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RADIOACTllE ... SODRCE .... MATERIALS 

IN 
' ; 

LOS ESTAOOS UNIDOS .. DE ... VENEZUELA 

by 
D. Go W;1ant 
Wo No Sharp 

and , 
Carlos Ponte Rodriquez 

ABSTRACT 

This report summarizes the data. available on radioactive source 
rna terials in Los Estados Unidos __ de _ Venezuela. ac_cumul.ate.d _by geologists of 
the Direccion Tecnica de Geolg{a and antecedent _ agencie.s ... prior -to J•ne 19$1, 
and by the writers. f'r.om June_ to .. N.aY.eaher.l2Slr· __ .. \ 

The . inves.tigati.OD..Jl.ompri.sed_pr.elimi nary. _. s_t~,_ !iel.d ... _exam.ina.tion~ 
office . studies.~ and __ the .preparat.ion of. this.. report, .. in . which_ the areas and 
localities examined. __ are __ de.s.cribe.d. in. .. detaj 1 , the .. _uram.um p.otentiali ties of 
Venezuela are ___ summarize.d.ll aruL.re.c.om:mendations ua.made. Preliminary study 
was made _ t.o .. select ar.eas _ and .. r.oek. types_ that. wer .. e kncnm_ or reported to b.e 
radioac ti:v.e _or _ that _geologic _ expe.rlenc.EL suggests_ woul.d.. be. ... favorable hos.t 
rocks for uranium de.positse In ... the ... of'fic.e.,_ a. s.t.~ ___ of. __ gamma-ray well logs 
was started as one meana .. of ... amas:sing_general~.radiometric. data. and .of rap;i.dly 
scanning _ m~ __ _ o.f_ .the .. .rocks_ in ... northern. Venezuela; . gamma=:o.ray. ... logs trom about 
14o .. rep.:resentatiYe. :w:ell.s __ were examined dand.. their .. p.eaks_of._ gamma. intensi ~ 
evaJ.u.ate.d; . in. additi an_ samp~e.s... wer.e.. a.n.alJ'z.e.d.. radiome~cally.il· and pe tro.=-
graphically o · 

Radiometric recoBnaissance __ was __ made ... in. the field. during about 3 months 
of 19.51.9 of about 12 areas, _ inc.luding._o:ver 100 localities in the State of 
MirandaZ) Caraboboj) Yaracuy, Falc6n, Lara, _ Truj_illo, Zulia, M~rida; Ta'chira9 

Bolivar, and Territory Delta Amacuro. During. .. the .... cour.se . o.f' _the investigation, 
both in the field and office, information was. given .. about geology of uranium 
deposits .9 and in techniques used in _prospe.c.ting. .. ancl analysis. All studie;s 
and this report are designed _ to sup.pl.emen.t. and .. t.o strengthen the Direcci.on 
Te'cnica de Geolog{as -~ s _program_ <lf .. inves.tigation ... of radioactive sources in 
Venezuela now in ... prog.re.as. 

The uranium .potentialitie.s of Los Estados . Unidos de Venezuela are 
excellent for large» low-grade deposits . of uraniferous phosphatic shales 
containing from Oe002 to 0.027 percent uranium; fair, for small or moderate= 
si zed$) low=grade placer deposits of thorium, rare~arth, and uranium minerals, 
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poor, for high .... grade . hydrothennal ;pitehblende depo its; and highly possible 
tor small.~ mediumoc to high ... grade · deposi.ts of' carno · .te-or . copper-uranium 
bearing sandstoneo · 

Recommendations for the Venezuelan. uranium.~pr gr.am .include l) the 
systematic collection of a mass ·· of general radiome :ric data by examining 
sample collections, expanding the _gamma-ray log pr gram, encouraging , the 
use of Ge~ger counters by fie,ld ~xeJ...o_gists~ and by . I):).isting the aid or the 
general public; 2), the examin~tion · or specific ar a~ or localities, cllosen 
on the basis of geologic favorability from the res ts of the amassing of 
data, or obtained by hints and rumorsj 3), the org nization of a unit with­
in the DirecciO'n Tecnica de Geologfa to direct~ co le,ct, and collate radio­
metric data. 

It is emphasized that .to be most fruitful the program requires the 
application of sound and imaginative geologic theo o 
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INTRODUCTION 

The purpose of this reporl~~~is 1) to summarize the currently available 
data regarding radioactive source materials in Venezuela, especially 
sources of uranium; 2) to describe in detail localities examined in the 
field or studied by gamma-ray logsj) and to summarize their urarrl.um poten­
tialitie$» and 3) to recommend areas and rock types that merit additional 
study~ methods to ··obtain additional radiometric data, and the facilities 
required for the program of sea;ch for radioactive material that is alreadt 
in progress by the Direccitn Tecnica de Geolog{a del Ministerio de Minas 
e Hidrocarbur«lls de los Estados Umdos de Venezuelao 

A .. treatise on the geology }~f Venezuela has no place in thi&S report~ 
and is not attemptedo In the section describing localities examinedj) how­
ever~ enough of the geologic frame-work and local detail are given ~o that 
the description of each area or locality is a self=contained unit. It 
should be emphasized that in further study of radioactivit," in Venezuela 
the approach most likelY to be productive of practical results is~ in the 
long run~ that of the complete historical geology of geologic provinces~ 
areas . .9 . or. ather entitieso By complete his~orical geology is meant the 
know~e-<ig.e.l> . in_ de,tail and in gen~ral~ of geologic events l> and would nece~saf!­
il.y ... include _the s.t~_and application. of the geologic processes .. that tend 
t _o concentrate _or t_o _disseminate . the_mobi~e. element uraniwno Such a 
tr.e.ati.se_ wo.u.1~ be _ invaluable from the standpoint of general knowledge 9 

from which p~acti.ca~-- values. are derived.. 

Status o.f'_ investigations of radioactivity in Venezuela 

ThfL.firat known investigation for radioactivitYj in Venezuela is that 
published in _l9J9 by .. Oter~-~ Beauj.cnl> _ Prado . .SJ . and Gimenez . {1) (reference at 
end of re.port}, on the. r_a.di_o.active_ ho_t_ spr:i..np .JJf._.Las _'l'ri.ncheras 9 State of 
Carabobo•~- U.r...ani.mn . .minerals ___ w_ere .. firs_t_ d.is.c.oYere.d _ in Venezuela in 1943 by' 
UaYQ' ... (2.). fr.om ... the __ pegmati ti.es. of. Timo.te.s .. .ll and Carni'n ~ State of Me'rijiao 
Other_ in.v:es.ti.gati.o.ns _ by members ' of the Direcci&n T~cnica cle Geolog!a for 
radi.oactive .minerals were summarized by Sehwarck Anglade (3) in 1951. He 
includes.. the. refe~ences above (1~ 2) ~ two other reports on the pegmatites 
o!'. _the. Ande_s by topez, Aguerrevere~ and Davey (4) ~ and bY. Sehwarck Anglade 

-·- (5) $ another report on the spri~s . of La Trincheraa by RUbio ( 6) j and 1 

laboratory examinations by Galans of black sand concentrates from Evequi~ 
Uriman9 Territory Amazonas ( 7) l) of .fl uvatile sands from various places in 
T.ern~tory Antazonas (8), and the Gran Sabana, State of Bolivar {~). Since 
June 1.951t>. r;dioactive lldnerals have been reported frCDm rio Ca~alerla~ 
State .o.f Bolivar by Perfetti and Candiales (10).~ and from Santa · catalina~ 
~rerritor.y Delta Amacuro by Sehwarek Anglade . (ll) o 
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In 1945~ W©rcester (12) als© examined the uranium possibilities of pegmatites 
near M~rida for an agency of the _ government ·or the United St,tes ~£America~ 
and in 1950~ Larson (13) 9 Ua So Mineral attaclfe in Lima 9 Peru~ made a brief 
t~ur tr~ough Venezuela at the request of the Venezuelan government. 

LarsonaB report on the uranilD possibilities ·-of Venezuela~ prepared ip. 
cOJll_ab©_~_at.io;n nth the Dire~ci~n Tecnica de Geologia£~ contained a series of 
_re~_omme.adati_QDHS.o Some of them pertained t@ the need for attra~ting the i~""' 
tereat_of prospe.ctors and minin.g_me_n by. revising. and clarifying the 1945 
mining_..lav __ and __ po.~rlb.ly .. by offering ___ a. bonw3 .. f@r... the_ discov:ecy of uranium oreo 
Other. :lr'e..rumnmendat.ioM wer~Lt_o __ exam.ioo. .rock and mine_ra.l collectioas.s> visit 
are_as in _thaAnde.a and __ the. Guaya.:na£~ _ amL.request the assistance of two geolo­
gi.s.~ f~om - tbe_.United States governmento 

Ac;co)rd~.IAgly £l ~t th~ r~qiill<eJ~rrt, thC!1l Ven~&r e1:."4"1 Gov~rJr.!lnent .?> Donald Go Wyant 
and William N ~ Sharp~ geologists of the United Sta tea peol()gical Survey, , 
arrived in Vene~uela in June 19511) Carlos fonte Rodri:guezlJ geologist of 
the. .Venez.u.e~an~ Di.re~ci'n T~cnica de Geologia$) was assigned to be in charge 
of __ a_pr_Qgram .of the Direcci~n investigating radioactive ~Source materials in 
Vene~uelao He accompanied Wyant and Sharp in the field.s> and collaborated 
ins())me_o.ffice studies. 

' . .-... : .. (_ "<'· ~ : .;_<.. 

The_obJect.ive.s _of Wyant and Sharp were~ tirst9 to give information te 
members _of the Direccibn T~cnica de Geolog:{a ..about some of the pertinent 
facts concerning the geologic occurrence of uranium ores 9 and to show them 
al~o some of the te~hniques used in field examination and laborat~r.y analysisj 
sec.wnd_l} t.o apprais_e the uranium p~GJtentiali ties of VeneZluelaj and thirdZ> to 
make_ ~ec.ommendations for future work by Venezuelan g(!)verrunental a.gencie3o A 
corollary t _o thes_e three objectives was to .interest people in Venezuela in 
prospecting for uraniumo The @bjectives of the .assigmnent are in part ful= 
filled by _ this report and brief reports ®Jn cvrent pr~gre$5 ~ubmi tted t~ 
Dr. Schwa.r_Qk.A:ng.l.ade_ during field worke Iaformation en the geology of 
~um. depMit~L.was given in part :in talks9" beth f~rmal. and infonnalS> t~ 
memb~B ~i"- the Dir.e~cion . Tlcnica de_ Geolo&!.ai c in part b7 diseusien in -the 
fie.ldt> and __ in_part_ by_ re..~ommending ... sal.e_c.te..d ... refereneea fer studyo lnform­
ati.o.n in_ field. anc:L~aboratoey tecbniq_.llea _ w.as ... gi_v.en .. in formal and informal 
ta:lks..Z>-· aruLin _pr_acti.c.e .both_in_ tha fie~d arul ia_.a ___ small_racliometric labor-
atmry:. __ gs_et _ ip in Caracas.Intarest_in s.earc.hing. :tor uraniwn has be~n stimul\}ed 
fm:m~9. ,. bJ!_Jl.,_t.alk. b.efore. the ___ A.aaociacli(n __ i.ene~ru.ma .de Geologfa» Minerfa9 

y:. :Pe.tr6~e.Q (Venez.llel.an_ Socie_~--- ~!. GJ,tolqgy 9 Mining and Petroleum)~ and i:nform= 
~-~----OX -- diEAcussian.Bwi.th___~ . p.eo.ple.Z> .. e.spatli.ally _ petroleum compaey geologi$ts 
and .. engineers..9 . but.dabD_mining .. engineers.9 -·and. otherso The pr®Jgram of uranium 
maear..ch __ Qf_ .the.. Dir_~_&n_ T'cnic_a_ de Geolegi.A is an active one.9 and the prelim= 
inCl.'icy.' .. w.~rk w.e _ have __ jointly: &e~Complished was designed to coordinate wi tb. and 
to expand_ tha. t program o 
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.:ay analogy with the geologic occurrence of uranium deposits in the 
United States of America ~d elsewhere in the world9 and by preliminary : 
study · of the geology of Vene.zuela both by reading and by conversation with'-" 
re~ident geologist; it was possible to compile a list of certain rock type8 
that offered p~ssibilities of being potential host ro~ks for ~anium 
depositB in VenezuelaG This list was then used to make plans for field or 
laboratory examinationse 

Uranium dep~sits have been found in ma~ types of host ro~ks through-
out the geologic ~olwm. In generalz, howe.ve.r.-9 in any search for uranium 
t he . follDwing types of _ ro~k:B of!'er mQm . p:r.mrd.ae. :than . others g 1) Thin 
marine .. blac.k shale~-~ ' " etpecially . o! ... Paleaz.oic_ age .. _Q.r older~ .. 2) all marine 
phmspha-.te_depo..si.:t&-9 inc~uding .. phosphatic nodules in shale$ .3) porous~lltred beds"~ 
.especial ly _tbos.e _ c.onti.n.ental formations that contain carbonized plant 
remaina~ . co.p.per .. . ~taings and intrusive igneous . racks_, .4) , , mesothermal argent= 
if'erou. ba~Se=metal veins in siliceous~ gran tic er volelnic country rock9 

amd.. rep~acement. deposits in limestone~ 5) ~· ligni te.s> espe~ially selenif'erC»W3 
lignite _immediately underlyilf:lg . unconformi:ties~ 6) ·: heavy mi11erals concent= 
rated in. alluvial deposit$9 .and 7) "pegmatites (Bain 9 McKelvey and Nelson» 

.. Fiac.her9. Page_.and Everhart~ 14 thro•gh 18) o 

or_these . seven main types or_rocks.P all are probably present in 
Venez.uelli1~ althQugh base=metal veins are not apundamto AccorQi.ngly.Z> trips 
were. planned to .examineg 1) the black .shales of the Col6n and Misea=Tr\Q:i~~i 
fo:rmatiQns_ and a!V" others found 2) the phosphatic "fish=bone91 beds of La-LUna 
and the _ Colon formatioJnsz, J) the cu.;Rrlferous terrestrial La Quinta and Tomcfn 

.. f'(l)rma tions and the terrestrial -Jl«)rafma series~ 4) lead veinlets and gold= 
quartz veins j .5) several lignite and coal beds~ 6) beach and stream all= 
uvial de;>ositsj and 7) the uraniferous pegmatities in the StatQs of M'rida 
and Bolivaro In addition, of course-9 maqy other rocks~ as well as crude 
oila9 spring,. waters and deposits were examined radiometrically in the fi.eld~ ... 
and _st_udiad....in ... the office., Gamma-ray logs mad• for the oil companie• were 
also_ examine do.. All . data ac(lumula ted will serv~ a useful purpose 9 eithe~ .. y 
contrib1iting_ t.o a mora.c .. omprehensi.ve knowledge ._.of _the general. radieactinty 

_ of_ the .. .. .roc.ks ___ of. Venezue~a-» (Q_r b~ .. ii.tdicating . sp~cif'ie areas_. of abnorm~ 
radio.a~tin~o 

Radi.a...¥i.o_n__.detec.tors .. ( Geig.e.:r ... counte.rs_). . used. during __ the ·- present recon= 
naU..B.an.c.e .. !or. ... uranium _in __ V:ene.z_u.ela ... w .. ere __ fiel.d_JJJrYey.: .. meters 9 field sc~lers9 
""'""" ~ . "?tab . "' 1 . v dJLW,_A, ~~o.q. .. _s.ca e.r~. 
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The field.. s_u:rvey: _ meter~S ~ed_ wre~e equippea with 6=inch. glass=walled 
Ge~.- PX'Obes_ that can detect ei.the:r _ gaJnllla ;radiation if ... the movable sh.ield 
u _ d~~ed£> .m' bata,_ and_gamma db"adiation if the .shield is opene The~e pr~bes 

"·· norma.lly- record about 50 imp·ul.$eiS ·pe:rr minute. This converrlently pQJrlable 
instrument is powered by dey cell batterleg; and . . equipped with a rate meter 
rather_ than an impuls_e registero The rate meter c;ircuit registers by meaniS 
®f ~- ne.edle_ fluctuati~ a~r©..~-~- a_ calibrated dial~ the average current flow 
re~lllting fJr>!Om_ amplified . pul_s~~e. The pulses reflect ionizations ~r the gas 
in .thls .. G.eiger tuba when i.onized_ ~ __ ©;_ha.r_p.d .p.articles . or rays (alpha and beta 
parti.chs.~. gamma_ a.n.d_ cosmi~ r~) e _ The _dial is g:Jr>aduated into divisions 
that can be .. cali._brated in millir(()entgeniS per ho\l.r'£> and is equipped with a 
~ensi.tinty .or range Bwit~h that c~nverts full-3eale reading to Oo2~ 29 or 
20 milliroentgens per houro The needle p~sitiC)n ~n the dial may be read 
dir.ectly in milliroentgens per hour ?J al th~ugk thi~ is not entirely · correct 
in. _the .fi.e~d inasmooh aB the roentgen irs a unit of gamma ray emil5~ion oruy 
and_ al;\S~_b.ecaUB.e the meter QY ».OJt be accurately calibrated in terms of 
milli~entgenrs_ Qr' adj:wrted .pr~perly f@Jr the different range posi tiona. 

In the fiel~£> ob~ervationiS were made by watching the needle for two 
minutes or longer 9 and recording the minim.WWA£> maxinn.un.9 and average aumber 
of scale divisions9 Also recorded were the sensitivity or range position~ 
alThd . whether. the shield was ©lpen to pel"mit detection cf both beta and gamma 
radia..ti02n.£> or closed to pe:nnit, detection o.£ ()xdy gamma rays. The syBtem of 
~ecording such information i n the field wid@!! wi11 he used througho\lt thi~ 
report may be symbolized as followsg 2 .,. 7° 5' 'I .), ' 0$2 MR/hr scale) 9 u.d 
t:lf'anslated t~ mean 2 minimum = 1 maximum$ . average number of scale divisions 
(shield open9 measurement made on the 0.2 milltroentgen per hour $Cale)e 
Where not indica:ted9 the Oo2 MR/hr scale was uaecl~ and the shield closed ( 6) o 

FQ!r .rapid tScan.ning in the field the normal 6=in~h Geigel' probe of the 
field .. ~urvey m~ter was ~eplaced with either a 20=in©h metal probe f~r Wie 
on_ home_£> or in rapid walking9 ~r with tw_o; 4,Q.._,in~h metal pr~be~ f@r semi= 
per.:mane.n.t. installatiQn on a Jeepo The 20oin~h probe CQlperates at 900 volt~ 
and nQ.m~ . reQ~ds • 2000 .. c~unts (impul~e$) per minuteo The 40=in~h probe$ 
~~-l'&te. at .. l2..00 ... v~.a ud. .. toge.th~ . no.mally . re~-~rd about ~000 count~ per 
mi11u.te.. _ :8@:th __ 2_o_"'! . _awL ltti.:::oia@.h _pmbM_ . ~-an . dete~t _ gamma radiati~n ~nly ~ and 
aLth~J~.ghLlW_t -~.alillr.a.te.d .. .in. _ tel.:tiM'L _~.r_ milliroent_ge.xuL;per. hw'W" 9 are of great 
va.l.1.le ___ in~i.d. Jf'ec®>nnai ss.anc.e __ J@r __ the.. .. _de..t.aile.d ... ~illg .. _Q!_radioacti ve rocks. 

Fmo __ oor.e. accurate registration of impulgses or ~•cOJuntsa• per unit time in 
the. fie~d. .. a .p_mo:!tpabl.e _ s.calec:30f'"'='eig.h:t acaler madtLby +ohe Berkeley Scientific 
Coii£:~ ... .w~ . u.sef.t~ 'l'b:is ... instrument feeds eve:rry @igh,~lrn impulse into a mecha:n= . 
ic_ ~egiater an.d..e.a.ch impulse from 1 to 8 iB also l!lloOted on a small dial • 
. The .... t.o~al....numb.er_ of _ ifcounts 111 at al\1 moment may9 therefore.!) be read from the 

' me.chani~al .. r.egister. and _the _~mall diale 

. F@r quantitative determination iQJf the radioactiv:i:tY: -of' scnnples~ two 
~cale=of=64 ~5caler units£> model n©o CGM .... JB~ ma,nUrilctmred by tAe 
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El=Tronics CompanY-;£' Inco:rporatedll were set up ill. the laboratory of the Direccion 
T~cnica de Geologiao These scalers were equipped with Thyrode Geiger probes~ 
model 1 B 85/J made by the Vi~toreen Instrument Companyo The probes9 when mount.,. 
ed in a small quonset=shaped lead rshieldl> the walls of which were .3 centimeters 
thick9 normally detected no more than Oo5 "counts" per second. Calibrated stan­
dards from the Denver _· Raa±at:!»n . Laboratory of the United States Geological . 
Survey w_ere used to measure the radioactivity of samples. Radiometric analyses 
obtained are given in terms of percent equivalent uranium9 which may be defined 
as the total radioactivity measured9 but presented as if due only to .uranium 
and it~ decomposition products in equilibriumo 

. Members of the DirecciC:n T~cnica de Geologia o:f the MinisteriQ de Mines e 
Hidrocarburos were informed of the accepted methods of use and of the l.iniitations 
of these instruments and of 'their maintenance and simple repair. In the labor­
atory9 information was given about common methods of radianetric analyses 9 the 
detection of radium from the radon curve of ~•pelletized'' samples 9 and about 
qualitative chemical determination of uranium in radioactive samples. In the 
fieldl) information was given ·about:Jiurrentlt accepted method~ ' ef reconnaissance 
and detailed examination. -
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LOCALITIES EXAMINED RADIOMETRICALLY 

The .. rock .:ty:p,e.a anci ar.eas of in.terest that were determined. by preliminarcy 
bibliogr.a.pbi.c s.tudy: .. and .. conversation .with .. g_e(d)logis_ts .. in· Caracas . were·· compiled 
on __ map~ __ and.lls.ts_S> andu_ ae.veral..._ trlpB then. made ... ~. examine. as many of the types 
and ar.e_a:£.as .waa_ possi ble . ... _ The_ ro.ute~ __ t_aken_ __ are. ... shmin .in figure 1 9 and the 
~-alltiM .e.Dmined in relation _t@ .. regi.Qnal_ ,ge.ology:. .are shown im figure 2. 
Strati~apb¥_ 1.$ _ shown .on.. chart "l o _ Indiv.idual .. reports written of ea~h locality 
o:r group .. of_loc.a.lit.i.es .. ha:ve bE~. en . &neruied .. ancl. arranged .. approximately by area~ 
rathe.r. than __ in_ chronOJ1o.gi.cal_ order ... ~r .. by .. rock _ ty.pe G • . The localities discussed 
bel.o.w __ w_ere __ .examin.ed _ _f_\Qlr. :radioactivity _in. about . three months of 19.5lo On June 
22.9 a_ r~onntdas.ance. io2f the Caracas_ . area .was .madeo From August 20 to 28~ radio­
metr.i.c .. exaininatioD.!S .. were .. mad.e;_ at .La$l TrincherasS> State of Carabo'bo and in the 
northern __ _part _ of_ the State or Falc6n. From September 4 to 8» a radiometric 
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reconnaissance wa~ made_ between Barqui.semeto . .9 . . State ~.£ Lara~ and Chejende ~ 
State_ of_ Truj.ill.o.o ·From September. 22 . to October 19.» radiometric eDmin= 
ations __ were made at Aroa~ State of.Yarac_uy$ between Guarico~ State (pf' Lara 
and Trujill©9 State of Trujillo~ in the State of Zulial and in the Andean 
StatelS\ of M6rida.9 and T'chirao From Nove~ber .. ? to 28» a radiometric re= 
connaissance was made in the State of Bolivar and in the Terri toey Delta 
Amacm"O& 

The Caracas area extends from the vicini·ty of Caracas north to the 
Caribb~an Sea (fig. 1)~ and includes a representative part of the Coast 
Range ©f Venezuela. Some of the rocks compri;sing the range were examined 
radiometrically on June 26» 1951 in company w:i th Gabriel Dengo who ha6 
written an authoritative account of the area (19) . 

General geology 

The area: is c~posed predomin~~ly ()f meta':"'S.Cf.di.lie.pt,ary ,.,r<;>cks_ ~tho~gp 
some meta-igneous~· and un..lltetamerphos·ed igneoUB rocks have been described 
{fige 2) e The oldest known rocks of the area» the Sebastopol complex [~19) 
pp~ 50":"'5Jl, consia.t predominantly of graniti~ gneiss~ upon which lie a thick 
meta-sedimentaey serlea called the Car'aCM group ((19) ppo .53-67} The Caracas 
group i~ _ composed9 in order of de~reasing_ageJ> . of conglomeratic quart~=mica 
schist.s _with_. a limestone. member.» crystalline ... limestone 9 calcareous and 
graphit~ achi.Bta.» and sericite=e.pidote_. schis_ts o These rocks are ·termed. 
respec.tively:_9. Las Brisas formation9 Ant£nmcQ) fol'nlation» LaB Mercedes· form= 
ation~ and Tacag;u.a foma.tiono Th~y are. interlayered with serpentine and 
amphiboli.tes_» and have been injected by narro.w dikelets ... of acidic granitic 
rocks((~9) pp.o 87-8~ In addition to these formations there are different 
phaseiS . caused by varying degrees of dynamo.a.th~~rmal metamorphismz, as for 
example the paragneiss.9 called the Pena de Mora .fonnat:i.on that is probably 
equivalent t©J Las Brisas formation ((19) pG 9~o Ovyrlying these metamorphic 
and igneous r!Olckrs at Cabo Blanco~ west of Maiquetia~ are sands and gravels 
©f Miocene and Pliocene ageo All these rocks have been gently folded and 
faultedo The traces of axial planes of folds and of fault surfaces trend 
predominantly east or northeast~ the faults ~ both normal and reverse~ dip 
eithmr to the· north or s.ou.th and probably rep#,esent several periods of defor­
matl«Jin~ and not simple contemporaneous block='faul tingo Most of the rocks of 
the Caracas group are undoubtedly of sedimentar.y origin and some at least 
are probablyof Cretaceous ageo They are» therefore-9 probably correlatives 
of sandstone~ limestonej ,and shale units of Cretaceous age~ some of which 
are radioactive in other parts of Venezuelao Metamorphism and faulting are 
post=-Cretaceous i n age o 
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Radiometric observations 

Ra~iometric observations were made at two points/along the Caracas~ 
Maiquetia highway ll in tunnel 3 of the Caracas=Maiquetia superhighway noV} 
in construction 9 and at two points along the Mamo river west of Maiquetiao 
The rocks examined in this brief reconnaissance were part of Las Brisas 
formation 2 part of Las Mercedes formation 9 part of the Tacagua formation 9 

serpentine 9 and part of the Pena de Mora gneisso 

A limestone member of Las Brisas formation was examined in an oper~ 
ating quarry 7 kilometers up the Mamo river from its moutho The lime= 
stone is gray coarsely crystalline and highly sericitic; it contains some 
graphite and green mica (mariposite?)o The radioactivity observed was not 
appreciable 9 0 = 3; L5 (B) o 

Part of Las Mercedes formation in fault contact with Pena de Mora 
gneiss 9 was examined about 12 kilometers from Caracas along the road from 
Caracas to Maiquetlao Las Mercedes formation is composed of pink=weathering 
mica s chist with abundant white veinlets of calciteo Its radioactivity was 
0 = 49 2 (B) o The Pena de Mora gneiss is here a hard blocky=weathering 
biotite=quartz=feldspar augen.:,gneiss that is well laminatedo The radio= 
activity observed was 0 = 6; 3 (B)o 

The uppermost beds of Las Mercedes formation and basal beds of the 
overlying Tacagua fonnation were examined in the ro-ad cut near the portal , 
of tunnel noo 3 on the new Caracas=Maiquetia superhighwayo Gray pyritic;; 
graphitic~ calcareous schist of Las Mercedes formation grades upward with­
in a few feet into green schists of the Tacagua formationo The radioacti vi­
ty of these rock types was not appreciable,\) 0 = 5; 2 (B)o 

Within the tunnel 3 typically dar~~green slickensided serpentine is ex­
posedo The radioactivity was 0- 4~ 1 (B)o Serpentine examined at Plan de 
Manzano 9 10 kilometers from Caracas along the road from Caracas to Maig~et{a 
was also not appreciably radioactive; the radioactivity was 0 = 2o59 Oo5 (B)o 

The Tacagua formation was also examined along the Mamo River road about 
3 kilometers. north of the limestone quarryo 'fhe rock is a coarsely foliated~ 
coarse=grained 9 chlorite=sericite=quartz gneisso The radioactivity observed 
was not appreciable, 0 = 5.9 W (B) o 

Summary and recommendations 

~n the brief radiometric reconnaissance of some of the rocks exposed in 
the Caracas area 9 none seem to be appreciably radioactiveo As is to be ex--pectedJJ the serpentines appear to be least radioacti ve 9 and the Pena de Mora 
gneiss the most radioactive of the rocks examinedo Neither graphitic layers 
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nor pyrite impregnations were abnormally radioactiveo A more detailed study 
of radioactivity of the rocks of the Caracas area 9 making use of the car~ 
mounted garruna probes 9 is required before the area can be classed as of no 
further interest for radioactive source materialo In the study 9 it should be 
recalled that the rocks of the Caracas group may possibly include the meta= 
morpho sed equivalents of the radioactive beds of La Luna and Colbn formations o 

Las Trincheras Hot Springs and vicini t:y 2 State of Carabobo 

Abstract 

The radioactive hot springs of Las Trincheras;J and some of the surround= 
ing area, State of Carabobo.)l Venezuela 9 were examined with a portable Geiger 
counter in August 1951o The hot springs are in granitic rocks intruded into 
the Caracas series of metamorphic rocks that are of probable Cretaceous ageo 
The granite is in part foliated 9 and contains abundant schist and gneiss xeno­
liths and some simple granite pegmatite dikelets and felsite dikeso 

Markedly radioactive salts 9 precipitated on the surface of schist from un­
detectably radioactiVE! hot water 9 cover an area of a rout 1 meter square at the 
Fuentes del Sur9 and weakly radioactive salts were observed at the west end . of 
the upper pondo The radioactivity of these two areas averaged 9 respectively 9 

ten and two times the local background level of radioactivityo A sample of 
t he most radioactive salt analyzed in the Trace Elements Section Laboratory of 
t he U o So Geological Survey in Washington 9 Do Co 9 contains Oo072 percent e­
quivalent uranium.$) OoOOl percent uranium$) approximately OoOl percent thorium 
dioxide)) and less than lol7 x 10=9 curies per gram of radiumo Semiquantita= 
tive spectrographic analyses for metals in this salt show it to be composed 
predominantly of silic:on;J and subordinately of calcium,?) sodium~ aluminum)) man­
ganese9 and potassium9 with lesser amounts of magnesium 9 iron~ and strontiumo 
Neither the water 9 gas 11 algae.)) mud and the rest of the salts precipitated from 
t he hot water at Las 1'rincheras 9 nor the granite~ schist;J and gneiss in the 
area examined surrounding the hot springs were abnormally radioactiveo 

Most of the radioactivity of the salts is caused apparently by thorium 
and its disintegration products.9 perhaps in the form of carbonates.$) precipi­
tated from the hot alkaline watero The radioactive elements are probably de­
rived from underlying minerals that probably form small bodies$) such as hydro­
t hermal veinletsJ disseminations 51 or pegmatiteso 

Because of the paucity of uranium the area is classed 51 at least temporar­
ily, as one in which a.ddi tional study is not merited o 
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Introduction 

The Hot Springs at Las Trincheras, district Puerto Cabello~ State of 
Carabobo 9 are about 19 kilometers north of Valencia 9 and 24 kilometers 
south of Puerto Cabello 9 at an altitude of about 350 meters in the gorge 
of the Rio Agua Caliente (figs" 1 and 2) o They have been known since 
colonial times and have been investigated by many scientists o The most 
thorough investigation was that by Otero 31 Beaujon 9 Prado 9 and Gim~nez in 
1939 (1) 9 who detected an average of 238 millimicrocuries of radiation in 
the gas emitted from the central spring 9 a maximum of 26o4 millimicro= 
curies in 10 liters of water, and from 5o9 to 56o6 millimicrocuries per 
kilogram in the mud" The radioactivity of the samples disappeared within 
a few days and was prcbably caused by radon or thorono Otero 9 Beaujon 9 

et alo (1) 9 observed the granitic rocks in the vicinity of the hot springs;~ 
and concluded tm t the source of both heat and radioactivity might be a 
cooling batholith unde;rlying the areao 

/ 
In February 1950.9 Dro Enrique Rubio So (6) examined the hot springs 

and some of the surrounding area with a Geiger count er 9 and found no indi= 
ca ti on of radi oa cti vi ty o 

The writers examined the area of Las Trincheras on August 21 and 22 9 

1951 9 making radiometric observations of the hot springs and some of the 
surrounding areao 

Geology 

The area of the hot springs of Las Trincheras has not to our knowl-
edge been mapped in details but reconnaissance has been done by Aguerrevere 
and Zuloa.ga (20) 9 Hess and Dengo (21) ,9 Rivero (22) 9 and Liddle (23) o Aguer= 
revere and Zuloaga reeognized a porphyritic granite in the area that is 
probably intrusive into the Caracas series of metamorphic :rocks of Cre­
taceous ageo Dengo and Hess observed two types of granitic rock in the area 9 

one coarse-grained and unmetamorphosed,9 the other fine-grained and meta= 
morphosedo 

In the brief exarrrrnation made by the writers,9 granitic rock was examined 
along the road from about 1 kilometer northeast of Las Trincheras eastward to 
the vicinity of La Entrada (figo 3)o The rock appears megascopically, to be 
a medium= to coarse=grained brqwn granite and gneissoid granite· with minor 
variations in grain size 9 cut by a few simple granite pegmatite dikelets 
which range in thickne~ss from a few centimeters to Oo5 meters, and by some 
fine=grained felsite dikeso Xenoliths of dark gray=green mica-schist are 
locally abundant_9 a large body of calcareous mica=schist about l kilometer 
north of Las Trinchera.s may be a large xenolith or possibly a septum 9 sepa= 
rating two different granitic typeso The degree of foliation of the granitic 
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rocks ranges from none in the vicinity of La Entrada to moderate in the 
vicinity of Las Trincheraso The foliation varies in attitude but in 
general strikes NNW and dips about 25° SW o The attitude of foliation of 
the s chist and gneiss 9 on the other hand, strikes No 6°-40° Eo~ and dips 
either west or east at any angleo Areas north of the rio Agua Caliente 
appear white where the rock is exposedo This materialJJ where observed~ 
is,megascopically9 a sericite=quartz gneisso 

At Las Trincheras (figo 4) 9 the hot springs issue from the side o~ 
a small gully subsidiary to the rio Agua Caliente and flow into small 
pondso Gas issues from the Fuente Central 9 and white to ocherous salts 
have formed along the sides and ends of the tanksc Rock is exposed only 
in the small rectangle of concrete enclosing the Fuentes del Suro Here 
t he rock is 9 megascopically, a gray=green.~> siliceous biotite schist en~ 
crust ed with a layer a few millimeters thick of botryoidal white salt 
deposited by the hot watero Small pyrite crystals and a black manga= 
niferous mineral.$) in placesj are abundant under the salt incrustation(>" 
The surfaces of schistosity strike approximately No 10° Eo and dip 240 Wo 

