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Table 1. Situation of production of mineral resources in Peru (USGS, 2007 Minerals Yearbook). The pro-
duction amonut is all the metal-based

Mineral ~ Production amonut Production rank Production rank in Production proportion Il:rii;);lrrt?z:l
commodity (2006) in the world the Latin America in the world (%) in the world (%)
Ag 3,200 ton 1 1 16.4 6.5
Sn 42,200 ton 3 1 15.5 9.1
Pb 320 ton 4 1 9.5 2.9
Zn 1,210 ton 3 1 12.1 73
Cu 1,050 ton 3 2 6.9 6.4
Au 210 ton 5 1 8.4 4.6
Mo 17,500 ton 4 2 98 1.2
Bi 960 ton 3 1 17.1 6.2
Te 33 ton 2 1 25.8 6.0
Se 17 ton 8 2 1.2 4.7
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Fig. 1. Distribution map of major metallic deposits in Peru (circle and triangle symbols represent operat-
ing mine and exploring deposit, respectively).
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Table 2, Main mining investment projects (2005~2009) in Peru

Stage / Project name Company Investment (US$ million)
Under construction
Alto Chicama Barrick 350 (2005)
Fundicion de Tlo Southern Peru 400
Advance 800
Sulfuros Primarios Cerro Verde
Exploration
Toromocho Peru Copper Sindicate 300~500
Las Bambas Xstrata 1000
Cerro Corona Goldfields 150
Cerro Lindo Milpo 65
Rio Blanco Monterrico Metals 191
Privitization Processes or
Concessions
Bayovar 300
La Granja 1000
Michiquillay 1000
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Fig. 2. Survey area (16-g and 17-h) represented in the 1:100,000 topographic and geologic sheet map.

- 102 —



¥ BF Ads 5 3o

7ro'0et 75°0°00" 730067

Description

Miocene polymetallic metallogenic beit

Miocene porphyry Cu~Mo (Au, W) metallogenic belt

Otigocene-Pliocene Au-Ag epithermal metallogenic belt

O, Miocene Sn ic belt

Eocene-Oligocene porphyry Cu-Mo (Fe, Au) and skarn metallogenic belt

Paleocene to Eocene porphyry Cu-Mo metatlogenic belt

Late Cretaceous Au-Ag epithermal metallogenic belt

Late Cretaceous porphyry Cu-Mo metallogenic belt

Late Cretaceous Ph-Zn-Cu Volcanogenic Massive Sulphides (VMS)
metallogenic belt

-
ke B

Mesothermal Au-Pb-Zn-Cu metallogenic belt in Upper Cretaceous rocks

Early Cretaceous porphyry Cu-Mo metallogenic belt

Middle Jurassic to Early Cretaceous Cu-Fe-Au metallogenic belt

Late Jurassic fo Albian Cu~Zn-Au Volcanogenic Massive sulphides (VMS)
metallogenic belt

Porphyry Cu-Au and skarn metaliogenic belt in Upper Jurassic rocks

Metattogenic belt of Zn~Pb Mississippi Valley Type (MVT) in Triassic
~Jurassic rocks

Carboniferous-Permian Au-Pb-Zn-Cu mesothermal metallogenic belt ]

Permian Cu skarn and mesothermal metatlogenic belt

Au metallogenic belt in Ordovician and Siluro-Devonian metasedimentary
rocks

Fig. 3. New metallogenic map of Peru (INGEM-
MET, 2007).
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Fig. 4. General geologic map of the surveyed mining area, showing structually controlled characteristics
(Barrick, 2007).

Quaternary Alluvium — R roratFm.
. Cretaceous !
Middle i
Tertiary [ Dacite | B carhuazFm. | Goyilaris-
" tower| quizga
Lower Cali . __ Calipuy Grou;
- alipuy Voicanics Group | | SantaFm. P
Upper i_ - Pariatambo Fm. - - Chimu Fm.
Cretaceous
- Chulec Fm.
: Jurassic(Upper) Bl cricomarnm.
- - Inca Fm.

