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ABSTRACT: The Leon  de  Oro  and the Tor0 de Oro claims in central Peru have been 
evaluated and explored by several mining companies,  Peruvian  and international agencies 
since 1981. These investigations have  discovered  in  the  river sediments mineral resourwand, 
reserves of gold, rare  earths,  zircon  and  ilmenite. 

Leo Bacher and  Compafiia  Minera  Intercontinental, S.A., are  the holders of the mining 
rights to twelve denuncios (claims)  on the Urubamba  and Yanatilli rivers  in central Péru,. 
These claims control 48 kilometers of river Channel. The floodplain averages 200 - 300 
meters wide, with a range of 30.  to  over 1,000 meters in  width. The climate is tropical,  with a 
topography of  high mountains surrounding the river Valley. 

The infrastructure in the area is moderately  developed,  with al1 weather road access to 
the property  and a railroad  terminus, electricity, and  telephones  in the nearby  town of 
Quillabamba. Local labor costs are  inexpensive,  and  most  necessary supplies are  available 
locally or  in  Lima. 

The regional geology consists of Paleozoic rnetasediments, 3 to 5 kilometers thick, 
that have been  intruded  and  deformed by felsic plutons of late Paleozoic,  Mesozoic,  and 
Tertiary ages.  Associated  with  the plutonic activity  was  precious  and  base  metal 
mineralization in several types of deposits. The rivers  have a watershed of approximately 
30,000 square kilometers  above  the  claims. Besides the gravels of the floodplains, large 
paleoterraces remain  on  the  canyon  sides. The river gravels are  sorted  into five sizes, and  are 
very low in Clay content,  high  in Sand  and have a average  maximum boulder size of 3 feet in 
diameter. The rivers are  braided  and lay down the sediments as point  bar  deposits. On the 
property the rivers have a average gradient of 5 meters per  kilometer  and a average width of 
50 meters. 

Gold mineralization is as  small  flakes,  usually less than 2 mm in  size,  and  are 
disseminated in a fairly homogeneous  manner  throughout  the  river  gravels. The gold has a 
fineness of  0.93 to 0.96,  and grades fiir  -the-gold  can  range  from 0.03 to 6 grams per cubic 
meter of bank run gravel. The gravels-  also  contain 0.4 to 1% zircon  which have rare earths 
and zirconium. The rare earths have a tenor that is apparently  unique,  with a 30 to 35% heavy 
rare earth content; versus-the typical rare earth deposits tenor  having  only 1 to 7% heavy rare 
earth content. The last mineral of economic interest  in  the gravels is ilmenite. This mineral 
comprises 0.6 to 1.5% of the bank Fun gravels. 

The geologic resource  of  the  property, including both  the  floodplain gravels and  the 
paleoterraces, would  be a minimum of 472,500,000 cubic meters of gravel grading 0.25 
grams gold and 3% heavy  minerals per cubic meter. The possible reserve of the property 
would be 115,OOO,OOO cubic meters of gravel of the same grade. 

This property was initially  looked  at solely for its value in  gold.  With time it was 
realized that the property's values in other minerals were much  higher  than the gold,  and  when 
eombined together al1 of these minerals give this property a favorable economic outlook in 
eomparison to other placers that  are currently in  production  in  Peru. This property has 
sufficient resources and  reserves  to  merit further development  work. 
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E : Les placers de Le6n de Oro et de Tors de Oro (PCrou central) ont 6tC e 
tvalu6s par plusieurs compagnies mhi8res ainsi que des bureaux de recherche ptruviens ou 
internationaux depuis 1981. Ces recherches ont  montr6 l'existence d'or, de terres rares,  de 
zircon et d'ilmenite. 

Leo Bacher et la Compafiia hera Intercontinental .a. sont les plus anciens 
concessionaires (12 concessions) dans les vall6es de 1'Urubamba  et  du Ymatilli. Ces placers 
s'étendent sur 48 %ma le long de la rivi8re. La plaine d'inondation est longue de 200 i 366 
m8tres en moyenne avec des extr2mes de 36 à plus de 1600 m. Le climat est tropical et une 
topographie de haute montagne longe la vallte. 

