05/08/2019

<\

ar co'nhémmentos basicesy sobre sistemas
hidrotermais. emkambientes geologlcos \J\em omg seu
|econhe0|}ento EMaenENos anugos £

| 3 Estudar 2 g@nsss, Bvoligiio SN de ﬂwdos\;
hldrote'mals eIoS e?ulos da allela ao h|d|ote|mal

Deflnn OS! tlpos & zonamento& das TelCies de
alterdcachemisistemasy hldrotermals e a5, mineraliZagoes
aSSOCIadaS N »

Ahalisdr = 0s . ambientesMgeol0gicos
potencws para mmerahzacoes magmatrcas Iudrotermms

=

Discutir alguns critérids pala explma@ao mineral 2
em terrenos Nao metamorficos e metamorficos.

J % N ™ o) |m@@e~ fyston IRGS)eskalns
) IntrodLJ; ] u‘ldos hidrotermaisy interacao i IHOSN e ) Slm“}ano e@a‘UVOS (VHMS) TR
FOCHEE Al erCROMTrote } 8) Alteracoesihtrotermaitientdepositos Sed|mentares\. <

2) Orlgem esevolucaotde sistemas hidrotermeais: aassmcaca Exalative, SEUEX) e M|SS|SSIppI Valley}MT\/)
L e DI B Elescopagem e sistemss O)|Alteracoes B eI BB Gaitos do tipo Carlip do

% wliPOICTOGENICOE metals J:emosos
a) Tlpos'e estiloSide ahenacao hldrotermal l\/lelassomat\smo & J o

sdelice o gotssico (Sricitizzezlor orooilitizaeszios alleracao I ¥10) A”%ra(}oes h|d|?
argmca CIOl tiZeCe0 i CarNEl Zec a0 SIlICIbACE0, "ete ! Cobie aure (loce)

4) AIteraCao hidrotermal"e:mineralizacoesgem depositos e 11) LEMOS GEralS pagaexp[ma@acymmer‘:ﬂ |nd|ces\
épitermiaisy do'tipo. porfirO'CAIGIOS Ei6ain0s joxi0adDs:e geogtiniicos de alteladao maroiermall Exemp s de
ceelipiclosty gy il aliclings. | : Sistemas hidrotermais, em deposnos minerai

5),Magmatismo asSociados as mineralizacoes fepitermeaisiy . 1 ) Produtos metamérficos de Iochas Mteradac ™
eIRGSnA importancia dos eventos deiflat-subduction’ | ~
Zonamentoktectonicoy:evolugéo  tectonoiiagmaticase estruturasy s nidroter, malmente em sistenias epltelm_als viilcano*
tectonicas. Formacaoide complexos de caldeiras vulcanicas e pluténicos“Exeniplos.
sua relacao com mineralizacoestmagmatica=fidrotermais.

AULA DATA ASSUNTO
01 05/08 | Introdugao. Conceitos. Fluidos hidrotermais, interacéo fluido-rocha e alteragdo i
(7] 12008 | Origem e evolugdo de sistemas hidrotermais. Classiicago  tpos de sistemas hidrotermais.
em sistemas hidrotermais.
0 1908 |Tipos e estlos de alteragdo hidrotermal. Metassomatismo sodico & potassico, alteragdes
sodico-calcica, propilititica, cloritica, sericitica, argilica e argilica avangada, carbonatizagéo,
i efc.
[3 26008 |h epitermais, porfros e IRGS. A importancia dos

eventos de flat- 3ubduc1voﬂ Zonamenla tectdnico, evolugdo tectono-magmatica e estruturas
tecténicas. Formagdo de complexos de caldeiras vulcanicas e sua relagdo com
at

02/09 Nao havera aula - Proclamagdo da Indepedéncia - Semana de aulas em cam|
09/09 Alteracdo hidrotermal e mineralizagdes em depositos epitermais; em depésitos do tipo porfiro
calcio-alcalinos oxidados e reduzidos e em granitéides alcalinos.

