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Lithium ores in Eastern Brazilian Pegmatite Province:

a review and new discoveries of spodumene-rich pegmatites (SRP)
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Bandeira deposit: typical drill core — Lithium lonic

E7 Spodumene-rich pegmatite = SRP
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SRP

Unzoned to poorly zoned

v

but rather inequigranular!
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Zoned to complex zoned:

- primary crystallization zones: marginal,

wall and intermediate zones, and quartz cores

- secondary units: fracture fillings,

replacement bodies, cavities

border zone (granitic )

"
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core - margin
(tourmaline, beryl,

spodumene)
(Cerny, 1991).
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Graphic texture = high viscosity at eutectic T:

typical of granitic pegmatites generally poorer in

lithium or with lithium minerals concentrated in very 3

internal zone and core
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Lithium: a powerful fluxing!
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Class Subclass Type Subtype Family
Abyssal HREE NYF
LREE
v NYF
BBe LCT
Muscovite
Muscovite- REE
rare element NYF
[Li LCT
Rare element  REE allanite-monazite
euxenite NYF
gadolinite
Li beryl beryl-columbite
beryl-columbite-phosphate
complex spodumene
- petalite
lepidolite I'CT:
_elbaite
amblygonite
albite-spodumene  SRP: Spodumene-rich pegmatites
albite
Miarolitic REE topaz-beryl
gadolinite-fergusonite NYF
Li beryl-topaz
spodumene
petalite LcT
Iegidolite Cerny et al., 2012; Elements

LCT = Lithium-Cesium-Tantalum; NYF = Niobium - Yttrium - Fluorine
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LCT versus SRP

Adapted from Cerny & Ercit (2005, Can. Min.) by Pedrosa-Soares (2023)
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CLASSIFICATION OF PEGMATITES OF THE RARE ELEMENT CLASS

Pegmatite type

Pegmatite subtype

Geochemical signature

Typical minerals

RARE-EARTH

allanite-monazite

(LYREE. U, Th
(P, Be. Nb = Ta)

allanite
monazite

gadolinite

Y. (IDREE. Be.
Nb = Ta. T (U, Th, Ti. Zr)

gadolinite, fergusonite,
cuxenite, (bervl) (topaz)

beryl-columbite Be. Nb =< Ta (+ Sn. B) ltnur}'l o
BERYL : _ columbite-tantalite
bervl-columbite- Be. Nb == Ta. P Beryl. columbite-tantalite,
phosphate (Li. F + Sn. B) triplite. triphvlite
Li, Rb, Cs, Be, spodumene  (amblygonite)
spodumene Ta><Nb beryl (lepidolite)
LCT (5n,P. F + B) tantalite (pollucite)
Li, Rb, Cs, Be, petalite (amblygonite)
. - etalite Ta>Nb tantalite
::t'::l::.‘lll:lt"ll'l.;:lll) ] (Sn, Ga, P, F + B) beryl (lepidolite)
F.Li. Rb, Cs. Be lepidolite microlite
lepidolite Ta = Nb beryl
(S5n, P = B) lopaz (pollucite)
P.F. Li, Rb, Cs amblygonite  (lepidolite)
amblygonite Be. Ta = Nb beryl (pollucite)
(Sn + B) tantalite
ALBITE- SRP Li spodumene (bervl)
SPODUNMENE (Sn, Be. Ta =< Nb £ B) (cassiterite)  (tantalite)

ALBITE

Ta =< Nb, Be
(L1 + Sn. B)

tantalite
beryl

(cassiterite)

. Classification of pegmatites of the Rare-Element class. (Cerny, 1991)
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EBPP - Eastern Brazilian Pegmatite Province: 150,000 km?2

————
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1000 km
[ |
States: MG, Minas Gerais; BA, Bahia; ES, Espirito Santo; RJ, Rio de Janeiro.
State capitals: BH, Belo Horizonte; RJ, Rio de Janeiro; S, Salvador; V, Vitdria.
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power generation, the development of which is already underway m Brazil. Another new use is in lithium
batteries for clectric cars and, if this application becomes a reality, Brazil will be a big consumer, ranking at
the same level as the most developed countries in the world, with the advantage of being one of the few
countries capable of producing its own raw material.
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Eastern Brazilian Pegmatite Province: after 1/2 century of mapping and studies

Dalimitacdo da provincia sagundo ~N k 2 BRAZIL

St do i . Area ~ 150.000 km p
Geologia_segundo Schobbenhaus {SFC
at al. (1981) simplificada, modl Y iy Porte
ficagBes na “Unidade Praterozol- Belo, ) bf Sequro

da ou rotrabalhada no ci orizontt

dlo Brasilianc™ segundo Pedross
Soares ot ol. 11984] @ o presents
trabaino. 19 Araguai