Les infrastructures sont moyennement  d6veloppCes : routes praticables par tous temps 
vers  la propri6t6, terminus de chemin de fer, 6lectriciti et téltphone 5 Quillabamba, la ville la 
plus proche. Le cocit  du travail local est bon marchi, et l'on peut se procurer la plupart  des 
fournitures necessaires sur place ou i Lima. 

Des metasedhents paltozoyquis, épais de 3 a 5 b, qui ont eté intrud~s et deformés 
par des plutons felsiques d'sge tardi-pa160zoique9 mtsozoïque et tertiaire affleurent largement. 
Sous plusieurs types de dipôts, la  min6ralisation de m6taux pr6.cieu.x et de metaux de base a 
6tt associte i I'activittb plutonique.  es rivières ont un bassin versant d'environ 30 060 km2 en 
amont des concessions. En plus des graviers des plaines d'inondation, il reste de grandes 
pal6oterrases sur les versant des cmyons. Les graviers de riviGre sont r6partis en cinq classes 

- granulometriques et contiennent peu d' de, beaucoup de sable et ont une dimension 
moyenae  de blocs de 3 pieds de diamè Les rivières sont anastomostes et dtposent les 
sidiments  eal'point bars". Sur la concession, les rivibres ont une pente moyenne de 5 m par 
kilomètre et une largeur moyenne de 56 m. 

La minCralisation d'or se prCsente sous forne de petites paillettes, dont la dimension 
e7alement .inf6rieure i 2 mm. Elles sont diss6minées de fagm très hornoghe dans les 

alluviaux.  L'or a une finesse de 6,93 O,!%, et la  teneur en or peut aller de 0,63 B 6 g 
par mbtre cube. Les graviers contiennent aussi 094 à 1% de zircon contenant s terres rares et 
du zirconium. La teneur  en  terres rares est apparemment  unique : 30 i 35 de terres rares 
lourdes, alors que les dépBts de terres rares typiques en contiennent seulement 1 à 7%. Le 
dernier minéral d'int6ret économique contenu dans les graviers est I'ilmCnite (0,6 à 1%). 

Les ressources gtologiques de la concession, en  tenant compte 2 la fois des graviers de 
plaine d'inondation et des palCoterrasses, seraient au  minimum de 472 560 000 lima3 de graviers 
avec une teneur de 0,25 g d'or et 3% de minbraux 16urds par mètre cube. La rCserve possible 
de $a propriete serait de 115 000 O06 m3 de graviers de m9me-teneur. 

Cette propriete n'a 6tC considérte au dtpart que pour-sa valeur en or. On s'est rendu 
compte, avec le utres minéraux 6taieXplus randes ue celles de 

favorable par compa placers --@oinmunément e 

ulttrieur. - 

l'or, et que l'ens onne i la concession  .une 

s-rh-s-s-uffisantes  poUPmeritt5r un travail de dbv~&ppeiÏïEnT .. 

- 

. .... 
. -  

INTRODUCTION 

The following report was compileb with information  from  the Peruvian ' Instituts 
Geolbgico, Minero y Metaliirgico, Compaiiia inera Intercontinental, .9 reports from 
companies that have leased the property from-Giompafiia Minera Intercontinental, and from 
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months of work  on  the property in  1987  and  1988.  This report summarizes  pertinent criteria 
for a dredging  operation on the placer deposits and gives geologic resources and  possible 
reserves from a data  base of over 5,000 cubic meters of  grave1 sampled  and processed. 

THE STUDIED AREA. 

