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Figure 2. Areas in the Venezuelan Guayana Shield worked jointly by geologists of the U.S. Geological Survey and Corporacién
Venezolana de Guayana, Técnica Minera, C.A. A, Santa Elena de Uairén—Chiricayen—Icabard; B, La Flor—Carapo; C, numerous sites in
Rio Caura and Rio Paragua field areas; D, Bochinche concession; E, Marwani area; F, Anacoco area; G, Venamo prospect; H, Las Flores
prospecting zone; J, Kavanayen; K, Kamarata; L, El Callao-Lo Increible mining districts; M, Mount Roraima; N, Auyantepuy (Angel
Falls); P, Piston de Uroy-Rio Chivao-Cerro Arrendajo prospecting areas; R, Kilometer 88—Las Cristinas; S, Santa Rosalia area; T, Cerro
Bolivar—San Isidro mines; V, Sierra Verdiin prospecting site; X, numerous heliports and camps in Estado Amazonas (upper Rio Orinoco
and Rio Ventuari areas); Y, Cécaro dike area. Table 1 lists these areas and the scientists who worked at each and indicates when studies
were conducted. Double-dashed lines indicate paved roads.
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CVG. The group initially consisted of two resident scientists,
later three, and then one, headquartered in Puerto Ordaz and
Ciudad Bolivar, Venezuela; as many as 10 visiting scientists
per year worked in Venezuela with the CVG during the
project.

The Venezuelan host agency, TECMIN, was formally
organized in 1986 as an outgrowth of the original CVG-
Ferrominera Orinoco mineral exploration and development
group (Yacimientos). CVG is a government-owned corpora-
tion (and government ministry) established by presidential
decree in 1972 and given charge over the regional economic
development of the southern half of Venezuela. The area of
responsibility includes Estado Bolivar, Estado Delta Ama-
curo, and Estado Amazonas. TECMIN is a mineral explora-
tion company wholly owned by the CVG.

The USGS was established in 1879 to conduct scientific
investigations on the geology and mineral resources of the
United States. Since the 1940’s, the USGS has participated
in large cooperative-assistance projects in foreign countries
including Saudi Arabia, Brazil, Liberia, Indonesia, Colom-
bia, Puerto Rico, Costa Rica, and Pakistan. In addition,
USGS scientists have worked on smaller projects throughout
the world.

PRIMARY OBJECTIVE

The primary objective of the USGS-TECMIN cooper-
ative project was to gain a better understanding of the geol-
ogy of the Guayana Shield by using modern scientific
methods. This integration of field geologic mapping,
geochemical sampling, and geophysical surveying, in addi-
tion to modern laboratory and data analysis, resulted in train-
ing of TECMIN staff, transfer of technology, evaluation of
specific mining concessions held by TECMIN, and mineral
resource appraisals of these and other areas.

Technical and professional staff of TECMIN were
trained in methods for regional mapping, mineral resource
evaluation, and exploration. Regional geologic mapping was
done in cooperation with the Inventory Group (Grupo de
Inventario), and mineral exploration was carried out within
the Exploration Group (Grupo de Prospeccién), the two
major operational units of TECMIN. Training was con-
ducted by means of formal short courses (six in the first three
years of the project), each lasting one to three weeks and
taught in Spanish at several sites in Venezuela. Less formal
training of individuals and groups was performed by resident
USGS scientists in the field and in the office.

Technology transfer included purchase of new
computers, upgrade of existing computer equipment,
installation of the latest specialized instrumentation and
software for chemical analysis, mineral exploration, and
natural-resources inventory, and training in the use of
instrumentation and software. A sample preparation
laborastory and a chemical analysis laboratory were

designed by the USGS and built in Tumeremo, Estado Boli-
var.

Site-evaluation studies were conducted by USGS scien-
tists at sites selected by TECMIN geologists and manage-
ment with input by the resident USGS staff.
Recommendations from these efforts are being used by
TECMIN to determine which areas warrant additional
exploration. These site-evaluation studies were in Estado
Bolivar and Estado Amazonas (fig. 2). Estado Delta Ama-
curo is mostly covered by Quaternary sediments, and TEC-
MIN conducted only regional mapping and limited
reconnaissance mineral exploration there.

Mineral resource appraisals were accomplished by
USGS scientists in cooperation with TECMIN geologists.
These appraisals are evaluations of large regions, typically
1°x1a° or larger in size, and include domain maps that iden-
tify areas permissive for the occurrence of various mineral
deposit types. The domain maps are based on descriptive
mineral deposit models developed by the USGS (Cox and
Singer, 1986). The number of undiscovered deposits and
their metal contents were estimated by using mineral deposit
density and grade and tonnage curves established for each
deposit type based on data from known deposits worldwide.
In addition, Monte Carlo-type computer simulations were
used to estimate the quantity of metal remaining in place
(Bliss and others, 1987). Wynn and Sidder (1991) and U.S.
Geological Survey—Corporacién Venezolana de Guayana,
Técnica Minera, C.A. (1993) are examples of published min-
eral resource assessments for part and all, respectively, of the
Venezuelan Guayana Shield.

ACCOMPLISHMENTS

SCIENTIFIC RESULTS

The chapters in this volume describe the entire spec-
trum of work conducted under the umbrella of the
CVG-USGS cooperative project, exclusive of the resource
appraisals described above. Sidder and Mendoza present a
new, comprehensive overview of the geology of the Venezu-
elan Guayana Shield and its relation to the entire Guayana
Shield and the West African craton that incorporates find-
ings of the cooperative project. Wynn and others combine
geologic mapping and geophysical modeling to produce a
bedrock geologic map of the Bochinche area, and they iden-
tify a number of new targets for gold exploration. Ferndndez
presents an application of geophysical methods to help map
and interpret the geology in the Bochinchito district, which
hosts gold deposits that are currently being mined. Day and
others provide the first complete description of Lo Increible,
an active gold mining district north of El Callao, and they
show the importance of shear zones in the formation of the
gold deposits. Gray and others report on the Sierra
Verdiin—Cerro  Piedra del Supamo area, where
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greenstone-belt rocks and granitic rocks of the Early Protero-
zoic Supamo Complex are intruded by a mafic-ultramafic
complex. Brooks and others studied two areas of green-
stone-belt rocks, Cerro Arrendajo and Rio Chivao, that are
cut by gold-bearing quartz veins. Alberdi and Contreras
mapped a previously undescribed area of the Early to Middle
Proterozoic Roraima Group and its underlying rocks in
Canaima National Park.

Wynn and others combine geophysical, geochemical,
and geologic mapping to define a large gold-bearing quartz
vein system as wide as 8 m at Pistén de Uroy. This vein sys-
tem was discovered during mapping of the northern margin
of the Gran Sabana. Dohrenwend describes the geomorphol-
ogy of the southern Gran Sabana and its relation to the source
of diamonds and gold produced in that area. Brooks, Tosdal,
and Nufiez mapped an area near Icabari that contains rhy-
olitic tuff of the Early Proterozoic Cuchivero Group and
sandstone of the Early to Middle Proterozoic Roraima
Group. Diamonds are mined from placer deposits in streams
that drain the area. Yanez describes the geomorphological
framework underlying the discovery of the Los Pijiguaos
bauxite deposit in the western part of the shield. Marsh and
others describe the results of geochemical sampling of six
gold-bearing quartz-carbonate-tourmaline vein systems in
the El Callao, Lo Increible, Bochinche, and Marwani areas,
all of which contain low-sulfide gold-quartz vein-type
deposits. Sidder’s compilation of mineral deposits and pros-
pects in the Venezuelan Guayana Shield includes a compre-
hensive map of known deposits and prospects in Venezuela
south of the Rio Orinoco.

TRAINING

The USGS conducted training in the form of formal,
one- to three-week-long short courses on mineral deposit
models, mineral resource estimation, digital geologic map-
ping, data analysis and statistics, field geologic mapping,
geochemical sampling, and environmental hazard mitiga-
tion. In addition, resident and visiting scientists spent many
man-months on individual and small-group training in com-
puter usage, geologic mapping, laboratory methods, field
geochemistry, petrography, geophysical methods, hydro-
thermal alteration, igneous petrology, and economic geol-
ogy. This training extended beyond the professionals within
TECMIN to include, by invitation of TECMIN management,
representatives of other CVG entities (Minerfa de Venezuela
(MINERVEN), Bauxita Venezolana (BAUXIVEN), and
Ferrominera Orinoco) and other Venezuelan government
agencies (Ministerio de Energia y Minas and Ministerio de
Ambiente), as well as geologists from several universities
(Universidad Central de Venezuela, Universidad Simén
Bolivar, and Universidad de Oriente). One geologist from
Guatemala participated in the field geology course.

TECHNOLOGY TRANSFER

The USGS installed sufficient laboratory equipment to
bring to operational status a modern sample preparation lab-
oratory in Tumeremo. In August 1992, an emission spec-
trograph and required ancillary equipment was installed in
the new USGS-TECMIN-designed chemical analysis facil-
ity in Tumeremo. Nine computers were delivered and set up
in Puerto Ordaz and Ciudad Bolivar, together with periph-
eral devices, software (both commercial and USGS-devel-
oped), plotters, and digitizers.

SITE EVALUATIONS, MINERAL RESOURCE
APPRAISALS, AND FUTURE STUDIES

Sixteen USGS scientists worked with TECMIN geolo-
gists at more than 60 mines, concessions, and mineral pros-
pects in 28 areas in Venezuela. These sites were identified
initially by noting activity of local prospectors, by looking
for extensions of known mineral deposits, and during geo-
logic mapping by the Inventory Group. The major areas vis-
ited are listed in table 1.

The mineral resource appraisal of Venezuela was car-
ried out on several different levels. Each visiting USGS sci-
entist provided an evaluation of the sites visited and studied.
On a larger scale, a prototype mineral resource assessment
was carried out for the NB-20—4 quadrangle (fig. 2) in east-
ern Estado Bolivar (Wynn and Sidder, 1991). This evalua-
tion provides geologic and geophysical information, a
compilation of mineral production and current mining activ-
ity, and a map of areas interpreted to be permissive for dif-
ferent types of mineral deposits. In the case of the NB-20—4
quadrangle, few geochemical data are available. Neverthe-
less, sufficient geologic information was available to permit
the estimation (using Monte Carlo simulation) of undiscov-
ered gold resources. This estimation was made using calcu-
lations of the size of the known (mapped) greenstone belts,
augmented by aeromagnetic data that show additional areas
probably underlain by greenstone belts. Using a mineral
deposit density model (Bliss and others, 1987) for the
low-sulfide gold-quartz vein type of deposit and grade and
tonnage cumulative-frequency curves (Bliss and Jones,
1988), it was estimated that between 16 and 27 deposits of
the low-sulfide gold-quartz vein type are present within the
quadrangle, of which only two deposits are currently being
mined. A total of 8-36 metric tons of gold remains in place,
using the 90-percent confidence level of a Monte Carlo sim-
ulation (Wynn and Sidder, 1991). A shieldwide mineral
resource assessment was conducted at the end of the cooper-
ative project (U.S. Geological Survey—Corporacién Vene-
zolana de Guayana, Técnica Minera, C.A., 1993);
geographic, geologic, side-looking radar, mineral occur-
rence, and mineral assessment maps, all at 1:1,000,000 scale,
are included in the assessment report.
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Table 1.  Area and site evaluations by scientists of the U.S. Geological Survey, 1986-1990.

[Shown by letter in figure 2]

Site Scientists Date
Alto Rio Caura (C) Sidder March 1988-April 1988
Alto Rio Paragua (C) Sidder March 1988
Anacoco (F) Day April 1988
Wynn June 1989
Auyantepuy (N) Day, Wynn July 1989
Bajo Rio Caura (C) Sidder May 1988
Bochinche (D) Page, Raines, Krushensky January 1986
Page, Bliss, Krushensky, Wynn, Sidder July 1987
Cox, Sidder, Wynn November 1987
Page February 1988
Marsh March 1988
Earhart April 1988
Page, Wynn November 1988
Wynn May 1989
Cacaro dike area (Y) Page, Olmore February 1989
Cerro Arrendajo (P) Brooks, Wynn March 1988
Cerro Bolivar—San Isidro (T) Cox, Sidder, Wynn November 1987

Chiricayen (A) Page, Herd, Sidder, Marsh, Wynn September 1988
Dohrenwend, Wynn October 1989
Icabani-Los Caribes (A) Page March 1988
Brooks April 1988
Dohrenwend, Wynn October 1989
Kamarata (K) Page, Sidder July 1987
Page, Wynn September 1988
Kavanayen (J) Page, Wynn September 1988
Kilometer 88 (R) Bagby, Menzie January 1988
Marsh April 1988
La Flor—Carapo (B) Sidder March 1989-May 1989
Sidder, Olmore March 1989
Sidder, Wynn April 1989
Day, Sidder June 1989
Day July 1989
Gray, Marsh November 1990
Las Cristinas (R) Cox November 1987
Bagby, Menzie January 1988
Marsh April 1988
Las Flores (H) Page, Krushensky, Raines January 1986
Wynn, Gray September 1989
Lo Increible (L) Cox, Sidder, Wynn November 1987
Day, Wynn June 1989

The information used to make mineral resource deposits and prospects. In the case of the Guayana Shield,
appraisals normally includes (1) reliable tectonic and geo- few regional geochemical data are available; however, rea-
logic maps, (2) stream-sediment geochemical data, (3) sonably good quality aecromagnetic data exist for at least half
regional geophysical data, and (4) locations of mineral of the area. Using these data, available geologic maps, maps
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Table 1.  Area and site evaluations by scientists of the U.S. Geological Survey—Continued.
Site Scientists Date

Marwani (E) Sidder, Wynn July 1987
Wynn October 1987
Marsh February 1988
Earhart April 1988

Medio Rio Paragua (C) Sidder April 1988

Mina Colombia (EI Callao district) (L) Cox, Sidder, Wynn November 1987
Marsh April 1988
Page, Gray July 1990

Mt. Roraima (M) Wynn September 1988
Dohrenwend, Wynn October 1989

Pistén de Uroy (P) Page March 1988
Page, Wynn January 1989
Wynn May 1989

Rio Chivao (P) Brooks March 1988

Rio Ventuari (X) Olmore April 1989
Olmore, Wynn February 1990

Santa Rosalia (S) Sidder February 1988

Sierra Verdiin (V) Gray, Wynn March 1990
Gray May 1990

Upper Rio Orinoco (X) Olmore, Wynn February 1990
Olmore April 1990
Olmore May 1990
Olmore October 1990

Venamo (G) Ludington February 1988

of mines and prospects, and field reconnaissance data col-
lected during the cooperative study, a new tectonic and geo-
logic map series of the Venezuelan Guayana Shield is being
assembled. By incorporating geophysical data, it has been
possible to map terrane boundaries in areas covered almost
completely with alluvial and eluvial deposits and extensive
jungle. This tectonic and geologic framework map series,
compiled on 12 1:500,000-scale quadrangles, is the founda-
tion on which future mineral resource appraisals of the
Venezuelan Guayana Shield will be made.
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Geology of the Venezuelan Guayana Shield and
Its Relation to the Geology of the Entire Guayana Shield

By Gary B. Sidder! and Vicente Mendoza S.2

ABSTRACT

The Guayana Shield in Venezuela is composed of five
lithotectonic provinces: (1) an Archean amphibolite- to gran-
ulite-facies gneiss terrane, (2) an Early Proterozoic green-
stone-granite  terrane(s), (3) an Early Proterozoic
metamorphosed volcanic-plutonic complex, (4) Early to
Middle Proterozoic continental sedimentary rocks, and (5)
Middle Proterozoic anorogenic rapikivi-type granite. Early
Proterozoic rocks in Estado Amazonas of western Venezuela
are undivided, and their relation to other rocks of the Vene-
zuelan Guayana Shield is uncertain. Early to Middle Protero-
zoic continental-type tholeiitic dikes, sills, and small
irregular intrusive bodies and Mesozoic dikes emplaced dur-
ing the opening of the Atlantic Ocean cut all of the lithotec-
tonic provinces. Major mineral deposits of the Venezuelan
Guayana Shield include gold, iron, bauxite, and diamonds.

The Archeari Imataca Complex, the oldest unit of the
shield, consists of gneiss and granulite and minor dolomite
and banded iron formation. Large isoclinal folds that have
been refolded into relatively open folds are common. Meta-
morphic grade ranges from granulite facies in the northeast
part of the belt to amphibolite facies in the southwest.
Deposits of enriched banded iron formation in the Imataca
Complex contain more than 2 billion metric tons of iron ore.
During the pre-Trans-Amazonian tectonomagmatic event,
about 2,800-2,700 Ma, granitic rocks intruded the Imataca
Complex, and injection gneiss and migmatite were
developed.

The Early Proterozoic greenstone belts, which formed
about 2,250-2,100 Ma, consist of a submarine sequence of
tholeiitic mafic volcanic rocks, a sequence of tholeiitic to
calc-alkaline basalt to rhyolite, and a sequence of turbiditic
graywacke, volcaniclastic rocks, and chemical sedimentary

1U.S. Geological Survey, Denver Federal Center, MS905, Denver,
Colorado 80225.

2Corporacién Venezolana de Guayana, Técnica Minera, C.A., C.C.
Chilemex, Piso 1, Puerto Ordaz, Venezuela.

rocks that characterize the basal, middle, and upper parts,
respectively. Layered mafic complexes also are present in
the greenstone belts. Metamorphic grade ranges from green-
schist to amphibolite facies. Shear zones that cut the green-
stone-belt rocks host numerous deposits of low-sulfide
gold-quartz veins.

Granitic domes of the Supamo Complex intruded the
greenstone-belt rocks about 2,230-2,050 Ma, dividing the
greenstone-belt rocks into branching synclinoria between
intrusions. The Trans-Amazonian orogeny was a period of
continental accretion, deformation, and magmatism between
about 2,150 and 1,960 Ma, during which the Imatata and the
greenstone-granite terranes were deformed and metamor-
phosed.

Volcanic, subvolcanic, and plutonic rocks of the
Cuchivero  Group represent postcollisional, post-
Trans-Amazonian magmatism in the Guyanan Shield about
1,930-1,790 Ma. Silicic rocks (rhyolite and granite to gran-
odiorite) dominate; intermediate to mafic dikes and lava
flows are less abundant. Mining has not occurred in rocks of
the Cuchivero Group, although precious-metal, tin, and
molybdenum prospects are present, and Olympic Dam-type
iron-copper-uranium-gold-rare earth element deposits are
permissive. The only known diamond-bearing kimberlite
deposit in the Guayana Shield is in the Quebrada Grande
area. This deposit and the carbonatite at Cerro Impacto are
within the outcrop area of the Cuchivero Group. The kimber-
lite was emplaced about 1,732182 Ma; however, the carbon-
atite is not dated. Possible periods of intrusion are about 1.7
Ga or during the Mesozoic after the opening of the Atlantic
Ocean.

Undivided Proterozoic rocks in Estado Amazonas of
western Venezuela include granitic rocks, gneiss, and mig-
matite. Metamorphism and magmatism were most intense in
this area about 1,860-1,730 Ma.

Unmetamorphosed, posttectonic sedimentary rocks
including quartzaronite, conglomerate, arkose, siltstone, and
shale of the Roraima Group were deposited in fluvial,
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deltaic, shallow-marine, and lacustrine or epicontinental
environments. Some rocks of the Roraima Group are at least
1,670 Ma in age. and others are possibly as old as about
1,900 Ma and as young as about 1,500 Ma or younger.
Paleoplacer deposits of gold and diamonds in the lower part
of the Roraima Group are the source for modern placers.

Continental-type tholeiitic dikes, sills, and irregular
intrusive bodies of the Avanavero Suite cut all older rocks of
the Guayana Shield. These intrusions are about 1,650 Ma in
age and may be as old as about 1,850 Ma.

Middle Proterozoic (about 1.55 Ga) undeformed gran-
ite having rapikivi texture is characteristic of the Parguaza
province. Quartz veins, pegmatite, and greisen in the Par-
guaza Granite have moderate potential for tin deposits. Sim-
ilarities in age, composition, and tectonic environment
indicate that Olympic Dam-type iron-copper-ura-
nium-gold-rare earth element deposits may be present in the
Parguaza Granite and its associated volcanic rocks.

Continental collision in the westernmost part of the
Guayana Shield during the Nickerie orogeny reset many
potassium-argon and rubidium-strontium mineral ages of
Archean and Early Proterozoic rocks in the central and east-
ern parts of the shield to about 1,200 Ma. Tholeiitic diabase
dikes intruded the Guayana Shield during the opening of the
Atlantic Ocean from about 210 to 200 Ma. Variable litho-
logic resistance to weathering and erosion of a thick
sequence of flat-lying to very gently dipping sedimentary
strata in the Roraima Group have produced at least six pla-
nation surfaces in the Guayana Shield at distinct elevations
between about 2,900 and 50 m above sea level.

Tropical weathering of the diverse rock types of the
Guayana Shield has formed many deposits of bauxite and
lateritic bauxite. The largest bauxite deposit is Los Pijiguaos,
which developed on the Parguaza Granite. Deposits of baux-
ite and enriched banded iron formation formed on the
Imataca-Nuria erosional surface. Placer diamond and gold
deposits are mined in modern channels of the major rivers
and in colluvial-alluvial deposits in low-order drainages.

Rocks, mineral deposits, and tectonic events in the
Venezuelan Guayana Shield are generally correlative with
those elsewhere in the Guayana Shield and (or) in the West
African craton. Although Archean rocks are not known
elsewhere in the Guayana Shield, Archean rocks similar to
those in the Imataca Complex and coeval Archean tectonic
events are present in the West African craton. Rocks in the
Early Proterozoic greenstone belts in Venezuela are compa-
rable in age and lithology to greenstone-belt rocks through-
out the Guayana Shield and in the West African craton. The
Trans-Amazonian orogeny in northern South America and
the Eburnean orogeny in West Africa are the major Early
Proterozoic tectonic event. Differences in the types of late
Early Proterozoic and Middle Proterozoic rocks in the
Guayana Shield and the West African craton are signifi-
cant. For example, granite and rhyolite similar to the

Cuchivero Group are present throughout the Guayana
Shield, but are only locally present in the West African
Shield. Also, rocks comparable to the Roraima Group and
the Parguaza Granite, although widespread in the Guayana
Shield, are rare or absent in West Africa.

RESUMEN

El Escudo de Guayana en Venezuela estd compuesto
por 5 provincias litotecténicas: (1) un terrano Arqueano con
metamorfiamo de la facie de la anfibolita a la granulita, (2)
un terrano granitico-cinturones de rocas verdes de edad Pro-
terozoio Temprano, (3) un complete volcdnico-pluténico sin
metamorfismo, de edad Proterozoico Temprano, (4) rocas
continentales de edad Proterozoico Temprano, y (5) granito
rapakivi anorogénico de edad Proterozoico Medio. Las rocas
del Proterozoico Temprano en el Estado Amazonas no han
sido diferenciadas, por consiguiente, su relacién con otras
rocas del Escudo de Guayana en Venezuela no ha sido
definida. Los diques, sills y cuerpos intrusivos pequefios e
irregulares, de composicién toleitica y origen continental de
edad Proterozoico Temprano a Medio, y diques de edad
Mesozoico que fueron emplazados durante la apertura del
Oceano Atldntico, cortan las rocas de todas las provincias
litotectonicas. Los principales yacimientos minerales son de
oro, hierro, bauxita y diamantes.

El Complejo de Imataca de edad Arqueano es la unidad
mads antigua del escudo, consiste de gneises y granulita con
cantidades menores de formacién bandeada de hierro y dolo-
mita. El estilo estructural consiste de grandes pliegues isocli-
nales los cuales han sido replegados formando pliegues
relativamente mds abiertos. El grado metamdrfico varia
desde la facie de la granulita, en la parte noreste del cinturén,
a la facie de la anfibolita en la parte suroeste. Los depésitos
de hierro en formaciones bandeadas de hierro enriquecidas
contienen aproximadamente 2 billones de toneladas métricas
de mineral de hierro. El Complejo de Imataca fue afectado
durante el evento tectono-magmatico pre-Trans-Amazoénico,
entre 2,800 y 2,700 Ma, cuando se formaron gneis de injec-
cién y migmatitas.

Los cinturones de rocas verdes del Proterozoico Tem-
prano se formaron aproximadamente entre 2,250 y 2,100
Ma. Estos consisten de una secuencia submarina de rocas
volcdnicas mdficas tolefticas, una secuencia toleitica a
calco-alcalina de basalto a riolita y una secuencia de grau-
wacas turbiditicas, rocas volcaniclésticas y rocas sedimenta-
rias de origen quimico las cuales caracterizan la base, parte
media y partes superiores respectivamente. También se
encuentran complejos estratificados maficos-ultraméficos.
El grado metamérfico varia entre las facies del esquisto
verde y anfibolita. Las zonas de cizalla que cortan los cintu-
rones de rocas verdes contienen numerosos dep6sitos de oro
en vetas de cuarzo con bajo contenido de sulfuros.
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Los cinturones de rocas verdes fueron intrusionados por
domos graniticos del Complejo de Supamo aproximada-
mente entre 2,230 y 2,050 Ma. Los domos graniticos dividi-
eron los cinturones de rocas verdes en sinclinorios los cuales,
en vista en mapa, presentan ramificaciones. La orogenesis
Trans-Amazénica fue un periodo de colisién y crecimiento
continental, deformacion y magmatismo entre 2,150 y 1,960
Ma durante el cual las rocas del Complejo de Imataca y la
provincia granitico-rocas verdes fueron deformados y meta-
morfizados.

Las rocas volcédnicas, subvolcdnicas y pluténicas del
Grupo Cuchivero representan un periodo de magmatismo
entre 1,930 y 1,790 Ma después de la colisién
Trans-Amazo6nica. Predominan rocas silicicas (riolita y
granito a granodicrita); diques y lavas intermedias a méificas
son menos abundantes. Aunque existen prospectos de min-
erales preciosos, estafio y molibdeno, y prospectos del tipo
Olympic Dam cobre-uranio-oro estan permisivo, hasta la
fecha no hay operaciones mineras en rocas del Grupo
Cuchivero. La tnica kimberlita diamantifera conocida en el
Escudo de Guayana estd localizada en el drea de la Quebrada
Grande. Este depésito, y la carbonatita del Cerro Impacto
estdn localizados dentro de la regién del Grupo Cuchivero.
La kimberlita fue intrusionada aproximadamente hace
1,732482 Ma. Aunque la edad de la carbonatita no ha sido
definida, las edades posibles de intrusién son acerca de 1.7
Ma o durante el Mesozoico después de la apertura del
Océano Atldntico.

Las rocas de edad Proterozoico en el Estado Amazonas
no han sido divididas, pero incluyen rocas graniticas, gneis y
migmatita. En esta 4rea, el magmatismo y metamorfismo
fueron més intensos aproximadamente entre 1,860 y 1,730
Ma.

Las rocas sedimentarias del Grupo Roraima fueron
depositadas después del tectonismo Trans-Amazénico en
ambientes fluviales, deltdicos, marino somero y lacustrino o
epicontinentales. Estas rocas no estin metamorfizadas e
incluyen cuarzo-arenita, conglomerado, arcosa, limolita y
lutita. Algunas de las rocas del Grupo Roraima tienen una
edad de al menos 1,670 Ma, otras posiblemente tienen una
edad de 1,900 Ma y otras pueden ser tan jovenes como 1,500
Ma. Los dep6sitos de oro y diamantes en paleoplaceres en la
parte inferior del Grupo Roraima son la fuente para depési-
tos de placer modernos.

La Suite Avanavero, la cual comprende diques, sills y
cuerpos intrusivos irregulares de composicién toleitica con-
tinental, cortan todas las unidades mds antiguas del Escudo
de Guayana. Estas intrusiones probablemente se formaron
aproximadaments hace 1,650 Ma, y quizés hace 1,850 Ma.

El granito rapakivi, no deformado, de edad Proterozo-
ico Medio (aproximadamente 1,545 Ma), conforma la Pro-
vincia de Parguaza. El granito de Parguaza presenta vetas de
cuarzo, y greisen conteniendo un potencial moderado para
depésitos de estafio. La similitud en edad, composicién y

ambiente tecténico del granito de Parguaza con las rocas que
contienen el dep6sito Olympic Dam de hierro, cobre, uranio,
oro y elementos tierras raras, indican que este granito y rocas
volcdnicas asociadas tienen potencial para esos minerales.

La colisién continental en el extremo occidental del
Escudo de Guayana, ocurrida durante la orogenesis Nickerie
aproximadamente hace 1,200 Ma, re-establecié las edades
isotopicas de los sistemas potasio-argén y rubidio-stroncio
de las rocas Arquenas y Proterozoico presentes en la parte
central y oriental del escudo. Durante la apertura del Océano
Atlédntico, entre 210 y 200 Ma, diques de diabasa toleitica
intrusionaron el Escudo de Guayana. El levantamiento y
erosién del los terrenos Precambricos durante las Eras Meso-
zoica y Cenozoica produjeron al menos seis superficies de
erosién en el Escudo de Guayana a distintas elevaciones
entre 2,900 y 50 m.s.n.m.

La meteorizacién en clima tropical, de los distintos
tipos de rocas del Escudo de Guayana, ha formado muchos
depdsitos de bauxita y bauxita laterftica. El depésito mas
grande es Los Pijiguaos, el cual se formé sobre el Granito de
Parguaza. También se formaron depdésitos de bauxita y
hierro enriquecido a partir de formacién bandeada de hierro
en la superficie de erosién Imataca-Nuria. Diamantes y oro
en dep6sitos de tipo placer son actualmente minados en
canales activos de los rios mayores y también en depésitos
coluvio-aluviales en drenajes de orden menor.

Las rocas, depositos minerales y eventos tecténicos en
el Escudo de Guayana en Venezuela son generalmente cor-
relacionables con esos en otras partes del Escudo de Guay-
ana y/o en el Craton de Africa Occidental. Aunque no se
conocen rocas Arqueanas en otras partes del Escudo de
Guayana, las rocas y eventos tecténicos en Africa Occidental
de edad Arqueana son similares a las del Complejo de
Imataca. Las rocas Proterozoicas de los cinturones de rocas
verdes “greenstones” en Venezuela son comparables en edad
y litolog{a al resto de las rocas en los cinturones de rocas ver-
des a traves del Escudo de Guayana y en el Craton de Africa
Occidental. La orogenia Trans-Amazdénica ocurrida en la
parte norte de Suramerica, y la orogenia Eburneana en Africa
Occidental es el evento tecténico mds importante durante el
Proterozoico Temprano. En contraste a la similitud entre
rocas Arqueanas y del Proterozoico Temprano entre
Suramerica y Africa, existen diferencias significativas entre
los tipos de rocas del Proterozoico Temprano tardio y Prot-
erozoico Medio entre las mencionadas regiones. Por ejem-
plo, a traves del Escudo de Guayana hay granitos y riolitas
similares a aquellos del Grupo Cuchivero, mientras que en el
Escudo de Africa Occidental estas rocas estdn presentes solo
localmente. Lo mismo sucede con las rocas del Grupo
Roraima y el granito de Parguaza, las cuales afloran a traves
del Escudo de Guayana pero no asi en Africa Occidental
donde raramente afloran o estdn ausentes.
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Figure 1. Major geographic features of the Venezuelan Guayana Shield. Smaller map shows outline of Guayana Shield of northeastern
South America (modified from Gibbs and Barron, 1983).
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INTRODUCTION

The U.S. Geological Survey assisted the Corporacién
Venezolana de Guayana, Técnica Minera, C.A. (CVG-TEC
MIN, or TECMIN) between 1987 and 1992 in its assessment
of and exploration for new mineral deposits in the Precam-
brian Guayana Shield of Venezuela (Wynn, Sidder, and oth-
ers, this volume). The Guayana Shield, in the northern part
of the Amazonian craton of South America, measures about
1,100 km north to south and 2,100 km east to west, covering
an area of about 2,310,000 km? (fig. 1). Shield rocks crop out
in Colombia, Venezuela, Guyana, Brazil, Suriname, and
French Guiana. The Guaporé or western Central Brazil
Shield, south of the Amazon River Basin, forms the southern
part of the Amazonian craton (Gibbs and Barron, 1983;
Teixeira and others, 1989; Goodwin, 1991). Although now
separated by the Atlantic Ocean, the geologic histories of the
Guayana Shield and the West African craton indicate that
Archean and Early Proterozoic rocks of both areas were
deposited in similar environments and were affected by
coeval tectonic and metamorphic events.

The Guayana Shield in Venezuela consists of five litho-
tectonic provinces: (1) Archean amphibolite- to two-pyrox-
ene granulite-facies gneiss terrane, (2) Early Proterozoic
greenstone-granite terrane(s), (3) Early Proterozoic unmeta-
morphosed volcanic-plutonic complex, (4) Early to Middle
Proterozoic continental sedimentary rocks, and (5) Middle
Proterozoic anorogenic rapakivi-type granite (Gibbs and
Barron, 1983; Teixeira and others, 1989). Early Proterozoic
and possibly Archean rocks in Estado Amazonas of western
Venezuela are undivided, and their relation to other rocks of
the Venezuelan Guayana Shield is uncertain. Early to Middle
Proterozoic continental-type tholeiitic dikes, sills, and small
irregular intrusive bodies and Mesozoic dikes emplaced dur-
ing the opening of the Atlantic Ocean are present in all of the
lithotectonic provinces. Table 1 is a simplified stratigraphic
chart of the rock units and tectonic events of the Guayana
Shield of Venezuela, and figure 2 is a simplified geologic
province map. Geologic and geographic maps of the Guay-
ana Shield of Venezuela are presented in U.S. Geological
Survey and Corporacién Venezolana de Guayana, Técnica
Minera, C.A. (1993), and mineral deposits mentioned herein
are shown on plate 1 of Sidder (this volume).

