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Littie  INForMAaTION has been
% % iblished about the occurrence of
amonds in Venezuela although
lissaveries have been made over a
W | area, especially during the
past decade. Current production is
mall, but it is believed that pres-
et exploration and prospecting
Xork will lead to a greater appre-
atlon of the potential value of
Jdenezuela as a source of gems of
andustrial stones.
‘Since 1946 considerable North
@Merican Capital has been em-
Oyed in large-scale systematic ex-
i hoq of diamondiferous alluvi-
8 and if these pioneering com-
. are successful, much greater
dvity is expected to result in
& region known locally as the
#elezuelan Guiana.”

, A'_-Ocution and History

i8¢ known diamond fields are
pucated within the State of Boli-
ch has a total area of 91,-
are miles and a population
22 including some 18,000
Reports have also been
4 of diamondiferous alluvi-
% . "¢ Amazonas Territory
,@Vers a total area of 67,558
¥ 1ne C> and has a population
including about 43,400
Dut so far as is officially
k::: Mmining has been done
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Venezuela was recorded in 1912 at
Paviche (lower Caroni River) but
there issgood reason to believe that
diamonds were produced in this
region, on a small scale, as early
as 1887. From 1924 to 1927 it be-
came more widely known that the
lower reaches of the Rio Caroni
were diamondiferous and numer-
ous concessions were granted to
Venezuelans and to foreigners.
Many were obtained by promoters
for purély speculative purposes.
The owners in most cases hoped to
sell their concessions to late-comers
at a high price and leave the en-
gineering problems and the ex-
pense of systematic sampling to
others. However, the few conces-
sionaires who worked their prop-
erties did well until technical dif-
ficulties arose which, with limited
financial resources, they were un-
able to overcome. Consequently
many local concessionaires, who
were also small merchants, set up
stores on their properties and
threw their concessions open on
condition that the gems recovered
should be sold to them and all sup-
plies and food should be purchased
from their stores.

During 1925 the first white set-
tler in the then completely un-
known territory of the Gran Sabana
discovered diamonds in the alluvial
deposits of several tributaries of
the Caroni River near its head-
waters. These streams are close to
the Brazilian border and the news
of the discovery of diamonds first
spread to Brazil and British Guiana
because at that time there was no
means of communication between
this isolated part of Venezuela and
the rest of the country. The first
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FIG. 2. WORKING DIAMONDIFEROUS GRAVEL at Quebrada El
Polaco, Gran Sabana.

he Diamond Fields of Venezuela

intimation of this discovery to be
received by the Venezuelan Gov-
ernment in Caracas, the -capital,
was conveyed in a letter from the
Venezuelan consul at Manaos, Bra-
zil, who reported in October 1935
that gold and diamonds were being
mined in Venezuelan territory and
smuggled into Brazil. An investiga-
tion revealed that 68 miners, all
foreigners, were at work some 15
miles inside the Venezuelan border.
In 1939 there were only 50 miners
at work in the Gran Sabana but
by June 1943 the number was about
1,000. Since then the total has
fluctuated considerably, depending
largely on the length of the dry
season and the amount of rainfall,
but has not fallen below 300.

Although diamonds have been
produced in small quantities on
the lower Caroni River for some
60 years, official records of the pro-
duction from this area were not
kept until 1937 and those for the
Gran Sabana were begun in 1940.
The estimated production from the
latter region for the period 1925
to 1937 is based on various unoffi-
cial reports and information col-
lected by the writer. The figures
of the total annual output of dia-
monds from 1940 to 1946 have been
supplied by the Department of
Mines, Ministerio de Fomento, Car-
acas.

The Diamond Fields

The areas from which diamonds
are produced at the present time

are the following:
1. Lower Rio Caroni and some of

its tributaries.
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Production of Diamonds In Venezvela

Lower Caronl River -

Gran Sabana Total Output,

Year & Other Arecs Area Carats
Up to 1937 73,000 (x) 11,500 (x) 84,500 (x)
1937 13,242 1,500 (x) 14,742 (x)
1938 13,600 2,000 (x) 15,600 (x)
1939 7,969 2,580 (x) 10,569 (x)
! 1940 9,801 4,724 14,525
1941 5,549 23,868 " 29,417
1942 8,373 25,675 - 34,048
1943 3,385 19,461 22,846
1944 5,345 16,692 22,037
1945 2,541 10,228 12,769
1946 ? ? 20,912

(x) Estimated.