The placer  deposits are controlled by twelve denuncios or claims, comprised of the 
five  Leon de Oro  and the Seven  Tor0  de  Oro claim groups. They  form a contiguous claim 
block 48 km  long containing 5,232 hectares (11,510 acres) of land. The claims are on the 
eastern side of the  Andes mountains, 450 km east of Peru's capital City of Lima (fig. 1). The 
nearest major City is Cuzco, 150  km to the southeast, and the nearest town of over 5,000 
people is Quillabamba, 46 km to the  south of the southernmost claim. The claims are  in the 
district of Echarate,  the  province of La Convencih, in Cuzco department3 Peru. 

.&F&l: Map of the  department of Cuzco (Peru). 

The topography around the claims is quite rugged, steep to almost vertical mountains 
- wtth3,OOO to 2,000 meters of vertical relief bound the Urubamba and Yanatilli Valley floors. 

The flood  plains  are generally 200 to 400 meters  wide and lie  at an elevation of 800 meters. 
From-steep and narrow  side canyons strong  streams that flow  into  the main Valley have 
deposited thick  alluvial  fans that have covered or intermixed with older river terraces. 

The  climate is tropical with more than 40 inches of annual rainfall and vegetation is 
typical of the  upper Amazon Basin: A rainy season lasts  from  December to March; the dry 
season  is  remainder of the year. Temperatures  have averages of 25 - 30 degrees centigrade. 
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During the rainy season, travel by roads ssrnetimes can be delayed bgr flooded astrems, 
landslides, and fallen trees. 

The local Quechua and Machiganga Indians have ganned gold frsm the Umbamba and 
Yanatilli rivers for thousands of years. The area was not settled by  the Spanish until the mid- 
1806's.  There have been no mechanized  mining operations in the daim a r a ,  but srnaIl 
tonnage, underground precious and base metal mines have operated earlier in thmis century. 
Local  residents  continue to use basic panning and sluicing methods for. eollecting gold from 
the rivers. 

Approximately 20 years ago, the army built an al1 weather grave1 road from Cuzco 
through  Quillabamba and north ts Pongo Manineque to control this region. This, dong with 
the  breakup of the hacienda system in the late 1960's, promoted the gowth of small farms in 
the  area of the daims. 

Mr. Leo Bacher, a construction  engineer  from Waco, Texas, was in Peru looking for 
favorable gold placers in 1980 and 1981. Me acquired the seven Tors de Oro daims in 1981 
aftes finding good gold values and formed Compaiiia Minera Intercontinental, S.A. (fig. 2). In 
1983,  Superior Oil Company picked up an option on the daims and planned to develop a 
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10,000 cubic meter/day dredging operation  (Shafer,  1983). Overseas buyers for the  planned 
concentrates and  railroad contracts for shipping were  arranged. Mobil Oil  took over Superior 
Oil that year,  however,  and Mobil pulled  Superior  out of the mining business. Three other 
small mining companies acquired leases on the Tor0 de Oro and  Leon de Oro claims (staked 
in 1985) between 1984 and 1988. Each  Company started  the initial contracts for production 
but had to shut down for lack of funds after a minimum of  work. 

Fig. 3: Distribution of Upper  Paleozoic  volcanic  and  plutonic  rocks  in  the  Andes of southern  Peru. 
According  to  Lancelot  et  al. (1978). 

GEOLOGY 

GEOLOGICAL BACKGROUND 

The gold and rare earth bearing placers of the property were formed in the eastern part 
of the Andean cordillera bordering the Amazon basin  (fig. 3). The oldest known rocks formed 
in the Area are Early to late Paleozoic metasediments. These are partially  metamorphozed 
shales, siltstones, cherts, limestones, and sandstones,  which are often rich in  hydrocarbons. 
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They form an assemblage very similar to that seen in equal aged formations in the western 
Great Basin region of the U The three to five km thick metasediments were deposited 
along the strike of a rniogeo cline paralleling that of the modem h d e a n  cordillera. The 
source area of the Paleozoic metasediments was to the east, from the Precambrian continental 
craton. 