Wholly mapped in 100,000 scale
(by CPRM, UFMG-CODEMIG and
SR UFMG-CPRM), and several more
detailed mapped areas

orogen

-
‘ ta Cenozoic covers

. Cratonic covers

|
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Q EASTERN BRAZILIAN
PEGMATITE PROVINCE

> 800 bulk-rock chemical analysis

MESO201CO E CENOZOICO
FormagGes Cretécens Grupo Bar-
raires, Formaco S Domingos,

¢ Pegmatite districts

Depbsitos Quaternérios. R
prOTEROPC 00 SUPERIOR E Thousadnﬁs L:'-fpb, ':Rb'srd, ?m'Nd ‘ ARACUAI OROGEN
Granitos o Granaoritos an u-mAr 1Isotope data

B S P da Safra EMZRIAN ite: 525-480 M
PROTEROZ0ICO MEDIO . . supersuite: - a
S e Ess Thousands mineral chemistry ™| [ c4 supersuite: 530-490 Ma

PROTEROZOICO INFERIOR
Granitas ¢ Granodioritos

PROTEROZ0ICO INDIVISO

“Unidade Proteraz6ica gerada ou
retrabalhada no ciclo Brasilisno”.
Grupo Salinas (Sequéncia Araguai)

e, e wee  HUNAreds of pegmatites studied

tieas, Granuliticos, Granitides,
“Greenstone-Bolts” charnackitos

analysis | CAMBRIAN - EDIACARAN

G3 (540-530 Ma) and G2
(585-540 Ma) supersuites

?\ TQ . G1 supersuite (630-585 Ma)
N Rio Doce magmatic arc

/ é’ NEOPROTEROZOIC
o

\Santg Maria
v de ltgbira

PRE-CAMBRIANO INDIVISO

e s o Dozens of new mineral species

cordierita, sillimanita, xistos e

W Belo
2" Horizonte

quartzitas Indiferenciaios. . Metasedimentary and
discovered l:l metavolcanic rocks

LIMITE DA PROVINCIA ORIENTAL PRE-NECPROTEROZOIC

oL oe Ao > 500 x 108 tons of spodumene ore P : Basement, intrusions,

A . g a2l

e extracted and newly discovered [ iy WY ¥ af T supracstalrodks

Correia-Neves, Pedrosa-Soares and Marciano, 1986, Rev.Bras.Geoc. Modified from Pedrosa-Soares et al. 2011, G.S. London, Special papers




Montes
Claros
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Diamantina

Belo Horizonte
[ ]

Rio Doce Magmatic Arc
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Cenozoic cover
|

ARAGUAI OROGEN

Cambrian
G5 supersuite: 525-490 Ma, A- and I-type
granitic, charnockitic and/or mafic intrusions

G4 supersuite: 535-500 Ma, S-type intrusions
composed (oot to top) of biotite, two-mica,
Ibite and p d

Cambrian and Ediacaran

G3 (540-500 Ma, gamet-cordierite leuco_
E’ granites) and G2 (585-540 Ma, garnet-

biotite and rare two-mica, deformed and

non-deformed granites) S-type supersuites

RD, Rio Doce Group (metavolcano-sedimen_
tary succession); S, Salinas Formation (meta_
siliciclastic succession)

G1 supersuite: 630-585 Ma, I-type,

I l calc-alkaline, magnesian, metaluminous,
generally deformed (meta)tonalite
and (meta)granodiorite with (meta)dioritic
and (meta)mafic enclaves and facies

and orogenic basins

Migmatitic paragneiss complexes
A, Andrelandia; Jequitinhonha (J),
Nova Venécia (NV)

Early Ediacaran and Cryogenian

Passive margin to ocean-floor metasedimentary
. and metamafic rocks (RF, Ribeirao da Folha

Formation; DS, Dom Silvério Group) and

ophiolitic meta-igneous rock assemblages (0)

Cryogenian and Tonian

Proximal and transitional Macalibas Group:

. aborted continental rift 1 (Early Tonian) and
continental rift 2 to proximal passive margin
deposits (Cryogenian)

generally metamorphosed A-type granites, mafic
rock and volcanic rocks

Brasiliano
S Structures

Pegmatite districts

SAO FRANCISCO CRATON

Bambui and Rio Pardo groups

- Alkaline intrusions: 730-670 Ma
I:l Pre-Neoproterozoic

D Salto da Divisa anorogenic complex: 915-870 Ma,

“No rock is accidental!”*

*Lynn Fichter

No ore is unpredictable!