Fig. 5. Geologic map of Alto Chicama, La Arena, and La Virgen mining area in Cajabamba sheet (from
1:100,000 Mapa Geoloégico del Cuadrangulo de Cajabamba, 1980, INGEMMET).
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Fig. 6. Geologic map of Pasto Bueno and Magist-
ral mining area in Pallasca sheet (from 1:100,000
Mapa Geoldgico del Cuadrangulo de Pallasca,
1995, INGEMMET).
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Fig. 8. The strong mineralized zone in the Chimu Fm. (A), mineralized sandstone (B), breccias (C, D,

and E), bedded silicified and leached rock with vuggy texture of the Chimu Fm. (F), and vuggy silica
(G) in the Alto Chicama mine.
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Fig. 9. Three mineralized zones of Pasto Bueno W-Cu-Zn deposit (upper figure) and cross section of the

Mineralized Consuelo vein system (lower figure).
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Fig. 10. Photographs showing mine office (A), adit of underground level 10 (B), tennantite-wolframite
bearing quartz vein (C), large crystals of wolframite in quartz vein (D), and hosted granodiorite (E), and
drill core samples with high grade mineralization (F) in the Pasto Bueno deposit.
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2082 NA40-50°E9] F¥FF 45°NW AAE Y
Bl T}, 8 Pasto Bueno HlAF TR EAFH O
2 Yehved, o B 99 4Y-Exyo)
EQA(EE 374 EWHUANA Cosuzo &5
AA o AuE Fxo|T).

o] FgL 1tol A (greisen) T DFHAAL W-
Cu-Zn 3402 484 o o] F4E& Con-

suzo, Huaura 3 Huayllapon zone & 2 &%t}
(29 9). & 2579 Wog FAH(I~15m &)
H A9 W48 wW-Cu Zdolth. FstHe A3
7] A g-Exyoe 1E°}iﬂ( © A=A,
WEJJ] Chicama 522 A#Y, ChimuZ F

, SantaZ ¥ CarhuazZ <l E&L"é ool wi el =
01 Jqth(zd 9). S FASE FaFYLe
Cosuelo, Alonso, Chabuca @ Loretod™o|H,
Zt g o] EMO q%ﬂr Zt}. Consueleo
B W2 Huaura zone (138 NolA 714 Fa3
Falol Fg N5°W, AL 80°SEE Y e H,
WL 2~10 m, ¥ ¢ 3 km | 322X 7}

A 2 R Fuolt, o wWe FHIA
0.59% WO; 350,0008-% AAsgon, Faqk

B FALAF-ERUCE) HEH A 3 H o
Bxad. o] H2 FZ9 Maria Ofelia® ™
Loreto3™ WaFoz HAFHT. Alonsod ™ &
o] A A 71 FH FA oy, HEAY A

Tl AFRon wWHHED FIFL N35°E,
742 40°NWo I WE L 05~5 m, AL %
200 mo|th, o] FWLE [0~11 BEAb]] F

23t 433 290,0008& YA Hon, 12
35 ojstol A 7t FA o] & FHoZT F
JFET A 2.50% WO; 99 FA7 g
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Fig. 11. Photographs showing tailing pond (A), crushing processing (B), size screcning for wolframite re-

covery (C). Ist product (D) and 2nd product of size screcning (I3), and floatation procedure (F) of the

Pasto Bueno mine.

Zo|t}. Chabuca® -2 Huayllapon zone (zone
3AA TH Fast FWoezAM, FE NIOE,
74 A 80°SEo|W M2 15 mo|th, o] Mol 6
AETA 0.80% WOs 459,0008 % A4Hsk5] o
W, B0 AR Cosuzo &5 Ul ¥AH WegFow
AAEE AAAA FAZ Qe gt 8
B5(4,044 m7tA BAZE AREHI Qi o
W FASA U7 A A% S (shrinkage stop-
ping)oll <3 AHFEHE FLF FHojth Loreto
392 Consuzo zone (zone 1) A 7}4 a3
FHOZA Consuzo U5 Ul wejdc}, 32
N35°W, AL 70°SWelB #Z e 2~10 mo|t.
o] Mo A 0.95% WO; 550,000E5& A3 wt
A, HZol= Maciste FHo] 938 += Santa
% A3 E23AQ dHoz AFgHo ol
HAT. A3 Baagol 2w Ao AL 2
~3% WO; £ & Roly FdH AJuitol|t}.
o] 3 A& 2719 F2 W7 (vein system)S
AW, AAFz HAR FEAAG 2z
AE 3452 Ut FE&8L 29N A
L 95 Maol #AYE HY-EFUoER
A3 Yt (Dynacor, 20072). BFEFHE 0.8

~1.0% WO;, Cu 02~03%c°l™ =g
FA 71E 2URHE(0.8~ 1% WOyolH F2%
AgEe AuAFA, vAEEY, PddelH
AAFEe Y B FHolth e FubH e
X 352 hubnerite, ferberite, 3 54], 44
G54, dokdd, AEEA, FulEd Foln
MAFERE BR, 5534, AV)Y Folth
Mg B3 dEEHe T8 BAREL EULF
Aojw Mg My & F4 ARow dEehy
(2% 10-D % 10-F), £3] HAREFH S} it
HAE (1P 10-C)

bl

a9 99 ofgf THAA WE ¢F 400 mol X
% oF 3.4 km9] UifEE BEHo o

o] FAelA s Tgtold, KA, YA

4 z2idy Hdo] x¥dE ALz BHuHd

2 tH(Landis and Rye, 1974; Medina, 1978). 1

Gl WAE F2 ¥4, 474, 2DE
4 9 o) 4Es 4y, AeE L I
o) 2uAT K-AAWNAE ¢7he WA T
Usgel 23 KAY, T, 49, ALE
9 Ao AEdT Ud BAgdAE =
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Eastern &
. northeastern
g ' arm ore bod