Eater, during the srogenies ehat formed the dean Csrdillera, numerous large, 
synorgenic plutons of Pemian, Mesozsic and Tertiay granites, monzonites, and 
granodiorites have intruded through the Paleozoic rnetasediments in the a e a  of the Urubamba 
and Yanatilli river drainages (fig, 2). These plrutons form the Quillabamba bathdith md were 
uplifted in various phases during the Tertixy.  The intrusion of the plutons and the. general 
uplift of the h d e a n  Cordillera caused deformation, metamorphism and thrust faulting of the 
Paleozoic sediments. With t h e  erosion has exposed the plutons from the sediment cover. 

Numersus srnall base metal and auriferous quartz vein systems occur in both the 
plutons and the metasediments. In addition, pophyry, skarn, and disseminated precisus metal 
types of mineralization have been sbsewed by the author in the region. 9t is probable that 
most of theses types of mineralhation are related to the plutonic activity in the area, but there 
also could be syndepositional mineral deposits in the Paleozsic rnetasediments (Heyl, 1988a). 

The Urubamba and YanatiEli river canyons probably originated in the early Tertiary 
tirne. Regional uplifthg and glaciation through the Tertiary has aided  the rivers in eutting 
large, one to three km deep canyons ints the country rock, The hvo rivers above the claifns 
have a watershed a e a  of approwimately 30,000 square km, with the Urubamba headwaters 
more than 300 km to the south, at a elevation of over 6,000 meters (fig. 1). Changes in the 
rate of uplift and in the climate have also changed the rate of erosisn, alternately switching 
the rivers frsm agrading to  degrading. This change in erosion rates created large 
palesterraces. Some terraces, abandoned by the rivers, remain on the sides of the canyons. 
One large paleoterrace neu  the village of Clmhuares measures one km long by one half km 
wide and one quarter k m  high, and csntains mer 100,000,600 cubic meters of auriferous 
gravels (fig. 2). These terraces are commonly well esneealed by ve etation and landslides. 

The width of the floodplains inereases downriver, Srom an average of 206 meters at 
the south end of the property to an average of over 400 meters at the northwest end of the 
property. The range in floodplain width is from 30 to over 1,600 meters. The average depth to 
bedrsck is unknown but it should be at least ten meters (Ramierez, 1985b). 

Fig. 4: The  meandering of rivers and the location of gold deposition. 
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The sizing of the river sediments changes rapidly  downriver.  At  Quillabamba, 46 km 
upriver from  the southern claim boundary, the size of the largest boulders averages 1 2/3 
meter in diameter (fig. 2). In the  northern  claims, this maximum size has  decreased to 1 meter 
in diameter. At the  Leon de Oro No 2, 30 km downstream from the upper,  claims, this average 
maximum size has further decreased to 1/3 meter in diameter. The river sediments have five 
sorting sizes, al1 rounded to well-rounded. Thirty percent of the river sediments are large 
cobbles, 12 cm or larger in diameter, with twenty  percent of this fraction flattened by  erosion. 
The next size fraction is coarse pebbles, 1 cm to 8 cm in  diameter, containing 15% of the river 
sediments. Of the coarse gravels, 40% are flattened. The fine pebble fraction contains 25% of 
the sediments, and are 2 mm to 1 cm in diameter. This fraction is 70% flattened. Sand and 
silt, less than 10% flattened. The last sorting size is Clay, and it comprises 1% or less of  the 
river sediments, making the river sediments Clay poor  (Heyl,  1988b). 

The sediments composition changes with  the sorting sizes. The large cobble sized 
fraction is 40% plutonic,  55%  metasediments,  and  5%  quartz  vein. The coarse pebble fraction 
has the same compositional percentages as the first fraction. The  fine pebble fraction is 70% 
metasediments, 25%  plutonic, and 5% quartz vein. The Sand  and silt fraction is composed of 
10% rock fragments, 35% quartz, 35% feldspars, 5.5%  magnetite, 2% ilmenite, 1.5% zircon, 
and 11% various other  minerals  (Heyl, 1988b, & Ramierez, 1985~). 

