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 Introdução 

 Processos formadores de depósitos 

 Fluidos na Terra 

 Sistema mineral 

 Alteração hidrotermal 

 Fluidos hidrotermais 

 Tipos de fluidos e exemplos 
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TÓPICOS 



Classificação de depósitos (Lindgren) 

 

 Elementos e/ou mineral 

 Rocha hospedeira 

 Ambiente tectônico e/ou idade 

 Processos genéticos 
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Introdução 



Goldfarb & Groves (2015) 
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Introdução 



 
• magmatic - concentration as a result of 
chemical and mineralogical processes 
mmagmas; 

• hydrothermal - concentration as a result of 
precipitation from heated aqueous fluids 
migrating through crustal rocks; 

• sedimentary - concentration by mechanical or 
chemical processes at the time of sedimentation; 

• regolith - enrichment as a result of weathering 
processes. 

Ridley, John (2013). 0re deposit geology, 

Cambridge University Press, New York. 398 p 5 

ORE DEPOSITS CLASSIFICATION 



Some Definitions 

Supergene - mineral deposit or enrichment 

formed near the surface, commonly by 

descending recent meteoric waters; also 

said of those fluids and of that 

environment 

 

Hypogene - used to describe mineral deposits 

formed by ascending solutions from 

Earths crust or mantle  
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Webb (2004) 



 

 Magmatic ore deposits  
 

 small-fraction partial melts: light rare-earth element (LREE) 

ores in carbonatites  Ex. Bayan Obo (ETRL, Nb and Fe – 

China) Palabora, África do Sul 

 differentiation of  a silicate melt: chromite deposits  Ex. 

Bushveld 

 immiscible sulfide melt phases: base-metal Ni-Cu sulfide 

deposits in mafic and ultramafic rocks Ex. Sudbury; Kambalda 

 immiscible sulfide melt phases: PGE sulfide deposits  

 Deposits formed through extreme fractionation of magma: 

rare-metal pegmatites  

 Ores formed through incorporation of a mineral from depth 

in the Earth into magma: diamond deposits in kimberlites and 

 1amproites 
Ridley, John (2013)  8 



Ore deposits formed in sedimentary environments  

 

Chemical precipitation from surface waters 

(hydrogene deposits)  

 Iron ores in ironstones  

 Sedimentary-rock-hosted Mn deposits  

 Sedimentary-rock-hosted phosphorus deposits 

 

Ore deposits in clastic sedimentary environments  

 Heavy-mineral sand deposits on shorelines and   

  palaeoshorelines  

 Fluvial placer and palaeoplacer deposits 

Ridley, John (2013)  
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Hydrothermal ore deposits I:  

magmatic and orogenic 

environments  
 

Hydrothermal deposits formed around magmatic centres  

 Porphyry deposits  

Greisens and related ore deposits  

 Skarn and carbonate-replacement deposits  

 Polymetallic veins and vein fields associated with  

 magmatic centres  

High-sulfidation epithermal Au-Ag deposits  

 Low-sulfidation epithermal deposits  

 Volcanic-hosted massive sulfide (VHMS) deposits  

Syn-orogenic hydrothermal ore deposits without close spatial 

or temporal relations to magmatism  

  Orogenic Au deposits  

  Carlin-type gold deposits  

  Iron oxide-copper-gold (IOCG) deposits 
Ridley, John (2013)  10 



Hydrothermal ore deposits II:  

sedimentary environments 

 

Hydrothermal fluids in sedimentary basins 

 Chemical characteristics of  basinal waters 

 Large-scale fluid flow in sedimentary basins 

 

Base-metal deposits in sedimentary basins 

 Mississippi Valley-type (MVT) Pb-Zn deposits 

 SEDEX Pb-Zn-Ag deposits 

 Kupferschiefer or red-bed copper deposits 

 

Uranium deposits in sedimentary basins 

 Unconformity-related uranium deposits 

 Tabular uranium deposits 

 Roll-front uranium deposits 

Ridley, John (2013)  
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Supergene ores and supergene overprinting of ores 

 

In situ supergene ores 

 Bauxite in lateritic weathering profiles 

 Ni-Co laterite deposits 

 

Supergene ores formed by overprinting of hypogene 

ores (supergene-modified) 

 Supergene gold ores in lateritic weathering 

  profiles 

 Supergene copper ores in arid and semi-arid 

  climates 

 Supergene iron ores 

 

Ridley, John (2013)  
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Fluids in the Earth 

“We all live on this 

water planet which 

we have 

mistakenly chosen 

to call Earth.” 

