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Large numbers of a single species of gastropod from a
lacustrine environment. PPL, HA = 13.5 mm

A deep water coral reef off the coast of Belize

(source: www.smithsonianeducation.org). e AT

An aragonitic bivalve shells after diagenetic alteration. The
bivalve shells were dissolved and the molds were later filled
with sparry calcite. PPL, HA = 7.0 mm



) rudstones and K
bindstones and bindstones and grainstones PacKatonse--
flamestoles minor framestones > . wackestones

spurs and
grooves
A

An idealized 3-d
block diagram of a
modern coral reef

eet al. 2003; modified after Wright and Burchette, 1996).




East Australian coast Great Barrier Reef Pacific Ocean

deltaic siliciclastic sands biostrome/bioherm reef sea-level 1
talus
£ transgressive O\ periplatform
3 120 : siliciclastics 0 0oze
@) mixed
T B g v DO slo
siliciclastic carbonate dominated facies
min
240l dominated

(a)

East Australian coast Great Barrier Reef Pacific Ocean

floodplain sands & gravels shelf edge/fan delta
0 ac e siliciclastic sands sea-level 2
£ f
= an
a 120 deposits
S < siliciclastic dominated p
< 75-200km >

240-

(b) Cross-section across the Great Barrier Reef. Figure a) shows present-day, Inundated setting and

figure b) the situation during the last glacial (sealevel lowstand

Source: Coe et al., 2003).




DISTRIBUCION
DE LASCALIZAS
EN EL PERU

80,985 Km?2 6.3% of
the Peruvian area
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DISTRIBUCION SUPERFICIAL DE LAS PLACAS LITOSFERICAS

PLACA
PACIFICA

del
1as placas
B. Limite convergente




Las placas tectonicas y la produccion de
magmas y yacimientos

Convergent
Plate Boundary

Island
arc

Epithermal

daponite Volcanogenic
massive sulfide
deposits

Porphyry

Divergent
Plate Boundary

Spreading
center

Orogenic gold

Volcanogenic vein deposits

massive sulfide )
deposits Volcanogenic
massive sulfide

deposits

Shield
volcano

Plate Boundary

Continental

Convergent
Rift Zone

Continental
arc

Epithermal

Sedimentary-exhalative,
deposits

sediment-hosted copper,
and evaporite deposits
Polymetallic
Porphyry replacement
deposits MVT
d







Mineralized belts and provinces

Northern Peru
Cu-Au Porphyry Belt

Lancones Basin
VMS Cu-Zn-Au

s

Yanacocha EpithermaMN - /‘7 ooty
Gold Belt 0 :
Pataz Batholith
Pierina Epithermal Mesothermal Gold Belt
Gold Belt E :
 Central Peru MVT
Central Peru |_ sl Zn-Belt
Polymetallic Skarn & -
Replacement Belt Eocene-Oligocene
Apurimac Cu-Porphyry
& Skarn Belt
Iron Oxides —
Cu-Au Coastal . —
Belt =~ Ananea Mesothermal

} Gold Belt
|

Coastal Batholith \
Mesothermal Gold Belt Q
_S
\ ; Southern Peru
Paleocene Southern Peru ™~ Epithermal Au-Ag Belt
Cu-Porphyry Belt

Cardozo, Bustamante 2012







Columna Estratigrafica del Peru Simplificado

QUATERNARY

JoL |

EOCENE

FALECCENE

UPPER
ICRETACEDUS|

UPPER
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PEMNSYL-
VANIAN

MIZ3I33P.
PlAN

o

B Volcanic

h Limestone

[ | Coarse clastic
Fine clastic

A thick, mainly
late Pz - Up.K,
marine sed.- volc.
Sequence.

