a c i t e  ( ~ o r f i t t  & Assoc ia t e s ,  1944, p. 7, 51)  
and i s  ". . . of  t h e  h ighes t  q u a l i t y  f o r  b l a s t  fu rnace  f u e l  and o t h e r  uses ."  
The c o a l  i s  low i n  a s h ,  su lphu r ,  and phosphorus and has  a  high fixed-carbon 
c o n t e n t .  

Coal of t h e  Goyl la r i squizga  Formation, a s  i nd i ca t ed  by t e s t s  of  c o a l  
from t h e  LirneKa mine, i s  much slower burning and, t h u s ,  i s  no t  s u i t e d  



f o r  use i n  p l a n t s  r equ i r ing  high burning r a t e  per u n i t  a r e a  o r  volume; 
however, i t  would be s u i t e d  f o r  coal-burning e l e c t r i c  power genera t ing  
p l a n t s  (Bennet t ,  1957, p. 23-24). 

Qual i ty  and prepara t ion  c h a r s c t e r i s t i c s  of  coa l  from the  Galgada and 
Ancos Mines,which a r e  i n  t h e  Chimu Formation, and coa l  from the  Limeza 
Mine i n  t he  Goyllar isquizga Formation a r e  presented i n  t a b l e  6. 

Reserves 

Data a r e  i n s u f f i c i e n t  t o  provide a  reasonable e s t ima te  of r e s e r v e s  
f o r  t h e  e n t i r e  a r e a  of t h e  Santa Valley coa l  f i e l d .  Reserves e s t ima te s  
by mining engineers  have been mainly f o r  planning mining ope ra t ions .  For 
t h e  most par t , such  e s t ima te s  inc lude  r e se rves  t h a t  a r e  i nd ica t ed  by va r ious  
s t ages  of mine development. By comparison with e s t ima te s  der ived by t h e  
U.  S. Geological Survey method, e s t ima te s  by t h e  mining engineers  a r e  
u l t r aconse rva t ive .  For example, Mor f i t t  & Associa tes  (1944, p. 39-41) 
ca l cu la t ed  r e se rves  f o r  p r o p e r t i e s  o f  t h e  Ancos and Galgada Mines and 
included only  t h a t  coa l  t h a t  was i n  c l o s e  proximity t o  tunnels  a t  d i f f e r e n t  
l e v e l s .  The length  of t he  a r ea  considered d id  not  exceed t h e  longes t  t unne l ,  
which was 1390 m. The following r e se rve  e s t ima te s  were derived f o r  t h e  
Galgada and Ancos mining opera t ions :  643,800 me t r i c  tons  proven, 3,418,000 
tons  i n d i c a t e d ,  and 2,702,100 probable.  Mor f i t t  & Associates  (1944, p .  3) 
conclude t h a t  an ".. .  es t ima te  of poss ib l e  r e se rves  would r e q u i r e  much 
a d d i t i o n a l  exp lo ra t ion  and development. It i s  s a f e  t o  assume, however, 
t h a t  such r e se rves  a r e  ex tens ive  and, when proven, w i l l  show tonnages 
cons iderably  i n  excess  of those he re in  c l a s s i f i e d  a s  proven, i n d i c a t e d ,  ,: 

and probable coa l . "  

SOFREMINES (1958 ? )  es t ima te  4 m i l l i o n  tons  of "pos i t i ve"  r e se rves  
f o r  t he  Limeona mine and s t a t e  t h a t  combined "pos i t i ve"  and "posss ib le"  
r e se rves  could be a s  much a s  8 m i l l i o n  tons .  

The a reas  f o r  which r e se rves  have been es t imated  r ep re sen t  on ly  a  
very small  pa r t  of t he  coa l  f i e l d .  Coal beds more than  one meter t h i c k  and 
a s  much a s  10 m t h i c k  occur i n  outcrops  and smal"l mines throughout much of 
t h e  area... -This  d i s t r i b u t i o n ,  a long-with t h e  l a r g e  amount of r e s e r v e s  
contained i n  t h e  r e l a t i v e l y  small, .areas  of t h e  Galgada, Ancos, and ~ i m e z a  
concessions,  sugges ts  t h a t  t o t a l  c o a l  r e s e r v e s  of t h e  Santa Valley c o a l  f i e l d s  . 
a r e  l a r g e ,  poss ib ly  i n ' e x c e s s  .of  100 m i l l i o n  tons.  

Assessment 

To d a t e  coa l  of t he  Santa Valley has  been eonsidered p r i n c i p a l l y  a s  a  
source of b las t - furnace  and m e t a l l u r g i c a l  coa l  t o  supply t h e  s t e e l  m i l l  
a t  Chimbote, and a l s o  a s  a  poss ib l e  export  product .  L i t t l e  a t t e n t i o n  has 
been given t o  t h e  p o s s i b i l i t y  of us ing  i t  t o  genera te  e l e c t r i c  energy. 



Production of coa l  appears  t o  have been hampered by t h e  small  s i z e  of  
mine concessions which do no t  c o n t a i n  r e se rves  adequate t o  j u s t i f y  t h e  
amount of  investment needed f o r  i n s t a l l a t i o n  o f  a  p r o f i t a b l e  ope ra t i on .  
Also,  t h e  r a i l r o a d  t h a t  s e rves  t h e  a r e a  can haul  no more than  about 2,000 
tons  of  coa l  per day, which l i m i t s  l a rge - sca l e  development. 

It seems probable t h a t  t h e  c o a l  could b e s t  be used t o  produce thermal- 
e l e c t r i c  energy. Transmission l i n e s  from t h e  gene ra t i ng  p l a n t  could 
pos s ib ly  be t i e d  i n  with l i n e s  l ead ing  from t h e  h y d r o e l e c t r i c  genera t ing  
p l a n t  now i n  ope ra t i on  a t  Hual lanca,  25 km south of  t h e  ~ i m e r a  mine. 
However, t h e  f i r s t  s t e p  toward developing o r  r e s t i m u l a t i n g  t h e  c o a l  
i n d u s t r y  i n  t h i s  a r e a  should be t o  conduct an exp lo ra t i on  program t h a t  
w i l l  inc lude  mapping t h e  geology,  determining t h e  c o n t i n u i t y ,  
t h i c k n e s s ,  and q u a l i t y  of  t h e  c o a l  beds,  and c a l c u l a t i n g  r e se rves .  

Time r e q u i r e d  f o r  ga the r ing  b a s i c  d a t a  would r e q u i r e  s e v e r a l  
y e a r s ,  and i t  i s  u n l i k e l y  t h a t  a  coa l - f i r ed  gene ra t i ng  p l a n t  could be 
e s t a b l i s h e d  i n  t h e  Santa Val ley p r i o r  t o  1985. 

oyo)n-~azuna c o a l  f i e l d  

Geography 

The oyo/n coa l  f i e l d  and i t s  northward ex t ens ion ,  t h e  Gazuna a r e a ,  
a r e  i n  Cajatamba Province,  Lima Department, and about 150 km by road 
and 50 km i n  d i r e c t  l i n e  from t h e  po r t  of Huacho. It i s  an a r e a  o f  
rugged r e l i e f  with s teep-walled,  narrow v a l l e y s  and craggy peaks,  t h e  
h ighes t  of which a r e  snow capped. A l t i t u d e s  range from about 3,600 t o  
5,100 m above s e a  l e v e l .  

Geology 

S t r a t i g r aphy  

The sedimentary sequence exposed i n  t he  a r e a  c o n s i s t s  o f  c l a s t i c  gnd 
carbonate  rocks of Late  J u r a s s i c  t o  La te  Cretaceous age. The c l a s t i c  
sequence i s  represen ted  by t h e  Goyl la r i squizga  Group which c o n s i s t s  of  t h e  
oy6n, ~ h i m c ,  Santa ,  Carhuaz, and F a r r a t  Formations. The oyo)n i s  Late  J u r a s s i c  
i n  age and a l l  o t h e r  formations of t h e  group a r e  Cretaceous. 

The Goyl la r i squizga  Group i s  succeeded by a  sequence of  carbonate  
sediments represen ted  by t h e  Parihuanca,  Chulec, Par ia tamba,  Jumasha, 
and ~ e l e n d c n  Formations. Coal beds o f  minable t h i cknes s  occur  i n  t h e  
oy6n Formations (Cerna Nongrados, 1977 ) . 

I n  many p a r t s  of t h e  oyo/n a r e a  t h e  s t r a t a  a r e  in t ruded  by small  igneous 
bodies  most of which a r e  e longa t e  and t rend  n o r t h e r l y .  An i n t r u s i v e  body, 
much l a r g e r  than any i n  t h e  oyo)n a r e a ,  i s  in t ruded  i n t o  t h e  s t r a t a  o f  t h e  
Gazuna pa r t  o f  t h e  c o a l  f i e l d .  



S t r u c t u r e  

' A s  a  r e s u l t  of  t h e  Andean orogeny dur ing  Late Cretaceous and T e r t i a r y  
t ime ,  t h e  a r e a  was u p l i f t e d  and t h e  s t r a t a  were folded and f a u l t e d ,  producing 
steep-limbed a n t i c l i n e s  and sync l ines  t h a t  a r e  p a r a l l e l e d  by o v e r t h r u s t  f a u l t s  

\ and t r ave r sed  by high-angle normal and r eve r se  f a u l t s .  The major f o l d s  and 
f a u l t s  t r end  north-northwester ly .  The coal-bear ing s t r a t a  i n  t h e  oyo(n a r e a  
a r e  exposed on t h e  f l anks  and a t  t h e  c r e s t  of  one of  t h e s e  a n t i c l i n e s ,  which 
i s  bordered on t h e  west s i d e  by a  west-dipping o v e r t h r u s t  f a u l t .  Coal 
beds on e i t h e r  f l ank  0.f t h e  s t r u c t u r e  d i p  gene ra l l y  35O t o  40°,  but  
i n  some a r e a s ,  owing t o  secondary fo ld ing  and f a u l t i n g ,  t h e  beds a r e  near  
v e r t i c a l  and a t  p l aces  a r e  probably over turned .  I n  t h e  Gazuna a r e a  t h e  
a n t i c l i n e  i s  broader and d i p s  a r e  more g e n t l e .  

Coal beds 

Coal beds i n  t he  oyo/n Formation occur  within.  a  ,zone about 100 m t h i c k .  
Three c ros scu t  t u n n e l s ,  each about 330 m long,  have been d r iven  a c r o s s ' t h e  
zone a t  i n t e r v a l s  of about 400 m a long t h e  a n t i c l i n e  i n  t h e  c e n t r a l  p a r t  of  
t h  oyo)n a r ea .  One o f  t h e  t unne l s  pene t ra ted  t h e  coal-bear ing s e c t i o n  on t h e  
e a s t  f l ank  of t he  a n t i c l i n e ,  and two pene t ra ted  a l l  o r  a  p a r t  o f  t h e  s e c t i o n  
on both s i d e s .  A s  revea led  i n  t h e  w a l l s  of  t h e  t unne l s  t h e r e  a r e  a t  l e a s t  
six c o a l  beds. A l l  c o n s i s t  mos t ly  of  S i s c o ,  and a l l  a r e  h i g h l y  contor ted .  
Thicknesses  vary  markedly w i th in  s h o r t  d i s t a n c e s .  One,bed t h a t  ' i s  2 m t h i c k  
on one s i d e  of t h e  tunne l  d imin ishes  t o  a  t h i cknes s  o f  .20 cm on t h e  oppos i t e  
s i d e ,  only 2 112 m d i s t a n t .  Some beds t h i n  and d i sappea r ,  and a t  p l a c e s  c i s c o  
'as  much a s  a  meter. t h i c k  i s  i n j e c t e d  along f a u l t  p lanes .  The t h i c k e s t  bed 
pene t ra ted  i s  on t h e  orde? o f . 1 0  m .  However, t h i cknes se s  o f  such beds ,  
un less  measured a t  numerous l o c a l i t i e s  over a  l a r g e  area,,, can have l i t t l e  
re levance  t o  t r u e  o r  average t h i cknes se s .  

The ?umber of coa l  beds,  t h e i r  q u a l i t y ,  and rank va ry  from one s e c t o r  
of  t h e  Oyon-Gazuna coa l  f i e l d  t o  another  (Cerna Nongrados, 1977).  I n  t h e  
oy;n a r e a  t h e  number ranges from 1 t o  6  with average t h i cknes s  ranging from 
1.0 t o  1.5 m a s  determined from a v a i l a b l e  d a t a ,  whe reas . i n  t h e  Gazuna a r ea  
t h e r e  a r e  11 coa l  beds with average t h i cknes se s  ranging from 0.08 t o  2.00 m. 

Phys i ca l  and chemical composition' 

The coa l  of t h e  oygn a r e a  i s  of  subbituminous and bituminous r ank ,  
whereas t h e  c o a l  of  t he  Gazuna a r e a ,  due l a r g e l y  t o  hea t  from .igtieous 
i n t r u s i o n ,  i s  most ly  a n t h r a c i t e  and semian th rac i t e ,  a l though some i n  t h e  
southern  p a r t  of  t h e  a r e a  i s  bituminous. Percentage of  su lphur  and ash  i n  
coa l  from bo th -a reas  i s  g e n e r a l l y  low, but  percentages i n  Gazuna c o a l  a r e  
lower than  i n  0~6 .  

- .  
Much of t h e  r o a l  from oy<n i s  cokeable  o r  i s  w,ell s u i t e d  f o r  mixing wi th  

o t h e r  c o a l s  ' to  produce coke., whereas,  on ly  a  small  p a r t  o f  t he  Gazuna c o a l  
i s  s u i t e d  f o r  making coke. Analyses of  coa l  from t h e  oy*<n and Gazuna a r e a s  
g ive  t h e  fol lowing va lues  ( ~ i l c h e z  Sa l aza r  and Angeles F iguero ,  1927, p. 15-16): 



oy& c o a l  Gazuna coa l  

Humidity 
V o l a t i l e  m a t e r i a l  
Ash 
Fixed carbon 
Sulphur 
C a l o r i f i c  va lue  
Swelling index 
Expansion 
Cont rac t ion  

6 percent  6  percent  
16 t o  22 percent  6  t o  14 percent  _ 6 t o  12 percent  5  t o  10 percent  
65 t o  75 percent  . 70 t o  85 percent  

0.5 t o  1 percent  0 .5  t o  1 percent  
7,000 t o  7,600 .kcal/k.g 7,000 t o  7,660 k c a l l k g r  

2.5 t o  9  percent  
0  t o  10.0 percent  
0  t o  26 percent  

, Reserves 

The r e se rves  of t h e  oy;n a r e a  have been es t imated  a s  42,300,000 me t r i c  
t ons  (Cerna Nongrados, 1977, p .  15) which inc ludes  2,835,000 tons  o f  "non- 
washable coal"  and 4,860,000 tons  of  c o a l y  s h a l e .  The remaining 34,605,000 
tons  c o n s i s t  of 3,645,000 tons  cokeable  c o a l ,  18,022,500 tons  o f  c o a l  s u i t e d  
f o r  mixing with o t h e r  coa l  t o  produce coke ,  and 11,475,000 tons  o f  non- 
cokeable c o a l ,  and 1,462,500 tons  of unknown c o k i n g .  q u a l i t y .  The reserves 
are n o t  c l a s s i f i e d  according t o  degree  of c e r t a i n t y ' o r  t h i cknes s .  

Reserves of  t h e  Gazuna a r e a  a r e  es t imated  a s  107,800,000 me t r i c  t ons  of 
which 25,400,000 tons  a r e  c l a s s i f i e d  a s  proven and probable .  

- Assessment 

Coal of t h e  oy/on a r e a  i s  c u r r e n t l y  being explored by SIDERPERU f o r  t he  
purpose o f  providing a  source  of  coking c o a l  and c o a l  s u i t a b l e  f o r  mixing 
with o t h e r  coa l  t o  produce coke i n  o rde r  t o  supply t h e  needs o f  t h e  s t e e l  
' m i l l  a t  Chimbote. Robert Hobbs o f  t h e  U.S. Geological  Survey v i s i t e d  t h e  
a r ea  during September 1978, and on t h e  b a s i s  of h i s  a p p r a i s a l  of e x p l o r a t i o n  
e f f o r t s  a s  of  t h a t  t ime ,  he expressed t h e  op in ion  t h a t  t h e  c o a l  pos s ib ly  could 
be economically e x p l o i t e d ,  but t h a t  be fo re  a  mine should be cons idered ,  much 
a d d i t i o n a l  d r i l l i n g  and sampling o f  c o a l  would be  needed t o  determine 
th ickness  and c o n t i n u i t y  of  t h e  beds and t h e  q u a l i t y  and q u a n t i t y  of  t h e  
c o a l .  Only wi th  a  thorough knowledge o f  t h e s e  f a c t o r s  can t h e  economics 
of mining i n  t h e  a r e a  be determined. - 

The Gazuna a r e a  i s  a  p o t e n t i a l  source of  c o a l  f o r  gene ra t i on  of  
e l e c t r i c i t y ;  however, before  t h e  c o a l  can  be considered a s  more than  a  
p o t e n t i a l  sou rce ,  much a d d i t i o n a l  e x p l o r a t i o n  e f f o r t  i s  needed. 

J a tunhuas i  c o a l  f i e l d  

Geography 

The Ja tunhuas i  coa l  f i e l d  i s *  a r ec t angu la r  a r e a  o f  1,500 h e c t a r e s  i n  
Concepcion Province,  Junin Department. It i s  about 7,O.km sou theas t  o f  
La Oroyo and 40 km e a s t  of Huancayo, and i s  j u s t  200 m e a s t  of  t h e  
Cont inenta l  Divide which  i s  a t .  an a l t i t u d e  . o f  about 4,600 m .  



The su r f ace  throughout most o f  t h e  a r e a  i s  p a r t  o f  t h e  a l t i p l a n o  o f  
t h e  Andes and i s  g e n t l y  s lop ing  t o  moderately r o l l i n g .  Local r e l i e f  i s  
g e n e r a l l y  l e s s  t han  150 m y  but  i n  t h e  sou theas t e rn  p a r t  of t h e  a r e a  t h e  
s u r f a c e  i s  d i s s e c t e d  by t h e  east-f lowing Cachi River ,which .a t  p l aces  has  
i nc i s ed  i t s  course a s  much a s  400 t o  450 m below upland a r e a s .  A number 
o f  small  l a k e s  a r e  i n  t h e  upland a r e a s ,  and many a r e  a l igned  along t h e  
ou tc rop  a r e a  of t h e  coal-bear ing s t r a t a .  

Geology 

S t r a t i g r a p h y  

Sedimentary rocks exposed i n  t h e  a r e a  c o n s i s t  of  an a l t e r n a t i n g  
sehuence o f  marine and c o n t i n e n t a l  d e p o s i t s  t h a t  range i n  age from J u r a s s i c  
t o  T e r t i a r y .  A genera l ized  d e s c r i p t i o n  of  t h e  s t r a t i g r a p h i c  sequence i s  . 
presented i n  t h e  t a b l e  below. 

I n  d i f f e r e n t  p a r t s  of  t h e  f i e l d  s e v e r a l  p e r s i s t e n t  d iabase  s i l l s  have 
in t ruded  t h e  sedimentary sequence. Many f o l l o w - c o a l  beds which most commonly 
a r e  t h e  weakest ,members of  t h e  sequence. 

The coal-be'aring s e c t i o n  i s  i n  t h e  ~ e g r o  Bueno Member o f  t h e  
Goyl la r i squizga  Formation and i s  about 65 m below t h e  t o p  o f  t h e  member 
which i s  a l s o  t h e  t o p  o f  t h e  formation.  The th i cknes s  o f  t h i s  s e c t i o n  
ranges from about 8 t o  20 m. 

S t r u c t u r e  

The Ja tunhuas i  c o a l  f i e l d  i s  on t h e  no r theas t  f l ank  o f  a  northwest- 
t r end ing  a n t i c l i n e  t h a t  i s  bordered on t h e  n o r t h e a s t  by a  broad sync l ine  
and o n , t h e  southwest by two north-dipping t h r u s t  f a u l t s  t h a t  a r e  s h o r t  
d i s t a n c e s  beyond and p a r a l l e l  t o  t h e  a x i s  o f  t h e  a n t i c l i n e .  A t  p l aces  
t he  a n t i c l i n e  i s  t r ave r sed  by high-angle f a u l t s  t h a t  t r end  N .  60' E .  t o  
N. 8 5 O  E . ,  and have displacements  o f  a s  much a s  20 m. Also, bedding-plane 
f a u l t s  fo l low c o a l  beds,  and a s  a  r e s u l t  o f  d i f f e r e n t i a l  movements,the 
c o a l  i s  h igh ly  f r ac tu red  and s l i ckens ided  . 

, . 
Coal beds 

Throughout much of  t h e  a r e a  t h e  c o a l  beds a r e  concealed beneath a  
l a y e r  o f  s o i l  thac i s  g e n e r a l l y  sha l low on t h e  c r e s t s  o f  h i l l s  bu t  i s  
a s  much a s  10 m t h i c k  i n  swales .  Because ~f  gene ra l  concealment, c o a l  
beds can be t r a c e d  a t  t h e  s u r f a c e  f o r  on ly  s h o r t  d i s t a n c e s .  

Much of t h e  knowledge p e r t a i n i n g  t o  t h e  c h a r a c t e r i s t i c s  of  t h e  c o a l  
beds i s  l a r g e l y  from underground workings,  t r enches ,  and t e s t  ho l e s .  
During the  e a r l y  1900's  c o a l  was mined from numerous underground workings 
i n  many p a r t s  o f  t h e  a r e a ,  and e a r l y  i n v e s t i g a t o r s  of  t h e  geology o f  t h e  
a r e a  had access  t o  an abundance o f  d a t a  t h a t  have no t  s i n c e  been a v a i l a b l e  
a s  t h e  mines were long ago abandoned and a r e  now caved i n .  



Generalized description of:sedimentary rocks exposed in the 
Jatunhauasi coal fields (from Page, 1962) 

-- 
Probable age Formation Member Description Thickness 

(meters) 

Tertiary Casapalca Terrestrial red beds, 
Sandy shale, fine sandstone, 
thin limestone and lime- 

300 stone conglomerate 

Middle Machay 
Cretaceous 

Lower 
Cretaceous 

Chulec Marine limestone with 
black shale and calcareous 
sandstone 800 

Massive sandstone, red 
sandy shale -- 65 

Negro Coal, sandstone, sandy fire- 
Goyllarisqui'sza Bueno clay, mudstone, shale 15 

Jatunhuasi Massive sandstone with 
platy sandstone and ' 

areillaceaus beds 400 

Manca Fine platy sandstone, red 
sandv shale 220 

Chaucha Marine limestone. 8 5 
I/ 

Massive sandstone 7 5 

Fine sandstone, red sandy 
shale 2 15 

Low&- Jurassic Marine limestone 700 + 
Upper Triassic 



I n  g e n e r a l  t h e  c o a l  beds  a r e  l e n t i c u l a r  and a r e  r a r e l y  o f  minab,le. 
t h i c k n e s s  f o r  d i s t a n c e s  o f  more t h a n  a  few hundred m e t e r s  ( G e r b r a c h t ,  1962) .  
Commonly beds  o f  minab le  t h i c k n e s s  o c c u r  i n  p a i r s ,  b u t  a t  p l a c e s  t h e r e  a r e  
t h r e e  beds ;  however, t h e  beds  a r e  n o t  everywhere t h e  same. Beyond t h e  
l i m i t s  o f  minab le  c o a l  a r e  s m a l l e r  l e n s e s  o f  c o a l  t h a t  g i v e  a  f a l s e  
i m p r e s s i o n  o f  c o n t i n u i t y  and l a r g e  r e s e r v e s .  

According t o  G e r b r a c h t ,  a  t r a v e r s e  a l o n g  t h e  o u t c r o p  from one end 
o f  t h e  f i e l d  t o  t h e  o t h e r  w i l l  r e v e a l  t h e  f o l l o w i n g  p a t t e r n  which r e p e a t s  
i t s e l f  each 4-5 km: 

1. Carbonaceous s h a l e  
2 . '  I n c r e a s e  i n  p e r c e n t a g e  o f  c o a l  i n  s h a l e  
3 .  Seam r e a c h e s  maximum t h i c k n e s s  and i s  e n t i r e l y  c o a l  
4 .  Seam d e c r e a s e s  i n  t h i c k n e s s ,  and number and t h i c k n e s s  

of s h a l e  p a r t i n g s  i n c r e a s e  
5 .  Seam s p l i t s  and d i s a p p e a r s .  

Coal having economic p o t e n t i a l  forms i n  t h r e e  seams d e s i g n a t e d ,  from 
o l d e s t  t o  younges t ,  a s  t h e  Z ,  XY,  and AB seams. The Z seam i s  a s  much 
a s  83 cm t h i c k  and i s  g e n e r a l l y  t h i c k e r  t h a n  t h e  AB seam. The c o a l  i s  d i r t y  
and i t  commonly c o n t a i n s  bands o f  s h a l e .  I t  i s  much a f f e c t e d  by bedding- 
p lane  f a u l t i n g ,  and when hand led  i t  b r e a k s  r e a d i l y  i n t o  s l i c k e n s i d e d  
f l a k e s .  

The XY bed g e n e r a l l y  i s  4  t o  6  m above t h e  Z bed ,  b u t  a t  p l a c e s  
i s  a lmost  i n  c o n t a c t  w i t h  t h e  Z bed.  The XY bed i s  a s  much a s  90 cm 
t h i c k ,  b u t  ' i t  i s  v e r y  t h i n  o r  m i s s i n g  over  l a r g e  a r e a s .  It commonly 
c o n t a i n s  a  p a r t i n g  o f  v a r i a b l e  t h i c k n e s s .  

The AB seam i s  u s u a l l y  8  t o  12 m above t h e  XY bed b u t  l o c a l l y  i s  a s  
much a s  19 m (Page ,  1962) .  A t  p l a c e s  i t  i s  s p l i t  by a  t h i c k  c l a y  p a r t i n g  
and o c c u r s  a s  two benches .  I n  such a r e a s  t h e  c o a l  i s  n o t  c o n s i d e r e d  
minab le  ( G e r b r a c h t ,  1962) .  I t s  average  t h i c k n e s s  i s  about  75 cm; l o c a l l y ,  
i t  i s  a s  much a s  1 . 4  m t h i c k  ( ~ a m z n ,  P . ,  1978,  p.  28) .  

Although a s  many a s  s i x  d i f f e r e n t  c o a l  beds  have been i d e n t i f i e d  i n  
t h e  sequence ,  beds  o t h e r  t h a n  t h o s e  d e s c r i b e d  above a r e  t o o  t h i n  t o  have 
economic v a l u e .  

P h y s i c a l  and chemical  p r o p e r t i e s  

J a t u n h u a s i  c o a l  i s  c l a s s i f i e d  by Vi lchez  S. and Angeles F .  (1977,  p.  1 8 )  
a s  subbi tuminous  and bi tuminous  w i t h  a  h i g h  c o n t e n t  o f  v o l a t i l e  m a t e r i a l .  
According t o  Gerbracht  ( 1 9 6 2 ) ,  c o a l  o f  t h e  AB seam, a s  mined,  c o n t a i n s  
about 40 p e r c e n t  a s h .  It produces  a  good s t r o n g  coke and i s  good f o r  
b l e n d i n g  w i t h  o t h e r  c o a l s  t o  produce coke.  On t h e  o t h e r  hand,  Page (1962)  
c o n s i d e r s  t h e  AB c o a l  t o  be  i n f e r i o r  i n  q u a l i t y  t o  t h a t  o f  t h e  XY bed.  
The XY,  a c c o r d i n g  t o  G e r b r a c h t ,  c o n t a i n s  a  h i g h e r  p e r c e n t a g e  o f  f i x e d  ca rbon  
and i s  noncoking.  Coal o f  t h e  Z bed u s u a l l y  c o n t a i n s  a  h i g h  p e r c e n t a g e  
o f  a s h  and a  low p e r c e n t a g e  o f  f i x e d  ca rbon .  It a l s o  i s  noncoking.  , 



Sulphur conten t  i n  coa l  from a l l  beds i s  r a r e l y  l e s s  than  one percent  
o r  more than 5  percent .  A l l  seams con ta in  p y r i t e  (Page, 1962).  

