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Fig. 1 Tectonostratigraphic terranes of Mexico ( modified from Centeno—Garcia, 2017)
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Fig. 2 Outcrop distribution of plutonic and volcanic rocks of the Laramide magmatic arc in Sonora, Mexico
(modified from Gonzalez—Leon et al. , 2011)
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Reynolds, 1977; Ortega — Rivera, 2003; Valencia —
Moreno et al. , 2006;Rio—Salas et al. , 2017) , 4Bk
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Young et al. , 2000; Mizer et al. , 2015; Rioux et al. ,
2016; Amato et al. , 2017)

Fig. 3 Frequency diagram of Laramide magmatic activity in
northern Mexico ( modified from Young et al. , 2000; Mizer
et al. , 2015; Rioux et al. , 2016; Amato et al. , 2017)
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Table 1 Metallogenic age of porphyry copper deposits in northern Mexico

JF5 W IR JIRAEIN | AEE (Ma) | I4ETT B AR A AL EE BTN
. 74.6 £ 1.3 20 Mt@ 0. 5% Cu,0. 026% Mo Salvatierra—Dominguez, 2000 ;
1 |Fortuna del Cobre| Zi#HisH Re-0s )
75.0 £ 1.4 11 Mi@ 1. 15% Cu () Barra and Valencia, 2014
Los HuMos RitipiM [73.5 £ 0.2 Re-0s 300 Mt @0.3% Cu Barra and Valencia, 2014
El Pilar RGP | 73.9 £ 0.3 | Re-0s 259 Mt @ 0.3% Cu Del Rio—Salas et al. ,2015
. g Noguez—Alcantara et al. , 2007
4 Milpillas RiGHiM 163.1+0.4| Re-Os 230 Mt @ 0. 85%Cu )
Singer et al. , 2008
Lo . Aponte—Barrera, 2009;
5 Mariquita RitihiM [59.3 £ 0.3| Re-0Os 100 Mt@ 0.48% Cu
Del Rio—Salas et al. , 2015
- 61.6 + 0.3, . Gonzalez—Partida et al. , 2009;
6 Lucy RithiM Re-0Os | 9 Mt mined @ 0.8% Cu, 0. 1% Mo
61.8 0.3 Del Rio—Salas et al. , 2015
. Barton et al. , 1995; Barra et al. ,
7 Maria RinhiM |60.4 +0.3| K-Ar 8.6 Mt@1.7% Cu, 0.01% Mo
2005; Del Rio—Salas et al. , 2015
Buenavista NS Barra et al. , 2005; Barton et al. ,
8 RIGHIM 159.3 £ 0.3 Re-0s | 7,140 Mt at 0.42% Cu, 0.008% Mo .
del Cobre 1995; Singer et al. , 2008
9 El Alacran KM |60.9 £ 0.2| Re-0s 24 Mt@ 0.35% Cu Barra et al. , 2005
. . 53.6 £ 0.2 Barra et al. , 2005; Valencia et al. ,
10 La Caridad Rt Re-0s | 1800Mt@ 0.452% Cu, 0.0247% Mo .
54.0+0.2 2005; Singer et al. , 2008
. . Singer et al. , 2008;
11 Pilares RinhiM |53.6+1.1| U-Pb 147 Mt @ 1. 04% Cu
Goémez—Landa, 2014
. . . Damon et al. , 1983; Valencia et al. ,
12 | Florida—Barrigon | Ri#EHiM [52.4 + 1.1 K 135 Mt @ 0.33% Cu

2006; Singer et al. , 2008
13 CuMobabi RithiM |58.7 + 0.2 Re-Os 67 Mt @ 0.266% Cu, 0.099% Mo | Barra et al. , 2005; Singer et al. , 2008
Damon et al. , 1983;

14 Washignton RIGHIM 156.4 = 1.2 K-Ar 1.2 Mt@ 1.7% Cu, 0.058% Mo )
Valencia et al. , 2006
s Barra et al. , 2005; Valencia—Moreno
15 El Creston RiGhiM 53.6+0.2| Re-0s |215.4 Mt @ 0.059% Cu,0.071% Mo

et al. , 2006; Singer et al. , 2008

San Antonio N
16 RiGhiM |57.4 + 1.4 K-Ar 3.6 Mi@ 1% Cu Damon et al. , 1983
de la Huerta

