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Porphyry copper deposits and significant porphyry copper prospects in Mexico

and adjacent areas (Singer and others, 2008; this study). See text for discussion

of named deposits. Holocene and historic volcanoes (global volcanism data

compiled in Hearn and others, 2003). TMVB, Trans-Mexican Volcanic Belt.

CAVA, northern end of the Central American Volcanic Arc in Guatemala .........cocoeeeeevnne. 4

. Simplified tectonostratigraphic terrane map of Mexico, based on Coney and

CAMPA (T987). oeoeerecereeeies ettt bbb s bbb 5

. Major geologic and physiographic provinces of Mexico (modified from Sedlock

and others, 1993). TMVB, Trans-Mexican Volcanic Belt. M, Motagua fault.
Hachured area in southwestern Mexico shows the location of the Zacoalco
(west), Colima (south), and Chapala (east) grabens.........cccceeveveeeeeesersesesceeeses e 6

. Plate tectonic evolution of western Mexico. The Farallon Plate was progressively

consumed beneath the North American and Caribbean Plates, leaving the
present-day Juan de Fuca, Rivera, and Cocos Plates as small remnants.
Large solid arrows show the present-day sense of relative movement
between the Pacific and North American Plates. (From Kious and Tilling,

. Triassic-Jurassic (Tr-J) volcanic arcs and tectonic elements in north-central

Mexico and southwestern U.S. (Modified from Molina-Garza and Iriondo, 2007) ................ 8

. Age distributions. A, Simplified geologic map of Mexico showing igneous rocks

by age group. B, Porphyry copper deposits and significant prospects plotted by
age group (data as in figure 1). Numbers shown are radiometric ages of individual
POrPIYIY COPPET UBPOSIES ceuveeeuerreeerereeereseeseesesessessesessesseseessssssseseesssssssssesssssnssnsessesssssnsessessssnens 13

. Stream sediment geochemistry model. See text for details and development

(o] T ET YT 24

. Alteration model. A, Observed porphyry copper mineralization density as a

function of proximity to mapped alteration. See text for details. B, Density of
porphyry copper deposit by alteration buffer class. See text for details. C,
Alteration model map. See text for detailS ......coerrrrreerenrreeerere e nenes 25

. Permissive tracts for porphyry copper deposits in Mexico. Deposit names

are shown on each view. A, Jurassic-Early Cretaceous tracts. B, Laramide
LU Lo S S 1= o (F- T Y [ OO 29

. Global tonnage and copper grade models used for the Mexico porphyry

copper assessment. Global data from Singer and others (2008); deposits in
Mexico are labeled by name. A, global tonnage model. B, global copper grade



Al

A2.

A3.

B1.

C1.

C2.

D1.

D2.

E1.

E2.

F1.

F2.

G1.

. Comparison of permissive tract areas and deposit densities estimated for
Mexico (table 6) from this assessment with the deposit density model
(regression ling) of SiNGer (2008). ..ottt 36
. Map showing tract location, known porphyry copper deposits,
and significant porphyry copper prospects for tract 003pCu3001
(MX-J1), Baja California, MeXiCo. ......ccccocoeeieiiieerieisesesessessesss s sssssssssens 54
Map showing copper skarn districts, copper prospects and
occurrences (all types, ages unknown), and outlines and names of
1:250,000-scale geologic quadrangle maps relative to permissive
tract 003pCu3001 (MX-J1), Baja California, MeXiCo.......cccceuuverrirrerrererrsersereie s 55
Cumulative frequency plot showing the results of Monte Carlo
computer simulation of undiscovered resources in tract 003pCu3001
(MX-J1), Baja California, Mexico. T, thousands; M, millions; B, billions;

A 1103 T 56
Map showing the location of permissive tract 003pCu3003
(MX-J2), SON0ran DESErt, MEXICO......oociceeeceeeeeeeeeee et ee et er e s s 61

Map showing the location of permissive tract 003pCu3004

(MX-J3), Guanajuato, Mexico. No known deposits or significant porphyry

copper prospects are associated with the tract ... 69
Cumulative frequency plot showing the results of Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3004

(MX-J3), Guanajuato, Mexico. T, thousands; M, millions; B, billions;

T, EFITIONS oottt ettt ettt 69
Map showing the location of permissive tract 003pCu3005