Analyses of  coa l  from each bed a r e  presented i n  t h e  fol lowing t a b l e :  

Analyses o f . c o a l  samples from Ja tunhuas i  c o a l  f i e l d  
(from Ramon P.,  1978, p. 28) 

Sample Type of Bed Thickness V o l a t i l e  Fixed Ash Sulphur BTU/16 
Number sample (meters )  m a t e r i a l s  Carbon ( p e r c e n t )  ( ~ e r c e n t )  

( ~ e r c e n t )  (Pe rcen t )  

2  8  Outcrop AB 1.40 24.0 48.9 27.1 1.8 10,400 

29 Outcrop XY 0.82 28.5 49.7 21.8 1.4 10,400 

3  0  Outcrop AB 1.25 22.1 60.1 17.8 1 .6  10,930 

3  1 Outcrop (XU > X  0.70 28.0 48.3 . 23.7 0  18 9,840 

3  2  Outcrop .(XY )Y 0.30 17.0 12.0 71.0 0.8 3,600 

33 Outcrop Z ' 0.50 17.9 1'7 . 3 64.8 0.4 3,330 

34 Trench AB 0.80 27.0 58.2 14.8 0.8 11,470 

35 Trench XY 0.50 17.0 20.2 62.8 0 .3  3,810 
(ox id i zed )  

3  6  Gallery.  a t  AB 
130-m depth 1.30 30.1 53.5 16.4 1.4 9,870 

3  7  Cross c u t  XY 0.50 27.9 40.6 31.5 2 . 1  8,980 
i n  mine 

38 Outcrop XY 0.90 31.1 47.7 21.2 1.1 9,600 

39 . O U ~ C ~ O D  z 0.40 24.0 30.9 ' 45.1 0.4 5.280 

c o a i  i n  most p a r t s  o f  t h e  coa l  f i e l d  i s  h i g h l y  f r a c t u r e d  owing t o  
t e c t o n i c  a c t i v i t y  and when mined w i l l  produce a  h igh  percentage of f i n e s .  
Also, l e n s e s  o f  s o f t  c l a y  o r  "muki," which a r e  p re sen t  'i;n t h e " m a l . a t  p l a c e s ,  
and c l a y  p a r t i n g s  t h a t  cannot  be  removed du r ing  mining w i l l  r e q u i r e  t h a t  t h e  
c o a l  be washed. 

Reserves 

Coal r e se rves  have not  been c a l c u l a t e d  f o r  t h e  e n t i r e  a r e a  of  t h e  
J a tunhuas i  coa l  f i e l d .  Only f o r  an a r e a  i n  t h e  v i c i n i t y  o f  t h e  Nueva S e l i c a  



mine i n  t h e  northwestern p a r t  o f  t h e  a r e a  a r e  ,,meaningful r e se rve  f i g u r e s  
a v a i l a b l e .  Based on an i n v e s t i g a t i o n  by Page (1962) involv ing  geologic  
mapping, co re  d r i l l i n g ,  t r ench ing ,  and tunne l ing ,  recoverab le  r e s e r v e s  o f  
c o a l  according t o  c o a l  beds a r e  es t imated  a s  fol lows:  

Bed -- Dry s h o r t  t ons  
AB 433,400 
XY 269,600 
Z 525;000 

To ta l  1,228,000 

I n  c a l c u l a t i n g  r e se rves  Page included a l l  coa l  beds 50 cm o r  more t h i c k .  
Although he  does not  c l a s s i f y  r e s e r v e s  a c c o r d i n g . t o  degree o f  c e r t a i n t y ,  t h e  
d a t a  on which h i s  e s t i m a t e s  a r e  based seem adequate t o  p lace  t h e  e s t i m a t e s  
i n  t h e  c a t e g o r i e s  o f  measured and i n d i c a t e d .  Escudero R. (1977, p. 6 )  
e s t ima te s  r e se rves  f o r  t h e  a r e a  a s  60 m i l l i o n  t ons  of  i n f e r r e d  c o a l ,  but  
d a t a  on which t h i s  f i g u r e  i s  based a r e  no t  c i t e d .  

Coal beds i n  t h e  Ja tunhuas i  f i e l d  a r e  exposed over  a  d i s t a n c e  o f  
25 km. The a r e a  f o r  which Page provides  r e s e r v e  e s t i m a t e s  ex tends  on ly  
5 km of t h i s  d i s t a n c e .  Coal resources  i n  t h e  remaining p a r t s  o f  t h e  f i e l d  
a r e  probably l a r g e  bu t  t o  c l a s s i f y  them a s  r e s e r v e s  w i l l  r e q u i r e  f u r t h e r  
exp lo ra t i on .  

Assessment 

The coa l  beds i n  t h e  Ja tunhuas i  f i e l d  a r e  t h i n  and mining w i l l  be 
c o s t l y . -  Also mining problems can be a n t i c i p a t e d  due t o  subsur face  water 
a t  shal low depth .  However, because of a  s e r i o u s  need f o r  coking coa l  a t  t h e  
nearby Cerro de Pasco mine a t  La Oroyo and because of  t h e  h igh  c o s t  o f  import ing 
coking coa l  from fo re ign  sou rces ,  c o a l  i n  t h e  a r e a  probably can be economically 
exp lo i t ed  i f  adequate r e s e r v e s  can be  blocked o u t .  Cur ren t ly ,  Cerro de Pasco 
imports  about  60,000 metric tons  of coking c o a l  pe r  year a t  a c o s t  of $70 p e r  ton.  
I n v e s t i g a t i o n s  conducted dur ing  t h e  e a r l y  1960 ' s  l nd rca t ed  t h a t  J a tunhuas i  
coa l  could be p r o f i t a b l y  mined. However, due t o  economic changes,  t h i s  may 
no longer  be t h e  case .  

I n v e s t i g a t i o n s  c u r r e n t l y  i n  progress  i n d i c a t e  t h a t  coa l  beds a r e  t h i c k e s t  
i n  t h e  sou theas t e rn  p a r t  o f  t h e  a r e a  nea r  t h e  Cachi River .  Because o f  g r e a t e r  
r e l i e f  and t h e r e f o r e  b e t t e r  d ra inage  c o n d i t i o n s ,  problems encountered i n  
mining w i l l  probably be fewer than  i n  poorly dra ined  a r e a s  t o  t h e  northwest .  
This  a r e a ,  which i s  considered t o  have t h e  b e s t  p o t e n t i a l  by g e o l o g i s t s  of  
CENTROMIN, should be f u r t h e r  explored by core d r i l l i n g ,  t r ench ing ,  and 
tunne l ing  i n  o rde r  t o  o b t a i n  d a t a  necessary  f o r  c l a s s i f y i n g  r e s e r v e s .  



. < 
, Other a r e a s  

The Goyl la r i squizga  c o a l  mine, a  s h o r t  d i s t a n c e  from La Oroyo, was 
a  source  of  coking coa l  f o r  l ead  b l a s t  fu rnaces  of  t h e  Cerro de  Pasco 
Corp. u n t i l  1971, when t h e  mine was shu t  down due t o  d e p l e t i o n  o f  r e se rves .  
However, development work i s  now underway t o  reopen t h e  mine and t o  produce 
c o a l  from beneath a r e a s  t h a t  were formerly occupied by shops and maintenance 
b u i l d i n g s .  An es t imated  300,000 me t r i c  tons remain i n  such a r e a s .  The 
planned product ion r a t e  i s  100 me t r i c  t ons  per  day. A coa l -prepara t ion  
p l a n t  of 100-ton-per s h i f t  c a p a c i t y  w i l l  be i n s t a l l e d .  The capac i ty  
t h a t  i s  i n  excess  of  t h a t  r equ i r ed  t o  prepare  c o a l  from t h e  mine w i l l  be 
used t o  prepare coa l  t h a t  i t  i s  a n t i c i p a t e d  w i l l  be suppl ied  by l o c a l  
smal l  mines.  

Beds of l i g n i t e ,  bituminous coa1,and a n t h r a c i t e  more t han  2  
t h i c k  a r e  r epo r t ed  t o  e x i s t  i n  s e v e r a l  o t h e r  a r e a s  i n  no r the rn  and 
c e n t r a l  Peru. Add i t i ona l ly ,  numerous beds of  l i g n i t e  at. ,-a depth o f  
about  460 meters are desc r ibed  f r o m w e l l s  d r i l l e d  f o r  o i l  approximately 
230 km e a s t  of  I q u i t o s .  Large i n f e r r e d  r e se rve  e s t i m a t e s ,  a s  much a s  
100 m i l l i o n  t o n s ,  a r e  given f o r  some o f  t h e s e  a r e a s ;  however, n e i t h e r  
t he  method nor d a t a  used f o r  de r iv ing  r e se rve  e s t ima te s  a r e  r epo r t ed .  
Therefore ,  f i g u r e s  fo r  such e s t i m a t e s  must be regarded a s  h i g h l y  specu la t i ve .  

A s  much a s  100 m i l l i o n  m e t r i c  t ons  of  l i g n i t e  i n  beds 1 t o  4 m t h i c k  
have been r epo r t ed  i n  Tumbes Province ,  nor thern  Peru. The a r e a  wa's v i s i t e d  
dur ing  September 10 t o  12,  1978, by W .  W .  Ol ive and Robert Hobbs o f  t h e  
U.S. Geological  Survey and by Jose  Cruzado C .  of PetroPeru.  The t h i c k e s t  
l i g n i t e  bed observed d i d  not exceed 10 cm. Examination of  wel l  r eco rds  
i n  t h e  f i l e s  of PetroPeru i nd i ca t ed  l i g n i t e  beds pos s ib ly  as t h i c k  a s  1 m 
but  a t  depths  of 10,000 t o  13,000 f e e t .  

L ign i t e  beds i n  Tumbes Province a r e  r epo r t ed  t o  e x i s t  i n  rocks  of middle 
Miocene age.  These rocks f o r  t h e  most p a r t  c o n s i s t  o f v e r y  coa r se  sediments 
and do not suggest  environmental cond i t i ons  favorab le  t o  accumulation of 
t h i c k  l i g n i t e  depos i t s .  F u r t h e r ,  t h e  a r e a  o f  r epo r t ed  l i g n i t e  i s  p a r t  
of a  melange i n  which t h e  s t r a t a  a r e  h i g h l y  con to r t ed  t o  t h e  e x t e n t  t h a t  i t  i s  
r a r e l y  pos s ib l e  t o  c o r r e l a t e  s t r a t a  exposed i n  one h i l l  wi th  t hose  o f  an - 
adjacent  h i l l .  Such cond i t i ons  would pose s e r i o u s  mining problems. 

Recommendations 

The seeming l ack  o f  b a s i c  d a t a  a t  t h e  c o a l  f i e l d s  d i scussed  i n  t h e  r e p o r t  
p o i n t s  t o  t h e  g r e a t  need f o r  a  well-planned exp lo ra t i on  program wi th  t h e  
fol lowing o b j e c t i v e s :  



1. Map c o a l  outcrops a t  a  s c a l e  o f  50,000 o r  l e s s ,  .. 
2 .  Determine t h e  t h i cknes s  of  t h e  beds a t  r e g u l a r  i n t e r v a l s ,  

3 .  Determine t h e  q u a l i t y  of  t h e  c o a l ,  

4 .  c l a s s i f y  r e se rves  according t o  t h e i r  degree o f  c e r t a i n t y ,  

q u a l i t y ,  and th i cknes s  by us ing  c o n s i s t e n t  e s t a b l i s h e d  
I 

' s tandards .  

' I n fo rma t ion  p re sen t ly  a v a i l a b l e . o n  c o a l  l o c a l i t i e s  i n  most parts of 
per6 i s  inadequate  t o  judge whether economic d e p o s i t s  e x i s t ,  e i t h e r .  i n  
terms o f  t h e  presen t  o r  of  t h e  f u t u r e  economy. 
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GEOTHERMAL ENERGY 

By Robert 0.  Fourn ie r  

In t roduc t ion  

Using t h e  terminology of U . S . Bureau of Mines-U . S . Geologica l  Su?xey, Bul- 
l e t i n  1450-A (1976) and U.S. ~ e o l o g i c a l  survey c i r c u l a r  726 (White and Williams, 
1975), t h e  gebthermal energy resource  base of  Peru is a l l  t he  h e a t  above 
15O C t o  a  depth of 10  km, t h e  g r e a t e s t  depth from which thermal  energy 
is  l i k e l y  t o  be  economically e x t r a c t e d  i n  t h e  fo re seeab le  f u t u r e .  
Because' thermal  g r a d i e n t s  and h e a t  flow a r e  poor ly  known throughout 

' Peru, d a t a  a r e  i n s u f f i c i e n t  t o  estimate whether t h e  geothermal ' resource 
base  f o r  Peru is r e l a t i v e l y  l a r g e  o r  sma l l ,  compared t o  t h e  world 
average. According t o  Uyeda and Watanabe (1970),  thermal  g r a d i e n t s  
i n  South America gene ra l l y  a r e  r e l a t i v e l y  low i n  t h e  P a c i f i c  coas t  a r e a ;  
a r e  r e l a t i v e l y  h igh  i n  t h e  Andes a r e a ;  and a r e  normal t o  subnormal i n  
most o t h e r  p laces .  Because t h e  Andes occupy a  r e l a t i v e l y  l a r g e  a r e a  of  
Peru,  t h e  geothermal resource  base  of Peru probably is r e l a t i v e l y  l a r g e  
compared t o  t h e  world average.  For t h e  purposes of t h i s  r e p o r t ,  t h e  
important  cons ide ra t i on  is  t h e  q u a n t i t y  of h e a t  ( thermal  energy) t h a t  
can be economically e x t r a c t e d  using p re sen t  and probable  f u t u r e  techno- 
logy. I n  t h i s  regard ,  Peru has  no demonstrated economic r e se rves .  There 
a r e ,  however, demonstrated subeconomic resources ,  a s  shown by t h e  
emergence of warm and b o i l i n g  s p r i n g s  i n  many p a r t s  of t h e  country.  
Based on t h e  chemical and phys i ca l  c h a r a c t e r  of t h e  ho t  s p r i n g s ,  a  
broad knowledge of t h e  geologic  c h a r a c t e r i s t i c s  where economic geothermal 
r e sou rces  tend t o  occur ,  and analogy wi th  demonstrated geothermal energy 
r e s e r v e s  i n  no r the rn  Chile ,  economic r e s e r v e s  and subeconomic r e sou rces  
can be  i n f e r r e d  f o r  Peru. The i n f e r r e d  11 r e s e r v e s  a l l  a r e  i n  southern  
Peru i n  a r e a s  of  r e c e n t  and a c t i v e  volcaKism (Zone V i n  f i g .  15 ) .  
I n f e r r e d  resources  and s p e c u l a t i v e  a r e sou rces  and r e s e r v e s  e x i s t  i n  
c e n t r a l  and no r the rn  Peru ,  gene ra l l y  i n  a  narrow b e l t  of h o t  s p r i n g  
a c t i v i t y  w i th in  t h e  C o r d i l l e r a  Occidenta l  (Zones I ,  11, 111, and I V  i n  
f i g .  15) and i,n a. zone extending .from Cuzo. f p . . P v n ~  CZone .yZ, ' f ig9 . .1 .5 )  ' 
The r e se rves  i n  c e n t r a l  and no r the rn  Peru a r e  termed s p e c u l a t i v e  because 
i t  has  no t  been demonstrated t h a t  s i g n i f i c a n t  amounts of geothermal 
energy can be  economically e x t r a c t e d  from t h e  p a r t i c u l a r  type  of geologic  
environment encountered the re .  

U t i l i z a t i o n  requirements  w i th  p re sen t  technology 

I n  o r d e r  t o  u t i l i z e  geothermal energy economically f o r  t h e  product ion  
of e l e c t r i c i t y ,  minimum underground temperatures  of  about 170° C t o  
200° a r e  r equ i r ed  a t  depths  l e s s  than 3 km (p re fe rab ly  l e s s  than 2 km). 
Furthermore, h o t  water  o r  steam must be  found i n  permeable zones 
( r e s e r v o i r s )  i n  t h e  h o t  rock because t h e  thermal energy must be t rans-  
f e r r e d  t o  t h e  s u r f a c e  by withdrawing t h a t  water  o r  steam. This  means 

11 See foo tno te  1, t a b l e  7 .  - 

21 See foo tno te  2 ,  t a b l e  -7 .  - 





known. Th is  i n f o r m a t i o n  on dep ths ,  s i z e s ,  and p e r m e a b i l i t i e s  must come 
from d e t a i l e d  g e o l o g i c ,  h y d r o l o g i c ,  and g e o p h y s i c a l  s t u d i e s  of s p e c i f i c  
p l a c e s  and,  u l t i m a t e l y ,  from deep d r i l l i n g .  

P r e l i m i n a r y  d e t a i l e d  g e o l o g i c  s t u d i e s  have been made o f  two geothermal  
a r e a s  by MINER0 PERU: one o f  Calacoa (Vargas and o t h e r s ,  1975) and t h e  
o t h e r  o f  S a l i n a s  (Morgan and Q u i n t a c a i l i a ,  1976) .  No geophys ica l  s t u d i e s  
were done a s  p a r t  o f  t h i s  work. Some geochemis t ry  was done o n l y  a t  
Calacoa,  b u t  chemical  a n a l y s e s  a r e  incomple te  and cannot  b e  used w i t h  
conf idence  t o  e s t i m a t e  r e s e r v o i r  t empera tu res .  

Over a 17-day p e r i o d ,  a  team of  J a p a n e s e  geothermal  energy e x p e r t s  
(GERD, 19 76) conducted s t u d i e s  (mainly geochemical)  o f  t h e  geothermal  
p o t e n t i a l  of h o t  s p r i n g  l o c a l i t i e s  n e a r  t h e  towns o f  S i c u a n i ,  La Raya, 
and Quisoco l lo ,  which a r e  l o c a t e d  i n  Puno-Cuzco geothermal  r e g i o n  V I  
( f i g .  1 5 ) .  They concluded t h a t  20-30 MW (72 x  109 t o  108 x 109 m i l l i o n  
j o u l e s )  cou ld  b e  produced from geothermal  energy i n  t h a t  r e g i o n .  That 
e s t i m a t e  a p p e a r s  t o  be  on t h e  o p t i m i s t i c  s i d e  because  t h e  underground h o t  
w a t e r  r e s e r v o i r s  f e e d i n g  t h e  s p r i n g s  probably  have lower t empera tu res  
t h a n  t h o s e  e s t i m a t e d  by t h e  Japanese  team 21. 

Est imated  geothermal  r e s o u r c e s  a t  t e m p e r a t u r e s  g r e a t e r  than  180° C 

The e s t i m a t e d  geothermal  r e s o u r c e s  o f  P e r u  i n  t a b l e  7  a r e  s u b d i v i d e d  
i n t o  i n f e r r e d  and s p e c u l a t i v e  economic r e s e r v e s  and subeconomic r e s o u r c e s .  
A l l  t h e s e  r e s o u r c e s  must b e  c o n s i d e r e d  und iscovered  because  t empera tu res  
180° C o r  g r e a t e r  have n o t  been demonstra ted by d r i l l i n g .  

Given t h e  a v a i l a b l e  i n f o r m a t i o n ,  o n l y  t h e  Calacoa area i s  c o n s i d e r e d  
t o  have  i n f e r r e d  economic r e s e r v e s .  The g e n e r a l  c h a r a c t e r  o f  t h e  h o t  
s p r i n g  a c t i v i t y  t h e r e  is i n d i c a t i v e  of a  hot-water-dominated r e s e r v o i r  
w i t h  t empera tu re  g r e a t e r  than  180° C. I n  o t h e r  p l a c e s  i n  t h e  w o r l d ,  ho t -  
water-dominated r e s e r v o i r s  y i e l d  abou t  30 t o  250 MW ( 1 . 1  x lo1' t o  9 .0  x 
1011 j o u l e s ) .  We have a r b i t r a r i l y  a s s i g n e d  a v a l u e  o f  100 MW (3 .6  x 
1011 j o u l e s )  f o r  Calacoa.  The subeconomic r e s o u r c e s  i n c l u d e  the rmal  
energy  i n  r e l a t i v e l y  impermeable h o t  rock a t  s h a l l o w  d e p t h s  and the rmal  
energy i n  r o c k s  a t  d e p t h s  between 3  and 10 km. 

The numbers i n  t a b l e  7 f o r  t h e  s p e c u l a t i v e  economic r e s e r v e s  and 
r e s o u r c e s  were d e r i v e d  by assuming t h a t  a t .  l e a s t  f o u r  o f  t h e  n i n e  l a r g e  
a c t i v e  vo lcanoes  of Peru a r e  a s s o c i a t e d  w i t h  a c t i v e  hydro thermal  sys tems 
and t h a t  a t  l e a s t  8  t o  1 0  o t h e r  hydrothermal  sys tems  a r e  p r e s e n t  n e a r  
vo lcanoes  t h a t  a r e  no l o n g e r  c o n s i d e r e d  t o  b e  a c t i v e .  A d d i t i o n a l  s t u d y  

31 Recent unpubl ished work by R. 0 .  F o u r n i e r  h a s  shown t h a t  a  - 
magnesium c o r r e c t i o n  must b e  a p p l i e d  t o  t h e  Na-K-Ca geothermometer. T h i s  
c o r r e c t i o n  lowers  t h e  e s t i m a t e d  t empera tu re  a t  La Raya t o  130' t o  140' C 
and a t  Q u i s i c o l l o  t o  80' t o  90' C. These c o r r e c t e d  t empera tu res  a r e  i n  
good agreement w i t h  t h e  s i l i c a  t empera tu res  f o r  t h e s e  l o c a l i t i e s  (120' t o  
135O C a t  La Raya and 87' t o  92O C a t  Q u i s o c o l l o ) .  These ' t e m p e r a t u r e s  a r e  
t o o  low f o r  economic e l e c t r i c a l  p r o d u c t i o n  u s i n g  p r e s e n t  technology.  I n  
a d d i t i o n ,  t h e  h i g h  ca lc ium and C02 c o n t e n t s  of w a t e r  a r e  l i k e l y  t o  cause  
c a l c i t e  s c a l i n g  problems t h a t  would make e x p l o i t a t i o n  d i f f i c u l t .  



of  t h e  many r e l a t i v e l y  i n s i g n i f i c a n t  h o t  s p r i n g s  i n  r eg i0n .V  may e l e v a t e  
many of t h e  s p e c u l a t i v e  r e s e r v e s  t o  i n f e r r e d  r e se rves .  However, i t  is  
l i k e l y  t h a t  many e x p l o i t a b l e  geothermal systems i n  Peru have no h o t  s p r i n g  
o r  fumarole s u r f a c e  express ion ,  e i t h e r  because t h e  systems a r e  too young, 
o r  because abundant, co ld ,  sha l low groundwater completely masks t h e  deep 
h o t  wa te r .  The systems having no s u r f a c e  h o t  s p r i n g  might be  l oca t ed  by 
geo log ic  and geophysical  methods:: 

11 I n f e r r e d  r e se rves  o r  resources  a r e  based l a r g e l y  on broad knowledge 
of t h e  geologic  c h a r a c t e r  of  t h e  d e p o s i t s  and f o r  which t h e r e  a r e  few, i f  
any, samples o r  measurements. The estimates a r e  based on assumed c o n t i n u i t y  
o r  r e p e t i t i o n ,  f o r  which t h e r e  is  geologic  evidence;  t h i s  evidence may 
inc lude  comparisons wi th  d e p o s i t s  of  s i m i l a r  types.  Bodies t h a t  a r e  
completely concealed*may be  inc luded  i f  t h e r e  is  s p e c i f i c  geologic  evidence 
f o r  t h e i r  presence (U.  S. Geological  Survey B u l l e t i n  1450-A, 1976).  

TABLE 7. Estimated geothermal r e se rves  and resources  of Peru 
s u s t a i n e d  over  a 5-year per iod .  

21 Specula t ive  r e sou rces  a r e  undiscovered resources  t h a t  may be p re sen t  - 

Temperature 

Over 180° C 

I n f e r r e d  11 

Specu la t i ve  21 

Under 180' C 

I n f e r r e d  11 

Specu la t i ve  - 21 

e i t h e r  i n  known types  'of d e p o s i t s  i n  a f avo rab l e  geologic  s e t t i n g  where no 
d i s c o v e r i e s  have been made, o r  i n  a s  y e t  unknown t y p e s ~ o f  d e p o s i t s  t h a t  
remain t o  be  recognized (U.S. Bureau of Mines-U.S. Geological'  Survey,. 1976). 

Est imated geothermal resources  a t  temperatures.  less than  180' C 

Economic 
( ~ e s e r v e s )  

The subeconomic resources '  a t  temperatures  less than 180' C a r e  prob- 
ab ly  very  l a r g e .  However, w i t h  t h e  p re sen t  s t a t e  of knowledge, i t  would 
be  meaningless t o  make a numerical  estimate and, f o r  t he  purpose o f  t h i s  
r e p o r t ,  t h e  subeconomic r e sou rces  less than  180° C can be  ignored.  

Subeconomic 
[Kesources) 

MU 

100 

2000 

300 

6000 

I n  region V of f i g u r e l 5 ,  t h e  i n f e r r e d  economic resoufces  a t  temperatures  
below 180' C shoa ld  be  l a r g e r  than t h e  i n f e r r e d  resources  a t  temperatures  
g r e a t e r  than 180 C ( t a b l e  7). Th i s  i s  because t h e r e  should be  more low- 
temperature  rock than ho t  rock,  and shal low rocks gene ra l l y  a r e  more 
permeable than deep rocks.  

MJ 

1000 

20,000 

Large 

Large 

J o u l e s  

3.6 x lo1' 

7.2 x 1012 

1.1 x 1012 

2.2 1013 

J o u l e s  

3.6 x 10 12 

7.2 x 1013 



The low-temperature economic r e sou rces  of reg ions  I ,  11, 111, I V ,  and 
V I  i n  f i g u r e  15  a r e  d i f f i c u l t  t o  e v a l u a t e  w i th  t h e  a v a i l a b l e  information.  
Most o f  t h e  s p r i n g s  appear  t o  l i e  on o r  n e a r  major f a u l t s ,  and i t  is  l i k e l y  
t h a t  meteor ic  waters  have become hea t ed  t o  moderate temperatures  by deep 
c i r c u l a t i o n  along t h e s e  s t r u c t u r e s .  Limestone is abundant throughout t h e  
reg ion .  Limestones g e n e r a l l y  a r e  h igh ly  f r a c t u r e d  and d i s s o l v e  e a s i l y ;  
they  make good r e s e r v o i r  rocks.  However, waters  t h a t  d i s s o l v e  l imestone 
a t  moderate temperatures  deep underground become r i c h  i n  d i s so lved  calcium 
and C02. ' Such wa te r s  depos i t  calcium carbonate  when they l o s e  C02 upon 
reaching  t h e  s u r f a c e ,  and t h i s  s c a l i n g  poses  a major problem i n  t h e i r  
u t i l i z a t i o n  f o r  geothermal energy.  