Followed by a
terrestrial clastic

sequence and intense
sub-aereal volcanic
activity

Cardozo, Bustamante 2012



Columna Estratigrafica del Perd Simplificado
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Cardozo, Bustamante 2012



Columna Estratigrafica del Peru Simplificado
R TR 0 -

Quechua

R QO Deposit Types
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Columna Estratigrafica del Peru Simplificado
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QUATERNARY \
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Cardozo, Bustamante 2012



Columna Estratigrafica del Peru Simplificado
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Cardozo, Bustamante 2012




Northern Peru Schematic W-E Section

W E
Late Cretaceous porphyry Miocene, Au-Ag epithermal and ::g_"z’nhi’vu_((:‘\“g";‘ﬂ:“)' Skarns
Cu-Mo belt lymetallic d its
" s e S polymetallic belt
Yanacocha, La Zanja, Cerro Corona, Minas Conga,
La Pampa, El Tigre Tantahuatay Michiquillay, La Granja

S
e Au in metasedimentary E
Porphyry Cu-Mo-(Au), | rocks of Ordovician and Eocene-AMocena Pb-7n
Skarns Pb-Zn-Cu-{Ag) Silurian-Ordovician age } ;
and polymetallic belt

Cerro Corona, Minas Conga,
Michiquillay, La Granja

Source: Mapa Metalogenético de INGEMMET (2009) Acosta, J., Rivera, R., Valencia, M., Chirif, H., et al.
Seccion estructural del Corredor San Pablo — Porculla (2005) Enriquez et al.

Cardozo, Bustamante 2012




Central Peru Schematic W-E Section

I0CG deposits, includes Cu Miocene Au-Ag epithermal Eocene-Miocene, Au-Ag epithermal
W deposits (originally classified and polymetallic deposits and polymetallic deposits E
as VMS) hosted by Lower = -
Cretaceous volcanics San Gregorio, Marcapunta, Toromocho, Morococha, Milpo,
C.de Pasco 4 Atacocha, Casapalca, Vinchos

Marcona, Mina Justa, Raul- - o
Condestable

Ubicacién de depositos ?? Cu-Mo-Zn porphyry-skarn, Eocene, Zn-Pb MVT deposits
Au-Cu-Pb-Zn-and U-Ni-Co-Cu hosted by Triassic-Jurassic
deposits related to Permian- limestone E
W Triassic intrusions
Q Huachon
San Vicente

Source: Mapa Metalogenético de INGEMMET (2009) . Acosta, J., Rivera, R., Valencia, M., Chirif, H_, et al.
Secciéon compilada del Pert Central (2003) T.J. Coughlin, Pro-Explo 2003

Cardozo, Bustamante 2012




Southern Peru Schematic W-E Section

Eocene-Oligocene

. . Miocene, Au-Ag epithermal | Cu-Mo-(Au-Zn) & Fe Eocene-Oligocene,
Paleocene-Eocene,  Miocene-Pliocene, porphvry-skarn deposits strataboumgi, e

Cu-Mo porphyry Au-Ag epithermal s
2 Tintaya, Antapacay, Las |bed-type deposits
deposits deposits Shila, Caylloma, Selene Bambas, Ferrobamba
| Gilda, Santa Rosa

Cerro Verde, Palla Palla, Tucari = ;
3 ,a/\y__?

SwW NE

Quellaveco,
Toquepala

Eocene-Oligocene
Andahuaylas-Yauri Batholith
SW Permian-Triassic, Cu-Mo-Zn NE
Eocene-Oligocene Cu- : porphyry-skarn, Au-Cu-Pb-
Mo-(Au-Zn)g& Fe Eocene-Oligocene, Zn & U-Ni-Co-Cu occurrences )
A stratabound, red Pliocene-

PO sham bed-type deposits : | Auveins in Ordovician- Quaternary

Tintaya, Antapacay, y ¢ . )

I.as.aya' e pacay, Gilda, SantaRosa  Minasnioc Devonian metasediments . alluvial gold

| | \  Ollaechea, Rinconada

Eocene-Oligocene
Andahuaylas-Yauri Batholith

Source: Mapa Metalogenético de INGEMMET (2009) . Acosta, J., Rivera, R, Valencia, M., Chirif, H., et al.
Seccion estructural del Sur del Perd- Condorama Cailloma y depdsitos epitermales Au-Ag del Mioceno (2004) Velarde et al.
Seccién estructural del sur del Peru (2006) Carlotto, V.