(MX-J4), Balsas, Mexico, the Tiamaro deposit, and significant porphyry

copper prospects iN adjaCeNT trACTS ... .cccerrerrereeerrerrereeereeseere et sneseseens 77
Cumulative frequency plot showing the results of Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3005

(MX-J4), Balsas, Mexico. T, thousands; M, millions; B, billions; Tr, trillions................ 71
Map showing the location of tract 003pCu3002 (MX-J5),

Coastal Baja California, Mexico and deposits and significant prospects and
OCCUITENCES iN AUJACENT AIrEAS....ccvivecreecreerrretree et en 84
Cumulative frequency plot showing the results of Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3002

(MX-J5), Coastal Baja California, Mexico. T, thousands; M, millions;

B, DillioNS; Tr, trillIONS ..eceeeeei ettt sttt s b e snns 85
Map showing the location, known deposits, and significant

prospects and occurrences for tract 003pCu3006 (MX-L1), Western

Mexican Basin and Range, MEXICO .....c.ovuureererecireereeeeeereesees st seessesenes 96
Cumulative frequency plot showing the results of a Monte

Carlo computer simulation of undiscovered resources in tract 003pCu3006

(MX-L1), Western Mexican Basin and Range, Mexico. T, thousands;

M, millions; B, billions; Tr, trillioNS.......c.coourerircneeeseeeeeee e senes 97
Map showing the location, known deposits, and significant

prospects and occurrences in the Northern and Central Domains of tract
003pCu3007 (MX-L2), Sierra Madre Occidental West, MeXiCO .......cccoververreererrreernns 118



Vi

G2.

G3.

H1.

H2.

J1.

J2.

K1.

K2.

Tables

1.
2.

S

Map showing the location, known deposits, and significant prospects
and occurrences in the Southern Domain of tract 003pCu3007
(MX-L2), Sierra Madre Occidental West, MeXiCO.....c.couuvrueeeereereerreeeeeeeteeteeeseseesaeneas 119

Cumulative frequency plot showing the results of a Monte Carlo
computer simulation of undiscovered resources in tract 003pCu3007

(MX-L2), Sierra Madre Occidental West, Mexico. T, thousands; M,

b, Billions; Tr, trillIONS .....cueviecerece et naes 120
Map showing the location, known porphyry copper deposits,

and significant porphyry copper prospects, tract 003pCu3008-1 (MX-L3),

Central Laramide Plateau, MEXICO......c.ccocuviueeuerveecieeeecetseeee ettt sesaenans 132
Cumulative frequency plot showing the results of Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3008-1

(MX-L3), Central Laramide Plateau, Mexico. T, thousands; M, millions;

B, DIllioNS; Tr, trllIONS. ..ecveeeeeeeeet ettt 133

. Map showing tract location and significant prospects for tract

003pCu3010 (MX-T1), Eastern Alkaline Province, MexiCo. ......ccccuevverrreerrereserinsereseenns 144

. Map showing location of named areas (purple outlines)

discussed under prospects and occurrences, tract 003pCu3010 (MX-T1),
Eastern Alkaline Province, MEXICO. ...t seesese s 145

. Cumulative frequency plot showing the results of Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3010

(MX-T1), Eastern Alkaline Province, Mexico. T, thousands; M, millions;

B, DillionS; Tr, trllIONS. ..ecveeeeeeeetee ettt 146
Map showing the tract location and significant prospects and

occurrences in tract 003pCu3009 (MX-T2), Tertiary Central Plateau,

Northern Mexico, and in @djaCent @reas. .....cocvveeerrereereerereeeereereees s eeens 159
Cumulative frequency plot showing the results of a Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3009

(MX-T2), Tertiary Central Plateau, Northern Mexico. T,thousands;

M, millions; B,billions; THElIONS. ... 160
Map showing the location, known deposits, and significant

prospects and occurrences for tract 003pCu3011 (MX-T3), Southwest

IVIBXICO oottt bbb s bbbt ae s st s bbb s st nnaas 174
Cumulative frequency plot showing the results of a Monte Carlo

computer simulation of undiscovered resources in tract 003pCu3011

(MX-T3), Southwest Mexico. T, thousands; M, millions; B,billions; Trtrillions. ......... 175

Generalized geologic units, porphyry copper assessment, MeXiCo.......cccocvveererrennne. 12
Deposits and significant porphyry copper prospects, porphyry copper

ASSESSMENT, MEXICO....ecuieceeecteeecctctete ettt b e sttt an s st nnaens 17
Stream-sediment chemistry thresholds, porphyry copper assessment, Mexico......23
Permissive tracts, porphyry copper assessment, MeXiCO.........ccoeveerevcrervecrrecrenrennn. 27
Statistical test results, porphyry copper assessment, MeXiCo .......coceeeeueerecrerceecunnne. 36
Estimates of numbers of undiscovered deposits, porphyry copper assessment,



Al

A2.
A3.

