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ABSTRACT

The Colquiri tin mine, studied by the writer in 1941» 
lies at an elevation of 4200 meters in the Central 
Andean Cordillera 148 kilometers southeast of La Paz, 
the Bolivian capitali The region is one of high relief 
and is composed of slightly metamorphosed Devonian shales 
and sandstones which are cut by hydrothermally altered 
Tertiary dikes# The sedimentary rocks have been modera
tely folded and faulted* The mineralised area is one of 
doming in the sediments, with mineralization following
steeply dipping normal faults of the gravity type;

' . ; .

Cassiterite, the ore mineral, was one of the earliest
minerals to be deposited; it occurs in a gangue consisting 
chiefly of fluorite, massive simple sulphides, slderite, 
and serpentine; Most of the ore in the district occurs as 
shoots in a large vein which has been explored for 3000 
meters along the strike and to a depth of 300 meters; The 
vein branches downward and laterally, splitting accompany
ing changes in dip and strike; tin deposition is directly 
related to the intensity of fracturing* Early minerals in 
the deposit were formed at high temperature, whereas 
later minerals formed at intermediate to low temperatures, 

Deposition occurred at moderate depth, and the deposit may 
be classified as lower intensity hypothermal.



INTRODUCTIOI

- 2-  ...

General Outline of Bolivian Geography and Geology (5)
Bolivia, with an area of approximately 1,200,000 sq. 

km* (463,000 sq, mi*) and a population of more than ... 
3,000,000, lies in the interior of South America between 
10° and 23o30* South Latitude, and 57030* and 69® West 
Longitude. The Andean Ranges and high plateau 

("altiplano")j with nine-tenths of the population, consti
tute approximately one-third of Bolivian territory; the 
eastern lowlands, parts of the Amazon and La Plata drain
age basins, make up the remaining two-thirds*

From west to east the following physiographic pro
vinces may be differentiated $ Western Andes, interior 
basins of the Altlplano, Central and Eastern Andes, and 
the eastern lowlands of the Beni and Chaco*

The Western Andes constitute a natural frontier between 
Bolivia and the neighboring republics of Chile and Peru, 
and the water shed between the Pacific Ocean and the Alti- 
plano. They, form a table land of volcanic ash and tuffs, 
with an average elevation of 4000 m,, upon which volcanic 
cones have been built up to a height of 1000 m* to 2000 m* 

The Altlplano consists of a series of basins and 

alluvial plains, 3600 nu to 3800 m* in elevation, with 
island-like groups of mountains composed chiefly of Pale
ozoic sediments and Tertiary volcanics projecting above the



general level. It resembles the Great-Baein country of 
Utah and Nevada,

In .northern Bolivia the high cordillera on the eastern 
side of the Altiplano is narrow, and drops off sharply to 
the Beni Plainsj here only the Central Cordillera is 
distinguished. This narrow section is about 200 km, long 
with its southern end at approximately 17* South Latitude, 
It is separated into several ranges by deep transverse 
valleys. The area is very rugged and has many high peaks 
(Illimani - 6500 m., Illampu - 6400 m,)$ it forms the 
most magnificent mountain scenery in Bolivia, Geologically 
It consists of granitic batholiths and stocks (Tertiary) 
Intruded into folded Paleozoic sediments.

Southward the Andean Cordillera east of the inter* 
andean basin broadens considerably with the appearance of 
numerous chains of mountains with diverse directions#
The Eastern Cordillera may be distinguished as marginal 
mountain chains between the main Central Cordillera and , 
the lowlands. Geologically the broad zone of the Central, 
and Eastern Cordilleras consists of folded sediments, for, 
the most part Paleozoic, and Tertiary volcanics of inter
mediate to acid composition. The igneous rocks occur as , 
shallow seated intrusives and flows; there are few deep 
seated intrusives. Andean folding was most intense In the 
Central Cordillera. Intensity of folding decreased to the 
east through the Eastern Cordillera to the lowlands.



Folding in the Mtiplano area is rather weak•
The summit.areas of the Central Cordillera are at 

around 4500 m. elevation. Ranges of the Eastern Cordillera 
are generally lower than those of the Central Cordillera 
and are composed of folded sedimentary rocks.

Not much, is known about the geology of the Eastern 
Lowlands because this level area is masked by Recent depor 
sits. Seme areas of pre-Cambrian rocks are exposed in the 
eastern, part.

Most of the Bolivian Paleozoic strata are shallow 
water marine deposits. Cambrian is sparingly present, 
Silurian deposits (Lower Silurian is equivalent to the 
Ordovician of North America) are widespread in the Eastern 
Andes. The Devonian is extensively developed throughout 
the Central and Eastern Andos and the Eastern part of the 
Altiplano. Carboniferous is present in small amounts near 
Lake Titicaca, in the northern part of the Altiplano, and 
in the Eastern Andes, Lower Carboniferous (Misaisslppian 
of North America) is represented by continental deposits, 
but Upper Carboniferous is marine. Permian strata are pre
sent near Lake Titicaca and in the Eastern Andean zone.
Some of these beds are tillltes and fluvioglacial deposits.

The continental sedimentation of the Permian contin
ued into the Triassic; but not much Trlassie material is 
present. There is no evidence of Jurassic strata. Land- 
formed Lower Cretaceous deposits are overlain by Upper



Cretaceous beds which are in part marine* The terrestrial 
deposition of Upper Cretaceous time increased in intensity 
into the Tertiary* Continental Tertiary deposits are 
extensively developed, especially in the Eastern Andean 
zone and the northern part of the Altiplano*. Much of the 
material deposited during the Tertiary is of volcanic 
origin. Quaternary lake deposits were laid down in part of 
the basin area.



History ■
The Colquiri District was discovered during Spanish 

colonial times and was worked for silver (at shallow 
depths) intermittently until the early part of the present 
century, when Bolivian tin became of economic interest*
The oxidized ores were worked for tin and deeper explora
tion was begun* By the mid-thirties a sizeable tin deposit 
had been partially developed on the principal property and 
the construction of a concentrating mill had been 

planned* The Hochachild organization took over the opera
tion of the property about 1937 and rushed mill construction 
and mine development. The mill went into production at 
the end of 1958 and by 1941 the property was the second 
largest tin producer in Bolivia.
Location

The Colquiri District is located in the department 
of La Faz, 148 km* (92 miles) southeast of the city of La 
Paz, and 63 km. (39 miles) north of the city of Oruro 
(see Plate I),

It is reached by 58 km. of all-weather mountainous 
automobile road from Soledad, a station on the Antofagasta 

Bolivia Railroad 30 km. north of Oruro.
Scope of Present Work

Field work for this report was done from December,
1940, to June, 1941, while the writer was geologist for 
Cia. de Minas de Colquiri, a branch of Cia. Minera d®
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Oruro, on© of the affiliated oompanlea of Mfturieio 
Hochschild, S, A. M* I* This v/ork consisted of checking 
previous geologic mapping and bringing the geologic 
mapping up to date* A suite of ore specimens was collec
ted and brought to the University of Arizona for study*

Laboratory study of specimens, maps, and field notes 
was done during 1941-43 and the second semester of 1945-46, 
while the writer was a graduate student at the University 
of Arizona,
Past Work . ■

The topographic map of the mine area and the level 
maps were prepared in 1935-36 by Lowell Moon, an American 
geologist, and Carlos Oroza Ferreiray a Bolivian mining 
engineer. At this time Moon mapped the surface geology 
and the geology of the accessible underground workings, 
and Oroza studied the property, presenting the results as 
his engineer's thesis at the Oruro (Bolivia) School of 
Mines (1), About 1937 Hydra, a Dutchman, spent some time 
as resident geologist at the property* In June of 1938 
Gerald Kirwan, an American,.was appointed resident geolo
gist and spent about a year at the mine; he brought the 
geologic mapping partially up to date* In addition to the 

work mentioned above, the mine has been examined and repor
ted upon by several consulting engineers and geologists. 
Only one of these reports, that of H, J. DeWIJs (2) was 

available to the writer* . ..
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PHYSICAL COHDITIOHS 
Climate& Vegetation, and Water.Supply

The climate is temperate and seral-arld. Although the 
area lies in the tropics (Latitude South 170 24*, Longitude 
West 67° 07*), the high altitude (4000 to 4500 meters - 
15,000 to 15*000 feet) makes It rather cool. The daily 
variation in temperature is great, and the nights are cold, 
frequently with frost. In mid-day the sun is intense, but 
it is always cool in the shade. Annual precipitation is " 
about 10 inches, most of it coming in the summer months 
of November to April. The winter season is remarkably 

clear and dry.



