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Abstract

In central Peru, the Morococha area is characterized by a variety of porphyry-, skarn-, and epithermal-type
Cu-Mo-Pb-Zn-Ag polymetallic mineralization, resulting from the Miocene magmatic-hydrothermal activity dur-
ing the plate subduction. This paper describes the geological characteristics of alteration and mineralization of the
typical Toromocho porphyry-skarn Cu-Mo deposit in this area by utilizing petrological and petrographic observa-

tion and chronological analysis. Combined with regional magmatic-hydrothermal process, the authors summarize
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regional mineralization characteristics and intend to provide some help to promote further mineral exploration. It
is shown that granodiorite, feldspar porphyry, quartz porphyry and dacite porphyry in the Toromocho deposit in-
truded during 9.4~7.3 Ma, resulting in various kinds of alteration and mineralization, and the copper-molybde-
num mineralization mainly occurred at 8.0~7.8 Ma. The main alteration types show typical porphyry-type altera-
tion characteristics, including potassic, phyllic, chloritic, argillic, skarn, hornfel, marble alteration, and carbonate
and anhydrite in the skarn rocks. The calcic and magnesian skarn minerals in the Toromocho deposit are mainly
composed of tremolite, actinolite, serpentine, talc, garnet and diopside. The mineralization in the Toromocho de-
posit occurs as disseminated, veinlet and stockwork veins in intrusions, skarns and hornfels, showing the distribu-
tion of Cu-Mo, Pb-Zn, Pb-Ag subzones from the center to the periphery. Combined with predominant three mag-
matic-hydrothermal centers (Codiciada complex, central Toromocho intrusions, and western Ticlio porphyry)
within the duration period of 3.5~0.3 Ma in Morococha area and the associated alteration and mineralization fea-
tures, the authors infer that mineralization in this area is characterized by inner porphyry-skarn type and outer epi-
thermal vein-type polymetallic mineralization, and the element zonation from Cu to Cu-Zn and Pb-Zn-Ag was

evolved from the center to the outer part. This multiple center porphyry-skarn mineralization system in this area

should arouse due attention in future exploration.

Key words: geology, porphyry-skarn Cu-Mo deposit, epithermal polymetallic mineralization, geological

characteristics, Toromocho, central Peru
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Fig. 3 Photographs of typical intrusions-alteration-mineralization in the Toromocho Cu-Mo deposit

a. Diorite; b. Feldspar porphyry; c. Quartz porphyry; d. Magnetite-serpentine skarn; e. Talc alteration; f. Biotite alteration; g. Sericite

alteration; h. Chalcopyrite and pyrite; i. Molybdenite

Mineral abbreviation: Amp—Amphible; Bio—Biotite; Cpy—Chalcopyrite; Mol—Molybdenite; Pl—Plagioclase; Py—Pyrite;

Qz—Quartz; Tlc—Talc; Sep—Serpentine
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Table 1 Zircon LA-ICP-MS U-Pb data and age of the Toromocho Cu-Mo deposit

. ’W(B)/ l 0—6 238U/232Th 207Pb/206Pb 207Pb/235U 206Pb/238U 207Pb/235U 206Pb/238U