A4

Ab,

A6.

A7.

B1.

B2.
B3.

C1.

C2.
C3.

Ca.

C5.

D1.

D2.

D3.
D4.

D5.

D6.

E1.

E2.

Summary of Monte Carlo simulations of undiscovered resources in each tract,
porphyry copper asseSSMENt, MEXICO....cuvuerirrrrererrnirsrnseeesesssessssessssssssessssssssssessesssssssesaes
Identified resources by tract, porphyry copper assessment, MeXiCo..........cccoveeerverernnnee.
Identified resources and resource ratios (undiscovere/identified),

porphyry copper asseSSMENt, MEXICO.....cuvuerrrrrrrererieisinseeesessessssesessssssessssssssssessesssssssesses
Summary of selected resource assessment results for tract 003pCu3001

(MX-J1), Baja California, MEXICO ..ottt en s
Map units that define tract 003pCu3001 (MX-J1), Baja California, Mexico ..........c.........
Known porphyry copper deposits in tract 003pCu3001 (MX-J1), Baja California,

IVIBXICO oottt sttt a bbb a et b bbb st s st s st st
Significant prospects and occurrences in tract 003pCu3001 (MX-J1), Baja

CalifOrnia, IMEXIC O cuu vttt
Principal sources of information used by the assessment team for tract

003pCu3001 (MX-J1), Baja California, MeXiCo .......c.ceeeerererrrmeenerieeiesiissiesesesessessssssssssssans
Undiscovered deposit estimates, deposit numbers, tract area, and deposit

density for tract 003pCu3001 (MX-J1), Baja California, MeXiCo ......cccoeuerrrrrverrercerenrnnnnes
Results of Monte Carlo simulations of undiscovered resources for tract

003pCu3001 (MX-J1), Baja California, MeXiCo .......ccocuevueeeeeeeeeeeeeeeteeeee et
Summary of selected resource assessment results for tract 003pCu3003

(MX-J2), Sonoran Desert, MEXICO .......cocerurerurerieriesiiessssss s sssssssss s sssssssssssssssssssssssssanns
Map units that define tract 003pCu3003 (MX-J2), Sonoran Desert, Mexico ...................
Principal sources of information used by the assessment team for

trac003pCu3003 (MX-J2), Sonoran Desert, MeXiCO ......cocunrunrrrerrreerseissssessessesssssessnees
Summary of selected resource assessment results for tract 003pCu3004

(MX-Jd3), GUANAJUALO, MIBXICO....ceuveeeceeereceeecteetse et s st s st s sssns s ssssssasssssensananes
Map units that define tract 003pCu3004 (MX-J3), Guanajuato, Mexico.........c.cceerrerrnnen.
Principal sources of information used by the assessment team for tract

003pCu3004 (MX-J3), Guanajuato, MEXICO.......ccueueeeerrerieeressessssse s ssesssssens
Undiscovered deposit estimates, deposit numbers, tract area, and deposit

density for tract 003pCu3004 (MX-J3), Guanajuato, MeXiCo ......ccccewueveeecueeerrreeecreerenrenanes
Results of Monte Carlo simulations of undiscovered resources in 003pCu3004,
IVIEXIC 0 ..ttt bbbt aes
Summary of selected resource assessment results for tract 003pCu3005

(MX=-J4), BalSAS, MEXICO ..eeureeurerrerreeresreseessessesssssssssseesessssssssssssssssssssssssssnssenssasssssssnssssanes
Map units that define tract 003pCu3005 (MX-J4), Balsas, MeXiCo .......ccoceverrererrrerrennne
Known porphyry copper deposits in tract 003pCu3005 (MX-J4), Balsas, Mexico..........