The rivers are braided  and  meander  on  the  floodplain, with sediments being deposited 
as point bars (Hilchey, 1988). The rivers continually erode the outside curves of their 
meanders, and  continually  deposit sediments on the inside curves (fig. 4). This process of 
erosion and deposition creates a  river Channel that  becomes more serpentine with time. 
Occasionally during major floods the rivers jump their banks on the floodplain and start a 
new, straighter main  Channel. It is also during major floods when thick deposits of  Sand and 
silt, without the larger fractions, are deposited  on  the  floodplain. The cobble and pebble shed 
fractions are usually deposited  in  a slanted manner, so that the lower part of the Stone is 
pointed upstream, parallel to the flow of the  water  (Heyl, 1988b). 

The river sediments are cemented  poorly due to the low Clay content. The 
paleoterraces, however,  which  have  been  exposed to air over a long period of time, are 
partially cemented by limonite and  hematite. These iron oxides are derived from magnetite, 
ilmenite, and pyrite found in the country  rock  and  quartz vein fragments. 

Above the  confluence of the Urubamba  and Yanatilli rivers, the Urubamba 
river averages 30 meters wide and  the Yanatilli averages 15-20 meters wide. Below their 
confluence the Urubamba averages 50 meters wide. The river gradient at the property is about 
5 meters per km, in  comparison to upriver where it averages 20 meters per km. This change in 
gradient, along with the formentioned widening of the floodplain, has created  a sediment trap 
below the confluence of the river. The ,river elevations  can fluctuate 3-5 meters with the 
seasons, but during both the dry  and  rainy seasons there are areas that can be worked by 
mechanized equipment. 

THE MINERALIZATION 

THE GOLD MINERALIZATION 

Fine-sized  gold flakes are found distributed  throughout the river gravels on the 
property (Heyl, 1988a; Shafer,  1983). Results of seven  years  of sampling and processing  over 
5,000 cubic meters of volume of the property's gravel's during that  period of time  have 
established an average, minimum  bank  run grade of 0.1 g gold  per cubic meter of gravel. The 
lowest grades reported were 0.02 to 0.03 g gold per cubic meter. Local miners achieve an 
average bank-run grade of 0.5 to 1.0 g gold per cubic meter  by mining in.  higher grade areas, 
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meter. Compmies that hava operated on the 
Pd per eubic meten; md usually with the gold 

his 1 can conafirm by persond experience. 
has beaw dome below tvvo meters depth, and no testhg has beew done 
th. 'aslus, the deeper gravels potential grade of gold is unhown. Wntil 

additional data from is collected, the possible grade of gold for the property's floodplahns, 
based on compmies m emmentall records, should be put at 0.25 g gold per eubic meter. 

of gold for the property's floodplahns should be 0.5 g 

Fig. 

The gold partides usually are flattened flakes less than 20 mesh, with abundmt 
particles less than 60 mesh in size (fig. 5). The size fraction of -108 to -1-200 mesh has 29.5% 
of the total weight of the gold (Heyl, 1988a; SampsePl, 1984). The gold has a fineness of 0.93 
to 8.96 (Sampsell, 1984). The gold occurs in both sands and gravels and is often founmd in 
higher grade zones, usually at the upstream point of any of the  rivers point bar deposits. 

The abandoned  gravel terraces also contain gold, but insufficient  testing of the terraces 
does not permit a more definite grade than that of a geslogic resource at 0.1 g gold per  cubie 
meter. 

HWVY  MINEML S A N B S  CONTAINING 

The Urubamba and Yanatilli  rivers sands and gravels  contain  a small amount of heavy 
mineral  grains.  These  "black sands" contain  valuable  metals in eeonomic grades. The 
property's heavy mineral sands are found in a range of 1 to 16% of the bank run volume. The 
possible grade for the heavy mineral sands is 3% of the bmk run volume. The geologie 
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resource grade is 5% of the  bank run  volume.  The  heavy mineral sands usually are less than 
0.5 mm (-40 mesh) in diameter, and not rounded  by erosion (Heyl,  198Sb). 

