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Abstract. The study of SW part of the Amazonian craton mineral deposits suggests a strong correlation between the time period
of the tectonic events and the formation age of mineral concentrations of economic importance. Mineral deposits include
polymetallic veins, magmatic and VMS types. Paleoproterozoic terranes contain the Moriru Au deposit (related to felsic 1796-
. 1773 Ma volcanic rocks), the Expedito Zn-Cu deposit (comprised of a thick pile of 1762-1755 Ma acidic to intermediate volcanic
rocks) and the Cabagal Zn-Au ore deposit (hosted by ca. 1750 Ma felsic volcanic and volcanoclastic rocks). Mesoproterozoic
terranes contain the Puquio Norte Au deposit (hosted in Mesoproterozoic greenstone belt); the Rondonia Tin Province (comprised
of bimodal intraplate rapakivi suites); and the Au deposits of Pontes e Lacerda (related to the occurrence of a 927-908 Ma NW-
SE striking ductile shear zone).The Cachoeirinha, Santa Helena, Rio Alegre, Nova Brasildndia and Sunsas orogens have no
associated mineral deposits reported up to now. The distribution of ore deposits through geological time allows defining the
correlation between orogenic events and mineralizing processes. Both aspects are important tool to define a metalogenetic models ~
of mineral deposits and thereby provide constraints for regional exploration.

Keywords. Amazonian craton, mineral deposits, Paleoproterozoic, Mesoproterozoic.

Resumo. Estudos de depdsitos minerais no SW do craton Amazonico sugerem uma forte correlagao entre as idades dos eventos
orogénicos e da formagao dos depdsitos minerais. Os depdsitos minerais desta regido incluem veios polimetalicos, depdsitos de
filiagdo magmatica e vulcanica. Nos terrenos paleoproterozoicos observam-se o depésito de Au de Moriru (relacionado a rochas
vulcénicas de idade 1796-1773 Ma), o deposito de Zn-Cu do Expedito (composto por uma espessa pilha de rochas vulcanicas
acidas de 1762-1755 Ma) e o deposito de Zn-Au de Cabagal (encaixado em rochas vulcanicas de 1750 Ma). Os terrenos
mesoproterozoicos incluem o depodsito de Au de Puquio Norte (hospedado em greenstone belt mesoproterozdico); a Provincia
Estanifera de Rondonia (composta por suites bimodais rapaquiviticas); e os depositos auriferos da regido de Pontes e Lacerda
(relacionados ao cavalgamento Aguapei de idade de ca. 927-908 Ma). Os orogenos Cachoeirinha, Santa Helena, Rio Alegre, Nova
Brasilandia e Sunsas néo apresentam depositos minerais importantes. A distribui¢io de depositos pelo tempo geoldgico define
uma correlagdo entre os eventos tecténicos e os processos de mineralizagdo. Ambos aspectos sdo importantes para a caracterizagao
de modelos metalogenéticos para os dep6sitos minerais e contribuem com pardmetros para explora¢des regionais no SW do craton
Amazdnico. :

Palavras-chave. Craton Amazonico, depdsitos minerais, Paleoproterzoico, Mesoproterozoico.

INTRODUCTION. Determination of radiometric dating
of carefully selected rocks is important for testing
metalogenetic models of mineral deposits of Precambrian
shields. Nevertheless, the age, origin and isotopic signa-
ture of many mineralizations cannot be attributed to only
one event either of primary formation or reworking, be-
cause the measured ages may reflect not only syngenetic
mineralogy (Tassinari & Melito 1994), but also epigenetic
hydrothermal overprint. On the other hand, the timing of
mineral deposits may be constrained by direct radiome-
tric dating key mineral phases, supported by precise geo-
chronology of the host-rocks, and detailed informa-
tion of the tectonic setting.

Several mineral deposits occur in the SW Ama-
zonian craton, including the states of Rondénia and Mato
Grosso (Brazil) and part of Bolivia (Souza 1988, Silva &

Rizzoto 1994, Dardenne & Schobbenhaus 2000). Depos-
its of this region include polymetallic veins, magmatic
and VMS types and the main mineral deposits are: the
Moriru Au deposit; the Expedito Zn-Cu deposit; the
Cabagal Zn-Au deposit; the Puquio Norte Au deposit;
the Rondonian Sn Province; and the Au deposits of
Pontes e Lacerda region. Several minor occurrences are
described in the region, such as the Au prospects in
Rondoénia and Mato Grosso states, and younger
(Mesozoic) diamond deposits associated with the Juina
(MT) and Colorado do Oeste (RO) kimberlites and
sedimentary covers.

The tectonic environment provides a basis for
understanding the distribution and origin of mineraliza-
tion in space and time. In addition, the distribution of ore
deposits through geological time allows defining the cor-
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relation between orogenic events and mineralizing pro-
cesses (Tassinari ef al. 1984). The determination of radio-
metric dating is an important tool in defining a metalogenetic
models of mineral deposits. Although the age of many de-
posits cannot be attributed to ‘only one cycle of formation,
because the measured ages may reflect not only synge-
netic ores (Tassinari & Melito 1994), but also epigenetic
hydrothermal overprint. On the other hand, ages of mineral
deposits may be constrained by direct radiometric dating
and by considering the age of the host-rocks.

