
Venezuela—The Guayana Highlands 
Gold Deposits of the State of Bolivar 

By John C . Davey, A . C . S . M . , M.inst.M.M. 

The third article of a series on Venezuela. 

Introductlon 
All tlic known major gold dejiosits of 

Venezuela are located in the Yuruari-
Cuyuni liasin and they include auriferous 
quartz veins, eluvials, and alluvials. The 
northern part of the basin, from Ciudad 
Bolivar to VA Callao mining región, is easily 
acccssible and for that reason is bctter known 
and more developed than the others ; it 
has yielded about 80% of all the gold pro-
duccd to date. Ciudad Holivar is the gatcway 
to all the goldfields and the principal means 
of comnmnication with the interior from this 
town have already been dcscribed (Map 
No. 3).» 

The history of the developinent of the gold-
mining industry has already been briefly 
mentioned in the first articIc.^ After the 
first rccorded production in 1829 thcre is no 
official record available of mining operations 
bctween 18,'!0 and 18.J7, owing to civil strife 
and the destruction of part of the archives. 
In addition, the I'^edcral Government from 
ISCcl to 1881 yielded its powers of granting 
mining conccssions to the individual States 
and as a result much u.scful statistical and 
legal Information has been lost. 

The mining law in forcé up to 1854 had 
been that of Spain, with slight modifications 
made by Simón Bolivar in 1829 at Quito, 
whilst he was prcsidcnt of Gran Columbia. 
I t was following this pcriod, from 1859 to 
1889, that many large conccssions were 
granted to foreigncrs, mainly North 
Americans, línglish, and Dutcli, but little 
work was done on the majority of thesc 
proj)erties, some of which are even held 

" to-day by other companies, through legal 
transfers, as entirely virgin propcrties. This 
State of affairs is i)ossible, because, according 
to the Constitution of N'enczuela, no law can 
be retro-active and the conditions under 
which the.se original tith^s were granted were 
so liberal that no conditions were imposed 
regard i ijg c.\l o i t a t i on. 

/ Ilistory 
Tílé fust recorded rcco\ery of gold, in 

1829, amo\mted to 15,112 oz. and was 

/ Tur. MiNiNíi MA<;.\ZINI:, Scpt., 1 >, p. I.S9. 
/ « Ibii/.. July, 1915. 

obtained fnnn the bniik-. of the Yuriiari 
River, ncar T\i[)Uí)Uf:ri. an olrl Catholic 
(Capuchiii) mission station, four miles east 
of the town of K] (;all;io. Many foreigncrs 
were working in this regirán, including negros 
from British Guiana, (^ermans, l-renchmen, 
and Brazilians. I t was one of the latter, 
Pedro Joaquin Ayres by ñame, who in 1842 
first made public the discovery of thesc 
auriferous alluvials, but little notice was 
taken of his report. However, in 1849 two 
Venezuelan miners, .Andrés Morales and 
Pedro Monasterio, again marle it known 
that in the región of .\nacupai (Nacupay) 
therc was much gold in the bed of this creek, 
which is a tributary of the Yuruari River. 
Dr. Luis Plassard, a medico, anrl at that 
time French cónsul in Ciiiíhul Bolivar, al.so 
made a trip to the.se alluvial workings in 
1849 to check on thesc rcports and was so 
ilnpressed with what he saw that on his return 
he ai^plied for conccssions. 

B y 1857, when Michelena Rojas, on behalf 
of the Government, visited the small miners' 
camps at Tupiujuen, Xacupay, and Caratal, 
he found some 400 men at wcjrk. The biggest 
nugget found up to that date wcighed 
250 oz. and many others uj) to 20 oz. were 
reported. E.xploration and mining activitics 
were extended from the ^'uruari River into 
every crcek and tributary and in 1859 the 
Corina lode and others were found ncar the 
mouth of the Nacupay Creek. The discovery 
of the famous F l (Callao lode soon followed. 
and before 1880 most of thv. major lodes of 
the E l Callao arca had been discovered and 
conccssions taken out. The fust ¡)riniiti\
stamp mili was crected in the Xacu[)ay 
valley, at Buen Retiro, in 18(')9, and the mili 
of the' Panamá company started working 
later the same year. The tirst mili of the 
Callao com])any was crected in 1871 and 
gradually increased its production after 
overcoming what ap]H'ared at that time to 
be insuperable difiiculties. In 1875 the tirst 
dividend was paid and this company con-
tinued to pay big dividends every year uiitil 
1890. 

During this |)eriod \'enezuela's gold l)ro-
duction was eípiivalent to l{-l2"o of the 
world's total, but following the closing of the 
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Callao grínij) of minos it (li(>i)i)r(l cons idnah ly 
aiul it was not unt i l H)'2(> that any markc i l 
rcco\ory was I T C O K I C I I . 

Many of the eailitT com|)anies e\])erioneeil 
financial diHieulties, some had insullicient 
cai)ital, otheis wasted theii casli resources 
on suifacc woiks, hut the major part was 
often swallowed uj) in t lu ' cost of t ransi iort ing 
heavy machinery from í ' i u d a d J io l ivar to 
the mines. Others had i)oor develojiment 
results, as ore as.saying less than 2.") or 
3 0 dwt . / ton did not ¡ lay e.\()enscs at that 
time. A s a result of a few high-grade lodos 
being worked out a 20 -year boom was 
followed hy a pcriod of lode mining 
dejiression, which lasted from 1 8 9 0 to 192.">. 

E.\ j ) lorat ion work from 1 8 7 0 to 1 9 0 0 
rcsulted in the discovery of gold deposits 
in other arcas—vtz., Botanamo ( 1 8 7 7 ) ; 
L a Cica])ra ( 1 8 7 8 ) ; E l Dorado and Al to 
C u y u n i ( 1 8 8 8 / 1 9 0 1 ) , and F, l Manteco ( 1 8 8 8 ) . 
I l o w c v c r , outsidc of the E l Callao arca most 
of the mining work consisted in the recovery 
of a l l uv i a l gold from the numerous strcams 
and crecks by washing t l ic g r avé i s in bateas 
and shiices. 

E v c n t u a l l y the two major companies now 
oj)erating in the Callao arca bctween them 
accjuired most of the conccssions covcring 
the known lodes and to-day thcy are pro-
ducing rnn-of-minc ore va ry ing from 1 1 to 
1 7 dwt . / ton from the orc-hodies ncarest thcir 
treatment plants. I f they are to c o n t i n u é 
o¡ )cra t ing thcir mil is at ma.ximum capaci ty 
it w i l l be necessary for them to develop 
some of thcir now dormant and almost 
v i rg in pro])erties, as the ])roducing mines 
show signs of c.xliaustion in the lowest le\ 'cls. 

Production 
D a t a on the j)roduction of gold are not 

comi)lele, but the figuies in Tab le 2 5 include 
official rc turns and an cst imatc of the 
probable production for those years for which 
no rcturns are avai lable, or are incoinj^lcte. 

Tablc 25 

Ycar ot I'criod. 
• 1829 

1830-IK.5fi . 
IH.SK 1K6.S . 
iKfiG i;;(>9 . 
1K70 19'H . 

Coltl J'roí/iircd. 
(<,z.) 

15,112 
H , 5 I I 

399,5(;K ' 
12(),()()() ' 
1()'1,K09 

. 4,8KH,-IKK 

Tot.il CoM l'ro-
diJc<<I, 1829-1914 5,.512.-l88oz, 

• JCstiiM.accI. 

Erom 1 8 2 9 to 1 8 0 9 pract ical ly all the gold 
inoduced in Venezuela came from the 
a l luvia l deposits of the Y u r u a r i R i v e r and 
its tributarios and amounted to about 
('.51,000 oz. 

. \n amount of clandestine a l luv ia l 
mining has bccn carried on during the i)ast 
1 2 0 years in the soulh-eastern })art of 
\ 'enezucla cióse to the B r i t i s h Gu iana 
boundary and also more reccntly in the G r a n 
Sabana arca cióse to the fronticr wi th Mrazil. 
I f thesc are taken into account the total 
jiroduction of gold in \ 'enezuela since 1 8 2 9 
is probably in excess of ( . , 0 0 0 , 0 0 0 oz. 

Over 4 0 auriferous quartz ore-bodies are 
known in the líl Callao a rca and the total 
production from those that havc bccn worked 
bctwccn 1 8 7 0 and 1944 has been 4 , 5 0 0 , 0 0 0 
tons of ore for a recovery of 3 , 9 0 0 , 0 0 0 oz. 
of gold, cquivalent to <in avcrage grade of 
1 7 - 3 dwt . / ton . Of this total the Oíd Callao 
mine contributed 70(>,272 tons of ore which 
yielded 1 , 4 4 3 , 1 0 0 oz. of gold. I t is, thcreforc, 
cvidcnt that even cxcluding this once famous 
mine the avcrage grade of 1 2 - 9 dwt . / t on 
íor al l the other ore-bodies is s t i l l high and 
constitutcs one good reason w h y more 
attcntion should be dircctcd to gold-mining 
pos.íibilities in this región of Venezuela in 
the immcdiatc í u t u r e . 