Ample recharge water  i s  a v a i l a b l e  from t h e  r a i n  and snow t h a t  f a l l  
on t h e  nearby mountains. However, t h i s  s i t u a t i o n  a l s o  could a l low d i lu-  . 
t i o n  and cool ing  ,(mixing o f  warm and co ld  waters )  hundreds of meters  
underground. No publ i shed  d a t a  on n a t u r a l  h o t  s p r i n g  d ischarge  r a t e s  were 
a v a i l a b l e  f o r  t h i s  r e p o r t .  Data on d ischarge  r a t e s  a r e  necessary  t o  
e s t i m a t e  t h e  n a t u r a l  convect ive d i scharge  of h e a t  a t  t h e  s u r f a c e .  I n  
gene ra l ,  about 4 t o  5 t imes t h e  n a t u r a l  h e a t  d i scharge  can .be s u s t a i n e d  
under product ion cond i t i ons  . 

Four of  t h e  b e t t e r  known h o t  s p r i n g  l o c a l i t i e s  i n  r eg ion  I1 ( f i g .  15)  
were v i s i t e d  t o  ga in  an impression of t h e  magnitude o f  hydrothermal 
a c t i v i t y  p r e s e n t  t h e r e .  The h o t  s p r i n g s  a t  t h r e e  l o c a l i t i e s  were l i t t l e  
more than t r ave r t i ne -depos i t i ng  s eeps  and t h e  f o u r t h  (Monterrey] d i scharged  
a few t e n s  of l i ters p e r  minute a t  45' C from a 3-meter-deep wel l .  It 
i s  probable  t h a t  t h e  s u r f a c e  d i scharge  of  h o t  s p r i n g  water  is  impeded 
by t h e  depos i t i on  of  t r a v e r t i n e  underground. It i s  a l s o  p o s s i b l e  t h a t  
t h e r e  may be  s u b s t a n t i a l  undetected d i scharges  of  h o t  s p r i n g  waters  
d i r e c t l y  i n t o  t h e  bottoms of r i v e r s  and s t reams.  

The g e n e r a l  conclusion i s  t h a t  i n  reg ions  I, 11, 111, I V Y  and V I  
w e l l s  s e v e r a l  hundred meters  deep usua l ly  would be  necessary  t o  a t t a i n  
temperatures  and flow rates a p p r o p r i a t e  f o r  s i g n i f i c a n t  n o n - e l e c t r i c a l  
u t i l i z a t i o n .  However, even wi th  s u f f i c i e n t  temperature  and flow r a t e s  
from r e l a t i v e l y  shal low w e l l s ,  ca rbonate  s c a l i n g  i s  l i k e l y  t o  be  a lnajor 
problem. For t he se  reasons ,  t h e  geothermal r e sou rces  i n  most p a r t s  of 
r eg ions  I, 11, 111, I V Y  and V I  probably a r e  subeconomic. 

P o t e n t i a l  i n s t a l l e d  capac i ty  i n  1985 and 2000 

The e s t ima ted  p o t e n t i a l  i n s t a l l e d  geothermal c a p a c i t y  i n  1985 and 
2000 i s  shown i n  t a b l e  8, assuming (1)  p r e sen t  technology on ly ,  and (2) 
p r e sen t  technology augmented by f u t u r e  worldwide technology developments 
t h a t  might be  a p p l i c a b l e  i n  Peru. The i n s t a l l e d  capac i ty  i n  1985 w i l l  
b e  l i m i t e d  i n  p a r t  by t h e  long l e a d  time necessary  f o r  e x p l o r a t i o n ,  r e s e r v o i r  
eva lua t ion ,  p l a n t  des ign ,  f i nanc ing ,  and cons t ruc t ion  (5  t o  6 y e a r s ) ,  and 
i n  p a r t  by t h e  l i m i t e d  number of q u a l i f i e d  people a v a i l a b l e  t o  c a r r y  o u t  
t h e  work. Increased  fundirlg i s  no t  l i k e l y  t o  immediately a f f e c t  t h e  
number of  a v a i l a b l e  q u a l i f i e d  people.  



Future  technology should have no impact by 1985 and only l i m i t e d  
impact by 2000, when i t  may a l low g r e a t e r  u t i l i z a t t o n  of a given system 
than is  poss ib l e  now. 

Future  t e c h n o l o g i e s ' t h a t  may have t h e  g r e a t e s t  impact upon t h e  
u t i l i z a t i o n  of geothermal energy i n  Peru i nc lude  methods of economYcally 
u t i l i z i n g  120° t o  150' C wa te r  f o r  t h e  product ion of e l e c t r i c i t y  and 
methods of s t i m u l a t i n g  h o t  water  flow i n t o  w e l l s  by c r e a t i n g  a r t i f i c i a l  
permeabi l i ty .  There is  even a chance t h a t  geopressured h o t  water  and gas  
may be  found i n  some of  t h e  deep sedimentary b a s i n s .  A t  p r e s e n t ,  geo- 
p re s su red  ho t  water  r e sou rces  have no t  been proven t o  be  economic. 

I f  t he  f i r s t  one o r  two deep exp lo ra t i on  w e l l s  a r e  no t  s u c c e s s f u l ,  
i t  i s  p o s s i b l e  t h a t  a geothermal program could be  te rmina ted ,  and t h e r e  
would be  no i n s t a l l e d  capac i ty  by 2000. 

Non-e lec t r ica l  u t i l i z a t i o n  w i l l  probably be  insignificant i n  1985 
and s t i l l  r e l a t i v e l y  small i n  2000, even though t h e  resource  is  very  
l a r g e .  Calcium carbonate  s c a l i n g  problems w i l l  be  one of t he  major f a c t o r s  
impeding the  development of t he  low-temperature geothermal r e sou rces ;  
c a l c i t e  s c a l i n g  w i l l  p revent  r e l a t i v e l y  un t r a ined  people from d r i l l i n g  
sha l low we l l s  and s e t t i n g  up h o t  water  d i s t r i b u t i o n  systems a t  low c o s t .  
Heat exchanges o r  o t h e r  s o p h i s t i c a t e d  and expensive methods a r e  l i k e l y  
t o  be  requi red  t o  d e a l  wi th  t h e  c a l c i t e  problem. Also, t h e  a v a i l a b l e  
government money and manpower can be more e f f e c t i v e l y  used i n  e f f o r t s  t o  
f i n d  and produce t h e  high-temperature r e sou rces  of t h e  country.  It should 
be  k e p t  i n  mind, however, t h a t  r e l a t i v e l y  low temperature  water  (70° t o  
100' C) i s  a by-product of geothermal energy u t i l i z a t i o n  f o r  e l e c t r i c a l  
product ion and t h a t  such water  might be  used f o r  n o n - e l e c t r i c a l  purposes .  

TABLE 8. P o t e n t i a l  i n s t a l l e d  capac i ty  i n  1985 and 2000 

E l e c t r i c a l  
Presen t  Technology 
Future  Technology 

Non-e lec t r ica l  
Presen t  Technology only  I n s i g n i f i c a n t  I n s i g n i f i c a n t  
Future  Technoloby I n s i g n i f i c a n t  I n s i g n i f i c a n t  

11 The minimum time necessary  from t h e  s t a r t  of s p e c i f i c  s i t e  a p p r a i s a l  
t o  t h e  product ion of  e 1 e c t r i c i t . y  by a geothermal power p l a n t  is  5 t o  6 yea r s .  
Therefore ,  i f  t h e r e  i s  t o  be  any geothermal product ion by 1985, a vigorous 
geothermal program must begin alnusl :  immediately.  

Investment r equ i r ed  

The investment  r equ i r ed  t o  develop geothermal energy can be  subdivided 
i n t o  a success ion  o f  investments ,  s t a r t i n g  w i th  t h e  c o s t  of r e g i o n a l  
e x p l o r a t i o n  and p rog re s s ing  through a s p e c i f i c  s i t e  e v a l u a t i o n ,  s i t e  
development ( d r i l l i n g  and t e s t i n g ) ,  power p l a n t  cons t ruc t ion ,  and f i n a l l y  
f u e l  supply and power p l a n t  ope ra t i on  ( i nc lud ing  waste  d i s p o s a l ) .  It i s  . 
r e l a t i v e l y  easy  t o  e s t i m a t e  t h e  gene ra l  range i n  t o t a l  c o s t s  r equ i r ed  t o  



produce e l e c t r i c i t y  from geothermal resources  because t h e  major investment 
is  i n  t h e  p l a n t  and i t s  ope ra t i on ,  r e l a t i v e l y  s t anda rd  i tems vary ing  
mainly w i th  , the  r a t e  of i n f l a t i o n .  The e x p l o r a t i o n  and s p e c i f i c  s i t e  
eva lua t ion  c o s t s  a r e  more nebulous because d i f f e r e n t  geo logic ,  topographic ,  
and access  cond i t i ons  r e q u i r e  d i f f e r e n t  exp lo ra t i on  techniques f o r  v a r i o u s  . 

l e n g t h s  of t i m e  and e f f o r t  a t  g r e a t l y  d i f f e r e n t  c o s t s .  Another considera-  
t i o n  i s  t h e  t o t a l  a r e a  t o  be covered i n  reg, ional  exp lo ra t i on  and t h e  
number of s p e c i f i c  si tes t o  be  eva lua ted  be fo re  s e l e c t i n g  one o r  more 
f o r  development t e s t i n g :  A t  t h i s  t ime , the  number o f  s p e c i f i c  sites t h a t  
should be eva lua t ed  i s  unknown. I n  t h e  United S ta tes ,geothermal  explora-  
t i o n  companies hope t o  f i n d  one a r e a  worth deep d r i l l i n g  f o r  every f o u r  
a r e a s  eva lua ted  i n  d e t a i l .  Of t h e  deep w e l l s  d r i l l e d ,  t h r e e  ou t  of f o u r  
a r e  l i k e l y  t o  be  f a i l u r e s .  The success  r a t i o  should be  h ighe r  i n  a  
s i t u a t i o n  such a s  t h a t  a t  p r e sen t  i n  Peru,  where t h e  b e t t e r  p rospec t s  
have not  a l r eady  been d r i l l e d .  

Comparative c o s t s  f o r  t h e  genera t ion  of e l e c t r i c i t y .  f o r  va r ious  
types  of geothermal resources  and f o r  o i l ,  coa l ,  and nuc l ea r  m a t e r i a l s  
a r e  shown i n  t a b l e  9 .  These c o s t s  were ca1:culated by geothermal energy 
economist Bob Gre ider  who formerly headed t h e  Chevron O i l  Company's 
geothermal energy d i v i s i o n .  Greider  made use of  S tanford  Research I n s t i -  
t u t e  p r o j e c t i o n s  f o r  o i l ,  c o a l ,  and nuc l ea r  m a t e r i a l s  and inc luded  a l l  
a s p e c t s  of t h e  c o s t s  i nc lud ing  f u e l  product ion,  t r a n s p o r t a t i o n ,  p l a n t  
cons t ruc t ion  and ope ra t i on ,  and environment p ro t ec t i on .  Gre ider  concluded 
t h a t  e l e c t r i c a l  product ion from geothermal energy. hot-water systems a t  
temperatures  above about  200' C i s  about  20 pe rcen t  cheaper than nuc l ea r  
e l e c t r i c i t y  c o s t s ,  t h e  next  most compet i t ive  f u e l .  Greider  d i d  n o t  
cons ider  h y d r o e l e c t r i c ,  s o l a r ,  o r  o t h e r  technologies .  

There a r e  no s e t  c o s t s  f o r  developing a  geothermal f i e l d  because 
each power p l a n t  must be engineered t o  accommodate t h e  p a r t i c u l a r  r e s e r v o i r  
temperature ,  s a l i n i t y ,  noncondensable gas  con ten t ,  product ion p r e s s u r e ,  
r a t e  of product ion t h a t  can be  s u s t a i n e d  by t h e  r e s e r v o i r ,  ambient con- 
d i t i o n s  a t  t h e  f i e l d ,  . e t c .  I n  1977, hot-water f l a s h  p l a n t s  had an extremely 
wide c o s t  range ,  about $400 pe r  KW (111 d o l l a r s  pe r  m i l l i o n  j o u l e s ) .  
Double f l a s h  45-MW (162 x  l o 9  j o u l e s )  power p l a n t s  ope ra t i ng  on 
f l u i d s  wi th  low s o l i d s  and low noncondensable gas  con ten t s  a t  temperatures  
about  230' C could be  cons t ruc ted  f o r  about  $450 t o  $475 pe r  n e t  KW, o r  
$125 t o  $132 pe r  m i l l i o n  j ou l e s .  P l a n t s  ope ra t i ng  wi th  f l u i d s  a t  about  
175O C cos t  about  $550 t o  $575 pe r  n e t  KW o r  $153 t o  $160 p e r  m i l l i o n  
j ou l e s .  

According t o  Greider  ( r epo r t ed  i n  Geothermal Report ,  1977) ,  r e c e n t  
experience a t  Hi lo ,  Hawaii, shows t h a t  t h e  c o s t .  of developing a  sma l l ,  
3-well geothermal prospec t  now runs  between $2.5 and $4.75 m i l l i o n ,  - 
provid ing  f o r  l i m i t e d  f a i l u r e  and follow-up c o s t s ,  b u t  n o t  inc lud ing  o t h e r  
exp lo ra t i on  f a i l u r e s  and land  c o s t s .  About $12 t o  $13 m i l l i o n  would b e  
r equ i r ed  t o  expand t h e  search  t o  a t t a i n  200 MW (720 x  109 j p u l e s ) .  
These f i g u r e s  do n o t  i nc lude  t h e  c o s t  of power p l a n t  f a c i l i t i e s .  By 
comparison, Ronald Bar r  (1975) concluded t h a t  $4.69 m i l l i o n  would be  
r equ i r ed  to run a  geothermal energy exp lo ra t i on  program f o r  3  y e a r s  w i t h  
a  t o t a l  of f o u r  deep exp lo ra t i on  w e l l s  d r i l l e d  (only one succes s fu l )  a t  
d i f f e r e n t  geothermal p rospec t s .  Th i s  does no t  i nc lude  t h e  c o s t  of  l and  
a c q u i s i t i o n .  



Approximate c o s t s  of some of t h e  exp lo ra t i on  techniques a r e  given 
i n  t a b l e l o .  These c o s t s  apply  t o  exp lo ra t i on  i n  t he  western United S t a t e s  
and could d i f f e r  cons iderab ly  from t h e  c o s t s  t h a t  would apply i n  Peru. 

Table  9. Comparative c o s t s  of e l e c t r i c i t y  product ion es t imated  by Bob 
Gre ider  ( r epo r t ed  i n  Geothermal Report ,  1977) f o r  t h e  pe r iod  1977 - 
1980 (one m i l l  = 0.1  ,.c_e_ntZ_.- .- .- 

Cost 

Fuel m i  11 s/kWh m i  l l s / m i l l i o n  jo,ules 

Geothermal 
Dry steam 22.5 - 24 6 - 7 
Hot 'water ,above 2 0 0 0 ~  25 - 30 7 - 8 
Hot water be1 ow 2.000~ 36 - 50 10 - 14 
Binary system 40 - 48 11 - 13 

Coa 1 35 - 36 9.7 - 10.0 

Nuc 1 ear 32 - 34 . 8.9 - 9.4 
- 

Table 10. Approximate costs o f  geothermal exp lora t ion techniques. 

Geology -- salary,  o f f  ice, f i e l d  expenses $3,500 $4,000 
per geo log is t  per month 

Geochemistry -- geochemist p lus  ass is tant  12,000 18,000 
p lus  veh ic le  per month and cost  o f  
analyses i n  comnercial l ab  

E l e c t r i c a l  surveys -- per spec i f i c  s i t e  12,000 30,000 

Grav i t y  -- per spec i f i c  s i t e  12,000 14,000 

Seismic (passive) -- per spec i f i c  s i t e  25,000 50,000 

Airborn magnetics -- per km f lown 7 9 

Shallow wel ls  f o r  temperature o f  hydrology -- 20,000 50,000 

Deep we1 1s (1,500 meters o r  deeper) - - ,  450,000 750,000 



Labor requirements  

The fol lowing l a b o r  func t ions  w i l l  be necessary  i n  geothermal energy 
e x p l o r a t i o n  and development program: 

1. Regional exp lo ra t i on  t o  s e l e c t  s i tes f o r  d e t a i l e d  s t u d i e s .  
Mostly geology and geochemistry. '  

2:. S p e c i f i c  s i t e  s t u d i e s  t o  determine whether o r  no t  t o  do ,deep 
d r i l l i n g  and, i f  so, ,  where t o  d r i l l  and how deep. Geology, hydrology, 
geochemistry,  geophysics (many opt ions) ,  and shal low d r i l l i n g  may be  
r equ i r ed .  

3. Deep d r i l l i n g  and reser .vo i r  eva lua t ion .  
4. Power p l a n t  design.  
5. Power p l a n t  cons t ruc t ion .  
6 .  Maintenance of  geothermal f u e l  supply t o  power p l a n t  and d i s p o s a l  

of waste  products .  
7. Operat ion o f  e l e c t r i c a l  genera t ion  equipment. 

Funct ions 4 ,  5 ,  and 7,  r e l a t e d  t o  power p l a n t  des ign ,  cons t ruc t ion ,  
and ope ra t i ons ,  a r e  beyond the  scope of t h i s  s e c t i o n  on geothermal resources  
and . t he  l abo r  requirements  a r e '  n o t .  d i s cus sed  f u r t h e r  he re .  It i s  expected 
t h a t  t h e r e  would be  a  cons iderab le  over lap  of personnel  i n  c a r r y i n g  
o u t  f u n c t i o n s  1, 2,  3, and 6.  

The I n s t i t u t o  de Geologia .y Mineria (INGEOMIN) now has  t h e  main 
r e s p o n s i b i l i t y  f o r  geothermal energy exp lo ra t i on  i n  Peru,  a l though i n  
t h e  p a s t ,  MINER0 PERU has  mapped two geothermal p rospec t s .  A t  p r e s e n t ,  
INGEOMIN has  a  few g e o l o g i s t s  and one a n a l y t i c a l .  chemist ass igned  t o  i t s  
geothermal program, b u t ,  because of l a c k  of  funds,  no f i e l d  work can be  
done and no equipment purchased. The exp lo ra t i on  program now c o n s i s t s  
of l i b r a r y  r e sea rch  and p h o t o i n t e r p r e t a t i o n .  None of t h e  personnel  a r e  
s p e c i f i c a l l y  t r a i n e d  o r  experienced i n  geothermal e x p l o r a t i o n  techniques .  

Many o f  t h e  r eg iona l  e x p l o r a t i o n  f u n c t i o n s  can b e  c a r r i e d  o u t  
e f f e c t i v e l y  by t h e  p re sen t  INGEOMIN personnel .  The g e o l o g i s t s  would 
b e n e f i t  by e a r l y  con tac t  w i th  one o r  more geo log i s t -vo l cano log i s t s  who 
have had exper ience  i n  geothermal exp lo ra t i on .  The a n a l y t i c a l  chemist 
should be  given one o r  two months t r a i n i n g  o u t  of Peru ,  i n  a  l a b o r a t o r y  
where a  v a r i e t y  of  geothermal wa te r s  have been analyzed.  Addi t iona l  
a n a l y t i c a l  equipment a l s o  w i l l  be  r equ i r ed  i n  INGEOMIN i n  o r d e r  t o  ana lyze  
a  l a r g e  number of  water  samples qu i ck ly ,  cheaply,  and a c c u r a t e l y  (addi- 
t i o n a l  a tomic abso rp t ion  lamps, a  spectrophotometer ,  automatic  t i t r a t o r ,  
s p e c i f i c  ion  e l e c t r o d e s  and meter and va r ious  l a b o r a t o r y  s u p p l i e s ) .  It 
w i l l  b e  necessary  t o  have oxygen and deuterium i s o t o p i c  ana lyses  and 
i s o t o p i c  age d a t i n g  of rocks performed by f o r e i g n  l a b o r a t o r i e s  ( c o s t /  
sample?).  

Also, a  geochemist experienced i n  geothermal exp lo ra t i on  should b e  
involved e a r l y  wi th  some of t h e  h o t  sp r ing  c o l l e c t i o n  work and w i t h  
i n t e r p r e t a t i o n s  of the  r e s u l t s .  



There , a r e  va r ious  ways t h a t  s p e c i f i c  s i t e  s t u d i e s  and r e s e r v o i r  
e v a l u a t i o n  could be  accomplished. Probably t h e  qu i ckes t  and most e f f e c t i v e  
would be  t o  .contrac.t  o u t  t h e  work t o  a p r i v a t e  company t h a t  could c a r r y  
a l l  t h e  way.through t o  func t ion  6,  supplying f u e l  t o  a power p l a n t .  
A l t e r n a t i v e l y ,  a p r o j e c t  manager having broad knowledge and exper ience  
i n  geothermal assessment might be  r e c r u i t e d  t o  oversee  t h e  s p e c i f i c  s i t e  
s t u d i e s .  The p r o j e c t  manager would dec ide  what exp lo ra t i on  techniques  
t o  use and when (us ing  expe r t  c o n s u l t a n t s  when necessary  t o  h e l p  formula te  
t h e  program and eva lua t e  t h e  r e s u l t s )  . Presumably, f o r e i g n  c o n t r a c t o r s  
would have t o  be  used f o r  many of t he  geophys ica l  techniques t h a t  might 
be  required..  The deep d r i l l i n g  would be  handled i n  a manner s i m i l a r  t o  
t h a t  now. used i n  o i l  and gas exp lo ra t i on  i n  Peru. I n  t h e  above process ,  
Peruvian personnel  should b'e involved w t t h  a l l  phases  of  t h e  ope ra t i on  
t o  ga in  t he  necessary  exper ience  t o  a c t  a s  t h e i r  own p r o j e c t  managers. 

The s p e c i f i c  number of  p r o f e s s i o n a l s  and suppor t  people r equ i r ed  t o  
c a r r y  o u t  a geothermal exp lo ra t i on  and development program i s  somewhat 
f l e x i b l e  depending upon how many s p e c i f i c  s i t e s - a r e  t o  be  eva lua ted  
s imul taneous ly  and upon t h e  techniques be ing  employed a t  a c e r t a i n  t ime. 
I n  gene ra l , .  20 t o  60 people might be  involved a t  a given time. 

Suggested program 

A r eg ion  where d e t a i l e d  s t u d i e s  should h e  undertaken 
soon is  a t  S a l i n a s ,  near  Arequipa. A s  y e t ,  t h e r e  i s  no d i r e c t  
evidence f o r  a h igh  temperature  geothermal system a t  Sa l inas .  
However, t h e  g e n e r a l  geo logic  environment appears  t o  be  f avo rab l e .  
Hydrologic and geochemical' s t u d i e s  ( i nc lud ing  shal low d r i l l i n g )  
should be  c a r r i e d  o u t  a t  S a l i n a s  t o  see i f  t h e  e x i s t e n c e  of a high- 
temperature  hydro thermal  system can be  confirmed. I f  so ,  a d d i t i o n a l  
geophys ica l  work should b e  i n i t i a t e d  t o  determine t h e  probable  
d i s t r i b u t i o n  of t h e  h o t  water .  



URANIUM 

By Edwin A. Noble 

In t roduct ion ,  

.Pe ru  i s  p a r t  of a subcont inent -s ize  region t h a t  h a s  no t  been adequate ly  
'assessed f o r  i t s  uranium p o t e n t i a l .  P a s t  exp lo ra t ion  has  been n e i t h e r  com- 
prehensive nor  i n t e n s i v e  and has  almost completely lacked coverage b y .  
modern aeroradiometr ic  reconnaissance.  Peruvian g e o l o g i s t s  and o t h e r  
competent e x p l o r a t i o n i s t s  have made l o c a l  i n v e s t i g a t i o n s  throughout r e a d i l y  
a c c e s s i b l e  p a r t s  of t h e  country b u t  have hard ly  scra tched  the  s u r f a c e  
of t h e  l a r g e ,  poorly a c c e s s i b l e  a r e a  t h a t  they a l l  b e l i e v e  most favorable  . 
f o r  uranium. No economic depos i t s  have been found. 

Scope - -- and r e s u l t s  .. -- of  p a s t  exp lo ra t ion  

Uranium i n v e s t i g a t i o n s  apparent ly .began  i n  1953 with t h e  i n i t i a t i o n  
of a j o i n t  prpgram by t h e  ~ A t a  de Control de Energia Atomica d e l  Peru 
(JCEA) and the  U.S. Atomic Energy Commission (USAEC). The coopera t ive  
program extended through'1960. The f i r s t  phase of t he  program, from 1954 
t o  1957, cons is ted  of examination of specimens from mines and m i l l s  t o  
i d e n t i f y  those e x h i b i t i n g  r a d i o a c t i v i t y .  Next, more, than 200 mines and 
prospec ts  were examined; some of these  y i e lded  uranium minerals  o r  measure- 
ments of  anomalous r a d i o a c t i v i t y ,  bu t  no economic concent ra t ions  were 
found. The uranium was usua l ly  found a s s o c i a t e d  wi th  o t h e r  meta ls ,  b u t  
was a l s o  i d e n t i f i e d  i n  otherwise bar ren  hydrothermal l o c a l i t i e s .  Host , 

rocks included pegmati te ,  g r a n i t e ,  d i o r i t e , r h y o l i t e  p y r o c l a s t i c s ,  and . ' 

black s h a l e .  P r a c t i c a l l y  a l l  t h i s  work was concent ra ted  i n  t he  western 
and c e n t r a l  Andes, where mining a c t i v i t y  provided a r e l a t i v e l y  dense 
network of roads. 

I n  1956 and 1957, ex t ens ive  carborne-sc in t i l lometer  surveys were 
made on t r a v e r s a b l e  roads o u t s i d e  t h e  a c t i v e  mining d i s t r i c t s .  Although 
no s t r o n g  anomalies were noted ,  t he  surveys were n o t  be l i eved  conclusive 
because of p o s s i b l e  widespread leaching  of uranium from s u r f a c e  rocks.  
I n  1957 and 1958, emphasis of t h e  USAEC-directed p r o j e c t  was t r a n s f e r r e d  
t o  a search  f o r  Peruvian analogues of environments product ive  i n  t h e  
United S t a t e s .  S tudies  of rocks,  environments,  and mineral  zoning 
y i e lded  some information on t h e  d i s t r i b u t i o n  of anomalous r a d i o a c t i v i t y  
b u t  d id  n o t  l ead  t o  o r e  d i scove r i e s .  

The l a s t  phase of USAEC involvement, from 1958 through 1960, was 
devoted t o  an a t tempt  t o  demonstrate t h e  r e a l i t y  of hydrothermal zoning 
around major i n t r u s i v e  c e n t e r s ,  a convic t ion  long h e l d  by Gabelman, t h e  
USAEC's p r i n c i p a l  i n v e s t i g a t o r  i n  Peru (gabelman and Beach, 1962). Gabelman 
be l ieved  t h a t  uranium would no t  be found i n  app rec i ab le  amounts i n  t h e  major 
meta l  d i s t r i c t s  of Peru b u t  was more l i k e l y  t o  be found i n  o u t e r ,  coo le r  zones 
p a r a l l e l  t o  t h e  high-temperature zones of t h e  wes.tern s lope  of t h e  Andes. He 
concluded t h a t  t h e  bleached and p y r i t i z e d  Mesozoic and T e r t i a r y  sedimentary 



rocks  of t he  e a s t e r n  Andes and Amazonas b a s i n  were t h e  most l i k e l y  h o s t s  
f o r  uranium d e p o s i t s .  This  a r e a  was l a r g e l y  unexplored, b u t  Gabelman 
noted  t h a t  a cursory  examination showed r a d i o a c t i v i t y  t o  be more wide- 
sp read  he re  than elsewhere.  