Anonymous 

Bodnar et al. (2006) 

Earth: The water planet 

https://earthobservatory.nasa.gov/images/565/earth-the-blue-

marble 
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Volcanism, both 

subaerial and 

submarine, is the 

major activity 

whereby water and 

other volatiles are 

transferred from the 

deep Earth to the 

near-surface. 
Fig. An artists impression of what the primitive 

Earth may have looked like in Eoarchaean time 

(>3600 Ma). The Moon would have been closer to the 

Earth and meteor showers and volcanic activity 

were more prevalent than today. Hot springs and 

pillow lavas in thermal areas may have been the 

breeding grounds for primitive microorganisms and 

the evolution of life, some associated with 

stromatolite development in shallow seas.  

Geo-artist: Maggie Newman. 

Anhaeusser (2014) 
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Mantle Fluids 
With the exception of the 
very upper mantle portion,  
“free” fluids are generally 
not present in the mantle.  

Mantle fluids are either 
dissolved in silicate melts or 
occur as defects in nominally 
anhydrous minerals.  

Ohtani (2005) Water in the mantle. 

Based on earlier conceptual 
studies with the goal to develop 
an internally-consistent, 
quantitative model describing H2O 
reservoirs in the whole-Earth 
system, fluxes between those 
reservoirs, and H2O residence 
times in the various reservoirs.  

15 

Schematic model for global water circulation. The model by 

Williams and Hemley (2001) is modified in this figure, based on 

Maruyama et al. (2001) and Ohtani et al. (2004, 2005). Arrows 

indicate directions of  water or hydrogen movement. 



Subduction Environment 
Summary of H2O fluxes into subduction zones 

•Most water (73%) that enters 
trench is returned to oceans 
by updip flow 

 
•About 11% of subducted 

water is lost to arc magmas 
 
•About 10% of subducted 

water is incorporated into 
minerals in the upper mantle 

 
•About 6% of subducted water 

is transported into the 
transition zone and lower 
mantle 

Curso IFs Bodnar 16 Ohtani (2005) Water in the mantle. 



17 Ohtani (2005) Water in the mantle. 



Fluids in the Earth 

Bodnar et al (2013) 
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Fluids in the Earth 

Bodnar et al (2013) 



MAIORIA DOS DEPÓSITOS MINERAIS EXISTEM 
DEVIDO AO IMPORTANTE PAPEL DA ÁGUA 
CONCENTRANDO E DEPOSITANDO METAIS 

Placer deposits 

ATM, Surface waters, Oceans 
Curso IFs Bodnar 20 



Porphyry Cu-Mo-Au deposits 

CC, UM, SW, GW, ATM  

MAIORIA DOS DEPÓSITOS MINERAIS EXISTEM 
DEVIDO AO IMPORTANTE PAPEL DA ÁGUA 
CONCENTRANDO E DEPOSITANDO METAIS 

21 

Bajo de Alumbrera, 

Argentina 



22 
Chuchicamata, Chile 



23 
Butte, EUA 



S11D, Serra Sul, 

Carajás 

Mount Whaleback, Western Australia 24 



Massive Sulfide deposits 

Oceans,  
Upper mantle 

MAIORIA DOS DEPÓSITOS MINERAIS EXISTEM 
DEVIDO AO IMPORTANTE PAPEL DA ÁGUA 
CONCENTRANDO E DEPOSITANDO METAIS 

Curso IFs Bodnar 25 



O que são fluidos hidrotermais? 

 

Qual a fonte do fluido e dos metais? 

 

Como são transportados? 

 

Quais os caminhos? 

 

Mecanismos de precipitação? 