Cliniatc and Ilcallh 
The climate in tlic región north of the 

latitude o í E l Dorado is hca l t l iy and 
Europeans wi th rea.sonable care remain 
many years without having any serious -
il lncss. South of E l Dorado the country is 
much more th ick ly wooded and malar ia and 
beriberi are fair ly common amongst the smal l , 
scattercd, nativo population. 

Labour , whils t not plentiful, has bccn 
sufficient and is recnn' tcí l ])rincij)ally from 
the v ic in i ty of the towns of Upa ta , (>iiasij)ati. 
E l Palmar , and Cudad Bo l iva r . 

E r u i t and vegetables can be grown in this 
región, but it is difficult to find anyone 
sufñc ient ly intercsted, or experienced, to 
maintain gardcns large enough to sup])ly 
local nceds. South of VA Dorado su])|)lies 
niust be transported by lannch or dug-out 
canoe and all foodstufis inust be brought in 
from Ciudad Bol iva r , E l (Callao, or 'J 'umcrcmo. 
I-'ield work, especiall}- ])ros|)ecting and sanij)-
ling, can oidy be done in this región uninter-
ru¡) tcdly during the dry seasíni, which lasts 
from Se{)tember to A[ ) r i l , bu l iu the noi Ihern 
part of the á rea , from VA Dorado to Ciudad 
Bo!i%ar, exploratory work inay convemontly 
l>e done throughout the year. 
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Itcgloiial Gc(>Ioj;y 
Bctwccn Ciudad Bolivar and Guasipati 

the road traversos tlic granitc-gnciss of tlic 
Arcluean Coniplcx, into wliicli a younger 
granito has been intruded. The lattor is 
secn in "occasional low ílal-topiiod hills 
and nunierous outcrops of quarlz aro found 
in this granite, or at the contact of it with 
the oidor granitc-gneiss. The northern part 

of this arca is one of undulaling o})on 
sabanas, topographically sonicwhat like the 
//ÍÍ;/(),S north of the Orinoco River, on which 
grow a coarsc grass aiul stuntcd chaparro 
(scrub-oak) troes. However, soon after 
leaving Guasi[)ati and proccciling in a soutli-
eastorl)' diicction towards E l Callao thcre is 
a inarkod chango in the vegetation and eloscr 
ins])oction reveáis that the acid igncous i ks 
have giv^ni way to basic igncous locks. 1 he 
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laücT C'xtci\(l south and cast to the l)ordcis 
of the Ciian Sal)ana and into Hritisli Ciuiana 
and north-west to hejond the Caroni Ivi \e i . 
riiese hasic igncous locks of the l 'astoia 
Series forni [lart of a greenslone coin]>lex 
and include andcsites, tuffs, diahase, gahhro, 
and chlorite-schisl. Intruded into thesc are 
dj'kcs of a])l¡te, quart/.-poriihyry, granile-
porphjry, and ])egniatites. ' 

The grcenstoncs have a fairly um'foini 
aj>i)earance in the field and locally all thesc 
basic rocks are cídled piedra azul (blue stone). 

The oldcst nienibers of the Pastora Series 
appear to have been an andesitic lava and 
thin bcds of calcareous tuff. Thesc andcsites 
and andesitic-tufís have been intruded by 
a diabasc, which considcrably altered the 
andcsites and the pyroclastic sediments and 
also crcated zones of weakness and fracture. 
A grey biotite-gram'te intrudes the grecn-
stone complcx, forming a large boss under-
Ij'ing the vvhole arca and outcrop¡)ing only 
in the región bctween Guasijjati and Ciudad 
Bolivar and in the extreme cast and south-
east parts of the basin. A much later age of 
intrusives is rcprescnted by gabbro, dykes 
of younger diabase, and numerous smallcr 
dykes of acid igncous rocks—such as, 
aplites and granite-porphyrics—that are 
scen in the región of líl Perú, l^otanamo, and 
E l Dorado. 

Andcsite.—-The unaltered andesite is a 
fme-graincd, green-coloured rock containing 
principally hornblende and j)lagioclase fel-
spar. The former is often altered to chloritc 
and the latter to kaolin. In may places closc 
to the ore-bodies the andcsite is bleachcd and 
contains secondar3' pyrite. Above the water-
tablc it is often much decomposed and forms 
a red ferruginous clay callcd locally 
c«sc«yo- which may cxtcnd t 200 ft. below 
the surface. A very calcic type of andcsite, 
containing an imusually high perccntage of 
CaO and cxhibiting ])illow or ellip.soidal 
structurc and sometimc-s amygflaloidal 
cavitics containing calcite, is also common in 
the E l Perú - Caratal área. Where this 
^ndesite is very decomj)osed, as on the 
Únion mine, the j)illow structurc is very 

ycvident. A (]n;irtzo.se-andesite grading into 
/ a quartzose-andesite-schist is secn in the 

/ región of, and in, the Union and Sosa-
Mendez nn"nes. It is usually fuie-grained 
and of a daik-green cí)lour, but where the 
quantity of tjurirtz present is high, as at the 
Mocupia mine, it has Ihe a])])eaiance of a 
<lacite and the colour a greyish-green or 
a bleaclied dirty white. 

MAC..\Z1NE 

Diíifxisr. Thcre are two ages of diabase 
infrusions. The older diabase covers a wide 
arca in the form of a sil l and is clearly 
expo.sed south of the Salto and Chile mine. 
I t s t i 'x ture va r í e s from a line- to mcdium-
grained rock which consists j )r incipally of 
hoinblendc, ]>lagioclase felspar, and <|uartz. 
T h e colour is generally grcenish-grey, but 
v a r í e s wi th the dcgree of w e a t h e r í n g anfl 
nearness to the contact w i t h other rocks. 

YoiDi'^cr Diahase.—This age of diabase is 
rcprescnted in the E l Callao arca by a 
p r o m í n e n t d \ke , va ry ing in width from 12.') ft. 
to 100 ft., which t ravcrscs the Callao mining 
distr ict wi th an avcrage str ike N. 70° E . 
and has been identificd over a length of 
about four miles. A t its contact wi th the 
andcsites it has a chil lcd margin of ve ry fme-
graincd black rock containing pr incipal ly 
augite and biotite-mica. Towards the centre 
of the d } k c the texture varies from m é d i u m 
to coar.sc grain and the rock contains main ly 
hornblende, augite, plagioclasc felspar, and 
some magnetite. 

T h e basic rocks are often covered b y a 
cap])ing of laterite of va ry ing thickness cal lcd 
local ly moco de hierro, resulting from the 
weathering of thesc outcrops. T h i s laterite 
var ies from a brown to a red colour and 
consists of angular fragments of quartz, 
ferruginous claj-, crj-stals of magnetite, 
i lmeni tc , and pisolitic grains or concrctions 
of limonite. T h i s laterite usually contains 
some gold and samples taken on San L u i s 
h i l l and ncar the Mocupia mine have given 
v a l ú e s ranging from 2-00 dwt . to 8 dwt . / ton . 

Gabbro.—Thcre is a large outcrop of gabbro 
on the hi l l opposite the town of E l Callao on 
the north side of the Y u r u a r i r iver and 
another on Monte Sacro h i l l west of this 
town. I t varies in texture but is generally 
mcdium-grained and contains augite, another 
pyroxene, and decomposed plagioclasc fel-
si)ar. T h e in t rus ión of thcse gabbros caused 
t i l t ing of the meta-andcsites and tuffs south 
of E l Callao and Monte Sacro. 

Aurifcr'oii.s Arcas 
F o r dcscriptive pur¡)oses this auriferous 

basin wi th in the State of B o l i v a r has bccn 
divided into six mining regions (Map No. 4 ) . ' 

( I ) Iil Callao Kcf^ion 
'Jhi.s is the most important of the gold-

mining íiclds in Venezuela, although it is the 
smallest of the arcas to be dcscribed ; it 
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covers some 500 sqiiarc miles of country al l 
ly ing entirely w i l l i i n tlie Distr ict of Roscio, 
' J l i i s arca, wi t l i tlie 5" ])arallel of longitiide 
K. of Caracas forming its western houiulary 
and the 7" of N . latitude being its southern 
l imi t , forms a rectangle 25 miles long by 
20 miles wide and includes the town of 
Guasi | )a t i , the Distr ict capi ta l . T h e nuiiing 
centre of líl Callao is situated on the right 
bank of the Y u r u a r i R i v e r , about 17-miles 
to the south-east of Guasi[)at i . 