A German s c i e n t i f i c  mission,  s p e c i a l i z i n g  i n  geology, geophysics ,  and 
geochemistry,  a ided  JCEA i n  1961. I n  1970, reconnaissance-type aero- 
r ad iome t r i c  q rospec t ing  of a l i m i t e d  a r e a  ( l e s s  than 1 percent  of Pe ru ' s  
1,285,000 km ) was conducted through an I n t e r n a t i o n a l  Atomic Energy 
Agency ( IAEA) a i d  program; t h e  maximum anomalies de t ec t ed  had radio-  
a c t i v i t y  of on ly  about  f o u r  t i m e s  background. A more d e t a i l e d  a e r ~ r a d i o m e t r i ~  
p rospec t ing  program i n  a smal l  a r e a  was c a r r i e d  ou t  i n  1971-72, a l s o  
suppor ted  by IAEA. Coco, t h e  IA.EA e x p e r t  who conducted t h e  aerorad iomet r ic  
p r o j e c t s  i n  1970 and 1971-72, recommended con t inua t ion  of a e r i a l  prospect-  
i n g  by fixed-wing plane,  u s ing  h e l i c o p t e r s  where needed. H, (cot,, 1972) 
sugges ted  supplementary use of geochemical p rospec t ing  b u t  cau t ioned  
t h a t  t h e  technique might l e a d  t o  m i s i n t e r p r e t a t i o n s  i n  r eg ions  where 
physiographic  extremes b r ing  about  ab rup t  d i f f e r e n c e s  i n  r a i n f a l l  i n  
c l o s e l y  ad j acen t  a r e a s .  

I n  1973 and 1975, t he  IAEA, through a United Nat ions Development Pro- 
gram (UNDP), gave t e c h n i c a l  a s s i s t a n c e  t o  t he  I n s t i t u t o  Peruano de ~ n e r g f a  
Nuclear  (IPEN) f o r  p r o j e c t  work and t r a i n i n g  i n  geochemical p rospec t ing .  
The geochemical e x p e r t ,  Santomero, who d i r e c t e d  t h i s  program f o r  IAEA, 
recommended a d d i t i o n a l  geochemical e x p l o r a t i o n  wi th  s p e c i a l  a t t e n t i o n  
t o  t h e  e a s t e r n  Andes where c o n t i n e n t a l  sedimentary rocks  cropout  on t h e  
flanks bas ins  near s i l i c i c  p l u t o n i c  rocks  (Santomero, 1977). 

Geologis t s  f o r  IPEN and UNDP agree  i n  gene ra l  wi th  t h e  f i n a l  rec- 
ommendations of Gabelman and t h e  IAEA e x p e r t s .  They a l s o  add recommenda- 
t i o n s  of two a d d i t i o n a l  a r ea s .  One includes.  t h e  sediments and a s s o c i a t e d  
v o l c a n i c s  of t h e  Puno d i s t r i c t  i n  t h e  v i c i n i t y  of  Lake T i t i c a c a  ( a r e a  
V - I  i n  f i g . 1 6 ) .  The o t h e r  inc ludes  a r a d i o a c t i v e  Pa leozoic  g r a n i t e  ( a s  
much a s  120 ppm uranium) and a s s o c i a t e d  sedimentary rocks  i n  e a s t - c e n t r a l  
Peru ( a r e a  111-6 i n  f i g .  16) .  

P re sen t  program 

A s  a p a r t  of P e r u ' s  Nuclear Plan f o r  1976-1981, a team of about  15  
IPEN and UNDP g e o l o g i s t s ,  w i th  suppor t  from chemists  and subpro fe s s iona l s ,  
ha s  been d e l i n e a t i n g  a r e a s  accord ing  t o  f a v o r a b i l i t y  f o r  t h e  occur rence  
of uranium re sou rces .  The information presen ted  below was ob ta ined  
through pe r sona l  con tac t  wi th  g e o l o g i s t s  and engineers  of WEN and UNDP 
i r l  August 1978. The IPEN-UNDP group developed an "index of geologic  
f a v o r a b i l i t y "  by a t t r i b u t i n g  numerical  va lues  t o  geologic  f e a t u r e s  
possessed by c l a s s i c  uranium o r e  d e p o s i t s  e lsewhere i n  t he .wor ld .  Based 
on s i m i l a r i t i e s  i n  geology, t h e  e n t i r e  country was d iv ided  i n t o  seven 
gene ra l i zed  " b e l t s . "  These b e l t s  were f u r t h e r  subdivided i n t o  sma l l e r  
I' prospec t ing  un i t s ' '  ( f i g . 1 7 )  f o r  purposes  of more d e t a i l e d  assessment of . 
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Figure 16. Subdivisions repteaanting area8 o f '  similar geologic 'environmente 
in  Peru. simplif f e d ,  from Instituto Peruano de Energia Nuclear, 
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Figure 17. Uranium prospecting units for leasing purposes in Peru. 
Simplified from Instituto Peruano de Energia Nuclear, unpublished map. 
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f a v o r a b i l i t y  f o r  uranium. A prospec t ing  u n i t  is  in tended  t o  be  of a  s i z e  
and c h a r a c t e r  t h a t  w i l l  permit completion of t h e  prospec t ing  phases  w i t h i n  
2 o r  3 years .  For t h e  purpose of l e a s ing ,  t h e  boundaries  of t he  prospect-  
i ng  u n i t s  a r e  m o d i f i e d , t o  conform t o  a  l a t i t ude - long i tude  g r i d  ( f i g .  1 7 ) .  
A law t h a t  w i l l  a l low l e a s i n g  of l and  f o r  exp lo ra t i on  i s  expected t o  be  

passed i n  1979. 

Observat ions and recommendations 

Although no t  s i t u a t e d  i n  a  widely recognized uranium province,  Peru 
has  a  v a r i e t y  of rock types ,  rock environments,  rock ages ,  and c l ima te  
t h a t  conceivably could provide f o r  source ,  t r a n s p o r t ,  and concent ra t ion  
of uranium. However, n e i t h e r  theory no r  i n v e s t i g a t i o n  has  y e t  answered 
fundamental ques t i ons  corlcerrling t he  c r u s t a l  occurrence of uranium and i t s  
behavior  throughout t h e  p a s t  geologic-hydrologic  even t s  i n  t h e  reg ion .  
On t he  o p t i m i s t i c  s i d e ,  worldwide r e sea rch  on uranium and i t s  r e l a t i o n  t o  
geologic  processes  is  progress ing  r a p i d l y ,  and improved geologic  models ' 
a r e  being cons t ruc t ed  t o  a i d  i n  t h e  assessment of uranium p o t e n t i a l .  
These advances i n  understanding,  a long  wi th  v a s t l y  improved methods of 
r e g i o n a l  reconnaissance,  can be  a p p l i e d  t o  exp lo ra t i on  i n  Peru a s  soon 
a s  o u t s i d e  c a p i t a l  is permi t ted  t o  p a r t i c i p a t e .  

. . 
Recent work by t h e  Peruvian/UN geologic  team r e i n f o r c e s  an e a r l i e r  

conclusion,  reached by t h e  .;U.S. team i n  1960 and by IAEA personnel  i n  t h e  
e a r l y  19701s,  t h a t  the .mos t  f avo rab l e  a r e a s  f o r  uranium sea rch  l i e  a long  
t h e  f o o t h i l l s  of t h e  Eas te rn  C o r d i l l e r a  and i n  t h e  ad jo in ing  jungle  a r e a  
t h a t  extends toward t h e  ~ e o l o g i c a l l y  a t t r a c t i v e  B r a z i l i a n  Sh ie ld .  Peruvian 
g e o l o g i s t s  p o i n t  ou t  t h a t  t h e  f o o t h i l l s  b e l t  i s  a  geo log ica l  con t inua t ion  
of t h e  known uranium province.  s i m i l a r l y  s i t u a t e d . i n  Argent ina;  they add 
t h a t  acces s  in .  Peru is more d i f f i c u l t .  and t h a t  t h e  c l ima te  mandates 
d i f f e r e n t  approaches t o  exp lo ra t i on  which a r e  n o t  y e t  w e l l  developed. 

The d i £ f  i c u l t y .  of access .  and remoteness from so'urces of s u p p l i e s  w i l l  
make any d r i l l i n g  program d i f f i c u l t  and c o s t l y .  This  emphasizes t h e  need 
f o r  t h e  b e s t  p o s s i b l e  b a s i c  geologic-geochemical-geophysical a n a l y s i s  p r i o r  
t o  a  d r i l l i n g  e f fo r t ' .  T h e r o l e  of  IPEN is obvious; i n t e n s i v e  geo log ic  
work and good data,  p r e sen t a t i on  can provide a t t r a c t i v e  t a r g e t s  f o r  o u t s i d e  
c a p i t a l  t o  explore .  Logs .bf near -sur face  p o r t i o n s  of o i l  w e l l s  would h e l p ,  
and t h e  a v a i l a b i l f t p  of r e l i a b l e  l a b o r a t o r y  a n a l y s i s  could a l s o  encourage 
p o t e n t i a l  e x p l o r a t i o n i s t s .  

It should be  reemphasized t h a t  geological-geochemical theory  has  n o t  
reached t h e  po in t  from which one can s a f e l y  p r e d i c t  Pe ru ' s  uranium p o t e n t i a l .  
U n t i l  more i s  known about  uranium's d i s t r i b u t i o n  and i t s  behavior  under 
a  wide. range of cond i t i ons ,  exp lo ra t i on  should cont inue i n  Peru and i n  
o t h e r  underexplored a r ea s  of South America. 



MISCELLANEOUS SOURCES OF ENERGY 

By Ralph L. Miller 

E ' O i l  s h a l e  

The fo l lowing  . . . . - - . . - gene ra l i zed  . - . . . d e s c r i p t i o n  of o i l  s h a l e  has  been summarized 
from more d e t a i l e d  d e s c r i p t i o n s  i n  v a r i o u s  p u b l i ~ a t i o n s  of t h e  U.S. deo ldgica1  
Survey: 

. O i l  Shale  i s  a  very  f i n e  gra ined  sedimentary rock ,  
con ta in ing  enough o rgan ic  m a t t e r  (hydrocarbon) t o  y i e l d  
a t  l e a s t  10 ga l lons  of  o i l  per t on  when proper ly  processed.  
Some s h a l e s  y i e l d  much more o i l ,  however, and i n  t h e  
United S t a t e s  some t h i n  l a y e r s  have been r epo r t ed  t o  y i e l d  
140 g a l l o n s  of  o i l  per t on .  Most s h a l e s  of 'conimercial  
i n t e r e s t  y i e l d  from 25 t o  65 g a l l o n s  o f  o i l  per t on ,  though 
some fo re ign  d e p o s i t s ' y i e l d i n g  between 10 and 25 g a l l o n s  per 
t on  have been mined on a  l a r g e  s c a l e .  Many o t h e r  organic-  
r i c h  s h a l e s  y i e l d  l e s s  o i l  ( I t o  10 g a l l o n s  per  t o n ) ,  bu t  
because of t h e i r  low grade ,  t hey  u s u a l l y  a r e  no t  c a l l e d  
o i l  sha l e .  

When s h a l e  i s  heated i n  a  r e t o r t  t o  a  temperature  o f  about 
900' F,  some of  t h e  o rgan ic  m a t e r i a l  m e l t s ,  and when t h i s  
l i q u i d  is  heatgd t o  h igher  tempera tures ,  gases  form. The 
vapors  can be condensed t o  form o i l ,  wi th  p a r t  remaining 
a s  hydrocarbon gas .  From 25 t o  75 percent  of  t h e  organic  
m a t t e r  i n  o i l  s h a l e  can be converted t o  o i l  and combustible 
gas .  The remaining,carbon forms combust ible  char  o r  coke. 

O i l  s h a l e  has  been processed commercially i n  a  number o f  c o u n t r i e s ,  
i nc lud ing  Es ton ia ,  Sweden, and South A f r i c a .  Un t i l  r e c e n t l y  inexpensive 
o i l ,  p a r t i c u l a r l y  from t h e  Middle E a s t ,  ha s  made t h e s e  i n d u s t r i e s  
economic all^ marginal  a t  b e s t .  However, w i th  t h e  huge i n c r e a s e s  i n  t h e  price 
of  petroleum s i n c e  1973, many c o u n t r i e s  i nc lud ing  t h e  United S t a t e s  a r e  aga in  . .- 
a s s e s s i n g  o r  r e a s s e s s i n g  t h i s  p o s s i b l e  source  of l i q u l d  hydrocarbon t o  meet 
f u t u r e  needs.  

We a r e  not aware o f . a n y  r e p o r t s  of  o i l  s h a l e  d e p o s i t s  i n  Peru,  but  
wi th  cons ide rab l e  s e c t i o n s  o f  t h e  count ry  s t i l l  very  l i t t l e  known geolog- 
i c a l l y ,  o i l  sha l e  d e p o s i t s  may e x i s t ,  and might have some input  i n t o  
P e r u ' s  energy . , scenar io  i n  t h e  f u t u r e .  Even i f  o i l  s h a l e  d e p o s i t s  were 
found, t hey  c e r t a i n l y  would not  be  i n  product ion by 1985, and probably 
n o t ,  be fo re  t h e  year  2000. +; 

Bitumen-bearing rocks ( t a r  sands)  

The fo l lowing  b r i e f . d e s c r i p t i o n  on bitumen-bearing rocks  i s  excerp ted  
from a n  a r t i c l e  by W. B.  Cashion (1973', p. 99) .  



"Nonfluid petroleum occurs as interstitial deposits in 
numerous types of rock. These rocks and their associated 
hydrocarbons *** have been referred to as tar sands, oil- 
impregnated rocks, asphalt-bearing rocks, oil sands, bitumen- 
bearing rocks, and petroleum-impregnated rocks. *** the term 
"bitumen-bearing rocks" *** is defined as follows: Consolidated 
or unconsolidated rocks whose interstices contain viscous to 
semisolid to solid petroleum which in its natural state cannot 
be recovered by primary petroleum-recovery methods. This 
definition includes vein, dike, and asphalt-lake deposits, as 
well as disseminated deposits, but it excludes pyrobi~umens 
(such as coal hnd oil shale)) and fluid bitumens. 

Nonfluid bitumen occurs p=incipally as disseminated d'eposits in small 
Pore spaces spread'throughout rock material. Bitumen content 
may be as much as 20-25 percent by weight, but is 'normally 
much less." 

"The Athabaska tar sands in Canada are being mined and , ' 

processed by GCOS (Great Canadian Oil Sands, Ltd.) to 
produce crude oil. *** Other companies also plan to add new 
installations. 

In 1967, tar-sand deposits in Albania, Rumania, and 
Russia and an asphalt-lake deposit on the Island of 
Trinidad were also being exploited; ***" 

We do not know of any tar sand deposits in Peru, but this may be due to 
lack of knowledge, rather than lack of deposits. In either case, an.' 
industry based on crude petroleum from tar sands is not likely in the 
near future nor as long as liquid petroleum meets domestic needs. 

Ocean thermal energy conversion (OTECJ 

Energy production based on the temperature different?al between 
surface and deep ocean waters has attracted some attention and may hold 
potential for the future, particularly for countries fronting on an 
ocean where deep waters are present close to shore. The technology to 
exploit this source of energy is still not developed, however. 

A recent world-wide chart published by the U.S. Department of Energy shows 
the temperature differential of the world's oceans for depthsoof water 
shallower than 1,000 meters. A differential greafier that 20 C is con- 
sidered to be possibly favorable from a temperature standpoint for energy 
from this source. Peru, how,ever, is shown on the chart, on the basis of meas- 
urements so far available, to have a differential of less than 15O C. 
On this basis, energy conversion from surface-subsurface temperature dif- 
ferential does not seem to be prospective for the foreseeable future in 
Peru. 



ENERGY-RELATED MINERALS 

By Wilds W.-Olive 

An increase in the-production of energy from traditional sources 
the development of new energy sources will -result in an 'increased demand 
for minerals and rock materials used in the production, .generation, and 
transmission of energy. .The .mineral wealth.. of Peru is,. legend ; i t .  is well 
endowed with most materials that are essential to energy production; 
however, economic sources for'some materials, such as aluminum, vanadium, 
and cobalt are either nonexistent or are marginally economic. 

The following information on the occurrence and reserves of energy- 
related materials was provided by Ing. Manuel Velasquez,.Director 'General, 
Hierro Peru (iron and cobalt), and by Ing. Edgardo Ponzoni S., Director de 
~ e o l o ~ i a  Minera, Institute de ~ e o l o ~ i a  y ~ineria (metallic and nonmetallic 
minerals) : 

Iron;--All iron produced in Peru comes from the Marcona mine which is 
operated by Hierro Peru, a government-owned company. The mine, which is 
an open pit, is about.500 .km south of Lima by way of the Pan-American 
Highway. 

2 The mineralized area extends over 150 km , and within this area 
the iron minerals, principally hematite, martite, limonite, and magnetite,, 
occur in tabular bodies that traverse metasedimentary rocks of Paleozoic 
age, and interbeddeda-edimentary and volcanic rocks of Jurassic age. 

The following reserve estimates '('tons) were reported in 1976: 

Proven Probable Total 

Ore from oxidized zone 81,015,000 30,257,000 111,272,000 

Ore from transitional zone 119.,388,000' . 

Primary ore 414,018,000 725,658,000 --- 1,139,676,000 

Total - 614,421,000 902,547,000 1,516,968,000 

The ore contains an average of 54.2 percent iron,, 2.40 percent 
sulfur, and 0.10 percent copper. Additionally, headings con'tain about 0.5 lb 
of colbalt per. ton. Analysis of tailings indicate a content of 0.3 percent 
copper and 1 lb/ton of cobalt. About 4 million tons per year of tailings 
are produced. 



The company is currently developing plans to extract copper and cobalt 
from the tailings and anticipates that within 4 or 5 years it will be able 
to recover about 9,000 tons per year of copper and 3 112 to 4 112 million 
pounds of cobalt. 

Co~~er.--Copper occurs in large concentrations at many places through- 
out the Cordillera Occidental; however, in the Cordillera Oriental concentrations 
in which it is the principal metal are small. Reserves, are reported as 
f 0 llows : . . 

Proven reserves --------;-------- 3,733,339,000 metic tons; 

Potential reserves -------------- 7,532,000,000 metric tons; 
Potential-hypothetical ---------- 2,800,000,000 metric tons. 

reserves 

The proven reserves are based on measurements of ore at 46 mines, and 
potential reserves are estimates from 16 mines. Potential-hypothetical 
reserves are based on estimates derived from geological and geophysical 
investigations of 11 porphyritic copper prospects. 

Silver.--Silver, as a principal product or as a byproduct is relatively 
abundant in the Cordillera Occidental. It is less abundant in the Cordillera 
Oriental. Reserves (presently of all classes) are estimated ,as 22,739 metric 
tons. These reserves pertain to 82 mines, 5 of which produce more than 100 
tons of silver per year. 

Lead and zinc.--These two metals always occur together in mineralized 
areasxnd are commdnly associated with silver, copper, and other metals. 
They are known to occur in greater abundance in the Cordillera Occidental. 
Reserves of lead for 72 mines operating in the country are given as 
3,214,000 tons. About one half the reserves are for one mine which has a 
production rate of more than 20,000 metric tons of lead per year. 

Zinc reserves are reported as 7,318,300 metric tons more than two- 
thirds of which pertain to 6 mines that produce more than 20,000 tons 
per year. 

Tungsten.--Tungsten is found in the Cordillera Occidental, principally 
in sedimentary rocks where they are in contact with silicic igneous stocks. 
It is the principal product in some deposits and a byproduct in others. 
Principal deposits are in the Pasto Bueno and Mundo Nuevo zone in Northern. 
Peru. Reserves of tungsten ore containing an average of 0.46 percent W03 
are reported as 17,200,000 tons of which 7,200,000 tons are in Ancash 
Department and 7,500,000 tons are in ~unin Department. 



Vanadiuml--Since the early 1900's asphalt deposits in central Peru 
have been known to contain comparatively high concentrations of vanadium. 
As much as 3 percent vanadium content is reported for some samples. The 
most important vanadiferous asphalt deposit is that at the Ragra mine 
(now inactive) where vanadium compounds formerly were concentrated by 
burning the asphalt and recovering the ash for shipment at Marcapomacocha, 
and other places. Reserves of asphalt containing more than 0.05 percent 

V205 are estimated* at 66,000 metric tons. 

Aluminum.--No economic deposits of aluminum ore are known in Peru. -- 
Bentonite;--The largest known bentonite deposits are in the Pacific 

coastal zone, principally in the departments of Piura, Tumbes, Lima, Ica, 
and ~ r e ~ u i ~ a .  The deposits in all areas are associated with marine Tertiary 
sedimentary deposits. A deposit near the Marcona mine in Ica Department is 
being exploited for use in pelletizing iron ore. Reserves are estimated as 

26,500,000 metric tons proved : 13. 137,000 tons  roba able, and 68,702.000 tons 
potential. Bent0nite.i~ also produced In the Department of Tumbes for use 
by PetroPeru as drilling mud. 

Barite.--Barite, a common constituent in drilling muds of the oil 
industry, is present in veins and is a gangue mineral in metallic deposits 
in many parts of Peru. Proven reserves are reported as 6,900,000 metric 
tons, and potential reserves are 10,000,000 tons. . 

Fluorite.--Although fluorite has been found in many parts of the 
country, it does not-'occur in sufficient quantity or concentration for 
economic exploitation. 

Graphite.--Information pertaining to graphite is very scanty. A 
deposit is reported in the vicinity of the Llagen Hacienda near Trujillo. 
No reserve estimates for this mineral are available. 

Limestone and dolomite.--Limestone and dolomite form thick strati- 
graphic units that are extensively exposed in all areas of Peru except in 
the forested area east of the Andes. Limestone for manufacture of cement 
and concrete aggregate is obtained principally from Cretaceous rocks. 
Reserves of limestone and dolomite have not been determined; however, it 
is safe to assume they are adequate to meet all needs for the foreseeable 
future. 



WATER RESOURCES AND ENERGY IN PERU 

Stuart L. Schoff 

Intrdducfion 

This report summarizes the presently available information 
regarding the water resources of Peru..If/ It is part of an assess- 
ment seeking to identify the interacfions of various energy strategies 
and options, and their potential effects on Peru's energy future. 
It is based on information obtained through interviews with Peruvian 
officials and supporting data compiled by the U.S. Departments of 
Energy, State, and Interior and by others. This study has not 
produced new data but instead assembles existing data from several .. 

sources. It does not deal with hydroelectric power, inasmuch as 
others are reporting 0x1 thHt sub j e& t . 
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General de Irrigaciones; Engineer Santiago Chinchay, of Petro- 
peru; and Emilio Chaparro, Guillermo Vilela, and Arturo Rosell, 
of Electroperu. j 

Water and energy are inevitably related. Water both helps 
to prod'lce energy, as in a hydroelectric power plant,' and con- 
sumes energy, as in a pump used to lift water £rom a well. Water 
is es.sentia1 in the boiler of a thermal-electric power plant, and 
it may well have been used to wash the coal that fires the boiler. 
Water may also be used in transporting the coal by steam-powered 

- locomotive or by a pipeline slurry. Water cools nuclear generators 
and diesel-powered generators. Once the power,becomes available, 
people use it in all sorts of ways, creating a lot of needs for 
water that would not exist otherwise. 

1/.The reader will notesome differences between the water-resource data presented - 
in the main Report and this Annex. This is a result of the inaccessability 
of some areas in Peru, the preparation of estimates and measurements'by 
different organizations at different times,' and the difficulties of obtaining 
accurate data. .Notwithstanding these differences, however, the conclusions 
in the main Report and the water resources Annex remain unchanged because the 
differences are small when compared to the Peruvian total water resource. 

.. . 



Geography 

piru f r o n t s  on t h e  P a c i f i c  Ocean on t h e  west coas t  of South 
America. Its P a c i f i c  c o a s t l i n e  i s  more than  2,000 km long,  from 
about  18O t o  about 3%' S. l a t  . The most n o r t h e r l y .  p a r t  of t h e  
country,  however, i s  not  on t h e  c o a s t ,  bu t  i n  t h e  Amazon bas in  
very  n e a r l y . a t  t h e  kquator .  Lima, t h e  n a t i o n a l  c a p i t a l ,  i s  near  
t h e  coas t  and a t  about 120 S l a t  and 77' W long. It is  d i r e c t l y  
south  of Washington, D.C. The Andes Mountains, which r i s e  t o  

'more  than 6,000 m i n  a l t i t u d e ,  extend t h e  f u l l  l eng th  of t h e  
.- country,  sou theas t  t o  nor thwes t ,  and d i v i d e  t h e  country i n t o  t h r e e  

major topographic u n i t s :  t h e  P a c i f i c  coasta,l lowland, t h e  
mountains themselves ( t h e  S i e r r a ) ,  and t h e  Amazon lowland ( t h e  
Selva)  . 

In  t e r m s  of watersheds,  Pe ru ' s  1,285,000 km2 a r e  divided,  
d r a i n i n g  i n t o t t h e  A t l a n t i c ,  t h e  P a c i f i c ,  and a  smal l  a r e a  dra ined  
r a d i a l l y  i n t o  Lake T i t i c a c a  ( t a b l e  11). 

Table 11. ,Area of w a t e r s h e d s  of P e r u .  

Wate-rshed Accord ing  to - 
OAS (1) Lahmeyer ( 2 )  

m2 P c t .  ~ r n ~  P c t ,  

A t l a n t i c  9 5 6 , 7 5 1  7 4 . 5  1 , 0 2 4 , 4 5 0  7 9 . 4  

T5t icaca 4 8 , 7 7 5  3 . 8  3 5 , 5 1 4  2 . 8  

T o t a l  ' . . 1 , 2 8 5 , 2 1 5  100  1 . , 2 8 9 , 0 5 9  . l o 0  

(1) ~ r g a n i z a t i o n  of ( ~ m e r i c a n  S t a t e s  (OAS) , Plan  Nacional d e  ordenamiento . . 

de 108  Recursos ~ i d r a i l i c o s ,  ~ e ~ u b l i c a  d e l  Peru, 1976, p. 55. 

(2) '  -Lahm&yer ~ n t e r ' n a t i o n a l ,  d a t a  suppIi.ed 8-23-78. 



For this report, the Pacific watershed is regarded as con- 
sisting of two subdivisions: (1) the west flank of the Andes 
Mountains, descending from the continental divide at altitudes 
of 5,000 m and more; and (2) the lowland at the foot of the 
mountains, stretching at many places to the seashore but at 
others separated from the coast by a coastal mountain range. 
The lowland, therefore, is not strictly a coastal plain. For 
convenience, it will be called the Pacific lowland, although 
some parts of it, notably those behind the coastal mountains, 
are many meters above sea level. Some of these high parts are 
called pampas; for example, the pampas of Majes and la Joya. 

.The definition used here covers a smaller area than the 
official government definition of the coastal area as extending 
to altitude- 2,500 m. It is doubtless the larger area that is. 
reported to include 45 percent of the population and more of the 
economic activities of the country (OAS, p. 86). 

