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RESUMO

Lavra Velha esta localizada no Dominio Fisiografico da Chapada Diamantina e tornou-se
alvo de pesquisas cientificas motivadas pela descoberta de um depoésito mineral pertencente a classe
iron-oxide-copper-gold (IOCG), situado na cidade de Ibitiara, no estado da Bahia, Brasil. Antes da
presente dissertagdo, as pesquisas desenvolvidas na regido focaram, sobretudo, na caracterizacdo
petrografica e geoquimica das rochas encaixantes e hospedeiras do deposito cupro-aurifero. No
entanto, tornou-se conveniente entender a relacdo dos regolitos desenvolvidos sobre o deposito com
as zonas mineralizadas em niveis mais profundos. Nessa perspectiva, realizou-se a compartimentagao
geomorfopedologica da area do depdsito e suas cercanias, bem como a caracterizagdo espectro-mineral
dos regolitos desenvolvidos sobre os alvos prospectivos dos corpos mineralizados e, assim,
identificou-se os melhores indicadores no regolito de ocorréncia de minério em niveis mais profundos.
Em ampla escala, a regido ¢ constituida por cinco compartimentos geomorfopedoldgicos. Os
modelados de relevo plano a suave ondulado, bem como de geoformas onduladas e de cristas alinhadas
e escarpadas desenvolveram-se sobre as rochas do embasamento cristalino e as metassedimentares do
Supergrupo Espinhaco. Latossolos sdo sustentados por relevo plano a suave ondulado enquanto
Neossolos, Cambissolos e afloramentos rochosos ocorrem vinculados aos modelados ondulados e as
escarpas e cristas alinhadas. Luvissolos predominam sobre geoformas onduladas associadas,
sobretudo, a presenca de rochas maficas. As caracteristicas funcionais da paisagem configuram um
relevo semelhante ao modelo apalachiano, ¢ sugerem um rebaixamento de terreno via erosdao
geoquimica-mecanica por meio de um forte controle litoestrutural. Em escala de deposito, trés setores
de estudo baseados em distintos aspectos, tais como espessura do regolito e natureza da rocha fonte,
foram utilizados para realizacdo da caracterizacdo espectro-mineral e geoquimica dos perfis de
regolito. A mineralogia dominante, identificada a partir da espectroscopia de reflectancia com
aplicag@o na regido do visivel e infravermelho proximo (VNIR) e infravermelho de ondas curtas do
(SWIR), ¢ distinta nos setores previamente determinados. Elas sdo: 1) caulinita pouco cristalina,
predominante em regolitos rasos desenvolvidos sobre conglomerados; 2) muscovite cristalina,
predominante em regolitos rasos desenvolvidos sobre granitoides e; 3) fengita + nontronita + caulinita
bem ordenada, em regolitos profundos desenvolvidos sobre rochas graniticas interceptadas por rochas
maficas. Essa ultima associagdo mostrou-se um potencial indicador de teores elevados de ouro em
niveis profundos do deposito cupro-aurifero Lavra Velha.

Palavras chave: Geomorfopedologia; Regolito; Espectro-Mineralogia; Depdsito Lavra Velha



ABSTRACT

Lavra Velha is located in the Physiographic Domain of Chapada Diamantina and became
the target of scientific researches motivated by the discovery of a mineral deposit belonging to the
iron-oxide-copper-gold (I0OCG) class, located in the city of Ibitiara, in Bahia state, Brazil. Before the
present dissertation, the investigations developed in the region focused mainly on the petrographic and
geochemical characterization of the rocks that host the cupro-auriferous ore. However, turned out to
be convenient to understand the relationship between the regoliths developed on the deposit and the
mineralized zones at depth. In this respect, a survey of geological, geomorphological and pedological
data was carried out aiming at the geomorphopedological compartmentalization of the deposit area
and its surroundings. The spectro-mineral characterization of the regoliths developed on the
prospective targets of deeper mineralized bodies was also carried out to identify indicators in regolith
of ore occurrence at deeper levels. On a large scale, the Lavra Velha region consists of five main
geomorphological compartments. In this perspective, Oxisols occur on flat to gently undulating
landforms while Entisols, Inceptisols and rock outcrops appear in the aligned crests, cliffs and
undulating hills. Alfisols predominate in undulating hills associated with mafic rocks. Features of the
landscape show landforms resembling the Appalachian geomorphological model and suggest landform
evolution by geochemical and mechanical erosion under a strong litho-structural control. On a deposit
scale, three sectors of study based on different aspects, such as the thickness of the regolith and the
nature of its substrate, were used to carry out the spectral-mineral and geochemical characterization of
the regolith profiles. The dominant mineralogy, identified from reflectance spectroscopy using the
visible and near infrared (VNIR), as well as shortwave infrared (SWIR) region, is distinct in the sectors
previously mentioned. The dominant mineral or mineral association are: (1) poorly crystalline kaolinite
in shallow regolith profiles developed right on metaconglomerate, (2) well-crystalline muscovite in
shallow regolith profiles overlying granitic rocks, and (3) phengite + nontronite + well-crystalline or
well-ordered kaolinite in deeper regolith profiles overlying granitic rocks intruded by several mafic
rocks. The phengite + nontronite + well-ordered kaolinite association is a potential footprint in regolith
for zones of higher grades of gold at depth in the Lavra Velha deposit.

Keywords: Geomorphopedology; Regolith; Spectro-Mineralogy; Lavra Velha Deposit
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1 ASPECTOS INTRODUTORIOS

1.1 APRESENTACAO

A érea de Lavra Velha, que inclui o depdsito de ouro homonimo, ambos objetos
deste estudo, faz parte do contexto geoldgico do Bloco Paramirim e do Dominio Fisiografico
da Chapada Diamantina Ocidental, na por¢do norte do Craton Sao Francisco. Essa area tem
sido alvo de pesquisas importantes nos ultimos anos (Campos, 2013; Carlin, 2018; Medina,
2020), sobretudo, em virtude da descoberta de rochas mineralizadas, cujo direito de pesquisa

e exploragdo pertencem atualmente a empresa canadense Yamana Gold.

O deposito esta posicionado no extremo norte do Granitoide Ibitiara que aflora em
uma extensa janela estrutural que constitui uma anticlinal também denominada Ibitiara.
Campos (2013) enquadrou-o em um modelo IOCG (Iron-Oxide-Copper-Gold Ore Deposits)
e sugeriu sua origem a partir da fusdo de um manto litosférico subcontinental,

metassomatizado em ambiente de arco magmatico.

As rochas hospedeiras s3o constituidas por distintas associacdes minerais com
estruturas brechodide, as quais conduziram Campos (2013) a dividi-las nas brechas
hidrotermais, a saber: (i) brecha calcio-silicatica constituida por calcita-magnetita-calcopirita-
(xepidoto-clorita); (i1) brecha sulfetada composta por calcopirita-piritamagnetita-hematita-
(xturmalina-clorita); (i11) brecha hematitica formada pela associagdo hematita-magnetita-
turmalina-(£sericita); e (iv) brecha sericitica constituida por sericita-hematita-turmalina-
(+martita). De modo geral, essas rochas encontram-se fortemente alteradas e interceptadas por
um sistema de veios e vénulas constituidos pela associacdo hidrotermal - hematita, turmalina,
muscovita, quartzo e clorita. Além disso, pesquisas conduzidas por Medina (2020) mostram
que, no deposito Lavra Velha, os niveis cupriferos ocorrem associados a, pelo menos, duas
diferentes associagoes minerais, as quais sdo

(ouro=tpiritattennantiterbismuthinitermagnetite) e (ouro+hematita).

Embora se tratando de uma regido com evidente potencial metalogenético, a
pesquisa e exploracdo mineral, na drea em apreco, dificulta-se em virtude das coberturas
regoliticas sobrepostas aos afloramentos e, consequentemente, as rochas mineralizadas. Essa
problematica — corpos mineralizados capeados por pacotes de regolito de espessuras variadas
- ocorre em varios depositos a nivel global. Dessa forma, pesquisadores vém desenvolvendo
estudos orientados ao aprimoramento de técnicas para o diagnodstico de footprints contidos no

proprio regolito e, assim, utilizd-los como ferramenta auxiliar na identificagdo de rochas
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mineralizadas em niveis mais profundos (Laukamp et al. 2016; Lampinen et al., 2019). O
sucesso nos resultados desses modelos de investigagdo pode contribuir significativamente para

a prospeccao de depositos minerais ndo aflorantes.

Antes da presente dissertagdo, grande parte dos trabalhos com vistas ao estudo e
compreensdo da area de Lavra Velha visava apenas a caracterizagdo petrografica e geoquimica
das rochas da regido. Desse modo, ndo havia uma discussao e integragao dos aspectos do meio
fisico (relevo-rocha), bem como do regolito desenvolvido sobre o prospecto aurifero em
apreco, apontando seu respectivo papel como um indicador de alvos para investigacao

detalhada e sua relagdo com niveis mineralizados mais profundos.

Neste contexto, a meta central desta dissertagdo ¢ investigar a relacdo entre o
regolito desenvolvido sobre o depdsito de ouro Lavra Velha e areas mineralizadas em niveis
mais profundos. Estendendo-se a meta central, pretende-se apontar fatores relevantes para a
formacao e espacializagdo de regolito na regido de Lavra Velha a partir da compartimentag¢ao
geomorfopedoldgica em um pequeno quadrante, cuja por¢do central compreende os alvos
auriferos e suas cercanias. Para alcancar o proposito mencionado, foram obtidos dados
geomorfologicos, pedoldgicos, espectrais € geoquimicos a partir de procedimentos técnicos e

operacionais de campo e escritorio.

A apresentacao deste documento foi arquitetada segundo o modelo de dissertacao
integrada de artigos e, assim, contempla 3 capitulos. O corpo central estd composto pelos
capitulos 2 e 3, referentes a dois artigos cientificos, os quais sdo precedidos por textos
integrantes que correspondem ao capitulo 1 - capitulo introdutério, com objetivo da pesquisa

e a sintese dos materiais e métodos. Os artigos serdao apresentados na ordem a seguir:

Capitulo 2: Artigo 1 - Rock-Landform-Soil Relationship for Geomorphopedological
Characterization in the Region of the Lavra Velha, Occidental Chapada Diamantina,
Bahia, Brazil:

Esse manuscrito, publicado na Revista Brasileira de Geomorfologia,
(Qualis/CAPES Al, 2019; DOI: http://dx.doi.org/10.20502/rbg.v21i2.1751), apresenta dados
sobre o contexto geoldgico, geomorfoldgico e pedologico da regido de Lavra Velha, que
associados a influéncia estrutural, permitiram entender a configuracdo do relevo e sua
influéncia nos processos pedogenéticos, contribuindo, ainda, para o entendimento da
distribuicao de ordens de solo. Para tanto, foram sobrepostas informagdes obtidas em fontes

diversas da literatura (artigos, teses, dissertacdes e relatorios), bem como em expedigdes de
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campo realizadas ao longo da area em apreco. Os resultados obtidos permitiram definir as
principais unidades geomorfopedoldgicas de um pequeno quadrante representativo da regido
de Lavra Velha visando, assim, a orientacdo para levantamentos e pesquisa em escala de

detalhe.

Capitulo 3: Artigo 2 - Spectral-Mineral Characterization Of The Regolith Developed In
The Lavra Velha Prospect And Its Significance For Mineral Exploration, Chapada

Diamantina, Brazil

Esse manuscrito informa e discute os principais componentes mineraldgicos dos
regolitos desenvolvidos sobre os alvos de investigacdo na area do depdsito Lavra Velha em
diferentes cendrios geomorfopedologicos. As assembléias minerais foram identificadas a
partir do uso da espectroscopia de reflectincia, utilizando-se a regido do infravermelho de
ondas curtas (SWIR) do espectro eletromagnético como ferramenta principal. Além disso,
utilizaram-se dados prévios de geoquimica total resultantes de andlises realizadas no
laboratério ALS Chemex, no Peru, para compreensdo das principais associagdes geoquimicas
ao longo dos perfis. Os resultados obtidos levaram ao entendimento da distribui¢do mineral
e associacdes geoquimicas afins ao longo dos horizontes dos regolitos distribuidos sobre o
deposito. Desse modo, definiram-se as principais caracteristicas espectro-mineraldgicas e
geoquimicas, em niveis superficiais, que indicam a ocorréncia de zonas mineralizadas em

niveis mais profundos.

1.2 LOCALIZACAO E ACESSO A AREA DE ESTUDO

A regido de Lavra Velha e o prospecto de ouro homonimo estdo localizados na
cidade de Ibitiara, centro-oeste do estado da Bahia, Brasil. Partindo de Salvador, capital do
estado, o acesso pode ser feito via terrestre até o municipio de Seabra, seguindo, entdo, em
direcdo a cidade de Ibitiara. O trajeto ¢ realizado pelas vias pavimentadas BR- 324, BR-116 ¢
BR-242. A partir de Ibitiara, o acesso ao prospecto, localizado ao norte da cidade, ¢ feito pela
via pavimentada BA-152 que estd conectada a uma rede de estradas e caminhos ndo

pavimentados.

1.3 CONTEXTO GEOLOGICO

Lavra Velha esta posicionada no dominio Fisiografico da Chapada Diamantina, a
norte do Craton Sdao Francisco, no dominio morfotectonico do Aulacéogeno ou Corredor

Paramirim (Cruz e Alkimin 2006; Carlin 2018). Esse dominio representa uma estrutura de
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direcdo NNW, desenvolvida a partir de rifts paleo—neoproterozoicos, superpostos e
parcialmente invertidos (Pedrosa-Soares et al. 2001). O desenvolvimento da estrutura esta
vinculado ao imbricamento de cunhas do embasamento sob as rochas supracrustais ao longo
do eixo do rift, alcancando, ainda, rochas do Supergrupo Espinhago ¢ do Supergrupo Sao

Francisco (Alkmim et al. 1993).

Em escala regional, a geologia da regido de Lavra Velha ¢ representada por
sequéncia de rochas arqueanas, assim como associagdes plutono-vulcanossedimentares de
idade paleo a mesoproterozoica e intrusdes de rochas maficas. As unidades sdo representadas
da seguinte maneira: i) Complexo Paramirim, constituido por ortognaisses granodioriticos e
migmatiticos com tonalitos, granodioritos, monzogranitos, sienogranitos e sienitos
subordinados; ii) Granito Ibitiara, unidade representada por dioritos, tonalitos e granitos
calcio-alcalinos, sddicos e peraluminosos, datado, pelo método UPb em zircdes, por Teixeira
(2005), em 2091+6,6 Ma (Guimaraes et al., 2005); iii) Granito Matinos, representado por
granodioritos e granitos, predominantemente monzogranitos, porfiriticos, foliados a
gndissicos, com termos tonaliticos subordinados (Guimaraes et al., 2005); iv) Formacao Serra
da Gameleira, composta por quartzo metarenito bimodal, metagrauvaca e metarcoseos,
associados a metaconglomerado polimitico, metaconglomerado oligomitico, metarenitos e
metabrechas; v) Formagdo Novo Horizonte, formada por dacitos, riolitos, quartzo porfiro e
feno andesitos (Guimardes et al., 2005); vi) Formagdo Ouricuri do Ouro, composta por
metaconglomerados, metarenitos liticos e conglomeraticos, metarcoeos € metagrauvacas que
sobrepostas em contato abrupto e erosivo sobre as rochas vulcanicas da Formagdao Novo
Horizonte; vii) Formagao Lagoa de Dentro, com os sedimentos ritmicos e lacustres, composta
por metassiltitos e metargilitos com restritas lentes de sedimentos psamiticos (Guimaraes et
al, 2005); e viii) rochas maficas, gabroicas, que segundo Guimaraes et al. (2005), ocorrem
intrudidas no conjunto metavulcanossedimentar do Supergrupo Espinhago na forma de diques

e sills com orientagdo preferencial N-S e NW-SE.

1.4 OBJETIVOS

A meta desta dissertacdo consiste em estabelecer a relagdo do regolito
desenvolvido sobre o depdsito Lavra Velha com zonas mineralizadas em niveis mais
profundos. Estendendo-se a meta central, pretende-se apontar importantes fatores para a

formacao e distribui¢cdo do regolito na area do depdsito e suas cercanias.
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Para que a meta central fosse atingida, tragaram-se os seguintes objetivos

especificos:

1) Estabelecer as principais unidades geomorfopedologicas da regido de Lavra

Velha;

i1) Definir mudangas mineraldgicas de regolito desenvolvido sobre o depdsito

cupro-aurifero de Lavra Velha;

1i1) Diagnosticar variagdes geoquimicas no regolito do deposito Lavra Velha e

associa-las ao contexto geoldgico da area de estudo e;

iv) Avaliar o uso da espectrometria de reflectincia como ferramenta para analise

dos componentes de regolito em areas mineralizadas.

1.5 MATERIAIS E METODOS

A fim de se alcancar os objetivos tragados, utilizou-se diversas técnicas de

investigacdo referentes ao tema e compativeis com a proposta abordada.

1.5.1 Materiais

I) Mapas de geologia, geomorfologia e pedologia inéditos e compilados de
projetos anteriores, tais quais trabalhos de conclusdo de curso, dissertacdes, artigos e reports
tanto sobre a base cartografica quanto sobre a evolucdo geoldgica/metalogenética da area e

deposito em apreco;

I) 17 Furos de sondagem, fornecidos pela empresa Yamana Gold, contendo

amostras do regolito presente sobre os corpos mineralizados e suas cercanias;

IIT) Dados de geoquimica de rocha total e regolito, fornecidos pela empresa

Yamana Gold;

V) Espectrorradiometro ASD TerraSpec®-4 Hi-Resolution (Empresa Yamana
Gold);

VII) Software especifico: i) para andlise de dados de espectroscopia de
reflectancia: TSG-8™ e ii) para elaboragio dos produtos cartograficos: ArcMap™,
disponiveis no Laboratério de Processamento de Informacdes Georreferenciadas (LAPIG) da

Unicamp.
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1.5.2 Métodos

1.5.2.1 Pesquisa Bibliografica
A pesquisa bibliografica consistiu, em primeiro plano, no levantamento de dados

referentes aos aspectos geoldgicos, geomorfologicos, pedologicos e metalogenéticos da regiao
de Lavra Velha. A partir disso, realizou-se um novo levantamento bibliografico dividido em
duas vertentes (I e I) distintas, mas complementares para a elaborag¢ao do produto final. Segue
uma breve explanacdo dos levantamentos bibliograficos e respectivas vertentes de

conhecimento.

1.5.2.1.1 Levantamento Bibliografico (estudo geomorfopedologico)
Esse levantamento referiu-se a busca de informacgdes sobre associa¢do rocha-

relevo-solo e, assim, compartimentacdo geomorfopedologica. Esse conhecimento fez-se
necessario para melhor compreender os fatores que influenciam no desenvolvimento e
distribuicdo de regolito ao longo da paisagem de modo geral. Desse modo, utilizaram-se
conceitos abordados nos trabalhos conduzidos por, entre outros autores, Tricart e Killian
(1979), Castro e Salomao (2000), Lacerda et al. (2008) e Villela et al. (2013, 2015), ainda que

ndo tenham sido seguidos todos os passos roteirizados por esses autores.

1.5.2.1.2 Levantamento Bibliografico (estudo espectro-mineralogico)
Essa bibliografia consistiu, principalmente, na 6tica da caracterizac¢do de regolitos

sobrejacentes a depdsitos minerais por meio da aplicacdo das técnicas espectrais. Contou-se

com artigos que versam sobre o assunto em diferentes regides do mundo.

1.4.2.2 Procedimento de Campo e Escritorio
Realizou-se uma campanha de campo, em setembro de 2018, durante 15 dias,

visando o levantamento in situ de dados de geologia, geomorfologia e pedologia, a fim de se
complementar, corroborar e aprimorar o levantamento de dados previamente disponiveis nos
trabalhos conduzidos por Ribeiro (1974), Guimaraes et al. (2005), Campos (2013) e Carlin

(2018), assim como de relatorios internos disponibilizados pela empresa Yamana Gold.

O levantamento geoldgico consistiu no reconhecimento, descricdo e coleta de
rochas e estruturas ao longo de um quadrante de 150 Km? contendo o prospecto Lavra Velha

em sua porcao central.

O levantamento geomorfologico levou em conta a observagdo e registro dos

elementos da paisagem, bem como as técnicas utilizadas por Nascimento et al. (2018). Assim,
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o conjunto cartografico de escritério (hipsometria, declividade e forma de vertentes) foi

sobreposto para elaboragdo do produto final, o mapa geomorfologico.

O levantamento e caracterizacao de solos foram realizados por meio da descrigao
em campo e, assim, permitiu a analise de aspectos morfologicos para a classificacao de ordens

até o segundo nivel.

1.4.2.3 Aquisi¢ao e Processamento de Dados Espectrais
Os 17 furos de sondagem utilizados na elaborag@o deste trabalho foram escolhidos

de modo a formarem trés sec¢des (ENE-WSW) que compreendessem tanto zonas
mineralizadas quanto ndo mineralizadas do depdsito de ouro Lavra Velha. A amostragem
consistiu na aquisi¢ao sistematica de medidas espectrais em intervalos de 25 cm de cada furo.

Cada medida salva representa em média 70 medigdes da mesma area de aquisicao.