Barra et al. , 2005; Valencia—Moreno
et al. , 2006; Singer et al. , 2008
Barra et al. , 2005; Ziircher,
2002; Singer et al. , 2008

19 Santa Rosa RiGhiM |55.7+0.8| Ar/Ar 1.1 Mt @ 0.524% Cu, 0.121% Mo Mead et al. , 1988
Dreier and Braun, 1995;
Espinosa—Perea, 1999

17 Suaqui Verde RithiM [57.0 £ 0.3 | Re-Os 87.2 Mt @ 0.43% Cu

18 | Cuatro Hermanos | ZifHiM [55.7 + 0.3 | Re-Os 233 Mit@ 0.43% Cu, 0.035% Mo

20 Piedras Verdes | ZRi#HHiM ~ 60.0 Re-0s 452.790 Mt @0. 28% Cu

21 Santo Tomas |BIBF WA [57.2 = 1.2 | K-Ar 274 Mt @ 0.498% Cu, 0.05 g/t Au |Damon et al. , 1983; Singer et al. , 2008

22 La Reforma LM 159.2 £ 1.3| K-Ar - Damon et al. , 1983
23 Bahuérachi A FLECM 65.7 - 524.5 Mt@ 0.40% Cu, 0.008% Mo Tyler Resource Inc. , 2008
Barton et al. , 1995; Barra et al. ,
24 Tameapa | BFBE WM | 57.0~52.0| Re-0s 54 Mt @ 0.4% Cu aron e a !
2005 ; Singer et al. , 2008
25 | Los Chicharrones | #F% WM |56.2 + 1.2 K-Ar - Damon et al. , 1983; Ziircher, 2002
11. 14 M@ 0.55% Cu (L3 ;

26 Malpic. IFT WM |54.1 + 0.3 | Re—0O:s Barton et al. , 1995;B. t al. , 2005

alpica BB e=0s 53.88 Mt @0.61% Cu (BEALA) arton et a arra et al
27 Las Azulitas [P WA |59.5 + 1.2 K-Ar Damon et al. , 1983

" RA4E Buenavista del Cobre " JK Milpillas A" K JK Los Alios #"JK Bella Esperanza " K \El Batamote
Lucy #" K . Mariquita B R Maria # &K . El Alacr’ an K \Florida—Barrig” on " JR%
B K. El Pilar 5 JK % Nacozari B # X fii T 4.1 Buenavista del Cobre R
Cananea ' IX 45 %7 80 km 4t Nacozari 4H , X N4 Buenavista del Cobre " J& (&% BC H%) i F
By La Caridad #JK | Pilares #" JK , Santo Domingo BV RF RGN RN XN, EET kb
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Fig. 5 The geological map of the
Buenavista del Cobre copper deposit and
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59.2) + 0.3 Ma(Del Rio-Salas et al. , 2017) , 7R%
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28 B ph 28 5 3 ( Ochoa — Landin and Echavarri,
1978) .
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ERANERBASZ L, i L iR s 8 4 i 4
RUZZ b P E R S RRBAERAE T,
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[ P N A1 A R 4 BB ( Santillana — Villa et al. |
2021) , ZW IR EE WA Bk, 85— By
b & HEAE 73.9 = 0.3 Ma( #4505 Re—0s 4E#% ) ( Del
Rio—Salas et al. , 2017) , S8 {bBHCAHIET 4L A
KERAER N 74. 6 Ma, B ALAE I AEZS 6] |5
TR FAYE K EL Pilar 451K 5 (Broch,
2012;Del Rio—Salas et al. , 2017) ; 55 —r B 1k &
AFER IR F2 R R AR b A7 TS A 1 R )
AR5 A A P AR & 4R