In this paper, we present an overview of the geology of
the Venezuelan Guayana Shield and discuss its relation to
the geology of the entire Guayana Shield. The discussion of
the evolution of the shield includes recently published ura-
nium-lead and samarium-neodymium isotopic data. Geo-
chronological data have been standardized by recalculation
with one set of constants as recommended by the Subcom-
mission on Geochronology of the International Union of
Geological Sciences? (Steiger and Jiger, 1977); errors in all
dates are given at the 1-sigma level. Such standardization
helps to define more narrowly the ranges of specific mag-
matic or tectonic events. For example, a single tectonic epi-

sode such as the Trans-Amazonian orogeny, which
previously had been reported to span 400 m.y., is herein con-
strained to a much shorter interval of 190 m.y. Similarly, the
formation of the Supamo Complex (granite and gneiss asso-
ciated with the greenstone-belt rocks), which reportedly
occurred between 2,700 and 2,100 Ma, is herein restricted to
2,230-2,050 Ma. These recalculated dates of the major geo-
logic events in the Venezuelan Guayana Shield allow its his-
tory to be interpreted more realistically (table 1, fig. 2).

IMATACA COMPLEX

The Archean Imataca Complex is a northeast-trending
belt of amphibolite- to granulite-facies metasedimentary and
metaigneous rocks. This belt is at least 510 km long and
65-130 km wide, and it forms the northernmost margin of
the Venezuelan Guayana Shield (fig. 2). Rocks of the
Pliocene and Pleistocene Mesa Formation (not shown in fig.
2) and alluvium from the floodplain of the Rfo Orinoco cover
the Imataca Complex along its northern margin, and the Guri
shear zone separates the Imataca Complex from the Early
Proterozoic greenstone-granite terrane to the south. The
Imataca Complex abuts against plutonic and volcanic rocks
of the Early Proterozoic Cuchivero Group along the Rio
Caura in the west. The nature of the contact is unknown
because it is obscured by thick overburden and alluvium
along the Rio Caura (Kalliokoski, 1965; Ascanio, 1975;
Mendoza, 1977a).

The Imataca Complex includes more than 80 percent
quartzofeldspathic orthogneiss, paragneiss, and felsic granu-
lite, 10~15 percent intermediate to mafic orthogneiss, granu-
lite, and charnockite, 1 percent metamorphosed banded iron
formation, and minor manganiferous metasedimentary
rocks, dolomitic marble, and anorthosite. The protolith of the
Imataca Complex consisted of clastic and chemical sedimen-
tary rocks, silicic calc-alkaline subaerial volcanic rocks, and
lesser plutonic rocks (Kalliokoski, 1965; Dougan, 1977,
Gibbs and Wirth, 1986).

The grade of metamorphism in the Imataca Complex
varies from two-pyroxene granulite facies in that part of the
belt generally northeast of the Lago de Guri area to

3 All rubidium-strontium isochron dates reported here have been recal-
culated with the decay constants and isotopic abundances recommended by
Steiger and Jager (1977): 87Rb decay constant=1.42x10"! yr™!; atomic ratio
85Rb/B7Rb=2.59265; atomic ratio 86Sr/38Sr=0.1194; atomic ratio
8451/36Sr=0.056584. A best-fit line has been calculated by the method of
York (1969). Dates reported are those from model 3 of York, which as-
sumes that the scatter of data is due to a combination of the assigned analyt-
ical error and a normally distributed variation in the initial 8Sr/86Sr. All
potassium-argon dates have been recalculated (where sufficient data are
available) using the decay constants and isotopic abundances recommended
by Steiger and Jiger (1977):  A%K A+A%K.=0.581x10710yr;
40K 3=4.962x10"10yr1; 40K=0.01167 atomic percent (1.167x10"* mol/mol);
or by conversion with the critical table for conversion of K-Ar ages from old
western constants to new IUGS constants (Dalrymple, 1979).
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Table 1.  Rock units and tectonic events of the Guayana
Shield of Venezuela.
[Rock unit designations as used in figure 2]

Alluvium (Qal)—Quaternary alluvial sediments
MESOZOIC-CENOZOIC UPLIFT
(uplift, tilt, and formation of erosion surfaces)
Diabase dikes (Mzd)—Thin, elongated tholeiitic dikes (about 210-200
Ma)

NICKERIE OROGENY (about 1,200 Ma)

Parguaza Granite (Y p)—Massive, coarsely crystalline, porphyritic
granite and biotite granite, commonly with rapakivi (wiborgite-type)
texture (about 1,550 Ma)

Avanavero Suite (Xa)—Continental tholeiitic dikes, sills, inclined
sheets, and small irregular intrusive bodies (about 1,650 Ma;
possibly as old as 1,850 Ma)

Roraima Group (Y Xr)—Continental (fluvatile-deltaic and lacustrine)
quartz sandstone and quartz-pebble conglomerate with lesser
feldspathic arenite, arkose, siltstone, shale, jasper, chert, and
interlayered felsic volcanic rocks (possibly as young as about 1,500
Ma; possibly as old as about 1,900 Ma; dates from Uaimapué
Formation are older than 1,650 Ma). Includes the Mataui
Formation, the Uaimapué Formation, the Kukenan Formation, and
the Uairén Formation

Undivided Proterozoic rocks (Pu)—Synkinematic plutonic rocks
(granite to tonalite and quartz diorite) and medium- to high-grade
gneiss with both igneous and sedimentary protoliths in the Estado
Amazonas only (about 1,860-1,730 Ma)

UNNAMED OROGENY
(Estado Amazonas; about 1,860~1,730 Ma)

Cuchivere Group (Xc)—Thick sequence of unmetamorphosed felsic to
intermediate subaerial volcanic rocks and their associated granitic
rocks (about 1,930-1,790 Ma). Includes the granite of Guaniamito,
the graniies of San Pedro and Santa Rosalia (including the granite of
Las Trincheras), and the Caicara Formation

TRANS-AMAZONIAN OROGENY
(about 2,150-1,960 Ma)

Supame Complex (Xs)—Gneiss, schist, migmatite, and granitic rocks
such as trondhjemite (sodic granite), tonalite, granodiorite, and
quartz monzonite associated with the greenstone-belt terrane (2,230~
2,050 Ma)

Greenstone-belt rocks (Xg)—Sequences as thick as 11,000 m of
metamorphosed tholeiitic basalt and gabbro with interflow chemical
sedimentary rocks in the lower part of the sequence; interstratified,
porphyritic, tholeiitic and calc-alkalic basaltic to rhyolitic lava flows
and tuffs in the middle part; and tuffaceous, volcaniclastic,
turbiditic, pelitic, and chemical sedimentary rocks in the upper part.

About 2,250-2,100 Ma. Includes the Los Caribes and Caballape
Formations of the Botanamo Group; the Yuruari Formation and the
Cicapra and El Callao Formations of the Pastora Supergroup; and
the Real Corona—El Torno assemblage

PRE-TRANS-AMAZONIAN TECTONOMAGMATIC EVENT

(about 2,800-2,700 Ma)

Imataca Complex (Ai)—Amphibolite- to granulite-facies
quartzofeldspathic orthogneiss, paragneiss, and felsic granulite,
intermediate to mafic orthogneiss, granulite, and chamockite,
metamorphosed banded iron formation, and minor manganiferous
metasedimentary rocks, dolomitic marble, and anorthosite (>2,800
Ma; protolith possibly 3,700-3,400 Ma)

amphibolite facies southwest of the area. The gneiss is
commonly migmatitic and consists of quartz-potassium
feldspar-plagioclasetbiotite thornblende torthopyroxene %
clinopyroxene garnet+ sillimanite+ cordierite+ muscovite.
- Estimates of peak metamorphic conditions in granu-

lite-facies rocks indicate that temperature was between
about 750°C and 800°C and pressure was between about
8.0 and 8.5 kb (Short and Steenken, 1962; Swapp and Ons-
tott, 1989); in the amphibolite-facies rocks, temperature
was between about 625°C and 700°C, and pressure was
between 4 and 7 kb (Dougan, 1974, 1977).

Rocks of the Imataca Complex are strongly deformed.
The entire stratigraphic sequence of the complex was folded
into large isoclinal folds that were refolded by relatively
open folds (Ruckmick, 1963; Onstott and others, 1989). In
the northern part of the Imataca Complex, the isoclinal fold
axes strike generally northwest, whereas in the southern part
they strike east-west. Fold axes are deflected to the northeast
close to the Guri shear zone (fig. 2), which can be traced in
the field for a distance of more than 400 km (Onstott and oth-
ers, 1989). This shear zone, from several hundred meters to
1 km in width, is marked by alternating bands of mylonite,
pseudotachylite, and strongly sheared gneiss and amphibo-
lite. Crushed rock is visible in thin sections of samples col-
lected as far away as 2 km on either side of this shear zone
(Short and Steenken, 1962). The deflection of structural
trends and mineral lineations adjacent to the Guri fault indi-
cates that major movement on the fault was left-slip, possi-
bly with later vertical displacement. The rocks of the Imataca
Complex are also cut by north-verging low-angle thrust
faults that are associated with the Guri shear zone and in part
caused the folding (Ascanio, 1975). High-grade mylonite
zones, such as the El Pao and the Rio Claro fault zones, also
cut the Imataca Complex (Short and Steenken, 1962; Onstott
and others, 1989; Swapp and Onstott, 1989). These faults
may have been reactivated one or more times in the Protero-
zoic and Phanerozoic during the Nickerie and Caribbean
orogenies (Gibbs and Barron, 1993; Olmore and others,
1993). For example, faults that cut the Imataca Complex and
are subparallel to the Guri fault zone show evidence of
postuplift, Cenozoic, right-lateral and normal displacement
(Olmore and others, 1993).

AGE

Most of the radiometric dates of rocks in the Imataca
Complex record regional metamorphic and magmatic
events. Metasedimentary protoliths for some gneissic rocks
of the Imataca Complex have been dated at 3,700-3,400 Ma
by whole-rock rubidium-strontium isochron and lead-lead
methods (Montgomery, 1979); it is possible that these dates
reflect an inherited detrital Archean component rather than a
primary age of deposition (R.M. Tosdal, U.S. Geological
Survey, oral commun., 1990). Rocks of the Imataca
Complex were deformed, intruded, and regionally metamor-
phosed about 2,800-2,700 Ma. During the Trans-
Amazonian orogeny, about 2,150-1,960 Ma, they under-
went upper amphibolite- to granulite-facies metamorphism
and granitic intrusion (Hurley and others, 1976; Onstott and
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Figure 2. Simplified geologic provinces of the Venezuelan Guayana Shield. Rock units are described in table 1. Modified from Rodriguez

and others (1976).

others, 1989). A sensitive high mass-resolution ion micro-
probe (SHRIMP) study of the uranium-lead ages of zircons
collected from sand in the Rio Orinoco west of Ciudad Boli-
var identified a small, discrete population of zircons that
have an age of about 2,800 Ma in addition to a larger popu-
lation having an age of about 2,100-2,000 Ma (Goldstein
and Arndt, 1988). The scarcity of zircon grains of Archean
age demonstrates that Archean rocks form only a minor pro-

portion of the Venezuelan Guayana Shield (Goldstein and
Arndt, 1988).

Rocks correlative in age to the Imataca Complex are not
known elsewhere in the Guayana Shield; however, amphib-
olite- to granulite-facies rocks, including banded iron forma-
tion, in the Kenema-Man domain of the Leo Shield and in the
western Reguibat Shield of the West African craton may be
correlative with rocks of the Imataca Complex (Cahen and
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others, 1984; Cohen and Gibbs, 1989; Rocci and others,
1991). In the Archean terrane of West Africa, quartzofelds-
pathic gneiss, migmatite, and granite are ubiquitous, and lay-
ered and massive gabbro and ultramafic rocks, amphibolite,
banded iron formation, anorthosite, and calc-silicate or mar-
ble beds are common (Williams, 1988; Rocci and others,
1991). The peak temperature of metamorphism for these
West African shield rocks was about 750°C-850°C, and
pressure estimates of 7-10 kb indicate a depth of equilibra-
tion of about 21-30 km (Williams, 1988; Rocci and others,
1991). Paleomagnetic reconstructions and geochronological
data indicate that the Guri shear zone in the Venezuelan
Guayana Shield is aligned with the Sassandra—Trou Moun-
tain fault zone in the Leo Shield of the West African craton,
which may also be equivalent to the Zednes fault in the
Reguibat Shield. The latter two faults also separate Archean
high-grade metamorphic rocks from Early Proterozoic,
lower grade greenstone-granite terranes (Onstott and Har-
graves, 1981; Caen-Vachette, 1988; Cohen and Gibbs, 1989;
Rocci and others, 1991; Boher and others, 1992).

Several high-grade metamorphic terranes in the Guay-
ana Shield and the West African craton have been consid-
ered to be Archean in age because of their intense
deformation and high-grade metamorphism. For example,
granulite and charnockite in the Apiad Complex, Brazil, the
Kanuku Complex, Guyana, and the Falawatra Group in the
Bakhuis Mountains, Suriname, are part of the central Guy-
ana granulite belt (Gibbs and Wirth, 1986; Gibbs and Bar-
ron, 1993). Although these rocks and the L’Ile de Cayenne
Complex in French Guiana have structural, stratigraphic,
and petrographic similarities to the Imataca Complex, they
have apparent protolith ages of about 2,300-2,200 Ma, and
peak metamorphism in these rocks is related to the
Trans-Amazonian orogeny at about 2,000 Ma (Priem and
others, 1978; Ben Othman and others, 1984; Teixeira and
others, 1984; Gibbs and Wirth, 1986; Rowley and Pindell,
1989; Teixeira and others, 1989; Gibbs and Barron, 1993).
Uranium-lead and rubidium-strontium isotopic evidence for
an age older than 2,400 Ma does not exist for these rocks
(Priem and others, 1978; Gibbs and Barron, 1993). Two qua-
sicratonic nuclei, the Pakaraima nucleus in Estado Amazo-
nas of Venezuela and the Xingu nucleus of northern Brazil,
that consist of granitoid gneiss, migmatite, amphibolite,
quartzite, and schist are assumed to be Archean in age
because of their upper amphibolite- to granulite-facies meta-
morphic grade (Cordani and Brito Neves, 1982; Goodwin,
1991); however, only a few radiometric dates have been
reported for these areas (Cordani and Brito Neves, 1982;
Goodwin, 1991), and the age of these granitic and gneissic
rocks is still unknown. Similar high-grade metaigneous and
metasedimentary gneisses in the West African craton have
precise isotopic ages of formation of about 2.19-2.14 Ga,
and metamorphism occurred about 2.15-2.14 Ga (Boher and
others, 1992). Tonalitic and trondhjemitic rocks associated
with granulitic rocks in the Cupixi area, Amapa Federal Ter-

ritory, northeastern Brazil, may be Late Archean in age (De
Vletter and Kroonenberg, 1984; Teixeira and others, 1989).

MINERAL DEPOSITS

Iron is the predominant metal produced from the
Imataca Complex. Several deposits of enriched banded iron
formation in the Imataca Complex, such as Cerro Bolivar
and San Isidro (Sidder, this volume, pl. 1), rank among the
world’s largest (Gruss, 1973; Sidder, this volume). Reserves
of iron ore are greater than 1,855 million metric tons at a
grade of about 63 percent iron and about 11,700 million met-
ric tons at a grade of about 44 percent (Rodriguez, 1986,
1987; Doan, 1994). Banded iron formation protore consisted
of an oxide facies assemblage in which magnetite and hema-
tite were the dominant iron minerals. Enriched banded iron
formation ore, composed predominantly of goethite and
limonite, generally is in the limbs and centers of synclines.
The iron-rich beds are intimately interbedded with layers of
silica, present as quartz, and iron-bearing metamorphic min-
erals such as greenalite, grunerite, cummingtonite, cros-
site-magnesioriebeckite, acmite, and chlorite (Ruckmick,
1963; Gruss, 1973; Ascanio, 1985; Moreno and Bertani,
1985a). These deposits are most similar to Superior-type
banded iron formation, although some Algoma-type banded
iron formation may also be present (Sidder, this volume).
The precious-metal content of these deposits is apparently
low (Engineering and Mining Journal, 1987).

Small deposits and prospects of manganese and bauxite
are present in the Upata—El Palmar—Guacuripia area (Sidder,
this volume, pl. 1). Beds of secondarily enriched manganese
ore are interstratified with gneiss, migmatite, amphibolite,
and granulite of the Imataca Complex (Drovenik and others,
1967). These rocks are part of a stratigraphic sequence of
gondite, quartz-biotite schist, amphibole schist, and dolo-
mitic marble that is less than 500 m thick. The individual
manganiferous beds are generally less than 10 m thick and
have strike lengths of as much as 20 km or more (Drovenik
and others, 1967). Drovenik and others concluded that the
sedimentary-nonvolcanogenic manganese deposit model
best represents the protore deposits of manganese in the
Imataca Complex; however, the association with felsic to
intermediate volcanic rocks in some areas (Dougan, 1977)
rather than with a sedimentary protolith suggests that the
sedimentary-volcanogenic manganese model (Sidder, 1991)
may also characterize some of the manganese deposits.
Bauxite in the Upata district is locally associated with weath-
ered gabbro, amphibolite, and possibly granitic gneiss of the
Imataca Complex (Candiales, 1961). A large-tonnage,
low-grade high-silica bauxite deposit was recently discov-
ered north of El Palmar on the Palsapa Plateau. Volcano-
genic massive sulfide deposits have not been discovered in
the Imataca Complex or elsewhere in the Guayana Shield
(Gibbs and Barron, 1983, 1993).
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PRE-TRANS-AMAZONIAN
TECTONOMAGMATIC EVENT

Intrusion of homogeneous granitic rocks and injection
gneiss and the development of migmatite characterize the
pre-Trans-Amazonian  tectonomagmatic  event  about
2,800-2,700 Ma in the Guayana Shield. The Cerro La Ceiba
migmatite in the Imataca Complex is representative of rocks
formed at this time (Hurley and others, 1976).

This event is correlative with the Liberian tectonother-
mal event in the L.eo and Reguibat Shields of the West Afri-
can craton, during which Archean rocks were
metamorphosed and intruded by plutonic rocks between
about 2,780 and 2,750 Ma (Hedge and others, 1975; Rollin-
son and CIliff, 1982; Tysdal and Thorman, 1983; Cahen and
others, 1984). This event is also known as the Aroense in
Venezuela, the Guriense in Guyana, and the Jequié in Brazil
(Singh, 1974; Schobbenhaus and others, 1984).

GREENSTONE BELTS

Early Proterozoic greenstone-granite terranes in the
central and eastern parts of the Venezuelan Guayana Shield
(fig. 2) comprise an area of about 360 km by 250 km. Felsic
to intermediate volcanic rocks of the Cuchivero Group and
clastic sedimentary rocks of the Roraima Group overlie
rocks of the greenstone-granite terranes to the west and
south. Rocks of the greenstone-granite terranes are continu-
ous with those identified in Guyana to the east. The contact
between the greenstone-granite terranes and the Imataca
Complex to the north is along the Guri shear zone (Gibbs and
Olszewski, 1982; Onstott and others, 1989).

Rocks of the greenstone belts in Venezuela have a total
thickness of 11,000 m or more. Named stratigraphic units of
the Venezuelan greenstone belts include the Pastora Super-
group and the Botanamo Group (table 1). The Pastora Super-
group, which consists of the Carichapo Group (El Callao and
Cicapra Formations) and the Yuruari Formation, is discor-
dantly overlain by the Botanamo Group, which consists of
the Caballape and Los Caribes Formations. Granitic plutons
and domelike batholiths, gneiss, and migmatite of the
Supamo Complex divide these metasedimentary and metaig-
neous rocks of the greenstone belts into branching synclino-
ria (Menendez, 1968, 1972; Benaim, 1972, 1974; Cox, Gray,
and others, 1993). Metasedimentary and metavolcanic rocks
of the Real Corcna—El Torno assemblage to the west of the
Rio Aro (fig. 2) are tentatively correlated with those of the
Pastora Supergroup (Kalliokoski, 1965). Rocks of the
Pastora-Botananio greenstone belts are correlative with
those of the Barama-Mazaruni Supergroup in Guyana, the
Marowijne Group in Suriname, the Paramaca Series (Orapu
and Bonidoro Groups) in French Guiana, and the Vila Nova
Group in Brazil (Bosma and others, 1983; Gibbs and Barron,

1983, 1993; Schobbenhaus and others, 1984; Teixeira and
others, 1984, 1989; Gruau and others, 1985). All of these
metaigneous and metasedimentary rocks form part of the
Maroni-Itacaiunas province, a so-called mobile belt or
greenstone belt that makes up a large part of the supracrustal
rocks of the Amazonian craton (Cordani and Brito Neves,
1982; Teixeira and others, 1989; Goodwin, 1991).

Early Proterozoic greenstone belts of the Guayana
Shield are comparable in age and lithology to Birimian
greenstone belts of the West African craton (Black, 1980;
Kesse, 1985; Cohen and Gibbs, 1989; Boher and others,
1992; Sylvester and Attoh, 1992). Rocks of these greenstone
belts have been correlated on the basis of grossly similar
lithostratigraphy, chemistry, age, structure, and intensity of
metamorphism. The rocks of the Guayana Shield and the
West African craton probably represent several penecontem-
poraneous greenstone belts, not one continuous belt.

Rocks of the greenstone belts of the Guayana Shield
were deposited predominantly in a submarine environment.
Basalt containing pillow structures and chemical and miner-
alogical alteration characteristic of submarine spilitization
dominates the lower parts of the greenstone-belt sequence.
The middle part of the sequence has a higher proportion of
porphyritic andesite, dacite, and rhyolite submarine and pos-
sibly subaerial lava flows and siliceous and tuffaceous inter-
flow sediments. Turbiditic graywacke, pelite, tuff, chemical
sedimentary rocks, and volcaniclastic rocks are dominant in
the uppermost part of the greenstone-belt sequence. The
transition from volcanic to sedimentary rocks is locally con-
formable (Menendez, 1972; Bosma and others, 1983; Gibbs
and others, 1984; Gibbs and Wirth, 1986; Gibbs, 1987; Day
and others, 1989). In the greenstone belt of western Guyana,
which is continuous into Venezuela, basalt and gabbro
(some representing slow-cooled interiors of thick flows and
sills) make up about 75 percent of the igneous rocks, basaltic
andesite and andesite flow rocks about 17 percent, and rhy-
olite flow and pyroclastic rocks about 8 percent (Renner and
Gibbs, 1987). Both tholeiitic and calc-alkaline chemical
trends are present in the volcanic rocks of the greenstone
belts (Renner and Gibbs, 1987; Day and others, 1989).

Ultramafic rocks make up about 1-2 percent of the
igneous rocks in the greenstone belts of the Guayana Shield
(Gibbs, 1987). Komatiite has been tentatively identified in
two isolated areas of the Guayana Shield in Venezuela on the
basis of high magnesian content (22 weight percent MgO or
more) (Tosiani and Sifontes, 1989); however, reported relic
spinifex texture (Tosiani and Sifontes, 1989) is actually
rosettes of amphibole after pyroxene in contact metamorphic
aureoles of gabbroic intrusive rocks (Gray and others, this
volume). Spinifex textures have not been reported elsewhere
in the Guayana Shield (Gibbs, 1987), although peridotitic
komatiite has been identified in central French Guiana on the
basis of whole-rock chemistry (Gruau and others, 1985).

Mafic-ultramafic intrusive rocks are present throughout
the stratigraphic sequence of the greenstone belts of the
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Guayana Shield. They commonly form layered complexes
that include cumulate rocks such as pyroxenite* and
peridotite associated with gabbro and lesser anorthosite and
diorite. These intrusive complexes are present both as
strongly metamorphosed and deformed bodies and as rela-
tively unmetamorphosed and undeformed bodies. In a few
cases, the lower grade of metamorphism and less intense
deformation are only in the interior parts of massive gab-
broic bodies; the outer parts of these bodies are strongly
deformed and metamorphosed. Some gabbroic rocks are
relatively fresh and undeformed and therefore are apparently
younger than the Trans-Amazonian orogeny (table 1); these
gabbroic rocks may be associated with the Early to Middle
Proterozoic Avanavero Suite (Benaim, 1972; Menendez,
1972, 1974; De Roever and Bosma, 1975; Gibbs, 1986;
Gibbs and Barron, 1993). Wynn, Page, and others (this
volume) describe a mafic-ultramafic layered complex at
Pistdn de Uroy, and Gray and others (this volume) describe
similar rocks in the Sierra Verdiin—Cerro Piedra del Supamo
area.

Mafic and ultramafic rocks in the Venezuelan Guayana
Shield form belts of small bodies of serpentinite and amphi-
bole-talc-serpentine-carbonate rocks. Some of these gab-
broic complexes apparently were preferentially intruded into
the upper part of the El Callao Formation, where they are
parallel to subparallel with basaltic lava flows of this forma-
tion. The maximum thickness of these gabbroic bodies is
about 500 m (Menendez, 1972). Possibly some gabbro rep-
resents the slowly cooled interior of thick lava flows.

PASTORA SUPERGROUP

The Pastora Supergroup consists of the Carichapo
Group (El Callao and Cicapra Formations) and the Yuruari
Formation (table 1). The El Callao Formation is the oldest
unit of the Pastora Supergroup. Its basal contact is every-
where intruded by granitic rocks of the Supamo Complex,
and its upper contact is transitional with the Cicapra Forma-
tion or concordant with the Yuruari Formation. The El Cal-
lao Formation was originally described in the El Callao area
by Korol (1965) and Menendez (1968). Rocks called El Cal-
lao Formation in other areas do not necessarily conform to
the description of the unit from the type section. This is also
true for other units of the greenstone belts; that is, descrip-
tions outside of the area of the type section may not agree
with those of the type section. Thus, it is possible, or even
likely, that more than one greenstone belt is present in the
Venezuelan Guayana Shield, even though present strati-

“For simplicity, the metaigneous and metasedimentary rocks in the
greenstone belts are referred to by their precursor rock type name; that is,
pyroxenite rather than metapyroxenite, basalt instead of metabasalt,
graywacke instead of metagraywacke.

graphic nomenclature implies that only one belt exists.
Recent compilations of the geology of the Venezuelan Guay-
ana Shield (Cox, Gray, and others, 1993; Cox, Wynn, and
others, 1993) retain formation names only in the El Callao
area. In other areas, rocks are divided on a lithologic basis
into units such as mafic to intermediate rocks containing
abundant chlorite and actinolite, felsic metavolcanic rocks
containing abundant quartz and white mica, gabbro,
peridotite, and mica schist and phyllite (Cox, Gray, and oth-
ers, 1993; Cox, Wynn, and others, 1993).

The El Callao Formation, as thick as 3,000 m, consists
almost exclusively of metamorphosed low-potassium basal-
tic to andesitic lava flows that commonly contain pillow
structures and have amygdular and brecciated flow tops
(Menendez, 1968, 1972; Benaim, 1972). Minor ferruginous
quartzite and ferruginous and manganiferous chert (meta-
morphosed banded iron formation?) and talc schist lenses are
present in several areas. Rocks of the El Callao Formation
have been metamorphosed to the greenschist facies and
locally to the almandine-amphibolite subfacies of the
amphibolite facies. Greenschist-facies rocks typically are
biotite-chlorite-albite-epidotetactinolite schist. Close to gra-
nitic intrusions of the Supamo Complex, the rocks are
amphibolite containing blue-green hornblende and plagio-
clase (albite to andesine). A metamorphic and color zonation
has been identified in pillow lavas as far as 6 km from the
intrusive rocks (Menendez, 1968). The light-green green-
schist-facies lavas are darker, grayish-green to green-
ish-black, amphibolite-facies rocks toward the intrusive
bodies. Amphibolite is also abundant within 30 km of the
Guri fault (Cox, Wynn, and others, 1993).

Hills having irregular crests typify the topographic
expression of the El Callao Formation. They are 300-800 m
in elevation, about 100-500 m above the surrounding terrain.
In contrast, gabbro in mafic complexes forms slightly higher
and smoother crested hills. Red soil on the El Callao Forma-
tion supports a dense forest (Menendez, 1968).

The Cicapra Formation overlies the El Callao Forma-
tion and includes a sequence as thick as 2,000 m of rhythmi-
cally bedded submarine andesitic tuff, turbiditic graywacke,
and siltstone in packets about 10 m thick. Lithic tuff, tuff
breccia, volcanic agglomerate, and, in the uppermost part of
the formation, manganiferous hematitic chert are minor
components of the Cicapra Formation (Menendez, 1972).
These rocks are greenschist-facies, porphyroblastic,
quartz-poor actinolite-biotite-epidote-albite schist. Amphib-
olite developed locally in this formation near granitic rocks
does not contain biotite or porphyroblasts of amphibole.
Schistosity, oblique to parallel to stratification, is generally
poorly developed; in areas near granitic intrusive rocks, it is
better developed. Rocks of the Cicapra Formation form a
completely flat topography covered by a clayey soil the color
of red wine. This unit wedges out and disappears southeast
of El Callao, at which point the Yuruari Formation rests on
the El Callao Formation (Menendez, 1968).
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The basal contact between the Yuruari and the Cicapra
Formations is gradational and that between the Yuruari and
El Callao Formations is both depositional and faulted. The
Yuruari Formation consists of mica schist, phyllite, and fel-
sic metatuff possibly derived from epiclastic and turbiditic
rocks; rhythmically bedded packets of feldspathic sandstone,
siltstone, and black shale are as thick as 50 m. Locally, tuf-
faceous breccia, manganiferous phyllite, and intercalated
dacitic to basaltic tuff, breccia, and lava flows, and chert are
also present (Menendez, 1968, 1972; Benaim, 1972). Some
phyllite and schist in the Yuruari Formation classified previ-
ously as metasedimentary rocks commonly contain relict
phenocrysts of subhedral feldspar and rounded, embayed
quartz, that indicates some phyllite and schist originated as
felsic volcanic rocks (Cox, Gray, and others, 1993). The
overall thickness of this formation is about 1,000 m (Menen-
dez, 1968, 1972; Benaim, 1972; Day and others, this vol-
ume). Rocks of the Yuruvari Formation are typically
greenschist-facies chlorite-sericitetcalcite schist. Only
locally are rocks cf the Yuruari Formation intruded by gran-
ite of the Supamo Complex. In aureoles of granitic intru-
sions, hornblende-hornfels and pyroxene-hornfels facies
containing biotite, sillimanite or andalusite, chloritoid, tour-
maline, and garnet developed. The upper contact does not
crop out, but the contact with the overlying Caballape For-
mation is apparently an angular unconformity and (or) a tec-
tonic disconformity (Menendez, 1968). Low hills and plains
exhibiting a rectangular drainage pattern and a varicolored
(light to dark yellow, reddish yellow, and several shades of
red) clayey residual soil have developed on the Yuruari
Formation. Savanna-type vegetation is characteristic
(Benaim, 1972; Menendez, 1972).

Rocks of the greenstone belts of the Pastora Supergroup
are strongly deformed and record at least two episodes of
deformation. Recumbent isoclinal folds with folded axial
planes are characteristic, and the axial planes are commonly
parallel to subparallel with the borders of the granitic intru-
sions of the Suparno Complex (Menendez, 1972). Thus, the
rocks of the Pastora Supergroup typically form synforms that
wrap around granitic domes of the Supamo Complex. Folia-
tion is commonly developed in rocks of the greenstone belt
and is parallel to subparallel with the primary stratification.
Foliation is best developed close to the contacts with the
Supamo Complex. Cleavage parallel with the axial plane of
the folds is also well developed in these rocks. Major shear
zones as wide as 1 km and as long as 35 km cut the rocks of
the Pastora Supergroup (Menendez, 1972, 1974).

BOTANAMO GROUP

Rocks in the Caballape and Los Caribes Formations of
the Botanamo Group discordantly overlie the Pastora Super-
group. The Caballape Formation includes mafic to felsic
lava and pyroclastic flows and breccia interbedded with epi-

clastic and turbiditic sedimentary rocks. Menendez (1968)
estimated that graywacke, conglomerate, and siltstone make
up 80 percent of the unit in the El Callao—Guasipati area, the
remainder being andesitic to rhyodacitic pyroclastic tuff and
breccia. Benaim (1972) noted, however, that only the basal
part of the formation crops out in this area. Day and others
(1989) determined that in the Anacoco area the Caballape
Formation consists of about 80 percent basaltic to dacitic
volcanic flows (some with pillow lavas) and associated pyro-
clastic rocks and about 20 percent volcanic breccia and
graywacke and thin (1-5 c¢m thick) horizons of shale. Use of
the name Caballape Formation should be restricted to those
rocks in the type section area near El Callao. The basal
contact of the Caballape Formation is discordant to uncon-
formable with the Pastora Supergroup, and the upper contact
is reportedly concordant with the Los Caribes Formation
(Benaim, 1972). The minimum thickness of this formation is
about 5,000 m (Menendez, 1968). Granite of the Supamo
Complex apparently does not intrude rocks of the Caballape
Formation, and thus amphibolite is not present in this forma-
tion, in contrast to the Pastora Supergroup (Cox, Wynn, and
others, 1993). The Caballape Formation consists only of
greenschist-facies schist containing chlorite, epidote, seric-
ite, quartz, calcite, biotite, and opaque oxide minerals; the
schist is only moderately folded into broad synforms. The
terrain underlain by this formation is flat; low hills are elon-
gate paralle] with the trend of the beds, and the drainage pat-
tern is rectangular or dendritic. The rocks weather to form a
bleached soil (Benaim, 1972; Menendez, 1972).

