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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
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block diagram of a
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et al. 2003; modified after Wright &uwichette 1996).




East Australian coast Great Barrier Reef Pacific Ocean
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(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

SourceCoeet al., 2003).




DISTRIBUCION
DE LASCALIZAS
EN EL PERU

80,985 Km2 6.3% of
the Peruvian area
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Mineralized belts and provinces
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Columna Estratigrafica del Peru Simplificado
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Columna Estratigrafica del Peru Simplificado
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Columna Estratigrafica del Peru Simplificado
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Northern Peru Schematic W-E Section

W E
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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
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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
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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
skarn

rn Front Marble Front Calcite Front

Cu-Au-Ag Zn -Pb - Ag

A|te raC | c,) n ; FLUID FLOW

VYVVVVVVVVVVVVVVYVVVVVVVVVVVVVYVVVVVVVVVVVVYVVVVVVVVVIVVYVYVVVVVY
A VYV VYV VYV VY Y VP VYV VYV VYV VYV Y Y Y VYV VYV VYV VYV VYV Y Y YV VYV Y VY VYV Y Y Vv VYV VYV YV VY VY

en Skarn

above t

Garnet > Pyroxene
pyroxene . > Garnet
S
3

M ———— beds of shale

T 2
nd limestone -



o e sao i LR A

lified geology o Central Per

™S Majer=iiBCene Intrusions

Miocene volcanic
and sedimentary rocks

Paleocene to Oligocene volcanic rocks

Coastal Batholith
(Late Cretaceous to ~Eocene)

Tarma Cretaceous
La Oroya Jurassic

Paleozoic
\ and Precambrian

«® d & Producing mine

\Piura
Trujillo \

Lima e
®|ca

Areq iﬁpa



General
tectonic

setting of the
Antamina

Valley
structural [ Quaterna ry
-~ — I skam

[ Monzonite
| Celendin

[ Jumasha

n\. Fault

AgPb-Zn-
81 8l

"
® SCHEMATIC ALTERATION & METAL ZONING
Cross Section



Geologia de Antamina ..\

E
Marble
31 |Café Verde Exoskam

Verde Wollastonita Exoskam
[ [eweresies

Frn. domahe Sepiny

L
ATASA—







High sulfidation epithermal Au

Surface

Travertine Terrace?

Distal fine-grained \‘
i Zn-Pb \
R S

Colquijirca and
Cerro de Pasco

Hydrous
; Decreasing Cu \ Zn skarn
. . J [ ) Zn-Mn with dolomit ‘
n-Mn with dolomite
@, @, halo 7n CRD

Iscaycruz

e

no fur

"

z < X + '\"-\Yaurinwha
s 4 ) PANamin: ;X /.n-Ph-./\g\\\
OCd Al DOldlalc / il
N ) + + Low-grade + \@cyzn

. A 250m ! y ¢ 4 porphyry Cu-Mao. ;.,"'/ Mil,
= A N N N 0 ; - % ilpo

@l T cuMa /
A=t e O e o { Gray
| + 4+ +++++ + 4 |  mable

. ," { Bleached .|
~ 250m ' |
U U .

; Fortuna Ag-Pb-Zn veins
7T T/ :‘/
e Sy oAb

> .7 ( o T Ag-Pb-Zn
L ; X ¢ L
101400 C >

. Okm

Barren
calcite vein

Uchucchacua Ag zone

I km

- 2 km

g1;\_1\\,\0

Bleached marble - Jasperiod silicification
. ‘ Gray marble

) Proximal carbonate-quartz-/-calesilicate sulfide veinlets
- Skarn and CRD sulfide orebody

Distal Ag-Ph-Zn-Mn veins
- Dolomite alteration

of economic interest




o
[T \(7 Y

8827000mN

8826000mN

8825000mN

318000mE

316000mE
]

N~

7t \‘
g 4
b N

Mina Carmen
o)

o 0

Silicified zone with dacite/andesite dikes
[ upper Jumasha member

[T Marker unit

[ Middle Jumasha member

I Marble-skarn zones
[ Dacite porphyry dikes
Hydrothermal breccia

8824000mN 8828000MN 8832000mN

8820000mN

8816000mN

312000mE
T

ANAMARAY

\
|
i

UCHUCCHACUA

IMINING T

'DISTRICT
\Y/

Iy

v

316000mE
T

A

S
v

4

/

Quaternary
I:l Aluvial Deposits
Lower Tertiary

Calipuy Group
:] Casapalca Fm
Upper Cretaceous
:| Celendin Fm
[ Jumasha Fm

Lower Cretaceous

- Pariatambo Fm
[ chulecFm

:| Goyllarisquizga Group
|:| Oyon Fm

Fault, normal
Fault, thrust
Anticline
Syncline

Lake




Marker
horizon

4200m
4180m
Lower Jumasha Fm.

- Rosa vein

Meters




4
f

ion Jumashihucchacua




EXPLANATION
AN open pit
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