The Atlantic watershed is here considered to be subdivided 
into two parts. These are (1) the mountain ranges of the Andes 
east of the continental divide and their included valleys, 
canyons, and high plateaus,.known collectively as the Sierra, and 
(2) the Amazon lowland, known as the Selva and by some subdivided 
Pnto "high" and "low" parts. 

No topographic subdivisions need be noted for the ~iticaca ..- 
watershed, which, however, is divided politically. About half . 

of Lake Titicaca and 20 percent of the drainage area are ~oliviari . . 
territory. 

Climate is the key to the distribution of water in Peru. The 
climate is determined in large measure by ocean currents and the 
Andes Mountains. 

The climate of the coastal area is dominated by the influence 
of the Peru (Humbolt) current, which is a cold ocean current that 
flows northward along the Peruvian coast from the Antarctic. It 
consists of two parts, a cold coaHtal current and a somewhat warmer, 
wider but less well defined oceanic current. The coastal current * 

flows northward along the coast of Chile, receives ia'n upwelling 
of cold water at temperatures of 14 to 180 C near northern Chile, 
and continues northwestward along the coast of Peru. It supports 



abundant marine life, and it holds the average annual air temperature 
of coastal Peru in the range of 19 to 24' C, lower than the temperature 
on the Brazilian coast at the same latitude. The warmer oceanic part of 
the current is 80 to 160 km wide, and supports little marine life. 

Prevailing southwest winds blow the cold, moisture-laden air 
from above the cold current across the Peruvian coast, where it is 
warmed,its relative humidity is decreased, and it rises. Then as 
a static cloud layer, it is held by a temperature inversion. Warm 
air above presses down on the cool layer below, at about 750 m of 
altitude. Lateral movement is prevented by the nearby mountains, 
and thus, from June to October, clouds lie above the land and 
extend far out to sea. The clouds produce a fine mist, which provides 
some moisture by condensation where it comes in contact with the 
earth. Near Lima this condensation ordinarily occurs at altitudes of 
800 to 1,400 m, although occasionally it may reach down to sea level. 
Rain seldom falls below the 1,500 m level on the slopes of the Andes. 
The sun is rarely seen in winter at Lima, but in summer the tempera- 
tures are high enough to prevent the formation of fog. To the north 
in Peru, where a coastal mountain range is lacking and the Andean 
foothills are farther from the coast than at Lima, the sun shines 
most of the day, even in winter, rain almost never falls, and little 
vegetation can grow naturally. 

The climate east of the continental divide is determined by 
a combination of easterly prevailing winds and by the towering 
bulk of the Andes Mountains. Warm, moist, easterly winds from the 
Atlantic ocean retain some moisture and pick up some from evapora- 
tion as they travel until they reach the Andes, which deflect them 
upward. The cold of high altitudes causes condensation and heavy 
downpours. Even on the high western slopes of the Cordillera 
Occidental, most of the rain comes from the east, and mostly from 
January to March. Some high valleys and deep gorges between the 
western and central and eastern cordilleras receive extremely heavy 
precipitation. Here the season of heavy rain is summer, September 
to April. A marked dry season prevails in winter in most of the 
mountains. 

Above altitudes of 3,400 m, some snow falls during winter, 
and above 4,600 m,all precipitation is snow. Frosts do not occur 
below about 3,000 m, but above about 4,000 m,frost occurs in 
winter on an average of about 25 days per month. The line of 
permanent snow ranges from about 4,600 m in the cordillera Blanca 
to about 5,200 m in the south. 



Average temperatures in the mountains of Peru range widely 
with altitude, but local average temperatures show only small 
seasonal variat-ions. At Cuzco, for example, the seasonal tempera- 
ture range is only 420 C. At such places, however, the diurnal 
temperature range can be great--fr0m.24~ C to O0 C in a few hours. 

The lowlands east of the main body of the Andes are often 
/ divided for description into "high" and "low.". Tingo Marla, in 

the high part, gets 3,962 mm of precipitation annually, on average, 
and has hot days but cool nights. The low part averages about 
2,500 m of precipitation annually and 200 rainy days a year; it 
has no dry season. At Iquitos, on the Amazon River, the daily mean 
temperature throughout the year is virtually constant at about 27O 
C. The midday 'reading often reaches 35C C and es~aSi.ofially-exceeds 
38O C. 

Precipitation and runoff 

Annual precipitation in Peru ranges from virtually zero on 
the Pacific coastal lowland to moderate in the high mountains to 
abundant on the Amazon lowlands. In table 12, which classifies 
selected precipitation stations by watershed, it takes only a 
glance to see.that the Atlantic watershed gets vastly greater 
precipitation than the Pacif icy and that the ~iticaca watershed 
gets precipitation comparable to the lower range for the Atlantic 
watershed. Cerro de 'Pa.sco, Cuzco, and ~uanca~o of the Atlantic 
watershed and Puno of the Titicaca watershed, all above 3,000 m 
in altitude, get 'between 6 00 and 1,000 mm per year. Iquitos, 
~uanjuf, San ~amo'n; and Tingo ~arfa, all of them low in valleys 
of major rivers or on the ~rnazon lowland, get more than 1,450 mm. 
On the other hand, the stations of the Pacific watershed receive 
less than 100 mm except Imata, which gets 620 mm. 

Imata is not out of place. It is near the headwaters of the 
R ~ O  Sumbay and near the continental divide, where it benefits 
from the rain clouds coming from the Atlantic side. It demonstrates 
that more water is available in river basins of the Pacific watershed 
than is suggested by the records of precipitation stations on the 
Pacific lowland. 

Estimates of mean annual precipitation, basin by river basin, 
hawe been made by Lahmeyer International for the 'Federal Republic 
of .~erm&~, which in turn is cooperating with the lgdvernment of 
Peru in an appraisal of Peru's hydroelectric potential. Each 



Table 1 2 -  Mean annua l  : p r e c i p i t a t i o n  f o r  s e l e c t e d  s t a t i o n s  

i n  Peru (from Werns ted t ,  1972,  a s  quoted  by W i l l m o r e  and S t e e l e ,  

1978;  h e r e  conve r t ed  t o  m i l l i m e t e r s ) .  

S t a t i o n  P r e c i p i t a t i o n  S t a t i o n  p r e c i p i t a t i o n  
(mm) 

n . 

P a c i f i c  watershed A t l a n t i c  wate rshed  

Arequipa 94  C a  j amarca 7 8 2  

C a r t a v i o  8 Cerro d e  Pasco 926 

Imata 

Lambayeque 

Lima 

La Molina 

P i u r a  

Tacna 

.Cuz c o  

Chachapoyas 

Huancayo 

I q u i t o s  

~ u a n  j UP 

San ~ a m d n  

Tingo ~ a r c a  

T i t i c a c a  Watershed 

S t a t i o n  P r e c i p i t a t i o n  . . 

(mm) 
- ~ -- 

Puno 625 



river basin was studied in detail by segments. Its area, alti- 
tude, length of channe1,and other characteristics were compared 
with those of other basins in order to reach an estimated average mean 
annual precipitation for the basin. This estimate then was 
extended to an estimate of the runoff of the basin. Such estimates 
were made for 53 river basins of the Pacific watershed, 49 in the 
Atlantic watershed, and 8 in the Titicaca watershed. The estimates--- -- 
for the individual river basins are not pertinent to this report 
but could become important in later planning. They and the totals. 
by watershed are given in table 13. 

'Table 13. Es t ima ted  mean a n n u a l  p r e c i p i t a t i o n  and r u n o f f  o f  

Peruv ian  r i v e r  b a s i n s  (Lahrneyer I n t e r n a t i ~ n a ~  as summarized by 

Willmore and S t e e l e ,  1978,  t a b l e  4 ) .  

A r e a  Mean Mean Mean a n n u a l  r u n o f f  
a l t .  a n n u a l  

River.  b a s i n  p r e c i p .  
(m2 (m) (mm) (mm) 6 3  

(10 M 1 

PACIFIC WATERSHED 
Za rumi l l a  
Tumbes 
C h i r a  
P i u r a  
Casca j a l  
Olmos 
Motupe 
LaLeche 
Chancay-Lambayeque 
~ a 6 a  
Chaman 
Jaque tepeque  
~ h i c a m a  
Moche 
v i r d  
Chao 
S a n t a  
Lacramarca 
~ e p e s a  
Casma 
Cu leb ra s  
Huarmey 
F o r t a l e z a  
P a t i v i l c a  
Supe 
Huaura 
Chancay-Huaral 
~ h i l l d n  

214 1 7 5  . 
198  540 
1 9 3  2232 

87 9 1 1  
22 9 1  
23 22 
92 1 7 9  

199 314 
207 1015  

93 1 9 3  
63 79 

1 6 1  685 
201 895 
124 268  ' . 

43 85 
75 1 0 8  

378 4717 
2  1 

2 1  40 
47.  144  

2  1 
64 1 5 0  
20 .47 

307 1507  
42 4.5 

225 . lo09 ' .  

189 639 
155  366 

(continued) 



Table 13 .  ' E s t i m a t e d  mean a n n u a l  p r e c i p i t a t i o n  a n d  r u n o f f  

o f  P e r u v i a n  r i v e r  b a s i n s  ( c o n t i n u e d ) .  

A r e a  Mean Mean 
a l t .  . a n n u a l  

River  b a s i n  p r e c i p .  
w m 2 )  (m)  (mm) 

~<rn?c 3134 3157 520 
L u r i n  1600 2456 326 
C h i l c a  7-98 1589  1 7 0  
Mala 2522 2999 427 
Omas 1 7 4 1  17G2 1 8 8  
Cafiete  5 9 8 1  3645 5 4 1  
T o p a r a  494 1 9 9 3  216 
San  J u a n  5333 2567 3 5 3  
P i s c o  4054 3049 468 
Ica 7 3 6 6  -1756 1 8 3  
Grande 10522 .  2138 285 
~ c a r i  4082 3013 438 
Yauca 4589 2757 380 
C h a l a  o I n d i o  Muer to  1284 '2072 234 
C h a p a r r a  1387  2776 332 
A t i c o  1 4 2 5  2239 226 
~ a r a v e l i  2009 2516 286 
0co'iia 15908  3719 768 
~a j e s - ~ a m a n g  1 7 1 4 1  3509 552 
Q u i l c a  0 C h i l i  13254 3422 343  
Tambo 12697 3472 3 5 1  
Osmore o Moquegua 3595 1 9 7 1  1 0 8  
Locumba 5316 2599 1 7 6  
~ama' 4809 2260 107  
~ a p l i ' n a  1629 3095 1 6 7  

S u b t o t a l  229 ,095 

ATLANTIC WATERSHED. 
A l t o  MaraRon 
C h r i s n e  jas 
L l a u c a n o  
Chamaya 
Huancabamba 
Cho tano  
C h i n c h i p e  . i  

Tabaconas  
Cenepa \ 

S a n t i a g o  

Mean a n n u a l  r u n o f f  

815 23227 
2 5 1  1170 
525  1497 
,476 1609, 
2 6 1  900 
577 977 
569 4071 
716 2715 
4 4 1  3246 

1699  5607 
( c o n t i n u e d )  



Table 1 3 .  E s t i m a t e d  mean a n n u a l  p r e c i p i t a t i o n  a n d  r u n o f f  

o f  P e r u v i a n  r i v e r  b a s i n s  ( c o n t i n u e d ) .  

A r e a  ," Mean Mean Mean a n n u a l  r u n o f f  
a l t .  a n n u a l  

River b a s i n  2' p r e c i p .  
(Km 1: ) ( m )  (mm) (mm) 

6  3  
( 1 0  M )  

MaraKon Medio 
Morona 
P a s t a z a  
T i g r e  
B a j o  ~ a r a z o n  
Utcubamba 
C h i r i a c o  
Nieva  
H u a l l a g a  Sup 
X u a l l a g a  .In+. 
Urubamba 
V i l c a n o t a  
~ p u r i m a c  ?up 
S a n t o  Tomas 
Punanqu i  
Vilcabamba 
Pachachaca  
~ ~ u r i m a c  I n £  . 
Pampas 
Manta ro  Sup 
Manta ro  Med 
Manta ro  I n f .  
P a c h i t e a  ' 

~ q u a ~ t i a  
Ene 
Tambo 
U c a y a l i  
p e r e n 6  
Arnazonas 
Napo 
Putumayo 
Yavari 
Purua  
Madre D e  Dios 
Inambari 
Tambopa t a  
Acre  

553  13396 
1 5 7 1  25246 
1457 5972 
1838 6 2 7 1  
1164 5207 

512 3844 
458 1889 
247 1070 
744 5590 
715 12465 
392 2 8 5 1  
677 3523 , '  

337 4562 ' 
600 1 8 4 3  
605 480 
634 1 6  3'3 
596 33b2 
645 9905 
324 7'692 ' 

308 2830" 
336 '6243 
572. 3903 . 

1 4 2 8 '  3850 
1244 14'356 
1099 '8326 
1 1 2 1  5797 
1145  : . '  12815,  

694 "4263 
1422 7913 
1689 7570 
1 4  2.8 5730 
1799 10645 

9  6.3 16275 
1 8 1 3  6817 
1 6 2 1  32995 

893 13136 
948 3062 

( c o n t i n u e d )  



Table 13. , Es t ima ted  mean annua l  p r e c i p i t a t i o n  and r u n o f f  

o f  Peruv ian  r i v e r  b a s i n s  ( c o n t i n u e d )  . 
Area Mean Mean Mean annua l  r u n o f f  

a l t  . - -annual  
R ive r  b a s i n  p r e c i p .  

(Km2 ( m )  ' (mm) (mm) 
6 3 . (10 M 

Los P i e d r a s  15550 396 1895 966 15021  
Yurua 9492 329 1935 967 9179 

S u b t o t a l  1 ,-024,450 362,526 

TITICACA WATERSHED 
Suches 
~ u a n c a n e '  
Ramis 
Coata  
I l l p a  
I l a v e  
Maure 
Z a p a t i l l a  

S u b t o t a l  

SUMMARY 

P a c i f i c  229,095 
A t l a n t i c  1,024,451) 
T i t i c a c a  35,514 

T o t a l  1;289,059 

- 6  "3 Table 13 shows #a' tbtal of 29,949 x 10 m of total runoff for the 
Pacific watershed. A previous estimate for the same watershed by the 
Economic Commission for Latin America (ECLA, 1968) differs considerably in 
detail of'areas and runoffs bu c mes close to the Lahmeyer estimate of i! 9 total runoff, with 32,741 x 10 m . Hence, in round numbers, 30,000 x lo6 
m3 may be taken as the annual runoff of the Pacific watershed. This is the 
amount of water annually avail-able. 



in that watershed. This is the amount that must be shared by all 
users. Only by importing water from another basin--the Atlantic 
watershed or the Titicaca basin--or by distilling sea water can 
it be increased. That second alternative--distillation--presumably 
is possible, but in the present state of the technology promises to 
consume large amounts of the very thing that now should be con- 
served: energy. 

Theoretically, the total usage of water in the Pacific watershed 
might exceed the available 30,000 x lo6 m3 because in appropriate 
sequence, water can be used several times: first in a hydroelectric 
plant or two, then taken from the river channel as surface water for 
irrigation, and later withdrawn from wells for one purpose or another. 
Whether the total water usage can really exceed the amount of water 
physically available is problematical, because re-use tends to in- 
crease the salinity of the water. It is necessary that part of the 
water pass through and out of the area of use in order to carry 
away the dissolved salts. Perhaps a statistical excess of water 
use over water availability can best beqachieved by running part of 
the water through several hydroelectric plants, which cause little 
adverse effect on the water. 

, , 

The Andean cordilleras and their included valleys receive 
.moderate to abundant precipitation, but its uneven distribution 

, .  . 
through the year can mean disastrous drought. Impounded water 

. . .  . . 
, could alleviate,drought but might not be economical. In narrow , 

canyons having steep 'gradients even a high dam may not impound much' 
water. In the up-and-down world that is the Sierra, steep slopes 
can mean fields too small for efficient irrigation. - Furthermore, 
frequent frosts at high altitudes inhibit'agriculture, and so con-, . 
siderable attention is directed to raising animals. Perhaps more 
important to the inhabitants of the Sierra than quantity is the 

. quality of the water, because some streams .have been conthinated 
by: the dumping of mine wastes into them. ~he'thinking in the 
national capital seems to be not so much on providing water for the 
Sierra as it is on diverting water from-the Sierra under or over the 
continental divide for use on the Pacific lowland. 

.,The Amazon lowland can be said not to have a water problem, 
unless it is too much water. The rivers flowing eastwara from 
the Andes bring great quantities of water to an area that receives 
abundant rain and is sparsely populated. The supply, of water vastly 
exceeds the demand for it. 



Physiographic and geologic provinces 

Peru is made up of three major physiographic and geologic 
.provinces: the coastal belt, the Amazon basin, and separating 
these two, the Andean cordillera. The geology is highly diverse 
and complicated, and a few paragraphs can hardly do it justice. 

The coastal belt of Peru is made up of a series of onshore 
and offshore Cenozoic basins and a low, discontinuous coastal 
mountain belt. 

The coastal range is a discontinuous string of low mountains 
and offshore basement highs, are west: of and parallel 
to the Andes Mountains. The northern part of this range consists 
of low coastal mountains made up of late Paleozoic argillite, 
quartzite, slate, and phyllite, which have been intruded by pre- 
Cretaceous granitic rocks. The "onshore" southern part . (south 
of Pisco) consists of low coastal hills made up of a late Pre- 
cambrian (and possibly early Paleozoic) igneous and metamor'phic 
complex along with isolated blocks of late Paleozoic sedimentary 
rock. The offshore part . .  of this range is represented by a 
persistent trend of subsurface basement highs. 

Coastal basins are defined by basement irregularities of the 
Continental Shelf, which is a narrow strip reaching a maximum 
width of approximately 100 km along the northern third of the 
Peruvian coastline. The submerged and emerged shelf was the site 
of marine deposition throughout Tertiary time, and the six struc- 
tural basins contain 5,000 to 8,000 m of Cretaceous and Cenozoic 
strata, which are mainly marine elastic rocks. These basins are 
described in the chapter on hydrocarbon (Mattick and Yenne, this 
volume). The ground-water potential of the rocks in the coastal basins 
is ~roblematical, although -in the several thousand meters of thickness 
represented there, some water-bearing strata could reasonably be expected. 

Almost.every imaginable kind of rock can be found in the 
Andes Mountains of soukhern Peru. Shale, quartzite, mica schist, 
and phyllite occur in the undifferentiated Paleozoic rocks of the 
Vilcabamba, Vilconota, and Carabaya cordilleras. Rocks of Carboni- 
ferous age include friable sandstone, black shale, reddish conglo- 



merate, and limestone. Permian strata include continental arkose, 
sandstone, shale, thick volcanic clastic rocks, andesitic and 
rhyolitic flows, thick tuffs, and marl. The Jurassic rocks include 
shale, quartzite, sandstone, and limestone and the Jurassic-Cretaceous 
sequence contains basalt, andesite flows, trachyte, tuffs, aggl,o- 
merates, argillite, quartzite, and limestone. No doubt the rocks in 
the northern part of the Andes are equally diverse. With such variety 
of lithologic types, a wide range of hydrogeologic conditions is 
inevitable. Surely among the thousands of meters of rock in the 
Andes some strata must be porous, permeable, and saturated--hence, 
aquifers. 

Springs are the best indication that aquifers exist in the 
mountains, inasmuch as little has been done to develop ground water 
by means of wells. Large towns and small ones in the mountains depend on 
springs for part or all of their public water' supplies. 

Estimates based on rather sparse data have been made of main 
rock units of southern Peru. These are shown on a map covering 
the departments of Ayacucho, ~~urfmac, Arequipa, Cuzco, Puno, 
Moquegua, and Tacna in terms.of high, low, and medium yields ex- 
pectable per well (Schof f and say&, 1959, mapa hidrogeologico) . . . 

Water'regimen of the Pacific watershed 

The western slope of the Andes Mountains and the Pacific 
lowland make up the Pacific watershed of Peru. T,hey are a 
hydrologic unit in the sense that all the water they receive 
together is the precipitation--rain and snow--on the high parts 
of the mountains. Part of this water enters the canyons and 
rushes down their steep channels. The bedrock of the sides and 
bottoms of the canyon generally is not notably permeable and so 
does not take in much water. The boulders, sand,. and gravelin the 
canyon bottoms are in intermittent transit downstream. They are 
an alluvial deposit of small width and no great depth and therefore 
have small capacity to store water. Hence the water from high 
places rather quickly reaches. the coastal lowland, except that the 
part of the precipitation received as snow lies in storage for a 
time and serves to minimize the floods and extend the season of 
flow. Yet some of these streams do not reach the ocean and some 
are dry through long stretches of channel for a considerable period 
(Willmore and Steele, 1978, table 5). 



The streams descending $he west flank of the Andes have 
unloaded much of their sediment on the coastal lowland, and then 
have carved channels across their deposits. Some of these channels 
are hundreds of meters deep, and a kilometer or more wide at the 
bottom, and road cuts in their sides expose the boulders, cobbles , 

and gravel of which the deposits are made. The Sihuas and ~ftor 
rivers in the south are notable in this respect. In places they 
have cut through the gravel into the bedrock below. 

Not all the riversfhave.carved such spectacular canyons as 
have the Sihuas and ~ftor. . The R ~ O  Chancay, in the north, divides 
at the apex of its alluvial fan into two distributaries, 
'which at most are entrenched only about 10 m (Schoff and say&, 
1969, pp. F12-14). 

The rivers as they cross the Pacific lowland lose water to 
.the adjacent alluvial deposits, which can constitute ground-water 
reservoirs of.great capacity. Water taken from the rivers and 
spread on fields is partly used by plants, partly evaporated, and 
partly sinks into the ground, adding to the underground water 
supply. It may return to the river channel downstream or be 
pumped from wells one or more times::. Thus the same water may be. 
taken several times, although at the cost of progressively in- 
creasing salinity. The amount of water that can be,beneficially 
recycled is practically unknown because it is difficult to keep 
track of water use where many users are involved. 

Water in deserts 

Much of the west slope of the Andes Mountains is desert. 
The aridity decreases with increasing altitude, giving way gradually 
tb the increasing humidity that ultimately feeds the main streams. 
The mountain flank between those main streams is creased by innumerable 
dry canyons, which seem never to contain water but by their very pre- 
sence testify to the long-range potency of rare flash floods, or to a 
humid past, however remote. The aridity and the ruggedness of the 
west flank of the mountains discourage economic activity, and a need 
for water is not likely to develop there unless and where useful 
mineral deposits .are found. 

Similarly forbidding are the segments of the coastal lowland 
between the valleys of the main, life-giving rivers. They stand 



from a few to many meters above the valley bottoms and bear the 
load of debris washed onto them in ages past from the now dry 
canyons of the west flank of the mountains. Known as "pampas," 
they are in aggregate many times greater in area than the valley 
bottoms, and they are mostly vast, absolute desert, receiving no 
significant precipitation, and little if any flow from the 
mountains. They are practically unoccupied and unused, and 
appear to have no prospect of being occupied or used. Water could 
hardly be brought to them from the rivers, for the cost of canals, 
pipes, and pumping could be excessive, even if water were available. 
Water from wells, if present, would probably have to be lifted too 
far to be economically advantageous. For example, an attempt to 
tap ground water on the Pampa de la Joya in 19156 (Schoff and sayLn, 
1959, p. 142) ended as a dry hole at a depth oflabout 87 m. This 
depth at that time was considered to be uneconomical in irrigation 
pumping. 

The Pampa de la Joya test hole, however, is not enough to 
eliminate ground water as a possible source of water for the 
pampas. It is. only one test hole on one pampa, and altogether 
too little is known of what is under those desert areas. One or 
more of them may contain a trapped supply of "fossil'' water-- 
water..s.t.ored, captive, from some rainy epoch of the remote past. 
Such a deposit, receiving no replenishment, could bel!exploited to 
exhaustion, just as a mineral deposit is mined out. S.ome deserts, 
too, may conceal permeable conduits through which water moves 
between the major valleys. But these are speculations, as yet 
without proof. 

Water use in coastal valleys 

Water--both surface water and ground water--is used in large 
quantities and for many purposes in the valleys that cross the 
Pacific lowland to the ocean. The quantities used have increased 
through the years as population and economic activity have<grown. 
A report prepared under the auspices of the Organization of Ameri- 
can States (OAS, 1976, p. 73) states, in translation: 

The cultivated area along the cost of Peru less than 50 : 
years ago was about 300,000 ha, whereas now it exceeds 
800,000. With the increase in land under cultivation have 
come the construction of dams at some places and the pumping 
of ground water at others. At present nearly 10,000 wells 
in the coastal valleys withdraw annually more than 1,100 x ' 

lo6 m3 of water. The dams and wells have increased the 
dependability of the water supply, making it profitable to 
grow sugar cane, cotton, rice, corn, grains, legumes, 
citrus fruits, and grapes. 



Estimates by Lahmeyer ~nternktional of the water annually 
available in Peru, in millions ok cubic meters, are 29,949 in 
the Pacific watershed, 362,526 in the Atlantic watershed, and 
6,630 in the Titicaca watershed (table 13). Based on detailed 
analysis of each river basin, these estimates should be the most 
accurate yet made. Estimates of water use by the Oficina - .. - 
Nacional de ~valuacign de Recursos Naturales (table 14) show a 
total of 15,878.78 x 106 mJ of water used to irrigate 731,082 ha 
in the coastal area. About,9 percent of this water (1,394.6 x 
106m3) is ground water. 

. ,- r 

Table 14. Land and water i n  a g r i c u l t u r a l  u s e  i n  Pe ru  

(Of i c i n a  Nac iona l  d e  ~ v a l u a c i d n  d e  Recursos  N a t u r a l e s ,  1978)  . 

P a c i f i c  A t l a n t i c  T i t i c a c a  
wa te r shed  wa te r shed  wa te r shed  

(106 m3) (106 m3) ( l o 6  m3) 
- 

A. A v a i l a b l e  w a t e r . . . . . .  33,971.83 1 , 4 3 7 , 0 0 1 . 4 6 ~  2 3 , 7 0 5 . 4 ~  

...... B. Ground w a t e r  used .  1,733.07 .52 .05 

A g r i c u l t u r e  ........ 1 ,394 .6  . . ..................... .............. C a t t l e  ..................... . . 2.47 
I n d u s t r y  ........... 122.63 ..................... ...... P u b l i c  supp ly  . 194.69 ..................... 

. u n s p e c i f i e d . . . . . . . .  18.68 :.................... 
C o a s t a l  Andes Amazon 

are a niountains b a s i n  

C. Land under  i r r i g a t i o n  (ha )  731,082 357,351 43,102 

D. T d t a l  w a t e r  used  i n  
i r r i g a t i o n  ( l o 6  m3) 15 ,'878.78 6,187.44 992.77 

E. water, demand i n  a g r i c u l t u r e ,  c o a s t a l  area: 20,000-25,000 
1 m3/ha/yr. 

aLahmeyer I n t e r n a t i o n a l  e s t i m a t e s  o n l y  362,526 X l o 6  m3 f o r  
t h e  A t l a n t i c  and 6,630 X 106 m3 f o r  t h e  T i t i c a c a  watersheds--23 
and 28 p e r c e n t  ,as much, r e s p e c t i v e l y ;  Cause o f  t h e  d i f f e r e n c e s  
is  n o t  a p p a r e n t .  The Lahineyer estimates, ba sed  on d e t a i l e d  s t u d i e s  
are used  e l s ewhe re  i n  t h i s  r e p o r t .  