Aracuai Orogen
produced distinct
pegmatite populations,
(LCT, NYF, and SRP)
forming the EBPP.
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504 563 582 589
G5: At, EF, ES, PA, PP ,f‘ < G3, G4, G5: 484 ages
Pt | G4:AD, M, SJS / \
G2: 390 ages
. G2:CP ) \ 527
B PO P\
‘ , I < G1: 484 ages
_ Metamorphism-related: /
Cenozoic covers C' ES' |, SM', / <
Metamorphism: 660 ages
. Cratonic covers P ¢
EASTERN BRAZILIAN e '
T T
Aol UL 450 500 550 600 650  Zircon U-Pb ages (Ma)

(__ Pegmatite districts

ARAGUAI OROGEN
CAMBRIAN 12 pegmatite districts

Bl G5 supersuite: 525-490 Ma

. G4 supersuite: 535-490 Ma

CAMBRIAN - EDIACARAN

G3 (540-500 Ma) and G2
(585-540 Ma) supersuites

.G1 supersuite (630-585 Ma) Only FOUR have LCT pegmatites,

Rio Doce magmatic arc

distributed in time and space:

) \Santq Maria
V4] de Itybira

[ N .| NEOPROTEROZOIC
[ metavorcaic rooee and only ONE has SRP.

PRE-NEOPROTEROZOIC
Basement, intrusions,

2 50 km i a1 supracrustal rocks . .
- — SimeXmin
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District
ltambé

Pedra Azul
Padre Paraiso

Araguai

Ataléia

S. José da Safira

Conselheiro Pena

Malacacheta

S. Maria de Itabira

Caratinga,
Espera Feliz

Espirito Santo

Production record, rare minerals Pegmatite classification

anatectic; muscovite-rare element, REE, allanite-

K-feldspar, quartzcrystals, mica, beryl, columbite, monazite monazite, NYF

quartz, beryl(aquamarine), topaz residual; REE, beryl-topaz, NYF
quartz, beryl (aquamarine), topaz, quartz crystals, goshenite, chrysoberyl residual; REE, beryl-topaz, NYF

greenishto pinkish spodumene, petalite, lepidolite, Li-phosphates, cookeite, cassiterite, residual; mostly rare elementand minor muscovite-rare

columbite-tantalite, industrial minerals (perthitic K-feldspar, albite, muscovite), element, Li, beryl, complex (spodumene, petalite,
tourmalines (elbaite, schorlite), berylore and gems (aquamarine, morganite), pollucite, lepidolite, elbaite, amblygonite), albite-spodumene (SRP)
quartz crystals, cleavelandite, herderite and other rare phosphates, topaz, bismuthinite albite, LCT

quartz crystals, beryl (aquamarine), topaz, chrysoberyl residual; REE, beryl-topaz, NYF

tourmalines (elbaite, schorlite), industrial minerals (perthitic K-feldspar, albite,
muscovite), beryl ore and gems (aquamarine, heliodor, morganite), lepidolite, Li-
phosphates, spodumene, garnet, cleavelandite, columbite-tantalite, cassiterite,
bertrandite, microlite, zircon, rare phosphates

residual; muscovite-rare element and rare element, Li,
beryl, complex (elbaite, lepidolite, Li-phosphates,
spodumene), LCT

industrial minerals (perthitic K-feldspar, albite, muscovite), tourmalines (elbaite,
schorlite), beryl ore and gems, spodumene (kunzite), lepidolite, Li-phosphates, quarz  residual; muscovite-rare element and rare element; Li,

crystals, cleavelandite, columbite-tantalite, cassiterite, rare phosphates (arrojadite, beryl, complex (elbaite, Li-phosphates, lepidolite,
barbosalite, brasilianite, childrenite, correianevesite, eosphorite, roscherite, vivianite, spodumene), LCT
etc.)

residual; muscovite-rare element (and rare element?),

muscovite, beryi, chrysoberyl; alexandrite, sapphire beryl, LCT; and anatectic to hydrothermal processes

emerald, alexandrite, aquamarine, industrial beryl, mica, quartz quartz-feldspathichydrothemal deposits, and anatectic

pegmatites
kaolin, corundum (sapphire, ruby), beryl anatectic; abyssal, ceramic
quartz crystals, beryl (aquamarine), topaz residual; REE, beryl-topaz; NYF

beryl (aquamarine, helicdor), quartz (amethyst and others), topaz, chryscberyl, euclase,  residual, beryl-topaz, allanite-monazite, REE, NYF;
monazite, rare tourmaline; kaolin anatectic, ceramic