 

Preservação 

  
26 



The mineral system concept of  
ore body formation 

27 McCuaig et al., 2010 
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Sistema Mineral 



Sistema Mineral 

Hagemann et al (2016) 



Hagemann et al (2016) 30 

Sistema Mineral 



31 Hagemann classes  



Fluidos Hidrotermais  

[hidro=água; termal=quente]  
 

 São soluções aquosas, quentes, que se movimentam por 
canais específicos da crosta, ou por uma porção restrita da 
superfície da crosta, e precipitam uma massa localizada de 
minerais a partir dos componentes nelas dissolvidos; 

 Contêm espécies dissolvidas, principalmente Na+, K+, Ca+2, Cl, 
além de  Mg, Br, S (reduzido ou não), Sr, e menos Fe, Zn, C 
(CO2, e HCO3

-, N (NH4), SiO2, etc.   dependendo da fonte e 
da evolução do próprio fluido; 

 Temp de ~32° a 360°C (50 to> 500°C), ~ 2/3 na faixa de 65° a 
121°C; 

 A razão fluido/rocha tem que ser exata: se alta demais  
diluição, se baixa demais  volume pequeno de minério.  32 



Formation of ore 

removal 
concentrate 

33 



Ridley, John (2013)  34 



Modified from Heinrich, 2001 

From Fluids to Ore Deposits 

Source rock/melt Ore deposits 

35 



Se movimentam: 
 
 Por difusão  em mais de uma 
direção, com variação mais regular na 
composição do fluido. Típico de fluido 
estagnado/ empoçado entre poros e 
para pequenas variações na T-P.  
minérios de substituição 
(replacement-style ores) 
 
 Por infiltração  para grandes 
distâncias e em uma só direção, com 
mudanças abruptas.  precipitação 
de veios (e estilo open-space filling)  
 
 
 

Precipitam por 
 
 Substituição por 
reações 
 
 
 
 
 
 
 Precipitação direta do 
fluido (veios, vugs ou 
cavidades, estilo open-
space filling)  

COMUMENTE AMBOS!  36 



Esquema simplificado mostrando o fluxo de 

fluido hidrotermal ao longo de uma direção 

preferencial e sua difusão lateral. 

37 

Fluidos Hidrotermais 



Sunrise Dam, Kalgoorlie 

38 
Orogenic gold deposists 



Difusão 

HDs  
Formação 

de HM  
Jp  

minério a 

magnetita 

Jp 

Jp 

hema- 

titizad

o 

39 
Serra Norte, Carajás 



40 
Orogenic gold deposists 



MAFIC-HOSTED  

VQZ, JAZIDA CUIABÁ 

41 

Orogenic gold 

deposists 
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 Conjunto de reações entre um fluido quente e as rochas 

que o mesmo atravessa, impulsionadas por desequilíbrio 

qualquer entre esses dois sistemas.  

 É a substituição química dos minerais originais em uma 

rocha por novos minerais, sendo que o fluido cede os 

reagentes químicos para a rocha e dela remove os 

produtos (aquosos) solúveis liberados das reações.  

O desequilíbrio entre fluido e rocha ou resulta da 

diferença composicional e química entre os dois, sendo 

função das fugacidades de voláteis e atividades de 

componentes químicos em geral, ou de variações físicas, 

como mudanças de densidade, por exemplo. 

Ocorre como resposta à variações de temperatura e 

pressão, e fundamentalmente à de pressão de fluido (Pƒ).  

Hidrotermalismo ou Alteração Hidrotermal 



 Composição da rocha hospedeira original 

 Composição do fluido original 

(O2
; pH; Pvapour de voláteis; ânions & cátions - salinidade; 

etc) 

 Reatividade fluido-rocha 

 T & P (depth) das reações 

 Razão fluido/rocha  

 Permeabilidade & reologia da rocha 

 Estruturas, armadilhas litológicas & 

químicas/mineralógicas 
43 

Hidrotermalismo ou Alteração Hidrotermal 



Ex. fluido interagindo com rocha 

máfica: 

 H2O    a = 0,8 

 CO2   a = 0,15 

 Sais, S, Au & a = 0,05  

 outros metais  

 