The a r e a  under i r r i g a t i o n  d i f f e r s ~ . f r o m  source  t o  source': 
800,000 ha i n  t h e  quo ta t ion  above, 731,000 ha  i n  t a b l e  14, and 

750,000 ha as r e p o r t e d - o r a l l y  by Stucchi  (8-16-78). The d i f -  
f e r ences  between t h e s e  r e p o r t s ,  however, a r e , n o t  g r e a t  and 
probably a r e  due t o  v a r i a t i o n s  i n  t h e  circumstances under which 
they were determined and repor ted .  Perhaps t h e  f i g u r e  750,000 
ha  i s  a reasonable  and acceptab le  compromise. It apparent ly  
should apply t o  t h e  v a l l e y s  of t h e  c o a s t a l  lowland, inasmuch a s  
caldercfn ( o r a l ,  8-24-78) poin ted  ou t  t h a t  another  300,000 ha 
above the ' lowland t o  a l t i t u d e s  of 3,000 m a l s o  a r e  i r r i g a t e d .  
Thus h i s  t o t a l  e s t i m a t e  i s  about 1,000,000 ha. f o r  t h e  P a c i f i c  
watershed. 

The water  demand is  s a i d  by ~ a l d e r d n  t o  'range from 20,000 
t o  25,000 m3/haIyr. A t  t h e  lower of t h e s e  r a t e s ,  750,000 ha  
would r e q u i r e  about 15,000 x lo6 m 3 1 y r ,  which is c l o s e  t o  t h e  
t o t a l  water  used i n  i r r i g a t i o n  a s  r epo r t ed  i n  t a b l e  14. 

Role of ground water  

A p a r t i a l  inventory  of w e l l s  and pumpage i n  Peru is  given 
in t a b l e  15, which inc ludes ,  i n  a d d i t i o n  t o  w e l l s  i n  40 of t h e  
v a l l e y s  of t h e  c o a s t a l  lowland, 111 w e l l s  i n  t h e  mountains and 
t h e  Amazon lowland. Made between 1968 and 1977, t h i s  inventory  
a l s o  inc ludes  many w e l l s  used f o r  domestic and p u b l i c  supply,  
f o r  c a t t l e  r a i s i n g ,  and f o r  i n d u s t r i e s  and unspec i f ied  purposes.  
Of 6,898 w e l l s  l i s t e d ,  2,689 (39 e r c e n t )  a r e  i r r i g a t i o n  w e l l s  
y i e l d i n g  a t o t a l  of 874.2 X 106 mg/yr--about h a l f  t h e  t o t a l  
amount given a s  ' ! total  water  used i n  i r r i g a t i o n "  i n  t a b l e  140 

Ground water p l ays  an important  p a r t  i n  t h e  economy of t h e  
P a c i f i c  lowland, bu t  i t  i s  not  a l i m i t l e s s  resource  independent 
of t h e  r i v e r s .  Q u i t e  t o  t h e  con t r a ry ,  i t  is only a hidden p a r t  
of t h e  t o t a l  water  supply i n  any of t h e  c o a s t a l  va l l eys .  It is  
rep len ished  by t h e  water  brought by t h e  r i v e r s  from high  i n  t h e  
mountains. Without t h a t  replenishment ,  i t  would sooner o r .  l a t e r  
be  exhausted. 

Problems t h a t  a r i s e  i n  connect ion wi th  t h e  use  of ground 
water  a r e  d e c l i n i n g  water  l e v e l s  and, e s p e c i a l l y  i n  i r r i g a t i o n ,  
i nc reas ing  s a l i n i t y  o f . t h e  water .  



~ a b i e  15. Di'stri&t;ion,-of y i t .e r  wel ls  by uses and a g r i c u l t u r a l  a rea  with a w u a l  pumpage 
(from Direction General de  Aeuas v Suelos .) (Inventoried 1968-1977) 

bomtlon eatio nu pblio Suvnlr Cattle ralel Inbuatrlee Unepeclfled Totals 
1 h m p a p  well. ) Y p w  wells Pumpag?~eile e e umoage e s Pumprco - ln3/~rI - lm Y (mj/yr) ' l1 Ym3ipr) ili. (m3/yr) 

Agr. area 1 72 17,117,310 2 . 61,000 798 42,873,103 247 80,214,775 3 735,000 10 868,000 632 141,869,188 

....... ................. ................ Zarumllls 2..~117,000 ...I 40,000 47 10,789,163 3 11,014,163 ....... ........... Tumbee ................................................................................ 2 5z ............ Plura 53 15,038,310 ..............,..... 297 42,862,103 152 53.305,612 3 735,000 505 111,941,025 ............ ... . ,  .................. Ilancora . . 2 886,000 ;. 1 11,000 4 588,000 1 260,000 8 1.745,ooo ................... ................ Nemuo . 15 l,Q16,000 . ,:I ' 13,000, 44 15;532,000 4 608,000 64 17,169,000 

A g r .  area 2 . 248 21,664,658 : 5 , 934,400 : 21 ' 196,392 524 215,465,179 16 3,886.183 20 4,552;000 834- 246,698,812 . Olmoe 3 46 000 .................................. 7 2~471.000 ................. 1 260 000 11 3 194 000 
tfotupe . 2 : ~O~:OOO. ................................ 52 26~280,100 ................. 14 3,640:000 68 30:624:100 
La Leche 20 . 821,860. ....,.............................. 58 29,994,800 .............................. 78 30,816,660 
Chancay-Lam- 
bayeque . 85 12,311,414 5 934,400 8 83,720 383 152,688,360 11 3;352,364 ' 5 . .65ztooo 2: 170,023,258 ............................................................................... . Sa-5a ..26 ,1,712,12 1,712,125 

Chaman 53 464,062 ................... 6 75.264 10 1.190.859 219 ............. 70 1,730,406 
Jequetepeque. 59 5,188,195 .................... 7 37,408 14 2,839,060 : 533.600 ....:.....!.. 84 8,598.26) 

~gr. area 3 . 893 46.89 ,256 . 39 3,480,807 94 1',465,442 843 272,467,551 117 33~244,701 . ' ' 6 : ''+3Qs906 1,992 357,994,657 ............. Chicama . . 303 7,408.983 19. 2,015,100.. 27 537,966 527 181,662,672 62 17,562,188 ............. 96:; 209.182.909 
. , Uoche 361 29,241,589 12.. 59 229.. 55 ,186,884 161 21,666,737 23 1,874,195 

Santa 
53,728,634 

. .................*.*.......... . 16 296,343 1 t62:OOo 14 10,148,500 1 260,000 32 11,166,843 
, .... . .  Lacramaroa ..:49 6,660,279 ................................................. 388,359 59 7 648 638 .................... Nepeh 44 1,929,620 10 717.542 73 56.330.812 936.320 ........ ; .... 130 61:214:2~4 - 

Cesma . . 59 1,120,961 4 235,500 2 23.050 75 11,554,250 1 285,000 3 ' 176,900 146 ' 19,395,661 . Culebrar . 1 155 .................................... I 18,000 1 79.000 .;.. .;....... 3 97,155 
. . .  ................ . . .  Ruarmey 60 245,326 3.. 8,978.. 6 1~235~080 3 71,139 ...a t . . . . . . . .  72 1.560.523 

~gr. area 4 1,289 129,623,000. . 
Portalera. . 12 .3,772,865 

. .  Patlrllca .45 2,003,919 
Supe : 18 131,670. 
Auaura 118 5,207,620 . 
Chancay-Buaral 214 1,957,222 
chllldn . . 41 18.37 428 
Rlmeo 463'93,012:412 . 
~urin 220 2,719,833 
Chilca . . 16 213.810 
nala 52 37,572 
CaEeto .' . 90 1,090,649 

. '............. . . . 'Agr. area 5 207 16,758,873 10 810,500.. 65 1,165,949 450 205,07 ,654 28 1,796,990 760 225,611,966 
Topara 1 . 16,400 .................. 9 18,166 6 1 0 ~ 8 ~ 0 0 ~  ............................... 16 . 1,088,556 ............. San Juan 150 2,940,883. 2 . . . .  .46,500.. 47 1,042533 210 86:892,054 21 1~37,990 430 92,259.60 

. . .............. . . .  Ica 4 .  56 1),801,590 8. : 764,000.. 9 105:250 234 ll7.133p600 7 h9.000. 314 132,263,Eo 

Agr. area 7 

Roquegua 4 1,549,650 ................ 15'5601 60 1,210,312 ..'.A--5---1;017;700...'.' 71 3,793,222 A-. . ........ Locumba ................................................. ......... ...... ..........: 4 4'. ,........... Sama ................................. ................................ ............... ........................ ............. Capllna 1 631,000 ................................. 1 1 
56 20,464,400 .............................. 57 21,095,400 

' .......... Agr. area 8 75 364,985 3 ........... 1 ............... ..... Ucayall 75 364,985 ....3 ........... 1 .......... 
.' I 3 ............... ......... 27,340 3....; 85 

3 27,340 3 85 392,325 392,325 
Agr. area 12 q! 35,360 .... 2 ........................... .............. . ............. ~ u n o  35.360 ....2 ........................... 4 16,200 26. 

4 16.200 26 51 560 .............. .. ............. 515 560 



Water levels decline progressively when the amount of water 
withdrawn consistently exceeds the amount of replenishment. The 
decline can be arrested by reducing the pumpage or by bringing 
in water to recharge the aquifer artificially. 

The mineral content of the water increases as the water 
travels seaward because each kilometer of travel provides new 
opportunity for contact with soluble minerals. It increases also 
with the use and reuse of water, because each use involves some 
evaporation, or evaporation plus transpiration, which leavesless 
water to contain the same,or increased mineral matter. Some 
combination of these causes is probably seenlin the Lambayeque 
Valley, where the dissolved solids in ground water were found to 
increase from 261 to 1,240 meq in about 50. km in the downstream 
direction (Schoff and say&, 1969, p. F 50, fig. 20, and table 
12). The extent to which the valleys of the coastal lowland 
have been affected by this sort of increase in salinity is not 
known. 

Another cause of increasing salinity of ground water is the 
advance of sea water into fresh-water aquifers where wells near 
the coast are heavily pumped. This can happen, of course, if 
Lthe aquifer extends under the sea and makes contact with the 
sea water. Pumping at the wells reduces'.the head, permitting 
the sea water to push into the aquifer toward the point or points 
of reduced pressure. Increases in salinity of groundwater due 
to this cause may have occurred at a few places in Peru, among 
them Callao, but are not well documented. 

! 

Water in the Atlantic watershed 

The data provided by Lahmeyer International (table 13) show 
that the Atlantic watershed, with about 4.5 times the area of 
the Pacific watershed, has about 12 times as much runoff. Per 
square kilometer, the Atlantic watershed has about 350,000 m? 
ann,ually whereas the Pacific "aterkh,gd has 130,000 ~n~/lan~/~r. In some 
places, the difference is between too much and too little. 

.The water problems in the mountains seem to be mainly problems 
of uneven seasonal distribution of precipitation, together with 
local contamination from mine wastes dumped into streams. Water is 
needed for public supply in the cities and towns, for raising animals, 
for human consumption, for some industries, for mining, and, as 



indicated in table ,14, f.or' irrigation. Some of the water is taken 

from streams and from lakes, 'and some is ground water. Indeed, 
many mountain towns, large as well as small, in the 1950s were 
getting their public water supplies from springs, which are ground 
water returning to the land surface. Among them were Abancay, 2 
springs, 9 lps(1iters per second) each; Andahuaylas, 2 springs, 60 Ips; 
Arequipa, 1 spring, 220 Ips; Ayacucho, 40-50 Ips; Cuzco, 5 springs, 130 l ~ s  
total; and Sicuani, 28 Ips (Schoff and Sayan, 1959, pp. 64-104). 
Changes may have been made in places, but most of these towns 
probably still use spring water. 

Population is sparse in the Amazon lowland and the towns 
are small, except Iquitos, the Amazon River port. The demand 
for water is so small in relation to the supply that any water 
problems are likely to be matters of equipment and distribution. 

Water use by cities 

The per capita daily consumption of water, in liters, is 
presented for 16 major cities of Peru in tablel6. The lowest 
rate, 79 lpd, is for Puno, which is high in the mountains. The 
highest rate, 475 lpd, is for Piura, which is on t.he arid coastal 
lowland in the north. Lima with 470 lpd is a close second. The 
unweighted average for the cities listed in table, 16 is 265 1~d. 

Table 16. Per capita daily .water consumption, in liters, in 

some principA cities in Peru (including- industries). (Oficina 

Nacional de ~valuacidn de Recursos , Naturales, 1978.). 

Tumbes 138 Cajamarca 227 ~ua/nuco 336 I lo 222 

Piura 475 Chachapoyas 25 3 Huancayo 361 Tacna 2 2 9  

Sullana . 174 , Chimbote 100 Ayacucho 292 Pun0 79 

Chiclayo 250 Lima 470 . Arequipa 196 Cuzco 441 

Average 265 



Both surface water and ground water are used by the cities. 
Lima was reported by Cuellar (oral communication, 8-17-78) to be 
taking in 1978 about 8.4 m3/sec from the Rio Rimac and 'about 2.9 m3/s 
from wells in the Lima-Callao area. Calderon (oral, 8-24-78) stated 
that about 3 m3/s is taken from a lake (Marcapomacocha) in the 
headwaters of the Rfo Mantaro of the Atlantic watershed and is sent 
through a thnel under the divide into the Rfo Rimac, and thence to 
Lima. This is the "Mantaro" water presently being received by Lima. 
The frequently mentioned Mantaro project is a proposal for pumping 
water from the Rfo Mantaro 'at a point about midway between the lake 
and the rail junction, La Oroya. The water would be boosted to the 
lake and thence through the tunnel. This project apparently awaits 
financing. - Other cities., among them Trujillo, Tacna, and Chiclayo, 
rely solely on water pumped from wells, and a partial inventory shows 
120 wells in 19 localities yielding 25.7 x - lo6 m3 for public supply 
ttable'l5) .' This figdr'e includes' small amounts for Puno and Ucayali 
in the Atlantic watershed; all the rest is in the Pacific watershe.d. 
In addition, 2,818 wells yielding 234.7 x lo6 m3/yr are reported as 
used for domestic supply. Trujillo pumps from a locality where 600 
irrigation wells are said to be in use (Chaparro, oral communication, 
8-23-78) and Tacna's supp1y.i~ reported to be in danger of exhaustion 
(Stucchi, oral communication, 8-16-78). According to Perez (1978) 
Tacna' 'hai a Ghortage of' 400 Ips, and to meet it, is having to 
divert water from agricultural use. He suggests investigating the 
possibilities of the Maure formation, which like the Capillume Pormation 
consists of re-worked lacustrine volcanic materials. Ground water in 
the Capillume, he says, proved to be the answer to a water problem 
at Moquegua, where yields were-as muchas 140'lps. 

If the average per capita water consumption remains 265 lpd in 
urban areas to the year 2000, and 80 lpd in shanty towns and rural 
areas (table 17), the popu ation projections can be restated as 8 water consumption (m3 x 10 /yr ) : 

Table 17. Consumption of water projected to 1985 and 2000. 

)Urban (265 lpd) 570 865 1,940 

Shanty towns and 
rural (80 lpd) ' 

Total 860 1;231 2,313 



This is a conservative estimate. Per capita water consump- 
tion of 265 lpd is very modest in comparison.with consumption in 
highly industrialized societies, and 80 lpd is only about six or 
eight generous sized bucketsful. It is likely that the use of' 
water would grow even if population remained static,because 
urbanization tends to raise living standards, adding to the ways 
in which water is used, and hence to per capita,consumption. 
The same tendency probably would extend to rural areas, although 
not to the same degree. Hence, the total-water consumption, 
especially in the cities, is likely to grow faster than the 
population. 

If Lima grows to 12,000,000 inhabitants by the year 2000 and 
holds its per capita consumption of water to 470 lpd,'it will 
need 2,058.6 x lo6 .m3Iyr, wherkas the combined runoff of the . 
Rimac and Chillon river basins, to'both of'which'it has access, . . 

is only 1,359 x lo6 m3/yr (table 13), The deficit would be ' 

,699 x lo6 m3. It can be met by importing water from the Atlantic 
watershed, or by cutting per capita consumption of water. 

Water yse by industry 

Some industries use much water but others use little; some 
that use significant quantities of water have their own wells, 
or sometimes surface sources, but others buy city water. The 
purchased water is counted as part of the municipal water use 
and is included in the figures for per capita consumption. The 
water from company-owned sources may or may not be included in 
statistical summaries. Hence the reported industrial use of 
water is likely to be considerably less than the actual total, 
although much of it is counted in the municipal statistics. The 
~ireccidn General de Aguas y Suelos has identified 478 wells as 

6 3 prkmarily used for industry, and credits them with 95.2 x 10 m /yr 
of water (table 15) 

Water for use in petroleum production 

The water demand of petroleum companies seems to be small 
to the point of unimportance. Belco Oil Co. operates off shore, 
uses sea water in drilling wells, and does no refining of oil. 
Its use of fresh water is confined to about 3,000 liters per day 
for human consumption on its four offshore drill platforms, plus 
160 to 240 m3/day for its camp on shore (Samaniego, oral communication, 
8-22-78). 



petroper: operates on land and uses both fresh and salty 
water in its drilling operations,. but. the amounts are small 
(Chinchay, oral cow., 8-23-78) because drilling mud is recycled 
so far as The cost of materials used in mixing makes 
it imperative that the drilling mid be saved and trucked .from 
one drill site to another. The quantity of water used in refining 
is likewise said to be 'small.' ~etro~e.ru/'s largest use of fresh 
water is for human consumption in the company town, Talara, 
which has a population of about 8,000. The water comes by pipe- ' 

line from Piura. 

The average quantity of water consumed per million Btu 
(British thermal units) by U.S. refiners is 6.7 gallons 
(table 18). 

~etro~erd is interested in the possible development of a . ; ' 
phosphate deposit near Bayovar, which will Yequire considerable 
water, depending on the choice of method of extraction. Petro- 
Peru would supply from the.Sechura field the natural gas for 
processing the phosphate. 



. . ,  . . 
~ a b i e  18. ..Water consumption i n  r e f i n i n g  p r o c e s s e s  and 

electrical  gene ra t ion .  

P roces s  a n d  pfoduct . Consumptive u s e  
( g a 1 / 1 ~ 6  ~ t u )  

Uranium..........., 1 4  - 3 4  

O i l .  ................ 6.7 

Remarks 

Reac tor  f u e l  for . .1 ,000 M w  
n u c l e a r  p l a n t  annua l i zed  
f o r  80 p e r c e n t  l oad  f a c t o r .  
I n c l u d e s  water consumed a t  
power p l a n t s  supp ly ing  
e l e c t r i c i t y  f o r  p r o c e s s i n g .  

Average f o r , U . S .  r e f i n e r i e s .  

P i p e l i n e  g a s  from .. ...... coal .- ..... . Lur.gi ,gasif  i c a t i on - . fo l lowed  

,?-i . by methana t ion  s t a g e .  Pro- 
duc t .  abou t  1 ,000 Btu p e r  
s t a n d a r d  c u b i c  f o o t .  

a. Water c o o l i n g  
(90 pe rcen t '  
l o a d  factor) . 

b. P a r t i a l  a i r  
c o o l i n g  
(90 p e r c e n t  
l o a d  f a c t o r )  . 

S y n t h e t i c  o i l  from 
. coal . . . , . . . . . .  

Consumption v a r i e s  w i t h  
amount o f  blowdown r e q u i r e d ;  

72-158 d i r e c t l y  p r o p o r t i o n a l  t o  
m i n e r a l  c o n t e n t  and 
t u r b i d i t y  o f  c o o l i n g  supp ly .  

Assumes 85 p e r c e n t  .of 
c o o l i n g  demand m e t  by 
nonevapora t ive  a i r  c o o l i n g .  

Gene ra l  estimate based  on 
, 31-200 . s e v e r a l  p o t e n t i a l  p r o c e s s e s  

u s i n g  p r e s s u r e  hydrogena t ion  
technology .  

. . 
O i l  from sha le . . . . .  -r -  19-29 I n c l u d e s  w a t e r  r equ i r emen t ,  

f o r  s p e n t  s h a l e  d i s p o s a l .  

( con t inued )  



T a b l e  18. .Water consumpt ion i n  r e f i n i n g  p r o c e s s e s  and 
. . 

electrical generation (continued). 

Average w a t e r  consumpt ion i n  e l e c t r i c a l  g e n e r a t i o n  
(Most e f f i c i e n t  d e s i g n  assumed;  - a t  80 p e r c e n t  l o a d  f a c t o r )  

I 

P r o c e s s  g 'wa te r  consumpt ian  
(gal7kwhr)r 

Nuclear . . . . . . . . . . . .  .8  
> 

Geothermal . . . . . . . . .  1 . 8  

I 

Water use and thermal electric energy 

Thermal electric energy is produced by burning oil, gas, or 
coal to produce steam, which d~ives generators. The process 
requires water for boilers, for cooling evaporative condensers, 
for boiler blowdown, for scrubbing stack gasses, and for s-team 
leakage. Cooling is the greatest consumptive use in this process, 
and it creates problems in quality of water as evaporation in- 
creases the mineral content of the water left behind. The more 
energy is developed, the greater will be both the consumption of 
water and the effect on water quality. Heated water and boiier 
waste dumped intd rivers and lakes can spoil them for downstream 
use. 

Thermo-electric plants are used at several places in Peru, 
producing a total of 2,515.8 MW (table 19), but the national 
agency for electric power, Electroperu, seeks to emphasize hydro- 
electric power, which is regarded as abundant and far from fully . 

developed. ~lectro~erd has one major steam plant in the 
planning stage, the Alto-Chicama plant, which would burn 
locally mined anthracite coal to produce 480 h. The water 
problem of this plant is that 700 Ips will be needed for boiler, 



cooling and other uses, but the minimum (dry-season) flow of the 
Chicama River drops to 300 Ips. To meet the deficiency, one or 
more dams about 20 m high are proposed for impounding'the needed 
reserves of water. This move would lead to the next problem, 
which is siltation in'.the reservoirs. 

Table 19. Electric generat ing capac i ty  in Peru (MW) , 1976. - 
(Energy Team ref. d a t a . )  

Hydro- Steam Gas . D i e s e l  Tota l  
electric yenerator turbine generator 

Public  ........ 1,156.0 14.5 143.9 180.6 1,495.0 

Private  
producers. . . . 249.8 387.5 87.9 295.6 1,020.8 

Total 1,405.8 402.0 231.8 476.2 2,515.8 

At 700 Ips for production of 480 MW, the water requirement 
of the Alto-Chicama plant would be 1.5 lps/MW. I£ this rate is 
applicable to all the new steam generating plants shown in 
table 20. the water reauirement would be 1,623 Ips; or, at 
18,500 m31yr/~w and an 80 percent load factor, about 16.3 x lo6 
m3/ yr. 



: . "  . . . 
. . . . ,  % . ._ . . . I  

Table  20. . planned '  . . electric g e n e r a t i n g  p l a n t s  i n  Pe ru ,  

exc lud ing  h y d r o e l e c t r i c  p l a n t s '  (summarized f r o m  Energy Team r e f .  

d a t a ) .  
* .  . . .  

. . . , . .  , _.%.. 

.., * .  . . 

P r o j e c t  Date o f  Net i n c r e a s e  i n  T o t a l s  
r e a d i n e s s  c a p a c i t y  (MW) (Mw) 

A. Steam p l a n t s  . . . % 

A l t o  ~ h i c a m a  1985 
Pulpa Blanqueada . .. c ,  " .... 
~ i d e r p e r 6  ,1988 
I10 

8. . : .  ,-: , 
1979 

7 r 

B. -Combustion- . . 

t u r b i n e  p l a n t s , ,  , , ,  , , . . 

Bayovar . . . . .  ,. 
. , . * 

1983 
C h i l i n a  > . .  . . . I.ir . 1978 

60. 
, .  .4.> ' 1 0  

Cer ro  Verde a , .  . . ,_. . . , :. .1980 . ,3 3 
.:. . . . .  103 

. . .  
.A_  . , . . . 

C. D i e s e l  
g e n e r a t o r s  

Chic layo  
Bayovar 

T o t a l  1,076-1,088 

Water use and nuclear pbwar 

The generation of electric power in a heavy-water nuclear 
reactor requires about 50 percent more cooling water than a power 
plant of equal capacity fired by oil, gas, or coal. Nuclear 
plants also raise awkward problems of waste disposal. These 
include the dischargeof heated water into rivers or lakes where 
an increase in heat may be undesirable; the discharge or leakage 
of water containing radioactive contaminants into other bodies 
of water; and the seepage of surface waters through buried radio- 



active solid wastes and thence into ground water. Some of the 
problems may be avoided by locating plants where sea water can 
be used for cooling, but even here damage to the environment 
needs careful consideration. Such plants in Peru would neces- 
sarily be along the Pacific coast--a convenient location with 
respect to the major cities and industries of the country. An 
average of 14.34 gal per million Btu is estimated to be needed 
in processing fuel for a 1000 MW nuclear plant and 0.8 gal/k~hr 
is needed in the generation of electricity (table 18). 

Nuclear power is not yet a reality in Peru. No uranium 
mines are being worked; and the prospects for locating uranium 
deposits of commercial vaue are remote (Noble, Edwin, oral comm. 
Aug. 1 9 7 8 ) .  Hence no water for uranium mines or nuclear power 
plants is used at present. The impact of nuclear energy on 
future water demand is therefore conjectural. 

Water use and solar. and wind-,energygy 

Solar energy.for such uses as heating water or buildings f 

seems to require little water directly. If water is heated, the 
water is chargeable to whatever use is made of hot water. If 
the water heats a building and is recirculated, the consumption 
of water can be small, although at some point the water may have 
to be discharged to waste and replaced. Where solar energy 
heats air as a medium for heating a building, the water require- 
ment seems to be negligible. The generation of electricity by 
means of photovoltaic devices also seems to have little or no 
direct impact on water resources. 

Wind power is another source of energy that needs little 
water, if any. In fact, wind power is widely used to pump water 
on farms and ranches, and none of the water is used in the 
operation. As regards water use, turning an electric generator 
is the same as turning a windmill. 

, a .  

Water and diesel-electric power 

Some cities in Peru, among them Chiclayo, depend on diesel- 
electric generators, and several expansions of such systems are 
planned. Their water requirements are restricted to the amount 
used in cooling the diesel engines, which may be recirculated 
repeatedly. Hence, the total amount consumed usually is very 
small. 



Water and geothermal energy 

Geothermal energy has yet to be tapped commercially in Peru, 
and the magnitude and useful potential of this energy source are 
still in the realm of speculation based on. comparisons with 
Chile. Volcanoes in the southern part of the Andes Mountains in 
Peru seem to offer the greatest potential. Nearby in northern 
Chile, in the provinces of Antofagasta and ~ara~aca/, three 
localities are estimated to have energy potentials of 50 MW each, 
or more, and plans are reported to be under way for developing 
25 MW from one of them (El Tatio field). T,he volcanic activity 
evident at 17 volcanoes in Chile extends ink0 Peru, where nine 
volcanoes are considered to be active. Among these, Ubinas 
volcano (alt. 5,672 m) is regarded as the most promising, although 
samples of steam from it have not been, taken, nor have temperatures 
been measured (Parodi, 1975, pp. 107-8). 