The percentages of the  potential,  economically recoverable minerals in the  heavy 
mineral sands (Heyl, 1988b) include 40%  magnetite  (iron), 20% ilmenite.(titanium), and 15% 
zircon  (rare  earths, zirconium and  thorium), The other minerals that comprise the remaining 
25%  of  the  heavy mineral sands include  rutile, wolframite, apatite,  monazite, sphene, 
cassiterite, augite,  pyrite,  hematite,  and  hornblende  (fig. 6), (Heyl,  19SSa;  Ramierez, 1985~). 

Rare earth oxides comprise 0.1 to 0.4% of the  heavy  minerals  by  weight, with a 
possible grade of 0.2% of the heavy  mineral sands weight (fig. 7), (Maki,  1988). The rare 
earths are contained in the minerals apatite,  monazite, sphene, and  most importantly, zircon 
(Ramierez, 1985a). The property's  rare  earths  have a unique aspect'  in  their  tenor (percentages 
of elements in relation to one another) in comparison to the  published  grades of other rare 
earth deposits in  the  world. 

Magnetl te 
llmeni te 

Hematl te 
Zlrcon 
Pyrl te 

Monazl te 
Apatl  te 

Other (Includlng 
Gold, Rutile, Sphene - 

Pyroxenes, and Horn- - 
blende) - 

t 
O 10 20 30 40 50 

Percentage of Total 

Fig. 6: Composition of heavy mineral sands. 

The  16 rare earth  elernents are divided  by  industry into two  groups,  the light rare 
earths (La, Ce,  Pr, & Nd)  and  the heavy. rare  earths  (Pm,  Sm, Eu, Gd, Tb, Dy, 'Ho, Er, Tm, 
Yb, Lu, & Y). The two  main  types of rare  earth  deposits  mined  today, bastnaesite and  beach 
sands containing monazite and  apatite,  respectively contain heavy rare earths  in  tenors  of 1 to 
2%  and 3 to 7%. In comparison, the  property's rare earths have a heavy rare earth  tenor of 31 
to 36% (fig.  8). The value at present  market  prices for the rare earth  oxides,  with a possible 
grade  of 0.2% of  the  heavy  mineral  concentrates,  is $ 4,50 per cubic meter of  bank run gravel. 

Zircon is the main mineral carrying values of rare earths,  and  the  zircons also contain 
the element zirconium. The zircons  have a possible grade of 0.46% of the bank run volume. 
The zircons are euhedral and  transparent  with a pink  or white color,  and are derived from the 
plutons of the  Quillabamba batholith. The value for the zircons at present market prices  and at 
the possible grade is $6.51 per cubic meter of bank run gravel. 

The remaining mineral of  main  economic interest is  ilmenite,  which is an ore of 
titanium and has a possible grade of 0.6% of the  bank  run gravel. The value for the ilmenite at 
present market prices and at the possible grade  is $1.20 per cubic meter of bank run gravel. 
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.7: Rare earth oxides in heavy mineral sand (Typical Urubama). 

The resources and reserves sf the property are contained in an area of 48 lm in 
lengthand up to one lcm in width (fig. 2) The Toro de Oro daims have an area of 3,026 
hectares (7,478 acres). Within them are a volume of auriferous flosdplain gravels measuring 
29 km long, 200 meters wide, and 10 meters de,ep containhg 58,000,000 eubic meters of bank 
mn gravel. The Leon de Oro daims have an area of 2,206 hectares (5,451 acres). %%rithina them 
are a volume of aurifersus Sloodplain gravels measuring 19 km long, 300 meters wide, and 10 
rneters deep,conLairing 57,000,006 eubic meters sf bank run gravel. 