Cardozo, Bustamante 2012







Base of
lithocap

i3

High-sulfidation epithermal
disseminated Au = Ag + Cu

Intermediate-
sulfidation
epithermal Au-Ag

-sulfidation

Cu-Au+ Ag
Carbonate-replacement
Zn-Pb-Ag +Au (or Cu)

Sediment-
hosted distal
disseminated

| Au-As = Sb = Hg

\ Proximal
Cu-Au skam

Late-mineral porphyry
Intermineral magmatic-hydrothermal breccia

FRESURSOR [:1 Equigranular intrusive rock
Dacite dome
Felsic tuff unit
Andesitic volcanic unit

/1| Subvolcanic basement / carbonate horizon

Dacite porphyry plug-dome

Lacustrine sediment

Late phreatomagmatic breccia
| Early phreatomagmatic breccia

I _~| Late-mineral porphyry

Retrograde
alteration

Gamet, pyroxene
& other calc
silicate minerals

Granstic pluton

D Samdstone

@ -
Bl

Calc-silicate
hornlels

Calcarcous shale

Volcanic rocks

am Calc-silicate
e mardie
=

@ Silty limestone

x 3. Evolutionary stages of pluton-associated skarm deposits (modified from Meinest, 1883). A. Initial intrusion canses
metamorphism of sedimentary rocks. B. Metamorphic recrystallization and phase changes reflect protolith compeitions with
local bimetasomatism and Muid circulstion forming diverse cale-silicate minerals (resction skurns and skamoid) in impure
lithologies and along ffuid boundarics. N phism is more extensive and higher temperature at depth than ad
jacent to the small cupola near the top of the system. C. Crystallization and release of a separate agueous phase result in
fluid-controlled metasomatic skarn. Note that skarn ut depth is small relative o the size of the metamorphic surcole. It is
also vertically oriented compared to the kterally extensive skam which locally extends beyond the metamorphic auredle near
the top of the system. D). Cooling of the pluton, vapor-phase separation, and circulation of cooler metercic waters can canse

de all of b m& metasomnatic cale-silicate assemblages. Note that retrograde alteration is more o

tensive in shallow zones

¥




Red garnet Green garnet Massive Epidote Mag-chl Skarn front Marble Calcite “escape” Finely bedded

prograde skarn  prograde skarn sulphide skarn retrograde skarn retrograde veinlets limestone
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Miocene volcanic
and sedimentary rocks

- Paleocene to Oligocene volcanic rocks

- Coastal Batholith

(Late Cretaceous to ~Eocene)
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Paleozoic
\ and Precambrian
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EXPLANATION
N

o
o)

Distrito de Yauricocha ” S, =
& = —

Dos sistemas mineralizados a lo largo del margen del =
stock compuesto del Mioceno tardio ; —_
: Mma Central

* Mina Central (depédsito principal) - CRD

C\
Zone A \
e Cachi Cachi - depésito de skarn

Alojado en caliza limpia de la Formacién Jumasha.

Cuerpos de mineral de sulfuros desarrollados a mas : % A Zi:'.l‘,?.‘“‘d >
de 700 m de extension vertical PR P \
Nucleos Cu de zona a margen de Pb-Zn DNCEPLION K

2 v b\ -
Cachi Cachi - skarn en profundidad e

Otros prospectos - Purisima Concepcion, Cu de
porfido de bajo grado, vetas de cuarzo enargita, zona
enriquecida con Au




Huanzalai(Skarn)
Pallca(Skarn)

Uchucchacua (Vena /' Skarn)
Iskay Cruz (Skarn)

Cerro de Pasco (CRD)
Colquijirca (CRD, epitermal)
Milpo (Skarn)

Quicay (Epitermal)

Huaron (Epitermal)

Y otras minas historicamente
productoras (Chungar,
Santander, Carhuacayan, ...)

n Domo de Yauli
e San Cristobal (venas)
* Yauliyacu (venas)
* (Casapalca (vetas)
* Morococha (porfido)

Al sur de Domo de Yauli
* Yauricocha (CRD)

e Algunas minas
historicamente
productoras (Mina
Rey Salomon,
Cercapuquio,
Azulcocha ...)



los Chancas,

e

73°30"
[ | Miocene to Pliocene:
Rl #o<eoe shoshonitic volcanic rocks

Cligocene to M
.
]

72300

- mainly granitoi
cmunenhlsedlmentarym(ks(Pmum Punacancha Fm.

and aquivalent units)

subaerial volcanic rocks (Tacaza and Sillapca Gps. and |
equivalent units)
Eocene to early Oligocene Andahuaylas-Yauri Batholith
Eocene to sarly Oligocens continental rox!

~volcanic and sedimentary sequmcescnrm Fm)

+] - many volcanic rocks (Mitu Gp.)