Samples were taken of the rock and incrusting salt 9 but have not yet 
been studied petrographieallyo 

Radioactivity 

Las Trincheras Springs 

At Las Trincheras (figo 3.9 no o 2) the background level of radio= 
activity on alluvium in front of the hotel (figo 4) was 1 = 3; 2 (B)o 
Radiometric observations were made of the water in tanks 1 and 2 (figo 4) 
and of the Fuent es del Sur and Santa Isabel o Radiometric observations 
were also made of the ocherous mud at the edge of the pondsj of the salt 
incrustations around the edges of the pondsj of algae.$) and of the gas 
issuing from t he Fuente Central o Material other than some of the salt in­
crustations9 is not appreciably radioactivej and most of the salt incrus­
t ations are not radioactiveo 

At the west end of tank 1, the salt contained about twice the back­
ground level of radioactivity() = 5.; 4j (G~o At the Fuentes del Sur some 
of the salt incrustations are markedly radioactiveo The area" of markedly 
radioa.cti--:l"e salts 'is a bo·ut 1 square meter~ and the radi oa cti vity of this 
area is about 10 times the· background levelj) ranging from 10. to 30 scale 
divisions and averaging 20 9 both- , gamma and '· beta~gammaO' ··The . fresh sch.ist 
ben eat h the ,radi oa ctive salt is not radioactive o 

Sampleso==Sarnples were taken of the water from the Fuente Central 
(number C A=l49) and of schist i ncrusted with radioactive salt (numbe~ C 
A~l50) o Sample C A=l50 was analyzed by the Trace Elements Section 
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Washington Laboratory of the U o So Geological Surveyo This radioactive 
salt incrustation contains Oo072 percent equivalent uranium~ OoOOl per­
cent uranium by chemical analysis, about OoOl percent thoria (Th02 ) by 
spectrographic analysis, and less than lol7 x lo~9 curies per gram of 
radiumo The r adioactivity of the salt is thus attributable to thorium.9 
and its decompositi on products, although some of the radioactivity may 
be caused by the r adium o This .salt was also analyzed spectrographically 
for met als with the following semiquantitative results: 

Over 10 1 to 10 Ool to l oO OoOl to Ool OoOOl to Oo Ol OoOOOl 
percent percent percent percent percent to OoOOl 

ercent 

Si o Ca ~ Na J> Mg, Fe 9 Ba .9 Ti.9 "vlJ Pb9 Y, Ago 

Al~ Mn, Sr Ni, Sc B, .La, Cr ;; 

K Zr~ Ba11 Cu 

Water s ample C A=l49 should be analyzed for urani um when equipment 
is avai lable in Caracaso 

The disappearance of radioactivity from water samples nin a few days'' 
noticed by Otero, et a l o ( l)J suggests that gaseous radioactive elements 
other than t hor on may be presento In the Caracas laborator y part of Sample 
C A=l50 was ignited and pelletized , and the increase in radioactivity over 
a period of 30 days measured o The resulting curve indicates that radon may 
be present o 

Origino==The r adioactive salt was formed by the evaporation of the un­
det ectably r adio active hot water issuing from the Fuentes del Sur o Why 
only part of the salt should b e radioactive is not known although three 
suggestion s may be made~ 1 ) t here is a local chemical difference in the 
schist t hat causes the radioactive material to precipitate in a local area; 
2) in the course of a relatively short time the rising water completely 
removed th e r adioa ctive minerals from the rource rocks; or, 3) the hot 
wat er containing radioactive materials derived from an underground source, 
as in al ternative 2), changed its course so t hat it no longer traversed 
radioactive materialo 

Areas near Las Trincheras Springs 

Radiomet r ic traverses were made along roads and trails near Las 
Trin cheras (figo 3) wit h essentially negative results~ although the un­
altered granitic rock 9 as in other places in the world 9 may be slightly 
more radioactive than the enclosing schist and gneisso Radiometric obser­
vations were made a t 13 poi nts or stations (table 1) ~ and the counter was 
watched while walking bet ween many of the stationso 
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Table lo~=Radiometric stationsj Las Trincheras area 

Location Material 
(Noo 
fi 0 

1 Granitic soil 

2 Soil 

Radi oacti vi ty 

l = 4; 2 (G) 

l = 3; 2 (G) 

Water JJ gasj algae.9 salt lo5 = 3; ~ (B) 

Remarks 

Background 

Background (figo 4) 

Salt cru st 10 ~ 30; 20 (G.9 B) Small area of radio-

Siliceous mi ca schist 
under salt 

Salt 

l ~ 3~ 2:) (G) 

3 = 5~ 4 (G) 

3 Mica 9 s chist and quartz 1 = 4~ j (G) 
veinlets 

4 Schist l - 4; 2 (G) 

5 Gneissoid granite (?)J l = 3; ""2 (G .9 B) 
siliceousJ chloritized 
biotite bands, and 
al tered schist xenoliths 

6 Siliceous granite[) 1 - 4; 3 (G.9 B) 
slightly foliated 

7 Gneissoid granite 1 = 4~) (G.9 B) 

8 

9 

10 

11 

12 

13 

Small fault in gneis soid 3 = 5 ~ 4 (G) 
gr anite and micrograni te 

White sericite=quartz 
gnei ss 

Fresh granite and 
gr anite pegmatite 

Granite.9 slightly 
foliat ed 

Gneissoid granite 

Cont act bet ween green 
calcareous schist to 
east and granite gneiss 

1 ~ 3; 2o5 (G) 

1 - 3; 2 (G) 

1~3~2(G) 

to west CONFIDENTI~, 

active salt 

Salt at west end 
tank (figo 4) 

North end traverse 

Radioactivity may be 
slightly less outside 
of fault zone 

Gneiss may be slightly 
more radioactive than 
schist 
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Conclusions and recommendations 

The r adi oactivity determined by Otero~ Beaujon~ et alo (1) in water 
and gas fr~m Las Trincheras is probably caused by dissolved radon and 
tho ron and from preliminary analyses it seems probable that the radio= 
a ctive elements i n the radioactive salt at Fuentes del Sur are predomi= 
nantly thorium and subordinately radiun1 9 perhaps combined with some of 
the numerous car bonate ions in the water in the form of carbonateso Be­
cause the radioactivity of the water and gas is lowJ and the area of 
r adioactive salts is small]) it is concluded that the underlying deposit 
of thorium mi nerals may also be smallo Either narrow hydrothermal veinsJ 
disseminated thorium miner alsJ or pegmatites would fit the available 
evidenceo 

Because of the presen ce of thorium rather than uranium9 additional 
work in the Las Trincheras area does not seem justified at presento 

; ~ 

Igneous rocks of the Paraguana Peninsula 9 State of Falcon 

The i gneous rocks that crop out i n the central Paraguana peninsula9 

State of Falcbn (figo 5) 9 were examined for radioactivity August 24 and 
25 9 195lo The peninsula is essential ly a flat low·=lying desert plain.9 in 
the center of which is the Cerro Sant a Ana that rises about 800 meters 
above the plain and i s flanked on t he west~ southeast)) and nort};l by a 
few lower hills o 

The higher points are formed of igneous rocks 9 and were examined 
at Cerro San Ysidro]) Cerro Santa Ana 9 near Cerro Tausabana 9 and near El 
Rodeoo The princi pal geologic wo r k in the region 9 done by Aguerrevere 
(249 25) fo r the Cities Service Oil Companyj has not been published al= 
though his map is probabl y the source of t he information on Bucheru s 
map (26) ~ other work has been done by Kehrer (27) .>J Liddle (23) 9 and 
Brandrat (28) o 

Geology and radioactivity 

:t-fany f lat boulders and pebbles of black slate were observed in the 
ravines on the west side of Cerro San Ysidro 9 which may be Cretaceous 
sediments into whi ch the felsi c and mafic igneous rocks may be intruded 
[Aguerrevere (24~o 
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The ar ea of Cerro San Ysidro examined is about 40 kilometers by road 
from Amuay and 8 from Pueblo Nuevo .$) on the hacienda of Sro Davalilloo 
The edge of t he granitic hill is abrupt and may represent either a fault= 
line scarp or an old marine shelfo In a traverse of approximately a kilo= 
meter the predominant rock observed is dark green.s contains abundant plagi= 
oclasej and minor quartz and biotite 2 and is called 9 provisionally.s a 
dior i t e o Some boulders of hornblende diorite were observed as well as 
srmll outcrops of granite and irregular pegmatite dikeletso Because the 
biotite has been converted to chlorite and some zones are fractured and 
brecciated.ll the diorite probably has been metamorphosed although no schist= 
osity was notedo Two sheeted quartz veins 2 each over 6 feet ·thick.ll strik= 
ing 9 in general.$) north and dipping about 40° east$ were at one time pros= 
pected for goldo The quartz contains sparsely disseminated flecks of 
magnetite 9 pyritej chalcopyrite (?) 9 covellite (?) 9 and galena (?)o Sro 
Daval ill o reported they had been analyzed for gold and contained a small~ 
but not a commercial 9 amounto 

Samples of the quartz vein and of the igneous country rock were 
taken for petrographic studyo The predominant country rock is hornblende 
diorite altered by hydrothermal solutions that contains xenoliths of quartz= 
sericit e=chlorit e schist o 

The radioa..,gtivity of the diorite 9 granite~ and granite pegmatite dike= 
lets is 1 = 49 3 (G 9 B) 9 whereas that of the quartz veins is 0 = 2~ l (G, B)o 

Cer ro Santa Ana 

The Cerro Santa Ana was examined aoout."' 2Jd .. lome·te:rs north of Santa Anao 
Most of t he rock observed is a dar k green9 coarse= to medium=grained dio= 
r i te composed of bladed feldspar and hornblende traversed by dikes of dark 
green aphanit e 9 and by hornblende~plagioclase pegmatite o Samples of the 
rock taken for petrographi~ study 9 indicate that the count~ rock is domi= 
nantly hornqlende diorite, diorite porphyry9 and subordinantly amphibolite 
and diabase porphyryo 

The radioactivity is subnormalJl 0 = lo59 lo 

, " 

Tausabana=El Rodeo area 

/ 
On a road in and near Tausabanaj coarse grained gray=green 9 red= 

weathe ring diorite (?) was observedo The radioactivity was Oo5 = 2~ io 

Near El Rodeo 9 dark 9 and presumably ultra=basic rock was examinedo 
The rock is deeply weathered and contains dikelets of pyroxene and horn= 
blende=pegmatite~ small irregular masses=of magnesite 9 and some serpentineo 
I t s range in radioactivity was Oo5 = 29 lo 
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Conclusions and recommendations 

The absen c e of radioact ivity in the igneous rocks of Santa Ana, 
Taus~banaj and El Rodeo 9 and the lack of indications of metallic miner= 
ali zat ion make these more basic rocks of little interest for uraniumo 
The San Ysidro area 9 alt hough not appreciably radioactive 21 may be worth 
additional study because of the presence of mineralized quartz veins 
and Cretaceous rockso 

; / 

Amuay Refiner'IJ 9 Paraguana Peninsula 9 Stat e of Falcon 

Some of the crude oils of Venezuela contain appreciable vanadium 
according t o Mange r (29) and Dallmus (30 )s and because vanadium is 
commonl y as so cia ted with uranium9 and also as some evidence suggests 
t hat crude oil may be a transport ing agent for uranium [Gott (31~ 9 it 
must be considered as a possible source of uranium in Venezuelao The 
f ie l d inv estigation of crude oils and refinery products for uranium 
began August 22 and 23s 1951 9 with the examination of the Amuay Re= 
f i ne r y 9 owned and operated by the Creole Petroleum Corporation,\) Caracas.9 
Venezu ela o 

The Amuay Refinery i s on the southwest side of the Paraguan.9. Pen~ 
insula 9 State of Falc6n 9 about 15 kilometer s north of Las Piedras (figo 
5) o The refinery makes a preliminary t reatment of cr~de oil from the 
so=called Ti~ Juana fie l d 9 part of the Bol{var coastal field of the 
Maracaibo ba s in 9 aft er whic h the refined products are shipped t o Aruba 
f or cracking and other processingo The crude oil of the Ti~ Juana 
field ranges in gravit y from 13 t o 28 Ao Po Io [Nelson 9 et alo (32~ 9 

and is produced largely from La Rosa and Lagunillas formations of Mio= 
cene age 9 although some is produced from the Icotea formation of Oligo= 
cene age {!>onte Ro (33 TI o 

At the time of the investigation 9 the refinery was shut down for 
inspection and therefore the furnaces 2 tanks 9 and tubes were readily 
ac cessible o The various sludges 2 residues:; scales 9 furnaces$ etc o ex­
amine d 9 as well as the brine=crude oil sett ling tank~ were undetectably 
radioactiveo Nevertheless 9 four samples (table 2) were taken for chemi= 
ca l analysis for vanadium and spectrographic analysis for rare metalso 
The s e analyses should be made in Caracas when equipment becomes avail= 
able o 
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Table 2,9 

~ ; 

Samples s Amuay Refinery 9 Paraguana,9 State of Falcon 

Sample No, Material 

1 Ash 

2 SludgeJJ 
mostly carbon 

3 Stack solids 

4 Sludge 

Analyses Remarks 

Furnace floor fire chamber, 
burning Ti~ Juana bottoms fuel 
oil (temperature unknown but 
very hot) 

Oil tubes, atmospheri c furnace 
(550°F) 

Atmospheric furnace 9 TiA Juana 
medium bottoms (14 AoP .. I .. grav~ 
ity oil) 

Heat exchanger 9 heavy oil side 

It is concluded that the Ti~ Juana crude oil at Amuay is not urani­
ferous" At the T:ta Juana field in Zulia 9 crude oil is first run into 
set t ling tanks where about 20 percent of the brine is removed 9 according 
t o Mro Fred W" Kerr, For the sake of completeness}) therefore;9 the tanksJJ 
valves 9 and settling ponds were examined radiometrically in October at 
Ti{ Juana 9 with negative results, Mr o M, G, Ball suggested that the 
stack=coke product from the furnaces at the Creole refinery at Carapito 
may be of i nterest ,9 and this too 9 should be added to any list of proposed 
r adiomet ric examinations , 

Coal deposits near Carow State of Falcon 

Abstract 

Lignite in the Cerro Pelado formation of lower Miocene age was ex= 
amined radiometrically in t wo areas near Corojl St ate of Falc6n.. Neither 
the lignite and enclosing shales and sandstones of the Cerro Pelado for­
mation.9 nor the lower pa rt of th e overlying Socorro formation and the 
upper part of the underlying Agua Caliente formation were appr eciably 
r adi oa ctive " Anot her coal examined near Jacura was also not detectably 
radi oact ive , Al though the non-radioactivity of the rocks examined sug­
gests that f urt her search for uranium in the area is probably not war­
rant ed.\) if other geologic work in this~ or i n any other coal-bearing 
region in the country is done.\) coals should be examined for radioactivity. 
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Introduction 

Because some lignites of Tertiary age are uraniferous 9 lignites were 
incl uded on the agenda of radiometric examinations in Venezuelao Two 
lignitiferous ·areas were examined near Coro 9 State of Falc6n9 on August 
26 and 27 9 19 51 (fig o 6) g the Mina de Coro area about 9 kilometers south­
"ltiest of Coro 9 and the Carb6n de Isiro area near Caujarao 9 about 5 kilo= 
rnet e r s south of Coro o Another coal deposit was examined briefly near 
J acur a ) some 130 kilometers east of Coro (fig o 6) o 

Coal has been mined from both areas but 9 to judge by the caved mine 
openings 9 not in recent years o The geology of the area has been described 
by Weiderunayer (34) and Liddle (23) 9 and some detailed maps have been pre= 
pared but not published by se··veral oil companieso Formation names are 
t hose used by Gonz~lez de Juana (35)o 

Geology· 

The areas examined are in foothills between the coastal plain and the 
higher mountains t o the south o The foothills are composed of folded and 
faulted Plio ce:ne 9 Miocene 9 and Oligocene shales 9 sandstones 9 marls 9 lime= 
stone 9 and lignite o The dominant structural trend of beds 9 folds 9 and 
faul t s is eastnortheast o The stratigraphic section examined co mprises the 
So corro formation of mid=11ifiocene age 9 the Cerro Pelado fonnation of lower 
Miocene age9 and the Agua Clara formation of Oligocene age (35) o The 
Socor ro formation is composed predominantly of dark gray=brown shale with 
some marl and sandstone beds near the base o The Cerro Pelado formation is 
co.mpo sed of alternating thick beds of buff 9 carbonaceous sandstone and 
brown t o ocherous shale with a few beds of ligniteo The A.gua Clara for= 
mation is a dark gray=brown shale and marl unit o 

The Mina de Coro area (fig o 7) 9 is structurally an anticline 9 modified 
by thrust and some normal faults 9 with older rocks exposed in the core of 
t h e foldo One bed of lignite 9 at least 3 feet thick;! is poorly exposedo 

The Carbon de Isiro area is very similar9 but thrust faults have dis= 
pl a ced the northern limb of the anticline o At least t wo beds of lignite 
are expos ed$ one near the base of the Cerro Pelado formation is about lo5 
.feet (Oo45 meter) thick 9 and the other;! near the top 9 is at least 3 feet 
(1 meter) th :i cko 

Rad:i.oa.cti vity 

In the Minas de Coro area radiometric traverses were made from the 
Agua Clara formation 9 across the carbonaceous Cerro Pelado formation 9 and 
i nto t he So corro formation (figo 7) o In the traverses each exposed bed 
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was examined radiometrically.?> and the lignite was examined especially 
closely both in outcrop and in the dumps of old adi ts o None of the 
rocks were f ound to be appreciably radioactive9 the arithmetic average 
of 10 observations taken of individual beds.?> during the traverse is 
Oo4 = 2o 4-9 lo3 (G.? B) o Gray shale of the Agua Clara formation stained 
brown by jarosit e (?) contains about twice the radioactivity of the 
other rocks but even so~ is very low in radioactivity and has no eco= 
nomic significanceo 

In the Carb~n de Isiro area~ radiometric traverses and bed by bed 
observations were made of the upper part of the Agua Clara formation 31 

and the whole of the Cerro Pelado formationo The average of ll obser= 
vat i ons taken of individual beds during the traverse is only 0 o 5 = 2 o 0 9 
J:4 (G;l B) o 

Near Jacura 9 a brown flaky lignite about half a meter thick within 
maroon and brown shales of probable Miocene age is exposed along the 
roado Neither the lignite nor the enclosing shales were appreciably 
r adioact i ve o 

Conclusions and recommendations 

The lignite and enclosing rocks of the Cerro Pelado formation 9 and 
t ho se parts of the Agua Clara and Socorro formations examined in the 
Coro region 9 Falcbn are not appreciably radioactives and no intensive 
search for u ranium in the region seems warranted o If 9 hov.Tever9 geologic 
work is done in this or any other area containing coal 9 it would be 
desirable to examine the coals for radi oactivityo 

~ 

Black sand at La Vela 9 State of Falcon 

At La Vela beach9 15 kilomet ers northeast of Coro 31 State of Falton 
(fie?$o 5 JJ 6) some sparse thin pat ches of black sand have been concentrated 
by wave actiono The patches are commonly a few millimeters thick;f as 
much as lo5 meters longs and a fraction of a meter wideo A sample of 
this bla ck sands taken for radiometric and petrographic analysis.!' contains 
Oo003 perc ent equivalent urani~~o Under the microscope the sand is seen 
to be composed predominantly of rounded grains of magnetite and fragments 
of quartz 9 with abundant colorless euhedral crystals of zircons and less 
abundant pi.nk angular grains of garneto A. few grains of rutile.9 amphibole 9 

staurolite9 and epidote were seeno 

The a vail able quantity of the radioactive black sand is small and the 
radioactivity slighto The presence of zircon suggests 9 however9 that a 
study of heavy mineral concentrations in beach sands along the Caribbean 
coast might disclose areas of greater concentration of this and perhaps 9 
other radi oa cti ve mineralso 
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Copper D§!E£§.i ts of Aroa 9 State of Yaracux_ 

The copper deposits of AroaSJ which are on the northwestern flank of 
the d ensely f o rested Aroa range 9 in the State of Yaracuy (fi~ 1.9 2)~ 
have been exploited intermittently · from 1605 to 1932U36)j noe 56 , po 14]~ 
and totai production has been estimated [ (36) ~ noo 57 JJ Po 45] as 1.11550~000 
metric tons of partly concentrated ore containing about 8o4 percent copper~ 
a nd 76 9 987 metric t ons of matte containing an unknown but higher copper 
content o Five mines and prospects are known in the area; San Antonio 
prospect 9 Aroa mine 9 North Aroa mine 9 Zanj6n Verde prospect 9 and Titiara 
(inc luding North Tit iara) mineo The deposits 9 whi ch my be reached only by 
the narrow-gauge railway that connects Barquisimeto with Tucacas and Puerto 
Cabello 9 were examined radiometrically on September 28.11 l95lo 

The geology of the area has been mentionedj among others 9 by Liddle 
(23) .~> and Hiller and Singewald (-37 ).~> but by far the most complete work to 
date is that of Ltpez.~> Davey S:tnd Rbbio (36) .11 who studied the surficial -
geology of the area, made petrographic examinations of ore specimens that 
\~Tere obtained from the dumps of the inaccessible mines 9 and collated mine 
maps and historical data from company files o 

The dep os its .$) ac cording to rfopez 9 et alo (36);; are in a metamorphosed 
l imestone wit hin a bedded sequence of graphitic calcareous schists and mica­
s chists that constitute the regional country rocko The rocks are probably 
equivalents of some of the metamorphic rocks of the Caracas region as mapped 
by Dengo (19)~ and alt hough no exact correlation has yet been made~ they 
are probably Cpetaceous in ageo The lens=shaped deposits~ according to 
Lopez et al o, l (36) 3 noo 56 3 PPo 14.11 12] are alined within a zone some, 500 
meters wide and 5! kilometers long that trends northwardo Ore minerals 
were determined t o be pyrite~ chal copyrite 3 very sparse sphalerite .and 
galena with some spots of bornite and covellite:> in a gangue composed of 
quartz 9 zoisite 3 cli nozoisite 9 microclinej and sericiteo In contrast to 
t he country r ock the ore is UP.Jnetamorphosed (36 9 po 53) 9 and apparently of 
hydrot hermal origi n j although the nearest outcrops of igneous rocks are 
respectivel y 12 kilometers to the north-northwest.$) and 16 kilometers to the 
sout h1-rest (36~ fig o 2) o. The average copper content of the ore is difficult 
to determine but may have ranged from lo 5 to 10 percent i n sulfide ore and 
from 5 to 14 percent i n o:x_ide ore ' (36J . nbo 5?;; .- PPo 51 9 65; , no~ 56 ~ Po.61) 9 

Data on t he size of the deposits are also· inconclusive although some ore 
shoots are apparently from lo5 to 8o5 meters thick (idem)o 

Radi ometri c observations were made of the smelter slag~ dumps and ore 
pil es of the Aroa mine ;; of water issuing from the caved portal of the Holman 
crosscut ~ and of the calcareous green mica-schist~ and schistose graphitic 
l imestone along the road from Aroa to the mine workings o Nb variation above 
the normal background level of radioactivity~ that is 3 0 = 3; lo5 (B) 9 was 
noted 9 and it is concluded that the rocks and ore at A.roa 3 and probably of 
the other mines and deposits in the Aroa area 9 are not appreciably radio-
acti v eo 
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Guarico galena prospect 9 State of Lara 

One of the few occurrences of galena in Venezuela is reported from the 
vicinity of Guarico in the southern part of Lara by Davey (38) o Davey 
states g ua small vein of cupriferous galena was found some years ago on 
the west side of La Quebrada de LimaJ opposite the town of Guarico o This 
veinlet containing quartz 9 galenaj and some chalcopyrite9 occurs in a 
f ossiliferous cor€lomeratic limestone bedo A hea~y fall of ground has ·now 
buried all trace of the vein and the old worki ngs o This oc currence appears 
t o be very small 9 and while others are said to occur o o o ( near by) o o onone 
is of economic j_mportanceo One sample of the ore assayed 33ol0 percent Pbs 
2o60 percent Cu 9 and contained traces of silver 9 but no goldo v.Y 

We examined the locality on September 29 and on October 19.9 1951 9 

making a radiometric traverse across the area while i n search of the site 
of the prospect.9 examining specimensJ and interviewing loca l residentso 
The prospect si te 9 now thoroughly obscured by landslides and vegetation.9 is / 
about half a mile northwest of Guarico on the northwest side of the Chabasquen 
:rivero The country rock$ judging from fl oat ooulders 9 appears t o be brown 9 

calcareous sandstone ;; and brown limestone of Tertiary age (figo 8) overlying 
green schist of probable Paleozoic ageo The deposit is at the northwest end 
of a long s pur of metamorphic and igneous rock that represents the core of 

/ ' the Merida Andeso 

The radioactivity of all of t he rocks examined and traversed was not 
appreciable 9 ranging from 0 to lo5.9 and averaging Oo75 scale divisionso 
Specimens of galena and chal copyrite previously obtained from float boulders 
by l ocal residents were also not detectably r adioa ctive 9 although some of 
the soil covering the hills above the prospect was slightly more r adioactive 
(2 = 3o5; 2o5 )o One of the local guides stated that the prospect has been 
known 9 but unexploited 9 since Colonial times ~ (l6oous) and that when the pits 
were made in 1943 9 the ore minerals were found in rounded boulders o 

It is concluded that the deposit is not appreciably raclioact ive.9 but 
that any other known or newly eli s covered depo sits o f similar t ype in the 
region should be examined for radioa ctivityo 

Sedimentary rocks between Barguisimeto and Carora 9 St ate of Lara 

/ 
While en route to the Chejende area.9 State of Trujillo 9 the opportunity 

was taken to examine radiomet r ically some of the other sedimentary rocks that 
are well~exposed in this desert region along the road bet ween Barquisimeto 
and the vicinity of Carora 9 in the State of Lara (figso 2.\l 8)o The five 
l ocalities ~xamined areg 1) 39 9 2) 47 kilometers southwest of Barquisimeto 
.3} at t he r i o Tu cuyo bridge .9 4) near Areglie.)) and 5) about 3 kilometers ' south 
of Carorao 
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In general ( f i go 8) 9 the rocks of this part of Lara are gray shales 

and limestones of Tertiary and Cretaceous age that have been gently folded 
and faultedo The axial tra ce of folds and the trace of the faults trend 
northeastward parallel to the general trend of the structural elemEnts in 
the Andes farther southwest o 

In a canyon along the road 39 kilometers southwest of Barquisimeto, 
black flaggyJ shaly limest one and interbedded platy calcareous shale is 
well exposedo The rock contains many veinlets of white calcite ~ and some 
beds of black chert a I t was tentatively- identified in the field as part 
of t h e Col~n fo_rma tion of Cretac eous age JJ and is not appreciably radio­
active:; 0 = 3; 2s (Gj) B) o 

On a ridge about 47 kilometers by road - southwest of Barquisimeto 9 

dark gray shale is well exposed o The shale .)) which is probably of Tertiar,y 
ageJ is thin=beddedJ platys and not appreciably radioactive ~ 0 - 3 8 5~ 2o5 
(G JB)o 

( About 75 kilometers sout hwest of Barquisimeto the road bridges the 
r l o Tocuyoo Along the river bank .rocks are well exposed that according 
to Smith and Bushman (39) are typ:t.cal of the Colo'n formati on<> The rocks 
strike i n general north and dip f r om a few degrees to 45° W.. Within a 
stratigr aphic interval of about 400 feet (120 meters) th ey consist for 
the most part of thin= bedded dark gray to oli ve=gr een shal e and silty 
shales wi t h some i ntercalated beds of buff calcareous sandstone as much 
as 8 centimeters thicko Strat igraphically above the shales is a reddish= 
buf f qua r tzitic s and stone bed at least 10 meters thi ck "' The radioactivity 
observed in traversing the section was not appreciable~ 0 - 3~ 2s (G~ B) .. 

We a t tempted to reach the cinnabar deposit of San J a cinto sout h of 
~I H 

Ca rora but t he road past Aregue was impassable o Between Aregue and Carora 
t h e road is laid out over splintery dark-gray to olive=gr e en shale and 
int ercalated inch=thick beds of brown quart zi t e o These rocks are probably 
part of the Misoa=Trujillo formation of Eocene ageo Their radioactivity 
is not appreciable9 0 = 39 1:5 (G) o 

,. 
About 3 kilometers south of Garoras rocks similar t o t hose at Aregue 

were examin edo The rock s» which may also be of Eocene age J consist of gray 
or mar oon mica ceous slaty shale th at is overlain by a rubble of quart zite 
boulderso The brown quartzite contains many veinl~ts of milky cm,artz o The 
r adi oactivity observed in both rock types was subnormal ~ 0 - 2~ ls (E) o 

In summarys t he rocks of Tertiary and Cretaceous age examined cursorily 
bet ween Bar quis imeto and Caroras State of Laras are not appreciabl y radio­
activeo A more t horough study of the rocks of t he region would b e desi r able.)) 
especiall y of t he basal beds of the Col~n formation that are r adioactive in 
t he Chejend6 area~ St ate of Trujillo o 
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Some seq~~tary rocks in the Che jend{ area 9 St.a.te of Trujillo 

Abstract 

I 
The Chejende area in the northern foothills of the Andean Cordilleraj 

in the State of Trujillo)! was examined radiometrically in October 195lo 

Except for the ltlight shale horizonr' at the base of the Colbn for= 
mation of Upper Cretaceous age, none of the other rocks examined were 
appreciably radioactive~ quartzites of the Tom~n formation (lower 
Cretaceous) 9 marls 9 limestone and black shales of the Cogollo and La 
Luna formations (mid=Cretaceous) 9 black shales of the Col6n formation 

1 (upper Cretaceous) 9 and shalesJ sandstones~ and limestones of the Rancher1a 
and Valle Hondo formations (Paleocene to mid-Eocene) o The 11 light shale 
ho r izonH:; a bed abou.t 2 meters thick of pale=weathering 9 dark brown crenu= 
lat ed silty clay containing abundant plant and phosphatic fishremains 9 is 
a ppreciably radioactive 9 and samples of the bed contain an average of Oo006 
percent equivalent uraniumj and Oa005 percent uraniumo In addition to 
uranium 9 samples contain an appreciable amount of other metalso 

The bed is somewhat similar to the Phosphoria formation in the United 
S-Lates of Ameri ca in organic=:J phosphatic= 9 uranium=;~ and other metal­
content, and may be considered as a potentially large low=grade uranium 
deposit requiring additional studyo 

Introduction 

I 
Some of the sedimentary rocks in the Chejende area 3 State of Trujillo 

( figo 9) were examined for radioactivity and sampled on October 5 and 6J 
195lo Samples were analyzed radiometrically9 chemically9 and spectro= 
graphically in the Trace Elements Section Washington Laboratory of the Uo Sc 
Geological Surveyo The area was selected because available maps and reports 
by Smith and Bushrran (39) suggested that good exposures of Cretaceous rocks 
could be foundo A further incentive was the H1ight shale" bed at the base 
of the Col6n shale that)) according to the report of S~lvador (40)J> resembles 
somewhat the radioactive ~ifish scalen bed at the base of La Luna formation 
in western Zulia 9 and therefore might also be radioactiveo 

Chejend~ and Rancherla are small villages in the northern foothill s of 
the main Andean cordillera at an altitude of about 1000 meters (3330 feet)o 
They may be reached over about 8 and 6 kilometers .9 respectivel y Jl of good 
gt"'aded road from its junction with the main Trans-Andean highway in the gorge 
of the Car ache River about 1 kilometer below the Casa de Zinc (fig o 10) o 
The area is one of moderate relief~ and although the steep hills have been 
intensively cultivated, exposures for the most part 9 are confined to ridges 
and road cutso The most detailed geologic study of the area has been made 
b~ s£1vador (40}~ although reconnaissance was made by Tomalin (41) prior to 
Salvadoris studyo 
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Geology and radioactivity 

All of the rocks in the Chejendt area are sedimentary 9 and range in 
age from Triassic=Jurassic (?) to Recento The stratigraphic succession 
is tabulated belowg 

Table 3B--stratigraphy2 Chejend( area [after S~lvador.)l (40] 

Age Group or formation Thickness and Lithology 

Quaternary 

Recent Alluvium Unconcolidated silt 9 sand~ and 
boulders 

Pleistocene (?) River terraces 50 meters thickJ> silt 9 sand
5 
and 

pebbles 
Monay Boulder beds 100 meters thick 9 boulders of. 