The large size of the property and the constant changing of companies leasing the 
property have restrained the amount of evaluative work that has been done on the property. 
Samplinmg and production of the floodplains mainly has been eonfined to limited, intensively 

ed ireas separated by distances of one half to five km. This work has proven ore reserves 
in several small blocks of measured dimensions with a total volume of 1,900,000 cubic 
meters of bmk mn gravels grading over 0.10 g gold and 3% heavy mineral sands per cubic 
meter. Prhese reserves were proven by pit excavations on measured grids or by production 
excavations with varyi dimensions, totalling over 5,000 cubic meters in volume of bank mn 
gravels. Both types of cavations were up to 4 meters deep and averaged 2 meters in depth. 
The  prsven reserves have not been included in the figures of this report due to their small size 
in cornparison to the total resewes and resources of the property. 
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In estimating  the  other  ore reserves of the property, it was decided to use  the  term 
"possible" in comparison to "probable" due to the  lack of data through the  entire thickness of 
the floodplain gravels and the  long distances between areas evaluated. It  must  be said, 
however, that al1 the  data show a remarkable consistency in the general  floodplain  gravel 
composition and the grades of gold contained in them from  one  area  to another of the 
property. The grade of gold appears to generally increase with depth, also an encouraging 
sign.  The  possible  reserves  are  quantitative  estimates based on the  geologic  knowledge of the 
property and the projection from the proven ore blocks a continuation of grade. 

The geologic  resource  estimates are based on the  geologic  knowledge of the  property 
but have limited sample and measurement data available and thus  inferences  must  be  made as 
to grades and volumes. The important differences in the estimation for the resources were  to 
infer a greater depth to  the  floodplain gravels (from 10 to 15 meters), to  include  the terrace 
deposits,  and  to  increase  the  grades  for gold and heavy mineral sands. 

The possible reserves  found on the floodplains consist of 115,000,000 cubic meters of 
gravel  having a bank run grade of 0.25 g gold and 3% heavy minerals per cubic  meter (Table 
1). The total geologic  resource of the property is 472,500,000 cubic meters of gravel  having a 
grade of 0.25 g gold and 3.7% heavy minerals per cubic meter. The total geologic resource is 
comprised of two types, the  floodplain resource (including possible reserves) and the terrace 
resource. The floodplain geologic  resource, has 172,500,000 cubic  meters of gravels with a 
grade of 0.5 g gold and 5% heavy minerals per cubic meter. The terrace geologic  resource  has 
300,000,000 cubic meters of gravel  grading  at 0.1 g gold and 2% heavy minerals  per  cubic 
meter. 

Typical  Bastnaeslte  Typlcal Monazite Urubamba 

Percentage of Total Rare Earth Content 

LanCerPraNeo 4; Llght ProSarrEurGadTerDysHolErbThuYtbLut Ytt % Heavy 

Rare Earth Oxides 
Fig. 8: A cornparison of rare  earth ore tenors. 

The valuations for  the reserves and resources was based on the  following  market 
prices  for  the  four main minera1 products of the property. Gdld at US $400.00 per troy ounce, 
ilmenite  at US $67.33 per ton (Mining Journal, 3/2/1990), zircon at US $486.27 perqton 
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Fig. 10. Values per eubie meter of bank mn (in U.S. dollars) 

