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Terrain Guerrero Suture

Volcanic rocks
(age-range and composition)

Aptian-Albian (126-100 Ma)
§ Shallow marine to subaenal
lavas and tuffs (rhyolite-andesite)

Lower Cretaceous (145-126 Ma)

® Shallow marine to subaerial
lavas and tuffs (rhyolite-andesite)

© Deep marine volcaniclastics,
WPB and MORB pillow lavas and mafic intrusives
Within-Plate pillow lavas

- Oceanic crust Arperos Back-Arc Basin

Stretched crust and rft related volcanism associated to
transtensional rifting of the Gulf of Mexico

Gulf of Mexico
Rifting ~166 to 126 Ma

Centeno, 2017



Strain and Laramide magmatism at North of Mexico

83'49 Ma " Sierra Madre Oriental
Campapian- Fold and Thrust Belt Front

GULF OF
MEXICO

Ages of foreland basin
sedimentary-fill

- Paleocene-Eocene
[:] Maastrichtian k
1 campanian s 7y Active back
: " " iarc. deformati
:I Turonian-Coniacian o
Igneus rock-types

- Subaereal volcano-sedimentary rocks,
and few marine volcanic.turbidite outcrops

granitoids (granitic to gabroic)

* Iron-ore deposits 60 Ma age of deformation (Cuellar-Cardenas, 2011)
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Silicic ignimbrites
(Second ignimbrite flareup)
~24 Ma

Polimictic conglomerate
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Mafic dikes

I UPPER VOLCANIC
S|I|C|c8c1|rb<|es and domes SUPERGROUP

~29-28 Ma

Silicic ignimbrites and lava domes
(First ignimbrite flare-up)
~31.5-29 Ma

Sandstone and conglomerate
Camichin unit Max age ~43 Ma

Sandstone and conglomerate
Ralmeedmrmlk 52-M
" g

l l I l

115 110° 105° 100°

Centeno, 2017
Montoya-Lopera et al., 2019, 2020a,b, 2024, 2025
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Andesitic group

("Productive andesites" and
porphyry andesitic intrusions)
~63 -48 Ma

Porphyry intrusions ~67 Ma
Tarahumara Fm.
Portal member ~69 Ma

Buelna member ~69 Ma LOWER VOLCANIC
COMPLEX

Socavén member ~75.5 - 73 Ma

Andesitic and dacitic dikes
~45 - 44 Ma

Piaxtla batholith ~49 - 45 Ma
Sinaloa batholith ~80 - 62 Ma




Sinaloa and Nayarit extension
begins in the late Oligocene,
causing an angular
unconformity between the
Oligocene (32-29 Ma) and early
Miocene (24-20 Ma)
ignimbritic sequences

Ferrari et al., 2002, Tectonics
Ferrari et al., 2013, Geosphere
Duque et al., 2015, GSA Bull
Duque et al., 2014, RMCG

CODES



PALEOCENE
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Lithogeochemistry
Immobile elements
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Acantit

Transition zone
(Pb-Zn main event) (Cu high grade) (Ag high grade)




San Marcial Ag high grade
tectonic hydrothermal breccia
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* High angle Hy bx

e Tilted East

* Oligocene ( ~27 Ma)

* Source by (andesitic porphyry int.)

salennnbananbpnnsbopnglonnel

» Stage 3 (pre/ore/close bx)

* Well-preserved high-grade Ag system

* Almost 5 different Ag events

* Green mineral main alt paragenesis
(Mg Chl-Ep-Tur-Tr-Ca Amp)
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Ore telescoping breccia
(-] ithermal clasts)
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Ag high grade in clasts

RO % L | Pb: Cpy-Sp1-Gn-Sp2-Aca . .
» MR MO A8 B SEM (AMICS)

¥

1mm

L™ Micro scanning (PRL) et o CODES



Ore telescoping breccia Micro scanning
(massive sulphide clast

e'-‘._ S .