quartzite sandstones 
~~~----~~========~== U n c o n f o r m i t y ~--~~--~--~~~--~~ 

Tertiary 

Miocene (?) Tamiache formation 250 meters thick 9 poorly consoli= 
dated pale sandstone9 sandy shale~ 
and mottled clays 

--------=---~-=== Unknown contact~=probably unconformable-=~==-==-------~ 

Upper Eoc en e 

Paleocene 

Cretaceous 

Upper 

, 
Pauji formation 

Misoa~Trujillo Group 
Caus formation 

Escuque formation 

230 ~ meters thick, dark gray to 
black fis sil.e shale with some thin 
beds of black limestone and silt= 
stone 

80 meters thick 9 green to reddish 
glauconitic silty sandstone 

40=85 meters thick~ pale9 quart= 
zi tic sandstone 

Rancherfa=Valle Hondo 210 to 800 meters thick.)) soft 9 

formations irregular sandy shaleso For= 
mations intergrade laterally 

Col6n formation 200 = 210 meters thick 9 black 9 

fissile shale9 subordinate silt­
stone 
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Table 3~--Stratigraphy 9 Che jend: area {j..fter Salvador 9 (40 B ~ont u d) 

Age Group or formation 

La Luna formation 

!vliddle Cogollo formation 

Lower 
/ 0 

Tomon format1on 

Triassic-Jurassi c (?)La Quinta formation 

Thickness an~ Lithology 

150 meters thick~ thin=bedded 
black limestone and calcareous 
sandy shale vlith discoidal 
concretions 

30-35 meters thic~ massive~ 
light=gray9 fossi liferous 
limestone and calcareous sand= 
stones and shale 

800 .lJ. meters thicKJl fine to coarse­
grained sandstone~ sandy shale 9 

and siltstone 9 irregular bedding 9 

subordinate gray limestone 

Unknown thicknessj dark red shales~ 
siltstones 9 sandstones ,;1 and con= 
glomerateo 

These rocks have been folded and faulted in such a manner that the axes 
of folds and the trace of faults trend predominantly northward o 

~ 
Radiometri c observations were made of the contact of the Toman and Cogollo 

formations at La Cuchilla ( A.9 figo l0=A)9 of the Cogollo.9 La Luna and Colon 
formations at Chejend~ (B9 figo lO=B )~ of the Cogollo 9 La Luna 9 Col6n 9 and 
basal Rancherfa formations at Ran cheria (C,9 fig o lO~B) .9 anci of' parts of the 
Valle Hondo and Col6n formation near Casa de Zinc (D.9 fig o lO=A) o 

At La Cuchilla9 varicolored marl of the basal Cogollo formations lies con= 
formably upon gray fine=grained quartzite of the Tom6n formationo 1'he contact 
is transitional through a stratigraphic interval of about 3 met erso The r adio= 
activity of the quartzite ranged from 0 to 2o5 scale divisions.9 (Beta and gammas 
Oo2 milliroentgen per hour position ) and averaged lo5 divi sionso The radio= 
a ctivity of the varicolored marls was 2 = 4~ 2:5 (G and B) o 

, 
At Chejendeii a radiometric traverse was made across the steeply dipping 

beds of c,he upper part of the Cogollo formation stratigraphically upward through 
La Luna formation and into the Col6n formationo 
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The Cogollo formation· is not well exposed where examined 9 but the 

m.a ssive gray fossiliferous lime stone observed is not detectably radiO= 
active· .9 l = 2 o 5.9 1 o 5 s (G) o 

La Luna formation 9 where examinedJl is well exposed and consists of 
black shales interbedded with dark gray thin=bedded limestone., At 
several . horizons near the base of the unit discoidal concretions contain 
either ammonite and pelecypod fragments 9 masses of pyrite crystals 9 or 
no apparent extraneous material o The upper beds grade upward within a 
stratigraphic interval of about 2 meters into the basal beds of the 
Col~n f o rmation 9 and except for this interval are not detectably radio= 
active;; l = 2o59 lo5 9 (G)o The intensity of radioactivity increases as 
basal Col'6'n is neared 9 and the uppermost foot of La Luna 9 a dark= brown 
limy shale 9 ranges in radioactivity from 3 to 73 averaging 5 scale 
divisions (G,9 B)o A sample9 Chejend~ Noo 1 2 taken of this bed for 
analysis 9 contains Oo004 percent equivalent uranium 9 Oo003 percent U= 
raniumo 

The basal bed of the Col6n formation is here 1 o 5 meters thick and 
consists of pale=weathering soft 11 ~npunkyn crenulated black to dark brown 
silty clay 9 containing arundant plant and vertebrate fossils o The radio­
activity of this bed ranges from 3 to 73 averaging 5 scale di\dsions 
(G, B) o Sample Chejende No., 2.$ taken of the bed for analysis 9 contains 
Oo007 percent equivalent uranium 9 Oo005 percent uraniumo 

The black thin=bedded shales of the rest of the Colon forrra tion are 
not appreciably radioactive~ 0 = 2~ 1 9 (G)o 

At Ran cherla a radiometric traverse was made across the moderately 
dipping beds of the lower part of the Rancheria formation stratigraphically 
downward through the Colon formation and into uppermost La Luna formationo 

The Rancherfa formtion of P!il~ocene to mid=Eocene age consists of 
interbedded buff sandstone and dark olive=green to black shale,$) with some 
thin beds of buff silty limestone o The rock examined is not appreciably 
r adioact ive9 1 = 2o59 ~ (G)o 

The Colb'"n formation consists predominantly of black to dark gray 
laminated fis sil e shale with narrow transition zones at top and base., 
Except for the basal alight shale 11 bed the formation is not detectably 
radioactive ( 1 = 2,9 lo5)o The basal bed 9 as at Ghejend~ 9 is markedly 
radioactiveJ ranging in radioactivity from 3 to 5o5 and averaging 3o5 
scale divisions 9 gamma or beta=gammao The bed (figo 11) is about 2 meters 
t hick .$) and comprises an irregular basal zone of pebbles 9 overlain by porous 
pale=weathsring 9 dark brown crenulated silty clay that is packed with fish 
E~nd plant remains o 
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The topmost bed of La Luna formations a bed 1 foot thick of brown 

slightly calcareous blocky shale 9 is also radioacti ve 9 ranging from 2o 5 
to 5 scale divisions9 averaging 3 o5s but the radioactivity of La Luna 
rapidly decreases downward and 3 meters below the top of the formation 
t he black flaggy limestone and shale is not detectably radioactiveo 

In a sharp bend in the road$} about 30 meters east of the exposure 
illustrated.9 the rocks are cut by a ?.one of fractures subsidiary to a 
fault of northwest trend (fig o lO~B) o In some of these fractures the 
rad.i cacti vity ranges from 5 to 7 ~ and averages 6 scale divisions o 

" Three samples were taken for analysiso Sample Rancheria Noo 1 9 a 
2=foot channel a eros s this lO=inch vertical fracture zone ,9 consists of 
dark brown blocky limy shale o The sample contains o,oo6 percent equiva­
lent urani1.-un9 Oo004 percent uraniumo Sample Rancheria No o 2 9 a lo 5=foot 
channel samples was cut across the uppermost brown calcareous blocky 
shale of La Luna formationo The sample contains Oo003 percent equiva= 
lent uranium and Oo002 percent uraniumo Sample Rancherfa No& 32 is a 
6=foot channel sample cut across the nlight shalen bed of the basal 
Col6n formati on " The sample contains Oo005 percent equivalent uranium,~~ 
and Oo004 percent uraniumo 

Casa de Zinc (D 9 figo lO=A) 

From Casa de Zincs a radiometric traverse was made westward along 
the: Curvas de Coromoto toward Valle Hondo " The rocks exposed west of 
Casa de Zinc are part of the Valle Hondo formation of Paleocene age and 
consi st of shales marlJJ and limestoneo The thin=bedded shale is dark 
grays in part bleached white 2l or pink to maroon where w.a rly o The lime­
stone is buff hard evenl~Q..edded~ and in parts sandJro The 
r adioactivity is 1 = 2.9 l o5s (G) 9 although that of the shales and marl 
may be slightly greater 9 l = 3~ ~ (G}o 

The radioactive bed 

The Hlight shalen bed at the base of the Col6n forma t:ion was first 
described in the Chejende area by Tomalin (41 2 Po 15)2) who placed the 
bed in uppermost La Lunao Salvador (40 9 PPo 86""'90) s because of lithology.~~ 
as well as time cons iderations 9 places the bed in the basal Colbn for~ 
mation" He notes its similarity with the phosphatic glauconitic zone 
described by Hedberg (42) JJ at the base of the Colon that extends over 
most of western "'Venezuela and northeastern Columbiao SalYador notes that 
in places the bed is from 2 to 4 meters thicko The bed)) because of the 
abundance of fish and plant remains and relative scarcity of clastics 
has been thought 9 by most geologists familiar with it 9 to represent the 
products of condensed deposition during a long static period0 The bed 
is~ therefore 9 both in this respect, and in its high phosphate content 
somewhat similar to the Phosphoria formation of Permian age of UtahJJ Idahos 
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and Wyoming o McKelvey and Nelson (15) have suggested that the uranium 
content of the Phosphoria may be due to physical=chemi cal reactions s 
possibly re lated to organismss taking place in favorable marine en= 
vironments over a long period of time o 

The analyses indicate an average content of about Oo006 percent 
equivalent uranitun and Oo005 percent uranium 9 over a width of about 6 
feet ( l o8 rneters) o The sm:1ll but uniform preponderance of equivalent 
uranium over chemically determined uranium 3 suggests that uranium has 
been leached from the rocks and therefore£) that the unweathered rock 
contains more uraniumo The phosphatic fragments are probably composed 
of the iron phosphate 9 vivianiteo 

Semiquantitative spectrographic analyses of the samples show an 
appreciable metal content 9 in addition to the expected aluminum and 
silicon o All samples in the range of more than 10 percent contain 
aluminum and silicon5 in the range from 1 to 10 percent 9 most samples 
contain ca.lciumJJ iron 9 phosphorus 9 and potassium5 in the range from 0 o l 
to l aO percent9 most samples contain sodium 9 rnagnesium 3 and titanium 
(Sample Chejend~ 1 contains 9 in addition to these., vanadium 9 barium9 

and nickel)~ in the range from OoOl to Ool percent., all samples contain 
strontium 9 chromium9 scandium9 lead9 and yttriums and with the exception 
of sample Cheje nde' 1 9 above 9 vanadium 9 barium, and nickel~ copper 9 zinc,$) 
cobalt 9 and zirconium are present in some samples o In the ranges below 
OoOl percerrt. 9 the samples contain gadolinium9 manganese 9 lanthanum 9 

mol ybdenum9 boron 9 beryllium9 and ytterbiumo 

Summary and recommendations 

In the Chejend~ area 9 the lower part of the Rancher.ia and Valle 
Hondo formations 9 the Col6'n.s La Luna, and the upper part of the Cogollo 
formation)) and the contact of the Cogollo with the Tombn formations were 
examined radiometrically o With the exception of the ¥¥light shale f~ bed 
at the base of the Col6n formation none of the rocks examined were ap= 
pre cia bly radioactive o The rwlight shale Y! beds however, is markedly 
radioactive 9 ranging from 2 to 4 times the local background level of 
radioacti vityo Samples thought to be representative of tre weathered 
outcrop contain an average of Oo006 percent equivalent uranium 9 and Oo005 
percent uraniumo This bed is about 2 meters thick 9 and although observed 
only in tv-m places 9 probably underlies a large area and thus offers the 
promise of a large low=grade uranium deposito Preliminary spectrographic 
analyses indicate an appreciable content of other mBtalso 

It is recommended tha t the bed be traced and sampled within the 
Chejende area 9 and that further study be made to obtain unweathered 
samples of the radioactive bed that have not been leached of uraniumo 
Satisfactory samples could be obtained either by shallow core=drilling or 
by t est pittingo The samples should be analyzed spectrographically for 
rare metals 51 and the analyses checked by chemical analyses o 
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Radi oactiv e shaly limestone in the western part of the State of Zulia 

Gamma=ray logs of wells in several of the oil fields of western Zulia 
show a peak in gamma intensity in uppermost La Luna formationo During the 
field examination in Octoberj samples of the radioactive zone were taken 
f rom drill cores in two wells~ one in the Mara and one in La Paz field~ 
as well as from the outcrop at the type section in the Quebrada La Lunao 
Oil seeps at La Paz field and in Quebrada La Luna wer e also checked 
radiometrically o 

Principal references to the geology of the r egion are the papers by 
Hedberg and Sass (43)7> Sutt on (44) 9 Schaub (45) 9 and the staff of the Shell 
Caribbean Petroleum Company (46) o 

Geology 

The general geology of western Z:ulia7) a part of the Maracairo basin.9 
is fairly wel l known~ the disadvantages of thick vegetal cover in the 
surrounding mount ains and of thick alluvium and water in the central part 
of the basin are offset by the amount of surface and subsurface geologic 
work done under the economic spu r of the rich oil fieldso 

The r oc ks in western Zulia range in age from Paleozoic to Recent 9 and 
i nclude· both a thick sedimentary series as well as several t ypes of igneous 
and met amorphi c r ocks .,. In general 9 the pre=Jurassi c roc ks (including most 9 

if not all of the igneous and metamorphic types) are considered as "basement" 
by the oil companies 9 and little is known of them 9 and co nsequently of pre~ 
Jul"'assi c history" In contrast :1 the general history sinc e t he Jurassic is 
w·ell known 9 and includes several periods of orogeny or epeirogeny 9 subaerial 
erosion and deposition9 f ollowed by marine invasions deposition 9 and with= 
drawa.l o 

Of concern in thi s report are the marine invasion and regression in the 
Cretaceous period during whi ch time the Cogollo (Capacho) 9 La Luna~ and over­
l ying Col6n formations were successively deposi ted; and the folding and 
fault ing that took place in the Mio=Pliocene epochs 9 forming the anticlines 
that are now the sites of the oil fields of Mara 9 La Paz 9 La c·oncepcion 9 and 
others o 

During the advanc e of the Cretaceous seas t he light gr ay thick=bedded 
highly megafossiliferous limestones of the Cogollo (Capacho ) f o rmatiort were 
deposit edo At the maximum extent of the seas the dark gray to bla ck flaggy 
bituminou s moderately fo ssiliferous9 nodular limestones and s hales of La 
Luna formation were deposit edo In the shallower retreating Cret a c eous sea 9 

the bla ck thin=bedded foraminiferal shales of the Col6n formation were de= 
positedo The boundary bet ween La Luna and the Colbn formations is sharp 
and marke d by either glauconite 9 glauconitic limestone$ or some sand9 as in 
the entire western edge of t he Maracaibo basins (45) 9 ppo 216J 217 3 or the 
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boundary is marked by phosphatic thin~beddeds shaly limestone such as the 
11 fish boneu beds in the State of Trujillo sout heast of the basin (40) o 

At Chejend~ 9 State of Trujillo 9 this zone is radioactiveo Basal La Luna 
in the eastern Zulia region resembles in general appearance9 and also in 
radioactivity 9 the Hfish bon en bed at the top of the formation in Trujillo o 

~ 

The diast rophism of Mio=Pliocene age blocked out the Merida Andes and 
the Perij !t Range and probably caused most of the folding arrl faulting that 
formed the present anticlines of La Paz~ Tetone s 9 La Concepci6n~ and others , 
(fig o 2) 9 upon which are now located the enormously produc tive oil fields 
of La Paz 9 Mara~ La Goncepci6nj) San Ignacio~ and otherso The oil fields 
are similar in tha t they are faulted domes with the axia l traces and the 
strike of most of the faults trending north to northeast o Their general 
i nternal relations are represented in figure 12 of La Paz fieldo 

Sutton [(44), PPo 1715 9 1722] states that La Paz ant icline was first 
prospected because of the oil and asphalt seeps in the Tertiary rocks 
around it and some oil has been produced from the Tertiary rocks in these 
fieldsJ but most of the oil has been produced from faulted and fractured 
zones in the Cretaceous rocks 9 especially La Luna formationo 

Radioactivity 

Gamma=ray logs examined from western Zulia show a consistent peak at 
the stratigr aphic level of the basal La Luna fo rmationo The intensity of 
the peak varies from well to well but is about equal in intensity to that 
shown in logs of t he Chattanooga shale in the United States of Americao 
T'wo well s 9 Rama 1 (Texaco) in the Mara field.s and P=ll4 (Shell) in the 
southwestern part of La Paz field had recently been cored 3 and then gamma= 
logged before casing o 

Rama=l wel l 

The gamma=ray log of Rama=l shows a PEilak in gamma intensity of 8 o 9 
inchesJ from the instrument zero 9 at a well depth of 8 3 433 feeto The base 
of t he peak extends from well depths of 8 3 420 t~o 8 9 440 feet-9 or 20 fto above the 
to p of the Cogollo ( Capacho) formation o The log was run by the Petrotec 
Company at a sensitivity scale of 4o5 incheso For comparison purposes 
Gott and Hill (47) have found it convenient t o recalculate the inches of 
deflection to what they woul d be at a sensitivity scale of 10 incheso The 
proportion is direct and the calculation is as follows~' 

8o9 inches defl ection 4o5 inch sensitivity scale 

x inches deflection 10 inch sensitivity scale 

x 6 l9 o8 inches at a 10 inch sensiti .. vity scale" 
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As explained elsewhere in this report)' this figure can be converted to ap­
proximate percent equivalent uraniumo If the approximate figure of OoOOO? 
percent equivalent uranium detennined by Gott and Hill for each inch of 
deflection on the lO=inch sensitivity scale may be applied here~ the core 
should contain a maximum of about 0 .. 014 percent equivalent uraniumo The 
maximum content detennined by analyses is Oo012 percent equivalent uranium., 
Core samples 9 tabulated below (table 4) were taken between well depths of 
8 9 421 arrl B9 439o Within this interval the rock consists of irregularly 
banded dark gray9 in part rec:rystallized 9 limestone and black .calcareous 
shale 9 containing varying amounts of fossil bone fragment~,., The bone 
fragments are as much as 6 millimeters (1/4 inch) in diameter and are 
conspicuous by their blue=black oolor 9 possibly caused by the iron phos­
phate~ vivic:miteo Also present are thin films of macerated plant fragments., 
The cores were examined radiometrically with the field Geiger oounter9 and 
samples were split from the core for analysis (table 4)., 

Sample 
Noo 

R=l=l 

R=l=2 

R=l=3 

R=1=4 

R=l =5 

R=l=6 

R=l=7 

R=l =8 

R=l=9 

R=l=lO . , r 
; ;, 

R=l~ll. 

R=l=l2 

Table 4o==Gore sa.mples 9 Texaco well Rama=l~ !1ara Field 9 Zulia 

vJell depth 
(feet) 

842l o0 to 22o0 

8422o() to 23 () 0 

8423o7 to 23 oB 

8425 o3 to 26o4 

84.26o4 to 28o0 

8428o 0 to 29 oO 

8429ol to 29.,6 

8429o6 to 30 o8 

8430o8 to 3lo) 

. 843l o3 to 3le8 

8h3l o8 to 33ol 

8433"1 to 34o2 

Equivalent 
uranium 

(percent) 
y 

0 ()003 

o002 

oOOl 

o004 

o002 

o004 

o005 

o005 

o006 

cOOl 

o009 

oOOl 

Uranium 
(percent) 

y 

OoOO. 2} 
.003 

Remarks 

Black laminated shal y limestone 

oOOl Dense gray l imestone 

.,003 

oOOl 

oOOl 

Blackj laminted calcareous shalej 
fish oone fragments 

c008 Fish bones~ and carbonized plant 
fragments in black shale 

oOOl Banded.)) gray limestone 
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Table 4o ==Core samples )) 'IlBxaco well Rama=l 9 Mara Field.9 Zulia (cont 1d) 

Sample 
Noo 

R=l=l3 

R=l=l4 

R=l=l5 

R=l=l6 

R=l =l7 

R=l=l8 

Well dept h 
(feet) 

8434o2 to 34 o8 

8434o8 to 35o2 

8 43 5 o 2 to 3 5 o 9 

8435 0 9 to 36o8 

Equivalent 
uranium 

(percent) 
1 

o005 

oOOl 

o002 

o003 

8437 oO to 3?o4 oOll ?/ 
8438o ? to 39o0 o006 

Uranium 
(percent) 

11 

o004 

oOOl 

o002 

oOOJ 

Remarks 

Fish bones and plant fragments 
in black calcareous shale 

Banded .$) gray sandy limestone 

o007 y Fish bones.$) black shale 

o004 Fish bone bed)~ gray shaly lime= 
stone 

1/ Analyzed in the Trace Elements Section Washington Laboratory J> U o So 
Geological Surveyo 

g/ Average of two analyseso 

P=ll4 well 

The gamma log of Shell well P-114.$) La Paz field.$) shows a peak in gamma 
i ntensity extendi ng from well depths of 9 9 168 to 9 .9183 feet~ or for 15 feet 
above t he t op of t he Cogollo formationo Because a zero point is not shown 
on the log 9 no exact measurement ' of total inches of deflection can be made 
and co nsequently the approximate radioactivity cannot be calculated 1/o 

Y Jay EeaverJJ Petrotec Co o !J reports the log 0 .$) by comparison with 
othe r logs 9 gives an approximate peak of 14o5 inches at a sensit ivity s cale 
of 7o5 inches o 'Dhis would be 19o3 inches deflection at a sensitivity scale 
of 10 inches~ or about Oo0l.3 percent equivalent uranium a 

By comparison 9 howver.ll the radioactivity is probably roughly the same as that 
in the Rama=l well.$) or about Oo Ol percent equivalent uraniumo Samples.$) 
t abulated below (table 4=A) were taken for analysiso The ro ck is similar to 
that in Rama=l well.$) but there are less phosphatized bone f r agment s and more 
ca r bonaceous filmso The hi ghest r adioa ctivity determined wit h the field 
Geiger counter is 6 = 9; 7o5 (B)J in black laminated shaly limestone with 
abundant carbonaceous films and some phosphatic bone fragment s in the inter~ 
val 9 9 1BO to 99 180o5 feet (well depth)o 
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Table k=Ao~·=Core samples 9 Shell Caribbean well P=ll49 La Paz field 9 Zulia 

Sample 
Noo 

vJ ell dept.r 
(feet) 

P=ll4=1 9167 o8 to 6ELO 

P=ll4=2 9175o 5 to 76ol 

P=,llh=3 9172o6 to 72 oF!J 

P=ll4=4 9180o0 to 80o5 

Equivalent Uranium 
uranium (percent) 

(percent) y 
y 

OoOOJ Oo002 

o002 o0()2 

o004 o002 

oOJQ o027 

Lith ology 

~~epresent s dark gray calcareous 
shale 

d.epresent s light gray shaly lime= 
stone 

Represents dark gray calca reous 
shale 

.Olack laminated shaly limestone 
with carbonized fossil frag=~ 
ments 

1/ Analyzed in the Trace Elements Section Washing ton Laboratory 9 U o So 
Geo logical Su r'Ve".f o 

O"~.:. cro_:e_~ of La Luna formation 

The type section of La Luna fo nnation according to Sutton (44 9 ppo 1648}1 
164 9) .1> and Liddle ( 23) i s in the Quebrada La Luna9 west of Villa ·de Rosario 
( fig o 2) o The formation at this locality .~> strikes in general northeastward3 

,and dips f rom ;zo to 4.0 degrees SW o It is about JOO meters ( 984 feet) thick 
(44 9 23) j and consists of thin= bedded hard black shale and limestone with 
s ome chert 9 containing abundant discoidal limestone concretions o Some pyrite 
v,ras observed 9 and a lso some oil blebs within arnmonite fossilso The basal beds 9 

i mmedia t ely overlying t he lighter grayS> megafossiliferous limestones of the 
Cogollo (Capacho) formation are about 4o5 feet (}#meters) thick and consist 
of light tan thinly laminated earthy shales with one 6=inch (15 centimeters) 
and two 7=.:Lnch (18 centimeters) beds of hard gray limestone in the upper foot 11 

and a zone with more carbonaceous fragments in the l ower foot o The .xadio= 
activity of La Luna formation except for the basal beds is 0 = 2o 52 1 (B) 9 

whereas the average radioactivity of the basal beds is 2 = 5J, j (H)o The 
highest radioactivity in the basal beds of La Luna fonnation was observed in 
the lower fo ot o 

Two samples ~Arere taken for anal ysis 9 QLL=l of the entire bed (4o 5 feet) 3 

and QLL=2 of the lower foote The samples analyzed in the laboratories of the 
United St ates Geological Survey 2 Washington 9 Do Cos contained respectively .s> 

Oo004 and Oo008 percen t equivalent uranium]) and Oo004 and Oo007 percent 
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uraniumo The nearly identical equivalent uranium and uranium analyses 
suggest first that uranium is the only radioactive element$) and secondJ 
that l ittle if any uranium has been leached from the outcropo 

Tar (asphalt) seeps 

Active tar seeps were examined at La Paz field and in the Quebrada La 
Luna (figo 2)o At both of these localities the tar and subsequent asphalt 
nL!lY be derived from Tertiary rather than from Cretaceous rocks]) [(Hedberg 
(431 Po 799 Sutton(4~.? Po 1722)J although the seeps in Quebrada La Luna 
were within La Luna fom.at iono In neither locality$) howeverJJ was radio­
activity more than normal; 0 = 2.9 l 9 (B) o 

Or igin 

The abnormal radioactivity in basal La Luna formation is probably 
caused by the extraction of uranium from sea water during long static 
periods~ as postulated for the Chattanooga shale and the Phosphoria for­
mat i on by McKelvey and N·elson (15) :J and as described for the radioactive 
shales of the Chejende' area 9 Trujillo o 

Summary and recommendations 

A zone of weakly to moderately radioactive shales at t he base of La­
Luna formation of Cretaceous age is apparently widely distributed in the 
western part of the State of Zulia o The radioactive zone is 4o 5 feet 
(l o4 meters) thick in the Quebrada La Luna.9 and 20 feet (6ol meters) thick 
in the Mara fieldo The range in radioactivity of the samples taken within 
t he zone is from less than OoOOl to Oo030 percent uraniumo r.Dhe wide range 
in radioactivity from bed to bed within the zone make an average figure 
difficult to calculate but it may approach o\,·096 percen'G_ equivalent uran~.umJ 
and Oo005 perce:nt uranium& This compares to a figure of about OoOl per= 
cent equivalent uranium determined as the maximum radioactivity from gamma= 
ray logs of the radioactive zone" Because of its sedimentary origin and 
the uniformity of the Cretaceous fonnations in the region 31 the bed is 
probabl y fairly continuous within this part of the Maracaibo basin 3 although 
more study is required to demonstrate this suppositiono 

Further study should be made of both sur face exposures and of sub= 
surface cores and gamma-ray logs to determine lateral _extent.9 thicknessJ 
and gradeo Parts of the horizon may be discovered that are more highly 
radioactive o In the study it would be highly desirable to determine the 
radioactivity and uranium content of the crude oil derived from La Luna 
formationo Additional petrologic 9 chemical~ and spectrographic study of 
s amples would be desirable to determine the radioactive element and its 
relationship wit h other rock components 9 especially carbonate 31 carbonJ and 
phosphate$) as well as the trace metal content o 
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Toas Island, northern part of the State of Zulia 

Toas Island, in northern Zulia, was. included on the agenda of in­
vest igations for radioactivity because many of the rocks in the nearly 
i naccessible Perija' Range of western Zulia are well exposed at Toas, 
The island may be reached by launch from San Rafa~l de Moja"n, a village 
43 kilometers north of Maracaibo o Our examination on October 4, 1951 
consisted in radiometric traverses of rocks thought to be of interest o 

Toas is a small is land about 6 kilometers long and 1 1/2 kilometers 
wide j the long axis of which trends eastward" The maximum relief is 
115 meters, in contrast to the surrounding · flat tidal lands, The 
island has been studied by many geologists, but so far as is known, no 
detailed geologic reports have been published, [Rivero, (48), Dusenbery ­
and Mas Vall~ (49)], although Liddle (23) describes some of the geologic 
f eat ures, 

Geology 

The rocks forming the island of Toas range in age from pre-Permo­
Pennsylvanian to Recent, and consist of both ignoous and sedimentary 
rocks, Granite, intruded by rhyolite and basalt dikes, of unknown but 
pr e-Penno=Pennsylvanian age occupies the low- lying long axis, and the 
entire eastern end of the island (fig .. 13). The granite is flanked to 
t he no:rth and south by small hills formed of sedimentary rocks of 
Permo-Pennsylvanian and younger age. 

The granite, where observed:, is a weathered friable rock composed 
of equigranular grains of quartz, orthoclase, and biotite in approximately 
equal proportions" The grains average about a quarter of an inch in dia­
meter , The"'brthoclase is: in part ·· fre§h ·e3:hdr· but l:fl.ittle!-kaolinized, :whereas 
the · bio-tite>has' been -· lacrgely converted to· verm~culiteo , ·. Maghetitej) hematite, 
zircon., and -perhaps ·· other ,·heavynminerals ·:;arej ace'essory ·constituents · as at= 
test ed oy thin films of black sand · in ' gullies '~traversing the granite" Dikes 
of white, fine-grained rhyolite (?), and dark brown-weathering, black basalt 
( ?) int ruded into the granite are abundant east of El Toro (fig" 13)., 

Unconformably overlying the granite are a series of sedimentary rocks, 
listed below in order of decreasing ageg 

Age Fonnation 

Permo-Pennsylvanian Palmarito (red beds) 

Lower Cretaceous Rio Negro (red beds) 

Lower to middle Cretaceous Cogollo (limestone) 

CONFIDENTIAL 



CONFIDENTIAL 

50 

Formation 
~--..__,_~· <=o-•• 

Upper Cretaceous Col6'n (shale) 

Eocene Guasare (shale) 

Eocene Orocual (or Marcelina) 

Eocene Las Flores (shale) 

Recent Alluvium (and sand) 

A small fault sliver of La Luna limestone (mid=Cretaceous) has been 
removed by quarryingo 

The Palmarito formation)) where observed.9 consists of indistinct beds 
of maroon to pink grit 9 conglomerate 9 and silto Copper stains have been 
reported [Liddle (23) 9 Po 223 9 Dallmus (30)], but some of the green stains 
observed may be the aluminum hydroxide 9 wavelliteo 

The Rio Negro formation 9 also of the i 1red bedu type 9 ~tlhere observed, 
consists of pale pink to red arkose and shaleo Exposures were too poor 
to observe beddingo 

The Cogollo formation consists of massive dense gray~brown limestone 9 

in part highly fossiliferouso Where traversed 9 the rock is fractured9 and 
the fractures filled with white calciteo 

The Col~n 9 Guasare, and Orocual or Marcelina formations were not ex= 
amined 9 as better and more typical exposures were said to be more readily 
accessible elsewhere., 

Las Flores formation 9 where examined near the Toparo cement and tile 
plant (Alfarer{aj figo 13) is a platy brown 9 maroon 9 or gray-green shale 
in fault contact with limestone of the Cogollo formation., 

Structurally 9 the island is essentially a breached anticline or fan 
f old whose axis coincides with the island v s topographic axis o The structur~ 
al simplicity is complicated by steeply dipping strike and cross faults 9 of 
which there are more than those shown on figure 13 o The strike faults 9 

(those trending essentially eastward) may be subsidiary to the Ocoa fault 
zone that marks the northern limit of Cretaceous rocks in northern Zuliao 

Radioactivity 

A radiometric traverse was made from Taparo to Cerro Palmitas and is 
also shown on figure 13 o The radioactivity of the sedimentary rocks is 
low_)) ranging from 1 to 2; averaging lo5 (B) in the Cogollo and Rio Negro 
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formations and between 1 and 4~ averaging 2 .. 5 (B) in the Palmarito for= 
mationo As was to be expected9 the radioactivity of the granite is 
somewhat greater than that of the sedimentary rocks, ranging from 2 to 5., 5; 
averaging 3o5 scale divisions (Beta and gamma)o The radioactivity of the 
rhyolite is l = 3~ lo5 (B) 9 and that of the basalt}) 0 = 2J Oo75 (B)., Al­
though no abnormal radioactivity was detected, one sample was taken of 
black sand derived from the granite (point A9 fig., 13) for laboratory study., 
The sample 9 analyzed in the Caracas office Dirac cion Te'cnica de· Geolog{a 21 

contains Oo013 percent equivalent uraniumo A heavy-mineral fraction ex= 
arnined microscopically 9 contains abundant magnetiteSl hematite 9 zircon 9 and 
sparse garnet., 

Conclusions and reconmendations 

The rocks examined radiometrically on Toas Island 9 granite9 rhyolite(?) 9 

basalt (?); the Pal marit o 9 Rio Negro 9 Cogollo 9 Las Flores fo nnations 9 and 
alluvium are not appreciably radioactive ., Although black sands derived from 
t he graniti c rock are moderately radioactivez, the sands are thought to re= 
present t he normal a cces so ry minerals commonly present in granitic rocks and 
no additional search for radioactive material in the area is believed to be 
warrantedo In so far as the rocks on Toas Island are representative of the 
same rocks in th e Perij£ Range 9 t~~ same negative ,. conclusion can be reached 
regarding the meri t of further study of the Perija., 

Beach sands of Maracaibo 2 State of Zulia 

While in Maracaib~ 9 State of Zulia9 we attempted~ unsuccessfully 9 to 
contact Dro Pedro Guzmcin who~ in a letter reported the occurrence oib 
pitchblende and monazite sand from Lake Maracai boo 

We examined several localities along the lake shore bot h nort h of 9 with= 
in~ and south of the city of Maracaibo (fig o 2 ) ~ and took samples of micaceous 
dark sand at Point Agua Dulce., No abnormal radioactivity was detected in the 
f ield 9 and the sample~ analyzed radiometri cal l y in Caracas~ contains only 
Oo002 percent equivalent uraniumo 

It is recommended that the exact location of the sands reported by Dro 
Guzm~n be obtained and more samples taken for analysis., 

Mene Grand e (Big Oil See:e) 9 State of Zulia 

, Because of the pos si bili t y that oil may be a carrier of uranium [Got t 9 

t47fl t he Mene Grand e (Big Oil Seep ) 9 in southeastern Zulia was examined 
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radi omet ri ca1ly on October -2 , 19 51 o The Mene Grande marks the site of 
t he first major oil field in Venezuela that was brought into production 
in 1914 by the Shell Company (now Shell Ca:ribbean Petroleum Company) (46) o 

The fie ld 9 on the southeast side of Lake Maracaioo (figo 2) 9 is in the 
State of Zulia 9 and the seeps are on and around a low hill just east of 
the road o 

The geology of the area 'has be.en reported by many geoi~gists 9 among 
them Sutton (44) and Liddle (23) o Perhaps the mos t comprehensive dis= 
cussion is that of the Shell Caribbean Petroleum Compa'1y (46) 9 and the 
mos t recent condensed account 9 tha t by Mencher 9 et alo (50)o 

Geology &'1d radioactivity 

The Mene Grande oil field is on the south=plunging Misoa (or Mene 
Grande) anti cline 9 which i s bordered on the west by a well=developed zone 
of faultingo From north to south "' therefore.\l the rocks exposed on the 
crest and immediate flanks of the anticJ "ine are progressively younger; 
they comprise 9 in order of decreasi ng age ~the Misoa=Trujillo 9 Paujf9 and 
Mene C}rande formations of middle Eocene age9 the uncomfor mably overlying 
Isnotu and Sanalejos format ions of probabl e Miocene age~ and Pleistocene 
and Recent unconsolidated sedirD:el!:ts,~ , .. Tlfe ~~~C;ifiJ/~,. rqgks 9 i:r1; ,places, lie 
directly on. the lower part of ·the Eoeene Pauji formation 9 and it is thought 
(46 9 Po 578) that the oil probably originated in Eocene ro cks and rises to 
the surface tr.LI"ough the permeable beds above or along t he unco nfonni ty o 

The oil seeps 9 therefo re 9 are found i n th e Miocene rocks exposed on 
and around a low hill ( l'-1ene Grande ·hill) on the c rest of the Misoa anti= 
clineo Liddle (23 J) PPo 596=597) states that there are Ulo 0 0 ohundreds of 
asphalt cones milt up by surface seepages of asphaltic oilo These 
asphaltic conesj whi ch vary in size from R few inches to 50 feet in dia= 
meter at t he base, and up to six t.o eight feet in height JJ are actively 
flowing by heads l the oil thus brought · to t}le ,?urfa~e gradually loses its 
lighter constituents 9 building up cones and surface flows along the hill= 
side 9 forming a covering for t he entire hillo vr At the time of our ex= 
&TLina tion~ however 9 most of the top of the hill had been bulldozed off for 
a mess hall and parking area 9 although there were many active seeps a few 
centimeters in diametero The rock appeared to be a conglomerate or breccia 
of yellowish friable sandstone in tar matrixo On the western end of the 
hill 9 and in the fla t southwest of it at the site of ol d well=l4 (P-203) 9 

two active co nes were observed ; t he cone at well 14 is about 5 feet high 
and 9 at its base~ 20 feet ·in diamet er " 

Radiometric examinations were made on the top of the hill 9 around its 
flank~ and at the t wo cones 9 but no rise in counting rate was observed 9 the 
radioactivity ranging from 1 to 2o5;~ and averaging 1.,7 scale divisions (G) 
whi ch is normal background o It is concluded 9 therefore 5 that the oil of 
t he Mene Gr ande field is not appr eciably radioactive" 
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The Venezuelan Andes s States of T:ru. jillo * Me'rida :r and Ta:'ehira 

Abstract 

A radiometric reconnaissance was made in the Andean States of Trujillo:~ 
Me'rida 9 and Tl chira in October 195lo Data were obtained during the recon= 
naissance that illustrate the pronounced increase in normal counting rate 
with increase in altitudeo Radiometric data were obtained for many of the 
rocks exposedo 

Rocks of the following groups of formations were examined r adiomet= 
rically~ I glesias group ( pre=Gambrian?) 3 I'1ucuchachi/ group ( Devonian?)~ 
La Qu,inta fo:rmat:ion (Tria=Jurassic) .9 The TomohJJ Cogollo.)> La Luna~ and Mite 
Juan formations (Cretaceou.s) 9 and the Angostura and Omuquena format ions 
(Tertiary) o Also examined were Pleistocene to Re "~ent soils~ saline lake 
deposits 9 spring deposits~ and waters o 

Abnormal radioactivity 'Wa-s observed in the uraniferous pegmatite in 
QlJ.a r:ry no o 3 of Carme'n.9 near Me"rida9 i n the salts 3 and spring wat ers from 
which the sa lts ev~porate at the thermal springs of Las Fuentes (Agua 
Caliente ) near Urena; and in a hand s pecimen of sandstone impregnated with 
secondary uranium minerals reported to come from the rio Agaraveca near 
La Grita o 

Additional study is recommended of the cupriferous vn red beds 'w of 
La Quinta and the Tomon formations, especially if the deposit on the rio 
Agar aveca is authenticated~ of phosphatic shale beds in La Luna and t he 
Col6"n formations that in adjacent r egions are uraniferous~ and of the areas 
of uraniferous pegm.atites .9 to disco·ver new pegmatites J> and pos sibly r adio= 
active placer deposits derived from t hemo 

Introduction 

As part of the general search for radioactive source material in 
Venezuela 11 a hroief general tour o.f the Andean region was made from 
September 29 to October 19JJ 1951 (figo l)o The objectives of this recon= 
naissance were to obtain general radiometric data of some of the several 
rock types exposed~ and to observe the effects of altitude on the counting 
rate of portable radiation meters~ to examine some of the localities of 
known radioactivity~ and to examine some of the rock t ypes that offer some 
possibi.lity of containing radioactive deposits o 

The Venezuelan Andes extend from Co}u..m.bia about 350 kilometers 
( 210 miles) northeastward through the States of Ta'chira, lJIIrida JJ and Trujillo, 
and into Lara (figo l) o Throughout this extent the Andes.9 above the 1000 
meter (3250- foot) contour~ R\terage about 80 kilometers (48 miles) i n ~dtho 
They reach a maximum altitude of 5007 meters (16,423 feet) at Fico Bolivaro 
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The Andes are drained by streams that flow northwestward into Lake Maracai bo:; 
or southeastward into the Apure 3 Arauca 2 and other tributarie.s of the 
Orinoco 9 although some of the streams flow down the axis of the mountain 
mass before ~changing course 2 and have carved deep canyons o In the Merida 
region the mountains northwest of the Chama river are called La Sierra del 
Norte (or de Culata) and those southeast of the Chama are ~nown as the 
Merida Andes o The streams head in each case in high nodes called · P~ramos ~ 
which are from southwest to northeast: the P~ramo del Zumbador that separates 
'the Torbes and La Grita river valleys9 Pa"ramo La Negra t,hat se~rates La 
Gri ta from the Mucuties and Chama rivers 5 and the Paramo Mucuch{e·s that 
separates the Chama 2 the Mototan~ and the Santo Domingo River systemso 
Access to the Andean region is by the Simon Bol{var highway that, was laid 

" out along these main riYers and over the dividing Paramaso Localities 
examined radiometrically are shm,m on .figure 2 o 

Principal references to the general geology of the Venezuelan Andes 
are the papers by Christ (5l),'J Kehrer-(27)J) (52), K.:mdig (53), Oppenheim (54):; 
(55)2! I1iddle (23), Gonzc(lez de Juana (56), and Mencher et alo (50) o The 
work of these geologists has been of the reconnaissance or compilation type:~ 
although some geologic sections have been measuredo 

General geology 

The formations in the Venezuelan Andes (figo 2) range i n age from pre= 
Cambrian to Recent (Chart 1 2 columns E3 G)J and comprise granitic rocks 9 

basic sills~ pegmatites~ gneissesJJ schistsJ quartzites 9 phyllites~ slatesJ 
sat1dstones 9 limestones 9 shales 9 ·terra ce gravels~ and alluviumo In general 9 

.the eroded core of the Andes is composed o.f crystalline met~orphic and 
gr anitic rocks 9 the Iglesias groupJ of pre,=Ordovician and probable pre= 
Cambrian age o Unconformably o·"'"erlying thls group lie younger Paleozoic 
form.ation:l1l o Unm.etamorphosed sediments of Jurassic (?) to Recent age lie 
upon the eroded Paleozoic and older rocks along the flanks of ·the Andes and 
over it?s ~.xis in the Ta~hira depression near Gol~ombia o All rocks have been 
folded and faulted; with the direction of thrust apparently from the north= 
west quadranto 

Paleozoic rocks are exposed i.n several pl a ces but t~heir interrelation= 
ships are poorly known at besto Among them are the Caparo formation known 
to be of Ordov1~an age~ the Mucuchachi~(Momboy) group whose age is pre= 
Carboniferous and post=Ordovician==possibly pre=dom.inantly DevonianJ> the 
Sabaneta forma,tion and its correlative 9 the Mlrida formation of upper 
Carboniferous age ~ and the Palmarito .formation of Permian ageo With the 
unexplained exception of the Caparo fo::rmation 3 all are regionally met amor= 
phosed to greater or lesser degreesJ and all have apparently been i ntruded 
by granitic sills 9 dikes~ and stocks~ w:lth some consequent rrdgmatizationo 
The relation and ag~:__o:f the various intrusive masses are obscureo 
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Mesozoic and Cenozoicc: rocks form a nea,J,"'ly u.ninterlr"'Upted succession 3 

the base of which is La Quinta formation of Triassic=J'Ura·ssi©l -a;ge 2 followed 
by the Tomdn~ Cogollo~ La Luna~ and Mito Ju.an formations of Cretaceous ageo 
Basic. sills and dikes inject La Quinta format.ionj and some of the Andean 
granites have been described by Klfndi.g~ (5~; , ppo 37 .1'!38) as intrusive into 
the Tomdn formationo Rocks of Tertiary age exposed in the T{chira depression 
and j~n the Trujillo area in elude the Angost,ura 9 Mirador 9 Omuquena and 
Lobaterita formations of Eocene age 9 and the overlying Betijoque group that 
includes formations o.f. Oligocene to Pliocene- ag~o Extensiv-e terrace 
deposits of Pleistocene age border the principal rivers 9 and Quaternary 
alluvium fills some of the broad valleys~ 

All the rocks in the Venezuelan Andes have been folded and faulted 
during several geologic periodso Apparently the most intense period of 
deformation was at the close of the Paleozoi~ (Hercynian orogeny):; for the 
Mesozoic rocks are folded and faulted less than the Pa1eozoic 9 and the 
Cenozoic rocks least of' allo The direction of stress in all periods probably 
was predominantly from the northwest or west as shown by the north to north= 
east trace of faults and axial planes of foldso 

As prospective host rocks for uranium, the most important are the 
terrestrial cupriferous sandstones and conglomerates at the base of the 
Tom6n formation j the phosphatic beds of La Luna formation, and the granitic 
intrusions with their associated uranium=bearing pegmatiteso There haYe 
been only a few dis~overies of m.etalliferou~s vein deposits in the Venezuelan 
Andes.)) and none of economic significance o In the sections that follow9 the 
radiometric observations made of these and other rocks in the Andean States 
of Trujillo 2 Me'rida 9 and Ta'chi:ra will be discussed .. 

Radiometri~ observations in the State of Trujillo 

In the State of' Trujill(ll (fig .. 9) the following rocks were examined 
for r adioactivityg a black slate near GuaricoJ Tertiary rocks along the 
Bocono l:"iver south of Bocon~ Paleozoic igneous and metamorphic rocks and 
Mesozoi~ sedimentary rocks along the road from Boconcf to the town of~ 
Trujillo .$) and granitic and metamorphic rocks from La Puerta to the Merida 
state lineo 

Along the road between Guarite;o and Bocono" is a persistent black thin= 
bedded carbonaceous slate that may be a member of the TomO'n or Mito Juan 
formation of Cretaceous age, or may be part of the undifferentiated metam.or= 
phic rocks of probable Paleozoic age (figo 9)o In any event, the rock is 
not appreciably r adioactive 9 0 = 28 l (G) o 

A d o t " t B ' " f B " . Jra 1om.e I"lJ~ raverse was made down t ,he ocono rl. ver rom oeono ~n 
an attempt to reach the gorge of the river where cupriferous conglomerate 
and sandstone of La Quinta formation has been reported by Dallmus (30)o 
Although the gorge was not reached in 4~ md,les 9 radiometric observations 
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were mad~ in th~ gray shales~ brown sandstonesJJ and sparse limestone beds 
of Tertiary age that are exposed along the trailo None were deteetably 
radioactive" 

Along the road from Bocono/ to the tom1 of Tru.jillo (fig.. 9), numerous 
radiome·tric observations were made in undif ferentiated gneiss 9 schist 9 and 
the intruded granite and pegmatites that may be part of the Iglesias series 
of pre==-Ordovician age9 in the gray phyllitesJ slates 9 and quartzites of 
the Mucuchachl! fo:rma:t:ion that may be of DeYonian age; in the red sandstones 
and conglomerates of La Quinta formation of Tria=Jurassic ageJ and in buff 
sandstones of the Tomo'n formation of Creta~~eous age o None of these rocks 
are appreciably radioactive 9 the range in radioactivity observed was from 
l to 3 scale divisions; and the average 23 (gamma 9 or gamrna=beta)o From 3 
to 7 kilometers above Bocono~ some small si mple granite pe.gmatites cont~ain 
considerable feldspar and muscovite 11 and in these the radioactiv:ity was 
2 = 4; 3 (Gj B) j the slightly increased average . probably owing to the 
radioaf:~tive isotope potassium=40., Copper staining was not observed in either 
La Quinta or the Tomdn sandstones~ although the basal beds of La Quinta 
were probably not exposed;~ or were missing because of faulting., 

From La Puerta to the Trujillo state l inej several radiometric obser= 
vations were made of granite exposed in th•3 road cuts.. The rock is a faintly 
banded orthoclase=biotite=quartz granite porphyr,r containing some orthoclase 
phenocrysts as much as 1 inch on a!l edg!.L..,~utd s.o~e mus(~ov'ite. The radio= 
activity was not appreciable, 0 = 2.,5; 1.,5 (G 9 B)., 

Radiometric observations in the State of M/rida 

In the State of Mtrida radiometric observations (figc 14) were made of 
granite , of quartzite and black slate of the Mucuchach1 (?) formation between 
the Trujillo State line and Pico ~guila~ o:E the uraniferous pegmatites at 
the Carme'n quarries near the city of Merida 9 of the trona and gaylussite 
at Lake Lagunillas~ of granite near Tovar, and of gneiss in the Plramo 
Mucuch~so 

Between the Mtrida state line and Pico fgui la 
I 

From the Trujillo state line to Pico Aguila$ one ascends from 4,500 
feet (1 9 372 meters) to an alt,itude o.f 13~3~~3 feet (49 081 meters), and 
traverses g:ranite 3 alluviumJ and phyllite of the Mucucha,chi"formationo 

Radiometric data were taken at increasing altitudes here 9 and elsewhere 
in the Andean region.,with a portable Berkel ey scale=of=eight Geiger counter 
to observe the effects of altitude~ and increase in cosmic ray activityJl on 
t he normal counting rateo Factors to be evaluated before a correction for 
cosmic radiation could be applied to any radiometric observation, made a;t 
a;p:y altitude j are the geometry of the site and the accuracy of the obser= 
vati.on o Clearly 3 i n a partially protected position in a canyon, the 
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instrument would be less affected by the cascade effects .of cosmic radiation 
than in a more exposed posi't,i.on .. In each. case the observations t abulated 
below (table 5) were made with the Geiger=Muller probe in the air· at the 
outside edge of the roado Each point is an average of three or more obser= 
vationso The general l evel of radioa ctivity eaused only by the rock, is~ 
of course~ variable but between the points on the graph would probably 
r ange only between 50 = 60 counts per minute .. 

Th '"t 0 f' G I · e pegmat~ · e guarr1.es o amen 

The pegmatite quarries of Carmen are about 4 kilometers northeast of 
Me'rida via the Trans=Andean highwayo Pitchblende specimens from these 
pegmatites were the first described in Venezuelap by Davey (2~ 38)o The 
deposits have been examined for their uranium potentialities by Davey 1 
(2s 3S) 9 Worcester (12) 9 Larson (1.3) 9 Schwarck Anglade (5)~ and by Gala.vis 
and Dengo (57)j and for their mica and beryl potentialities by L6pez, 
Aguerreverep and Davey (4) o Accordinglyji a det ailed examination by the 
writers was not considered necessar.y 3 but a brief examination was made 
because of the widespread distributi on of narrow pegmatite dikes in the 
Andean region ~ 

The observed pegmatite di kes of Carmen are irregular bodies that trend 
in general northwestward 9 in fine-to medium=grained quartz=othocl~se=biotite 
granite or granite gneiss o The pegmatites are composed essentially of 
quartz 9 orthocla ses albite (?) 9 and muscovite with trace amounts of garnet, 
schorlite 9 and pitchblende 9 although zircon~ pyrite 9 and white beryl have 
been reported by Vivas R. (58) o In a mus~ovite book in Quarr.y no o 3, we 
found one cubic crystal of uraninite that measured 0 .. ,5 int:~hes (1 . 2 cent:l= 
meters) on an edgeJ) and was ~oated with secondary uranium minerals. The 
dike in this quarry is about 13 feet (4 meters) wide at its widest point 
and at least 30 feet ( 9+ meters) long_9 it trends No 60° Wo, di ps about 40° 
north a,nd pinches out to the southeast 0 Examination "'rith the radiation 
meter showed a pronounced increase in r adioacti vi·t y ( a,s much as 10 scale 
divisions~ 2 o0 milliroentgen per hour sensitivity s.,2al-e 9 (G), over the 
pitchblende mrystal 9 a slight increase (as mu~h as 6 9 Oo2 pe:r hour e6nsitivity 
scale;~ G and B) for about 3 feet along the northeast side of the pegmatite 3 

but no other detectable radioactivityo The background level of radioactivity 
at this locality and altituqe (1.9800 meters or 5.9850 feet) was 1 = 3.? 2, (B )., 

Davey reports (38 , pp •. l5.4 11 .. 155) that about 2 pounds of pitchblende had 
been produced prior to abando:nnient in 1944o It is of geologic interest to 
note that Davey (2) calculated ·the age of one specimen of pitchblende from 
the Garm'n quarry as 948.9480,:~000 years or middle- ·--upper= pre-Cambriano 
The lead/urani um ratio was used.:~ following Holmes v method~ with analyses 
by the National Laborator.y.9 Venezuela . 

Ot her pegmatites that contain s pecimen amounts of one or more of the 
uraniferous minerals pitchblende , columbite=t antalite}; autunite=torbernite, 
or calcio=carnotite are those near Timotes f!Javey , (2), and (38), Worcester, 
(12), La~son~ (13);~ Schwarck Angl ade, (5) 9 Galavl~ and Dengo~ . (5?)9 Lope~p 
et -al" I) { 4) J 
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A few more pounds of pitchblende might be produced from the quarries 
of Car.m~n~ but the writers concur with Worcester~ Larson, Schwarck Anglade, 
Galavi~ and Dengo that here, as in most other pegmatites in the world, no 
significant quantity of uranium is availableo 

Lagwnillas ,_Lake 

Lagunillas Lake (figo 14) is on the northwest outskirts:: of the town 
of Lagunillas. The shallow lake is in terrace deposits of Pleistocene age 
a .. t the foot of the Sierra de C.ulatao . Gaylussite (CaCo1 • . N·a.2C03 .. ~ _, 5 HzO), 
trona (urao) Na2C0.3 o Na H C03 o 2H20) and natron (?) 1_Na2C03. " 1.0 H20J 
are precipitated from the strongly alkaline water along the shores .<J in 
artificial tanks and ponds.., and in beds at the bottom of the lake £Davey 
(38);; PPo 156-15j]o The salts may be derived from basic rocks injected in 
basal La Quinta formation a few miles to the· westo Radiometric observations 
were made of the water, the shore mud 9 of the salt incrustation along the 
edge of the lake and in evaporation tanks, as well_a~ of the mother liquor 
in the brine tankso The radioactivity was 0 - 3; 1 (B~G), and therefore 
the materials tested are not detectably radioactiveo 

Tovar=Zea road 

The road from Tovar to Zea cros$es a granitic stock (f'igo 14), the 
Tovar massif 9 that intrudes schist and gneiss and is probably part of the 
Iglesi as gr oupo The rock observed is a medium=grained porphyritic to 
equigranular quartz=orthoclase-bi otite granite conta-ining orthoclase 
phenocr,ysts as much as half an inch on an edge and so~e epidote and quartz­
felds par dikeletso Some xenoliths of green chlorite=muscovite schist were 
observed in the foliated graniteo The radioactivity observed in four places 
ranged from 1 to 5 seale divisions and averaged 2o5, Gj B~ on the most 
~ensitive scaleo The rock is therefore not appreciabl y radioactive 9 nor is 
the alluvium that is composed largely of decomposed granite~ at the southern 
outskirts of Tovaro 

. I . ' 
Paramo Mucuchies 

, 
On the pass between Mu.cuchies and Santo :Domingo, radiometric observations 

were made of the granite gneiss and pegmatitie dikelets of the Iglesias 
gr oup (?)o The observations made with th-e Berkeley seale=of'-eight Geiger 
counter aver aged 93 counts per minute which would appear to indicate no 
abnormal radioactivity at this altitude of 11,920 feet (3!}667 meters)o 

/ 
Las Tapias 

., 

Anoth~r area in M/rida that has previous-ly been examined radiometrically 
by Schwarck Anglade (11) and Larson (13) and was not examined by the writers, 
is the area of Las Tapias near Bailadores (figo 14)o Here, thin stringer 
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veinlets containing galena and chalcopyrite that are of no apparent economic 
significance:# are not detectably radioactive (11~ lJ) o 

/ 
Radiometric observations in the State of Tachira 

~ 

Radiometric observations were made in the State of Tachira along road 
cuts in the San Crist6bal area~ at the springs of l,as Fuentes (Agua Caliente) 
near Ure~a 2 and in the Seboruco=La Grita area (figc 15)o 

/ 
San Cristobal area 

/ 
From the Paramo Zumbador southwardJ the Pal eozoic and pre=Paleozoie 

crystalline and low=grade metamorphic rocks that comprise the core of the 
Andes are completely covered by Cenozoic and Mesozoic sedimentary rocks, 
and the alt.itude of the ground surface concomitantly drops from over 3 :#000 
to less than 1.9000 meters into "What is known as the T~hira depressiono 

La Quinta and the Tom6n fo1~tions of Tria=Jurassic 9 and lower Cretaceous 
age~ respectivelyJ were examined near Michelena (figo 15 9 noo 1), and near 
the Pa"ramo Zumbador (fig o 15;; no o 2) o 

Near Michelenao==Near Mich-elena~ La Quinta formation (Tria=Jurassic) is in 
faul t contact with the steeply dipping Angostura (Eocene) .formation and 
about 800 feet of the basal part of La Quinta are probably missing according 
t;,o Vi vas Ro (58) o La Quinta formation is here a dull red thin=bedded 
micaceous~ sandy, argillaceous si ltstone o The radioa ctivity ranged from 
1 t o 2o5; and averaged lo75 meter units 2 (B) 9 and the rock is thus not 
detectably radioacti.veo The Angostura f'o:rmation here consists of platy 
shale with subordinate beds of buff calcareous sandstone and bituminous 
coalo The coal bed is 2 feet (O o6 meter) thick, -and evenly=bedded, with 
pyrite and sulfur ('?) along numerous fracture surfaces o The radioactivity 
of the coal was 1 = 3 9 2 (B):; and may be considered negligible o 

, / 
Near the Paramo Zumbadoro-==Near the Paramo Zumbador (figo 15 21 no o 2) La Quinta 
formation is in norm~ l contact with the overlying TomO'n fonnation (Cretaceous)o 
The beds strike North.J and dip about, 200W o 'l~he upper part of La Quinta 
formation .is here a reddish silty clay, and is deeply weathered, The over= 
lying Tom6n formation consists of white friable to moderately silicified 
gravel and conglomerate composed largely of rounded quartz pebbleso The 
rock is colored reddish by staining from the topographically higher red 
beds of La Quinta formationo The radioactivity of the Tomon formation was 
found to be 1 = 2~ W (B)j) and that of La Quinta, 2 = 4~ 2":"50 The rock 
of both formations is 3 therefore, not appreciably radioactive hereo 

/ 
IJa Luna formation of Cretaceous age~ that in the Chejende and western 

Zulia regions contains uraniferous phosphatic shale beds near i.t.s top and 
base 3 resyectively3 was examined near Palmira (figo 15~ noo 3) 3 and west of 
Independen~ia (figo 15 3 noo 4)o 
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N.~a,.r. PaJ;mi-ra .. ==Near PaJinira.!J along the :road above L~ Blan((';a, cement plant.9 
JLJ.mestone is quarried from steeply dipping beds of the Cogollo formation 
that is here in normal conformable contact stratigraphically beneath La Luna 
formationo The Cogollo formation, here, as el-sewhere.? is a dark gr ay highly 
megafossiliferous recrystallized limestone .. The contact with La Luna forma .... 
tio~ i s gradational and marked by thin beds of dark brown calcareous silty 
shale}) some of which contain sparse fossil bone fragments and some of which 
contain pell ets or blebs of asphalt rimmed by white calciteo The lower part 
of La Luna formation is composed of typical black dense shaly flaggy l ime= 
stone containing l ar ge concretionsc The middle and upper part of the forma­
tion consists of bedded black chert that at least in part r eplaces both shale 
and limestone bedso One bed 2 inches (5 centimeters) ~hick of buff bentonite 
-w-as observed at the base of t he chert . The radioactivity of all the r ocks 
except the f ossil bone beds was 1 - 2~ W , and the radioactivity of the 
bone beds was 1 - 3~ 2o None of the rocks are, therefore, appreciably r adio= 
activeo The r eason for the lack o.f r adioactivity i_n the basal beds of La 
Luna formation in ·this region, and its presence in western Zulia is unknown, 
but r adioactive beds may have a ccumulated uninterrupt-edly in deeper or more 
stagnant part s of the mid=Cretaceous sea, and nonradioactive beds may be 
related to the silicification that produced chert o 

Coal beds in formations of Eocene age were examined on the road west 
of Lobatera (figo 15, noo 5), and on the road east of San Antoni.o (figo 15, 
no .. 6) o 

Near Lobatera o==Across the canyon west of Lobatera near a m:ln1ng camp 
called Cazadero 9 coal is mined f rom the Omuquena formation of upper Eocene 
ageo The coal is in a sequence of brown shale and thin=bedded sandstone 3 

and appears to be a glossy black woody lignite. There are at l east t hree 
beds within a stratigraphic interval of about 15 feet (4o6 meters).? the 
lowermost of which is about 6., 5 .feet (2 meters) ·thick.9 and the two upper 
beds from 6 inches to 18 in~hes (1 . 5 to 4 ... 6 decimeters) thick . The radio­
activity of the coals ranged from 1 to 3 scale divisions and averaged l o5 
(B) 3 and that of the intervening shal e ranged from 1 .. 5 to 3 scale divisions 
and averaged 2 , -(B)o These beds are~ therefore, not appreciably radioactive. 

East of San Antonio o_=East of San Antonio (fi g. 15 9 no .. 6) the road is 
cut in the Angostura formation ('Third coal v of older tenninology) of lower 
Eocene age exposing a. series of steeply dipp;ing 9 fold~ and f aulted coal beds 
t hat range from 2 i nches (5 centimeters) to a .·foot (30 .. 5 centimeters) in 
thickness and that grade laterally i nto bla ck carbona ceous shaleo The radio­
activity of 1 - 3o5j 1. 5 (G) is not appreciable., 

Springs of Las Fuentes . (Agua Caliente) 

The small village of Las Fuentes, (Agua Caliente) is about, 2! kilometer s 
northeast of Urerta (figo 15.9 no . 7) at the west·ern base of the Andean foot= 
hills and tne eastern edge of the low~lying plains of Urena.. The springs 
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have b~en investigated chemi (~ally by Otero 9 Prado$ and Gim/nez (59).9 and 
radiometrically by Cardenas (60)o 

The springs.9 of which about 12 are named (fig., 16)JJ issue from the 
face of a rubble=cove:red hill and .flow into two quebradas before joining 
t he Quebrada Agua Caliente ., The hill i.s capped by t,;,hick blocky quartzitic 
sandstone that may be part of the 1-li.rador formation of' Eocene age according 
to ViYas Ro (58).9 but no published account of the geology of the area could 
be foundo The attitude of the thick sandstone bed is in general horizontal. 9 

whereas;J that of the gray=brown platy shale and intercalated sandstone beds 
west of the springs are steeply inclinedo Accordingly.~ the inference is 
drawn that the springs are issuing ei·ther from a fault scarpJ or from a 
surface of· uncon.formityo Older rocks (including La Luna and La Quinta 
formations) undoubtedly underlie the region, The springs issue from a number 
of small sources,jl and total flow is estimated £Otero and O"thers, (59) 3 

Po 11£ to be about 1400 cub:ic meters (about 367YOOO gallons) dailyo 

Otero 3 and 1 others 9 (idemo) divide the springs into two groups, one of 
low temperature with a volwne of about 100 cubic meters (about 26$1000 
gallons) daily, and another of higher temperature with a volume of about 
1300 cubic meters (about J41JOOO gallons) dailyo The springs in Quebrada 
Fri.a (figo 16) are c·old (59 3 p . 118) and nonradioactive (60) .9 whereas the 
warmer springs are radioactive.. The highest temperature measured by Otero, 
and others.9 was about 61° C (142° F) at Pringues.9 and. the spring is also 
the most radioac'tiveo The chemical composition 3 pH.9 and temperature of 
water samples .from San Roque Spring and f rom Pringues by Otero~ and others, 
(59 JJ PPo 128 :~ 129) tabulated below ('table 6) show major i.on components to 
be calcium~ sodium3 ~ulfate~ and bicarbonate o 

Radiometric observa:tions were made of the spring water:~ mudJ and the 
salt=inc:rusted . sandst,one cobbles at all springs from San Rafael . to Kerosenadas 
(figo 16)o The springs Uso Domestico 9 the 50 spring south of it 9 Pringt1JJS.9 
a,nd the 58° ~~nd 60° spriLngs betw~en Pringues and Kerosenada.s are the only 
ones that are radioaCQ;tive o At the 50° spring south of Uso Domesti,co the 
radi oactivity of the water was 4 = 69 5 (B) JJ but that of some of the white 
salt was more than~ (B)o At Pringues 3 the radioactivity of the salt­
incrusted rocks below the sources of the springs was 25 (B), but the radio= 
a ctivity gradually decreased as the counter was moved up to it j and a,t the 
source of the springs$ the radioactivity was not det.ec·tably above backgroundQ 
The other springs, aJl.d the sandstone above the springs were not det,ectably 
radioactive (0 = 29 1 9 B;,G)o 

The radioactive salt incrustation)~ a soft botryoidal usually no more 
than paper=thin layer~ is dominantly white although some green tints caused 
by moss and some black caused by manganese were observedo Specimens were 
taken of the radioactive white salt~ :i! and of radioactive wad o Under the 
microscope the salt is seen to be composed of soft (hardness of 2 to 3)J) 
~~olorless J platy crystals, some of which are stained with manganese oxides~ 
the presence of which was confirmed chemicallyo The salt where uncontaminated 
does not effervesce in dilute (1 percent) HClo The results of fluorescent 
spot tests .for uranium using sodium fluoride=potassi.um carbonate flux were, 
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Table 6o=Analyses of spring water[# ;bas Fuentes (Agua Caliente), near Urena 
by J., Lo Prado LOtero and others.9 (59j] 

Component 

el-
I-, Br-

so,:;:& 
q, 

s2o3= 

H s= 

H c o
3

= 

Po-4 

Aso!;, No3-

No; 

BO-2 

Si02 

Subtotal (Anions) 

Na+ 

K+ 

C·. ++ a 

Mg++ 

Mn++ 

(Fe, Al).2 o3 
Zn +-+· 

Subtotal (Cations) 

Total (ions) 

Total soluble salts 
(to 100° C) 

Residue on burning 

fern perature 

San Roque 
(milligrams/liter) 

Las Pringues 
(milligrams/liter) 

12.,1 

. Less than 0., 02 mg/lt 

3 .. 6 

15.,0 

150.,0 167o0 

Less than 1 mg/lt 

Less than 0.,02 mg/lt 

Oo006 0.039 

lo5 

29.4. 

305o6 

27o2 

"''346.,0 

52o4 

5o5 

60.,5 

8.,0 

128o9 

474o9 

Less than 0.,005 mg/lt 

49o6 

5o0 

0.,3 

6ol 

Less than 1 mg/lt 

108.,4 

414.0 

400 .. 2 

259.0 
7.1l15 

i ov ~-· 
"+ ' "'' 

331.5 

251.0 
7.65 

60o5° C 
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negative.. The radioactivity of two ~amples of~~sa.nds,ton~ incrusted by the 
~alt wa~ 0$053 and 0.054 per~ent equivalent uranium by beta-gamma radia= 
tion 9 but only 0.014 and 0~012 p~rcent equivalent uranium by gamma=~adia= 
tion al~ne~ A thin iron shield was u~ed to ~creen out beta particles&~~ 
For compa~i~on~ a sample of radioactive ~alt 9 in~ru~ting ~dhi~t from La~ 
TrirH~he~as 9 examined radiometri~lly in the same mB,nner9 contained 0.049 
per~ent equivalent uranium (beta=gamma) 9 and 0.014 percent equivalent 
uran:lbJm (gamma) G 

Ina~mueh as the uranium ~pot tests were negative 9 and the gamma 
~adistion i~ about the ~ame a~ that of ~alta f~om Las Trinchera$ that 
were analyzed chemically and found to contain appreciable thorium and 
practi©ally no uranium 9 it i$ concluded that the radioa~tivity of the salt 
at Agua Caliente is also ~aused by thorium.. Accordingly the area ~s p~ob-
ably :n~~Jt a favorable one in which to look fo:rc' U:il."anium depositso ' 

La Grita 1$ in the center of ~ long belt of outcrop~ of Paleozoic 
slates and phyllites of the Mllcro.©ha~hi'formation (figo 15) that are flanked 
by Tria=Jurassi© red bed~ and ©onglomerates (La ~inta formation) and over­
lying Cretaceous sand~tones and limestone@ {Tomob 9 Cogollon La Luna forma= 
tions 9 et© .. ) .. Small amo'Wlilts of c~pper have been mined from the Tombn and 
La ~uinta formations ~in~e ©olonial time~ (lGOOUs) according to Gonzllez9 
Me (62) .. Radimetric ob~ervation~ were made of the basal beds of La ~uinta 
formation and of the underlyi~g Mucu~hachi!fo~mation $~thwest of La Grita , 
(fig ., l5p no .. 8)v and of three of the small ~opper deposits in the basal 
bed$ of the Toman formation near S~boru©~ (figo 159 no~ 9)o 

Near La Gritae==About 3 kilometer~ ~outhwest of La Grita (figo 159 
noe 8T9 La ~uinta formation re~ts un~onformably upon the Mueu~ha~hi~forma­
tiono Thi~ lo~ality i~ within a kilometer of the type section of La 
~uinta formation des©~ibed by KUndig (53~ ppo 32 9 33)o Where observed9 the 
Mucuchachi/ consists of green ~chi~t and phyllite that ©ontain partly 
chl~ritized ga~net cr.ystals o The ro©k in the upper 20 feet (6 meters) is 
deeply weathered and atained red by ~olution~ derived from the overlying 
red bed$e The contact i~ a zone 5 feet (1G5 meters) thick in which large 
block~ of phyllite are embedded 9 o~ partly $®parated by red $and and silt. 
The ba@al 50 feet (15 meters) of La ~ui~ta formation is a ~r@on ~oar~&= 
grained ~andstone 9 ©Omp~sed of grain~ and a few pebble~ of phyllite9 
qua~tz~ bi~tite 9 and $pa~se feld~par in a silty ~lay matrixo The radio­
i ©ti.vity observed ranged from 1 to 3 :seal~ division$! and averaged 2 (GL, 
and the ro~k9 therefore 9 i$ not d~teetably ~adioaetive. No $ltain$ of 
~econda~y ~opper minerals were observede 

.. 
Near Seborucoo==Near Sebornco (figo 15 9 noc 9)g about 13 kilometers 

~outhwe~t of La Grita 9 ©Opper mineral$ in the ba$al bed~ of the Tomon 
fo~mation (lower Creta~eou~) hav~ been de8cribed by Grenouillet (6l)o 
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Th~ bed~ of th~ ©\O)fllf«J>Jr>:f.t1abl~ ~omd'n and La Quinta formation~ te~trike in 
gene~al ea~tward to Ne ~0° E& and dip from 40° t~ more than 60° n~rth to 
no~thea~to The bed~ in mo~t places ~re obs~red by thick gra~Ss and ln 
~hrnb~9 but crop out in ~tream valley~ and elsewhere 9 if quartzitie~ Of 
the ~eve~al area~ mineralized with c©pper mineral~ 9 three in ~uebrada La 
Mina were examined {figo 1' 9 nou~o 1 9 2 9 and 3)a 

The dep~~its exami~ed are mu~n alik~ and resemble many of the ~edi= 
mfJJIJltaey copper depo~ i t$l iJffi th® Col©Jrado Plateau area of the United States 
of America.. The ~e©ondary copper mi.:nerals chalcanthite 9 azurite!) and 
S@m~ mala©hite 9 are inter~Stitial or coat quart~ pebbles and stain fra~ture 
surface~ of conglomerate in the Tomd'n formation from 0 to 3o5 feet (1 
meter) above La Q,uinta formation " Gre:nouillet rep~:rt~ (61)\l h~wever 9 that 
~~pper mineral~ have been found in La Q,uinta and 9 in the TomOn 9 as mo©h 
a~ 60 meter~ (200 feet) abov~ it~ ba~~. ~ne minerali~ed ~one~ are from 
6 to 20 feet long (la5 to 6 meter~)~ and from a knife edge to ~bout 3.5 
feet ( 1 mete!') thi~k o Altllou,gh they appeal' to be limited vertically 
by ~ross=bedded le$s porou~ ©onglomerate~S or ~and~tone 9 the third dimen= 
~ion i~ unknowno About 90 per©ent of the conglomerate ~ rounded pebble$ 
of vein quart~ 9 and the rest i~ finer grain~ of quarts and feldspar and 
~ ilioo ©em~nt o A few fragment~ of 1\:"al"~nized wood were ob$en'EJd ., The1 
rock i~ :pororu~ 9 but~ th~ poro~ity ~y be ©aused by fl''<a.©turingo The ©Opper 
minerals appe~ to be depo~ited from gro~d water t~aversi~g permeable 
bed~ and are definitelly ~p igenetic o Th.~ depo~its were ~xami~ed clotS~ly 
.:!!ith the1 G~iger ~ounter but the radio~©tivity observed wa~ only 1 - 3~ 
2 (B~G)P and th~ n~t ~pp~e~iabl~ o 

Gr~nouillet (61) ob~erwed b©rnit~ il'ffi. ~om~ of the depo~it~ 9 and it 
would be of intere~t to ~xamin~ tSJOm* of thi~ 00 :pri~ry00 ~ulf :ld~ radiO= 
metricallyo Ore sample~ obtained by Viva~ Re (58) in a detailed sampling 
pr©j~ct fo~ copper in La Qui~ta and th~ Tomdn formations in the Seboruca= 
La G~ita area should be ansly~ed radiometrically o So~ of this radio­
metric work ha$ been done in th~ Caraca~ offi©~ by Sha~ and Antoni~ , ' 
cardenas but no ~amples containing mor~ than Oo004 per~e~t ~quivalent 
u~nium hav~ ~© far been f~~do Ore ~amples 9 h~ever9 are not at p~e~ent 
availabl~, 

In La Grita 9 a ~pe©imen ©Jf fine-grained sandstone ©~a ted with tabul aJrl ·' 