O espectrorradiometro utilizado, ASD TerraSpec®-4 Hi-Resolution, coletou dados

na faixa de comprimento de onda de 350-2500 nm, com uma resolugdo espectral de 6 nm e

intervalo de amostragem de 1 nm na regido do comprimento de onda SWIR. Essas medigdes

foram realizadas utilizando a sonda de contato acoplada ao equipamento que contém uma

lampada de halogénio como fonte de luz fornecendo, assim, a ilumina¢do adequada aos

procedimentos. Adicionalmente, os espectros adquiridos foram convertidos de radiancia para
M

reflectancia utilizando o sinal do Spectralom™, via uma calibragdo deste instrumento,

realizada a cada 15 minutos no processo de aquisi¢cdo espectral.

Apds a aquisi¢do das assinaturas espectrais, os dados foram processados,
analisados e interpretados a fim de se extrair informacdes mineraldgicas essenciais, sobretudo,
abundancia, cristalinidade e composicao quimica. Essa identificac¢do e extracao de respectivos
dados semiquantitativos foram feitas com base nas caracteristicas de geometria e absor¢do
diagnostica de cada espectro, incluindo, assim, a posi¢ao do comprimento de onda, a largura
e a profundidade das feigdes. Para tanto, utilizou-se o software The Spectral Geologist (TSG-
8™) e contou-se com as bibliotecas espectrais de referéncia da USGS (Kokaly et al., 2017) e
dos guias GMEX (Pontual et al., 2008a, 2008b). Adicionalmente, utilizaram-se as concepgdes
apresentadas nos trabalhos conduzidos por Cudahy et al. (2008), Haest et al. (2012) e Prado

et al. (2015) para elaboragdo dos parametros espectrais e interpretagao.

1.4.2.4 Geoquimica
As amostras para andlise geoquimica foram obtidas em intervalos maximos de um

metro nos 17 furos de sondagem e, entdo, analisadas por ICP-MS para leitura dos seguintes
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elementos: Al, Ca, Fe, Mg, Na, P, K, S, Ti (em %), As, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cu, Ga,
La, Li, Mn, Mo, Ni, Pb, Sb, Sc, Se, Sn, Sr, Th, T1, U, V, W, Y, Zn e Zr (em ppm) e Au (em g/t).
O procedimento técnico contou com abertura acida em 4 acidos ou em agua régia 1:3 (HNO3

e HCI) e foi operado no laboratério ALS Chemex, Peru.
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CHAPADA DIAMANTINA, BAHIA

Josué Souza Passos!, Diego Fernando Ducart!, Carlos Martin Medina!, Alfredo Borges de Campos!

nstitute of Geosciences, University of Campinas (UNICAMP)

ABSTRACT

The Lavra Velha region is situated on the western edge of the Chapada Diamantina
and comprised of a crystalline basement and a metasedimentary cover that corresponds to the
Ibitiara Granitoid and the Espinhago Supergroup, respectively. The Chapada Diamantina is
internationally recognized for mineral production and tourism, and because of that it has
become a constant target for novel research that aims at characterizing its main geological and
physiographic aspects. The present work aims at pointing out geomorphopedological
associations of the Lavra Velha region by analyzing the interdependence between rock,
landform and soil. To this end, geology, geomorphology and pedology data were obtained
from literature, remote sensing data and field expeditions. In the studied area, we recognized
metasedimentary and crystalline rocks, on which flat to gently undulating landforms beside
crests and cliffs developed. Oxisols occur on flat to gently undulating landforms while
Entisols, Inceptisols and rock outcrops appear in the aligned crests, cliffs and undulating hills.
Alfisols predominate in undulating hills associated with mafic rocks. Features of the landscape
show landforms resembling the Appalachian geomorphological model as first described by
William Morris Davis, and they suggest landform evolution by geochemical and mechanical
erosion under a strong litho-structural control. The geomorphopedological associations
allowed the understanding of the relationship between the major elements of the physical
environment from Lavra Velha region and, consequently, a predictive model of the rock-
landform-soil distribution that can be useful for geomorphopedological mapping of the
western edge of the Chapada Diamantina.

Keywords: Rock-Landform-Soil Relationship, Lavra Velha Region, Occidental Chapada

Diamantina.
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1 INTRODUCTION

The analysis of the rock-landform-soil association is essential for the study of
landscape evolution. According to Torrado et al. (2005), the pedogenetic processes are
controlled by the dynamics of several factors, among which stand out are climate,
geomorphology, and geology. The climate influences soil development, both through the
availability of water that acts as a weathering agent and a chemical leaching of minerals, as
well as by temperature which works as a catalyst for chemical reactions leading to degradation
of rocks. The landform directly influences the pedogenetic evolution, since it controls the
amount of water infiltrated through the terrain, and consequently, the speed of the chemical
reactions that promote rock weathering (CURI & FRANZMEIER, 1984). Typically, soils that
come from quartz-rich rocks tend to present medium to coarse texture and acidic pH
(MEDEIROS et al., 2013). In contrast, soils resulting from the decomposition of
basic/ultrabasic rocks tend to be clayey and alkaline (TORRADO et al., 2006).

Research focused on the understanding of the rock-landform-soil relationship and
its influence on several types of natural phenomena have been developed throughout the world
since the 1960s (e.g. TROEH, 1964; LEPSCH et al., 1977; TRICART & KILLIAN, 1979;
THOMAS et al., 1999; CASTRO & SALOMAO, 2000; LACERDA et al., 2008). However,
surveys involving these three landscape components simultaneously in association with litho-
structural variables are still limited. Despite this, the geomorphopedological characterization,
in which there is a soil-landform-rock analysis associated with litho-structural elements, has
been approached as an important mechanism to understand the landscape evolution and soil

distribution, as shown in the works conducted by Villela ef al. (2013) and Villela et al. (2015).

In the Brazilian regions where research is focused on the integrated analysis of
landscape components, generally, present economic, touristic, socio-environmental and
scientific value; thus, the efforts to develop research centered on geological, geomorphological
and pedological characterization are strategic. Thereby, the Physiographic Domain of the
Chapada Diamantina, historically recognized as a significant producer of gold and national
tourism heritage, has become the target of several studies aimed at characterizing its main
physiographic aspects (BATTILLANE et al., 1996; NOBREGA et al., 2006; SEVERO &
MELO, 2018). However, few works directly approach the geomorphopedological relationship
in that region, which would be a useful study for producing models capable of understanding

soil distribution according to its geological, geomorphological and structural settings.
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Furthermore, the outcomes could be used for socio-environmental, socio-economic and land-
use planning.

Therefore, this study is focused mainly on the recognizing of rock-landform-soil
association and its correlation with litho-structural factors for the geomorphopedological
characterization of the Lavra Velha region, which is a target of increasing mineral prospecting,
mostly of gold-copper bearing rocks (e.g Lavra Velha Deposit, Campos 2013; Carlin et al.
2018) and tourism activities as well. The region is located on the occidental portion of the
Chapada Diamantina in Brazil, and the result is a precursor model archetype for integrated

modeling of the geomorphopedological setting in this physiographic domain.

2 STUDY AREA

The study area is situated north of Ibitiara, in the midwest of the state of Bahia,
Brazil (Figure 1). It corresponds to a quadrant of 150 km?, between latitudes 12° 29¢ 20 and
12°37°05” S, and 42° 18’ 59” and longitudes 42° 10’ 22 W. Starting from Salvador, the state
capital, access to the area can be achieved by land via highways BR- 324, BR-116 and BR-
242. The landform of the region is represented by the Sertanejo Pediplain made up of
elongated, parallel ridges running in a north-south direction, belonging to the Espinhago
Supergroup of Pre-Cambrian age (RIBEIRO, 1974). The predominant vegetation is the open
arboreal caatinga, without palms. The climate is semi-arid, hot and dry, corresponding to the
BSh climate in the Koppen (1936) classification. The annual average temperature is 26.5 °C
and the average annual rainfall is only 746 mm, with higher rainfall volumes from October to

April.
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Figure 1: Map indicating the study area location. (A) Location of Bahia state in Brazil; (B)
Main cities located around the city of Ibitiara where the study area is (box outlines area shown
in B and C). C) Focus on the study area (the green background is part of the city of Ibitiara).

3 MATERIALS AND METHODS

Aiming at delineating the geomorphopedological units, we gathered information
such as geology, geomorphology, pedology, drainage, hypsometry, slope, and topography
from the specialized literature, along with office and field data. Studies conducted by Tricart
& Killian (1979), Castro & Salomao (2000), Lacerda et al. (2008), and Villela et al. (2013,
2015) were considered in order to approach the morphopedological setting and, consequently,
to make the final geomorphopedological map. Steps and different sources of data will be
presented as follows.

Geological data was obtained from the research developed by the Geological
Survey of Brazil for the Ibitiara-Rio das Contas Project (2005), as well as the geological
mapping conducted by Campos (2013) and Carlin et al. (2018). In addition, a field expedition

was undertaken to describe outcrops and collect rock samples from the region.
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The techniques used by Nascimento et al. (2018) were followed for the
geomorphological mapping due to the satisfactory outcome achieved by their approach in an
area with a similar geomorphological setting of the study site. The cartographic base included
topographic maps from the SEI on the scale of 1:100,000, and Digital Elevation Models
(DEM) from the PALSAR sensor aboard the ALOS satellite, with the spatial resolution of 12.5
meters. This data was adjusted to assist in the elaboration of hypsometry, slope declivity, slope
aspect, geology, pedology and geomorphology maps. These maps were overlapped and used
for understanding rock-landform-soil relationships. The digitization and elaboration of the
cartographic base, as well as the models presented in this work, were done in the
Georeferenced Information Processing Laboratory (LAPIG) of the University of Campinas
(IG/'UNICAMP).

The survey, characterization, and spatialization of soils relied on the research
developed by Ribeiro (1974) in the city of Ibitiara, as well as data from the Brazilian
Agricultural Research Corporation (EMBRAPA, 2001), and the Bahia Environment and Water
Resources Institute (INEMA, 2014). Moreover, a field expedition was carried out to recognize
and describe morphological attributes of soil profiles. In the present study, laboratory analyses
were not performed to get physical and chemical attributes of the soil. In the field the soil was
classified up to the second level and additional attributes can be found in the sources
mentioned previously.

Geomorphopedological units were determined based on the maps previously
mentioned, mainly on the geological, geomorphological and pedological maps, which were
integrated by overlaying their records. Therefore, the units were differed from each other

through the rock-landscape-soil combination.

4 RESULTS

4.1 GEOLOGY

The study area consists of rocks corresponding to Granitoid Ibitiara, Espinhago

Supergroup and intrusive mafic rocks as shown in the geological map (Figure 2).



795000

800000

4

805000

31

MESOPROTEROZOIC
Calymmian (1,6 - 1,4 Ga)

B Mafic Intrusion

PALEOPROTEROZOIC
Statherian (1,8 - 1,6 Ga
Espinhaco Supergroup
Paraguacu Group
[ Mangabeira Formation
Rio dos Remédios Group
B Ouricuri do Ouro Formation
[] Lagoa de Dentro Formation

PALEOPROTEROZOIC
Rhyacian (2,3-2,05 Ga)
[ Ibitiara Granitoid

GEOLOGIC SYMBOLS

- Foliation

=Vertical Mylonitic Foliation
_ Vertical Foliation

= Sinistral Strick-Slip Fault
—Fault or Fracture

aaaFault/Contractional Shear Zone

=< Sinistral Shear Zone
4p Pluging upright antiform
= Structural Lineaments

GEOLO

Elevation

... = Sinistral Strick-Slip Fault

CARTOGRAPHIC SYMBOLS

~_) Drainage
_ Paved Road
_____ Unpaved Road

wm Hawlet
1 2
BN  Km
Coordinate System UTM

Datum: WGS 1984
Zone 23S

GICAL CROSS-SECTION

.. &% Sinistral Shear Zone

11:60.000,
Vertical Scale

10 Km

Figure 2: Simplified geological map of the study area along with geological cross-section.
Map modified from Guimardes et al. (2005); Campos (2013),; and Carlin (2018).

The Ibitiara Granitoid includes rocks of 2.091 £+ 6.6 Ma, dated by U-Pb method in

zircons (Guimaraes et al., 2005), which were affected by epidotization, potassification,
sericitization and hematization (CAMPOS, 2013; CARLIN, 2018). It prevails in a structural

window, in the nucleus of an antiformal structure of direction NNW-SSE, surrounded by rocks

of the Espinhago Supergroup (CAMPOS, 2013).
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In the study area, the main rocky outcrops occur as blocks (Figure 3A), along
structural aligned hills, mainly in the northern end of the Ibitiara anticline. The granitoid is
fine to medium grained, hololeucocratic, and vary from granitic to granodioritic composition.
The most mineral constituents are quartz, altered plagioclase, altered K-feldspar (orthoclase),
as well as muscovite, tourmaline, chlorite, hematite, magnetite and epidote. In general, these
rocks are foliated, following the NN'W-SSE regional trend, with inflections to NNE-SSW and
high angle of dip.

The Espinhagco Supergroup encompasses rocks of the Rio dos Remédios Group,
represented by Lagoa de Dentro and Ouricuri do Ouro tectosequences and by metasedimentary
rocks of the Paraguagu Group. According to Guimaraes et al. (2005), the formations Lagoa de
Dentro and Ouricuri do Ouro correspond to tectosequences of metasediments with
interdigitated lateral contact. In the surveyed region, the best rocky expositions of the Lagoa
de Dentro/Ouricuri do Ouro tectosequences are located at the top of undulating hills, as well
as at the top of Mangabeira ridge and some roadcuts. Outcrops are mainly in blocks or
flagstone and comprise mostly metasandstones and polimitic metaconglomerate with rounded
pebbles and boulders related to basement rocks, as well as lithic metasandstones, metarkoses
and metagraywackes (Figura 3B).

The Paraguacu Group is represented by rocks of low metamorphism and
deformation degree from the Mangabeira Formation, composed of metasandstones, impure
metachert, and metasiltstone, and from the Araguai Formation, composed mainly of
metagraywacke (GUIMARAES et al., 2005). In the investigation area, those rocks are
exposed mainly in the top of hills and escarpments of the Boqueirdo de Fogo ridge. The
outcrops occur as both, blocks, and flagstones, and comprise mainly metasandstones (Figure
30).

Mafic rocks are intrusive into the rocks mentioned above, mostly in the form of
dykes and sills. In general, they consist of gray to green and isotropic gabbros with thick

plagioclase crystals (Figure 3D).
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Figure 3: Outcrop photographs of main lithologies distributed in the study area. (A) Ibitiara

Granitoid; (B) metaconglomerate of the Ouricuri do Ouro Formation, (C) Fractured

Metasandstone of the Paraguacu Group; (D) Blocks of isotropic metagabbro.

4.2 GEOMORPHOLOGY

In the study area, the elevation ranges from 850 meters to 1,150 meters. Most area
is represented by flat landform and gently undulating hills surrounded by elongated, narrow
and steep slope ridges. The drainage patterns consist mainly of trellis and rectangular, varying
according to the litho-structural control. The geomorphological compartmentalization of the

area encompasses three large units (Figure 4).
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Figure 4: Simplified geomorphological map showing the major geomorphic compartments in

the study area.

Unit I is comprised of parallel and aligned ridges and escarpments with steep
slopes (> 45%) and low drainage density (Figure SA). Unit II consists of undulating hills with
slope top-bottom roughness less steep than Unit [ (8%< slope < 45%). In general, the
geomorphic features show convex or rounded top hills and medium to high drainage density
(Figure 5B). Unit III encompasses a flat landform to gently undulating hills with
predominantly rounded tops and medium to high drainage density (Figure 5C). In this unit,
locally, rocky outcrops and relict features of rounded to flat hills top at higher altitudes arise

(Figure 5D).
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Aligned Crests and Cliffs -Poqueirﬁo do Fogo Ridge

Figure 5: Field photographs of the landforms within the study area. (A) Undulating hills and
flat to gently undulating terrain in front of aligned and parallel crests and cliffs of the
Boqueirdo do Fogo Ridge (Background), (B) Set of undulating hills, (C) Gently undulating
hills to flat topography; (D) Relict landform made of metasedimentary rock.

4.3 PEDOLOGY

Soils in the Lavra Velha region consist predominantly of Oxisols, Alfisols,

Entisols and Inceptisols as shown in the soil orders map (Figure 6).
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Figure 6: Soil orders map of the study area.

The Oxisols (Figure 7A, B, C) are deeper than 200 cm and shows little

differentiation into horizons. They occupy 50% of the study area and consist generally of

moderate A horizon with yellow-brown colors, and porous B horizon with sandy clay to clayey

sand textures and colors ranging from yellow, red-yellow and red (variations 10R; 10YR;

7.5YR; 5YR and 2.5 YR in the Munsell color chart).

Concerning the Alfisols (Figure 7D), they are shallow and occupy only 1% of the

study area. In general, they present an A horizon often marked by a cover with rock fragments

of different sizes that characterize desert paving or surface stoniness. The B horizon is textural

type with reddish colors (SYR and 2.5 YR in the Munsell color chart). Also, cracks can be

observed in this horizon in function of the presence of 2:1 clay mineral.
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Entisols is dominantly litholic and occurs constantly associated with Inceptisols
and rock outcrops (Figure 7E and F). Because of this characteristic, we have chosen to group
spatially these two soil orders. The Entisols is shallow, with moderate A horizon developed
directly on C horizon. The texture is mainly sandy-loam and, occasionally, stony. It differs
from the Inceptisols because of the absence of B horizon. Thus, the set (entisols and

Inceptisols) occupies 49% of the study area, in which the main profile exposures occur in the

Boqueirao do Fogo, Mangabeira and Lavra Velha ridges.

.................
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Figure 7: Soil profiles of the study area. (A), (B) and (C) red, yellow and red yellow Oxisols
respectively, (D) Alfisol showing a surface stoniness, (E) and (F) Entisols formed on
metasandstones and granite respectively. Abbreviations are from the Brazilian Soil
Classification System: A= A Horizon, Bw=Weathered B horizon, Bt= Textural B horizon, C =
C Horizon/saprolite, R= Bedrock.
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4.4 GEOMORPHOPEDOLOGY

The geomorphopedological model established for the region of interest is
consequence of the integrated analysis of geological, geomorphological and pedological data
along with structural meanings obtained from laboratory and field works. Therefore, these
units are not only a function of combined and overlapped rock-landform-soil data
(morphopedological elements), but also of litho-structural factors in accordance with the work
conducted by Villela et al. (2015). From this analysis, five main geomorphopedological units
were defined (Figure 8).

Units I and II consist of Oxisols, which are associated mostly with gently
undulating hills and flat landform present in open valleys. Locally, undulating hills may occur.
While the Unit I is supported by crystalline rocks corresponding to the Ibitiara Granitoid, the
Unit II is composed of metasedimentary rocks of the Ouricuri do Ouro and Lagoa de Dentro
formations besides metasedimentary rocks of the Paraguagu Group.

Unit III is composed of Alfisols associated to undulating hills. It mainly occurs at
the bottom of slopes developed on the Ibitiara Granitoid and the Paragacu Group, in which
mafic intrusion occur. On this unit, there is often pebbles and boulders from gabbroic rocks in
different stages of decomposition.

Units IV and V correspond to Entisols and Inceptisols associated with rock
outcrops, which occur at parallel and aligned crests, and cliffs. The Unit IV is maintained by
crystalline rocks related to the Ibitiara Granitoid, whilst the Unit V is supported by
metasandstones and metaconglomerates of the Ouricuri do Ouro and Lagoa de Dentro

formations, as well as by metasandstones of the Paraguacu Group.
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5 DISCUSSION

5.1 ROCK-LANDFORM RELATIONSHIP AND PEDOGENETIC IMPLICATION

The Entisols and Inceptisols, developed on more pronounced landforms (slope>
45%), are located at the highest topographic levels (950m< altimetry> 1150m). Hence, the
topography seems to have strong influence in the pedogenetic evolution of those soil types at
Lavra Velha region by controlling weathering agents and development of weathered materials.
This is due to the fact that areas with steep slope influence water infiltration, thus the soils are
predisposed to less intense leaching and to become shallow. Therefore, by this mechanism,
those soil types were possibly developed toward the top of the Lavra Velha, Boqueirdo and
Mantiqueira ridges. This perspective is agreed with the work carried out by Benites et al.
(2007). These authors also reported Entisols and Inceptisols associated with rock outcrops
toward the top of the Espinhago mountain range, whose the development is a function mainly
of topography and lithology.

Regarding bedrock influences on Entisols and Inceptisols formation, the presence
of muscovite/sericite on soil profiles developed on granitoid, and quartz and clay minerals on
soil profiles developed on rocks from Espinhaco Group, along with rock fragments from the
lithology right under the soil profile, indicate incipient pedogenic processes which depend
largely on primary minerals composition and their transformation into secondary minerals.

The Alfisols are associated with undulated landforms (8% < slope < 45%) in the
sectors of altitudes which ranges from 900m to 1000m mostly. The occurrence of this soil
order and litholic Entisols are quite common in these landforms in the northeast of Brazil
(AGBENIN & TIESSEN, 1995). In the study area, the main occurrences of Alfisols are
associated with mafic rocks intruded into the Ibitiara Granitoid and metasandstones of
Paraguacu Group. The development of these soils seems to be influenced not only by the
strong rock-landform relationship, but also by the composition of the parent material. The
landform controls surface weathering agents while mafic rocks are the main sources of raw
material for soils’ development. The mineralogy of those rocks, composed by calcium feldspar
and ferromagnesian silicates, once transformed in secondary minerals generated soils with
S5YR and 2.5YR shades and high activity clay. This result is consistent with the work
conducted by Ribeiro (1974) in the Ibitiara city which describes similar soils developed on
mafic rocks.