The quantity of water that might be used in a developed 
thermal-energy field cannot plausibly be estimated, and may not 
become important before the year 2000. If hot water or steam 
delivers the energy to the land surface, the water may come from 
underground reservoirs, or cold water may be introduced to hot 
rocks through wells. The difference in procedure can be con- 
siderable from the viewpoint of providing water for a geothermal- 
energy project. Other needs for cold fresh water might be cooling 
and personal use by operating personnel, and could be similar 
from one project to another, but they obviously would depend on the 
size of the project. Project size in turn could be partly governed 
by accessibility, which seems to mean remote locations in 
mountains at altitudes of 3,000 to 4,000 m. An average figure 
for water consumption in geothermal generation of electric power 
is 1.8 gal/kyhr, or 527 ga1/106 Btu (table 18). 

In view of the lack of present development and the magnitude 
of the problems involved, the use of geothermal energy may come 
about so slowly that by the year 2000 the quantity of water 
needed to sustain it will still be minimal. 

Water law 

Water in Peru is now administered under the Ley General de . 

Aguas, 1969. All water without exception is the property of the 
state, which is to control its use, preservation and development 



for the good of the nation. Users have no sights to water no 
matter what the source of the water may be, but as water is 
vital, it is available to all to meet primary,needs.(OAS, 1976, 
p: 79). The ~ireccidn General de Aguas y Suelos administers the 
law, and issues permits for the use of,water. It can also change 
the terms or revoke a permit. . . 

Recommendatibns .. ' . . -. . . 
As the demand for water in the Pacific coastal area 

appraaahbs the limits of the supply of watgr, the following 
actions could be advantageous: ,. 

Refine estimates of runoff. Good as the estimates by 
Lahmeyer International are, they are necessarily based on informa- 
tion that is sketchy, even erroneous at many places, and can be 
improved as new information becomes available. 

Maintain records of the principal uses of water and identify 
the places where heavy use is likely to create problems. 

I 

Continue to emphasize the development of hydroelectric power. 
It makes energy available and leaves the water in condition for 
additional use. 

Adjust rates charged for irrigation water so that users will 
be encouraged to apply water economically and efficiently. 

Promote economical use of wa,ter. generally through educational 
campaigns to inform the public, including.irrigators, on the. 
importance to the nation and to them.of-using water efficiently. 

Monitor irrigated.areas so as;to identify eatlp,stages . . of 
water logging or the accumulation of salts in the soil. 

Identify localities that may be subject~to:,encroachment-of 
sea water in heavily pumped aquifers,, and monitor.them so that 
they may be given prompt attention,. if nee'ded. 

Monitor water levels in areas of heavy pumping of.ground 
water for early identification'of overdraft, , .  . 

Encourage the use of mineralized water, where available, fir 
purposes that do not require fresh water. 



GEOLOGIC HAZARDS 

By A. F. Espinosa  

Geologic  h a z a r d s  are t h o s e  d i s t u r b a n c e s  t h a t  t a k e  p l a c e  i n  t h e  . 
environment owing t o  c e r t a i n  n a t u r a l  o r  manmade c o n d i t i o n s  and t h a t  have 
t h e  p o t e n t i a l  f o r  c r e a t i n g  f u t u r e  h a z a r d s .  The m i t i g a t i o n  o f  g e o l o g i c  
h a z a r d s  can b e  accomplished o n l y  i f  a p p r o p r i a t e  s t e p s  a r e  i d e n t i f i e d  
and implemented. Because of t h e i r  v e r y  n a t u r e ,  s t u d i e s  o f  g e o l o g i c  
h a z a r d s  must be  based  on i n t e r d i s c i p l i n a r y  e f f o r t .  

Geologic  h a z a r d s  i n  g e n e r a l  can be  c l a s s i f i e d  by t h e i r  p r i n c i p a l  
s t a t u s ,  by t h e i r  a s s o c i a t e d  h a z a r d s ,  and by t h e  byproduc t s  of t h e s e  
h a z a r d s .  F o r  example, t h e  main h a z a r d  i s  t h e  "cause;" t h e  a s s o c i a t e d  
h a z a r d  i s  a  " spread ing  of t h e  cause" t o  o t h e r  h a z a r d s ;  and t h e  byproduct  
i s  t h e  d i s r u p t i o n  t o  l i f e l i n e s ,  t h e  permanent damage t o  t h e  environment ,  
and t h e  e f f e c t s  on manmade c o n s t r u c t i o n s  and on human a c t i v i t i e s .  

m able 2 l i d e n t i f i e s  1 8  main h a z a r d s  t h a t  i n  P e r u  a r e  d i r e c t l y  a s s o c i a t e d  
w i t h  e a r t h q u a k e s .  Some of  t h e  e f f e c t s  a t t r i b u t e d  t o  t h e s e  h a z a r d s  have 
been r e p o r t e d  i n  t h e  l i t e r a t u r e .  S e l e c t e d  s o u r c e s  of d a t a  on s t u d i e s  per-  
formed i n  P e r u  o r  a b o u t  P e r u  and i t s  h a z a r d s ,  are g i v e n  i n  a l p h a b e t i c a l  
o r d e r  and numbered from 1 - t h r o u g h  124 a t  the. end of t h i s  s e c t i o n .  

The 1 8  h a z a r d s  i n  t a b l e  2 1  a r e  matched i n  t a b l e  22 w i t h  t h e  i d e n t i -  
f y i n g  r e f e r e n c e  numbers t o  s t u d i e s  o f  t h e  hazard  i n  q u e s t i o n .  I n  t a b l e  22, 
i t e m  1 8  r e p r e s e n t s ,  from t h e  s e i s m o l o g i c a l  p o i n t  of view, s t u d i e s  
performed on e a r t h q u a k e s  i n  g e n e r a l .  

The e p i c e n t e r  l o c a t i o n s  of some e a r t h q u a k e s  hav ing  magnitude 5 .3  
o r  g r e a t e r ,  and which have been recorded  on s t rong-mot ion i n s t r u m e n t s  i n  
Lima, Peru ,  a r e  shown i n  f i g u r e l 8 .  Some of t h e s e  e a r t h q u a k e s  have 
caused widespread damage i n  Peru ;  f o r  example, t h e  May 31, 1970,  e a r t h q u a k e ,  
a t  7.8 magnitude,  caused s e v e r e  damage t o  t h e  coun t ry .  Some of  t h e  e x i s t -  
i n g  g e o l o g i c  h a z a r d s  caused by t h e  1970 e a r t h q u a k e  a r e  shown i n  f i g u r e s  19-21. 
Ir, t h e  town o f  Yungay'18,OOO people  l o s t  t h e i r  l i v e s .  Debr i s  a v a l a n c h e s ,  
s a n d - b o i l s  i n  w a t e r - s a t u r a t e d  u n c o n s o l i d a t e d  sed iments ,  and e a r t h  f low 
i n  w a t e r - s a t u r a t e d ,  grass-covered g l a c i a l  l a k e  d e p o s i t s  were p h y s i c a l  
m a n i f e s t a t i o n s  r e s u l t i n g  from t h e  e a r t h  shaking.  Other .  e a r t h q u a k e s  
i n  P e r u  have been accompanied by s i m i l a r  phenomena. 

The l a n d s l i d e  p o t e n t i a l  i n  Peru  is  h i g h .  T h i s  g e o l o g i c  h a z a r d  
causes  g r e a t  concern,  e s p e c i a l l y  i n  a r e a s  o r  towns ( f i g .  18)  t h a t  cou ld  
b e  i n  t h e  p a t h  o f  l a n d s l i d e s  o r  may have  t h e i r  r o u t e s  of t r a n s n o r t a t i o n  
d i s r u p t e d .  

Types of damage s u s t a i n e d  d u r i n g  t h e  1970 e a r t h q u a k e  by adobe 
c o n s t r u c t i o n  i n  Huaraz and t o  a  paved road  wes t  of Chimbote a r e  shown i n  L' 

f i g u r e s  22 and 2 3 .  From t h e s e  photographs  one can a p p r e c i a t e  t h e  hazard  
problems i n  Peru.  



Table 21. ~ a z a r d s  a s s o c i a t e d  w i t h  ear thquakes  i n  Peru.  

~umbe; Main hazard Associated hazard(s )  Byproduct ( s )  

F a u l t  r up tu re  and 
........... f i s s u r e s .  

damage t o  s t r u c t u r e s ,  
subsidence 11 11 environment, 

........ Liquefac t ion  ground f a i l u r e ,  shaking d i t t o  

l i q u e f a c t i o n ,  shaking d i t t o  L a t e r a l  spreading  ... 
----- 

s l i d i n g ,  f looding  
Sink ho le s ,  and 
f lows. . .  ............ 

ground f a i l u r e  damage t o  highways, 
r a i l r o a d s ,  s t r u c t u r e s .  

......... Subsidence. 

Overflow on r i v e r .  .. sediment t r a n s p o r t ,  damage t o  l i f e l i n e s .  
e ro s ion ,  l a t e r a l  spreading ,  
f looding.  

Ground--water 
f looding  ............ 

damage t o  a i r p o r t s ,  
s t r u c t u r e s ,  l i f e l i n e s .  

Flooding due t o  
......... subsidence.  

----- 
f u r t h e r  subsidence 

Lands l ides . .  ...... .; impounding of wa te r ,  damage t o  l i f e l i n e s ,  
o b s t r u c t i o n  of r i v e r  flow, s t r u c t u r e s ,  
roads  overf low,  s o i l  environment, roads,  e t c .  
c o l l a p s e ,  e t c .  

l a n d s l i d e s ,  o b s t r u c t i o n  t o  damage t o  l i f e l i n e s ,  
r i v e r ,  water  waves i n  l a k e s ,  r e s e r v o i r s ,  etc. 
e t c .  

S o i l  f a i l u r e  ........ s l i d i n g ,  l a n d s l i d i n g ,  damage t o  wharfs ,  p o r t s ,  
conso l ida t ion ,  compaction, e t c .  roads ,  e t c .  

12. Snow ava lanche(s )  ... b u r i a l  damage t o  towns, roads,  
l i f e l i n e s ,  

13. Debris  avalanche ( s )  . b u r i a l  . d i t t o  

14. Subsidence over  damage t o  man-made 
mines, s o i l  f a i l u r e  . s t ruc tu re s .  
over  mines, e t c . . . . .  c o l l a p s e  b u r i a l  

- .  . 

15. Tsunami. ............ coas t  a 1  region.  hazard  damage t o  l i f e l i n e s ;  
' : e f f e c t s .  s t r u c t u r e s ,  p o r t s ,  etc. 

16 .  Lava f low. . . . . . . . . . ' :  . f i r e ,  heavy a sh  covers ,  damage t o  environment, 
b u r i a l .  11 I' s t r u c t u r e s .  

17.  A s h f a l l s  ............ b u r i a l  d i t t o  

18.  General hazards  due 
t o  ear thquake 
e f f e c t s . .  ........... ----- 



Table 22. Key t o  r e f e rences  t o  hazard s t u d i e s .  
. . 

Hazard number 
(See t a b l e  21) Reference number ( s ee  r e f e r e n c e s . a t  end of t h i s  s e c t i o n )  
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Figure 18. Locations of epicenters for Peru earthquakes havihg 

magnitudes of 5.3 and higher, recorded on strong- 
motion accelerogxaph systems at the Geophysical 
Institute of Peru. 
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F gure 19. Oblique aerial view of Nevados Huascaran and the debris f avalanche area (l ight colored) (photography courtesy of the 
Servicio Aerofo tografico Nacional dd. Peru,. June 13, 19 70) . 
Vertical drop from summit of Nevados Huascaran (6654 m) to 
Rio Santa (2510 m) is 4144 m and horizontdl distance i s  16 km. 



Figure 20. Sand bo i l  i n  water-saturated unconsolidated sediments of the 
Casma Valley; during the earthquake j e t s  of muddy and sandy 
water squirted from the two p i t s .  The mound of ejected sand 



Photo by author. 

.re 21. Earth flow i n  water-saturated grass-covered g l a c i a l  lake  
deposits  i n  t e r r a i n  underlain by g l a c i a l  outwash deposits .  
Note t h e  i r r e g u l a r i t i e s  i n  topography due t a  former slumps 
and e a r t h  flows. During t h e  earthquake t h e  fine-grained 
sediments l i q u e f i e d  and flowed down the  h i l l  t o  the level 
of the  Rio Santa, which is near t h e  t o e  of the  flow. 



Photo by author. 

Fhgure 22. Typical street scene i n  a 100-block area of central Huaraz 
1 where nearly a l l  adobe-block buildings were destroyed. Most 

1 buildings were 2 or 3 s tor i e s  high and had heavy t i le  roofs. 
Thousands of people were buried here in  the narrow s t ree t s  as  
w e l l  a s  i n  collapsed houses. 



Figure 23. Slumping and fissuring af paved-road near the bay shore in  
western Chimbote due to liquefaction and lateral  spreading 
of water-saturated beach sediments. 



The geologic hazard po ten t ia l  ex i s t ing  i n  Lima and v i c i n i t y  is 
portrayed by f i gu re  24, which shows d i s t r i bu t i on  of i n t ens i t y  (modified 
Mercall i  in tens i ty  scale)  a t t r i bu t ed  t o  t he  October 3, 1974, earthquake. 
Damage d i s t r i bu t i on  in the  c a p i t a l  of Peru, owing t o  t h e  1974 earthquake, 
is shown in f igu re  25. The epicentra l  d is tance from Lima f o r  t h i s  earth- 
quake w a s  80 km. Liquefaction, ground compaction, subsidence, and small 
landsl ides  were observed in Lima. A t  g rea te r  d is tances  from the  epi- 
center ,  near San Luis ( f ig .  24), l iquefact ion took place in cu l t iva ted  
f i e l d s ,  and slumping w a s  observed on t he  Pan-American highway south of 
Lima in several  places. These types of geologic hazards a r e  associated 
with earthquake v ibra t iona l  e f fec t s .  

The geologic hazards found in Peru a r e  summarized in t ab l e s  21 and 
22. The byproducts of most of the  m a i n  and associated hazards, a s  
l i s t e d  in t ab l e  21, have d i r e c t  impacts on l i f e l i n e s :  these e f f e c t s  
a r e  very important because'they disrupt  t h e  normal trend of l i f e  and t h e  
economy of t h e  nation. 

The extensive dest ruct ion from most earthquakes t o  c i t i e s ,  towns, 
and v i l l ages  is a t t r i bu t ed  la rge ly  t o  t h e  poor construction of buildings, 
which are ch ie f ly  adobe. Adobe mater ia l  has l i t t l e  shear res i s tance  t o  
l a t e r a l  forces  imposed by the  vibrational,,&fects of earthquakes. Other 
types of damage and dest ruct ion that a r e  o f ten  caused i n  some areas 
of Peru a r e  due t o  d i f f e r e n t i a l  compaction, l iquefact ion,  and rock 
s l ides .  Extensive damqe t o  roads and railway routes  is  a po ten t ia l  
hazard that can impair l i f e l i n e s  in Peru. 

Lima and other  c i t i e s  are in continual  danger of damage from earth- 
quakes. To understand t h e  a t tenuat ion of seismic short-period waves and 
t h e i r  corresponding l e v e l  of ground motion is a problem that should be 
addressed i n  t he  near future.  This type of understanding is  of utmost 
importance i n  seismic-risk s tud ies  and seismic zonation procedures. A 
network of strong-motion accelerograph systems would provide t he  short- 
period wave and ground-motion measurements needed f o r  wri t ing o r  revis ing 
the  building code of Peru. Such an e f f o r t  w i l l  help t o  mit igate  earth- 
quake hazards i n  urban and ' i ndus t r i a l  areas .  

It would be desi rable  and advisable t o  i n i t i a t e  an extensive geologic 
mapping program i n  Peru with spec ia l  a t t en t i on  to  mapping of s u r f i c i a l  
materials. A s  Peru is a large  country, systematic mapping of the e n t i r e  
country on a quadrangle ba s i s  is an impossibly l a rge  task. For t h i s  
reason, guidelines should be drawn f o r  se lec t ing  t he  more c r i t i c a l  areas  
of the  country. The so-called " c r i t i c h l  areas" would include those 
having heavy concentrations of population, important i ndus t r i a l  and 
other  s t ruc tures ,  major t ranspor ta t ion routes ,  and so  for th .  Much of the  
information f o r  hazard evaluation of landsl ides ,  mud flows, rock f a l l s ,  
and re la ted  phenomena can be e f f ec t i ve ly  in te rpre ted  from a e r i a l  photo- 
graphs. In  addit ion,  much information i s  already ava i lab le  f o r  some 
areas, but  t h i s  information would need t o  be evaluated i n  terms of 
geologic hazards. 
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Fjgute. 24'. Distribution of intens i t ies  of the October 3, 1974, earthquake. 
Modified Mercalli Intensity Scale shown by Roman numerals; 

arabic numbers i n  parentheses indicate nuniber of observations 
a t  each indicated town; c irc le  with cross i s  epicentral location 
of the October 3, 1974, earthquake. 
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F i y r e  25. Degree of d-p distribution i n  Lima due to the October 3s 
1974, earthquake. - 



Lake d e p o s i t s  shou ld  be  s t u d i e d .  c r i t i c a l l y  f o r  l i q u e f a c t i o n  h a z a r d .  
The l o c a t i o n ,  d i s t r i b u t i o n ,  composi t ion,  and w a t e r  c o n t e n t  o f  t h e  l a k e  
d e p o s i t s  i s  p a r t i c u l a r l y  impor tan t .  For  example, t h e  Cuzco a i r p o r t  is.  
l o c a t e d  on l a k e .  beds;  even u n d e r . ' s t a t i c  c o n d i t i o n s ,  problems have been 
exper ienced  i n  b u i l d i n g  a i r p o r t  f o u n d a t i o n s .  The p r i n c i p a l  hazard  i n  
t h i s  c a s e  would b e  ground-surface  de format ion  ( t a b l e  21, main h a z a r d  
numbers 2 ,  3; and 7) .  ' Thus, t h e  a i r p o r t  f a c i l i t y  cou ld  be  immediately 
damaged a f  t e r  a ,  s t r o n g  e a r t h q u a k e ,  and t h e  s e r v i c e  o f  t h i s  f a c i l i t y  
would b e  l o s t  f o r  a s s i s t a n c e  f o r  r e s c u e  and r e l i e f  measures.  

A t  t h e  p r e s e n t  t i m e  (1978) ,  t h e r e  is  a memorandum o f  u n d e r s t a n d i n g  
on 'ear thquake hazards  between t h e  U. S. Geo log ica l  Survey and t h e  
I n s t i t u t o  G e o f i s i c o  d e l  Peru. The program h a s  d e a l t  w i t h  t h e  e v a l u a t i o n  o f  
n a t u r a l  h a z a r d s  i n  t h e  Bayovar 6 i t . e  i n  n o r t h e r n  Peru.  USGS g e o l o g i s t s  
have p a r t i c i p a t e d  i n  t h i , s  program by e v a l u a t i n g ,  on a reconna i ssance  
b a s i s ,  t h e  e n g i n e e r i n g  geology, s o i l  e n g i n e e r i n g , >  and f a u l t i n g  a t  t h e  
Bayovar s i t , e .  S i m i l a r  s t u d i e s  a r e  needed i n  nume;$ous' o t h e r  urban and 

. . i n d u s t r i a l  a r e a s .  . . .:: . . .  
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1 9 7 0  

16 O n  the foca l  m e c h a n i s m o f  t h e  ~ e r u - B o l t v t a  b o r d e r  e a r t h q u a k e  o f  
A u g u s t  1 5 .  1 9 6 3  
L e t t e r  
C h a n d r a .  U m e s h  
S e i s m o l .  S o c .  Am.. B u l l . .  V o l .  6 5 .  N o ;  4. p .  1 0 3 3 - 1 0 3 4 ,  1 9 7 5  

1 7  T i m e  d o m a i n  m e a s u r e m e n t s  of p h a s e  a n d  group v e l o c i  t i e s  of f r e e  
o s c i l l a t i o n s  
C h o u .  T .  A . ;  D z t e w o n s k i .  A. M. 
E o s  ( A m .  G e o p h y s .  U n i o n .  T r e n s .  ) ,  V o l .  5 6 ,  NO. 6. p. 4 0 3 .  1 9 7 5  

1 8  'PERU PENEATH I T S  ETERNAL THREAT 
EFFECTS OF T H E  MAY 3 1 .  1 9 7 0  EARTHQUAKE 
CLAPPERTON.  CHALMERS M. ;  HAMILTON.  P A T R I C K .  
GEOGR. hlAG. ( LONB. ) .  VOL. 4 3 .  NO. 9. P. 6 3 2  
SKETCH M A P ) .  1 9 7 1  

6 3 9 .  I L L U S .  ( I N C L .  

19 UNUSUAL ACCELEROGRAMS RECORDED A T  LIMA. PERU A B S T R .  
CLOUD. W I L L I A h l  K. : PEREZ. V I R G I  L I O .  
GEOL. SOC. AM..  2 B S T R . .  VOL. 3. .NO. 2 .  P. 99. 1 9 7 1  



20 UNUSUAL. ACCELEROGRAhlS RECORDED AT L I M A . ,  PERU 
CLOUD. W I  L L I A h l  K.  ; PEREZ. V I R G I  L I O .  
S E I S M O L .  SOC. AM.. B U L L . .  VOL. 6 1 .  NO:3, P .  6 3 3 - 6 4 0 .  I L L U S . .  1971 

2 1  PERU EARTHOUAKE OF MAY 3 1  . 1 9 7 0 ;  ENGINEERING GEOLOGY OBSERVPTIONS 
ABSTR . 

CLUFF.  LLOYD S. 
- GEOL. SOC. AM., ABSTR..  vOL.  NO. 2 .  P. 1 0 0 ,  1 9 7 1  

2 2  PERU EARTHOUAKE OF htAY 3 1  . 1 9 7 0 ;  ENGINEERING GEOLOGY OBSERVATlONS 
CLUFF.  LLOYD S.  
SEISMOL.  SOC. AM.. B U L L . .  VOL. 61. NO. 3 .  P .  5 1 1 - 5 3 3 .  I L L U S .  
( I N C L .  SKETCH M A P S ) .  1 9 7 1  

2 3  SLUMP I N  THE I N F I E R N I L L O C A N Y O N .  HUALLAMPE-CACRA RGAD, YAUYOS. 
L I M A .  PERU 
DERRUMBE EN E L  CANON D E L  I N F I  E R N I L L O :  (CARRETERA HUALLAhIPE-CACRA) 
COSSIO NAVARRO, A U R E L I O .  
PERU. SERV. G E O L i - ? I N . .  GEOL. ECON.. NO. 2 .  P.  7 5 - 9 3 .  I L L U S .  
I I NCL. SKETCH MAPS)  . 1 9 7 3  

. >  

2 4  
' E A R T H  C R A C K S  IN THE AREA OF PILLIPAMPA: SANTA ROSA.  AND MIRAFLORES 

FRACTURAMIENTOS DE T. IERRAS EN L b S  AREAS DE P I  LL IPAMPA.  SANTC ROSA 
Y M I  RAFLORES ( P R O V I  N C I A S  DE CORONGO Y PALLASCA.  GEPARTAhIENTO DE 
ANCASH 1 
COSSO. .AURELIO. 
PERU. COM. CARTA GEOL. NAC. ,  BOL . .  NO. 1 3 .  P .  9 5 - 1 1 0 .  I L L U S .  
I I N C L .  h lAP ) .  1 9 6 6  

2 5  B U I  LiJING. LEG1 S L A T 1  ON I N  EARTHQUAKE AREAS 
DALDY. A .  
BULG. ACAD. S C I . .  N A T L .  COMM. EARTHQUAKE ENG. .  S O F I A ,  BULGARIA.  
1 9 7 3 .  

7 6 THE PARIAHUANCA EARTHQUAKES, HUANCAYO. PERU; JULY-GCTOBER 1969 - - 
DEZA.  ERNESTO. 
ROY. SOC. N . Z . ,  B U L L . ,  NO.  0 ,  P.  7 7 - 0 3 ,  I L L U S ,  ( I N C L .  SKETCH 

27 S e l s m i c m i c r o z o n l n g  i n a  b r o a d  sense ( s e i s m o ~ e o l o g l c a l  
m l c r o z o n l n g )  
D e z a .  E .  M. 
I n t .  ' A s s o c .  E n o .  G e o l . .  I n t .  C o n g r . .  P r o c . .  N o .  2 .  V o l .  1. p. I 1  
PC 3 . 1 - 1 1  PC 3 . 1 0  ( t n c l .  F r e n c h  s u m . ) .  1 9 7 4  

28 OBSERVATIONS OF OVERTONES W I T H  A H I G H  R A D I A L  ORDER NUMBER ABSTR. 
DZIEWONSKI ;  ADAM M . :  G I L B E R T .  FREEMbN. 
EOS (AM.  GEOPHYS. UN ION,  TRANS. ) ,  VOL .  53, NO. 4 ,  P.- 448 . .  1 9 7 2  . . 

29  TEMPORAL V A R I A T I O N  OF .THE S E I S M I C  MOMENT TENSOR AND EVIDENCE OF 
PRECURSIVE COhlPRESSION FOR TWO DEEP EARTHQUAKES. 
SOURCE hlECHANISM. A N A L Y S I S  OF DATA FROM TWO DEEP EARTHQUAKES 
[COLOMBIA  ANP P E R U - B O L I V I A )  
DZ IEWONSKI ,  A .  M.; G I L B E R T .  F .  
NATURE. VOL. 2 4 7 .  NO. 5 4 3 8 ,  P . ,  1 8 5 - 1 8 8 .  I LLU ,s . .  1 9 7 4  



30 Temp .a ra1  v a r i a t i o n o f  t h e s e i s m i c m o v e m e n t  t e n s o r  and t h e  
e v i d e n c e  of  p r e c u r s i v e  c o m p r e s s i o n  f o r  t w o  d e e p  e a r t h q u a k e s  
D z i c w o r c k i .  A . :  G 1 . l b e r t .  F.  . 
C a l i f . .  U n i v . .  S c r i p p s  I ns t .  O c e a n o g r . .  C o n t r i b . .  V o l .  4 4 .  P a r t  
2 .  p. 1 4 6 8 - 1 4 7 1 .  i l lus.. 1 9 7 4 .  R e p r i n t  f r o m  N a t u r e .  V o l .  2 4 7 .  NO. 
5 4 3 8 .  p. 1 8 5 - 1 8 8 .  1 9 7 4  

31 PREL Ih l INARV REPORT; PERU EARTHQUAKE O F  MAY 3 1 .  1 9 7 0  
E E R I  PERU EARTHOUAKE COMMITTEE. 
EARqHOUAKE ENG. RES.  I N S T .  . 5 5  P. . I L L U S  ( I NCL.  SKETCH MAPS) . 
1 9 7 0  1 

32 S O I L  PEHAVIOR AND RELATED EFFECTS I N  THE PERU EARTHOUAKE OF MAY 
31, 1 9 7 0  
ENKEBOLL.  W I L L I A M .  
SE ISMOL.  SOC. AM.. BULL . .  VOL. 6 1 .  NO. 3. P .  5 7 9 - 5 9 0 .  I L L U S . .  1 9 7 1  

33 P R E L I M I N A R Y  REPORT ON THE GEOLOGIC EVENTS ASSOCIATED W I T H  THE MAY 
31. 1 9 7 0 .  PERU EARTHQUAI(E 
E R I C K S E N .  GEORGE E.: PLAFKER.  GEORGE: FERNANDEZ CONCHA. J A I M E .  
U .  S. GEOL. SURV..  C I R C . .  NO. 6 3 9 .  2 5  P . .  I L L U S .  ( I N C L .  SKETCH 
M A P ) .  1 9 7 0  

3~ Ericksen,  E. G . ,  and P l a f k e r ,  G . , l 972 , , .Geo log ic  Cont ro l  of 
Des t ruc t ion  During t h e  Peru Earthquake of May 31, 1970: Japan 

Panel  on Wind and Seismic E f f e c t s ,  4 th ,  Washington, D . C . ,  May 
17-19, 1Y72, 33 p. 