Zona DISTAL da clorita (± carbonato, raro sulfeto)  

fixação de H2O 

Zona INTERMEDIÁRIA do carbonato (±clorita, 

algum sulfeto)  fixação de CO2 

Zona PROXIMAL do sulfeto-Au (sericita, ±carbonato) 

 fixação de S & Au 

Veio de quartzo-sulfeto-Au (±carbonato)  fixação de 

SiO2 (liberada da hidratação, carbonatação & sulfetação de 

silicatos) 
 

Aula Profa. Lydia Lobato 

44 Orogenic gold deposists 



Pode envolver mudanças: 

 na cor 

 na textura 

 na mineralogia 

 na química da rocha 

 

Notar a mudança de coloração da 

rocha entre a zona distal (escura), 

intermediária (cinza clara) e 

proximal (amarelada - bleaching) 

de alteração hidrotermal em 

sequência de rocha 

metassedimentar.  

45 
Córrego do Sítio orogenic gold deposit (Lima, 2012) 



VQZ, Cuiaba mine  
Vitorino (2017) 
  

HYDROTHERMAL ALTERATION 

46 
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Inserir fotos Australia 

Superpit, Kalgoorlie 
Production: 850,000 ounces of gold every 
year; 
There are over 2,000 ore lodes that occur 
within the Golden Mile dolerite are found 
in an area over 5 kilometres in strike and 2 
kilometres in width and occur to a depth 
of over 1 kilometre. 
 

http://www.superpit.com.au/Geology/Overview/tabid/62/Default.aspx 



Distal         Proximal   

V5 V1 V2 V3a V3b V4 

Hypogene Alteration 

>65wt% Fe  ~30-35wt% Fe ~35-50wt% Fe 50-65wt% Fe 

Petrography of Jp to Ore Transitions 

Figueiredo e Silva et al., 2008 

 

Serra Norte, Carajás 49 



Jaspilitos hidrotermalizados, 

mineralizados a Fe 
50 



chl 

hm 

N5EF523P213 (49) 

VEIN: 
HEMATITE 

+ 
QUARTZ 

Zucchetti (2007) 

AMYGDALES: 
HEMATITE 

+ 
CHLORITE 

hm 

chl 

Rocha encaixante 
ALTERAÇÃO AVANÇADA – CLORITA & HEMATITA 

51 



BIF to Ore Transitions – Tom Price 

BIF Distal Intermediate High-grade  

ore 
Proximal Talc Altn 

 Hypogene Alteration 

Supergene 

 

~30-35wt% Fe ~55wt% Fe 55-60wt% Fe 

P (>0.10 wt% - apatite) 

porosity ~15% 

~65wt% Fe 

P~0.05 wt%  

porosity ~30% 

Fe >65wt% Fe,  

1cm

Mr-Goe

Thorne et al., 2004 52 



Pyrite crystals associated with albite-

carbonate halos – veins seem to 

“feed” rock with pyrite-rich portions. 

Reflected light (25X).   

Metadiorite altered to 

albite-carbonate  

53 Orogenic gold deposists 



Carbonaceous phyllite 

(hanging wall) 

Cuiabá 

ARMADILHAS 



 Paragenesis (Greek, “born beside”) 
 
 paragenesis is used to describe any assemblage of 

ore minerals with or without gangue, formed at 
the same time and normally in equilibrium 
 

 the chronological order of mineral deposition - 
the sequence of deposition of minerals, or 
assemblages - in a rock or ore deposit is known as 
the paragenetic sequence of a deposit 
 

 Mineral paragenesis is closely related to the concept 

of mineral zoning 

 
55 

Paragenesis and paragenetic sequence 
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Microcrystalline hematite

Magnetite 

Martite 

Kenomagnetite

Microplaty hematite   

Anhedral-subhedral hem

Euhedral-tabular hematite

Earliest

Latest

Ore/          IntermediateProximal Distal

Paragenetic Sequence of Iron Oxides from JPs to high-grade ore 

Figueiredo e Silva et al., 2013 

 



57 
Kresse et al. 2018 

Orogenic gold, 

Cuiabá mine, QF 



Moreto et al 2015 

IOCG, CARAJÁS 



59 
Moreto et al 2015 



Fluids types in the Earth 

Bodnar et al (2013) 
60 



Kesler (2005) 

Fluid inclusions 
have been widely 
used to understand 
behaviour of ore 
forming fluids and 
the magmatic 
immiscibility such 
as silicate melt, 
H2O-CO2, hydro-
saline melt, dense 
CH4 and sulphide-
metal melt.  