EXPLANATION OP PLATE 2

a. View looking northwest from 
 ̂ the Main Vein outcrop to the 

glacial peaks of the Qulmaa 
Cruz Range* Note the sparse 
vegetation.

b . Alpacas grazing in the siwsait 
areas near the Colquiri Mine,

c. Indian women digging potatoes 
near Incalacaya Camp.





EXPLANATION OP PLATE 3

a. Market at Incalacaya Camp. Prac
tically all food has to be im-. 
ported frma the lower country to 
the east.

b. Pla Pia Canyon. The pwtal of the 
San Juanillo haulage adit is Just 
above the "x* near the center of 
the photograph. The Main Vein out
crop is in the background.

c* View down Pia Pia Canyon fran near 
Incalacaya Caiip.





EXPLANATION OF PLATE 4

&• View showing the general type of 
topography d o m  drainage (north
east) from the Colquirl Mine* 
Incalacaya, the main camp in the 
head of Pia Pla Canyon, is near 
the lower center of the picture#

b. View looking scuttiirest along the 
Main Vein outcrop from its cent
ral part. The vein dips to the 
right.

c. View of the Main Vein outcrop 
near the Anita Adit. The vein 
dips to the left•





a.

EXPLANATION OP PLATE 6

Incalacaya Camp. Ihe row of houses 
In the foreground Is for the Ameri
can wine staff. Office, shop, and 
warehouse are situated In the left 
center. The group of houses on the 
hill In the background are for Bo
livian workmen. The large building 
at the right center houses the 
Diesel-electric installation.

b. View south along the Main Vein out
crop from near the Doble Aneho adit. 
The large excavation in the fore
ground is a glory hole where waste 
for stops filling is quarried.

c. San Juanillo Mill.
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Tfa® only vegetation in the area is sparse coarse 
grass and moss* Practically no agriculture is possible 

at thier&ltitude. Practically all fuel, except ’’taquia*’ 
(llama excrement), and food has to be imported (see Plate#
2 and 5, a)*

Streams in the area are intermittent, in part because 
of light rainfall and in part because of nearness to the 
continental divide* Wells sunk in stream gravels produce 
a little water even in the dry season, but not enough to 
supply a large camp. Water fcr the camp and mining and 
milling operations is pumped from Msmuta, about 8 km, down 
Pia Pla Canyon from the mine (see Plate 6)j the lift is 
450 meters*
Topography

The Colquirt District lies in the Central Cordillera 
of the Andes a few kilometers east of the watershed between 
the Amason drainage on the east and the interior drainage 
of the Bolivian high plateau on the west.

The district is near the north end of the wide zone in 
the Central and Eastern Cordilleras* Northwest from the 
mine it is only 30 km. to the southeastern end of the 
Quimsa Cruz Range (see Plate 2, a), which is the backbofae 
of the Central Andean Cordillera southeast of La Paz*
The Quimsa Cruz Range is relatively narrow (30 km*) and 
high (peaks to 5800 m. - 19,000 ft*). Southeast of the 
Quimsa Cruz Range the Central Cordillera widens but is not
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so high (peaks to 4500 m., Plate 2, b). At the latitude 
of Oruro, 60 km, south of tiie mine, the Central and 
Eastern Cordilleras are nearly 150 km, wide.

The district lies at an elevation of 4000 to 4450 
meters. The Main Vein outcrop is at about 4400 m,* the 
mine camp at 4200 m,, and the mill at 4050 m. This is due 
to tho fact that the vein crops out across the head of the 
canyon in which the camp and mill are located (see Plate 3, 

b and c), .Plate 6 is a generalized topographic and 
geologic map of the district Si

The area is one of steep slopes and high relief -(see 
Plate 3, c and Plate 4, a). Maximum relief is about 500 
meters. The region is still in the youthful stage of the 
fluvial erosion cycle, Valleys are narrow V-shaped, and 
in many: places cliffs have developed, especially where the 
slope of the valley side is opposed to the dip of the beds 
(see Plate 3, b ),

GENERAL GEOLOGY
Sedimentary Rocks

The region is composed of Paleosoic sedimentary rocks 
consisting of slightly metamorphosed shales, sandy shales, 
and sandstones. Since secondary cleavage is lacking, the 
more clayey beds are argillites. The sandy beds have not 
been metamorphosed enough to be quartzites.

All the sedimentary rocks are medium dark gray in 
color and weather to a lighter color. Bedding is from thin



(several Inches) to medium (1,5 ft,)5 the sandier the 
rock the thicker the beds. In hand specimen the argillite 
is blocky; It shows a fine banding parallel to the bedding* 
but has very little tendency to split along these bands4 
The banding is due to sandy layers up to 1 mm, thick and 
spaced up to 5 mm. apart. Under the microscope the argil* 
lite is seen to consist of kaolin, quarts, and a little 
serielte. It shows banding caused by the concentration of 
dark constituents; the darker bands have less quarts and 
more organic matter. The sandstone is fine grained, but 
coarser than the sandy beds in the argillite. The propor

tion of sandy beds seems to increase somewhat in going up 
the stratigraphic section.

The age of these strata is uncertain because of the 
lack of fossils. They are thought to be Devonian because 
they resemble rocks at Viacha (4), 150 km, to the north
west, and Llallagua (5), 115 km. to the south-southeast, 
the Devonian age of which has been reasonably well estab
lished.
Igneous Hocks

The only Igneous rocks known in the area occur as 
dikes. The dikes are not numerous, are from less than 1 ft. 
to about 5 ft. wide, and steeply dipping. In places they 
strike across the Main Vein, in which the chief tin ore 
bodies of this district occur, at a fairly high angle; in 
other places vein mineralisation appears to have come in
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along or around a dike, :.
The dike rook is light gray in color and is so highly 

altered hydrothermally that its original character is 
obscure. It is fine grained and gives a strong odor of 
clay when breathed upon* It has a few faint greenish spots 
and occasional small quarts phenoeryats, which have led 
some observers to call the dikes porphyry. It is very soft 
and breaks easily into more or less equidlmenslonal blocks. 
Ahlfeld (3) remarks that It might be a dacite. Under the 
microscope the rock is seen td consist of very fine
grained kaolin, chlorite, quartz, and sericite, with a few 
larger quarts grains. The alteration products, kaolin, 
chlorite* and sericite, are those which would be expected 
to have formed by hydrothermal alteration of a rock of 
intermediate to basic composition. Some suggestion of the 
original texture Is preserved in the form of lath-shaped 
areas of kaolin and sericite which have the same arrange
ment as the plagioclase feldspar of a diabase. This tex
ture, together with the alteration products, suggests that 
the rock may be an altered diabase.

Granodiorlte Intrusive rocks are common in the Qulmsa 
Cruz Range, northwest of the mine. Since Colquirl lies on 
the extension of the axial zone of these granodioritio in- 
truaives, it is possible that the deposit may be nearer 
to plutonic rocks than would appear at first glance. Some 

of the snow covered peaks of the Qulmsa Crus Range are
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shown in Plate 2, a*

The igneous activity with which the dikes and minera
lisation of the district are associated took place during 
the Tertiary; it is assigned to the Miocene or Pliocene 
(7 and 3 b

STRUCTURE
Folding

The sedimentary rocks of the region have been folded 
along northwesterly trending axes. In general the folds 
are open and the beds have only a moderately steep dip. But 
toward the center of the structure where stratigraphlcally 
lower horizons are exposed, seme of the main anticlines 
show close folding with contorted beds and, in seme places, 
overturning. The axis of a closely folded anticline is 
crossed about 2,5 km, southeast of the mine camp. Most of 
the folds are more or loss plunging, causing higher 
stratigraphic horizons to wrap around the nose of domed 
areas. In the immediate mine area the plunge of the main 
fold axes is to the northwest. The mineralized area is one 
of doming in the sediments. Within the major folds are 
minor superimposed flexures, Plate 7 is a generalized cross 

section of, the district.
The main deposit lies in a synclinal area of rather 

gently dipping beds between the closely folded anticline to 
the southeast (mentioned above) and the Colqulri Canyon 
Anticline, Colquiri Canyon is along the southwest limb of
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an open anticline; the beds strike west-northwest and dip 
about 400 southerly. The general strike of the beds in 
the mine area is northwesterly, with dips to the northeast 
of usually loss than 30°, Minor local warps are super
imposed upon this general attitude. In several places in 
the mine southwesterly dips may be observed. At the north 
end of the mine (coordinates N 2750 to 2900, W 1200 to 
1350) there is a small area where the beds strike northerly 
and dip easterly; while at the extreme south end of the 
mine (H 1850 to 2000) the beds strike northerly and dip 
westward. Only the attitude of the beds at some distance 
from the vein zone is uniform; dips and strikes near the 
vein are very erratic due to the influence of faulting. 
Faulting . .