Stratigraphic Column

Formation Description Age

Alluvium Recent river deposits, flood plains and white sands. Quaternary
: (The latter are not known south of 7°N Latitude).
Roraima Cross-bedded, ferruginous sandstones and conglomeratic- ~ Trias (?)
series sandstones, shales, quartzites, jasper and a basal con-
glomerate all intruded by basic igneous dikes.

Imataca Ferruginous-quartzites intruded by granite and basic  Early
series igneous dikes, especially norites. Paleozoic (?)
La Pastora Volcanic ‘Tuffs, andesites, jaspers, calcarcous-schist, Pre-
serics hornblende schist and mica schists. Cambrian
Archean Granite gneisscs and schists Pre-
complex Cambrian

2. Upper Rio Caroni and some
of its tributaries. -
3. Lower Rio Paragua and some
of its tributaries.
4, Rio Cuyuni and some of its
tributaries.
5. Rio Kamaran headwaters.

Lower Rio Caroni—This area in-
cludes the whole of the Caroni
River between the falls near its
mouth and the junction with the
Rio Carrao, a right-bank tributary.
The principal diamondiferous trib-
utaries include: the Rios Pao, Santa
Barbara and La Cebolla, all left-
bank feeders of the Caroni River
and covering an arca of about 1,000
square miles.

The village of San Pedro de las
Bocas is the center of all the dia-
mond workings in this area. There
is a big influx of miners here dur-
ing the dry scason (November to
April) when the rivers are low.

Upper Rio Caroni—Near its head-
waters the Rio Caroni splits into
many tributary streams and loses
its identily under this name. The
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large diamondiferous area, cover-
ing some 10,000 square miles and
known as “La Gran Sabana,” is
bounded on the north by the Rio
Carrao, on the south by the Sierra
Pacaraima, on the west by the Rio
Caroni and on the east by the moun-
tainous chain forming the bound-
ary between Venezuela and British
Guiana. All the rivers in this area
are tributaries of either the Rio
Caroni or the Rio Carrao. The
chief diamondiferous streams are
the Rios Surukun, Kukenan, Ika-
baru and Aponguao.

Most of the mining work al pres-
ent is being done along the course
of the first two streams mentioned
and in their numerous small tribu-
taries. The village of Santa Elena
is the headquarters of these min-
ing camps, or “diggings,” and the
favorite resort of local miners every
week end. They come in to partici-
pate in various gambling games,
for cockfights, or the purchase of
hard liquor, none of which is per-
mitted on the actual “diggings.”

Lower Rio Paragua—The Rio
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Paragua for a distance of some 30
miles between the village of Sap
Pedro de las Bocas and the smg
settlement of LaParagua on jig
south bank has long been known g
be diamondiferous. The mining
work done in this area has beeq
limited owing to the considerab]e
depth of water in some sectiong
and because of rapids in othe

La Paragua is the center of all dig:
mond mining within a radius g
10 or 12 miles and supplies gpe
brought in by truck over an yj
surveyed dirt road from Ciudagd}
Bolivar, the capital of the State of]
Bolivar, some 140 miles distant,

Rio Cuyuni—This river, which
has its source in the north flank
of the Sierra de Lema bordering
the Gran Sabana, flows northwards
to El Dorado where it turns gt
right angles and continues for some
35 miles to the east before crossing
the international boundary into’
British Guiana, where it eventually"
joins the Mazaruni River. Dia.
headwaters and on the south bank
of this river opposite the village of !
monds have been found near its
El Dorado as well as to the east of
it. The chief south bank tributary
is the Rio Venamo which for sev-
eral miles forms the boundary be-
iween Venezuelan and British Gui-
anan territory. At El Dorado, which *
is the center of the present limited
mining activity in this area, the
main highway from Ciudad Bolivar
into, the interior terminates. ;

Rio Kamaran—This is the most
inaccessible and least known of
the diamond fields and the river
Kamaran, which rises in the east-
ern flank of the Gran Sabana pla-}
teau,” flows, eastwards into British}
Guiana and joins the Mazaruni
River. A number of small tributary’
streams ngar its headwaters have
been proven to be diamondiferous.’