Four main accretionary periods (Tassinari &
Macambira 1999) can be established for the continental
crust evolution of the SW part of the Amazonian craton.
According to the general evolution described by Teixeira
et al. (1989), the region has been divided in geochrono-
logical provinces (Figure 1): the Ventuari-Tapajos (2.20
Gato 2.0 Ga); the Rio Negro-Juruena (1.79 Gato 1.52 Ga)
comprising two orogenic cycles (the 1.79-1.74 Ga Alto
Jauru and the 1.58-1.52 Ga Cachoeirinha orogens); the
Rondénian-San Ignécio encompassing the 1.51-1.48 Ga
Rio Alegre orogen, the 1.45-1.42 Ga Santa Helena orogen
and the 1.41-1.32 Ga San Ignacio orogen. Finally, the
youngest Sunsas province comprises metasedimentary
sequences (1.1-1.0 Ga Nova Brasilandia and 1.0 Ga
Aguapei orogens), and granitoids (1.0 Ga Sunsas orogen).
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Figure 1. Simplified tectonic framework of the SW sector of
the Amazonian craton. Modified after Scadolara ez al. (1999),
Bettencourt et al. (1999), Rizzoto (1999), Saes, (1999), and
Geraldes (2000).

This study is a tentative of recognition of time-bond charac-
teristics of the major SW Amazonian craton mineral depos-
its and their correlation with crustal accretionary processes.
For this purpose we describe geologic characteristics about
mineral deposits of this region, including type of mineral-
izations, tectonic setting, host-rocks and ages.
PALEOPROTERQOZOIC. The Alto Jauru Orogen. The
Zn-Au Cabagal gold deposit is located in the SW Amazo-
nian craton (Figure 2), Mato Grosso State, Brazil, where
the Alto Jauru orogenic rocks (U-Pb ages from 1790 Ma
to 1744 Ma) and Cachoeirinha orogenic rocks (U-Pb ages
from 1580 Ma to 1520 Ma) occur (Van Schmus et al. 1999,
Geraldes et al., 2001a). The mineralization is hosted by
felsic volcanic and volcanoclastic rocks and occurs as
(Monteiro et al. 1988): (i) bands concordant with the
mylonitic foliation, (ii) breccias, (iif) quartz-carbonate veins
and (iv) disseminations. The ore is polymetallic and con-
sists of chalcopyrite, pyrite, marcasite, pyrrhotite, sphaleri-
te, and minor galena, bismuth, selenides and tellurites.
The mineralization is related to hydrothermal alteration
and includes quartz, chlorite, carbonate, sericite and bio-
tite (Pinho 1996, Pinho ez al. 1997).
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Figure 2. Geology of the Cabagal Au/Pb deposit location.

According to Monteiro et al. (1988) the
metavolcano sedimentary sequence may be characteri-
zed as a greenstone belt comprised of the Manoel Leme
Formation (botton), Mata Preta Formation (top) intruded
by granite, granodiorites and tonalities. Relatively few U-
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Pb ages there exist from older rocks of the Alto Jauru
rocks. Zircon grains recovered from a sample of banded
silicic volcanoclastic metasediment from the Cabagal gold
mine yield an U-Pb age of 1758 + 7 Ma, which is inter-
preted as the crystallization age of the volcanic rock; this
age is probably close to the depositional time of the
metasedimentary sequence (Van Schmus et al. 1999). U-
Pb SHRIMP data reported for individual zircons from a
metavolcanic unit in the area (Pinho ef al. 1997) yield two
age groups of 1769 & 29 Ma and 1724 + 30 Ma. These
results are consistent with volcanism and deposition at
ca. 1750 Ma, and could be related to the Alto Jauru geo-
logic evolution. The Sm-Nd TDM model age of 1.87 Ga
with eNd of +2.4 determined on these metasedimentary
rocks indicates its source was largely juvenile at 1 750 Ma
(Geraldes et al. 2001a). The Alto Jauru metasedimentary
sequence presents an extension to the Ronddnia state
represented by the Rossevelt terrane described by
Scandolara et al. (1999). According to these authors rocks
of the Roosevelt terrane yield U-Pb ages of about 1.75
Ga, similarly to the rocks or Alto Jauru region.

Detailed petrologic and geochemical investiga-
tions indicate that gold deposition is associated with meta-
morphic fluids that migrated along regional shear zones
(Pinho et al. 1997, Monteiro et al. 1986). Sericite flakes
from the hydrothermal zones were dated by the “Ar/*°Ar
method (Geraldes ef al. 2002), using laser step-heating
dating in single grains. One sample from a bore hole 107m
deep yield a plateau age of 1521.3 = 1.3 Ma. Another
sample 36.6 m deep yield a plateau age of 1510.4 £ 1.2 Ga.
Taking into account these dates, previously reported K-
Ar ages of these samples (1643 &= 78 Ma and 1615 £ 65
Ma, Toledo 1997) are probably meaningless.
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Pb isotopic data for the Cabagal gold deposit
(Toledo 1997, Geraldes et al. 2002) allowed to determine a
model age about 1.7 Ga for its formation and indicate two
sources of Pb: one more radiogenic (**Pb/**Pb from
15.941 to 16.600 and *7Pb/**Pb from 15.527 to 15.600) and
other less radiogenic (**Pb/2*Pb from 15.650 to 15.843
and 2'Pb/?Pb from 15.318 to 15.376). ¥'Sr/*Sr results
have two signatures: concordant carbonate veins yield
values from 0.705 to 0.7029 and discordant carbonate veins
yield values from 0.7144 to 0.7119, also suggesting two
sources or remobilization. These studies reveal that the
Cabagal gold deposit may have originated during the Alto
Jauru orogen (1.79-1.74 Ga), having undergone later on
an important remobilization process. With the available
data is not possible to define if this second event was
related to the late evolution of the Alto Jauru orogen,
recorded by the 1724 430 Ma U-Pb SHRIMP age, or linked
to the Cachoeirinha orogen (1.58-1.52 Ga).
Cratonic Volcanic Covers. The Moriru Au deposit loca-
ted in the NW of Mato Grosso state is hosted by acidic to
intermediate volcanic rocks (Pinho et al. 2001) which are
ascribed to an intra-plate event dated at 1796-1773 Ma
(U-Pb in zircon). The mineralization is related to felsic
volcanic rocks with intense hydrothermal alteration
characterized by sericitization, chloritization, carbo-
natation and silicification. The mineralization is chiefly
disseminated and comprises pyrite, chalcopyrite, galena
and ilmenite with average content of 1.26 ppm of Au.
The geology of the Moriru region, within the
Ventuari-Tapajos geochronological province (Figure 3),
is composed of two domains: 1) undeformed bimodal
volcanic rocks, and 2) deformed granitic-gneiss-migmatite
rocks that also include a small occurrence of slightly
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Figure 3. Simplified geologic map of the SW Mato Grosso State and Moriru Au deposit
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deformed rhyolite. The undeformed domain is composed
of felsic to mafic flows and volcanoclastic sediments; the
felsic flows are essentially explosive deposits classified
as ignimbrites, however coherent flows occurs
interlayered. The composition of felsic flows are
rhyodacite and dacite. Mafic flows are tholeiitic basalts
and have within-plate petrological and gechemical
characteristics. Felsic rocks are calc-alkaline in
composition and ages ranging from 1.76 to 1.80 Ga and
T, model ages range from 2.02 to 2.16 Ga (Pinho 2002).