Principal sources of information used by the assessment team for tract
003pCu3005 (MX-J4), Balsas, MEXICO ......ccceuuruerrereirneriessseesessessssss e ssesssssss s ssesssssens

Undiscovered deposit estimates, deposit numbers, tract area, and deposit
density for tract 003pCu3005 (MX-J4), Balsas, MEXiCO.......ccoeuuevrrerierrmeersrinsiesssesssssssssans

Results of Monte Carlo simulations of undiscovered resources in tract
003pCu3005 (MX-J4), BalSas, MEXICO c.......cecueeeeeceeceeeeeeteeeeee ettt

Summary of selected resource assessment results for tract 003pCu3002
(MX-J5), Coastal Baja California, MEXiCO ........ceeeeeevreereeeeeeieeeseeeeeeeetesseeessssses e ssssessesaes

Map units that define tract 003pCu3002 (MX-J5), Coastal Baja
CalifOrnia, IMIBXICO. ..cuveecvceeeetecte ettt ettt ss et a e e st st es s s snasssssssseanastananeas

vii



viii

E3.

E4.

E5.

E6.

F1.

F2.

F3.

F4.

F5.

F6.

F7.

G1.

G2.

G3.

G4.

G5.

G6.

G7.

H1.

H2.

H3.

Significant prospects and occurrences in tract 003pCu3002

(MX-J5), Coastal Baja California, MEXiC0. ........ecuecuverrreeeeriereesseeessee e sesssssssssssssssssssssanes 80
Principal sources of information used by the assessment team
for tract 003pCu3002 (MX-J5), Coastal Baja California, MeXico. .......ccoeurerrerrerrersrereenen. 80

Undiscovered deposit estimates, deposit numbers, tract area,
and deposit density for tract 003pCu3002 (MX-J5), Coastal Baja California,

LY=L OO 81
Results of Monte Carlo simulations of undiscovered resources
in tract 003pCu3002 (MX-J5), Coastal Baja California, MeXiCo .......cccoeuureerrerenererreernnnn. 81

Map showing the location, known deposits, and significant
prospects and occurrences for tract 003pCu3006 (MX-L1), Western Mexican

Basin and Range, MEXICO .......cccucrcescceece ettt 86
Map units in tract 003pCu3006 (MX-L1), Western Mexican Basin

AN0 RANGE, MBXICO .uuvureriicerieeeeessisisssees sttt ess st ses s sss s essssnssssesses 88
Known porphyry copper deposits in tract 003pCu3006 (MX-L1),

Western Mexican Basin and Range, MeXiCO......cccoueuvrervecrrecereeseeseeeee s 90
Significant prospects and occurrences in tract 003pCu3006

(MX-L1), Western Mexican Basin and Range, MeXiCo.......ccccceuueerververeereernsrsessesessessensnns 90
Principal sources of information used by the assessment team

for tract 003pCu3006 (MX-L1), Western Mexican Basin and Range, Mexico................. 92

Undiscovered deposit estimates, deposit numbers, tract area, and
deposit density for tract 003pCu3006 (MX-L1), Western Mexican Basin and

RANGE, IMIBXICO ..ttt es st s st eenen 92
Results of Monte Carlo simulations of undiscovered resources

in tract 003pCu3006 (MX-L1), Western Mexican Basin and Range, Mexico................... 93
Summary of selected resource assessment results for tract 003pCu3007

(MX-L2), Sierra Madre Occidental West, MEXICO ... 98
Map units in tract 003pCu3007 (MX-L2), Sierra Madre

OcCidental WESE, IMEXICO ...ttt sesssessst st ssessess st s sessessessessssssessnssens 100
Known porphyry copper deposits in tract 003pCu3007

(MX-L2), Sierra Madre Occidental West, MEXICO ..c.veererermeererneirnsesesessesssssssesesesseseens 103
Significant prospects and occurrences in tract 003pCu3007

(MX-L2), Sierra Madre Occidental West, MEXICO «......c.oueeeeeeeeeeeeeeeeeeeeee e 107
Principal sources of information used by the assessment

team for tract 003pCu3007 (MX-L2), Sierra Madre Occidental West, Mexico.............. m

Undiscovered deposit estimates, deposit numbers, tract area,
and deposit density for tract 003pCu3007 (MX-L2), Sierra Madre Occidental

WWESTE, MEXICO ...ttt 112
Results of Monte Carlo simulations of undiscovered resources

in tract 003pCu3007 (MX-L2), Sierra Madre Occidental West, Mexico.........c..cocveuennees 112
Summary of selected resource assessment results for tract

003pCu3008-1 (MX-L3), Central Laramide Plateau, MeXiCo ......co.oeeueeeeereeeeeceecrreeecenee. 121
Map units in tract 003pCu3008-1 (MX-L3), Central Laramide

Plat@au, MIBXICO ....c.cviueiiecrecte ettt sttt st 122

Significant prospects and occurrences in tract 003pCu3008-1
(MX-L3), Central Laramide Plateau, MEXICO.......ccccoeueueerrrrereresesssessesese st 125



H4.