Cential porphyry
ore body

Fig. 12. Photographs showing north skarn ore body (A), central porphyry ore body (B), eastern and
northeastern skarn ore body (C), ore zone controlled by NW fault in eastern skarn ore zone (D), chalco-
pyrite-rich ore body (E) and molybdenite rich ore body (F) in distal skarn zone (diopside-garnet zone) of
the Magistral deposit.

Fig. 13. Photographs showing hosted granodiorite porphyry (A), chalcopyritetmagnetite (Cp+mt) veinlet
injected into garnet skarn (B), mineralized quartz veinlet with chalcopyritetmagnetite (Cptmt) in gran-
odiorite (C), calcite veinlet (Cal) with pyrite aggregatc (Py) spot in silicified matrix (D), chalcopyrite
veinlet (Cp) injected in diopside (Diop)-garnet (Gt) skarn (E), and garnet (Gt) skarn relics in silicitied
matrix with quartz veinlets (Qtz) (F) of the Magistral deposit.
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Uuto] BV 4Ested 9o A
Ve T

o] 4L guAZS 3 dA 10, 11, 12
A=A ZFY FTojth(1E 10-B). FE &)
APF FE AT 13, 14, 15 JEA ]
AgE A JY. AR AL 140 mo]
AE WAL ABoE o AZHe FA4
AZ2YPE AL U

FHL AA 29A A2 1A FHE &,
A7 025917 @712 22 B4 & Y=EH (05
QA =7 & 38dA ZA/HFH Y 11-B
11-C). 4L 2 mm= T3 F vFAE )23}
o FAE 5 2Y 11-F). A4 6~7 mm
a1 AF FH = WO; 50%, Cu 10% °)L, 4
mm ©]3} Z7])¢] HFE& WO; 20%, Cu 12%2)
98 B9 11-D ¥ 11-E). AFL A%
OSRAM A€ A Z FHojdc},

=

Magistral Cu—Mo

o] #A-& Ancash Department, Pallasca Prov-
ince, Conchudos Districto] $JxstH A= E
S 8°1303"9F W 77°46'1370]th. HLEA
ChimboteA| Z 28 %3 100 km A& X
G}, o] AE QkH A Abd o) FYH X
33, LT 4,000~4,400 mo Tha: HP3F
A Aol H(2E 12-A 2 12-B).

o] FAL bt BFYAQl Inca PacificAl7}
1999 l<F3te] A3 ALYl Minera Ancash
Cobre SAAE ¥ty BAE xdd g3
AZAE A8 Fo v Minera Dynacor del
Peru SA.CAHNA @ 2A 2 Ao 2
) GFAE Fdst dow, HE7A 28570 F
60,000 m®j A F7F THEHJG.

o] A9-& 27l Chicama ¥ 2% 4 W

B AEJ]
ASAY, Ao, Aoz F4)0] 71we

o]F1 o]lE BAHIoZ Wy Z Chim
AFY 9-Aol Bl E3tal o] E JumashaZ (B
SAhol BATC R FBgTE, F4A Y
Hol| A+ Chimuz©] JumashaZg B~
Al Ao olE NFEL A3 4
B E ke dRHESAN} B TS

of &dste glen, of BYYAT}L Fah A&

,.\
=

[
Sl
23

4 of T 10 a o o
> . d
jm
fu

3 s3sidg A4 4 B

S 27 BAZFHGORE AAHT QU

Fa Ade FAHY EAM Wk @)
Aol YAt oy FAAGANE FE L
FL Roln, FHOE TFE FEHA PFoR
W3lEth Jumasha® S AT $3348ES ¥
gom Fd MANME dTdFEo] EAd.
F4e AL oF 4009 G E e @3 ol 94
oy, AAdAe] A HAZEL of Wk
Sz #d e AoE siMstn gl

o] 4L Wty 2 ~J12F Cu-Mo F4
oit}, o] FAAAHAY Fotio] A3yl YA
ol Mg .ExUolE E SFAASHAN B
T3y FEEA WEE g Fel, FHER
Jumashas ¥ #AYLA Y AEHds 2712
Cu-Mo 34 FHAHHIE 12-A, 12-B ¥