Present mining ac t i v i t y is centred wi th in 
a radius of live miles of líl Callao and it is 
here that most of the lode mines have been 
worked since the discovery of the first (juartz 
lode in 185,'!. T h e total number of auriferous 
quartz lodes reported in this a rca since 
that time e.xceeds 40 and at Icast 12 major 
ones have been extens ivc ly worked. Thcse 
ore-bodies are for the most part located 
either : (i) On or ncar the contact of the 
diabase iutrusive w i t h the andesite and 
calcarcous-andesitic-tuffs ; (ii) in shcar-zoncs 
of rneta-andesite, or ( i i i ) , more rarely, in 
dccompo.scd acid igncous dykes. 

Mineralization is generally strongly 
developed where :— 

(i) E a r t h movements have taken place 
eitlier parallel to the original fissurcs (veins) 
causing zones of fracturing along the walls , or 

(i¡) where an i n t ru s ión or fault ing has 
caused buckling, fracturing, and folding of 
the schists, or 

( i i i ) where therc are sudden changcs in 
dip or s t r ike . 

Therc is niarked secondary cnrichment in 
the zone of oxidat ion of thesc lodes and the 
ore occurs in shoots and Icnses of greatly 
va ry ing extent T h e Icnses pinch out and 
makc again both horizontally and vcr t i ca l ly , 
but, w i t h the cxccpt ion of those in the New 
Chile mine, do not overlap. Therc is l i t t le 
post-mineral faulting and generally the 
amount of disj)laccment is smal l , but enough 
to cause inconvenience in development and 
stopc-preparation work. 

Space docs not permit a description of a l l 
the auriferous (juartz deposits in the arca 
south of l í l Callao, but some notes regarding 
thcir main featurcs may be of interest. l í l 
P e r ú mining canip is miles south-east of 
E l Callao and here are located the local head-
cjuarters of the New Goldí ie lds of Venezuela 
Company 's operations (Maj) No. 5) . I n 
recent years i t has been develoi)ing and 
mining sevcral ore-bodies in a shcar zone of 
va ry ing width and some four miles long, wi th 
a general s tr ike of N . (>()" l i . I n individual 

mines tlie ore-bodies havc \>ic¡i di-veirjpfrl 
to a m á x i m u m of 1,400 ft. on the dip ;¡iii\ 
some 4,000 ft. along the strike. 'I\¡i: principal 
bodies, frf̂ rn soutlr-west to rif.rth east, ;ire : 
( 'hile ; J,rt:.'una ; " A " I.ode ; I'.iiiaina. ;ind 
Pryor ; l i a n z a ; Sosa-Meiidez, ;irid Union. 
The two last-narnerl, altlioiigh aj^parenth-
not coimectcfl on the .surface, form one 
contiiuious ore-body .some .'500 ft. below thf: 
surface haulage level. 

Adjoining the New Goldíields propcrties 
to the north-east is L a Com¡>;iñia hrancesa fie 
la Mocupia, operating mines in the same 
auriferous belt. T h i s company has con­
centratcd most of its work in recent years on 
the Columbia and Calvario lodes, which are 
closc to the mi l i . 

The Y u r u a r i R i v e r runs through the arca 
and this r iver wi th its numerous tr ibutaries, 
many of them dry for the greater part of the 
year, contain shallow, but r ich, gold a l luv ia l 
deposits. 

The Ore-Bodies.—Thcre are four distinct 
types of commcrcial ore-bodies—viz. :— 

(i) Quartz fissurc lodes and later quartz 
stringer veins accompanied by consiflerable 
replacement ; 

(ii) quartz-vein dykes ; 
(iii) lenticular quartz ore-bodies, and 
( iv) mineralized acid ignefjus dykes. 

T h e first type includes the I.aguna mine ore-
bod\-, which so far has provcdto be the largest 
in this distr ict . I t has been developed over a 
s tr ike distance of about 3,000 ft. and on the 
dip for 1,400 ft. Production from this mine 
to date has e.xceeded 1,000,000 tons of ore. 
averaging approximately 10 dwt., ton. The 
s t r ike of the lode follows the form of a 
flattcncd are and varies from N . 58 ' W . , west 
of the main entrance adit, to N . 73' E . on 
the east side of it . The dip is generally to the 
south, but in the most eastcrJy section of the 
min¿' i t is reversed for a sh'ort distance. The 
lode was originally a (luartz-lilled tissure wi th 
quartz vcinlcts spreading out into smallcr 
cracks and tissures in the walls. A greater 
perccntage of free gold is found in the (¡uar tz 
vein than in the stringer veins of the 
(juarlzose-schist. The replacement ore 
consists of auriferous pyri te which, where the 
pyri te is fine graincd, often contains va lúe s 
higher than those found in the p r imary 
(piartz veins. A diabasc dyke (younger 
diabase, Map No. 5) intcrsccts the lode at 
an oblicjue angle at the western cnd of the 
mine and ncar this contact therc has bccn 
considerable enriclunent of the quartz in 
the form of coarse nat ive gold. A s the work-
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ings (Ircpcii this ciuiclicd y.onv cxlcilds for 
a gn-ati'i lcn,i;tli along the strike north-west 
of the dyke. 

The altert'd a¡)Iile dyke which rniis |)arallcl 
to the lode in the centia! ¡lait of the mine has 
been inteisccted by this diabasc and con­
siderable (¡nantities of frcc gold occnr near 
this contact also. 

The di]) of the lode varies in vaiious ¡jaits 
of the mine bctween ;{ .S" and 7 0 ° south, with 
occasional rolls which are often the seat of 
local cnrichment. Tlu- lode width also vaiies 
considcrably and ranges from ."i-.") ft. to 
over 2 0 ft. and high-grade orc-shoots vary 
in strike length from S". ft. to 7 0 0 ft. 

]5eIow the Datum T,e\el the lode has bccn 
dis¡)laced I)\ a  .series of north-dip|)ing strike 
faults, which ha\ caused displacemcnt of the 
lode to an incrcasing extent in dei)th. 

The Union and Sosa-Mendez mines, which 
were originally two sepárate propcrties 
worked on extensions of tlic same ore-body, 
have somewhat similar featurcs to the Laguna 
mine, but the mineralized sliear zone has 
been subjected to more cxtcnsive hydio-
tlicrmal metamor|)hism and suli>hide replace­
ment of the (|uartzosc-andesitc-schist. 

In the Union mine section the orc-bod}' 
is located in a wide shcar zone and in the 
upper levéis therc are four distinct zones of 
mineralization, ])arallel to one another in 
strike, which are tending to coalesce in dcpth 
to form one major lode. Riinning through the 
centre of this shcar y.tmc is a pre-mincral 
thrust íault, di])ping from 1 8 ° to 5 0 ° south, 
parallel to the .schistositj-, and carrying a 
thick, grcenish-bluc, clay gouge, which is 
not mineralized. 

The western eiid of the mine is much less 
afíected b\ metaniorphisin than the castern 
and in the latter,mineral¡zation is .s¡)rcad over 
a wider arca of the shcar zone. The ore 
occurs in large len.ses in which the liighest 
valúes are concentratcd ncar the centre and 
gradually fall off towards the pcrimeter. 
They rei)resent (luartz-aurifcrous pyrite 
replacements in the andesite-scliists. Oxida­
tion has ¡jcrsisted to a máximum dej)th of 
2 0 0 ft. below the surface and has rcsulted 
in considerable secondary enrichment' of the 
original low-grade sulphide ore, esi)ecially 
in the foot-wail side of the shcar zone. The 
oxidized ])ortioiis of the ore-bodies contain 
princijjally diusy and sugary quartz, frcc 
gold, iron oxides (limonite and magnetite), 
and kaolin. 

In the zone of oxidation of the Union and 
Sosa-Mendez mines, but jjarticularly of the 

former, theie''are a number of (lat-di|)¡)iiig 
faults, which appear to be ])re-inineial, and 
often the oie-lenses cnd abruptl\ on thcse 
faults. llydrollu'rmal metanioi pliism is 
extensivc, esix-cially in the castern part of 
the mine, where silicilication, .st'ricitization, 
and ])ro|)yIitization are clearly manifested. 
Amongst replacement minerals are sericitc 
nuca, calcite and ankerite, and llint-Iike 
(piartz and jas])eroid ([iiartz are also cf)nimon 
in the (luartzo.se-andesite-schist. Sericitiza-
tions, and to a lesser extent, chloritization, 
havc been cxtcnsive, especially within the 
mineralized ])ortions of the shcar zone. Tlic 
hornblende andesite has bccn bk'ached and 
siiicilicd and consider;ibIe chloiite and pyrite 
aie present as alteration products. Tiie Sosa-
Mendez mine has a similar ty[)e of lode to 
the Union mine in dcpth, but near the surface 
a more massivc quartz ore-body con­
taining a considerable amount of kaoiin, iron 
oxides, and psilomelanite. Frcc gold was 
often visible in the (juartz, but when accom­
panied by psilomelanite it was not 
amalgamable. 