~~~tal$ of a yellow $e©on~y uranium mi~eral that resemble~ ~@hro~ck= 
ingerite o~ autunite wa~ ~hewn th~ writer~ by the ©©lle~tor 9 D~, Vo So 
Pauliko Dro Paulik 9 wh© ha~ been pl'©~pecting fo~ ©oppe~ 9 lead!) and silver 
1~ th~ Seboruco-=La Grita=El Cob~~ areM:L 9 ~States tha t the ~Specimen i$ from 
a len~ about l=in(();h (2ct5 ©entimeter~) thick and 20 meter~ (66 feet) long 
that o~~rs between ~and$t©ne and ~hale on the Agarav~©a Riverp about 8 
to 10 kilomet~r~ southwe~t of Seborucoe Lack of time pr~vented our examin= 
i~ the deposit a~ it i~ about 3 ~s di~tant by horsebadk from La Grita9 
but it was strongly recomm~nded in a memorandum to Dro Sdhwarck Anglade 
dated O©tober 26p 1951 9 that th~ l~cality· b6 examined by member~ of the 
Di~~ccion Ti©~i~a de Geolog{a 9 ~tationed in La Grita ~r M&ridao 
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Summa~y and oonclu~ion~ 

Radiometri~ observation~ were made at severa~ pla~es and of various 
rocik types in the Venezuelan Andes from the State of Trujillo southwest , . . . 

to the State of Tachirap but radioactive minerals were observed only in , , .. . . .., 
the pegmatite quarry of Carmen near Merida, at the hot spring~ near Urena, 
and in a hand specimen of sandstone from the Agaraveca River south of 
Seboru~o. The other rocks examined were not appreciably radioactive al­
though the increased. counting rate 9 attributable to greater ~osmic ray 
a©tivity in higher altitudes, makes radiometric work difficult. 