The Los Caribes Formation consists of intercalated red
phyllite and sandstone, polymict conglomerate, and siltstone
and minor felsic tuff. Some authors excluded this unit from
the greenstone-belt sequence and referred to it as
pre-Roraima metasedimentary rocks or pre-Roraima foliated
sandstone (Ghosh, 1985). It is likely that rocks of both
pre-Cuchivero and post-Cuchivero age have been included
within the Los Caribes Formation because some rocks
mapped as Los Caribes Formation contain fragments of
unmetamorphosed felsic tuff typical of the Caicara Forma-
tion of the Cuchivero Group, not greenschist-facies metavol-
canic rocks (Cox, Wynn, and others, 1993). Thus, use of the
name Los Caribes Formation should be restricted to that area
near the type section in the Rio Cuyuni where the contact
between the Caballape and Los Caribes Formations has been
mapped as concordant and interdigitated (Benaim, 1972).

Sedimentary rocks of the Los Caribes Formation are
metamorphosed to the greenschist facies, whereas sedimen-
tary rocks of the Roraima Group are unmetamorphosed or
only weakly thermally metamorphosed as shown by the
presence of pyrophyllite and andalusite (Ghosh, 1985). Min-
erals such as chlorite, muscovite, epidote, chloritoid, and
recrystallized sheared quartz in the Los Caribes Formation
are representative of the greenschist facies. Also, in contrast
to rocks of the Roraima Group, folds in conglomerate, sand-
stone, and phyllitic shale of the Los Caribes Formation are
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isoclinal or chevron in shape, and the rocks are foliated and
have a fracture cleavage at a high angle to bedding (Benaim,
1972; Ghosh, 1985; Lira and others, 1985). Some conglom-
eratic units are as thick as 60 m; however, the total thickness
of this formation has not been determined. The Los Caribes
Formation probably represents environments transitional
from marine to continental.

Rocks of the Los Caribes Formation are chronologi-
cally correlative with those of the Cinaruco Formation in
Estado Amazonas and with those of the Muruwa, Rosebel,
and Orapu Formations in Guyana, Suriname, and French
Guiana, respectively (Ghosh, 1985). These rocks also resem-
ble a gold-bearing sequence known as the Tarkwaian Series
in the eastern West African craton (Black, 1980; Bonhomme
and Bertrand-Sarfati, 1982; Kesse, 1985; Cohen and Gibbs,
1989; Vinchon, 1989; Ledru and others, 1994). The Tarkwa-
ian Series consists of Early Proterozoic clastic metasedimen-
tary rocks about 2,500-6,700 m thick that are folded within
the Birimian greenstone-belt rocks (Ntiamoah-Agyakwa,
1979; Black, 1980; Kesse, 1985; Norman and Appiah, 1989;
Eisenlohr and Hirdes, 1992; Watkins and others, 1993).

REAL CORONA-EL TORNO ASSEMBLAGE

Supracrustal rocks, including basal feldspathic quartz-
ite and conglomerate, tholeiitic basalt, gabbro, and thin beds
of shale, chert, and ferruginous quartzite, form an east-trend-
ing structural basin about 100 km southwest of Ciudad
Bolivar (fig. 2). The basin, or syncline, is about 45 km long
and 16 km wide and is underlain both on the north and south
by a gneissic basement about 2,240 Ma in age (Kalliokoski,
1965; Sidder, Day, and others, 1991). The basal quartzite is
in depositional contact with the basement of granitic gneiss.
The quartzite is as thick as 150 m; thicknesses of the other
units are not known. These rocks have been penetratively
deformed; they exhibit well-developed foliation, mineral
lineation, and mylonitic fabric and are metamorphosed to the
amphibolite facies. Hills underlain by quartzite and chert are
as much as 200 m above the generally flat gneissic terrain.
Vegetation in the area is savannalike.

AGE, CHEMISTRY, AND ORIGIN

Greenstone belts of the Guayana Shield formed during
the Early Proterozoic and closely resemble in structure,
lithostratigraphy, and composition of their metavolcanic and
metasedimentary rocks and in areal extent greenstone belts
of Early Proterozoic age such as those associated with the
West African Shield and the Penokean orogen in the Supe-
rior province of the Canadian Shield, as well as many green-
stone belts of Archean age (Sims and others, 1989; Sylvester
and Attoh, 1992). Geochronological data, including ura-
nium-lead zircon and whole-rock samarium-neodymium and

rubidium-strontium isochron dates, document that the
metavolcanic greenstone-belt rocks and associated granitic
rocks were emplaced throughout the Guayana Shield
between about 2,250 and 2,100 Ma (Gibbs and Olszewski,
1982; Gruau and others, 1985). These ages are the same as
those obtained from the most detailed geochronological
study of rocks of the greenstone belts of Venezuela, which
determined a conservative age range of less than 2,300 to
about 2,050 Ma, and a narrower range of 2,165 to 2,080 Ma,
for emplacement of the metavolcanic-metasedimentary
greenstone-belt sequence and crystallization of granite of the
Supamo Complex (Klar, 1979). A sample of dacitic tuff
from the Yuruari Formation in the Lo Increible mining dis-
trict has a uranjum-lead zircon age of 2,131£10 Ma (Day and
others, this volume), which coincides with the published
ages of rocks of the greenstone belts. Voluminous magma-
tism in the Birimian greenstone belts of the Reguibat and
Leo Shields of the West African craton has been dated by
uranjum-lead zircon and samarium-neodymium and
lead-lead whole-rock dating methods as about 2.18-2.07 Ga;
the maximum interval of 2.3-2.0 Ga includes scattered, less
well constrained dates (Cahen and others, 1984; Boher and
others, 1992; Hirdes and others, 1992; Taylor and others,
1992).

The chemistry of rocks of the greenstone belts in the
Guayana Shield has not been systematically studied. Those
investigators who have conducted geochemical studies on
these rocks noted that the original chemical composition of
the igneous rocks has been altered by weathering, hydrother-
mal alteration (spilitization and potassium metasomatism),
and greenschist- and amphibolite-facies regional metamor-
phism. Recent studies by Gibbs (1987) and Renner and
Gibbs (1987) in Guyana and by Day and others (1989) in
Venezuela provide data for representative areas of the Guay-
ana Shield. Both tholeiitic and calc-alkaline differentiation
trends are common in the volcanic rocks. Low-potassium
subalkaline tholeiitic basalt and basaltic andesite are the
dominant rock types; lesser subequal proportions of
calc-alkaline andesite, dacite, and rhyolite are also present
(Gibbs, 1987). Few rocks in the lower part of the greenstone
belts from throughout the Guayana Shield have silica con-
tents in the range from 63 to 68 weight percent, and the over-
all distribution of silica may be considered bimodal (Gibbs,
1987); however, rocks of the Caballape Formation in the
Anacoco area of Venezuela have a compositional continuum
with a systematic variation in the major and trace elements
that forms a cogenetic mafic to felsic calc-alkaline magmatic
series (Day and others, 1989). The Birimian greenstone belts
of the West African craton also include tholeiitic basalt over-
lain by calc-alkaline intermediate to felsic tuff and lava
(Boher and others, 1992; Sylvester and Attoh, 1992; Vidal
and Alric, 1994).

Early Proterozoic magmatism in the Guayana Shield
(and in its associated West African craton) represents a
major period of rapid crustal growth from mantle-derived



GEOLOGY OF THE VENEZUELAN GUAYANA SHIELD B13

melts; however, discriminant diagrams used to define the
tectonic setting of volcanic rocks are not consistent in speci-
fying the tectonic environment of deposition of the green-
stone-belt rocks of the Guayana Shield (Gibbs, 1987). The
volcanic rocks were erupted predominantly in a submarine
environment, and they have chemical characteristics of mod-
ern ocean floor basalts, island arc rocks, and continental arc
rocks. Initial 37Sr/36Sr and 43Nd/!44Nd ratios of 0.7019 and
0.51002, respectively, as well as an gng value of 2.1 (Gruau
and others, 1985), indicate that the volcanic rocks are deriv-
atives of mantle melts and do not contain any component of
Archean continental crust. Similarly, the Birimian volcanic
and granitic rocks contain a negligible component, if any, of
Archean crust (Rocci and others, 1991; Boher and others,
1992; Sylvester and Attoh, 1992; Taylor and others, 1992).
Ambiguous geochemical signatures in the volcanic rocks of
the Guayana Shield (and West African craton) may reflect an
evolutionary history from young, immature, oceanic island
arc to back-arc marginal basin and mature (thickened) island
arc environments. The Trans-Amazonian orogeny (Ebur-
nean orogeny in West Africa) resulted in the accretion of
these new crustal components (Choudhuri, 1980; Bosma and
others, 1983; Gibbs, 1987; Renner and Gibbs, 1987; Teixeira
and others, 1989; Liégeois and others, 1991; Rocci and oth-
ers, 1991; Boher and others, 1992).

Supracrustal rocks of the Real Corona—El Torno assem-
blage were deposited in a submarine environment within or
marginal to the craton, possibly as a back-arc marginal basin
inboard from the Pastora island arc or during an early cra-
tonic rifting phase associated with the Trans-Amazonian
orogeny. Closure of the basin and regional compressive tec-
tonism associated with the later phases of the Trans-Amazo-
nian orogeny produced penetrative deformation and
metamorphism and variably thrust the basaltic rocks over the
basal quartzite. The age of the basement gneiss places a max-
imum age on the rifting of 2,240 Ma (Sidder, Day, and oth-
ers, 1991).

MINERAL DEPOSITS

Rocks of the greenstone belts of the Guayana Shield
contain deposits of shear-zone-hosted, low-sulfide
gold-quartz veins (Berger, 1986). Several deposits in Vene-
zuela are currently being mined, including those in the El
Callao, Lo Increible, and Botanamo districts (Sidder, this
volume). Mafic metavolcanic rocks of the El Callao Forma-
tion are the most common ore host in the El Callao district,
which is the largest gold-producing district in Venezuela and
has total production of about 200 metric tons of gold; how-
ever, all rock types in the greenstone belts throughout the
shield, except those in the Los Caribes Formation, are known
to host low-sulfide gold-quartz veins (Korol, 1961; Carter
and Fernandes, 1969; Menendez, 1972; Dahlberg, 1975;
Blanc and others, 1980; Barnard, 1990). Ore in the green-

stone belts is localized by faults and shear zones (Menendez,
1972; Day and others, this volume). Quartz veins range in
thickness from 2 cm to more than 10 m. Quartz is milky
white to gray and locally banded. Native gold, minor to trace
amounts of pyrite, and lesser amounts of tetrahedrite, chal-
copyrite, bornite, molybdenite, scheelite, and sphalerite are
the most typical metallic minerals in the quartz veins. Car-
bonate (commonly ankerite) in the quartz veins and carbon-
ate alteration as much as 30 m into the wallrocks are
common in some districts such as El Callao. In addition to
carbonate alteration, the wallrocks are intensely silicified,
sericitized, and propylitized (with epidote and chlorite) as
much as several tens of meters from the veins, and tourma-
line and mariposite (chrome mica) are variably present in the
alteration assemblage (Macdonald, 1968; Banerjee and
Moorhead, 1970; Barron, 1973; Menendez, 1974). These
shear-zone-hosted, low-sulfide gold-quartz vein deposits are
similar to Early Proterozoic gold deposits in Ghana and else-
where in West Africa (Milési and others, 1992; Dzig-
bodi-Adjimah, 1993; Petersen, 1993). The quartz-
vein-hosted and other gold deposits in Early Proterozoic
rocks of the greenstone belts of West Africa, excluding the
Tarkwaian gold-bearing conglomerates, have produced
more than 1,000 metric tons of gold at grades between 2 and
30 grams per metric ton, and reserves of more than 350 met-
ric tons are present (Milési and others, 1989, 1992; Dzig-
bodi-Adjimah, 1993).

Vuelvan Caras and Payapal are the only gold-bearing
vein deposits in the Venezuelan Guayana Shield known to be
present in granitic rocks (Graterol, 1974; Wynn and Sidder,
1991). They are similar to gold deposits in Guyana, such as
those at Omai, Peters’ Mine, and Eagle Mountain, that are in
stockwork veins within and at the periphery of granitic plu-
tons that range in age from about 2,100 to 1,800 Ma as dated
by whole-rock rubidium-strontium isochrons (Macdonald,
1968; Barron, 1969; Carter and Fernandes, 1969; Berrange,
1977; Elliot, 1986; Barnard, 1990; Gibbs and Barron, 1993).
Although in Venezuela the association of granitic intrusive
rocks and gold-bearing quartz veins is not well documented,
several authors have noted that gold deposits in green-
stone-belt rocks in Guyana, Suriname, and French Guiana
are spatially associated with, if not genetically related to,
granitic intrusive rocks (Carter and Fernandes, 1969; Baner-
jee and Moorhead, 1970; Dahlberg, 1975, Blanc and others,
1980; Gibbs and Barron, 1993). Some gold deposits within
the Birimian greenstone belts of Ghana in West Africa show
a spatial association with granitic intrusive rocks (Leube and
others, 1990). Early Proterozoic granitic rocks associated
with the Birimian greenstone belts throughout West Africa
contain gold reserves of less than 50 metric tons, which is a
minor proportion (about 3 percent) of the total gold reserves
in Early Proterozoic rocks (Milési and others, 1992).

Metals other than gold have not been produced in any
significant quantity from rocks of the greenstone belts of the
Guayana Shield. Small prospects of manganese in Venezu-



B14 GEOLOGY AND MINERAL DEPOSITS OF THE VENEZUELAN GUAYANA SHIELD

ela, such as San Cristobal and La Esperanza, and iron pros-
pects in banded iron formation have not been systematically
worked or evaluated. The manganese prospects in Venezuela
are similar to sedimentary-volcanogenic deposits at Mat-
thews Ridge in Guyana, Serra do Navio in Amapa Federal
Territory, Brazil, and Nsuta in Ghana, Tambao in Burkina
Faso, and Ziémougoula, Ivory Coast, of West Africa. Mat-
thews Ridge produced about 1.3 million metric tons with a
grade of about 39.3 percent manganese from 1961 to 1968
and has ore reserves of about 288,500 metric tons of 37 per-
cent manganese (Barron, 1973). Prospects in the San
Cristobal area may be extensions of manganiferous strata
from the Matthews Ridge area (Gibbs and Barron, 1993).
Serro do Navio has measured reserves of 15.7 million metric
tons at 39.3 percent MnQOj, and total reserves of 20.1 million
metric tons (Nagell, 1962; Damasceno, 1982; Lima, 1984;
Schobbenhaus and others, 1984). Production from Nsuta
between 1954 and 1983 totalled about 12.8 million metric
tons of manganese (Kesse, 1985). Reserves are estimated to
be about 5 million metric tons of high-grade oxide ore (48.9
percent manganese) and 2 million metric tons of low-grade
oxide ore (34.3 percent manganese) and about 28 million
metric tons of carbonate ore (26.9 percent manganese)
(Kesse, 1985). Some of the manganese horizons in Ghana
have a spatial relation with gold deposits (Leube and others,
1990; Milési and others, 1992). The manganese deposits are
on the flanks of the volcanic belts and in the transition zone
from volcanic rocks to basinal sedimentary rocks. These
transition zones, or breaks, are characterized by chemical
sedimentary rocks such as chert, iron-magnesium carbonate
rocks, and carbon-rich argillite and are the foci for the gold
deposits (Leube and others, 1990; Milési and others, 1992).

Undiscovered deposits such as those of Algoma-type
banded iron formation and Homestake-type gold may be
present in the Early Proterozoic metavolcanic and metasedi-
mentary rocks of the greenstone belts of the Venezuelan
Guayana Shield. Banded iron formation is generally absent
in the Guayana and West African Shields; however, manga-
nese-rich exhalative rocks are common (Holtrop, 1965;
Leube and others, 1990; Milési and others, 1992). As dis-
cussed previously, manganese-rich rocks and other chemical
sedimentary rocks are important exploration guides for gold
deposits in the Early Proterozoic rocks of the greenstone
belts in Ghana (Ntiamoah-Agyakwa, 1979; Leube and oth-
ers, 1990).

Volcanogenic massive sulfide deposits have not been
discovered in the Guayana Shield, although the tectonic and
volcanosedimentary environments are favorable for volca-
nic-hosted kuroko-type massive sulfide deposits. Prospects
in Guyana such as Groete Creek, near Aremu, and in the
middle Puruni River area contain anomalous copper, zinc,
and gold in metavolcanic and metasedimentary sequences
(Barron, 1973; Gibbs and Barron, 1993). Polymetallic volca-
nogenic massive sulfide deposits are also uncommon in the
West African craton (Milési and others, 1992). The only

known Early Proterozoic volcanogenic massive sulfide
deposit in West Africa is Perkoa in Burkina Faso. It is a
zinc-silver deposit dated at 2,120+41 Ma (Marcoux and oth-
ers, 1988); reserves are estimated to be 4.5 million metric
tons at 17 percent zinc and about 60 grams silver per metric
ton (Milési and others, 1989, 1992). Although bands or lay-
ers of sulfide-rich rocks are rare in the West African Shield,
disseminated pyrite and arsenopyrite are common in
gold-bearing carbonate within the sequence of chemical sed-
imentary rocks in the transition zone from volcanic rocks to
basinal sedimentary rocks (Leube and others, 1990).

Platinum-group elements, chromium, and nickel-cop-
per deposits may be associated with mafic-ultramafic com-
plexes in the greenstone belts. Anomalous amounts of
platinum-group elements are present in mafic rocks at Pistén
de Uroy and in the Real Corona—El Torno assemblage (Sid-
der, this volume; Wynn, Page, and others, this volume). Plat-
inum-group elements are also present in gold lode and placer
deposits (Dahlberg, 1975; Sidder, this volume).

SUPAMO COMPLEX

The Supamo Complex includes paragneiss, schist,
migmatite, and granitic rocks such as trondhjemite, tonalite,
and granodiorite (Moreno and Mendoza, 1975). Quartz
monzonite and granite that intrude trondhjemite, tonalite,
and granodiorite and the greenstone-belt rocks of the Pastora
Supergroup have also been included within the Supamo
Complex by some authors (Menendez, 1972). Plutonic rocks
of the Supamo Complex are massive to foliated and gener-
ally form domes; metamorphic grade in the country rocks
increases from greenschist to amphibolite facies within
about 6 km of the intrusive bodies. The marginal facies of the
intrusive bodies are generally concordant with the
supracrustal host rocks. The granitic rocks generally underlie
a savanna that has small, rounded, isolated hills and a den-
dritic drainage pattern. The soil is sandy with minor clay and
has a bleached or whitish color (Menendez, 1972, 1974;
Benaim, 1974). Rocks of the Supamo Complex are not
known to host any mineral deposits.

The age of the Supamo Complex is commonly
described as ranging from 2,700 to 2,100 Ma; the younger
rocks are said to be “remobilized Supamo.” Recent ura-
nium-lead isotopic data for zircons indicate that
trondhjemite of the Supamo Complex crystallized between
about 2,200 and 2,050 Ma (Klar, 1979). The age of emplace-
ment of quartz monzonite plutons into the greenstone-gran-
ite terrane and the Imataca Complex also ranges from about
2,200 to 2,050 Ma, on the basis of uranium-lead zircon dates
(Klar, 1979), and possibly to 1,958 Ma, as indicated by
rubidium-strontium data for biotite (Onstott, Hargraves,
York, and Hall, 1984). The reinterpreted age of gneissic
rocks in the Supamo Complex is about 2,230 Ma, consistent
with an age of 2,227 Ma for the apparently correlative Bar-
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tica Gneiss in Guyana (Gibbs and Olszewski, 1982). The
maximum age for gneiss in the Supamo Complex is about
2,300 Ma (Klar, 1979). Granite and high-grade gneiss asso-
ciated with the greenstone belts of the West African craton
also range in age from about 2,220 to about 2,070 Ma (Rocci
and others, 1991; Boher and others, 1992; Taylor and others,
1992). Trondhjemitic intrusive rocks and more potassium
rich granite and granodiorite of the West African craton have
similar ages (Boher and others, 1992), as is true in the Ven-
ezuelan Guayana Shield. Sodic granitoid rocks associated
with the Nangodi greenstone belt in Ghana have high Sr/Nd
and Tb/Dy ratios relative to normal mid-ocean ridge basalt
that indicate the granitic rocks may have formed by melting
of relatively hot, subducted slab material (“amphibolite™)
(Sylvester and others, 1993). Essentially contemporaneous
potassic-rich granitic rocks, therefore, may have had less of
a slab component and incorporated more sialic crustal mate-
rial. Gneiss and migmatite in Ghana are coeval and cogenetic
with the granitic rocks (Opare-Addo and others, 1993). Dif-
ferences in structural and textural features between the meta-
morphic and granitic rocks, such as foliation, homogeneity,
and grain size, are due to emplacement at different depths;
the migmatites were generated at deeper crustal levels than
the granitic rocks (Opare-Addo and others, 1993).

TRANS-AMAZONIAN OROGENY

The Trans-Amazonian orogeny was a major cycle of
greenschist- to upper amphibolite- and granulite-facies
metamorphism, deformation, and magmatic activity in the
Guayana Shield during the Early Proterozoic. It was a period
of continental collision and accretion of assorted Archean
and Early Proterozoic terranes into the Amazonian craton,
the subsequent common deformation of these accreted ter-
ranes, and the first development of continental environments
on much of the craton. Paleomagnetic and 40Ar/3%Ar data
indicate that the Guayana and Guaporé Shields and possibly
the West African craton were combined as a single tectonic
plate during the Trans-Amazonian orogeny (Gibbs and
Wirth, 1986; Renne and others, 1988; Teixeira and others,
1989; Rocci and others, 1991; Boher and others, 1992). The
Imataca Complex was thrust over the Pastora-Supamo
greenstone-granite terrane during the Trans-Amazonian
orogeny, and oblique compression between these two ter-
ranes resulted in left slip along major fault zones such as the
Guri shear zone (Swapp and Onstott, 1989). The Guri fault
zone, and its inferred continuation in the West African cra-
ton, the Sassandra-Trou Mountain fault zone
(Caen-Vachette, 1988; Cohen and Gibbs, 1989), is a suture
between Archean rocks (the Imataca Complex in Venezuela)
and Early Proterozoic greenstone-belt rocks.

The Trans-Amazonian orogeny in the Guayana Shield
occurred between about 2,150 and 1,960 Ma and possibly
continued to about 1,730 Ma. The wide range in ages may be

the result of tectonic activity that was time transgressive
across the shield from northeast to southwest (Gaudette and
Olszewski, 1985). Alternatively, the range in ages may span
two distinct orogenic episodes, a predominantly collisional
and metamorphic event accompanied by intrusive magmatic
activity throughout the shield from about 2,150 to 1,960 Ma,
and a period of intense metamorphism, deformation, and
intrusion between about 1,860 and 1,730 Ma in the western-
most part of the shield in Estado Amazonas of Venezuela
(Klar, 1979; Gibbs, 1980; Bosma and others, 1983; Teixeira
and others, 1984; Gaudette and Olszewski, 1985). Postoro-
genic and (or) anorogenic magmatic activity from about
1,930 to about 1,790 Ma that emplaced rocks of the Cuchi-
vero Group and its equivalents and was accompanied by
minor uplift but little or no deformation or metamorphism is
not considered here to be part of the Trans-Amazonian orog-
eny.

Rocks of the Imataca Complex reveal a history of pro-
grade metamorphism and retrograde cooling and uplift asso-
ciated with the Trans-Amazonian orogeny. Detailed
rubidium-strontium isotopic studies of the age of granu-
lite-facies metamorphism in the Imataca Complex indicate
an age of 2,022+67 Ma for the Trans-Amazonian orogeny
(Montgomery and Hurley, 1978). This age apparently pre-
dates the peak pressure associated with the orogeny and
postdates the peak temperature (Swapp and Onstott, 1989).
Platean dates from %0Ar/39Ar analyses of hornblende and
biotite in the Imataca Complex range from about 2,044 to
1,760 Ma and are interpreted to record decompression,
uplift, and cooling following peak metamorphism of the
Trans-Amazonian orogeny (Onstott and others, 1989;
Swapp and Onstott, 1989). The Imataca Complex was
uplifted from a depth of about 32 km to about 16 km during
southward thrusting of the Imataca terrane over the green-
stone belts within about 30 m.y. after initiation of uplift and
after reaching peak pressure conditions (Swapp and Onstott,
1989). Extremely slow cooling rates implied by plateau
dates of biotite, potassium feldspar, and plagioclase from
granulite-facies rocks in the core of the Imataca Complex
indicate that uplift of the Imataca Complex had mostly
ceased by about 1,962 Ma and that rocks in the complex
cooled isobarically at intermediate crustal levels of about 15
km until about 1,100 Ma (Onstott and others, 1989; Swapp
and Onstott, 1989). All argon-bearing mineral systems were
closed by 1,100 Ma, perhaps as a result of renewed uplift
associated with the Nickerie or K’Mudku episode (table 1)
(Onstott and others, 1989). In contrast, metamorphic rocks in
the Carajas region, Brazil, of the Guaporé Shield cooled rap-
idly and attained stable magnetization by about 1,910 Ma
(Renne and others, 1988). Paleomagnetic and 40Ar/39Ar data
preclude the possibility of any regional metamorphism in the
Guaporé Shield to even the lowest greenschist facies after
the Trans-Amazonijan orogeny (Renne and others, 1988).

The Trans-Amazonian orogeny in the Guayana Shield
is defined here to consist of deformation, metamorphism,
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and magmatic activity between about 2,150 and 1,960 Ma.
Rocks of the Pastora Supergroup were deformed in two
pulses or episodes of tectonic activity within this interval,
whereas rocks of the Botanamo Group were affected only by
the second pulse of deformation.

The Eburnean orogeny in the West African craton was
a period of igneous and metamorphic activity and deforma-
tion about 2,200~1,980 Ma, possibly between only 2,112 and
2,073 Ma (Hedge and others, 1975; Onstott and Dorbor,
1987; Cohen and Gibbs, 1989; Feybesse and others, 1989;
Liégeois and others, 1991), coincident with the
Trans-Amazonian orogeny in the Guayana Shield. Deforma-
tion associated with the Eburnean orogeny in the West Afri-
can craton has been subdivided into two phases; the lower
group of Birimian rocks (Birimian I) was affected by both
phases, and the upper group (Birimian II) was folded just
once (Rocci and others, 1991; Milési and others, 1992).
Recent work suggests, however, that the distribution of
deformation features is spatially controlled by shear zones
and is not temporally restricted to particular stratigraphic
units (Mortimer, 1992; Watkins and others, 1993). Hence, all
Birimian and Tarkwaian units have been affected by all
phases of the Ebumean orogeny (Mortimer, 1992: Watkins
and others, 1993). Deformation D1 is represented by thrust
faults (Feybesse and Milési, 1994), foliation S1 that is sub-
parallel with bedding (S0), lineation L1 defined by the inter-
section of bedding and foliation S1, isoclinal folds P1, and
low- to medium-grade metamorphism; it is referred to as a
tangential (S1 parallel to SO) deformation event (Feybesse
and others, 1989; Milési and others, 1989, 1992; Liégeois
and others, 1991; Eisenlohr and Hirdes, 1992). Deformation
D1 is attributed to collision tectonics. Calc-alkaline volcan-
ism and deposition of volcaniclastic and turbiditic material
in the upper Birimian, as well as deposition of the Tarkwaian
sediments (equivalent to the Caballape and Los Caribes For-
mations in the El Callao area and the so-called eugeosyncli-
nal metavolcanic rocks in the Botanamo and Anacoco areas
[Cox, Wynn, and others, 1993]), followed deformation D1.
Deformation D2 was a sinistral transcurrent shear event
characterized by left-lateral strike-slip faults that are locally
associated with thrust zones, large, regional upright folds P2,
a crenulation cleavage S2 that crenulates foliation S1,
stretching lineation L2, and low- to medium-grade metamor-
phism (Feybesse and others, 1989; Liégeois and others,
1991; Eisenlohr and Hirdes, 1992; Milési and others, 1992;
Vidal and Alric, 1994). This second deformation was also a
period of compressive transcurrent tectonics. Uranium-lead,
samarium-neodymium, and rubidium-strontium dates deter-
mined for D1 and D2 in West Africa indicate that these
deformations associated with the Eburnean orogeny took
place between about 2,112 and 2,073 Ma (Feybesse and oth-
ers, 1989; Liégeois and others, 1991). In the eastern part of
the West African shield, deformation D3 produced dextral
shear zones, folds P3, foliation and crenulation cleavage S3,
a stretching lineation L3, and reactivation and local offset of

D2 faults (Milési and others, 1989, 1992; Liégeois and oth-
ers, 1991; Watkins and others, 1993). Event D3 accompa-
nied low-grade metamorphism at about 2,073 Ma (Milési
and others, 1989). A late or post-Eburnean tectonic shorten-
ing event characterized by a crenulation cleavage and a tran-
scurrent shear zone, but unaccompanied by igneous or
metamorphic activity, may have occurred as many as 90 m.y.
after deformation D3 at about 1,980 Ma (Milési and others,
1989; Liégeois and others, 1991; Vidal and Alric, 1994).

The Cuchivero Group, about 1,930-1,790 Ma, is
regarded here to be post-Trans-Amazonian in age. Postcolli-
sional magmatism following collision and amalgamation of
the island-arc greenstone belts with the Imataca Complex
resulted in the eruption and intrusion of the Cuchivero Group
and its equivalents. Rocks of the Cuchivero Group are gen-
erally unmetamorphosed and relatively undeformed, and
their character is sufficiently different from that of rocks of
the greenstone belts that they should be considered part of an
unnamed thermomagmatic event. This post-Trans-Amazo-
nian, postcollisional magmatic activity continued until about
1,790 Ma. Similar, but less voluminous, posttectonic mag-
matism in the Reguibat Shield of the West African craton
took place between about 1,970 and 1,750 Ma (Cahen and
others, 1984; Rocci and others, 1991).

Metamorphism, deformation, and magmatic activity
about 1,860-1,730 Ma in Estado Amazonas must be consid-
ered as part of a separate orogenic event (see discussion of
undivided Proterozoic rocks). Gaudette and Olszewski
(1985) correlated this younger orogenic episode in Estado
Amazonas with the older Trans-Amazonian event
(2,150-1,960 Ma); however, the age of 1,900+200 Ma
reported for the Trans-Amazonian orogeny (Moreno and
others, 1977; Gaudette and Olszewski, 1985), which is based
on potassium-argon and whole-rock rubidium-strontium
dates for an intrusion in the Imataca Complex and for rocks
of the Cuchivero Group, is not compatible with the recent
and more accurate uranium-lead and argon-argon dates for
metamorphism and deformation of the Trans-Amazonian
orogeny. As noted in the discussion on undivided Protero-
zoic rocks in Estado Amazonas, geologic mapping,
geochemical sampling, and geochronologic dating are insuf-
ficient for a rigorous interpretation of the geology in this
area.

CUCHIVERO GROUP

Early to Middle Proterozoic supracrustal rocks were
emplaced in and deposited on the older greenstone-granite
terrane in the southern, central, and western parts of the Ven-
ezuelan Guayana Shield (fig. 2). They include a thick pile
(greater than 3 km thick) of mostly felsic to lesser intermedi-
ate and mafic volcanic, subvolcanic, and plutonic rocks and
associated volcanogenic sedimentary rocks of the Cuchivero
Group; sandstone and conglomerate and lesser siltstone,
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shale, chert, and interlayered felsic volcanic rocks (jasper) of
the Roraima Group; continental tholeiitic dikes, sills,
inclined sheets, and small irregular intrusive bodies of the
Avanavero Suite; and rapakivi granite of the Parguaza Gran-
ite (Rios, 1972; Mendoza and others, 1975; Ghosh, 1985;
Gibbs, 1986; Sidder and Martinez, 1990).

The Cuchivero Group includes the relatively older vol-
canic rocks of the Caicara Formation and the younger gran-
ites of Guaniamito, San Pedro, and Santa Rosalia (Rjos,
1972; Mendoza and others, 1975). Mesozoic and (or) Ceno-
zoic tilting of the shield and subsequent erosion have
exposed the deeper level granitic rocks in the northern part
of the Cuchivero terrane, whereas high-level volcanic rocks
of the Caicara Formation predominate in the southern part.
Broad, open folds are common, and structures such as faults
and lineaments generally strike northwest to north-northwest
and north-northeast. The El Viejo Formation, the volcanic
suite of the Parucito Valley, and other relatively unmetamor-
phosed volcanic and plutonic rocks in Estado Amazonas, the
Uatuma Supergroup (including the Surumu and Iricoumé
Formations and the granodiorite of Serra do Mel) in northern
Brazil, the Kuyuwini and Burro-burro Groups in Guyana,
and the Dalbana Formation in Suriname all correlate with the
Cuchivero Group (Mendoza and others, 1975; Montalvao,
1975; Talukdar and Colvée, 1975, 1977; Berrange, 1977,
Mendoza and others, 1977; Tepedino, 1985; Gibbs, 1987;
Sidder and Martinez, 1990; Machado and others, 1991;
Gibbs and Barron, 1993; Dall’Agnol and others, 1994).
Minor amounts of rocks equivalent to the Cuchivero Group
are present in French Guiana and the West African craton
(Cahen and others, 1984; Gibbs, 1987; Rocci and others,
1991).