WU e wit B 1o B lo | KL 1o M 1o FMa o
TM-4-01 148 195 0.52 1.32 0.04924 0.02452 0.01502 0.00737 0.00221 0.00019 15.0 7.0 14.0 1.0
TM-4-02 264 532 1.29 2.02 0.05874 0.01032 0.01684 0.00287 0.00208 0.00009 17.0 3.0 13.4 0.6
TM-4-05 1104 3676 9.52 3.33 0.04771 0.00228 0.01536 0.00068 0.00234 0.00006 15.5 0.7 15.1 0.4
TM-4-06 234 503 1.33 2.15 0.05864 0.01408 0.01706 0.00400 0.002110.00011 17.0 4.0 13.6 0.7
TM-4-07 484 445 1.31 0.92 0.06842 0.01190 0.02058 0.00341 '0.00218 0.00012 21.0 3.0 14.0 0.8
TM-4-08 586 4725 10.2 8.06 0.05248 0.00196 0.01510 0.00052 0.00209 0.00005 15.2 0.5 13.5 0.3
TM-4-10 212 324 1.17 1.53 0.04876 0.01789 0.01491 0.00540 0.00222 0.00013 15.0 5.0 14.3 0.8
TM-4-12 122 215 0.60 1.76 0.05589 0.02131 0.01789 0.00670 0.00232 0.00017 18.0 7.0 15.0 1.0
TM-4-14 285 747 1.84 2.62 0.05101 0.00807 0.01552 0.00238 0.00221 0.00009 16.0 2.0 14.2 0.6
TM-4-16 85 202 0.48 2.36 0.05271 0.02486 0.01540 0.00715 0.00212 0.00018 16.0 7.0 14.0 1.0
TM-4-21 105 214 0.68 2.04 0.04605 0.01609 0.01387 0.00475 0.00218 0.00015 14.0 5.0 14.1 1.0
TM-4-22 331 441 2.43 1.33 0.06573 0.02297- 0.01949 0.00668 0.00215 0.00014 20.0 7.0 13.8 0.9
TM-4-23 602 806 2.23 1.34 0.04802 -0.00704 0.01460 0.00207 0.00221 0.00009 15.0 2.0 14.2 0.6
TM-4-24 57 130 2.05 2.27 0.04605 0.00637 0.02887 0.00360 0.00455 0.00027 29.0 4.0 29.0 2.0
TM-4-25 104 179 0.46 1.73 0.05680  0.02259 0.01768 0.00691 0.00226 0.00017 18.0 7.0 15.0 1.0
TM-9-02 97 210 0.45 2.15 0.04949 0.02272 0.01556 0.00706 0.00228 0.00016 16.0 7.0 15.0 1.0
TM-9-06 197 744 2.41 3.77 0.04807 0.00929 0.01423 0.00269 0.00215 0.00008 14.0 3.0 13.8 0.5
TM-9-08 126 351 0.91 2.78 0.06516 0.01222 0.02104 0.00381 0.00234 0.00012 21.0 4.0 15.1 0.8
TM-9-12 170 662 1.64 3.89 0.04664 0.00702 0.01521 0.00222 0.00237 0.00009 15.0 2.0 15.3 0.6
TM-9-13 475 1563 4.43 3.29 0.05899 0.00686 0.01938 0.00216 0.00238 0.00008 19.0 2.0 15.3 0.5
TM-9-15 92 186 0.52 2.01 0.05813 0.02049 0.01915 0.00657 0.00239 0.00020 19.0 7.0 15.0 1.0
TM-9-18 201 268 0.70 1.34 0.04995 0.01679 0.01530 0.00506 0.00222 0.00014 15.0 5.0 14.3 0.9
TM-9-20 393 623 1.62 1.59 0.04764 0.00791 0.01446 0.00234 0.00220 0.00009 15.0 2.0 14.2 0.6
TM-9-23 180 383 0.98 2.12 0.04792 0.01418 0.01516 0.00437 0.00229 0.00016 15.0 4.0 15.0 1.0
TM-9-26 148 255 0.75 1.72 0.04605 0.01610 0.01340 0.00458 0.00211 0.00016 14.0 5.0 14.0 1.0
TM-9-27 143 201 0.52 1.41 0.04691 0.02378 0.01381 0.00691 0.00214 0.00018 14.0 7.0 14.0 1.0
TM-9-28 2155 1897 6.06 0.88 0.04606 0.00426 0.01473 0.00131 0.00232 0.00006 15.0 1.0 14.9 0.4
TM11-01 914 1829 2.76 2.00 0.04925 0.00545 0.00863 0.00092 0.00127 0.00004 8.7 0.9 8.2 0.3
TM11-03 277 414 0.63 1.49 0.05198 0.02253 0.00890 0.00376 0.00124 0.00012 9.0 4.0 8.0 0.8
TM11-04 704 992 1.50 1.41 0.05879 0.00956 0.00957 0.00150 0.00118 0.00006 10.0 2.0 7.6 0.4
TM11-05 405 997 1.39 2.46 0.06100 0.01015 0.00984 0.00157 0.00117 0.00006 10.0 2.0 7.5 0.4
TM11-09 397 774 1.04 1.95 0.04897 0.01824 0.00788 0.00284 0.00117 0.00011 8.0 3.0 7.5 0.7
T™M11-11 381 717 0.94 1.88 0.08365 0.01755 0.01309 0.00259 0.00113 0.00008 13.0 3.0 7.3 0.5
T™M11-17 292 540 0.75 1.85 0.05232 0.01618 0.00856 0.00260 0.00119 0.00007 9.0 3.0 7.7 0.5
TM11-22 259 359 0.56 1.39 0.06270 0.02288 0.01097 0.00392 0.00127 0.00009 11.0 4.0 8.2 0.6
T™M11-24 341 536 0.88 1.57 0.05295 0.01403 0.00976 0.00253 0.00134 0.00008 10.0 3.0 8.6 0.5
TM11-25 833 2192 3.17 2.63 0.05088 0.00444 0.00908 0.00075 0.00129 0.00004 9.2 0.8 8.3 0.3
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SRR LA B AR A RIS B BE SR - e S AR AT SRR A B DX IS 4 595