Three roCk types seen merit additional study in the Andes: the peg­
matites; Mfish bone" beds in La Luna formation~ and the base metal-bearing 
conglomerate and sandstone of La quinta and the Tom~n formations. Of 
these three rock type~ 9 pegmatite is regarded as economically the least 
impo~tant~ but additional seareh .for uranium mineral~ in pegmatites a~ 
well as in placers derived from them certainly should be made in any 
geologi© work done in the future. Between the Ohejende' area 9 State of 
Trujillo or the western Zulia area 9 and the Ta(dhira arean the radioactive 
00 fish bone00 beds or OOligbtOO shale appear to disappear. It would be advis­
able to trace the radioact-ive beds in the -field as far a~ possible from 
Ztili.a. and from Trujillo 9 with the hope that areas of greater radioactivity 
might be discoveredo With this in mind9 isopach and lithofacies maps of 
La TJuna. format ion might also be of considerable use .. 

If verified in the field 9 the discovery of secondary uranium dep9sits 
in sandstone in sudn favorable terrain as the area covered by the Tomon 
and La quinta formation$ would be of considerable significa.nceo The forma­
tions of continental origin resemble some of the continental formation! 
of about the same age in the United States of America. ·· from which both 
secondary and primary ores of uranium are being exploited. The presence 
of either s~hroeCkingerite or autunite suggests that concealed deposits of 
primary uranium minerals ~ be nearby. Suen deposits in the United States 
of America are relatively small 9 but of fairly high=gradeo Acoordinglyo it 
is re©ommended that a systemati~ examination of all known areas containing 
COpper~ lead 9 or silver mineralization in these formations be startedo 

Chemical analyses of the radiometric salt from the spring of Agua 
Caliente near Ure~a should be made 9 but if the radioactiv~ element i~ 
f~d to be thorium, as is suspected 9 more study of the area &$ a potential 
sour~e of uranium is not warranted. 
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Th~ State of Bolivar and the Territory Delta Amacuro 

/ 
A ra.d.iometri~ reconnai~~ance wa~ made tn the State of Bolivar and 

at one l©cali ty in Terri tory Delta Amacuro in NtOvember 1951o Between 
Ciudad Bol(var and El D@lrad.o, in addi·tion to examining individual locai­
itiesj a. co:nt'inuous re~ord of gamma=ray a.c:tivity was made along .the roads 
tra.vers;ed, by :m~ans of spec:ial radiometri~ equipment of high counting 
rate~ During the re~onnais~ance the following rock type$ were examinedg 
1) 1 f'~lsic and :mafi© rocks of the ba~~:ment complex (Archean1)j 
1), quartzite of the Imataca serie~ (lowe~ Paleozoi~t, Archeamt), 
3)» mafic volcanic ro~k~ of the Pa!Sltora serte~ (Cretaceous?), 
4), ~edimentary ro~k~ and intru~ive ~ills of the Roraima ~eries 
(Cretaceous?} o " In addition', f@l©Jil and allt:tvium of Pleistocene to Recent 
age were examined$ as were som gold=quartz veins, $\O:me gold- and 
diamond""'bearing placers 9 and ~ome mangane~se and hematite depo5itso 

Radioactive minerals were f©lund in porphyritic facie~ of banded 
gneiss (:migma.ti te) ©f' the basement complex9 or in placer ~and~ deri'ved: 
from them at seven separate localities along the northern edge of the 
Brazilian shieldj radioactive mineral~ were al~o found in detrital black 
sand beds in the basal part of the R((Wra.ima seri.e~ at Peraitepuy" Samples 
of thes~ material~ contain f'r©m Oo005 to Oo 73 percent equivalent uranium. 
although it i~Sl sturpect~d that mo:sJt of the radioactivity may be cau~ed "Qy 
thoriumo Th~ basi~ igneous ro©lkrj examined are pra©ltically devoid of'' 
ra.dioo~tivityo 

Additional ~tudy i~ warranted of the more felai~ rocks of the ,ba.se­
:ment complex3 e~pe©lially of the radioactive gnei$3~; of th~ ba.:®al beds of' 
the Roraima ~erie® in ~earch of both heavy mineral concentration~ and­
uranium depo~it~ of th~ v~red bedn type; and of the gold and diamond 
])la.©J~r deposit~ o @)ther gold=q~rtz deposits nright also be ~tudied.o 
Where po~sible in the $tudy it i~ reco:mmendE~Jd that isorad.ioa.ctivity maps 
be compiled by mean~ of carborne radio:metric equipmento It i~a probable 
that the maf'i~ igneou~ rock~ of the regit0ln ~an ~afely be di~regarded in 
futUX'e radiometri~ worko 

A!Sl part of the general ~ea7~h f'or uranium depo~it~ in .Venezuela, a 
brief tour of the State of Bolivar~ and of a $mBll part of the Territory 
Delta. Ama~uro 'Wa$ lle.d.e in November 1951 {fig~o 1~"2)" Areas between 
Ci udad Bol(var and El Dorado in the State of Doli var were reached by 
Jeep (figo 18) 1 area~ ~((Wuth of ElDorado in the Gran Saba.na were visited 
by airplane, and the one area examined in Territory Del.ta Amatturo was 
rea©hed 'by air .9 boat, awd foot Ctifm!o 2)" 
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Th~ entire region of Venezuela south of the Orinoco river (f':Lge. l} is 
.. , 

divided politi~ally into tb.~ Territory Delta A:maeuro, the State of Bolive.r.ll 
and the Terri tory ,Amazona~ o This -regiGn is di vi4.e-d topographitaa1ly into' 
the 1~w -grass and s~rub=~ov-ered peneplains of the ·northern part of the 
State of Bol:6tar, the low=lying jungles or 91 selva"· !®f' ~ the Territories of 
Ama.z()na~ and Delta Ama©uro, and the high b-road valley, $&vannalir an( mesa 
uplands of the ·Gran Sabana tbat -erlentb trem the ~outhea.liSlt (C)Q:r'iler of 
'Vene-zuela southweetwar~ into 'f~rrit®xr,- Amazonas .fl north.eastwrd· into British 
Gtd.a:nap and southward :fCilr a relatively short distanee into Bra.zilo The 
area is limited to the north and vest by the ·great ar~ of the Q:r>ino@o 
river J into which d.rain subt1lidiary streams that head in the Gran Sa"Qana., 

Access to this vast sparsely populated frontier region of over 4;o,eoo 
square kilometers, ex©ept for a few roadSJ in the northern rim, is by air­
plane; boat, or foot, 

Prin~ipal referen~es to the geology of the region are the papers by 
Tate and Hitchcock ( ~) ~ ~ te ( 64} , Zuloaga ( 6;) , . Zuloap and Tello B o 

(66), Ag'UerrevereJ Upez, Delgado$ and Freeman (67) 1 LOpez, Davey, and 
RGbio (68), l£pez, Men~:b.er, and Brineman (69), and Liddle (23)o In add.ition 
to these published account~ 9 current reports of local and general ... geolo~ 
by Dengo, and others (70) are on file in the Direc~i~n 'I'lcni©a de Geolog{a., 

General geology 

Geol()gically the region constitutes the northern part of the Brazilian 
Shield whose extreme n~rthern and western limits of out~rop are neatly 
bounded by the Ch-ino@o river (fig., !) o North of' the Orino©o ·the rocks of 
the shield are overlain by sedimentary r~@ks of Terti~ry ageo The re©ks 
of the :Brazilian shield.9 expoi'liled in the State of Bol!var and in Terr'itory 
Delta Ama~uroj) range in age from pre=Cambrian (?) to Re~ent and consist of 
three general groups g 1) the old grani ti~ gne1ssose and s<ehisto~e ro~ks 
of the ba8ement complex1 asso~ia.ted felsi© and mafi<a intrusives and me·ta= 
sedimentary ro©ks (I•ta~a formation); 2) an overlying younger series of 
sand~tonep quartzite, shale~ tu:r:rs, and asso~iated mafi~ intrusives (Roraima 
or Kaiturian, and Pastora series)~ and 3) Pleisto@iene an<d Recent terrace 
deposit~.!) alluvi.um and deltai© ~edim:nts (Chart li) ©olumn Z,; figs, 2 and 
18)o The relations and age of pre-Plei~to©ene rocki61 are still only partly 
known, although Zjloaga ( 65} ha~ grouped the ro~ks of the n@rth.ern part of 
the State of Bolivar a~ followsg 

Alluvium, deltai~, and llano beds of Tertiary and younger age; 
.'K'.a.iteurian ~eries, of Oreta©eous age$ 
Pastora series, of Cretaceous {t) age; 
Imataca aerie~, of lower Paleozoic (?) age; 
Ar©hean complex, of pre=Cambrian a.geo 

The Pastore. and Kaiteuria.n may be subdivisions of the Roraima series 
f.Liddle (23), Po 17§..79 and recent worl: by Perfe~td,and others (70) suggests 
that the lJJ:rata~a. fol"Dlation may be part "'4. the .;llchiert=gneis~=gneissicc 
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granit~ ~equence of the 5JO=ca.lled ba~ement complex that was less effected 
by prooe~se~ ef migmati~ation or gra,nitization than were the other pre= 
existing 6·edimentary ro©k~o They offer as corroborating -evidence the 
atru~tural para.llelism of the I:ma~a. series with the regional folds of' 
the .gneiss""'gra .. nite...:migmatite complexo Certainly-at El Pao and. along the 
road to 'l'um.erem.olJ 18 kilometers east of Upa.ta, the ©tonta©t of the Imataca 
quartzite; and banding and bedding within it, appear~ to be ~onformable 
with the foliation of the underlying gnei$S lJ - -and,·· a~ Zuloaga points out 
(65, Po 1185)» ~()n:te of the gnei~s u:r.~.derlying ri©h ir()n ore at El Pa.o 
resembles ferruginous qua.rtzi teo Alternatively, P,a - pc»inted out by Dengo 
and otherS! (70) the ob~erved data can be interpret$d S.$l th~ re~ult of 
~granitic inva~ion on a batholithic ~cale $ followed or a.ec«Wmpanied by 
regi.~nal m.etam.orpllismo , 

Th~ basement complex in the n~rthern part of the State of Bolivar 
consi~ts in general of pale yellow or gray band~d gnei~s or gneisSJoid 
granite (migmatite of Perfetti)~ gne1$s, mica s©hist 9 and intrtu§ive (?) 
granite and ba~ic igneous r©JckSJ (norite, dia.ba.se., gabbro).& , ~or, in the 
Gran Sabana. region9 of rhzolite and granitic porphyries L:LO:pez-9 Mencher 
and Brineman (69), p., 858/o T'h.ese rockrs commonly conta.'in quartz veins or 

"•)-.; ma~ses and pegmatite dik;fSJJ' and$) in the northern part of the area, are 
~losely associated with ferruginous quartzite (itabirite) of the Imataca 
serie~ o 

Structurally$ the ro©tkrf$ of the basement are pli©tated on a large seale, 
with the tra~e of fault ~urfa©e~ and axial pLanes trending dominantly 
northeastward (ide:mo)o This major ra1tru~ture is cl~arly shown on aerial 
photographs, and work in :progre$!~ by Perfetti$ Dengo$ Bellizia, and other 
geolog.i8t~ of the Dire~©iln T:cni~a de Geol~g{a will und~ubtedly contribute 
greatly tQ a better understanding of both structure and stratigraphy of 
the~e ro©tk~o 

' 
These pre=Cambrian (?) · ro©k~ crop out in a few parts of the Gran Sabana, 

and ext~nsively in a belt about 100 kilometers {60 miles) wide, parallel 
t~ the Orinoco, that extend~ from ~erritory Amazonas to the Atlantic ~ceano 
They were examined radiom;trically at Oiudad Bolivar, and vicinity, along 
the road from Oiudad Bolivar to Gua~ipa.ti, near Santa Elena (figo 12)~ and. 
at Santa Catalina (figo 2)o 

The Pastors. series ©trops out9 and was examined radiometrically, from 
Guasipa:ti t~ El Dorado and consiSlts of green andesiti~ tuffs, agglomerate, 
and dolomitic shales fiuloaga ( 6;) , PPo 1183 ~ 118~7 o The ~eries may be 
in part ~orrelative to the Gara©tl:u~:po member of' Perfetti and Ca.ndiales (10) 
tha·t wa.~ examined radiometri~ally in the vicinity of El Calcareo, and the 
series may be much older than was thought by Zuloap ( 65) o Part of it also 
probably is equivalent to the Cuyuni vol~ani~ system of British Guiana 
according to Deng~ and Bellizia (71)o 

The Rorai:ma ~eries, first described by Dalton [fn Liddle (2,3), Po 172..7 
from M©unt R©raima i$ probably a p~eudonym of the Kaiteurian series of 
Briti~h Guiana: [Liddle {23), 'Po 178, Upez and others (69) ~ PPo 867, 86§,7o 
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T.he ro©k~ in©luded are ba.~al ©rongl©~ra"t~~ 9 ~and~ tone~? quartzites~ ·jasper., 
and ~~· tu-ff and shale ·in,Je©ted by ~i.ll~, dik@j~ tand la©©©l.i th~ of quartz 
,gabbr«:»o Tb.~ rook i~ gen~:t.,a.lly vhi.t~ to gray='brownJ! but illl part red, and 
re~©hes a maximum kn~w thi©kne~s of at l-east 2,000 Et~r~ (6,500 fef$t) at 
.1\u;yantepui {figo 18) /Jat~ (64).9 ])o 117, Li.ddle (23) 9 Po l7§.7o It crops 
©ut ~xten~iv-ely in the Gren Saban~ where ~ro~ior£ has ©<Rl.'lved large ·nlJJ~~asJJ 
«:ue~rta.~ 9 and tabl~ land~ from th~ n~ar.ly h©ri.zont~Jl b~d~o In ~outhwe~tern 
Venezu.el~ tb.e R<®r~imft re~t@l dir~©t,ly up©n erod~d. ro©:k~ of the basel!~Mnt 
i@Omplex.9 ~nd in the north~rn areas: of' it~ ~xp©~ure ll upon the F~st©ra series o 

I't~ ba~al part wa~ examin~d l''adiom~tri©:all.y at &tnta Elena and Perai tepuio 

Plei~to©ene and Re©ent ~~d.im~nt&Sl fill ~S~O:m® ~trea.m ©Mnnel&Sl$ thinly 
veneer ~come area~ of the ba~al ©©Jm:olex>~ and fo:rm a ·th.i©k delta at the 
:mouth of th~ Orin©©© river in Territory D®lta. ~CI\lJt'Oo 'They were examined 
at Ri.co Claro$ El Cal©~reoJ) Santa c;atalina. 9 and Peraiterp~o All of the 
ro©k~ <eDJ!Iilined in the northern pa.r·t of the Stat~ of Bc(;))li var are more or 
le~s altered by wea.th~ringo In ~om~ pla©e~ the ro©k 1~ dr®©om;posed to a 
©onsiderable depthJJ to~ ©lay=quartz mixturej irregula:r.ly. ~ttled with 
iron oxides 9 te~d v11tigri·too H The~~ weatb.®red r©©k~ or :re~idual ~oil~ 

; 
were ~xamined al©ng th~ road fr~m ~iudad Bolivar to El Doradoo 

Th~ large· rida. iron, baurtte, alluvial, a:nd quartz ve'in gold deposits, 
and t'.b.~ l©W=grad~ :ttl!U'lgan®~e depo~i:t~ are ©f' ~~onomic ~ign'.ifi©ancge in the 
northern part of th~ areao In the Gran Sabana the gold and diamond pla©er~ 
have~timulated th~ i~gi:nation since the day~ of Sir Walter Raleigh" 

/ 

Radi©met~i© ob~ervations betw~en Ciu~d Bolivar 
and El Dorado~ State ©f' Bolivar 

I 
Radiometri© ob~ervati©ns were made at Cfudad Bolivar and vicinity 

(rio Cand~laria~ ri© Claro9 Ce~o Toribio}~ and El Pao9 El Muerti©~~ 
El Cal©areo$ El Callao di~tdf'i©t9 and El Dor~d© (figo 1~9 D©~i$o 1 t© 6JJ 
in©lu~ive)o In ,.dditions ~. ~ontinuous log of gamm. mdioo~tivity ws made 
from Ciudad B©livar to El D@rado» U!@ing fol"' thi.~ purp©s~ tvo ~ig~r= 
Mueller p:r·~be~ » eadOJ. 40=1nchea { 102 ~en:tim~ter~ ~ longo The~e were mounted 
on the t©p ©t a Jeep and coupled t .o a Nucl~ar In~tru.ment and Chemical 
Corporation Survey me·t~r 0 

/ 
G~udad Bolivar and vicinity 

R©ck@ of the ' ''bas~ment c©m:plex~v were examined :r.adiom~tri~ally at 
~iukd Bolfvar (figo 18~ no .. 1) * ~.t rio Candalaria (fig" 189 noo 1-A) .9 at 
Cerro Toribio {figo l8JJ 1l©o l""B 9 and rio Claro (figo 18, DOo l""C) and 
vi~Ci:ni ty o The latter three l.cocali tieel may be ~epn.rate ex-posuree of the 
aame ~equence «:»f rock~ r~rpeated by foldinf hJ. 'th~ MlO!nt~ Crist© ~rtrm©tll]Jt"~ 

fferfetti (70l7o 
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At Ciudad Joli~ar .. == At Ctudad Boli~ar (fig" 18$ noo 1) Jneis~illl 
- ~ .gr,ani.t.e (Migmatite of .Perfetti}» hornblende~feld~par ·gneiSJ~ {aluminou~ 
fa.lllie~ of Per'fetti)J and·garnf11Jt hornblendite-{garnetif-erous faci-es of 
:b.Gr:nblendite of Perf~tti) w~re examined at · ~ev-era;l pla~e$ intke city., In 
row:uied ~l.1t.«lrqs ~ear tb.~ airport and in front of the church · Ban Ysidro j 
high.lyt f~l~pa;tM©: well=ba.nded giQ.eissic grani t~ i!j composed of medium= 
grai.:aed·-~t~r~d crystal~ of feldSJpar~ j qus.rtz and biotite 9 accompanied 
by ~parse$ large cry~tal~ of ma.gnetite 9 biotite, garnet~ zircon, and_ 
s&m.are:kite{?) in pegmatitic veinlet~o The radioactivity wa~ 3 = 81 5 (B).9 
2o5 = 4-j 3 (G) 9 'but $Ome ~par£']e cry~tals of suar~Skite('f) a~ J~~uch-ae 2 
centimete-r~ ~quare a~sociated with similarly large rc;rys"tal~ of .l.'flS.pl'ti t~ 1 

-bioti•1 and garnet in fleds:par pegmatitic veinl~t~ were highly rad.toa.ct.ive 
[il = lp; i5 (:B) J~ 7=9$ -~ (etl7" A ©hip f2iample of the gneissi.c g:ranite, 
analy~ed r~di®>metrically in Cararc;a$» contain~ 0.,005 percent equivalent . 
urani"W.no The ra.d.iooctive ;$J<amar~kite{1) probably i~ a~ ra.d.ioactive as $1~,., 
ilar mterial from rio Candelaria that contain~ Oo 023 percen"•. equivalent 
uraniumo Neither the hornblende=f'eld$par gnei~~ _9 nor the P,l"netiferous 
hornblendite a.re appreciably radioactive) 1 = 3; 1, (G9 . B) o 

Along the rio Candelariao== Along the rio Candelaria, about 15 kilo­
meter~of Ciudad Boli~ar at a ~ite known a~ Lo~ Salto~, or Lo~ Banos 
(f'.igo 18$ noo l=A) J~ quartz=feld~par :peg;:mati t~s ha:ve been injected along 
foliati.on plane~ of hornblende=bioti te gneis~ JJ that in turn i~ inter layered 
with feldspar=quartz granite gnei~~$ or migmatite of Perf~tti and Candiales 
(10~, the common country ro~ko Foliation strik~~ about No 4;0 Wo and dip~ 
nearly verti©allyo N:anow irregular apophy~e~ of the ~gmati te.IJ ee:pecially 
in the hornbl~nd~ gnei~~ 9 contain knots of biotite~ ~ome feld~par$ and 
~amar~kite(1)o The large~t of the three such knot~ ob~erv~d is about 1 
foot (30 centimeter~) ~quare but tapers out irregularlyo T1le radioactivity 
of the hornblende=biotite gnei~~ and of the feld~pitr=quart~ granite gneiss 
is n©t ap·preciable {l = 3; 2w B) but that of t;he ~ama,r~kite (?~ is 10 - 50~ 
10+ (B) o A ~mall ~pe@imen of the mineral, ~omewhat contaminated. with 
biotite$ @Ontain~ Oo023 percent ~quivalent uraniumo Similar abnormally 
ra.dioa.etive clot~ of black mineral~ were ~l~o ob~erved in ~imile.r hot:$t ro©ks 
ab(m't 1 kil~Dmeter do~~tream from L©~ Sal to~.. The radioocti vi ty of' the 
fine=gt'ained cl<Ot~ was 4 = 7$ '6, (B)" 

At Cerro Toribioo == At Cerro Toribjo (or Tori vio) l7 (figo 18 noo l=B) lJ 

about~kilometers ea~t of Ciudad Bolivar along the road to Upata, the 
carborne radiatio~ meter defle©ted an abnormal amount {12 ~cale divisions 
ver~u~ a normal deflection of 3 division~)o Detailed observation indicates 
that most of the radioa~Cti vi ty is a:pparently cau~ed by heavy minerals in 
sands and residual clay~ derived from granite gneiss containing pencil= 
thin pegmatitic facie~, although some may be ca.u~ed by radium or thorium 
a.b~brbed in the clayo Cerro Toribio iSJ a graas=covered hill composed of a 
sheeted quartz mass in the form of a dike about half' a kilometer wide that 
extends for several kilometer~ No 23° Eo from the Cerro., She~ting in the 
quartz strikes No 15° to 40° Wo and dips steeply ~outhwest 9 the same 
attitude as the gnei~sic banding of foliation in the surrounding gneisso 
I n a half=mile traverse, ·the rad.ioactivity of the quartz :mass was found to 
be not appreciable (0 ~ ~L5~ 2)o !be radioactivity of small patche$ of 
typical '~tigriton (residual soil) formed from the gneiss is as much as 
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5 - 7 a 5; "6 (B), al thou.gh that of most of this material 1~. 3 - 5; .lj:" (B) " 
The radioactivity of san-d derived rrom; t ·b.e gneiS$ and. collected .. along the 
r oad -gutters is fram 3 a5 5o 5 and averages 4 <>5 s~ale di vi~ions {B) o A 
sample (T.,.l) of the most ra.d:i-oaetive· 'tti:grito" contains Oo 004 percent 
equivalent uranium, arid e. sample (T-2) of the sa·nd containing visible 
"heavy ... minerals contains Oo 005 perce-nt equivalent uraniumo 

Rio Claro"""'""· Betveen 14 and 1' kilomete-rs from Ciudad. Bolfva.r, a road 
that leads 37" 3 kilometers ·s-outhwest to the rio Claro (figa 18, noo 1-C) 9 

crosses diagenall-y the ~trik-e of' a series of b~u1ded gneiss (migmatite}, 
equigranular hornblende=qua.rtz=feldspa.r rock, a.pd peis@$i c -grani te­
porphyry(?), containing narrow pegmatitic injections, or porphyriti~ facies 
.of similar ro(;k that are as much as l foot (30 ~m) Jn widtha . The banded 
,gneiss .wf.th accompanying eoarsely cryfiJ~alli~e faoiEU1 . resembles the rock 
-a.t Cerro Toribio and t:tlat at Candela.rtae· ft~y may be tb.e same group of 
rocks repeated by: :f'C>ldiDl!b · ·although ·tb,e hornblend.e~ptidss at Rio Candelaria 
was not seen in the other 1-ocalitieso The radioactivity of the banded 
gneiss (migmatite) was 3 "" 7§ S (B), that of granite porphyry{?) 2- 5; 
3o5 (B):~ and that of "tigrit(;}" derived f:r~m gneiss, 3 ""' 5.; 4 (B)o Be(gent 
sand containing a.n appre~iable proport:,ion. of heavy :mipe:ral~, including 

'monazite, is concentrated along the banks of some of the smaller streams 
and the rio Claro., '!'he radioactivity of this materials was an average of 
17 scale divisions (beta-gamma), n (ga.mma) at a small stream :north of 
rio Claro; and 17 (B), 11 (~) ~t t·~ rip ClaroG Samples were taken 
of radioa.cti ve sand and "tigri to"' (noQ E),, of ra.dioaeti ve sand at the small 
stream north ofrio Claro (no, F), and of sand with visible monazite at 
rio Cl aro (:no" G) f or further radiometric analysis in Cara©:a.so The samples 
contain respectively 0.,019, Oo06, and Oo087 percent equivalent uranium" 
liea.vy=mineral separations were made of samples no" F and noo G and examined 
under the microscopeo They both contain abundant magnetite and zircon and 
sparse monazite, although :monazite and zircon were more abundant in sample 
noo G than in sample noo F 9 .and iu sample noo G tra©:e amounts of garnet 
were observed" Zircon 1~ in opaque prisms or colorless grain~o The magne ... 
tite, colorless zircon, and monazite are all well rounded, suggesting that 
they were transported fa;rther before depo~Sit:ton than the prismatic zir~on" 

El Pa.o 

/ 
El Pao (figo 18, DOo !) , about 143 kilometers east of caudad Bolivar, 

is the site of the operating iron mine leased by Iron MineS~ Company of 
Venezuela (Bethlehem Steel Company), San Fe'lizo 

The r~cks of El Pao ~omprise from youngest to oldest, Oanga, intrusive 
norite, ferruginous quartzite (itabirite), hematite ore, ferruginous elay, 
and ba:p.ded gneiss (migmatite) or gra.nite(?)a The Canga. is a.:Orec~ia of 
quartzite fragments more- ~r less-cemented by hematite, limonite, clay, and 
bauxite that is derived from the ferruginous quartzite<> The norite is a 
dark gray-green equigranular medium-grained massive intrusive rockc Blue­
black hard hematite ore, containing as much. as 70 percent •,.Fe (within a 
fraction of 1 percent pure hematite) overlies softer less-ferruginou$ 
sandstone and gneiss or gra.ni te( ?) , and term:.inates downward abruptly agai.ns.t 
h i ghly argillized gneiss or grani'te( ?) o The ferruginous quartzite 
('itabirite) of the Imataca series, where observ~d, is ·friable but elsewhere 
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in the ·deposit is reported h~ Zuloaga. (65}, and·Wr!pt and :Whe~tt;m (72) to 
.be. ~e typical ·quartziteo a:I"h.e Te~k i ·s med:f.um.,..,,gre.ined, equigranular, comf 
p.Gsed ·af subangular to aubround-ed quartz grai·ns, and interle.minated w1 th 
magBei}ite and hematiteo ·Zuloa'P and Tello i, state {~, PPo 12, 2') that 
.it c.ontainS·· an average of about 4; per~ent iron and that hema:tite is a 
late alteration prod\u;;t of or-igi·nal -sed:imentary magnetite o Where observed 
in road cuts excavated for o}.:len pit mining, and also at Gutierrez Jlill, the 
at~ti tude ; · of relict banding in the rich iron ore and of the contact of the 
underlyi.ng·.·gneiss or granite{1) itself is exactly concordant 'With tha.t of 
the foliation of the underlying granite(?), or gneiss although Zuloafi a 
reports ·{6;} ·the eon:ta·ct is -elae~ere obscured ·by in·brus:tve gra.ni4:,eo .. · ae 
sharpness of the -contact be·twe~n "lean ore'~' (hematitic, a.rgillize4, gne.iss) 
an.d argillized gneiss in the road cut above the mill suggests that ~Iter­
ation ba.nding was affected, or was guided by original foliation or bedding, 
but the contact of rich quartzitic hematite at Gutierrez B:ill is probably 
the true contact of the Imataca formation and underlying gneiss or granitea 
In form the deposit is a bowl or synclinal basin, intruded by noriteo 

The radioactivity of all the rocks observed was slight, although that 
of the altered gneiss or granite was 1 = 3; '! (B) a The rich hematite ore 
was nonradioactive; one observation beneath an overha.ng of the ore was 
0 - 0; U (B) .. 