Other Potential Areas

The areas already listed are those
in which diamondiferous alluvials
are being worked, but there are
several other places where dia-
monds have been found, including’

1. Upper Rio Paragua and someé
of its tributaries.

2. Upper Rio Ventuari, a tribu
tary of the upper Rio Orinoco.

3. Upper Rio Orinoco above ils
junction with the Casiquiares

- The first lies within the State O
Bolivar but the other two are iB
the little-known Amazonas Terri
tory. ~
It is evident that diamonds occur}
over a very extensive area in Ven
ezuelan Guiana, and future pros
pecling may well prove it to be
much larger than is now generally
believed.
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Geology

5 practically all Venczuelan lerri-
,;; south of the Rio Orinoco forms
et of the Guiana shield which
A tends into Brazil and British
‘Guiana. In the State of Bolivar and
s the Amazonas Terrilory the old-
¢ rocks are granite gneiss, horn-
blende gneiss and schists of Ar-
iehean age. This basement complex
'has a fairly level, peneplaned sur-
frace on which lie extensive rem-
mants of thick sedimentary deposits

of much younger age. (See strati-

igraphic column on page 76.)

¢ In the greater part of the Guay-

ana shield the metamorphic rocks

Archean age have been intruded

by granites, pegmatites, gabbros,

(ﬁ bases, porphyries and aplites but

fn the southcast sector, in which

lies the Gran Sabana, the basement

‘rocks are mainly red and grey por-

phyries, and all the basic igneous

pirusives are Yyounger than the

‘sediments of the Roraima forma-

lion. No fossils have yet been found

anywhere in Venezuelan territory

south of the Rio Orinoco and the

‘ages of the sedimentary and intru-

sive rocks cannot be determined,,
‘except relatively.

" In the diamondiferous areas of

{he Gran Sabana only the sediments

the Roraima series are found

Gu

[lhey attain a maximum thickness
‘of about 8,000 ft. This formation
s the same as that named the Kaie-
leur series in the diamondiferous
iregion of British Guiana.

¢ Lying directly upon the pene-
‘planed surface of the porphyries
the Roraima series of sediments
tonsists of a basal conglomerate,
8ome 30 ft. thick, ferruginous sand-
Hones, coarse conglomerates, shales
;,v- thin beds of green and red
gl

.

per, all of which have been in-
deq by dikes or sills of gabbro
f' diabase. Acid dikes are much
#88 common and consist princi-
Pally of micro-granites and quartz
Ol‘ilgs. These are the youngest
ives,
: The diamond deposits are mainly
ind in the sands and gravels of
4 numerpus streams and rivers
; ng their headwaters in the Ro-
'4"' formation. So far no dia-
._'"h have been found “in situ”
,‘l:l!; 1gneous rock in Venezuelan

; ll is. believed that the diamonds
ind in the geologically recent al-
deposits of existing rivers
' een derived from the con-
e crales of the Roraima forma-
et . 2rly geological reports sug-
oy that only the basal conglom-
Aty :\'ls dmmondil‘crous, but more
Bow. Ork over a larger area has
ek that other conglomerates at
= ‘evels in the Roraima series

. 1 diamondiferous. This is
“sMPbortant factor in any con-
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above the Archean complex and .

‘diamondiferous
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sideration of the potential value of
this region as a future diamond
producer on a big scale. Another
even more important factor is, in
the wriler's opinion, the extent of
the original area covered by the
diamondiferous conglomerates of
the Roraima series. Remnants of
these sediments are found over the
whole of Venezuelan Guiana south
of 6° N latitude, a region which al-
though it has been penetrated, has
not yet been surveyed. The geol-
ogy of only a very small part of
this vast area has been studied. It
is of considerable economic inter-
est that the former geographical
limits of the basal conglomerate
should be determined as far as pos-
sible.

There is reason to believe that
wherever rivers and streams have
cut through these conglomerates,
diamondiferous alluvials may be
found somewhere along their
course. These deposits may not
be located in the present bed of
the river throughout its course but
may exist in old alluvial terraces
within the area drained by it. The
importance of these two features
has not yet been recognized by
mining engineers in their appraisal
of the future of Venezuelan Guiana
as a diamond producer. In view of

. the very extensive area in which

geological conditions favor the oc-
currence of diamondiferous alluvi-
als in the State of Bolivar and in
the Amazonas Territory, these areas
merit further investigation.

Diamondiferous Alluvials

There are three distinct types of
alluvial deposits
present in Venezuelan Guiana:

(a) OId river terraces.

(b) Flood plains and slope grav-

; els.

(c) Alluvials

- beds.

Deposits of the old-terrace type
are more easily recognized on the
Lower Rio Caroni than in the Gran
Sabana area, although they occur in
both. They have been noted as
much as 80 ft. above the present
river level, although often only
remnants of a once more extensive
deposit now remain. In some cases
it is possible to trace the redeposi-
tion of these older diamondiferous
alluvials between their present lim-
its and the existing river.