The faulting in, the area may be divided into pre
mineral and post-mineral.

Pre-mineral faulting is of two types; that which 
occurred in conjunction with the folding of the sedimen
tary beds; and normal faulting of gravity type caused by 
differential subsidence of the area. Faults which were 
formed as the direct result,of folding are common in the 
axial part of anticlines and tend to strike nearly paral
lel to the strike of the beds. Both normal and reverse 
types of small displacement were observed, and the pre

sence of large bedding faults in zones of closely folded 
beds Is suspected. Some of the faults of this group.
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©specially the normal ones* may have been caused by 
differential subsidence* and formed after folding.

The most significant pre-mineral faults are those 
which are now occupied by veins. These strike nearly nor

mal to the general strike of bedding in the area and' are 
steeply dipping. The amount of movement along these 
faults cannot be determined because of the lack of suit
able markers, but it must have been considerable as 
Indicated by the extent and persistence of the fractures. 
The fracture occupied by the main Colquiri vein shows a 
tendency to flatten at depth, pinch out to the south, and 
split up to the north as the Colquiri anticline is 
approached. In Colquiri Canyon, north-northeast of the 
main vein, veins are numerous but small; movement appears 
to have been taken up by several small faults rather than 
by one large one. This feature probably bears some 
relationship to the nearness to a main anticlinal axis. 
With the possible exception of bedding faults along anti
clinal axes, the pre-mineral normal faults which were 
mineralised are the largest in the area.

Post-mineral faulting consists of steeply dipping 
faults crossing and offsetting the vein* and of renewed 
movement along the fractures occupied by the vein, 
Sllckensides on fault surfaces of both these types are 
always more or less in the direction of the dip (2),

The cross faults are numerous near the ends of the
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maln vein zone# Their general dip is northward, and their 
downthrow side is usually the one toward the central part 
of the main vein. For this reason most of those at the 
south end of the main vein are normal, and those at the 
north end reverse. The largest cross fault observed, the 
Anita/ has a dip slip displacement of 40 to 45 m., which 
offsets the vein 16 m. horizontally on the Inealacaya 
Level (see Plate 16). Displacement of the vein along other 
cross faults is smaller.

Probably the greatest amount of post-mineral faulting 
movement occurred along the vein itself; this is suggested 
by the crushing of certain vein material, and the presence 
of gouge along the walls and at .seme places within the 
vein. The post-mineral faulting Is attributed to a con
tinuation (or renewal) of the same stresses which provided 
fractures for mineralization. At least some of the post- 
mineral faults wore initiated before mineralization ceased 
as shown by the presence of minor amounts of late stage 
minerals along them*

The large pre-mineral normal faults and the smaller 
post-mineral faults are apparently the result of shearing 
stresses set up by subsidence, common in the later stages 
of magmatic activity, and perhaps caused by contraction due 
to crystallization of the magma. The details of this sys
tem of fractures might be reasonably explained by postula
ting differential settling along the main vein fracture,
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with the greatest movement In the central part*. The eroee 
faults* In the main post-mineral, which occur near the 
ends of the main, vein fracture system* would he adjust

ments to stresses set up by the differential movemente 
The fact that the.down throw side of the cross faults Is 
generally the side toward the central part of the.main 
fracture seems to support this# Why the cross faults at 
the north end dip away from the central part* and why some 
of them are normal (see,Plate 15) Is not apparent#

MINERALOGY
The following minerals occur In the Colqulrl Mine i

Sulphides :
Galena 
Sphalerite 
Pyrrhotlte 
Chalcopyrite 
Pyrlte 
Marcaslte 
Arsenopyrite 
Stannite

Fluorides
Fluorite

Oxides
Quarts

- Magnetite 
Casslterite 
Limonlte

Carbonates
Slderlte

Silicates
Topaz *

Tourmaline *
Serleite
Blotlte
Serpentine
Kaolin

Phosphates
Vlvlanlte

Sulphates
Selenite

Unknown mineral

* Reported by others but not observed by writer.
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Sapergene Minerals ■
Llmonite (FegO^.a HgO) is the chief mineral of the 

oxidized part of the veins• It is porous and ray include 
up to several percent of cassiterite, a mineral which.is 
unaltered by oxidation., The llmonite is the residual Iron 
resulting from the oxidation of the sulphides*

Selenite (CaSO^.S HgO) crystals up to 1*5 inches long 
were found on some of the dumps* The mineral was formed 
in the oxido zone from aqueous solutions resulting from 
the breakdown of fluorite and the sulphides.

Vlvianite (FegPgOg.G RgO). - A few crystals were 
found on the dumps and must have been formed by secondary 
processes in the oxide zone, The source of the phospho
rous : is not known* :

Kaolin (Alr>0g*2 SlOg.S HgO). « A small amount of the 
kaolin minerals occurs in the oxide zone • Although part 
of it is residual hydrothermal material, some of it formed 
in the oxide zone by the breakdown of silicate minerals 
and wall rock.

Silver Mineral. - Since the ores of the oxide zone 
were originally worked for silver, one or more supergene 
silver minerals formed through the breakdown of argenti
ferous galena must have been present, but have not been 
recognized. It is probable that there was some enrichment 
of silver in the lower part of the oxidized zone.
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Lead. Mineral, - Lead released by the oxidation of 
the galena in the primary ore undoubtedly went to form a 
lead mineral stable in the oxide zone; however, galena was 
more resistant to oxidation than the-other sulphide mine
rals. Owing to the small amount of galena present, 
appreciable quantities of supergene lead minerals did not 
fora. Because of this fact and the inaccessibility of the 
workings in the oxidized zone, no supergene lead mineral 
was recognized,
Hypogene Minerals ! .

The hypogene m in e r a ls  may be  s u b d iv id e d  as f o l l o w s ;

I, Early Stage Minerals
(a) Cassiterite - Fluorite Group

Biotite-
Casslterite
Fluorite
Topaz
Tourmaline ;

(b) Massive Sulphide Group
Pyrrhotite
Arsenopyrite
Pyrite
Quartz
Stannite -
Chalcopyrite
Sphalerite •
Galena

II, Late Stage Minerals
Siderite
Magnetite
Serieite
Serpentine
Pyrite
Marcaslte
Unknown Mineral
Kaolin
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Si® early stage minerals are high temperature oxides, 
fluorides and silicates# They were deposited chiefly as 
fillings in the original fractures.

The first members of the massive sulphide group to he 
deposited are also generally considered as high temperature 
minerals, while later members indicate decreasing tempera
ture* The deposition of the first members of the group 
has overlapped the deposition of the cassiterite-fluorite 
groupj pyrrhotlte, especially, is closely associated with 
cassiterite and fluorite. The massive sulphide group was 
deposited chiefly by replacement of wall rock and fluorite, 
and later members replaced earlier members of the same 
group.

After the deposition of the early stage minerals, 
there was a marked renewal of movement along the vein frac
tures causing reopening with crushing and brecclation of 
earlier minerals. This movement continued at intervals 
during the deposition of the late stage minerals so that the 
resulting material la conspicuously banded* Both filling 
and replacement were important in the deposition of this 
group of minerals. Taken as a group the late stage minerals 
have a much lower temperature of formation than the early 

stage ones.
Blotite (H^K(Mg,Fe)gAl(8104)5) le present in small 

amounts associated with cassiterite. It is green and 
rather fine grained. Because it frequently occurs coating



the walla of easaitepite-fluorite stringers, It Is thought 
to have started to deposit before casslterlte and Is the 
earliest mineral to form in the deposit (see Plate 8, a). 
Wlnchell (6 ) states that blotlte in its alteration to 
chlorite often changes from brown to green, but that the 
green mineral is considered still a mica since Its bire
fringence is strong as in the brown original* This expla
nation may apply to the green mica in the Colquiri deposits| 
however, the green mica appears perfectly fresh and not as 
though It had formed by alteration.