Ag high grade

SM: Aca-Py
Pb: Cpy-Sp1-Gn-Sp2

1mm

—— Micro scanning (PRL) s




Ore hydrothermal quartz — FeOx breccia
(primary Aca filling open space)

Ag high grade in matrix SEM (AMICS)
SM: Hm-Aca

'™ Micro scanning (PRL)
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Hydrothermal crackle calcite >
quartz cemented breccia
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SMS 22-23
we="" 254275 — 254.84 m

60

111066
Ag 113 ppm
Au 0.154 ppm
Cu 0.0069
As 778 ppm

Parallel Ag high grade

M3: Ca-Arg
M2: Sp1-Py2
M1: Pyl



Eu/Eu* (Ce/Nd)/Y
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San Marcial area geochronology fertility events
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In a regional context
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Role of Oligocene Volcanism in the geological setting of Ag-Au-Pb-
Zn-Cu mineralization at the Plomosas District, San Marcial Area,
South-Western Sierra Madre Occidental, Sinaloa, Mexico
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Lithogeochemistry

©2020 Society of Economic Geologists, Inc.
Economic Geology, v. 115, no. 3, pp. 4859-503

Mapping Magmatic and Hydrothermal Processes from Routine
Exploration Geochemical Analyses

Scott Halley!2:f
Mineral Mapping Pty Ltd., 109 Joyce Street, Hawley Beach, Tasmania 7307, Australia

2Centre for Ore Deposit and Earth Sciences (CODES), University of Tasmania, Hobart, Tasmania 7001, Australia Scott H a I Iey
A - .y - 1
Abstract Adjunct Professor at

Analytical methods used by commercial assay laboratories have improved enormously in recent years. Induc-
tl\(’]\ coupled plasma- atomic emission spoctmsmp\ and inductively coupled plasma-mass spoctmnu try meth-
ods now report analyses for half of the periodic table with exceptional detection limits and precision. It is CODES/UTAS
becoming ({)mm(mpltlu‘ for mining companies to use such methods routinely for the analysis of drill samples
tlnmlrrhmlt mineral deposits. Impmu ments in software and computing power now allow mpld interrogation
of upward of 100,000 assay samples. Geochemical analyses are i.llldlltltdtl\ e, are independent of ()bs(‘nm bias,
and can form the basis for robust geologic and miner tllc)rrlml models of mineral deposits, as well as shed light
on scientific questions. In partlcuLu u)nslstvntl\ collected, high-quality geochemical analyses can s]{rmﬁuntl 7
improve and systematize logging of hthnl()fnml and h\.dmthf‘nnal alteration 111111{*ml(wm changes \\1thm drill
core. In addition, abundant, Inrfh -quality ¢ fT(‘()(.h(‘l]l](dl data provide insights into Illd”llldtlf_ and hydrothermal
processes that were previously dl[flcult to recognize and that have {)b\]{)ll\ app lications to mineral exploration
and improved genetic models of ore deposits. This paper describes a workflow that mining industry geolo-

gists can appl) to their multielement Lmal} sis data to extract more information about magma unnpu:,ltums and
gangue mineralogy.




Periodic Table of Elements and Oxides for Petrologists

L

Atomic # Lo o T P Valence
Aver: 3 of oxide |/ ge composition of oxide s
SYIleOl 3 100 | C ) or element | 1t percent) or element Omde
g. VI) (p in v rock types . (ppm) in various ervoirs

See caption for sources. See caption for sources FOI‘I‘I]l]la_

Element :
Atomic Wt. ith oxyge Formula Wt.

Links to other Periodic Tables

» Royal Society of Chemistry Periodic  Table

» JUPAC Periodic Table of the Elements and Isotopes

» The Earth Scientist's Periodic ~ Table of the Elements and  Their Ions
» Michael Dayah Dynamic Periodic  Table

Sn

112.414 114.818 118.710

Tb | Dy | Ho Tm

158.925 162.500 164.930

232.038 23
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Ore Geology Reviews

journal homepage: www.elsevier.com/locate/oregeorev

|
Simple graphical tools to understand the relationship between porphyry {2
composition, hydrothermal alteration, mineralogy and copper-gold grades