H5.

H6.

J1.

J2.

J3.

Ja.

Jb.

J6.

K1.

K2.
K3.

Ka4.

K5.

K6.

K7.

Principal sources of information used by the assessment team for

tract 003pCu3008-1 (MX-L3), Central Laramide Plateau, MeXiCo ........ccceeeueerrereeerennnes 126
Undiscovered deposit estimates, deposit numbers, tract area, and

deposit density for tract 003pCu3008-1 (MX-L3), Central Laramide

Plateau, IMEBXICO ....ueueeeiericicereeeiees ettt bbbt 127
Results of Monte Carlo simulations of undiscovered resources

in tract 003pCu3008-1 (MX-L3), Central Laramide Plateau, MeXico........cccccoeeuverrerennees 128
Summary of selected resource assessment results for tract

003pCu3010 (MX-T1), Eastern Alkaline Province, MeXiCo ......ccccovuurervereernrnerserecrierennns 134
Map units that define tract 003pCu3010 (MX-T1), Eastern

AlKaliNg ProvinCe, MEXICO. .ttt sttt st ss s sssssenaes 136
Significant prospects and occurrences in tract 003pCu3010

(MX-T1), Eastern Alkaline Provinge, MEXIiCO .....c.c.ou oo seeeeeeneon 138
Principal sources of information used by the assessment

team for tract 003pCu3010 (MX-T1), Eastern Alkaline Province, Mexico..................... 139

Undiscovered deposit estimates, deposit numbers, tract area,
and deposit density for tract 003pCu3010 (MX-T1), Eastern Alkaline

ProVINCE, MEXICO ....cucviieciictesctetee sttt 140
Results of Monte Carlo simulations of undiscovered resources

in tract 003pCu3010 (MX-T1), Eastern Alkaline Province, MeXiCo.......ccccceuerverrrerrercnnnns 140
Summary of selected resource assessment results for

tract 003pCu3009 (MX-T2), Tertiary Central Plateau, Northern Mexico .......ccccceueuee.e. 147
Map units that define tract 003pCu3009 (MX-T2), Tertiary

Central Plateau, NOrthern MEXICO ...ttt ae s saenas 149
Significant prospects and occurrences in tract 003pCu3009

(MX-T2), Tertiary Central Plateau, Northern MeXiCo........coeecueeueerereceeereeeeeceeceeeeeeae 151
Principal sources of information used by the assessment team

for tract 003pCu3009 (MX-T2), Tertiary Central Plateau, Northern Mexico ................. 152

Undiscovered deposit estimates, deposit numbers, tract
area, and deposit density for tract 003pCu3009 (MX-T2), Tertiary Central

Plateau, NOrthern MEXICO ...ttt 154
Results of Monte Carlo simulations of undiscovered resources
in tract 003pCu3009 (MX-T2), Tertiary Central Plateau, Northern Mexico........ccc........ 155

Summary of selected resource assessment results for Tract
003pCu3011 (MX-T3), Southwest MeXiCo ......cccocevveeeeeeereereeeecreeeeeeee e
Map units that define Tract 003pCu3011 (MX-T3), Southwest Mexico
Known porphyry copper deposits in Tract 003pCu3011 (MX-T3),

SOULNWEST IMBXICO ...ttt bt naens 164
Significant prospects and occurrences in Tract 003pCu3011

(MX-T3), SOUtNWESE MBXICO ....vuvcveevevecrcteieees sttt ssnees 165
Principal sources of information used by the assessment team

for Tract 003pCu3011 (MX-T3), Southwest MeXiCo ........cccouuveuververerreereeveeesesee e 168
Undiscovered deposit estimates, deposit numbers, tract area,

and deposit density for Tract 003pCu3011 (MX-T3), Southwest Mexico.........cc........ 169

