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RESUMEN

El Complejo tridsico—jurdsico Ayua en el Sur de México, esta constituido por el Lito-
dema Chazumba, la Migmatita Magdalena, rocas intrusivas de San Miguel y los cuerpos
mificos y ultraméficos de Tepejillo y Tultitlin, los cuales previamente fueron considerados
como parte del Complejo paleozoico Acatldn. El drea de estudio se encuentra en un horsty
estd delimitada por rocas contemporaneas, sedimentarias, continentales, fluviales, no me-
tamorficas y parcialmente deformadas. El Litodema Chazumba esta constituido por una
secuencia siliciclastica de probable naturaleza turbiditica, polideformada y metamorfizada
en condiciones de facies de anfibolita e intercalada con boudines de orto-anfibolitas. En el
sur del drea, la secuencia metasedimentaria estd afectada por fusién parcial con una edad
de ca.171 Ma, un proceso que formé la Migmatita Magdalena. La migmatizacién fue
acompafiada por intrusiones de diques granodioriticos, dioriticos, y graniticos asi como
cuerpos pegmatiticos de 171-168 Ma, que por lo demds estdn caracterizados por agru-
paciones de circones heredados de edades de ca. 260-290, 320-360, 420-480, 880-990,
y 1080-1250 Ma las cuales también caracterizan el Litodema Chazumba. El analisis de
zircones detriticos por geocronologia por U-Pb en siete muestras arrojé edades mas jé-
venes en 192, 198, 214, 250, 266, y 291 Ma, todas ellas en conjunto sugieren un limite
superior para el depésito en el Triasico Tardio—Jurdsico Medio.

La geoquimica de roca total de las orto-anfibolitas con una edad de ca. 170-200 Ma
indica una composicién en el rango desde basaltos alcalinos y basaltos transicionales hasta
tholeiitas tipo N-MORB. Los patrones de elementos de las Tierras Raras (REE) de los
basaltos alcalinos (Grupo I) se caracterizan por pendientes fuertemente negativas, mien-
tras los basaltos transicionales (Grupo II) muestran un moderado enriquecimiento de las
Tierras Raras ligeras (LREE) sobre las pesadas (HREE). Los basaltos subalcalinos (Gru-
po III) exhiben un leve enriquecimiento de LREEs y los basaltos subalcalinos del Gru-
po IV tienen patrones de REEs relativamente planos con un leve empobrecimiento de
LREEs. Los diagramas de multiples elementos trazas de anfibolitas de Grupos III-IV
revelan anomalias negativas muy definidas de Nb y Ta.

Los valores iniciales de €4 (t = 190 Ma) de los orto-anfibolitas van desde +9.01 a—2.16.
Los basaltos alcalinos tienen valores iniciales de €4 negativos, sugiriendo procedencia de
una fuente mds vieja del manto subcontinental con edades modelo Tpys de 877y 791 Ma.
Las anfibolitas de Grupos II-IV tienen valores iniciales de €y, positivos que van desde
+2.312+9.01, indicando una transicién de una fuente de manto mds viejo a una mds juve-
nil, lo que es tipico de un escenario trasarco. La gequimica de las rocas metasedimentarias
sugiere una procedencia de una fuente de rocas dcidas pertenecientes a un arco magmatico.
Los patrones de REEs normalizados a condrita estin caracterizados por enriquecimiento
de LREEs, HREEs planos y anomalias negativas de Eu. Las composiciones isotopicas
de Sm-Nd indican que la mayoria de las muestras derivaron del basamento craténico y
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grafican encima del Complejo Oaxaquefio con valores eny (t = 195 Ma) desde —5.53 a
—7.65. Las muestras con valores mds altos de €ny (—1.42 and +1.06) sugieren como una
influencia adicional de una componente mds juvenil.

La geocronologia U-Pb, geoquimica, y estudios isotopicos de Sm—Nd de las anfibolitas
y rocas metasedimentarias del Litodema Chazumba son consistentes con sedimentacién
turbiditica en un ambiente tipo trasarco a lo largo de un margen pasivo rifteado, cerca de
un arco contemporaneo. Por lo tanto, se infiere una correlacién del Litodema Chazumba
con varios conjuntos maficos en el oeste de México y el abanico Potosi que se formaban a
lo largo del margen rifteado occidental de Pangea. Es probable que el aplastamiento de la
zona de subduccién resultase en erosién por subduccién durante el Jurdsico Temprano—
Medio y calbamiento del Litodema Chazumba a profundidades equivalente a condiciones
metamorficas de facies de anfibolita. El aumento de inclinacién de la placa en subducciény
el rifting diacrénico del Golfo de México contribuyé a la extensién tecténica de la porcién
continental de México y facilité la exhumacién tecténica del Litodema Chazumba por fa-
llamento normal en la falla reactivada de Providencia después del Jurasico Medio—Tardio.
En general, la documentacién de un conjunto de trascarco en el Complejo Ayd requiere
de una sedimentacién cercana a un océano en subduccién, favoreciendo asi el model de
reconstruccién Pangea-A.

ABSTRACT

'The Triassic—Jurassic Aya Complex in southern Mexico, formerly inferred to be part of
the Paleozoic Acatlin Complex, consists of the Chazumba Lithodeme, the Magdalena
Migmatite, the San Miguel intrusive rocks and the mafic to ultramafic Tepejillo and Tul-
titlan lenses. The study area crops out in a horst and is fault-bounded by contemporaneous,
unmetamorphosed and un- to mildly deformed continental fluvial sedimentary rocks. The
Chazumba Lithodeme comprises a polydeformed, amphibolite facies metamorphosed si-
liciclastic, turbiditic sequence that is intercalated with boudinaged ortho-amphibolites.
In the south, the metasedimentary sequence is affected by a ca. 171 Ma partial melting
which formed the Magdalena Migmatite. Migmatisation was accompanied by 171-168
Ma intrusions of granodioritic, dioritic, and granitic dikes and sheets as well as pegmatite
bodies, which are characterised by inherited zircon populations of ca. 260-290, 320-360,
420-480, 880-990, and 1080-1250 Ma that are also found in the Chazumba Lithode-
me. U-Pb detrital zircon dating of seven metasedimentary samples from the migmatized
and unmigmatized Chazumba Lithodeme yielded youngest detrital zircons and clusters
of 192, 198, 214, 250, 266, and 291 Ma, and are interpreted to reflect the Late Trias-
sic-Middle Jurassic deposition of the turbiditic rocks of the Chazumba Lithodeme.

Whole-rock geochemistry of the ca. 170-200 Ma ortho-amphibolites suggests a com-
position ranging from alkalic and transitional basalts to normalised mid-ocean ridge basalt
(N-MORB) tholeiites. Rare earth element (REE) patterns of alkaline basalts (Group I)

are characterized by steep negative slopes, whereas transitional basalts (Group II) show



moderate light REE (LREE) enrichment. Subalkalic Group III displays slight LREE en-
richment and Group IV has relatively flat REE patterns with slight depletion in LREEs.
Multiple trace element plots of Group ITII-IV amphibolites reveal strongly negative Nb—Ta
anomalies.

Initial Nd values (t = 190 Ma) of the amphibolites range from +9.01 to —2.16. Alka-
lic basalts have negative Nd values, suggesting derivation from an older subcontinental
mantle source (T'ppr = 877 and 791 Ma). Group II-1V amphibolites have positive €y
values ranging from +2.31 to +9.01, indicating a transition from an older to a relatively ju-
venile mantle source that is typical of a back-arc setting. The geochemistry of the metased-
imentary rocks suggests derivation from an acid-arc source. Chondrite-normalized REE
patterns are characterized by LREE enrichment, flat HREE, and negative Eu anomalies.
Sm-Nd systematics indicate that most samples were derived from cratonic basement and
plot within the Oaxacan Complex envelope with €y values (t = 195 Ma) ranging from
—5.53 to —=7.65. We interpret two samples with higher €y, values (-=1.42 and +1.06) to
reflect the additional influence of a more juvenile component.

LA-ICP-MS geochronology, bulk-geochemistry and Sm—Nd systematics of the amp-
hibolites and metasedimentary rocks of the Chazumba Lithodeme are consistent with
turbidite sedimentation in a back-arc environment along a rifted passive margin, close
to a contemporaneous magmatic arc. Therefore, the Chazumba Lithodeme is inferred to
be correlative with various western Mexican Triassic—Jurassic mafic suites and the Potosi
fan that formed along the western rifted margin of Pangea. It is probable that flattening
of the subduction zone led to subduction erosion during the Early-Middle Jurassic and
underthrusting of the Chazumba Lithodeme to depths equivalent to amphibolite facies
metamorphism. Steepening of the subducting slab and diachronous rifting within the
Gulf of Mexico contributed to extensional tectonics recorded on the Mexican mainland
and facilitated the tectonic exhumation of the Chazumba Lithodeme by normal faul-
ting along the reactivated Providencia shear zone in the post Middle-Late Jurassic. More
generally, the documentation of arc-back arc assemblages in the Ayu Complex requires
deposition adjacent to a subducting ocean, and thus supports a Pangea-A reconstruction.



AGRADECIMIENTOS

Me gustaria agradecer en primer lugar a mis supervisores J. Duncan Keppie, J. Brendan
Murphy, y Luigi A. Solari por su compromiso, motivacion, asistencia en el campo o en el
laboratorio. Duncan, eres verdaderamente una inspiracién como gedlogo, pensador y ser
humano, me ensefiaste a tener siempre una vista fresca y franca de ver las cosas y trabajar
estratégicamente. Brendan, gracias por tantos afios de estimulo, mejorar mis habilidades
de escritura y trabajar de manera eficiente. Luigi, gracias por tu critica constructiva pa-
ra con mis manuscritos, el asesoramiento metodoldgico y técnico, las horas de asistencia
de laboratorio, el ayuda en traducir la tesis y por mantener la cabeza fria durante cues-
tiones burocriticas. Estoy obligado a muchas personas involucradas en mi investigacién,
en primer lugar, a Moritz Kirsch, que fue mi compafiero constante e indispensable en el
campo, y siempre contribuyé discusiones instructivas. A Mario, Carlos, Gonzalo, Fabiin,
Damian, Jaroslav Dostal, Cecilio Quesada para conversaciones inspirativas durante va-
rias salidas al campo. Doy las gracias a Consuelo Macias Romo, Alexander Iriondo, Aldo
Izaguirre, Carlos, Uwe Martens, Ménica Enriquez, Harim Arvizu, y Ofelia Pérez Arvizu
de cuya experiencia en el laboratorio me beneficié mucho durante la preparacién de las
muestras. Ademds, me gustaria dar las gracias a Dante Morin Zenteno, Fernando Orte-
ga Gutiérrez, Arturo Gémez Tuena, Roberto S. Molina Garza, Keppie Fraser y Martiny
Barbara para discusiones estimulantes. Agradezco mucho los consejos y las sugerencias de
mi comité predoctoral, entre otros, Peter Schaaf, Susana Alaniz y Luca Ferrari. Le debo
mi sincero agradecimiento a Marta Pereda Miranda, asistente académica del Posgrado
en Ciencias de la Tierra, y al abogado Lic. Ana Paola Gonzilez Cruz, cuya asistencia
burocritica extraordinaria me fue de inestimable valor. Esta tesis no habria sido posible
sin las becas otorgadas del Consejo Nacional de Ciencia y Tecnologia (CONACYT), la
Direccién General de Estudios de Posgrado (DGEP) de 1a UNAM, y el Programa de
Posgrado en Ciencias de la Tierra (PPCT), UNAM. De la misma manera, me gusta-
ria dar las gracias a la Universidad Nacional Auténoma de México, que proporciona un
ambiente liberal y de espiritu libre para sus estudiantes. Doy las gracias a la gente de las
comunidades de Sta. Maria Ay, San Miguel Ixitlin, Ixtapan, Tepejillo y Cosoltepec para
permitir el acceso a su tierra y por siempre ser amable y tolerante. No encuentro palabras
para expresar mi gratitud a mi familia Martina, Johannes, Christoph, Erika, Rudi, Claudi,
Isa, Gudrun, Hubert ya la familia de Moritz, Bettina, Micha, FM, Heike, Stefhi, Brigitta,
y Ruth que todos me apoyaron con mucho carifio durante todos estos afios lejos de ca-
sa. Mis recuerdos mis cédlidos de México estin compartidos con todos mis amigos en los
viajes que hicimos, Maria de la O, Oscar, Estela, Domingo, Lariza, Dani, Lina, Ramén,
Gianluca, Teo, Rosana, Jon, Pierre, Philippe, Gianluca, Clara, Laura, Laurence, Jacobo,
Mauricio, Hugo y muchos mis. La escena cultural de Querétaro no seria lo mismo sin
el Quinto Patio, con todos sus habitantes, especialmente sus gatos. Doy las gracias a mi

VII



querida amiga Bjarnheidur, por sus largas cartas, correos electrénicos y postales de alegria
y carifio. A Helena, Andreas, Bert, Kai, Martin, Gundel, Vieli, y toda la banda para man-
tener la buena vibra de nuestra amistad durante tanto tiempo separados. Doy las gracias
a la gente de El Muro: Steph, Marciano, Charlie, Rueda, Wilbert, Nan, y muchos mds.
Florian, mi querido amigo, me ayudaste tanto con las preguntas en GMT y XTEX. También
me gustaria dar las gracias a Konstanze por su aliento, espiritu, y consejo. Siempre estaré
en deuda con mi amor, amigo y compaifiero, Moritz—jgracias por esa aventura mexicana,
por cuidarme siempre, compartir tanto los dias alegres como los dificiles, tu sinceridad,

optimismo, y musica!

VIII



INDICE GENERAL

1. Introduccién 1
1.1. Marco geolégico 1
1.1.1.  General 1
1.1.2. Area de estudio 3
1.2. Motivacién y objectivos 5
1.2.1. Edades de deposito 5
1.2.2.  Ambiente tecténico 6
1.2.3.  Origen al6ctono del Complejo Aya?
1.2.4. Paleogeografia 7
1.3. Metodologia 9
1.3.1.  Geocronologia U-Pb por LA-ICP-MS 9
1.3.2.  Analisis geoquimicos por XRF y ICP-MS 10
1.3.3.  Estudios isotépicos de Sm-Nd 11
2. Geocronologia U-Pb de los protolitos metasedimentarios e igneas del Com-
plejo Ayu 12
3. Geoquimica y estudios isotépicos de Sm—Nd de los protolitos metasedimenta-
rios y maficos 31
4. Tecténica en la periferia de Pangea durante su desintegracién 51
5. Conclusiones 69
Referencias 70

Apéndices 85

A. Geocronologia U-Pb 86

A.1. Field relationships 86
A.2. Rocas igneas 88

A.3. Rocas metasedimentarias 95

A.4. Tablas elementos traza medidos por LA-ICP-MS
Tablas geoquimica 135

Tablas estudios isotépicos de Sm—-Nd 147

IX

123



INDICE DE TABLAS

00N A WD =

e G T Y
NSV kA W= o

18.
19.
20.
21.
22.

23.

Sample list for U-Pb LA-ICP-MS zircon dating 87
LA-ICP-MS U-Pb isotopic data for sample MH-49 89
LA-ICP-MS U-Pb isotopic data for sample MH-59 91
LA-ICP-MS U-Pb isotopic data for sample MH-81 93
LA-ICP-MS U-Pb isotopic data for sample MH-28 96
LA-ICP-MS U-Pb isotopic data for sample MH-50 99
LA-ICP-MS U-Pb isotopic data for sample MH-53 102
LA-ICP-MS U-Pb isotopic data for sample MH-73 106
LA-ICP-MS U-Pb isotopic data for sample MH-96 110
LA-ICP-MS U-Pb isotopic data for sample PET-480-1 111
LA-ICP-MS U-Pb isotopic data for sample PET-484-1 113
LA-ICP-MS U-Pb isotopic data for sample TEP-474-3 115
LA-ICP-MS U-Pb isotopic data for sample TEP-474-4 119
LA-ICP-MS trace element data for zircons of sample MH-28 124
LA-ICP-MS trace element data for zircons of sample MH-50 126
LA-ICP-MS trace element data for zircons of sample MH-53 128
LA-ICP-MS trace element data for zircons of sample PET-
484-1 131

LA-ICP-MS trace element data for zircons of sample TEP-
474-3 132

Sample locations for amphibolite geochemistry 135

Sample locations for geochemistry of metasedimentaryrocks 135
Whole-rock geochemistry of amphibolites from the Chazumba
Lithodeme 137

Whole-rock geochemistry of metasedimentary rocks from the
Chazumba Lithodeme 141

Sm-Nd isotopic data 147



INTRODUCCION

Esta tesis se enfoca en rocas mesozoicas tanto metasedimentarias como igneas , poli-
deformadas del Complejo Ayii en el sur de y al esclarecimiento de su significado tecténico
para el desarrollo de la margen occidental de Pangea. El “Complejo Ayd” se introduce
como nuevo complejo segin el North American Stratigraphic Code . Las unidades de rocas
del Complejo Ayu fueron asignadas anteriormente al Complejo Acatldn del Paleozoico:
los datos anteriormente publicados (Ortega-Gutiérrez, 1975, 1978; Yinez e al, 1991,
Keppie ez al., 2004a; Talavera-Mendoza ez al., 2005; Keppie ez al, 2006b) eran insufi-
cientes para determinar la edad y el ambiente tecténico de estas rocas. Esta tesis incluye
un muestreo mds completo de los protolitos sedimentarios para fechamiento de circones
detriticos e igneos y de las rocas maficas para estudios isotépicos de Sm-Nd. Ademas, se
realiza un anélisis geoquimico de estas rocas para las que no existian datos anteriormen-
te. Los datos geocronoldgicos, geoquimicos e isotépicos que se presentan en esta tesis,
ofrecen una base de datos mas amplia para la comprensién del origen de estas rocas, y los
procesos tecténicos a lo largo del margen de Pangea para el Mesozoico temprano. Esta
tesis es un trabajo cumulativo que consiste de tres publicaciones que conforman los tres
capitulos principales (capitulo 2, 3,4).

I.I MARCO GEOLAOGICO
1.1.1  General

La columna estratigrafica para Mesoamérica se caracteriza por el basmento grenvilliano
(ca. 1 Ga) del Complejo Oaxaquefio, que subyace ca. 10000 km? del sur de México (Fig. 1;
Solari ez al, 2003, y sus references). Otros afloramientos menores de misma edad se en-
cuentran en el centro y norte de México, y junto con el Complejo Oaxaquefio se conocen
como el terreno Oaxaquia (Ortega-Gutiérrez y Ruiz, 1995). Afloramientos localizados
en el bloque Maya (Weber y Kohler, 1999; Schaaf ez al, 2002; Weber ¢ al., 2005, 2010,
2012), el bloque Chortis (Torres de Ledn ez al., 2012) y Andes colombianos (Keppie ¢z a/,
2001; Li ez al., 2008; Cardona ez al., 2010; Ramos, 2010; Ibanez-Mejia ez al.,, 2011, Fig. 1)
también podrian haber sido parte del mismo basamento antes de ser desplazados lateral-
mente después del Mesozoico temprano.

En el sur de México, el Complejo Oaxaquefio estd yuxtapuesto contra el Complejo
Acatldn a lo largo de la falla de Caltepec (ca.276 Ma) con direccion norte-sur y me-

* NACSN (2005) &' http://ngmdb . usgs . gov/Info/NACSN/Code2/code2 . html
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Figura 1.: Mapa tectonico de Mesoamérica y del norte de Sudamérica con terrenos y provincias princi-
pales. Basamento: distribucion posible del Terreno Oaxaquia (gris claro) y Terreno Mixteca (gris oscuro)
(7 modificado de Ortega-Gutiérrez y Ruiz, 1995; Keppie et al, 2003; Keppie, 2004; Centeno-Garcia,
2005). Afloramientos de plutones carboniferos—pérmicos modificados de (Kirsch et al, 20120, y sus referen-
cias), afloramientos del arco jurdsico volcanico continental de Nazas de Bartolini et al. (2003); Godinez-
Urban et al. (2011). MSM—>Mojave-Sonora megashear. El Terreno Compuesto mesozoico de Guerrero
(rayado) consiste de los terrenos Tahué, Zibuatanejo, Guanajuato, Arcelia, y Teloloapan (modificados de
Keppie, 2004; Centeno-Garcia, 2008). Faja Volcanica Transmexicana modificada de Ferrari (2004).

canismo transpresional derecho (Elias-Herrera y Ortega-Gutiérrez, 2002; Elias-Herrera
et al, 2005). Ambos complejos estdn traslapados por capas rojas de la formacién Matzitzi
de edad pérmica inferior (Weber, 1997) o pérmica-tridsica medio (Elias-Herrera ez a/,
2011) lo que sugiere que los complejos Oaxaquefio y Acatlin formaban un compuesto
al menos desde el Pérmico—Tridsico. Unidades correlacionadas del Complejo Acatln al
norte de la Faja Volcdnica Transmexicana se infieren ademds del mélange ofiolitico pa-
leozoico en el Esquisto Granjeno (Sierra Madre Oriental) y del Gneis de Novillo de una
edad de ca. 1 Ga los cuales estdn yuxtapuestos por cizallamiento transpresional, derecho
con direccién NNW (Cameron ez aZ, 2004; Dowe ez al., 2005; Nance e al., 2007).

El Complejo Acatlin forma el basamento del terreno Mixteca (Fig. 1) y estd compuesto
por un conjunto de protolitos sedimentarios e igneos de bajo grado de metamorfismo y
un conjunto de alta presién que se infieren como un residuo de uno o varios océanos
paleozoicos (Ortega-Gutiérrez ez al., 1999; Talavera-Mendoza ez al, 2005; Nance ez al,
2006; Keppie e al., 2008b). El cierre de estos océanos y la amalgamacién de Pangea son
contempordneos con la intrusién de plutones devénicos—pérmicos en el sur de EE.UU.,
Meéxico y los Andes del norte sugiere un origen un origen del magmatismo durante este
periodo de convergencia (Torres ez a/, 1999; Dickinson y Lawton, 2001; Kirsch ez a/,
2012b).

El primer mapa del Complejo Acatldn fue realizado por Fernando Ortega-Gutiérrez
(Ortega-Gutiérrez, 1975, 1978) que dividé el Complejo Acatlin en el (i) paraautéctono
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Grupo Inferior de Petlalcingo (Cambrico-Ordovicico), (ii) aléctono Grupo superior de
Piaxtla, y (iii) la Formacién Tecomate y el plutén de Totoltepec (Devénico—Pérmico tem-
prano) (Ortega-Gutiérrez e a/, 1999). Sin embargo, esta division se bas6 en pocos datos
geocronolégicos. Desde entonces, diversos autores han complementado la base de da-
tos geocronoldgicos principalmente por medio de andlisis por U-Pb y Ar-Ar (Yifiez ez al,
1991; Elias-Herrera y Ortega-Gutiérrez, 2002; Keppie ez al., 2004a; Sdnchez-Zavala ez al,
2004; Keppie ez al, 2004b; Talavera-Mendoza ez al., 2005; Murphy ez al.,, 2006; Vega-
Granillo ez al, 2007; Miller ez al., 2007; Ramos-Arias ez al., 2008; Morales-Gimez y
Keppie, 2008; Keppie ez al, 2008a; Grodzicki ez al,, 2008; Hinojosa-Prieto ez al., 2008;
Vega-Granillo ez al, 2009; Morales-Gamez ef al, 2009; Ortega-Obregén ez al,, 2009;
Keppie ez al., 2010; Ramos-Arias y Keppie, 2011; Ramos-Arias ez al, 2011; Kirsch ez al,
2012b; Keppie ez al, 2012¢; Kirsch ez al,, 2012a) y la tectonoestratigrafia tradicional ha si-
do considerablemente revisada (Talavera-Mendoza e7 2/, 2005; Nance ez al., 2006; Keppie
et al., 2008b).

La continuacién del Complejo Acatlin hacia el norte estd cubierta discordantemente
por las rocas volcdnicas y volcanocldsticas de la Faja Volcdnica Transmexicana (Ferra-
ri et al, 1999; Gémez-Tuena ef al, 2007). Hacia el oeste, el Complejo Acatlin cabalga
calizas cretdcicas de la plataforma Guerrero-Morelos a lo largo de la falla de Papalutla
(Creticico Superior—Paleoceno; Ej., Cerca e o/, 2007; Ramos-Arias y Keppie, 2011).
Xenolitos en diques adakiticos paleocéni cos tempranos que intrusionan las calizas cretd-
cicas contienen circones de ca. 1 Ga (Levresse ¢z 2/, 2007) lo que sugiere la continuacién
del basamento Oaxaquefio hacia el oeste por debajo del Complejo Acatlin y la plataforma
Guerrero-Morelos. Al sur del Complejo Acatlin, rocas pluténicas y metamérficas de alto
grado relacionadas a subduccién de edades mesozoicas—cenozoicas del Complejo Xolapa
(Schaaf ez al,, 1995; Ortega-Gutiérrez y Elias-Herrera, 2003; Keppie, 2004; Solari ez al.,
2007; Pérez-Gutiérrez et al., 2009) fueron cabalgadas y desplazadas a lo largo de la Fa-
lla La Venta-Chacalapa con movimiento lateral izquierdo durante el Eoceno—Oligoceno
(Ratschbacher ez al, 1991; Riller ef al., 1992; Tolson, 2005; Solari ez al, 2007; Ratschba-
cher ez al., 2009; Keppie et al., 2012a).

1.1.2  Area de estudio

El drea de estudio se localiza en la frontera entre los estados de Puebla y Oaxaca, en-
tre las ciudades de Acaltin de Osorio, Tehuacin y Huajuapan de Ledn. Las rocas estu-
diadas incluyen la Formacién Chazumba y Migmatita Magdalena que fueron asignadas
originalmente al Grupo Petlalcingo de edad inferida del Paleozoico Temprano, y fueron
interpretadas como los niveles estratigraficos inferiores del Complejo Acatldn (Ortega-
Gutiérrez e al, 1999). Las unidades afloran en un horst delimitado por capas rojas y
rocas sedimentarias fluviales, no metamérficas, no deformadas o parcialmente deforma-
das del Trasico—Jurasico (Morin-Zenteno ez al., 1993; Silva-Romo y Mendoza-Rosales,
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2000 Silva-Romo ez al, 2011), y calizas del Creticico (Morin-Zenteno e al, 1993), y
estd cubiertas discordantemente por rocas volcdnicas cenozoicas.

El 4rea estd subyacida por una secuencia silicicldstica turbiditica polideformada de alto
a medio grado de metamorfismo que consiste en pelitas micdceas, intercaladas con metap-
samitas, metagrauvacas y anfibolitas (antes conocida como Formacién Chazumba). En el
sur, los protolitos metasedimentarios estin migmatizados, y denominados como Migma-
tita Magdalena. La Migmatita Magdalena consiste en gneis, metapelitas y metapsamitas,
calsilicatitas, y anfibolitas que son litolégicamente semejantes a la Formacién Chazumba
no migmatizada al norte. Debido a la deformacién intensa de la Formacién Chazumba
y la Migmatita Magdalena, y a la ausencia de estructuras sedimentarias primarias, no es
posible determinar la cima ni la base de la estratigrafia. Por lo tanto, Keppie e 2/ (2006b)
sugirié cambiar el estatus de la Formacién Chazumba y el protolito de la Migmatita Mag-
dalena a un Litodema (es decir, Litodema Chazumba y Magdalena).

Ambas unidades estin intrusionadas por diques y cuerpos irregulares de composicién
dioritica, granodioritica, granitica, pegmatitica, y leucogranitica los cuales Yifiez e /.
(1991) llamé rocas intrusivas de San Miguel. Las rocas intrusivas San Miguel fueron fe-
chados por Yifiez ez al. (1991) y arrojaron una edad de Sm-Nd en granate-roca total de
172 + 1 Ma, y una edad de Rb-Sr de moscovita—roca total de 175 + 3 Ma que indican un
evento tectonotermal en el Jurdsico Medio. Estas edades son similares a una edad U-Pb
obtenida por TIMS de un circén redondeado, euhedral, prismético de una leucosoma de
la Mligmatita Magdalena que arrojé una edad de 171 + 1 Ma (Keppie ¢z a/, 2004a), sugi-
riendo que la fusién parcial del Litodema Magdalena fue contemporinea con la intrusién
de las rocas intrusivas de San Miguel. Ademis, esas edades también representan la edad
maxima de deposicién de los protolitos metasedimentarios de Jurdsico Medio.

Los circones detriticos analizados por U-Pb de un esquisto biotita-moscovita (-granate)
en el Litodema Chazumba dieron una edad del circén concordante més joven de 249 + 20
May un grupo de seis circones con una edad promedio de 300 + 8 Ma (Talavera-Mendoza
et al, 2005). En un andlisis posterior de una metapsamita del Litodema Chazumba, un
solo circén arrojé una edad del Tridsico Medio de 239 + 4 Ma inferida como edad maxima
de deposicién (Keppie ez 2/, 2006b). Edades tempranas similares se obtuvieron para el
protolito de la Migmatita Magdalena: Keppie ez 2/ (2006b)reportan una edad concordante
de un circén sencillo de 304 + 4 Ma, mientras que los datos de Talavera-Mendoza ez a/.
(2005) reportan una edad de un circén sencillo de 244 + 26 Ma.

En la parte central del Litodema Chazumba, varios cuerpos lenticulares de composicion
mafico—ultramafico se encuentran estructuralmente por encima del Litodema Chazumba
(Keppie ez al, 2004a). La lente Tepejillo consiste de cuatro cuerpos ultramaficos de grano
grueso (principalmente dunita) y gabroicos que estdn cortados por diques de diabasa. El
contacto entre las rocas metasedimentarias del Litodema Chazumba y la lente Tepejillo
estd identificado como una capa cablagante plegada (Keppie ¢z a/, 2004a), sin embargo,
no existen datos geocronoldgicos de este evento de cabalgamiento. El cuerpo de Tultitin
consiste de anfibolita masiva y un nicleo de norita metamorfizada. Una anlisis concor-
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dante por U-Pb LA-ICP-MS de una punta prismitica de un circén euhedral de una
metanorita arrojé una edad de 174 + 1 Ma, que se interpreta como la edad de la intrusién
para ambas lentes (Keppie ¢z a/, 2004a). Los datos geoquimicos de las lentes Tepejillo y
Tultitldn se interpretan como cumulatos que intrusionaron la corteza continental inferior
(Keppie ez al., 2004a).

El contacto norte del Litodema Chazumba estd definido por la falla de Providencia con
un buzamiento hacia el NE. En el bloque colgante al norte de esa falla afloran las rocas de
la Formacién Devonico-Carbonifero de Cosoltepec (Talavera-Mendoza ez a/, 2005), la
Formacién Tecomate de edad Pérmico y del plutén de Totoltepec de edad Carbonifero—
Pérmico (Malone ez al, 2002; Keppie ez al, 2004a; Kirsch ez al, 2012b). El drea de la falla
de Providencia se caracteriza por un cizallamiento intenso de las rocas metasedimentarias.
Las rocas cizalladas dan un buzamiento hacia el NE, lineaciénes de los minerales con di-
reccién NNE-SSW y estructuras S—C indican un transporte tecténico hacia el SSW. Los
fechamientos por #*Ar/% Ar de moscovita de rocas adentro de la falla de Providencia arro-
j6 una edad 224 Ma, respectivamente, lo que sugiere que las rocas del Complejo Acatlin
pasaran la isoterma de ca. 350°C (Keppie ez o/, 2004a). El contacto entre el bloque col-
gante y el Litodema Chazumba se caracteriza por la abundancia de anfibolitas, parecido a
lalocalidad tipica de la Formacién Cosoltepec donde anfibolitas masivas marcan su limite.

I.2 MOTIVACION Y OBJECTIVOS
1.2.1  FEdades de deposito

Estudios previos de circones detriticos indican que la Formacién Chazumba y el proto-
lito de la Migmatita Magdalena fueron depositados en el Pérmico Inferior (Talavera-
Mendoza ez al, 2005) o entre el Pérmico-Tridsico y el Jurdsico Medio (Keppie e a/,
2006b). Por lo tanto, el tiempo de formacién del Litodema Chazumba, la Migmatita
Magdalena, las rocas intrusivas de San Miguel y los lentes Tepejillo y Tultitldn traslapa la
ruptura de Pangea y asi despierta dudas en la inclusién de estas unidades en el Complejo
Acatlin. Ademis, la Formacién Chazumba y el protolito de la Migmatita Magdalena se
consideraron como dos diferentes sucesiones sedimentarias debido a la ausencia de anfibo-
litas en la Formacién Chazumba (Ortega-Gutiérrez, 1975, 1978; Ortega-Gutiérrez e al,
1999). Sin embargo, los dos estudios anteriores de circones detriticos indican similares
edades de dep6sito (Keppie ez al,, 2004a, 2006b; Talavera-Mendoza ez al, 2005) y sugie-
ren que sus protolitos sedimentarios podrian ser parte de la misma unidad. La primera
parte de la tesis (capitulo 2) tiene como objetivo determinar un tiempo mds preciso para
la sedimentacién de las rocas meteasedimentarias, y evalda las fuentes potenciales sedi-
mentarias usando geocronologia U-Pb en circones detriticos e igneas por LA-ICP-MS.
Las edades que se presentan en el capitulo 2 indican que estas rocas son considerable-
mente mds jovenes que las que definen el Complejo Acatlin. Por lo tanto, el Litodema
Chazumba, la Migmatita Magdalena, las rocas intrusivas de San Miguel, y los lentes
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méficos—ultramaficos de Tepejillo y Tultildn estdn asignados a un complejo nuevo y esta-
ran referidos como Complejo Ayu.

1.2.2 Ambiente tectonico

Basado en caracteristicas litolégicas, los protolitos sedimentarios de la Formacién Cha-
zumba y Migmatita Magdalena fueron interpretados como depésitos de trinchera y ante-
arco de un margen convergente (Ortega-Gutiérrez ez a/, 1999), o como parte de un prisma
acrecional (Ramirez-Espinosa, 2001) o de una cufia clastica (Keppie ez a/, 2006b). La se-
gunda parte de la tesis (capitulo 3) intenta identificar el ambiente tectonico mediante el
uso de geoquimica. Aunque, la geoquimica de rocas cldsticas se ha utilizado tradicional-
mente para establecer el ambiente tecténico en cuencas sedimentarias (Ej., Bhatia, 1983;
Taylor y McLennan, 1985; Bhatia y Crook, 1986; Roser y Korsch, 1988), el éxito muy va-
riable de diagramas de discriminacién de rocas clasticas sugiere que una firma geoquimica
de una roca sedimentaria es una funcién compleja dependiente del tipo de la fuente de
roca, el grado de meteoraziacién, clasificacién, reciclaje, diagénesis, metamorfismo, etc.
(Armstrong-Altrin y Verma, 2005, y sus referencias). Por lo tanto, la interpretacién geo-
quimica se combina aqui con geocronologia U-Pb y estudios isotépicos de Sm-Nd para
ganar mds informacién de la fuente de esas rocas sedimentarias. Ademds la geoquimica de
las rocas sedimentarias se complementa con la geoquimica y estudios isotépicos de Sm-
Nd de las anfibolitas que afloran como boudins y estructuras pinch-and-swell intercaladas
con las rocas metasedimetarias del Litodema Chazumba y la Migmatita Magdalena. Sin
embargo, la gran parte de las inferencias acerca de la petrogénesis de las rocas se basan en
las abundancias de los elementos de alto potencial ionico (HFSEs) y REEs que se consi-
deran relativamente inméviles durante los procesos secundarios, por lo que preservan las

caracteristicas originales geoquimicas de las rocas estudiadas (Winchester y Floyd, 1977,
Taylor y McLennan, 1985).

1.2.3  Origen aldctono del Complejo Ayii?

La yuxtaposicién del Complejo Ayt Tridsico—Jurdsico Medio de medio—alto grado con-
tra secuencias sedimentarias contemporineas, continentales, fluviales, no metamorfosea-
das, y parcialmente deformadas atin no estd entendido. Es probable que las rocas del Com-
plejo Ayt sean aléctonas y emplazadas tectonicamente en la roca encajonante.

Rocas litolégicamente similares contempordneas subyacen en el Terreno Compuesto
Guerrero y el Terreno Central (Centeno-Garceia, 2005, 2008) y pueden estar correlacio-
nadas con el Complejo Ayud. El Terreno Compuesto Guerrero ocupa la mayor parte del
occidente de México. Entre el Terreno Compuesto Guerrero y la continuacién del norte
de Oaxaquia, la Mesa Central forma el Terreno Central. Las rocas més antiguas en el Te-
rreno Central consisten en sucesion silicicldstica, marina, deformada de edad Tridsico Tar-
dio (Diaz-Salgado e al,, 2003; Anderson ez al., 2005; Centeno-Garcia, 2005, 2008) que



MOTIVACION Y OBJECTIVOS

se infiere como parte del sistema de Abanico submarino Potosi (Centeno-Gareia y Silva-
Romo, 1997; Silva-Romo ez al, 2000; Centeno-Garcia, 2005; Barboza-Gudifio e# al,
2008, 2010). Las partes distales del Abanico Potosi estin inferidas sobreyacer rocas de
la corteza ocednica del Complejo Arteaga sugiriendo deposicién a lo largo de un margen
pasivo rifteado (Centeno-Garceia, 2008; Martini ez o/, 2009). El rifting en el Tridsico/Pér-
mico estd documentado en el Gneis Francisco (Complejo Sonobari en el Terreno Tahué,
Keppie ez al., 2006a) y en el Complejo Juchatengo (Grajales-Nishimura ez a/, 1999), res-
pectivamente, y sugiere extension de la corteza que se expand6 a todo lo largo del margen
occidental de Oaxaquia. Posteriormente, las rocas del Abanico Potosi fueron deformadas
durante la subduccién de litésfera ocednica durante el Jurdsico Inferior y estuvieron incor-
poradas en un complejo de acrecién relacionado a subduccién (Centeno-Gareia, 2008).
Sincrénicamente, la intrusién de granitos peraluminosos sintecténicos registran la coli-
sién del Terreno Compuesto Guerrero con los terrenos Mixteca y Oaxaquia que resulté
en una deformacién intensa de las rocas tridsicas volcanogénicas del Esquisto Tejupilco
(Elias-Herrera ef al., 2000, 2003).

El capitulo 3 examina la hipétesis que las rocas tridsicas del Terreno Compuesto Gue-
rrero y del Terreno Central estén correlacionadas con los protolitos silicldsticos y las anfi-
bolitas del Complejo Ayt utilizando geoquimica de elementos mayores y traza asi como
estudios isotépicos de Sm-Nd para determinar su evolucién petrogenética y ambiente tec-
ténico, seguido por una comparacién con el Abanico autéctono Potosi y las implicaciones
para la paleogeografia de Mesoamérica en el Mesozoico Temprano.

1.2.4 Paleogeografia

Aunque hay un consenso general de una configuracién de Pangea-A al tiempo de su
desintergracion (Ej., Domeier ez 4/, 2012), todavia queda controversa la paleogeografia de
Mesoamerica dentro de esa configuracién (Weber ¢z o/, 2007; Vega-Granillo ez a/., 2009;
Keppie y Keppie, 2012). Resolver esta controversia es importante para proporcionar una
base para la comprensién de la geodindmica de la amalgacién y ruptura de Pangea. Mu-
chos autores (Elias-Herrera y Ortega-Gutiérrez, 2002; Keppie, 2004; Centeno-Garcia,
2005; Weber ez al., 2007; Keppie ez al., 2008b, 2010; Keppie y Keppie, 2012) localizan los
terrenos Mixteca y Oaxaquia a lo largo del margen occidental de Pangea-A central, entre
Laurentia y Amazonia, flanqueados al oeste por la zona de subduccién del paleo-Pacifico
y al este por rifts asociados con la apertura del Golfo de México. En cambio, Talavera-
Mendoza et al. (2005) y Vega-Granillo ez a/. (2007 y 2009) proponen una posicién de los
Terrenos Oaxaquia y Mixteca dentro del orégeno Ouachita entre el terreno Maya y Lau-
rentia. En ambas reconstrucciones, el margen Tridsico occidental de Pangea estd ocupado
por la Mesa Central (Terreno Central). Ademis, el bloque Chortis ha sido reconstruido
como fuera del suroeste de México (“Pacific model”: Ej., Ross y Scotese, 1988, Dickinson
y Lawton, 2001, Rogers ez al, 2007, Silva-Romo, 2008, Pindell e7 a/., 2012) o por el lado
occidental del Golfo de México (“Pirate Model”: Keppie y Keppie, 2012).
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El capitulo 4 es una guia de una excursién geolégica del Proyecto Internacional de Co-
rrelacién Geoldgica Programa 597 International Geological Correlation Program Project
597 (Amalgamation and breakup of Pangea) y se llevé a cabo durante la 1082 reunién anual
de la GSA Cordilleran Section en Querétaro, México (28-31 marzo, 2012). La guia exa-
mina la actividad de la zona de subduccién a lo largo de la periferia de Mesoamérica de
approx. 300-200 Ma y sugiere proximidad de esas rocas al paleo-Pacifico, y favorece una
posicién paleogeogrifica Pangea-A.
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1.3 METODOLOGIA
1.3.1  Geocronologia U-Pb por LA-ICP-MS

Doce muestras (Tabla 1) fueron coleccionadas para fechamiento por U-Pb en circones
ablacién por ablacién laser y espectrometria de masas con fuente de plasma de acoplamien-
to inductivo (LA-ICP-MS) en el Laboratorio de Estudios Isotépicos (LEI), Centro de
Geociencias, UNAM, México.

5-10 kg de cada muestra fueron trituradas, lavadas y tamizadas a fracciones de 250-177,
177-149, y 149-125 m. Los minerales pesados fueron concentrados por separaciéon por
forma con utilizando la mesa Wilfley. Minerales no magnéticos fueron separados con un
separador magnético isodindmico Frantz. Otros minerales no magnéticos (cuarzo, fel-
despato, y apatita) se separaron por separacién por densidad en una columna de liquido
pesado de yoduro de metileno. Para cada muestra, los circones (aprox. 120-150 zircones
para muestras detriticas, 60-70 zircones para muestras igneas) fueron escogidos a mano
del concentrado bajo un microscopio binocular sin ninguna seleccién preferente con res-
pecto a las caracteristicas épticas y fisicas. Los circones fueron montados en resina epdxica
y luego pulidos. Los zircones fueron visualizados bajo catodoluminiscencia, utilizando un
luminoscopio ELM 3R, para ayudar a la interpretacién (zonificacién interna, seleccién
de spot).

Los andlisis isotépicos se realizaron con un sistema de ablacién liser Resolution LPX220
ArF Excimer acoplado a un cuadrupolo Thermo Xii series ICP-MS (Solari ¢z a/, 2010).
Un haz de 34 m fue utilizado para todos los anilisis de los granos. Durante el analisis
de circén las sefiales se midieron para los siguientes isétopos: 206pp, 207pp, 208pp, 2327
2381J. 204Pb para la correccién de Pb comin no se mide porque su muy baja abundancia
en circén estd encubierto por 2%*Hg, presente en el gas portador He. Para individuar la
eventual presencia de inclusiones en el zircon; se pueden también emplear las intensida-
des de P, Ti, Y, Nb, y REEs como indicadores de fosfato o silicato o inclusiones como
indicadores petrogenéticos (Ej., Hoskin y Ireland, 2000, Hoskin y Schaltegger, 2003). E1
fraccionamiento instrumental, asi como el que estd inducido durante la ablacién (down-
hole fractionation) se realizan usando mediciones repetidas de un circén de referencia
(estindar Plesovice; Slama ¢z a/, 2008). La rutina del muestreo analitico incluye un vidrio
estindar (NIST 610), cinco circones estdndar, cinco circones desconocidos, seguido por
uno circén estandar cada 5 desconocidos, terminado con dos circones estindar. Los ana-
lisis de vidrio estindar NIST se utilizan para recalcular las concentraciones de elementos
traza del circén analizado. Los andlisis adquiridos en funcién del tiempo se reducen oft-
line utilizando un software casero escrito en R (Tanner y Solari, 2009, Solari y Tanner,
2011).

La concordia, asi como los cilculos de error de las edades se obtienen utilizando el

plug-in Isoplotv. 3.70 para Excel (LLudwig, 2008). Distribuciones de probabilidad de den-

* http://www.geociencias.unam.mx/~solari/index_files/LEI/Quienes_somos.html
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sidad e histogramas estdn graficadas utilizando AgeDisplay (Sircombe, 2004). Las incer-
tidumbres observadas (10 desviacién estdndar relativa) de las proporciones de 206 p,,/2387J,
207pt,/206pp, y 208Ph/2327Th del circon estandar Plesovice (0,6, 0,9 y 1,1 %, respectivamen-
te) se sumaron cuadriticamente con el error estindar de las relaciones isotépicas medidas
en los circones desconocidos, lo cual considera la heterogeneidad de los circones estindar
naturales. E1 Pb comun se evalué por el coeficiente 27 Pb/2%Pb, por graficar todos los
andlisis como diagramas Tera-Wasserburg (Tera y Wasserburg, 1972). La correccién de
Pb comun se realiza con el método algebraico de Andersen (2002). En las figuras, tablas y
resultados, las edades 2°°Pb/?38U estin reportadas para circones mis jovenes que 1.0 Ga, y
las edades 2% Pb/2%Pb para los granos mis viejos. Las edades 27 Pb/2%6Pb tienen un error
mayor debido a la propagacién cuadritica del error de 2%“Pb/?3°U, ademis de sufrir de la
imprecisién en la medicién de 2%/Pb por medio del cuadrupolo. Las edades 2% Pb/2%Pb
se consideran entonces como edades minimas. Los datos de U-Pb se citan con errores 20
Como criterio estadistico de rechazo para todos los anilisis, una discordancia normal de
109% e inversa de 5 % fue elegida. Ninguno de circones fuera de ese rango se incluyen en las
discusiones (Harris e 2/, 2004, Dickinson y Gehrels, 2008, Gehrels, 2011). Por lo tanto,
Los andlisis cuya discordancia es mayor al 90 % se utilizan para la edad de cristalizacién
de una roca ignea. La edad maxima de sedimentacién de las rocas metasedimentarias se
considera robusta si pertenece a un grupo de tres o mds circones cuyos elipses de error se
traslapan (Gehrels ez 2/, 2006). Sin embargo, en algunas muestras, un nimero estadistica-
mente grande de circones concordantes no fue obtenido. Por otro lado, Jeffries ez a/. (2003)
considera un solo andlisis de circén concordante cuando las proporciones de 2°°Pb/2380,
207Pp/238U, y 206Pb/297Ph arrojaron la misma edad dentro incertidumbres pequefias.

1.3.2  Analisis geoquimicos por XRF y ICP-MS

Veinticuatro muestras de anfibolitas y treinta y ocho muestras metasedimentarias se
analizaron por fluorescencia de rayos X para abundancias en roca total de elementos ma-
yores y traza (V, Cr, Co, Ni, Cu, Zn, Ga, Rb, S1, Y, Zr, Nb, Ba, Pb, Th, U), en el Regional
Geochemical Centre at Saint Marys University, Nova Scotia. La precisién y exactitud es-
td generalmente dentro de 5% para la mayoria de los elementos mayores, y dentro de
5-10% para elementos menores y traza. Los detalles de los procedimientos analiticos es-
tin descritos en Dostal e7 o/ (1986 y 1994). De estas muestras, 12 y 23 anfibolitas y rocas
metasedimentarias, respectivamente, fueron seleccionados para andlisis de elementos tra-
za (Y, Zr, Nb, Ba, Hf, Ta, Th) y tierras raras (REE) por espectrometria de masas con
fuente de plasma de acoplamiento inductivo (ICP-MS) en Memorial University, New-
Jfoundland (segun los métodos descritos en Jenner ez a/, 1990). La precisién exactitud de

estos datos estin mejores que 10 %; el procedimiento analitico estd descrito en detalle en
Longerich e# al. (1990).
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1.3.3  Estudios isotépicos de Sm-Nd

Diez muestras de anfibolita y siete de rocas metasedimentarias de la seleccién para ICP-
MS fueron elegidas para estudios isotépicos de Sm-Nd los cuales se realizaron is isot6-
picos se realizaron en Atlantic Universities Regional Isotopic Facility (AURIF), Memorial
University, Newfoundland. Las concentraciones de Sm y Nd, asi como las composiciones
isotépicas y las proporciones se midieron por espectrometria de masas con fuente de io-
nizacién térmica con dilucién isotépica (ID-TIMS) después de la separacién quimica de
Nd y Sm por cromatografia de intercambio i6nico (véase Kerr ¢z a/, 1995). El fraccio-
namiento instrumental de masa de isétopos de Nd se corrige relativo a 1*4Nd = 0.7219
(O’'Nions e al, 1977) utilizando la ley de fraccionamiento Raleigh. La precision externa
se evalué por andlisis repetidos del estindar JNDI-1 (Tanaka ¢z o/, 2000). La diferencia
entre el valor certificado (1**Nd/*4Nd = 0.512115) y el promedio (0.512101 + 0.000008
[n = 45]) se suma con el valor medido para *3Nd/!*4Nd después de la correccién realiza-
da afiadiendo un trazador isotépico. Los errores indicados en la Tabla 23 representan los
errores estindar de las mediciones individuales de **Nd/!#*Nd a un nivel de confianza del
95%. Los valores ey se calcularon en relacién a *3Nd/M4Nd = 0.512638 para CHUR
(Goldstein ez al, 1984). Para los valores iniciales, se usaron ¥ Sm/"#Nd = 0.1967 (Jacob-
seny Wasserburg, 1980) y A1%7Sm = 6.54x 10-12 yr—! (Steiger y Jiger, 1977). Las edades
model Tpy se calcularon de dos maneras: Tpp(1) corresponde al modelo de manto em-
pobrecido de DePaolo (1981b y 1988), y Tpam(2) asume una evolucién linear del manto
empobrecido entre un valor de +10 (hoy) y 0 a 4.5 Ga (Goldstein ¢z a/, 1984). Los valores
de Tpp(1) estin citados en el texto.
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We present LA-ICP-MS (laser ablation inductively coupled plasma mass spectrometry) U-Pb detrital and igneous
zircon data of poly-deformed metamorphic and igneous rocks of the Aya area, southern Mexico. These rocks
were previously inferred to be part of the Late Paleozoic Acatlan Complex, but new age data indicate that they
formed in the Mesozoic and should be placed in the newly designated Ayt Complex. The Ayt Complex comprises
polydeformed metasedimentary rocks (Chazumba Lithodeme) of a turbidite-like protolith that are intercalated
with boudinaged ortho-amphibolites with transitional arc- to MORB tholeiitic geochemistry. In the south, the
metasedimentary sequence is affected by a ca. 171 Ma partial melting which formed the Magdalena Migmatite.
Migmatization was accompanied by 171-168 Ma intrusions of granodioritic, dioritic, and granitic dikes
and sheets as well as pegmatite bodies, which are characterized by inherited zircon populations of ca.
260-290, 320-360,420-480, 880-990, and 1080-1250 Ma that are also found in the Chazumba Lithodeme.
U-Pb (detrital zircon) dating of seven metasedimentary samples from the migmatized and unmigmatized
Chazumba Lithodeme yielded youngest detrital zircons and clusters of 192, 198, 214, 250, 266, and 291 Ma,
and are interpreted to reflect the Late Triassic-Middle Jurassic deposition of turbiditic rocks. The transition-
al arc-tholeiitic geochemistry of the Chazumba amphibolites is consistent with turbidite sedimentation in a
back-arc environment along a rifted passive margin, close to a contemporaneous magmatic arc. Inferred
flattening of the subduction zone led to subduction erosion during the Early-Middle Jurassic and under-
thrusting of the Chazumba Lithodeme to depths equivalent to amphibolite facies metamorphism. Steepening
of the subducting slab and diachronous rifting within the Gulf of Mexico contributed to extensional tecton-
ics recorded on the Mexican mainland and facilitated the tectonic exhumation of the Chazumba Lithodeme
by normal faulting along the reactivated Providencia shear zone during the Middle-Late Jurassic. More
generally, the documentation of arc-back arc assemblages in the Ayd Complex requires deposition adjacent
to a subducting ocean, and thus supports a Pangea-A reconstruction that was synchronous with the break-
up of Pangea.

© 2012 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.

1. Introduction

America if a Pangea-A reconstruction is used. This led to a modification
of the Pangea-A reconstruction, in which parts of Middle America were

Tectonic mechanisms responsible for the amalgamation and dispers-
al of the last supercontinent Pangea are still highly debated (Murphy and
Nance, 2008; Murphy et al., 2009; Roberts, 2012). The configuration of
Pangea during the Late Paleozoic-Early Mesozoic is controversial with
the Pangea-A and Pangea-B configurations being the main contenders
(Domeier et al, 2012). Pangea-A is essentially the Wegenerian fit
(Bullard et al., 1965; Smith and Hallam, 1970) and implies that Pangea's
configuration did not change significantly between amalgamation and
breakup. However, paleomagnetic data from Permian-Triassic rocks
resulted in a significant cratonic overlap between Gondwana and North

* Corresponding author.
E-mail address: maria.helbig@gmail.com (M. Helbig).

moved westwards relative to Laurentia (Van der Voo and French,
1974). Another proposed solution is a Pangea-B configuration in which
Africa is located south of central Europe and South America. This model
requires ca. 3500 km dextral megashear with respect to North America
to accommodate the transition from Pangea-B to Pangea-A between
amalgamation and breakup (Irving, 1977).

In Mexico, paleogeographic reconstructions based on paleomag-
netic data have been used to propose: (i) a Permian-Triassic Pangea-A
reconstruction where southern Mexico lies approximately in its present
location relative to North America (Fang et al., 1989; Alva-Valdivia et al,,
2001), and (ii) a Pangea-B reconstruction placing southern Mexico off
eastern North America during the Jurassic (Bohnel, 1999; Fig. 1a).
There are also Middle American variants of the Pangea-A model
with southern Mexico placed either on the western margin of Pangea

1342-937X/$ - see front matter © 2012 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.

doi:10.1016/j.gr.2012.03.004
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Fig. 1. a-c) Early Mesozoic reconstructions for southern Mexico: a) based on paleomagnetic data, Bohnel (1999) infers the Mixteca terrane (black) to be located off eastern Canada along a
dextral megashear zone (Pangea-B). b) the Acatlan Complex (Ac) and Oaxaquia (Ox) are placed on the western margin of Pangea (Pangea-A), V — position of the Permian-Triassic East
Mexico arc, Coa — Coahuila, CA — Colombian Andes (after Elias-Herrera and Ortega-Gutiérrez, 2002; Keppie, 2004; Centeno-Garcia, 2005; Weber et al., 2007); c) Vega-Granillo et al.
(2009a) place the Mixteca (Mx) and Oaxaquia (Ox) terranes within Pangea, between the Maya block and southern North America (Pangea-A). d) Main tectono-stratigraphic terranes
and geologic provinces of Mexico. Basement rocks: Oaxaquia (stippled) and Mixteca terrane (dark grey) after Keppie (2004); Dowe et al. (2005). The Mesozoic Guerrero composite ter-
rane (striped area) comprises the Tahué, Guanajuato, Arcelia, and Teloloapan terranes (after Keppie, 2004; Centeno-Garcia, 2008). Trans-Mexican Volcanic belt from Ferrari (2004). Small
inset map shows the distribution of rocks of the Permian-Triassic East Mexico magmatic arc (in black; after Torres et al., 1999) and the Triassic-Middle Jurassic Nazas arc (striped area;
after Bartolini et al., 2003; Godinez-Urban et al., 2011). Stars indicate locations of Triassic-Lower Jurassic deep marine facies in central and southwestern Mexico. Box in main map shows

location of map in Fig. 2.

(e.g. Keppie, 2004; Keppie et al,, 2008b, 2010; Fig. 1b) or within Pangea
between the Maya terrane and southern North America (Talavera-
Mendoza et al., 2005; Vega-Granillo et al,, 2007, 2009a; Fig. 1c).

In the Paleozoic, the Mexican mainland was comprised of the ca.
1-1.4 Ga Middle America terrane and the fringing Paleozoic Mixteca
terrane that resided along the northern margin of Amazonia which
collided with the North American craton during the Late Paleozoic
(Fig. 1; Campa-Uranga and Coney, 1983; Dickinson and Lawton,
2001; Elias-Herrera and Ortega-Gutiérrez, 2002; Keppie, 2004;
Poole et al., 2005). The marginal position of these terranes along the
western periphery of Pangea in the Late Paleozoic was inferred from
the presence of a Permian-Triassic granitoid belt straddling south-
western North America, western Mexico and the Northern Andes relat-
ed to subduction of Paleo-Pacific oceanic lithosphere (Torres et al., 1999).
After a brief hiatus this arc was re-established as the Triassic-Middle
Jurassic Nazas arc, which extended from Sonora and Baja California
through the Mixteca and Oaxaquia terranes to Chiapas and Guatemala
(Bartolini et al, 2003; Barboza-Gudifio et al, 2008; Centeno-Garcia,

2008; Gonzalez-Le6n et al., 2009; Venegas-Rodriguez, 2009; Godinez-
Urban et al,, 2011; Rubio-Cisneros and Lawton, 2011; Fig. 1). These
events were contemporaneous with the opening of the Gulf of Mexico
(Marzoli et al., 1999), ie. the breakup of Pangea, which progressed
from Triassic intracontinental rifting to drifting in the Middle Jurassic.

In this context, the rocks of the eastern Mixteca terrane of southern
Mexico are critical because reconnaissance studies have yielded prelim-
inary ages that possibly span the breakup of Pangea (Talavera-Mendoza
et al.,, 2005; Keppie et al., 2006b; Nance et al. 2006a). In detail, however,
the age of these rocks are poorly constrained and their tectonic signifi-
cance has been variously interpreted:

1. The rocks were assigned to the Acatlan Complex and interpreted
as part of a Cambrian-Ordovician accretionary complex (trench-
forearc complex, Petlalcingo Group; Ortega-Gutiérrez, 1975; Ortega-
Gutiérrez et al, 1999) or a Lower Paleozoic continental rise prism
(Ramirez-Espinosa, 2001) that developed prior to the amalgamation
of Pangea.
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2. Talavera-Mendoza et al. (2005) inferred an Upper Pennsylvanian—
Lower Permian age for these rocks based on detrital zircon ages
and inferred deposition in an oceanic basin that developed from
an intracontinental pull-apart basin (Vega-Granillo et al., 2009a),
prior to the break-up of Pangea.

3. Reconnaissance geochronological studies (Keppie et al., 2006b)
constrained the depositional ages of these rocks between 303 and
171 Ma (uppermost Permian-Lower Jurassic) based on U-Pb ages
of detrital zircons and crosscutting dikes, and inferred deposition in
a clastic wedge coeval with Permian-Triassic thrusting along the
western margin of Pangea.

The reconnaissance geochronological data raise the possibility that
the metasedimentary rocks in this region may be younger than initially
considered, but require a more comprehensive study in order to proper-
ly define their significance relative to the amalgamation and breakup of
Pangea.

In this paper, we present LA-ICP-MS (laser ablation inductively
coupled plasma mass spectrometry) U-Pb detrital and igneous zircon
data from polydeformed metamorphic and igneous rocks of the former
Chazumba Formation and Magdalena Migmatite (Ortega-Gutiérrez et
al., 1999), which were previously inferred to be part of the Late Paleozo-
ic Acatlan Complex. This study aims to determine a more precise time
for deposition, evaluate the age of different sediment sources for the
protolith rocks of the study area, and assess the tectonic significance
of these rocks in the light of these new data.

2. Geological setting

South-central Mexico is partly underlain by the Mixteca terrane
consisting of the Paleozoic Acatlan Complex (Ortega-Gutiérrez, 1975;
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Keppie et al., 2008b, 2012; Figs. 1 and 2). The Acatlan Complex com-
prises mainly a Neoproterozoic-Ordovician clastic sequence intruded by
ca. 480-440 Ma bimodal, rift-related igneous rocks, and Late Devonian—
Permian shallow marine units characterized by meta-psammites, meta-
pelites, and tholeiitic mafic volcanic rocks (Keppie et al., 2008b). Despite
the large amount of recently published geochemical and geochronological
data for rocks of the Acatlan Complex (e.g. Talavera-Mendoza et al., 2005;
Keppie et al., 2006b; Murphy et al., 2006; Keppie and Dostal, 2007;
Middleton et al., 2007; Miller et al, 2007; Grodzicki et al., 2008;
Hinojosa-Prieto et al., 2008; Morales-Gamez and Keppie, 2008; Ramos-
Arias et al., 2008; Dostal and Keppie, 2009; Galaz Escanilla et al., 2009;
Morales-Gamez et al., 2009a, 2009b; Ortega-Obreg6n et al., 2009; Vega-
Granillo et al., 2009a, 2009b; Ortega-Obregén et al., 2010), the interpreta-
tion of its geological development throughout the Paleozoic remain
controversial (Talavera-Mendoza et al., 2005; Nance et al., 2006b;
Keppie et al., 2008b; Vega-Granillo et al., 2009a). Although these au-
thors disagree on the paleogeographic location (and hence the relation-
ship of these rocks to the amalgamation of Pangea), they generally
agree that the Late Paleozoic history of the Acatlan Complex records
subduction-related arc magmatism dominated by the Permian Totolte-
pec pluton and the broadly synchronous deposition of clastic rocks of
the Tecomate Formation in the eastern Acatlan Complex.

To the east, the Acatlan Complex is tectonically juxtaposed against
the ca. 1-1.4 Ga Oaxacan Complex (Oaxaquia) along the 276 Ma dextral
transpressional Caltepec Fault zone (Figs. 1 and 2; Elias-Herrera and
Ortega-Gutiérrez, 2002). The northern continuation of the Acatlan
Complex is obscured by Neogene-Present volcanic and volcaniclastic
rocks of Trans-Mexican Volcanic Belt (e.g. Ferrari et al., 1999; Gomez-
Tuena et al., 2007). To the south, Mesozoic—Cenozoic continental arc
magmatism formed mid-crustal, plutonic and high-grade metamorphic
rocks in the Xolapa Complex (Schaaf et al., 1995; Ortega-Gutiérrez and
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Fig. 2. Pre-Cenozoic map of Southern Mexico. The Oaxacan Complex forms the basement of Oaxaquia (circles) against which the Acatldan Complex (striped) is tectonically juxtaposed
along the Permian dextral transpressional Caltepec Fault. Dark grey areas are rocks of the Early Mesozoic Ay Complex. Stippled areas are unmetamorphosed Lower-Middle Jurassic
sedimentary rocks. Letters refer to unit names given in the legend above. Major faults are labeled. Terrane names in capital letters. Box indicates location of study area (Fig. 4).
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Elias-Herrera, 2003; Keppie, 2004; Solari et al., 2007; Pérez-Gutiérrez et
al., 2009). These rocks were displaced sinistrally along the La Venta-
Chacalapa Fault during Eocene-Oligocene time (Ratschbacher et al.,
1991; Riller et al., 1992; Tolson, 2005; Solari et al., 2007; Ratschbacher
et al.,, 2009). The Acatlan and Oaxacan complexes are unconformably
overlain by unmetamorphosed continental redbeds, siliciclastic fluvial
deposits and shallow marine shelf sediments of Upper Permian to Mid-
dle Jurassic age (Fig. 2; Caballero-Miranda et al., 1990; Moran-Zenteno
et al., 1993; Silva-Romo and Mendoza-Rosales, 2000; Centeno-Garcia
et al, 2009; Elias-Herrera et al, 2011; Rubio-Cisneros and Lawton,
2011; Silva-Romo et al., 2011), which mark the Early Mesozoic conti-
nental margin of southern Mexico. To the west, the Acatlan Complex
is thrust over Cretaceous limestones of the Guerrero-Morelos platform
along the Upper Cretaceous-Paleocene Papalutla Fault (Cerca et al.,
2007; Ramos-Arias and Keppie, 2011; Fig. 2). Xenoliths in Tertiary ada-
kitic dikes that intrude the Cretaceous limestones contain Proterozoic
and Permian-Triassic zircons suggesting that the Guerrero-Morelos
platform is underlain by rocks of these ages (Levresse et al., 2007). To
the west of the Guerrero-Morelos platform lies the Mesozoic Guerrero
composite terrane (Fig. 2), which extends over most of western Mexico
and comprises various subterranes (Tahué, Guanajuato, Zihuatanejo,
Arcelia, and Teloloapan terranes; Centeno-Garcia, 2008). The Guerrero
composite terrane is characterized by submarine and sparse, subaerial
volcanic and sedimentary successions of Upper Jurassic (Tithonian) to
middle Upper Cretaceous (Cenomanian) age and has a complex evolu-
tion involving several episodes of accretion and rifting, and eventual
collision with Oaxaquia (Centeno-Garcia, 2008). Between the Guerrero
composite terrane and the northern continuation of Oaxaquia (Fig. 1),
the Mesa Central plateau forms the so-called “Central terrane”, the old-
est rocks of which are made up of deformed Late Triassic deep-marine
siliciclastic successions and are interpreted as turbidites deposited in
a subduction-related accretionary complex (Taray Formation: Diaz-
Salgado et al., 2003; Anderson et al., 2005; Centeno-Garcia, 2005).
These turbidites formed part of a submarine fan system (Ballena Forma-
tion: Centeno-Garcia and Silva-Romo, 1997; Silva-Romo et al., 2000;
Barboza-Gudifio et al., 2008, 2010), called the Potosi fan (Centeno-
Garcia, 2005), that was fed by an extensive river system (Alamar For-
mation: Barboza-Gudifio et al., 2010) and deposited along the western
margin of Oaxaquia (Centeno-Garcia, 2005, 2008). Distal parts of the
Potosi fan are inferred to overlie oceanic crust and have been designated
the Zihuatanejo terrane (Centeno-Garcia, 2008; Martini and Ferrari,
2009). All of these rocks were deformed during east-vergent subduction
of the Paleo-Pacific during the Early Jurassic, forming a wide accretion-
ary prism of deformed turbidites and intercalated blocks of chert, lime-
stone and pillow basalts (Zacatecas Formation, El Chilar Complex,
Arteaga Complex, and Las Ollas Complex: Burckhardt and Scalia, 1906;
Centeno-Garcia and Silva-Romo, 1997; Talavera-Mendoza et al., 2007;
Centeno-Garcia, 2008; Davila-Alcocer et al., 2009; Ortega-Flores et al.,
2012). Synchronously, the ca. 187 Ma syntectonic intrusion of peralu-
minous granites records the collision of the Guerrero composite terrane
with the Mixteca/Oaxaquia terranes that resulted in intense deforma-
tion of the Tejupilco volcanogenic rocks (Elias-Herrera et al., 2000,
2003). In the Late Cretaceous, the Central terrane was thrust beneath
the Zihuatanejo terrane, which in turn was thrust over the Guanajuato
terrane, which were together thrust over the continental margin
(Centeno-Garcia, 2008). South of the Trans-Mexican Volcanic Belt, the
Zihuatanejo terrane was separated from the continental margin by
intra-/back-arc rifting during the Cretaceous (Centeno-Garcia, 2008;
Martini and Ferrari, 2009).

2.1. Study area

The studied rocks crop out west of the Caltepec Fault zone and
south of the eastern Acatlan Complex in a horst bounded by Upper
Triassic-Jurassic redbeds (La Mora Fm., Tecomaztchil Fm., Piedra
Hueca and Otlaltepec Unit: Moran-Zenteno et al., 1993; Silva-Romo

and Mendoza-Rosales, 2000; Silva-Romo et al., 2011; Fig. 2), Creta-
ceous limestones (Moran-Zenteno et al., 1993), and by unconform-
ably overlying Cenozoic volcanic rocks (Fig. 4). The area is underlain
by a poly-deformed and metamorphosed flysch- or turbiditic silici-
clastic sequence consisting of micaceous pelites interlayered with
metapsammites, metagreywackes, and amphibolites (Chazumba For-
mation: Ortega-Gutiérrez, 1978; Chazumba Lithodeme: Keppie et al.,
2006b). Similar metasedimentary rocks in the southern study area
(Magdalena Lithodeme: Keppie et al., 2006b) underwent partial melt-
ing at 17141 Ma (Magdalena Migmatite; U-Pb concordant zircon
age: Keppie et al,, 2004) accompanied by the intrusion of dioritic,
granodioritic, granitic, pegmatitic as well as leucogranitic sheets and
dikes of the same age (San Miguel intrusives: Yafiez et al, 1991;
Ortega-Gutiérrez et al., 1999; Keppie et al., 2004; Fig. 4). The protoliths
of the Magdalena Migmatite include gneisses, metapelites and metap-
sammites, calc-silicate rocks, and amphibolites that are similar in com-
position to the unmigmatized northern metasedimentary sequence.
Two previous U-Pb LA-ICP-MS detrital zircon studies from both
the northern metasedimentary protolith and the protolith of the
Magdalena Migmatite, once considered different units (Ortega-
Gutiérrez et al., 1999), suggest similar depositional ages (Keppie et
al., 2004, 2006b; Talavera-Mendoza et al., 2005). A biotite-musco-
vite(-garnet) schist in the Chazumba Lithodeme yields a youngest
single zircon age of 249 + 20 Ma (Talavera-Mendoza et al., 2005) and a
robust youngest zircon-cluster of six grains with a mean age of 300 +
8 Ma. In a subsequent analysis of a metapsammite from the Chazumba
Lithodeme, a single zircon yields a Middle Triassic age of 239 4+4 Ma in-
ferred to provide the maximum depositional age for the unit (Keppie
et al., 2006b). Similar young ages are reported for the protolith of
the Magdalena Migmatite. Keppie et al. (2006b) report a youngest
single zircon age of 304+4 Ma, whereas the data of Talavera-
Mendoza et al. (2005) yield a youngest detrital zircon of 244 4+
26 Ma. However, most of these depositional ages are derived from
a single zircon and may not be geologically significant. Nonetheless,
Keppie et al. (2006b) suggested that the similarity in protolith
composition and depositional age of the Chazumba and Magdalena
Lithodemes indicate that they share the same protolith.

In the central part of the study area, two mafic-ultramafic tectonic
lenses lie structurally above the metasedimentary rocks of the Chazumba
Lithodeme (Keppie et al.,, 2004) (Fig. 4). The Tepejillo lens consists of four
bodies that are composed of coarse crystalline ultramafic (mainly
dunite) to gabbroic rocks and are cut by diabase dikes. Geochemical-
ly, they are interpreted as parts of cumulate bodies intruded into the
lower continental crust (Keppie et al., 2004). The contact between
the metasedimentary rocks and the Tepejillo lens has been mapped
as a folded thrust. The Tultitan lens consists of massive amphibolite
and a core of metamorphosed norite. One concordant U-Pb LA-ICP-
MS analysis of a prismatic tip of a euhedral zircon from a metanorite
yields an age of 17441 Ma, which is interpreted as age of intrusion
for both lenses (Keppie et al., 2004).