Geology

migmatitic biotite-homblende gneisses and sillimanite-
feldspar-micaschists; post-collisional

A-type G5 granite; post-collisional

A- and |-types G5 granites and charnockites; post-
collisional

S-type G4 leucogranites; low-P/high-T (andalusite,
cordierite, sillimanite) to medium-PT (garnet, staurdlite,
kyanite, sillimanite) mica schists to paragneisses,

'metasandstones, calc-silicate rocks, and meta-ultramafic

rocks; post-collisional

A- and |-types G5 granites and charnockites; post-
collisional

S-type G4 and G2 leucogranites; medium-PT (garnet,
staurolite, kyanite, sillimanite) mica schists to
paragneisses, metasandstones, calc-silicate rocks, and
meta-ultramafic rocks; mostly post-collisional, passibly also
late collisional (G2)

S-type G2 (and l-type G17) granites; medium-PT to
intermediate low-P (garnet, staurclite, cordierite, kyanite,
sillimanite), mica schists to paragneisses, metasandstones,
calc-silicate rocks, and meta-ultramafic racks; collisional
(and pre-collisional?)

S-type G4 leucogranites; mica schists, meta-ultramafic
rocks, and migmatites; post-collisional

ultramafic schists, banded iron formations, migmatites; late
collisional to post-collisional

migmatitic paragneisses; collisional
G5 intrusions; post-collisional

G5 intrusions, post-callisional; migmatitic paragneiss,
collisional

Age (Ma)
508

501
519

510-500

502

545,490

570-545

535-500

545-500

570
500

570,500
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SRP-bearing pegmatite fields in the EBPP. | / | S
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What do lithium-bearing brines and
pegmatites have to do with
subduction, magmatic arc, collision

and gravitational collapse?

https://www.geologyforinvestors.com/brine-lithium-deposits/

1000 g
Cemy et al.. 1991, modified by London, 2008 ..'
kyanite
600 -
©
o
s spodumene
m‘ . .
400 - sillimanite
Alm + Als
s s = =
‘@ o = Skn
200 -
[ andalusite
0 T T -
300 500 700 900

] N
Tl C ©2008 Mineralogical Association of Canada

A) PRE-COLLISION TO SYN-COLLISION TRANSITION Forearcregion  Rio Doce  Back-ac region

Libearing ATC

Salinas

SLAB WINDOW
(subducted ridge)
THERMAL ANOMALY
B) COLLISIONAL STAGE
G2 tw le ites: LCT it To.congo
To S&o Francisco o-iTNca etcograngas: L1 pegmanies: craton
B ——

craton

J Gravitational collapse ¢

C) POsT-COLLISIONAL STAGE

G4 granites: LCT pegmatites and SRP G5 granites: NYF pegmatites

- G5 supersuite: 520 - 480 Ma

- G4 supersuite: 535 - 500 Ma
[] &2 (585 - 540 Ma) and G3 (540 - 500 Ma) supersuites

Salinas Formation, and [ Arc-reated basins (Rio Doce Group, Nova Venécia Complex)

y wedge with |,
ophiolite slivers

Rio Doce

re
Bl o1 supersuite (630 - 585 Ma)

Tonian-Cryogenian percursor basin

[ vante I oceanic crust [ conti Group and

Lithium in
brines and
clay-rich
sediments:
Rio Doce Arc

Pegmatites:
AB, MS,
LCT: G2

Pegmatites:
LCT: G4

SRP: G4
NYF: G5
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Syn-kinematic andlor post-kinematic
metamorphic index-minerals and regimes,
related to the regional schistosity:

Andalusite, Cordierite, Sillimanite,

K-feldspar (+ melt)

LP/HT Low-pressure/high-temperature|

regional and contact (thermal)
metamorphisms

Garnet, Staurolite, Cordierite,

Andalusite, Sillimanite (+ melt)

IP/IT Intermediate-low pressure/

temperature regional (Buchan-type)

and contact metamorphisms

Garnet, Staurolite, Kyanite,
Sillimanite
MP/MT Medium pressureftemperature|

W«

1® Jenipapo
do Minas

regional (Barrovian-type) metamorphism|

R

g

0 5 10km
—

(G4 supersuite: mostly two-mica
granite, albite-muscovite grantte
and pegmatoid granite
Undiscriminated grandoids
(mostly G2, G3, and G5)