Results of Monte Carlo simulations of undiscovered resources
in tract 003pCu3011 (MX-T3), Southwest MEXiCO.......coc.vvvrrreereeeerseiesieessessseiesisssens 169



Conversion Factors

Inch/Pound to SI

Multiply By To obtain
Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
yard (yd) 0.9144 meter (m)
Area
acre 0.4047 hectare (ha)
acre 0.4047 square hectometer (hm?)
acre 0.004047 square kilometer (km?)
square mile (mi®) 259.0 hectare (ha)
square mile (mi®) 2.590 square kilometer (km?)
Mass
ounce, avoirdupois (0z) 28.35 gram (g)
pound, avoirdupois (1b) 0.4536 kilogram (kg)
ton, short (2,000 1b) 0.9072 megagram (Mg)
ton, long (2,240 1b) 1.016 megagram (Mg)




SI to Inch/Pound

Multiply By To obtain
Length
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
meter (m) 1.094 yard (yd)
Area
hectare (ha) 2.471 acre
square hectometer (hmz) 2.471 acre
square kilometer (krnz) 247.1 acre
hectare (ha) 0.003861 square mile (mi®)
square kilometer (kmz) 0.3861 square mile (mi?)
Mass

gram (g) 0.03527 ounce, avoirdupois (0z)
kilogram (kg) 2.205 pound avoirdupois (Ib)
megagram (Mg) 1.102 ton, short (2,000 1b)
megagram (Mg) 0.9842 ton, long (2,240 1b)
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Porphyry Copper Assessment of Mexico

By Jane M. Hammarstrom', Gilpin R. Robinson, Jr.2, Steve Ludington?, Floyd Gray*, Benjamin J. Drenth?,
Francisco Cendejas-Cruz®, Enrique Espinosa’, Efrén Pérez-Sequra?, Martin Valencia-Moreno?, José Luis
Rodriguez-Castafieda', Rigoberto Vasquez-Mendoza'', and Lukas Ziircher'

Abstract

Mineral resource assessments provide a synthesis of avail-
able information about distributions of mineral deposits in the
Earth’s crust. A probabilistic mineral resource assessment of
undiscovered resources in porphyry copper deposits in Mexico
was done as part of a global mineral resource assessment. The
purpose of the study was to (1) delineate permissive arcas
(tracts) for undiscovered porphyry copper deposits within 1 km
of the surface at a scale of 1:1,000,000; (2) provide a database
of known porphyry copper deposits and significant prospects;
(3) estimate numbers of undiscovered deposits within those
permissive tracts; and (4) provide probabilistic estimates of
amounts of copper (Cu), molybdenum (Mo), gold (Au), and
silver (Ag) that could be contained in undiscovered deposits for
each permissive tract. The assessment was conducted using a
three-part form of mineral resource assessment based on min-
eral deposit models (Singer, 1993). Delineation of permissive
tracts primarily was based on distributions of mapped igneous
rocks related to magmatic arcs that formed in tectonic settings
associated with subduction boundary zones. Using a GIS, map
units were selected from digital geologic maps based on lithol-
ogy and age to delineate twelve permissive tracts associated
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with Jurassic, Laramide (~90 to 34 Ma), and younger Tertiary

magmatic arcs. Stream-sediment geochemistry, mapped altera-
tion, regional acromagnetic data, and exploration history were

considered in conjunction with descriptive deposit models and
grade and tonnage models to guide estimates.

The 12 permissive tracts delineated for this assessment
are grouped by age (Jurassic-Early Cretaceous, Laramide (~90
to 34 Ma), Tertiary) and range in size from ~3,000 to 184,000
km?. Probabilistic estimates of numbers of undiscovered
deposits were made for 10 tracts. A qualitative discussion is
included for one Jurassic tract that extends into the U.S. from
northern Mexico, and a preliminary outline of the northern-
most part of a Tertiary tract that continues well to the south of
Mexico is included in summary figures for reference.

This assessment estimates that 39 undiscovered deposits
contain an arithmetic mean estimate of ~144 million metric tons
of copper or more in ten tracts for which probabilistic esti-
mates were made, in addition to 21 porphyry copper deposits
that contain identified resources of ~52 million metric tons
of copper. Approximately 70 percent of the estimated mean
undiscovered copper resources are associated with permissive
tracts that contain identified resources; the remaining estimated
resources are associated with permissive tracts with no reported
porphyry copper resources. In addition to copper, the mean
expected values of undiscovered byproduct resources predicted
by the simulation are ~4 million metric tons of molybdenum,
~48 thousand metric tons of silver, and 4 thousand metric tons
of gold. The probability associated with these arithmetic means
is on the order of 30 percent. Median expected amounts of met-
als predicted by the simulations may be ~ 50 percent lower than
mean estimates, and in some cases, zero.