At its northern margin, the metasedimentary rocks of the Chazumba
Lithodeme is truncated by a NE-dipping shear zone, here named the
Providencia shear zone (Fig. 4). The Devonian-Carboniferous Cosolte-
pec Formation (Talavera-Mendoza et al., 2005), the Permian Tecomate
Formation and the Carboniferous-Permian Totoltepec pluton are ex-
posed in the hanging wall of this shear zone (Malone et al., 2002;
Keppie et al., 2004; Kirsch et al., 2010; Fig. 3). Rocks in the vicinity of
this shear zone are intensely shared and contain a dominant N- to
NNE-dipping foliation with N-trending mineral lineations and s-c
fabrics in the Tecomate Formation that indicate top-to-the-south
tectonic transport (Malone et al., 2002). “°Ar/3°Ar dating of amphi-
bole and muscovite from rocks within the Providencia shear zone
yield ages of 214 Ma and 224 Ma, respectively, suggesting that the
rocks of the Acatlan Complex cooled through ca. 540 °C and 350 °C
at about that time (Keppie et al., 2004). The contact to the Chazumba
Lithodeme is marked by the occurrence of amphibolites that is also
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typical for the Cosoltepec area where massive amphibolites mark the
southern limit of the Cosoltepec Formation (location shown in Fig. 4;
amphibolites are not drawn in map, but are sketched in the cross-
section below).

3. Methodology

Twelve samples (see Table DR-1) were collected for U-Pb zircon
dating by laser ablation inductively coupled plasma mass spectrome-
try (LA-ICP-MS) at the Laboratorio de Estudios Isotépicos (LEI), Cen-
tro de Geociencias, UNAM, Mexico. 6-10 kg of each rock sample
were crushed, washed and sieved to 250-177 pm, 177-149 pm, and
149-125 pum fractions. Heavy minerals were concentrated using the
Wilfley table. Non-magnetic minerals were separated by employing
a Frantz isodynamic magnetic separator. By exploiting differences in
mineral densities, other non-magnetic minerals (quartz, feldspars,
and apatite) were separated in a column of methylene iodide heavy
liquid. For each sample, zircons (120-150 for detrital zircons, 70 for
igneous zircons) were handpicked from the concentrate under a binoc-
ular microscope; no selection was made regarding optical and physical
characteristics. Zircons were embedded in epoxy casting resin and
polished. To assist interpretation (internal zoning, spot selection), the
zircons were imaged under cathodoluminescence using an ELM 3R
luminoscope. The isotope analyses were performed with a Resolution
MO050 ArF Excimer laser ablation system coupled to a Thermo Xii series
quadrupole ICP-MS (Solari et al., 2010a). The concordia and age-error
calculations were obtained using Isoplot v. 3.70 (Ludwig, 2008). The
probability density distribution and histogram plots were produced
using AgeDisplay (Sircombe, 2004). Common Pb was evaluated using
the 2°7Pb/2%Pb ratio, graphing all the analyses on Tera—Wasserburg
plots (Tera and Wasserburg, 1972). In the figures, tables and results,
206pp/238(J ages are used for zircons younger than 1.0 Ga, whereas
older grains are quoted using their 2°’Pb/2°Pb ages. The latter ages

become increasingly imprecise below 1.0 Ga due to small amounts
of 297Pb. The 2°7Pb/2°°Pb ages are also considered to be minimum
ages due to the effect of possible Pb loss (Dickinson and Gehrels,
2009). 20 errors are quoted for the U-Pb data. As a statistical rejection
criterion for all analyses, 10% normal and 5% reverse discordancy was
chosen (Harris et al, 2004; Dickinson and Gehrels, 2008; Gehrels,
2011) and none of these zircons are included in the discussions below.
Hence, zircon analyses with >90% concordance are used to date the
time of intrusion in igneous rocks or the maximum age of deposition
in metasedimentary rocks. The latter is considered robust if it belongs
to a cluster of three or more zircons with similar ages (Gehrels et al.,
2006). In some samples, however, a statistically large number of concor-
dant grains was not attainable. On the other hand, Jeffries et al. (2003)
regarded as concordant a single, high-precision zircon analysis
with 2°6pb/238y, 207pb/238U, and 2°7Pb/2°°Pb ratios that yielded
the same age within small uncertainties.

4. Results

In total, 764 analyses of zircon grains in twelve samples were
performed, of which 119 analyses were discarded based upon their
discordance (>10% and < —5%). All data, including sampling loca-
tions and field relationships, can be found in the data repository
(Supplementary Table 1). All reported errors described in the text
are 20. Tera-Wasserburg plots are illustrated in Figs. 5-7, and rela-
tive probability distributions for detrital zircons are shown in Fig. 8.

4.1. Intrusive rocks

A granitic dike, sample MH-81 (Fig. 5), which intrudes metasedi-
mentary rocks 20 m away from the collected metasedimentary samples
TEP-474-3 and TEP-474-4, exhibits populations with age ranges of
281-336, 720-774, 873-994, and 1078-1253 Ma that are similar to
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detailed map of the Providencia shear zone (Fig. 7).

age ranges obtained from the host rock (Fig. 5). One concordant analy-
sis yields 244 +4 Ma (Fig. 5). The youngest zircons (168 42, 180 +4,
192 4-4 Ma; Middle-Early Jurassic) do not form a cluster but instead
are distributed along the concordia line with a ca. 12 Ma interval. The
oldest of these zircons (192 +4 Ma) displays a similar age to those
that occur in the metasedimentary sample (PET-484-1) located about
100 m south of the Providencia shear zone (compare Figs. 8 and 5).

A granitic dike (MH-49) that crosscuts sample MH-50 (Fig. 5) is
characterized by a Middle Mississippian age population (322-342 Ma;
Fig. 5). Further notable populations include 263-283 Ma (Middle-
Early Permian), 209-242 Ma (Late Triassic), and 171-186 Ma (Mid-
dle-Early Jurassic). The youngest, slightly discordant, zircon is not
part of a cluster and has an age of 171+4 Ma (Middle Jurassic;

Fig. 5). Notably, this sample only contains one Neoproterozoic zircon
and lacks any major Precambrian zircon populations.

A leucogranitic dike, sample MH-59, yielded 36 zircon analyses
with age populations in the ranges 160-174, 287-364, 416-484,
and 1113-1180 Ma (Fig. 5). The three youngest zircons yield ages
of 16042, 16342 Ma, and 17042 Ma, respectively (Middle Jurassic;
Fig. 5).

4.2. Unmigmatized Chazumba Lithodeme
Sample TEP-474-3, a micaceous metapsammite, and adjacent

sample TEP-474-4, a micaceous metapelite, yielded 93 and 94 analy-
ses meeting the aforementioned concordance criteria, respectively
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(Fig. 6). The samples were taken at the same field location to test the
sensitivity of our results to varying grain size. The age spectra are of
both samples are characterized by detrital zircon clusters of Neo-
proterozoic to Mesoproterozoic ages as well as Early Permian ages
(Fig. 8). The metapsammite sample has detrital zircon populations
with age ranges of 255-281, 559-690, and 977-1140 Ma. The latter

population contains two major peaks at 977 and 998 Ma. The youngest
detrital grain yields an age of 2554-4 Ma (Late Permian). A cluster of
the next three youngest concordant zircons has a mean age of 269 +
2 Ma (Middle Permian). A further population of four grains yields a
mean age of 28142 Ma (Early Permian). The micaceous metapelite is
characterized by zircon clusters with age ranges of 269-292, 685-895,
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and 924-1332 Ma (with a single peak at 1003 Ma). The youngest zir-
cons (Early-Middle Permian) are slightly discordant (259 +4, 261 +6,
and 268 +4 Ma) yielding a mean age of 263 4+ 13 Ma (Middle-Late
Permian), which is (within error) the same age as TEP-474-3. The
second youngest cluster of three zircons (287 +4, 292 4+ 2, and 297 +
4 Ma) yields a mean age of 292 4+ 9 Ma (Early Permian), which is (with-
in error) similar to the cluster in sample TEP-474-3.

In the eastern Chazumba Lithodeme, a metapsammite (MH-28)
yielded 73 analyses (Fig. 6). The largest detrital zircon population has
an age range of 902-1303 Ma with the maximum at 1149 Ma (Fig. 8).
Smaller groups give age ranges of 262-369 and 590-703 Ma. The
youngest grains yield slightly discordant ages of 250 &6 Ma (Permian—
Triassic boundary) and 262 44 Ma (Middle Permian). A cluster con-
sisting of two grains (290 + 6 and 296 +4 Ma) yields a mean age of

0.12
0.10

294 4- 3 Ma. Sample MH-73, a micaceous schist (psammitic), yielded
87 analyses (Fig. 6). The ages define populations similar to those of
sample MH-28 (Fig. 8). The major group of detrital zircons exhibits
ages ranging from 918 to 1443 Ma with the peak at 1150 Ma (Fig. 8).
The younger population ranges from 287 to 323 Ma. The youngest de-
trital zircon yields an age of 257 44 Ma (Late Permian; Fig. 6). A cluster
of the three next youngest grains yields a mean age of 291415 Ma
(Early Permian).

4.3. Migmatized Chazumba Lithodeme
Sample MH-50, a micaceous metapelite (paleosome), yielded 61

interpretable analyses (Fig. 6). There are no dominant detrital zircon
age populations (Fig. 8). Notable populations occur at 225-239 Ma

all errors are 20
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(Late Triassic), 265-297 Ma (Late Permian), 359-406 Ma (Devoni-
an), 442-597 Ma (Cambrian-Ordovician) and 680-1063 Ma (Neo-
Mesoproterozoic). The youngest reliable age (i.e. fulfilling the criteria
of Jeffries et al., 2003) is represented by the two youngest concordant
zircons with low errors (196 +4 and 199 4+4 Ma) with a mean age of
198 4 3 Ma (Early Jurassic).

Sample MH-53, a paleosome consisting of garnet-biotite schist,
yielded 70 useful analyses out of a total of 96 (Fig. 6). Ages range
from 214 to 383 Ma, with a significant cluster of Carboniferous ages
(320-370 Ma) and a peak at ca. 345 Ma (Mississippian) (Fig. 8). The
youngest concordant zircon has an age of 214 4+4 Ma (Late Triassic).

4.4. Providencia shear zone

Rocks (PET-480-1, MH-96) from within the Providencia shear zone
(Fig. 7) are affected by strong deformation. The amount of zircons
found in each sample was relatively small. The northernmost sample,
PET-480-1, is a mylonitic phyllite and yielded 19 concordant analyses
(out of 32 analyses). The obtained ages lie with the ranges 440-467,
535-565, 612-682, and 780-952 Ma (Fig. 8). The youngest, slightly dis-
cordant detrital zircon has an age of 314 4- 4 Ma (Pennsylvanian), which

Acatlan Complex

is followed by two grains (329 4 8 and 339 4- 8 Ma) with a mean age of
334 46 Ma (Mississippian, Fig. 7).

Sample MH-96, a graphite- and feldspar-bearing mylonitic meta-
sedimentary rock from the footwall rock of the Providencia shear
zone, yielded 24 representative analyses out of 28. The major detrital
zircon population ranges from 1126 to 1236 Ma (Mesoproterozoic,
Fig. 8), with minor peaks at 823 and 888 Ma. One grain yields the only
early Paleozoic age (487 + 6 Ma; Early Ordovician). The two youngest
zircons yield ages of 281+ 4 Ma and 295 4+ 8 Ma (Early Permian; Fig. 7).

The micaceous metapsammite sample (PET-484-1) was taken
100 m south of the shear zone and yielded only 17 useful analyses. Rel-
atively narrow age spectra ranging from 194 to 339 Ma were obtained
with populations of 317-339, 276-280, and 234-244 Ma (Fig. 8). The
two youngest grains (19044 and 193+4 Ma) have a mean age of
192 + 3 Ma (Early Jurassic, Fig. 7).

5. Interpretation
5.1. Intrusive ages

All of the dated crosscutting granitic dikes have ages between ca.
160 and 171 Ma, which are broadly similar to the Sm-Nd and Rb-Sr
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whole rock garnet and biotite ages (17241 Ma and 175+ 3, respec-
tively; Yafiez et al., 1991) as well as the 161 4 2 Ma “°Ar/*°Ar muscovite
cooling age (Keppie et al., 2004). The U-Pb data are also similar to the
age of migmatization as dated in a leucosome in the southern part of
the area (1714 1 Ma — single grain thermal ionization mass spectrom-
etry age; Keppie et al., 2004), suggesting that the genesis of granitic
dikes and the migmatites may be related. The rest of the dated zircons
in the igneous rocks are interpreted as inherited xenocrysts as they
are also found in the metasedimentary host rocks (compare histograms
in Figs. 5 and 8). These xenocrysts were either incorporated during
magma intrusion of the adjacent wall rock, or were transported from

a deeper crustal level where the melt was generated (e.g. Miller et al.,
2003). Collectively, these data suggest that the granites were generated
in, and intruded, the same basement rock between 171 Ma and 160 Ma
(Middle Jurassic).

5.2. Depositional age constraints

U-Pb detrital zircon geochronology has shown that the metasedi-
mentary succession of the Chazumba Lithodeme is very heterogeneous
and that even dense sampling cannot provide a uniform youngest
depositional age. A minimum depositional age for the protolith of
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the Magdalena Migmatite and the non-migmatitic part of the Cha-
zumba Lithodeme is constrained by the 168-170 Ma granitic dikes
cutting both lithologies, limiting the minimum depositional age to
the Bajocian (Middle Jurassic). Although the intrusive bodies do not
yield significant clusters representing a crystallization age, zircons of
these ages occur in all the dated igneous rocks and mutually confirm
each other. The ca. 168-170 Ma crystallization age is also supported
by earlier Sm-Nd (garnet/whole rock) and Rb-Sr (muscovite/whole
rock) isotopic studies by Yafiez et al. (1991), which yielded ages of
172 Ma and 175 Ma, respectively.

The detrital data presented in this study yield only a few zircon
analyses (N=14) of Triassic and Lower Jurassic age in each detrital
zircon sample for the Chazumba Lithodeme. The geological significance
of these data becomes apparent when combining the youngest zircons
into a single plot (Fig. 9a and b). Samples MH-50 and PET-484-1 each
have a pair of two overlapping zircon analyses at 198 Ma, and 192 Ma,
respectively. Further, various analyses yield Early-Middle Triassic
zircons. The REE patterns of these youngest zircons have smooth,
undisturbed LREE (light rare earth elements) and indicate that they
did not crystallize during high-grade metamorphism, suffer crystal
damage, or hydrothermal alteration (e.g. Hoskin and Schaltegger,
2003; Fig. 9c¢).

The maximum limit for the time of deposition of the Magdalena
Migmatite protolith is provided by two samples (MH-53 and MH-
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50): 21444 Ma (Norian; Upper Triassic) and 198 + 3 Ma (Hettangian;
Early Jurassic), respectively. These ages are significantly younger
than the previously documented youngest zircons for the protolith
(Talavera-Mendoza et al., 2005; Keppie et al., 2006b). The youngest
detrital zircons from the various samples of the non-migmatic part
of the Chazumba Lithodeme have yielded 192 43 Ma (PET-484-1),
263413 and 26942 Ma (beneath the Tepejillo ultramafic lens;
TEP-474-4, TEP-474-3), and 250+ 6 Ma and 257 +4 Ma (eastern
Chazumba Lithodeme; MH-28, MH-73). The youngest zircons in
samples MH-50 and PET-484-1 of Early Jurassic age (198 +3 Ma and
192 43 Ma) constrain both the protolith of the Magdalena Migmatite
and the unmigmatized Chazumba Lithodeme to a maximum deposi-
tional age of Early Jurassic suggesting that the clastic protolith should
be regarded as the same unit, namely the Chazumba Lithodeme. Re-
garding the spatial distribution, the geochronological data indicate
that deposition of the metasedimentary rocks in the western parts of
the Chazumba Lithodeme commenced penecontemporaneously in
the Lower Jurassic. The depositional ages in the central and eastern
part of the Chazumba Lithodeme are older (Permian-Triassic) and
may represent either a different stratigraphic level in the sedimentary
column of the Chazumba Lithodeme or different local provenances.
But due to the polydeformation of the metasedimentary rocks, the pos-
sibility that some deposition may have started in the Triassic cannot be
precluded.
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Fig. 9. a) Histogram and relative probability diagram for all detrital zircons samples of the Chazumba Lithodeme (MH-28, MH-50, MH-53, MH-73, TEP-474-3, TEP-474-4, and PET-
484-1). b) Tera-Wasserburg concordia plot combining the youngest detrital zircons of the Chazumba Lithodeme; 14 grains yielded Early Mesozoic ages. Data include analyses from
this work and Keppie et al. (2006b). c¢) Chondrite-normalized REE patterns for the plotted Triassic-Jurassic zircons in b).
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The youngest zircons in the Providencia shear zone yield Lower
Permian-Carboniferous ages (28144 Ma, 29548 Ma, and 334+
6 Ma) and are similar to those in the Totoltepec granitoid and the
Tecomate Formation of the Acatlan Complex (Kirsch et al., 2010)
suggesting that the zircons were derived from these units.

Taken together, the geochronological data indicate that the Cha-
zumba Lithodeme, the ortho-amphibolites, the minor intrusives and
migmatites, and the ultramafic to mafic tectonic lenses (Tepejillo
and Tultitlan lenses) are of Early Mesozoic age and, hence, differ in
age from the Paleozoic Acatlan Complex and do not record the same
tectonic history. As a consequence, the Mesozoic rocks are assigned
to a new complex, namely the “AyG Complex”, named after the town
Santa Maria Ayt near the southern boundary of the study area.

5.3. Provenance

Based on multiple sampling of the same unit, it is apparent that
the Chazumba Lithodeme is a very complex and heterogeneous meta-
sedimentary succession and comprises metamorphosed strata of both
very confined and mixed provenance. Many of the age populations
documented in the metamorphosed clastic rocks of the Chazumba
Lithodeme can be found in relatively local sources. The Early Jurassic
to Middle Triassic detrital zircons in these rocks may have been derived
from the igneous rocks of the Nazas arc (Fig. 8), which was active from
the Middle Triassic to Middle Jurassic (Bartolini et al., 2003). Early
Triassic and Carboniferous-Permian zircons may have been derived
from the Eastern Mexico magmatic arc (for summary see Kirsch et al.,
in press). In particular, Middle-Late Permian zircons (250-265 Ma) may
be derived from the ca. 255 Ma Etla granite or correlatives in the northern
Oaxcan complex (Ortega-Obregon et al., 2012). The ca. 270 Ma detrital
zircon ages are similar to crystallization ages of the Cozahuico granite lo-
cated in the Caltepec Fault zone (Elias-Herrera and Ortega-Gutiérrez,
2002) and coeval plutons located in the northern Oaxacan Complex (La
Carbonera stock: Solari et al., 2001; Ortega-Obregdn et al,, 2012). Pennsyl-
vanian to Early Permian detrital zircons (310-280 Ma) correspond to the
crystallization ages of the Totoltepec pluton (Keppie et al., 2004; Kirsch
et al,, 2010; Fig. 8). However, they could also have been transported
from correlative sites in the Eastern Mexico Permian-Triassic arc.

Ostensibly, eclogitic rocks from the high-pressure Piaxtla Suite
of the Acatlan Complex, which were probably exposed by the Late
Carboniferous (Middleton et al., 2007), could be a source of the Carbon-
iferous zircons. However, these zircons are characterized by pronounced
enrichment in LREE relative to the HREE (heavy rare earth elements), a
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typical REE patterns for metamorphic
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trait typical of zircons with an igneous origin (Hoskin and Schaltegger,
2003; Fig. 10a). Furthermore, the zircons have a pronounced positive
Ce anomaly and a negative Eu anomaly that can be explained as a
function of oxygen fugacity and by plagioclase fractionation (see
Hoskin et al., 2000; Hoskin and Schaltegger, 2003). In contrast, high-
grade metamorphic zircons are characterized by a general depletion
in LREE, flat HREE patterns and the absence of a Eu anomaly (e.g.
Rubatto, 2002; Brocker et al., 2010; Fig. 10a). The Th/U ratio in zircons
is extremely sensitive to protolith composition and/or the local chemi-
cal environment of formation (Harley et al., 2007) and so is considered
an unreliable signature to discriminate metamorphic from igneous zir-
cons (compare to Hoskin and Ireland, 2000; Rubatto, 2002; Hoskin and
Schaltegger, 2003), but can be used to distinguish provenances. The
very low Th/U ratios (0.001-0.01) of Carboniferous zircons dated in
an eclogite and in a leucosome of the high-pressure Piaxtla Suite (Asis
Lithodeme: Middleton et al., 2007) compared with the relatively high
Th/U ratios (ca. 0.12-0.95) of the Ayd Complex clastic rocks support
the conclusion that the eclogites are not viable sources for the dated
samples (MH-53, PET-484-1) of the Chazumba Lithodeme (Fig. 10b).
However, there are examples of Carboniferous igneous rocks including
the Aserradero rhyolite in the Sierra Madre terrane (334 + 39 Ma;
Stewart et al., 1999), the La Pezuifia rhyolite in the Coahuila terrane
(33144 Ma; Lopez, 1997), the Altos Cuchumatanes in the Maya Block
(ca. 312-317 Ma, Solari et al., 2010b; Fig. 10b), the Totoltepec pluton
in the Acatlan Complex (306 4-2 Ma; Kirsch et al., 2010; Fig. 10b), and
the Cuanana plutonic complex in the southern Caltepec Fault zone
(ca. 307 Ma; Vega-Carrillo et al., 1998; Elias-Herrera et al., 2005) or
their correlatives, that could have provided the Mississippian detrital
zircons. Correlative Carboniferous metasedimentary units, such as the
Cosoltepec Formation (Talavera-Mendoza et al.,, 2005), the Tecomate
Formation (Kirsch et al., 2010), the Salada unit (Keppie et al., 2008a),
the Zumpango unit (Ortega-Obregon et al., 2009; Ramos-Arias and
Keppie, 2011) and the Coatlaco unit (Grodzicki et al., 2008), each
contain a few Mississippian zircons with relatively high Th/U ratios
(ca. 0.05-2.0). It is thus probable that these units contain detritus de-
rived from the same sources (Keppie et al., 2008b). On the other hand,
Keppie et al. (2008b, 2010) proposed that Devonian-Lower Carbonifer-
ous zircons of the metasedimentary rocks in the Acatlan complex were
derived from a magmatic arc on the western margin of Pangea that
was partially removed by subduction erosion.

Devonian zircons are relatively rare, but form a major population in
sample MH-50 (Fig. 8) with a peak at 406 Ma. A possible source could
be the Maya Mountains (Yucatan Peninsula) where 404-420 Ma ages
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Fig. 10. a) Chondrite-normalized REE plot (Sun and McDonough, 1989) for all zircons of sample MH-53. These show steep REE patterns typical for zircons of igneous origin (compare REE
patterns for metamorphic zircons from eclogites by Brocker et al. (2010); - gray shaded area). b) Th/U ratios vs. age (Ma) for detrital zircons of samples MH-53 and PET-484-1 compared to
two samples of the Asis Lithodeme (Piaxtla Suite, Middleton et al., 2007) and other possible magmatic sources (Altos Cuchumatanes, Solari et al., 2010b; Totoltepec pluton, Kirsch et al., 2010).
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are reported from plutons dated with U-Pb thermal ionization mass
spectrometry by Steiner and Walker (1996). Further, Martens et al.
(2010) report a 406 + 7/— 6 Ma rhyolite from the volcaniclastic Bladen
Formation.

Ordovician to earliest Silurian zircon populations are most likely
derived from a suite of megacrystic granitoid rocks, which are part
of a rift-related bimodal intrusive suite within the Acatlan Complex
(Middleton et al., 2007; Miller et al., 2007; Vega-Granillo et al., 2007;
Hinojosa-Prieto et al., 2008; Keppie et al., 2008a; Fig. 8). A small popu-
lation of 500-700 Ma zircons probably corresponds to the Pan-African
Brasiliano orogenic cycle (Pimentel and Fuck, 1992; Pimentel et al.,
1997) or recycled detritus from the Yucatan block (Keppie et al., 2011,
2012; Fig. 8). Another group with 750-900 Ma ages may have been
derived from the Goids magmatic arc within the Brasiliano orogen
(Pimentel et al., 2000; Fig. 8).

The provenance for the predominant population of Mesoprotero-
zoic zircons (990-1400 Ma) that occurs in almost all samples (except
for PET-484-1 and MH-53) may be found in the rocks of the adjacent
Oaxacan Complex (Keppie et al., 2003; Solari et al., 2003; Fig. 8) or
may be recycled from various Paleozoic rocks within the Acatlan
Complex. The relative probability distributions for the metasedimen-
tary rocks of the Chazumba Lithodeme exhibit two patterns: (1)
populations that show a main peak at ca. 990-1000 Ma, a subordinate
population with ages ranging from 1000 to 1300 Ma and a minor
peak at ca. 1140-1170, and (2) populations that show distributions
with a major peak at 1150 Ma (Fig. 8). The different provenance pat-
terns may be the effect of different drainage systems that changed
over time. However, the Proterozoic detritus may have been sub-
jected to several cycles of re-reworking and re-deposition, and thus
may not represent proximal provenances.

One paleosome sample (MH-53) shows very similar zircon age popu-
lations to those in the metapsammite (PET-484-1) sampled south of the
Providencia shear zone, suggesting these rocks had a similar provenance.
The lack of pre-Devonian detritus in these two samples, which only yield
grains of ca. 200-400 Ma, suggests a change in provenance from east to
west.

6. Tectonic implications
6.1. Environment of deposition

Determination of the depositional environment for the protoliths
of the Chazumba Lithodeme is complicated by superimposed poly-
phase deformation and amphibolite facies metamorphism. Moreover,
the Aya Complex is in tectonic contact with unmetamorphosed con-
tinental redbeds of Lower-Middle Jurassic age in the north and with
shallow-marine sediments of similar age in the southwest (Figs. 2
and 4). Nonetheless, the abundance of micaceous pelites intercalated
with quartzites suggests the protoliths were either part of a continen-
tal rise prism or a clastic wedge (Keppie et al., 2006b). Major and
trace element geochemistry of the boudinaged ortho-amphibolites
that are interlayered with the Chazumba Lithodeme shows that the
amphibolites are of igneous origin and represent transitional arc- to
MORB-tholeiites that intruded in a back-arc setting (Helbig et al.,, 2010).
In the Tahué terrane, amphibolites of the bimodal Norian Francisco gneiss
are interpreted to be within-plate, continental rift tholeiites (Keppie et al.,
2006a; Fig. 1), similar to the amphibolites in the Chazumba Lithodeme.
The boudinaged Chazumba amphibolites contain in-situ or in-source
leucosomes suggesting they underwent partial melting (e.g. Sawyer,
2008). These relationships suggest that the amphibolites were emplaced
either during or after deposition of the Chazumba Lithodeme, but before
metamorphism of the Chazumba Lithodeme protoliths.

Potential correlative Triassic to Lower Jurassic clastic strata may
occur in the Potosi fan (Central terrane, in the Sierra Madre, and in
the Zihuatanejo terrane; see e.g. Centeno-Garcia, 2005, 2008), com-
prised of quartz-rich turbidites, partly with dismembered blocks of

chert, limestone and pillow basalts (Taray Formation, La Ballena For-
mation, El Chilar Complex, and Zacatecas Formation; Figs. 1 and 11).
The Potosi fan was fed by an extensive river system (Alamar Formation,
Barboza-Gudifio et al., 2010) with Mesoproterozoic, Neoproterozoic
and Permian-Triassic provenances, zircons from which are present in
both the Potosi fan turbidites and the Chazumba Lithodeme (Fig. 11).
Slabs of pillow basalt that can be found in the distal parts of the Potosi
fan in the Zihuatanejo terrane are of primitive oceanic affinity (Arteaga
Complex and Las Ollas Complex: Centeno-Garcia and Silva-Romo,
1997) and are inferred to be part of a marginal (Centeno-Garcia, 2005,
2008; Martini and Ferrari, 2009), or back-arc basin (Elias-Herrera et
al., 2000). To the east of these rocks, the Late to Early Triassic Rio Pla-
ceres Fm. (Pantoja-Alor and Gémez-Caballero, 2003; Fig. 11) and the
Tzitzio metaflysch crop out in the Huetamo area (Zihuatanejo terrane),
where the latter yielded youngest zircons at ca. 250 Ma (Talavera-
Mendoza et al., 2007; Martini and Ferrari, 2009; Fig. 11). These coeval
strata in the Potosi fan (Central and Zihuatanejo terranes) have similar
detrital zircon populations to those of the Chazumba Lithodeme sug-
gesting a similar provenance (Fig. 11). However, the Potosi fan and cor-
relative units exhibit only minor abundances of Mesoproterozoic
zircons. The lack of ca. 1.4 Ga ages may indicate that (1) the Proterozoic
detritus (or older detritus in general), having been affected by several
cycles of re-reworking and re-deposition, is not a reliable indicator of
provenance, or that (2) the scarcity of U-Pb detrital zircon data from
the Central terrane and Guerrero composite terrane hinders evaluation
of this region as a potential source.

Collectively, our results indicate that (i) the Chazumba Lithodeme
probably formed in the same tectonic setting as the Potosi turbiditic
fan, and (ii) the intrusion or deposition of transitional arc- to MORB-
tholeiites formed during rifting along the margin of the Mexican
mainland. If so, the Chazumba Lithodeme is a southern correlative
unit of the turbidites deposited on the inboard side of a back-arc
basin that was situated along the western margin of northern Oaxa-
quia and the Mixteca terranes (Fig. 12a). In the southern Guerrero
composite terrane, the Central terrane rift-passive continental mar-
gin rocks are absent and a Cretaceous arc complex separates the
Zihuatanejo terrane from the continental margin (Centeno-Garcia,
2008). The absence of the Central terrane here suggests that the Cha-
zumba Lithodeme is probably a vestige of the portion of the Central
terrane that was removed from the continental margin by under-
thrusting beneath the Pangean margin (Fig. 12c-d).

Late Triassic magmatic zircons in the Chazumba Lithodeme are likely
to have been derived from a magmatic arc. Evidence for the existence of
such an arc may be the Triassic-Early Jurassic metasedimentary volcano-
genic assemblage of the Tejupilco schist in the Teloloapan terrane (Figs. 1
and 11; Elias-Herrera et al., 2000, 2003), which is of calc-alkaline affinity
and represents an evolved arc that developed on a thinned or rifted con-
tinental margin (Elias-Herrera et al., 2000, 2003; Martini and Ferrari,
2009; Figs. 11 and 12c). Elias-Herrera et al. (2000, 2003) propose the
presence of an east-facing arc with the Late Triassic Arteaga Complex
as its back-arc basin, whereas Martini and Ferrari (2009) favor a
west-facing arc. The polarity of the subduction zone remains a mat-
ter of debate (e.g. Centeno-Garcia, 2008) and the data presented
here cannot resolve this problem.

6.2. Tectonic emplacement

It is envisaged that the Ay Complex was thrust beneath the con-
tinental margin of Oaxaquia/Mixteca resulting in polydeformation
and migmatization, and was then tectonically emplaced into the Aca-
tlan Complex and the overlying strata (Fig. 12b-e). The timing of this
process is constrained by geochronological data: (i) underthrusting
post-dates the youngest detrital zircons in the Chazumba Lithodeme
(ca. 195-234 Ma; this paper; Fig. 9a); (ii) polyphase deformation is
probably related to telescoping of the back-arc basin; (iii) peak meta-
morphism and migmatization occurred during deformation at 171 +
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Fig. 11. Top: Stratigraphic columns of Triassic-Lower Jurassic strata for the Guerrero composite terrane, the Central terrane and the margin of Pangea (Sierra Madre, Mixteca/Oaxaquia).
Geochronological constraints for Francisco gneiss: Keppie et al., 2006a; Arteaga Complex: Campa-Uranga et al., 1982; Las Ollas Complex: Centeno-Garcia et al., 2003; Talavera-Mendoza et
al., 2007; Rio Placeres Formation: Pantoja-Alor and Gémez-Caballero, 2003; Tzitzio metaflysch: Talavera-Mendoza et al., 2007; Martini and Ferrari, 2009; Zacatecas Formation: Burckhardt
and Scalia, 1906; Bartolini et al., 2002; Tejupilco schist: Elias-Herrera et al., 2000, 2003; Martini and Ferrari, 2009; Taray Formation: Diaz-Salgado et al., 2003; Anderson et al., 2005; El
Chilar Complex: Davila-Alcocer et al., 2009; Ortega-Flores et al., 2012; La Ballena Formation: Centeno-Garcia and Silva-Romo, 1997; Silva-Romo et al., 2000. Time scale is after Walker
and Geissman (2009). Bottom: Relative probabilities for zircon populations of the Chazumba Lithodeme (this work, Talavera-Mendoza et al., 2005, Keppie et al., 2006b) compared
to provenances of the Potosi fan (La Ballena Fm.: Venegas-Rodriguez, 2009; Barboza-Gudifio et al., 2010; Tzitzio metaflysch: Talavera-Mendoza et al., 2007; Martini and Ferrari,
2009; Tejupilco schist: Martini and Ferrari, 2009). Zircon populations from continental redbeds of the lower Huizachal group (Alamar Formation: Barboza-Gudifio et al., 2010;
Rubio-Cisneros and Lawton, 2011).
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in the overriding plate as subduction zone re-steepens.

1 Ma at temperatures of >700 °C and depths of ca. 19 km (Keppie
et al,, 2004); (iv) uplift and erosion through ca. 350 °C took place
by 16142 Ma and 15446 Ma in the Tepejillo area and through ca.
280 °C by 150 + 2 Ma in the Ayt area (“°Ar/**Ar muscovite and biotite
cooling ages; Keppie et al., 2004) implying a cooling rate of 20-35 °C/
Ma; and (v) extrapolation of this cooling rate suggests that the Ayt
Complex would not have reached the surface until ca. 152-147 Ma
(latest Jurassic/earliest Cretaceous). This exhumation history could
explain why detritus from the Ayd Complex has not been reported
in the adjacent low-grade Triassic and Jurassic rocks.

The boundary between the Ayd and Acatlan complexes is a major
shear zone (Providencia shear zone, Fig. 7) that was previously mapped
as a thrust based on s—c fabrics in the hanging wall (Malone et al., 2002).
However, 4°Ar/3°Ar dating indicates that these fabrics are Late Triassic
(Keppie et al., 2004; Fig. 7), and thus developed contemporaneously
with the deposition of the Chazumba Lithodeme. We infer that this Tri-
assic shear zone was reactivated during or after the Middle Jurassic as a
listric normal fault (c.f. Wheeler et al., 2003) and formed the upper
boundary of the Chazumba Lithodeme during its exhumation (Figs. 4
and 7).

To the northeast, the Ayt Complex is further bounded by the
Tianguistengo normal fault, which cuts the Middle Jurassic Piedra
Hueca Unit. The Petlalcingo-Huajuapan Fault (Fig. 4) is probably Late Ju-
rassic, and was reactivated during the Cenozoic (Martiny et al.,, 2012).
Regionally, Middle Permian-Jurassic deformation is characterized by
top-to-north extensional shearing in Paleozoic outliers deposited on

the Oaxacan Complex (Centeno-Garcia and Keppie, 1999) and left-
lateral displacement along the 180 Ma E-W/NW-SE trending Salado
River Fault involving ductile deformation and medium-grade metamor-
phism (Martiny et al,, 2012; Fig. 2).

Early Jurassic underthrusting of the Chazumba Lithodeme followed
by Middle Jurassic peak metamorphism was synchronous with the de-
formation of the Potosi fan (Centeno-Garcia, 2008) and correlative
southern sedimentary units (Talavera-Mendoza et al,, 2007; Martini
and Ferrari, 2009), and the syntectonic intrusion of Middle Jurassic
plutons along the eastern margin of the Guerrero composite terrane
(Elias-Herrera et al., 2000, 2003). Exhumation of the Chazumba
Lithodeme took place at the same time as Late Jurassic extension in
the Guerrero composite terrane (Centeno-Garcia, 2008). Numeric
modeling shows that shallowing and steepening of the Benioff zone
can lead to cyclic contraction (subduction erosion) and extension in
the overriding plate, respectively (sensu von Huene and Scholl, 1991;
Collins, 2002; Keppie et al., 2009; Fig. 12). Underthrusting of the in-
board margin of the back-arc basin could have been along a synthetic
thrust parallel to the Benioff zone (Fig. 12d). Preservation of along-
strike parts of the inboard passive margin suggests that underthrusting
may have been bounded by transform faults that limit the lateral extent
of the eroded margin. The Middle-Late Jurassic exhumation of the Ay
Complex under extension was synchronous with extension in the Nazas
arc along the Pangean margin (Bartolini et al., 2003), which may reflect
the steepening of the Paleo-Pacific subduction zone. Thus, the origin of
the back-arc basin origin and underthrusting, polyphase deformation
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and metamorphism of the Ay Complex are all consistent with the de-
velopment of the complex on the margin of Pangea-A and support pre-
vious conclusions that the Nazas arc formed along the western margin
of Pangea-A. These data are incompatible with a Pangea-B configuration
(Bohnel, 1999) or with a location of the Acatlan and Ay complexes in
the future Gulf of Mexico ca. 1500 km from the western margin of
Pangea-A (Vega-Granillo et al., 2007).

Supplementary data to this article can be found online at doi:10.1016/
j.gr.2012.03.004.
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Recent detrital zircon studies of metamorphosed and polydeformed rocks of the early Mesozoic Ayt Complex in southern
Mexico suggest an allochthonous origin along the western Pangean margin. Bulk-rock geochemistry of the ca. 170-200 Ma
ortho-amphibolites suggests a composition ranging from alkalic and transitional basalts to normalized mid-ocean ridge basalt
(N-MORB) tholeiites. Rare earth element (REE) patterns of alkaline basalts (Group 1) are characterized by steep negative
slopes, whereas transitional basalts (Group II) show moderate light REE (LREE) enrichment. Subalkalic Group III displays
slight LREE enrichment and Group IV has relatively flat REE patterns with slight depletion in LREEs. Multiple trace element
plots of Group III-1V amphibolites reveal strongly negative Nb—Ta anomalies caused by subduction zone contamination.
Initial eng values (# = 190 Ma) of the amphibolites range from +9.01 to —2.16. Alkalic basalts have negative eng values,
suggesting derivation from an older subcontinental mantle source (7py = 877 and 791 Ma). Group II-1V amphibolites have
positive exg values ranging from +2.31 to +9.01, indicating a transition from an older to a relatively juvenile mantle source
that is typical of a back-arc setting. The geochemistry of the metasedimentary rocks suggests derivation from an acid-arc
source. Chondrite-normalized REE patterns are characterized by enriched LREEs, flat HREE, and negative Eu anomalies.
Sm-Nd systematics indicate that most samples were derived from cratonic basement and plot within the Oaxacan Complex
envelope with eng values (# = 195 Ma) ranging from —5.53 to —7.65. We interpret two samples with higher eng values
(-1.42 and +1.06) to reflect the additional influence of a more juvenile component. The amphibolites and metasedimentary
rocks of the Ayt Complex document back-arc activity and are inferred to be correlative with various western Mexican

Triassic—Jurassic mafic suites and the Potosi fan that formed along the western rifted margin of Pangea.

Keywords: Triassic; southern Mexico; amphibolites; back-arc basin; Pangea break-up

1. Introduction

Although there is a general consensus of a Pangea-A con-
figuration at the time of supercontinent break-up (e.g. see
Domeier et al. 2012), there is still considerable contro-
versy about the Middle American palaeogeography within
that configuration (Weber ef al. 2007; Vega-Granillo ef al.
2009; Keppie and Keppie 2012). Resolving this contro-
versy is important to provide a basis for understanding
the geodynamics of the amalgamation and break-up of
Pangea. During the Triassic, many authors (Elias-Herrera
and Ortega-Gutiérrez 2002; Keppie 2004; Centeno-Garcia
2005; Weber et al. 2007; Keppie et al. 2008, 2010;
Keppie and Keppie 2012) locate the Mixteca and Oaxaquia
terranes of southern Mexico along the western margin
of central Pangea-A, between Laurentia and Amazonia,
flanked to the west by the palaco-Pacific subduction zone
and to the east by rifts associated with the opening of
the Gulf of Mexico (Marzoli et al. 1999; Figure 1A).

In contrast, Talavera-Mendoza et al. (2005) and Vega-
Granillo et al. (2007, 2009) proposed that the Oaxaquia and
Mixteca terranes lay within the Ouachitan orogen between
the Maya terrane and Laurentia (Figure 1B). In both
reconstructions, during the Triassic, the western margin
of Pangea was occupied by the Mesa Central (Central
terrane), which is interpreted to be the Triassic basement
of the Guerrero composite terrane (Centeno-Garcia 2008;
Figure 2A). Furthermore, the Chortis block has been recon-
structed as either off southwestern Mexico (Pacific model:
e.g. Ross and Scotese 1988; Dickinson and Lawton 2001;
Rogers et al. 2007; Silva-Romo 2008; Pindell ef al. 2012;
Figure 1C) or along the western side of the Gulf of Mexico
(Keppie and Keppie 2012; Figure 1D).

Recently published geochronological data bearing on
Mexican palacogeograhy led Helbig et al. (2012) to suggest
that the Early Mesozoic Ayu Complex of southern Mexico
is an exotic slice of the western Pangean continental margin
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Figure 1. (A)—(B) Early Mesozoic Pangea-A reconstructions for the Middle American terranes: (A) the Acatlan Complex (Ac) and
Oaxaquia (Ox) are placed on the western margin of Pangea, V —position of the Permian—Triassic arc, Coa — Coahuila, and CA — Colombian
Andes (after Elias-Herrera and Ortega-Gutiérrez 2002; Keppie 2004; Centeno-Garcia 2005; Weber et al. 2007); (B) Vega-Granillo et al.
(2009) places the Mixteca (Mx) and Oaxaquia (Ox) terranes within the Ouachitan collisional zone, between the Maya block and southern
North America. (C)~(D) Relevant reconstructions for the palacogeography of the western margin of Middle America: (C) Pacific model
representative for all model variants that place the Chortis block off southern Mexico (Wilson 1966; Pindell and Dewey 1982; Pindell
1985; Ross and Scotese 1988; Dickinson and Lawton 2001; Pindell et al. 2006; Rogers et al. 2007; Silva-Romo 2008; Pindell et al. 2012).
Chortis block outline after Ross and Scotese (1988), dashed outline avoids overlap with South America and implies a more northern
position. (D) Intra-Pangean or ‘Pirate’ model suggested by Keppie and Keppie (2012). Both reconstructions modified after Keppie and
Keppie (2012). Purple shaded area: possible Late Triassic arc position.

that was tectonically emplaced into the Palacozoic Acatlan
Complex during the initial stages of Pangea break-up.
Detrital zircon data of metamorphosed siliciclastic rocks
(Chazumba Lithodeme) constrain deposition within ca.
200 and 170 Ma (Figures 2B and 3; Helbig et al. 2012)
and suggest that the protoliths may be correlative with
the extensive Triassic/Early Jurassic turbiditic Potosi fan
in the Central terrane (Figure 2B) that was deposited
into the Arteaga basin that lay along the western mar-
gin of continental Mexico (Centeno-Garcia et al. 1993;
Centeno-Garcia and Silva-Romo 1997; Silva-Romo et al.
2000; Centeno-Garcia 2005, 2008). In addition to a volu-
minous turbidite succession, the Chazumba Lithodeme
is characterized by boudinaged amphibolites, which are
potentially correlative with the mafic rocks of the Arteaga
basin. However, there are no geochemical data for the
metasedimentary and amphibolitic rocks of the Chazumba
Lithodeme, which would test this correlation. A critical
test of this hypothesis is the geochemistry of the mafic and
metasedimentary rocks of the Ayu Complex that will allow
comparison with autochthonous Pangean marginal rocks
and the determination of their tectonic setting.

In this article, we present major and trace element
geochemistry as well as Sm—Nd isotopic data for the
amphibolitic and metasedimentary rocks of the Chazumba
Lithodeme in order to describe their petrogenetic evolution
and tectonic setting. This is followed by a critical assess-
ment of the comparison between the Chazumba Lithodeme
and the autochthonous Potosi fan and its implications
for the palaecogeography of Middle America in the early
Mesozoic.

2. Geologic setting

South-central Mexico is partly underlain by the Palaeozoic
Acatlan Complex, which forms the Mixteca terrane
(Figure 2B; Ortega-Gutiérrez 1975, 1978; Keppie et al.
2008; and references therein). To the east, the Acatlan
Complex is tectonically juxtaposed against the ca. 1-1.4 Ga
Oaxacan Complex along the 276 Ma dextral transcur-
rent Caltepec fault zone (Figure 2B; Elias-Herrera and
Ortega-Gutiérrez 2002). Both the Acatlan and Oaxacan
complexes are unconformably overlain by upper Permian
to Middle Jurassic unmetamorphosed continental redbeds,
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siliciclastic fluvial deposits, and shallow marine shelf
strata, which characterize the Early Mesozoic continental
margin of southern Mexico (Caballero-Miranda ef al. 1990;
Moran-Zenteno et al. 1993; Silva-Romo and Mendoza-
Rosales 2000; Centeno-Garcia et al. 2009; Elias-Herrera
et al. 2011; Rubio-Cisneros and Lawton 2011; Silva-Romo
etal 2011).

To the west, the Acatlan Complex is thrust over
Cretaceous limestones of the Guerrero-Morelos platform
along the Upper Cretaceous—Palacocene Papalutla fault
(Figure 2B; Cerca et al. 2007; Ramos-Arias and Keppie
2011). To the west of the Guerrero-Morelos platform lies
the Mesozoic Guerrero composite terrane (Figures 2A and
2B), which occupies most of western Mexico and consists
of various subterranes (Tahu¢, Guanajuato, Zihuatanejo,
Arcelia, and Teloloapan terranes; Centeno-Garcia, 2008).
The Guerrero composite terrane is characterized by sub-
marine and sparse, subaerial volcanic and sedimentary
successions of Upper Jurassic (Tithonian) to middle Upper
Cretaceous (Cenomanian) age, which are interpreted as
parts of a volcanic arc complex involved in several
episodes of accretion and rifting, and eventual colli-
sion with Oaxaquia (Centeno-Garcia 2008; Martini et al.
2011). Between the Guerrero composite terrane and the
northern continuation of Oaxaquia (Figures 2A and 2B),
the Mesa Central plateau forms the Central terrane. The
oldest rocks in the Central terrane are made up of a
deformed Late Triassic deep-marine siliciclastic succes-
sion (Taray Formation: Diaz-Salgado ef al. 2003; Anderson
et al. 2005; Centeno-Garcia 2005, 2008). These tur-
bidites formed parts of a submarine fan system (Ballena
Formation: Centeno-Garcia and Silva-Romo 1997; Silva-
Romo et al. 2000; Centeno-Garcia 2005; Barboza-Gudifio
et al. 2008, 2010), called the Potosi fan, that was
fed by an extensive river system (Alamar Formation:
Barboza-Gudifio er al. 2010; Figure 2B). Distal parts
of the Potosi fan are inferred to overlie oceanic crust
of the Arteaga Complex, suggesting deposition along
a rifted passive margin (Centeno-Garcia 2008; Martini
et al. 2009). Rifting in the Late Permian—Triassic has
further been documented in the Tahué terrane (Francisco
Gneiss, Sonobari Complex; Keppie et al. 2006a) and in
the Juchatengo Complex (Grajales-Nishimura et al. 1999,
Figures 2A and 2B) and suggests widespread crustal exten-
sion along the western margin of Oaxaquia. Rocks of the
Potosi fan were subsequently deformed during inferred
east-vergent subduction of palaeo-Pacific oceanic litho-
sphere in the Early Jurassic and incorporated into a
subduction-related accretionary complex (Centeno-Garcia
2008). Synchronously, the ca. 187 Ma syntectonic intru-
sions of peraluminous granites record the collision of the
Guerrero composite terrane with the Mixteca/Oaxaquia
terranes and resulted in intense deformation of the
Triassic Tejupilco volcanogenic rocks (Elias-Herrera ef al.
2000, 2003).

2.1. Ayu Complex

The Ayu Complex comprises Triassic—Jurassic polyde-
formed metasedimentary and igneous rocks (Figure 3;
Helbig et al. 2012) that crop out west of the Caltepec
fault zone and south of the eastern Acatlin Complex
in a horst bounded by Upper Triassic—Jurassic redbeds,
Cretaceous limestones (Moran-Zenteno et al. 1993; Silva-
Romo and Mendoza-Rosales 2000; Silva-Romo et al.
2011), and unconformably overlying Cenozoic volcanic
rocks (Figure 2C). All units of the Ayt Complex and their
field relationships are described in detail in Helbig et al.
(2012) and are summarized here.

The Ayu Complex includes the Triassic/Early Jurassic
Chazumba Lithodeme, a voluminous poly-deformed and
metamorphosed turbiditic siliciclastic sequence con-
sisting of micaceous pelites, intercalated with mas-
sive metapsammites, metagreywackes, and amphibolites
(Ortega-Gutiérrez 1978; Keppie et al. 2006b). The
metasedimentary rocks are mainly composed of garnet—
biotite(—muscovite) schists and gneisses. Amphibolites
consist of calcic hornblende, plagioclase, quartz, biotite,
garnet, and epidote and occur as intercalated boudins or
pinch-and-swell structures.

In the southern part of the Ayu Complex, the
metasedimentary rocks and amphibolites underwent partial
melting at 171 £ 1 Ma (Magdalena Migmatite; U-Pb con-
cordant zircon age: Keppie et al. 2004), an event that was
accompanied by coeval intrusions of dioritic, granodioritic,
granitic, pegmatitic, as well as leucogranitic sheets and
dikes (San Miguel intrusives: Yafiez et al. 1991; Ortega-
Gutiérrez et al. 1999; Keppie et al. 2004; Helbig et al.
2012). Combined with the maximum age of deposition for
the metasedimentary rocks (Helbig et al. 2012), the age of
the amphibolites is inferred to be ca. 195-170 Ma.

At its northern margin, the metasedimentary rocks
of the Chazumba Lithodeme are truncated by the NE-
dipping Providencia shear zone (Figure 3). The Devonian—
Carboniferous Cosoltepec Formation (Talavera-Mendoza
et al. 2005), the Permian Tecomate Formation, and the
Carboniferous—Permian Totoltepec pluton are exposed in
the hanging wall of this shear zone (Malone et al. 2002;
Keppie et al. 2004; Kirsch et al. 2012a).

3. Methodology

Twenty-four amphibolite samples and thirty-eight
metasedimentary rocks were collected and analysed by
X-ray fluorescence for major and certain trace elements
(V, Cr, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Ba, Pb,
Th, U) at the Regional Geochemical Centre, St. Mary’s
University, Canada (analytical methods described after
Dostal ef al. 1994). From these samples, 12 amphibolites
and 23 metasedimentary rocks were selected for additional
trace element (Y, Zr, Nb, Ba, Hf, Ta, Th) and rare earth ele-
ment (REE) analyses by ICP-MS at Memorial University,
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locations for major and trace element geochemistry as well as Sm—Nd isotopic analyses are plotted as filled squares (amphibolites), filled
circles (pelites), and empty circles (psammites). A simplified N—S cross-section with a vertical scale of 2 is drawn below.

Newfoundland (according to methods described in Jenner
et al. 1990). Ten amphibolite and seven metasedimentary
samples, respectively, were then chosen for Sm—Nd
isotopic analyses carried out at Atlantic Universities
Regional Isotopic Facility (AURIF), Memorial University,
Newfoundland, Canada (Kerr et al. 1995). Details of the
analytical methods are given in the online supplementary
document, DR-1. Sampling locations are listed in Table
DR-2. The XRF and ICP-MS analyses and the Sm-Nd
isotopic data are presented in Tables DR-3, DR-4, and
DR-5, respectively (online supplementary files DR-1,

DR-2, DR-3, DR-4, and DR-5 can be found at http://dx.
doi.org/10.1080/00206814.2012.751171).

4. Results

The geochemical data show that the rocks have been
affected by varying degrees of secondary alteration such
as low- to high-grade metamorphism and weathering. This
alteration primarily influenced the alkali and alkaline earth
element concentrations and is reflected by the loss on igni-
tion (LOI). The LOI ranges between 0.50 and 2.69 for all
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amphibolites (Table DR-2) and between 0.59 and 5.18 for
the metasedimentary rocks (Table DR-3). Most inferences
about the petrogenesis of the rocks will be based on
the abundances of high-field strength elements (HFSEs)
and REEs that are considered relatively immobile during
secondary processes, and should therefore preserve the
original geochemical characteristics of the studied rocks
(Winchester and Floyd 1977; Taylor and McLennan 1985).

4.1. Amphibolites

The amphibolitic rocks have SiO; contents ranging
between 44.7 and 56.2 wt% (LOI-free) and dis-
play relatively wide ranges of TiO, (1.1-3.8 wt%),
FeO; (11.2-15.8 wt%), MgO (4.7-11.1 wt%), P,0s
(0.1-0.7 wt%), V (199-418 ppm), Cr (16-1632 ppm), Ni
(11-503 ppm), Y (18-34 ppm), and Zr (75-449 ppm)
(Table DR-2). The Zr/TiO, vs. Ni diagram indicates that
the amphibolites have an igneous protolith (Figure 4A).
The low Nb/Y (0.083-0.395) ratios of most of the
amphibolites are typical of subalkaline basalts (Figure 4B),
although the high Nb/Y ratios (Nb/Y = 2.1-2.2) of two
samples (AYU-462-1 and AYU-462-2) are characteris-
tic of alkalic basalt suites, and six samples straddle the
boundary between the subalkaline and the alkaline fields
(MH-48, AYU-458-1, AYU-458-2, AYU-459-1, AYU-468-
1, and AYU-460-2; Nb/Y = 0.7-0.8). The subalkalic rocks
display a strong positive correlation between TiO, and
FeO(/MgO (r = 0.25) and is indicative of enrichment of
these elements during fractionation, which is consistent
with tholeiitic trends, whereas the transitional to alkalic
basalts plot above the typical trend (Figure 4C).

The chondrite-normalized REE patterns display
a wide variation characterized by either (1) enrich-
ment of light REEs (LREEs) with steep negative
slopes or (2) relatively flat patterns (Figure 5A) and
are subdivided into four groups. Two alkalic amphi-
bolite samples (AYU-462-1 and AYU-462-2; Group

I) are characterized by steep negative slopes with
(La/Yb)y = 16.0-17.4 and (La/Sm)y = 3.7-4.0 and
Lay = 247-275 and Yby = 15-16 times chondrite
and high XREE = 111.4-120.2ppm. Three transitional
samples (MH-48, AYU-458-2, AYU-460-2; Group II)
show moderate LREE enrichment with slopes charac-
terized by (La/Yb)y = 3.9-5.2, (La/Sm)y = 1.8-2.7
(Figure 5A), and XREE = 43.7-499 ppm. One
transitional sample (AYU-460-2) has a flat HREE
pattern (Gd/Yby = 1.1). Subalkalic samples MH-
30, MH-32, AYU-464-1, and AYU-466-1 (Group
III, Figure 5A) display slight LREE enrichment with
(La/Yb)y = 1.5-34, (La/Sm)x = 1.0-1.5, and
¥REE = 23.3-32.3 ppm. MH-17, MH-18, MH-75,
and AYU-469-2 (Group IV, Figure 5A) have REE patterns
that are relatively flat with slight depletion in LREEs with
(La/Yb)Ny = 0.8-1.2 and (La/Sm)y = 0.8-0.9 and have
low XREE = 16.2-18.6 ppm. The LREE enrichment in
Groups | and II are consistent with melting of a garnet
lherzolite mantle source, which together with the within-
plate alkalic signature supports the existence of thick
continental lithosphere. In contrast, the flat REE profiles
of Groups III and IV are typical of melting of a relatively
shallow spinel lherzolite mantle.

Normalized mid-ocean ridge basalt (N-MORB)-
normalized trace element abundances of the amphibolites
also show a wide variation from smooth negative trends
to very jagged patterns (Figure 5B). Group I amphibolites
display smooth negative trends with enrichment of the
large ion lithophile elements (LILEs) over the HFSEs
(Figure 5B). Group I samples are characterized by a
negative Sr and a positive Ti anomaly. Abundances of
Y, Yb, and Lu are similar to N-MORB. Group II is
characterized by elevated LILEs and positive U and Pb
anomalies. A positive Ti anomaly is present in two samples
(MH-48 and AYU-458-2), whereas AYU-460-2 shows a
negative Ti anomaly and has a flat section through Dy,
Y, Yb, and Lu that are similar to N-MORB (Figure 5B).
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curves. Depleted mantle curve from DePaolo (1988).

Group III shows well-defined zig-zag patterns that are
distinguished by negative anomalies of Th, Nb, Ta, La, and
Ce. Abundances of Nd, Zr, Hf, the middle REEs, and the
HREEs have slight negative trends similar to N-MORB
(Figure 5B). Amphibolites of Group IV are characterized
by a negative Th anomaly and deep Nb-Ta and La—Ce
troughs and abundances of most HFSEs being similar to
N-MORB (Figure 5B).

HFS elemental plots (e.g. Figure 6) generally dis-
tinguish the amphibolites as either within-plate basalts
(WPBs) or plate-margin basalts. Groups I and II and
samples (similar to Group II) AYU-458-1, AYU-459-
1, and AYU-468-1 are characterized by relatively high
Zr/Y, Ti, and Ti/Y ratios, which is a characteristic of
WPBs (Figures 6A—6D; Pearce 1996). Group III and IV
amphibolites with relatively low Zr/Y, Ti/Y, and Nb/Y
ratios, in combination with the strong positive correla-
tion between TiO; and FeO;/MgO (Figure 4C), suggests
that these amphibolites are predominantly sub-alkaline

tholeiites of either MOR or volcanic arc affinity
(Figures 6A—6D). However, the high Ti—Cr abundances are
indicative of an ocean-floor setting (Pearce 1975).

Cr-Y abundances of Group I plot within the over-
lapping volcanic arc basalt (VAB) and WPB fields
(Figure 7A). The high Y and low Cr contents suggest
that the mantle source for these rocks underwent minor
partial melting followed by major fractionation of mafic
phases. Group II amphibolites have also relatively low Cr
contents and plot within the range of Group I and III-
IV amphibolites. Group III-IV amphibolites are typical
of either MORB or WPBs (Figure 7A). Using Cr as a
fractionation index, the subvertical trend of Group -1V
amphibolites is consistent with the partitioning of Cr into
early crystallizing mafic phases, such as olivine, Cr-spinel,
and pyroxene. The relatively high Y abundances for all
amphibolite Groups indicate a low degree of partial melt-
ing with respect to mantle compositions (Wood 1979;
Figure 7A). In the V-Ti diagram, the amphibolites of
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Figure 6. Trace element plots of amphibolites. Where data available, fields (A) or symbols (B, C, D) of Triassic mafic rocks from western
and southern Mexico are plotted for comparison: Arteaga Complex (Centeno-Garcia 1994; Centeno-Garcia and Silva-Romo 1997), Las
Ollas Complex (Talavera-Mendoza 2000), Francisco gneiss mafic rocks (Keppie et al. 2006a), and Juchatengo basalts (Grajales-Nishimura
etal. 1999). (A) triangular Ti—Zr-Y plot after Pearce and Cann (1973) with dividing line (dashed) between within-plate basalts (WPB) and
other magma suites (VAB — volcanic arc basalt, MORB — mid-ocean ridge basalt, LKT — low potassium tholeiites/calc-alkalic basalts),
grey arrows depict fractionation trends of the shallow (Spl-lherzolite) and deeper (Grt-lherzolite) mantle; (B) Ti vs. Zr diagram after
Pearce et al. (1981); (C) Zr/Y vs. Zr after Pearce and Norry (1979) and Pearce (1983) with dividing line at Zr/Y = 3 for oceanic and
continental arc basalts, abbreviations see (A); (D) Ti/Y vs. Nb/Y after Pearce (1982), compositions of primitive mantle (PM), normal
mid-ocean ridge basalt (N-MORB), enriched MORB (E-MORB), and ocean-island basalt (OIB) after Sun and McDonough (1989), and
upper continental crust (UCC) and lower continental crust (LCC) after Taylor and McLennan (1985).

Group I and II have Ti/V ratios between 43 and 75, val-
ues typical of alkali basalts (Figure 7B). Group III and IV
samples have Ti/V ratios between 20 and 50 and plot in the
MORB and back-arc basalt field.

Variable contamination by either subduction zone or
crustal components can be identified by the Ce/Yb vs.
Ta/Yb and Th/Yb vs. Ta/Yb plots diagrams (Figures 7C
and 7D; Pearce 1982, 1996). The amphibolites plot above
the typical mantle array in these diagrams, suggesting
varying degrees of crustal or subduction zone contami-
nation. On the Th/Yb vs. Ta/Yb and Ce/YDb vs. Ta/YDb
plots (Figures 7C and 7D), all amphibolites plot slightly

above the mantle array, suggesting that the magmas were
primarily derived from the mantle, with samples MH-30
(IIT), MH-75 (IV), and AYU-469-2 (IV) showing evi-
dence of significant contamination by either a crustal or a
subduction zone component. Group IV amphibolites have a
depleted mantle signature with Ta/Yb, Th/Yb, and Ce/Yb
smaller than primitive mantle compositions (Figures 7C
and 7D). With the exception of sample MH-30, Group 111
amphibolites show enriched mantle compositions plotting
between primitive mantle and enriched MORB (E-MORB)
compositions. The transitional and alkalic rocks (I, II)
are strongly enriched in Ta/Yb and plot between lower
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(A) Cr=Y plot after Pearce (1982) with partial melting trends for primordial mantle composition 0O10.60pxo,Cpxo.1Plo.1,

VAB — volcanic arc basalts, MORB — mid-ocean ridge basalts. (B) V-Ti after Shervais (1982), IAT — island arc tholeiites, BAB — back-
arc basin, CFB — continental flood basalts. (C) Th/YDb vs. Ta/Yb after Pearce (1982); Pearce (1996); (D) Ce/YDb vs. Ta/Yb after Pearce
(1982), TH — tholeiitic, CA — calc-alkaline, SHO — shoshonitic, TR — transitional, ALK — alkaline. Triassic mafic rocks from western and
southern Mexico are plotted for comparison: Arteaga Complex (Centeno-Garcia 1994; Centeno-Garcia and Silva-Romo 1997), Las Ollas
Complex (Talavera-Mendoza 2000), Francisco gneiss mafic rocks (Keppie et al. 2006a), and Juchatengo basalts (Grajales-Nishimura et al.

1999).

continental crust, upper continental crust (UCC), and
ocean-island basalt (OIB) compositions.

The Sm-Nd signature of the amphibolites varies
widely with initial eng values between —2.16 and +9.01
(t = 190 Ma), in which, within each amphibolite group,
the eng values show a systematic increase from Group I to
Group IV amphibolites (Figure 5C). Group I amphibolites
are the less radiogenic samples with initial eng values
of —2.16 and —1.70 with Tpy model ages of 877 and
791 million years (Figure 5C). Group II have eng values
of +3.17 to +4.15 and model ages of 553 to 744 million
years. Group III has eng values of 4+2.31 to +6.53, and
yielded one reliable Tpy model age (i.e. '47Sm/!*Nd <
0.165; Stern 2002) of 970 million years. Group IV
amphibolites are the most radiogenic samples with eng val-
ues of +5.68 to +9.01, with sample MH-75 plotting above
the depleted mantle curve (Figure 5C).

4.2. Metasedimentary rocks

Thirty-eight metasedimentary samples collected for geo-
chemistry show a large variation in chemical compo-
sition with SiO, ranging from 54.3 to 94.7 wt% and
Al,O3 from 2.3 to 22.7 wt%. Using the classifica-
tion scheme of Herron (1997), the metasedimentary
rocks span the range of Fe-sandstones, sublithic aren-
ites, and quartz arenites. SiO, displays negative corre-
lations with Al,O3 (r = —0.98), FeO; (r = —0.92),
MgO (r = —0.41), and K,O (r = —0.66), reflecting the
varying proportions of clay and quartz of the protoliths.
Chondrite-normalized REE patterns of the Chazumba
Lithodeme show moderate enrichment of LREEs over
HREEs with La/Ybn ranging between 4.1 and 8.4, flat
HREE patterns of Gd/Ybn between 0.8 and 1.5 and
negative Eu anomalies with Eu/Eu® between 0.6 and
1.1 (Figure 8, Table DR-3). These characteristics suggest
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(A) Chondrite-normalized REEs of the metasedimentary rocks of the Chazumba Lithodeme, normalizing values after Sun

and McDonough (1989), upper continental crust (UCC) from Taylor and McLennan (1995) plotted for comparison. (B) UCC-normalized
trace element diagram (normalizing values after Taylor and McLennan 1995). Key for (A) same as in (B). (C) La/Th vs. Hf variation
diagram after Floyd and Leveridge (1987), dash-dotted area includes metasedimentary samples of the Chazumba Lithodeme of low Hf
concentrations and of few or no Pre-Early Palacozoic detritus (U-Pb detrital zircon data from Helbig e al. 2012); (D) Al,O;/SiO; vs.
Fe, O3 + MgO after Bhatia (1983), same key as in (C). Potosi fan correlatives: La Ballena Formation, Sierra de Charcas, Real de Catorce
and Arteaga Complex (Varales and Jaltomate formations) from Centeno-Garcia et al. (1993); Centeno-Garcia (1994); Barboza-Gudifio

et al. (2010).

that the source of the metasedimentary rocks proba-
bly comprised felsic to intermediate rocks. Four samples
(MH-37, MH-41, MH-85, and MH-95) lack a Eu anomaly.
Samples MH-85, MH-95, PET-484-1, MH-50, and MH-
53 are characterized by very low REE abundances with
respect to the rest of the samples (Figure 8A; dash-dotted
lines).

UCC-normalized trace element patterns are character-
ized by Ba, U, and Zr enrichment and strong depletion in
Sr and HFSEs (Th, Nb, Ta, Hf) (Figure 8B). The negative
Nb-Ta anomaly may reflect depletion of these elements
in the source rock and/or the erosion of a source derived
from arc magmas (McCulloch and Gamble 1991; Saunders
et al. 1991). Negative Sr anomalies may reflect plagioclase

weathering. Samples MH-85, MH-95, PET-484-1, MH-50,
and MH-53 are characterized by strong trace element
depletion possibly due to the dilution effects associated
with high silica content (SiO, = 80-94 wt.%; Figure 8B;
dash-dotted lines).

The range of AlLO3/TiO; (14.3-30.5 wt%),
Cr/Th (2.9-20.4 ppm), Th/Co (0.3-1.3 ppm), Cr/V
(0.3-0.8 ppm), and V/Ni (1.9-10.4 ppm) ratios and low
MgO, Fe203, Cr, Ni, and Co abundances suggests that
the majority of samples are derived from felsic sources
(Taylor and McLennan 1985; Feng and Kerrich 1990;
Cullers 1994; Girty et al. 1996). A felsic rock source is
further indicated by the La/Th vs. Hf diagram displaying
widely varying Hf values with relatively minor variation
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in La/Th, a wide range of young and old sediment
sources (Figure 8C; Floyd and Leveridge 1987). Most
metasedimentary rocks have La/Th and Hf values typical
of acid-arc sources (Hf = 3—7 ppm; Floyd and Leveridge
1987). Samples MH-85, MH-95, PET-484-1, MH-50, and
MH-53 are characterized by relatively low Hf (1-3 ppm)
values.

A continental island arc and active continental mar-
gin setting is indicated by Al,O3/SiO; values ranging
from 0.03 to 0.52, and Fe,O3 + MgO values ranging
between 1.8 and 12.4 wt% (Figure 8D; Bhatia 1983).
Some samples, mostly from either the Providencia shear-
zone or the southern Magdalena Migmatite have relatively
low Al,03/SiO, (approximately 0.03—0.05 and approxi-
mately 0.1), a characteristic that is consistent with the geo-
chemistry of passive margin-type sediments (Bhatia 1983;
Figure 8D).

Sm-Nd isotopic compositions are highly variable. Most
samples are characterized by initial enxg values between —
7.65 and —5.53 (¢t = 195 Ma) with Tpy model ages of
1308-1444 million years. Two samples (MH-50 and MH-
53) are more radiogenic with eng values of —1.42 and
+1.06 with Tpy model ages of 949 and 776 million years,
respectively (Table DR-4).

5. Discussion
5.1. Protoliths
5.1.1.  Amphibolites

Our results indicate that the amphibolite protoliths of the
Chazumba Lithodeme comprise a suite ranging from conti-
nental within-plate alkalic and transitional basalts (Groups
I and II) to N-MORB tholeiites with a superimposed arc
signature (Groups III and IV) that is typical of a back-
arc setting. The steep REE patterns of Groups I and II
(Figure 5A) indicate melt generation in a garnet lher-
zolite mantle, and their flat N-MORB-normalized trace
element patterns suggest a within-plate origin (Figure 5B).
In contrast, the rather flat REE patterns of the N-MORB
tholeiites (Groups III and IV) are typical of partial melting
of the shallow (spinel-lherzolite) mantle and indicative of
thinner continental lithosphere typical of MORB melts.
Furthermore, Group III and IV amphibolites are charac-
terized by depletion in Nb and Ta indicative of either arc
activity or crustal contamination (Figures 5SA and 5B).

The geochemical patterns correspond with the Sm—Nd
isotopic systematics indicating that the alkalic to transi-
tional basalts (Groups I and II) were derived from an
older subcontinental lithospheric mantle (SCLM) that was
progressively replaced by a younger mantle, represented
by Group III and IV amphibolites. Taken together, the
varying trace element, REE and Sm—Nd patterns in the
amphibolites indicate magma generation in different man-
tle sources, an interpretation that is consistent with gradual

thinning and the eventual replacement of the older SCLM
by younger juvenile mantle, consistent with the progressive
development of a back-arc setting.