in porphyry copper deposits

Ross R. Large

CODES, Earth Sciences, University of Tasmania, Tasmania 7005, Australia

ARTICLE INFO ABSTRACT

Keywords: Alteration zonation in porphyry copper deposits is a standard tool to establish spatial relationships with respect
Porphyry copper deposits to the best Cu-grade core of the magmaric-hydrothermal system. With the development in recent times of low
Diorite parphyry cost and good quality whole-rock multi-element ICP-M5 analysis, large databases of drill hole litho-geochemistry
if;hih;?:ﬂn plot have become available from drilling campaigns of porphyry copper targets. Here | propose some simple graphical
Lithogeochemistry tools that use multi-element datasets to evaluate alteration type and their relationship to Cu grades. | suggest a
Peschanka i five part methodology; 1) determine the original least altered porphyry composition(s) by using the Al vs GCPI
Fharmagtai plot, 2) use the molar K/Al vs Na/Al plot to diseriminate the basic alteration type, 3) check for alunire and
anhydrite using the Ca-Fe-S plot, 4) follow-up with the porphyry copper alteration plot [K/(K + Ca) vs KK 4
Al)] to finalise the discrimination of alteraticn type. 5) plot all data with Cu > 0.5 % on the K/(K + Ca) vz K/(K +
Al) diagram (4 above), as a density plot, to evaluate the relationship berween Cu grades and alteration type.
Three case studies are provided that outine the methedology and show the importance of the composition(s)
of the host porphyry intrusion(s) in controlling the relationship berween Cu-grades, bulk mineralogy and
alteration type. Based on these case studies it is clear that not all, or even most, of the samples with greater than Ro S s La r e
0.5% Cu are always concentrated in the potassic alteration type. g
Application of the MINSQ computer program has enabled mineral concentrations to be estimated and plotted
on the alteration type diagram K/(K + Ca) vs E/(K + Al) in each of the case studies. This approach suggests that E : t P f t
in monzonite and granodiorite based porphyries, K-feldspar replacement of plagioclase subsequently overprinted m e rl u S ro e S s o r a

by white-mica is the key process in the Cu core of the porphyry deposit, whereas in diorite-based porphyries,

albitization of plagioclase iz suggested as the dominant alteration process, producing a Cu-Au- bearing sodic-
calecic core with litde, or only minor, K-feldspar alteration. CO D ES UTAS
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LA-ICPMS methods for trace element
analysis and imaging

Ivan Belousov (CODES)

UNIVERSITYo
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Plomosas mineralization distribution
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26.06 £ 0.78 Ma (Pb_039)
26.50 £ 1.20 Ma (Pb_106)
25.70 £ 1.10 Ma (Pb_105)
26.50 = 0.71 Ma (Pb_034)
26,22 % 0.44 Ma (Pb_032)

26.70 = 1,30 Ma (Pb_o31)
26.27 £ 0.43 Ma (Pb_030)
26.41 £ 0.43 Ma (sM_203)
27.16 £ 0.29 Ma (Pb_o03)
27.55 % 0.79 Ma (Pb_002)
27.55 £ 0.75 Ma (sm_129)

28.06  1.00 Ma (sm_122)
28.41 £ 0.71 Ma (Pb_o04)
28.48 + 1.00 Ma (sm_118)
29.09 * 0.94 Ma (Pb_o06)
30.47 £ 0.42 Ma (Pb_107)
32.08 £ 0.75 Ma (Pb_005)

~58.94 Ma (- 082)
58.7 £ 1.7 Ma (Pb_029)
~59.12 Ma (- 085)
~60.51 Ma (- 022)

~60.87 Ma (- 050)
~61.72 Ma (- 020)

61.80 £ 0.61 Ma (sm_128)

Angular unconformity

122.6 £ 2.2 Ma (sm_205)
~137 Ma (- 080)
~138.29 Ma (- 081)

149.9 + 1.1 Ma (sm_221)

Au epithermal veins

Ag high grade hydrothermal bx

Pb-Zn high grade hydrothermal bx

Third fertility peak ~ 42Ma

First fertility peak ~ 100Ma

Second fertility peak ~ 60Ma

Plomosas and San Marcial Geological Evolution

Geological Evolution

Second bimodal
Flare Up

tilted East

First Flare Up

Development
of N-S
structures
tilted West

Laramide
magmatic arc
Calc-alkaline mag

Regional
Crustal
Orthogonal
Extension
due to
Opening of
California
Gulf

Alkaline
magmatism

Laramide
Orogeny

150.5 = 1.4 Ma (Pb_017) Tholeitic

151.9 £ 1.0 Ma (sm_207) magmatism
153.9 £ 1.9 Ma (sm_202)

164.6 + 1.4 Ma (Pb 037) Continental
33 32 31 Extension

—8— Zircon U-Pb age - Intrusive unit

170 160 150 _ _
» +——&—— Zircon U-Pb age - volcanic host rock

130 120 110 100 90 Montoya-Lopera et al., manuscript
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