CAICARA FORMATION

The Caicara Formation consists of subaerially depos-
ited pyroclastic rocks including variably welded ash-flow
and air-fall tuff and breccia and minor lava flows and domes
and intercalated volcaniclastic rocks. The rocks are aphyric
to porphyritic, and both crystal-rich and crystal- and
lithic-rich varieties are present. Vitroclastic and eutaxitic
textures including devitrified glass shards and collapsed
pumice fragments are common (Rios, 1972; Mendoza,
1977b; Sidder and Martinez, 1990). The Caicara Formation
is made up of rhyolite, subordinate rhyodacite and dacite,
and minor proportions of andesite, basaltic andesite, and
basalt. On a total alkali-silica diagram, some rocks of the
Caicara Formation are classified as trachyte and trachydac-
ite. Silicic rocks are mainly tuff, whereas andesitic and
basaltic rocks are lava flows and dikes. These rocks are met-
aluminous to peraluminous, subalkalic to alkalic, and
together form an apparent comagmatic calc-alkaline series
(Talukdar and Colvée, 1975, 1977; Mendoza, 1977b; Sidder
and Martinez, 1990). Felsic to intermediate volcanic and vol-

caniclastic rocks near Ichin Tepuy (fig. 1) named the Ichiin
Formation are interpreted to be part of the Roraima Group
(Bricefio and others, 1989); however, these rocks are chem-
ically and lithologically similar to rocks of the Caicara For-
mation to the north and south along the Rio Paragua and
have the same stratigraphic position. Moreover, the basal
conglomerate and overlying sandstone of the Roraima
Group near Ichiin Tepuy conformably overlie the volcanic
rocks (Sidder, unpublished data, 1988). A similar
conformable contact has been mapped between rocks of the
Caicara Formation and the overlying Roraima Group in
Estado Amazonas (Stephen D. Olmore, U.S. Geological
Survey, oral commun., 1990), and intercalations of volcanic
tuff of the Surumu Formation are common near the base of
the Roraima Group in Brazil within 80 km south of the
Brazil-Venezuela-Guyana junction (Amaral and Halpern,
1975).

GRANITE OF THE CUCHIVERO GROUP

Granite associated spatially and temporally with the
volcanic rocks of the Caicara Formation includes the gran-
ites of San Pedro, Santa Rosalia (including the granite of Las
Trincheras), and Guaniamito. These granitic bodies com-
prise hypabyssal biotite granite, quartz monzonite, and gran-
odiorite (Rios, 1972; Mendoza, 1974; Tepedino, 1985) and
are in intrusive and fault contact with the volcanic rocks. The
rocks are generally equigranular to porphyritic and medium
to coarse grained. The granite of San Pedro is dominantly a
fine-grained leucocratic granite that has been interpreted as
amarginal border phase of the coarser grained biotite granite
of Santa Rosalia (Mendoza, 1974). The granite of Gua-
niamito is a porphyritic, medium to coarsely crystalline,
biotitethornblende granite. All of these granites are gener-
ally massive in texture but locally are foliated, especially
near the intrusive contact of granite with the volcanic rocks
of the Caicara Formation (Rios, 1972). Primary minerals
include potassium feldspar (orthoclase and microcline,
20-60 modal percent), quartz (1040 percent), plagioclase
(albite-oligoclase, 540 percent), biotite (<1-10 percent),
and accessory sphene, apatite, zircon, muscovite, horn-
blende, allanite, and iron-titanjum-oxide minerals (magne-
tite and lesser ilmenite). Secondary alteration minerals are
epidote, clinozoisite, and white mica in plagioclase and
potassium feldspar, chlorite after biotite, and hematite after
magnetite. Aplite dikes and barren quartz veins commonly
cut the granitic bodies (Rios, 1972; Mendoza, 1974; Tepe-
dino, 1985; Sidder, unpublished data, 1988). Hypabyssal
biotite granite and leucogranite in Suriname that are associ-
ated with and intrude rhyolitic volcanic rocks of the Dalbana
Formation (De Roever and Bosma, 1975; Bosma and others,
1983) are considered to be comagmatic equivalents of the
volcanic rocks (Mendoza, 1977b; Bosma and others, 1983).
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Granitic and volcanic rocks of the Cuchivero Group and
their equivalents throughout the Guayana Shield are gener-
ally unmetamorphosed. Reports of lower greenschist facies
metamorphism apparently refer to local contact metamor-
phic aureoles in volcanic and volcaniclastic rocks close to
intrusions. For example, field and petrographic evidence of
metamorphism is not present in samples of volcanic rocks
from the upper Rio Caura or Rio Paragua areas (Sidder,
unpublished data, 1990; Sidder and Martinez, 1990). Indeed,
as noted previously, vitroclastic and eutaxitic textures are
abundant. Minor alteration in the volcanic and granitic rocks,
such as partial replacement of feldspar by fine-grained seri-
cite and epidote, chlorite alteration of biotite, and thin vein-
lets of quartz or epidote+chlorite, is indicative of deuteric
and local hydrothermal alteration. Rios (1972) recognized
that the volcanic rocks of the Caicara Formation are ther-
mally metamorphosed in restricted zones close to intrusions.
It is significant to note that Rios called primary flow bands
developed during the extrusion and emplacement of the vol-
canic rocks “foliacién,” or foliation. He did not recognize
any effects of regional metamorphism. Other authors have,
however, referred to the Caicara Formation as a sequence of
metavolcanic rocks (Tepedino, 1985), and still others have
called the rocks metavolcanic but have noted that the rocks
have undergone contact metamorphism (“thermal-regional”
or “plutono-metamorphism”) only due to intrusion of the
granitic batholith of the Cuchivero Group (Mendoza,
1977b). Similarly, Bosma and others (1983) referred to rhy-
olitic rocks of the Dalbana Formation in Suriname as
metavolcanic but noted (p. 247) that “Distinctly recrystal-
lized metavolcanics***form broad marginal zones along the
granites***The recrystallization, without significant folia-
tion or folding, is spatially related to granite intrusions and
probably took place at shallow depth under homn-
blende-hornfels facies conditions.” Thus, the volcanic rocks
of the Caicara Formation and granitic rocks of the Cuchivero
Group and similar rocks throughout the Guayana Shield are
not regionally metamorphosed, but they are contact meta-
morphosed or hydrothermally altered in proximity to intru-
sions, faults, dikes, and veins (De Roever and Bosma, 1975;
Sidder and Martinez, 1990).

AGE AND ORIGIN

Whole-rock rubidium-strontium dates for rocks of the
Cuchivero Group and its equivalents throughout the Guay-
ana Shield range from 1,930 to 1,640 Ma, and the majority
are between 1,930 and 1,790 Ma (table 2) (Hurley and oth-
ers, 1977; Moreno and others, 1977; Bosma and others,
1983; Schobbenhaus and others, 1984; Teixeira and others,
1989; Machado and others, 1991). Initial 87Sr/36Sr ratios
range from 0.698 for the granites of Guaniamito, San Pedro,
and Santa Rosalfa to 0.721 for volcanic rocks of the Surumu
Formation in Brazil (table 2). The former initial ratio is not

geologically reasonable because basaltic achondrite meteor-
ites have an initjal ratio of 0.69897 (Faure, 1986). The latter
ratio is extremely high due to scatter of the data; the mean
squares weighted deviation (MSWD) is 60.9, and the
1-sigma error in the calculated initial ratio is 0.017. Most of
the initial ratios for rocks of the Cuchivero Group and its
equivalents are between about 0.705 and 0.707, values
between initial ratios inferred for Proterozoic crust (>0.708)
and mantle-derived magmas (<0.7045) (Priem, 1987,
Riciputi and others, 1990), and are a further indication of
some contribution of continental crust in the generation of
the magmas. Those initial ratios as high as 0.712 may reflect
melts derived directly from crustal material.

Rocks of the Cuchivero Group and their equivalents
have been considered both as orogenic, related to the
Trans-Amazonian collision and deformation, and as anoro-
genic (De Vletter and Kroonenberg, 1984). Supporters of the
orogenic interpretation suggest that the contact between the
felsic volcanic rocks and rocks of the underlying greenstone
belt is conformable, and therefore they include the Cuchi-
vero Group and its equivalents as a second, dominantly mag-
matic, stage of the Trans-Amazonian orogeny between about
2,000 and 1,870 Ma (Bosma and others, 1983; De Vletter
and Kroonenberg, 1984; Teixeira and others, 1984). As
noted above, however, characteristics of deformation and
metamorphism in the Cuchivero Group are significantly dif-
ferent from those in rocks of the greenstone belts, and there-
fore a conformable contact is extremely unlikely. Those who
suggest that the predominantly felsic igneous rocks of the
Cuchivero Group and its equivalents are anorogenic have
noted that the contact with rocks of the greenstone belts is a
profound angular unconformity and that crustal extension, as
evidenced by widespread intrusion of mafic dikes and sills of
the Avanavero Suite, was penecontemporaneous with depo-
sition of the volcanic rocks (Montalvao, 1975; Gibbs, 1980,
1986; Gibbs and Olszewski, 1982). As discussed following,
however, the Avanavero Suite (about 1,650 Ma) is younger
than the Cuchivero Group, and these units are not coeval.

The volcanic and plutonic rocks of the Cuchi-
vero Group are referred to here as postcollisional,
post-Trans-Amazonian because they do not have a clear
association with any orogenic belt, they are not regionally
metamorphosed, and they are weakly deformed and lack a
pervasive penetrative fabric. Any deformation that they
underwent may be attributed to younger post-Trans-Amazo-
nian events, and low-grade contact metamorphism in the
volcanic rocks is related to granitic intrusions. Granites
formed in postcollisional tectonic settings commonly post-
date the collisional event by about 25-75 m.y. (Sylvester,
1989), which is the approximate amount of time between ter-
mination of uplift of the Imataca Complex (collision with
rocks of the greenstone belts) and magmatism in the Cuchi-
vero Group. Limited geochemical data suggest that the tec-
tonic environment of the granite of Santa Rosalfa and the
volcanic rocks of the Caicara Formation is transitional; the
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Table 2. Rubidium-strontium whole-rock isochron dates for volcanic and plutonic rocks of the Cuchivero Group and its equivalents,
Guayana Shield.
[Number of samples on which age is based is given in parentheses after age. MSWD is mean squares weighted deviation]

Country Unit Age (Ma) #"sr/*%sr), MSWD Reference
Venezuela Caicara Formation 1,700+220 (n=3) 0.709 1.72 Gaudette and others (1978).
Venezuela Granites of Santa Rosalia and San Pedro 1,880+88 (n=7) 0.698 243 Gaudette and others (1978).
Guyana Kuyuwini Group 1,800+420 (n=4) 0.705 20.9 Berrange (1977).

Suriname Felsic volcanic rocks (Dalbana Formation) 1,930+48 (n=18) 0.705 225 Priem and others (1971).
Suriname Granitoid rocks 1,850+40 (n=14) 0.707 2.58 Priem and others (1971).
Suriname Granitic and volcanic rocks together1 1,880+31 (n=32) 0.706 2.64 Priem and others (1971).
Brazil Surumu Formation 1,800+94 (n=6) 0.721 60.9 Basei and Teixeira (1975).
Brazil Surumu Formation 1,640+55 (n=6) 0.714 182 Amaral and Halpern (1975).
Brazil Surumu Formation® 1,820+55 (n=10) 0.712 45.7 Basei and Teixeira (1975).
Brazil Granite of Serra do Mel 1,790£62 (n=4) 0.706 4.63 Basei and Teixeira (1975).

!As reported by Priem and others(1971).

Zncludes four samples analyzed by Amaral and Halpern (1975) as reported by Basei and Teixeira (1975).
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Figure 3. Rubidium versus yttrium+niobium for granite and
volcanic rocks of the Early Proterozoic Cuchivero Group of the
Guayana Shield. Fields of postcollision granite from Pearce and
others (1984); solid squares, granite; open triangles, volcanic rocks;
VAG, volcanic-arc granite; ORG, ocean-ridge granite; WPG,
within-plate granite; syn-COLG, syncollision granite. Data from
Sidder and Martinez (1990) and Sidder (unpublished data, 1990).

granitic and volcanic rocks plot between within-plate (ano-
rogenic) granite and volcanic-arc granite on several discrim-
inant diagrams and approximately in the field of
postcollision granite on the rubidium versus yttrium+
niobium diagram (fig. 3) (Pearce and others, 1984;
Sylvester, 1989; Sidder, unpublished data, 1990). The vari-
ously indicated tectonic settings may result from transitional
mantle and crustal sources; postcollision, within-plate
crustal magmatism may have been followed by renewed sub-
duction and mantle-derived continental arc magmatism.
Post-Eburnean granitoid rocks in the West African craton are

posttectonic or anorogenic rocks that were intruded at shal-
low levels and plot in the field of within-plate granite (Rocci
and others, 1991).

MINERAL RESOURCES

Major mineral deposits have not yet been discovered in
the Cuchivero Group. Quartz veins containing silver and
gold are present locally in volcanic rocks of the Caicara
Formation, and isolated areas of rhyolite contain trace
amounts of disseminated cassiterite (Sidder and Martinez,
1990; Sidder, Brooks, and others, 1991; Sidder, this
volume). Although epithermal and bonanza-type
precious-metal vein deposits are uncommon in Precambrian
rocks (Hutchinson, 1987), the felsic to intermediate compo-
sition and pyroclastic character of the volcanic rocks of the
Cuchivero Group, as well as geochemical anomalies of
silver, bismuth, and molybdenum in some quartz-sulfide
veins and gold in panned concentrates, are suggestive of epi-
thermal precious-metal deposits (Sidder and Martinez, 1990;
Sidder, Brooks, and others, 1991). Mineralized epithermal
systems in volcanic rocks of the Cuchivero Group may have
been preserved by burial shortly after deposition by sedi-
mentary rocks of the Roraima Group, as exhibited by locally
conformable contacts.

Field and geochemical evidence indicates that shallow
porphyritic granitic intrusive rocks in volcanic rocks of the
Caicara Formation in western Estado Bolivar and Estado
Amazonas and possibly equivalent rocks in Brazil have
moderate potential for associated porphyry molybde-
num-type deposits. Molybdenite is relatively common in
contact zones between felsic volcanic rocks of the Caicara
Formation and biotite granite of the Cuchivero Group in
Venezuela (Mendoza and others, 1977). In northern Brazil,
molybdenite is disseminated in biotite granite and in small
quartz veins at the faulted contact between granite and
volcanic rocks of the Surumu Formation (Montalvao and
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others, 1975; Berrange, 1977; Schobbenhaus and others,
1984).

Cassiterite and wood tin are sparsely disseminated in
some samples of high-silica rhyolite in the Caicara
Formation and its equivalent rocks of the Iricoumé
Formation in Brazil (Jones and others, 1986; Sidder, this vol-
ume). Cassiterite is also present in panned concentrates such
as those from creeks that drain into the upper Rio Paragua
near the Brazil-Venezuela border (Sidder, this volume, pl.
1). These occurrences of cassiterite disseminated in rhyolite
and in panned concentrates are typical of rhyolite-hosted tin
deposits (Duffield and others, 1990); however, occurrences
of economic significance are not yet known. In Brazil,
granitic rocks, such as alaskite, granite, granodiorite, and
quartz diorite, of the Uatuma Supergroup that are associated
with volcanic rocks equivalent to the Caicara Formation host
stockwork veins and disseminations of cassiterite (Dama-
sceno, 1988). The granitic rocks are commonly greisenized
to an assemblage of muscovite, fluorite, topaz, and tourma-
line (Damasceno, 1988).

The carbonatite at Cerro Impacto (within the Cuchivero
terrane) (Sidder, this volume, pl. 1) near the intersection of
large northeast- and northwest-striking fractures is enriched
in niobium, thorium, barium, cerium, and other metals and
rare earth elements (Aarden and others, 1978; Premoli and
Kroonenberg, 1981). The northwest-striking fractures may
be coextensive with those along which kimberlite was
emplaced in the Quebrada Grande area, and they are parallel
with large regional fractures that apparently controlled
emplacement of pegmatitic dikes into the Parguaza Granite.
These fractures extend throughout the western part of the
Guayana Shield in Estado Bolivar, Estado Amazonas, and
into Brazil. Mendoza and others (1977) suggested that the
carbonatitic complex intruded plutonic rocks of the Cuchi-
vero Group during the Mesozoic between 150 and 80 Ma;
however, a rubidium-strontium whole-rock isochron date of
about 1,732+82 Ma for leached kimberlitic rocks in the Que-
brada Grande area (Nixon and others, 1992) indicates that
the carbonatite at Cerro Impacto may be much older than
Mesozoic. The carbonatite at Cerro Impacto may be Early
Proterozoic, or about the same age as kimberlite in the Que-
brada Grande area. The date for kimberlite in the Quebrada
Grande area is similar to carbonatite emplaced elsewhere in
the world between about 1,800 and 1,650 Ma (Meyer, 1988).
Additional work is required to date more precisely the age of
intrusion of both carbonatite and kimberlite in the Guayana
Shield.

The similarity in age, composition, and tectonic envi-
ronment between the Early Proterozoic Cuchivero Group in
Venezuela and the granite-rhyolite terranes of the St. Fran-
cois Mountains and the Olympic Dam area suggests that
Olympic Dam-type deposits are a possible exploration target
in the Venezuelan Guayana Shield (Sidder, this volume).
Olympic Dam-type iron-copper-uranium-gold-rare earth
element magmatic-hydrothermal deposits are genetically

related to magmas, especially those of intermediate to mafic
composition, that formed the host granite-rhyolite terrane
(Sidder and Day, 1993; Sidder and others, 1993).

UNDIVIDED PROTEROZOIC ROCKS

Many Proterozoic and possibly Archean rocks in
Estado Amazonas either have not been studied or have been
examined only in reconnaissance fashion and thus are herein
included as an undivided group of rocks (fig. 2). These rocks
are predominantly granitic and associated volcanic rocks,
mafic and alkaline intrusive rocks, and medium- to
high-grade gneiss of both igneous and sedimentary pro-
toliths (Mendoza and others, 1977; Gaudette and Olszewski,
1985; Cox, Wynn, and others, 1993). Cordani and Brito
Neves (1982) and Goodwin (1991) referred to the granite
and high-grade gneiss terrane as basement rocks of the
Pakaraima nucleus and considered this nucleus to be an
Archean crustal remnant. Mendoza and others (1977) and
Gaudette and Olszewski (1985) informally named some of
these rocks after the area where they were mapped, such as
the Minicia gneiss or migmatite, the Macabana augen gneiss,
the granites of Atabapo, San Carlos, Sipapo, and so on.
Barrios and others (1985) grouped these locally named units
into two provinces, the Ventuari and Casiquiare dominions
(fig. 2), on the basis of similar structural, petrologic, and
geochronologic characteristics. The Ventuari dominion,
primarily north and east of the Rio Orinoco in Estado Ama-
zonas, consists of volcanic and plutonic rocks similar to the
Cuchivero Group, the Parguaza Granite, sedimentary rocks
of the Roraima Group, isolated metasedimentary sequences,
and massive alkaline and mafic intrusions. Topographic
relief in the Ventuari dominion is high, and elevations are as
much as 2,000 m above sea level on the tops of some verti-
cally cliffed plateaus or table mountains, which are called
tepuis. The Casiquiare dominion, generally south of the Rio
Orinoco in Estado Amazonas (fig. 2), includes granite,
gneiss, migmatite, and scarce outcrops of the Roraima
Group; volcanic rocks and alkaline or mafic intrusive bodies
are not present. Elevations rarely are more than 500 m above
sea level in this dominjon (Barrios and others, 1985). Similar
granitic and metamorphic rocks in southeastern Colombia
near the Colombia-Venezuela border were named
“Complejo migmatitico de Mitd” (Mitd migmatitic com-
plex) (Priem and others, 1982). Notably, all of these authors
commented on the complexity of the relations between the
rocks, the poor exposures in the jungle, and the intense
weathering of the rocks. Most of the mapped and sampled
outcrops form discontinuous and isolated exposures along
rivers.

The undivided Proterozoic and possibly Archean intru-
sive rocks in Estado Amazonas range in composition from
biotite granite to tonalite and diorite. They are generally
medium to coarse grained, equigranular to porphyritic, and
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weakly foliated. The plutonic rocks have been moderately
deformed by small-scale faults and shears, and cataclastic
textures are common. Aplite dikes of more than one intrusive
episode cut the plutonic rocks (Mendoza and others, 1977;
Priem and others, 1982; Gaudette and Olszewski, 1985).
Granitic rocks of the Ventuari dominion, such as the granite
of Padamo and unnamed plutonic rocks along the Rios
Orinoco, Ventuari, and Paru, are similar to the granite of
Santa Rosalfa. Associated volcanic rocks of the El Viejo For-
mation, the volcanic suite of the Parucito Valley, and similar
locally named units such as the felsic to intermediate volca-
nic rocks of Yavi, Asita, Autana, and others in the Ventuari
dominion are probably equivalent to the Caicara Formation
or to volcanic rocks associated with the Parguaza Granite
(Talukdar and Colvée, 1975, 1977; Mendoza and others,
1977; Gaudette and Olszewski, 1985). Some granitic rocks
in the Casiquiare dominion are similar to the Parguaza Gran-
ite (Barrios and others, 1985; Gaudette and Olszewski,
1985).

The undivided Proterozoic metamorphic rocks range
from poorly foliated and mildly tectonized gneiss to
well-foliated gneiss and migmatite having cataclastic
texture. Phyllite and quartzite are weakly metamorphosed
sedimentary rocks. Granitic gneiss, or metamorphosed
plutonic rocks, ranges in composition from granite to grano-
diorite, tonalite, and diorite. The intensity of metamorphism
is as high as the greenschist and amphibolite facies with
assemblages of chloritetmuscovitetepidotetchloritoid and
plagioclase-hornblendetgarnet, respectively (Mendoza and
others, 1977; Gaudette and Olszewski, 1985).

Geochronological data indicate that peak metamor-
phism and magmatism of the undivided Proterozoic and pos-
sibly Archean rocks in Estado Amazonas occurred between
about 1,860 and 1,730 Ma. Gaudette and Olszewski (1985)
correlated this metamorphic and magmatic activity with the
Trans-Amazonian orogeny, but it is probably part of a
younger unnamed event, as discussed previously. Low initial
8751/%6Sr ratios of about 0.703 for paragneiss imply that the
protolith of the metasedimentary rocks was not considerably
older. Strongly deformed and metamorphosed plutonic rocks
of about 1,860 Ma, in addition to moderately to weakly
deformed plutonic rocks of about 1,730 Ma,’ indicate that
plutonism and metamorphism may have been synchronous
from about 1,860 to 1,730 Ma. Unmetamorphosed, unde-
formed granitic rocks of about 1,600 Ma represent postoro-
genic plutonic activity in Estado Amazonas, and the
Parguaza rapakivi granite (fig. 2) typifies magmatic activity
at about 1,545 Ma. In general, dates for granitic rocks in the

SThis date is recalculated from the original published data. The same
decay constant, atomic ratios, and experimental errors were used. The
results determined here are 1,730+71 Ma, initial ratio=0.705, and
MSWD=73.3; however, the data in the publication (Gaudette and Olszews-
ki, 1985) were reported as 1,793%79 Ma, initial ratio=0.704, and
MSWD=184.

Ventuari dominion are older than for those for rocks to the
southwest in the Casiquiare dominion (Barrios and others,
1985; Gaudette and Olszewski, 1985; Gibbs and Wirth,
1986).

Geochronological data from the Amazon Territory of
Brazil and the Amazonas region of southeastern Colombia
demonstrate ages of metamorphic and magmatic activity
similar to those for the Casiquiare dominion of Estado Ama-
zonas of Venezuela. Tassinari (1984) utilized whole-rock
rubidium-strontium and lead-lead dating methods to date
granitic to granodioritic gneiss and migmatite of the Rio
Negro—Juruena province that truncates the Maroni-
Itacaiunas belt (and the Ventuari dominion) in Estado
Amazonas and southeastern Colombia (Cordani and Brito
Neves, 1982; Teixeira and others, 1989). He determined that
a magmatic arc and new continental crust formed in this
province between about 1,750 and 1,600 Ma from magma
generated in the upper mantle (initial 87Sr/86Sr ratio 0.7030).

Priem and others (1982) used whole-rock rubid-
ium-strontium and uranium-lead zircon data to conclude that
the granite gneiss basement of the Amazonas region of
southeastern Colombia has a minimum age of about 1,850
Ma. A maximum age of about 1,450 Ma was established for
the high-grade metamorphism and resetting of the isotopic
systems. The Complejo migmatitico de Mitd formed about
1,560-1,450 Ma by large-scale granitic plutonism during the
Parguaza episode and metamorphic reconstitution of rocks
having a minimum age of about 1,850 Ma (Priem and others,
1982).

Based on the previously discussed radiometric data,
Gaudette and Olszewski (1985) suggested that a tectonic
zone or boundary is present along the Rio Orinoco south of
about lat 4°00' N. This zone marks the contact between the
Ventuari and Casiquiare dominions and the Maroni-
Itacaiunas and the Rio Negro-Juruena mobile belts (Barrios
and others, 1985; Teixeira and others, 1989). The evolution
of a northeast-facing subduction zone between about 1,900
and 1,450 Ma and a change from compressional horizontal
tectonics to tensional vertical tectonics at the end of subduc-
tion may account for the geologic relations in the undivided
Proterozoic rocks of the Amazon region of Venezuela,
Colombia, and Brazil (Priem and others, 1982; Barrios and
others, 1985; Gaudette and Olszewski, 1985).

RORAIMA GROUP

The Roraima Group is a generally flat lying (dipping
less than 20°) suite of sedimentary rocks deposited in fluvial,
deltaic, shallow-marine, and lacustrine or epicontinental
environments. It originally covered an area of at least
250,000 km?2, possibly as much as 1,200,000 km?, that
extended about 1,500 km east to west from Suriname to
Brazil and Estado Amazonas of Venezuela; rocks equivalent
to the Roraima Group are apparently not present in French
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Guiana and the West African craton (Gansser, 1954; Ghosh,
1985; Cahen and others, 1984; Gibbs and Barron, 1993). The
original northern extent of rocks of the Roraima Group is not
known. The north-facing frontal scarp of the Roraima Group
is apparently erosional, although some structural control is
possible. Quartzarenite is the predominant rock type; feld-
spathic arenite, conglomerate, quartzite, arkose, argillaceous
siltstone, shale, jasper, and chert are also present. This suite
of rocks is generally 700-1,000 m thick and in some areas is
more than 3,000 m thick (Ghosh, 1985; Dohrenwend and
others, this volume). The basal contact is not exposed in all
places; however, the Roraima Group has been reported
to overlie unconformably the Early Proterozoic greenstone-
granite terrane, the Caicara Formation, the Parguaza Granite,
and undivided Proterozoic rocks in Estado Amazonas (De
Loczy, 1973; Ghosh, 1985; Gibbs and Barron, 1993). As
noted previously, rocks of the Roraima Group locally lie
conformably on volcanic rocks of the Caicara Formation.
Rocks that overlie the Roraima Group are not common. Flu-
vial sedimentary rocks about 30 m thick, possibly Miocene
to Pliocene in age, overlie the Roraima Group in parts of
Guyana and Brazil (De Loczy, 1973); however, Late Prot-
erozoic or Phanerozoic sedimentary rocks are not known to
overlie the Roraima Group in Venezuela (Ghosh, 1983;
George, 1989).

Rocks of the Roraima Group in Venezuela form star-
tling, vertically cliffed tepuis that rise 1,000 m or more above
the surrounding jungle. The tops of the tepuis are commonly
saucer shaped and dip about 20°-45° toward the center of the
tepuis (Gansser, 1974; Ghosh, 1985). This topography has
been attributed to (1) inverted topography in which the
tepuis are on the axes of synclines, (2) isostatic depression,
(3) buckling related to vertical basement tectonics, and (4)
faults along the hinge zones between the marginal rims and
the central plateaus that formed central graben and marginal
horst blocks (Gansser, 1974; Ghosh, 1985). Bricefio and
others (1990) concluded that the tepuis resulted from topo-
graphic inversion and are remnants of doubly plunging
synclines, the low, eroded areas around the tepuis corre-
sponding to the dismantled anticlines. Karst features such as
large caves, shafts, underground streams, karren, and dolines
are locally developed on the tops of some tepuis (Szczerban
and Urbani, 1974), and several species of plants are native
only to the tops of individual tepuis (George, 1989).

Structural features in the Roraima Group generally are
broad, open folds and block faults that strike northeast and
north-northeast to north-northwest throughout Venezuela
and the Guayana Shield (Gansser, 1954; Ghosh, 1985;
Bricefio and others, 1990). Numerous joint sets cut the
Roraima Group; however, joint trends measured in outcrop
do not coincide with those measured from aerial photographs
or side-looking airborne radar (SLAR) images (Sidder,
1988, unpublished data; Bricefio and others, 1990). Dohren-
wend and others (this volume) recognized a deformational
gradient from south to north in the Gran Sabana area of

southeastern Venezuela: relatively tight folds and conspicu-
ous axial planar foliation are present in the lower part of the
Roraima Group in the south, and relatively undisturbed, gen-
tly dipping to horizontal, unfoliated strata are present in the
north. The axial planar foliation imposes a conspicuous ridge
and valley topography in the south, whereas in the north less
deformed and undeformed rocks underlie the high plateaus
(Dohrenwend and others, this volume).

Rocks of the Roraima Group generally are unmetamor-
phosed; most samples do not show any textural or mineral-
ogical evidence of metamorphism (Ghosh, 1985).
Pyrophyllite and andalusite in some rocks are interpreted as
metamorphic minerals that formed from very low grade
burial metamorphism (Urbani, 1977; Bricefio and others,
1990); however, these minerals are also in localized contact
metamorphic aureoles around diabasic and gabbroic intru-
sions of the Avanavero Suite or of the Mesozoic dike swarms
(Gansser, 1974; Urbani, 1977; Ghosh, 1985; Gibbs, 1986).
Rocks interpreted, on the basis of the presence of pyrophyl-
lite or andalusite, to have been affected by burial metamor-
phism may in fact have been metamorphosed by an
unexposed intrusion. Alternatively, an unknown thickness of
rocks, but presumably at least 3 km or more to cause burial
metamorphism, may have been completely eroded from the
top of the Roraima Group. The matrix of some rocks has
been recrystallized to interstitial quartz, fine-grained white
mica, and hematite (Gibbs and Barron, 1993).

Reid (1974a) divided the Roraima Group in the Gran
Sabana area of Venezuela into four formations, in ascending
order, the Uairén, Kukendn, Uaimapué, and Matuai Forma-
tions. Elsewhere in the Guayana Shield, the Roraima Group
has been subdivided into lower (generally equivalent to the
Uairén Formation), middle (the Kukenan and Uaimapué For-
mations), and upper (Matuai Formation) members (Gansser,
1954; Bateson, 1966; Priem and others, 1973; Ghosh, 1985;
Gibbs and Barron, 1993). The stratigraphy of the Roraima
Group is complex, although it may appear simple in some
areas. Units are not continuous—rather they appear to grade
both laterally and vertically—and few marker beds have
been established for regional correlation in the shield. For
example, conglomerate, arkose, and jasperoid tuffaceous
rocks, which are distinctive in the Gran Sabana area of Ven-
ezuela, Brazil, and Guyana, are not present in tepuis in
Estado Amazonas (Ghosh, 1985). Moreover, the strati-
graphic sequences in several tepuis of Estado Amazonas do
not correlate with each other. The rocks in Estado Amazonas
are included in the Roraima Group because of their abundant
thick sequences of crossbedded, fine- to medium-grained
quartzarenite and feldspathic arenite and lesser interbedded
layers of shale. Possibly these rocks are time transgressive
with those of the Roraima Group in the Gran Sabana area
(Ghosh, 1985).

Alberdi and Contreras (this volume) describe a
128-m-thick sequence of graywacke, siltstone, and shale that
underlies the basal sandstone and conglomerate of the
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Uairén Formation north of the Gran Sabana area. They sug-
gest that these rocks be included in the Roraima Group as the
Urico Formation. In northern Brazil and Guyana, the Urico
Formation is apparently correlative with the Wailan Forma-
tion, which is composed of silty to sandy shale and argilla-
ceous sandstone and is transgressed by conglomerate of the
Roraima Group (Gansser, 1954); however, Gansser (1954)
considered the Wailan Formation to be equivalent to the
Haimarakka Formation, which is correlative with the Cai-
cara Formation rather than with part of the Roraima Group.

The Uairén Formation consists of about 800-900 m of
quartzitic sandstone, conglomerate, and minor shaly silt-
stone. Thin lenses and beds (from less than 50 cm to about
10 m in thickness) of quartz-pebble and polymict conglom-
erate and thin beds and laminae of shaly siltstone are interca-
lated with the sandstone (Reid, 1974a; Reid and Bisque,
1975). Dohrenwend and others (this volume) subdivide the
Uairén Formation into a lower member about 600 m thick
and an upper member about 100-300 m thick. The former
consists of well-sorted, coarse- to medium-grained quartz
sandstone that is cross-stratified with trough and festoon
crossbeds and is intercalated with conglomerate and shaly
siltstone; the latter includes medium-grained sandstone that
contains abundant trough cross-stratification and interca-
lated channel gravels (Reid, 1974a; Reid and Bisque, 1975;
Dohrenwend and others, this volume). The lower member is
moderately bedded to massive and underlies high cliffs and
extensive dip slopes of several cuestas along the southern
margin of the Gran Sabana. The upper member forms con-
spicuously benched scarp slopes and irregular ridges
(Dohrenwend and others, this volume).