Casslterlte (SnOg), the only ore mineral of the de- . 
posit/ occurs as euhedral and subhedral dark brown to honey 
colored crystals up to 1 cm. long; larger crystals are 
occasionally seen. The crystals are zoned and intergrown. 
It occurs along walls of the main vein and branches, in * 
stringers along the footwall or hanging wall of the main 
vein, and in areas with massive vein minerals (see Plate 9, 
a and b). It is usually associated with fluorite (see 
Plate 8, b and e), and pyrrhotite (see Plate 8, e). 
Casslterlte areas are cut by stringers of aiderite (see 

Plate 8 , d) and serpentine.
Fluorite (CaFg) is medium to coarse grained and white, 

bluish white, or greenish white In color. It is usually 

found in areas of massive vein minerals along with cassi- 
terite, pyrrhotite, pyrite, and serpentine (see Plate 8, 
b, e, and f).



TopM ( (A1?)2S10c)> and Tourmaline (KgAl^(B.OH)_Si^gl 
have been reported from the Colqulri deposit. DeWijs (2) 
states tliat they occur in close association with the 
casslterlte. Orosa (1) also mentions them* These minerals 
apparently occur in very snail amounts.

Pyrrhotite (PeS^) was the earliest sulphide to be 
depositedj it is abundant in the massive sulphide ore and 
Is associated with casslterlte (Plate 8, c), fluorite, 
and pyrlte. It is slightly magnetic and is extensively 
replaced by pyrlte (Plate 9, c) and other sulphides 
(Plate 9, d).

' Arsenopyrite (PeAsS) was among the earliest sulphides 
to be deposited (Plate 9, a). It is present in only small 
amounts and is associated with pyrrhotite and pyrlte.

Pyrlte (PeSg) is the most abundant metallic mineral 
and sulphide in the deposit, and was among the earliest 
sulphides to be deposited. Huch of the pyrlte replaced 
pyrrhotite, as is shown by the presence of pyrrhotite rem
nants in the pyrlte (Plate 9, c)* In structure the pyrlte 
may be massive, porous, or concentric. The massive variety 
is thought to have formed by replacement of pyrrhotite$ 
porous and concentric varieties may be the result of depo
sition by filling. Pyrlte is widespread in the deposit;
It occurs alone or associated with casslterlte (Plate 9, b), 
pyrrhotite and other sulphides (Plate 9, f), or with late 
stage non-metalllc minerals. Minor late stage pyrlte
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oeours-a»; bands In siderite (Plate 9# e)« ;
' Quartz (SiOg). - The scarcity of quartz .in th© ore is 

an outstanding feature of the Colquiri Mine* Very small 
amounts of quartz are associated with the early stage mine
rals, Quartz partially replaced by sphalerite was 
observed (Plate 10* a).

Stannlte (CugSeFeSeSnSg) is present in small amounts 
in the massive sulphide ore associated with chalcopyrite 
and sphalerite* Its tin content is not recovered in 
milling,

Chalcopyrite (CuFeSg)# formed chiefly by replacement 
of pyrite and pyrrhotite, is present in small amounts in 
the massive sulphide ore.(Plate 10, b ),

Sphalerite (ZnS), the black high-iron variety, is 
moderately abundant in the massive sulphide ore; after 
pyrite and pyrrhotite It is.the most abundant early sul
phide (marcasite is more abundant, but later). It may be 

observed voining earlier minerals and replacing earlier 
sulphides (Plates 9, d and 10,. b) . Much of the sphalerite 
contains small.specks of pyrrhotite (Plate 9, d) and chal
copyrite (Plate 10, b),

Galena (PbS) is present in small amounts associated 
with sphalerite (Plate 10, c and 9, d), with which it was 
deposited in part contemporaneously; it may be replaced, 
by later minerals (Plate 10, f), The galena is of interest 
in the Colquiri deposit because it was the source of the
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silver in the primary ore; a sample of pure galena from 
the Doble Ancho Level assayed 185*7 ounces of silver per 
short ton*

Siflerite (PeCOg) is the most abundant non-metail!e 
mineral in the deposit. S o w  of it* probably the earlier 
to form* occurs intimately intergrown with magnetite 
(Plate 10> d and e), and replacement of magnetite may have 
been an Important process in its formation* Siderlte occurs 
closely associated v/ith casslterite (Plate 8, d) and 
fluorite (Plate 8* f)# partly because they were brittle and 
partly because they were deposited along vein walls; when 
reopening occurred these areas were highly fractured* It 
also fills cracks in early minerals* Banded structure in 
siderite is very common and is attributed to deposition by 
filling. In places siderite contains bands of late stage 
pyrite (Plate 9, e); it is also closely associated with 
raarcasite (Plates 10  ̂ f anti 11, a)*

Magnetite.(FegOg.FeO) occurs in minor amounts associ

ated with siderite (Plate 10, d). Veinlets of magnetite 
and siderite are commonly observed cutting across pyrite 
and other earlier minerals (Plate 10, e). The presence of 
magnetite with late stage minerals is of interest because 
it seems to indicate a change in the composition or a rise 

in the temperature, of the mineralizing solutions«, This is 

probably related to the reopening of the veins in some way*
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Sericite (SHgO.KgO.SAlgOg+GSlOg) is present In small 
amounts. It occurs as' rims around, the cassiterite crys
tals (Plate !!> h) and replacing fluorite (Plate 11, c)* 
Its;.general occurrence is similar to that of serpentine 
and for tills' reason these tv/o minerals are thought to have 
been deposited, at about the same time; serpentine is more 
abundant.

Serpentine (3MgO,2Si0g•SHgO) was deposited in cracks 
in the earlier minerals. Like slderite it is concentrated 
in areas of the brittle minerals, cassiterite and fluorite 

(Plates 8, e and 11, d). Its microscopic texture varies 
from fairly, coarse fan-like aggregates to very fine grained 
massive areas. Much of it shows a banded structure attri- 
buted to deposition by filling (Plate 11, e). Serpentine 
m s  selectively replaced by marcasite (Plate 11, d),

Pyrite (FeSg)of the late stage occurs as discontinuous 
bands (up to 5 mm, wide) of euhedral and subhedral crys
tals in banded slderite (Plate 9, e); the pyrite bands are■ r'
from 1 cm, to 5 cm, apart, Late stage pyrite is not very 

widespread in its development.
Earcasite (FeSg) is very abundant and occurs closely 

associated with early stage pyrite, -around crystals of 

which it forms alteration rims (Plate 9, f)* and with, side- 
rite (Plates 10, f and 11, a), in which it often occurs a>j 
bladed crystals. Serpentine was very amenable to replace
ment by mareasitg, and most serpentine areas contain
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bladed crystals of marcaslt© and associated,siderite 

(Plate 11, d). '
UnlaiOY/n Mineral ♦ - A mineral which has not been iden

tified is present in small quantities# It is a white 
porcelain-like mineral■, very fine grained, H.-about 5,5,
C-.- 2.58. Before the blowpipe it Is fusible, alkaline 
after ignition, and give’s off a small amount of acid water 
in a closed tube. It gives ’chemical tests for Al* Ca, 

and P# Optically it Is biaxial negative with a large axial 
angle. Birefringence.is medium and 'indices of refraction 
are below 1,450. It occurs as white bands (up to several 
inches wide) in the center of the vein on top of banded 
siderite and serpentine, and fills cracks in earlier mine

rals (Plate. 11, f).
Kaolin (Alg0g.2S10g.2Hg0) is the' last- hypogone mine

ral to be deposited. It occurs in small amounts as 
coatings on earlier minerals. , .



Paragonssia of Hypogene Minerals ■. ■ :
Tlie order of formation of the hypogene minerals may 

be shorn graphically .as 'follows: ■

Early Stage Minerals
Biotit® ___
Cassiterite .
Fluorite ..
Topaz t-?

^  ^  ■ : ■ ,■ ' ' ■ 1 ' 'Tourmaline
Pyrrhotite _______.
Arsenopyrite ?_?
Pyrite _____
Quartz ■
Stannite ,  
Chalcopyrite _______
Sphalerite _____
Galena ___

Late Stage Minerals 
Siderlte

Magnetite _____
Serioite _____
Serpentine ________
Pyrite ___
Mareasite
Unknown
Kaolin



EXPLAMTIOH OP PLATE 8

a* Groen biotlte (Bi.) rim 
around, argillite frag
ment (dark); tills area 
is surrounded toy siderlte 
(light)* Thin section, 
crossed nlcole, X 20.

to* Cassiterite - fluorite 
intergrowth. (The 
cassiterite is the mi
neral with high relief*) 

. Thin section, plain 
light, X 45.

c. Pyrrhotite crystal 
(light) corroded (re
placed) toy cassiterite. 
Polished section, X 160.

e. Cassiterite crystal (high 
relief) veined toy fluorite; 
serpentine (gray, low re
lief) replacing fluorite. 
Thin section, plain light, X 80.

d, Siderlte (Sid.) veining 
cassiterite crystal* 
Thin section, nlain 
light, X 80.

f. Fluorite (light) re
placed and veined toy 
siderlte (Sid.) and 
serpentine (Ser.)• 
Thin section, plain 
light, X 80.