06 16109 | Intrusion Related Gold Systems (IRGS) & skams.
07 23/09 AlteragSes m depositos de 6xido de ferro-cobre-ouro (I0CG).
30/09 PROVA 1
08 07/ Sistemas vulcano-exalativos submarinos (depdsitos VHMS).
141 Nao havera aula - Dia da Padroeira do Brasil - Semana de aulas de campo
09 211 Alteragdes hi em depdsitos do fipo Carlin e do tipo orogénico de metais preciosos.
28/1 Nio havera aula - Feriado
10 041 Alteragdes hidrotermais em depésitos Sedimentares Exalativos (SEDEX ou CD) e Mississippi
Valley (MTV).
1 111 Critérios gerais para exploragdo mineral. Indices geoguimicos de alterago hidrotermal.
Exemplos de sistemas is em depdsitos minerais.
18/11 |Feriado - Dia da consciéncia negra
12 2511 |Produtos metamérficos de rochas alteradas hidrotermalmente em sistemas epitermais

| vulcano-pluténicos. Exemplos.
l2/|2 | APRESENTACAO E DISCUSSAO DOS SEMINARIOS




05/08/2019

Sublimagéo de Enxofre

\;..’“.:.wc..h,,‘
Rrincipal motlvagao
para 6.curso

R 8 ’Ww%‘;x\) 4

B B 0

Strictiral Unzg o
el oW czll d%!
G OTTPIEXSHTE hosls

8| Cins hlghssu "mon

S \}'P

VULCANISMO UATUMA
AI\/IAZONIA (Ca 2,0a 18/ Ga)

Basement of the volcanic sequence, mainly syn-colisional Parauari granites.
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PLUMPER, 0. and PUTNIS, A. (2009)
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Here are some of the biggest porphyries in the world you can see that these range in
size from 2,000,000,000 tons up to Chuquicamata at a whopping 16,000,000,000
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and expenditures have increased approximately threefold
during the last 12 years(Wilburnetal, 2015; Wood, 2016),
yet discovery rates are down and very few new deposits
have been found (Sillitoe, 2013). Asa result, exploration is
moving into underexplored, high-risk political jurisdic-
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McCulloch, 1993, for the same intervals) were reached during Eccene burial under the influence of the
Iceland Plume. Naeth et al. (2005) Journal of Petroleum Geology, 28(2): 147-166

Missing links: gold deposits and hot springs

spring sinter = 80 g/t gold
Champagne Pool
Waiotapu, New Zealand

Taupo Volcanic Zone, New Zealand: Second missing link Clay alteration halo (in green) around faults/veins (red) ; hot-spring discharge

Looking northeast: volcanic arc to east, Broadlands, NZ
volcanic rift to west

Broadlands
geothermal
system
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—— S ﬂf -a::.—_;_ >
Broadlands, New Zealand:
Ohaaki Pool, boiling hot spring

deposits silica sinters
= .,§0.1 ppb gold in water

Gas loss
s s Low uinfo
Au-rich (5%) scale ' ' (<0.1 ugheg Au)

FeS,, CuFeS,,
+5wt.% gold

Au (HS); + %H, Zbong. Augs HiS + HS'

. pling of 770 C vapor
Summit crater acidic gases 5

Condensation of acids causes
leaching of host volcanic rocks

Kawabh ljen, Java: volcanic crater with acidic lake

Application'to gold deposits?

Photograph:
Piarra Nalmelie
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e cartralconpies. and thrcugh o compiex taet
) wsncrysatione

Hg and Meteoric
Water(?)
z N 2 Apemmmmmm e
Lepanto high- : ::
sulfidation deposit, Beht
2]
5 s
3 True North
g Valdez Creek
S As, Sb, Cu, pistrict v
= Ag, Pb, Zn Gok
£ 4
g

Len

Bl Enargite-Auore
Residual quartz (silicic)
B Quartz-ahunite

|

Sn, W, Pb, Mo,

90 and 70 Ma alkalic-

Motamorphic Carbonaceous ~90 Ma cale-
[ Revivistal o S A o I aine inrusions caicic ntrusions

Sedimentary Carbonate Stockwork Shears/Veins/
JRocks Rt < Brecaia Veins, o TmSKamS  — o cive sulfides

ser
FIGURE 6: Schematic cross-section through a intrusive gold compiexes in the Kuskokwim Gold Belt and Tintina Gold
Belt, Alaska showing relative depth of the Valdez Creek District and other significant Alaska and Yukon prospects.
Data from McCoy, 1997 modified by Avalon Development, 2002