The total length of mineralized shcar in 
thcse two mines exceeds 4 , 0 0 0 ft. and 
development extends to about 0 0 0 ft. 
vcrtically below the highest outcrop level. 

The ore to date produced from the Union-
Sosa-Mendcz mines totals a])proxiínately 
7 5 0 , 0 0 0 tons and it will ])robably evcntually 
exceed the Laguna mine in tonnage, although 
not in grade. 

The (juartz-vein dyke tyi)c of ore-body is 
rcprescnted by the Oíd Chile, Peni, Oíd 
Callao, and Columbia (Mocupia) mines, 
which havc provcd to be the richest in the 
State of Bolivar. Thcir combined out¡)iit 
(including the Oíd and New Chile mines) 
totals more than 1 , 5 0 0 , 0 0 0 tons of ore, with 
a gold content averaging 3 0 dwt./ton. Thcse 
ore-bodies generally have clean-cut walls 
and the mineralization consists mainly of 
free gold in the quartz. In the dcei)er levéis 
the amount of auriferous ])yrite i)resent tends 
to increase .somewhat and is locat(,'d mainly 
on the foot-wall of the lode. 

The Oíd ("hile lode was worked on a strike 
length of about 1 , 5 0 0 ft. to 1 , 0 0 0 ft. to a 
dcpth along the dii) of 8 0 0 ft. to 0 0 0 ft. 
anrl varied in width from '.i ft. to 5 ft. 

Tlic new Columbia mine of the Compañia 
Francesa de la Mocui)ia has been developed 
only for a strike k-iigtli of 0 0 0 ft. to 1 , 0 0 0 ft., 
bctween two obliíjmt faults, although high-
grade ore has bccn ]¡rf)vcd in the faiilted 
l)ortions of the lode by dinmond drilliiig. The 
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same diahase dyke that ciits obli(|uely across 
the Laguna lode al.so inteisects this one at 
2,'{() ft. below the surface, but has a strike 
parallel to the lode. This intrusive has 
caused a vertical dis¡)lacenicnt of the lode 
north of the dyke and also considerable 
enriclunent and widening of the quartz-
fiUed lissure on the hanging-wall side below 
the dyke. The foot-wall of the lode has been 
altered in j)laces to a dacite and closc to the 
dyke it contains angular fragments of dacite 
and bleachcd andcsite. The lode dips south 
and flattcns below the dyke from 37° to 12" 
and then steepens again to 27°, but generally 
it is flatter than any other lode in the district. 
In this mine volcanic tuffs are clearly .secn, 
both above the diaba.sc dyke and below it. 
Layers and bedding planes are clearly deíined 
and bands of green and yeltowish calc-sinter 
can be distinguished, although most of the 
original sediments havc been siiicilicd. 

The oíd section of this projjerty was worked 
to the west of the present mine down to the 
level where the diabase dyke intersccteil it 
and where it was thought at that time that 
the lode ended. In an attemj)t to detcrininc 
whether the lode cxisted to the south some 
diamond drill-holcs were badl\ placed and 
pcnetrated only the diabasc dyke, which is 
practically vertical and from lá) ft. to 180 ft. 
wide in this section, and the jiropcrly was 
thcn abandoned for many years. Post-war 
development should enable this pro])erty to 
Work the western extensión of this rich lode 
below the d}'kc and the ore reserve should be 

at least cqual to that below the d}-ke within 
the i)resent mine limits. 

The ore j)roduced from all sections of the 
Columbia (Mocupia) mine totals o\er 
•180,000 tons of an avcrage grarle of 
i;{-ü dwt./ton and at the present time 
(March, 191.")) the run of mine grade is 
1() dwt./ton, with current output running 
about 2,000 tons jjcr menseni. 

LcHÍictilci)- Orc-liodicH.—Tliis type is really 
a subdivisión of the quartz-vein dyke class 
of ore-bodies, but dilfers to Ihc extent that 
thcse aró quartz-filled fissurcs, which were 
formed as the result of lateral earth move­
ments along the irregular contact of the 
diabase with the andesite. The princi¡)al 
orc-büd\ of this t\pe in tlie Callao región 
is that of the New Chile mine. Here the 
original quartz tilling of the lissurcs has bccn 
hea\;ily shattered and crushed by later move­
ments along the planes of the vein, accom-
l)anied by silica and auriferous solutions 
depositing gold in the minute cracks <jf the 
first- ancf second-generation quartz. The 
length of the ore zone is about 2,200 ft. 
and the strike averages N. 80° E . , wliile 
the di¡) is ver\m and averages -15' 
south. 

The total production of all sections of the 
Chile mine has bccn ap[>roximatcly ;jt)0,t)00 
tons of ore, averaging over ;!0 dwt./ton. 

Mincralizcd Acid li^iicom Dykcs.—TliCse 
are not common in the E l Callao región, but 
the Calvario mine is dcfiijitely of this type 

/ 
/ 



T l l l ' : i \ i iN iN( ; M . x r . A z i N K 

and probably tlic soutlu-in ])oit¡i)ii of tl ic 
San l ' i ' l ipc mine is anot l ic i , bul tl ic wca t l i c i -
ing of tlic last-naii icd ore-body has bccn so 
intense that it is imi.ossible to d c t i i m i n e the 
na tu ic of the original rock, other than it 
ai)pcais to l i a \  i)cen an acid igncous in­
t rus ión . The ("ahario lode l iad a total length 
of about S(»() ft., a s t r ike of N . AC," I C , and 
a dip of N . 1")° W . T h e castern l ialf alone 
contained payable v a l ú e s in gold and thcse 
jx ' i s i s tcd only to tluí water level of the mine. 

The gold occui ied in a very line state o f 
d iv is ión in a decoiii|)oscd (¡iiai t/.-|)orphyry 
dyke va ry ing in witl t l i up to a ma.ximum of 

ft. T h e felspathic minerals wen; conî  
pletely kaolini/.cd and the country rock in 
the v i c in i ty of the dyke was al.so weathercd 
to a soft, ferruginous, red clay. 

Production from the castern section of the 
Calvar io mine was around ;{(),()()() tons of ore, 
averaging 1 2 - 0 dwt . / ton , and that of San 
Fel ipe about 2 7 , 0 0 0 tons of <)•() dwt . / ton . 

{To be concliidcd.) 

Ore-Dressing Notes 
( 2 3 ) Flou'-Shcels. 

Batcli to Coiiliiiuoiis 
Formula t ion of the orc-dressing flow-.shcet 

usual ly starts wi th batch tests, going on 
w i t h a minia ture continuous jirocessing in 
which the difficuUics arising bctwccn 
successivc stages of batch treatment are 
adjusted and times, qualit ies, and costs of 
proccss reactions are studied. F i n a l l y comes 
the .settled operational í low-shce t . r'rom 
s tudy of the batch tests the mctal lurgical 
consultant is able to predict w i t h fair 
accuracy the grinding ca jx ic i ty needed for 
a specified dai ly tonnage and the con-
dit ioning times, pulj) densities, fouling 
rectification, etc., requisitc for opt imum 
recovery. T h e oíd adage—" a chain is no 
strongcr than i ts weakest l ink "—applies to 
continuous processing. A n y neglected point, 
or unbalanccd section of the ci rcui t , w i l l 
react on the general cfliciency. 

A symix)s ium on continuous processing 
in the heavy chcmical indust ry , ' althougli 
going beyond the sjjcciali/.ed requircments of 
the orc-dresser, is of interest, -as it wéiglis 
the r i v a l c laims of the batch and continuous 
system of treatment from both economic 
and teclinical v iewjwints . " f í a t c h " treat­
ment refers to any operation which can be 
consideied by itself as ai)i)lied to a delinite 
quant i ty of mater ia l . A continuous proccss 
i s — 

Ore i i i wljitli all ¡ i r o c c s s var i . i l i l c s r c m a i i i t o n s t a n t 
witli tiiiK- at a j j i vcn j ioi i i t in tlje IlDW-patli, l>ut 
vary willi d i s t a n c e a long tl ic j ia t l i . 'J'liis clcfinition 
¡)ppli(.-:s not (»nly to «:oinpl*'t(; j)rocossí ;s bu t a lso t(i 
tlif i u i l i v i d n a l st(:|)s of t l i r proccss , s u c h as c l i c n i i c a l 
c l i anj jc s , p l i y s i c a l c l iangcs , a n d t l ic t r a n s í c r of 
rnatcTÍats a n d <)í l i c i t . 

> Chnn. M.Í. hnf;., M . iy , 1 9 1 5 . 