The Kukendn (also spelled Cuquendn) Formation is
composed of sandstone interbedded with siltstone, clay-
stone, and shale. The sandstone is well bedded to massive
and fine to medium grained, and the siltstone, claystone, and
shale are medium to thin bedded, laminated, and variegated.
The formation has a maximum thickness of about 100 m in
the Gran Sabana area (Reid, 1974a; Reid and Bisque, 1975;
Dohrenwend and others, this volume).

The lower part of the Uaimapué Formation is similar to
the Uairén Formation in that it consists of sandstone and con-
glomerate and interbedded siltstone and mudstone; however,
abundant beds of jasper, chert, and arkose characterize the
upper part of the formation (Gansser, 1954; Reid, 1974a;
Reid and Bisque, 1975; Dohrenwend and others, this vol-
ume). The total thickness of the Uaimapué Formation in the
Gran Sabana area is about 250 m. Sandstone in the lower part
of the formation is fine to coarse grained and pervasively
channelled with trough cross-stratification. Clasts in the con-
glomerate are predominantly quartz pebbles. Red arkose,
green and red jasper, and green, red, and gray chert are inter-
bedded in the upper part of the formation (Reid, 1974a; Reid
and Bisque, 1975). The arkose contains pyroclastic material,
and the jasper contains distinct shards of devitrified volcanic
glass (Gansser, 1974; Reid, 1976; Ascanio and others, 1985).

The jasper beds, which are about 20 cm thick and are inter-
bedded with siltstone and sandstone forming sequences
about 10 m thick, are interpreted as volcaniclastic tuff
(Ascanio and others, 1985); they are marker beds for corre-
lation throughout the Guayana Shield and have been radio-
metrically dated.

The Mataui Formation, the youngest unit of the
Roraima Group, forms the vertical cliffs of some tepuis and
is dominantly crossbedded, ripple-marked, and massive
quartz sandstone and quartzite (Reid, 1974a; Reid and
Bisque, 1975). Sandstone in the uppermost part of the forma-
tion, as on the tops of the tepuis, is less well cemented, fria-
ble, and thinner bedded and contains sandy shale horizons.
The total thickness of the unit is 1,000 m or more (Gansser,
1954; Reid, 1974a; Reid and Bisque, 1975).

The Roraima Group in Estado Amazonas, which is best
observed in tepuis, includes quartzarenite, feldspathic aren-
ite, and shale and generally is made up of three members;
however, the stratigraphic sequence cannot be correlated
from one tepui to another (Ghosh, 1977, 1985). The lower
member, about 300-500 m thick, consists of thinly graded
beds of fine- to coarse-grained, cross-stratified, rip-
ple-marked, laminated quartzarenite, minor quartz wacke,
and thin conglomeratic beds (Ghosh, 1977, 1985; Mendoza
and others, 1977). The middle member, about 100-200 m
thick, includes medium-grained, crossbedded quartzarenite,
feldspathic arenite, and argillaceous quartzarenite.
Dark-gray to black shale units as thick as 50 m are typical of
the middle member. The upper member, which forms
prominent cliffs, is composed of 500-700 m of medium- to
coarse-grained quartzarenite and lesser feldspathic arenite
and lenticular clay beds that have thin carbonate-rich
laminations (Ghosh, 1977, 1985; Mendoza and others,
1977). Major units of conglomerate, arkose, or jasper have
not been observed in Estado Amazonas (Ghosh, 1977,
1985).

ENVIRONMENT OF DEPOSITION AND AGE

Rocks of the Roraima Group were deposited in fluvial,
deltaic, shallow coastal marine, and lacustrine or epiconti-
nental environments such as low-sinuosity river channels
and their floodplains, delta distributaries above tranquil
interdeltaic lakes, coastal lagoons to interdeltaic bays, non-
barred beaches, and intertidal mud flats (Ghosh, 1985;
Bricefio and Schubert, 1990). The lateral and vertical distri-
bution of the lithologic units depicts an alluvial-deltaic com-
plex near a wave-dominated, high-energy coastline that had
abundant beaches, sandy flats, and subtidal bars and less
common mudflats and coastal lagoons (Ghosh, 1985).
Cross-stratification, ripple marks, and pebble orientation
indicate that the sediments were transported from a source to
the northeast, east, and southeast (Gansser, 1954; Keats,
1974; Reid and Bisque, 1975; Ghosh, 1985; Gibbs and Bar-
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Table 3. Rubidium-strontium whole-rock isochron dates for volcanic rocks of the Roraima Group, Guayana Shield.
[Number of samples on which age is based is given in parentheses after age. MSWD is mean squares weighted deviation]

Country Unit Age (Ma) (*7S1/*58r), MSWD Reference
Venezuela Canaima 1,730+120 (n=8)' 0.708 11.2 Gaudette and Olszewski (1985).
Venezuela Santa Elena de Uairén 1,570£83 (n=16)* 0.721 79.8 Pringle and Teggin (1985).
Suriname Tafelberg 1,660+27 (n=14) 0.708 1.84 Priem and others (1973).

'These dates are recalculated from the original published data. The same decay constant, atomic ratios, and experimental errors were used; however,
the data in the publication were reported as 1,747+49 Ma, initial ratio=0.708, MSWD=2.84.

“These dates are recalculated from the original published data. The same decay constant, atomic ratios, and experimental errors were used; however,
the data in the publication were reported as 1,579+18 Ma, initial ratio=0.720, MSWD=19.95.

Table 4.
into the Roraima Group, Guayana Shield.

Rubidium-strontium whole-rock isochron dates for diabase of the Avanavero Suite and hornfels formed from its intrusion

[Number of samples on which age is based is given in parentheses after age. MSWD is mean squares weighted deviation. N.A. indicates not available]

Country Unit Age Ma)  (¥'St/%Sr), MSWD Reference
Suriname Dolerite of Avanavero Suite 1,670+18 (n=22) 0.704 424  Hebeda and others (1973).
Guyana Dolerite of Roraima intrusive suite 1,640+58 (n=8) 0.704 119 McDougall and others (1963).
Brazil Hornfelsed sandstone of the Roraima Group next to a diabase dike 1,990+170 (n=3)1 0.696 0.078 Basei and Teixeira (1975).
Guyana Hornfelsed shale of the Roraima Group overlying a diabase sill 1,600+44 (n=2)!  0.856 N.A.  Snelling and McConnell (1969).

These ages are calculated using Model 1 of York (1969), which assumes that the only cause for scatter from a straight line are the assigned errors;
however, the errors for ¥'Rb/*Sr and ¥’Si/*%Sr were not cited in the original references. Values of 2.0 percent and 0.1 percent, respectively, were used

for the calculations.

ron, 1993). Rocks of the Roraima Group may have been
deposited in several basins (fault-block basins?) separated
by basement highs (Ghosh, 1985).

The Roraima Group may be as old as about 1,900 Ma
and as young as about 1,500 Ma or younger (Ghosh, 1985).
Correlation of the Roraima Group throughout the shield is
problematic because radiometric dating of felsic pyroclastic
rocks interbedded with sandstone of the middle part of the
Roraima Group (Uaimapué Formation and its equivalents)
and diabase dikes and sills that intrude the Roraima Group
yields erratic dates. For example, felsic volcanic rocks have
whole-rock rubidium-strontium isochron dates of about
1,730, 1,660, and 1,570 Ma (table 3) near Canaima in the
northern Gran Sabana area, in Suriname, and near Santa
Elena de Uairén in the southern Gran Sabana area, respec-
tively (Gaudette and Olszewski, 1985; Priem and others,
1973; Pringle and Teggin, 1985, respectively). These dates
are analytically indistinguishable (1,650 Ma), given the error
and MSWD associated with each date (table 3). Diabase
dikes that cut rocks of the Roraima Group throughout the
central and eastern parts of the Guayana Shield have been
dated by 40Ar/*Ar and whole-rock and mineral rubid-
ium-strontium and potassium-argon methods. Mineral and
whole-rock rubidium-strontium isochrons for doleritic? sills
that intrude the Roraima Group in Guyana and Suriname
yield dates of about 1,640 Ma and 1,670 Ma, respectively

6Dolerite is a British term for diabase. The two terms are used synon-
ymously herein; the mafic intrusive rocks in Guyana and Suriname are gen-
erally referred to as dolerite (the original usage) and those in Venezuela and
Brazil as diabase.

(table 4). The potassium-argon method does not give accu-
rate ages for the diabase intrusive rocks (fig. 4) (McDougall,
1968), and 4OAr/39Ar analyses of biotite and plagioclase
from one sample of diabase gave dates of about 1,800 and
1,470 Ma, respectively (Onstott, Hargraves, and York,
1984). Direct dating of the Roraima Group yields an age of
about 1,650 Ma for the middle member (Uaimapué Forma-
tion), which rests on as much as 1,200 m of quartzarenite,
and indirect dating of diabase dikes and sills indicates an age
not younger than 1,670-1,640 Ma for the lower and middle
parts of the Roraima Group (McDougall and others, 1963;
Hebeda and others, 1973).

Both discordant and concordant contacts have been
mapped between rocks of the Roraima Group and the Cai-
cara Formation, which was deposited between about 1,930
and 1,790 Ma (table 2) ( Reid and Bisque, 1975; Amaral and
Halpern, 1975; Sidder, unpublished data, 1988). In addition,
the contact between the Roraima Group and the Parguaza
Granite (1,545 Ma) has been identified as an angular uncon-
formity (Mendoza, 1974; Mendoza and others, 1977). In
support of this interpretation, Ghosh (1985, p. 48) noted that
“contact metamorphic minerals are conspicuous by their
absence in the Roraimas overlying the Parguaza Rapakivi
granite.” In contrast, other Proterozoic units, such as the
Cinaruco Formation in Estado Amazonas (equivalent to the
Los Caribes Formation), contain andalusite in a contact aure-
ole as much as 0.5 km from the intrusive contact (Ghosh,
1985). These geologic relations bracket the age of the
Roraima Group as being as old as about 1,900 Ma in south-
eastern Venezuela and as young as about 1,500 Ma or
younger in Estado Amazonas.
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Figure 4. Potassium-argon dates for Proterozoic diabase of the Guayana Shield. Data from McDougall and others (1963), Snelling (1963),
Snelling and McConnell (1969), Hebeda and others (1973), Frick and Steiger (1974), Basei and Teixeira (1975), and Teggin and others

(1985).

Sedimentary rocks of the Roraima Group apparently
record a long period of sedimentation on a relatively stable
crust. It has been proposed that the present crustal thickness
of shields was not attained at the time of “stabilization,” or
the cessation of deformation and magmatism (end of the
Trans-Amazonian orogeny), but rather that continued
passive underplating of the crust (intrusion of part of the
Cuchivero Group and its equivalents) and subsequent
subsidence and sedimentation may have extended for several
hundred million years after initial stabilization (Rogers and
others, 1984). The sandstones throughout the Guayana
Shield presently correlated with the Roraima Group
apparently record a long period of subsidence and
continental-nearshore sedimentation that perhaps migrated
successively westward in multiple basins on a stable craton
possibly from as early as 1,900 to at least 1,545 Ma.

MINERAL RESOURCES

Modern and paleoplacer deposits of gold and diamonds
have been mined extensively in the Venezuelan Guayana
Shield (Mendoza, 1985; Sidder, this volume). Recent field
work (Dohrenwend and others, this volume) in the southern
Gran Sabana area identifies three types of placer occur-
rences: (1) diamond placers within modern channels of
major rivers, (2) gold and diamond placers in colluvial-
alluvial deposits of low-order drainages, and (3) gold and
diamond paleoplacers associated with conglomeratic lenses

and beds within the lower 500-600 m of the Uairén Forma-
tion. These paleoplacer deposits are the source of gold for
modern placer and colluvial-alluvial gravel deposits (Reid
and Bisque, 1975; Mendoza, 1985; Dohrenwend and others,
this volume). Paleoplacer gold-bearing units in quartz-
pebble conglomerate and quartzarenite in the lower part of a
fluvatile-deltaic sequence of conglomerate, arenite,
quartzite, and intercalated graphitic phyllite in Colombia
(Rodriguez and Warden, 1993) are similar to those in the
Roraima Group.

Conglomerates in the lower part of the Roraima Group
have been proposed as the source of diamonds by many
investigators (Gansser, 1954; Pollard and others, 1957; De
Loczy, 1973; Bricefio, 1984; Mendoza, 1985). Reid (1974b)
suggested that kimberlite, possibly in Brazil or even West
Africa, was the source for the paleoplacer deposits in the
Roraima Group. Studies at San Salvador de Pail (Bricefio,
1984) and elsewhere along the Rio Caroni and in the Gran
Sabana area document that conglomerates of the Uairén
Formation are the source of alluvial diamonds (Reid, 1974b;
Reid and Bisque, 1975; Dohrenwend and others, this
volume). Bricefio (1984) stated that the conglomerates in the
Uairén Formation are themselves paleoplacers and were the
source for diamond-bearing gravels deposited about 8,000
years ago at San Salvador de Padl. These Holocene paleo-
placers may be the source of diamonds in some deposits now
being mined in active drainages (Gansser, 1954; Briceifio,
1984).
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Kimberlite, a common source of diamonds, and its
indicator minerals such as chrome pyrope and magnesian
ilmenite have been identified in Venezuela only in the
Quebrada Grande area (Baptista and Svisero, 1978; Meyer
and McCallum, 1993). More than a dozen diamond-bearing
kimberlitic dikes and sills containing chrome pyrope,
titanium-rich  phlogopite, chromite, and yimengite
(K(Cr,Ti,Fe,Mg)12019), a rare alteration product of chromite
previously recognized only in kimberlite from China, have
been located (Nixon, 1988; Nixon and Condliffe, 1989;
Nixon and others, 1989, 1992). A rubidium-strontium
whole-rock isochron date of leached kimberlitic samples
indicates that the dikes and sills were emplaced at about
1,732+82 Ma (Nixon and others, 1992). Mendoza and others
(1977) suggested that the Cerro Impacto carbonatite and pos-
sibly associated kimberlite were intruded during the Meso-
zoic between about 150 and 80 Ma. Although neither
kimberlite nor its indicator minerals have been identified
elsewhere in Venezuela, it is possible that other Proterozoic
diamond-bearing kimberlites were emplaced along the
north-northwest-striking fractures that extend throughout the
western part of the Guayana Shield in Estado Bolivar, Estado
Amazonas, and into Brazil. Sediments of the Roraima Group
may have incorporated diamonds from these older Protero-
zoic kimberlites during their transport and deposition.
Numerous diamond-bearing kimberlite intrusions were
emplaced in the West African craton during the Mesozoic,
particularly about 100 Ma (Williams and Williams, 1977,
Morel, 1979). Proterozoic kimberlite intrusions in West
Africa are less well documented; however, the Kanangono
kimberlite in the Leo Shield of the Ivory Coast is dated as
about 1,480 Ma (Onstott and Dorbor, 1987). Alluvial dia-
monds mined in Ghana and elsewhere in West Africa are
presumed to have a source in rocks of the Early Proterozoic
Birimian greenstone belts such as tuffaceous graywacke or
associated with ultramafic rocks, such as within the Birim
diamond field in Ghana (Kesse, 1985; Milési and others,
1992; McKitrick and others, 1993). Neither kimberlite nor
kimberlitic indicator minerals has been identified in these
rocks.

Radiometric anomalies have been measured in rocks of
the Roraima Group on the south end of the Gran Sabana
between Santa Elena de Uairén and Icabard. The apparent
similarity of the basal conglomerate of the Roraima Group
and gold-uranium-bearing conglomerates of the Witwa-
tersrand, South Africa, Jacobina, Brazil, and Blind River,
Canada (De Loczy, 1973; Bellizzia and others, 1981) and the
reported occurrence of authigenic pyrite (Gallagher, 1976)
have led to the proposal that the basal conglomerates of the
Roraima Group are a viable exploration target for uranium
deposits, as well as for gold deposits (De Loczy, 1973; Men-
doza, 1985; Brooks and Nufiez, 1991). Rocks of the Roraima
Group are significantly younger (about 1,900-1,500 Ma),
however, than the Early Proterozoic and Archean
(3,100-2,200 Ma) gold-uranium deposits and were depos-

ited under a more oxygenated atmosphere. The uranium
potential in the Roraima Group is low.

AVANAVERO SUITE

Unmetamorphosed mafic intrusive rocks of the
Avanavero Suite (formerly known as the Roraima Intrusive
Suite) are present throughout the Guayana Shield as dikes,
sills, inclined sheets, and small irregular intrusive bodies
such as laccoliths. These rocks are present from western
Venezuela to Suriname and Brazil; the age of unmetamor-
phosed mafic dikes in French Guiana that are cut by Meso-
zoic diabase dikes is not known (Gibbs, 1986; Gibbs and
Barron, 1993). Intrusion of a dense network of mafic dikes
at about 1,600 Ma in the Reguibat Shield also indicates a
period of contemporaneous crustal extension in the West
African craton (Cahen and others, 1984; Rocci and others,
1991). Dikes of the Guayana Shield generally strike north,
within 15°, or almost east; they are as thick as 1,000 m and
have strike lengths of as much as 150 km (Bosma and others,
1983; Gibbs, 1986). Sills in the Guayana Shield are
restricted to the Roraima and Cuchivero Groups, and they
were fed by dikes and irregular intrusive bodies in the under-
lying basement rocks (Hawkes, 1966a; Gibbs, 1986). The
sills are commonly intruded along the unconformity between
the greenstone-granite terrane and the Roraima Group, as
well as throughout the lower and middle members of the
Roraima Group (Hawkes, 1966b). The stratigraphically
highest sill was previously thought to be at the base of the
upper member (Mataui Formation) (Bateson, 1966). On
Mount Roraima, at the junction between Venezuela, Guy-
ana, and Brazil, a large gabbroic body forms the boundary
between the middle and upper members (Gansser, 1954).
Bricefio and others (1990) reported, however, that tholeiitic
diabase stocks and sills are intrusive into the Mataui Forma-
tion in several tepuis of the Chimantd massif in southeastern
Venezuela.

Diabasic rocks of the Guayana Shield range from gab-
bro and norite to granophyre. They are typically medium to
coarse grained and massive; chilled margins are developed
locally (Hawkes, 1966a; Sial and others, 1986). Subophitic
to ophitic textures are common, and the finer grained rocks
are commonly porphyritic. Cumulate textures and rhythmic
layering are present in the Tumatumari-Kopinang dike and
sill complex in Guyana (Hawkes, 1966b). Plagioclase
(Anzs-An7g), hypersthene, bronzite, augite, and inverted
pigeonite are the primary minerals; accessory amounts of
biotite, magnetite, ilmenite, corona-textured olivine, horn-
blende, and graphic intergrowths of quartz and potassium
feldspar (micropegmatite) and trace amounts of apatite, zir-
con, pyrite, and chalcopyrite are also present (Hawkes,
1966a, b; Hebeda and others, 1973; Gibbs, 1986; Sial and
others, 1986; Bricefio and others, 1990). The accessory min-
erals range in abundance from about 2 to as much as 15
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modal percent. Minor amounts of secondary minerals such
as homblende and uralite replacing pyroxene, serpentine
pseudomorphs of olivine, chlorite after biotite and horn-
blende, and sericitic and saussuritic alteration of plagioclase
are also present. Evidence of metamorphism has not been
observed (Hawkes, 1966a, b; Hebeda and others, 1973; Sial
and others, 1986). Chemical weathering products of diabase
throughout the shield are similar, even at different elevations
and on different planation surfaces. Diabase weathers
directly to an assemblage of goethite and gibbsite, without
intermediate clayey phases (Bricefio and others, 1990).

The chemistry of diabase throughout the Guayana
Shield is similar to that of continental tholeiite. All samples
of dikes and irregular bodies in the basement rocks and sills
in the Roraima Group are tholeiitic, and major element con-
centrations are similar, although trace element abundances
of rubidium, barium, yttrium, strontium, and chromium may
vary (Hawkes, 1966a, b; Teggin and others, 1985). Gabbroic
rocks contain about 51-54 weight percent silica and grano-
phyric rocks about 58-65 weight percent silica (Hawkes,
1966a; Teggin and others, 1985). Diabase analyses plot in
the tholeiitic field on several discriminant diagrams such as
total alkali-silica, AFM (NayO+K,0-FeO*-Mg0O), and
Jensen (cation percent (FeO+Fe,03+TiO,)-Al,03-MgO)
plots (Teggin and others, 1985; Sial and others, 1986).
Quartz and hypersthene are common normative minerals
(Hawkes, 1966b; Teggin and others, 1985). Samples of Prot-
erozoic diabase contain less total iron, titanium, zirconium,
vanadium, volatile content (water, carbon dioxide, fluorine,
and chlorine as measured by loss on ignition), and possibly
copper than samples of the Mesozoic diabase suite (Teggin
and others, 1985; Sial and others, 1986). It has been sug-
gested, on the basis of these and other chemical differences
between the Proterozoic and Mesozoic diabases, that the
Proterozoic rocks represent differentiates of parent magmas
that underwent pre-intrusive, shallow-level (crustal) differ-
entiation (Choudhuri, 1978) or that were derived from a shal-
lower region in the mantle (Sial and others, 1986). In
contrast, the Mesozoic dike swarms represent magmas
derived directly from the mantle, possibly related to a hot
spot or mantle plume, during the breakup of Gondwanaland
and the formation of the Atlantic Ocean (Choudhuri, 1978;
Sial and others, 1986).

Dating rocks of the Avanavero Suite is difficult. As
noted previously, diabase from throughout the Guayana
Shield has been dated by argon-argon and whole-rock and
mineral rubidium-strontium and potassium-argon methods.
Potassium-argon dates range from about 3,095 to 1,418 Ma
(fig. 4), whereas two mineral and whole-rock rubid-
ium-strontium isochrons yield dates of about 1,670 and
1,640 Ma (table 4). The 4CAr/3%Ar integrated age dates for
biotite and plagioclase in a diabase sill in Guyana are 1,798
and 1,468 Ma, respectively (Onstott, Hargraves, and York,
1984). The last 10 percent of 3%Ark released from plagio-
clase indicates an age of 1,823 Ma; the last 40 percent of

39Ark released from biotite defines a plateau at 1,810 Ma,
and individual fractions indicate an age of about 1,850 Ma.
The dates for biotite are, however, suspect because of the
high percentage of atmospheric argon (>29 percent and as
much as 91 percent in the fraction at 1,150°C) in 16 of 17
fractions of the biotite analysis. The “0Ar/39Ar data for pla-
gioclase support the conclusion that younger dates for the
diabase are caused by argon loss (McDougall, 1968; Onstott,
Hargraves, and York, 1984).

The lack of a well-defined peak on the histogram of
potassium-argon dates for 114 analyses of diabase (fig. 4)
indicates that this method has not adequately distinguished
the age of the diabasic intrusive rocks of the Guayana Shield.
Detailed studies of the distribution of radiogenic argon in
samples of diabase prove that the argon is inhomogeneously
distributed throughout the rocks and minerals both by excess
argon contamination (Hebeda and others, 1973) and by loss
of argon (McDougall, 1968) after crystallization of the dia-
base. These changes are attributed to a tectonothermal event
known as the Nickerie or K’Mudku episode at about 1,200
Ma that affected the entire Guayana Shield (Snelling and
McConnell, 1969; Hebeda and others, 1973; Bosma and oth-
ers, 1983). As stated by McDougall (1968, p. 144), “The
spread in ages determined by the K-Ar method on the
Roraima dolerites shows that little is to be gained by under-
taking further measurements by this technique on these
rocks. The question as to the age or ages of emplacement of
the dolerites probably will only be resolved by detailed and
precise Rb-Sr whole-rock measurements on many samples.”

Rubidium-strontium isochrons for samples of horn-
felsed sandstone and shale collected adjacent to diabase
intrusive rocks yield disparate results (table 4). The initial
87S1/36Sr ratio determined for these samples (table 4) indi-
cates that these isochrons may not be representative of the
true age of emplacement. The small number of analyses pre-
cludes a rigorous interpretation of these data.

Paleomagnetic analyses of Proterozoic diabase from
Venezuela, Guyana, and Suriname define at least two groups
having remanence orientations approximately opposite in
declination (Hargraves, 1968; Veldkamp and others, 1971;
Onstott, Hargraves, and York, 1984); however, the radio-
metric age determinations do not distinguish separate peri-
ods of diabase intrusion (table 4, fig. 4) (Gibbs, 1986). At
present, the age of diabase intrusion in the Guayana Shield
can only be estimated to be about 1,650 Ma, and it may be as
old as about 1,850 Ma.

PARGUAZA GRANITE

The Parguaza Granite constitutes a batholith of at least
10,000 km?, and possibly as much as 30,000 km?, in Estado
Amazonas (fig. 2). These granitic rocks were emplaced pre-
dominantly in the Ventuari dominion into rocks equivalent
to those of the Cuchivero Group. Granite of similar compo-
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sition and age is present to the south and southeast into
Brazil and westward into Colombia (Mendoza, 1975;
Kovach and others, 1976; Gaudette and others, 1978; Priem
and others, 1982); these intrusive bodies include the Agua
Boa and Madeira plutons, which host the world-class tin
deposit at Pitinga, as well as the Surucucus, Mucajai,
Abonari, Velho Guilherme, and other intrusive suites in
Brazil (Dall’Agnol and others, 1975, 1987, 1994,
Dall’Agnol, 1982; Schobbenhaus and others, 1984; Jones
and others, 1986; Issler and Lima, 1987; Gibbs and Barron,
1993). Volcanic rocks such as the rhyodacite of Guayapo are
associated with the Parguaza Granite (Mendoza and others,
1977). Some felsic to intermediate tuffs in Estado Amazonas
identified as correlative with the Caicara Formation may also
be related to the Parguaza Granite.

Rocks of the Parguaza Granite include massive,
coarsely crystalline, porphyritic granite and biotite granite,
commonly having rapakivi (wiborgite-type) texture. They
contain quartz (5-34 modal percent), potassium feldspar
(microcline  perthite, 25-55 percent), plagioclase
(oligoclase, 15-31 percent), biotite (3—17 percent), and horn-
blende (1-24 percent) and accessory clinopyroxene, apatite,
sphene, zircon, ilmenite, and magnetite (Mendoza, 1974,
1975; Gaudette and others, 1978). Rapakivi and, less com-
monly, antirapakivi textures, with ovoids of potassium feld-
spar mantled by plagioclase and plagioclase mantled by
microcline, respectively, are characteristic of these granitic
rocks. The Parguaza Granite is relatively unmetamorphosed
and unaltered. Epidote is rarely present as a secondary min-
eral in plagioclase, and chlorite is not present, in contrast to
the granitic rocks of Santa Rosalia (Mendoza, 1974; Gaud-
ette and others, 1978).

Rocks of the Parguaza Granite are metaluminous to
slightly peraluminous and have a tholeiitic affinity, as indi-
cated by high FeO/(FeO+MgO) ratios. Silica ranges from
about 66 to 74 weight percent; amounts of Na,O and MgO
are low to moderate, 2.9-3.9 weight percent and 0.2-0.7
weight percent, respectively; and concentrations of total iron
as FeyOs3, TiOp, and CaO are relatively high, 2.6-7.2,
0.4-0.9, and 1.0-3.1 weight percent, respectively (Mendoza,
1975). Major- and trace-element contents of the Parguaza
Granite are similar to those of other A-type granites such as
granophyre from the Duluth and Skaergaard Complexes,
Nigerian charnockite, rapakivi granite in Finland, and Mid-
dle Proterozoic (1.48-1.35 Ga) granite in the granite-rhyolite
terranes of the Midcontinent of the United States (Mendoza,
1975; Gaudette and others, 1978; Sims and others, 1987).

AGE AND ORIGIN

The Parguaza Granite was intruded about 1.55 Ga in the
Ventuari dominion of Estado Amazonas (Gaudette and oth-
ers, 1978). Other granitic rocks in the westernmost part of
the Guayana Shield and southward beneath alluvial cover of

the upper Amazon Basin are similiar in age and composition
(table 5). Together, these granites have been interpreted to
represent widespread anorogenic magmatism at about 1.55
Ga (Dall’Agnol and others, 1975, 1994; Kovach and others,
1976; Gaudette and others, 1978; Priem and others, 1982;
Gibbs and Barron, 1983; Teixeira and others, 1989). Anoro-
genic granite magmatism to the east and southeast in the
Central Amazonian Province of Brazil is generally older,
having a uranium-lead zircon age of about 1.88 Ga and
rubidium-strontium isochron ages of 18-1.6 Ga
(Dall’ Agnol and others, 1994). These older ages suggest that
anorogenic granite magmatism in the eastern area was a
separate, independent event from that in the west.

The generation of the Parguaza granitic magmas has
been characterized as a rift-related event (Gaudette and oth-
ers, 1978; Gaudette and Olszewski, 1985; Jones and others,
1986; Dall’ Agnol and others, 1994). A tectonic environment
represented by within-plate crustal extension accompanied
by a high thermal gradient due to intrusion of mantle-derived
basaltic magmas may explain the origin of the Parguaza
Granite. The Parguaza Granite is similar in age, composi-
tion, and tectonic setting to the Middle Proterozoic
(1,480-1,450 Ma) granite-rhyolite terrane of the St. Francois
Mountains in southeastern Missouri of the United States
(Kisvarsanyi and Kisvarsanyi, 1989). The formation of rocks
in the St. Francois terrane has been explained as a failed
cratonic rift or an anorogenic extensional tectonic setting at
a passive continental margin (Kisvarsanyi, 1975; Windley,
1989) or, possibly, as the result of shallow subduction,
delamination of continental lithosphere, or orogenic-accre-
tionary processes related to the early stages of the adjoining
Grenville orogen (Patchett and Ruiz, 1989; Van Schmus,
1993; Storey and others, 1994). The lack of (1) alluvial
sediment fill, (2) minor to major quantities of basalt, and (3)
basalt erupted peripherally to the rift indicates that the St.
Francois granite-rhyolite terrane did not form in a classic rift
environment (Patchett and Ruiz, 1989). A similar argument
may be made against a rift setting for the Parguaza Granite.
Indeed, the Parguaza Granite may be related to shallow sub-
duction or early orogenic-accretionary processes associated
with the 1,200-Ma Garz6n—Santa Marta granulite belt in
Colombia, which has been correlated with the Grenville
orogenic belt (Kroonenberg, 1982; Priem and others, 1989).

Ratios such as Na/K, Ba/Sr, and K/Rb indicate that
fractional crystallization was an important process during
the formation of the Parguaza rapakivi granite (Mendoza,
1974, 1975). The low initial ratio of 87Sr/8Sr (0.701, table
5), neodymium isotopic data (143Nd/!**Nd=0.51160), and
high average content of nickel (about 12 ppm, as high as 710
ppm) all suggest that the granitic magmas may have been
derived from lower crustal material of trondhjemitic or char-
nockitic composition and a component of undifferentiated
mantle material (Mendoza, 1974, 1975; Gaudette and others,
1978; Allegre and Ben Othman, 1980). Initial ratios of
87S1/36Sr between 0.704 and 0.716 and uranium-lead inher-
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Table 5. Rubidium-strontium whole-rock isochron dates for granitic rocks of the Parguaza province and their equivalents, Guayana

Shield.

[Number of samples on which age is based is given in parentheses after age. MSWD is mean squares weighted deviation. N.A. indicates not available]

Country Unit

Age (Ma) (*’81/*s1r), MSWD Reference

Venezuela Parguaza Granite
Venezuela Granite of San Carlos de Rio Negro (Casiquiare dominion)
Colombia

Brazil Surucucus granite
Brazil Granite of the Upper Amazon Basin
Brazil Agua Boa-Madeira plutons, Pitinga area

Granites of the Rio Infrida and Rio Guaviare (Ventuari? dominion)

1,490+120 (n=4)' 0.701 2.09 Gaudette and others (1978).
1,567+25 (n=4) 0.704 0.93 Gaudette and Olszewski (1985).
1,485+35 (n=8) 0.706 1.6 Priem and others (1982.
1,520+140 (n=6)' 0.696 22.2  Basei and Teixeira (1975),
Dall’ Agnol and others (1975).
0.706  0.29 Kovach and others (1976).
0.701 5.98 Macambira and others (1987).

1,530+25 (n=3)?
1,700+34 (n=9)°

"The errors for ¥’Rb/*°St and *’S1/*Sr were not cited in the original references. Values of 1.5 and 0.085 percent (H.E. Gaudette, University of New
Hampshire, oral commun., 1990) and 2.0 and 0.1 percent, respectively, were used for the calculations of the dates of the Parguaza and the Surucucus
granites, respectively. The Parguaza Granite has a uranium-lead zircon age of 1,545+20 Ma (Gaudette and others, 1978). Dall’ Agnol and others (1993)
reported a reference isochron age of 1,583 Ma at an initial ratio of 0.708 for the Surucucus granite.

“These three samples are several hundred kilometers from one another and may not be comagmatic. Their model ages, assuming an initial ratio of

0.706, are 1,541, 1,536, and 1,528 Ma.