34 T h e  L i m a  e a r t h q u a k e  c f  O c t o b e r  3, 1 9 7 4 ;  i n t e n s i t y  d i s t r i b u t i o n  
e n d  strong m o t i o n  r e c o r d s  
E s p i n o s a .  A.  F . ;  H u s l d .  R . ;  A l g e r m i s s e n .  S .  1.: d e  l as  C a s a s .  J : :  
B e r r o c a l .  J.; D e z a .  E .  . 
G e o l .  Soc . .  Am.. A b s t r .  P r o g r a m s .  V o l .  7:. N o .  3. p. 4 0 4 .  1 9 7 5  

35 ESPINOSA, A .  F., HUSID, R., AND ALGERMISSEN, S. T., 1975 ,  SEISMOLOGICAL AND 
ENGINEERING FEATURES OF THE OCTOBER 3, 1 9 7 4 ,  L I M A  EARTHQUAKE: EUROPEAN CONF. 
ON EARTHQUAKE ENG., 5 t h ,  ISTANBUL, TURKEY, VOL. 1, 1-6 

36 T h e  L i m a  e a r t h q u a k e  of  O c t o b e r  3. 1 9 7 4 ;  i n t e n s i t y  d i s t r i b u t i o n  
E s p i n o s a ,  A. F. ; H u s l d .  R .  ; A l g e r m i s s e n .  S .  T . ;  de l a s  C a s a s .  J. 
S e l s m o l  . S o c .  Am.. B u l  I.. V o l .  67.  N o .  5. p .  1 4 2 9 - 1 4 3 9 ,  1 1  ] U S .  
( I n c l .  g e o l .  sketch m a p ) .  1 9 7 7  

37 SOURCE PROCESS OF A LARGE DEEP-FOCUS EARTHQUAKE AND I T S  TECTONIC  
I M P L I C A T I O N S .  THE WESTERN B R A Z I L  EARTHQUAKE OF 1 9 6 3  

.FUKAO;  YOSHIO.  
PHYS. EARTH PLANET.  I N T E R . .  VOL: 5 .  NO. 1 .  P .  6 1  - 7 6 .  I L L U S .  
( 1NCL. SKETCH MAPS)  . 1 9 7 2  

38 S e i s m o l o g i c a l  e v i d e n c e  f o r  s e l e c t i v i t y  ' ~ n  s l i p  p l a n e s  u n d e r  
d o w n - d i p  e x t e n s i o n  or c o m p r e s s i o n  
F u k a o i  Y .  

. G e o f  i s .  In t . .  V 0 l  . 1 3 .  NO. 3. P .  2 2 3 - 2 4 2  ( i n c l  . S p a n i s h  sum.  ) . 
i l l us .  ( i n c l .  t a b l e s .  s k e t c h  m a p s ) .  1 9 7 3 '  



39 S e l s m l c  m o m e n t  of g r e a t  d e e p  s h o c k s  
F u r u m o t o .  M.: F u k a o .  Y .  
P h y s .  E a r t h  P l a n e t .  I n t e r . ,  V o l .  1 1 .  NO. 4 ,  p. 3 5 2 - 3 5 7 .  I l l u s .  
I l n c l ;  t ab les .  sketch m a p ) .  1 9 7 6  

40. PREL IM INARY REPORT ON DAMAGES CAUSED BY THE PERU EARTHOUAKE OF' 
hlAY 3 1 S T .  1 9 7 0  
GAJAROO W .  . ENRIOUE.  
Shl ITHSON. I N S T .  CENTER S H O R T - L I V E D  PHENOMENA, 6 P . ,  SKETCH MAPS 

BOSTON . 1 9 7 0  

. 4 1  LANDSL IDES I N  THE QUEHUISA MOUNTAIN,  D I S T R I C T S  OF L A R I  AN0  
MADRIGAL 
GARCA. W I  LFREDO. 
PERU. COM. CARTA GEOL .  NAC. .  B O L . .  NO. 1 3 .  P .  8 7 - 9 3 .  I L L U S .  
( I N C L .  h lAP ) .  1 9 6 6  

42 EARTHOUAKE DAhlAGE I N  THE TOWNS OF MANAS. GORGOR. AND RAJANYE 
GARCA. WILFREDO.  
PERU. COM. CARTA GEOL. NAC. . BOL .  . NO. 1 3 .  P. 1 1  1 - 1  1 7 .  I L L U S .  
( I N C L .  S.KETCH MAPS)  . 1 9 6 6  

43 EARTHQUAKES I N  ABANCAY I N  DECEMBER 1 9 6 3  AND JANUARY AND FEBRUARY 
1 9 6 4  
GARCA. WILFREDO. 
PERU. COM. CARTA GEOL. N A C . .  B O L . .  NO. 1 3 .  P .  1 4 3 - 1 5 1 .  I L L U S .  
( I N C L .  M A P ) .  1 9 6 6  

44 L A N D S L I D E S  I N  THE PUCAPUCA H I L L S  
GARCA. W I  LFREDO. 
PERU. COM. CARTA GEOL.. . N A C . .  B O L . .  NO. 1 3 .  P. 1 5 3 - 1 5 8 ,  SKETCH 

MAP. 1 9 6 6  . . 

45 GEODYNAhlIC STUDY-OF THE COLCABAhlBA AREA; TAYACAJA.  HUANCAVELICA.  
PERU 
GARCIA hlARQUEZ. WI.LFRED0. 
PERU. SERV.  GEOL. K I N . .  GEOL.  ECON..  NO. 2 ,  P .  7 - 2 7 .  I L L U S .  
( I N C L .  GEOL. hlAP 1 : 5 0 . 0 0 0 ) .  1 9 7 3  

46 GEOLOGY OF RUNCA NUEVO; ACCOMARCA. CANGALLO. AVACUCHO 
CONDICIONES GEOLOGICAS DE RUNCUA NUEVO; (DISTRITO DE ACCOMARCA. 
PROVINC I A DE CANGALLO. DEPARTAMENTO DE AYACUCHO) 
GIRARD P R I E T O .  D I N O .  
PERU. SERV. GEOL. K I N . . - G E O L .  ECON.. NO. 2 .  P.  2 9 - 4 1 .  SKETCH h!AP. 
GEOL. MAP 1 : 5 0 . 0 0 0 .  1 9 7 3  

47 L A N D S L I D E S  AND -SLUMPS I N  SAN PEDRO ( P E R U ) ;  LUCANAS. AYACUCHO 
D E S L I Z A ~ ~ I E N T O S  Y DERRutABES EN E L  D I S T R I T O  DE S I N  PEDRO; 
( P R O V I N C I A  DE  LUCANAS. DEPARTAMENTO DE'AYACUCHO) 
G IRARD PR,IETO. D I N O .  , 

PERU. SERV.  GEOL; K I N . .  GEOL.  ECON.. NG. 2. P .  4 3 - 5 7 .  I L L U S .  
( I N C L .  GEOL. MAP 1 : 8 6 . 0 0 0 ) .  1 9 7 3  



4 8  THE EARTHOUAKE CATASTROPHE OF MAY 1 9 7 0  
LA  CATASTROFE 5 5 M I C A  DE MAYO D t  1 9 7 0  
HOEMPLER T. ;  ARMIN L .  0. 
SOC. GEOGR. L I M A .  BOL . .  VOL.  8 9 .  P. 3-32.  I L L U S .  ( I N C L .  SKETCH 
MAPS) .  1 9 7 0  

49  AN APPROXIMATE.D EXPRESSION FOR THE MEAN,SQUARE ACCELERATION OF 
EARTHOUAKE GROUND MOT I O N S  
HOLZAPFEL .  A .  ; .AR IAS .  A. : SARAGONI . G.  R. 
S A R I T A  PRAKASHAN. NAUCHANDI .  MEERUT. I N D I A .  1 9 7 4  
I N  THE F I F T H  SIMPOSIUtA ON EARTHOUAKE ENGINEERING 

P.  2 8 9 - 3 2 4 .  I L L U S .  

50  FRACTURE ZONES AND AREAS OF S E I S M I C I T Y  I N  PERU 
HUACO 0 . .  D A N I E L :  C A S T I L L O  V . ,  JUAN. 
SOC. GEOGR. L I M A .  B O L . .  VOL. 87 ' .  P. 3 5 - 4 5 .  h9AP. 1 9 6 8  

51 D a m a g e e f f e c t s a n d s t r o n g m o t i o n s d u e t o t h e L ~ m a .  P e r u .  
e a r t h q u a k e  of  O c t o b e r  3. 1 9 7 4  . . 
HuStcJ .  R.  ; E s p i n o s a .  A. F . ;  de las C a s a s , .  J. ; A l g e r m l s s e n .  S.  f .  
G e o l .  S o c .  Am.. A b s t r .  P r o g r a m s .  V o l .  7: N o .  3. p. 4 0 9 .  1 9 7 5  

52  A s t u d y o f  s t r o n g g r c u n d m o t l o n f r o m a s e t  of P e r u v i a n  
e a r t h q u a k e s  and t h e i r  r e l a t i o n  to  d a m a g e  
H u s l d .  R . ;  E s p l n o s a .  A. F .  
G e o l .  S o c .  Am.. A b s t r .  P r o g r a m s ,  V o l .  7 .  N o .  3, p. 4 0 9 - 4 1 0 ,  1 9 7 5  

5 3 .  T h e  L f m a  e a r t h q u a k e  of  O c t o b e r  3. 1 9 7 4 ;  d a m a g e  d t s t r l b u t l o n  
H u s l d .  R . :  E s p i n o s a .  A. F . :  de l a s  C a s a s .  J .  
S e i s m o l .  S o c .  Am.. B u l l . .  V o l .  6 7 .  N o .  5, p.  1 4 4 1 . 1 4 7 2 ,  t l l ~ s . '  
I i nc l :  t a b l e s .  sketch m a p ) ,  1 9 7 7  

54  L A N D S L I D E S  I N  THE UCHUNIAR,CA D I S T R I C T  
DESL IZAh l IENTOS DE T 1 ERPAS EN E L  D I S T R I T O  DE  UCHUMARCA (OROVINCIA  
DE B O L I V A R .  CEPARTA!lENTO DE LA L I  BERTAD)  
3AEN LA TORRE. HUGO. 
PERU. COM. CARTA GEOL. NAC. .  B O L . .  NO. 1 3 .  P .  7 5 - 8 5 .  I L L U S .  
( I N C L .  M A P ) .  1 9 6 6  

5 5 FLOODS AND OVERFLOWS THAT ENDANGER THE CITY OF OROYA. YAULI, 
J U N I N .  PERU 
INUNDACIONES Y DESBORDAMIENTOS QUE COhlPCqMETEN L A  SEGURIDAO DE LA 
C IUDAD OE OROYA ( P R O V I N C I A  DE Y A U L I .  DEPARTAMENTO DE J U N I N )  
JAEN LA  TORRE. HUGO. 
PERU. SERV. GEOL. M l N . .  GEOL. ECON.. NO. 2. P. 1 0 3 - 1 1 7 .  GEOL. MAP 
1 : 2 0 . 7 0 0 .  1 9 7 3  

5 6  A e r i a l . p h o t o g r a p h ;  t h e  b u r l e d  t o w n  o f  Y u n g a y ,  P e r u  
L u f  t b i  l d ;  D i e  v e r s c h u e t t e t e  S t a d t  Y u n g a y .  P e r u  
J a e t z o l d .  R .  
E r d e ,  V o l .  1 0 2 .  N o .  2-3. p.  1 0 8 - 1 1 7 .  i l l u s .  ( i n c l .  p l a t e s ,  sketch 
m a p s ) .  1 9 7 1  



5 7 P e t r o g e n e s l  s of c e n t r a l  A n d e a n  C e n o z o i c  m a g m a s  
James.  D: E . :  B r o o k s .  C. :  C u y u b a m b a .  A.  
E o s  ( A m .  G e o p h y s .  U n i o n .  l r a n s .  ) .  V o l .  56. N o .  6 .  p. 4 7 4 .  1 9 7 5  

58 A VELOCITY  ANOMALY I N  THE LOWER MANTLE 
JORDAN. THOMAS H .  : LYNN. .WALTER S .  
J. GEOPHYS. RES.'. VOL. 7 9 .  NO. 1 7 .  P .  2 6 7 9 - 2 6 8 5 .  I L L U S .  ( I N C L .  
SKETCH MAPS) .  1 9 7 4  

59 D e t e r m i  n a t l o n  of  t h e  p a r a m e t e r s  of a n  e a r t h q u a k e  focus f r o m  
surface w a v e s  
K a r r n a l e y e v a .  R .  M. 
P h y s .  ' S o l  i d  E a r t h  ( E n g l .  Ed .  ) .  V o l .  1 1 .  N o .  1. p. 9-17. i l lus  
( i n c l .  s k e t c h  m a p s ) .  1 9 7 5  

, 2 
60 A n  i m p l o s i v e  p r e c u r s c r  t o  the C o l o m b i a  e a r t h q u a k e  1 9 7 0  J u l y  3 1  

K e n n e t t .  6. L .  N. ;  S i m m o n s .  R. S .  L 

R. A s t r o n .  S o c . .  G e o p h y s .  J.. V o l .  4 4 .  N o .  2 ,  p. 4 7 1 - 4 8 2 .  i l l u s .  
( I nc l  . t a b l e ) .  1 9 7 6  

6 1 BODY WAVE D I R E C T I V I  TY FUNCTIONS FOR TWO-D IMENSIONAL  FAULT MODEL 
AND K I N E M A T I C  PARAMETERS OF A DEEP FOCUS EARTHOUAKE 
D E R I V A T I O N  AND INTERPRETAT ION OF TRANSF 2;; FUNCTIONS U S 1  NG THE 
SOUTH AMERICAN DEEP FOCUS EARTHQUAKE OF 1 9 6 3  AS AN EXAMPLE 
K H A T T R I .  K A I L A S H .  
J. GEOPHYS. RES..  VOL'. 7 7 .  NO. 1 1 .  P .  2 0 6 2 - 2 0 7 1 ,  I L L U S . .  1 9 7 2  

6 2  L a t i n  A m e r i c a n  a n d  C a r i b b e a n  s t r o n g - m o t i o n  p r o g r a m s  
K n u d s o r  . C. F .  
U .  5 .  G e o l .  S u r v . .  C i r c l .  N o .  7 1 7 - A .  p. A 2 - A 7 .  sketch map.  1 9 7 5  

6 3 1 9 7 4  L i m a .  P e r u  a c c e l e r o g r a p h  records 
K n u d s o r .  C. F . :  V i r g l l l o .  P .  
G e o l .  S o c .  Am., A b s t r .  P r o g r a m s .  V o l .  7 ,  N o .  3, p .  4 1 2 ,  1 9 7 5  

64 THE DYNAMIC C H A R A C T E R I S T I C S  OF THE L I M A  URBAN AREA. PERU 
C A R A C T E R I S T I C A S  D I N A M I C A S  DEL  COIJGLOMERADO DE L I M A  
UUROIWA. J U L I O .  
SOC. GEOL. PERU. BOL . .  VOL.  4 3 .  P. 4 3 - 5 1 .  I L L U S . .  1 9 7 3  

65 LANGER, C. J.\, OCOLA, L .  C., SPENCE, W . ,  AND FLORES*, S.  A., 1977 ,  THE LOCATION 
OF AFTERSHOCKS OF THE OCTOBER 3, 1974,  PERUVIAN EARTHQUAKE: REVISTA DE GEOFISICA, 
21 -31  

66 LANGER, C. J., 1977, THE LOCATIONS AND CHARACTERISTICS OF THE AFTERSHOCKS OF THE 
OCTOBER 3, 1974,  PERUVIAN EARTHQUAKE: V IRGINIA  POLYTECHNIC INST.  

67 LANGER, C. J., AND SPENCE, W . ,  1978,  AN INSTRUMENTAL STUDY OF AFTERSHOCKS OF THE 
OCTOBER 3, 1974,  PERU EARTHQUAKE; THEIR LOCATIONS AND CHARACTERISTICS: SEISM. 
SOC. AMERICA BULL. ( I N  PRESS) 



68 P R E L I M I N A R Y  PATA ON THE PETROLOGY 'OF THE PLIOCENE-QUATERNARY 
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RECOMMENDATIONS 

Energy requirements of Peru to meet future needs are expected to expand 
year by year, as population increases, industrialization progresses, and 
the standard of living for its people is enhanced. 'TO meet these future 
needs, Peru should explore all promising channels for enlarged or new energy 
production;both in the renewable and non-renewable categories. The following 
recommendations treat the non-renewable potential sources of energy, com- 
monly called the fossil fuels. Geothermal energy is here included in this 
group. 

Measures of a general nature to improve Peru's knowledge of and quanti- 
fication of potential resources of the fossil fuels include the following: 

1. Graduate-school education and practical training for a larger 
number of earth scientists. The administrators of earth- 

. science agencies in Peru are almost without exception highly 
educated and capable scientists, but there is a dearth of 
well trained and widely experienced workers in the ranks. 

2. Development of.an intensified program of reconnaissance 
geologic mapping of the country, accompanied by detailed 
geologic mapping of the more critical or promising regions. 

3. Development of guidelines or a methodology for assessing . 
reserves and resources of fossil fuels (and minerals), so 
that consistency exists in the quantification of these 
resources.. Included in the methodology should be the 
concept of realism, so that the quantities of measured, 
indicated, and inferred reserves for the future are 

. neither inflated above nor downgraded below a level 
justified by the facts and reasonable geologic inferences. 

4. Increased coord'ination of effort and collaboration between 
governmental bureaus working in the area of energy resources. 

1n' addition to the above recommendations, the following specific projects 
are proposed to properly assess and stimulate exploration for the fossil 
fuels in Peru. 

Petroleum 

The hope for large increases in reserves of petroleum (and gas) for the 
future center on the jungle region of Peru. Only the northernmost of the 

three sedimentary basins there has been drilled extensively, and exploration 
there has been limited to structural targets. Two projects for irmnedlate 
implementation to renew interest and stimulate exploration of this region 
are recommended: 



Basin  s t u d i e s  ( ~ m a z o n  a r e a )  

T h i s  s t u d y  i s  aimed a t  p r e p a r i n g  and p u b l i s h i n g  a  s e r i e s  o f  g e o l o g i c  
and g e o p h y s i c a l  maps (page s i z e )  f o r  each  o f  t h e  j u n g l e  b a s i n s .  The 
purpose  o f  p u b l i c a t i o n  i s  t o  s t i m u l a t e  economic and g e o l o g i c  i n t e r e s t  i n  
t h e  hydrocarbon p o t e n t i a l  of  Pe ru .  I t ems  t o  b e  p u b l i s h e d  i n c l u d e :  l e a s e  
b l o c k  maps showing l o c a t i o n s  o f  a l l  f i e l d s  and w e l l s ;  basement maps, 
s t r u c t u r e  and i sopach  maps f o r  s e v e r a l  prominent r e f l e c t o r s ;  l i t h o l o g i c  
and g e o p h y s i c a l  l o g s  o f  s e l e c t e d  w e l l s ;  g e o l o g i c  c r o s s  s e c t i o n s ;  and 
g r a v i t y  and magne t i c  maps ( i f  a v a i l a b l e ) .  PETROPERU h a s  most o f  t h i s  
d a t a  on hand and p u b l i c a t i o n  a t  page s i z e  would n o t  a f f e c t  t h e  
p r o p r i e t a r y  n a t u r e  o f  some o f  t h i s  d a t a .  

S t r a t i g r a p h i c  and geochemical  s t u d i e s  o f  j u n g l e  b a s i n s  

T h i s  p r o j e c t  i n v o l v e s  s o u r c e  r o c k  and r e s e r v o i r  r o c k  s t u d i e s  f o r  
Cre taceous  and o l d e r  r o c k s  i n  t h e  Amazon b a s i n s .  Adequate samples  from 
p r e v i o u s  s u r f a c e  i n v e s t i g a t i o n s  and d r i l l i n g  shou ld  b e  r e a d i l y  a v a i l a b l e .  
M a t u r a t i o n  and geochemical  p r o p e r t i e s  o f  p o t e n t i a l  s o u r c e s  r o c k s  shou ld  
f i r s t  b e  i n v e s t i g a t e d ,  fo l lowed by s t u d y  o f  t h e  p h y s i c a l  p r o p e r t i e s  and 
d e p o s i t i o n a l  h i s t o r y  o f  p o t e n t i a l  r e s e r v o i r  r o c k s .  Some new d a t a  may 
need t o  b e  c o l l e c t e d ,  and s e i s m i c  s t r a t i g r a p h i c  s t u d i e s  shou ld  be  made. 
The r e s u l t s  o f  t h i s  p r o j e c t  should  be  p u b l i s h e d  t o  a t t r a c t  new explo-  
r a t i o n i s t s .  

Computerized pe t ro leum d a t a  sys tem 

The d a t a  t h a t  a r e  produced i n  pe t ro leum e x p l o r a t i o n  and p r o d u c t i o n  a r e  
s o  abundant t h a t  m a n i p u l a t i o n  and a n a l y s i s  o f  t h e  d a t a  i s  e x c e s s i v e l y  
d i f f i c u l t  and time-consuming. For t h i s  r e a s o n  a  program i s  proposed t o  
d e v e l o p  a  computer ized pe t ro leum d a t a  sys tem which w i l l  . i n c o r p o r a t e  
a v a i l a b l e  g e o l o g i c a l ,  e n g i n e e r i n g ,  and p r o d u c t i o n  i n f o r m a t i o n  on Peruv ian  
o i l  and g a s  r e s o u r c e s .  Program d e s i g n  and d a t a . c a p t u r e  w i l l  b e  d i r e c t e d  
towards  p r o v i d i n g  an i n f o r m a t i o n  b a s e  which c a n  t h e n  b e  u t i l i z e d  f o r  t h e  
e v a l u a t i o n  o f  p r e s e n t  r e s e r v e s ,  p o t e n t i a l  r e s e r v e s  from secondary  and 
t e r t i a r y  r e c o v e r y ,  and u l t i m a t e  o i l  and gas '  r e s o u r c e  p o t e n t i a l .  The 
proposed program w i l l  be i n c o r p o r a t e d  w i t h  e x i s i t n g  p h y s i c a l  measurement 
d a t a  b a s e s  w i t h i n  PETKOPERU f o r  purposes  o f  deve lop ing  an o v e r a l l  r e s o u r c e  
assessment  o f  bo th  known and p o t e n t i a l  a r e a s  o f  o i l  and g a s  f o r  Pe ru .  

Coal -. 

A c o n s i d e r a b l e  p o t e n t i a l  e x i s t s  f o r  mee t ing  a  p a r t  of  Peru's n e e d s  f o r  
e l e c t r i c a l  ene rgy  and f o r  coking c o a l  i n  t h e  known c o a l  d e p o s i t s .  These 
d e p o s i t s  have n o t ,  however, been a d e q u a t e l y  a s s e s s e d  a s  t o  q u a n t i t y ,  
q u a l i t y ,  and m i n a b i l i t y  o f  the c o a l .  . 



Other  t h a n  ~ l t o  Chicama and.  oyo'n, which ' a r e  acti '"ely b e i n g  e x p l o r e d ,  t h e  
two most impor tan t '  c o a l  f i e l d s  i n  te.rms o f  p o s s i b l e  e x p l o i t a t i o n  a r e  
J a t u n h u a s i  and Santa ,  V a l l e y ,  but  i n f o r m a t  i o n  i s  n o t  a v ' a i l a b l e  t o  a p p r a i s e  
t h e i r  ~ o t e n t i d l  a d e q u a t e l y .  A three-phase  e x p l o r a t i , o n  program i s  recommended, 
c o n s i s t i n g  f i r s t  o f  g e o l o g i c  mapping a t  1/50,000, s c a l e  t o . d e t e r m i n e  sequence 
and s t r u c t u r e  o f  c o a l  b e d s ,  t h e n  a  d r i l l i n g  program t o  de te rmine  t h i c k n e s s e s  
a t  dep th  and t o  o b t a i n  f r e s h  samples o f  t h e  c o a l  beds  f o r  a n a l y s i s ,  and 
f i n a l l y  based on i n f o r m a t i o n  from t h e  f i r s t  two, c a l c u l a t i o n  of the c o a l  
r e s e r v e s  i n  each f i e l d  t h a t  a r e  a v a i l a b l e  f o r  development .  

, . 

Geotheymal. ene rgy  - 
L i t t l e  a t t e n t i o n  h a s  been pa id  t o  geothermal  energy  a s  a  s o u r c e  f o r  

e l e c t r i c  power i n  Peru .  There  d o e s  e x i s t ,  however, a  good p o s s i b i l i t y  
t h a t  e x p l o i t a b l e  r e s o u r c e s  o f  geothermal  energy  a r e  p r e s e n t ,  e s p e c i a l l y  
i n  t h e  s o u t h e r n  p a r t  of  Pe ru  i n  t h e  v o l c a n i c  b e l t .  

A shdul? b e . i i ' i t i a t e d  t o '  a s s e s s  and h o p e f u l l y  t o  d e v e l o p .  
geothermal  energy  i n  t h i s '  r e g i o n .    he Ca lacoa  and S a l i n a s  a r e a s  should  
be s t u d i e d  i n  d e t a i l  t o  s e l e c t  s p e c i f i c  s i t e s  f o r  de'ep e x p l o r a t o r y  
d r i l l i n g .  S imul taneous ly  r e g i o n a l  g e o l o g i c a l  and geochemical  e x p l o r a t i o n  
should  be under taken  t o  f i n d  o t h e r  l o c a l i t i e s  i n  t h e  zone o f  r e c e n t  
vo lcanoes  w h e r e . i t  i s  l i k e l y t h a t  geothermal ,  e n e r g y  c a n  b e  e x p l o i t e d  
economical1  y. The g o a l  i s  , t o  put  t h e  f i r s t  geothermal-powered t u r b i n e  
i n t o  o p e r a t i o n  by 1985-87 and; to , ,produce 200 MW o f  e l e c t r i c i t y  by t h e  
y e a r  2000. . . . ..  .. . 

. ,  , . 

Uranium 

The p o t e n t i a l  f o r  n u c l e a r  ene rgy  i n  P e r u  i s  s t i l l  unknown. S t u d i e s  
t h a t  have been made have been a lmost  e n t i r e l y  c o n f i n e d  t o  t h e  more acces-  
s i b l e  w e s t e r n  p a r t  o f  t h e  c o u n t r y .  Uranium s p e c i a l i s t s  a g r e e ,  however, 
t h a t  t h e  g e o l o g i c a l l y  most f a v o r a b l e  a r e a s  f o r  uranium l i e  a long  
t h e  f o o t h i l l s  o f  t h e  E a s t e r n  c o r d i l l e r a  and t h e  a d j o i n i n g  jung le  a r e a .  
Reconnaissance  s u r v e y s ,  b o t h  ' s u r f a c e  and a i r b o r n e ,  shou ld  be extended 
i n t o  t h e s e  r e g i o n s  t o  de te rmine  i f  f a v o r a b l e  a r e a s  do e x i s t  f o r  more 
d e t a i l e d  s t u d i e s .  

. I.. I C  :.. > 

...>A . . *. 
. .., 
' . . .  
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