Chimu®z AF¢F, Jumasha
=R SIS e S S
K-d2d — =8 WA
— Z2HglE WARE o3
o} ol & FA Y 2 B
= Tatdel mje A st gAAE, A3
2 Ay WAoo g HeEhHET F3A4 SN
9] #71E 600 m (EW) x 800 m (NS)ZEA Ef
A4 FEE Rojw, WA F FA = B A
Y 500 m (EW) x 500 m (NS) 2719 934
o Y& BHAG. wdd FAY FHE Cu
0.7%9 Mo 0.03 %olH, 8 FAFEL IF
A g nAdEA ot A7EFA o] WA R
EAQL WRNEASAY) > ARA-FIHNY
AFA e A) - AFA-FIH YA {4
G $A) - EIAMFHAYEHA ik S
Ay » FIHAFANEHY ¢ A —
FIEAE oj3tdt. F8 Fis ARH4-F
e vEET. 272 FA BEAL 44
ol 2oy FA 9 A7]E AE 150 m, F
A 70 mol® A& 900 me|th. A7HE FA
ZE 1~3% Cuold, #8 FAFEL 5
A A, nAdEA, AEA A Mol 4t
29tH 1Y 12-E 2 12-F). dA7A JAA=
mjaake UFA 71E 195HEE0.7% Cu,
0.04% Mo)olth. BA YL 31744 S0
24 AAANAE 19 MaZ ¢3HA AT(INGE-
MMET, 2007a).
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a Libertad @ Ancash 99 X3
"gtﬁ 719kt Edfo)ol A

A9l A%, Wel A4
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r g
e ok &

ZAAYY] B AEF F 2 Hgy 5
#4322 ME Alto Chicama Au, Quiruvilca
Au-Ag, Pasto Bueno W-Cu-Zn, La Virgen Au
3 Santa Rosa Au 343 Magistral Cu-Mo %
La Arena Au B7dolth, o] AL #H79 F4
ART EFAA FAAAT XV (LY 1H-Z
gl oAl IS4 Au-Ag F3th) D XVII (m}o]
QA B E Cu-Mo-Au-W F3 el iAot

Alto Chicama =34& U729 1/33
HES 34 £330 3324 Chimus
9 HAHLF /‘}%}iﬂr Calipuy 379 34+
ol Aol oy, FAYL 44, AW
T, 4553 2 FgHett. F Ao Hu F
AE 8~15 g/t Au, HTEY 134 gto 24 3
A AT Au FE£FOZ 25080t} A
BEERE Calipuy: 79 WHLFE2A FAA
71 14-17 MaZ &8 A Yot

Pasto Bueno W-Cu 342 S7129 g0
A (greisen) ¥ FF WA W-Cu-Zn B7o|t}. o
%739 }A+= Consuzo, Huaura ¥ Huayllapon
zoneC 2 FREH, F 25719 B3 Hgwog
TAQ~15m F)Ho} 9l A4 A4 w-Cu
ot HHAENE WOs 0.8~1.0%, Cu 0.2
~03%°1H, WAFe 4% J1F o 29nE
(0.8~1% WOs)°Ith, FoFNFEL AYF
A WA EAeg, o A #HA Mg
AEE o83t AL Fsta glo] T &7
A SHEAA i Bojo, e Hulg o
&% AFe) o|FojATE I FAAFE w
=07 #ogg.

Magistral Cu-Mo #3742 FS7} 359 wot

Mo #7oltt. o] 34 Y
] -‘al 01-21]0] /HO:) Ezl,}o]
HHA 7E B YEh, FAYA
A Aol F#HYE Tumasha 3 ¥
PEA Y HEF °ﬂ% 2723 Cu-Mo H4ol
FAH Aot wdd FA ] FHE Cu0.7%
9} Mo 0.03 %o, 9 FHFEL F54Y
HAMH S Aot 2718 FAY e A=
150 m, &7 70 mo|® 9L 900 molt}. &
AE 1~3% CuolH, 8 JFHFEL FFY,
Ay, viAHEA, AHA, Eo|t}, )
AFE YFH JE 195HTEW0.7% Cu,
0.04% Mo)e|th. #A A e 7442 ugH
ZA AAANZIE 19 MaZ ¢8A gtk o] &
MRS AR FAA e ostd 3HA)
Aol & FFES Cu-Mo F4o 7 HrHY,
A& A GAAGe] £HEHT o] N2 F
A gGRr7L st fAFe AL 4 &4
o8 JFHg,

ANEA 8 Ak
% Baosa o

tY, %2, Humberto, L. and Luis J. (2007)
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