EXPLANATION OF PLATE 9

a. Arsenopyrite (light)
veining cassiterite (gray, 
high relief), and veined 
by siderite. Polished 
section, X 85.

b. Pyrite (light) veining 
cassiterite (gray, 
high relief) and re
placed by siderite. 
Polished section, X 60.

c. Pyrrhotite (Py.) remnants 
in pyrite (P.). Polished 
section, X 85.

e. Banded siderite and late 
stage pyrite (light.). 
Polished section, X 80.

d. Galena (Gn.) and spha
lerite (SI.) veining 
pyrrhotite. Note the 
specks of pyrrhotite 
in the sphalerite. 
Polished section, X 80.

f. Pyrite (P.) replaced 
by marcasite (light); 
siderite (gray) asso
ciated with the mar
casite. Polished 
section, X 85. *





EXPLAMTIOH OF PLATE 10

a .  S p h a le r i te  r e p la c in g
quartz (dark)* The specks 
in the sphalerite are 
pyrrhotite* Polish®! sec
tion, X 155.

h . Chalcopyrite (Cep.) and 
sphalerite (SI.) with 
siderite (Sid.). A few 
specks of chalcopyrite 
in the sphalerite. 
Polished section, X 155.

c. Galena (light) and spha
lerite (gray), (The wormy 
structure is due to reti
culation in the film.) 
Polished section, X 85.

d. Intergrowth of magne
tite (light) and side- 
rite. Polished 
section, X 285.

e. Magnetite - siderite inter
growth veining pyrite 
(light, high relief). 
Polished section, X 80.

f. Karcasite (Mr.) and. si
derite (Sid.) replacing 
galena along cleavage. 
(The wormy structure 
is due to reticulation 
of the film.) Polished 
section, X 50.





EXPLANATION OP PLATE 11

a* Karcasite needles (light) 
associated with, side rite 

. (gray) In sphalerite (SI). 
Polished section, X 160.

c. Spherulitic sericite
(light) replacing fluorite. 
Thin section, X 80.

b. Sericite rims (light) 
around cassiterite 
(Cs.) crystals. The, 
interstitial mineral 
is siderite (Sid.). 
Thin section, crossed 
nlcols, X SO.

d. Serpentine (Ser.) re
placing fluorite (F.) 
and replaced by fnarca- 
site (black)• Thin 
section, plain light, 
X 20.

e. Banded siderite (light), 
magnetite (dark) and ser
pentine (Ser.). Thin sec
tion, plain light, X 20.

f. Unknown mineral (white) 
and siderite (gray) 
yeining sulphides.
Thin section, plain 
light, X 80.





ORE DEPOSITS ,

Mines
Silver Mines, - During the time the diet riot was 

being worked for silver (prior to 1900), many mines were ■ 
activej at that time each "socavon" (tunnel) was a sepa
rate mine. The outcrop of the Main Vein and the smaller
veins outcropping in Colquiri Canyon had dozens of
„ „ ' " '■ '"socavones", now inaccessible. Just south of the village 
of Colquiri are the outcrops of several veins which were 
worked for silver. The ore in the principal one of these, 
Socavon Inca, is reported to have been high in galena.

Tin Mines, -
Colquiri Group, - The main Colquiri Mine had been the 

only active mine in the district for about 7 years prior 
to the time the field work was done. The workings of this 
mine are those on the Main Vein, which is reached by adits 
from various points in the head of Pla Pia Canyon. The . 
Main Vein, which strikes N 50°E and dips 64° westerly, has 
been developed by 8 levels over a vertical interval of 
275 m. (506 m. inclined) (Plates 13 and 14). At a depth of 
about 100 m. the vein is strong and continuous for about 
1500 m* along the strike j this is shown on the Doble Ancho 
and Chojna levels (Plates 25 and 15), the two most exten
sive levels of the mine. The vein zone has been explored 
over a distance of 3000 m. (Socavon Guillermo to Triunfo, 
Plate 14). Up to June of 1941, 370 m. had been opened up
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on the bottom level, the San Juanillo, along the strike of
the vein In the central part of the developed area*
' '

Along the northern extension of the Main Vein, in Col- 
qulri Canyon, there are numerous smaller veins (refer to 
Plate 12), With the exception of the Triunfo Section, - 
none of the workings on these veins are very extensive* and 
they were chiefly on oxide ore. Many of these workings 
were separate mines before they were consolidated as Cia, 
de Minas de Colquirl* Apparently little or no work had 
been done in this.area since the mid-19201s*

The Triunfo workings are on one principal vein, Veta 
Colorado, which strikes north-northwest and dips about 55° 
westerly, and various hanging wall branches. The workings 
extend about 500 m. along the strike and over a vertical 
range of about 150 m., the lower 50 .a, of vdiieh is below 
the level of the canyon bottom. These workings had gone 
into primary ore but were inaccessible, .

Ocavi Mine, - This mine is about 3 km, north-northwest 
of Incalaoaya, the Colquirl Mine camp, in Colquirl Canyon 
(Plate 6 ) • It was worked more or less continuously on a 
small scalevfor tini from 1897 to 1954, The workings are

t
on several small northerly striking veins; they have a 
horizontal extent of about 200 m, and a vertical extent of 
nearly 100 m.

There are many old dumps on the north side of Colquirl 
Canyon north of the Triunfo and Ocavi .workings * Hone of
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theee workings were accessible and no data concerning them 
available.
Production

Silver. - Mo data are available on silver production.
In comparison with the famous Bolivian silver camps of 
Potosi, Colquechaca and Oruro, it was very small.

Tin. - Early tin production In the district came from 
numerous small mines and was chiefly from oxide ores 
("paces"K Mo data are available prior to the consolidation 
of most of the small mines as Cla. de Minas de Colquiri, 
nor for several years thereafter.

Colquiri Mine - In the early 19501s all work was con
centrated on the main vein with the object of developing 
enough ore to justify a mill. Consequently there was no 
regular production until the mill started operating In the 
fall of 1958, Production for the years 1938 to 1941 was 
approximately as follows:

1938 - - - - - - - - 500 metric tons fine tin
1939 ------ - - - - 4000 » « m w

’ 1940 -- -- - -----; . 5200 " 8 " . "
1941 ---------------  6000 * 8 8 8

Ocavl Mine - This mine was a small producer from about 
1897 to 1934. Mo exact data are available, but judging
from the extent of the workings and the grade of the unmined 

pillars, I would estimate that ore containing 1300 to 1500 
metric tons of tin had been mined. Of this amount of tin 
less than half was recovered by milling, thus giving a pro
duction of perhaps 600 metric tons of fine tin.
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O x M i z M  Ores................... m ............

The oxidized zone was first worked for silver• With 
the start of tin mining the ores of this zone were pre
ferred "because they were easier to mine and treat than the 
deeper and harder primary ores. However, the oxides were ;;
soon exhausted and at present, all of the ore being mined 
is primary. ' '

Oxidation in the district is shallow because of the 
relatively rapid rate of erosion* The maximum depth ob
served was about 50 meters near the south end of the main 
vein* The minimum depth observed mis less than 10 meters 
in sane of, the smaller veins on the south side of Colquiri 
Canyon* The depth of oxidation varies inversely as the . 
steepness of the slopes on which the veins crop out* The 
lower limit of oxidation in the veins b o o t s to parallel 
the surface at an average depth of about 25 meters; it is 
deeper under the higher and more gently sloping parts of 
the outcrop area than in gulches and on steep slopes*

The oxidized ores are reddish to yellowish brown 11- 
monitic material in which casslterite is present as residual 

grains*
At sane places in the gullies below the southcentral 

part of the main vein outcrop, a veneer of mineralised 
breccia up to several meters thick covers sizeable areas*
It consists of fragments of oxidised vein material, sand
stone and argillite cemented by llmonlte* It may have



been formed by the oxidation in place of a rubble oontaining 
unoxldized vein minerals*
Primary Ores

Tin is the only metal recovered from the primary ores. 