COLI91 TOTWL ILM4 ZIRCON2 

FLOOIBPLAIN: POSSIBLE R E S E R a  15.42  1.20 4.50 5.51 3.2% 

FLOODPUN: GEOEOGIC! RESOURCES 
1200 1.20 3-00 5.51 1.29 TERRACE: GEOLOGIC RESOURCES 
26.78  2.00 7.50 10.85  5.43 

TOT& GEOLOGIC FSSOURCES 17.31 1.48 4.64 8.03 3.16 

N GEOLOGIC RESOURCES 

TERRAGE  GEOLOGIC  RESOURCES 

TOTAL  GEOLOGIC RESOURCES 

GOLD 
ZIRCON 
ILMENITE 

4. ILMENITE  AT $67.33/T8N 

TOTAL 

GOLD 
ZIRCON 
ILMENITE 

TOTAL 

GOLD 
ZIRCON 
ILMENITE 
RE  OXIDE 

TOTAL 

GOLD 
ZIRCON 
ILMENITE 
RE OXIDE 

TOTAL 
86 

369 
748 
138 
517 

1,772 
--_-_ 
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(Mining Journal, 3/2/1990), and  combined rare earths at US $1,50 per one percent of  heavy 
mineral Sand in the bank  run gravels (Table  2) (Am. Meta1  Market,  3/23/1990). 

The possible floodplain reserves have a total value of US $15.42 per cubic meter. This 
value is based on $3.21 in  gold, $6.51 in zircons, $1.20 in ilmenite,  and  $4.50  in rare earth 
oxides. The floodplain geologic resources have a total value of US $26.78 per cubic meter. 
This value is based on  $6.43  in  gold,  $10.85  in zircons, $2.00  in  ilmenite,  and $7.50 in rare 
earth oxides. The terrace resource has  a total value of  $12.00  per cubic meter,  based on $1.29 
in gold, $6.51 in zircons, $1.20  in  ilmenite,  and  $4.50  in rare earth oxides. The total geologic 
resource value per cubic meter  is  $17.31. This value contains $3.16 gold, $8.03  zircons,  $4.64 
in rare earth oxides, and $1.48  in ilmenite per cubic meter of bank run gravel. 

The property's reserves  and  resources are of large value (Table 2). The floodplains 
possible reserves are valued at US $1.772 billion, containing 922,500 ounces of gold, 
1,538,240 tons of zircon,  2,049,605  tons of ilmenite, and  36,857 tons of rare earth oxides. The 
geologic resource of the floodplain could be in value US $4.619 billion,  and  the geologic 
resource of the terraces could be US $3,478 billion. The combined geologic resource of  the 
property could have a value of  US  $8.069 billion, containing 3,737,500 ounces of gold, 
7,865,000 tons of zircon, 10,470,000 tons of ilmenite, and 186,570 tons of rare earth oxides. 

CONCLUSIONS 

The Leon de Oro and Tor0 de Oro claims were initially  looked at and acquired for 
solely their potential value in  gold.  For four years gold was the only valuable mineral thought 
to be contained in the gravels of the  Urubamba  and  Yanatilli  rivers.  In 1984, Ingemmet 
evaluated the heavy mineral sands of the property  and  found  a  potentially economic resource 
of zircon, ilmenite, and rare  earths. Since that  time, the evaluation process has included those 
minerals as well  as gold.  Continua1  examination  of  the  heavy minerals sands has created a 
realization that the property's major values were not in the gold, but in the heavy mineral 
sands. When al1  of the valuable minerals are combined,  it gives the property a  highly 
favorable economic outlook in both total value of the products and in protection from single 
commodity market price fluctuations. 

The property has reserves of similar size and grade in  heavy mineral sands as beach 
placer mines in Australia that are currently  in  production processing ilmenite, monazite and 
zircon concentrates. The property  also contains reserves of gold of similar size and grade as 
several gold placer mines currently in production or development in Peru and Bolivia. 

The property has sufficient reserves and resources to merit further developmental 
work.  A clearer picture is needed of the true depth  and  deeper values of the floodplains, and 
infill work done between the areas tested. Also, much work is needed  in the terrace deposits. 
The blocks of proven  reserves  should be evaluated for the feasibility of putting them into 
production. The Urubamba and Yanatilli rivers have  deposited large reserves and  potentially 
world-class resources of  gold  and  heavy mineral sands in  their  valleys,  and  a consistent, well- 
planned effort is needed  in order to  fully recover the wealth contained  in those valleys. 
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