The yellow, red-yellow, and red Oxisols are formed in the flat and gently

undulating landforms, at topographic levels that rarely exceed 950m and slopes often less than
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20% steep. These landforms favor the infiltration of water and make the action of weathering
agents more effective with more intense weathering down in the soil profile and close to
bedrocks, including the formation of deeper soil. The development of these soils occurs on
both metasedimentary and crystalline substrates. In the crystalline substrate, the Oxisols tend
to be predominantly red-yellow or red, perhaps, due to the abundant presence of hematite,
resulting from the hydrothermal alteration that affects the Granitoid Ibitiara, which were
reported by Campos (2013) and Carlin (2018). On the other hand, when these soils are
developed on rocks of the Espinhaco Supergroup, they are predominantly yellowish Oxisols,
indicating the presence of goethite and smaller proportions or absence of hematite. This
interpretation is based on Fontes (1991) and Resend (1976), who reported that goethite and
hematite are not only the main Fe forms present in Brazilian Oxisols, but also the reason for

their yellow and red colors.

5.2 STRUCTURAL SETTING OF LANDSCAPE AND SOIL DISTRIBUTION

The configuration of the landscape and the distribution of the soils of the Lavra
Velha region seem to be strongly conditioned by litho-structural factors. The drainage and the
landform patterns developed in old folded and exhumed geological setting, when associated
with local and regional sections, along with litho-structural components, reveal the controls
exerted by the compressive tectonic that affected the area. It was reported by Guimaraes et al.
(2005) and is in line with Campos (2013). The landscape shows a parallel and aligned ridge-
and-valley landform displayed as a well typical Appalachian-style folded relief as mentioned
in De Barros et al. (2019). Figure 9 (A, B and C) shows schematic and simplified block
diagrams, adapted from Suertegaray (2003), in which are illustrated a generic evolution of a
folded landform from the Appalachian landscape.

The geological setting, which the Lavra Velha region is included, was affected in
varying degrees by NNW-SSE-trending shear zones and by dissimilar folding developed
during the Brasiliano orogeny (GUIMARAES et al., 2005; CRUZ & ALCKMIN, 2006). As a
result, in the late proterozoic, the landscape was marked by a setting of anticline and syncline
folds. De Vries & Benthem (2013), and Cawood & Bond (2019) report that during
compressive structural events, the development of a serie of fracture families (longitudinal
and transverse joints) is common in the closeness of the anticline hinge. Hence, those joints
fractures would facilitate the ingress of weathering agents, such as water and plant roots and,
consequently, effect landform evolution, as stated in the works conducted by Graham et al.

(1994) and Oilier & Pain (1996). From this perspective, at the end of the Brasiliano orogeny,
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the Lavra Velha region would be affected by weathering more intensively near to the anticline
hinges because of the deformational structures that would increase the permo-porosity of the
rocks in these areas. The weathering and geochemical erosion could be also heightened due
to paleoclimate oscillation over geological time, which would contribute to the deeper soils
formation (Ribeiro, 1974), as well as the collapse of anticlinal hinge areas. In this respect, the
configuration of the Lavra Velha landscape region would be pronounced by ridges, represented
mostly by limb portions or, perhaps, synclines, and valleys, represented mainly by anticlines,
along NNW-SSE direction as indicators of the litho-structural control.

From the perspective of analyzing the landscape configuration, it becomes easier
to understand patterns of soil distribution in the Lavra Velha region. The more developed soils
are in the lower area of the terrain, which among others include the fold hinge zone of the
Ibitiara Granitoid anticline. These areas, as mentioned previously, were probably more
susceptible to the geochemical erosion that leaded to the collapse of the mineral structures
present in the original rocks and, as a result, the lowering of the land-surface together with the
development of deeper soils. This perception is in accordance with works conducted by Hill
(1995), Oilier & Pain, (1996), and Frazier & Graham (2000). Those previous studies showed
the differential weathering of fractured rocks, and, consequently, the influence of fractures on
pedogenic processes in addition to their role in the transformation of bedrocks into soils.

Relative to the less developed soils, these are distributed in areas with sharp
landform that reflect the structural crests aligned to the axis of the anticlinal fold, besides the
shear zones. Beyond that, these soils also occur at the top of residual geological bodies that
were shaped by old planation surfaces and thus recording differential erosion processes. These
landforms are often found in the Brazilian semi-arid, and they represent portions of the
substrate resistant to the processes of pediplanation and pedogenesis in the northeastern region

(DOS SANTOS et al., 2010).
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Longitudinal and Transverse Joints

Figure 9: Schematic block diagrams illustrating a general landscape setting evolved from
folded landform. The current landscape setting of the Lavra Velha region could be attributed
to the general stages of this geomorphological evolution model. (A) Folded landforms with
longitudinal and transversal joints associated to the anticline hinge. This area is most
favorable for weathering since it has its permo-porosity increased by the set of fractures, (B)
Lowering of the land-surface, mainly around the fold hinge. Rocky bodies may outcrop and
remain as relict landforms; (C) Ridge and valley topography formed as result of the dissected
landforms. Stages A, B and C are based on the Appalachian-style folded landform as described
by Suertegaray (2003).
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7 CONCLUSIONS

The rock-landform-soil relationship associated with litho-structural attributes
allowed the definition of the main geomorphopedological units in the Lavra Velha region. The
five mapped units are composed of Entisols, Inceptisols, Alfisols and Oxisols maintained by
landforms and rocks associated with the Ibitiara Granitoid, the Espinhago Supergroup and the
mafic intrusions.

The structural landscape framework resembles the Appalachian-style folded
landform as initially proposed by William Morris Davis and illustrated later by Suertegaray
(2003). Landscape setting control the development and distribution of soils, in which deep
soils (Oxisols) are associated with flat and gently undulating landforms, which denotes sectors
intensively affected by deformational structures. On the other hand, shallow soils (Entisols
and Inceptisols) are associated with higher altitude terrain that correspond mostly to parallel
and aligned ridges. The distribution of Alfisols is mainly associated with lithology. These soils
are developed from intrusive mafic rocks.

Other sectors in the western region of the Chapada Diamantina does not present
mapping of the rock-landform-soil association. Thereby, the geomorphopedological model
proposed in this work can be used for the prediction and individualization of similar units in
other portions of this physiographic domain, in order to assist in technical and scientific
studies. Higher altitude areas are favorable to the identification and mapping of lithologies
and deformational structures, while areas associated to the lower landforms present the best

exposures of soil profiles that could be useful to pedological and pedogeochemical surveys.
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ABSTRACT

Hydrothermal deposits are commonly characterized by mineral and geochemical
signatures that prolong beyond the orebody. These footprints are vastly used in exploration
programs but often obscured by regolith profiles developed on the surface. Visible near
infrared (VNIR) and shortwave infrared (SWIR) were used to perform spectral-mineral
characterization of the regolith developed on the Lavra Velha iron oxide-copper-gold deposit,
located in the Chapada Diamantina region, northeastern Brazil. The deposit contains gold
mineralized bodies developed at different depths and hosted by rocks that show sericitization,
iron oxide formation, saussuritization, and albitization. Three sectors of regolith profiles
representing different evolution scenarios over the deposit were selected for mineral and
geochemical characterization based on bedrock, geoforms and regolith thickness. The mineral
assemblages determined from regolith VNIR and SWIR data along with prior geochemical
information allowed to separate distinct mineral associations that dominate each sector. They
are (1) poorly crystalline kaolinite found in shallow regolith profiles developed on
metaconglomerates (sector 1), (2) phengite + nontronite + well-crystalline or well-ordered
kaolinite found in deeper regolith profiles that overly granitic rocks intruded by several mafic
rocks (sector II), and (3) well-crystalline muscovite found in shallow regolith profiles that
cover granitic rocks (sector I1I). The phengite + nontronite + well-ordered kaolinite association
is the potential footprint for zones of higher grades of gold found in the studied regoliths. The
combined use of spectral-mineral and geochemical data of weathered materials showed to be
a useful exploration technique to recognize regolith footprints potentially associated with

deeper mineralized zones in the study region.

Keywords: Lavra Velha, Spectral Analysis, Regolith Footprint, Mineral Exploration
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1 INTRODUCTION

Regolith has been a significant challenge for mineral prospecting and exploration
as it often hides several footprints associated with ore deposits, such as mineralogical and
geochemical signatures (Laukamp et al., 2016; Anand, 2016). Because of this, researchers and
prospectors have attempted to create and improve methodologies and techniques that allow to
recognize footprints in regolith profiles aiming at finding deeper mineral deposits (Laukamp

et al., 2016; Lampinen et al., 2017).

The Lavra Velha area is located in northeastern Brazil (Campos 2013; Carlin et
al., 2017) and is covered by regoliths with different depths. In this area, there is an iron-oxide-
copper-gold (IOCG) deposit also named Lavra Velha that is part of the Western Chapada
Diamantina Gold Province reported recently by Texeira et al. (2019). Most geological studies
carried out on that deposit were focused on petrography, geochemistry, and hydrothermal
alteration of bedrocks and host rocks (Campos 2013; Carlin et al., 2017; Medina, 2020).
However, outcrops and mineralized zones are often covered by regoliths, which potentially
can be used for prospecting ore deposits. Therefore, there is a need to investigate correlations
between regolith profiles and target-prospecting in order to better guide exploration programs
and to support professionals to focus their work on areas with higher probabilities of

successful exploration.

In general, X-ray diffraction (XRD), optical spectroscopy, electron microprobe,
and petrography are techniques applied to identify and describe regolith components however,
they are expensive and time-consuming. The use of reflectance spectroscopy (e.g. Laukamp
et al., 2016; Lampinen et al., 2017; Burley et al., 2017), integrated with fieldwork and
geochemistry, have become an advantage procedure to carry out similar work (Lampinen et
al., 2019). This is because this technique is inexpensive, non-destructive, and a fast tool to

characterize hydrothermal and weathered materials, thus improving mineral exploration.

Reflectance spectroscopy is based on absorption. While iron oxides (e.g.
hematite) produce typical absorption patterns in the visible near infrared (VNIR) spectral
region, hydroxyl-bearing minerals (e.g. kaolinite, mica, and smectite) have diagnostic
absorption patterns in the short-wave infrared (SWIR) (Meurier, 2005). The absorption
patterns of Fe oxides are mainly caused by electronic processes involving bonded Fe™, for
instance, to an octahedral site by oxygen ligands (hematite) or oxygen and hydroxyl ligands

(goethite), while in clay minerals they are results of a combination of AI-OH, Fe-OH and Mg-
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OH bending, and OH stretching vibrations (Clark et al., 1990). Based on absorption data and
patterns, mineralogical information such as relative abundance, composition, and crystallinity
of several minerals can be acquired (Clark et al., 1990; Van der Meer, 2004; Cudahy et al.,
2008; Haest et al., 2012; Prado et al., 2015).

The aim of this work was to characterize the regoliths developed over the Lavra
Velha deposit for improving mineral prospecting in this auriferous district. To achieve this we
look at trends in VNIR-SWIR absorption data as indicators of mineral occurrence in the
regoliths and relate the trends to corresponding geological and geochemical data collected
from drill cores samples of the targeting areas. The spectral-mineral data were also examined
to detect changes in mineral relative abundance, crystallinity, and composition throughout the

deposit.

2 GEOLOGICAL SETTING

2.1 Regional Geology

The geological framework outlined here relies on studies conducted by Almeida
et al., (1981), Guimaraes et al. (2005), Cruz and Alkmin (2006), Campos (2013), Carlin et al.
(2018), and Teixeira et al. (2019).

In a regional geological context, Lavra Velha is in the Paramirim Aulacogen, in
northern of the Sdo Francisco Craton (SFC), northeastern Brazil (Figure 1A). The SFC is
bounded by the Neoproterozoic Brasilia, Araguai, Rio Preto, Riacho do Pontal, and Sergipano
fold-thrust belts (Figure 1B), and it is broadly covered by Precambrian and Phanerozoic
successions, among which includes the Paramirim Aulacogen and the Sao Francisco Basin

(Cruz & Alkmim, 2006).

The Paramirim Aulacogen corresponds to a NNW direction structure, which
evolved from superposed and partially inverted paleo-Neoproterozoic rifts (Figure 1B). The
basement is inserted in the Gavido Block domain, which represents the segment of the oldest
rocks of the Sdo Francisco Craton (Cruz & Alkmim, 2006). The Paramirim Aulacogen
evolution started in the Paleoproterozoic with the formation of aborted intracratonic rifts,
along with N-S and NW-SE direction faults, on which the Espinhago Supergroup was
deposited (Schobbenhaus, 1996). During the Brasiliano orogeny, the collision between the

Amazon and Sao Francisco cratons, and the interaction of the Araguai Belt with the Paramirim
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Aulacogen resulted in its partial inversion because of the WSW-ENE shortening. Thus, the
distensional structures were progressively inverted towards the south of the Aulacogen (Cruz
& Alkmim, 2006). A zone of maximum inversion cut the aulacogen in the NNW-SSE
direction, and it corresponds to the Paramirim Corridor (Alkmim et al., 1993). The origin of
this Corridor is associated with the imbrication of basement rocks under the supracrustal rocks,
along the rift axis. This structure encompasses rocks of the Espinhago and Sao Francisco

supergroups (Alkmim et al., 1993).

2.2 Local Geology

The local geology of the study area and the cooper-auriferous deposit (Au>Cu) of
Lavra Velha, the main target of this work, comprise rocks of the Granitoid Ibitiara, the
Espinhaco Supergroup, besides intrusive mafic rocks (Figure 1C). The Ibitiara Granitoid
includes rocks of 2.091 + 6.6 Ma, dated by the U-Pb method in zircons (Guimaraes et al.,
2005), which were affected by epidotization, potassification, sericitization, and hematization
(Campos, 2013; Carlin, 2018). The main rock outcrops occur as blocks, along structurally
aligned hills, mainly in the northern end of the Ibitiara anticline. The granitoid is fine to
medium-grained, hololeucocratic, and varies from granitic to granodioritic composition
(Carlin, 2018). The mineralogy is made of quartz, altered plagioclase, altered K-feldspar

(orthoclase), as well as muscovite, tourmaline, chlorite, hematite, magnetite, and epidote.

The Espinhaco Supergroup encompasses the Rio dos Remédios Group,
represented by Lagoa de Dentro and Ouricuri do Ouro tecto-sequences, and the Paraguacu
Group. The Lagoa de Dentro and Ouricuri do Ouro formations (Guimaraes et al., 2005)
correspond to metasediments with interdigitated lateral contact. Outcrops are found mainly as
blocks or flagstone and comprise mostly metasandstones and polymictic metaconglomerates
with rounded pebbles and boulders related to basement rocks, as well as lithic metasandstones,
metarkoses, and metagreywacke. Souza (2017) reports that the Ouricuri do Ouro Formation
corresponds to alluvial fan systems made up of distinct facies associations involving proximal
deposits of non-cohesive debris-flow, proximal and intermediate sheet-floods, and distal sandy

flood plains.

The Paraguacu Group is represented in the study area by rocks of low
metamorphism and deformation degree from the Mangabeira Formation. It indicates the

expiry of the alluvial systems controlled by mechanical subsidence and the onset of a passive
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sedimentation stage in arid conditions (Guimardes et al., 2005), and comprises meta-

sandstone, impure metachert, and metasiltstone.

Mafic rocks are intrusive into the rocks mentioned above. In general, they consist
of gray to green and isotropic gabbros with thick plagioclase crystals. Teixeira (2005) reports
that these rocks belong to the tholeiitic magmas series, and Guimaraes et al. (2005) obtained
the age of 1.49 + 0.3 Ga by U-Pb method in zircons.

The structural design encompasses folds, sinistral strike-slip faults, narrow shear
zones, foliations and structural lineaments. The rocks follow a NNW-SSE orientation with
inflections to NNE-SSW, which are reflections of larger regional structures (Alkmim et al.,
1993), and correspond to the presence of the structural features found in the area. The Ibitiara
Granitoid prevails in the nucleus of an antiformal fold with NNW-SSE direction, surrounded
by rocks of the Espinhaco Supergroup, which is characterized by a foliation of the same

direction and dip of several angles to SW and NE.

Paramirim
Aulacogen

Study Area
Brasiliano Orogenic
Belts
OPhanerozoic Cover

] Meso/Neoproterozoic
—400Km _ Cover
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GEOLOGY GEOLOGIC SYMBOLS
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Figure 1. Simplified geologic framework of the Lavra Velha region. (A) Location of the Sao Francisco Craton
in Brazil. (B) Location of the Paramirim Corridor, where the study area is inserted (red star), in Sdo Francisco
Craton (Cruz and Alkmim, 2006). (C) General geology of the Lavra Velha area and location of the Lavra Velha
Deposit (Black Square). Geology Map modified from Guimardes et al. (2005), Campos (2013), Carlin (2018),

and Yamana Gold intern reports.
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3 LANDSCAPE FEATURES

Considerations about the landscape features of the Lavra Velha region have been
described regionally by Oliveira (1968), Guimaraes et al. (2005), and more locally by Ribeiro
(1974), and Passos et al. (2020).

Regionally, the landform is represented by the Sertanejo Pediplain and by
elongated and parallel ridges, with north-south direction, belonging mostly to the Espinhago
Supergroup Oliveira (1968). Locally, three large units have been defined for the
geomorphological compartmentalization (Passos et al., 2020) with elevation ranging from 850
meters to 1,150 meters. These are: (i) parallel and aligned ridges and escarpments with steep
slopes (> 45%) and low drainage density; (ii) undulating hills with slope top-bottom roughness
less steep (8% < slope < 45%); and (iii) flat landform to gently undulating hills with

predominantly rounded tops and medium to high drainage density.

The association of regional and local sections shows that the landform directly
reflects underlying structures and lithologies, thus revealing the controls exerted by the
compressive tectonic that affected the area as studied by Guimaraes et al. (2005). The
landscape exhibits a parallel and aligned ridge-and-valley landform displayed as a well typical
Appalachian-style folded relief (Passos et al., 2020).

Deep valleys were formed from the metasedimentary rocks of the Espinhaco
Supergroup and the Ibitiara Granitoid. These areas coincide mostly with hinge areas, including
the Ibitiara Granitoid hinge zone. The hinge areas were more susceptible to the geochemical
erosion that led to the collapse of the mineral structures present in the original rocks and, as a
result, the lowering of the land-surface (Passos et al., 2020). The Granitoid Ibitiara and
Espinhaco Supergroup are also exposed as steep-sided ridges that represent portions that

record differential erosion processes.

The climate of the Lavra Velha region is typically semi-arid, hot, and dry,
corresponding to the BSh climate in the Koppen (1936) classification. The annual average
temperature is 26.5 °C and the average annual rainfall is 746 mm, with higher rainfall volumes
from October to April. The predominant vegetation is the open arboreal caatinga, without

palms. Soil orders consist predominantly of Oxisols, Alfisols, Entisols, and Inceptisols

(Ribeiro, 1974; Passos et al., 2020).
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4 MATERIAL AND METHODS

4.1 Drill Holes and Fieldwork

A quantity of 170 meters of regolith from 17 vertical to inclined drill holes was
selected to represent the lateral and vertical stratigraphic, mineralogical, and geochemical
variations of the regolith developed on the prospect. The drill holes were distributed in three
sections with ENE-WSW direction of the Lavra Velha Prospect area. To better understand the
relationship among different regolith units and ore at depth, the drill holes were chosen from

both mineralized and unmineralized locations.

Additionally, those data were complemented and associated with geology,
geomorphology, and pedology information from the specialized literature and from a
fieldwork campaign previously performed at the Lavra Velha area to recognize and correlate
the landscape features of its surroundings. Detailed information can be found in the work

conducted by Passos et al, (2020).

4.2 Reflectance Spectroscopy and Mineralogy

A total of 680 reflectance spectra were measured on the regolith profiles from all
17 drill cores of the Lavra Velha targets. The measurements were carried out every 25
centimeters of the drill cores using an Analytical Spectral Device - Inc. TerraSpec™ 4 Hi-Res
spectroradiometer. The spectra were converted from radiation to reflectance using the

Spectralon™ signal, which was calibrated every 15 minutes during data collection.

The device enables the simultaneous collection of reflectance spectra in the visible
and near-infrared (VNIR; 350-1000 nm), and short-wave infrared (SWIR; 1000-2500 nm)
wavelength ranges. The two wavelength ranges, collected by the spectroradiometer, allow
rapid mapping of major regolith forming minerals, through the identification of specific
absorption patterns related to specific ions or molecular bonds. The VNIR can be used to
characterize, for example, iron oxides and REE, whereas the SWIR, the spectral region applied
in this study, enables the characterization of hydroxyl-bearing minerals including white micas,

kaolin and smectites.

The slope of the spectral curves from 600 to 740 nm was used to diagnosticate

iron hydroxides. The absorption feature around 860 nm allowed identifying hematite, whilst
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the absorption feature at 920 was used to recognize goethite, which has been done in previous

works (Hunt and Ashley, 1979; Townsend, 1987).