The mined ,ore contains about 3*5 percent Sn (4*44 percent 
eaesiterite)* of which a little over 0.1 percent is present 
in the soluble form (in the stannlte). The ore is dark 
gray in color due to the included argillite; closer inspec
tion shows sulphides to be abundant. Cassiterite is fre
quently visible in the larger fragments. The soft brittle 
non-metallle vein minerals occur as fines.

Vein Structure. - (Refer to Plates 15 to 23 inclusive.) 
In its central part the Main Vein strikes H 53°B (nearly at 
right angles to the strike of the enclosing sedimentary 
rocks); its average dip in the upper 200 meters is 
approximately 63° northwesterly. Deeper, in general below 
the 100 Level, the dip of the vein flattens to 45° to 55°; 
there is * some suggestion that the flattening might be re
lated to a decrease in the proportion of sandy beds in 
the argillite;Northward along the strike from its central 
part the dip flattens and the general strike swings west
ward, in places as much as 15°, as a result of the 
flattening of the dip; the average dip is about 55°, with 

the dip between the outcrop and the lowest developed levels 
remaining fairly constant* Southward from its central part 
especially on the footwall side of the Anita Fault, the
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strike swings slightly (5° t© 10°) eastward as a result of 
a slight steepening of the dip.

Downward the vein splits, branches taking off from 
the footwall side where the dip flattens. In plan the 
vein splits northward * but the relation of splitting to 
changes in strike is not so marked as its relation to 
changes in dip. De Wljs (2) observes that this structural 
change in the north is coincident with an increase in the - 
proportion of sandstone beds. South of the Anita Fault on 
the Doble Ancho and Chojna levels there.is seme splitting 
up of the vein* but mine openings are not extensive enough 
to determine Its extent.and character. To the south the , 
vein dies out by gradual pinching* To the north it dies 
out by splitting up, with individual branches narrowing 
and disappearing; the fractures do not appear to continue 
much beyond the point where the mineralisation dies out* 
Why the vein should die put at one end by splitting and at 
the other by pinching Is not understood.

The width of the vein where simple varies from 5 m. 
to 20 mi * with an average of about 16 m. At the northern 
end of the mine where the vein has branched, the vein zone 
is up to 100 m. wide, and consists of three well defined 
branches, with aeveral additional ones locally developed. 
Individual branches vary from 2 m. to 12 m. wide and are 
separated by from 3 m. to 50 m. of wall rock, which in 
some places is more or less mineralised. Extreme footwall



and hanging wall hmnehes W n d  to be much narrower than 
intermediate branohea*

Tlie following .generalisations may,be drawni
(1) The pattern of the vein down the dip .may be predicted , 
from its pattern along the strike,
(2) Branching accompanied changes in dip and strike.

Vein Texture and Mineral Arrangement. • Within the 
vein banding is the most conspicuous feature| it is charac
teristic of the late stage minerals. Coarse banding is 
caused by bands of late stage minerals up to several meters 
wide which occur alongside of and within area® of massive 
early stage minerals. The most common place for such 
bands is along the hanging wall of a vein branch, but there 
are places where they occur along the footwall or within 
a vein; in1 ai i;ev:. cases the entire vein may be composed of 
late stage minerals and be completely barren of tin.
Finer banding is caused by variations in the1 proportion of 
component minerals (for example the banded structure of the 
aiderite - magnetite mixture, Plate 11, e), variations in 
the color and texture of a single mineral (for example sl- 

derite), and alternating layers of different minerals.
Another common textural feature of the vein is the 

brecclation of early stage minerals and their cementation 
by late stage minerals. Practically no masses of cassl- 
torlfco and fluorite can bo found that are not crisscrossed 

by aiderite and (or) serpentine veinlets. Areas in which



partially replaced fragments of early stage minerals 
(pyrlte, fluorite, etc.) occurin a groundmass of serpen
tine, maroasite, and siderite represent the more extreme 
development of this process.

Seme of the pyrite deposit occurs as compact nodules 
with a concentric structure in a groundmass of porous 
sooty pyrite. In seme places nearly the entire volume of 
a vein branch may be composed of this material plus a 
little casslterite.
Distribution of the Tin

Casslterite was deposited along early fractures 
chiefly by filling; the most favorable place for its depo
sition was in areas of lateral or vertical branching in the 
vein, Plate 25 shows that the high tin content on the 
Doble Ancho Level is related to the splitting up of the 
vein, Plate 24 shows the general distribution of tin in 
the main vein. Comparison of this tin distribution chart 
with the level maps (Plates 15, 16, and 17) and the cross 
sections (Plates 18 to 23) further establishes the rela
tionship between high tin content and intensity of frac
turing, Since casslterite was deposited by filling 
fractures, the total number of open and connected 
(accessible) fractures in a given area was a prime factor 

in determining the amount of casslterite deposited, A 

single vein, even thouggi wide, contains less tin than 

several parallel veins, even though small*
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Ttxe low grade area in the central upper part of the 
vein is in a place where the vein is simple and regular# 
Relief of the fracturing stresses here was concentrated 
along a single break and must have caused the formation of 
a considerable amount of gouge which prevented access of 
early tin-depositing solutions. Where the fracturing 
stresses were relieved by the formation of several breaks, 
gouge formation was less in any one placej the fractures 
were therefore cleaner and more accessible and are the 
locus of important caseiterite deposition* Other things 
being equal, steeper fractures appear to have been more 
accessible to the tin-depositing solutions than flatter 
onesj and the footwall side of the vein zone more acces
sible than the hanging wall side; however, there are nu
merous exceptions to this generalisation*

•In some cases mineral associations can be used as a 
guide in prospecting for caseiterite. In general the 
cassiterlte occurs in close association with other early 
stage minerals, especially fluorite and pyrrhotite. Any 
vein or part of vein in which fluorite and pyrrhotite are 
abundant should be closely examined for cassiterlte.

Guides for Exploration and Development. - (Summary)
(1) Areas in which vein branching occurs are more favorable 
than elsewhere; these are found where there are changes In 
dip or strike of the main vein.
(2) Fluorite and pyrrhotite are good guides to cassiterlte.



Ore "bodiesLocation, Size,:e t c o f  Ore Bodies* - 
arc most frequently found along vein walls. In some cases 
the entire vein may be mineable, in others only a streak 
along one or both walls. The footwall is a eligibly 
more favorable location for good ore than the hanging wall.

Some ore bodies may be up.to 8 m, wide and extend for 
as much as 150 m. horizontally and nearly as much vertically. 
Some have low grade areas in them* and others are compara
tively small bodies of mineable material within areas too 
low grade to work. In many places there may be several 
ore bodies located so as to fall one behind another in 
longitudinal projection) this is especially common in the 
northern part of the mine where there are numerous branches 
in the vein zone.

In many places along the footwall of the vein zone, 
and in some places in the footwall at some distance from 
the vein, there are thin stringers of cassiterite and 
fluorite with little or no sulphides; some of these are 
numerous enough to be mineable. The easternmost vein on 
the San Juanillo Level (Plate 17) is of this type.

Grade of Ore and Reserves. - Although mine run ore 
contains only about 3.5 percent Sn, channel samples up to 
1 m, long assaying as much as 30 percent Sn are common In 
some of the stopes, Masses of nearly pure cassiterite 
are occasionally found; these are usually small but one 

was sizeable enough to justify separate mining, the mate- <
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rial being sacked in the stop© and exported to the United 
States without further treatment•

About 4,500,000 metric tons of ore containing 2.3 per
cent Sn had been developed by the end of 1940•

Future Possibilities. - The northward extension of the 
vein zone on levels 100 to San Juanillo ana the southward 
extension on all levels below the Chojna should be dev©** 
loped. Exploration and' development should be continued 
downward by shaft from the San Juanillo Level• Deeper work 
probably will not develop areas so productive as seme of 
those on the upper levels, but there is no indication that 
the deposit has beentbottomed* Peak production had not 
been reached in 1941, It Is my opinion'that there are 
good chances for;developing 2,000,000 to 5,000,000 metric 
tons of additional reserves with no great difficulty.
Origin

General Character:of Deposit. - Geographically the 
Colqulrl District is situated between areas characterized 
by distinct types of - Late Tertiary tin deposits; the nor
mal hypothermal tin veins of the Quimsa Cruz Range to the
north, and the complex (me so thermal) tin-silver veins of

- ' "  . ... ■ : .... ■

central Bolivia to the south; Colquiri more nearly approaches 
the normal hypothermal type both geographically and geo
logically.