55 A A A0 G BLAR Sy 44 pom, 45 S 3R b
[ 24 50 s, 55 % K 8 Hzo TEANLAR S5 FN 43 #r i 72
A 2 DL F- 45 (2004) o 5 A U-Pb 4F ¥ 4% 1E R
91500 bR UEEE A AMRAL LT, R RAF IR ZEN 1 o0
i 4E ab A8 Glitter #X4F , 7E KR H Tsoplot % {4
(Ludwig,2003) 58 i, MHRSS R S AF BB WK 1,

JIT A A4 s A R0 AR 24 50~150 pm, 2F I RLIR
CLEMG B R ARGAWRKE 84 Th/U R
0.12~1.14, U-Pb [F {0 A FE 1R 22 Ja R NI R,
I AR (TM4) 11 206Pb/233U AT 3 4R35 4
(14.1+0.3) Ma (MSWD=1, n=14) , IN K & #& i
(TM9) 1 2°Pb /28U IIALF- 2414 % O (14.740.4) Ma
(MSWD=0.76, n=12), ¥t % Bt 7 # ah (TMI11)
[ 29°Pb/233U AL - 241 41 1% 24 (8.04£0.27) Ma(MSWD
=0.92,n=10). FiEEILE 6,

4 XBRA R IR XS 7

4.1 REBER-ARERLE

L R Hh X I LB B S 1Y Anticona [N K7
1 Condiciada 4 KLIN KA 25T 14 Ma @i, 1] 9.4~
7.7 Ma— FR NN BT AL 5 I T A 9 K A
WRAZ A 2 J2 K Se AR TN A v e R B B 1) i 22
B KT 8~7.3 MafZ i (R 2) , AL VG 7Y [m] 51 25 4
DL R B, XA IR - PR AR A s TR 2
FIE 7 ", Catchpole 4% (2015a) 38 i X i% X 38 4
WP R G IT JE U-Pb, Re-Os Al “OAr/* Ar 4R 24
7%, 4 S B R A b X EAEAE 3 DAL A A -
W% B, 43 31 b Codiciada, Toromocho Fil Ticlio
H (E8)

(1) X3 AL Codiciada 75 14y fie 1) 5 9% - 44
Wbt 2 AR A N A B A KA B
A T T 9.5~9.3 Ma(Bendezi et al., 2012) , BE A
AU AL TP R ER D A R A B AR A RN s B
JE T 9.3~8.8 Ma(Catchpole et al., 2015a) . A& PY
il Kz Pa LA () Manto Italia 2243 J@ A IR -~ A HP vk
1454 M 6.2~6.0 Ma(Catchpole et al., 2015a) , 1Ak
PO E KR 2 4 J@ A i vk A R E = B
T 5.8~5.7 Ma(Catchpole et al., 2015a) , T R4
FREEWFFE AT A Codiciada 3% - BRZ) N 3.5 Ma.

(2) X IR H R 5L 50 A G ot il
KB Z I Ca3KE ), T § N S IE T 14.7~
14.1Ma (Kouzmanov et al., 2008a;2008b; Bendezu et
al., 2012; A30) , G 580 B BV A G £ 4
T 9.4~7.3 Ma. XU A6 K NS A /B A TP
BT 9.4~8.0 Ma, Hot  RER S e 2507 A AL s TN 7/
BB BT (8.45+0.05) Ma; Jb 2 B4 A4 1k i)
San Francisco BB il T 9.4~9.1 Ma(Beuchat, 2003;
Bendezu et al., 2012) ; 7 #F Yantac ‘& AT il T 8.8~
8.0-Ma (Beuchat, 2003; Bendezu et al., 2012) . F %
" AR A B A BB E S T 8.5~7.7 Ma {212 (Kouz-
manov et al., 2008b) , B L BE A T 8.0~7.3 Maf?
{37 (Kouzmanov et al., 2008b; 4~ 3) .