Spectral data were analyzed using the commercial software SCIRO/The Spectral
Geologist (TSG-8). The automatic classification of the TSG software was tested as the first
approach for mineral identification. After that, the spectral data were processed, and their
parameters determined. In this respect, the classification of each mineral was carried out based
on its spectral features as has been done in previous studies (Clark et al., 1990; Cudahy et al.,
2008; Haest et al., 2012; Naleto et al., 2019). This mineral recognition was conducted to avoid
doubts about the TSG mineral automatic recognition and, therefore, to better characterize each
mineral specimen. The relative abundance, composition and crystallinity, referred to as
mineral structural order in this work, of white mica, kaolinite, and smectites were obtained
based on their hydroxyl-related absorption features following works conducted by the authors

previously mentioned.

The kaolinite relative abundance was acquired from the calculation of the depth
of the AI-OH absorption pattern at 2208 + 3 nm. The kaolinite structural order was obtained
from the reflectance ratio at 2,160 and 2,180 nm plus the depth of the absorption at 2208nm,
according to Senna et al., (2008).

The white mica relative abundance was calculated from measuring the depth of
the ~2200 Al-OH absorption (Clark, 1999; van Ruitenbeek et al., 2006). The white mica
crystallinity index was defined by the division of the depth of Al-OH absorption at ~2200 nm
by the absorption at ~1900 nm (e.g., Sonntag et al., 201). The shifts in the wavelength of the
feature around 2200 nm were used to separate Al-poor white mica (muscovite) from Al-rich

white mica (phengite) (Duke, 1994).

The absorption pattern around 2,290 nm was used to assess the nontronite relative
abundance. To do so, it was measured the differences in depth of the 2290 nm feature, and
then, it was compared to Al-OH clay absorption around 2200 nm as carried out by Naleto et

al. (2019).

4.3 Geochemical Analysis

Regolith samples for geochemical analysis were taken at intervals of 1-meter
maximum from vertical profiles provided by Yamana Gold Company. The elemental analyses

were carried out using the 4 acids or aqua regia dissolution (1:3 of HNO3 and HCl) methods
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for extraction of Al, Ca, Fe, Mg, Na, P, K, S, Ti (in %), As, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cu,
Ga, La, Li, Mn, Mo, Ni, Pb, Sb, Sc, Se, Sn, Sr, Th, T, U, V, W, Y, Zn e Zr (in ppm) ¢ Au (in
g/t). The Au was analyzed via lead collection fire assay on 50g samples. Trace elements were
determined by inductively coupled plasma mass spectrometry (ICP-MS) and major elements
by inductively coupled plasma optical emission spectroscopy (ICP-OES). All geochemical

analyses were carried out at the ALS Chemex laboratories, in Peru.

5S RESULTS

5.1 REGOLITH SECTORS AND STRATIGRAPHY

Five main geomorphopedological units were determined in the Lavra Velha region
from the rock-landscape-soil association (Passos et al., 2020) for an area of 150 Km? at a scale
of 1:100,000. Three local sectors were chosen in the Lavra Velha prospects based on regolith
profiles and underline rock type (Figure 2). Each sector represents a portion of the main ore
targets in the deposit: West, East and Central Lavra Velha. Figure 2 also provides three cross-
sections that were chosen to investigate the mineral distribution and variation along the deposit
area. The main stratigraphic characteristics observed in the regolith profiles encompassed by
each sector can be seen in Figure 3. The major aspects of the sectors are also available as

follow:

The western portion of the Lavra Velha deposit is occupied by sector I. It consists
of a structured hill, better seen in Figure 1, that is part of a geomorphological unit of parallel
and aligned ridges at the regional scale (Passos et al., 2020). The regolith profiles were
developed immediately on the polymictic metaconglomerate of the Ouricuri do Ouro
Formation varying from one to four meters in depth. Saprolites are clayey-sand, yellowish,
and with some rocky fragments in the transition to bedrock. The soil surface is porous, with

brown-reddish to yellow-brownish colours, and few remnants of organic matter.

The sector II consists of a carved central portion, delimited by a strike-slip fault
and an inferred fault. In this sector, regolith profiles comprise deeper distinct horizons
(reaching up to 30 meters depth) evolved on the Ibitiara Granitoid. The bedrock is often
intercepted by mafic rocks, controlled by faults, and identified along the drill holes. From the
bedrock/saprorock, colours vary in greenish and pinkish in the saprolite with sandy-clayey

contents and mafic rock fragments. Upper mottled horizons are sandy-clayey, with whitish-



59

pink and reddish-white portions. The surface soil layers are deep, with pale-brown to

yellowish-brown colours, porous and friable textures, and vestige of organic matter.

The sector III is characterized by aligned and structured hills with steep slopes
located in the southwestern and eastern portions of the area (Figs. 1 and 2). The regolith
profiles are poorly developed compared to the profiles of sector II. They consist of shallow
horizons formed from the Ibitiara Granitoid. Overall, the bedrock gradually changes upward
to a mottled sandy-clayey saprolite with preserved granitic fragments and muscovite crystals.
Soil layers are thin, with pale-brown to dark-brown colours, porous and friable textures, and

organic matter traces.
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(2018), and Yamana Gold intern reports.
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Figure 3. Stratigraphy of the main regolith profiles at the Lavra Velha gold deposit site. Each sector is

illustrated by two representative drill holes.

5.2 REFLECTANCE SPECTRA: MINERAL IDENTIFICATION

In the spectral interpretation, pure samples mean that no other clay minerals are
mixed in, and impure samples mean that at least two AI-OH clay mineral associations were
identified. The main recognized clay minerals were white mica, kaolinite, smectite and
(nontronite). Tourmaline and chlorite were sporadically found. Fe oxides such as hematite and
goethite were also detected. Figure 4 shows the most significant spectral features of samples

distributed in the regolith of the deposit area.

The slope of the spectral curves from 600 to 740 nm is typically used to identify
iron oxides, and the absorption feature from 850 to 1000nm allows the separation of iron
hydroxides in function of their composition (Hunt and Ashley, 1979). While the absorption
feature to identify hematite is around 860 nm, to goethite is around 920 nm (Townsend, 1987).

Absorption positions between them are related to mixtures of hematite and goethite.

Kaolinite was identified in spectra by the concisely positioned OH and Al-OH
doublet SWIR absorptions at around 1400 nm plus 1415 nm and 2208 nm plus 2160 nm.
Although in spectral mixtures with white micas there is an overlap of spectral features, mainly
in the 2208 nm wavelength region, kaolinite could be recognized by a consistent inflexion at

2160 nm.
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White micas were recognized by the absorption feature at around 2200 nm in
addition to the secondary features around at 2350 nm and 2440 nm. These absorption patterns
occur due to the presence of AI-OH bound in the octahedral layer and are the result of OH
stretch combined to the Al-OH bending mode (Clark et al., 1990). The absence of the
absorption feature between 2160 nm and 2180 nm allows to separate this mineral group from
kaolinite. The absorption features around 1400 nm, because of OH and H>O vibration, and
around 1900 nm caused by H>O, were used to determine the white mica crystallinity and,
therefore, to separate well-crystalline white mica (muscovite) from poor-crystalline white
mica (illite). The variation of the wavelength around 2200 nm also allowed for separating Al-

poor white mica, such as phengite, from Al-rich white mica, like muscovite.

Montmorillonite was identified by the typical absorption features related to OH,
H>0 and Al-OH bounds, at around 1,410 nm, 1910 nm and ~2200 nm, respectively. Nontronite
has similar OH and H>O absorptions, but it also has a diagnostic absorption feature at around

2290 nm as result of the stretching and bending vibrational modes of the Fe-OH bonds.

Absorptions related to tourmaline were identified in spectra in which kaolinite or
white mica are the dominant active minerals. Tourmaline generates an absorption feature at
around 2,250 nm assigned to the Fe-OH and Mg-OH molecule bounds or, perhaps, to the B-
OH bonds (Clark et al., 1990). Tourmaline also yields a faint absorption at around 2300 nm

that may be used to indicate its presence in mixture spectra.

Chlorite was investigated by the following absorptions features: absorption
between 2240 - 2270 nm, associated with Fe-OH bounds, and between 2310 - 2370 nm
associated with Mg-OH bounds. However, it was not found any spectra of a pure mineral.
Since it also gives rise to an additional absorption on mixture spectra at around 2250 nm, we

used the tourmaline weak absorption at around 2300 nm to distinguish these two minerals.
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Figure 4) Representative spectra of the mineral assemblages found in the regolith developed on the Lavra Velha
deposit. Abbreviations: poorly Crystalline (PX), well- crystalline (WX), muscovite (Ms), kaolinite (Kin),

montmorillonite (Mnt), nontronite (Non), tourmaline (Tur), and Chlorite (Chl).

5.3 MINERALOGICAL DISTRIBUTION

The most common clay minerals recognized from the Lavra Velha regolith
indicate a spatial distribution that coincides with the sectors previously defined in this work
(Fig. 2). Each sector presents a dominant group of clay minerals. The results obtained using
the “The Spectral Geologist” software (TSG - V.8) for the main mineral assemblage groups
are presented in Figure 5. Overall, there is a significant positive correlation among mineral
distribution, regolith profiles and bedrocks. As expected, a larger variety of mineral specimens
is present in well-developed regolith developed on the Ibitiara Granitoid associated with mafic
rocks. On the other hand, a few mineral specimens dominate poorly developed regoliths. Al-
OH absorption feature in Sector I is mainly associated with kaolinite, whilst in Sector III,
white mica is the dominant active mineral with kaolinite and tourmaline as subordinates.
Regarding the Sector II, white mica, kaolinite, montmorillonite and nontronite occur often as

main minerals, while tourmaline and chlorite as mineral traces.



63

SWIR minerals groups from TSG classification: FLV 91
Drillholles distribution and regolith mineral assemblages

Cross-Section I

L=}

=

<

o

~J
Elevation (m)

—

1012

L
X: 798220 X: 798501 X: 798782 X: 799063
Y:8612156 Y:8612261 Y:8612366 Y:8612471

FLV_48/49

Cross-Section 11 ] Cross-Section I11

FLV 61A

g =
= -
.2 X
g )
: E
=
B
=
51 e 1] S
gy 2 €
f o T I |
X: 798641 X: 799021 X: 799000 X: 799400
Y:8612110 Y:8612235 Y:8611889 Y:8611889

LEGEND
M Kaolinite -PX I Montmorillonite [ Muscovite [Phengite B Mafic rock M Soil/Regolith
B Kaolinite -WX B Chlorite-FeMg B Nontronite [ substrate Granitoid Metaconglomerate

Figure 5) Mineral distribution and variation along several drill holes of the Lavra Velha deposit. The
classification was carried out by using the TSG software. PX and WX stand for poorly crystalline and well-

crystalline, respectively.

5.3.1 Iron (hydro-) oxides distribution

The frequency and distribution of iron hydroxides across the area of the Lavra
Velha deposit can be seen from the histogram in Figure 6. Since there is a larger number of
samples in sector II, because of the thickness of the regolith, the iron hydroxides are
significantly present in this area. Hematite and goethite are clearly well distributed in the
regolith obtained from all drill holes. However, while hematite tends to be predominant in

most parts of the deposit, goethite appears often in sectors II and III.
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Figure 6) Distribution of iron hydroxides spectra in regolith profiles of the Lavra Velha deposit.

Kaolinite: distribution, abundance, and crystallinity

Figure 7 shows the frequency and distribution of the purest spectra of kaolinite,
as well as information of kaolinite abundance and crystallinity along each drill hole. For the
analysis, only pure spectra of kaolinite were used in order to have no influence of another Al-
OH clay mineral that had diagnostic absorption feature between 2185 and 2210 nm, such as
white mica and smectite (Clark et al., 1990). A noticeable increase in kaolinite abundance in
samples from drill holes of the sector I toward the sector II was detected. Otherwise, in sector
I1, kaolinite was not identified or only as trace amounts, which precluded investigating its
abundance and crystallinity in the regolith profiles of that sector. In most samples of the sector
I, where regolith is right over the polymictic metaconglomerate, the kaolinite presented lower
crystallinity, which is in clear contrast to kaolinite spectra of the sector II (e.g. FLV 45,
FLV 67, FLV 38, FLV _07). In this last, kaolinite showed well-crystalline and, therefore, has

a well-ordered structure.
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Figure 7) Kaolinite in regolith profiles of the Lavra Velha deposit. (A) Relative abundance is higher in profiles

from sector II. (B) Well-ordered kaolinite occurs mainly along drill holes from sector II, while lower ordered

kaolinite in sector I. Field with no values represents drill holes in which kaolinite was not found or was spectrally

impure.

5.3.2 Nontronite abundance

Figure 8 provides nontronite frequency and distribution. There is an evident

concentration of this clay mineral in the regolith of sector II, mainly in samples from FLV 13,
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FLV 45 and FLV_63. In contrast, nontronite was not identified in the drill holes related to the

I and III sectors.
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Figure 8) Distribution of the purest smectite (nontronite) spectra in regolith profiles and its relative abundance
along drill holes of the Lavra Velha deposit. Drill holes FLV 13, FLV 41, FLV 63, and FLV 45 displays values
for nontronite relative abundance, while fields with no values represent drill holes in which nontronite was not

identified.

5.3.3 White Mica abundance, crystallinity, and composition

At Lavra Velha deposit, the AI-OH features of white mica in regolith can be
observed in most of the drill holes, except in drill holes from sector I (e.g. FLV_61A, FLV 63
and FLV_67), where this clay mineral is absent or, if present, occur as a trace mineral, mainly
in association with kaolinite. Figure 9 shows three histograms where white mica abundance,

composition and crystallinity are correlated to each drill used in this study.

White mica relative abundance showed higher frequencies in drill holes from the
sectors II and III, on which the regolith was developed on the Ibitiara Granitoid. Concerning
to the chemical composition, defined by the shifts in the wavelength of the feature at around
2200 nm, spectra of Al-poor mica (phengite) were mainly detected in drill holes from sector
II, whereas Al-rich mica (muscovite) in sector III. The crystallinity index revealed that the

well-crystalline white mica dominates regoliths within sector III mainly.
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Figure 9) Distribution of the white mica in regolith profiles of the Lavra Velha deposit. (A) White mica relative

abundance is higher in sector II. (B) White mica composition tends to muscovite in drill holes of the sector Il

while in sector Il the main white mica composition is phengite. (C) Well- crystalline white mica is found mainly

in sector Il. Field with no values represents drill holes in which white mica was not found or was spectrally

impure.
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5.4 GEOCHEMISTRY

Three drill holes, which represent the variety of regoliths of the study area, were
selected to investigate significant geochemical characteristics (Table 1). They were chosen as

follows:

1) a drill hole (FLV_61A) with thin regolith profile, promptly built upon the

metaconglomerate from the Ouricuri do Ouro Formation, representing sector I (Fig. 10);

2)adrill hole (FLV_45) with well-developed regolith profile, present immediately
on the Ibitiara Granitoid with intrusions of mafic rocks along, representing sector II (Fig.11)

and;

3) a drill hole (FLV_91) with poorly developed regolith formed on the Ibitiara
Granitoid, representing sector 1T (Fig.12);

FLV_61A presents in the soil surface horizon higher concentrations of Al, Fe, Ca,
K, Na, Mg, Mn, Mo, Ag, As, Pb, Cu, Co, Ni, Cr, V, W, which decrease toward bedrock. In the
saprolite, Al, Mo, and Fe increase slightly along with kaolinite and hematite. A very small
concentration of Au (~0.005ppm) is associated with those elements of the surficial (soil)
profile. Bismuth, Sb, Sn and U maintain the same concentration throughout the regolith

profile.

The vertical distribution of chemical elements in the FLV 45 shows that Al, Fe
and Mn are higher than other major elements. Surface cover (soil) is enriched in Mo, Ag, V,
and shows a slight enrichment in Al, Fe, K, and Co. The Au content is concentrated vertically
in the transition of mottled clay layer to the greenish saprolite with mafic rock fragments, and
it has a positive geochemical association with As, Bi1, Pb, Co, Cu, Mg, Mn, Ca, K, Co, Ni, Cr,
V and W at around 11 meters of depth. The whole profile is marked by abundant pure kaolinite
in the mottled clay layer that disappears in saprolite where it is with impurities. There is also
an increase of Al- poor white mica (phengite) toward the saprolite, in which nontronite and

goethite are dominant.

The regolith developed upon the Ibiatiara Granitoid (FLV_91) displays higher
values of Mo, Ag, Cu in the saprock/bedrock, which progressively decreases upward from the
Ibitiara Granitoid. The mottled clay layer/saprolite shows higher concentrations of Al, Fe, K,
Na, Mg, Ag, As, Pb, Cu than the most of the surface soil cover; there is a slight enrichment of
Mg, As, and Cu in this horizon. The regolith profile did not show any significant Au content.
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The profile is mostly composed of Al-rich white (muscovite), which the abundance and

crystallinity goes up toward the saprorock.

mie | FLV_61A FLV 45 FLV_91
Depth(m) 0-0.8 1.5-2.2 29391-2 3-4 5-57 64-7.1 8-9 10-11 12-13 14-15 16-17 1819 20-21 |0-0.7 1.6-2.8 3.54.2
Al 082 035 0120143 101 087 072 083 1.8 174 183 174 172 202 |679 7.00 6.01
Ee 451 187 228510 595 855 138 137 464 368 506 266 727 802 |495 52 537
Ca 0.09 001 0.01/0.01 001 001 004 005 016 015 013 015 010 014 [001 001 0.01
K 0.06 003 001011 008 004 008 010 009 007 005 007 004 006 | 445 53 6.14
Na 0.02 001 001001 001 001 001 001 001 001 001 001 001 001|028 031 033
Mg 001 001 001002 003 003 014 020 105 076 057 096 049 094 [ 012 011 0.1
Mn 87 81 16(852 223 184 10200 22400 7800 1540 1010 7160 2280 5290 | 100 100 100
Au 0.005 0.002 0002002 001 002 001 001 005 000 001 001 001 001 |0.002 0.002 0.002
Ag 344 18 02| 2 35 040 09 18 08 02 02 02 02 09 3 24 69
As 23 6 4030 8 194 # 60 152 92 159 51 360 347 | 33 33 23
Ba 50 130 10260 140 B0 2800 6620 2310 510 350 290 650 1540 | 728 865 863
Be 0.5 0.5 0.5/0.60 0.60 1.80 0.80 130 210 080 060 050 070 09 |300 300 3.00
Bi 2 2 2] 2 2 2 2 4 2 2 2 2 2 2 20 20 20
Cd 05 05 050050 050 050 050 050 050 050 050 050 050 050 |3.00 300 3.00
Co 1 1 1] 45 9 21 70 117 106 55 24 26 39 45 8 8 8
Cr 40 17 12| 98 128 475 8 12 13 99 216 52 285 77 21 1 7
Cu 68 23 2| 30 54 56 44 66 32 36 35 30 18 224 12 41 67
Ga 10 10 10| 10 10 10 10 10 10 10 10 10 10 10

La 10 10 10| 20 10 10 20 30 20 20 10 30 20 30 48 79 26
Li 10 10 10| 10 10 10 10 10 10 10 10 10 10 10 3 3
Mo 3 1 2| 7 10 1 1 1 1 1 1 1 1 1 4 40 75
Ni 9 5 1| 14 18 87 25 30 97 T 86 46 M3 106 12 12 15
P 190 140 30{180 170 620 130 260 330 250 360 80 610 640 | 377 556 206
Pb 5 5 2( 2 2 3 4 7 4 2 3 2 2 3 8 13 8
S 0.03 0.02 0.01(0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Sb 2 2 2 B 2 2 2 2 2 2 2 2 2 2 10 10 10
Sc 1 1 1] 10 16 33 1 1 5 4 14 2 18 5 9 12 9
Se 10 10 10| 10 10 10 10 10 10 10 10 10 10 10 20 20 20
Sn 10 10 10| 10 10 10 10 10 10 10 10 10 10 10 20 20 20
Sr 9 8 1 9 4 3 36 81 30 22 16 17 13 19 | 103 130 116
Th 20 20 20| 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Ti 0.02 001 003003 002 001 001 001 001 001 001 001 001 002|028 033 027
Tl 10 10 10| 10 10 10 10 10 10 10 10 10 10 10 20 20 20
u 10 10 10| 10 10 10 10 10 10 10 10 10 10 10 20 20 20
\Y 54 8 7180 77 112 23 39 46 23 44 15 72 68 70 66 47
w 190 50 10| 10 10 10 10 10 10 10 10 10 10 10 20 20 20
N 10 10 10| 10 10 10 10 10 10 10 10 10 10 10

Zn 9 13 2| 14 16 48 17 24 105 71 67 8 79 93

Zr 10 8 8| 5 5 5 5 5 5 5 5 5 5 5 54 71 43

Table 1) Chemical composition of three regolith profiles of each sector of the Lavra Velha Prospect. FLV 614
is in sector I, FLV 45 is in sector II, while FLV 91 in sector II1.. Al, Ca, Fe, K, Mg, Na, Ti and S are presented

in % wt. Au is in grams per tonne, and the other elements are in ppm.
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Figura 10) FLV 614 showing vertical geochemical variations from ICP-MS analyses. Al, Fe, Ca, K, Na, and

Mg are presented in % wt. Au is in grams per tonne, and the other elements are in ppm. A small gold

concentration occurs in the soil surface followed by contents of Al, Fe, Ca, K, Na, Mg, Mo, Ag, As, Pb, Cu, Co,

which decrease toward bedrock, but in the clayey-sand layer where the is a small enrichment of Al, Fe, Mo

associated with a slight increasing relative abundance of kaolinite and hematite. Abbreviations: abundance

(4bd); crystallinity index (CI), white mica (WM).
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Figure 11) FLV 45 displaying vertical geochemical variations from ICP-MS analyses. The Al, Fe, Ca, K, and
Mg contents are presented in % wt. Au is in g/t, and the other elements are in ppm. Gold, Bi, As,Pb, Co, Cu, Mg,
Mn, Ca and K are enriched in the transition from the mottled clay layer to the greenish saprolite with mafic rock
fragments, along with increasing of phengite and changing from well-ordered kaolinite prevalence to nontronite..
The surface cover shows Mo and Ag contents, and a slight enrichment in Al, Fe, K, Co, and P. Abundance (Abd);
crystallinity index (CI), composition (comp); muscovite (Ms); and phengite (Phg).
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Figura 12) FLV 91 showing vertical geochemical variations from ICP-MS analyses. The Al, Fe, Ca, K, Na, and
Mg contents are presented in %owt. Au is in g/t, and the other elements are in ppm. An abundance of well-ordered
muscovite is detected in the surface profiles, which becomes more expressive at depth, along with hematite. Mo,
Ag and Cu contents occur in the saprock/bedrock (Ibitiara Granitoid), while higher contents of Al, Fe, K, Na,
Mg, Ag, As, Pb, Cu in the mottled clay layer/saprolite. The surface soil cover shows a slightly enrichment of Mg,
As, and Cu. Abbreviations: abundance (Abd); crystallinity index (CI); composition (comp); muscovite (Ms), and
phengite (Phg).
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6 DISCUSSION

6.1 SIGNIFICANCE OF MINERALOGICAL ATTRIBUTES

Weathering changes rock characteristics and develops regolith profiles with
different minerals, structures and geochemical signatures that are generally more stable at

superficial environment conditions (MacDonald, 2007).