Gold occurs associated with pyrite (90%)
chalcopyrite (9%) and galena (1%). The sulfide zone
occurs disseminated in a coarse grained granite which is
completely replaced by hydrothermal minerals. The
dominant process of hydrothermal alteration is
sericitization which occurs pervasively in the volcanic
felsic rocks and granite. The mineralized granite appears
as a shallow intrusion coeval with the rhyodacite and
dacite. Plagioclase change to carbonate due the alteration
and neorformed albite is converted to white mica with the
progress of the alteration. Silicification is the second most
important type of alteration in the felsic rocks. This kind
of alteration is present as veins cutting the rocks or around
sulfides. Carbonates occur either altering pyroxenes and
plagioclase or in veins of different directions. Basalts show
propilitization with epidote, chlorite, albite, carbonate and
magnetite as the main mineral association. These
petrological patterns in the studied rocks allow to suggest
that gold occur in two distinct phases: 1) in disseminated
sulfide (grading into massive sulfide), and 2) as
remobilization of the first stages filling veins and fractures
in later stage. A simple model for the evolution of the area
and the mineralization was proposed by Willians &
McBimey (1979) and includes a composite volcano which
contains mafic intrusive sills and a sub-vulcanic mineralized

body in the central part of the volcano.

The Expedito Cu-Zn deposit (located 20 km
northern from Aripuanai city; see Figure 4) occurs within
a thick pile of acidic to intermediate volcanic rocks dated
at 1762-1755 Ma (SHRIMP U-Pb zircon) (Neder ez al. 2000
and 2002). The ore is hosted by dacitic lapilli and crystal
tuff interlayered with massive dacitic porphyritic flows,
carbonate and chert layers. The deposit consists of seve-
ral discordant and discontinuous lenses of massive and
disseminated pyrrhotite, pyrite, sphalerite, galena, chal-
copyrite and arsenopyrite (Neder ef al. 2000). The de-
posit is enveloped by a hydrothermal alteration halo con-
sisting of chlorite, biotite and carbonate zones and it is
interpreted of volcanic origin (VMS-type). The 40A1/39Ar
data determined by Neder et al. (2003) in amphibole and
biotite from alteration halo over volcanic rocks yield 1580-
1560 Ma, indicating an important remobilization that oc-
curred in the volcanic rocks, which is responsible for Au
concentration in shear zones and peculiar (amphibole)
hydrothermal alteration. This hypothess is corroborated
by the U-Pb ages of granitic intrusions of about 1.57 Ga
(Rizzotto, personal communication).
MESOPROTEROZOIC. The Cachoeirinha Orogen. Gra-
nitic rocks of the Cachoeirinha orogenic event have wide-
spread distribution (Figure 5) in the Jauru region, adja-
cent to the granite-greenstone terrane, where granitoid
yield U-Pb ages of about 1580-1520 Ma (Tassinari et al.
2000, Geraldes et al. 2001a), constraining the timing of
the Cachoeirinha orogen. Six Sm-Nd analyses in grani-
toid rocks of the Cachoeirinha suite yield TDM model
ages of 1.88-1.75 Ga (eNd values of —0.8 to +1.0). In addi-
tion, three post-tectonic plutonic rocks yield U-Pb ages
from 1485 Mato 1389 Ma (TDM of 1.77-1.74 Ga and eNd
values from—1.3 to +1.7).

Variations in major and trace elements of the
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Figure 4. Simplified geologic map of th SW Amazdnia Craton showing the Expedito Au-Cu deposit location.
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Figure 5. Simplified geologic map of the SW Mato Grosso
State (SW Amazonian craton) showing the Alto Jauru,
Cachoeirinha, Santa Helena, Rio Alegre orogens.

Cachoeirinha suite rocks indicate fractional crystalliza-
tion process and magmatic arc geologic setting in agree-
ment with the Nd juvenile signature of the investigated
rocks. These results suggest the following interpretations:
(1) The interval of 1590-1390 Ma represents an important
magmatic activity in SW Amazonian Craton. (2) TDM and
arc-related chemical affinity support the hypothesis that
the rocks are genetically associated with a east-dipping
subduction zone under the older (1.79-1.74 Ga) continental
margin. Up to now, no mineral deposits are known to be
related to this orogenic event.