BE 7 AU b B R EH BT A 1 4 8.0~7.8 Ma(Beu-
chat, 2003) , A & = BEAE IS Ol 7.2~6.8 Ma(Beuchat,
2003; Kouzmanov et al., 2008b) , Jt.Z San Francisco
B b AW A2 = BEAE RS S 6.7 Ma(Catchpole et
al., 2015a) , 7 &F Yantac X 15 Porvenir # & 44 4 = £
4£1#% 2 7.2 Ma(Beuchat, 2003), FiR4EAC Bl 5%
B R S et R IR - BR 298 2 Ma,

0.008
A N KETMS 1500034 | B WEAETMO C. P BEHTMII
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Fig. 6 Zircon U-Pb concordia diagrams of diorite and dacite porphyries in theToromocho Cu-Mo deposit
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Table 2 Age data of the magmatic-hydrothermal system from Morococha area
WX 2R EEAT ) Tk AFt/Ma E= BTN
Anticona N #5477 U-Pb 14.07~14.11 Beuchat, 2003; Kouzmanov et al., 2008b
Codiciada APRLIN A #549 U-Pb 14.31:0.04 Bendezu et al., 2012
Codiciada SR AR BB ACAG R ) 5 Bendezt et al., 2012
Ml U-Pb
San Francisco San Francisco K75 #5471 U-Pb 9.11~9.42 Beuchat, 2003;Bendezu et al., 2012

B 41 U-Pb, BBl B

Eyzaguirre et al., 1975; Beuchat, 2003;

Yantac Yantac B - 8.01~8.81
A1 Ar-Ar, B2 B K-Ar Bendezu et al., 2012
=N 28]
B Ticlio LR N 41 U-Pb 8.310.03 Bendezi et al., 2012
A #5471 U-Pb 14.1~14.7 PN
1B N KBRS #5471 U-Pb 8.45+0.05 Kouzmanov et al., 2008b
KABEA #5471 U-Pb 7.73+0.02 Kouzmanov et al., 2008b
Toromocho
BB £ 41 U-Pb 7.75+0.13 Kouzmanov et al., 2008b
YL B 41 U-Pb 7.26+0.02 Kouzmanov et al., 2008b
YL BEA #5471 U-Pb 7.96+0.27 FiNg'q
Codiciada WEEHH™ WEEHW Re-Os 9.26+0.03 Catchpole et al., 2015a
Ticlio M=t H 1 Ar-Ar 8.04+0.14 Catchpole et al., 2015a
WEEHH™ FEEHW Re-Os 7.97+0.11 Beuchat, 2003
HLE, WEEH B HEEHH" Re-O 7.77+0.11 Beuchat, 2003
- e-0Os . . euchat,
AWk Toromocho I .
b2 T AR TEK-Ar 7.2+0.3 Eyzaguirre et al., 1975
PR MR Ar-Ar 6.81+0.14 Kouzmanov et al., 2008b
San Francisco [EPahs 1 Ar-Ar 5.72~6.74 Catchpole et al., 2015a
A 841 U-Pb 9.30:£0.20 Catchpole et al., 2015a
Codiciada 1 -
WRAET ST &b Ar-Ar 8.81+0.18 Kouzmanov et al., 2008b
i Yantac(Porvenir) wRadhaEat 4 Atk Ar-Ar 7.240.2 Beuchat, 2003
(LSl WkETemt: 4 5Bk Ar-Ar 6.9340.3 Catchpole, 2011
Gertrudis
WRAET St &b Ar-Ar 6.42+0.19 Beuchat, 2003
Codiciada(Manto Italia) VSNl VKA Ar-Ar 6.0~6.23 Catchpole et al., 2015a
kiR 2% 4w
Codiciada KA KA Ar-Ar 5.78+0.10 Catchpole et al., 2015a
AR 1k
Sulfurosa Mzt VKA Ar-Ar 8.1£0.5 Catchpole et al., 2015a
YUtk #e gk
) Sulfurosa MEA M fE A U-Pb 8.26+0.18 Catchpole et al., 2015a
Wik
Sulfurosa(Manuelita) KA VKA Ar-Ar 7.6£0.3 Catchpole et al., 2015a
(3) X3 PG Ticlio 75 H¢ FA H O AR AR X 4% Zif LIRWESE TN, B Bl XA IR T B i