With the exception of one sample (MH-32), the Sm—
Nd systematics of Group III and IV tholeiites (Figure 5C)
coupled with the negative Nb—Ta anomalies (Figure 5C)
indicate contamination by subduction processes rather than
by continental crust. However, one Group III sample (MH-
32) shows signs of crustal assimilation as indicated by the
end value (f = 200 Ma) vs. '47Sm/!¥4Nd plot (Figure 9),
where it plots on a mixing trend consistent with minor host
rock assimilation of potential basement rocks (Oaxacan
Complex, Chazumba Lithodeme metasedimentary rocks,
Potosi fan correlatives; Figure 9). The alkalic and transi-
tional basalts (Groups I and II) together with two amphibo-
lite samples of Yanez et al. (1991) plot on a trend consistent
with a higher degree of fractional crystallization in these
rocks (Figure 9).

Insights into the composition of the ‘old’ SCLM source
of Group I and II basalts can be obtained by com-
paring Sm—Nd isotopic data with equivalent data from
older (Carboniferous—Permian) mafic rocks of the Acatlan
Complex (Yaiiez ef al. 1991; Torres et al. 1999; Murphy
et al. 2006; Kramer 2008; Ortega-Obregon et al. 2010a,b;
Kirsch et al. 2012b). The Carboniferous—Permian mafic
rocks are characterized by more negative eng values at
t =200 Ma, and older Tpy model ages (ca. 800—1200 mil-
lion years; Figure 10A) than Group I and II basalts, sug-
gesting that the old SCLM was beginning to be replaced by
a more juvenile mantle when Group I and II amphibolites
were generated. With continued back-arc rifting, a more
juvenile mantle was generated which was the source for
Group I and IV basalts. We therefore interpret our Sm—Nd
data to be indicative of the progressive replacement of the
SCLM by juvenile mantle as back-arc rifting developed.

5.1.2.  Metasedimentary rocks

The geochemistry of the metasedimentary rocks indi-
cates that the protoliths of the Chazumba Lithodeme had
predominantly felsic sources of different age, which is
consistent with detrital zircon studies of Helbig ef al.
(2012). Samples characterized by predominantly inher-
ited, Proterozoic detritus (e.g. MH-30, MH-73, TEP-474-
1 to 4) display a geochemistry typical of the Oaxacan
Complex basement rocks (Figures 8C and 8D). On the
other hand, metasedimentary rocks that lack Proterozoic
detritus have a geochemistry generally depleted in trace
elements in comparison to the old detritus-bearing
metasedimentary rocks (Figures 8A and 8B) and are
characterized by low Hf abundances (Figure 8C). The
provenance characteristics also conform to Sm—Nd sys-
tematics of the metasedimentary protoliths. Typically,
most samples plot within the Oaxacan Complex envelope
(Figure 10B), whereas samples lacking Proterozoic zircons
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rocks (Patchett and Ruiz 1987; Ruiz e al. 1988b), Carboniferous—Permian mafic rocks from the Acatlan Complex (Ortega-Obregdn
et al. 2010a,b; Kirsch et al. 2012b), Triassic/Early Jurassic mafic rocks of western and southern Mexico (Centeno-Garcia et al. 1993;
Centeno-Garcia 1994; Grajales-Nishimura et al. 1999; Valencia-Moreno et al. 2001; Centeno-Garcia e al. 2003), potential mixing and
fractional crystallization trends are shown with arrows, Depleted mantle compositions after Rehkamper and Hofmann (1997); inset: eng
(¢ =200 Ma) vs. Nb/La,, plot for amphibolite groups and metasedimentary rocks.

have more positive eng values, which suggests that the
geochemistry of these rocks represent a local or original
signature that is not blurred by recycled older material.

5.2.  Correlative units
5.2.1. Mafic rocks

There are only few data sets of potentially correlative
Triassic—Jurassic mafic rocks of Mexico: (1) pillow basalts
from the Arteaga Complex (Figure 2B) are interpreted
to be part of a marginal ocean basin (‘Arteaga basin’)
that formed in the Triassic at the western margin of
continental Mexico (Centeno-Garcia et al. 1993; Centeno-
Garcia 2008; Martini ef al. 2010); (2) meta-volcanic rocks
of the Las Ollas Complex in the Zihuatanejo terrane
(Figure 2B) have been attributed either to an intraoceanic
arc (Talavera-Mendoza 2000) or to the Arteaga basin
(Centeno-Garcia 2008); (3) mafic rocks of the Francisco
Gneiss (Sonobari Complex: Valencia-Moreno et al. 2001)
in the Tahué terrane (Figure 2A; Keppie et al. 2006a; and
(4) ?Permian—Triassic basalts of the Juchatengo Complex
in the southern Oaxaquia terrane (Figure 2B; Grajales-
Nishimura er al. 1999). Geochemical analyses on the
mafic rocks have been performed by various authors:
six samples in the Arteaga Complex (Centeno-Garcia

et al. 1993; Centeno-Garcia 1994), six samples in the
Las Ollas Complex (Talavera-Mendoza 2000; Talavera-
Mendoza and Guerrero-Suastegui 2000), nine samples
from the Francisco Gneiss (Keppie et al. 2006a), and
13 samples from the Juchatengo Complex (Grajales-
Nishimura et al. 1999). Sm—Nd isotopic systematics were
available for the Arteaga Complex (Centeno-Garcia et al.
1993), the Tejupilco schist (Elias-Herrera et al. 2000), the
Francisco Gneiss (Keppie et al. 2006a), and the Juchatengo
Complex (Grajales-Nishimura ef al. 1999).

Despite the limited data, some general comparisons
can be made. Geochemically, the most similar rocks
are the Francisco mafic gneisses. Their geochemistry
is typical of within-plate continental tholeiites (Keppie
et al. 2006a) and show similar trends to the Group III
Chazumba amphibolites (Figures 6 and 7A-7D). The
Juchatengo basalts are inferred to be of back-arc or
within-plate affinity (Grajales-Nishimura et al. 1999) and
show similar geochemistry as the Group III and IV
amphibolites. The Arteaga Complex mafic rocks have
primitive N-MORB to E-MORB compositions typical of
continental arc magmatism (Figure 11). The Las Ollas
Complex mafic rocks show significantly different geo-
chemistry in that they are typical of island arc tholeiites
(Figures 6A—6C, 7, 11).
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Figure 10. (A) eNd(?) vs. time plot comparing Sm—Nd isotopic data of the amphibolitic rocks in the Chazumba Lithodeme (red, orange,
green, blue: this study; grey: Yafiez et al. 1991) and various (meta-)igneous rocks of western Mexico. Depleted mantle curve from
DePaolo (1988). Hisogram above shows T'py age abundances for different rocks suites: Proterozoic basement rocks (Patchett and Ruiz
1987; Ruiz et al. 1988b), arc-related Carboniferous—Permian igneous rocks (Yaiez et al. 1991; Torres et al. 1999; Murphy et al. 2006;
Kramer 2008; Ortega-Obregon et al. 2010a,b; Kirsch ef al. 2012b), Triassic/Early Jurassic igneous rocks of western and southern Mexico
(Centeno-Garcia et al. 1993; Centeno-Garcia 1994; Grajales-Nishimura ez al. 1999; Valencia-Moreno et al. 2001; Centeno-Garcia et al.
2003), xenolith suite from central Mexico (Ruiz ef al. 1988a; Schaaf et al. 1994). (B) eng(?) vs. time plot comparing Sm—Nd isotopic
data of the Chazumba Lithodeme metasedimentary rocks (black: this study; grey: Yaifiez ef al. 1991) in comparison to eng values of the
Potosi fan correlative rocks: Varales Formation/Arteaga Complex, La Ballena Formation, Placeres Complex (Centeno-Garcia ef al. 1993;

Centeno-Garcia 1994).

Nonetheless, the Chazumba Lithodeme amphibolites
may have been part of the Arteaga basin suite that
is characterized by arc-parallel as well as across-arc
geochemical variations (Figure 12). eng values for
these Triassic—Jurassic mafic rocks range from +4.2 to
+11.2 (+ = 200 Ma) and have generally a more
juvenile mantle source than the Chazumba Lithodeme
amphibolites (Figure 10A) with Tpy model ages rang-
ing between approximately 200 and 500 million years (for
147Sm/144Nd < 0.165). Only the Francisco gneiss mafic
sample has an older Tpy model age of 833 million years
(recalculated after data by Valencia-Moreno ef al. 2001),
which is similar to Group I and II Chazumba Lithodeme
amphibolites and the ‘Acatlan SCLM’ (Figure 10A). These
comparisons suggest that the mafic rocks of the Francisco
Gneiss were probably extracted from the same SCLM
underlying continental Mexico, whereas the mafic rocks of
the Arteaga, Las Ollas, or Juchatengo complexes probably
formed closer to the arc or in a later stage of a developing
back-arc basin when the ‘Acatlan SCLM’ had already been
replaced (Figure 12). However, more geochronological
work on the Juchatengo Complex is needed to constrain
this particular rifting event. According to Elias-Herrera
et al. (2000, 2003), Sm—Nd data of the 187 Ma Tizapa
granite and gneiss xenoliths from the eastern Teloloapan
terrane suggest that the Triassic Tejupilco schist represents

the remains of an arc that formed on Grenvillian base-
ment and therefore advocates continental arc activity and
related back-arc rifting processes along the continental
edge during the Triassic—Jurassic.

5.2.2.  Metasedimentary rocks

The metasedimentary rocks of the Potosi fan deposits
show similar negative eng as the Chazumba Lithodeme
metasedimentary rocks consistent with a predominant
sediment source from the Oaxacan Complex or from
recycled Oaxacan Complex rocks (Figure 10B). However,
as shown in Figure 8C, some metasedimentary samples
of the Chazumba Lithodeme have a trend characterized
by La/Th and Hf depletion suggesting the influx of rel-
atively young detritus and is consistent with the gradual
erosion of an arc system and the progressive incision
of the arc’s plutonic roots that results in an increased
zircon release, the main host phase for Hf (Floyd and
Leveridge 1987). This geochemical trait is also consistent
with detrital zircon U-Pb geochronological data of these
samples (Helbig ef al. 2012), which reveal no or rare inher-
ited Proterozoic zircons (Figure 8C). The Sm—Nd system-
atics of two meta-pelitic rocks in the Chazumba Lithodeme
(MH-41 and MH-53) that are more radiogenic indicate
a younger and/or a local detrital source (Figure 10B).
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Figure 11. (A) Chondrite-normalized REE patterns and (B) N-MORB-normalized trace element patterns of amphibolite Groups -1V
in comparison to mafic rocks of the Francisco gneiss (Keppie et al. 2006a), the Arteaga Complex (Centeno-Garcia et al. 1993; Centeno-
Garcia 2008), the Las Ollas Complex (Talavera-Mendoza 2000; Talavera-Mendoza and Guerrero-Suastegui 2000) and the Juchatengo

Complex (Grajales-Nishimura et al. 1999).

On the other hand, the Potosi fan deposits have older
Tpm model ages and are dominated by Proterozoic detri-
tus. Taken together, we suggest that sedimentary sources
likely varied laterally along the Arteaga basin through-
out the late Palacozoic and Mesozoic as major lateral
displacements took place between the Middle American
terranes (e.g. Alaniz-Alvarez et al. 1996; Elias-Herrera
and Ortega-Gutiérrez 2002). Such displacements may also
have resulted from high-oblique subduction along the arc
and caused the Arteaga basin to open as a long and nar-
row marginal basin oblique to the spreading direction
(Figure 12).

5.3.  Palaeogeographic implications

Our data suggest that the western margin of Middle
America during Late Triassic—Early Jurassic was
characterized by subduction relatively close to the
continental margin that caused back-arc rifting along this

margin. This, in turn, requires the Mixteca terrane to have
lain along the margin of Pangea and is not consistent
with a proposed Pangea-A variant by Vega-Granillo et al.
(2009) that places the Mixteca terrane about 1500 km
away from the Pangean margin and within the Ouachitan
orogen. Furthermore, these data provide insights into
the controversies concerning the relative positions of the
Middle American terranes in the Jurassic. For example, if
the Chortis block, which is about 400 km in width, was
located south of southern Mexico at that time (Pacific
model: Pindell ef al. 2012 and references therein), Jurassic
magmatic arc activity should occur within that block.
Torres de Leon et al. (2012) recently dated orthogneisses
in the Motagua fault zone at ca. 170 Ma. However, the
tectonic setting of this magmatic event and the temporal—
spatial relationships between this event and the coeval
Jurassic Nazas arc (Figure 2A) have not been established
yet. In this reconstruction, the distance between the
Jurassic Nazas arc and the trench would have been about
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700 km, implying that the dip of the Benioff zone would
have been 8°, which is too small to produce arc magmatism
(e.g. Ramos et al. 2002). However, if the dip of the Benioff
zone changed from flat to steep at 600 km from the trench,
the Nazas arc magmatism could be generated.

An alternative reconstruction (Keppie and Keppie
2012) suggests that the Chortis block resided in the future
Gulf of Mexico during the Jurassic (Figure 1D). In this
reconstruction, the Nazas arc occurs along the Pangean
continental margin in Mexico about 200 km from the
trench: translating to a Benioff zone dip of 30°, which is
consistent with an intra-Pangean location for the Chortis
block. Thus, our data from the Ayu Complex cannot dis-
tinguish between these two palacogeographic locations for
the Chortis block. Resolution of these competing recon-
structions requires focused studies on the evolution of these
terranes in the Jurassic.

6. Conclusions

The Upper Triassic—Lower Jurassic Chazumba Lithodeme
of the Ayu Complex in southern Mexico is a turbiditic
siliciclastic sequence consisting of predominantly felsic
sources and that is inferred to have been deposited in a pas-
sive margin or back-arc type setting. Amphibolites within
the Chazumba metasedimentary rocks comprise a suite of
alkaline to transitional basalts and N-MORB tholeiites with
a superimposed arc signature that appear to have formed
in a back-arc setting. This bulk-rock geochemistry is con-
sistent with Sm—Nd systematics that document a gradual
thinning of the continental lithosphere as old as ca. 800 Ma.
The SCLM was progressively replaced by juvenile mantle
typical of extensive regimes.

We interpret the Chazumba Lithodeme as a correlative
of the Potosi fan that formed part of the western rifted

margin of Pangea during Late Triassic/Early Jurassic time.
Sedimentary rocks of the Potosi fan are geochemically
very similar to the Chazumba Lithodeme metasedimentary
units, and both are inferred to have a provenance in the
Oaxacan Complex. Geochemistry and Sm—Nd systematics
of the Francisco gneiss mafic rocks are the most similar
rocks to the Chazumba Lithodeme amphibolites; differ-
ences of the other correlative mafic rocks can be explained
by lateral and strike-parallel variations in the Arteaga back-
arc basin (Centeno-Garcia 2008). Along strike to the south,
the Potosi fan is absent, and we infer that it was thrust
beneath the Acatlan Complex to be extruded as the Ayu
Complex (Helbig et al. 2012).

Our documenteation of Early Mesozoic back-arc activ-
ity implies a retreating west-facing magmatic arc that
stretched along western edge of continental Mexico.
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INTRODUCTION

There is widespread acceptance that between 300 and 200 million years ago, all of
the Earth’s continental land masses were assembled into a giant supercontinent, Pan-
gea, surrounded by a superocean, Panthalassa. However, different configurations
have been proposed, e.g., Pangaa A1, A2, B, and C (Fig. 1A). Reconstructions based
on Mexican paleomagnetic data have been used to support both A and B models:

(a) PANGEA-A. A Permo-Triassic Pangea-A reconstruction where southern

Mexico lies approximately in its present location relative to North America

(Fang et al., 1989, Alva-Valdivia et al., 2002);

(b) PANGEA-B. A Pangea-B reconstruction placing southern Mexico off eastern

Canada during the Jurassic (Fig. 1B: Bohnel, 1999).

There are also Middle American variants of the Pangea-A reconstruction:

(i) southwestern Mexico is placed either along the western margin of Pan-
gea (Fig. 1C and 1D: Keppie, 2004, Keppie et al., 2008, 2010), or within
Pangea between the Maya terrane and southern USA (Fig. 1E: Talavera-
Mendoza et al.,2005, Vega-Granillo et al., 2007, 2009);

(ii) the Yucatan block is placed either within Pangea along the southern mar-
gin of USA (Fig. 1F: Pindell and Dewey, 1982), or on the western margin
of Pangea during the mid-late Permian migrating into the Gulf of Mexico
by the Middle Jurassic (Steiner, 2005);

(iii) the Chortis block has generally been placed off southwestern Mexico on
the western marin of Pangea (Fig. 1E)(e.g., Pindell and Dewey, 1982), or
within the within Pangea along the eastern margin of Mexico (Fig. 1G:
Keppie and Keppie, in review).

On this field trip we will examine the evidence for subduction-related tectonics
during the Pennsylvanian-Jurassic in the Ayu and Acatlan complexes, which suggests
proximity to an ocean that is more consistent with the Pangea-A model (Fig. 2).
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DAY 1
Maria Helbig and J. Duncan Keppie

The Triassic-Jurassic Ayi Complex Southern Mexico:
Evidence for Deposition on the Proximal Margin of a
Backarc Basin, Underthrusting and Extrusion into the
Acatlan Complex during the Breakup of Pangea-A

Helbig, M, Keppie, J.D., Murphy, J.B., and Solari,

L.A., in press. U-Pb geochonological constraints on the
Triassic—Jurassic Ayi Complex southern Mexico: derivation
from the western margin of Pangea: Gondwana Research.

ABSTRACT

Rocks of the newly designated Ayd Complex are located in
the eastern Mixteca terrane (southern Mexico), and comprise
polyphase-deformed turbiditic rocks (Chazumba Lithodeme)
that are intercalated with boudinaged ortho-amphibolites. In
the south, the metasedimentary sequence is affected by partial
melting and grades into the ~171 Ma Magdalena Migmatite.
Migmatitzation was accompanied by 171-168 Ma granitoid
minor intrusions and pegmatites with inherited zircon popula-
tions of ca. 260-290, 320-360, 420-480, 880-990, and 1080—
1250 Ma that are also found in the Chazumba Lithodeme.
Detrital U/Pb zircon ages from the migmatized and unmigma-
tized Chazumba Lithodeme yielded clusters of ca. 297, 266,
250,214, 198, and 192 Ma, suggesting Upper Triassic—Lower
Jurassic deposition. The MORB tholeiitic geochemistry of
the amphibolites within the Chazumba Lithodeme indicates
a back-arc environment with sedimentation occurring along
the inboard rifted passive margin, the Upper Triassic—-Lower
Jurassic detrital zircons being derived from a contemporane-
ous, outboard magmatic arc. These characteristics suggest cor-
relation with the lens-shaped Central terrane typified by the
Potosi turbiditic fan in the rift-passive margin of Pangea that
is absent west of the Mixteca terrane. The presence of this arc
requires deposition adjacent to a subducting ocean and thus
supports a Pangea-A reconstruction. Early Jurassic flattening
of the subduction zone is inferred to have led telescoping of
the Triassic—Early Jurassic back arc basin, during which the
Chazumba Lithodeme was thrust beneath the Pangean margin
where it was metamorphosed under amphibolite facies meta-
morphic conditions. It is further inferred that Middle-Upper
Jurassic steepening of the subducting zone led to tectonic
exhumation of the Chazumba Lithodeme by normal faulting
along the reactivated Providencia Shear Zone. Deposition,
underthrusting and exhumation of the Chazumba Lithodeme
are synchronous with the breakup of Pangea and the opening
of the Gulf of Mexico.

STOP 1-1 (W97.78834, N17.9387426: Fig. 3)
Location: Road between Sta. Maria Ayii and
Ahuehuetitldn, riverbed of Rio La Peria.

Micaceous schists and garnet-biotite gneisses are inter-
calated with boudinaged amphibolites, that underwent migmati-
zation at ~171 Ma (leucosome dated by Keppie et al., 2004) and
formed a mappable unit, called the Magdalena Migmatite. This
tectonothermal event was accompanied by syntectonic intrusion
of granitic, granodioritic and dioritic dikes and sheets (Yafiez
etal., 1991). A granite dike that cuts the paleosome yielded only
one igneous zircon of 171 + 4 (Middle Jurassic), whereas the
rest of the dated grains are inherited zircons. Two paleosome
samples of the Magdalena Migmatite yielded youngest detrital
zircons of ~198 Ma (Early Jurassic) and 214 Ma (Late Triassic),
respectively. Amphibolites were previously dated by Keppie
et al. (2004) and showed *°Ar/*Ar cooling ages of 150 + 2 Ma
for biotite and 136 =+ 2 for hornblende, suggesting rapid exhuma-
tion. Geochemically, amphibolites sampled across the Ayd Com-
plex are MORB-like, rift-related tholeiites (Helbig et al., 2010).
The majority of the ortho-amphibolites have jagged NMORB-
normalized REE patterns that imply contamination either by a
crustal and/or subduction component and suggest a formation in
a back-arc basin.

STOP 1-2 (W97.807052°, N17.9987634°: Fig. 3)
Location: short road stop east of Tetaltepec.

Structural relationships in the Magdalena Migmatite: Large
scale, close to open, upright to gently inclined parasitic fold (F,)
that folds the leucosome and boudinaged S.-parallel granite
sheets.

STOP 1-3 (W97.830789°, N18.036058°: Fig. 3)
Location: Riverbed, south of San Miguel Ixtdpan.

Partially molten, and strongly deformed metasedimentary
rocks that are intruded by granodiorites and pegmatites. Xeno-
liths are probably the metasedimentary host rock and show in-
ternal foliation as well as partial melting of the fertile domains.
OAr/PAr dating of a pegmatite and a granitic sheet yielded
167 + 2 Ma for muscovite, and 155 + 5 Ma for biotite (Keppie
et al., 2004).

STOP 1-4 (W97.832239°,N18.0421378°: Fig. 3)
Location: Road section, south of San Miguel Ixtapan.

Outcrop exhibits a dike that cuts across the micaceous
schists and feeds a granite sheet. The emplacement of the granite
sheet is parallel to the main foliation, inflating the surrounding
metapelitic host rock. The dike continues its way into the hang-
ing metasedimentary host rock. Where in the contact with the
host rock, the dike is overprinted by the same fabric as in the
metasedimentary rocks. The rock is affected by later brittle nor-
mal block faulting. The fabric-parallel granite sheets show sharp
contacts with the metapelites and exhibit minor pinch-and-swell
structures and a distinct tectono-magmatic foliation at their mar-
gins suggesting stress-related emplacement.
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STOP 1-5 (W97.828639°, N18.0526397°: Fig. 4)
Location: Foothills of the Cerro de La Peria
(Cenozoic volcanic plug), north of Tejepillo;

San Miguel Ixtapan road exit to Tultitldn.

Micaceous schists intercalated with minor quartzites are in-
truded by granites, leucogranitic and aplitic dikes. A granite dike
cuts a tight, recumbent E-trending F, fold in the metasedimentary
host rock. Small leucogranite veins that probably originate from
the dike are parallel to the folded S, fabric. These relationships
suggest that the intrusion was syn- to late-tectonic with respect
to F,. The granite is characterized by zircon inheritance and the
crystallization age is inferred from the youngest grain with an
age of 168 Ma. U-Pb detrital zircon analyses of a psammitic
and a pelitic mica schist yielded maximum depositional ages of
~269 Ma and ~263 Ma (Middle Permian), respectively.

In the hanging wall, the mafic-ultramafic Tepejillo lens lies
structurally as a nappe above the Chazumba Lithodeme (Keppie
et al., 2004) and consists of four bodies that crop out along the
foothills of Cenozoic volcanic plug (C. La Peiia). The Tepejillo
lens comprises coarse crystalline ultramafic (mainly dunite) to
gabbroic rocks that are cut by diabase dikes. Geochemically,
they are interpreted as part of a cumulatic body intruded into
the lower continental crust (Keppie et al., 2004). The contact be-
tween the metasedimentary rocks of the Chazumba Lithodeme
and the Tepejillo lens has been mapped as a folded thrust (Kep-
pie et al., 2004). The Tultitdn lens, 4 km to the northeast of
the Tepejillo lens, consists of massive amphibolite and a core
of metamorphosed norite. One concordant U-Pb LA-ICP-MS
analysis of a prismatic tip of a euhedral zircon from a metanorite
yielded an age of 174 + 1 Ma, which is interpreted as age of
intrusion for both lens (Keppie et al., 2004). Biotite from a gab-
broic dike of the Tepejillo lens yielded a “°Ar/*Ar cooling age
of 166 + 2 Ma, whereas muscovite from a granite dike yielded
a ““Ar/*Ar age of 161 + 2 Ma (Keppie et al., 2004), suggesting
excess argon in the biotite. Lower power increments of Late Cre-
taceous to Tertiary age can be observed in almost all “Ar/*Ar
analyses, implying that the Ayd Complex was affected by a later
deformational event.

STOP 1-6 (W97.899842°, N18.113004°: Fig. 5)
Location: road section near the town La Providencia,
on the road between Petlalcingo and Tonhuixtla.

Reactivation of a Triassic S-vergent thrust fault as a lis-
tric normal fault in the Middle-Late Jurassic. The Providencia
shear zone forms a major structural feature between rocks of the
Acatldn Complex (Tecomate Formation and Cosoltepec Forma-
tion) and the Ayt Complex and comprises weathered mylonites.

A micaceous metapsammite just south of the shear zone
yielded only seventeen concordant analyses. Relatively narrow
age spectra ranging from 194 to 339 Ma were obtained with the
two youngest grains (190 + 4, 193 + 4 Ma) forming a mean of
192 + 19 Ma (Early Jurassic). To the north of the shear zone, a

mylonitic phyllite yielded a youngest detrital zircon age of 314 +
4 Ma, which lies within the error of the mean of the three young-
est grains with an age of 321 + 30 Ma (Late Mississippian/Early
Pennsylvanian). A graphite- and feldspar-bearing mylonitic
metasedimentary rock, yielded two youngest detrital zircon ages
of 281 + 4 Ma and 295 + 8 Ma with a mean age of 284 + 71 Ma
(Early Permian).

The presence of a major shear zone (Providencia Shear Zone)
that separates the Acatlan Complex from the Ayd Complex was
previously mapped as a thrust based on s-c fabrics in the hang-
ing block (Malone et al., 2002; Keppie et al., 2004). However,
“Ar/*Ar cooling ages for amphibole of an amphibolite lens and
muscovite from micaceous schists, north of the shearzone yielded
cooling ages of ~214 Ma and ~224 Ma, respectively (Keppie
et al., 2004). These fabrics are Late Triassic, and thus developed
before or during the deposition of the Chazumba Lithodeme. It is
envisaged that this Triassic shear zone was reactivated during or
after the Middle Jurassic as a listric normal fault and formed the
upper boundary of the exhuming Chazumba Lithodeme.

DAY 2
Moritz Kirsch and J. Duncan Keppie

Lower Permo-Carboniferous Arc Magmatism and
Sedimentation on the Margin of Pangea-A

Kirsch, M., Keppie, J.D., Murphy, J.B., and Solari, L.A.

in press. Permian-Carboniferous arc magmatism and
basin evolution along the western margin of Pangea:
geochemical and geochronological evidence from the
eastern Acatldan Complex, southern Mexico: GSA Bulletin.

ABSTRACT

The Late Paleozoic evolution of Mexico records part of a
continental arc that extends along the western margin of Pan-
gea from western USA to the northern Andes. In the Acatldn
Complex of southern Mexico, an arc assemblage consisting
of a Permo-Carboniferous intrusion (Totoltepec pluton) and
Permian sedimentary rocks (Tecomate Formation) offers a rare
opportunity to examine events along the periphery of Pangea at
the critical stage of final amalgamation.

The Totoltepec pluton ranges in composition from horn-
blendite and hornblende gabbro through diorite to tonalite,
trondhjemite, granodiorite and monzo-granite. U-Pb LA-ICP-
MS zircon analyses yield concordant ages of 306 + 2 Ma in
minor marginal mafic to ultramafic rocks and 289 + 2 Ma for
the main, more voluminous mafic to felsic intrusion. Major and
trace element geochemistry of the Totoltepec rocks exhibit a
tholeiitic to calc-alkaline character, high LILE/HFSE and flat
REE patterns, which is typical of arc-related magmas. The pre-
cursor gabbroic rocks display eNd(t) values ranging from +1.3
to +3.3 (t = 306 Ma), whereas rocks from the main body of the
pluton have eNd(t) values between —0.8 and +2.6 (t = 289 Ma).
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All of the samples are variably affected by wall rock assimi-
lation, mixing and fractionation processes, but are more juve-
nile compared to contemporaneous arc-related igneous rocks
in southern Mexico, suggesting the pluton was emplaced into
thinner crust in a less mature part of the arc or along a fault that
acted as a conduit for mantle-derived melts.

The Tecomate Formation consists of low-grade, poorly
sorted, compositionally immature and largely unweathered
metapsammites and metapelites. Several factors indicate deri-
vation from the Permo-Carboniferous arc: (i) an arc-related
geochemistry, (i) eNd(t) values ranging from —5.7 to +0.3
(t = 280 Ma) that overlap those of the Totoltepec pluton, and
(iii) detrital zircons with predominantly Permo-Carboniferous
ages. The depositional age of the Tecomate Formation is con-
strained between the youngest detrital zircon population (ca.
280 Ma) and a published Ar/Ar age of 263 + 3 Ma from the Teco-
mate Formation in the adjacent area. However, a metapsammite
sample from the base of the Tecomate Formation yielded only
Proterozoic zircons, indicating that deposition may have initi-
ated earlier. Possible correlative sequences that may have been
deposited in a similar peri-arc setting include the latest Pennsyl-
vanian to Middle Permian Tecomate Formation type area, the
latest Devonian to Lower Permian Patlanoaya Group, the Early
to Middle Permian Tuzancoa Formation, the Middle Permian
Los Hornos Formation, and the Olinald Formation of Middle to
Upper Permian age.

Kirsch, M., Keppie, J.D., Murphy, J.B. and Lee, J. K.W., in
preparation. Structural history of the arc-related Totoltepec
pluton, Acatldn Complex, southern Mexico: Syntectonic
emplacement along a mid-crustal transpressional shear zone.

ABSTRACT

The 306-289 Ma tholeiitic to calc-alkaline Totoltepec plu-
ton in the eastern Acatlin Complex, southern Mexico, is part
of a Permo-Carboniferous continental magmatic arc along the
western margin of Pangea. The pluton is a well-exposed, com-
posite, felsic to ultramafic intrusive suite containing a conspicu-
ous mesoscopic fabric, making it an ideal place to study the
relationship between tectonic processes in magmatic arcs and
pluton emplacement.

We use an integrated approach combining field observa-
tions, structural measurements, analysis of micro-fabrics, as well
as Al-in-hornblende thermobarometry and *“’Ar/*Ar thermo-
chronology to decipher the structural evolution of the Totolte-
pec pluton. The data suggest that the pluton was emplaced in
~20 km depth and rapidly uplifted to allow it to cool to ~400 °C
within 6 + 2 Ma. The elongate pluton shape, parallel, decreas-
ing temperature fabrics, similar crystallization and deformation
ages and the rapid exhumation of the pluton speak for a syn-
tectonic emplacement. A subvertical, fanning foliation and sub-
horizontal to subvertical lineations as well as the presence of
internal, margin-parallel sinistral shear zones suggest emplace-

ment along a transpressional fault. Hornblende-bearing diorites
and tonalites within the low to medium-temperature solid-state
domain in the southern part of the pluton exhibit a composi-
tional and textural banding that is interpreted to have formed
by a combination of steep igneous layering, layer-parallel dike
injection and melt-enhanced deformation.

Although we were unable to document any regional-scale
structures that may have controlled its intrusion, the timing and
emplacement mechanism of the Totoltepec pluton is similar
to that reported for syn-tectonic Late Carboniferous to Early
Permian plutons along the Caltepec Fault zone that separates
the Mixteca terrane from the Oaxacan Complex. Strike-slip tec-
tonism along this fault may be associated with oblique subduc-
tion of the paleo-Pacific beneath the western margin of Pangea.

STOP 2-1. (W97.88385°, N18.214033°: Fig. 6)

Transpressional shear zone within the Totoltepec pluton near
Santo Domingo Tonahuixtla. Here, strongly banded and foliated
hornblende-bearing diorite and tonalite is intruded by felsic and
mafic dikes at low angles to the WSW-striking planar fabric.
Hornblende fish and asymmetrically boudinaged dikes consis-
tently display sinistral kinematics. The crystallization age of the
mafic rocks give an age of 289 + 2 Ma (Keppie et al., 2004),
whereas foliation-parallel muscovite in trondhjemite (1 km due
SE) yield a *Ar/*Ar age of 283 = 1 Ma.

STOP 2-2 (W97.890711°, N18.208455°: Fig. 6)

Aplitic dikes intruding megacrystic hornblende diorite/
tonalite north of Santo Domingo Tonahuixtla. Dikes are mostly
foliation-parallel, but are locally observed to cut the foliation at
low angles. Some dikes contain an internal tectono-magmatic
fabric parallel to the dike wall and dike-host contacts are sharp
to irregular suggesting dike emplacement was syntectonic and
occurred prior to complete crystallization of the host. The mega-
crystic hornblende-bearing rocks are laterally traceable. Whereas
at this location, lineations are weakly developed or subhorizontal
with sinistral kinematics, further east, between the villages of
Tonahuixtla and Totoltepec, the rocks possess a strong down-dip
mineral lineation and sigma-shaped tails on hornblende porphyro-
blasts suggest thrusting toward the south.

STOP 2-3 (W97.874964°, N18.207481°: Fig. 6)

Compositional/ textural banding in hornblende-bearing tonal-
ites east of Tonahuixtla. Rocks at this stop have a mylonitic fab-
ric and contain a conspicuous banding defined by a more or less
rhythmic variation in grain size and modal proportions of feldspar
and hornblende. Locally, these rocks exhibit gentle, ca. 2 m wave-
length, fold-like structures resembling trough-banding characteris-
tic of layered intrusions. These features indicate that the banding
may have a complex, multi-stage history of development, involv-
ing magma chamber, injection as well as tectonic processes.
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Figure 6. Stops 2-1 to 2-8: geological map of the Totoltepec pluton (after Kirsch et al., in press) showing field trip stops.
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STOP 2-4 (W97.86816°, N18.218361°: Fig. 6)

Hornblende gabbro at the northern margin of the Totoltepec
pluton in contact with Jurassic redbeds. This outcrop is located
in one of three ca. 0.2-0.6 km?, fault-bounded, precursor (306 +
2 Ma) gabbroic phase, which is distributed along the northern
and north-eastern margin of the pluton. Locally, these rocks are
intruded by intensely deformed felsic dikes. To the north, the
pluton is unconformably overlain by redbeds of inferred Jurassic
age, which sit steeply against the pluton buttress due to a subse-
quent period of normal faulting.

STOP 2-5 (W97.851633°, N18.2581°: Fig. 6)

Amarillo Unit (new name), SE of Santo Domingo Tian-
guistengo. This unit is characterized by medium- to high-grade
metasedimentary rocks locally intruded by amphibolite dikes.
Youngest detrital zircons from a garnet schist sample indicate a
maximum depositional age of 337 + 4 Ma (Mississippian). The
amphibolite dikes exhibit a MORB-like geochemistry with €,(i)
values of +5.2 to +7.6 and T, model ages between 333 and
433 Ma. These features are very similar to those documented in
the Salada Unit (Morales-Gamez et al., 2008), on the western
side of the Totoltepec pluton.

STOP 2-6 (W97.776016°, N18.257016°: Fig. 6)

Thrust contact between the Totoltepec pluton and the Teco-
mate Formation metasedimentary rocks. The exposed contact is
a low-angle brittle-ductile thrust. At another location, this thrust
is mylonitic and yielded a Middle Triassic “°’Ar/*Ar age on mus-
covite. The contact is furthermore associated with a Fe-P-REE
deposit containing the mineral association magnetite, apatite,
barite, chlorite, quartz, chalcopyrite, and a cerium mineral. The
mineralization is confined to two discrete, elongated bodies of
~100 m length coinciding with strong aeromagnetic anomalies.

STOP 2-7 (W97.794857°, N18.262697°: Fig. 6)

S-C fabrics in the Tecomate Formation ~1 km south of the
margin of the Totoltepec pluton, indicating top-to-the-south
thrusting. Thermochronological data from this area as well as
other samples from the Tecomate Formation and Amarillo Unit
reveal a regionally significant tectonothermal event of mid-
Triassic age.

STOP 2-8 (W97.892266°, N18.190066°: Fig. 6)

Pebble metaconglomerates of the Tecomate Formation near
Chichihualtepec. The pebbles from this outcrop, which are petro-
graphically similar to the Totoltepec pluton trondhjemite, yielded
zircons with ages between 320 and 264 Ma (Keppie et al., 2004).
Morales-Gamez et al. (2009) conducted strain measurements in
these rocks, documenting prolate spheroids typical of transten-

sional deformation. Rotated pebbles with asymmetric tails show
top-to-the-south shear, which is consistent with other kinematic
indicators in this area.

DAY 3
Gonzalo Galaz-Escanilla and J. Duncan Keppie

A High Pressure Zone within the Acatlan Complex:
Uppermost Devonian: Lower Carboniferous Subduction
and Extrusion under Extension during the Initial Stages of
Pangea Amalgamation

Center of High Pressure Zone

Keppie, J.D., Nance, R.D., Dostal, J., Lee, J.K.W., and
Ortega-Rivera, A. 2011 Constraints on the subduction
erosion/extrusion cycle in the Paleozoic Acatldn
Complex of southern Mexico: geochemistry and
geochronology of the type Piaxtla Suite. Gondwana
Research, doi:10.1016/j.gr.2011.07.020

ABSTRACT

The type high-pressure (HP) Piaxtla Suite in the Acatlan
Complex of southern Mexico consists of retrogressed eclogite
(amphibolite), megacrystic granitoids and high-grade meta-
sedimentary rocks. Exhumation of these HP rocks has recently
been interpreted as the result of extrusion into the upper plate,
rather than by return flow up the subduction zone. Geochemical
analyses of the retrograde eclogites indicate that they have a
rift tholeiitic-transitional alkalic composition. These are closely
associated with a megacrystic meta-granitoid that has yielded
an intrusive age of 452 + 6 Ma (concordant U-Pb zircon analy-
ses) with inherited zircon populations at ca. 800-950 Ma and
1000-1200 Ma derived from the underlying basement, prob-
ably the Oaxacan Complex which borders the Acatlan Complex
to the east. The bimodal nature of these igneous rocks and their
close association with continentally-derived sedimentary rocks
is similar to most HP rocks in the Acatlin Complex derived
from a rifted passive margin. The youngest detrital zircon
population in a metapsammite sample yielded an U-Pb age of
365 + 15 Ma with older analyses distributed along a chord with
an upper intercept of 1287 + 29 Ma. The ca. 365 Ma age pro-
vides a maximum age for the time of deposition of this sample.
OAr/*Ar ages from the retrogressed eclogites provided horn-
blende plateau ages of 342 + 2 Ma and 344 + 2 Ma, whereas
muscovite from the granitoid and metapsammite yielded 334 +
2 Ma plateau ages. These data constrain the subduction erosion-
extrusion cycle to <35 my during which the rocks were taken
to a depth of ca. 40 km at a rate of 2.7 km/my and back to the
surface at 2.4 km/my. Such exhumation rates are slower than
those in continent-continent collision zones, but similar to those
in the Iberia-Czech Variscan belt where tectonic interpretation
also suggests extrusion into the upper plate.
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Western Boundary of High Pressure Zone: A High-
Pressure Folded Klippe Explaced during the Lower
Carboniferous at Tehuitzingo

Galaz E., Gonzalo, et al., in press. A high-pressure
folded klippe at Tehuizingo on the western margin of an
extrusion zone, Acatldn Complex, southern Mexico

ABSTRACT

The Acatlan Complex is divided into two blocks of low-
grade metamorphic rocks by a central belt of high-pressure (HP)
rocks, which at Tehuitzingo is composed of metabasites, serpen-
tinite, granite and mica schist. 580—430 Ma detrital zircon ages
indicate that these rocks were deposited adjacent or very close
to the Gondwana supercontinent during the Early Paleozoic and
are more consistent with a development on the southern margin
of the Rheic Ocean rather than the Tapetus Ocean. These rocks
were then removed by a subduction-erosion to depths of ~50km,
reaching a metamorphic peak of ~16 kbar and 750 °C (eclogite
facies). The HP rocks underwent rapid extrusion during a major
Late Devonian-Pennsylvanian tectonothermal event indicated by
“Ar/*Ar analyses, which yielded ages of ~373 Ma (hornblende
in metabasite) and of 328-317 Ma (muscovite in granite, mica
schist and metabasite) that indicate cooling through ~570 °C
and ~350 °C respectively, indicating a very high cooling rate of
~4.9-3.9 °C/m.y. During the extrusion process these rocks were
affected by retrogression to amphibolite-epidote and green schist
facies, and finally emplaced as a klippe on a greenschist facies
psammite-pelite unit that constitutes the western block of the
Acatlan Complex. Petrologic, deformational and geothermo-
barometric data suggest that west and east blocks belong to the
same terrane, indicating that a subduction-erosion process and
subsequent extrusion is more consistent with the genesis of the
HP central belt than a collisional event as has been proposed.
The P-T-t pattern of these HP rocks is consistent with subduc-
tion environments reported elsewhere in the world and suggests a
serpentinite extrusion channel on the western margin of Pangea.

Eastern Boundary of High Pressure Zone: A Listric
Normal Shear Zone Synchronous with Deposition of the
Uppermost Devonian—Lower Permian Patlanoaya Group

Keppie, J.D., Nance, R.D., Ramos-Arias, M.A., Lee, JK.W,,
Dostal, J., Ortega-Rivera, AQ., and Murphy, J.B. 2010.
Late Paleozoic subduction and exhumation of Cambro-
Ordovician passive margin and arc rocks in the northern
Acatldn Complex, southern Mexico: geochronological
constraints. Tectonophysics, v. 495, p. 213-229.

ABSTRACT

The origin and age of high pressure (HP) rocks is crucial
for paleogeographic reconstruction because they either mark an
oceanic suture or an extrusion zone within the upper plate. HP

rocks in the San Miguel Las Minas area in the northern part of
the complex has been inferred to be of early Paleozoic age and to
mark oceanic sutures. However, blueschists in the northern part
of the Acatlan Complex in southern Mexico have yielded Mis-
sissippian “*Ar/*Ar plateau ages of 344 + 5 Ma for glaucophane
and 338 + 3 Ma and 337 + 2 Ma for muscovite. These ages are
slightly younger than recently published ages: a U-Pb zircon
age of 353 + 1 Ma from associated eclogite, and a 347 + 3 Ma
muscovite age from the tectonically overlying, greenschist facies
Las Minas Unit. Taken together, these data indicate rapid cooling
between 700° and 340°C in ca. 17 Myr. On the other hand, asso-
ciated Ordovician Anacahuite Amphibolite cooled through ca.
500°C at 299 + 6 Ma (“°Ar/*Ar on hornblende) suggesting a sec-
ond, Permian period of exhumation. Protoliths of the high grade
rocks include Cambrian-Ordovician, rift-passive margin, psam-
mites, pelites, and tholeiitic dykes, an Ordovician mafic intrusion
(Anacahuite Amphibolite dated at 470 + 10 Ma: U-Pb zircon)
and megacrystic granite (dated at 492 + 12 Ma: U-Pb zircon),
and arc-related mafic rocks of unknown age. These upper plate
rocks are inferred to have been removed by subduction erosion
and taken to depths between 35 and 55 km where they underwent
blueschist-eclogite facies metamorphism. This was followed by
rapid extrusion along a channel bounded by an easterly dipping,
Mississippian, listric normal shear zone, and a thrust modified
by a Permian dextral fault. Rocks above and below the extrusion
zone are mainly Cambro-Ordovician rift-passive margin units,
but a small vestige of the arc preserved as dikes cutting rocks
lying unconformably beneath the fossiliferous latest Devonian-
Lower Permian Patlanoaya Group. Since faunal data indicate that
Pangea had amalgamated by the Mississippian, at which time the
Acatlan Complex lay 1500-2000 km south of the Ouachita col-
lisional orogen between Gondwana and Laurentia, it is inferred
that subduction and extrusion of the high pressure rocks occurred
on the active western margin of Pangea.

Ramos-Arias, M., Keppie, J.D., Ortega-Rivera, A., and Lee,
J.W.K. 2008. Extensional late Paleozoic deformation on

the western margin of Pangea, Patlanoaya area, Acatldn
Complex, southern Mexico. Tectonophysics, v. 448, p. 60-76.

ABSTRACT

New mapping in the northern part of the Paleozoic Acatlan
Complex (Patlanoaya area) records several ductile shear zones
and brittle faults with normal kinematics (previously thought to
be thrusts). These movement zones separate a variety of units
that pass structurally upwards from: (i) blueschist-eclogitic meta-
morphic rocks (Piaxtla Suite) and mylonitic megacrystic granites
(Columpio del Diablo granite = Ordovician granites elsewhere in
the complex); (ii) a gently E-dipping, listric, normal shear zone
with top to the east kinematic indicators that formed under upper
greenschist to lower amphibolite conditions; (iii) the Middle-
Upper Ordovician Las Minas quartzite (upper greenschist facies
psammites with minor interbedded pelites intruded by mafic dikes
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and a leucogranite dike from the Columpio del Diablo granite)
unconformably overlain by the Otate meta-arenite (lower green-
schist facies psammites and pelites): roughly temporal equiva-
lents are the Middle-Upper Ordovician Mal Paso unit and pre-
latest Devonian Ojo de Agua unit (interbedded metasandstone and
slate, and metapelite and mafic minor intrusions, respectively)—
the Otate and Mal Paso units are intruded by the massive, 461 + 2
Ma, Palo Liso megacrystic granite: decussate, contact metamor-
phic muscovite yielded a “*Ar/*Ar plateau age of 440 + 4 Ma;
(iv) a steeply-moderately, E-dipping normal fault; (v) uppermost
Devonian-Lower Permian sedimentary rocks (Patlanoaya Group:
here elevated from formation status). The upward decrease in
metamorphic grade is paralleled by a decrease in the number
of penetrative fabrics, which varies from (i) three in the Piaxtla
Suite, through (ii) two in the Las Minas unit (E-trending sheath
folds deformed by NE-trending, subhorizontal folds with top to
the southeast asymmetry, both associated with a solution cleav-
age), (iii) one in the Otate, Mal Paso, and Ojo de Agua units
(steeply SE-dipping, NE-SW plunging, open-close folds), to (iv)
none in the Patlanoaya Group. “Ar/*Ar analyses of muscovite
from the earliest cleavage in the Las Minas unit yielded a plateau
age of 347 + 3 Ma and show low temperature ages of ~260 Ma.
Post-dating all of these structures and the Patlanoaya Group are
NE-plunging, subvertical folds and kink bands. An E-W, vertical
normal fault juxtaposes the low-grade rocks against the Anaca-
huite amphibolite that is cut by megacrystic granite sheets, both
of which were deformed by two penetrative fabrics. Amphibole
from this unit has yielded a “°’Ar/*Ar plateau age of 299 + 6 Ma,
which records cooling through ~490 °C and is probably related to
a Permo-Carboniferous reheating event during exhumation. The
extensional deformation is inferred to have started in the latest
Devonian (~360 Ma) during deposition of the basal Patlanoaya
Group, lasting through the rapid exhumation of the Piaxtla Suite
at ~350-340 Ma synchronous with cleavage development in the
Las Minas unit, deposition of the Patlanoaya Group with active
fault-related exhumation suggested by Mississippian and Early
Permian conglomerates (~340 and 300 Ma, respectively), and
continuing at least into the Middle Permian (= 260 Ma muscovite
ages). The continuity of Mid-Continent Mississippian fauna from
the USA to southern Mexico suggests that this extensional defor-
mation occurred on the western margin of Pangea after closure
of the Rheic Ocean.

STOP 3-1 (N18° 11.728’, W98° 14.690" to N18° 11.652’,
W98° 15.065": Fig. 2)

Contact between a deformed, Ordovician megacrystic grani-
toid, a Tertiary dike, and the HP Piaxtla Suite at Piaxtla.

STOP 3-2 (UTM: 1405110/2023872: Fig. 7)
Thrust contact between Tehuitzingo serpentinite and

polydeformed psammitic-pelitic rocks at Solozuchitl near
Atopoltitlan.

The Piaxtla serpentinites are composed almost entirely of
secondary minerals. Decussate, acicular and fibrous crystals
serpentine aggregates make up 95% of the rock, magnetite, cal-
cite, white mica and talc, and accessory chromite, clinochlore,
undulose quartz, amphibole and epidote. This serpentinite are
thrust over the low grade psammite-pelite unit along a gently
NW-dipping thrust (320/15°), on which there are striae that
plunge westwards (290/12°): associated recumbent folds, S-C
fabrics and thrust horses indicate thrusting toward the west. Cut-
ting across this thrust zone are several N-S vertical faults with
subhorizontal striae.

The low grade psammite-pelite unit (498 + 2 Ma, U-Pb de-
trital zircon; Galaz-Escanilla et al., in press) is composed mainly
of primary minerals such as quartz, feldspar and zircon (acces-
sory), which suggests a medium-grained quartz-arenitic (0.25—
0.5 mm) and shaly (<0.06 mm grain size) protoliths respectively.
The equilibrium secondary mineralogy is composed of quartz,
albite (Ab,, ), Mg-Fe-chlorite (ripidolite type), phengite, epidote,
calcite and leucoxene, whose geothermobarometry indicated P-T
conditions of ~2.7 kbar and ~350 °C (greenschist facies; Galaz-
Escanilla and Keppie, in press).

STOP 3-3 (UTM: 140571085/2023811: Fig. 7)

Serpentinite, amphibolite, metabasite, Ordovician granitic
and psammitic-pelitic rocks along the eastern margin of the
Tehuitzingo serpentinite at Tecolutla.

In Tecolutla area outcrop a HP unit (eclogitic facies) that
mainly consists of serpentinized harzburgite with small marginal
fault blocks of metabasite, metagranitoid (485 + 3 Ma, U-Pb
zircon age: Galaz-Escanilla et al., in press) and mica schist (433 +
3 Ma, U-Pb detrital zircon: Galaz-Escanilla et al., in press) juxta-
posed by N-S structures. The serpentinized harzburgites contain
elliptical metabasite lenses up to several meters in size, which
have fine grained margins that may reflect an original intrusive
relationship. The long axes of the elliptical lenses are parallel to
the foliation indicating ductile deformation. On the other hand,
the high-grade metasediments have a composite foliation where
S, is parallel to a second S-C foliation with the S, planes sub-
parallel to the border of the block and oriented ~128/27° (dip
direction/dip angle), and C, planes oriented ~147/58°.

The HP unit is tectonically juxtaposed against a low grade
psammite-pelitic unit along N-S structures. This unit has a planar
fabric composed mainly of white mica and chlorite evidencing a
low-temperature (greenschist) ductile deformation.

The geothermobarometry suggests a common prograde
metamorphic history for the Tehuitzingo HP rocks: (a) a metamor-
phic peak eclogite facies of zoisite-amphibole, with a tempera-
ture of ~750 °C and a pressure of ~16 kbar; (b) retrogression to
amphibolite-epidote facies, with a temperature of ~472 °C and
variable pressures between ~7.1-3.4 kbar; (c) retrogression to green-
schist facies with a temperature of ~360 °C and whose pressures
were not obtained (Galaz-Escanilla et al., in press). The Piaxtla
serpentinite contains three types of serpentine group minerals:
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Figure 7. Stops 3-2 and 3-3: geological map, structural data, and section (after Galaz-Escanilla et al., in press).
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chrysotile, lizardite and antigorite. Based on the stability field
of the latter was estimated a P-T peak of ~550 °C and ~9 kbar
(Gonzélez-Mancera, 2001), however, has been reported in sub-
duction zones antigorite reaching ~720 °C and high pressures of
~20 kbar (Ulmer and Trommsdorff, 1995).

The geochemistry data of the eclogitic mafic rocks indicate
that these rocks have an arc affinity (author’s unpublished data).
The P-T-t pattern of these rocks is consistent with subduction
environments and serpentinite subduction channel exhumation
(e.g., Guillot et al. 2009), where the driving forces for exhuma-
tion are a combination of buoyancy and channel flow coupled
with underplating of slabs.

STOP 3-4 (N18° 31.051’, W98° 19.733": Fig. 8)

Listric normal shear zone between megacrystic, Columpio
del Diablo granitoid and Ordovician Las Minas unit.

The Columpio del Diablo megacrystic granite (492 + 12 Ma,
U-Pb zircon age: Keppie et al., 2010) consists of blastomylonitic
granite containing quartz, K-feldspar (perthitic orthoclase),
white mica, chlorite, epidote, and accessory opaque minerals.
The megacrystic granite is cut by thin leucogranite sheets that
consist mainly of quartz and potassium feldspar and are inferred
to be a late differentiates of the granite. Structurally, the gran-
ite varies from an L-tectonite to an L-S tectonite with kinematic
indicators, such as ¢ fabrics associated with the feldspars and
generally vertical, extensional, quartz-filled fractures within the
feldspars that indicate top-to-east movement along the contact
with the Las Minas Unit: a minor, brittle fault has been super-
imposed on the contact. The Las Minas unit consists predomi-
nantly of polydeformed, low-grade psammites interbedded with
thin pelitic phyllites, and intruded by many tholeiitic mafic dikes
and sills (Keppie et al., 2008). The psammites consist mainly of
quartz with minor muscovite, chlorite, and K-feldspar, and ac-
cessory zircon, whereas the phyllites are composed of muscovite,
chlorite, quartz, and opaque minerals. The youngest concordant
detrital zircon is dated at 496 + 25 Ma (Keppie et al., 2008) The
mafic intrusions contain amphibole (tremolite-actinolite), chlo-
rite, epidote, quartz, plagioclase, muscovite, and accessory cal-
cite, and opaque minerals. “°Ar/*Ar analyses of muscovite from
the earliest cleavage in the Las Minas unit yielded a plateau age
of 347 £ 3 Ma (Mississippian) and show low temperature ages
of ~260 Ma.

STOP 3-5 (N18° 30.351°, W98° 17.57": Fig. 8)

The Cerro Puntiagudo Formation of Strunian age (latest
Devonian) is 63 m thick and consists of shale, sandstone, and
limestone. It is overlain by conglomerates of the Potrerillo
Formation (124 m thick) that consists of red sandstone with
Oseagean fossils and conglomerate with large K-feldspar clasts:
these clasts are inferred to have been derived from the nearby
megacrystic granitoids. The Cerro Puntiagudo Formation rests
unconformably upon the Ojo de Agua unit, which consists of

finely bedded, black pelitic rocks intruded by green, fine grained,
mafic dikes with an arc-related chemistry. These latter rocks are
deformed by isoclinal, upright-steeply inclined, NE- and SE-
trending, subhorizontal folds. The youngest detrital zircons in
this unit are 466 + 25 Ma (Keppie et al., 2008), abd 471 =9 Ma
(Keppie et al., 2010).

STOP 3-6 (N18° 30.66" W98° 17.78": Fig. 8)

The La Junta Formation is a 126 m thick shale unit contain-
ing Missourian fossils; the Tepazulco Formation (193 m thick) is
made up of interbedded limestone, shale, and sandstone and con-
tains Virgilian-Missourian fossils. An Ordovician plug is faulted
against the Patlanoaya Group at this locality.

STOP 3-7 (N18°31’, W°16.79’: Fig. 8)

The Lower Permian La Mesa, La Cuesta and La Cueva For-
mations consist of a conglomerate (45 m thick) and calcareous
sandstone unit containing Wolfcampian fossils; interbedded shale
and limestone with mid-Wolfcampian to middle Leonardian fos-
sils; and sandstone (>280 m thick) containing late Leonardian
fossils at its base.
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CONCLUSIONES

Los nuevos datos que fueron obtenidos en la presente tesis, plantean las siguientes con-
clusiones:

» El Litodema Chazumba, la Migmatita Magdalena, las rocas intrusivas de San Mi-
guel, y los lentes maficos—ultramificos de Tepejillo y lentes de Tultitldn, son unida-
des que anteriormente formaban parte del Grupo Petlalcingo dentro del Complejo
Acatlin (Paleozoico); el presente trabajo permite reagrupar a estas unidades lito-
l6gicas en un complejo nuevo, denominado Complejo Ay, dado que las edades
de sedimentacién, de intrusién y de migmatizacién, respectivamente, posfechan las
rocas del Complejo Acatldn.

» La Geocronologia por LA-ICP-MS establece limites para el periodo de sedimenta-
cién de las rocas metasedimentarias del Complejo Ayu entre ca. 234-171 0 195-171
Ma, es decir entre el Tridsico Tardio o Jurdsico Inferior a Jurdsico Medio, respec-
tivamente. Los circones detriticos mds jévenes de las rocas metasedimentarias del
Litodema Chazumba y del protolito de la Migmatita Magdalena muestran ambos
procedencias similares sugiriendo que los dos protolitos clasticos pueden conside-
rarse como una sola unidad, a saber, Litodema Chazumba. En cuanto a la distri-
bucién espacial, los datos geocronoldgicos indican que la deposicién de las rocas
metasedimentarias en la parte occidental del Litodema Chazumba comenzé sin-
crénicamente en el Jurdsico Inferior. No obstante, debido a la deformacién intensa
de las rocas metasedimentarias, existe la posibilidad de que la sedimentacién pu-
diera haber comenzado parcialmente en el Tridsico.

» La Geoquimica y estudios isotépicos de Sm-Nd de las anfibolitas y rocas metase-
dimentarias del Complejo Ayt revelan que sus protolitos se formaron en un am-
biente de trasarco. Las anfibolitas constan de un conjunto de basaltos alcalinos a
basaltos transicionales y tholeiitas N-MORB, con una firma superpuesta de arco
que es coherente con los valores Sm-Nd y documenta un adelgazamiento gradual
de la litésfera continental con una edad de ca. 800 Ma que fue sustituida progresiva-
mente por un manto mds joven y evolucionado, un proceso tipico de los regimenes
extensivos.

» El Litodema Chazumba se infiere como un equivalente del abanico aluvial de Po-
tosi el cudl fue depositado en el limite interior de una cuenca de trasarco en el
margen rifteado occidental de los terrenos Oaxaquia y Mixteca durante el Tridsico
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Tardio—Jurasico Temprano. Las rocas sedimentarias del abanico Potosi son geo-
quimicamente muy similares a las del Litodema Chazumba, y en ambos casos se
infieren tener fuentes de procedencia en el Complejo Oaxaqueno. La Geoquimica
y isotopia de Sm-Nd de las rocas maficas del Gneis Francisco es mds consistente
con la firma de las anfibolitas del Litodema Chazumba. Las diferencias con otros
conjuntos de rocas maficas tridsicas correlacionadas con el abanico Potosi y 1a cuen-
ca Arteaga se pueden explicar por variaciones laterales y transversaless en la cuenca
de trascarco.

Las rocas del Terreno Central no se encuentran a lo largo de la frontera oriental del
sur del Terreno Compuesto Guerrero. Alld, un conjunto de arco creticico separa
el Terreno Zihuatanejo del Terreno Mixteca, lo que sugiere que el Litodema Cha-
zumba es probablemente un vestigio de una porcién del Terreno Central que fue
desplazado por debajo de la margen continental de Pangea por erosién por subduc-
cién y fue exhumado por tecténica extensional en el Complejo Acatldn.

La presente tesis representa una contribucién a las reconstrucciones paleogeografi-
cas para América Media durante el Mesozoico temprano. Los datos aqui presenta-
dos proporcionan evidencia de un escenario tecténico en las proximidades de una
zona de subduccién para el Tridsico—Jurasico Inferior, y es compatible con una ubi-
cacién del terreno Mixteca en una configuracién Pangea-A, a lo largo del margen
occidental de América Media.
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GEOCRONOLOGIA U-PB

A.I FIELD RELATIONSHIPS

Samples collected beneath the thrust contact of the Tepejillo lens. TEP-474-3 is a
psammitic micaceous schist and TEP-474-4 is a semipelitic micaceous schist that were
collected from the same outcrop in order to sample a wider age spectrum. The rocks in this
outcrop are cut by granitic, leucogranitic and aplitic dikes. 150 m away from the location
of these samples a leucogranitic was sampled that cuts a tight, recumbent E-trending F3
fold dike (MH-81, Fig.5 on p. 916 in Helbig ez /, 2012). Small leucogranite veins that
probably originate from the dike are parallel to the folded S fabric. These relationships
suggest that the intrusion was syn- to late-tectonic with respect to F3.

Samples MH-49, 50, 53 and 59 were collected in the southern part of the Ayi Com-
plex which is characterized by abundant migmatites. One leucogranite (MH-59) that
cross-cuts the metasedimentary host rocks was sampled near Indixda. Along a road sec-
tion between the towns of Ayd and Ahuehuetitldn, the samples MH-49, 50, and 53 were
collected in order to constrain the maximum depositional age of the protolith of the mig-
matite. At this locality, the paleosome, a semipelite (MH-50), is cut by a granitic dike
(MH-49), which is folded by a moderately inclined, asymmetric F3 fold (MH-81, Fig. 5
on p. 916 in Helbig e o/, 2012) suggesting syn- to late-tectonic intrusion with respect
to F3. MH-53 was collected nearby and is a psammitic garnet—biotite schist that also
represents the paleosome. The more psammitic layers preserve a S;—S; composite fabric
with syntectonic garnet growth, whereas the more pelitic layers are overprinted by third
deformational event with isoclinal to tight, upright to steeply inclined F3 folds during D3
producing co-axial planar cleavage S3 in the more pelitic layers.

Three samples taken across a N—S section of the Providencia Shear Zone were analyzed
to assign a northern limit to the Chazumba Lithodeme (Fig. 7 on p. 918 in Helbig ez a/,
2012). The Providencia Shear Zone comprises mylonites that are strongly weathered. All
three samples taken there are characterized by very small grain size, and relatively high
amounts in graphite.