The amount of overburden var-
ies, but in this type of alluvial de-
posit it rarely exceeds five feet, and
the diamondiferous gravel ranges
from 9 in. to about 22 in. thick.
The gravel, or “formacion,” con-
sists of milky white quartz pebbles
rarely more than one inch in diam-
eter and about half consists of a
siliceous sand with grains less than
1/10 in. diameter. .

Flood plain and slope deposits,

of present river

-

Rader

which are located between the 'o1d
terrace gravels and the present
streams, may consist of alluvial
flals, which are often under waler
in the wet secason (the rivers may
rise as much as 50 ft. in some
places), or they may be shallow
deposits on sloping ground between
the present river and the old ter-
races. Such alluvials vary consid-
erably in depth, and in the flood
plains .the overburden is often 4
to 6 ft. thick, but may be as much
as 20 ft.

The thickness of the diamondif-
erous gravel also varies widely and
extremes of 6 ft. and 40 ft. have
been noted. The bedrock in the
lower Caroni area is either granite,
granite-gneiss or a decomposed,
basic igneous intrusive whereas in
the Gran Sabana it is generally a
sandstone or sandstone-conglom-
erate, a decomposed diabase (‘“cas-
cajo”) or a porphyry.

The diamondiferous alluvials of
the present perennial streams vary
considerably in character. On the
lower Rio Caroni the diamonds may
be found in a hard conglomerate of
quartz, jasper and rounded frag-
ments of igneous rocks cemented
by iron oxide, or as hyper-concen-
trations in loose gravel behind na-
tural riffles formed by intrusives
and quartz veins that cross the
river beds.

Prospecting

Prospecting for diamonds in Ven-
ezuela has shown that commercial-
Iy valuable deposits are frequently
found:

(a) near the headwaters of
streams whose source is close to
the scarps of the Roraima forma-
tion,

(b) in old river terrace gravels,

(c) near the junctions of streams,

(d) above the natural riffles
formed by dikes and quartz veins
traversing the river beds, and

(e) at the foot of falls.

Some streams in the Gran Sa-
bana area disappear underground
through fissures in the sandstone
and conglomerates leaving a dry
bed exposed which is highly dis-
sected by fissures and potholes
for distances up to 3/4 mile. These
sections usually contain a hyper-
concentration of gemstones. The
local miners have observed that
the greater the thickness of “forma-
cion” or diamondiferous gravel, the
lower is the value of the ground
and vice-versa. Another feature is
that where the “formacion” con-
tains a big proportion of boulders
or large pebbles it usually has a
higher than zverage concentration
of diamonds per cubic yard and
the stones are above the average in
caratage. These deposils are usu-
ally found close to the bases of
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scarps al an elevation of aboul
3,000 ft.

. Methods of Working

The method generally employed
in working these diamond deposits
is pitling and washing the gravel
extracted in sluices and “bateas.”
On the lower Caroni River in the
dry season (November-April) a
small percentage of the diamond
output is obtained by divers.

On the Gran Sabana there are
concession areas held by local and
foreign companies but none is yet
past the testing stage. The largest
producers are the local miners who
work in areas of free avail granted
to them by the Government. Each
miner, or group of miners, is per-
mitted to work an area of ten
meters square to bedrock. They
are not permitted to use power ma-
chinery and are restricted to picks,
shovels, bars, hoes, “bateas,” sieves
and similar primitive tools.

A groun of five or six men, sha=-
ing cqualiy in expenses and prof-
ils, begin operations by sinking a
trial pit, about three feet in diam-
eter, to bedrock. The “formacion,”
or wash, is lested to sce if it is dia-
mondiferous and if so the excava-
tion is gradually enlarged to the
maximum size allowed by the min-
ing law. These pits and excava-
tions are termed “barrancos” and
if situated far from a stream the
gravel is often washed in them, but
if a supply of waler is less than
300ft. away it is transported in
four-gallon kerosene tins to the
sluices. A small amount of gold is
usually present in these alluvials
and this is caught by mercury traps
or riflles in the upper section of
the sluice. The sluice beds are
periodically cleaned up and the
heavy concentrates recovered are
washed on sieves. The diamonds
are picked out from among the
small residue of diamond “satel-
lites.” These consist of rutile, “car-

bonados,” red and green jasper, an
zircon.

The average recovery on the
Gran Sabana field runs four stone
to the carat and those ranging fro;
% to % carat represent some 50%
of the total. The largest diamong
yet reported, “El Libertador,
weighed 155 carals and stones up
to 16 carats are not rare. About
73% of all diamonds recovered are
gems. The majority of these are
free of flaws and translucent, but
some 30% are colored or have bro-
ken edges.