/N AE B TN BEA A 4Rl 8.3 Ma(Bendezi et al.,
2012) , BEA A BRI S 11 5 BERY Ar-Ar ¥ AR IR
47 8.0 Ma(Catchpole et al.,2015a) , H 43 - i R
0.3 Ma,

BEAh, DX 38 2R B ] Sulfurosa M X Al 57 & & —
] 8.3~8.1 Ma 1 £ 4 J& # fk (Catchpole et al.,
2015a).

BKF 14.7~7.3 Ma, =50 HH 2
Ma, B 5 A ph AR

- BT R A 3.5~0.3 Ma

4.2

X R A H L HHIE
TR X S R AR B A T B R

K ELRZA T 9.5~7.7
L EEEE T 9.3~6.74 Ma, Y R

G RV AR FE 7 T 9.3~6.0 Ma, XS ikCIR 2
G EMAT L EEIE T 5.8~5.7 Ma, 5 B8 ¢
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Fig. 7 Summary diagram for the time of magmatic-hydrothermal system in Morococha area

PEF - R B ORI BRCIR 22 4 B HUIR B Bk
RS . FISEA IR -Pl b D N E B A B s
RS A, VRS R IR #h M2 4 ik R B R
AL SR TR Z S ma (K 8) . Bk k73
i FEZ A TR AR A E I R . IX
S b B L B R ] T R SR -

AR R B 15 FRAIF (Kouzmanov et al., 2008a; Catch-
pole et al.,2015b),
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Fig. 8 Magmatic-hydrothermal centers and mineralization in Morococha area, central Peru (modified after Catchpole et al., 2015a)

(Bendezu et al., 2008b) , i 7~ B A 5 Cu-Mo # fk 19
W, MEEARkET 20w REMEZ &R, %
KA FE RS E Ao H s BUR S A
M SO -HEARA 4 = BERY R A B IN A -5 -
SUf-Re - AR R A SRR A B A - A
1 £ 54 (Kouzmanov et al., 2008a) , FE 4G W)
RN 78T AR R AR AE . H
HIA 2B B AR 7 AE S R PO TP e ) g B
JJR Manto Italia 5 {4 (Paliza et al., 2008) , Jaj #5714 )5
J# 14 20 m(Catchpole, 2011) , iZH 144 Zn . Pb Ag Fl
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(2) X IR 2 52 v S KGR G T E R
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L PEALHER Gertrudis AR & B S AR R4 Ltle
AT e sCa Ry R S IR . i
i Yantac X3 % & Porvenir i £ Rl 284k

(3) DXIBPYO Ticlio & 3 A 0, HAZ AR =i
B RE B A7 S bk ) SRR SR U B A A O

B WA WK S e -RE R Ak , Sz R B ke
BRI, 7] 70 Ay 5 B B B R A -2 2 BRI A
A 571k (Bendezu et al., 2008a) , FLAT BEAH -1 K 4
A Culi™ LRI 1

BB R DB, B TR B -1 R A
WAL Z AN, 75— B Rk B SRy DX 8 R A 43 A1 1)
Zn-Pb-Ag-Cu Ik AR/ AT b (I 8) , J& A i [l 2
50 km?, X KRR SZ 42 TN 3 5, [l 5845 32 %2
o A A NI s | o N T B 1 e S N SR 2
Zdrbry= B K BE AT IR 2 km, 3 ) SE A R RE G 1
km, 3K & B 7E 5100~4000 m (Kouzmanov et al.,
2008a) . Herfr, B W 2 i BB PR KA 5 B
B, R A WAASEIN R O AR
B HCER AT BRARAR T, e R DA BT A
-t B4 7 i T 2 AR 27 7E (Catchpole et
al., 2012) ; By UIVE FITE J5 1% e 24 v ) D) e 3307 0 55
KA ) A B B A R S
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ARG W I T30 25 A ety = 5 AV Ak, {H R 0 L IX
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SRR R G, B (2014) (I RAA5E(2017)
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