Missing Ii'r. goﬁlﬂ?ﬁ‘le'posits and hot springs

Shallowi'fo‘rrﬁgd gp\{d}lgposits
3 : vf § Hishikari

Kyushu, Japan

Quartz vein with
400 g/t gold i b Y. Matsuhisa

J. Saunders, Aubumn U.

Sheeted vein
below sinter
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[ 1 5 km
’ — _ Schematic relations shallow epithermal gold deposits,
Shallow epithermal gold formation in volcanic rift =3 l]s eI 2 ; P g P
oy in volcanic arcs:
B Ahyolite mineralization LS AU Sinter b.
dome complex veins  terrace
L\ Lake bads_ e 11 __Basalt flows Kokeshedacie: deans
volcanic edifice < Outer limit, advanced
77V argillic lithocap
L vV vy
N )
sedimentary f Basalt It
sequence dikes
Rit-
bounding
fault
¢..._ Early, shallow acidic
f L " condensates
$ Early, deep acidic
Granodiorite magmatic gases
g Metearic
water L porphyry stock §  Later HS flid,
g Magmatic Parental evolved in lithocap
vu\al\las. rg“ran;daionle Later, deep IS fluid
“x 1 ore g |- _p Last, evolved IS fuid]
XX \Silitoe and Hedenquist, 2003 4 5 km Siliitoe and Hedenquist, 2003

Alteracao hidrotermal em sistemas de cob:

Sistema de.
porfiro.de cobre

& \tel@scb do
(Sillitoe;

e L —

doma
. Lacuatres sosmant
oulfil [IFRp———
o | By brestomagreats tecia
Lato i porphry

w28 [ Antesne vocani

Sillitoe (2010)

BATU HIJAU

BATU HIJAU
GEOLOGY

ALTERATION

Young Tonslite
Intarmadiate Tonaite
Diorte

Volcani; Sequences
—~ Pit December 2007

-0
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BATU HUUAU
SULFIDES

BATU HUAU
6 QZ VEINS

8 High abundance of Quartz Voins ( >5% )
Moderate abundance of Quartz Veins ( 1% - 5% )

# Quanz Veins absent of rare.

— Pit Decamber 2007
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Mlne in In esig'\
N )

Batu Hijau cqntains =1

billion tonnes\iaf\g.53%

copper + 0.40 g/t gold.

It has a'similar: sized

< surface soil

geochemical
‘footprint’ and
weighted average
grade as Kodu (BHP
Resotrce estimate).
s

b
. Kodu andidistrict may,

also have veryjgood,*
overall resource
potential.

7

4 Gold

L CERLETAT T
B 0s-torAu
SRR
[

i
From Arif and Baker

Rarter etal. (2012)

| sHALLOW Advanced argillic
4 (py) (py-en, py-cv)
Sericitic
(Y, py-cp,
py-bn)
g
Chlorite-
a sericite
(cp-py)
"(cp-bn)
proj
(py]
 J
DEEP

EARLY «— 0.2-5Ma ——— LATE

5 '[E{Bmg_ggge{nﬁs;e\ma delcobreido tipo poriro)

sillitoe (2010)
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SCHEMATIC ALTERATION ZONING
IN EPITHERMAL SYSTEMS

HIGH SULPHIDATION

vuggy advanced
silica argillic

Au

argillic propylitic

4=mm Ore 4mmm Ore 4=mm

quartz kaolinite chiorite
aluni ( ) calcite
( (epidote)

Location of principal
- volcanic-related gold deposits.
2 LT

wmwaressano % gold produced
OROGENIC
%
Old placer

a { % Me:i:morphlc L; A

[ ‘ OTHERS
SULFIDATION Foster, 2002

SEDIMENT EPITHERMAL Only >3 M oz

Gold deposits of| "™ "
P! PORPHYRY A deposits;

different origins: EPITHERMAL 3300 M oz total

SCHEMATIC ALTERATION ZONING
IN PORPHYRY COPPER-GOLD SYSTEMS

intermediate argilli iciti propylitic

Shallow
1.5 km

inter-mineral
intrusion
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