The Rio Alegre Orogen. The volcano-sedimentary rocks
of the Rio Alegre arc (Figure 5) comprise mafic and ultra-
mafic volcanics, chemical sediments and mafic to felsic
intrusions, metamorphosed to green-schist facies (Matos
etal 2001, Matos et al. 2004). Petrographic, chemical and
isotopic studies allow to divide the unit into three forma-
tions: (1) The Minouro Formation (botton) comprising
abundant mafic-ultramafic volcanic rocks (peridotites, oli-
vine-gabros and serpentinites) and subvolcanic intrusive
rocks associated with cherts and banded iron formations;
chemical data indicate an ocean-floor tectonic setting for
the origin of these rocks; (2) The Santa Isabel Formation
(middle) comprising intermediate and acid lavas and py-
roclastic rocks. Chemical results suggest the origin of
their magma generated in an island arc setting (Matos et
al. 2001); (3) The Séao Fabiano Formation (top) is com-
posed of metasedimentary rocks with chemical signature
similar to that of the volcanic rocks, suggesting that the
latter are the source of the metasedimentary rocks. Ac-

Contribuigoes a Geologia da Amazénia, volume 4, 2005.

cording to Matos et al. (2004), associated mafic-ultrama-
fic intrusive rocks are differentiated gabbroic rocks and
serpentinites and chemical data indicated the influence
of the fractional crystallization process in the evolution
of these rocks. U-Pb zircon dating in these rocks yield ages
from 1509 Ma to 1494 Ma. Sm-Nd data (TDM of 1.67 Ga to
1.48 Ga and eNd(t) values of +4.5 to +2.5) suggest also a
mantle-derived magma. U-Pb zircon analyses carried out in
associated intrusive mafic and felsic rocks yield ages of
1.48-1.46 Ga. TDM ages vary from 1.53 Gato 1.50 Ga and
eNd(t) values from +3.7 to +4.1 suggesting a magmatic arc
environment for their generation.

The lithologic association, chemical and isoto-
pic evidence suggest that volcanic and subvolcanic mafic
and ultramafic rocks originated in back-arc or ocean ridge
tectonic setting; mafic to intermediate rocks were formed
in an island arc tectonic setting at 1.51-1.50 Ga. These
rocks were subsequently intruded by mafic and felsic
rocks originated (1.48-1.46 Ga) in a magmatic arc setting.
Metamorphism under green-schist to lower amphibolitic
facies (biotite zone to garnet-kyanite zone), and
mylonitization (N20°W foliation) were associated with the
collision of the arc against the Amazonian craton during
Mesoproterozoic times, according to “Ar/*Ar data
reported by Tovher ef al. (2000) which ages indicate a
metamorphic cooling ages of about 1.34 Ga.

There is not any reference to extensive explora-

tion work carried on this terrane. However, it is important
to remark that the rock association related to an ocean
floor expansion is most favorable for metalic occurrences
such as Au, Cu, Ni, PGE and associated metals. This asser-
tion is corroborated by the presence of extensive banded
iron-formations, cherts, and gossan (Neder et al. 1984) and
superficial Ni concentrations as in Morro do Leme and
Morro Sem Boné (Colorado-MT), where garnieritic minerali-
zation presents 1.4% of Ni (Angeli 1997).
The Santa Helena Orogen. Mesoproterozoic country
rocks ascribed to Santa Helena orogen (Figure 4) were
firstly recognized by Saes et al. (1984), who coined the
term Santa Helena batholith for the granitic rocks. Later
on, these granites were studied in a more detailed level
by Menezes et al. (1993) and Lopes et al. (1992) and
based on geochemical data, they renamed the batholith
as Santa Helena Granite-gneiss, and classified the rock
associations as intraplate A-type granites.

Additional geological, geochemical and geochro-
nological studies on this unit carried out by Lopes ef al.
(1992) and Geraldes ef al. (2001a), made it possible to
recognize an igneous suite and propose the term Santa
Helena Suite. These authors characterized a calc-alkaline
arc-related suite of 1480 to 1420 Ma (U-Pb ages) to super-
sede the former names. The extensive arc-related
magmatism, high grade metamorphism together with the
new U-Pb ages provided a consistent documentation for
this event, and no mineralization related to this units has
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been reported.

The San Ignacio Orogen. The San Ignacio cycle was first
proposed by Litherland & Bloomfield (1981) and later on
discussed at length by Litherland ez al. (1986 and 1989)
and Darbyshire (2000) covéring na important area in
Bolivia (Figure 6). According to them, the formation of
the San Ignacio Group (Rb-Sr metamorphic age of 1344 +
18 Ma) was accompanied by a significant syn to post-
tectonic granitoid magmatism represented by potassic
calc-alkaline complex (Rb-Sr ages about 1.32 to 1.28 Ga)
and by the El Tigre alkaline Complex (1286 + 46 Ma). The
San Ignacio Orogeny is an important spatial magmatism
over eastern Bolivia, where the c.a. 1300 Ma orogenic
dates are preserved in both Rb-Sr and K-Ar system. This
age is not well constrained, once the datapoints include
samples of diferents units (regional isochron). The
presence of these rocks allowed to the authors to propose
the existence of the Pardgua Craton, comprised of
paleoproterozoic rocks sorrounded by the younger San
Ignacio belt.

DUn'rls younger than c.a. 1300 Ma

o]
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Figure 6. Major geological units of the San Ignécio schist belts
eastern Bolivia, modified after Litherland et al. (1986). The El
Tigre alkaline complex and Naranjal Group are included in the
Granitoid unit. Puquio Norte Au deposit location is also shown.