61 

Fluids types in the Earth 



62 

Sharma and Srivastava (2014) 
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Fluid reservoirs 



Kesler (2005) 
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Magmatic fluids 

 Volatile magma substances that migrate,  

carrying differenciation components  

 In addition to saline aqueous fluid, the volatiles like H2S, CO2, 

SO2, SO4, HCl, B and F, are found as significant ore-depositing 

agents in magmatic-hydrothermal fluids.  

 mobile elements LIL Large ion lithophile such as Li, Be, B, Rb, Cs; 

also significant quantities of alkalis, alkali earths and volatiles 

such as: Na, K, Ca, Cl, and CO2 

 metals such as Fe, Cu, Zn 

 Water is the principle mobile constituent in all magmas, 
increases in amount with increasing differentiation and plays an 
important part in the transportation of many ore components. 

 Estimates of water in magmas range form 1 to 15%. 

halite, sylvite, gypsum,  

and hematite 

65 



66 Pirajno  (2009) 

Magmatic fluids 



 Composição determinada: 
 - pelo tipo de magma e sua história de cristalização;  
 - pelas relações de T e P durante e depois da 
separação do magma;  
 - pela natureza de outros fluidos que se misturam com 
essas fluidos à medida que os mesmos se movem e pelas 
reações decorrentes do contato com rochas encaixantes ou 
hospedeiras.  

Mineralização  é geralmente associada aos estágios 
finais de fluidos magmáticos hidrotermais, e pulsos 
repetitivos podem levar à formação de grandes corpos 
de minério.  

 Fluido hidrotermal pode dissolver elementos 
economicamente úteis ou simplesmente agir como 
transportador destes.  67 



 

DEPÓSITOS PORFIRÍTICOS 

 
 

Bingham, EUA 

Cu, Mo (Au) 

68 



http://gsc.nrcan.gc.ca/mindep/synth_dep/porph/index_e.php#fig1 

Age distribution of porphyry deposits. 

 

Ages of Porphyry style Cu-Mo-Au-Sn-W 

Note that there are Proterozoic and Archean examples of porphyry systems 

Seedorf et al. (2005) 
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Cawood & Hawkesworth (2015) 70 
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75 
Richards (2011) 



76 
Richards (2011) 



77 Richards & Munin (2013) 

Precambrian Fanerozoic 



Meteoric Water  

Águas meteóricas são aquelas que tiveram contato e se equilibraram 

com a atmosfera (chuva, neve, névoa, orvalho, geada, etc.), as quais 

fornecem escoamento superficial de rios e riachos. 

Foto: Rosane Nascimento 
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                                                        Águas Meteóricas 
 

 Se movimentam da superfície em direção à níveis mais 

profundos, atraídas por calor (corpo ígneo), são aquecidas e 

transformam-se em soluções hidrotermais, participando da 

formação de depósitos minerais. 

 Tem também papel importante nos processos supergênicos.  

- ancient  can be heated as downward flow 
synchronous to upward flow and tectonic-
magmatic activity 

 - recent   e.g., the past 20 million years, rainwater 
etc., downward flow into “cold” crust 

79 



Meteoric Water  
Average residence times for water in      

near-surface reservoirs 
 

Reservoir                       Average Residence Times 

Oceans 3,500 years 

Deep Groundwater 1,000 to10,000 years 

Shallow Groundwater 100 to 200 years 

Lakes 50 to 100 years 

Glaciers 20 to 100 years 

Biosphere ≈6 months 

Seasonal Snow Cover 2 to 6 months 

Rivers 2 to 6 months  

Soil Moisture 1 to 2 months 

Atmosphere 10 days 
80 



Ex. Iron ores  Mount Whaleback - WA 

81 



Fluid                                               

δ18Ofluid: ~ -1.0 

High fluid flux 

Basinal brine 160-180oC    

                    