86



FIELD RELATIONSHIPS

sasATeue payoalor Jo roquunyy .
UOLIAILID 9OUBPIOIUOD 04 GOT 03 06 Y} UTYIIM SISATEUE JO ToqUUINN] q

surexd pasAJeue Jo roquiny] .,

C ¥6 96 (dappderow) 3styos vt owopoyIr] equinzeyd  ,0T,£0,8IN 7 ,6V.L6M  PvLy-dAL
€ 96 66 (erwwesderowr) Jstyos eorwr  owepoyIr] equinzeqd  ,01,€0.8IN  ,Eh,6V.L6M €-bLb-dAL
1C 91 L€ (orwwesdeiour) syds eOTW - dUOZIEAYS BOUIPIAOIT [, 16,90.8TN  ,85,€S.L6M  T-¥8F-LAd
€l 61 [43 oyuoffwr  suozIEdys BUIPMOL]  ,6T,L0.8IN  ,1S,£S.L6M  T-08%-LAd
¥ ¥C 8¢ uofw  duozIEAYS BOUGPIAOIT  ,60,L0.8TN ;LS £S.L6M 96-HIN
8 L8 S6 (oyuwresderour) Isiyds SN02LdIW  SWRPOYIIT BqWNZEYD) 9 ,60.8IN 1,65, TF.L6M €L-HIN
9¢ 0z 96 (owosoared) 3s1yds 118-1q-osw  ew I\ BUSTepSEIN  ,07,9S.LIN 61 ,L.L6A €S-HIN
1C 19 (4 (owosoared) ayrpoderowr snosdedrwr  aynewSip euoepSelN  ,61,9S.LIN 9T ,LY.L6M 0S-HIN
L €L 08 opwuwesdepw  dwapoyr equInzey) ,96,0T,8IN It br.L6M 8C-HIN
5904 KAmgUIUIPISVIIAT

9 €€ 6¢ ofip yuesd  dwapoyir] equinzeq) ,60,£0.8IN  ,6€,67.L6A 18-HIN
14 9¢ 0oy Ip opruerdoona]  newSiA eudlepSelN 04 ,LSLIN  ,€T,87.L6M 6S-HIN
14 9¢ 0oy oyip anuesd  aynewiA eudepSelN  ,61,9S.LIN 9T ,LY.L6A 6v-HIN
5004 SHOIUST

NENEING ©DON  ¢VON 2dfy ooy un opnime| opmyrduor] ordureg

HNHA.\%Q% JUDPLOIUOI

S0 puv suw.is pasgouw fo soquinu pup adhy 0.4 ‘uopioy Aojouoiqi0ss uosuz SI-dDI-FT 9d—) 4of sajduws papajjory 1 e[qey,

87



ROCAS IGNEAS

A.2 ROCAS IGNEAS

88



,

ROCAS IGNEAS

(ponutzuop)

€c ¢ ove 0€ oy S 8¥E€ € 0FE 9¥°0 120000 €T910°0 T#000°0 8I¥SO'0 6+900°0 T680¥°0 £L000°0 SLYSO'0 680  9v¥ 144 TE0 I¢ uodmy
€C ¥ 0ve 8T 0¥ S 8¥E ¥ OFE S9°0 TE000°0 0ELT0'0 650000 80¥SO'0 969000 S¥80F°0 1L000°0 087SO0 870 €61 Tre 600 ¢ uod1rz
€C € ve€e 8¢ vO¥ v TrE € ¥EE TS0 120000 €C910°0 T¥000°0 ¥1E€SO'0 80900°0 ¥600¥°0 10000 I8¥SO0 60 SO CLT Y10 9 uodz
€e € Te ve 9y S €€ € TCE 0S50 £2000°0 619T0°0 9¥000°0 TCISO'0 84900°0 0888€°0 £€8000°0 0TSSO0 980  9¥€ 6€€ TT0 €1 uodmy
S € L0€ Sy oeSy L ScE € LOE 9¥°0 690000 0¥910°0 ¥S000°0 0L8¥0°0 ¥6800°0 TTLLE0 8IT00°0 819500 ¥SO  8IT S81 CLo G uodnz
¢ T ¥8C 8T €L ¥ €6C T ¥8CT ¥S0 820000 0S9T0°0 L£000°0 80S¥0°0 STSO0'0 LOSEE'0 0L000°0 ¥0¥SO'0 ¥¥'0  ¥LC S¢S 110 ¥ uodrz
Y1 T €T 8z €I¢ ¥ L8C T €8T TS0 120000 ¥6ST00 SE000°0 S6¥#0°0 €6¥00°0 9¥9T€0 890000 +9¢S0°0 850  66€ 185 6£0 LT uodZ
8Y ¥ 08¢ C¢ €0¥ S ¥6C ¥ 08C TL0 ¥S000°0 €SL10°0 £9000°0 9€¥¥0°0 TTL00°0 LESEE0 80000 LL¥SO'O ¥1°0 €5 91¢ SE0 y¢ uodm7
S€ € 6L 6 99€ S 68T € 6LT 6¥0 £2000°0 8ESTO'0 #0000 TEFFO'0 84900°0 0T6CE0 L6000°0 88€SO'0 6¥°0  COT 87¢ 0€0™ 0T uod1rZ,
vOL € LLT 9y 855 9 60€ € LLC T¥°0 6¥000°0 €C0C00 ¥¥000°0 L6€Y0'0 85800°0 ¥9SSE0 6CT00°0 SL8SO'0 €O 6C 49" €60 ¢g uodnz
¢ T Tt yo Ss€ € 18T T TLT LSO TTO000 8SSTO'0 €€000°0 90€¥0°0 8Cr00'0 SFEIE0 650000 T9€50°0 ¢F'0 ST L6y 910" 8 Uo7
0Cl T TLT LT 8LS ¥ 80€ T T.T 850 080000 80THO'0 LE000'0 L6TH0'0 0TSO0'0 #8ESE'0 120000 0€6S0°0 +0°0 or ces €20 y1 uodrz
€8 € 99 Ly 18 9 06T € 99C T¥'0 ¥S000°0 ¥6610°0 C¥000°0 8ICH0'0 66£00°0 TSOEE'0 SCIO0'0 ¥29S0°0 90 80T 8r¢ L10" 6 uodz
€C € 09¢ €€ 0ce ¥ 99¢ € 09T 90 £2000°0 €0ST0'0 S#000°0 OCIFO'0 ¥€S00°0 TTO0E'0 +#£000°0 642S0°0 0C0  8CT 1€s LTO LT uod17,
06c € 6ST €T TEIT § S9¢€ € 65C ¥9°0 120000 ¥€C10°0 T+000°0 ¥OI¥0'0 92900°0 L6TEY'0 €6000°0 €¥LL0°0 €SO 8LC 1474 870 S¢ Uo7
€y T T ST S9€ ¥ ¥ST T €T €9°0 9S000°0 840200 8€000°0 T+¥8E0°0 €F¥00°0 18¥8C°0 $9000°0 98€S0'0 L00 8C 0S¢ 8¢0 9 uodrz
0 € T¥C S€ ¥PE ¥ IST € T¥C 650 L0000 T¥8T0°0 TF000'0 TI8E0°0 1ZS00'0 0ZO8Z'0 08000°0 SEESO'0 8070 8C 90¢ 020 11 uodry
T8 T Lo ¢ 1Sy S 85T T LEC SE€0 $S000°0 L¥610°0 80000 TSLEO'0 819000 TS68C°0 CIT000 L6SSO'0 61°0 €L 12¢ 800 1™ 6v-HIN uodxz
6C T 1€ ¥T 60 € 8€C T T1€C ¥9°0 LT1000°0 TEETO'0 ¥€000°0 8¥9€0°0 64E00°0 ¥TH9T'0 8S000°0 SSTSO'0 €S0 €49 €601 870 81 uodIZ
¥'S T LTC 0€ S9¢€ € O¥C T LtT 9¥'0 1€000°0 TELI00 92000°0 C6S€0°0 61¥00°0 €899C°0 SLO000 S8ESO'0 60°0 134 88¢ ¥S0 Op uod1ryz
LT T STC Ct 99¢ € 6CC T Scc 0L°0 COT00°0 987C0°0 9€000°0 8SSE0'0 8SE00°0 €0E€SC'O CSO000 LSTSO'0 OT'0  TLT S0ST Y€0™€C uodIy
60 € 0tc ¢y LT § Tt € 0T TL0 TTO000 #60T0°0 ¥S000°0 €L¥€0°0 0S900°0 ¥8E¥C'0 860000 ¢6050°0 SO0 01 651 Y0 T uodry
Lc ¢ Sl S€ T8t € 1cc ¢ SIC T¥'0 0ST00°0 STST0'0 ST000°0 68€€0°0 LLk00°0 89CHC'0 €8000°0 C¢61S0°0 00 9¢ 0Ty Tr0 0¢ uodn7
e T 0lc 1€ T € LIT T OIC TS0 ¥E€000°0 0ZLT0°0 0€000°0 LIEE00 91000 €F8ECO 82000°0 9TTSO'0 80°0 9 S0Ss I¥0 6T uodrz
L€ T 90T v 66C ¥ vIC T 90T O¥'0 ¥2000°0 TSET00 STO00°0 6¥CE00 657000 I¥HEC'0 ¥6000°0 C€CSO'0 60°0 9L €vL 120 ¢l uodxz
el T €0T S€ L¥S ¥ vEC € €0CT T¥'0 0CI00'0 T€CC0°0 ST000°0 LOTEO'0 €8700°0 1985C°0 660000 L¥8SO'0 80°0 86 LS0T 050" 9¢ uodrz,
6L T 861 6¢ LOv ¥ SIC T 861 9¥°0 ¥9000°0 8¥1C0°0 6C000°0 LITE00 08¥00°0 TTIETO 66000°0 L8¥SO'O ¥0°0 (44 1Ly 150 Lg uodnyz
Te T 881 6T L9C € ¥61 T 88T ¥S0 L£O0OO'0 TTITO'0 STOO0'0 9S6C0°0 STEO0'0 8TOIT'O £9000°0 8STSO'0 €0°0 1€ 1¢8 670 61 uodIZ
TS T 981 ST sc€ T 961 T 98T LSO TTIO0'0 8C6£0'0 TTOO0O'0 926T0°0 #8TO0'0 9EETT0 8S000°0 €6CSO'0 100 ST 8¢CTT 810 01 uodrrz
TT T 81 1€ 0Ic € 08T T 84T 990 120000 T€800°0 ¥£€000°0 86C0°0 8SE00°0 LEY6T'0 0L000°0 €€0S00 ¥C'0  8€C 9¢8 9€0” S¢ uodn7Z
€C T TLT 6¢ ve€C € SLT T TILT TS0 0¥000°0 S¥800°0 620000 £89C0°0 ¥6£00°0 90881T°0 16000°0 ¥80S0°0 100 L 9011 920 91 uodrz
T6 T 091 0¢ €OF € 91 T 091 850 £€1000°0 6£200°0 STO00°0 60SCO°0 9TE00'0 6¥681°0 LL000°0 8L¥SO0 ¥C'O  LIY Lé6v1 €50 6¢ uodnZ
p6) ¢ OT (BIN) OT g% o1 g% oy g 0 o1 pE or g op g op M p (wdd)yp (wdd) ou uodrz
o8k 150 q(EIND) s98e paroarro)) sonex d1do1ost pa1da1Io))

61-HIN 219w 40f v1op 1dojost qd—) SIN-dDI-FT +°T ¥I9EL

89



ROCAS IGNEAS

001 {5 /(35— ) = sempron

UOIIE[O1I0D IOIIY ,

[949] .0-T 3¢ (B]A]) ST01I3 AN[OSqY ¢

[9A9] .O-T J® SIOLID ®u5~0w@< v

¥'¢ ST 6Clc ST 6clc 1T 180T ¥1 1€0CT L9°0 ¥€T00°0 68C0T°0 L0€00°0 O¥0LED LLESD'O 0S09L'9 CCIO00 6CCET0 LEO 0L 91 0b0 8¢ uod1ryZ

TC LT v99T LT ¥99T CT €¢91 ST 68ST SL°0 ¥#0T00°0 60080°0 L0€00°0 ¥S64C°0 ST8SO'0 0TL¥6'€ 00T00°0 0CCOT'0 €¥'0  ¥CT e ST0 L uodary,

L 8 094 ST 1¥8 IT 18L 8 094 LLO S¥000°0 LI8E0'0 L¥T00°0 61SCT'0 86CCO°0 L¥8ST'T €8000°0 TT490°0 0CT0 (49 18¢ 7SO 8¢ uodryz

LT 9 91§ €C 8SS L STS 9 9IS €40 ¥€000°0 059¢0°0 00T00°0 0¥€80°0 COTTO'0 89490 S9000°0 SL8S0°0 080  I¢¥ 9s¥ Ly(Q yg Uo7

ST v 9y 1T 06y S €S v 9%y €90 S€000°0 04C0°0 6S000°0 9STLO0 LZL000 STTIS'0 LSO000 L69S0°0 LCO 66 (489 9y0 €€ Uo7

€0 € LvE S€ 8¢ & 8¥E € LPE TFO TC000°0 6¥9T0°0 T#000°0 82SSO'0 TCL00°0 C680¥°0 98000°0 89€S0°0 060  OFC LTc S¥0 ¢g uodrz

Sy € e vr S99 L 65¢ € &¥E T¥'0 T€000°0 ¥08T0°0 TS000°0 T9¥S0°0 SL600°0 vS¥CY'O 811000 1€950°0 950  SST 1414 010 ¢ uod1rZ

SS9 e 0LC 96y 6¢ 19¢ 9 1T¥E 0CT0 £7000°0 S89T0°0 $6000°0 9TFSO'0 SS¥SO'0 SELTY'0 84900°0 CILSO0 09°0 98 et Y0 ST uodry
ad n n L n n ad .

p(%) ¢ 0T (]IN) 21 iwmw o1 i‘wmow o1 EMNNN 30 o1 EMMM 01 EMMNN 01 “E‘Mmow o1 ENMM AL (wdd) qp, (wdd) n ou uodITy

o8k 150

q(EIND) s98e paroarro)

csonex d1do1ost pa1da1Io))

(ponuszuo)) T e1qe],

90



,

ROCAS IGNEAS

(ponutjuop)

0CL ¥ ¢TSS 9C 606 L LT9 ¥ TSS T1L°0 #¥000°0 LILC0°0 €2000°0 €7680°0 #¥€10°0 96¥58°0 98000°0 €€6900 600  LIT 6L11 0S50 9¢™ uod1ry7,
€Y ¥ 8IS 8C 8¢9 9 I¥rS + 8IS 650 €2000°0 64500 €9000°0 £9€80°0 T90TO0 6C€0L°0 820000 96090°0 60°0 Ly 9% 110 ¥ uodarz
8T § S8 6C 8CS L ¥6¥ S S8 S9°0 9%000°0 +#¢C0°0 98000°0 128400 89010°0 €¢LT9°0 SLOOO'0 964500 OT°0 Y4 1344 ¢SO 8¢ uodrz
ve v ¥8y vC 8LS S 10S ¥ ¥8F LSO ¥ST00°0 0ST90°0 6S000°0 ¥08L0°0 ¥S800°0 958€9°0 $9000°0 6¢6S0°0 CO°0 S (454 €60 CC oIty
ST € LSy 1€ Se6v 9 ¥9% € LSK S¥'0 T¥000°0 ¢8¢C0°0 ¢S000°0 T+€L0'0 6060070 L6850 080000 0TLSO0 ¥T°0 85 81¢ 870 81 uodryz
¥'0- 11 €S 8T Iyy CL 1Sk 11 €SF 16°0 950000 04¢C0°0 S8T00°0 88CL0'0 96810°0 £86SS'0 €£000°0 CTLSSO'0 60°0 Ly 89% 0C0 TT uod1ry
Y0 S €y ST €Sy 9 Sk S €hb €40 870000 L8ETO'0 S8000°0 €TTL0°0 S6800°0 000SS'0 €9000°0 T09S0°0 SS'O  0€C 16€ ST0 £ uodary,
¢o- € Ty 9¢ 8ty S ¥y € bk €50 SE000°0 89020°0 €SO00°0 00TLO0 €9200°0 9TEFSO 990000 6€SS0°0 61°0 €S 1574 00 8¢ uod1rZ
8¢ 9 ¥e&¥ 9T 1€S L ISy 9 ¥EF 9470 090000 LL1€0°0 8600070 TL690°0 TEOTO0 L¥6SS'O 0L000°0 C08S00 CL'O 54 e TE0 1T uodny,
§0- € 9 € 1oy S ¥IF € 9I¥ 190 €2000°0 €8020°0 60000 €£990°0 99900°0 S¥€0S0 LSO00°0 ¢L¥SO'0O €0°0 6¢ 00171 870 G¢ Uo7
0ST 6 €Iy ST S€8 01 987 6 €IF 880 980000 S60¥0°0 9¥100°0 €2990°0 LESTO0 ¥IET9'0 08000°0 06990°0 €1°0 ¥6 ¥89 L0 yg uodry7
S¥Y S LO¥ 8C LTS 9 9y S LO¥ 1.0 €9000°0 CO06T0°0 S8000°0 STS90°0 6S600°0 991¢S°0 SLO00'0 C6LSO'0 8L°0  L¥C ¥6C 8€0 9C uodnyz,
v'6 € L9¢ ¥E€ 619 9 SOF € L9€ L¥0 920000 T¢c#0°0 0S000°0 €98S0°0 06800°0 8106%°0 £6000°0 ¢#090°0 SO0 ¥l 1374 I¥0” 6T Uo7
€0- € T9¢ C€ Ts€ S 09¢ € 19¢€ S§S°0 ST000°0 SO8T0'0 €7000°0 S9LS0°0 LL900°0 8€STHO +2000°0 TSESO0 60°0 L4 L9% 910 § uodIryZ
8C € 6¥E 9¢ 0ty S 6S€ € 6¥E 90 ¥E000°0 ¢£CC00 €S000°0 095500 8790070 LSETHO 990000 615500 STO 68 1€ Y€0 € uodry
60 ¢ 1€€ ST 6¥€ ¥ ¥EC T 1€€ SS0 0T000'0 ¢SSTO'0 6€000°0 04CS00 9TSO0'0 €¥68€°0 650000 87€S00 C9'0  SS¥ 089 Tr0 0g uodz
90 T SI€ 8¢ L€ ¥ LI€ ¢ SIE 850 ST000°0 CLSTO0 0¥000°0 +#10S0°0 4S00°0 0099€°0 990000 S6CSO'0 SO0 ¥C 1y 010 € uod1r7
£0- € €0€ I€ 68T S 10€ € €0€ 190 020000 OTSTO0 S¥000°0 L08#0°0 009000 0TS¥E0 140000 80CSO'0 €00 Y4 6LL yC0 ST uodry
I'vT v+ 86C ST S89 S LvE ¥ 86C 9.0 1€000°0 9S¥T0°0 8S000°0 SEL¥0°0 T#L00°0 6£90%°0 #0000 0€290°0 €0°0 €C S8/ 9¥0 €€ uodyz
€9 T L6T vC L9% v LIE T L6C 99°0 TCO00'0 S9¥10°0 L£000'0 604700 ¥8700°0 0099¢€°0 19000°0 L£9S00 €0°0 [44 6vCl CI0 § uodIry
L0 € 88C LT T0€ ¥ 06C € 88T L90 910000 9€+10°0 LFO00'0 9L5¥0°0 #7S00°0 8€0€E'0 €9000°0 9€¢SO'0 €0°0 81 194 9¢0 ST uodyz,
¥0- € 98¢ 0¢ SLCc ¥ S8C € 98C 1.0 LT000°0 8CTFIO'0 L#000°0 CT¥S¥0'0 LESO0'0 ¢CrCe€0 S9000°0 LL1S0°0 SO0 94 ¥68 800 T 6S-HIN U017
¢y ¢ TLT LT S8 ¥ ¥8CT T <CLT S9°0 ST000°0 SYETO0 8€000°0 ¥0E00 LSF00°0 LECTEO €9000°0 ¢EXSO'0 CO'0 8¢ 8091 Y10 9 uodIZ
€9 T LT LT Ty € €ST T LEC T9°0 TE€000°0 99110°0 0€000°0 8ELEDO 6TF00°0 9TESTO 990000 L6¥SO'0 TO'O L1 808 620 61 uodz
§0- ¢ 8It 9¢ T1Ic v LIT T 8IT €50 ¥1000°0 €80T0°0 620000 ¥€#€00 LEVO0'0 T¥8ETO 6£000°0 +€0S0°0 00 4 €6¥ S¥0 ¢g uodry
LTc- 1 €IC L€ Tse- € SL1 1 €1C 0¥'0 ¢¥000°0 €4420°0 €2000°0 LSEE0'0 6C€00°0 SF88T'0 $9000°0 990+0°0 L0°0 194 19¢ LTO L1 uod1ry,
0C T ¥61 LT ¥¥C € 861 T +¥6L 090 LEO000 LESTO'0 LTO00'0 £90€0°0 €CE00°0 69STC'0 190000 901S0°0 <00 91 SLL €20 y1 uodIry
v 1T 981 LL ¥8C 9 %61 1 981 #T°0 ¥S000°0 £9020°0 £€2000°0 1€6C0°0 ST200°0 080TC'0 TLI00°0 L61S0°0 €00 81 0c8 150™ LE uod1rZ
LT T ¥/1 ST T1cc T LLT T %L1 +S0 L2000'0 #6110°0 020000 +€420°0 1ST00°0 T8061°0 950000 950S0°0 10°0 ST ¥¥01 S0 ¥ uodnyz,
00 T 04T €C ¥91T ¢ 04T T 0L LS0 ¢C000°0 T6£00°0 8T000°0 899¢0°0 91200°0 LLI8T0 870000 S€6+0°0 <00 0¢ ¥9¢1 120" C1 uod1ry7
8T T €91 T¢ 0t T 99T T €91 850 900000 608000 810000 £€95C0°0 91000 0TLLL'O 9%000°0 STOSO'0 CO'0 €€ LLYT 810 0T uodyz
8T T 09T ¢¢ 661 ¢ €91 T 09T ¥S0 £1000°0 006000 9T000°0 STSCO0 ¥6100°0 ¥6€L1°0 L¥0O00'0 800S00 00 159 e CC0 €1 uodryz
p(%) ¢ o1 (BIN) 21 % o1 hmwww o1 % N o1 M%MMM o1 %m‘wm o1 %&‘MNN o1 ﬁ% AL (wdd) yp, (wdd) o “0U U027
a3k 1509 q(eIN) s8¢ Pa30a110)) sonex d1do1ost pa1da1Io))

6S~HIN 2/duvs of viop 2140105 4~ SN-dDI-F'T '€ ¥I9EL

91



ROCAS IGNEAS

001 2/ ({5~ %) - oo

UOIIE[O1I0D IOIIY ,

[949] .0-T 3¢ (B]A]) ST01I3 AN[OSqY ¢

HD\V@H O-T 3¢ SI01I9 ®u5~0w@< v

8T 8T 88IT 81 88IT 8 <CSIT 9 TIEIT 950 TL000°0 L6¥S0'0 6110070 ¥LI61°0 #0200 09801°C €L000°0 $9640°0 TE0 ¥el L6€ L10 6 uodIrZ

¢C 8T €LIT 81 €LIT 8 TETIT L 90IT 09°0 ¢6000°0 SSLS0°0 SCIO0'0 STL81°0 S6CTO°0 00S¥0°C TL000°0 C0640°0 ¢T°0 09 08% ¥S0 0y uod1rz

9'¢ 0C €I1T 0T €111 8 L¥OT L 600T 09°0 92000°0 690S0°0 ZTT000 £#691°0 SSCZO0 06€08'T LL000°0 899L0°0 61°0 1€ €sT 0€0 0C uod1rz

Cl- 8 6¥6 LT 606 0L 8¢6 8 6¥6 650 640000 €59¥0°0 TSTO0°0 098ST°0 L¥¥C0'0 09615 T 060000 S€690°0 €C°0 1C €8 920 91 uodrzZ

6T OT S8 9¢ ¥88 TIT 1I¥8 O S¢8 €40 ¢S000°0 €ST¥0°0 69T00°0 ¥S9€1°0 €9520°0 0868C'T 880000 1S890°0 ¢T°0 9t 00¢ 600 ¢ uod1ryz

60 L 0S89 8¢ LL9 OT 959 L 089 €0 L£000'0 £€9C€0°0 €CT00°0 60901°0 CTL8TO'0 #¢806°0 ¢8000°0 60C90°0 0C0 (498 909 Yr0 1¢ uodry

9T ¥ L6S S€ 9¢9 8 L0O9 ¥ L6S TFO 9€000°0 855¢0°0 0£000°0 +0260°0 9€¥T00 61818°0 L6000°0 06090°0 +9°0 0€T 881 €50 6€ uodIZ

0T- ¥ €8S 8C 9€S5 9 LLS ¥ €8S #¥°0 0¥000°0 £S920°0 €9000°0 L9¥60°0 9TIT0°0 9+S9L°0 940000 918S0°0 €1°0 8% 6¢C¢ 6€0° LT uod1r7

p(96) ¢ OL (FIN) 01 g% o1 g% op g d o1 g op gL op gEE oy M (wdd)q (wdd) o ou uodrz
o3e 150 q(BIN) s Pa30a110)) csonex d1do1ost pa1da1Io))

(ponuszuo)) ¢ e1qe],

92



,

ROCAS IGNEAS

(ponujucp)

¢0 ST €SIT ST €SIT TIT 61T 6 LPIT IS0 690000 S6CSO°0 S9T00°0 69¥61°0 T¥¥€0°0 0800T°C OT100°0 ¥C8L0°0 €€°0 9s 651 610 1T uodayz
§0- ST ¥OIT ST ¥OIT OT LAITT 8 €CIT €570 £9000°0 8TTSO'0 S¥I00°0 6C061°0 9+820°0 08€00°C 60000 €€9L0°0 +C0 10T 8¢ Y10 L uodIy
¥'C- SC T80T ST ¢80T Ol CTEIT 6 6SIT SS'0 89000°0 TL8¥0°0 8STO0°0 TOL6T0 £S6TO°0 0S0SOC 16000°0 TSSLO'0 L8O 191 0L1 €50 Iy uod1r7
ST Tc €901 1¢ €901 OT 0¢0T L STOT €S0 6£000°0 LE1SO0 6CT00°0 CSOLL'O 129200 CI8SL'T 6800070 84¥L0°0 61°0 18 06¢ L0 LT w0117,
¥I- 6 966 0T 1S6 6 €86 6 966 990 €9000°0 96+¥¥0°0 091000 €0L9T°0 6LECO°0 0¥6C9'T 8L000°0 LL0LO'O0 ST'O 601 €89 L10 01 uod1ry
€T 8 9L6 ¢€C LIOL Ol 686 8 9.6 850 £8000°0 8SS¥0°0 CSTO0'0 0SEIT'0 9€9¢0°0 0C6¥9'T S6000°0 0TE€L00 9¥°0 (94 66 010 ¢ uod1rZ
80- 8 1IS6 LT T6 11 €6 8 1S6 0S50 LSO000 0T¥¥0'0 OFTO0'0 S68ST°0 €99T0°0 0SOEST SOTO0'0 £4690°0 19°0 66 59 0C0 CT uodary,
ve L LI6 0T ¥66 8 O¥6 L LI6 LSO SSO00°0 9€¢0°0 8IT00°0 98¢ST'0 S0TO'0 00€CS'T 08000°0 0€CL00 ¥1°0  +0C Srel 6£0 6C uodIZ
vy 8 LL8 6T SI0T IT LI6 8 LL8 890 870000 00¥+¥0°0 IST00'0 TLSPI'0 9SLT0°0 LSL9%'T €0100°0 SOEL0'0 €1°0 €9 1494 6¥0 LE Uo7
0C ST S98 1Ty 8¢6 0C €88 ST §98 S80 940000 9S€¥0°0 99200°0 SSEFI0 OTLF0°0 S6+¥8E°T 8ET00°0 L6690°0 SE0  +SIT ()84 ST0 8 uodry
¢y 11 ¥98 6C 966 CI C06 IT +98 1.0 860000 ¥20¥0°0 T0CO0'0 SEEFT'0 SE€8CO'0 0ICEY'T T0T00°0 SECLO0 LEO ¥9 6ST1 TS0 0y uodz
6S 8 ¥¥8 €T SCOT 6 L68 8 +¥8 990 LS000'0 T60¥0'0 LETOO'0 166€T°0 680C0°0 0ISIF'T 180000 6€€L0°0 0T°0 15 €6¥ €10 9 uodary
¢y L 9LL vT ¥06 6 018 L 9LL 09°0 TLO00'0 866C0°0 STIO0'0 L64CL°0 88610°0 OTITC'T 060000 916900 01°0 LE §5¢€ ST0 91 uodnz
8 8 ¥LL ¥S 8COL 61 €¥8 8 vLL €€0 #0000 6¥8€0°0 €¥T00°0 SSLTL'O T8THO'0 ¥0E6C T 1TC00°0 CSEL00 LTO  S81 9¢9 600 ¢ uod1ryz
¢ 0T ¢9L 9% €S8 91 98L 01 T9L 69°0 €5000°0 ¥C8E0°0 181000 CSSCI'0 ¢9¥€0°0 TE€8IT'T 971000 0SL90°0 LT0 (4 L91 9¥0 G¢ Uo7
0L L 0cL ¥¢€ 9¢6 11 ¥.L L 0OCL LSO €1T00°0 £9650°0 0€T00°0 CI8IT'0 0CCCO'0 0SEXI'T CIT00°0 CT6690°0 +C°0 44 €L1 800 [8-YIN uod1rz
€L S 019 It 600T 8 €0 S OT9 090 $€000°0 991200 880000 8T660°0 I6¥T10°0 €0866°0 £8000°0 I8CL00 STO  0ST 806 C€0 €¢ uodyz
ST € 9¢¢ 8¢ 646 9 T¥E € 9¢€ T¥°0 TT000°0 L6¥T00 SFO00'0 87€SO'0 T€800°0 6166€°0 €0T00°0 0C¥SO'0 ¢80  6ST 081 00 0¢™ uod1rZ
90- € 0T¢ 8T L0E€ ¥ 8IE € 0CE 0S0 0T000'0 ¥SSTO0 0000 £80SO°0 66S00°0 TC89€°0 ¥2000°0 0STSO'0 0L°0  88S LLL I¥0 1¢ uodIyZ
90 € LIE vE€ LEE S 6IE € LIE L¥'O 610000 ¥6CT0°0 S¥000'0 €+0S0°0 60L00°0 +969€°0 060000 0C€SO0 8%°0  S¥I 18¢ 120 €1 uod1ry7
§ST € 0I€ 19 /L¥L 6 L9€ € O0I€ €€0 ¢L000°0 £L1S00°0 6¥000°0 LC6¥0°0 ¥6C10°0 LESEF'O 08T00°0 91+90°0 0F°0 9 L01 150 6¢ o017
0¥I- € V6T 8¢ 0C- S 8ST € ¥6T T¥'0 6100070 08CTO0 £€4000°0 TL9¥0°0 8€900°0 €C68T°0 060000 86¥+0°0 TS0  9TT L0T 910 6 uodry
L'0- € 68C TS TLC 9 L8C € 68C 8€0 020000 £SCIO'0 TO00'0 88S¥0°0 08£00°0 LILCE0 ¥IT00°0 69150°0 I€°0 8L 354 0S50 8¢ uod1r7,
€y v 88T T8 90v CTI 10¢ + 88T ¥S0 10000 ¥CHI0°0 S9000°0 €9S70°0 80910°0 €ISHE0 ¥TTO0'0 S87SO°0 9T°0 1c 9C1 YP0 g€ Uo7
T'c € 08¢ €L 6c€ O 98¢ € 08C 850 120000 €6£10°0 €+000°0 9¥¥¥0°0 L6CT00 S6¥CE0 ¢6100°0 TOESO0 90°0 (4 ST €Y0 C¢ Uo7
641 € 6L Cc 18, S OvE € 6LC 890 ¥C000°0 0COTO'0 6¥000°0 ¥TH¥0'0 87900°0 0€86€°0 82000°0 0TS90°0 950 109 666 920 LT uodnyz,
8Tl € LLT 8¢ ¥09 9 +¥IE € LLT 8%0 6€000°0 9€610°0 870000 06£+0°0 62800°0 00€9€°0 0CI00°0 00090°0 0€°0 14 |t44 870 61 Uo7
80- ¢ ¥pC 1€ ¥CC ¥ T T ¥¥C SH'0 81000°0 8ICTO0 0£000°0 1S8E0°0 €5700°0 1689C°0 92000°0 €90S0°0 9C°0  ¥ST 606 1€0°CC uod1ry7
§LE € TET 66L YIVI ¥CI 1LE € TECT €0°0 89000°0 £LTTO'0 ¥¥000°0 0L9€0°0 9€9LT°0 0LO¥VY0 645S€0°0 L¥680°0 +T°0 6L L0€ 620 0T uodnyz
0T T c6l €€ ¥cc € ¥6l T Tel 6¥0 €€000°0 TL0TO'0 L0000 £€20€0°0 98€00°0 98010 18000°0 #9050°0 SO0 44 8.8 8¢0 8¢ uodyz
I'T ¢ 081 6c 1Ic € 81 T 08T 950 92000°0 8€800°0 92000°0 8C8TO'0 8CE00'0 61961°0 0L000°0 ¥€0S0'0 810 091 L18 €60 ¥ o7
8T T 89T 6¢ L0C € TL1 T 89T TS0 €1000°0 9€£00°0 €000'0 ¢+#920°0 86200°0 88C8T°0 0L000°0 SCOSO'0 L0  8LT v56 €20 ST uodIrZ
p%) 0 O (P O g o1 gL oy gL J op g o gL oy g oy e g (wdd) gy, (wdd) g "ou ootz
a3k 1509 BN $98e Pa10a1Io)) csonex drdojost pardario))

I8-HIN 2/duvs 1o vvp 31do105 44— SIN-dDI-FT *'¥ BIEL

93



ROCAS IGNEAS

00T - 3% / (735 — 452 ) = oouepiodsi

UOLB[O1I00 01T

[949] .0-T 3 (BJA]) SIOLID IN[OSqY/ q

[9A3] .0-T 3B SIOLId AN[OSAY/

€0 8L vc¢sl 81 veST TT 8IST IT €IST 650 060000 £6890°0 CTC00'0 €9¥9C°0 €0L¥0°0 0SLSY'€ ¥0T00°0 LL¥60°0 LTO 14 1244 TT0 y1 uodmz

6'S CC €SET cc €SE€T Tl sccl ¥ €STT LL0 OTT00°0 900S0°0 SSCO0'0 84S61°0 986£0°0 O¥O¥EC S6000°0 899800 STO €91 019 Ly0 9¢ uod1ry

80 Tc ¥v9¢T T¢ ¥9¢1 TIT 9¥CT 6 9¢CT 850 ¢8000°0 69C90°0 84100°0 IETTC'0 CESED'0 00TTF'T 66000°0 LLL80°0 €CT0 4 S61 Y€0™ ST uodIZ

6'S 6l evCl 61 6¥Cl 0T 8IIT 6 CSOT €9°0 TZ000°0 9€4¥0°0 9ST00°0 0€LLT'0 8¢8C0'0 04L00°C 06000°0 91C80°0 L¥'0  T8C ¢SS S€0 97 uodrz

8'S 961 ¢vCl 961 T¥C1 YL €O0IT 6 6£01 60°0 ¥9000°0 616¥0°0 89100°0 68¥L1°0 ¥691C°0 04¥96'T 00600°0 S8I80°0 L90  8CI 8L1 LTO 81 uod1ry,

68 ¥C €0Cl vC €0CT O <¢00T 6 €16 890 ¥ST00°0 €98€0°0 L9T00°0 8ICST'O 0¥LC0'0 0¥E€89'T 96000°0 €2080°0 CTLO  T6T LLE 110 v uodrz

0¢€ <¢c 08IT ¢c 08IT 6 SITT 8 T80T 650 €9000°0 60¢SO'0 9¥100°0 T8C8L0 81LC0°0 018661 L8000°0 ¢€6L0°0 6¥°0  OFS 1ot S¥0 e uodrz
ad n n 4L n n ad .

p) ¢ 0T (BIN) 0T g O gy o g o or  grf or g op g o PR g (wdd)gr (wdd) ou uodxZ,

o3e 150 q(BIND) s98e paroarro) csoner d1dojost pardarIo))

(ponurauo)) ¢ eIqe],

94



ROCAS METASEDIMENTARIAS

A.3 ROCAS METASEDIMENTARIAS

95



ROCAS METASEDIMENTARIAS

(ponutzucy)

v'c € ¥901 € 901 ¥1 CTIOT L 886 €€0 850000 ¥¢870°0 611000 6SS9T°0 964£0°0 08601 LSTO0°0 €8¥20°0 €9°0 19 6 790 9y uodrz
¢ 8C T90T 8T T90T IT 686 L LS6 650 8£0000 61870°0 0ET00°0 L66ST°0 €46T0°0 8LLV9'T COLO0'0 TLvZ00 +¥€0  CTIT €1¢ 110 ¥ uodarz
90 ST 1S0T ST 1ISOT CT #€0T CT 8TOT 0L°0 L¥100°0 €¥¥S0°0 STCO0'0 ¥8CLT'0 0SCE0'0 0949L°T L6000°0 9€¥L0°0 TS0 €9 ST1 S60 GL uodrz
Sy~ 1C 8¢0l T1¢ 8Ol ¥T CTEIL 61 €8TT S8°0 98000°0 6CLS0O0 €9€00°0 87100 STEXO'0 0C0SO'C 180000 98€L0°0 TT°0 (44 161 ST0 L uodary,
€T ¥ 1€0L v¢ 1€0L 6 CO0T L 686 TS0 650000 LZ6¥0°0 TCT00°0 98S9T°0 S9€C0'0 09€89°T 88000°0 09€L0°0 8C°0 4 191 €50 6¢ Uo7
80 8T 6¢0L 81 60T 8 OIOT 8 TO0T £9°0 99000°0 €S0SO'0 9€T00°0 TI89T'0 €9020°0 00¥0LT 99000°0 9S€£0°0 TT°0 65 81§ 990 0§ uod117
€0- 1T LcOT T LTOT 8 €€0T L 9¢0T €570 T9000°0 680S0°0 TTI000 8EYLI'0 COECO'0 0TSIL'T 180000 87€L00 9¢€°0 LS 8¥T 800 I 8THIN Uo7z
S§'C- 0C ¢e0l 0T ¢c0l 6 SLOT 6 COTT 89°0 89000°0 0¥9S0°0 991000 9¥981°0 64¥¢0°0 OTE€88'T TL000°0 6¢€L00 8CTO  TIIT 08¢ 1L0" ¥§ Uo7
90 Tc SI0L TIT SIOL 8 866 9 T66 ¥S0 090000 +00S0°0 STTO0'0 THI9T'0 €£120°0 OLEL9'T 08000°0 COELO0 0€°0 0z STc 101708 uod117
¢0- 99 666 99 666 ¥C €00 8 SO0T 8€°0 L0000 660S0°0 €ST00°0 8989T°0 TZ¥90°0 96¥89°T L¥C00'0 S¥CLO0 1+°0 [43 VL 920 91 uodryZ
10- L L66 €C ¥66 6 966 L L66 150 6500070 968%0°0 611000 £TL9T°0 +C€CO'0 0£999'T L8000°0 0€CLO0 LEO SS 8¢1 00T 6L U021y,
T'T- 61 S66 61 S66 8 LIOT L 8COT 090 69000°0 I+€S0°0 0€T00°0 06CLI'0 SSTCO0 06€CL'T CL000°0 T€CL0'0 0€°0 89 ¥81 L60 9L U021y,
¢0- 8 €6 vC¢ 89 11 1.6 8 €L6 090 T¥000°0 T€6¥0°0 8€T00°0 ¥8CIT'0 LILZO'0 9¥C09°T 06000°0 LETLOO 61°0 LE 8L1 L80 L9 uod1ry,
00 L 89 61 S96 L 896 L 896 ¥9°0 LSO00°0 604¥0°0 €CT00°0 SOTIT'O €I6T0°0 0TE6S'T 99000°0 LTILOO +T°0 98 e 090 St uodarz,
0¥ 9 806 0C 9¢0T 8 9¥6 9 806 090 1€000°0 T95¥0°0 SOTO0'0 TCIST'O 6T0C0°0 8E€8ES'T SLO000 6££L0°0 STO  ¢91 ST9 020 1T uodry,
L8 5 €0L € TL6 €1 0LL S €0L 9%°0 620000 £8¥€0°0 €6000°0 6ISTT'0 €69C0°0 STSET'T 0ST000 L¥1L0°0 0€0 €8T 168 €60 CC oIt
€C v 9 8¢ 60L 6 LS9 Vv THY LEO €4000°0 6¥0€0°0 TLO00'0 SZ¥OT'O €SL10°0 €C606°0 €T100°0 €0€90°0 650 9 €L LSO Ty uodry,
LS § €89 €C 66L L 1.9 S €€9 99°0 920000 ¥SI€0'0 ¥8000°0 0CEOT0 L6€TO0 T6SE6'0 120000 £L590°0 9T°0 611 969 Ly(Q yg Uo7
g0 v 019 T ST9 9 €19 + 019 LSO 0¥000°0 TIEE0'0 690000 ¥C660°0 TTOTO'0 €S8T8'0 T9000°0 090900 80°0 1L 008 010 ¢ uod1ryZ
ST v 065 T ¥€9 9 665 ¥ 065 850 #0000 ¢CT€0'0 690000 645600 06600°0 €5€08°0 190000 $8090°0 6€°0  0IC €05 680 69 Uo7
¢y v 065 C¢ 8IL 8 919 + 065 S¥'O 870000 SO8CO0 920000 18560°0 06+10°0 087€8°0 TOT00'0 6C€90°0 6+°0 €€ €9 880 89 uodyz
611 & 5SS CC 116 8 679 S ¥SS 0.0 92000°0 SCLC0°0 98000°0 L6800 ##¥10°0 198580 820000 T¥690°0 810 08T 996 0€0 0T uodry,
96 € 69¢ € 8Ts S T6€ € 69¢ S9°0 62000°0 808T0'0 950000 668500 ¥8900°0 €+0LF0 ¥9000°0 S64S0°0 LSO 6€F 0¢L Y10 9 uodIZ
60 T Tte 8 T¥e ¥ STE T TCE 6¥°0 $T000'0 919100 L£000'0 9CISO'0 095000 L69LE0 690000 8CESO'0 9€°0  +0T L9T 760 ¢L uodny
0¢€ T 96T Tt 9L& ¥ SO0€E T 96C 90 120000 60¥10°0 ¥€000°0 969¥0°0 €SS00°0 000SE0 9£000°0 T1¥SO0 ¢¥'0 90T LEC 950 Ty uodrz
LT € 06T 0¢ 9¢¢ § S6C € 06T 890 ¥2000°0 96€10°0 SSO00°0 809¥0°0 96S00°0 €0LEE'0 69000°0 #6CS0°0 ST°0 S8 9¢S €20 ¥1 uod1ry7
¥9¢ ¥ 89C SIE S€0T 6v +¥9¢€ + 89C ST°0 1€000°0 T8CTO0 09000°0 9+¢#0°0 ¥4890°0 LLIEY'0 CHITO'0 SLELO'O TS0 19 €11 180 ¢9 uod1rZ
€0 € S9C 9T 9811 9 08¢ € S9C 1.0 160000 L¥610°0 SS000°0 S61¥0°0 SE€800°0 8E¥SH'0 €0T00°0 956200 €80 866 (47" 810 01 uod1z
v, T T9C S9 9S¥ 8 €8T T T9T SE€0 CTI000'0 £€6CT0°0 8€000°0 £51+0°0 ¥€0T0'0 0CTIZE0 ¥9T00°0 60950°0 LEO Y4 ¥9 600 ¢ uod1ryz
STl ¥ 85T 8ST T6S 1IC S6C ¥ 85T S0 910000 #9¢10°0 650000 060¥0°0 ST8CO'0 6¥9€€°0 6¥700°0 L96S0°0 680 09 ¥€9 yC0 ST uodry
L9 € 0SC 0¢ 0&y S 89C € 0ST 890 8¢000°0 C6CLO0 1SO00°0 L¥6£0°0 £LSO0'0 €8T0€°0 840000 S¥SSO'0 090  ¥Tv ¥99 910 § uodIry
L6l S 0Cc €S 618 8 ¥.LC S 0CC 690 8€000°0 ¢6010°0 £8000°0 ¥4¥€0°0 920T0°0 8E0TE'0 991000 19900 L8O  CTSS L6S CI0 § uodIy
p(06) 0 01 GBI 0T G of g% op g% o oy G op gL op g op e g (wdd)yp (wdd)q ou uoaxZ
a3k 1509 qCIN) s98e Pa10a110)) csonex d51dojost pandarIo))

8T-HIN 219uvs 40 vivp ndojost gd—) SW-dDI-F'T **S ®IqEL

96



ROCAS METASEDIMENTARIAS

(ponurguoy))

80 61 T0CT 61 TOTT 8 €8IT £ €LIT LSO 69000°0 TrLS0'0 9€T00°0 €9661°0 ¥1920°0 0£90T°C 840000 81080°0 9T°0 76 6€€ 690 ¢S uodz
66 0C v6IT 0C ¥611 81 686 CC 168 €6'0 L6000°0 0¥9¥0°0 S8E00°0 8I8FT'0 £8S¥0'0 068¥9°T 6£000°0 986L0°0 L0 0LT S€6 ¥20795 uodrzZ
§'€ LT €6IT LT €611 L LITT 9 8Z0T 850 T9000°0 ¢SSO0 TTTO0'0 OTZ8T'0 0€TCO'0 0£#00°C 690000 €86L0°0 €0  T€T ST6 6£0 LT uodIZ
8T 81 ¢6IT 8T T6IT 8 LSIT L 9€1T 850 80000 T€8S0'0 TETO00 CLT6T'0 I8¥C0'0 06ECTC 9L000°0 8L6L0°0 CC0 98 0L€ €60 €L uodz
0 9¢ 6811 9C 68IT 1T €811 8 I8IT 8%'0 940000 6£8S0°0 SST00'0 SOTOT'O 9¢SE0'0 0490C°C CI100°0 996400 ¢SO LE 99 Y60 ¥L U017
ST T¢ 98IT TE€ 98TT €T SSIT OT 8EIT €50 960000 0€090°0 681000 LOE6T'0 €46€0°0 09LIT'C LLTO0'0 LS6LO0 #+°0 14" 1€ 150 Lg uodnyz
0C- 0T SLIT 0T SLIT 6 0c¢cl OT SPCT 99°0 ¥1100°0 T1490°0 48100°0 00ETTO $60€0°0 08ECEC 620000 0T6L0°0 CCTO 1y SLT CT0 €1 uody
S0 8T vZIT 8T #AIT 8 T9IT 8 9SIT €9°0 #2000°0 00L50°0 T#T00°0 6€961°0 0S¥C0'0 0L0¥T'C 0L000°0 L06L0°0 LTO  OFT 88% 860 97 uodrz
¢c 9T TLIT 9T TLIT 8 OCIT 8 S60T L0 9%000°0 €¥SSO'0 ¥ST00'0 0TS8T'0 €9¢C0°0 9L¥T0°C S9000°0 ¥68L0°0 €00 6€ ¢sot VAANERYA
¥'1- 61 0LIT 61 OLIT 6 8611 OT SICT 89°0 L0000 ¥€6S0°0 Z8100°0 SEL0T'0 000€0°0 O¥¥ST'C L0000 068L0°0 LTO 85 90C 670 61 uodIZ
¥'0- ¥€ S9IL vE€ S9IT €1 TLIT 6 9LIT S¥°0 180000 LSLSO'0 CLT100°0 STOOCTO C€IF0'0 08891°C ¥E100°0 €£8L0°0 L9°0 (43 Sy 850 ¢ uodrz
00 61 6STT 61 6SIT 8 6SIT L 6STT LS'0 69000°0 0S4S0°0 9€T00°0 TOL6L'0 685C0°0 OETET'C 820000 9+¥8L0°0 0€°0 89 ¥4 €80 79 uodz
8¢ 0T 6SIT 0T 6STT TT TLOT CT T€0T 08°0 T6I00°0 TLYY0'0 STCO0'0 +#ELT°0 €SO0E0°0 00SL8'T LL0000 L¥8L0'0 61°0  €£T 6C1T 650 ¥ uodrz
0T 9T SSIT 9T SSTIT 8 CEIL L TCIT +9°0 £9000°0 LSTSO'0 LETOO'0 L868T°0 STECO'0 096¥0°C 89000°0 CE8L00 ST'O  ¥ST 8€6 780 €9 uodnz
T'T- 81 SSTT 8T SSIT 8 91T 8 6811 #9°0 1800070 ¥6190°0 #ST00°0 €920C'0 065C0°0 OT¥8T'C 1L000°0 T€8L0°0 910 L6 995 L1065 uod1Z
6'0 Lt OSTT LT OSTT TIT O€IT L OCIT 0S'0 6£000°0 68950°0 ¥€T00°0 9L68T°0 ¥LEE0'0 69€¥0°C SOTO0'0 TT8L0'0 0£0 8L we 040" €S uodnZ
€0 0c 0STT 0T O0STT 8 SYIT L TPIT 950 690000 09450°0 CETO00 LLE6T'0 ¥CSTO'0 0TL80°C 84000°0 CI8L0'0 8CT'0 LL 65T S90” 61 uodIZ
LT €T vPIT €C vrIT 01 6611 6 TECT 950 640000 L¥090°0 99100°0 SEOTTO #+#CE€0°0 0€8ST'T €6000°0 88LL0°0 SS°O 6€ L9 860 L, uodIZ
0T- LT 6€1T LT 6€IT 8 €911 8 SLIT §9°0 190000 91SS0°0 0ST00°0 0000C°0 ¢9¥C0°0 OIEYT'C 890000 694200 10  TIT €09 98099 uodn7Z
€0 8T 6€IT 8T 6€IT 8 €€IT 8 O0€IT ¥9°0 980000 6¥190°0 9¥100°0 TST6T'0 L¥FCO'0 060S0°C TL000°0 TLLLOO CTO0 ST S19 SY0 g uodIZ
€0- 8L 6€TT 81 6¢1T 8 ISIT L SSIT £SO 0400070 S6£50°0 9¢100°0 1€961°0 ¥¥€C00 0890T°C TL000°0 694L0°0 LEO €6 9¢€C 0%0 87 w0217
€T LT 8EIT LT 8EIT 6 OITT 8 960 €90 #0000 09SS0°0 TFT000 SES8T'0 9¥STO'0 09¥86°T CL000°0 99LL0°0 60°0 L9 L0L L10" 6 uodtz
8T 9T LETT 9T LETT L 8601 L 8.0T T90 TL000°0 LLFSO'0 OTT000 TIZ8T'0 T80TO'0 0T86'T S$9000°0 09LL0°0 TI'0  THI 8801 060 0L uod1rZ,
ST 0 9€IT 0T 9€IT 6 TO0IT 8 S80T €9°0 €2000°0 €€950°0 0STO00 STEST'0 CESCO'0 08LS6'T 8400070 8SLL0'0 8CT'0 9 L81 Y90 8 uodIZ
v'C €C SEIT €C SEIT O #80T 8 8SOT 6S°0 €7000°0 ¥SESO'0 9¥100°0 ¥¥8L1°0 CTL6TO'0 LTLO6'T T6000°0 CSLLO0 STO  6ST 109 920”85 uodIZ
ST 81 vCIT 8T ¥CIT 8 ¢60L L 9.0T 650 €9000°0 LITSO'0 €CT00°0 LSI8T'0 SSTCO'0 0COE6'T €£000°0 OTLLO0 9C°0 YL 99¢ Y80 59 uodnZ
9°0- 61 9TIT 61 9ITT 8 T€IT 8 8EIT €90 820000 ¢9650°0 T¥T00°0 CIE6T'0 81¥C0O'0 0TSHO'C TL000°0 649L0°0 8T°0 8L Loy SLO™ LS uodIZ
C0- v€ STIT ¥€ SITT #T LITT 8 6111 I¥'0 T#000°0 C6950°0 6€T00°0 0S68T°0 ¥CTH0'0 £TSO0C LETOO'0 SL9LO'O SE0 8C 9L 120 1 uod1iy
90 0C ¢60T 0T C¢60T 8 640T L €L0T 9570 £9000°0 9SSS0°0 0TT00°0 OTI8T'0 8€CCO'0 0E¥68'T ¥£000°0 L85L0°0 0T0 9 19¢ 890 I§ uodIZ
0T ¥C L80T ¥T L8OT OT £90T 6 9SOT 09°0 #0000 TLZSO°0 09100°0 ¥08LT°0 68420°0 0€6S8'T 160000 04SL0°0 9T°0 6¥ SLT I¥0 6T uodrz
€0- 61 ¥80T 61 ¥80T 8 0601 L €601 09°0 $9000°0 ¥0¥SO'0 9¢100°0 64¥81°0 61¢C00 08ST6'T 0L000°0 65SL0°0 ¥1°0 S8 195 870 81 uodnZ
6'0 9¢ TLOT 9T ¢LOT O SSOT L 9%0T 8%0 860000 6SL50°0 6CT00°0 ¥19LT°0 €CLT0'0 099C8'T 86000°0 ¥1SL0°0 SCT'O ve 06 8y0 S¢ uodIZ
LT 0¢€ S90T 0€ S90T TIT ¥00T L LL6 %0 €9000°0 0¥870°0 8IT00°0 89€9T°0 0I8ZO'0 098891 CI100°0 987200 S¥'0 [44 9 TLO §§ uodnz
p(%6) 0 OT (BIN) OT G o1 g o1 g 0 o1 L op g op g op P yqp (wdd)y (wdd)p ou uodrz
o3e 150 q(EIAD) $98e paroario) csoner d51dojost pandarIo))

(ponuzuc)) g eIqe],

97



ROCAS METASEDIMENTARIAS

.:mmN :wMN\:mmN|
00T " sz / (adyge ~ Tdipr) = ORI p
UOTJB[110D JOIIY]

[949] 0-T 3 (BJA]) SIOLID IINJOSqy/ q

[9A9] .0-T 3® SIOLID AIN[OSAY/

0 61 0V9T 61 OV9T T 8€9T ¥T +€9T L9°0 0CT000 ¥¥S80°0 98C00°0 SS88CT'0 9¥6S0°0 0LL10°% TT100°0 88001°0 6T°0 LT L8 Tr0 0¢ uodn7Z
C0T 61 SevT 61 SErT €1 OICT €T 80T T8'0 890000 CT¥S0'0 #€C00°0 €L£81°0 #0T¥0°0 LET6C'T 680000 S¥060°0 91°0 €9 LSE SE0 ¥ uodIZ
I'8T 6C 6cvl 6C 6ckl LT LS6 0f ¥8L €6'0 €6100°0 0vIL0°0 LISO0'0 9€6CT°0 0S£90°0 0899S°T ¥¥100°0 910600 8C0  S61 £v9 €90 Ly uodnyz
T'c 81 €IE€T 8T €I€T 0T 49¢T OL THCl 99°0 69000°0 ¥#¢90°0 L8T00°0 €CCIC'0 80EE00 0SESY'C S8000°0 T6+¥80°0 00 04 S91 €01 18 uodmz
ST 8T TIET 8T TIET 6 1I8CT 6 T9CT S9°0 ¥2000°0 €6190°0 691000 619TC°0 €S0€0°0 OTTES'T 82000°0 08%80°0 CE0 88 85S¢ TS0 8¢ uodr7
8T 91 88¢l 9T 88CT 8 8YCl L 9TCT €90 £9000°0 TTT90°0 O¥T00°0 9¥60C°0 61920°0 0S61F°C TL000°0 08€80°0 €90  TIE S TE0" I¢ uodny
¥'0 0T Tscl 0T ¢Sl 6 1¥cl 8 9€CT 850 40000 LL190°0 0STO0'0 OETTTO 8€6C0°0 08S6€°C T8000°0 LCTC80'0 €€°0 88 (44 9y0 ¢ uodIZ
8T LI TVCT LT Tycl 8 00CT 8 8LIT T9°0 £9000°0 8SSSO'0 ¢¥100°0 S¥00T'0 T6SCO'0 0STITT ¥L000°0 €8180°0 S9°0 64T 90¥ 080 19 w0217
I'T 0T 9€CT Oc 9¢Cl OT €ICT TT 00T 040 0800070 ¥0490°0 SOT00'0 ¢S¥OC'0 ¥SC€0'0 OTTOE'T T8000°0 091800 6C°0 (49 91 9€0” S¢ uodrZ
C'T- 8T cecl 8T ¢Ce€Tl 8 LSTL 8 TLTT 790 TL000°0 81#90°0 LSTO00 0T8TIT'0 ¢98T0'0 OTOSK'T SL000°0 SHI80°0 8T0 S6 L1€ ¥€0 €C uoary
0C LT 1€l LT 1€Cl 8 9811 L TITT T9'0 990000 TO090°0 9€T00°0 8SL6T°0 96¥C0°0 0091C°C L0000 O¥I80°0 TT°0 9L 959 050 9¢ uod1rz,
06 8T ccel 81 ceel L LTIOT 9 §T6 T9°0 LS000°0 T9SE0°0 SOTO0'0 €C¥ST'O T€6T0°0 06E€CL'T L0000 TOT80'0 90°0 L9 SL6 Yy0 1¢ Uo7
L0 LT 61cl LT 6ICL OT SOCL 6 L6IT L9°0 1S000°0 €6090°0 89100°0 66£0C°0 060€0°0 €9SLTC ¥2000°0 160800 €1°0 <l 688 660 8L Uo7
S°0- 61 LOCT 61 LOTT 8 LICL 8 €TCT 19°0 18000°0 8€C90°0 CSTO00 L880T'0 9€LL0'0 O¥¥IET SL000°0 ¢#080°0 L0O0 65 9LL ¥SO" 0y uodIZ
8T- 61 90CT 61 90CT 6 vvcl 8 L9CT 850 890000 SOLSO'0 CSTO00 STLIC'O LE6TO'0 0£90¥°C 08000°0 LEOSO'O €£°0 149 €St 8.0 09 uod1z
p(%6) 0 OT (BIN) OT G o1 g o1 g 0 o1 L op g op g op P yqp (wdd)y (wdd)p ou uodrz
o3e 150 q(EIAD) $98e paroario) csoner d51dojost pandarIo))

(ponuzuc)) g eIqe],

98



ROCAS METASEDIMENTARIAS

(ponuguop)

90T ¥ cce Ly C19 8 09¢ ¥ CCE 89°0 0C000°0 08STO'0 290000 8TTSO'0 LLITO0 COSCH'0 6C100°0 €2090°0 810 LS S¥YE  €L07SS uodz
89 ¢ €I¢ 0¢ ¥0S S 9¢€€ € €I€ €50 810000 I¥STO0 €7000°0 926¥0°0 SF900°0 6ST6E0 080000 TELSO'O 6¥°0 9T 78T L¥(0 g€ uodIry
I'sc ¥ ¥0€ €€ €01l L 90F ¥ +0€ 19°0 820000 610C0°0 €9000°0 Lg8+0°0 €SOT0°0 10C6¥F0 9CI00°0 90¥L0°0 650 6L LYT  8LO 65 uodry
80T T L6C 1T 919 ¢ ¢€€€ T L6T €970 020000 €0810°0 8€000°0 OTL¥0'0 L6¥00°0 €€88€°0 090000 S€090°0 6€0  ¥Cv 0ICT L8O 99 uod1ry
€0- € L6T S9 98C 8 96T € L6C €50 ST000°0 I8710°0 670000 STZ¥0°0 980T0°0 L08EE'O S¥T00°0 00CSO0 +C°0 VL S¥E€ €90 9 uodIrZ
0Cc S ¥6T €€ ¥¥E L 00€ S ¥6C S8°0 920000 T9¥10°0 18000°0 899¥0°0 87600°0 LyEXE0 080000 LEESO'O CL°O S8 8vL  LIT 16 uodyz
L0 § SLT 9¢ TLS 8 80€ S SLT 080 €2000°0 9¥E€T0°0 9200070 €5€¥0°0 €TOT00 987SE0 860000 €16S0°0 9T°0 SL 1TS 160 SL uodiiy
¢y ¢ SLT T¢ L8E € L8T T SLT T9°0 STOO0'0 96¥10°0 ¥E€000°0 LSEFO'0 90¥00°0 8790 €5000°0 8E¥SO'0 CF'1  ¥L01 €68 €50 8¢ uody
§8 € 04 ¥€ 00S S S6C € 0L S9°0 £c000°0 8TLTO0 95000°0 €8¢#0°0 0£900°0 9SLEE°0 980000 €CLSO'0 TE0 (4] 08T  0L0 ¢§ uodry
6¢ € 89C 8¢ 0LE ¥ 6LC € 89T €L°0 TC000°0 ¢S¥T00 SSO00°0 L¥ey0'0 6SS00°0 €8STE0 S9000°0 86€S0°0 €S0 99C 6vS  SL0 9§ uodrz
0¥ € S9C ST ¥9¢ v 9/C € §9C 1.0 ¢C000°0 ¥0910°0 9¥000°0 €0¢¥0°0 S8700°0 88110 6S000°0 #8€S0°0 ST°0 LL 785 850 cp uodry
S T S9C 9¢ Iy v 08C T S9T 19°0 €2000°0 £9910°0 6€000°0 861+0°0 18700°0 STLIE0 990000 86+¥S0°0 LTO L8 LSS 8F(0 yE Uo7
9¥L € ¥9C¢ €€ 999 S 60¢€ € ¥9CT TS0 ¢C000°0 STZTI0°0 T#000°0 98I#0°0 $9900°0 LFSSE'0 6600070 941900 1S°0  LLT 18€  ¥S0 6¢ Uo7
66 T ¥9T € 6TS ¥ €6T T ¥9C 190 S8000°0 T6¥¥0°0 SE000'0 SLIFO0 S9¥00°0 S9¥EECO ¥9000°0 864500 #0°0 Y4 9€9  ¥€0 ¢ uodry
€St ¢ 19C ¥C T69 v 80€ T 19C 650 0€000°0 6£5C0°0 €€000°0 9¢I¥0°0 S8700°0 087SE0 690000 £5¢90°0 91°0 68 929  ¥90 Ly uodIrZ
€Cl T 0SC 0T 885 € S8C T 0SCT 040 STO00'0 SSCIO0 9€000°0 $S6€0°0 €1¥00°0 19¥CE€0 ¥S000°0 856S0°0 €C'T  #10C ¥6L1  €€0 1T uodIZ
§'S¢ ¢ Shc ST 9T0T § 6C€ T SPC 19°0 ¥T000°0 8S£00°0 6€000°0 048€0°0 8¢900°0 LIE8E0 S6000°0 80EL0°0 89°0 1429 €SS 160 0L uod1z
80¢ ¥ O¥C CC 0C8 S €0€ ¥ OvC ¢80 LEO00'0 987C0°0 190000 964€0°0 ¥£900°0 SEL¥E0 €£000°0 ¢#990°0 €1°0 09 (459 910 L uod1ry
8T T 6£C 8¢ €€€ ¥ 9T T 6€C 8¥'0 SF000'0 S9610°0 #€000°0 08L£0°0 0£S00°0 9L¥LT°0 06000°0 60€S0°0 ST'0 194 1ce L10 § uod11Z
96T T 8¢ € 0.9 € T8 T 8ECT T19°0 £€£000°0 90810°0 ¢€0000 69LE0°0 #+#+00°0 9S61€°0 890000 88190°0 00 1574 ¥C6 60T S8 uodry
TCL T LET 6C S9S ¥ 0LC T LET 650 ¥CC00'0 0SEE0'0 9€000°0 SHLEO'O ¥6¥00°0 6€0€°0 £L2000°0 €6850°0 SO0 4 LES  TTO C1 uodry
191 ¢ ¥€¢ 8C 1.9 v 6LC T ¥E€C ¥5°0 9C100°0 €66C0°0 T€000°0 €0L£0°0 £8#00°0 ¥09TE0 08000°0 ¢6190°0 60°0 (43 €69 LZ0O 91 uod1rz
60- € 9tc € 60C € ¥cT € 9¢C 640 810000 €CITO0 TFO00'0 €9S€0°0 0T#00'0 L0LFT'O TSO00'0 1€0SO°0 00 0¢ 6.8 €60 1L uodyz
e ¥ 6l €T €L v viT ¥ 61T 880 L6000°0 TILIO0 99000°0 LSHE0'0 6CS00°0 099¥C°0 TSO00°0 TLISO0 900  LLT 0CIE €11 88 uodIy
€0¢ ¢ 91T Oy C60L 9 0I€ T 91C 840 €€000°0 0SL00°0 £€000°0 00¥€0°0 91800°0 9SLSE0 CSTO0'0 885200 S80  8EF 0LS 120 TT uodz
ST- T 661 vC L91 € 961 T 661 ¥.0 L1000°0 68600°0 TE000'0 6CTE00 0€€00°0 8IETTO €SO00'0 I¥6¥0°0 CO'0 4" 9€8 180 19 uodryz
ST T 961 0¢ te€c € 661 T 961 650 C6000°0 ¥2600°0 62000°0 ¢60€0°0 98€00°0 ¢SITCO TLO00'0 6£0S0°0 00°0 S 16C1  CLO ¥S uodz
I'ST 9 981 Ly €65 6 6IC 9 981 160 820000 #0600°0 160000 ST6CO'0 86010°0 8L0¥C°0 6C100°0 696500 01°0 ¥8 €C6 1.0 €S uodyz
v6 ¥ €91 S5 00F 9 08T ¥ €91 L0 0£000°0 T0O800'0 190000 S9STO'0 +¥SL00°0 6¥€61°0 9€T00°0 0L¥SO'0 +0'0 881 6687  TOT 8L uodiy
CIl T 8ST Ly €SV ¥ 841 T 8ST T19°0 #1000°0 T££00°0 €€000°0 94¥C0°0 €¢S00°0 9TT6T°0 LI100°0 00950°0 800  6¥1 00T €20 €1 uod1ry
Ly T Wl o €9¢ ¢ 8y 1T T¥l 650 £2000°0 ¥6900°0 12000°0 90200 L¥E€00°0 T99ST'0 S6000°0 6#150°0 €0°0 YL 0¥€C 00T LL uod1ry
Lec 1 SET T4 LLL 9 LLT T SEL #€°0 81000°0 8¥900°0 61000°0 61100 £6900°0 STO6T°0 £2C00°0 80S90°0 600  L6T 99LE 660 9L Uo7
p(00) 0 O RN 01 G o1 gL o g o0 o1 g or @ o gFL o1 e oy (wdd)yp (wdd) couuoany
a3k 1509 (eI s8¢ Pa10a110)) csonex d51dojost pandarIo))

0S-HIN 319uevs 1of prop 1407051 44—~ SN-dDI-F'T **9 BIEL

99



ROCAS METASEDIMENTARIAS

(ponurguoy))

60- 8 €L LS 9TL 61 9%L 8 €SL L90 SS000°0 TO8E0'0 €€T00°0 06€CT'0 8T6€0°0 9TS80T T6100°0 TSE90'0 T€0 €9 1CC  T¥0 8T uodIry
6C TI OvZ 8¢ 6C8 9T T9L T1 OFL €80 190000 TTLE0'0 L6T000 ¥9ICT'0 08EE0'0 L68TT'T ¥CT00°0 €£990°0 1C°0 24 61C €0 0¢ Uo7
T'L 8 €L 0T T¥6 OT 8LL 8 €CTL 6,0 T¥000°0 865€0°0 T#T00°0 998TT°0 €TOCO0 ¥ECST'T €£000°0 €70L0°0 CT°0 L9 S€9 00 LT uodryZ
€L 6 6IL 0T ¥v6 6 9LL 6 6IL 6L°0 ¥S000°0 905¥0°0 €ST000 96L11°0 ¥8810°0 O¥8¥L'T 1TL000°0 ¥SOLO0 6£0  6CL 89¢  THO 6C uodrZ
60 S T8 0T 80L 9 889 S €89 090 ¥¥000°0 88€€0°0 08000°0 09TTT'0 OLITO'0 SS896'0 T9000°0 86T90°0 LT0 L6 L6€  ¥80 ¥9 uodrz
6T 9 €L9 0¢ 6SL 8 €69 9 €L9 950 T#000°0 68T€0°0 COTO0'0 9660T°0 S¥9T0'0 006460 06000°0 ¥S¥90°0 €50 L6 €0C  0£0 61 Uo7
09 0T 809 S€ €8 ¥vI L¥9 OT 809 L80 870000 SCOE0'0 S9T00°0 T6860°0 #8SC0°0 920680 601000 8¢S90°0 CTO 1L S¥E  SCO ST uodnyz
8T & 965 61 TSS9 § L09 S 965 99°0 9€000°0 6€0€0°0 £L0000 06960°0 +7£600°0 89818°0 $S000°0 LET90'0 61°0 8L ISV ¥60 TL U0z
9¢ ¥ 85 I 989 9 ¥09 ¥ €8S 090 150000 966C0°0 120000 C¥¥60°0 OTOTO'0 LIEI80 €9000°0 SECI00 ¥1°0 85 Sy €80 €9 uodryz
Ly ST ISS ¢ ¥89 61 8LS ST 1SS T6'0 9L000°0 S¥LTO'0 9¥C00°0 LT680°0 TOLE0'0 €899L°0 LTT00'0 0€C90°0 +¥1°0 (49 STy €01 08 Uo7
6C S S¥YS Oy Lg9 TT 19S5 S S¥S €90 €2000°0 €00 ¥8000°0 L£880°0 00610°0 0E€8€L0 LITO00 990900 10  +¥1 €IE 640 09 uodZ
vI- L 96y LE €Sy 11 68F L 96y 9.0 ¥¥000°0 T6¥C0°0 €C100°0 €0080°0 £¥L10°0 L08T9°0 01000 ¢09S0°0 <10 Ly Iy 20 pT uodny
8T ¥ T8y T SIS § 16v ¥ 8% S9°0 TE000'0 I8%TO'0 £9000°0 TLLLO'0 61800°0 0TIZ9'0 8S000°0 T9LSO0 6£0  IE€T €L6 LSO Ty uodrz
€6l 8 I8 CC ChOL 6 965 8 187 ¥8°0 60100°0 8CLSO'0 CETO0'0 S¥LL00 8T9T0°0 9686L°0 18000°0 TO¥L0'0 81°0 99 LO0¥ €10 ¢ uodrZ
SL S 69 8T ¥89 8 LOS S 69% L90 190000 0CETO'0 940000 9¥SL0°0 O¥CTO'0 864%9°0 06000°0 82900 #0°0 91 9er 990 6 uodZ
L0 L Ty ST S9% 8 vhvy L Tvy ¥8°0 ¥€000°0 10CC0°0 €IT00°0 €£0£0°0 64CT0°0 €C6¥S'0 £9000°0 €€950°0 CT°0 6€ S9¢ 060 69 Uo7
0¢ € ¥y 0€ C0S 9 Loy € vI¥ Ly'0 0€000°0 88+C0°0 6¥000°0 9T990°0 8¢800°0 66CCS'0 080000 8CLSO'0 STO 0s 91C TS0 9¢ uodryz
e € Loy T S6y v Oy € LOv €9°0 ¥€000°0 SO0CO'0 €5000°0 0TS90°0 959000 S8CIS'0 LSO00°0 604500 9.0 08 669 680 89 uodIZ
v'e § €y TIC 00s 9 LIy S €OF 180 8€000°0 9€SC0°0 ¥8000°0 S¥¥90°0 ¥¢800°0 96050 SSO00°0 ¢TLSO'0 +1°0 89 s 11T 98 uodry
L9 L TOv 9ST L8S 8C 1€ L TOF 6£0 0£000°0 68610°0 601000 9€¥90°0 0STHO'0 6C8CS'0 9T#00°0 ¥S6S0°0 850 €€ 79 SIT06 uodmyz
8y 6 10v Oy ¥9S Ol Iy 6 10¥ LLO 20000 0S8TO'0 Z¥T00°0 £€1¥90°0 TE€STO'0 OTEISO CIT00°0 €68S0°0 L9°0 18 €€T  6€0 9C uodyZ
€0 € ¥6€ ¥€ 00F L S6€ € v6E€ ¥9°0 610000 89610°0 €SO00'0 TOEY0'0 8¥600°0 6TSLF'0 $8000°0 69¥S0°0 9T°0 L9 9y S€0 €T Uo7
€T 9 S8¢ 9T Ty 9 06 9 S8 080 TTO000 0TLTO0 6600070 TIT90°0 9€600°0 T8LI¥'O 99000°0 STSSO'0 160  SOT 8YC  TOT 6L uodyZ
96 € 0L SS 6IS OF T6E € 0LE LEO €1000°0 SESTO'0 S¥0000 ¥16S0°0 88ET0'0 990LF°0 0STO0°0 TLLSO'O 8E0 (49 0ST €S0 LE uodnZ
00 S S9¢ 68 L9¢ ¥I S9¢€ S S9€ 8¥'0 €2000°0 €Z8T0°0 T8000°0 8T8SO'0 66610°0 LIEEY'0 602000 T6€S0°0 ¢SO Y4 €5 190 Sy uodnyz
0y ¥ 8S€ vC L9y S €LE ¥ 8SE TL'0 90000 TL6TO0 £€9000°0 8TLS00 06900°0 0SEVH0 T9000°0 9€950°0 €+°0 681 I8y S80 §9 uodrZ
8T 9 9S€ TT 648 L S€F 9 95€ 98°0 T8000'0 €5850°0 96000°0 ¥£9S0°0 9SOT0°0 6¥SES'0 890000 9€890°0 80°0 1) 88,  S90 8y uodrZ
90 0T SS€ 79 69¢ ST LSE 0T SSE 080 050000 TZLT0°0 891000 $99S0°0 9CTT0'0 S¥ITH'0 TST00°0 96€S0°0 0T0 (43 18T  ¥IT 68 Uo7
60T 8 0S€ 6€ TS9 TI €€ 8 0S€ 680 ¥S000°0 0CLT0°0 SETO0'0 €85S0°0 0S9T0°0 T¥TLY'O OTT00°0 9€190°0 90°0 8¢ 0SZ 090 vy uodryz
0Tl ¢ 8¥€ T¥r 949 L T6€ € 8¥E LE0 STO00'0 65LT0°0 £4000°0 6¥5S0°0 60010°0 S869+°0 ¥TI00'0 902900 +9°C  8€C 66 5SSO Oy uodIz
v'8 9 0bE €S ¥.S 6 TLE 9 0OvE 850 10000 S9LIO0 €6000°0 TT¥SO0 S6CT0°0 LYOVY'0 TY100°0 0C6S0°0 C6'T 61T scl 010 ¢ uodnz
e 0T €€€ 65 6IF ST ¥PE 01 €€€ €6°0 91000 ¥S9T0°0 991000 #0€SO'0 S60C0°0 OFE0F'0 T9T00°0 9TSSO'0 €0°0 LT 999 S60 €L uodrZ
60- ¥ 9t¢ ¥S5 +¥0€ Ol €€ ¥ 9c¢€ 1.0 0T000°0 L9100 TLOOO0 €81S0°0 96TT0°0 95¥LE0 8CI00°0 T¥TSO0 TH0 89 LLT 880 L9 uodry
p96) ¢ O (FIN) OT G°% 0T g% o1 g% 0 op L op g pp g pp Ny (wdd)gp (wdd)n ouuodny
o3e 350 q(EIAD) s98e paroario) csonex d51dojost pardarIo))

(ponuszuo)) 9 eIqe],

100



ROCAS METASEDIMENTARIAS

00T - 3% / (735 — 4% ) = oouepiodsi
UOLB[O1I00 01T
[949] 0-T 3 (BJA]) SIOLID INJOSqY/ q
[9A3] .0-T 3® SIOLId AIN[OSAY/
L'T¢ 0T €10C 0T €10C €1 €6¥1 6 ¥SIT 89°0 94000°0 T09S0°0 6ST00°0 S0961°0 1ZSSO'0 €S6¥€°€ 1ST000 T6€CT'0 CCTO €8 90y T80 ¢9 uodry7
8'C- 9T 9041 91 90LT TT L9LT €1 LI8T 99°0 LIT00°0 €9680°0 LLT00'0 1SSTE0 LS090°0 0€969% T0100°0 0S¥0T°0 S¥°0 4 0TT  8IT ¢6 uody
¥'0- ¢c 8TIL ¢ 8IIT 6 [I€IT L 9€IT TS0 180000 86€S0°0 TET00'0 SLL6T'0 S¥9C0°0 00S¥0°C S8000°0 889L0°0 STO 123 SYT  8CO LT uodryz
9T €C 83801 ¢€¢ 8801 €T €S0T IT 9¢0T ¥.°0 95000°0 9¥CS00 96100°0 O¥¥L1°0 STLEO'O SYIT8'T S6000°0 SLSLOO €€°0 9L SST 960 L uodrZ
ST 91 ¥90T 9T +90T 8 +€0L 6 8I0T ¥£°0 S6000°0 ¥0€S0°0 LSTO0'0 SOTLT'0 €61C0°0 0S69L°T €9000°0 +¥8¥L0°0 CT°0 9L 169  LLO 8G uodIZ
L0- 0C LSOT 0T LSOT 6 €L0T OT 180T 040 950000 TL0SO'0 T8T00°0 €5¢81°0 0¥9C0°0 08548'T SLO00°0 95¥L0°0 €T'T  60€ 10¢  SOT" 18 uodry
ST ¥C WOl v¢ 1¥0L CT 6001 OL +66 ¥L°0 ¥S000°0 £C0S0O°0 ¥8T00°0 6999T°0 TLCE0'0 9¥00L°T T6000°0 66€L0°0 CCO 18 0ST 90 ¢g uody
0 8 686 0C v66 6 066 8 686 0.0 1¥000°0 TT0SO'0 T¥100°0 ¥LS9TO L¥¥c0'0 961S9'T 140000 6CCL0°0 90 00T STy 6S0 ¢y uodryZ
90 8 6L6 LT 666 0T S86 8 646 LSO L9000°0 ¥64¥0°0 9¥T00°0 S6€9T°0 185¢0°0 0T8EI'T ¥6000°0 L¥CLOO 8¥°0 1y S6  6C0 8T uodIz
ST v1 €6 LT 10T TT 886 ¥I €L6 L80 850000 €98¥0°0 S¥C00°0 TOEIT'0 L¥8CO'0 O¥9¥9'T €9000°0 LTELOO L0 O€T 0€S 90T ¢8 uodryz
§0- 8 TL6 61 95 6 L96 8 TL6 L9°0 €¥000°0 0€6¥0°0 TYT00'0 TLTIT'O 961C0°0 80CT6ST 99000°0 £60L0°0 €T°0 cL T19  LOT €8 uodry
¥0 8 ¥96 CC 086 6 896 8 ¥96 €970 850000 LEVYO'0 SYT00'0 0€T9T'0 L9CCO'0 OTS6S'T 6£000°0 8L1L0°0 160  OLT S0C  6¥0 SE uodz
Ly 9 068 8T 6£01 8 v€6 9 068 +9°0 C€000°0 ¥9¥¥0°0 €0T00°0 TO8¥T'0 ¥98T0°0 TE80S'T £9000°0 T6€L0°0 TT°0 95 €55 S0 I¢ uodry
e 9 LL8 1T 686 8 968 9 LL8 T9°0 650000 STSY0'0 STT000 TLSYT'0 SO8TO0 0991’1 040000 S€0L0°0 +1°0 99 SIS 9L0 LS uodryZ
6C 0T 9.8 8T L96 6 ¢C06 0L 948 080 LS000°0 I8EY0'0 SLT000 6SSYI'0 8100 OTCEY'T ¥9000°0 SETLO0 T€0  Thl 96¥ S10°9 uodiryz
0T 9 ¥6L 6C 98 Ol <08 9 +¥6L 650 1€000°0 666€0°0 80T00°0 LOTET'O 061C0°0 96€0C'T T6000°0 €9990°0 +€°0 9 00C 690 1§ uodry7
€L OL L9L ¢ T66 81 LTS8 OL L9L €L°0 89000°0 €¢8€0°0 CTLI000 T+¥9CT°0 T00¥0°0 €¥8STT 69100°0 0CCL00 1C°0 S€ ¥8T  L90 0§ uodryz
p96) ¢ O (FIN) OT G°% 0T g% o1 g% 0 op L op g pp g pp Ny (wdd)gp (wdd)n ouuodny
o3e 350 q(EIAD) s98e paroario) csonex d51dojost pardarIo))