T h u s the scgrcgation of an accuinulated 
fraction of the ore for special batch treat­
ment docs not altcr the general continuit}-
of a flow-sheet. Cont inui ty can be concurrent, 
in which case the wholc proccss is moving in 
one direction, or counter-current (in i)art) , 
as where gold pulps are treated in a reversed 
flow of cyanide to s t r ip them of residual 
v a l ú e s . A t one treatment extreme is a l l -
batching, in which the mater ia l is transferred 
in a .series of ])roccssing steps through suc­
cessivc chcmical and ¡¡liysical environments. 
In te rmcdia tc is the semi-continuity of suc­
cessivc batching arrangements connected 
by transfer arrangements and surge bins or 
tanks , ca¡)ablc of adjusting any excess or 
d c ñ c i c n c y bctween stcj)s by providing 
rcscrvoir accommodation. Next comes the 
k i n d of processing in which the batching 
steps mergc and ovcrlaj) , whi lc additives 
enter normal to the main flow and an arrange-
ment of this sort is ty i ) ica l i n mineral 
dressing. Point-to-point surges and s tarva-
tions are taken up as the need arises by 
manual or automatic adjustmcnts of the 
Controls. 

I n the experimental work from which the 
ílow-shcet w i l l be evolved it is possiblc to 
apply mechanical , thcrmal , and chcmical 
cncrgy w i t h fair precis ión and to obtain a 
gootl empir ical j)¡cture of the factors at 
work. B y its nature a continuous flow must 
fail to receivc the same int imate mix ing 
and tight control and niust thcreforc be 
somcwliat less efTicicnt for the .same quant i ty 
and time. T h i s a|)i)lics chie í ly to small 
toimages. A s it becomes jx)ssible to break 
down a given " batching proccss " into sub-
batches, and to incorjxjratc this into the 
continuous flow-sheet, the cniciei icy of con­
t inuous processing is im])roved toward 
opti inimi batching staudards. Multi-stagc 



XüVK.MIJKR, 11)1.-. 

coniniinutioii , iii cases wliere a big tdiiiiage 
jiistifics its i i ioic coiii i i iex i i iechanizatioii , is 
an exaini)le of t i i is , as also is series re-
cleaniiig at low ratios of a flotation roiigher 
froth. 

Most mineral dressing operations are run 
continuously, wi t l i batcli clean-up or 
middiings treatment, or, in siicli cases as the 
Cornisli tin ore treated at Gecvor, wi th 
batching of the sul|)hide í lo ta t ion too fine 
for " rafting " on the shaking tables. Con­
t inu i ty is successful so long as the ore is 
correctly treated through cach stage and 
arr ives correctly prcj)ared at each stage. 
T h i s is absolutely v i t a l for success and 
cannot be imi)ressed too clearly upon a l l the 
mi l i workers. 

T h e symposium already quoted mcntions 
a failure which had bccn guarded against 
by automatic metcring and mix ing . A l l that 
had gone wrong was that a reagcnt bin was 
empty while the worker in charge lay peace-
fully asleep on a pile of bags. I n another case, 
where size was an important proccss factor, 
a screen was a l ternat ively s tarved and 
swamped w i t h feed unt i l bridging of the fced 
to i t was corrected by the instal lat ion of an 
electric vibrator . I n a th i rd case any failure 
of a fine screen, which could havc upset the 
graded product, was avoided by double 
decking, using a sl ightly larger mesh and 
stouter wire on the lower deck. T h u s an}-
ovcrsize coming from the lower deck i n -
dicated screen failure and by providing a 
balanccd hoppcr it was possiblc to give 
automatic warning when this liaj)j)ened. 

B a t c h tests in the laboratory must be 
sup{)lemcntcd by re-cycling tests when therc 
exists a possibility of fouling. T h i s is par-
t icular ly important in cyanidat ion, where a 
trace of impur i ty in the passing stream of ore, 
too ins igni í lcant to give warning in a single 
extract ion test, might well be dissolved and 
retained by the cyanide and so buil t uji to 
the point where it interfered seriously w i t h 
dissolution of the gold or its rc-i)rccipitation. 
E v e r y ii igrcdicnt of the pulp must be con-
sidercd in this connexion—ore, water, m i l l -
linings, and ball al loys includcd. E v e n the 
wood from underground which escapes 
sorting can bcconie a source of troublc once 
i t has been floured in the grinding section. 

(24) Control. 
A IIoiiie-Madc Tiincr 

Par t icu lars of a simple arrangcmcnt for 
switchii ig off powcr in connexion w i t h 

test work are given in the l:n:'ir..-.-:r:r.:' 
and Mining' Journal for .May. ' I i . " oí 
the arrangement i> an ak inn i\>,'\:, r •.<> 
required time, and l l i c ÍK tu.'itiii;^ IÍ . ' . ' 
is a trigger, released as thf: windir:;; kc. oí 
the alarm spring r'jtates. The tri^^L'er ^an 
free a sj^ring-loaflcfi svvitfdi, thu-, rf.^ikir.'^ 
pf)ssible an automatic tirning of sucfi th:,-:i:-, 
as barrel arnalgarnatifjn, sf.reening, f̂ r (.ykjááf: 
bf)ttle tests. One ffirm of arrari:,";r.''.ent 
employed a hreak-baf:k mfjiisetrap, u-.ing 
the vibration of the a larm bell to sjjring i t . 

(2.'>) Washing. 
Hard-Rr>ck PhospJiale 

T h e problcrn of dealing wi th cía}- in 
F lor ida hard-rock phfjsphate \sashing plants 
is formidable and has received mucii atten-
tion. I n a recent article ' T . D . I-'cItfjn says : 
" The .secret of good log washing lies in 
maintaining a heavy bcfJ of material ¡n the 
logs and at the same time introducing 
sufTicicnt water to carry away the dis-
integrated clay or slime. W i t h a fluctuating 
feed it is impossible to do this unless }-ou 
have variable speed or afljustable pitch, 
prcferably both. W e can v a r y the .speed of 
our logs from 2 0 r .p.m. tfj .'55 r .p.m. When 
the feed slackens or stf>ps . . . 2 0 r .p.m. w i l l 
hold the bed for about 1 5 minutes and when 
we get adjustable pitch . . . 2 0 r .p.m. w i l l 
not makc the log discharge at a l l . " The plant 
has two sets of d ú p l e x log-washers in .series 
and thcse are now being equipped wi th 
adjustable pitch. Another novel feature of 
the plant is the automatic control of the 
20 - f t . hydro-separator. .-Vs load increases the 
thrust on the rakes is balanccd by increased 
compression of a heavy spring, an indicator 
showing the amount of compression, as is 
customary w i t h mechanisms of the thickener 
type. I n this phosphate plant thcre is further 
control. A s the spring moves three mercury 
switches are act ivated, the tirst at 5 0 ° o load, 
the second at 7 5 % , and the third full load. 
Thcse v a r y the resistance in the motor 
pumj í ing the underflow and render operation 
automatic. 

(2()) Grinding. 
The Closcd Circuit (2) 

W h e n the grinding circuit is closcd by a 
screen thcre must inevi tahly be a tendency 
for ncar-mcsh par t ió les to increa.se. .Vs the 

• £ng. Min. Jotirii., Maj-, 1945. 



Venezuela—The Guayana Highlands 
Gold Deposits of the State of Bolivar 

By John C . Davey, A . C . S . M . . M.inst.M.M. 

{Coiirliidtd fiom the Noveintier issiie, p. 282.) 

(II) La Cicapra Región 
This oíd alluvial mining centre wa.s dis­

covered in 1.S78 and is located some 20 miles 
west of Guasii)ati, although the distance by 
road is double this figure. I t may be reachcd 
by a branch road, which Icavcs the Guri-
Guasipati highway at L a Pastora and follows 
a south-easterly direction for about 12 miles. 
The Cicapra íield covers an arca of 2,450 
squarc miles with the town of Ujjata (capital 
of Piar district) forming the north-west 
comer of a rectangle some 70 miles in length 
by 35 in width. 

The north-east section of this rectangle, 
which includes the arca bctwccn the main 
highway from Upata to Guasipati and the 
Imataca Kangc, contains no known nu'ncral 
deposits. However, in the southern half of 
this rectangle, ixom 15 miles north-west of 
Quebrada de Oro to Avechica, thcre is a 
number of oíd mining projjertics on which 
little or no work has cvcr been done. The 
quartz veins are found in chloritc-.schists and 
valúes in the outcrops rangc from 5 dwt./ton 
to 1 oz./ton. Al l the oíd workings that are 
acccssible show that mining ceased at a very 
shallow level and the dccpcst pit known is 
not more than 120 ft. below the surface. 

Most of thesc (¡uartz outcrops carry con­
siderable frcc gold, but this soon givcs way 
to an auriferous pyrite and nu'ning work was 
generally stopped at this level. This is given 
as the reason for the abandonment of lode 
mining in this región, as at that time cyanida­
tion was unknown and the recovery by the 
amalgamatiou JMOCCSS was small and com-
plctely inadcíiuate to pay operating expenses. 