  

δ18Omag ~ 6.0 ‰ δ18Ohem ~ -4.9 ‰ 

Modified after  

Thorne et al., 2007 

Process 

Desilification 

Carbonatisation 

MpH formation 

 

 

Paraburdoo: A - Hypogene basinal fluids 

82 



Paraburdoo: B: Deep Meteoric fluids 

Fluid                                               

δ18Ofluid: ~ -4.0 

Low fluid flux 

Meteoric Fluid: ~100oC 

δ18Ohem ~ -4.9 ‰ δ18Ohem ~ -6.5 ‰ 

Process 

Carbonate  

removal 

Modified after  

Thorne et al., 2007 

83 
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Gossan Zn 



Hydrothermal fluid 

circulation feeding a 

hot spring system in 

volcanic regions 

where magma 

chambers occur at 

shallow depth. 

Convected fluids 

control the 

distribution of 

isotherms 

(temperature 

contours) 

http://www.dur.ac.uk/ju

liette.pavey/geology/ 
 

HOT SPRINGS 





Seawater 

• Seawater as an ore-forming fluid are best 
described in the contexts of evaporates, 
phosphorites, submarine exhalites 

• Some deposits related to seawaters are: 

– VMS 

– BIF 

– Sedimentary iron deposits 

– Phosphate deposits 

– Evaporites 

– Manganese modules 

87 



Hydrothermal ore deposits I:  

magmatic and orogenic 

environments  
 

Hydrothermal deposits formed around magmatic centres  

  Porphyry deposits  

Greisens and related ore deposits  

 Skarn and carbonate-replacement deposits  

 Polymetallic veins and vein fields associated with  

 magmatic centres  

High-sulfidation epithermal Au-Ag deposits  

 Low-sulfidation epithermal deposits  

 Volcanic-hosted massive sulfide (VHMS) deposits  

Ridley, John (2013)  88 



VHMS 

volcanic-hosted massive sulphide 

Sulfetos maciços vulcanogênicos 

  

The “black smoker” hydrothermal vent encountered during the ROV exploration. Photo © Ocean Exploration Trust 89 



 Precipitação de sulfetos 
por resfriamento e 
mistura de fluido 
hidrotermal com água 
do mar 

 Mistura causa aumento 
do pH  redução da 
solubilidade dos 
sulfetos  oxidação 
permite precipitação de 
gipso e barita  

Ridley (2013) 
90 



(Bodnar, 2014) 
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93 

seafloor massive sulphide (SMS)  



Connate waters 

water trapped in sediments at the time they 
were deposited is known as connate water 

connate waters are fossil waters 

observed in oil field exploration  

rich in sodium and chloride, also considerable 
amounts of calcium, magnesium, and bi-
carbonate, and many contain strontium, barium 
and nitrogen compounds 

can also contain light hydrocarbons 

stable isotope ratios near SMOW 

Mississippi Valley type deposits 
94 



IOCG 

95 



Fluid                                               

δ18Ofluid: ~ -1.0 

High fluid flux 

Basinal brine 160-180oC    

                    

  

δ18Omag ~ 6.0 ‰ δ18Ohem ~ -4.9 ‰ 

Modified after  

Thorne et al., 2007 

Process 

Desilification 

Carbonatisation 

MpH formation 

 

 

Paraburdoo: A - Hypogene basinal fluids 
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Metamorphic Fluids 
During metamorphism fluids are 
generated by dehydration and 
decarbonation reactions.  

Initially, fluids migrate along grain 
boundaries and along layering 
until they intersect shear zones or 
faults where fluid flow becomes 
more focused.  

Fluids may also be trapped under 
impermeable layers where they 
build pressure until fracturing 
occurs - this process may be 
repeated many times during the 
metamorphic history.  

Fluids that eventually end up in 
shear zones may have swept 
through large volumes of rock, 
scavenging and delivering metals 
to shear zones where they may be 
deposited in economic 
concentrations. 