Within the San Ignacio Group are found the
greenstone belts of Guarayos, Puquio Norte, Zapoco and
Nuflo Chavez (Saens 2002b). According to Litherland et
al. (1986) the basement of San Ignicio orogen are repre-
sented by gneissic and granulitic rocks with Rb-Sr ages
of about 1.9 Ga. According to Saens (2002a) the Puquio
Norte greenstone belt is located in the southwestern sec-
tor of Bolivia within the San Ignacio schist domain (Fi-
gure 6) and presents the main gold deposit (completely
mined out) reported in Bolivian Precambrian. Other Au

prospects include Guarayos, San Javier, Al Toro and Dom
Mario. Puquio Norte deposit is hosted by volcano-sedi-
mentary rocks comprising schists, komatiitic basalts, chert,
BIF and tholeitic pillow lavas. The Naranjal group occurs
locally and consists of black shales, carbonatic filites,
hematite banded iron formation and pelites metamor-
phosed at green-schist facies. These rocks show vertical
foliation and milky secondary quartz parallel to the bed-
ding. Deformed quartz-veins and sulfide-veins indicate
that mineralizing solutions were coeval to the
deformational processes and gold precipitation restricted
within filite country rocks was stratigraphically controlled
by the banded-iron formations.

The Sunsas Orogen. According to Litherland ez al. (1986),
the Sunsas granitoids occur in Bolivia (Figure 7) and in-
clude both syn- to late-kynematic granitoids related to
shear zones and late to post-kynematic types. According
to these authors, syn- to late-kynematic types, are mainly
medium to coarse-grained biotite or biotite-muscovite
syenogranites. The granitoids may show gradational con-
tacts with nebulitic Sunsas migmatites gneisses, foliated
margins or mylonitic zones as a result of frictional melting.
The observed units are: Espiritu Granite, Santa Catalina
Zone Granites, Las Palmas Granitoids, La Palca granitoids,
San Miguel Granite, Motacucito Granite, San Pablo Grani-
te, El Carmen Granite, and Nomoca Granodiorite. There
are also few syn-kynematic-granitoids, which resemble
deformed intrusive plutons such as La Palca granitoids
of tonalitic composition and Nomoca Granodiorite, and
subordinate monzonites and trondjhemites. According
to Saes & Fragoso César (1998), several granitic intrusions
within Sunsds province represent the record of a
subduction zone evolved during the colision between
the Amazonia and Laurentia during the amalgamation of
the Rodinia supercontinent.

The late to post-tectonic granitoids are aligned
within the Sunsas Orogen across the San Diablo shear
zone (Figure 7) and are represented by the Casa de Piedra
Granites, Talcoso and Tapéras Granites, and Salinas and
Tasseoro Granites, and also in the southeast fringe by
the San Pablo Granodiorite, and Luma Granite, but data
are sparse about these bodies, and further studies are
needed. They are circular intrusive contacts and little or
no signs of internal foliation and dominantly medium to
coarse-grained biotite monzogranites. The age
measurements are still fragmentary and only the Casa de
Piedra Granite dated (Rb-Sr isochron of 1005 + 12 Ma).
According to Teixeira and Tassinari (1984), the K-Ar and
Rb-Sr ages of the Sunsas granitoids (reported by
Litherland et al. 1986) are in good agreement with those
obtained for the Young Granites of Rondonia in Brazil.

Most of the mineralizations of the Sunsas
Orogeny are associated with pegmatite bodies and aplite
veins related to post-tectonic granites, which
emplacement affected the country schist rocks (Litherland
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Figure 7. Main units of the ca. 1000 Ma Sunsas Orogeny in eastern Bolivia, modified after Litherland et al. (1986).

et al. 1986). The pegmatites are of simple to complex
composition, show a regional zoning, varying from
tantalite-beryl to columbite-scheelite-beryl-topaz and
cassiterite-topaz-fluorite-scheelite. Tin mineralization is
reported in the Ascension de Guarayos tin field where it is
associated with pegmatites of Sunsas age (1000 Ma), quartz
vein and incipient greisenization. In this area, the staniferous
pegmatites are related to a syn to late-kinematic granites
and to the adjacent metasedimentary rocks.

Columbite and tantalite have been recovered
from two pegmatite fields: La Rella and Los Patos. Complex
zoned pegmatites containing columbite, beryl, muscovite,
traces of cassiterite, scheelite and topaz occur in the first
sector. In the second one, only steeply deeping lenticular
pegmatite bodies yield tantalite, beryl and muscovite.
Beryl occurs as discordant bodies within muscovite-
schists. Accessory pyrochlore occurs in the plutonic
rocks and dykes of the Sunsas alkaline complexes. Lan-
thanides as well as ytrium and scandium are found in
pyrochlore, fergusonite, samarskite and euxenite in
pegmatites, as well in cerite and cerianite. Major amounts
of monazite are found in placer deposits and bastnaesite