For tracts that contain identified resources, the ratios of
undiscovered to identified copper resources indicate that:

* Jurassic-Early Cretaceous tracts MX-J1 and MX-J2
contain fewer estimated undiscovered copper resources
(ratios <1) than identified resources;

» Laramide tract MX-L1 may contain significantly more
copper than has been identified;

e Laramide tract MX-L2, the tract that contains most of
the known deposits in Mexico, including the world-
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class deposits at Cananea and La Caridad, may contain
about as much copper, molybdenum, and silver in un-
discovered deposits and more gold than has been
identified;

* Tertiary tracts MX-T1 and MX-T2, where no porphyry
copper deposits are known, may contain undiscovered
deposits;

¢ Tertiary tract MX-T3 may contain about three times
more copper than has been identified; and

* Permissive tracts with no known deposits (MX-J3,
MX-J5, MX-L3, MX-T1, MX-T2) contain approxi-
mately 30 percent of the total estimated undiscovered
copper resources.

Most porphyry copper exploration in Mexico focused
on the exposed northern parts of the Laramide arc. This
assessment suggests that the exposed and shallowly buried
(<1 km) parts of the Laramide and Tertiary arcs delineated
as permissive tracts are more likely to contain undiscovered
deposits than are older (Jurassic-Early Cretaceous) arc seg-
ments. Interest in gold has prompted exploration of histori-
cal precious metal prospects and small mines in Mexico,
some of which may represent high-sulfidation epithermal
systems overlying or adjacent to porphyry copper
systems.

This report includes a brief overview of porphyry
copper deposits in Mexico, a description of the assessment
process used, a summary of results, and appendixes. Appen-
dixes A through K contain summary information for each
tract, as follows: location, the geologic feature assessed,
the rationale for tract delineation, tables and descriptions
of known deposits and significant prospects, exploration
history, model selection, rationale for the estimates, assess-
ment results, and references. The accompanying digital map
files (shapefiles) provide permissive tract outlines, assess-
ment results, and data for deposits and prospects in a GIS
format (appendix L).

Introduction

Mexico is one of the world’s leading copper-producing
countries. Mexican copper primarily comes from porphyry
copper deposits, including the giant deposits at Cananea
and La Caridad in northern Mexico. Porphyry copper
deposits are the most important large tonnage, low-grade
sources of global copper supply. The primary ore min-
eral in porphyry copper deposits is chalcopyrite, CuFeS,,
distributed in stockwork veinlets and disseminations in
hydrothermally altered porphyry and adjacent rock. In some
deposits, supergene processes make chalcocite (Cu,S) the
most important ore mineral. Molybdenum, silver, and gold
are important byproducts in many deposits.

A probabilistic mineral resource assessment of undis-
covered resources in porphyry copper deposits in Mexico

was done as part of a global mineral resource assessment.
The purpose of the study was to (1) delineate permissive
areas (tracts) for undiscovered porphyry copper deposits

at a scale of 1:1,000,000; (2) provide a database of known
porphyry copper deposits and significant prospects; (3)
estimate numbers of undiscovered deposits within those
permissive tracts; and (4) provide probabilistic estimates of
amounts of copper (Cu), molybdenum (Mo), gold (Au), and
silver (Ag) that could be contained in undiscovered depos-
its for each permissive tract. The study was conducted by
the U.S. Geological Survey (USGS) in collaboration with
geologists from the Servicio Geoldgico Mexicano (SGM),
the Universidad Nacional Auténoma de México, the Uni-
versity of Sonora, and the University of Arizona.

The assessment of undiscovered porphyry copper
deposits in Mexico was done using the three-part form
of mineral resource assessment based on mineral deposit
models (Singer 1993, 2007a, b; Singer and Berger, 2007).
In applying the three-part form of mineral resource assess-
ment, areas (permissive tracts) are delineated according to
the types of deposits permitted by the geology, the amount
of metal in typical deposits is estimated by using grade and
tonnage models, and the number of undiscovered deposit