*This date is recalculated from the original published data. The same decay constant and atomic ratios were used; however, the date in the publication
was reported as 1,689+19 Ma, initial ratio=0.707, and MSWD=1.48, which is apparently a model 1, not a model 3, date.

itance patterns in zircon in similar anorogenic granite from
other parts of the shield indicate a crustal source or an impor-
tant contribution of continental crust to the magmas that
generated these rocks (Pimentel and others, 1991;
Dall’Agncl and others, 1994).

MINERAL DEPOSITS

Placer, eluvial, and lode occurrences of tin in Estado
Amazonas and Estado Bolivar are spatially associated with
the Parguaza Granite. Cassiterite in lodes is associated with
quartz veins that cut the granite, and anomalous values of
tantalum, niobium, zirconium, and titanium, contained in
tantalum-rich rutile or struverite, tantalum-niobium-
iron-manganese-bearing rutile, tantalite-columbite, stannif-
erous tantalite or ixiolite, and zircon (Aarden and Davidson,
1977), are present in pegmatite associated with the granite
(Rodriguez and Perez, 1982; Perez and others, 1985). The
best known tin prospect is that near Cafio Aguamena (Sidder,
this volume, pl. I).

The Parguaza Granite is equivalent in composition and
origin and approximately equal in age (table 5) to granite in
the Agua Boa and Madeira plutons, which host the Pitinga
deposit in Brazil. Pitinga is one of the world’s largest tin
deposits and produces about 12 percent of the western
world’s tin (Thorman and Drew, 1988).-As of 1984, it had
measured reserves of about 203,000 metric tons of tin, of
which about 30 percent was in alluvial deposits (Daoud and
Antonietto, 1988). Measured, indicated, and inferred
reserves totaled about 269,000 metric tons of tin; alluvial
reserves accounted for about 64 percent (Daoud and Antoni-
etto, 1988). Greisenized granite, locally called apogranite,
hosts the primary tin ore and is the source of the alluvial
deposits (Jones and others, 1986; Macambira and others,
1987; Daoud and Antonietto, 1988; Thorman and Drew,
1988). In the Surucucus area of northernmost Brazil, alkaline

granite having rapakivi texture is about 1.5-1.6 Ga and has
potential reserves of 20,000 metric tons of tin (Dall’Agnol
and others, 1975, 1994; Schobbenhaus and others, 1984;
Jones and others, 1986). Thus, the Parguaza Granite has high
potential for identification of undiscovered tin deposits.

The similarity in age, composition, and tectonic envi-
ronment between the Parguaza Granite and the granite-rhyo-
lite terrane of the St. Francois Mountains suggests that
Olympic Dam-type iron-copper-uranium-gold-rare earth
element deposits are a favorable exploration target in the
Parguaza terrane (Sims, 1988; Sidder and Day, 1993; Sidder
and others, 1993). Aeromagnetic and radiometric data could
help locate potential prospects. A highly magnetic area and
a superimposed uranium anomaly detected in aeromagnetic
and aeroradiometric data over the Parguaza Granite in the
westernmost part of Estado Bolivar (lat 5°10” N., long 64°20
W.) (Wynn, 1993) is a good area to explore further.

The bauxite deposit at the Los Pijiguaos mine formed
from the Parguaza rapakivi granite (Moreno and Bertani,
1985b). The richest ore is at an erosional level (known as the
Imataca-Nuria erosion surface) at elevations between 620
and 690 m, and it formed during an intense weathering cycle
in the Late Cretaceous and early Tertiary (Short and Steen-
ken, 1962; Menendez and Sarmentero, 1985; Schubert and
others, 1986). Bauxita Venezolana C.A. (BAUXIVEN) pro-
duced about 245,157 metric tons of ore in 1987 during its
first year of operation at Los Pijiguaos, almost 2 million met-
ric tons in 1991, and a reported 1.05 million metric tons in
1992 (Ensminger, 1992; Doan, 1994). Initial measured and
indicated reserves of bauxite were 201.8 million metric tons
with a grade of 48.7 percent Al,O3 and 10.9 percent SiO,,
which included reserves of 70.1 million metric tons with
51.8 percent Al,O3 and 6.4 percent SiO, (Menendez and
Sarmentero, 1985). Newman (1989) reported that proven
(200 million metric tons) and probable (500 million metric
tons) reserves of 700 million metric tons are present in the
Los Pijiguaos area. Three new bauxite deposits in the Par-
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guaza terrane were discovered in 1989 between the Los
Pijiguaos mine and Puerto Ayacucho on the Rio Orinoco
(Ensminger, 1992).

NICKERIE OROGENY

Potassium-argon, argon-argon, and rubidium-strontium
dates of about 1,350-1,100 Ma for mica and feldspar from
Archean and Early Proterozoic rocks of the Guayana Shield
are indicative of partial resetting and overprinting due to the
Nickerie metamorphic episode (Priem and others, 1968;
Kroonenberg, 1982; Onstott and others, 1989). Loss of argon
and strontium due to recrystallization resulted in the abnor-
mally young Middle Proterozoic dates for Early Proterozoic
and Archean rocks, and increase of argon in diabase of the
Avanavero Suite caused the aberrantly old dates (fig. 4).
Rocks affected by this episode extend from western Suri-
name through Guyana to Venezuela, Colombia, and northern
Brazil. The eastern boundary of reset mica ages is in central
Suriname (Priem and others, 1971; De Vletter and Kroonen-
berg, 1984). East of this boundary, Early Proterozoic rocks
show Trans-Amazonian, not Nickerie, mineral ages. In
Venezuela the Nickerie orogeny is also called the Orino-
quean orogenesis (Mendoza, 1977a; Moreno and others,
1977); in Guyana it is named the K’Mudku mylonite episode
(Barron, 1969; Singh, 1974); and in Brazil it is known as the
Jari-Falsino event (Kroonenberg, 1982). The Nickerie orog-
eny is equivalent to the Grenville orogeny in North America
and Antarctica (Moores, 1991; Storey and others, 1994).

Reactivation of east-northeast-striking faults, such as
the Guri shear zone, and minor uplift throughout the central
and western parts of the Guayana Shield characterize the
Nickerie episode. Cataclastic textures and locally mylonite
zones and pseudotachylite developed along some faults
(Short and Steenken, 1962; Priem and others, 1968; Barron,
1969; Gibbs and Barron, 1993). Minor aplite and pegmatite
dikes may have been emplaced coincident with faulting
(Mendoza, 1977a). Extremely low grade to medium-grade
metamorphism due to cataclasis and mylonitization in the
central Guayana Shield during the Nickerie episode pro-
duced minerals such as pumpellyite, prehnite, epidote,
albite, muscovite, chlorite, biotite, stilpnomelane, sphene,
actinolite, and garnet (De Roever and Bosma, 1975). In the
western part of the shield, high-grade metamorphism gener-
ated charnockitic and enderbitic granulite, mafic granulite,
amphibolite, and augen gneiss (Priem and others, 1989).

The Nickerie metamorphic episode commonly has been
described as a regional tectonothermal event (Priem and oth-
ers, 1968; Barron, 1969; De Roever and Bosma, 1975; Men-
doza, 1977a), but a cause for the tectonism or increased heat
flow has not been identified. Recent geochronological stud-
ies of the Garzén massif in the Andes of Colombia indicate
that a quartzofeldspathic, calc-alkaline (continental arc)
sequence of rocks along the western margin of the Guayana

Shield was metamorphosed to granulite facies about 1,172
Ma (Priem and others, 1989). This metamorphism and asso-
ciated deformation are attributed to continental collision
(Kroonenberg, 1982; Priem and others, 1989; Park, 1992).
This collision resulted in an early Neoproterozoic supercon-
tinent during the 1.3-1.0-Ga Grenvillian (-Nickerie) orog-
eny (Dalziel, 1992; Storey, 1993). The reset mineral ages in
rocks of the Guayana Shield are herein interpreted to be the
result of thermal and tectonic effects in the hinterland of this
proposed collision during the Nickerie orogeny.

MESOZOIC DIABASE DIKES

Narrow (<200 m), thin (<50 m), long (as much as 250
km) unmetamorphosed diabase dikes that trend approxi-
mately east-northeast in Venezuela and north-northwest in
the eastern part of the Guayana Shield are related to the
opening of the Atlantic Ocean (MacDonald and Opdyke,
1974; Gibbs, 1986). They have been called the Apatoe dike
suite in Guyana (Gibbs and Barron, 1993). These dikes are
generally thinner and straighter than dikes of the Avanavero
Suite, possibly due to a more rigid crust at the time of their
emplacement (Gibbs and Barron, 1993); however, because
the field appearance and chemistry of these diabase suites
are similar, the Mesozoic dikes are grouped with those of the
Avanavero Suite (unit Xa) in figure 2. The dike rocks are
fine to medium grained, have subophitic to ophitic texture
(Hargraves, 1978), and contain plagioclase (commonly
labradorite) and augite, minor pigeonite, relict olivine cores
in pyroxene, biotite, green amphibole, apatite, opaque min-
erals such as titaniferous magnetite, ilmenite, and rare chal-
copyrite and pyrrhotite, and minor interstitial granophyric
intergrowths of quartz and microcline microperthite
(Hawkes, 1966a; Hargraves, 1978; Choudhuri and others,
1984). These rocks are quartz-saturated tholeiite that has a
continental basalt affinity (Choudhuri and others, 1984), and
they generally contain more titanium, total iron, zirconium,
vanadium, volatile content (water, carbon dioxide, fluorine,
and chlorine as measured by loss on ignition), and possibly
copper than does diabase of the Avanavero Suite
(Choudhuri, 1978; Teggin and others, 1985). The chemistry
of the Mesozoic rocks suggests that the dike swarms were
derived directly from an undepleted mantle source, possibly
related to a mantle plume and hot spot, during the breakup of
Gondwanaland and the separation of South America from
Africa (Choudhuri and others, 1984).

The age of these younger diabase dikes, which are
present throughout the Guayana Shield, has not been deter-
mined precisely. As shown in the histogram in figure 5,
potassium-argon dates for 59 samples of diabase range from
about 550 to 130 Ma. The majority of dates are between
about 230 and 170 Ma, and many are about 210 Ma (fig. 5).
Dikes that have different potassium-argon dates have similar
magnetic poles that are poles characteristic of Permian-
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Figure 5. Potassium-argon dates for Phanerozoic diabase of the Guayana Shield. Data from Priem and others (1968), Frick and Steiger
(1974), MacDonald and Opdyke (1974), Schobbenhaus and others (1984), and Teggin and others (1985).

Triassic rocks (Veldkamp and others, 1971; Hargraves,
1978); however, scatter of the paleomagnetic pole positions
does not allow the age of the dikes to be distinguished more
accurately. Dates for diabase dikes in Liberia, West Africa,
that intruded Proterozoic basement rocks range from about
1,222 to 177 Ma. These dikes contain large and variable
amounts of excess *0Ar that resulted in anomalously old
dates (Dalrymple and others, 1975; Mauche and others,
1989). Dates for diabase dikes that intruded Paleozoic sand-
stone range, however, from about 201 to 177 Ma. Dikes that
cut sandstone may also contain small amounts of extraneous
40Ar (Dalrymple and others, 1975; Mauche and others,
1989). Thus, dates for diabase dikes in the Guayana Shield,
all of which intrude Proterozoic or Archean rocks, may not
be representative of the time of dike emplacement and crys-
tallization. All of the dikes are probably latest Triassic to ear-
liest Jurassic, about 210-200 Ma, in age. It is not known
whether emplacement of the dikes marked the initiation of or
predated the separation of South America and Africa and the
opening of the Atlantic Ocean.

MESOZOIC-CENOZOIC UPLIFT,
EROSIONAL SURFACES, AND
ALLUVIUM

Uplift and southward tilt of the Imataca Complex and
other rocks in the northern Guayana Shield of Venezuela

occurred just prior to or during the separation of South
America from Africa (Onstott and others, 1989). Additional
uplift and tilt may also have been associated with mid-Cen-
ozoic orogeny in the Caribbean area (Short and Steenken,
1962; Olmore and Estanga, 1989; Olmore and Garcia-Ger-
des, 1990; Olmore and others, 1993). These uplifts caused
erosion of the Guayana Shield and subsequent deposition in
a basin north of the Rio Orinoco (Schubert and others, 1986;
Olmore and Garcia-Gerdes, 1990; Olmore and others, 1993).
Geomorphic and geologic evidence of Cenozoic tectonism
has not been observed in the Gran Sabana area; however,
slow, broad regional upwarping may not have generated a
recognizable geomorphic expression (Dohrenwend and
others, this volume).

At least six planar geomorphic surfaces, marked by dis-
tinct elevations, have been identified in the Venezuelan
Guayana Shield. They are, from oldest to youngest, (1)
Auyantepui  (2,000-2,900 m), (2) Wonken or
Kamarata-Pakaraima (900-1,200 m), (3) Imataca-Nuria
(600-700 m), (4) Caroni-Aro (200450 m), (5) Llanos
(80-150 m), and (6) Orinoco floodplain (0-50 m) (Short and
Steenken, 1962; Menendez and Sarmentero, 1985; Schubert
and others, 1986, 1989; Bricefio and Schubert, 1990; Gibbs
and Barron, 1993; Dohrenwend and others, this volume).
The ages of the oldest two surfaces are not well known;
Schubert and others (1986) speculated that they are Meso-
zoic. The other surfaces range in age from early Tertiary to
Holocene (Schubert and others, 1986; Bricefio and Schubert,
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Figure 6. Chronology of the Venezuelan Guayana Shield. Rock units described in table. 1

1990). The Eocene-Oligocene Imataca-Nuria surface is
important economically because bauxite and enriched
deposits of banded iron formation are developed on it
(Menendez and Sarmentero, 1985; Schubert and others,
1986). All of the planation surfaces have been correlated
with similar surfaces in Brazil, Guyana, Suriname, and (or)
French Guiana, as well as in West Africa and India (Short
and Steenken, 1962; Prasad, 1983; Schubert and others,
1986; Bricefio and Schubert, 1990; Gibbs and Barron, 1993).

Episodic periods of tectonic uplift, landscape dissection
in response to uplift, and parallel slope retreat during suc-
ceeding intervals of stability are considered to be the cause
of formation of these planation surfaces. Many of the sur-
faces coincide, however, with lithologic units, and the steps
that separate them commonly coincide with lithologic dis-
continuities (Kroonenberg and Melitz, 1983). Furthermore,
within the southern part of the Gran Sabana, ferri-
crete-capped remnants of a middle(?) Tertiary geomorphic
surface cut across several of the regional planation surface
levels and extend almost continuously from dissected strath
terraces lying less than 10 m above modemn streams to high,
structurally controlled ridges rising more than 200 m above
the floors of the larger valleys (Dohrenwend and others, this
volume). Thus, present-day relief within the Guayana Shield
is mostly a function of lithologic resistance. At least some of
these so-called planation surfaces are a manifestation of
lithologic control in a relatively stable landscape that is
developed on a thick sequence of flat-lying to very gently
dipping sedimentary strata.

Tertiary-Quaternary paleoplacer deposits and the lower
Roraima Group are the source of diamonds and gold in
Holocene alluvium (Bricefio, 1984; Dohrenwend and others,
this volume).

SUMMARY

The Guayana Shield of Venezuela consists predomi-
nantly of Archean and Early to Middle Proterozoic rocks
(fig. 6). Archean rocks are not known elsewhere in the
Guayana Shield, but similar Archean rocks and tectonic
events are present in the West African Shield. Early
Proterozoic greenstone-belt rocks and orogenic events in the
rest of the Guayana Shield and in the West African Shield are
comparable to those in the Venezuelan Guayana Shield.
Differences in the types of late Early Proterozoic and Middle
Proterozoic rocks in the two shields are notable. For
example, granite and rhyolite equivalent to the Cuchivero
Group are present throughout the Guayana Shield but are
only locally present in the West African Shield. Also, rocks
equivalent to the Roraima Group and the Parguaza Granite,
although widespread in the Guayana Shield, are absent or
rare in West Africa.

The only confirmed Archean rocks in the Guayana
Shield are in the Imataca Complex. The Imataca Complex
includes gneiss, granulite, amphibolite, dolomite, manganif-
erous rocks, and banded iron formation. Amphibolite- to
granulite-facies metamorphism and refolded isoclinal folds
are characteristic of the Imataca Complex.
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The Early Proterozoic greenstone belts in Venezuela
comprise submarine sequences of mafic volcanic rocks at the
base, a middle section of basalt to rhyolite, and an upper sec-
tion of turbiditic graywacke, volcaniclastic rocks, and chem-
ical sedimentary rocks. Tholeiitic and calc-alkaline
differentiation trends are common in the volcanic rocks.
Layered mafic complexes are also present in the greenstone
belts. Rocks of the greenstone belts formed between about
2,250 and 2,100 Ma. They were metamorphosed to the
greenschist facies and locally the amphibolite facies near
granitic domes of the Supamo Complex, which intruded the
greenstone belts between about 2,230 and 2,050 Ma. Major
deposits of low-sulfide gold-quartz veins are hosted by rocks
of the greenstone belts in shear zones. The Imataca Complex
and the greenstone-granite terranes were deformed and
metamorphosed during the Trans-Amazonian orogeny,
which represents a period of continental collision between
about 2,150 and 1,960 Ma. Postcollisional, post-Trans-
Amazonian magmatism between about 1,930 and 1,790 Ma
produced volcanic and plutonic rocks of the Cuchivero
Group. Kimberlite in the Quebrada Grande area (and possi-
bly carbonatite in the Cerro Impacto area) was intruded
about 1,730 Ma. Undivided Proterozoic and possibly
Archean(?) rocks in Estado Amazonas include granitic
rocks, gneiss, and migmatite. Peak metamorphism and intru-
sion of these rocks occurred between about 1,860 and 1,730
Ma.

Unmetamorphosed rocks of the Roraima Group were
deposited in fluvial, deltaic, shallow coastal marine, and
lacustrine or epicontinental environments. The Roraima
Group is possibly as old as about 1,900 Ma and as young as
about 1,500 Ma. Conglomeratic lenses and beds in the lower
500-600 m of the Roraima Group contain paleoplacers,
some of which are the source of diamonds and gold in mod-
ern placer deposits. Mafic dikes, sills, and irregular intrusive
bodies of the Avanavero Suite cut all earlier rocks of the
Guayana Shield. These continental tholeiitic intrusions are
about 1,650 Ma in age and possibly as old as about 1,850 Ma.
Middle Proterozoic, 1.55-Ga rapakivi granite of the Par-
guaza terrane hosts occurrences of tin in quartz veins. Major
deposits of bauxite are developed on the Parguaza Granite.
Continental collision during the Nickerie orogeny in the
westernmost part of the Guayana Shield reset mineral ages in
Archean and Early Proterozoic rocks of the central and east-
emn parts of the shield to about 1,200 Ma. The Nickerie orog-
eny is equivalent to the Grenville orogeny in North America.

Diabase dikes intruded the Guayana Shield during the
opening of the Atlantic Ocean about 210-200 Ma. Kimber-
lite and carbonatite may have been intruded during the
Mesozoic. Six planar geomorphic surfaces developed at dis-
tinct elevations in the Guayana Shield during the Mesozoic
and Cenozoic eras. Deposits of bauxite and enriched banded
iron formation formed on the early Tertiary Imataca-Nuria
surface. Gold and diamond placers are present in modern

major river channels and in colluvial-alluvial deposits of
low-order drainages.
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Analysis of Aeromagnetic Data to Improve
Geologic Maps of the Bochinche Mining District,
Estado Bolivar, Venezuela

By Jeffrey C. Wynn,! Anne E. McCafferty, and Edixon Salazar3

ABSTRACT

A 1:50,000-scale aecromagnetic contour map for the
Bochinche area of the northeastern Venezuelan Guayana
Shield was manually digitized along flight line-contour line
intersections. Several derivative products including horizon-
tal gradient of pseudogravity, reduced-to-the-pole, and ter-
race-magnetization maps were developed from the original
data. These products, and interpretations of them, were com-
bined with available geologic information to create a bed-
rock geologic map that indicates several new areas for gold
exploration in the Bochinche area. This type of analysis is
applicable to many other areas of the Guayana Shield.

RESUMEN

Un mapa de isolineas acromagnéticas a escala 1:50,000
del 4rea de Bochinche, el cual estd ubicado al noreste del
Escudo de Guayana en Venezuela, fue digitizado manual-
mente a lo largo de las intersecciones de las lineas de vuelo
con las isolineas aeromagnéticas. A partir de los datos origi-
nales se derivaron y desarrollaron varios productos tales
como el gradiente horizontal de pseudogravedad, reduccién
al polo y mapas de magnetizacién en terraza. Estos produc-
tos, e interpretaciones fueron, combinados con informacién
geolégica disponible para crear un mapa del basamento cri-
stalino. En este mapa se indican varias dreas para explo-
racién aurifera en el 4rea de Bochinche. Este tipo de anélisis
es aplicable a muchas areas del Escudo de Guayana.

INTRODUCTION

The Venezuelan Guayana Shield encompasses large
areas of greenstone belts and associated plutonic rocks. The

Iu.s. Geological Survey, Unit 62101, APO AE 09811-2101, USA.

2U.S. Geological Survey, Denver Federal Center, MS964, Denver,
Colorado 80225.

3Corporacién Venezolana de Guayana, Técnica Minera, C.A., C.C.
Chilemex, Piso 1, Puerto Ordaz, Venezuela.

area of the greenstone belts has been a gold-producing
region for at least a century, but it is extremely difficult to
map geologically because of dense jungle cover and
intensely weathered soils. Few outcrops are present, and
these few are not only difficult to find, but the rocks are also
difficult to classify because of changes due to weathering,
metamorphism, and deformation. Little geomorphological
expression of the geologic features exists; relief is generally
low throughout the region.

The Bochinche 15-minute quadrangle in the northeast-
ern part of the Venezuelan Guayana Shield (fig. 1) provides
an excellent setting in which to test the feasibility of using
available aeromagnetic data to map in heavily forested ter-
rane. The intensely weathered, deformed, and metamor-
phosed Early Proterozoic greenstone-belt rocks that underlie
this area are characteristic of the region. Although aeromag-
netic surveys have been flown over most of the region (fig.
1, appendix), the Bochinche area presents an unusual oppor-
tunity because attempts have been made to map it geologi-
cally.

The geology of the area was mapped during two sepa-
rate field efforts (Salazar, 1988; Salazar and Franco, 1988),
primarily using inferences from soil colors and information
from rare outcrops. An aeromagnetic survey (survey C,
appendix), with flight lines spaced 500 m apart draping the
topography at about 150 m, also covers the quadrangle.
Although the original data were acquired in analog form,
digitization of the published 1:50,000-scale aeromagnetic
map provided sufficient detail to distinguish different geo-
logic units based on their distinctive magnetic signatures.

GEOLOGY OF BOCHINCHE AREA

Most of the rocks in the Bochinche area are Early Prot-
erozoic, the notable exception being a series of diabase dikes
that may be as young as Mesozoic (Bellizzia and others,
1976, 1981; Sidder and Mendoza, this volume). Although
Archean rocks are present north of the Bochinche area, the
oldest rocks in the Bochinche area are volcanic,

C1
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Figure 1. Location of Bochinche 1:50,000-scale quadrangle, Estado Bolivar, Venezuela. Letters and dotted lines indicate various aer-
omagnetic surveys conducted over the Venezuelan Guayana Shield described in the appendix.

volcaniclastic, and turbiditic rocks of greenschist facies,
dated between 2,250 and 2,100 Ma (Wynn and Sidder,
1991). These are intermediate to mafic lavas and tuff of the
Carichapo Group and overlying quartzite, pyroclastic, and
sedimentary rocks of the Yuruari Formation, all of which are

part of the Pastora Supergroup. These greenstone-belt rocks
were later intruded and deformed by granitic to granodioritic
and trondhjemitic rocks of the Supamo Complex about
2,230-2,050 Ma (Klar, 1979). In areas of contact with
Supamo intrusive rocks, the greenstone-belt rocks are locally
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negative magnetization related either to relatively weak
magnetization or to predominantly remanent magnetization
is admissible, although unlikely for reasons discussed
previously.

To emphasize further the magnetization boundaries,
the locations (marked as circles in figure 4) tracking hori-
zontal gradient maxima of the pseudogravity data are
superimposed on the terrace image. As discussed by Cor-
dell and Grauch (1985), the maxima delimit abrupt lateral
changes in the magnetic field and, by inference, are inter-
preted to be steep or almost vertical lithologic contacts. The
positions of the maxima are offset downdip if the contact is
gradational or does not dip steeply. Location of the contact
may also be inexact if data sampling is insufficient or if a
number of sources are spatially close together (Grauch and
Cordell, 1987). Several sources are spatially close together
in the northeastern part of the Bochinche quadrangle (figs.
2, 3), just beyond the area of mapped geology.

DISCUSSION OF DERIVATIVE
PRODUCTS

In the aeromagnetic map of figure 2, beginning at the
southwesternmost corner and continuing east-northeast
across most of the map area, the magnetic signature of the
Laguna dike is evident. The Laguna diabase dike cuts the El
Callao gold district more than 100 km to the west of the
Bochinche area and has been mapped geologically almost
continuously from west-southwest of El Callao eastward to
Bochinche and beyond. An intense elliptical magnetic anom-
aly in the southeastern corner of the Bochinche map area is
caused by ultramafic rocks, the weathered relics of which
have been observed on the surface in some places.

Several discrete structures are visible in the terrace map
(fig. 4), and their boundaries are more precise than in the
gray image of figure 2. The Bochinche area can be divided
roughly into three magnetic terranes: a strongly magnetic
western-southwestern part, a less magnetic southeastern
part, and a weakly magnetic central and northern part. The
latter two parts are connected by a linear feature (faintly
visible in fig. 2, more clearly visible on the original
1:50,000-scale contoured map) that correlates with the
Laguna dike. The high magnetization in the southeastern and
southwestern parts of the area is apparently caused by mafic
volcanic and volcaniclastic rocks. The generally low magne-
tization in the northern part of the map area is coincident
with extensive tracts of quartzite of the Yuruari Formation.
Terrace maps do not provide information on depths of dis-
crete bodies (Cordell and McCafferty, 1989), and thus sev-
eral individual magnetic anomalies were modeled.

MAGNETIC MODELING

Figure 5 shows a two-dimensional model calculated to
fit discrete data points from the original aeromagnetic map in

the area of the Laguna dike complex. The modeled profile
trends N. 22° W. (along the flight-line direction), starting
from a point at lat 7°30" N., long 60°50°50” W., on the south-
ern margin of the Bochinche quadrangle. In the lower center
of the map area of figure 2, two discrete linear anomalies are
coincident with two known manifestations of tholeiitic
dikes, called here the northern and southern extensions of the
Laguna dike. In an earlier unpublished map (Edixon
Salazar), these two dikes were classified differently—the
northern dike was called a gabbro and the southern a
diabase—mainly to distinguish their different grain size (the
rocks were analyzed chemically only for gold).

The dikes were mapped in two trenches, and their
approximate widths are thus known near the model profile.
Using these widths, the model suggests that the Laguna dike
is actually two tabular bodies having different susceptibili-
ties. The southern body is only about 800 m deep and
probably dips north, whereas the northern dike has almost 10
times the magnetic susceptibility of the southern dike, is at
least 5 km deep, and dips south. Estimates of the dips of the
dikes are derived from the model because the trenches
sampled only the tops of the dikes. Both dikes extend almost
to the surface (within 3 and 30 m, southern dike and northern
dike, respectively) in the model; effects of weathering
extend 10-18 m below the surface, as indicated by drill-hole
data. Louis Guilloux (Bureau de Recherches Géologiques et
Minieres, oral commun., 1989) inferred from structural
measurements in the trenches that the two dikes are subver-
tical and may dip steeply to the north or south. Although the
model presented in figure 5 is not a unique solution, it is a
reasonable estimate of the geometry and susceptibility of the
dikes.

The magnetic susceptibility of the narrower, northern
extension of the dike is 0.0048 emu/cm?, almost nine times
that of the wider southern extension (0.000525 emu/cm3).
This difference in magnetic susceptibility supports the infer-
ence that these two features represent different geologic
units. In comparison, a sample of diabase from the Gran
Sabana, about 200 km to the south, has a magnetic suscepti-
bility of 0.0016 emu/cm3, and a sample of diabase from the
Marwani area, about 80 km to the south-southeast of
Bochinche, has a magnetic susceptibility of 0.000008
emu/cm3, significantly less than susceptibilities of samples
from Bochinche. Although the model presented in figure 5 is
not a unique solution, it is a reasonable estimate of the dike’s
geometry and susceptibility. In the terrace map, the northern
dike dominates the image because of its much greater mag-
netic susceptibility, but, because the two features are so close
together, both contribute to form a single band.

A broad magnetic low about 3.0 km along the profile
shown in figure 5 was not modeled because it is caused by
sideswipe; that is, it is a contribution from a source some dis-
tance off line. The source, in fact, is the ultramafic body that
is manifested as a strong anomaly in the southeastern corner
of the map area of figures 2 and 3.



C8 GEOLOGY AND MINERAL DEPOSITS OF THE VENEZUELAN GUAYANA SHIELD

A
SOUTH-SOUTHEAST

AI
NORTH-NORTHWEST

7,000 ‘ . . . I . .

6,900

6,800

6,700

NANOTESLAS

6,600

MAGNETIC FIELD, IN

L B A R

6,500 L 1 1 ' 1 1 1 L

T T T T T T T T T T T

Calculated

Observed

0 4 T A £ A

25

DEPTH, IN KILOMETERS

50 —

7.5 10.0 11.0

DISTANCE, IN KILOMETERS

Figure 5. Two-and-one-half-dimensional model of magnetic data from a profile crossing the Laguna dike complex, Bochinche mining
district. Data are from the aeromagnetic map (fig. 2) and are represented by triangles. The profile extends N. 22° W. from a zero point at
lat 7°30" N., long 60°5050” W. The southern dike has an observed minimum depth (in trenches) of about 3 m and a magnetic susceptibility
of 0.000525 emu/cm3. The northern dike has a depth of 30 m or more (from nearby drill holes; possibly somewhat shallower) and a modeled
magnetic susceptibility of 0.0048 emu/cm3. Sideswipe refers to an effect from an off-line anomaly (see discussion in the text). Line of profile

is shown in figures 2 and 7.

SURFICIAL GEOLOGY OF
BOCHINCHE AREA

Figure 6 is a compilation of two geologic maps pre-
pared during separate mapping surveys in 1985-1987 in the
southern and western parts of the Bochinche quadrangle
(Salazar, 1988; Salazar and Franco, 1988). Detailed geologic
mapping was not carried out in the northern part of the quad-
rangle because of logistical limitations; less than a fraction
of a percent of this area has outcrop, and most of the mapping
was done by inference from soil color. The two geologic
maps were digitized at their original scale of 1:25,000, then
combined and reduced in size. The stratigraphy of these
maps follows that described by Menendez (1968) and
Mendoza (1977) and modified by Wynn and Sidder (1991).
The lithostratigraphy is described briefly herein; a more
complete description is given in Sidder and Mendoza (this
volume). The surficial geologic map (fig. 6) is located only
approximately because base maps for the area do not have
geodetic control; the location of the main Bochinche road

and the two reference points extracted from a third informal
index map used by Corporacién Venezolana de Guayana,
Técnica Minera, C.A. (CVG-TECMIN) are shown; the orig-
inal geologic maps used slightly different locations of this
road for reference.

The map was compiled, and units assigned, before add-
ing data for the quartz veins. When the field-mapped quartz
veins were plotted, their locations proved to correlate closely
with the new, geophysically inferred contacts between intru-
sive rocks and mafic lavas of the Carichapo Group. This cor-
relation is consistent with the deposit model for low-sulfide
gold-quartz veins (Berger, 1986; Bliss and Jones, 1988;
Wynn and Sidder, 1991). This deposit model (also see
Colvine and others, 1988) allows (1) the presence of mafic
and ultramafic rocks as a source of gold, (2) an intrusive
event to provide heat for hydrothermal cells, and (3) highly
fractured rocks such as volcanic rocks and turbidite
sequences to host the gold. The new bedrock geologic map
of figure 7 thus provides new target areas for gold explora-
tion, especially in the southeastern quarter of the Bochinche
quadrangle.
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Figure 7 (facing page). Bedrock geology of the Bochinche
15-minute quadrangle, Venezuela. This map was compiled using
the surficial geologic map of figure 6, the terrace map of figure 4
(including lines showing maximum horizontal gradient of
pseudogravity), additional information from modeling of discrete
magnetic anomalies (including fig. 5), and limited anecdotal
information from several geologists who have worked in the area.
The diagonal-lined areas represent what is thought to be the loca-
tion of the eastern extension of the Laguna dike. Unit Blg (Early
Proterozoic late granite intrusive rocks) is similar to rocks north and
west of the Bochinche quadrangle (Wynn and Sidder, 1991) (see
text for discussion). Line of profile A~A’ (fig. 5) is also shown.

On the geologic map, the Laguna dike is indicated by
the generally narrow, diagonal-lined bodies. The dike splits
into two entities, but exactly where this split takes place is
not clear from the airborne magnetic data. Ground magnetic
data (Fernandez, this volume) also clearly show two exten-
sions of the Laguna dike. These higher resolution, but lim-
ited extent, ground data suggest that the southern extension
is the continuation of the dike from farther to the west and
that the northern extension (which is more apparent in both
the ground-magnetic and the aeromagnetic maps) is a differ-
ent rock unit, probably of a different age because it has been
described as a different rock in its weathered form (Salazar
and Franco, 1988). In the east-central part of the map, the
Laguna dike is apparently offset or folded along a probable
fault that also splits the southeastern ultramafic bodies into
discrete parts. It is possible that the mafic-ultramafic bodies
were intruded at the same time as, or after, emplacement of
the dikes and caused their displacement.