El Muertico 

As it appeared to be representative of the residual manganese deposits , 
of the northern part of the State of Bolivar, we examined the concession 
known as El Muertico on the Cerro Santa Rosa about 10 kilometers south of 
Upata (figo 18, DOe 3)o 

In a pit 8 feet deep, ferruginous quartzite (itabirite) is overlain 
by a breccia of limonite-cemented ita.birite that grades upward into resi"" 
dual manganiferous, limonitic sandy clayo 'r.he radioactivity of these 
materials ranged from Oo5 to 2 scale divisionsj averaging 1 (B), and. is, 
therefore, not appreciableo 

El Calcareo and' vicinity 

Along the Upata.-Tumeremo highway about 25 kilometers east of Upata a.n 
intersecting road leads to El Palmar to the east and to the Carachapo River 
and El Ca.lcareo about 20 kilometers to the southwest (figo 18, noo 4)o 

El Ca.lca.reo, at the base of the Sierra 'fomasote, is on a flat terrace 
covered with granite ·gneiss, that is in part residual, and in part detritalo 
Cement consists of white caliche (sodium and calcium carbonates)a The 
radioa.ctivi t~ of the materia,l is not appreciablej 1 - 2; r:-; (B) o 

At the Caracha.po River the Caracha po men'ber (probably the Past ora 
series of Zuloaga.) is exposed along the stream bankso · The rock is a green 
hornblende-chlorite schist that was not detecta.bly radioactivej 0 - lo5; 
u:? (B) o 

CONFIDEN'I'IAL 



CONFIDENTIAL 

74 

El Callao district 

The~ · gold minin-g district of El Callao {figo 18, -noo 5) was discovered 
in 1853, · and accordingto ··Miller and .. Bingewald (37) by 1857 had produced 
1,43-S, 638 ounces o:f gold from placers and veins and was the richest district 
in the worldo Production from 1871 to 1890 is recorded a.s more than 

··$30, 000,000 /Newhouse and Zuloaga, (73)}o . The general geology of the dis­
trict is illustre:ted in figure 19.; -Goid.,.,qua.rtz veins of general east to 
nGrtheast stri~e and south to southeast dtp have been injected in gently 
folded., .green ande·si tes and diabase -of the Pastore. series, and gabbro" The 
ve.:tns . in general strike parallel to the axial traces of the folds, and 
consist of multiple injections of quartz in convoluted structures forming 
a small lode ·system -for each vein o Free gol<i is commonly associated with 
sparse pyrite and selvages of and-esite along the sides of the veinso The 
radiG>activity of all of the rock *ypes exposed and examined in the Callao 
district we.s not appreciable, ranging from 0 to 2 s cale divisions and 
averag,ing Oo 75 divisions (B)" Rooks examined include andesite, aplite, 
augite~biotite porphyry dike rock, jasper, and quartz in the Laguna and 
El Peru' mines (fi g" 19, A and J), quartz at the Ma.mon vein and alluvium at 
Hansa flat (figo 19, C); and andesite·, pillow lava, and gabbroie(?) country 
rock elsewhere in the district (figo 19_, D) " In addition, four screened 
placer samples from Quebrada Mocupia, near Nacupay (figo 19)were furnished 
by Ro Po Morrison, Direccion de M~aso These samples, examined radiometric­
ally in the Oaradas laboratory, contain less tllan OoOOl percent equivalent 
uraniumo 

El Dorado 

El Dorado (figo 18o noo 6)is about 400 kilometers (240 miles) by road , . , 
southeast of Ciudad Bolivar at the junction of the Yuruari and Cuyuni Riverso 
Gol d has been mined from placer deposits of the area and from some of the 
quartz veins that transect mafic igneous rockso In the yard of the penal 
colony a glassy quartz vein about ·6 feet (lo8 meters) wide contatns a few 
vugs a.nd a few crystals of ma.gneti teo The vein trends N 0 6q0 Eo dips 60° 
southeast and was injected into green andesite and quartz-pQrphyry intruded 
by diaba.seo The radioactivity of residual soil derived fro~ the mafic rocks; 
the mafic rocks, the quartz vein, and sand from the banks of the Cuyuni' 
river was not appreciable; .0 ,.. 2; I, (B) 0 

I 
Radiometric observations ip the Gran Sabana, State of Bolivar 

The Gran Sabana in the southeastern corner of Venezuela (figo 2) 
occupies approximately the southern third of the State of Boli~ar and con­
sists topographically of broad upland valleys and peneplains surmounted by 
isolated scarped table lands (Tepuys)o The altitude of the .Sabana ranges 
from 810 meters (~,624 feet) to 2,630 meters (8,628 feet) /Tate, (64)7 at 
Mount Roraimao This magpificently scenic region is covered largely-by 
grass where the soil is derived from the Rora.ima formation, or by dense 
jungle where the soil is derived from mafic igneous rorcskso 
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Radiometric observations were made at Santa Elena and vicinity (figa 
18, n·o~ 7), and ·at Perai tepuy (figa 18, noo 8) o 

Santa .. Elena and v-icini:ty 

Santa. ·E-lena, at the southea-stern edge of the G.ran Sabana (figo 18, 
no" 7} is situat·ed ·on a ·lluvial· outwash derfve'd from the bss·al ·RorailJla 
formation and from older volcanic ro«:ks" Quartz porphyry of the old basal 

. complex extends from :B kilometers ~outh of the town, southward into Brazil;from 
1 to 2 kilometers south of Santa. -Elena a thick ·gabbro sill has ·be·e·n injected 
:Lnto the Rora.ima formation near its base o The reconnaissance of Aguerrevere, 
Ltpez.l Delgado and Freeman ( 67) shown on figt ,'""P.S 2 ~nd 18, and later studies 
by-LOpez, Mencher, and Brineman ( 69) ~ des~rib~ th~ g~~D)l~gy o 

The basal beds of the Roraima were examined on a 5 kilometer traverse 
west and north of Santa El ena; they consist of well-bedded pale cream 
micaceous sandstone and. conglomerate, some maroon sandy siltstone, and some 
orange jasperoido The well~rounded pebbles in the conglomerate consist 
predominantly of shattered quartz, although some quartz porphyry and :f'erru­
gii;\OP.S laminated quartzite was notedo. Pebbles are as much as 10 centimeters 
in ·diameter and are i.n a c l ay-sand matrixo Beds are commonly from 30 centi­
meters to 1 meter thick, and are in general evenly bedded, although some 
cross-bedding was seena 

The gabbro sill is a medium-grained dark green ro~k that in general 
supports dense jungle o The rock is massive where expo~ed east of Santa 
Elena in the hill known as El Calvarioa Thin sections of t his rock exam­
ined in' Caracas show 1 t to be a hypersthene duni te contai.n:ing pigeoni te and 
diallage with diabasic (o·phi t i ©) textureo 

The basal complex, examined in a traverse of about 11 kilometers south 
of Santa Elena to San Domi ngo, consists of a green qua.rtz-san.idine(?) por­
phyry that weathers gray-b:rowno North of Sa.D'ta Elena this rock is deeply 
lateritizedo 

Ra.diometric observa.t i ons made of all these rocks a.nd of alluvium 
derived from them disclosed no appreciable radioactivity; the instrument 
pointer fluctuated between 0 and 3 scale divisions and averaged about lo5, 
(B) o 

Peraitepuy 

Perai tepuy, about 30 kilometers west of Santa .. Elena may be reached 
from Santa Elena in a 10-minute flight or by a. 2-day walk., The airport is , 
on top of a. mesa of Roraima sandstone and is about 6 kilometers west of the 
operating open-pit diamond workings, called La Joyada., of the Compartia 
Venezolana de Diamanteo 

La Joyada~-- The company, using a clam-shell bucket, trucks, and a 
small gravity mill capable of handling 150 cubic meters daily, produces, 
in each 16 hours, from 5 to 50 karats of diamonds and a small wmount of 
gold according to Castro (74) o The diamonds are commonly coated with some 
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substance that gives them a green color, and inasmuch as the green color 
of some diamonds is thought by Davidson and Bowie {75) to be ca~t,lsed by 
radioactivity, the diamonds of -Peraitepuywere of particular i:nteresto 
The diamonds, associated with zircon, tourmaline, jasper, magnetite and 
limonite pellets, occur in a zone (the formacion) from a few cent~meters 
to 1 meter -thick, of white cla.y-~avel composed predomina.ntly -of q\lartz 
pebbleso The diamond-bearing "formaci<fn" rests on mottled white and buff 
clay (the Cascajo), and is overlain by black soil (the Cogote) and quartz­
pebble gravel cemented by calcium carbonate (the Caliche) o The deposit 
worked is in an old stream valley that is very close to the base of the 
Roraima formation; Aguerrevere and others {67, Po 330) thought the diamonds 
are weathered from these basal bedso 

The radioactivity of the diamonds and the enclosing soil and stream 
deposits was not appreciable; 1 - 3; 'i, (B) a The heavy minerals (indica­
ciones) left after being -cleaned of gold and diamonds were spread on the 
ground near the mill; this residue was also not detectably radioactiveo 

La Faisce.o -- The abandoned placer gold and diamond camp of La Fa.isca, 
about · lQ kilometers by Jeep east of the airport, ts along a stream-valley 
that drains the basal conglomeratic beds of the Rore.ima formationo Sub­
rounded quartz boulders as much as 45 centimeters in diameter a.re abundant, 
and some large euhedral quartz crystala were seen.. A traverse from 
La Faisce. was made stratigraphically up through the deeply weathered green­
ish porphyritic rock into conglomeratic sandstone of the Roraima formation 
that contains some vein-quartz sills; the maximum radioactivity observed 
was 3 scale divisions (B), and the averageabout 2 (B), and the rocks are, 
therefore, not appreciably radioactive() 

Zone of black sand in Roraima sandstone"-- A zone of black sand in 
Roraim.a sandstone is exposed in the road cut about 20 feet beneath the top 
of the first broad bench formed by Roraima sandstone above La Joyadao The 
zone is about 4 meters tll.ick and consists largely of, 'friable white. to pink 
cross-bedded sandstone. The cross beds, he~e, .· as well as in sandstones 
e:Xposed on top of the mesa of Peraitepuy south of the airport, indicate that 
the streams probably flowed from the southeast to the northwesto The sand­
stone is composed predominantly of subangula.r quartz grains stained · by 
hematitej within the sandstone are conspicuous thin be.nds,from a few milli­
meters to a centimeter thick, of black mineralso 

· The radioactivity of the beds above and below the black sand zone is 
not .detectable; l - 2o 5; i · (B), but that of the zone of' the black sand beds 
is detectable, although variable., The radioactivity of the most highly 
radioactive bed, 1 centimeter thick, was 5 - 6; ;:; (B)o Samples of this 
contain OoOl percent equivalent uranium, and a heavy-mineral separation of 
this sample examined und~r the microscope contains abundant magnetite and 
hematite, less abundant zircon, a.nd sparse monazite., This black l:Sandbed 
is not of economic interest 'but more ra.di-oa:ct1:ve sa;:qds '11Ja7 c'be· ''Tound in ·tlie 
Roraima series e 
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Icabar~ 

Altkou.gh no radiometric observations were ma,cie in the vicinity of ; . 

· I.eabara-(figc, 18, noo 9l, the opportunitywas taken to talk -with George 
Ki:r.&briGe, · diamorui buyer o Be· had collectte<i · same of the heavy m~nere.ls 
associated ·with <iiamends and gold (indieaeiones) ·and sent th.em to his 
di&Mnd cutting· shop in · Fl()rid.a.o ·A sample of this me/ir.erial analyzed by 
the United States ·Geological Survey Trace · Elements Section, ·Washington 
Laboratory,tcontains only Oo003 percent equivalent uranium, but may not 
be representative of .indicaciones from the entire regiono 

Radiometric observations near Santa Catalina, 
'Perritory Delta Amacuro 

,.; 
Santa Catalina is a small village on the south bank of the Cano Piacoa 

which is a. short branch of the Rio Grande, the southernmost tributary of the 
.Orinoco River (figo 2) o ';!?he village was reached by launch in six hours from 
Tucupita which is ~-l/2 hours, by launch e~st of Barrancas, the easternmost 
airport,' :for regular ~ommercial flights o 

In the Quebrada AMn, about 5 kilometers southeast of Sa,nta Catalina, 
Dr o Ricardo Falero, Juan Figuera., and Ismail Gouland have a gold and zircon 
concessiono The concession covers an old alluvial deposit and has been 
tested by a series of pits over an area :about 120 meters long and 30 wideo 
A representative section from top to bottom exposed in one of the pits is~ 
15 centimeters of dark brown to buff clay soil with some sand, 61 centi.­
meters of buff clayey Tsand and sandy clay; and 45 centimeters of gra.y clayey 
sando The radioa.ctivity of these three zones is, from top to ba.se, 0 - 1; 
tr:J (B); 1- lj '!(B); and a- 3o5; ~ (B)o Zircon in subangular prismatic 
brown crystals that are as much as 1 centimeter in length is concentrated 
from the sando Samples taken at O=inch intervals down the pit wall and of 
batea. (analagous to "gold-pad'' concentrat~s from one pit were unfortunately 
misplaced.o A sample of cleaned zircon cerlcentrate furnished by Dro Falero 
and analyzed in Caracas, however, contains Oo 73 percent equi vale,nt uraniumo 
Under the microscope the concentrate is seen to be composed predominantly 
of rounded grains of magnetite, although subangular quartz and feldspar 
grains are abundanto About 30 percent of the sand is composed of small 
rounded colorless grains and large euhedral purplish-brown crystals of zir­
cono Slightly rounded light pink fragments of garnet, sphene, and amphibole 
are less abundanto Dro Falero states that trace amounts of gold and diamonds 
have also been foundo 

The gravels have apparently been derived from granitic and gneissic · 
rocks of the region (L6pez, and others, (68)7 and the oc'currence of these - -· , radioactive heavy minerals here and near Giudad Bolivar suggests that radio-
active minerals are widespread in some of the gneissic rocks in the northern 
part of the Brazilia.n shi~ldo The deposit itself P,r.obably does not meri1[; 
mo:r;e field work, but if petrographic study and chemi.cal analyses show an appre­
ciable amount of other rare elements 9 more study of this and surrounding 
areas should be unde~takeno 
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Road log of gamma=ray activity 

~ 
A record of gamma-ray aetivi ty was kept from caudad -Bolivar to 

El Dorado using the carmou:nted<Geiger-Mueller probes previously describedo 
The equipment used has a normal counting -rate of about 1,500 co'tints per 
minute -as compared to the 30-60 counts per -mirrcrte normally recorded by the 
small hand-portable rate --meter-s -and has been successfully used in the 
tJmtted States -of America for both reeonmaissa.mce and detailed prospecting, 
as well as for tracin-g known radi.oactive rocks within small areas of low 
relief and alti tudeo The i.m;;trument used ea.sily detected •vtigrito" and 
radioa.cti.ve 'sand near Cerro Toribio, samples of which contain only Oo004 
percent equivalent ura.niumo 

, 
The general results of the roa.d traverse from. Ciudad Bolivar to 

El Dorado indicate that sands containing heavy minerals derived from some 
of the banded gneiss containing narrow pegmatitic facies are the most 
radioactive, followed in order of decreasing radioactivity by gr~nite(?), 
residual soil, laterite, itabirit e, hematite ore, norit_e, gabbro, diabase 
and andesite, and hornblende~chlorite schisto In terms of formations, the 
order of decreasing radioactivity i~ 1) , gneiss of the basement compl,x, 
2), r~sidual soil and laterite, 3), Imataca formation, 4), Pastora series, 
and 5), the Carac~po ~ember~ 

The backgroupd level of radiation was 2o5 scale divisions or 1,500 
counts per minute (the 2 milliroentgen per hour sensiti...,vity position was 
used throughout the tri.p) on paved roads in caudad Bolivar, and about lo8 
scale divisions on a launch i.n the middle of Caron!' rivera The ba~ic rocks 
of the Pastora series and .the Ca.ra.chapo member, the norite near El l?ao, the 
rich hematite ore of El Pao, and the mafic rocks within the basement complex 
deflected the meter only slightly above b'ac:kground, that is, from 1 to 3 
scale divisions o The instrument generally fluctuated bet~"'een 3 and 8 scale 
divisions upon the more fe,lsic rocks of the basement, al}hough at Cerro 
Toribio and at kilometer 52 on the road from caudad Boli va.r to Upa.ta the 
reading was 12o5 scale di.visions o The maximum deflection reached was 17 
scale divisions at rio Claro (Figo 18, noo 1-C), and a sample of the radio­
active sand from there contains Oo087 percent equivalent uraniumo 

Data are inadequate to calibrate the in~trument deflections on the car­
borne equipment in terms of deflections on the smaller hand portable equip­
ment, but data obtatned suggest the following correlation~ 

Carborne meter deflection 
17 
15 
12 
10 
; 

Band-portable meter deflection 
12 
10 
7 
6 
3 

Various attempts have been made by the United States Geological Survey to 
calibrate meter reading of either hand portable or carborne radiation meters 
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-in terms of percent -equivalent uranium, but except in -areas of ·exception• 
ally uniform terrain where minute radioactive minerals are uniformly dis­
tribu-ted the··attempts have--been suc@essful en·ly, in gene-:ral termso· 

1 
In .. future work in the northern part of the State of Bolivar the car-

l;>orne radiation equipment should prove of great utility, but the data 
obtained should be cross~checked by means of radiometrically analyzed 
sample so 

Summary and conclusions 

I 
During -the reconnaissance for uranium in the S-tate of Bolivar and 

Terri-tory Delta-Amacuro, radiometric observations were made of all principal 
rock types expesed in their principal areas of exposure:P that is, the rocks 
.of the Archean(,?) basement .complex in tbe northern pa.r·t of the area and in 
the extreme sotithwestern corner of the Gran Sabana, the Imataca and Pastore. 
s.eries between El Pao and El Dorado, the Roraima (or Ka.iteurian) series in 
the Gran Sabana, and alluvial deposits in all areas coveredo The use of , 
the car borne Geiger counter in the road traversed between caudad Bolivar 
and El Dorado gives some assurance that the route traveled was fairly well 
prospected, but much more work will be required before the uranium poten­
tialities of the vast area ;south: of th'@_ -Orl:neco will. be -clearly knoTiitlo 

The results of this radiometric reconnaissance suggest that some of 
the more felsi c rocks of the basement eomplex and of the basal Roraima 
series are worth additional study but that~ the more mafic rocks of the 
Carachapo member, of the basement complex, of the Pastora aeries , and of 
the Roraima series are apparently devoid of r adioa;cti vi ty and probably do 
not warrant additional studyo The deposits of bauxite, hematite, manganese 
oxides, rn.d the gold-quartz veins ·are also not appreciably radioactive, 
although additional study is merited of some other gold-quartz vein deposits, 
especia.lJ..y those that contain an appreciable quantity of base-metal su.lfideso 
It can be expected that some of the heavy mineral~ concentrated with gold 
and diamonds in the placer deposits of' the area will be radioactive, 
although those examined are not appreciably soo It would be of interest to 
determine the constituents of the green material coating the diamonds from 
the Gran Saba.na, and in r ·urther study of such deposits i.n the region, 
thucholite .LDavidson and iowie, (J5l7 should be searched foro 

The basal sandstones and conglomerates of the Roraima series, where 
examined, are not appreciably radioactive with the ex~Ceptiou,, ·. of the zone of 
radioactive black sand at Peraitepuyo Neverthelea~, the fact that zircon 
occurs at Pera.i tepuy suggest that zones containing richer deposi +,s of zircon 
and perhaps other radioactive minerals might be found by additional stucly,; 
moreover the numerous sills of vein quartz s:uggests tqt ign~"'""'- :lntrusive 
rocks, possibly associated with the ~uartz-porphyry sills,unilercli~ ·the areao 
Therefore, even though no indicatiolls of metallic mineralization of the 
"red beds" type have been reported, the presence of intrusive igneous rock, 
of detrital uranium minerals and of' highly porous and probably permeable beds 
of the basal Roraima make these beds potential host rocks for deposits of the 
"red beds tt type o We, therefore, suggest a continued search for carnotite 
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Some of the residual clays, derived :from the reeks of the basement com­
plex contain as much ,as Oo004 pereemt equivalent ura.niumo This ·material 
p:robably contains only trace amou:nts of ura.nium, but -chemical analyses are 
requ-ired -te> subs-tantiate ,the suppositiono 

' The pegmati tic facies of banded granite gneiss {migma.ti tes) of the 
basal complex and heavy mineral placer coneentra.tions derived from this 
rook -appear to offer the most promise of immediate- reward for future worko 
Sampl-es of sands contain from Oo019 to Oo 73 percent equivalent uranium, and, 
even though most of the radioactivity of the contained monazite, zircon, 
samarskite, and other minerals may prove on chemiaal analyses to be caused 
by thorium, further stud.y of areas along the northern border of the 
Brazilian shield -may disclose deposits richer in these minerals that may be 
of commercial valueo The fact that specimen quantities of rare earth­
uranium-thorium minerals such as samarskite(?) have been found in place 
suggests that further search will disclose more such deposits, but unless 
exceptionally rich or numerous they will probably not be of great economic 
interesto The probability that these abnormally radioa.cti ve rocks are in 
relatively thin zones that can be traced radiometrically at the outcrop, 
or by radioactive residual soil and placer deposits derived from them, may 
prove to be of practical use in field mappingo In the mapping, it would be 
desirable to compile an isoradioactivity map of the area studied, from 
data obtained by using the carmounted radiation detectorso 
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PRELIHINARY SUHVEY OF' GAiVIHA~R-A..Y ~·JELL LOGS 

?urrnnarr 

Gamma=ray well logs were examined for significant radioactivity from 
more than 140 representative 1.vells in most of the oil fields of Venezuelao 
The logs were rectified to a standard sensitivity scale of 10 inches and 
were approximately calibrated to read in percent approximate equivalent 
uranium for better comparison with rock sampleso 

Garnma=ray logs are described from all the oil field areas and the 
abnormal gamma=ray deflections on the logs are evaluatedo The most radio= 
active rocks found and discussed in relation to the geology are the black 
calcareous~ phosphatic basal shale beds of La Luna formation of Cretaceous 
age in the western Naracaibo basino These basal beds~ called the "fish=bon/en 
beds 9 probably contain about Oo014 percent approximate equivalent uranium l 
in some thin bedso The radioactivity recorded from wells in eastern and 
central Venezuela is iess prominent and the slightly radioactive rocks are 
erratically distributedo The greatest radioactivity in eastern and central 
Venezuela 9 about Oo006 percent approxirrate equivalent uranium~ is probably 
caused by carbonaceous and lignit ic beds in the Oficina formation of 
Oligocene ageo 

Recommendations are wade '' for tfie -cont;:Bmiari;~-~ :' of tlie study of gamma~ray 
logs as one simple means of art1assing data on the radioactivity of rocks and 
fluids and as a guide to areas and rocks of interest in the program of 
uranium investigations in Venezuelao 

Introduction 

A preliminary survey of gamma=ray logs 1-~as made during June and July 
1951 to accumulate additional data about the radioactivity of rocks in 
Venezuelae Gamma=ray logs representative of the different drilled areas 
were obtained from most of the oil=producing companieso The follmring 
discussion is a resume of this study and includes data from all the major 
oil fields and a number of the smaller oneso 

Gamma= ray logs shov.r the gamma radioactivity of the materials in the 
well logged and are commonly used in such studies e.s stratigraphic corre= 
lation.Y determining porosity and liquid saturation~ they are also used to 
record casing depthso The data obtained may be used to indicate rocks or 
areas of abnormal radioactivity requiring field study~ as well as to de­
limit rocks or areas of little radioactivity requiring no studyo The 
study of the logs will contribute to a better understanding of the distri= 
bution of uranium in sedimentary rockso In addition.:< if sufficient data 

)) A term used -to denote the amount of radioactivity calculated from 
garnma=ray logso 
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are available)) the logs may be calibrated semiquantitatively and used in 
the calculation of low grade reserves of uranium oreo 

Until recently the gamma=ray logs :rmde in Venezuela 1-mre usually 
without a zero reference line from which the amplitude of deflections 
could be measured directlyo Many of the logs examined were without this 
zero reference and the amplitude of deflections in these logs was esti= 
mated by comparison 'vith logs containing zero references in adjacent wells o 

Instruments for gamma=ray logging are usually adjusted in sensitivity 
to record best the radioactivity of the material loggedo The so-termed 
sensitivity scale is analagous to the range or sensitivity position of the 
portable ratemeters and refers t<:) the maximum distance that the recording 
pen could travel on the log papero In traversing material of different 
radioactivity~ the sensitivity scale could be as much as 20 inches to 
expand the record of subnormal radioactivity:; or as little as 4 inches to 
compress the record of abnormal radioactivity., 1-lost ma.t erials in Vene= 
zuela are recorded on a sensitivity scale of between 7~5 and 10 incheso 
In order to compare the radioactivity shown on gamrna,=ray logs with that 
of samples 9 a conversion factor is requiredo Gott and Hill (47) have 
found by the application of radiometric analyses of many' core samples 
that each inch deflection on a lO=inch sensitivity scale represents ap= 
proximately Oo 0007 percent equivalent uraniumo The conversion factor is 
only approxi:rnate 9 and in our preliminary study was applied without regard 
to casing 9 fluid content of well.s or other .factors that might alter the 
conversion numbero For exrunple 9 in the case of large sharp anomalies the 
factor would tend to be low because of the re sponse=time lag of the elec,= 
tronic apparat.use The figures of approximate equivalent uranium that were 
calculated from the gamma=ray logs are 9 therefore 9 by no means exact but 
are in the same general units reported in normal radiometric analysis and 
therefore afford a base of comparison; the conversion factor approximately 
checks the radiometric analyses of core samples taken in the western part 
of the State of Zuliao 

Personal visits to examine gamma=:ra.y logs were made to the Socony~ 
Vacuum Oil Company of Venezuela; the Mene Grande Oil Company 9 Co Ao; the 
Texas Petroleum Company; the Creole Petroleum Corporation; and the Shell 
Caribbean Petroleum Company o Gamma=ray logs were also obtained from the 
Pantepec Oil Company; the Sinclair Oil and Refining Company; Phillips 
Oil Company; SoA.PoLoMo (SoAoPetrolera Las Mercedes); the Venezuelan 
Atlantic RefiniP~ Company; and the Richmond Exploration Companyo Mro .Keith 
Miner and Mro Jay Beaver of the Petrotec Company freely gave advice on 
calibration technicalities and much information on logs of interesto 

Among the principal references to the geology of the oil fields of 
Venezuela 9 those consulted during this investigation are the papers of 
Hedberg 9 Sass~ and Funkhauser (76) and (77) 9 Staff of the Shell Carib­
bean Petroleum Company (46)~ and Mencher 9 and others (50). 
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The location of the oil fields of Venezuela and of the wells \<lhose 
garruna=<t•ay logs \-J"ere examined are shown on figure 20.9 and a list of the 
wells whose logs · "-'Jere examined is given in table 7 o These wells are 
grouped by areas~ V<rithin each of <t1hich the general structure and the 
3trati£raphy are about the sameo These areas " discussed in order from 

~ / , / 

eastern ts,. western Venezuela are g the Jusepin=Santa Barba.ra area Jl the 
San Joaquin=Guarico area 9 the gyeater Oficina area 9 north=central Vene­
zuela.)) eastern Falccfn 9 the Bolivar Coastal Fields 9 northwest Zullajl and 
the Barinas areao The stratigraphic sections of these areas are shown 
on Chart 1 9 columns A through Z9 and the general g eology~ on figure 2o 

, " 
Jusepin=Santa Barbara Area 

<~' I 

The Jusepin=Santa Barbara area is in the north'V~Iestern part of the 
/ . 

St0te of Monagas within the Nat.urin ba.s i no Eight gai'P.ID.Cl=ray logs were 
examined in the Quiriquire 9 Jusep{n.9 and Hulata fields (figo 20)o_ In 
general the 1r.rells in this area penetrate rocks of Iviiocene to Eocene age 
which are the oil=producing forma.tions [Mencher and others~ ( 502} The 
stratigraphic section is shor...n on chart 1 9 coluJnns V and To 

The Quiriquire . field , 

In the Quiriquire field)! well Q=290 extends through the Nuevo Nundo 
(Tinajitos) formtion of the Merecure group)! both of upper Eocene and 
Oligocene age o Unconformably above the Nuevo N:undo is the Los Jabillos 
formation of Oligocene ageo A s light increase in garmna=ray activity was 
logged at the unc onformity between the t1-ro sandstone lmitso Two other 
small gamma=ray peaks in the well log 1..Yere reflected from a dark glauco= 
nitic 9 oily sandstone 9 and a glauconitic shale in the upper part of the 
Nuevo Mundo o The peaks represent about Oo003 percent)! or less.Jl approxi­
mate equivalent uraninmo 

/ 

The c..Tusenin field " 

/ 
In the Jusepin field>' the deepest penetration was to the Carapito 

shale of Oligocene ageo In well J=l25 only a small gamma=ray peak is 
shown near the top of the Carapito shale 9 othervTise the radioactivity 
of the for:rraticn is low and regularo The La Pica forrration is slightly 
more radioactive than the underlying Carapito shale o 
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Table 7 ll.,., Wells of Ve:n~zuela wha$~ g-;=ray logs were examined 

Field Well District State Company Y 
, / 

JuBepin=Santa Barbara area 

' Quiri9,uire Q=290 Bolivar Monagas Cre 
J-125 

0, 
doo Cr$ Jusep~n Ma.twr1,n 

P~o J-134 doo dOe Cro 
D~e J=l37 dO e doo Cro 

Mulata MP=l36 do. doo Pano 
~0 MP=lh1- d<Olo doo Pano 
Doo MP.,.42 __ _ d®>o . dfO>a C:r'o 

/ 
Sine Santa.. Barbua_. __ SB<7l33 .. . .. d<Olo doo 

/ 

San J01.aquin~uario Trend 

Exploration L~ Vieja=3- - Freites - Anzoitegui MoGo 
SaiJ,.ta_ Rosa. __ RG-J.4 ___ d©lo do. M.G. 
E~ . R6ble .. RPN-22 doo do. Pano 

Doo RPN.,.23 Aragua doe Pano 
Doo RPN=24 Freites doo Pane 
no~ RPN=25 .. Aragua doo Pane 

-- - Do~ - - ..... RPN.=2.6 .... Aragu.a"····· do. Pano 
San .. Raqua .. La L.oma=2 d~h doe Pho 

DO~ B~2o doo doo Pho 
· no·~- B~22_. : dOct do. Pho 

Rincon .Lar_g,g_ ... A.raque.~J do ., do. Pho 
Doe Ar.aq.ue:.-6 do o do~ Phe 
n6.o. Rincon~L d@.o doo Texo 

Santa __ Ana_. ... Al!;_,9 doo doo . Me.Go 

11. The~ .. abbre.viati.ons_ of _the C.omp_ani_es are as. follows~ Cr o -=Creole 
Pertrl021eum_ .. Coxp ~t l Pan~~.., Pant.e.pe.c. Oil _ Co.e ~ Sin .• ~=Sinclair Oil and Refining 

\ 

Co .. ~ M_a.G ... ~~ene..JlrandA_ Oil __ Co .• ~ .·· Pho ="'"'Phill ipa __ :.Oil Co_.__,__ T~o '111!_-Te.xU Petroleum 
Co . .. » --· s:;,v~ ... ..,SQ\iQDit~-V.acuum .. Oil_ _c.~ • ... of ... V enez.uel.a_~-- L~Mo..~-~so .. A~ .. _ Petrol era La~ 
Mercade.a$ ... Jl'.oA~. -s-VenfizJJ.el.a Atlantic.,.R-efinirig .. Coo.~-- .. Sbl.o ~--Shell .. Caribbean 
Pe_tr.olemL .C.c .•. ~-- -Rich.._--IU.cbmond_ ~Expl..o.ration. C.o • 
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Table 7 .. ==Wells of Venez,uela 1r1hose gamma=-r ay logs were examined==Continued 

Field 

Santa Ana. 
Toe© 

~. 
Gue~e 

Do. 
Boo 

So to 
M.apire 

Caic.Q_ .S.ec.o 
B.oca. 
Chimir.e_ 

D©ct 

Do. 
Do. 
Do. 
1:)©0 

"Doo . 
Nipa9 · we~t 

Do~ 
Doe. 
Do~ 
Do •. 

·D©o 
D©~ 
Do~ 
Doo 

Nip.a~ _East . 
Do; 
Doe 

Guico_ 
DIO~ 
Do~ · 

D«Pl~ 
Do ·~ 

Ofi~ina_ 

Doo 
D 0 t? 
ac~_@n 

Wel l Di~triet State C(\):mp~, 

AM=lO Aragua "t 0 Anzoa egUl M.G. 
TM=9 Freites d~o MoGe 
TM=lO d.Oct d~. MeCh 
Guelt"e=l d~o d~o Sino 
Guere=2 d\Ole do. Siao 
Guere=4 doo d(.(:b. Sin. -
SV=J do. do. s.v. 
SG=l3 do. do. M.G. 

The Greater Oficina Area 

CaZ~-- Aragua 't 0 AMoa egu~ M.G. 
.00<:;:>102 . . Fl'eite~ ·- d©o MoGo 
CVH=44R . d~e d~. SoV. 
CVH~59R d©Jo doo SGVo 
CV:H~R . d ©e d©o s.v. 
CVH=64R d®>e d@o S.Vo 
CVH•62_ d©e d©o.- s.v. 
NS..,;JlO d©e do. MoGo-
CM-328 d©o d(Q)e KoGo 
NVco1 d<Qlo doo s.v. 
NV=8 do. dt02. SoVe 
NV=9 d©io doe ·s.v. 
~.all d~ •. d~o s.v. 
NV=l8 dro>o d©;. s.v. 
NV=2J do. do. s.v. 
WNZ=41 doo d©o M.G. 
Hata':7'1 do. dOo TeXo' 
Mata=2 doe Q.~. Texe 
ENZ=l21 do~ d@. MoGo 
.NZ=2Q3 _ do. do. M.G. 
NZ-213. doo "" d<Ole MeG. 
GV:=21 doo doe~ s.vo 
GV.e:o26 d©~ d(Jle SoVo 
GV=28 d(O)e d~G SoVo 
GV=61 d@. do. s.v. 
GV=68 do. dOct SoVe 
00.=300 doo doo . MoGe 
00=151. d<Qle d©o MsGe 
EGS~ll4. doo d\Qlo MoGo 
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Table 7. ==Wells of V ~nezuela whose gamma=ray logs. were examined==·Continued 

li:ield 

D«h 
Are@ 

Lechosa 
Tuc_upido 

Doo 
D@)o 

Saban 
Rui~ 

Thoio 

Mene_ Grande 
Jl\0/o 

~-~ 
Baohaquex'o 

~· -Do>o 
Doe 
Doo 
D©. 
. DQ~_ 

DO.o 

_Wall 

LG=)O 
LG:=>l02. 
LG=201 
Arec=l 

D.is.tric;t 

Freite:$ 
do_o 
dCOJo 
doo 

State 
~ 

Anz.oategui 
doe 
doo 
doo 

North Central Vene~uela 

M~53J K=8 9 M=lO Infante 
M":"h5 9 K~B5 
M•lJl) 

)27 wells 
M=232) 

Lech~sa=2 
M~nal=J 
KGX=6 
SaGI=l 

- ~ Saban=.-2 
R~~l~? 
Ruu.;;,J.~5.7 

,f 

doe 
doo 
doo 

Zaraza 
d~o 
do. 

Infaa~ 

dtOe 

/ 
d~i 
dii 
ao~ 
doo 
doo 
doo 
do. 
doo 

Bolivar. Coa~tal .. Fields 

s~h:JlS 
m~616 
MG.,.626 
LB~68~ 
La~66 
LB=692 
LB.:=>694 . 

... LB_~69..6 

LB=100 
LB~145 

Lag.unillacsl9 

Baralt 
. d.Oo 
d9o 

Bolivar 
do~ 

-do. 
do.o 
do. 
doe 
doe 
dGe 
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Zulia 
do • 
doe 
do. 
do. 
do. 
doe 
dlOJo 

do. 
de., 
do. 

l 

comp~W 

··HoGe 
_ MoGo 

M.,G., 
M.Go 

LoMe 
T~Xo 
VoAe 
VoAo 
V.i .... 
Pk. 
VoAo 
Vo.Ao 

Shlo 
Shlo­
Sbl. 
Shlo 
Shlo 
SlUo 
Shl. 
Shle 
Shlo 
Shl • 
HoGo 
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Tabl~ ? . ..,.=Wells of Venezuela whose gamma=ray logs were examined=-Continu.ed 

Field 

Lagunillas 
Do. 
no. 
Do. 

~ Doo 
Tia Juana 

Doo 
Doo 
Doo 

Mara 
Doe 
Doo 
Doo 

-DOo 

DoG 
Doo 
Doo 
Doe 

La Paz 
Doo 

Rio del Sarro __ _ 
Macoa .. 
~e 

Alturitu 

Ba.r:lnas. 
Do.o 
Doo 

wc611 District State 
~ 

LS=l370 Bolivar Zuli.a . . .. 
LL=428 do. doG 
LL=4J4 doo do. 
LL=446 d@llo do. 
Lt.=441 -doo doe 
TJ.=22J . d©o dco 
TJ~22~5_ d~_. d(Q}. 
TJ=226 do. do. 
TJ=229 doe d~. 

Northwestern Part of the State of Zulia 

, 
Rabano) 
Raban=4 
Raban=lO 
Raban<=:>l2 
Raban-lk 
Ram..ae::>l 
D4=23 
MAo2 
KA=9 
P=lOl 
P=llh 
Z=lS=l 
Z=20":'l 
Z=25.=1 
Altur:~Ltaa~.l 

SUvan=2 
. SilY&n..":'6. 
Si,l.van=J 

Mara 
do. 
doo 
d~. 
do. 
do. 
doo 
do. 
doo 

Maracaibo 
· do.o 

P~rijrl 
d<@o 

d~. 
doo 

Bari·na~ 
da. 
dGe 
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Zulia 
doo 
do. 
do. 
doo 
do. 
de. 
doo 
doo 
doo 
do. 
doo 
do. 
do. 
do. 