is recovered from carbonatites (Litherland et al. 1986).
Nova Brasildndia Orogen. The name Nova Brasilandia
metavolcano-sedimentary sequence (Figure 8) was first
introduced by Silva et al. (1992) for a group of amphibolite-
facies metamorphites represented by mica-quartz schists,
biotite paragneiss, calc-silicated rocks, and amphibolites
whitin the Jamari terrane (Rondonia state). These rocks
occur within the Nova Brasilandia and Alta Floresta region
(SE Rondb6nia), formerly recognized and coined Come-
mora¢do Epimetamorphites by Leal ez al. (1978). More
recently it was well documented by Rizzoto (1999) and
Rizzotto et al. (1999) and the whole sequence was
redefined as a distinct tectonic unit with limits extending
to the NE and SE regions of the state of Rondonia.
Based on detailed geological and reconnaissance
U-Pb and SHRIMP geochronological data, Rizzoto (1999)
coined the name Nova Brasilandia Group to embrace a
main lithostratigraphic unit encompassing amphibolite fa-
cies, dominantly mafic association (metagabbro,
metadiabase and amphibolite), a metaplutonic-sedimen-
tary sequence (biotite-feldspar quartz gneisses, mica
schists and calc-silicate rocks), intruded by several high-
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Figure 8. Major units of the Nova Brasilandia Group. (1) Jamari
Terrane; (2) Roosevelt terrane; (3) Serra da Providéncia Intrusive
suite; (4) Nova Brasilandia volcanosedimentary sequence; (5)
Mafic rocks; (6) Undeformed Sunsas sedimentary cover; (Late-
to post-tectonic granitoids); (8) Paleozoic cover; (9) Mesozoic
cover; (10) Recent cover; and (11) Faults.

level late tectonic A-type granite plutons. However, the
informal name Nova Brasildndia Terrane was proposed
by Scandolara ez al., (1999) to supersede the terms previ-
ously applied to these rocks.

Accretion of juvenile material related to a
intracontinental rifting and a proto-ocean floor expansion,
granite plutonism and thermal effects suggesting a conti-
nental margin arc, were interpreted by Rizzoto (1999) as
correlated to the Sunsds Orogeny of Litherland et al.
(1986). According to Rizzoto (1999), the Nova Brasilandia
Group is the host of mineralized areas and Au, PGE, Pt, Ni,
Zn and Sn ocurrences which were identified during a
exploration program carried out by CPRM (Companhia
de Pesquisa de Recursos Minerais), Projeto platina
(Rizzoto 1999). The main types of mineralization include
the following: a) Dissemined Au either in metamafic rocks
or associated to shear zones in metasedimentary rocks;
b) Ni-Cu sulphides and PGE associated to mafic bodies
either as disseminations or microfractures infill. The main
sulphide phases are represented by pyrite, pyrrhotite and
smaller amounts of chalcopyrite, pentlandite, violarite,
bravoite, arsenopyrite and cobaltite; ¢) Centimetric to
metric Au-quartz veins controlled by NW-SE regional
trending and N40E microfactures, associated with
hydrothermally altered paragneiss.

It seems clear that the mantle-related mafic rocks
and regional shear zones favored the concentration of
Ni-Cu sulphides, PGE and Au, respectivelly, and would
be targets for regional exploration. The clearer under-
standing of the bedrocks geology may contribuite for a

more favorable interpretation and certainly stimulate a
ressurgence in most sucessful exploration.

Anorogenic Granites in Rondonia (The Rondénia Tin
Province). The magmatism ascribed to the Ronddnian
event in the Rondonia Tin Province (Figure 9) comprises
bimodal intraplate rapakivi suites intruded in the ca. 1.75-
1.53 Ga Rio Negro/Juruena crust (Bettencourt et al. 1999).
The magmatism episodes are defined by U-Pb geochro-
nology and represented by the following suites: the Santo
Antdnio-Teot6nio (1406 Ma), Alto Candeias (1347 to 1338
Ma) and S&o Lourengo-Caripunas (1314 to 1309 Ma),
Santa Clara Intrusive suite (1082 Ma); and Younger
Granites of Rondonia (998 Ma to 991 Ma).

The Sunsas orogen in northern Rondénia region
and adjacent areas (Mato Grosso and Amazonas states)
spanned from 1.15 t0 0.97 Ga. It includes mainly metamor-
phic imprint and deformation from 1156 to 1100 Ma and
emplacement of rapakivi granites, mafic dikes and plutons
between 1080 to 970 Ma in rocks of older geochronologi-
cal provinces resulting in economically important Sn anoma-
lies. The magmatism at 1080-997 Ma in northern Rondénia
is composed of rapakivi granites and associated mafic rocks,
including the Santa Clara Intrusive suite (1.07-1.08 Ga) and
Younger Granites of Rondo6nia (1.0-0.97 Ga).

The Sn mineralization comprises cassiterite-rich
greisen related to granites which compositions are mostly
subalkaline, metaluminous to peraluminous and show
geochemical features of A-type within-plate granites
(Bettencourt et al. 1999). The main Sn regional minerali-
zations are related to the Santa Clara Intrusive suite, which
encompasses the granites from the following massifs:
Santa Clara, Oriente Velho, Oriente Novo, and Manteiga.
The older rock association is composed of porphyritic
quartz-monzonite, monzonite and syenogranite with sub-
ordinate amounts of quartz-monzonite and less pyterlite.
Biotite and minor hornblende are the main mafic minerals
and zircon, apatite, ilmenite, magnetite, allanite, fluorite
and sphene are accessoryl minerals. A younger associa-
tion includes syenite, trachyte and peraluminous and
peralkaline granites.