Al-OH features showed a noticeable variation in the structural order of kaolinite
in the study area. Several works conducted in Australia have used the crystallinity of kaolinite
to distinguish in situ regolith from transported, as the residual regolith is often characterized
by abundant well-ordered kaolinite (Cudahy et al, 2005; Haest et al, 2012). From this
perspective, it seems possible that low-ordered kaolinite of sector I (e.g. FLV_61A, FLV 63
and FLV_67) is related to transported materials, or perhaps to the heterogeneity due to clast-
size and variations in the sample media, which would be inherited from the parental rock, the
Ouricuri do Ouro metaconglomerate. Two main hypotheses could explain the origin and
predominance of well-ordered kaolinite in the regolith profiles of the central area of the
deposit. First, previous kaolinite could have been formed by hydrothermal alteration of the
Ibitiara Granitoid during the emplacement of mafic rocks, and, therefore, persisted unaltered
in the weathering profiles, and second, and most likely, kaolinite could have been formed by
weathering of the components of the Ibitiara Granitoid mainly. The weathering of feldspars
and white mica to kaolinite could easily take place through loss of sodium, calcium and

potassium as described by Nesbit and Young (1984).

Smectite group minerals (montmorillonite or nontronite) are present in some parts
of the Lavra Velha deposit. Nontronite is mainly restricted to the central portion area (e.g.
FLV 13, FLV 41, FLV 63, and FLV_45). In these drill holes, this clay mineral was widely
observed, mostly from subordinate features in spectra dominated by kaolinite (Fig. 6). The
nontronite origin has often been described as weathering of mafic rocks (Ildefonse, 1980;
Righi & Meunier, 1996; Naleto et al., 2019). Oxidative weathering of those rocks results in a
loss of Ca and Mg coupled with Fe oxidation, which facilitates the transition from
trioctahedral to dioctahedral minerals. In this respect, ferromagnesian minerals are often
transformed into nontronite as reported by Ducloux et al. (1976). On account of this, the
increasing abundance of nontronite in the Lavra Velha deposit may be mainly related to the
weathering of the mafic rocks intruded in the Ibitiara Granitoid as observed, for instance, in

FLV 13, FLV_63 and FLV_45.
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A study linking white mica as a surficial footprint for mineral deposits below
regolith profiles was conducted by Lampinen et al. (2017, 2019). In the regolith of the Lavra
Velha deposit, white mica shows abundance, composition and crystallinity changings, mostly
laterally. The spectral-mineralogical analysis revealed an increase of white mica abundance
toward the central portion of the area as seen in the drill holes FLV_45, FLV 41, FLV_10 and
FLV 07, thus showing that white mica abundance is directly related to the well-developed
regolith profiles. The persistence of white mica upward through the regolith to the surface has
been used as an indicator of fresh rock, as well as alteration mineral in hydrothermal systems
by Cudahy (2016). The constancy of white mica up through regolith profiles of the Lavra

Velha deposit could also be related to its relative resistance to weathering.

Despite being Al-poor white mica (phengite) widely known as a metamorphic
mineral (e.g. Gouzu et al., 2005; Cibin et al., 2008), it is also a typical product of hydrothermal
alteration (e.g. Roberts & Hudson, 1983), including of IOCG deposits (Tappert et al., 2013).
Phengitic white mica, associated with mineralized zones, has also been pointed out as a
footprint in regolith above the Abra Pb-Zn-Cu-Au deposit in western Australia (Lampinen et
al., 2019). In the Lavra Velha deposit, the central area is noticeably dominated by Al-poor
white mica as displayed in FLV_45, FLV_10, FLV_13 and FLV_41. Medina (2020) reported
that at depth, white mica becomes more phengitic as higher concentrations of gold are found
in the deposit. Similarly, our study shows that the regolith present in drill holes highly
mineralized at depth (e.g. FLV 45, FLV 10, FLV_13) is dominated by phengite (Fig. 9). On
the contrary, the muscovite, originated from the transformation of the Ibitiara Granitoid into
poorly developed regolith, dominates in profiles marked by contents of gold lower than those

(e.g. FL 91, among others).

The white mica crystallinity has been regularly recorded in phyllosilicates
evolution due to increasing of temperature in hydrothermal deposits (Cudahy et al. 2008). It
has also been used as an indicator of in situ regoliths (Lampinen et al. 2017; Lampinen et al.
2019). In the Lavra Velha deposit, well-crystalline white mica is mainly muscovite and was
observed in samples of poorly developed regolith (e.g. FLV_99, FLV 98, FLV_ 97, FLV 48).
This is likely to be related to the fact that these profiles were built on the Ibitiara Granitoid,
and this mineral is solely remaining from the bedrock. On the other hand, the low-crystallinity
white mica is mostly illite, which was observed in FLV 45, FLV_10, FLV_13. Despite the

pedogenetic formation of this mineral requires further evidence before being settled, it could
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conceivably be hypothesised that it derives from the weathering degradation of micaceous

precursors, such as muscovite and phengite or even from feldspars of the Ibitiara Granitoid.

6.2 SIGNIFICANCE OF GEOCHEMICAL ATTRIBUTES

In the Lavra Velha deposit, the geochemical analysis showed that the chemical
composition of regoliths depends mainly on the elements of the bedrocks. In areas in which
the Ibitiara Granitoid is intruded by mafic rocks, there is a noticeable geochemical and mineral
signature of both lithotypes. In the FLV 45, saprolite showed enrichment of alkali, alkali
earth and transition metals, which suggests heterogeneity of the bedrock. The geochemical
signature in the upper mottled clay layer is marked by the depletion of alkali earth metals (e.g.
Ca and Mg) as well as a slightly decreasing of selected transition metals, such as Co, Ni, Cr.
This might be the result of the abundant pure kaolinite present in this horizon, which is poor
in those elements, or perhaps the absence or small amount of ferromagnesian minerals in it.
The alkaline earth metals, and transition metals increase downward in association with higher
values of nontronite and goethite, which are commonly formed by the alteration of minerals

of mafic rocks (Ducloux et al., 1976).

The progression from the upper mottled clay profile to saprolite seems to be a
previous wall alteration of the Ibitiara Granitoid during the emplacement of mafic intrusions,
mainly in the transition between these profiles, which is marked by the concentration of Al,
K, Na, Ca, As, Fe, Bi, Pb, Co, Cu, Mg, Mn, Co, Ni, Cr, V and W, in along with a strong positive
correlation with Au. Toward saprolite, the mineral content comprises an association with an
increase of white mica (phengite) of high structural order. These findings are consistent with
that of Medina (2020) who also studied among others the drill hole FLV_45. The authors
found out that the gold-bearing levels (in 49.50-52.80 and 70.60-74 meters of depth) are highly
correlated with Cu-Bi-Fe-As-U-V-(Ag-Sb-Sn-W-Pb) besides Cr, Ni and Co. Besides the
geochemical signature, higher gold levels were often associated with phengite and,
sporadically, with nontronite. In this respect, comparison of these findings shows that the
geochemical and mineral association that occur in regolith profiles may resemble those of

deeper mineralized zones.

In areas where there are no noticeable mafic intrusions in the granitoid, regolith
profiles display distinct geochemical and mineral signatures. In some drill holes, as an

example the FLV 91, the bedrock and saprolite showed lower concentration of alkali earth
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(e.g. Ca and Mg) and transition metals (e.g. Mn, Cu, Co, Cr, Ni), whilst alkali content (e.g. K
and Na), and Al, Mo, V, Ag, Sb, Bi, and Pb are increased. Previous studies demonstrated the
chemical signature associated with the Ibitiara Granitoid and its hydrothermal alteration
(Guimaraes et al., 2005; Campos, 2013; Medina, 2020). The elements that comprise the
regoliths of the sector I (e.g. FLV_91) highlight the role of parent rock chemistry in their
chemical composition. The alkalis content is associated with the high abundance of well-
ordered muscovite detected in the profiles, which becomes more expressive at depth, along
with hematite. This may be explained by the fact that the Ibitiara Granitoid was affected by a
sericite and hematite alteration as reported by Campos (2013), which has been directly
reflected in the mineralogical and regolith composition. Decreasing of alkali earth and
transition metal contents may be attributed to the absence of mafic rocks as a material source

for the development of these regolith profiles.

Regolith developed upon the sedimentary rocks also displayed a particular
geochemical and mineral signature. Higher concentrations of alkali, alkali earth and transition
metal are confined in the most surface soil levels. Overall, there is a decreasing of these
elements occurring toward the saprolite and bedrock (e.g. FLV_61A). However, in the
saprolite, Al, Mo, and Fe increase slightly along with kaolinite and hematite. The reason for
this distribution may have something to do with not only the bedrock, that is naturally poor in
alkali earth and transition metals, but also with the influence of surface soil organic matter that
may retain transported metals. Prior studies have noted the importance of metal transfer
mechanisms through transported cover (Anand et al, 2016), including plants, roots and organic
matter to uptake metals related to ore deposit (Jones, 1998). Therefore, these factors may have
contributed to the capture of metals in the topsoil profile despite the origin of the variety of

these metals remains unclear.

6.3 IMPLICATIONS FOR MINERAL PROSPECTING AND EXPLORATION

There are several challenges for mineral prospecting and exploration in the Lavra
Velha region. However, the processes and factors related to the development of the regolith in
the deposit area as well as the main characteristics of the regolith mineral contents give rise to
significant implications that may contribute to a more effective utilization of pedogeochemical

datasets.

The current study pointed out that the regolith settings of the Lavra Velha deposit

may be divided into three main sectors based on different aspects presented in this study: 1)
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poorly developed regolith formed from the Ibitiara granitoid, comprising hills and ridges; 2)
shallow weathered profiles developed from the metaconglomerate of the Ouricuri do Ouro
Formation; and 3) intensively deep weathering profile formed from the Ibitiara Granitoid with
several mafic intrusions in flat to gently undulating geoforms. This latter one encompasses
regolith profiles, in which at depth there are rocks with higher grade of gold as described by
Medina (2020) (e.g. FLV_45) and Yamana Gold intern reports (e.g. FLV 45, FLV 13,
FLV_10).

The main footprint found in the regolith profiles is a mineral association that
provides a guidance toward more effective exploration targets. These minerals identified from
drill holes, in which rocks are highly mineralized at depth, are well-ordered kaolinite +
phengite + nontronite (FLV_ 45, FLV_ 10, FLV_13) that also may indicate in situ regolith
(Ribeiro, 1974; Lampinen et al 2017). This assemblage along with the geochemical data
presented previously reflect clearly the occurrence of the Ibitiara Granitoid combined with
ferromagnesian rocks. This result take after that of Medina. (2020) who also found that at
depth white mica becomes more phengitic toward highly mineralized zones (Bonanza zones
defined by the author), which may be often accompanied with nontronite, and marked by the
following geochemical association: Au-Cu-Bi-Fe-As-U-V-(Ag-Sb-Sn-W-Pb), besides Cr, Ni
and Co.

Although on the surface well-ordered kaolinite + phengite + nontronite are
excellent indicators of mineralized zones at depth, there are other considerations that should
be taken. Some regolith profiles may not show that mineral association despite being the
mother rock mineralized (e.g. FLV_97, FLV_099). The reason for this may have something to
do with the paleo-landscape evolution and the development of the regolith in the Lavra Velha
area, at which some mineralized zones were not exposed to the surface and, consequently,
transformed into regolith. Therefore, it is important to report that not always the regolith may
indicate a high grade of gold at depth. However, the mineral footprint in regolith pointed out
in this work along with the geochemical compounds outlined earlier are the best guides to lead

better surface prospecting and exploration programs.

7 FINAL CONSIDERATIONS
The present study was designed to determine the mineralogical compounds of the
regolith developed in the Lavra Velha deposit using spectral techniques as well as their

significance for mineral prospecting and exploration.
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Shallow regoliths developed above the metaconglomerate of the Ouricuri do Ouro
formation are composed of mainly poorly ordered kaolinite while profiles formed from the
Ibitiara Granitoid consists of abundant fine-crystalline muscovite. Even though having their
SWIR mineral content characterized, these profiles did not show a great contribution for
mineral prospecting as they could not indicate the presence of any mineralized rock
downward. Notwithstanding this limitation, prior studies suggest that these profiles should not
be totally overlooked, especially when they are developed from the Ibitiara granitoid since

they may comprise mineralized rock with gold at depth (e.g., FLV_97; FLV_099).

Despite the considerations outlined above, the most significant finding to emerge
from this study is that well-developed regolith may display typical profiles that reflect directly
the mineralogical and geochemical compounds of deep mineralized zones. The mineral
footprint in regolith of hydrothermally altered rocks with higher gold content at depth consists
of well-ordered kaolinite + phengite + nontronite along with concentrations of Al, K, Na, Ca,
As, Fe, Bi, Pb, Co, Cu, Mg, Mn, Co, Ni, Cr, V and W. This mineral and geochemical
association have suggested not only in situ regolith, but also the transformation of mineralized

zones strongly affected by wall alteration into regolith.

Therefore, this study endorses that the combined use of reflectance spectroscopy
and geochemical data are valuable tools in mineral exploration. Applying these methods for
determining the chemical and mineralogical compositions of weathered materials that often
obscure outcrops and mineralized areas, it is an inexpensive, non-destructive, and fast
alternative. Mineralogical characterization of the regolith may provide insights of the

concealed rocky stratigraphy, which would be very helpful to design drilling programs.
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ANEXO: Relevo Sombreado (Regido de Lavra Velha)
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Anexo: Mapa de Declividade (Regido de Lavra Velha):
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ANEXO, DADOS DE GEOQUIMICA:
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12.00
520.00
2.00
0.03
2.00
5.00
0.00
0.00
4.00
2.00
0.00
0.00
4.00
17.00
1.00
0.00
24.00
0.00

6.00
7.00
0.08
0.20
0.77
20.00
33.00
0.00
2.00
0.01
0.30
7.00
42.00
27.00
3.59
3.00
0.13
5.00
0.00
0.01
154.00
1.00
0.01
11.00
500.00
2.00
0.03
2.00
13.00
0.00
0.00
4.00
3.00
0.01
0.00
4.00
29.00
1.00
0.00
26.00
0.00

7.00
8.00
0.21
0.20
0.80
23.00
33.00
0.00
2.00
0.01
0.30
8.00
33.00
25.00
3.57
3.00
0.17
3.00
0.00
0.01
105.00
1.00
0.01
13.00
570.00
2.00
0.03
2.00
15.00
0.00
0.00
4.00
3.00
0.00
0.00
4.00
21.00
1.00
0.00
29.00
0.00

8.00
9.00
0.09
0.20
0.76
14.00
33.00
0.00
2.00
0.01
0.30
8.00
26.00
21.00
3.26
3.00
0.20
5.00
0.00
0.01
69.00
1.00
0.01
12.00
530.00
2.00
0.03
2.00
8.00
0.00
0.00
5.00
2.00
0.00
0.00
4.00
17.00
1.00
0.00
28.00
0.00

0.00
1.00
0.01
0.60
0.67
7.00
340.00
0.00
2.00
0.01
0.30
1.00
15.00
12.00
2.56
3.00
0.20
8.00
0.00
0.02
34.00
1.00
0.01
5.00
210.00
2.00
0.03
2.00
3.00
0.00
0.00
9.00
4.00
0.03
0.00
4.00
24.00
15.00
0.00
5.00
0.00

1.00
1.85
0.01
0.60
0.72
8.00
1130.00
0.00
2.00
0.01
0.30
1.00
20.00
12.00
3.49
3.00
0.20
14.00
0.00
0.02
40.00
1.00
0.01
4.00
570.00
2.00
0.03
2.00
3.00
0.00
0.00
22.00
3.00
0.04
0.00
4.00
31.00
5.00
0.00
4.00
0.00

1.85
3.00
0.01
2.10
0.51
4.00
907.00
0.00
2.00
0.01
0.30
1.00
15.00
9.00
2.60
3.00
0.17
12.00
0.00
0.02
23.00
5.00
0.03
2.00
370.00
2.00
0.03
2.00
3.00
0.00
0.00
19.00
3.00
0.06
0.00
4.00
23.00
4.00
0.00
3.00
0.00

3.00
4.00
0.01
0.90
0.35
3.00
254.00
0.00
3.00
0.01
0.30
1.00
12.00
7.00
2.27
3.00
0.10
4.00
0.00
0.01
29.00
2.00
0.02
2.00
90.00
2.00
0.03
2.00
3.00
0.00
0.00
6.00
4.00
0.05
0.00
4.00
24.00
1.00
0.00
2.00
0.00

4.00
5.00
0.01
3.00
0.39
2.00
179.00
0.00
2.00
0.01
0.30
1.00
13.00
10.00
2.03
3.00
0.11
2.00
0.00
0.01
19.00
8.00
0.02
3.00
40.00
2.00
0.03
2.00
3.00
0.00
0.00
2.00
5.00
0.05
0.00
4.00
29.00
6.00
0.00
2.00
0.00

5.00
5.75
0.01
0.70
0.39
5.00
192.00
0.00
2.00
0.01
0.30
1.00
14.00
8.00
2.27
3.00
0.10
4.00
0.00
0.01
36.00
2.00
0.02
2.00
70.00
2.00
0.03
2.00
3.00
0.00
0.00
3.00
3.00
0.05
0.00
4.00
28.00
1.00
0.00
2.00
0.00

5.75
7.00
0.00
0.40
0.28
9.00
161.00
0.00
2.00
0.01
0.30
1.00
17.00
10.00
3.00
3.00
0.08
3.00
0.00
0.01
55.00
2.00
0.01
3.00
140.00
2.00
0.03
2.00
3.00
0.00
0.00
3.00
4.00
0.04
0.00
4.00
41.00
1.00
0.00
3.00
0.00

7.00
8.00
0.01
0.70
0.50
16.00
496.00
0.00
2.00
0.01
0.30
1.00
58.00
33.00
6.58
3.00
0.12
3.00
0.00
0.02
33.00
2.00
0.02
4.00
440.00
2.00
0.03
2.00
7.00
0.00
0.00
11.00
3.00
0.08
0.00
4.00
61.00
3.00
0.00
7.00
0.00



FROM

TO

0.00
1.00
0.01
0.20
1.75
54.00
900.00
1.00
1.00
0.01
0.25
64.00
213.00
112.00
9.81
10.00
0.15
10.00
20.00
0.03
3850.00
1.00
0.02
33.00
440.00
4.00
0.01
1.00
39.00
5.00
5.00
10.00
10.00
0.03
5.00
10.00
300.00
5.00
20.00
34.00
2.50

1.00
2.00
0.01
0.20
1.51
59.00
330.00
1.00
1.00
0.01
0.25
37.00
198.00
166.00
10.50
10.00
0.11
10.00
10.00
0.03
1060.00
1.00
0.01
32.00
430.00
7.00
0.01
1.00
36.00
5.00
5.00
4.00
10.00
0.04
5.00
10.00
284.00
10.00
10.00
37.00
2.50

2.00
3.00
0.01
0.30
1.97
42.00
370.00
1.00
1.00
0.01
0.25
32.00
227.00
91.00
10.15
10.00
0.10
10.00
10.00
0.05
1180.00
0.50
0.02
40.00
240.00
5.00
0.01
1.00
50.00
5.00
5.00
5.00
10.00
0.04
5.00
5.00
246.00
5.00
10.00
38.00
6.00

3.00
4.00
0.01
0.40
2.04
27.00
370.00
1.40
1.00
0.01
0.25
46.00
352.00
109.00
10.90
10.00
0.07
20.00
10.00
0.16
1250.00
0.50
0.03
60.00
190.00
8.00
0.01
1.00
60.00
5.00
5.00
5.00
10.00
0.06
5.00
5.00
232.00
5.00
20.00
57.00
5.00