Bari:Ras . 
do. 
doo 

CtOmpaey 

SbU.o 
Cro 
Cro 
Cro 
Cr. 
Cr. 
C:ro 
Cro 
Cro 

Tex. 
TeXe 
Tex. 
Tex. 
Tex$ 
Tex. 
SlUo 
Cro 
Cro 
Shlo 
Shlo 
Richo 
Rich. 
RitQ;h. 
dJr. 

s.v. 
SoVo 
SoVo 
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The Mulata field 

-~~'·"-~· 

At the Mulata field.~~ farther south.~~ in v.Jell r·IP=l;.2 2 a slight gamma= 
ray peak was observed at the contact of La Pica and Las Piedras formation 
of upper Miocene age e / 

In all fields in the Jusepin=Santa Bcl'rbara area no abnormal gamma= 
ray activity was observeds although the gamma=ray logs lacked zero refer= 
ence points as well as sensitivity settings ., All the small garmna=ray 
peaks are estimated to correspond to about Oo003 percent approximate 
equivalent uranium and probably represent the shaley zonef or thin carbon= 
iferous glauconitic beds in the rocks o 

~ 

San J oaquin=Guario area 

?I / 
Southwest of Santa Barbara in the State of Anzoategui and in line 

/ 
~tvith the same structural trends is the San J·oaquin=Guario area~ some= 
times referred to as the San J oaquin=Guario Trend [Hedberg and others, 
(77)} o This area includes a group of 10 or more fieldss some of which 
are the El Roble~ Santa Rosa;; Santa Ana~ San Roque 9 Rincon Largo 9 Toco ~ 
Guere .~~ Soto 9 Mapire $ and La Vieja fields o In all fields 9 22 gamma=ray 
logs were examined o 

The rocks pene~rated in these fields are 9 in general$> those pene­
trated in the Jusepin=Santa Barbara area according to 1-'Iencher and others 
(50) and Hedberg and others (77) 9 and comprise the Of:tcina and Freites 
formations of the Santa Inez group of Oligoc ene=f-1iocene age o V'lells 
usually bottom at 8$>000 to 10~000 feet in the Merecure group of upper 
Eocene age (chart 1 2 column Vl) o Petroleum is produced mainly from the 
two lovJest members~ t he Colorado and Amarillo 2 of the Oficina formation 
{Mencher and others~ (50)]o ·The Colorado member cons ists predominantly 
of shales with some fine= and coarse=grained sandstone s 

El Roble field 

Of the formations penetJ'ated in El Roble field 9 only the Freites 
and Oficina formations 2 and sometimes only the Oficina formation~ v-rere 
gamma=ray logged o The gamma=radioactivity in all \'fells examined (table 
7) -vvas regular \dth no abnormal peaks shown on the logs e In the Colo= 
rado member of the lmv-er part of the Oficina formation.\) ganrrna=ray 
activity was slightly higher than in the upper part of the formation 
but not consistently so " An average of the gamma=ray activity repre= 
sented by the peaks -vrould be about Oe003 perc:ent approxinate equiva= 
lent uraniumo 
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Other fields 

The gamma=ray logs examined in the other fields of this area$) 
Santa AnaJ Santa Rosa~ Guario.)l San Roque$) Rincon Largo$) Toco 9 Guere» 
Soto 9 and Mapire were similar to those in El Roble fieldo Logging 
depths range from 4$)000 to 10.9000 feet and include the Colorado and 
Amarillo members of the lov-Ier part of the Oficina formation (chart 1 9 

col~~ W)o The log of well G=30 in the Guario field has several peaks 
in the Colorado member that are equivalent to about Oo004 percent 
approximate equivalent uranium" In the Soto field the log ofwell SV=3 
had a maximum deflection,probably also in the Colorado member$) equiva= 
lent to about Oo006 percent approximate equivalent uraniumo 

The record of radioactivity on all the gamma=ray logs in the San 
Joaqufn=Guario area is regular and with only a few small peakso The 
highest peaks observed represent from about Oo003 to Oe004 percent 
approximate equivalent uranium with the exception of the higher peak 
in the Soto field previously mentioned~~ 

In La Vieja field 9 about 35 kilometers northeast of the Guario 
field$) wells penetrate in general the same section of Oligocene=Miocene 
rocks discussed above but the units are thinner,?) a characteristic of 
near=shore deposit iono The gamma=ray log of well La Vieja=3 extends 
to 2900 feet vii th only a slight peak on the garnma=ray curve represent"'" 
ing about Oo003 percent approximate equivalent uranium in the lower 
part 9 probably La Pica formation of middle Miocene ageo 

The Greater Oficina _area-

~ 

.south of the San t[oaquin=Guario area but still within the State 
of Anz<;>citegui 9 is the Greater Oficina area that includes a group of 
fields~ Oficina.IJ Chimire 9 Guico.IJ Nipa.IJ Caico SecoJ~ Boca.\) Daci6n.IJ Leona 9 
and Areoe Of the numerous wells in these fields 9 33 gamma=ray well 
logs were examinedo 

The Grea,.ter Oficina area lies on the north=dipping southern limb 
of the Maturin basino The stratigraphic section penetrated in the wells 
[Hedberg and others (76)} consists mainly of the shallow=water=ma:rine.9 
brackish=waterj and continental beds of the Oficina formation of Oli­
gocene age:; and the Freites fonnc.tion of middle Miocene age ( cb..a rt 1 9 

column W)., According to Mencher.9 and others (50)~ all oil 9 to date$) 
has been produced from sands of the Oficina formation., These units are 
interbedded glauconitic and carbonaceous sandstones and shales.,_ The 
Oficina formation contains nmnerous thin beds of lignitic coalo 

The wells in most fields extend to depths of 5POO to ~000 feet 
although those in the Nipa and Leona fields are as much as 109 000 feet 
deepo " In most cases gamrna=ray logs were made only of the lower 500 
to 2,000 feet _ of hole~ which interval generally corresponds to the 
thickness of the oil=producing zone of the Oficina formation. 
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The Oficina 9 Ch~.mire~ Guice 9 and Nipa fields 

In the Oficina field the logs of vfells 0G=l51 and 0G=300 show very 
regular radioactivity o In v.rell 0G=300 t he highest garnma=ray activity 
represents an average of about Oo005 percent approximate equivalent 
uraniumo 

In the Chimire field 21 the average gamma=ray highs are equivalent to 
from Oo002 to Oo004 percent approximate equivalent uranium., In the log 
of well CHV~6o R there is a sharp gamma.=ray high equivalent to about 
0 o 006 percent approximat e equivalent uraniumo 

The Gui co fie l d 9 represented by logs of vJells GV=2l 9 GV=26 j) GV=28 j) 

GV=67 9 and GV=68 (table 7) 2 i s similar to Chimire in depth dri l led and 
in gamma=ray activityo Average gamma=ray highs represent about Oo003 
percent approximate equival ent uranium and only one gamma=ray peak repre= 
sented as mu ch as Oo006 perc:ento 

The wells of t he Nipa field extend to depths of 10 21 000 feet and are 
deeper than other wells of t h e area!) but otherwise!) the gamma=ray logs 
ar8 very similaro The higher deflections represent from about Oo003 per= 
cen t to Oo004 percent approximate equivalent uranium o The oscillating 
record of radioactivity recorded on the 12 gamma=ray logs examined seems 
to correspond well to the known series of thinly laminated strata that 
vary abruptly over short distances o 

The small gamma=ra.y highs found in this area probably r epresent 
glauconitic and carbonaceous shale and li.gnitic beds that are normally 
slightly more radioactive than sandstones and limestones o 

North central Venezuela 

In north=central ilenezuela 2 41 wel ls -w·ere examined in t he fields of 
Las Mercedes 9 Lechosa 9 ~Jcupido 9 Sab~n 9 and fu1izo 

In general the wells of this area extend to depths of 5 21 000 feet and 
bot tom in the Temblado:r formation of Upper Cretaceous age o Unconformably 
above the Tembl ador formation lies t he productive marine to brackish=water 
interbedded lignitic sandstone and ~hales nf La Pascua formation of Oligo= 
cene age [Mencher and others 9 (50 )) o Tne formations of Eocene and Paleo= 
cene age are missing 9 and the overlying Roblecito and Chaguara~s for= 
rna tions of Oligocene and Oligo= Miocene ages extend to the surface (chart 
1~ column Q) o 

At Las Mercedes field a co rrelatable gamma=ray high was apparent in 
wells M=8 21 M=l3 1 9 and M=l5 9 at dep ths of about 4 9 570 feet 2 49 510 feet 9 

and 4~ 550 feet!$ respectively a This peak 21 equivalent to about Oo004 per= 
cent appr oximate equivalent uranium 21 :i s relatively definite and lies near 
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t h e top c f the Temblador formationo It is logged as a calcareous sand­
stone9 and may be phosphatic o 

In the Le chos a field~ a gamma-ray log of well Lechosa-2 31 showed a 
s lig1.1t peak in the gamma=curve at about the same depth as the :p;laks in 
the Las Mercedes field ; the peak represents about Oo003 or Oo004 per­
cent approximate equivalent uraniumo 

In the ot her fields of the area~ the six gamma-ray logs examined 
refle ct equally weakly radioactive rocks; average ganuna-ray activity 
is about Oo003 percent or less approximate equivalent uranium<> 

The record of gamma radioactivity of the Roblecito shale in all 
these logs is very even and regularo The log of the radioacti\~ty of 
the Pas cua formation of similar age is irregular but of the same 
general magnitudeo The log of gamma-radioactivity of the 'liemblador 
(Cretaceous) is very irregularj a characteristic that may be caused by 
the interbedded glauconitic beds in this formation o 

Eastern part of the State of Falc6n 

In the Cumarebo field of eastern Falc6nJ the log of well-117 was 
examinedo This log was a record of the Caujarao and Mosquito for­
mations of Miocene age (chart 1 9 column L) that consist.\) ac co rding to 
Hencher and others (50)~ of interbedded shales and fine-grai ned s and­
s ton esc The log was a poor one for rectification but it dis playe d no 
gamma= ray deflections that would suggest abnormal radioact ivity o 

/ 

Bolivar coastal field s 

In the eastern Maracaibo basi n~ the numerous coalescing shore line 
and lake fields are grouped together and commonly referred to as the 

~ 

Bolivar coastal fields [Mencher and others (50), and staff of Shell Car-
ibbean Petroleum Company9 (46)}o Gamma=ray logs were examined of the 
Mene GrandeJ Hachaqueroj Lagunillas, and Tia Juana fieldso 

The stratigraphic section is complete and compri-ses rocks from 
Recent to middle · Cretaceous age )I the latter of whic h overlie basement 
rock at aoout 14~000 feet [chart 1, column C; Sutton.\) (44) J and Mencher~ 
and others (50D o The structure is a monocline dipping gently southwest­
wardo Most of the oil is produced from the Lagunillas formation of Mio­
cene age, from the La Rosa fonnation of Oligo-Mio cene age.;1 and from the 
Icotea formation of /Oligocene ageo Most of the wells seem to bottom in 
thePotreritos (Pauji) formation of Eocene age at about 5,500 to 6,000 
feet with gamma- ray logs usually recording the full depth of the holeo 
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In Ti a J uana field, the logs of wells TJ=223J TJ=225 9 TJ~226 9 and 

TJ=447 were checkedo The gamma=ray logs~ in general 9 portray a low but 
:r"egul a :r level o f radioactivity,\) although there are slight gamma= ray 
high s i n the La Rosa and Potreri tos formations that seem t o corr elat e 
between adjacent wells o The Pot reritos formation accordif'..g t o Mencher 
and others (50) 9 i s chiefly composed of dark gray to black carbonaceous 
sandy shale s and whit e oil=stained sandstones deposited under brackish­
water to shallow marine condit ionso La Rosa fomation (Oligo=Miocene) 
is composed of green=gray clayey shales in the lower part~ and of sandy 
s hale s interbedded with thin lignites and zones rich in carbonaceous 
mate r i al in the upper part o 

~gunillas field 

Well s in Lagunillas field penetrate a secti on similar to that in 
the Ti a Juana and Bachaquero fields o Most of the wells are shallow and 
bot tom i n the Pot reritos formati'dn (Eocene) at about 6 9 000 fe eto The 
Lagunill as formation (Miocene) is composed of interbedded shales 9 sands 
and lignit es~ deposited apparently in alternating brackish and fresh 
wat er (Mencher 9 idem) o The lower Lagunillas sands fyrm the reservoir 
f o r most of the heavy petroleum produ ced in the Bolivar coastal fi eldso 
Between t he lower and upper sand lies a zone of bleac·hed and mottled 
clay bands 9 lignites~ and black carbonaceous sticky clays that probably 
o r iginated as swamp muck (idem ) o 

Gamma=ray logs are regular with few peaks in gamma=ray intensityo 
Severa l s mall peaks reflect from the Lagunillas and Pot r eritos forma= 
tions i n all wells o In wells 11=4349 and LL-447 !1 a relativel y high 
peak; represents a b l ack shale of La Rosa formation., 

Other fi elds 
<==.:~=-~ 

I n t he Bachaquero fie ld 9 south of Lagunillas field 9 the log of well 
Laguni1la s =l9 shows gamma=ray peaks in the Lagunillas formation between 
100 a nd 130 feet above the La Rosa contacto The greatest gamma=ray de= 
f lection is EL l inches on a lO=inch sensitivity scale and9 therefore$) 
represents about 0 o006 percent approximate equivalent uraniumo The radio­
aeti vi ty pr obabl y reflects the carbonaceous zone of Lagunillas formation<> 
Th e Miocene forma t i ons in Bachaquero field are normally low in gamma=ray 
acti vity" 

At 1-1ene Grande field.?J the short gamma=ray log of well MG-415 extends 
from 29 150 t o 3~410 feet~ and shows only gentle broad peaks with maximum 
deflection equivalent to about Oo003 percent approximate equivalent U= 
ran i umo 
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Northwestern part of the State of Zulia 

In the northw estern part of the State of Zulia 9 between Lake Mara­
caibo and the Periji Mountains 9 the major oil fields are Mara~ La Paz~ 
and La Concepcibno Gamma=ray logs were examined from these fields$ and 
als o from Macoa }> Rio del Sarro arrl Alt uri tos fields o 1llie stratigraphic 
sequence covered by gallllTl8.=ray well logs in this area is restricted usu­
ally to the ColO'n.ll La Luna~ and Cogollo limestone formations of Cre~ ­
taceous age 51 that are the principal oil=produc erso The dark massive 
shales of the Colon fonnation are characteristically low in gamma=ray 
activity and the curves very regularo The dark bituminous limestones 
and shales of La Luna fonnation are uniformly more radioactive.~' and are 
reflected on the gamma=ray curve as a plateau that represents about 0 o004 
percent approximate equivalent uranium.$) or t wice the normal radioactivityo 
Upon this plateau are superimposed several sharp peaks of much greater 
amplitudeo The peak at the base of La Luna 9 whiCh is usually the most 
prominent .ll is a correlation unit for wells all over the western Maracaibo 
basin and9 due to an abundance of phosphatic fish remains~ has been termed 
the 11 fish=bone bed11o J:he radioactivity of this bed )] usually 10 to 20 feet 
t hickjl ranges fron1 Oo005 to Oo014 percent approximate equivalent uraniumo 
( See section on Radioact ive shaly limestone in western Zulia o) 

The massive highly fossiliferous gray limestone of the Cogollo for-= 
mation is generally only weakly radioactive)] although small gamma=ray 
peaks usually are shown on the ganuna=ray logs o These peaks represent 
about Oo004 percent ·approximate equivalent uranium except in well Raba'n~l4 
of Mara field where one peak repres ents Oo006 percento 

Hara field 

ThF-J Hfish=bone bedY1 is the least radioactive 3 about. O oOOJ~ percent 
approx.irrB te equivalent uranium ;y i n wells Raban=3 and Raban=4 of the Mara 
field o 

\rfell Rab.~n=l2 o ==In well Raba'n=l2.1l the log of the Yifish=bone n bed repre­
i:>ents abou..t Oo008 percent approximate equivalent uraniumo Two other ga:mm~o;o=­
ray peaks in La Luna formation represent about Oo005 percent approximate e­
quivalent uraniumo These three sharp 9 narrow peaks in gamma=ray intensity · 
ar~ illustrated in £igure 2lo 

Wel~ Rab~=l4o==In wel l Rab~n=l4.1l basal La Luna formation is very high 
i n gamma=ray acti vit y==OoOll percent approximate equivalent uraniumo 

Well Rama=lo ==In well Rama-1 2 located in the central part of the Mara 
fi el d 9 a complete gamma-ray log was made of the entire Cretaceous sequence. 
On the log the plateau of radioactivity of La Luna formation is well dis­
played between the lower levels of radioactivity recorded in shale of the 
younger Col6n formation and the massive limestone of the older Cogollo 
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( Capacho) forma.tiono The l og of the basal Yifi.sh=bone u bed of La Luna 
formation represents abou-t Oa014. percent approximate equivalent uraniumo 
The well was co mpletely cored and samples of this radioactive zone were 
t aken f o r study o See t able 4o 

One sample of the most radioactive bed is a dark gray fine=grained.9 
fos sili.ferous limestoneo A thin=section shows abundant calcareous micro­
fossils of Globu lina and Gumbelina in a ground mass of carbonaceous clayo 
Numerous fish scales in this sample have been altered to a bluish=white 
minera1 3 probably vivianite 9 an hydrous phosphate of irono A chip of this 
same sample cont a i ned Oo008 pe rcent equivalent u r anium by radiometric a­
nalysis o All the core samples were analyzed in the Trace Element s Section 
Washingtan Labor at ory of the United St ates Geologi ca l Survey o The re= 
sults are listed in table 49 and discussed in t he section of the report on 
Hadioacti ve shaly limestone in the wester n part of the St ate of Zul ia o 

yvells MA=2 and MA=9 o~=1rJells Ma=2 and Ma=9 are east of the axis of the 
main Mara structure~ consequently La Luna formation is much deeper 9 from 
10.1'490 to 109 520 feet o 'rhe maxi mum deflection of the basal bed here is 
12 oS i nc hes a t lO=inch sensit ivity scale or about Oo009 perc ent approximate 
equivalent u r aniumo 

La. Paz field 

La Paz field is southwest of the Mara fie~d and along the same structur= 
a l trend o Gamma= ray logs of wells P=l01 and P=ll4 show the same gamma= ray 
plateau of La Luna for mati on wit h an an omalou s peak a t the baseo In well 
P=ll4 t he gamma=ray deflection of the Hfis h=bone bed" was about 18o5 or more 
inc he s at a lO=inch sensitivl t y scale 9 which represents mor e than Oo013 per­
cent approximate equivalent uranium a The gamma=ray log of this part of the 
f or mation is shown in figure 22 o Samples of the core of this section were 
also s ent t o t he Tr ace Elemen ts Section Washington Laboratory for analysis o 

Samples con t ai n from 0 .,002 to Oc030 percent equivalent uranium and from Oo002 
to Oo 027 perc ent uraniumo The Cogollo (Capacho ) forn1ation in La Paz field 
refl ect s several sw~ll sharp gamma=ray peaks as it does in wells in the Mara 
fieldo One peak 9 rep r esenti ng about Oo005 percent approximate equivalent 
uraniuin 9 ±s slightly highe r than the average of La Lunao 