The Bochinche district was originally selected for
exploration by CVG-TECMIN because it is along strike of
the Laguna dike from the well-known and highly productive
El Callao gold district. Experienced geologists working in
eastern Venezuela have subsequently concluded that the El
Callao deposits are not genetically related to the Laguna dike
and that the spatial correlation is fortuitous (Vicente
Mendoza, CVG-TECMIN, oral commun., 1987).

Louis Guilloux (oral commun., 1989) asserted that
most of the gold-bearing quartz veins are related to struc-
tures that strike about N. 20° W. Although some of these
structures are clearly visible in the strike of the quartz veins
in figures 6 and 7, unfortunately the aeromagnetic survey
was designed to cross the Laguna dike perpendicularly and
was flown on a strike of N. 22°-25° W. This direction mini-
mizes the usefulness of these data in locating gold-bearing
structures. Despite this fact, the faults that are shown in
figure 7 are manifested strongly in the magnetic data and are
logical areas for further gold exploration.

CONCLUSIONS

Digital processing of aeromagnetic data, especially hor-
izontal gradient of pseudogravity and terracing, can prove
useful to geologists mapping in areas of deeply weathered
rock covered by dense tropical forest. With the geologic
control provided by this study in the Bochinche area of the
Venezuelan Guayana Shield, the aeromagnetic data were
used to extend and refine our knowledge of the geology in
the surrounding region at minimal expense. Digital process-
ing of aeromagnetic data to produce a refined bedrock geol-
ogy map, as described in this study, may also be useful in
mineral exploration of the Venezuelan Guayana Shield.
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APPENDIX
AEROMAGNETIC SURVEYS
COVERING THE VENEZUELAN
GUAYANA SHIELD

Five aeromagnetic surveys have been flown over parts
of the Venezuelan Guayana Shield (text fig. 1, appendix
table 1). These surveys have flight-line spacings of from 500
m (considered good to excellent for mineral exploration) to
6 km (useful for regional mapping only). Data from Estado
Amazonas, making up as much as 40 percent of the
aeromagnetic data available for the shield, could be con-
verted to digital form if flight-line records were released by
the Ministerio de Energfa y Minas of Venezuela. The Ama-
zonas geophysical data set also includes radiometric infor-
mation, and thus it may be the most useful survey carried out
in the shield. The remaining aeromagnetic data range from
published contoured maps (without digital data) to analog
strip-chart records (neither contoured maps nor digital data).
Much, but not all, of these data have been published in a
photoreduced form at 1:500,000 scale (Herrero and Navarro,
1989; Emilio Herrero, Ministerio de Energia y Minas de
Venezuela, oral commun., 1987-1990).

Survey A is available in digital form; however, it covers
only a fraction of the northern margin of the Venezuelan
Shield because it was acquired as part of a study of the
Cuenca Oriental petroleum province north of the Rio
Orinoco. The area of survey B, flown in 1959, is bounded by
the Rio Orinoco on the north, has an irregular southern
boundary generally between lat 6°30” and 7°00’ N., and
extends as far east as the El Callao mining district at about
long 62° W. This was the first survey flown in Venezuela;
unfortunately, it has such severe registration problems (fidu-
cial points picked during data acquisition and compilation
can be shown to be displaced from true location by as much

as 7 km) that it is unusable and was not included in the
magnetic map of Herrero and Navarro (1989).

The area of survey C, flown in 1961, is bounded by sur-
vey B on the west, with a little overlap in places, by the
Guyana frontier on the east, and by Estado Delta Amacuro
on the north. The southern boundary is irregular but in places
is near lat 6° N. The data are in the form of contour maps
(some with flight lines indicated) at a scale of 1:50,000.

The western and northern boundaries of survey D are
not published and are only imperfectly known to us; Brazil
and Guyana bound the survey area to the south and east. The
survey was flown in the late 1970’s to cover the Gran Sabana
region of Venezuela and is only in the form of analog
strip-chart records; it was not compiled into a contour map,
and it is not included in the map of Herrero and Navarro
(1989).

The area of survey E was flown in 1972 and covers
most of Estado Amazonas. This survey makes up as much as
40 percent of the aecromagnetic data available for the shield
and could be converted to digital form if flight-line records
were released for public use. The digital data are not pres-
ently usable because the digital tapes use a nonstandard Joca-
tion coding requiring use of the pilot’s flight-path strips to
recover. These flight-path strips are currently held by the
Ministerio de Energia y Minas (Jeffrey C. Wynn, U.S.
Geological Survey, written commun., September 1989).
This survey includes radiometric information (uranium, tho-
rium, potassium, and total-count) and may be the most useful
survey carried out in the shield. A number of areas of
topographically higher elevation, generally underlain by
rocks of the Roraima Group and covered by clouds almost
the whole year, were not flown.

The area of survey F, in Estado Bolivar south of lat
6° N. and bounded on the south by the Brazilian border, on
the east by Estado Amazonas, and on the west by approxi-
mately the Rio Caura and Rio Paragua, has apparently not
been flown (Emilio Herrero, oral commun., 1988).

Appendix table 1. Aeromagnetic surveys flown over Venezuelan Guayana Shield.
Survey name Date flown Area Type Spacing Height Direction
A. Orinoco 1981-82 North of Orinoco River Digital; contour map 3,000 m 500 m North-south
B. Northwest Shield 1959 Northwest Estado Bolivar Analog; contour map 500 m 150 m N.22°W.
C. Northeast Shield 1961 Northeast Estado Bolivar  Analog; contour map 500 m 150 m N.22°W.
D. Gran Sabana Late 1970’s? Southeast Estado Bolivar  Analog; no maps 6,000 m Not known North-south
E. Amazonas 1972-1975 Estado Amazonas Digital; magnetic, and radiometric 1,000 m 150 m, 300 m 1,000-2,000 m?
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Exploracion Geofisica en el Area de Bochinchito,
Estado Bolivar, Venezuela
(Geophysical Exploration in the Bochinchito Area,
Estado Bolivar, Venezuela)

By Ali R. Fernindez P.!

RESUMEN

La zona de Bochinchito es considerada de interés geo-
econémico por la ocurrencia de vetas de cuarzo con posible
mineralizacién de oro. Esta drea es similar al prospecto de
Bochinche, Estado Bolivar, estudiada por Corporacién
Venezolana de Guayana-Técnica Minera, C.A., durante los
aflos 1986 a 1988. Los objetivos de la prospeccion geofisica
en la zona fueron la delimitacién de contactos y estructuras
principales ademas de la ubicacién de vetas de cuarzo.

Los resultados muestran la ocurrencia de anomalias
magnéticas debido a : (1) cuerpos méficos y ultraméficos de
rumbo NE a NE-E de forma tabular, y largos (més de 4.0
km), poco profundos. Estos intrusivos estdn comunmente
fallados perpendicularmente. Asociados a estos pequefios
intrusivos existen cuerpos resistivos (mas de 15,000 Qm) de
rumbo NE-N, compuestos por metasedimentos cuarciferos,
vetas de cuarzo y(o) diques félsicos, localizados cercanos
entre si dentro de una zona sinclinal asimétrica. (2) Zonas de
contacto litoldgico entre metasedimentos cuarciferos o cuer-
pos graniticos y lavas andesiticas. Se recomienda que los
horizontes resistivos, donde se han verificado carbonatos,
sulfuros y oro, sean estudiadas en detalle con metodos de
polarizacidn inducida y sondeos electricos verticales.

ABSTRACT

The Bochinchito area in eastern Estado Bolivar is con-
sidered important economically because of its proximity to
the Bochinche mining district, an area of known gold miner-
alization associated with quartz veins. Geophysical studies
were conducted in an attempt to identify geologic contacts

1Corporacic’m Venezolana de Guayana, Técnica Minera, C.A., C.C.
Chilemex, Piso 1, Puerto Ordaz, Venezuela.

and locate quartz veins in an area almost completely devoid
of outcrop.

The results demonstrate substantial geophysical anom-
alies due to (1) ultramafic bodies and (2) important lithologic
contacts. Geophysical evidence indicates that the ultramafic
bodies are large, tabular, as long as 4 km, generally shallow,
and east-northeast striking. They are associated with small,
highly resistive (more than 15,000 Qm) metasedimentary
rocks, quartz veins, and (or) felsic dikes, all of which are
within an asymmetric synform. Distinct lithologic contacts
can be recognized between quartz-rich metasedimentary
rocks (or granitic bodies) and andesitic flow rocks.

Further work is recommended. Induced polarization
and vertical electric soundings might delimit the ultramafic
bodies and fault structures believed to control the
quartz-vein system and its associated gold deposits. The gold
deposits have already been verified in isolated outcrops that
contain secondary carbonate, sulfide minerals, and gold.

INTRODUCCION

Las dreas de estudio estdn aproximadamente a 65 km al
este de la poblacién de Tumeremo, y a 14 km al oeste del
caserio La Esperanza. Las coordenadas geograficas de la
zona de estudio (fig. 1) son lat 7°32'02” N. a 7°28'35” N.y
long 60°5710” O. a 60°54°45” O.

MARCO GEOLOGICO

La zona de Bochinchito es parte de la provincia
geolégica de Pastora (Menéndez, 1968, 1972), donde afloran
rocas del Grupo Carichapo (mas antigua) y alla Formacién
Yuruari (mas joven) los cuales componen el Supergrupo
Pastora (figura 1). Se encuentran cuerpos graniticos del
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Figura 1. Ubicacién relativa del drea de Bochinchito Iy II.

Complejo de Supamo que intrusionan al Supergrupo METODOS GEOFISICOS
Pastora.
Existen tres unidades geolGgicas importantes en la zona Los métodos geofisicos empleados fueron el magnético

de Bochinchito (Edixon Salazar, Corporacién Venezolana Yy el eléctrico con el objetivo de ayudar a la ubicacién de
de Guayana—Técnica Minera, C.A. (CVG-TECMIN), 1988, vetas de cuarzo, establecer relaciones estructurales, y
comunicacién escrita). Estas son (1) unidad de lavas maficas  verificar la posibilidad de mineralizaciones en estas. La

a intermedias (Grupo Carichapo sin diferenciar), (2) asoci-  figura 3 muestra la cobertura de los metodos empleados
acién de rocas pirocldsticas de composicién intermedia-  sobre toda la zona.
4cida, esquistos cuarzo sericiticos, y cuarcitas ferruginosas; El levantamiento magnético se ejecuto sobre picas sep-

estas rocas estdn mineralizadas con sulfuros y forman parte aradas cada 250 m con rumbos de 50°-40° noreste para
de la Formacién Yuruari, y (3) unidad de rocas félsicas  Bochinchito I, y de 0°~16° noroeste para Bochinchito II. Se
graniticas del Complejo de Supamo. tomaron lecturas cada 25 m, cubriéndose un 4rea de 32 km?

Ademés, existen otros cuerpos intrusivos tabulares, y mds de 150 km lineales. Se utilizaron magnetémetros

zonas aluvionales derivadas de las unidades félsicas, y gran ~ convencionales de precesi6n de protones.

cantidad de vetas asociadas. La tendencia estructural El procesamiento de los datos magnéticos se dividi6 en
regional es noroeste con lineamientos y(o) fallas de rumbo dos fases: procesamiento basico y procesamiento analitico.
noreste y noroeste y vetas de orientacién preferencial noreste ~ El procesamiento basico corrige la deriva temporal diurna,
y otras pocas de rumbo noroeste. El modelo del posible  creael banco de datos con ubicacién geografica, topografica,
yacimiento aurifero consiste de vetas de cuarzo con bajo  y del campo magnético, y elabora un mapa de contornos del
contenido de sulfuros (Berger, 1986). campo magnetico total (fig. 4) y perfiles magnéticos (fig. 5).
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Figura 2. Geologia local de Bochinchito I y II. Tomado de Edixon Salazar (comunicaci6n escrita, 1988).

El procesamiento analitico de los datos magnéticos incluye El levantamiento eléctrico consistié en la medicién de
filtros espectrales y modelaje matemdtico de anomalfas las resistividades aparentes con el arreglo gradiente, con
magnéticas. MN=50y 100 m, entre las picas P7 a P20 de Bochinchito I,
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Figura 3. Diagrama del levantamiento eléctrico y magnético, Bochinchito Iy II.

y las picas P4 a P13 de Bochinchito II. Estas lineas se esco-
gieron porque cubrfan el drea de mayor complejidad
geoldgica. Se utilizo equipo convencional de polarizacién
inducida (PI), uséndose como receptor, un microvoltimetro;
no se midieron valores de cargabilidad. El método cubrié un
4rea de 14 km? y una longitud de 60.5 km lineales.

El procesamiento de los datos eléctricos es similar al de
los datos magnéticos. El procesamiento bédsico crea un banco
de datos de ubicacién y topografia, cilcula la resistividad
aparente (ver anexo), elabora perfiles de resistividad (figs. 6
y 7) y un mapa de contornos de resistividad aparente (fig. 8).
El procesamiento analitico utiliza un filtro de frecuencias
para una longitud de onda de 0.5 en el ancho de la ventana
para reducir el ruido geolégico y obtener el valor de fondo y
residual de las resistividades. El método permite el modelaje

e interpretacién de la forma, tamafio, y profundidad de los
cuerpos resistivos.

INTERPRETACION DE RESULTADOS

La interpretacion de los datos magnéticos (fig. 4) per-
mite establecer tendencias estructurales regionales nor-
este-este. Las fallas son de tipo sinestral y presentan rumbo
noroeste-oeste.

De los mapas de contornos (figs. 4 y 8) del campo mag-
nético total y de resistividad aparente, se diferencian cuatro
subzonas magnéticas (fig. 9) y cuatro zonas geoeléctricas
(fig. 10) importantes:
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Figura 4. Mapa de contornos del campo magnético total, Bochinchito I y II. Contornos a intervalos de 2,000 nT.

I. Zona de susceptibilidad magnética y gradiente del
campo magnético bajo y de baja resistividad, entre 0—4,000
Qm. No presenta anomalias magnéticas importantes. Proba-
blemente sea una zona granitica, correlacionable con el
Complejo de Supamo. Esta zona se subdivide en dos subzo-
nas geoeléctricas concéntricas, una de ellas denominada QA,
con resistividades menores a 2,000 Qm, otra denominada
QB, con resistividades entre 2,000-4,000 Qm. Estas coin-
ciden con 4reas donde se encuentran quebradas de primer o
segundo orden, y estdn asociadas a litologias aluvionales.

También, aparecen en bajos topograficos al sur y sureste del
area.

II. Zona de alta susceptibilidad magnética y alta
resistividad, entre 10,000 y 15,000 Qm. Presenta anomalias
magnéticas fuertes, pero de bajo gradiente. Se ubica al sur
del 4rea de Bochinchito I, alrededor del eje del sistema de
picas. Se asocian con rocas ferruginosas como metasedimen-
tos cuarciferos, esquistos y(0) rocas piroclésticas tipicos de
la Formacién Yuruari, y tambien a intrusivos félsicos. Esta
zona se relaciona a un alto estructural con rumbo norte-
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Figura 5. Perfiles magnéticos de la zona Bochinchito I y IL. Interpretacién y numeracién referida al texto.

noreste. Es posible la existencia de vetas de cuarzo de interés
prospectivo en esta zona.

III.  Zona de alto gradiente del campo magnético y de
resistividad intermedia, entre 4,000 y 10,000 Qm. Com-
prende los valores de fondo de resistividad de la zona. Esta
zona presenta anomalias magneticas intensas, pero de sus-
ceptibilidad intermedia a alta. Se asocia a lava méfica a inter-
media, gabro, diques de diabasa, y andesita. Se ubica en una
franja central desde Bochinchito I a Bochinchito II. Proba-
blemente correspondan a eventos volcénicos del Grupo Car-
ichapo y menos probable can lavas de la Formatién Yuruari.

IV. Zona de gradiente intermedio y susceptibilidad
alta. Consiste de cuerpos magnéticos anchos pero poco
extensos de forma elipsoidal. Se relacionan con cuerpos
ultraméficos del Grupo Carichapo.

Figura 6. Perfiles de resistividad aparente sobre las picas en el
drea de Bochinchito I donde se observaron las anomalias mas
fuertes. Se representan filtros de frecuencia (LOWESS, W=0.5)
que determina el “regional” filro de cinco puntos
(al=a2=a4=a5=1/8a3=1/2) que produce un registro eléctrico menos
ruidoso. El “residual” es producto de la diferencia entre el perfil ob-
servado (ROA1) y el filtrado “regional.”
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Tabla 1. Resumén de resultados del modelaje magnético

Observaciones
Rocas ferruginosas epiclésticas y piroclasticas

Posicién

0+385 SE

Susceptibilidad'
(emu)

Rumbo y buzamiento

Extensi6n lateral
~1,000m haciael NEyal SO N.40°E., 32°N.

de la profundidad Ancho
0-60 m, 300 m

Ano- Profundidad y extensién
ia

0.075

0-400 m

modelo tabular finito sobre pica P1, Bochinchito 1.

Modelo tabular delgado y largo fallas, perpen-

0+900 NO

N. 45° E., ramal N. 40°-60°, 0.012-0.007

ramal S. 65°-75°

300-350m Maés de 1,000 m NE y SO

0-20 m, 200-300 m

2
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diculares se dividen en 2 apofisis. Contacto de falla
al N e intrusivo al S. Modelaje sobre picas P12 y P12

de Bochinchito I, rocas méficas.

No fueron

3y7

modeladas

Modelo tabular infinito sobre picas P1 a P5

0+600 NO

N. 80° E., E-O, 62°-85° S., 0.015-0.200

cambiando a 60° N.

Borde N de la zona

5-40 m

0-10m, -

4

Bochinchito II expresién oeste anomalia 5.

0+600 a 0+700 NO  Similar a anomalia 4. Modelos sobre picas P18 y

N.80°E., E-O, 75°-80° S. 0.009-0.012

Varios km

20-40 m

0-2m, --

5

P19 Bochinchito II.

Modelo tabular finito sobre pica P19 de Bochinchito

11, rocas ultramaéficas.

0+100 SE

0.015

N.70°-75° E., 22° S.

220 m 500 m al NE y al SO

0-20 m, >200 m

6

IEl emu es una unidad C.G.S. de susceptibilidad magnética igual a 4% en el Sistema Internacional, mas usual.

V. Zonas con valores de resistividad mayores a
15,000 Qm. Se vinculan a cuerpos pequefios resistivos y
locales, de forma tabular y delgados, posiblemente sean
diques felsicos o vetas de cuarzo. Esta zona es exclusiva del
sistema Bochinchito I (parte centro-suroeste).

El procesamiento espectral de los datos magnéticos
indica lo siguiente:

1. Reduccién al polo. La intensidad del campo mag-
nético que varia hacia el norte-noroeste de la zona es mas
fuerte a los 100 m y mas debil hacia 350 m.

2. Filtrado pasa banda. Se filtraron longitudes de onda
entre 100 y 1,000 m. Las anomalias resultantes presentan
variaciones entre —1,500 y 1,500 gamma las cuales pueden
clasificarse segin su amplitud, de la siguiente forma:

Fuertes Entre —-800 y 600 gamma, asociada a

cuerpos méficos tipo dique

Intermedias Entre —500 y 300 gamma relacionadas a

cuerpos ultramaficos

Bajas Entre —200 y 300 gamma corresponden-
dientes a cuarcitas ferruginosas
Entre —200 y 100 gamma vinculadas a
contactos entre rocas félsicas y lavas de
composicién intermedia

3. Segunda derivada vertical. Se distingue 1la
ubicacién de los principales contactos, los cuales son descri-
tos por las anomalias magneticas mayores (tabla 1).

4. Continuacién hacia arriba del campo (100 m). La
continuacién logra filtrar casi todas las anomalfas residuales
y se deduce la profundidad del tope de los cuerpos anémalos.

El andlisis de los perfiles eléctricos (figs. 6 y 7) indica
que el valor promedio de resistividad de la zona est4 sobre
los 4,000 Qm. En el sistema Bochinchito I, destaca la
presencia de una superposicién de tres anomalfas de alta
resistividad.

El “residual” muestra tres anomalias de
10,000-15,000 Qm con una anchura no mayor a los 50 m
que tiende a superponer, hasta formar una sola anomalia en
la direccién noreste. Estas anomalias parecen estar dentro de
una unidad de resistividad alta, rodeada de otra de resistiv-
idad mas baja. En el sistema Bochinchito II, las anomalfas
son de menor intensidad (15,000 Qm) estdn escalonadas,
dispersas y son mds amplias que las del sistema
Bochinchito L.

La anomalfa 1 estd al suroeste de la zona. Se debe a sed-
imentos ferruginosos con alta susceptibilidad, tiene rumbo
noreste a este, y se divide en dos ramales.

La anomalia 2 est4 en el centro de la zona. Se debe a
cuerpos locales delgados (entre 50 y 100 m) tipo dique de
diabasa, extensos (mds de 4.0 km de largo). Presenta dos
apofisis (basalto-diabasa) de rumbo noreste a este. La

Débiles

2E1 término “regional” como el términ “residual” no tiene el mismo
significado usado en métodos potenciales como la magnetometria. En este
caso solo se usan para describir la idea de fondo promedio de resistividad y
de resistividades de los cuerpos anémalos locales, respectivamente.
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fuertes. Se representan los datos de campo y otros perfiles, al igual que los descritos en la leyenda de la figura 6.
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Figura 8. Mapa de contornos de isovalores de resistividad aparente (MN=100 m), Bochinchito I y II.

anomalfa estd desplazada por fallamiento o fracturas ortogo-
nal esa su rumbo, reapareciendo entre las picas P4 y P8 del
sistema Bochinchito II. El mismo cuerpo o uno similar
aparece al sur entre P11 a P22 de Bochinchito II con posible
continuidad al este, como expresién extrema del dique de
diabasa Laguna el cual aflora en la zona de Bochinche y que
se relaciona con las principales anomalias de oro de este
prospecto.

La anomalfa 3 representa el contacto entre rocas de

susceptibilidad mayor y menor. Su lado sureste se puede
superponer con la anomalia 2.

La anomalfa 4 marca el contacto de rumbo noreste a
este entre formaciones diferentes, al norte rocas graniticas y
al sur lavas méficas a intermedias, o posiblemente se trate de
un cuerpo méfico delgado, tipo dique.

La anomalia 5 estd representada por un dique al noreste
de la zona, el cual identifica con la anomalia 4 por correl-
acidn lateral al oeste.

La anomalia 6 estd compuesta de pequefias e intensas
anomalias de rocas ultraméficas elipsoidales con rumbo este.

La anomalia 7 incluye una pequefia anomalfa
estructural al noreste, entre las picas P18 a P19 del sistema
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Figura 9. Interpretacién magnético-estructural, Bochinchito I'y II.

Bochinchito I, probablemente se deba al contacto entre rocas
félsicas con diferentes susceptibilidades.

A partir de los perfiles, se efectia el modelaje
matemético de las anomalias magnéticas més importantes
(figs. 11, 12, y 13). El modelaje magnético se realizo
mediante el uso de programas de computacidn, basados en el
algoritmo de Talwani y Heirtzler (1964). El modelaje
eléctrico se realizo mediante un programa de computacién
de “solucién inversa” (Asch, 1989).

El modelaje eléctrico permiti6 diferenciar tres unidades
importantes: una unidad exterior de 5,000-7,000 Qm de
resistividad (probablemente de granitos o lavas); seguida por
otra unidad interior de mas baja resistividad, entre 2,000 y

4,000 Qm, probablemente aluvional; y finalmente el
contacto intrusivo entre diques de diabasa y rocas més resis-
tivas (>15,000 Qm) tales como cuarcitas y rocas piroclasti-
cas. La estructura general se asemeja a un cuerpo sinclinal
asimétrico con el flanco sur menos inclinado que el flanco
norte y cuyo eje estd centrado en un entorno a la progresiva
0+500 noroeste del sistema Bochinchito I. Es de esperar,
fracturas o fallas radiales, desde la superficie al punto por
donde pasa el eje del sinclinal. Las vetas se ubican en la zona
central del sinclinal, con buzamiento alto hacia el noroeste.
La profundidad de los cuerpos resistivos y su extension son
inciertos en el modelo realizado, pero se asume la superfi-
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Figura 10. Interpretacién eléctrico-estructural, Bochinchito I y I

cialidad de estos (menos de 10 m de profundidad), dado el
fuerte contraste de resistividad entre la parte central del
perfil y los extremos.

El espesor de la capa de meteorizacién conductora es
delgada. Los valores de resistividad® de estos cuerpos son
variables, pero superiores a 15,000 Qm. Se caracterizan por
su alta frecuencia en el registro eléctrico y se supone que se

3El programa ha demostrado baja resolucién en la pseudoseccién en
profundidad, puesto que se necesitan variaciones de 5~10 veces el valor de
la resistividad de la “roca caja,” para producir un registro con una anomalia
significativa. La profundizacién de un cuerpo de resistividades menores
puede no ser notada en el registro eléctrico.

ubican en un entorno de radio de 20 m al pico o méximo
local. Su espesor no debe ser mayor a los 20 m. En el sistema
Bochinchito II, las zonas de alta resistividad asociadas con
vetas de cuarzo se distribuyen esparcidamente y tienen
buzamientos ligeramente al. sureste. La geometria sinclinal
estd preservada y estd relacionada con los altos topograficos
estructurales a ambos lados del eje del sinclinal.

Las estructuras modeladas (tabla 1) se disponen en tres
categorfas: (1) al norte, son angostas y de buzamiento
medio-alto (40°-80°) hacia el sur; (2) al sur, son mas amplias
y de buzamientos altos (80°) al norte; y (3) las estructuras
centrales son grandes, amplias y extensas lateralmente.
Todas las anomalias se orientan con rumbo N. 80° O. hasta
N. 40° E. Las estructuras son superficiales. La mayoria de las
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anomalias se hacen mas amplias en la direccién este. Las
susceptibilidades varfan hasta 10 veces el valor promedio, lo
cual indica heterogeneidad de concentraciones de minerales
magnéticos en las rocas de la zona.

CONCLUSIONES

El estudio de las anomalias magnéticas determiné la
presencia de cuerpos magnéticos con tendencias regionales.
Su rumbo es noreste a este, y buzamiento es entre 40°-80° S.
para cuerpos al norte de la zona y aproximadamente 80° N.
para los cuerpos al sur. Se determiné la superficialidad del

tope de los cuerpos magnéticos principales, fallas sinestrales
de rumbo norte-noroeste, y espesor entre 5-140 m en
cuerpos tipo dique y hasta 500 m en cuerpos tabulares
mayores. Se identific6 la tendencia al aumento del espesor
en la direccion este, una extensién lateral de varios
kilémetros, y una variacién de susceptibilidad amplia, que
indica heterogeneidad de la concentracione de minerales
magnéticos.

El estudio de las anomalias eléctricas ha permitido
diferenciar 3 o 4 unidades geoeléctricas mayores. La mor-
fologia de las estructuras modeladas muestran una
configuracién geométrica sinclinal en la cual se encuentran
cuerpos resistivos delgados, poco profundos o aflorando,
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con buzamiento alto al noroeste. El espesor de las vetas se
asume menor a 20 m. La correlacién lateral de las zonas
resistivas se extiende en varios cientos de metros aunque la
continuidad de una misma veta es dudosa debido a fallas o
fracturas de rumbo NO-N. La ocurrencia de un sistema de
pequefias vetas de rambo norte-noreste es mas probable. La
complejidad estructural, aunado a la asociacién de rocas
mdficas y rocas sedimentarfas ferruginosas, muestra las
condiciones necesarias para la mineralizacién de oro en las
vetas de cuarzo, haciendo de la zona de Bochinchito un buen
prospecto minero.
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ANEXO—EL ARREGLO
GRADIENTE—UNA NUEVA FORMULA
DE CALCULO DEL FACTOR
GEOMETRICO, PARA LA
CONFIGURACION USADA EN
VENEZUELA

El arreglo o dispositivo gradiente es una configuracién
geométrica de electrodos de potencial y de corriente que per-
mite medir la resistividad aparente en un punto bajo la super-
ficie. En general, para las mediciones de resistividad
aparente, la validez de la ley de Ohm determina que:

Ro=(VII) xK
donde Ro es la funcién de resistividad aparente puntual,
puesto que la constante X no es fija, sino depende del punto
de ubicacién dentro del arreglo, para una medicién determi-
nada. En un sistema de cuatro electrodos, esta constante K
depende de cuatro radio vectores entre cada electrodo y el
punto de medicién, de modo que :

K=2n{1/(1/AN-1/AM-1/BN+1/BM)}
donde AN, AM, BN, y BM son los radios vectores menciona-
dos.

El arreglo gradiente tradicionalmente usado por su sim-
plicidad geométrica es aquel cuya simetria especular, per-
mite el cdlculo de los radio vectores mediante la solucién de
tridngulos rectdngulos sencillos (fig. A). De este modo, el
arreglo gradiente tradicional se calculaba con :

AN=V{(L~d—nxc)*+(mxb)?}

AM=\{(d+nxc)?+(mxb)?}

BN=V{(d+nxc+a)*+(mxb)?}

BM=N{(L-d-nxc-a)*+(mxb)?}
donde 7 es entero y ¢ es la separacion entre estaciones. Este
arreglo exige que las lfneas (o picas) sean paralelas entre si
y perpendiculares al eje de simetria. Sin embargo, estas
condiciones no se cumplen o son dificiles de controlar, en la
etapa de adquisicién de datos de campo. Dadas estas cir-
cumstancias, se desea usar un nuevo factor geométrico mas
general y arbitrario, dentro del contexto del arreglo gradi-
ente, que no exija requerimientos especiales.

La figura B muestra las condiciones generales que
pueden presentarse en casos de sistemas de picas o de lineas
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mds reales. En este caso, los factores geométricos vienen
dados por :

AN=N[{L/2~(nxc+al2+E-FxcosP)*cost.} 2+{ FxsenB+

(n*c+al2)*sen0}?]

AM=N[{L12~(nxc—al2+E-FxcosP)*cosot} 2+ { Fxsenp+

(n*c-a/2)*senct}?]
BN=N[{L/2+(nxc+al2+E-FxcosP)*coso.} 2+{ Fxsenf+
(n*c-al2)*senct}?]
BM=N[{L/2+(nxc—al2+E-FxcosB)*coso.} 2+{ FxsenB+
(n*c+al2)*senat}?]

A pesar de la mayor complejidad de la ecuacién, este
nuevo factor geométrico permite poder trabajar con sistemas
de lineas o picas arbitrarias, sin condicionamientos espe-
ciales sobre el arreglo. La férmula tradicional, del arreglo
gradiente simétrico, es reproducible con esta férmula, bajo
las condiciones siguientes: 0.=0°, f=90°, E=0, y F=mxb (m
entero).

—a<— i
Estaciones\\\ /M N - m= 3;5:;::22
AM . TP A B
A _ - N ~< -1 BN - _ - E electrodos
. =0 < } = | corriente
|_d__r_n.].=1———o-o—o—‘— b M, N
4 electrodos
m=2 < L >

potencial

h
L2
P3
Eje de
simetria
Eje principal
Alfa
®
B
Figura B. Arreglo gradiente general.
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Yuruari Formation of the Pastora Supergroup,
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ABSTRACT

Results of new mapping combined with geochemical
and U-Pb isotopic data provide a framework for the geology,
age, and origin of gold deposits in the Lo Increible mining
district of the Guayana Shield of eastern Venezuela. Gold
deposits within the district are shear-zone-hosted lode
deposits restricted to a major ductile transpressive shear zone
that has developed a strong S-C mylonitic fabric, sigmoidal
boudinage, and small-scale folds. Dextral oblique slip thrust
(or reverse movement) in the shear zone has placed older
tholeiitic metabasalt of the El Callao Formation over
younger quartz-biotite-muscovite schist of the Yuruari
Formation, both of the Early Proterozoic Pastora Super-
group. The gold deposits formed as discontinuous quartz
veins parallel with the tectonic foliation within the zone.

Zircon mineral separates from the Yuruari Formation,
which forms the upper unit of the Pastora Supergroup, yield
a U-Pb age of 2,131+10 Ma. This is the first published U-Pb
zircon date of the Pastora Supergroup in Venezuela and con-
firms the Early Proterozoic age for greenstone-belt rocks of
the Guayana Shield.

Major- and trace-element geochemical data for
quartz-normative tholeiitic pillow lavas of the Early Protero-

1U.S. Geological Survey, Denver Federal Center, MS905, Denver,
Colorado 80225.

2U.8. Geological Survey, 345 Middlefield Road, MS901, Menlo Park,
California 94025.

3CVG-Técnica Minera, C.A., C.C. Chilemex, Piso 1, Puerto Ordaz,
Venezuela.

4Mineros de Venezuela, Mina Colombia, El Callao, Venezuela.

SMinisterio de Energia y Minas, Ciudad San Cristobal, Guatemala.

zoic El Callao Formation have affinity with modern
low-potassium island arc tholeiite. Calc-alkaline basalt from
the younger Early Proterozoic Caballape Formation has a
composition similar to that of low-potassium calc-alkaline
basalt and basaltic andesite typical of island arc sequences.
We suggest that the rocks in the region formed in an imma-
ture intraoceanic island arc setting that underwent subse-
quent oblique dextral thrusting along a northwest-oriented
axis of tectonic compression.