The Colquiri deposit is characterized by cassiterite 
and fluorite with abundant simple sulphides, and.abundant



late stage minerals (aiderifce and serpentine). Quartz 
and tourmaline are rare; wolframite is absent from the 
main deposit, although sparingly present in the district. - 
Wall rock alteration Is not intense. Both filling and re
placement were important in vein formation. The deposit 
differs from the hypo thermal veins of the Quimsa Cruz 
region in abundance of sulphides, absence or small amount 
of quartz, tourmaline, and wolframite, less wall rock alte
ration, and in showing no close areal relation to grano- 
diorite intrusives.

Source of Mineralizing Solutions. - Mineralizing so
lutions were undoubtedly of magmatic origin. The location 
of the district on the southeastward axial extension of
tho Quimsa Cruz intrusive belt suggests that the solutions

• > ■ "z 1 ■may be genetically related to similar intrusives.
nature of Mineralizing Solutions. - In his discussion 

of the. bearing of fumarolic incrustations on ore deposition, 
Zeis (8 ) observes that hydrogen sulphide, sulphur, and 
steam react at elevated temperatures in the following 
manner:

HpS +  2 HpO . > 30 + 3  H
d d

Y3 S +  2 HgO ? SO + 2  HgS

He states that as the temperature falls, these equilibria 
are displaced from right to left. The above reactions show 

that at high temperature sulphur would be present in the



oxidized condition^ and not as hydrogen sulphide. In a study 
of the fmaaroles of the:Katmal Region, Allen and Zeis (9) 

found that hydrogen sulphide and sulphur are most likely.to 
he associated with steam escaping frcm^ relatively low 
temperature vents (100° - 200°G). This suggests that hydro
gen sulphide is not stable at temperatures much in excess 
of 200*0.

Early Stage solutions contained abundant Sn, F, and 
Ca* in addition to the metals Fe, Zn, Cu, and Pb. Iron 
deposition was low.at first* as no magnetite (or similar
mineral) was deposited, but it had Increased when sulphide 
deposition began. The solutions which deposited the mica, 
cassiterite, and fluorite were oxidizing for the metals 
and for sulphur, and were probably acid; they were above the 

temperature at which sulphur could exist as hydrogen sul
phide. With falling temperature hydrogen sulphide was 
generated and the precipitation of Fe, Zn, Sn, Cu, and Pb 

as sulphides commenced; precipitation of the sulphides of 
these metals was in part by replacement of earlier sul

phides. At this stage the solutions were reducing for the 
metals, and were probably alkaline.

Late Stage. - With the beginning of late stage mine
ralization the composition of the solutions had changed; 
the principal changes were the depletion of the metals,
Sn, Cu, Zn, and Pb, and of fluorine and marked Increase in

the amount of COg, Minor changes were an increase in the
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amount of Mg and SlOg and a possible decrease in the 
amount of Ca, The presence of COg appears to have been an 
Important factor in temporarily bringing about the return 
of oxidising conditions for iron (shown by the presence of 
magnetite associated with early siderite}. But in the main 
conditions were probably reducing for the metals, and the 
solutions were probably alkaline. However, the deposition 
of abundant marcasite suggests that the alkalinity was 
decreasing, and the presence of the very late fluorine- 
bearing unknown mineral indicates that end stage solutions 
were acid,

Temperature of Formation of Deposit. - The temperature 
of formation of any mineral deposit is best indicated by 
the mineral assemblage contained. The Colquiri minerals 
indicate that early mineralization took place in the hypo- 
thermal temperature range, and that later mineralization 
took place in the me so thermal temperature range. The 
cassiterite-fluorite-biotite assemblage is Indicative of 
high temperature, and most certainly formed at temperatures 
considerably in excess of 200°C. During the high tempera
ture stage of mineralization, minerals deposited were 
oxides, fluorides, and silicates; iron was present in the 

ferric" state.
The remainder of the minerals in the deposit indicate 

decreasing temperature. The group of simple sulphides 

(pyrrhotite, arsenopyrite, pyrite, chalcopyrite, stannite.



sphalerite, and galena) were prohahly,deposited below 200°G. 
The logical division between hypothenaal and mesothenaal 
temperature ranges would seem to be between the oxide- 
fluoride-silicate mineral assemblage and the simple sulphide 
assemblage in which iron combined with oxygen was present 
in the ferrous state.

The deposition of magnetite.early in the late stage of 
mineralization might Indicate an increase in the temperature 
of the mineralizing solutions. It might also be due wholly 
or in part to the abundance of COg in the solutions 
which temporarily brought about oxidizing conditions, pro
bably in accord with the following reaction:

4 FeO + 2 C02 ____^ Fe0.Fe203 4-FeC05+ CO
Depth of Formation of Deposit. - The 'depth at which 

the deposit formed is best indicated by the texture of the 
minerals and the structure of the vein. The minerals 
are fairly coarse grained, thus indicating constant condi
tions of deposition such as would be expected at considers- 
ble depth. There is no apparent.change in mineralogy 
over the 1000 ft. interval which has been developed; from 
this it may be inferred that.the mineralogy was essentially 
the same for 1000 ft. above the present outcrop and 1000 
ft. below the lowest level. The distribution of the cassi- 
terlte and fluorite suggests that filling was important at 
the time of their deposition. Replacement became increas
ingly Important during simple (massive) sulphide deposition.



Banding of late stag© minerals indicates that filling 
again became important during the late stage mineralization 

The structure of the vein suggests fracturing at 
intermediate depth. The fracturing definitely took place 
in the zone of breecl&tlon where an increase of volume was 
possible and open spaces could exist, even though the rock 
is not particularly competent. There Is little or no 
development of sheeting along the fractures, or en echelon 
arrangement of individual fractures. However, shattering 
of the rock and upward branching of the fractures is not 
apparent, and there was a good deal of gouge formed; 
these features indicate considerable cover.

The region is one of high relief and rapid erosion; 
this suggests removal of considerable cover.

In view of the above evidence, an estimate of 6000 

ft. to 10,000 ft. as the depth of formation of the deposit 
seems reasonable.

Classification of Deposit. - The Colquiri deposit 
was formed at high to intermediate temperature at moderate 
depth* It might be classified as lower intensity hypo- 
thermal,

MIKING
Exploration and Development

Topographic and geologic conditions were such that 
the development of much of the upper 500 m. of the vein by 

ad.ita was possible* The mine has been laid out by estab-
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liahlng levels at vertical Intervals of approximately 30 m. 
(actual interval between levels varies from 28 m* to 34 m*)* 
Adits have been driven to the vein on all levels above the 
Ghojna* the Inoalaoaya Level, and the San Juanillo Level.
The strike of the vein is approximately parallel to the 
general trend of the contours, but the dip of the vein is 
opposite to that of the surface. For this reason deeper 
levels require longer adits; the lowest adit, the San 
Juanillo, out the vein 1283 m* from the portal at a depth 
of 274 m. The lower limit of economical development by 
adits has been reached, and deeper development will have
to be by shaft. There is a three-compartment inclined

%shaft/ about 3 m. x 9 m., between the Chojna and San Juan

illo levels.
The system of exploration as originally planned at 

the time that systematic development of tiie property was 
begun in the early 1930's, consisted of drifting in the 
country rook on the footwall side of the vein and completely 
cross-cutting the vein zone at 25 m. intervals. Much of 
the work was more or less in accord with this plan as . 
shown by the composite map (Plate 13). In more recent 
times, especially on the lower levels, there has been a 
tendency to drift on the best ore and cross-cut occasionally 

to outline the vein zone.
Blocks of ore are developed by driving so-called 

"stope drifts" between the cross-cuts on the better streaks
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ot ore, and raising at 25 m* Intervals; these raises are 
afterwards used to bring fill into the stopes. ■ • .