This field was noted in the past for its rich 
alluvial deiwsits and one report, written in 
its heyday, stated that the go.Id recovcred 
indicated valúes running as high as one ouncc 
of gold for every three cubic yards of gravcl 
treated. In 18.S0 some .3,000 minéis were 
eniployed in ])anning íor gold in the various 
crceks of the (jca¡)ra River, but thcre has 
been very little activity in this región in 
recent years. Hetwecn 1878 and 1000 more 
than 3,000,000 bolivares worth oí gold was 
recovcred and in 19.38 and 1939 the oflkial 

records show a production oí 3,300 oz. and 
5,000 oz. oí gold respectively. 

(III) El Manleco Región 
The straight-line distance from Guasipati 

almost due west to E l Manteco is 50 miles, 
but by the unkept dirt road it is 08 miles. 
Taking the western limit of L a Cicapra 
rectangle as its castern boundary the Manteco 
rectangle extends some 40 miles further west 
to include the San Luis de Caroni mine and a 
number oí alluvial deposits making a total of 
2,800 squarc miles of fairly open country. 

The oíd San Luis de Caroni j)roj)erty has 
at least three lodes, which were worked some 
40 years ago íor a pcriod of three years, 
after which the mine remaincd abandoned 
until 1944, when a Venezuelan syndicatc rc-
opened it. A mili with ten hcads of stamps 
was crected closc to No. 2 lode and water for 
treatment purposes was pumped from the 
Caroni River, which lies about three miles to 
the west. 

The amount oí ore crushed is not known, 
but judging by the shallowncss and limited 
lateral extent of the workings it was small. 
The quartz outcrops were very rich and con­
tained visible gold, but little is known of the 
Valúes at the bottom oí the mine, some 120 ft. 
below the surface. "Oí the three lodes worked. 
No. 1 pinched out at a very shallow dcpth ; 
No. 2 varied in width from 3 ft. to 4 ft. and 
carried valúes up to 12 dwt./ton, according 
to a report made by one oí the first opeiatois. 
No. 3 lodo is the strongest, strikes E.-W'. , 
and dips abotit 50° south. The reported 
width is 3 ft. to 4 ft. and valúes rango from 
10 to 18 dwt./ton; 'J"he mine was abandoned 
before the workings reachcd watcr-le\cl 
and recent work has bccn confined to sections 
of the lode above the boftom of the nu'nc. 

Some 12 miles south-west of VA Manteco, 
beyond the Cerro Azul, are some (juartz-
vein outcrops in schists cont;iin¡ng visible 
gold. Thcse havc been worked by local 
pcoplc to the extent of breaking tho high-
grade quartz from the outcroi)s and then 
following the lode down to water-levcl. The 
pits in the Quebrada Majjlioy aro all very 
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shallow and in some cases havc Leen filled 
with dcbris. About 20 miles north of E l 
Manteco is the oíd Maj)urite nu'nc, on which 
Sfjme work was done in J020, but on which 
no Information is available other than that a 
ftvc-stamp mili was crected to treat the. ore 
by crushing and amalgamatiou. The lode is 
located closc to the outcroj)S of the younger 
granito intrusive and docs not aj)[)car to be 
of major imi)ortance. 

Thcre are some auriferous alluvial dcjjosits 
in this arca, but probably most of them are 
too small to warrant treatment by machinery. 

(IV) Bolanatno Región 
The Botanamo región covers an arca of 

2,500 squarc miles and e.xtends wcstwards 
from the Venezuela—British Guiana border 
to a north-sóuth line scven miles east oí the 
town of Tumeremo and also extends north 
from the 7" parallel of latitude to the foot oí 
the Sierra de Imataca. Communications cast 
of Tumeremo are by river or by a rough 
truck road and the fact that this town is on . 
the highway from Ciudad Bolivar and 
possesses an airfieid makes it the logical 
headquarters íor work in this arca. 

Sevcral mining companies havc operated 
quartz mines in tliis región, oí which the best 
known' is the Botanamo, some 2-5 miles 
north of the mouth of the river oí that ñame. 
The mili, with a capacity of 50 to GO tons 
per diem, treated some 175,000 tons of ore 
and recovcred about 148,000 oz. oí gold 
before ceasing ojjcrations in 1930. The ore-
bodies were fissurc veins containing quartz, 
native gold, auriferous iron-pyrite, and a little 
tetrahcdritc. The country-rock consists oí 
íoliatcd sericitc-schists resulting from the 
alteration of quartz-porphyry dykes. A 
finc-grained diabase is exposed in the banks 
' ' the Botanamo Kiver near the mine and 
granite-porphyry dykcs also outcrop cast of 
it. Gold valúes wcrc very irregular and 
generally the highest grade occurred in the 
veins, where the}' wcrc crushed and íaulted. 
Acid igncous intrusions are more common 

. here and closer to the ore-bodies than in any 
other arca cxccpt that of E l Dorado (Upper 
Cuyuni). 

Other quartz-lode pro])erties in this región 
include t le Nuevo Callao (20-stamp mili), 
Inñexiblc, and Orion. None of thcse has bccn 
wOrkcd to more than 200 ít. below the 
surface, although the Botanamo mine 
bottomcd at 850 ft. Vuelvan Caras, the only 
mine now working in this región, is situated 
42 miles south-east oí Tumeremo and only 

12 miles from the I'.iitish C, :. : ., : :r. 
Trucks are able to ic;if:h this { A ' O : , - . - - tiiC 
dry season only and for the gr ' . : . ; , - . . ' t of 
the ycar the journey must he i : . ' - . mulé 
back from Botanamo a i K l takes ;::x/:t 13 
hours. The región is thickly 'f;<,tA'A >'A the 
high overhanging trees ¡.revent t!.e -'.--A frorn 
drying until long after the rain:-; cea.íed. 
A landing íield for aeroplanos, v/it;. a ru.'iway 
2,300 ft. long, has been made \>\- t:.;s r.-.ining 
syndicatc, but up to the present it has not 
been u.sed. The arca is hcalthy an-I í.-ie from 
mosquitoes, although the elevaíio.-. is not 
more than 000 ít. above sea-level. T:.t gold 
is found native in a very line state o: división 
in a drusy quartz occurring in narro.v v^rlns in 
a calcareous chiorite-schist. On t;.-̂ - r.anging-
wall sido of the lode this gives v.ay to a 
quartzo.se-schist and andesite. 0:".crops of 
a w-eathered granite intrusive are alio found 
in cióse proximity to the ore-body. 

Since the commencement of operations in 
1939 about 25,000 oz. of gold Lave been 
recovcred. For more than two years the ore 
was crushed in a primitivo .stamp r.'.ih, but 
in 1942 a new mili building was erec'.íd and 
ten heads of Californian stamps ir.sralled. 
During the first year oí operation oí this 
plant 8,544 tons oí ore was treatvi for a 
recovery oí 7,370 oz. of bullion. This ir.dicates 
a rapid íalling off in valúes, as the outcrop 
workings often }-icldcd up to 12 oz. yr. ton. 

In this mine, as at Botanamo, :h-; best 
valúes have been found near a íau' t , where 
the lode had been twistcd and crushed. The 
lode strikes N . 30° W., dips S. 85' V.'., and 

Fig. 7.—Prospccl I'it, Mocin>ia. 
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varios from 3 ft. to O ft. in wiiltli. Rocoiitly 
work in this ¡«oporty has hocn mainly C(;n-
fmod to atlom]>ts lo locato tho faullod |)ortion 
of tho lodo. j\'o mining has bcou dono bolow 
the /one of oxidation, as this will ro(|uirc 
rock-drills and additional machinory that 
are not available at the pre.sent time. 

In addition to thcse (¡uartz vein deposits 
and others not mentioned the aroa ¡lossosses 
a number of alluvial doi)osits. The following 
rivers are known to be auriferous, although 
little work has yet been done to pro\ their 
extent—viz., Guaramiiin, Morajuana, 
Matupo, and Cuyuni. Probably on account 
of the remotencss of this arca and the fact 
that before 1030 no mining work of note had 
been done east of Potanamo, it is little known 
and has not attracted local miners. 

( V ) Kl Dorado 
The mining región of \l\, including 

the Alto Cujuni, is the largest in the auri­
ferous basin and covers an arca of 3,500 
squarc miles. I t íoughly extends from 5° to 
6° of longitude (east of Caracas) and from 
6° to 7° N . latitude. The highway from 
Ciudad Bolivar passes through Tumeremo 
and ends at E l Dorado. The wholc arca is 
thickly wooded and is traversed by in­
numerable strcams, all of which are con-
sidered to be auriferous. 

Owing to the lack of road Communications 
south of E l Dorado very little quartz-lode 
mining has been atlcmptcd. However, the 
little underground mining that has bccn 
done has provcd the lodes to l)e cxtremcly 
high grade. The Amarilla jjropcrty lies on 
the river of the same ñame, .some 80 miles 
south of the town of E l Dorado. This distance 
may be covered in a dug-out canoe with an 
outboard motor in about 22 hoins. The mine 
is at an altitudc of about ft. and although 
the atmos¡)herc is humid the máximum day 
tem])eraturc rarely excecíls 05° ]•'. 