Salinas Formation: quartz-mica
schist, micaschist, metasandstone,

Macaibas Group: quartzite
metadiamictte, micaschist
Cmetiin) / Fraclure, spaced cleavage.
ol crenulation cleavage
Regional foliation (S1 schistosity;
Y localy S2 creniaton fliaton)
Structural trend of the regional
ductile foliation (S1 schistosity)
Undiscriminated faults, fractures,
and lineaments

‘ Natural and dammed lakes

( —_Drainage water flows

@  Cities and villages

cale-siicate rock, metacongiomerate}

1

Lithium-rich pegmatite fields:
C, Curralinho; CM, Coronel Murta,
It, Itinga; NT, Neves-Tesouras

v Active spodumene mines:
Cachoeira-CBL; Xuxa-Sigma

7 Main newly discovered SRP

deposits after drilling: Anitta 1,

Baixa Grande, Bandeira, Barreiro,|

Colina, Lavra do Meio, Maxixe,

Murial, Nezinho do Chicao,

Outro Lado, Tamboril

# SRP deposits and occurrences

% Complex, zoned, LCT pegmatites.
with and without spodumene

New discoveries of SRP (s.s.)

Aracuai Pegmatite District

Itinga and Curralinho pegmatite fields

G4 fertile granites

Low-P/high-T metamorphisms

Locally, SRP window (4-2.5 kbar at 550-450 °C)

SILERO
DE EXPLORAGAD MINERAL
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New discoveries of SRP (s.s.)

A

SE

3 aw
55

LT 700 NE

0 250 500 m

CBL

" BANDEIRA /

DEPOSIT \

Spodumene-rich pegmatite (SRP),
inferred if dashed.

SE

LT 450 NE

I:] Soil anomaly (> 152 ppm Li) ///

- Spodumene-rich pegmatite (SRP)

Source: https://www.lithiumionic.com/_resources/reports/30112023 PEA_ GE21_Final.pdf?v=052310

Bandeira Deposit

Lithium Ionic Corporation

1]

ok Xuxa Slgma
Exotic *g y

Cach CBL c A
Benito achogira- /

Bandema Mur
= -7 Barref 0 *4;

. LPIHT "
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Bandeira deposit host rocks:

A) Banded cordierite-mica schist (Crd, cordierite)

B) Calcsilicate rock o 3 Bandeira exposures in an old digging (“shaft”, A to D) and the first trench:
C) Dirill core showing both host rocks (Crd, cordierite; CR, calcsilicate rock) A and B) Spodumene (sp) pseudomorphs altered to clay minerals;

e R s ) £57%  C) and D) Li-mica in late metasomatic unit;

E and F) Concordant (to S1) contact of an SRP with unidirectional
solidification texture (UST) outlined by partially weathered spodumene (sp)
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Source: https://www.lithiumionic.com/_resources/reports/30112023 PEA_ GE21_Final.pdf?v=052310
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Typical unzoned SRP in the Bandeira Deposit (Lithium lonic)
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Source: https://www.lithiumionic.com/_resources/reports/30112023_PEA_GE21_Final.pdf?v=052310
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Calcsilicate rock with green amphibole (Amp), titanite (Ttn)
and opaque minerals (Opq: sulfide, magnetite)
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Laminated quartz-biotite schist with sulfide (Opq) along the
S, schistosity, and late biotite poikiloblasts (Bt)
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Matrix: albite (Ab) + K-feldspar (Kfs) + quartz (Qz) + muscovite (Ms) % petalite (Pet) + Fe-columbite (Opq)

Spodumene phenocrysts (Spd) with incipient only in a few mi filled by cookeite (Ckt).
e - e : - -

s i, g ~9

oA

Ab + Kfs + Qz 2 Ms 2 Pet

Spodumene phenocrysts (Spd) free of inclusions and alteration minerals, without intergrowth with petalite (Pet)

SRP matrix: albite (Ab) + K-feldspar + quartz (Qz) £ muscovite + petalite (Pet, intergrown with albite).
Spodumene phenocrysts (Spd) show local spodumene-quartz intergrowth (SQUI), and incipient alteration to
cookeite (Ckt).

o

i e PRGN
| AbKis+QEzMszPel .
eSS

Contact between the SRP and host schist. SRP chilled margin composed of albite and quartz (Ab + Qz). The
host schist is very rich in tourmaline (Tur), and biotite (Bt) and ite (Ms) close to the contact.




New discoveries of SRP (s.s.) Coli D it
olina beposi

Latin Resources - Salinas Project

Salinas

The Colina SRP swarm (in a photo from an acrylic mockup)

See details in: https://www.latinresources.com.au/salinas-lithium-project-brazil/
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Thanks! Obrigado!

pedrosasoares@gmail.com
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