(ponuszuo)) 9 eIqe],

101



ROCAS METASEDIMENTARIAS

(ponutzuop)

L0 € 16T 9¢1 TI€ 91 €6C € T6C L¥'0 620000 6¥¥10°0 1SO00°0 0900 82020°0 TOSEE'0 00€00°0 65CSO°0 €T0 9¢ €St 090" Ly uod1rz,
6'¢r € 68T 95 5691 TI SIS € 68C €€°0 002000 08850°0 9¥000°0 €85¥0°0 STOCO'0 £T099°0 T0OL000 06€0T°0 61°0 8r 9¢C LIT G6 uodmz
Ov € L8CT LT 66¢€ ¥ 66T € L8C 090 TC0000 CLSTO'0 T¥000'0 L¥S¥0'0 91S00°0 64Cv€0 990000 89¥S0°0 9¥°0  1CCT 844 OTT" 68 uod1Z
Ov € L8CT 0¢€ T6€ ¥ 66T € L8C 850 L£0000 8ZL10°0 €7000°0 CTSS¥0'0 6¥S00°0 8¥CHE0 TL000°0 L¥FSO'0 6€°0  8ST 9LE 801" L8 uodrz
¢yl € ¥8C OF SL9 9 1€€ € ¥8C TS0 L0000 £8410°0 0S000°0 80S¥0°0 CI800°0 80S8E°0 CITO0'0 C0C90°0 TI¥°0 95 Ll CL0 LS uodnZ
L8 T ¥8C v€ 6ls S T1I€ T ¥8C S¥'0 6C000°0 ¥ELI0°0 9€000°0 86¥#0°0 1#900°0 TT8SE'0 T60000 TLLSO0 T€0 L9 L61 €50 Ty uodrzZ
L€ T €8T 0¢ T8¢ ¥ ¥6T T €8T ¥50 S¥000'0 ¥6¥10°0 8€000°0 98%#0°0 TCSO0°0 0CSEE'0 TL0000 LT¥SO'0 940  6SE 9y 060 L uod17,
€6 T €8T ¥E€ veS S TIE T €8T S¥'0 680000 8C0CO'0 9€000°0 68¥¥0°0 €4900°0 T96SE°0 £6000°0 0T8SO'0 CE0 <6 L9t €20 91" uodzZ
0L € 6L 0€ €9 ¥ 00€ € 6LC 850 LTO000 09ST0°0 ¥#000°0 STHr0'0 16S00°0 09€¥E€0 6£000°0 L9500 T#'0  0ST 9¢¢ 050 6¢ uodIZ,
00 € LLz 0S 0LC 9 LLT € LLT 60 €1000°0 £€8€10°0 €¥000°0 86€¥0°0 L0800°0 CCETE0 O0IT00°0 S9TSO'0 ST0O OIT 1y €C1 001 uod1ry
Il T LLT v¥ €8S 9 CIE € LLT 8E0 €5000°0 S99T0°0 9€000°0 T6EYO'0 LLLOOO S¥6SE0 611000 Cv6S0°0 60  €LT sce 660 08 U027
191 T LLT S€ TTL § 0€€ T LLT THO 6£000°0 681C0°0 SE000°0 98€#0°0 61L00°0 LLEBED 80T00'0 C#E90'0 8T°0 3% 80T Yy0 ¢ U0z
€Il € 9/c 1€ TS S TIE € 94T 190 0£000°0 89L10°0 8¥000°0 08€¥0°0 6€900°0 668SE0 €8000°0 €16500 ¥€'0 9T 609 601" 88 U027
6'sT ¢ SLT oy ¥IL L Lc€ T SLT SE0 8IT00°0 00200 9€000°0 8SEXO'0 T6800°0 886LE°0 6€T00°0 L1€90°0 9€°0 L6 15¢ 12T 86 uodIrz
§¢L ¢ vLT OF ¥I9 S €I€ T VLT ¥¥'0 TE000°0 T89T0°0 6€000°0 T¥EYO'0 8CL00°0 0STIE0 60T00°0 0£090°0 6€°0 6L 681 990 ¢S uodn7Z
TIL € €Lc 6y L9S L LOE € €LT ¥¥'0 S8€00°0 69SC0°0 87000°0 €£€¥0°0 04800°0 9SESE0 0€T00°0 66850°0 CTO Ly L61 €IT T6 uodz
00 € €Lt Ts 0LC 9 €Lt € €LT TS0 €1000°0 T9ETO°0 €£000°0 0E€EX0°0 0€800°0 THBOE0 €IT00°0 991500 €T0 98 61C 180 §9 uod1r7
6'¢ ¥ TLC LS SLE 6 T8C ¥ T1LT 9L°0 L1000°0 €¥€10°0 190000 L6¢r0°0 ¥EITO'0 ISOCED ¥€T00°0 OIFSO'0 €S0 SOF L69 ST g6 uodz
TL ¥ LT €S 6y 8 T6T ¥ ILT 69°0 TTO00'0 LEETO'0 TLOOO'0 L6TF0'0 COTTO'0 88TEE0 CTETO0'0 81950°0 ST'O L9 LTy 960" L, uodItZ
L6 T 19C € TS ¥ 68T T 19T TS0 610000 CT6¥I0'0 8€000°0 OLT¥0'0 ¢8SO0°0 SS6CE0 L8000°0 084500 6¥°0 66T 995 6¥0 8¢ Uo7
Tel € 6SC 09 L8L 8 0CE € 6SC ¢¥'0 112000 9S#€0°0 €S000°0 COT¥0'0 €¥ITO°0 ¥TOLEQ €8100°0 6€S90°0 TT°0 6€ €re 810 01 uodr7
6v1L T 85T 6€ 949 S €0€ T 8ST ¥¥'0 0¥000°0 9T0C00 9€000°0 £LO¥0'0 00L00°0 9€8¥€°0 CITO0'0 SOC90°0 0T0 €€ vST €01 €8 uodIr7
ST T 95T 66 189 €1 COE T 9ST 8€0 €L000°0 ¥¥¢10°0 0¥000°0 9¥0¥0°0 6£9T0°0 069¥€°0 €8200°0 612900 90°0 6 6v1 €907 05 uodr7Z
€91 ¢ 1IST 9% 80L 9 00€ T TIST 9€0 6€000°0 TOLIO0 CTEO00'0 996£0°0 €LL00°0 LBEYED TETO0'0 86C90°0 T1€0 €L Tce 890 y§ uodIZ
¢ T 0SC 6¢£ €€ v 85T T 08T T¥'0 1€000°0 T¥910°0 0£000°0 LS6£0°0 0FSO0°0 TE68C'0 060000 L0ESO0 TC0 18 CSE 800 T €S-HIN uodrz
6'¢ ¥ L¥T ¥E€ 0S€ § LST ¥ LVC LLO 0£000°0 9SSTO'0 0L000°0 668€0°0 94900°0 ¥#88C°0 08000°0 0SESO'0 ¥T'0 08 ST€ TTI 66 uodIZ
09¢ € 9¢C 89 ¥CET TIT 69€ € 9¢C ¥E€0 S¥C00'0 SKSE0'0 S¥000°0 0€LE0'0 6LSTO0 S8LEY'0 06C00°0 8€S80°0 €0 CIT 1474 S60 9L uodrz
95 T SE€C 8y 8L S 6¥C T SEC €50 S¥000°0 TITTO'0 6C000°0 STLEDQ €8900°0 LELLTO 611000 9T¥SO'0 SO0 8y 0S8 0 g Uo7
LTl € veT ¥€ 085S S 89T € FET 99°0 £€2000°0 SKI10°0 870000 00L£0°0 T0900'0 8STOE'0 68000°0 S€6S0°0 TC0  TET L9S €60 L uodr7
9L ¥ 0¢C S€ 0y S 6¥C ¥ 0€C €L0 854000 ¢9T¥0°0 €9000°0 8€9€0°0 0S900°0 6¥8LC°0 680000 S¥SSO'0 TT°0 9L 99 LY 9¢ Uo7
L9T T sl 9¢ S99 ¥ 8ST T SIT 950 9¥L00°0 S6T80°0 LEO0DD'0 S6E€0'0 T9S00°0 €488T°0 660000 SLI90°0 00 4 909 L60 8L uod11Z,
00 ¢ v¥lc ¢/ 1ic 9 ¥Ic T vIC 8€0 CI0000 99010°0 T€000°0 6££€0°0 €9L00°0 LSYECO TST00°0 ¥€0SO'0 £0°0 911 6LST 91T 6 Uo7
p(%) ¢ o1 (B IN) o1 % o1 hmwww o1 Q@% N o1 M%MMM o1 %Q‘MMNN o1 %&‘MNN o1 ﬁ% AL (wdd) yp, (wdd) o “0U U027
o8k 150 q(EIND) s98e paroarro)) sonex d1do1ost pa1da1Io))

£S-HIN 2 9uvs 1of vpop 1dorost g4~ SN-dOI-F'T **L IG¥L

102



ROCAS METASEDIMENTARIAS

(ponurguoy))

80T € O0oFE 8¢ +¥€9 9 1I8¢ ¢ 0OFE ¥¥'0 SE000°0 6¥610°0 6000°0 0C¥SO'0 81600°0 £0SS¥'0 OTTO0'0 S8090°0 940 €e1 91 790 6 uodI1Z
6C v Ove S8 SI¥ €1 0SE€ ¥ OvE€ 9€0 610000 069T0°0 ¥9000°0 8I¥S0°0 STSTO0 CETIF0 STTO0'0 90SS0°0 L¥'0 6¢ LL €60 Gz uodrmy
€9 ¥ 0vbg SE€T LIS TT €9¢ ¥ 0OFE€ T€0 LI000°0 649100 LSO00°0 CI¥SO'0 TS6C0°0 TEOEF0 #9€00°0 99L50°0 640 (/49 VL€ €0 ¢ uodary
60 € 6£¢ O 8SE€ S TrE € 6£€ €40 TTO000 9T9T0°0 £+000°0 LO¥SO'0 TSL00'0 €+00¥°0 16000°0 0L£S0°0 S9°0 SvT S0C 760 L uod1y
¢l v 8€¢ 8C L9¢ S THE ¥ 8€E€ €L°0 020000 869T0°0 0L000°0 T6€S0'0 80L00°0 SE00¥'0 S9000°0 T6€SO0 €40 Sve LEY 690 GG uod1ry7
Sy € LEE SY SS¥ L €S € L€ TY0 STO00'0 949100 6+000°0 #9€50°0 ST600°0 ISSI¥O CITO00 £09S0°0 #9°0 68 8¢CT 910 8 uod1ryZ
€9 € LgC vE€ Tey 9 98¢ ¢ LE€E 0S80 STOO0'0 6S9TO0 6¥000°0 TLESOO ¥.L00°0 €S0CH 0 T6000°0 COLSO'0 6S°0 60T 0LT Sy0~ G¢ uod1y7
. € 9¢€ 98T OFS 9T €9¢ € 9¢€ ST°0 610000 £S9T0°0 €SO00°0 9¥€S0°0 8T9€0°0 T96CH 0 89¥00°0 8C8S0'0 8+°0 VAY4 681 ¥/0 65 uod1yz
06 S SE€€ O T8S L 89¢ S SE€€ 99°0 COTOO'0 8THTO'0 S80000 4TESO'0 TSOTO'0 969¢€¥°0 LOTO00 T+6S0°0 v+°0 <9 SeT 680 T, uod1y
L'e € S€€ SS9 9¢y 0T 8v€ € SE€€ TS0 STO00'0 099T0°0 £€5000°0 9C€SO'0 OT+I00 ¢C80¥'0 8STO0'0 6SSS0°0 190 0¢T S61 6,0 €9 uod1yz
TCT ¢ ¥€€ €€ 999 § 08¢ € ¥E€€ 9¥°0 £€2000°0 92910°0 £+000°0 +I1E€SO'0 TLL00°0 SYESH'O0 €6000°0 €£L190°0 690 0T 0LT €.0 85 uodIy
LS ¢ TI€e €& ¥8 9 ISE€ € T€€ TPO SC000°0 £€89T0°0 9¥000°0 89CSO0 +9800°0 CSCI¥'0 80TO0'0 189500 €S0 Sz T€T 080 $9 uodIryZ
8T € 0€¢ TS 846 8 9¢¢ € 0€€ 0S50 #¥T000°0 ++9T0°0 6¥000°0 09SO0 TTITO0 €8C6E0 ¥CT000 9T+SO'0 €S0 86 691 10T 18 uod1Z
8L € 0€¢ VvIT ¢S ST 8SE€ € 0€€ 8T°0 STO0O0'0 T89T0'0 6+000°0 6¥CSO°0 L¥1CO'0 €ICTH O T6CO0'0 SE8S0°0 €40 69 0ST 980 69 uod17
90 € 6C¢ I¢ 8¢ § TI€€ € 6C€ 6¥'0 ¢C0000 699T0°0 #0000 €4CSO'0 £€2900°0 90S8€°0 SL000°0 CCESO'0 S9°0 €61 SLT 110 # uod1y
9'TI- § 8¢ 0S T¥r L ¥6C S 8TE ¥S0 920000 LZLTO0 840000 +CCSO'0 TC600°'0 T6SECO 80T000 ¥#89+0°0 61°0 159 1944 0CT™ L6 uod1ry
6'LC S 9T¢ 8CI 6VIT ST ¢Sy S 9C¢ STO LSTOO'0 IT¥CO'0 88000°0 L8TSO'0 0T8E0°0 870950 STSO0'0 £08L0°0 T9°0 G8T1 9.¢C 920 61 uod117
8S ¥ €C¢ LE €9 9 €€ ¥ €€ 990 S6000°0 L0200 TLO0000 €F¥ISO0 #S800°0 06T0¥'0 06000°0 929500 190 (454 8¥¢ 820 ¢9 uod1ryz
0§ € €t¢ €8 T9% TI ove ¢ ¢€r¢ 8¥'0 STO000 86STO'0 £5000°0 9€TSO°0 S99T0O0 9T86E°0 TOTOO'0 79500 SS°O LCT 44 G690 1G5 uod1yz
60 € €C¢ IS ¥re 8 9¢¢ € €C€ 9S50 ¥T000°0 TTI9TO0 6¥000°0 €¥TSO'0 SCOTO'0 €€84€°0 9ITO00 SEESO'0 LE0 (34 Y4 10 G uodrry
T'c ¥ 0C¢ €L vL& T1 LTE ¥ 0CTE S0 9T000°0 T6STO'0 850000 T60SO'0 CTLYIO'O 6S6LE°0 €LT00°0 LO¥SO'0 S9°0 T0C €8¢C 6£0 0¢ uod1y7
9°¢ € 0C¢ L9 91¥ O CE€€ € 0cC¢ CTE0 STO000 £8STO'0 640000 £80S0°0 SCETO0 L¥98€°0 0LT00°0 0ISSO0 +€0 [ %4 29 S0 ¢y uodmy
9T ¢ €I¢ 8F ¢€S¢€ L 8I¢ € ¢€I€ 9%¥°0 CT000°0 09STO'0 T¥000°0 £€86¥0°0 LL600°0 9089€°0 LITO00 LSESO'0 IS0 €sT v.C I$0 1¢ uodiyz
0y ¢ 0I¢ ¥S 6IF 8 €€ € O0I¢ ¥¥0 ¥T0000 LESTO'0 870000 LT6¥0°0 6SOTO0 ¥L¥LE0 TET00'0 91SS0°0 SE€0 0L 81 L10 6 uod1ry
ST € 60¢ ¥y 0LE L LTIE € 60 SS0O €1000°0 8€STO'0 9¥000°0 LI6¥0°0 €0600°0 T099€0 €0T000 86€S0°0 T+ 0 16 0t 701 ¢8 uod1ryz
T9 € 90¢ 8¢ ¢y 9 9T¢ ¢ 90¢ TS0 +T000°0 80LTO0 6¥000°0 SS8F0°0 8+L00°0 T06LE0 960000 €5950°0 IS0 18T VLT 860 6, u0d117
86 6 SO0¢ 0§ £L9S TT 8¢€ 6 SO€ T80 929000 £L6€0°0 OSTOO0 8E¢8¥0°0 COSTO'0 LIS6€°0 0ETO00 668500 CT'0 8T 81T G80 89 uod1yz
0T + #0€ 85 T€€ 8 L0E ¥ +0€ TS0 LTO000 CISTO'0 8SO00°0 ST8¥0°0 SOTTO0 S6CSE0 +ET00°0 SOLSO'0 60 194 8¢T G0T 68 uodmyz
8 € ¥0¢ SS T€S 8 TI€Ee € P0E 9€0 6+000°0 €S6T0°0 870000 TT8¥0°0 SLOTO'0 SLS8EC'0 TISTO0'0 ¥0850°0 8T0 6C 96 £SO G uodmyz
6T € T0¢ €€ LSE § 80¢ € ¢C0€ TS0 9S000°0 S69T0°0 T#000°0 T6L¥O'0 €T900°0 9L¥SE0 08000°0 99€S0°0 9¢°0 86 L¥C 160 0F uodIry
6¢C € 86C CE 96 S OIE€ € 86T 8S0 LTOOO'0 S99T0°0 9+000°0 +€L¥0°0 0T900°0 80LSE0 9L000°0 T9¥SO°0 SS°O LST 9¢C I1T 06 o217
06T € 86C CTE ¥E€8 § 89¢ € 86T TS0 €5000°0 020CO'0 €+000°0 6£L¥0°0 ¥9L00°0 ¥69¢+°0 00TO0'0 689900 ++°0 66 20T 10198 uod1r7
€0- v S6C 19 €6C 6 Vv6C ¥ S6C S9°0 9T000°0 89¥T0°0 8S000°0 9L9¥0°0 661T0°0 T€9E€E0 8CTO00 9TZSO'0 690 L1C 88T 0T 8 uod1iz
p06) ¢ O (BIN) OT G 0T g€ o1 g o GE op s pp g pp @My (wdd) g (wdd) g ou uodIry,

o8k 150

q(EIND) s98e paroarro)

csonex d1do1ost pa1da1Io))

(ponuzuo)) 1 eqe],

103



ROCAS METASEDIMENTARIAS

[949] .0-T 3E (BJA]) SI0119 9IN[OSqY ¢
[9AS] .0-T J© SIOIID ANJOSqQY

0Cc 9 €8¢ 8 ¢y ST 1T6€ 9 €8E€ TF'0 820000 90610°0 96000°0 81190°0 +21C0°0 €700 CIC000 9L5S0°0 9+°0 6C 8S 0€0 ¢ uod1ry
10C ¥ 8LE 8I¥ S€6 9L €Ly ¥ 8LE SO0 9€000°0 #08T0°0 CL000°0 T€090°0 C6STT'0 ¥SE6S0 SO¥10°0 €20L0°0 O¥°0 LT 9 L0 8T uodry,
80 € 69¢ Ly 96 L TLE € 69€ 6€0 €€000°0 8€8T0'0 SSO00°0 888S0°0 9SOT0'0 STCH'O 0CTI000 09¥SO'0 L9°0 ¥S VL 020 CT uod1ry
g8 € ¥9¢ 9 809 L 86E€ € ¥9€ 9€°0 LS000°0 0€LI00 L¥000°0 808S0°0 180100 6¥08%°0 9CT00°0 C1090°0 SL°0 9 SL YIT C6 uod1ryz
0s € ¥9¢ v6 00S ¥1 €8¢ € ¥9¢ 9T°0 L1000°0 CO8TO0 £S000°0 £08S0°0 #9000 +8LS%°0 SECO0'0 €CLSO'0 TS0 ¥€ 9 160 €L u0dITZ
€8 ¥ ¥9¢ €9 119 0T L6€ ¥ ¥#9€ €€0 ¥€000°0 90L10°0 8S000°0 SO8SO'0 €C¥I0°0 T98LF'0 691000 020900 IS0 0¢ SS €80 99 uodIZ
¢TL 9 €9 T ¥SS 8 TI6€ 9 €9€ €90 TE000°0 9SLT00 €6000°0 $6450°0 SOCIO0 8C0LF'0 LITO00 +9850°0 1#°0 L ¥8 9€0 LT uodrz
¢o0r € 19¢ 09 #¥9 6 Oy € T19¢ TI€0 ¥¥000°0 T€8I0°0 0SO00°0 €5450°0 LLETO'0 8CS8Y'0 S9T00°0 11900 290 6¢ ¥S ST0 £ uodary
0 € 6S€ & vy L 8LE € 6SE€ L¥0 620000 €7810°0 £S000°0 8CLS0°0 £9600°0 1SOS#'0 801000 L0LSO'0 €40 €el £91 £80 0L uodry,
90 € LSE vy L9€ 9 6SE€ € LSE ¥¥0 €2000°0 €19T0°0 TSO00°0 869S0°0 ¥6800°0 ILSECH'0 COT00'0 16€S0°0 8.0 L8 €01 £90°€G uod1ry
g€ € LSE TE TSP S 0LE € LSE 8¥°0 120000 87910°0 L+000°0 889S0°0 ¥SL00°0 096€¥°0 #8000°0 665S0°0 #8°0 81¢C 6€C 8€0 6C uodryZ
T0T € 95¢€ €9 9¢€9 01 96¢€ € 9S€ €€0 T#000°0 008100 £S000°0 189S0°0 61¥10°0 61LLF°0 TLT00°0 60900 €¥°0 €C 8% ¥80 L9 uod1ry7
LT € §s€ €€ 10y § 19¢ € SSE 9%°0 €2000°0 0€910°0 #+#000°0 199S0°0 0TL00°0 0CLCy 0 €8000°0 CTL¥SO'0 89°0 8¢€T 981 650 9y uodryz
8% € ¥S€ OF 98y L TLE € ¥SE€ ¥¥0 #2000°0 T69T0°0 €5000°0 6£950°0 8€600°0 Itci'0 801000 S89S0°0 68°0 16 S6 120 ST uodIrZ
I8 ¢ €8¢ TS ¥.S 6 ¥8¢ € €S€ $E€0 $2000°0 LOLT0°0 TS000°0 6C950°0 STCIO0 8209%°0 8¥100°0 61650°0 840 9¢1 191 STO 8T uodryz
0¢ € 0S¢ €9 € 01 19¢ € 0S€ 0¥'0 ¥1000°0 8€LT0°0 0SO00°0 9LSS0°0 8EYTO'0 6990 091000 0SSSO'0 650 6L1 8LC 190 81 uod1Z
Iy € 0S¢ Iy 85 L S9¢ € 0SE€ 9¥°0 92000°0 S¥Z10°0 95000°0 08SSO°0 8600°0 10CEF'0 LOTO00 €19S0°0 TI+°0 69 SST 6C0 TC uodry
€0 ¥ 8¥€ 8C S¥€ S ov€ ¥ 8¥E 890 SE000°0 ¥S9T0°0 T9000°0 T¥SSO'0 299000 $960%°0 ¥9000°0 8€€S0°0 09°'T  9ITT €79 120795 uod1Z
ST € 8vE€ LE LIy 9 LSE € 8FE 0S0 0£000°0 06STO0 SSO00'0 8¥SSO0 8¢800°0 080CF0 ¥6000°0 11SSO0 TT'T 0ze §9¢ £20 0T uodry,
T'T € /LyE S€ 1I8E S 1IS€ € LyE Ly0 TC000°0 8€910°0 £€+000°0 CESSO'0 669000 €CETF0 T8000°0 ¥¢S0°0 SL°0 ST1¢ 9T L0719 uod1ry
TT € L¥E LE ¥LE 9 1S€ € LyE TFO 120000 C0910°0 #+#000°0 8CSSO'0 ¥2L00°0 6LC1¥°0 €6000°0 90+S0°0 £9°0 (43" [4:]" 010 € uod117Z
991 € LvE€ €5 618 6 9y € L¥E TE0 0€000°0 ¥SL10°0 0SO00°0 €€SSO'0 CT6ETO'0 06S0S0 €£100°0 09900 9.0 601 €et 160 €T uodIryZ
90T € L¥E SE€ 0¥9 9 88 € LyE 0S0 ¥8000°0 06£10°0 SSO00°0 6CSSO'0 ST600°0 CIS9¥°0 +0100°0 TOI90°0 0L°0 ¥6 €t ¥C0 LT uod1ry
L6 ¥ S¥€ 8ST TI9 +vC €8¢ ¥ S¥E €C°0 ¢C000°0 86910°0 890000 005S0°0 L8EEO'0 8¥9S¥°0 61000 61090°0 9+°0 €C 9 S0 09 uodrz
90- € Sv€ 6C TI€€ v+ &€ € SPE €50 TC0000 66ST0°0 S¥O00'0 €0SS0°0 9T900°0 SECOF'0 69000°0 SOESO'0 080 e 8¢C 950 ¥y uodryz
s € ¥E 09 88y 8 €9¢ € ¥¥E€ 8C0 610000 0CIT0'0 TF000'0 LLFSO0 99TT0°0 600€#°0 871000 169S0°0 6470 961 8¢CC ¥10 9 uodnyz
60 € ¥PE €€ €9¢ S LvE € ¥PE SF0 TC000°0 19100 ¢¥000'0 ¥8¥S0°0 £8900°0 TEL0¥'0 18000°0 18€SO'0 €40 881 LET 8y0 LE Uo7
LT S vvE €8 T16€ ¥I 0S€ S +¥E +5°0 €2000°0 ¥IL10°0 €8000°0 L8¥SO'0 TS610°0 STCIY'0 902000 6¥7S0°0 8S°0 L€ 6S 600 ¢ uod1ryz
88 € &€ o6F L0S L ¥9¢€ € €¥E 8E€0 €2000°0 TEIT00 6¥000°0 09%SO°0 ¥COT0'0 6STEF'0 9CI00°0 1+2S0°0 09°0 vL 41 61T 96 uodryZ
00T S T¥€ 9¢ 909 L 68 S T¥E $9°0 LEOOO'O €S610°0 920000 8€¥S0°0 86600°0 L6TSY'0 COL00'0 800900 LSO 8yl 8€C S50 ¢y uodryz
6¢ € v & evy L SSE € Ir€ 8€0 SC000°0 T99T0°0 9%000°0 8¢SO0 60600°0 ST6I#'0 CIT000 T6SSO'0 S9°0 €L €01 €0 €¢ uodIy
p06) ¢ O (BIN) OT G 0T g€ o1 g o GE op s pp g pp @My (wdd) g (wdd) g ou uodrz

o8k 150

q(EIND) s98e paroarro)

csonex d1do1ost pa1da1Io))

(ponuzuo)) 1 eqe],

104



ROCAS METASEDIMENTARIAS

00t -

Ngge
ad 40z

/(

Ngee

d 90z

:mmwuuucwuouﬁ
d 07 ) PI0OSI p
UONB[2II0D TOLIY

105



ROCAS METASEDIMENTARIAS

(ponutzuc))

106

€T b €601 b €601 8T THOL L 8IOL LZ'0 LEOOD'0 SPISO'0 €ZT000 OTTZI'0 006700 €4T6LT T61000 ¥6SL00 STO 81 oL TR 72
60 ¢ 1801 C¢ T80T €T LSOL 6 LyOL 0S0 CCIO0'0 990S0'0 Z9TO0'0 THILI'0 I8EE00 0BTES'T TZT000 9¥SLOO 1C0  ¥1 £9 £60"¢¢ uodm7
€T 67 LLOT 6T LLOT €1 LZOT 9 €00T TH'0 €£000°0 990S0'0 STTO00 £E89T'0 69¥S00 €T8LT STIOOO EESL00 OE0 6L LSC 1507 L€ uoom7
TO SE 001 SE 0L0T €1 SSOI L €SOT 8E'0 9CI00'0 6£TSO0 TET00'0 9ELLI'O SSSEO'0 089T8'T SET000 HOSLOO 6£0  8C 89 10T 6L u0om7
LT 0§ T90T OF T90T €T ¥66 L L96 O¥'0 IZHO0'0 PESSO0 TCTO00 T6IIT'0 680800 0LZ99°T LLIODO TLFLOO 920 LI & pL0795 Uo7,
67 0€ 0901 0F 090T IT 686 L 096 80 9TI00'0 8S0SO'0 ZELO0'0 19090 618200 068Y9'T TITO00 895200 OZ0 67 T b2 ST uoomz,
87 €7 LSOT €T LSOT OL S66 9 L9 Ly'0 €S000°0 LL8YO'0 60TO00 L8IIT'O 9¥STOO PEPIL L60000 LSPLOO SOO 67 98 1L07 S uod11Z
€1~ € €501 7€ €501 €T 6L01 L €601 9€0 CEI000 0SSO0 6ZT00'0 T8Y8T'0 SSIE0'0 OLT68'T PETOOO ¥hb 00 SE0  TE 98 880789 to2mr7
ST 87 TSOL 8T CSOT €1 910T 8 00T Ly'0 8ET000 IZISOO ¥HI000 96910 STISOO 0S6ILT 6110000 6€7L0°0 610  vT 971 090" S uoamrz
¢ 8T SKOT 8C €VOT OT 686 L 96 6+'0 OTTO00 L6SY0'0 6CT000 0STIT'0 9S9200 OVZ9'T HOTOOO SOVLOO LIO  §S  Teg 2€071¢ uodmz,
€0 € TET C€ CEOT T1 €20T 6 OZOL IS0 6T000 LOSSO0 €9T00°0 SPTLI'0 SEZEO0 098EL'T 8IT000 ¥IELOO ¥CO 9 901 0207 11 uoamrz,
S0 ST 6201 ST 620T O ¥I0T £ 6001 6+'0 CITO00 TILSOO TETO00 TS69T0 0SLTOO 08STLT SOT000 ¥SELOO 0C0 S 0L 010" ¢ uoam7
$0- ST 0Z0T ST 0Z0T O 80T L €S0T L¥'0 0TI000 612SO0 EI00'0 T8ELT'0 66220°0 OTTSL'T €0T00'0 €CEL00 LSO LT 19% 7L07 s Uo7,
£0- 9¢ STOT 9¢ STOL CT 9201 Z SE0T 8€0 TZI00°0 LT0SO0 £TT00°0 T8ELT'0 I8EE00 OSLPL'T ISTO0'0 €0SL00 +T0 LI 89 L207 LT 07,
pI- 0F SO0T 0F SOOT CT 820T 8 CHOT T¥'0 8TTO00 9TISO0 LETOD'0 OPSLI0 6/TE0°0 OZESLT ¥TIO00 692L00 LEO 05  TET 890" TS Uo7
8- LC 9.6 LT 9.6 TU LLOL 8 6CIT IS0 CYI000 LE6SO0 SO0 OST6T'0 ¥SOE0'0 O¥888'T 00TO00 99100 1C0 T LES S607pL Uo7,
PS- T SS6 Tb SE6 ST 6501 8 S60T 9€0 LPTOO0 988S0°0 #1000 60S8T'0 ¥66£0°0 08T8LT L¥T00'0 TC0L00 8T0 ST es L1076 uoom7
TS L 816 LT 8IOT O L¥6 L 8I6 IS0 SOTO0'0 €LSKO'0 9ZT000 60SST'0 T0STOO OCIFST TOTO00 PIELOO ¥SO €61 Hbe 86079, uo2m7
8€ 6 LS8 95 86 €1 168 6 LS8 09'0 IS0000 TOSYO'0 €9T00°0 9ICHT'O LITEOO LLSOY'T STIOOO CLILOO TI'O €€ L8C 810701 uoanrz
Tr 6 €58 YT 086 T1 068 6 €S8 S90 LK0OOO E8THO'0 YSTO00 9STHT'O OFSTOO CHIOF'T S60000 08I0 $00  T€  bEL LSO ¢y uodrZ
9 S 8§ ST LZ6 6 98 S 8EL SKO L8O000 SFESO0 980000 CEICI'O SEBIO0 OT69T'T 860000 66900 SKO €95 8T £807 29" uo2m7,
LLT S 8SS ¥T SOIT 8 89 S 8SS SS0 £9000'0 £99T00 £80000 680600 THSTOO £50S60 LOTOOO 6€9L0°0 €10  TEC 0691 650" uodmr7
9LL S Shy ¥T OIST 6 SI9 S Skb S90 640000 ¥8STO0 980000 6ETL00 9ESTO0 L8TEO 6IT000 9Lv800 €40 S8 TSI 8L0709 uo2m1Z
9S € €C€ 66 TP 9 TYE € €CE 8Y'0 0¥O00'0 80900 TSO00'0 PHISO'0 $Z8O00 THOOK'O TOTO0D ISISOO €40  T6 90T 75078¢ uoonz,
801 ¥ cC€ LZ1 979 0T T9E ¥ CC& 9¥'0 TC000'0 8ZSTOO £9000°0 PTISOO £98Z0°0 EFLTHO ¥IL000 190900 Ly 00T 80T 611 b6 U027
ST ¥ 605 ¥ LLE 9 LIE ¥ 60 €50 EK0000 LLYIOO 650000 LO6YO0 TZ8000 T6SIE0 €01000 SIFSOO 620 Ty Tyl 9,0785 Uo7,
0T T L6C €€ T¢€ S 00S T L6C ¥¥'0 T10000 6LF10°0 SE0000 LIZKO'0 €2900°0 FSEFE0 L80000 C8ZSO0 10 19 ¥ev Ly(pg Uo7
6% € 06C S9 6IF OT SOE € 06C L¥'0 STO00'0 SEYIO0 1S000'0 109700 S9TIO0 T66VE0 L9T000 9ISSOO T+0 88 80T $90" 8y U027
0S T 98¢ €5 S L 10§ T 98T S0 TI0000 9TYIO0 680000 BESHO'0 SL6000 9SKYE0 PEIO0O LOSSO0 9T0 9§ bIT 800 EL-HIN uodnz
80T € €C €6 €95 ST 90€ € €LC 620 £1000°0 TYETOO SKO00'0 TELHOO 60LI0°0 OBTSE0 8STO0'0 688500 850 65 6L 91078 uodr7
SS T LST IS O L T T LST 0S0 0T0000 L9TIO0 SE0000 T90¥0'0 TZ800°0 9900 TETO00 S6vSOO CE0  SET  LOL £607 7L U017,
6€T T 9T 9y €19 9 LC T 9ST E0 BZOOD'0 86TTO0 TE000'0 SELEOO LTLO0'0 TE60E0 EEI000 920900 00T  T8T 9L 6607 LL U017
p96) ¢ OT (BIN) OT g% o1 g oy g% d o1 g or g op g op P ygp (wdd)y (wdd) "ou ootz

23e 1509 csonex d1do1ost pa1daIIo))

E£L-HIN 21duivs 4of vpop 21407051 gd—) SIN-dDI-F'T "8 BI9EL

q(EIND) s98e paroarro)




ROCAS METASEDIMENTARIAS

(ponuruoy))

90 6T 6LIT 6C 6L11 ¥T1 L9TT €1 09TT 89°0 €2000°0 106S0°0 €+C00°0 LIL6T°0 T8EF0'0 TISST'T STI00'0 626400 T1°0 €€ S6T 8¢0 9¢ uodrz
¥'C 9¢ TLIT 9¢€ TLIT ¥1 €111 6 980T L¥'0 O¥100°0 L8€S0°0 ¥4T100°0 ¢SE8T'0 8S0¥0°0 06€66'T THT00'0 S68L0°0 O¥'0 641 (334 9€0” 5 uodIZ
S0- v 89T ¥T 89TT IT ¥LIT 8 O08IT 9%°0 921000 6¥LS0°0 €F100°0 £600C°0 TCHE0'0 0¥6L1°C OTT00°0 ¥88L0°0 CTE0 €8 6¥C 790 9y uodrz
'€ TL L9TT TL L9TT ST ¥601 6 0901 ¥C°0 9€100°0 6€¥SO'0 LSTO00 L98LT°0 €9€L0°0 0T9€6'T 16C00°0 8L8L0°0 9¢€°0 91 144 001" 8. uod1r7
00 8¢ L9TT 8T L9IT 1T ¥911 6 ¥9T1 IS0 6€T00°0 T+090°0 C9T00°0 S8L61°0 ¥87E0°0 0E€LYT'C 0TT00°0 188L0°0 80°0 vS 8L9 SE0 y¢ uod7
80 v €9IT ¥T €911 ¢l vvIT 0L SEIT 9570 T9100°0 €S650°0 T8T00°0 6ST6L'0 8ISE0'0 0T980°C OTTO0'0 €98L0°0 0C0 S¥ L1T 0S50 9¢ uoa1ry,
6’0 ¥C 6SIT ¥CT 6SIT 1T 8€IT 8 8CIT 9¥°0 CCT00°0 €SSO0 0¥T100°0 ¥II61°0 ¥9C€0°0 0TL90°C 0TT00°0 6¥8L0°0 9T°0 8 €re SLO™ LS uodIZ
¥'€ 6C LSTT 6T LSIT IT 1801 8 #¥OT L¥'O €CT00°0 #¥€S0°0 ¥¥100°0 CTLSLTO S¥CE0'0 0¥868°T 81100°0 T#8L0°0 8T1°0 8¢ 4 0TT 98 uodmz,
6T ¥8 SSIT ¥8 SSIT 6C SOIL 6 ¥80T 0C'0 €C100°0 CSESO'0 T9T00°0 60€81°0 S¥¥80°0 00896°T 6C€00°0 £€8L0°0 ¥¥°0 134 96 600" ¢ Uo7
0 ST ¥SIT ST vSIT 1T 8YIT 6 9¥IT #S°0 6C100°0 629S0°0 T9T00°0 IS¥61°0 ¥E€CE0'0 04960°C TOTO0'0 0€8L0°0 CI'0 €L 0s€eT 9T1 T uodIZ
8'G- 6T TSIT 6T TSIT CL 0LCT 6 ¥¥EL #¥'0 T6100°0 €£0L0°0 69T00°0 8LIET'0 LSTHO'0 0LT6¥'C LITO00 618400 8T0 (44 vl 8I1 €6 uodnZ
80- 4T CSIT LT TSTT IT L9TT 8 9LIT 9¥°0 9¢100°0 SOLSO'0 C¥100°0 9100C°0 ¢8EE0'0 0LYST'C 60100°0 0T8L0'0 CE€0  TE€T oy 960 L uodZ
60 ¥T TSIT ¥T CSIT 1T O€TT 6 OCIT TS0 607000 T8690°0 LSTO0'0 69681°0 LCEEO'0 00¥#0°C 60T00°0 0T8L0'0 200 LT 6071 850 ¢y uodrz
09 Lt TSTT LT 1ISTT OT LIOL L 9S6 0S50 TOT000 98€¥0°0 8CI00'0 S66ST°0 94LT0°0 061CL'T 601000 918200 9C°0  SICT c18 Y01 18 uod1z
S'T- LT OSTT LT OSTT IT 8LIT L 9611 +¥°0 8CT00°0 8¢8S0°0 6€T00°0 8LE0T'0 OIF€0'0 0CI6T'C 60T00°0 TI8L0°0 ¥C°0 06 L9¢ T60 1L uodm7
0v v¢€ 8vIT ¥E€ 8YIT CI 1SOL L 6001 T+'0 €£100°0 ¥C€S0°0 0€T00°0 T¥69T°0 06€€0°0 099181 €€100°0 SO8L0°0 0S°0 LT (43 670 61 uodnZ
08 6C 91T 6C 9YIT ST +96 91 L88 8L'0 6C100°0 ¥0EE0'0 08CTO0'0 TSLFL'0 C€8E0°0 OTE8ST LIT00°0 £64L0°0 ¥TO  ICI S8y 9¥0”€¢ uodIZ
90 T v¥I1 ¥ ¥¥IT 1T LTIT L OCIT T#'0 8TI000 #¥SS0'0 €CT00°0 SL68T°0 O¥IE0°0 0EFE0'C 60T00°0 88L0°0 0€°0 66 Tce ¥80 §9 uodIZ
0C- 6T 8CIT 6C 8ETL TI 6LIT 8 ¢COCL S¥°0 8CT00°0 €0850°0 CSTO00 T6¥0CT°0 L99€0°0 0E£T6T'C 9TT00°0 99LL0°0 SE°0 09 991 0TT™§6 uod1Z
ST OF LETT OF LETT 9T 6601 L T80T 0€°0 LITO00 T¥ESO'0 0ETO00 0LZ8T'0 969¥0°0 0L0S6'T 8LT00°0 09LL0°0 6T°0 LL 94 990”61 uodIZ
€C- 9¢ €€IT 9¢ €ETT ST ¥8IT T TICL €570 ¥¥100°0 09450°0 £T200°0 €£90C°0 €99¥0°0 0SOITT 6€100°0 S¥LL0'0 L10 0€ 04T 0€0 0T uod1rZ
9'C 8¢ 0€TT 8E€ OETT €T L90T L 6€0T 9€0 8CI00°0 9¥€S0°0 6CT00°0 88¥L1°0 064£0°0 0L8S8'T L¥100°0 €€LL0°0 C¥0 0c 9 6£0° LC uodZ
90 LT 9CIT Lt 9CIT OT ITIT L +OTT €F°0 0CTI00°0 S¥¥S0°0 €C100°0 £€8981°0 9L0€0°0 0S486'T 801000 8TLL0°0 ¢C0 90T YLy Y11 06 U0z
L0 LT STIT LT STIT CT L60T TT 680T T9°0 8IT00°0 €2£S0°0 €0C00°0 CI¥8I0 L9¥€0°0 00L¥6'T LOTO00 LL9L0°0 +v€0  6ST (44 Y60 gL Uo7
0'€- 6T TITT 6C CITT T TZIT OT 90CT €S°0 OFT00°0 ££090°0 €6100°0 0LSOT'0 LE€8E0'0 08L91°C STT00°0 $99.00 8T0 901 ¥9¢ TT1 96 uodr7
80 vC 60IT ¥C 60TT IT ¢60L 9 €80 ¥¥°0 S€000°0 S6¥50°0 8TT00°0 88C8T'0 TELE0'0 000€6'T SOTO00 ¥S9L0°0 ¥1°0 €8 ¥9S 680 69 Uo7
S0 £t 80T LT 8OTT IT 9601 8 T160T 870 841000 €C650°0 O¥100°0 O¥¥8T°0 960€0°0 08€¥6'T LOTOO'0 0S9L0°0 SO0 (43 6€9 LIT 6 uod1z,
Ty- 0¢ 80IT 0€ 80TT TC 90CT LT LSTT T80 STTOO'0 6£¥90°0 L1SO0'0 CCSTTO €0L90°0 088LT'C 0ET00'0 6¥9L0°0 I€0 8¢ Tct S¥0 ¢g uodry
0%- 9¢ TOTT 9C <OIT T 9811 8 €ECT ¢v'0 ¥E€100°0 6£090°0 €¥100°0 080TC'0 8¥9€0°0 00SICTC ¥1100°0 STILO0 6¥°0 CL wi ¥SO 0y uodIZ
'€ 0€ ¢OTT 0€ COTT IT CE€O0T L 000T 9%°0 0¥T00°0 ¥61S0°0 6CT00°0 08L9T°0 TL6CO'0 0LTIL'T ¥IT00°0 8T9L0°0 €€0  LET L0V 120 ¢1" uodrz
¢0 8¢ 00TT 8¢ OOLT ST 680 OT L8OT S¥°0 9€T00°0 6¥¥SO°0 ¥8T00°0 9LE8T°0 COEYO'0 08ECH'T TSTO0'0 819200 €CT0 L9 ¥8¢ 801" G8 uodn7Z
LT 9¥ 00TT 9% OOIT 9T ¥TI0T OT 486 €£¥'0 9T¥00°0 T61S0°0 ¢8T00'0 8¥SIT'0 €LEVFO'0 OESTLT SLT00°0 0T9L0°0 L1°0 LT €St €20 y1 uodry
80- ¥T 9601 +¥CT 9601 TT 60IT 8 8TIT 6¥'0 8CT00'0 9SSSO'0 87¥T00°0 €F68T°0 9LT€0°0 09186'T 901000 C09L0°0 LTO  L¥l yEeS 180 9 uod1ry7
p6) ¢ OT (BIN) OT g% o1 g o1 g% 0 o1 L or g% op g op g% yqr (wdd)y (wdd)p ou uodrz
o3k 150 q(EIN) s98e paroarro) csonex d1do1ost pa1daIIo))

(ponuizuo)) § eIqe],

107



ROCAS METASEDIMENTARIAS

UOTJE[1I0d 10117
[949] .0-T 3% (B]A]) STOII3 AN[OSqY ¢
[949] .0-T J© SIOLID AN[OSqY

9 LT TEST LT TEST €1 T6€T TT COET TS0 1000 €S00T°0 TOZ00°0 08ECC0 CEISO'0 0LE€6'C €VT00°0 ¥1S60°0 LTO 139 161 YC1 86 Uo7
€1- ST vh¥l ST Pl ¥1 €o¥1 €1 €IST 950 TLI00°0 €¥¥L0°0 ¥9200°0 8%¥9C°0 T#090°0 0CISE'E 9€T00°0 £8060°0 CC0 09 19¢ 080 19 uod1Z
T0 ¥ Tve€l ¥T THEL CT SEET 1T $EET SS0 LPT00°0 LIT90°0 ¥TTO0'0 986CTT0 LLSH0'0 O¥E€CLC TCT00°0 9T980°0 9¢€°0 9 vLI 950 Ty uodrz
TS 1€ 9€€T 1€ 9€€T €1 SICL 6 €STT 0S50 621000 61950°0 92100°0 08S6T°0 0¥CH0'0 0960€°C LETOO'0 165800 T1+°0 or €6 I¥0™ 6 uodrz
S0 ¥T 6C€T ¥T 6CET €1 SIET TT 80€T LSO 08T00°0 ¢¥690°0 8TC00°0 00SCT'0 LISF0'0 0TCS9'C 0CT00'0 195800 €0 0L [{\4 TI0 ¢ uodrry
€T ST 8IET ST 8ICT €1 €9¢T IT ¥6€T 050 0ST00'0 615900 0TC00°0 8¥I¥C'0 906¥0°0 0€6C8C 8CT000 0TS80°0 £T0 0€ 601 €90 Ly uodnz
¥'C 9 08CT 79 08Cl ¥¢ Tccl 8 C6IT CC'0 0¥100°0 ¥8090°0 #+#100°0 STEOC'0 858L0°0 06LTET SLTOO0 ¥#€80°0 €0 S€ 901 CI1 88 uodry
¢ 0L ¥LCT 0L ¥LTI 6T 10CT 8 €911 8T°0 87100°0 8T6S0°0 9¥100°0 €LL61°0 STH60°0 0TTITT T#€00°0 61€80°0 +€°0 81 0S Yr0 1¢ U0z
¥'0- 9¢ 89¢1 9T 89CT CT €LCL 6 8LTL 870 6¥100°0 T4¥90°0 L9T00°0 9€61T°0 886€0°0 0FE0S'C 911000 £€6C80°0 9T0 6€ 948 C017 08 uodrzZ
6'0 LT L9CT LT L9TT +1 99C¢T T1 SSTI €50 ¥0T000 #98L0°0 STTO0'0 ¥8¥1T°0 189%0°0 0608%C €€100°0 ¢6C80°0 TT°0 L9 T6S y10 9 uodrz
TE- vC S9CL YT S9CT T 9€€L 6 6LET SY'0 61C00°0 8SSL0'0 69100°0 ¥S8ETO 64TH0°0 085CL'C 9T100°0 18C80°0 9T°0 89 15¢ 690 ¢S uodIZ
€0- 8¢ ¥9CT 8T ¥9C1 C1 89CT 8 TLCT T¥'0 T8CO0'0 €€T90°0 8¥100°0 LIBIC'0 960¥0°0 0698%°C ¥CT00°0 942800 €S0 18 6v1 LOT ¥8 uod1z,
C0 Lt Tscl LT cSTL 91 8€Cl LT SECT 89°0 S9T00°0 $9890°0 LIE00'0 ¥CITTO 6CCSO'0 OI¥8ET CET00°0 92800 8TO 85 00C €80 ¥9 Uo7
S0 € 0SCT T€ 0SCI ¥1 TYel 6 SECT TS0 €5000°0 £6T90°0 LL100°0 CCITC0 LS9Y00 6¥€6EC CET000 81C80°0 ¥C°0 8L T1¢ 0r0 87 uod11Z
6’8 6C 8vCl 6T 8¥CL €1 ¢¥0L 0T 0S6 vS0 €¥v00°0 TILF0'0 SLTO0'0 088ST°0 6C9€0°0 00C6LT 0¥100°0 60C80°0 ST'O 80T 61y 99005 uodrZ
8T 8¢ Tvcl 8T T¥CL €1 6611 CT LLIT 19°0 9€100°0 61650°0 0TC00°0 6£00C°0 610¥0°0 O¥LSTC STT00'0 T8T80°0 LC0 €8 10¢ 870 81 uod7Z
ST- 6T €€CT 6T €ECT ¥1 09CT 1T 64CT 0S50 TLT00°0 LSTLO'0 LTZ00°0 SS6TC'0 SE€870°0 09LSH'C 6€T00°0 L¥180°0 0€0 81 19 98099 uodrz
'S LE €ECT L€ €€ 9T ITTL L 9SOT €€°0 6€000°0 ¥TES0'0 TETO0°0 808L1°0 OT80°0 9€000°C 941000 L¥I80°0 €C0  S9T 004 040" €S uodnZ
09 SL 6ccl SL 6ccl v€ L60T 9T TE0T LS'0 820000 641S0°0 06C00°0 CTSELL'O CTLL60'0 LySy6'T 1C€00°0 TE€I80'0 ¥9°0 6€ 65 901™ €8 uodr7
§'S 68 €CCl 68 €CCl 9¢ TCIT 6 6S0T 8T°0 €0C00°0 £€7950°0 €9T00°0 €98L1°0 8€901°0 OISTOC T¢¥00'0 SOT80°0 LE0 €€ L8 €50 6 uodIZ
6'0- 9T 61ICT 9C 6ICT IT S€CT 8 9¥CL L¥'0 STI00°0 L£69S0°0 9ST00°0 €CETCO 6¥L£0°0 0LVLEC €TT00°0 680800 Lv'0 99T ove 0600 uod11Z
8'T- 8C CICl 8T CICL CT 6¥Cl 6 TLCL 9%°0 8€T00°0 ¥6290°0 0L100°0 SO8TC'0 ¢60¥0°0 0TOCH'C TCT00°0 ¢9080°0 620 €€ It €TT L6 uodrz
ST Lt cItl LT TIel €1 9STT 6 LCIT €5°0 9¥000°0 80500 8ST00°0 9016T°0 ¥ET¥0'0 00€CTC 9C100°0 6S080°0 LT°0 LS 0€e Tr0 0¢ uodnzZ
¥'6 LT LOCT LT LOCL CTI 166 OT 868 S9°0 9CT00°0 9€CE0'0 64100°0 6€6¥1°0 870€0°0 0CESY'T €1100°0 6€080°0 LT'0  ¥¥C 988 G018 uodrz
¥'C- 9T ¥0CT 9T +0TT €1 €SCT TI €8TT 950 8%100°0 89190°0 0TTO0'0 TTOCT'O T6€F0°0 0SSEF'C 0CTT00°0 LT080'0 0€°0 LS L81 780 €9 uodyz
0C ¥C 86IT ¥C 8611 9T SSIT 0T CETT I8°0 SET00°0 T9850°0 S9€00°0 68T61°0 ¥00S0°0 0TOCT'C CITO0'0 ¥0080°0 LI°0 18 154 110 ¥ uodrz
ST ¢TL S8IT TL S8IT LT SPIT 9T 8CTIT 6€°0 06€T0°0 1S690°0 82000 8TT6T°0 0ST80°0 0L680°C 982000 1S6L0°0 SE0 € 8 TT0 €1 uodry
90 8¢ ¥8IT 8C ¥8IT 1T S9IT 6 8SIL ¥S°0 STC000 CET90°0 €£100°0 9L961°0 LSSE0'0 OTTSTC TT100°0 L¥6L0°0 0€°0 CL 1€¢ YE0 €C uodrz
T'el- 6 €8IT 19 019 61 €66 6 €811 9T°0 TST00°0 ¥9850°0 €9100°0 9€T0C'0 S66+0°0 006S9°T SLT000 61090°0 €€0 ST 34 ST0™ L uod1ry,
9% 8T €811 8T ¢€8IT CI 90T OT LTOT T9'0 9€T00°0 6+#870°0 06T00°0 SLTLT'O 9SEE0°0 0L¥88°T TTT00°0 S¥6.0°0 #0°0 9C €69 920 91 uodz
p6) ¢ OT (BIN) OT g% o1 g o1 g% 0 o1 L or g% op g op g% yqr (wdd)y (wdd)p ou uodrz
o3k 150 q(EIN) s98e paroarro) csonex d1do1ost pa1daIIo))

(ponuizuo)) § eIqe],

108



ROCAS METASEDIMENTARIAS

. DNoer ¢ Ngee  Ngezy _
00T ad \A ad qd v = 92UBPIOSSI( P
202 90z 202

109



ROCAS METASEDIMENTARIAS

Neez ,( Ngez _ Ngez y _
00T - ad 407 \A Ad gy “ESNV = NUEPIOosiJ P
UOIJB[1I0D IO
[9A9] .0-T 3E (BJA]) SIOLI9 AIN[OSqY ¢
[949] 0-T 3B SIOLId AN[OSqY

€ L2 81LT LT SILT ST 6¥9T ¥ S6ST €50 STT000 92C800 T8T000 6908Z°0 ¥89L0°0 OFTLOH 89T00°0 6ISOI0 TCO L9 ¥IE 62070 ootz
TC- 8C S9PT 8T S9¥T 1 8OST 6 6SST 6570 960000 68EL0'0 €8T000 LI6ITO LE6SOO OISTH'E LyT000 L8T600 8TO T8 S8T 810701 otz
ST 6T 96ST 67 96€T 9T ¥HOT 9T T88 9L SLO0D0 9TLEOO 6LC00°0 T99YT0 09¥H0'0 O¥S6LT THIOD'0 ¥98800 L0O 09 L8 600" U001z,
90 T 60T TE 60ET ¥I €621 TT S8TI 850 6620010 SOSI0'0 LOZOO0 9SOCTO 666v0°0 OSELST ¥FI000 TLKBOO SO €¥ ) pE0™ S uodm7
8T- T€ 0LCT T€ OLCT €T 60ST 6 SEET T+'0 180000 S9290°0 S9T000 LI6LTO STIVO0 0SOSIT ESTO00 HOL80°0 090 80T 9€€ P10 uoonZ,
T0 € €921 T€ 29¢T ¥T 8STT TT LSTL €50 S8000°0 0L090°0 STZO0'0 6ZSTC'0 82900 00ESH'T CET000 692800 00 79 ¥6L LE07 LT w0,
8T- T€ OVCT T€ OVCT €T 9LCT L 66C1 950 L80000 £6190°0 T¥I000 9TECT'O STEVO0 0TSIST TSTO00 821800 LIO 9  9T€ §107, uoonz,
L€ 6T LITL 6T LICL TL LETT 8 S60T 9%°0 OCT000 ¥E0L0°0 0STO00 SISST'0 COLE00 0VP90T 6ZT000 T8080°0 STO  €0T  66€ £60 v uoony,
LT € ¥ITL €€ PICL €1 LLTT 8 LSTL €0 SL000'0 LLLSO'0 LSTO00 099610 CITHO0 0L88T°C LSIO0'0 890800 8E0 95 bl 820787 otz
L0~ S TOCT SS 20T 07 €ICT L TCCT €C'0 080000 T69S0°0 8ETO00 SPBOTO LZ990'0 0SEOST STTO00 020800 €0 06 +0C 010"¢ uodnZ,
6T 0 99TT 0F 99TT ¥1 SCIT ¥ HOTT 99°0 6600010 0SSO0 TIZO00 6L98T'0 TIEYO'O OT8ZOT 9TIO00 ¥L8LOD 900 €T 96¢ 820" 81 otz
'S ¥E OPIT ¥E OPTT ST 0COT ¥1 §96 69°0 €£000°0 #¥8Y0'0 8SZO00 THIIT'O LEOVOO OV6ZLT TETO0O €L2L0°0 TCO  TL  SE€ 650767 U0t
TO 0S LEIT 0F LETT €1 SEIT £ TSTL 0 £2900°0 669900 9ET000 T8T6T'0 T6SE00 06ISOT ¥CI000 9200 ¥00 6T L¥9 120 1 uoony,
LT 0 621T 0F 6CTT T S60T 6 ¥LOT 80 80000 ¥09S0°0 T9T000 LEI8T'0 6ESE00 00EE6'T $TIO00 CELLOO 610  9F  €5¢ 1§0” T uoontz
0~ 0¢ €OTT 0 €OTT CT 80TT 6 OLTT 0S0 880000 6/850°0 TLT00'0 86/8T°0 6£90°0 02ZL6'T TCTO00 TE9LO0 STO €6 0CC 020711 oty
ST- O 8L0T OF 8L0T ¥T SIIT L OSIT €S0 I8T000 T67SO'0 OET000 99T6T'0 LOCKOO 0ST66T TSTO00 9ESL00 LTO €T Ly 110"y uodntZ,
€€ 7€ S90T € S90T €T €66 8 096 SHO THOO0'0 8ESYO'0 ¥PTO00 CI09T'0 BSESO0 608SY'T TCTO00 L8YLO'0 8CO  S6 €€ 91078 U001,
€T Ly LSOT Ly LSOT ST ¥5OT ¥ OSOL ¥S0 LCTO0'0 T¥SKO'0 09200°0 6TELT0 TE6H0'0 OLS6L'T TLIO00 8SVL00 ¥C0 16 19€ 280" cg otz
0T 6 LYOT 67 LKOT 8T LOOT OT £86 6£°0 ¥80000 096¥0'0 T8IO00 CSSIT'O T6LHOO 0TL69T €6T000 0THLO0 OO €T T6l L207 L1 w0t
T0- 0 TeOT 0F Te0T TT T¢OT Z CZOT 00 8ZT00°0 LOTSO'0 611000 TSIZT'0 T20SO0 OLEELT LITO00 TELO0 OV0 88 SIC ceo g1 oy,
€% €1 888 0F LTOT ST 826 ST 888 1.0 690000 9SPFO'0 SE00°0 E9LPT'0 SPISO0 TCS6H'T ITTO00 9¥ELO0 800 €% 9IS 920791 uodItZ
8L 6 €8 6F TL0T 81 €68 6 €Z8 SKO 9¥000°0 860K0'0 OSTO00 CIIET'O TBTHOO 6T60F'T 861000 80SL00 TT0 8§ 8EE $207 ST 0T,
PPT 8 959 ¥E 8601 CT 99 8 959 650 LSO000 LZIZO0 6EI00'0 8TZOT'0 00SCO'0 08SCI'T LETO00 CIILOO 660 €91 Tl 980797 uoomr7,
€TC 9 60S ¥E 86IT 0T SS9 9 60S T9°0 8L000'0 8TIZO0 LOTOO'O STZ8O0 O¥610'0 T£9060 9STO00 ¥00800 €O  ¥9T ST 800 T 9L-HIN uodmz
VI € /8% SE 8TS L ¥6v € L8y LE0 9¥0000 60EC00 CSO000 0SBLOO SSOTO0 60ZZ9°0 60000 S6.S0°0 TEO 00T 60€ L1076 uoonz,
8TL LT 6SE SSE 169 TL LOY LT 6SE 99°0 TLI000 09LI00 6vH000 bTLSO0 68Y0T'0 SIE6Y0 620T0°0 8900 €T0 61 8L 0v0™0guodITZ
T9 v S6C St S9F 9 VIS ¥ S6C ¥SO TE000°0 T9YIO0 T9000°0 L8IFO'0 99800°0 L8TIEO STTO00 TE9SO0 bSO ¥OT 89S ¢107S uoony,
¥S T I8 0S TE 9 L6Z T 18T 620 STO00'0 TIETO0 TEO00'0 PSHHOO TSB000 886ECD EET000 0SSO0 €20 9% 06T €207y 1 uodm7
p6) ¢ OT (BIN) OT g% o1 g% oy g 0 o1 pE or g op g op M p (wdd)yp (wdd) ou uodrz

o8k 150

q(EIND) s98e paroarro))

sonex d1do1ost pa1da1Io))

96-HIN 219uivs 4of vpop 21407051 gd~) SIN-dDI-F'T **6 ¥I9EL

110



ROCAS METASEDIMENTARIAS

G€T TIC €TEC 1T €CET 91 1€0T €1 9SLT 1.0 ¥8000°0 £€6480°0 0LT00°0 TTEICO TLLITO 8€C6E9 ¥8T00°0 CO8YT0 S9°0 691 ¥€C  6£0 LT uwodny
C0- €T 9240C €1 9240C 8 180T 6 980T IS0 STTO00 L6¥0T°0 €8T00°0 00T8E0 TIE90°0 0L¥9L9 €0T00°0 T+8CT'0 8E€0 14 49" TC0 €1 uodary
9T ¢V LEYT €V LEVPT CC TOPT TT 8LET LE0 SSO00°0 CE0L00 +0C00°0 CTE8ET0 TH980°0 L¥SL6'C ¢TC00'0 SS060°0 99°0 1T ST €20 1 uod1y
6vT T1C 69CT TC 69¢T 1T 8C6 01 06Z 6.0 T8T00°0 STO¥0'0 €8T00°0 ¥#0ET0 €99C0°0 0IS6+'T 16000°0 00€80°0 S¥°0O yA4" 96C 10 G uodrry
60 Vv CS6 0C 086 L 196 Vv TS6 CT¥'0 19000°0 TSOSO'0 SL000°0 8T6STO THLIO0 0LSLS'T €L000°0 08TLO00 6£0 1L 99T  8¥0 ¢ uod1y
L'¢ S 616 LT 9¢0T L ¥S6 S 616 SS0 080000 CIT¥O'0 C6000°0 +CEST'0 00LTO0 096SS'T 290000 T8€L0°0 LE£0 06 L1C 970 91 uoorny
90 € 08L T 66L 9 S8.L € 08L 6£0 T#000'0 028€0°0 8S000°0 €98CT°0 L8ETO'0 0L99T°T €L000°0 94590°0 9.0 691 00C +T0 ST uoory
9YT € 6€L €1 €0CT § 998 € 6£L ¥S0 9¢000°0 €09T0'0 LSO00'0 6€TCT'O 8LITO0 OvEre T 6S000°0 £€2080°0 CCTO GS¢e 0S¥T  LTO L1 uod1z
89 v 789 ST 888 § ¢CEL Vv T899 S9°0 6£000°0 S89T0°0 SZ000°0 SITTT0 S60TO0 0CLSO'T #SO00°0 S9890°0 9+°0 S19 /611 8CO 81 uod1y
T0- € 899 61 +¥99 & 99 € 899 TH0 S€000°0 +2C€0°0 6¥000°0 0T60T'0 LL600°0 SO06C6°'0 6S000°0 TZT90°0 #8°0 1Ce SyE  1C0 ¢1 uodiy
90- ¢ ¥9 91T ST9 v 0OF9 € ++¥9 840 SE000°0 €LT€0°0 9¥000°0 66¥0T°0 8LL00°0 L¥LL80 L¥000°'0 090900 €€°0 LCC 679 9¢0 G¢ uod1iyz
00 ¢ T279 8T 619 v+ 179 € 179 S+¥0 9¢000°0 0¥0€0°0 €7000°0 €ITOT'0 08000 L9T¥8°0 0SO00°0 €+090°0 TITO 81 €82 9%0~ £¢ uodIry
s € CI9 1IC 794 9 S¥9 € TI9 1I¥°0 6¥000°0 8ILTO0 6¥000°0 996600 690T0°0 964880 TL000°0 T9¥90°0 TTO 6L €€ 0C0 TT uodry
Yy € 999 €C 069 9 T16S € 995 S+¥0 L£000°0 O¥+CO'0 TSO00'0 9LT60°0 SL600°0 88680 69000°0 9¥C90°0 €€°0 9CT Sy¢  S€0 v uodmy
LT ¥ 795 Cc 019 9 CTLS ¥ 795 850 SE000°0 688C0°0 0L000°0 STT60°0 STOTO'0 +C9SL°0 99000°0 810900 +9°0 TLT ¥ 810 QT uod1y
Y0 C 9SS ST 6SS S 8YS T 9¥S €€0 T€000°0 T¥STCO'0 0¥000°0 TE€880°0 LT600°0 LSSTL0O TL000°0 £48SO'0 TS0 (4" S9T L10 6 uodiyz
06 8 S€S 0S L6L 9T 885 8 SE€S T80 8£000°0 S¥9T0°0 £€€100°0 ¥S980°0 €84C0°0 LI¥8L0 6STI00°0 TLS90'0 8€0 91 T6€ $10 9 uodIryZ
€8 € /9% 8T OIZ S 605 € L9 ¥9°0 CTE000°0 £9L10°0 9S000°0 #1SL0°0 89200°0 COTS9°0 LS000°0 ¥0£90°0 9C0 681 099 €60 ¢g uod1y
v'e € Ok 0C €6S v S9% € Oby 150 2€C000°0 86STO'0 €#000°0 #90L0°0 08900°0 SS08S'0 090000 0L6S0°0 LSO 98¢ Sy 670 61 uodry
6ClL € 98¢ €€ 9S4 L €y € 98¢ 0S0 CE000°0 ¥STTO'0 £S000°0 €4T90°0 800TO'0 Cv9+S'0 €0T00°0 S¥¥90°0 0S50 09T 06¢C 110 ¢ uodIry
68T € €8¢ ¥¢€ S¢6 8 T € €8€ 650 9T000°0 SS8TO'0 +S000°0 STT90°0 96CT0°0 ¥1T6S0 61T000 £€20L00 SE€0 144" SLE  SP0O ¢g uodmy
LLT € LLE TCT 868 § 8S¥ € LLE €9°0 610000 £€¢CI00 #SO00°'0 ST090°0 808000 #£0LS°0 920000 66890°0 LE0 €8T 969 010 ¢ uod1yz
€Yl ¢ Tve S TvL 8 86€ T TI¥E 0€0 TTO00°0 S99T0°0 L£0000 CE¥SO'0 8ECTO0 T€6LY0 871000 66€90°0 €€°0 61T 1€ TEO 1¢ uodiy
6C v 6£€ €€ vy 9 6vE€ v 6£€ +¥9°0 €2000°0 CI9T0°0 0L000°0 €6£S0°0 L¥800°0 SLZOI¥'0 88000°0 0€SSO'0 860 cee €0T 600 ¢ uodiz
0CC L €€¢ CC 786 6 LTV L €£€¢€ 680 620000 0S800°0 LITOO'0 80€SO0 S8CIO'0 SSTCS0 640000 L8TLOO 640 cs9 S¥.  6¥0 9¢ uodIy
v ¥ 6C¢ S¢€ 8+ 9 €€ + 6C€ LS0 120000 629T0°0 8S000°0 8¢CS00 T8L00°0 L¥COt'0 68000°0 685S0°0 950 ort LCC G10 £ uodrry
V'L ¢ vIE YT 0TS ¥ 6 T ¥IE 050 810000 SFOTO'0 0£000°0 986¥0°0 66¥00°0 T996€°0 £€9000°0 €£L50°0 190 LLY ¥0.,  8€0 97 uodiy
¢yl T 10¢€ TT L0L ¥ 1S€ T TOE T90 CI000°0 #+900°0 L£000'0 TLLYO'0 8TS00°0 6€ETH 0 T9000°0 967900 SE'T STotT G689 00 87 uod1y
6L € 96T O 866 9 TLZ € 961 09°0 920000 66L00°0 9¥000°0 S60€0°0 692000 6SL0€°0 S¥TI00'0 TFCLO'0 190 T6¢C 8Ty  L¥0 y¢ uodmy
T'6€ ¢ S8T 8T €9¢T 9 ¥#0¢ ¢ S8T TL0 $#T000°0 T¥8TO'0 L¥000'0 6T6C0°0 88L00°0 v¥8¥€°0 6£T00°0 €1480°0 8¢0 61C LTS ¥€0 € uodny
L'6€ C €¥T 9¢€ OICT § LET T ¢€¥T L9°0 +C000°0 S6STO0 8€000°0 L¥Cc0'0 129000 61€9C°0 T9100°0 LL¥80°0 9T0 9CT ocy 1+0 6 uodIy
€eC ¢ T IS 8 9 06T C CPT 89°0 CI000'0 8£900°0 8£€000°0 STTCO'0 6£L00°0 6090C°0 L9T000 614900 €T0 €LT 060T #¥0 [¢ uod1y
p(96) ¢ OT (PIN) O1 G 01 g% o1 g 0 oy gL oy gL oy g pp gy (wdd)yp (wdd)p  ouuodny

o8k 150

q(EIND) s98e paroamro)

csonex d51dojost pandarIo))

I[-08#~LAd %9us 40f vivp 1dor0st gd—) SIW-dDI-¥'T 0T ¥I9EL,

111



ROCAS METASEDIMENTARIAS

00T -

Ngge /(

Ngez Ngez ) - 5oueproost
d zoz 7 * 9d 90z ) IO p

ooz d ¢
UONB[II0D JOIIY ,
[949] .0-T 3® (BJA]) SI01I9 9IN[OSqY ¢

JoA9] .0-T 1€ SIOIIS IINJOSqQY/

112



(ponujuop)