Tlie rocks outcropping in the arca include 
andesite, pegmatitc, dacite, quartzose-schist, 
and sericitc and chlorite-schists. The 
principíd quartz vein is found in the chloritc-
schist and strikes roughiy nr)rth-west .south-
east and dijjs S. (iO" W. 'Ihc outcroj) has been 
traced íor a considerable distance and has 
been develojjcd to a dejjth of .about 150 ft. 
below the surface in the zone of oxidrition. 

A small mili was crected to treat this ore 
b}- amalgamatiou and bctween July, 10;i(i, 
and Deceinber, 1037, some 5,000 tons were 
treated giving •I.O'JO oz. oí gold. The quartz 
is glassy, often flark grey in colour, and 

contains visible gold aijd .some auriferous 
pyrite. Limonite and j.silomolanite often 
c o a l the ([uartz and the lattoi' may havc 
alfected mili recovery advcrsoly. Piobably 
iu)t more than 8,000 tons have been c x t r a c t c d 
from this mine since it was discovered in 
1920, but records are fragmentary. 

Another (¡uartz lode of the samo ty¡)c was 
uncovered some years ago about 5 miles 
from Puerto Sor Teresita, hut therc is no 
Information available regarding the extent 
oí the development work done here. Tho 
wholc arca is noted íor its rich gold alluvials 
and it was a major producing licid íor many 
years, although, with one exce¡)tion, all the 
gold was recovcred by washing the gravéis 
in bateas or sluiccs. One dredgc has worked 
in this arca since 1910 and bctwccn that year 
and 1938 it recovcred 100,700 oz. of gold. 
This dredge has buckets of 2-5 cu. ft. 
capacit}', close-connected, and was manu-
facturcd in San Francisco (California). The 
auriferous gravcl {formación) here is tliin, 
but the overburden rarely exceeds 15 í t . 
and valúes in the región oí the Corocoro and 
Foco crceks havc ranged from 0-25 dwt. to 
1-0 dwt./cu. yd. In the cour.sc oí working 
thesc shallow alluvials the outcrops of quartz 
veins have bccn uncovered, .some being as 
much as 3-5 ft. wide and containing high 
gold valúes. 

The ¡principal rivers of this arca unite near 
E l Dorado, so that this town forms a luib, 
or centre, from which thcse auriferous 
alluvial deposits may be visited. The Kio 
"Vuruari coming from the north joins the 
Cuyuni flowing from the south op¡)ositc this 
town, at which point the Cuyuni swings 
sharply east. T h e ' R i o Yuruan describes 
a wide are procceding due north from its 
source in the Serranía de Lema and then 
.swings east to join the Yuruari , a short 
distance from E l Dorado. The basins of each 
of thesc rivers contain innmnerable tributary 
crecks and strcams, practically all of whicli 
contain auriferous sands. Systematic 
sam])ling and prosj)ccting anywhcre within 
a radius of 35 miles of líl Dorado should. 
prove a number of valuablc alluvial 
propcrties, which caiuiot be economically 
worked by the local miners because oí the 
dcpth oí the gravéis and of the river. The 
alluvials are of two classcs -tho.sc of oíd 
rivers and tho.sc of young rivers. The latter 
are oí small volume and because oí their 
shallow de¡)th are worked by the local 
UTÍners. The ftjrmer have nnich more 
economic valúe but are too deep to be 
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worked by tlie priiiiitive nieans availaljie to 
the local miners. 

Eluvial deposits also cover a large surface 
arca, but the gold in the form of coar.sc gold 
nuggets is found in a su])erficial laycr rarely 
more than 21 -in. thick and frcriuently only 
8 or 9 in. thick. 

• (VI ) Tumeremo 
This is a rclativcly unimportant mining 

arca, although it covers about 1,000 squarc 
miles of tcrritory bctween the E l Callao and 
Botanamo arcas already dcscribed and 
extends from 7° N . latitude to the foothills 
of the Imataca Rangc, forming a belt 20 miles 
wide—the Yuruari líiver being its western 
limit. Thcre are a few small quartz lode 
mines in the arca that havc been worked by 
hand to very shallow dej)ths. The quartz 
is hard and vitreous and contains frcc gold 
and very little pyrite. The country rock is 
diabasc and meta-andesite, which is much 
less dccompo.scd than in the E l Callao arca. 

Sevcral auriferous alluvials are known in 
this región, but they are mostly small in 
areal extent and volume. 

Miucralogy of the Ore-Bodics 
Tho major constituent of the ore-bodies 

is quartz, which is generally fracturcd and 
in the zone of oxidation is fragmentary, 
druSy, and covered with iron oxides, par-
ticularly limonite. I n some mines (Sosa-
Mendez, lianza, Columbia, Vuelvan Caras, 
etc.) manganese dioxide, in the form of 
psilomelanite, is common in the zone of 
oxidation, coating the quartz and often 
forming botryoidal masses. Chemical analysis 
has shown some of thcse occurrences to 
contain high gok' valúes which could not be 
recovcred by amalgamatiou. 

The quartz occurs as a crystallinc, milky' 
white, banded varicty or as a dark-grey type, 
sometimes with a ribbony structurc formed 
by shearing. Brecciated grey quartz 
cemented by white quartz and limonite is 
also found in the mines of E l Callao arca. 
Occasionally the «piartz is pink in colour, 
as at Lo Increible mine, and it then contains 
very little mineralization other than natise 
gold. Two ages of (¡uai tz can be distinguished 
in some of the ore-bodies and also two ages 
of mineralization. Native gold of the second 
age of mineralizíition is j-oungcr than tlic 
pyrite. The ore minerals are native gold and 
auriferous \. The latter varies in 
quantity from about 1 % to ( i % and the gold 
coiUent also varies within vciy wide limits. ' 

Generally the srnaller the c r y s t a l s of p3TÍte 
the higiier thf: gfiM Cfditent a n d ' t h e h i g í i e r 
the flf:gree f>f íinf:Mess (puiityj oí thf; gf)lfl 
recoverefl. Secfjtidary ¡ l y r i t e also contains 
some gold and a number of sarnplf;s of 
specially-selectcfl pyrite c r y s t a l s varying in 
size frfjiii l in. to !J, in. were assayefl and 
found to contain 5-'10 dwt./ton. the dis­
covery of large nuggets of goW in the eliivials 
is a cf>mnif)n ( jccurrei ice anfl after heavy 
rains men, bf)ys, anfl even women search 
in the gutters and alongsifle the dirt roads 
for nuggets that are often uncovered by the 
sudden heavy rains during May, June, and 
July. 

Other mctallic minerals occasionally found 
in the ore-bodies, usually when cióse to the 
intrusive younger diabase d}ke in the mines 
in the Callao arca, are galena, sphalerite, 
chalcopyrite, and pyrrhotite. At the 
Columbia mine (Mocupia), on the first level 
south of the dyke, considerable quantities 
of lodestonc and trcmcjlite v.cre founrl closc 
to the contact of the diab.t; with the ore-
bod}- and another crystallinc, wa.xy, yellow 
mineral not yet identified. 

Gangue minerals also include calcite, 
ankerite, hícmatitc, sericitc, and chloritc. 
Pseudomorphs of magnetite after pyrite are 
fairly common in the zone of oxidation at the 
Union and Mocujíia mines. 

Thcre are no silver minerals known in 
this región and the amount of siher found in 
the gold bullion produced is with one or two 
exceptions cxtremcly small. The bullion 
fineness varies considcrably and records over 
the past 18 years show a rangc from 557 
to 890 parts in one thousand, but avcrage 
about 750. Generally the higher the gracle 
of the ore the higher the dcgree of fineness 
of the bullion. 

A l l the evidencc produced so far justifies 
the conclusión that the auriferous ore-bodies 
of the greenstone complcx in the State of 
Bolivar belong to the mesothermal class. 
Owing to the long pcriod of erosión in this 
región the lodes do not cxtcnd far below the 
present surface, but the erosión of the out­
crops of thesc quartz ore-bodies has rcsulted 
in the formation of numerous rich placcrs 
containing coarsc gold. 