RESUMEN

Los resultados de la cartografia geoldgica reciente y
datos geoquimicos isotdpicos por el método U-Pb proporcio-
nan un marco de referencia para la geologia, edad y origen
de los depésitos minerales en el Distrito Minero Lo Increible
en el Escudo de Guayana. Los depdsitos de oro en este dis-
trito son del tipo de veta y diseminaciones encajados en
zonas de falla restringidas a extensas zonas de cizallas dic-
tiles con movimiento transpresivo el cual ha originado una
fuerte estructura milonitica del tipo S-C, budinage sigmoidal
y pequefios pliegues. Corrimientos oblicuos dextrales
(o movimiento inverso) en la zona de cizalla ha puesto
basaltos toleiticos (mds viejos) de la Formacién El Callao
sobre esquistos quarzo-biotitico-muscovitico (mds joven) de
la Formacién Yuruari. Ambas formaciones pertenecen al
Supergrupo Pastora de edad Proterozoico Temprano. Los
depeositos de oro se formaron en vetas discontinuas de
cuarzo paralelas a la foliacién tecténica de la zona.

Los analisis isotépicos en zircones separados de la For-
macién Yuruari, la cual forma la unidad superior del Super-
grupo Pastora, arrojan una edad por el metodo U-Pb de

El
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2,131+10 Ma. Esta es la primera edad isotdpica obtenida en
zircones por el metodo U-Pb para el Supergrupo Pastora en
Venezuela, la misma confirma la edad Proterozoico
Temprano para rocas verdes (greenstones) en el Escudo de
Guayana.

Datos geoquimicos de elementos mayores y elementos
traza obtenidos de lavas toleiticas almohadilladas con cuarzo
normativo de la Formacién El Callao, la cual tiene una edad
Proterozoica Temprana, tienen afinidad con toleitas bajas en
potasio originadas en un ambiente de arco de islas. Los
basaltos calco-alcalinos de la Formacién Caballape (mds
joven) tienen una composicién similar a basaltos
calco-alcalinos bajos en potasio y andesitas basalticas tipicas
en sequencias de arcos de islas. Las rocas de la regién estu-
diada se formaron probablemente en un arco de islas inma-
duro intraocednico el cual fue deformado por corrimiento
oblicuo dextral a lo largo de un eje de compresién tecténica
orientado en sentido noreste.

INTRODUCTION

The Lo Increible mining district provides a unique
opportunity to unravel the structural setting of Precambrian
lode gold deposits of the Guayana Shield of Venezuela and
to date the Early Proterozoic Yuruari Formation of the Pas-
tora Supergroup (fig. 1). Although Gibbs and Olszewski
(1982) dated rocks equivalent to the Pastora Supergroup in
Guyana to the east, this study provides the first published
U-Pb date on zircon from a sample of the Pastora Super-
group in Venezuela. The mapping described herein was a
part of a joint U.S. Geological Survey—Corporacién Vene-
zolana de Guayana, Técnica Minera, C.A. (CVG-TECMIN)
geologic field mapping course taught by W.C. Day in June
1989. R.M. Tosdal provided the U-Pb date on zircon from a
sample of the Early Proterozoic Yuruari Formation. The
remaining co-authors participated in the field course.

The Lo Increfble mining district is in the eastern part of
Estado Bolivar, approximately 150 km southeast of Puerto
Ordaz and 10 km northeast of the El Callao mining district.
The study area is covered by a thick weathered profile and
dense tropical jungle vegetation, and thus our observations
were limited to linear traverses cut through the jungle and
sites along roads and mines and creek bottoms.

GEOLOGY

REGIONAL STRATIGRAPHIC SETTING

Rocks of the Lo Increible mining district are Early
Proterozoic volcanic, plutonic, and sedimentary rocks gener-
ally metamorphosed to low grade (middle to upper
greenschist facies) and to a lesser extent medium grade
(lower amphibolite facies). Regional mapping studies by

Menendez (1968, 1972, 1974) established the stratigraphic
framework for the area. The oldest rocks in the study area
belong to the Early Proterozoic Pastora Supergroup.
Menendez recognized that the oldest part of the Pastora
Supergroup is made up of the Carichapo Group, which
consists of pillow lavas of the El Callao Formation and
amphibole-biotite schist of the Cicapra Formation; however,
rocks of the Cicapra Formation are not present in the study
area. Sedimentary rocks of the Early Proterozoic Yuruari
Formation, which forms the youngest unit within the Pastora
Supergroup, structurally overlie the Carichapo Group
(Menendez, 1968, 1972, 1974). Our mapping confirms that
the contact between the two formations is faulted.
Volcanogenic sedimentary rocks of the Early Proterozoic
Caballape Formation overlie rocks of the Pastora Super-
group (Menendez, 1972). Rocks of the Pastora Supergroup
and the Caballape Formation were regionally intruded by
diabasic to gabbroic sills and (or) dikes.

GEOLOGY AND GEOCHEMISTRY OF THE
LO INCREIBLE MINING DISTRICT

The northern part of the study area is underlain by rocks
of the Early Proterozoic Yuruari Formation (fig. 2). Rocks of
the Yuruari Formation are poorly exposed, except in mine
workings near the shear zone that separates the Yuruari and
the El Callao Formations in the central part of the study area.
The southern part of the study area is dominated by a large
gabbro sill that forms a prominent ridge. The gabbroic sill is
enfolded within the Caballape Formation.

EL CALLAO FORMATION

The oldest rocks in the study area are basalts of the
Early Proterozoic El Callao Formation, which forms the
basal unit in the Pastora Supergroup. This formation is char-
acterized by tholeiitic basaltic pillow lava flows (unit Xec,
fig. 2) and interlayered flow breccia (unit Xecb). The shape
and orientation of the pillow structures, which are well
exposed along the highway in the western part of the study
area (fig. 2), indicate that the unit is upward facing and
youngs stratigraphically to the southeast in the study area.
The formation weathers light brown and in many places is
recognized only by light-brown colluvial soil and float.
Although regionally the unit is of low metamorphic grade,
within and immediately adjacent to the shear zone (<250 m)
in the central part of the study area the El Callao Formation
has been recrystallized to hornblende-biotite schist of
medium metamorphic grade.

Two sheets of basaltic breccia lie within the El Callao
Formation (unit Xecb, fig. 2). These sheets are each about
50 m thick and contain angular basaitic clasts as much as 15
cm in diameter in a volcaniclastic basaltic matrix. The brec-
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Figure 1. Location of the Lo Increible study area, Estado Bolivar, Venezuela.

cia sheets formed as interflow breccias within the basaltic
flows of the El Callao Formation.

Rocks of the El Callao Formation are metaluminous,
quartz-normative, low-potassium tholeiitic basalt. Plotted on
a Jensen (1976) diagram, our samples of the El Callao For-
mation range from high-iron to high-magnesian tholeiite

(fig. 3A4). The Mg-numbers are from about 47 to 63 (table 1),
typical of tholeiitic basalt (Basaltic Volcanism Study
Project, 1981, p. 132-192). The rare earth element patterns
(fig. 4A) are relatively flat and are about 10 times chondrite
in abundance. All of these characteristics are similar to mod-
ern mid-ocean ridge, low-potassium island arc, and back-arc
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Figure 2 (above and facing column). Geologic map of the Lo Increible mining district, north of El Callao, Estado Bolivar, Venezuela.

Numbered solid circles are sample localities.

basalts (see Jakes and Gill, 1970, p. 19). The proportions of
MnO, TiO,, and P,O5 are similar to those of modern island
arc tholeiite (fig. 3B). Rocks of the El Callao Formation
contain less TiO; than tholeiite formed in mid-ocean ridge
environments.

In order to characterize the environment of formation,
the trace element geochemistry for samples of the El Callao
Formation is compared with that for island arc low-potas-
sium basalt and normal (or N-type) mid-ocean ridge basalt
(MORB), which may have formed in similar tectonic
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environments (fig. SA). The data are normalized to an aver-
age composition for island arc low-potassium tholeiite
formed near Benioff zones (Holm, 1985, p. 311). A sample
with a trace element composition identical to that of the aver-
age island arc low-potassium tholeiite will have a ratio of
unity, a sample having lower elemental abundances will plot
below the unity line, and, conversely, a sample having higher
abundances will plot above.

Tholeiite of the El Callao Formation is relatively
depleted in the large-ion lithophile elements K, Sr, and Ce
but has abundances of the high field strength elements P, Zr,
Ti, Y, and Yb comparable to those of island arc low-potas-
sium tholeiite (fig. 5A). The rubidium concentration of El
Callao tholeiite is similar to that of island arc tholeiite. By
comparison, normal mid-ocean ridge basalt (Pearce, 1982, p.
527) is also relatively depleted in large-ion lithophile ele-
ments but has higher high field strength element abundances
than the El Callao Formation or island arc low-potassium
tholeiite.

YURUARI FORMATION

The Yuruari Formation is a quartz-biotite-muscovite
schist containing white quartz pods and veinlets that are par-
allel with the foliation. The unit is highly susceptible to
weathering and forms low-lying topography. Outcrops are
rare except near mines. The formation has a characteristic
bright orange to red soil that contains residual pods of white
quartz. The schist has been metamorphosed to medium grade
(amphibolite facies), but ubiquitous alteration of primary
biotite to chlorite indicates retrograde to low-grade (green-
schist facies) metamorphism. Less weathered exposures
within the shear zone show that the protolith was dacite and
felsic volcaniclastic graywacke and locally interlayered
basalt.

The intensely weathered nature of the Yuruari Forma-
tion limits geochemical sampling to determine the composi-
tion of the protolith. One sample of the Yuruari Formation,
although weathered, is listed in table 1 (sample 11). The
sample plots as calc-alkaline dacite on the Jensen diagram
(fig. 3A) but has rhyolitic SiO, content (75.6 weight per-
cent). The relatively higher SiO; may reflect the effects of
weathering in which other constituents are leached. The rare
earth element data also suggest similar leaching effects.
Assuming that the composition of the protolith was generally
similar to typical shale or graywacke (Menendez, 1972),
approximately an order of magnitude loss has occurred in the
abundance of the light rare earth elements (fig. 4B).

CABALLAPE FORMATION

The Caballape Formation consists of calc-alkaline
andesite, dacite, and rhyolite tuff and felsic volcaniclastic
sedimentary rocks that have been metamorphosed to low
grade (greenschist facies). The formation is poorly exposed
in the study area; outcrops are in the creek bed adjacent to the
high-angle normal fault north of the gabbroic sill and at iso-
lated locations in the core of the east-plunging syncline in the
central and southern parts of the study area (fig. 2).

One sample from the core of the syncline in the study
area is low-potassium calc-alkaline basalt (sample 7, table 1,
fig. 3A). In the Anacoco area, approximately 100 km south-
east of this study area, the Caballape Formation ranges in
composition from calc-alkaline basalt through dacite (Day
and others, 1989). In both the Anacoco and Lo Increible
areas, the major-, minor-, and trace-element content of the
unit is similar to that of calc-alkaline low-potassium basalt
and basaltic andesite typical of island arc sequences (figs.
3B, 4C).
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GABBRO

A large gabbroic body (unit Xgb, fig. 2) was intruded
as a sill and then infolded with the Caballape Formation to
form an eastward-plunging syncline in the central and south-
emn part of the study area (fig. 2). Fresh surfaces are dark
green to black. The texture of the gabbro grades from
fine-grained diabasic margins inward to a medium- to
coarse-grained interior. The gabbro has undergone regional
greenschist facies metamorphism. It is relatively resistant to
weathering and forms outcrops along the prominent ridge in
the southern part of the study area.

The gabbro is younger than supracrustal rocks of the
Pastora Supergroup. Several smaller diabasic sills (or dikes)
are present within the El Callao and Yurvari Formations
(unit Xid, fig. 2). The relative ages of the main gabbro and
the diabase sills are not established; however, the units are
considered coeval.

The gabbro is quartz normative, metaluminous, and
tholeiitic in composition (samples 8-10, table 1). The
Mg-numbers are relatively high (less evolved), ranging from
approximately 65 to 69 (table 1). The gabbro is distinctly dif-
ferent from the El Callao Formation in that it has higher
Mg-numbers and greater abundances of the light rare earth
(figs. 4A, 4D) and large-ion lithophile (fig. 5B) elements.
Although the major element contents of the gabbro are sim-
ilar to komatiitic compositions (fig. 3A), the light rare earth
element contents and higher MnO abundances (fig. 3B)
show that the gabbro has affinities with calc-alkaline basaltic
magmas. The calc-alkaline affinity of the trace elements may
imply that the gabbro evolved during the same calc-alkaline
magmatic episode as the Caballape Formation, which it
intrudes.

U-PB ZIRCON AGE OF THE
EARLY PROTEROZOIC
YURUARI FORMATION

Zircon extracted from a metadacite tuff within the
Yuruari Formation (sample location 25, fig. 2) provides a
reliable radiometric date for the formation and, therefore, for
the upper part of the Pastora Supergroup. Although the
Yuruari Formation is highly weathered, reliable age data can
be extracted from zircon in units that have undergone
extreme tropical weathering (Gibbs and Olszewski, 1982).

Five zircon fractions analyzed from the sample meta-
dacite tuff of the Yuruari Formation have discordant
206pp/238U and 207Pb/235U ages (table 2). All the fractions
define a chord on a concordia diagram (mean square
weighted deviation=0.3) (Ludwig, 1983) with an upper
intercept of 2,131+£10 Ma and a lower intercept that is essen-
tially present-day (fig. 6). This pattern of discordance in the

FeO+Fe,03+TiOg
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Figure3. Temnary plots showing chemical characteristics of sam-
ples from the Lo Increfble mining district, Estado Bolivar, Venezu-
ela. A, Jensen diagram. Modified from Jensen (1976). B,
MnO/TiO,/P205 discriminant diagram for basalt and basaltic
andesite. Fields: CAB, island arc calc-alkaline basalt; IAT, island
arc tholeiite; MORB, mid-ocean ridge and marginal basin basalt;
OIT, ocean island tholeiite; OIA, ocean island basalt (Mullen,
1983).

ages indicates that lead was lost from zircon during a subse-
quent event (Silver and Deutsch, 1963). The upper concordia
intercept age of 2,131+10 Ma is interpreted to indicate an
Early Proterozoic crystallization age for the dacitic tuff. This
interpretation is confirmed by the good agreement between
the 207Pb/206Pb ages of the individual zircon fractions and
the upper intercept age on the concordia diagram. The lower
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Figure 4. Chondrite-normalized rare earth element (REE) diagrams for rocks of the Lo Increible mining district, Estado Bolivar,
Venezuela. A, El Callao Formation. B, Weathered sample of the Early Proterozoic Yuruari Formation (open squares). Typical
post-Archean Australia shale (PAAS; heavy line) and North America Shale Composite (NASC; light line) (Taylor and McLennan, 1985)
are shown for comparison. C, Meta-andesite sample from the Caballape Formation (open squares). Typical calc-alkaline island arc
andesite (Gill, 1981) (heavy line) is shown for comparison. D, Samples from a gabbroic sill that intrudes the Caballape Formation.

intercept age is interpreted to indicate that the time of lead  equivaenslent to the Pastora Supergroup in Guyana. The
loss was recent. The lower intercept (70£50 Ma) (fig. 6)  geomorphological development of the Venezuelan Guayana
probably reflects lead loss due to surficial weathering during ~ Shield and the effects of weathering on shield rocks in the
the Cretaceous to Paleogene, similar to the lead loss  Mesozoic and Tertiary are discussed by Bricefio and
described by Gibbs and Olszewski (1982) for rocks Schubert (1990) and by references contained therein.
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Figure 5. Spider diagrams for rocks of the Lo Increible mining district, Estado Bolivar, Venezuela. Normalized to island arc low-
potassium tholeiite (Holm, 1985, p. 311). A, El Callao (circles) and Caballape Formations (squares). Normal mid-ocean ridge basalt
(N-type MORB) (Pearce, 1982, p. 527) is also shown (diamonds). B, Yuruari Formation (triangles) and gabbro unit (squares) that

intrudes the Caballape Formation.

Neither prograde medium-grade metamorphism within
the shear zone nor subsequent retrograde (greenschist facies)
metamorphism during the Trans-Amazonian orogeny (about
2.15-2.0 Ga) affected the U-Pb isotopic systematics in zir-
con from the sample of the Yuruari Formation. Lead loss

during any younger event is enhanced by radiation damage
to the zircon lattice that accumulates through geologic time.
The low uranium content (100-220 ppm 238U) of the zircon
from the felsic tuff effectively precluded any extensive
radiation damage to the zircon lattice due to the decay of
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The shear zone that separates the Yuruari and El Callao
Formations in the study area is a northeast-striking zone of
intense ductile deformation. Although rocks of the Yuruari
Formation are dominant within the shear zone, locally rocks
of the El Callao Formation are incorporated and have been
recrystallized to amphibolite schist. The orientation of the

0.13352
0.13369
0.13370
0.13479
0.13504

U-Pb geochronologic data (zircon) for dacite (WDV-89-12) from the Yuruari Formation of the Pastora Supergroup, Lo Increible area, Venezuela.
Observed ratios
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Table 3. Gold and trace element abundances for samples associated with gold deposits of the Lo Increfble mining district, Estado Bolivar, Venezuela.

[In parts per million. Location of samples shown by sample number in figure 2. All field numbers are prefixed by WDV]

Quartz vein

Schist host

Quartz vein

Schist host

Quartz vein

Schist host

Quartz vein  Quartz vein  Quartz vein  Schist host  Quartz vein

Schist Quartz vein

Rock type

24
89-60B

23
89-60A

22
89-47B

21

89-47A

20
89-46B

19

89-46A

18
89-008

17
89-009

16
89-053

15
89-061

14
89-014

13
89-013

12
89-016

Sample No.
Field No.

Au

18.000

280
123

0.022
150

4.450
60

0.150

70
18
111

<0.002

<10

<0.002
20

7.000

50
13
59
18
151

2.100 0.030
60 30
17
101

0.200 0.008
50
45

0.004
<10

<10

<0.002

<10

As

48
262

16
34
12
153

12

Co

145

17
<2
20
20

47

239

52

170

23

40

74
45

68

44
360

42

<2
37

10
526

Rb

27
43

153
215

109

184

109

114
34

Sr

53

22

94 57
11
203

112

16

67

12

162

Zr
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15
117

34
139

31
704

10
92

51

314

670

16
<2
<2
15
31

295

165

12
34
32
10
48

Ba

12
11
189

111

16
23
111
151

65
26

115

<2

47

46

21

100

Ce

13
15

<2

35

31

<2

La

10
74
48
114

45

41

47

Cu

45

94
28
392

29

55

36

100

22
36
<20

<5
12
<20

Ni

31 178 117
486

<20

112

38
67

82

140

57
343

92

Zn

37

75

50

95

Cr

the C surface and is characterized by elongation and
flattening of mineral grains. Locally, the foliations are
boudinaged parallel with the principal plane of ductile
shearing (C surface).

The intersection of the S and C surfaces forms an acute
angle to the northeast, indicating a dextral sense of shear. In
addition, sygmoidal-shaped boudins, as well as the predom-
inance of small-scale folds having Z symmetry, confirm the
dextral sense of lateral shear. These kinematic indicators,
combined with the older-over-younger relation of the El Cal-
lao and Yuruari Formations (assuming the stratigraphy out-
lined by Menendez, 1972), indicate that the shear zone is a
right-oblique slip-thrust (or reverse) fault zone. Therefore,
rocks of the study area underwent a dextral oblique compres-
sion, or dextral transpression, along a northwest-oriented
tectonic axis of maximum compression.

GOLD DEPOSITS

Gold deposits in the Lo Increfble mining district are
low-sulfide shear-zone-hosted lode gold (or mesothermal)
type. Native gold is within discontinuous quartz veins that
are 0.5-20 cm wide and as long as 100 m. The quartz veins
pinch and swell within planes of shear foliation within the
host schist and are both subparallel with and discordant to
the tectonic foliation. The host schist is a tectonic melange of
biotite-sericite schist of the Yuruari Formation and
biotite-amphibole schist of recrystallized El Callao Forma-
tion. Therefore, the host samples listed in table 3 could have
been derived originally from either formation, but were
tectonically juxtaposed within the shear zone.

Two generations of quartz characterize the gold-bear-
ing veins. An early dark-gray pyrite-bearing tourmaline-rich
quartz is cut by later, white bull quartz veins. Alteration min-
erals associated with the gold deposits include tourmaline,
sericite, chlorite, pyrite, quartz, and carbonate minerals.

Analyses of grab samples from quartz veins in surface
deposits are listed in table 3. Because weathering within the
shear zone was intense, these analyses do not represent orig-
inal protolith compositions. Sample 12, from a 5-10-m-deep
prospect pit, is an unmineralized sample of schist. It is a
weathered fine-grained mafic volcanic tuff that contains
fine-grained feldspar phenocrysts and has a superimposed
tectonic foliation. The protolith was probably fine-grained
mafic tuff within the Yuruari Formation. Samples 13-16 are
composite samples from several gold deposits in the district.
Samples 17-22 are paired samples of host biotite-sericite
schist and corresponding quartz-vein material (sample 17
with sample 18, 19 with 20, and 21 with 22). Protolith for the
host biotite-sericite schist of the paired samples was proba-
bly volcaniclastic sedimentary rock of the Yuruari
Formation.

In general, gold concentrations in these samples are as
high as 18 ppm. Samples that have higher gold values also
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have elevated aisenic contents. The quartz veins are rela-
tively enriched in gold, but they are depleted in most of the
other elements analyzed.

The overall nature, mode of occurrence, and origin of
the gold deposits are similar to those described by Berger
and Bliss (1986) for low-sulfide gold-quartz veins and by
Colvine (1989) for shear-zone-hosted lode-gold deposits in
the Canadian Shield. The gold deposits are restricted to the
quartz veins in or adjacent to the shear zone separating the
Yuruari and El Callao Formations. Formation of alteration
minerals in the host rock during deformation within the shear
zone is indicated by the parallel foliation within the second-
ary micaceous minerals and the unmineralized host schist.
Therefore, gold deposition accompanied deformation and
alteration within the shear zone.

Historical grade and tonnage information for the gold
deposits of the Lo Increible mining district is limited. Data
for mines within the district (Locher, 1974) show that the
district has produced at least 1,300 kg of gold at a grade of
about 12 grams per metric ton (53.3 metric tons at 10.6
grams per metric tons for the Experiencia mine, 3.3 metric
tons at 6.2 grams per metric ton for the Garrapata mine, 45.3
metric tons at 14.7 grams per metric ton for the Increible
mine, and 1.7 metric tons at 11.4 grams per metric ton for the
Talisman mine). The limited production data are a result of
the ad hoc mining within the district in dominantly hand dug
surface trenches and primitive underground workings. Gold
has been recovered primarily from mercury amalgamation of
hand-cobbed quartz-vein material, and a quantitative assess-
ment of the gold potential of the district would be speculative
at best. The assay values reported in table 2 indicate, how-
ever, that high-grade veins are present in the district. High
potential at a high degree of certainty is present for undiscov-
ered shear-zone-hosted lode-gold deposits within and along
the extension of the shear zone. Further exploration of the
shear zone, especially to the east of the study area, should
result in the discovery of additional gold deposits.

CONCLUSIONS

The paleotectonic environment of the Lo Increible min-
ing district of Estado Bolivar, Venezuela, and, by extension,
the entire Pastora Supergroup, can be deciphered by integrat-
ing geologic and geochemical data from all of the units in the
area. Major-, minor-, and trace element data for the El Callao
Formation show an affinity of these rocks with modern
low-potassium island arc tholeiite. Metagraywacke of the
Yuruari Formation may have formed along a convergent
plate margin. Calc-alkaline basalt from the younger Early
Proterozoic Caballape Formation is similar in composition
to low-potassium calc-alkaline basalt and basaltic andesite
typical of island arc sequences.

We suggest that the rocks in the Pastora Supergroup
formed in an immature intraoceanic island arc setting that

underwent subsequent oblique dextral thrusting along a
northwest-oriented axis of tectonic compression. Similar
relationships are observed in the Early Proterozoic Birimian
greenstone belts of West Africa (Sylvester and Attoh, 1992),
which Sidder and Mendoza (1991, this volume) correlate
with rocks of the Pastora Supergroup of Venezuela.
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Sierra Verdin—Cerro Piedra del Supamo Area,
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ABSTRACT

The Sierra Verdin—Cerro Piedra del Supamo area is in
an Early Proterozoic greenstone-granite terrane in the
Guayana Shield of southeastern Estado Bolivar, Venezuela.
Rocks of the greenstone belts, mainly mafic flows and minor
associated tuffaceous units, are strongly foliated and are
metamorphosed to the greenschist facies. These rocks have
been locally metamorphosed to the amphibolite facies,
particularly near their contact with granite. A mafic-ultrama-
fic complex was emplaced in older greenstone-belt rocks of
basaltic andesite to basalt probably near the end of deforma-
tion of the greenstone belts. Historical and active placer and
alluvial gold mining has stimulated recent interest in the
area, which also has potential for deposits of
shear-zone-hosted gold (low-sulfide gold-quartz veins),
intrusion-related gold and precious-metals, chromite, placer
and lode platinum-group elements, nickel-copper ore, and
lateritic nickel.

RESUMEN

El édrea de Sierra Verdin-Piedra del Supamo estd
ubicado en un ambiente granito-rocas verdes de edad Prot-
erozoico Temprano, el cual es parte del Escudo de Guayana
en el Estado Bolivar, Venezuela. Las rocas del cinturén de
rocas verdes, principalmente flujos méficos y unidades toba-
ceas menores, estdn fuertemente foliadas y metamorfizadas

IU.S. Geological Survey, Corbett Building., 210 E. 7th Street, Tucson,
Arizona 85705
2Corporacién Venezolana de Guayana, Técnica Minera, C.A., C.C.
Chilemex, Piso 1, Puerto Ordaz, Venezuela.
3U.S. Geological Survey, Unit 62101, APO AE 09811-2101, USA.
4U.S. Geological Survey, Denver Federal Center, MS905, Denver,
Colorado 80225.

ala facie del esquisto verde, y a la facie de la anfibolita cerca
del contacto con rocas graniticas. Un complejo
maéfico-ultraméfico fue emplazado en rocas més antiguas del
cinturon de rocas verdes, las cuales tienen una composicién
andesitica a basaltica. Este plutonismo méfico-ultraméfico
probablemente ocurri6 hacia el final de deformacién de las
rocas que conforman el cinturén de rocas verdes. Trabajos de
mineria de oro, tanto antiguos como modernos, han estimu-
lado el interes en el 4rea, la cual también tiene potencial para
yacimientos de oro formados en zonas de cizalla (vetas de
cuarzo con oro y bajo contenido de sulfuros); metales precio-
sos y oro relacionados con intrusiones graniticas; depdsitos
de cromita; placeres y vetas con elementos del grupo del
platino; mena de niquel-cobre, y lateritas niqueliferas.

INTRODUCTION

The Sierra Verdin—Cerro Piedra del Supamo study area
covers an area of 544 km? about 250 km south-southeast of
Puerto Ordaz and about 60 km south of the town of Tumer-
emo in Estado Bolivar, Venezuela. The study area is cen-
tered near the confluence of the Rio Supamo and the Rio
Yurudn and is between lat 6°36" and 6°50° N. and long
62°00” and 61°47” W. (fig. 1). It can be reached by helicop-
ter; a poorly maintained logging road from El Callao or a
5-hour boat trip from El Dorado yields some limited, diffi-
cult access. The terrain is rugged and hilly and is character-
ized by a north-northwest-trending chain of mountains that
has local relief of as much as 300 m. Although excellent out-
crops are present on ridge tops and in the rivers during the
dry season, the area is generally heavily forested. Much of
the fieldwork was conducted along traverses cut through the
jungle at 2-km intervals perpendicular to axes that are
roughly parallel with the strike of structures and the trend of
geologic units.

F1
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Figure 1. Location of the Sierra Verdin—-Cerro Piedra del Supamo study area, Estado Bolivar, Venezuela.

The Sierra Verdtin—Cerro Piedra del Supamo area was
chosen for study for the following reasons:

1. Numerous gold placers and other surficial pros-
pects, some of which are currently worked, are present in the
area.

2. Radar images and reconnaissance mapping indi-
cate that the area includes a diverse lithologic and strati-
graphic section of greenstone belt.

3. A large mafic and ultramafic intrusive body within
the greenstone belt, similar to rocks in other greenstone-belt
areas in Venezuela, enables description of the nature of the
contact relations for this particular suite of rocks and its
mineral resource potential.

Geologic mapping was done in the area along and south
of the Rio Yuruin during March through July of 1990.
Because much of the area is covered by forest and deeply
weathered soil, detailed analysis of aeromagnetic data was
used to better define the geology and structure.

GEOLOGY
REGIONAL GEOLOGIC SETTING

Early Proterozoic greenstone-granite terranes of the
Pastora Supergroup and the Botanamo Group crop out in the
central and eastern parts of the Venezuelan Guayana Shield
(Sidder and Mendoza, this volume, fig. 2). They cover an
area of about 360 km by 250 km, or about 90,000 km?. The
Pastora Supergroup consists of the El Callao and Cicapra
Formations of the Carichapo Group and the Yuruari
Formation. Rocks of the Botanamo Group, which contains
the Caballape and Los Caribes Formations, lie discordantly
on the Pastora Supergroup. Cox and others (1993) restricted
the use of formation names to their type locations and con-
sidered the sequence of volcanic rocks in the Sierra
Verdiin—Cerro Piedra del Supamo area approximately age
equivalent to other mafic greenstone sequences such as the
El Callao Formation.
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Granitic plutons and domes of the Supamo Complex
were intruded into the metasedimentary and meta-igneous
rocks of the greenstone-granite terranes and separate the
greenstone belts into branching synclinoria (Menendez,
1968, 1972; Benaim, 1972). Felsic to intermediate volca-
nic rocks of the Early Proterozoic Cuchivero Group and
clastic sedimentary rocks of the Early to Middle Protero-
zoic Roraima Group overlie and cover rocks of the green-
stone-granite terranes to the west and south of the study
area. The contact between the greenstone-granite terranes
and the Archean Imataca Complex to the north is the
Guri shear zone (Gibbs and Olszewski, 1982; Onstott and
others, 1989).

Mafic to ultramafic intrusive rocks are present in the
stratigraphic sequence of the greenstone belts south of El
Callao (Tosiani and Sifontes, 1989; Nufiez, unpublished
data, 1990; Nufez, Gray, and Davila, unpublished data,
1990; Wynn and others, this volume). The intrusive rocks
commonly form layered complexes that include cumu-
late-textured rocks such as pyroxenite and peridotite asso-
ciated with gabbroic cumulus and noncumulus rocks and
lesser anorthosite and diorite. Country rocks of this intru-
sive sequence are basalt and basaltic andesite. The study
area is part of an extensive north-striking ridge that origi-
nates in the El Callao area and continues southward to the
Rio Chicandn, interrupted by structures associated with the
Rio Yuruan.

GEOLOGY OF THE STUDY AREA

Within the study area, an Early Proterozoic
supracrustal sequence of strongly deformed metavolcanic
flows, tuffs, and hypabyssal mafic rocks forms the coun-
try rocks of an ultramafic-mafic complex (fig. 2). The
supracrustal sequence is intruded and fragmented at its
margins by granitic, monzonitic, and dioritic intrusive
rocks of the Supamo Group. The western margin of the
intrusive rocks is exposed in the Rio Yurudn near the
mouth of the Rio Mochila. The granitic rocks display a
strong foliation parallel with the contact with rocks of the
greenstone belt that trends N. 43°-55° W. and dips
steeply 60°-80° S. Basalt, minor gabbro, and interflow
tuffs form xenolithic breccias and are extensively veined
and stoped by a large granitic dome in a 0.5-km-wide
zone,

In general, the southern part of the study area, includ-
ing the area of the Rio Yurudn, is characterized by
low-lying volcanic rocks and the prominent north-north-
west-striking Sierra Verdun ridge and its flank of curvilin-
ear ridges. Northeastward (upsection) from the basal basalt
are basaltic andesite and minor tuff and tuff breccia. The
Sierra Verdin ridge consists of gabbroic rock; minor cli-
nopyroxenite and feldspathic clinopyroxenite are in the

eastern part of the ridge. The topography of the contact of
the gabbro ridge at its northern limit suggests a fault con-
tact with the volcanic rocks. The eastern margin of the
greenstone belt is virtually identical to the western margin
in its fragmental intrusive character. East of the study
area, outcrops of dacite, rhyolitic tuff, flow-banded rhyo-
lite, cherty chemical sedimentary rocks, and minor lenses
of intercalated arkosic rock in an adjacent body of green-
stone-belt rocks (separated from greenstone-belt rocks in
the study area by granite) are present.

Although ultramafic rocks probably account for 1-2
percent of the volume of igneous rocks in greenstone belts of
the Guayana Shield in Guyana (Gibbs, 1987), the area near
Cerro Piedra del Supamo contains a significantly greater vol-
ume of ultramafic-mafic intrusive rocks that are generally
unfoliated and little affected by regional metamorphism as
compared to volcanic country rocks. Sulfide-bearing,
fine-grained hornfels and recrystallized basaltic volcanic
rocks that contain coarse acicular amphibole are in contact
zones adjacent to gabbroic intrusive rocks. Medium-grained
cumulate-textured rocks, sheared and mylonitized talc
schist, and serpentinite are the most common rocks in the
contact areas where hornfelsic rocks are found. Although
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