ROCAS METASEDIMENTARIAS

113

Sy € 0tE ¥ TE€E TE 8Ey § SEE € 0CE TS0 S¥000°0 ¥80S0°0 T8900°0 0Z06E°0 £€8000°0 S9SSO°0 L¥'T 699 1Ly €60 CC oIt
v6 ¢ 61€ S €€ Ly TLS L TSE T 61€ LTO T1€000°0 820S0°0 £¥600°0 9€#1+°0 0€T00°0 T16S0°0 T80 24" 8L1 Tr0 0¢ uodnz
L8 € 8IE € 60¢ T9 1S8 IT T6€ € 8IE€ 9€0 9¥000°0 1S0SO°0 SE9T00 0S69+°0 #0C00°0 T#290°0 99°0 €9 86 y€0 ¢ uodry
90 T LIE T 91€ 9% 6€€ L 61€ T LIE STO €2000°0 L£0SO°0 ¥T600°0 8469€°0 ICTI00°0 ¥TESO'0 090  ¥€C vOr 800 I-¥8y-1dd T U0z
€0 ¢ CIE T Tl 8¢ Sce L €1€ € CIE 050 €7000°0 ¥S6¥0°0 19600°0 T¥I9€°0 911000 T6CSO°0 9€°0 891 98¥ SSO Ty uodz
s v 0IE S €€ 0€ ¥SF 9 LCE ¥ OIE€ TL°0 69000°0 €C6¥0°0 TSL00°0 £964£°0 82000°0 S09S0°0 €¥'0  0€T §SS 1¥0 6T uod1rZ
€L ¥ 90¢€ v S0€ 18 1I¥r€ CI OI€ ¥ 90€ ¥S°0 TL0000 LS870°0 9LSTO0 989S€°0 C6100°0 6CESO0 SE0 4 Sel 9y0 €€ uodny
Y11 € ¥6C S vvE€ 1€ 09 § CEE € ¥6T 150 Tr000'0 €49%0°0 SL900°0 C698€°0 060000 966500 S¥'0  SS8T 9ty L10 6 uod1r7
SE€L € 88C 9 TLE 6T €99 S €E€E € 88T LSO €4000°0 C95¥0°0 95900°0 6648€°0 980000 69190°0 S¥°0 191 1L€ ¥S0 Op uodarz
v'L T 8LC T 8LT S9 CIE€ 6 (T8C ¢ 8LT T¥'O SE000°0 €T¥¥0°0 T8ITO°0 800CE0 L9T00°0 T92SO0 680  68€ 124 120 ¢T uodirz
LT L ¥ 60€ CTE 08y ¥ 00€ T LLC SE€0 +¥C000°0 86E¥0°0 0SS00°0 Levye0 S8000°0 129500 ¢v0  SOT 00s 0€0 0 uod1rZ
9LT T TLC 9 S§SE€ TIc 1ISL ¥ 6¢€ T 1ILC S9°0 0¥000°0 062700 €5S00°0 0€Z8E0 1L000°0 LZ¥90°0 940  €C9 €78 TT0 €1 uodny,
191 ¢ 04 ¥ SST L€ LgL S TCE€ € OLT OF'0 €€000°0 TLcr0°0 T€L00°0 0€€LE0 ¥ITO00 95€90°0 160  9CC 85T 620 61 uodIz
80C € 8vc 9 LEE 0€ TE8 9 ¢€I€ € 8¥C 890 SSO00°0 6T6€0°0 T+#£00°0 ¢CT9€°0 00T000 €8990°0 9¢°0  S9T LSL TI0 § uod1y
L6l S Sy¢ 9 TC€ 99 008 Ol SO€ S S¥C 87°0 ¥2000°0 048€0°0 €6€10°0 €86¥€°0 0€C00°0 185900 10 981 SLE 8C0 8T uody
I've ¢ Oo¥C €1 T9¢ 6C ¢cle6 § 91€ T 0¥C €50 8€000°0 £64€0°0 889000 SS¥9€0 TTT00°0 €¥690°0 6¥°0  9LC €85 920 91 uodz
€€ T €C T Ter sy 0ce 9 TI¥C T €€C L90 SE€000°0 S89€0°0 L6900°0 1¢89C'0 LOTOO'0 64CSO0 +€0  89C 1e8 010 € uod1r7
Y0l § CT6C ¥ 8¢ 98 €IS €1 6SC S CEC 190 €2000°0 £S9€0°0 00LT00 TC06C'0 6¥C00°0 SSLSO'0 €20 OFL 00¢ 810 01 uod1z
ye€r v Lt € 681 v€ vLS 9 T9C ¥ LTT 9L°0 890000 98S€0°0 0£L00°0 €0¥6C°0 S6000°0 0T6SO0 ++°0 1€¢ vLL TS0 8¢ uodny
8¢l ¢ Scc ¢ 8IT 8C S9S ¥ 8SC € STC ¥9°0 6€000°0 0SSE00 T6¥+00°0 T068CT°0 LLO000 #68S0°0 8%'0  6EF £v6 9€0 §C uodrz
¢81 € veC € 8IC 6V 9¢L 8 VLT € ¥TCT S9°0 S¥000°0 TE€SE00 16600°0 TE60E0 6¥100°0 €5€90°0 8¥'0  99¢C 89§ S0 ¥ uodnyz
§9C¢ v vIC 0C S¥€ €€ €96 9 16C ¥ vIC TL0 LSO00°0 ¢8EE0°0 86400°0 L8IEE'O TCTO00 611400 SE€0  9%C vEL ¥10 9 uodIrz
¥1€ € 0I¢ L 68¢ S €111 8 90€ € OIC L¥'0 0S000°0 80€€0°0 8T1T0'0 88ISE'0 SIC00'0 049200 6C°0 €11 60v 600 ¢ uod1ry7
0y ¢ €1 T 161 LS 00€ 9 10T T €61 S¥'0 STO00'0 CEOE0°0 €9900°0 €881C°0 LETOO0 ¥€CSO'0 6C°0  LST S9S 150 LE uodItZ
§°S ¢ 061 T 68T 95 €€€ 9 10T T 061 87'0 8¢000'0 866C0°0 TTL00°0 9¥61C°0 9¥100°0 60€S0°0 I+'0  €€T €65 LT0 L1 uod1ry,
'L € 681 € ¥81 8 €89 L 8CC € 681 I.°0 €5000°0 696C0°0 S8800°0 LETSTO 6£T00°0 O¥190°0 +€°0 1533 LSOT Y0 1€ Uo7
8vc € 881 € I8L 0L 648 T1 0SC € 881 €90 SS000°0 #9600 LTETO0 SE6LTO SECO0'0 9€890°0 €90  6LC 09% 0b0 8¢ uod1ry7
991 ¥ 181 € 941 8L 679 O1 LICT ¥ 181 ¢L0 090000 T#8¢0°0 I9CT0°0 9LL€T°0 £LTTO0'0 0L090°0 CF0 1.1 (/44 110 ¢ uod1ryz
66 ¢ SST € €ST +¥9 0¥y S CTLT T SST 19°0 S2000°0 6€#C0°0 £€2900°0 64¥81°0 6ST00°0 ¥6¥S0°0 91°0  8IC 9Tr1 TE0 1T uodny,
8¢C¢ T ¥SI & SE€€ 6C COLT ¥ 6CC ¢ ¥ST 690 #€000°0 ¥1+20°0 61S00°0 #8¢ST0 ¥1100°0 9¢9L0°0 0CT0 154 60¢€C 8¢0 9¢ uodrz
0¢€T ¢ Ol ¢ LET ¥9 8Ly 9 191 T O¥T €9°0 820000 C6TCO'0 ¢L900°0 STILT'O T8I00'0 999500 90  6L€ 8811 0C0 1T uod1ry
€1C T LET € ¥IT ST 969 € ¥L1 € LEL TL0 820000 €STCO0 €4€00°0 09981°0 1800070 ¥9290°0 €C°0 0S¥ 6L61 ¥C0 ST uodry,
b0)0 0T (W) o1 MM oy Mz pp ez g pp Maz o 5 lex 5y ey Mgy (wdd)yg (wdd)p -ou uovnrz
a3k 1509 q(CIN) s8¢ Pa10a110)) csonex d1do10st pa1daIIo))

I[-#8#~LHd %9uvs 10f vivp 1dorost gd—) SIW-dDI-F'T 11 ¥I9EL,



ROCAS METASEDIMENTARIAS

00T - 3% / (gL — 4% ) = ooueprodsi

UOLIR[A1I00 JOIIY

[949] 0-T 3 (BJA]) SIOLID INJOSqy/ q

[9A9] .0-T 3® SIOLID AIN[OSAY/

€C T e § 6£€ € IOV S 6¥E T IFE 6C°0 870000 ¥EFSO'0 069000 6C0TH'0 880000 €L¥SO°0 €80 8T Tce €20 y1 uodz

LT T 8€€ v 6CE ¥C €8¢ € v¥E T 8EE 9¢°0 ¥T000°0 £€8€S0°0 84¥00°0 9€€0¥°0 09000°0 9S00 ¥1I'T 988 08 €50 6¢ uodIZ

6C € ¥€E€ € €€ vL Ty Tl vbE € ¥EE S¥'0 950000 €2ESO'0 TF9T0°0 89€0¥°0 06100°0 00SSO°0 €S0 1ct ove 910" 8 Uo7

I'c v sce L 9t 6C 18¢ § TEE ¥ SCE€ 0L0 90000 €L1S0°0 CTL00°0 ¥€L8€0 TL000°0 ¥¢vSO'0 8€T €901 86L LYQ p¢ U0z,

99- ¢ €e €1 9t¢ 161 6¥L ST €0€ T €C¢ €1°0 T¥000°0 8ETSO'0 €CEE00 6CTLYE0 T¥b00°0 C06¥0°0 990 091 15¢ ST £ uodry
ad n n YL n n ad ;

p(%) ¢ O (BIN) 01 g OT e of g% .d oy g o g op gE= oy PR qr (wdd)yp (wdd) ou uodxZ,

o3e 150 q(EIAD) s98e paroario) (soner d1do10st pa1daIIo))

(ponurjuo)) 17 elqe],

114



ROCAS METASEDIMENTARIAS

(ponuzuc))

90 S TL6 8T 866 6 8.6 S TL6 SE0 990000 6C1¥0°0 €8000°0 TLCIT0 9T¥C0°0 0CIC9'T TOT00°0 €#CLO0 €F°0 LE 6L 0C0 11" uod1ry
TO0- v 696 ST 99 8 L96 Vv 696 TE0 990000 LTHF0'0 89000°0 ¥CCIT'0 $T0TO'0 0IT6ST 98000°0 IETLO0 €T0 SS €1¢ ST1 66 uodny
ST- v L9 61 €6 L €56 ¥ L96 T¥°0 840000 81€¥00 20000 9L19T°0 €TLI0°0 0S9SS'T 0L000°0 186900 0T0  L9T 6¥L Y90 8y uod1rz
€C- v €96 LT ¥68 8 1¥6 ¥ €96 ¥E€0 T9000°0 6€1¥0°0 €L000°0 80T9T°0 TOTCO'0 00LTS'T 68000°0 €8890°0 6T°0 LE STT 180 C9 uod11Z
€0 v 856 I¢ €6 L 196 ¥ 856 ¥£0 90000 8SCF0°0 99000°0 €C09T°0 CS8T0'0 0ELLS'T 6£000°0 ¥STLO0 8C'0 9L e Y€0 € uodry
€0- ¥ LS6 1€ 16 01 ¥S6 ¥ LS6 TE0 €9000°0 CLIF00 080000 666ST°0 S9+C0°0 0T6SS'T 90100°0 640400 TS0 6L ort S60 L uodyz
§0- ¥ Ce6 I 0C6 L Lt6 ¥ CE€6 OF0 19000°0 TSO¥0°0 9£000°0 0SSST'O 64100 Occov'T L0000 TL690°0 STO 99 6€C 8€0 9T uodnyz
S0- ¥ Lte 0T 116 9 TC6 ¥ L6 T¥°0 950000 ¥86€0°0 S9000°0 ¢9¥ST'0 €9ST0°0 0L8LF'T £9000°0 ¢#690°0 STO  T61 C0L Y1T 06 uod1ryZ
0v v ¢c6 0C 0SOT L 096 ¥ TC6 S¥'0 SS000°0 0€6€0°0 ¢2000°0 SLESTO ¢8910°0 09€LS'T TL000°0 TEXL00 CEO X4 €209 9I1 16 uodny
e € €06 61 ¥00T L T € €06 8€0 LST00'0 TLEYO'0 90000 LEOST'0 ¢I9T0°0 OTFOS'T €L000°0 992200 L1°0 10T 8¢S S90 6 uodrZ
I'v 9 968 €€ ¥C0T ¢1 ¥€6 9 968 0¥'0 ¥€000°0 €05¥0°0 €1100°0 8T6¥1°0 966C0°0 9680S'T 8C100°0 9€€L0°0 ¢C0 1€ 6C1 600 ¢ uod1ry7
6C v S68 1T 808 L 0.8 + S68 0F0 190000 SO8E0°0 SZ000'0 006¥T°0 LE£9T0'0 0CSSET €2000°0 S0990°0 €1°0 Ly 8C¢ 950 Ty uodnyz
60 v ¥68 1¢ ¥t6 L T06 ¥ ¥68 0F0 $9000°0 99¢¥0°0 TL000°0 LL8¥T°0 LILI0°0 O¥OEY'T £2000°0 $8690°0 0+°0 L6 81¢C Ly(Q yg uodry
1T ¢ 108 8T S¥8 9 <CI8 € 108 I¥0 1S000°0 L8IE0'0 9S000°0 6£CEL'0 OFCIO'0 08STTT T9000°0 €CL90°0 LOO  SPCT 896C 9¢0 ST uodnyz
vy ¥ 069 €C 18 L ccL ¥ 069 €S0 ¥2000°0 0S¥€0°0 £9000°0 COETTO SSET0'0 9SSE0'T TL000°0 $+990°0 CT°0 96 8€L 901" €8 Uo7
8¥Y § LS9 0€ 008 8 069 S LS9 L¥0 6¥000°0 ¢SCE00 8£000°0 TCLOT'0 8€STO0 08€L6°0 T6000°0 18590°0 6¥°0  9¢T £5C 060 0L uod1r7
80 ¥ ¥9 T 0.9 0T 6¥9 + +¥9 6C0 8€000°0 1200 ¥9000°0 90SOT'0 S8LT00 6€#68°0 8TT00°0 L8190°0 8C'T 4 66 €60 ¢L uodITZ
9¢ € 655 S8 €99 61 085S € 6SS ST'0 ¢¥000°0 92€C0'0 6S000°0 950600 87EE0°0 €869L°0 S9T00°0 L9190°0 S9°0 8¢ €S 290 9y uodnz
T8l € The €S 898 6 8Iv € TFE 6T°0 6C000°0 80L10°0 T+000°0 ¥¥¥SO'0 TEET00 €860S°0 041000 662900 SSO 8% 6L I¥0 6T U0ty
€1- ¢ 8I¢ ¢ S8 S ¥IE T 8I€ 0€0 020000 TOETO'0 0£000°0 T90S0°0 €TL00'0 8IC9E0 660000 661S0°0 090  8IT 081 810 QT uod1z
T0T € S6C 10T 945 €1 8c€ € S6C 810 870000 S¥€10°0 10000 SL9¥0°0 87L10°0 9T18E0 L9000 £€¢6S0°0 THO 0¢ 194 680 69 Uo7
9Cl T +¥8C 8S T€9 8 STE T ¥8CT TT0 80000°0 06£TO°0 €2000°0 80S+0°0 TSOTO'0 08LL£0 6ST00°0 820900 00 98 961 €CT L6 U017
L'0- T €C ¥¢ SLT v 18T T €8¢ ¢€0 810000 T6IT0°0 STO00°0 €8770°0 0¥S00°0 €C61€0 €8000°0 LL1SO0 ¥9°0  +¥9¢C SLE LSO ¢y uodary,
¥0 T 18T 9¢ €6C v T8C 1 18T 8CT0O 610000 68110°0 €2000°0 £9++0°0 695000 610CE0 680000 81CSO0 +¥'0  8CI €9¢ 850 ¢y uodnyz
v9 T 08T Sy 09% S 66C T 08¢ 0€0 SCO00°0 8CET0'0 L0000 Cii+0°0 LIL0O0'0 18CE0 CIT00°0 61950°0 9¥°0 66 961 LOT y8 uodry
9C- T 6LC 1v TCC S TLT T 64T 6C°0 TTO00'0 6¥1T0°0 STO00'0 0CHF0'0 0T900°0 99L0€°0 960000 8S0S0°0 950  CIT 181 150 LE Uo7
v6 1 0L 6y ¥cs 9 86C 1 0L 9T0 L0000 LZ€TO'0 ¥2000°0 $8¢0'0 SLLOO'0 080¥€0 LZI000 $8450°0 8€0 0L 691 811 €6 uodyz
6C ¢ 0LC S9 89¢ L 8LT ¢ 0LC 9T°0 870000 64TT0°0 TEO00'0 ¥4¥0°0 #1600°0 0SSTE0 TSTO0'0 €6€S0°0 TS0 €5 ¥6 080 19 uod1ryz
0y T S9C 09 18 9 9/ T 9T €C0 120000 ¥CI10°0 92000°0 661+0°0 9€800°0 99CIE0 TFT00°0 STHSO'O +¥°0 0S €01 vL0 95 Uo7
661 € 19 8 O¥8 8 9¢€ € 19C 00 920000 ¥8C10°0 S¥000°0 SETFO'0 #€0T00 9S8LE°0 891000 £0L90°0 190 L9 00T Y0 ¢ uodry
00 ¢ SSC Sv 9SC v SSC T SST 6C0 810000 CZOTO'0 STO00°0 9€0¥0°0 69500°0 OTS8C'0 860000 +€ISO0 IS0 LIT 60C 801 §8 uodyz
STc ¢ 8€C T €68 v €0€ T 8EC T¥0 ST000°0 €8600°0 STO000 69L£0°0 695000 T¥iy€'0 00T00°0 989900 080 98 8¥S Y0 ST uodry
p%6) 0 OT (BIN) OT G o1 g oy g d oy L oy g op gEE op g ygp (wdd)y (wdd)p ou uodrz
a3k 1509 q(EIN) s98e Pa10a110)) csoner d51dojost pandarIo))

E#LE-d AL 29uvs wof vyop 140105t 44— SIN-dDI-F'T *"TL ¥I9EL

115



ROCAS METASEDIMENTARIAS

(ponurguoy))

0'C- 61 060T 61 060T L SE€IT ¥ 8SIT L£0 0L000°0 S86¥0°0 6L000°0 989610 STCCO'0 00LS0C 92000°0 8SLO'0 +C°0 €01 68¢€ S¥0 ¢ uodry
£0- Tc¢ 6801 1C 680T 8 I0IT 8 60TT 09°0 880000 LSTSO'0 €7100°0 ¥LL81°0 09¥C0°0 0S8S6'T 9L000°0 92SL0°0 ST'0 9L 85y CI0 § uodIry7
C'C- ¢C 8801 ¢r 880L 6 IC€IT S 9SIT #€0 0L000°0 996¥0°0 980000 T+961°0 919200 00L¥0°C 16000°0 +25L0°0 6¥°0 80T 00C 0€0 0T uod1r7
LT €L LLOT €L LLOT ¥T 9€0T +# 8IOT 01°0 990000 CI¥¥0°0 0L000°0 LOTLT'0 C0990°0 0SELLT 6400°0 0€SL00 LTO 0L 8€C CC0 €1 uody
€¢- 8T TLOT 81 TLOL L LIIT ¥ €¥IT LE€0 0L000°0 ¥86¥0°0 840000 ¥6€61°0 ¢CIC0'0 06¥00°C ¥.000°0 0TSL00 ¥CT0 0SsT L9§ €50 6€ uodIZ
T'T 6C ¢SOT 6C CSOT 6 6I0T ¥ 800T 0€0 €9000°0 00%7+#0°0 €2000°0 €C691°0 CESCO'0 0T6CL'T ¥0T00°0 LEVLO'O 99°0 10T 8¢€T ¥80 §9 uodry
€0 Or ¢v0T OF <¢vOT +T $E€0T 9 T€0T TE0 9€000°0 62CS0O°0 SOT00'0 T¥ELT'0 €0L£0°0 T869L'T ¥¥100°0 CO¥L0'0 C1°0 9 & T€0 Tg uody
S0 €€ 9201 €€ 970T TIT 800T S €00T TE€0 6£000°0 91++#0°0 98000°0 T#891°0 €S8C0°0 00669'T LI100°0 ¢¥€LO'0 STO Y4 16 860 9. uodryz
€0 € €0l € €0l 8 vIOL S TIOT OF'0 £9000°0 ¢9¥¥0°0 S8000°0 98691°0 €L0CO'0 00STL'T T8000°0 CEELO0 SCT'O 9% €91 0CT S6™ uod1ry,
¥'S- v €01 ST 858 6 TL6 ¥ €C0L €€°0 S9000°0 C0E¥0°0 ££000°0 CT6TLT0 #0200 0ICO9'T 88000°0 S9490°0 I€0 1€ 16 0 0g uodryZ
T'T- SC ¢c0l ST ¢c0l 8 T¥0T ¥ CSOT €€°0 €£000°0 #S870°0 20000 STLLI'0 ¥22C0°0 0488L'T 88000°0 6CE€L00 +C°0 6€ 148 LLO 6§ uodry7
9'0 ST TC0T ST T1T0T 8 €00L ¥ L66 SE€0 €2000°0 09570°0 £2000°0 8TL9T°0 ¥9120°0 OT¥89'T 88000°0 +CELO0 SE0 9L L61 960 S uodrz
8'0- ST STOT ST STIOT 8 0€0T S 8E€OT 6€0 29000°0 0S¥¥0°0 16000°0 ¢9¥L1°0 00€C0'0 088SL'T 880000 ¥0€L0°0 T¥'0 [4 111 £80 L9 uod1rz
0€¢- & LOOT € LI6 8 8L6 S LOOL I+#°0 S9000°0 0€€¥0°0 98000°0 916910 99610°0 0CIC9T £L000°0 19690°0 0€°0 S6 98¢ TIT L8 uodiry
¥'1- v+ €001 €C 196 L 686 ¥ €00I 9€°0 09000°0 00€¥0°0 T2000°0 8¢891T°0 0¥610°0 09.+9°T 820000 TTTLO0 €+°0 CL (49" 61T ¥6 uodryz
90- S 000T ST S8 8 +¥66 S 000T 6€0 19000°0 L9€¥0°0 ¢8000°0 08L9T°0 ¥STCO'0 08199°T 980000 861L0°0 S¥°0 LL 9s1 ¥10 9 uodIrz
9T- ¥ 666 0¢ 1S6 T1 €86 + 666 6C0 990000 SEIF0'0 6£000°0 SSLIT'0 €CLC0°0 09C€9'T €1100°0 8£0L0°0 SE'0 9¢ L9 ¥S0 0y uod1rz
¥'0- ¥C 866 ¥C 866 6 T100T ¥ SOOI €€°0 290000 9L¥¥0°0 ¥£000°0 S9891°0 SOECO'0 0¥6L9°T +6000°0 CFCLO'0 S¥°0 (42 48 650 yy uodryz
L= v L66 6C 9¥6 6 086 ¥ L66 0€0 £9000°0 60C¥0'0 SL000°0 CCLI9T0 16€C0°0 0C9CI'T 66000°0 090L0°0 6¥°0 29 L11 990 0§ uod17
8'0- LE 966 LE 966 CI OIOT S 8TOT I€0 0L000°0 ¢SEY0'0 860000 ¥IILT'0 LICE0'0 00¥0L'T O€I00°0 SE€CLO0 TLO (44 ¥S 780 €9 uodryz
¥'¢- 0€ 966 0€ 966 OT I¥OL 9 9901 9€°0 £€8000°0 T19¥0°0 90T00°0 066L1°0 ¥88¢0°0 OT68L'T 60100°0 9€CLO0 6C°0 ST Sy 920 91 uodrz
TO0- S S66 LT T66 6 €66 S S66 9¢0 S9000°0 ¥SEF0'0 S8000°0 68991°0 91€CO'0 098S9'T 60000 ¢CCLO0 L¥'O 9 68 01T 98 uod1ry
€l- ¥ €66 81 ¥S6 L 086 ¥ €66 I¥0 90000 0LZ¥0°0 0£000°0 TS99T°0 €€LT0°0 0SSCY'T 690000 £80L0°0 CT°0 19 L9% 110 ¢ uodryz
91- 1 66 1T T66 L ¥COL + OFOL SE0 890000 60S¥0°0 S9000°0 €TSLT'O LS8TO'0 00CHL'T L0000 1¢CL0'0 €T°0 CL LLT LIT 6 uodary,
€0- TT Te6 ¢CC €86 Ol 886 II 1T66 ¥.'0 990000 0Cr¥0'0 661000 ¥1991°0 L2920°0 0L¥¥9'T 6L000°0 88TL00 ¥€0 9s 1S1 9CT 001 uod1ryZ
e 5 066 vE€ 96 O 696 S 066 0€0 L0000 TSTFO'0 S8000°0 €6S9T°0 €89¢0°0 0LL6S'T CT100°0 166900 CC'0 Ll 0z 690 ¢S uodz
€C- & 186 € €16 L 656 S 186 TF0 C9000°0 871¥0°0 €8000°0 0€¥9T°0 668T0°0 00TLS'T 9L000°0 87690°0 6C0 S6 ¥6¢ 00" €S uod1ry
60- ¥ 086 IC €56 L 1.6 ¥ 086 8€0 090000 ¢OE¥0°0 690000 OI¥9T°0 LELTO0 0CTO9'T TL000°0 #80L0°0 LEO Y48 0te YT 86 uod1r7
S0 S 6.6 ¥C 866 6 ¥86 S 6L6 0F'0 LL000°0 9CS¥0°0 €6000°0 86€9T°0 ¥IE€CO'0 0ISEI'T ¥6000°0 €¥CL0'0 8CT0 €C VL 0v0™ 8T uod1ry7
80- S LL6 LT ¥S6 6 696 S LL6 T¥°0 901000 LSTF0'0 S6000°0 CLE9T'O SLTCO0 OT86S'T C6000°0 880L0°0 €10 11 SL 001 8, uod1ry
9¢ ¥ L6 9T 698 8 Etv6 ¥ LL6 TE0 990000 TOTF0'0 0L000°0 £€9€91°0 €S610°0 O¥CES'T €8000°0 00890°0 €T°0 (49 S0C 760 1L uody
Cl- S LL6 8T ¥v6 6 S96 S LL6 €€0 6L000°0 €LE¥0°0 £€8000°0 99€91°0 S9€C00 0SL8S'T 660000 ¢S0L00 ¥CT0 144 06 800 €-¥Lp-dd.I T Uo7
80 ¥ SL6 ST SO0T 8 €86 ¥ SL6 9€0 0L000°0 869%0°0 SL000'0 8CEIT'0 860C0°0 08CEY'T L8000'0 89CLO0 LTO b4 €S €IT 68 uodIZ
p%6) 0 OT (BIN) OT G o1 g o1 g% d o1 L oy g op gEE op P ygp (wdd)y (wdd)p ou uodrz

o3e 150

q(EIAD) s98e paroario))

csoner d1dojost pandarIo))

(ponurzuo)) T1 eqe],

116



ROCAS METASEDIMENTARIAS

(ponurguoy))

¥'0- 8T 8Tyl 8T 8I¥T 8 9T¥l S CTEPT 8€0 80000 ¥6190°0 ¥6000°0 S98¥CT'0 €71€0°0 OFTLO'E S8000°0 996800 ¥€0  +ST 91y SOT ¢8 uodryz
9v TC 9L 1T 9¥L 6 €I€T § TSTL S€0 S8000°0 ¥#9S0°0 ¥6000°0 OF¥IC'0 T8EE0°0 0SS¥9'C LOT00'0 £€5680°0 +¥#°0 LS L1T 090™ S~ uod1Z
9'S €T TLEL €C TLETL O €¥Cl 9 €LIT 0¥'0 68000°0 8SSO'0 911000 65661°0 817E€0°0 OCIOF'C ¥T100°0 £€5480°0 €9°0 €€ 8y 9y0 ¢ uodIZ
C0 Tc 0L€T TIT OLET TIT ¥9€T TT T9€T 09°0 680000 CC6S0°0 CITO0'0 OTSECO 9¥Ty0'0 080€8°C SOT00°0 ¢v80°0 ¢SO YL 6Cl 670 61 uodnZ
0€ € SSET € SSET LT 64C1 8 THCT 0€0 19200°0 99950°0 6¥100°0 8TCIT'O LL8SO'0 06€CS'C 161000 94980°0 T¥°0 81 (U4 1L0"pS uodrz
6'T- 61 TSET 61 TSET 8 06€T 9 9T¥I 0 S8000°0 84090°0 €TT000 LSSKT'0 94TE0'0 0TOE6'T L8000'0 09980°0 SE0 16 S€C €C0 ¥1 uodIy7
0 ¥C veel ¥ €l 01 91€T 9 €IET T¥'0 ¥8000°0 69SS0°0 LIT00°0 L8STT'O €4¥E€0°0 0L5S9°C COT00°0 SES80°0 9¥°0 44 (43 910" 8 Uo7
8'T- €C 98IT €C 98I1T 6 vecl 9 9¥Cl 00 $2000°0 #STSO'0 60T00°0 TTEIT'O LFOLO'0 069€E€°C $6000°0 9S6L0°0 TLO 18 <ot 120 ¢1" uodrry
€T 0T 9LIT 0T 9411 8 ¥vIT S 6CIT ¥¥°0 980000 CILS0'0 ¥6000°0 6¥161°0 ¥CECO'0 09980°C 6£000°0 ST6L0°0 1C°0 06 S6¢ 870 S¢ Uo7
T'c- 6L ¥LIT 61 ¥LIT L 6ICT ¥ SYCT LE0 SL000°0 ¥8€S0'0 €8000°0 90€TC0 T¥€C00 00TCET ¥£000°0 806400 90 0T 0L 10T 6L uodrtz
T'0 ¥T 9911 ¥T 9911 6 6STT § 8SIT €€°0 L0000 90870°0 £8000°0 SL961°0 976200 0ICET'T TOTO0'0 948L0°0 TS0 144 9L SE0 ¥¢ uodnz
T'T- 81 6STT 81 6SIT 8 I8IT ¥ %611 6€°0 €£000°0 CICSO'0 T8000°0 ¢rE0C'0 89€C0°0 0¥861°C 84000°0 8¥8L0°0 1€°0 98 9s¢C 010" ¢ uodrz
0T- 9¢ ¥SIT 9C vSIT OL #2119 98IT LE0O S8000°0 £6¢S0°0 LOTO0'0 £0TOTO LSOL0'0 09LL1°C TOTO0'0 6C8L0°0 8E0 9¢ L8 201708 uodrz
v'1- 61 ¥SIL 61 ¥SIT L €811 S 00CI T¥'0 ¢L000°0 0Z1S0°0 98000°0 95¥0CT°0 16CC0°0 0¥SOT'T ¥2000°0 LT8L0°0 8€'0  69C 6v9 660" L, uodnZ
0 ¥C ¥STT ¥C ¥SIT 6 6¥IT & 8¥IT 9€°0 #8000°0 T#CSO'0 T6000°0 86¥61°0 L0LZO'0 0L00T'C ¥6000°0 8T8L0°0 £€0 9 9ct Y60 €L Uo7
¥'0- 9¢ €STL 9C €SIT 0T 0911 9 S9IT 9€°0 €8000°0 T8TSO'0 60100°0 TO861°0 80TE0'0 06CET'C OTT00°0 ST8LO0 8¥°0 (44 08 6€0 Lg uodnZ
L'T- ¥C 1STL ¥ ISIT 6 0811 S 00CT ZE0 80000 8S¥S0°0 86000°0 €S¥0C°0 T+#8C0°0 0I861°C ¥6000°0 818L0°0 8C0 9 6v1 820709 uod7
C0- ¢ 6¥IT TC 6¥IT 8 8YIT S OSIT LE0 060000 TL6¥0°0 980000 STS6T'0 98%C0'0 0T860°C 98000°0 OT8L0'0 0%°0 69 9sT ST0 L uod1ry
6°0- LT LYIT LT LYIT O 6SIT 9 6911 9€°0 L8000°0 ¥¥150°0 SOTO00 T8861°0 T61€0°0 OSIEL'C 60100°0 008Z0°0 0%°0 LT 19 VAANERYA
9C 0¢€ 9vIT 0€ 9¥IT TIT 180T S €SOT 0€0 £6000°0 #I1S0°0 06000°0 €FLLT'0 T6IE0°0 0S006'T STI00'0 86400 6€°0 Y4 8S TS0 8¢ uodIZ
v'0 9¢ Il 9C TvIT OT SCIT 9 OCIT 9€0 180000 €£0S0°0 COT00'0 CTL68L'0 £¥0€0°0 0T8C0'C 60100°0 LLLLOO 8E0 1€ €L 870 81 uodn7Z
¥'¢- 0C OvIT 0T OVIT 8 6811 9 LICT L¥'0 €4000°0 902SO'0 90100°0 €240T°0 8S¥C0'0 08¥CT'C 90000 €44L0°0 ¥€0  SOT 8LC 880 89 uodIZ
€0- 8T LETT 8T LETT L ¢€¥IT ¥ LPIT LE0 690000 L06¥0°0 920000 SL¥6T'0 961C0°0 06180°C 92000°0 TILLO0 SE€0  L¥T 99 €60 T uodry
8¢ oF €EIT 6v €E€IT 9T 0SOT S OT0T ¢C°0 ¥€100°0 9L6¥0°0 S6000°0 LS69T°0 ¥9¥¥0°0 OFTI8T 98100°0 S¥LLO0 €€°0 91 124 890" IS uod1Z
0T~ LT 0€TT LT OC€IT 6 L¥IT S 8SIT T€0 L0000 6CTS0°0 68000°0 TL961°0 088C0°0 0S€60°C TOT00'0 €€4L0°0 T¥°0 18 149" CI1 88 uodry
€€ ve LCIT ¥E€ LTIT CT ¥SOT S 6101 €€°0 920000 6€TS0°0 S8000°0 €CILT'0 98€€0°0 STECY'T 6C100°0 €TLLO0 6C°0 8y Lyl TLO §S uodn7
L0 0T €CIT 0T €It L %011 ¥ 9601 6£0 290000 ¥64¥0°0 84000°0 ¥TS8L'0 £€1C0°0 0€996°T L0000 904200 T€0 ¥l 9¢ 98099 uodrz
LT 9T €CIT 9T ¢€CIT 0T €S0T # STOT T€0 CIT00'0 680S0°0 6£000°0 9€TLT'O #8920°0 09TC8'T 80T00°0 L0LL00 8€°0 94 L11 €90 Ly w07
L0 0C T¢Il 0T TICIT L €011 S S60T T¥'0 080000 80€S0°0 €8000°0 8TS8L'0 9€TTO'0 08€96°'T 920000 00LL0°0 €TO LL SO¢ SLO™ LS uodIZ
00 8T T¢Il 8T TCIT L 6111 ¥ 6I1T 0¥'0 0L000°0 069%0°0 8£000°0 09681°0 9€1C0°0 06010°C SL000°0 00400 ¥T°0  OCT 9% 050" 9¢ uod17,
6°0- vC €IIT ¥C €ITT 6 LCIT S LEIT OF'0 SZ000°0 696¥0°0 00T000 C8C6T'0 199C0°0 06¥€0°C ¢6000°0 699L0°0 €0 €L SST CT1 96 uodnZ
9°0- 0cC 90IT 0T 90TT 8 8IIT S SCIT S0 $2000°0 €56¥0°0 €6000°0 89061°0 +€CC0'0 0T900°C 92000°0 0¥920°0 9T°0 €L 4 €80 ¥9 uodrz
6'0- 0C ¥OIT 0T ¥0TT 6 TICIT OT TEIT 890 S8000°0 S66+0°0 921000 08T6T°0 T¥LTO'0 OVLIOT 940000 ¥€9L0°0 €T0  €IT 6y 920 85 uodnZ
p%6) 0 OT (BIN) OT G o1 g o1 g% d o1 L oy g op gEE op P ygp (wdd)y (wdd)p ou uodrz
o3e 150 q(EIAD) s98e paroario)) csoner d1dojost pandarIo))

(ponurzuo)) T1 eqe],

117



ROCAS METASEDIMENTARIAS

118

.:mmN :me\:mle
001" 7 / (adoge ~ T ) = 0PI p
UONE[1I0D IO

[949] .0-T 3e (BJA]) SIO1I9 9IN[OSqY ¢

[oA9] .0-T 3B SIOLIQ IIN[OSqQY/

$'T 81 SLST 81 SLST 6 9¥ST L STST 9¥°0 680000 1L890°0 £ET00°0 169970 Ly8E0D 06E8SE £6000°0 6€L60°0 060 L0 OIE L1076 uoonz
ad n n 4L n n ad .
p(0) 9 O (BIN) 0T o OT giic o ggc oo o1 gt o1 g op g op PR L (wdd)yp (wdd) ou voonZ

o3e 150 q(EIAD) s98e paroario))

csoner d1dojost pandarIo))

(ponurzuo)) T1 eqe],



ROCAS METASEDIMENTARIAS

(ponutzuop)

¢l ¥ SL6 T1C 9101 8 /86 ¥ SL6 6€0 ¥S000°0 S€6¥0°0 €£000°0 ¥C€IT'0 €5610°0 06CF9'T 080000 L0EL0'0 €90  6CL ¥81 CE0 1 uody
9T S £96 TCT 0TOTL 8 €86 S L96 1I¥0 STOO0'0 #88¥0°0 98000°0 9LI9T0 €L1T0°0 99TE€Y'T €8000°0 0TELOO €TO LE Sl S0 ¥ uodny,
€T S ¥96 9C 800T 6 LL6 S ¥96 9€°0 L9000°0 SZZ¥0°0 T8000°0 STI9T'0 L5CC0'0 0S9T9'T S6000°0 64CL0°0 €€°0 9¢ L6 990 0§ uod17
L0 ¥ LS6 9T 186 6 +96 ¥ LS6 1v'0 TCO000 ¥¥870°0 920000 0TO91°0 I8€TO'0 9TS8S'T S6000°0 T8IL00 6€0 LTI 96C 660 L, Uo7
1'C v Ts6 6C LIOL OT TL6 ¥ TS6 0¥'0 92000°0 L08¥0°0 L0000 LI6ST'0 809¢0°0 €€¥09°T SOT00'0 OTEL00 9€°0 8L €61 v20 95 uodIz
LT ¥ v¥6 8T 6C01 O 046 ¥ ¥¥6 6£°0 920000 094+0°0 €2000°0 ¥LLST'0 SEFCO0 €966S'T 101000 SSEL0'0 +C°0 0S 981 9.0 85 uodyz
e v o6 LT €01 9 €46 ¥ T¥6 ¥¥0 ¢S000°0 TTZ¥0°0 S9000°0 €¥LST'O 9%¥STO'0 0CL09°T 90000 907200 0€°0  €CC S99 120" 1 uod1iy,
9C ¥ 9¢6 8¢ 0I0L OT 1S6 ¥ 9¢6 O0F0 ¢C000°0 £L99¥0°0 94000°0 TS¥ST0 €4¥C0°0 €¥CSS'T T0T00°0 L8CLO0 S¥°O 1 (44" Cr0 0g uodIz
¢ v St 61 €I0T L 1S6 ¥ SC6 9¥°0 190000 ¥ZL¥0°0 08000°0 8THSTO 6¥L10°0 00CSS'T €£000°0 L6CL0°0 8T°0 ¥S 69¢ ¥CO ST uodary
ST ¥ Tc6 0C TL6 L 9€6 ¥ CTC6 9¥0 990000 0TL¥0°0 £L0O00'0 89€ST'0 S9910°0 0SETS'T 0L000°0 6¥1L0°0 ¥1°0 9¢ 8¢C 870 G¢ Uo7
¥C ¥ €06 61 LL6 9 ST6 ¥ €06 €70 020000 ISSH0°0 £9000°0 9€0ST'0 ¥9ST0°0 ¥6587'T 890000 L9TL0°0 CT°0 SL 185 L80 L9 uod1ry,
LL S 928 8T TL0T L S68 S 978 950 920000 9TT#0°0 680000 TL9ET'0 LOLTO0 ¥SSTH'T 690000 0TSL00 110 ¥6 SvL 6£0 LT uodny,
€C S ¥i8 € T68 6 €¥8 S ¥C8 150 620000 L¥IF0'0 L6000°0 T#9ET'0 TE6T0'0 6€€6CT 08000°0 ££890°0 8T°0 L9 1€€ 0€0 0C uod1ry7
§S S 908 LT 9L6 L €S8 S 908 €90 62000°0 6¢0¥0°0 ¥6000°0 ¥1EET'0 6LSTO0 TSSTET $9000°0 99TL0°0 80°0 ¥9 LTL L10 6 uod11Z
LS S ¥08 ST €86 9 €S8 S 08 LSO ¥2000°0 8T0#0°0 080000 T8CET'0 69€T0°0 SEITET 950000 881200 L00  €CT 6151 Y€0 € uodry
T0- OT 684 LT S8L CTL 88L O1 68L 640 TS0000 ¢86€0°0 9L100°0 TCOET0 ¥LSTO'0 S6CLL'T S8000°0 ££590°0 61°0 09 08¢ 1017 6L uod11Z
61- ST OIL T9 959 TC L69 ST OIL 6L°0 84000°0 L8SE0'0 €9C00°0 L¥9TT0 €8E¥0°0 €0L86°0 8L100°0 L¥190°0 STO 81 99 I¥0 6 U017
0¢ € S89 9% 944 €1 904 € $89 1I€0 0€000°0 8¢¥€0'0 1S000°0 SOCITO CISTO'0 61S00°T CSTO0'0 90590°0 91°0 0¢ o1 0L0" ¢ uod1ry,
€9 T 085 TC €9 S 619 T 08S TF0 810000 €8820°0 I#000°0 LI¥60°0 08600°0 S¥6E€8°0 £9000°0 S9¥90°0 OT°0 L8 08 S90 6% uodnz
S0T L S8 €C ¢SL 8 TvS L S8F ¢80 880000 ¥¥1¢0°0 SCTO00 TI8L0°0 TLETO0 919040 1£000°0 T€¥90°0 SO0 8¢ S€9 ST0 L uod1ry,
I'ST 9 6Ly 6C 688 6 ¥9S 9 6Ly 890 €C100°0 08SS0°0 80T00°0 STZL0'0 €CSTO'0 SOCFL'O €0T00°0 99890°0 O1°0 61 9L1 €60 CC oIty
TT T S9% 9C S6v S 0Ly T S9% CE€0 SC000°0 ¢#cc0'0 ¢€000°0 £8+7L0°0 TSL000 606850 690000 60L50°0 960  TISE 0€¢ 880 89 Uo7
¢S € 65y 95 C09 TIT ¥8F € 6SP €€0 910000 18200 ¥S000°0 98€L0°0 TOSTO'0 ##019°0 9ST00°0 #6650°0 69°0 0 6 7SO 8¢ uodry
88 € €Lf ¥T €19 § 60F € €6 950 £9000°0 69210°0 L¥000'0 T96S0°0 €1L00°0 0€96¥°0 €L000°0 920900 €T°0 06 4% 790 9% uodny
L6 T 8I¢ 8L 185 ¢l ¢S€ T 8IE€ ST0 070000 T9STO'0 SE000°0 €S0S0°0 STLIO0 TLETY'0 6¢C00°0 8€650°0 69°0 €6 (44! STI 66 uodIyz
TS T 60¢ LT 09% v 9c€ T 60€ LEO 8CO00'0 $9¥10°0 92000°0 ST6¥0°0 TE€S00°0 1T6LE0 €£000°0 61950°0 080  0LE L1y €60 CL Uo7
00 T L6T 6v 60€ 9 L6CT T L6C 0€0 610000 06€T0°0 €€000°0 80400 98200°0 TIO¥E0 9TT00°0 ¥SCSO0 OL'T Sl 811 ¥80 9 uodry
€y 1 T6C ¢ vOr 9 SO0E T T6C STO L0000'0 9¥¥10°0 0000 TEI¥0°0 €5200°0 966¥€°0 80100°0 087S0°0 €€°0 9L 90¢ 620 61 uodIz
0S T /8T 1S €¥ L TOEC T L8C THO CIO0O0'0 0THIO0 0¥000'0 £5570°0 LF600°0 T69¥E0 9TI00'0 9TSSO0 L¥O €6 8L1 €90 Ly uod11yZ
¢8 T 89C Sv 06y 9 T6C T 89T 8CTO SCO00°0 TIETO'0 92000°0 8¥Cr0'0 TIL00°0 €SEEE0 STIOO0 969500 690  €¥1 L81 1117 L8 uod1ry7
¥'L € 19C 69 6S¥ 0L €8C € 19T S¥'0 ST000°0 #8C10°0 1S000°0 9CI#0°0 8STIO0 9S61€°0 881000 LI9S0°0 9¢€°0 6¢ 86 890 1§ uodyz
CL T 65T 65 Ly L 6LC T 6SC 1C0 ¥2000°0 $¥¢10°0 STO00°0 SOT¥0'0 €4800°0 69STE0 ISTO0°0 L8SSO0 T¥°0 % 06 C01 08 Uo7
p(96) ¢ OT (PIN) 01 G o1 gL o1 g o oy gL oy g oy g oy g gy (wdd)yp (wdd) g ou uodrz
a8e 1509 qEIN) s93e Pa10a1Io)) csoner d51dojost pandarIo))

F#LE-dALL 219wvs 10f vivp 310705t 97— SIN-dDI-FT €T ¥IqeL

119



ROCAS METASEDIMENTARIAS

(ponurguoy))

9'0- T 60T IT 60TT 8 €TIT S OCIT 8€0 €6000°0 T87S0°0 ¥8000°0 L9T61°0 #6€T0°0 OTTCO'CT 80000 CS9L0°0 ST'O 0c Iet 920 91 uoaz
€C Ly LOTT Ly LOTT 9T SSOT L T€0T 8C'0 S6000°0 +C0S0°0 LTT000 LEELT'O ¥8S¥0°0 0SLT8'T ¥8100°0 9¥9L0°0 6+°0 17 0c Y01 18 uod1y
8T §C SOTT ST SOTT OT 9901 S L¥OT T#'0 920000 86CS0°0 68000°0 8TILT'0 T64T0°0 TSIS8'T 660000 8€9L0°0 €4°0  LOT Y44 T60 1L uodr7
¥'C LT SOIT LT SOIT L ¥SOT 9 6C0T 09°0 1€000°0 00CSO'0 €0T00°0 SOELT0 TSOCO'0 ¥+¥CC8'T 990000 8€9L0°0 LI'0  6£1 SSL 690 ¢S Uo7
9T ¥¥ ¥OIT ¥¥ ¥OIT 81 8901 9 TSOT ¥€'0 C€000°0 0CESO'0 ¥IT00°0 TOLLT'O CTL6¥0°0 +4T98'T 81000 C€9L0°0 IS0 09 SOT 0TI 56 uod1rz,
LT LT 960T LT 9601 9 LSOT ¥ 6£0T €40 850000 €1€S0°0 0200070 987L1°0 SOLT0'0 O¥CES'T +9000°0 ¥09L0°0 CTO  6ST 999 ¥S0 O uod1ry
€T 0C LLOT 0T LLOT L 8YOL S €0 ¢¥'0 €9000°0 S9TSO'0 80000 TO¥LT'0 08610°0 09908°T $£000°0 0€SZ0°0 LT°0 0s ¥9¢ 910" 8 Uo7
80 9T SZ0T 9T SZ0T 9 9S0T + 8%0T 00 ¥8000°0 986S0°0 £9000°0 6+9L1°0 €SL10°0 098T8'T 99000°0 +¢SLO0 LO'O 8¢ 144 Y11 06 uodIZ
90 61 SLOT 61 SLOT L T90T + 9SOT €¥°0 940000 T€8S0°0 08000°0 664L1°0 800C0°0 0L9¥8°T ¥2000°0 STSLO0 TCO 69 00€ 870 81 uodnZ
CT ST 90T ST S90T OT 6£0T + LTOT SE€'0 €C000°0 10TSO'0 SZ000°0 89CLL'0 91920°0 TST8L'T 86000°0 L87L0°0 CE'0 124 [44¢ 0T198 uod1z,
8T Sy C90T Sv C90T LT TCOT L +00T 9€°0 6£000°0 9£0S0°0 CTETO0'0 TS8IT0 ¥I¥¥0°0 999€L'T 0L100°0 SL¥VLOO S¥°0 LT S§ LOT 78 uodry
CT CC 6501 ¢C 6SOT 8 €€0T ¥ TCOT O¥'0 ¥2000°0 891S0°0 18000°0 €STLI'0 99CC0°0 6¥S9L'T ¥8000°0 S9¥L0°0 6C°0 v6 ¥6C 780 €9 uodz
LT 61 SS0T 61 SSOT L €TI0T v 966 I¥'0 190000 €¥0S0°0 S£000°0 66991°0 €9810°0 OTETL'T ¥L000°0 6¥¥L0°0 C€0  LOT ¥0€ LIT C6 uodmyz,
CT ST ¥SOT ST ¥SOT OT 6201 9 LIOT €¥°0 1€000°0 TSTSO'0 TOT00'0 €6041°0 #8500 8SPSL'T ¥6000°0 Sh¥20°0 ST'O 43 ¥81 SLO™ LS uodIZ
¥'T TC 6¥01 1T 6¥0T 8 €I0T S 666 I¥°0 99000°0 €01S0°0 #8000°0 €9L9T°0 0L0C0°0 08CTIL'T T8000°0 LTyL0'0 8€0 86 (%4 9€0” S¢ uodr7
C1- 0¢€ LvOL 0 LvOL OT 00T S €80T 0€0 SL0000 84€S0°0 ¥8000°0 C6¢8L°0 T€6C0°0 0T898T T1100°0 0C¥L00 ¥¥°0 8y 86 960 §L uod1Z
00 Tc €v01 I €01 8 THOL S THOT S¥'0 620000 882SO'0 68000°0 SESLI'0 CLITO0 TTO6L'T 6£000°0 #0¥20°0 C1°0 9¢ 161 LSO ¢y uod1y,
6T 61 TWOT 61 THOT 9 666 ¥ 086 8€0 ¥S000°0 L8870°0 #9000°0 ¥TH9IT'0 68910°0 06¥L9'T 690000 66€L0°0 S9°0  ¥IC 96C TI0 ¢ uodry
9'0- 0c 0v0T 0T OYOT 8 ¥SOT S 0901 S¥°0 LT0000 T6€SO'0 16000°0 8L8L1°0 C9€CO'0 LOETS'T 820000 96€L0°0 0€°0 98 85C 800 v-vLp-ddL 1 uody
S0 9 8€0T 9T 8€0T 6 LCOT ¥ CTTOL €€0 160000 T#0S0°0 £L000°0 6LTLT°0 LO¥CO'0 066¥LT 96000°0 98€L0°0 TE0 94 44" Y60 €L Uo7
0'T- ¢C 6¢0T ¢C 6C0T 8 8¥0L S 8SOL 0¥'0 €9000°0 S8ISO'0 £8000°0 T¥8LL0 SLITO'0 0T908'T 180000 £S€L0°0 T€°0 8y 8€T TL0 v§ uodIrZ
S0 ¢t LeOT ¢T LeOT 8 CIOL + LOOT LEO 640000 896¥0°0 +£000°0 L0691°0 920C0°0 OFOIL'T 180000 9¥€L0°0 STO LT 00T Y90 8y uod1rz
L0 61 TTOT 61 TTOT L 900T + 666 8€0 990000 ¥8970°0 0L000°0 TIL9T'0 CTT8TO'0 OT¥69'T €L000°0 LTELO0 T¥0O €11 0sc 8¢0 97 uodrz
¥'0- ¢C 9101 ¢ 910 8 ¥COT S 8ZOT T¥'0 S9000°0 ST¥SO'0 98000°0 88CLI0 SOTCO'0 O¥TYL'T 080000 80€L0°0 €0 94 8cl 010" ¢ uodz
¢0 61 €101 61 €I0T 8 800T £ 900T 6S°0 09000°0 000S0°0 8IT00'0 T689T°0 81000 0S869'T 0L000°0 86CL0°0 TTO 0S 8I¢ 820709 uodrz
¥I- 9 6001 1T S96 8 S66 9 6001 87°0 ¥S000°0 SO6¥0°0 O0TO0'0 06910 92020°0 0SE€99'T 82000°0 LCTLOO €S0 68 1398 CT1 96 uodn7
¢'0 8T LOOT 8T L0OT 9 100T ¥ 666 6£0 0S000°0 866¥0°0 S9000°0 LSLIT'0 CTEITO'0 08649'T S9000°0 SLTLOO 9¥'0  66C 065 9y0” €¢ uodIZ
0C- 61 ¥00T 61 ¥00T L L¥OT ¥ 8901 T#'0 ¥S000°0 ¥¥6¥0°0 LL000°0 TTOST'O $98T0°0 08E08'T 890000 +92L0°0 660  T6C S9¢ €80 ¥9 Uo7
€0- ¥ €00T 9T T66 9 0001 ¥ €00T 4¥0 0S000°0 IS6¥0°0 CL0000 £€¥89T°0 €CSTO'0 0T9L9'T 8S000°0 €CCLO0 ¥¥'0  SSE ceL 180" ¢9 uodrz
€1- 1 000T TT 000T 8 %COT ¥ LEOT LE0 S9000°0 886¥0°0 840000 ##¥L1°0 0L0C0°0 00¢rL'T 08000°0 6¥CTLO0 €0 LS 611 YT1 86 uodIZ
¢0- ¥ 000T 61 966 L 866 ¥ 0001 0v'0 €5000°0 0¢870°0 0L000°0 ¥LL9T°0 LELTO0 0TTLY'T 690000 SECLO0 SSO  v6l 0ce S60 ¥ uodnZ
9'T- 8C 166 8C 166 0T TCOT S LEOT SE0 €4000°0 €12S0°0 96000°0 LSYLL'0 69L20°0 0€EEL'T 80T00°0 LITLO0 SE0 Y4 S9 8I1 €6 uodIZ
90- S 986 S€ 996 CI 086 S 986 €£€0 820000 ¥00S0°0 ¥6000°0 9TSIT'0 9LIE€0°0 I8¥CH'T 9C100°0 TETLOO 8E0 143 8 Y10 9 uodIy7
p06) ¢ OT (PIN) 01 G o1 g% o7 g o oy gL oy g oy g oy g gy (wdd)yp (wdd) ou uodrz
o8k 150 q(EIND) s98e paroatro) csoner d1dojost pandarIo))

(ponurjuo)) ¢1 eqe],

120



ROCAS METASEDIMENTARIAS

[949] .0-T 3E (BJA]) SI0119 9IN[OSqY ¢
[9AS] .0-T J© SIOIID ANJOSqQY

¢t LT TOPT LT TOPT TT €EET L 06CT T#'0 840000 92S90°0 SET00°0 9SICT'O 8¥1#0°0 0091L°C #T100°0 88880°0 LSO 69 80T LYQ ¥¢ Uo7,
L8 ST ¥p€L ST $PEL 9 OSTT ¥ 0SOT IS0 19000°0 €80S0°0 T8000°0 S69L1°0 ¥C610°0 0CrOT'C 89000°0 29800 SE0  66€ ce0t 050 9¢ uodrZ
€0- ST TE€ET ST TE€ET L LEET S THET 6¥°0 990000 00990°0 COTO00 8CIET'0 9TSCO'0 096CLC 690000 89580°0 9€°0  +8C 61L €CT L6 uodrz
T0- 9T 8ICT 9T 8ICT L TTEL S ¥CET 0¥'0 9900070 99590°0 £8000°0 CO8CT'O L9¥T0'0 009L9°C TLOO0'0 TIS800 €€°0  TCT 009 020 T1 uodry
¥'C 9T 98CT 91 98CT L €€CT S ¥OTT S¥°0 08000°0 ¥C190°0 06000°0 CESOT'O 80€CO°0 09L9€°C €2000°0 TLESODO0 ¥€'0  ¥IC €95 801" G8 uod7Z
T'T 9T €SCT 9T €STT L 6ccl ¥ 9TICT 0¥'0 £9000°0 9€T90°0 180000 $9L0T°0 9¥CT0'0 0TISE'T TLOO0'0 CET8O'0 TL0  99¢ 6€€ 600" C Uo7
0C 0c syl 0T svcl 8 10CL ¥ LLIT 6£0 ¥2000°0 ¥46S0°0 08000°0 TE€00T0 689C0°0 €€¥9TC 980000 661800 ¥€'0  SET 9¢ 98099 uodn7Z
LS Tt 9¢Ct Tc 9¢ct 8 TITT ¥ 8F0T L¥'0 ¥2000°0 69¢S0°0 64000°0 T99L1°0 84¥C0°0 1SL86'T 980000 ¢9180°0 LEO  0CC 9€S €50 6 uodIZ
60 61 SECT 61 S€CT 8 CICL § TOTT TF'0 €8000°0 ¥5€90°0 ¥6000°0 04¥0C°0 0TSCO'0 0¥66T°C 180000 LST80'0 STO 1s (4338 650 vy uodrz
00 9T ceel 91 ceel L 61¢T S 6ICT 0S°0 190000 82190°0 00T00°0 0T80T'0 881CO'0 0FECEC 990000 COISO'0 ¢SO €8S ¥00T LL0" 65 U017
¥'0- LT LTCT LT LTCT L LTTT ¥ TECT T¥°0 99000°0 €€090°0 08000°0 ¢90IC0 S9TC0'0 06LFET 89000°0 €8080°0 LI'0  TOT S€s 110 v uodnyz
80 LI €ICT LT €ICT L 6611 S 0611 ¢¥'0 ¥9000°0 91850°0 S8000°0 89¢0T°0 0CCC0'0 09SST'C L0000 £9080°0 LT0  LOT €5¢ 810 01 uodx7Z
C0 61 SOCT 61 SOCT L 8611 ¥ 9611 6£0 69000°0 ¢8Z90°0 ¥8000°0 C8EOT'O SLETO'0 06¥ST'C 820000 T€080°0 6€°0  €TT ¥9¢ 850 ¢y uodrz
€C 91 00CT 9T 00CT L 6vIT S CTCIT €S0 090000 ¢6¥S0°0 TOTO00 TT061°0 TCTC0'0 0£660°C 690000 €1080°0 870  +EE 0€9 €IT 68 uodnyz
T €T 6611 €C 6611 0T TSIT 9 LTIT 6¥°0 620000 €1450°0 ¥0T00°0 80T61°0 S8TE0°0 0E0IT'C L6000°0 010800 S¥'0  ICT e €20 y1 uodmz
1°'0- 9T €811 9T €811 L T8IT 9 €8IT TS0 690000 044S0°0 60100°0 S¥T0T0 ¥6CC0'0 0IF0C'T TL000°0 S¥6L0°0 60 90T 0€€ 611 ¥6 uodIZ
80 61 €8IT 61 €8IT 8 9911 9 LSIT TS0 €€000°0 £€8850°0 €0T00°0 65961°0 6C¥C0°0 TE€ESTT 920000 ¥¥6.0°0 ST'0 ST €L 060 0L uod11Z
CT 0C 8LIT 0T 8LIT 8 TISIT S LETT 9¥°0 LTO0D0 €£LS0°0 €6000°0 88T6I'0 8LSTO'0 9€L0T°C €8000°0 #¢6L0°0 0€°0 68 | 944 680 69 uodIZ
6V LS SLIT LS SLIT 0T 9901 S ¥I0L ¢C'0 T€000°0 660S0°0 98000°0 TEOLT'0 985S0°0 6€LS8T L£c00'0 016£0°0 €50 <O SLT S¥0 g uodnZ
C0 8T €LIT 8T €LIT 8 L911 S S9TT T¥'0 €L0000 S€090°0 68000°0 ¥1861°0 #9€C0°0 06SST'C 60000 06400 SE0 9L y61 CI1 88 uodry
S0 LT TLIT LT ¢/LIT TIT 1911 9 SSIT S€°0 T€000°0 S£850°0 90T00°0 0C961°0 66¥€0°0 6vLET'T CIT00°0 T06£0°0 ¥€°0 6C LL 0¥0 87 uod1Z
T°0- T1C OLIT TC O0LIT 8 €LIT S ¥LIT T¥°0 00000 €6450°0 00T000 08661°0 9C9C0°0 0LELL'T L8000'0 €68L0°0 8%°0 ¥9 oct 080 19 uod1rZ
¢'C 91 8SIT 9T 8SIT L 80IT ¥ #80T 0¥'0 850000 T9¢SO°0 TL000°0 LTEBT'0 £€C610°0 00646'T 0L000°0 S¥8L0°0 090  ¥I€ €LY 911" T6 uodIz
CC L1 SSIT LT SSIT L 9011 S T80T 6¥°0 09000°0 L£0SO'0 06000°0 TLZ8T'0 69610°0 0STL6'T 89000°0 €€8L0°0 6¥°0  S8C 0€s 901" €8 uodnZ
CT Tc SSTT TIT SSIT 8 ¥#CIT S OITT T#'0 160000 ¥4¥90°0 €6000°0 98481°0 8€#C0°0 0LFC0°C 98000°0 C€8L0°0 STO LT 86 8609, uodZ
60 ¢ 8yIT ¢ 8yIT 8 TI€IL S TCIT 8€°0 £9000°0 L8SSO'0 S8000°0 66681°0 TEFCO'0 0¥S¥0'CT 980000 908L0°0 LEO 8y L11 150 Lg uodnyz
6'¢ 91 8CIT 9T 8CIT 9 OVOL ¥ 666 9¥'0 LSO000 TIZ¥0°0 0L000°0 09491°0 09910°0 OI¥8LT ¥9000°0 STLL00 9T°0  CIT (4% CT0 €1 uodny
6T 9¢€ LTIT 9€ LCIT LT €80T CT T90T 6S°0 090000 92€S0°0 CTT00'0 TT6LT'0 66870°0 0L906'T €7100°0 TCLLO0 6¥°0 0s €6 001" 8L uod1r7,
90 61 0CIT 61 OCIT L ¥OIT ¥ L60T 0¥'0 090000 68¥S0°0 9£000°0 LSS8T'0 SE0CO'0 09996°T €2000°0 ¥69.0°0 9¥°0 901 80¢ S0T"¢8 uodnzZ
S'T- € 8IIT €C 8ITT 6 ISIT L 8911 9%°0 CTET00°0 ¥8590°0 €CT000 9S861°0 L¥8C0'0 00801°C ¢6000°0 £89L0°0 80°0 4" €91 LTO LT uod1r7,
L0 9T 9T1T 91 9TIT 9 6601 v 1601 €¥°0 65000°0 £8€SO'0 0£000°0 TH¥81°0 L¥LI0°0 O¥CS6'T T9000°0 089L0°0 CCO 65T S99 950 Ty uodrz
p06) ¢ OT (PIN) 01 G o1 g% o7 g o oy gL oy g oy g oy g gy (wdd)yp (wdd) ou uodrz
o8k 150 q(EIND) s98e paroatro) csoner d1dojost pandarIo))

(ponurjuo)) ¢1 eqe],

121



ROCAS METASEDIMENTARIAS

00t -

Ngge
ad 40z

/(

Ngee

d 90z

:mmwuuucwuouﬁ
d 07 ) PI0OSI p
UONB[2II0D TOLIY

122



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

A.4 TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

123



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

(panuzuoy))