Mining Method. - The out-and-fill system of stoping 
with some modifications is the mining method used at Col- 
quiri, Stopes are started from the stop® drifts mentioned 
above# Since the ore is generally high grade, no pillar 
is left above the drifts to support the fill in the 
stopes# Where the ore body is narrow, hitches are cut in 
the walls and stulls are placed across the drift at a height 
of about 2 m. above the track level. The stop© is started 
from a floor of lagging laid on these stulls# Where the 
ore body is wider than the drift, the drift is first 
widened to the width of the ore. Then three-piece sets 
are put in over the track and the sides and top lagged.
The open space behind the lagging is filled with waste and 
stoplng proceeds upward. Ore bodies up to 8 meters wide, 
the maximum width thus far encountered, are being mined in 
this way. Local bad spots in the back are temporarily sup
ported by "T-bone" stulls (a two-piece set consisting of a 
post and a head block). In stoplng the ore is blasted 
down directly on top of the waste fill. Fill raises and 
manways are 25 m. apart; chutes are 8 m. apart (refer to 
Plate 26). In some cases horizontal cut-and-fill stoplng 
has been modified to inclined cut-and-fill stoplng to 

facilitate filling. Waste rock for fill is obtained from 
a glory hole on the outcrop. Tramming of waste and ore In
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most of the min© Is by hand* Oro is. hauled to the mill by, 
trolley locomotive* the distance from the main ore pass in , 
the mine to the mill is 2000 m# Dally production in June, 
1941* was from 600 to 700 metric tons#

Criticisms and Suggestions. - In many places it would 
probably pay to blast down the ore on a plank floor to 
prevent loss of high grade caasiterite fines in the fill.

In starting a wide etope no provision is ever made for 
coming up under it from the level below with another stope* 
ore pillars must be left* While it.is not customary to lay 
a sill floor in cut-and-fill stoping, this procedure might 
be justified in case of very high grade ore such as is 
sometimes encountered.

In many parts of the vein zone ore occurs in closely 
spaced streaks essentially parallel in strike and dip to 
the general mineralized,trend (refer to Plate 16 north of 
cross-section line D), and the stopes are too close together 
here for, safe mining without leaving an excessive amount 
of ore as pillars. In some cases the intervening waste 
material is argillite* while in others it is low grade 
vein matter. Argillite waste could easily be sorted from 
the ore on a picking belt under water sprays. In places 

where closely spaced ore bodies are separated by argillite 
waste* as on the Incalacaya Level (Plate 16) between cross- 
section line D and the shaft. It might prove advantageous 
to mine the entire block as a unit, perhaps by shrinkage



stoping or caving, and sort out the coarse waste on a 
picking belt* Some experimenting should be done along such 
lines*

Usually where there are parallel ore bodies lying over 
one another in an inclined vein zone, it is considered 
better practice to mine the upper (or hanging wall) ones 
first, abandon those workings, and start farther back to
ward the footwall. However, at Colquiri ore bodies in all 
parts of the vein zone are being mined at the same time.
As the stoped out area increases, trouble in keeping the 

workings open is likely to result, and ore will be lost 
that could have been recovered had the vein zone been 
worked systematically from hanging wall to footwall*

Sampling as a Guide to Mining Operations* - In the 
Colquiri Mine an intensive system of sampling has been 
well developed* The stope backs are channel sampled at 
2 m* Intervals after every cut, and up to date sample maps 
given to the shift bosses* Samples above the cut-off are 
painted white so that the width of the stope can be varied, 
and low grade material left as fill or larger low grade 
areas left as pillars* The walls of stones are drilled at 
2 m* intervals to a depth of 6 ft* and the cuttings for 
each 2 ft, interval assayed* This sampling procedure often 
justifies widening the stope. Drift backs are channel sam
pled at 2 m* intervals, and faces after every round so as 
to tell whether to dump the muck from the next round as ore



"*48«»

or waste# Cross-cuts in the vein zone are sampled on both 
walls. The length of all channels varies with the material 
sampled} the channel is "broken whenever the type of mate
rial changes# However, 1*5 m. is the maximum length of any 
c u t . .

Power. - The hydroelectric plant for the mine is 
65 km. distant over rough mountain country. Seasonal vari
ation of water supply and difficulties caused by sanding 
up of flumes, etc.^ made the power supply so precarious- 
that an emergency and supplementary diesel-electric plant 

was being installed. ' '
Labor and Supplies. - The labor supply is very 

unskilled as judged by American standards; many workmen 
are ignorant Indians who cannot even speak Spanish. The 
only advantage of the labor supply is that it is cheap. 
Supplies are more expensive than in the United States due 
chiefly to high transportation costs* Supplies, rather 
than labor, is the more expensive item in the production 
costs; they amount to 60 percent or more of the total.

MILLING
Tin is the only metal commercially recovered and 

easslterite (SnOg) the only mineral of direct commercial 

interest,1 Because of its high specific gravity (7), 
cassiterite is amenable to gravity concentration and the 
milling process is based on this principle. Mineralogi- 
cally the mill heads are composed of 4,4 percent of



cassiterite, and approximately 33,6 percent of sulphides 
and 62 percent of non-metallic vein minerals and argillite 
wall rock, ^

Of the 3,5 percent Sn c o n t a i n i n  the heads, 0,15 
percent is present in stannlte (CugPeSnS^) which is not 
recovered in the concentrates. Tin present in stannlte is 
referred to as soluble tin. In bodies of massive sulphide • 
ore stannlte is locally abundant and may represent a con
siderable proportion of the tin shown in the. assays . In 

such cases the assays might be over the cut-off of 1 meter 
percent Sn even though the recoverable tin value was much 

lower than this. For this reason sulphide material should 
he examined for cassiterite before being dumped as ore.
This was not being done and was. probably a factor in lower
ing the apparent tin recovery in milling, =

Of the 33,6 percent of sulphides contained in the 
mill heads, iron; sulphides (pyrite, pyrrhotlte, ,and marca- 
site) constitute about 28,5 percent. The remaining 5,1 
percent Is made up of sphalerite .(2,8 percent), chalco- 
pyrite (1,2 percent), stannlte (0,6 percent), arsenopy- 
rite (0*3 percent)j and galena (0,2 percent). The average 
specific gravity of the sulphide assemblage is about 4,8 
to 4,9, The non-metallic vein minerals are siderite (sp, 
gr, 3.8) and fluorite (sp^ gr, 3,2)j the argillite (slate) 
wall rock has a specific gravity of 2,7. The weighted 
average specific gravity of this assemblage is about 3,2,

176650



Prom a cmparison of the specific gravities of these two 
assemblages, it is apparent that, the impurities in the gra
vity concentrates will be sulphides,

The first step in gravity concentration of the ore is 
rougher Jigging of plus 1 mn. material. Jigg concentrates 
are then ground finer in tube.mills and tabled, with further 
grinding between stages. The concentrates are partially 
cleaned of sulphides at intervals by bulk flotation. The 
final concentrates contain at least 62 percent Sn,

In June, 1941, about 600 metric tons of ore were being 
milled per day. Percent recovery was about 80 percent, 
and the ratio of concentration was about 20 to 1* It was 
proposed to Increase the milling capacity to 1000 metric 
tons daily by the installation of a sink-float unit.
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EXPLANATION
SEDIMENTARY ROCK

(mostly a rg illite )

\ / / f  | A L T E R E D  D IK E

| \^ V j l  V E IN ,  observed. Inferred

O  >  50%  su lfides  
d ]  <  50% sulfides

I \ / \ /Z X / \
X / >  / N A R R O W  S T R IN G E R S  and (or) 

IR R EG U LA R  M IN E R A L IZ A T IO N

1 11 \ s 1 FAULT, observed , in fe rre d

| ( X ; |  G O U G E  or B REC C IA  ZONE

| j  A R G IL L IT E  B E D D IN G
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SEDIM ENTARY ROCK

(mostly a rg illite )

| / 4  | A LTE R E D  D IK E

V /? |  V E IN ,  observed, inferred

i i >  50%  su lfides  
C 3  <  50%  sulfides

N A R R O W  S T R IN G E R S  and (or) 
IR R EG U LA R  M IN E R A L IZ A T IO N
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EXPLANATION
SEDIM ENTARY ROCK

(mostly a rg illite )

1 A LTE R E D  D IK E

l% ^ l t  V E IN ,  observed, inferred

O  >  50%  su lfides  
CO <  50%  sulfides

NARROW STRINGERS and (or) 
IRREGULAR MINERALIZATION

I \ T> I l ~ \ s I EAULT, observed , in fe rre d
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SEDIM ENTARY ROCK
(mostly a rg illite )

| A LTE R E D  D IK E

I X ^ r ^ l  V E IN ,  observed. Inferred  

CZ3 >  50%  sulfides  
EZH <  50% sulfides

N AR R O W  S T R IN G E R S  and (or) 
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EXPLANATION
”1 SEDIM ENTARY ROCK , 

(mostly a rg illite )
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V E IN ,  observed. Inferred

CZ3 >  50%  sulfides  
□  <  50%  sulfides
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