(®  Porphyrysskarn Cu cluster/deposit

ez °. K-Ar age of the batholith
- red bed sequences (5an Jeronimo and Puno Gps)  41.5 te 322

| .
Ecuador Colombia

[Tacetra
ma(a\

Mesazolc to early Cenozolc marine sedimentary sequences
{¥ura and Lagunillas Gps., Ferrobamba Fm.)

Late Paleozeic to eallyTrlass:: basement

| Earty Palegzolc basement (undifferentiated)

0

0 25

Range of ages of magmatic racks at Antapaccay {Jones, 2006)

Modified after Perello et al., (2003,) ages for Antapaccay by Jones, (2006)




N DISTRITO MINERO DE TINTAYA — DEPOSITOS PORFIDO X
SKARN (PS)

TINTAYA TOPOGRAFIA 3D — UBICACION PANORAMICA xstrata
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APURIHAC-PERU

ThALCCBAMES.

MODELO GENETICO PRELIMINAR

SECCION ll-lRANDO AL $30°E
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MODELO MINA BHP TINTAYA
CU2CO - PERV

$352500 N

8352000 N

8351500 N

_ : Distribucion isotépica D 65 Cu
51000 : : %0 indicando fraccionamiento
isotopico mineralizacion
Oxidacion — reduccion por mezcla fluidos o
removilizacion de Cu.



MODELO PROYECTO COROCCCHUAYCO
BHP PERU

pyroxene
garnet ——_—— -
quartz-calcite

magnetite alteration
of exoskarn

disseminated
cpy/born/ce

late quartz-cpy veins

late silicification of skarn
with magnetite

post skarn |skarn + retrograde alterati

Maher & Larson (2007)

Distribucion mineralizacion
progrado y retrogrado
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Deposits (Cambrian and younger)
= Deposits (Proterzoic and older)

Es un tipo de yacimiento estratoligado y epigenetico relacionado a rocas carbonatadas
Se hospeda la mineralizacion en calizas y dolomias de plataforma carbonatada, ubicadas en los

flancos de la Cuenca.
NO tienen relacion genética con los intrusivos (Pb-Zn)

Fluidos salinos derivados del mar, durante los eventos tectonicos.




Nuevos margenes pasivos frente a la ampliacion del océano

Figure 1

Margen pasivo frente a océano amplio

Arco cerca de margen pasivo

Incipiente arco en colision de margen pasivo

Wilson Cycle of Ocean Basins

PASSIVE MARGIN ENVIRONMENTS

s




Cajas Carbonatadas, no significa necesariamente un MVT

Skarn distal - Skarn y Vetas polimetdlicas - CRD - MVT

50 -100 km

Confusion entre depodsitos MVT (Zn-Pb) y alojados en rocas
carbonatadas: minerales de skarn, ambiente geologico, elementos
menores y elementos traza.




LA CUENCA'PUCARA

COLOMBIA
ECUADOR

BRASIL

Tarnbo de bac
Oxapampa (~: "|Ll_jﬁ
cip) Vicerie

Afloramientos del Grupo Pucara
Cuenca Pucara (Tridsico Superior)
Extension de la cuenca Pucara
Altos estructurales

Fallas Normales Permo-Tridsicas

5 Tacna
Fallas Permo-Triasicas .

Carlotto et al. (2009) TCHILE

BOLIVIA™

NO-MIOCENO

Xvii
Franja de depésitos tipo MVT de Pb-Zn del Eéceno-Mioceno
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Marafion

Evaporitas desaporecldas, Cuenca Pucoru, Perd

Top 2: Sphalerite replacement of
hydrocarbon reservoir rock:




20 km
e |

- Huayabamba, Chota and Cajaruro Formations

Vivian and Celendin Formations

Goyllarisquizga/Oriente Formation

: Sarayaquilla Formation

Corontachaca Formation
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Mississippi Valley Type Deposit Schematic Geologic Model — Bongara Project
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Figura 4. Representacion del sistema sedimentario de la Formacién Chambara y la distribucién de aso-
ciacion de sus facies (1a, 1b, ... 5a). Las facies barrera (3a-3c), son indicadas como las mejores facies
para albergar mineralizacion, tal como se muestra en la figura 2, en las secciones de San Vicente y
Shalipayco (después de Rosas et al., 2007; Dévila et al., 2000; Rosas, 1994).
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