4.00
5.00
0.00
0.40
2.99
13.00
680.00
2.40
1.00
0.04
0.25
544.00
663.00
92.00
10.75
10.00
0.08
50.00
30.00
111
3130.00
0.50
0.04
366.00
50.00
2.00
0.01
1.00
70.00
5.00
5.00
11.00
10.00
0.07
5.00
5.00
170.00
5.00
40.00
294.00
2.50

5.00
6.00
0.00
0.80
2.81
33.00
410.00
2.50
2.00
0.05
0.25
140.00
521.00
95.00
8.50
10.00
0.06
60.00
20.00
1.43
1340.00
1.00
0.04
229.00
110.00
3.00
0.01
1.00
55.00
5.00
5.00
11.00
10.00
0.03
5.00
5.00
155.00
5.00
50.00
255.00
2.50

6.00
7.00
0.01
0.10
3.50
19.00
760.00
2.60
1.00
0.07
0.25
303.00
643.00
77.00
10.15
10.00
0.13
90.00
20.00
3.05
2740.00
0.50
0.05
441.00
60.00
1.00
0.01
1.00
70.00
5.00
5.00
15.00
10.00
0.05
5.00
5.00
142.00
5.00
60.00
502.00
2.50

7.00
8.00
0.00
0.10
3.40
28.00
950.00
3.40
1.00
0.08
0.25
368.00
652.00
127.00
10.35
10.00
0.09
60.00
20.00
2.34
3620.00
0.50
0.04
364.00
70.00
2.00
0.01
1.00
68.00
5.00
5.00
19.00
10.00
0.04
5.00
5.00
147.00
5.00
50.00
416.00
2.50

8.00
9.00
0.01
0.10
2.71
28.00
730.00
2.40
1.00
0.07
0.25
182.00
276.00
137.00
7.55
10.00
0.08
40.00
20.00
1.50
2680.00
0.50
0.03
224.00
100.00
4.00
0.01
1.00
50.00
5.00
5.00
18.00
20.00
0.02
5.00
5.00
123.00
5.00
40.00
252.00
2.50

9.00
10.00
0.01
0.10
3.40
22.00
960.00
2.40
2.00
0.09
0.25
412.00
610.00
64.00
9.56
10.00
0.09
50.00
20.00
2.28
3740.00
0.50
0.03
322.00
100.00
1.00
0.01
1.00
63.00
5.00
5.00
18.00
10.00
0.04
5.00
5.00
134.00
5.00
40.00
350.00
2.50

10.00
11.00
0.01
0.20
3.39
24.00
680.00
1.90
1.00
0.09
0.25
161.00
582.00
55.00
8.95
10.00
0.14
40.00
20.00
2.76
2230.00
0.50
0.02
291.00
100.00
3.00
0.01
1.00
58.00
5.00
5.00
17.00
10.00
0.04
5.00
5.00
123.00
5.00
30.00
368.00
2.50

11.00
12.00
0.01
0.20
3.52
14.00
720.00
1.60
1.00
0.11
0.25
253.00
602.00
39.00
9.34
10.00
0.10
40.00
20.00
2.88
3050.00
0.50
0.02
351.00
100.00
2.00
0.01
1.00
56.00
5.00
5.00
33.00
10.00
0.03
5.00
5.00
111.00
5.00
30.00
438.00
2.50

12.00
13.00
0.01
0.10
2.74
41.00
830.00
1.90
1.00
0.10
0.25
158.00
372.00
232.00
10.00
10.00
0.18
30.00
20.00
1.72
3730.00
0.50
0.02
177.00
180.00
2.00
0.01
1.00
41.00
5.00
5.00
32.00
10.00
0.03
5.00
5.00
164.00
5.00
30.00
304.00
2.50

13.00
14.00
0.00
0.50
2.50
55.00
300.00
1.30
1.00
0.08
0.25
33.00
470.00
150.00
9.89
10.00
0.08
20.00
10.00
1.04
314.00
0.50
0.01
104.00
200.00
1.00
0.01
1.00
57.00
5.00
5.00
10.00
10.00
0.03
5.00
5.00
132.00
5.00
20.00
155.00
2.50

14.00
15.00
0.01
0.40
2.10
59.00
190.00
1.40
1.00
0.07
0.25
16.00
435.00
57.00
8.97
10.00
0.03
10.00
10.00
0.67
174.00
0.50
0.01
83.00
320.00
2.00
0.01
1.00
45.00
5.00
5.00
8.00
10.00
0.02
5.00
5.00
135.00
5.00
20.00
123.00
2.50

15.00
15.80
0.01
0.30
1.77
80.00
160.00
2.00
1.00
0.05
0.25
23.00
428.00
50.00
10.90
10.00
0.03
20.00
10.00
0.52
270.00
0.50
0.01
93.00
560.00
4.00
0.01
1.00
41.00
5.00
5.00
6.00
10.00
0.03
5.00
5.00
178.00
5.00
30.00
143.00
2.50

15.80
16.55
0.00
0.20
1.96
98.00
210.00
2.50
1.00
0.06
0.25
32.00
399.00
86.00
12.25
10.00
0.05
20.00
10.00
0.73
371.00
0.50
0.01
115.00
610.00
1.00
0.01
1.00
33.00
5.00
5.00
8.00
10.00
0.02
5.00
5.00
177.00
5.00
30.00
203.00
2.50

16.55
17.25
0.00
0.10
2.46
71.00
470.00
1.50
1.00
0.09
0.25
98.00
523.00
110.00
9.58
10.00
0.05
30.00
20.00
1.24
1760.00
0.50
0.01
144.00
300.00
3.00
0.01
1.00
52.00
5.00
5.00
25.00
10.00
0.02
5.00
5.00
156.00
5.00
30.00
256.00
2.50

17.25
18.00
0.01
0.50
2.36
50.00
1350.00
2.00
1.00
0.10
0.50
214.00
423.00
87.00
10.60
10.00
0.08
30.00
20.00
1.42
11100.00
0.50
0.02
196.00
370.00
3.00
0.01
1.00
43.00
5.00
5.00
145.00
10.00
0.03
5.00
5.00
177.00
5.00
40.00
326.00
2.50

18.00
18.90
0.01
0.70
2.17
43.00
2100.00
2.50
1.00
0.09
0.70
344.00
341.00
149.00
9.66
10.00
0.11
30.00
30.00
131
17900.00
0.50
0.03
185.00
430.00
4.00
0.01
1.00
32.00
5.00
5.00
211.00
10.00
0.02
5.00
5.00
178.00
5.00
30.00
375.00
2.50

18.90
20.00
0.03
0.30
1.73
60.00
530.00
1.50
1.00
0.06
0.25
87.00
266.00
103.00
6.99
10.00
0.03
20.00
20.00
0.65
2450.00
0.50
0.01
104.00
420.00
2.00
0.01
1.00
29.00
5.00
5.00
23.00
10.00
0.01
5.00
5.00
117.00
5.00
20.00
155.00
2.50

20.00
21.00
0.00
0.20
1.63
87.00
420.00
1.70
1.00
0.05
0.25
67.00
349.00
85.00
7.60
10.00
0.01
20.00
20.00
0.45
1920.00
0.50
0.01
103.00
540.00
2.00
0.01
1.00
34.00
5.00
5.00
13.00
10.00
0.02
5.00
5.00
133.00
5.00
10.00
111.00
2.50




FROM 0.00 1.00 2.00 3.00 4.14 5.00 6.00 7.00 0.00 0.85 2.00 3.00 4.16 5.00 6.00 7.00 8.00 10.00 2.05 4.00 4.90 6.00 6.85 8.00 9.00 10.00
TO 1.00 2.00 3.00 4.14 5.00 6.00 7.00 8.00 0.85 2.00 3.00 4.16 5.00 6.00 7.00 8.00 9.00 10.00 11.00 1.00 2.05 3.00 4.00 4.90 6.00 6.85 8.00 9.00 10.00 10.88
Au 0.01 0.00 0.01 0.02 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01

Ag_ppm 0.50 0.50 7.50 4.80 0.90 1.10 0.20 0.20 0.80 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.30 6.10 0.50 0.30 0.30 0.30 0.20 0.20 0.40
Cu_ppm 1.20 1.34 1.12 0.89 0.83 1.01 2.07 2.23 131 1.67 1.42 1.23 1.84 2.72 2.49 2.18 2.90 3.10 3.04 1.16 121 1.45 1.15 2.34 4.25 4.02 3.97 4.12 3.98 3.45
Fe_pc 9.00 10.00 7.00 9.00 9.00 7.00 8.00 4.00 26.00 18.00 13.00 12.00 20.00 16.00 11.00 15.00 9.00 7.00 3.00 7.00 9.00 5.00 5.00 3.00 4.00 7.00 5.00 4.00 27.00 83.00
Al_pc 680.00 910.00  330.00/ 110.00 70.00, 150.00 180.00  600.00,  100.00 50.00 60.00 50.00/ 180.00 190.00f 330.00, 630.00 520.00  440.00  450.00 80.00 70.00 100.00 100.00  190.00  330.00 290.00 400.00, 370.00 390.00  550.00
As_ppm 1.00 1.30 0.80 0.80 0.90 110 1.80 1.50 0.50 0.50 0.60 0.50 0.90 1.90 2.30 2.90 2.90 2.70 1.80 0.50 0.50 0.50 0.50 0.70 0.70 1.00 1.00 0.80 1.00 0.70
Ba_ppm 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 3.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 8.00 2.00 2.00 2.00 2.00
Be_ppm 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.03 0.05 0.11 0.23 0.33 0.41 0.05 0.07 0.04 0.03 0.16 0.47 0.59 0.46 0.45 0.57 0.54
Bi_ppm 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Ca_pc 41.00 57.00 21.00 6.00 4.00 9.00 25.00 44.00 11.00 20.00 8.00 10.00 31.00 49.000 108.00 357.00  325.00 98.00 62.00 15.00 14.00 6.00 4.00 22.00 54.00 47.00 55.00 54.00 47.00 46.00
Cd_ppm 59.00 64.00 47.00 47.00 61.00 76.00  107.00 87.00 85.000 137.00, 126.00 139.00 113.00 136.00 116.00f 124.00  108.00,  104.00 93.00 67.00 73.00 89.00 91.00, 100.00 111.00 102.00 106.00, 114.00 106.00 118.00
Co_ppm 29.00 34.00 49.00 58.00 39.00 56.00 85.00 62.00 29.00 40.00 42.00 39.00f 111.00 130.00  127.00, 155.00  119.00 70.00 43.00 15.00 19.00 46.00 45.00 34.00 72.00 469.00  146.00 76.00 52.00 77.00
Cr_ppm 5.45 5.96 4.86 4.75 5.07 5.83 7.86 6.40 10.85 10.40 10.35 10.50 10.70 9.57 9.41 9.73 7.48 6.23 4.76 5.41 5.31 4.03 3.74 3.72 6.65 6.78 6.47 6.25 6.43 8.24
Ga_ppm 10.00 10.00 10.00 10.00 10.00 10.00 20.00 20.00 10.00 10.00 10.00 10.00 10.00 20.00 20.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 20.00 20.00 20.00 10.00 20.00 20.00
K_pc_ 0.14 0.15 0.14 0.13 0.14 0.17 0.70 0.83 0.09 0.05 0.05 0.05 0.06 0.12 0.13 0.17 0.29 0.51 0.25 0.09 0.09 0.11 0.09 0.08 0.04 0.02 0.02 0.01 0.02 0.29
La_ppm_ 20.00 20.00 60.00 30.00 10.00 10.00 20.00 20.00 10.00 10.00 10.00 10.00 20.00 40.00 50.00 50.00/ 100.000 120.00  150.00 20.00 20.00 20.00 20.00 20.00 10.00 10.00 10.00 10.00 10.00 10.00
Li_ppm 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 20.00 10.00 20.00 30.00 30.00 30.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mg_pc 0.08 0.10 0.04 0.02 0.02 0.14 0.87 1.13 0.02 0.01 0.02 0.02 0.05 0.18 0.20 0.42 1.37 2.17 2.46 0.04 0.04 0.03 0.03 0.57 2.38 2.64 3.25 3.50 3.05 211
Mn_ppm_| 3640.00 5390.00 1600.00 383.00 171.00/ 862.00 983.00 3160.00, 129.00 213.00  153.00, 189.00 815.00, 866.00 1530.00 4070.00 2490.00 1630.00 1085.00 374.00 340.00  128.00 70.000 293.00 1140.00 1160.00 1440.00 1310.00 1240.00 1500.00
Mo_ppm 1.00 1.00 21.00 13.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Na_pc 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.04 0.05 0.04 0.03 0.02 0.02
Ni_ppm 12.00 15.00 12.00 9.00 10.00 11.00 26.00 29.00 18.00 54.00 39.00 36.00 37.00 61.00 68.00f 147.00 265.00  240.00  258.00 10.00 11.00 18.00 16.00 38.00 94.00 84.00 97.00 99.00 87.00 69.00
P_ppm 290.000 330.00 350.00 410.00 450.00/ 320.00 360.00 280.00 450.00 420.00 300.00 210.00 210.00 270.00  260.00/ 280.00 220.00 200.00  240.00  150.00  150.00  100.00 60.00 50.00, 180.00  220.00 320.00 270.00  400.00  370.00
Pb_ppm 3.00 5.00 3.00 2.00 2.00 2.00 3.00 3.00 3.00 4.00 2.00 2.00 5.00 7.00 7.00 8.00 5.00 3.00 4.00 2.00 2.00 3.00 3.00 3.00 6.00 9.00 6.00 5.00 6.00 5.00
S_pc_ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Sb_ppm 2.00 2.00 2.00 2.00 2.00 2.00 3.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Sc_ppm 11.00 13.00 10.00 10.00 12.00 15.00 20.00 15.00 13.00 27.00 37.00 35.00 42.00 47.00 44.00 40.00 29.00 23.00 17.00 10.00 10.00 12.00 11.00 17.00 19.00 16.00 17.00 16.00 19.00 16.00
Se_ppm 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Sn_ppm 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Sr_ppm 21.00 25.00 15.00 9.00 5.00 7.00 18.00 40.00 5.00 2.00 2.00 2.00 6.00 8.00 11.00 26.00 17.00 25.00 20.00 6.00 7.00 6.00 5.00 11.00 24.00 30.00 22.00 22.00 26.00 27.00
Th_ppm 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Ti_pc_ 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.04 0.04 0.04 0.05 0.03 0.04 0.04 0.03 0.02 0.02 0.01 0.06 0.06 0.03 0.02 0.02 0.10 0.03 0.08 0.12 0.04 0.01
Tl_ppm 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
U_ppm_ 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
V_ppm_ 71.00 83.00 55.00 50.00 52.00 65.00  115.00 96.00, 185.00f 232.000 256.00/ 254.00 268.00 257.00f 227.00 249.00 184.00  150.00 93.00 91.00 90.00 89.00 100.00 121.00 144.00  146.00, 153.00 125.00  140.00  172.00
W_ppm_ 10.00 10.00 30.00 20.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 20.00 30.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Y_ppm_ 20.00 30.00 20.00 20.00 10.00 10.00 20.00 20.00 10.00 20.00 10.00 10.00 40.00 80.00 80.00 90.00, 200.00  260.00  320.00 10.00 10.00 10.00 10.00 20.00 20.00 20.00 20.00 20.00 20.00 10.00
Zn_ppm 34.00 37.00 23.00 20.00 25.00 47.00 148.00  173.00 20.00 53.00 43.00 37.00 46.00 68.00 84.00 132.00 223.00 235.00  245.00 13.00 14.00 10.00 10.00 37.00 87.00 93.000 108.00 103.00  100.00  134.00
Zr_ppm 5.00 5.00 5.00 6.00 6.00 5.00 6.00 5.00 9.00 9.00 9.00 8.00 6.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00




FROM

TO

Au

Ag_ppm_

Cu_ppm_|

Fe_pc_

Al_pc_

As_ppm_

Ba_ppm_

Be_ppm_|

Bi_ppm_

Ca_pc_

Cd_ppm_|

Co_ppm_|

Cr_ppm_

Ga_ppm_|

K_pc_

La_ppm_

Li_ppm_

Mg_pc_

Mn_ppm

Mo_ppm

Na_pc_

Ni_ppm_

P_ppm_

Pb_ppm_|

S_pc_

Sb_ppm_

Sc_ppm_

Se_ppm_

Sn_ppm_

Sr_ppm_

Th_ppm_

Ti_pc_

Tl_ppm_

U_ppm_

V_ppm_

W_ppm_

Y_ppm_

Zn_ppm_

Zr_ppm_

1.00
0.00
0.20
1.82
24.00
80.00
0.80
2.00
0.44
0.50
15.00
136.00
43.00
10.50
10.00
0.09
10.00
10.00
0.03
175.00
1.00
0.02
25.00
770.00
2.00
0.03
2.00
20.00
10.00
10.00
24.00
20.00
0.04
10.00
10.00
316.00
10.00
10.00
32.00
15.00

1.00
2.00
0.01
13.00
1.43
21.00
70.00
0.90
2.00
0.21
0.50
13.00
112.00
67.00
9.55
10.00
0.08
10.00
10.00
0.02
141.00
1.00
0.02
27.00
830.00
2.00
0.03
2.00
19.00
10.00
10.00
13.00
20.00
0.03
10.00
10.00
253.00
30.00
10.00
31.00
11.00

2.00
3.00
0.00
88.90
1.45
23.00
90.00
0.50
2.00
0.03
0.50
8.00
67.00
155.00
8.72
10.00
0.12
10.00
10.00
0.02
147.00
1.00
0.01
27.00
640.00
2.00
0.02
2.00
11.00
10.00
10.00
7.00
20.00
0.03
10.00
10.00
127.00
220.00
10.00
19.00
7.00

4.00
0.00
39.10
2.13
41.00
40.00
1.70
2.00
0.02
0.50
25.00
150.00
174.00
21.00
20.00
0.05
10.00
10.00
0.01
262.00
1.00
0.01
42.00
1820.00
4.00
0.04
4.00
32.00
10.00
10.00
5.00
20.00
0.04
10.00
10.00
281.00
60.00
10.00
62.00
11.00

4.00
5.00
0.00
4.20
1.28
13.00
30.00
0.60
2.00
0.01
0.50
14.00
136.00
54.00
11.70
10.00
0.02
10.00
10.00
0.01
132.00
1.00
0.02
34.00
410.00
2.00
0.02
2.00
26.00
10.00
10.00
1.00
20.00
0.04
10.00!
10.00
180.00
10.00
10.00
45.00
10.00

5.00
6.00
0.00
0.20
1.08
23.00
30.00
0.60
2.00
0.01
0.50
10.00
136.00
49.00
11.40
10.00
0.04
10.00
10.00
0.01
199.00
1.00
0.01
25.00
400.00
2.00
0.01
2.00
24.00
10.00
10.00
2.00
20.00
0.03
10.00
10.00
133.00
10.00
10.00
33.00
11.00

6.00
7.00
0.00
7.50
0.84
12.00
30.00
0.50
2.00
0.01
0.50
3.00
76.00
46.00
7.02
10.00
0.05
10.00
10.00
0.01
66.00
1.00
0.01
13.00
350.00
2.00
0.01
2.00
16.00
10.00
10.00
1.00
20.00
0.02
10.00
10.00
72.00
10.00
10.00
18.00
11.00

8.00
0.00
0.20
1.03
21.00
30.00
0.50
2.00
0.01
0.50
7.00
102.00
43.00
7.80
10.00
0.04
10.00
10.00
0.01
111.00
1.00
0.02
17.00
300.00
2.00
0.01
2.00
19.00
10.00
10.00
1.00
20.00
0.03
10.00
10.00
124.00
10.00
10.00
19.00
11.00

8.00
9.00
0.00
0.20
1.17
37.00
20.00
0.50
2.00
0.01
0.50
20.00
100.00
80.00
11.45
10.00
0.03
10.00
10.00
0.01
515.00
1.00
0.02
37.00
370.00
2.00
0.02
2.00
28.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
278.00
10.00
10.00
31.00
11.00

9.00
10.00
0.00
0.20
1.06
31.00
20.00
0.50
2.00
0.01
0.50
5.00
73.00
49.00
9.50
10.00
0.03
10.00
10.00
0.01
257.00
1.00
0.02
29.00
380.00
2.00
0.01
2.00
30.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
227.00
10.00
10.00
23.00
8.00

10.00
11.00
0.00
0.20
1.21
24.00
10.00
0.50
2.00
0.01
0.50
4.00
58.00
46.00
9.38
10.00
0.03
10.00
10.00
0.01
209.00
1.00
0.02
24.00
500.00
2.00
0.02
2.00
36.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
221.00
10.00
10.00
18.00
6.00

11.00
12.00
0.00
0.20
1.03
21.00
10.00
0.50
2.00
0.01
0.50
3.00
52.00
37.00
8.80
10.00
0.03
10.00
10.00
0.01
189.00
1.00
0.01
13.00
490.00
2.00
0.02
2.00
35.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
193.00
10.00
10.00
10.00
6.00