LLLY9 L8'ST 09's€T6  S9°8T ST'S6 I¢6y 8601  LT8CT LTT 89S STO 680 S80 900 89 SO0  L¥'8 61°C0€60F  8Y¥SE we 104 S¥0 g U0y,
1€°8¥C 96'96 $€°€098 05°0% 89vIT  T6911 LL9T 10°€L SS9  SSIT 150 619 1911 81'C  68LC 86L SOC Er'CSSS6€  SS0LL 98'L £5°88% 0¥~ 8C Uo7
€0°SyL [43V2 81'80LL  T8'SE T9'8L1 1098  8T8T  €9Ly 9L'€  L06  STO 6ST 6T  CT0 €T LT0  6€T 10°€S0+9€  90°L9S 0s's ¥8'LLT L10 6 Uo7
STIYIL  08'L¥L 881l 60°CL 61°9€€  96'LST  98%E  9€C6 89'L THIT 90T 8L€  L9T  9T0  SS'ST wo 0oy 5296807 €8'SSOT  9T'TL 6v'Cly 060~ 0L uodnz,
€e'L61 6¥'LS 9T'8SF 0T 9L°8Y 102€C  9¥'SOT 98°TC  8F¥S 90v IS +C0 €I'C Tl 010 €T'LC 900  0¢s LYT9 Iy TU9Y9 1L¢ ¥S1LE ¥90” 8y Uo7
6°CE9 91991 8SVIE0T  ¥S'€6 ¥L°09%  1¥'C0C TLOv  s€L6 8T'L  TSBL 690 99¢  66'€ 80 109L 640 906 0€°09080%  SETVCL  9V'IC 657609 920785 uodnz,
£€°08C LS'LL L6'8090T  T¥'S9 yoLee  1ST8T TS0 6TYOT 1T 9€TC 010 9€°E 6ST 600 9TT S00 60T weyocey  L6'991T TS0~ 0T'L19 ¥80 §9 uodnZ
£6°CCY 6808 PE'S9CIL  Ov'EL 98'LLE  €8'€8L vC8E  SS€6 ¥I'L  TL8L 110 S6C 661 810 95T sTO0  ¥ET 0080681y LSLPIT  €SLL LTEEL SLO”LS Uo7
+0°08 L96T 60'TCTL 18°LC 0S'9%T  0L'¢8  9T61 10vS COS SOLL S¥0 9T 186 8T 1901 66T ¥ICI y1'8089¥¢  €8'99S £9°€C0 v0'6CT 120 ¢1 uodnz
86vLC 1€°L8 768101  8E€'€C ¥0'96 690y 85°L P9l 91T ¥6'C 900 850 T80 900 9I'E Y00 880 YSEL8YIY  LIVET 0901 0L°8¢CT 890 IS uodz
(4221 €L°0S 0T¥T69 6LEL 65°89€  LL°€61 LYy TEITT SOOT 69°0¢ SE€T 98S  TS€  TTO0  T8% €10 £5°¢ YU'T89SIy  €6'SICL  ¥TET 96'8C¢ Iv0 6T Uo7z
9168 £€'88 ¥S'6€COL  8T'8YT  6¥'T8L  SE€'98€  €0'6L 06981 LL'€L CS8C 600 8SF  6£S 980  0T9 08T 691 6V ¥S6TLE  8L9EVT IS LL6191 870 81 Uo7
9T'S6 18'%C CLIYEL 6v'ST ¥5°€8 so6y  88'TL  9¥¥E STE 8801 €T0 6¢£CT COTCT €10 €LY 800  6LT 9TIS6¥9E  €TTEE 9L’ST 80°0ST 8Y0 S¢ Uo7
8t'8% 16'cc 10118 S¥'IE ¢9TLL  vS60L  6C'8C  L8L8 Y06 L6'EE YT 006 LTL  TVO 9TV L0090 LT66LTTY  09VLL et SE€LLT TLO SS Uo7
6'96 Ty9 189008 9T 0¥ 80'61C  TS¥CT 0T0€  T1L'88 658 CT€8T 9T TLL 98S IO  OT'ST  T€0  SET 6V 0OrIyiy  v0'1¥8 L£9°9 98'891 790 9% uodnz
8T6CE Ir91L oe'erce  €v'T9 Ov'6ce  SLY8L  8E'€r  69°9CL SL'EL 6£TL 9F'T 06'LS SE0LT 10°8S S6'thy  68'SL1 181 59°S69S1y  96'00€T L8 L6'61L8 110 v uodanz
cLoct Y99 6L°SLY8 L8'9¢ TLs6T  LO'STL  €L°LT  ST'€8  8L°L  8€9C LLO TL9 L¥'S 9%0 €101 OT'T 18°C 88'€95 STy 9L'SLL YLTT ry8e S60 5L Uo7
0€°10C 81°€C 9L¥89L  19°SC 9TIEL  vE8L  9L8L  9€¥S L6y vLST 9¥'0 IT'E ¥LT 600 68T s00 L ITYPLELE  TP6CS 91 ¥S1IC S10 £ uodny,
65691 ¥8'0S LT8LIOT  TL8E PIv61 €88 6881 9005 STV OSTL 6£0 0€CT LLT €0 89%I SO0 I8¢ 8087991y 8T°0¥S LO¥VT STTEE €50 6¢ Uo7
1Tsys SL'T9 S6'9816  L9'L ¥0'8¢ €6l oYy ocer 1L sy L0 I€T LVT 0 ¥T0 089 86'0 LSO wLyey  Lreet 8671 S¥'C9 990 05 uod1Z
8LSST 15°6S 96'06LL (U4 T6'€LC  60°SLT  SSvy OT'LET 9S°€T LTy 10T vCCL 1€8 €50 856 o Lv'e 6ST6L¥8€  LLOSCT  CT'E 0F'0r 800 T 8THIN U0z
¥7°00% 9T911 0€'0886 181 §9'6LE  89°COC 8EVF  68'SIL OF'6  CE9CT SS0 L¥'S 069 CI'T  99L vy o 191 81'08616€  €L9¢ET  TL'E- YE'68L 10 ¥S w0z
95°9¢C LLTL 5T'S856 09v€ OT'18T  08'S6 ¥C'lc OT'LS €L+ 8€€l 8I'0 €ST 81 800 LOTL  ¥00 19°¢ 6V°'S9Y 0Ty L0'66S S0y L8'98C 10T 08" uodnZ
6L°LL LTee IIveL  C0'lC 9STIT  L8T19  0S¥L  TILTy €8'¢  S6Cl 050 0T¢€ 89T +T0 CE€L 8L°0  SL'T se'rceLLe  SOTTy 19°L¢ vsy 920 91" uod1Z
69°S¥1T 9TLS 89'19101 cT'ty LE61C  T6'STT €09 00°TL <09 9841 OF0 O¥'e€ €T 010 +I'TL 900 ¢TT I'8C8YSy  €TSEL 082 01sT 001 6L uodnz,
€Le6l 68'09 L9°ce66  T8'8C S8'IST 0498 890 088 0TS vOLL STO cse  vsT  STO IT0OL 600 €T'S ITeI9CcEy  €9°€SS 18T 00°SST L60” 9L uodn7,
08T '8¢ 6’16801 69°LY ¥6'9¢Cc 16911 €I'ST  S6'C9 90'S IL€L €0 Tvrc 04T  ST0  ¥9¢C o vS'T 8T8CEOLY  TL'6IL w1 86'6CY £80 L9 uodanz
05'19¢ cLe8 08'85S0T  ST'S9 69vEE  6£691  999¢  ST'68 80'L €681 010 T6T 09T OT'0 €6C 900 6¥'T 16'S69 L1y 8STLOL  TTO- ¥97C8s 090 Sy~ uod1z,
L8'LY9 LT691 05°C188 5868 S9LSYy  LS'SST 61°8S  E€TWST SEE€T LETy 8LT 668  ITL 980  6V'L ¥6'CT 66’1 CTO'T66ELE  SL'6ELT  €8'LS 0T'18L 0T0™ 11" uodnz
L¥'8€6 96'76T 18'61€6  T6'LL 9TTey  68'9¢€C  I8'€S  TL8YL vECL  08'¢E SI'C Lve  L0TT 10T v8CT  8SE 96'F 78'68Cr9€  ¥0'LO9T  9¥'TT €9ty €60 ¢g Uo7
96'9L 508 0°s8L8 0€'8¢ 6C°L0C  88'ICL  LE6C  68°L8 LS8 SL'8C S60 ¥E€L TE9  OF0  L¥E oro  S¥'1 €CELTILY  STYC8 LS61 S81y LSO ¢y uodanz,
SLEEL 99vC1 €8'9€10T  T6'LY L00VT  SP'EIT 18'€C 0L°8S 89Y  €S€T 6Tl LL'E 798 89T 9TEL  ILS 9¢'S 15°SES06E  £6'869 cree 81°€LT LYO pg uon7Z,
9LTH8 19°€L LT'98LCL  6V'CS 0T°69c  001CT 6v'vCc CC19 vPy €101 STO0 SOC 90T TTO0 € 1€0 €81 96'SLS LSy 6L'6VL w09 LTELY 010 ¢ uodnz
6¥'6CS s¥'6lc SL'8916  98'8C €8°091  88C0T S89C  C¥L8 8T6 9TYE 10T 066  LLL 850 LI'CT OO0 CI'D 6SThL6TY  6T99L £T6 Ss6vT 680 69 Uo7
9€'99 SSvE CLTE68 L6'9¢ 61181 8506  8¥'61  L98F ¥8'C 0601 190 0LT 9L 800 €L'6 ¥00  60°¢ Ly ey 0T1ES 099 creee 880 89 Uo7
S8'LIOT 617881 €6'08L0T LE6IL  90°CES L8681 LI'VE  8I¥8 S89  €¥8T CO€ ILL ¥TEL 9T  €6vy  88¢  6CTL LOYLY ELE  YEVIIT  LOEL LT'SST 0€0 0C" uodZ
88'85L 50°8S¥ 60°€L68 9IT's9 LUT9€  €9°981 LS9y LT'CST v1°91 vI°LS 98'8 0I'CcE €99 LECL CI'€8T ¢TLCt 8T'¢ TrELSSOF  SST69E€T 89L 61°LEE $1079 uodZ
6C'18C 02'80T LT69T0T  S8'8IT  ¥¥°09S  COL¥C TH'ey vy OIL TLL  LE8L STO 8YCT Tl 800 +T6 900  0F'C werLsey  SoTyyl 88T ¥6'019 T60 ¢L Uo7,
1L°6¥C 00111 €9°€LL6 L8'EY €€L0C  8L66  ¥SIC  C09S T9Y  ¥T¥L ¥80 S¥C  8I'L 800 ¢80T SO0 00T 8Leocly  86'CE€9 6Ly L6°TYT 950" Iy uoanz,
65795 8€'88 ¥L'TSe6  08'VL &eve  00'T¥L  6L'LT  9TOL TL'S  SO9T €T'T S6'€ €Iy +vS0  €€L 680  £9°¢ TLTr6 S8 10°€T6 LL'6 9T'69 €20 ¥1 U0y
6'811 L6'€9 Prre68 cLos €CTPC  8LCIT 06'%C 0689 SI'9 108 6¥'1 6L% ¥8% L0 80TL €I'T 690 18°S0E¥Iy  TH'8EL 9¢'1S 1L°0€C 180 ¢9 uodz
107811 S9'1#0T 61°0926  66'L0C  0L89IT  80'€Y9 SS09T  0STYS 90°CS  8S9ST 00°€CT €0'T8 SL'6ST €CTE  SO'9ST 8STL 0€Y S0CE0SLE  EV69FF IS €016 810 01 uodzZ
€5°L9 ¥¥'9C 95°€9%9 6€°LY €9°80C 6608  0LST 19¢ 9Lc  09L 850 1€1 160 £000  68%L 900 ¥91 SSEEE96C  €6'CLS 8¢~ 5598 600 ¢ uod1z
80'899 croe9 00'6TL8  ¥LTIT €008  08'T9E 6I'8L  T6'90T €O'8T L9¥S IFE€ 6LET 99ST ¥I'T  600IT €6'C  T8'S T6'900C6€  99°T6ET  €L'8 SE'SYT ¥T0 ST uodZ
0°669 86'1¥¥ 16°L€601  €L°SCL I8°01S  C90L1 0€CE  9v'C8 90L  SE€IT TLT 6T6  00°ST LLT LS8S  69F  LLT 06'C9041y  €STOLT  #9°0 6TEET 910 § uodnz
¥1°679 €8'SLS T6'€9T6 99791 SS898  ITIvy €866 66'COE 61°LC 8S8L ¥88 SIIE L¥'ey IL8  OV'SOL 9T9T  S¥'S 6L78ECOTYy  L9¥I6T  TF9 05°508 TI0 S uodny,

n . H i ax kel °H 4@ 4L PO @ WS PN D *T AN 1z X a8 d ou uodTTZ

8T-HIN 219uws fo suoruz of (mdd) soouvpungy juswars 23047 S-dDI-FT 1 BIqeL

124



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

€6 c0'8C 6£V166 1L°66 LLOTS  90'6¥C  6STTS  €€9CT €96 09€C 6C0 69C  0I'C 910  6L€ 0T0  L60 96'€85 STy 6€°9LST 88’6 80°8C0T Th0 0g uod1Z
(43723 6£°59 88'968L S0vE wWw9T 969  Te€l  TOSE 18T S08  ¥9T 9TE €67 S90  L6OT  L90  STT 6£8CL0LE  YO'TSY 16'L T¥°60C SE0 yT uodyz
9IT'LLY 96'C0C €8'CCE0T  €L°88 I'ILy  8T9ST 819 96’16l 000C 90°TL LTS TH¥YPE +6'8L 90°ST LLTvL 01°9€ 1SC 89°LLSSTY 86981  €9% ¥6'€8S €90 Ly uodnyz,
€5°ELT 6L 1T°L6Y6 TLEL 8€89¢  IT'S8L 610K  9¥'SOT LI'6  IT°0E 66T +E€8 I8CT THT 9¢61 TIL  16€ 1S°1985CF  L¥'6SIT 0S¢ SL798Y €01 187 uodr7
Y6'1LT ¥0'C6 £€'8508 STee €191 S0'98  TL6l  €¥S OU'S  6€L1 SST 9S¥  8SE€T 68C 808  0LTL CI'C 100¥8 10F  T€°S6S ¥S'L £€6'€€91 TS0 8¢ Uo7,
11°06% 60vCE 6LTLES 6€Y9 Lere 66'90C 90°Ly  60°TCT 8F°0T  TSTIE €€0 LT9  10¥  TE0  08'S Y0 €60 9€CIOTLE  61°96E1  TEOT LT0LE TE0 17 uodrry,
06'S9T £€6'16 86'€866  0L'T9 88vce  ¥E€981 10°¢y  SESIT 696  LLOE ¥CTO €SL  €SIT 8€¥  SO0OF 0991 €91 wr9eEsoy  Trelcl  €LT ITEIT 9¥0_ €€ Uo7
LTy ¥9'16C LEI9TCOT  6V°€ET  TIS0V9  0089C ¥#1'€S  688CT 166  1S9C CCTT L8%  66'C LTO  9€6Fy L¥O  19°€ 8¥°065¥Cy  THI96ST  v6'6L 9¢°0201 080 19 uod1r7
9TYLL 18°€S 8TvELL  0E€°0S Y199 vE6EL  6T'IE 898 €69  S80C TS0 ¥EV  ¥CTE  LTO 9LV ¥ro 91 157668 .LLE  v1°0T6 e ST06v 9€0” S uodanz,
611¢EE 5T°66 8€L998 €6°LL EUE0r  TS'SIT  L¥Ly  SP'CCL L6'6 6S8T STO €8S 89L I 966 9T 91 £C6€608¢  €LYOYT  61°ST 95°80L ¥€0™€C uod1z
YE169 06L 16'€0CTT  68L91  8S5C98  vL'LOV 9918 06881 80°€l 8C6C 010 SL'C €T STO  69C €0  LS'T 61°L1060F  vL'6S¥C  08'¢ ¥T09¥1 050~ 9¢ uoanz,
TL9eor  6v'69 98'5566 16'59 L¥'69C  8T88  LLYT  90°0€ €0CT 19% €10 €0 OrT  LTO  9€Y o 158 LT6T0L6E  ¥SILY 60°CT 85°66 Y0 1€ Uo7
L£°9€6 scLet 8L°€SLOT  99°S6 oL'eI  ELEEC Ve  ILTCL TL'6  T9LT ¥TO 96F  LEE 8T0  98°CL  8€0 16 ooovecty  66'TI¥L  S8'C LTEVT 660 8L U017
SS°L18 5029 61°€C9TT  €6'LY LE'8CC  0F'S6 €081  T9TF 96T 60L 600 S8T'T 960 900 SST ¥00  S¥1 LLEV8LOY 0T89S 8¢'S 0€°€8T ¥S0™ 0 uod1rz
ST191 895 crseye  0Tee €0'ILT 1086  89CC ¥0¥9 8LS 98T 9T0 e6L€  SST  ¥I'0  6€78 ¥0'0 €8¢ 08'99L1ly  S¥'vE9 909 €0°L0C 8.0 09 uodZ
1L795€ £€96 T0'Ss¥88 8€9S TS96C  10°C91  S8'9€  SL°66  TS8  08'ST 6C0 TOS 88T €10 L0T ¥00 €01 09'8SL1cy  SEYI0T  6T€ L0°L1T 690 ¢S Uo7
97586 00°C8¢ Pr¥Cc90l  O0TLIT  ¥¥'€19  L9°0TE  T8'IL  SS'L6L SL'LL v6'9S5 LEY €8°€C CL1I8 €061 9I'S8T  L9°00T Tv'OL LLTI8L6E  18'610C  6T0C 1€16£9 ¥£0"9S uodanz,
0T¥L6 L8°0¥C 60°0CS0T  08°6L €0'8Cy  CI'LTT Le6y  66'CEL LYOT S96C 00T S¥'9  ST'S  LVO  6SLL TS0 L96L L08¥860Y  ¥FSOVL  LY'6S LT60€T 6£0° LT uodI7
76'68¢ 8768 9S°LLSOT  S6'6S 8C0IE  €8'sST  LLTE  SS18 119 99'ST 800 8LT 61'C 9T0  LEY 6L0  €LT SP'8E566€  YELS6 €191 £8°65S €60 €L Uo7
0004 87°8¢ 15°6€08 1T5¢ L5281 6LTIL  LYLT  9¥'C8 €€8  1€0€ vLT 978 819 0v0  9T9 S00  L0T 059899y 86'¢SL ¥€9 ¥0'6CC ¥60 L uod1rz
yoee 6871 05878 L9°CE 90CLT €696  L9TC  L8'T9 €LS  IT6L 8¥0 €0¥ 8T  ¥L'0  65€ S00 ¥l 88vSr €y 6C1¥9 0T’ 88°6¥C 150 LE uod7
0T¥81T Yy 99°¢018 6t°0C Y¥'L8 66'1€ 919 SYvl $IT I€C 60 L80 TET  IT0 899 ¥1°0 611 61°C1608¢  SO'TIC €01 90°Ce- TC0 €1 uodny
[ 489 LT9v1 ¥8'80LL YLET 08’19 9s’LT  L09 €841 8LT 949 IUL 60T 94T €10  9U'LL €00 880 0Lveecly  TS10T 989 6L°01 8£0 97 uodz
798011 T80F L9'TSV 0T 6085 IT6rT  I¥'6L  T9VYL  T6YE T8T TLL 690 vO€  0€Y 1.0 SOTT 09T  T6'9¢ 19°58808¢  68°S9Y £6'8 10°6€ LT0 LT w017,
86'91C LL°09 688776 £9°5€ 0981 088  ¥SIT  16'SS CSy  L€TL ¥10 10T 8CTL 600  OL'v 900 860 L57T9098¢  8L'SK9 0L'¢ €EEL 620 61 uodZ
10°Ly 80°¢€ €8°L6YL Sv'6€ 0090C  €6¥IT 9TLT  €V'LL YTL  €€€T 19T 119 OFL  LOT  806T 9€C Y61 1TS900Ty  LS09L 6v'cl LLTLS 850 €y uodrz
8€°9C ITIL 0€'6600T  89°L9 98'8S¢  T8¢6l 86Tk  €OELL 8T6  959C 6T0 €S¥  8CTT €0 €FT S00  OT'T 80°€9s LTy  vL9SCL 199 857969 €80 ¥9 uodZ
506811 88'THT 66'T9€0T 7988 co6cy  ST86L  SSTF  €TTIT 9TO0T 9¥'LE €TT +¥81 +99¢ TSS  L6'8E  #08  1T9 LSTILTITY  98'%6TT  LO9T 6T°S1ET 650 ¥ uodnz
TLL86 67091 L6'8ELOL  EV'YS 09°'06C  8T'S9T  CO'8E  81'90T LT6  96°LT ¢€€0 1€S STy LEOD  6V9 §90 8¢ 85'165CCy  €9'1601 658 8L°€6T 780 €9 uodamy
9965 95 10T 88'TvL0T  9T'Ly LS'8TC 7996  T88T 1Ty €€¢ 6£€8 600 8E€T  9¢T  9T0 89 Yoo S¥'C 0ETS88IY  6L°ELS 1€°0 1S°Tre LLO ™65 w0117
80'7ST L0'18 ¥.'9806 §8'601  IETLS  08°LIE€ OV'IL  8L061 1¥F9L CO0S 1¥0 OCTIL LSE€L 8LT L¥IL  CTE  6L'1 TL96E€8E  96VE0C  0L0ET 00°T0ST 040~ €S uodnz,
6T°ELT 08 86'9TT0T 9€°6T 0T°€ST  68°LL  TELL  €LSh T9E 8901 €10 ST'C OYT 800 9T9 €00 99T LY'SYLSTY 866V 50°¢ YLEET S90” 61 uodz
6L°0L 611y 61°'1LS8 y1'es 1T¥8C  9€°CLl 89Cy  8€9CT SOCL €S'IF 660 ¥#EOL 0SLZ €50 T8% 6C0  L610 wrske0ty  S6°08T1  LO'S ST'86¢ 860 LL uodZ
YESE9 06°STT IESKOL  STYS £989C  1S8CL  L¥'9T  LYV9 €0'S  €0€T 610 SI'T T STO0 ¥TY LE0  6€C ITeco8Ty  vO¥8L 158 9IL'ETE 980799 uod17Z

n YL JH T 9 B! °H fa 9L PD g ws PN id 2D v aN Z A LL d ‘ou uody7

(ponurzuop) 1 eIqe],

125



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

(ponuryuoy))

9S'TL SY'LE YeEYIEL  6¥TS TOY9T  YE0ST  08'SE  S8°00T 906  9€6C 9¥'T  TCTL 909 090 SL0T TOT 06 L9Y880LY  ¥TITOT  6L°ST YEEYT  SIT 06 Uo7
6C°CST €L°C6 087189 PrCs 1L19C  8v'vbl  €8°€E 8596 006  ITIE 1SY  T6'8 SE0L vCTT  €98€ 89T 8LE $S'8€89Ssy  Tr'sk0l  €0'6T 8T'I01  6£0 9 uodany
16'8CS YI'9L 9€'8850T  €0°€L S6'9L&  TO'SLT  1T'8€  T8LOT S6'6  S6'SE 66T  9T8L  SESS FTUIT 9048  €TTIE L99 T6'TSLY9Y  TSTTOTT  OF'6T TETL6  SE0 €T uodry
¥0'¥8C [4:2%3%4 90°'1CTL S9EL 19°S€€  LT6ST 6S€E  1¥98 8¥'L 08¢ €I'E  T6'S s L0 890y 910 019 6L0VIYLY 799801 €¥'SIT 1019  TOL 6L uodnz
1ceLt 09'6S 66'1S8L 1079 L8'SEE 8S0TT  €€TS  00PST LEVD 198y T8T  90°€T  LLST 65T  OFvl 950 TO'L 0S°¢€8SLy  TTSLYT  TLIT L6678 TSO LE Uo7
£8°09 LL'8C 9€'7C08 61°Ce 65°€LT  ¥TEIL 81'6C  vE68 ¥S8  SS6C COE €99 8L'S 0S50 98LC 9€0 ¥EE LL69V 68F  TL'618  LS'LT LLYEE 190 Sy uodnz
61'1SS vL'STT SL'TE88  TEY6 LOv6Y  9S°0LC ¥T¥9  YO'I8T ST'9T  S8'9F TI'E  SLOT  6€8 €80  LTEE 8F0 0L'6T 96'S9TCSy  €C606T V8L S90Iy  S80 §9 Uo7
¥5°€06 €919 05'€0CTT 8585 6L'10€  ¥8'9ST ¥0vE  S6¥8 119  €6¥L 6¥0  €E€°C e 90 9SS &0 161 05'860€97 60286  T8'EL ¥ST9¥  S90 8 uodnz
56'90C ¥8'9¢ Te10C8 €I'8e WH0T  v9%Cl 8E1E  v6¥6 0T6  €00¢€ 98°C  88L €69 €60 8E€TC ¥IT LSE 8576695y L8106  9TLL ¥1'80€  ¥IT 68 Uo7
¥6'658 s8'cy 8L'ESECT  €T'LY creee ey’L01 18T 8V'LS T9Y  8TOL vITT LTE Y0y 190 699 S80 Ly Ly'0€899%  ¥0'T0L  0T'8 9T'6IE 090 vy U0z
ySETT £€8°0LC STO119 98'6€ TL°681 €108  SL9T  CU'ey LL'E  S¥TT 80T  10°€ 80¢  9T0  LT6L LOO 99T cLeLLesy T86Ss  ITIT YTI9T  SSO Oy uodnz
£9'erl 16'6¥C 90'68L9  61°LE 86°S81  1T96  LTCC 6919 LSS T98L 6TCT 8SY s6¥y  v¥0 €SSy 190 SS°€ 00%2969y  9T¥L9  ¥LEC LS0ST 010 ¢ uodnyz
L6°CIL 0061 LLEESOT  LS09 9Ts6r  TeeTl 16ve  S96S Ty 0CIT 850 9T ¥0C 610 99C 1TO0 9T¢ TLTI9T09%  TTSYL  TS'8S 19°CIE  S60 €L uodnz
yCe0T 89'LL 029969 ¥0°59 T9Lee 90T0T  Te'8y  66'8EL CI'Cl  L8'¢y 0Ty €801 IS8  CL0 C68E 1L0 €€L 600£059%  0€°1EFT  8T'IC IT'TIC 880 L9 uodnz
LY'S6€ 9¢€'59 90°v¥SL LTSS EV'8LT  TH8YT  SLvE  S8TTI0T S¥'6  SS'6C 9TF 068 s 660 9LTY TS0 TEL 6S¥SL6Ey  LO0EOT  6V'LT 9P IIE  €L0 SS Uo7
10°¢ce 9 ert L6'€656  00°0S stevc  0¢ICL  €C9C 1069 vL'S 8691 &1 8TV 09v LSO 81 STT 961 S6'Y9ES9y  Ly'L18 8T8 SE'ELT  L¥0 €€ Uo7
y1'891 0868 SSE8TL LTy 6L91C  6L°STT 0TLZ  06°LL 9€L  06%CT 16°€ 669 089 ¥90 €£€€E 6£0 SEE SY'SYLLLY  6€0¥8  66CT 9T8ET  8LO 65 Uo7
1L°98¢1  96'C8Y Isysse  SOWT  L6'8VL  SS6Iy  EV'E0L  06'€CE L¥'CE  T8'80T 6¥'¥L ¥CT'IS  8C6EL 0L6CT 00L9C 1608 SL'SS €5°68CC9Y  90'981E  £€'8 0v'¥991 L8099 Uo7z
T6'S6€ €818 v6ve 6EVL 9’L9€  €T68T vLTY  STILL #¥'6  ST6T 160 6179 €Y 0€0 8I'L STO CTe ISTLCTSY  6L°00CT  OT'v¥ 9S¥IT €90 9p uodmy7
T0LS8 vL'96 9L°T680T  SSTOT  I8TIS  €TSLL  LT'9€  TE60L 0L0T L8€C o¥'L vSYL  IWLL €5C €881 6v'€ 8SII LTSE96SY  9SL6LT  v6'IE €8°Sey L1116 oz
€0°L6S 15°S8 T°'S608 1618 069ty  ¥SLYT 66'€9  86'80C €€1C 8STL TLOT €8'Sc  €€ve 86C OVIC vST Try 60°L099Ly  T6'v68T  8L'8CT €T0LT  L60 SL U0z
L6756 1sveet vLYe66  61L8 9€COY  TE'SLT  6v'SE 1€68 €€L  9TTT 09T OL'S 8I'S S50 OT'LS IS0 LSVE Y6 OLETYY  LSYELT  86'9L T8IET €50 8¢ Uo7
60°TCE 90°¢6 6C°6L68 16°L8 8T'61y  ¥6'8CC 98%S  8F'6ST €CST  LT'ES 19T O¥'Cl €88 090 6l'tt 610 8€6 €L°06TT6y  TL'CC9T  0L°TE 10¥8T 0L0 ¢S uodnz
Ts'679 66'C0¢ 9TsK08  80VOT  9E€vES  ve'€CE 0CTI8  6Y'SYT 90T vTS8  vL'€  €8'CC  ¥IlT €€T T80y L0€ HIT 90’6y TSy 95°€LTT  LSTTT L8'68FT SLO 95 Uo7
299 97’88 79'966L 8€°S0T  8TOVF  S9°861 L6y 66011 ¢96  OVOE +vCTT OT'L or'y  T€0  L6'Ll 0T0 8T'CC STEIPIY  STYBTL  ¥SP6E  TI'SST 85O ¢y uodmz
0r'60¥ 60°66 88'0658  L1'88 cocey  16'8CC 86'lS  SO'SEL CSTL 98'¢E TOT  S6'9 L6y 190 1T8 88T 6STT 1TTEr¥9%  01'80ST €T 19°0¢€  8¥0 pg uodnZ
18°9¢v LS'T0T 10°C65L 1768 9L'8Ly  ST'86T 88VL  99CCC 80'IT 1689 €S8 ILLT  ¥LVL 8T S8%F T80 9L'61 0TCILS9Y  CTe6lT  99'8T S9°SES  ¥SO 6€ Uo7
L9'8¢L SS'8C IrceeIt 89'9S YU6LC  98'TEL  L6'9T €189 IT'S  SI¥L L8O  €£€ 8€C  TE0 6LE  TOT 96T 00'88C6sy  SE€6T8  61°0C T8EEE  ¥E0 CC U0z
VLLIL 8L101T 95°C8LIT  €T96 8L7C8F  09°¢CT 80'L¥  €9°LIT 0S'6  99°ST 8¥'€  ITL 8 Wl 09T 9T e 1460969y  88'8Crl  ¥0'8¢ TUvYS  ¥90° Ly uodnz
6€'950C  ST'S6TT T06LYT  €T6LT 10688  1T69€ 6SI8  698YC v6'vT t0'6L 0€8L SI'vE 906 S¥'S  S¥06 8E9  S8Y9 68'T00S¥y  TI'CE6T  ¥i'6T 66'S€9 €60 1¢ U0z
S0v€9 81°68¢ 6T°€S6L £8°€8 6£T9%  6£°06C 0T8L  19°0LC 61'8T L9°L6 OF8T ¥SLE  9v0F T1C'S 0189 L9E€ T9§ CULELSSY  SSV0ET  81'9C OF'¥rS 160 0L Uo7
STL8S ¥6'L9 90'988L  SL'EL 0T'89¢  8¥'6L1 S8Ty  I8'SCL 8I'CL LT'6€ LI'9  SS¥L €TV 18T  +v1'9C LOT LIS 9T'8TLIYY  99°09CT  66'SS 60°69¢ 910 L Uo7z
68°L9¢ 15°8% ¥6°0vS8 SSES 8G'TLT  SSEST 68'9€  99°S0T €8'6  L6CE TLT TS SS0L T9T ELSTL vy 9v'E €6'TLSSSYy  €8°LS0T  68°CL 8T6TS  L10 8 Uo7
LL'8S0T  €998C 89'LLT6  86'CEL  O1'CCY  S€6LT T0LS  8E€TYL vL1T 69€E TIF  00CT  €9'9C 959  CTI'8EL L¥'Sk 61'I¢ 6V'ySy16y  S90E8T  60°1C L8ISY 60T S8 Uo7
¥T'S19 6£°8C yeTreor  v1°09 1°S0€  ¢S8€l 996C 1018 €69 ¥0'Tc 18T 8IS oy  ¥S0 6y 090 €vT ¥6'65S 187 6¥'616  LS0S 96'L8E  TTO ¢l uoany
89°STL 86'8S PP'80CTT  ST'E8 ¥860F  T9L9T  9LLE  SE'ETT S6'0T LL¥E 8€S  6S€T  SL'CT 0¥y SI'SE 61°€L 61 9TSE6ILY  LEVOLIT  LIYE 8V LTO 91 Uo7
65°L00T  0€CT 98'6656 w069 1reee €8091 vTLE  6£°801 166  €0CE CI'S €801 866 9L  9€71IC LLO CCTE 899519y €9°9SIT  8TL 6S°€vy €60 [L U0MZ
yI'SLSE  0V10C €9'50c6  099vT  L0¥C9  00'T6T 1S°S9  L8T8L CTI'LL ILLS 0S¥ 88ST  9€'ST ¥0T  €0'0F T6'S SLTL 6EVITLYY  T69Y6T  09FT TS9LE €11 88 Uo7
91°€59 9Iv'66¥ 00°CET8 5069 STSLE  TLIET 61'€9  ¥E6IT €L€C 6TS8 1Tyl 11'6€  LELS CTU'6  T8'LOL THYL LS'L 1I8%¥E€ 69y  ¥0'6¥81  CT0E 0T°9TSE 120 [T uodany
8L°LS6 96'ST 99°0LTTIT  ¥5°99 1Tcee 66'9ST  S€'¢€ 90'8L OT'S  CSOT 6L0 96T 08T 810 €59 110 0IC 6V'C€865y  06'886  6V'L T9°S9S 180 19 Uo7
L9'6L¥1  88'S CS0STIT  60FET S8¥rS  8L'6L1 THIE T9S9 90F  9T8  ¥TT  ¥ST e 050 19%  IT'T TFE IT6€9LLY  80'LYOT TLIT T66IY  TLO ¥S U0y
1T850T  09'56 PIvP98  9T'9L L¥'6Ty  69°9¥C  9T'89  T9'9ST T16'LT T6'C6 0LTC 9€Sy  8SIS 9€L  96'8F v¥'S €5 09°SLLLYY  L8F6IT T199C 96°L€9  TL0 €5 Uo7
6L°€19S  9LVIT cTree 8S'T¥C  L8'8ECT 19889 9¥'S6l  €6'v6L 0V'06 66L0E LSI8 LI09T CTE98L 60°LC 61%SL €L%1 OL°0L 61'S¥99Ssy  O0v'8¥19  CO'1L 6€°LT9T 101 8L U0y
0L¥T€C  0TOLT LE'6998  YTSIT  9€'T6S  ¥9'6L€  9L°L6  0T08E ¥O'vy  8S'SST 0L'6€ SSTL  TLT8 SY'IT L6'L8 L8L 8F'9 LT'0L69Sy  8895TE  €T0E C0'198  €T0 €1 oty
L6'189C  88'€8 07'5€86 P91 SS9IL  90°C8E  98°L6  LL'8YE SE'8E  18'8CL II'IE ¥E8S  S¥99 8T6  €8°SS €IL 8€01 YLTI90SHY  VLTLEE  LS9T L8'TLL 00T LL uodnZ
6E°STEY  1S°8€¢ SSLECOT  80CST  OS'SYEL  T6°L0L €8°061 LT'SYL 8T'T8 TE6LT 8Y'69 8Y'EVL 0€0LT S9°ST  9S6ET 6€71C 0T6 90°LELETY  8ELO6S T899 €9°6081 660 9L UOMTZ

n L, JH nT ax a1 °H 4Q@ 4L PO @ WS PN M 2D T N £74 X a8 d ou uodTTZ

0S-HIN 3jduivs _fo suosuz 1of (wdd) saouvpungy jusuwas 3wig SIN-dII-FT

ST PlqeL

126



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

V8Y9Y  TEH6 LLOSLOT 9989 69'8V€  SLTLI T9LE 8616 08 OSEC 9T €¥'S  Try  9v0  OLOL S0 €T 1C88LY9y  vLSSIT LS8 8LTOv ¢80 ¢9 uodz
T 0TS 617901 L0'8E  T6'6LL  8E98  OFSL  6LF LK€ €96 STO €T S60  L00  L90L 900 96 €V'LL08Ly  6S6VS  ¥60  16'S6T  8II g6 uodmz
€099 1€'8¢ €691, T6TE  €TLST  OU'SL  TL9T  CEEy 8S€  LETL £90 80T 09T  TI0  80C  OT0 9.0 T00ZE8Ly  €9T0S €88 €8'90T 80 LI UodIrZ
o0rzer  L1'98 C0TLL8  8E'SL  OVO6E  bTTCC 8I'ES  LU'SST 00%T 88%y €8T STOL 199 950 69T +TO0 0CC 8077STSIr  6U'8EST V8IL  b6'8SE 960 pL U7
9gT6L  0V'98 COSSYTL  SSYL vST9E  TL69T CTUSE 688 €09 SL¥T 920 0T €TT 600  9T6 800 9L S'9969Sy  09'6E0T 8%  OSLYE LL078S uodrZ
99PrE  SPTSE 6T9186  68WL  S6VIE  vS'SST 8Ty LEEIT TCOL THES S€T 008 bHTL ST 1979 SSL S9T 01'20c8Sy  €5'98CT 18 LOWLL SOT I8 uodmZ
698 88LS VLVEL6  v9'S6  TUT8Y  9VIST LELS  90'SKT 6STT SYTE 60T LT9  ¥8L €T LT6 80T 8T YSYLTSLY  LE'SEIT LSS OELIST 9p07 ¢g uodnz
0S98F  STVIL 10°€PLC1 SL'68  18°TCy  8E'S6T  S6Ty  S6'EOL 8T8 ¥SOC WO 06T  9LT 610 L8 9TO TST TLEE989y  LYTEET 69 ISLZ9 6507 €y uodny,
L680T  L8°9F 662196  €90C  TUVOL  /8¥S  6¥TL  ELEE 80C  ¥E6 1CO0 0T SLT €U0 968 400 LST STTITSLY  L'S9E S9E  CEIET 60 8T uodrz
109 96LPT [ULISOT LUVC  6L80T  6£0r 808  S9%6L 8T I8% ¢v0 ¢60 680 900 ILSL 200 OST VPR6CSLY  9LLST  VO0T  bP6S 90T 8 uodmz
vrI0L 8818 9vrLe  vUvC  19'S6  8L€E 619 ISEL €60 6T 610 6v0 890 SO0 0TS 00 680 ITr0L9%  S6'S0C SO 08'LL  LOT g8 uoagz
IUSEC  Lb'g6l 12686 6STOL  L80SS  9TTEE 889L T0TOC €91 ¥69% LUT SIS LUy LC0  S6L €80 ¥9T €LLL0TLY  6US6IC 9S€  ¥S06y 60 SE uoMZ
6TEE9  0S€9 659866 L0V 1989 SU'EE  9TL  OL6l OLT STS 1€0  ¢rT  LTT 600 T6T SO0 SET 1902819  vL'€EC  €TVC  00'S8 Sy Ig uoagz
YI06S  89'SL TS'SSE6  6LL9  6L'6SE ISPIL CC8E  86'60T 8LOT ¥TLE €T vL6  ISL 850 SU'SL IE0 0SS LTH0S69y  SBLTIT 9§y SOOST  9L07 LS wodmZ
00895 TSTIIT 9TOT6TL IUTy  8U6IC SO0 16TC 8609 80'S CE¥l ¥SO +T€ 19T €00 L6% IO €T 98%C8LLY  6VLEL  8YTC  6TL9E  SIOTY uodmz
162 80°IL 6720611 T90L  SE'SSE  LOSST 09Ty LOLOT 0S8  99%C 0S0 LS€ 88T 600 SE'€ 0O 86T 8VL9L0Ly  TE'S6LT CTLT  8S'S8Y 6907 IS U0dmZ
Wil Yoy S992001 8C¥9  LITEE €T 00Ty  S9OIL S68 ¢CST 9T TS OLE  6£0 S9%  C€0 ILE SEYSSY6Y  TELOTT €S¥T  6ETIC L9008 uodIry
90€ST  L0TL LU9TETT vO'SS  v6'€ST  SOETT 9THT  6£°€9 9TS  ¥E9T €T S¥y  SST 050 86L 190 89T LS8V L9y 6LTEL  ESET  TOLSE  T¥0 8T UodmZ
vS0ST 898y 96'€SE0L  8T'Ly  €6TEC  STSIL 60'ST 6479 90S  THEL LSO S8T €T  LTO 4S8 €50 O¥'S S9606€9y  8T'9EL €988 €LLLT €400 uodIZ
SeLtL  9TIL VOLOTTL 6T'€8  6E6Ey  ETIST COT9  6608T 99T 6L'Sy 68T C0L  S€E  €€0 SI'T 990 89T €L00STISy  6v'8€8T 9T'ST  ILH08  Ov0 LT uodmz
8TITr  T69vT 1598911 8¥'Cy 9678 Iy'L9 TSl €8T€ 19T ¢€8  ¢L0 T IS S¥0 v CC0 €81 99097 LSy vTSEy 16 LUVWL  THO 6T uodrtz
LUYSy  9¥OTT CTST96  8EVS  €C0ST  L89ST LO9E  08'S6 6L  6L€C STO 9%y €LT  6T0 88'S 810 ICT YO'SL899F  TT'8SOL  SO'ST  CTTLE 8O b9 uodmZ
wese  S60Ll VS8LLIL ¥S'ES  6LI8T  6Y'SST CCSE  S0T6 SSL  0EIC 10 08 6T IT0 9Tl SO0 ¥LE TSI89S9%y  LU'SSOL 8€'8  0TS9E 0061 uodrz
tos6e o8 CLSSSTL OL'SL 89'SLE ¥SIST €90y pIWIT SOOT SE'IE $0T 088  €UST €T  v0'€C 9% 168 6V'ECSS9y  88TICT CTLT  6USIC  STO ST uodmyz
T691s 67’88 €TI0 994€  LTL6L  T9EIL 069C CO¥L ¥¥9 8U6L €U0 65€ 60T CLO  9F  L0O O¥T TS ey TLTIL L6 TUE6T  b60 CL uodmZ
69°L1S S99 0T'€08TT SY'60T  96'6,S  0STCE TE'SL  S800C 88%L 96'1€ STO  vL'S  60ET 18T 86TC O¥8 T¥'T LEVLYSLY  TSOOVT €T9T  Y8THTI £807 €9 U0dIZ
veSLy  8T6S 8CTS80L 8869  ¥SOvE  ILTIST 6LIE 008 STL  CCIC T€T  ILS  TES 890  SOL 650 LS¥ YUVOLEOY 1996 89LF  I¥6ZE €01 08 uodnz
Sv'8SE  S6'€91 OL'SY88  €¥TS  T6'€8T  C9L8T 9T8y  €LTST 8TST 09'SS €T  vTVI 80T 980 IE0L 8CO SLT 6LTYILIY  BTE6ET ¥SB 1999 6L0 09 U0dITZ
650LF  8TES §YYCC6  €0T8 9509  68°T0S 68°CL  CLOT 8Y'8T 6S8S STT  SLTL 8T8 S90  6LST €€0 bEY LSy 68Y  LLEL0C 8T 9E9VE  vC0 vl uodnz
68LTr  00'6HT 99°79¥0T 06L  €5°9SE  9YL9T S6'SE  ¢C88 80L 000C Y80 98€  ¢9T ¥TO  60ST CCO L9 T0S9L0Ly  9TISOT CTOT  9SYIE LSO Ty wodrz
S6'S9Y  96L L£6806  T60LL  IU'SCS  96€KC 9005  LOSTL 686  SLLT LT SU9  LL9  T60  T88S LT S9€ 8ESEEEIr  S6VSST 68'ST  L69Sy €107 Uo7
Y0'00S  9T'8T TE'SSETT vh6S  TU'SOE 09891 Lb6E  LT90T S88  ¥SEC I¥0 0SS 8L OST  L9TL ST9 €90 TSTCEI  99TULIT 996 TL'S09 99076y uodrZ
s6Lly  IEY 9L'SETTL OSTY  ¥8'BOC  PLW6  L60T  LOSS 9LY LWL ¥E0 bEE  €TT  9T0 69T 600 SIS 6606505 68'TT9 80T  SHSST 06069 UOIMZ
0TLYT 6498 COTYEOT  00€E  T9TLT 8000 09'€C  I8H9 L9S  6SLT 8T0 vEE 10T €U0 64CT L0O LS 0LLS6LSY  vO'6L9  ¥¥'S  ETT6L IS0 9€ uodrz
6L008  TULYS PSTOVOT  64°€S  SL'SLC 80TYL OLTE VI8 OUL  LTTC 65T  8U'S 8% S0 LL6L 890 6I€ 9LLTL8IY  STIL6 900~ €'99T 680789 Uo7
VI L69L STOZEST vE68T  8L'S86  OL9%y [806  9¥9TC ¥TST 88TE 6£T 96 €€9  TOT  ISPE 08 T0°E T6'8T89Ly  09'SE8T 8LL  T6'€0ST TIT 98 Uodrz
n L, JH g ax W oM 4a 91 PO @ w§ PN 2D YT AN L7/ X a8 d ou uosn7

(ponurzuop) G1 eIqe],

127



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

Q@:E»:envx

19°0¢T 6¥'1S 209578 €CTL STSLE  S€TTT  TSTS  LTOVD I 60%E 9T 09°S  80€ 610 609 Yoo LT9 19°SSL¥9€  vI¥8FT  CTI'L 61°€0T TI0 S uodnz
r'00€ 11T ¥9°LT6L €0°C0T S€SLy vt SEVYS OU'SST €T%D L6'8F 9€¥ 60°ST  88°0C 1I€¢€ ey 99 909 07996 60F  8T'SYIL  LE'LT €0'TI¥8 6£0°0¢ Uo7
2099 €0¥C wLIY8  0CTIS 19°€€C 66'C01  ¥80C  9L°1s ST¥  89CTL 090 9T 081 110 809 €0 6L L0y €y T09E9  SP'L 01681 ¥S0 ¢y uodaz
06°06C LTT91 671806 95°€9 sLTLe SOv0L  19°0C LTIS ¥9%  6T°ST 80T 1SS 0€6 SS1 wer 0oFe 09 coLesecy 80'859 (Uasy 10°€L8¢C Ty0"T€ uod1Z
19°S61 9€°€L 95'5689  9+'88 LESTy SOOI TS'er  89°€0T SO8  T8YT 8€T v9L  T6tl 1€T  e¥6el  8TY  O¥ET L6T8LBLE  TTL6ET 080§ ¥€6£8T L10 6 uodyz
19v1C 98'56 9€'SY68 ¥9°201 ¥9°¢6¥ €8'8YC SS'€S  9¢8CL 9001 S¥0E CST 16'S LIS 950 8¢78 691 STyl 81°08C LSy 16'8791  LLU'1L 98°S0¢ T01 g8 uod1ryz
16T (4439t 0r'¥S06  89'60C  €T0STT  ¥9°80L VCTELL €TS6Y €€vy  €8'SPT S6'S SS'6C T86T +¥8'€¢  819¢  T9L  S8SI S8'ET9TLY  EF'ETLY  6€°0C 1T°S201 860 6L Uo7
90°CeT e6T 87'8¢58 16'%01 0€99% 9€¥61  86'SE T6'8L 98'S 6691 L90 T6T e LT0  8S°¢ ¥I'o  ¥S°S ¥9°L06 E¥ 16'8L11 6115 crLee S80789 uod117,
SE9PT eSSy 08'CZ88 ¥v'C8 T6'18¢ 98'99T  69°€E €108 TC9 956l V€T LES 898 (40" sset €re 00 €TYT0yLy  S6'8€0T  0S9T £5°8661 S0T S8 uodr7
147101 §T0€ 6'L6l6  1E€°0S €8°CST  Ly'Tel v6'ST I¥L9 9SS T0LL 860 8EE 96T  9€0  EF6 990 667 18'S¥86Tr  T6'8SL 8LV €6'11C LSO Sy~ uodnyz,
00°€9T $8°C0T €8'159L ¥L'8S $0'99C  T¥'CCT  €T°9C  9L9 6LS  ¥S8L 06T 96'C €6'C  1C0  STOT 170 S§°C 6V'€TLBIY  L6°€T8 £€eCt 95°S¥E 1500y uodnz
00°18T €L°991 91°00T6  88'S9 06°00€  8L'O¥VL 881€ 8568 1I'8 6SLC 6CC S99 LSS OF0 SS'ST ¥T0  SLT 86'v96 9y  T8S¥6  ¥191 L6'C8C T11706 uodnz
ccoce ¥0'v0T 196816 €E°SET 0T°199 9TYSE 9808 T8LIT 9L8T €8LS TLT TTTIL 60L 650 L9TT 160 056 TTS1869% 19%0¢C  ¥S61T vy L0T 98 uod117,
£€5790¢ 98'8CC 18'69¢6  LOVIT 967185  LS'SIE TO6'TIL  T916l ¥8'SL v¥9y LST TE€8  L96 9v'1T 96CC OV  LT9 95°LEEBLY  ¥1'960C  LEV 007LTT Y01 y8 U0y,
197791 61°8¢ 8¥'166L $6°C8 98'9L¢ 19191 6TCE 849L 109 6¥81 LUT SL€ SL'E S0 ¥8'S £€6°0 1811 0L°TL80¢F  ¥0'C86 S0°S€ES €L'18¢ 090 Ly w0217,
81'1ST 6108 179658 9T'SEL  S9'619  89€8C 86’19  9T¥8L Trel SE€9L 68€L 8€LC 698y 0LL SLL YT1IC 969 617E889%  61'860C T6'60C  S6'LYL L1166 uodny,
ST69Y% T1°¢eT 188166 £V'T6 °6'T8¢ 66'9%1  Tr'8C  OFY9 LTS S6'ST  LTT 6Tt 08C STO 004C 610 6T°L YSEETLIY  06'168 8¥'9v ILYvy 0IT 68 uod17Z
61°66€ 05991 0T'LE66  9L'¥6 0TSty ¥9'191  65°€€ v¥L8 OF'L  T8CT 6l'C €09  TEOL 8LT 0T8E 069 8TE 1L%808%  6S1C0T  8¥°€l sceLet 801 L8 uodry7
T0°S€T cres 6T¥8€6 8885 ST'L9C  L09CT ST'LT  €L°TL 679 91T 91T 99°S SLY &0 Tyl 8¢€°0 S0°€ 8T ICT S9Y TEE8 68°8S ¥L'€9T TLO LS w017
S€°60T ¥5°0L 10°£188  6T9TL 61795  00C6C 0€€9  €8°€9T €9°€l 640F 89T €8 8€0I IST €091 +9¢€ CSL Syevy S€y vTL881  1TST 09°¢€¥9 €50 1y uodnz
€T LE°8LE 9T°€688 €6°0CC  VPCITL  $L°LE9  €V'LVT  8T'TOV Tvve Trv0l CO'C 1881 LS6 §L°0  8T'TC  6€0 586 LL°TO8YSYy  Lv¥8TY  L9YVE €5°59L 060 ¢L uod1rz,
6£°€8T L£96 88116  L6€TL  90°8FS  I8TLT 8L'6S  89°LST 98CTL 99L¢ ¥I'T LS9 88F% 6¥0 911  6C0 6401 §9°87800F  €I'S¥8L  066€ 98°1C¢ €20 91 uodryz
16'95€ €851 20°2L0S8 61°C9 6v°08C  sTecel  1€9C  ¥LTIL 6T9  ¥O'TT TT'CT 6¥'S  90°L S0'T 8L°8C ¥¥'E 69°C £€8°L6C0Cy  9¥'608  ¥L'6 11°Css 0S50~ 6¢ uod1rZ
[4:¥A%4 Ly'STT ToEPTIT  8E8YL  LLI89  00004C +0'8F  CET0L 8TL  TL8T T90 €I'C 60T LTO €8¢l 6C0 LTSI 1TC869Ly  LU'SEST  19°€CT  9L°T0€ €C17001 uod1r7
08°S¥€ 98’181 0L°L¥€0T  TE8CT £TY9S 88'8cC T8YYr  ¥€90T 1¥'8 06'SC  SOC 8S'S LY 9¢€'0  €¥0T ¥T0 8T°0T Wree TSy TL°5sPT 187991 05°8€€ 660 08 U017
Leiee sTey wyery8 6991 6L6L9  6VVEE  9S€L  9E€°C€0C TH'8T 0919 ¥¥'S E€LLT  LUST 66C  L6FL 968 ¥8L 8¥°9SC80F  8I'TLICT 19°L0T  SO'T9¥T Y¥0 y€ Uo7
LS'LY9 T6'LET €6'9TS0T  S0'98 ¥9°59¢ 85°S¥T  T1°0¢ 60°LL  T€9 ST6T  LL'T 68% 80°L [40} ceee 6Ty 899 98 TIT69%  65°8€6 89°¢ 00°€T9 601788 U017
0£99¢ cseot 96°0S€6  98'8Y1  CO6L9  98COE vI'S9  88FLL ¥O'ST S8TIS SE€E 98°€CT  SE€LL S9T 616l 8% CIVI 8C°8TC99¥  TLTIOT €691 €6°LY6C 121786 uodnz
96°00C 79°¢8 £9°0€¥8 06'L¥T L6°TL9 €0vCE  €0'TL  L608T L8YVI 16'9F +9T 908 T6'v €0 LTS 0r'o 069 £€€°96985y  0TVYEIT  9¥'9S 1€°€8C 990 ¢S uod1rz
95°60C £9'6Y LLYLEOL  T6CT  1I8%6S  68°STC Tty  0S¥OT 658 €98 9¥'1 LLS IL€  8TO 808 LT0  SSYT Y66 €9  90'6VET  SL'TE ¥8°€9C €I 16 uody
69°CET TL8s SLTEV8 08°L8 8LLTY EV¥CC €605 9¥'SEL SKIT ¥#9€ 6F'T 986 1191 8v'C  ¥¥'81 wy  v6'e 8T°65L99%v  L¥'06¥T ¥¥'9 ST'S6LT 18079 uodnz
€0 TvL 69ty L0°€8L6  CTLIT  ¥T°€ES  L8'LYC S8'ES  86FST 80FL 99°Sy 98°S 6CCl 0911 6CT  1€¥E  ¥LT I8¢ 61Crr 197 SE6ELL  6V'TL LTTSS ST €6 uodny
88°¢sy 68°0L 120826 €1°68 ey 8T'L61 08¢y  LTIIT 186  0SI€ CET 868 €8Tl 961 1Let £€9°¢  ¥0¥ ¥L'LT86Sy  L1'T6CT  18°1C 66'€LST 960 L, uod117,
€L°109 €0'S1E £€9'8¢C6  ¥9°L6 SELTy  89'S6l  Trvy  06'CEL S9TL  €TLY 6L 00FL 98LL €T SOV ver  I¥'S L6°0CEEPY  T80VPT  6S°LE S6'SSOT 6¥0 8¢ Uo7
18°CEE 86°0% ¥ 988 68°6€T §S°619 06161  IE€¥VE cS'8L  8€9  68'TC 9T 6L9  vPEL I€T  TT¥ 6801  €9°CL ¥0'0TL6LE €0°0STT  €¥°06 15°59¢ 810 01 uod1y7
€6'¢91 60°SE Troco6  L¥9L 68'LSE  LL'OLL 0TLE  9T'L6 998 €8'8CT 16T 8¢€L 006 STL 16 89T €1 €L°S99TLY  9L'T60T  6€7CT S6'9811 €017 €8 uodIr7
cT8st 6L'6 6£°CEY 0T 6L°9% 86'€91 s0'6€ T69 LT 9T 09°S 040 TLT 041 ST0  6¥0 ¥1'0 (494 £9°586 1EY 11cee 0L°LLS 107981 €90705 Uo7
99¥¢€C T0'LL 87°0486  ST'OTL  L8¥%9F  LLBLL T¥'SE  8¥'S8 L89  ¥SIC 80T €9  L8VL ¥9CT STEC 6SL  €L9 68860097 189801 ¥I'IE SL'6£91 890 ¥§ uodZ
9EYLE 1678 °9'1Ts8 5576 €9'TLE 98'611 LL'TT 18'¢€s 86'¢ T60T CLO0 CI'CT 891 €0  oLct 600 95y CEYIvy86E  L1'STL 08°9¢ ¥€91Z 800 T €S-HIN uodnz
LSYEE SL'¥8 eIty YYLIL  90C9S  L9PST vLTS  SPOET 1901 sece OF'T TL'S TL'C STO 18U ¥10 879 0669€+97  TOVLST  60°'TL ¥6°08¢ TTL 66 Uo7
8T8y €811 €C°80S0T  68%LL 1T°€L9 9T'STT  S88¢  ¥6°L8 L99 €€61 T8T 89F% LSS LLO  L¥S 98'1 LTCl 19°TSL8YY  96'68T1  €680C SLYES S6079, uod117,
65°€06 SL°0S 88'0¢T0T 858 ¥LSSE ¥TTPL 86'LC  T609 ¥8E€  ST6 060 CI'T  ¥9t 90 LOT e eeer 9ILEV080r  SO'8E6  LS'TH 66°66C 0 ¢g uodny
€09 £0°8€T 0410401  S8'68 8¥'68¢  ¥8'S¥T  00°0€ 96’18 189  L0CC 9T¥ LES ooz 6¥v¥  ¥C8S  0TIT LLY 81°01SC8%  S¥'LC6  ¥1'9 £9°86v1 €60 L uody7
157989 508 0T'8CC6  OV'SET  6L'ST9  9€769C 1€8S  CO6'EST ¥TEL  €5°9F ¥6'€ 96°CT TL8T S8'C  €SST 6L'S  8T6 6116V 0Sy  SL'SE8T  TT9¥ 05°€95T L0~ 9¢ uod1r7
€0vr9 [ x4¢ ¥9€Ly 1T T¥'¥81 96'989 5961 96'CE 99°CL €L'S  6v'0T vTE 18°S €6 L91 1454 0L¢  LOTL LLYTY 6Ly ETvrIl  ep'Cel 68'¥LE £60~ 8L uod1ryz,
6€°8L9T  06'1CT 6S°68STT  9L°C6L  8E'TIE8  00°STE €€T9  ¥8'6¥1 6601 86'8C 9€°€ S89  LLL ¥60 €CLL  €9T 9078 L8Tr0697  88°S96T  80'9¢ ¥8'6T6 91T ¥6 Uo7

n 4L JH I 9x B! °H fa 9L PO ngows PN id 20 ¥l IN 1z A L d “ou uodI7

CS-HIN 2jduws fo suornz 1of (umdd) sauvpunqgy juawale 2047 SIA-dDI-FT 91 BIqeL,

128



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

aS.S:,CEUx

£T'6L 9TLS 8T'€99L w9c §9°LTT  TS9S  €ITL YI'EE 94T 988 640 8T 8CTT 800 ¥8TIT  ¥00  ¥ST ET'E0LE6E  98°€8E 66T £€€°9CT 020 1 uod1z
88'6L 0879 16°0L08 0L'C8 079ty  0S'8€C  LEVS  TICHL LUTL 96CE €I'T 9¢€'S  80'C LTO T6'S 80  LEV €8°€E8 19y SSTPST 9978 ST88Y y117¢6 uodany
L1°99 1€9¢ 8T9¥C8 88'SS S6'0LC  98'8¢T  ¥E0E  8¥¥L YOS T6¥T L8O TICT  9TT 600  €€L 110 €91 60°LSETLY  99°L88 9901 cLeve 160 €L uod1y7,
€685 LLTE 70118 0879 LLSEE €TT6L 9SSy v0TCL OF'0L  €LC¢ CST 108 ¥991 +8C  9¥'ST  S8L  ¥TS 0€L6199%  €L'TVCL  8T'S 80765 €80 99 uodr7
9068 8€6€ 0oL 18°CS 05°S9C  T6'8ET  €0'T€  €V08 859 ¥S6l T80 €TY 8TS  6L0 €06 €6'T 68T ST'CTILOY 06688  CTT'OT ¥5°668 9€0 LT w0117
65°LS LYy 85¥SS9  ¥6'S9 61°SSE  L1T'60C 10°0S  LL¥PL ¥E€€1 €0'6Y SST CSLL LTIS €96 S€0L  6SLT TH'E 8€906C6€  TO'IEVL  ¥E6 Yy ILY1 ST0 L uodnz,
YyLLT coort 6£°1CY8 ¥6°0L ST9SE 90681  S8€F  TLOCT 6£°0T SS'E€E €ST 889 0Ty LTO  STLL 9T0 989 W9001sy  LI'C6CT  SEET 96°C9¢ L8070, uod117,
98601 06’16 16'L¥98 08'LE €€e6l  TPT0l  1L€T ¥S99 06'S  S66L T 6€F  6€C  TTO  TL6L €00 9T 07'859¢€Sy 88589  6£T1 8TCST £90 €S uodnz,
10844 LE'6TT 1Ce6E8 65T 8€L6T  L9's8  TI8L  CI'8y 8Iv  €9¢T ¥0T ¥y  LTOT ¥I'C  L6'SY  8€6  ¥S'€ 96'C0¥80¥  T6'C8S  T6V ¥L'STIT 860 67 Uo7
I'IS L0¥C §T0S6L 6£°79 ¥9'61€  6¥'8L1  L90v  SOLOT ¥0'6  T¥LT 11T €6y  LTE LTO 8T 9T0  6£¢ 06'0109Sy  LTOCIT 1576 £0°09€ ¥807L9 uodnyz,
¥1'861 (224" 9'8€18 90°T0T  L9'%SS  TLLTE  L8'9L  9T90CT Ty9T T8L¥ €91 €vL  ¥9E  0T0  0S€T SO0 CEVI L8°06€6EY  8TLITC ¥8'C 9TTET 650 9y uodz
06°00T 6796 169789 S7°0S 1599 8S6¥1 TL'SE  ¥vLl6 6£8  TSST 0CTT T8Y  TLT  0TO  ¥L8 L00 9L 0L T1896¢  #0'LI0T  86'S LT81C 120~ ST uoonz
60°'TLT [4%%4" LL96YL 1€°L6 L5°0€S  6L9TE  T6'6L  11'8CC STOCT S9°L9 vvT 9€Ll TIT TeT  8Y9€ 99°C ¥9TCT 8ISy S6€  I8°I¥CC 95V €1°96¥C STO ™81 Uo7
69°S6T 9L°881 S€6LT6 55708 €6'9€C  0¢0TT 91'ST  €S¥L Ly'L  TL0E 90°C 1061 L8LOL 9%'8CT 96'SOE +¥S9ET ST'S YrLI80SY  90'19L  CT1- 16’1996 1908y~ uoo1z,
00°591 SSCL [0 AT R4 N STSST - 0€v9  60€L  90¥E ¥8T ¥E6 9.0 €T €8T  ¥I'0  T0C€T  TT0  ¥9T ySTrSoly 9661y S9'L LE0ST 670 T¢ uody
11°¢89 S6'vLIT 040196 €098 I8¢y 19°0CC S90S  9L'¢vbl €€€1 89Sk 16T LTTL S98 790 618 €10 068 10190084  ¥0°69ST  0L°Cl 6L°LTE 140795 uodnz
6C18C yTLEE CS'LELL 009 6T°0LC 907061 €86C  9¥'6L ¥TL 9S¥C 68T SS9 VL 8TE  9T69 0091 TV 6€91€COF  0€°006  ¥9°9 04086 £207 0T uod1rz,
66'8LT 0€'9cC 95°CC86 L0 €9CIT  ¥TT6 6961  E€CIS ¥TF  SSET 60T LT'E €% 890  ¥LO¥  S8T 6L 8L0Fr 99y 99CI9  €T6EL  06'9F L£0719 w07
9L°¢61 (4513 §€°€S€E8 16°0€ L6'6ET  9T8s  €0CT  LLOE 8ST  €6L €90 S6'T 06T  ¥SO  SOST  ¥TT  S9T 10°90L L0y €988  88'% €T68T 010 ¢ uodnz
LY TYL €0'STL ¥5°S€0L LTOTT  TIT'¥6S  86WPE 9€7T8  ¥S6CC €861 0CTCY LLT TEVL 6SYC CTI'v  S€8E  OFEl +I°S YrICL68E  SETSET  L9ST £0°S8TC 1€0° ¢ uodaryz
6L°0€T L5'86 ¥9'19¢L 0999 65°S¥E  6v'98L  €9TF  S9'SIT €66 ST'EE LLT €€01 T6'ST  S¥'C €SL1 9SS S9°S 06'85910v  €€THCL  T6'9 ¥9°585¢C Y0~ L1 uodanz,
L6°8Y [Uay4 56'C¥08 s 95°CST  8ELCL T0LT  OF'L9 0€S  €P'ST T90 €T €TI0 T9Y €10 481 80808y  S1'86L  STOL S9°1€EE SL0709 uod17
68°66C 9L795T C1's198 wrs 60°'2SC  IT'cel 9TLT  LEEL 9L'9  08TC L6l €9 LTS8  OTT  ¥I'Ty 68T STV 69°LS61Cy  €8'VC8  8F'CE 19°1€8 950 ¥ uodanz,
SETVT 90T 86'SS9L STy 09961  C9°S8  TT8L  v&LF 00%  L8CL 960 16C OI'C S€0 CE€9C CT0  80°¢ 15°S9L¥LE  81'8LS  S€TT S9°Lyy ¥10° 9 uodnz
L17CST 11861 96'C8C6  CO'0F 8CT¥8T  TE€LL  T€9L 9§ty 09°C 99T ¥6'0 6C°€  TO0T TST 6T6y  06CL  00°€ 0LTr6 Ly €T0LS 658 L6'198 8Y0 LE Uo7
0LT9 96'8¢ £'6C69 Y0¥y I8'vec  1T6CT ¥90¢  06'S8 08L  I8ST €LT €S 95 0T0  LOL €10 081 €r18T66€  81°€88  ¥TOT 8801 600 ¢ Uo7
8¢1Ct cLLL 18°SEv8 06'TS 84°S9C  SE€v¥l CSTE  LEL8  €€L  LOET 960 €0°S  0€Y  L¥O  EFIT ¥S0 609 wivli8y 11116 69'S LLTetL 611 96 Uo7
96'CST 0t'SST 85¥816  CT8Y 8€CEC  6L0IT SO'ST  0T69 L09 1861 €€T SE€F 69€C STO 08ST 910 84T cL99e8ey ¥LISL TL8IT 09°L1C S50 €y uodI7
0601 LY'9L Er'EE8L Ly'CS 80'6SC  ¥T6EL 6l'CE  SE€98 OF'L  6LtC IUT 8L¥ L6 LTO  L6TL TI'0 CO0W 18665 1C  SL°L06  T9'6 w0se €Y0 €€ Uo7
[4As 8°0F1T TeLOC6  LY'LS 8€°¢9C  OT'8IT 8I'ST €169 T09 90T 01T 99% €8¢ S€0 SE€IC S0 96°¢ 8v6rCey  ST008  81°ST 8L01C 790 6 uod1z
S€T8 8¢y 85 T6¥L 0L'C8 80°L¥y  ¥1°08C 6€89  99°C6l 6L°L1 €8'8S 6£T EULL 0S¥C T9E€  8E€9C ¥T9 8L €9v1IS80F  9L71881 0061 8¥°968¢ €60 ST uod7
98°L6E 06'9¢€ 19°1L08 YT6CT  TLY89  TSO0Er TSSOT  €TT0€ ¥4'9C LL88 TI'C ¥STC €L9v 8L'8  ¥8LOL L99T €8°6T LELYOTOY  8L°S86T  St'81 LS°L69 T€0 ¥ uodnyz
6°L1T ¥6°CST L6T9T0L  9L'vE 00'8ST  1T°S9  ¥9'€T  60°SE T6CT 688 ¥90 LET €0€  THFO  vOLT  8ST  €6C 1LT0T6Ly  66°€Cy  1LT S86¥E T60 ¥ uodnz,
[40¢)d £9'€9¢ 688666  T8'TL L09¢€ €661 TY6C  TOLL OF9 €961 6ST 0SY  THE  LTO  6€8E  CI'0 10§ 19°cceeyy 9L0v6  6TL S9°€CE 690 S§ Uo7
81°9¢1 6£°€6 99°0969 £r'e8 €ESEr  90°9vC  0T6S  S¥'691 ¥E'ST  S6°0S L9T STOL vl 890  LLTL 8T'T  SE€°€ T8'EIE08E  LE'BEIT 1891 19°C6C 910 8 uodnZ
06081 8YvIT 670028 TL9¢ 6€991  IT¥L  0L91  OU'8y 89F%  LELT SST ITL  TLST €9S  T889 19T €8T 98¥8LSTy  9T0IS 8101 8€°TLST S¥0~Sg Uo7
0T°0Cs 8L°0LT ¥0°LT901  €¥'LL cLL8E  9U'661  SLvy  €TICL LOOL  CE€8T  S9T vLv 819 LSO vC8F  T60  6TLL 8796195y  L6'SLEL  80'vCS  00°60% ¥L0~6S U0z,
6LEYT 8789 T1'5898 9’16 09C9y  OT'LST vI'LS  L88PT LSTT 95€e €T 8¢S 16T #1096 900 0.6 EVTLOLSY  LO9YIT T8I 18°01C 680 [, uodyz
01°20T LE9ET 15°8018 9798 ¥9'9¢y  T6'LTT 86'1S  vI'SET ¥9IT ¥9°9¢ LET 048  96°€l 90C 98°1C 0S¥ €T6 9€'506 ¥y 06'¥CST  6€°6L 9¢€7C9Ct 6L0 €9 uodZ
08'98C 0€¥1C 000488 6L76 SYL9%  T9°9CC  L0ES  80'6ET S9CT  IT'SY ¥8'¢ CT6¥T 889C ¥I'C I¥6r €0V 66L ¥6'9TC99%  TTO6¥YT  ¥8TL ¥6'I¥v6 €085 uodrz
8'8¢€l ST6L €0°CIL8 €6°€L Ly'yve  0SPST  C6'ce  19%8 169  68°0C II'L 91y  I¥'c €10 LE¥VL  $00 CTL 1€T0L0sF  69°S86 1981 ¥€061 080 ¥9 uodnz
6T6L1T ¥6°C0T 96'6¥S6  TTOY ¥To061  €¥'16  6¥'ICT  €€Y9 IT9  9TIT ST LLS  vI'9 180 LETCT  TT T LOSYY8SY  €0vE9  OT'TI 8L°¢0¥C 101718 uodny7
06StT 10°€L 0€'96.8 19611 0€%€9  TELIE 09°€8  SE6IC €L°L1 €9Cs 81 908  L¥y  +vC0  TLS ¥00 19 €0'0r00Sy ¥ I8€C  €TIC 1T°1ST 98069 uodnz,
06'T6C 00°€0C ¥8'C118 L6'S9 0T8T $SIIL 0T€T  T98S LOS T6e9T 6¢1 STH  OF'E  CTO0  TU'ST 600  €T°€ 0ereceee  LTTSL  S9Y ySIct 110 ¥ uodnz
61'85T w9es 606858 15756 6’59y 8l'cec €805  T¥ecl Tr0l TheC €€1 Ty  €9C  LTO  OF'v LT0 S8 6CT°C9CYIY  S9TOST ¥6°01 96'SLE 0CT™ L6 uodny,
86'C6C 8€V61 £6'7058 LOSYT  T9V69  68°0SE€  TT8L  TYI0CT T8LL SevS 1TT 8LTL v8'ST LTT  el6C  €€Y 008 90°€TC96¢  TYYIET LLOE 96'LSTT 920 61 uod11Z
18°69¢ 6S¥C ¥9°€186 86'8F1  8E¥EL  0S'6¥E ¥SVL 68061 ¥8'ST 648 IL'C 898 II'S 0€0 OL'€C  L00 IS€T YE8L6YSY  ¥EVITT  6T'SS 8T'SLY 8.0 ¢9 uod7
sTsee 0zeet T8'IE86  9T°00T 9108y  €TOVC CTES  YOOVI ¥STT ¥9€E TET 689 C99 €80 9T6l  S9T  0€S 8T'6SLTvy  6€°T6ST  9T°0€ 0s°0cet S90" 1§ uodZ

n YL JH T 9x B! °H 4a 9L PO g ws PN id 2D ] IN Z A LL d ‘ou uody7

(ponurzuop)) 91 eIqe],

129



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

4N woe 501508 s€ce LT66 STy 8¥'6 L0°ST 1TT 8T'L 840 06T 0€C 8T0 ¥99 LE0  L90 88686 €0F  0T°€6CT  TYTI- 85¥1CC 0€0~ ¢ uodny,
L8'S9 69'8C 19°L6TL 8€°S0T  LT'¥PS  €8°70€ 0069  €6'9L1 6CFL SO0F L60 ¥TS 66T LIO  6£C S00  6LT ETY06 €ETF  T6'CTI0C  L8'T £8°2L9¢ L0 8T w0117
n YL JH T 9x B! °H 4a 9L PO g ws PN id 20 ¥l IN Z A LL d ‘ou uody7