Isotopic analysis carried out in the granites re-
lated to tin mineralizations allow important constraints
on their origin. The Younger Granites of Rondonia shows
e values of +0.33 to -3.25, T, between 1.66 to 1.73
Ga, Sr(i) in the range 0f 0.707 to 0.709, 8'*0=+81 10 9.5 %o
and has 2Pb/?Pb of 17.7-20.6 and *®Pb/**Pb of 37.3-
43.2 indicating that older crustal rocks were clearly
involved in granite genesis. Oxygen isotopes indicate a
calc-alkaline magma component or assimilation of high-
level crustal material (Bettencourt ef al. 1999). “Ar/*°Ar
plateau ages on hornblende foliated granitic gneisses and
augengneiss provided by Bettencourt et al. (1996) de-
fined ages 0of 1156.2 £ 36 Ma and 1149.8 +£35.5 Ma., res-
pectively and suggest a Sunsas metamorphic overprint.
The progressively slightly younger dates obtained on
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Figure 9. Simplified geologic map of Rondénia Tin Province and adjacent areas, showing a distribuition of 1.6 to 0.97 Ga rapakivi
granite suites: 1. Serra da Providéncia Batholith; 2. Ouro Preto Charnockite; 3. Unido Massif; 4. Santo Antonio Batholith; 5. Alto
Candeias Batholith; 6. Sdo Lourengo-Caripunas Batholith; 7. Sdo Simdo Massif; 8. Abuni Massif; 9. Igarapé Preto Massif; 10.
Santa Clara Massif; 11. Manteiga massif; 12. Oriente Novo massif; 13. Massangana Massif; 14. Sdo Carlos Massif; 15. Pedra
Branca Massif; 16. Caritianas Massif; 17. Santa Barbara Massif; 18. Bom Futuro hill and Palanqueta hill; 19. Costa Marques
Group. Modified from Leal et al. (1978) and Bettencourt ef al. (1999).

the biotite, 1001.5 £33 Ma and 912.8 +30.5 Ma, and more
feldspar (antiphertite), record slow cooling rates during
the proposed metamorphism and are consistent with K-
Ar ages observed in the Younger Granites of Rond6nia.
The Aguapei Thrust. The Sunsés Cycle was characteri-
zed by an important continental distension followed by
an alkaline plutonism and the deposition of the Sunsas
and Vibosi groups (constrained by Litherland ez al. 1986,
about 1300-950 Ma) and probably represent a extension
of the same basin of Aguapei Group in Brazil (Saes 1999).
According to Souza and Hildred (1980) and Saes et al.
(1991), the Aguapei Group includes three formations: a
sandstone and conglomerate unit (Fortuna Formation);

an intermediary pelitic unit (Vale da Promissdo Forma-
tion) and an upper sandstone unit (Morro Cristalino Forma-
tion). The sequence of the Aguapei Group records a comple-
te cratonic oscillation, with a (1) transgressive phase with
tide-dominated deposition of sandstone and conglomerate
deposition. (2) a marine progradation allowing the psamitic
deposition in na oceanic, current-dominated environment.
(3) an upper unit recording a marine regression with depo-
sition of sandstones in a fluvial system.

Gold deposits in the region of Pontes e Lacerda
(MT) (see Figure 10) have been exploited in the SW Ama-
zonian Craton from placer, lateritic and hydrothermal
quartz vein deposits (Souza 1988, Saes ef al. 1991 and
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Silva & Rizzoto 1994). Statistics of Mineral Production
National Department (DNPM 1995), indicate a production
of gold of about 5 ton between 1991 and 1993. The gold
ore bodies are hosted in contact of Aguapei Group rocks
and the basement represented by metavolcanic, gneiss-
granite, quartzite, tonalite and granite units. Tectonics
involved oblique overthrusting (from NE to SW which
led to formation of recumbent folds and thrusts (path-
ways for the mineralizing fluids), upright folds and faults
with dominant strike-slip component. These
unconfomities are potential sites for mineralization as in
the main exploted deposits reported: Sdo Vicente deposit
(Scabora & Duarte 1998), Lavrinha deposit (Costa Neto
1996) and Pau-a-Pique deposit (Fernandes 1999).

The sulfur stable isotope values of the Pontes e
Lacerda gold deposits range from +1.0 to +5.5%o in vein-
hosted and from +8.9 to +11.6 %o in quartzite-hosted py-
rites (Aguapei Group metasedimentary rocks) suggesting
amixing of sedimentary sulfur of probable biogenic origin
with sulfur probably from mafic ultramafic metamorphic
rocks of the Rio Alegre metavolcanosedimentar sequence
(Geraldes et al. 2001b). The K-Ar dating of hydrothermal
sericites from gold deposits veins yield ages in the range
960 to 840 Ma which may indicate the age of original
crystallization of sericite. “Ar/*Ar ages obtained in
sericite of the hydrothermal veins in the Pau-a-Pique and
Ellus deposits, northern and southern portions of the
Corredor Shear Zone, showed 908.1 £ 0.9 Ma and 927+ 1
Ma for mineralization (Fernandes et al. 2003). Pb-Pb dat-
ing in galena yield model ages in the range 1000 to 800
Ma for the Onga deposit, in agreement with K-Ar ages.
These ages indicate hydrothermal fluids circulation in

Fortuna Formation
Vale da Promissio Formation

Pontes e Lacerda Metavolcano-
sedimentary Sequence

Figure 10. Major Au deposits of the Lavrinha area within the
Aguapei thrust belt. The deposit Sdo Vicente (northern) and
Pau-a-Pique and Ellus (southern) are nor shown in the map.

the Aguapei Group metasedimentary rocks during the fi-
nal stage of the Aguapei thust, suggesting an orogenetic
origin for those deposits. The Pontes e Lacerda gold de-
posits yelded ages correlated to Aguapei event and they
were probably formed during a Proterozoic contractional
tectonic period in SW part of Amazonian Craton (Geraldes
et al. 1997), which characterizes an important metallogenic
epoch in the Pontes e Lacerda region.