12.00
12.80
0.00
0.20
1.16
14.00
10.00
0.50
2.00
0.01
0.50
3.00
57.00
36.00
8.43
10.00
0.03
10.00
10.00
0.01
175.00
1.00
0.01
12.00
490.00
2.00
0.02
2.00
41.00
10.00
10.00
1.00
20.00
0.03
10.00
10.00
184.00
10.00
10.00
8.00
5.00

12.80
13.55
0.00
0.20
1.16
10.00
10.00
0.50
2.00
0.01
0.50
4.00
66.00
38.00
9.00
10.00
0.04
10.00
10.00
0.01
182.00
1.00
0.02
14.00
540.00
2.00
0.02
2.00
42.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
194.00
10.00
10.00
9.00
5.00

13.55
14.30
0.00
0.20
1.18
11.00
10.00
0.50
2.00
0.01
0.50
4.00
97.00
39.00
10.35
10.00
0.03
10.00
10.00
0.01
187.00
1.00
0.03
18.00
450.00
2.00
0.02
3.00
37.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
176.00
10.00
10.00
12.00
5.00

14.30
15.00
0.00
0.20
1.17
12.00
10.00
0.50
2.00
0.01
0.50
3.00
104.00
44.00
11.35
10.00
0.04
10.00
10.00
0.01
224.00
1.00
0.02
21.00
560.00
2.00
0.02
2.00
42.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
200.00
10.00
10.00
12.00
6.00

15.00
16.00
0.01
0.20
1.44
21.00
20.00
0.50
2.00
0.01
0.50
3.00
106.00
49.00
12.00
10.00
0.05
10.00
10.00
0.01
323.00
1.00
0.03
27.00
510.00
2.00
0.02
2.00
35.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
211.00
10.00
10.00
15.00
7.00

16.00
17.00
0.00
0.20
1.17
31.00
20.00
0.50
2.00
0.01
0.50
4.00
139.00
46.00
12.20
10.00
0.04
10.00
10.00
0.01
406.00
1.00
0.02
34.00
440.00
2.00
0.02
2.00
28.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
218.00
10.00
10.00
18.00
8.00

17.00
18.00
0.00
0.20
1.26
11.00
20.00
0.50
2.00
0.01
0.50
2.00
69.00
30.00
8.70
10.00
0.06
10.00
10.00
0.01
236.00
1.00
0.02
22.00
370.00
2.00
0.01
2.00
26.00
10.00
10.00
1.00
20.00
0.03
10.00
10.00
129.00
10.00
10.00
11.00
5.00

18.00
19.00
0.00
0.20
1.08
36.00
20.00
0.50
2.00
0.01
0.50
3.00
137.00
35.00
11.00
10.00
0.05
10.00
10.00
0.02
280.00
1.00
0.02
31.00
260.00
2.00
0.01
2.00
25.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
174.00
10.00
10.00
16.00
9.00

19.00
20.00
0.00
0.20
1.46
38.00
20.00
0.60
2.00
0.01
0.50
3.00
242.00
78.00
13.30
10.00
0.05
10.00
10.00
0.02
215.00
1.00
0.02
67.00
270.00
2.00
0.02
2.00
37.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
244.00
10.00
10.00
39.00
8.00

20.00
21.00
0.00
0.20
1.29
13.00
20.00
0.70
2.00
0.01
0.50
4.00
232.00
91.00
13.00
10.00
0.04
10.00
10.00
0.02
213.00
1.00
0.01
84.00
220.00
3.00
0.01
2.00
39.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
215.00
10.00
10.00
48.00
7.00

21.00
22.00
0.00
0.20
1.59
13.00
20.00
0.70
2.00
0.01
0.50
4.00
157.00
72.00
11.90
10.00
0.06
10.00
10.00
0.02
236.00
1.00
0.02
77.00
160.00
3.00
0.01
3.00
36.00
10.00
10.00
2.00
20.00
0.05
10.00
10.00
212.00
10.00
10.00
40.00
6.00

22.00
23.00
0.00
0.20
131
15.00
20.00
0.70
2.00
0.01
0.50
7.00
149.00
84.00
12.00
10.00
0.04
10.00
10.00
0.03
268.00
1.00
0.01
74.00
190.00
2.00
0.01
2.00
48.00
10.00
10.00
1.00
20.00
0.06
10.00
10.00
190.00
10.00
10.00
35.00
6.00

23.00
24.00
0.00
0.20
1.73
14.00
300.00
0.70
2.00
0.04
0.50
13.00
143.00
87.00
10.60
10.00
0.06
10.00
10.00
0.10
1150.00
1.00
0.01
46.00
230.00
10.00
0.01
2.00
83.00
10.00
10.00
2.00
20.00
0.04
10.00
10.00
155.00
10.00
20.00
33.00
5.00

24.00
24.70
0.00
0.20
1.59
15.00
710.00
0.70
3.00
0.16
0.50
36.00
113.00
84.00
8.01
10.00
0.05
10.00
10.00
0.35
2830.00
1.00
0.02
65.00
260.00
15.00
0.01
2.00
61.00
10.00
10.00
10.00
20.00
0.02
10.00
10.00
137.00
10.00
90.00
55.00
5.00

24.70
25.80
0.00
0.20
1.94
13.00
2460.00
1.40
2.00
0.21
0.50
153.00
74.00
183.00
5.65
10.00
0.23
130.00
10.00
1.01
14500.00
1.00
0.01
173.00
360.00
23.00
0.01
2.00
46.00
10.00
10.00
19.00
20.00
0.02
10.00
10.00
146.00
10.00
180.00
279.00
5.00

25.80
27.00
0.00
0.20
1.56
16.00
620.00
0.80
2.00
0.21
0.50
54.00
106.00
147.00
5.56
10.00
0.08
150.00
10.00
1.10
2440.00
1.00
0.01
157.00
340.00
6.00
0.01
2.00
26.00
10.00
10.00
14.00
20.00
0.03
10.00
10.00
149.00
10.00
280.00
253.00
5.00

27.00
28.00
0.00
0.20
1.75
27.00
940.00
1.10
2.00
0.27
0.50
89.00
100.00
149.00
5.71
10.00
0.05
190.00
20.00
1.23
3070.00
1.00
0.01
157.00
360.00
8.00
0.01
2.00
27.00
10.00
10.00
17.00
20.00
0.02
10.00
10.00
140.00
10.00
340.00
254.00
5.00

28.00
29.00
0.00
0.20
1.99
27.00
2110.00
2.00
2.00
0.30
0.50
566.00
106.00
176.00
5.65
10.00
0.06
240.00
40.00
1.20
7540.00
1.00
0.01
266.00
440.00
6.00
0.01
2.00
25.00
10.00
10.00
16.00
20.00
0.02
10.00
10.00
159.00
10.00
320.00
321.00
5.00

29.00
30.14
0.00
0.20
2.22
24.00
890.00
1.50
3.00
0.39
0.50
574.00
86.00
138.00
5.17
10.00
0.05
200.00
40.00
131
3240.00
1.00
0.01
316.00
380.00
5.00
0.01
2.00
20.00
10.00
10.00
26.00
20.00
0.01
10.00
10.00
90.00
10.00
260.00
291.00
5.00

30.14
31.23
0.04
0.20
2.44
26.00
1240.00
1.90
2.00
0.44
0.50
759.00
87.00
116.00
5.25
10.00
0.06
130.00
40.00
1.44
4900.00
1.00
0.01
420.00
330.00
8.00
0.01
2.00
20.00
10.00
10.00
36.00
20.00
0.01
10.00
10.00
133.00
10.00
210.00
220.00
5.00

31.23
32.20
0.00
0.20
2.87
24.00
940.00
2.40
2.00
0.42
0.50
645.00
96.00
114.00
5.63
10.00
0.04
120.00
30.00
1.88
3140.00
1.00
0.01
423.00
300.00
5.00
0.01
2.00
23.00
10.00
10.00
25.00
20.00
0.01
10.00
10.00
99.00
10.00
200.00
291.00
5.00

32.20
33.00
0.01
0.20
2.89
36.00
920.00
4.30
2.00
0.47
0.50
203.00
104.00
95.00
6.35
10.00
0.06
90.00
10.00
2.22
2710.00
1.00
0.01
505.00
560.00
3.00
0.01
2.00
21.00
10.00
10.00
36.00
20.00
0.02
10.00
10.00
109.00
10.00
290.00
302.00
5.00



FROM

T0

Au

Ag_ppm_|

Cu_ppm_|

Fe_pc_

Al_pc_

As_ppm_|

Ba_ppm_

Be_ppm_|

Bi_ppm_

Ca_pc_

Cd_ppm_|

Co_ppm_|

Cr_ppm_

Ga_ppm_|

K_pc

La_ppm_

Li_ppm_

Mg_pc_

Mn_ppm |

Mo_ppm

Na_pc_

Ni_ppm_

P_ppm_

Pb_ppm_|

S_pe

Sb_ppm_

Sc_ppm_

Se_ppm_|

Sn_ppm_|

Sr_ppm_

Th_ppm_

Ti_pc_

Tl_ppm_

U_ppm_

V_ppm_

W_ppm_

Y_ppm_

Zn_ppm_|

Zr_ppm_

0.00
0.85
0.00
0.80
131
26.00
100.00
0.50
2.00
0.01
0.50
11.00
85.00
29.00
10.85
10.00
0.09
10.00
10.00
0.02
129.00
1.00
0.01
18.00
450.00
3.00
0.01
2.00
13.00
10.00
10.00
5.00
20.00
0.04
10.00
10.00
185.00
10.00
10.00
20.00
9.00

0.85
2.00
0.01
0.20
1.67
18.00
50.00
0.50
3.00
0.01
0.50
20.00
137.00
40.00
10.40
10.00
0.05
10.00
10.00
0.01
213.00
1.00
0.01
54.00
420.00
4.00
0.01
2.00
27.00
10.00
10.00
2.00
20.00
0.04
10.00
10.00
232.00
10.00
20.00
53.00
9.00

2.00
3.00
0.00
0.20
142
13.00
60.00
0.60
2.00
0.01
0.50
8.00
126.00
42.00
10.35
10.00
0.05
10.00
10.00
0.02
153.00
1.00
0.01
39.00
300.00
2.00
0.01
2.00
37.00
10.00
10.00
2.00
20.00
0.04
10.00
10.00
256.00
10.00
10.00
43.00
9.00

3.00
4.16
0.00
0.20
123
12.00
50.00
0.50
2.00
0.01
0.50
10.00
139.00
39.00
10.50
10.00
0.05
10.00
10.00
0.02
189.00
1.00
0.01
36.00
210.00
2.00
0.01
2.00
35.00
10.00
10.00
2.00
20.00
0.05
10.00
10.00
254.00
10.00
10.00
37.00
8.00

4.16
5.00
0.00
0.20
1.84
20.00
180.00
0.90
2.00
0.02
0.50
31.00
113.00
111.00
10.70
10.00
0.06
20.00
10.00
0.05
815.00
1.00
0.03
37.00
210.00
5.00
0.01
2.00
42.00
10.00
10.00
6.00
20.00
0.03
10.00
10.00
268.00
10.00
40.00
46.00
6.00

5.00
6.00
0.00
0.20
272
16.00
190.00
1.90
2.00
0.03
0.50
49.00
136.00
130.00
9.57
20.00
0.12
40.00
20.00
0.18
866.00
1.00
0.03
61.00
270.00
7.00
0.01
2.00
47.00
10.00
10.00
8.00
20.00
0.04
10.00
10.00
257.00
10.00
80.00
68.00
5.00

6.00
7.00
0.00
0.20
2.49
11.00
330.00
2.30
2.00
0.05
0.50
108.00
116.00
127.00
9.41
20.00
0.13
50.00
10.00
0.20
1530.00
1.00
0.02
68.00
260.00
7.00
0.01
2.00
44.00
10.00
10.00
11.00
20.00
0.04
10.00
10.00
227.00
10.00
80.00
84.00
5.00.

7.00
8.00
0.00
0.20
218
15.00
630.00
2.90
2.00
0.11
0.50
357.00
124.00
155.00
9.73
10.00
0.17
50.00
20.00
0.42
4070.00
1.00
0.02
147.00
280.00
8.00
0.01
2.00
40.00
10.00
10.00
26.00
20.00
0.03
10.00
10.00
249.00
10.00
90.00
132.00
5.00

9.00
0.00
0.20
2.90
9.00
520.00
2.90
2.00
0.23
0.50
325.00
108.00
119.00
7.48
10.00
0.29
100.00
30.00
137
2490.00
1.00
0.01
265.00
220.00
5.00
0.01
2.00
29.00
10.00
10.00
17.00
20.00
0.02
10.00
10.00
184.00
10.00
200.00
223.00
5.00

10.00
0.00
0.20
3.10
7.00

440.00
2.70
2.00
0.33
0.50

98.00

104.00

70.00
6.23

10.00
0.51

120.00

30.00

217

1630.00
1.00
0.01
240.00
200.00
3.00
0.01
2.00

23.00

10.00

10.00

25.00

20.00
0.02

10.00

10.00

150.00
10.00
260.00
235.00
5.00

10.00
11.00
0.00
0.20
3.04
3.00
450.00
1.80
2.00
0.41
0.50
62.00
93.00
43.00
4.76
10.00
0.25
150.00
30.00
2.46
1085.00
1.00
0.01
258.00
240.00
4.00
0.01
2.00
17.00
10.00
10.00
20.00
20.00
0.01
10.00
10.00
93.00
10.00
320.00
245.00
5.00

1.00
0.00
0.20
1.82
24.00
80.00
0.80
2.00
0.44
0.50
15.00
136.00
43.00
10.50
10.00
0.09
10.00
10.00
0.03
175.00
1.00
0.02
25.00
770.00
2.00
0.03
2.00
20.00
10.00
10.00
24.00
20.00
0.04
10.00
10.00
316.00
10.00
10.00
32.00
15.00

2.00
0.01
13.00
143
21.00
70.00
0.90
2.00
0.21
0.50
13.00
112.00
67.00
9.55
10.00
0.08
10.00
10.00
0.02
141.00
1.00
0.02
27.00
830.00
2.00
0.03
2.00
19.00
10.00
10.00
13.00
20.00
0.03
10.00
10.00
253.00
30.00
10.00
31.00
11.00

3.00
0.00
88.90
145
23.00
90.00
0.50
2.00
0.03
0.50
8.00
67.00
155.00
8.72
10.00
0.12
10.00
10.00
0.02
147.00
1.00
0.01
27.00
640.00
2.00
0.02
2.00
11.00
10.00
10.00
7.00
20.00
0.03
10.00
10.00
127.00
220.00
10.00
19.00
7.00

4.00
0.00
39.10
213
41.00
40.00
170
2.00
0.02
0.50
25.00
150.00
174.00
21.00
20.00
0.05
10.00
10.00
0.01
262.00
1.00
0.01
42.00
1820.00
4.00
0.04
4.00
32.00
10.00
10.00
5.00
20.00
0.04
10.00
10.00
281.00
60.00
10.00
62.00
11.00

5.00
0.00
4.20
128
13.00
30.00
0.60
2.00
0.01
0.50
14.00
136.00
54.00
11.70
10.00
0.02
10.00
10.00
0.01
132.00
1.00
0.02
34.00
410.00
2.00
0.02
2.00
26.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
180.00
10.00
10.00
45.00
10.00

6.00
0.00
0.20
1.08
23.00
30.00
0.60
2.00
0.01
0.50
10.00
136.00
49.00
11.40
10.00
0.04
10.00
10.00
0.01
199.00
1.00
0.01
25.00
400.00
2.00
0.01
2.00
24.00
10.00
10.00
2.00
20.00
0.03
10.00
10.00
133.00
10.00
10.00
33.00
11.00

7.00
0.00
7.50
0.84
12.00
30.00
0.50
2.00
0.01
0.50
3.00
76.00
46.00
7.02
10.00
0.05
10.00
10.00
0.01
66.00
1.00
0.01
13.00
350.00
2.00
0.01
2.00
16.00
10.00
10.00
1.00
20.00
0.02
10.00
10.00
72.00
10.00
10.00
18.00
11.00

8.00
0.00
0.20
1.03
21.00
30.00
0.50
2.00
0.01
0.50
7.00
102.00
43.00
7.80
10.00
0.04
10.00
10.00
0.01
111.00
1.00
0.02
17.00
300.00
2.00
0.01
2.00
19.00
10.00
10.00
1.00
20.00
0.03
10.00
10.00
124.00
10.00
10.00
19.00
11.00

9.00
0.00
0.20
117
37.00
20.00
0.50
2.00
0.01
0.50
20.00
100.00
80.00
11.45
10.00
0.03
10.00
10.00
0.01
515.00
1.00
0.02
37.00
370.00
2.00
0.02
2.00
28.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
278.00
10.00
10.00
31.00
11.00

9.00
10.00
0.00
0.20
1.06
31.00
20.00
0.50
2.00
0.01
0.50
5.00
73.00
49.00
9.50
10.00
0.03
10.00
10.00
0.01
257.00
1.00
0.02
29.00
380.00
2.00
0.01
2.00
30.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
227.00
10.00
10.00
23.00
8.00

10.00
11.00
0.00
0.20
121
24.00
10.00
0.50
2.00
0.01
0.50
4.00
58.00
46.00
9.38
10.00
0.03
10.00
10.00
0.01
209.00
1.00
0.02
24.00
500.00
2.00
0.02
2.00
36.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
221.00
10.00
10.00
18.00
6.00

11.00
12.00
0.00
0.20
1.03
21.00
10.00
0.50
2.00
0.01
0.50
3.00
52.00
37.00
8.80
10.00
0.03
10.00
10.00
0.01
189.00
1.00
0.01
13.00
490.00
2.00
0.02
2.00
35.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
193.00
10.00
10.00
10.00
6.00

12.00
12.80
0.00
0.20
116
14.00
10.00
0.50
2.00
0.01
0.50
3.00
57.00
36.00
8.43
10.00
0.03
10.00
10.00
0.01
175.00
1.00
0.01
12.00
490.00
2.00
0.02
2.00
41.00
10.00
10.00
1.00
20.00
0.03
10.00
10.00
184.00
10.00
10.00
8.00
5.00

12.80
13.55
0.00
0.20
116
10.00
10.00
0.50
2.00
0.01
0.50
4.00
66.00
38.00
9.00
10.00
0.04
10.00
10.00
0.01
182.00
1.00
0.02
14.00
540.00
2.00
0.02
2.00
42.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
194.00
10.00
10.00
9.00
5.00

13.55
14.30
0.00
0.20
118
11.00
10.00
0.50
2.00
0.01
0.50
4.00
97.00
39.00
10.35
10.00
0.03
10.00
10.00
0.01
187.00
1.00
0.03
18.00
450.00
2.00
0.02
3.00
37.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
176.00
10.00
10.00
12.00
5.00

14.30
15.00
0.00
0.20
117
12.00
10.00
0.50
2.00
0.01
0.50
3.00
104.00
44.00
11.35
10.00
0.04
10.00
10.00
0.01
224.00
1.00
0.02
21.00
560.00
2.00
0.02
2.00
42.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
200.00
10.00
10.00
12.00
6.00

15.00
16.00
0.01
0.20
144
21.00
20.00
0.50
2.00
0.01
0.50
3.00
106.00
49.00
12.00
10.00
0.05
10.00
10.00
0.01
323.00
1.00
0.03
27.00
510.00
2.00
0.02
2.00
35.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
211.00
10.00
10.00
15.00
7.00

16.00
17.00
0.00
0.20
117
31.00
20.00
0.50
2.00
0.01
0.50
4.00
139.00
46.00
12.20
10.00
0.04
10.00
10.00
0.01
406.00
1.00
0.02
34.00
440.00
2.00
0.02
2.00
28.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
218.00
10.00
10.00
18.00
8.00

17.00
18.00
0.00
0.20
1.26
11.00
20.00
0.50
2.00
0.01
0.50
2.00
69.00
30.00
8.70
10.00
0.06
10.00
10.00
0.01
236.00
1.00
0.02
22.00
370.00
2.00
0.01
2.00
26.00
10.00
10.00
1.00
20.00
0.03
10.00
10.00
129.00
10.00
10.00
11.00
5.00

18.00
19.00
0.00
0.20
1.08
36.00
20.00
0.50
2.00
0.01
0.50
3.00
137.00
35.00
11.00
10.00
0.05
10.00
10.00
0.02
280.00
1.00
0.02
31.00
260.00
2.00
0.01
2.00
25.00
10.00
10.00
1.00
20.00
0.04
10.00
10.00
174.00
10.00
10.00
16.00
9.00

19.00
20.00
0.00
0.20
1.46
38.00
20.00
0.60
2.00
0.01
0.50
3.00
242.00
78.00
13.30
10.00
0.05
10.00
10.00
0.02
215.00
1.00
0.02
67.00
270.00
2.00
0.02
2.00
37.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
244.00
10.00
10.00
39.00
8.00

20.00
21.00
0.00
0.20
1.29
13.00
20.00
0.70
2.00
0.01
0.50
4.00
232.00
91.00
13.00
10.00
0.04
10.00
10.00
0.02
213.00
1.00
0.01
84.00
220.00
3.00
0.01
2.00
39.00
10.00
10.00
1.00
20.00
0.05
10.00
10.00
215.00
10.00
10.00
48.00
7.00

21.00
22.00
0.00
0.20
159
13.00
20.00
0.70
2.00
0.01
0.50
4.00
157.00
72.00
11.90
10.00
0.06
10.00
10.00
0.02
236.00
1.00
0.02
77.00
160.00
3.00
0.01
3.00
36.00
10.00
10.00
2.00
20.00
0.05
10.00
10.00
212.00
10.00
10.00
40.00
6.00