(ponurzuop)) 91 eIqe],

130



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

tsTsr Tesst LE9SPTT €TTS  98'%6hT 680 88TC  ¥809 €IS 909T UL ISE  TLT  6L0 IS9C SO0 bSE  L9E0L 9S8 T8HI €007 ¥1 uod1rz,
£STY8  0TL6 88°70STT LO'SCT 66089 TCTOS  vTL9  TEE8T S6'ST  6TTS 09C 9611 T6€T SET  0S¥8 168 90T ISEI0C 6STT  8YLSS £507 65 u0d1TZ,
wgTse  8U9TI SUT0CIT 0SS  €5°€SC  ¥S6IT  S99C  ev'9L T0L  €8°€C SOT 619 SU9  8L0 LT6C €TE  ¥9¥  YI0C8  LTHS  ¥IIS 9107 uod1r7
V6OY8  OV6OTT  SE'STICE T¥vel  CC€L9  96'9LE  I8'€6  T8L8C 80T €L66 YI'6  TyVC  LOGL 98°€  OVTCT ¥9T  ILTC  CTLSLE 60 €S6SL b0 v Uo7
68Y9T  TTL9T 9S6LETT  SOVS  SY'ELC  STOST 96T 1668 IL8  WLIE e 99T 6LTL vET 9998 €80 0S€ 19816 960  98°€ST 107, uodr,
096y 6669 IL6T16  CESTT bPISS  06'SLC  OVY9 9961 S86T  SETL SSOT 8EVT  €9LC OLT STT9 UL OSE  SLB66T L6 ELLIT £607¢C uod1TZ,
YOLST  899VT S9890TL STS9  8T9TE  8Y6ST  9S9€  9U'SOL 99%6  98°TE CI'E  00L 0SS vvO  9€8T  I€0 90T  I9TOLL SE6L  8SEL TH070gTuoomZ,
8T OV'S9 86TSPIT CU'V9  09'60E  OVOPT 900§  9T6L S¥'9  ST6L S9T  SS¥  SE€S 160 06TT 96T 88T  6U88 69T IEBHT E0§¢ Uz
€Sty SUPKe €99001 9S8 S6'Ser  S6ELC L6y 960vL 94Tl L0€k 9% I vLTL WL T80y 160 L¥8  TS96kT IFOT  €9°0KC 8007 L-b8p-Lad [ uodnz
SIS TrsLT 96'09L€T 0L'6L  SYT6C  LUVLT  888E  COTIT LZOT  6U'SE ¢L'€ I€0T  8UTL OLT  SS¥E  SET 6 LTLSTT T¥SST  LTISC S50 Ty uodITZ,
8985 SEOKT 8L9T6TL TYOL  9TTHS  9EPST  TI'8S  CTELL TE9T  80TS €65 S9ST  6IIC ISE  bh6S  SETL b6 OVSTLL 89%68  09°€LT TH0 67 uod11Z
SoTYT  Ov'Ly 95'99TCT 09'9S  00TLC  6U'6CT  98LT 9¥6L STL  OSEC 6LT T8 ¢r6 €€T Tl c0T  8YT  LELIS ST OTLIC 9p0gg Uo7
1680y 98761 880L0€T §99,  9STLE  8OVLL €S0y 080TL IITL  OTLE 0¥ ST 6UTL LTSS 0T L69  WL9TTL SLYE  bSTHT L1076 uodm7,
£TT6E 01’891 VELOTET 6v'EL  L£9SE  8YTI9T 649 €6TIT SSTT 08Ty 0SS 00ST  ¥I6T ¢I'c T6T€ 8ET €9€  9LT80T I8LL  6S6LT 500y Uo7
6SLLy  ¥8'SOF 89'6c01 8S'€CT  CS98S  98LTE 06’18  SS'BIC OL'6C  EYTIL 8STL L60E I9TE 68  8EWL  ¥8'8 TS OL'66ST L96T  ¥89€9 12071 uodr,
18975 9SETC £5°S89CT  vL6TT  €TT09  9L08¢ 8099 0S'E0C T00C COTL ST8  96'TC 6T 09T LSSy S8  T69  S8YE6T C8ST  bS06S 0£070¢ w07
91’888 TE0§9 CLS6PST SYYEL  T¥'899  09'89€ /876  0L'96C OSO0E  LTEOL T6TL 9E'EE 998 8€'S  LULL €9 90TL  ¥YLLLL 8LLT - BESSE o0 g1 uoom7,
6ILC  TIS'SET PPI6CTT  STTIT  IET8S  OV'00S 0S89  #L68T C69T 69T STS LEYD  OvLT 80T SSEC 69T  ¥TY 99000 TTHT  8¥08C 620761 u0d1TZ,
8UL6L  SOLLT SCLSITL [8OST  9L999  L9T9C  S8'SS  KLLIL SEIT  06€S 6L 60VT O0L6C €Y  €ULy  TCE  CEL  6SVTLT 8EL6  Ov'88S 107§ ooz,
9g'S6E  LE6T L6WL90T S9T9T  I8TLL  OT00y  LZTOT OSOSE OV'8E  L9IST ¥E0C 66%6v  LyZL 1€9  €¥I€ ey LIS CCSTIE €L4C  vSb88 820781 u0d1TZ
0TYI9  98'L8C I€LZ8TT +90ST  6U'819  +9'S6C  I8'EL  1C09C 8K6T  OS60T vEWT vL6S 19y LE9  ¥999  L69  ¥8S  9TTSIC 98EE  ETLLO 970 9T w0217,
SYY98  LS6LT YEVLTTT OVLZT LE0E9  €8'80E  OL'SL  8UTST TE9C  LET6 GYET 8E8E  vO8y Tyl 9619 L9S  890T  YOOVCT €TSS LUT9 0107 ¢ uoarZ
£01C  6E9HT BCEYETL vO'8L  [8%T  ¥8TIC SIS 9CTIIL bK'ST  IEPS ST9  8S8I  66'€C ICE  SSO0T 99T OUT  bLIT 6CTC  9TSST 810701 uod1rz,
818 66THE €0°€TSTI  LPOST  ¥OTISL  9LLLE  0SL6  099vE +I'8E  €LOCT TT6L 0STS  LE'S9 LTOT L6€9 CC8 LOS  vWLELT 6L80  8U'€E8L 2507 8¢ w07
98'€66  16'LSH 88PYIST TH'89T  80'G8L  VC9SE  LO'S8  SST6L S6TE  99°STL IEBL TS9O  v0'6S T8 8109 109 66  STEEST 8TSST  6ULOY 980”7 w0217,
TU8es  €TLLT SLL9STL 8EWIT 9019 LS'60S  00'6L 0000S ILTE  ISOCL ¥THL TL9% €505 LSL 9995 SU'9 669  SSHITC 8YT6l  S9'909 €0y uodITZ,
VEELL  96'9ST 0956901 66201  TTTYS  6LVST  €0V9  SE9TT 86VT 8088 SPL SLOv 6965 L6 S6'€9 S8 LUL  9S6S8T IUIST  L8Lby Y1079 uooIZ,
99°0gy  €¥8IT viLese  TISLET 88499 TrTYE  vi'€8  OU'S9T 96LC  TTL6 86TL 98LE  T8Ey Sv'9  6STE  €9%  OTT  OL6IST 9£'88 18995 6007 uoaZ
L9V6S  L6'91 CE6S8TT 10091 C6'8LL  TU'9LE  CE68  STYST 8U6C 8896 8SEL 9LLE  ¥TOS 8SL  6S6E VLS COF  SY'EC9T VELLL  86'9SS 150 £€ uodmz,
WY e 069L6TT 9T6TL V099 LTS LLBL TL9ST T6'9C €868 LLTL OLLE 9S8y S8¥L 06'€S 86'S 8%  800LCC 8I'SS  09°TEk Le0 L1 w0z
WEIT  1£'99€ TL6L66  VO0LT 686811 bSBES  €8LST LYTIS b'8S  ISYIC SLTE SSH8  L90ST 00FS 06'€ST  €6TCL 9L  TL960F 9T06  9L'SSPL p0T 1€ Uo7,
YO'S8y  SL06T €6V98TL CLTIL  ¥ETvS  T19TLC 1679 6161 v00C 1089 9T8 €8S 86'6E 8L9  SY9%v  C€TL VS COSH8T T6STL b LEy 070 8¢ U0z
9gTHY  T6'8L €6V8YIT 09C01  8LOSS  9TSIC  6£99 8YSTC T8YT  8L'E8 LETI 98SE  08'6r T9L €Ty 6C9  €9€  LS'BO6T 90°TST  61T9E 1107 uodny,
69'T0ST  TSLeT €59S0TT  9L°66T TLLSYL  T8LyL  €L06T SI¥69 OF¥8 18097 9S'Tr 9TLZL SC¥IT 98'SC ISTIT 0861 SES  090T€S 8ETOL  LESIST 2807 1¢ w0z
YrTErT  080Ly VLTSLIT €SS SSWE6  SYTEOL TU0LC 6¥'466 COTTL IST6E T6T9 OCL8T OV'S9C 0ST ST'6IC €0°8E 8Y'ST  OV'S98L OS6Ty  OL'W68T 8£079¢ w0217,
95L9ST  £6'S6€ SCY6CTIL L8'8C  T9BIST  vTL8L 980T TEWSL 9LVB  YL90E THev vSOYT OTT6L S9SCT 6T8EL  €T0C 9LL  TE096S HG'EEy ¥ OLET 020 11 uodxZ
YI'V80T  8T'69% 9E6E6TT  €ETCE  L8SELT  66TS8  909TC 89'€LL TU'98  6Y00E 09'Lb S6'BET  bL68T T96C 0Ll THIC ISTL  6S6EC9 SO'BTE  T6'660T 20 ST U0z,
n I, JH nT ax 1 °H 4q 91 PO @ WS PN WA D *T AN X IL d ou uodTTZ

[-#8~LAd 219uvs fo suoruz iof (mdd) sauvpunqgy juaware 23047 SI-dDI-F'T ** L1 BI9eL

131



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

(ponuszuop)
0LYS 19T LT€696  LTTE  L68ST 908  €06T 9SS €IS 98LT SET L9 98°€  0€0 LSBT 0£0 LLT  96'9SS '8¢ 606971 €807 €9 uodnrz,
87°9r  T0°ST €L°0S€6  80'TE  LLS9T  9TT6  9TTC  0ST9 69°S 98T €0 9Tk 86T 0TO STE  LO0 65T TELLY €9's€ 000921 92091 uodnz,
6L06  STLY 0L'8LTOT  69°LE  ¥€S0C  80'TCT 68'6C ¥I'T6 S98 CC6C LIT ¥S8 086  PET  649L 08C SST  THO8 et T6'678¢€ 011798 uodrrz,
€Ty €TT9 1€'6688  9UTC  89v6  9TPE €19 ISEL 00T 8T 610 690 I60 600 8T 900 880  L8'8CC €00 Y0O'TIE 110 uodarz
98T 9TEL 0C6L0CT  €£0L  8L0vE  TO0ST T60E  8E9L 685 009T LI'0 €8C 88T 0I'0 OCTIT €00 T6€E  6STH6 99'8 S6'LEVE LT17C6 uodnrz,
€CPST  TTLS TEELITL SS8E T8'S6T  §8'S6  YI'IC  O¥'8S 0§ CI9T €90 L99  800T IUY THTF SSTL 0TT  HES6S 691 9L°85T6 921001 uodarZ,
9TL 9691 TOL660T LS6T  0STOT  6V'€S  ¥ITL  9LTE 8LT 69L ¥U0 LST 6€T 600 ¥9€  +00 LST  L6THE 00°¢ 00°98¥T 690 ¢S uodarz,
69°66C 9896 CETICTIT 8TSL  €ETIP  OUSPe ST'6S  €TELL LL9T 8ST9 90T €0TE OCLIT OL'VC 0S88T 95°9L 8+ ST'909T  SL'€- ¥$'820¢C 0L0” €S uodnz,
LLYIE  T6'STT 98%609TT I8  8€8IC  898CT 60TE  €9T6 8E8 SSLT 0C0 LS9 0S¥ 8CO 069 L0O T6T 84098 L6°0T €CLLLT ¥T1 86 uodnrz
ELSL YT 8’886  YELT  OTEYL  ¥96L  SY'SL €60 ¥I¥ 09TL LZO LyT  LLT 600 LS ¥00 IIT  08'VIS 960C 09°688T 0r0 8¢ uodnZ
or'9L  LUTL 69°TC66  v6'€C  6TYCT 8979 T9FL  6¥OF ISE ¥COT 960 ¥8T  8ST  OT0 06€ SO0 9TT  L8'80F 10°0T 9€°STCE 001”8, uodrrz,
86’80 t¥CS 08'€L80T SL'8C  €59ST 7876 SSTC €199 009 €6'6L CEO 8S¥  L6T TLO  €SY SO0 ILT  SSLI9 8T°0- 92°9861 T607 1L uodrZ,
8616 95HC 09vcL6  SO8T  SL¥6  8T0S  LETT  8¥0E L9T €LL TUO ¥LT  LET LOO  8L€ €00 9LT  80°6TE L8~ - 800 €-pLy-dd.L T vodarz
0U'LST  ¥S'9% PPL99TL SFIE SE6IL  €6%6  PYTC  LTT9 OLS T90T 680 IUIL 08%6S 6SYL  6€LVL €408 T8 9L'EL9 0T'6 87691 €11 68 U0z
LTT8 88 00€8T6  6L°C€  CU'L8T  v6'TIT 008C  OSH8 L6 LTST ¥60 T0L OT'S 6C0 80L LOO €€T  L9LIL 69°0T - 020”1 uodrrz,
LT 0198 S6'EICIL CTve  IS0LL 8¥'6L 6891 8SPY 0LC 880L LE0 €UT  €£T 600 9UL 100 8T CIb6Y 19- 17°£80C STL 66 uodarz,
TOTIL  06'89T  L969SST 98'Ly  TLLST  LV6PT 96'SE  TOEOT 9T'6  €S9T 610 LST  ¥OT ITO  6¥'€ SO0 8TT  06880T  t6'C LUETHY 90”8 uoonrz,
8T8IL  OU'8E 669801 €5°C€  8STLL 0096  €0TC  00T9 OL'S T8FL 9T0 9T LLT  ITO  LU9  C00 €T 8I'€L9 1324 ST'629C 180 ¢y uodnz,
wWerT  SELL 0S9T60T LTLE  88T6T  68°€6 980T 9895 T0S SS9T 6¥'0 00Z O€ST TCTE  S96T +99 86T  O'L6S 1281 9S'8LTHT €0 €¢ uodmrz,
96THL €08 €8°7E00L I8LE 061 ST'C6 1900  €6'SS LIS 6¥LL 8U'T 9yF  v€C  8T0  L06  HO0 OFL  88THY w68y - S60 7L uodarz,
€OVHT  9€°L9 0CYSyOT 68T L6'CPT  LSOL  8LST  S8TH L€ IS8TI 6V'0 SLCT 0CT STO 648 800 SST  CO'SSH €60~ L8'SE 8€079¢ uodrZ,
9€°SIL  TSS6L  €9LCSTL 8€€9  OLLES  SLOST I80F  L8TIL 046 6L0S 0L0 ¥LL IL9L 98T TI9€ 798 S8Fvl  #EEPIl 691~ 08'6LE Y1106 uodn7,
¥8'9€9  SLSTT LS69TTT  SEEOT  LLTYS  6€96C ¥8'99  €5°08T STST LESY vL°0 L8OT T69T +LT ¥ICC T¥9 00€  L8LL8T  69°6T Y1086 CT 911 16 uodmrz,
PP8ES  P9TOL  LLTHRITL SSPS 0089 6LTEL THST  vEIL LL'S 0891 S€0 98T LT 8I'0  L8S  ST0 65T T96€8 s 90'CE8E S90° 6+ uodarZ,
T80ET 8T Y9T689  6STC  LLTTT 6869  TEIT  LULY LT TOYL 040 8LC  0TE  ¥TO  ¥88 L0 8T €OWSY 30U L6681 6007 ¢ uoonz,
08'¢eC  ST'8Y YTOCIEL  86'S 6L6T  SLST 19S  ¥0TC T0C TSEL SU0 vLE €T vT0 SIT 00 940 €TILL 8L'1T 15'9€0T 950”1 uodnrz,
S8TICC €516 TULPTOT 0§86 6UT6T  SV'88 €61 TI'TS 09v ¥T+T £80 0TE CET 910 ST6 SO0 €6T  86T6S sLT- £8°0vLT Lb0 yg uoom7,
PELEOS  9S0ST  LS'SO68T OL'TLZ  ¥8'EOCE 9€'€9E T6OL  0L'90T vE'8L SEIS ISE€ SEST 960€ 19%  6LLr 8FT 6598  #89161 6501 LUOTEL 9€076¢ uodarz,
9ESHL 1696 I8'660€T €8'8C  €U'S9T  8T'60T CHIE  TCTIT 60TT 0THY L6T 6901 SS6  SCT  STTI 86T 97T  I89L6 95Tt Y0 1709 901" €8 uodITZ,
LUSST  LU6ST  9STILIT 1§08  TL9PE  ILTEL 9¢9C  €£€9 L0S 8LSL ¢l C8€ 99T SI'0  80%L $00 CCC  8THS8 60°€T YL'8EL 06070, uod1r7,
LT00T  OSTHT  SOTPICE TH9T  6S0ST  ST'96  T6'ST  SS'88 08'6 8T8E 140 €Il €8Z 60 I8TL CI'0 #9T  66%61L 10+€ 8T°0S5€ €607 L U017
08'€s  ¥S'8¢ 19TEL0L 0009  9SCIE  LF'99L 98LE  ¥ITOL LES OFFT €60 95+ 99T  +I0  SO9  #O0 L60  6LF0T  €6'ST 8T'I8LS 79095 uodarz,
LTY8  H0'€ES CULIS6  ¥6'99  vEO0EE  6L9ST  pPEC  L0T8 LT9 LELT WO 8T'C  ¥0T CU0 950 SO0 L8T  OF'¥L6 €e's- LLL9VT PO 67 u0dITZ
Sresl 98611 €UISE6  SP'STL  €9¥8S  1€T8C LTSS SI'SEL 6L°0L 09T #9°0 0L€ 91T €10 969 600 9T  65€99L  IL6- 97'60C€ 810701 uoaarZ
L6y PTIT YOT69TT  LOOE  996TT  L6TS T80T  S6LT 6€T 0L 090 LT 97T 0  80S 0C0 0  S90EE 6€°T- TUeLy9 680769 uodTZ
vL66T  09°L8 9096SCT  €€T9  L8TIC 6856  908T  6LTH STE TC6 €0 19T  TWT 600 0TST 800 S9T  0SI8S x4 6L €01 L6 uodrz,
€978¢  1L'89C  TOVELTL 8S¥8  ST'O0F  €TL6T 8¢y  S9SIT €96 88'8C 09T 8% 86T II'0  CI'9C 900 L6T  TSSOEL 106 8F°€6LT LS0" ¢y uodmz
85'89C  LU'OST  ¥9°TEKOT 89'8S  6CL9C  CL'8OL CTI'CC  6L'€S 8UY 8CTI L90 STC 08T IT0 846 900 IE€T 65669 96'T 61°9L6 850 €y w07,
66T €0TOT  TE'6L9TT 6UTL  ST'ECE  ¥98TT €L%T  89'6S SS¥  YEET 860 19T 9T 0€0  LL9T €€0 SOC  LOLLL 67191 10°Tr6T L0T 8 uodmZ
TU6LT  €090T  SS'S060T 409  TL89T  THOTL LL9C  L9SL T89 90IC 66T CUE €T IO ¥IEC SO0 THT  8E8E8 8% - 1507 L€ uoonz,
10€LT ISTL TETSCTL  €€TS  9691C  80°€8  ¥PIL  680F 0€E 090T ¥80 9TT €€€ KO 09%T I8T OU'T  99°9ES 9 - 8TT €6 uodarz
6956 06'€S W0080T CI'bS  16'6ST  T6'CLL SL'EC  89%6S T6¥ CTEPL 690 LLT  S6T €U0 LSLL SO0 LET  C6OLL €911 §5°599¢ 080719 uodirz,
vLPOT  STTS 9T°'90S0T  TT06  TH66€  L8'EST 096 689 TCS T6¥T €80 66T S6T €U0 €8TL L00 ITT  ILTH6 Le8 122092 L0795 uodnZ
STIOL  ¥9'L9 T6'SE96  60°'SS  ST69T  vL9ET 88'6T  6E6L SS9 96%6T 080 9TV €£T ¥U0  TYTL H0O IET €68 $9'6 €8'1011 #p0”T¢ uodIrZ
TEYIC  SO0TT  80VESTL THTL  LL9EE  SOEYT  TL6T  88WL 009 vLLT V0T 65°€ 99T 8T0  ¥09T LTO L8T L0606 L0 SK6L6T 801”8 uodarZ
91959 05965 6T'STLOT +vC€PT 868,  TTOLE S8'€8  0CTTHT TSTC ¥8'19 v0'S €96C IS6r ST6 €689 9V'8T v8T  88'STHC  60°IE LS'LE0YT 207§ uodnrz,
n qL JH o] A kel °H 4Q 4L PO @ ws PN O ¥I AN X 1L d “ou ooz,

St Lp-d AL 2]9us Jo suoruz iof (wdd) souvpungy juawiags wig SIN-dDI-FT 8T BIqel,

132



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

QSS&.QNE.Ux

L90F 65T 9TLTe8  8SYS  9TOLL  YE'SYT 99'€E  T0'S6 €S8 L9LC L60 €9 OTY 8T0  ¥8'S 00 OCT  65%06 {ixal - L0 bS uodrtZ,
10460 €06 STO666  LTTOL  L99CS  TCSLT ¥T6S  SSLYL SYIL 6STE IS0 v6L Ty8L ISE  SE9E 8L6 9T S8EOLT  OFST 78'8859 €207 1 uoomZ,
S0€8 £TTh LTS6S6  600F  v6'TOC  8T'T6  ST6T 098y 98'€ ¢80T 620 LT 80T 00 6UST b0 86T  10°L9S 0022 L5'866T 91078 uoanrZ
8LVOT  £9°C8 V6T9E8  €9LY  E8'€ST  LUSPL LG9S 6TS0T SSOL T8 STE €COL 9T6 060 vI6T L8T OFT 69501 L9SI 09°86€T 12071 uodr,
VLOTY 266 T9VIPCT C9'S0T  6S0TS  9£°TCC 98'Sy  8'TIL LE8 09'TC LSO 0CE 6T TI0  €C€T SO0 +8T  €8TOST  Lb'S 880189 80 S u0dITZ,
L0091,  ¥L'SOT  8S'9TSTL 96TST  €4TS8  OL'60S ST9LT  €OHOE T0WC €L'€9 860 6  €9S 090 C08T L90 I8TE  SUEELE  S§°9- 69'88¥€ 101 6L uodmz,
SUiL v 67V86 €84S v6LTE  6L'S0CT TLTS  THO9T 89'ST 86WS 09T 00FT 0S6 850 T69 CI0 CCT  8TSEHT  0E9 61°€£9¢ €0y uodITZ,
8779 ££'88 9T'8I86  PSLS  6SOIE  90TLL 688E 96TOT €48 ISET 10 65y 19T  9T0  vI'E 800 €T 9ELIIL 9T £8°8SHT 010 uod1rZ
crss v99e VLL6YTT 9SVy  S8TEC L9601 TTVC ISV vE'S L69T ¥50 ST'E 60T 00 6SL €00 9T 80°669 Y6 65€V0C 20T 08 w07
60699 T6LLT  T8YEITL 8OLYL  9TTO8  ISLLY LSTIL 8TEOS 9L'ST L¥'SL €VO VCEL 969 TrO Ty SO0 ¥0T  8S6IIE  09°TI ¥8P00 T 6607LL7u001TZ,
v6e'8TT Y9V LLT890T TGS 90'60C  06'8TT 89'8T  ST'/8 6€6 LSLy S6T ¥09E 6LLTT 8STC LUTCL SOOE OSC  ¥EH08 vLEL 8519€8E 60 €L Uo7
8608  6vTh SUT8YOT  T¥IE 60991  €€T6  €CIC  88LS IUS L¥ST €00 00€  IIT  II0  €6'S €00 SST  6CE8S 9 v8IELL 6807 LT w0217,
VOIST  ¥89y 9S0L0TT 8T9r  LS'SYC  €6'€ET T90E  8TC8 SIL LUTC S€0 €¢¥  LST €U0 I9S  L00 ¥0T  €9698 18° £8'88€C 8L0709 w0217,
856ST  TT'OL 6IVEI8 9619  pOLTE  S8T8L 0TSy  8TSIL 0SOL 98%E SOT ¥S6  bL8L 6IE  S8IC I8S ¥9T  CITLLL  bSL6LL SS'9vLT 1072 ooz,
1w st TOTO00T 189  Y9VST  9Y9vT SOYE  TLT6 8L 00FC 950 €%  LLT  LTO  L9% 00 80T 65556 L6 €LL0LT Le0 L1 w0z
ts8s 07T 607096  Y60E  CTLIT  06'S6  09'€C  IETL 8L9 9S'€C 0T 69S  0SY  LLO  ¥I'L 00 STT 89859 18 61T6Y 2507 8¢ uodnZ,
orsL  evIE 016686  Ly'SF  9009C Ov6yT 09'SE  OLTOT 196 I8TE ¥90 89Z 80S SO 8¥'€ SO0 €T €9000L  8L¥I 1E°EreT 820781 uodITZ
61'18C  8E90T  9LGHCIT 1099 00'SSE  96'S0C 684y  8ETIET ISTL LL OV 650 9L¥L SS9E 96'S ¥ISE S69 LIT  €OTLEL  9TE YTT9CTE 880789 u0d117,
C0€99  S9EST  vSILYIT €996 SUSIS  96'68C STS9  ¥S69T 9LET SL8E CCO S69 L€ €0 1S9 900 80T  6L6L8T LTI 0L¥S92 £607C¢ uodITZ,
9Py €I9T 65TC80T  LSTC  8EYTL  8TPL  006T 9709 IS9 609 9T I¥YL OT6r S06  ¥9S9 96'ST 9T IH'8IS se'Ll 97°££808 890715 uod117,
98LIT 4TS 9TS00TT 606y  SLLYC  YeVIL C9¥T  8¥'€9 SIS ST 990 L€ LUL  e€T  TLLC 08% 06T 9LLOL [l LL°699F 1188 w0z
9E6rT  ET'8Y YS0E90T  SLOF  v6'8IC  LSETT €E'6C  €LT8 €SL IIVC LSO €4S S9E  LTO  80S 810 80T  £7'9¢8 ST'8 616211 L0 SS uodn7,
89046 0L9CT  STLISTI 0§66  OLECS  9SL8T 8¥¥9  TCOLL C8EL €6'8€ 90 9¥9 19°C 610 v¥'€  L00 9T  S8LVST  6C€l 169168 980799 uoarrZ
688I1  6'6F TE0S90T  L9TE  S90LI  0TE6  ILTC  OLT9 €9'S ¥CS8T 0SO 8TH  ¥8T 8T0  L90L 900 00T  $T'809 oLs 19851 €907 L uoo1r7,
S80I 0v'8L 6L0S60T 9¥'S9  SS8TE  YLOLL Er6E  99'90T 006 9ULC CCT 8¥F 6T CL0 906 00 00C  OS¥ITL 0T £5'108¢ L0728 uodITZ,
€L697  OLTCT  6S990ST SOF8  90'8Ck 6801 YE9r  6V6IT 006 6ETC 600 €0E  LyT  OL0 619  $00 U €OLLST 9L 082989 050 9¢ uodmZ
VE6ST  bYL L0801 TSy 89TEC  £9TET 9LTE 9406 8T8 THIT 650 SO9  Try  ¢€0  S06  9L0 €8T 9v'¥8s vee £60/8 Te196 U0z
LT09T  80°FL YEV86CT  S98E  €U'661  6C'EOL 8YTC  €L9S 85y 09TL STO 86T 9ET 600 9€S 100 PIT 9659 Y S8'L1CC £80 %9 u0d11Z,
WISy O8'SIT  S89L601 0LT6 991k  69°0SC TH9S LY 66’11 80'SE €0 Tv9 8S€ 1C0 8T 600 ST  €¥I9L 260 S6'92Ly 920785 uoaxrZ
79968 ELYOL  TET8SOL IS9E  COGLL €78 L9LT  8€9F S6'€ I9TL 9T0 8E€T  OLT €U0 OFC 900 €£T  S8'6ES 8r's L0'80TT Y0 ¢g uodnZ,
S99y STLL TrT9TIl 9v'8L  €SS8E L6W9T 9¥EE  L808 II'9 LTSI 1TO C0¥  C€6 96T 968 6€9 O0LT 08666 56 8L8T1Y 107§ uoanry
SES0T  €0TIT ¥IT066  8¥'FS  TC00E  8T'EST T0'Sy  08'6ZT 6CCL 0STH €60 €TOT ¥SL 640  900T 600 00T  LU'69CE 69T 90°€65C 08007 uoomZ
TSYRe  8LIL STOVCIL THI8  6L6TF  LS€ET 89TS  CLEET TIOL €8T ¥U0 STY  OyT  €L0  S§C OO OU'L  SULOSI  Tr6 8SELL g0 g1 U0z
S8I8S  SY'EST  L8608TI 688L  €OCTF  €0LIC 0SLy  6C'ICL 06 099C LCO TS¥ 8T €C0 859  ¥80 8T  STOWL  LES LLTSS £507 65 u0d11Z,
TL6ET  6STOL  LU'SOVOL €T°0C  94°S6  00LE  6TZ  OFLL €T ITH 00 S80 860 900 086E SO0 ¢LT  SS6CC STT - 80 59 uoarrZ
ey eLs 680V66 80T S6'SOT  ST9S  BOET  98'SE L0E 998 6C0 86T CET  L00 STE €00 09T  96%8SE 60Tt - 2807 1¢ uodnz,
09%6  O¥'ST SSYCETL ¥90E  ¥ETIL  L698 CEOC  C6'SS 18T 69'ST SY0 0SE  ¢€T  9T0  §9  S00 O0LT €595 €591 ST68CC 86079, uod1rZ,
8Y'S9T €19 €09STCT 8Ly 60'IST  6S6CT 09°8C  9¥'SL 8LS 9LST OT'0 18T S8T  LI'0  +CC ¥T0 9691 8668 CCTHIOl  £9'SSSY 0C1 56 U0z
e TsIe 0769501 €5T¢  9S9TT 009 T9EL  68LE 1I€E 86 10 8I'C 9T OO0 196 900 96T  LL06E 98’2 29'9t¢ Tr00g Uo7
SOTST  €5°6€ 1060201 9S¥y  LE6ST  8E'8YT  IELE  OTPIL OTTL €€6€ 160 L6 €49 0¥0  89% IT0 +LT  690v0T  +ET y1'ST8T LL07 65 w07
YI66T  €9°LL SL6T60T ¥99  S88YE  IS00C OELy  vL'6CL OTTL 6U'E S€0 989 STE  ¢C0 08T ¥C0 +CT  9yLEl 998 SYLSLL 9607 uodxrZ
STEIT SLTS €TY8L6  TLOY  SETCC PO9ST YOVE  Lb66 CS6 9TEE €€T €¥'8 €59 T¥0 088 600 VT  IT6Y6 96'ST 8L°2L0S L8079 w07
95062 996 86'6L10T 806  €9LIC T¥IPL LSS  9L90T SUOL 9EE 0SO 6CL 98 00 8%  L00 OLT 14086 9L 88'1991 1178 uoanrz
LPSST YO'EL SL'S900T 6T'Sr  CO9VC  CUSYT CESE OU'SOT €00T LZ'SE 60T L98 68S ¢¥0 €Tl 800 86T 65096 167 L6195 611 b6 uod1TZ,
Y8ST  CLLL 69019  vLTr  8S0ST  ST9EL 90EE  6¥'S6 L8 0S8T 0SO L09 IV 90 TOL  LI0 8€€  16'LT6 £6'8 - Y1079 uodmZ,
6819  €V'9C ¥8T686  IE8E  0C90C  9LVTT 880E  PLT6 898 €L8T 160 0CL OS  0S0  ¢8E 800 9ST  LT6H8 Stp- 16'98C1 500y uodmnZ
LLSYT  06EL 8CTVI6  L¥'OY  PIWST  8S8ST TIOv  SS'ECT 0STL 9Lvb S8T 9TTL b¥6  L80  86TL L6T 960  CYLITL 0601 95°62CC 650"y uodm7,
6T6TT  SL'E9 £6TSCOL  €6%S  €E€6C  ICSLT bYTy  CCSTT 8ETT 00ZE vPT OF8 €67 0£0  IETL SO0 06T  S9E8IL  6LTI 951201 99070 w07
n 1L, JH T ax W oM 4@ 9L PO @ w§ PN 20 YT AN X 1T, d ou uosn7

(ponuruo)) 81 eIqe],

133



TABLAS ELEMENTOS TRAZA MEDIDOS POR LA-ICP-MS

€0°L0E  Te'tTIE cSTy88 899v1  0V'C6L  ¥6'98y OFLIT €ITCE 8T'8T 1988 SL'CT €6'ST OT0T T90 08CL <TI0 499 €'89¢¢ jaagt 96'L59CT L10 6 uodyz
reey  8L'sST LLLETTL  T6'0S LT0LC LLEFT 06'TE ¥0C8  vP'9 9981 OT'0 61°€ 641 CI'0 0SS #00 STT ST°L06 0T's- €V'LLIT SOT g8 uody7
09611 08°LS TETIETT  TS¥E T16vLT  6€'S8  96'L1  8SHy 8F'E€ 0L6 CCTO 94T LET 800 080T +00 ¢T91T §TETS (4% SLE9ET 090" Sy uod1r7
(4314 Sr'ee 8L°01¢8 608C ve'6vl  0F'16  6T°€C  19CL 89L T60E 69T 88 P8  C90 0LE€ €0 ¥LO 0L¥¥9 ¥L0 [44\%4 950~ €€ Uo7,
L60ET  6€°SL 9€°5€€0T  ST'SS 9TLLT  0€'STT  68'ST  6T99 TTS 8IYL ¥S0 €8T €0CT €10 LI'ST 010 L¥'T 5569 95°€T 6S°€TLT 670 61 uod1y7
n UL JH R 9 ct °H £a 9L PO g WS PN d 2D ¥l AaN A LL d ‘ou uody7

(ponurzuop) 81 eIqe],

134



TABLAS GEOQUIMICA

Tabla 19.: Sample list of amphibolite for XRE, ICP-MS, and Sm-Nd isotopic analyses

Sample Longitude  Latitude Rock type XRF ICP-MS Sm-Nd
AYU-457-3 W97°47'14"" N17°56'20" retrogr. amphibolite .

AYU-458-1 W97°47'44" N17°57'42" amphibolite .

AYU-458-2 W97°47'44"" N17°57'42" Pl-amphibolite . . .
AYU-458-3 W97°47'44"" N17°57'42" Pl-amphibolite .

AYU-458-4 W97°47'44"" N17°57'42" Pl-amphibolite .

AYU-459-1 W97°47'42" N17°57'41" amphibolite .

AYU-460-2 W97°47'41" N17°57'43" retrogr. amphibolite . . .
AYU-462-1 W97°47'29" N17°57'43" amphibolite . . .
AYU-462-2 W97°47'29" N17°57'43" amphibolite . . .
AYU-464-1 W97°47'26"" N17°57'42" Qtz-amphibolite . .
AYU-464-2 W97°47'26" N17°57'42" amphibolite .

AYU-465-1 W97°47'20"” N17°57'40” amphibolite .

AYU-466-1 W97°47'15" N17°57'39" amphibolite . . .
AYU-468-1 W97°45'55" N17°59'26" amphibolite .

AYU-469-1 W97°48'38" N18°00'01” amphibolite .

AYU-469-2 W97°48'38" N18°00'01” amphibolite . . .

MH-5 W97°44/58" N18°10'58" retrogr. Qtz-amphibolite *
MH-6 W97°47'16" N17°56’19" Pl-amphibolite .
MH-17 W97°45'38" N18°09'19” Pl-amphibolite .
MH-18 W97°44/58” N18°10'58"” amphibolite .
MH-30 W97°47'20" N17°57'41" Qtz-amphibolite . . .
MH-32 W97°47'15"” N17°57'40"” Qtz-amphibolite . . .
MH-48 W97°44/56” N18°10'55" amphibolite . . .
MH-75 W97°45'38” N18°09'19” retrogr. Pl-amphibolite ~ * . .

Tabla 20.: Sample locations of metasedimentary rocks for XRE ICP-MS, and Sm-Nd isotopic analyses

Sample Longitude Latitude Rock type XRF ICP-MS Sm-Nd
AYU-456-1 W97°47'09” N17°56'13"”  metapsammite .

AYU-456-2 W97°47'09" N17°56'13"”  metapelite .

AYU-460-1 W97°47'41" N17°57'43"  semi-pelite . .

AYU-461-1 W97°47'39"”  N17°57'43"  Hbl-Bt schist .

AYU-M4-1 W97°49'56" N18°02/32"  metapelite . .

AYU-M4-2 W97°49'56” N18°02/32"  semipelite . .

MH-2 W97°4711”  N17°56’11"  metapsammite . .

MH-4 W97°45'51”  N18°10'13”  psammite . .
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Tabla 20 (Continued)
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Sample Longitude Latitude Rock type XRF ICP-MS Sm-Nd
MH-7 W97°44/14”  N18°10'30”  semipelite . .

MH-37 W97°43/35”  N18°10'19”  metapsammite . .

MH-41 W97°47'13"”  N17°56’13"”  metapelite . . .
MH-42 W97°47'12"  N17°56’12"  metapsammite . . .
MH-46 W97°47'11”  N17°56’11"  metapelite . .

MH-50 W97°47'16"”  N17°56’19”  psammite . .

MH-53 W97°47'20"  N17°56'20"  psammite . . .
MH-56 W97°48/08”  N17°57'50"  metapelite . .

MH-68 W97°40'47"”  N18°1102” metapsammite . .

MH-69 W97°40'47"”  N18°1102” metapsammite .

MH-71 W97°41'59”  N18°10'26"”  Bt-schist .

MH-73 W97°41'58”  N18°09'47”  metapsammite . . .
MH-74 W97°42/10” N18°09’36” metapelite . .

MH-78 W97°46/32"  N18°05'49”  metapelite .

MH-79 W97°46'39"”  N18°05’40"”  Bt-schist .

MH-80 W97°46'39"  N18°05'40"”  Fsp-rich mylonite .

MH-83 W97°49/38"”  N18°03'10” metapsammite .

MH-84 W97°49/38"”  N18°03'10”  metapelite .

MH-85 W97°51/20” N18°06’49”  metapsammite . . .
MH-87 W97°48/18"”  N18°04'49”  metapelite . .

MH-95 W97°53/59”  N18°06’51”  mylonite . .
PET-484-1 W97°53'59” N18°06'51" metapelite . .
TEP-474-1 'W97°49'43"  N18°03/10"” metapelite .

TEP-474-2  'W97°49'43"  N18°03/10"” metapsammite .

TEP-474-3  'W97°49'43" N18°03/10"” metapsammite . . .
TEP-474-4  'W97°49'43"  N18°03/10"” metapelite . .
TEP-478-1 'W97°48'55" N18°03/55”  metapelite .

TEP-478-2  'W97°48'55" N18°03/55” metapsammite .

TUT-477-1 'W97°47'47" N18°04'24"  quarzite .

TUT-477-2 'W97°47'47"  N18°04'24”  metapelite .
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Tabla 21.: Whole-rock geochemistry of amphibolites from the Chazumba Lithodeme
Sample AYU-457-3 AYU-458-1 AYU-458-2 AYU-458-3 AYU-458-4 AYU-459-1 AYU-460-2 AYU-462-1

Major element abundances (wt %)

Si0, 49.00 49.12 47.06 47.79 47.98 46.65 53.32 48.33
TiO, 1.91 3.17 2.73 1.73 1.90 3.04 1.19 3.36
AL O, 14.55 12.61 14.21 13.93 13.67 13.65 16.37 16.18
Fe, 05 13.50 15.74 14.57 14.09 15.19 15.20 11.55 13.77
FeO;? 12.15 14.16 13.11 12.68 13.67 13.68 10.39 12.39
MnO 0.22 0.21 0.19 0.21 0.26 0.20 0.18 0.18
MgO 5.78 5.23 6.15 7.65 7.27 6.52 5.64 459
CaO 9.49 10.38 11.77 10.77 9.86 10.95 10.34 7.77
Na,O 1.62 1.97 2.05 2.09 1.44 2.73 0.63 0.69
K,0 1.26 0.85 0.75 1.02 0.82 0.83 0.27 2.41
P,0s 0.22 0.35 0.28 0.16 0.20 0.33 0.44 0.62
LOI® 2.09 1.05 0.69 1.10 1.12 0.70 0.58 2.69
Total 99.64 100.68 100.45 100.53 99.71 100.79 100.51 100.59
Mg 32.24 26.97 31.93 37.63 34.72 32.28 35.18 27.03
CIAd 54.05 48.86 49.37 50.09 53.01 48.47 59.29 59.82
Trace element abundances (ppm)

\Y% 382.6 395.1 359.6 369.3 381.8 417.8 199.2 288.9
Cr 158.8 109.0 241.4 286.7 266.1 231.0 169.3 16.4
Co 431 44.8 40.4 46.1 43.4 433 329 335
Ni 67.2 67.0 91.5 921 75.8 97.0 54.6 10.5
Cu 323 156.2 64.7 81.9 52 165.8 48 11.4
Zn 106.2 123.1 67.9 97.5 112.8 131.7 120.7 104.8
Ga 20.2 21.7 221 18.1 20.6 21.7 20.6 22.6
Rb 20.2 13.3 8.1 23.3 17.6 111 5.1 93.8
Sr 179.5 280.6 300.0 216.2 132.4 273.5 161.2 322.6
Pb 8.5 8.3 12.70 12.4 13.8 10.3 12.10 3.90
U 6.9 0.5 1.80 0.0 7.7 0.0 2.90 2.20
Cs 0.0 0.0 0.00 0.0 0.0 0.0 0.90 0.40
Y 33.4 32.2 26.791 30.5 333 31.4 33.930 31.495
Zr 131.6 202.1 228.022  102.7 104.1 196.1 321.680  444.569
Nb 12.9 22.6 19.583 7.5 9.9 20.9 27.944 66.608
Ba 215.9 115.5 105.727 1452 173.4 152.2 79.440  1063.631
La 16.294 22.382 58.586
Ce 38.324 46226  119.466
Pr 5.307 5.727 14.216
Nd 24.660 23.754 56.268
Sm 5.925 5.380 10.368
Eu 1.951 1.605 2.822
Gd 5.788 5.404 7.717
Tb 0.960 0.992 1.141
Dy 5.573 6.008 6.883
Ho 1.132 1.311 1.268
Er 2.906 3.931 3.240
Tm 0.410 0.581 0.414
Yb 2.458 4,088 2.626
Lu 0.316 0.580 0.356
Hf 5.053 5.930 9.328
Ta 0.842 1.084 3.071
Th 1.756 1.699 7.556
Ew/Eu* 1.019 0.910 0.964
(La/Yb)nF 4.755 3.927 16.006
(La/Sm)y8 1.775 2.685 3.648
(Gd/Yb)N" 1.948 1.093 2.432
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Table 21 (continued)

Sample  AYU-462-2 AYU-464-1 AYU-464-2 AYU-465-1 AYU-466-1 AYU-468-1 AYU-469-1 AYU-469-2

Major element abundances (wt %)

SiO, 44.03 55.84 45.98 45.40 47.16 44.89 48.10 45.71
TiO, 3.73 1.52 1.58 1.41 1.81 1.72 1.09 1.10
Al,O4 15.96 13.30 15.48 15.20 15.18 10.46 16.50 15.57
Fe,04 13.83 11.77 13.81 14.73 14.05 13.19 11.33 12.45
FeO* 12.44 10.59 12.43 13.25 12.64 11.87 10.19 11.20
MnO 0.22 0.14 0.22 0.23 0.20 0.23 0.19 0.18
MgO 6.08 6.43 8.70 8.29 7.99 10.93 7.52 8.85
CaO 11.88 7.18 10.68 11.23 10.82 15.06 10.66 11.82
Na,O 1.01 2.00 2.16 1.79 1.24 0.95 2.72 2.22
K,O 1.08 1.06 0.78 0.72 0.74 0.58 1.51 1.17
P,04 0.70 0.08 0.12 0.15 0.16 0.19 0.11 0.10
Lo 1.46 0.93 1.29 1.20 1.19 1.89 1.20 0.89
Total 99.97 100.25 100.80 100.34 100.54 100.09 100.93 100.06
Mg#¢ 32.82 37.78 41.18 38.48 38.73 47.94 42.45 44.13
CIA¢ 53.32 56.50 53.20 52.52 54.25 38.67 52.56 50.58
Trace element abundances (ppm)

\% 305.4 319.4 342.9 365.1 397.3 270.4 226.7 215.0
Cr 64.1 123.6 271.4 231.9 289.6 1632.1 4755 545.3
Co 32.8 31.2 51.7 52.3 47.0 69.1 42.2 53.9
Ni 32.7 49.3 108.1 105.1 130.9 503.4 235.6 265.8
Cu 136.3 119.6 111.5 157.5 206.6 33.4 10.7 50.1
Zn 103.8 95.2 87.6 89.6 84.4 96.1 94.2 83.7
Ga 20.7 17.7 17.0 17.1 18.7 14.4 17.4 154
Rb 34.4 27.7 17.0 19.8 19.8 10.4 31.3 15.3
Sr 509.3 132.9 266.5 2149 263.7 207.0 305.8 223.4
Pb 7.50 10.20 8.3 7.4 4.50 5.0 4.8 7.20
U 1.60 1.30 0.0 11 4.70 0.0 2.8 0.40
Cs 0.00 1.00 0.0 0.0 0.80 6.7 0.0 1.00
Y 29.363 30.438 30.8 27.9 25.500 17.6 25.0 23.677
Zr 449.316 174.644 80.7 82.1 129.608 126.7 89.4 91.672
Nb 65.582 12.024 6.0 5.4 6.106 13.8 3.1 1.968
Ba 336.091 567.819 213.7 94.4 171.058 305.5 144.6 136.158
La 65.319 10.788 5.930 3.262
Ce 131.187 24.707 15.806 8.595
Pr 15.174 3.679 2.518 1.532
Nd 58.822 16.891 12.669 8.086
Sm 10.469 4.691 3.654 2.817
Eu 3.288 1.371 1.349 1.044
Gd 7.620 4.827 4.304 3.361
Tb 1.208 0.822 0.755 0.619
Dy 6.846 5.589 5.038 4.559
Ho 1.171 1.203 1.008 0.955
Er 3.318 3.536 3.004 2.958
Tm 0.449 0.531 0.393 0.432
Yb 2.691 3.526 2.780 2.857
Lu 0.342 0.535 0.405 0.422
Hf 9.555 4.234 2.946 2.070
Ta 2.922 0.431 0.241 0.088
Th 8.403 1.313 0.716 0.305
EwEu* 1.125 0.881 1.040 1.037
(La/Yb)N' 17412 2.195 1.530 0.819
(La/Sm)n& 4.028 1.485 1.048 0.748
(Gd/Yb)NP 2.343 1.133 1.280 0.973
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Table 21 (continued)

Sample MH-5 MH-6 MH-17 MH-18 MH-30 MH-32 MH-48 MH-75

Major element abundances (wt %)

SiO, 46.23 4746 4732  46.67 51.05 4893 46.55 48.56
TiO, 1.45 1.76 1.37 1.28 1.39 1.81 2.84 1.35
Al,O4 17.60 15.11 14.57 1453 1544 1475 13.57 17.09
Fe,04 11.89 13.87 13.78 13.71 1091 13.27 1454 10.94
FeO;? 10.70 12.48 1240 12.34 9.82 1194 13.08 9.84

MnO 0.19 0.22 0.22 0.22 0.19 0.21 0.23 0.18
MgO 5.82 9.15 8.01 8.47 6.49 8.36 6.41 5.06
CaO 10.93  9.61 10.87 1022 834 779 1072  9.48
Na,O 3.21 1.36 1.66 1.16 2.57 1.18 0.99 3.44
K,O 0.59 0.57 0.67 1.07 0.72 0.58 1.24 0.57
P,04 0.22 0.14 0.13 0.12 0.14 0.16 0.31 0.17
Lo 1.89 1.40 1.21 1.18 1.19 2.37 1.76 2.10
Total 100.02 100.65 99.81 98.62 98.44 99.40 99.16 98.94
Mg#¢ 3523 4230 3925 4071 39.80 41.18 32.88 33.95
CIA¢ 54.44 5670 5247 5385 57.04 60.70 5117 5589
Trace element abundances (ppm)

\% 301.8 3334 3424 3371 271.8 3358 402.0 253.1
Cr 659.9 4122 2433 2655 383.0 3293 2174 5554
Co 55.8 48.1 52.6 53.7 45.7 47.2 45.0 54.5
Ni 2230 1381 1015 985 761 1169 843 1951
Cu 70.1 153 4444 3904 236.6 30.0 69.2 1044
Zn 133.7 1239 92.4 91.7 1376 1235 1160 1341
Ga 17.0 20.1 16.0 16.4 17.1 20.6 21.7 15.4
Rb 11.4 20.8 17.3 343 23.4 20.8 32.4 14.0
Sr 193.8  117.7 2250 1854 3471 1174 2440 1887
Pb 5.8 12.6 6.60 3.20 9.40  10.40 7.20 6.10
U 0.0 32 310 000 150 260 000 160
Cs 0.0 0.0 0.00 3.70 0.00 0.00 0.00 0.00
Y 31.7 26.3 23.572 22.799 30.893 26.230 27.130 27.759
Zr 108.3 89.5 76.882 74.936 113.422 124.361 221.208 115.226
Nb 5.1 9.8 5590 5.805 4490 7.984 20.507 2.989
Ba 110.1 1245 106.575 152.557 228.770 169.024 306.285 229.073
La 4119 3.662 7308 9.098 16.533  3.758
Ce 10.223  9.624 18.567 17.770 39.427 10.801
Pr 1585 1.544 3.087 3.004 5.409 1.6%4
Nd 8.841 8297 15542 14.611 26.471 9.276
Sm 2.961 2.809 4782 4704 6.024 2983
Eu 1.059 0984 1261 1521 2255 1.272
Gd 3903 3.618 5.751 4619 6.278  4.062
Tb 0.693 0.696 0968 0.874 1.032 0.781
Dy 4778 4556 6329 5529 6123 5.043
Ho 0.937 0.901 1216 1.038 1.147 1.086
Er 2774 2590 3449 2636 2922 3.421
Tm 0.417 0.367 0.489 0.428 0.390 0.446
Yb 2.616 2.248 3.068 1.945 2302 3.226
Lu 0380 0.381 0.443 0.356 0.413  0.438
Hf 1.867 1944 2703 2.899 5225 2.887
Ta 0.140 0.148 0.073 0.333 0.715 0.142
Th 0.357 0273 1.051 0.833 2417 0.629
EwEu* 0952 0943 0735 0998 1.121 1.117
(La/Yb)nf 1129 1169 1.708 3.356 5.152 0.835
(La/Sm)n& 0.898 0.842 0986 1249 1.772 0.813
(Gd/Yb)NP 1.234 1332 1550 1.965 2256 1.041
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2 Total Fe content, FeOt = Fe, O3 / (2 x 159.68 x 71.84)

b Loss on ignition

¢ Magesiun number, Mg# = (100 x MgO) / (MgO + FeOy)

4 Chemical index of alteration, CIA=Al,03/(Al,05+ CaO*+ Na,O + K, 0), CaO* represents silicate fraction
of sample, after Nesbitt y Young (1982).

¢ Europium anomaly, as proposed by Taylor y McLennan (1985): Ew/Eu* = Euy / \/(Smy x Gdy),
N-—normalized to Chondrite (Sun y McDonough, 1989)

f Measure for REE fractionation: (La/Yb) + (La/Yb)y, N—normalized to Chondrite (Sun y McDonough, 1989)

& Measure for LREE fractionation: (La/Sm) + (La/Sm)y, N—normalized to Chondrite (Sun y McDonough, 1989)

h Measure for HREE fractionation: (Gd/Yb) = (Gd/Yb)y, N—normalized to Chondrite (Sun y McDonough, 1989)
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Tabla 22.: Whole-rock geochemistry of metasedimentary rocks from the Chazumba Lithodeme

Sample  AYU-456-1 AYU-456-2 AYU-460-1 AYU-M4-1 AYU-M4-2 MH-2 MH-4 MH-7
Major element abundances (wt %)

SiO, 66.27 70.21 66.28 69.78 71.11 64.88  64.76 52.44
TiO, 0.73 0.69 0.70 0.74 0.73 0.82 0.83 0.90
Al,O4 15.37 13.16 16.46 14.04 13.40 15.57 16.94 19.91
Fe,04 5.78 4.81 6.18 5.01 4.58 7.14 6.36 8.05
FeO* 5.20 4.33 5.56 4.51 412 6.42 5.72 7.24
MnO 0.08 0.30 0.11 0.07 0.06 0.11 0.10 0.08
MgO 2.14 1.94 2.15 1.81 1.68 2.42 1.59 3.50
CaO 2.76 2.59 3.98 2.00 1.60 233 0.44 1.44
Na,O 2.45 1.74 3.01 2.75 221 2.58 0.99 1.57
K,O 2.43 1.80 2.31 2.49 3.16 2.81 3.34 5.05
P,04 0.15 0.21 0.18 0.20 0.18 0.19 0.17 0.23
Lo 1.97 2.02 0.70 1.03 1.18 1.98 3.39 5.18
Total 100.14 99.47 102.06 99.91 99.89 100.82  98.91 98.34
Mg#¢ 29.15 30.95 27.88 28.65 28.96 27.36  21.74 32.58
CIAd 66.80 68.22 63.90 65.98 65.78 66.85 78.03  71.18
Trace element abundances (ppm)

\% 115.6 127.2 127.7 95.9 96.0 159.8 1703 151.7
Cr 82.7 79.3 33.1 64.1 63.5 683 117.2 107.3
Co 15.3 7.8 11.9 10.9 9.7 12.8 14.9 18.6
Ni 253 34.6 12.3 221 21.7 233 370 49.0
Cu 21.3 20.2 28.0 13.8 4.2 38.1 50.9 60.9
Zn 82.1 106.0 74.0 78.2 70.3 92.3 85.7 127.6
Ga 20.1 18.6 20.2 17.4 16.7 20.8 24.6 27.3
Rb 120.1 80.6 105.2 94.0 114.2 129.5 1672 1911
Sr 198.5 168.0 209.2 245.5 2271 202.5  98.8  196.4
Pb 14.1 15.8 14.7 154 15.6 18.1 31.3 21.8
U 2.5 2.4 4.4 7.4 11 4.8 4.0 41
Cs 9.8 3.2 9.9 3.0 3.3 6.6 8.4 6.7
Y 26.3 29.7 28.725 28.018 26.819  20.870 24.952 42.441
Zr 2249 263.9 268.412 316.879 281.840 230.454 194.610 240.144
Nb 16.3 18.0 15.768 11.183 11.443 12.178 15.229  17.002
Ba 536.4 1070.1 539.717 617.549  1105.386  950.221 793.380 1569.857
La 36.762 30.877 29.571 26.075 30.025 41.475
Ce 73.430 62.574 57.953  57.554 76.274 82.328
Pr 8.787 7.738 7.476 6.640  7.622  10.444
Nd 34.733 30.690 29.133 26420 29.652  43.843
Sm 6.452 6.041 5.784 5279 5399  8.560
Eu 1.248 1.411 1.344 1.207 1127 2.002
Gd 4.938 4.809 4.660 3.938  3.938 7.507
Tb 0.875 0.804 0.776 0.703  0.746 1.262
Dy 5.605 5.410 4.949 4144  5.020 7.711
Ho 1.128 1.125 1.046 0.872 0964  1.573
Er 3.573 3.461 3.014 2.468  3.127 4.928
Tm 0.470 0.483 0.461 0.359  0.497 0.677
Yb 3.377 3.420 3.045 2511  3.339 4.522
Lu 0.455 0.453 0.426 0.356  0.493 0.671
Hf 5.402 6.848 6.461 4981 4236  5.680
Ta 0.807 0.495 0.492 0.594  0.832 0.921
Th 10.495 8.047 7.820 8.940 15162 13.491
EwEu* 0.676 0.800 0.791 0.809  0.747 0.764
(La/Yb)nf 7.808 6.475 6.966  7.448 6451  6.579
(La/Sm)n& 3.679 3.300 3.301 3.189  3.590 3.128
(Gd/Yb)NP 1.210 1.163 1.266 1297  0.976 1.373
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Table 22 (continued)

Sample ~ MH-37 MH-41 MH-42 MH-46 MH-50 MH-53 MH-56 MH-68

Major element abundances (wt %)

SiO, 70.44 7465 6892 67.73 76.79 82.62 66.29  68.40
TiO, 0.53 0.43 0.51 0.51 0.64 0.47 0.94 0.71
AL Oq4 13.70 1232 1442 1551  9.16 6.85 1423 14.06
Fe,04 3.90 3.39 4.19 4.25 2.99 3.26 5.64 4.70
FeO* 3.51 3.05 3.77 3.82 2.69 2.93 5.07 4.23
MnO 0.09 0.09 0.10 0.13 0.02 0.03 0.09 0.07
MgO 1.55 1.19 1.43 1.32 3.92 2.49 1.90 2.00
CaO 240 195 3.07 3.04 043 0.49 2.77 139
Na,O 3.66 2.65 2.54 3.22 1.19 0.60 2.54 1.82
K,O 1.17 1.69 1.73 1.68 0.96 1.04 2.39 3.06
P,04 0.21 0.05 0.13 0.13 0.14 0.10 0.24 0.19
Lo 0.99 1.00 1.60 1.40 3.19 1.99 1.19 2.48
Total 98.64 9941 98.64 9891 99.43 99.93 98.22 9887
Mg#¢ 30.64 28.06 2750 25.66 59.30 4591 2724 3211
CIA¢ 65.46 6620 66.27 66.14 78.02 7628  64.89 69.16
Trace element abundances (ppm)

\% 78.7 56.6 84.2 72.7 1552 138.2 103.0 111.0
Cr 62.3 28.7 41.2 351 1287 58.6 75.7 87.7
Co 13.2 9.7 10.8 9.6 11.0 8.7 9.4 10.4
Ni 39.7 11.0 11.8 11.1 54.2 285 15.0 26.9
Cu 17.2 9.2 18.2 18.9 11.0 23.0 48.0 20.4
Zn 60.4 535 854 508 127 40.5 763 821
Ga 15.7 13.0 17.3 17.0 12.9 10.9 18.0 18.4
Rb 48.9 58.4 71.6 60.3 23.4 341 79.2 1131
Sr 250.6 1973 1772 2190 364 59.4 2720 1623
Pb 13.2 14.3 15.3 21.5 6.7 7.3 14.7 21.1
U 0.6 0.4 1.2 6.6 1.8 0.9 1.6 1.8
Cs 4.4 24 5.8 4.1 0.0 0.0 0.0 6.8
Y 22.678 27.564 24.902 26.802 14.239 18.588  23.969 24.639
Zr 250.380 232.622 302.033 300.189 115.098 124.355 489.749 256.309
Nb 7.874 8382 15.650 13.248 10.275 10.194 14.898 12.436
Ba 369.490 647.985 556.525 564.892 517.743 1088.485 740.128 803.817
La 24.903 21.087 29.581 40.737 17.709 15.651  29.359 31.902
Ce 54.561 42.582 64.827 84.819 36.223 29.735 53.591 32.959
Pr 6.557 5302 8.008 10.212 4.422 3.816 8.487  7.874
Nd 26123 22.349 29.221 41.869 16.883 16.217  30.721 30.137
Sm 5.145 3.814 6.321 7537 3650 3219  6.670 5.940
Eu 1.383 1.310 1226 1.717 0.590 0.625 1.602  1.318
Gd 3.642 3.786 4402 5548 2.724 3.092 4.923  4.848
Tb 0.708 0.608 0.748 0.887 0.520 0.576 0.766  0.804
Dy 4388 4506 4.808 5266 2.807 3.672 4.879  4.526
Ho 0.959 1016 1.004 1.077 0.608 0726  1.034 0.933
Er 2301 3275 3166 3.538 1.820 2.355 2.760  2.923
Tm 0.380 0.547 0.453 0.508 0.245 0.302 0.447  0.500
Yb 2.631 3.685 2.802 4302 1.679 2.105 2986  3.201
Lu 0.447 0.677 0455 0.626 0.256 0.305 0.430  0.416
Hf 4979 5414 7087 6337 2619 2679 10.168 5.659
Ta 0.398 0.338 0.643 0.661 0.584 0.477 0.571  0.618
Th 5.143 5.886 11.073 12270 6.418  2.877 10.128 8.963

EwEu* 0976 1.054 0.711 0.812 0.572 0.605 0.855 0.751
(La/Yb)nf 6790 4105 7.572  6.792  7.566 5.334 7.053  7.150
(La/Sm)n®  3.125 3.569 3.021 3.489 3.132 3.139 2.841  3.467
(Gd/Yb)yh 1.145 0850 1.300 1.067 1.342 1.215 1.364 1.253
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Table 22 (continued)

Sample MH-69 MH-71 MH-73 MH-74 MH-75 MH-78 MH-79 MH-80

Major element abundances (wt %)

Si0, 57.94 7200 70.89 70.53 4856 6857 9195 7128
TiO, 0.92 066 113 077 135 074 0.11 0.72
AL O, 1924  12.86 1214 13.07 17.09 13.85 226  14.02
Fe, 05 5.89 416 531 486 1094 450 1.62 3.86
FeO,? 5.30 374 478 437 984 405 1.46 3.47
MnO 0.06 0.07 008 014 018 0.5 0.01 0.06
MgO 2.81 137 157 175 506 157 0.43 0.44
CaO 0.77 124 198 202 948  1.77 0.04 1.22
Na,O 1.00 272 291 279 344 253 0.00 2.94
K,0 5.36 225 165 168 057 258 0.62 1.84
P,0s 0.20 016 026 023 017 019 0.02 0.18
LOI® 4.40 099 090 1.00 210  1.49 0.59 2.27
Total 9859 9848 98.81 98.83 98.94 97.84  97.65  98.83
Mg 3465 2679 2473 2858 3395 2794 2278 1124
CIAd 7296  67.44 6499 66.82 5589 66.81  77.40  70.03
Trace element abundances (ppm)

\Y% 167.3 728 107.8 883 2531  90.7 92.8 93.1
Cr 123.4 58.9 797 842 5554  70.4 50.8 78.9
Co 16.6 132 11.8 147 545 120 49 12.1
Ni 25.5 16.0 204 246 1951 227 12.3 23.7
Cu 383  139.0 163 1681 1044 1056 1681 1204
Zn 220.6 632 673 757 1341  66.4 22.6 51.2
Ga 27.2 141 159 135 154 180 3.8 17.0
Rb 191.4 744 624 747 140 965 283 77.0
Sr 1286  201.0 3242 2024 1887 2515 101 214.8
Pb 29.7 11.8 105 200 61 158 8.2 17.9
U 5.0 3.1 5.0 3.1 1.6 0.5 1.8 45
Cs 7.8 4.6 5.9 3.7 0.0 41 0.0 2.7
Y 41.0 28.7  42.468 30.034 27.759 38.4 43 31.0
Zr 221.0 2258  775.577 389.499 115.226 297.6 1.1 256.3
Nb 16.3 9.8 18268 19.233 2989 13.7 41 12.8
Ba 1459.6  541.7  473.627 334.818 229.073 862.2 2057.0  483.0
La 49.253 30.041 3.758

Ce 88.174 61.850 10.801

Pr 12.819  7.484 1.694

Nd 49.090 30.022 9.276

Sm 9.450 6.183  2.983

Eu 1.940 1236 1.272

Gd 8.114 5.487  4.062

Tb 1.245  0.895 0.781

Dy 7307 5.671 5.043

Ho 1.489 1.108 1.086

Er 4456 3.161 3.421

Tm 0.652  0.492  0.446

Yb 4717 3307 3226

Lu 0.714  0.497 0.438

Hf 14369  9.325  2.887

Ta 0.774  0.661 0.142

Th 12.750  9.401  0.629

EwEu* 0.677 0.649 1.117

(La/Yb)nF 7.489  6.516 0.835

(La/Sm)y8 3365 3.137 0.813

(Gd/Yb)N" 1423 1373 1041
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Table 22 (continued)

Sample = MH-83 MH-84 MH-85 MH-87 MH-95 PET-484-1 TEP-474-1 TEP-474-2

Major element abundances (wt %)

SiO, 5139  63.73 90.31 70.75 92.65 89.54 65.26 65.50
TiO, 0.93 0.75 0.19 0.71 0.15 0.22 0.82 0.83
AL Oq4 2145 1544 3.78 1321 2.71 423 15.85 16.34
Fe,04 6.83 5.23 1.70 4.32 1.20 1.47 5.27 5.41
FeO* 6.15 4.7 1.53 3.89 1.08 1.32 4.74 4.87
MnO 0.05 0.04 0.04 0.08 0.01 0.00 0.02 0.02
MgO 4.75 2.66 0.75 1.34 0.55 0.53 4.35 4.44
CaO 1.15 1.94 0.19 2.30 0.08 0.02 0.40 0.43
Na,O 5.75 3.29 0.12 3.02 -0.04 0.00 2.80 2.90
K,O 1.93 2.08 1.01 2.03 0.72 1.04 2.18 2.22
P,04 0.49 0.24 0.08 0.20 0.12 0.07 0.19 0.20
Lo 3.59 227 1.20 0.69 0.60 0.99 3.25 1.78
Total 98.31  97.67 99.37 98.65 98.74 98.12 100.39 100.08
Mg#¢ 43.60 36.11 32.90 25.64 33.75 28.61 47.84 47.70
CIA¢ 70.84 67.87 7412 6425  78.10 79.96 74.66 74.65
Trace element abundances (ppm)

\% 156.2 92.7 79.4 77.8 72.4 116.7 140.3 131.5
Cr 104.0 66.0 44.3 68.8 41.7 38.1 90.4 773
Co 11.9 12.2 4.9 13.1 3.6 1.6 13.4 12.3
Ni 228 185 20.5 18.8 12.0 13.4 33.2 97.3
Cu 288.5 1823 29.7 301.1 46.1 46.9 6.4 7.1
Zn 41.7 50.9 42.0 69.4 33.2 22.7 53.4 47.5
Ga 26.8 17.8 6.3 13.9 5.4 6.5 21.5 17.5
Rb 69.5 50.1 68.5 74.9 22.4 25.0 73.4 31.8
Sr 1772 261.3 200 2829 31.8 38.0 72.8 220.7
Pb 6.2 15.4 6.1 20.6 5.8 0.0 8.5 10.3
U 5.8 3.4 33 2.9 55 4.9 1.1 4.3
Cs 0.0 1.2 0.0 5.2 0.0 0.0 0.0 1.6
Y 37.6 31.4 7.039  23.771 6.849 12.275 30.6 28.3
Zr 430.1 2475 54.579 276372 43.371 49.546 235.8 295.5
Nb 13.1 10.6 3.541 13371 2.562 3.543 15.3 11.6
Ba 184.4 7411  3509.413 504.367 2909.724 6333.038  630.1 276.0
La 8.135 28.611 7.187 13.115

Ce 13.933  57.552  10.869 16.732

Pr 1.953 7.216 1.742 3.521

Nd 7.063  30.227 8.215 14.256

Sm 1.468  5.852  1.437 2.529

Eu 0.441 1.428 0.383 0.585

Gd 1.263 4.704 0.970 2.044

Tb 0.221 0.760 0.154 0.329

Dy 1.457 4.770 1.273 2.377

Ho 0279 0909  0.237 0.456

Er 0.997 2.624 0.828 1.377

Tm 0.119 0.391 0.141 0.211

Yb 1.333 2.596 0.682 1.265

Lu 0.170 0.391 0.136 0.204

Hf 1131 6287  0.930 1.157

Ta 0.211 0.495 0.106 0.227

Th 4343 6296  2.188 3.316

EwEu* 0.990 0.832 0.991 0.786

(La/Yb)NF 4377 7904 7564 7.436

(La/Sm)n& 3.577 3.156 3.229 3.348

(Gd/Yb)NP 0.784 1.499 1.177 1.337
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Table 22 (continued)
Sample ~ TEP-474-3 TEP-474-4 TEP-478-1 TEP-478-2 TUT-477-1 TUT-477-2

Major element abundances (wt %)

SiO, 70.77 64.59 74.19 69.27 71.37 68.86
TiO, 0.81 0.83 0.61 0.80 0.69 0.75
Al,O4 12.76 16.35 12.93 14.73 13.59 14.52
Fe,04 4.55 3.87 3.85 4.84 4.62 5.47
FeO* 4.09 3.48 3.46 4.36 4.16 4.92
MnO 0.05 0.01 0.06 0.06 0.05 0.05
MgO 1.55 5.62 1.37 1.71 1.67 1.57
CaO 2.19 0.31 1.98 2.00 1.94 1.14
Na,O 2.85 2.18 2.43 2.71 2.35 1.66
K,O 1.78 2.52 213 2.72 2.49 3.16
P,04 0.20 0.19 0.17 0.22 0.19 0.20
Lo 0.99 3.75 0.89 1.18 1.19 2.49
Total 98.50 100.22 100.60 100.25 100.15 99.87
Mg#¢ 27.46 61.74 28.34 28.19 28.66 24.18
CIAd 65.17 76.54 66.41 66.47 66.72 70.90
Trace element abundances (ppm)

\% 107.5 133.0 88.6 133.7 97.3 128.8
Cr 74.1 82.8 57.4 89.8 74.6 89.3
Co 8.8 8.2 111 10.0 10.5 11.9
Ni 383 34.5 19.1 215 29.0 28.3
Cu 19.2 4.8 6.8 14.9 15.3 34.3
Zn 69.7 16.2 75.8 89.7 76.7 121.7
Ga 16.1 21.6 14.5 19.6 16.5 20.9
Rb 71.2 93.5 90.1 119.3 88.7 115.5
Sr 261.2 30.4 206.5 287.8 238.6 156.3
Pb 15.2 8.5 20.6 15.4 18.9 19.2
U 0.2 8.4 45 3.9 2.2 0.1
Cs 0.0 0.0 5.6 4.7 0.0 5.8
Y 25.192 31.547 24.7 30.9 274 31.9
Zr 405.903 335.912 252.5 289.8 257.1 262.1
Nb 12.173 13.070 11.0 13.4 12.2 15.7
Ba 660.056 393362 5715 857.5 843.8 956.7
La 28.982 39.315

Ce 61.724 78.360

Pr 7.539 9.707

Nd 30.004 38.812

Sm 5.569 6.519

Eu 1.366 1.371

Gd 4.345 5.911

Tb 0.736 1.039

Dy 4.907 6.133

Ho 1.026 1.201

Er 2.981 3.577

Tm 0.452 0.527

Yb 2.983 3.367

Lu 0.442 0.434

Hf 7.997 6.681

Ta 0.526 0.557

Th 7.879 10.140

EwEu* 0.849 0.675

(La/Yb)nF 6.969 8.376

(La/Sm)n& 3.360 3.893

(Gd/Yb)y®  1.205 1.452
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2 Total Fe content, FeOt = Fe, O3 / (2 x 159.68 x 71.84)

b Loss on ignition

¢ Magesiun number, Mg# = (100 x MgO) / (MgO + FeOy)

4 Chemical index of alteration, CIA=Al,03/(Al,05+ CaO*+ Na,O + K, 0), CaO* represents silicate fraction
of sample, after Nesbitt y Young (1982).

¢ Europium anomaly, as proposed by Taylor y McLennan (1985): Ew/Eu* = Euy / \/(Smy x Gdy),
N-—normalized to Chondrite (Sun y McDonough, 1989)

f Measure for REE fractionation: (La/Yb) + (La/Yb)y, N—normalized to Chondrite (Sun y McDonough, 1989)

& Measure for LREE fractionation: (La/Sm) + (La/Sm)y, N—normalized to Chondrite (Sun y McDonough, 1989)

h Measure for HREE fractionation: (Gd/Yb) = (Gd/Yb)y, N—normalized to Chondrite (Sun y McDonough, 1989)
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TABLAS ESTUDIOS ISOTOPICOS DE SM-ND

Tabla 23.: Sm-Nd isotopic data of amphibolites and metasedimentary rocks of the Chazumba Lit-

hodeme

Nd Sm 147g,, 143 TG ~ Tpm®
Sample (ppm) (ppm) Sm/Nd ﬁ 144§3 20 (1\/&2) ena(0)* Nd() (C?I:S
Amphibolites
AYU-462-1 71.68 1034 0.14 0.0872 0.512391 6 190 -4.82 -2.16 0.79
AYU-462-2 58.61 10.52 0.18 0.1085 0.512441 7 190 -3.84 -1.70 0.88
AYU-458-2 2456 6.14 0.25 0.1512 0.512744 5 190 2.07 3.17 0.74
AYU-460-2 2271 516 0.23 0.1373 0.512777 6 190 271 415 0.55
MH-48 2426 6.04 0.25 0.1506 0.512765 7 190 2.48 3.60 0.69
AYU-466-1 12.22 3.74 031 0.1851 0.512958 7 190 6.24  6.53 -
MH-30 11.58 3.55 0.31 0.1850 0.512887 6 190 486 514 -
MH-32 1758 470 0.27 0.1617 0512713 6 190 146 231 0.97
AYU-469-2 721 239 033 02005 0512934 7 190 577 568 —
MH-75 869 292 034 0.2032 0513108 7 190 9.17 9.01 -
Metasedimentary rocks
MH-53 16.34 3.41 021 0.1260 0.512602 6 195 -0.70 1.06 0.78
MH-41 18.72 3.76 0.20 0.1213 0.512469 6 195 -3.30 -1.42 0.95
MH-42 23.77 470 0.20 0.1195 0.512157 6 195 -9.38 -7.46 1.42
MH-73 49.16 9.36 0.19 0.1150 0.512142 7 195 -9.68 -7.65 1.38
MH-74 31.51 6.45 020 0.1237 0.512185 6 195 -8.84 -7.02 1.44
MH-85 7.82 158 020 0.1224 0.512260 7 195 -737 -553 1.30
TEP-474-3 30.07 5.83 0.19 0.1172 0.512211 7 195 -833 -6.35 1.31

2 ¢y, values are relative to M3Nd/"4Nd = 0.512638 and ¥”Sm/"*4Nd = 0.196593 for
present-day chondrite uniform reservoir (CHUR; Jacobsen y Wasserburg, 1980) and
MA7Sm = 6.54 - 10-12/yr (Steiger y Jager, 1977)

b Depleted mantle model ages (Tpps) were calculated using the depleted mantle model

of DePaolo (1981a). Values in italic type face denote samples with model ages that are
considered unreliable due to high 1479 m/144Nd (>0.165; Stern, 2002)
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