CONCLUSIONS. The SW part of the Amazonian craton
is a multi-orogen region formed between 1.8 and 1.0 Ga,
which experienced intraplate, recurrent magmatism, meta
morphism and deformation. Such a framework was res-
ponsible for originating mineral concentrations in time
and space. The results here presented suggest a strong
correlation between the time period of the tectonic events
and the formation age of mineral concentrations of
economic importance (Figure 11). In this way, each
geologic environment is characterized by specific mineral
deposit type and thereby provides constraints for regional
exploration. According to the geologic informations here
reported we may suggest the following concluding
remarks: a) Mineral deposits in SW Amazonian Craton
include important economic ores characterized by
polymetallic veins, magmatic and VMS types; b) The
Moriru Au deposit mineralization is chiefly disseminated
and comprises pyrite, chalcopyrite, galena and ilmenite.
Mineralizing processes are related to felsic volcanic rocks
with intense hydrothermal alteration (sericitization,
chloritization, cabonatation and silicification). Correlated
acidic to intermediary volcanic rocks are ascribed to intra-
plate event compriesed of bimodal magmatism dated by
U-Pb at 1796-1773 Ma (U-Pb in zircon); ¢) The Expedito
Zn-Cu deposit consists of several discordant and
discontinuous lenses of massive and disseminated
pyrrhotite, pyrite, sphalerite, galena, chalcopyrite and
arsenopyrite. These deposits are enveloped by a
hydrothermal alteration halo consisting of chlorite, biotite
and carbonate zones and occurs within a thick pile of
acidic to intermediate volcanic rocks dated at 1762-1755
Ma (U-Pb zircon analyzed by SHRIMP); d) The Cabagal
Zn-Au ore deposit is polymetalic and comprised of chal-
copyrite, pyrite, marcasite, pyrrhotite, sphalerite, and mi-
nor galena, bismuth, selenides and tellurites. The minera-
lization is hosted by felsic volcanic and volcanoclastic
rocks and occurs as (i) bands concordant with the
mylonitic foliation, (ii) breccias, (iii) quartz-carbonate veins
and (iv) dissemination. The mineralization is related to
hydrothermal alteration and includes quartz, chlorite, car-
bonate, sericite and biotite. U-Pb SHRIMP data reported
in the literature for individual zircons from a metavolcanic
unit in the area yield two age grouping of 1769 + 29 Ma
and 1724 + 30 Ma; €) The available data allow to identify
the correlation between the continental volcanism dated
at 1.79-1.75 Ga with Au (Moriru) and Cu-Zn-Au
(Aripuand) mineralizations of VMS-type. In contrast, the

147



148

Ga

Contribui¢bes a Geologia da Amazénia, volume 4, 2005..

- 1756a  175Ga 1.76Ga
-1.6 Cabagal  Moriru Expedito
' Auzn  Gold PbzZn
1.5 * 1-5?\].(53 155Ga  Depost  Depost  Deposit

- i
- 1.4 14 Ga Deposits 145G ?
Puquio ?
-1.3 Norte
L 12 1.2 Ga God :
3 1.0 Ga Deposits
-1.1 1.1 Ga
10 ? 1.08 Ga
0'9 0.98Ga
. 0.92 Ga Tin
Sunséds  San f:cn:;ae Province S & e
o : . Rio anta  Cachoeirinha  Alto Jauru  Cratonic ~ Lratonic
0 IognaCIo S:L%sité 'E\Blgavsf;léndia ég;ﬁgzmc Alegre (l-)lelena Orogen Orogen  Volcanism Volcanism
rogen 0 rogen
Orogen rogen
Aguapei .
Thrust
Belt
West East

*

Figure 11. Chart correlating orogens and mineral deposits of the SW Amazo6nia Craton.

Cabagal Zn-Au deposit was formed coeval to an oro-
genic event characterized by lateral (juvenile) accretion
during the evolution of 1.79-1.74 Ga Alto Jauru island
arcs; f) The Puquio Norte Au deposit is located in the
southwestern sector of Bolivia and it consists of quartz
and sulphides-veins hosted in banded iron formations of
the greenstone belt terrain probably formed during the
San Ignacio orogen (1600 to 1280 Ma). The host-rocks
are comprised of low to medium grade carbonatic shales,
hematite banded iron formation and pelites metamor-
phosed at green-schist facies. Both ore and host-rocks
show vertical foliation and the mineralization is corre-
lated to zoned hydrothermal activities; g) The Rondonia
Tin Province is comprised of bimodal intraplate rapakivi
suites (the Santa Clara Intrusive suite and Younger Grani-
tes of Rondonia) intruded in the ca. 1.75-1.53 Ga Rio Ne-
gro/Juruena crust. The economically important Sn anoma-
lies involve cassiterite-rich greisen related to magmatic
episodes defined by U-Pb at 1080-997 Ma and 998-991
Ma. Isotopic data of the granites related to tin mineraliza-
tions indicate that older crustal rocks are clearly involved
in granite genesis; h) The Au deposits of Pontes e Lacerda
region are related the occurrence of a NW-SE striking
ductile shear zone along which volcanic and sedimentary
rocks of the Rio Alegre orogenic rocks overthrusted clas-
tic sedimentary rocks of the Aguapei Group, as part of a
continental tectonic event (Aguapei-Sunséas Event). This
low-angle tectonics was followed by folding, faulting and
local transcurrent movements of dextral character. “°Ar/
¥ Ar ages obtained in sericite of the hydrothermal veins

showed ages from 908.1 £ 0.9 Ma to 927 + 1 Ma for
mineralization; 1) The Cachoeirinha, Santa Helena, Rio
Alegre, Nova Brasilandia and Sunsas orogenies have no
mineral associated deposits reported up to now.
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