Stratigrapliy 
The geological histoiy of this auriferous 

región is still far from clcar and unfor-
tunately no one has yet studied in detall the 
rocks of the greenstone complcx aml the 
adjacent granitos both in the fiold and in 
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tlic laboratory. I'rom Iield ob.scrvation.s the 
following appcai.s to havc bccn the scqucncc 
of e \ « i t s :— 

After a híiig pcriod of ero.sion of tlic 
Archean conijilcx therc followed the local 
extrus ión of andesitic la \as along the general 
N . E . - S.W. line of weakness of the basemcnt 
granite-giieiss complcx. Thcse andcsites are 
often calcic and also exhibit pillow structurc 
and probably reprcscnt a subaqueous 
extrus ión in a local basin. The occurrence 
of arkosic-congloiiiciates and calcareous-
schists and shalcs near the base of this series 
also indicate the ]>rcscncc of lake or marine 
conditions at, or before, the time of the 
extrus ión of the andesitic í lows. Thcre 
followed a pcriod of dc])osition of calcareous 
tuffs and more arkosic sediments tcrminatcd 
by the intrusión of the older diabase in the 
form of an cxtcnsive sill. This was succeeded 
by the intrusión of the younger granites, now 
exposed only in the northern part of this 
arca, bctween Guasipati and Ciudad Bolivar. 
This intrusión caused fracturing.folding, and 
metamorj)hism of the andcsites and the 
calcareous-andcsitic tuffs. As a later phase 
of this acid intrusión the fissurcs crcated were 
filled wi l lrquartz containing rclativcly small 
amounts of gold. Thcse quartz-fiUcd tissures 
are rcprescnted by the numerous outcrops 
of cpiarlz in the sabanas nf)rth of Guasipati 
that í requcnt ly contain up to 1 -5 dwt./ton 
of gold. 

Mctamorj)liism of the andcsites rcsulted 
in tlicir local silicilication and convers ión to 
quartzose-andcsitc-schists as cxemplified in 
the Union and Sosa-Mendez mines etc. A 
further pcriod of erosión was succeeded by 
intrusión of gabbros and dykcs of diabase 
causing additional local mctamorphism and 
fü¡ .ng. ' 

Thcse basic igncous intrusions were 
succeeded by acid intrusions in the form of 
granite-i)or]jhyries, ajílites, quartz-por-
phyries, pegmatites, and siliceous gold-
bearing solutions. iMiial ly thcre was another 
period of basic intrusions rej)rcsented in tlic 
E l Pcru-Caratal mining arca by the N . E . -
S .W. tieiiding diabase dyke already dcscribed 
and others north of the Yuruari River. In 
many respects this arca has geological 
featurcs almost iflentical with those of some 
of the gold-mining districts in North-
VV«-stern Ontario and í )uebec (Canadá) and 
it is believed that the greenstone complcx 
o í the Pastora Series in which the priiicij)al 
Venezuelan gol<l de¡)osits are located is o í 
Prc-Cambrian age. 

Notes 
The following notes may be of use to those 

conteniplating mining work in the State of 
Bolivar :— 

(1) Exploralion .should be confmed to the 
greenstone complcx. 

( 2 ) Since the orc-bodies are apparently of 
limited dcpth as a result of a long period of 
erosión the outcrops on high hills should 
receivc attcntion in preference to those in 
low-lying arcas, other factors being 
cquaí. 

( 3 ) No single lode or vein is likely to yicld 
a big tonnage o í ore and for that reason, new 
companies in this field should avoid ambitious 
progranunes until sufticient development 
work has bccn done to enable a reasonablc 
es t ímate to be made of the extent of the 
ore-bod}'. 

(4) Ercqucntly more than one lode or vein 
may be found within a small radius and 
simultaneous prospection and development 
of two or three ore-bodies may radically 
change the outlook for a new property. 

(5) Valúes are often much higher in the 
zone o í oxidation than in the sulphide zone. 
Cases are known of valúes dropping from 
i to y\¡, as the zone of oxidation is Icft and 
the sulphide zone is entered, within a vertical 
distance of 150 ít . Such being the case 
development work should be extended into 
the sulphide zone as early as possiblc, 
espcciallj- in the smallcr mines. 

(C) Quartz outcrops usually contain visible 
or free gold but are patchy. The same 
applies to the majority o í ore-bodies under­
ground and closc cíianncl sampling is essential 
if a reliable avcrage valué is to be obtained. 
Professor Truscott's írcquency plus assay 
method oí calculating ore reserves could be 
usefully employed in Venezuela. 

(7) Most of the lenticulaf orc-bodies have 
high gold valúes in tlic centre and dimini.sh 
towards the outer limits of the lense and íor 
that reason development work in drives 
should not be stopped as soon as valúes fall 
below the pay limit or the ore-body tapers to 
a stringer. Often if this narrow stringer, or 
a gouge, is followed another lense will be 
cncountered within a rclativcly short 
distance. 

(8) Because o í the íreqiient lenticular 
nature o í the ore-bodies and thcir occasional 
occurrence in wide shcar zones small diamond 
drills should be used to test both the foot-
walls and hanging-wall íor ¡¡arallel or new 
ore-bodies. ; 
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Gold Aliuvíals and Eluvials 
(1) Most of tlic auriferous a l luv ia l deposits 

worked by Venezuelan miners are of 
re la t ive ly smal l yardage and unsuited to 
dredging operations. 

(2) T l i e a l luv ia l gold is generally coarse 
and of a high dcgree of pur i ty (fineness). 

(3) Large boulders are few and the bcds 
of the strcams are fair ly even and the bedrock 
soft to m é d i u m hard. 

(4) T h e gold 'a l luvials near the headwaters 
of m a n y of the r ivers havc been worked by 
local miners because their operations are 
l imited to depths not e.xcecding 20 ft. T h e 
deeper a l luv ia l s , wh ich exist in the lower 
reaches of the pr incipal r ivers and major 
tr ibutaries, havc in m a n y cases never bccn 
samplcd. I n t l ic región of E l Dorado thcre 
are dist inct possibilities of l oca t í ng deposits 
large enough for dredging, but in the past 
no one has carr ied out a systematic sampling 
campaign over large arcas either by pi t t ing 
or B a n k a dr i l l ing. 

(5) E l u v i a l deposits are common and in 
. them are found large nuggets and coarse gold. 
Thesc have been worked since pre-Columbian 
t imes and even at the present t ime a con­
siderable amount of gold is produced each 
ycar from this type of deposit. I n a l luv ia l 
sampling possiblc e luv ia l deposits should 
not be overlooked. 

(<>) Stream graflients aie gerif-rally .-.n'i;ill 
and thr; r ivers foll'iw a v e i y :,'-r¡jf:ntir.oui 
course and for that reason oíd teir;i/;e-, nihy 
exist , or the a l luvia l deposit extend over a 
much greater arca than ajipears jíos^ible by 
present surface indications. 

Í7; Aer ia l photograi)lis of thcse regions 
often disclose o íd river coiirses when they are 
not apparcnt from inspection on tlie 
ground. 

CoRclu.siun 

T o sum up, it may be said that of the s ix 
auriferous regions mentioned at least three—• 
viz.. E l Callao, Botanamo, and E l Dorado— 
merit systematic prospection. Of thcse three 
the E l Callao región, thougli the most favour-
ably situated, offers only l imi ted scope for 
future deve lo¡ )ment in lode mining. Severa l 
ver}- good prospects exis t , but the best 
appear to be in the possession of the com­
panies now operating in this región . T h e 
Botanamo arca contains several lodes which 
might possibly supply enough commcrcia l 
ore for a central mi l i of m é d i u m capaci ty. 
I n addition therc are some auriferous 
a l luvia ls wh ich merit investigation. H o w ­
ever, the reg ión w i t h the greatest possibilities 
for development in pract ical ly vi rg in ground 
is that o í E l Dorado (Al to Cuyun i ) . 

Some Details of Diamond-Drilling Equipment 
By S. V . Grifñth, A . C . S . M . , M.inst.M.M. 

A gviide to specialized machinery íor the mining engineer. 

Introductiou 
Many enginecrs appear to be under the 

impression that anyth ing to do w i t h diamond-
dr i l l ing equipment is more 'or less in the' 
nature of a closcd book and thcreforc best 
left to e.xperts to deal w i t h . Whi le i t is t ruc 
that the actual diamond-dril l ing operation 
is ve ry sk i l l cd , the equij)ment used is 
cx t remcly simple to anyone the least bit 
mechanical ly-minded. I n the wr i t c r ' s 
experience t l ic " swive l h c a d " and the 
designation of the various sizes of rods and 
casings appear to be the biggest bugbcars ; a 
descrijjtion of thesc items, togctlicr wi th .some 
gencralitics, t h e r e í o r c , form the basis of this 
article and rcfer cliiefly to the tyjie of 
machines used in Amer ica , par t icu lar ly in 
the F a r Nor th . • 

T h e lighter diamond dri l ls referred to are 
powered by a 12-h.p. Wisconsin , 4-cylinder, 
air-cooled motor of the automobile t}'¡)e, 
while the heavier machines are fitted w i t h a 
30-h.p. Fo rd , water-cooled engine, the whole 
outfit being supportcd'on an iron framework 
on skids for case of transport. Power is 
imparted to the ta i l shaft by the ordinary 
standard car transmission, which in turn 
drives the main shaft by means of a qnadruple 
chain on low-gear sprockets. T h e main shaft 
transmits powcr to the crown gear, which 
meshes wi th the bevcl gear of the swive l 
hcad dri\e-sleeve. 

Swivel llead or Fccd-Scrcw As.scnibly 
T h e detailed ile.scription of the operation 

of the fced-scrcw assembly which follows 