22.00
23.00
0.00
0.20
131
15.00
20.00
0.70
2.00
0.01
0.50
7.00
149.00
84.00
12.00
10.00
0.04
10.00
10.00
0.03
268.00
1.00
0.01
74.00
190.00
2.00
0.01
2.00
48.00
10.00
10.00
1.00
20.00
0.06
10.00
10.00
190.00
10.00
10.00
35.00
6.00

23.00
24.00
0.00
0.20
173
14.00
300.00
0.70
2.00
0.04
0.50
13.00
143.00
87.00
10.60
10.00
0.06
10.00
10.00
0.10
1150.00
1.00
0.01
46.00
230.00
10.00
0.01
2.00
83.00
10.00
10.00
2.00
20.00
0.04
10.00
10.00
155.00
10.00
20.00
33.00
5.00

24.00
24.70
0.00
0.20
159
15.00
710.00
0.70
3.00
0.16
0.50
36.00
113.00
84.00
8.01
10.00
0.05
10.00
10.00
0.35
2830.00
1.00
0.02
65.00
260.00
15.00
0.01
2.00
61.00
10.00
10.00
10.00
20.00
0.02
10.00
10.00
137.00
10.00
90.00
55.00
5.00

24.70
25.80
0.00
0.20
194
13.00
2460.00
1.40
2.00
021
0.50
153.00
74.00
183.00
5.65
10.00
0.23
130.00
10.00
101
14500.00
1.00
0.01
173.00
360.00
23.00
0.01
2.00
46.00
10.00
10.00
19.00
20.00
0.02
10.00
10.00
146.00
10.00
180.00
279.00
5.00

25.80
27.00
0.00
0.20
1.56
16.00
620.00
0.80
2.00
021
0.50
54.00
106.00
147.00
5.56
10.00
0.08
150.00
10.00
110
2440.00
1.00
0.01
157.00
340.00
6.00
0.01
2.00
26.00
10.00
10.00
14.00
20.00
0.03
10.00
10.00
149.00
10.00
280.00
253.00
5.00

27.00
28.00
0.00
0.20
175
27.00
940.00
110
2.00
0.27
0.50
89.00
100.00
149.00
5.71
10.00
0.05
190.00
20.00
123
3070.00
1.00
0.01
157.00
360.00
8.00
0.01
2.00
27.00
10.00
10.00
17.00
20.00
0.02
10.00
10.00
140.00
10.00
340.00
254.00
5.00

28.00
29.00
0.00
0.20
1.99
27.00
2110.00
2.00
2.00
0.30
0.50
566.00
106.00
176.00
5.65
10.00
0.06
240.00
40.00
1.20
7540.00
1.00
0.01
266.00
440.00
6.00
0.01
2.00
25.00
10.00
10.00
16.00
20.00
0.02
10.00
10.00
159.00
10.00
320.00
321.00
5.00

29.00
30.14
0.00
0.20
2.22
24.00
890.00
1.50
3.00
0.39
0.50
574.00
86.00
138.00
5.17
10.00
0.05
200.00
40.00
131
3240.00
1.00
0.01
316.00
380.00
5.00
0.01
2.00
20.00
10.00
10.00
26.00
20.00
0.01
10.00
10.00
90.00
10.00
260.00
291.00
5.00

30.14
31.23
0.04
0.20
2.44
26.00
1240.00
1.90
2.00
0.44
0.50
759.00
87.00
116.00
5.25
10.00
0.06
130.00
40.00
144
4900.00
1.00
0.01
420.00
330.00
8.00
0.01
2.00
20.00
10.00
10.00
36.00
20.00
0.01
10.00
10.00
133.00
10.00
210.00
220.00
5.00

31.23
32.20
0.00
0.20
2.87
24.00
940.00
2.40
2.00
0.42
0.50
645.00
96.00
114.00
5.63
10.00
0.04
120.00
30.00
1.88
3140.00
1.00
0.01
423.00
300.00
5.00
0.01
2.00
23.00
10.00
10.00
25.00
20.00
0.01
10.00
10.00
99.00
10.00
200.00
291.00
5.00

32.20
33.00
0.01
0.20
2.89
36.00
920.00
4.30
2.00
0.47
0.50
203.00
104.00
95.00
6.35
10.00
0.06
90.00
10.00
2.22
2710.00
1.00
0.01
505.00
560.00
3.00
0.01
2.00
21.00
10.00
10.00
36.00
20.00
0.02
10.00
10.00
109.00
10.00
290.00
302.00
5.00



FROM

TO

Au

Ag_ppm_

Cu_ppm_

0.00
1.00
0.00
0.50
9.14
9.00
1600.00
1.90
2.00
0.07
0.50
5.00
82.00
2.00
5.63
20.00
4.21
20.00

0.27
47.00
1.00
0.20
12.00
250.00
2.00
0.01
7.00
23.00

69.00
20.00

0.33
10.00
10.00
94.00
10.00

16.00

1.00
1.80
0.00
0.50
8.87
12.00
1510.00
1.80
2.00
0.04
0.50
4.00
77.00
2.00
5.46
20.00
4.34
20.00

0.25
54.00
1.00
0.20
13.00
320.00
2.00
0.01
5.00
23.00

72.00
20.00

0.32
10.00
10.00
80.00
10.00

9.00

1.80
2.54
0.00
0.50
8.54
8.00
1670.00
1.80
2.00
0.01
0.50
2.00
87.00
4.00
5.95
20.00
4.05
20.00

0.23
41.00
1.00
0.19
11.00
330.00
4.00
0.01
5.00
21.00

65.00
20.00

0.30
10.00
10.00
97.00
10.00

8.00

2.54
3.19
0.00
0.50
7.70
5.00
1660.00
1.80
2.00
0.01
0.50
4.00
79.00
1.00
4.99
20.00
3.74
20.00

0.22
45.00
1.00
0.17
11.00
350.00
2.00
0.01
5.00
20.00

59.00
20.00
0.28
10.00
10.00
116.00
10.00

4.00

0.00
0.50
0.01
1.80
11.00
25.00
770.00
2.10
4.00
0.14
0.50
7.00
69.00
12.00
6.76
20.00
4.40
20.00

0.29
84.00
2.00
0.21
11.00
420.00
8.00
0.01
5.00
23.00

82.00
20.00

0.29
10.00
10.00
90.00
20.00

12.00

0.50
1.00
0.01
0.70
10.90
24.00
780.00
2.20
5.00
0.06
0.50
7.00
71.00
11.00
6.80
20.00
4.32
20.00

0.27
84.00
2.00
0.21
13.00
380.00
8.00
0.01
5.00
24.00

84.00
20.00

0.28
10.00
10.00
91.00
10.00

12.00

1.00
1.70
0.00
0.60
9.48
7.00
950.00
2.20
2.00
0.02
0.50
3.00
27.00
19.00
3.60
20.00
3.48
20.00

0.30
71.00
1.00
0.12
4.00
360.00
2.00
0.01
5.00
12.00

73.00
20.00

0.17
10.00
10.00
66.00
10.00

11.00

1.70
241
0.01
0.50
10.20
8.00
880.00
2.20
2.00
0.02
0.50
2.00
51.00
20.00
4.91
20.00
3.34
30.00

0.26
82.00
1.00
0.11
4.00
370.00
2.00
0.01
5.00
21.00

83.00
20.00
0.21
10.00
10.00
112.00
10.00

12.00

241
3.00
0.01
3.10
9.96
19.00
680.00
2.00
2.00
0.06
0.50
4.00
70.00
19.00
6.29
20.00
3.31
40.00

0.23
104.00
2.00
0.15
9.00
460.00
2.00
0.01
5.00
24.00

90.00
20.00
0.24
10.00
10.00
107.00
20.00

12.00

3.00
4.00
0.00
1.10
7.84
5.00
830.00
2.00
2.00
0.02
0.50
1.00
16.00
16.00
2.77
20.00
3.15
20.00

0.26
56.00
1.00
0.11
1.00
250.00
3.00
0.01
5.00
10.00

63.00
20.00

0.11
10.00
10.00
48.00
10.00

7.00

4.00
5.00
0.00
0.50
9.07
13.00
760.00
2.20
2.00
0.02
0.50
2.00
41.00
16.00
4.41
20.00
3.13
10.00

0.27
91.00
1.00
0.11
3.00
380.00
2.00
0.01
5.00
18.00

44.00
20.00

0.21
10.00
10.00
95.00
10.00

11.00

5.00
6.00
0.00
0.50
9.56
9.00
810.00
2.30
2.00
0.02
0.50
1.00
63.00
25.00
5.51
20.00
3.36
20.00

0.27
79.00
1.00
0.12
4.00
640.00
2.00
0.01
5.00
26.00

80.00
20.00
0.20
10.00
10.00
138.00
10.00

16.00

6.00
7.00
0.00
0.50
8.80
12.00
680.00
2.20
3.00
0.03
0.50
1.00
93.00
39.00
7.17
20.00
2.81
30.00

0.24
59.00
1.00
0.10
7.00
960.00
2.00
0.01
5.00
35.00

99.00
20.00
0.21
10.00
10.00
164.00
10.00

25.00

7.00
7.80
0.00
0.50
9.31
19.00
780.00
2.50
2.00
0.03
0.50
1.00
59.00
22.00
5.73
20.00
3.52
10.00

0.30
72.00
1.00
0.13
4.00
720.00
2.00
0.01
5.00
26.00

65.00
20.00
0.17
10.00
10.00
157.00
10.00

19.00

7.80
9.00
0.00
0.50
9.24
19.00
690.00
2.30
2.00
0.03
0.50
1.00
63.00
25.00
5.64
20.00
3.19
20.00

0.25
98.00
1.00
0.12
5.00
720.00
2.00
0.01
5.00
25.00

80.00
20.00
0.18
10.00
10.00
139.00
10.00

18.00

9.00
10.00
0.00
0.50
11.40
17.00
620.00
1.90
2.00
0.03
0.50
2.00
69.00
32.00
5.58
20.00
2.85
60.00

0.22
68.00
1.00
0.11
9.00
830.00
4.00
0.01
5.00
26.00

191.00
20.00
0.17
10.00
10.00
152.00
10.00

22.00

10.00
11.00
0.00
0.50
9.91
19.00
700.00
2.10
2.00
0.02
0.50
1.00
60.00
23.00
5.05
20.00
3.05
40.00

0.24
132.00
1.00
0.11
5.00
620.00
5.00
0.01
5.00
23.00

138.00
20.00
0.19
10.00
10.00
127.00
10.00

16.00

11.00
12.00
0.00
0.50
10.35
19.00
690.00
2.20
2.00
0.02
0.50
1.00
99.00
28.00
6.34
20.00
3.20
40.00

0.25
127.00
1.00
0.13
7.00
680.00
2.00
0.01
5.00
31.00

117.00
20.00
0.24
10.00
10.00
171.00
10.00

21.00

0.00
1.00
0.01
0.50
8.21
9.00
840.00
1.70
2.00
0.06
0.50
4.00
76.00
16.00
4.97
20.00
3.52
50.00

0.29
142.00
1.00
0.13
15.00
310.00
2.00
0.02
5.00
20.00

66.00
20.00
0.27
10.00
10.00
116.00
10.00

17.00

1.00
1.60
0.00
0.50
8.54
5.00
860.00
1.70
2.00
0.04
0.50
3.00
36.00
9.00
3.24
20.00
4.21
40.00

0.33
94.00
1.00
0.15
9.00
240.00
2.00
0.01
5.00
13.00

61.00
20.00

0.25
10.00
10.00
84.00
10.00

14.00

1.60
2.50
0.00
0.50
7.66
9.00
700.00
1.60
2.00
0.04
0.50
3.00
35.00
7.00
3.70
20.00
3.70
40.00

0.28
157.00
1.00
0.13
9.00
230.00
2.00
0.01
5.00
10.00

52.00
20.00

0.19
10.00
10.00
67.00
10.00

20.00

2.50
3.54
0.00
0.50
7.86
5.00
850.00
1.70
2.00
0.01
0.50
2.00
18.00
6.00
3.17
20.00
3.97
60.00

0.28
99.00
1.00
0.14
9.00
390.00
2.00
0.01
5.00
8.00

77.00
20.00

0.18
10.00
10.00
45.00
10.00

13.00



FUROS DE SONDAGEM:

FLV_67

0 - 1 metro: preto,
arenoso com matéria
organica. Presenca de
pequenos

fragmentos de rochas,
com graos de quartzo e
K-F. A partir de 2 metros
de profundidade, a rocha
¢ um conglomerado
(Ouricuri do Ouro).

FLV_093

0-1 metro: preto, arenoso
e contém matéria
organica. Ocorre a
presenga de fragmentos
de rocha, arenito
ferrificado, matriz
hematitica e nivel
areno-argiloso.

Em 2 metros de rocha é
um conglomerado.

FLV_63

1 a 4 metros: solo é
marrom, areno argiloso,
com fragmentos
organicos e fragmentos
de quartzo.

De 4 a 8 metros, ¢é
argiloso, com niveis de
caulim, e, localmente,
FeO.

De 8m a 20m,
composicao
predominantemente
argilosa com coloragao
rosa-acinzentada.
Ocorre, localmente, nesse
intervalo, vénulas ou
laminas de material preto

FLV 41

0 a 2 metros: marrom,
areno-argiloso; com M.O.
De 2 a 3,4m, o solo é
marrom, levemente
mosqueado, argilo
arenoso. De 3,4a 4.9, o
solo saprolitico com
fragmentos de rocha de
composi¢ao granitica,
com qtz e fedspatos
alterados que dao aspecto
cinza-esbranqui¢ado no
nivel, e origem a matriz
argilosa. De 4,9 a 8m, o
solo ¢ vermelho
esverdeado com
fragmentos de rocha

FLV_099

0 -0,3 m: marrom, areno
argiloso,

com fragmentos
organicos. Segue para um
nivel arenoso-argiloso,
com manchas
avermelhadas até 1,9 m.
A partir de 1,9, saproélito
com fragmentos de rocha
alterada, rica em mica
branca. Em 2,5 a rocha
aflora: rocha com
feldspatos argilizados,
alterada

(rocha granitica).

FLV_40

0- 3 metros: solo
marrom, arenoso com
M.O. De 4 a 6 metros ¢
argiloso, vermelho -
esbranquicado, com blogs
de caulim, esbranquigado.
De 6 - 8,5, tons laranjas
(oriundos de FeO?) e
fragmentos de rocha
saprolitizada e
manchadas por MnO. A
partir de 9 metros o solo ¢
saprolitico esverdeado,
origem de rocha mafica
que aflora a partir de
12m.

FLV 38

0-2 metros: solo
vermelho- amarronzado,
arenoso. A partir de 2 m,
tons mosqueados em
material areno-argiloso.
Entre 4-6 metros, uma
mistura de cores
vermelho, laranja e
amarelo nos graos areno-
argilosos, com porgdes
esbranquicadas,
localizadas e argilicas
estdo presentes
(aparentam ser feldspatos
altamente alterados). A
partir de 8 metros,
granitoide alterado

com trago de mesma cor alterada. Destaca-se a Aflora.
(MnO). A partir de 20 presenca de 0xido de Mn,
metros, € rosa cujo habito, localmente, ¢
esbranquicado; dendritico (pirolusita?).
feldspatico -caulinitico. Localmente, ocorre a
A partir de 26 metros, o presenca de argila branca
solo se torna branco- que junto a algum oxido
esverdeado, argiloso. exibem aspecto
Em 31 metros (saprolito mosqueado. Os
com fragmentos de xisto fragmentos de rocha sdo
esverdeado). partir de 35 | isotropicos. 8-10 metros,
metros, 0 que se nota ¢ a a coloragdo esverdeada é
presenga de rocha mafica | mais viva, realcada, Mn
xistosa. ainda se faz presente,
bem como algumas
manchas de FeO. O
material € silto-argiloso.
Em 11,5 metros ocorre
veio de qtz. Até 14
metros, ocorre saprolito
de cor vermelhado com
cristais de plg, K-f
alterados (granito).
FLV_48 FLV_49 FLV_10 FLV_07 FLV_098 FLV_097 FLV_13

1 a 2 metros: solo ¢
marrom, arenoso ¢
contém M.O. De 2 a 3,5
metros, € saprolitico:
rosa-esbranquig¢ado, com
fragmentos de rocha
granitica com K-F e Qtz,
bastante alterada. Em
aproximadamente 3,6m
ocorrem vénulas de
manganés? turmalina? E
exposi¢do do granitoide.

0-30 cm: solo silte-
argiloso, marrom. De
30cm a 2m: silto-
argiloso, rosado,
saprolitico. Os
fragmentos de rocha
presentes sdo de granito
micéceo alterado
(sericita?), ocorrem
nestes fragmentos uma
matriz hematitica e
venulas com turmalina e
magnetita. A partir de 2
m, granitoie aflorante.

0 a 2 metros: solo areno-
argiloso, amarelado, com
porgdes mosqueadas
(manchas avermelhadas,
FeO e presenca de M.O).
2 a 4m, saprolito de rocha
foliada, acizentada, com
clorita, muscovita e
quartzo, e feldspato
caulinizados. De 4 a
5,2m, o saprolito de rocha
acizentada, argilosa,
friavel, manchas
alaranjadas ocorrem,
FeO? Entre 5,2 m a 7m,
ha um veio de quartzo,
manchado por 6xido de
ferro, em 6, 3 m, presenga
de material argiloso rosa-
esbranquicado. Em 7
metros, o material se
torna amarelo-
avermelhado a laranja-
avermelhado, argiloso, e
grada para um saproélito
de rocha foliada, cinza
esverdeada e manchado
por oxido de ferro. Em
7,35 m, argila
esbranquicada, ¢ em
7,70m, material
saprolitico, avermelhado
e ferrificado com argila
na matriz. vénulas de
magnetita. Em 8m, a zona
¢ oxidada com magnetita
euédrica, presenca de
especularita ou martita?
A partir de 8,50, aflora
uma rocha granitica
alterada.

0-2 metros: solo
marrom-esbranquigado,
argilo-arenoso, com
fragmentos de rocha
alterada bastante
caulinizada. Manchas
amareladas e
avermelhadas estdo
presentes, e, por vezes,
vénulas, aparentemente
6xido de Mn. Em 3,5
metros, ha predominio de
material argiloso, rosado.
Em 4,5 a 4,6 m, veio de
quartzo manchado por
oxido de ferro e 6xido de
Mn (manchas pretas, com
trago preto). Os
fragmentos em 5 metros
sdo xistosos, amarelados,
ricos em Qtz. Os
feldspatos estdo bastante
alterados para uma argila
branca (caulim? ou outra
mica branca?), ocorrem,
ainda, vénulas com oxido
de Fe e Mn. Até 8 metros,
os fragmentos estdo
dispostos em meio ao pod
friavel argiloso e
amarelado da rocha. O
solo saprolitico vai até §
m até 13 metros e, entdo,
um metatonalito/
granitico porfiritico
alterado, saprolitico,
ocorre. Os K-F alterados
alcangam até 2cm. E o
granito/tonalito com
varios niveis de alteragdo
segue no perfil.

0 a 1,7 metros: solo
marrom palido com
manchas avermelhas
(FeO), arenoso e com
M.O. A partir de 1,70 é
argilo- arenoso, com
fragmentos de rocha
alterada, saprolitico,.
Entre 2,5 € 3 metros é
bastante esbranquicado,
com martita disseminada
e fragmentos de rocha
alterada com mica de
alteragdo. Nestes
fragmentos, o Qtz esta
presente junto com a
mica levemente
esverdeada. Até 12
metros, os fragmentos de
rocha alterada estdo com
o material argiloso-
arenoso, Com por¢os
esbranquicadas e
mosqueadas, evidente em
10, 5 m. A partir de 12
metros, o granitoide
aflora.

0 a 2 metros: saprolitico:
rosa-esbranquig¢ado, com
fragmentos de rocha
granitica com muscovita,
K-F e Qtz, e segue para
exposi¢do do granitoide.

0 -4 metros: solo marrom
avermelhado com tons
bastante

avermelhados que
predominam entre 3 e 4
m.

Entre 1 e 2 metros,
ocorréncia de fragmentos
de Qtz no material argilo
arenoso com fragmentos
de rocha oxidada,
brechada. Entre 4 ¢ 10
metros, o solo é
saprolitico com tons
esverdeados que vao se
destacando a medida que
a profundidade ¢é
aumentada. Neste nivel,
sdo claras as vénulas e
ocorréncia de 6xidos de
manganés, bem como a
presenca de martita
disseminada. Tons
esbranquicados tipicos de
argila também estao
presentes. Entre 10, 5 e
21 metros, O solo
permanece saprolitico
com os tons esverdeados
mais ressaltantes, com
solo de coloragdo
vermelho esverdeado a
verde avermelhado. As
vénulas de Mn ocorrem.
Por¢des mosqueadas com
presenca de caulim sdo
comuns. Em 15,8
(fragmento de rocha filica
a xistosa, constituida por
mica fina e Qtz). Em 17,
5 arocha esta bem
alterada esverdeada e
com Qtz. Nesse nivel, em
19, 5 a rocha aparenta ser
um granito com quartzo e
matriz argilosa, produto
de alteragdo. Em 21, 50,
arocha tem textura
grossa e contém Qtz e
feldspatos alterados.
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