Other field s 
~~~=--=====>-

In the abandoned fields of Rio del Sarro and Macoa 9 a t the base of the 
Perija Mountai n s.\) southwest of La Paz fi eld 9 wells 2=20=1 9 and 2=25=1~ and 
Zul ia 25=1 penetrate rocks of Cret aceous age that are broken by normal 
faultingo La Luna formation )) however~ is still evident as a gamma=ray high 
with the greatest defle ction just above the contact with the Cogollo for= 
mationo These gamma=ray logs were perhaps the oldest logs examined as these 
field s were the earliest found in the Maracaibo areao Consequent ly 9 log 
d.at a were i nsuffi cient for evaluation of deflections o 
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In the Alturitas wildcat well~ AIT-2~ southwest of Macoa field.9 the 

Cretaceous rocks are very deep o The well bottomed in the· Cogollo for= 
mation a t a depth of 15 9 820 feeto Here also the entire La Luna. formation 
:is ref'le cted as ari irregular plateau on the gamma=· ray log wi th the highest 
defle ction at the base of the fonnationo 

The Barinas area 

The Barinas area 9 in the State of Barinas:; is near the foot of t he 
sout heast slope of the Venezuel an Andese Company competition is keen in 
t he area 9 and consequently9 little data were availableo The gamma-ray 
logs of three wells were examined 9 Silvan-2 9 ~3 9 and =6o 

These wells bott om in the Fortuna (Mito Juan) formation of Upper 
Cretaceous age (chart 1 21 column H) o The Fortuna consists of limestone 
with thin beds of black fossiliferous shales and sandy glauconitic shales; 
t he dark glauconitic shale contains abundant fish scaleso Stratigraphically 
above the Fortuna fonnation is the Esper anza formation also of Cretaceous 
ageo Although no very prominent gamma-ray deflections are shown in the logs, 
low gamma=r ay peaks are registered on the logs of the Fortuna formation in 
well Sil.van=3 9 and on the log of the Misoa formation (Eocene) in well Silvan-
2 o In well Silvan~6 similar low peaks are registered on the gamma-ray record 
of the Misoa formation and again in glauconiti c sand of the Fortuna form.al.lOno 
There is also another slight increase in the gamma-ray activit y in the Es­
per anza formation o 

Oil well gas analyses 

Heliurrt and free hydrogen may be of radiogenic or1g1n and the presence of 
either gas may 9 therefore :; be indicative of radioactive source materialo In 
an attempt to determine if either helium or hydrogen occurs in Venezuela, 
several of the oil=producing companies were questioned about reservoir gas 
analyses o Although i t was the general opinion that analyses for helium had 
never been made ~ it was the general belief that helium does not occur in the 
fi elds of Venezuela & 

The Texas Company, through the courtesy of Mro Everett Dobso~,$) donated 
general analyses of gas samples from various parts of the count~o· The vari­
ous constituents include -the gaseous paraffins (methane group), and small a­
mounts of C02 21 but neither helium nor hydrogeno The constituent gases com­
p r is e 100.)) or slightly more than 100 percent of the total.~ and there is.9 
the r efore.)) little room for other con.stituents 9 if the analyses are reliableo 
One sample from the central part of the State of Gu£rico contained less than 
half a percent free nitrogeno · 
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Conclusions and recommendations 

Garnma=ray well logs represent an abundance of data about the radio= 
activity of the materials logged 3 an.d where available 9 afford a relatively 
simple means of radiometric reco nnaissance in themselves o The data may 
also be used to direct fie ld examination, or to cal.cula te reserves of low= 
grade oreo It is concluded from t his preliminaF.f study thatg 1 )9 La Luna 
formation in the western part of the State of Zulia is of the greatest 
interest because of i ts significantly higher a verage level of radi oactivity 
(about Oo004 percent approximate equivalent uranium)~ 2).9 only thin zones in 
other formations in other parts of the country reach or exceed this level 
of radioactivity 9 and they are, at least fo r the present 51 not of such 
interest .9 3) 2 additional study i s requiredo 

It i s 9 accordifl.gly2 recommended tha t more study of gamrna=ray logs be 
done in the western part of the State of Zulia 2 and that 9 in general 9 the 
garo.ma=ray log program be co nt.inued 2 and expanded o 

In western Zulia 9 more garnma=ray l ogs of the bituminous fossiliferous 
r adi oactive shale and limestone of La Luna formation 9 and particularly of 
the basal phosphatic.? more highly radi o active 1 ~fish=bone ~~ beds need to be 
examined to aid in the economic evaluation of the rocko For the same 
reasons more thorough study should be made of all gamma-~ray logs available 
and of those ne1 .. 1 logs that become available in the futureo The study should 
be coupled wit h the pet ro gr aphic 9 chemical 9 and spectrographic examination 
of well=core and outcrop samples and a general geologi c study of La Luna 
formation i n the Maracai.bo basin o 

The general gamma=ray log program should be continued and expanded in 
order to obtain radiometr:ic data from other areas 2 as well as to obtain 
more complet e data about those areas scanned in this preliminary surveyo 
Gamma=ray log s of wells should be examined as they become availableo Core 
s ainple s of abno:rrrally radioactive .· rocks that have been gamma=r ay logged 
should be analyzed radiomet rically to establish a better calibration of 
gamma=ray log deflections to percent equivalent uraniumZl or verify that 
used now o 

In the study 9 a system of recording data should be developed 2 such as 
tabulating ;,.rell number 2 field;. depth and magnit ude of greatest deflections 
:!.n inches and also percent approximate equivalent uranium. 2 gene ral radio= 
activity of the formation or unit 9 a11d remarkso This data mJght be later 
arranged in a compilation chart showing the relative radioactivity of rocks 
of nort hern Venezuelas and applied to correlation studies and the continued 
search .for uran ium deposits o 

To facilitate the compilations 2 arrangements should be made to obtain 
new logs as they become available and to study the ones already available. 
The Petrotec Companys in particular2 has shown an interest and willingness 
to cooperate and will probably continue 9 if requested 9 to call attention 
to abnormally radioactive zones as indicated on gamma=ray logs and also to 
aid in interpreting the logso 
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SUI1MARY OF URANIUM POTENTIALITIES OF VENEZUELA 

Although much more study is required before an authoritat~ve appraisal 
of the urani um potentialities of Venezuela can be made, we feel that the 
r esults of t he present investigation are sufficiently definite to warrant 
an eval uation of rock types and areas that contain uranium and i n which 
further work should be doneo More reconnaissance should, of course , be done, 
examini ng representative black shales , phosphates~ continent al deposits of 
red bed type~ crude oils, placers, and mineral depositso 

Uranium has been found i n Venezuela in the following rocks and areas, 
l i sted in order of potential economic value ~ 
1) In phosphatic 11 fish-bone 11 shales of the basal Colo'n formation and basal 
La Luna formation in the State of Tru j illo and the western part of the State 
of Zulia, respectively; , 
2) In Quaternary or Recent alluvi al deposits near Ciudad Bolivar, State of 
Bol:f.v-ar; at Santa Cat alina 9 Terri tory Delta Amacuro_9 from several localities 
in Territory Amazonas; and in the "black sandn beds in tpe hasal part of the 
Rorai ma series at Peraitep~, Gran Sabana, State of Bolivar; 
3) In the pegmatites of Merida and Timotes, State of Me'rida, and in pegma­
titic facies of the Archean .,. (?) basement complex near Ciudad Boll'varo 

In addition to these rocks and areas , a specimen of sandstone impreg­
nated with the yellow secondary uranium mineral autunite (?) or schroeckin­
gerite ( ?) was seen that i s reported by its finder, Dro Vo S .. Paulik .9 to 
come from the "red bedst.r of the La Grita=Seboruco area ~ St at e of Me'ridao 
Hot springs of Las Trincheras , State of Carabobo, and Las Fuentes, near 
Urena,?) St ate of T/chira are radioactive, but most of the radioactivity is 
probably caused by t horium and it.s decomposit ion products , rather than by 
uraniumo The met alliferous deposits examined have not been notably radio­
active but more work is needed before they could be classed as nonradio= . 
active, and it is pitchblende deposits that are currently in greatest demando 

The phosphatic shales of the Col£n and La Luna formations offer promise 
of large tonnages of relatively low-grade uranium ore, w!th the possibility 
of byproducts such as shale oil , calcium phosphate~ and metals such as 
molybdenum9 rare- earths :il and nickelo The grade of samples taken ranges from 
Oo003 to Oo03 per cent equivalent uranium~ Oo002 to Oo027 percent uranium9 

and areas of higher-grade ore may be found by additional work o 

The r adi oactive heavy minerals zircon , monazite, samarskite (?), and 
probably others as yet unidentified, occur in a sufficiently great number 
of placer depo$its to suggest that still richer concentrations may be foundo 
Radioactivity may be caused largely by thorium--rather than uranium- series 
elements Jl but even so, it might be possible to :segregate sufficient material 
as a byproduct of large-scale gold or diamond dredging operat ions t o merit 
stockpiling o 
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The pegmatit es have never been large-scale producers of uranium.\l and 
i t i s unlikely t hat the uraniferous pegmatites 'ither of the St ate of Merida 
or of the Brazilian shield in the State of Bolivar will be of economic 
i mport ance.\l even as byproducts producers in large-scale operations.l! because 
none of the pegmatites seen appear to contain enough other minerals of 
suff i ci ent economic value to warrant large-seale:'.opei:-atiQn., . Rl=;a!}:dual !_placers 
der i ved from these pegmatites might be of economic interest.l! but they too.l! 
would probably need the presence of other valuable constituents to be worth 
mining., 

If the occurrence of secondary uranium minerals in the 11 red beds'' of 
t he La Grita-Seboruco areaj State of Mefida is confirmed, then all areas 
underlain b;Y La -Quinta and ·Tomah formations · iri t he Andes and possibly in the 
Perija" Mountains of the State of Zulia are ·potential host rock for uranium 
deposits of the carnotite or copper=uranium type.\l and a search for such 
depos i ts should be startedo Such deposits.l! if of sufficient grade and ton~ 
nage ~ would rank first in the economic graduation of uranium deposits in 
Venezuelao Another nred bed'' sequence, that of the rocks of the Roraima 
series in the Gran Sabana, also merits additional study for carnotite or 
copper=uranium depositso 

In surnmary.l! ·the uranium potentialities of Venezuela seem to be excellent 
f or l arge low=grade deposits of phosphatic shale; fair for low-grade placer 
concentrates; poor for hydrothermal metalliferous deposits of the Katanga.9 
or Gr eat Bear Lake type; it is highly possible that ·rrred bed" deposits of 
the carnotite or copper-uranium type will be foundo 

RECOMMENTIATIONS 

The recommendat ions discussed below are made with the premise that the 
progr am of/study of radioactive mat erial started by the Direccitn T/cnica 
de Geologia of the Ministerio de Minas e Hidrocarburos of the Estados Unidos 
de Venezuela will actively continueo With this in mind 9 the search for 
f i ssionable material can be undertaken in two ways, 1).\l by arnmassing and 
eval uat ing data on the radioactivity of any or all rocks~ soils ~ and fluids 
in the country.\l and 2)~ by searching in specific mines, areas, or roek 
typesJ chosen on the basis of geologic favorability, or selected from the 
r eports of prospectorso The two .methods are not mutually exclusive and much 
dat a of both general and specific. use may be obtained from eithero· ~ It is 
assumed that the program will continue to be administered on a sound geologic 
basiso That i s to say, in the administration of the program, sound geologic 
theory should be the basis for the thoughtful application of the ever-:' · 
i ncreasing knowledge of the distribution of uranium~ and of the processes 
that cause the distribution of uranium in the earthis crusto 
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Amassing data 

Much valuable data regarding the radioactivity of rocks and fluids in 
Venezuela could be obtained relatively simply by scanning9 radiometrically, 
collections of samples; by expanding the gamma-ray log program; by enli:Sting, 
the aid of other competent field men both in the Direccio'n Te~nica de Geologia 
and in allied governmental agencies; and by enlisting the aid of the general 
publico 

Examining collections 

More than 90 percent of the data obtained from any mass program9 such 
as determining the radioactivity of the 90~000 samples in the laboratory of 
the Creole Petroleum Corporation in Caracas, is bound to be negative~ that 
is 9 more than 90 percent of the samples will be of normal or sub=normal 
radioactivityo Yet·; if the data are adequately measured and recorded, neg~ 
ative data can be of considerable use both in tentatively outlining rocks 
and areas that need not be examined further, and in establishing the normal 
radioactivity of the rocks of Venezuelao In this particular case it is 
probable that by carefully studying available gamma=ray logs, samples can be 
chosen for radiometric analysis, thus eliminating many areas and most of the 
90 9 000 samples from considerationo 

Other rock collections that might also merit radiometric examination 
are those of other governmental agencies, of colleges, and of other oil 
companies<> Still anotper source of information amenable to mass-sampling 
methods i.s crude oil or gas, samples of either of which should be readily 
availableo In any such large-scale program, great care should be taken to 
obtain reliable data 9 and a laboratory scaler should be used on uniforml 
sampleso 

Continuing and expanding the gamma-ray log program 

A second general method of rapidly obtaining a mass of information 
about the radioactivity of source materials in Venezuela is by the continued 
study of gamma-ray logso By means of gamma-ray logs and suitable core 
samples approximate estimates may be obtained of the radioactivity of the 
materials penetrated by the wells and recorded bn the logso Inasmuch as 
many hundreds of gamma=ray logs have been and are being used in most of the 
major oil-producing areas 9 it should be possible to obtain sufficient data 
so that estimates could be made of the normal r'adioactivity of most of the 
sedimentary rocks in northern Venezuelao The discovery of abnormally 
radidacti ve fluids or rocks, such as the Hfish-scaleu bed in ·west ern ZuliaJ 
and ther-r sub~equent study in the field and laboratory would~ of course, be 
an essential byproduct of the studyo 
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The section in this report discussing gamma-ray logs clearly indicates 
that a more general program should follow this preliminary study. In the 
general programJ gamma~ray logs of a greater number of wells;p of wells that 
penet rate morej and of more representative stratigraphic sections should be 
examined" A suitable system of collating information would record inform.atiqn 
already available and keep abreast of new gamma=ray logsp It should be 
kept constantly in mind that geologic data are required in addition to 
purely physical radiometric data in order to arrive at any sound conclusions 
regarding the distribution of uranium in the rocks and fluids of Venezuelao 
A wealth of subsurface information could be obtained during this program 
that would help place uranium in its proper geologic perspectiveo 

Using Geiger counters 

General radiometric data and 9 possibly9 specific positive informationj 
could be readily obtained if those members of the Direcci6n T~cnica de 
Geologra engaged in field work would use Geiger counters in the fieldo The 
onerous chore might be lightened somewhat by recalling that radioactive beds, 
such as the phosphatic shales of Ghejende~ or the group of pegmatitic 
gneisses near Ciudad Bolivar, could be traced and mapped by means of their 
radioactivityo 

Although the unit studying radioactive materials is properly established 
in the Direccion ·Te'cnica de Geologra 9 information could be obtained by other 
agencies of the governmento For example 9 competent mining engineers of the 
Direcci6n de ?{lnas could obtain invaluable geologic and radiometric data 
about some areas they examine~ and submit it to the Direcci6n T~cnica de 
Geolog{ao 

Interesting and enlisting the aid of the public 

A fourth source of both specific and general data is the general 
publico If it were generally known that samples were welcome 9 that the 
discovery of uranium would not be penalized but rew·arded)l and that scientific 
studies open to comment and criticism were to be published 9 much more 
information would undoubtedly be forthcomingo 

~_f!ee analyses 

One means of encouraging the general public to give 
information would be to establish a policy of free analysis of samples 
submittedo The radiometric equ~ment now installed in the laboratory of 
the Direcci5n Ttcnica de Geol~g1a is adequate for routine radiometric 
analyses., This equipment should be _ su.pplemei1kti~d- by the inst,i:).llatipn .,p:t, 
minimum facilities in the Laboratorio aacional to make chemical ana;Lyses of 
radioactive elementso The results of the radiometric analyses should be 
given to the person submitting the sampleo 
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By clarifying or revising the laws 

During the course of field work we have talked with at least four mining 
men who have stated that they are neither interested in searching for 1 nor 
want to find uranium because all radioactive source material is a national 
reserve and of no value to them; and.\) moreover

51 
they are subject to 

penalties for searching for ito One of these men stated that the discovery 
of uranium in - a gold mine; for example 9 would probably force the closing of 
the mineo Another 11had heardtt that it was illegal to import Geiger counterso 
The validity of these statements is only pertinent in so far as the present 
mining law is restrictiveo It -is not our intention in this report 9 or even 
within our sphere of knowledge, to suggest specific changes in the law, but 
it woul d appear desirablej as suggested by Larson (13) .\) for the goverr.ment 
to clarify its position either by amending or by revising present laws so 
as to protect the legitimate interests of Venezuela and still encourage the 
search for uraniumo A further stimulus that might be considered in this 
regard, is the offering of a bonus for the discovery and/or production of 
ore of certian types and minimum uranium content o Parenthetically:; the 
offer of such a bonus by the Atomic ~~ergy Commission in the United States 
of America may have done more to stimulate the general search for uranium 
than any other single step taken, even though no one.\) up to at least June 
1951 9 had ever fulfilled the terms imposed and collected the bonuso 

!tf publication 

Another important method of encouraging the active search for uranium 
by persons not 0fficially connected with the governmental program is that 
of publicationo , In the first place, it seems highly desirable 9 in view of 
t he many misconceptions commonly held, to publish a statement giving the 
general position of the government relative to radioactive materialo Such 
a statement should not be delayed until after laws may be revised, or a 
bonus offered)! or a more elaborate program establishedJ but should be issued 
now~ and other statements issued later as conditions change or as the 
situation warrantso In the second place, it is strongly recommended that 
the results of geologic examinations be published soon after completion of 
each examinationo The prompt publication of such studies would encourage 
and direct discussion 9 as well as increase the morale and usefulness of the 
geologistso 
1) Publication would encourage open 9 informed discussion among geologists~ 
mining engineers.\) prospectors~ - and other interested people and thereby 
further the government ~ s programo 
2) Published papers could9 by careful treatment 9 indicate subjects that 
could be freely discussed and those that could not, thereby directing 
discussion and establishing and clarifying a security programo Regarding 
security,9 the underlying principle of protecting governmental interest could 
be fully satisfied by preparing reports in two parts~ one of' general geology 
f'or publication containing all information except average grade,\! available 
t onnage 9 and economic potentialities; the other~ for governmental use 
cover ing only these three itemized "sensitive 11 itemso 
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3) Prompt publication of geologic st udies completed would t end to sustain 
or increase morale by giving the writers professional recognition~ the 
chance to benefit from the dis cussion of informed readers ~ and the experience 
and obligation of collecting data with publication in mind. It vvould also 
s eY'·v-e notic e that the program of investigation of radioactive source 
mat erials in Venezuela of the Direcci cf'n T4nica de Geolog{a is on a sound 
basis and actively functioning. As a startj it might be a good i dea to 
publish parts of this reportS~ and of some of the other r eport s of radio= 
metric studies previously made by members of the Direccion Tecnica de 
Geologi~o 

Searching i n specific areas 

As byproducts in t he accumulation of a mass of information concerning 
r adioactivity -in Venezuela would be the discovery of specific areas or rocks 
meriting additional study. In addition to this source of specific informa­
tion5 geologic experience suggests that there are some favorable rock types 
that should be examined for uranium. Another source of specific i nformation 
isJ of coursej hints and rumors from prospectors, the press, and others. _ 

Examining favorable rock t ypes 

As discussed in the introduction to this report, some rocks that may 
be regarded as preferred host rocks for uranium deposits are~ terrestrial 
sandstone and conglomeratic beds of Y'red bedn type such as the Roraima 
series 9 and especially cupriferous "red bed 11 formations such as La Quinta 
and Tmndh formations; heavy minerals in sands, especially those derived 
from felsic granitic rocks such as the granit ic rocks of the Andes and of 
pa rts of the Brazilian shield; thin black shales and all marine phosphatic 
beds 9 such as the phosphatic ''fish-bonen beds of the Coldn and La Luna 
f ormations j coals and other carbonaceous deposits, especially impure lignites 
beneath unconformities 9 thucholit e; base-'!metal gold or silver mines j · 

especially thos e with siliceous or Fe.lsic granitic wall rocks o In addition 
to these 9 other mat eri als that merit examination in any radiometric recon­
naissance are hot spring waters 9 crude oils and gases, and resj.dual-clay 
soils o In the reconnaissance i nvestigations reported in thi s paper we have 
been guided .? i n general 9 by these favorabl~ rock typeso Radiometric recon= 
naissance should continue in other parts of the country9 and should likewise 
be guided by these and any other favorable rock types discovered in the 
program of amassing data or reported elsewhere in the worldo For example, 
a reconnaissance for radioactive source materials in the eastern part of 
Venezuela spould include, among other possibly radioactive source materials, 
the black shales of the Barrariqufn formation, many coal beds, the hot springs 
at El Pilar 9 the asphaltite of Guanocoj s t ream and beach sands, and 
representative oil refinery samples. 
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Investigating hints and rumors 

Even though most of the hints and rumors of u~anium discoveries prove 
to be false or exaggerated~ the discovery of one good clue among ten 
investigated3 far outweighs the disappointment of the nine bad oneso As an 
example 9 if the discovery of uraniferous sandstone in the Andes reported by 
Dro Vo So Paulik is authenticated~ then the cupriferous La Quinta and Tomtfn 
formations in the States of Tfchira 3 Mlrida) Trujillo and perhaps western 
Zulia are definitely established as potential host rocks for uranium; in 
additionJ other uranium deposits of the carnotite or copper-uranium type 
may be found by intensive prospectingo 

Among the hints and rumors of uranium deposits in Venezuela currently 
avail able are the followingg 
1) Charles Beech 9 lumberman 9 associated with the Amacuro Mining Company 
reports that a Geiger counter registered abnormal radioactivity in the pre­
Cambrian rocks along the 11 Siberian fault zonetr that was traced from British 
Guiana into the southern part of the Territory Delta Amacuroo The analyses 
of samples reportedly taken were supposed to have been given to the writers 
but have not been receivedo 
2) Dro Vo So Paulik~ prospector, reported to us the occurrence of green 
and yellow uraniferous ore from the Five Star district in British Guiana 
between the Barama and Barima Riverso This area would be just east of the 
boundary between the Territory Delta Amacuro and the State of Bol~var, and 
in the same general area as that of I"iro Beech 1 s reporto 
3) A lett e~ received from Dr o Pedro Guzmcfn J Sec ci!n Bella Vista 145 9 

Marac.aibo 9 stated that pitchblende and monazite sand had been found in the 
sands of Lake Maracaibo (see section in this report titled Beach sands of 
Maracaibo)o Dro Pedro Guzmcfn Bufaete 9 of Caracas states that the letter 
came from his father, now dead for 4 years 9 and that any investigators 
should contact his brother 9 Dro Emiro Guzm!n Riveroj telephone 2011 9 

Apartado de Gorreos 83, Maracaiboo 
4) Newspaper articles have reported uranium in the swimming pool of the 
Country Club at Barcelona 9 in Los Monjes islands 9 and most recently9 reported 
in the paper Ultimas Noticias 9 March 8~ 1952.)J on Margarita Islando 
5) Other hints can be gained by studying the geologic literature and 
applying the principle of geologic favorabilityo For example 9 many of the 
descriptions of rocks in the Andes contain references to either phosphatic 
beds 9 black shales, or cupriferous sandstones, all of which should be 
examined radiometrically in any thorough study of radioactive source 
materialso 

Concentration of future work 

The results of our investigations suggest that more thorough geologic 
and radiometric investigations should be made of the phosphatic 11 fish=bone 11 

beds of the :rtmracaibo basin and probably in the Andean States, of the 
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cupriferous La Quint a and Tom6n formations in t he Andesj and of the more 
felsic rocks of the Venezuelan Guayana~ Territory Delta Amacurojl and State 
of Boli\rar o 

In the Maracaibo Basin 

The work recommended on the phosphatic tlfish=bone" bed is: more 
reconnaissance; field-mapping and sampling; and a general geologic study of 
the regiono Reconnaissance is required to det ermine more exactly the 
approximate limits of the uraniferous beds that we have found in the Mara 
field~ State of Zulia and near Chejendt/, State of Trujilloo Field mapping 
and sampling of the uraniferous beds are required to give more exact knowl­
edge of extentJ thicknessj and uranium content o In the western Zulia region 
these data can be supplemented by much information available from well cores 
and well logs~ especially gamma-ray logso . A ~eneral geologic study making 
use of isopach and isofacies maps of the Colon and La Luna formations in the 
Maracaibo basin should be initiatedo The goals of the study would be to 
determine th e distribution and reasons for occurrence of the abnormally 
radioactive beds, so that others might be foundo Here too, much data could 
be obtained from well cores and·logs, although it would require personnel 
experienced in subsurface geology and stratigraphyo 

In the Andes 

The firs t work required in the La Quint a and Tomo'n formations i s to 
check the reported occurrence of uraniferous sandstone on the rio Agaraveca 
near La Gritao Regardless of the authenticity of the occurrence all the 
areas currently being examined for copper in these rocks should be examined 
radiometricallyo If th e occurrence is authenticated_, then more wei ght 
might well be given to the investigation of radioact,ivity than to the search 
for copperj and the deposit should be mapped in detail and physi cally 
exploredo 

In future radiometric studies in the Andean region, pegmatites ~ felsic 
igneous rocks~ and hydrothermal metal deposits should be examinedo 

In the Guayana 

The more Felsic rocks of the Brazilian shield in the Venezuelan Guayana 
may warrant additional geologic st udy even though the known radioactivity 
i s caused by the group of pegmatitic rare-earth-thorium miner als t hat are 
not generally considered to be good sources of uraniumo 

I 
The study in the northern part of the State of Bolivar could be based 

on the maps made from the aerial photographs flown in conjunction with the 
aero=magnetomet er survey~ and should take advantage of the portable radiation 
meters of high counting-rateo In this regard, it might be of interest to 
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examine more closely the cost of commercial airborne radiometric surveysj 
for most of the first terraine north and west of the Gran Sabana is ideal 
for the low=level flights requiredo Information about airborne surveys 
could be obtained from Frank Wo St·ead (79) o 

In the more det ailed study of individual areas such as the Cerro 
'roribio==Rio Claro area.\) or the Ciudad Bolfvar area.\) a suitable end product 
would be not simply the geologic mapping of the areaJ nor simply a record 
of radioactivity.\) but an integrated study combining and interpreting botho 

In addition to these specific areas.\) much radiometric reconnaissance 
in this vast region remains to be donee It is not suggested that exploratory 
expeditions in search of uranium alone be organized9 but it is suggested 
that any expeditions organized for other purposes should be equipped with 
Geiger counters and accompanied by geologists trained in their use and 
maint enanceo Furthermore 9 the search for uranium should be considered as 
one of t he purposes of the expeditiono In geologic studies of the Guayana 
it would be wise to examine radiometrically the basal beds of the Roraima 
series and many more mineral depositso 

Fac'ilities :required 

For the proper functioning of the program of search for radioactive 
source material in Los Estados Unidos de Venezuela~ laboratories and a 
collating and collecting unit are requiredo Such facilities 11 at least for 
the present ~ need not be large nor require additional personnelo 

Laboratories 

The radiometric equipment brought from tHe United States Geological 
Surveyvs Radiation Laboratory in Denver~ and now installed in the Caracas 
laborato~ of the Direcci6n T~cnica de Geolog{a is probably sufficient for 
t he current needs of the present programo It would be desirable to have 
more portable raJ e meters of the type that are sealed against tropical 
dampnesso As an approximate guide to the number required~ two for each 
field party51 one for use and one for a spare set should be sufficient., The 
repair of Survey meters in the field is not recommendedo Probes of high 
counting rate51 such as the 20= and 40=ineh probes~ are ver.y useful in field 
surveying; inasmuch as the useful life-term of these probes is determined 
by t he total number of pulses received~ additional probes are requiredo 

Maintenance facilities are perhaps adequate for simple repair of the 
portable rate meters now on hando If more are obtained~ and if the 
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laboratory scaler needs repairiti~, the services of an expert technician will 
be required.. If a technician is\' hired, it ·is recommended that he be sent 
for instruction to the Radiation Section, Geophysics Branch, U .. S., Geological 
Survey in Washington, D .. C .. (Stead 79)., As an alternative to hiring a 
technicianjl it might be advisable to make arrangements with a reliable 
radio repair shop for more elaborate repairs, or for that matter, for the 
standard maintenance of all the radiometric equipment including the order­
ing of tubes, batteries, etc .. 

There is at present no laboratory in Caracas that is equipped to make 
chemical analyses for urap:j_lJ.m or thorium.. Dro J., 1 .. Prado, Director of the 
Laboratorio Nacional, has affirmed his interest in trainiiilg one or two 
chemists in analytic procedures, and in obtaining a mininmm amount of 
equipment necessary for making routine chemical analyses for radioactive 
elements e It is J therefore, recommended that two chemi.sts of the _Laboratorio 
Nacional be sent to the U. S. Geological Survey'~s Trace Elements Section 
Laboratory . in. Washington IL. o •. for . instnction . in methods, techniques, and 
equipment required. 

Collecting and collating unit 

The unit for collecting and collating data need not be large but should 
be given no other assignments.. That is to say, the job requires the full~ 
time of at least one, and preferably two geologists., The part-time assist= 
ance of other specialists such as petrographers or geologists familiar with 
certai.n areas will continue to be needed.. Methods of collating the data 
obtained should be devised so that information is readily available and the 
filing system capable of expansione Preparation of reports for publication 
of both laboratory and field studies is strongly urged as a very good way 
to keep data in hand, available, and therefore useful.'.! and the preparation 
of reports for restricted circulation of information regarding average grade, 
tonnage.w chemical processes, etco is similarly recommended for this type of 
data .. 

One indispensable adjunct to the organization would be a libraryo The 
publi shed parers brought down with the two senior writers for the use of the 
Direcci~n Tecnica de Geologta would serve as a nucleus for the library, 
which could be gradually built up by the addition of other pertinent books, 
pa.mphlets9 and articles. 

General comments 

It wouldJ obviously, be desirable for the chief of the Unit charged 
with the responsibility of studying radioactive source materials in 
Venezuela to have a first-hand knowledge of some uranium ore depositso It 
is suggested, therefore, that he be sent to the United States of America to 
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examine some of the black shale~ phosphate~ carnotite~ copper-uranium, and 
pitchblende deposits. It might also be considered desirable for him to 
examine some of the lode uranium deposits of Columbiao 

It is the considered opinion of Wyant and Sharp that the chief of the 
unl.t. should be an experienced field geologJst with a wide knowledge of 
general geology and geologic processes~ and especially versed in stratigraphy 
and subsurface geology. He should be assisted by at least one less­
experienced geologist who is familiar · with prospecting techniqueso 

In conclusion, the Uo So Geological Survey, and Wyant and Sharp, in 
particularJ will continue to be interested in the developments of the 
program and stand ready to give what advice~ aid~ and assistance they cano 
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(Vene~uela) Memo~andum report 9 1951G .. 

/ . 
L©lpe~ 9 V eM .. 9 Aguerrevere 9 SeE, I) and Davey 9 J. C .. v Info :nne prelimina..r 

sobre_ l©s Ya©imientos de Mica 0 Be~ilo , y ,t~os MinerJie~ de la 
region d~ 1©~ Ande~g I~~titut© de Mine ria y Geol~gia (Venezuela) 
Manu~cl'ip~ report (1944) i~ file~ of Direcci6n T(~nica de 
Geolog~ (Vene~uela) 9 1952e 

Schwa:rclt Anglade 9 Armand~~~ Informe sobre el reconecimiento de 
miJn~erale~ r3.dioactivi0~S en la$ pegmat it e.~ ubicada.\8l al noJreste , ~ . , ~ 
de Ciu~d d~ Merida 9 E~tado Meridag Direccion d~ G~Glogia 
(Ven®~u®la) fil~ report 9 1949o 

I 
Bnbio 0 Se 9 Enriqu~n lnforme ~obre los posib ilidades d~ minerales / 

~adi~activo$ ~n La$ Trinchera$ del l$tado Carabobo~ Direccion 
de Geolog~ (Vene~uela) file repo~t ~ 3 pp. 1950. 

I I' 
G.alavi~ 9 Feli xv Mineral~gic ~tudy of a sample of sand (n~ .. 59) 

f~om Evequi~ U~imln (Territ~~Y Ama~onas)g Direcci'n de Geol­
og~ (Vene~uela) f il~ reportn 1950. 

J' I 
Galavi$D Felix, Fluviatile sanda from variou$ l~calities of the 

Federal Tenit®:!E'Y .blaz~nasg Direccion de Geclogi~ {Vene~uela) 
file report~ 1950 .. 

Stiliwarck Anglade 9 A~dOJ 11 and Hess 9 Harry9 Samples collected by 
Mft Kamen=Xaye 9 Informal eommuni~ation~~ 1951. 

Perfetti!) J.N. 9 and Candiales 9 L.J., v Ocurrencia de mineral radiO= 
acti]o en la l~calidad d~ los Banos del rio Candelaria.n Ciudad 
Boliw~r~ Eatado Bol(var: Di.recciO'n de Geolog(a (Venezuela) 
manuJ~~~ipt report, 1 p:p. J 1951. 

ScllwarCJk AID~glade 9 Armando !) IRU"ormal eommu.ni~tion 11 1951 .. 
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(12) W~r~e~ter 9 John~ Repo~t on re©onnaissanae survey for S=31 occurrences 
in we~tern Vene~uela~ Unpubli8hed report fo~ a gov~rnmental 

/ 
ageney of the United State~ o.f America in the files of Direccion 
de Geolog~ (Vene~uela) 9 1945. 

(13) La,r$~n 9 CoBe 9 Preliminary i~vestigation about the possibility of 
finding r~dioa©tive minerals in Ve:nEJ~uela~ United State~SJ of 
America 9 Department ~f State Memorandum report in files of 
Di.re c c i 6'n de Ge olog is. ( Vene;z;uela) 9 1949 • 

(14) Bain 9 G(>W. 9 Geology of the fissionable material~a: E©on. Geology,vol. 
459 no. 41) pp. 273-3231 1950. 

(15) M©Kelvey 9 VoEo 9 and Nel~on 9 JoM. 9 Charaeteri~tics of marine uranium= 
beaJrimlg sedimel!iltary ro©k~ & Eoono GeologyJ vol .. 45 9 no. 19 pp .. 
35=539 1950 . 

(16) Fi$cher 11 RoP .. 9 

Platea;ug 
UrM.i~bearmg sandstone deposits of the Colorado 
E~on . Geology,vol. 45g ~o. 1 9 pp. 1~11" 1950. 

(11) Page 9 LoR .. 9 UJraniu.m in Pegmatite~~ E©©n .. Geology; vol. 45 9 No. 1 9 

pp .. 12-34~ 1950 .. 

(18) 

(19) 

(20) 

lihrerhart~~ D.L .. 9 G~ology o.f uranium de:posits=·=a condensed versian~ 
U .. So Atomi© Ene~gy Commi~sion Tech. Inf .. Servi©e report.. JIQb 
132 9 May 1951 .. 

t I 
D~ng~ 9 Gab~iel 11 Geol©Jgia de la region de Caracasg Boletin de 

~ol~~ (Vene~uela);vol . 1 9 no . 1 9 pp. 38=115~ 1951 .. 
I 

Aguerrevere s S.Eo~ and Zul©aga 9 Guillermo 9 Ob$ervaciones geol~gicas 
en la pa~t~ ©~~tr~l d~ la C~rdillera d~ la Co~ta 9 Vene~uela: 7 , . , 
Venezuela Servicio Tecnico de Geol .. and Mineria Bull .. , v~l. 1. 
no .. 2 9 pp .. 8 9 9 11 and map 9 1938 . 

(21) Hess9 H .. H. 9 and Dengo~ Gabriel~~ Informal communication. 

(23) Liddle 9 RoAop The geol©gy of Vene~uela and Trinidad: Published by 
Pal~©nt©logi~l Resear©:h lliTL~titution 9 Itha~a 9 New York; 2nd 
edition 9 890 pp 9 1946~ 

ea~abob~9 pp& 91=93~ 
Par~ni9 pp. 42 9 98~ 99 9 1349 143~ 174~ 226~ 249~ 412; 

/ 
N©rthern Fal©©D. 9 pp. 424=435~ 443=452 9 458--462 9 575" 576 9 

580; 
Yaracuy 9 :p. 585; 
We~S~ teJrn Zruia~ pp .. 228-232: Tcas 9 pp .. 222-224; Mene 

Grand~p pp. 5969 5979 631=633; 
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Andes. pp. 2 9 43-46 11 56=58» 62-65 9 '-10=>729 849 94\) 95, 
104!) 106=108. 114=-116~ 12()-121" 134-1439 164=1689 
211=2179 25G-2609_268-272" 325=3319 362-3649 3?2= 
3159 391=3949 5469 5549 5559 5619 5859 588, 5899 
5979 795-·821\) 824~ 

Shield areap PPo 1=7g 11 9 12 9 56-70 9 87=909 99 9 146n 
175=1839 2969 5109 5259 5539 5549 5619 5139 757o 

(24) Aguerrevere 9 S.Eo 11 Unpublished report on the geology of the Para­
gua~penin~ula9 Fal~on for Citie~ Service Oil Company 1930. 

(25) 9 Diseusi6n ~obre 00 0ontribucijri al estudio de 
la cuenca ~edimentaria Zulia=Fal~on~ Boletin Geol .. y Mi~. 
(Venezuela) vol a 2 9 noe~ o 2 9 3 9 4 9 po 250 9 1938o 

(26) Bucller 9 I .H .. 9 et aLl) 
Venezuela~ S©al~ 

Geologi©=te@toni© map of the United States of 
1 : 19QQ09QQQ9 1946e ' 

(27) Xehre~" L. 9 S~m~ ~bservati0n~ on Cretaceou~ and pr~Cretaeeous 

(28) 

(29) 

(30) 

bed~ }n thA ~outhwestern and north;rn central part~ of Vene~uela: 
Servieio Tlcnic~ de Geol. y Mineria Bull. Vol~ 1 9 no .. 2s p. 59 9 

1938 .. 

Brandrat 9 T oA .. 9 

Venezuels,g 

Dallmus \) IC.F., 9 

, 
The ro~ks of the C~rro Santa Ana on Paraguana~ 
Am .. Jour .. S©d .. " aer. 4 9 vol .. 37 n pp .. 268-272" 1914. 

Informal eommuncation. 

(31) Gott9 G .. B. 9 Uranium in shales 9 coals 9 and limestones in the United 
States : U. S. Geol. Su!"vey- paper presented at ~&e@tion.al meet-
ing Geol .. So\CGiety Ameri~ 9 :Rapid City" S. Dak~ta 9 April 13, 1951. 

(32) Nel~On 9 W .. Lo 9 Thery F~mbona" G .. 9 Medina Oli~ieri1) F. 9 Pra.do 9 0. 9 

J.Lo 9 Mila de La Roca 11 B.l) Venezuelan crude oil~& Venezuelan 
Ministeri~ de Minas e Hidrocarburo~" table 61) p. 20" 1951 .. 

(33) Ponte R .. ~ lmlis 9 Informal c;ommunication . 

(34) 

(35) 

(36) 

I " I ' Weidenmayer 9 C. 9 Informs geolog1~o aobre los depositos carboniferos 
de COJr0 9 Di1$tri to Mirand.a 9 Estado Fal(lcfn~ Venezuela Se:rv{cfo-= 
T(~i~o de Geol~ ~ M{neria Bull~ vol. 1 9 noo 1 0 pp .. 65=81 9 1937. 
, 

Gon~alez de Juana~ Clemente 9 Map of Mina de Ooro=El Saladillo 9 

prepared by geology students" University of Caracas~ 1948. 

, ~ , 
Lopezg V .M'/' Davey J~~G .. 9 and hbio 9 Enrique 9 Informe geologico 7 

miner1a de 1~~ ya~imient~s de cebre de Aroa 9 Estado Yaraouy: 
Bevisto de Foment~ (Venezuela) 9 in two pal"ts 9 no. 56 9 Miner­
alogy and Geology" ppo 11=66 9 and no. 57 9 History and mine­
plant~ pp. 39=120 9 1944. 
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(37) Miller 11 B.L., and Singewald 9 J.To 9 · '!'he mineral deposits of South 
America: leGra:w...,Hill 11 .. :pp o 52~-5oi9 11 1919. 

(38) Davey!) J.C. 9 Venezuela-=The Venezuelan Andes and the Coastal and 
Interior ranges& '!'he Mining Magazine 11 vol. 75 (LXXV) no. 3 9 

p. 156. Lcndont 1946. 

(40) 

(41) 

{42) 

(44) 

(45) 

(46) 

(4?) 

(48) 

(49) 

(50) 

S~lvador 9 Amos, Geology of the ChejendJ area, State of Trujillo9 

Venezuelag Report for the Mene Grande Oil Corporation" 1946 11 

and Ph. D. thesis 9 Stuford Universityl) 1950. 
, 

'l'omalinll W., G. 0. 11 Ia estratigrafia de las formaciones Cretace as 
en las eercan~s del Va}le del rio Oarache 9 Estado Trujillo; 
Bull. Geologia y Mineria 9 (Venezuela) 9 vol. 2 11 no .. 2~> ppo 
11 to 20 9 1938. 

Hedberg, H.D. 9 Mesozoic stratigraphy of northern South America: 
8th Amer. S~i. Cong. 1940s Proc.~ vol. 4g pp. 195-223, 1942o 

Hedberg 9 H.D. 9 and Sass!) L.C. 11 Synopsis of the geologi~ formations 
of the western part of the_,Maraca.ibo basin, Venezuela: Venez. , , , . / 

Servieio Teenico de Mineria y Geologia. Bull. vol .. 1~ no's. 
2~31)41) pp. 73=112, 1937. 

Sutton\) F.Ao 9 Geology of Maracaibo basin~> Venezuela& Am. Asso~o 
Pet .. Geol. Bull. vol. 30 9 no. 10, pp. 1621-1741 7 1946. 

S~baub ~> H9P. 11 Outline of sedimentation in Maracaibo bas in 9 

Venezuela& A.m. A~soco Pet. Geol., Bull., volo 32 9 no. 2 9 

PP• 215=2279 l948o 

Staff of The Shell Caribbean Petroleum Company11 Oil fields of Royal 
Dutch-Shell group in western Venezuela: Am., Assoce Pet. Geol. 
:Sullo volo 32, no .. 49 pp .. 517-628, 1948. 

Gott 9 G.B .. 9 and Hill 9 J.W. 9 Radioactivity in some oil fields of 
southeastern X&nsas& Uo S. Geol. Survey Bull. in preparation 
1951 .. 

~ 
Rivero~> Manuel 9 Informe geologico del levantamient~ de la isla de 

~ Toas y de los Cerros de Arajop Peninsula de Par~nag . ~ 
Manuscript report in files o.f Venezuelan Direcciln de Geologia 7 

26 pp .. 9 1940 .. 

I Dusenbury, A.N. Jr., and Mas Vall, Jose, Preliminary report on the 
geology of Toas Islandg Unpublished report for Creole Oil 
Company~ 1944?" 

Mencher, Ely 9 Fiehter~ HoJo, Renz 9 NoHo, Wallis 9 WoE., Patterson, 
J .. Mo 9 and Robie~ R.H", Chapter 1, Geological Review 9 Ilene 
Grande field; in Text of Papers presented at the National 
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( 50) Cont. o " Pet~oleum Conventien 9 Caraeas 9 Venezuela 1951& Venezuela 
Ministry of Mines ~nd HYdro~rbons 9 pp. 36-40, 1951. 

{51) 

(52) 

(53) 

(54) 

(55) 

(56) 

Ohrist 9 P. 9 ,~ coupe geologique lelo:ng du chemin 
Santa Barbara dan~ les Andes Venezueliennesg 
Helv .. vol. 20, DOo 311 PP• 397.,.,414~ l927o 

I 
de Mucuehaeh 1 a 
Eclog. G Geol. 

Kehrer 9 L.) Some @bservation~ on the stratigraphy in the States 
of Ta~hira and Merida 9 southwest Venezuela~ Bol. Geol. y 
Miner~ (Venezuela) 9 volo 2 9 no 8 so 2 9 3 9 4 9 pp. ~·559 1938. 

K~digp E. 9 The pre=Cretaoeous rocks of the central Venezuelan 
Andes with some remarks about the teetoni~sg Bol. Geol .. y 
Mineri~ (Venezuela) 9 vol. 2 9 no's 2 9 3p49 pp. 21=43~ 1938s 

Oppenheim 9 Vietorp Contributions to the geology o.f the Venezuelan 
Ande~g Bol. Geol$ y Mineri~ (Venezuela) 9 vol. 1 9 no 0 s. 2~3~4 9 
pp, 25=43 9 1937o 

Oppenheim 9 Vietor 9 Jurassi~-Cretaceous (Gir,n) beds in Colombia 
and Venezuela: Amer. Assoc. Pet. Geol. Blll.lo 9 vol. 249 :no. 9 9 

PPo 1611=1619, 1940. 

I ' Gonzalez de Juana 9 Clemente 9 Geologia de los Andes Venezolanos 
y la subwenea del lage Mara.~ibo 9 in I:ntrodu9e1cfn. al estudio 
de la geologi~ de Venezuelag Bol. de Geologia (Venezuela), 
wol. 1 9 no. 1 9 pp. 121=139~ 1951. 

(51) Galav~ 9 F:lix9 and Dengo 9 Gabriel, Informal communication. 

(58) Vivas 9 R.~ Alberto~ Informal communication. 

(59) 

(60) 

(61) 

(62) 

, 
Otero 9 AoGo 9 Prado 9 JoL.~ and Gimenez 9 CoN. 9 Fuentes termominerales 

de Venezuela--Fuentes en Agua Caliente 9 Estado Ta'chira: Revista 
de F~mento (Venezuela) no. 14, ppo 117-128~ 1939. 

/ . ~ ~ . 
Cardenas 9 A. I. 9 Ba.di,oaetividad de las hentes termales d.e Agua 

~liente 9 Minicipio U:re~ 9 Dist:rito Boltvar 9 Estado ':I'~cllira~ 
Repo~t in files of Direceion de Geologi~ (Venezuela) 9 2 ppo 
July 1950o 

Gremouillet 9 W. 9 lnforme sobre las eoneesiones de O?re La Fortuna, 
Santa Rosa~ y La Josefina en Seboruco 9 Eetado Ta~hirag Diree­
~ic~ de Geologi~ (Venezuela) file report 9 Augo 1939e 

Informal communicationo 

(63) Tate~> G.,H .. H .. 9 and Hit«:mcoek 9 O.B. 9 The Cerro Duida Region of 
Venezuela& Geogro Rev. 9 voi. 20 9 Noo 19 ppo 319 439 449 45\) 
1930. 
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(65) 

( 66) 

(67) 

(68) 

(69) 

{70) 

115 

Ta.ten G .. H.H. n Auya:ntepui~ Geog:ra Revo volo 28~> no. 3 9 ppe 452-474 9 

1938 9 in Liddle 9 R.A.~· The Geology of Venezuela and Trinidad~ 
2nd Edit. p. 178 9 1946. 

Zuloa.ga 9 Guillermo~ The geology of the iron deposits of the Sierra 
d~ Imata©al) Venezuela; T:ran~-=Amer. Ins t. Min. and Mete lngrs. 
Tecihe Publ. no. 5lG 9 class 1~ Min . Geol. noo 44 9 1934. Spanish 
T:ran~lation 9 Revista del Col~io de Ingenieros de Venezuela 
PP• 1181-1189 9 1217=1220 9 1934. 

Zuloag~9 Guillermo 9 and. Tello B. 9 Manuel 9 ~xplora~idh prelimina:r 
de la Sierra Imata~a& Ministerio de Fomento (Venezuela) re= 
print of Revista de Fomento (Venez.) noo 19 (1939) pp. 13-41 9 

1948. , 
Aguerrevere, S.Eel) Lopez 9 V.Mo 9 Delgado~ C. 9 and Freeman 9 CoAo 9 

Exploraci6n de la Gran Sabana& Mini~terio de Fomento (Ven­
ezuela)9 rep~int of Revista de Fomento (Venezo) no. 19 (1939) 
PP• 245=3329 345=347 9 1948. 

, , 
Lopezo VoMe 9 Davey~ J .. C. 9 and Rubiov E. 9 Informe preliminar de la 

region ~ux del Departamento Antonio D(az 9 Territorio Federal 
Delta Amacuro 9 Venezuela~ (Same as 67 above), pp. 365-387 9 1948. ,, 

Lopez\) V .. M .. 9 Menc;her 9 Ely9 and Brineman 9 J .H. Jr .. v Geology of 
Southeastern Venezuela~ Geolo Soc .. Amer .. Bull .. vol .. 53n 
ppo 849=872 9 1942o 

Dengoil Gabrielil Perfetti 9 J.No 9 Mirquez 9 Gu.stavo 9 Candia.les 9 L.J. 9 

B~llizia9 A .. t> and, Galav~p F~lix. 9 V,:nus (C;ript reports in 
f1le~ of Direccion T'©ni©a de Geologia (Venezuela)~ 195~1952. 

(?1) Dengo 9 Gabriel 9 and Bellizia9 Alirio 9 Informal communication .. 

(?2) Wright 9 So 9 and Wheaton 9 Rot> Informal communication .. 

(73) Newhousen WoH .. t> and Zuloaga 9 Guillermo 9 Gold deposits of the Guayana 
H~landsil Venezuela~ Econ . Geol .. vol. 24 9 No. 8n pp. 792= 

(75) 

(76) 

810\) 1929 .. 

David~on 9 C oF~ 9 and Bowieg SoHoU. 9 On thuCholite and related hydro­
~rbon-uraninite ©omplexesp with a note on the origin of the 
Witwaters~and gold ore~g Geol. Survey of Great Britain~ Bull. 
3~ PPo 1~18 9 1951. 

Hedberg 9 H.Do 9 Sasst> L .. C. 9 and Funkhauser 9 HoJe 9 Oil fields of 
g:t>eater Ofieina area 9 Central Anzoitegui 9 Venezuelag Amero 
A~sO~o Pet~ Geole Bull. vol. 31 9 pp. 517=628~ 1947. 
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Hedberg9 H.D.~ Sass 9 L.C. 9 and Funkhauser 9 H.J. 9 ~©O Oil fields 9 I . . . 
Central Anzoategui~ Venezuela~ Amer. Asso~. Pet. Geol• Bull. 

(77) 

vol. 32 9 no. 10 9 PPo 1851=1905 9 1948. 

(78) lirikler 9 Vi~gil 9 Creole Petroleum Oorp~ration 9 informal ©Gmmun­
iootion . 

(79) Stead9 Frank W. 9 Chief of Radiation Se~tionu Geophysics Bran~h 9 
U. S., G~ological Survey9 Go S., A. Building9 Wa.shiJD8te»n 25 9 , 

D. 0., 
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