El Pilar 5% K N33E £ 27 2300 m, & 600 ~
1000 m,NW—SE “FHJEEE 110 m(EH 5~220 m) .
El Pilar K27 98% HI4IRAEZERSELNG o0k 25 | 55 [
45 SARRONAG R BES B B AL A B BT
WA N . 0D BR 5 45 5 DU 20 wh R s TR 75
o HIEIE FEE A LAVRE R X B i R R AR A
Ja - E R BR s S N L A ik, oAb 5
W A G R BT AR e LA
A VAR B4 X P TR S i s (5 B (H2 A
BRA R 1 8 A i EEREIE B4, El Pilar 8087 IR
BB 0 48 o3 X L R AEE AR BRE T
A R A AZ o ) A1, il it 467 328 4 B2 A1 ( Broch, 2012)
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4.3 La Caridad &A% K

La Caridad # {ii T Nacozari W X AR 2 14
km At (& 8) (Singer et al. , 2008) , # fb F 2 kA4
TE Tarahumara 4100 K 1A Ak Y ir 9 25 217
TR0 JiCR ™ H | JR) E AL A B R A Y
WALVEFH S5 IX N2 55.5 Ma B8 B4 RN KA Y
RAA K, AP KB EEA N AR, 0 LA
8 54.3 + 1.7 Ma( Valencia et al. , 2005)
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HI,La Caridad Hb X [ 48 Ji7 58 56 9 A 4k 27 1 fiy kil
PRI B e RBE K e 2 B e DA & Lily 21 A
Coppercuin ZH (1 A0 JK ‘#5578 55 ( McAnulty,
1970)

La Caridad Hb[X L 7R [a] B9 1E W 240461 T F 247
PRI < N 5 B9 R0 5, XF L £ La Caridad Vieja
PO AR B TR AW LA 4E H ( Valencia et al. |
2008 ; Berrajano—Carillo et al. , 2020) , ££ i< [N A
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Fig. 8 Geological map of the La Caridad copper deposit
(from Valencia, 2008)

RAE AT U-Pb 4F# 58.3 + 2.0 Ma Fl1 53. 3
+ 1.6 Ma( Valencia et al. , 2005; Gonz’ alez Le’ on et
al. , 2017) ; BEA P45 fb 4RI 55.0 = 1.7 Ma Fi
52.6 + 1.6 Ma( Valencia et al. , 2005, %54 U-Pb
AR . MEEHET Y Re—Os [RIf =B fLETC R 53.8 +
0.2 Ma #153.6 + 0.2 Ma(Barra et al. , 2005) , 1&
A TN AR A BE 545 AR R FUEEH AT 1Y Re
—Os [ R AR JLF[H ], WP La Caridad A A&
—MNEAERNEWE, ROIFBREDZT T 6 Ma, La
Caridad " FRAE X TN K8 FISE A B BE KA1 U-Pb 4F
WA 64.1 = 9.8 Ma Ml 52.9 = 1.4 Ma
(Valencia et al. , 2005), 52.6 = 1.6 Ma FJE3 T
BRI NG — B G 3, A6 B TN A TS A 1
A2 7[R B #A A6AE T ( Valencia et al. |
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Table 2 Metallogenic characteristics of Laramide porphyry copper deposits
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Abstract: The porphyry copper belt in Sonora, northern Mexico, is an extension of the “large cluster” of
North American porphyry copper ore concentration areas in Mexico, one of the world’ s important copper
metallogenic provinces. Porphyry copper deposits are mainly distributed along the Laramide magmatic arc. During
the Laramide (80~40 Ma) orogeny, due to the reduction of the subduction angle of the Farallon plate to the North
American plate, the magmatic activity center gradually moved eastward, forming three magmatic activities of 76 ~70
Ma, 63~57 Ma and 46 ~40 Ma. During the peak period, the magma activity of 63 ~57 Ma was the largest.
Through the comparative study on the metallogenic age of the existing deposits in the area, the time limit of
magmatic activity and the distribution concentration of the deposits, it is found that the peak period of porphyry
copper metallization is mainly concentrated in the period of 63 ~56 Ma. By combing the metallogenic characteristics
of typical deposits and comprehensive analysis of regional magmatism, it is believed that the Laramide orogeny is
the main geological process for the formation of huge copper and molybdenum enrichment in northern Mexico.
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