Cartwright & Oliver, Reviews in Econ. Geol., v. 11 (2000) 

 Carbonaceous 

pelites 97 



Metamorphic Fluids 
Schematic temperature versus time 
path for metamorphic rocks (above) 

and variation of water contents 
(below).  

During heating, rocks lose water due 
to dehydration (D). Dehydration will 
continue in rocks that do not 
intersect melting reactions (hatched 
region) until the peak of 
metamorphism (P).  
In rocks that melt (M), the melts 
represent a sink for fluids until 
crystallization (C) occurs and the 
fluids are exsolved.  
During retrogression, rehydration 
(R) is possible if fluids remain within 
or are introduced into the terrane. Cartwright & Oliver, Reviews in Econ. Geol., v. 11 (2000) 
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Figure 5. Schematic representation of the conjunction of parameters responsible for the formation of Archean orogenic 

gold deposits. Similar principles apply to younger deposits but host rocks are different and control potentially more 

subtle. As the sketch is a cross section, only the vertical components of transpressional faults are shown; there is 

clearly a strike-slip component. Oblique fault sets that represent accommodation structures are not shown for the same 

reason, but are an important additional parameter. 

Groves et al (2015) 
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Complexos  [Au(HS)2
– , HAu(HS)2

0 and Au(HS)0]  Groves & Santosh (2016) 

101 

H2O, CO2, S, Au, As  



BIF 

SULFETADA 

BIF  

BIF-hosted  
Cuiabá  
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Foto: Profa. Lydia Lobato 



• Depósitos de ouro orogênico  tamponamento/fixação dos 
principais componentes do fluido hidrotermal (metamórfico), em 
especial H2O, CO2 e enxôfre; 

• Interação rocha hospedeira x fluido  extrema importância para 
precipitar ouro; 

• FFB  particularmente eficientes devido à sulfetação de minerais 
ricos em ferro; ouro é complexado com enxôfre no fluido 
mineralizador; 

• GBRV  FFB ricas em siderita e magnetita mais favoráveis à 
sulfetação, em especial (i) siderita enriquecido em matéria 
carbonosa (depósito Cuiabá); (ii) FFB rica em magnetita intercalada 
com níveis pelíticos (depósito São Bento); 

• (i) 2C + 2H2O = CO2 + CH4;  (ii) metapelitos + H2O = clorita + SiO2; 

• Magnetita e siderita  ankerita  sulfetos que podem conter ouro; 

• Filitos carbonosos 

 
104 Araújo & Lobato (2019) & 

Lobato et al (2001) 



Gaboury (2019) 
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Gold solubility 



Timing de formação de sulfetos 
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Lamego gold 

deposit, QF 

Arsenopirita forma a custa 

de pirita 

FeS2  AsFeS2 

200X 

Py 

Apy 



108 200X 

Apy 

Py Esf 

Precipitação 

de Au 

associada à 

formação de 

arsenopirita/

Py arsenical  



                 Possible sources of Au 
• Pyrite nodules 

• Possible magmatic source, from 
calk-alcaline affinity 

• Basalts and ultramafic rocks  

• Pyrite  pyrrhotite conversion (500-550°C) releasing S and Au 

• Pelitic rocks containing carbon  and S  carbonaceous pelite 
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TAKE HOME 
MESSAGE 



FLUIDOS HIDROTERMAIS 
 

Soluções hidrotermais podem ser provenientes de 

fontes distintas (magmáticos, águas meteóricas, água 

do mar, conatas, metamórficos); 

Evoluem química e isotopicamente na crosta terrestre 

 reações com as rochas encaixantes, separação de 

fases, mistura de fluidos , entre outros; 

Para formar um depósito mineral  

(1) circular por grandes volumes de rochas a uma razão 

fluido/rocha adequada;  

(2) fluir para ambientes confinados;  

 mecanismos de precipitação de metais - mudanças de 

T, P; reações com encaixantes 111 



FLUIDOS HIDROTERMAIS 

 

 Tipo de depósito mineral  depende da composição 

da solução, onde e como a precipitação ocorre. 

 Transportam metais: em complexos como de Cl e S 

 Precipitação tem que ser canalizada  

 Fluxo disperso não causa 

concentração. 
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