In conclusion it may be said that
of the three diamond producing
countries of the Western Hemi.
sphere the Republic of Venezuela
today offers the largest potentia]
area for exploration and develop-
ment. Although it may never offer
serious competition to the African
fields, it does possess sufficient po-
tential value to merit the attention
of independent mining interests,

Titanium Takes on New Importance

DeMAND For TITANIUM pigments is
growing so rapidly that large chem-
ical companies are unable to build
plants fast enough to supply them
according to Otto Herres, vice pres-
ident, Combined Metals Reduction
Co.”

Titanium dioxide, most opaque
and whitest of all good pigments,
is gradually replacing white lead,
lithopone and other white pigments
in better quality paints. All high-
grade white house paints today con-
tain some titanium dioxide to im-
prove the hiding power of the
white lead. In finishes for refrig-
erators, washing machines and por-
celain enamels, titanium dioxide
predominates. Large quantities are
also used in paper, plastics and
rubber, whitening toilet soaps, face
powder and textiles.

Rayon manufacturers use titani-
um dioxide as a delusterizing agent.
Use would probably double if ade-
quate quantities could be obtained.
A new 7-million-dollar plastic plant
erected by one of the large rubber
companies is reported to be virtu-
ally idle today for lack of titanium
dioxide.

Use of titanium pigments by the
paper industry has increased tre-
mendously during a few years to
more than 30,000 tons annually.
High strength is imparted to light-
weight thin papers to supplant
heavier stocks. Thin paper be-
comes unusually opaque. Maga-
zines will be published on thinner
stock with large savings in hand-
ling costs when titanium dioxide

delivered befeore  the
February 19048,

*Abstracted from address
Colorado Mining Assoclation,
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is available in sufficient quantities

to paper manufacturers.

The two commercial titanium
ores are ilmenite and rutile. Ilmen-
ite is cheaper and more plentiful
and finds its greatest use for the
manufacture of pigments. Rela-
tively small amounts go into the
production of ferro-alloys, cement-
ed carbides, and titanium tetra-
chloride used in sky writing and
as a wartime ingredient for smoke
screens. Rutile is used principally
for welding rod coatings, but finds
use also for alloys.

Titanium, as a deoxidizer and
denitronizer, is one of the best puri-
fying agents for the production of
steel and cast iron because of its
strong affinity for oxygen and nitro-
gen. It has become almost indis-
pensable for welding rods, tending
to improve steadiness of the elec-
tric arc, and prevent embrittlement
of the weld. The output of rutile-
coated rods has more than trebled
in recent years.

Between 1937 and 1947 plant ca-
pacily of the U. S. producers of
titanium pigments was expanded
three and one-half times despite
construction difficulties. During
1947, the industry output was in-
creased approximately 22% to an
all-time high. In 1948 expansion
to somewhat similar extent is ex-
pected. And yet of chemicals in
short supply, titanium dioxide is
one of the scarcest today, and no
early end of the shortage is fore-
seen.

There are four U, S. producers
of titanium: DuPonl; National Lead
Co.; Caleo Chemical Division of
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American Cyanimid Co.; and Chem-
ical & Pigment Co., a division of
Glidden Co. .

The MaclIntyre operation of the
National Lead Co. is presumably
the largest producer in the world
today. Production is approximate-
ly 750 tons -of ilmenite daily, or
200,000 to 250,000 ton annually.

In December, 1947, DuPont
signed a long-term lease for state-
owned ilmenite bearing lands in_
north central Florida, believed to
be sufficient to end reliance on
foreign supplies, it is reported,
when large-scale mining opera-
tions get under way.

Glidden Company’s ilmenite
mines are in North Carolina. The
recent company report states ore
reserves are in excess of require-
ments * for production of titanium
pigments over the next ten years.

American Cyanimid mine opera-
tions are in Virginia. New Plant
facilities went into operation ut
Gloucester City, N. J., last year.

Large tonnages of ilmenite are
mined in open cut operations with
power shovéls and concentrate
from-beach sands in Florida and In-
dia at relatively low costs. Produc-
tion of titanium dioxide is a dil-
ferent matter, however, and re-
quires heavy capital outlay for pro-
cessing facilities. A moderate sized
titanium dioxide plant at today’s
prices is estimated to require 2
capital expenditure in the magni-
tude of about $20,000,000. There
is no shortage of principal raw
materials for pigment production.
These are ilmenite ore and sul-
phuric acid. ;




